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 24.2  Resection of the Scapula (Das Gupta), 913
 24.3  Resection of the Proximal Humerus, 916
 24.4  Intercalary Resection of the Humeral Shaft (Lewis), 920
 24.5  Resection of the Distal Humerus, 920
 24.6  Resection of the Proximal Radius, 920
 24.7  Resection of the Proximal Ulna, 921
 24.8  Resection of the Distal Radius, 921
 24.9  Resection of the Pubis and Ischium (Radley, Liebig, and Brown), 928
 24.10  Resection of the Acetabulum, 932
 24.11  Resection of the Innominate Bone (Internal Hemipelvectomy)  

(Karakousis and Vezeridis), 934
 24.12  Resection of the Sacroiliac Joint, 934
 24.13  Resection of the Sacrum (Stener and Gunterberg), 936
 24.14  Resection of the Sacrum (Localio, Francis, and Rossano), 937
 24.15  Resection of the Sacrum Through Posterior Approach (MacCarty 

et al.), 937
 24.16  Resection of the Proximal Femur (Lewis and Chekofsky), 938
 24.17  Resection of Entire Femur (Lewis), 938
 24.18  Intraarticular Resection of the Distal Femur with Endoprosthetic 

Reconstruction, 943
 24.19  Resection of the Proximal Tibia (Malawer), 944
 24.20  Resection of the Proximal Fibula (Malawer), 945
 24.21  Resection of the Distal Third of the Fibula, 945
 24.22  Rotationplasty for a Lesion in the Distal Femur (Kotz and  

Salzer), 950
 24.23  Rotationplasty for a Lesion of the Proximal Femur Without  

Involvement of the Hip Joint (Winkelmann), 950
 24.24  Rotationplasty for a Lesion of the Proximal Femur Involving the Hip 

Joint (Winkelmann), 952
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Congenital Anomalies of the Lower Extremity
 29.1  Amputation of an Extra Toe (Simple Postaxial Polydactyly), 1081
 29.2  Tsuge Ray Reduction (Tsuge), 1082
 29.3  Ray Reduction, 1083
 29.4  Ray Amputation, 1083
 29.5  Simplified Cleft Closure (Wood, Peppers, and Shook), 1087
 29.6  Correction of Angulated Toe, 1088
 29.7  Arthroplasty of the Fifth Metatarsophalangeal Joint (Butler), 1088
 29.8  Creation of Syndactyly of the Great Toe and Second Toe for Hallux 

Varus (Farmer), 1090
 29.9  Dome-Shaped Osteotomies of Metatarsal Bases (Berman and  

Gartland), 1092
 29.10  Cuneiform and Cuboid Osteotomies (McHale and Lenhart), 1095
 29.11  Anterior Tibial Tendon Transfer, 1100
 29.12  Transverse Circumferential (Cincinnati) Incision (Crawford, 

Marxen, and Osterfeld), 1102
 29.13  Extensile Posteromedial and Posterolateral Release (McKay, Modi-

fied), 1103
 29.14  Achilles Tendon Lengthening and Posterior Capsulotomy (Selective 

Approach), 1106
 29.15  First Metatarsal Osteotomy and Tendon Transfer for Dorsal Bunion, 1108
 29.16  Osteotomy of the Calcaneus for Persistent Varus Deformity of the 

Heel (Dwyer, Modified), 1109
 29.17  Medial Release with Osteotomy of the Distal Calcaneus (Lichtblau), 

1109
 29.18  Selective Joint-Sparing Osteotomies for Residual Cavovarus Deform-

ity (Mubrak and Van Valin), 1110
 29.19  Triple Arthrodesis, 1112
 29.20  Talectomy (Trumble et al.), 1112
 29.21  Open Reduction and Realignment of Talonavicular and Subtalar 

Joints (Kumar, Cowell, and Ramsey), 1115
 29.22  Open Reduction and Extraarticular Subtalar Fusion (Grice- Green), 

1116
 29.23  Tibiofibular Synostosis (Langenskiöld), 1120
 29.24  Insertion of Williams Intramedullary Rod and Bone Grafting  

(Anderson et al.), 1123
 29.25  One-Stage or Two-Stage Release of Circumferential Constricting 

Band (Greene), 1126
 29.26  Capsular Release and Quadriceps Lengthening for Correction of 

Congenital Knee Dislocation (Curtis and Fisher), 1127
 29.27  Lateral Release and Medial Plication (Beaty; Modified from Gao et al. 

and Langenskiöld), 1129
 29.28  Distal Fibulotalar Arthrodesis, 1136
 29.29  Proximal Tibiofibular Synostosis, 1137
 29.30  Varus Supramalleolar Osteotomy of the Ankle (Wiltse), 1139
 29.31  Knee Fusion for Proximal Femoral Focal Deficiency (King), 1145
 29.32  Rotationplasty (Van Nes), 1148
 29.33  Syme Amputation, 1150
 29.34  Boyd Amputation, 1152
 29.35  Physeal Exposure Around the Knee (Abbott and Gill, Modified), 

1160
 29.36  Percutaneous Epiphysiodesis (Canale et al.), 1161
 29.37  Percutaneous Transepiphyseal Screw Epiphysiodesis (Métaizeau 

et al.), 1162
 29.38  Tension Plate Epiphysiodesis, 1164
 29.39  Proximal Femoral Metaphyseal Shortening (Wagner), 1165
 29.40  Distal Femoral Metaphyseal Shortening (Wagner), 1165
 29.41  Proximal Tibial Metaphyseal Shortening (Wagner), 1166
 29.42  Tibial Diaphyseal Shortening (Broughton, Olney, and Menelaus), 1166
 29.43  Closed Femoral Diaphyseal Shortening (Winquist, Hansen, and 

Pearson), 1166
 29.44  Transiliac Lengthening (Millis and Hall), 1168
 29.45  Tibial Lengthening (DeBastiani et al.), 1170
 29.46  Tibial Lengthening (Ilizarov, Modified), 1171
 29.47  Tibial Lengthening Over Intramedullary Nail (PRECICE  

Intramedullary Lengthening System, Ellipse Technologies, Irvine, 
CA); (Herzenberg, Standard, Green), 1174

 29.48  Femoral Lengthening (DeBastiani et al.), 1175
 29.49  Femoral Lengthening (Ilizarov, Modified), 1175
 29.50  Femoral Lengthening Over Intramedullary Nail (PRECICE);  

(Standard, Herzenberg, and Green), 1179
Congenital and Developmental Abnormalities of the Hip and Pelvis
 30.1  Arthrography of the Hip in DDH, 1193
 30.2  Application of a Hip Spica Cast (Kumar), 1195
 30.3  Anterior Approach (Beaty; After Somerville), 1197
 30.4  Medial Approach (Ludloff), 1199
 30.5  Trochanteric Advancement (Lloyd-Roberts and Swann), 1202
 30.6  Varus Derotational Osteotomy of the Femur In Hip Dysplasia, with 

Pediatric Hip Screw Fixation, 1203
 30.7  Primary Femoral Shortening, 1206
 30.8  Innominate Osteotomy Including Open Reduction (Salter), 1209
 30.9  Pericapsular Osteotomy of the Ilium (Pemberton), 1211
 30.10  Triple Innominate Osteotomy (Steel), 1214
 30.11  Transiliac (Dega) Osteotomy (Grudziak and Ward), 1216
 30.12  Slotted Acetabular Augmentation (Staheli), 1219
 30.13  Chiari Osteotomy, 1222
 30.14  Valgus Osteotomy for Developmental Coxa Vara, 1225
 30.15  Bilateral Anterior Iliac Osteotomies (Sponseller, Gearhart, and Jeffs), 

1227
Congenital Anomalies of the Trunk and Upper Extremity
 31.1  Woodward Operation, 1232
 31.2  Morcellation of the Clavicle, 1233
 31.3  Unipolar Release, 1236
 31.4  Bipolar Release (Ferkel et al.), 1237
 31.5  Open Reduction and Iliac Bone Grafting for Congenital  

Pseudarthrosis of the Clavicle, 1239
 31.6  Radial and Ulnar Osteotomies for Correction of Congenital  

Radioulnar Synostosis (Two-Stage) (Lin et al.), 1243
Osteochondrosis or Epiphysitis and Other Miscellaneous Affections
 32.1  Innominate Osteotomy for Legg-Calvé-Perthes Disease (Canale 

et al.), 1250
 32.2  Lateral Shelf Procedure (Labral Support) for Legg-Calvé-Perthes 

Disease (Willett et al.), 1252
 32.3  Varus Derotational Osteotomy of the Proximal Femur for  

Legg-Calvé-Perthes Disease (Stricker), 1253
 32.4  Reversed or Closing Wedge Technique for Legg-Calvé-Perthes  

Disease, 1256
 32.5  Arthrodiastasis for Legg-Calvé-Perthes Disease (Segev et al.), 1257
 32.6  Osteochondroplasty Surgical Dislocation of the Hip (Ganz), 1258
 32.7  Trochanteric Advancement for Trochanteric Overgrowth (Wagner), 

1261
 32.8  Trochanteric Advancement for Trochanteric Overgrowth (MacNicol 

and Makris), 1262
 32.9  Greater Trochanteric Epiphysiodesis for Trochanteric Overgrowth, 

1263
 32.10  Tibial Tuberosity and Ossicle Excision (Pihlajamäki et al.), 1267
 32.11  Excision of Ununited Tibial Tuberosity for Osgood-Schlatter Disease 

(Ferciot and Thomson), 1268
 32.12  Arthroscopic Ossicle and Tibial Tuberosity Debridement for 

Osgood-Schlatter Disease, 1269
 32.13  Extraarticular Drilling for Stable Osteochondritis Dissecans of the 

Knee (Donaldson and Wojtys), 1270
 32.14  Reconstruction of the Articular Surface with Osteochondral Plug 

Grafts for Osteochondrosis of the Capitellum (Takahara et al.), 1276
 32.15  Metaphyseal Osteotomy for Tibia Vara (Rab), 1281
 32.16  Chevron Osteotomy for Tibia Vara (Greene), 1282
 32.17  Epiphyseal and Metaphyseal Osteotomy for Tibia Vara (Ingram, 

Canale, Beaty), 1283
 32.18  Intraepiphyseal Osteotomy for Tibia Vara (Siffert, Støren, Johnson 

et al.), 1285
 32.19  Hemielevation of the Epiphysis Osteotomy with Leg Lengthening  

Using an Ilizarov Frame for Tibia Vara (Jones et al., Hefny et al.), 1285
 32.20  Synovectomy of the Knee In Hemophilia, 1293

    



 32.21  Synoviorthesis for Treatment of Hemophilic Arthropathy, 1293
 32.22  Open Ankle Synovectomy in Hemophilia (Greene), 1293
 32.23  Fassier-Duval Telescoping Rod, Femur (Open Osteotomy), 1297
 32.24  Tibial Lengthening Over an Intramedullary Nail with External  

Fixation in Dwarfism (Park et al.), 1305
 32.25  Bony Bridge Resection for Physeal Arrest (Langenskiöld), 1306
 32.26  Bony Bridge Resection and Angulation Osteotomy for Physeal Arrest 

(Ingram), 1306
 32.27  Peripheral and Linear Physeal Bar Resection for Physeal Arrest 

(Birch et al.), 1308
 32.28  Central Physeal Bar Resection for Physeal Arrest (Peterson), 1308
Cerebral Palsy
 33.1  Adductor Tenotomy and Release, 1328
 33.2  Iliopsoas Recession, 1329
 33.3  Iliopsoas Release at the Lesser Trochanter, 1329
 33.4  Combined One-Stage Correction of Spastic Dislocated Hip, 1333
 33.5  Proximal Femoral Resection, 1336
 33.6  Redirectional Osteotomy (McHale Procedure for Neglected Hip 

Dislocation), (McHale et al.), 1337
 33.7  Hip Arthrodesis, 1337
 33.8  Fractional Lengthening of Hamstring Tendons, 1339
 33.9  Distal Femoral Extension Osteotomy and Patellar Tendon  

Advancement (Stout et al.), 1341
 33.10  Rectus Femoris Transfer (Gage et al.), 1343
 33.11  Z-Plasty Lengthening of the Achilles Tendon, 1346
 33.12  Percutaneous Lengthening of the Achilles Tendon, 1347
 33.13  Gastrocnemius-Soleus Lengthening, 1348
 33.14  Musculotendinous Recession of the Posterior Tibial Tendon, 1349
 33.15  Split Posterior Tibial Tendon Transfer, 1350
 33.16  Split Anterior Tibial Tendon Transfer (Hoffer et al.), 1351
 33.17  Lateral Closing-Wedge Calcaneal Osteotomy (Dwyer), 1353
 33.18  Medial Displacement Calcaneal Osteotomy, 1354
 33.19  Hindfoot Arthrodesis, 1355
 33.20  Release of Elbow Flexion Contracture, 1359
 33.21  Correction of Talipes Equinovarus, 1362
 33.22  Release of Internal Rotation Contracture of the Shoulder, 1363
 33.23  Fractional Lengthening of Pectoralis Major, Latissimus Dorsi, Teres 

Major, 1364
Paralytic Disorders
 34.1  Posterior Transfer of Anterior Tibial Tendon (Drennan), 1374
 34.2  Subtalar Arthrodesis (Grice and Green), 1376
 34.3  Subtalar Arthrodesis (Dennyson and Fulford), 1377
 34.4  Triple Arthrodesis, 1378
 34.5  Correction of Cavus Deformity, 1380
 34.6  Lambrinudi Arthrodesis (Lambrinudi), 1380
 34.7  Anterior Transfer of Posterior Tibial Tendon (Barr), 1382
 34.8  Anterior Transfer of Posterior Tibial Tendon (Ober), 1382
 34.9  Split Transfer of Anterior Tibial Tendon, 1383
 34.10  Peroneal Tendon Transfer, 1384
 34.11  Peroneus Longus, Flexor Digitorum Longus, or Flexor or Extensor 

Hallucis Longus Tendon Transfer (Fried and Hendel), 1385
 34.12  Tenodesis of the Achilles Tendon (Westin), 1386
 34.13  Posterior Transfer of Peroneus Longus, Peroneus Brevis, and  

Posterior Tibial Tendons, 1387
 34.14  Posterior Transfer of Posterior Tibial, Peroneus Longus, and Flexor 

Hallucis Longus Tendons (Green and Grice), 1388
 34.15  Transfer of Biceps Femoris and Semitendinosus Tendons, 1389
 34.16  Osteotomy of the Tibia for Genu Recurvatum (Irwin), 1391
 34.17  Triple Tenodesis for Genu Recurvatum (Perry, O’Brien, and  

Hodgson), 1392
 34.18  Complete Release of Hip Flexion, Abduction, and External Rotation 

Contracture (Ober; Yount), 1394
 34.19  Complete Release of Muscles from Iliac Wing and Transfer of Crest 

of Ilium (Campbell), 1395
 34.20  Posterior Transfer of the Iliopsoas for Paralysis of the Gluteus Medius 

and Maximus Muscles (Sharrard), 1396
 34.21  Trapezius Transfer for Paralysis of Deltoid (Bateman), 1401
 34.22  Trapezius Transfer for Paralysis of Deltoid (Saha), 1402
 34.23  Transfer of Deltoid Origin for Partial Paralysis (Harmon), 1402
 34.24  Transfer of Latissimus Dorsi or Teres Major or Both for Paralysis of 

Subscapularis or Infraspinatus (Saha), 1403

 34.25  Flexorplasty (Bunnell), 1404
 34.26  Anterior Transfer of the Triceps (Bunnell), 1405
 34.27  Transfer of the Pectoralis Major Tendon (Brooks and Seddon), 1405
 34.28  Transfer of the Latissimus Dorsi Muscle (Hovnanian), 1406
 34.29  Rerouting of Biceps Tendon for Supination Deformities of Forearm 

(Zancolli), 1408
 34.30  V-O Procedure, 1416
 34.31  Anterolateral Release, 1418
 34.32  Transfer of the Anterior Tibial Tendon to the Calcaneus, 1418
 34.33  Screw Epiphysiodesis, 1422
 34.34  Supramalleolar Varus Derotation Osteotomy, 1422
 34.35  Radical Flexor Release, 1424
 34.36  Anterior Hip Release, 1426
 34.37  Fascial Release, 1427
 34.38  Adductor Release, 1427
 34.39  Transfer of Adductors, External Oblique, and Tensor Fasciae Latae 

(Phillips and Lindseth), 1428
 34.40  Proximal Femoral Resection and Interposition Arthroplasty (Baxter 

and D’Astous), 1429
 34.41  Pelvic Osteotomy (Lindseth), 1430
 34.42  Correction of Knee Flexion Contracture with Circular-Frame  

External Fixation (Van Bosse et al.), 1436
 34.43  Correction of Knee Flexion Contracture with Anterior Stapling 

(Palocaren et al.), 1438
 34.44  Reorientational Proximal Femoral Osteotomy for Hip Contractures 

in Arthrogryposis (Van Bosse), 1439
 34.45  Posterior Elbow Capsulotomy with Triceps Lengthening for Elbow 

Extension Contracture (Van Heest et al.), 1442
 34.46  Posterior Release of Elbow Extension Contracture and Triceps  

Tendon Transfer (Tachdjian), 1442
 34.47  Dorsal Closing Wedge Osteotomy of the Wrist (Van Heest and  

Rodriguez, Ezaki, and Carter), 1443
 34.48  Anterior Shoulder Release (Fairbank, Sever), 1449
 34.49  Rotational Osteotomy of the Humerus (Rogers), 1449
 34.50  Derotational Osteotomy with Plate and Screw Fixation (Abzug et al.), 

1450
 34.51  Glenoid Anteversion Osteotomy and Tendon Transfer (Dodwell 

et al.), 1450
 34.52  Release of the Internal Rotation Contracture and Transfer of the 

Latissimus Dorsi and Teres Major (Sever-L’Episcopo, Green), 1451
 34.53  Arthroscopic Release and Transfer of the Latissimus Dorsi (Pearl 

et al.), 1455
Neuromuscular Disorders
 35.1  Open Muscle Biopsy, 1463
 35.2  Percutaneous Muscle Biopsy (Mubarak, Chambers, and Wenger), 1463
 35.3  Percutaneous Release of Hip Flexion and Abduction Contractures 

and Achilles Tendon Contracture (Green), 1467
 35.4  Transfer of the Posterior Tibial Tendon to the Dorsum of the Foot 

(Greene), 1467
 35.5  Transfer of the Posterior Tibial Tendon to the Dorsum of the Base of 

the Second Metatarsal (Mubarak), 1469
 35.6  Scapulothoracic Fusion (Diab et al.), 1472
 35.7  Plantar Fasciotomy, Osteotomies, and Arthrodesis for Charcot-

Marie-Tooth Disease (Faldini et al.), 1477
 35.8  Radical Plantar-Medial Release and Dorsal Closing Wedge  

Osteotomy (Coleman), 1481
 35.9  Transfer of the Extensor Hallucis Longus Tendon for Claw Toe 

Deformity (Jones), 1481
 35.10  Transfer of the Extensor Tendons to the Middle Cuneiform (Hibbs), 

1482
 35.11  Stepwise Joint-Sparing Foot Osteotomies (Mubarak and Van Valin), 

1482
Fractures and Dislocations in Children
 36.1  Closed Reduction and Percutaneous Pinning (or Screw Fixation) of 

Proximal Humerus, 1501
 36.2  Closed Reduction and Intramedullary Nailing of Proximal Humerus, 

1501
 36.3  Closed/Open Reduction and Intramedullary Nailing of Humeral 

Shaft, 1502
 36.4  Closed Reduction and Percutaneous Pinning of Supracondylar  

Fractures (Two Lateral Pins), 1504

    



 36.5  Anterior Approach, 1507
 36.6  Lateral Closing Wedge Osteotomy for Cubitus Varus, 1509
 36.7  Open Reduction and Internal Fixation of Lateral Condylar Fracture, 

1512
 36.8  Osteotomy for Established Cubitus Valgus Secondary to Nonunion 

or Growth Arrest, 1513
 36.9  Open Reduction and Internal Fixation of Medial Condylar Fracture, 

1515
 36.10  Open Reduction and Internal Fixation for Displaced or Entrapped 

Medial Epicondyle, 1518
 36.11  Closed and Open Reduction of Radial Neck Fractures, 1526
 36.12  Percutaneous Reduction and Pinning, 1527
 36.13  Closed Intramedullary Nailing, 1527
 36.14  Overcorrection Osteotomy and Ligamentous Repair or  

Reconstruction (Shah and Waters), 1535
 36.15  Intramedullary Forearm Nailing, 1538
 36.16  Closed Reduction and Percutaneous Pinning of Fractures of the 

Distal Radius, 1540
 36.17  Open Reduction and Internal Fixation of Physeal Fractures of  

Phalanges and Metacarpals, 1543
 36.18  Closed Reduction and Internal Fixation, 1561
 36.19  Open Reduction and Internal Fixation (Weber et al.; Boitzy), 1561
 36.20  Valgus Subtrochanteric Osteotomy for Acquired Coxa Vara or  

Nonunion, 1561
 36.21  Modified Pauwels Intertrochanteric Osteotomy for Acquired Coxa 

Vara or Nonunion (Magu et al.), 1564
 36.22  Determining the Entry Point for Cannulated Screw Fixation of a 

Slipped Epiphysis (Canale et al.), 1569
 36.23  Determining the Entry Point for Cannulated Screw Fixation of a 

Slipped Epiphysis (Morrissy), 1570
 36.24  Positional Reduction and Fixation for SCFE (Chen, Schoenecker, 

Dobbs, et al.), 1572
 36.25  Subcapital Realignment of the Epiphysis (Modified Dunn) for SCFE 

(Leunig, Slongo, and Ganz), 1573
 36.26  Compensatory Basilar Osteotomy of the Femoral Neck (Kramer 

et al.), 1575
 36.27  Extracapsular Base-of-Neck Osteotomy (Abraham et al.), 1576
 36.28  Intertrochanteric Osteotomy (Imhäuser), 1578
 36.29  Spica Cast Application, 1586
 36.30  Flexible Intramedullary Nail Fixation, 1589
 36.31  Closed or Open Reduction, 1595
 36.32  Reconstruction of the Patellofemoral and Patellotibial Ligaments 

with a Semitendinosus Tendon Graft (Nietosvaara et al.), 1598
 36.33  3-In-1 Procedure for Recurrent Dislocation of the Patella: Lateral  

Release, Vastus Medialis Obliquus Muscle Advancement, and 
Transfer of the Medial Third of the Patellar Tendon to the Medial 
Collateral Ligament (Oliva et al.), 1599

 36.34  Open Reduction and Internal Fixation of Sleeve Fracture (Houghton 
and Ackroyd), 1600

 36.35  Open Reduction and Internal Fixation of Tibial Eminence Fracture, 
1602

 36.36  Arthroscopic Reduction of Tibial Eminence Fracture and Internal 
Fixation with Bioabsorbable Nails (Liljeros et al.), 1603

 36.37  Open Reduction and Internal Fixation, 1606
 36.38  Open Reduction and Removal of Interposed Tissue (Weber et al.), 1611
 36.39  Elastic Stable Intramedullary Nailing of Tibial Fracture (O’Brien 

et al.), 1614
 36.40  Open Reduction and Internal Fixation, 1617
 36.41  Open Reduction and Internal Fixation, 1618
 36.42  Excision of Osteochondral Fragment of the Talus, 1625
 36.43  Open Reduction and Internal Fixation of Cuboid Compression 

(Nutcracker) Fracture (Ceroni et al.), 1629
Anatomic Approaches to the Spine
 37.1  Anterior Transoral Approach (Spetzler), 1648
 37.2  Anterior Retropharyngeal Approach (McAfee et al.), 1649
 37.3  Subtotal Maxillectomy (Cocke et al.), 1651
 37.4  Extended Maxillotomy, 1652
 37.5  Anterior Approach, C3 to C7 (Southwick and Robinson), 1653
 37.6  Anterolateral Approach, C2 to C7 (Bruneau et al., Chibbaro et al.), 

1655
 37.7  Low Anterior Cervical Approach, 1657
 37.8  High Transthoracic Approach, 1657
 37.9  Transsternal Approach, 1657

 37.10  Modified Anterior Approach to Cervicothoracic Junction (Darling 
et al.), 1658

 37.11  Anterior Approach to the Cervicothoracic Junction Without  
Sternotomy (Pointillart et al.), 1659

 37.12  Anterior Approach to the Thoracic Spine, 1661
 37.13  Video-Assisted Thoracic Surgery (Mack et al.), 1661
 37.14  Anterior Approach to the Thoracolumbar Junction, 1663
 37.15  Minimally Invasive Approach to the Thoracolumbar Junction, 1663
 37.16  Anterior Retroperitoneal Approach, L1 to L5, 1664
 37.17  Percutaneous Lateral Approach, L1 to L4-5 (Ozgur et al.), 1667
 37.18  Anterior Transperitoneal Approach, L5 to S1, 1669
 37.19  Oblique Approach for Lumbar Interbody Fusion, L1-L5 and L5-S1 

(Mehren et al.), 1670
 37.20  Video-Assisted Lumbar Surgery (Onimus et al.), 1673
 37.21  Posterior Approach to the Cervical Spine, Occiput to C2, 1673
 37.22  Posterior Approach to the Cervical Spine, C3 to C7, 1674
 37.23  Posterior Approach to the Thoracic Spine, T1 to T12, 1675
 37.24  Costotransversectomy, 1676
 37.25  Posterior Approach to the Lumbar Spine, L1 to L5, 1677
 37.26  Paraspinal Approach to Lumbar Spine (Wiltse and Spencer), 1677
 37.27  Posterior Approach to the Lumbosacral Spine, L1 to Sacrum  

(Wagoner), 1677
 37.28  Posterior Approach to the Sacrum and Sacroiliac Joint (Ebraheim 

et al.), 1679
Degenerative Disorders of the Cervical Spine
 38.1  Interlaminar Cervical Epidural Injection, 1688
 38.2  Cervical Medial Branch Block Injection, 1689
 38.3  Cervical Discography (Falco), 1690
 38.4  Removal of Posterolateral Herniations by Posterior Approach  

(Posterior Cervical Foraminotomy), 1695
 38.5  Minimally Invasive Posterior Cervical Foraminotomy with Tubular 

Distractors (Gala, O’Toole, Voyadzis, and Fessler), 1697
 38.6  Full-Endoscopic Posterior Cervical Foraminotomy (Ruetten et al.), 

1697
 38.7  Tissue-Sparing Posterior Cervical Fusion (Mccormack and Dhawan), 

1699
 38.8  Smith-Robinson Anterior Cervical Fusion (Smith-Robinson et al.), 

1703
 38.9  Anterior Occipitocervical Arthrodesis by Extrapharyngeal Exposure 

(De Andrade and MacNab), 1705
 38.10  Fibular Strut Graft in Cervical Spine Arthrodesis with Corpectomy 

(Whitecloud and Larocca), 1705
Degenerative Disorders of the Thoracic and Lumbar Spine
 39.1  Myelography, 1724
 39.2  Interlaminar Thoracic Epidural Injection, 1728
 39.3  Interlaminar Lumbar Epidural Injection, 1729
 39.4  Transforaminal Lumbar and Sacral Epidural Injection, 1730
 39.5  Caudal Sacral Epidural Injection, 1730
 39.6  Lumbar Intraarticular Injection, 1732
 39.7  Lumbar Medial Branch Block Injection, 1732
 39.8  Sacroiliac Joint Injection, 1734
 39.9  Lumbar Discography (Falco), 1735
 39.10  Thoracic Discography (Falco), 1736
 39.11  Thoracic Costotransversectomy, 1738
 39.12  Thoracic Discectomy—Anterior Approach, 1738
 39.13  Thorascopic Thoracic Discectomy (Rosenthal et al.), 1740
 39.14  Minimally Invasive Thoracic Discectomy, 1740
 39.15  Transforaminal Endoscopic Thoracic Discectomy, 1741
 39.16  Microscopic Lumbar Discectomy, 1747
 39.17  Transforaminal Endoscopic Lumbar Discectomy, 1750
 39.18  Interlaminar Endoscopic Lumbar Discectomy, 1750
 39.19  Dural Repair Augmented with Fibrin Glue, 1754
 39.20  Repeat Lumbar Disc Excision, 1755
 39.21  Transthoracic Approach to the Thoracic Spine, 1756
 39.22  Anterior Interbody Fusion of the Lumbar Spine (Goldner et al.), 1757
 39.23  Percutaneous Anterior Lumbar Arthrodesis—Lateral Approach to L1 

to L4-5, 1758
 39.24  Hibbs Fusion (Hibbs, as Described by Howarth), 1759
 39.25  Posterolateral Lumbar Fusion (Watkins), 1760
 39.26  Intertransverse Lumbar Fusion (Adkins), 1761
 39.27  Minimally Invasive Transforaminal Lumbar Interbody Fusion  

(Gardock), 1762

    



 39.28  Pseudarthrosis Repair (Ralston and Thompson), 1764
 39.29  Midline Decompression (Neural Arch Resection), 1780
 39.30  Spinous Process Osteotomy (Decompression) (Weiner et al.), 1781
 39.31  Microdecompression (McCulloch), 1782
 39.32  Pedicle Subtraction Osteotomy (Bridwell et al.), 1792
 39.33  Coccygeal Injection, 1795
Spondylolisthesis
 40.1  Repair of Pars Interarticularis Defect with V-Rod Technique (Gillet 

and Petit), 1810
 40.2  In Situ Posterolateral Instrumented Fusion: Wiltse and Spencer  

Approach, 1815
 40.3  Posterior Instrumented Fusion with Interbody Fusion (PLIF and 

TLIF), 1815
 40.4  L5-S1 Anterior Lumbar Interbody Fusion, 1818
 40.5  Lumbar Decompression, 1823
 40.6  Lumbar Decompression and Posterolateral Fusion with or without 

Instrumentation, 1824
 40.7  Lumbar Decompression and Combined Posterolateral and Interbody 

Fusion (TLIF or PLIF), 1825
Fractures, Dislocations, and Fracture-Dislocations of the Spine
 41.1  Stretch Test, 1838
 41.2  Application of Gardner-Wells Tongs, 1843
 41.3  Closed Reduction of the Cervical Spine, 1843
 41.4  Halo Vest Application, 1848
 41.5  Occipitocervical Fusion Using Modular Plate and Rod Construct, 

Segmental Fixation with Occipital Plating, C1 Lateral Mass Screw, C2 
Isthmic (Pars) Screws, and Lateral Mass Fixation, 1851

 41.6  Occipitocervical Fusion Using Wires and Bone Graft (Wertheim and 
Bohlman), 1853

 41.7  Posterior Primary Osteosynthesis of C1 (Shatsky et al.), 1856
 41.8  Anterior Odontoid Screw Fixation (Etter), 1858
 41.9  Posterior C1-C2 Fusion Using Rod and Screw Construct with C1 

Lateral Mass Screws (Harms), 1859
 41.10  Posterior C1-C2 Fusion with C2 Translaminar Screws (Wright), 1862
 41.11  Posterior C1-C2 Transarticular Screws (Magerl and Seemann), 1863
 41.12  Posterior C1-C2 Fusion Using the Modified Gallie Posterior Wiring 

Technique (Gallie, Modified), 1863
 41.13  Posterior C1-C2 Wiring (Brooks and Jenkins), 1864
 41.14  Anterior Cervical Discectomy and Fusion with Plating, 1873
 41.15  Cervical Corpectomy and Reconstruction with Plating, 1875
 41.16  Lateral Mass Screw and Rod Fixation (Magerl), 1877
 41.17  Thoracic and Lumbar Segmental Fixation with Pedicle Screws, 1888
 41.18  Anterior Plating, 1891
 41.19  Lumbopelvic Fixation (Triangular Osteosynthesis) (Shildhauer), 1895
Infections and Tumors of the Spine
 42.1  Drainage of Retropharyngeal Abscess Through Posterior Triangle of 

the Neck, 1934
 42.2  Anterior Cervical Approach to Drainage of Retropharyngeal Abscess, 

1934
 42.3  Costotransversectomy for Drainage of Dorsal Spine Abscess, 1935
 42.4  Drainage of Paravertebral Abscess, 1935
 42.5  Drainage Through the Petit Triangle, 1936
 42.6  Drainage by Lateral Incision, 1936
 42.7  Drainage by Anterior Incision, 1937
 42.8  Coccygectomy for Drainage of a Pelvic Abscess (Lougheed and 

White), 1937
 42.9  Radical Debridement and Arthrodesis (Roaf et al.), 1937
 42.10  Anterior Excision of Spinal Tumor, 1949
 42.11  Costotransversectomy for Intralesional Excision of Spinal Tumor, 

1950
 42.12  Transpedicular Intralesional Excision for Tumor of the Spine, 1950
Pediatric Cervical Spine
 43.1  Posterior Atlantoaxial Fusion (Gallie), 1961
 43.2  Posterior Atlantoaxial Fusion Using Laminar Wiring (Brooks and 

Jenkins), 1963
 43.3  Translaminar Screw Fixation of C2, 1963
 43.4  Occipitocervical Fusion, 1964
 43.5  Occipitocervical Fusion Passing Wires Through Table of Skull 

(Wertheim and Bohlman), 1966
 43.6  Occipitocervical Fusion Without Internal Fixation (Koop et al.), 1966
 43.7  Occipitocervical Fusion Using Crossed Wiring (Dormans et al.), 

1967

 43.8  Occipitocervical Fusion Using Contoured Rod and Segmental Rod 
Fixation, 1969

 43.9  Occipitocervical Fusion Using a Contoured Occipital Plate, Screw, 
and Rod Fixation, 1970

 43.10  Transoral Approach (Fang and Ong), 1970
 43.11  Transoral Mandible-Splitting and Tongue-Splitting Approach (Hall, 

Denis, and Murray), 1971
 43.12  Lateral Retropharyngeal Approach (Whitesides and Kelly), 1972
 43.13  Anterior Retropharyngeal Approach (McAfee et al.), 1974
 43.14  Application of Halo Device (Mubarak et al.), 1976
 43.15  Posterior Fusion of C3-7, 1985
 43.16  Posterior Fusion of C3 to C7 Using 16-Gauge Wire and Threaded 

Kirschner Wires (Hall), 1985
 43.17  Posterior Fusion with Lateral Mass Screw Fixation (Roy- Camille), 

1986
 43.18  Posterior Fusion with Lateral Mass Screw and Rod Fixation, 1986
 43.19  Rib Resection (Bonola), 1987
 43.20  Posterior Spinal Fusion for Cervical Kyphosis Through a Lateral  

Approach (Sakaura et al.), 1992
 43.21  Sternal-Splitting Approach to the Cervicothoracic Junction (Mulpuri 

et al.), 1994
Scoliosis and Kyphosis
 44.1  Casting for Idiopathic Scoliosis, 2002
 44.2  Dual Growing Rod Instrumentation Without Fusion, 2007
 44.3  Shilla Guided Growth System (McCarthy et al.), 2008
 44.4  Growing Rod Attachment Using Rib Anchors (Sankar and Skaggs), 

2010
 44.5  Anterior Vertebral Tethering, 2012
 44.6  Posterior Surgeries for Idiopathic Scoliosis, 2025
 44.7  Facet Fusion (Moe), 2027
 44.8  Facet Fusion (Hall), 2027
 44.9  Autogenous Iliac Crest Bone Graft, 2028
 44.10  Thoracic Pedicle Screw Insertion Techniques, 2035
 44.11  Pedicle Hook Implantation, 2039
 44.12  Transverse Process Hook Implantation, 2040
 44.13  Laminar Hook Implantation, 2040
 44.14  Sublaminar Wires, 2040
 44.15  Instrumentation Sequence in Typical Lenke 1A Curve, 2043
 44.16  Deformity Correction by Direct Vertebral Rotation, 2044
 44.17  Halo-Gravity Traction (Sponseller and Takenaga), 2046
 44.18  Temporary Distraction Rod (Buchowski et al.), 2048
 44.19  Anterior Release (Letko et al.), 2050
 44.20  Osteotomy in Complex Spinal Deformity (Ponte Osteotomy), 2050
 44.21  Posterior Thoracic Vertebral Column Resection (Powers et al.), 

2051
 44.22  Osteotomy of the Ribs (Mann et al.), 2058
 44.23  Thoracoabdominal Approach, 2059
 44.24  Lumbar Extraperitoneal Approach, 2059
 44.25  Disc Excision, 2060
 44.26  Anterior Instrumentation of a Thoracolumbar Curve, 2060
 44.27  Video-Assisted Thoracoscopic Discectomy (Crawford), 2065
 44.28  Thoracoscopic Vertebral Body Instrumentation for Vertebral Body 

Tether (Picetti), 2067
 44.29  Luque Rod Instrumentation and Sublaminar Wires Without Pelvic 

Fixation, 2074
 44.30  Sacropelvic Fixation (McCarthy), 2075
 44.31  Galveston Sacropelvic Fixation (Allen and Ferguson), 2076
 44.32  Unit Rod Instrumentation with Pelvic Fixation, 2078
 44.33  Iliac Fixation with Iliac Screws, 2079
 44.34  Iliac and Lumbosacral Fixation with Sacral-Alar-Iliac Screws, 2081
 44.35  Transpedicular Convex Anterior Hemiepiphysiodesis and Posterior 

Arthrodesis (King), 2098
 44.36  Convex Anterior and Posterior Hemiepiphysiodeses and Fusion 

(Winter), 2099
 44.37  Hemivertebra Excision: Anteroposterior Approach (Hedequist and 

Emans), 2102
 44.38  Hemivertebra Excision: Lateral-Posterior Approach (Li et al.), 2105
 44.39  Hemivertebra Excision: Posterior Approach (Hedequist, Emans, 

Proctor), 2105
 44.40  Transpedicular Eggshell Osteotomies with Frameless Stereotactic 

Guidance (Mikles et al.), 2107
 44.41  Expansion Thoracoplasty (Campbell), 2110
 44.42  Anterior Release and Fusion, 2120

    



 44.43  Posterior Multiple Hook and Screw Segmental Instrumentation 
(Crandall), 2120

 44.44  Posterior Column Shortening Procedure for Scheuermann Kyphosis 
(Ponte et al.), 2122

 44.45  Anterior Osteotomy and Fusion (Winter et al.), 2129
 44.46  Anterior Cord Decompression and Fusion (Winter and Lonstein), 

2129
 44.47  Anterior Vascular Rib Bone Grafting (Bradford), 2130
 44.48  Circumferential Decompression and Cantilever Bending (Chang 

et al.), 2132
 44.49  Posterior Hemivertebra Resection with Transpedicular Instrumenta-

tion (Ruf and Harms), 2133
 44.50  Spondylolysis Repair (Kakiuchi), 2142
 44.51  Modified Scott Repair Technique (Van Dam), 2143
 44.52  Intralaminar Screw Fixation of Pars Defect (Buck Screw Technique), 

2144

 44.53  Spondylolysis Repair with U-Rod or V-Rod (Sumita et al.), 2144
 44.54  Posterolateral Fusion and Pedicle Screw Fixation (Lenke and  

Bridwell), 2147
 44.55  Instrumented Reduction (Crandall), 2147
 44.56  Reduction and Interbody Fusion (Smith et al.), 2150
 44.57  One-Stage Decompression and Posterolateral Interbody Fusion 

(Bohlman and Cook), 2153
 44.58  Uninstrumented Circumferential In Situ Fusion (Helenius et al.), 

2154
 44.59  L5 Vertebrectomy (Gaines), 2156
 44.60  Posterior Instrumentation and Fusion, 2160
 44.61  Vertebral Excision and Reduction of Kyphosis (Lindseth and Selzer), 

2163
 44.62  Open Biopsy of Thoracic Vertebra (Michele and Krueger), 2173

    



Campbell’s Operative Orthopaedics, 14th ed. 
List of Techniques

VOLUME III
Knee Injuries
 45.1  Open Meniscal Repair, 2222
 45.2  Arthroscopic Partial Meniscectomy and Decompression of  Meniscal 

Cyst, 2226
 45.3  Excision of Meniscal Cyst, 2227
 45.4  Repair of Medial Compartment Disruptions, 2244
 45.5  Reconstruction of Medial Compartment (Slocum), 2252
 45.6  Repair of Posteromedial Corner, 2256
 45.7  Reconstruction of Posteromedial Corner (Hughston), 2257
 45.8  Reconstruction of the Anterolateral Ligament, 2260
 45.9  Repair of Lateral Compartment Disruptions, 2260
 45.10  Reconstruction of the Posterolateral Structures for Mild-to-  

Moderate Posterolateral Instability (Hughston and Jacobson), 2267
 45.11  Reconstruction of the Popliteal Tendon Using the Iliotibial Band for 

Posterolateral Instability (Müller), 2270
 45.12  Rerouting of the Biceps Tendon to the Femoral Epicondyle for  

Posterolateral Instability (Clancy), 2273
 45.13  Anatomic Posterolateral Knee Reconstruction for Grade III  

Posterolateral Injury (LaPrade et al.), 2275
 45.14  Posterolateral Corner Reconstruction with a Single Allograft Fibular 

Sling (Yang et al.), 2276
 45.15  Allograft Reconstruction of the Lateral Collateral Ligament (Noyes), 

2277
 45.16  Reconstruction of Posterolateral Structures with Semitendinosus 

Tendon (Larson), 2279
 45.17  Valgus Tibial Osteotomy and Posterolateral Reconstruction, 2280
 45.18  Repair of Bony Tibial Avulsions of Anterior Cruciate Ligament, 2287
 45.19  Extraarticular Procedures (Iliotibial Band Tenodesis) (MacIntosh), 

2289
 45.20  Extraarticular Procedures (Iliotibial Band Tenodesis) (MacIntosh, 

Modified by Losee), 2289
 45.21  Extraarticular Procedures (Iliotibial Band Tenodesis) (Andrews), 

2290
 45.22  Anterior Cruciate Ligament Reconstruction with Bone–Patellar  

Tendon-Bone Graft (Clancy, Modified), 2296
 45.23  Anterior Cruciate Ligament Reconstruction with Hamstrings (with 

Proximal Release of Hamstrings), 2301
 45.24  Repair of Bony Avulsion, 2316
 45.25  Reconstruction of Posterior Cruciate Ligament with Patellar Tendon 

Graft (Clancy), 2319
 45.26  Reconstruction of Posterior Cruciate Ligament with Patellar Tendon 

Graft (Sallay and McCarroll), 2321
 45.27  Reconstruction of Posterior Cruciate Ligament with Bone-Patellar 

Tendon-Bone or Achilles Tendon-Bone Grafts (Berg), 2326
 45.28  Reconstruction of Posterior Cruciate Ligament with Bone-Patellar 

Tendon-Bone or Achilles Tendon-Bone Grafts (Burks and Schaffer), 
2327

 45.29  Subperiosteal Release of the Lateral Quadriceps Mechanism (Ogata), 
2348

 45.30  Advancement of the Tibial Tuberosity (Maquet), 2351
 45.31  Patellectomy (Soto-Hall), 2352
 45.32  Thompson Quadricepsplasty (Thompson), 2353
 45.33  Mini-Invasive Quadricepsplasty (Wang, Zhao, He), 2353
 45.34  Posterior Capsulotomy (Putti, Modified), 2356
 45.35  Posterior Capsulotomy (Yount), 2356
Shoulder and Elbow Injuries
 46.1  Open Anterior Acromioplasty, 2388
 46.2  Open Repair of Rotator Cuff Tears, 2392
 46.3  Latissimus Dorsi Transfer (Gerber et al.), 2397
 46.4  Decompression and Debridement of Massive Rotator Cuff Tears 

(Rockwood et al.), 2398
 46.5  Closed Manipulation, 2402
 46.6  Posterior Surgical Approach for Quadrilateral Space Syndrome 

(Cahill and Palmer), 2406
 46.7  Posterior Surgical Approach for Suprascapular Nerve Entrapment 

(Post and Mayer), 2407
 46.8  Suprascapular Notch Decompression, 2408

 46.9  Spinoglenoid Notch Decompression, 2408
 46.10  Removal of a Ganglion from the Inferior Branch of the  

Suprascapular Nerve (Thompson et al.), 2409
 46.11  Correction of Tennis Elbow (Nirschl, Modified), 2412
 46.12  Correction of Medial Epicondylitis (Nirschl), 2413
 46.13  Anterior and Posterior Release of Elbow Contracture (Morrey), 2416
 46.14  Excision of Heterotopic Ossification (Morrey and Harter), 2418
Recurrent Dislocations
 47.1  Medial Quadriceps Tendon-Femoral Ligament Reconstruction  

(Phillips), 2432
 47.2  Distal Realignment, 2434
 47.3  Fulkerson Osteotomy, 2435
 47.4  Trochleoplasty, 2435
 47.5  Modified Bankart Repair (Montgomery and Jobe), 2448
 47.6  Anterior Stabilization with Associated Glenoid Deficiency (Laterjet 

Procedure) (Walch and Boileau), 2450
 47.7  Reconstruction of Anterior Glenoid Using Iliac Crest Bone Autograft 

(Warner et al.), 2453
 47.8  Capsular Shift (Neer and Foster), 2454
 47.9  Neer Inferior Capsular Shift Procedure Through a Posterior  

Approach (Neer and Foster), 2457
 47.10  Tibone and Bradley Technique (Tibone and Bradley), 2459
 47.11  Capsular Shift Reconstruction with Posterior Glenoid Osteotomy 

(Rockwood), 2460
 47.12  McLaughlin Procedure (McLaughlin), 2461
 47.13  Ulnar Collateral Ligament Reconstruction—Modified Jobe  

Technique, 2467
 47.14  Ulnar Collateral Ligament Reconstruction—Andrews et al  

Technique, 2468
 47.15  Ulnar Collateral Ligament Reconstruction (Altchek et al.), 2470
 47.16  Ulnar Collateral Ligament Repair With an Internal Brace  

(Dugas et al.), 2472
 47.17  Lateral Ulnar Collateral Ligament Reconstruction for Posterolateral 

Rotatory Instability (Nestor, Morrey, and O’Driscoll), 2473
Traumatic Disorders
 48.1  Fasciotomy for Acute Compartment Syndrome of the Thigh (Tarlow 

et al.), 2482
 48.2  Single-Incision Fasciotomy for Lower Leg Compartment Syndrome 

(Davey et al.), 2483
 48.3  Double-Incision Fasciotomy for Lower Leg Compartment  

Syndrome (Mubarak and Hargens), 2484
 48.4  Double Mini-Incision Fasciotomy for Chronic Anterior  

Compartment Syndrome (Mouhsine et al.), 2487
 48.5  Single-Incision Fasciotomy for Chronic Anterior and Lateral  

Compartment Syndrome (Fronek et al.), 2487
 48.6  Double-Incision Fasciotomy for Chronic Posterior Compartment 

Syndrome (Rorabeck), 2489
 48.7  Open Repair of Acute Achilles Tendon Rupture, 2493
 48.8  Open Repair of Achilles Tendon Rupture—Krackow et al., 2494
 48.9  Open Repair of Achilles Tendon Rupture—Lindholm, 2494
 48.10  Repair of Acute Achilles Tendon Rupture Using Plantaris Tendon 

(Lynn), 2495
 48.11  Dynamic Loop Suture Technique for Acute Achilles Tendon Rupture 

(Teuffer), 2495
 48.12  Minimally Invasive and Percutaneous Repair of Acute Achilles  

Tendon Rupture (Ma and Griffith), 2496
 48.13  Percutaneous Achilles Tendon Repair (Hsu, Berlet, Anderson), 2497
 48.14  Transfer of the Peroneus Brevis Tendon for Neglected Achilles  

Tendon Ruptures (Maffulli et al.), 2500
 48.15  Direct Repair of Neglected Achilles Tendon Ruptures, 2502
 48.16  Repair of Neglected Achilles Tendon Ruptures Using Peroneus Brevis 

and Plantaris Tendons (White and Kraynick; Teuffer, Modified), 2502
 48.17  Repair of Neglected Achilles Tendon Ruptures Using  

Gastrocnemius-Soleus Turn-Down Graft (Bosworth), 2503
 48.18  V-Y Repair of Neglected Achilles Tendon Ruptures (Abraham and 

Pankovich), 2503
 48.19  Repair of Neglected Achilles Tendon Ruptures Using Flexor Hallucis 

Longus Tendon Transfer (Wapner et al.), 2504

    



 48.20  Tenotomy and Repair for Chronic Patellar Tendinosis, 2507
 48.21  Fixation of Patellar Stress Fracture, 2507
 48.22  Suture Repair of Patellar Tendon Rupture, 2509
 48.23  Suture Anchor Repair of Patellar Tendon Rupture (DeBerardino and 

Owens), 2510
 48.24  Achilles Tendon Allograft for Chronic Patellar Tendon Rupture, 2511
 48.25  Hamstring (Semitendinosus and Gracilis) Autograft Augmentation 

for Chronic Patellar Tendon Rupture (Ecker, Lotke, and Glazer), 
2513

 48.26  Hamstring Autograft Augmentation for Chronic Patellar Tendon 
Rupture (Mandelbaum et al.), 2514

 48.27  Repair of Acute Rupture of the Tendon of the Quadriceps Femoris 
Muscle, 2514

 48.28  Repair of Proximal Hamstring Avulsion (Birmingham et al.), 2518
 48.29  Open Repair of Proximal Hamstring Avulsion (Bowman et al.), 2519
 48.30  Endoscopic Repair of Proximal Hamstring Avulsion (Bowman et al.), 2519
 48.31  Repair of Proximal Biceps Tendon Rupture, 2521
 48.32  Subpectoral Biceps Tenodesis (Mazzoca et al.), 2521
 48.33  Two-Incision Technique for Repair of the Distal Biceps Tendon 

(Boyd and Anderson), 2524
 48.34  Single-Incision Technique for Repair of the Distal Biceps Tendon, 2525
 48.35  Double-Row Repair of the Distal Triceps Tendon, 2526
 48.36  Repair of the Superior Peroneal Retinaculum, 2529
 48.37  Fibular Groove Deepening with Tissue Transfer (Periosteal Flap) for 

Recurrent Peroneal Tendon Dislocation (Zoellner and Clancy), 2529
 48.38  Indirect (Impaction) Fibular Groove Deepening for Peroneal Tendon 

Dislocation (Shawen and Anderson), 2530
 48.39  Achilles Tendon Augmentation of Superior Peroneal Retinaculum 

Repair (Jones), 2531
 48.40  Treatment of Biceps Brachii Tendon Displacement, 2532
Arthroscopy of the Foot and Ankle
 50.1  Arthroscopic Examination And Debridement of the Ankle Joint, 2553
 50.2  Posterior Debridement For Ankle Impingement, 2558
 50.3  Posterior Arthroscopic Subtalar Arthrodesis  

(Devos-bevernage et al.), 2562
 50.4  Subtalar Arthroscopy, 2564
 50.5  First Metatarsophalangeal Joint Arthroscopy, 2565
 50.6  Tendoscopic Recession of the Gastrocnemius Tendon, 2568
Arthroscopy of the Lower Extremity
 51.1  Resection of Bucket-Handle Tear, 2585
 51.2  Removal of Posterior Horn Tear, 2586
 51.3  Treatment of Partial Depth Meniscal Tears, 2587
 51.4  Partial Excision of the Discoid Meniscus, 2588
 51.5  Inside-To-Outside Technique, 2590
 51.6  Outside-To-Inside Technique, 2592
 51.7  Lateral Meniscal Suturing, 2593
 51.8  Outside-In Repair of Complete Radial Tear of the Lateral Meniscus 

(Steiner et al.), 2594
 51.9  Transtibial Pull-out Repair of Radial or Meniscal Root Tear 

 (Phillips), 2597
 51.10  Meniscal Replacement, 2599
 51.11  Removal of Loose Bodies, 2601
 51.12  Resection of Plica, 2603
 51.13  Arthroscopic Drilling of an Intact Lesion of the Femoral Condyle, 2605
 51.14  Arthroscopic Screw Fixation for Osteochondritis Dissecans Lesions 

In the Medial Femoral Condyle, 2605
 51.15  Osteochondral Autograft Transfer, 2606
 51.16  Anatomic Single-Bundle Endoscopic Anterior Cruciate Ligament 

Reconstruction Using Bone–Patellar Tendon–Bone Graft, 2610
 51.17  Two-Incision Technique for Anterior Cruciate Ligament  

Reconstruction Using Bone–Patellar Tendon–Bone Graft, 2616
 51.18  Endoscopic Quadruple Hamstring Graft, 2618
 51.19  All-Inside Quadruple Hamstring Graft Anterior Cruciate Ligament 

Reconstruction, 2619
 51.20  Anatomic Double-Bundle Anterior Cruciate Ligament  

Reconstruction (Karlsson et al.), 2620
 51.21  Transepiphyseal Replacement of Anterior Cruciate Ligament Using 

Quadruple Hamstring Grafts (Anderson), 2623
 51.22  Physeal-Sparing Reconstruction of the Anterior Cruciate Ligament 

(Kocher, Garg, and Micheli), 2625
 51.23  Partial Transepiphyseal ACL Reconstruction In Skeletally Immature 

Athletes (Azar and Miller), 2626

 51.24  Anterior Cruciate and Anterolateral Ligament Reconstruction  
(Phillips), 2627

 51.25  Single-Tunnel Posterior Cruciate Ligament Reconstruction  
(Phillips), 2631

 51.26  Double-Tunnel Posterior Cruciate Ligament Reconstruction 
(Laprade et al.), 2633

 51.27  Lateral Retinacular Release, 2637
 51.28  Synovectomy, 2638
 51.29  Drainage and Debridement in Pyarthrosis, 2638
 51.30  Arthroscopically Assisted Fracture Reduction and Percutaneous 

Fixation (Caspari et al.), 2639
 51.31  Arthroscopic Lysis and Excision of Adhesions (Sprague), 2639
 51.32  Supine Position Arthroscopy (Byrd), 2642
 51.33  Lateral Position Arthroscopy (Glick et al.), 2645
 51.34  Arthroscopic Repair of Labral Tears (Kelly et al.), 2649
 51.35  Arthroscopic Treatment of Pincer Impingement (Larson), 2652
 51.36  Arthroscopic Treatment of Cam Impingement (Mauro et al.), 2652
 51.37  Arthroscopic Labral Reconstruction (Matsuda), 2653
 51.38  Repair of the Adductor Tendon (Byrd), 2655
 51.39  Treatment of External Snapping Hip (Ilizaliturri et al), 2655
 51.40  Psoas Release at the Lesser Trochanter, 2656
 51.41  Psoas Release at the Joint Level (Wettstein et al.), 2656
Arthroscopy of the Upper Extremity
 52.1  Establishing a Posterior Portal, 2667
 52.2  Antegrade Method, 2668
 52.3  Retrograde Method, 2668
 52.4  Establishing the Superior Portal (Neviaser), 2669
 52.5  Arthroscopic Removal of Loose Body, 2671
 52.6  Arthroscopic Fixation of Type Ii Slap Lesions (Modified from  

Burkhart, Morgan, and Kibler), 2673
 52.7  Biceps Tendon Release, 2678
 52.8  Arthroscopic Biceps Tenodesis: Percutaneous Intraarticular Transtendon 

Technique (Sekiya et al.), 2680
 52.9  Arthroscopic “Loop ‘n’ Tack” Tenodesis (Duerr et al.), 2680
 52.10  Biceps Tenodesis: Arthroscopic or Mini-Open Technique with Screw 

Fixation (Romeo et al. Modified), 2682
 52.11  Arthroscopic Bankart Repair Technique, 2684
 52.12  Posterior Shoulder Stabilization (Kim et al.), 2692
 52.13  Capsular Shift, 2694
 52.14  Arthroscopic Repair of Posterior Humeral Avulsion of the  

Glenohumeral Ligament, 2695
 52.15  Remplissage (Purchase et al. [Wolf] Technique), 2695
 52.16  Transosseous Bony Bankart Repair (Driscoll, Burns, and Snyder), 

2697
 52.17  Arthroscopic Subacromial Decompression and Acromioplasty,  

2700
 52.18  Chock-Block Method for Acromioplasty, 2702
 52.19  Debridement of Partial-Thickness Rotator Cuff Tears, 2703
 52.20  Repair of Delamination and Localized, Articular-Side Partial- 

Thickness Cuff Tears, 2704
 52.21  Transtendinous Repair of A Partial Articular-Side Supraspinatus 

Tendon Avulsion Lesion, 2704
 52.22  Rotator Cuff Repair, 2713
 52.23  Repair of Large or Massive Contracted Tears Using the Interval Slide 

Technique (Tauro et al.), 2716
 52.24  Superior Capsule Reconstruction, 2717
 52.25  Subscapularis Tendon Repair (Burkhart and Tehrany), 2721
 52.26  Arthroscopic Resection of the Distal End of the Clavicle (Mumford 

Procedure) (Tolin and Snyder), 2724
 52.27  Superior Approach (Flatow et al.), 2726
 52.28  Arthroscopically Assisted AC Joint Reconstruction, 2726
 52.29  Release of Calcific Tendinitis, 2727
 52.30  Capsular Release (Scarlat and Harryman), 2730
 52.31  Suprascapular Nerve Release (Lafosse, Tomasi, and Corbett), 2731
 52.32  Scapulothoracic Bursectomy, 2733
 52.33  Arthroscopic Elbow Examination, 2739
 52.34  Arthroscopic Treatment of Osteochondritis Dissecans, 2744
 52.35  Osteochondral Autograft Transfer (Yamamoto et al.), 2744
 52.36  Removal of Olecranon Tip and Osteophytes, 2746
 52.37  Resection of Thickened Pathologic Synovial Plica, 2747
 52.38  Arthroscopy for Arthrofibrosis (Phillips and Strasburger), 2747
 52.39  Arthroscopic Tennis Elbow Release (Baker and Cummings), 2749
 52.40  Arthroscopic Bursectomy (Baker and Cummings), 2750

    



General Principles of Fracture Treatment
 53.1  Percutaneous Drainage of a Morel-Lavallée Lesion (Tseng and  

Tornetta), 2771
 53.2  Irrigation and Debridement of Open Wounds, 2774
 53.3  Harvest of Femoral or Tibial Bone Graft with the RIA  

Instrumentation, 2779
 53.4  Screw Fixation, 2790
 53.5  ASIF Cancellous Screw Technique, 2791
 53.6  Pin Insertion, 2804

Fractures of the Lower Extremity
 54.1  Fixation of the Lateral Malleolus, 2818
 54.2  Fixation of the Medial Malleolus, 2819
 54.3  Repair of the Deltoid Ligament and Internal Fixation of the Lateral 

Malleolus, 2821
 54.4  Reduction and Fixation of Posterior Malleolar Fracture, 2823
 54.5  Reduction and Fixation of Anterior Tibial Margin Fractures, 2824
 54.6  Stabilization of Unstable Ankle Fracture-Dislocation (Childress), 2826
 54.7  Staged Minimally Invasive Open Reduction and Internal Fixation, 

2831
 54.8  Posterolateral Approach to Pilon Fractures, 2832
 54.9  Spanning External Fixation of Tibial Pilon Fracture (Bonar and 

Marsh), 2835
 54.10  Definitive Ring External Fixation of Tibial Pilon Fractures (Watson), 

2837
 54.11  Intramedullary Nailing of Tibial Shaft Fractures, 2848
 54.12  External Fixation for Tibial Shaft Fractures, 2854
 54.13  Ilizarov External Fixation for Tibial Shaft Fractures, 2857
 54.14  Open Reduction and Fixation of a Lateral Tibial Plateau Fracture, 

2869
 54.15  Posteromedial Exposure, 2871
 54.16  Open Reduction and Internal Fixation of Bicondylar Injuries, 2872
 54.17  Circular External Fixation (Watson), 2872
 54.18  Common Approach and Technique for Patellar Fractures, 2876
 54.19  Circumferential Wire Loop Fixation (Martin), 2876
 54.20  Tension Band Wiring Fixation, 2877
 54.21  Partial Patellectomy, 2879
 54.22  Partial Patellectomy Using Figure-of-Eight Load-Sharing Wire or 

Cable (Perry et al.), 2879
 54.23  Total Patellectomy, 2880
 54.24  Fracture Fixation of the Medial Condyle, 2884
 54.25  Fracture Fixation of the Posterior Part of the Medial Condyle, 2885
 54.26  Swashbuckler Approach to the Distal Femur (Starr et al.), 2886
 54.27  Submuscular Minimally Invasive Locking Condylar Plate  

Application, 2887
 54.28  Double Plate Fixation (Chapman and Henley), 2888
 54.29  Antegrade Femoral Nailing, 2895
 54.30  Retrograde Femoral Nailing, 2901
 54.31  Extraction of an Unbroken Antegrade Femoral Nail, 2904
 54.32  Extraction of a Broken Femoral Antegrade Nail, 2904
Fractures and Dislocations of the Hip
 55.1  Fixation of Femoral Neck Fracture with Cannulated Screws, 2912
 55.2  Open Reduction and Internal Fixation (Modified Smith-Petersen), 

2914
 55.3  Fluoroscopically Guided Capsulotomy of the Hip, 2918
 55.4  Screw–Side Plate Fixation of Intertrochanteric Femoral Fractures, 2925
 55.5  Intramedullary Nailing of Intertrochanteric Femoral Fractures, 2929
 55.6  Intramedullary Nailing of Intertrochanteric Femoral Fractures With 

Integrated Proximal Interlocking Screws (Intertan), 2933
 55.7  Intramedullary Nailing in Reconstruction Mode, 2935
 55.8  Fixation of Subtrochanteric Femoral Fracture with a Proximal  

Femoral Locking Plate, 2938
 55.9  Fixation of Subtrochanteric Femoral Fracture with a Blade  

Plate, 2940
 55.10  Open Reduction of Posterior Hip Dislocation Through a Posterior 

Approach, 2948
Fractures of the Acetabulum and Pelvis
 56.1  Anterior Intra-Pelvic Approach, 2973
 56.2  Fixation of Comminuted Posterior Wall Fracture with or without a 

Transverse Component, 2988
 56.3  Anterior Approach for Total Hip Arthroplasty for Fractures  

Involving Primarily the Anterior Wall and Column (Beaulé et al.), 2988
 56.4  Gluteal Pillar External Fixation, 3008

 56.5  Supra-Acetabular External Fixation, 3008
 56.6  Anterior Subcutaneous Internal Fixation (Vaidya et al.), 3010
 56.7  Pelvic Clamps (Ganz et al.), 3011
 56.8  Open Reduction and Internal Fixation of the Pubic Symphysis, 3015
 56.9  Internal Fixation: Posterior Approach and Fixation of Sacral  

Fractures and Sacroiliac Dislocations (Prone) (Matta and Saucedo), 3016
 56.10  Percutaneous Iliosacral Screw Fixation of Sacroiliac Disruptions and 

Sacral Fractures (Supine), 3017
 56.11  Anterior Approach and Stabilization of the Sacroiliac Joint (Simpson 

et al.), 3019
Fractures of the Shoulder, Arm, and Forearm
 57.1  Open Reduction and Internal Fixation of Clavicular Fractures  

(Collinge et al., Modified), 3034
 57.2  Intramedullary Fixation with a Headed, Distally Threaded Pin 

(Rockwood Clavicle Pin), 3036
 57.3  Distal Clavicular Fracture Repair with Coracoclavicular Ligament 

Reconstruction and Cortical Button Fixation (Yagnik et al.), 3039
 57.4  Intramedullary Nailing of a Proximal Humeral Fracture, 3053
 57.5  Open Reduction and Internal Fixation of Proximal Humeral  

Fractures, 3054
 57.6  Anterolateral Acromial Approach for Internal Fixation of Proximal 

Humeral Fracture (Gardner et al.; Mackenzie), 3055
 57.7  Open Reduction and Internal Fixation of the Humeral Shaft Through 

a Modified Posterior Approach (Triceps-Reflecting), 3062
 57.8  Minimally Invasive Plate Osteosynthesis (Apivatthakakul et al.; 

Tetsworth et al.), 3064
 57.9  Antegrade Intramedullary Nailing of Humeral Shaft Fractures, 3067
 57.10  Open Reduction and Internal Fixation of the Distal Humerus with 

Olecranon Osteotomy, 3076
 57.11  Open Reduction and Internal Fixation of Radial Head Fracture, 3081
 57.12  Stabilization of “Terrible Triad” Elbow Fracture-Dislocation (McKee 

et al.), 3084
 57.13  Internal Joint Stabilization for Elbow Instability (Orbay et al.), 3088
 57.14  Open Reduction and Internal Fixation of Olecranon Fracture, 3093
 57.15  Open Reduction and Internal Fixation of Both-Bone Forearm  

Fractures, 3097
 57.16  Closed Reduction and Percutaneous Pinning of Distal Radial  

Fracture (Glickel et al.), 3103
 57.17  External Fixation of Fracture of the Distal Radius, 3105
 57.18  Volar Plate Fixation of Fracture of the Distal Radius (Chung), 3108
 57.19  Distraction Plate Fixation (Burke and Singer as Modified by Ruch 

et al.), 3111
Malunited Fractures
 58.1  Correction of Metatarsal Angulation, 3129
 58.2  Correction of Tarsal Malunion, 3129
 58.3  Posterior Subtalar Arthrodesis (Gallie), 3131
 58.4  Distraction Arthrodesis (Carr et al.), 3132
 58.5  Resection of Lateral Prominence of Calcaneus (Kashiwagi,  

Modified), 3133
 58.6  Correction of Calcaneal Malunion Through Extensile Lateral  

Approach (Clare et al.), 3134
 58.7  Correction of Valgus Malunion of Extraarticular Calcaneal Fracture 

(Aly), 3136
 58.8  Osteotomy for Bimalleolar Fracture, 3138
 58.9  Correction of Diastasis of the Tibia and Fibula, 3139
 58.10  Supramalleolar Osteotomy, 3139
 58.11  Oblique Tibial Osteotomy (Sanders et al.), 3142
 58.12  Clamshell Osteotomy (Russell et al.), 3145
 58.13  Subcondylar Osteotomy and Wedge Graft for Malunion of Lateral 

Condyle, 3149
 58.14  Osteotomy and Internal Fixation of the Lateral Condyle, 3149
 58.15  Open Reduction and Internal Fixation, 3150
 58.16  Osteotomy for Femoral Malunion, 3152
 58.17  Osteotomy for Femoral Malunion in Children, 3155
 58.18  Correction of Cervicotrochanteric Malunion, 3157
 58.19  Osteotomy and Reorientation of Scapular Neck (Cole et al.), 3160
 58.20  Osteotomy and Plate Fixation, 3161
 58.21  Osteotomy and Elastic Intramedullary Nailing of Midshaft Clavicular 

Fracture (Smekal et al.), 3164
 58.22  Closing Wedge Valgus Osteotomy for Varus Malunion of Proximal 

Humerus (Benegas et al., Modified), 3168
 58.23  Correction of Proximal Third Humeral Malunion, 3169

    



 58.24  Correction of Radial Neck Malunion (Inhofe and Moneim,  
Modified), 3170

 58.25  Osteotomy and Fixation of Monteggia Fracture Malunion, 3170
 58.26  Resection of Proximal Part of Radial Shaft (Kamineni et al.), 3172
 58.27  Osteotomy and Plating for Forearm Malunion (Trousdale and  

Linscheid, Modified), 3173
 58.28  Correction of Forearm Malunion with Distal Radioulnar Joint  

Instability (Trousdale and Linscheid, Modified), 3174
 58.29  Drill Osteoclasis (Blackburn et al.), 3174
 58.30  Opening Wedge Metaphyseal Osteotomy with Bone Grafting And 

Internal Fixation with Plate and Screws (Fernandez), 3179
 58.31  Volar Osteotomy (Shea et al.), 3180
 58.32  Intramedullary Fixation, 3182
 58.33  External Fixation (Melendez), 3183
 58.34  Osteotomy for Intraarticular Malunion (Marx and Axelrod), 3184
 58.35  Radiolunate Arthrodesis (Saffar), 3185
 58.36  Ulnar Shortening Osteotomy (Milch), 3186
 58.37  Resection of the Distal Ulna (Darrach), 3187
Delayed Union and Nonunion of Fractures
 59.1  Decortication, 3199
 59.2  Fibular Autograft (Nonvascularized), 3200
 59.3  Intramedullary Fibular Strut Allograft (Humerus) (Willis et al.), 3200
 59.4  Resection of the Distal Fragment of the Medial Malleolus, 3210
 59.5  Sliding Graft, 3210
 59.6  Bone Graft of Medial Malleolar Nonunion (Banks), 3211
 59.7  Posterolateral Bone Grafting, 3212
 59.8  Anterior Central Bone Grafting, 3212
 59.9  Percutaneous Bone Marrow Injection (Connolly et al., Brinker et al.), 

3213
 59.10  Tibial Exchange Nailing, 3214
 59.11  Plate Fixation and Bone Grafting of the Clavicle, 3222
Acute Dislocations
 60.1  Open Reduction and Repair of Patellar Dislocation, 3230
 60.2  Grafting of the Medial Patellar Retinaculum, 3231
 60.3  Open Reduction and Repair of the Extensor Mechanism, 3231

 60.4  Open Reduction of Hip Dislocation, 3236
 60.5  Anatomic Reconstruction of the Conoid and Trapezoid Ligaments 

(Mazzocca et al.), 3240
 60.6  Open Reduction of Radial Head Dislocation, 3242
Old Unreduced Dislocations
 61.1  Ligamentous Reconstruction for Old Unreduced Dislocation of the 

Proximal Tibiofibular Joint, 3247
 61.2  Open Reduction for Old Unreduced Dislocation of the Knee, 3247
 61.3  Open Reduction for Old Unreduced Dislocation of the Patella, 3249
 61.4  Intertrochanteric Osteotomy for Chronic Anterior Dislocation of the 

Hip (Aggarwal and Singh), 3249
 61.5  Traction and Abduction for Chronic Posterior Hip Dislocation 

(Gupta and Shravat), 3250
 61.6  Resection or Stabilization of the Medial End of the Clavicle for Old 

Anterior Sternoclavicular Joint Dislocation, 3251
 61.7  Stabilization of Old Posterior Sternoclavicular Joint Dislocation 

(Wang et al.), 3252
 61.8  Resection of the Lateral End of the Clavicle for Chronic  

Acromioclavicular Joint Dislocation (Mumford; Gurd), 3253
 61.9  Reconstruction of the Superior Acromioclavicular Ligament for 

Chronic Acromioclavicular Joint Dislocation (Neviaser), 3254
 61.10  Transfer of the Coracoacromial Ligament for Chronic  

Acromioclavicular Joint Dislocation (Rockwood), 3255
 61.11  Arthroscopic Transfer of the Coracoacromial Ligament for Chronic 

Acromioclavicular Joint Dislocation (Boileau et al.), 3256
 61.12  Open Reduction of Chronic Anterior Shoulder Dislocations (Rowe 

and Zarins), 3261
 61.13  Open Reduction of Chronic Posterior Shoulder Dislocation from a 

Superior Approach (Rowe and Zarins), 3262
 61.14  Open Reduction of Chronic Posterior Shoulder Dislocation Through 

an Anteromedial Approach (McLaughlin), 3263
 61.15  Deltopectoral Approach for Chronic Posterior Shoulder Dislocation 

(Keppler et al.), 3264
 61.16  Open Reduction and V-Y Lengthening of Triceps Muscles for 

Chronic Elbow Dislocation (Speed), 3266

    



Campbell’s Operative Orthopaedics, 14th ed.
List of Techniques

VOLUME IV
Peripheral Nerve Injuries
 62.1  Epineurial Neurorrhaphy, 3292
 62.2  Perineurial (Fascicular) Neurorrhaphy, 3292
 62.3  Interfascicular Nerve Grafting (Millesi, Modified), 3293
 62.4  Transfer of the Ulnar Nerve Fascicles to Nerve of the Biceps Muscle 

(Oberlin et al.), 3295
 62.5  Double Fascicular Transfer from Ulnar and Median Nerves to Nerve  

of the Brachialis Branches (MacKinnon and Colbert), 3296
 62.6  Neurotization of the Suprascapular Nerve with the Spinal Accessory 

Nerve (MacKinnon and Colbert), 3297
 62.7  Neurotization of the Axillary Nerve with Radial Nerve (MacKinnon 

and Colbert), 3298
 62.8  Posterior Approach for Division of the Transverse Scapular Ligament 

(Swafford and Lichtman), 3300
 62.9  Approach to the Axillary Nerve, 3301
 62.10  Approach to the Musculocutaneous Nerve, 3302
 62.11  Approach to the Radial Nerve, 3303
 62.12  Approach to the Ulnar Nerve, 3306
 62.13  Nerve Transfer for Ulnar Nerve Reconstruction (MacKinnon and 

Novak), 3308
 62.14  Approach to the Median Nerve, 3309
 62.15  Approach to the Femoral Nerve, 3312
 62.16  Approach to the Sciatic Nerve, 3314
 62.17  Approach to the Common, Superficial, and Deep Peroneal Nerves, 

3316
 62.18  Approach to the Tibial Nerve Deep to the Soleus Muscle, 3318
Microsurgery
 63.1  Microvascular Anastomosis (End-to-End), 3325
 63.2  Microvascular End-to-Side Anastomosis, 3326
 63.3  Microvascular Vein Grafting, 3327
 63.4  Preparation for Replantation, 3334
 63.5  Vessel Repair in Replantation, 3337
 63.6  Nerve Repair for Replantation, 3338
 63.7  Reoperation, 3340
 63.8  Pocket Technique for Microvascular Anastomosis (Arata et al.), 3341
 63.9  Dissection for Free Groin Flap, 3347
 63.10  Dissection for Anterolateral Thigh Flap (Javaid and Cormack), 3349
 63.11  Dissection for Scapular and Parascapular Flap (Gilbert; Urbaniak 

et al.), 3350
 63.12  Dissection for Lateral Arm Flap, 3351
 63.13  Dissection for Latissimus Dorsi Transfer, 3354
 63.14  Dissection for Serratus Anterior Flap, 3356
 63.15  Dissection for Tensor Fasciae Latae Muscle Flap, 3357
 63.16  Dissection for Gracilis Muscle Transfer, 3359
 63.17  Dissection for Rectus Abdominis Transfer, 3360
 63.18  Transfer of Functioning Muscle (Forearm Preparation), 3361
 63.19  Posterior Approach for Harvesting Fibular Graft (Taylor), 3365
 63.20  Lateral Approach for Harvesting Fibular Graft (Gilbert; Tamai et al.; 

Weiland), 3365
 63.21  Distal Tibiofibular Fusion to Prevent Progressive Valgus Deformity, 

3368
 63.22  Free Iliac Crest Bone Graft (Taylor, Townsend, and Corlett; Daniel; 

Weiland et al.), 3369
 63.23  Harvesting of Medial Femoral Condyle Corticoperiosteal Free Flap, 

3369
 63.24  Medial Femoral Condyle Corticoperiosteal Free Flap for Scaphoid 

Arthroplasty (Higgins and Burger), 3370
 63.25  Dorsalis Pedis Free Tissue Transfer, 3374
 63.26  Neurovascular Free Flap Transfer First Web Space, 3377
 63.27  Great Toe Wraparound Flap Transfer (Morrison et al., Urbaniak  

et al., Steichen), 3378
 63.28  Single-Stage Great Toe Transfer (Buncke, Modified), 3382
 63.29  Trimmed-Toe Transfer (Wei et al.), 3384
 63.30  Second or Third Toe Transplantation, 3386
Basic Surgical Technique and Postoperative Care
 64.1  Midlateral Finger Incision, 3405
 64.2  Z-Plasty, 3409

Acute Hand Injuries
 65.1  Applying Split-Thickness Grafts, 3424
 65.2  Applying Full-Thickness Grafts, 3425
 65.3  Applying Cross Finger Flaps, 3427
 65.4  Applying a Radial Forearm Graft (Foucher et al.), 3430
 65.5  Applying a Posterior Interosseous Flap (Zancolli and Angrigiani; 

Chen et al.), 3433
 65.6  Applying a Random Pattern Abdominal Pedicle Flap, 3435
 65.7  Groin Pedicle Flap, 3436
 65.8  Hypogastric (Superficial Epigastric) Flap, 3438
 65.9  Applying a Filleted Graft, 3439
Flexor and Extensor Tendon Injuries
 66.1  Modified Kessler-Tajima Suture (Strickland, 1995), 3447
 66.2  Flexor Tendon Repair Using Six-Strand Repair (Adelaide Technique) 

(Savage), 3448
 66.3  Four- or Six-Strand Repair (Chung, Modified Tsuge), 3449
 66.4  Multiple Looped Suture Tendon Repair (Tang et al.), 3449
 66.5  Six-Strand Double-Loop Suture Repair (Lim and Tsai), 3449
 66.6  Eight-Strand Repair (Winters and Gelberman), 3450
 66.7  End-to-Side Repair, 3451
 66.8  Roll Stitch, 3452
 66.9  Pull-Out Technique for Tendon Attachment, 3452
 66.10  Repair in Zones I and Ii, 3458
 66.11  Repair in Zones III, IV, and V, 3461
 66.12  Profundus Advancement (Wagner), 3467
 66.13  Reconstruction of Finger Flexors: Single-Stage Tendon Graft, 3468
 66.14  Reconstruction of Flexor Tendon Pulleys, 3473
 66.15  Stage 1: Excision of Tendon and Scar and Reconstruction of Flexor 

Pulley, 3475
 66.16  Stage 2: Rod Removal and Tendon Graft Insertion, 3477
 66.17  Flexor Tendon Graft, 3478
 66.18  Two-Stage Flexor Tendon Graft for Flexor Pollicis Longus (Hunter), 

3478
 66.19  Transfer of Ring Finger Flexor Sublimis to Flexor Pollicis Longus, 

3479
 66.20  Flexor Tenolysis After Repair and Grafting, 3480
 66.21  Freeing of Adherent Tendon (Howard), 3480
 66.22  Tenodesis, 3481
 66.23  Chronic Mallet Finger (Secondary Repair), 3484
 66.24  Chronic Mallet Finger (Secondary Repair) (Fowler), 3485
 66.25  Tendon Transfer for Correction of Old Mallet Finger Deformity 

(Milford), 3486
 66.26  Tendon Graft for Correction of Old Mallet Finger Deformity, 3486
 66.27  Repair of Central Slip of the Extensor Expansion Causing  

Boutonniere Deformity, 3487
 66.28  Reconstruction of the Extensor Mechanism for Chronic Boutonniere 

Deformity (Littler, Modified), 3488
 66.29  Repair of Traumatic Dislocation of the Extensor Tendon, 3491
Fractures, Dislocations, and Ligamentous Injuries of the Hand and Wrist
 67.1  Closed Pinning (Wagner), 3503
 67.2  Open Reduction (Wagner), 3504
 67.3  Corrective Osteotomy, 3505
 67.4  Open Reduction and Internal Fixation (Foster and Hastings), 3506
 67.5  Open Reduction and Internal Fixation (Buchler et al.), 3507
 67.6  Ligament Reconstruction for Recurrent Dislocation (Eaton and  

Littler), 3508
 67.7  Open Reduction—Volar Approach, 3511
 67.8  Repair by Suture, 3515
 67.9  Anatomic Graft Reconstructions (Glickel), 3516
 67.10  Jobe Four-Limb Reconstruction, 3516
 67.11  Open Reduction (Kaplan), 3522
 67.12  Open Reduction—Dorsal Approach (Becton et al.), 3522
 67.13  Open Reduction and Fixation of Metacarpal Shaft Fracture, 3525
 67.14  Percutaneous Pinning of Metacarpal Shaft Fracture, 3525
 67.15  Percutaneous Pinning of a Metacarpal Shaft Fracture, 3525
 67.16  Open Reduction and Plate Fixation, 3526
 67.17  Open Reduction and Screw Fixation, 3527
 67.18  Open Reduction (Pratt), 3530

    



 67.19  Hemi-Hamate Autograft (Williams et al.), 3533
 67.20  Open Reduction (Eaton and Malerich), 3536
 67.21  Dynamic Distraction External Fixation (Ruland et al.), 3540
 67.22  Dynamic Intradigital External Fixation, 3540
 67.23  Tendon Graft to Replace Ruptured Collateral Ligament, 3542
 67.24  Open Reduction and Fixation with a Kirschner Wire, 3544
 67.25  Open Reduction and Fixation with a Pull-Out Wire and  

Transarticular Kirschner Wire (Doyle), 3546
 67.26  Correction of Metacarpal Neck Malunion, 3551
 67.27  Correction of Nonunion of the Metacarpals (Littler), 3553
 67.28  Metacarpophalangeal Joint Capsulotomy, 3554
 67.29  Proximal Interphalangeal Joint Capsulotomy (Curtis), 3555
 67.30  Proximal Interphalangeal Joint Capsulotomy (Watson et al.), 3556
Nerve Injuries at the Level of the Hand and Wrist
 68.1  Two-Point and Moving Two-Point Discrimination Testing, 3562
 68.2  Conduit-Assisted Digital Nerve Repair (Weber et al.), 3566
 68.3  Tension-Free Nerve Graft (Millesi, Modified), 3567
 68.4  Suture of Digital Nerves, 3568
 68.5  Transfer of the Proper Digital Nerve Dorsal Branch (Chen et al.), 

3569
 68.6  Repair of the Ulnar Nerve, 3570
 68.7  Repair of the Deep Branch of the Ulnar Nerve (Boyes, Modified), 

3570
 68.8  Repair of the Median Nerve, 3573
 68.9  Repair of the Superficial Radial Nerve, 3573
 68.10  Neurovascular Island Graft Transfer, 3574
Wrist Disorders
 69.1  Patient Positioning for Wrist Arthroscopy, 3585
 69.2  Radiocarpal Examination, 3586
 69.3  Midcarpal Examination, 3587
 69.4  Distal Radioulnar Examination, 3588
 69.5  Open Reduction and Internal Fixation of Acute Displaced Fractures of 

the Scaphoid—Volar Approach with Iliac Crest Bone Grafting, 3591
 69.6  Open Reduction and Internal Fixation of Acute Displaced Fractures 

of the Scaphoid—Dorsal Approach, 3592
 69.7  Open Reduction and Internal Fixation of Acute Displaced Fractures 

of the Scaphoid—Volar Approach with Distal Radial Autograft, 3593
 69.8  Percutaneous Fixation of Scaphoid Fractures (Slade et al.), 3594
 69.9  Excision of the Proximal Fragment, 3598
 69.10  Proximal Row Carpectomy, 3600
 69.11  Arthroscopic Proximal Row Carpectomy (Weiss et al.), 3601
 69.12  Grafting Operations (Matti-Russe), 3603
 69.13  Grafting Operations (Fernandez), 3604
 69.14  Grafting Operations (Tomaino et al.), 3606
 69.15  Grafting Operations (Stark et al.), 3606
 69.16  Pronator-Based Graft (Kawai and Yamamoto), 3608
 69.17  Vascularized Bone Grafts—1,2 Intercompartmental Supraretinacular 

Artery Graft (1,2 ICSRA) (Zaidemberg et al.), 3609
 69.18  Vascularized Bone Grafts—Proximal Radiocarpal Artery Graft  

(PRCA Graft), 3609
 69.19  Wrist Denervation, 3611
 69.20  Excision or Reduction and Fixation of the Hook of the Hamate, 3614
 69.21  Capitate Shortening with Capitate-Hamate Fusion, 3617
 69.22  Radial Decompression for Treatment of Kienböck Disease  

(Illarramendi and De Carli), 3620
 69.23  Radial Shortening, 3621
 69.24  Arthroscopic Debridement of Triangular Fibrocartilage Tears, 3625
 69.25  Arthroscopic Repair of Class 1B Triangular Fibrocartilage Complex 

Tears from the Ulna, 3626
 69.26  Open Repair of Class 1B Injury, 3626
 69.27  Open Repair of Class 1C Injury (Culp, Osterman, and Kaufmann, 

Modified), 3627
 69.28  Arthroscopic Repair of Class 1D Injury (Sagerman and Short;  

Trumble et al.; Jantea et al., Modified), 3628
 69.29  Open Repair of Class 1D Injuries (Cooney et al.), 3630
 69.30  Anatomic Reconstruction of the Distal Radioulnar Ligaments  

(Adams and Berger), 3632
 69.31  Reconstruction of the Dorsal Ligament of the Triangular  

Fibrocartilage Complex (Scheker et al.), 3634
 69.32  Ulnar Shortening Osteotomy (Chun and Palmer), 3636
 69.33  Limited Ulnar Head Excision: Hemiresection Interposition  

Arthroplasty (Bowers), 3637

 69.34  “Matched” Distal Ulnar Resection (Watson et al.), 3639
 69.35  “Wafer” Distal Ulnar Resection (Feldon, Terrono, and Belsky), 3639
 69.36  Combined Arthroscopic “Wafer” Distal Ulnar Resection and  

Triangular Fibrocartilage Complex Debridement (Tomaino and 
Weiser), 3640

 69.37  Distal Radioulnar Arthrodesis with Distal Ulnar Pseudarthrosis 
(Baldwin; Sauve-Kapandji; Lauenstein) (Sanders et al.; Vincent et al.; 
Lamey and Fernandez), 3641

 69.38  Tenodesis of the Extensor Carpi Ulnaris and Transfer of the Pronator 
Quadratus (Kleinman and Greenberg), 3643

 69.39  Combination Tenodesis of the Flexor Carpi Ulnaris and the Extensor 
Carpi Ulnaris (Jupiter and Breen, Modified), 3644

 69.40  Interposition for Failed Ulna Resection (Sotereanos et al.), 3646
 69.41  Arthrodesis of the Wrist (Haddad and Riordan), 3647
 69.42  Compression Plate Technique, 3648
 69.43  Arthrodesis of the Wrist (Weiss and Hastings), 3648
 69.44  Ligament Repair, 3653
 69.45  Ligament Reconstruction (Palmer, Dobyns, and Linscheid), 3656
 69.46  Ligament Reconstruction (Almquist et al.), 3657
 69.47  Ligament Reconstruction (Brunelli and Brunelli), 3658
 69.48  Dorsal Capsulodesis (Blatt with Berger Modification), 3659
 69.49  Scaphotrapezial-Trapezoid Fusion (Watson), 3660
 69.50  Scaphocapitate Arthrodesis (Sennwald and Ufenast), 3662
 69.51  Scaphocapitolunate Arthrodesis (Rotman et al.), 3662
 69.52  Lunotriquetral Arthrodesis (Kirschenbaum et al.; Nelson et al.),  

3662
Special Hand Disorders
 70.1  Escharotomy (Sheridan et al.), 3675
 70.2  Tangential Excision (Ruosso and Wexler Modified), 3676
 70.3  Full-Thickness Excision, 3676
Paralytic Hand
 71.1  Transfer of the Sublimis Tendon (Riordan), 3693
 71.2  Transfer of the Sublimis Tendon (Brand), 3694
 71.3  Transfer of the Extensor Indicis Proprius (Burkhalter et al.), 3694
 71.4  Transfer of the Flexor Carpi Ulnaris Combined with the Sublimis 

Tendon (Groves and Goldner), 3695
 71.5  Transfer of the Palmaris Longus Tendon to Enhance Opposition of 

the Thumb (Camitz), 3697
 71.6  Muscle Transfer (Abductor Digiti Quinti) to Restore Opposition  

(Littler and Cooley), 3697
 71.7  Transfer of the Brachioradialis or Radial Wrist Extensor to Restore 

Thumb Adduction (Boyes), 3698
 71.8  Transfer of the Extensor Carpi Radialis Brevis Tendon to Restore 

Thumb Adduction (Smith), 3699
 71.9  Royle-Thompson Transfer (Modified), 3699
 71.10  Transfer of the Extensor Indicis Proprius Tendon, 3701
 71.11  Transfer of a Slip of the Abductor Pollicis Longus Tendon (Neviaser, 

Wilson, and Gardner), 3701
 71.12  Transfer of the Flexor Digitorum Sublimis of the Ring Finger  

(Bunnell, Modified), 3705
 71.13  Transfer of the Extensor Carpi Radialis Longus or Brevis Tendon 

(Brand), 3707
 71.14  Transfer of the Extensor Indicis Proprius and Extensor Digiti Quinti 

Proprius (Fowler), 3708
 71.15  Capsulodesis (Zancolli), 3709
 71.16  Tenodesis (Fowler), 3710
 71.17  Transfer of Pronator Teres to Extensor Carpi Radialis Brevis, Flexor 

Carpi Radialis to Extensor Digitorum Communis, and Palmaris 
Longus to Extensor Pollicis Longus, 3711

 71.18  Transfer of Pronator Teres to Extensor Carpi Radialis Longus and 
Extensor Carpi Radialis Brevis, Flexor Carpi Radialis to Extensor 
Pollicis Brevis and Abductor Pollicis Longus, Flexor Digitorum 
Sublimis Middle to Extensor Digitorum Communis, and Flexor 
Digitorum Sublimis Ring to Extensor Pollicis Longus and Extensor 
Indicis Proprius (Boyes), 3713

 71.19  Distal Biceps-to-Triceps Transfer, 3719
 71.20  Posterior Deltoid-to-Triceps Transfer (Moberg, Modified), 3721
 71.21  Transfer of the Brachioradialis to the Extensor Carpi Radialis Brevis, 

3722
 71.22  Moberg Key Grip Tenodesis, 3723
 71.23  Two-Stage Reconstruction to Restore Digital Flexion and Key  

Pinch Stage 1—Extensor Phase, 3725

    



 71.24  Two-Stage Reconstruction to Restore Digital Flexion and Key  
Pinch Stage 2—Flexor Phase, 3725

 71.25  Zancolli Reconstruction—First Step, 3726
 71.26  Zancolli Reconstruction—Second Step, 3727
Cerebral Palsy of the Hand
 72.1  Transfer of the Pronator Teres, 3735
 72.2  Brachioradialis Rerouting (Ozkan et al.), 3736
 72.3  Fractional Lengthening of the Flexor Carpi Radialis Muscle and 

Finger Flexors, 3739
 72.4  Release of the Flexor-Pronator Origin (Inglis and Cooper), 3739
 72.5  Extensive Release of the Flexor Pronator Origin (Williams and 

Haddad), 3740
 72.6  Transfer of the Flexor Carpi Ulnaris (Green and Banks), 3742
 72.7  Wrist Arthrodesis, 3743
 72.8  Carpectomy (Omer and Capen), 3744
 72.9  Myotomy, 3746
 72.10  Release of Contractures, Augmentation of Weak Muscles, and  

Skeletal Stabilization (House et al.), 3746
 72.11  Flexor Pollicis Longus Abductorplasty (Smith), 3748
 72.12  Redirection of Extensor Pollicis Longus (Manske), 3748
 72.13  Sublimis Tenodesis of the Proximal Interphalangeal Joint (Curtis), 

3750
 72.14  Intrinsic Lengthening (Matsuo et al.; Carlson et al.), 3751
 72.15  Lateral Band Translocation (Tonkin, Hughes, and Smith), 3751
Arthritic Hand
 73.1  Correction of Proximal Interphalangeal Joint Hyperextension  

Deformity (Beckenbaugh), 3766
 73.2  Lateral Band Mobilization and Skin Release (Nalebuff and  

Millender), 3766
 73.3  Correction of Mild Boutonniere Deformity by Extensor Tenotomy, 

3768
 73.4  Correction of Moderate Boutonniere Deformity, 3768
 73.5  Correction of Severe Boutonniere Deformity, 3768
 73.6  Proximal Interphalangeal Joint Volar Plate Interposition  

Arthroplasty, 3769
 73.7  Proximal Interphalangeal Joint Arthroplasty Through a Dorsal  

Approach (Swanson), 3770
 73.8  Proximal Interphalangeal Joint Arthroplasty Through an Anterior 

(Volar) Approach (Lin, Wyrick, and Stern; Schneider), 3770
 73.9  Extensor Tendon Realignment and Intrinsic Rebalancing, 3773
 73.10  Metacarpophalangeal Joint Arthroplasty (Swanson), 3774
 73.11  Metacarpal Joint Surface Arthroplasty (Beckenbaugh), 3776
 73.12  Synovectomy, 3779
 73.13  Flexor Tendon Sheath Synovectomy, 3780
 73.14  Metacarpophalangeal Joint Arthrodesis (Stern et al.; Segmuller, 

Modified), 3782
 73.15  Proximal Interphalangeal Joint Arthrodesis, 3782
 73.16  Thumb Interphalangeal Joint Synovectomy, 3785
 73.17  Thumb Metacarpophalangeal Joint Synovectomy, 3785
 73.18  Thumb Trapeziometacarpal Joint Synovectomy, 3785
 73.19  Interphalangeal Soft-Tissue Reconstruction, 3785
 73.20  Metacarpophalangeal Synovectomy with Extensor Tendon  

Reconstruction, 3786
 73.21  Thumb Metacarpophalangeal Joint Reconstruction for Rheumatoid 

Arthritis (Inglis et al.), 3786
 73.22  Metacarpophalangeal Arthroplasty, 3787
 73.23  Trapeziometacarpal Ligament Reconstruction (Eaton and Littler), 

3789
 73.24  Distraction Arthroplasty, 3792
 73.25  Tendon Interposition Arthroplasty with Ligament Reconstruction 

(Burton and Pellegrini), 3793
 73.26  Tendon Interposition Arthroplasty with Ligament Reconstruction 

(Kleinman and Eckenrode), 3794
 73.27   Arthroscopic Thumb CMC Arthroplasty (Slutsky), 3796
 73.28  Interphalangeal Arthrodesis of the Thumb, 3801
 73.29  Metacarpophalangeal Arthrodesis of the Thumb, 3801
 73.30  Tension Band Arthrodesis of the Thumb Metacarpophalangeal Joint, 

3801
 73.31  Thumb Metacarpophalangeal Joint Arthrodesis with Intramedullary 

Screw Fixation, 3803
 73.32  Trapeziometacarpal Arthrodesis (Stark et al.), 3803
 73.33  Trapeziometacarpal Arthrodesis (Doyle), 3805

 73.34  Thumb Carpometacarpal Arthrodesis with Kirschner Wire or  
Blade-Plate Fixation (Goldfarb and Stern), 3805

 73.35  Dorsal Synovectomy, 3807
 73.36  Volar Synovectomy, 3808
 73.37  Arthrodesis of the Wrist (Millender and Nalebuff), 3812
Compartment Syndromes and Volkmann Contracture
 74.1  Measuring Compartment Pressures in the Forearm and Hand Using  

a Handheld Monitoring Device (Lipschitz and Lifchez), 3821
 74.2  Forearm Fasciotomy and Arterial Exploration, 3822
 74.3  Hand Fasciotomies, 3823
 74.4  Mini-Open Forearm Fasciotomy (Harrison et al.), 3824
 74.5  Excision of Necrotic Muscles Combined with Neurolysis of Median 

and Ulnar Nerves for Severe Contracture, 3826
 74.6  Two-Staged Free Gracilis Transfer (Oishi and Ezaki), 3826
 74.7  Release of Established Intrinsic Muscle Contractures of the Hand 

(Littler), 3828
 74.8  Release of Severe Intrinsic Contractures with Muscle Fibrosis 

(Smith), 3828
Dupuytren Contracture
 75.1  Collagenase Injections (Hentz), 3837
 75.2  Subcutaneous Fasciotomy (Luck), 3842
 75.3  Partial (Selective) Fasciectomy, 3843
Stenosing Tenosynovitis of the Wrist and Hand
 76.1  Surgical Treatment of De Quervain Disease, 3851
 76.2  Surgical Release of Trigger Finger, 3853
 76.3  Percutaneous Release of Trigger Finger, 3854
Compressive Neuropathies of the Hand, Forearm, and Elbow
 77.1  “Mini-Palm” Open Carpal Tunnel Release, 3861
 77.2  Extended Open Carpal Tunnel Release, 3862
 77.3  Endoscopic Carpal Tunnel Release Through a Single Incision (Agee), 3865
 77.4  Two-Portal Endoscopic Carpal Tunnel Release (Chow), 3868
 77.5  In Situ Decompression of the Ulnar Nerve, 3872
 77.6  Endoscopic Cubital Tunnel Release (Cobb), 3873
 77.7  Medial Epicondylectomy, 3873
 77.8  Transposition of the Ulnar Nerve, 3875
 77.9  Approach to the Median Nerve, 3877
 77.10  Approach to the Radial Nerve, 3880
Tumors and Tumorous Conditions of the Hand
 78.1  Excision of a Dorsal Wrist Ganglion, 3911
 78.2  Excision of a Volar Wrist Ganglion, 3912
 78.3  Arthroscopic Resection of a Dorsal Wrist Ganglion (Osterman and 

Raphael; Luchetti et al.), 3912
Hand Infections
 79.1  Incision and Drainage of Hand Infection, 3921
 79.2  Eponychial Marsupialization (Bednar and Lane; Keyser and Eaton), 

3924
 79.3  Incision and Drainage of Felons, 3925
 79.4  Incision and Drainage of Deep Fascial Space Infection, 3927
 79.5  Postoperative Closed Irrigation (Neviaser, Modified), 3929
 79.6  Open Drainage, 3930
 79.7  Incision and Drainage of Radial and Ulnar Bursae, 3931
 79.8  Open Drainage of Septic Finger Joints, 3932
Congenital Anomalies of the Hand
 80.1  Metacarpal Lengthening (Kessler et al.), 3946
 80.2  Centralization of the Hand Using Transverse Ulnar Incisions  

(Manske, McCarroll, and Swanson), 3952
 80.3  Centralization of the Hand with Removal of the Distal Radial Anlage 

(Watson, Beebe, and Cruz), 3953
 80.4  Centralization of the Hand and Tendon Transfers (Bora et al.), 3956
 80.5  Centralization with Transfer of the Flexor Carpi Ulnaris (Bayne and 

Klug), 3957
 80.6  Centralization of the Hand (Buck-Gramcko), 3957
 80.7  Triceps Transfer to Restore Elbow Flexion (Menelaus), 3958
 80.8  Rotational Osteotomy of the First Metacarpal (Broudy and Smith), 

3960
 80.9  Excision of an Ulnar Anlage (Flatt), 3961
 80.10  Creation of a One-Bone Forearm (Straub), 3961
 80.11  Resection of a Dyschondrosteosis Lesion (Vickers and Nielsen), 3963
 80.12  Closing Wedge Osteotomy Combined with Darrach Excision of the 

Distal Ulnar Head (Ranawat, DeFiore, and Straub), 3964

    



 80.13  Dome Osteotomy and Excision of Vickers Ligament (Carter and 
Ezaki), 3964

 80.14  Metacarpal Lengthening (Tajima), 3966
 80.15  Lengthening with Distraction Stage I (Cowen and Loftus), 3967
 80.16  Lengthening with Distraction Stage II (Cowen and Loftus), 3967
 80.17  Callotasis Metacarpal Lengthening (Kato et al.), 3968
 80.18  Toe-Phalanx Transplantation, 3968
 80.19  Toe-Phalanx Transplantation (Toby et al.), 3968
 80.20  Simple Z-Plasty of the Thumb Web, 3970
 80.21  Four-Flap Z-Plasty (Broadbent and Woolf, Modified), 3970
 80.22  Web Deepening with a Sliding Flap (Brand and Milford), 3972
 80.23  Opponensplasty (Manske and McCarroll), 3972
 80.24  Ring Sublimis Opponensplasty (Riordan), 3973
 80.25  Ring Sublimis Opponensplasty with Ulnar Collateral Ligament 

Reconstruction (Kozin and Ezaki), 3975
 80.26  Abductor Digiti Quinti Opponensplasty (Huber; Littler and Cooley), 

3975
 80.27  Rerouting of the Flexor Pollicis Longus (Blair and Omer), 3977
 80.28  Recession of the Index Finger (Flatt), 3978
 80.29  Riordan Pollicization (Riordan), 3979
 80.30  Buck-Gramcko Pollicization (Buck-Gramcko), 3980
 80.31  Foucher Pollicization (Foucher et al.), 3981
 80.32  Correction of Types I and II Bifid Thumbs (Bilhaut-Cloquet), 3986
 80.33  Correction of Types III Through VI Bifid Thumbs (Lamb, Marks, and 

Bayne), 3986
 80.34  Reduction Osteotomy (Peimer), 3988
 80.35  Excision of the Proximal Ulna, 3990
 80.36  Reconstruction of the Hand and Wrist, 3991
 80.37  Excision of Extra Digit, 3992
 80.38  Open Finger Syndactyly Release (Withey et al., Modified), 3996
 80.39  Syndactyly Release with Dorsal Flap (Bauer et al.), 3997
 80.40  Syndactyly Release with Matching Volar and Dorsal Proximally 

Based V-Shaped Flaps (Skoog), 3997
 80.41  Tendon Release (Smith), 4001
 80.42  Transfer of the Flexor Superficialis Tendon to the Extensor Apparatus 

(McFarlane et al.), 4001
 80.43  Group 2 Clasped Thumb Deformity, 4002
 80.44  Group 3 Clasped Thumb Deformity (Neviaser, Modified), 4003
 80.45  Reverse Wedge Osteotomy (Carstam and Theander), 4005
 80.46  Opening Wedge Osteotomy of the Terminal Phalanx (Carstam and 

Eiken), 4006
 80.47  Cleft Closure (Barsky), 4013
 80.48  Simple Closure of Type I and II Cleft Hands (Upton and Taghinia), 4013
 80.49  Combined Cleft Closure and Release of Thumb Adduction  

Contracture (Snow and Littler), 4014
 80.50  Cleft Closure and Release of Thumb Adduction Contracture (Miura 

and Komada), 4015
 80.51  Palmar Cleft Closure (Ueba), 4016
 80.52  Deepening of Web and Metacarpal Osteotomy, 4016
 80.53  Tendon Transfer for Type II Deformities (Flatt), 4017
 80.54  Reconstruction of the Hand in Apert Syndrome (Flatt), 4018
 80.55  Multiple Z-Plasty Release of a Congenital Ring, 4021
 80.56  Release of a Congenital Trigger Thumb, 4022
 80.57  Release of a Trigger Finger, 4022
 80.58  Debulking (Tsuge), 4025
 80.59  Epiphysiodesis, 4025
 80.60  Digital Shortening (Barsky), 4025
 80.61  Thumb Shortening (Millesi), 4026
The Foot: Surgical Techniques
 81.1  Application of a Tourniquet, 4031
 81.2  Forefoot Block, 4034
 81.3  Ankle Block, 4034
 81.4  Popliteal Sciatic Nerve Block (Prone), 4037
 81.5  Lateral Popliteal Nerve Block (Grosser), 4038
Disorders of the Hallux
 82.1  Modified McBride Bunionectomy, 4049
 82.2  Keller Resection Arthroplasty, 4056
 82.3  Distal Chevron Metatarsal Osteotomy (Johnson; Corless), 4063
 82.4  Modified Chevron Distal Metatarsal Osteotomy, 4065
 82.5  Johnson Modified Chevron Osteotomy (Johnson), 4070
 82.6  Increased Displacement, Distal Chevron Osteotomy (Murawski and 

Beskin), 4071

 82.7  Chevron-Akin Double Osteotomy (Mitchell and Baxter), 4072
 82.8  Chevron Bunionectomy, 4073
 82.9  Minimally Invasive Chevron-Akin Osteotomy (Lee et al. and Holme 

et al.), 4075
 82.10  Proximal Crescentic Osteotomy with a Distal Soft-Tissue Procedure 

(Mann and Coughlin), 4079
 82.11  Scarf Osteotomy (Coetzee and Rippstein), 4084
 82.12  Ludloff Osteotomy (Chiodo, Schon, and Myerson), 4088
 82.13  Proximal Opening Wedge Osteotomy and Distal Chevron Osteotomy 

(Braito et al.), 4088
 82.14  Medial Cuneiform Osteotomy (Riedl; Coughlin), 4089
 82.15  Akin Procedure, 4091
 82.16  Arthrodesis of the First Metatarsophalangeal Joint with Small Plate 

Fixation (Mankey and Mann), 4095
 82.17  Arthrodesis of the First Metatarsophalangeal Joint with Low-Profile 

Contoured Dorsal Plate and Compression Screw Fixation (Kumar, 
Pradhan, and Rosenfeld), 4096

 82.18  Truncated Cone Arthrodesis of the First Metatarsophalangeal Joint 
(Johnson and Alexander), 4098

 82.19  Arthrodesis of the First Metatarsocuneiform Articulation (Lapidus 
Procedure) (Myerson et al.; Sangeorzan and Hansen; Mauldin et al.), 
4099

 82.20  Arthrodesis of the First Metatarsocuneiform Articulation (Lapidus 
Procedure) with Plate Fixation (Sorensen, Hyer, Berlet), 4101

 82.21  Double First Metatarsal Osteotomies (Peterson and Newman), 4107
 82.22  Modified Peterson Procedure (Aronson, Nguyen, and Aronson), 4108
 82.23  First Cuneiform Osteotomy (Coughlin), 4110
 82.24  First Web Space Dissection, Lateral Release, and Repeat Capsular 

Imbrication (Hallux Valgus Angle Less Than 30 Degrees and  
First-Second Intermetatarsal Angle Less Than 15 Degrees), 4113

 82.25  Correcting Distal Metatarsal Osteotomy, 4117
 82.26  Correction of Malunion of the Chevron Osteotomy, 4118
 82.27  Distraction Osteogenesis for Metatarsal Shortening, 4120
 82.28  Correction of Uniplanar (Static) Hallux Varus Deformity, 4124
 82.29  Distal Metatarsal Osteotomy, Medial Capsular Release without  

Tendon Transfer, 4124
 82.30  Transfer of Extensor Hallucis Longus with Arthrodesis of the  

Interphalangeal Joint of the Hallux (Johnson and Spiegl), 4126
 82.31  Extensor Hallucis Brevis Tenodesis (Myerson and Komenda; Juliano 

et al.), 4128
 82.32  Cheilectomy (Mann, Clanton, and Thompson), 4136
 82.33  Distal Oblique Osteotomy for Hallux Rigidus (Voegeli et al.), 4137
 82.34  “V” Resection of the First Metatarsophalangeal Joint (Valenti  

Procedure) (Modified Valenti, Saxena et al.), 4139
 82.35  Extension Osteotomy of the Proximal Phalanx (Thomas and Smith), 

4139
 82.36  Excision of the Sesamoid, 4141
 82.37  Fibular Sesamoidectomy: Plantar Approach, 4144
Disorders of Tendons and Fascia and Adolescent and Adult Pes Planus
 83.1  Synovectomy with Repair of Incomplete Tears, 4161
 83.2  Transfer of Flexor Digitorum Longus or Flexor Hallucis Longus to 

Tarsal Navicular, 4164
 83.3  Repair of Spring Ligament, 4165
 83.4  Reconstruction of the Spring Ligament Using the Peroneus Longus 

(Williams et al.), 4166
 83.5  Anterior Calcaneal Osteotomy (Lateral Column Lengthening), 4168
 83.6  Step-Cut Calcaneal Lengthening Osteotomy (Z Osteotomy) (Scott 

and Berlet), 4169
 83.7  Medial Calcaneal Displacement Osteotomy, 4171
 83.8  Opening Wedge Medial Cuneiform (Cotton) Osteotomy (Hirose and 

Johnson), 4171
 83.9  Isolated Medial Column Arthrodesis (Greisberg et al.), 4175
 83.10  Minimally Invasive Deltoid Ligament Reconstruction (Jeng et al.), 4176
 83.11  Lateral Column Lengthening and Excision of Accessory Navicular, 4180
 83.12  Accessory Navicular Fusion (Malicky et al.), 4181
 83.13  Calcaneonavicular Bar Resection, 4184
 83.14  Resection of a Middle Facet Tarsal Coalition, 4187
 83.15  Calcaneal Osteotomy for Haglund Deformity, 4191
 83.16  Debridement of the Tendon for Insertional Achilles Tendon Disease 

(Mcgarvey et al. Central Splitting Approach), 4191
 83.17  Flexor Hallucis Longus Transfer for Chronic Noninsertional Achilles 

Tendinosis, 4193

    



 83.18  Synovectomy of the Anterior Tibial Tendon, 4196
 83.19  Debridement and Repair of the Distal Anterior Tibial Tendon 

(Grundy et al.), 4196
 83.20  Repair of Complete Rupture of the Anterior Tibial Tendon, 4198
 83.21  Minimally Invasive Tendon Reconstruction with Semitendinosus 

Autograft (Michels et al.), 4199
 83.22  Synovectomy of the Peroneal Tendons, 4203
 83.23  Fibular Groove Deepening and Repair of the Superior Retinaculum 

(Raikin), 4205
 83.24  Repair of Rupture of the Peroneal Tendons, 4207
 83.25  Peroneal Tendon Repair-Reconstruction (Sobel and Bohne), 4209
 83.26  Debridement of the Peroneus Longus Tendon, Removal of Os 

Peroneum, and Tenodesis of Peroneus Longus to Peroneus Brevis 
Tendon, 4211

 83.27  Release of the Fibroosseous Tunnel (Hamilton et al.), 4213
 83.28  Repair of Flexor Hallucis Tear, 4214
 83.29  Plantar Fascia and Nerve Release (Schon; Baxter), 4218
 83.30  Two-Portal Endoscopic Plantar Fascia Release (Barrett et al.), 4219
 83.31  Single-Portal Endoscopic Plantar Fascia Release (Saxena), 4220
Lesser Toe Abnormalities
 84.1  Primary Plantar Plate Repair Through a Dorsal Approach, 4232
 84.2  Primary Plantar Plate Repair Through a Dorsal Approach  

(Coughlin), 4232
 84.3  Percutaneous Distal Lesser Toe Osteotomy for Grade 0-I  

Metatarsophalangeal Joint Instability (Magnan et al.), 4233
 84.4  Modified Weil Osteotomy (Klinge et al.), 4235
 84.5  Correction of Multiplanar Deformity of the Second Toe with  

Metatarsophalangeal Release and Extensor Brevis Reconstruction  
(Ellis et al.), 4236

 84.6  Flexor-to-Extensor Transfer, 4238
 84.7  Extensor Digitorum Brevis Transfer for Crossover Toe Deformity 

(Haddad), 4240
 84.8  Closing Wedge Osteotomy of the Proximal Phalanx for Correction of 

Axial Deformity (Kilmartin and O’Kane), 4241
 84.9  Correction of Moderate Hammer Toe or Claw Toe Deformity, 4244
 84.10  Correction of Severe Deformity, 4246
 84.11  Metatarsophalangeal Joint Arthroplasty, 4248
 84.12  Shortening Metatarsal (Weil) Osteotomy (Weil), 4249
 84.13  Resection Dermodesis, 4253
 84.14  Terminal Syme Procedure, 4254
 84.15  Proximal Interphalangeal Joint Arthrodesis with an Absorbable 

Intramedullary Pin (Konkel et al.), 4255
 84.16  Hard Corn Treatment, 4257
 84.17  Partial Syndactylization for Intractable Interdigital Corn, 4259
 84.18  Arthroplasty of the Metatarsophalangeal Joint (Mann and Duvries), 

4260
 84.19  Dorsal Closing Wedge Osteotomy of the Metatarsals for Intractable 

Plantar Keratosis, 4261
 84.20  Partial Resection of the Lateral Condyle of the Fifth Metatarsal Head, 

4264
 84.21  Resection of the Fifth Metatarsal Head for Bunionette Deformity, 4266
 84.22  Subcapital Oblique Osteotomy for Bunionette Deformity (Cooper 

and Coughlin), 4267
 84.23  Transverse Medial Slide Osteotomy for Bunionette Deformity, 4268
 84.24  Oblique Diaphyseal Osteotomy of the Fifth Metatarsal for Severe 

Splay Foot or Metatarsus Quintus Valgus (Coughlin), 4268
 84.25  Chevron Osteotomy of the Fifth Metatarsal for Bunionette Deform-

ity, 4269
 84.26  Minimally Invasive Kramer Osteotomy for Bunionette Deformity 

(Kramer, Lee), 4271
 84.27  Minimally Invasive Distal Metatarsal Metaphyseal Osteotomy For 

Fifth Toe Bunionette Correction (Teoh et al.), 4272
 84.28  Dorsal Closing Wedge Osteotomy for Freiberg Disease (Chao et al.), 

4273
 84.29  Joint Debridement and Metatarsal Head Remodeling for Freiberg 

Disease, 4274
 84.30  Distraction Osteogenesis for Lengthening of the Metatarsal in  

Brachymetatarsia (Lee et al.), 4276
 84.31  One-Stage Metatarsal Interposition Lengthening with Autologous 

Fibular Graft With Locking Plate Fixation (Waizy et al.), 4277
 84.32  Metatarsal Lengthening By Circular External Fixation (Barbier et al.), 

4277

Arthritis of the Foot
 85.1  Arthrodesis of the First Metatarsophalangeal Joint with Resection of 

the Lesser Metatarsophalangeal Joints (Thompson and Mann), 4290
 85.2  Cone Arthrodesis of the First Metatarsophalangeal Joint, 4292
 85.3  Resection of the Lesser Metatarsal Heads Through a Plantar  

Approach with Arthrodesis of the First Metatarsophalangeal Joint, 4294
 85.4  Correction of Flexion Deformities of the Proximal Interphalangeal 

Joints, 4296
 85.5  Midfoot Arthrodesis, 4299
 85.6  Subtalar Arthrodesis, 4301
 85.7  Arthroscopic Subtalar Arthrodesis, 4303
 85.8  Talonavicular Joint Arthrodesis, 4306
 85.9  Triple Arthrodesis, 4307
 85.10  Isolated Medial Incision for Triple Arthrodesis (Myerson), 4310
Diabetic Foot
 86.1  Total Contact Cast Application (McBryde), 4323
 86.2  Midfoot Reconstruction with Intramedullary Beaming (Bettin), 4335
Neurogenic Disorders
 87.1  Tarsal Tunnel Release, 4347
 87.2  Anterior Tarsal Tunnel Release (Mann), 4349
 87.3  First Branch of Lateral Plantar Nerve Release and Partial Plantar 

Fascia Release (Baxter, Pfeffer, Watson, et al.), 4350
 87.4  Interdigital Neuroma Excision (Dorsal) (Amis), 4354
 87.5  Interdigital Neuroma Excision (Longitudinal Plantar Incision), 4356
 87.6  Plantar Fascia Release, 4362
 87.7  Tendon Suspension of the First Metatarsal and Interphalangeal Joint 

Arthrodesis (Jones), 4363
 87.8  Extensor Tendon Transfer (Hibbs), 4364
 87.9  Combined Proximal First Metatarsal Osteotomy, Plantar Fasciotomy, 

and Transfer of the Anterior Tibial Tendon (Ward et al.), 4364
 87.10  Crescentic Calcaneal Osteotomy (Samilson), 4365
 87.11  Crescentic Calcaneal Osteotomy (Dwyer), 4366
 87.12  Triplanar Osteotomy and Lateral Ligament Reconstruction (Saxby 

and Myerson), 4367
 87.13  Triplanar Osteotomy and Lateral Ligament Reconstruction (Knupp 

et al.), 4367
 87.14  Plantar Fasciotomies and Closing Wedge Osteotomies (Gould), 4368
 87.15  Anterior Tarsal Wedge Osteotomy (Cole), 4370
 87.16  V-Osteotomy of the Tarsus (Japas), 4371
 87.17  Tarsometatarsal Truncated-Wedge Arthrodesis (Jahss), 4372
 87.18  Triple Arthrodesis (Siffert, Forster, and Nachamie), 4374
 87.19  Triple Arthrodesis (Lambrinudi), 4375
 87.20  Correction of Clawing of the Great and Lesser Toes, 4377
Disorders of Nails
 88.1  Technique for Subungual Exostosis (Lokiec et al.), 4386
 88.2  Technique for Subungual Exostosis (Multhopp-Stephens and  
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too, to the Elsevier personnel who provided guidance and 
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We are especially appreciative of our spouses, Julie Azar 
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vided a text that is informative and valuable to all orthopae-
dists as they continue to refine and improve methods that will 
ensure the best outcomes for their patients.
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James H. Beaty, MD
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SURGICAL TECHNIQUES
Andrew H. Crenshaw Jr.

CHAPTER 1

SURGICAL TECHNIQUES
There are several surgical techniques especially important 
in orthopaedics: use of tourniquets, use of radiographs and 
image intensifiers in the operating room, positioning of the 
patient, local preparation of the patient, and draping of the 
appropriate part or parts. Operative techniques common to 

many procedures, fixation of tendons or fascia to bone, and 
bone grafting also are described. 

TOURNIQUETS
Operations on the extremities are made easier using a tour-
niquet. The tourniquet is a potentially dangerous instrument 
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CHAPTER 1  SURGICAL TECHNIQUES 3

that must be used with proper knowledge and care. In some 
procedures, a tourniquet is a luxury, whereas in others, such 
as delicate operations on the hand, it is a necessity. A pneu-
matic tourniquet is safer than an Esmarch tourniquet or a 
Martin sheet rubber bandage.

A pneumatic tourniquet with a hand pump and an accu-
rate pressure gauge probably is the safest, but a constantly 
regulated pressure tourniquet is satisfactory if it is properly 
maintained and checked. A tourniquet should be applied by 
an individual experienced in its use.

Several sizes of pneumatic tourniquets are available for 
the upper and lower extremities. The upper arm or the thigh 
is wrapped with several thicknesses of smoothly applied cast 
padding. Rajpura et al. showed that application of more than 
two layers of padding resulted in a significant reduction in 
the actual transmitted pressure. When applying a tourniquet 
on an obese patient, an assistant manually grasps the flesh 
of the extremity just distal to the level of tourniquet applica-
tion and firmly pulls this loose tissue distally before the cast 
padding is placed. Traction on the soft tissue is maintained 
while the padding and tourniquet are applied, and the latter is 
secured. The assistant’s grasp is released, resulting in a greater 
proportion of the subcutaneous tissue remaining distal to the 
tourniquet. This bulky tissue tends to support the tourniquet 
and push it into an even more proximal position. All air is 
expressed from the sphygmomanometer or pneumatic tour-
niquet before application. When a sphygmomanometer cuff 
is used, it should be wrapped with a gauze bandage to prevent 
its slipping during inflation. The extremity is elevated for 2 
minutes, or the blood is expressed by a sterile sheet rubber 
bandage or a cotton elastic bandage. Beginning at the finger-
tips or toes, the extremity is wrapped proximally to within 
2.5 to 5 cm of the tourniquet. If a Martin sheet rubber ban-
dage or an elastic bandage is applied up to the level of the 
tourniquet, the latter tends to slip distally at the time of infla-
tion. The tourniquet should be inflated quickly to prevent fill-
ing of the superficial veins before the arterial blood flow has 
been occluded. Every effort is made to decrease tourniquet 
time; the extremity often is prepared and ready before the 

tourniquet is inflated. The conical, obese, or muscular lower 
extremity presents a special challenge. If a curved tourniquet 
is not available, a straight tourniquet may be used but is dif-
ficult to hold in place because it tends to slide distally dur-
ing skin preparation. Application of adhesive drapes, extra 
cast padding, and pulling the fat tissue distally before apply-
ing the tourniquet generally works. A simple method has 
been described to keep a tourniquet in place on a large thigh. 
Surgical lubricating jelly is applied circumferentially to the 
thigh, and several layers of 6-inch cast padding are applied 
over the jelly. The tourniquet is then applied. The cast pad-
ding adheres to the lubricating jelly-covered skin and reduces 
the tendency of the tourniquet to slide.

If surgery is significantly delayed, both lower extremities 
should be studied with Doppler ultrasonography for the pres-
ence of deep venous thrombi. If present, the patient should 
receive full anticoagulation treatment and the procedure 
delayed. If the procedure is emergent, insertion of an inferior 
vena cava filter should be considered. There have been case 
reports describing fatal or near fatal pulmonary emboli after 
exsanguination of a leg.

The exact pressure to which the tourniquet should be 
inflated has not been determined (Table 1.1). The correct 
pressure depends on the age of the patient, the blood pres-
sure, and the size of the extremity. Reid et al. used pneumatic 
tourniquet pressures determined by the pressure required 
to obliterate the peripheral pulse (limb occlusion pressure) 
using a Doppler stethoscope; they then added 50 to 75 mm 
Hg to allow for collateral circulation and blood pressure 
changes. Tourniquet pressures of 135 to 255 mm Hg for the 
upper extremity and 175 to 305 mm Hg for the lower extrem-
ity were satisfactory for maintaining hemostasis.

Wide tourniquet cuffs are more effective at lower infla-
tion pressures than are narrow ones. Curved tourniquets 
on conical extremities require significantly lower arterial 
occlusion pressures than straight (rectangular) tourniquets 
(Fig. 1.1). The use of straight tourniquets on conical thighs 
should be avoided, especially in extremely muscular or obese 
individuals.

 TABLE 1.1 

Published Recommendations on Tourniquet Use

ORGANIZATION/STUDY PRESSURE DURATION (MIN) REPERFUSION INTERVAL
Association of Surgical 
Technologists

Upper extremity, 50 mm Hg above SBP; 
lower extremity, 100 mm Hg above SBP

Upper extremity, 60; 
lower extremity, 90

15 min

Association of 
Perioperative Registered 
Nurses

40 mm Hg above LOP for LOP <130 mm 
Hg; 60 mm Hg above LOP for LOP <131-
190 mm Hg; 80 mm Hg above LOP for 
LOP >190 mm Hg

Upper extremity, 60; 
lower extremity, 90

15 min deflation after 
every 1 h of tourniquet 
time

Wakai et al. General recommendation, 50-75 mm Hg 
above LOP; upper extremity, 50-75 mm 
Hg above SBP; lower extremity, 90-150 
mm Hg above SBP

120 30 min at 2-h point in 
surgery lasting >3 h

Kam et al. 50-150 mm Hg above SBP, using the 
lower end of the range for the upper 
extremity and the higher end for the 
lower extremity

120 10 min at the 2-h point 
for surgery lasting <2 h

Noordin et al. Use LOP. No margin specified 120 NR

LOP, Limb occlusion pressure; NR, no recommendation; SBP, systolic blood pressure.
From Fitzgibbons PG, DiGiovanni C, Hares S, Akelman E: Safe tourniquet use: a review of the literature, J Am Acad Orthop Surg 20:310, 2012.
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Any solution applied to skin must not be allowed to run 
beneath the tourniquet, or a chemical burn may result. A cir-
cumferential adhesive-backed plastic drape applied to the 
skin just distal to the tourniquet prevents solutions from run-
ning under the tourniquet. Sterile pneumatic tourniquets are 
available for operations around the elbow and knee. The limb 
may be prepared and draped before the tourniquet is applied. 
Rarely, a superficial slough of the skin may occur at the upper 
margin of the tourniquet in the region of the gluteal fold. This 
slough usually occurs in obese individuals and is probably 
related to the use of a straight, instead of a curved, tourniquet.

Pneumatic tourniquets should be kept in good repair, and 
all valves and gauges must be checked routinely. The inner 
tube should be completely enclosed in a casing to prevent the 
tube from ballooning through an opening, allowing the pres-
sure to fall or causing a “blowout.” The cuff also should be 
inspected carefully. Single-use sterile disposable tourniquets 
are preferable because reusable tourniquets must be thor-
oughly decontaminated after each use to prevent microbial 
colonization.

Any aneroid gauge must be calibrated frequently. Newer 
gauges carry instruction cards with them. They are sold with 
test gauges so that the gauges on the tourniquets can be tested 
for proper calibration. Many automatic tourniquet control 
units will self-test when turned on. If there is a discrepancy, 
the unit must be manually checked with a test gauge. If the 
discrepancy is more than 20 mm Hg, the unit should be 
repaired or replaced. One of the greatest dangers in the use of 
a tourniquet is an improperly registering gauge; gauges have 

been found to be 300 mm off calibration. In many tourniquet 
injuries, the gauges were later checked and found to be grossly 
inaccurate, allowing excessive pressure.

Tourniquet paralysis can result from (1) excessive pres-
sure; (2) insufficient pressure, resulting in passive congestion 
of the part, with hemorrhagic infiltration of the nerve; (3) 
keeping the tourniquet inflated too long; or (4) application 
without consideration of the local anatomy. There is no rule 
as to how long a tourniquet may be safely inflated. The time 
may vary with the age of the patient and the vascular supply 
of the extremity. In an average healthy adult younger than 50 
years of age, we prefer to leave the tourniquet inflated for no 
more than 2 hours. If an operation on the lower extremity 
takes longer than 2 hours, it is better to finish it as rapidly 
as possible than to deflate the tourniquet for 10 minutes and 
then reinflate it. It has been found that 40 minutes is required 
for the tissues to return to normal after prolonged use of a 
tourniquet. Consequently, the previous practice of deflat-
ing the tourniquet for 10 minutes seems to be inadequate. 
Posttourniquet syndrome, as first recognized by Bunnell, is a 
common reaction to prolonged ischemia and is characterized 
by edema, pallor, joint stiffness, motor weakness, and sub-
jective numbness. This complication is thought to be related 
to the duration of ischemia and not to the mechanical effect 
of the tourniquet. Posttourniquet syndrome interferes with 
early motion and results in increased requirement for narcot-
ics. Spontaneous resolution usually occurs within 1 week.

Compartment syndrome, rhabdomyolysis, and pulmonary 
emboli are rare complications of tourniquet use. Rasmussen 
et al. found that muscle beneath the tourniquet had a greater 
ischemic response than muscle distal to the tourniquet. 
One study, using transesophageal echocardiography during 
arthroscopic knee surgery, showed that asymptomatic pul-
monary embolism can occur within 1 minute after tourniquet 
release. The number of small emboli depended on the duration 
of tourniquet inflation. Vascular complications can occur in 
patients with severe arteriosclerosis or prosthetic grafts. A tour-
niquet should not be applied over a prosthetic vascular graft.

Pneumatic tourniquets usually are applied to the upper 
arm and thigh, and a well-padded proximal calf tourniquet is 
safe for foot and ankle surgery. General guidelines for the safe 
use of pneumatic tourniquets are outlined in Table 1.2.

The Esmarch tourniquet is still in use in some areas and 
is the safest and most practical of the elastic tourniquets. It is 
never used except in the middle and upper thirds of the thigh. 
This tourniquet has a definite, although limited, use in that it 
can be applied higher on the thigh than can the pneumatic 
tourniquet. The Esmarch tourniquet is applied in layers, one 
on top of the other; a wide band produces less tissue damage 
than does a narrow one.

A Martin rubber sheet bandage can be safely used as a 
tourniquet for short procedures on the foot. The leg is ele-
vated and exsanguinated by wrapping the rubber bandage up 
over the malleoli of the ankle and securing it with a clamp. 
The distal portion of the bandage is released to expose the 
operative area.

Special attention should be given when using tourniquets 
on fingers and toes. A rubber ring tourniquet or a tourniquet 
made from a glove finger that is rolled onto the digit should 
not be used because it can be inadvertently left in place under 
a dressing, resulting in catastrophic loss of the digit. A glove 
finger or Penrose drain can be looped around the proximal 

 

Cylinder

A

B

Straight cuff

Cone

Curved cuff

FIGURE 1.1 A, Straight (rectangular) tourniquets fit opti-
mally on cylindrical limbs. B, Curved tourniquets best fit conical 
limbs.  (From Pedowitz RA, Gershuni DH, Botte MJ, et al: The use of 
lower tourniquet inflation pressures in extremity surgery facilitated by 
curved and wide tourniquets and integrated cuff inflation system, Clin 
Orthop Relat Res 287:237, 1993.)
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portion of the digit, stretched, and secured with a hemostat. 
It is difficult to include a hemostat inadvertently in a digital 
dressing. A modified glove finger with a volar flap will help 
prevent inadvertently leaving the tourniquet in place after 
surgery (Fig. 1.2).

The ForgetMeNot digital tourniquet (Arex, Palaiseau, 
France) is a reusable silicone tourniquet (Fig. 1.3) with long 
tails and a bright color (blue or yellow) that help prevent acci-
dental incorporation of the tourniquet into a dressing. Sterile 
disposable rubber ring tourniquets are now available for use 
on the upper and lower extremities. These tourniquets are 
wrapped in stockinette and are applied by rolling the rubber 
ring and stockinette up the extremity, which exsanguinates 
the extremity. The stockinette is then cut away at the operative 
site. Rubber ring tourniquets are not indicated in the presence 
of malignancy, infections, significant skin lesions, unstable 
fractures or dislocations, poor peripheral blood flow, edema, 
or deep venous thrombosis. Sizing of these tourniquets is 
based on systolic blood pressure.

The use of preoperative prophylactic antibiotics in ortho-
paedic operations has been accepted practice for over 30 years 
and decreases the likelihood of postoperative infection. Most 
believe that these antibiotics should be given prior to inflation 
of the tourniquet to ensure that the antibiotic is present in the 
tissues before the incision is made. There has been no consen-
sus as to the interval between antibiotic administration and 
tourniquet inflation, with variations in time from 5 to 20 min-
utes being reported. Our institution recommends administra-
tion of cefazolin within 1 hour of tourniquet inflation. Studies 

have shown that a 1-minute interval resulted in cefazolin 
concentration in soft tissue and bone at or greater than the 
minimum inhibitory concentrations for microorganisms 
encountered in orthopaedic surgery. A prospective random-
ized study found that the administration of antibiotics 1 min-
ute after tourniquet inflation resulted in a significantly lower 
infection rate than the administration of antibiotics 5 min-
utes before tourniquet inflation, suggesting that administra-
tion before tourniquet inflation does not give better results. 

RADIOGRAPHS IN THE  
OPERATING ROOM
Often it is necessary to obtain radiographs during an ortho-
paedic procedure. Radiography technicians who work in 
the operating room must wear the same clothing and masks 
as the circulating personnel. These technicians must have a 
clear understanding of aseptic surgical technique and drap-
ing to avoid contaminating the drapes in the operative field. 
Portable radiograph units used in the operating room should 
be cleaned regularly and ideally are not used in any other area 
of the hospital.

When an unsterile radiograph cassette is to be introduced 
into the sterile field, it should be placed inside a sterile dou-
ble pillowcase or sterile plastic bag that is folded over so that 
the exterior remains sterile. The pillowcase or plastic bag is 
covered by a large sterile towel, ensuring at least two layers 
of sterile drapes on the cassette. The operative wound should 
be covered with a sterile towel when anteroposterior view 

 TABLE 1.2

Braithwaite and Klenerman’s Modification of 
Bruner’s Ten Rules of Pneumatic Tourniquet Use

APPLICATION Apply only to a healthy limb or with 
caution to an unhealthy limb

SIZE OF TOURNIQUET Arm, 10 cm; leg, 15 cm or wider in 
large legs

SITE OF APPLICATION Upper arm; mid/upper thigh ideally
PADDING At least two layers of orthopaedic 

felt
SKIN PREPARATION Occlude to prevent soaking of wool. 

Use 50-100 mm Hg above systolic 
for the arm; double systolic for the 
thigh; or arm 200-250 mm Hg, leg 
250-350 mm Hg (large cuffs are rec-
ommended for larger limbs instead 
of increasing pressure)

TIME Absolute maximum 3 h (recovers in 
5-7 days) generally not to exceed 2 h

TEMPERATURE Avoid heating (e.g., hot lights), cool 
if feasible, and keep tissues moist

DOCUMENTATION Duration and pressure at least 
weekly calibration and against 
mercury manometer or test mainte-
nance gauge; maintenance every 3 
months

Modified from Kutty S, McElwain JP: Padding under tourniquets in tourniquet 
controlled surgery: Bruner’s ten rules revisited, Injury 33:75, 2002.

 

A

B

FIGURE 1.2 A, Cut 1 cm from the end of the corresponding 
glove finger, then cut through the palm half of the glove finger at 
the base and extend both ends of the cut longitudinally along the 
backside of the glove. Remove the remaining glove and finger and 
apply it to the palm side of the hand. B, Roll the glove finger back 
to serve as a tourniquet. Tourniquet start time can be written on 
the glove flap.  (From Osanai T, Ogino T: Modified digital tourniquet 
designed to prevent the tourniquet from inadvertently being left in place 
after the end of the surgery, J Orthop Trauma 24:387, 2010.)
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radiographs are made to avoid possible contamination from 
the machine as it is moved into position.

Portable C-arm image intensifier television fluoros-
copy allows instantaneous evaluation of the position of frac-
ture fragments and internal fixation devices. Many of these 
machines have the ability to make permanent radiographs. 
When used near the sterile field, the C-arm portion of the 
machine must be draped in a sterile fashion (Fig. 1.4A). Every 
time the C-arm is brought to the lateral position (Fig. 1.4B), 
a fresh or sterile, disposable drape should be applied over the 
end of the C-arm and dropped off the field when complete. 
This prevents the potentially contaminated lower half of the 
drape from getting near the patient and operating surgeon.

As with any electronic device, failure of an image inten-
sifier can occur. In this event, backup plain radiographs are 
necessary. Two-plane radiographs can be made, even of the 
hip when necessary, using portable equipment (Fig. 1.4C, D). 
Closed intramedullary nailing or percutaneous fracture fixa-
tion techniques may need to be abandoned for an open tech-
nique if the image intensifier fails.

All operating room personnel should avoid exposure to 
radiation. Proper lead-lined aprons should be worn beneath 
sterile operating gowns. Thyroid shields, lead-impregnated 
eyeglasses, and rubber gloves are available to decrease expo-
sure. C-arm imaging should be used as a 1- to 2-second pulse 
to produce a still image for viewing. Active fluoroscopy with 

the C-arm should be avoided to prevent excessive radiation 
exposure. 

PREVENTING MISTAKES
Before entering the operating room, the surgeon and the 
awake, alert patient should agree on the planned procedure 
and the surgical site. The surgeon should mark this clearly 
with his or her initials to prevent a “wrong-site” error. Once 
the patient is under anesthesia, a designated member of the 
team should state the name of the patient, the procedure, and 
the correct site. All members of the team should be in agree-
ment. This statement should be clear, concise, and not contain 
unnecessary information. A short statement is more likely to 
be closely heard. This statement should be preferably made 
after draping. 

POSITIONING OF THE PATIENT
The position of a patient on the operating table should be 
adjusted to afford maximal safety to the patient and conve-
nience for the surgeon. A free airway must be maintained at 
all times, and unnecessary pressure on the chest or abdomen 
should be avoided. This is of particular importance when the 
patient is prone; in this position, sandbags are placed beneath 
the shoulders, and a thin pillow is placed beneath the symphysis 

 

B

C DA

FIGURE 1.3 A, The ForgetMeNot tourniquet as supplied. B, Form two loops. C, Place the digit 
in the space between the two loops and pull proximally to exsanguinate the digit. D, Tourniquet 
in place.  (Modified from Diaz HJJ, et al: The new digit tourniquet ForgetMeNot, Orthop Traumatol Surg 
Res 104:133, 2018.)
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pubis and hips to minimize pressure on the abdomen and 
chest. Large, moderately firm chest rolls extending from the 
iliac crests to the clavicular areas may serve the same purpose.

When the patient is supine, the sacrum must be well 
padded; and when the patient is lying on his or her side, the 
greater trochanter and the fibular neck should be similarly 
protected. When a muscle relaxant drug is used, the danger 
of stretching a nerve or a group of nerves is increased. Figure 
1.5 shows traction on the brachial plexus from improper 
positioning of the arm. The brachial plexus can be stretched 
when the arm is on an arm board, particularly if it is hyper-
abducted to make room for the surgeon or an assistant or for 
administration of intravenous therapy. The arm should not be 
tied above the head in abduction and external rotation while 
a body cast is applied because this position may cause a bra-
chial plexus paralysis. Rather, the arm should be suspended in 
flexion from an overhead frame, and the position should be 
changed frequently. Figure 1.6 shows the position of the arm 
on the operating table that may cause pressure on the ulnar 
nerve, particularly if someone on the operating team leans 
against the arm. The arm must never be allowed to hang over 
the edge of the table. Padding should be placed over the area 

where a nerve may be pressed against the bone (i.e., the radial 
nerve in the arm, the ulnar nerve at the elbow, and the pero-
neal nerve at the neck of the fibula). 

LOCAL PREPARATION OF 
THE PATIENT
Superficial oil and skin debris are removed with a thor-
ough 10-minute soap-and-water scrub. We prefer a skin 
cleanser containing 7.5% povidone-iodine solution that is 
diluted approximately 50% with sterile saline solution or 
Hexachlorophene-containing skin cleanser when allergy to 
shellfish or iodine is present or suspected. After scrubbing, 
the skin is blotted dry with sterile towels.

After a tourniquet has been fitted, if one is required, the 
sterile sheets applied during the earlier preparation should be 
removed. Care should be taken that the operative field does 
not become contaminated because the effectiveness of the 
preparation would be partially lost. With the patient in the 
proper position, the solutions are applied, each with a sepa-
rate sterile sponge stick, beginning in the central area of the 

 

A

C

B

D

FIGURE 1.4 A and B, Portable C-arm image intensifier television fluoroscopy setup for 
fracture repair. C-arm rotates 90 degrees to obtain lateral view. C and D, Technique for two-plane 
radiographs during hip surgery with a portable machine for anteroposterior and lateral views. 
Film cassette for lateral view is positioned over superolateral aspect of hip.
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site of the incision and proceeding peripherally. Once painted 
on, it is allowed to dry and then is taken off with plain alcohol. 
Some surgeons routinely use povidone-iodine solution, espe-
cially when the risk of a chemical burn from tincture of iodine 
is significant. The immediate operative field is prepared first; 
the area is enlarged to include ample surrounding skin. The 
sponges used to prepare the lumbar spine are carried toward 
the gluteal cleft and anus rather than in the opposite direction. 
Sponges should not be saturated because the solution would 
extend beyond the operative field and must be removed. If 
the linen on the table or the sterile drape becomes saturated 
with strong antiseptic solutions, they should be replaced by 
fresh linen or drapes. Solutions should not be allowed to flow 

underneath a tourniquet. Pooled alcohol-based solutions 
should be removed from the field because they can be ignited 
by a spark from a cautery unit.

When traumatic wounds are present, tincture of iodine 
and other alcohol-containing solutions should not be used for 
antiseptic wound preparation. Povidone-iodine or hexachlo-
rophene solutions without alcohol should be used instead to 
avoid tissue death.

In operations around the upper third of the thigh, the pel-
vis, or the lower lumbar spine in male patients, the genitalia 
should be displaced and held away from the operative field with 
adhesive tape. A long, wide strip of tape similarly helps cover 
the gluteal cleft, from which there is the potential of infection. 

 

Scalenus medius
muscle

Scalenus anterior
muscle

Clavicle

1st rib

Brachial plexus

Humerus

Axillary artery

Pectoralis minor muscle

FIGURE 1.5 Anatomic relationships of brachial plexus when limb is hyperabducted. Inset, 
With patient in Trendelenburg position, brace at shoulder is in poor position because limb has 
been abducted and placed on arm board.

 

Ulnar nerve

Medial epicondyle

Radial
nerve

Median 
nerve

Humerus

FIGURE 1.6 Points at which nerves of arm may be damaged by pressure (dashed lines). Inset, 
Pressure is applied to medial side of arm because patient is poorly positioned on operating table.
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In female patients, the genital area and gluteal cleft also are 
covered longitudinally by strips of adhesive tape. Adherent, 
sterile, plastic drapes can be used for these purposes.

Before the operative field in the region of the lower lum-
bar spine, sacroiliac joints, or buttocks is prepared, the gluteal 
cleft is sponged with alcohol and sterile dry gauze is inserted 
around the anus so that iodine or other solutions are pre-
vented from running down to this region, causing dermatitis.

Brown et al. and others recommended that before total joint 
arthroplasty, the extremity should be held by a scrubbed and 
gowned assistant because this reduces bacterial air counts by 
almost half. They also recommended that instrument packs not 
be opened until skin preparation and draping are completed.

When these preparations are done in haste, the gown or 
gloves of the sterile assistant preparing the area may become 
contaminated without the assistant’s knowledge. To prevent 
this, a nurse or anesthetist should be appointed to watch this 
stage of preparation.

WOUND IRRIGATING SOLUTIONS
At our institution, we routinely irrigate clean surgical wounds 
to keep them moist with sterile isotonic saline or lactated 
Ringer solution. Occasionally, if the risk of wound contami-
nation is high, antimicrobial irrigating solutions are used. A 
triple antibiotic solution of bacitracin, neomycin, and poly-
myxin is recommended because it provides the most com-
plete coverage in clean and contaminated wounds. Antibiotic 
solutions should remain in the wound for at least 1 min-
ute. Pulsatile lavage systems and basting-type syringes blow 
debris into the soft tissues and are being replaced with cys-
toscopy tubing for irrigation and debridement, especially in 
treatment of open fractures and infections. 

DRAPING
Draping is an important step in any surgical procedure 
and should not be assigned to an inexperienced assistant. 
Haphazard draping that results in exposure of unprepared 
areas of skin in the middle of an operation can be cata-
strophic. Considerable experience is required in placing the 
drapes, not only to prevent them from becoming disarranged 
during the operation but also to avoid contamination of the 
surgeon and the drapes. If there is the least doubt as to the ste-
rility of the drapes or the surgeon when draping is complete, 
the entire process should be repeated. Unless assistants are 
well trained, the surgeon should drape the patient.

In the foundation layer of drapes, towel clips or skin sta-
ples are placed not only through the drapes but also through 
the skin to prevent slipping of the drapes and exposure of 
the contaminated skin. In every case, the foundation drapes 
should be placed to overlap the prepared area of skin at least 3 
inches (7.5 cm). During draping, the gloved hands should not 
come in contact with the prepared skin.

Cloth drapes are being replaced with disposable paper 
and plastic drape packages specifically designed for the area 
to be draped (Figs. 1.7 and 1.8). A disposable drape pack-
age should have at least one layer made of waterproof plastic 
to prevent fluids from soaking through to unprepared areas 
of the body. Drape packages for bilateral knee and foot sur-
gery also are available. Paper drapes shed lint that collects on 
exposed horizontal surfaces in the operating room if those 
surfaces are not cleaned daily.

DRAPING THE EDGES OF THE INCISION
The gloved hand should not come in contact with the skin 
before the incision is made. For the extremities, a section 
of sterile stockinette is drawn proximally over the operative 
field. The stockinette is grasped proximally and distally and 
cut with scissors to uncover the area of the proposed inci-
sion. Its cut edges are pulled apart, and the area is covered 
by a transparent adhesive-coated material (Fig. 1.9). A large 
transparent plastic adhesive drape may be wrapped entirely 
around the extremity or over the entire operative field so that 
the stockinette is not needed. The incision is made through 
the material and the skin at the same time. The edges of the 
incision are neatly draped, and the operative field is virtu-
ally waterproof; this prevents the drapes in some areas from 
becoming soaked with blood, which can be a source of con-
tamination. The plastic adhesive drape minimizes the need 
for towel clips or staples around the wound edge and allows 
the entire undraped field to be seen easily. Visibility is espe-
cially important when there are scars from previous injuries 
or surgery that must be accommodated by a new incision. Old 
incisions should be traced with a sterile marking pen before 
application of plastic adhesive drape material. 

 FIGURE 1.7 Disposable drape package for knee surgery.

 FIGURE 1.8 Disposable drape package for hip surgery.
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PREVENTION OF HUMAN 
IMMUNODEFICIENCY VIRUS AND 
HEPATITIS VIRUS TRANSMISSION
At our institution, we follow the American Academy of 
Orthopaedic Surgeons (AAOS) Task Force recommendations 
on acquired immunodeficiency syndrome (HIV), hepatitis B 
virus (HBV), and hepatitis C virus (HCV), which go beyond 
those recommended for health care personnel by the Centers 
for Disease Control and Prevention (CDC) and the American 
Hospital Association. Every effort should be made to prevent 
further transmission of these diseases in all areas of medical 
care. For specific recommendations, the reader is referred to 
the AAOS Task Force guidelines. We strongly agree with the 
following AAOS recommendations regarding HIV, HBV, and 
HCV precautions in the operating room:
 1.  Do not hurry an operation. Excess speed results in injury. 

The most experienced surgeon should be responsible for 
the surgical procedure if the risk of injury to operating 
room personnel is high.

 2.  Wear surgical garb that offers protection against contact 
with blood. Knee-high, waterproof, surgical shoe cov-
ers, water-impervious gowns or undergarments, and full 
head covers should be worn.

 3.  Double gloves should be worn at all times.
 4.  Surgical masks should be changed if they become moist 

or splattered.
 5.  Protective eyewear (goggles or full face shields) that cov-

ers exposed skin and mucous membranes should be used.
 6.  To avoid inadvertent injury to surgical personnel, the sur-

geon should:
 n  Use instrument ties and other “no-touch” suturing and 

sharp instrument techniques when possible.
 n  Avoid tying with a suture needle in hand.
 n  Avoid passing sharp instruments and needles from 

hand to hand; instead, they should be placed on an 
intermediate tray.

 n  Announce when sharp instruments are about to be 
passed.

 n  Avoid having two surgeons suture the same wound.
 n  Take extra care when performing digital examinations 

of fracture fragments or wounds containing wires or 
sharp instrumentation.

 n  Avoid contact with osteotomes, drill bits, and saws.
 n  Use of full protective gowns, hoods, and surgical face-

masks with eyeshields when splatter is inevitable, 
such as when irrigating large wounds or using power 
equipment.

 n  Routinely check gowns, masks, and shoe covers of 
operating room personnel for contamination during 
the surgical procedure and change as necessary.

 7.  Incidents of exposure of health care personnel to potentially 
infected fluids should be reported to a person designated 
by the health care facility to be responsible for managing 
occupational exposures. Relevant histories and incident 
information should be documented, and the source patient 
and exposed health care worker appropriately tested within 
applicable laws as recommended by the CDC. Follow-up 
testing of exposed personnel should be performed as rec-
ommended by the CDC. Patients exposed to a poten-
tially infected health care provider should be immediately 
informed of the incident and the above recommendations 
for exposed health care providers must be followed.

 8.  Postexposure prophylaxis for HBV and HIV should be 
provided as recommended by the U.S. Public Health 
Service. There is no postexposure prophylaxis for HCV.
Protective gowns and full hoods with surgical facemask 

should be routinely used for total joint arthroplasty and for 
large trauma and elective cases. Blood spatter should be 
avoided and at a minimum protective eyewear and gloves 
should be worn by all members of the team including observ-
ers. Kevlar impregnated gloves worn under rubber gloves will 
not prevent puncture wounds but will prevent scalpel lacera-
tions and should be worn when operating on patients with 
HIV, HBV, or HBC. 

REVERSING PROPHYLACTIC 
ANTICOAGULATION PRIOR TO 
SURGERY
Patients on anticoagulants will usually need reversal prior 
to major surgery. Anticoagulation in electively scheduled 
patients can easily be reversed with medical management 
prior to surgery. Tables 1.3 and 1.4 outline procedures for 
urgent reversal of anticoagulants and give the half-lives of the 
various anticoagulants in use if reversal is not as urgent. 

BLOOD LOSS CONTROL  
DURING SURGERY
When a tourniquet cannot be used because of the location 
of the surgical site or when blood loss is expected to be high 
after tourniquet release, routine blood loss control measures 
should be readily available. These include electrocautery, gel 
foam, thrombin, and epinephrine. Preoperative planning for 
larger procedures should include expected blood loss, and 
preparation should be made to have donor or autologous 
blood, or both, available and a blood recycling system (cell-
saver) present if needed.

The use of the fibrinolytic, tranexamic acid (TXA) has 
become popular in large joint arthroplasty surgery for reduc-
ing blood loss. Luo et  al. performed a prospective, ran-
domized, double-blind, controlled study that showed equal 

 FIGURE 1.9 Iodoform-impregnated plastic adhesive drape.
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 TABLE 1.3 

Anticoagulant Reversal

ANTITHROMBOTIC REVERSAL AGENT(S) COMMENTS
DIRECT THROMBIN 
INHIBITORS (DTIs)
PO:
 n  Dabigatran (Pradaxa)
Half-life 12-17 hr in 

 normal renal function

Idarucizumab (Praxbind)—only used for reversal of dabigatran 
(Pradaxa)
Restrictions: patients confirmed to have recent dabigatran use 

who:
 n  Require anticoagulant reversal for life-threatening hemor-

rhage, OR
 n  Require urgent/emergent invasive procedure within the 

next 8 hours
Dose: 5 g
Administration: Infuse two 2.5 g/50 mL vials undiluted over 5-10 

min each, consecutively
 n  Line should be flushed with NS prior to infusion
 n  Second vial should be infused within 15 min of first vial

Onset: Immediate
Kcentra—4 Factor PCC  

(May be considered for dabigatran reversal if idarucizumab not 
available)
Dose*: 1500 units × 1 (optional rescue dose of 1500 units avail-

able if hemostasis not achieved)
Administration: Send Kcentra Kit for bedside reconstitution and 

administer via IV push over 5 min
 n  Use within 4 hr of reconstitution

Onset: <30 min
Caution: thrombotic risk

Kcentra contains trace amounts of heparin (to mitigate thrombotic 
potential) and should not be used in bleeding patients with 
active or recent (last 100 days) heparin-induced thrombocyto-
penia (HIT). In this instance, please contact pharmacy to discuss 
possible use of the alternative procoagulant FEIBA for reversal.

Use of PCC 
Idarucizumab:

 n  REQUIRES ATTENDING 
APPROVAL

 n  Document attending name 
in the order comments

Additional options:
 n  If dabigatran ingested 

within 1 hour, consider 
activated charcoal.

 n  Mechanical methods, such 
as dialysis, may be consid-
ered as a last resort

Laboratory measurement:
 n  A normal thrombin time 

(TT) rules out clinically 
relevant dabigatran effect

 n  Do not use INR

efficacy in reducing blood loss in primary total hip surgery 
when TXA was used orally, topically, or by intravenous infu-
sion. TXA was administered 2 g orally 2 hours before surgery, 
2 g into the wound, or 20 mg/kg intravenously. 

VENOUS THROMBOEMBOLISM 
PROPHYLAXIS
Patients with acute lower extremity injuries or other injuries 
requiring bed rest should have prophylactic anticoagulation 
with a readily reversible anticoagulant (heparin or a low-
molecular weight heparin) before surgery. Anticoagulation 
should be continued after surgery until the patient is mobile. 
Subcutaneous low-molecular-weight heparin for 10 to 14 days 
after discharge followed by 4 to 6 weeks of aspirin works well. 
Patients having elective lower extremity surgery may receive 
prophylactic anticoagulation immediately after surgery, and 
this should be continued for 6 to 8 weeks after discharge as 
outlined above. Patients with bilateral lower extremity inju-
ries that prevent ambulation for a longer period of time 
require bridging from low-molecular-weight heparin to war-
farin, and this is continued with prothrombin time monitor-
ing until the patient is mobile. All patients requiring surgery 
should have lower extremity segmental compression devices 
applied to unoperated lower extremities during surgery and 
while in bed before and after surgery. 

POSTOPERATIVE PAIN CONTROL
The use of local anesthetic infiltration of surgical wounds 
and regional anesthetic blocks has increased with the popu-
larity of outpatient total joint surgery. Specific modalities for 
these procedures can be found in the arthroplasty sections 
of this edition. Local infiltration in layers with bupivacaine 
or bupivacaine liposome suspension (Pacira, Parsippany, NJ) 
helps decrease use of opioids in the immediate postopera-
tive period. The suspension is expensive but can last up to 72 
hours. The maximal dose is 266 mg and should be infiltrated 
in divided doses in a layered approach from deep muscula-
ture and fascia up into subcutaneous tissue.

Regional blocks can be administered before or after the 
procedure. A team approach between the orthopaedic sur-
geon and the anesthesiologist regarding the use of regional 
blocks and postanesthesia intravenous nonnarcotic pain 
medications also helps to decrease the need for opioid pain 
medication. Patients should be advised on how much reli-
ance on narcotic pain medication is expected after surgery. 
Other nonnarcotic medications are just as effective and not 
addictive. If patients know the surgeon’s narcotic prescribing 
boundaries on the front end, the postoperative period will be 
less stressful for all. Drug testing should be performed if war-
ranted, and the anesthesiologist notified of the results.

Careful attention must be paid to patients treated by pain 
management specialists. Their postoperative care should be 

Continued
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 TABLE 1.3 

Anticoagulant Reversal—cont’d

ANTITHROMBOTIC REVERSAL AGENT(S) COMMENTS
IV:
 n  Argatroban
 n  Bivalirudin 

(Angiomax)
Half-life 10-90 min

IV DTIs:
 n  Short half-life and discontinuation of IV DTIs are primary means 

of attenuating bleed.
 n  Support with crystalloid and blood products to facilitate rapid 

renal clearance of drug.
 n  IV DTIs should be discontinued immediately upon bleeding dis-

covery and rarely require other means of reversal.
FACTOR XA  
INHIBITORS
 n  Fondaparinux (Arixtra)
Half-life 17-21 hr in nor-

mal renal function
 n  Rivaroxaban (Xarelto)
Half-life 5-9 hr
 n  Apixaban (Eliquis)
Half-life 8-15 hr
 n  Edoxaban (Savaysa)
Half-life 10-14 hr

Kcentra - 4 Factor PCC
Dose*: 1500 units × 1 (optional rescue dose of 1500 units avail-

able if hemostasis not achieved)
Administration: Send Kcentra Kit for bedside reconstitution and 

administer via IV push over 5 min
 n  Use within 4 hr of reconstitution

Onset: <30 min
Caution: thrombotic risk

Kcentra contains trace amounts of heparin (to mitigate thrombotic 
potential) and should not be used in bleeding patients with 
active or recent (last 100 days) heparin-induced thrombocyto-
penia (HIT). In this instance, please contact pharmacy to discuss 
possible use of the alternative procoagulant FEIBA for reversal.

rFVIIa (if refractory to Kcentra)
Dose*: 100 mcg/kg (dose cap at 100 kg to mitigate thrombotic risk)

 n  May repeat in 2 hr if continued bleeding
Administration: IV bolus over 3-5 min

 n  Use within 3 hr of reconstitution
Onset: <30 min
Caution: thrombotic risk

Use of PCC/rFVIIa:
 n  REQUIRES ATTENDING 

APPROVAL
 n  Document attending name 

in the order comments
Additional options:
 n  If rivaroxaban, apixaban, or 

edoxaban ingested within 
1 hr, consider activated 
charcoal.

 n  NOT DIALYZABLE
Laboratory measurement:
 n  A normal anti-Factor Xa 

level rules out clinically 
relevant drug effect

 n  Do not use INR

HEPARIN
Half-life:1-2 hr

Protamine
Dose: 1 mg reverses 100 units of IV-administered UFH

TIME SINCE UFH DOSE PER 100 UNITS UFH OVER LAST 3 HR

<30 min 1.0 mg
30-120 min 0.5 mg
>120 min 0.25 mg

 n  Do not exceed 50 mg in a single dose: high doses can have 
an undesirable ANTIcoagulant effect

 n  In clinical practice, give 50 mg IV x 1 over 10 min. May 
redose if bleeding continues.

Administration: Slow IV push not to exceed 5 mg/min
Onset: 5-15 min
Caution: Rapid administration can cause severe hypotension and 
anaphylaxis

 n  Prophylactic SQ doses 
of UFH do not lead 
to increased risk of 
hemorrhage.

 n  Look for other causes of 
hemorrhage

LMWHs (enoxaparin)
Half-life 2-8 hr

Protamine (Does not reverse LMWH as effectively as it does UFH)
Dose: 1 mg for each 1 mg of enoxaparin in last 8 hr

 n  If > 12 hr have elapsed since LMWH administration, prot-
amine may not be needed

 n  Do not exceed 50 mg in a single dose; high doses can have 
an undesirable ANTIcoagulant effect

 n  In clinical practice, give 50 mg IV × 1 over 10 min. May 
redose if bleeding continues

Administration: Slow IV push not to exceed 5 mg/min
Onset: 5-15 min
Caution: Rapid administration can cause severe hypotension and 

anaphylaxis

 n  If aPTT remains prolonged, 
may give second dose of 
0.5 mg protamine per 1 mg 
LMWH

 n  Consider FFP and other 
blood product support
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ANTITHROMBOTIC REVERSAL AGENT(S) COMMENTS
WARFARIN
Half-life 36 hr (5 days for 

INR normalization)

SUPRATHERAPEUTIC INR
 n  INR 5-9: Omit 1-2 warfarin doses 

±1-2.5 mg PO Vit K
 n  INR >9 (NO BLEED): omit 1-2 war-

farin doses ± 2.5-5 mg PO Vit K
ACTIVE BLEEDING AT ANY INR:
 n  Hold warfarin and give Vit K 

5-10 mg IV (may repeat q 12 h 
based on repeat INR)

MAJOR OR LIFE-THREATENING 
BLEED:

 n  Hold warfarin and give Vit K 10 
mg IV (may repeat q 12 h based 
on repeat INR)
PLUS either Kcentra (preferred) 

or FFP
 n  Kcentra 1500 units × 1 OR
 n  FFP 10-30 mL/kg
SURGERY REVERSAL
 n  INR >1.5-2.5

Surgery <24 hr:
 n  0.5-1 mg IV Vit K × 1; ±5-8 

mL/kg FFP
Surgery 24-96 hr:

 n  0.5-1 mg PO Vit K ×1; moni-
tor INR q12-24hr

 n  INR >2.5-5
Surgery <24 hr:

 n  1-2.5 mg IV Vit K × 1; ±5-8 
mL/kg FFP

Surgery 24-96 hr:
 n  1-2.5 mg PO Vit K × 1; 

monitor INR q12-24hr

Phytonadione (Vitamin K)
Dose: See box on left
Administration: IV-dilute in 

50 mL NS and give over 
30 min

Onset: PO=24 hr; IV=12 hr
Caution: IV—may be associ-

ated with very small risk 
of anaphylaxis

FFP
Dose: See box on left
Administration: At least 10 

mL/min
Onset: 2-6 hr
Caution: Carries risk of infec-

tion, must be thawed and 
a large volume is required 
(often >1 L)

Kcentra
Dose: 1500 units × 1 

(optional rescue dose 
of 1500 units available 
if hemostasis or desired 
target INR not achieved)

Administration: Send 
Kcentra Kit for bedside 
reconstitution and admin-
ister via IV push over 5 min

 n  Use within 4 hr of 
reconstitution

Onset: <30 min
Caution: thrombotic risk

Kcentra contains trace 
amounts of heparin (to 
mitigate thrombotic poten-
tial) and should not be 
used in bleeding patients 
with active or recent (last 
100 days) heparin-induced 
thrombocytopenia (HIT). In 
this instance, please contact 
pharmacy to discuss possible 
use of the alternative proco-
agulant FEIBA for reversal.

Use of Kcentra:
 n  REQUIRES ATTENDING 

APPROVAL
 n  Document attending name 

in the order comments
 n  REPEAT INR 30 MIN AFTER 

END OF Kcentra/FFP 
INFUSION

 TABLE 1.3 

Anticoagulant Reversal—cont’d

      
   

  

  

  
 

   

*Doses are NOT based on high-quality evidence and are intended as suggestions only.
DDAVP, Desmopressin; FFP, fresh frozen plasma; INR, International Normalized Ratio; IV, intravenous; LMWH, low-molecular-weight heparin; PCC, prothrombin 
complex concentrates (Kcentra); rVIIa, recombinant active factor VIIa (NovoSeven); SIVP, slow intravenous push; UFH, unfractionated heparin.
Consider the following agents if patient refractory to standard therapies:
DDAVP:

Mechanism: increases release of vWF and enhances platelet adhesion and aggregation
Dose: 0.3 mcg/kg in 50 mL NS IV over 15 min
Caution: Serial doses associated with tachyphylaxis, hyponatremia, and seizures

Aminocaproic acid:
  Mechanism: antifibrinolytic

Dose: 4-5 g loading dose in 250 mL NS over 15 min followed by infusion of 1 g/hr infusion until bleeding subsides (max 30 g/day)
Caution: May require renal adjustment.

Tranexamic acid:
  Mechanism: antifibrinolytic

Dose: 1 g loading dose in 50 mL NS IV over 10 min followed by 1 g in 250 mL NS infused over the next 8 hr
Caution: May require renal adjustment

From Dilworth T, Burnett A, Tawil I, Garcia D, Fletcher: Guideline for antithrombotic reversal. UNM Health System. Anticoagulation Subcommittee, UNMH P&T 
Committee. Updated October 2016. PDF downloads from here: https://hospitals.health.unm.edu/intranet7/apps/doc_management/index.cfm?document_id=198547.
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coordinated with their specialist in regard to who is respon-
sible for postoperative pain management and for how long. 
Patients under pain management contracts should be han-
dled carefully because most pain management specialists will 
stop caring for patients who violate their contract. 

SPECIAL OPERATIVE 
TECHNIQUES
Special operative techniques are used in a variety of proce-
dures and are described here so that repetition in other chap-
ters will be unnecessary. The methods of tendon or fascia 
fixation and bone grafting are discussed here. The methods of 
tendon suture are discussed in Chapter 66. 

METHODS OF TENDON-TO-BONE 
FIXATION
The principles of tendon suture are described in Chapter 66 
for the hand; in Chapter 48, in which disorders of muscles 
and tendons are discussed; and under the discussion of ten-
don transfers in Chapter 71. The following discussion deals 
only with the methods of attaching a tendon to bone.

Attaching tendon to bone can be a fairly easy task. Healing 
of tendon to bone with something close to biologically normal 
tissue is the challenge. Multiple modalities such as osteoinduc-
tive growth factors, periosteal grafts, osteoconductive factors, 
platelet-rich plasma, biodegradable scaffolds, ultrasound, and 
extracorporeal shockwave therapy are being studied. 

 

FIXATION OF TENDON TO BONE

 TECHNIQUE 1.1 

 n  Scarify the apposing surfaces of bone and tendon to has-
ten attachment by incising the periosteum and elevating 
it enough to expose the bony surface. After completion of 
the tendon fixation, an attempt should be made to close 
the periosteum over the tendon, although this usually is 
impossible. Instead, the periosteum may be sutured to the 
edges of the tendon.

 n  Place a suture in the end of the tendon by one of the 
techniques described in Chapter 71. With this suture, pull 
the tendon distally, removing all slack, and determine the 
point of attachment.

 n  Drill a hole transversely into the bone just distal to this 
point.

 n  Pass the sutures on each side of the tendon through this 
hole in opposite directions and tie them tightly over the 
shaft of the bone (Fig. 1.10A).

 n  If the tendon is long enough, pass the end through the 
hole in the bone and suture the tendon to itself (Fig. 
1.10B). If passing the tendon or piece of fascia through 
the hole drilled in bone is difficult, construct a homemade 
Chinese finger trap from two pieces of suture woven 
around the tendon (Fig. 1.11).

 n  If a distally based strip of iliotibial band is to be inserted 
into bone, roll the part of the band that is to be insert-
ed into a cylindrical shape and wrap a suitable length 

 TABLE 1.4 

Antiplatelet Reversal

HALF-LIFE REVERSAL AGENT COMMENTS
ASPIRIN 15-30 min

5-10 days for platelet 
recovery

DDVAP
Dose: 0.3 mcg/kg IV × 1
Administration: over 15 min
Onset: Immediate
Caution: Serial doses associated 

with tachyphylaxis, hyponatre-
mia, and seizures

 n  Short half-life and discontinu-
ation of GP IIb-IIIa are primary 
means of attenuating bleed

 n  May consider transfusion 
of functioning platelets to 
attenuate bleeding

 n  Mechanical methods, such as 
dialysis, may be considered as 
a last resort

CLOPIDOGREL  
(Plavix)

8 hr
∼5 days for platelet recovery

PRASUGREL  
(Effient)

7 hr
≤7 days for platelet recovery

TICAGRELOR  
(Brilinta)

∼9 hr
3 days for platelet recovery

GP IIb-IIIa
Eptifibatide (Integrilin)
Abciximab (ReoPro)
Tirofiban (Aggrastat)

30-120 min

*Doses are NOT based on high-quality evidence.
DDAVP, Desmopressin; FFP, fresh frozen plasma; LMWH, low-molecular-weight heparin; PCC, prothrombin complex concentrates (Bebulin); rVIIa, recombinant active 
factor VIIa (NovoSeven); SIVP, slow intravenous push; UFH, unfractionated heparin.
From Dilworth T, Burnett A, Tawil I, Garcia D, Fletcher: Guideline for antithrombotic reversal. UNM Health System. Anticoagulation Subcommittee, UNMH P&T 
Committee. Updated October 2016. https://hospitals.health.unm.edu/intranet7/apps/doc_management/index.cfm?document_id=198547
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of strong, nonabsorbable suture around the fascia in a 
 crisscross fashion, beginning about 4 cm proximal to the 
end of the strip. At the end of the strip, tie the suture into 
a knot, leaving the ends long (Fig. 1.11A).

 n  Wrap a second piece of suture around the fascia in the 
same way but out of phase with the first piece of suture 
(Fig. 1.11B) and tie it at the end.

 n  Pass the ends of the suture through the hole in the bone 
(Fig. 1.11C), followed by the rolled up fascial strip.

 n  Finally, cut the sutures just proximal to the knots at the 
apex of the finger trap and remove them one at a time.
For larger muscles, a broad, firm, bony attachment must 

be ensured (Fig. 1.10C). The advantage of this method is 
that drilling a transverse hole through the shaft of the bone 
is unnecessary; such a procedure is sometimes difficult in 
deep wounds, and exposure requires considerable stripping 
of soft tissues from the bone.

   

 

TENDON FIXATION INTO THE 
INTRAMEDULLARY CANAL

 TECHNIQUE 1.2 

 n  After placing the suture in the end of the tendon and leav-
ing two long, free strands, create a trapdoor in the bone, 
exposing the medullary canal at the predetermined point 
of attachment.

 n  Just distal to the trapdoor, drill two holes through the 
cortex into the medullary canal.

 n  Pass the free ends of the suture through the trapdoor and 
out through the two holes.

 n  Pull the sutures taut and draw the end of the tendon 
through the trapdoor into the medullary canal.

 n  Partially replace the trapdoor or break into small frag-
ments and pack it into the defect as grafts.
   

 

TENDON TO BONE FIXATION USING 
LOCKING LOOP SUTURE
Krackow et al. have devised a locking loop suture that is 
relatively simple to use and is especially suited to attach-
ing flat structures, such as the tibial collateral ligament, 
joint capsule, or patellar tendon, to bone. It allows the 
application of tension to the structure, resists pulling out, 
and does not cause major purse-stringing or bunching. A 
doubled suture of strong suture material is nearly twice 
as strong as staple fixation to bone. When the suture is 
used in combination with a staple, fixation is significantly 
improved.

 

A CB
FIGURE 1.10 A-C, Fixation of tendon to bone. SEE TECHNIQUES 

1.1 AND 1.5.

 

A

B

C

FIGURE 1.11 Krackow and Cohn technique for passing 
tendon or fascia through hole in bone. A, Suture is wrapped in 
crisscross fashion around the distal end of the tendon or fascia and 
is tied in a knot, leaving the ends of the suture long. B, A second 
suture is wrapped in similar fashion but out of phase with the 
first suture. C, A Chinese finger-trap suture fits tightly around the 
tendon or fascia and allows it to enter the hole without difficulty.   
(Redrawn from Krackow KA, Cohn BT: A new technique for passing 
tendon through bone: brief note, J Bone Joint Surg 69A:922, 1987.)  
SEE TECHNIQUE 1.1.
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 TECHNIQUE 1.3  Figure 1.12

(KRACKOW, THOMAS, JONES)
 n  Approach the tendon or ligament from the raw end, and 

place three or more locking loops along each side of the 
structure.

 n  Apply tension during the procedure to remove excess su-
ture material within the locking loops. This suture may be 
reinforced proximal to the first suture.

 n  Attach the tendon or ligament and the suture to bone 
through holes drilled in the bone, or tie the suture over a 
screw or staple fixed in the bone.
   

 

TENDON TO BONE FIXATION USING 
WIRE SUTURE
Because of the scarcity of surrounding soft tissue and the 
nature of the bone, Cole’s method is especially applicable 
to the fixation of tendons to the dorsum of the tarsus, to 
the calcaneus, or to the phalanges of the fingers.

 TECHNIQUE 1.4  Figure 1.13

(COLE)
 n  Prepare the tendon and place a pull-out suture in the 

end of the tendon, as described for end-to-end sutures 
( Chapter 66).

 FIGURE 1.13 The Cole method of anchoring tendons to bone. 
Ends of wire suture are passed on a straight skin needle through 
a hole drilled in bone. The needle is drawn through the skin on 
the opposite side. Wire sutures are anchored over a rubber tube 
or button. To prevent necrosis of the skin when the suture is under 
considerable tension, ends of wire may be passed through the 
bottom of the cast. Subsequently, wire is anchored over the button 
on the outside of the cast. SEE TECHNIQUE 1.4.

 

A B C D

GFE
FIGURE 1.12 Krackow, Thomas, and Jones technique for ligament or tendon fixation to bone. 

A-G, Detail of placement of suture in wide tendon.  (Redrawn from Krackow KA, Thomas SC, Jones LC: 
Ligament-tendon fixation: analysis of a new stitch and comparison with standard techniques, Orthopedics 
11:909, 1988.) SEE TECHNIQUE 1.3.
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 n  Reflect a small flap of bone with a chisel, and at the apex 
of the flap drill a tunnel through the bone.

 n  Place both ends of the wire suture on a long, straight skin 
needle.

 n  Pass the needle through the hole in the bone and out 
through the skin on the opposite side, drawing the end 
of the tendon into the tunnel.

 n  Anchor the wire snugly over a loop of gauze or a padded 
button. If considerable tension is necessary, as in Achilles 
tendon, the skin should be padded with heavy felt.

 n  Apply a cast with the wires protruding through the bot-
tom of the cast. After the plaster sets, anchor the wire 
over a button on the outside of the cast.
  

SUTURE ANCHORS
Suture-anchoring devices also are useful in securing ten-
don, ligament, or capsule to bone (Fig. 1.14). The pull-out 
strength of these devices is at least equal to that of a suture 
passed through drill holes in bone, and these devices are 
especially useful in deep wounds with limited room, such as 
in the shoulder. Tingart et al. found that metal suture anchors 
withstand a significantly higher load to failure than biode-
gradable anchors. Bottoni et  al. found that the suture used 
usually failed before the suture anchor in an animal model. 
Suture anchors made from methyl methacrylate cement are 
useful in osteopenic bone (Fig. 1.15). Giori et al. found that 
augmenting suture anchors with methyl methacrylate greatly 
improved pull-out strength in osteopenic cadaver bone.

A tendon or ligament also can be secured to bone 
through a drill hole using a screw for an interference fit as 
in anterior cruciate ligament reconstruction procedures (see 
Chapter 45). Allograft cortical bone is now being commer-
cially machined into screws for such a purpose. 

 

FIXATION OF OSSEOUS  
ATTACHMENT OF TENDON TO BONE
When larger muscles are transferred, such as the quadri-
ceps or the abductor muscles of the hip, better fixation is 
secured if the tendon is removed with a portion of its bony 
attachment.

 TECHNIQUE 1.5 

 n  Remove sufficient bone to ensure a cancellous surface.
 n  Draw the bony segment distally and determine the loca-

tion of its reattachment.
 n  Elevate the periosteum, scarify the surface of the shaft, 

and fix the attachment of the tendon to the raw area by 
two threaded pins inserted obliquely or by a screw (Fig. 
1.16A). Staples also are useful for anchoring a ligament 
or a tendon to bone (Figs. 1.17 and 1.18), and wire loops 
passed through holes drilled into the bone (Fig. 1.16B,C) 
are efficient. Heavy sutures may be used instead of metal 
for fixation of tendons in the less powerful muscles.

 n  If desired, create a trapdoor in the shaft of the bone, and 
countersink the osseous attachment of the tendon into 
the defect and hold with a suture, as illustrated in Figure 
1.10.
  

 

BA

FIGURE 1.14 Suture-anchoring implants. A, Statak (Zimmer) 
suture-anchoring device is drilled into bone. B, QuickAnchor (Mitek) 
suture anchor consists of a hook device with suture that is anchored 
into drill hole in the bone.

 

> 3 mm

>
 1

0 
m

m

FIGURE 1.15 Methyl methacrylate suture anchor. Figure-of-
eight knot increases load to failure.
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SUTURE BUTTONS
Suture-button devices are now available for minimally inva-
sive tendon-to-bone, ligament-to-bone, and fracture fixa-
tion. The Endobutton (Smith and Nephew, York, UK) and the 
TightRope Fixation System (Arthrex, Naples, Florida) can be 
inserted through a single incision and drill hole. These devices 
have been successfully used in acromioclavicular joint dislo-
cations, Neer II distal clavicular fractures, ankle syndesmosis 
disruptions, and high-energy os calcis fractures with compro-
mised skin (Fig. 1.19). 

BONE GRAFTING
The indications for bone grafting are to:
 n  Fill cavities or defects resulting from cysts, tumors, or 

other causes

 n  Bridge joints to perform arthrodesis
 n  Bridge major defects or re-establish the continuity of a 

long bone
 n  Provide bone blocks to limit joint motion (arthroereisis)
 n  Establish union of a pseudarthrosis
 n  Promote union or fill defects in delayed union, malunion, 

fresh fractures, or osteotomies

 

A B C

FIGURE 1.16 Fixation of osseous attachment of tendon to 
bone. A, Fixation by screw or threaded pins. B, Fixation by mattress 
suture of wire through holes drilled in bone. C, Fixation by wire 
loops. SEE TECHNIQUE 1.5.

 FIGURE 1.17 Stone table staple, used most frequently for 
anchoring tendinous tissue to bone. SEE TECHNIQUE 1.5.

 FIGURE 1.18 Arthrex low-profile bridge staple. (Courtesy 
Arthrex, Naples, FL.) SEE TECHNIQUE 1.5.

 FIGURE 1.19 TightRope Syndesmosis Buttress Plate Kit 
(Arthrex, Naples, FL). One suture strand is used to “flip” the medial 
button so a second incision is unnecessary.
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STRUCTURE OF BONE GRAFTS
Cortical bone grafts are used primarily for structural sup-
port, and cancellous bone grafts are used for osteogenesis. 
Structural support and osteogenesis may be combined; this 
is one of the prime advantages of using bone graft. These two 
factors vary, however, with the structure of the bone. Probably 
all or most of the cellular elements in grafts (particularly cor-
tical grafts) die and are slowly replaced by creeping substitu-
tion, the graft merely acting as a scaffold for the formation of 
new bone. In hard cortical bone, this process of replacement 
is considerably slower than in cancellous bone. Although 
cancellous bone is more osteogenic, it is not strong enough 
to provide efficient structural support. When selecting the 
graft or combination of grafts, the surgeon must be aware of 
these two fundamental differences in bone structure. When a 
graft has united with the host and is strong enough to permit 
unprotected use of the part, remodeling of the bone structure 
takes place commensurate with functional demands. 

SOURCES OF BONE GRAFTS
AUTOGENOUS GRAFTS

When the bone grafts come from the patient, the grafts usu-
ally are removed from the tibia, fibula, or ilium. These three 
bones provide cortical grafts, whole-bone transplants, and 
cancellous bone.

When internal or external fixation appliances are not 
used, which is currently rare, strength is necessary in a graft 
used for bridging a defect in a long bone or even for the treat-
ment of pseudarthrosis. The subcutaneous anteromedial 
aspect of the tibia is an excellent source for structural auto-
grafts. In adults, after removal of a cortical graft, the plateau 
of the tibia supplies cancellous bone. Apparently, leaving the 
periosteum attached to the graft has no advantage; however, 
suturing to the periosteum over the defect has definite advan-
tages. The periosteum seems to serve as a limiting membrane 
to prevent irregular callus when the defect in the tibia fills in 
with new bone. The few bone cells that are stripped off with 
the periosteum can help in the formation of bone needed to 
fill the defect.

Disadvantages to the use of the tibia as a donor area 
include (1) a normal limb is jeopardized; (2) the duration 
and magnitude of the procedure are increased; (3) ambula-
tion must be delayed until the defect in the tibia has partially 
healed; and (4) the tibia must be protected for 6 to 12 months 
to prevent fractures. For these reasons, structural autografts 
from the tibia are now rarely used.

A good source for bulk cancellous autogenous graft is 
material from a reamer-irrigator-aspirator (RIA) used in the 
canal of the femoral and tibial shafts. A complication rate of 
less than 2% has been reported in approximately 200 patients 
with a mean volume harvested of 47 ± 22 mL. Debris har-
vested during RIA and bone graft harvested from iliac crest 
have similar RNA transcriptional profiles for genes that act 
in bone repair and formation, suggesting that material har-
vested by RIA is a viable alternative to iliac crest autogenous 
cancellous graft.

Marchand et  al. compared 61 patients who had a graft 
harvested by RIA with 47 patients who had a graft harvested 
from the iliac crest and found that 44% of the patients under-
going RIA bone graft harvest required transfusion. Only 21% 
of the group with graft harvested from the iliac crest required 
transfusion.

The entire proximal two thirds of the fibula can be removed 
without disabling the leg. Most patients have complaints and 
mild muscular weakness after removal of a portion of the fib-
ula. The configuration of the proximal end of the fibula is an 
advantage. The proximal end has a rounded prominence that 
is partially covered by hyaline cartilage and forms a satisfac-
tory transplant to replace the distal third of the radius or the 
distal third of the fibula. After transplantation, the hyaline car-
tilage probably degenerates rapidly into a fibrocartilaginous 
surface; even so, this surface is preferable to raw bone.

The middle one third of the fibula also can be used as a 
vascularized free autograft based on the peroneal artery and 
vein pedicle using microvascular technique. Portions of the 
iliac crest also can be used as free vascularized autograft. The 
use of free vascularized autografts has limited indications, 
requires expert microvascular technique, and is not without 
donor site morbidity particularly at the ankle.

The management of segmental bone loss can be diffi-
cult. Taylor et al. described a two-stage induced membrane 
technique using a methyl methacrylate spacer. The spacer 
is placed into the defect to induce the formation of a bioac-
tive membrane. Four to 8 weeks later the spacer is removed 
and cancellous autograft is placed in the now membrane sur-
rounded defect. The membrane helps prevent graft resorp-
tion, promote revascularization, and consolidation of new 
bone. We have had good results with this technique. 

ALLOGENIC GRAFTS
An allogenic graft, or allograft, is one that is obtained from 
an individual other than the patient. In small children, the 
usual donor sites do not provide cortical grafts large enough 
to bridge defects or the available cancellous bone may not be 
enough to fill a large cavity or cyst; the possibility of injuring 
a physis also must be considered. Allograft is preferred in this 
situation. Allografts are also indicated in the elderly, patients 
who are poor operative risks, and patients from whom not 
enough acceptable autogenous bone can be harvested. 
Larger structural allografts have been used successfully for 
many years in revision total joint surgery, periprosthetic 
long bone fractures, and reconstruction after tumor exci-
sion. Osteochondral allografts are now being used with some 
success in a few centers to treat distal femoral osteonecro-
sis. Large osteochondral allografts, such as the distal femur, 
are used in limb salvage procedures after tumor resection. 
Autogenous cancellous bone can be mixed in small amounts 
with allograft bone as “seed” to provide osteogenic potential. 
Mixed bone grafts of this type incorporate more rapidly than 
allograft bone alone. Increased allograft union rates and less 
resorption have been noted in large acetabular defects when 
allografts were loaded with bone marrow derived mesenchy-
mal stem cells. The various properties of autogenous and allo-
genic bone grafts are summarized in Table 1.5. 

BONE BANK
To provide safe and useful allograft material efficiently, a bone 
banking system is required that uses thorough donor screen-
ing, rapid procurement, and safe, sterile processing. Standards 
outlined by the U.S. Food and Drug Administration (FDA) 
and American Association of Tissue Banks must be fol-
lowed. Donors must be screened for bacterial, viral (includ-
ing HIV and hepatitis), and fungal infections. Malignancy 
(except basal cell carcinoma of the skin), collagen vascular 
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disease, metabolic bone disease, and the presence of toxins 
are all contraindications to donation. No system is perfect, 
and the transmission of disease by allograft material has been 
reported from single donors to multiple recipients.

Bone and ligament and bone and tendon are now banked 
for use as allografts. The use of allograft ligaments and tendons 
in knee surgery is discussed in Chapter 45. Bone can be stored 
and sterilized in several forms. It can be harvested in a clean, 
nonsterile environment; sterilized by irradiation, strong acid, 
or ethylene oxide; and freeze-dried for storage. Bone under 
sterile conditions can be deep frozen (−70°C to −80°C) for 
storage. Fresh frozen bone is stronger than freeze-dried bone 
and better as structural allograft material. Articular carti-
lage and menisci also can be cryopreserved in this manner. 
Cancellous allografts incorporate to host bone, as do autog-
enous cancellous grafts. These allografts are mineralized and 
are not osteoinductive, although they are osteoconductive. 
Cancellous allografts can be obtained in a demineralized 
form that increases osteogenic potential but greatly decreases 
resistance to compressive forces.

Cortical allografts are invaded by host blood vessels and 
substituted slowly with new host bone to a limited degree, 
especially in massive allografts. This probably accounts for the 
high incidence of fracture in these grafts because dead bone 
cannot remodel in response to cyclic loading and then fails. 

CANCELLOUS BONE GRAFT SUBSTITUTES
Interest in bone graft substitutes has mushroomed in recent 
years. Dozens of products are in general use or in clinical tri-
als. To understand better the properties of these products, the 
following bone synthesis processes need to be understood 
(see Table 1.5). Graft osteogenesis is the ability of cellular ele-
ments within a graft that survive transplantation to synthe-
size new bone. Graft osteoinduction is the ability of a graft to 
recruit host mesenchymal stem cells into the graft that dif-
ferentiate into osteoblasts. Bone morphogenetic proteins and 
other growth factors in the graft facilitate this process. Graft 
osteoconduction is the ability of a graft to facilitate blood ves-
sel ingrowth and bone formation into a scaffold structure.

Bone graft substitutes can replace autologous or allogenic 
grafts or expand an existing amount of available graft mate-
rial. Autologous cancellous and cortical grafts are still the “gold 
standards” against which all other graft forms are judged. Bone 

graft substitutes are classified based on properties outlined in 
Table 1.6. FDA-approved applications for these products are 
variable and ever changing. Table 1.7 lists bone graft substitutes 
that are FDA approved with published, peer-reviewed, level I or 
II human studies as burden of proof. Surgeons must carefully 
review the manufacturers’ stated indications and directions for 
use. For more in-depth discussions of the biologic events in 
bone graft incorporation, see the reviews by Khan et al. and 
Gardiner and Weitzel. The Orthopaedic Trauma Association 
Orthobiologics Committee (DeLong et al.) reported a review 
of the literature on bone grafts and bone graft substitutes and 
provided recommendations to the orthopaedic community 
based on levels of evidence. Kurien et  al. reviewed 59 bone 

 TABLE 1.5 

Bone Graft Activity by Type

GRAFT OSTEOGENESIS OSTEOCONDUCTION OSTEOINDUCTION MECHANICAL PROPERTIES VASCULARITY

AUTOGRAFT

Bone marrow ++ ± + − −
Cancellous ++ ++ + + −
Cortical + + ± ++ −
Vascularized ++ ++ + ++ ++

ALLOGRAFT

Cancellous − ++ + + −
Cortical − ± ± ++ −
Demineralized − ++ +++ − −

From Kahn SN, et al: The biology of bone grafting, J Am Acad Orthop Surg 13:80, 2005.

 TABLE 1.6

Classification of Bone Graft Substitutes

PROPERTY DESCRIPTION CLASSES
Osteoconduction Provides a passive 

porous scaffold to 
support or direct 
bone formation

Calcium sulfate, 
ceramics, cal-
cium phosphate 
cements, collagen, 
bioactive glass, 
synthetic polymers

Osteoinduction Induces differentia-
tion of stem cells 
into osteogenic 
cells

Demineralized 
bone matrix, bone 
morphogenic 
proteins, growth 
factors, gene 
therapy

Osteogenesis Provides stem cells 
with osteogenic 
potential, which 
directly lays down 
new bone

Bone marrow 
aspirate

Combined Provides more 
than one of the 
above mentioned 
properties

Composites

From Parikh SN: Bone graft substitutes in modern orthopedics, Orthopedics 
25:1301, 2002.
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graft substitutes available for use in the United Kingdom, only 
22 of which had peer-reviewed published clinical literature. 
They questioned the need for so many products and called 
for more prospective randomized trials. They also provided a 
good review of uses of various bone graft substitutes.

Bone graft substitutes are not without complications, 
however. Recombinant human bone morphogenic protein-2 
(rh BMP-2) has been associated with an increased cancer risk. 
Data from a randomized trial involving over 500 patients who 
had spine fusion with single-level lumbar fusion using rh 
BMP-2 in a compression-resistant material showed a signifi-
cant increase of cancer events in the rh BMP-2 group. A 16% 
complication rate involving soft-tissue inflammation also was 
noted in another study of 31 patients after the use of trical-
cium phosphate and calcium sulfate. An increased risk for 
retrograde ejaculation also has been reported after anterior 
lumbar interbody fusion using rh BMP-2.

The use of bone graft substitutes containing recombi-
nant proteins or synthetic peptides in younger patients with 
developing skeletons has not been approved by the U.S. FDA. 
The extra stimulation for bone growth can lead to injury. The 

agency has received reports of fluid accumulation, excessive 
bone growth, delayed bone healing, and swelling from the off-
label use of these products in juveniles.

The use of stem cells in bone graft substitutes is consid-
ered investigational. The FDA has recently stated: “A major 
challenge posed by SC [stem cell] therapy is the need to 
ensure their efficacy and safety. Cells manufactured in large 
quantities outside their natural environment in the human 
body can become ineffective or dangerous and produce sig-
nificant adverse effects, such as tumors, severe immune reac-
tions, or growth of unwanted tissue.”

Demineralized bone matrix (DBM) is considered mini-
mally processed allograft tissue and, therefore, does not 
require approval from the FDA for use. The use of mesen-
chymal stem-cell (autograft or allograft) therapy alone or 
in combination with bone graft substitutes is considered 
investigational. There is controversy as to whether or not 
the combination of DBM plus stem cells constitutes a mini-
mally processed tissue. Some believe that since these products 
require the metabolic activity of living cells, they should be 
considered biologic products and, therefore, be required to 

 TABLE 1.7 

Commercially Available FDA-Approved Bone Graft Substitutes With Peer-Reviewed Published Level I-II 
Human Studies as Burden of Proof (2010)

PRODUCT COMPOSITION AND MECHANISM OF ACTION FDA STATUS
HEALOS
DePuy Spine

Mineralized collagen matrix in strips of varying sizes
Mechanisms of action: osteoinduction/conduction, creeping 
substitution, osteogenesis when mixed with autogenous bone 
graft

Cleared as bone filler but 
must be used with autog-
enous bone marrow

Vitoss
Orthovita

100% beta TCP; 80% beta TCP/20% collagen; 70% beta 
TCP/20% collagen/10% bioactive glass as putty, strip, flow, 
morsels, or shapes
Mechanism of action: osteoconduction/bioresorbable, bioac-
tive, osteostimulation, osteogenesis, and osteoinduction when 
mixed with bone marrow aspirate

Cleared as bone void filler

NovaBone
NovaBone/MTF

Bioactive silicate in particulate or putty or morsel form
Mechanism of action: osteoconduction, bioresorbable, 
osteostimulation

Cleared as a bone void filler

GRAFTON
A-FLEX, Flex, Matrix Scoliosis 
Strips, Putty
Osteotech

DBM fiber technology in flexible sheets of varying shapes and 
sizes or moldable or packable graft
Mechanism of action: osteoinduction/conduction, incorpora-
tion, osteogenesis when mixed with autogenous bone graft or 
bone marrow aspirate

Cleared as bone graft sub-
stitute, bone graft extender, 
and bone void filler

GRAFTON
Crunch
Orthoblend Large Defect
Orthoblend Small Defect
Osteotech

DBM fibers with demineralized cortical cubes or crushed can-
cellous chips as packable or moldable graft
Mechanism of action: osteoinduction/conduction, incorpora-
tion, osteogenesis when mixed with autogenous bone graft or 
bone marrow aspirate

Cleared as bone graft sub-
stitute, bone graft extender, 
and bone void filler

GRAFTON
Gel
Osteotech

DBM in a syringe for MIS and percutaneous injectable graft
Mechanism of action: osteoinduction/conduction, incorpora-
tion, osteogenesis when mixed with autogenous bone graft or 
bone marrow aspirate

Cleared as bone graft sub-
stitute, bone graft extender, 
and bone void filler

GRAFTON Plus  
Paste
Osteotech

DBM in a syringe for MIS injectable graft that resists irrigation
Mechanism of action: osteoinduction/conduction, incorpora-
tion, osteogenesis when mixed with autogenous bone graft or 
bone marrow aspirate

Cleared as bone graft sub-
stitute, bone graft extender, 
and bone void filler

DBM, Demineralized bone matrix; MIS, minimally invasive surgery; TCP, tricalcium phosphate.
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demonstrate safety and efficacy and be considered investiga-
tional drugs that require a biologic application license. 

INDICATIONS FOR VARIOUS BONE GRAFT 
TECHNIQUES

ONLAY CORTICAL GRAFTS
Until relatively inert metals became available, the onlay bone 
graft (see Chapter 59) was the simplest and most effective 
treatment for most ununited diaphyseal fractures. Usually the 
cortical graft was supplemented by cancellous bone for osteo-
genesis. The onlay graft is applicable to a limited group of fresh, 
malunited, and ununited fractures and after osteotomies.

Cortical grafts also are used when bridging joints to 
produce arthrodesis, not only for osteogenesis but also for 
fixation. Fixation as a rule is best furnished by internal or 
external metallic devices. Only in an extremely unusual situa-
tion would a cortical onlay graft be indicated for fixation, and 
then only in small bones and when little stress is expected. 
For osteogenesis, the thick cortical graft has largely been 
replaced by thin cortical and cancellous bone from the ilium. 
Dual onlay bone grafts are useful when treating difficult 
and unusual nonunions or for bridging massive defects (see 
Chapter 59). The treatment of a nonunion near a joint is dif-
ficult because the fragment nearest the joint is usually small, 
osteoporotic, and largely cancellous, having only a thin cor-
tex. It often is so small and soft that fixation with a single graft 
is impossible because screws tend to pull out of it and wire 
sutures cut through it. Dual grafts provide stability because 
they grip the small fragment-like forceps.

The advantages of dual grafts for bridging defects are as 
follows: (1) mechanical fixation is better than fixation by a 
single onlay bone graft; (2) the two grafts add strength and 
stability; (3) the grafts form a trough into which cancellous 
bone may be packed; and (4) during healing, the dual grafts, 
in contrast to a single graft, prevent contracting fibrous tissue 
from compromising transplanted cancellous bone. A whole 
fibular graft usually is better than dual grafts for bridging 
defects in the upper extremity except when the bone is osteo-
porotic or when the nonunion is near a joint.

The disadvantages of dual grafts are the same as those 
of single cortical grafts: (1) they are not as strong as metal-
lic fixation devices; (2) an extremity usually must serve as a 
donor site if autogenous grafts are used; and (3) they are not 
as osteogenic as autogenous iliac grafts, and the surgery nec-
essary to obtain them has more risk. 

INLAY GRAFTS
By the inlay technique, a slot or rectangular defect is created 
in the cortex of the host bone, usually with a power saw. A 
graft the same size or slightly smaller is fitted into the defect. 
In the treatment of diaphyseal nonunions, the onlay tech-
nique is simpler and more efficient and has almost replaced 
the inlay graft. The latter still is occasionally used in arthro-
desis, particularly at the ankle (see Chapter 11). 

MULTIPLE CANCELLOUS CHIP GRAFTS
Multiple chips of cancellous bone are widely used for grafting. 
Segments of cancellous bone are the best osteogenic mate-
rial available. They are particularly useful for filling cavities 
or defects resulting from cysts, tumors, or other causes; for 
establishing bone blocks; and for wedging in osteotomies. 
Being soft and friable, this bone can be packed into any nook 

or crevice. The ilium is a good source of cancellous bone; and 
if some rigidity and strength are desired, the cortical elements 
may be retained. In most bone grafting procedures that use 
cortical bone or metallic devices for fixation, supplementary 
cancellous bone chips or strips are used to hasten healing. 
Cancellous grafts are particularly applicable to arthrodesis of 
the spine because osteogenesis is the prime concern.

Iliac crest cancellous grafts can be easily harvested from 
the anterior crest, using an acetabular reamer as described by 
Dick with excellent results and no graft-related complications 
as reported by Brawley and Simpson.

Large-volume cancellous bone grafts can be harvested 
from the femoral canal using a RIA as described by Newman 
et al. 

HEMICYLINDRICAL GRAFTS
Hemicylindrical grafts are suitable for obliterating large 
defects of the tibia and femur. A massive hemicylindrical cor-
tical graft from the affected bone is placed across the defect 
and is supplemented by cancellous iliac bone. A procedure 
of this magnitude has only limited use, but it is applicable for 
resection of bone tumors when amputation is to be avoided. 

WHOLE-BONE TRANSPLANT
The fibula provides the most practical graft for bridging 
long defects in the diaphyseal portion of bones of the upper 
extremity, unless the nonunion is near a joint. A fibular graft 
is stronger than a full-thickness tibial graft. When soft tis-
sue is scant, a wound that cannot be closed over dual grafts 
can be closed over a fibular graft. Disability after removing 
a fibular graft is less than after removing a larger tibial graft. 
In children, the fibula can be used to span a long gap in the 
tibia, usually by a two-stage procedure (see Chapter 59). The 
shape of the proximal end of the fibula makes it a satisfactory 
substitute for the distal end of the fibula or distal end of the 
radius.

A free vascularized fibular autograft has greater osteo-
genic potential for incorporation but is technically much 
more demanding to use. Bone transplants consisting of whole 
segments of the tibia or femur, usually freeze dried or fresh 
frozen, are available. Their greatest use is in the treatment of 
defects of the long bones produced by massive resections for 
bone tumors or complex total joint revisions (see Chapter 59). 

CONDITIONS FAVORABLE FOR BONE 
GRAFTING
For a bone grafting procedure to be successful, patient fac-
tors, such as patient overall condition and recipient site prep-
aration, must be optimal, as outlined in Table 1.8.

PREPARATION OF BONE GRAFTS 
 

REMOVAL OF A TIBIAL GRAFT

 TECHNIQUE 1.6 

 n  To avoid excessive loss of blood, use a tourniquet (pref-
erably pneumatic) when the tibial graft is removed. Af-
ter removal of the graft, the tourniquet may be released 
without disturbing the sterile drapes.
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 n  Make a slightly curved longitudinal incision over the an-
teromedial surface of the tibia, placing it to prevent a 
painful scar over the crest.

 n  Without reflecting the skin, incise the periosteum to the 
bone.

 n  With a periosteal elevator, reflect the periosteum, medi-
ally and laterally, exposing the entire surface of the tibia 
between the crest and the medial border. For better ex-
posure at each end of the longitudinal incision, incise the 
periosteum transversely; the incision through the perios-
teum is I shaped.

 n  Because of the shape of the tibia, the graft usually is wider 
at the proximal end than at the distal end. This equal-
izes the strength of the graft because the cortex is thin-
ner proximally than distally (Fig. 1.20). Before cutting the 
graft, drill a hole at each corner of the anticipated area.

 n  With a single-blade saw, remove the graft by cutting 
through the cortex at an oblique angle, preserving the 
anterior and medial borders of the tibia. Do not cut be-
yond the holes, especially when cutting across at the 
ends; overcutting here weakens the donor bone and may 
serve as the starting point of a future fracture. This is 
particularly true at the distal end of the graft.

 n  As the graft is pried from its bed, have an assistant grasp 
it firmly to prevent it from dropping to the floor.

 n  Before closing the wound, remove additional cancellous 
bone from the proximal end of the tibia with a curet. Take 
care to avoid the articular surface of the tibia or, in a child, 
the physis.

 n  The periosteum over the tibia is relatively thick in children 
and usually can be sutured as a separate layer. In adults, it 
is often thin, and closure may be unsatisfactory; suturing 
the periosteum and the deep portion of the subcutaneous 
tissues as a single layer usually is wise.

 n  If the graft has been properly cut, little shaping is neces-
sary. Our practice is to remove the endosteal side of the 
graft because (1) the thin endosteal portion provides a 
graft to be placed across from the cortical graft; and (2) 
the endosteal surface, being rough and irregular, should 
be removed to ensure good contact of the graft with the 
host bone.
   

 

REMOVAL OF FIBULAR GRAFTS
Three points should be considered in the removal of a fibu-
lar graft: (1) the peroneal nerve must not be damaged; (2) 
the distal fourth of the bone must be left to maintain a sta-
ble ankle; and (3) the peroneal muscles should not be cut.

 TECHNIQUE 1.7  FIGURES 1.21 and 1.22

 n  For most grafting procedures, resect the middle third or 
middle half of the fibula through a Henry approach.

 n  Dissect along the anterior surface of the septum between 
the peroneus longus and soleus muscles.

 TABLE 1.8

Local and Systemic Factors Influencing Graft 
Incorporation

POSITIVE FACTORS NEGATIVE FACTORS

LOCAL LOCAL

Electrical stimulation
Good vascular supply  

at the graft site
Growth factors
Large surface area
Mechanical loading
Mechanical stability

Denervation
Infection
Local bone disease
Radiation
Tumor mechanical instability

SYSTEMIC SYSTEMIC

Growth hormone
Insulin
Parathyroid hormone
Somatomedins
Thyroid hormone
Vitamins A and D

Chemotherapy
Corticosteroids
Diabetes
Malnutrition
Metabolic bone disease
Nonsteroidal antiinflamma-

tory drugs
Sepsis
Smoking

 

Middle of shaft

Tibial tuberosity

FIGURE 1.20 Method of removing tibial graft. Graft is wider 
proximally than distally. A hole is drilled at each corner before 
cutting to decrease stress riser effect of sharp corner after removal 
of graft. Cortex is cut through at an oblique angle. SEE TECHNIQUE 
1.6.
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Section 93
Level of tibial tuberosity

Section 97
Level near junction of upper and 

middle thirds of tibia

Section 101
Level of junction of middle and lower thirds of tibia

Line of incision 
for tibial graft

Tibial graft

Tibia

Line of incision 
for tibial graft

Tibial graft

Tibia 

Deep and superficial
peroneal nerves

Fibula Fibula

Peroneus longus
and brevis muscles

Soleus muscle

Line of incision
for fibular graft

Line of incision 
for tibial graft
Tibial graft

Peroneus longus
and brevis muscles

Flexor hallucis longus muscle

Line of incision
for fibular graft

Soleus muscle

FIGURE 1.21 Cross-sections of leg showing line of approach for removal of whole fibular 
transplants or tibial grafts. Colored segment shows portion of tibia to be removed. Thick, strong 
angles of tibia are not violated. SEE TECHNIQUE 1.7.

 

A B C

Incision

Section 93

Section 97

Section 101

Biceps
muscle

Common
peroneal 
nerve

Peroneal
muscles
(reflected)

Common peroneal
nerve

Gastrocnemius
muscle

Soleus
muscle

Fibula

FIGURE 1.22 Resection of fibula for transplant. A, Line of skin incision; levels of cross-sections 
shown in Figure 1.21 are indicated. B, Relation of common peroneal nerve to fibular head and neck. 
C, Henry method of displacing peroneal nerve to expose fibular head and neck. SEE TECHNIQUE 1.7.
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 n  Reflect the peroneal muscles anteriorly after subperiosteal 
dissection.

 n  Begin the stripping distally and progress proximally so 
that the oblique origin of the muscle fibers from the bone 
tends to press the periosteal elevator toward the fibula.

 n  Drill small holes through the fibula at the proximal and 
distal ends of the graft.

 n  Connect the holes by multiple small bites with the bone-
biting forceps to osteotomize the bone; otherwise, the 
bone may be crushed. A Gigli saw, an oscillating power 
saw, or a thin, air-powered cutting drill can be used. An 
osteotome may split or fracture the graft. The nutrient 
artery enters the bone near the middle of the posterior 
surface and occasionally may require ligation.

 n  If the transplant is to substitute for the distal end of the ra-
dius or for the distal end of the fibula, resect the proximal 
third of the fibula through the proximal end of the Henry 
approach and take care to avoid damaging the peroneal 
nerve.

 n  Expose the nerve first at the posteromedial aspect of the 
distal end of the biceps femoris tendon and trace it distally 
to where it winds around the neck of the fibula. In this lo-
cation, the nerve is covered by the origin of the peroneus 
longus muscle. With the back of the knife blade toward 
the nerve, divide the thin slip of peroneus longus muscle 
bridging it. Displace the nerve from its normal bed into an 
anterior position.

 n  As the dissection continues, protect the anterior tibial ves-
sels that pass between the neck of the fibula and the tibia 
by subperiosteal dissection.

 n  After the resection is complete, suture the biceps tendon 
and the fibular collateral ligament to the adjacent soft 
tissues.
  

CANCELLOUS ILIAC CREST BONE GRAFTS
Unless considerable strength is required, the cancellous graft 
fulfills almost any requirement. Regardless of whether the 
cells in the graft remain viable, clinical results indicate that 
cancellous grafts incorporate with the host bone more rapidly 
than do cortical grafts.

Large cancellous and corticocancellous grafts may be 
obtained from the anterior superior iliac crest and the poste-
rior iliac crest. Small cancellous grafts may be obtained from 
the greater trochanter of the femur, femoral condyle, proxi-
mal tibial metaphysis, medial malleolus of the tibia, olecra-
non, and distal radius. At least 2 cm of subchondral bone 
must remain to avoid collapse of the articular surface.

If form and rigidity are unnecessary, multiple sliver or 
chip grafts may be removed. When preservation of the iliac 
crest is desirable, the outer cortex of the ilium may be removed 
along with considerable cancellous bone. If a more rigid piece 
of bone is desirable, the posterior or anterior one third of the 
crest of the ilium is a satisfactory donor site. For wedge grafts, 
the cuts are made at a right angle to the crest. Jones et al. found 
that full-thickness iliac grafts harvested with a power saw are 
stronger than grafts harvested with an osteotome, presumably 
because of less microfracturing of bone with the saw.

If the patient is prone, the posterior third of the ilium is 
used; if the patient is supine, the anterior third is available 
(Fig. 1.23). In children, the physis of the iliac crest is ordinarily 

preserved together with the attached muscles. To accomplish 
this, a cut is made parallel to and below the apophysis, and 
this segment is fractured in greenstick fashion at the poste-
rior end. Ordinarily, only one cortex and the cancellous bone 
are removed for grafts, and the fractured crest, along with 
the apophysis, is replaced in contact with the remnant of the 
ilium and is held in place with heavy nonabsorbable sutures. 
When full-thickness grafts are removed from the ilium in 
adults, a similar procedure may be used, preserving the crest 
of the ilium and its external contour. The patient cannot read-
ily detect the absence of the bone, and the cosmetic result is 
superior. This method also is less likely to result in a “landslide” 
hernia. Wolfe and Kawamoto reported a method of taking full-
thickness bone from the anterior ilium; the iliac crest is split off 
obliquely medially and laterally so that the edges of the crest 
may be reapproximated after the bone has been excised (Fig. 
1.24). They also used this method in older children without 
any evidence of growth disturbance of the iliac crestal physis. 

 

REMOVAL OF AN ILIAC BONE GRAFT
Harvesting autograft bone from the ilium is not without 
complications. Hernias have been reported to develop in 
patients from whom massive full-thickness iliac grafts were 
taken. Muscle-pedicle grafts for arthrodesis of the hip (see 
Chapter 5 for hip arthrodesis techniques) also have resulted 
in a hernia when both cortices were removed. With this 
graft, the abductor muscles and the layer of periosteum lat-
erally are removed with the graft. Careful repair of the sup-
porting structures remaining after removal of an iliac graft 
is important and probably the best method of preventing 
these hernias. Full-thickness windows made below the iliac 
crest are less likely to lead to hernia formation. In addition 
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FIGURE 1.23 Coronal sections (A-D) from anterior portion 
of ilium. Accompanying cross-sections show width of bone and its 
cancellous structure. Iliac grafts for fusion of spine are ordinarily 
removed from posterior third of crest (E-G).
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to hernia formation, nerve injury, arterial injury, or cosmetic 
deformity can be a problem after harvesting of iliac bone. 
The lateral femoral cutaneous and ilioinguinal nerves are 
at risk during harvest of bone from the anterior ilium. The 
superior cluneal nerves are at risk if dissection is carried 
farther than 8 cm lateral to the posterior superior iliac spine 
(Fig. 1.25). The superior gluteal vessels can be damaged by 
retraction against the roof of the sciatic notch. Removal of 
large full-thickness grafts from the anterior ilium can alter 
the contour of the anterior crest, producing significant cos-
metic deformity. Arteriovenous fistula, pseudoaneurysm, 
ureteral injury, anterior superior iliac spine avulsion, and 
pelvic instability have been reported as major complications 
of iliac crest graft procurement.

 TECHNIQUE 1.8 

 n  Make an incision along the subcutaneous border of the 
iliac crest at the point of contact of the periosteum with 
the origins of the gluteal and trunk muscles; carry the 
incision down to the bone.

 n  When the crest of the ilium is not required as part of the 
graft, split off the lateral side or both sides of the crest in 
continuity with the periosteum and the attached muscles. 
To avoid hemorrhage, dissect subperiosteally.

 n  If a cancellous graft with one cortex is desired, elevate 
only the muscles from either the inner or the outer table 
of the ilium. The inner cortical table with underlying can-
cellous bone may be preferable, owing to body habitus.

 n  For full-thickness grafts, also strip the iliacus muscle from 
the inner table of the ilium (Fig. 1.26).

 n  When chip or sliver grafts are required, remove them with 
an osteotome or gouge from the outer surface of the 
wing of the ilium, taking only one cortex.

 n  After removal of the crest, considerable cancellous bone 
may be obtained by inserting a curet into the cancellous 
space between the two intact cortices.

 n  When removing a cortical graft from the outer table, first 
outline the area with an osteotome or power saw. Then 
peel the graft up with slight prying motions with a broad 
osteotome. Wedge grafts or full-thickness grafts may be 
removed more easily with a power saw; this technique 

 

A B C D

FIGURE 1.24 Wolfe-Kawamoto technique of taking iliac bone graft. A and B, Outer ridges 
of iliac crest are split off obliquely with retention of muscular and periosteal attachments. C and 
D, Closure of donor site. Note offset anteriorly for reattachment of crest to anterior superior iliac 
spine (D).  (Redrawn from Wolfe SA, Kawamoto HK: Taking the iliac-bone graft: a new technique, J Bone 
Joint Surg 60A:411, 1978.)

 

Posterosuperior
iliac spine

Superior cluneal
nerves

8 cm

Line of dissection

FIGURE 1.25 Posteroanterior view of pelvis showing superior 
cluneal nerves crossing over posterior iliac crest beginning 8 cm 
lateral to posterior superior iliac spine. SEE TECHNIQUE 1.8.
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also is less traumatic than when an osteotome and mal-
let are used. For this purpose, an oscillating saw or an 
air-powered cutting drill is satisfactory. Avoid excessive 
heat by irrigating with saline at room temperature. Avoid 
removing too much of the crest anteriorly and leaving an 
unsightly deformity posteriorly (Fig. 1.27).

 n  After removal of the grafts, accurately appose and suture 
the periosteum and muscular origins with strong inter-
rupted sutures.

 n  Bleeding from the ilium is sometimes profuse; avoid using 
Gelfoam and bone wax and depend on wound packing 
and local pressure. Gelfoam and bone wax are foreign 
materials. Bone wax is said to impair bone healing, and 
Gelfoam in large amounts has been associated with sterile 
serous drainage from wounds. Microcrystalline collagen 
has been reported to be more efficient in reducing blood 
loss from cancellous bone than either thrombin powder 
or thrombin-soaked gelatin foam. Gentle wound suction 
for 24 to 48 hours combined with meticulous obliteration 
of dead space is satisfactory for the management of these 
wounds.

 n  When harvesting bone from the posterior ilium, Colter-
john and Bednar recommended making the incision par-
allel to the superior cluneal nerves and perpendicular to 
the posterior iliac crest (see Fig. 1.25).
   

SURGICAL APPROACHES
A surgical approach should provide easy access to all struc-
tures sought. The incision should be long enough not to hinder 
any part of the operation. When practical, it should parallel or 
at least consider the natural creases of the skin to avoid unde-
sirable scars. A longitudinal incision on the flexor or extensor 
surface of a joint may cause a large, unsightly scar or even a 
keloid that may permanently restrict motion. A longitudinal 

midlateral incision, especially on a finger or thumb or on the 
ulnar border of the hand, produces little scarring because it 
is located where movements of the skin are relatively slight. 
The approach also should do as little damage as possible to the 
deeper structures. It should follow lines of cleavage and planes 
of fascia and when possible should pass between muscles 
rather than through them. Important nerves and vessels must 
be spared by locating and protecting them or by avoiding them 
completely; when an important structure is in immediate dan-
ger, it should be exposed. In addition to learning approaches 
described by others, the surgeon should know the anatomy so 
well that an approach can be modified when necessary.

Not all approaches are described in this chapter, but 
rather only those found suitable for most of the orthopaedic 
operations now in use. Additional approaches are described 
in other sections of this book. There has been recent interest 
in less invasive total joint arthroplasties. These approaches are 
outlined in Chapters 3, 7, 10, 12.

Making a long incision parallel to the scar of a previous 
long incision is unjustified. An incision through an old scar 
heals as well as a new incision; and even though the scar may 
not be ideally located, the deeper structures may be reached 
by retracting the skin and subcutaneous tissues. A second 
incision made parallel to and near an old scar may impair the 
circulation in the strip of skin between the two, leading to 
skin slough.

The position of the patient for surgery also is impor-
tant. It should be properly established before the operation is 
begun, and provisions should be made to prevent undesirable 
changes in position during the operation. The surgeon should 
be able to reach all parts of the surgical field easily. If there 

 FIGURE 1.26 Method of removing full-thickness coronal 
segment of ilium. SEE TECHNIQUE 1.8.

 FIGURE 1.27 Defect in ilium after large graft was removed. 
Anterior border of ilium that included the anterior superior iliac 
spine was preserved, but because the defect was so large, deformity 
was visible even under clothing. Unsightly contour was improved by 
removing more bone from the crest posteriorly. SEE TECHNIQUE 1.8.
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is a chance that intraoperative fluoroscopy will be needed, a 
radiolucent table should be used.

A tourniquet, unless specifically contraindicated, should 
always be used in surgery on the extremities; the dry field it 
provides makes the dissection easier, the surgical technique 
less traumatic, and the time required for the operation shorter. 
Also, in a dry field, the cutaneous nerves are identified and 
protected more easily, and they often may be used as guides 
to deeper structures. The identification, dissection, and liga-
tion of vessels are also made easier. Although the extremity is 
temporarily ischemic, an electrocautery unit should be used 
to cauterize small vessels that cross the incision. An electro-
cautery unit is even more useful in surgical sites where a tour-
niquet cannot be employed, such as the shoulder, hip, spine, 
or pelvis.

TOES 
 

APPROACH TO THE 
INTERPHALANGEAL JOINTS

 TECHNIQUE 1.9 

 n  For procedures on the interphalangeal joint of the great 
toe, make an incision 2.5 cm long on the medial aspect 
of the toe.

 n  For the interphalangeal joints of the fifth toe, make a 
lateral incision.

 n  Approach the interphalangeal joints of the second, third, 
and fourth toes through an incision just lateral to the cor-
responding extensor tendon.

 n  Carry the dissection through the subcutaneous tissue and 
fascia to the capsule of the joint.

 n  Reflect the edges of the incision with care to avoid dam-
aging the dorsal or plantar digital vessels and nerves; re-
tract the dorsal nerves and vessels dorsally and the plantar 
nerves and vessels plantarward.

 n  To expose the articular surfaces, open the capsule trans-
versely or longitudinally.
  

APPROACHES TO THE 
METATARSOPHALANGEAL JOINT OF THE 
GREAT TOE
The metatarsophalangeal joint of the great toe may be exposed 
in one of several ways. Two ways are described. 

 

MEDIAL APPROACH TO THE GREAT 
TOE METATARSOPHALANGEAL  
JOINT

 TECHNIQUE 1.10 

 n  Make a curved incision 5 cm long on the medial aspect of 
the joint (Fig. 1.28A). Begin it just proximal to the inter-
phalangeal joint, curve it over the dorsum of the metatar-
sophalangeal joint medial to the extensor hallucis longus 

tendon, and end it on the medial aspect of the first meta-
tarsal 2.5 cm proximal to the joint.

 n  As the deep fascia is incised, laterally retract the medial 
branch of the first dorsal metatarsal artery and the medial 
branch of the dorsomedial nerve (a branch of the super-
ficial peroneal nerve), which supplies the medial side of 
the great toe.

 n  Dissect the fascia from the dorsum down to the bursa 
over the medial aspect of the metatarsal head.

 n  Make a curved incision through the bursa and capsule of 
the joint (Fig. 1.28B); begin the incision over the dorso-
medial aspect of the joint, continue it proximally dorsal to 
the metatarsal head and plantarward and distally around 
the joint, and end it distally on the medioplantar aspect 
of the metatarsophalangeal joint. This incision forms an 
elliptical, racquet-shaped flap attached at the base of the 

 

A

B

C

Dorsal digital nerve

Base of proximal phalanx
Flap of bunion

and joint capsule

Head of first metatarsal
(area of bunion)

Incision into bunion
and joint capsule

Skin incision

Head of first metatarsal

FIGURE 1.28 A-C, Medial approach to metatarsophalangeal 
joint of great toe (see text).   (Modified from Hoppenfeld S, deBoer P: 
Surgical exposures in orthopaedics: the anatomic approach, Philadelphia, 
2003, Lippincott Williams & Wilkins.) SEE TECHNIQUE 1.10.
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proximal phalanx (Fig. 1.28C). Although distal reflection 
of this flap amply exposes the first metatarsophalangeal 
joint, the use of a dorsomedial approach is preferable be-
cause healing of the skin flap may be delayed.
   

 

DORSOMEDIAL APPROACH TO GREAT 
TOE METATARSOPHALANGEAL JOINT

 TECHNIQUE 1.11 

 n  Begin the incision just proximal to the interphalangeal 
joint and continue it proximally for 5 cm parallel with and 
medial to the extensor hallucis longus tendon.

 n  To expose the capsule, divide the fascia and retract the 
tendon.

 n  The capsule can be incised by forming a flap with its at-
tachment at the base of the first phalanx, as in the preced-
ing approach, or by continuing the dissection in the plane 
of the skin incision.
   

 

APPROACH TO THE LESSER TOE 
METATARSOPHALANGEAL JOINTS

 TECHNIQUE 1.12 

 n  The second, third, and fourth metatarsophalangeal joints 
are reached by a dorsolateral incision parallel to the cor-
responding extensor tendon (Fig. 1.29).

 n  The fifth metatarsophalangeal joint is best exposed by a 
straight or curved dorsal or dorsolateral incision.

 n  The joint capsules may be opened transversely or longitu-
dinally, as necessary.
  

CALCANEUS
Approaches to the calcaneus are carried out most easily with 
the patient prone. The medial approach, however, can be 
made with the patient supine, the knee flexed, and the foot 
crossed over the opposite leg. The lateral approach also can 
be made with the patient supine by placing a sandbag under 
the ipsilateral buttock, internally rotating the hip, and evert-
ing the foot. 

 

MEDIAL APPROACH TO THE 
CALCANEUS

 TECHNIQUE 1.13  Figure 1.30

 n  Begin the incision 2.5 cm anterior to and 4 cm inferior 
to the medial malleolus, carrying it posteriorly along the 
medial surface of the foot to the Achilles tendon.

 n  Divide the fat and fascia and define the inferior margin of 
the abductor hallucis.

 n  Mobilize the muscle belly and retract it dorsally to expose 
the medial and inferomedial aspects of the body of the 
calcaneus.

 n  Continue the dissection distally by dividing the plantar 
aponeurosis and the muscles attaching to the calcaneus 
or by stripping these from the bone with an osteotome. 
Carefully avoid the medial calcaneal nerve and the nerve 
to the abductor digiti minimi.
The inferior surface of the body of the calcaneus can be 

exposed subperiosteally.
   

 

LATERAL APPROACH TO THE 
CALCANEUS

 TECHNIQUE 1.14 

 n  Begin the incision on the lateral margin of the Achilles 
tendon near its insertion and pass it distally to a point 4 
cm inferior to and 2.5 cm anterior to the lateral malleolus 
(Fig. 1.31).

 n  Divide the superficial and deep fasciae, isolate the pero-
neal tendons and incise and elevate the periosteum below 
the tendons to expose the bone.

 n  If necessary, and if no infection is present, divide the ten-
dons by Z-plasty and repair them later.
   

 

EXTENDED LATERAL APPROACH TO 
THE CALCANEUS
The extended lateral approach was developed for open fixa-
tion of calcaneal fractures. The condition of the skin is most 
important. Swelling and bruised skin are factors leading to 
superficial and deep infections. The initial trauma impairs the 
microvasculature of the skin and subcutaneous tissues. A 
single-layer interrupted absorbable subcuticular suture is rec-
ommended for closure. This is less traumatic to the skin and 
subcutaneous tissues than a two-layer closure. An inverse 
relationship between surgeon experience and wound com-
plications has been demonstrated, and patient age and use 
of nicotine in any form are also important factors.

 TECHNIQUE 1.15 

 n  Beginning several centimeters proximal to the posterior 
tuberosity and the lateral edge of the Achilles tendon, be-
gin the incision and carry it to the smooth skin just above 
the heel pad. Curve the incision anteriorly following the 
contour of the heel and carry it to below the tip of the 
fifth metatarsal base (Fig. 1.31A).

 n  Develop a full-thickness flap containing the peroneal ten-
dons and sural nerve.
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FIGURE 1.29 Approaches to metatarsophalangeal joints of second to fifth toes. A, Skin incision. 
B, Incision through deep fascia medial to tendons. C, Longitudinal incision in joint capsule. D, Joint 
is exposed.  (Modified from Hoppenfeld S, deBoer P: Surgical exposures in orthopaedics: the anatomic 
approach, Philadelphia, 2003, Lippincott Williams & Wilkins.) SEE TECHNIQUE 1.12.
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  FIGURE 1.30 Medial approach to calcaneus. A, Skin incision. B, Fascial incision. C, Isolation of 
neurovascular bundle. (Modified from Burdeaux BD: Reduction of calcaneal fractures by the McReynolds medial 
approach technique and its experimental basis, Clin Orthop Relat Res 177:93, 1983.) SEE TECHNIQUE 1.13.
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 n  Reflect it anteriorly and hold it in place with one or two 
Kirschner wires drilled into the lateral talus.

 n  At closure, use a single layer of interrupted 2-0 absorb-
able sutures.

 n  Use a single tube vacuum drain and apply a sterile Jones-
type compression dressing.
   

 

SINUS TARSI APPROACH
The extended lateral approach is usually considered the 
approach of choice for intra-articular os calcis fractures. 
Soft-tissue problems are the major concern because the 
lateral calcaneal flap is thin. A limited lateral approach such 
as the sinus tarsi approach is a good alternative to reduce 
soft-tissue complications and is preferred at this time.

 TECHNIQUE 1.16 

(PARK AND CHO)
 n  Place the patient in the lateral decubitus position on a 

radiolucent table.
 n  Make an oblique incision just beneath the tip of the lateral 

malleolus and carry it toward the fourth metatarsal base 
(Fig. 1.32).

 n  Deepen the dissection while preserving the sural nerve.
 n  Reflect the peroneal tendons inferiorly and open the sub-

talar joint.
 n  Incise the calcaneofibular ligament if needed for  exposure.

   

 

U-SHAPED APPROACH TO THE 
CALCANEUS

 TECHNIQUE 1.17 

 n  With the patient prone, support the leg on a large 
 sandbag.

 n  For access to the entire plantar surface of the calcaneus, 
make a large U-shaped incision around the posterior four 
fifths of the bone (Fig. 1.33).

 n  After the dissections described, retract a flap consisting of 
skin, the fatty heel pad, and the plantar fascia.
   

 

CBA

Peroneus brevis muscle

Peroneus
longus muscle

Skin incision

Incision for extended
lateral approach

Incision in periosteum
of calcaneus

Calcaneus

FIGURE 1.31 Lateral approach to calcaneus. A, Skin incision. B, Incision in periosteum of 
calcaneus. C, Calcaneus is exposed. SEE TECHNIQUES 1.14 AND 1.15.

 FIGURE 1.32 Sinus tarsi approach. Oblique skin incision under 
tip of lateral malleolus directed toward the fourth metatarsal base. 
SEE TECHNIQUE 1.16.
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KOCHER APPROACH (CURVED L) TO 
THE CALCANEUS

 TECHNIQUE 1.18 

 n  The Kocher approach is suitable for complete excision of the 
calcaneus in cases of tumor or infection (see Fig. 1.36B).

 n  Incise the skin over the medial border of the Achilles 
tendon from 7.5 cm proximal to the tuberosity of the 
calcaneus to the inferoposterior aspect of the tuberosity, 
continuing it transversely around the posterior aspect of 
the calcaneus and distally along the lateral surface of the 
foot to the tuberosity of the fifth metatarsal.

 n  Divide the Achilles tendon at its insertion and carry the 
dissection down to the bone.

 n  To reach the superior surface, free all tissues beneath the 
severed Achilles tendon.

 n  The calcaneus may be enucleated with or without its peri-
osteal attachments.

 n  The central third of the incision is ideal for fixation of 
posterior tuberosity avulsion fractures.
   

TARSUS AND ANKLE
ANTERIOR APPROACHES 

 

ANTEROLATERAL APPROACH TO 
CHOPART JOINT
The anterolateral approach gives excellent access to the 
ankle joint, the talus, and most other tarsal bones and the 
anterior tuberosity of the calcaneal joints, and it avoids 
all important vessels and nerves. Because so many recon-
structive operations and other procedures involve the 
structures exposed, it may well be called the “universal 
incision” for the foot and ankle. It permits excision of the 
entire talus, and the only tarsal joints that it cannot reach 
are those between the navicular and the second and first 
cuneiforms. This approach is good for a single-incision 
“triple” arthrodesis and a pantalar arthrodesis, as the tib-
iotalar, talonavicular, subtalar, and calcaneocuboid joints 
are exposed.
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FIGURE 1.33 U-shaped approach to calcaneus. A, Skin incision. B, Periosteal incision. C, Inci-
sion in plantar aponeurosis and muscles. D, Plantar aponeurosis and muscles are retracted. SEE 
TECHNIQUE 1.17.
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 TECHNIQUE 1.19 

 n  Begin the incision over the anterolateral aspect of the 
leg medial to the fibula and 5 cm proximal to the ankle 
joint, carrying it distally over the joint, the anterolateral 
aspect of the body of the talus, and the calcaneocuboid 
joint, and end it at the base of the fourth metatarsal (Fig. 
1.34A). The incision may begin more proximally or end 
more distally, or any part may be used, as needed.

 n  Incise the fascia and the superior and inferior extensor 
retinacula down to the periosteum of the tibia and the 
capsule of the ankle joint. This dissection usually divides 
the anterolateral malleolar and lateral tarsal arteries.

 n  While retracting the edges of the wound, identify and 
protect the intermediate dorsal cutaneous branches of 
the superficial peroneal nerve.

 n  Divide the extensor digitorum brevis muscle in the direc-
tion of its fibers or detach it from its origin and reflect it 
distally.

 n  Retract the extensor tendons, the dorsalis pedis artery, 
and the deep peroneal nerve medially and incise the 
 capsule.

 n  Expose the talonavicular joint by dissecting deep to the 
tendons and incise its capsule transversely.

 n  Continue the dissection laterally through the capsule of 
the calcaneocuboid joint, which lies on the same plane as 
the talonavicular joint.

 n  Incise the mass of fat lateral to and inferior to the neck of 
the talus to bring the subtalar joint into view.

 n  Extend the dissection distally to provide access to the ar-
ticulation between the cuboid and the fourth and fifth 
metatarsals and between the navicular and the third cu-
neiform (Fig. 1.34B).
   

 

ANTERIOR APPROACH TO EXPOSE  
THE ANKLE JOINT AND BOTH 
MALLEOLI
Gaining access to the part of the ankle joint between the 
medial malleolus and the medial articular facet of the 
body of the talus often is difficult when fusing the ankle 
through the anterolateral approach. Through the anterior 
approach, however, both malleoli may be exposed easily. 
Usually the approach is developed between the extensor 
hallucis longus and extensor digitorum longus tendons (Fig. 
1.35), but it also can be developed between the anterior 
tibial and extensor hallucis longus tendons. In this case, the 
neurovascular bundle is retracted laterally with the long 
extensor tendons of the toes, and the anterior tibial tendon 
is retracted medially.

 TECHNIQUE 1.20 

 n  Begin the incision on the anterior aspect of the leg 7.5 to 
10 cm proximal to the ankle and extend it distally to about 
5 cm distal to the joint. Its length varies with the surgical 
indication (Fig. 1.36A).

 n  Divide the deep fascia in line with the skin incision.
 n  Isolate, ligate, and divide the anterolateral malleolar and 

lateral tarsal arteries, and carefully expose the neurovas-
cular bundle and retract it medially.

 n  Incise the periosteum, capsule, and synovium in line 
with the skin incision, and expose the full width of the 
ankle joint anteriorly by subcapsular and subperiosteal  
dissection.
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FIGURE 1.34 A and B, Anterolateral approach to ankle joint and tarsus. SEE TECHNIQUE 1.19.

    

https://booksmedicos.org


PART I GENERAL PRINCIPLES34

LATERAL APPROACHES TO THE TARSUS 
AND ANKLE 

 

KOCHER LATERAL APPROACH TO THE 
TARSUS AND ANKLE
The Kocher approach gives excellent exposure of the 
midtarsal, subtalar, and ankle joints (Fig. 1.36A). The dis-
advantage of this procedure is that the skin may slough 
around the margins of the incision, especially if disloca-
tion of the ankle has been necessary, as in a talectomy. 
The peroneal tendons usually must be divided. In most 
instances, the anterolateral incision is more satisfactory.

 TECHNIQUE 1.21 

 n  From a point just lateral and distal to the head of the 
talus, curve the incision 2.5 cm inferior to the tip of the 
lateral malleolus, then posteriorly and proximally, and end 
it 2.5 cm posterior to the fibula and 5 cm proximal to the 
tip of the lateral malleolus or, if desired, 5 or 7 cm fur-
ther proximally, parallel with and posterior to the fibula 
(Fig. 1.36A).

 n  Incise the fascia down to the peroneal tendons and retract 
them posteriorly, protecting the lesser saphenous vein 
and sural nerve lying immediately posterior to the incision.

 n  If a larger operative field is necessary, divide the tendons 
by Z-plasty and retract them.

 n  Deepen the dissection distally, divide the calcaneofibular 
ligament, and expose the subtalar joint. The calcaneocu-
boid and talonavicular joints may be reached through the 
distal part of this incision.

 n  After dividing the talofibular ligaments, dislocate the 
ankle by medial traction if access to its entire articular 
surface is desired.
   

 

OLLIER APPROACH TO THE TARSUS
The Ollier approach is excellent for a triple arthrodesis: the 
three joints are exposed through a small opening without 
much retraction, and the wound usually heals well because 
the proximal flap is dissected full thickness and the skin 
edges are protected during retraction (see Chapter 85).

 TECHNIQUE 1.22 

 n  Begin the skin incision over the dorsolateral aspect of the 
talonavicular joint, extend it obliquely inferoposteriorly, 
and end it about 2.5 cm inferior to the lateral malleolus 
(Fig. 1.36C).

 n  Divide the inferior extensor retinaculum in the line of the 
skin incision.

 n  In the superior part of the incision, expose the long exten-
sor tendons to the toes and retract them medially, prefer-
ably without opening their sheaths.

 n  In the inferior part of the incision, expose the peroneal 
tendons and retract them inferiorly.

 n  Divide the origin of the extensor digitorum brevis muscle, 
retract the muscle distally, and bring into view the sinus 
tarsi.

 n  Extend the dissection to expose the subtalar, calcaneocu-
boid, and talonavicular joints.
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FIGURE 1.35 Anterior approach to ankle joint. Extensor 
hallucis longus and anterior tibial tendons, along with neurovas-
cular bundle, are retracted medially. Tendons of extensor digitorum 
longus muscle are retracted laterally. SEE TECHNIQUE 1.20.

 

A

C

B

FIGURE 1.36 A, Kocher approach to ankle. B, Kocher approach 
to calcaneus. C, Ollier approach to midtarsal and subtalar joints. 
SEE TECHNIQUES 1.18, 1.20, 1.21, AND 1.22.
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SINGLE-INCISION POSTEROLATERAL 
APPROACH TO THE LATERAL AND 
POSTERIOR MALLEOLI
Choi et al. described a single-incision oblique posterolateral 
approach for posterior malleolar fracture with an associ-
ated lateral malleolar fracture.

 TECHNIQUE 1.23 

(CHOI ET AL.)
 n  Place the patient in the prone or lateral position.
 n  Make a 10-cm incision following the posterior edge of the 

lateral malleolus and curve it posteriorly at the level of the 
syndesmosis to end at the Achilles tendon insertion on the 
os calcis. Carefully dissect out the sural nerve (Fig. 1.37). 
The incision can be extended proximally if necessary.

 n  Take down the peroneal tendons from the posterior as-
pect of the lateral malleolus, and expose the lateral mal-
leolar fracture.

 n  Develop the interval between the peroneal tendons and 
the flexor hallucis longus.

 n  Retract both the flexor hallucis longus and the Achilles 
tendon medially, exposing the posterior malleolus.
   

 

POSTEROLATERAL APPROACH TO  
THE ANKLE
The Gatellier and Chastang posterolateral approach per-
mits open reduction and internal fixation of fractures of 
the ankle in which the fragment of the posterior tibial lip 
(posterior malleolus) is large and laterally situated. It makes 
use of the fact that the fibula usually is fractured in such 
injuries; should it be intact, it is osteotomized about 10 cm 
proximal to the tip of the lateral malleolus. The approach 
also is used for osteochondritis dissecans involving the 
lateral part of the dome of the talus and for osteochondro-
matosis of the ankle.

 TECHNIQUE 1.24 

(GATELLIER AND CHASTANG)
 n  Begin the incision about 12 cm proximal to the tip of the 

lateral malleolus and extend it distally along the posterior 
margin of the fibula to the tip of the malleolus. Curve 
the incision anteriorly for 2.5 to 4 cm in the line of the 
peroneal tendons (Fig. 1.38).

 n  Expose the fibula, including the lateral malleolus subperi-
osteally, and incise the sheaths of the peroneal retinacula 
and tendons, permitting the tendons to be displaced an-
teriorly.

 n  If the fibula is not fractured, divide it 10 cm proximal to 
the tip of the lateral malleolus and free the distal frag-
ment by dividing the interosseous membrane and the 
anterior and posterior tibiofibular ligaments.

 n  Carefully preserve the calcaneofibular and talofibular liga-
ments to serve as a hinge and to maintain the integrity 
of the ankle after operation. Turn the fibula laterally on 
this hinge and expose the lateral and posterior aspects of 
the distal tibia and the lateral aspect of the ankle joint. 
Great care should be used in children to avoid creating a 
fracture through the distal fibular physis when reflecting 
the fibula.

 n  When closing the incision, replace the fibula and secure 
it with a screw extending transversely from the proximal 
part of the lateral malleolus through the tibiofibular syn-
desmosis into the tibia just proximal and parallel to the 
ankle joint.

 n  Overdrill the hole made in the fibula to allow for compres-
sion across the syndesmosis. Dorsiflex the ankle joint as 
the screw is tightened because the talar dome is wider at 
its anterior half than its posterior half. Failure to overdrill 
the fibula can result in widening of the syndesmosis and 
ankle mortise, with resulting arthritic degeneration of the 
tibiotalar joint. Add additional fixation with a small plate 
and screws if desired.

 n  Replace the tendons, repair the tendon sheaths and reti-
nacula, and close the incision.

 n  After the osteotomy or fracture has healed, remove the 
screw to prevent its becoming loose or breaking.
   

 

ANTEROLATERAL APPROACH TO THE 
LATERAL DOME OF THE TALUS
As an alternative to lateral malleolar osteotomy, Tochigi 
et al. described an anterolateral approach to the lateral 
dome of the talus for extensive lateral osteochondral 
lesions. All but the posterior one fourth of the lateral talus 
can be exposed. An osteotomy of the anterolateral tibia is 
required.

 TECHNIQUE 1.25 

(TOCHIGI, AMENDOLA, MUIR, AND SALTZMAN)
 n  Make a vertical 10-cm incision along the anterolateral 

corner of the ankle, avoiding the lateral branch of the 
superficial peroneal nerve. FIGURE 1.37 Yellow line shows the course of the sural nerve. 

Green line shows the incision. SEE TECHNIQUE 1.23.
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 n  Outline the osteotomy of the anterolateral tibia to include 
the anterior tibiofibular ligament. The cortical surface of 
the fragment should be at least 1 cm2 (Fig. 1.39). Predrill 
the fragment to accept a 4-mm cancellous screw.

 n  Use a micro-oscillating saw to begin the osteotomy in two 
planes. Complete the osteotomy with a small, narrow os-
teotome by gently levering it in an externally rotated di-
rection. The cartilaginous surface of the tibia is “cracked” 
as the fragment is rotated.

 n  At wound closure, rotate the fragment back into position 
and secure it with a 4-mm cancellous screw and washer.
   

 

POSTERIOR APPROACH TO  
THE ANKLE
If only the anterolateral distal tibia needs to be exposed, 
the anterolateral tibial osteotomy is omitted and the super-
ficial peroneal nerve is protected until its position becomes 
more posterior entering deep fascia.

 TECHNIQUE 1.26 

 n  With the patient prone, make a 12-cm incision along the 
posterolateral border of the Achilles tendon down to the 
insertion of the tendon on the calcaneus (Fig. 1.40A).

 n  Divide the superficial and deep fasciae, divide the Achil-
les tendon by Z-plasty or retract it, and incise the fat and 
areolar tissue to the posterior surface of the tibia in the 
space between the flexor hallucis longus and the peroneal 
tendons (Fig. 1.40B).

 n  Retract the flexor hallucis longus tendon medially to ex-
pose 2.5 cm of the distal end of the tibia, the posterior 
aspect of the ankle joint, the posterior end of the talus, 
the subtalar joint, and the posterior part of the superior 
surface of the calcaneus (Fig. 1.40C).

 n  If the dissection is kept lateral to the flexor hallucis longus 
tendon, the posterior tibial vessels and the tibial nerve will 
not be at risk because this tendon protects them.

 n  Alternatively, the Achilles tendon can be split from just 
above the ankle joint distally to its insertion on the os calcis. 
Hammit et al. found a lower wound complication rate with-
out sacrificing exposure using this technique rather than 
standard posteromedial and posterolateral approaches.
  

 

A B
FIGURE 1.38 Posterolateral approach of Gatellier and Chastang. A, Peroneal tendons have 

been displaced anteriorly, and fibula has been divided; distal fragment has been turned laterally 
after interosseous membrane and anterior and posterior tibiofibular ligaments have been divided. 
B, Distal fibula has been replaced and fixed to tibia with syndesmosis screw. SEE TECHNIQUE 1.24.
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FIGURE 1.39 Tochigi, Amendola, Muir, and Saltzman antero-
lateral approach to talus. A, Anterior view of osteotomy. B, Lateral 
view of osteotomy. (From Tochigi Y, Amendola A, Muir D, et al: Surgical 
approach for centrolateral talar osteochondral lesions with an anterolateral 
osteotomy, Foot Ankle Int 23:1038, 2002.) SEE TECHNIQUE 1.25.

    

https://booksmedicos.org


CHAPTER 1  SURGICAL TECHNIQUES 37

MEDIAL APPROACHES 
 

MEDIAL APPROACH TO THE TARSUS
Knupp et al. described a medial approach to the subtalar 
joint that is useful for hindfoot arthrodesis in posterior tibial 
tendon dysfunction.

 TECHNIQUE 1.27 

(KNUPP ET AL.)
 n  Place the patient supine with the involved foot externally 

rotated.
 n  Make a 4-cm long incision from the center of the medial 

malleolus toward the navicular 5 mm above and parallel 
to the posterior tibial tendon (Fig. 1.41). Extend the inci-
sion as necessary to reach as far as the cuneiform.

 n  Open the subtalar joint capsule being careful not to dam-
age the anterior fibers of the deltoid ligament.
   

 

MEDIAL APPROACH TO THE ANKLE
Koenig and Schaefer approached the ankle from the 
medial side by a method similar in principle to the Gatellier 
and Chastang exposure of the posterolateral side. It is not 
a popular method because, despite utmost care, it is pos-
sible to injure the tibial vessels and nerve. Nevertheless, it 
may be useful for fracture-dislocations of the talus, other 
traumatic lesions of the ankle joint, and osteochondritis 
dissecans of the talus.

 TECHNIQUE 1.28 

(KOENIG AND SCHAEFER)
 n  Curve the incision just proximal to the medial malleolus 

(Fig. 1.42A) and divide the malleolus with an osteotome 
or small power saw; preserve the attachment of the del-
toid ligament.

 n  Subluxate the talus and malleolus laterally to reach the 
joint surfaces.

 n  Later replace the malleolus and fix it with one or two can-
cellous screws. To make replacement easier, drill the holes 
for the screws before the osteotomy, insert the screw, 
and then remove it. At the end of the operation, reinsert 
the screws and close the wound.
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FIGURE 1.40 Posterior approach to ankle. A, Skin incision. B, Z-plasty division and reflection 
of Achilles tendon. C, Exposure of ankle and subtalar joints after retraction of flexor hallucis longus 
tendon and posterior capsulotomy. SEE TECHNIQUE 1.26.

 FIGURE 1.41 Medial approach to the subtalar joint. SEE 
 TECHNIQUE 1.27.
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 n  The surfaces of the osteotomized bone are smooth, and 
the malleolus can rotate on a single screw. Two screws are 
used to prevent rotation of the osteotomized medial mal-
leolus (Fig. 1.43). Interfragmentary technique (see Chapter 
53) should be used for screw fixation of the medial mal-
leolus to provide compression across the osteotomy site.
   

 

MEDIAL APPROACH TO THE 
POSTERIOR LIP OF THE TIBIA
Broomhead advised a curved medial incision for fractures of 
the medial part of the posterior lip of the tibia that require 
open reduction. The line of approach lies midway between 
the posterior border of the tibia and the medial border of 
the Achilles tendon, curves inferior to the medial malleo-
lus to the medial border of the foot, and permits exposure 

of medial and posterior malleoli (Fig. 1.42B). The latter 
is exposed by reflecting the capsule and periosteum and 
retracting the tendons of the posterior tibial, flexor digi-
torum longus, and flexor hallucis longus muscles together 
with the neurovascular bundle posteriorly and medially.

Colonna and Ralston described the following modifica-
tion of Broomhead’s approach.

 TECHNIQUE 1.29 

(COLONNA AND RALSTON)
 n  Begin the incision at a point about 10 cm proximal and 

2.5 cm posterior to the medial malleolus and curve it an-
teriorly and inferiorly across the center of the medial mal-
leolus and inferiorly and posteriorly 4 cm toward the heel 
(Fig. 1.42C).

 n  Expose the medial malleolus by reflecting the periosteum, 
but preserve the deltoid ligament.

 n  Divide the flexor retinaculum and retract the flexor hal-
lucis longus tendon and the neurovascular bundle poste-
riorly and laterally.

 n  Retract the tibial posterior and flexor digitorum longus 
tendons medially and anteriorly to expose the posterior 
tibial fracture (Fig. 1.44).
  

In addition to the approaches described, short medial, 
lateral, and dorsal approaches may be used to expose small 
areas of the tarsal and metatarsal joints. In all, the vessels, 
nerves, and tendons must be protected. 

TIBIA
The tibia is a superficial bone that can be easily exposed ante-
riorly without damaging any important structure except the 
tendons of the anterior tibial and extensor hallucis longus 
muscles, which cross the tibia anteriorly in its lower fourth. 

 

A

B
C

FIGURE 1.42 Incisions for medial approaches to ankle joint: 
Koenig and Schaefer (A), Broomhead (B), and Colonna and Ralston 
(C). SEE TECHNIQUES 1.28 AND 1.29.

 FIGURE 1.43 Osteotomy of medial malleolus for access to 
medial dome of talus. Note line of osteotomy. SEE TECHNIQUE 1.28.
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FIGURE 1.44 Colonna and Ralston posteromedial approach 
to distal tibia. Posterior tibial and flexor digitorum longus tendons 
have been retracted anteriorly, and flexor hallucis longus tendon, 
posterior tibial vessels, and tibial nerve have been retracted poste-
riorly and laterally. SEE TECHNIQUE 1.29.
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ANTEROLATERAL APPROACH TO  
THE TIBIA

 TECHNIQUE 1.30 

 n  Make a longitudinal incision 1 to 2 cm lateral to the an-
terior border of the bone. This will provide an adequate 
skin bridge.

 n  Sharply incise the fascia the entire length of the wound. 
Incise and elevate the periosteum over the desired area. 
Strip the periosteum as little as possible because its circu-
lation is a source of nutrition for the bone.
   

 

MEDIAL APPROACH TO THE TIBIA
In some delayed unions and nonunions, Phemister inserted 
a bone graft in a bed prepared on the posterior surface of 
the tibia.

 TECHNIQUE 1.31 

(PHEMISTER)
 n  Make a longitudinal incision along the posteromedial bor-

der of the tibia.
 n  Incise the subcutaneous tissues and deep fascia and re-

flect the periosteum from the posterior surface for the 
required distance.
   

 

POSTEROLATERAL APPROACH TO THE 
TIBIAL SHAFT
The posterolateral approach is valuable in the middle two 
thirds of the tibia when the anterior and anteromedial 
aspects of the leg are badly scarred. It also is satisfactory 
for removing a portion of the fibula for transfer.

 TECHNIQUE 1.32 

(HARMON, MODIFIED)
 n  Position the patient prone or on the side, with the af-

fected extremity uppermost.
 n  Make the skin incision the desired length along the lateral 

border of the gastrocnemius muscle on the posterolateral 
aspect of the leg (Fig. 1.45A).

 n  Develop the plane between the gastrocnemius, the so-
leus, and the flexor hallucis longus muscles posteriorly 
and the peroneal muscles anteriorly (Fig. 1.45B).

 n  Find the lateral border of the soleus muscle and retract it 
and the gastrocnemius muscle medially and posteriorly; 
arising from the posterior surface of the fibula is the flexor 
hallucis longus (Fig. 1.45C).

 n  Detach the distal part of the origin of the soleus muscle 
from the fibula and retract it posteriorly and medially 
(Fig. 1.45D).

 n  Continue the dissection medially across the interosseous 
membrane, detaching those fibers of the posterior tibial 
muscle arising from it (Fig. 1.45E). The posterior tibial ar-
tery and the tibial nerve are posterior and separated from 
the dissection by the posterior tibial and flexor hallucis 
longus muscles (Fig. 1.45F).

 n  Follow the interosseous membrane to the lateral border 
of the tibia and detach subperiosteally the muscles that 
arise from the posterior surface of the tibia (Fig. 1.45G, 
and H).

 n  The posterior half of the fibula lies in the lateral part of the 
wound; its entire shaft can be explored. The flat poste-
rior surface of the tibial shaft can be completely exposed 
except for its proximal fourth, which lies in close relation 
to the popliteus muscle and to the proximal parts of the 
posterior tibial vessels and the tibial nerve.

 n  When the operation is completed, release the tourniquet, 
secure hemostasis, and let the posterior muscle mass fall 
back into place.

 n  Loosely close the deep fascia on the lateral side of the leg 
with a few interrupted sutures.
  

TIBIAL PLATEAU APPROACHES
It is recommended that all these approaches be made on a 
radiolucent operating table. 

 

ANTEROLATERAL APPROACH TO THE 
LATERAL TIBIAL PLATEAU
The anterolateral approach is commonly used because most 
tibial plateau fractures involve the lateral tibial plateau.

 TECHNIQUE 1.33 

(KANDEMIR AND MACLEAN)
 n  Place the patient supine on a radiolucent table.
 n  Begin the incision 2 to 3 cm proximal to the joint line 

and extend it 3 cm below the inferior margin of the tibial 
tubercle crossing Gerdy’s tubercle at the midpoint of the 
incision (Fig. 1.46).

 n  Detach the iliotibial band and develop the interval be-
tween it and the joint capsule.

 n  Reflect the origin of the tibialis anterior muscle from the 
anterolateral tibia and reflect it posteriorly exposing the 
anterolateral surface of the tibial plateau.

 n  If direct exposure of the articular surface is necessary, per-
form a submeniscal arthrotomy incising the meniscotibial 
ligaments. Leave the anterior horn of the meniscus intact.

 n  Place three or four sutures in the periphery of the menis-
cus to serve as retractors and for later repair. If a repair-
able vertical meniscal tear is present, pass the necessary 
number of sutures in a vertical fashion through the inner 
part of the meniscus for later attachment to the capsule.

 n  If a submeniscal arthrotomy is not planned, a hockey-stick 
skin incision can be used for minimally invasive proce-
dures. Make the proximal limb of the incision parallel to 
the lateral joint line and cross Gerdy’s tubercle.
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FIGURE 1.45 Posterolateral approach to tibia. A, Skin incision. B, Plane between gastrocnemius, soleus, and flexor hallucis longus poste-
riorly and peroneal muscles anteriorly is developed. C, Flexor hallucis longus arising from posterior surface of fibula. D, Distal part of origin 
of soleus is detached from fibula and retracted posteriorly and medially. E, Dissection medially across interosseous membrane, detaching 
fibers of posterior tibial muscle. F, Posterior tibial artery and tibial nerve are protected by posterior tibial and flexor hallucis longus muscles. 
G and H, Muscles are detached subperiosteally from posterior surface of tibia. (Modified from Hoppenfeld S, deBoer P: Surgical exposures in 
orthopaedics: the anatomic approach, Philadelphia, 2003, Lippincott Williams & Wilkins.) SEE TECHNIQUE 1.32.
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MEDIAL APPROACH TO THE MEDIAL 
TIBIAL PLATEAU
This approach is useful for isolated medial plateau fractures 
and for medial half of bicondylar plateau fractures.

 TECHNIQUE 1.34 

 n  With the patient supine, make an incision 1 to 2 cm 
proximal to the joint line in line with the medial femoral 
epicondyle and extend it over the pes anserinus insertion 
(Fig. 1.47). Avoid the saphenous vein and nerve that usu-
ally are posterior.

 n  Take the pes anserinus tendons down sharply from the 
tibia, exposing the superficial and deep medial collateral 
ligaments.

 n  Indirectly reduce the fracture and apply a plate over the 
medial collateral ligaments.
   

 

POSTEROMEDIAL APPROACH TO THE 
MEDIAL TIBIAL PLATEAU
This approach is useful for shear fractures of the medial pla-
teau. It can be performed with the patient supine or prone.

 TECHNIQUE 1.35 

(SUPINE)
 n  Externally rotate and slightly flex the knee.
 n  Make a longitudinal incision along the posteromedial aspect 

of the tibia, beginning 3 cm above the joint line and extend 
it as far distally as needed (Fig. 1.47B). Avoid the great sa-
phenous vein and saphenous nerve anterior to the incision.

 n  Mobilize and retract the pes anserinus tendons proximally 
and anteriorly or distally and posteriorly.

 n  Retract the medial gastrocnemius and soleus muscles 
posteriorly, exposing the junction of popliteal fascia, the 
semimembranosus insertion, and the medial collateral 
ligaments.

 n  Incise the periosteum longitudinally and subperiosteally 
elevate the popliteus muscle insertion off the posterior 
tibia (Fig. 1.48).
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FIGURE 1.46 Anterolateral approach to the tibial plateau. 
Begin the incision 2 to 3 cm proximal to the joint line and carry 
it obliquely across Gerdy’s tubercle aiming for a point 1 cm off 
the lateral aspect of the tibial tubercle. Extend it as far distally as 
needed. FH, Fibular head; P, patella; TT, tibial tubercle. SEE TECH-
NIQUE 1.33.
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B

FIGURE 1.47 Medial and posteromedial approaches to the 
tibial plateau. A, Begin the skin incision for the medial approach 2 
to 3 cm above the joint line at the medial epicondyle and extend it 
distally, bisecting the posteromedial border of the tibia and tibial 
crest. B, Begin the skin incision for the posteromedial approach 2 
to 3 cm above the joint line and follow the posteromedial border 
of the tibia. SEE TECHNIQUES 1.34 AND 1.35.
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FIGURE 1.48 Posteromedial approach (supine). Retract 
the tendons of the pes anserinus distal and posterior. Incise the 
posterior edge of the medial collateral ligament and reflect the 
popliteus muscle insertion from the posterior border of the tibia. 
SEE  TECHNIQUE 1.35.
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POSTEROMEDIAL APPROACH (PRONE) 
TO THE SUPEROMEDIAL TIBIA
The posterior approach to the superomedial region of the 
tibia is useful for fixation of posteromedial split fractures of 
the tibial plateau. This is also known as the “reversed L” 
posteromedial approach.

 TECHNIQUE 1.36 

(BANKS AND LAUFMAN)
 n  With the patient positioned prone, begin the transverse 

segment of a hockey-stick incision (Fig. 1.49A) at the lat-
eral end of the flexion crease of the knee, and extend it 
across the popliteal space. Turn the incision distally along 
the medial side of the calf for 7 to 10 cm.

 n  Develop the angular flap of skin and subcutaneous tissue 
and incise the deep fascia in line with the skin incision 

(Fig. 1.49B). Identify and protect the cutaneous nerves 
and superficial vessels.

 n  Define the interval between the tendon of the semitendi-
nosus muscle and the medial head of the gastrocnemius 
muscle.

 n  Retract the semitendinosus proximally and medially and 
the gastrocsoleus component distally and laterally; the 
popliteus and flexor digitorum longus muscles lie in the 
floor of the interval (Fig. 1.49C).

 n  Elevate subperiosteally the flexor digitorum longus mus-
cle distally and laterally and the popliteus muscle proxi-
mally and medially, and expose the posterior surface of 
the proximal fourth of the tibia (Fig. 1.49D). Further el-
evation of the popliteus will expose the posterior cruciate 
ligament fossa.

 n  If necessary, extend the incision distally along the medial 
side of the calf by continuing the dissection in the same 
intermuscular plane. The tibial nerve and posterior tibial 
artery lie beneath the soleus muscle.
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FIGURE 1.49 Banks and Laufman posterior approach to superomedial region of tibia. A, Inci-
sion extends transversely across popliteal fossa and then turns distally on medial side of calf. B, 
Skin and deep fascia have been incised and reflected. C, Broken line indicates incision to be made 
between popliteus and flexor digitorum longus. D, Popliteus and flexor digitorum longus have 
been elevated subperiosteally to expose tibia. SEE TECHNIQUE 1.36.
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POSTEROLATERAL APPROACH TO THE 
TIBIAL PLATEAU
This approach is useful for lateral and posterolateral pla-
teau fractures. This approach with a fibular osteotomy is 
useful for fractures of the posterolateral plateau.

 TECHNIQUE 1.37 

(SOLOMON ET AL.)
 n  Position the patient supine with the knee extended. Make 

a 6-cm longitudinal incision anterior to the biceps femoris 
tendon contour on the fibular head. The incision can be 
extended distally as needed.

 n  Flex the knee to 60 degrees.
 n  Incise the subcutaneous fat in line with the skin incision, 

exposing the deep fascia.
 n  Incise the fascia lata over the biceps tendon and the com-

mon peroneal nerve. Identify the common peroneal nerve 
in the adipose tissue of the popliteal fossa (Fig. 1.50A).

 n  Knee flexion relaxes the common peroneal nerve. Expose 
the nerve down to the fibular head. Protect the sural 
nerve branch from the common peroneal nerve in the 
popliteal fossa.

 n  Transect the branch of the common peroneal nerve to the 
proximal tibiofibular joint.

 n  Release the common peroneal nerve from the posterior 
intermuscular septum posterior to the peroneus longus 
muscle as it enters the lateral compartment.

 n  Expose the deep peroneal nerve by detaching the pero-
neus longus and tibialis anterior muscles from the pos-
terior and anterior aspects of the anterior intermuscular 
septum, respectively.

 n  Release the deep peroneal nerve as it enters the anterior 
compartment and goes through the anterior septum.

 n  Pre-drill the fibular head and neck just lateral to the biceps 
femoris insertion.

 n  Osteotomize the fibular neck with an osteotome just 
above the peroneal nerve (Fig. 1.50B).

 n  Release the joint capsule from the proximal tibiofibu-
lar joint and reflect the fibular head proximally with at-
tached biceps femoris tendon and lateral collateral liga-
ment complex, exposing the postural corner of the knee 
joint.

 n  Mobilize the lateral meniscus by detaching the coronary 
ligament from the posterior cruciate ligament medially to 
the iliotibial band laterally, and elevate it to expose the 
tibial articular surfaces.
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FIGURE 1.50 Posterolateral approach with osteotomy of the fibular neck. A, Superficial dissec-
tion of posterolateral corner. B, Osteotomy and reflection of fibular head proximally with attached 
biceps femoris tendon and lateral collateral ligament. Flex the knee to relax the common peroneal 
nerve, lateral head of gastrocnemius muscle, and popliteus muscle. Visualize the joint between to 
posterior cruciate ligament and posterior border of the iliotibial band. (Redrawn from Solomon LB, 
Stevenson AW, Baird RPV, Pohl AP. Posterolateral transfibular approach to tibial plateau fracture: technique, 
results, and rationale, J Orthop Trauma 24:505, 2010.) SEE TECHNIQUE 1.37.
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 n  At closure, repair the osteotomy with a longitudinal screw.
 n  Alternatively, the fibular head can be osteotomized in a 

longitudinal direction as described by Yu et al. One third 
of the fibular head or the entire fibular head can be re-
moved, depending on the exposure required (Fig. 1.51). 
The biceps femoris and lateral collateral ligament inser-
tions are left intact.
   

 

POSTEROLATERAL APPROACH TO THE 
TIBIAL PLATEAU WITHOUT FIBULAR 
OSTEOTOMY

 TECHNIQUE 1.38 

(FROSCH ET AL.)
 n  Place the patient in the lateral decubitus position with the 

operative side up.
 n  Support the knee with a thick, rolled pillow.
 n  Make a 15-cm posterolateral incision starting 3 cm above 

the joint line then following the fibula distally.
 n  Incise the posterior portion of the iliotibial band from 

Gerdy’s tubercle and perform a lateral arthrotomy.
 n  Bluntly dissect into the popliteal fossa between the lateral 

origin of the gastrocnemius muscle and soleus muscle, 
exposing the popliteus muscle.

 n  Ligate the inferior geniculate vessels if necessary.
 n  Develop the interval between the biceps femoris muscle 

and the popliteus muscle (Fig. 1.52).
 n  Detach the soleus muscle from the posterior aspect of the 

fibula exposing the posterolateral plateau.
   

 

TSCHERNE-JOHNSON EXTENSILE 
APPROACH TO THE LATERAL TIBIAL 
PLATEAU
This approach is useful for depressed lateral plateau fractures.

 TECHNIQUE 1.39 

(JOHNSON ET AL.)
 n  Position the patient supine with a bump under the ipsilat-

eral hip.
 n  Flex the knee over a large bump so that the leg will rest 

just off the edge of the table.
 n  Perform a lateral parapatellar incision from the supracon-

dylar area of the distal femur to below and lateral to the 
tibial tubercle.

 n  Develop a lateral soft-tissue flap from the wound edge to 
the posterolateral corner of the tibial plateau.

 n  Identify Gerdy’s tubercle and the anterior and posterior 
edges of the iliotibial band.

 n  Flex the knee to 40 degrees and incise the central portion 
of the iliotibial band distally from a point 4 cm above the 
joint line to the joint line and continue it anteriorly, divid-
ing the anterior half of the band (Fig. 1.53A). Carry the 
incision anteriorly to the patellar tendon.

 n  Retract the anterior half of the iliotibial band exposing the 
lateral joint line.

 FIGURE 1.51 Posterolateral approach with osteotomy of 
fibular head. Make the plane of the osteotomy parallel to fibular 
articular surface. Remove the entire fibular head if needed but 
leave the attachments of the fibular collateral ligament and biceps 
femoris intact. (Redrawn from Yu B, Han K, Zhan C, et al: Fibular head 
osteotomy: a new approach for the treatment of lateral or posterolateral 
tibial plateau fractures, The Knee 17:313, 2010.) SEE TECHNIQUE 1.37.
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FIGURE 1.52 Posterolateral corner of tibia. Develop the interval 
between the popliteus muscle and the biceps femoris muscle. Reflect 
the soleus muscle origin from the proximal tibia. (Redrawn from Frosch 
KH, Balcarek P, Walde T, Stürmer KM: A new posterolateral approach 
without fibular osteotomy for the treatment of tibial plateau fractures, J 
Orthop Trauma 24:515, 2010.) SEE TECHNIQUE 1.38.
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 n  Incise the meniscal coronary ligament from posterior to 
anterior ending at the level of the patellar tendon.

 n  Place three 2-0 absorbable sutures in the meniscal edge 
and elevate it. The sutures will be used to later repair the 
meniscus to the lateral plateau rim.

 n  Incise the origin of the tibialis anterior muscle along the 
lateral tibial metaphyseal flair and elevate it distally.

 n  Perform two osteotomies anterior and distal to Gerdy’s 
tubercle with a narrow osteotome (Fig. 1.53A).

 n  Rotate Gerdy’s tubercle fragment posteriorly on its pos-
terior soft-tissue hinge to expose the undersurface of the 
lateral plateau (Fig. 1.53B).

 n  At closure, repair the osteotomy with an overlying plate 
and screws with one of the screws directly repairing the 
osteotomy.
   

 

ANTEROLATERAL APPROACH FOR 
ACCESS TO POSTEROLATERAL 
CORNER
Sun et al. described an anterolateral approach to gain 
access to the posterolateral corner when a depressed frac-
ture involves this area.

 TECHNIQUE 1.40 

(SUN ET AL.)
 n  Place the patient in the lateral decubitus position.
 n  Make a 15-cm longitudinal incision 1.5-cm lateral to the 

tibial crest, and extend it between Gerdy’s tubercle and 
the fibular head.

 n  Raise a full-thickness myocutaneous flap, and reflect the 
iliotibial tract from Gerdy’s tubercle.

 n  Perform an osteotomy of the lateral tibial plateau, begin-
ning at the anterolateral quadrant and moving posteriorly 
medial to the proximal tibiofibular joint (Fig. 1.54).

 n  The depressed posterolateral corner can now be exposed.
 n  Repair the osteotomy after elevation and grafting of the 

depressed segment.
  

Yoon et  al. described an approach to the posterolateral 
corner by taking down the lateral collateral ligament with 
a piece of the lateral femoral epicondyle. The osteotomized 
piece should be large enough to allow repair with a large 
screw and washer.

 

BA

FIGURE 1.53 Tscherne-Johnson extensile approach to the lateral tibial plateau. A, Elevate 
Gerdy’s tubercle with two osteotomies with bone cuts 90 degrees to each other. Base it on a posterior 
hinge behind Gerdy’s tubercle. B, Externally rotate the fragment leaving the posterior insertion of 
the iliotibial band attached. (Redrawn from Johnson EE, Timon S: Tscherne-Johnson extensile approach 
for tibial plateau fractures, Clin Orthop Relat Res 471:2760, 2013.) SEE TECHNIQUE 1.39.
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FIBULA 
 

POSTEROLATERAL APPROACH TO  
THE FIBULA

 TECHNIQUE 1.41 

(HENRY)
 n  Beginning 13 cm proximal to the lateral malleolus, in-

cise the skin proximally along the posterior margin of the 
fibula to the posterior margin of the head of the bone and 
continue farther proximally for 10 cm along the posterior 
aspect of the biceps tendon.

 n  Divide the superficial and deep fasciae. Isolate the com-
mon peroneal nerve along the posteromedial aspect of 
the biceps tendon in the proximal part of the wound, and 
free it distally to its entrance into the peroneus longus 
muscle (Fig. 1.55).

 n  Pointing the knife blade proximally and anteriorly, detach 
the part of the peroneus longus muscle that arises from 
the lateral surface of the head of the fibula proximal to 
the common peroneal nerve. Retract the nerve over the 
head of the fibula.

 n  Locate the fascial plane between the soleus muscle pos-
teriorly and the peroneal muscles anteriorly and deepen 
the dissection along the plane to the fibula.

 n  Expose the bone by retracting the peroneal muscles ante-
riorly and incising the periosteum. When retracting these 
muscles, avoid injuring the branches of the deep peroneal 
nerve that lie on their deep surfaces and are in close contact 
with the neck of the fibula and proximal 5 cm of the shaft.

 n  The distal fourth of the fibula is subcutaneous on its lat-
eral aspect and may be exposed by a longitudinal incision 
through the skin, fascia, and periosteum.
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FIGURE 1.54 Osteotomy of the lateral tibial plateau. A, Knee 
center. B, Posteromedial ridge. C, Anterior edge of fibula. D, Poste-
rior sulcus. PL, Posterolateral corner. AL, anterolateral; AM, antero-
medial; PM, posteromedial. SEE TECHNIQUE 1.40.
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FIGURE 1.55 Method of mobilizing and retracting common peroneal nerve when approaching 
proximal fibula posterolaterally. A, Anatomic relationships. B, Part of peroneus longus that arises 
from lateral surface of fibular head proximal to common peroneal nerve has been detached, 
allowing nerve to be retracted over fibular head. SEE TECHNIQUE 1.41.
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KNEE
ANTEROMEDIAL AND ANTEROLATERAL 
APPROACHES 

 

ANTEROMEDIAL PARAPATELLAR 
APPROACH
When any anteromedial approach is made, including one 
for meniscectomy, the infrapatellar branch of the saphe-
nous nerve should be protected (Fig. 1.56). The saphenous 
nerve courses posterior to the sartorius muscle and then 
pierces the fascia lata between the tendons of the sarto-
rius and gracilis muscles and becomes subcutaneous on the 
medial aspect of the leg; on the medial aspect of the knee 
it gives off a large infrapatellar branch to supply the skin 
over the anteromedial aspect of the knee. Several variations 
exist in the location and distribution of this infrapatellar 
branch. Consequently, no single incision on the anterome-
dial aspect of the knee can avoid it for certain. The nerve 
should be located and protected if possible.

 TECHNIQUE 1.42  Figure 1.57

(VON LANGENBECK)
 n  Begin the incision at the medial border of the quadriceps 

tendon 7 to 10 cm proximal to the patella, curve it around 
the medial border of the patella and back toward the 
midline, and end it at or distal to the tibial tuberosity. As 
a more cosmetically pleasing alternative, a longitudinal 
incision centered over the patella can be made, reflecting 
the subcutaneous tissue and superficial fascia over the 
patella medially by blunt dissection to the medial border 
of the patella.

 n  Divide and retract the fascia.
 n  Deepen the dissection between the vastus medialis muscle 

and the medial border of the quadriceps tendon and incise 
the capsule and synovium along this medial border and 
along the medial border of the patella and patellar tendon.

 n  Retract the patella laterally and flex the knee to gain a 
good view of the anterior compartment of the joint and 
the suprapatellar bursa. Divide the ligamentum mucosa if 
necessary.

 n  Attain wider access to the joint in the following ways: (1) 
extending the incision proximally, (2) extending the proxi-
mal part of the incision obliquely medially and separating 
the fibers of the vastus medialis, (3) dividing the medial 
alar fold and adjacent fat pad longitudinally, and (4) mo-
bilizing the medial part of the insertion of the patellar 
tendon subperiosteally.
If contracture of the quadriceps prevents sufficient expo-

sure, detach the tibial tuberosity and reattach later with a 
screw. Fernandez described an extensive osteotomy of the 
tibial tuberosity and reattachment of the tuberosity with 
three lag screws engaging the posterior tibial cortex. This 
technique achieves rigid fixation and allows early postop-
erative rehabilitation. Keshmiri et al. recommended repair 
of the medial patellofemoral ligament at closure of a me-
dial parapatellar approach during total knee arthroplasty 
(nonresurfaced patella). This is to prevent significant medial 
capsular dehiscence and resultant loading of the lateral pa-
tellar facet and increased anterior knee pain.

   

 

SUBVASTUS (SOUTHERN) 
ANTEROMEDIAL APPROACH TO  
THE KNEE
Problems with patellar dislocation, subluxation, and osteo-
necrosis after total knee arthroplasty performed through an 
anteromedial parapatellar approach led to the rediscovery 
of the subvastus, or Southern, anteromedial approach first 
described by Erkes in 1929. According to Hofmann et al., 
this approach preserves the vascularity of the patella by 
sparing the intramuscular articular branch of the descend-
ing genicular artery and preserves the quadriceps tendon, 
providing more stability to the patellofemoral joint in total 
knee arthroplasty. This approach also is useful for lesser 
anteromedial and medial knee procedures. The relative 
contraindications to this approach are previous major knee 
arthroplasty and weight greater than 200 lb, which makes 
eversion of the patella difficult. In a retrospective study of 
143 knees in 96 patients, In et al. found that in patients 
with a thigh girth of larger than 55 cm the patella could 
not be everted when using a subvastus approach for total 
knee arthroplasty.

 TECHNIQUE 1.43 

(ERKES, AS DESCRIBED BY HOFMANN, PLASTER, AND 
MURDOCK)

 n  Exsanguinate the limb and inflate the tourniquet with the 
knee flexed to at least 90 degrees to prevent tenodesis of 
the extensor mechanism.

 n  Make a straight anterior skin incision, beginning 8 cm 
above the patella, carrying it distally just medial and 2 cm 
distal to the tibial tubercle. 
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FIGURE 1.56 Anatomic relationships of superficial structures 
on medial aspect of knee. SEE TECHNIQUE 1.42.
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 n  Incise the superficial fascia slightly medial to the patella 
(Fig. 1.58A) and bluntly dissect it off the vastus medialis 
muscle fascia down to the muscle insertion (Fig. 1.58B).

 n  Identify the inferior edge of the vastus medialis and blunt-
ly dissect it off the periosteum and intermuscular septum 
for a distance of 10 cm proximal to the adductor tubercle.

 n  Identify the tendinous insertion of the muscle on the me-
dial patellar retinaculum (Fig. 1.58C) and lift the vastus 
medialis muscle anteriorly and perform an L-shaped ar-
throtomy beginning medially through the vastus insertion 
on the medial patellar retinaculum and carrying it along 
the medial edge of the patella.

 n  Partially release the medial edge of the patellar tendon 
and evert the patella laterally with the knee extended 
(Fig. 1.58D).
   

 

ANTEROLATERAL APPROACH TO THE 
KNEE
Usually the anterolateral approach is not as satisfactory 
as the anteromedial one, primarily because it is more dif-
ficult to displace the patella medially than laterally. It also 
requires a longer incision, and often the patellar tendon 

must be partially freed subperiosteally or subcortically. The 
iliotibial band can be released or lengthened, and the tight 
posterolateral corner can be released easily. The fibular 
head can be resected through the same incision to decom-
press the peroneal nerve if necessary.

 TECHNIQUE 1.44  Figure 1.59

(KOCHER)
 n  Begin the incision 7.5 cm proximal to the patella at the 

insertion of the vastus lateralis muscle into the quadriceps 
tendon; continue it distally along the lateral border of this 
tendon, the patella, and the patellar tendon; and end it 
2.5 cm distal to the tibial tuberosity.

 n  Deepen the dissection through the joint capsule.
 n  Retract the patella medially, with the tendons attached to 

it, and expose the articular surface of the joint.
  

Satish et al. found the modified Keblish approach useful 
in total knee arthroplasty in patients with fixed valgus knees. 
The approach relies on a quadriceps snip and coronal Z-plasty 
of lateral retinacular capsule complex. The lateral retinacu-
lar complex is separated into two layers, deep (capsule and 
synovium) and superficial. The lateral parapatellar arthrot-
omy is performed 3 to 7 cm lateral to the patella, and the 
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FIGURE 1.57   Anteromedial approach to knee joint. SEE TECHNIQUE 1.42.
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deep and superficial layers are separated with dissection car-
ried medially toward the patella. The superficial layer is kept 
attached to the patella, and the deep layer remains attached to 
the iliotibial band. At closure, the layers are approximated in 
an expanded fashion (Fig. 1.60).

POSTEROLATERAL AND POSTEROMEDIAL 
APPROACHES TO THE KNEE
In some patients, a median septum separates the posterior 
aspect of the knee into two compartments. The posterior 
cruciate ligament is extrasynovial and projects anteriorly in 
the septum; it contributes to the partition between the two 
posterior compartments. The middle genicular artery courses 
anteriorly in the septum to nourish the tissues of the inter-
condylar notch of the femur (Fig. 1.61). The presence of this 
septum may assume great importance when exploring the 
posterior aspect of the knee for a loose body or when draining 
the joint in the rare instances in which pyogenic arthritis of 
the knee requires posterior drainage. In the latter, both pos-
terior compartments must be opened for drainage, not one 
alone (see Chapter 22). 

 

POSTEROLATERAL APPROACH TO  
THE KNEE

 TECHNIQUE 1.45  Figure 1.62

(HENDERSON)
 n  With the knee flexed between 60 and 90 degrees, make 

a curved incision on the lateral side of the knee, just an-
terior to the biceps femoris tendon and the head of the 
fibula, and avoid the common peroneal nerve, which 
passes over the lateral aspect of the neck of the fibula.

 n  In the proximal part of the incision, trace the anterior 
surface of the lateral intermuscular septum to the linea 
aspera 5 cm proximal to the lateral femoral condyle.

 n  Expose the lateral femoral condyle and the origin of the 
fibular collateral ligament.

 n  The tendon of the popliteus muscle lies between the bi-
ceps tendon and the fibular collateral ligament; mobilize 
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FIGURE 1.58 Subvastus anteromedial approach. A, Superficial fascia is incised medial to 
patella. B, Superficial fascia is bluntly elevated from perimuscular fascia of vastus medialis down 
to its insertion on medial patellar retinaculum. C, Tendinous insertion elevated by blunt dissection. 
Dashed line indicates arthrotomy. D, Patella is everted, and knee is flexed. SEE TECHNIQUE 1.43.
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FIGURE 1.59   A-C, Kocher anterolateral approach to knee joint. SEE TECHNIQUE 1.44.

 FIGURE 1.60 Coronal Z-plasty of lateral retinaculum capsule 
complex. (Redrawn from Satish BRJ, Ganesan JC, Chandran P, et al: 
Efficacy and mid-term results of lateral parapatellar approach without 
tibial tubercle osteotomy for primary total knee arthroplasty in fixed valgus 
knees, J Arthroplasty 28:1751, 2013.)
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  FIGURE 1.61 Median septum separating two posterior 
compartments of knee. Note fenestra at proximal pole. Synovial 
septum invests cruciate ligaments and contains branch of middle 
genicular artery.
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and retract it posteriorly, and expose the posterolateral 
aspect of the joint capsule.

 n  Make a longitudinal incision through the capsule and 
synovium of the posterior compartment. To see the in-
sertion of the muscle fibers of the short head of the bi-
ceps muscle onto the long head of the biceps, develop 
the interval between the lateral head of the quadriceps 
muscle and the long head of the biceps tendon. To isolate 
the common peroneal nerve, dissect directly posterior to 
the long head of the biceps. These intervals are useful in 
repair of the posterolateral corner of the knee.
  

Bowers and Huffman found the Hughston and Jacobson 
technique for exposure of the posterolateral corner by wafer 
osteotomy of the lateral collateral ligament insertion on the 
lateral femoral epicondyle with reflection of the ligament dis-
tally useful. Alternatively, if a fracture of the lateral femoral 

condyle needs to be treated, an osteotomy of Gerdy’s tubercle 
can be performed with reflection of the iliotibial band proxi-
mally as described by Liebergall et al. 

 

POSTEROMEDIAL APPROACH TO  
THE KNEE

 TECHNIQUE 1.46  Figure 1.63

(HENDERSON)
 n  With the knee flexed 90 degrees, make a curved incision, 

slightly convex anteriorly and approximately 7.5 cm long, 
distally from the adductor tubercle and along the course 
of the tibial collateral ligament, anterior to the relaxed 
tendons of the semimembranosus, semitendinosus, sar-
torius, and gracilis muscles.
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FIGURE 1.62   Henderson posterolateral approach to knee joint. SEE TECHNIQUE 1.45.
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 n  Expose and incise the oblique part of the tibial collateral 
ligament and incise the capsule longitudinally and enter 
the posteromedial compartment of the knee posterior to 
the tibial collateral ligament, retracting the hamstring ten-
dons posteriorly.
  

MEDIAL APPROACHES TO THE KNEE AND 
SUPPORTING STRUCTURES
Usually the entire medial meniscus can be excised through a 
medial parapatellar incision about 5 cm long. If the posterior 
horn of the meniscus cannot be excised through this incision, 
a separate posteromedial Henderson approach can be made 
(Fig. 1.63). The anterior and posterior compartments may 
be entered, however, through an approach in which only one 
incision is made through the skin but two incisions are used 

through the deeper structures; this type of approach is rarely 
indicated. 

 

MEDIAL APPROACH TO THE KNEE
The Cave approach is a curved incision that allows expo-
sure of the anterior and posterior compartments.

 TECHNIQUE 1.47 

(CAVE)
 n  With the knee flexed at a right angle, identify the medial 

femoral epicondyle and begin the incision 1 cm posterior 
to and on a level with it approximately 1 cm proximal to 
the joint line. Carry the incision distally and anteriorly to 
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FIGURE 1.63   A-C, Henderson posteromedial approach to knee joint. SEE TECHNIQUE 1.46.
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a point 0.5 cm distal to the joint line and anterior to the 
border of the patellar tendon.

 n  After reflecting the subcutaneous tissues, expose the an-
terior compartment through an incision that begins ante-
rior to the tibial collateral ligament, continues distally and 
anteriorly in a curve similar to that of the skin incision, and 
ends just distal to the joint line (Fig. 1.64).

 n  To expose the posterior compartment, make a second 
deep incision posterior to the tibial collateral ligament, 
from the level of the femoral epicondyle straight distally 
across the joint line.
   

 

MEDIAL APPROACH TO THE KNEE

 TECHNIQUE 1.48 

(HOPPENFELD AND DEBOER)
 n  With the patient supine and the affected knee flexed 

about 60 degrees, place the foot on the opposite shin 
and abduct and externally rotate the hip.

 n  Begin the incision 2 cm proximal to the adductor tubercle 
of the femur, curve it anteroinferiorly about 3 cm medial 
to the medial border of the patella, and end it 6 cm distal 
to the joint line on the anteromedial aspect of the tibia 
(Fig. 1.65A).

 n  Retract the skin flaps to expose the fascia of the knee and 
extend the exposure from the midline anteriorly to the 
posteromedial corner of the knee (Fig. 1.65B).

 n  Cut the infrapatellar branch of the saphenous nerve and 
bury its end in fat; preserve the saphenous nerve itself and 
the long saphenous vein.

 n  Longitudinally incise the fascia along the anterior border 
of the sartorius, starting at the tibial attachment of the 

muscle and extending it to 5 cm proximal to the joint 
line.

 n  Flex the knee further and allow the sartorius to retract 
posteriorly, exposing the semitendinosus and gracilis 
muscles (Fig. 1.65C).

 n  Retract all three components of the pes anserinus poste-
riorly and expose the tibial attachment of the tibial col-
lateral ligament, which inserts 6 to 7 cm distal to the joint 
line (Fig. 1.65D).

 n  To open the joint anteriorly, make a longitudinal medial 
parapatellar incision through the retinaculum and synovi-
um (Fig. 1.65E).

 n  To expose the posterior third of the medial meniscus and 
the posteromedial corner of the knee, retract the three 
components of the pes anserinus posteriorly (Fig. 1.65F) 
and separate the medial head of the gastrocnemius mus-
cle from the posterior capsule of the knee almost to the 
midline by blunt dissection (Fig. 1.65G).

 n  To open the joint posteriorly, make an incision through 
the capsule posterior to the tibial collateral ligament.
   

 

TRANSVERSE APPROACH TO THE 
MENISCUS
Using a transverse approach to the medial meniscus has 
the advantage that the scar has no contact with the femo-
ral articular surface.

 TECHNIQUE 1.49 

 n  Make a transverse incision 5 cm long at the level of the 
articular surface of the tibia, extending laterally from the 
medial border of the patellar tendon to the anterior bor-
der of the tibial collateral ligament (Fig. 1.66).
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FIGURE 1.64 Exposure of anterior and posterior compartments of knee joint through one 
skin incision, according to Cave. A, Single skin incision. B, Two incisions through deep structures. 
C, Removal of meniscus. SEE TECHNIQUE 1.47.
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FIGURE 1.65 Medial approach to knee and supporting structures. A, Skin incision. B, Skin 
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 n  Incise the capsule along the same line and dissect the 
proximal edge of the divided capsule from the underlying 
synovium and retract it proximally.

 n  Open the synovium along the proximal border of the 
medial meniscus. Charnley advised making a preliminary 
1.5-cm opening into the small synovial sac beneath the 
meniscus, introducing a blunt hook into it, and turning 
the hook so that its end rests on the proximal surface of 
the meniscus. By cutting down on the point of the hook, 
one can make the synovial incision at the most distal level.

 n  Divide the anterior attachment of the meniscus, retract 
the tibial collateral ligament, and complete the excision 
of the meniscus in the usual way (see Chapter 45).

 n  When closing the incision, place the first suture in the 
synovium at the medial side near the collateral ligament 
while the knee is still flexed; if the joint is extended before 
the first suture is inserted, the posterior part of the syno-
vial incision retracts under the tibial collateral ligament. To 
complete the suture line, extend the joint.

 n  The transverse incision is not satisfactory for removing the 
lateral meniscus because it would require partial division 
of the iliotibial band. To avoid this, make an oblique inci-
sion 7.5 cm long centered over the joint line (Fig. 1.67).

 n  In the capsule, make a hockey-stick incision that runs 
transversely along the joint line and curves obliquely 
proximally along the anterior border of the iliotibial band 
for a short distance.

 n  Undermine and retract the capsule and incise the synovial 
membrane transversely as previously described.
  

LATERAL APPROACHES TO THE KNEE AND 
SUPPORTING STRUCTURES
Lateral approaches permit good exposure for complete exci-
sion of the lateral meniscus. They do not require division or 
release of the fibular collateral ligament. 

 

LATERAL APPROACH TO THE KNEE

 TECHNIQUE 1.50 

(BRUSER)
 n  Place the patient supine and drape the limb to permit full 

flexion of the knee. Flex the knee fully so that the foot 
rests flat on the operating table.
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FIGURE 1.65, cont’d F, Three components of pes anserinus have been retracted posteriorly 
to expose posteromedial corner. G, Medial head of gastrocnemius has been separated from posterior 
capsule of knee and has been retracted. Capsulotomy is made posterior to tibial collateral liga-
ment. (Modified from Hoppenfeld S, deBoer P: Surgical exposures in orthopaedics: the anatomic approach, 
Philadelphia, 2003, Lippincott Williams & Wilkins.) SEE TECHNIQUE 1.48.

 FIGURE 1.66 Transverse approaches to menisci. Medial 
meniscus is approached through transverse incisions in skin and 
capsule; lateral meniscus is approached through oblique incision 
in skin and hockey-stick incision in capsule. SEE TECHNIQUE 1.49.
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 n  Begin the incision anteriorly where the patellar tendon 
crosses the lateral joint line, continue it posteriorly along 
the joint line, and end it at an imaginary line extending 
from the proximal end of the fibula to the lateral femoral 
condyle (Fig. 1.67A).

 n  Incise the subcutaneous tissue and expose the iliotibial 
band, whose fibers are parallel with the skin incision 
when the knee is fully flexed (Fig. 1.67B). Split the band in 
line with its fibers. Posteriorly, take care to avoid injuring 
the relaxed fibular collateral ligament; it is protected by 
areolar tissue, which separates it from the iliotibial band.

 n  Retract the margins of the iliotibial band; this is possible to 
achieve without much force because the band is relaxed 
when the knee and hip are flexed.

 n  Locate the lateral inferior genicular artery, which lies out-
side the synovium between the collateral ligament and 
the posterolateral aspect of the meniscus.

 n  Incise the synovium. The lateral meniscus lies in the depth 
of the incision and can be excised completely (Fig. 1.67C).

 n  With the knee flexed 90 degrees, close the synovium 
(Fig. 1.67D); and with the knee extended, close the deep 
 fascia.
   

 

LATERAL APPROACH TO THE KNEE
Brown et al. have developed an approach for lateral men-
iscectomy in which the knee is flexed to allow important 
structures to fall posteriorly as in the Bruser approach. In addi-
tion, a varus strain is created to open the lateral joint space.

 TECHNIQUE 1.51 

(BROWN ET AL.)
 n  Place the patient supine with the extremity straight and 

with a small sandbag under the ipsilateral hip.
 n  Make a vertical, oblique, or transverse skin incision on the 

anterolateral aspect of the knee.
 n  Identify the anterior border of the iliotibial band and make 

an incision in the fascia 0.5 to 1 cm anterior to the band 
in line with its fibers.

 n  Incise the synovium in line with this incision and inspect 
the joint.

 n  By sharp dissection, free the anterior horn of the  meniscus.
 n  Flex the knee, cross the foot over the opposite knee, and 

push firmly toward the opposite hip, applying a varus 
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FIGURE 1.67 Bruser lateral approach to knee. A, Skin incision (see text). B, Broken line indicates 
proposed incision in iliotibial band, whose fibers, when knee is fully flexed, are parallel with skin 
incision. C, Knee has been extended slightly, and lateral meniscus is being excised. D, Lateral meniscus 
has been excised, and synovium is being closed. (Modified from Bruser DM: A direct lateral approach to 
the lateral compartment of the knee joint, J Bone Joint Surg 42B:348, 1960.) SEE TECHNIQUES 1.49 AND 1.50.
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force to the knee. Ensure the thigh on the involved side 
is in line with the sagittal plane of the trunk; the hip is 
flexed about 45 degrees and externally rotated about 40 
degrees. Push, as described, until the joint space opens 
up 3 to 5 mm. If necessary, internally rotate the tibia to 
bring the lateral tibial plateau into better view; however, 
this tends to close the joint space.

 n  With proper retractors, expose the entire meniscus, which 
can be excised completely by sharp dissection.
   

 

LATERAL APPROACH TO THE KNEE

 TECHNIQUE 1.52 

(HOPPENFELD AND DEBOER)
 n  Place the patient supine with a sandbag beneath the ipsi-

lateral buttock and flex the knee 90 degrees.
 n  Begin the incision 3 cm lateral to the middle of the patella, 

extend it distally over Gerdy’s tubercle on the tibia, and 

end it 4 to 5 cm distal to the joint line. Complete the inci-
sion proximally by curving it along the line of the femur 
(Fig. 1.68A).

 n  Widely mobilize the skin flaps anteriorly and posteriorly.
 n  Incise the fascia between the iliotibial band and biceps 

femoris, carefully avoiding the common peroneal nerve 
on the posterior aspect of the biceps tendon (Fig. 1.68B).

 n  Retract the iliotibial band anteriorly and the biceps femo-
ris and common peroneal nerve posteriorly to expose the 
fibular collateral ligament and the posterolateral corner of 
the knee capsule (Fig. 1.68C).

 n  To expose the lateral meniscus, make a separate lateral 
parapatellar incision through the fascia and joint capsule 
(Fig. 1.68B).

 n  To avoid cutting the meniscus, begin the arthrotomy 2 cm 
proximal to the joint line.

 n  To expose the posterior horn of the lateral meniscus, locate 
the origin of the lateral head of the gastrocnemius muscle 
on the posterior surface of the lateral femoral condyle.

 n  Dissect between it and the posterolateral corner of the 
joint capsule; ligate or cauterize the lateral superior ge-
nicular arterial branches located in this area.
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FIGURE 1.68 Lateral approach to knee and supporting structures. A, Skin incision. B, Incision 
between biceps femoris and iliotibial band. C, Deep dissection (see text). (Modified from Hoppenfeld 
S, deBoer P: Surgical exposures in orthopaedics: the anatomic approach, Philadelphia, Lippincott Williams 
& Wilkins, 2003.) SEE TECHNIQUE 1.52.
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 n  Make a longitudinal incision in the capsule, beginning 
well proximal to the joint line to avoid damaging the me-
niscus or the popliteus tendon. Inspect the posterior half 
of the lateral compartment posterior to the fibular col-
lateral ligament (Fig. 1.68C).
   

 

EXTENSILE APPROACH TO THE KNEE
Fernandez described an extensile anterior approach to 
the knee based on an anterolateral approach that allows 
easy access to the medial and lateral compartments in 
the following ways: (1) by an extensive osteotomy of the 
tibial tuberosity that allows proximal reflection of the 
patella, patellar tendon, and retropatellar fat pad and (2) 
by transecting the anterior horn and anterior portion of 
the coronary ligament of the medial meniscus or the lat-
eral meniscus or both as necessary to achieve adequate 
exposure. This approach may be used for tumor resec-
tion, ligament reconstruction, fracture reduction and 
fixation, and adult reconstructive procedures. Part or all 
of this approach may be used as necessary to achieve the 
required exposure. Rigid screw fixation of the tibial tuber-
osity engaging the posterior cortex of the tibia allows early 
postoperative knee motion.

Perry et al. first reported transection of the anterior horn 
of the lateral meniscus to aid exposure of lateral tibial pla-
teau fractures. Alternatively, the articular surface of either 
tibial plateau can be approached with a submeniscal expo-
sure by releasing the peripheral attachment of the meniscus 
at the coronary ligament and by elevating the meniscus, as 
described by Gossling and Peterson.

 TECHNIQUE 1.53 

(FERNANDEZ)
 n  Place the patient supine and drape the limb to allow at 

least 60 degrees of knee flexion.
 n  Begin a lateral parapatellar incision 10 cm proximal to the 

lateral joint line; continue it distally along the lateral bor-
der of the patella, patellar tendon, and tibial tuberosity; 
and end it 15 cm distal to the lateral joint line (Fig. 1.69A).

 n  Develop skin flaps deep in the subcutaneous tissue, ex-
tending medially to the anterior edge of the tibial collater-
al ligament and laterally, exposing the iliotibial band and 
the proximal origins of the anterior tibial and peroneal 
muscles (Fig. 1.69B).

 n  To expose the lateral tibial metaphysis, detach the ante-
rior tibial muscle and retract it distally, and elevate the 
iliotibial band by dividing it transversely at the joint line or 
by performing a flat osteotomy of Gerdy’s tubercle (Fig. 
1.69C). If exposure of the posteromedial portion of the 
tibial metaphysis is necessary, divide the tibial insertion of 
the pes anserinus or elevate it as an osteoperiosteal flap.

 n  Fernandez advocates an extended osteotomy into the tibial 
crest in the presence of a bicondylar tibial plateau fracture 
to ensure that the osteotomy fragment is securely fixed 
into the tibial diaphysis below the level of the fracture. A 
less extensive osteotomy may be used as  appropriate.

 n  Perform an extended trapezoidal osteotomy of the tibial 
tuberosity as follows:

 1.  Mark with an osteotome a site 5 cm in length, 2 cm 
in width proximally, and 1.5 cm in width distally.

 2.  Drill three holes for later reattachment of the tibial 
tuberosity.

 3.  Complete the osteotomy with a flat osteotome.
 n  Elevate the tibial tuberosity and patellar tendon and incise 

the joint capsule transversely, medially, and laterally at the 
joint line.

 n  Carry each limb of the capsular incision proximally to the 
level of the anterior border of the vastus medialis and 
vastus lateralis (Fig. 1.69C,D).

 n  If further exposure of the articular surface of the tibial 
plateaus is needed, detach one or both menisci by tran-
section of the anterior horn, cutting the transverse liga-
ment and dividing the anterior portion of the coronary 
ligament. The meniscus may be elevated and held with a 
stay suture (Fig. 1.69E).

 n  At wound closure, repair the anterior meniscus, coronary 
ligament, and transverse ligament with 2-0 nonabsorb-
able sutures. Use square stitches to repair the meniscus 
and two or three U-shaped stitches to stabilize the periph-
ery of the meniscus.

 n  Tie the stitches over the joint capsule after closure of the 
medial and lateral arthrotomies (Fig. 1.69F).

 n  Reattach the anterior tibial muscle and pes anserinus to 
bone with interrupted sutures.

 n  Reattach Gerdy’s tubercle with a lag screw.
 n  Rigidly fix the tibial tuberosity osteotomy with lag screws 

obtaining good purchase in the posterior cortex of the tibia.
 n  Close the arthrotomy with interrupted sutures (Fig. 1.69G).

  

DIRECT POSTERIOR, POSTEROMEDIAL, 
AND POSTEROLATERAL APPROACHES TO 
THE KNEE
The posterior midline approach involves structures that, 
if damaged, can produce a permanent, serious disability. 
Thorough knowledge of the anatomy of the popliteal space 
is essential. Figure 1.70 shows the relationship of the flexion 
crease to the joint line, and Figure 1.71 shows the collateral 
circulation around the knee posteriorly. The approach pro-
vides access to the posterior capsule of the knee joint, the pos-
terior part of the menisci, the posterior compartments of the 
knee, the posterior aspect of the femoral and tibial condyles, 
and the origin of the posterior cruciate ligament. All posterior 
approaches are done with the patient supine. 

 

DIRECT POSTERIOR APPROACH TO  
THE KNEE

 TECHNIQUE 1.54 

(BRACKETT AND OSGOOD; PUTTI; ABBOTT AND  
CARPENTER)

 n  Make a curvilinear incision 10 to 15 cm long over the pop-
liteal space (Fig. 1.72A), with the proximal limb following 
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FIGURE 1.69 Fernandez extensile anterior approach. A, Anterolateral incision. B, Extensor 
mechanism exposed. C, Iliotibial band is reflected with Gerdy’s tubercle. Anterior compartment and 
pes anserinus are detached and elevated as necessary. Osteotomy of tibial tuberosity is outlined, and 
screw holes are predrilled (see text). D, Patella, patellar tendon, and tibial tuberosity are elevated. 
E, Medial and lateral menisci are detached anteriorly and peripherally and are elevated. F, Meniscal 
repair is performed with 2-0 nonabsorbable sutures (see text). Gerdy’s tubercle is reattached with 
lag screw. Anterior tibial and pes anserinus are reattached. G, Tibial tuberosity is secured with lag 
screws engaging posterior cortex of tibia. Capsule is closed with interrupted sutures. Sutures in 
periphery of menisci are now tied (see text). (Modified from Fernandez DL: Anterior approach to the 
knee with osteotomy of the tibial tubercle for bicondylar tibial fractures, J Bone Joint Surg 70A:208, 1988.) 
SEE TECHNIQUE 1.53.
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the tendon of the semitendinosus muscle distally to the 
level of the joint. Curve it laterally across the posterior 
aspect of the joint for about 5 cm and distally over the 
lateral head of the gastrocnemius muscle.

 n  Reflect the skin and subcutaneous tissues to expose the 
popliteal fascia.

 n  Identify the posterior cutaneous nerve of the calf (the 
medial sural cutaneous nerve) lying beneath the fascia 
and between the two heads of the gastrocnemius muscle 
because it is the clue to the dissection. Lateral to it, the 
short saphenous vein perforates the popliteal fascia to 
join the popliteal vein at the middle of the fossa. Trace 
the posterior cutaneous nerve of the calf (the medial sural 
cutaneous nerve) proximally to its origin from the tibial 

nerve because the contents of the fossa can be dissected 
accurately and safely once this nerve is located. Trace 
the tibial nerve distally and expose its branches to the 
heads of the gastrocnemius, the plantaris, and the soleus 
muscles; these branches are accompanied by arteries and 
veins. Follow the tibial nerve proximally to the apex of 
the fossa where it joins the common peroneal nerve (Fig. 
1.72B). Dissect the common peroneal nerve distally along 
the medial border of the biceps muscle and tendon, and 
protect the lateral cutaneous nerve of the calf and the 
anastomotic peroneal nerve.

 n  Expose the popliteal artery and vein, which lie directly 
anterior and medial to the tibial nerve. Gently retract the 
artery and vein and locate and trace the superolateral and 
superomedial genicular vessels passing beneath the ham-
string muscles on either side just proximal to the heads of 
origin of the gastrocnemius (Fig. 1.71).

 n  Open the posterior compartments of the joint with the 
knee extended and explore them with the knee slightly 
flexed. The medial head of the gastrocnemius arises at a 
more proximal level from the femoral condyle than does 
the lateral head, and the groove it forms with the semi-
membranosus forms a safe and comparatively avascular 
approach to the medial compartment (Fig. 1.72C). Turn 
the tendinous origin of the medial head of the gastroc-
nemius laterally to serve as a retractor for the popliteal 
vessels and nerves (Fig. 1.72D).

 n  Greater access can be achieved by ligating one or more 
genicular vessels. If the posterolateral aspect of the joint 
is to be exposed, elevate the lateral head of the gastroc-
nemius muscle from the femur and approach the lateral 
compartment between the tendon of the biceps femoris 
and the lateral head of the gastrocnemius muscle.

 n  When closing the wound, place interrupted sutures in the 
capsule, the deep fascia, and the skin. The popliteal fascia 
is best closed by placing all sutures before drawing them 
tight. Tie the sutures one by one.
Nicandri et al. reported that the medial head of the 

gastrocnemius can be left intact by identifying and ligating 
the anterior branches of the middle geniculate artery and 

 FIGURE 1.70 Knee with Kirschner wire taped along flexion 
crease. Note relation of wire to joint line. Flexion crease sags distally 
in elderly or obese individuals.
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FIGURE 1.71   Collateral circulation around knee posteriorly. SEE TECHNIQUE 1.54.
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 dissecting free the tibial motor branches to the medial head 
of the gastrocnemius. This allows enough mobilization of 
the medial head of the gastrocnemius to expose the poste-
rior cruciate ligament insertion on the posterior tibia.

   

 

DIRECT POSTEROMEDIAL  
APPROACH TO THE KNEE FOR TIBIAL 
PLATEAU FRACTURE
Galla and Lobenhoffer described a direct posteromedial 
approach for managing medial tibial plateau fractures. 

This approach does not involve dissection of the popliteal 
neurovascular structures and uses the interval between the 
semimembranosus complex and the medial head of the 
gastrocnemius muscle.

 TECHNIQUE 1.55 

(GALLA AND LOBENHOFFER AS DESCRIBED BY FAKLER 
ET AL.)

 n  Make a straight 6- to 8-cm-long longitudinal skin incision 
along the medial border of the medial head of the gas-
trocnemius muscle, beginning at the level of the joint line.

 n  Incise the subcutaneous tissue and popliteal fascia  sharply.
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FIGURE 1.72 Posterior approach to knee joint. A, Posterior curvilinear incision. Posterior 
cutaneous nerve of calf exposed and retracted. B, Sciatic nerve and its division defined. C, Medial 
head of gastrocnemius muscle exposed. D, Tendon of origin of medial head of gastrocnemius 
muscle divided, exposing capsule of knee joint. If further exposure is necessary, lateral head of 
gastrocnemius is defined, incised, and retracted in similar fashion. SEE TECHNIQUE 1.54.
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 n  Free up the medial head of the gastrocnemius muscle 
without detaching it and retract it laterally.

 n  Bluntly dissect the semimembranosus complex and retract 
it medially (Fig. 1.73).

 n  Identify the upper edge of the popliteus muscle and de-
tach it subperiosteally, exposing the posteromedial tibial 
plateau.

 n  If more exposure is needed, incise the tibial insertion of 
the semimembranosus muscle in a subperiosteal fashion.
   

 

DIRECT POSTEROLATERAL  
APPROACH TO THE KNEE
Minkoff et al. described a limited posterolateral approach 
to the proximal lateral tibia and knee. It uses the interval 
between the popliteus and soleus muscles and exposes the 
uppermost lateral portion of the posterior tibial metaphysis 
and the proximal tibiofibular joint. Although this approach 
was developed to excise an osteoid osteoma from the 
lateral tibial plateau, it can be used for other conditions 
affecting the posterior aspect of the knee.

 TECHNIQUE 1.56 

(MINKOFF, JAFFE, AND MENENDEZ)
 n  Begin the skin incision 1 to 2 cm below the popliteal 

crease slightly medial to the midline of the knee, carrying 

it transversely and curving it distally just medial and paral-
lel to the head of the fibula, ending 5 to 6 cm distal to it.

 n  Reflect the skin and subcutaneous flap inferomedially.
 n  Isolate the lateral cutaneous nerve of the calf, retract it 

laterally, and preserve it.
 n  Identify the short saphenous vein superficial to the fascia 

and divide and ligate it.
 n  Open the fascia carefully in line with the incision. The 

sural nerve lies deep to the fascia just superficial to the 
heads of the gastrocnemius muscle and must be  protected 
(Fig. 1.74A).

 n  Identify the common peroneal nerve and retract it 
 laterally.

 n  Develop the interval between the lateral head of the gas-
trocnemius and the soleus muscles and retract the lateral 
head of the gastrocnemius medially.

 n  Retract the popliteal artery and vein and the tibial nerve 
along with the lateral head of the gastrocnemius (Fig. 
1.74B). Dissect free the fibular origin of the soleus muscle 
and retract it distally.

 n  Retract the underlying popliteus muscle medially to ex-
pose the posterior aspect of the lateral tibial plateau and 
proximal tibiofibular joint (Fig. 1.74C).
  

FEMUR 
 

ANTEROLATERAL APPROACH TO THE 
FEMUR
The anterolateral approach exposes the middle third of 
the femur, but postoperative adhesions between the indi-
vidual muscles of the quadriceps group and between the 
vastus intermedius and the femur may limit knee flexion. 
The quadriceps mechanism must be handled gently. Infec-
tions of the middle third of the shaft are best approached 
posterolaterally. When the shaft must be approached from 
the medial side, this anterolateral approach, rather than an 
anteromedial one, is indicated.

 TECHNIQUE 1.57 

(THOMPSON)
 n  Incise the skin over the middle third of the femur in a line 

between the anterior superior iliac spine and the lateral 
margin of the patella (Fig. 1.75A).

 n  Incise the superficial and deep fasciae and separate the 
rectus femoris and vastus lateralis muscles along their 
intermuscular septum. The vastus intermedius muscle is 
brought into view.

 n  Divide the vastus intermedius muscle in the line of its fi-
bers down to the femur.

 n  Expose the femur by subperiosteal reflection of the in-
cised vastus intermedius muscle (Fig. 1.75B).
Henry exposed the entire femoral shaft by extending 

this incision proximally and distally. The approach is not 
recommended for operations on the proximal third of the 
femur because exposing the bone here is difficult without 
injuring the lateral femoral circumflex artery and the nerve 
to the vastus lateralis muscle. Distally, the incision may be 
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FIGURE 1.73 Galla and Lobenhoffer posteromedial approach. 
(Modified from Fakler JKM, Ryzewicz M, Hartshorn C, et al: Optimizing 
the management of Moore type I posteromedial split fracture-dislocations 
of the tibial head: description of the Lobenhoffer approach, J Orthop 
Trauma 21:330, 2007.) SEE TECHNIQUE 1.55.
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extended to within 12 to 15 cm of the knee joint; at this 
point, however, the insertion of the vastus lateralis muscle 
into the quadriceps tendon is encountered, as is the more 
distal suprapatellar bursa.

   

 

LATERAL APPROACH TO THE 
FEMORAL SHAFT
Anatomically, the entire femoral shaft may be exposed by 
the lateral approach, but only its less extensive forms are 

recommended. The posterolateral approach is preferred 
whenever possible to avoid splitting the vastus lateralis.

 TECHNIQUE 1.58 

 n  Make an incision of the desired length over the lateral as-
pect of the thigh along a line from the greater trochanter 
to the lateral femoral condyle (Fig. 1.76A).

 n  Incise the superficial and deep fasciae.
 n  Divide the vastus lateralis and vastus intermedius muscles 

in the direction of their fibers and open and reflect the 
periosteum for the proper distance.
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FIGURE 1.74 Minkoff, Jaffe, and Menendez posterolateral approach. A, Superficial dissection. 
B, Gastrocnemius and popliteal vessels are retracted medially, and fibular origin of soleus is reflected 
distally. C, Popliteus is retracted medially, exposing the posterior aspect of tibial plateau and proximal 
tibiofibular joint. (Modified from Minkoff J, Jaffe L, Menendez L: Limited posterolateral surgical approach 
to the knee for excision of osteoid osteoma, Clin Orthop Relat Res 223:237, 1987.) SEE TECHNIQUE 1.56.
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 n  A branch of the lateral femoral circumflex artery is encoun-
tered when exposing the proximal fourth of the femur and 
the lateral superior genicular artery in the distal fourth; 
these may be clamped, divided, and ligated without harm.
   

 

POSTEROLATERAL APPROACH TO THE 
FEMORAL SHAFT

 TECHNIQUE 1.59 

 n  Turn the patient slightly to elevate the affected side.
 n  Make the incision from the base of the greater trochanter 

distally to the lateral condyle (Fig. 1.76B).
 n  Incise the superficial fascia and fascia lata along the ante-

rior border of the iliotibial band.
 n  Expose the posterior part of the vastus lateralis muscle 

and retract it anteriorly (in muscular individuals this retrac-
tion may be difficult); continue the dissection down to 
bone along the anterior surface of the lateral intermus-
cular septum, which is attached to the linea aspera.

 n  Retract the deep structures and split the periosteum in the 
line of the incision.

 n  With a periosteal elevator, free the attachment of the vas-
tus intermedius muscle as far as necessary.

 n  In the middle third of the thigh, the second perforating 
branch of the profunda femoris artery and vein run trans-
versely from the biceps femoris to the vastus lateralis. Li-
gate and divide these vessels.

 n  To avoid damaging the sciatic nerve and the profunda 
femoris artery and vein, do not separate the long and 
short heads of the biceps femoris muscle.
   

 

POSTERIOR APPROACH TO  
THE FEMUR

 TECHNIQUE 1.60 

(BOSWORTH)
 n  With the patient prone, incise the skin and deep fascia 

longitudinally in the middle of the posterior aspect of the 
thigh, from just distal to the gluteal fold to the proximal 
margin of the popliteal space.

 n  Use the long head of the biceps as a guide. By blunt dis-
section with the index finger, palpate the posterior sur-
face of the femur at the middle of the thigh. To expose 
the middle three fifths of the linea aspera, use the fingers 
to retract the attachment of the vastus medialis and late-
ralis muscles.
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FIGURE 1.75 Anterolateral approach to femur. A, Skin incision. B, Femur exposed by separa-
tion of rectus femoris and vastus lateralis muscles and division of vastus intermedius muscle. SEE 
TECHNIQUE 1.57.
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 n  To expose the proximal part of the middle three fifths of 
the femur, continue the blunt dissection along the lateral 
border of the long head of the biceps, developing the 
fascial plane between the long head of the biceps and the 
vastus lateralis muscle, and reflect the long head of the 
biceps medially (Fig. 1.77A).

 n  To expose the distal part of the middle three fifths of 
the femur, carry the dissection along the medial surface 
of the long head of the biceps, developing the fascial 
plane between the long head of the biceps and the 

 semitendinosus, and retract the long head of the biceps 
and the sciatic nerve laterally (Fig. 1.77B).

 n  To expose the entire middle three fifths of the femur, 
carry the blunt dissection to the linea aspera lateral to 
the long head of the biceps, divide the latter muscle in 
the distal part of the wound, and displace it medially, 
together with the sciatic nerve (Fig. 1.77C).

 n  Part of the nerve supply to the short head of the biceps 
crosses the exposure near its center; this branch of the 
sciatic nerve may be saved or divided, depending on the 
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FIGURE 1.76 Posterolateral and lateral approaches to middle third of femur. Lateral approach 
(A). Vastus lateralis and vastus intermedius have been incised in line with their fibers. Cross-section 
shows these approaches. Posterolateral approach (B) along lateral intermuscular septum. SEE 
TECHNIQUES 1.58 AND 1.59.
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requirements of the incision because it does not make up 
the entire nerve supply of this part of the biceps.

 n  After exposing the linea aspera, free the muscle attach-
ments by sharp dissection and expose the femur by sub-
periosteal dissection.

 n  Bosworth points out that the entire middle three fifths of 
the femur should never be exposed by retracting the long 
head of the biceps and sciatic nerve laterally because this 
unnecessarily endangers the sciatic nerve (Fig. 1.77D).

 n  When the distal end of the long head of the biceps is to be 
divided, place sutures in the distal segment of the muscle 

before the division is carried out; this makes suturing the 
muscle easier when the wound is being closed.

 n  After suturing the biceps, close the wound by suturing 
only the skin and subcutaneous tissue because the other 
structures fall into position.

 n  When developing this approach, the surgeon must keep 
in mind the possibility of damaging the sciatic nerve. 
Rough handling and prolonged or strenuous retraction of 
the nerve may cause distressing symptoms after surgery 
or possibly a permanent disability in the leg.
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FIGURE 1.77 Bosworth posterior approach to femur. A, To expose proximal part of middle 
three fifths of femur, long head of biceps femoris has been retracted medially. Inset, Skin incision. 
B, To expose distal part of middle three fifths of femur, long head of biceps femoris and sciatic 
nerve have been retracted laterally. C, To expose entire middle three fifths of femur, long head 
of biceps femoris has been divided in distal part of wound, and this muscle and sciatic nerve have 
been retracted medially. D, Sciatic nerve would be subject to injury if entire middle three fifths of 
femur were exposed by retracting biceps femoris laterally. SEE TECHNIQUE 1.60.
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MEDIAL APPROACH TO THE 
POSTERIOR SURFACE OF THE FEMUR 
IN THE POPLITEAL SPACE
When possible, the medial approach to the posterior sur-
face of the femur in the popliteal space should be used in 
preference to an anteromedial approach because in the lat-
ter the vastus medialis must be separated from the rectus 
femoris and the vastus intermedius must be split.

 TECHNIQUE 1.61 

(HENRY)
 n  With the knee slightly flexed, begin the incision 15 cm 

proximal to the adductor tubercle and continue it distally 
along the adductor tendon, following the angle of the 
knee to 5 cm distal to the tubercle (Fig. 1.78A).

 n  In the distal part of the incision, carry the dissection pos-
teriorly to the anterior edge of the sartorius muscle just 
proximal to the level of the adductor tubercle.

 n  Free the deep fascia proximally over this muscle, taking 
care to avoid puncturing the synovial membrane, which 
is beneath the muscle when the joint is flexed. After 
this procedure, the sartorius falls posteriorly, exposing 
the tendon of the adductor magnus muscle. Protect the 

 saphenous nerve, which follows the sartorius on its deep 
surface; the great saphenous vein is superficial and is not 
in danger if the incision is made properly.

 n  Divide the thin fascia posterior to the adductor tendon by 
blunt dissection to the posterior surface of the femur at 
the popliteal space.

 n  Retract the large vessels and nerves posteriorly; branches 
from the muscles to the bone may be isolated, clamped, 
and divided.

 n  Retract the adductor magnus tendon and a part of the 
vastus medialis muscle anteriorly and expose the bone. The 
tibial and common peroneal nerves are not encountered 
because they lie lateral and posterior to the line of incision.
   

 

LATERAL APPROACH TO THE 
POSTERIOR SURFACE OF THE FEMUR 
IN THE POPLITEAL SPACE

 TECHNIQUE 1.62 

(HENRY)
 n  With the knee slightly flexed, incise the skin and superfi-

cial fascia for 15 cm along the posterior edge of the ilio-
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FIGURE 1.78 Henry medial and lateral approaches to posterior surface of femur in popliteal
space. A, Medial approach. B, Lateral approach. SEE TECHNIQUES 1.61 AND 1.62.
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tibial band and follow the angle of the knee to the head 
of the fibula (Fig. 1.78B).

 n  Divide the deep fascia immediately posterior to the ilio-
tibial band.

 n  Just proximal to the condyle, separate the attach-
ment of the short head of the biceps from the poste-
rior surface of the lateral intermuscular septum; reach 
the popliteal space by blunt dissection between these 
structures.

 n  Ligate and divide the branches of the perforating vessels 
and retract the popliteal vessels posteriorly in the pos-
terior wall of the wound. The tibial nerve lies posterior 
to the popliteal vessels, and the common peroneal nerve 
follows the medial edge of the biceps.

 n  Expose the surface of the femur by incising and elevating 
the periosteum.
   

 

LATERAL APPROACH TO THE 
PROXIMAL SHAFT AND THE 
TROCHANTERIC REGION
The lateral approach is excellent for reduction and inter-
nal fixation of trochanteric fractures or for subtrochanteric 
osteotomies under direct vision.

 TECHNIQUE 1.63 

 n  Begin the incision about 5 cm proximal and anterior to the 
greater trochanter, curving it distally and posteriorly over the 
posterolateral aspect of the trochanter and distally along 
the lateral surface of the thigh, parallel with the femur, for 10 
cm or more, depending on the desired exposure (Fig. 1.79A).
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FIGURE 1.79 Lateral approach to proximal shaft and trochanteric region of femur. A, Cross-
section shows level of approach at lesser trochanter. Fascia lata has been incised in line with skin 
incision. Vastus lateralis has been incised transversely just distal to greater trochanter and is being 
incised longitudinally 0.5 cm from linea aspera. Inset, Skin incision. B, Cross-section shows approach 
at level of distal end of skin incision. C, Approach has been completed by dissecting vastus lateralis 
subperiosteally from femur. Hip joint may be exposed by continuing approach proximally as in 
Watson-Jones approach. SEE TECHNIQUE 1.63.
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 n  Deepen the dissection in the line of the incision down to 
the fascia lata.

 n  In the distal part of the wound, incise the fascia lata with a 
scalpel and split it proximally with scissors. In the proximal 
part of the wound, divide the fascia just posterior to the 
tensor fasciae latae muscle to avoid splitting this muscle.

 n  By retraction, bring into view the vastus lateralis muscle 
and its origin from the inferior border of the greater 
trochanter. Divide the origin of the muscle transversely 
along this border down to the posterolateral surface of 
the  femur.

 n  Divide the vastus lateralis and its fascia longitudinally with 
scissors, beginning on its posterolateral surface, 0.5 cm 
from its attachment to the linea aspera.

 n  Alternatively, first split the muscle fascia alone laterally in-
stead of posterolaterally, dissect the muscle from its deep 
surface posteriorly, and divide the muscle near the linea 
aspera (closing the fascia lata then is easier). The muscle 
is divided where it is thin rather than thick, as is necessary 
in a direct lateral muscle-splitting approach (Fig. 1.79A,B). 
Section no more than 0.5 cm of the muscle at one time. 
Keep the body of the vastus retracted anteriorly; by this 
means, if one of the perforating arteries is divided, it may 
be clamped and tied before it retracts beyond the linea 
aspera.

 n  After dividing the muscle along the femur for the required 
distance, elevate it with a periosteal elevator and expose 
the lateral and anterolateral surfaces of the femoral shaft 
(Fig. 1.79C).

 n  By further subperiosteal elevation of the proximal part 
of the vastus lateralis and intermedius muscles, expose 
the intertrochanteric line and the anterior surface of the 
femur just below this line.

 n  The base of the femoral neck may be exposed by dividing 
the capsule of the joint at its attachment to the intertro-
chanteric line.

 n  If a wider exposure is desired, elevate the distal part of the 
gluteus minimus from its insertion on the trochanter.

 n  In closure, the vastus lateralis muscle falls over the lateral 
surface of the femur. Suture the fascia lata and close the 
remainder of the wound routinely.
   

HIP
Numerous new approaches to the hip have been described 
since the 1990s; most are based on older approaches and 
are modified for a specific surgical procedure. In this sec-
tion, the general approaches we have found most useful are 
described. The specific approaches used in revision total 
hip arthroplasty are described in Chapter 3. Approaches 
used for minimally invasive hip arthroplasty procedures are 
described in Chapter 3.

The approach selected should be based on access 
needed, the potential for complications, the procedure to 
be performed, and the experience of the surgeon. The need 
for maintaining the primary blood supply to the femoral 
head (medial femoral circumflex artery and its ascending 
branches) must be considered before the procedure (Fig. 
1.80). In total hip arthroplasty, disruption of the ascend-
ing branches of the medial circumflex femoral artery is of 

no consequence. If hip resurfacing, femoral neck fracture 
repair, or osteotomy is to be performed, lateral anterolateral, 
anterior, or medial approaches are more desirous to pre-
vent osteonecrosis of the femoral head. Lateral approaches 
requiring osteotomy of the greater trochanter have a signifi-
cant nonunion rate of that osteotomy, which should also be 
considered.

Mednick et al. demonstrated consistent occlusion of the 
femoral vein when using a Hohmann-like retractor over the 
anterior wall of the acetabulum during an anterior approach. 
Anterior approaches risk injury to the lateral femoral cutane-
ous nerve, which can lead to significant patient dissatisfac-
tion (Fig. 1.81). The superior gluteal nerve can be injured in 
the process of ligating or cauterizing the ascending branch of 
the lateral femoral circumflex artery where it enters the tensor 
fascia latae muscle. Ohmori et al. used computed tomography 
on normal volunteers to determine the distance to the center 
of the femoral head and found that it is shortest in an anterior 
approach regardless of body mass index or gender and is lon-
gest in a posterior approach.

ANTERIOR APPROACHES TO THE HIP 
 

ANTERIOR ILIOFEMORAL APPROACH 
TO THE HIP
Nearly all surgery of the hip joint may be carried out 
through this approach, or separate parts can be used for 
different purposes. The entire ilium and hip joint can be 
reached through the iliac part of the incision; all structures 
attached to the iliac crest from the posterior superior iliac 
spine to the anterior superior iliac spine are freed and are 
reflected from the lateral surface of the ilium; dissection 
is carried distally to the anterior inferior iliac spine. Smith-
Petersen also modified and improved this approach for 
extensive surgery of the hip by reflecting the iliacus muscle 
from the medial surface of the anterior part of the ilium 
and by detaching the rectus femoris muscle from its origin. 
All or part of this approach can be used depending on how 
much of the ilium or acetabulum needs to be exposed.
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FIGURE 1.80 The relevant deep anatomic structures of poste-
rior aspect of the hip shows the course of medial circumflex femoral 
artery to the femoral head. (From Nork SE, Schär M, Pfander G, et al: 
Anatomic considerations for the choice of surgical approach for hip resur-
facing arthroplasty, Orthop Clin North Am 36:163, 2005.)
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 TECHNIQUE 1.64  Figure 1.82

(SMITH-PETERSEN)
 n  Begin the incision at the middle of the iliac crest or, for a 

larger exposure, as far posteriorly on the crest as desired. 
Carry it anteriorly to the anterior superior iliac spine and 
distally and slightly laterally 10 to 12 cm.

 n  Divide the superficial and deep fasciae and free the at-
tachments of the gluteus medius and the tensor fasciae 
latae muscles from the iliac crest.

 n  With a periosteal elevator, strip the periosteum with the 
attachments of the gluteus medius and minimus muscles 
from the lateral surface of the ilium. Control bleeding 
from the nutrient vessels by packing the interval between 
the ilium and the reflected muscles.

 n  Carry the dissection through the deep fascia of the thigh 
and between the tensor fasciae latae laterally and the 
sartorius and rectus femoris medially.

 n  Clamp and ligate the ascending branch of the lateral 
femoral circumflex artery, which lies 5 cm distal to the 
hip joint.

 n  The lateral femoral cutaneous nerve passes over the sar-
torius 2.5 cm distal to the anterior superior spine; retract 
it to the medial side.

 n  If the structures at the anterior superior spine are con-
tracted, free the spine with an osteotome and allow it to 
retract with its attached muscles to a more distal level.

 n  Expose and incise the capsule transversely and reveal the 
femoral head and the proximal margin of the acetabu-
lum. The capsule also may be sectioned along its attach-
ment to the acetabular labrum (cotyloid ligament) to give 
the required exposure.

 n  If necessary, the ligamentum teres may be divided with a 
curved knife or with scissors and the femoral head dislo-
cated, giving access to all parts of the joint.
Schaubel modified the Smith-Petersen anterior approach 

after finding reattachment of the fascia lata to the fascia on 
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FIGURE 1.81 Relationship between the lateral femoral cuta-
neous nerve and ascending branch of the lateral femoral circumflex 
artery. (Modified from York PJ, Smack CT, Judet T, Mauffrey C: Total hip 
arthroplasty via anterior approach: tips and tricks for primary and revision 
surgery, Int Orthop 40:2041, 2016.)
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FIGURE 1.82 Smith-Petersen anterior iliofemoral approach to hip. A, Line of skin incision. B, 
Exposure of joint after reflection of tensor fasciae latae and gluteal muscles from lateral surface 
of ilium and division of capsule. SEE TECHNIQUE 1.64.
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the iliac crest difficult. Instead of dividing the fascia lata at 
the iliac crest, an osteotomy of the overhang of the iliac 
crest is performed between the attachments of the external 
oblique muscle medially and the fascia lata. The osteotomy 
may be carried posteriorly as far as the origin of the gluteus 
maximus. The tensor fasciae latae, gluteus medius, and glu-
teus minimus muscle attachments are subperiosteally dis-
sected distally to expose the hip joint capsule. The abduc-
tors and short external rotators may be dissected from the 
greater trochanter as necessary for total hip arthroplasty, 
prosthetic replacement of the femoral head, or arthrodesis 
of the hip. At closure, the iliac osteotomy fragment is re-
attached with 1-0 nonabsorbable sutures passed through 
holes drilled in the fragment and the ilium. Zahradnicek 
extended the skin incision along the anterolateral aspect 
of the thigh and developed an interval between the tensor 
fascia lata (superior gluteal nerve) laterally and the sartorius 
and rectus femoris (femoral nerve) medially. This is useful 
when both acetabulum and proximal femoral shaft expo-
sure are necessary.

   

 

ANTERIOR APPROACH TO THE HIP 
USING A TRANSVERSE INCISION
Somerville described an anterior approach using a transverse 
“bikini” incision for irreducible congenital dislocation of the 
hip in a young child. This approach allows sufficient expo-
sure of the ilium, and access to the acetabulum is satisfactory 
even when it is in an abnormal location. For reduction of a 
congenitally dislocated hip, the following sequential steps 
must be performed: psoas tenotomy, complete medial 
capsulotomy including the transverse acetabular ligament, 
excision of hypertrophied ligamentum teres, and reduction 
of the femoral head into the true acetabulum. Specific indi-
cations and postoperative care for congenital dislocation of 
the hip are discussed in Chapter 30.

 TECHNIQUE 1.65 

(SOMERVILLE)
 n  Place a small bump beneath the affected hip.
 n  Make a straight skin incision, beginning anteriorly inferior 

and medial to the anterior superior spine and coursing 
obliquely superiorly and posteriorly to the middle of the 
iliac crest (Fig. 1.83A). Deepen the incision to expose the 
crest.

 n  Reflect the abductor muscles subperiosteally from the iliac 
wing distally to the capsule of the joint. Increase exposure 
of the capsule by separating the tensor fasciae latae from 
the sartorius for about 2.5 cm inferior to the anterior su-
perior spine.

 n  Expose the reflected head of the rectus femoris and sep-
arate it from the acetabulum and capsule, leaving the 
straight head attached to the anterior inferior spine (Fig. 
1.83B). The straight head may be detached to increase 
exposure.

 n  Near the acetabular rim, make a small incision in the cap-
sule and extend it anteriorly to a point deep to the rectus 

and posteriorly to the posterosuperior margin of the joint 
(Fig. 1.83C).

 n  Exert enough traction on the limb to distract the cartilage 
of the femoral head from that of the acetabulum about 
0.7 cm.

 n  Examine the inside of the acetabulum visually (Fig. 1.83D). 
If no inverted labrum is seen, insert a blunt hook and pal-
pate the joint for the free edge of an inverted labrum. If 
one is found, place the tip of the hook deep to the labrum 
and force it through its base; separate from its periphery 
that part of the labrum lying anterior to the hook until the 
hook comes out.

 n  With Kocher forceps, grasp the labrum by the end thus 
freed and excise it with strong curved scissors or make 
radial T-shaped incisions to evert the limbs and allow re-
duction of the femoral head (Fig. 1.83E).

 n  Reduce the head into the acetabulum by abducting the 
thigh 30 degrees and internally rotating it. Hold the joint 
in this position and close the capsule (Fig. 1.83F).

 n  Reattach the muscles to the iliac crest, close the skin, and 
apply a spica cast.
   

 

MODIFIED ANTEROLATERAL 
ILIOFEMORAL APPROACH TO THE HIP
Smith-Petersen described a modification of the anterior 
iliofemoral approach that he used for open reduction 
and internal fixation of fractures of the femoral neck. This 
approach retains the advantages of the anterior iliofemo-
ral approach but exposes the trochanteric region laterally; 
this makes aligning a fracture or osteotomy of the femo-
ral neck and inserting pins, screws, or nails under direct 
vision easier. This approach also is useful in reconstructive 
procedures such as osteotomy for slipping of the proximal 
femoral epiphysis and procedures for nonunions of the 
femoral neck. It gives a continuous exposure of the anterior 
aspect of the hip from the acetabular labrum to the base 
of the trochanter.

 TECHNIQUE 1.66 

(SMITH-PETERSEN)
 n  Make the skin incision along the anterior third of the iliac 

crest and along the anterior border of the tensor fasciae 
latae muscle; curve it posteriorly across the insertion of 
this muscle into the iliotibial band in the subtrochanteric 
region (usually at a point 8 to 10 cm below the base of 
the greater trochanter) and end it there.

 n  Incise the fascia along the anterior border of the tensor 
fasciae latae muscle. Identify and protect the lateral femo-
ral cutaneous nerve, which usually is medial to the medial 
border of the tensor fasciae latae and close to the lateral 
border of the sartorius.

 n  Cleanly incise the muscle attachments to the lateral as-
pect of the ilium along the iliac crest to make reflection 
of the periosteum easier. Reflect it as a continuous struc-
ture, without fraying, distally to the superior margin of 
the  acetabulum.
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 n  Divide the muscle attachments between the anterior su-
perior iliac spine and the acetabular labrum. The posterior 
flap thus reflected consists of the tensor fasciae latae, 
the gluteus minimus, and the anterior part of the gluteus 
medius (Fig. 1.84).

 n  Inferiorly carry the fascial incision across the insertion of 
the tensor fasciae latae into the iliotibial band and expose 
the lateral part of the rectus femoris and the anterior part 
of the vastus lateralis muscles.

 n  Begin the capsular incision on the inferior aspect of the 
capsule just lateral to the acetabular labrum; from this 
point, extend it proximally, parallel with the acetabular 
labrum, to the superior aspect of the capsule, and curve 
it laterally, continuing on beyond the capsule to the base 
of the greater trochanter. This incision divides that part of 
the reflected head of the rectus femoris that blends into 
the capsule inferior to its insertion into the superior mar-
gin of the acetabulum. By reflecting it with the capsule, 
the capsular flap is reinforced, and repair is made easier.
Ishimatsu et al. reported significant reversible femoral 

nerve amplitude reduction when a retractor is placed be-
tween the anterior wall of the acetabulum and the iliopsoas 
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FIGURE 1.83 Somerville technique of open reduction. A, Bikini incision. B, Division of sartorius 
and rectus femoris tendons and iliac epiphysis. C, Incision of capsule. D, Capsulotomy of hip and use 
of ligamentum teres to find true acetabulum. E, Radial incisions in acetabular labrum and removal 
of all tissue from depth of true acetabulum. F, Capsulorrhaphy after excision of redundant capsule. 
SEE TECHNIQUE 1.65.
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FIGURE 1.84 Modified Smith-Petersen anterolateral iliofem-
oral approach. SEE TECHNIQUE 1.66.
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and sartorius muscles. This was observed in 77% of 22 pa-
tients undergoing total hip arthroplasty even with careful 
placement of the retractor. As mentioned earlier the femo-
ral vein can be easily occluded with this maneuver.

  

LATERAL APPROACHES TO THE HIP 
 

LATERAL APPROACH TO THE HIP

 TECHNIQUE 1.67  

(WATSON-JONES)
 n  Begin an incision 2.5 cm distal and lateral to the anterior 

superior iliac spine and curve it distally and posteriorly 
over the lateral aspect of the greater trochanter and lat-
eral surface of the femoral shaft to 5 cm distal to the base 
of the trochanter (Fig. 1.85A).

 n  Locate the interval between the gluteus medius and ten-
sor fasciae latae. The delineation of this interval often is 
difficult. Brackett pointed out that it can be done more 
easily by beginning the separation midway between the 
anterior superior spine and the greater trochanter, before 
the tensor fasciae latae blends with its fascial insertion. 
The coarse grain and the direction of the fibers of the 
gluteus medius help to distinguish them from the finer 
structure of the tensor fasciae latae muscle (Fig. 1.85B).

 n  Carry the dissection proximally to expose the inferior 
branch of the superior gluteal nerve, which innervates 
the tensor fasciae latae muscle.

 n  Incise the capsule of the joint longitudinally along the 
anterosuperior surface of the femoral neck. In the distal 
part of the incision, the origin of the vastus lateralis may 
be reflected distally or split longitudinally to expose the 

base of the trochanter and proximal part of the femoral 
shaft.

 n  If a wider field is desired, detach the anterior fibers of the 
gluteus medius tendon from the trochanter or reflect the 
anterosuperior part of the greater trochanter proximally 
with an osteotome, together with the insertion of the 
gluteus medius muscle. This preserves the insertion of the 
gluteus medius in such a way that it can be easily reat-
tached later.
   

 

LATERAL APPROACH FOR EXTENSIVE 
EXPOSURE OF THE HIP
Harris recommends the following lateral approach for 
extensive exposure of the hip. It permits dislocation of 
the femoral head anteriorly and posteriorly. This approach 
requires an osteotomy of the greater trochanter, however, 
with the resulting risk of nonunion or trochanteric bursi-
tis. Also, as reported by Testa and Mazur, the incidence of 
significant or disabling heterotopic ossification is increased 
after total hip arthroplasty using a transtrochanteric lateral 
approach compared with a direct lateral approach.

 TECHNIQUE 1.68 

(HARRIS)
 n  Place the patient on the unaffected hip and elevate the 

affected one 60 degrees; maintain this position by using 
sandbags or a long, thick blanket roll extending from be-
neath the scapula to the sacrum.

 n  Make a U-shaped skin incision, with its base at the pos-
terior border of the greater trochanter as follows (Fig. 
1.86A, inset). Begin the incision about 5 cm posterior and 
slightly proximal to the anterior superior iliac spine, curve 
it distally and posteriorly to the posterosuperior corner of 
the greater trochanter, extend it longitudinally for about 
8 cm, and finally curve it gradually anteriorly and distally, 
making the two limbs of the U symmetrical.

 n  Beginning distally, divide the iliotibial band in line with 
the skin incision; at the greater trochanter, place a finger 
deep to the band, feel the femoral insertion of the gluteus 
maximus on the gluteal tuberosity, and guide the incision 
in the fascia lata posteriorly, but stay one fingerbreadth 
anterior to this insertion.

 n  Continue the incision in the fascia lata proximally in line 
with the skin incision, releasing the fascia overlying the 
gluteus medius.

 n  Exposure of the posterior aspect of the greater trochan-
ter, the insertion of the short external rotators, and the 
posterior part of the joint capsule is limited by the poste-
rior part of the fascia lata and the gluteus maximus fibers 
that insert into it. To obtain wide exposure posteriorly 
and to provide a space into which the femoral head can 
be dislocated, make a short oblique incision in the deep 
surface of the posteriorly reflected fascia lata, extending 
into the substance of the gluteus maximus (Fig. 1.86A). 
Begin this incision at the level of the middle of the greater 
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FIGURE 1.85 Watson-Jones lateral approach to hip joint. A, 
Skin incision. B, Approach has been completed except for incision 
of joint capsule. SEE TECHNIQUE 1.67.
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  FIGURE 1.86 Harris lateral approach to hip. A, Iliotibial band has been divided proximal to greater 
trochanter. A finger has been placed on insertion of gluteus maximus deep to band, and fascia lata is to 
be incised 1 fingerbreadth anterior to insertion (broken line) without cutting into insertion of gluteus 
maximus. B, To obtain wide exposure posteriorly and to provide space into which femoral head can be 
dislocated, a short oblique incision has been made in posteriorly reflected fascia lata, extending into 
gluteus maximus (see text). Greater trochanter is to be osteotomized (see text). C, Greater trochanter 
has been osteotomized and retracted superiorly; superior part of joint capsule has been freed; and 
insertions of piriformis, obturator externus, and obturator internus are to be divided. D, Full circum- 
ference of femoral head has been exposed by placing greater trochanter and its muscle pedicle into 
acetabulum and externally rotating femur. E, Entire acetabulum has been exposed by retracting the 
greater trochanter superiorly and dislocating the femoral head posteriorly. SEE TECHNIQUE 1.68.
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trochanter and extend it medially and proximally into the 
gluteus maximus parallel to its fibers for 4 cm.

 n  Reflect anteriorly the anterior part of the iliotibial band 
and the tensor fasciae latae, which form the anterior flap, 
passing a periosteal elevator along the anterior capsule to 
the acetabulum.

 n  Free the abductor muscles by osteotomizing the greater 
trochanter as follows (Fig. 1.86B): reflect distally the ori-
gin of the vastus lateralis; place an instrument between 
the abductor muscles and the superior surface of the joint 
capsule, and direct the osteotomy superiorly and medially 
from a point 1.5 cm distal to the tubercle of the vastus 
lateralis to the superior surface of the femoral neck.

 n  Free the superior part of the joint capsule from the greater 
trochanter. During these maneuvers, protect the sciatic 
nerve by using a smooth retractor.

 1.  Divide the piriformis, obturator externus, and obtura-
tor internus at their femoral insertions (Fig. 1.86C).

 2.  Excise the anterior and posterior parts of the capsule 
under direct vision as far proximally as the acetabulum.

 n  Proceed with the operation anteriorly. Deep to the rectus 
femoris insert a small, blunt-pointed Bennett retractor so 
that its hook is placed over the anterior inferior iliac spine.

 n  Reflect superiorly the greater trochanter and its attached 
abductor muscles to expose the superior and anterior 
parts of the capsule.

 n  Place a thin retractor between the capsule and the ilio-
psoas to expose the anterior and inferior parts of the cap-
sule. Working from the anterior and posterior aspects of 
the joint, excise as much of the capsule as desired; if the 
iliopsoas muscle is to be transplanted, leave the stump of 
the anterior part of the capsule intact.

 n  Dislocate the femoral head anteriorly by extending, ad-
ducting, and externally rotating the femur. Before or after 
the hip has been dislocated, bring the lesser trochanter 
into view by flexing and externally rotating the femur and, 
if desired, divide the iliopsoas under direct vision.

 n  Expose the full circumference of the femoral head by 
placing the greater trochanter and its muscle pedicle 
into the acetabulum and externally rotating the femur 
(Fig. 1.86D).

 n  To expose the entire acetabulum, retract the greater tro-
chanter superiorly and dislocate the femoral head pos-
teriorly (Fig. 1.86E) by flexing the knee and adducting, 
flexing, and internally rotating the hip. Flexing the knee 
reduces tension on the sciatic nerve while the head is 
dislocated posteriorly.

 n  When closing the wound, position the limb in almost full 
abduction and in about 10 degrees of external rotation. 
Transplant the greater trochanter distally, and fix it di-
rectly to the lateral side of the femoral shaft with two wire 
loops, screws, or a cable grip. For a more detailed descrip-
tion of fixation of the greater trochanter, see Chapter 3.
   

 

LATERAL APPROACH TO THE HIP 
PRESERVING THE GLUTEUS MEDIUS
McFarland and Osborne described a lateral approach to 
the hip that preserves the integrity of the gluteus medius 

 muscle. They noted that the gluteus medius and vastus 
lateralis muscles can be regarded as being in direct func-
tional continuity through the thick periosteum covering the 
greater trochanter.

 TECHNIQUE 1.69 

(MCFARLAND AND OSBORNE)
 n  Make a midlateral skin incision (Fig. 1.87A) centered over 

the greater trochanter; its length depends on the amount 
of subcutaneous fat. Expose the gluteal fascia and the 
iliotibial band, and divide them in a straight midlateral line 
along the entire length of the skin incision (Fig. 1.87B).

 n  Retract the gluteus maximus posteriorly and the tensor 
fasciae latae anteriorly.

 n  Expose the gluteus medius and separate it from the piri-
formis and gluteus minimus by blunt dissection.

 n  Identify the prominent posterior border of the gluteus 
medius where it joins the posterior edge of the greater 
trochanter. From this point, make an incision down to the 
bone through the periosteum and fascia obliquely and 
distally across the greater trochanter to the middle of the 
lateral aspect of the femur; continue it further distally in 
the vastus lateralis to the distal end of the skin incision 
(Fig. 1.87C).

 n  With a knife or a sharp chisel, peel from the bone, in one 
piece, the attachment of the gluteus medius, the perios-
teum, the tendinous junction of the gluteus medius and 
vastus lateralis, and the origin of the vastus lateralis. The 
portion of the vastus lateralis peeled off includes that at-
tached to the proximal part of the linea aspera, the distal 
border of the greater trochanter, and part of the shaft of 
the femur.

 n  Anteriorly retract the whole combined muscle mass, con-
sisting of the gluteus medius and vastus lateralis with their 
tendinous junction (Fig. 1.87D). Split, divide, and proxi-
mally retract the tendon of the gluteus minimus to expose 
the capsule of the hip joint (Fig. 1.87E). Incise the capsule 
as desired (Fig. 1.87F).

 n  During closure, suture the capsule and gluteus minimus 
as one structure. Abduct the hip, return the gluteus me-
dius and vastus lateralis to their original position, and su-
ture them to the undisturbed part of the vastus lateralis, 
to the deep insertion of the gluteus maximus, and to the 
proximal part of the quadratus femoris.
   

 

LATERAL TRANSGLUTEAL APPROACH 
TO THE HIP
Hardinge described a useful transgluteal modification of 
the McFarland and Osborne direct lateral approach based 
on the observation that the gluteus medius inserts on the 
greater trochanter by a strong, mobile tendon that curves 
around the apex of the trochanter. This approach can be 
easily made with the patient supine. Osteotomy of the 
greater trochanter is avoided.
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FIGURE 1.87 McFarland and Osborne lateral or posterolateral approach to hip. A, Skin inci-
sion. B, Gluteal fascia and iliotibial band are divided in midlateral line. C, Incision is made to bone 
obliquely across trochanter and distally in vastus lateralis. D, Combined muscle mass consisting of 
gluteus medius and vastus lateralis with their tendinous junction is elevated and retracted anteri-
orly. E, Tendon of gluteus minimus is split and divided before retraction proximally. F, Capsule has 
been opened to expose joint. (From McFarland B, Osborne G: Approach to the hip: a suggested 
improvement on Kocher’s method, J Bone Joint Surg 36B:364, 1954.) SEE TECHNIQUE 1.69.
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 TECHNIQUE 1.70 

(HARDINGE)
 n  Place the patient supine with the greater trochanter at the 

edge of the table and the muscles of the buttocks freed 
from the edge.

 n  Make a posteriorly directed lazy-J incision centered over 
the greater trochanter (Fig. 1.88A).

 n  Divide the fascia lata in line with the skin incision and 
centered over the greater trochanter.

 n  Retract the tensor fasciae latae anteriorly and the gluteus 
maximus posteriorly, exposing the origin of the vastus late-
ralis and the insertion of the gluteus medius (Fig. 1.88B).

 n  Incise the tendon of the gluteus medius obliquely across 
the greater trochanter, leaving the posterior half still at-
tached to the trochanter. Carry the incision proximally 
in line with the fibers of the gluteus medius at the junc-
tion of the middle and posterior thirds of the muscle. This 
gluteus medius split should be no farther than 4 to 5 cm 
from the tip of the greater trochanter to avoid damage 
to the superior gluteal nerve and artery. Distally, carry 
the incision anteriorly in line with the fibers of the vastus 
lateralis down to bone along the anterolateral surface of 
the femur (Fig. 1.88B).

 n  Elevate the tendinous insertions of the anterior portions 
of the gluteus minimus and vastus lateralis muscles. Ab-
duction of the thigh exposes the anterior capsule of the 
hip joint (Fig. 1.88C).

 n  Incise the capsule as desired.

 n  During closure, repair the tendon of the gluteus medius 
with nonabsorbable braided sutures.
Frndak et al. modified the Hardinge direct lateral trans-

gluteal approach by placing the abductor “split” more an-
terior, directly over the femoral head and neck (Fig. 1.89). 
The “split” must not extend more than 2 cm above the 
lateral lip of the acetabulum to avoid damage to the gluteal 
neurovascular bundle. Because the abductor “split” is more 
anterior, exposure of the femoral head and neck requires 
less retraction.

   

 

LATERAL TRANSGLUTEAL APPROACH 
TO THE HIP
McLauchlan described a direct lateral transgluteal approach 
to the hip through the gluteus medius used for many years 
by Hay at the Stracathro Hospital. It also is based on the 
anatomic observation made by McFarland and Osborne 
mentioned earlier that the gluteus medius and vastus 
lateralis are in functional continuity through the thick peri-
osteum covering the greater trochanter.

 TECHNIQUE 1.71 

(HAY AS DESCRIBED BY MCLAUCHLAN)
 n  Place the patient in the Sims position with the affected hip 

uppermost.
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FIGURE 1.88 Hardinge direct lateral transgluteal approach. A, Lazy-J lateral skin incision. 
B, Tensor fasciae latae retracted anteriorly, and gluteus maximus is retracted posteriorly. Incision 
through gluteus medius tendon is outlined. Posterior half is left attached to greater trochanter. 
C, Anterior joint capsule is exposed. (Modified from Hardinge K: The direct lateral approach to the hip, 
J Bone Joint Surg 64B:17, 1982.) SEE TECHNIQUE 1.70.
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 n  Make a lateral longitudinal skin incision (Fig. 1.90A) centered 
midway between the anterior and posterior borders of the 
greater trochanter and extending an equal distance proximal 
and distal to the tip of the trochanter. In lateral rotational 
deformities of the hip, place the incision more posteriorly.

 n  Incise the deep fascia and the tensor fasciae latae in line 
with the skin incision.

 n  Retract these structures anteriorly and posteriorly to ex-
pose the greater trochanter with the gluteus medius at-
tached to it proximally and the vastus lateralis attached 
distally (Fig. 1.90B).

 n  Split the gluteus medius in the line of its fibers for a dis-
tance of no more than 4 to 5 cm to avoid damage to the 
superior gluteal neurovascular bundle. Elevate two rect-
angular slices of greater trochanter, one anteriorly and 
one posteriorly with an osteotome. These slices of tro-
chanter have gluteus medius attached to them proximally 
and vastus lateralis attached distally (Fig. 1.90C).

 n  Retract anteriorly and posteriorly to reveal the gluteus 
minimus.

 n  Rotate the hip externally and split the gluteus minimus in 
the line of its fibers or detach it from the greater trochanter.

 n  Incise the capsule of the hip joint, insert spike retractors 
anteriorly and posteriorly over the edges of the acetabu-
lum, and dislocate the hip anteriorly by flexion and exter-
nal rotation (Fig. 1.90D). The femoral neck and acetabu-
lum are well exposed for routine total hip arthroplasty or 
for difficult revisions.

 n  When closing, suture the capsule if enough of it is left.
 n  Internally rotate the hip and suture the trochanteric slic-

es to the periosteum and the other soft tissue covering 
the trochanter. The trochanteric slices unite without any 
problem, and abductor function returns rapidly.

 n  Carefully close the deep fascia with interrupted sutures.
   

 

POSTEROLATERAL APPROACH
Alexander Gibson is responsible for the rediscovery in 
North America of the posterolateral approach to the hip 

first described and recommended by Kocher and Langen-
beck. Because detaching the gluteal muscles from the ilium 
and interfering with the function of the iliotibial band are 
unnecessary, rehabilitation after surgery is rapid.

 TECHNIQUE 1.72 

(GIBSON)
 n  Place the patient in a lateral position.
 n  Begin the proximal limb of the incision at a point 6 to 8 

cm anterior to the posterior superior iliac spine and just 
distal to the iliac crest, overlying the anterior border of the 
gluteus maximus muscle. Extend it distally to the anterior 
edge of the greater trochanter and farther distally along 
the line of the femur for 15 to 18 cm (Fig. 1.91A).

 n  By blunt dissection, reflect the flaps of skin and subcuta-
neous fat from the underlying deep fascia a short distance 
anteriorly and posteriorly.

 n  Incise the iliotibial band in line with its fibers, beginning 
at the distal end of the wound and extending proximally 
to the greater trochanter.

 n  Abduct the thigh, insert the gloved finger through the 
proximal end of the incision in the band, locate by pal-
pation the sulcus at the anterior border of the gluteus 
maximus muscle, and extend the incision proximally along 
this sulcus. Adduct the thigh, reflect the anterior and pos-
terior masses, and expose the greater trochanter and the 
muscles that insert into it (Fig. 1.91B).

 n  Separate the posterior border of the gluteus medius mus-
cle from the adjacent piriformis tendon by blunt dissection.

 n  Divide the gluteus medius and minimus muscles at their 
insertions, but leave enough of their tendons attached 
to the greater trochanter to permit easy closure of the 
wound. Reflect these muscles (innervated by the superior 
gluteal nerve) anteriorly (Fig. 1.91C). The anterior and su-
perior parts of the joint capsule now can be seen.

 n  Incise the capsule superiorly in the axis of the femoral 
neck from the acetabulum to the intertrochanteric line; 
incise as much of the capsule as desired along the joint 
line anteriorly and along the anterior intertrochanteric line 
laterally. The hip now can be dislocated by flexing the hip 
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FIGURE 1.89 Modified direct lateral transgluteal approach. A, Abductor “split” is determined 
by location of the femoral neck. B, Capsular incision parallels superior border. SEE TECHNIQUE 1.70.
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and knee and abducting and externally rotating the thigh 
(Fig. 1.91D).

 n  Sufficient exposure of the hip often can be obtained with 
less extensive division of the muscles inserting on the tro-
chanter; the extent of division depends on the type of 
operation proposed, the amount of exposure required, 
the tightness of the soft tissues, and the presence or ab-
sence of contractures around the joint. Conversely, when 
wide exposure of the joint, especially of the acetabulum, 

is needed, more extensive division of the muscles may 
be necessary. Gibson thought that reattaching the mus-
cles to the greater trochanter by interrupted sutures is 
 adequate.

 n  To preserve the insertion of the abductor muscles, oste-
otomize the trochanter and later reattach it with two wire 
loops, 6.5-mm lag screws, or cable grip. Wire loops are 
passed through the insertion of the muscles proximal to 
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FIGURE 1.90 Hay lateral transgluteal approach to hip. A, Skin incision. B, Greater trochanter 
is exposed with gluteus medius attached to it proximally and vastus lateralis distally. Broken line 
indicates incision to be made in soft tissues. C, Rectangular slices of greater trochanter have been 
elevated anteriorly and posteriorly. D, Hip joint has been opened and can be dislocated as described. 
(Modified from McLauchlan J: The Stracathro approach to the hip, J Bone Joint Surg 66B:30, 1984.) SEE 
TECHNIQUE 1.71.
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the trochanter and through a hole drilled in the femoral 
shaft 4 cm distal to the osteotomy.
Figure 1.92 shows a modification of the Gibson ap-

proach by Marcy and Fletcher for insertion of a prosthesis 
in which the hip is dislocated by internal rotation and the 
anterior part of the joint capsule is preserved to keep the 
hip from dislocating anteriorly after surgery.

  

POSTERIOR APPROACHES TO THE HIP
Posterior approaches are ideally suited for procedures in 
which femoral head viability is unnecessary, such as resection 
arthroplasty and insertion of a proximal femoral prosthesis. If 
femoral head viability is necessary, such as in hip resurfacing 
arthroplasty or fracture repair, the medial femoral circumflex 
artery and its ascending branches must be protected (Fig. 1.80). 

The piriformis, obturator internus, and gemelli muscles must 
be separated well away from the posterior aspect of the greater 
trochanter (Fig. 1.93) and the attachments of the obturator 
externus and quadriceps femoris muscles must be preserved. 
Other, more anterior approaches often are better suited for 
these procedures. 

 

POSTERIOR APPROACH TO THE HIP

 TECHNIQUE 1.73 

(OSBORNE)
 n  Begin the incision 4.5 cm distal and lateral to the posterior 

superior iliac spine and continue it laterally and distally, 
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FIGURE 1.91 Gibson posterolateral approach to hip joint. A, Skin incision. B, Anterior and 
posterior muscle masses have been retracted to expose greater trochanter and muscles that 
insert into it. C, Gluteus medius and minimus have been divided near their insertions into greater 
trochanter and retracted. Incision in capsule is shown. D, Hip joint has been dislocated by flexing, 
abducting, and externally rotating thigh. SEE TECHNIQUE 1.72.
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remaining parallel with the fibers of the gluteus maxi-
mus muscle, to the posterosuperior angle of the greater 
trochanter, and distally along the posterior border of the 
trochanter for 5 cm (Fig. 1.93A).

 n  Separate the fibers of the gluteus maximus parallel with the 
line of incision, no more than 7 cm to protect the branches 
of the inferior gluteal artery and nerve (Fig. 1.93B).

 n  Divide the insertion of the gluteus maximus into the fascia 
lata for 5 cm, corresponding to the longitudinal limb of 
the incision.

 n  Rotate the thigh internally, detach the tendons of the piri-
formis and gemellus muscles near their insertions into the 
trochanter, and retract the muscles medially. The gemelli 
protect the sciatic nerve (Fig. 1.93C).

 n  The capsule of the joint is now in view and may be in-
cised longitudinally to expose the posterior surface of the 
femoral neck and posterior border of the acetabulum. 
Further exposure may be obtained by retracting the glu-
teus medius muscle proximally and the quadratus femoris 
muscle distally.
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FIGURE 1.92 Modification of Gibson posterolateral approach to hip. Anterior part of joint 
capsule is preserved to keep hip from dislocating after surgery. Acetabulum is not well exposed, but 
approach is sufficient for removing femoral head and inserting prosthesis. SEE TECHNIQUE 1.72.
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POSTERIOR APPROACH TO THE HIP

 TECHNIQUE 1.74 

(MOORE)
 n  Moore’s approach has been facetiously labeled “the 

southern exposure.” Place the patient on the unaffected 
side.

 n  Start the incision approximately 10 cm distal to the posteri-
or superior iliac spine and extend it distally and laterally par-
allel with the fibers of the gluteus maximus to the  posterior 

margin of the greater trochanter. Direct the incision distally 
10 to 13 cm parallel with the femoral shaft (Fig. 1.94A).

 n  Expose and divide the deep fascia in line with the skin 
incision.

 n  By blunt dissection, separate the fibers of the gluteus 
maximus no more than 7 cm from the tip of the trochan-
ter to avoid injury to the branches of the inferior gluteal 
artery and nerve (Fig. 1.94B).

 n  Retract the proximal fibers of the gluteus maximus proxi-
mally and expose the greater trochanter. Retract the distal 
fibers distally, and partially divide their insertion into the 
linea aspera in line with the distal part of the incision.
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FIGURE 1.93 Osborne posterior approach to hip joint. A, Skin incision. B, Gluteus maximus has 
been opened in line with its fibers and retracted. C, Piriformis, gemellus, and obturator internus 
muscles have been divided at their insertions and reflected medially to expose posterior aspect of 
joint capsule. SEE TECHNIQUE 1.73.
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 n  Expose the sciatic nerve and retract it carefully. After the 
surgeon becomes familiar with this approach, the sciatic 
nerve rarely needs to be exposed. Divide a small branch of 
the sacral plexus to the quadratus femoris and inferior ge-
mellus, which contains sensory fibers to the joint capsule.

 n  Expose and divide the gemelli and obturator internus and, 
if desired, the tendon of the piriformis at their insertion on 
the femur, and retract the muscles medially. Tag these for 
later reattachment to the trochanter if desired.

 n  The posterior part of the joint capsule is now well exposed 
(Fig. 1.94C); incise it from distal to proximal along the line 
of the femoral neck to the rim of the acetabulum.

 n  Detach the distal part of the capsule from the femur.
 n  Flex the thigh and knee 90 degrees, internally rotate the 

thigh, and dislocate the hip posteriorly (Fig. 1.94D).
  

MEDIAL APPROACH TO THE HIP
The medial approach to the hip, first described by Ludloff 
in 1908, was developed to permit surgery on a congenitally 

dislocated hip with the hip flexed, abducted, and externally 
rotated. With the hip in this position, the distance from 
the skin to the medial aspect of the femoral head and lesser 
trochanter is about half that present when the hip is in the 
 neutral position.

The muscular interval for the Ludloff approach is believed 
to be between the sartorius and the adductor longus with the 
deeper interval being between the iliopsoas and pectineus, 
although Ludloff did not precisely define the interval in his 
original German articles. A review by Mallon and Fitch clari-
fies the anatomic intervals for the various medial approaches. 

 

MEDIAL APPROACH TO THE HIP
Ferguson and Hoppenfeld and deBoer described a medial 
approach based on Ludloff’s approach with the superficial 
muscular interval between the gracilis and adductor lon-
gus and the deep interval between the adductor brevis and 
adductor magnus (Fig. 1.95).
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FIGURE 1.94 Moore posterior approach to hip joint. A, Skin incision. B, Gluteus maximus 
has been split in line with its fibers and retracted to expose sciatic nerve, greater trochanter, and 
short external rotator muscles. C, Short external rotator muscles have been freed from femur and 
retracted medially to expose joint capsule. D, Joint capsule has been opened, and hip joint has 
been dislocated by flexing, adducting, and internally rotating thigh. SEE TECHNIQUE 1.74.
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 TECHNIQUE 1.75  Figure 1.95

(FERGUSON; HOPPENFELD AND DEBOER)
 n  Make a longitudinal incision on the medial aspect of the 

thigh, beginning about 2.5 cm distal to the pubic tubercle 
and over the interval between the gracilis and the adduc-
tor longus muscles.

 n  Develop the plane between the adductor longus and 
brevis muscles anteriorly and the gracilis and adductor 
magnus muscles posteriorly.

 n  Expose and protect the posterior branch of the obturator 
nerve and the neurovascular bundle of the gracilis muscle. 
The lesser trochanter and the capsule of the hip joint are 
located in the floor of the wound.
  

Using a modified medial approach, Cavaignac et  al. 
repaired a femoral head fracture. The approach interval in this 
technique is between the lateral part of the adductor longus 

muscle belly and the adductor longus aponeurosis. The lesser 
trochanter is exposed by blunt dissection. The inferior joint 
capsule is exposed by retracting the iliopsoas tendon in a lat-
eral direction. 

ACETABULUM AND PELVIS
Computed tomography and three-dimensional image recon-
struction have aided greatly in characterizing fracture con-
figurations and in preoperative planning for reduction of 
acetabular and pelvic fractures. Modifications of more tradi-
tional approaches have been developed for anterior, posterior, 
and lateral acetabular fractures. Extensile approaches have 
been developed for more complex fractures involving the 
anterior and posterior columns of the acetabulum and pel-
vis. The procedure for open reduction and internal fixation of 
acetabular fractures is detailed in Chapter 56. Complications 
associated with these more extensile approaches have led to 
the development of indirect reduction and percutaneous fixa-
tion techniques for acetabular fractures using only portions of 
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FIGURE 1.95 Ferguson; Hoppenfeld and deBoer medial approach to hip joint. A, Skin incision. 
B, Plane between adductor longus and gracilis is to be developed. C, Adductor longus has been 
retracted anteriorly, and gracilis and adductor magnus have been retracted posteriorly. D, Lesser 
trochanter has been exposed. SEE TECHNIQUE 1.75.
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these approaches if possible. Many of these approaches can be 
adapted for difficult primary or revision total hip arthroplasty. 

 

STOPPA APPROACH
The modified Stoppa approach can be used for many frac-
tures that were previously treated through the ilioinguinal 
approach. It is performed through a Pfannenstiel skin inci-
sion with a vertical split in the rectus abdominis though 
the linea alba. The rectus on the involved side is elevated 
off the superior surface of the pubis, and any anastomo-
ses between the obturator vessels and the external iliac or 
inferior epigastric vessels (the corona mortis) are ligated 
to expose the internal surface of the anterior column and 
the quadrilateral surface. Using the lateral window of the 
ilioinguinal approach, this approach avoids dissection of 
the middle window and exposure of the femoral vein and 
artery, nerve and lymphatics. Combining the complete 

 ilioinguinal and Stoppa approaches can improve access and 
fixation of the quadrilateral surface in comminuted ante-
rior fracture patterns. Traditionally most surgeons have 
preferred to use skeletal traction on a radiolucent fracture 
table, but some surgeons prefer to drape the limb free to 
allow positioning of the limb to facilitate exposure.

 TECHNIQUE 1.76 

(AO FOUNDATION)
 n  Make a Pfannenstiel incision or alternatively a midline skin 

incision, starting 1 cm inferior to the symphysis and end-
ing 2 cm to 3 cm inferior to the umbilicus (Fig. 1.96A).

 n  Divide the subcutaneous tissues in line with the skin inci-
sion to expose the fascia overlying both rectus muscles of 
the abdomen.

 n  Incise the rectus fascia longitudinally along the linea alba 
and gently retract both bellies of the rectus abdominis 
muscle laterally (Fig. 1.96B).
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FIGURE 1.96 Stoppa approach for open reduction and internal fixation of acetabular fracture. 
A, Incision. B, Retraction of rectus abdominis muscle. C, Wet sponge packed into retropubic space 
to protect the urinary bladder. D, Dissection of periosteum from the superior pubic bone. 
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FIGURE 1.96, cont’d E, Identification of the corona mortis vessels. F, Dissection of the 

iliopectineal arch from the bone. G, Elevation of the periosteum and obturator internus to expose 
the quadrilateral surface. H, Placement of Hohmann retractors to expose acetabulum. (A through 
D, From AO Surgery Reference, www.aosurgery.org. Copyright by AO/Spine International, and E through 
H, Redrawn from AO Foundation, Davos Platz, Switzerland.) SEE TECHNIQUE 1.76.
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 n  Identify the fascia between the heads of the rectus mus-
cle. In almost all patients, this fascia has been disrupted 
by the injury, and the resulting defect can be used as a 
starting point for blunt dissection.

 n  In the proximal part of the incision, take care not to incise 
the peritoneum. The entire approach should stay in the 
preperitoneal space.

 n  Loosely pack a wet sponge in the retropubic space to 
protect the urinary bladder (Fig. 1.96C).

 n  The medial part of the rectus muscle can be partly de-
tached from the upper and anterior part of the symphysis 
if necessary.

 n  Sharply dissect the thick periosteum from the superior 
pubic bone to allow deeper blunt dissection. At the begin-
ning, dissection should be enlarged also on the anterior 
part of the symphysis (Fig. 1.96D).

 n  Identify the upper border of the superior pubic ramus 
(pectin pubis) and carry the dissection laterally along the 
pelvic brim. Detach the iliopectineal fascia from the pelvic 
brim.

 n  Dissecting carefully along the medial surface of the supe-
rior ramus, identify the corona mortis vessels and ligate 
(or clip) them as necessary (Fig. 1.96E).

 n  Continue dissection of the periosteum farther laterally, 
following the upper border of the superior pubic bone to 
the direction of the pelvic brim, exposing the beginning 
of the iliopectineal eminence.

 n  Dissect the beginning of the iliopectineal arch from the 
bone to allow elevation of the femora vessels and nerve 
(Fig. 1.96F).

 n  Continue the dissection subperiosteally more laterally, 
following the upper border of the pelvic brim. At this 
point, the entire internal surface of the superior pubic 
ramus has been exposed adequately for plate fixation.

 n  At this level, the obturator neurovascular bundle crosses 
the quadrilateral surface and, in some cases, it should be 
mobilized. Use a spatula or malleable retractor to protect 
the obturator neurovascular bundle and pelvic floor.

 n  With a Cobb elevator, elevate the periosteum and obtura-
tor internus to expose the quadrilateral surface (Fig. 1.96G).

 n  Place a Hohmann retractor in the middle part of the supe-
rior pubic ramus and another curved Hohmann retractor 
on the posterior top of the acetabulum on the iliac part 
of the pelvic brim. Take care not to injure the external 
iliac vein, which may be in close proximity to the elevators 
(Fig. 1.96H).
  

ANTERIOR APPROACHES TO THE 
ACETABULUM 

 

ILIOINGUINAL APPROACH TO THE 
ACETABULUM
Letournel developed the ilioinguinal approach in 1960 as 
an anterior approach to the acetabulum and pelvis for 
the operative treatment of anterior wall acetabular and 
anterior column pelvic fractures. The articular surface of 
the acetabulum is not exposed, which is a disadvantage. 
This approach provides exposure of the inner table of the 

innominate bone from the symphysis pubis to the anterior 
aspect of the sacroiliac joint, however, including the quad-
rilateral surface and the superior and inferior pubic rami. 
The hip abductor musculature is left undisturbed, and rapid 
postoperative rehabilitation is possible.

A thorough knowledge of the surgical anatomy of this 
area is necessary to avoid disastrous complications.

 TECHNIQUE 1.77 

(LETOURNEL AND JUDET, AS DESCRIBED BY MATTA)
 n  Position the patient supine on a fracture table with skeletal 

traction applied on the injured side through a distal femo-
ral pin. Traction should not be used in the presence of con-
tralateral superior and inferior pubic rami fractures because 
deformity of the anterior pelvic ring results from pressure 
from the perineal post. Apply lateral traction, if necessary, 
through a traction screw inserted into the greater trochan-
ter and attached to a lateral support on the fracture table.

 n  Begin an incision 3 cm above the symphysis pubis and 
carry it laterally across the lower abdomen to the anterior 
superior iliac spine. Continue it posteriorly along the iliac 
crest to the junction of the middle and posterior thirds of 
the crest (Fig. 1.97A).

 n  Sharply elevate the origins of the abdominal muscles and 
the iliacus muscle from the iliac crest.

 n  Elevate the iliacus by subperiosteal dissection from the inner 
table of the ilium as far as the anterior aspect of the sacro-
iliac joint. Continue the incision anteriorly through the su-
perficial fascia to the external oblique aponeurosis and the 
external fascia of the rectus abdominis muscle (Fig. 1.97B).

 n  Sharply incise the aponeurosis of the external oblique and 
the external fascia of the rectus abdominis at least 1 cm 
proximal to the external inguinal ring and in line with the 
skin incision.

 n  Open the inguinal canal by elevating and reflecting the dis-
tal edge of the external oblique aponeurosis and the adja-
cent fascia of the rectus abdominis (Fig. 1.97C). Protect the 
lateral femoral cutaneous nerve, which may be adjacent to 
the anterior superior iliac spine or 3 cm medial to it.

 n  Identify the spermatic cord or round ligament and adja-
cent ilioinguinal nerve. Bluntly free these structures and 
secure them with a Penrose drain.

 n  Clean the areolar tissue from the inguinal ligament and in-
cise the ligament along its length carefully with a scalpel, 
leaving 1 mm of ligament attached to the internal oblique 
and transversus abdominis muscles and the transversa-
lis fascia (Fig. 1.97D). Exercise extreme caution to avoid 
damaging the structures beneath the inguinal ligament.

 n  Having released the common origin of the internal oblique 
and transversus abdominis from the inguinal ligament, the 
psoas sheath is entered. Continue to protect the lateral 
femoral cutaneous nerve beneath the inguinal ligament.

 n  To gain further exposure medially, retract the spermatic 
cord or round ligament laterally, exposing the transversa-
lis fascia and conjoined tendon, which form the floor of 
the inguinal canal.

 n  Divide the conjoined tendon of the internal oblique and 
transversus abdominis and the tendon of the rectus ab-
dominis at their insertions on the pubis to open the retro-
pubic space.
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 n  The structures beneath the inguinal ligament lie within 
two compartments or lacunae. The lacuna musculorum 
is lateral and contains the iliopsoas muscle, the femoral 
nerve, and the lateral femoral cutaneous nerve. The la-
cuna vasorum is medial and contains the external iliac 
vessels and lymphatics. The iliopectineal fascia, or psoas 
sheath, separates the two compartments (Fig. 1.97E). 
Carefully elevate the external iliac vessels and lymphatics 
from the iliopectineal fascia by blunt dissection and gently 
retract them medially.

 n  Elevate the iliopectineal fascia from the underlying il-
iopsoas and divide it sharply with scissors down to the 
pectineal eminence (Fig. 1.97F,G); continue the dissection 
laterally beneath the iliopsoas until the muscle and sur-
rounding fascia are freed from the underlying pelvic brim. 

Pass a Penrose drain beneath the iliopsoas, femoral nerve, 
and lateral femoral cutaneous nerve for use as a retractor.

 n  Using blunt finger dissection, begin mobilizing the exter-
nal iliac vessels and lymphatics, working from lateral to 
medial. Search for the obturator artery and nerve medial 
and posterior to the vessels. Occasionally, the obturator 
artery or vein has an anomalous anastomosis with the 
external iliac or inferior epigastric artery or vein

 n  This is known as the corona mortis, or “crown of death,” 
because if it is accidentally cut hemostasis is difficult to 
achieve. If the anomalous obturator vessel is present, 
clamp, ligate, and divide it to avoid an avulsive traction 
injury. Place a third Penrose drain around the external iliac 
vessels and lymphatics. Leave the areolar tissue surround-
ing the vessels and lymphatics intact.
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FIGURE 1.97 Letournel and Judet ilioinguinal approach. A, Skin incision. B, Origins of abdom-
inal and iliacus muscles have been elevated from iliac crest. Broken line shows incision through 
superficial fascia and external oblique aponeurosis. C, Lateral femoral cutaneous nerve has been 
exposed, and aponeurosis of external oblique has been incised. Iliacus has been reflected from 
inner table of ilium. Inguinal canal has been opened by reflecting incised flap of external oblique 
aponeurosis distally. Internal oblique, inguinal ligament, and spermatic cord or round ligament 
have been exposed. D, Inguinal ligament has been incised, releasing common origin of internal 
oblique and transversus abdominis muscles. 
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 FIGURE 1.97, cont’d E, Iliopectineal fascia 
separates lacuna musculorum and lacuna vasorum. 
F, Iliopectineal fascia is incised toward pectineal 
eminence. G, Internal iliac vessels have been sepa-
rated and retracted medially from iliopectineal 
fascia. H, Three regions of pelvis exposed during 
approach. I, Lateral femoral cutaneous nerve, ilio-
psoas, and femoral nerve have been retracted medi-
ally to expose internal iliac fossa. J, Pelvic brim and 
pectineal eminence have been exposed by lateral 
retraction of iliopsoas and femoral nerve and medial 
retraction of external iliac vessels. K, Medial aspect 
of superior pubic ramus and pubic symphysis have 
been exposed by release of rectus abdominis and 
lateral retraction of external iliac vessels and sper-
matic cord or round ligament. SEE TECHNIQUE 1.77.
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 n  To expose the internal iliac fossa and adjacent pelvic brim, 
retract the iliopsoas and femoral nerve medially. Contin-
ue elevation of the iliacus muscle subperiosteally to the 
quadrilateral surface of the pelvis as necessary. Avoid in-
juring the internal iliac and gluteal vessels as the dissec-
tion is continued proximally along the quadrilateral space 
(Fig. 1.97H,I). To increase the exposure of the superior 
pubic ramus, retract the iliac vessels laterally and release 
the origin of the pectineus muscle.

 n  To obtain access to the entire pelvic brim distally to the 
lateral aspect of the superior pubic ramus, the anterior 
wall of the acetabulum, the quadrilateral surface, and 
the superior aspect of the obturator foramen, retract the 
iliopsoas and femoral nerve laterally and the external iliac 
vessels medially (Fig. 1.97J). To gain access to the superior 
aspect of the obturator foramen and the superior pubic 
ramus, retract the external iliac vessels laterally and the 
spermatic cord or round ligament medially. During retrac-
tion of the external iliac vessels in either direction, check 
the pulse of the internal iliac artery frequently and lessen 
the traction force if the pulse is interrupted. To obtain 
access to the medial aspect of the superior pubic ramus 
and symphysis pubis, retract the spermatic cord or round 
ligament laterally (Fig. 1.97K).

 n  If necessary, release the inguinal ligament and sartorius 
muscle from the anterior superior iliac spine and elevate 
the tensor fasciae latae and gluteal muscles from the ex-
ternal surface of the iliac wing.

 n  In repairing a pelvic fracture, preserve all substantial mus-
cular attachments to the fracture fragments to avoid de-
vitalizing the bone.

 n  Before wound closure, insert suction drains into the ret-
ropubic space and internal iliac fossa overlying the quad-
rilateral space.

 n  Reattach the abdominal fascia to the fascia lata on the 
iliac crest with heavy sutures.

 n  Reattach the tendon of the rectus abdominis to the peri-
osteum of the pubis.

 n  Reattach the transversalis fascia and the internal oblique 
and transversus abdominis muscles to the inguinal 
 ligament.

 n  Repair the iliopectineal fascia that separates the iliopsoas 
from the fascia of the rectus abdominis and the aponeu-
rosis of the external oblique.
   

 

ILIOFEMORAL APPROACH TO THE 
ACETABULUM
The Letournel and Judet anterior ilioinguinal approach can 
be used in a bilateral fashion for extensile exposure of the 
entire anterior half of the pelvic ring, symphysis pubis, iliac 
fossae, and the anterior aspects of both sacroiliac joints. 
The skin incision described in Figure 1.97 is carried across 
the opposite superior pubic ramus to the anterior superior 
iliac spine and then posteriorly along the iliac crest (Fig. 
1.98). The insertions of both rectus abdominis muscles are 
released. The remainder of the exposure is developed as 
described in the unilateral ilioinguinal approach.

Letournel modified and improved the Smith-Petersen, 
or iliofemoral, approach. The muscles on the inner wall of 
the ilium are elevated to gain access to the anterior column 
directly within the pelvis.

 TECHNIQUE 1.78 

(LETOURNEL AND JUDET)
 n  Begin the skin incision at the middle of the iliac crest. 

Carry it anteriorly over the anterior superior iliac spine 
and distally along the medial border of the sartorius to 
the middle third of the anterior thigh (Fig. 1.99A).

 n  Divide the superficial and deep fascia.
 n  Develop the interval between the tensor fasciae latae 

laterally and the sartorius medially, exposing the rectus 
femoris.

 n  Divide the sartorius at its attachment to the anterior su-
perior iliac spine.

 n  Divide the external branch of the lateral femoral cutane-
ous nerve.

 n  Incise the anterior abdominal musculature from the iliac 
crest and reflect it medially.

 

A

B

FIGURE 1.98 Bilateral ilioinguinal approach. A, Skin incision 
and deep dissection have been performed as described for unilat-
eral ilioinguinal approach (Fig. 1.97). B, Insertions of both rectus 
abdominis muscles have been released, and symphysis and superior 
pubic rami have been exposed.
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 n  Expose the iliac fossa by elevating the iliacus muscle (Fig. 
1.99B). Carefully protect the femoral nerve and vessels 
and the remaining branches of the lateral femoral cutane-
ous nerve that lie just medial to the plane of the dissection.

 n  Detach both origins of the rectus femoris and reflect the 
muscle medially to expose the anterior surface of the hip 
joint capsule and anterior wall of the acetabulum. The 
iliopsoas tendon can be divided to provide more access 
to the anterior column. Preserve the musculature on the 
external surface of the iliac wing in this approach. Further 
reflection of the iliacus and abdominal musculature poste-
riorly and medially allows exposure of the inner wall of the 
ilium to the sacroiliac joint. Anteriorly, the superior pubic 
ramus can be exposed but the symphysis pubis cannot.
  

POSTERIOR APPROACHES TO THE 
ACETABULUM
The combination of the Kocher approach and the Langenbeck 
approach, described as the Kocher-Langenbeck posterior 
approach by Letournel and Judet, provides access to the pos-
terior wall and posterior column of the acetabulum.

Gibson modified this approach by moving the supe-
rior limb of the incision more anteriorly (see Technique 
1.80). Moed further described a modification of the Gibson 
approach that uses a straight lateral incision and approach 
that preserve the neurovascular supply to the anterior por-
tion of the gluteus maximus muscle and allow more antero-
superior exposure of the acetabulum and iliac wing. As with 
the Kocher-Langenbeck technique, this approach is useful for 

the treatment of posterior wall, posterior column, and certain 
transverse and T-type acetabular fractures. For more complex 
fracture types, it can be performed with the patient prone. 

 

KOCHER-LANGENBECK APPROACH

 TECHNIQUE 1.79 

(KOCHER-LANGENBECK; LETOURNEL AND JUDET)
 n  Place the patient in the lateral position with the affected 

hip uppermost. If a fracture table and a supracondylar 
femoral traction pin are used, keep the knee joint in at 
least 45 degrees of flexion to prevent excessive traction 
on the sciatic nerve.

 n  Begin the skin incision over the greater trochanter and ex-
tend it proximally to within 6 cm of the posterior superior 
iliac spine (Fig. 1.100A). The incision can be extended dis-
tally over the lateral surface of the thigh for approximately 
10 cm as necessary.

 n  Divide the fascia lata in line with the skin incision and 
bluntly split the gluteus maximus in line with its muscle 
fibers for a distance of no more than 7 cm (Fig. 1.100B), 
protecting the branch of the inferior gluteal nerve to the 
anterosuperior portion of the gluteus maximus to avoid 
denervating that part of the muscle.

 n  Identify and protect the sciatic nerve overlying the qua-
dratus femoris (Fig. 1.100C). Incise the short external 
rotators at their tendinous insertions on the greater 
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FIGURE 1.99 Letournel and Judet iliofemoral approach. A, Skin incision. B, Anterior aspect of 
hip joint and anterior column are exposed by releasing sartorius and rectus femoris and reflecting 
iliacus medially. SEE TECHNIQUE 1.78.
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 trochanter and reflect them medially to protect the sciatic 
nerve further (Fig. 1.100D). Leave the quadratus femoris 
and obturator externus intact to protect the underlying 
ascending branch of the medial circumflex femoral artery. 
The tendinous insertion of the gluteus maximus on the 
femur can be incised to increase exposure.

 n  Elevate the gluteus medius and minimus subperiosteally 
from the posterior and lateral ilium. Retraction of these 
muscles can be maintained by inserting two smooth 
Steinmann pins into the ilium above the greater sciatic 
notch. Identify and protect the superior gluteal nerve 
and vessels as they exit the greater sciatic notch. The 
entire posterior acetabulum and posterior column are 
now  exposed. Further exposure can be gained by an os-

teotomy of the greater trochanter and reflection of the 
origins of the hamstrings from the ischial tuberosity (Fig. 
1.100E).

 n  Reattach the greater trochanter with two 6.5-mm lag 
screws during wound closure.
   

 

MODIFIED GIBSON APPROACH
As with the Kocher-Langenbeck approach, this approach is 
useful for the treatment of posterior wall, posterior column, 
and certain transverse and T-type acetabular fractures. For 
more complex fracture types it can be performed with the 
patient prone.
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FIGURE 1.100 Kocher-Langenbeck posterior approach. A, Skin incision. B, Incision of fascia lata 
and splitting of gluteus maximus outlined. C, Gluteus maximus has been retracted, exposing short 
external rotators, sciatic nerve, and superior gluteal vessels. Ascending branch of medial circumflex 
femoral artery underlies obturator externus and quadratus femoris. D, Hip joint capsule has been 
exposed by division and posterior reflection of short external rotators. Quadratus femoris and 
obturator externus are left intact to protect the ascending branch of the medial circumflex artery. 
E, Osteotomy of greater trochanter and reflection of hamstring origins from ischial tuberosity have 
enlarged exposure. SEE TECHNIQUE 1.79.
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FIGURE 1.101 Modified Kocher approach as described by 
Gibson. Greater trochanter is dotted line. ADE is the Kocher-
Langenbeck incision. BDE is Gibson’s original incision. CDE is Moed’s 
modification of the approach. (Redrawn from Moed BR: The modified 
Gibson posterior surgical approach to the acetabulum, J Orthop Trauma 
24:315, 2010.) SEE TECHNIQUE 1.80.
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FIGURE 1.102 Deep dissection with gluteus maximus muscle 
reflected posterior and a retractor in the lesser sciatic notch. Retract 
the gluteus medius muscle in an anterior direction to expose the 
hip joint. (Redrawn from Moed BR: The modified Gibson posterior 
surgical approach to the acetabulum, J Orthop Trauma 24:315, 2010.)  
SEE TECHNIQUE 1.80.

 TECHNIQUE 1.80 

(MODIFIED GIBSON APPROACH, MOED)
 n  Position the patient in the lateral decubitus position as 

one would for a Kocher-Langenbeck approach (see Tech-
nique 1.79).

 n  Make a longitudinal incision beginning at the iliac crest, 
continuing it over the greater trochanter and down the 
lateral thigh as far as necessary (Fig. 1.101).

 n  Dissect through the subcutaneous tissue until the iliotibial 
band and gluteus maximus muscle fascia are reached.

 n  Identify the anterior border of the gluteus maximus muscle 
by identifying the branches of the inferior gluteal artery 
that run in the fascia between the gluteus maximus and 
gluteus medius muscles. Do not split the gluteus maximus 
as in the Kocher-Langenbeck approach.

 n  Release the anterior border of the gluteus maximus, leav-
ing an anterior fascial end for later repair. Release it from 
the level of the greater trochanter to the level of the iliac 
crest. Preserve the neurovascular supply to the anterior 
gluteus maximus.

 n  Retract the gluteus medius in an anterior direction and 
the gluteus maximus in a posterior direction. Release the 
gluteus maximus insertion on the posterior femur if nec-
essary. Release the posterosuperior origin and fascia from 
the iliac crest as needed.

 n  Release the piriformis and short external rotators. Leave 
the obturator externus and quadratus externus intact to 
protect the medial circumflex femoral artery (Fig. 1.102).
  

EXTENSILE ACETABULAR APPROACHES
Because complete exposure of anterior and posterior columns 
of the acetabulum requires separate anterior and posterior 
approaches, several surgeons developed extensile approaches 
to the acetabulum to avoid the problems encountered when 
using these separate approaches. Included here are the 
approaches that my colleagues and I have found most useful. 

 

 
 
 
 
 
 
 
           
        
         

   

EXTENSILE ILIOFEMORAL APPROACH
Letournel developed an extended iliofemoral approach that 
provides complete exposure of the inner and outer table of 
the ilium, acetabulum, and anterior and posterior columns. 
It requires incision, however, of the origins and insertions 
of the gluteus minimus and medius from the iliac crest and 
the greater trochanter. Great care should be taken to avoid 
damaging the superior gluteal vessels to prevent ischemic 
necrosis of the hip abductors. In the presence of a frac- 
ture through the greater sciatic notch and arteriographic 
evidence of damage to the superior gluteal vessels, this 
approach should not be used.
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 TECHNIQUE 1.81 

(LETOURNEL AND JUDET)
 n  Place the patient in the lateral position on a fracture table 

if distal femoral traction is necessary. If traction is not nec-
essary, a standard operating table can be used. Keep the 
knee joint flexed more than 45 degrees to avoid excessive 
traction on the sciatic nerve.

 n  Begin the incision at the posterior superior iliac spine and 
extend it along the iliac crest, over the anterior superior 
iliac spine, and carry it distally halfway down the antero-
lateral aspect of the thigh (Fig. 1.103A).

 n  Elevate the gluteal muscles and the tensor fasciae latae 
from the outer table of the iliac wing as far anteriorly 
as the anterior superior iliac spine. Division of some of 
the posterior branches of the lateral femoral cutaneous 
nerve is inevitable, but protect the main trunk of the 
nerve.

 n  Open the fascia covering the greater trochanter and vas-
tus lateralis longitudinally.

 n  Isolate, ligate, and divide the lateral femoral circumflex 
artery (Fig. 1.103B).

 n  Continue the dissection posteriorly to the greater sciatic 
notch. Carefully identify and protect the superior gluteal 
vessels and nerve.

 n  Divide the tendons of the gluteus minimus and medius, 
dissect these muscles from the hip joint capsule, and re-
flect them posteriorly (Fig. 1.30C).

 n  Divide the tendons of the piriformis and obturator in-
ternus at their insertions on the greater trochanter and 
elevate these muscles from the hip joint capsule. The sci-
atic nerve exits the greater sciatic foramen beneath the 
piriformis muscle and must be protected. A retractor can 
be placed in the greater sciatic notch; gentle retraction 
exposes the posterior column (Fig. 1.103D). Avoid a trac-
tion injury to the sciatic nerve in this exposure. Leave the 
quadratus femoris muscle intact to protect the ascending 
branch of the medial circumflex femoral artery.

 n  Open the hip joint by a capsulotomy around the rim of 
the acetabulum.

 n  Exposure of the internal surface of the ilium and anterior 
column proceeds as in a routine iliofemoral approach.

 n  Elevate the abdominal muscles and iliacus from the iliac 
crest of the ilium and divide the attachments of the 
sartorius and inguinal ligament subperiosteally from 
the anterior superior iliac spine. Divide the origins of 
the direct and reflected heads of the rectus femoris 
to expose the anterior portion of the hip joint capsule 
(Fig. 1.103E).

 n  During wound closure, reattach the rectus femoris, sar-
torius, fascial layers of the hip abductor musculature, and 
tensor fasciae latae to the iliac wing with sutures passed 
through the bone.

 n  Repair the gluteus minimus and medius tendons 
 anatomically.

 n  Reattach the tendons of the piriformis and obturator in-
ternus to the greater trochanter also with transosseous 
sutures.
   

 

EXTENSILE ILIOFEMORAL APPROACH
Reinert et al. developed a modification of the Letournel 
and Judet extended iliofemoral approach designed to allow 
later reconstructive procedures. It provides exposure for 
repair of complex and both-column acetabular fractures. 
The skin incision is positioned more laterally. Also, the hip 
abductors are mobilized by osteotomies of their origins and 
insertions. Rigid bone-to-bone reattachment of these mus-
cles permits early rehabilitation with less risk of failure than 
when the abductors are reattached through soft tissue. As 
with the extended iliofemoral approach, the patency of 
the superior gluteal artery is necessary to avoid necrosis of 
the hip abductors. In the presence of a displaced fracture 
at the sciatic notch, a preoperative arteriogram is recom-
mended. If a later reconstructive procedure is required, the 
same operative site can be approached using part or all of 
the same skin incision as necessary.

 TECHNIQUE 1.82 

(REINERT ET AL.)
 n  Place the patient in the lateral position. Drape the lower 

extremity free on the side of the pelvic injury.
 n  Begin the skin incision 2 cm posterior to the anterior supe-

rior iliac spine and carry it posteriorly along the iliac crest for 
8 to 12 cm. Make the vertical limb of the T-shaped incision 
by incising from the midportion of the iliac crest incision in 
a curvilinear fashion down the lateral aspect of the thigh to 
a point 15 cm distal to the greater trochanter (Fig. 1.104A).

 n  Develop the anterior flap by dissecting the subcutane-
ous tissue from the deep fascia until the anterior superior 
iliac spine and the interval between the sartorius and ten-
sor fasciae latae muscles are reached. Protect the lateral 
femoral cutaneous nerve. Develop the posterior flap in 
the same fashion.

 n  Flex the hip to 45 degrees and abduct it. Incise the fascia 
lata longitudinally from the center of the greater trochan-
ter distally to a point 2 cm distal to the insertion of the 
tensor fasciae latae muscle.

 n  Incise the gluteal fascia and bluntly split the gluteus maxi-
mus in line with its fibers until the inferior gluteal nerve 
and vessels are encountered.

 n  Divide the anterior portion of the fascia lata transversely 
2 cm distal to the insertion of the tensor fasciae latae 
muscle. Release the proximal portion of the gluteus maxi-
mus insertion on the femur.

 n  Bluntly develop the interval between the tensor fasciae 
latae and the sartorius.

 n  Continue the deep dissection anterior and posterior to 
the tensor fasciae latae, separating it from the sartorius 
and the rectus femoris.

 n  Carefully identify, ligate, and divide the ascending branch 
of the lateral femoral circumflex artery in the proximal 
part of the dissection. Microvascular reanastomosis of this 
artery can be used as a substitute to restore collateral cir-
culation to the hip abductors should the superior gluteal 
artery be severely damaged during the procedure.
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FIGURE 1.103 Letournel and Judet extended iliofemoral approach. A, Skin incision. B, Gluteal 
muscles and tensor fasciae latae have been partially elevated and retracted posteriorly. Lateral 
femoral circumflex vessels have been isolated. C, Tendon of gluteus minimus has been completely 
severed from anterior aspect of greater trochanter. Gluteus medius tendon has been partially 
incised. D, Reflection of piriformis, obturator internus, and gluteal muscles has exposed external 
surface of innominate bone. E, Internal surface of ilium and anterior acetabulum and hip joint 
have been exposed by reflection of iliacus, sartorius, and rectus femoris (see text). SEE TECHNIQUE 
1.81.
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 FIGURE 1.104 Reinert et al. modified iliofemoral 
approach. A, Skin incision. Cutaneous flaps have been devel-
oped. Broken line indicates incision through fascia lata. B and 
C, Osteotomies of iliac crest, anterior superior iliac spine, and 
greater trochanter. D, Osteotomies have been completed, 
and muscle flaps have been reflected, exposing anterior 
column. E, Posterior column has been exposed. Broken line 
depicts incision for release of rectus muscle (see text). (From 
Reinert CM, Bosse MJ, Poka A, et al: A modified extensile exposure 
for the treatment of complex or malunited acetabular fractures, 
J Bone Joint Surg 70A:329, 1988.) SEE TECHNIQUE 1.82.
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 n  Elevate the abdominal and iliacus muscles from the iliac 
crest subperiosteally. Extend the dissection posteriorly to 
expose the anterior aspect of the sacroiliac joint and sci-
atic notch as necessary.

 n  Perform an osteotomy of the anterior superior iliac spine 
and reflect the attached sartorius and inguinal ligament 
medially, along with the abdominal and iliacus muscles.

 n  With an osteotome or 90-degree power cutting tool, 
perform an osteotomy of the tricortical portion of the 
iliac crest beginning along the inner table and produc-
ing a fragment 10 to 12 cm long and 1.5 cm wide (Fig. 
1.104B,C). Leave the hip abductor muscles attached to 
the fragment, and reflect this musculo-osseous flap later-
ally.

 n  Elevate the abductors subperiosteally from the outer table 
of the ilium during this reflection. Carefully preserve the 
superior gluteal nerve and vessels.

 n  Perform a standard trochanteric osteotomy and release 
the abductors from the hip joint capsule.

 n  Carefully reflect the abductors and attached greater tro-
chanter posteriorly (Fig. 1.104D,E). Release the short ex-
ternal rotators from the greater trochanter. The quadra-
tus femoris is preserved, protecting the ascending branch 
of the medial circumflex femoral artery.

 n  Identify and protect the sciatic nerve. Further avoid trac-
tion injury to the sciatic nerve by maintaining the hip ex-
tended and the knee flexed to at least 45 degrees.

 n  If further anterior exposure is needed, release the direct and 
reflected heads of the rectus femoris (Fig. 1.104E). Incise the 
hip joint capsule circumferentially at the acetabular labrum.

 n  During closure, reattach the origins of the rectus femoris 
with heavy sutures through holes drilled in the anterior 
inferior iliac spine.

 n  Repair all osteotomies with lag-screw fixation.
 n  Repair the fascia lata and reattach the iliacus and abdomi-

nal muscles to the iliac crest with heavy sutures.
   

 

TRIRADIATE EXTENSILE APPROACH TO 
THE ACETABULUM
Mears and Rubash modified Charnley’s initial total hip 
arthroplasty approach and developed an extensile ace-
tabular approach providing access to the acetabulum, the 
anterior and posterior columns, the inner iliac wall, the 
anterior aspect of the sacroiliac joint, and the outer aspect 
of the innominate bone. This triradiate approach was 
developed for reduction and repair of complex acetabular 
fractures. It avoids the potential complication of massive 
ischemic necrosis of the hip abductors caused by injury to 
the superior gluteal vessels, which is a possibility when the 
extended iliofemoral approach is used.

 TECHNIQUE 1.83 

(MEARS AND RUBASH)
 n  Place the patient in the lateral position on a conventional 

operating table. A fracture table can be used if skeletal 
traction is necessary. Keep the knee joint in at least 45 

degrees of flexion to avoid excessive traction on the sciatic 
nerve.

 n  Begin the longitudinal portion of the triradiate incision at 
the tip of the greater trochanter and carry it distally 6 to 
8 cm. Carry the anterosuperior limb from the tip of the 
greater trochanter across the anterior superior iliac spine. 
Begin the posterosuperior limb of the incision at the tip of 
the greater trochanter as well, and carry it to the posterior 
superior iliac spine, forming an angle of approximately 
120 degrees (Fig. 1.105A).

 n  Divide the fascia lata in line with its fibers in the longitu-
dinal limb of the incision.

 n  Incise the fascia lata and fascial covering of the tensor 
fasciae latae in line with the anterosuperior limb of the 
incision (Fig. 1.105B).

 n  Dissect the anterior border of the tensor fasciae latae 
from its overlying fascia and elevate the origin of the 
muscle from the iliac crest. Elevate subperiosteally from 
the iliac crest the origins of the gluteus medius and mini-
mus from anterior to posterior and distally to the hip joint 
capsule.

 n  Incise the fascia of the gluteus maximus in line with the 
posterosuperior limb of the incision and split the muscle 
in line with its fibers (Fig. 1.105C).

 n  Perform an osteotomy of the greater trochanter and re-
flect the trochanter with the attached insertions of the 
gluteus medius and minimus proximally.

 n  Sharply elevate the gluteus medius and minimus from the 
capsule of the hip joint, preserving the capsule during the 
dissection. Continue the dissection to the greater sciatic 
notch and identify and protect the superior gluteal vessels 
(Fig. 1.105D).

 n  Divide the insertions of the short external rotators on the 
proximal femur, including the upper third of the quadra-
tus femoris. Leave intact the remainder of this muscle and 
the underlying ascending branch of the medial circumflex 
femoral artery.

 n  Reflect the divided short external rotators posteriorly to 
expose the posterior aspect of the hip joint capsule and 
the posterior column.

 n  Maintain the exposure of the posterior column by care-
fully inserting blunt Hohmann retractors into the greater 
and lesser sciatic notches.

 n  Secure the abductor muscles superiorly by inserting two 
Steinmann pins into the ilium 2.5 cm and 5 cm above the 
greater sciatic notch (Fig. 1.105E).

 n  Sharply incise the origins of the hamstrings to expose the 
ischial tuberosity.

 n  To expose the anterior column and inner table of the 
ilium, extend the anterosuperior limb of the skin incision 
6 to 8 cm medial to the anterior superior iliac crest.

 n  Incise the abdominal musculature from the anterior iliac 
crest and elevate subperiosteally the iliacus muscle from 
the inner table of the ilium. Continue the dissection pos-
teriorly to expose the anterior aspect of the sacroiliac joint 
(Fig. 1.105F).

 n  To increase the exposure further, divide the origin of the 
sartorius from the anterior superior iliac spine and the 
origins of the direct and reflected heads of the rectus 
femoris from the anterior inferior iliac spine and hip joint 
capsule.
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FIGURE 1.105 Mears and Rubash triradiate extensile approach. A, 
Skin incision. B, Superficial fascial incision. C, Origin of tensor fasciae 
latae has been elevated from anterior iliac crest. Gluteus maximus has 
been split in line with its fibers up to inferior gluteal nerve and vessels. 
D, Greater trochanter has been osteotomized and reflected posteriorly 
exposing sciatic nerve and short external rotators. Gluteal and tensor 
fasciae latae muscles have been elevated from outer table of ilium and 
hip joint capsule and reflected posteriorly. E, Short external rotators 
have been severed from greater trochanter and reflected posteriorly. 
Quadratus femoris remains intact. Gluteal and tensor fasciae latae 
muscles have been retracted superiorly and held with Steinmann pins 
to expose posterior column. Joint capsule has been severed circumfer-
entially from acetabulum. F, Abdominal muscles have been incised and 
iliacus muscle elevated subperiosteally from ilium and reflected medially 
to expose inner table of ilium (see text and also Fig. 1.103). (Modified 
from Mears DC, Rubash HE: Pelvic and acetabular fractures, Thorofare, NJ, 
Slack, 1986.) SEE TECHNIQUE 1.83.
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 n  Incise the aponeurosis of the external oblique muscle 1 cm 
proximal to the external inguinal ring and in line with the 
inguinal ligament as described for the ilioinguinal approach 
(see Technique 1.77).

 n  Carefully develop the interval between the external iliac 
vessels medially and the psoas muscle laterally. Next, de-
velop the interval between the external iliac vessels and 
the spermatic cord or round ligament (Fig. 1.105B-F).

 n  Use the longitudinal intervals developed and expose sub-
periosteally the superior pubic ramus and quadrilateral 
surface of the pelvis.

 n  Incise the joint capsule of the hip circumferentially at the 
edge of the acetabulum as far anteriorly and posteriorly 
as necessary, but leave the acetabular labrum intact.

 n  During closure, reattach the abdominal fascia to the fas-
cia lata along the iliac crest with heavy sutures.

 n  Reattach the gluteal muscle origins and the tensor fasciae 
latae to the iliac crest.

 n  Drill small holes in the ilium and use heavy sutures to reat-
tach the origins of the rectus femoris and sartorius muscles.

 n  Repair the trochanteric osteotomy with two long 6.5-mm 
cancellous screws with washers.

 n  Close the three fascial limbs of the triradiate incision, be-
ginning with a single apical suture.

 n  Complete the closure of each limb of the incision.
   

 

EXTENSILE APPROACH TO THE 
ACETABULUM
Carnesale combined Henry’s reflection of the gluteus 
maximus with several other approaches to the hip joint 
to form an extensile approach for open reduction of com-
plex acetabular fractures. The posterior or anterior part of 
the approach may be used alone as indicated in the given 
instance; the entire approach is rarely required.

 TECHNIQUE 1.84 

(CARNESALE)
 n  Secure the patient on the uninjured side on a standard 

operating table so that the table may be tilted to either 
side.

 n  Prepare the skin from the middle of the rib cage to below 
the knee.

 n  Drape to allow free manipulation of the extremity.
 n  Start the skin incision at the posterior superior iliac spine, 

extend it anteriorly parallel to the iliac crest, and end it just 
proximal to the anterior superior iliac spine (Fig. 1.106A). 
If the anterior part of the approach is to be used, ex-
tend the incision into the groin crease (see Fig. 1.106G). 
Perpendicular to this transverse incision, incise the skin 
distally in the lateral midline of the thigh, cross the center 
of the greater trochanter, and at the gluteal fold turn the 
incision 90 degrees posteriorly and extend it to the pos-
terior midline of the thigh; if necessary, extend it distally 
in the posterior midline of the thigh for 4 or 5 cm.

 n  Raise appropriate flaps of skin, investing fascia anteriorly 
and posteriorly (Fig. 1.106B).

 n  Reflect the gluteus maximus, leaving it attached medially 
at its pelvic origin as described by Henry as follows:

 n  In the distal part of the incision, locate the posterior cutane-
ous nerve of the thigh just beneath the deep fascia. Open 
this fascia and trace the nerve to the distal edge of the glu-
teus maximus; the nerve will be freed from the muscle later.

 n  Free the femoral side of the gluteus maximus by longitu-
dinally splitting the part of the iliotibial band that slides 
on the femoral shaft and greater trochanter.

 n  Extend the incision in the iliotibial band slightly proximal-
ly; at this point, insert a finger, locate the superior border 
of the gluteus maximus where it joins the iliotibial band, 
and, with the scissors, free this border of the muscle prox-
imal to the iliac crest (Fig. 1.106C,D).

 n  Raise the distal edge of the gluteus maximus and the 
posterior cutaneous nerve of the thigh, and divide the 
thick insertion of the muscle from the femur. Control the 
constant vessel found at this insertion.

 n  Detach the posterior cutaneous nerve of the thigh from 
the deep surface of the gluteus maximus and gently re-
flect the muscle medially, hinged on its pelvic attachment 
(Fig. 1.106E).

 n  Detach the short external rotators from the greater tro-
chanter, reflect them medially, and strip them subperios-
teally from the ilium sufficiently to expose the posterior 
acetabular wall. If more superior exposure of the acetabu-
lum is required, osteotomize the greater trochanter, and 
with it reflect the hip abductors proximally (Fig. 1.106F).

 n  In fractures of the anterior aspect of the acetabulum, con-
tinue the skin incision anteriorly to the groin crease as 
already described (Fig. 1.106G).

 n  Locate the lateral femoral cutaneous nerve and preserve 
it (Fig. 1.106H).

 n  Detach the inguinal ligament, sartorius, and rectus femo-
ris from the pelvis, but leave the tensor fasciae latae intact 
(Fig. 1.106I).

 n  Strip subperiosteally the iliacus and, if necessary, the ob-
turator internus from the medial pelvic wall, exposing the 
anterior aspect of the acetabulum (Fig. 1.106J).
  

ILIUM 
 

APPROACH TO THE ILIUM

 TECHNIQUE 1.85 

 n  Incise the skin along the iliac crest from the anterior supe-
rior spine to the posterior superior spine.

 n  Reflect the attachments of the gluteal muscles subperioste-
ally, proximally to distally, as far as the superior rim of the 
acetabulum, and expose the lateral surface of the ilium.

 n  Reflect subperiosteally the attachment of the abdominal 
muscles from the iliac crest, or osteotomize the crest, 
leaving the abdominal muscles attached to the superior 
fragment. In children, make the osteotomy of the crest 
inferior to the epiphyseal plate. Reflect subperiosteally 
the iliacus muscle from the medial surface of the ilium. 
Also, divide at their origins the structures attached to the 
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 anterior superior spine and the anterior border of the 
ilium. Most of the ilium can be denuded.

 n  In this procedure, a nutrient artery on the lateral surface 
of the ilium 5 cm inferior to the crest and near the junc-
ture of the anterior and middle thirds is divided. Because 
ligating it is impossible, control the bleeding with the 
point of a small hemostat or, if necessary, with bone wax.
  

SYMPHYSIS PUBIS 
 

APPROACH TO THE SYMPHYSIS PUBIS

 TECHNIQUE 1.86 

(PFANNENSTIEL)
 n  Place the patient supine and insert a Foley catheter for 

intraoperative identification of the base of the bladder 
and the urethra.

 n  Make a curvilinear transverse incision 2 cm cephalad to 
the superior pubic ramus (Fig. 1.107A).

 n  Incise the external oblique aponeurosis parallel to the in-
guinal ligament.

 n  Identify the spermatic cords or round ligaments and adja-
cent ilioinguinal nerves. Release the aponeurotic insertion 
of both heads of the rectus abdominis from the superior 
pubic ramus (Fig. 1.107B).

 n  Expose subperiosteally the superior, anterior, and posteri-
or surfaces of both rami laterally for 4 to 5 cm as necessary 
(Fig. 1.107C). During this dissection, identify the urethra 
and base of the bladder by manual palpation of the Foley 
catheter.

 n  During wound closure, insert a suction drain into the ret-
ropubic space and repair the rectus abdominis with heavy 
interrupted sutures.

 n  Carefully repair the external oblique aponeurosis to pre-
vent an inguinal hernia.
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FIGURE 1.106 A-J, Carnesale extensile exposure of acetabulum (see text). SEE TECHNIQUE 1.84.
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FIGURE 1.106, cont’d

 

A B C

FIGURE 1.107 Pfannenstiel transverse approach to pubic symphysis. A, Skin incision. B, Rectus 
abdominis insertions have been released. C, Entire pubic symphysis has been exposed. SEE  TECHNIQUE 
1.86.
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SACROILIAC JOINT 
 

POSTERIOR APPROACH TO THE 
SACROILIAC JOINT

 TECHNIQUE 1.87 

 n  Make an incision along the lateral lip of the posterior 
third of the iliac crest to the posterior superior spine (Fig. 
1.108A).

 n  Deepen the dissection down to the crest, separate the 
lumbodorsal fascia from it, detach and reflect medially 
the aponeurosis of the sacrospinalis muscle together with 
the periosteum, and expose the posterior margin of the 
sacroiliac joint. This exposure is ample for extraarticular 
fusion.

 n  To expose the articular surfaces of the joint for drainage 
or intraarticular fusion, continue the skin incision laterally 
and distally 5 to 8 cm from the posterior superior spine. 
Split the gluteus maximus muscle in line with its fibers, or 
incise its origin on the iliac crest, the aponeurosis of the 
sacrospinalis, and the sacrum, and reflect it laterally and 
distally to expose the posterior aspect of the ilium (Fig. 
1.108B). Branches of the inferior gluteal nerve and artery 
may be present.

 n  To expose more of the ilium, reflect the gluteus medius 
anterolaterally. The gluteus medius cannot be reflected 
very far anteriorly because of the presence of the superior 
gluteal nerve and artery.

 n  With an osteotome, remove a full-thickness section of 
the ilium 1.5 to 2 cm wide, beginning at its posterior 
border between the posterior superior and posterior infe-
rior spines and proceeding laterally and slightly cephalad 

for 4 to 5 cm. The inferior border of this section roughly 
parallels the superior border of the greater sciatic notch.

 n  Exposure of the joint is limited by the size of the section 
removed.
   

 

ANTERIOR APPROACH TO THE 
SACROILIAC JOINT
Sometimes primary suppurative arthritis of the sacroiliac 
joint may localize anteriorly; Avila approaches this region by 
an intrapelvic route. This approach also is useful for open 
reduction and plating of sacroiliac joint dislocation.

 TECHNIQUE 1.88 

(AVILA)
 n  With the patient supine, make a 10- to 12-cm incision 1.5 

cm proximal to and parallel with the iliac crest, beginning 
at the anterior superior iliac spine (Fig. 1.109).

 n  Dissect distally to the iliac crest and detach the abdominal 
muscles from it without disturbing the origin of the glu-
teal muscles.

 n  Incise the periosteum and strip the iliacus muscle subperi-
osteally, following the medial surface of the ilium medially 
and slightly distally.

 n  Retract the iliacus medially and complete the stripping by 
hand with the gloved finger covered with gauze. Proceed 
as far as the lateral attachments of the anterior sacroiliac 
ligament; detach them and palpate the joint.

 n  To expose the anterior aspect of the joint, extend the inci-
sion farther posteriorly in the intermuscular plane along 
the iliac crest.
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FIGURE 1.108 Posterior approach to the sacroiliac joint. A, Incision for the posterior approach 
to the sacroiliac joint is vertical from just above the posterior superior iliac spine distally about 1.0 
cm. B, Deeper dissection involves incising the gluteus maximus fascia and subperiosteally elevating 
the maximus off of the ilium just lateral to the posterior superior iliac spine. SEE TECHNIQUE 1.87.
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APPROACH TO BOTH SACROILIAC 
JOINTS OR SACRUM
When bilateral, unstable sacroiliac disruptions or commi-
nuted vertical fractures of the sacrum occur as part of a 
pelvic ring disruption, Mears and Rubash approach these 
through a transverse incision made across the midportion 
of the sacrum. These injuries can be stabilized with a con-
toured reconstruction plate through this approach.

 TECHNIQUE 1.89 

(MODIFIED FROM MEARS AND RUBASH)
 n  With the patient prone, make a transverse straight inci-

sion across the midportion of the sacrum 1 cm inferior to 
the posterior superior iliac spines (Fig. 1.110A). If one or 
both of the sciatic nerves are to be explored, curve the 
ends of the incision distally to allow exposure of the sciatic 
nerves from the sacrum to the greater sciatic notch.

 n  Extend the incision through the deep fascia to expose the 
superior portions of the origins of both gluteus maximus 
muscles on the posterior superior iliac spines (Fig. 1.110B).

 n  Elevate the paraspinous muscles from the posterior supe-
rior iliac spine and perform an osteotomy of each spine 
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FIGURE 1.109 Anterior approach to the sacroiliac joint. SEE 
TECHNIQUE 1.88.
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FIGURE 1.110 Exposure of both sacroiliac joints or sacrum. A, Skin incision. B, Posterior iliac 
crests, gluteus maximus muscles, and paraspinous muscles have been exposed. C, Outline of oste-
otomies of posterior superior iliac spines for application of plate and screws. D, Osteotomies have 
been performed, and gluteus maximus muscles have been reflected laterally. SEE TECHNIQUE 1.89.
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posterior to the sacrum, from medial to lateral, leaving 
the origins of the gluteus maximus muscles intact (Fig. 
1.110C,D). This provides a flat surface for application of 
a plate.

 n  Elevate the paraspinous muscles subperiosteally from the 
sacrum and adjacent posterosuperior iliac spines to pro-
vide a tunnel for application of a plate.

 n  Remove the tips of the spinous processes of the sacrum 
as necessary.

 n  If further exposure is necessary for drainage of a sacroiliac 
joint or intraarticular fusion, split the gluteus maximus 
muscle on that side or incise its origin from the posterior 
superior iliac spine, and reflect it laterally to expose the 
posterior aspect of the ilium.

 n  Perform a larger osteotomy of the posterior ilium as de-
scribed for the standard posterior approach to the sacro-
iliac joint (see Technique 1.87).
   

SPINE
Surgical approaches to the spine are discussed in Chapter 37. 

STERNOCLAVICULAR JOINT
Contrast computed tomography scans of mediastinal struc-
tures have shown that the brachiocephalic vein is the most 
frequent structure at risk for injury deep to the sternoclavicu-
lar joint. If a posterior dislocation is to be reduced or drill 
holes made in the sternum or medial clavicle during recon-
structive procedures, consultation with a cardiothoracic sur-
geon is recommended. 

 

APPROACH TO THE 
STERNOCLAVICULAR JOINT

 TECHNIQUE 1.90 

 n  Make an incision along the medial 4 cm of the clavicle 
and over the sternoclavicular joint to the midline of the 
sternum. Incise the fascia and periosteum.

 n  Reflect subperiosteally the origins of the sternocleido-
mastoid and pectoralis major muscles, the first superiorly 
and the second inferiorly; and expose the sternoclavicular 
joint.

 n  When the deep surface of the joint must be exposed, 
avoid puncturing the pleura or damaging an intrathoracic 
vessel.
  

ACROMIOCLAVICULAR JOINT  
AND CORACOID PROCESS 

 

APPROACH TO THE 
ACROMIOCLAVICULAR JOINT AND 
CORACOID PROCESS

 TECHNIQUE 1.91  Figure 1.111

(ROBERTS)
 n  Make a curved incision along the anterosuperior margin 

of the acromion and the lateral one fourth of the clavicle.
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FIGURE 1.111 Roberts exposure of acromioclavicular joint and coracoid process of scapula. A, 
Skin incision. B, Deltoid muscle detached from clavicle and acromion, exposing acromioclavicular 
joint, and retracted distally for exposure of coracoid process. SEE TECHNIQUE 1.91.
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 n  Expose the origin of the deltoid, free it from the clavicle 
and the anterior margin of the acromion, and expose 
the capsule of the acromioclavicular joint. (By retracting 
the deltoid distally, the coracoid process also may be ex-
posed.) To expose the acromioclavicular joint alone, use 
the lateral third of the incision.
   

SHOULDER
ANTEROMEDIAL APPROACHES TO THE 
SHOULDER
Any part of the approaches to the shoulder described can 
be used for operations on more limited regions around the 
shoulder. 

 

ANTEROMEDIAL APPROACH TO  
THE SHOULDER

 TECHNIQUE 1.92 

(THOMPSON; HENRY)
 n  Begin the incision over the anterior aspect of the acro-

mioclavicular joint, passing it medially along the anterior 
margin of the lateral one third of the clavicle and distally 
along the anterior margin of the deltoid muscle to a point 
two thirds the distance between its origin and insertion 
(Fig. 1.112A).

 n  Expose the anterior margin of the deltoid. The cephalic 
vein and the deltoid branches of the thoracoacromial ar-
tery lie in the interval between the deltoid and pectoralis 

major muscles (the deltopectoral groove), and although 
the cephalic vein may be retracted medially along with a 
few fibers of the deltoid muscle, it may be damaged dur-
ing the operation. Ligating this vein proximally and distally 
as soon as it is reached may be indicated.

 n  Define the origin of the deltoid muscle on the clavicle; 
detach it by dividing it near the bone or at the bone to-
gether with the adjacent periosteum or by removing part 
of the bone intact with it (Fig. 1.112B). We prefer the 
first method, leaving enough soft tissue attached to the 
clavicle to allow suturing the deltoid to its origin later.

 n  Laterally reflect the anterior part of the deltoid muscle to 
expose the structures around the coracoid process and 
the anterior part of the joint capsule.

 n  To expose the deep aspects of the shoulder joint more 
easily, including the anterior margin of the glenoid, oste-
otomize the tip of the coracoid process. First, incise the 
periosteum of the superior aspect of the coracoid; next, 
cut through the bone and reflect medially and distally the 
tip of the bone along with the attached origins of the 
coracobrachialis, the pectoralis minor, and the short head 
of the biceps. Predrill the coracoid process.

 n  For wider exposure, divide the subscapularis at its muscu-
lotendinous junction about 2.5 cm medial to its insertion 
into the lesser humeral tuberosity; separate the tendon 
medially from the underlying capsule and expose the gle-
noid labrum.

 n  When closing the wound, replace the tip of the coracoid 
and secure with a screw.

 n  Suture the deltoid in place and close the wound in the 
usual way.

 n  If an extensile exposure is unnecessary, the skin incisions 
and deeper dissection may be limited to the deltopectoral 
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FIGURE 1.112 Anteromedial approach to shoulder joint. A, Skin incision. Transverse part of 
incision has been made along anterior border of clavicle and longitudinal part was made along 
interval between deltoid and pectoralis major. B, Deltoid has been detached from clavicle and 
reflected laterally to expose anterior aspect of joint. SEE TECHNIQUE 1.92.
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portion of the approach. The anterior deltoid muscle need 
not be detached from the clavicle. Approach the joint 
anteriorly without an osteotomy of the coracoid process 
by retracting the short head of the biceps muscle in a 
medial direction. Take care to avoid a traction injury to the 
musculocutaneous nerve lying beneath the short head of 
the biceps in the distal part of this wound.

 n  Instead of this curved anteromedial approach, Henry later 
used an incision that arches like a shoulder strap over 
the shoulder from anterior to posterior (Fig. 1.113). The 
anterior part of this incision is similar to the deltopectoral 
part of his original approach, but at its superior end, it 
proceeds directly over the superior aspect of the shoul-
der and distally toward the spine of the scapula. Mobilize 
a lateral flap by dissecting between the subcutaneous 
tissues and the deep fascia, and expose the lateral and 
posterior margins of the acromion and adjacent spine of 
the scapula. Detach as much of the deltoid as needed to 
reach the deeper structures sought.
   

 

ANTEROMEDIAL/POSTEROMEDIAL 
APPROACH TO THE SHOULDER
If a wider field is needed, the anteromedial approach may 
be extended as Cubbins et al. suggest.

 TECHNIQUE 1.93 

(CUBBINS, CALLAHAN, AND SCUDERI)
 n  Make the anterior limb of the Cubbins incision similar to 

that in the anteromedial approach. Extend the incision 
laterally around the acromion and medially along the lat-
eral half of the spine of the scapula (Fig. 1.114A).

 n  Detach the origin of the deltoid from the acromion and 
from the exposed part of the spine of the scapula and 
reflect the deltoid inferiorly and laterally to expose the 
anterior, superior, and posterior parts of the joint capsule.

 n  Reach the joint anteriorly or posteriorly by a correspond-
ing incision of the capsule (Fig. 1.114B). To expose the 
articular surface of the humerus and the glenoid, incise 
the capsule continuously from anterior to posterior over 

the head of the humerus (Fig. 1.114C); take care not to 
sever the tendon of the long head of the biceps. In this 
approach, the fibers of the deltoid are not divided and the 
axillary nerve that supplies the deltoid is not disturbed.
  

ANTERIOR AXILLARY APPROACH TO THE 
SHOULDER 

 

ANTERIOR AXILLARY APPROACH TO 
THE SHOULDER
The anterior axillary approach as described by Leslie and 
Ryan is indicated when cosmesis is a factor. This approach 
can be used with most of the anterior procedures described 
in this chapter. Placement of the skin incision over the 
anterior axillary fold is quite satisfactory, and the scar is 
not noticeable when the arm is at the side. This is not a 
direct axillary approach to the glenohumeral joint but sim-
ply a placement of the skin incision. The remainder of the 
approach is through the deltopectoral interval.

 TECHNIQUE 1.94 

(LESLIE AND RYAN)
 n  Make a straight vertical 3- to 4-cm incision over the ante-

rior axillary fold (Fig. 1.115A).
 n  Undermine the skin and subcutaneous tissue so they can 

be retracted anteriorly and superiorly (Fig. 1.115B).
 n  If needed, both the coracoid process and subscapularis 

tendon can be easily detached and reattached at closure.
 n  Close the wound with a continuous subcuticular suture 

(Fig. 1.115C).
  

ANTEROLATERAL APPROACHES TO THE 
SHOULDER 

 

ANTEROLATERAL LIMITED DELTOID-
SPLITTING APPROACH TO THE 
SHOULDER
The limited deltoid-splitting approach is appropriate for 
limited operations that need only to expose the tendons 
inserting on the greater tuberosity of the humerus and to 
reach the subdeltoid bursa.

 TECHNIQUE 1.95 

 n  Begin the incision at the anterolateral tip of the acromion 
and carry it distally over the deltoid muscle about 5 cm.

 n  Define the avascular raphe 4 to 5 cm long between the 
anterior and middle thirds of the deltoid; splitting the 
muscle here provides a fairly avascular approach to un-
derlying structures.

 n  For maximal exposure, split the deltoid up to the margin 
of the acromion, but do not split it distally more than 3.8 
cm from its origin to avoid damaging the axillary nerve 

 FIGURE 1.113 Henry shoulder strap or suspender incision. SEE 
TECHNIQUE 1.92.
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and paralyzing the anterior part of the deltoid (Fig. 1.116). 
(The axillary nerve courses transversely just proximal to the 
midpoint between the lateral margin of the acromion and 
the insertion of the deltoid.)

 n  Incise the thin wall of the subdeltoid bursa and explore 
the rotator cuff as desired by rotating and abducting the 
arm to bring different parts of it into view in the floor of 
the wound.

 n  A transverse skin incision about 6.5 cm long may be used 
instead of the longitudinal one to leave a less conspicuous 
scar (Fig. 1.117). Place it about 2.5 cm distal to the inferior 
border of the acromion, dissect the skin flaps from the 

underlying deltoid muscle, and split the muscle in the line 
of its fibers. The rest of the approach is the same as that 
just described.

 n  To approach a more posterior aspect, place the skin inci-
sion more laterally and split the deltoid just beneath it. To 
maintain a dry field, cauterize the intramuscular vessels 
encountered.
  

In a cadaver study, Traver et al. demonstrated that irre-
versible changes in axillary nerve length and strain caused 
microscopic damage to neuronal structures with prolonged 
retraction during a deltoid-splitting approach. 
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FIGURE 1.114 Cubbins et al. approach to anterior, superior, and posterior aspects of shoulder 
joint. A, Skin incision. B, Origin of deltoid reflected from clavicle, acromion, and spine of scapula; 
posterior capsule incised vertically. C, Capsule retracted, exposing posterior portion of glenoid and 
humerus. SEE TECHNIQUE 1.93.
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FIGURE 1.115 Anterior axillary incision to approach shoulder joint. A, Incision. B, Skin and 
subcutaneous tissue are being undermined all around incision. C, Incision closed by continuous 
subcuticular wire suture. SEE TECHNIQUE 1.94.
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 FIGURE 1.117 Incision options for a limited anterolateral 
deltoid-splitting approach to the anterior rotator cuff. SEE TECH-
NIQUE 1.95.

    

 
  

   

  FIGURE 1.116 Deep surface of left deltoid showing location
of axillary nerve. Nerve courses transversely at level about 5 cm
distal to origin of muscle. One branch of nerve has been exposed
fully to show that incision that splits muscle, even in the operable
area, damages smaller branches of nerve. SEE TECHNIQUE 1.95.
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EXTENSILE ANTEROLATERAL 
APPROACH TO THE SHOULDER
Gardener et al. demonstrated that the limited deltoid-split-
ting approach could be successfully extended by isolating 
the axillary nerve and posterior circumflex artery. This 
extensile anterolateral approach is very useful for plate fixa-
tion of proximal humeral fractures (Fig. 1.118). Chou et al. 
demonstrated that this approach is also useful for fracture 
management with hemiarthroplasty.

 TECHNIQUE 1.96  Figure 1.118

(GARDNER ET AL.)
 n  Make an incision beginning at the anterolateral tip of the 

acromion and carry it distally for 8 to 10 cm.
 n  By blunt dissection, identify the avascular raphe between 

the anterior and middle third of the deltoid muscle.
 n  Make a 2-cm incision in the deltoid raphe beginning at its 

attachment on the acromion.
 n  Spread this incision bluntly and insert a finger laterally be-

neath the raphe. Sweep the undersurface of the deltoid 
from the proximal humerus. Palpate the cord-like axillary 
nerve on its undersurface.

 n  Carefully further incise the raphe and identify the axil-
lary nerve and posterior humeral circumflex artery. Isolate 
them and tag them with a vessel loop. Thoroughly elevate 
these structures medially and laterally to free up the del-
toid to allow easy passage of a plate.
   

 

TRANSACROMIAL APPROACH TO  
THE SHOULDER
The transacromial approach is excellent for surgery of the 
musculotendinous cuff and for fracture-dislocations of the 
shoulder.

 TECHNIQUE 1.97 

(DARRACH; MCLAUGHLIN)
 n  Incise the skin just lateral to the acromioclavicular joint 

from the posterior aspect of the acromion superiorly like 
a shoulder strap and anteriorly to a point 5 cm distal to 
the anterior edge of the acromion (Fig. 1.119A).

 n  Deepen the anterior limb through the deltoid muscle, de-
tach the deltoid from its acromial origin, and divide the 
coracoacromial ligament (Fig. 1.119B-D).

 n  To repair the rotator cuff, an oblique osteotomy of the 
acromion (Fig. 1.120A) gives enough exposure, and the 
cosmetic result is satisfactory; to expose the joint com-
pletely, McLaughlin advised using the osteotomy tech-
nique shown in Figure 1.120B. In either instance, excise 
the detached segment of the acromion. Armstrong ad-
vised complete acromionectomy (Fig. 1.120C) if subacro-
mial impingement of the rotator cuff would be a problem.

 n  To expose the joint, split any of the tendons of the cuff in 
the line of their fibers or separate two of them; the best 
way is to approach between the subscapularis and supra-
spinatus tendons through the coracohumeral ligament.

 n  Close the cuff by side-to-side suture, bevel the stump of 
the acromion, and suture the edge of the deltoid to the 
fascia on the stump.
Kuz et al. recommended a coronal transacromial oste-

otomy just anterior to the spine of the scapula and parallel 
to it for hemiarthroplasty and total shoulder arthroplasty. 
The osteotomy is repaired with two large, absorbable, 1-0, 
figure-of-eight sutures passed through drill holes. Kuz et al. 
reported an 87% union rate using this osteotomy, with the 
remaining patients having a stable, painless, fibrous union.

  

POSTERIOR APPROACHES TO THE 
SHOULDER
Similar posterior approaches to the shoulder joint have been 
described by Kocher, McWhorter, Bennett, Rowe and Yee, 
Harmon, and others. For any such approach to be done safely, 
a thorough knowledge of the anatomy of the posterior aspect 
of the shoulder is essential (Fig. 1.121). 

 

POSTERIOR DELTOID-SPLITTING 
APPROACH TO THE SHOULDER
Wirth et al. described a posterior deltoid-splitting approach 
(Fig. 1.122). As with more anterior approaches, it is limited 
by the location of the axillary nerve and posterior circumflex 
artery. Karachalios et al. used this approach to successfully 
reduce a neglected posterior dislocation of the shoulder.

 FIGURE 1.118 Extended anterolateral deltoid-splitting 
approach. The axillary nerve lies approximately 3.5 cm distal to 
the lateral prominence of the greater tuberosity. The nerve is then 
identified and protected. SEE TECHNIQUE 1.96.
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 TECHNIQUE 1.98 

(WIRTH ET AL.)
 n  Place the patient in the lateral decubitus position.
 n  Make a 10-cm straight incision beginning at the posterior 

aspect of the acromioclavicular joint and carry it toward 
the posterior axillary fold (Fig. 1.122).

 n  Raise sufficient subcutaneous flaps and identify the fi-
brous septum between the middle and posterior third of 

the deltoid muscle. The muscle split should be no longer 
than two thirds of the length of the muscle to avoid dam-
age to the axillary nerve and posterior circumflex humeral 
artery (see Fig. 1.126).

 n  Identify the insertion of the two heads of the infraspinatus 
muscle and separate them in a medial direction, exposing 
the posterior capsule of the glenohumeral joint.
   

 

Osteotomy
site A

Osteotomy
site B

Skin
incision

Deltoid muscle

Subscapularis
muscle

Supraspinatus
muscle

         Incision in
coracohumeral

ligament

A B

C D

FIGURE 1.119 Transacromial approach to shoulder joint. A, Skin incision. B, Fibers of deltoid 
separated. C, Osteotomy of acromion. D, Line of incision through coracohumeral ligament. Detached 
segment of acromion is usually discarded. SEE TECHNIQUE 1.97.
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FIGURE 1.120 Lines of osteotomy of acromion. Oblique oste-
otomy (A) is adequate for repair of ordinary shoulder cuff lesion. 
Resection of acromion at B is preferable when complete exposure 
of shoulder joint is required. Line of osteotomy for complete acro-
mionectomy (C). SEE TECHNIQUE 1.97.
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FIGURE 1.121 Anatomy of posterior aspect of shoulder joint.
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POSTERIOR APPROACH TO THE 
SHOULDER
One of the most practical posterior approaches to the 
shoulder joint and inferior scapula is the posterior (Judet) 
approach. The interval between the infraspinatus (supra-
scapular nerve innervated) and teres minor (axillary nerve 
innervated) muscles can be extended medially exposing a 
large portion of the inferior half of the scapula. One exten-
sive cadaver study showed that the medial branch of the 
supraclavicular nerve was on average 2.7 cm lateral to the 
sternoclavicular joint and the lateral branch was on aver-
age 1.9 cm medial to the acromioclavicular joint. Between 
these two points, there is wide variability in nerve branch 
location and increased risk for injury without meticulous 
dissection along the shaft of the clavicle.

 TECHNIQUE 1.99 

(MODIFIED JUDET)
 n  Begin the skin incision just lateral to the tip of the acro-

mion, pass it medially and posteriorly along the border of 
the acromion, curve it slightly distal to the spine of the 
scapula, and end it at the base of the spine of the scapula 
(Fig. 1.123A, inset).

 n  Reflect the skin and fascia and expose the origin of the 
deltoid muscle from the spine of the scapula (Fig. 1.123A). 
Detach this part of the deltoid from the bone by subperi-
osteal dissection, and reflect it distally and laterally, taking 
care to avoid injury to the axillary nerve and vessels as 
they emerge from the quadrangular space and enter the 
muscle (Fig. 1.123B). As a precaution against injuring this 
nerve, do not retract the deltoid distal to the teres minor 
muscle, and to avoid injuring the suprascapular nerve, do 
not enter the infraspinatus muscle.

 n  After reflecting the deltoid, expose the posterior surface 
of the joint capsule by detaching the inferior two thirds 
of the infraspinatus tendon near its insertion on the hu-
merus and reflecting the detached part medially.

 n  Alternatively, the posterior part of the joint can be ex-
posed by an oblique incision between the infraspinatus 
and teres minor muscles (Fig. 1.123C) and then opening 
the joint capsule by a longitudinal or a transverse incision 
or by a combination of both, as needed. The interval be-
tween the infraspinatus and teres minor muscles can be 
extended medially, exposing more of the inferior scapula 
for fracture fixation. Extend the incision distally along the 
medial border of the scapula if necessary.
   

 

SIMPLIFIED POSTERIOR APPROACH  
TO THE SHOULDER
Brodsky, Tullos, and Gartsman described a simplified poste-
rior approach to the shoulder introduced to Tullos by J.W. 
King. It is based on the fact that wide abduction of the 
arm raises the inferior border of the posterior deltoid to the 
level of the glenohumeral joint. This approach can be used 
for a wide variety of procedures and does not require free-
ing large portions of the posterior deltoid from the scapular 
spine or splitting the deltoid; postoperative immobilization 
for healing of the muscle is unnecessary. Rehabilitation of 
the shoulder can be started as soon as tolerated by the 
patient if the particular procedure performed does not 
require immobilization.

 TECHNIQUE 1.100 

(KING, AS DESCRIBED BY BRODSKY ET AL.)
 n  Place the patient prone or in the lateral position.
 n  Drape the arm and shoulder free and abduct the shoulder 

to 90 degrees, but no farther, avoiding excessive traction 
on the axillary vessels and brachial plexus.

 n  Begin a vertical incision at the posterior aspect of the acro-
mion and carry it inferiorly for 10 cm (Fig. 1.124A,B).

 n  Retract the posterior deltoid superiorly (Fig. 1.124C) and, 
if necessary, release the medial 2 cm of its origin from the 
scapular spine.

 n  Develop the interval between the infraspinatus and teres 
minor muscles.

 n  Incise the capsule of the joint in a manner dependent on 
the procedure to be performed; to prevent injury to the 
axillary nerve and the posterior humeral circumflex vessels 
beneath the inferior border of the teres minor, avoid dis-
secting too far inferiorly (Fig. 1.124D).
   

 

POSTERIOR INVERTED-U APPROACH 
TO THE SHOULDER
The deltoid muscle has three parts—three heads of origin— 
and two relatively avascular intervals separating the three. 
The anterior part (which originates on the lateral third of 

 FIGURE 1.122 Posterior deltoid-splitting approach. Dashed line 
represents the deltoid split. SEE TECHNIQUE 1.98.
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the clavicle and the anterior border of the acromion) and 
the posterior part are composed primarily of long parallel 
muscle fibers extending from the origin to the insertion. 
The middle part is multipennate, with short fibers insert-
ing obliquely into parallel tendinous bands. The interval 
between the posterior and middle parts can be found by 
beginning the dissection at the angle of the acromion 
and proceeding through the fibrous septum; with care, 
the division can be extended distally through the proximal 
two thirds of the muscle without endangering the nerve 

supply because the posterior branch of the axillary nerve 
supplies the posterior part of the muscle and the anterior 
branch supplies the anterior and middle parts. The inter-
val between the anterior and middle parts is less distinct; 
it extends distally from the anterior apex of the shoulder 
formed by the anterolateral tip of the acromion.

In view of this tripartite division, Abbott and Lucas 
 described inverted-U-shaped approaches to reach the an-
terior, lateral, and posterior aspects of the shoulder joint, 
dissecting the deltoid distally at the two intervals described 

 

Deltoid
muscle

Deltoid
muscle

Capsule

Deltoid muscle

Infraspinatus
muscle

Infraspinatus
muscle

Teres minor
muscle

Teres minor
muscle

Insertion of long
head of triceps muscle

A B

C

Suprascapular
nerve

Axillary
nerve

FIGURE 1.123 Modified Judet posterior approach to shoulder joint. A, Deltoid is being detached 
from spine of scapula and from acromion. Inset, Skin incision. B, Deltoid has been retracted to 
expose interval between infraspinatus and teres minor. C, Infraspinatus and teres minor have been 
retracted to expose posterior aspect of joint capsule. Inset, Relationships of suprascapular and 
axillary (circumflex) nerves to operative field. SEE TECHNIQUE 1.99.
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and  detaching the appropriate third of the muscle from its 
origin. They, too, warn that to separate the anterior and 
middle thirds distally more than 4 to 5 cm endangers the 
trunk of the axillary nerve (Fig. 1.125).

 TECHNIQUE 1.101 

(ABBOTT AND LUCAS)
 n  Begin the skin incision 5 cm distal to the spine of the 

scapula at the junction of its middle and medial thirds, and 

extend it superiorly over the spine and laterally to the an-
gle of the acromion. Curve the incision distally for about 
7.5 cm over the tendinous interval between the posterior 
and middle thirds of the deltoid muscle (Fig. 1.126A).

 n  Free the deltoid subperiosteally from the spine of the 
scapula, split it distally in the interval, and turn the result-
ing flap of skin and muscle distally for 5 cm to expose the 
infraspinatus and teres minor muscles and the quadrangu-
lar space (Fig. 1.126B). The posterior humeral circumflex 
artery and the axillary nerve each divide into anterior and 
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FIGURE 1.124 King simplified posterior approach. A, Skin incision. B, Posterior deltoid muscle 
has been elevated to level of joint by abduction of arm to 90 degrees. C, Deltoid has been retracted 
superiorly exposing muscles of rotator cuff. D, Capsule has been exposed. (Modified from Brodsky 
JW, Tullos HS, Gartsman GM: Simplified posterior approach to the shoulder joint: a technical note, J Bone 
Joint Surg 71A:407, 1989.) SEE TECHNIQUE 1.100.
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posterior branches, so the splitting of the deltoid between 
its posterior and middle thirds does not injure them.

 n  Carry this division of the deltoid to its insertion to give full 
access to the quadrangular space if desired.

 n  To expose the glenohumeral joint, incise the shoulder cuff 
in its tendinous part and retract the muscles; then divide 
the capsule (Fig. 1.126C).

 n  If exposure of both the posterior and anterior shoulder is 
needed, bring the lateral portion of the incision around 
the acromion laterally then medially along the anterior 
clavicle (see Fig. 1.117).
   

HUMERUS
Almost all major approaches to the humerus involve isolat-
ing or potentially damaging the radial nerve. The radial nerve 
course and relationships to other structures must be kept in 
mind with most approaches. Hasan et al. described the “zone 
of vulnerability” for injury to the radial nerve with a study 
of 33 cadaver arms. They found the proximal aspect of the 
triceps tendon to be a reliable landmark being approximately 
2.3 cm below the radial nerve at the posterior midline of the 
humerus. The “zone of vulnerability” was found to be 2.1 cm 
(average) of radial nerve that lies directly on the lateral cortex 
before piercing the lateral intramuscular septum and the few 
centimeters of nerve distal to the septum. 

 

ANTEROLATERAL APPROACH TO  
THE SHAFT OF THE HUMERUS

 TECHNIQUE 1.102 

(THOMPSON; HENRY)
 n  Incise the skin in line with the anterior border of the del-

toid muscle from a point midway between its origin and 
insertion, distally to the level of its insertion, and proceed 
in line with the lateral border of the biceps muscle to 
within 7.5 cm of the elbow joint (Fig. 1.127).

 n  Divide the superficial and deep fasciae and ligate the ce-
phalic vein.

 n  In the proximal part of the wound, retract the deltoid 
laterally and the biceps medially to expose the shaft of 
the humerus.

 n  Distal to the insertion of the deltoid, expose the brachialis 
muscle, split it longitudinally to the bone, and retract it 
subperiosteally, the lateral half to the lateral side and the 
medial half to the medial. Retraction is easier when the 
tendon of the brachialis is relaxed by flexing the elbow 
to a right angle. The lateral half of the brachialis muscle 
protects the radial nerve as it winds around the humeral 
shaft (Fig. 1.128; see also Fig. 1.127).
If desired, the distal end of this approach may be carried 

to within 5 cm of the humeral condyles and the proximal 
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FIGURE 1.125 Nerve and blood supply of deltoid muscle. A, Anterior and posterior divisions 
of axillary nerve to deltoid muscle. B, Blood supply of deltoid muscle from posterior humeral 
circumflex artery and anastomotic branches from adjacent arteries. SEE TECHNIQUE 1.101.
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FIGURE 1.126 Abbott and Lucas inverted-U approach to posterior aspect of shoulder. A, Skin 
incision. B, Skin and muscle flap turned down, exposing quadrangular space and posterior aspect 
of rotator cuff and muscles. C, Rotator cuff and capsule incised, exposing humeral head. SEE TECH-
NIQUES 1.98 AND 1.101.
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biceps muscles retracted; brachialis muscle incised longitudinally, exposing shaft. SEE TECHNIQUE 
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end farther proximally, as in the anteromedial approach to 
the shoulder. The advantages of this approach are that the 
brachialis muscle usually is innervated by the musculocu-
taneous and radial nerves and can be split longitudinally 
without paralysis and that the lateral half of the brachialis 
muscle protects the radial nerve.

The anterior aspect of the humeral shaft at the junction 
of its middle and distal thirds also can be approached be-
tween the biceps and brachialis muscles medially and the 
brachioradialis laterally (Fig. 1.128). In a retrospective study, 
King and Johnston reported that the original anterolateral 
skin incision as described by Henry (Fig. 1.129; see also Fig. 
1.128) frequently transected branches of the lower lateral 
brachial cutaneous nerve, resulting in painful neuroma for-
mation, numbness, or tingling around the wound scar in 
62% of 30 patients. This was confirmed by an anatomic 
study of seven cadaver arms. King and Johnston recom-
mended a more anteriorly placed incision (Fig. 1.130) in the 
watershed zone between the lower lateral brachial and the 
medial brachial cutaneous nerves.

Kuhne and Friess used the anterolateral humeral ap-
proach combined with a Kocher lateral elbow approach 
(Technique 1.112) to expose the lateral humerus from the 
surgical neck to the lateral condyle. A muscular bridge 
was maintained to protect the radial nerve during internal 
 fixation.

Using a cadaver study, Phelps et al. described connect-
ing a deltopectoral shoulder approach with an anterolat-
eral humeral approach called an aggregate anterior ap-
proach. By adding a lateral elbow approach (extended 
aggregate anterior approach), the entire humerus could 
be exposed.

   

 

SUBBRACHIAL APPROACH TO  
THE HUMERUS
The subbrachial approach avoids splitting the brachialis 
muscle. Both the radial and musculocutaneous nerves are 
protected, and according to Boschi et al., there is much less 
brachialis muscle damage as supported by a postoperative 
electromyoneurography study.

 TECHNIQUE 1.103 

(BOSCHI ET AL.)
 n  Flex the elbow taking tension off the biceps brachii mus-

cle. Move the muscle in a medial to lateral direction to 
define the lateral edge of the muscle.

 n  Make a longitudinal skin incision 1 cm posterior to the 
lateral edge of the muscle.

 n  Develop the interval between the biceps brachii muscle 
and the brachialis muscle starting in the proximal portion 
of the wound using blunt dissection.

 n  Stay on the anterior surface of the brachialis muscle and 
once over the medial edge bluntly dissect the muscle from 
the anterior and lateral edge of the humerus (Fig. 1.128, III).
   

 

POSTERIOR APPROACH TO THE 
PROXIMAL HUMERUS
Berger and Buckwalter described a posterior approach to 
the proximal third of the humeral diaphysis for resection 
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of an osteoid osteoma. This approach exposes the bone 
through the interval between the lateral head of the triceps 
muscle innervated by the radial nerve and the deltoid mus-
cle innervated by the axillary nerve. Approximately 8 cm of 
the bone can be exposed, with the approach limited proxi-
mally by the axillary nerve and posterior circumflex humeral 
artery and distally by the origin of the triceps muscle from 
the lateral border of the spiral groove and by the underly-
ing radial nerve.

 TECHNIQUE 1.104 

(BERGER AND BUCKWALTER)
 n  Place the patient in the lateral position with the extrem-

ity draped free and positioned across the patient’s chest. 
Beginning 5 cm distal to the posterior aspect of the acro-
mion, make a straight incision over the interval between 

the deltoid and triceps muscles and extend it distally to 
the level of the deltoid tuberosity.

 n  Bluntly develop the interval between the lateral head of 
the triceps and the deltoid (Fig. 1.131).

 n  Expose the periosteum of the humerus and incise it lon-
gitudinally.

 n  Elevate the periosteum medially and retract it and the 
lateral head of the triceps medially.

 n  Continue the subperiosteal elevation of the triceps proxi-
mally until its origin from the proximal humerus is reached. 
Retract the triceps medially with care to avoid injury to the 
radial nerve as it comes in contact with the periosteum 
about 3 cm proximal to the level of the deltoid tuberosity.

 n  Elevate the periosteum laterally, and retract it and the 
deltoid laterally.

 n  To extend the exposure proximally, carefully continue the 
subperiosteal dissection to the proximal origin of the  lateral 
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FIGURE 1.129 Exposure of humerus at junction of middle and distal thirds through antero-

lateral approach. A, Skin incision. B, Interval between biceps and brachialis muscles medially and 
brachioradialis muscle laterally is developed, and muscles are retracted. C, Radial nerve identified 
and retracted. D, Nerve is retracted, and brachioradialis and brachialis muscles are separated, 
exposing humeral shaft. SEE TECHNIQUE 1.102.
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head of the triceps. Protect the axillary nerve and posterior 
circumflex artery at the proximal edge of this exposure.

 n  To extend the exposure distally, partially release the insertion 
of the deltoid muscle carefully, avoiding the radial nerve that 
is beneath the lateral border of the triceps (see Fig. 1.131).
  

APPROACHES TO THE DISTAL  
HUMERAL SHAFT
Henry described a posterior approach that splits the triceps 
to expose the posterior humeral shaft in its middle two thirds. 
This approach is sometimes valuable when excising tumors 
that cannot be reached by the anterolateral approach. Medially 
the humeral shaft can be approached posterior to the inter-
muscular septum along a line extending proximally from the 
medial epicondyle. The ulnar nerve is freed from the triceps 
muscle and retracted medially; the triceps is then separated 
from the posterior surface of the medial intermuscular septum 
and the adjacent humeral shaft. If this approach is extended 
proximally to the inferior margin of the deltoid muscle, one 
must keep the radial nerve in mind and avoid its path. 

 

POSTEROLATERAL APPROACH TO  
THE DISTAL HUMERAL SHAFT
Moran described a modified lateral approach to the distal 
humeral shaft for fracture fixation. This approach uses the 
interval between the triceps and brachioradialis muscles 
and does not involve splitting the triceps tendon or muscle.

 TECHNIQUE 1.105 

(MORAN)
 n  Place the patient prone or in the lateral decubitus position.
 n  Make a longitudinal skin incision 15 to 18 cm in length 

over the posterolateral aspect of the arm (Fig. 1.132A). 
Extend the incision distally midway between the lateral 
epicondyle of the humerus and the tip of the olecranon 
4 cm distal to the elbow joint. The proximal portion of the 
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FIGURE 1.130 A, Relationship of lower lateral brachial cutaneous nerve and anterior midline 
skin incision. B, Relationship of lower lateral brachial cutaneous nerve and standard Henry antero-
lateral skin incision. (From King A, Johnston GH: A modification of Henry’s anterior approach to the 
humerus, J Shoulder Elbow Surg 7:210, 1998.) SEE TECHNIQUE 1.102.
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FIGURE 1.131 Berger and Buckwalter posterior approach to 
proximal humeral diaphysis. Broken line indicates course of radial 
nerve beneath lateral head of triceps muscle (see text). (Modified 
from Berger RA, Buckwalter JA: A posterior surgical approach to the 
proximal part of the humerus, J Bone Joint Surg 71A:407, 1989.) SEE 
TECHNIQUE 1.104.
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incision is located 4 cm posterior to the lateral intermus-
cular septum.

 n  From the midpoint of the wound, dissect laterally until the 
lateral intermuscular septum is reached.

 n  Incise the triceps fascia longitudinally a few millimeters 
posterior to the intermuscular septum and carefully sepa-
rate the triceps muscle from the intermuscular septum 
working distally to proximally.

 n  Distally, incise the fascia at the lateral edge of the anco-
neus and carry this 4 cm distal to the lateral epicondyle.

 n  Retract the anconeus muscle and fascia in continuity with 
the triceps.

 n  Identify and protect the posterior antebrachial cutaneous 
nerve as it leaves the posterior compartment at the lateral 
intermuscular septum (Fig. 1.132B,D).

 n  Retract the radial nerve anteriorly. The radial nerve passes 
through the lateral intermuscular septum at the junction of 
the middle and distal thirds of the humerus (Fig. 1.132B).

 n  Retract the triceps muscle medially to expose the posterior 
humeral shaft (Fig. 1.132C). If more proximal exposure is 
needed, carefully follow the radial nerve proximally and 
bluntly dissect it from the region of the spiral groove.

 n  To close the wound, allow the triceps muscle to fall ante-
riorly into its bed, and loosely close the fascia with inter-
rupted sutures.
   

 

POSTEROLATERAL EXTENSILE (COLD) 
APPROACH TO THE DISTAL HUMERUS
Lewicky et al. described how the posterolateral approach 
can be extended proximally and distally to expose most of 
the posterior humeral shaft and elbow joint for complex 

fracture treatment. They described an extensile approach 
combining an olecranon osteotomy, lateral triceps sparing, 
and deltoid insertion splitting (COLD).

 TECHNIQUE 1.106 

(LEWICKY, SHEPPARD, AND RUTH)
 n  Carry the distal limb of the incision distally over the sub-

cutaneous border of the ulna far enough to allow an olec-
ranon osteotomy and anterior transposition of the ulnar 
nerves.

 n  Extend the proximal limb of the incision to allow further 
mobilization of the lateral head of the triceps muscle and 
exposure of the deltoid muscle insertion on the proximal 
humerus. Dissection can be extended as far proximally as 
the level of the posterior branch of the axillary nerve in its 
subdeltoid position.

 n  Pay careful attention to isolate and protect the radial 
nerve and profunda brachii artery (Fig. 1.133).
   

ELBOW
There has been a marked increase in information pertaining 
to surgery of the elbow. Table 1.9 provides a summary of sur-
gical approaches to the elbow and proximal forearm. Only the 
more commonly used of these approaches are described here.

POSTERIOR APPROACHES TO THE ELBOW 
 

POSTEROLATERAL APPROACH TO  
THE ELBOW
Campbell used a posterolateral approach to the elbow for 
extensive operations such as treatment of old posterior 
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FIGURE 1.133 The COLD approach, described by Lewicky, Sheppard, and Ruth, with the patient 
in the lateral decubitus position (right arm depicted). The olecranon osteotomy component is 
reflected proximally while dissection proceeds along the lateral intermuscular septum. The radial 
nerve is seen obliquely crossing the humerus distal to the deltoid insertion split. (Modified from 
Lewicky YM, Sheppard JE, Ruth JT: The combined olecranon osteotomy, lateral para tricipital sparing, deltoid 
insertion splitting approach for concomitant distal intra-articular and humeral shaft fractures, J Orthop 
Trauma 21:135, 2007.) SEE TECHNIQUE 1.106.
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dislocations, fractures of the distal humerus involving the 
joint, and arthroplasties.

 TECHNIQUE 1.107 

(CAMPBELL)
 n  Begin the skin incision 10 cm proximal to the elbow on 

the posterolateral aspect of the arm and continue it dis-
tally for 13 cm (Fig. 1.134A).

 n  Deepen the dissection through the fascia and expose the 
aponeurosis of the triceps as far distally as its insertion on 
the olecranon.

 n  When the triceps muscle has been contracted by fixed 
extension of the elbow, free the aponeurosis proximally 

to distally in a tongue-shaped flap and retract it distally 
to its insertion (Fig. 1.134B); incise the remaining muscle 
fibers to the bone in the midline.

 n  If the triceps muscle has not been contracted, divide the 
muscle and aponeurosis longitudinally in the midline and 
continue the dissection through the periosteum of the 
humerus, through the joint capsule, and along the lateral 
border of the olecranon (Fig. 1.134C).

 n  Elevate the periosteum together with the triceps muscle 
from the posterior surface of the distal humerus for 5 cm.

 n  For wider exposure, continue the subperiosteal stripping 
on each side, releasing the muscular and capsular attach-
ments to the condyles and exposing the anterior surface, 
taking care not to injure the ulnar nerve.

 n  Strip the periosteum from the bone as conservatively as 
possible because serious damage to the blood supply of 
the bone causes osteonecrosis. The head of the radius lies 
in the distal end of the wound.

 n  When the elbow has been fixed in complete extension 
with a contracted triceps muscle, it should be flexed to a 
right angle for closure of the wound. Fill the distal part 
of the defect in the triceps tendon with the inverted-V-
shaped part of the triceps fascia and close the proximal 
part by suturing the remaining two margins of the triceps.
   

 

EXTENSILE POSTEROLATERAL 
APPROACH TO THE ELBOW
To achieve the maximum safe exposure of the elbow and 
proximal radioulnar joints, Wadsworth modified the known 
posterolateral approaches. His extensile approach is useful 
for displaced distal humeral articular fractures, synovec-
tomy, total elbow arthroplasty, and other procedures 
requiring extensive exposure.

 TECHNIQUE 1.108 

(WADSWORTH)
 n  With the patient prone and the elbow flexed 90 degrees 

over a support and the forearm dependent, begin a curved 
skin incision over the center of the posterior surface of the 
arm at the proximal limit of the triceps tendon and extend 
it distally to the posterior aspect of the lateral epicondyle 
and farther distally and medially to the posterior border 
of the ulna, 4 cm distal to the tip of the olecranon (Fig. 
1.135A).

 n  Dissect the medial skin flap far enough medially to expose 
the medial epicondyle, and gently elevate the lateral skin 
flap a short distance; keep both skin flaps retracted with 
a single suture in each.

 n  Identify the ulnar nerve proximally and release it from its 
tunnel by dividing the arcuate ligament that passes be-
tween the two heads of the flexor carpi ulnaris muscle; 
gently retract it with a rubber sling.

 n  To fashion a tongue of triceps tendon with its base at-
tached to the olecranon, leaving a peripheral tendinous 
rim attached to the triceps for later repair, begin sharp 
dissection at the medial surface of the proximal part of 

 TABLE 1.9

Summary of Surgical Approaches to the Elbow 
and Proximal Forearm

AUTHOR TISSUE PLANE

POSTERIOR APPROACHES

Campbell Midline triceps split
Campbell Triceps aponeurosis tongue
Extended Kocher/
Ewald

ECU and anconeus/triceps

Wadsworth Triceps aponeurosis tongue and full-
thickness deep head

Bryan, Morrey Elevate triceps mechanism from medial 
olecranon and reflect laterally

Boyd Lateral border of triceps/ulna and 
anconeus/ECU

Muller, 
MacAusland

Olecranon osteotomy—transverse or 
chevron

LATERAL APPROACHES

Kocher Between ECU and anconeus
Cadenat Between ECRB and ECRL
Kaplan Between ECRB and ECU
Key, Conwell Between BR and ECRL

MEDIAL APPROACH

Hotchkiss Between FCU and PL/FCR; brachialis 
resected laterally with PL/FCR/PT

Molesworth Medial epicondyle osteotomy

GLOBAL APPROACH

Patterson,  
Bain, Mehta

Kocher interval; ±± lateral epicon-
dyle osteotomy; ± Kaplan interval; ± 
Hotchkiss interval; ± Taylor interval

ANTERIOR APPROACH

Henry Between mobile wad and biceps ten-
don; elevate supinator from radius

BR, Brachioradialis; ECRB, extensor carpi radialis brevis; ECRL, extensor carpi 
radialis longus; ECU, extensor carpi ulnaris; FCR, flexor carpi radialis; FCU, 
flexor carpi ulnaris; FDP, flexor digitorum profundus; PL, palmaris longus; PT, 
pronator teres.
From Mehta JA, Bain GI: Surgical approaches to the elbow, Hand Clin 20:375, 2004.
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the olecranon, extend it proximally along the triceps ten-
don, across laterally, and distally through the tendon to 
the posterior aspect of the lateral epicondyle. From this 
point, deviate the incision distally and medially through 
the triceps aponeurosis to separate the anconeus from 
the extensor carpi ulnaris (Fig. 1.135B).

 n  Divide the posterior capsule in the same line.
 n  Reflect the triceps tendon distally, dividing the muscle tis-

sue with care in an oblique manner for minimal damage 
to the deep part of the muscle; stay well clear of the radial 
nerve.

 n  Reflect the anconeus and underlying capsule medially.
 n  Behind the lateral epicondyle, the incision lies between 

the anconeus muscle and the common tendinous origin 
of the forearm extensor muscles. To increase exposure, 
partially reflect from the humerus the common extensor 
origin, the lateral collateral ligament, and the adjacent 
capsule.

 n  Excellent exposure is easily achieved (Fig. 1.135C); increase 
the exposure by putting a varus strain on the elbow joint.

 n  During closure, repair the triceps tendon, posterior capsule, 
and triceps aponeurosis with strong interrupted sutures.
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FIGURE 1.134 Campbell posterolateral approach to elbow joint in contracture of triceps. A, 
Skin incision. B, Tongue of triceps aponeurosis has been freed and reflected distally. C, Elbow joint 
has been exposed by subperiosteal dissection. Ulnar nerve has been identified and protected. SEE 
TECHNIQUE 1.107.
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POSTERIOR APPROACH TO  
THE ELBOW BY OLECRANON 
OSTEOTOMY
In a comparative anatomic study, Wilkinson and Stanley 
showed that an olecranon osteotomy exposed significantly 
more articular surface of the distal humerus than a triceps-
reflecting approach.

 TECHNIQUE 1.109 

(MACAUSLAND AND MÜLLER)
 n  Expose the elbow posteriorly through an incision begin-

ning 5 cm distal to the tip of the olecranon and extending 
proximally medial to the midline of the arm to 10 to 12 
cm above the olecranon tip.

 n  Reflect the skin and subcutaneous tissue to either side 
carefully to expose the olecranon and triceps tendon.

 n  Expose the distal humerus through a transolecranon ap-
proach.

 n  Isolate the ulnar nerve and gently retract it from its bed 
with a Penrose drain or a moist tape.

 n  Drill a hole from the tip of the olecranon down the medul-
lary canal; then tap the hole with the tap to match a large 
(6.5-mm) AO cancellous screw 8 to 10 cm in length (Fig. 
1.136A).

 n  Divide three fourths of the olecranon transversely with 
an osteotome or thin oscillating saw approximately 2 cm 
from its tip. Fracture the last fourth of the osteotomy (Fig. 
1.136B,C).

 n  Reflect the olecranon and the attached triceps proximally 
to give excellent exposure of the posterior aspect of the 
lower end of the humerus.

 n  Alternatively, the osteotomy may be done in a chevron 
fashion to increase bone surface area for healing and to 
control rotation.

 n  At wound closure, reduce the proximal fragment and in-
sert a cancellous screw using the previously drilled and 
tapped hole in the medullary canal.

 n  Drill a transverse hole in the ulna distal to the osteotomy 
site, pass a No. 20 wire through this hole around the 
screw neck, and tighten it in a figure-of-eight manner 
(Fig. 1.136D). In our experience, posterior plate and screw 
fixation of the osteotomy yields a higher union rate but 
the hardware often has to be removed after union be-
cause of its subcutaneous location.
   

 

EXTENSILE POSTERIOR APPROACH  
TO THE ELBOW
Bryan and Morrey developed a modified posterior approach 
to the elbow joint that provides excellent exposure and 
preserves the continuity of the triceps mechanism, which 
allows easy repair and rapid rehabilitation.

 TECHNIQUE 1.110 

(BRYAN AND MORREY)
 n  Place the patient in the lateral decubitus position or tilted 

45 to 60 degrees with sandbags placed under the back 
and hip. Place the limb across the chest.

 n  Make a straight posterior incision in the midline of the 
limb, extending from 7 cm distal to the tip of the olecra-
non to 9 cm proximal to it.

 

Ulnar
nerve

Triceps
tendon

Anconeus
muscle

Triceps muscle

Olecranon

Capitellum

Radius

Extensor carpi
ulnaris muscleUlnar

nerve

A B C
FIGURE 1.135 Wadsworth extensile posterolateral approach to elbow. A, Skin incision. Right, 

Patient is prone with elbow flexed 90 degrees and arm supported as shown. B, Distally based tongue 
of triceps tendon with intact peripheral rim is fashioned. Ulnar nerve is protected. C, Exposure is 
complete (see text). (Redrawn from Wadsworth TG: A modified posterolateral approach to the elbow and 
proximal radioulnar joints, Clin Orthop Relat Res 144:151, 1979.) SEE TECHNIQUE 1.108.
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 n  Identify the ulnar nerve proximally at the medial border 
of the medial head of the triceps and dissect it free 
from its tunnel distally to its first motor branch (Fig.  
1.137A).

 n  In total joint arthroplasty, transplant the nerve anteriorly 
into the subcutaneous tissue (Fig. 1.137B).

 n  Elevate the medial aspect of the triceps from the humer-
us, along the intermuscular septum, to the level of the 
posterior capsule.

 n  Incise the superficial fascia of the forearm distally for 
about 6 cm to the periosteum of the medial aspect of the 
olecranon.

 n  Carefully reflect as a single unit the periosteum and fascia 
medially to laterally (Fig. 1.137C). The medial part of the 
junction between the triceps insertion and the superficial 
fascia and the periosteum of the ulna is the weakest por-
tion of the reflected tissue. Take care to maintain continu-
ity of the triceps mechanism at this point; carefully dissect 
the triceps tendon from the olecranon when the elbow is 
extended to 20 to 30 degrees to relieve tension on the tis-
sues, and then reflect the remaining portion of the triceps 
mechanism.

 n  To expose the radial head, reflect the anconeus subperi-
osteally from the proximal ulna; the entire joint is now 
widely exposed (Fig. 1.137D).

 n  The posterior capsule usually is reflected with the triceps 
mechanism, and the tip of the olecranon may be resected 
to expose the trochlea clearly (see Fig. 1.137D).

 n  To attain joint retraction in total joint arthroplasty, release 
the MCL from the humerus if necessary.

 n  During closure, carefully repair the MCL when its release 
has been necessary.

 n  Return the triceps to its anatomic position and suture it 
directly to the bone through holes drilled in the proximal 
aspect of the ulna.

 n  Suture the periosteum to the superficial forearm fascia, as 
far as the margin of the flexor carpi ulnaris (Fig. 1.137E).

 n  Close the wound in layers and leave a drain in the wound. 
In total joint arthroplasty, dress the elbow with the joint 
flexed about 60 degrees to avoid direct pressure on the 
wound by the olecranon tip.
  

LATERAL APPROACHES 
 

LATERAL APPROACH TO THE ELBOW
The lateral approach is an excellent approach to a fracture 
of the lateral condyle because the common origin of the 
extensor muscles is attached to the condylar fragment and 
need not be disturbed.

 TECHNIQUE 1.111  Figure 1.138

 n  Begin the incision approximately 5 cm proximal to the 
lateral epicondyle of the humerus and carry it distally to 
the epicondyle and along the anterolateral surface of the 
forearm for approximately 5 cm.

 n  To expose the lateral border of the humerus, develop dis-
tally to proximally the interval between the triceps poste-
riorly and the origins of the extensor carpi radialis longus 
and brachioradialis anteriorly. In the proximal angle of the 
wound, avoid the radial nerve where it enters the interval 
between the brachialis and brachioradialis muscles.
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FIGURE 1.136 Osteotomy of olecranon. A, Preparation of hole for 6.5-mm cancellous screw. B, 
Incomplete osteotomy made with thin saw or osteotome. C, Osteotomy completed by fracturing 
bone. D, Lag screw (6.5 mm) and tension band wire fixation. This technique also is useful for internal 
fixation of olecranon fractures. SEE TECHNIQUE 1.109.
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FIGURE 1.137 Bryan and Morrey extensile posterior approach to elbow (see text). SEE  TECHNIQUE 
1.110.
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 n  With a small osteotome, separate the common origin of 
the extensor muscles from the lateral epicondyle together 
with a thin flake of bone, or divide this origin just distal to 
the lateral epicondyle.

 n  Reflect the common origin distally and expose the radio-
humeral joint. Protect the deep branch of the radial nerve 
as it enters the supinator muscle.

 n  Elevate subperiosteally the origins of the brachioradialis 
and extensor carpi radialis longus muscles and incise the 
capsule to expose the lateral aspect of the elbow joint.
   

 

LATERAL J-SHAPED APPROACH TO 
THE ELBOW

 TECHNIQUE 1.112 

(KOCHER)
 n  Begin the incision 5 cm proximal to the elbow over the 

lateral supracondylar ridge of the humerus, extend it dis-
tally along this ridge, continue it 5 cm distal to the radial 
head, and curve it medially and posteriorly to end at the 
posterior border of the ulna (Fig. 1.139A).

 n  Dissect between the triceps muscle posteriorly and the 
brachioradialis and extensor carpi radialis longus muscles 
anteriorly to expose the lateral condyle and the capsule 
over the lateral surface of the radial head.

 n  Distal to the head, separate the extensor carpi ulnaris 
from the anconeus and divide the distal fibers of the an-
coneus in line with the curved and transverse parts of 
the distal skin incision. Reflect the periosteum from the 
anterior and posterior surfaces of the distal humerus.

 n  Reflect anteriorly the common origin of the extensor 
muscles from the lateral epicondyle by subperiosteal dis-
section or by detachment of the epicondyle.

 n  Incise the joint capsule longitudinally.
 n  Reflect the anconeus subperiosteally from the proximal 

ulna to dislocate and examine the joint under direct vision 
(Fig. 1.139B).
   

 

MEDIAL APPROACH WITH  
OSTEOTOMY OF THE MEDIAL 
EPICONDYLE
The medial approach with osteotomy of the medial epi-
condyle was developed by Molesworth and Campbell, 
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FIGURE 1.138 Lateral approach to elbow joint. A, Cross-section shows approach at level of 
proximal part of incision; right, skin incision and its relation to deep structures. B, Cross-section 
shows approach at level just proximal to humeral condyles; right, approach has been completed. 
SEE TECHNIQUE 1.111.
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working independently of each other. Each needed to treat 
a fracture of the medial humeral epicondyle. In Campbell’s 
patient, the fragment had been displaced distally and later-
ally and was incarcerated in the joint cavity. During surgery, 
Campbell found the radius and ulna could be dislocated on 
the humerus so that all parts of the joint, including all the 
articular surfaces, could be inspected.

 TECHNIQUE 1.113  Figure 1.140

(MOLESWORTH; CAMPBELL)
 n  With the elbow flexed to a right angle, make a medial 

incision over the tip of the medial epicondyle from 5 cm 
distal to the joint to about 5 cm proximal to it.

 n  Isolate the ulnar nerve in its groove posterior to the epi-
condyle, free it, and retract it posteriorly.

 n  Dissect all the soft tissues from the epicondyle except the 
common origin of the flexor muscles, detach the epicon-
dyle with a small osteotome, and reflect it distally togeth-
er with its undisturbed tendinous attachments.

 n  By blunt dissection, continue distally, reflecting the mus-
cles that originate from the medial epicondyle. Protect the 
branches of the median nerve that supply these muscles, 
entering along their lateral margins.

 n  Free the medial aspect of the coronoid process, incise the 
capsule, and strip the periosteum and capsule anteriorly 
and posteriorly from the humerus as far proximally as 
necessary. Avoid injuring the median nerve, which passes 
over the anterior aspect of the joint.

 n  With the lateral capsule acting as a hinge, dislocate the joint.
   

 

MEDIAL AND LATERAL APPROACH  
TO THE ELBOW

 TECHNIQUE 1.114 

 n  When extensive exposure is not needed, an incision 5 to 
7 cm long can be made on either or both sides of the 

joint just anterior to the condyles and parallel with the 
epicondylar ridges of the humerus. The flexion crease of 
the elbow is proximal to the joint line (Fig. 1.141). On the 
medial side, carefully avoid the ulnar nerve.

 n  Incise the capsule from proximal to distal on each side.
   

 

GLOBAL APPROACH TO THE ELBOW
The “global” approach allows circumferential exposure 
of the elbow. The collateral ligaments, coronoid process, 
and anterior joint capsule can be reached through this 
approach.

 TECHNIQUE 1.115 

(PATTERSON, BAIN, AND MEHTA)
 n  Make a straight posterior midline incision.
 n  Sharply dissect down through the deep fascia to the tri-

ceps tendon and subcutaneous border of the ulna.
 n  If the medial aspect of the elbow is to be exposed, open 

the cubital tunnel, isolate the ulnar nerve, and transpose 
it anteriorly. Protect it throughout the procedure with a 
Penrose drain (Fig. 1.142A).

 n  Develop full-thickness medial or lateral fasciocutaneous 
flaps, depending on the procedure to be performed.

Posterolateral Approach
 n  Develop the Kocher interval between the anconeus and 

extensor carpi ulnaris muscle to expose the elbow capsule 
and lateral epicondyle.

 n  To expose the olecranon fossa and posterior aspect of 
the distal humerus, reflect the anconeus and triceps 
 medially.

 n  To expose the radial head, elevate the common extensor 
origin anteriorly from the underlying capsule, lateral ulnar 
collateral ligament, and lateral epicondyle (Fig. 1.142B).

 n  Make an arthrotomy along the anterior border of the lat-
eral ulnar collateral ligament and carry it distally, dividing 
the annular ligament.
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FIGURE 1.139 Kocher lateral J approach to elbow joint. A, Skin incision. B, Approach has been 
completed, and elbow joint has been dislocated. SEE TECHNIQUE 1.112.
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 n  If additional exposure of the radial head is needed, perform 
a chevron osteotomy of the lateral epicondyle (Fig. 1.142C).

 n  Predrill and tap holes to accept one or two 4-mm cancel-
lous or 3.5-mm cortical screws. Use a small sagittal saw 
or osteotome to perform the cut.

 n  Elevate the muscles from the supracondylar ridge sub-
periosteally, keeping them in continuity with the lateral 
epicondyle and the common extensor origin.

 n  Develop the interval between the extensor digitorum 
communis and extensor carpi radialis longus and brevis to 
the level of the deep radial (posterior interosseous) nerve 
where it enters the supinator at the arcade of Fröhse. This 
allows reflection of the common extensor origin, lateral 
ulnar collateral ligament, and attached lateral epicondyle 
in an anterior and distal direction.

 n  If additional exposure of the radial head, neck, and proxi-
mal shaft is needed, pronate the forearm to translate the 
posterior interosseous nerve anteriorly (Fig. 1.142D) and 
divide the annular ligament 5 mm from the edge of the 
lesser sigmoid notch (see Fig. 1.142C). Elevate a posterior 
capsular flap if needed. This violates the lateral ulnar col-
lateral ligament, which must be repaired at closing.
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FIGURE 1.140 Campbell medial approach to elbow joint. A, Skin incision. B, Ulnar nerve has 
been retracted posteriorly, and medial epicondyle is being freed. C, Epicondyle and attached 
common origin of flexor muscles have been reflected distally. Joint capsule is to be incised longi-
tudinally. D, Approach has been completed, and elbow joint has been dislocated. SEE TECHNIQUE 
1.113.

 FIGURE 1.141 Kirschner wire has been taped along flexion 
crease of elbow. Note relation of wire to joint line. SEE TECHNIQUE 
1.114.
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 n  Release the supinator muscle from the supinator crest of 
the ulna and retract it along with the posterior interosse-
ous nerve to expose the proximal radius. 

Posteromedial Approach
 n  To extend the approach medially, release the flexor carpi 

ulnaris and flexor digitorum profundus muscles subperi-
osteally from their ulnar origins.

 n  Retract anteriorly to expose the coronoid process, the an-
terior bundle of the medial ligament complex, and ante-
rior joint capsule (Fig. 1.142E).
  

RADIUS 
 

POSTEROLATERAL APPROACH TO THE 
RADIAL HEAD AND NECK
A posterolateral oblique approach safely exposes the radial 
head and neck; it corresponds to the distal limb of the 
lateral-J approach of Kocher to the elbow. It is the best 
approach for excising the radial head because it is not only 
extensile proximally and distally without danger to major 
vessels or nerves, but it also preserves the nerve supply to 
the anconeus. It is safer than an approach that separates 
the extensor carpi ulnaris from the extensor digitorum 
communis or one that separates the latter muscle from 
the radial extensors because both of these endanger the 

posterior interosseous nerve. After experimental work on 
cadavers, Strachan and Ellis recommended a position of 
full pronation of the forearm for maximal protection of the 
nerve during this procedure (see Fig. 1.142D).

 TECHNIQUE 1.116 

 n  Begin an oblique incision over the posterior surface of 
the lateral humeral condyle and continue it obliquely dis-
tally and medially to a point over the posterior border 
of the ulna 3 to 5 cm distal to the tip of the olecranon 
(Fig. 1.143).

 n  Divide the subcutaneous tissue and deep fascia along the 
line of the incision and develop the fascial plane between 
the extensor carpi ulnaris and the anconeus muscles. This 
plane can be found more easily in the distal than in the 
proximal part of the incision because in the proximal part 
the two muscles blend at their origin.

 n  Retract the anconeus toward the ulnar side and the exten-
sor carpi ulnaris toward the radial side, exposing the joint 
capsule in the depth of the proximal part of the wound.

 n  Note that the fibers of the supinator cross at a right angle 
to the wound, near its center and deep (anterior) to the 
extensor carpi ulnaris; retract the proximal fibers of the 
supinator distally.

 n  Locate the joint capsule in the depth of the wound, incise 
it, and expose the head and neck of the radius (Fig. 1.143). 
The deep branch of the radial nerve that lies between the 
two planes of the supinator remains undisturbed.
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FIGURE 1.142, cont’d D, Translation of posterior interosseous nerve with forearm pronation. 
E, Medial component. SEE TECHNIQUE 1.115.
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APPROACH TO THE PROXIMAL AND 
MIDDLE THIRDS OF THE POSTERIOR 
SURFACE OF THE RADIUS
Exposing the proximal third of the radius is difficult because 
the deep branch of the radial nerve (posterior interosseous) 
traverses it within the supinator muscle; one must keep this 
nerve constantly in mind and take care to protect it from 
injury.

 TECHNIQUE 1.117 

(THOMPSON)
 n  Make the skin incision over the proximal and middle thirds 

of the radius along a line drawn from the center of the 
dorsum of the wrist to a point 1.5 cm anterior to the lat-
eral humeral epicondyle (Fig. 1.144A); when the forearm 
is pronated, this line is nearly straight.

 n  Expose the lateral (radial) border of the extensor digito-
rum communis muscle in the distal part of the incision.

 n  Develop the interval between this muscle and the exten-
sor carpi radialis brevis and retract these structures to the 
ulnar and radial sides.

 n  The abductor pollicis longus muscle is visible; retract it dis-
tally and toward the ulna to expose part of the posterior 
surface of the radius.

 n  Continue the dissection proximally between the exten-
sor digitorum communis and the extensors carpi radialis 
brevis and longus to the lateral humeral epicondyle.

 n  Reflect the extensor digitorum communis toward the ulna 
to expose the supinator muscle, or for a wider view, de-
tach the extensor digitorum from its origin on the lateral 
epicondyle and retract it further medially (Fig. 1.144B).

 n  Expose the part of the radius covered by the supinator by 
one of two means. Either divide the muscle fibers down to 
the deep branch of the radial nerve and carefully retract 
the nerve or free the muscle from the bone subperios-
teally and reflect it proximally or distally along with the 
nerve; the latter is the better method if the exposure is 
wide enough (Fig. 1.144C).
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ANTEROLATERAL APPROACH TO  
THE PROXIMAL SHAFT AND  
ELBOW JOINT

 TECHNIQUE 1.118 

(HENRY)
 n  With the forearm supinated, begin a serpentine longitu-

dinal incision at a point just lateral and proximal to the 
biceps tendon and extend it distally in the forearm along 
the medial border of the brachioradialis and, if necessary, 
as far as the radial styloid (Fig. 1.145A).

 n  Expose the biceps tendon by incising the deep fascia on 
its lateral side; divide the deep fascia of the forearm in 
line with the skin incision, taking care to protect the radial 
vessels (Fig. 1.145B,C).

 n  Isolate and ligate the recurrent radial artery and vein im-
mediately; otherwise, the cut ends may retract, resulting 
in a hematoma that may cause ischemic (Volkmann) con-
tracture of the forearm flexor muscles. Flex the elbow to 
a right angle to allow more complete retraction of the 
brachioradialis and the radial carpal extensor muscles to 
expose the supinator.

 n  Incise the bicipital bursa, which lies in the angle be-
tween the lateral margin of the biceps tendon and the 
radius, and from this point distally, strip the supinator 

 subperiosteally from the radius and reflect it laterally; it 
carries with it and protects the deep branch of the radial 
nerve (Fig. 1.145D,E).

 n  Pronate the forearm and expose the radius by subperios-
teal dissection.
   

 

ANTERIOR APPROACH TO THE  
DISTAL HALF OF THE RADIUS
The volar (anterior) surface of the distal half of the radius 
is broad, flat, and smooth and provides a more satisfactory 
bed for a plate or a graft than does the dorsal (posterior) 
convex surface.

 TECHNIQUE 1.119 

(HENRY)
 n  With the forearm in supination, make a 15- to 20-cm longi-

tudinal incision over the interval between the brachioradia-
lis and the flexor carpi radialis muscles (Fig. 1.146A-C); this 
interval, as Kocher stated, “lies in the frontier line between 
the structures innervated by the different nerves.”

 n  Identify and protect the sensory branch of the radial 
nerve, which lies beneath the brachioradialis muscle. 
Carefully mobilize and retract medially the flexor carpi 
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FIGURE 1.144 Thompson approach to proximal and middle thirds of posterior surface of radius. 
A, Skin incision. B, Relationships of supinator and deep branch of radial nerve to proximal third of 
radius. C, Approach has been completed. SEE TECHNIQUE 1.117.
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radialis  tendon and the radial artery and vein. The flexor 
digitorum sublimis, flexor pollicis longus, and pronator 
quadratus muscles are now exposed.

 n  Beginning at the anterolateral edge of the radius, elevate 
subperiosteally the flexor pollicis longus and the pronator 
quadratus muscles (Fig. 1.146D-F) and strip them medially 
(toward the ulna).
   

 

ANTERIOR APPROACH TO THE 
CORONOID PROCESS OF THE 
PROXIMAL ULNA
Yang et al. described an anterior approach to the proximal 
ulna for repair of coronoid fractures. This uses the interval 
between the brachial artery and the median nerve.
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FIGURE 1.145 Modified Henry anterolateral approach to elbow joint. A, Incision. B, Fascia has 
been incised to expose brachioradialis laterally and biceps and brachialis medially. Lacertus fibrosus 
has been divided to permit dissection to be deepened between biceps tendon and pronator teres 
medially and brachioradialis laterally. C, Dissection has been deepened to expose radial nerve. 
Nerve and its sensory branch are protected, and recurrent radial artery is ligated and divided. 
D, Broken line represents incision to be made through joint capsule and along medial border of 
supinator to expose capitellum and proximal radius. E, Forearm has been supinated, and approach 
has been completed by reflecting supinator. Radial nerve, which courses in supinator, is protected. 
SEE TECHNIQUE 1.118.
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 TECHNIQUE 1.120 

(YANG ET AL.)
 n  Make an S-shaped incision from the ulnar side of the el-

bow to the radial side (Fig. 1.147A).
 n  Expose the biceps tendon, the bicipital aponeurosis, and 

the neurovascular bundle (Fig. 1.147B).
 n  Incise the biceps aponeurosis transversely exposing the 

biceps, pronator teres, brachial artery, and median nerve 
(Fig. 1.147C)

 n  Incise the space between the brachial artery and median 
nerve. Laterally retract the brachial artery, biceps, and bra-
chioradialis; retract the median nerve and pronator teres 
medially. Incise the brachialis muscle and tendon longitu-
dinally (Fig. 1.147D)

 n  Incise and retract the capsule exposing the coronoid pro-
cess (Fig. 1.147E).
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FIGURE 1.146 Henry anterior approach to distal half of radius. A, Skin incision. B, Fascia has 
been incised, and brachioradialis has been retracted laterally and flexor carpi radialis medially. 
Radial artery and sensory branch of radial nerve must be protected because they course deep to 
brachioradialis. C, Radial vessels and flexor carpi radialis tendon have been retracted medially to 
expose long flexor muscles of thumb and fingers and pronator quadratus. D, Forearm has been 
pronated to expose radius lateral to pronator quadratus and flexor pollicis longus. E, Broken line 
indicates incision to be made through periosteum. F, Periosteum has been incised, and flexor pollicis 
longus and pronator quadratus have been elevated subperiosteally from anterior surface of radius. 
SEE TECHNIQUE 1.119.
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ULNA 
 

APPROACH TO THE PROXIMAL THIRD 
OF THE ULNA AND THE PROXIMAL 
FOURTH OF THE RADIUS
Because part of the posterior surface of the ulna through-
out its length lies just under the skin, any part of the bone 
can be approached by incising the skin, fascia, and perios-
teum along this surface.

The following approach is especially useful when treat-
ing fractures of the proximal third of the ulna associated 
with dislocation of the radial head. It also can be used to 
expose the proximal fourth of the radius alone, with less 
danger to the deep branch of the radial nerve than with 
other approaches.

 TECHNIQUE 1.121 

(BOYD)
 n  Begin the incision about 2.5 cm proximal to the elbow 

joint just lateral to the triceps tendon, continue it distally 

over the lateral side of the tip of the olecranon and along 
the subcutaneous border of the ulna, and end it at the 
junction of the proximal and middle thirds of the ulna 
(Fig. 1.148A).

 n  Develop the interval between the ulna on the medial side 
and the anconeus and extensor carpi ulnaris on the lateral 
side.

 n  Strip the anconeus from the bone subperiosteally in the 
proximal part of the incision; to expose the radial head, 
reflect the anconeus radially.

 n  Distal to the radial head, deepen the dissection to the 
interosseous membrane after reflecting the part of the 
supinator that arises from the ulna subperiosteally.

 n  Peel the supinator from the proximal fourth of the radi-
us and reflect radially the entire muscle mass, including 
this muscle, the anconeus, and the proximal part of the 
extensor carpi ulnaris (Fig. 1.148B). This amply exposes 
the lateral surface of the ulna and the proximal fourth 
of the radius. The substance of the reflected supina-
tor protects the deep branch of the radial nerve (Fig. 
1.148C,D).

 n  In the proximal part of the wound, divide the recurrent 
interosseous artery but not the dorsal interosseous artery.
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FIGURE 1.147 Anterior approach to the coronoid process. A, S-shaped incision in antecubital fossa. 
B, Expose the biceps, biceps aponeurosis, and neurovascular bundle. C, Expose the interval between the 
brachial artery and median nerve. D, Retract the brachial artery, biceps, and brachioradialis laterally 
and median nerve and pronator teres medially. E, Open the joint capsule and expose the coronoid 
process. SEE TECHNIQUE 2.120.
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FIGURE 1.148 Boyd approach to proximal third of ulna and fourth of radius. A, Skin incision. 
B, Approach has been completed. C and D, Relationship of deep branch of radial nerve to super-
ficial and deep parts of supinator. C, Numbers 1, 2, 3, and 4 correspond to levels of cross-sections 
in D with same numbers. SEE TECHNIQUE 1.121.
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WRIST 
 

DORSAL APPROACH TO THE WRIST

 TECHNIQUE 1.122 

 n  Through a 10-cm dorsal curvilinear incision centered 
over the Lister tubercle (Fig. 1.149A), expose the dorsal 
carpal ligament and define the fibrous partitions sepa-
rating the tendon sheaths on the dorsum of the radius 
and ulna.

 n  Divide this ligament and the underlying periosteum over 
the tubercle, taking care not to injure the tendon of the 
extensor pollicis longus; dissect between the extensor 
tendons of the thumb and fingers.

 n  Elevate the periosteum of the distal inch of the radius, 
but preserve as much as possible of the extensor tendon 
sheaths.

 n  Retract the extensor tendons of the fingers medially (to-
ward the ulna) to expose the dorsum of the wrist joint and 
to allow transverse incision of the capsule (Fig. 1.149B).
   

 

DORSAL APPROACH TO THE WRIST

 TECHNIQUE 1.123 

 n  Begin a transverse curved skin incision on the medial side 
of the head of the ulna, and extend it across the dorsum 
of the wrist to a point 1.5 cm proximal and posterior to 
the radial styloid (Fig. 1.149A).

 n  Retract the skin and the superficial and deep fasciae and 
retract the tendons as described in the first technique, 
exposing the radial side of the dorsum of the wrist.

 n  To expose the ulnar side, make a longitudinal incision 
through the dorsal carpal ligament between the extensor 
digiti quinti proprius and the common extensor tendons. 
Retract the common extensor tendons to the radial side 
and the tendons of the extensor digiti quinti proprius and 
extensor carpi ulnaris to the ulnar side and incise the cap-
sule transversely.

 n  By combining these deeper incisions and alternately re-
tracting the tendons of the common extensors of the fin-
gers to the radial or ulnar side, one may reach the entire 
dorsal aspect of the joint.
   

 

VOLAR APPROACH TO THE WRIST
The volar approach often is used to remove or to reduce a 
dislocated lunate.

 TECHNIQUE 1.124 

 n  Make a transverse incision across the volar aspect of the 
wrist in the distal flexor crease (Fig. 1.150). (A curved 
longitudinal incision has been used but is less desirable 
because crossing the flexor creases produces a scar that 
may cause a flexion contracture.)

 n  Incise and retract the superficial and deep fasciae.
 n  Identify the palmaris longus tendon. Find and isolate the 

median nerve; it is usually deep to the palmaris longus 
tendon and slightly to its radial side. In patients with con-
genital absence of the palmaris longus tendon, the me-
dian nerve is the most superficial longitudinal structure on 
the volar aspect of the wrist. Gently retract the palmaris 
longus tendon (if present) and the flexor pollicis longus 
tendon to the radial side. Retract the flexor digitorum 
sublimis and profundus tendons to the ulnar side (Fig. 
1.150A, inset).

 n  Incise the joint capsule, exposing the distal end of the 
radius and the lunate (Fig. 1.150B).
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FIGURE 1.149 Dorsal approaches to wrist. A, Solid lines repre-
sent curved longitudinal and transverse skin incisions. Broken lines 
represent incisions through dorsal carpal ligament (see text). B, 
Scaphoid, lunate, and distal radius have been exposed through 
curved transverse skin incision and through incision in dorsal carpal 
ligament centered over Lister tubercle. SEE TECHNIQUES 1.122 AND 
1.123.
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LATERAL APPROACH TO THE WRIST

 TECHNIQUE 1.125 

 n  Make a 7.5-cm lateral curvilinear skin incision shaped like 
a bayonet on the radial side of the wrist (Fig. 1.151A).

 n  Retract to the volar side of the wrist, the extensor pol-
licis brevis tendon, the abductor tendons of the thumb, 

the radial artery, and the lateral terminal branch of the 
superficial branch of the radial nerve; retract the extensor 
pollicis longus tendon dorsally. This retraction exposes the 
tubercle of the scaphoid (Fig. 1.151B).

 n  Longitudinally divide the radial collateral ligament and 
capsule to expose the lateral aspect of the wrist joint. 
Take care to protect the radial artery, which passes be-
tween the abductor pollicis longus and the extensor pol-
licis brevis tendons laterally and the radial collateral liga-
ment medially, and the superficial branches of the radial 
nerve, which supply the skin on the dorsum of the thumb.
   

 

MEDIAL APPROACH TO THE WRIST
The medial approach may be used for arthrodesis of the 
wrist when tendon transfers around the dorsum of the 
wrist are contemplated (see Chapter 71). Historically, 
Smith-Petersen used it for arthrodesis of the wrist when 
the distal radioulnar joint was diseased or deranged; in his 
technique, the distal 2.5 cm of the ulna is resected.

 TECHNIQUE 1.126 Figure 1.152

 n  Make a medial curvilinear incision centered over the ulnar 
styloid. Its proximal limb is parallel to the ulna; at the level 
of the ulnar styloid, it curves dorsally and toward the palm 
toward the proximal end of the fifth metacarpal, and its 
distal limb parallels the fifth metacarpal for about 2.5 cm. 
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FIGURE 1.150 Volar approach to wrist. A, Optional transverse or 
curved longitudinal skin incisions. B, Flexor tendons and median 
nerve retracted as in cross-section, exposing lunate bone and distal 
end of radius. SEE TECHNIQUE 1.124.
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While incising the skin and subcutaneous tissue, carefully 
avoid injuring the dorsal branch of the ulnar nerve, which 
winds around the dorsum of the wrist immediately distal 
to the head of the ulna and divides into its three cutane-
ous branches supplying the little finger and the ulnar half 
of the ring finger.

 n  Incise the fascia and open the capsule longitudinally. Do 
not injure the triangular fibrocartilage attached to the 
 ulnar styloid.
   

HAND
Surgical approaches to the hand are discussed in Chapter 64.
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 ADVANCED IMAGING IN ORTHOPAEDICS 
Dexter H. Witte III

CHAPTER 2

Although routine radiography currently remains the primary 
imaging modality in orthopaedics, more advanced imaging 
techniques are now an integral part of the modern orthopae-
dic practice. Modalities such as magnetic resonance imaging 
(MRI), computed tomography (CT), and ultrasonography 
(US) are valuable diagnostic tools and are fundamental com-
ponents of image-guided interventional procedures. The 
scope of these advanced imaging techniques across the field 
of orthopaedics is far too broad to address in a single chapter. 
Therefore, this chapter provides a brief synopsis of the use of 
MRI and CT in orthopaedics. Musculoskeletal US is reviewed 
in various chapters as appropriate.

MAGNETIC RESONANCE IMAGING
Aside from routine radiography, no imaging modality has 
as great an impact on the current practice of orthopaedics 
as MRI. MRI provides unsurpassed soft-tissue contrast and 
multiplanar capability with spatial resolution that approaches 
that of CT. Consequently, MRI has superseded older imaging 
methods such as myelography, arthrography, and even angi-
ography. In the past 40 years, MRI has matured to become a 
critical component of the modern orthopaedic practice.

Unlike radiography or CT, the MR image is generated 
without the use of potentially harmful ionizing radiation. MR 
images are created by placing the patient in a strong magnetic 
field (tens of thousands of times stronger than the earth’s 
magnetic field). The magnetic force affects the nuclei within 
the field, specifically the nuclei of elements with odd num-
bers of protons or neutrons. The most abundant element sat-
isfying this criterion is hydrogen, which is plentiful in water 
and fat. These nuclei, which are essentially protons, possess 
a quantum spin. When the patient’s tissues are subjected to 

this strong magnetic field, protons align themselves with 
respect to the field. Because all imaging is performed within 
this constant magnetic force, this becomes the steady state, or 
equilibrium. In this steady state, a radiofrequency (RF) pulse 
is applied, which excites the magnetized protons in the field 
and perturbs the steady state. After application of this pulse, a 
receiver coil or antenna listens for an emitted RF signal that is 
generated as these excited protons relax or return to equilib-
rium. This emitted signal is then used to create the MR image. 

MRI TECHNOLOGY AND 
TECHNIQUE
A wide variety of MR imaging systems are commercially avail-
able. Scanners can be grouped roughly by field strength. High-
field scanners possess superconducting magnets considered 
to have field strengths greater than 1.0 Tesla (T). Low-field 
scanners operate at field strengths of 0.3 to 0.7 T. Ultra low-
field scanners operate below 0.1 T but are generally limited to 
studying the appendicular anatomy. The strength of the mag-
netic field directly correlates with the signal available to create 
the MR image. High-field scanners generate higher signal-to-
noise images, allowing shorter scanning times, thinner scan 
slices, and smaller fields of view. At lower field strengths, scan 
field of view or slice thickness must be increased or imaging 
time lengthened to compensate for lower signal. In the past, 
lower field strength scanners presented the advantage of an 
“open” bore, which helped minimize claustrophobia and allow 
for more comfortable patient positioning when imaging off-
axis structures such as elbows and wrists. However, current-
generation high-field scanners have bores of larger diameter 
and shorter length, thus eliminating this low-field advantage. 
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Powerful 3 T scanners have become commercially available 
in the past several years. Although high-quality musculoskel-
etal imaging can be performed at 1.5 T, these 3.0 T scanners 
may be valuable when evaluating small body parts and may 
provide better image quality in larger patients. At present, the 
clinical applications of 7 T scanners are being studied at many 
research centers.

Although an image can be acquired in the main coil 
(the hollow tube in which the patient lies during the study), 
almost all MR images are acquired with a separate receiving 
coil. For evaluation of smaller articular structures, such as the 
menisci of the knee or the rotator cuff, specialized surface 
coils are mandatory. Several types of surface coils are avail-
able, including coils tailored for specific body parts such as 
the spine, shoulder, wrist, and temporomandibular joints, as 
well as versatile flexible coils and circumferential extremity 
coils. These coils serve as antennae placed close to the joint or 
limb, markedly improving signal and resolution but also lim-
iting the volume of tissue that can be imaged. Thus, larger sur-
face coils have been developed with phased-array technology, 
providing the improved signal that is seen in smaller coils 
with an expanded coverage area. These phased-array coils are 
available for the knee, shoulder, and torso and are now stan-
dard on most state-of-the-art scanners. Optimal coil selection 
is mandatory for high-quality imaging of joints or small parts.

Although all studies involve magnetization and RF sig-
nals, the method and timing of excitation and acquisition of 
the signal can be varied to affect the signal intensity of the 
various tissues in the volume. Musculoskeletal MRI exami-
nations primarily use spin-echo technique, which produces 
T1-weighted, proton (spin) density, and T2-weighted images. 
T1 and T2 are tissue-specific characteristics. These values 
reflect measurements of the rate of relaxation to the steady 
state. By varying the timing of the application of RF pulses 
(TR, or repetition time) and the timing of acquisition of the 
returning signal (TE, or echo time), an imaging sequence can 
accentuate T1 or T2 tissue characteristics. In most cases, fat 
has a high signal (bright) on T1-weighted images and fluid 
has a high signal on T2-weighted images. Structures with little 
water or fat, such as cortical bone, tendons, and ligaments, are 

hypointense (dark) in all types of sequences. Improvements in 
MR techniques have allowed for much faster imaging. Shorter 
imaging sequences are better tolerated by patients and allow 
for less motion artifact. One such improvement, fast spin-
echo technique, reduces the length of T2-weighted sequences 
by two thirds or more. Fat signal in fast spin-echo images 
remains fairly intense, a problem that can be eliminated by 
chemical-shift fat-suppression techniques (Fig. 2.1). Fat sup-
pression also can be achieved by using a short-tau inversion 
recovery (STIR) sequence. These fat-suppression techniques 
can be useful in the detection of edema in both bone mar-
row and soft tissue and therefore play an important role in 
the imaging of trauma and neoplasms. For simplicity, imag-
ing series, whether acquired with chemical shift or inversion 
recovery fat-suppression techniques, are often referred to as 
“fluid-sensitive” sequences. Another fast imaging method, 
gradient-echo technique, is more widely used in nonortho-
paedic imaging such as MR angiography. The short echo 
times available with this technique are helpful in minimiz-
ing cerebrospinal fluid flow artifacts in cervical spine studies. 
Gradient echo imaging can be used to generate isovolumetric 
images that permit multiplanar image reconstruction. These 
reconstructed images can be used to more accurately assess 
glenoid bone loss following shoulder dislocation or to evalu-
ate acetabular or femoral head morphology in patients with 
dysplasia or impingement. Most musculoskeletal MR studies 
are composed of a number of imaging sequences or series, 
tailored to detect and define a certain pathologic process. 
Because the imaging planes (axial, sagittal, coronal, oblique) 
and the sequence type (T1, T2, gradient-echo) are chosen at 
the outset, advanced understanding of the clinical problem is 
required to perform high-quality imaging. 

CONTRAINDICATIONS
Some patients are not candidates for MRI. Absolute contra-
indications to MRI include intracerebral aneurysm clips, 
automatic defibrillators, internal hearing aids, and metallic 
orbital foreign bodies. Older cardiac pacemakers generally 
are not approved for MR imaging; however, a new generation 
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FIGURE 2.1 Chemical shift fat-suppression technique. A, Axial fast spin-echo, T2-weighted 
image of large soft-tissue mass in calf. Hyperintense fat blends with anterior and posterior margins 
of lesion. B, Addition of fat suppression allows for better delineation of tumor margins.
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of MRI-compatible pacemakers has been developed. Cardiac 
valve prostheses can be safely scanned. Relative contraindica-
tions include first-trimester pregnancy and recently placed 
intravascular stents. Generally, internal orthopaedic hardware 
and orthopaedic prostheses are safe to scan, although ferrous 
metals can create local artifact that can obscure adjacent tis-
sues. Severity of metal artifact depends on hardware bulk, 
orientation, and material. For example, titanium prosthe-
ses generate much less artifact than stainless steel (Fig. 2.2). 
Certain adjustments to the scan parameters may reduce, but 
not eliminate, metal artifact. In fact, newly developed imaging 
sequences are proving useful for detection of periprosthetic 
bone resorption and soft-tissue masses. Metal prostheses may 
also become warm during the examination, although this is 
rarely noticed by the patient and almost never requires ter-
mination of the study. Patients with metal external fixation 
devices should not be scanned. If there is a question regarding 
the MR compatibility of an implantable device (e.g., pain stim-
ulator, infusion pump), the manufacturer should be consulted. 

CONTRAST AGENTS IN MRI
As elsewhere in the body, the administration of gadolinium 
contrast material can be of great value in evaluating certain 
musculoskeletal conditions. MR contrast agents are com-
posed of gadolinium ions that are tightly bound to complex 
macromolecules. These agents can be administered intrave-
nously or intraarticularly with high degree of safety. Normally 
MR contrast is rapidly filtered and excreted by the kidneys. 
As opposed to iodinated contrast material used in CT, gado-
linium contrast agents are not nephrotoxic. In patients with 
significantly impaired renal function, however, delayed excre-
tion of gadolinium has been associated with a rare connective 
tissue disease, nephrogenic systemic fibrosis. The incidence of 
this complication actually varies with the type of gadolinium 
macromolecule utilized, and these agents should be admin-
istered with caution in patients with acute or chronic kidney 
disease (stage 4 or 5). 

FOOT AND ANKLE
One of the more complex anatomic regions in the human 
body is the foot and ankle. The complexity of midfoot and 
hindfoot articulations and the variety of pathologic condi-
tions in the tendons and ligaments make evaluation difficult 
from a clinical and imaging perspective. Most examinations 
of the foot and ankle are performed to evaluate tendinopathy, 
articular disorders, and osseous pathologic conditions, often 
after trauma. MRI can be quite useful when the examination 
is directed at solving a certain clinical problem, but its value 
as a screening study for nonspecific pain is more limited. 
Given the small size of structures to be examined, optimal 
imaging is achieved on a high field strength magnet, and the 
use of a surface coil, typically an extremity coil, is mandatory. 
Ideally, the clinical presentation will allow the examination 
to be directed at either the forefoot or ankle/hindfoot. This 
arbitrary division allows for a sufficiently small field of view 
(10 to 12 cm) to generate high-resolution images. Images can 
be prescribed in orthogonal or oblique planes, with combi-
nations of T1-weighted, T2-weighted, and fat-suppressed 
sequences. The examination should be tailored to best define 
the clinically suspected problem.

TENDON INJURIES
MRI excels in the evaluation of pathologic conditions in 
the numerous tendons about the ankle joint. Most com-
monly affected are the calcaneal and posterior tibial ten-
dons. In chronic tendinitis, the calcaneal tendon thickens and 
becomes oval or circular in cross-section. The pathologically 
enlarged tendon maintains low signal on all sequences. When 
partially torn, the tendon demonstrates focal or fusiform 
thickening with interspersed areas of edema or hemorrhage 
that brighten on T2-weighted series (Fig. 2.3). With complete 
rupture, there is discontinuity of the tendon fibers. Similarly, 
abnormalities of the posterior tibial tendon can be confidently 
diagnosed with MRI. Increased fluid in the sheath of the ten-
don indicates tenosynovitis. Insufficient or ruptured tendons 
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FIGURE 2.2 Magnetic resonance imaging with orthopaedic hardware in a patient with 
metastatic lung disease. A, Lateral radiograph of the proximal femur shows a subtle lesion in the 
posterior cortex adjacent to the femoral component of a titanium total hip prosthesis (arrow). B, 
Fat-suppressed inversion recovery image displays a metastasis immediately adjacent to the hardware 
(arrow). Note that minimal artifact is generated by the titanium stem.
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FIGURE 2.3 Partial tear of calcaneal tendon. A, Sagittal T1-weighted image demonstrates 
markedly thickened calcaneal tendon containing areas of intermediate signal (arrow). B, Sagittal 
fat-suppressed, T2-weighted image exhibits fluid within tendon substance, indicating partial tear 
(arrow).
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FIGURE 2.4 Posterior tibial tendon tear. A, Axial T1-weighted image reveals swollen, ill-
defined region of intermediate signal intensity, representing fluid and abnormal tendon (arrow). 
B, Axial fat-suppressed, T2-weighted image shows thickened tendon (arrow) surrounded by hyper-
intense fluid.
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can appear thickened, attenuated, or even discontinuous (Fig. 
2.4). Similar abnormalities are often seen in the flexor ten-
dons or peroneus tendons (Fig. 2.5). Longitudinal splitting of 
the peroneus tendon is usually quite well displayed on axial 
MRI images (Fig. 2.6). 

LIGAMENT INJURIES
The medial and lateral stabilizing ligaments of the tibiota-
lar and talocalcaneal joints and the distal tibiofibular liga-
ments are well-visualized with proper positioning of the foot. 
Although ligamentous injuries about the ankle are common, 
MRI has a limited role in the evaluation of acute injury. In 
the acute setting, the MRI examination is helpful in detect-
ing associated occult osteochondral injury. In patients with 
chronic instability, MRI can provide useful information of the 
integrity of the lateral ligamentous complex, tibiofibular liga-
ments, and tibiofibular syndesmosis. Additionally, MRI has 
proven useful in evaluating the lateral recess of the ankle joint 
in patients with impingement. Regions of fibrosis associated 
with anterolateral impingement are identified in the lateral 
gutter, especially when fluid is present in the ankle joint. 

OSSEOUS INJURIES
As with the rest of the skeleton, MRI is especially well-suited 
for evaluating occult bone pathology in the foot and ankle. 
MRI is often used to evaluate patients with heel pain, where 
the differential diagnosis includes both stress fracture and 
plantar fasciitis. Stress fractures are depicted as areas of mar-
row edema well before radiographic changes are apparent 
(Fig. 2.7). MRI is as sensitive as bone scintigraphy while pro-
viding greater anatomic detail and specificity. The multiplanar 
capability of MRI is useful in assessing the ankle and subtalar 
joints. With high-quality imaging, excellent characterization 
of osteochondral lesions of the talus can be useful in surgi-
cal planning. Hepple et al. developed a classification of osteo-
chondral lesions of the talus based on the MRI appearance. 
Lesion stability can be inferred by inspection of the overly-
ing articular cartilage and the underlying osseous interface 
(Fig. 2.8). CT plays a complementary role to MRI if osseous 
avulsions or tiny intraarticular calcifications are suspected. 
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FIGURE 2.5 Peroneus longus tendon rupture. A, Coronal T1-weighted image through 
midfoot shows increased diameter of peroneus longus tendon (arrows). B, Coronal fat-suppressed, 
T2-weighted image reveals fluid signal within ruptured tendon (arrow).

 FIGURE 2.6 Longitudinal split tear of the peroneus brevis 
tendon. T1-weighted axial image at the level of the ankle joint 
shows a longitudinal split of the peroneus brevis tendon (arrow) 
between the lateral malleolus anteriorly and the peroneus longus 
tendon posteriorly.
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Other pathologic marrow processes such as osteonecrosis 
and tumors can be evaluated as well. 

OTHER DISORDERS OF FOOT AND ANKLE
MRI has become an increasingly useful tool in the workup 
of forefoot pathology. Studies can be designed specifically to 
evaluate the metatarsals and phalanges and adjacent joints. 
Focused imaging of the metatarsophalangeal joints can detect 
sesamoid pathology and plantar plate injuries. MRI is a fun-
damental tool in the workup of a patient with a soft-tissue 

or bone tumor. The excellent multiplanar anatomic infor-
mation provided by MRI allows detection and definition of 
masses in the foot. Interdigital or Morton neuroma is most 
frequently found in the distal third metatarsal interspace. 
Unlike most other tumors, this lesion lacks increased sig-
nal on T2-weighted sequences. Another common foot mass, 
plantar fibroma or plantar fibromatosis, usually is quite easily 
confirmed by the presence of signal-poor mass arising from 
the plantar fascia. The MRI evaluation of other neoplasms is 
discussed later in this chapter.
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FIGURE 2.7 Calcaneal stress fracture. A, Sagittal fat-suppressed T2-weighted image through 
the hindfoot shows hyperintense marrow edema in the calcaneal tuberosity. B, Sagittal T1-weighted 
image at the same location clearly demonstrates a linear hypointense fracture line (arrow).
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FIGURE 2.8 Osteochondritis dissecans of talus in college football player. A, Coronal 
T1-weighted image shows osteochondral fragment in medial talar dome. Loss of fat signal suggests 
sclerosis or fibrosis (arrow). B, Coronal fat-suppressed, T2-weighted image demonstrates fluid 
signal between lesion and host bone (arrowheads), indicating unstable fragment. C, Coronal fat-
suppressed, spoiled gradient-echo technique reveals abnormal decreased signal (arrow) in overlying 
articular cartilage, indicating defect confirmed by arthroscopy.
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MRI also is a valuable imaging modality in the evaluation 
of patients with suspected bone or soft-tissue infection. Because 
of the excellent depiction of bone marrow, osteomyelitis can be 
detected quite early, certainly well before radiographic abnor-
malities are visible (Fig. 2.9). The anatomic information pro-
vided by MRI can assist in surgical planning by defining the 
extent of bone involvement. Certain fat-suppressed sequences 
are so sensitive that reactive marrow edema (osteitis) can be 
seen even before frank osteomyelitis. Although the sensitiv-
ity of MRI for osteomyelitis approaches 100%, the reported 
specificity is less. Some authors have suggested relying on 
T1-weighted marrow replacement rather than T2-weighted 
signal abnormality (edema) to increase specificity. In neuro-
pathic patients, the specificity of MR signal abnormalities is 
reduced; therefore the current workup of osteomyelitis in the 
diabetic foot often involves a combination of scintigraphy, 
MRI, laboratory data, and especially physical examination. In 
almost all cases of pedal osteomyelitis, osseous involvement is 
secondary to spread from adjacent soft-tissue infection and 
ulceration. Conversely, the presence of bone marrow signal 
abnormalities in the absence of a regional soft-tissue wound 
strongly favors neuropathic disease rather than osteomyelitis. 
For the evaluation of surrounding soft-tissue infection, MRI 
is the modality of choice. The addition of contrast-enhanced 
sequences is helpful in defining nonenhancing fluid collec-
tions/abscesses and devascularized or gangrenous tissue. 
Although the diabetic foot can be a diagnostic challenge, nor-
mal MRI marrow signal confidently excludes osteomyelitis. 

KNEE
The knee is the most frequently studied region of the appen-
dicular skeleton. Standard extremity coils allow high-resolu-
tion images of the commonly injured internal structures of the 

joint. The routine MRI examination of the knee consists of 
spin-echo sequences obtained in sagittal, coronal, and usually 
axial planes. Most examiners prefer to evaluate the menisci on 
sagittal proton (spin) density–weighted images. The sagittal 
images are prescribed in a plane parallel to the course of the 
anterior cruciate ligament (ACL), approximately 15 degrees 
internally rotated to the true sagittal plane. Coronal images are 
useful in evaluating medial and lateral supporting structures. 
The patellofemoral joint is best studied in the axial plane.

PATHOLOGIC CONDITIONS OF MENISCI
A large percentage of knee pain or disability is caused by 
pathologic conditions of the menisci. The menisci are com-
posed of fibrocartilage and appear as low-signal structures 
on all pulse sequences. The menisci are best studied in the 
sagittal and coronal planes. On sagittal images, the menisci 
appear as dark triangles in the central portion of the joint 
and assume a “bow tie” configuration at the periphery of the 
joint. Regions of increased signal can often be seen within 
the normally dark fibrocartilage of the menisci. Areas of 
abnormal hyperintense signal may or may not communicate 
with a meniscal articular surface. Noncommunicating signal 
changes correspond to areas of mucoid degeneration that are 
not visible arthroscopically. Conversely, abnormalities that 
extend to the meniscal articular surface represent tears (Figs. 
2.10 to 2.12). Although it has been suggested that noncom-
municating signal or mucoid changes progress to meniscal 
tears, follow-up examinations have not confirmed this pro-
gression. Generally, communicating signal abnormalities that 
are seen on only one image should not be considered tears 
unless there is associated anatomic distortion of the menis-
cus. Meniscal tears should be defined as to location (anterior 
horn, body, posterior horn, free edge, or periphery) and ori-
entation (horizontal, vertical/longitudinal, radial, complex). 

 

BA

FIGURE 2.9 Osteomyelitis of calcaneus. A, Sagittal T1-weighted image shows abnormal 
hypointense marrow signal throughout the posterior calcaneus (arrow). B, Sagittal fat-suppressed 
T2-weighted image shows subcortical marrow edema consistent with osteomyelitis. Note the 
overlying soft-tissue ulcer (arrowhead).
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Relatively common and particularly debilitating in elderly 
patients, radial tears of the posterior horn or posterior root 
ligament of the medial meniscus are best seen on far poste-
rior coronal images (Fig. 2.13). These root ligament injuries 
allow for peripheral meniscal displacement and frequently 
are associated with subchondral stress or insufficiency frac-
tures of the medial compartment. Complications of tears, 
such as displaced fragments (bucket-handle tears, inferiorly 

displaced medial fragment), should be suspected when the 
orthotopic portion of the meniscus is small or truncated. 
Careful examination of the joint, often in the coronal plane, 
will reveal the displaced, hypointense meniscal fragment 
(Figs. 2.14 and 2.15). The sensitivity and specificity of MRI in 
detecting meniscal tears routinely exceed 90%.

Studies have shown that many factors affect the accuracy 
of MRI with respect to meniscal evaluation, including the 

 FIGURE 2.10 Meniscal tear. Sagittal fat-suppressed proton 
density–weighted image demonstrates linear increased signal 
traversing posterior horn of medial meniscus, indicating horizontal 
oblique tear (arrow).

 FIGURE 2.11 Meniscal tear. Sagittal proton density–weighted 
image reveals small defect in free edge of body of lateral meniscus, 
indicating radial tear (arrow).
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FIGURE 2.12 Meniscal cyst. Sagittal fat-suppressed, proton 
density–weighted image of knee shows a hyperintense meniscal 
cyst (straight arrow) adjacent to medial meniscus. Associated tear 
is present in inferior articular surface of meniscus (curved arrow).

 FIGURE 2.13 Root ligament tear of the posterior horn of the 
medial meniscus. Coronal fat-suppressed proton density-weighted 
image demonstrates a fluid-filled defect (arrow) in the posterior 
horn of the medial meniscus at the root ligament.
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experience of both the radiologist in interpreting studies as 
well as the orthopaedist performing the correlating arthros-
copy. Many pitfalls in interpretation exist. When studying 
the central portions of the menisci, the meniscofemoral liga-
ments and transverse meniscal ligament can create problems. 
Recognition of the hiatus for the popliteus tendon will pre-
vent the false diagnosis of a tear in the posterior horn of the 
lateral meniscus. Meniscocapsular separation is often difficult 
to detect in the absence of a complete detachment and result-
ing free-floating meniscus. Elderly patients often exhibit a 
greatly increased intrameniscal signal that can be mistaken 

for a tear. The specificity of MRI for meniscal tear is reduced 
in patients who have undergone prior meniscal surgery. Most 
examiners, however, continue to rely on MRI in such patients, 
using caution with menisci that have greater degrees of sur-
gical resection. Awareness of any history of prior meniscal 
debridement or repair may affect the interpretation of the 
examination, and such history should be provided to the 
interpreting physician. If possible, correlation of the post-
operative examination with preoperative MR images is quite 
helpful in identifying the presence of a new tear. Rarely, the 
intraarticular injection of gadolinium (MR arthrography) can 
help differentiate healed or repaired tears from reinjury.

Other morphologic abnormalities of the menisci and 
adjacent structures are nicely shown with MRI. The abnor-
mally thick or flat discoid meniscus is seen more commonly 
on the lateral side. Although visualization of the “bow tie” 
configuration of the lateral meniscus in the sagittal plane on 
more than three adjacent images indicates a discoid menis-
cus, the abnormal cross-section usually is quite apparent on 
the coronal images (Fig. 2.16). Meniscal cysts, which usually 
are associated with and adjacent to meniscal tears, frequently 
can be easily seen as discrete T2-weighted hyperintense fluid 
collections located medially or laterally (see Fig. 2.12). 

CRUCIATE LIGAMENT INJURY
MRI is the only noninvasive means of imaging the cruciate 
ligaments. As described earlier, the sagittal imaging plane of 
the knee examination is prescribed to approximate the plane 
of the ACL. The normal ACL appears as a linear band of 
hypointense fibers interspersed with areas of intermediate sig-
nal. The ACL courses from its femoral attachment on the lat-
eral condyle at the posterior extent of the intercondylar notch 
to the anterior aspect of the tibial eminence. High-resolution 
images often will define discreet anteromedial and postero-
lateral bands. On the sagittal images, the orientation of the 
normal ACL is parallel to the roof of the intercondylar notch. 
Reliable signs of ACL rupture include an abnormal horizontal 
course, a wavy or irregular appearance, or fluid-filled gaps in 
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FIGURE 2.14 Bucket handle tear of medial meniscus. Coronal (A) and axial (B) fat-suppressed, 
proton density-weighted images demonstrate centrally displaced portion of medial meniscus 
(arrows).

 FIGURE 2.15 Inferiorly displaced medial meniscal fragment. 
Fat-suppressed, proton density–weighted image demonstrates 
portion of medial meniscus displaced inferiorly and deep to medial 
collateral ligament (arrow).
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a discontinuous ligament (Fig. 2.17). Chronic tears can reveal 
either ligamentous thickening without edema or, more often, 
complete atrophy. Several secondary signs of ACL rupture 
exist. In acute injuries, bone contusions are manifested as 
regions of edema in the subchondral marrow, typically in the 
lateral compartment. The overlying articular cartilage should 
be closely inspected for signs of injury. These bone contu-
sions usually resolve within 6 to 12 weeks of injury. Anterior 
translocation of the tibia with respect to the femur, the MRI 
equivalent of the drawer sign, is highly specific for acute or 
chronic tears. Buckling of the posterior cruciate ligament 
often is present, but this sign is more subjective. Although 

usually best evaluated in the sagittal plane, the ACL can and 
should be seen in coronal and axial planes as well. In large 
series correlated with arthroscopic data, MRI has achieved 
an accuracy rate of 95% in the assessment of ACL pathologic 
conditions. Unfortunately, as is frequently the case with the 
physical examination, the imaging distinction between par-
tial and complete ACL tears is more challenging. Even when 
the diagnosis of an ACL tear is a clinical certainty, MRI is 
valuable in assessing associated meniscal and ligament tears 
and posterolateral corner injuries. MRI can accurately depict 
the reconstructed ACL within the intercondylar notch and 
define the position of intraosseous tunnels. A redundant graft 
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FIGURE 2.16 Discoid meniscus in 3-year-old boy. A, Sagittal proton density–weighted image 
reveals abnormally thick lateral meniscus (arrow). B, Coronal fat-suppressed, proton density–
weighted image demonstrates extension of discoid meniscus centrally (arrow) into weight-bearing 
portion of lateral compartment.
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FIGURE 2.17 Acute anterior cruciate ligament tear. A, Fat-suppressed, proton density–
weighted sagittal image shows edema throughout abnormally oriented anterior cruciate ligament 
fibers (arrow). B, Fat-suppressed proton density–weighted image demonstrates typical associated 
bone contusion in the lateral femoral condyle (arrow).
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or absence of the graft on MRI suggests graft failure. Because 
the normal revascularization process may result in areas of 
increased signal within and around the graft, edematous 
changes in the early postoperative period should be inter-
preted with caution.

In extension, the posterior cruciate ligament is a gently 
curving band of fibrous tissue, appearing as a homogeneously 
hypointense structure of uniform thickness on sagittal MRI 
series. Discontinuity of the ligament or fluid signal within its 
substance indicates a tear (Fig. 2.18). In the coronal imag-
ing plane, the medial collateral ligament (MCL) appears as 
a thin dark band of tissue closely applied to the periphery of 
the medial meniscus. Mild injuries result in edema about the 
otherwise normal ligament. Severe strain or rupture causes 
ligamentous thickening or frank discontinuity (Fig. 2.19). 
Although mild degrees of MCL injury correlate nicely with 
MRI appearance, imaging is less accurate in grading more 
severe injuries. Injuries of the lateral supporting structures, 
including the lateral collateral ligament, iliotibial band, biceps 
femoris, and popliteus tendon, also are depicted with MRI. 

OTHER KNEE PROBLEMS
Severe injuries to the extensor mechanism of the knee are 
usually clinically obvious, but when partial tears of the patel-
lar or quadriceps tendon are suspected, MRI can confirm the 
diagnosis. Discontinuity of tendinous fibers and fluid in a gap 
within the tendon are seen with complete tears. Incomplete 
tears show thickening of the tendon with interspersed 
edema. Generally, tendinitis demonstrates tendon thicken-
ing, although normal low signal is maintained. Posteriorly, 
popliteal, or Baker, cysts are noted in the medial aspect of 
the popliteal fossa. These cysts can rupture distally into the 
calf, mimicking thrombophlebitis. In this situation, MRI 
will demonstrate fluid dissecting inferiorly along the medial 

gastrocnemius muscle belly. Caution should be used when 
evaluating T2-weighted hyperintense popliteal fossa struc-
tures because other lesions, such as popliteal artery aneurysms 
and tumors, are common in this location. Demonstration of 
the neck of a popliteal cyst at its communication with the 
joint between the medial gastrocnemius and the semimem-
branosus tendon will avoid potential misdiagnosis (Fig. 2.20).

 FIGURE 2.18 Posterior cruciate ligament tear. Sagittal fat-
suppressed proton density-weighted image shows abnormal 
increased signal (arrow) within the disorganized fibers of the distal 
posterior cruciate ligament.

 FIGURE 2.19 Medial collateral ligament tear. Complete disrup-
tion of proximal medial collateral ligament (arrow) is demonstrated 
in coronal fat-suppressed, proton density–weighted image; this 
appearance suggests grade 3 medial collateral ligament injury.

 FIGURE 2.20 Popliteal fossa cyst. Axial proton density–
weighted image demonstrates hyperintense fluid extending from 
knee joint into popliteal fossa between semimembranosus tendon 
(straight arrow), and medial gastrocnemius tendon (curved arrow).
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Other potential problems about the knee for which MRI 
is well-suited include osteonecrosis, synovial pathologic con-
ditions, osseous contusions (Fig. 2.21), and occult fractures 
(Fig. 2.22). Direct coronal and sagittal MRI is helpful in assess-
ing complications of physeal injuries in children (Fig. 2.23) 
and in demonstrating osteochondritis dissecans. T2-weighted 
or gradient-echo sequences can show fluid surrounding 
an unstable osteochondral fragment. MRI is also helpful in 

determining the integrity of the overlying cartilage (Fig. 
2.24). The fat-suppressed proton density–weighted sequence 
is most commonly used in the assessment of hyaline cartilage 
in the routine knee examination. Fat-suppressed, fast spin-
echo, proton density–weighted, or gradient-echo sequences 
obtained with volumetric technique are helpful in the evalu-
ation of articular cartilage in the knee and many other joints 
(Figs. 2.8, 2.24, and 2.25). Loose bodies are best seen in the 

 

A B

FIGURE 2.21 Patellar dislocation. A and B, Axial fat-suppressed, proton density–weighted 
images through patellofemoral joint show regions of increased signal, representing marrow edema 
beneath medial facet of patella (long arrow) and in lateral aspect of lateral femoral condyle (thick 
arrow). This pattern of osseous contusion indicates recent lateral patellar dislocation. Note hema-
tocrit level in joint effusion (arrowheads).
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FIGURE 2.22 Occult Salter II fracture of distal femur in 14-year-old boy. A, Coronal T1-weighted 
image reveals ill-defined reduced signal in medial distal femoral metaphysis. B, Fat-suppressed, 
T2-weighted image demonstrates irregular hypointense fracture (arrow) surrounded by hyperin-
tense marrow edema. Edema continues along lateral physis, indicating extension of fracture.
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presence of joint effusion with conventional radiographs as 
a reference. Specialized cartilage imaging techniques such as 
T1rho and T2 mapping, and delayed gadolinium-enhanced 
magnetic resonance imaging of cartilage (D-GEMRIC) 
require additional scan time or contrast injection. Presently, 

these advanced cartilage imaging techniques are used primar-
ily in the research setting or for clinically difficult cases. 

HIP
MRI is an extremely useful tool in the evaluation of the hip and 
pelvis. With the unsurpassed ability to image marrow in the 
proximal femur, MRI can detect a spectrum of pathologic con-
ditions of the hip. When evaluating patients for processes that 
may be bilateral, such as osteonecrosis, or conditions that might 
involve the sacrum or sacroiliac joints, the examination should 
include both hips and the entire pelvis. A surface coil such as 
a torso or large wrap coil with phased-array design combines 
improved signal for high-resolution images coupled with large 
field-of-view coverage. For patients with suspected unilateral 
conditions, such as femoral stress fractures, suspected occult 
trauma, or labral injury, a unilateral study with a smaller field of 
view is desirable and surface coils are indispensable. Spin-echo 
sequences are usually performed in axial and coronal planes. 
Sagittal images are quite useful when investigating osteonecrosis.

OSTEONECROSIS
One of the most frequent indications for hip imaging is 
evaluation of osteonecrosis because early diagnosis is desir-
able whether nonoperative or operative treatment is con-
sidered. Although initial radiographs are often normal, 
either scintigraphy or MRI may confirm the diagnosis. Of 
the two techniques, MRI is the more sensitive in detecting 
early osteonecrosis and better delineates the extent of mar-
row necrosis. The percentage of involvement of the weight-
bearing cortex of the femoral head as defined by MRI, as well 
as the presence of perilesional marrow edema and joint effu-
sion, may be helpful in predicting prognosis and the value 
of surgical intervention. On T1-weighted images, the clas-
sic MRI appearance of osteonecrosis is that of a geographic 
region of abnormal marrow signal within the normally bright 
fat of the femoral head (Fig. 2.26). This area of abnormal sig-
nal, often circumscribed by a low-signal band, represents 
ischemic bone. The T2-weighted images reveal a margin of 
bright signal, and the resulting appearance has been termed 

 FIGURE 2.23 Physeal bar in 12-year-old boy. Gradient-echo 
sagittal image of knee demonstrates interruption of posterior 
extent of distal femoral physis (arrow). Osseous bridge has resulted 
in posterior angulation of articular surface of distal femur. Articular 
and physeal cartilage exhibits increased signal with most gradient-
echo techniques.

 FIGURE 2.24 Osteochondritis dissecans. Coronal fat-
suppressed proton density-weighted image of the knee demon-
strates hyperintense fluid signal (arrow) surrounding an unstable 
osteochondral fragment.

 FIGURE 2.25 Chondral lesion. Fat-suppressed proton density 
weighted sagittal image of knee reveals a small, well-defined fluid 
filled full-thickness defect in the articular cartilage of the postero-
medial femoral condyle (arrow).
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the “double line” sign. This sign essentially is diagnostic of 
osteonecrosis. Initially appearing in the anterosuperior sub-
chondral marrow, the central area of necrotic bone can dem-
onstrate various signal patterns throughout the course of the 
disease, depending on the degree of hemorrhage, fat, edema, 
or fibrosis. Subchondral fracture, articular surface collapse, 
cartilage loss, reactive marrow edema, and effusion are seen 
in more advanced cases of osteonecrosis. 

TRANSIENT OSTEOPOROSIS
A second condition also well depicted with MRI is tran-
sient osteoporosis of the hip. This unilateral process, initially 
described in pregnant women in their third trimester, is most 
commonly seen in middle-aged men. Transient osteoporo-
sis is a self-limited process of uncertain etiology, although 
ischemic, hormonal, or stress-related etiologies have been 
proposed. Many patients have later involvement of nearby 
joints, such as the opposite hip, hence the association with 
regional migratory osteoporosis. Initial radiographs may be 
normal or may reveal diffuse osteopenia of the femoral head, 
with preservation of the joint space. The MRI appearance is 
that of diffuse edema in the femoral head, extending into the 
intertrochanteric region. Focal MRI signal abnormalities, as 
seen in osteonecrosis, generally are not present in transient 
osteoporosis. Occasionally, a tiny focal, often linear lesion in 
the subcortical marrow in the weight-bearing portion of the 
femoral head indicates an insufficiency fracture in the demin-
eralized bone. T1-weighted sequences depict diffuse edema 
as relative low signal in contrast to background fatty marrow. 
The edema becomes hyperintense on T2-weighted series and 
is accentuated when fat-suppression techniques are used (Fig. 
2.27). This marrow appearance has been termed a “bone mar-
row edema pattern.” Rare case reports have documented this 
pattern presenting as the earliest phase of osteonecrosis. For 
this reason, if initial radiographs are normal, repeat films 6 
to 8 weeks after the onset of symptoms should demonstrate 
osteopenia of the femoral head, confirming the diagnosis of 

transient osteoporosis. Transient osteoporosis of the hip gen-
erally resolves without treatment within 6 months, and the 
radiographs and MRI appearance return to normal. 

TRAUMA
Frequently, MRI can be helpful in evaluation of the hip after 
trauma. Radiographs are often negative or equivocal for frac-
ture of the proximal femur in elderly individuals. Although 
bone scintigraphy has been used to confirm or exclude frac-
ture, this study can be falsely negative in elderly patients in the 
first 48 hours after injury. The MRI abnormalities are imme-
diately apparent, with linear areas of low signal easily seen 
in the fatty marrow on T1-weighted images and surrounding 
edema seen with T2-weighted images (Fig. 2.28). In addition, 
the anatomic information provided can assist in determining 
the type of fixation required. In fact, many radiographically 
occult fractures subsequently discovered by MRI are confined 
to the greater trochanter or incompletely traverse the femoral 
neck and, in certain patients, may be treated conservatively.

A great deal of effort has been directed at the imaging 
evaluation of femoroacetabular impingement and the ace-
tabular labrum. Original reviews of the accuracy of conven-
tional MRI in the assessment of labral pathologic conditions 
were disappointing because of large field of view images that 
lacked adequate resolution. The advent of MRI arthrography 
performed with surface coil or phased-array technique has 
greatly improved visualization of the cartilaginous labrum. 
Unfortunately, the geometry of the labrum of the hip displays 
a wide range of normal variation, even in asymptomatic indi-
viduals. As the vast majority of labral tears are found in the 
anterior or anterolateral labrum, these labral segments should 
be closely evaluated for the presence of deep or irregular intra-
labral clefts suggestive of a labral tear (Fig. 2.29). Adjacent 
regions of acetabular cartilage delamination often are present. 
In patients with mechanical hip symptoms or possible femo-
roacetabular impingement, the addition of an anesthetic injec-
tion at the time of arthrography may be useful in confirming 
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FIGURE 2.26 Corticosteroid-induced bilateral osteonecrosis of femoral head. A and B, Coronal 
T1-weighted and inversion recovery images through both hips reveals geographic focus of marrow 
replacement in weight-bearing aspect of left femoral head, indicating osteonecrosis (solid arrows). 
More advanced disease is seen in right femoral head with collapse of articular surface, adjacent 
marrow edema (open arrows), and effusion.
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an intraarticular origin of pain. The improved resolution pro-
vided by 3 T MRI studies has allowed labral assessment with-
out the need for intraarticular contrast. Nonarthrographic 
examinations for the workup of hip impingement and labral 
pathology should be specifically ordered with such history 
to ensure the necessary sequence selection and small field of 
view required to appropriately evaluate the labrum. 

SPINE
MRI of the spine accounts for a large percentage of exam-
inations at most centers. MRI allows a noninvasive evalua-
tion of the spine and spinal canal, including the spinal cord. 

The anatomy of the spine, cord, nerve roots, and spinal liga-
ments is complex. Because the spine is anatomically divided 
into three sections—cervical, thoracic, and lumbar—each is 
evaluated with coils specifically designed for spine imaging. 
Spinal examinations include series obtained in both axial and 
sagittal planes. Coronal images may be helpful in patients 
with significant scoliosis. There is no one correct imaging 
construct, and the makeup of the study depends on many fac-
tors, including the type and field strength of the magnet, the 
availability of hardware (coils) and software, and the prefer-
ences of the examiner. However, all studies should produce 
images that can detect and define pathologic conditions of the 
cord, thecal sac, vertebral bodies, and intervertebral discs.

 

BA

FIGURE 2.27 Transient osteoporosis of hip in 30-year-old man. A, Coronal T1-weighted image 
reveals diminished signal intensity within right femoral head and neck. B, Coronal inversion recovery 
sequence demonstrated hyperintense bone marrow edema in more diffuse pattern than seen in 
osteonecrosis.
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FIGURE 2.28 Radiographically occult proximal femoral fracture in elderly woman. A, Ques-
tionable cortical disruption is noted on radiograph of left hip obtained after fall. B, Coronal 
T1-weighted image confirms greater trochanter fracture manifested as vertically oriented band of 
reduced signal (curved arrow) within normal bright fat signal of femoral neck. C, Coronal inversion 
recovery sequence shows edema at fracture.
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INTERVERTEBRAL DISC DISEASE
The most common indication for MRI of the spine is evalua-
tion of intervertebral disc disease. After routine radiography, 
MRI is the procedure of choice for screening patients with 
low back or sciatic pain. In the lumbar and thoracic spine, 
MRI has supplanted CT myelography because it is noninva-
sive and less expensive. The combination of high soft-tissue 
contrast and high resolution allows ideal evaluation of the 
intervertebral discs, nerve roots, posterior longitudinal liga-
ment, and intervertebral foramen. Additionally, MRI pro-
vides excellent assessment of the spinal cord. Because of 
bony structures, such as osteophytes and bone fragments, 
CT myelography is invasive and more costly and is therefore 
reserved for patients who have contraindications to MRI or 
who have equivocal MRI examinations. Regardless of the 

region of the spine being evaluated, sagittal images provide 
an initial evaluation of the intervertebral discs and posterior 
longitudinal ligament. Because of its high water content, a 
normal disc exhibits signal hyperintensity on T2-weighted 
images. The aging process results in a gradual desiccation of 
the disc material and therefore loss of this signal. Disc her-
niations or extrusions appear as convex or polypoid masses 
extending posteriorly into the ventral epidural space, fre-
quently maintaining a signal intensity similar to that of the 
disc of origin (Fig. 2.30). Sagittal T2-weighted or gradient-
echo images create a “myelographic” effect and are useful in 
evaluating compromise of the subarachnoid space. However, 
sagittal T1-weighted images should be closely examined 
to identify narrowing of the neuroforamina. The normal 
T1-weighted hyperintense perineural fat in the foramina pro-
vides excellent contrast to darker displaced disc material. Far 
lateral disc herniations are best seen on selected axial images 
that are localized through disc levels. Free disc fragments 
appear discontinuous with the intervertebral disc, usually of 
intermediate T1-weighted signal in contrast to the hypoin-
tense cerebrospinal fluid. Of great significance in the cervical 
and thoracic spine is the ability of MRI to detect significant 
spinal cord compromise. Edema within the cord is readily 
demonstrated as hyperintensity with T2 weighting.

The terminology of pathologic conditions of the inter-
vertebral disc is confusing. In an effort to standardize termi-
nology, Jensen et al. proposed the following terms: a bulge is 
a circumferential, symmetric extension of the disc beyond 
the interspace around the endplates; a protrusion is a focal 
or asymmetric extension of the disc beyond the interspace, 
with the base against the disc of origin broader than any other 
dimension of the protrusion; an extrusion is a more extreme 
extension of the disc beyond the interspace, with the base 
against the disc of origin narrower than the diameter of the 
extruding material itself or with no connection between the 
material and the disc of origin; and, finally, a sequestration 
specifically refers to a disc fragment that has completely sepa-
rated from the disc of origin. 

POSTOPERATIVE BACK PAIN
In a patient with persistent postoperative back pain, resid-
ual disc, epidural hematoma or abscess, and discitis must 

 FIGURE 2.29 Anterior labral tear of the hip. Postarthrogram 
sagittal fat-suppressed T1-weighted image shows contrast opaci-
fying a tear of the anterior labrum of the hip (arrow).
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FIGURE 2.30 Cervical disc extrusion (herniation). A, T2-weighted sagittal image of the cervical 
spine reveals extruded C6-C7 disc (arrow). B, Gradient-echo sagittal image demonstrates displaced 
disc material isointense to nucleus pulposus. Note the absence of cerebrospinal fluid pulsation 
artifact seen on the T2-weighted image. C, Gradient-echo axial image shows left eccentric extru-
sion compressing the cervical cord and filling the left neuroforamen (arrow).
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be considered. Distinguishing between recurrent or resid-
ual disc material and scar tissue often is impossible with CT 
myelography or unenhanced MRI, and the administration 
of intravenous gadolinium is extremely useful in MRI of the 
postoperative spine. After contrast administration, repeat 
T1-weighted images typically demonstrate enhancement of 
scar or fibrosis (Fig. 2.31). Beyond the immediate postopera-
tive period, disc material (in the absence of infection) will not 
enhance. For this reason, examinations performed on patients 
with a history of disc surgery are usually done with and with-
out intravenous contrast. Epidural hematomas and abscesses 
appear as collections within the spinal canal, demonstrating 
peripheral enhancement with gadolinium on T1-weighted 
images. Gadolinium contrast agents are also helpful in post-
operative evaluation of the spine for discitis. Signal changes 
in the disc space and adjacent vertebral endplates frequently 
are seen after surgery on the spine even when complica-
tions do not occur, but the triad of vertebral body endplate 
enhancement, disc space enhancement, and enhancement 
of the posterior longitudinal ligament is highly suggestive of 
postoperative discitis. Correlation with the erythrocyte sedi-
mentation rate, C-reactive protein, gallium or tagged white 
blood cell radionuclide imaging, and percutaneous aspiration 
is often necessary.

Although diagnosis of disc space infection in a patient 
who has not undergone surgery generally is more straightfor-
ward, the MRI appearance of degenerative disc disease is var-
ied and can be confusing. Although vertebral endplate edema 
and even enhancement do occur in the absence of infec-
tion, the presence of disc space enhancement strongly sug-
gests infection (Fig. 2.32). Pyogenic and fungal/tuberculous 
infection is frequently associated with epidural and paraspi-
nal abscesses. In the lumbar spine, extension into the adja-
cent psoas muscles is best demonstrated on axial T2-weighted 
sequences because hyperintense fluid and edema invade the 
normal hypointense musculature. Subligamentous spread of 

infection with relative sparing of the intervertebral disc should 
raise the suspicion of tuberculous spondylitis. Both pyogenic 
and tuberculous infections demonstrate abnormal enhance-
ment with gadolinium administration. Abscesses, given the 
lack of central perfusion, enhance only at the periphery. 

SPINAL TUMORS
Although tumor imaging in general is discussed later in 
this text, MRI has proven valuable in the assessment of spi-
nal neoplasms. Excellent delineation of vertebral body mar-
row allows detection of both primary and metastatic disease 
with high sensitivity on T1-weighted sequences. Normally, 
T1-weighted vertebral body marrow signal progressively 
increases with age, a reflection of a gradually higher percent-
age of fatty marrow. Diseases such as chronic anemia result 
in a higher percentage of hematopoietic marrow, thus dif-
fusely diminishing this T1-weighted signal. Malignant osse-
ous tumor foci appear as discrete areas of diminished T1 
signal. As is typical with tumors, these lesions become hyper-
intense to surrounding marrow on T2-weighted studies and 
enhance with contrast. These aggressive lesions can be distin-
guished from benign bony hemangiomas, which usually are 
hyperintense on T1-weighted images because of their inter-
nal fat content. Neoplastic processes that diffusely involve 
vertebral marrow, such as leukemia and occasionally multi-
ple myeloma, may be more problematic because differentia-
tion from diffusely prominent hematopoietic marrow can be 
challenging. 

SPINAL TRAUMA
CT remains the most useful advanced imaging technique for 
spinal trauma. The inherent contrast provided by bone and 
unmatched spatial resolution makes CT the preferred initial 
examination in trauma patients. MRI is helpful in patients 
with suspected spinal cord injury, epidural hematoma, or trau-
matic disc herniation. Soft-tissue injuries, such as ligamentous 
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FIGURE 2.31 Recurrent lumbar disc extrusion (herniation). A, Sagittal T1-weighted image 
demonstrates intermediate signal intensity in L4-L5 disc material (arrow) surrounded by hypoin-
tense cerebrospinal fluid. B, Sagittal T2-weighted image shows displaced disc material contiguous 
with intervertebral disc. Hyperintense cerebrospinal fluid provides improved contrast. C, Sagittal 
T1-weighted image after gadolinium administration demonstrates enhancement of epidural venous 
plexus (arrow) and overlying granulation tissue but no enhancement of disc material.
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tears, can be identified in the acute stage. Discontinuity of 
normally hypointense ligaments, hemorrhage, and edema 
can be seen on sagittal T2-weighted images. In the setting of 
trauma, MRI usually is reserved for neurologically impaired 
patients whose CT examinations are negative or for patients in 
whom spinal fracture reduction is planned and associated disc 
pathology must be excluded. The role of MRI in evaluating 
nontraumatic compressed vertebrae and in the exclusion of 
any underlying pathologic condition is critical. Preservation 
of normal marrow signal in a portion of the compressed verte-
bral body, especially with a linear pattern of signal abnormal-
ity, is suggestive of a fracture caused by a benign process, such 
as osteoporosis. Complete marrow replacement or the pres-
ence of additional focal abnormal marrow signal at other lev-
els should prompt consideration of biopsy. The association of 
an irregular or asymmetric soft-tissue mass or broad convex-
ity of the dorsal vertebral cortex is also suggestive of underly-
ing neoplasm. In questionable cases, a follow-up MRI at 6 to 8 
weeks may demonstrate at least partial reconstitution of nor-
mal marrow signal around osteoporotic fractures. The identi-
fication of edema within a compressed vertebra can confirm 
a fracture as either acute or subacute because normal marrow 
signal is typically restored in chronic compression fractures. 

SHOULDER
The major indications for MRI evaluation of the shoul-
der include three interrelated problems: rotator cuff tear, 
impingement, and instability. The complex anatomy of the 
shoulder requires oblique imaging planes and surface coil 
technique. The typical MRI shoulder examination includes 
axial spin-echo or gradient-echo sequences to evaluate the 
labrum. Oblique coronal images prescribed in the plane of the 
supraspinatus tendon best detect pathologic conditions of the 
rotator cuff. Oblique sagittal images confirm abnormalities of 
the cuff tendons and evaluate rotator cuff muscles in cross-
section. Both conventional arthrography and MRI can detect 

complete tears of the rotator cuff. However, although arthrog-
raphy shows full-thickness tears and partial tears along the 
articular (inferior) surface, noninvasive MRI also detects par-
tial-thickness intrasubstance and bursal surface tears and can 
reliably determine the size of full-thickness defects.

PATHOLOGIC CONDITIONS OF THE 
ROTATOR CUFF
Oblique coronal spin-echo imaging with T2 weighting opti-
mally detects most pathologic conditions of the rotator cuff. 
With the humerus in neutral to external rotation, the oblique 
coronal plane is chosen parallel to the supraspinatus tendon. As 
is the case with all other tendons, the tendons of the supraspi-
natus, infraspinatus, and teres minor muscles normally main-
tain low signal on all pulse sequences. Rotator cuff tears appear 
as areas of increased T2-weighted signal, representing fluid 
within the tendon substance. This signal may traverse the entire 
tendon substance, indicating a full-thickness tear (Fig. 2.33). 
Alternatively, intact cuff fibers may persist along the articular 
surface, bursal surface, or both, as seen in partial-thickness 
tears. Fluid may be identified in the subacromial-subdeltoid 
bursa. In patients with large or chronic tears, the cuff may be 
so atrophied that its identification is impossible. In these cases, 
fluid freely communicates between the glenohumeral joint and 
the subacromial bursa and the humeral head often migrates 
superiorly. Excessive retraction of the cuff tendons and atrophy 
of the cuff musculature portend a poor surgical result.

Most examiners have used the terms tendinosis or tendi-
nopathy to describe focal signal abnormalities within the cuff 
that do not achieve the signal intensity of fluid on T2-weighted 
images. Because artifacts frequently occur within tendons on 
T1-weighted and gradient-echo images, the diagnosis of rota-
tor cuff tear should not be made in the absence of discrete foci 
of T2-weighted fluid signal abnormalities or complete absence 
of the tendon. Typically, areas of normal fluid can be appreci-
ated elsewhere in the glenohumeral joint for reference. Diffuse 
or focal signal abnormalities less intense than fluid should be 
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FIGURE 2.32 Thoracic discitis. A, Sagittal T1-weighted image exhibits reduced marrow signal 
(arrows) adjacent to  the irregular and collapsed lower thoracic interspace. B, Sagittal T2-weighted 
image reveals corresponding hyperintense areas of marrow edema (arrows). C, After administration 
of gadolinium, sagittal T1-weighted image exhibits enhancement of  the  intervertebral disc (arrow).
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considered tendinosis. MRI has shown greater than 90% sen-
sitivity in detecting full-thickness rotator cuff tears. For the 
assessment of partial tears, the sensitivity is greater than 85%. 
The addition of fat suppression to T2-weighted images has 
been shown to improve detection of partial-thickness tears. 
MRI assessment of the repaired rotator cuff should be done 
with caution. Often irregular foci of increased T2-weighted 
signal normally can be seen with an intact healing tendon, 
likely representing areas of granulation tissue. For this reason, 
the diagnosis of partial-thickness tears in the postoperative 
shoulder should be avoided. However, larger, fluid-filled, full-
thickness defects and tendon retraction correlate well with 
failed repairs or re-tears. MR arthrography is often helpful in 
the evaluation of the postoperative rotator cuff. 

IMPINGEMENT SYNDROMES
Although impingement can be suggested by an imaging tech-
nique, it remains a clinical diagnosis. MRI can be helpful in 
confirming the clinical impression or providing additional 
information. Imaging findings that suggest the possibility of 
impingement include narrowing of the subacromial space by 
spurs or osteophytes, a curved or hooked acromial morphol-
ogy, and signal abnormalities in the cuff indicating tendinosis 
or tendinopathy. 

PATHOLOGIC CONDITIONS OF LABRUM
Much study has been directed at MRI evaluation of the labro-
ligamentous complex of the shoulder. The cross-sectional 
anatomy of the normal labrum is quite variable, and the adja-
cent glenohumeral ligaments create many potential diagnos-
tic pitfalls (Fig. 2.34). For these reasons, early conventional 
MRI evaluation of the glenohumeral joint for instability 
achieved mixed results. With modern scanner and coil tech-
nology, however, the labrum often is quite well depicted in 
routine shoulder MRI. Nevertheless, many investigators still 
believe that the distension of the joint achieved by the injec-
tion of intraarticular fluid improves evaluation of the labrum, 
biceps tendon origin, and joint capsule. MR arthrography 
most often uses dilute gadolinium as a contrast agent and sub-
sequent T1-weighted sequences in the axial, oblique sagittal, 

and oblique coronal planes performed in a standard position 
with the arm at the patient’s side (Fig. 2.35A). Additional 
imaging can be performed with the humerus in abduction 
and external rotation (ABER) position for assessment of the 
inferior glenohumeral ligament and its labral attachment 
(Fig. 2.35B). Anterior labral injuries are best seen in the axial 
plane, whereas superior labral abnormalities or SLAP (supe-
rior labral anterior posterior) lesions are best depicted in the 
axial or coronal images (Fig. 2.36). Using MR arthrography, a 
sensitivity of 91% and a specificity of 93% have been reported 
in the detection of pathologic labral conditions. The accu-
racy of MRI in evaluation of SLAP lesions is somewhat less. 
Some investigators have proposed indirect arthrography as an 
alternative method of joint opacification. In this technique, 
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FIGURE 2.33 Full-thickness rotator cuff tear. A, Oblique coronal T1-weighted image poorly 
differentiates normal tendon from pathologic condition. B, At same location, oblique coronal fat-
suppressed, T2-weighted image clearly shows fluid-filled, full-thickness tear (arrow) in supraspinatus 
tendon.

 FIGURE 2.34 Anterior labral tear. Axial gradient-echo image 
through glenohumeral joint shows anterior displacement of avulsed 
anterior labral fragment (curved arrow). Hypointense middle gleno-
humeral ligament (arrowhead) lies between labral fragment and 
subscapularis tendon and should not be mistaken for portion of 
labrum.
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delayed intraarticular enhancement is achieved by exercis-
ing the joint after intravenous administration of gadolinium. 
Although this is a less invasive technique, the degree of dis-
tention is less than that achieved with direct arthrography. 

OTHER CAUSES OF SHOULDER PAIN
MRI also can demonstrate additional causes of shoulder 
pain, such as occult fractures or osteonecrosis (Fig. 2.37). 
Pathologic conditions of the tendon of the long head of the 
biceps, including rupture, dislocation, or tendinitis, should be 
detected on routine MRI examination. A less frequent cause 

of shoulder pain, suprascapular nerve entrapment, is a gan-
glion cyst of the spinoglenoid notch. Like ganglia elsewhere, 
these lesions appear as lobular, multiseptate, hyperintense 
collections on T2-weighted or gradient-echo sequences (Fig. 
2.38). The presence of these ganglia may be associated with 
infraspinatus atrophy and should trigger a careful search for 
an associated labral injury. Of note, neither the pectoralis 
muscle/tendon nor the brachial plexus is imaged on the rou-
tine shoulder MRI examination, and if a pathologic condition 
of these structures is suspected, a study dedicated to this ana-
tomic region should be performed. 
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FIGURE 2.35 Anterior labral tear. A, Postarthrogram fat-suppressed T1-weighted axial image 
of the shoulder shows a small defect in the anteroinferior labrum (arrow). B, Oblique axial imaging 
in abduction/external rotation places tension on the inferior glenohumeral ligament, better demon-
strating the tear (arrow).

 

A B

FIGURE 2.36 Superior labral anterior posterior tear. A, Fat-suppressed T1-weighted oblique 
coronal image from MR arthrogram shows contrast opacifying a defect in the long head biceps 
anchor (arrow). B, Fat-suppressed T1-weighted axial image shows extension of the tear into the 
anterior and posterior labrum (arrows).
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WRIST AND ELBOW
MRI has an expanding role in the evaluation of pathologic 
conditions of the elbow and wrist. Successful study of both 
articulations requires high-resolution images that are best 
obtained with surface coil technique and high field system. 
Often these joints are examined in the extremity coil, requir-
ing extension of the arm overhead within the center of the 
magnet field. This position is difficult to maintain in elderly 
patients. The larger-diameter bore current generation of high-
field scanners can allow for off-axis imaging with the arm at 

the side. Dedicated wrist coils, when available, or coupled 
surface coils also are designed for imaging of this articula-
tion at the patient’s side. Again, the MRI examination should 
be directed at solving a specific clinical problem or question.

CARPAL LIGAMENT DISRUPTIONS
In the wrist, a common indication for MRI is evaluation of the 
intrinsic carpal ligaments. With proper technique, injuries to 
the triangular fibrocartilage complex (TFCC) can be demon-
strated with MRI. The TFCC is composed of signal-poor fibro-
cartilage, and perforations in the TFCC appear as linear defects 
or gaps filled with hyperintense fluid on coronal gradient-echo 
or T2-weighted pulse sequences (Fig. 2.39). Although evalua-
tion of the scapholunate and lunotriquetral ligaments is more 
challenging, with optimal technique and equipment the integ-
rity of these structures can be consistently assessed. The addi-
tion of arthrographic contrast improves the visualization of 
these ligaments on MR images. The extrinsic carpal ligaments 
can be identified with three-dimensional volumetric scanning 
and subsequent reconstruction; however, at present, the MRI 
assessment of these ligaments has less impact on treatment. 

OTHER PATHOLOGIC CONDITIONS OF 
HAND AND WRIST
MRI has gained a greater role in the evaluation of acute wrist 
trauma. Not infrequently, bone marrow edema may reveal 
fractures of the carpal bones or distal radius that are radio-
graphically occult. MRI is useful in detecting additional mar-
row abnormalities in osteonecrosis, as seen in the lunate in 
Kienböck disease (Fig. 2.40) or in the scaphoid after frac-
ture. Asymmetry of marrow signal in proximal and distal 
fragments of a fractured scaphoid is suggestive of proximal 
pole ischemia (Fig. 2.41). MRI currently has a limited role 
in the evaluation of carpal tunnel syndrome. Although this 
remains a clinical diagnosis, axial imaging with T2 weighting 
can clearly display masses within the confines of the carpal 
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FIGURE 2.37 Osteonecrosis complicating comminuted fracture of proximal humerus. A, 
Oblique coronal T1-weighted image demonstrates displaced fracture through neck of proximal 
humerus (curved arrow). Geographic region of abnormal marrow within articular fragment is 
characteristic of osteonecrosis (long arrow). B, Oblique coronal fat-suppressed, T2-weighted 
image shows hyperintense rim of reactive tissue (arrow) surrounding now hypointense fatty 
avascular marrow.

 FIGURE 2.38 Soft-tissue ganglion in painful shoulder. 
Gradient-echo axial image of right shoulder reveals lobulated 
homogeneous hyperintense lesion in spinoglenoid notch (white 
arrow). Ganglia and other masses in this location can be associated 
with suprascapular nerve entrapment. Note subtle hyperintensity 
indicating edema in the infraspinatus muscle along the posterior 
scapula related to denervation (black arrows).
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tunnel, as well as edema and swelling of the median nerve. 
As in the ankle, tenosynovitis and tendon injuries in the wrist 
and hand can be assessed (Fig. 2.42). Additionally, MRI has 
an expanding role in the evaluation of inflammatory arthri-
tis. Numerous studies have shown that MRI provides earlier 
detection of synovitis and erosive bone changes associated 
with rheumatoid arthritis than do radiographs. 

ELBOW
In the elbow, MRI is useful in assessment of the biceps and 
triceps tendons. Although complete tears of these tendons 
are frequently clinically apparent, MRI can assist in surgical 
planning (Figs. 2.43 and 2.44). MRI can detect partial tears as 
well. Conventional MRI and MR arthrography have a critical 
role in the evaluation of medial instability and the study of 

 FIGURE 2.39 Triangular fibrocartilage complex (TFCC) perfo-
ration. Coronal fat-suppressed, proton density–weighted image 
of wrist demonstrates central perforation of TFCC (long arrow). 
Note fluid in distal radioulnar joint (curved arrow). Scapholunate 
ligament (open arrow) is intact in this wrist.

 FIGURE 2.40 Osteonecrosis of lunate (Kienböck disease). 
Coronal T1-weighted image of wrist shows loss of normal high-
signal fat in lunate (arrow), indicating osteonecrosis.
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FIGURE 2.41 Early osteonecrosis of scaphoid following fracture. A, T1-weighted coronal image 
of the wrist shows a transverse fracture of the mid-scaphoid (arrow). B, Fat-suppressed T2-weighted 
coronal image reveals marrow edema in the distal pole fragment only (arrow), suggesting proximal 
pole ischemia.

    

https://booksmedicos.org


CHAPTER 2  ADVANCED IMAGING IN ORTHOPAEDICS 163

the ulnar collateral ligament. The ulnar collateral ligament is 
a complex structure, and its anterior band is normally visible 
as a linear hypointense structure along the medial aspect of 
the joint on all sequences. When injured, fluid is seen within 
and around the disrupted ligament. In a throwing athlete, MR 
arthrography may be helpful especially in assessment of par-
tial-thickness ligament tears (Fig. 2.45). Conventional MRI is 
also valuable for detection of occult elbow fractures in adults 
as well as in children in whom unossified epiphyses are radio-
graphically problematic. 

TUMOR IMAGING
Perhaps nowhere in orthopaedics has MRI had as profound 
an impact as in the field of surgical oncology. Exquisite 
soft-tissue contrast combined with detailed anatomy and 

 FIGURE 2.42 Image of rupture of flexor digitorum profundus 
tendon in long finger made 2 weeks after repair. Sagittal inversion 
recovery image demonstrates abrupt discontinuity of flexor tendon 
(arrow) with laxity of more proximal tendon segment.

 FIGURE 2.43 Rupture of distal biceps tendon. Sagittal inver-
sion recovery image of elbow demonstrates ruptured distal biceps 
tendon. Proximal tendon (arrow) has retracted several centimeters, 
and edema is present in tissues anterior to brachialis muscle.
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FIGURE 2.44 Avulsion of triceps tendon. A, Sagittal fat-suppressed, proton density–weighted 
image of elbow shows avulsed triceps tendon (long arrow) retracted proximally from olecranon 
(thick arrow). B, Sagittal fat-suppressed, T2-weighted image demonstrates hyperintense fluid 
(arrows) in gap between bone and detached tendon.
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multiplanar capability place MRI at the forefront of mus-
culoskeletal tumor imaging methods. Excellent bone mar-
row delineation is most helpful in defining tumor extent and 
planning surgical and radiation therapy. MRI is frequently 
helpful in defining aggressive versus indolent processes; 
however, the contribution of routine radiographs cannot be 

overemphasized. In tumor imaging, interpreting MRI studies 
without radiographs is risky.

Most oncologic MRI examinations are performed after 
radiographic detection of a bone lesion or discovery of a 
clinically palpable soft-tissue mass. Whether imaging bone 
or soft-tissue neoplasms, the basic concepts are similar. If the 
lesion is sufficiently small (<20 cm), surface coil technique is 
preferred. Larger masses or lesions in the pelvis or thigh are 
usually best imaged in the body coil or with a phased-array 
torso coil. Imaging should be performed in at least two planes, 
one of which should be axial (or transverse). This plane is 
most helpful in defining the relationship of lesions to nearby 
muscles and neurovascular structures and best demonstrates 
extraosseous extension of bone tumors. Compartmental 
anatomy is also best demonstrated in this imaging plane. 
The sagittal or coronal images define the proximal and dis-
tal extents of bone or soft-tissue involvement. T1-weighted 
images are useful in identifying areas of marrow replacement 
of edema. T2-weighted sequences delineate soft-tissue exten-
sion because most neoplasms become hyperintense in con-
trast to surrounding muscle and fat (Figs. 2.46 and 2.47). The 
addition of fat-suppression techniques, when available, can 
prove invaluable in defining subtle foci of tumor or edema. 
The role of intravenous gadolinium in the study of muscu-
loskeletal oncology is expanding. In the evaluation of soft-
tissue masses, contrast-enhanced, T1-weighted images can 
differentiate solid from cystic lesions and may assist in biopsy 
planning by distinguishing active from necrotic tumors. 
Unfortunately, because active tumor, tumor edema, and gran-
ulation tissue all demonstrate enhancement, this enhance-
ment cannot separate tumor from surrounding reactive 
changes. Dynamic contrast enhancement has shown promise 
in distinguishing tumor from surrounding edema based on 
relative enhancement rates, but this technique is not widely 
available. Currently, routine use of intravenous gadolinium in 
the initial evaluation of neoplasm is probably not necessary. 

 FIGURE 2.45 Partial ulnar collateral ligament tear at MR 
arthrography of elbow. Coronal fat-suppressed, T1-weighted image 
reveals contrast tracking deep to ulnar attachment of ulnar collat-
eral ligament (arrow).
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FIGURE 2.46 Giant cell tumor of distal femur. A, Radiograph shows lytic lesion in the distal 
femoral metaphysis and epiphysis. B, T1-weighted coronal image confirms a well-demarcated 
intermediate-signal lesion replacing the normal hyperintense fatty marrow of the distal femur. C, 
Fat-suppressed proton density-weighted coronal image shows heterogeneous hyperintense tumor in 
a similar distribution. There is subtle cortical destruction of the lateral metaphyseal cortex (arrow).

    

https://booksmedicos.org


CHAPTER 2  ADVANCED IMAGING IN ORTHOPAEDICS 165

Conversely, in a patient who has undergone surgery, the pres-
ence of nodular areas of contrast enhancement in the surgi-
cal bed is suggestive of recurrent or residual neoplasm, and 
the use of intravenous gadolinium is advised in these patients. 
Preoperative MR angiography with gadolinium enhancement 
can provide important information regarding the blood sup-
ply of very vascular lesions.

The differential diagnosis of most bone tumors is derived 
from routine radiographs, and the role of MRI is to define 
the extent of disease. With the exception of densely sclerotic 
lesions, such as osteoid osteoma, MRI has replaced CT for the 
assessment of skeletal tumors.

The detection of soft-tissue masses is more dependent 
on the history and physical examination, given the infre-
quency of radiographic abnormalities. Most soft-tissue 
lesions present a nonspecific MRI appearance, typically 
isointense to muscle on T1-weighted images and hyperin-
tense to muscle and fat on T2-weighted images (Fig. 2.48). 

Certain lesions do exhibit signal patterns that allow a tis-
sue-specific diagnosis. For example, soft-tissue lipomas 
reveal homogeneous fat signal intensity on all sequences 
(Fig. 2.49). In fact, subcutaneous lipomas are notori-
ously difficult to image because of the lack of contrast 
with the surrounding subcutaneous fat. Certain subtypes 
of liposarcoma exhibit regions of fat and nonfat signal. 
Therefore, the diagnosis of lipoma should be restricted to 
those lesions that contain only fat and almost impercep-
tible fibrous septae. As do their intraosseous counterparts, 
soft-tissue hemangiomas show areas of bright signal on 
both T1- and T2-weighted studies (Fig. 2.50). These sig-
nal characteristics result from the presence of fat and large 
amounts of slow-flowing blood within the lesion. Situated 
within or around joints, pigmented villonodular synovi-
tis reveals marked T2-weighted hypointensity because of 
the presence of hemosiderin (Fig. 2.51). In general, malig-
nant soft-tissue masses are well defined, subfascial, large 
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FIGURE 2.47 Chondrosarcoma arising in osteochondroma. A, Radiograph reveals irregular 
ossification throughout exostosis of distal femur. B, T1-weighted coronal image shows hypoin-
tense marrow signal within lesion and extension of this abnormal signal into medullary canal of 
femur (arrows). C, Axial fat-suppressed, T2-weighted image demonstrates typical hyperintensity 
of neoplastic tissue (arrows), in contrast to surrounding normal tissues.
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(>5 cm), and heterogeneous. Exceptions to these rules are 
plentiful, and the distinction between benign and malig-
nant disease must be made with caution. 

COMPUTED TOMOGRAPHY
CT is a valuable problem-solving tool for orthopaedic condi-
tions too numerous to list in entirety. CT is frequently used 
and often invaluable in evaluation and treatment planning 
in patients with acute complex fractures. The modality can 
be quite helpful in defining post-traumatic, developmental, 
or congenital osseous deformity. Preoperative CT imaging 

can assist with planning for arthroplasty and arthrodesis in 
patients with advanced degenerative arthropathy. CT may 
occasionally be of value in tumor evaluation and is certainly 
often used for image-guided aspirations, injections, or biop-
sies. Often, CT becomes the default imaging modality of 
choice in patients who have a contraindication to MR, such as 
a pacemaker or intracranial clips, or who are claustrophobic.

CT TECHNOLOGY AND TECHNIQUE
Computed x-ray tomography is an advanced radiographic 
technique that uses a rotating x-ray beam to generate a 
cross-sectional image. Although the CT also is used in single 
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FIGURE 2.48 Synovial sarcoma of the thigh. A, T1-weighted axial image reveals a large, well-
defined mass (arrow) in isointense surrounding muscle in the deep posterior compartment of the 
mid-thigh. B, Fat-suppressed T2-weighted axial image shows a well-defined hyperintense lesion 
abutting the neurovascular structured (arrow).
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FIGURE 2.49 Intramuscular lipoma of soleus muscle. A, Coronal T1-weighted image through 
calf shows marked fatty infiltration of soleus muscle (arrow). B, Coronal inversion recovery image 
shows complete suppression of fat signal within mass. Muscle fibers exhibit slightly more signal 
than dark fat (arrow).
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photon emission computed tomography (SPECT) or posi-
tron emission tomography (PET), in this chapter, CT refers to 
computed x-ray tomography. Current CT scanners use high-
heat capacity x-ray tubes and slip-ring technology, which 
allows image acquisition with a helical or spiral technique. 
Rather than acquiring individual slices in a stepwise fashion, 
helical scanners generate imaged volumes as the patient con-
tinuously moves through the scanner. The acquired or “raw” 

data is then manipulated to generate cross-sectional images 
for interpretation. Two-dimensional images can be created 
in orthogonal or oblique planes. Additionally, three-dimen-
sional images can be generated with various post-processing 
techniques. The acquisition and storage of this raw data allow 
much greater post-processing flexibility than MR.

Current CT scanners also use multichannel technology, 
with multiple rows or banks of rotating detectors that capture 
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FIGURE 2.50 Soft-tissue hemangioma of foot. A, Coronal T1-weighted image of midfoot 
shows infiltrating mass of heterogeneous increased signal (arrow). B, Corresponding fat-suppressed, 
T2-weighted image demonstrates markedly increased signal within mass (arrow). Morphology 
and signal characteristics of this lesion (hyperintense T1- and T2-weighted signal) are typical of 
hemangiomas.
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FIGURE 2.51 Pigmented villonodular synovitis. A, Sagittal T1-weighted image of the elbow 
shows lobulated intermediate to hypointense soft tissue distributed diffusely throughout the 
synovium. B, T2-weighted imaging reveals the typical dramatic decrease in signal throughout these 
masses (arrow) due to the presence of hemosiderin.
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the x-rays after they pass through the patient. Analysis of the 
data acquired in these detector rows individually or in com-
bination affects the reconstructed image collimation or slice 
thickness. Most modern scanners allow slice thickness of less 
than 0.5 mm. Therefore, spatial resolution of CT is significantly 
better than MR. CT is a powerful tool when used to evaluate 
high-contrast structures such as bone but is of less value is 
studying soft-tissue structures where MR excels. Additionally, 
the presence of potentially harmful ionizing radiation associ-
ated with the generation of CT images should always be con-
sidered, especially in younger patients. Technologists should 
appropriately reduce doses when performing examinations 
on younger or smaller patients. Additionally, radiation dose 
can be easily minimized by limiting the extent of the studied 
volume. For example, the study of a single-level lumbar pars 
defect can be localized to the level of concern rather than the 
entire lumbar spine, reducing exposure by at least two thirds. 
Dose reduction technology such as iterative reconstruction 
should be used when available. In certain clinical situations, 
similar diagnostic information can be obtained with MR or 
US, avoiding radiation exposure entirely. 

TRAUMA
CT can be extremely useful is the setting of trauma. For 
example, in an acutely injured patient, CT may detect radio-
graphically occult fractures in the spine and appendicular 
skeleton. In some studies, conventional radiography missed 
up to 70% of cervical spine fractures. Trauma radiographs 
often are compromised by body habitus or osteopenia. Many 
trauma patients require cranial or body scanning, and the 
addition of spinal CT can be done with little or no additional 
scan time and dose. In the lumbar spine, CT can better assess 
compression fractures and can frequently distinguish acute 
from chronic deformities. Certainly, CT is the modality of 
choice in assessing bony canal compromise in patients with 
vertebral burst fractures. CT also is critical in assessing radio-
graphically occult or obvious pelvic fractures. CT can detect 

occult fractures of the appendicular skeleton as well, par-
ticularly those involving the elbow, hip, and knee. It should 
be noted that in almost all situations, the sensitivity of MR 
exceeds CT in detection of occult fracture; however, because 
of the excellent spatial resolution of CT, this modality bet-
ter demonstrates small fracture fragments such as avulsions 
involving the scapular glenoid or metatarsal bases.

In many situations, CT is requested to further assess a 
radiographically known fracture. In most cases, the severity of 
fracture displacement is better appreciated with CT. Because 
this displacement is especially critical when fractures involve 
an articular surface, CT imaging is commonly requested 
for intraarticular fractures of the proximal humerus, wrist, 
proximal tibia, or calcaneus. Image reconstruction in planes 
orthogonal to the articular surface is needed to best appreci-
ate displacement of the subchondral bone (Fig. 2.52). With 
severe displacement or bony deformity, three-dimensional 
shaded surface rendering is also valuable (Fig. 2.53).

CT is also the modality of choice to assess for fracture 
healing. Bony bridging of the fracture site is visible with CT 
before it becomes radiographically apparent. If local implants 
are present, scan technique should be optimized to mini-
mize artifact. Current generation scanners use metal artifact 
reduction software (MARS technique), which can be valuable 
when imaging in the vicinity of implants such as joint pros-
theses or bulky plates. Again, images must be reconstructed 
in planes orthogonal to the fracture. In the setting of mal-
union, CT imaging may assist in quantifying bony displace-
ment or angulation and especially rotational deformity. In 
adolescents, CT analysis of lumbar spondylosis can often dis-
tinguish immature from chronic fractures. 

DEVELOPMENTAL SKELETAL PATHOLOGY
Development skeletal abnormalities can be accurately charac-
terized with CT imaging. Vertebral anomalies such as butterfly 
or hemivertebrae are clearly displayed on three- dimensional 
CT images, assisting in operative planning. Developmental 
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FIGURE 2.52 Medial femoral condyle fracture. A, Lateral radiograph of the knee shows very 
subtle deformity of the articular surface  B, Sagittal reformatted CT image more clearly shows a 
coronally oriented intraarticular fracture (Hoffa fracture) of the medial femoral condyle.
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rotational deformities of the long bones, particularly the 
femur and tibia, can be precisely quantified. Synostosis or 
osseous coalition also is nicely displayed with CT (Fig. 2.54). 

ARTHROPATHY
In general, CT has a limited role in the evaluation of arthrop-
athy. When MR imaging is contraindicated because of clinical 
factors or technical reasons, CT arthrography of the shoulder 
and knee may be a reasonable next-best option (Fig. 2.55). 
In patients with advanced glenohumeral osteoarthritis, CT is 
often used to assess glenoid morphology before arthroplasty. 
Similarly, custom prostheses are often templated based on 
preoperative CT data. In painful post-arthroplasty patients, 

MR imaging can be a challenge due to ferromagnetic artifact. 
Often, CT is helpful in detecting and defining the extent of 
periarticular osteolysis and prosthesis displacement when 
planning revision arthroplasty (Fig. 2.56). Finally, newer tech-
niques using dual energy techniques can produce images that 
specifically highlight monosodium urate crystals in patients 
with gout. 

 FIGURE 2.53 Posterior shoulder dislocation. Three-dimen-
sional shaded surface rendering clearly demonstrates posterior 
dislocation of the humerus with respect to the glenoid.

 FIGURE 2.54 Talocalcaneal coalition. A coronal reformatted 
CT image of both feet reveals bilateral middle facet subtalar coali-
tions, fibrous on the patient right and osseous on patient left.

 FIGURE 2.55 CT arthrogram knee. Coronal CT image obtained 
after intraarticular injection of iodinated contrast demonstrates 
normal menisci with focal fissuring of medial tibial articular carti-
lage (arrowhead). A transverse band of sclerosis in the medial tibial 
plateau (arrow) represents stress fracture.

 FIGURE 2.56 Displaced glenoid prosthesis. A coronal refor-
matted CT arthrogram image of the glenohumeral joint in a patient 
with a total shoulder prosthesis reveals displaced low-density 
glenoid component (arrow) surrounded by radiodense intraar-
ticular contrast.
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TUMOR EVALUATION
Although radiography and MRI are the primary imaging 
modalities used in bone and soft-tissue tumor evaluation, 
there are certain situations in which CT imaging is valuable. 
Occasionally, MRI detects marrow or cortical signal abnor-
malities that are indeterminate for fracture or tumor. CT 
images may reveal a cortical fracture not previously appre-
ciated, essentially excluding tumor (Fig. 2.57). The nidus of 
an osteoid osteoma is often better visualized with CT than 
with MRI (Fig. 2.58). In almost all cases, MRI is preferred 
to CT is evaluation of soft-tissue masses. One exception 
involves myositis ossificans, in which the calcified margin of 
the post-traumatic lesion is much better appreciated with CT 
(Fig. 2.59). In patients with known osseous metastatic dis-
ease, the cross-sectional capability of CT is often of value in 
evaluating cortical integrity when assessing for risk of patho-
logic fracture. Finally, CT guidance is quite frequently used 

for percutaneous biopsy or treatment of bone and soft-tissue 
lesions (see Fig. 2.58D). 

CONCLUSION
As the growing field of musculoskeletal imaging is far broader 
than can be covered in this text, innumerable clinical situ-
ations in which MRI and CT can be used have not been 
discussed. Ongoing research is continually defining new indi-
cations for advanced imaging in orthopaedic patients. The 
MRI and CT techniques described in this chapter are widely 
available with most commercial imaging systems. Optimal 
image quality can be obtained only when meticulous atten-
tion is paid to imaging technique by both the radiologist and 
the technician. Greater interaction between orthopaedists 
and radiologists will ensure that studies are performed appro-
priately to solve the specific clinical problem.
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FIGURE 2.57 Longitudinal stress fracture of tibia. A, Delayed bone scan demonstrates longi-
tudinally oriented activity in the distal tibia. B and C, Fluid sensitive longitudinal and axial MR 
images reveal nonspecific ill-defined marrow edema. D, Axial CT image shows clearly defined 
longitudinally orient fracture in the posterior tibial cortex.
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FIGURE 2.58 Osteoid osteoma. A, T1-weighted axial MR image shows medial femoral cortical 
thickening. B, Fluid sensitive axial MR image demonstrates bone marrow edema without a discrete 
lesion. C, Axial CT image reveals a radiolucent nidus within the thickened cortical bone consistent 
with osteoid osteoma. D, Axial CT image acquired during radiofrequency ablation confirms coaxial 
placement of the RF probe into the nidus.
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FIGURE 2.59 Myositis ossificans. A, Fluid sensitive axial image reveals a nonspecific increased 
signal intensity soft tissue mass posterior to the hip (arrowheads). B, Axial CT image shows a 
peripherally calcified mass confirming the diagnosis of myositis ossificans.

    

https://booksmedicos.org


CHAPTER 2  ADVANCED IMAGING IN ORTHOPAEDICS 173

Kosy JD, Eyres KD, Toms AD: The value of magnetic resonance imaging 
in investigating a painful total knee arthroplasty, J Arthroplasty 26:977, 
2011.

Lance V, Heilmeier UR, Joseph GB, et al.: MR imaging characteristics and 
clinical symptoms related to displaced meniscal flap tears, Skeletal Radiol 
44:375, 2015.

Lin E: Magnetic resonance imaging of the knee: clinical significance of com-
mon findings, Curr Probl Diagn Radiol 39:152, 2010.

Mohankumar R, White LM, Naraghi A: Pitfalls and pearls in MRI of the 
knee, AJR Am J Roentgenol 203:516, 2014.

Nacey NC, Geeslin MG, Miller GW, et al.: Magnetic resonance imaging of 
the knee: an overview and update of conventional and state of the art 
imaging, J Magn Reson Imaging 45:1257, 2017.

Naraghi AM, White LM: Imaging of athletic injuries of knee ligaments and 
menisci: sports imaging series, Radiology 281(23), 2016.

Naraghi A, White LM: MR imaging of cruciate ligaments, Magn Reson 
Imaging Clin N Am 22:557, 2014.

Nicandri GT, Slaney SL, Neradilek MB, et al.: Can magnetic resonance imag-
ing predict posterior drawer laxity at the time of surgery in patients with 
knee dislocation or multiple-ligament knee injury? Am J Sports Med 
39:1053, 2011.

Quatman CE, Hettrich CM, Schmitt LC, Spindler KP: The clinical utility and 
diagnostic performance of magnetic resonance imaging for identifica-
tion of early and advanced knee osteoarthritis: a systematic review, Am J 
Sports Med 39:1557, 2011.

Rosas HG: Magnetic resonance imaging of the meniscus, Magn Reson 
Imaging Clin N Am 22:493, 2014.

Slattery T, Major N: Magnetic resonance imaging pitfalls and normal varia-
tions: the knee, Magn Reson Imaging Clin North Am 18:675, 2010.

Smith C, McGarvey C, Harb Z, et al.: Diagnostic efficacy of 3-T MRI for knee 
injuries using arthroscopy as a reference standard: a meta-analysis, AJR 
Am J Roentgenol 207:369, 2016.

Subhas N, Patel SH, Obuchowski NA, Jones MH: Value of knee MRI in the 
diagnosis and management of knee disorders, Orthopedics 37:e109, 2014.

Tyler P, Datir A, Saifuddin A: Magnetic resonance imaging of anatomi-
cal variations in the knee: part 1. Ligamentous and musculotendinous, 
Skeletal Radiol 39:1161, 2010.

Tyler P, Datir A, Saifuddin A: Magnetic resonance imaging of anatomical 
variations in the knee: part 2. Miscellaneous, Skeletal Radiol 39:1175, 
2010.

Van Dyck P, Vanhoenacker FM, Gielen JL, et al.: Three Tesla magnetic reso-
nance imaging of the anterior cruciate ligament of the knee: can we dif-
ferentiate complete from partial tears? Skeletal Radiol 40:701, 2011.

Zheng L, Shi H, Feng Y, et al.: Injury patterns of medial patellofemoral liga-
ment and correlation analysis with articular cartilage lesions of the lateral 
femoral condyle after acute lateral patellar dislocation in children and 
adolescents: an MRI evaluation, Injury 46:1137, 2015.

HIP
Albers CE, Wambeek N, Hanke MS, et  al.: Imaging of femoroacetabular 

impingement—current concepts, J Hip Preserv Surg 3:245, 2016.
Annabell L, Master V, Rhodes A, et al.: Hip pathology: the diagnostic accu-

racy of magnetic resonance imaging, J Orthop Surg Res 13:127, 2018.
Berkowitz JL, Potter HG: Advanced MRI techniques for the hip joint: focus 

on the postoperative hip, AJR Am J Roentgenol 209:534, 2017.
Carstensen SE, McCrum EC, Pierce JL, et al.: Magnetic resonance imaging 

(MRI) and hip arthroscopy correlations, Sports Med Arthrosc Rev 25:199, 
2017.

Chopra A, Grainger AJ, Dube B, et al.: Comparative reliability and diagnostic 
performance of conventional 3T magnetic resonance imaging and 1.5T 
magnetic resonance arthrography for the evaluation of internal derange-
ment of the hip, Eur Radiol 28:963, 2018.

Coker DJ, Zoga AC: The role of magnetic resonance imaging in athletic pub-
algia and core muscle injury, Top Magn Reson Imaging 24:183, 2015.

Crema MD, Watts GJ, Guermazi A, et al.: A narrative overview of the current 
status of MRI of the hip and its relevance for osteoarthritis research—
what we know, what has changed and where are we going? Osteoarthritis 
Cartilage 25(1), 2017.

Crespo-Rodriguez AM, De Lucas-Villarrubia JC, Pastrana-Ledesma M, et al.: 
The diagnostic performance of non-contrast 3-Tesla magnetic resonance 
imaging (3-T) MRI) vrsus 1.5-Tesla magnetic resonance arthrograpy 
(1.5T MRA) in femoro-acetabular impingement, Eur J Radiol 88:109, 
2017.

Di Pietto F, Chianca V, Zappia M, et  al.: Articular and peri-articular hip 
lesions in soccer players. The importance of imaging in deciding which 
lesions will need surgery and which can be treated conservatively? Eur J 
Radiol 105:227, 2018.

Friedman T, Chen T, Chang A: MRI diagnosis of recurrent pigmented 
villonodular synovitis following total joint arthroplasty, HSS J 9:100, 
2013.

Gold SL, Burge AJ, Potter HG: MRI of hip cartilage: joint morphology, struc-
ture, and composition, Clin Orthop Relat Res 470:3321, 2012.

Hayter CL, Potter HG, Su EP: Imaging of metal-on-metal hip resurfacing, 
Orthop Clin North Am 42:195, 2011.

Haubro M, Stougaard C, Torfing T, Overgaard S: Sensitivity and specific of 
CT- and MRI-scanning in evaluation of occult fracture of the proximal 
femur, Injury 46:1557, 2015.

Jayakar R, Merz A, Plotkin B, et al.: Magnetic resonance arthrography and 
the prevalence of acetabular labral tears in patients 50 years of age and 
older, Skeletal Radiol 45:1061, 2016.

Jazrawi LM, Alaia MJ, Chang G, et  al.: Advances in magnetic resonance 
imaging of articular cartilage, J Am Acad Orthop Surg 19:420, 2011.

Kavanagh EC, Read P, Carty F, et al.: Three-dimensional magnetic resonance 
imaging analysis of hip morphology in the assessment of femoral acetab-
ular impingement, Clin Radiol 66:742, 2011.

Kim HT, Oh MH, Lee JS: MR imaging as a supplement to traditional deci-
sion-making in the treatment of LCP disease, J Pediatr Orthop 31:246, 
2011.

Linda DD, Naraghi A, Murnaghan L, et al.: Accuracy of non-arthrographic 
3T MR imaging in evaluation of intra-articular pathology of the hip in 
femoroacetabular impingement, Skeletal Radiol 46:299, 2017.

Matharu GS, Mansour R, Dada O, et  al: Which imaging modality is most 
effective for identifying pseudotumours in metal-on-metal hip resurfac-
ings requiring revision: ultrasound or MARS-MRI or both?

Nachtrab O, Cassar-Pullicino VN, Lalam R, et al.: Role of MRI in hip frac-
tures, including stress fractures, occult fractures, avulsion fractures, Eur 
J Radiol 81:3813, 2012.

Naraghi A, White LM: MRI of labral and chondral lesions of the hip, AJR Am 
J Roentgenol 205:479, 2015.

Newman JS, Newberg AH: MRI of the painful hip in athletes, Clin Sports 
Med 25:613, 2006.

Park JH, Shon HC, Chang JS, et al.: How can MRI change the treatment strat-
egy in apparently isolated greater trochanteric fracture? Injury 49:824, 
2018.

Petchprapa CN, Rosenberg ZS, Sconfienza LM, et al.: MR imaging of entrap-
ment neuropathies of the lower extremity: part 1. The pelvis and hip, 
Radiographics 30:983, 2010.

Potter HG, Schachar J: High resolution noncontrast MRI of the hip, J Magn 
Reson Imaging 31:268, 2010.

Rakhra KS: Magnetic resonance imaging of acetabular tears, J Bone Joint Surg 
93A(Suppl 2):28, 2011.

Rehman H, Clement RG, Perks F, et al.: Imaging of occult hip fractures: CT 
or MRI? Injury 47:1297, 2016.

Riley GM, McWalter EJ, Stevens KJ, et al.: MRI of the hip for the evaluation of 
femoroacetabular impingement: past, present, and future, J Magn Reson 
Imaging 41:558, 2015.

Robinson P: Conventional 3-T MRI and 1.5-T MR arthrography of femoro-
acetabular impingement, AJR Am J Roentgenol 199:509, 2012.

Sutter R, Zubler V, Hoffman A, et al.: Hip MRI: how useful is intraarticular 
contrast material for evaluating surgically proven lesions of the labrum 
and articular cartilage? AJR Am J Roentgenol 202:160, 2014.

Tannast M, Pleus F, Bonel H, et al.: Magnetic resonance imaging in traumatic 
posterior hip dislocation, J Orthop Trauma 24:723, 2010.

Tosum O, Algin O, Yalcin N, et al.: Ischiofemoral impingement: evaluation 
with new MRI parameters and assessment of their reliability, Skeletal 
Radiol 41:575, 2012.

    

https://booksmedicos.org


PART I GENERAL PRINCIPLES174

Tsifountoudis I, Kraniotis P, Karantanas AH: Hip and pelvic: MRI of muscu-
lotendinous trauma and mimickers, Semin Musculoskelet Radiol 27:218, 
2017.

Walsh CP, Hubbard JC, Nessler JP, et  al.: MRI findings associated with 
recalled modular femoral neck Rejuvenate and ABG implants, J 
Arthroplasty 30:2021, 2015.

Zoga AC, Hegazi TM, Roedl JB: Algorithm for imaging the hip in adoles-
cents and young adults, Radiol Clin North A 54:913, 2016.

SPINE
Bozzo A, Marcoux J, Radhakrishna M, et al.: The role of magnetic resonance 

imaging in the management of acute spinal cord injury, J Neurotrauma 
28:1401, 2011.

Como JJ: The role of MRI in the clearance of the cervical spine in the 
obtunded blunt trauma patient, J Trauma 68:1269, 2010.

D’Aprile P, Nasuto M, Tarantino A, et  al.: Magnetic resonance imaging in 
degenerative disease of the lumbar spine: fat saturation technique and 
contrast medium, Acta Biomed 89:208, 2018.

Diab M, Landman Z, Lubicky J, et al.: Use and outcome of MRI in the surgi-
cal treatment of adolescent idiopathic scoliosis, Spine 36:667, 2011.

Durand DJ, Huisman TA, Carrino JA: MR imaging features of common vari-
ant spinal anatomy, Magn Reson Imaging Clin N Am 18:717, 2010.

Dutoit JC, Vanderkerken MA, Verstraete KL: Value of whole body MRI and 
dynamic contrast enhanced MRI in the diagnosis, follow-up and evalu-
ation of disease activity and extent in multiple myeloma, Eur J Radiol 
82:1444, 2013.

Fehlings MG, Arvin B: Magnetic resonance imaging and outcome, J 
Neurosurg Spine 12:56, 2010.

Ganiyusufoglu AK, Onat L, Karatoprak O, et al.: Diagnostic accuracy of mag-
netic resonance imaging versus computed tomography in stress fractures 
of the lumbar spine, Clin Radiol 65:902, 2010.

Goldberg AL, Kershah SM: Advances in imaging of vertebral and spinal cord 
injury, J Spinal Cord Med 33:105, 2010.

Hanrahan CJ, Shah LM: MRI of spinal bone marrow: part 2, T1-weighted 
imaging-based differential diagnosis, AJR Am J Roentgenol 197:1309, 
2011.

Khanna P, Chau C, Dublin A, et al.: The value of cervical magnetic resonance 
imaging in the evaluation of the obtunded or comatose patient with cer-
vical trauma, no other abnormal neurological findings, and a normal cer-
vical computed tomography, J Trauma 72:699, 2012.

Kumar Y, Hayashi D: Role of magnetic resonance imaging in acute spinal 
trauma: a pictorial review, BMC Muculoskelet Disord 17:310, 2016.

Land N, Su MY, Yu HJ, et  al.: Differentiation of myeloma and metastatic 
cancer in the spine using dynamic contrast-enhanced MRI, Magn Reson 
Imaging 31:1285, 2013.

Lattig F, Fekete TF, Grob D, et al.: Lumbar facet joint effusion in MRI: a sign 
of instability in degenerative spondylolisthesis? Eur Spine J 21:276, 2012.

Lee S, Lee JW, Yeom JS, et al.: A practical MRI grading system for lumbar 
foraminal stenosis, AJR Am J Roentgenol 194:1095, 2010.

Machino M, Yukawa Y, Ito K, et al.: Can magnetic resonance imaging reflect 
the prognosis in patients of cervical spinal cord injury without radio-
graphic abnormality? Spine 36:E1568, 2011.

Malhorta A, Wu X, Kalra VB, et al.: Utility of MRI for cervical spine clearance 
after blunt traumatic injury: a meta-analysis, Eur Radiol 27:1148, 2017.

Merhemic Z, Stosic-Opincal T, Thurnher MM: Neuroimaging of spinal 
tumors, Magn Reson Imaging Clin N Am 24:563, 2016.

Murphy JM, Park P, Patel RD: Cost-effectiveness of MRI to assess for post-
traumatic ligamentous cervical spine injury, Orthopedics 37:e148, 2014.

Nouri A, Martin AR, Mikulis D, et al.: Magnetic resonance imaging assess-
ment of degenerative cervical myelopathy: a review of structural changes 
and measurement techniques, Neurosurg Focus 40:(E5), 2016.

Ostergaard M, Poggenborg RP, Axelsen MB, Pedersen SJ: Magnetic reso-
nance imaging in spondyloarthritis—how to quantify findings and mea-
sure response, Best Pract Res Clin Rheumatol 24:637, 2010.

Ozturk C, Karadereler S, Orneck I, et al.: The role of routine magnetic reso-
nance imaging in the preoperative evaluation of adolescent idiopathic 
scoliosis, Int Orthop 34:543, 2010.

Park HJ, Kim SS, Chung EC, et  al.: Clinical correlation of a new practical 
MRI method for assessing cervical spinal canal compression, AJR Am J 
Roentgenol 199:W197, 2012.

Pizones J, Castillo E: Assessment of acute thoracolumbar fractures: chal-
lenges in multidetector computed tomography and added value of emer-
gency MRI, Semin Musculoskelet Radiol 17:389, 2013.

Pizones J, Izwuierdo E, Alvarez P, et al.: Impact of magnetic resonance imag-
ing on decision making for thoracolumbar traumatic fracture diagnosis 
and treatment, Eur Spine J 20(Suppl 3):390, 2011.

Rihn JA, Yang N, Fisher C, et al.: Using magnetic resonance imaging to accu-
rately assess injury to the posterior ligamentous complex of the spine: a 
prospective comparison of the surgeon and radiologist, J Neurosurg Spine 
12:391, 2010.

Roudarsi B, Jarvik JG: Lumbar spine MRI for low back pain: indications and 
yield, AJR Am J Roentgenol 195:550, 2010.

Savvopoulou V, Martis TG, Koureas A, et al.: Degenerative endplate changes 
of the lumbosacral spine: dynamic contrast-enhanced MRI profiles 
related to age, sex, and spinal level, J Magn Reson Imaging 33:382, 2011.

Schoenfeld AJ, Bono CM, McGuide KJ, et al.: Computed tomography alone 
versus computed tomography and magnetic resonance imaging in the 
identification of occult injuries to the cervical spine: a meta-analysis, J 
Trauma 68:109, 2010.

Shah LM, Hanrahan CJ: MRI of spinal bone marrow: part 1, techniques and 
normal age-related appearances, AJR Am J Roentgenol 197:1298, 2011.

Sheehan NJ: Magnetic resonance imaging for low back pain: indications and 
limitations, Ann Rheum Dis 69:(7), 2010.

Soult MC, Weireter LJ, Britt RC, et al.: MRI as an adjunct to cervical spine 
clearance: a utility analysis, Am Surg 78:741, 2012.

Weber U, Maksymowych WP: Sensitivity and specificity of magnetic reso-
nance imaging for axial spondyloarthritis, Am J Med Sci 341:272, 2011.

SHOULDER
Ajuied A, McGarvey CP, Harb Z, et al.: Diagnosis of glenoid labral tears using 

3-tesla MRI vs. 3-tesla MRA: a systematic review and meta-analysis, Arch 
Orthop Trauma Surg 138:699, 2018.

Beltran LS, Bencardino JT, Steinbach LS: Postoperative MRI of the shoul-
der, J Magn Reson Imaging 40:1280, 2014.

Chang IY, Polster JM: Pathomechanics and magnetic resonance imaging of 
the thrower’s shoulder, Radiol Clin North Am 54:801, 2016.

Cook TS, Stein JM, Simonson S, Kim W: Normal and variant anatomy of 
the shoulder on MRI, Magn Reson Imaging Clin North Am 19:581, 2011.

Fitzpatrick D, Walz DM: Shoulder MR imaging normal variants and imaging 
artifacts, Magn Reson Imaging Clin North Am 18:615, 2010.

Garwood ER, Mitti GS, Alaia M, et al.: Use of shoulder imaging in the out-
patient setting: a pilot study, Curr Probl Diagn Radiol pii: S0363-0188 
(17):30260–30268, 2017, https://doi.org/10.1067/j.cpradiol.2017.10.011,  
[Epub ahead of print].

Gazzola S, Bleakney RR: Current imaging of the rotator cuff, Sports Med 
Arthrosc 19:300, 2011.

Giles JW, Owens BD, Athwal GS: Estimating glenoid width for instability-
related bone loss: a CT evaluation of an MRI formula, Am J Sports Med 
43:1726, 2015.

Gottsegen CJ, Merkle AN, Bencardino JT, et al.: Advanced MRI techniques 
of the shoulder joint: current applications in clinical practice, AJR Am J 
Roentgenol 209:544, 2017.

Gyftopoulos S, Strauss EJ: MRI-arthroscopy correlation for shoulder anat-
omy and pathology: a teaching guide, AJR Am J Roentgenol 204:W684, 
2015.

Gyftopoulos S, Yemin A, Beltran L, et  al.: Engaging Hill-Sachs lesion: is 
there an association between this lesion and findings on MRI? AJR Am J 
Roentgenol 201:W633, 2013.

Houtz CG, Schwartzberg RS, Barry JS, et al.: Shoulder MRI accuracy in the 
community setting, J Shoulder Elbow Surg 20:537, 2011.

Knapik DM, Voos JE: Magnetic resonance imaging and arthroscopic correla-
tion in shoulder instability, Sports Med Arthrosc Rev 25:172, 2017.

Lee SC, Williams D, Endo Y: The repaired rotator cuff: MRI and ultrasound 
evaluation, Curr Rev Musculoskelet Med 11:92, 2018.

    

https://booksmedicos.org
https://doi.org/10.1067/j.cpradiol.2017.10.011


CHAPTER 2  ADVANCED IMAGING IN ORTHOPAEDICS 175

Lin DJ, Wong TT, Kazam JK: Shoulder injuries in the overhead-throwing 
athlete: epidemiology, mechanisms of injury, and imaging findings, 
Radiology 286:370, 2018.

Llopis E, Montesinos P, Guedez MT, et al.: Normal shoulder MRI and MR 
arthrography: anatomy and technique, Semin Musculoskelet Radiol 
19:212, 2015.

Major NM, Browne J, Domzalski T, et al.: Evaluation of the glenoid labrum 
with 3-T MRI: is intraarticular contrast necessary? AJR Am J Roentgenol 
196:1139, 2011.

Park S, Lee DH, Yoon SH, et  al.: Evaluation of adhesive capsulitis of the 
shoulder with fat-suppressed T2-weighted MRI: association between 
clinical feature and MRI findings, AJR Am J Roentgenol 207:135, 2016.

Petchprapa CN, Beltran LS, Jazrawi LM, et al.: The rotator interval: a review 
of anatomy, function, and normal and abnormal MRI appearance, AJR 
Am J Roentgenol 195:567, 2010.

Roy EA, Cheyne I, Andrews G, et al.: Beyond the cuff: MR imaging of labro-
ligamentous injuries in the athletic shoulder, Radiology 278:316, 2016.

Shin YK, Ryu KN, Prk JS, et al.: Predictive factors of retear in patients with 
repaired rotator cuff tear on shoulder MRI, AJR Am J Roentgenol 210:134, 
2018.

Stillwater L, Koenig J, Maycher B, et al.: 3D-MR vs. 3D-CT of the shoulder in 
patients with glenohumeral instability, Skeletal Radiol 46:325, 2017.

Suh CH, Yun S, Jin W, et al.: Systematic review and meta-analysis of mag-
netic resonance imaging features for diagnosis of adhesive capsulitis 
of the shoulder, Eur Radiol 2018, https://doi.org/10.1007/s00330-018-
5604-y, [Epub ahead of print].

Veen EJD, Donders CM, Westerbeek RE, et al.: Predictive findings on mag-
netic resonance imaging in patients with asymptomatic aromioclavicular 
osteoarthritis, J Shoulder Elbow Surg 27:e252, 2018.

Welton KL, Bartley JH, Major NM, et al.: MRI to arthroscopy correlations in 
SLAP lesions and long head biceps pathology, Sports Med Arthrosc Rev 
25:179, 2017.

ELBOW, WRIST, AND HAND
Awan H, Goitz R: MRI correlation of radial head fractures and forearm inju-

ries, Hand (N Y) 12:145, 2017.
Bergh TH, Steen K, Lindau T, et al.: Costs analysis and comparison of use-

fulness of acute MRI and 2 weeks of case immobilization for clinically 
suspected scaphoid fractures, Acta Orthop 86:303, 2015.

Datis A: MRI of the hand and fingers, Top Magn Reson Imaging 24:109, 2015.
Ersoy H, Pomeranz SJ: Palmer classification and magnetic resonance imag-

ing findings of ulnocarpal impingement, J Surg Orthop Adv 24:257, 2015.
Festa A, Mulieri PJ, Newman JS, et al.: Effectiveness of magnetic resonance 

imaging in detecting partial and complete distal biceps tendon rupture, J 
Hand Surg [Am] 35:77, 2010.

Gupta P, Lenchik L, Wuertzer SD, Pacholke DA: High-resolution 3-T MRI 
of the fingers: review of anatomy and common tendon and ligament inju-
ries, AJR Am J Roentgenol 204:W314, 2015.

Haillotte G, Bachy M, Delpont M, et  al.: The use of magnetic resonance 
imaging in management of minimally displaced or nondisplaced lateral 
humeral condyle fractures in children, Pediatr Emerg Care 33:21, 2017.

Joyner PW, Bruce J, Hess R, et al.: Magnetic resonance imaging-based clas-
sification for ulnar collateral ligament injuries of the elbow, J Shoulder 
Elbow Surg 25:1710, 2016.

Krabben A, Stomp W, van Nies JA, et  al.: MRI-detected subclinical joint 
inflammation is associated with radiographic progression, Ann Rheum 
Dis 73:2034, 2014.

Magee T: Accuracy of 3-T MR arthrography versus conventional 3-T MRI 
of elbow tendons and ligaments compared with surgery, AJR Am J 
Roentgenol 204:W70, 2015.

Mahmood A, Fountain J, Vasireddy N, Waseem M: Wrist MRI arthrogram v 
wrist arthroscopy: what are we finding? Open Orthop J 6:194, 2012.

Mallee W, Doornberg JN, Ring D, et  al.: Comparison of CT and MRI for 
diagnosis of suspected scaphoid fractures, J Bone Joint Surg Am 93:20, 
2011.

Malone WJ, Snowden R, Alvi F, Klena JC: Pitfalls of wrist MR imaging, Magn 
Reson Imaging Clin N Am 18:643, 2010.

Mete BD, Gursoy M, Resnick D: A rare cause of posterolateral elbow pain: radio-
humeral plica syndrome with typical MRI findings, JBR-BTR 97:371, 2014.

Onen MR, Kayalara AE, Ilbas EN, et al.: The role of wrist magnetic resonance 
imaging in the differential diagnosis of the carpal tunnel syndrome, Turk 
Neurosurg 25:701, 2015.

Ringler MD: MRI of wrist ligaments, J Hand Surg [Am] 38:2034, 2013.
Sampaio ML, Schweitzer ME: Elbow magnetic resonance imaging variants 

and pitfalls, Magn Reson Imaging Clin North Am 18:633, 2010.
Simonson S, Lott K, Major NM: Magnetic resonance imaging of the elbow, 

Semin Roentgenol 45:180, 2010.
Stein JM, Cook TS, Simonson S, Kim W: Normal and variant anatomy of 

the wrist and hand on MR imaging, Magn Reson Imaging Clin North Am 
19:595, 2011.

Stevens KJ, McNally EG: Magnetic resonance imaging of the elbow in ath-
letes, Clin Sports Med 29:521, 2010.

Taljanovic MS, Malan JJ, Sheppard JE: Normal anatomy of the extrinsic cap-
sular wrist ligaments by 3-T MRI and high-resolution ultrasonography, 
Semin Musculoskelet Radiol 16:104, 2012.

Thorkelson M, Augustyn R, Barnes CE: Pediatric elbow fracture diagnosis 
using 3-D MR imaging, Radiol Technol 89:75, 2017.

Tsujimoto Y, Ryoke K, Yamagami N, et al.: Delineation of extensor tendon of 
the hand by MRI: usefulness of “soap-bubble” mip processing technique, 
Hand Surg 20:93, 2015.

Walton MJ, Mackie K, Fallon M, et al.: The reliability and validity of magnetic 
resonance imaging in the assessment of chronic lateral epicondylitis, J 
Hand Surg [Am] 36:475, 2011.

TUMORS
Bancroft LW: Postoperative tumor imaging, Semin Musculoskelet Radiol 

15:425, 2011.
Costa FM, Ferreira EC, Vianna EM: Diffusion-weighted magnetic reso-

nance imaging for the evaluation of musculoskeletal tumors, Magn Reson 
Imaging Clin North Am 19:159, 2011.

D’Ippolito G, Torres LR, Saito Filho CF, Ferreira RM: CT and MRI in moni-
toring response: state-of-the-art and future developments, Q J Nucl Med 
Mol Imaging 55:603, 2011.

Hansford BG, Stacy GS: From tumor to trauma: etiologically deconstructing 
a unique differential diagnosis of musculoskeletal entities with high sig-
nal intensity on T1-weighted MRI, AJR Am J Roentgenol 204:817, 2015.

Padhani AR, Makris A, Gall P, et al.: Therapy monitoring of skeletal metasta-
ses with whole-body diffusion MRI, J Magn Reson Imaging 39:1049, 2014.

Subhawong TK, Jacobs MA, Fayad LM: Insights into quantitative diffusion-
weighted MRI for musculoskeletal tumor imaging, AJR Am J Roentgenol 
203:560, 2014.

Vandergugten S, Traore SY, Cartiaux O, et al.: MRI evaluation of resection 
margins in bone tumour surgery, Sarcoma 2014:967848, 2014.

COMPUTED TOMOGRAPHY
Barg A, Bailey T, Richter M, et al.: Weightbearing computed tomography of 

the foot and ankle: emerging technology topical review, Foot Ankle Int 
39:376, 2018.

Brink M, Steenbakkers A, Holla M, et al.: Single-shot CT after wrist trauma: 
impact on detection accuracy and treatment of fractures, Skeletal Radiol, 
2018, https://doi.org/10.1007/s00256-018-3097-z, [Epub ahead of  
print].

Cahill CW, Radcliff KE, Reitman CA: Enhancing evaluation of the cervi-
cal spine: thresholds for normal CT relationships in the subaxial cervical 
spine, Int J Spine Surg 12:510, 2018.

Castiglia MT, Nogueira-Barbosa MH, Messias AMV, et  al.: The impact of 
computed tomography on decision making in tibial plateau fractures, J 
Knee Surg 31:1007, 2018.

Cerquiglini A, Henckel J, Hothi HS, et al.: Computed tomography techniques 
help understand wear patterns in retrieved total knee arthroplasty, J 
Arthroplasty 33:3030, 2018.

Cheema AN, Niziolek PJ, /Steinberg D, et al.: The effect of computed tomog-
raphy scans oriented along the longitdinual scaphoid axis on measure-
ments of deformity and displacement in scaphoid fractures, J Hand 

    

https://booksmedicos.org
https://doi.org/10.1007/s00330-018-5604-y
https://doi.org/10.1007/s00330-018-5604-y
https://doi.org/10.1007/s00256-018-3097-z


PART I GENERAL PRINCIPLES176

Surg Am 2018. pii: S0363-5023(18)30628-2, https://doi.org/10.1016/j.
jhsa.2018.05.006, [Epub ahead of print].

Figueroa J, Guarachi JP, Matas J, et al.: Is computed tomography an accurate 
and reliable method for measuring total knee arthroplasty component 
rotation? Int Orthop 40:709, 2016.

Gupta P, Prakash M, Sharma N, et al.: Computed tomography detection of 
clinically unsuspected skeletal tuberculosis, Clin Imaging 39:1056, 2015.

Haubro M, Stougaard C, Torfing T, et al.: Sensitivity and specificity of CT- 
and MRI-scanning in evaluation of occult fracture of the proximal femur, 
Injury 46:1557, 2015.

Hecht G, Shelton TJ, Saiz Jr AM, et al.: CT-measurement predicts shortening 
of stable intertrochanteric hip fractures, J Orthop 15:952, 2018.

Ho A, Kurdziel MD, Koueiter DM, et  al.: Three-dimensional computed 
tomography measurement of varying Hill-Sachs lesion size, J Shoulder 
Elbow Surg 27:350, 2018.

Imerci A, Aydogan NH, Topsakal FE: The role of computed tomography 
scans in diaphyseal femur fractures following gunshot injuries: a survey 
of orthopaedic traumatologists, Injury 49:731, 2018.

Jakubietz MG, Mages L, Zahn RK, et al.: The role of CT scan in postoperative 
evaluation of distal radius fractures: retrospective analysis in regard to 
complications and revision rates, J Orthop Sci 22:434, 2017.

Jaroma A, Suomalainen JSm Niemitukia L, et al.: Imaging of symptomatic 
total knee arthroplasty with cone beam computed tomography, Acta 
Radiol 59:1500, 2018.

Kozaci N, Avci M, Ararat E, et  al.: Comparison of ultrasonography and 
computed tomography in the determination of traumatic injuries, Am J 
Emerg Med 2018. pii: S0735-6757(18)30637-5, https://doi.org/10.1016/j.
ajem.2018.08.002, [Epub ahead of print].

Kumar A, Mishra P, Tandon A, et al.: Effect of CT on management plan in 
malleolar ankle fractures, Foot Ankle Int 39:59, 2018.

Li WY, Lin KC: Three-dimensional computed tomography reduced fixation 
failure of intramedullary nailing for unstable type of intertrochanteric 
fracture, J Orthop Trauma 32:e381, 2018.

Mansfield C, Ali S, Komperda K, et al.: Optimizing radiation dose in com-
puted tomography of articular fractures, J Orthop Trauma 31:401, 2017.

Neubauer J, Benndorf M, Ehritt-Braun C, et al.: Comparison of the diagnos-
tic accuracy of cone beam computed tomography and radiography for 
scaphoid fractures, Sci Rep 8:3906, 2018.

Rajasekaran S, Vaccaro AR, Kanna RM, et al.: The value of CT and MRI in 
the classification and surgical decision-making among spine surgeons in 
thoracolumbar spinal injuries, Eur Spine J 26:1463, 2017.

Stoltny T, Pasek J, Leksowska-Pawliczek M, et al.: Importance of computed 
tomography (CT) in talar neck fractures, Case studies, Ortop Traumatol 
Rehabil 20:31, 2018.

Thomas RW, Williams HL, Carpenter EC, et al.: The validity of investigat-
ing occult hip fractures using multidetetor CT, Br J Radiol 89:20150250, 
2016.

Wiewiorski M, Hoechel S, Anderson AE, et al.: Computed tomographic eval-
uation of joint geometry in patients with end-stage ankle osteoarthritis, 
Foot Ankle Int 37:644, 2016.

Wu XD, Xiang BY, Schotanus MGM, et al.: CT- versus MRI-based patient-
specific instrumentation for total knee arthroplasty: a systematic review 
and meta-analysis, Surgeon 15:336, 2017.

The complete list of references is available online at Expert Consult.com.

    

https://booksmedicos.org
https://doi.org/10.1016/j.jhsa.2018.05.006
https://doi.org/10.1016/j.jhsa.2018.05.006
https://doi.org/10.1016/j.ajem.2018.08.002
https://doi.org/10.1016/j.ajem.2018.08.002


SUPPLEMENTAL REFERENCES

GENERAL
Anderson SE, Steinbach LS, Schlicht S, et al.: Magnetic resonance imaging of 

bone tumors and joints, Top Magn Reson Imaging 18:457, 2007.
Heron C: Magnetic resonance imaging in joint disease, Br J Hosp Med 51:97, 

1994.
Ho CP: MR imaging of sports-related injuries, Magn Reson Imaging 7:1, 1999.
Resnick D, Kand HS: Internal derangement of joints, Philadelphia, 2006, WB 

Saunders.
Rubin SJ, Feldman F, Staron RB, et al.: Magnetic resonance imaging of mus-

cle injury, Clin Imaging 19:263, 1995.
Stoller DW: Magnetic resonance imaging in orthopaedics and sports medicine, 

ed 3, Philadelphia, 2006, Lippincott Williams & Wilkins.

FOOT AND ANKLE
Beltran J: Magnetic resonance imaging of the ankle and foot, Orthopedics 

17:1075, 1994.
Collins MS, Felmlee JP: 3T magnetic resonance imaging of ankle and hind-

foot tendon pathology, Top Magn Reson Imaging 20:175, 2009.
Ferkel RD, Flannigan BD, Elkins BS: Magnetic resonance imaging of the foot 

and ankle: correlation of normal anatomy with pathologic conditions, 
Foot Ankle 11:289, 1991.

Frey C, Kerr R: Magnetic resonance imaging and the evaluation of tarsal tun-
nel syndrome, Foot Ankle 14:159, 1993.

Hepple S, Winson IG, Glew D: Osteochondral lesions of the talus: a revised 
classification, Foot Ankle Int 20:789, 1999.

Ho CP: Magnetic resonance imaging of the ankle and foot, Semn Roentgenol 
30:294, 1995.

Hogan JF: Posterior tibial tendon dysfunction and MRI, J Foot Ankle Surg 
32:467, 1993.

Hubbard AM, Davidson RS, Meyer JS, Mahboubi S: Magnetic resonance 
imaging of skewfoot, J Bone Joint Surg 78A:389, 1996.

Kapoor A, Page S, Lavalley M, et al.: Magnetic resonance imaging for diag-
nosing foot osteomyelitis: a meta-analysis, Arch Intern Med 167:125, 
2007.

Kerr R: Magnetic resonance imaging of the foot and ankle, Semin Roentgenol 
35:306, 2000.

Leffler S, Disler DG: MR imaging of tendon, ligament, and osseous abnor-
malities of the ankle and hindfoot, Radiol Clin North Am 40:1147, 2002.

Morrison WB: Magnetic resonance imaging of sports injuries of the ankle, 
Top Magn Reson Imaging 14:178, 2003.

Morrison WB, Schweitzer ME, Wapner KL, et  al.: Osteomyelitis in feet of 
diabetics: clinical accuracy, surgical utility, and cost-effectiveness of MR 
imaging, Radiology 196:557, 1995.

Morshirfar A, Campbell JT, Khanna J, et al.: Magnetic imaging of the ankle: 
techniques and spectrum of disease, J Bone Joint Surg Am 85:7, 2003.

Perrich KD, Goodwin DW, Hecht PJ, Cheung Y: Ankle ligaments on MRI: 
appearance of normal and injured ligaments, AJR Am J Roentgenol 
193:687, 2009.

Reach Jr JS, Amrami KK, Felmlee JP, et al.: The compartments of the foot: 
a 3-Tesla magnetic resonance imaging study with clinical correlates for 
needle pressure testing, Foot Ankle Int 28:584, 2007.

Recht MP, Donley DG: Magnetic resonance imaging of the foot and ankle, J 
Am Acad Orthop Surg 9:187, 2001.

Rijke AM, Goitz HT, McCue III FC, Dee PM: Magnetic resonance imaging 
of injury to the lateral ankle ligaments, Am J Sports Med 21:528, 1993.

Roberts DK, Pomeranz SJ: Current status of magnetic resonance in radio-
logic diagnosis of foot and ankle injuries, Orthop Clin North Am 25:61, 
1994.

Steinbronn DJ, Bennett GL, Kay DB: The use of magnetic resonance imag-
ing in the diagnosis of stress fractures of the foot and ankle, Foot Ankle 
Int 15:80, 1994.

Terk MR, Kwong PK: Magnetic resonance imaging of the foot and ankle, Clin 
Sports Med 13:883, 1994.

Yansouni CP, Mak A, Libman MD: Limitations of magnetic resonance imag-
ing in the diagnosis of osteomyelitis underlying diabetic foot ulcers, Clin 
Infect Dis 48:135, 2009.

KNEE
Beall DP, Googe JD, Moss JT, et al.: Magnetic resonance imaging of the col-

lateral ligaments and the anatomic quadrants of the knee, Magn Reson 
Imaging Clin North Am 15:53, 2007.

Bernstein J, Cain EL, Kneeland JB, Dalinka MK: The incidence of pathology 
detected by magnetic resonance of the knee: differences based on the spe-
cialty of the requesting physician, Orthopedics 26:483, 2003.

Boeree NR, Watkinson AF, Ackroyd CE, Johnson C: Magnetic resonance 
imaging of meniscal and cruciate injuries of the knee, J Bone Joint Surg 
73B:452, 1991.

Dillon EH, Pope CF, Jokl P, et al.: Follow-up of grade 2 meniscal abnormali-
ties in the stable knee, Radiology 181:849, 1991.

Dipaola JD, Nelson DW, Colville MR: Characterizing osteochondral lesions 
by magnetic resonance imaging, Arthroscopy 7:101, 1991.

Galea A, Giuffre B, Dimmick S, et al.: The accuracy of magnetic resonance 
imaging scanning and its influence on management decisions in knee 
surgery, Arthroscopy 25:473, 2009.

Gatehouse PD, Thomas RW, Robson MD, et al.: Magnetic resonance imag-
ing of the knee with ultrashort TE pulse sequences, Magn Reson Imaging 
22:1061, 2004.

Graf BK, Cook DA, DeSmet AA, Keene JS: Bone bruises” on magnetic res-
onance imaging evaluation of anterior cruciate ligament injuries, Am J 
Sports Med 21:220, 1993.

Hall LD: Magnetic resonance imaging as a noninvasive means for quanti-
tating the dimensions of articular cartilage in the human knee, Arthritis 
Rheum 50:5, 2004.

Herzog RJ, Silliman JF, Hutton K, et al.: Measurements of the intercondylar 
notch by plain film radiography and magnetic resonance imaging, Am J 
Sports Med 22:2401, 1994.

Kelly MA, Flock TJ, Kimmell JA, et al.: MR imaging of the knee: clarification 
of its role, Arthroscopy 7:78, 1991.

Khanna AJ, Cosgarea AJ, Mont MA, et al.: Magnetic resonance imaging of 
the knee: current techniques and spectrum of disease, J Bone Joint Surg 
83A(Suppl 2 pt 2):128, 2001.

Kuikka PI, Sillanpaä P, Mattila VM, et al.: Magnetic resonance imaging in 
acute traumatic and chronic meniscal tears of the knee: a diagnostic 
accuracy study in young adults, Am J Sports Med 37:1003, 2009.

Lim PS, Schweiter ME, Bhatia M, et al.: Repeat tear of postoperative menis-
cus: potential MR imaging signs, Radiology 210:183, 1999.

Liu SH, Osti L, Henry M, Bocchi L: The diagnosis of acute complete tears 
of the anterior cruciate ligament: comparison of MRI, arthrometry and 
clinical examination, J Bone Joint Surg 77B:586, 1995.

Lowenberg DW, Fledman ML: Magnetic resonance imaging diagnosis of dis-
coid medial meniscus, Arthroscopy 9:704, 1993.

Luhmann SJ, Schootman M, Gordon JE, Wright RW: Magnetic resonance 
imaging of the knee in children and adolescents: its role in clinical deci-
sion-making, J Bone Joint Surg 87A:497, 2005.

Macintyre J: Magnetic resonance imaging in acute knee injuries, Clin J Sport 
Med 10:304, 2000.

Mackenzie R, Dixon AK, Keene GS, et al.: Magnetic resonance imaging of the 
knee: assessment of effectiveness, Clin Radiol 51:245, 1996.

Marks PH, Chew BH: Magnetic resonance imaging of knee ligaments, Am J 
Knee Surg 8:181, 1995.

Maurer EJ, Kaplan KA, Dussault RG, et al.: Acutely injured knee: effect of MR 
imaging on diagnostic and therapeutic decisions, Radiology 204:799, 1997.

Maywood RM, Murphy BJ, Uribe JW, Hechtman KS: Evaluation of 
arthroscopic anterior cruciate ligament reconstruction using magnetic 
resonance imaging, Am J Sports Med 21:523, 1993.

McCauley TR, Disler DG: Magnetic resonance imaging of the articular carti-
lage of the knee, J Am Acad Orthop Surg 9:2, 2001.

Mohana-Borges AV, Resnick D, Chung CB: Magnetic resonance imaging of 
knee instability, Semin Musculoskelet Radiol 9:17, 2005.

   

2-176.e1
 

https://booksmedicos.org


PART I GENERAL PRINCIPLES2-176.e2

Rubin DA: Update on the knee, Magn Reson Imaging 8:2, 2000.
Sanders TG, Miller MD: A systematic approach to magnetic resonance imag-

ing interpretation of sports medicine injuries of the knee, Am J Sports 
Med 33:131, 2005.

Sansone V, de Ponti A, Paluello GM, del Maschio A: Popliteal cysts and asso-
ciated disorders of the knee: critical review with MR imaging, Int Orthop 
19:275, 1995.

Schatz JA, Potter HG, Rodeo SA, et al.: MR imaging of anterior cruciate liga-
ment reconstruction, AJR Am J Roentgenol 169:223, 1997.

Sofka CM, Potter HG, Figgie M, Laskin R: Magnetic resonance imaging of 
total knee arthroplasty, Clin Orthop Relat Res 406:129, 2003.

Stork A, Feller JF, Sanders TG, et al.: Magnetic resonance imaging of the knee 
ligaments, Semin Roentgenol 35:256, 2000.

Thornton DD, Rubin DA: Magnetic resonance imaging of the knee menisci, 
Semin Roentgenol 35:217, 2000.

Tyson LL, Daughters Jr TC, Ryo RK, Crues III JV: MRI appearance of menis-
cal cysts, Skeletal Radiol 24:421, 1995.

HIP
Anderson SE, Sienbenrock KA, Mamisch TC, Tannast M: Femoroacetabular 

impingement magnetic resonance imaging, Top Magn Reson Imaging 
20:123, 2009.

Asnis SE, Gould ES, Bansal M, et  al.: Magnetic resonance imaging of the 
hip after displaced femoral neck fractures, Clin Orthop Relat Res 298:191, 
1994.

Beltran J, Opsha O: MR imaging of the hip: osseous lesions, Magn Reson 
Imaging Clin North Am 13:665, 2005.

Berbeeten KM, Hermann KL, Hasselqvist M, et al.: The advantages of MRI in 
the detection of occult hip fractures, Eur Radiol 15:165, 2004.

Boutin RD, Newman JS: MR imaging of sports-related hip disorders, Magn 
Reson Imaging Clin North Am 11:255, 2003.

Chana R, Noorani A, Ashwood N, et al.: The role of MRI in the diagnosis of 
proximal femoral fractures in the elderly, Injury 367:185, 2006.

Cooper HJ, Ranawat AS, Potter HG, et al.: Magnetic resonance imaging in 
the diagnosis and management of hip pain after total hip arthroplasty, J 
Arthroplasty 24:661, 2009.

Edwards DJ, Lomas D, Villar RN: Diagnosis of the painful hip by magnetic 
resonance imaging and arthroscopy, J Bone Joint Surg 77B:374, 1995.

Evans PD, Wilson C, Lyons K: Comparison of MRI with bone scanning for 
suspected hip fracture in elderly patients, J Bone Joint Surg 76B:158, 1994.

Fadul DA, Carrino JA: Imaging of femoroacetabular impingement, J Bone 
Joint Surg 91A(Suppl 1):138, 2009.

Fordyce MJ, Soloman L: Early detection of avascular necrosis of the femoral 
head by MRI, J Bone Joint Surg 75B:365, 1993.

Gabriel H, Fitzgerald SW, Myers MT, et al.: MR imaging of hip disorders, 
Radiographics 14:763, 1994.

Guanche CA: Clinical update: MR imaging of the hip, Sports Med Arthrosc 
17:49, 2009.

Guerra JJ, Steinberg ME: Distinguishing transient osteoporosis from avascu-
lar necrosis of the hip, J Bone Joint Surg 77A:616, 1995.

Haramati N, Staron RB, Barax C, Feldman F: Magnetic resonance imaging of 
occult fractures of the proximal femur, Skeletal Radiol 23:19, 1994.

Hayes CW, Balkissoon AA: Magnetic resonance imaging of the musculoskel-
etal system: II. The hip, Clin Orthop Relat Res 322:297, 1996.

Hodler J, Yu J, Goodwin D, et  al.: MR arthrography of the hip: improved 
imaging of the acetabular labrum with histological correlation in cadav-
ers, Am J Radiol 165:887, 1995.

Kim YJ, Jaramillo D, Millis MB, et al.: Assessment of early osteoarthritis in 
hip dysplasia with delayed gadolinium-enhanced magnetic resonance 
imaging of cartilage, J Bone Joint Surg 85A:2003, 1987.

Koo KH, Kim R: Quantifying the extent of osteonecrosis of the femoral head: 
a new method using MRI, J Bone Joint Surg 77B:875, 1995.

Lafforgue P, Dahan E, Chagnaud C, et al.: Early-stage avascular necrosis of 
the femoral head: MR imaging prognosis in 31 cases with at least 2 years 
of follow-up, Radiology 187:199, 1993.

Lee JH, Dyke JP, Ballon D, et al.: Assessment of bone perfusion with con-
trast-enhanced magnetic resonance imaging, Orthop Clin North Am 
40:249, 2009.

Mamisch TC, Zilkens C, Siebenrock KA, et al.: MRI of hip osteoarthritis and 
implications for surgery, Radiol Clin North Am 47:713, 2009.

May DA, Purins JL, Smith DK: MR imaging of occult traumatic fractures 
and muscular injuries of the hip and pelvis in elderly patients, AJR Am J 
Roentgenol 166:1075, 1996.

Miller TT: Imaging of hip arthroplasty, Semin Musculoskelet Radiol 10:30, 
2006.

Mosher TJ: Musculoskeletal imaging at 3T: current techniques and future 
applications, Magn Reson Imaging Clin North Am 14:63, 2006.

Overdeck KH, Palmer WE: Imaging of hip and groin injuries in athletes, 
Semin Musculoskel Radiol 8:41, 2004.

Potter HG, Foo LF, Nestor BJ: What is the role of magnetic resonance imag-
ing in the evaluation of total hip arthroplasty? HSS J 1:89, 2005.

Potter H, Moran M, Schneider R, et al.: Magnetic resonance imaging in diag-
nosis of transient osteoporosis of the hip, Clin Orthop Relat Res 280:223, 
1992.

Potter HG, Nestor BJ, Sofka CM, et  al.: Magnetic resonance imaging after 
total hip arthroplasty: evaluation of periprosthetic soft tissue, J Bone Joint 
Surg 86A:2004, 1947.

Rizzo PF, Gould ES, Lyden JP, Asnis SE: Diagnosis of occult fractures about 
the hip: magnetic resonance imaging compared with bone scanning, J 
Bone Joint Surg 75A:395, 1993.

Stutley JE, Conway WF: Magnetic resonance imaging of the pelvis and hips, 
Orthopedics 17:1053, 1994.

Tehranzadeh J, Kerr R, Amster J: MRI of trauma and sports-related injuries 
of tendons and ligaments: II. Pelvis and lower extremities, Crit Rev Diagn 
Imaging 35:131, 1994.

Winalski CS, Aplarsian L: Imaging of articular cartilage injuries of the lower 
extremity, Semin Musculoskelet Radiol 12:283, 2008.

Zibis AH, Karantanas AH, Roidis NT, et al.: The role of MR imaging in stag-
ing femoral head osteonecrosis, Eur J Radiol 63:3, 2007.

Zoga AC, Morrison WB: Technical considerations in MR imaging of the hip, 
Magn Reson Imaging Clin N Am 13:617, 2005.

SPINE
Ackland HM, Cooper DJ, Malham GM, Stuckey SL: Magnetic resonance 

imaging for clearing the cervical spine in unconscious intensive care 
trauma patients, J Trauma 60:668, 2006.

Adams JM, Cockburn MI, Difaxio LT, et al.: Spinal clearance in the difficult 
trauma patient: a role for screening MRI of the spine, Am Surg 72:101, 
2006.

Alyas F, Connell D, Saifuddin A: Upright positional MRI of the lumbar spine, 
Clin Radiol 63:1035, 2008.

An HS, Nguyen C, Haughton VM, et  al.: Gadolinium-enhancement char-
acteristics of magnetic resonance imaging in distinguishing herniated 
intervertebral disc versus scar in dogs, Spine 19:2098, 1994.

An HS, Vaccaro AR, Dolinskas CA, et  al.: Differentiation between spi-
nal tumors and infections with magnetic resonance imaging, Spine 
16(Suppl):334, 1991.

Bell GR, Stearns KL, Bonutti PM, Boumphrey FR: MRI diagnosis of tubercu-
lous vertebral osteomyelitis, Spine 15:462, 1990.

Boden SD, Davis DO, Dina TS, et  al.: Postoperative diskitis: distinguish-
ing early MR imaging findings from normal postoperative disk space 
changes, Radiology 184:765, 1992.

Borenstein DG, O’Mara JW, Boden SD, et al.: The value of magnetic resonance 
imaging of the lumbar spine to predict low-back pain in asymptomatic 
subjects: a seven-year follow-up study, J Bone Joint Surg 83A:1306, 2001.

Cousins JP, Haughton VM: Magnetic resonance imaging of the spine, J Am 
Acad Orthop Surg 17:22, 2009.

Desai SS: Early diagnosis of spinal tuberculosis by MRI, J Bone Joint Surg 
76B:863, 1994.

Djukic S, Lang P, Morris J, et  al.: The postoperative spine: magnetic reso-
nance imaging, Orthop Clin North Am 21:603, 1990.

Harris JH, Yeakley JW: Hyperextension-dislocation of the cervical spine: 
ligament injuries demonstrated by magnetic resonance imaging, J Bone 
Joint Surg 74B:567, 1992.

Haughton V: Medical imaging of intervertebral disc degeneration: current 
status of imaging, Spine 29:2751, 2004.

    

https://booksmedicos.org


CHAPTER 2  ADVANCED IMAGING IN ORTHOPAEDICS 2-176.e3

Heo DH, Lee MS, Sheen SH, et al.: Simple oblique lumbar magnetic reso-
nance imaging technique and its diagnostic value for extraforaminal disc 
herniation, Spine 34:2419, 2009.

Jensen MC, Brant-Zawadzki MN, Obuchowski N, et al.: Magnetic resonance 
imaging of the lumbar spine in people without back pain, N Eng J Med 
331:69, 1994.

Khalatbari K, Ansari H: MRI of degenerative cysts of the lumbar spine, Clin 
Radiol 63:322, 2008.

Khanna AJ, Carbone JJ, Kebaish KM, et al.: Magnetic resonance imaging of 
the cervical spine: current techniques and spectrum of disease, J Bone 
Joint Surg 84A(Suppl 1):70, 2002.

Khanna AJ, Wasserman BA, Sponseller PD: Magnetic resonance imaging of 
the pediatric spine, J Am Acad Orthop Surg 11:248, 2003.

Lurie JD, Tosteson AN, Tosteson TD, et al.: Reliability of readings of mag-
netic resonance imaging features of lumbar spinal stenosis, Spine 33:1605, 
2008.

Maksymowych WP: MRI in ankylosing spondylitis, Curr Opin Rheumatol 
21:313, 2009.

Mintz DN: Magnetic resonance imaging of sports injuries to the cervical 
spine, Semin Musculoskelet Radiol 8:99, 2004.

Penta M, Sandhu A, Fraser RD: Magnetic resonance imaging assessment of 
disc degeneration 10 years after anterior lumbar interbody fusion, Spine 
20:743, 1995.

Ries M, Jones RA, Dousset V, Moonen CT: Diffusion tensor MRI of the spi-
nal cord, Magn Reson Med 44:884, 2000.

Ross JS: Magnetic resonance imaging of the postoperative spine, Semin 
Musculoskelet Radiol 4:281, 2000.

Rothman SL: The diagnosis of infections of the spine by modern imaging 
techniques, Orthop Clin North Am 27:15, 1996.

Saifuddin A, Blease S, MacSweeney E: Axial loaded MRI of the lumbar spine, 
Clin Radiol 58:661, 2003.

Saltzherr TP, Fung Kon, Jin PH, Bennen LF, et  al.: Diagnostic imaging of 
cervical spine injuries following blunt trauma: a review of the literature 
and practical guideline, Injury 40:795, 2000.

Sarani B, Waring S, Sonnad S, Schwab CW: Magnetic resonance imaging is a 
useful adjunct in the evaluation of the cervical spine of injured patients, 
J Trauma 63:637, 2007.

Sharif HS: Role of MR imaging in the management of spinal infections, AJR 
Am J Roentgenol 158:1333, 1992.

Sharif HS, Morgan JL, al Shahed MS, al Thagafi MY: Role of CT and MR 
imaging in the management of tuberculous spondylitis, Radiol Clin North 
Am 33:787, 1995.

Solgaard Sorensen J, Kjaer P, Jensen ST, Andersen P: Low-field magnetic res-
onance imaging of the lumbar spine: reliability of qualitative evaluation 
of disc and muscle parameters, Acta Radiol 47:947, 2006.

Thornbury JR, Fryback DG, Turski PA, et al.: Disk-caused nerve compression 
in patients with acute low-back pain: diagnosis with MR, CT myelogra-
phy, and plain CT, Radiology 186:731, 1993.

Thurnher MM, Bammer R: Diffusion weighted magnetic resonance imaging 
of the spine and spinal cord, Semin Roentgenol 41:294, 2006.

Yuh WTC, Zachar CK, Barloon TJ, et al.: Vertebral compression fractures: 
distinction between benign and malignant causes with MR imaging, 
Radiology 172:215, 1989.

SHOULDER
Bertin D: Imaging shoulder instability in the athlete, Magn Reson Imaging 

Clin N Am 17:595, 2009.
Deutsch A, Altcheck DW, Veltri DM, et al.: Traumatic tears of the subscap-

ularis tendon: clinical diagnosis, magnetic resonance imaging findings, 
and operative treatment, Am J Sports Med 25:(13), 1997.

Farber A, Fayad L, Johnson T, et  al.: Magnetic resonance imaging of the 
shoulder: current techniques and spectrum of disease, J Bone Joint Surg 
88A(Suppl 4):64, 2006.

Fritz RC, Helms CA, Steinbach LS, Genant HK: Suprascapular nerve entrap-
ment: evaluation with MR imaging, Radiology 182:437, 1992.

Goodwin DW, Pathria MN: Magnetic resonance imaging of the shoulder, 
Orthopedics 17:1021, 1994.

Goss TP, Aronow MS, Coumas JM: The use of MRI to diagnose suprascapu-
lar nerve entrapment caused by a ganglion, Orthopedics 17:359, 1994.

Green MR, Christensen KP: Magnetic resonance imaging of the glenoid 
labrum in anterior shoulder instability, Am J Sports Med 22:493, 1994.

Gusmer PB, Potter HG: Imaging of shoulder instability, Clin Sports Med 
14:777, 1995.

Gusmer PB, Potter HG, Donovan WD, et al.: MR imaging of the shoulder 
after rotator cuff repair, AJR Am J Roentgenol 168:559, 1997.

Iannotti JP, Zlatkin MB, Esterhai JL, et al.: Magnetic resonance imaging of 
the shoulder, J Bone Joint Surg 73A:707, 1991.

Lee JC, Guy S, Connell D, et al.: MRI of the rotator interval of the shoul-
der, Clin Radiol 62:416, 2007.

McNally EG, Rees JL: Imaging in shoulder disorders, Skeletal Radiol 36:1013, 
2007.

Miniaci A, Dowdy PA, Willits KR, Vellet AD: Magnetic resonance imaging 
evaluation of the rotator cuff tendons in the symptomatic shoulder, Am J 
Sports Med 23:142, 1995.

Minkoff J, Stecker S, Cavaliere G: Glenohumeral instabilities and the role of 
MR imaging techniques, Magn Reson Imaging 5:767, 1997.

Murray PJ, Shafer BS: Clinical update: MR imaging of the shoulder, Sports 
Med Arthrosc 17:40, 2009.

Nelson MC, Leather GP, Nirschl RP, et al.: Evaluation of the painful shoul-
der: a prospective comparison of magnetic resonance imaging, com-
puterized tomographic arthrography, ultrasonography, and operative 
findings, J Bone Joint Surg 73A:707, 1991.

Palmer WE, Caslowitz PL, Chew FS: MR arthrography of the shoulder: 
normal intraarticular structures and common abnormalities, AJR Am J 
Roentgenol 164:141, 1995.

Parker BJ, Zlatkin MB, Newman JS, Rathur SK: Imaging of shoulder inju-
ries in sports medicine: current protocols and concepts, Clin Sports Med 
27:579, 2008.

Rafii M, Firooznia H, Sherman O, et al.: Rotator cuff lesions: signal patterns 
at MR imaging, Radiology 177:817, 1990.

Recht MP, Resnick D: Magnetic resonance imaging studies of the shoulder: 
diagnosis of lesions of the rotator cuff, J Bone Joint Surg 75A:1244, 1993.

Reinus WR, Shady KL, Mirowitz SA, Totty WG: MR diagnosis of rotator cuff 
tears of the shoulder: value of using T2-weighted fat-saturated images, 
AJR Am J Roentgenol 164:1451, 1995.

Sher JS, Uribe JW, Posada A, et  al.: Abnormal findings on magnetic reso-
nance images of asymptomatic shoulders, J Bone Joint Surg 77A:10, 1995.

Sherman OH: MR imaging of impingement and rotator cuff disorders: a sur-
gical perspective, Magn Reson Imaging 5:721, 1997.

Singson RD, Hoang T, Dan S, Friedman M: MR evaluation of rotator cuff 
pathology using T2-weighted fast spin-echo technique with and without 
fat suppression, AJR Am J Roentgenol 166:1061, 1996.

Tirman PF, Stauffer AE, Crues JV, et al.: Saline magnetic resonance arthrog-
raphy in the evaluation of glenohumeral instability, Arthroscopy 9:550, 
1993.

Vasquez J, Kassarjian A: MRI of shoulder trauma, Semin Musculoskelet 
Radiol 10:268, 2008.

ELBOW, WRIST, AND HAND
Aaron JO: A practical guide to diagnostic imaging of the upper extremity, 

Hand Clin 9:347, 1993.
Amrami KK, Felmlee JP: 3-Tesla imaging of the wrist and hand: techniques 

and applications, Semin Musculoskelet Radiol 12:223, 2008.
Behr B, Stadler J, Michaely HJ, et al.: MR imaging of the human hand and 

wrist at 7 T, Skeletal Radiol 38:911, 2009.
Berger RA, Linscheid RL, Berquist TH: Magnetic resonance imaging of the 

anterior radiocarpal ligaments, J Hand Surg 19A:295, 1994.
Cobb TK, Dalley BK, Posteraro RH, Lewis RC: Establishment of the carpal 

contents/canal ratio by means of magnetic resonance imaging, J Hand 
Surg 17A:843, 1992.

Cunningham PM: MR imaging of trauma: elbow and wrist, Semin 
Musculoskelet Radiol 10:284, 2006.

Dalinka MK, Meyer S, Kricun ME, Vanel D: Magnetic resonance imaging of 
the wrist, Hand Clin 7:87, 1991.

    

https://booksmedicos.org


PART I GENERAL PRINCIPLES2-176.e4

Escobedo EM, Bergman AG, Hunter JC: MR imaging of ulnar impaction, 
Skeletal Radiol 24:85, 1995.

Falchook FS, Zlatkin MB, Erbacher GE, et al.: Rupture of the distal biceps 
tendon: evaluation with MR imaging, Radiology 190:659, 1994.

Fritz RC, Brody GA: MR imaging of the wrist and elbow, Clin Sports Med 
14:315, 1995.

Fritz RC, Steinbach LS: Magnetic resonance imaging of the musculoskeletal 
system: III. The elbow, Clin Orthop Relat Res 324:321, 1996.

Herzog RJ: Efficacy of magnetic resonance imaging of the elbow, Med Sci 
Sports Exerc 26:1193, 1994.

Ho CP: Sports and occupational injuries of the elbow: MR imaging findings, 
AJR Am J Roentgenol 164:1465, 1995.

Huynh PT, Kaplan PA, Dussault RG: Magnetic resonance imaging of the 
elbow, Orthopedics 17:1029, 1994.

Imeda T, Makamura R, Miura T, Makino N: Magnetic resonance imaging in 
Kienbock disease, J Hand Surg 17B:12, 1992.

Kijowski R, Tuite M, Sanford M: Magnetic resonance imaging of the elbow: 
part I. Normal anatomy, imaging technique, and osseous abnormalities, 
Skeletal Radiol 33:685, 2004.

Kijowski R, Tuite M, Sanford M: Magnetic resonance imaging of the elbow: 
part II. Abnormalities of the ligaments, tendons, and nerves, Skeletal 
Radiol 34:1, 2005.

Lepisto J, Mattila K, Nieminen S, et al.: Low-field MRI and scaphoid fracture, 
J Hand Surg 20B:539, 1995.

Lisle DA, Shepherd GJ, Cowderoy GA, O’Connell PT: MR imaging of trau-
matic and overuse injuries of the wrist and hand in athletes, Magn Reson 
Imaging Clin N Am 17:639, 2009.

Oneson SR, Timins ME, Scales LM, et  al.: MR imaging diagnosis of TFC 
pathology with arthroscopic correlation, AJR Am J Roentgenol 168:1513, 
1997.

Ouelette H, Bredella M, Labis J, et al.: MR imaging of the elbow in baseball 
pitchers, Skeletal Radiol 37:115, 2008.

Patten RM: Overuse syndromes and injuries involving the elbow: MR imag-
ing findings, AJR Am J Roentgenol 164:1205, 1995.

Peh WC, Gilula LA, Wilson AJ: Detection of occult wrist fractures by mag-
netic resonance imaging, Clin Radiol 51:285, 1996.

Schwartz ML, Al-Zahrani S, Morwessel RM, et al.: Ulnar collateral ligament 
injury in the throwing athlete: evaluation with saline-enhanced MR 
arthrography, Radiology 197:297, 1995.

Shaken JR, Palmer AK, Levinsohn EM, et al.: Magnetic resonance imaging of 
the triangular fibrocartilage complex, J Hand Surg 15A:552, 1990.

Timmerman LA, Schwartz ML, Andrews JR: Preoperative evaluation of the 
ulnar collateral ligament by magnetic resonance imaging and computed 
tomography arthrography: evaluation in 25 baseball players with surgical 
confirmation, Am J Sports Med 22:(26), 1994.

Trumble TE, Irving J: Histologic and magnetic resonance imaging correla-
tions in Kienbock’s disease, J Hand Surg 15A:879, 1990.

Vo P, Wright T, Hayden F, et al.: Evaluating dorsal wrist pain: MRI diagnosis 
of occult dorsal wrist ganglion, J Hand Surg 20A:667, 1995.

Yu JS: Magnetic resonance imaging of the wrist, Orthopedics 17:1041, 1994.

TUMORS
Bearman FD, Kransdorf MJ, Andrews TR, et  al.: Superficial soft tissue 

masses: analysis, diagnosis, and differential consideration, Radiographics 
27:509, 2007.

Berger FH, ver Straete KL, Gooding CA, et al.: MR imaging of musculoskel-
etal neoplasm, Magn Reson Imaging Clin North Am 8:929, 2000.

Berquist TH: Magnetic resonance imaging of primary skeletal neoplasms, 
Radiol Clin North Am 31:411, 1993.

Blacksin MF, Ende N, Benevenia J: Magnetic resonance imaging of intraos-
seous lipomas: a radiologic-pathologic correlation, Skeletal Radiol 24:37, 
1995.

Cohen IJ, Hadar H, Schreiber R, et al.: Primary bone tumor resectability: the 
value of serial MRI studies in the determination of feasibility, timing, and 
extent of tumor resection, J Pediatr Orthop 14:781, 1994.

Daniel A, Ullah E, Wahab S, Kumar V: Relevance of MRI in prediction of 
malignancy of musculoskeletal system—a prospective evaluation, BMC 
Musculoskelet Disord 10:125, 2009.

Frassica FJ, Khanna JA, McCarthy EF: The role of MR imaging in soft tissue 
tumor evaluation: perspective of the orthopedic oncologist and the mus-
culoskeletal pathologist, Magn Reson Imag Clin North Am 8:918, 2000.

Greenfield GB, Arrington JA, Kudryk BT: MRI of soft tissue tumors, Skeletal 
Radiol 22:77, 1993.

Hanna SL, Fletcher BD: MR imaging of malignant soft tissue tumors, Magn 
Reson Imaging 3:629, 1995.

Heck RK, O’Malley AM, Kellum EL, et al.: Errors in the MRI evaluation of 
musculoskeletal tumors and tumorlike lesions, Clin Orthop Relat Res 
459:28, 2007.

Kransdorf MJ: Magnetic resonance imaging of musculoskeletal tumors, 
Orthopedics 17:1003, 1994.

Lang P, Grampp S, Vahlensieck M, et al.: Primary bone tumors: value of MR 
angiography for preoperative planning and monitoring response to che-
motherapy, AJR Am J Roentgenol 165:135, 1995.

Lang P, Honda G, Roberts T, et al.: Musculoskeletal neoplasm: perineoplastic 
edema vs. tumor on dynamic postcontrast MR images with spatial map-
ping of instantaneous enhancement rates, Radiology 197:831, 1995.

Levey DS, Park YH, Sartoris DJ: Imaging of pedal soft tissue neoplasms, J 
Foot Ankle Surg 34:411, 1995.

Muscolo DL, Makino A, Costa-Paz M, Ayerza MA: Localized pigmented vil-
lonodular synovitis of the posterior compartment of the knee: diagnosis 
with magnetic resonance imaging, Arthroscopy 11:482, 1995.

Ozaki T, Hashizume H, Kawai A, Inoue H: Ewing’s sarcoma of the hand: 
magnetic resonance images and treatment, J Hand Surg 20A:441, 1995.

Papp DF, Khanna AJ, McCarthy EF, et al.: Magnetic resonance imaging of 
soft tissue tumors: determinate and indeterminate lesions, J Bone Joint 
Surg 89A(Suppl 3):103, 2007.

Rupp RE, Ebraheim NA, Coombs RJ: Magnetic resonance imaging differ-
entiation of compression spine fractures or vertebral lesions caused by 
osteoporosis or tumor, Spine 20:2499, 1995.

Schima W, Amann G, Stiglbauer R, et al.: Preoperative staging of osteosar-
coma: efficacy of MR imaging in detecting joint involvement, AJR Am J 
Roentgenol 163:1171, 1994.

Swan JS, Grist TM, Sproat IA, et al.: Musculoskeletal neoplasms: preoperative 
evaluation with MR angiography, Radiology 194:519, 1995.

Van Vliet M, Kliffen M, Krestin GP, et al.: Soft tissue sarcomas at a glance: 
clinical, histological, and MR imaging features of malignant extremity 
soft tissue tumors, Eur Radiol 19:1499, 2009.

    

https://booksmedicos.org


ARTHROPLASTY OF THE HIP
James W. Harkess, John R. Crockarell Jr.

CHAPTER 3

Total hip arthroplasty is the most commonly performed 
adult reconstructive hip procedure. This chapter discusses 
cemented and noncemented arthroplasties, bearing choices, 
and current trends in surgical approaches and less invasive 
techniques. In addition, revision hip arthroplasty, which 
comprises an enlarging segment of procedures performed, is 
reviewed.

The results of the Charnley total hip arthroplasty (THA) 
are the benchmark for evaluating the performance of other 
arthroplasties. The laboratory and clinical contributions of 
Charnley have improved the quality of life for many patients. 
Nevertheless, the history of hip arthroplasty has been 
dynamic, and research continues to improve results, espe-
cially in young patients. Investigation has proceeded along 
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multiple paths, including (1) improvement in the durability 
of implant fixation, (2) reduction in the wear of the articu-
lating surfaces, and (3) technical modifications in the opera-
tion to speed rehabilitation and reduce implant-positioning 
errors.

In response to the problem of loosening of the stem and 
cup based on the alleged failure of cement, press-fit, porous-
coated, and hydroxyapatite-coated stems and cups have been 
investigated as ways to eliminate the use of cement and to use 
bone ingrowth or ongrowth as a means of achieving durable 
skeletal fixation. Although some initial cementless implant 
designs have proved very successful, others have been beset 
by premature and progressive failure because of inadequate 
initial fixation, excessive wear, and periprosthetic bone loss 
secondary to particle-induced osteolysis. As experience has 
accumulated, the importance of certain design parameters 
has become apparent and the use of cementless fixation for 
the femoral and acetabular components has become more 
common.

Many different techniques have evolved to improve 
cemented femoral fixation, including injection of low-vis-
cosity cement, occlusion of the medullary canal, reduction 
of porosity, pressurization of the cement, and centralization 
of the stem. Similar techniques have been less successful in 
improving the results of acetabular fixation. Stem fracture has 
been largely eliminated by routine use of superalloys in their 
fabrication.

As technologic advances improve the longevity of 
implant fixation, problems related to wear of articulating sur-
faces have emerged. Highly crosslinked polyethylenes have 
demonstrated reduced wear and have now largely replaced 
conventional ultra-high-molecular-weight polyethylene. 
Ceramic-ceramic articulations have been used because of 
their low coefficient of friction and superior in  vitro wear 
characteristics; these have also been successful. The initial 
enthusiasm for metal-on-metal articulations has been tem-
pered by high failure rates caused by metal hypersensitiv-
ity reactions. The introduction of these more wear-resistant 

bearings has led to the use of larger component head sizes and 
modifications of postoperative regimens.

Consider the problems of previous materials and design 
modifications that did not become apparent until the results 
of a sufficient number of 5-year or more follow-up studies 
were available. There is little debate that the results of revi-
sion procedures are less satisfactory and that primary THA 
offers the best chance of success. Selection of the appropriate 
patient, the proper implants, and the technical performance 
of the operation are of paramount importance.

THA procedures require the surgeon to be familiar with 
the many technical details of the operation. To contend suc-
cessfully with the many problems that occur and to evaluate 
new concepts and implants, a working knowledge of biome-
chanical principles, materials, and design also is necessary.

APPLIED BIOMECHANICS
The biomechanics of THA are different from those of the 
screws, plates, and nails used in bone fixation because these 
latter implants provide only partial support and only until the 
bone unites. Total hip components must withstand many years 
of cyclic loading equal to at least three times body weight. A 
basic knowledge of the biomechanics of the hip and of THA is 
necessary to perform the procedure properly, to manage the 
problems that may arise during and after surgery successfully, 
to select the components intelligently, and to counsel patients 
concerning their physical activities.

FORCES ACTING ON THE HIP
To describe the forces acting on the hip joint, the body weight 
can be depicted as a load applied to a lever arm extending 
from the body’s center of gravity to the center of the femoral 
head (Fig. 3.1). The abductor musculature, acting on a lever 
arm extending from the lateral aspect of the greater trochan-
ter to the center of the femoral head, must exert an equal 
moment to hold the pelvis level when in a one-legged stance 
and a greater moment to tilt the pelvis to the same side when 

 

A A1

B
B1 B2

X X X

A2

A B C
FIGURE 3.1 Lever arms acting on hip joint. A, Moment produced by body weight applied at 

body’s center of gravity, X, acting on lever arm, B-X, must be counterbalanced by moment produced 
by abductors, A, acting on shorter lever arm, A-B. Lever arm A-B may be shorter than normal in 
arthritic hip. B, Medialization of acetabulum shortens lever arm B1-X, and use of high offset neck 
lengthens lever arm A1-B1. C, Lateral and distal reattachment of osteotomized greater trochanter 
lengthens lever arm A2-B2 further and tightens abductor musculature.
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walking. Because the ratio of the length of the lever arm of 
the body weight to that of the abductor musculature is about 
2.5:1, the force of the abductor muscles must approximate 
2.5 times the body weight to maintain the pelvis level when 
standing on one leg. The estimated load on the femoral head 
in the stance phase of gait is equal to the sum of the forces 
created by the abductors and the body weight and has been 
calculated to be three times the body weight; the load on the 
femoral head during straight-leg raising is estimated to be 
about the same.

An integral part of the Charnley concept of THA was 
to shorten the lever arm of the body weight by deepening 
the acetabulum and to lengthen the lever arm of the abduc-
tor mechanism by reattaching the osteotomized greater tro-
chanter laterally. The moment produced by the body weight 
is decreased, and the counterbalancing force that the abduc-
tor mechanism must exert is decreased. The abductor lever 
arm may be shortened in arthritis and other hip disorders in 
which part or all of the head is lost or the neck is shortened. It 
also is shortened when the trochanter is located posteriorly, as 
in external rotational deformities, and in many patients with 
developmental dysplasia of the hip. In an arthritic hip, the 
ratio of the lever arm of the body weight to that of the abduc-
tors may be 4:1. The lengths of the two lever arms can be 
surgically changed to make their ratio approach 1:1 (see Fig. 
3.1). Theoretically, this reduces the total load on the hip by 
30%. Femoral rotational alignment also plays a role in these 
changes in moment arms. In a finite element model, Terrier 
et al. found that changes in moment arms with cup medializa-
tion were inversely correlated with femoral anteversion, such 
that hips with less femoral anteversion gained more in terms 
of muscle moments.

Understanding the benefits derived from medializing the 
acetabulum and lengthening the abductor lever arm is impor-
tant; however, neither technique is currently emphasized. The 
principle of medialization has given way to preserving sub-
chondral bone in the pelvis and to deepening the acetabulum 
only as much as necessary to obtain bony coverage for the 
cup. Because most total hip procedures are now done without 
osteotomy of the greater trochanter, the abductor lever arm 
is altered only relative to the offset of the head to the stem. 
These compromises in the original biomechanical principles 
of THA have evolved to obtain beneficial tradeoffs of a bio-
logic nature; to preserve pelvic bone, especially subchondral 
bone; and to avoid problems related to reattachment of the 
greater trochanter.

Calculated peak contact forces across the hip joint dur-
ing gait range from 3.5 to 5.0 times the body weight and 
up to six times the body weight during single-limb stance. 
Experimentally measured forces around the hip joint using 
instrumented prostheses generally are lower than the forces 
predicted by analytical models, in the range of 2.6 to 3.0 times 
the body weight during single-limb stance phase of gait. 
When lifting, running, or jumping, however, the load may be 
equivalent to 10 times the body weight. Excess body weight 
and increased physical activity add significantly to the forces 
that act to loosen, bend, or break the femoral component.

The forces on the joint act not only in the coronal plane 
but, because the body’s center of gravity (in the midline ante-
rior to the second sacral vertebral body) is posterior to the 
axis of the joint, also in the sagittal plane to bend the stem 
posteriorly. The forces acting in this direction are increased 

when the loaded hip is flexed, as when arising from a chair, 
ascending and descending stairs or an incline, or lifting (Fig. 
3.2). During the gait cycle, forces are directed against the 
prosthetic femoral head from a polar angle between 15 and 
25 degrees anterior to the sagittal plane of the prosthesis. 
During stair climbing and straight-leg raising, the resultant 
force is applied at a point even farther anterior on the head. 
Such forces cause posterior deflection or retroversion of the 
femoral component. These so-called out-of-plane forces have 
been measured at 0.6 to 0.9 times body weight.

Implanted femoral components must withstand substan-
tial torsional forces even in the early postoperative period. 
Consequently, femoral components used without cement 
must be designed and implanted so that they are immediately 
rotationally stable within the femur. Similarly, the shape of a 
cemented implant must impart rotational stability within its 
cement mantle.

The location of the center of rotation of the hip from 
superior to inferior also affects the forces generated around 
the implant. In a mathematical model, the joint reaction force 
was lower when the hip center was placed in the anatomic 
location compared with a superior and lateral or posterior 
position. Isolated superior displacement without lateraliza-
tion produces relatively small increases in stresses in the peri-
acetabular bone. This has clinical importance in the treatment 
of developmental dysplasia and in revision surgery when 
superior bone stock is deficient. Placement of the acetabular 
component in a slightly cephalad position allows improved 
coverage or contact with viable bone. Nonetheless, clinical 
studies have documented a higher incidence of progressive 
radiolucencies and migration of components in patients with 
protrusion, dysplasia, and revision situations when the hip 
center was placed in a nonanatomic position. 

STRESS TRANSFER TO BONE
The quality of the bone before surgery is a determinant 
in the selection of the most appropriate implant, optimal 
method of fixation, response of the bone to the implant, and 
ultimate success of the arthroplasty. Dorr et  al. proposed a 

 

A B
FIGURE 3.2 Forces producing torsion of stem. Forces acting 

on hip in coronal plane (A) tend to deflect stem medially, and forces 
acting in sagittal plane (B), especially with hip flexed or when 
lifting, tend to deflect stem posteriorly. Combined, they produce 
torsion of stem.
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radiographic categorization of proximal femurs based on 
their shape and correlated those shapes with measurements 
of cortical thickness and canal dimensions (Fig. 3.3). Type A 
femurs have thick cortices on the anteroposterior view and 
a large posterior cortex seen on the lateral view. The narrow 
distal canal gives the proximal femur a pronounced funnel 
shape or “champagne flute” appearance. The type A femur is 
more commonly found in men and younger patients and per-
mits good fixation of either cemented or cementless stems. 
Type B femurs exhibit bone loss from the medial and poste-
rior cortices, resulting in increased width of the intramedul-
lary canal. The shape of the femur is not compromised, and 
implant fixation is not a problem. Type C femurs have lost 
much of the medial and posterior cortex. The intramedullary 
canal diameter is very wide, particularly on the lateral radio-
graph. The “stovepipe”-shaped type C bone is typically found 
in older postmenopausal women and creates a less favorable 
environment for cementless implant fixation.

The material a stem is made of, the geometry, length, and 
size of the stem, and the method and extent of fixation dra-
matically alter the pattern in which stress is transferred to the 
femur. Adaptive bone remodeling arising from stress shield-
ing compromises implant support and predisposes to fracture 
of the femur or the implant itself. Stress transfer to the femur 
is desirable because it provides a physiologic stimulus for 
maintaining bone mass and preventing disuse osteoporosis. 
A decrease in the modulus of elasticity of a stem decreases the 
stress in the stem and increases stresses to the surrounding 
bone. This is true of stems made of metals with a lower mod-
ulus of elasticity, such as a titanium alloy, particularly if the 
cross-sectional diameter is relatively small. Larger-diameter 

stems made of the same material are stronger, but they also 
are stiffer or less elastic, and the increased cross-sectional 
diameter negates any real benefits of the lower modulus of 
elasticity. The bending stiffness of a stem is proportional to 
the fourth power of the diameter, and small increases in stem 
diameter produce much larger increments of change in flex-
ural rigidity. When the stem has been fixed within the femur 
by bone ingrowth, load is preferentially borne by the stiffer 
structure and the bone of the proximal femur is relieved of 
stress.

Detailed examinations of stress shielding of the femur 
after cementless total hip replacement found that almost 
all femurs showing moderate or severe proximal resorption 
involved stems 13.5 mm in diameter or larger. With a press-fit 
at the isthmus and radiographic evidence of bone ingrowth, 
more stress shielding was evident. Extensive porous coating 
in smaller size stems does not seem to produce severe stress 
shielding. More recent follow-up with larger stem sizes shows 
greater stress shielding, however, with more extensively coated 
stems (Fig. 3.4). Localized bone hypertrophy can be seen in 
areas where an extensively porous-coated stem contacts the 
cortex. This is seen often at the distal end of the porous coat-
ing with an extensively coated stem. Such hypertrophy is less 
pronounced when the porous surface is confined to the proxi-
mal portion of the stem. In a meta-analysis of studies of femo-
ral bone loss, Knutsen et al. found that cementless stems had 
more proximal bone loss than cemented implants and cobalt-
chromium stems had nearly double the proximal bone loss 
seen with titanium alloy femoral stems.

Videodensitometry analysis of autopsy-retrieved femurs 
found that for cemented and cementless implants, the area 

 

Type A Type B Type C

FIGURE 3.3 Dorr radiographic categorization of proximal femurs according to shape, corre-
lation with cortical thickness, and canal dimension.  (From Dorr LD, Faugere MC, Mackel AM, et al: 
Structural and cellular assessment of bone quality of proximal femur, Bone 14:231, 1993.)
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of greatest decrease in bone mineral density occurred in the 
proximal medial cortex. Dual energy x-ray absorptiometry 
scans show bone loss in the proximal femur progresses over 
a period of at least 5 years after surgery. This loss of mineral 
density does not occur with resurfacing arthroplasty. Shorter 
length stem designs also aim to load the proximal femoral 
bone in a more physiological manner to reduce bone loss in 
this area.

If a prosthesis has a collar that is seated on the cut sur-
face of the neck, it is postulated that axial loading of the bone 
would occur in this area. It is technically difficult, however, 
to obtain this direct contact of a collar or cement with the 
cut surface of bone. Although the role of a collar in prevent-
ing loosening of a cemented femoral component has not been 
clearly established, any loading of the proximal medial neck 
is likely to decrease bone resorption and reduce stresses in the 
proximal cement. The presence of a collar on cementless fem-
oral components is more controversial because it may prevent 
complete seating of the stem, making it loose at implantation.

Cementless stems generally produce strains in the bone 
that are more physiologic than the strains caused by fully 
cemented stems, depending on the stem size and the extent 
of porous coating. Proximal medial bone strains have been 
found to be 65% of normal with a collarless press-fit stem 
and 70% to 90% with a collared stem with an exact proxi-
mal fit. A loose-fitted stem with a collar can produce proxi-
mal strains greater than in the intact femur, although the 
consequences of a loose stem negate any potential benefits in 
loading provided by the collar. When a stem is loaded, it pro-
duces circumferential or hoop stresses in the proximal femur. 
Proximal wedging of a collarless implant may generate exces-
sive hoop strains that cause intraoperative and postoperative 
fractures of the proximal femur. Prophylactic cerclage wire 
placement increases energy to failure and may reduce the 

risk of periprosthetic fracture, particularly when the femur is 
osteopenic or bony defects are present.

Stem shape also seems to affect stress transfer to bone. In a 
review of three different types of titanium stems with tapered 
geometries, an overall incidence of radiographic proximal 
femoral bone atrophy of only 6% was found in the 748 arthro-
plasties studied. In no patient was the proximal bone loss as 
severe as that seen in patients with stems of a cylindrical distal 
geometry that filled the diaphysis.

Cadaver studies have identified a wide variability in the 
degree and location of bone remodeling between individu-
als in clinically successful arthroplasties with solid fixation. 
A strong correlation was shown, however, between the bone 
mineral density in the opposite femur and the percentage of 
mineral loss in the femur that had been operated on, regard-
less of the method of implant fixation; it seems that patients 
with diminished bone mineral density before surgery are 
at greatest risk for significant additional bone loss after 
cemented and cementless THA.

The amount of stress shielding that is acceptable in the 
clinical setting is difficult to determine. In a series of 208 
hip arthroplasties followed for a mean 13.9 years, Engh et al. 
reported patients with radiographically evident stress shield-
ing had lower mean walking scores but no increase in other 
complications and were less likely to require revision for stem 
loosening or osteolysis. Although proximal femoral stress 
shielding does not seem to affect adversely early or midterm 
clinical results, experience with failed cemented implants 
has also shown that revision surgery becomes more complex 
when femoral bone stock has been lost. Ongoing investiga-
tions into materials and stem design are likely to be beneficial 
in reducing adverse femoral remodeling.

On the pelvic side, finite analysis has indicated that 
with the use of a cemented polyethylene cup, peak stresses 

 

A B

FIGURE 3.4 Response of bone to load. A, Postoperative radiograph of extensively porous-
coated stem. B, Two years later, cortical and cancellous bone density in proximal femur has decreased 
as a result of stress shielding.
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develop in the pelvic bone. A metal-backed cup with a poly-
ethylene liner reduces the high areas of stress and distrib-
utes the stresses more evenly. Similar studies have indicated 
that increased peak stresses develop in the trabecular bone 
when the subchondral bone is removed and that decreased 
peak stresses develop when a metal-backed component is 
used. The highest stresses in the cement and trabecular bone 
develop when a thin-walled, polyethylene acetabular com-
ponent is used and when the subchondral bone has been 
removed. Stress on the cement-bone interface may also be 
increased up to 9% when a larger diameter femoral head is 
utilized. A thick-walled polyethylene cup of 5 mm or more, 
as opposed to a thin-walled polyethylene cup, tends to reduce 
the stresses in the trabecular bone, similar to the effect of the 
metal-backed cup. The preservation of subchondral bone in 
the acetabulum and the use of a metal-backed cup or thick-
walled polyethylene cup decrease the peak stress levels in the 
trabecular bone of the pelvis.

Favorable early results with metal-backed, cemented ace-
tabular components led to their widespread use in the past. 
Longer follow-up has shown no sustained benefit, however, 
from the use of metal backing, and in some series survivor-
ship of the cemented metal-backed acetabular components 
has been worse than that of components without metal back-
ing. Using a thick-walled, all-polyethylene component and 
retaining the subchondral bone of the acetabulum are two 
steps that seem to provide a satisfactory compromise without 
excessive stress shielding or stress concentration.

When cementless acetabular fixation is used, metal 
backing is required for skeletal fixation. Ideally, the metal 
should contact acetabular subchondral bone over a wide 
area to prevent stress concentration and to maximize the 
surface area available for biologic fixation. The accuracy of 
acetabular preparation and the shape and size of the implant 
relative to the prepared cavity dramatically affect this initial 
area of contact and the transfer of stress from the implant to 
the pelvis. If a hemispherical component is slightly under-
sized relative to the acetabulum, stress is transferred cen-
trally over the pole of the component, with the potential for 
peripheral gaps between the implant and bone. Conversely, 
if the component is slightly larger than the prepared cav-
ity, stress transfer occurs peripherally, with the potential for 
fracture of the acetabular rim during implantation (see sec-
tion on implantation of cementless acetabular components). 
Polar gaps also may remain from incomplete seating of the 
component.

The manner of stress transfer from a cementless acetabu-
lar component to the surrounding acetabular bone dictates 
its initial stability. As the cup is impacted into the acetabu-
lum, forces generated by elastic recoil of the bone stabilize 
the implant. Peripheral strains acting on a force vector per-
pendicular to the tangent at the rim stabilize the cup. Strains 
medial to the rim generate a force vector that pushes laterally 
and destabilizes the cup (Fig. 3.5).

Stress shielding of the periacetabular bone by cementless 
implants has received less attention than with femoral com-
ponents but does occur. Using a novel method of CT-assisted 
osteodensitometry, Mueller et  al. assessed bone density 
around cementless titanium acetabular components at 10 
days and 1 year postoperatively. Cortical bone density cepha-
lad to the implant increased by 3.6%. Conversely, cancellous 
bone density decreased by 18%, with the area of greatest loss 

anterior to the cup. The clinical importance of acetabular 
stress shielding has not been determined. 

DESIGN AND SELECTION OF 
TOTAL HIP COMPONENTS
Total hip femoral and acetabular components of various 
materials and a multitude of designs are currently available. 
Few implant designs prove to be clearly superior or inferior 
to others. Certain design features of a given implant may pro-
vide an advantage in selected situations. Properly selected 
and implanted total hip components of most designs can be 
expected to yield satisfactory results in a high percentage of 
patients. No implant design or system is appropriate for every 
patient, and a general knowledge of the variety of component 
designs and their strengths and weaknesses is an asset to the 
surgeon. Selection is based on the patient’s needs, the patient’s 
anticipated longevity and level of activity, the bone quality 
and dimensions, the ready availability of implants and proper 
instrumentation, and the experience of the surgeon.

We routinely use many total hip systems from different 
manufacturers; we present here an overview of the available 
systems, emphasizing similar and unique features. Numerous 
investigators and manufacturers have changed their designs 
within a relatively short time to incorporate newer concepts, 
and this confuses many orthopaedic surgeons and patients. 
The surgeon’s recommendations should be tempered by the 
knowledge that change does not always bring about improve-
ment and that radical departure from proven concepts of 
implant design yields unpredictable long-term results.

Total hip femoral and acetabular components are com-
monly marketed together as a total hip system. While the 
practice is off-label, the variety of modular head sizes with 
most femoral components allows use with other types of 
acetabular components if necessary. Femoral and acetabular 
components are discussed separately.

FEMORAL COMPONENTS
The primary function of the femoral component is the 
replacement of the femoral head and neck after resection 
of the arthritic or necrotic segment. The ultimate goal of a 
biomechanically sound, stable hip joint is accomplished by 
careful attention to restoration of the normal center of rota-
tion of the femoral head. This location is determined by three 
factors: (1) vertical height (vertical offset), (2) medial offset 
(horizontal offset or, simply, offset), and (3) version of the 

 FIGURE 3.5 Destabilization of cup from strains medial to 
rim.
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femoral neck (anterior offset) (Fig. 3.6). Vertical height and 
offset increase as the neck is lengthened, and proper recon-
struction of both features is the goal when selecting the length 
of the femoral neck.

In most modern systems, neck length is adjusted by 
using modular heads with variable internal bores that mate 
with a uniformly tapered trunnion on the femoral compo-
nent (Fig. 3.7). The taper is commonly referred to as a Morse 
taper, although there is no defined standard across all manu-
facturers. A Morse taper is approximately 3 degrees on each 
side and the size is typically designated by the diameters at 
the upper and lower ends. The most common taper used 
presently is 12 mm/14 mm, but this has varied over time 
even within the implant offerings of a given manufacturer. 
It should also be noted that each manufacturer has unique 
specifications for their tapers and they vary by diameter at the 
smaller and larger ends, length, taper angle, and surface fin-
ish. Consequently, femoral heads from one manufacturer are 
not compatible with femoral trunnions of another even if the 
nominal size is the same. Toggling of the head on the trun-
nion, dissociation, material loss, and corrosion may result 
from such a mismatch.

Neck length typically ranges from 25 to 50 mm, and 
adjustment of 8 to 12 mm for a given stem size routinely is 
available. When a long neck length is required for a head 
diameter up to 32 mm, a skirt extending from the lower 
aspect of the head may be required to fully engage the Morse 

taper (Fig. 3.8). For heads larger than 32 mm a skirt is unnec-
essary even for longer neck lengths.

Vertical height (vertical offset) is determined primarily by 
the base length of the prosthetic neck plus the length gained 
by the modular head used. In addition, the depth the implant 
is inserted into the femoral canal alters vertical height. When 
cement is used, the vertical height can be adjusted further 
by variation in the level of the femoral neck osteotomy. This 
additional flexibility may be unavailable when a cement-
less femoral component is used because depth of insertion 
is determined more by the fit within the femoral metaphysis 
than by the level of the neck osteotomy.

Offset (i.e., horizontal offset) is the distance from the cen-
ter of the femoral head to a line through the axis of the distal 
part of the stem and is primarily a function of stem design. 
Inadequate restoration of offset shortens the moment arm of 
the abductor musculature and results in increased joint reac-
tion force, limp, and bone impingement, which may result in 
dislocation. Offset can be increased by simply using a lon-
ger modular neck, but doing so also increases vertical height, 
which may result in overlengthening of the limb. To address 
individual variations in femoral anatomy, many components 
are now manufactured with standard and high offset ver-
sions. This is accomplished by reducing the neck-stem angle 
(typically to about 127 degrees) or by attaching the neck to 
the stem in a more medial position (Fig. 3.9). Reduction of 
the neck-stem angle increases offset but also reduces vertical 
height slightly. When the neck is attached in a more medial 
position, offset is increased without changing height; leg 
length is therefore unaffected.

Version refers to the orientation of the neck in reference 
to the coronal plane and is denoted as anteversion or retro-
version. Restoration of femoral neck version is important in 
achieving stability of the prosthetic joint. The normal femur 
has 10 to 15 degrees of anteversion of the femoral neck in rela-
tion to the coronal plane when the foot faces straight forward, 
and the prosthetic femoral neck should approximate this. 
Proper neck version usually is accomplished by rotating the 
component within the femoral canal. This presents little prob-
lem when cement is used for fixation; however, when press-
fit fixation is used, the femoral component must be inserted 
in the same orientation as the femoral neck to maximize the 
fill of the proximal femur and achieve rotational stability of 
the implant. This problem can be circumvented by the use of 
a modular femoral component in which the stem is rotated 
independent of the metaphyseal portion. So-called anatomic 
stems have a slight proximal posterior bow to reproduce the 
contour of the femoral endosteum, predetermining the rota-
tional alignment of the implant. Most such stems have a few 
degrees of anteversion built into the neck to compensate for 
this, and separate right and left stems are required. Finally, 
femoral components have been produced with dual modular 
necks in different geometries and lengths to allow the adjust-
ment of length, offset, and version independently (Fig. 3.10). 
However, tribocorrosion at the taper junction between the 
neck and stem has been reported with these dual modular 
necks, and several of the designs have been either recalled or 
voluntarily withdrawn from the market. Consequently, their 
use has declined markedly over the past few years.

The size of the femoral head, the ratio of head and neck 
diameters, and the shape of the neck of the femoral compo-
nent have a substantial effect on the range of motion of the hip, 
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FIGURE 3.6 Features of femoral component. Neck length is 
measured from center of head to base of collar; head-stem offset, 
from center of head to line through axis of distal part of stem; 
stem length, from medial base of collar to tip of stem; and angle 
of neck, by intersection of line through center of head and neck 
with another along lateral border of distal half of stem.
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the degree of impingement between the neck and rim of the 
socket, and the stability of the articulation. This impingement 
can lead to dislocation, accelerated polyethylene wear, acetab-
ular component loosening, and liner dislodgment or fracture. 
For a given neck diameter, the use of a larger femoral head 
increases the head-neck ratio and the range of motion before 
the neck impinges on the rim of the socket will be greater 
(Fig. 3.11). When this impingement does occur, the femoral 
head is levered out of the socket. The “jump distance” is the 
distance the head must travel to escape the rim of the socket 
and is generally approximated to be half the diameter of the 
head (Fig. 3.12). For both of these reasons, a larger-diame-
ter head is theoretically more stable than a smaller one. In a 
large series of total hips performed with a head size of 36 mm 
or larger, Lombardi et al. reported a dislocation rate of only 
0.05%. The introduction of advanced bearing surfaces has 
allowed the use of larger head sizes than those traditionally 
used in the past. In practical terms, the femoral head diam-
eter is limited by the size of the acetabulum, regardless of the 
bearing materials used for the femoral head and acetabulum.

In a range-of-motion simulation with digitized implants 
and virtual reality software, Barrack et al. found an improve-
ment of 8 degrees of hip flexion when head size was increased 
from 28 to 32 mm. Range of motion was dramatically reduced 
by the use of a circular neck, especially when combined 
with a skirted modular head, which increases the diameter 
of the femoral neck (Fig. 3.13). A trapezoidal neck yielded 
greater range of motion without impingement than a circular 
one (Fig. 3.14). In an experimental range-of-motion model 
with head sizes larger than 32 mm, Burroughs et  al. found 
that impingement between prosthetic components could be 
largely eliminated. When a head size larger than 38 mm was 
used, however, the only impingement was bone on bone and 
was dependent on bony anatomy and independent of head 
size. The ideal configuration of the prosthetic head and neck 
segment includes a trapezoidal neck and a larger diameter 
head without a skirt.

 FIGURE 3.7 Modular heads for femoral components. Neck 
taper mates with modular femoral heads. Motion is absent between 
head and neck segments. Different diameter heads with various 
neck extensions are available. Extended neck, or “skirt,” of longer 
components has larger diameter than neck of conventional compo-
nents, and arc of motion of hip is decreased.

 

A B
Nonskirted head Skirted head

FIGURE 3.8 Head-to-neck ratio of implants. Large-diameter 
head with trapezoidal neck (A) has greater range of motion and 
less impingement than smaller diameter head and skirted modular 
neck (B).

 

A B
FIGURE 3.9 Variations in femoral component necks to 

increase offset. A, Neck-stem angle is reduced. B, Neck is attached 
at more medial position on stem. SEE TECHNIQUE 3.5.

 FIGURE 3.10 Modular femoral neck with taper junctions for 
stem body and femoral head. Multiple configurations allow inde-
pendent adjustment of length and offset and version.
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All total hip systems in current use achieve fixation of 
the femoral prosthesis with a metal stem that is inserted 
into the medullary canal. Much of the design innovation 
to increase prosthetic longevity has been directed toward 
improvement in fixation of the implant within the femo-
ral canal. Many femoral stems have been in clinical use for 
variable periods since the 1990s. Recognition of the radio-
graphic profile of a stem is often beneficial, however, in 
planning revision surgery. Readers are directed to previous 
editions of this text and other historical references for this 
information.

Femoral components are available in both cemented and 
cementless varieties.

CEMENTED FEMORAL COMPONENTS
With the introduction of the Charnley low-friction arthro-
plasty, acrylic cement became the standard for femoral 
component fixation. Advances in stem design and in the 
application of cement have dramatically improved the long-
term survivorship of cemented stems. Despite these advances, 
the use of cement for femoral fixation has declined precipi-
tously over the past decade and there has been little recent 
innovation in implant design. Nonetheless, worldwide regis-
try data suggest that in patients older than 75 years outcomes 
are better with cemented femoral fixation, owing mainly to a 
lower risk of periprosthetic fracture.

Certain design features of cemented stems have become 
generally accepted. The stem should be fabricated of high-
strength superalloy. Most designers favor cobalt-chrome alloy 
because its higher modulus of elasticity may reduce stresses 
within the proximal cement mantle. The cross section of 
the stem should have a broad medial border and preferably 
broader lateral border to load the proximal cement mantle 
in compression. Sharp edges produce local stress risers that 
may initiate fracture of the cement mantle and should be 
avoided. A collar aids in determining the depth of insertion 
at implantation.

Mounting evidence suggests that failure of cemented 
stems is initiated at the prosthesis-cement interface with 
debonding and subsequent cement fracture. Various types of 
surface macrotexturing can improve the bond at this inter-
face (Figs. 3.15 to 3.17). The practice of precoating the stem 
with polymethyl methacrylate (PMMA) has been associated 
with a higher than normal failure rate with some stem designs 
and has largely been abandoned. Noncircular shapes, such as 
a rounded rectangle or an ellipse, and surface irregularities, 
such as grooves or a longitudinal slot, also improve the rota-
tional stability of the stem within the cement mantle (see Fig. 
3.17).

There is concern that even with surface modifications 
the stem may not remain bonded to the cement. If debond-
ing does occur, a stem with a roughened or textured sur-
face generates more debris with motion than a stem with 
a smooth, polished surface. Higher rates of loosening and 
bone resorption were found with the use of an Exeter stem 
with a matte surface than with an identical stem with a pol-
ished surface. Similar findings have been reported when 
comparing the original polished Charnley stem with its sub-
sequent matte-finish modification. For this reason, interest 
has been renewed in the use of polished stems for cemented 
applications. Ling recommended a design that is collarless, 
polished, and tapered in two planes (Fig. 3.18) to allow a 

 

A B
FIGURE 3.11 Range of motion with different head sizes. For 

given diameter neck, implant with smaller femoral head (A) will 
have lesser arc of motion than larger one (B).

 

A B
FIGURE 3.12 Jump distance. With subluxation, smaller head 

(A) has shorter distance to travel before escaping rim of acetabular 
component than larger one (B).
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FIGURE 3.13 Effects of head size and neck geometry on range 
of motion. A, Changing from 28-mm head (light shading) to 32-mm 
head (dark shading) results in 8-degree increase in flexion before 
impingement. B, Large circular taper has dramatically decreased 
range of motion to impingement (dark shading), which is dimin-
ished even further by having skirted modular head (light shading).  
(From Barrack RL, Lavernia C, Ries M, et al: Virtual reality computer anima-
tion of the effect of component position and design on stability after total 
hip arthroplasty, Orthop Clin North Am 32:569, 2001.)

 

Trapezoidal
neck

Circular neck

FIGURE 3.14 Cross-sectional comparison of circular and trap-
ezoidal neck.
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 FIGURE 3.15 Summit stem. Integral proximal polymethyl 
methacrylate spacers and additional centralizer facilitate proper 
stem position and uniform cement mantle. (Courtesy DePuy Synthes 
Orthopaedics, Inc., Warsaw, IN.)

 

A B

FIGURE 3.16 Omnifit EON stem. Normalized proximal texturing 
converts shear forces to compressive forces. A, Standard offset. B, 
Enhanced offset.  (Courtesy Stryker Orthopaedics, Kalamazoo, MI.)

 FIGURE 3.17 Spectron EF stem. Rounded rectangular shape 
and longitudinal groove improve rotational stability.  (Courtesy 
Smith & Nephew, Memphis, TN.)

 FIGURE 3.18 Collarless, polished, tapered (CPT) hip stem. CPT 
design allows controlled subsidence and maintains compressive 
stresses within cement mantle. (Courtesy Zimmer Biomet, Warsaw, IN.)
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small amount of subsidence and to maintain compressive 
stresses within the cement mantle. Such implants are often 
referred to as taper-slip or force-closed devices. A collar on 
a polished stem is to be avoided since it may prevent this 
controlled subsidence. Registry data support a lower rate of 
loosening in the long term with polished stems than with  
matte finished stems.

Stems should be available in a variety of sizes (typically 
four to six) to allow the stem to occupy approximately 80% 
of the cross section of the medullary canal with an optimal 
cement mantle of approximately 4 mm proximally and 2 mm 
distally. Neutral stem placement within the canal lessens the 
chance of localized areas of thin cement mantle, which may 
become fragmented and cause loosening of the stem. Some 
designs have preformed PMMA centralizers that are affixed 
to the distal or proximal aspects, or both, of the stem before 
implantation to centralize the stem within the femoral canal 
and provide a more uniform cement mantle (see Fig. 3.15). 
The centralizers bond to the new cement and are incorpo-
rated into the cement mantle.

Finally, the optimal length of the stem depends on the 
geometry and size of the femoral canal. The stem of the origi-
nal Charnley component was about 13 cm long. This was long 
enough to obtain secure fixation in the metaphysis and proxi-
mal diaphysis of the femur. A stem of longer length, which 
engages the isthmus, makes it more difficult to err and place 
the stem in a varus position. As a result of the normal anterior 
bow of the femoral canal, however, the tip of the stem may 
impinge on the anterior cortex or even perforate it when the 
cortex is thin. In addition, it is technically difficult to occlude 
the canal below the level of the isthmus adequately, and the 
result may be an inadequate column of cement around the 
stem and beyond the tip. The lengths of current stem designs 
range from 120 to 150 mm. Longer stems are available if the 
cortex has been perforated, fractured, or weakened by screw 
holes or other internal fixation devices and particularly for 
revision procedures. 

CEMENTLESS FEMORAL COMPONENTS
In the mid-1970s, problems related to the fixation of femoral 
components with acrylic cement began to emerge. As a result, 
considerable laboratory and clinical investigations have been 
performed in an effort to eliminate cement and provide for 
biologic fixation of femoral components. The two prerequi-
sites for biologic fixation are immediate mechanical stabil-
ity at the time of surgery and intimate contact between the 
implant surface and viable host bone. To fulfill these require-
ments, implants must be designed to fit the endosteal cavity of 
the femur as closely as possible. Still, the femur must be pre-
pared to some degree to match accurately the stem that is to 
be inserted. In general, the selection of implant type and size 
must be more precise than with their cemented counterparts. 
Current cementless stem designs differ in their materials, sur-
face coating, and shape.

Experience has been confined largely to the use of two 
materials: (1) titanium alloy with one of a variety of surface 
enhancements and (2) cobalt-chromium alloy with a sintered 
beaded surface. Both materials have proved to be satisfactory. 
Titanium has been recommended by many designers because 
of its superior biocompatibility, high fatigue strength, and 
lower modulus of elasticity. Titanium is more notch-sen-
sitive than cobalt-chrome alloy, however, predisposing it to 

initiation of cracks through metallurgic defects and at sites 
of attachment of porous coatings. When the stem is of a tita-
nium substrate, the porous surface must be restricted to the 
bulkier proximal portions of the stem and away from areas 
that sustain significant tensile stresses, such as on the lateral 
border of the stem. Titanium alloy has been recommended 
as the material of choice because its modulus of elasticity is 
approximately half that of cobalt-chromium alloy and there-
fore less likely to be associated with thigh pain. However, 
Lavernia et al. reported titanium alloy and cobalt-chromium 
alloy stems of an identical tapered design in 241 patients. 
Thigh pain was unrelated to the material composition of the 
stem but was more common in patients with a larger stem 
size.

A variety of surface modifications including porous 
coatings, grit blasting, plasma spraying, and hydroxyapatite 
coating have been used to enhance implant fixation. Many 
cementless femoral component designs feature combinations 
of these surface enhancements. Although the type and extent 
of coating necessary is controversial, most experts agree that 
it should be circumferential at its proximal boundary. Some 
early porous stem designs used patches or pads of porous coat-
ing with intervening smooth areas, which allowed joint fluid 
to transport particulate debris to the distal aspect of the stem. 
Schmalzried et al. referred to these extensions of joint fluid as 
the “effective joint space.” This design feature has been asso-
ciated with early development of osteolysis around the tip of 
the stem despite bone ingrowth proximally. Circumferential 
porous coating of the proximal aspect of the stem provides 
a more effective barrier to the ingress of particles and limits 
the early development of osteolysis around the distal aspect 
of the stem.

Bone ingrowth into a porous coating has demonstrated 
durable fixation for a multitude of cementless stem designs. 
Porous coatings have historically been created by either beads 
or fiber mesh (Fig. 3.19A and B) applied to the stem by sin-
tering or diffusion bonding processes. Both processes require 
heating of the underlying substrate and can cause significant 
reduction in the fatigue strength of the implant. A consider-
able volume of research has determined the optimal pore size 
for bone ingrowth into a porous surface to be between 100 
and 400 μm. Most porous-coated implants currently avail-
able have pore sizes in this range. Highly porous metals such 
as tantalum were initially utilized for cementless fixation of 
acetabular components but have more recently been applied 
to femoral stems also (Fig. 3.19C). Porous metals have higher 
porosity than traditional porous coatings, and their high coef-
ficient of friction against cancellous bone may improve their 
initial stability. Porous tantalum closely resembles the struc-
ture of cancellous bone. Rapid and extensive bone ingrowth 
into this implant surface has been reported.

Bone ongrowth implies growth of bone onto a roughened 
(albeit nonporous) surface. Ongrowth surfaces are created by 
grit blasting or plasma spray techniques. Grit blasting involves 
the use of a pressurized spray of aluminum oxide particles 
to produce an irregular surface ranging from 3 to 8 μm in 
depth (Fig. 3.20A). Plasma spray techniques use high-velocity 
application of molten metal onto the substrate in a vacuum 
or argon gas environment and produce a highly textured sur-
face (Fig. 3.20B). Heating of the implant is not required, and, 
consequently, there is little reduction in fatigue strength com-
pared with the application of porous coatings. Hydroxyapatite 
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and other osteoconductive calcium phosphate coatings can 
also be applied to implants by plasma spray (Fig. 3.20C). The 
thickness of the coating is typically 50 to 155 μm. Although 
the literature reports mixed results with regard to whether 
hydroxyapatite coating improves outcomes, there is no evi-
dence that it is deleterious.

The evolution of cementless femoral fixation has resulted 
in a variety of implants. The shape of a cementless stem 
determines the areas of the femoral canal where fixation is 
obtained and the surgical technique required for implanta-
tion. Outcomes are also generally more dependent on stem 

geometry than on either materials or surface enhancements. 
Khanuja, Vakil, Goddard, and Mont proposed a classification 
system for cementless stems based on shape. Types 1 through 
5 are straight stems, and fixation area increases with type. 
Type 6 is an anatomic shape.

Type 1 stems are so-called single-wedge stems. They are 
flat in the anteroposterior plane and tapered in the medio-
lateral plane (Fig. 3.21). Fixation is by cortical engagement 
only in the mediolateral plane and by three-point fixation 
along the length of the stem. The femoral canal is prepared 
by broaching alone, with no distal reaming. Consequently, it 

 

A B CA B C

FIGURE 3.19 Types of bone ingrowth surfaces. Traditional surfaces produced from sintered 
beads (A) and diffusion bonded fiber mesh (B). C, Newer highly porous tantalum more closely 
resembles structure of trabecular bone.  (A courtesy Smith & Nephew, Memphis, TN; B and C courtesy 
Zimmer Biomet, Warsaw, IN.)
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FIGURE 3.20 Types of bone ongrowth surfaces. A, Grit-blasted surface. More highly textured 
plasma-sprayed surfaces: titanium (B) and hydroxyapatite (C).  (A, Courtesy Zimmer, Warsaw, IN; B, 
Courtesy Biomet Orthopedics, Warsaw, IN; C, Courtesy Stryker Orthopaedics, Mahwah, NJ.)
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is important to ensure that the stem is wedged proximally. In 
Dorr type A femurs, distal engagement alone risks fracture 
or rotational instability. Consequently, many of these designs 
have been modified with reduced distal sizing to avoid this 
problem. These stems have performed well in Dorr type B and 
C femurs.

Type 2 stems engage the proximal femoral cortex in both 
mediolateral and anteroposterior planes. So-called dual-
wedge designs fill the proximal femoral metaphysis more 
completely than type 1 stems (Fig. 3.22). Femoral prepara-
tion typically requires distal reaming followed by broaching 
of the proximal femur. They can be used safely in Dorr type 
A femurs.

Type 3 represents a more disparate group of implants. 
These stems are tapered in two planes, but fixation is achieved 
more at the metaphyseal-diaphyseal junction than proxi-
mally as with types 1 and 2. Type 3A stems are tapered with 
a round conical distal geometry. Longitudinal cutting flutes 
are added to type 3B stems (Fig. 3.23). These implants have 
recently gained popularity in complex revision cases. Type 
3C implants are rectangular and thus provide four-point 
rotational support (Fig. 3.24). Such implants have been used 
extensively in Europe with success.

Type 4 are extensively coated implants with fixation along 
the entire length of the stem. Canal preparation requires dis-
tal cylindrical reaming and proximal broaching (Fig. 3.25). 
Excellent long-term results have been achieved with these 
implants. Femoral stress shielding and thigh pain have been 
reported with various designs. Their use in Dorr type C 
femurs can be problematic because of the large stem diameter 
required.

Type 5 or modular stems have separate metaphyseal 
sleeves and diaphyseal segments that are independently sized 
and instrumented. Such implants often are recommended 
for patients with altered femoral anatomy, particularly those 
with rotational malalignment such as developmental dyspla-
sia. Both stem segments are prepared with reamers, leading 
to a precise fit with rotational stability obtained both proxi-
mally and distally. This feature makes modular stems an 
attractive option when femoral osteotomy is required (Fig. 
3.26). Modular stems can be used for all Dorr bone types, but 
increased cost and potential problems with modular junc-
tions should be taken into account.

Type 6 or anatomic femoral components incorporate 
a posterior bow in the metaphyseal portion and variably 
an anterior bow in the diaphyseal portion, corresponding 
to the geometry of the femoral canal (Fig. 3.27). Right and 
left stems are required, and anteversion must be built into 
the neck segment. Anatomic variability in the curvature 
of the femur usually requires some degree of overreaming 
of the canal; if the tip of the stem is eccentrically placed, 
it impinges on the anterior cortex. This point loading has 
been suggested to be a source of postoperative thigh pain. 
The popularity of anatomic stems has declined over the past 
decade in favor of straight designs.

With cementless devices, the requirements for canal filling 
often mean the stem must be of sizable diameter. Because stiff-
ness of a stem is proportional to the fourth power of the diam-
eter, an increased prevalence of femoral stress shielding can 
be seen with larger stems. The mismatch in stiffness between 
implant and bone also has been cited as a cause of postopera-
tive thigh pain. Current stem designs deal with this problem in 
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FIGURE 3.21 Taperloc stem. Single wedge design is tapered in medial-lateral plane (A) and 
flat in anteroposterior plane. B, Plasma-sprayed proximal surface. C, Shortened microplasty version.  
(Courtesy Zimmer Biomet, Warsaw, IN.)
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FIGURE 3.22 Synergy stem. Dual wedge design is tapered 
in medial-lateral (A) and anteroposterior (B) planes. Longitudinal 
flutes provide additional rotational stability. Shown with oxidized 
Zirconia head.  (Courtesy Smith & Nephew, Memphis, TN.)

 FIGURE 3.23 Restoration modular stem. Tapered round 
conical distal geometry with longitudinal cutting flutes are avail-
able in varying lengths for primary and revision indications. 
Proximal segments are available in various lengths and offsets for 
soft-tissue tensioning.  (Courtesy Stryker Orthopaedics, Mahwah, NJ.)

 FIGURE 3.24 Alloclassic stem. Conical straight stem with rect-
angular cross-section and grit-blasted nonporous surface.  (Courtesy 
Zimmer Biomet, Warsaw, IN.)

 

A B C

FIGURE 3.25 Extensively porous-coated stems. A, Anatomic 
medullary locking (AML) stem for primary and revision arthroplas-
ties when isthmus is intact. B, Extensively coated solution long 
stem used for revisions when proximal bone loss is severe. C, Calcar 
replacement long stem.  (Courtesy Depuy Synthes, Warsaw, IN.)
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several ways. The section modulus of the stem can be changed 
to allow greater flexibility while leaving the implant diameter 
unchanged so that stability is not compromised. The addition of 
deep, longitudinal grooves reduces bending and torsional stiff-
ness. The bending stiffness in the distal third of the stem also 
can be reduced substantially by splitting the stem in the coronal 
plane, similar to a clothespin (see Fig. 3.26). Tapered distal stem 
geometries are inherently less stiff than cylindrical ones (see Fig. 
3.22) and have been associated with minimal thigh pain.

A considerable amount of data supports a superiority of 
cementless femoral fixation in younger patients. Takenaga 
et al. reported a series of extensively porous-coated stems in 
patients 59 years of age or younger. At a minimum of 10 years 
after surgery no stems showed radiographic signs of loosen-
ing or had undergone revision for loosening. Survivorship 
was better than in a cohort of cemented stems from the same 
institution. McLaughlin and Lee reported a series of single-
wedge design stems in patients younger than 50 years. At 
a minimum follow-up of 20 years, no stems were revised 
for aseptic loosening. Costa, Johnson, and Mont reported 
96% survivorship at mean follow-up of 5 years in a series 
of patients who had arthroplasty at a mean age of 20 years. 
Using a stem fully coated with hydroxyapatite, Jacquot et al. 
reported a 30-year survival of 93.6% with stem revision as 
the endpoint. Evidence supporting the use of cementless 
femoral fixation in patients over the age of 75 is less compel-
ling. Registry data and individual series both call attention to 
a higher rate of revision for periprosthetic fractures in this 
population. 

SPECIALIZED AND CUSTOM-MADE FEMORAL 
COMPONENTS
The adoption of minimally invasive surgical techniques has 
generated interest in shorter bone-sparing femoral implants. 
Some are novel implants designed to fit within the intact ring 
of bone of the femoral neck (Fig. 3.28). Others are shortened 
versions of existing designs described previously (see Fig. 
3.21C). These implants have been used most commonly in 
minimally invasive anterior approaches where access to the 
femoral canal is more difficult. A shorter stem also avoids the 
problem of proximal-distal mismatch encountered with con-
ventional length stems in Dorr type A femurs. Ideally, short 
femoral stems should allow retention of a longer segment of 
the femoral neck and increased physiologic load transfer in 
the proximal femur to reduce bone loss. Data supporting the 
use of these implants are limited. The surgical technique must 
be more precise to avoid varus malalignment and undersiz-
ing. Subsidence has been reported more commonly with 
some designs.

Despite the large array of femoral components available, 
deformity or bone loss from congenital conditions, trauma, 
tumors, or previous surgery may make it impossible for any 
standard stem to fit the femur or restore adequately the posi-
tion of the femoral head. Several types of calcar replace-
ment femoral components (see Fig. 3.25C) are available for 
patients with loss of varying amounts of the proximal femur 
in lieu of the use of bone grafts. Limb salvage procedures 
for some malignant or aggressive benign bone and soft-tis-
sue tumors may require a customized component. Modular 
segmental replacement stems also are used in patients with 
extensive femoral bone loss from multiple failed arthroplasty 
procedures and periprosthetic fractures (Fig. 3.29). Rarely, a 

 

A B

FIGURE 3.26 S-ROM modular stem. A, Multiple proximal 
sleeve sizes can be combined with given diameter stem. Stem 
can be rotated in relation to sleeve to correct rotational defor-
mity of femur. Distal flutes improve rotational stability. B, Long 
curved stem. Distal part of stem is slotted in coronal plane to 
diminish bending stiffness. (Courtesy Depuy Synthes, Warsaw, IN.)

 FIGURE 3.27 Anato anatomic stem. Asymmetric metaphy-
seal shape conforms more closely to proximal femoral geometry. 
Femoral neck is anteverted 7 degrees, and dedicated right and 
left stems are required.  (Courtesy Stryker Orthopedics, Mahwah, 
NJ.)
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prosthesis may be required to replace the entire femur, incor-
porating hip and knee arthroplasties.

Customized, cementless, CT-generated computer-
assisted design/computer-assisted manufacturing (CAD/
CAM) prostheses have been recommended when preopera-
tive planning indicates that an off-the-shelf prosthesis cannot 
provide optimal fit or when excessive bone removal would 
be required. Such implants require a carefully made preop-
erative CT scan of the acetabulum, hip joint, and femur. An 
identical broach is supplied with the implant to prepare the 
femur. Customized femoral components also have been rec-
ommended for revision surgery with proximal femoral oste-
olysis, congenital hip dislocation, excessively large femurs, 
and grossly abnormal anatomy and when a fracture has 
occurred below the tip of a femoral stem. With the prolifera-
tion of newer revision stem designs and techniques of femoral 
osteotomy for revision procedures, custom stems are seldom 
needed in our practice. 

ACETABULAR COMPONENTS
Acetabular components can be broadly categorized as 
cemented or cementless. Acetabular reconstruction rings also 
are discussed in this section.

CEMENTED ACETABULAR COMPONENTS
The original sockets for cemented use were thick-walled 
polyethylene cups. Vertical and horizontal grooves often were 
added to the external surface to increase stability within the 
cement mantle, and wire markers were embedded in the plas-
tic to allow better assessment of position on postoperative 
radiographs. Many of these designs are still in regular use. 

More recent designs have modifications that ensure a more 
uniform cement mantle. PMMA spacers, typically 3 mm in 
height, ensure a uniform cement mantle and avoid the phe-
nomenon of “bottoming out,” which results in a thin or dis-
continuous cement mantle (Fig. 3.30). A flange at the rim of 
the component aids in pressurization of the cement as the cup 
is pressed into position.

Despite such changes in implant design, the long-term 
survivorship of cemented acetabular components has not 
substantially improved. Consequently, there has been a trend 
toward cementless fixation of acetabular components in 
most patients. The simplicity and low cost of all-polyethylene 
components make them a satisfactory option in older, low-
demand patients.

At times, cement is also used as the means of fixation 
of a polyethylene insert into an acetabular component that 
lacks an intrinsic locking mechanism for the polyethylene 
or when a dedicated insert is not available for a cementless 
acetabular component that is to be retained during revision 
surgery. Cemented acetabular fixation also is used in some 
tumor reconstructions and when operative circumstances 
indicate that bone ingrowth into a porous surface is unlikely, 
as in revision arthroplasty in which extensive acetabular bone 

 FIGURE 3.28 Metha short hip stem. Designed for less-invasive 
surgery with retention of femoral neck and metaphyseal fixation 
(shown with modular neck).  (Courtesy Aesculap Implant Systems, LLC, 
Center Valley, PA.)

 FIGURE 3.29 Specialized femoral components for replace-
ment of variable length of proximal femur. Orthogenesis limb 
preservation system uses modular segmental replacement stem 
for replacement of large segment of proximal femur. Stem can be 
combined with total knee replacement to replace entire femur.  
(Courtesy Depuy Synthes, Warsaw, IN.)
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grafting has been necessary. In these instances, a cemented 
acetabular component often is used with an acetabular recon-
struction ring (see Fig. 3.36). 

CEMENTLESS ACETABULAR COMPONENTS
Most cementless acetabular components are porous-
coated over their entire circumference for bone ingrowth. 
Instrumentation typically provides for oversizing of the 
implant 1 to 2 mm larger than the reamed acetabulum as the 
primary method of press-fit fixation. Fixation of the porous 
shell with transacetabular screws has become commonplace 
but carries some risk to intrapelvic vessels and viscera and 
requires flexible instruments for screw insertion. Analyses of 
retrieved porous acetabular components showed that bone 
ingrowth occurs most reliably in the vicinity of the fixation 
devices, such as pegs or screws. The most extensive ingrowth 
has been reported in components initially fixed with one 
or more screws. Pegs, fins, and spikes driven into prepared 
recesses in the bone provide some rotational stability, but less 
than that obtained with screws. The use of these other types 
of supplemental fixation devices has declined as manufac-
turers have incorporated highly porous metal coatings with 
improved initial press-fixation (Figs. 3.31 and 3.32). Solid 
metal shells without screw holes have not proven beneficial 
in reducing the presence or size of osteolytic lesions; their use 
has consequently diminished.

Hydroxyapatite coating has been advocated in the past to 
enhance bone ingrowth into the porous coating of cement-
less acetabular components. The process has not demon-
strated improved survivorship, and with the introduction of 
newer porous surfaces, the use of hydroxyapatite coating has 
declined.

Most systems feature a metal shell with an outside diam-
eter of 40 to 75 mm that is used with a modular insert, also 
called a liner. With this combination, a variety of femoral head 
sizes, typically 22 to 40 mm, can be accommodated accord-
ing to the patient’s need and the surgeon’s preference. The 
liner must be fastened securely within the metal shell. These 
mechanisms of fixation have been under increasing scrutiny 

because in vivo dissociation of polyethylene liners from their 
metal backings has been reported. In addition, micromotion 
between the nonarticulating side of the liner and the interior 
of the shell may be a source of polyethylene debris genera-
tion, or “backside wear.” Recognition of this problem has led 
to improvements in the fixation of the liner within the metal 
shell, and some designs also have included polishing the inte-
rior of the shell. Monoblock acetabular components with 
nonmodular polyethylene also have been produced to allevi-
ate the problem of backside wear but have not proven to be 
superior to modular implants.

With the adoption of newer bearing surfaces and dual 
mobility implants (see Fig. 3.35), manufacturers have intro-
duced acetabular components that will accept any of a variety 
of insert types. Newer locking mechanisms typically incorpo-
rate a taper junction near the rim for hard bearings. The poly-
ethylene locking mechanism may be recessed within the shell 
where it is less susceptible to damage if impingement from the 
femoral neck occurs (Fig. 3.32B).

Finally, the issue of excessive wear of thin shells of poly-
ethylene is a major concern. The metal backing must be of 
sufficient thickness to avoid fatigue failure, and there must 
be a corresponding decrease in thickness of the polyethyl-
ene insert for a component of any given outer diameter. High 
stresses within the polyethylene are likely when the thickness 
of the plastic is less than 5 mm, leaving the component at risk 
for premature failure as a result of wear. To maintain suffi-
cient thickness of the polyethylene, a smaller head size must 
be used with an acetabular component that has a small outer 
diameter.

Most modern modular acetabular components are sup-
plied with a variety of polyethylene insert choices. Some 

 FIGURE 3.30 Acetabular component designed for cement 
fixation. Textured surface and polymethyl methacrylate spacers 
optimize cement mantle and cement-prosthesis interface.  (Courtesy 
Smith & Nephew, Memphis, TN.)

 FIGURE 3.31 Zimmer trabecular metal acetabular component 
with various modular augments for bony deficiencies.  (Courtesy 
Zimmer Biomet, Warsaw, IN.)
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designs incorporate an elevation over a portion of the circum-
ference of the rim, whereas others completely reorient the 
opening face of the socket up to 20 degrees. Still other designs 
simply lateralize the hip center without reorienting its open-
ing face (Fig. 3.33). Lateralization also allows for the use of a 
larger-diameter head while maintaining adequate polyethyl-
ene thickness. Such designs can compensate for slight aber-
rations in the placement of the metal shell and improve the 
stability of the articulation; however, with elevated rim liners, 
motion can be increased in some directions but decreased in 
others. An improperly positioned elevation in the liner can 
cause impingement rather than relieve it, rendering the joint 
unstable. With larger-diameter femoral heads, elevated rim 
liners are being used less frequently.

A constrained acetabular component includes a mecha-
nism to lock the prosthetic femoral head into the polyethyl-
ene liner. The tripolar-style mechanism features a small inner 
bipolar bearing that articulates with an outer true liner (Fig. 
3.34A). The bipolar segment is larger than the introitus of the 
outer liner, preventing dislocation. Other designs use a liner 
with added polyethylene at the rim that deforms to capture the 
femoral head. A locking ring is applied to the rim to prevent 

escape of the head (Fig. 3.34B). Other unique designs are also 
available from individual manufacturers. Indications for con-
strained liners include insufficient soft tissues, deficient hip 
abductors, neuromuscular disease, and hips with recurrent 
dislocation despite well-positioned implants. Constrained 
acetabular liners have reduced range of motion compared 
with conventional inserts. Consequently, they are more prone 
to failure because of prosthetic impingement. A constrained 
liner should not be used to compensate for an improperly 
positioned shell, and skirted femoral heads should be avoided 
in combination with constrained inserts.

A dual mobility acetabular component is an uncon-
strained tripolar design. The implant consists of a porous-
coated metal shell with a polished interior that accepts a large 
polyethylene ball into which a smaller metal or ceramic head 
is inserted (Fig. 3.35). The two areas of articulation share 
the same motion center. The design effectively increases the 
head size and the head-neck ratio of the construct. Implant 
impingement is reduced and stability is improved without 
reducing the range of motion as with constrained implants. 
A modular metal shell and insert are available for cases in 
which screw fixation may be required. In a large series of pri-
mary total hip arthroplasties using a dual mobility implant, 
Combes et al. reported a dislocation rate of 0.88%. Wegrzyn 
et  al. reported dislocations in 1.5% of revision cases. Also 
reported are intraprosthetic dislocations between the small 
head and polyethylene ball. As with constrained acetabular 
devices, dual mobility components cannot be relied on to 
compensate for technical errors in implant positioning.

Custom components for acetabular reconstruction rarely 
are indicated. Most deficient acetabula can be restored to a 
hemispherical shape, and a standard, albeit large, acetabular 
component can be inserted. In patients with a large superior 
segmental bone deficiency, the resulting acetabular recess is 
elliptical rather than hemispherical. A cementless acetabu-
lar component with modular porous metal augments (see 
Fig. 3.31) can be used instead of a large structural graft or 
excessively high placement of a hemispherical component. 
Augments of various sizes are screwed into bony defects to 
support the acetabular component. The augments are joined 
to the implant with the use of bone cement.

With the introduction of revision implants with aug-
ments, custom components for acetabular reconstruction 
rarely are indicated. When bony deficits are massive, a cus-
tom implant can be produced based on a CT scan with sub-
traction of the metal artifacts. The imaging requirements vary 
according to the manufacturer. Such implants typically have 
both superior and inferior flanges that rest on intact bone and 
provide for additional screw fixation. The placement of the 
flanges, screw locations, and trajectories can all be built into 
the plan. Typically, a detailed 3D-printed model of the bony 
pelvis (Fig. 3.36) and proposed implant are produced before 
the actual implant is manufactured (Fig. 3.37).

Historically, metal rings, wire mesh, and other materials 
have been used to improve acetabular fixation. These devices 
were intended to reinforce cement, and generally their long-
term performance was poor. More recently, numerous ace-
tabular reconstruction rings have been introduced to allow 
bone grafting of the deficient acetabulum behind the ring, 
rather than relying on cement on both sides of the device. 
(Cement is used only to secure an all-polyethylene acetabu-
lar component to the ring.) The reconstruction ring provides 

 

A

B

FIGURE 3.32 R3 acetabular component. A, Hemispherical shell 
with optional screw fixation and highly porous titanium coating. 
B, Locking mechanism is recessed to avoid thin polyethylene at 
rim and accept various bearing inserts.  (Courtesy Smith & Nephew 
Orthopaedics, Memphis, TN.)
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immediate support for the acetabular component and pro-
tects bone grafts from excessive early stresses while union 
occurs. These devices are commonly referred to as antipro-
trusio rings and cages.

The preferred devices are those with superior and inferior 
plate extensions that provide fixation into the ilium and the 
ischium (Fig. 3.38). Success with these devices depends on 
selection of the proper device and careful attention to tech-
nique. Implantation of the antiprotrusio cage requires full 
exposure of the external surface of the posterior column for 
safe positioning and screw insertion. Alternatively, the infe-
rior plate can be inset into a prepared recess in the ischium 
without the need for inferiorly placed screws. For all types of 
devices, dome screws are placed before the plates are attached 
to the external surface of the ilium. Results to date seem to be 

best when the device is supported superiorly by intact host 
bone rather than by bone grafts. These implants do not pro-
vide for long-term biologic fixation and are prone to fracture 
and loosening. The advent of highly porous metal implants 
has reduced the need for cages in current practice. Rarely, an 
antiprotrusio cage may be used in tandem with a revision ace-
tabular shell. This “cup-cage” construct has greater potential 
for biologic fixation. 

ALTERNATIVE BEARINGS
Osteolysis secondary to polyethylene particulate debris has 
emerged as a notable factor endangering the long-term survi-
vorship of total hip replacements. Several alternative bearings 
have been advocated to diminish this problem, particularly in 
younger, more active patients who are at higher risk for rapid 

 

A B C D

FIGURE 3.33 Array of liner options available with contemporary modular acetabular system: 
standard flat liner (A), posterior lip without anteversion (B), 4-mm lateralized flat (C), and ante-
verted 20 degrees (D).  (Courtesy Smith & Nephew, Memphis, TN.) SEE TECHNIQUE 3.3.

 

A B

FIGURE 3.34 A, Tripolar design with small bipolar shell captured within outer liner. B, Periph-
eral locking ring design.  (A courtesy Stryker Orthopaedics, Mahwah, NJ; B courtesy Zimmer Biomet, 
Warsaw, IN.)
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polyethylene wear. Newer highly crosslinked polyethylenes have 
now largely replaced traditional ultra-high molecular weight 
polyethylene (UHMWPE) in hip arthroplasty. The material is 
mated with a femoral head of either cobalt-chromium alloy or 
ceramic. This has become the dominant bearing couple used in 
hip arthroplasty today. Investigation continues on ceramic-on-
ceramic bearings. The initial enthusiasm for large-head metal-
on-metal bearings has waned with reports of adverse local tissue 
response (ALTR) with these implants, and their use has largely 
been abandoned. Metal-on-metal resurfacing arthroplasty 
remains a viable option in younger, male patients.

HIGHLY CROSSLINKED POLYETHYLENE
Historically, polyethylene implants have been sterilized 
by subjecting them to 2.5 Mrad of either electron-beam or 
gamma radiation. These processes produce free radicals in 
the material, however, predisposing the polyethylene to oxi-
dation and rendering it more susceptible to wear. Higher 
doses of radiation can produce polyethylene with a more 
highly crosslinked molecular structure. Initial testing of this 
material has shown remarkable wear resistance. Crosslinking 
is accomplished by either gamma or electron-beam radia-
tion at a dose between 5 and 10 Mrad. However, the radiation 
process also generates uncombined free radicals. If these are 
allowed to remain, the material is rendered more susceptible 
to severe oxidative degradation. The concentration of these 
free radicals can be reduced by a postirradiation heating pro-
cess, either remelting or annealing. Remelting entails heating 
the material above its melting point (approximately 135°C). 
Free radicals are virtually eliminated with remelting, but the 
crystallinity of the resulting material is also reduced. The 
decrease in crystallinity diminishes the material properties 
of polyethylene, particularly fracture toughness and ultimate 
tensile strength. Annealing refers to a process of heating the 
material just below the melting point. This avoids the reduc-
tion in crystallinity and consequent reduction in mechani-
cal properties, but annealing is less effective than remelting 
in extinguishing residual free radicals. Newer manufactur-
ing methods have sought to mitigate the deleterious effects of 
remelting. Soaking the radiated polyethylene in vitamin E (or 
vitamin E “doping”) appears to be effective in scavenging free 
radicals without a remelting stage. Another process applies 
the radiation in three smaller doses with annealing after each 
stage. Terminal sterilization is most commonly done with 

 FIGURE 3.35 Dual mobility acetabular component. Porous-
coated shell with polished interior, large polyethylene head, and 
smaller inner bearing.  (Courtesy Stryker Orthopaedics, Mahwah, NJ.)

 

A B

FIGURE 3.36 Custom triflange acetabular model. A, CT-based model showing large acetabular 
deficiencies. B, Custom acetabular component has intimate fit and flanges for multiple screw  
fixation.
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either gas plasma or ethylene oxide because gamma radiation 
would generate additional free radicals. The processes used 
by individual manufacturers for production of highly cross-
linked polyethylenes are proprietary and differ in the initial 
resin used, the amount and type of radiation used, the use of 
postirradiation thermal processing, and the method of termi-
nal sterilization. Although early clinical results for all meth-
ods are encouraging, the long-term performance of these 
materials may vary and will need to be studied individually.

Test data from contemporary hip simulators have shown 
an 80% to 90% reduction in wear with highly crosslinked 
polyethylenes. When tested in conditions of third-body wear 
with abrasive particulates or against a roughened counterface, 
crosslinked polyethylene has improved wear performance 
substantially compared with conventional polyethylene. 
Muratoglu et al. showed that the wear rate of this material is 
not related to the size of the femoral head, within the range of 
22 to 46 mm in diameter. Consequently, larger femoral head 
sizes can be used. Highly crosslinked polyethylenes remain 
within current American Society for Testing and Materials 
standards, but concerns have been raised over the potential 
for fatigue, delamination, and implant fracture when a thin 
liner is used to accommodate a large-diameter head. Prior 
attempts to improve the performance of polyethylene have 
universally failed. Carbon fiber reinforcement, heat pressing, 
and Hylamer (DePuy, Warsaw, IN) are notable examples.

Early clinical results have shown reductions in wear that 
are less dramatic than those predicted in hip simulators. The 
bedding-in process is similar with highly crosslinked and 
conventional polyethylenes and affects calculations of wear 
rates using short-term clinical studies. Longer follow-up is 
needed to assess the true wear reduction after the bedding-
in process is complete and a steady state of wear is reached. 

It also is important to view reports of wear “reduction” in the 
context of the quality and performance of the material used 
as the control.

There are now a sufficient number of studies with 10-year 
follow-up to conclude that the performance of highly cross-
linked polyethylenes surpasses that of conventional polyeth-
ylene. Snir et al. found that after an initial bedding-in period, 
there was an annual mean wear rate of 0.05 mm/year with a 
first-generation highly crosslinked polyethylene. Using preci-
sion radiostereometric analysis, Glyn-Jones et  al. measured 
steady-state wear of only 0.003 mm/year at 10 years. In a 
series of patients younger than 50 years, Rames et al. observed 
survivorship of 97.8% at 15 years with no wear-related revi-
sions and a liner wear rate of 0.0185 mm/year. The available 
data indicate a wear rate for highly crosslinked polyethylenes 
as well below the generally accepted osteolysis threshold of 
0.1 mm/year. Using data from the Australian Orthopaedic 
Association National Joint Replacement Registry, de Steiger 
found the 16-year cumulative percentage of revisions for all 
causes was 6.2% for highly crosslinked polyethylene com-
pared to 11.7% for conventional polyethylene.

Femoral head size appears to have less of an effect on 
highly crosslinked polyethylene than on conventional mate-
rial. Allepuz et al. published data aggregated from six national 
and regional registries that showed no difference in wear 
rates with 32-mm heads compared with smaller diameter 
sizes. Lachiewicz, Soileau, and Martell reported no differ-
ence in liner wear rates with 36- to 40-mm heads compared 
with smaller sizes; however, volumetric wear was higher in 
patients with larger diameter heads. Most of the published 
data involve head sizes of 32 mm and smaller. Tower et  al. 
reported four fractures of a highly crosslinked polyethylene 
liner in a design with thin polyethylene at the rim and a rela-
tively vertical position of the acetabular component. Using an 

 FIGURE 3.37 Implant trial and bone model can be sterilized 
for reference in surgery.

 FIGURE 3.38 Contour antiprotrusio cage has titanium support 
ring fixed to ilium and ischium with screws. Alternatively, inferior 
fin can be impacted into ischium without screws.  (Courtesy Smith 
& Nephew, Memphis, TN.)
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excessively thin polyethylene liner purely to accommodate a 
larger head is still to be avoided.

Highly crosslinked polyethylene liners from most man-
ufacturers are compatible with existing modular acetabular 
components. The liner can be replaced with the newer mate-
rial without revising the shell in the event of reoperation for 
osteolysis, dislocation, or at the time of revision of the femo-
ral component. An array of liner options is available as has 
been the case with conventional polyethylene (see Fig. 3.33). 

CERAMIC-ON-CERAMIC BEARINGS
Alumina ceramic has many properties that make it desirable 
as a bearing surface in hip arthroplasty. Because of its high 
density, implants have a surface finish smoother than metal 
implants. Ceramic is harder than metal and more resistant 
to scratching from third-body wear particles. The liner wear 
rate of alumina-on-alumina has been shown to be 4000 times 
less than cobalt-chrome alloy-on-polyethylene. Hamadouche 
et al. measured ceramic wear at less than 0.025 mm/year in 
a series of patients with a minimum of 18.5 years’ follow-up.

Early ceramic implants yielded disappointing clinical 
results because of flawed implant designs, inadequate fixa-
tion, implant fracture, and occasional cases of rapid wear 
with osteolysis. Numerous improvements have been made 
in the manufacture of alumina ceramics since the 1980s. 
Hot isostatic pressing and a threefold decrease in grain size 
have substantially improved the burst strength of the mate-
rial. Refinements in the tolerances of the Morse taper have 
reduced the incidence of ceramic head fracture further. In 
addition, proof testing validates the strength of each indi-
vidual implant before release. Ceramic head fracture is more 
common with smaller head sizes and shorter neck lengths. 
A 28 mm head with short neck length will have less material 
between the corner of the taper bore and articulating surface 
than a 36 mm head with longer neck length. Application of a 
ceramic femoral head onto a stem trunnion with wear or sur-
face damage found at revision surgery can produce uneven 
load distribution within the head and contribute to fracture. 
Consequently, manufacturers have produced ceramic heads 
fitted with a metal sleeve for use in these circumstances.

Impingement between the femoral neck and rim of the 
ceramic acetabular component creates problems unique to 
this type of articulation. Impact loading of the rim can pro-
duce chipping or complete fracture of the acetabular insert. 
Repetitive contact at extremes of motion also can lead to 
notching of the metal femoral neck by the harder ceramic 
and initiate failure through this relatively thin portion of the 
implant. In past series, ceramic wear has been greater when 
the acetabular component has been implanted in an exces-
sively vertical orientation. Ceramic-on-ceramic arthro-
plasties may be more sensitive to implant malposition than 
other bearings. “Stripe wear” has been reported on retrieved 
ceramic heads. This term describes a long, narrow area of 
damage resulting from contact between the head and the edge 
of the ceramic liner. Microseparation of the implants during 
the swing phase of gait is a recognized phenomenon. Walter 
et  al. mapped the position of stripes on retrieved implants, 
however, and proposed they occur with edge loading when 
the hip is flexed, as with rising from a chair or stair climbing.

Enthusiasm for ceramic-on-ceramic implants has been 
somewhat tempered by reports of reproducible noise, partic-
ularly squeaking. The incidence is generally low but in some 

series has exceeded 10% and has been a source of dissatisfac-
tion requiring revision. The onset of squeaking usually occurs 
more than 1 year after implantation, and the development of 
stripe wear has been implicated in noise generation. A specific 
cementless femoral component with unique metallurgy and 
taper size has been implicated in several reports. Vibrations 
generated at the articulating surfaces may be amplified by 
a more flexible stem, resulting in audible events. The etiol-
ogy of squeaking has not been fully elucidated and is likely 
multifactorial.

Osteolysis has been reported around first-generation 
alumina ceramic implants in instances of high wear. Wear 
particles are typically produced in smaller numbers and are 
of smaller size than seen with polyethylene, however, and 
the cellular response to ceramic particles seems to be less. 
Alumina ceramic is inert, and ion formation does not occur. 
There have been no adverse systemic effects reported with 
ceramic bearings.

Ongoing investigation with composites of alumina 
and zirconia ceramic (BIOLOX delta, CeramTec GmbH, 
Plochingen, Germany) holds promise for further improve-
ment in the material properties of these implants. Excellent 
wear properties and increased fracture toughness have been 
reported for this material. In a series of delta ceramic-on-
ceramic total hips in patients younger than 50 years, Kim 
et  al. found excellent survivorship, but 10% still experi-
enced noise generation including squeaking. Blakeney et al. 
reported a 23% incidence of squeaking when a large-diam-
eter (32 to 48 mm head) delta ceramic-on-ceramic couple 
was used. The incidence of head fracture with delta ceramic is 
approximately 1 in 100,000 (0.001%) compared to 1 in 5000 
(0.0201%) with pure alumina ceramic.

Acetabular components include a ceramic insert that 
mates with a metal shell by means of a taper junction. Lipped 
and offset liners are unavailable. The locking mechanism 
for a given implant may not be compatible with other types 
of inserts. Chipping of the insert on implantation has been 
reported in multiple series. Special care should be taken dur-
ing the operative assembly of the acetabular component to 
ensure that the insert is properly oriented before impaction. 
Metal backing of the insert has been advocated by one manu-
facturer to prevent insertional chips and protect the rim of 
the ceramic from impingement. Alumina ceramic femoral 
heads are manufactured with only a limited range of neck 
lengths, and skirted heads are unavailable. Careful preoper-
ative planning with templates is required to ensure that the 
neck resection is made at an appropriate level for restoration 
of hip mechanics with the range of neck lengths available.

Oxidized zirconium (OXINIUM, Smith & Nephew, 
Memphis, TN) is a zirconium metal alloy that is placed 
through an oxidation process to yield an implant with a zir-
conia ceramic surface of approximately 5 μm in thickness. 
The enhanced surface is integral to the metal substrate and 
not a surface coating. So-called ceramicized metals have the 
same surface hardness, smoothness, and wettability of typi-
cal ceramics, but are not susceptible to chipping, flaking, or 
fracture. Compared with cobalt chromium alloy, the mate-
rial contains no detectable nickel and has therefore been 
recommended for patients with demonstrated metal hyper-
sensitivity. Oxidized zirconium is currently available only 
in femoral head components mated with polyethylene and 
not as a ceramic-on-ceramic couple. Reduced wear has been 
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reported when oxidized zirconium is mated with a conven-
tional polyethylene acetabular component. Aoude et al. found 
no difference in wear rates between cobalt chromium and oxi-
dized zirconium when mated with highly crosslinked poly-
ethylene. The material is more prone to surface damage than 
conventional ceramic heads after episodes of dislocation.

So-called trunnionosis describes the process of fretting 
corrosion that may occur between a femoral component 
trunnion and a cobalt-chrome alloy femoral head leading to 
adverse local tissue response. The factors contributing to this 
phenomenon have not been fully elucidated but appear to be 
more common than previously recognized. The emergence of 
this problem combined with the reduced fracture risk with 
newer ceramics has led to an increase in the use of ceramic 
and ceramicized metal heads worldwide. Some large data-
base studies have also reported a lower risk of infection with 
ceramic bearings. The reason for this association is unclear. 

INDICATIONS AND 
CONTRAINDICATIONS FOR TOTAL 
HIP ARTHROPLASTY
Originally, the primary indication for THA was the allevia-
tion of incapacitating arthritic pain in patients older than age 
65 years whose pain could not be relieved sufficiently by non-
surgical means and for whom the only surgical alternative was 
resection of the hip joint (Girdlestone resection arthroplasty) 
or arthrodesis. Of secondary importance was the improved 
function of the hip. After the operation had been documented 
to be remarkably successful, the indications were expanded to 
include the other disorders listed in Box 3.1.

Historically, patients 60 to 75 years old were considered 
the most suitable candidates for THA, but since the 1990s 
this age range has expanded. With an aging population, many 
older individuals are becoming candidates for surgery. In a 
meta-analysis reviewing the impact of advanced age on out-
comes of lower extremity arthroplasty, Murphy et al. found 
that the most elderly patients were at higher risk for mor-
tality, complications, and longer length of stay. Nonetheless, 
these patients experienced significant gains in pain relief, and 
activities of daily living and were satisfied with the outcome 
of arthroplasty surgery.

The 1994 National Institutes of Health Consensus 
Statement on Total Hip Replacement concluded that “THR 
[total hip replacement] is an option for nearly all patients with 
diseases of the hip that cause chronic discomfort and signifi-
cant functional impairment.” In younger individuals, THA is 
not the only reconstruction procedure available for a painful 
hip; the expanding field of hip preservation (see Chapter 6) 
provides surgeons with a variety of options that may delay or 
obviate the need for arthroplasty.

Femoral or periacetabular osteotomy should be con-
sidered for young patients with osteoarthritis if the joint is 
not grossly incongruous and satisfactory motion is present. 
Periacetabular osteotomy in patients with dysplasia may 
decrease the need for structural bone grafting if later con-
version to arthroplasty is needed. If an osteotomy relieves 
symptoms for 10 years or more, and then an arthroplasty is 
required, the patient will have been able to engage in more 
physical activity, bone stock will have been preserved, and the 
patient will be older and less physically active and will need 

the use of an arthroplasty for fewer years. Core decompres-
sion and osteotomy should be considered for patients with 
idiopathic osteonecrosis of the femoral head, especially when 
involvement is limited. Management of femoroacetabular 
impingement should be considered in suitable candidates. 
Arthrodesis is performed less frequently today, but is still a 
viable option for young, vigorous patients with unilateral hip 
disease and especially for young, active men with osteonecro-
sis or posttraumatic arthritis. If necessary at a later age, the 
arthrodesis can be converted to a THA. Finally, some designs 
of hip resurfacing (see Chapter 4) have been successful and 
remain an alternative to THA in young, active men.

Before any major reconstruction of the hip is recom-
mended, conservative measures should be advised, including 
weight loss, nonopioid analgesics, reasonable activity modifi-
cation, low-impact exercise, and ambulatory aids. These mea-
sures may relieve the symptoms enough to make an operation 
unnecessary or at least delay the need for surgery for a signifi-
cant period.

Surgery is justified if, despite these measures, pain at rest 
and pain with motion and weight bearing are severe enough 
to prevent the patient from working or from carrying out 
activities of daily living. Pain in the presence of a degenerative 
or destructive process in the hip joint as evidenced on imag-
ing studies is the primary indication for surgery. In our opin-
ion, patients with limitation of motion, limp, or leg-length 
inequality but with little or no hip pain are not candidates 
for THA.

In a study of a large inpatient database, Rasouli et  al. 
found a higher risk of systemic complications with bilateral 
total hip procedures carried out under a single anesthetic. 
Stavrakis et al. found a higher rate of sepsis, but no difference 
in other complications. The major indication is a medically 
fit patient with bilateral severe involvement with stiffness or 
fixed flexion deformity because rehabilitation may be diffi-
cult if surgery is done on one side only. Elderly patients with 
other comorbidities are not suitable candidates for such a 
procedure. A documented patent ductus arteriosus or septal 
defect is an absolute contraindication. More intensive intra-
operative monitoring, including an arterial line, pulmonary 
artery catheter, and urinary catheter, is recommended. The 
surgeon should decide in concert with the anesthesiologist as 
to whether the second procedure could be completed safely.

Absolute contraindications for THA include active infec-
tion of the hip joint or any other region and any unstable 
medical illnesses that would significantly increase the risk 
of morbidity or mortality. Asymptomatic bacteriuria has not 
been associated with postoperative surgical site infections 
and should not be considered a contraindication. 

PREOPERATIVE PATIENT 
EVALUATION AND OPTIMIZATION
Hip arthroplasty for degenerative and traumatic conditions is 
a major cost center for payors. Over the past decade, a greater 
burden has been placed on both surgeons and institutions to 
reduce perioperative complications, minimize readmissions, 
and maintain favorable outcomes, all while reducing the cost 
of the episode of care.

A thorough general medical evaluation, including lab-
oratory tests, is a recognized prerequisite that affords the 
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clinician the opportunity to uncover and treat various prob-
lems before surgery. Comorbidities known to be inherent to 
elderly patients should be considered, especially cardiopul-
monary disease, renal insufficiency, malnutrition, and the 
propensity for thromboembolism. Functional limitations 
from an arthritic hip may mask the symptoms of coronary 
or peripheral vascular disease. Various models of risk strat-
ification have identified a number of potentially modifiable 
factors that may be addressed preoperatively in order to mini-
mize the risk of complications.

Cardiovascular complications are one of the most com-
mon causes of perioperative mortality and hospital readmis-
sion. Patients with a known history of cardiac disease or the 
presence of new symptoms should prompt a cardiology con-
sultation. Aspirin, clopidogrel, and other antiplatelet medica-
tions are best discontinued 7 to 10 days before surgery. The 

presence of vascular stents presents a particular dilemma that 
should be managed in cooperation with a cardiac consultant. 
If clopidogrel is to be discontinued before surgery, then it is 
acceptable to continue aspirin and restart clopidogrel as soon 
as the bleeding risk at the surgery site permits. Oral antico-
agulants such as warfarin and factor Xa inhibitors should 
be discontinued in sufficient time for coagulation studies to 
return to normal. A bridging program with a short-acting 
anticoagulant such as enoxaparin may be required when dis-
continuing warfarin.

The prevalence of obesity has increased dramatically 
in Western societies and has been repeatedly identified as a 
risk factor for delayed wound healing, deep infection, car-
diac events, and kidney injury. The risk of infection increases 
gradually with elevation of body mass index (BMI). There is 
no definitive BMI at which surgery is contraindicated, but 
studies frequently stratify risk according to a BMI greater 
or less than 40 kg/m2 (class III, morbid obesity). A delay in 
surgery with a structured weight reduction diet plan should 
be encouraged for these patients. The role of bariatric sur-
gery before arthroplasty and its effect on outcomes remains 
undetermined.

Diabetes mellitus has consistently been recognized as a risk 
factor for postoperative complications, particularly infection. 
Preoperative screening for HbA1c elevation identifies patients 
with poor glycemic control over a period of 2 to 3 months. The 
literature is inconclusive regarding a threshold value of HbA1c 
that is predictive of subsequent infection. Cancienne et al. iden-
tified a HbA1c of more than 7.5% as a significant risk factor 
for postoperative joint infection. The Second International 
Consensus Meeting on Musculoskeletal Infection recom-
mended that the upper threshold for HbA1c that may be pre-
dictive of subsequent joint infection is most likely to be within 
the range of 7.5% to 8%. Screenings finding a higher value 
should be referred for glycemic control prior to surgery.

Current tobacco use has been shown to increase the risk 
of wound complications in many types of surgery, including 
arthroplasty. Duchman et  al. reported current smokers had 
a 1.8% incidence of wound complications compared to 1.1% 
in nonsmokers. Smoking cessation for at least 6 weeks before 
surgery is recommended to mitigate this risk. Compliance 
can be assessed by measuring the blood level of cotinine, a 
metabolite of nicotine.

Patients having nasal colonization with Staphylococcus 
aureus are at increased risk for infection following hip arthro-
plasty. Some institutions have instituted screening for nasal 
MSSA/MRSA colonization with polymerase chain reaction 
assays. Nasal administration of mupirocin, povidone-iodine, 
and chlorhexidine products have all been used for decoloni-
zation. Universal treatment without individual screening is 
the most cost-effective modality.

Preoperative anemia, defined by the World Health 
Organization (WHO) as a Hb level in men less than 13.0 g/
dL and 12.0 g/dL for women has been identified as an inde-
pendent predictor for complications including infection. 
Perioperative blood transfusion has also been associated 
with complications including mortality, sepsis, and throm-
boembolism. Preoperative iron supplementation and eryth-
ropoietin administration can decrease the need for allogeneic 
transfusion. The perioperative use of tranexamic acid and a 
comprehensive institutional blood management protocol are 
also important adjuncts for reducing transfusions.

Disorders of the Hip Joint for Which Total Hip 
Arthroplasty May Be Indicated

Inflammatory arthritis
Rheumatoid
Juvenile idiopathic
Ankylosing spondylitis

Osteoarthritis (degenerative joint disease, hypotrophic arthritis)
Primary
Secondary

Developmental dysplasia of hip
Coxa plana (Legg-Calvé-Perthes disease)
Posttraumatic
Slipped capital femoral epiphysis
Paget disease
Hemophilia

Osteonecrosis
Idiopathic
Post fracture or dislocation
Steroid induced
Alcoholism
Hemoglobinopathies (sickle cell disease)
Lupus
Renal disease
Caisson disease
Gaucher disease
Slipped capital femoral epiphysis

Failed reconstruction
Osteotomy
Hemiarthroplasty
Resection arthroplasty (Girdlestone procedure)
Resurfacing arthroplasty

Acute fracture, femoral neck and trochanteric
Nonunion, femoral neck and trochanteric fractures
Pyogenic arthritis or osteomyelitis

Hematogenous
Postoperative
Tuberculosis

Hip fusion and pseudarthrosis
Bone tumor involving proximal femur or acetabulum
Hereditary disorders (e.g., achondroplasia)

BOX 3.1
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A low BMI (less than 18.5 kg/m2) is associated with 
a higher risk for infection and may be a surrogate for poor 
nutritional status in the elderly. Low serum albumin, prealbu-
min, transferrin, and total lymphocyte count are indicative of 
poor nutrition and/or anemia.

Many herbal medications and nutritional supplements 
may cause increased perioperative blood loss, and we recom-
mend that these medications be discontinued preoperatively. 
Pyogenic skin lesions should be eradicated, and preoperative 
skin preparation with chlorhexidine for several days should 
be considered. Dental problems, as well as urinary retention 
caused by prostatic or bladder disease, should be addressed 
before surgery.

If a patient has a history of previous surgery, purulent 
drainage from the hip, or other indications of ongoing infec-
tion, laboratory investigation including erythrocyte sedimen-
tation rate (ESR) and C-reactive protein (CRP), nuclear scans, 
and a culture and sensitivity determination of an aspirate of 
the hip are advisable before surgery. Infection must be sus-
pected if part of the subchondral bone of the acetabulum or 
femoral head is eroded or if bone has been resorbed around 
an internal fixation device.

The physical examination should include the spine and 
the upper and lower extremities. The soft tissues around 
the hip should be inspected for any inflammation or scar-
ring where the incision is to be made. Gentle palpation of 
the hip and thigh may reveal areas of point tenderness or 
a soft-tissue mass. The strength of the abductor muscu-
lature should be determined by the Trendelenburg test. 
The lengths of the lower extremities should be compared, 
and any fixed deformity should be noted. Adduction con-
tracture of the hip can produce apparent shortening of the 
limb despite equally measured leg lengths. Abduction con-
tracture conversely produces apparent lengthening. Fixed 
flexion deformity of the hip forces the lumbar spine into 
lordosis on assuming an upright posture and may aggra-
vate lower back pain symptoms. Conversely, fixed lumbar 
spine deformity from scoliosis or ankylosing spondylitis 
may produce pelvic obliquity, which must be taken into 
account when positioning the implants. When the hip and 
the knee are both severely arthritic, usually the hip should 
be operated on first. Hip arthroplasty may alter knee align-
ment and mechanics. Also, knee arthroplasty is techni-
cally more difficult when the hip is stiff, and rehabilitation 
would be hampered.

An alternative or additional diagnosis should be consid-
ered. The complaint of “hip pain” can be brought about by 
a variety of afflictions, and arthritis of the hip joint is one 
of the less common ones. True hip joint pain usually is per-
ceived in the groin and lateral hip, sometimes in the anterior 
thigh, and occasionally in the knee. Arthritic pain usually is 
worse with activity and improves to some degree with rest 
and limited weight bearing. Pain in atypical locations and 
of atypical character should prompt a search for other prob-
lems. Pain isolated to the buttock or posterior pelvis often is 
referred from the lumbar spine, sacrum, or sacroiliac joint. 
Arthritis often coexists in the hip and lumbar spine. A THA 
done to relieve symptoms predominantly referred from the 
lumbar spine would do little to improve the patient’s condi-
tion. Likewise, surgical intervention in the face of mild hip 
arthritis when the pain is actually caused by unrecognized 
vascular claudication, trochanteric bursitis, pubic ramus 

fracture, or an intraabdominal problem subjects the patient 
to needless risk.

The Harris, Iowa (Larson), Judet, Andersson, and 
d’Aubigné and Postel systems for recording the status of the 
hip before surgery are useful for evaluating postoperative 
results. Pain, ability to walk, function, mobility, and radio-
graphic changes are recorded. As yet, no particular hip rating 
system has been uniformly adopted. The Harris system is the 
most frequently used (Box 3.2).

Adoption of a single rating system by the orthopae-
dic community would help standardize the reporting of 
results. Rating systems have been criticized as being sub-
jective, for downgrading the importance of pain relief, and 
for emphasizing range of motion rather than functional 
capabilities as a result of hip motion. Improved motion 
in the hip is of little benefit if one is still unable to dress 
the foot and trim the toenails. The Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) 
considers the functional abilities of patients with hip 
arthritis in greater depth than specific hip rating sys-
tems. The 36-item short-form health survey (SF-36) is a 
more generic survey of health and well-being. These two 
tools often are used in addition to a hip rating score in 
reporting results. Finally, patient reported outcome mea-
sures (PROMs) have become increasingly important in 
evaluating outcomes by hospital administrators, insur-
ance carriers, and policymakers. The Hip Disability and 
Osteoarthritis Outcome Score (HOOS), Jr is a six-ques-
tion survey of pain, function, and daily living derived from 
the HOOS. The survey is efficient to administer and has 
been validated and endorsed by major orthopaedic soci-
eties. The Veterans RAND 12-Item Health Survey (VR-
12) and the Patient-Reported Outcomes Measurement 
Information System (PROMIS Global-10) are both short-
form instruments to measure general physical and mental 
health apart from the hip.

General inhalation anesthesia or regional anesthesia can 
be used for the surgery. The choice should be made in col-
laboration with the anesthesiologist and may be based on 
institutional protocols or the specific needs of the patient. 
The introduction of multimodal pain management proto-
cols has been an important adjunct to the surgical anesthetic. 
Preemptive analgesia including lumbar plexus blockade, 

BOX 3.2

Recommended Weight-Adjusted Doses of 
Antimicrobials for Prophylaxis of Hip and Knee 
Arthroplasty in Adults

Antimicrobial Recommended Dose Redosing Interval

Cefazolin 2 g (consider 3 g if patient 
weight is ≥129 kg*)

4 hr

Vancomycin 15-20 mg/kg* Not applicable
Clindamycin 600-900 mg† 6 hr

*Actual body weight.
†No recommended adjustment for weight.
From Aboltins CA, Berdal JE, Casas F, et al: Hip and knee section, prevention, 
antimicrobials (systemic): Proceedings of International Consensus on Orthopedic 
Infections, J Arthroplasty 34:S279, 2019.
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periarticular injection of long-acting local anesthetics, cele-
coxib, gabapentin, intravenous or oral acetaminophen, and 
long-acting oral analgesics such as tramadol have helped 
reduce the need for more potent opioids.

Finally, preoperative education classes and institutional 
rehabilitation protocols have proven to be useful adjuncts in 
shortening hospital stays and reducing readmissions. With 
careful patient selection, proactive management of comor-
bidities, preoperative education, and the use of preemptive 
analgesia, we have reduced length of stay for most patients to 
a single hospital day. In carefully selected younger patients, 
we are now performing THA as an outpatient procedure in 
both hospital and surgery center settings. As payers, includ-
ing CMS (Centers for Medicare & Medicaid Services) and 
private insurers, transition to bundled payment methodolo-
gies, strategies to reduce cost while maintaining patient safety 
will become even more important for maintaining surgeon 
compensation for hip arthroplasty procedures. 

PREOPERATIVE RADIOGRAPHS
Before surgery, radiographs of the hips are reviewed and, if 
indicated, radiographs of the spine and knees are obtained. 
An anteroposterior view of the pelvis showing the proximal 
femur and a lateral view of the hip and proximal femur are 
the minimal views required. Radiographs of the pelvis should 
be reviewed specifically to evaluate the structural integrity of 
the acetabulum, to estimate the size of the implant required 
and how much reaming would be necessary, and to deter-
mine whether bone grafting would be required. In patients 
with developmental dysplasia, the pelvis should be evaluated 
with special care to determine the amount of bone stock pres-
ent for fixation of the cup. In patients with previous acetabu-
lar fractures, obturator and iliac oblique views are obtained, 
in addition to the routine anteroposterior view of the hip, 
because a significant defect may be present in the posterior 
wall. A three-dimensional CT scan also is helpful in evaluat-
ing the acetabulum in these complex cases.

The width of the medullary canal also is noted because 
it may be narrow, especially in patients with dysplasia or 
dwarfism. In these instances, a femoral component with a 
straight stem may be needed. In Paget disease, old fractures 
of the femoral shaft, or congenital abnormalities, a lateral 
radiograph of the proximal femur may reveal a significant 
anterior bowing that may make preparation of the canal 
more difficult. If excessive bowing or a rotational defor-
mity is present, femoral osteotomy may be required before 
or in addition to the arthroplasty. Appropriate instruments 
must be available to remove any internal fixation devices 
implanted during previous surgery (see the section on failed 
reconstructive procedures); otherwise, the procedure may 
be unduly prolonged.

Preoperative planning should include the use of templates 
supplied by the prosthesis manufacturer. Careful templating 
before surgery removes much of the guesswork during sur-
gery and can shorten operative time by eliminating repetition 
of steps. The wide array of implant sizes and femoral neck 
lengths allows precise fitting to the patient, but it also allows 
for major errors in implant sizing and limb length when used 
without careful planning. Templating aids in selecting the 
type of implant that would restore the center of rotation of the 
hip and provide the best femoral fit and in judging the level 

of bone resection and selection of the neck length required to 
restore equal limb lengths and femoral offset. 

 

PREOPERATIVE TEMPLATING FOR 
TOTAL HIP ARTHROPLASTY

 TECHNIQUE 3.1 

(CAPELLO)
 n  Make an anteroposterior pelvic radiograph and a lat-

eral view of the affected hip. The pelvic film must in-
clude the upper portion of both femurs and the entire 
hip joint.

 n  Position the hips in 15 degrees of internal rotation to de-
lineate better femoral geometry and offset. Femoral off-
set will be underestimated when the hips are positioned 
in external rotation.

 n  On the lateral view, place the femur flat on the cassette 
to avoid distortion and include the upper portion of the 
femur.

 n  On each view, tape a magnification marker (with lead 
spheres 100 mm apart) to the thigh so that the marker is 
parallel to the femur and is the same distance from the 
film as the bone.

 n  Tape the marker to the upper medial thigh for the antero-
posterior view and move it to the anterior thigh for the 
lateral view.

 n  Measure the distance between the centers of the spheres 
to estimate the amount of magnification of the radio-
graph. For a standard pelvic radiograph, magnification is 
approximately 20%.

 n  Templates are marked as to their degree of magnification. 
Take any discrepancy into account when templating.

 n  Draw a line at the level of and parallel to the ischial tuber-
osities that intersects the lesser trochanter on each side 
and compare the two points of intersection and measure 
the difference to determine the amount of limb shorten-
ing.

 n  Place the acetabular overlay templates on the film and 
select the size that matches the contour of the patient’s 
acetabulum without excessive removal of subchondral 
bone. The medial position of the acetabular template is 
at the teardrop and the inferior margin at the level of 
the obturator foramen. Mark the center of the acetabular 
component on the radiograph; this corresponds to the 
new center of rotation of the hip.

 n  Place the femoral overlay templates on the film and select 
the size that most precisely matches the contour of the 
proximal canal and fills it most completely. Make allow-
ance for the thickness of the desired cement mantle if 
cement is to be used.

 n  Select the appropriate neck length to restore limb length 
and femoral offset. If no shortening is present, match the 
center of the head with the previously marked center of 
the acetabulum. If a discrepancy exists, the distance be-
tween the femoral head center and the acetabular center 
should be equal to the previously measured limb-length 
discrepancy.
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 n  When the neck length has been selected, mark the level 
of anticipated neck resection and measure its distance 
from the top of the lesser trochanter to use as a refer-
ence intraoperatively. Template the femur on the lateral 
view in a similar manner to ascertain whether the implant 
determined on the anteroposterior film can be inserted 
without excessive bone removal.

 n  Measure the diameter of the canal below the tip of the 
stem to determine the size of the medullary plug if ce-
ment is to be used.

 n  If a fixed external rotation deformity of the hip is present, 
templating is inaccurate.

 n  If the opposite hip is without deformity, template the nor-
mal hip and transpose the measurements to the operative 
side as a secondary check.
  

Many modifications of this technique are commonly 
used. For determining leg-length discrepancy, a line between 
the inferior edge of the acetabular teardrop (interteardrop 
line) or the bottom of the obturator foramen (interobturator 
line) can be used as the reference line. Perpendicular mea-
surements to the proximal corner of each lesser trochanter are 
compared to compute the leg-length discrepancy. Meerman 
et al. found measurements from the interteardrop line to be 
more accurate than those from the ischium.

Digital radiographs are now commonplace in orthopae-
dic practice. Templating digital images requires specialized 
software and a library of precision templates supplied by each 
manufacturer that can be manipulated on a high-resolution 
computer monitor in a manner similar to that described for 
conventional films. A number of software packages are com-
mercially available and may be integral to a picture archiving 
and communication system (PACS) or acquired as a separate 
module. Magnification is assessed in a manner similar to that 
used for conventional radiographs with a marker of known 
size placed at the level of the hip joint. The software then cali-
brates the image, and the digital templates are scaled to the 
correct degree of magnification. The subsequent steps are spe-
cific to the software package but generally mimic the process 
described for acetate templates used on printed radiographs. 
Iorio et al. and Whiddon et al. found acceptable accuracy with 
digital templating. Eliminating the cost of printing films and 
having a permanent archive of the preoperative plan are clear 
advantages of digital methods. Archibeck et  al. concluded 
that placement of a magnification marker did not improve 
the accuracy of digital templating compared to assuming a 
standard 20% magnification as has been used in the past for 
acetate templates with film radiographs. Sershon et al. found 
that accuracy of templating did not vary by BMI for either 
femoral or acetabular sizing. Shin et al. described a technique 
using acetate templates on a digital monitor with radiographs 
adjusted for magnification. The technique avoids the need for 
costly software and was accurate for both implant sizing and 
correction of leg length and offset. 

THE HIP-SPINE RELATIONSHIP
A recent meta-analysis by An et al. found that a history of spi-
nal fusion imparted a twofold risk of early hip dislocation and 
over threefold risk for revision. Additionally, most early dis-
locations occur with acetabular components that have been 

placed in the so-called safe zone as described by Lewinnek. 
The findings have led to questions regarding the acceptance 
of a universal guideline for acetabular component placement 
and a recognition that altered spinopelvic motion may put 
the acetabular component in a functionally unsafe orienta-
tion with changes of posture.

In normal patients, the lower lumbar spine is flexible in 
the sagittal plane. When moving from standing to sitting posi-
tion, the pelvis tilts posteriorly to accommodate flexion of the 
hip joint. For each 1 degree of increased pelvic tilt, acetabular 
anteversion increases from 0.7 to 0.8 degrees. This translates 
to a change of acetabular anteversion of approximately 15.6 
degrees when moving from standing to sitting position and 
reduces anterior impingement as the hip flexes. Acetabular 
inclination also increases with pelvic tilt and may be protec-
tive of anterior impingement with hip flexion. Deformity and 
stiffness of the lumbar spine from degenerative processes or 
lumbar fusion can prevent this normal accommodation and 
lead to excessive anterior impingement with sitting or poste-
rior impingement when standing.

For patients with a history of spinal fusion, deformity, or 
stiffness, it may be necessary to obtain additional radiographs 
to assess spinopelvic kinematics and make adaptations to the 
surgical plan for proper component positioning. A lateral 
view of the lumbar spine and pelvis in both standing and sit-
ting positions is the minimum required. Some have also rec-
ommended obtaining a standing anteroposterior (AP) view of 
the pelvis. A number of new terms have been defined to assist 
hip surgeons in addressing the needs of “hip-spine” patients.

The anterior pelvic plane (APP) is defined by the points 
of the two anterior superior iliac spines (ASIS) and the pubic 
symphysis on a lateral radiograph of the pelvis. Anterior and 
posterior pelvic tilt describe the direction of motion of the 
upper portion of the ilium (Fig. 3.39). Sacral slope (SS) is the 
angle between the superior endplate of the S1 vertebra and 
a horizontal reference, typically the inferior border of the 
radiograph. Both APP and SS can be used to assess spinopel-
vic motion with changes in posture.

Moving from a standing to sitting position normally 
results in posterior pelvic tilt with a concomitant reduction in 
lumbar lordosis and flattening of SS (Fig. 3.40). The normal 
change in SS from standing to sitting is between 11 and 30 
degrees. Spinopelvic stiffness is defined as a change in SS of 
≤10 degrees. When this is the case, the hip joint must flex fur-
ther to assume a seated position, with a greater risk of anterior 
impingement (Fig. 3.41). In these patients, more anteversion 
of the acetabular component will be needed to compensate 
for the reduced posterior pelvic tilt imposed by the stiff spine.

The term pelvic incidence (PI) refers to the angle between 
a line drawn from the center of the femoral heads to the cen-
ter of the superior endplate of S1 and a second line drawn 
perpendicular to the S1 endplate (Fig. 3.42). It is a measure-
ment of the anterior to posterior relationship of the femoral 
head to the lower lumbar spine. PI is a fixed value and does 
not change with posture. When combined with measures of 
the lumbar lordosis (typically the angle between superior 
endplates of L1 and S1), it may identify patients with a flat-
back spinal deformity. These patients may have excessive pos-
terior pelvic tilt while standing. This increases the functional 
anteversion of the acetabulum upon standing, with resulting 
risk of anterior instability. Therefore, acetabular component 
anteversion may need to be reduced in these patients.
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When patients have alterations in spinopelvic mechan-
ics, the so-called safe zone for acetabular component position 
can be altered in terms of anteversion and also significantly 
narrowed. In addition to adjustments in implant positioning, 
dual mobility components (see Fig. 3.35) have proven useful 
in reducing the rate of instability. Innovative new modalities 
such as EOS imaging (EOS Imaging, Paris) may also simplify 
the evaluation of these complex cases. 

PREPARATION AND DRAPING
An operating table that tilts easily is recommended, especially 
if the patient is placed in the lateral position. If the patient is 
not anchored securely, the proper position in which to place 
the acetabular component is difficult to determine. A vari-
ety of pelvic positioning devices are commercially available 

for this purpose. Positioning devices should be placed so as 
not to impede the motion of the hip intraoperatively; oth-
erwise, assessing stability is difficult. Also, the position-
ing devices should be placed against the pubic symphysis 
or the ASIS so that no pressure is applied over the femo-
ral triangles, or limb ischemia or compression neuropathy 
may result. We have previously used suction-deflated bean-
bags for this purpose. Dedicated hip positioning devices are 
more secure, but errors in positioning may still occur, even 
with these devices, resulting in misjudgment of acetabular 
component anteversion. Bony prominences and the pero-
neal nerve should be padded, especially if a lengthy proce-
dure is expected. If the patient is to be operated on in the 
supine position, a small pad is placed beneath the buttock 
of the affected hip; this is especially helpful in obese patients 
because it tends to allow the loose adipose tissue to drop 
away from the site of the incision.

The adhesive edges of a U-shaped plastic drape are applied 
to the skin to seal off the perineal and gluteal areas, and the 
hip and entire limb are prepared with a suitable bactericidal 
solution. The foot preferably is covered with a stockinette, and 
the final drapes should be of an impervious material to allow 
abundant irrigation without fear of contaminating the field. 
If anterior dislocation of the hip is anticipated in the lateral 
position, a draping system that incorporates a sterile pocket 
suspended across the anterior side of the operating table is 
helpful; this allows the leg to be placed in the bag while the 
femur is being prepared and delivered back onto the table 
without contaminating the sterile field. 

SURGICAL APPROACHES AND 
TECHNIQUES
Many variations have evolved in the surgical approaches and 
techniques used for THA. This is in keeping with the natural 
tendency of surgeons to individualize operations according to 
their own clinical and educational experiences. The surgical 
approaches differ chiefly as to whether the patient is operated 
on in the lateral or the supine position and whether the hip is 
dislocated anteriorly or posteriorly.

 FIGURE 3.40 Standing and sitting lateral radiographs of a 
patient with normal spinal pelvic mobility. When the patient sits, 
lumbar lordosis decreases and the pelvis “rolls back,” which is 
demonstrated by an increase in posterior pelvic tilt (yellow line) 
and a flattening of the sacral slope (red line).  (From Luthringer TA, 
Vigdorchik JM: A preoperative workup of a “hip-spine” total hip arthro-
plasty patient: a simplified approach to a complex problem, J Arthroplasty 
34[7S]:S57, 2019.)

 

A B C
FIGURE 3.39 Anterior pelvic plane (orange lines) and effect on sacral slope (purple lines).  

Neutral (A), anterior (B), and posterior (C) pelvic tilt.
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The choice of specific surgical approach for THA is largely 
a matter of personal preference and training. The surgical 
protocol for a given total hip system may advocate a certain 
approach, as reflected in the technique manual. In reality, vir-
tually all total hip femoral and acetabular components can be 
properly implanted through numerous approaches, provided 
that adequate exposure is obtained. Each approach has rela-
tive advantages and drawbacks.

The original Charnley technique used the anterolateral sur-
gical approach with the patient supine, osteotomy of the greater 
trochanter, and anterior dislocation of the hip. This approach is 
used much less commonly now as a result of problems related to 
reattachment of the greater trochanter. Amstutz advocated the 

anterolateral approach with osteotomy of the greater trochanter, 
but with the patient in the lateral rather than the supine posi-
tion. The Müller technique also uses the anterolateral approach 
with the patient in the lateral position but includes release of 
only the anterior part of the abductor mechanism. The Hardinge 
direct lateral approach is done with the patient supine or in the 
lateral position. A muscle-splitting incision through the gluteus 
medius and minimus allows anterior dislocation of the hip and 
affords excellent acetabular exposure. Residual abductor weak-
ness and limp after this approach may be the result of avulsion 
of the repair of the anterior portion of the abductors or of direct 
injury to the superior gluteal nerve. The Dall variation of this 
approach involves removal of the anterior portion of the abduc-
tors with an attached thin wafer of bone from the anterior edge 
of the greater trochanter to facilitate their later repair. Abductor 
function is better after bony reattachment of the anterior por-
tions of these muscles. Head et  al. used a modification of the 
direct lateral approach, in which the patient is in the lateral posi-
tion and the vastus lateralis is reflected anteriorly in continuity 
with the anterior cuff of the abductors. This approach allows 
much greater exposure of the proximal femur than the Hardinge 
approach, and is more appropriate for revision surgery. Keggi 
described a supine anterior approach through the medial border 
of the tensor fascia lata (TFL) muscle; variations of this approach 
have become popular recently and are advocated for a reduced 
risk of posterior dislocation. Femoral exposure is more difficult 
through this so-called direct anterior approach, and injury to 
the lateral femoral cutaneous nerve (LFCN) can be problematic. 
The posterolateral approach with posterior dislocation of the 
hip requires placing the patient in the lateral position and has 
proven satisfactory for primary and revision surgery. Exposure 
of the anterior aspect of the acetabulum can be difficult, and his-
torically the postoperative dislocation rate is higher with the pos-
terolateral approach than with the anterolateral or direct lateral 
approaches.

The specific technique for implantation of a given total hip 
system varies according to the method of skeletal fixation; the 
preparation for ancillary fixation devices for the acetabulum; the 
shape of the femoral component; the length of the stem; and the 
assembly of modular portions of the acetabular component, the 
femoral head, and, with some systems, the femoral component 
itself. The instrumentation supplied with a system is specific for 
that system and always should be used. The manufacturer sup-
plies a technique manual with the system that gives a precise 
description of the instruments and the manner in which they are 
to be used for correct implantation of the components. Although 
instruments in various systems serve similar purposes, there 
may be substantial differences in their configurations and in the 
way they are assembled and used. The surgeon and scrub nurse 
should become thoroughly familiar with all of the instrumenta-
tion before proceeding with the operative procedure. A practice 
session with plastic bone models or a cadaver is useful before 
using a new prosthesis for the first time.

Considering the number of total hip systems in current use, 
this text cannot discuss the particular points of all or any one of 
them. A general technical guideline is presented for exposure and 
insertion of cemented and cementless femoral and acetabular com-
ponents, along with points germane to many types of implants. 
Additional steps are required for preparation and insertion of 
certain implants, and the manufacturer’s technique must always 
be followed in these instances. The techniques presented here are 
for the posterior and direct anterior approaches; the preparation 

 FIGURE 3.41 Standing and sitting lateral radiographs of a 
patient with a stiff spine who underwent revision of the shown 
construct for asymmetric polyethylene wear, osteolysis, and poste-
rior instability. Note the lack of “pelvic rollback” in the seated 
position (no change in sacral slope, red) and the proximity of the 
flexing proximal femur to the anterior acetabular rim (yellow).  
(From Luthringer TA, Vigdorchik JM: A preoperative workup of a “hip-
spine” total hip arthroplasty patient: a simplified approach to a complex 
problem, J Arthroplasty 34[7S]:S57, 2019.)

 FIGURE 3.42 Pelvic incidence is the angle between line drawn 
from center of femoral head to center of sacral endplate and second 
line perpendicular to sacral endplate (orange lines).
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A B C

D E
FIGURE 3.43 A, Skin incision for posterolateral approach to hip. B, Completed posterior soft-

tissue dissection. C, Neck cut planned at appropriate level and angle by using trial components of 
templated size. D, Anterior capsule divided along course of psoas tendon sheath. E, Femur retracted 
well anteriorly to allow unimpeded access to acetabulum. (A, B, and E redrawn from Capello WN: 
Uncemented hip replacement, Tech Orthop 1:11, 1986; also Courtesy Indiana University School of Medicine.) 
SEE TECHNIQUES 3.2 AND 3.4.

of the femur and acetabulum is similar for other approaches (see 
Chapter 1). A traditional approach is presented here. Although a 
less extensile exposure may be appropriate in most cases (see sec-
tion “Minimally Invasive Techniques”), it is important for sur-
geons to understand the full array of soft-tissue releases that may 
be needed in stiff hips and more complex procedures.

TOTAL HIP ARTHROPLASTY THROUGH 
POSTEROLATERAL APPROACH

 

POSTEROLATERAL APPROACH WITH 
POSTERIOR DISLOCATION OF THE HIP

The posterolateral approach is a modification of posterior 
approaches described by Gibson and by Moore (see Chapter 1). 

The approach can be extended proximally by osteotomy of the 
greater trochanter with anterior dislocation of the hip (see sec-
tion on trochanteric osteotomy). The approach can be extended 
distally to allow a posterolateral approach to the entire femoral 
shaft. We use the posterolateral approach for primary and revi-
sion THA.

 TECHNIQUE 3.2 

 n  With the patient firmly anchored in the straight lateral 
position, make a slightly curved incision centered over the 
greater trochanter. Begin the skin incision proximally at a 
point level with the ASIS along a line parallel to the pos-
terior edge of the greater trochanter. Extend the incision 
distally to the center of the greater trochanter and along 
the course of the femoral shaft to a point 10 cm distal to 
the greater trochanter (Fig. 3.43A). Adequate extension 
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 FIGURE 3.44 Device for intraoperative leg-length measure-
ment. Sharp pin is placed in pelvis above acetabulum or iliac crest, 
and measurements are made at fixed point on greater trochanter. 
Adjustable outrigger is calibrated for measurement of leg length 
and femoral offset. SEE TECHNIQUE 3.2.

of the upper portion of the incision is required for ream-
ing of the femoral canal from a superior direction, and 
the distal extent of the exposure is required for prepara-
tion and insertion of the acetabular component from an 
anteroinferior direction.

 n  Divide the subcutaneous tissues along the skin incision in 
a single plane down to the fascia lata and the thin fascia 
covering the gluteus maximus superiorly.

 n  Dissect the subcutaneous tissues from the fascial plane 
for approximately 1 cm anteriorly and posteriorly to make 
identification of this plane easier at the time of closure.

 n  Divide the fascia in line with the skin wound over the 
center of the greater trochanter.

 n  Bluntly split the gluteus maximus proximally in the direc-
tion of its fibers and coagulate any vessels within the sub-
stance of the muscle.

 n  Extend the fascial incision distally far enough to expose 
the tendinous insertion of the gluteus maximus on the 
posterior femur.

 n  Bluntly dissect the anterior and posterior edges of the fas-
cia from any underlying fibers of the gluteus medius that 
insert into the undersurface of this fascia. Suture moist 
towels or laparotomy sponges to the fascial edges anteri-
orly and posteriorly to exclude the skin, prevent desicca-
tion of the subcutaneous tissues, and collect cement and 
bone debris generated during the operation.

 n  Insert a Charnley or similar large self-retaining retractor 
beneath the fascia lata at the level of the trochanter. Take 
care not to entrap the sciatic nerve beneath the retractor 
posteriorly.

 n  Divide the trochanteric bursa and bluntly sweep it poste-
riorly to expose the short external rotators and the pos-
terior edge of the gluteus medius. The posterior border 
of the gluteus medius is almost in line with the femoral 
shaft, and the anterior border fans anteriorly.

 n  Maintain the hip in extension as the posterior dissection 
is done. Flex the knee and internally rotate the extended 
hip to place the short external rotators under tension.

 n  Palpate the sciatic nerve as it passes superficial to the ob-
turator internus and the gemelli. Complete exposure of 
the nerve is unnecessary unless the anatomy of the hip 
joint is distorted.

 n  Palpate the tendinous insertions of the piriformis and ob-
turator internus and place tag sutures in the tendons for 
later identification at the time of closure.

 n  Divide the short external rotators, including at least the 
proximal half of the quadratus femoris, as close to their 
insertion on the femur as possible. Maintaining length 
of the short rotators facilitates their later repair. Coagu-
late vessels located along the piriformis tendon and ter-
minal branches of the medial circumflex artery located 
within the substance of the quadratus femoris. Reflect 
the short external rotators posteriorly, protecting the 
sciatic nerve.

 n  Bluntly dissect the interval between the gluteus minimus 
and the superior capsule. Insert blunt cobra or Hohmann 
retractors superiorly and inferiorly to obtain exposure of 
the entire superior, posterior, and inferior portions of the 
capsule.

 n  Divide the entire exposed portion of the capsule imme-
diately adjacent to its femoral attachment. Retract the 
capsule and preserve it for later repair (Fig. 3.43B).

 n  To determine leg length, insert a Steinmann pin into the 
ilium superior to the acetabulum and make a mark at a 
fixed point on the greater trochanter. Measure and re-
cord the distance between these two points to determine 
correct limb length after trial components have been in-
serted. Make all subsequent measurements with the limb 
in the identical position. Minor changes in abduction of 
the hip can produce apparent changes in leg-length mea-
surements. We currently use a device that enables the 
measurements of leg length and offset (Fig. 3.44).

 n  Dislocate the hip posteriorly by flexing, adducting, and 
gently internally rotating the hip.

 n  Place a bone hook beneath the femoral neck at the level 
of the lesser trochanter to lift the head gently out of the 
acetabulum. The ligamentum teres usually is avulsed from 
the femoral head during dislocation. In younger patients, 
however, it may require division before the femoral head 
can be delivered into the wound.

 n  If the hip cannot be easily dislocated, do not forcibly in-
ternally rotate the femur because this can cause a frac-
ture of the shaft. Instead, ensure that the superior and 
inferior portions of the capsule have been released as far 
anteriorly as possible. Remove any osteophytes along the 
posterior rim of the acetabulum that may be incarcerat-
ing the femoral head. If the hip still cannot be dislocated 
without undue force (most often encountered with pro-
trusio deformity), divide the femoral neck with an oscillat-
ing saw at the appropriate level and subsequently remove 
the femoral head segment with a corkscrew or divide it 
into several pieces.

 n  After dislocation of the hip, deliver the proximal femur 
into the wound with a broad, flat retractor.

 n  Excise residual soft tissue along the intertrochanteric line 
and expose the upper edge of the lesser trochanter.
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 n  Mark the level and angle of the proposed osteotomy of the 
femoral neck with the electrocautery or with a shallow cut 
with an osteotome. Many systems have a specific instru-
ment for this purpose. If not, plan the osteotomy by using a 
trial prosthesis (see Fig. 3.43C). Use the stem size and neck 
length trials determined by preoperative templating.

 n  Align the trial stem with the center of the femoral shaft 
and match the center of the trial femoral head with that 
of the patient. The level of the neck cut should be the 
same distance from the top of the lesser trochanter as 
determined by preoperative templating.

 n  Perform the osteotomy with an oscillating or a reciprocat-
ing power saw. If this cut passes below the junction of the 
lateral aspect of the neck and greater trochanter, a sepa-
rate longitudinal lateral cut is required. Avoid notching 
the greater trochanter at the junction of these two cuts 
because this may predispose to fracture of the trochanter.

 n  Remove the femoral head from the wound by dividing any re-
maining soft-tissue attachments. Keep the head on the sterile 
field because it may be needed as a source of bone graft.

EXPOSURE AND PREPARATION OF THE ACETABULUM
 n  Isolate the anterior capsule by passing a curved clamp 

within the sheath of the psoas tendon.
 n  Retract the femur anteriorly with a bone hook to place the 

capsule under tension.
 n  Carefully divide the anterior capsule between the jaws of 

the clamp (Fig. 3.43D).
 n  Place a curved cobra or Hohmann retractor in the inter-

val between the anterior rim of the acetabulum and the 
psoas tendon (Fig. 3.43E). Erroneous placement of this 
retractor over the psoas muscle can cause injury to the 
femoral nerve or adjacent vessels. The risk increases with 
a more inferior placement of the retractor. The safest po-
sition is near the level of the anterosuperior iliac spine. 
Place an additional retractor beneath the transverse ac-
etabular ligament to provide inferior exposure.

 n  Retract the posterior soft tissues with a right-angle re-
tractor placed on top of a laparotomy sponge to avoid 
compression or excessive traction on the sciatic nerve. 
As an alternative, place Steinmann pins or spike retrac-
tors into the posterior column. Avoid impaling the sciatic 
nerve or placing the pins within the acetabulum, where 
they would interfere with acetabular preparation.

 n  Retract the femur anteriorly and medially and rotate it 
slightly to determine which position provides the best ace-
tabular exposure. If after complete capsulotomy the femur 
cannot be fully retracted anteriorly, divide the tendinous 
insertion of the gluteus maximus, leaving a 1-cm cuff of 
tendon on the femur for subsequent reattachment.

 n  Complete the excision of the labrum. Draw the soft tis-
sues into the acetabulum and divide them immediately 
adjacent to the acetabular rim. Keep the knife blade with-
in the confines of the acetabulum at all times to avoid 
injury to important structures anteriorly and posteriorly.

 n  Expose the bony margins of the rim of the acetabulum 
around its entire circumference to facilitate proper place-
ment of the acetabular component.

 n  Use an osteotome to remove any osteophytes that pro-
trude beyond the bony limits of the true acetabulum.

 n  Begin the bony preparation of the acetabulum. The pro-
cedure for cartilage removal and reaming of the acetabu-

lum is similar for cementless and cemented acetabular 
components.

 n  Excise the ligamentum teres and curet any remaining soft 
tissue from the region of the pulvinar. Brisk bleeding from 
branches of the obturator artery may be encountered 
during this maneuver and require cauterization.

 n  Palpate the floor of the acetabulum within the cotyloid 
notch. Occasionally, hypertrophic osteophytes completely 
cover the notch and prevent assessment of the location 
of the medial wall. Remove the osteophytes with osteo-
tomes and rongeurs to locate the medial wall. Otherwise, 
the acetabular component can be placed in an excessively 
lateralized position.

 n  Prepare the acetabulum with power reamers (Fig. 3.45). 
Begin with a reamer smaller than the anticipated final size 
and direct it medially down to, but not through, the me-
dial wall. Make frequent checks of the depth of reaming 
to ensure that the medial wall is not violated. This allows 
a few millimeters of deepening of the acetabulum with 
improved lateral coverage of the component.

 n  Direct all subsequent reamers in the same plane as the 
opening face of the acetabulum.

 n  Retract the femur well anteriorly so that reamers can 
be inserted from an anteroinferior direction without 
impingement. If the femur is inadequately retracted an-
teriorly, it may force reamers posteriorly, and excessive 
reaming of the posterior column occurs. Use progressively 
larger reamers in 1- or 2-mm increments.

 n  Irrigate the acetabulum frequently to assess the adequa-
cy of reaming and to adjust the direction of the reaming 
to ensure that circumferential reaming occurs. Reaming 
is complete when all cartilage has been removed, the 
reamers have cut bone out to the periphery of the ace-
tabulum, and a hemispherical shape has been produced.

 n  Expose a bleeding subchondral bone bed but maintain as 
much of the subchondral bone plate as possible.

 n  Curet any remaining soft tissue from the floor of the ac-
etabulum and excise any overhanging soft tissues around 
the periphery of the acetabulum. Search for subchondral 

 FIGURE 3.45 Reaming of acetabulum. SEE TECHNIQUES 3.2 
AND 3.7.
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cysts within the acetabulum and remove their contents 
with small curved curets.

 n  Fill the cavities with morselized cancellous bone obtained 
from the patient’s femoral head or acetabular reamings 
and impact the graft with a small punch.

 n  Before insertion of the acetabular component, ensure that 
the patient remains in the true lateral position. If the pelvis 
has been rotated anteriorly by forceful anterior retraction of 
the femur, the acetabular component can easily be placed in 
a retroverted position, which may predispose to postopera-
tive dislocation. Most systems have trial acetabular compo-
nents that can be inserted before final implant selection to 
determine the adequacy of fit, the presence of circumferen-
tial bone contact, and the adequacy of the bony coverage 
of the component; using the trial components also allows 
the surgeon to make a mental note of the positioning of the 
component before final implantation.

 n  Proceed with implantation of either a cementless or ce-
mented acetabular component.
   

COMPONENT IMPLANTATION

 

IMPLANTATION OF CEMENTLESS 
ACETABULAR COMPONENT
The size of the implant is determined by the diameter of the 
last reamer used. An acetabular component that is the same 
size as the last reamer has intimate contact with bone but 
no intrinsic stability. Fixation must be augmented with fins, 
spikes, or screws. A component that is oversized by 1 to 2 
mm can be press-fit into position to provide a greater degree 
of initial stability. Attempts to impact a much larger compo-
nent into position results in diminished congruency between 
the bone and porous surface and incomplete seating of the 
component against the medial wall. It also might fracture the 
acetabulum.

Major intrapelvic and extrapelvic vessels and nerves 
are at risk for injury with erroneously placed transacetab-
ular screws. Wasielewski et al. devised a clinically useful 
system for determining safe areas for placement of the 
screws. The system is based on two lines, one drawn from 
the ASIS through the center of the acetabulum and the 
other drawn perpendicular to the first, creating four quad-
rants: anterosuperior, anteroinferior, posterosuperior, and 
posteroinferior (Fig. 3.46). Screws placed through the 
anterosuperior quadrant emerge within the pelvis dan-
gerously close to the external iliac artery and vein. Screws 
passing through the anteroinferior quadrant may injure 
the obturator nerve and vessels. Screws placed through 
the posterosuperior and posteroinferior quadrants do not 
emerge within the pelvis, but they may pass into the sciatic 
notch and endanger the sciatic nerve and superior gluteal 
vessels. The drill bit and screw threads can be palpated in 
the vicinity of the sciatic notch, however, as they emerge 
so that injury of these structures can be avoided. The  

posterosuperior quadrant is the safest, and screws longer 
than 25 mm frequently can be placed through strong bone 
in this area. The anterosuperior quadrant should be avoided 
if possible. In a subsequent study, Wasielewski et al. found 
that only the peripheral halves of the posterior quadrants 
were safe for screw placement when the acetabular com-
ponent was implanted with a high hip center.

 TECHNIQUE 3.3 

 n  Place the operating table in a completely level position and 
ensure that the patient remains in the true lateral position.

 n  Expose the acetabulum circumferentially and retract or 
excise any redundant soft tissues that may be drawn into 
the acetabulum as the component is inserted.

 n  Prepare the appropriate recesses for any ancillary fixation 
devices present on the component as specified by the 
manufacturer’s technique.

 n  Attach the acetabular component to the positioning de-
vice included with the system instrumentation. Be certain 
of the means by which the positioning device orients the 
socket. Usually a rod emerging from the positioning de-
vice is oriented either parallel or perpendicular to the floor 
to determine the proper angle of abduction (or inclina-
tion) (Fig. 3.47A). An additional extension from the align-
ment device determines anteversion (or forward flexion) 
in relation to the axis of the trunk of the patient (Fig. 
3.47B). The optimal inclination of the component is 40 

 

AnterosuperiorPosteroinferior

Anteroinferior

Posterosuperior

Line A

Line B

ASIS

FIGURE 3.46 Acetabular quadrant system described by 
Wasielewski et al. for determining safe screw placement (see text). 
Quadrants are formed by intersections of lines A and B. Line A 
extends from anterior superior iliac spine (ASIS) through center 
of acetabulum to posterior aspect of fovea, dividing acetabulum 
in half. Line B is drawn perpendicular to line A at midpoint of 
acetabulum, dividing it into quadrants: anterosuperior, anteroinfe-
rior, posterosuperior, and posteroinferior. (Redrawn from Wasielewski 
RC, Cooperstein LA, Kruger MP, et al: Acetabular anatomy and the trans-
acetabular fixation of screws in total hip arthroplasty, J Bone Joint Surg 
72A:501, 1990.)
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to 45 degrees. The optimal degree of anteversion is 20 
degrees.

 n  The transverse acetabular ligament also is a useful ana-
tomic reference for component positioning. Place the 
component parallel and just superior to the ligament.

 n  If the femur demonstrates excessive anteversion or the 
femoral component is of an anatomic design with an-
teversion already built in the femoral neck, position the 
socket in a lesser degree of anteversion. Excessive ante-
version of the socket in this case may result in anterior 
dislocation. Plan for combined anteversion of the femur 
and acetabulum between 25 and 40 degrees. Carefully 
reassess the positioning of the implant before impaction 
because it may be difficult to extricate or change if malpo-
sitioned. The edges of the component should match the 
position of the trial implant fairly closely. If they do not, 

carefully reassess the positioning of the patient and the 
insertion device.

 n  Maintain the alignment of the positioning device as the 
component is impacted into position. A change in pitch 
is heard as the implant seats against subchondral bone. 
Reassess the positioning; if it is satisfactory, remove the 
positioning device.

 n  Examine the subchondral bone plate through any avail-
able holes in the component to confirm intimate contact 
between implant and bone. If a gap is present, impact the 
component further.

 n  If screws are to be used for ancillary fixation, place them 
preferably in the posterosuperior quadrant. Use a flexible 
drill bit and a screwdriver with a universal joint to insert 
the screws from within the metal shell. Use a drill sleeve 
to center the drill hole within the hole of the metal shell. 

 

A B

C

40°– 45° 

10°– 
20° 

FIGURE 3.47 A, Socket positioning in abduction. B, Anteversion. C, Insertion of liner. SEE 
TECHNIQUE 3.3.
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If the drill hole is placed eccentrically or at too steep an 
angle, as the screw is inserted its threads may engage the 
edge of the hole in the metal shell and lift it away from the 
bone as the screw is advanced; this requires repositioning 
and reimpaction of the implant. Additionally, if a screw is 
placed eccentrically, the edge of the head may sit proud 
within the screw hole and prevent insertion of the liner. 
Bicortical purchase usually can be obtained with screws 
in the posterior quadrants.

 n  Confirm screw length with an angled depth gauge. 
Self-tapping 6.5-mm screws are preferred. Use a screw-
holding clamp to maintain alignment of the screw as the 
self-tapping threads become engaged. Screw alignment 
cannot be maintained by a screwdriver with a universal 
joint. Ensure that the screw head seats completely and is 
recessed below the inner surface of the shell so that the 
liner can be fully seated.

 n  If screws are inserted in the posterior quadrants, palpate 
along the posterior wall and place a finger within the 
sciatic notch to protect the sciatic nerve.

 n  If the drill bit exits in close proximity to the sciatic nerve, 
use a screw slightly shorter than the measured length or 
choose a different hole.

 n  After insertion of one or two screws, test the stability of 
the component. There should be no detectable motion 
between implant and bone. If the fixation is unstable, 
place additional screws.

 n  With a curved osteotome, remove any osteophytes that 
protrude beyond the rim of the acetabular component. 
Pay particular attention to the anteroinferior rim. Re-
tained osteophytes in this region cause impingement on 
the femur in flexion and internal rotation, reducing mo-
tion and predisposing to dislocation.

 n  Irrigate any debris from within the metal shell.
 n  Insert the polyethylene liner ensuring that no soft tissue 

becomes interposed between the polyethylene liner and 
its metal backing because this would prevent complete 
seating and engagement of the locking mechanism (Fig. 
3.47C). If the system has a variety of liner options avail-
able (see Fig. 3.33), a set of trial liners usually accompa-
nies the instrumentation. Final selection of the degree of 
rim elevation and the position of rotation of the offset 
within the metal shell can be delayed until the time of 
trial reduction. The center of the offset usually is placed 
superiorly or posterosuperiorly. Use the smallest offset 
that provides satisfactory stability.
  

Intraoperative changes in the position of the pelvis can 
affect the accuracy of orientation of the acetabular compo-
nent. Abduction of the hip or traction on the limb may rotate 
the pelvis in the craniocaudal plane and lead to errors in the 
abduction angle. Forceful anterior retraction of the femur 
rotates the pelvis forward with the tendency to position the 
acetabular component with inadequate anteversion if the sur-
geon relies solely on a positioning guide affixed to the inser-
tion device. The surgeon also should evaluate component 
position relative to bony landmarks. In the ideal position, the 
inferior edge of the implant should lie just within and parallel 
to the transverse ligament. The degree of lateral coverage of 
the implant should also be compared with the amount esti-
mated by preoperative templating. 

 

IMPLANTATION OF CEMENTED 
ACETABULAR COMPONENT
The design features of cemented acetabular compo-
nents are discussed in the earlier section on cemented 
acetabular components. Many components incorporate 
numerous preformed PMMA pods that ensure a uniform 
3-mm cement mantle (see Fig. 3.31). Although some 
designs incorporate an offset or rim elevation in the poly-
ethylene, the components are not modular and must be 
inserted as a single unit. The position of rotation of the 
offset must be selected before cementing the component. 
All-polyethylene implants usually are available in relatively 
few sizes. There may be some variability in the thickness of 
the cement mantle depending on the size of the acetabu-
lum. The size of the implant can be denoted by either the 
outer diameter of the polyethylene or the outer diameter 
of the polyethylene plus the additional size provided by the 
PMMA spacers. Typically, this adds 6 mm to the outer diam-
eter of the implant. The size of the reamed acetabulum 
should be equal to the outer diameter of the component 
including the spacers. Otherwise, the component cannot 
be completely seated.

 TECHNIQUE 3.4 

 n  Place the operating table completely level.
 n  Obtain circumferential exposure of the bony rim of the 

acetabulum.
 n  Retract the femur well anteriorly to allow unobstructed 

passage of the implant into the acetabulum.
 n  Check the component positioning device again to be 

certain of its mechanism for orienting the component in 
proper position. Also, ensure that the positioner can be 
easily released from the component such that it does not 
tend to pull the component away from the cement as it is 
polymerizing. Use a trial component to evaluate the fit and 
the bony coverage of the component when placed in the 
optimal position (see Fig. 3.43). Also note the relationship 
of the edges of the trial component to the bony rim so that 
this can be reproduced when the final implant is cemented.

 n  Place the implantable component on the positioner so that it is 
immediately available when the cement is mixed. Do not con-
taminate the surface of the implant with blood or debris be-
cause this would compromise the cement-prosthesis interface.

 n  Drill multiple 6-mm holes through the subchondral bone 
plate of the ilium and ischium for cement intrusion (Fig. 
3.48). As an alternative, 12-mm holes can be drilled in the 
ilium and ischium with additional 6-mm holes between 
them. Do not drill through the medial wall because this 
would allow cement intrusion into the pelvis.

 n  Obturate any penetration of the medial wall with bone 
grafts or a small wire mesh.

 n  Curet any loose bone from the drill holes and remove de-
bris and bone marrow from the surface of the acetabulum 
with pulsatile lavage.

 n  Thoroughly dry the acetabulum and promote hemostasis 
with multiple absorbable gelatin sponge (Gelfoam) pled-
gets or gauze soaked in topical thrombin or 1:500,000 
epinephrine solution.
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 n  Mix one package of cement for a smaller patient and two 
packages for a larger size acetabulum or if an injecting 
gun is used for cement delivery. Reduce the porosity of 
the cement by vacuum mixing. Inject the cement in an 
early dough phase. If the cement is chilled or injected in a 
very low-viscosity state, it runs out of the acetabulum and 
pressurization is difficult.

 n  Dry the acetabulum and suction the fixation holes with a 
small catheter immediately before cement injection. Inject 
each of the fixation holes first. Use a cement injection 
nozzle, which has a small occlusive seal that allows pres-
surization of each of the holes. Fill the remainder of the 
acetabulum with cement injected from the gun. Pressur-
ize the major portion of the acetabular cement with a 
rubber impactor (Fig. 3.49).

 n  After removing the pressurizing device, carefully dry any 
blood or fluid that may have accumulated over the sur-
face of the cement.

 n  Some types of cement, such as Palacos, do not pass 
through a low-viscosity state and are not easily injected 
through a gun. Such cements may be used in dough form 
and inserted manually. Change to a new pair of outer 
gloves before handling the cement. The bolus of cement 
is placed into the acetabulum after it ceases to stick to the 
dry gloves and its surface becomes slightly wrinkled.

 n  Finger pack a smaller bolus of cement into each of the 
previously prepared fixation holes. Distribute the remain-
der of the cement uniformly over the surface of the ac-
etabulum and pressurize it. Remove any blood on the 
surface of the cement with a dry sponge.

 n  Insert the acetabular component using the appropriate 
positioning device. Place the apex of the cup in the center 
of the cement mass to distribute the cement evenly. Note 
the relationship of the rim of the component to the bony 
margins of the acetabulum to verify that the position of 
the trial component has been reproduced. If no spacers 
are used, avoid excessive pressure because the cup can 
be bottomed out against the floor of the acetabulum, 
producing a discontinuity in the cement mantle.

 n  Hold the positioner motionless as the cement begins 
to polymerize. When the cement becomes moderately 
doughy, carefully remove the positioning device. Stabi-
lize the edge of the component with an instrument as the 
positioner is removed.

 n  Replace the device with a ball-type pusher inserted into 
the socket to maintain pressure as the cement hardens.

 n  Trim the extruded cement around the edge of the com-
ponent and remove all cement debris from the area.

 n  After the cement has hardened completely, test the sta-
bility of the newly implanted socket by pushing on sev-
eral points around the circumference with an impactor. If 
any motion is detected or blood or small bubbles extrude 
from the interface, the component is loose and must be 
removed and replaced (see the section on removal of the 
cup and cement from the acetabulum).

 n  Remove any residual osteophytes or cement projecting 
beyond the rim of the implant because they may cause 
impingement and postoperative dislocation.

 n  Long-term outcomes with cemented acetabular compo-
nents are correlated with the presence of radiolucencies 
on immediate postoperative radiographs, emphasizing 
the importance of technique and obtaining a dry bed for 
cement penetration into cancellous bone.

EXPOSURE AND PREPARATION OF THE FEMUR
 n  Place a laparotomy sponge in the depths of the acetabu-

lum to protect the acetabular component and prevent the 
introduction of debris during preparation and insertion of 
the femoral component.

 n  Expose the proximal femur by markedly internally rotating 
the femur so that the tibia is perpendicular to the floor 
(Fig. 3.50). Allow the knee to drop toward the floor, and 
push the femur proximally.

 n  To deliver the proximal femur from the wound, place a 
broad, flat retractor deep to it and lever it upward. Retract 
the posterior edge of the gluteus medius and minimus 
to expose the piriformis fossa and to avoid injuring the 

 FIGURE 3.48 Fixation holes for cement in acetabulum. SEE 
TECHNIQUE 3.4.

 FIGURE 3.49 Acetabular cement pressurizer. Flexible Silastic 
dam seals rim of acetabulum while manual pressure is applied. SEE 
TECHNIQUE 3.4.
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former during preparation and insertion of the femoral 
component.

 n  Excise any remaining soft tissue from the posterior and 
lateral aspect of the neck. Use a box osteotome or a spe-
cialized trochanteric router to remove any remaining por-
tions of the lateral aspect of the femoral neck and the 
medial portion of the greater trochanter to allow access 
to the center of the femoral canal (Fig. 3.51).

 n  If inadequate bone is removed from these areas, the stem 
may be placed in varus and may be undersized, the lateral 
femoral cortex may be perforated, or the femoral shaft or 
greater trochanter may be fractured.

 n  If the proximal femoral cortex is thin, or if stress risers are 
present because of previous internal fixation devices or 
disease, place a cerclage wire around the femur above 
the level of the lesser trochanter to prevent inadvertent 
fracture.
   

 

IMPLANTATION OF CEMENTLESS 
FEMORAL COMPONENT
The design features of relevant implants are reviewed in 
the earlier section on cementless femoral components. 
Younger patients with good quality femoral bone are the 
best candidates for cementless femoral fixation. Straight 

femoral components require straight, fully fluted reamers, 
but anatomic-type components may require femoral prep-
aration with flexible reamers to accommodate the slight 
curvature of the stem. Some designs of tapered stems 
require only broaching for canal preparation. Reaming can 
be done by hand or with low-speed power reamers. Only 
the instrumentation supplied by the manufacturer should 
be used to machine the femur to match precisely the fem-
oral stem shape being implanted. The preoperative plan 
should be reviewed for the anticipated stem size, as deter-
mined by templating.

 TECHNIQUE 3.5 

 n  Expose the proximal femur as described in Technique 3.2.
 n  Insert the smallest reamer at a point corresponding to the 

piriformis fossa. The insertion point is slightly posterior 
and lateral on the cut surface of the femoral neck. An ab-
errant insertion point does not allow access to the center 
of the medullary canal.

 n  After the point of the reamer has been inserted, direct 
the handle laterally toward the greater trochanter (Fig. 
3.52). Aim the reamer down the femur toward the medial 
femoral condyle. If this cannot be accomplished, remove 
additional bone from the medial aspect of the greater 
trochanter, or varus positioning of the femoral compo-
nent results. Generally, a groove must be made in the 
medial aspect of the greater trochanter to allow proper 
axial reaming of the canal. Insert the reamer to a prede-
termined point. Most reamers are marked so as to be 
referenced against the tip of the greater trochanter or 
the femoral neck cut to determine the proper depth of 
insertion.

 FIGURE 3.50 Positioning of femur for reaming, with patient in 
lateral position (looking down on patient). Hip is internally rotated, 
flexed, and adducted until tibia is vertical and axis of knee joint is 
horizontal. Femoral neck now points downward 15 to 20 degrees, 
and consequently table is tilted to opposite side for reaming of 
canal. (From Eftekhar NS: Principles of total hip arthroplasty, St. Louis, 
1978, Mosby.) SEE TECHNIQUE 3.4.

 FIGURE 3.51 Removal of remaining lateral edge of femoral 
neck and medial portion of greater trochanter with box osteotome. 
SEE TECHNIQUE 3.4.
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 n  Proceed with progressively larger reamers until diaphyseal 
cortical reaming is felt. Assess the stability of the axial 
reamer within the canal. No deflection of the tip of the 
reamer in any plane should be possible.

 n  If an extensively porous-coated straight stem is used, 
ream the femoral diaphysis so that 10 to 40 mm of the 
stem fits tightly in the diaphysis, but underream the canal 
0.5 mm smaller than the cylindrical distal portion of the 
stem so that a tight distal fit can be achieved.

 n  Proceed with preparation of the proximal portion of the 
femur. Remove the residual cancellous bone along the 
medial aspect of the neck with precision broaches. Begin 
with a broach at least two sizes smaller than the anticipat-
ed stem. Never use a broach larger than the last straight 
or flexible reamer used.

 n  Place the broach precisely in the same alignment as the 
axial reamers.

 n  Push the broach handle laterally during insertion to en-
sure that enough lateral bone is removed and avoid varus 
positioning of the stem (Fig. 3.53).

 n  Rotate the broach to control anteversion. From the pos-
terior approach, the medial aspect of the broach must be 
rotated toward the floor.

 n  Align the broach to match precisely the axis of the pa-
tient’s femoral neck. Do not attempt to place the broach 
in additional anteversion because this would lead to un-

dersizing of the stem and insufficient rotational stability 
(Fig. 3.54). Maintain precise control over anteversion as 
the broach is gently impacted down the canal. Seat the 
cutting teeth of the broach at least to the level of the cut 
surface of the neck.

 n  Proceed with progressively larger broaches, maintaining 
the identical alignment and rotation. Use even blows with 
a mallet to advance the broach. The broach should ad-
vance slightly with each blow of the mallet. If motion 
ceases, do not use greater force to insert the broach. Re-
assess the broach size, adequacy of distal reaming, and 
alignment and rotation of the broach.

 n  If a broach sized smaller than that anticipated by templat-
ing cannot be fully inserted, the broach may be in varus. 
Lateralize farther into the greater trochanter with ream-
ers to achieve neutral alignment in the femoral canal and 
proceed with broaching.

 n  Seat the final broach to a point where it becomes axially 
stable within the canal and would not advance farther 
with even blows of the mallet. The cutting teeth should 
be seated at or just below the level of the preliminary neck 
cut to allow precision machining of the remaining neck if 
a collared stem is to be used.

 n  Assess the fit of the broach within the canal. The broach 
should be in intimate contact with a large portion of the 
endosteal cortex, especially posteriorly and medially.

 n  When a straight stem is used, there may be a thin rim of 
remaining cancellous bone anteriorly. Conversely, an ana-

 FIGURE 3.52 Reaming of femoral canal. Hand or power 
reamers must be lateralized into greater trochanter to maintain 
neutral alignment in femoral canal. (Redrawn courtesy Smith & 
Nephew, Memphis, TN.) SEE TECHNIQUES 3.5 AND 3.6.

 FIGURE 3.53 Femoral broaching. Progressively larger broaches 
are inserted, lateralizing each one to maintain neutral alignment. 
(Redrawn courtesy Smith & Nephew, Memphis, TN.) SEE TECHNIQUE 3.5.
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tomic stem often fills this area. If the broach seems to fill 
the canal completely, with little remaining cancellous bone, 
assess the rotational stability of the broach. Manually at-
tempt to rotate the broach into a retroverted position. Care-
fully observe the broach for any motion within the femoral 
canal. If rotational motion is evident, proceed to the next 
largest stem size. Proceed one size at a time with distal axial 
reaming and subsequent broaching until the broach fills 
the proximal femur as completely as possible and adequate 
axial and rotational stability has been achieved.

 n  When adequate stability has been obtained, make the 
final adjustment of the neck cut. Most systems have a 
precision calcar planer that fits onto a trunnion on the 
implanted broach (Fig. 3.55). Precise preparation of the 
neck is essential if a collared stem is to be used; this step 
is optional when a collarless stem design is employed. 
The final level of the neck cut should correspond with 
the measured distance above the lesser trochanter deter-
mined by preoperative templating. If different, adjust the 
component neck length accordingly.

 n  Select the trial neck component determined through pre-
operative templating. In most systems, the trial head and 
neck components fit onto the trunnion used for attach-
ment of the broach handle (Fig. 3.56). Evaluate the center 
of the femoral head relative to the height of the tip of 
the greater trochanter and compare the level with the 
templated radiographs.

 n  If the neck length seems satisfactory, irrigate any debris 
out of the acetabulum.

 n  Apply traction to the extremity with the hip in slight flex-
ion. Gently lift the head over the superior lip of the ac-
etabulum and any elevation in the polyethylene liner that 
may have been inserted. If the reduction is difficult, check 

for any remaining tight capsule, especially anteriorly, and 
incise it. If reduction is still impossible, use a shorter neck 
length, rotate the elevation in the liner to a different posi-
tion, or remove it entirely.

 n  As an alternative, use a plastic-covered pusher that fits 
over the head of the femoral component to push the 
head into the socket. Do not use excessive force or place 
excessive torsion on the femur as the hip is reduced, or 
femoral fracture may occur.

 n  Reassess the limb length and femoral offset by the previ-
ously placed pin near the acetabulum and make changes 
accordingly.

 n  Move the hip through a range of motion. Note any ar-
eas of impingement between the femur and pelvis or 
between the prosthetic components with extremes of 
positioning. Impingement can occur with flexion, adduc-
tion, and internal rotation if osteophytes have not been 
removed from the anterior aspect of the acetabulum, 
greater trochanter, or femoral neck. Likewise, impinge-
ment during external rotation may require removal of 
bone from the posterior aspect of the greater trochanter, 
the rim of the acetabulum, or the ischium.

 n  If prosthetic neck impingement occurs on an elevated 
polyethylene liner, rotate it to a slightly different position 
or remove it entirely.

 n  The hip should be stable (1) in full extension with 40 de-
grees of external rotation; (2) in flexion to 90 degrees with 
at least 45 degrees of internal rotation; and (3) with the 
hip flexed 40 degrees with adduction and axial loading 
(the so-called position of sleep). If the hip dislocates easily 
and the head can be manually distracted from the socket 
more than a few millimeters (the so-called shuck test), use 
a longer neck length.

 n  If excessive lengthening of the extremity would result from 
a longer neck length, use a stem design with a greater  

 

A

B
FIGURE 3.54 Femoral component anteversion (as viewed 

from posterior approach). A, Stem placed in same axis as femoral 
neck. Largest possible stem size fills metaphysis well and obtains 
rotational stability. B, Stem placed in excessive anteversion. Largest 
possible stem size does not completely fill metaphysis and tends to 
retrovert when femur is loaded. SEE TECHNIQUES 3.5 AND 3.6.

 FIGURE 3.55 Planing of calcar with precision reamer placed 
over broach trunnion. (Redrawn courtesy Smith & Nephew, Memphis, 
TN.) SEE TECHNIQUES 3.5 AND 3.6.
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degree of offset, if available (see Fig. 3.9). This change 
would reduce bony impingement and improve soft-tissue 
tension without additional lengthening of the limb. Slight 
lengthening of the limb is preferable, however, to the risk 
of instability.

 n  If the hip cannot be brought into full extension, use a 
shorter neck length, or, if a severe flexion contracture 
was present preoperatively, release any remaining tight 
anterior capsular tissues.

 n  If there is uncertainty regarding appropriateness of im-
plant size and position or of limb length, then make an 
intraoperative radiograph for confirmation.

 n  If stability is acceptable, note the position of any elevation 
of the trial polyethylene liner, redislocate the hip by flexion 
and internal rotation, and gently lift the head out of the 
acetabulum. Remove the trial components and broach.

 n  If a modular trial polyethylene liner has been used, place 
the final component at this time.

 n  Regain exposure of the proximal femur and remove any 
loose debris within the femoral canal, but do not disturb 
the bed that has been prepared.

 n  Insert the appropriate-size femoral component. Insert the 
stem to within a few centimeters of complete seating by 
hand. Reproduce the precise degree of anteversion deter-
mined by the broach.

 n  Gently impact the stem down the canal. Use the driving 
device provided with the system or a plastic-tipped push-
er. Use blows of equal force as the component is seated. 
As the component nears complete seating, it advances in 
smaller increments with each blow of the mallet. Do not 
use progressively increasing force to insert the compo-
nent, or femoral fracture can result. Insertion is complete 
when the stem no longer advances with each blow of the 
mallet. An audible change in pitch usually can be detected 
as the stem nears final seating.

 n  Occasionally, it is impossible to seat the prosthesis to the 
level of the cut surface of the neck. If a collared pros-
thesis has been used and the collar has not made full 
contact with bone, leave the collar slightly proud rather 
than risk femoral fracture. When a collarless prosthesis 
is used, occasionally the prosthesis may advance a few 
millimeters past the level achieved with the broach. In 
these instances, the neck length can be changed and an 
additional trial reduction is necessary to confirm the final 
neck length and the stability of the joint.

 n  Test the stability of the implanted stem to rotational and 
extraction forces. If the stem is deemed unstable, decide 
whether it can be impacted further or whether a larger 
stem size can be inserted.

 n  Carefully inspect the femoral neck and greater trochan-
ter for any fractures that may have occurred during stem 
insertion.

 n  If a fracture is produced as the stem is being seated, im-
mediately stop the insertion procedure. Completely ex-
pose the fracture to its distal extent and then remove 
the stem. Otherwise, the extent of the fracture may be 
underestimated.

 n  If an incomplete fracture occurs with extension only to 
the level of the lesser trochanter, place a cerclage wire 
around the femur above the lesser trochanter. Reinsert 
the stem and ensure the cerclage wire tightens as the 
stem is seated into position. Reassess the stability of the 
implanted stem.

 n  If the fracture extends below the level of the lesser tro-
chanter, a longer stem with greater distal fixation is re-
quired (see later). If the greater trochanter is fractured 
and unstable, proceed with fixation as for a trochanteric 
osteotomy (see section on trochanteric osteotomy).

 n  Wipe any debris from the Morse taper segment of the 
prosthetic neck and carefully dry it.

 n  Place the prosthetic head of appropriate size and neck 
length onto the trunnion and affix it with a single blow 
of a mallet over a plastic-capped head impactor. Use only 
femoral heads specifically designed to mate with the stem 
and ensure that the femoral head and acetabular compo-
nent are of a corresponding size.

 n  Remove any debris from the acetabulum and again re-
duce the hip. Ensure no soft tissues have been reduced 
into the joint.

 n  Confirm the stability of the hip through a functional range 
of motion.
   

 

IMPLANTATION OF CEMENTED 
FEMORAL COMPONENT
Improvements in preparation of the femur and the mixing 
and delivery of cement and modifications in component 
design have yielded dramatic improvements in the survi-
vorship of cemented femoral components. Cement fixation 
is indicated especially when the femoral cortex is thin or 
osteoporotic and secure press-fit fixation is less predictably 
achieved. Design features of femoral components used 

 FIGURE 3.56 Assembly of trial head and neck segments deter-
mined from preoperative templating. (Redrawn courtesy Smith & 
Nephew, Memphis, TN.) SEE TECHNIQUE 3.5.
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with cement are reviewed in the earlier section on femoral 
stems used with cement.

 TECHNIQUE 3.6 

 n  Expose the proximal femur as described. Use rongeurs, 
a box osteotome, or a trochanteric reamer to remove re-
sidual portions of the lateral aspect of the neck and gain 
access to the center of the canal.

 n  Insert a small, tapered reamer to locate the medullary ca-
nal. Insert the tip of the reamer into the lateralmost aspect 
of the cut surface of the neck and swing it into the greater 
trochanter to point it toward the medial femoral condyle 
(see Fig. 3.52). This maneuver ensures neutral positioning 
of the femoral component.

 n  Review the preoperative plan for the templated stem size. 
Begin with the smallest size broach. Insert the broaches in 
10 to 15 degrees of anteversion in relation to the axis of 
the flexed tibia. From the posterior approach, this means 
that the medial aspect of the broach must be rotated 
toward the floor (see Fig. 3.54). Maintain correct axial 
alignment as the broach is inserted.

 n  Alternatively, impact and extract the broach to facilitate 
its passage. Use progressively larger broaches to crush 
and remove cancellous bone in the proximal femur. Be-
cause fixation is achieved with cement, the requirements 
for absolute stability of the broach are not as rigorous as 
with cementless techniques. Nonetheless, a stem that fills 
the femoral canal with an adequate cement mantle is still 
desirable.

 n  Use the largest size broach that can be easily inserted 
proximally. If resistance is felt during insertion of the 
broach, the area of impingement is most likely distal with-
in the diaphysis. The broach cannot be used to prepare 
cortical bone in the diaphysis. Do not attempt to impact 
the broach further because a femoral fracture can occur, 
or the broach can become incarcerated.

 n  A narrow canal can be anticipated easily by preopera-
tive templating. Use graduated-sized reamers to enlarge 
the canal sufficiently to allow insertion of a broach that 
is appropriately sized proximally. Because removal of all 
cancellous bone from the canal leaves a smooth corti-
cal surface not amenable to microinterlock with cement, 
avoid excessive reaming of the medullary canal. Canal 
preparation is distinctly different with this procedure than 
for a cementless stem, even though many contemporary 
total hip systems use the same instrumentation for the 
two applications.

 n  In most current systems, the broach is larger than the 
corresponding stem size, although the amount of over-
sizing varies. The channel prepared allows insertion of an 
appropriate-size stem with an adequate surrounding ce-
ment mantle. A cement mantle thickness of 2 to 4 mm 
proximally and 2 mm distally is satisfactory.

 n  If a stem with a collar is to be used, countersink the final 
broach slightly below the provisional femoral neck cut. 
Precisely prepare the femoral neck to receive the collar 
by using a planer (see Fig. 3.55). If a collarless stem is 
used, mark the height of the shoulder of the broach on 
the greater trochanter in order to reproduce this position 
when the final stem is implanted.

 n  Select the templated neck length and assemble a trial 
component. Note the relationship of the trial collar to the 
cut surface of the femoral neck for axial and rotational 
positioning of the final stem as it is implanted. The medial 
edge of the collar may sit flush with the medial cortex or 
may protrude slightly beyond it; either is acceptable. Re-
production of this degree of overhang helps prevent varus 
or valgus positioning of the stem as the final component 
is inserted.

 n  Perform a trial reduction, as described in Technique 3.5, 
to determine limb length, range of motion, and stability 
of the arthroplasty.

 n  If the limb has been excessively lengthened, use a shorter 
trial neck. Alternatively, seat the broach further and recut 
the femoral neck to reduce limb length while maintaining 
the same degree of femoral offset. A smaller broach size 
may be required to accomplish this.

 n  Because the stem is to be fixed with cement, the depth of 
insertion of the component is predetermined at this point. 
This is in contrast to a cementless implant, which may 
achieve stability at a slightly different depth of insertion 
than did the corresponding broach.

 n  When final component sizes have been selected and limb 
length and stability have been assessed, dislocate the hip 
and remove the trial components.

 n  Regain exposure of the proximal femur.
 n  Remove remaining loose cancellous bone from the femur 

using a femoral canal brush or curets. Retain a few mil-
limeters of dense cancellous bone for cement intrusion.

 n  Occlude the femoral canal distal to the anticipated tip of 
the stem to allow pressurization of the cement and to 
prevent extrusion of the cement distally into the femoral 
diaphysis. This is accomplished by use of a plastic, flexible 
canal plug or a bone block fashioned to fit the canal or 
by injecting a small plug of cement distally. A preformed 
flexible plastic plug is the easiest to use, but it must be of 
a large enough size to prevent its distal migration during 
cement pressurization (Fig. 3.57).

 n  Determine the canal diameter by using sounds. Insert 
the cement restrictor to a depth of approximately 1 to 2 
cm below the anticipated tip of the stem. Determine the 
depth of insertion by comparing the insertion device with 
the broach or the actual stem. Account for any additional 
length required by the use of a distal stem centralizer. 
Gently tap the restrictor into place, or it may be forced 
distal to the isthmus.

 n  After insertion of the cement restrictor, reinsert the broach 
or trial stem to ensure that the restrictor has been placed 
sufficiently distal to allow the stem to be fully seated.

 n  As an alternative, fashion a plug of bone removed from 
the femoral head or neck. This plug should be slightly 
larger than the diameter of the canal. Impact it into posi-
tion with a punch.

 n  Occlusion of the canal with a small bolus of PMMA re-
quires more preparation but is more reliable when the 
canal is excessively large or when the canal must be oc-
cluded below the level of the isthmus to insert a longer 
length stem. To occlude the canal with a PMMA plug, mix 
a single package of cement. Insert the cement when it is 
in the early dough phase because extremely low-viscosity 
cement runs down the canal and does not completely 
occlude it. Inject a small bolus of cement at the prede-
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termined level using a cement injecting gun or a cement 
syringe, or introduce the cement through a small chest 
tube, using a plunger to maintain the cement bolus in 
proper position as the chest tube is extracted. Rotate the 
injecting gun in all directions to disperse the cement uni-
formly. Reinsert the trial component and gently tamp the 
cement before it hardens to ensure that the final compo-
nent can be fully seated.

 n  After occluding the femoral canal, thoroughly irrigate it 
to remove loose debris, bone marrow, and blood. This 
is best accomplished by using a pulsatile lavage system 
with a long, straight tip and radially directed spray. Thor-
oughly irrigate all debris and bone marrow out of the 
residual trabeculae of cancellous bone so that maximal 
cement intrusion can be obtained. Thorough lavage of 
the canal also reduces the amount of marrow emboliza-
tion that can occur during cement pressurization and 
stem insertion.

 n  Dry the canal with a tampon sponge with a suction at-
tachment or with sponges soaked in 1:500,000 epineph-
rine solution to diminish bleeding while the cement is be-
ing prepared.

 n  Open the previously determined implants. Do not touch 
the stem or allow it to become contaminated with blood 
or debris because this may compromise the cement-im-
plant interface after implantation.

 n  Assemble any modular PMMA spacers that can be used 
to centralize the stem within the canal.

 n  Do not leave unfilled any holes in the stem intended for 
centralizers because entrapped air would expand with the 

heat of cement polymerization, producing a void in the 
cement mantle. Fill such holes with cement before intro-
ducing the implant, or use the centralizers provided with 
the system. Centralizers also can be fixed to the implant 
with a small amount of cement to ensure an adequate 
interface between the two. This distal stem centralizer 
size is determined by the canal diameter previously de-
termined from sounds. Ideally, the centralizer should be 
at least 4 mm larger than the diameter of the distal end 
of the stem to ensure a 2-mm circumferential cement 
mantle.

 n  Change the outer gloves. Mix two batches of cement for 
a standard-size femur and three batches for a larger fe-
mur or if a long-stem component is to be used. Current 
pressurization techniques require a greater volume of ce-
ment than has been used in the past. Prepare the cement 
with a porosity reduction technique such as vacuum mix-
ing.

 n  If internal fixation devices have been removed from the 
femoral shaft during the same procedure, the holes left 
in the femoral cortex must be occluded to allow pressur-
ization of the cement and to prevent its egress into the 
soft tissues. Have an assistant place fingers over the holes 
before cement injection, or use a small amount of cement 
to occlude them before the remainder of the femur is 
filled with cement.

 n  Use a cement-injecting gun for the most reliable cement 
delivery. Plan to inject the cement as it enters a dough 
phase, or when it no longer sticks to a gloved finger. This 
typically is about 4 minutes after the start of mixing for 
Simplex cement, although it can vary significantly with 
the type of cement used, the room temperature, humid-
ity, and whether the monomer component or stem was 
heated before mixing. If the cement is injected in an ex-
cessively low-viscosity state, it tends to run out of the fe-
mur during pressurization, making it more susceptible to 
the introduction of blood and debris, thus weakening the 
mantle and compromising the cement-bone interface. If 
injected late or in a high viscosity state, then it may be 
difficult to fully insert the stem before cement polymeriza-
tion occurs.

 n  Pack a sponge within the acetabulum and shield the sur-
rounding soft tissues with sponges to prevent the escape 
of cement.

 n  Immediately before introduction of the cement injecting 
gun, remove any packing sponges and suction the distal 
aspect of the canal to remove any blood that has pooled 
there.

 n  Pump the trigger of the cement injecting gun to deliver 
cement to the tip of the nozzle so that no air is intro-
duced. Insert the nozzle to the level of the cement re-
strictor, and use smooth, sequential compressions of the 
trigger to deliver the cement in a uniform manner (Fig. 
3.58). Allow the pressure of the injected cement to push 
the nozzle out of the canal as the canal is filled in a ret-
rograde fashion. Do not pull the nozzle back too quickly 
or voids would be created in the cement column. Fill the 
canal to the level of the cut surface of the femoral neck.

 n  Pressurize the cement by one of many methods. Prefer-
ably, use an occlusive nozzle that allows the injection of 
more cement through it (Fig. 3.59). Ensure that an ad-
equate seal is maintained and slowly inject more cement 

 FIGURE 3.57 Occlusion of medullary canal. Plastic plug with 
flexible, thin flanges can be inserted to occlude medullary canal; 
plugs of several different diameters are available. They are screwed 
to end of calibrated rod for insertion to correct depth. SEE TECH-
NIQUE 3.6.
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over approximately 30 seconds to produce intrusion of 
cement into remaining cancellous bone bed. As an alter-
native, use a plastic impactor or mechanical plunger-type 
device placed over a glove or rubber sheet. Cement and 
bone marrow can be seen extruding from the small vas-
cular foramina along the femoral neck during pressuriza-
tion.

 n  Remove the pressurization device; if a void has been left 
in the proximal cement by the device, refill it with cement.

 n  Have the femoral component immediately available for 
insertion and insert the component when the cement 
has entered a medium dough phase, typically at about 6 
minutes after the start of mixing for Simplex cement. The 
optimal time may be considerably less for other types of 
cement.

 n  Determine the desired amount of anteversion and the me-
diolateral position of the stem before insertion. Changes 
in alignment and rotation of the stem as it is inserted 
introduce voids into the cement.

 n  Hold the stem by the proximal end and insert it manu-
ally at first. Insert the tip of the stem within the center 
of the cement mantle. Use firm, even pressure to insert 
the stem. When the cement has been pressurized, it can 
be difficult to seat the stem completely by hand; have a 
plastic-tipped head impactor and a mallet immediately 
available to complete the seating of the stem. Most 

contemporary systems have an insertion device for this 
purpose.

 n  Reproduce the position of the trial collar in relation to the 
cut surface of the femoral neck to aid in aligning the stem 
properly. Remove the cement from the region of the col-
lar to ensure that the stem has been fully inserted; if not, 
impact it farther. If a collarless stem is used, reproduce the 
height of the shoulder with the previously made mark on 
the greater trochanter.

 n  Maintain firm pressure on the proximal end of the com-
ponent as the cement hardens. Hold the stem motionless. 
This is best accomplished with a plastic-tipped pusher or 
dedicated stem inserter that is not rigidly fixed to the 
component. Insertion devices that screw into the femo-
ral component or are rigidly fixed to it cause any small 
amount of motion between the surgeon and the assistant 
holding the leg to be transmitted to the cement-prosthe-
sis interface.

 n  As the cement enters a late dough phase, cut the cement 
around the edges of the prosthesis and carefully remove 
it from the operative field. Do not pull the cement from 
beneath the component, or proximal support may be lost.

 n  After the cement has fully hardened, use a small osteo-
tome to remove any additional fragments of cement and 
carefully inspect the anterior aspect of the neck for re-
tained cement.

 n  Meticulously remove all cement debris from the wound. 
Irrigate and inspect carefully the acetabular component 
and remove any cement that may have entered it during 
femoral cementing.

 FIGURE 3.58 Retrograde injection of cement with gun. 
Cement gun with long nozzle can be used to inject semiliquid 
cement. Distal part of canal is filled first, and tip is slowly withdrawn 
as cement is injected. Injection is continued until canal is completely 
filled and tip of nozzle is clear of canal. (Redrawn courtesy Smith & 
Nephew, Memphis, TN.) SEE TECHNIQUE 3.6.

 FIGURE 3.59 Cement pressurization. Flexible pressurizing 
nozzle is placed over end of cement gun to seal proximal femur, and 
firm pressure is applied as additional cement is injected. (Redrawn 
Courtesy Smith & Nephew, Memphis, TN.) SEE TECHNIQUE 3.6.
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 n  Carefully clean and dry the taper, and assemble the 
modular femoral head with a single blow using a plastic-
capped impactor.

 n  The preferred method for filling the canal with cement 
is to use an injecting gun with the cement in a medium 
viscosity state. Some cements, such as Palacos, exist pri-
marily in a dough phase, however, and are not easily in-
jected. Under these circumstances, the cement can be 
inserted manually. To insert cement into the femoral canal 
manually, mold the cement into the shape of a sausage 
and hold it in the palm of one hand or in an open plastic 
container. Push the cement into the canal with the index 
finger or thumb of the opposite hand as far distally as 
the finger reaches (Fig. 3.60A). If the cement is still sticky, 
pack it by short strokes with the fingertip. Avoid mixing 
blood with the cement and keep the bolus of cement in-
tact. Lamination of the cement or incorporation of blood 
weakens it.

 n  After the cavity has been filled, press the cement with the 
thumb (Fig. 3.60B). A mechanical impactor or plunger 
can be used. Two packages usually suffice, but additional 
cement may be necessary for larger medullary canals. A 
small plastic suction tube can be placed in the femoral 
canal to allow air and blood to escape while the cement 
is being inserted. If a suction tube is used, place it into 
the canal before the cement is introduced; remove it after 
about two thirds of the cement has been inserted.

SOFT-TISSUE REPAIR AND CLOSURE
 n  After reduction of the hip, proceed with repair of the 

posterior soft-tissue envelope. Repair the preserved por-
tion of the posterior capsule with heavy nonabsorbable 
sutures placed through holes in the posterior edge of the 
greater trochanter. Reattach the previously tagged ten-
dons of the short external rotator muscles.

 n  Repair any portion of the gluteus maximus insertion and 
quadratus femoris that has been divided.

 n  Careful reconstruction of the posterior soft-tissue enve-
lope greatly reduces the risk of postoperative dislocation.

 n  If desired, place a closed-suction drain deep to the fascia. 
Abduct the hip 10 degrees while closing the fascial inci-
sion with closely approximated sutures. Tight closure of 
this layer helps stabilize the hip and may prevent a super-
ficial inflammatory process from extending to a deeper 
level. Loosely approximate the subcutaneous layer with 
interrupted, absorbable sutures.

 n  Close the skin in routine fashion.

  

TOTAL HIP ARTHROPLASTY THROUGH THE 
DIRECT ANTERIOR APPROACH

DIRECT ANTERIOR APPROACH WITH 
ANTERIOR DISLOCATION OF THE HIP
The direct anterior approach uses the distal half of the tradi-
tional Smith-Petersen approach to the hip. Initially described 
by Light and Keggi in 1980, modifications of the approach 
have become considerably more popular over the last 
decade. The interval is both intermuscular and internervous, 
so little muscular dissection is required. Performed with the 
patient supine, the procedure can be done on a conven-
tional radiolucent table or a specialized table similar to those 
used in fracture surgery. An accessory hook mounted on the 
side of the table can be used to aid in elevating the femur 
for preparation and component implantation. Intraopera-
tive fluoroscopy can also be used to check the progress of 
reaming, the positioning of implants, and restoration of limb 
length. The position of the pelvis is also more reliable when 
the patient is supine than in the lateral decubitus position.

The approach traverses anatomy that may be unfamil-
iar even to experienced hip surgeons. The learning curve 
for the procedure can be improved by cadaver laboratory 
instruction sponsored by orthopaedic societies and industry 
or by personal visitation with surgeons already experienced 
in the procedure. Acetabular preparation and component 
implantation generally are straightforward. Access to the 
femur is more difficult, leading many surgeons to use 
shorter or curved femoral components to simplify the pro-
cedure (see Figs. 3.21C and 3.28).

Certain patient factors make the approach more com-
plex. The interval cannot be safely extended distally, so 
a separate exposure is required to access the femur in 
patients with deformity requiring osteotomy, removal of 
previously placed implants, or placement of femoral cer-
clage. Access to the femoral canal can be more difficult in 
patients with a wide iliac crest and those with a short, varus 
femoral neck. In obese patients the subcutaneous layer 
about the anterior aspect of the hip tends to be thinner 
than the lateral aspect, and with the patient supine grav-
ity displaces the tissues away from the incision. In patients 
with a large panniculus, however, the inguinal crease is 
prone to dermatitis and chronic fungal infection leading to 
problems with wound healing.

 

A B
FIGURE 3.60 Manual cement packing. A, When cement is 

inserted manually, it must be packed firmly in canal with finger 
before stem is introduced. B, After canal has been filled, cement is 
pressed with thumb, preventing its escape and increasing pressure 
within canal. SEE TECHNIQUE 3.6.
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The anterior approach also has been advocated because 
of a low incidence of dislocation, although this difference 
has diminished with the use of larger femoral heads and 
soft-tissue repair. Some investigators have also reported 
faster functional recovery with the direct anterior approach, 
including shorter hospitalization, less narcotic use, and less 
reliance on ambulatory aids at 2 weeks. Few report any dif-
ferences past 6 weeks postoperatively.

 TECHNIQUE 3.7 

 n  Position the patient supine on a radiolucent table with the 
ASIS at the level of the table break such that the operated 
limb can be positioned in marked hyperextension (Fig. 3.61). 
Place a small bolster under the operative hip to aid in elevat-
ing the femur. If fluoroscopy is to be used, ensure that the 
pelvis is level and that both hips can be adequately imaged.

 n  Prepare the skin of both lower limbs above the level of 
the ASIS and drape the limbs separately such that the 
operated limb can be crossed beneath the opposite limb 
in a figure-of-four position. An additional padded and 
draped Mayo stand is useful for supporting the opposite 
limb during preparation of the femur.

 n  Place the skin incision lateral to the interval between the 
tensor fascia lata (TFL) and sartorius to avoid injury to the 
fibers of the lateral femoral cutaneous nerve (LFCN), which 
may be variable in its course. Begin the incision approxi-
mately 3 cm distal and 3 cm lateral to the ASIS. Extend the 
incision distal and slightly lateral for 8 to 12 cm.

 n  Divide the fascia over the muscle belly of the TFL fibers to 
stay lateral to the LFCN (Fig. 3.62A).

 n  Now bluntly dissect medially with an index finger in the 
interval between the TFL and sartorius (Fig. 3.62B). If un-
certain of the correct plane, expose proximally to ascer-
tain that the dissected interval is lateral to the ASIS.

 n  The femoral neck can be palpated through a thin layer 
of fat overlying the anterior capsule. Within this fat layer 
in the distal extent of the interval, locate the ascending 
branches of the lateral circumflex vessels and cauterize 
them with electrocautery or a bipolar sealer (Fig. 3.62C). 
Brisk bleeding may be encountered if these vessels are 
divided and allowed to retract.

 n  Place blunt curved retractors superior and inferior to the fem-
oral neck. Elevate the fibers of the rectus femoris from the 

anterior hip capsule and place a pointed retractor over the 
anterior rim of the acetabulum just distal to the direct head 
of the rectus (Fig. 3.62D). Release the fibers of the reflected 
head of the rectus to allow improved medial retraction of the 
direct head. Slight flexion of the hip also relaxes the rectus. 
Take care in the placement of the retractor beneath the rec-
tus to avoid injury to the femoral nerve and vessels.

 n  Divide the anterior hip capsule in a T-shaped or H-shaped 
fashion for later repair, or alternatively excise the cap-
sule. Release the inferior capsule to the level of the lesser 
trochanter. Now replace the superior and inferior curved 
retractors inside the capsule to completely expose the 
femoral neck.

 n  Perform an in situ osteotomy of the femoral neck at the 
level determined by preoperative templating. Measure 
the osteotomy from the lesser trochanter or by use of flu-
oroscopy. It may be necessary to make a second parallel 
osteotomy at the subcapital region producing a “napkin 
ring” of bone, which is secured with a threaded Stein-
mann pin for removal (Fig. 3.63A).

 n  Extract the femoral head with a corkscrew, which can be 
placed before the neck osteotomy is made. Take care to 
protect the TFL from sharp bone edges when removing 
the femoral head. Recheck the neck osteotomy height. If 
the femoral neck is left excessively long, acetabular expo-
sure will be more difficult.

 n  To expose the acetabulum, place curved retractors distal 
to the transverse acetabular ligament and along the pos-
terior rim of the acetabulum to displace the femur posteri-
orly (Fig. 3.63). An additional retractor can be placed over 
the anterior acetabular rim if needed. Excise the labrum 
and prepare the acetabulum with reamers (see Fig. 3.45). 
Specialized offset reamers and cup positioners are avail-
able for this purpose. The progress of acetabular reaming 
and cup positioning can be verified using fluoroscopy. 
There is a tendency to place the cup in excessive abduc-
tion and anteversion with the patient supine.

 n  Elevation of the femur is the most difficult step with the 
patient supine. To expose the proximal femur, place the 
operated limb in figure-of-four position beneath the 
opposite limb. Adduct the femur slightly and externally 
rotate 90 degrees. Avoid excessive knee flexion because 
this position tightens the rectus femoris, making femoral 
elevation more difficult.

 n  Now “break” the table to position the operated hip in 
hyperextension. Raise the table and place it in the Tren-
delenburg position to prevent the lower end from ap-
proaching the floor. Support the opposite leg on a pad-
ded sterile Mayo stand or arm board (Fig. 3.64A).

 n  Elevate the femur laterally and upward with a bone 
hook placed within the femoral canal or around the 
lateral aspect of the femur. Take care that the femur 
is not trapped behind the acetabulum during this ma-
neuver; elevation of the femur will be more difficult, or 
fracture of the greater trochanter may occur. A sterile 
hook mounted on a table attachment can be used dur-
ing this step (Fig. 3.64B). Place the hook just distal to 
the vastus ridge. Position a curved retractor beneath 
the posteromedial femoral neck to retract the medial 
soft tissues. Place an additional pronged retractor over 
the tip of the greater trochanter to protect the abduc-
tor musculature and lift the femur anteriorly.

 FIGURE 3.61 Direct anterior approach. Patient positioned 
supine with anterior superior iliac spine placed at level of table 
break. (Redrawn from Biomet.) SEE TECHNIQUE 3.7.
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FIGURE 3.62 A, Fascial incision (green line) is positioned over the tensor fascia latae (TFL) muscle 
and lateral to the interval between TFL and sartorius (dashed white line). B, Blunt dissection medially 
beneath fascia leads to interval between TFL and sartorius. C, Within the fat layer at distal extent of 
interval are branches of the lateral femoral circumflex vessels that must be identified and carefully 
cauterized. D, Extracapsular placement of retractors superiorly and inferiorly before capsulotomy. 
An additional retractor may be placed medially beneath rectus femoris. (A from Post ZD, Orozco F, 
Diaz-Ledezma C, et al: Direct anterior approach for total hip arthroplasty: indications, technique, and results, 
J Am Acad Orthop Surg 22:595-603, 2014. B-D redrawn from Depuy.) SEE TECHNIQUE 3.7.

 n  Additional soft-tissue release often is required at this 
stage to avoid excess retraction force, which may re-
sult in femoral fracture. Patients with fixed external 
rotation deformity typically require a greater amount 
of release to deliver the femur anteriorly. First, release 
the superior capsule from the greater trochanter from 
anterior to posterior, completely exposing the trochan-
teric fossa or “saddle” (Fig. 3.65). In more difficult 
cases, release the piriformis and conjoined tendons to 
allow elevation of the femur without undue traction 
(Fig. 3.66).

 n  Prepare the femur and implant the femoral component 
(see Technique 3.5). It is technically easier to implant a 
femoral component using a broach-only technique be-
cause it may be difficult to pass straight reamers down 
the femoral canal even with satisfactory femoral expo-
sure. Specialized angled broach handles and stem inser-
tion devices also simplify the procedure (Fig. 3.67). A ca-
nal sound or guide pin is useful to judge the alignment 

of the femoral canal and avoid varus stem positioning or 
perforation of the lateral femoral cortex.

 n  During the trial reduction of implants, take special care 
to assess the stability of the hip in extension and external 
rotation, particularly if a complete anterior capsulectomy 
has been performed during the initial exposure. Use fluo-
roscopy to assess position of the implants and restoration 
of limb length and offset. Limb length also can be as-
sessed directly by comparison with the opposite limb.

 n  If the anterior capsule has been retained, perform a se-
cure closure of the capsular flaps. When closing the fas-
cial layer, take small bites on the medial edge to avoid 
entrapment of the LFCN in the repair.
  

Some proponents of the supine intermuscular approach 
have advocated the use of a dedicated surgical table similar 
to those used in lower extremity fracture care. Both feet are 
secured in compression boots attached to mobile spars that 
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allow traction, rotation, and angulation of the limb in any 
direction (Fig. 3.68). An integral hook is used to aid in femo-
ral elevation, and intraoperative fluoroscopic imaging is eas-
ily obtained. Because both feet are secured in boots, however, 
it is more difficult to manually assess the stability of the hip 
and directly compare limb lengths. The use of such a table 
requires a significant institutional financial investment, and 
the use of strong traction and limb rotation also introduces a 
risk of traction nerve palsy and fractures.

Matta et  al. reported a series of 494 primary arthro-
plasties performed on a dedicated table. Clinical and radio-
graphic results were excellent, but there was one femoral 
nerve palsy, three greater trochanteric fractures, two femoral 
shaft fractures, and three ankle fractures. The complications 

underscore the importance of obtaining exposure by judi-
cious soft-tissue releases rather than by forceful traction and 
limb rotation.

The results using intraoperative fluoroscopy have been 
mixed. Hamilton et al. reported no excessively abducted cups 
(over 55 degrees) using fluoroscopy with the direct anterior 
approach. Leucht et  al. found that fluoroscopy reduced the 
incidence of limb length discrepancy of more than 1 cm but 
did not improve the precision of cup positioning. In a large 
series from the Rothman Institute, Tischler et  al. found no 
difference in acetabular inclination angle, leg length, or offset 
using fluoroscopy and concluded that the increased opera-
tive time and cost were not justified at a high-volume arthro-
plasty institution. Careful attention must be paid to both the 

 

A

B

FIGURE 3.63 A, Femoral neck osteotomy. Two parallel cuts made (dashed lines) and “napkin 
ring” segment removed with a threaded pin. Femoral head is then removed with corkscrew. B, 
Retractors placed inferior to transverse ligament and also posteriorly to retract femur. (A redrawn 
from Biomet. B redrawn from Depuy.) SEE TECHNIQUE 3.7.

 

A

B

FIGURE 3.64 A, Table position for exposure of femur. Operated limb is placed in figure-of-four 
position beneath opposite lower limb, and lower end of table is dropped to place hip in hyper-
extension. Proximal femur must be retracted laterally and upward. B, Accessory hook mounted 
to table aids femoral elevation. (A redrawn from Biomet; B courtesy Innomed, Inc. Savannah, GA.)  
SEE TECHNIQUE 3.7.
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tilt and rotation of the pelvis in relation to the x-ray beam to 
maximize the utility of intraoperative fluoroscopy. Standard 
protection in the form of a lead apron and thyroid shield are 
recommended for those in proximity to the beam. McArthur 
et al. reported radiation dose and fluoroscopy times that were 
comparable to other fluoroscopically guided hip procedures. 

MINIMALLY INVASIVE TECHNIQUES
Hip arthroplasty has been performed through small incisions 
by Kennon et  al. since the 1980s. More recently, minimally 

invasive techniques have been introduced to the orthopaedic 
community and have received widespread media attention. 
The term minimally invasive total hip replacement does not 
describe a single operation but rather a group of procedures 
performed through various incisions of smaller dimensions 
than traditionally described.

The introduction of these techniques has generated 
considerable controversy in the orthopaedic community. 
Advocates of these techniques have advanced the position 
that minimally invasive hip replacement has the potential to 
reduce soft-tissue injury, postoperative pain, operative blood 
loss, and hospital length of stay; increase speed of the patient’s 
postoperative rehabilitation; and produce a more cosmetically 
acceptable surgical scar. Adoption of minimally invasive tech-
niques has revolutionized other procedures, such as menis-
cectomy, cruciate ligament reconstruction, rotator cuff repair, 
discectomy, and others. Critics of these new techniques cite 
the excellent results of current methods with regard to pain 
relief, functional improvement, and long-term durability, 
with a remarkably low complication rate. The potential ben-
efits of smaller incisions must be weighed against the pitfalls 
of poor exposure and the learning curve associated with any 
new procedure. There is the potential for implant loosening 
from suboptimal bone preparation, dislocation from malpo-
sitioned implants, infection and delayed wound healing from 
trauma to the skin, unrecognized fractures, neurovascular 

 FIGURE 3.66 Insertions of short external rotators as viewed 
from medial. Piriformis (p) inserts near cephalad extent of greater 
trochanter. Conjoined tendon (asterisk) and obturator externus 
(oe) insert more distal. (From Ito Y, Matsushita I, Watanabe H, Kimura 
T: Anatomic mapping of short external rotators shows the limit of their 
preservation during total hip arthroplasty, Clin Orthop Relat Res 470:1690, 
2012.) SEE TECHNIQUE 3.7.

 FIGURE 3.67 Femoral instrumentation. After adequate eleva-
tion of femur, preparation is facilitated by instruments with offset 
handles. (Redrawn from Biomet.) SEE TECHNIQUE 3.7.

 FIGURE 3.68 Dedicated table for positioning during direct 
anterior approach. Surgeon controls elevation of femur with inte-
gral hook.  (ProFx table, courtesy Mizuho OSI, Union City, CA.)

 FIGURE 3.65 Soft-tissue release for femoral elevation. Supe-
rior capsule is released from anterior to posterior to completely 
expose trochanteric fossa and allow elevation of femur without 
undue force. (Redrawn from Biomet.) SEE TECHNIQUE 3.7.
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compromise, and leg-length inequality from the lack of expo-
sure of bony landmarks. All of these problems may require 
reoperation and are likely to be more common in the hands 
of surgeons performing fewer procedures. Surgeons must 
decide whether the potential risks in adopting minimally 
invasive techniques are justifiable given the scope of their 
individual practices.

There is general consensus that a minimally invasive hip 
arthroplasty is done through an incision of 10 cm or less. 
A single posterior incision is currently the most commonly 
used approach, followed by single-incision direct anterior 
approaches. We have gradually adopted minimally invasive 
techniques and now perform hip arthroplasty in most patients 
through a single posterior incision of 8 to 10 cm (Video 3.1). 
We have more recently adopted the direct anterior approach 
in selected primary procedures.

Thin patients are ideal for minimally invasive approaches. 
The operation is more difficult in muscular males and obese 
patients (BMI > 30 kg/m2). Although a longer incision may 
be needed in these individuals, the same principles can be 
applied. Patients requiring revision surgery and patients with 
dysplasia, prior reconstructive procedures, or very stiff hips 
require larger incisions. As a basic tenet, there should never 
be any hesitation to lengthen the incision if exposure is inad-
equate. An operation done well through a larger incision is 
preferable to an unsatisfactory result with a small incision.

At a given time, only a portion of the hip is exposed. A 
variety of specialized instruments are helpful in gaining expo-
sure and viewing the acetabulum and femur while protect-
ing the surrounding soft tissues (Fig. 3.69). A long Charnley 
retractor blade is needed to avoid excessive stretching of 
the wound corners. Acetabular retractors with long handles 
and blades narrower than usual reduce clutter within the 
wound. Some systems have incorporated fiberoptic light-
ing into acetabular retractors. Angulated acetabular reamer 

shafts and component positioning devices reduce the retrac-
tion required on the inferior soft tissues. Reamers with side 
cutouts are more easily inserted into the acetabulum and 
appear to be acceptably accurate. It is particularly helpful to 
have an assistant to position the limb for femoral preparation 
and implant placement. Exposure also is enhanced by the use 
of hypotensive regional anesthesia to reduce intraoperative 
bleeding.

Sculco and Jordan advocated a posterolateral approach 
to the hip through a 6- to 10-cm incision. The incision is 
placed in line with the femur along the posterior edge of the 
greater trochanter with approximately one third of the inci-
sion proximal to the tip of the greater trochanter and two 
thirds distal. The gluteus maximus is split for only a short dis-
tance, the incision of the fascia lata is limited, and the qua-
dratus femoris is left mostly intact but retracted to expose the 
lesser trochanter and resect the femoral neck. The incision 
may be easily extended in either direction to approximate a 
more traditional posterior approach if needed. In a prospec-
tive randomized study by this group, Chimento et al. showed 
that patients with an 8-cm posterolateral approach had less 
intraoperative and total blood loss and limped less at 6 weeks’ 
follow-up than patients with a standard approach. There were 
no differences in operative time, transfusion requirements, 
narcotic use, hospital stay, or other rehabilitation milestones. 
Complications were similar in the two groups, and a 5-year 
follow-up on the same cohort showed no radiographic loos-
ening. Radiographic measures of cup and stem position and 
cement technique were not compromised in the minimally 
invasive group. DiGioia et al. found that patients in the mini-
incision group walked with less of a limp and had better stair-
climbing ability at 3 months and improvement in the limp, 
distance walking, and stair-climbing at 6 months. There were 
no differences at 1 year. In a prospective, randomized series, 
Dorr et  al. found that a group that had minimally invasive 
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FIGURE 3.69 A and B, Array of retractors with long handles, angulated acetabular insertion 
device, and fiberoptic lighting (B) for minimally invasive hip surgery.  (Courtesy Zimmer, Warsaw, IN.)
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surgery had shorter hospital stays, less in-hospital pain, and 
less need for assistive devices. There were no differences after 
hospital discharge.

Other investigators have not shown any benefit to the 
use of a smaller incision. In a prospective, randomized, con-
trolled trial, Ogonda et  al. found that a minimally invasive 
approach was safe and reproducible but offered no benefit 
compared with a traditional approach. The trial was done 
after the senior author had gained considerable experience 
with less invasive techniques, and the learning curve was not 
included in this series. In another study from the same insti-
tution, Bennett et al. found no difference in any gait analy-
sis parameter at 2 days after surgery. Goldstein et al. likewise 
were unable to show any differences between a standard and 
minimally invasive posterolateral approach. In another pro-
spective series with 5-year follow-up, Wright et al. found no 
difference other than patients’ enthusiasm regarding the cos-
metic appearance of the scar.

Minimally invasive anterior incisions are modifications 
of the Smith-Petersen approach. Although the acetabular 
exposure is superior, it can be difficult to place the femur in a 
position where the stem can be inserted in line with the shaft. 
Several manufacturers have introduced shorter stems with 
curved broaches to simplify femoral component placement 
(see Fig. 3.28). Although a claim of the anterior approach is 
that no muscle or tendon is transected, multiple authors rec-
ommend release of the posterior capsule and short external 
rotators to deliver the femur into the wound. Problems related 
to injury to the lateral femoral cutaneous nerve (LFCN) have 
led many to place the skin incision slightly lateral to the inter-
muscular plane of the deeper dissection.

Parratte and Pagnano evaluated tissue injury with various 
approaches and concluded that it is not possible to routinely 
perform minimally invasive THA without causing some mea-
surable degree of muscle damage. Rather, the location and 
extent of muscle damage is specific to the approach. Tissue 
damage in the anterior approach involved the anterior part 
of the gluteus medius, the TFL, and the external rotators. The 
posterior approach was associated with substantial damage to 
the short external rotators and gluteus minimus and a small 
amount of damage to the gluteus medius. Bergin et al. mea-
sured serum inflammatory markers in patients undergoing 
hip arthroplasty through minimally invasive posterior and 
anterior approaches. Serum creatine kinase levels in the pos-
terior group were 5.5 times higher than the anterior group in 
the postanesthesia unit. The clinical significance of the find-
ing was not delineated.

Advocates frequently describe enhanced recovery after 
minimally invasive hip arthroplasty. However, multimodal 
pain management and accelerated rehabilitation protocols 
have been introduced simultaneously, and these factors also 
influence the speed of recovery. In a series of 100 patients, 
Pour et al. found that at the time of hospital discharge, patient 
satisfaction and walking ability were better in patients who 
had received an accelerated preoperative and postoperative 
rehabilitation regimen regardless of the size of the incision. 
Poehling-Monaghan et al. found no systematic advantage of 
a direct anterior approach over a mini-posterior approach 
when using the same rapid rehabilitation protocols with no 
hip positioning precautions.

Minimally invasive techniques and instrumentation con-
tinue to evolve. Refinements in surgical approaches and the 

integration of computer-assisted navigation may ultimately 
improve outcomes and surpass the excellent results of stan-
dard hip arthroplasty procedures. Rigorous scientific study 
of these new methods must precede widespread adoption in 
clinical practice. 

COMPUTER-ASSISTED SURGERY
Improper positioning of acetabular and femoral components 
may compromise the outcome of the arthroplasty because 
of impingement, dislocation, increased wear, and leg-length 
discrepancy. Patient size, the presence of deformity, limited 
surgical exposure, intraoperative movement of the pelvis, 
inaccuracies in conventional instrumentation, and surgeon 
experience are all variables that may negatively affect the 
accuracy of component positioning. Surgeons’ assessments of 
intraoperative position of both femoral and acetabular com-
ponents are inaccurate when compared with postoperative 
CT scans. Strategies such as computer-assisted surgical navi-
gation are being investigated to improve the accuracy of the 
operation.

Computer-assisted navigation provides the surgeon with 
real-time information regarding the positioning of the femur 
and pelvis relative to each other and to the surgical instru-
mentation. The tracking of these positions is by infrared 
stereoscopic optical arrays that must be visible to a camera. 
Navigation of the acetabular component requires registration 
of anatomic landmarks to allow the computer to determine 
the position of the pelvis in space. Although individual navi-
gation systems vary in both durable equipment and software 
algorithms, there are three general types of systems: image-
less, fluoroscopic, and CT based.

Imageless navigation is based only on landmarks that are 
digitized at the time of surgery without confirmation by imag-
ing studies. A reference frame is attached to the pelvis, and an 
optical pointer is then used to reference the ASIS and pubic 
symphysis by palpation or by small percutaneous incisions. 
The registration process is performed with the patient supine 
to allow access to the opposite anterior spine. If the operation 
is to be done with the patient in the lateral position, the opti-
cal tracker is mounted to the pelvis and must be prepared and 
draped into the surgical field after the patient is repositioned. 
In larger patients, inaccurate digitization of pelvic landmarks 
can introduce errors. Computer screen images are of stan-
dardized bone models and do not reflect the patient’s indi-
vidual anatomy. Using imageless navigation, Hohmann et al. 
demonstrated a significant decrease in deviation of acetabu-
lar component placement with respect to both inclination 
and anteversion compared with conventional techniques. 
Ellapparadja et  al. found restoration of both leg length and 
offset within 6 mm in over 95% of cases. Conversely, Brown 
et al. found no difference in acetabular inclination angle or 
leg-length discrepancy between imageless navigation and 
conventional techniques.

When fluoroscopic navigation is used, reference frames 
are again applied to the bones. Fluoroscopic images made 
at multiple angles are combined to yield three-dimensional 
information. The referencing process can be performed with 
the patient in the lateral position. If there is a change during 
the procedure, then new images may be acquired. A radiolu-
cent operating table is required, and protective lead aprons 
must be worn by the surgical team. Bulky fluoroscopic equip-
ment must remain available during the procedure, and time 
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has to be allotted for acquisition of images. Fluoroscopic navi-
gation has been more reliable for limiting variability of cup 
abduction than for anteversion. No preoperative planning or 
imaging is required. Consequently, the technique provides no 
information about the requirements for restoration of proper 
hip mechanics.

CT-based navigation provides detailed, patient-specific 
information compared with imageless and fluoroscopic tech-
niques. Information from the preoperative CT scan is used 
to produce a virtual bone model which is then coupled to 
the patient’s bony anatomy by the process of registration. 
Intraoperative registration requires digitization of multiple 
points on the bony surface of the acetabulum using an instru-
mented pointer that are then mapped onto the computer 
model. The process can be done with the patient in the lateral 
position without the need for repositioning. The accuracy of 
the mapping and navigation can be confirmed in real time. 
Detailed information is available preoperatively regarding 
component size, positioning, leg length, offset, and range of 
motion. Preoperative imaging and planning are required, but 
no intraoperative imaging is needed, and the surgical proce-
dure is consequently faster than with imageless navigation.

Beckmann et al., in a meta-analysis of the use of naviga-
tion to improve acetabular component position, found that 
whereas mean cup inclination and anteversion angles were 
not significantly different, navigation reduced the variability 
in cup position and the risk of placing the acetabular compo-
nent beyond the safe zone. Long-term outcomes and cost util-
ity data were not available. Moskal and Capps drew similar 
conclusions and found fewer dislocations in hips with navi-
gated acetabular component placement. To assess the accu-
racy of navigation in correcting leg length, Manzotti et  al. 
compared 48 navigated hip arthroplasties with a matched 
cohort of procedures using a traditional freehand alignment 
method. Restoration of limb length was significantly better in 
the computer-assisted group. Dorr et al. reported using nav-
igation to optimize restoration of offset: offset was restored 
within 6 mm of the contralateral hip in 78 of 82 hips.

Interest in robotic technologies has increased over the 
past decade, although to a lesser degree than in knee arthro-
plasty. Robotics complement surgical navigation with the 
addition of both bone preparation and component implanta-
tion being assisted by a sterile draped robotic arm. Current 
systems are CT based and require intraoperative placement 
of tracking arrays and bony registration. Typically, the femur 
is prepared first and femoral version assessed. Acetabular ver-
sion can then be adjusted to obtain correct combined antever-
sion. Acetabular reaming is carried out with visual and tactile 
feedback from the computer, and bone removal outside of 
the planned resection is effectively prevented. The acetabular 
component is then implanted with precision guidance from 
the robotic arm according to the preoperative plan. Kanawade 
et  al. found a contemporary robotic system achieved preci-
sion in acetabular inclination, anteversion, and center of rota-
tion in over 80% of cases.

There has been little development of patient-specific 
instrumentation in THA compared with knee procedures. In 
one study, Small et al. found that such instruments improved 
accuracy of acetabular anteversion but not abduction angle.

Computer-assisted navigation appears effective in reduc-
ing outliers in component positioning and can be beneficial 
in restoring optimal hip mechanics. Whether these advances 

in accuracy will translate to improvements in outcomes and 
implant survivorship remains to be validated. The cost of nec-
essary equipment, software, and imaging studies may be pro-
hibitive for many institutions. 

TROCHANTERIC OSTEOTOMY
Although osteotomy of the trochanter for exposure and lat-
eral reattachment to lengthen the lever arm of the abduc-
tors was an integral part of Charnley’s concept of THA, most 
total hip procedures are done now without osteotomy. The 
advocates of osteotomy believe that in addition to the oppor-
tunity to advance the trochanter laterally and distally at the 
time of surgery, dislocation of the hip is easier, exposure of 
the acetabulum is better, preparation of the femoral canal is 
complicated by fewer penetrations, cement can be inserted 
more optimally, and components can be inserted more eas-
ily and more accurately. The disadvantages of osteotomy are 
increased blood loss, a higher incidence of hematoma forma-
tion, longer operating time, technical difficulty with fixation 
of the trochanter, nonunion, wire breakage, bursitis, greater 
postoperative pain, and delayed rehabilitation.

In most patients, adequate exposure can be obtained 
with the posterolateral, anterior, anterolateral, or direct lat-
eral approach without osteotomy of the trochanter. Although 
leaving the trochanter intact has many advantages, osteotomy 
may be necessary if the anatomy of the hip is markedly dis-
torted, such as in cases of ankylosis or fusion, severe protrusio 
acetabuli, or developmental dysplasia with high dislocation 
of the hip. Occasionally, residual laxity of the abductor mus-
culature results in hip instability despite proper restoration 
of length and offset. In this instance, trochanteric osteotomy 
with distal reattachment can render the hip more stable with-
out lengthening the limb excessively. In revision procedures, 
trochanteric osteotomy facilitates exposure of the femur and 
acetabulum and may be required to extract the femoral com-
ponent without excessive risk of fracturing the femur.

Three basic types of trochanteric osteotomies are cur-
rently used in hip arthroplasty: (1) the standard or conven-
tional type, (2) the so-called trochanteric slide, and (3) the 
extended trochanteric osteotomy (Fig. 3.70). Various modifi-
cations have been described for each type. The various types 
are suitable for specific purposes and should be tailored to the 
procedure being contemplated. Finally, the fixation method 
must be adapted to the type of osteotomy.

The standard trochanteric osteotomy is indicated when 
extensile exposure of the acetabulum is needed for com-
plex revisions of the acetabular component, placement of an 
antiprotrusio cage, or a large structural bone graft. Superior 
retraction of the greater trochanter and abductor muscula-
ture yields unparalleled exposure of the ilium with less ten-
sion on the superior gluteal neurovascular bundle than would 
be experienced with the trochanteric slide technique. When 
a standard trochanteric osteotomy is done, the vastus latera-
lis first should be detached subperiosteally from the lateral 
aspect of the femur distal to the vastus tubercle. The osteot-
omy may be made with a power saw or an osteotome. The 
osteotomy is initiated just distal to the vastus tubercle and 
directed proximally and medially at an angle of approximately 
45 degrees to the shaft of the femur. It should not extend into 
the femoral neck, and special care must be taken not to injure 
the sciatic nerve. In general, a large piece of bone should be 
removed, with all of the tendinous attachments of the gluteus 
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medius and underlying gluteus minimus muscles. Other soft-
tissue attachments, including the short external rotators, are 
released as necessary to allow superior retraction of the tro-
chanteric fragment. The osteotomy also can be made with a 
Gigli saw passed deep to the abductor muscles and directed 
laterally (Figs. 3.71 and 3.72). Charnley emphasized keeping 
the “strap” of the lateral capsule from the superior aspect of 
the acetabulum to the base of the trochanter intact to make 
reattachment more stable than pulling on muscle fibers alone.

Excessive tension on the trochanter by the abductors can 
be lessened by maintaining the distal soft-tissue attachments 
on the trochanter. Glassman, Engh, and Bobyn described a 
technique of osteotomy that maintains an intact musculoos-
seous sleeve composed of the gluteus medius, greater tro-
chanter, and vastus lateralis. This technique has been termed 
the trochanteric slide technique (Fig. 3.73). Although non-
union rates for this procedure were similar to the rates for 
other techniques, superior migration of more than 1 cm 
occurred in only 11% of the nonunions, and the incidence of 
abductor insufficiency and limp was significantly lower than 
in similar series. Neither a standard osteotomy nor a trochan-
teric slide is ideal when the bed for reattachment has been 
compromised, such as when the greater trochanter has been 
filled with cement.

More recently, various techniques of extended trochan-
teric osteotomy have been introduced. In essence, these are 
proximal femoral osteotomies in which a segment of the lat-
eral femoral cortex of variable length is raised in continuity 
with the greater trochanter. These techniques are of greatest 
benefit in removing well-fixed implants in revision surgery 
and when the bony bed for reattachment of a standard osteot-
omy would be compromised. Because a large segment of the 
lateral femoral cortex is removed, and cementing techniques 
are rendered imperfect, extended trochanteric osteotomies 

are used only when a cementless femoral reconstruction is 
anticipated (see Technique 3.5). Lakstein et  al. described a 
modified technique in which the posterior capsule and short 
external rotators are left intact to reduce the risk of dislocation.

The lever arm of the abductors is lengthened according 
to the amount of lateral placement of the osteotomized tro-
chanter. The hip should not be abducted more than 10 to 15 
degrees while the trochanter is being reattached, or excess 
strain on the fixation would result when the hip is adducted, 
and avulsion and nonunion of the trochanter may follow. 
The position of reattachment of the greater trochanter has 
been found to affect the rate of union. Anatomic reduction 
or a slight distal overlap of the trochanter results in trochan-
teric union within 6 months. Fixation of the trochanter with 
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FIGURE 3.70 Types of trochanteric osteotomy and their rela-
tionships to muscular attachments. A, Standard trochanteric oste-
otomy with only superior abductor attachment. B, Trochanteric 
slide with abductors and vastus lateralis attached to trochanteric 
fragment; C, Extended trochanteric osteotomy.

 FIGURE 3.71 Gallbladder clamp is inserted into joint and 
pushed through capsule posterior to insertion of gluteus medius 
to grasp Gigli saw (see text).

 FIGURE 3.72 Before trochanter is osteotomized, finger is used 
to ensure that Gigli saw is sufficiently posterior and sciatic nerve is 
not trapped between saw and bone. Inset, Direction of osteotomy 
is first distal and then lateral to detach trochanter just proximal to 
abductor tubercle.
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residual superior and medial tilt invariably led to delayed 
union or nonunion. For union to occur reliably, compression 
must be applied across the osteotomy. Fixation should sta-
bilize the trochanteric fragment to vertical and anterior dis-
placement. Displacement in the anteroposterior plane occurs 
when the hip is loaded in flexion, and fixation failure is more 
complex than the abductors simply pulling the trochanteric 
fragment superiorly. A biplanar or chevron osteotomy yields 
greater resistance to anteroposterior displacement than a 
uniplanar osteotomy. Such an osteotomy is useful in com-
plex primary procedures but is impractical in most revisions 
because of the loss of bone needed not only to perform but 
also to repair the osteotomy.

Various wire fixation techniques using two, three, or four 
wires have been described and are illustrated in Figures 3.74 
and 3.75. No. 16, 18, or 20 wire can be used, and because 
spool wire is more malleable, it is easier to tighten and tie or 
twist. A Kirschner wire spreader or wire tightener is used to 
tighten the wire. Stainless steel, cobalt-chrome alloy, or tita-
nium alloy wire may be used, depending on the metal of the 
femoral component. Also, multiple filament wire or cable is 
available; the ends are pulled through a short metal sleeve, 
which is crimped after the wire has been tightened. Special 
care should be taken not to kink or nick the wire.

In our experience, wire fixation techniques do not pre-
dictably provide rigid fixation of the trochanter. Trochanteric 
nonunion rates of 25% have been reported using wiring tech-
niques. With the trend toward cementless femoral revision, 
techniques requiring intramedullary passage of wires and 
screws have become difficult. In most cases, we prefer an 
extramedullary cable fixation device instead (Figs. 3.76 and 
3.77). A variety of new devices featuring proximal hooks with 

a plate extension also are available (Fig. 3.78). Full weight 
bearing on the hip should be delayed for 4 to 6 weeks if fixa-
tion is not rigid. When fixation is less stable (i.e., with a small 
piece of bone or soft bone, difficulty in pulling the bone down 
to the femur, or loss of the bony bed for reattachment of the 
trochanteric fragment), the hip may be maintained in abduc-
tion in a spica cast or orthosis for 6 weeks. (See the section on 
complications for trochanteric nonunion and wire breakage 
problems.)

Dall described a modification of the direct lateral 
approach that involves osteotomy of the anterior portion of 
the greater trochanter rather than division of the anterior 
portion of the abductor insertion from the trochanter. Head 
et al. used a similar osteotomy in conjunction with an exten-
sile direct lateral approach for revision arthroplasty (Fig. 
3.79). This approach detaches only the internal rotational 
component of the abductors and leaves the important abduc-
tor portion of the gluteus medius intact. Reattachment of 
the anterior trochanteric fragment allows for primary bony 
union and is easier than direct repair of the abductor tendon 
to bone. 

SURGICAL PROBLEMS RELATIVE 
TO SPECIFIC HIP DISORDERS
Much information has been accumulated since the 1970s 
concerning the various entities for which THA has been per-
formed. In some instances, the routine surgical techniques 
must be modified to meet the needs of the various conditions. 
For this reason, the following entities are discussed relative to 
THA. Revision surgery for failed THA is discussed in a sepa-
rate section.

ARTHRITIC DISORDERS
OSTEOARTHRITIS (PRIMARY OR SECONDARY 

HYPERTROPHIC ARTHRITIS OR DEGENERATIVE 
ARTHRITIS)
Osteoarthritis is the most common indication for THA; it 
can be primary or secondary to femoroacetabular impinge-
ment, to previous trauma, or to childhood disorders of the 
hip. The extremity often is shortened slightly, although the 
discrepancy can be greater than 1 cm if erosion or deforma-
tion of the femoral head or acetabulum has occurred. The 
hip often is flexed, externally rotated, and adducted, and 
there is additional apparent shortening of the limb because of 
the deformity. Less commonly, the limb may appear length-
ened because of a fixed abduction contracture. Removal of 
the osteophytes from the anterior or posterior margin of the 
acetabulum may be necessary to dislocate the hip safely. The 
subchondral bone of the acetabulum is thick and hard, and 
considerable reaming may be required before a bleeding sur-
face satisfactory for bone ingrowth is reached. Osteophytes 
may completely cover the pulvinar and obscure the location 
of the medial wall.

If the femoral head has been displaced laterally, intraar-
ticular osteophytes inferiorly may thicken the bone consid-
erably and require deepening of the acetabulum to contain 
the cup fully (Fig. 3.80). Failure to medialize the acetabu-
lum in this instance may leave the superior portion of the 
cup unsupported or supported primarily by osteophytes 
rather than native bone. Careful attention to the removal of 

 FIGURE 3.73 Trochanteric slide technique described by 
Glassman, Engh, and Bobyn. Osteotomy is oriented in sagittal plane 
and includes origin of vastus lateralis.  (Redrawn from Glassman AH, 
Engh CA, Bobyn JD: A technique of extensile exposure for total hip 
arthroplasty, J Arthroplasty 2:11, 1987.)
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acetabular osteophytes is necessary to avoid impingement, 
decreased range of motion, and dislocation. Trochanteric 
osteotomy usually is unnecessary, but often the greater tro-
chanter is enlarged, and some bone must be removed from 

its anterior or posterior surface to prevent impingement dur-
ing rotation. 

INFLAMMATORY ARTHRITIS
THA often is indicated to relieve pain and increase range of 
motion in patients with inflammatory arthritis and other col-
lagen diseases, such as rheumatoid arthritis, juvenile idio-
pathic arthritis, juvenile rheumatoid arthritis or Still disease, 
psoriatic arthritis, and systemic lupus erythematosus, espe-
cially when involvement is bilateral. Arthroplasties of the 
knees and other joints may be necessary. Often these patients 
are generally disabled, having varying degrees of dermatitis, 
vasculitis, fragile skin, osteopenia, and poor musculature. 
In addition, they have been or are receiving corticosteroids 
and other immunosuppressive drugs; consequently, the risks 
of fracture during surgery and infection after surgery are 
greater. The femoral head may be partially absent because of 
erosion or osteonecrosis, and some degree of acetabular pro-
trusion may be present.

Limitation of motion of the cervical spine, upper extrem-
ities, and temporomandibular joints complicates the anesthe-
sia, and fiberoptic techniques may be required to intubate the 
patient safely. Preoperative flexion and extension radiographs 
of the cervical spine to rule out subluxation are advisable if 
endotracheal intubation is planned. Additional corticoste-
roids also may be required in the perioperative period.

Special handling of the limb is necessary so as not to frac-
ture the femur or acetabulum or damage the skin. Preparation 
of the femur usually is easy because the canal is wide, but the 
cortex is thin and easily penetrated or fractured. Similarly, 

 

A B C
FIGURE 3.74 Wire fixation of trochanter. A, Two vertical wires are inserted in hole drilled in 

lateral cortex below abductor tubercle; they emerge from cut surface of neck, and one is inserted 
in hole in osteotomized trochanter. Two vertical wires are tightened and twisted, and transverse 
wire that was inserted in hole drilled in lesser trochanter and two holes in osteotomized trochanter 
is tightened and twisted. B, One-wire technique of Coventry. After component has been cemented 
in femur, two anteroposterior holes are drilled in femur beneath osteotomized surface and two 
holes are drilled in osteotomized trochanter. One end of wire is inserted through lateral loop before 
being tightened and twisted. C, Oblique interlocking wire technique of Amstutz for surface replace-
ment.  (A modified from Smith & Nephew, Memphis, TN; B and C redrawn from Markolf KL, Hirschowitz 
DL, Amstutz HC: Mechanical stability of the greater trochanter following osteotomy and reattachment by 
wiring, Clin Orthop Relat Res 141:111, 1979.)
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Four-wire technique Lateral view

FIGURE 3.75 Harris four-wire technique of reattachment of 
trochanter. A, Two vertical wires are inserted through hole drilled 
in lateral cortex and come out in groove cut in neck of femur so 
as not to interfere with seating of collar. Two transverse wires are 
inserted in holes in lesser trochanter and in two holes in osteoto-
mized greater trochanter. B, Two transverse wires are tied over two 
tied vertical wires. One transverse wire can be used instead of two.  
(Redrawn from Harris WH: Revision surgery for failed, nonseptic total hip 
arthroplasty: the femoral side, Clin Orthop Relat Res 170:8, 1982.)
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the acetabulum is soft and easily reamed, and the medial wall 
is easily penetrated. Care must be taken not to fracture the 
anterior margin of the acetabulum or the femoral neck with 
a retractor used to lever the femur anteriorly. Severe osteope-
nia often makes cementless fixation more difficult, although 
successful use of cementless femoral and acetabular compo-
nents has been reported in several series. Small components 
may be necessary, especially in patients with juvenile idio-
pathic arthritis, because the bones often are underdeveloped. 
Excessive femoral anteversion and anterior bowing of the 
proximal femur also are common in patients with juvenile 

idiopathic arthritis. Extreme deformity may require femoral 
osteotomy.

When operations on the hip and the knee are indicated, 
opinions vary concerning which joint should be treated first. 
Total knee replacement can be technically difficult in the 
presence of a markedly stiff arthritic hip joint. Conversely, a 
severe flexion contracture of the knee may predispose to dis-
location of a total hip replacement. If involvement is equal, 
the hip arthroplasty probably should be done first.

Most patients with rheumatoid arthritis, including young 
patients, have excellent pain relief and increased mobility after 
THA. Functional improvement as evidenced by hip scores 
may be limited, however, by other involved joints. Because 
these patients are relatively inactive, they are not physically 
demanding of the hip. Although the incidence of radiolucen-
cies at 10 years is high, patients continue to function well with 
their reduced demands. In most series, radiolucencies and 
demarcation are more common around the acetabulum than 
the femur for cemented and cementless fixation. 
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FIGURE 3.76 Dall-Miles cable grip device for reattachment of 
trochanter.  (Redrawn from Dall DM, Miles AW: Reattachment of the 
greater trochanter: the use of the trochanter cable-grip system, J Bone 
Joint Surg 65B:55, 1983.)
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FIGURE 3.77 A, Fifteen years after Charnley total hip replace-
ment, acetabular loosening and wear are apparent, but there is 
no evidence of femoral loosening. B, Exposure for acetabular 
revision was improved by trochanteric slide osteotomy, leaving 
femoral component intact. Reattachment was secured with cable 
fixation device (Dall-Miles). Wires are completely extramedullary 
and do not violate femoral cement mantle. Union was complete 
at 3 months.

 FIGURE 3.78 Accord trochanteric fixation plate. Trochanteric 
fragment is captured by proximal hooks. Plate extension is fixed to 
femur with cerclage cables and can be used to stabilize standard 
or extended trochanteric osteotomy.  (Courtesy Smith & Nephew, 
Memphis, TN.)

 

Plane of osteotomy

Lesser trochanter

FIGURE 3.79 Osteotomy of anterior trochanter in direct 
lateral approach (see text).  (Redrawn from Head WC, Mallory TH, 
Berklacich FM, et al: Extensile exposure of the hip for revision arthroplasty, 
J Arthroplasty 2:265, 1987.)
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OSTEONECROSIS
Osteonecrosis of the femoral head remains a challenge for 
diagnosis and for treatment. In some instances, the cause of 
the osteonecrosis can be identified as being associated with 
alcoholism, corticosteroids, systemic lupus erythematosus, 
renal disease, caisson disease, and various other diseases 
(sickle cell disease and Gaucher disease are discussed sepa-
rately). Osteonecrosis may also be associated with coagulop-
athies and human immunodeficiency virus (HIV). In many 
patients with osteonecrosis of the femoral head, no disease 
process can be identified, however, and in these patients the 
osteonecrosis is classified as idiopathic. Up to 75% of patients 
with atraumatic osteonecrosis have radiographic or MRI evi-
dence of bilateral hip disease at presentation.

In the so-called idiopathic group and in patients with 
corticosteroid-related osteonecrosis without subchondral 
collapse or significant arthritic changes in the hip (stages I 
and II), symptoms can be relieved by core decompression, 
as advocated by Hungerford; by vascularized fibular graft-
ing; or by valgus osteotomy with or without bone grafting 
(see Chapter 6). Hip fusion is not recommended because the 
involvement often is bilateral. Resurfacing arthroplasty is rec-
ommended only if the avascular segment constitutes a small 
segment of the femoral head (usually <50%).

With osteonecrosis, the capsule and synovial tissue pro-
liferation frequently is quite hyperemic; and on entering the 
capsule, a considerable amount of bleeding may be encoun-
tered. Often a large synovial effusion is present and may raise 
suspicion of infection, although this is uncommon. If cortical 
bone grafting of the femoral head was done previously, such 
as with a vascularized fibular graft, careful attention must be 
paid to removing the intramedullary portion of the graft com-
pletely. Conventional reamers and broaches are ineffective in 
this regard. Fehrle et  al. found that undersizing and varus 
placement of the femoral component were common because 
of inadequate graft removal, especially in the trochanteric 

fossa. They recommended removing the graft remnants with 
a high-speed burr and using intraoperative radiographs with 
the broach in place to ensure adequate removal of the graft 
and a good femoral fit.

Many patients with osteonecrosis are young, and total hip 
procedures have not been as satisfactory in this group as in 
older patients or those with osteoarthritis. Many reports of 
unsatisfactory results were based on patients who were oper-
ated on with first-generation cementing techniques, however, 
and the results may prove more favorable with improved 
methods, materials, and designs. Improved results have been 
reported with the use of an alumina ceramic head with highly 
crosslinked polyethylene. At average 8.5 years’ follow-up, 
wear was low and no hip had aseptic loosening or osteolysis. 
The use of advanced bearings appears particularly warranted 
in this young population.

Patients with osteonecrosis potentially are at greater risk 
of complications because of the previously noted comorbidi-
ties. Stavrakis, SooHoo, and Lieberman found a higher risk 
of both sepsis and readmission based on information from 
a statewide hospital database. In a study of patients in the 
National Surgical Quality Improvement Program (NSQIP) 
database, Lovecchio et al. found a higher risk of both transfu-
sion and readmission for patients with osteonecrosis. 

PROTRUSIO ACETABULI
Protrusio acetabuli can be primary or secondary. The primary 
form, arthrokatadysis (Otto pelvis), involves both hips, occurs 
most often in younger women, and causes pain and limitation 
of motion at a relatively early age (Fig. 3.81). The secondary 
form can be caused by migration of an endoprosthesis, septic 
arthritis, or prior acetabular fracture. It can be present bilat-
erally in Paget disease, arachnodactyly (Marfan syndrome), 
rheumatoid arthritis, ankylosing spondylitis, and osteomala-
cia. The radiographic hallmark of protrusio acetabuli is the 
medial migration of the femoral head beyond the ilioischial 
(Kohler) line. The deformity may progress until the greater 
trochanter impinges on the side of the pelvis. Frequently, 
there is an associated varus deformity of the femoral neck.

 FIGURE 3.81 Primary protrusio acetabuli. Otto pelvis in 
52-year-old woman. Femoral head has migrated medial to iliois-
chial (Kohler) line. Hip motion is severely limited.
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FIGURE 3.80 Inadequate deepening of acetabulum. A and 
B, Degenerative arthritis with intraarticular osteophyte formation 
and lateral subluxation. Medial osteophytes were not removed, 
and socket remains in lateralized position. Superior coverage is 
provided only by large osteophyte.
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The principles of reconstruction of a protrusion defor-
mity are as follows: (1) the hip center must be placed in an 
anatomic location to restore proper joint biomechanics; (2) 
the intact peripheral rim of the acetabulum should be used 
to support the acetabular component; and (3) the remain-
ing cavitary and segmental defects in the medial wall must 
be reconstructed, preferably with bone grafting (Fig. 3.82). 
Determining the anatomic location of the hip center and the 
degree of migration caused by progressive protrusion can be 
difficult. Variations in the amount of flexion and rotation of 
the pelvis may distort radiographic measurements. Ranawat, 
Dorr, and Inglis proposed a method of determining the hip 
center by the radiographic relationships of the Kohler and 
Shenton lines and the height of the pelvis. Although this 
method is useful for radiographic measurement, it offers 
no assistance in correcting the hip center to the anatomic 
location during surgery. Generally, the relationship of the 
prosthetic socket to the remaining acetabular rim and the 
measurement of the remaining medial and superior bony 
deficits in comparison to the preoperative templating assist in 
bringing the hip center to a more lateral and inferior position. 
The adequacy of correction of the deformity correlates with 
long-term prosthetic survivorship.

Often, because of the medial migration of the femur, the 
sciatic nerve is nearer the joint than normally, and conse-
quently it should be identified early in the operation and pro-
tected. Trochanteric osteotomy occasionally may be required 
for exposure. Dislocation of the hip can be extremely difficult, 
and removal of a small overhanging portion of the posterior 
acetabular wall may facilitate dislocation. In severe cases, the 
femoral head is incarcerated within the acetabulum and dis-
location is impossible. In this instance, the femoral neck must 
be osteotomized in situ at the appropriate angle. Considerable 
capsular release is necessary to deliver the proximal end of 
the femur out of the depth of the wound. The femoral head is 
removed from the acetabulum with a corkscrew or a threaded 
pin. If it is more firmly fixed in the acetabulum, it is sectioned 
and removed piecemeal. The medial wall of the acetabulum 

usually is thin or may be partly membranous, and it should 
not be penetrated. Medial reaming is unnecessary; instead, 
the cartilage and soft tissues are removed with a curet. The 
smooth, sclerotic floor is roughened with a curet or chisel, but 
penetrating into the pelvis is avoided.

The peripheral rim of the acetabulum is intact when a pro-
trusio deformity occurs. This rim can be relied on to provide 
stability for a cementless socket but must be prepared care-
fully. When the femoral head has protruded into the pelvis, an 
“hourglass” deformity is created and the walls of the periphery 
of the acetabulum diverge (Fig. 3.83A). If only the periphery 
of the acetabulum is reamed to a larger size, the walls can be 
made to converge. The acetabular component is stabilized on 
the reshaped rim, and the thin or deficient medial wall is not 
relied on to prevent recurrent deformity. Reaming is begun 
with the largest size reamer that fits comfortably into the 
opening of the acetabulum. The reamer is advanced only until 
it is flush with the rim, and the medial wall is not reamed. 
Progressively larger reamers are inserted in the same man-
ner until a convergent rim is created that is wide enough to 
support the acetabular component (Fig. 3.83B). The anterior 
and posterior walls are palpated frequently during reaming 
to avoid excessive bone removal or the creation of a complete 
segmental defect in the anterior or posterior wall. Any seg-
mental or cavitary deficit that remains medially is grafted with 
particulate cancellous bone, wafers, or a solid graft from the 
femoral head and impacted by using the last reamer, turning 
it in the reverse direction for a few turns. A component 1 to 2 
mm larger than the final reamer size improves stability on the 
prepared rim (Fig. 3.83C).

Sloof et  al. popularized the technique of impaction 
grafting of the acetabulum for correction of protrusio asso-
ciated with rheumatoid arthritis and revision procedures. 
Particulate cancellous bone grafts measuring 0.5 to 1.0 cm 
are tightly impacted into the medial acetabular defects, and 
a segment of wire mesh is placed on top of the bone graft. 
A conventional acetabular component is cemented into the 
construct. Weight bearing is limited for 3 months. In a series 
of 36 hips with protrusio caused by rheumatoid arthritis, 
Sloof et al. reported a survival rate of 90% at 12 years with the 
impaction grafting technique. Although this technique has 
not been widely used, Sloof ’s approach has been adapted for 
use in the femur in revision procedures and has gained more 
widespread acceptance (see Technique 3.31). In a series of 20 
hips with protrusion deformity due to rheumatoid arthritis, 
Zhen et  al reported no acetabular fractures with this tech-
nique despite the thin, osteopenic acetabular rim.

Surgical correction of protrusio acetabuli often entails 
significant lengthening of the limb. Patients with bilat-
eral deformity should be advised of this before surgery. The 
lengthening occurs on both sides of the joint; the center of the 
acetabulum is brought to a more inferior and lateral position, 
and the femoral side is lengthened because of the prior varus 
deformity of the femoral neck. We have found a low-level 
femoral neck resection coupled with a femoral component 
with enhanced offset (see Fig. 3.16) to be helpful in minimiz-
ing limb lengthening while maintaining adequate joint stabil-
ity (see Fig. 3.82). 

DEVELOPMENTAL DYSPLASIA
In surgery for developmental dysplasia of the hip, proper 
patient selection is crucial. Pelvic or periacetabular osteotomy 
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FIGURE 3.82 Reconstruction for protrusio acetabuli deformity. 
A, Protrusio deformity in 52-year-old woman with lupus. B, After 
total hip arthroplasty. Hip center was restored to more lateral and 
inferior position. Large acetabular component allowed rim fixation 
without need for screws, and medial deficits were grafted with 
cancellous autograft from femoral head with excellent incorpora-
tion. Low neck resection and high-offset stem design helped avoid 
overlengthening of limb.
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should be considered in young patients with retained carti-
lage space on radiographs. THA still is often required for 
patients with symptomatic arthritis secondary to dysplasia.

The complexity of the reconstruction is influenced by the 
degree of anatomic abnormality (Fig. 3.84). The classifica-
tion of Crowe et al. has been used to describe the degree of 
dysplasia and is based on the magnitude of proximal femo-
ral migration relative to the acetabulum as measured on an 
anteroposterior radiograph of the pelvis. The migration is 
calculated by measuring the vertical distance between the 
interteardrop line and the medial head-neck junction of the 
involved hip. The degree of subluxation is the ratio of this dis-
tance to the vertical diameter of the opposite femoral head. 
If the distance from the medial head-neck junction to the 
interteardrop line is half the vertical diameter of the opposite 
femoral head, the degree of subluxation is 50%. In patients in 
whom the opposite femoral head also is deformed, the verti-
cal diameter of the femoral head is estimated as 20% of the 
height of the entire pelvis as measured from the top of the 
iliac crest to the bottom of the ischial tuberosities. Dysplastic 
hips are classified by the amount of subluxation: type I, less 
than 50%; type II, 50% to 75%; type III, 75% to 100%; and 
type IV, greater than 100% subluxation.

In addition to the proximal migration of the femur, sev-
eral deformities of the bone and soft tissues are of surgical 
importance. The femoral head is small and deformed; the 
femoral neck is narrow and short, with varying but often 
marked anteversion. The greater trochanter usually is small 
and often located posteriorly. The femoral canal is narrow; 
Dunn and Hess found its average width 2 cm inferior to the 
lesser trochanter to be only 1.5 cm. The narrowness of the 
femur and the increased anterior bowing of the proximal 
third make canal preparation difficult. If the femoral head 
has subluxated and migrated proximally, the acetabulum is 
oblong and its roof is eroded. In high and intermediate dis-
locations, the impingement of the femoral head on the ilium 
stimulates the formation of a false acetabulum that usually 
is not deep or wide enough for containment of the cup. The 

thickest bone available usually is in the true acetabulum, and 
the cup should be implanted there if possible (Fig. 3.85).

The abductor muscles frequently are poorly developed 
and oriented more transversely than normal. The adductors, 
psoas, hamstrings, and rectus femoris muscles usually are 
shortened. The capsule is elongated and redundant. Extensive 
capsulectomy and tenotomy of the psoas, rectus femoris, 
and adductors may be required to correct the deformity. 
The sciatic nerve has never assumed its normal length and 
is susceptible to stretch injury when the bony and soft-tissue 
deformities are corrected.

Before surgery, anteroposterior radiographs of the pelvis 
and proximal femur and a lateral view of the femur must be 
studied carefully to determine the amount of bone available 
in which to fix the cup, the level at which it should be fixed, 
the problems likely to be encountered in reaming the femo-
ral canal because of the anterior bowing and narrow width, 
the need for a femoral osteotomy, and the size and type of 
components to be used. In patients with unilateral disloca-
tions, lengthening of the affected extremity during surgery 
is desirable to correct some or all of the discrepancy in limb 
lengths. No more than 3 to 4 cm of lengthening should be 
planned. The leg lengthening often is offset to some extent 
by the necessity of shortening the femur to place the femoral 
head in the true acetabulum.

The shallow dysplastic acetabulum may require a very 
small acetabular component (≤40 mm). Implants of this size 
are not typically part of the standard implant sets and may 
need to be specially ordered. A 22-mm femoral head size 
should be used because it can be difficult to maintain ade-
quate polyethylene thickness when a larger head size is used 
with a small cup. Charnley and Feagin warned that no more 
than 5 mm of the cup should protrude beyond the bone. If 
possible, the entire cup should be confined within the bone, 
and the medial wall of the acetabulum should be left intact. 
Intentional fracture of the medial wall or penetration of the 
medial wall with reamers to obtain lateral coverage has been 
proposed, but this is not universally accepted.
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FIGURE 3.83 Insertion of acetabular component for protrusio. A, Peripheries of acetabular 
walls are divergent, and hip center is displaced superiorly and medially. B, Peripheral reaming 
creates new rim with convergent walls. C, Implanted component is stable on prepared rim. Hip 
center shifted from point A to point B and is now in more anatomic location.
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Most authors recommend placement of the acetabular 
component within the true acetabulum (see Fig. 3.85), rather 
than leaving the center of rotation in a superiorly displaced 
position with the cup in a false acetabulum (Fig. 3.86). This 
medial and inferior location diminishes joint contact forces 
compared with the superior and laterally displaced position of 
a false acetabulum. In addition, placement in the true acetab-
ulum facilitates limb lengthening, improves abductor func-
tion, and in most cases places the acetabular component in 
the best available bone stock. Long-term studies have found 
the frequency of loosening to be two to three times higher 
when the cup is placed outside the true acetabulum than 
when it is initially positioned within the true acetabulum.

With Crowe type I hips, there is relatively little bony 
deformity, and the acetabular component can be placed in the 
true acetabulum without difficulty. Medialization to the floor 
of the acetabulum provides adequate containment of a stan-
dard component. In Crowe type II and type III hips, when the 
socket is placed within the true acetabulum, a large superior 
segmental deficit remains with a lack of superior coverage of 
the component (Fig. 3.87). In most patients, grafting is not 
required if the acetabular component is placed in a slightly 
high location as long as it is not also lateralized.

Although early reports of acetabular grafting showed ace-
tabular loosening in as many as 47%, other reports of bulk 
acetabular bone grafting in developmental dysplasia of the 
hip have been more positive, with loosening in approximately 
15%.

Technique is most important in achieving success with 
solid acetabular bone grafts. All cartilage and soft tissue are 
removed from the contact areas between donor and host 
bone. The fit of the graft to the host is crucial; the head is 
placed in the defect in its most congruous position. The graft 
should be positioned beneath a buttress of host bone that is 
capable of supporting weight bearing, and the trabeculae of 
the graft should be oriented in line with the weight-bearing 
forces. The graft is provisionally fixed with smooth Kirschner 
wires. Definitive fixation is achieved with two or three cancel-
lous lag screws with washers. The screws should be oriented 
in parallel and along lines of weight-bearing forces. Screws 
must be inserted with careful interfragmentary technique, 
and the graft should be overdrilled to allow this if necessary. 

Initial shaping of the graft is done with a high-speed burr. 
Final shaping of the graft and remaining host acetabulum is 
done with hemispherical reamers. Caution must be exercised 
during reaming to avoid excessive torque on the graft. For this 
reason, we prefer to prepare and ream the graft before defini-
tive screw fixation (Fig. 3.88). In this way, the final sites for 
screw fixation are selected after the graft has been prepared 
and are not compromised during the reaming process. Final 
shaping of the lateral aspect of the graft also can be done at 
this point with a trial acetabular component in place before 
final screw fixation. If a portion of the graft is left prominent 
beyond the lateral edge of the cup, the unstressed portion 
likely will be resorbed over time (Fig. 3.89).

The rate of union and resorption and the long-term via-
bility of acetabular grafts are concerns. Sanzén et  al. found 
no incorporation of cortical bone grafts. Limited resorption 
of the lateral aspect of the graft occurred in 20 of 32 hips, 
but resorption involving bone supporting the socket occurred 
in only three hips (see Fig. 3.89). Radioisotope scanning did 
not correlate with bone resorption, nonunion, or loss of bone 
structure. In most reported cases of acetabular loosening after 
bulk acetabular bone grafting, the graft was viable and revi-
sion was accomplished without the need for additional bone 
grafting.

There is no potential for bone ingrowth from bulk ace-
tabular grafts. The amount of the component that must 
be placed in contact with viable host bone for long-term 
stability remains to be determined. This problem and the 
failure of large bulk grafts led Harris to advocate place-
ment of a small, porous acetabular component at a superi-
orly displaced position. Isolated superior displacement or 
superomedial displacement results in only limited increase 
in joint contact forces. In reconstructing a hip with a so-
called high hip center, a larger amount of the porous sur-
face can be placed against viable host bone. When a small 
socket is placed in a superior and medial position, however, 
femoral-pelvic impingement and instability become prob-
lems. Resection of a large amount of bone from the ante-
rior column adjacent to the superior pubic ramus and from 
the ischium often is required to allow motion and reduce 
the risk of dislocation. Some degree of superior displace-
ment of the hip center is acceptable. Nawabi et  al. found 
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FIGURE 3.84 Developmental subluxation or dislocation. A, Dysplastic hip with defect in supe-

rior aspect of acetabulum. B, Intermediate congenital dislocation with false acetabulum above 
true acetabulum, usually with shallow groove connecting two acetabula. C, High dislocation of 
hip, with some reactive bone on side of ilium where head impinges on cortex.
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no loosening when the hip center was approximately 1 cm 
higher than the anatomic position, but found a higher wear 
rate in hips in which the center was left in a lateralized posi-
tion. Utilizing highly crosslinked polyethylene, Galea et al. 
found no acetabular loosening and low wear in 123 hips 
with a high hip center.

With a high dislocation, as in Crowe type IV, the acetabu-
lum is hypoplastic, but its superior rim has not been eroded 
by the femoral head. The reconstruction usually can be done 
with a conventional, albeit very small acetabular component 
placed within the true acetabulum and without structural 
bone grafting. When the hip is initially exposed, the femoral 
head is dislocated from a false acetabulum and the site of the 
true acetabulum may not be immediately apparent. A ledge 
of bone usually separates the true acetabulum from the false 

one, and it should be used as a landmark from which dissec-
tion is carried inferiorly. The transverse acetabular ligament 
usually can be located along with the cotyloid fossa, retaining 
some atrophic fat from the pulvinar. A retractor placed infe-
rior to the transverse ligament and into the obturator fora-
men ensures that the dissection has been carried far enough 
inferior to place the component in the true acetabulum. 
The depth of the acetabulum often is deceptive because it is 
filled with bone. Removal of the pulvinar exposes the depth 
of the cotyloid fossa and the medial wall of the acetabulum, 
allowing the surgeon to determine the amount of medializa-
tion that can be safely accomplished by reaming. If the coty-
loid fossa is not apparent, a hole can be drilled and a depth 
gauge used to determine the thickness of the available bone. 
The anterior wall of the acetabulum often is thin and can be 
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FIGURE 3.85 Developmental dysplasia. A and B, Thirty-year-old woman with prior femoral and 
acetabular osteotomies. There is residual Crowe type 1 dysplasia. Femur is excessively anteverted 
with anterior bow and retained hardware. C and D, Small acetabular component placed at level 
of true acetabulum. Femoral osteotomy was needed to correct angular and rotational deformities.
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penetrated easily, but the posterior wall usually is adequately 
thick. When enlargement of the acetabulum from anterior to 
posterior is necessary, more bone is resected from the poste-
rior wall than from the anterior wall. Any reaming must be 
done with care so as not to compromise the rim of the ace-
tabulum or penetrate the medial wall. The bone is often very 

soft, and the final reamers may be used in reverse to enlarge 
the acetabulum by impaction rather than removal of bone.

Transacetabular screw fixation of the acetabular com-
ponent usually is required because of rim deficiencies and 
osteopenia. Liu et  al. used three-dimensional CT to simu-
late placement of the acetabular component within the 
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FIGURE 3.86 Placement of cup in false acetabulum. A, Dislocation in 35-year-old woman. B, 
Cup was implanted in false acetabulum with high hip center. Limb remains 4 cm short, and abductor 
function is poor.
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FIGURE 3.87 Grafting of superior segmental defect of acetabulum with part of femoral head. 
A, Sequelae of dysplasia in 54-year-old woman. B, Cementless socket is placed in true acetabulum. 
Autogenous graft is fixed with cancellous screws and covers about 30% of implant. C, At 5 years, 
graft has united and socket is stable.
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true acetabulum in hips with Crowe type IV dysplasia and 
found that the center of rotation shifted anteroinferiorly. 
Consequently, the “safe zone” for screw placement (see Fig. 
3.46) is narrower. Screws placed in the medial portion of the 
posterosuperior quadrant risk injury to the obturator vessels.

When the center of the acetabulum has changed little, 
as with Crowe type I and type II dysplasias, femoral length 
is not problematic and the femoral reconstruction generally 
is straightforward. Small-diameter cemented or cementless 
stems generally are satisfactory. The femoral component must 
be placed in neutral or slight anteversion in relation to the 
axis of the knee joint. Marked anteversion of the femoral neck 

can be misleading when positioning the femoral component, 
and anterior instability may occur, particularly if the acetab-
ular component has been placed in additional anteversion. 
Excessive femoral anteversion can be corrected with a modu-
lar cementless femoral component that can be rotated into 
any degree of version (see Fig. 3.26). This does not correct 
the posterior displacement of the greater trochanter, however, 
which may cause impingement in external rotation.

For Crowe type III and type IV hips, femoral length is 
more problematic. When the prosthetic socket has been 
placed in the true acetabulum, the femur must be translated 
distally several centimeters to reduce the prosthetic femoral 
head into the acetabulum. Often the tissues most limiting 
this distal translation are the hamstrings and rectus femoris 
rather than the abductors. In such cases, a femoral short-
ening osteotomy allows reduction of the femoral head into 
the true acetabulum without extensive soft-tissue release. 
Osteotomy of the greater trochanter and resection of 2 to 3 
cm from the proximal femoral metaphysis may be necessary 
to permit reduction of the joint without causing undue ten-
sion on the sciatic nerve or fracture of the femoral shaft (Fig. 
3.90). As described by Dunn and Hess, the bone should be 
resected 0.5 cm at a time, and trial reductions are repeated 
until enough shortening is obtained to reduce the hip without 
undue soft-tissue tension. The narrow canal and the resection 
of the metaphyseal flare of the femur often require the use of 
a component with a small, straight stem.

Sponseller and McBeath described a technique of subtro-
chanteric femoral shortening using the femoral component 
for intramedullary fixation. This approach allows correc-
tion of excessive femoral anteversion along with the poste-
rior displacement of the greater trochanter while avoiding 
trochanteric osteotomy and the potential for nonunion. The 
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FIGURE 3.88 Bone graft, superior and posterior aspect of acetabulum. Large bone bank 

femoral head with some neck attached (A) is cut in coronal plane (B) so that upper part is slightly 
more than half of head. C, Full-thickness elliptical piece of bone is cut out with end-cutting recipro-
cating saw. This concave surface of graft is placed on convex surface of pelvis above and posterior to 
acetabulum. D, Graft is rotated 90 degrees, and another elliptical cut is made that is slightly smaller 
than diameter of acetabulum. Several fittings are necessary for graft to have maximal contact with 
underlying bone. E, Graft is temporarily fixed to underlying bone with two Kirschner wires. F, Four 
lag screws fix graft to pelvis. High-speed burr and reamers are used to finish contouring graft.
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FIGURE 3.89 Resorption of femoral head autograft. A, After 
total hip arthroplasty with femoral head autograft for superior and 
posterior segment deficits. Graft is united at 6 months. Portion of 
graft protrudes beyond edge of component. B, Two years after 
surgery, unstressed lateral portion of graft has resorbed. Note 
medial migration of washers. Function is excellent, component 
shows no migration, and there is no resorption of graft that 
supports socket.
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architecture of the proximal femoral metaphysis is preserved, 
and the orientations of the greater trochanter and abductors 
are corrected to restore hip mechanics and prevent insta-
bility and limp. A standard stem design also can be used. 
Additionally, the level of the femoral osteotomy provides 
excellent exposure of the acetabulum if structural bone graft-
ing is required (Fig. 3.91). The femur is provisionally prepared 
with reamers and broaches before the femoral osteotomy. The 
depth of reaming of the distal canal should take into account 
the length of the segment of femur that will be removed in 
the shortening. The osteotomy is made just distal to the lesser 
trochanter, and the two fragments are retracted anteriorly for 
acetabular preparation and implantation. A trial reduction is 
then carried out with the femoral component in the proxi-
mal fragment alone. Traction is applied to the distal femoral 
fragment, and the overlapping portion is resected from the 
distal fragment. Final preparation of the distal fragment is 
then carried out. A larger diameter stem may be required to 
obtain a tight fit after removing the segment from the femur. 
The two fragments are reduced, the proximal fragment is 
derotated to 10 to 15 degrees of anteversion, and the oste-
otomy site trimmed for optimal apposition. The final stem is 
implanted, maintaining the proper rotation of the fragments 
and the implant. The stem must be rotationally stable within 
both fragments to ensure union. Prophylactic cerclage wiring 
of the distal fragment (or both fragments) helps prevent frac-
tures, because a very tight fit is required. The resected portion 
of femur can be bivalved and placed over the osteotomy as 
onlay grafts. Becker and Gustilo reported using a chevron-
shaped osteotomy to improve rotational stability. A short 
oblique or step-cut osteotomy fixed with cerclage wires also 
provides greater rotational stability than a transverse osteot-
omy but adds a degree of technical difficulty. Muratli et  al. 

investigated multiple osteotomy configurations in composite 
femurs. None proved superior in stability and the application 
of strut grafts did not make a significant contribution to sta-
bility. Sofu et al. reported nonunion in 4 of 73 patients when 
a cable plate was used for osteotomy stabilization in con-
junction with a tapered femoral component. We have used 
a modular stem with distal flutes to gain rotational stability 
with a simple transverse osteotomy, and union has been reli-
able (Fig. 3.92).
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FIGURE 3.90 Dunn and Hess osteotomy of greater trochanter 
and resection of proximal femoral metaphysis (see text). Trochanter 
is resected along lines A and B for large fragment to facilitate reat-
tachment and to increase abductor lever arm. Metaphysis is divided 
at about line C. (From Dunn HK, Hess WE: Total hip reconstruction in 
chronically dislocated hips, J Bone Joint Surg 58A:838, 1976.)
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FIGURE 3.91 Subtrochanteric femoral shortening osteotomy. 
A, Initial femoral osteotomy is made at subtrochanteric level. B, 
Proximal femur is retracted to expose level of true acetabulum, 
and socket is placed in anatomic location. C, Proximal femoral 
fragment is prepared, and trial reduction is done with femoral 
component placed only in proximal fragment. Traction is applied 
to distal femoral fragment, and overlapping portion of femur is 
resected. D, Femoral fragments are reduced, and excessive femoral 
anteversion is corrected. Femoral component provides intramedul-
lary fixation of osteotomy.
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In most cases, THA can be performed without osteotomy 
of the trochanter, but if at the end of trial reduction the tro-
chanter impinges on the pelvis when the hip is abducted, it 
should be osteotomized and reattached distally. In addition, 
if the trochanter is posterior and impinges on the posterior 
aspect of the acetabulum during external rotation, it must 
be osteotomized and reattached more laterally. Abduction is 
improved when a stem with greater offset is used; there is less 
tendency for impingement (Fig. 3.93).

The results of THA in selected patients with dysplastic 
or intermediate dislocation of the hip have been satisfactory 
for stability, mobility, and pain relief. With high dislocations, 
a Trendelenburg gait and some limitation of motion usually 
persist, however. The survivorship of cemented arthroplasty 
in dysplastic hips is inferior to that of other groups because 
of the young age of the patients and the complexity of the 
procedures. Early and midterm cementless results seem more 
promising. In a series of 28 Crowe IV hips requiring femo-
ral shortening osteotomy, Ollivier et al. reported 10-year sur-
vivorship free of revision for aseptic loosening of 89%. The 
chief complications in most series have been intraoperative 
femur fracture, dislocation, and sciatic nerve injury (see the 
section on complications). 

LEGG-CALVÉ-PERTHES DISEASE
The potential for Legg-Calvé-Perthes disease (LCPD) to 
cause symptomatic secondary osteoarthritis has long been 
recognized. Froberg et  al. found that 13% of patients with 
LCPD eventually required hip arthroplasty; the prevalence 
was highest in patients with more severe head involvement.

The sequelae of LCPD include anatomic abnormali-
ties that may impact the performance of hip arthroplasty. 
The acetabulum often is dysplastic and may be retroverted, 
although grafting is seldom required as with developmental 
dysplasia. The limb is shortened due to coxa vara deformity, 
and the greater trochanter is increased in height. Femoral 
neck version abnormalities may result from the disease pro-
cess or prior reconstructive surgery. Often there is a size 

mismatch between the metaphyseal and diaphyseal regions of 
the femur, which makes fixation more difficult with conven-
tional cementless femoral components.

Hanna et al. carried out a meta-analysis of 245 hips oper-
ated for sequelae of LCPD. The revision rate at a mean of 7.5 
years was 7% and complications included intraoperative frac-
ture and sciatic nerve palsy with lengthening. Fractures were 
less common when a modular stem design (see Fig. 3.26) was 
used. 

SLIPPED CAPITAL FEMORAL EPIPHYSIS
Patients with adolescent slipped capital femoral epiphysis 
(SCFE) may develop secondary osteoarthritis due to femo-
roacetabular impingement with abnormal hip mechan-
ics. Arthroplasty also may be required due to osteonecrosis 
or chondrolysis following surgery for fixation of the neck. 
Deformity of the femoral neck with retroversion may occur 
because of the disease process. Antiquated fixation devices 
placed in adolescence may become completely encased in 
cortical bone, making their extraction difficult.

In a report from the New Zealand National Joint Registry, 
Boyle, Frampton, and Crawford found no difference in out-
comes between patients with SCFE and primary osteoarthri-
tis undergoing hip arthroplasty. 

DWARFISM
Dwarfism is typically defined as having a height of less than 
147 cm (4 ft 10 in) and can result from a variety of endocrine 
disorders such as growth hormone deficiency, achondropla-
sia, and skeletal dysplasias. Premature osteoarthritis of the hip 
often is seen in skeletal dysplasias because of abnormalities 
of articular cartilage, arrested joint development, and altered 
mechanics. The problems encountered in THA in short-
statured individuals (Fig. 3.94) are similar to those encoun-
tered in persons with hip dysplasia. Excessive femoral bowing 
is common, and the femoral canal may be wide proximally 
but narrow distally, creating a mismatch. Many patients have 
had prior surgery, including osteotomy that may complicate 
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FIGURE 3.92 Subtrochanteric femoral shortening osteotomy. A, Bilateral high congenital 
dislocations and progressive pain in 35-year-old woman. B, After bilateral, staged, total hip arthro-
plasties. Both sides were lengthened about 3 cm despite removal of 6-cm segment of femur. Femoral 
osteotomies (arrows) united uneventfully by 3 months with modular, fluted femoral components.
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arthroplasty further. Thorough preoperative planning is 
imperative. Often, special miniature femoral components are 
necessary because of the narrow canal and femoral osteotomy 
or customized short stems may be required to accommodate 
femoral bowing. Cups with small outside diameters are nec-
essary. CT of the pelvis and femur is helpful in delineating 
abnormal bony anatomy and size and in determining whether 
custom implants would be necessary.

Many syndromes that cause short stature involve other 
joints, including the cervical spine, which may be unstable. 
Lumbar deformities also may cause referred pain in the hip 
and should be investigated before hip surgery. Knee instabil-
ity also may bring about the need for future knee arthroplasty 
with stemmed implants; therefore, a long-stem femoral com-
ponent for the hip arthroplasty should be avoided if possible.

Survivorship in this challenging group of patients is 
worse than in those with osteoarthritis. In a series of 102 
hips in patients with dwarfism, Modi et  al. found 10-year 
survivorship of 80.7%. Failures were related to postoperative 
femoral and acetabular fracture and wear of noncrosslinked 
polyethylene. 

TRAUMATIC AND POSTTRAUMATIC 
DISORDERS

ACUTE FEMORAL NECK FRACTURES
Conventional fracture fixation techniques and hemiarthro-
plasty traditionally have been recommended for displaced, 
acute fractures of the femoral neck. THA has been perceived 
as excessively costly, with a higher risk of dislocation. Recent 
evidence suggests the management of acute femoral neck 
fractures should be reevaluated.

A number of randomized controlled trials are available 
comparing internal fixation, hemiarthroplasty, and THA. In 

a multicenter study of 450 patients, Rogmark et al. reported 
43% failures with internal fixation compared with 6% with 
arthroplasty. Arthroplasty patients also had better walk-
ing ability and less pain, but dislocation occurred in 8%. 
Blomfeldt et al. randomized 120 cognitively normal patients 
to either hemiarthroplasty or THA. Blood loss and operative 
time were higher in the total hip group, but there were no dif-
ferences in complication rates or mortality. Harris hip scores 
were higher in the total hip group at both 4 and 12 months. All 
patients had the same anterolateral approach, and there were 
no dislocations in either group. In a 4-year follow-up of this 
same series of patients, Hedbeck et al. found that these differ-
ences persisted and increased, favoring total hip replacement. 
Macaulay et al. compared results of 40 patients randomized to 
hemiarthroplasty and total hip replacement. Operative time 
was only 7 minutes longer in the total hip group, although all 
participating surgeons were specialized in hip arthroplasty. At 
24 months, total hip patients had significantly less pain than 
those with hemiarthroplasties and had significantly better 
SF-36 mental health and WOMAC function scores. Only one 
patient with a THA (5.8%) experienced dislocation requiring 
revision. Iorio et al. carried out a cost-effectiveness analysis 
of treatment methods for displaced femoral neck fractures 
accounting for initial hospital costs, rehabilitation, and costs 
of reoperations and complications. They concluded that 
cemented total hip replacement was the most cost-effective 
and that internal fixation was the most expensive. In a review 
of data from The Swedish Hip Arthroplasty Register, Hansson 
et  al. found THA patients had significantly reduced risk of 
revision and reoperation compared to hemiarthroplasty.

Although this topic remains controversial, THA is an 
acceptable option for treatment of acute, displaced fractures 
of the femoral neck in patients who are living independently, 
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FIGURE 3.93 Trochanteric impingement. A, Total hip replacement in patient with congenital 
hip dislocation. Valgus neck with little offset produced trochanteric impingement in abduction. 
Motion was severely limited. B, After revision for loosening with progressive osteolysis. Stem with 
greater offset restored adequate abduction.
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fully ambulatory, mentally lucid, and living an active life-
style. Those who are less healthy, institutionalized, cognitively 
impaired, or require assistive devices for ambulation are bet-
ter suited for hemiarthroplasty. The selection process also 
depends on availability of experienced personnel at a given 
institution.

The risk of complications in patients with acute femoral 
neck fractures is higher than in patients with osteoarthritis. 
Using information from the National Hospital Discharge 
Survey (NHDS) over the years 1990 to 2007, Sassoon et al. 
found that patients having total hip replacement for acute 
fracture had higher rates of mortality and pulmonary 

embolism (PE) compared with osteoarthritis patients. Rates 
were also higher for hematoma formation, infection, and 
dislocation, although these differences decreased over time. 
There was no difference in dislocation rate between groups 
during the most recent period. Fracture patients had a lon-
ger length of stay and discharge to a rehabilitation facility 
at all time periods. Schairer et al. evaluated a large number 
of patients receiving THA for femoral neck fracture in the 
NSQIP database. Having a femoral neck fracture vs. osteo-
arthritis was associated with greater rates of medical com-
plications, longer hospitalization, discharge to inpatient care 
facility, and unplanned readmission.
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FIGURE 3.94 Painful hip in dwarfism. A and B, Thirty-five-year-old woman with spondyloep-
iphyseal dysplasia. Femoral canal measures only 7 mm. C and D, After reconstruction with miniature 
components and 22-mm head. Femoral shortening and derotational osteotomy were required to 
correct deformity.
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Specific measures can be taken to reduce the inci-
dence of dislocation in this population. In a series of 372 
acute femoral neck fractures, Sköldenberg et al. reduced 
the risk of dislocation from 8% to 2% by switching from 
the posterolateral to the anterolateral approach. The use 
of anterior approaches appears justified. If a posterior 
approach is used, consideration should be given to use 
of a larger-diameter head and careful repair of the pos-
terior capsule and short external rotators. Using such an 
approach, Konan et al. had no dislocations in a series of 
20 patients. Cementless dual-taper femoral components 
were used in this series with no stem loosening and no 
fractures reported. Using a single taper cementless stem 
in 85 patients, Klein et  al. reported two intraoperative 
fractures requiring cerclage cables and one postoperative 
fracture requiring revision of the femoral component. 
The utility of modern cementless femoral components 
in this population is not well established. Registry data 
support the use of cemented femoral components in this 
population.

Other indications are displaced fractures of the femo-
ral neck in patients with Paget disease (see later under Paget 
Disease) and displaced neck or trochanteric fractures in 
patients with a preexisting painful arthritic hip. Femoral neck 
fractures are uncommon in most patients with arthritis of the 
hip, however, except for patients with rheumatoid arthritis. 
These patients usually have osteoporosis, and internal fixation 
of displaced fractures often is unsatisfactory. For this reason, 
a THA may be considered. 

FAILED HIP FRACTURE SURGERY
Internal fixation of proximal femoral fractures may fail 
because of implant breakage, nonunion, malunion, osteo-
necrosis, or posttraumatic osteoarthritis. Patients with pain 
caused by destruction of the femoral head and acetabulum 
as a result of intrusion of an internal fixation device are best 
treated with THA. This is common in nonunion of trochan-
teric and femoral neck fractures (Fig. 3.95). THA for painful 
posttraumatic osteonecrosis of the femoral head or nonunion 
usually is possible, but certain technical points are notewor-
thy. Bleeding may be more extensive than usual because of the 
increased vascularity of the subsynovial tissue, which is part 
of a reactive process secondary to the avascular bone in the 
head. Considerable soft-tissue release may be necessary for 
exposure and restoration of limb length. Proprietary instru-
ments for extraction of fracture fixation devices and broken 
screws should be available. The possibility of infection should 
always be considered, and ESR and CRP should be obtained 
as with revision procedures. Finally, intraoperative fluo-
roscopy should be available to aid in finding and removing 
previous fixation devices. It is generally advisable to remove 
fixation devices after the hip has been dislocated to reduce the 
risk of femoral fracture with dislocation maneuvers.

With nonunion of a femoral neck fracture, a portion of 
the femoral neck may be eroded but reconstruction usually 
can be accomplished easily using a standard femoral com-
ponent with a long neck. In contrast, with trochanteric non-
unions, the length of the femur generally cannot be restored 
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FIGURE 3.95 Nonunion of trochanteric fracture. A, Eight weeks after internal fixation, lag 
screw was cut out, creating large cavitary defect in head and neck. Repeat fixation is unlikely to 
succeed. B, Calcar replacement femoral component was required to restore length. Long stem 
bypasses screw holes by two bone diameters.
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with a standard implant, and a calcar replacement stem often 
is required (see Fig. 3.25C). Because a calcar replacement 
stem simplifies the operation, allows early weight bearing, 
and obviates the need for union at a graft-host junction, it is 
preferable to bone grafting.

Plates and screws in the proximal femur may be covered 
with bone and difficult to remove. Removal of broken screws 
may leave a large defect in the femoral cortex that can give 
rise to fracture. In these cases, a longer stem is required to 
bypass screw holes by approximately two bone diameters 
(Fig. 3.95). Cortical bone beneath a femoral side plate may 
become markedly porotic and easily perforated by reamers 
and broaches. We have used cortical strut grafts over the site 
of the plate in these cases for protection from fracture (Fig. 
3.96). When a cemented stem is used, an attempt should be 
made to occlude femoral screw holes during cementation. 
Still, the cement mantle quality is typically inferior compared 
with intact femurs. Additionally, with previously unstable 
trochanteric fractures, malunion with medial displacement 
at the fracture site may produce distortion of the proximal 
femur and make preparation of the femur more hazardous. 
When a cephalomedullary nail has been used for fracture 
fixation, the endosteal surface becomes sclerotic and cement 
interdigitation is less reliable. We prefer cementless femoral 
fixation in these cases also (Fig. 3.97). Prior intramedullary 
nail placement also leaves a variably sized defect in the abduc-
tor mechanism and may have produced fragmentation of the 
greater trochanter, requiring fixation.

Hospitalization and subsequent rehabilitation of patients 
with THA for sequelae of failed fixation of a hip fracture are 
more prolonged than for similar patients with arthroplasty 
for arthritic conditions. Many patients with hip fractures 
have been nonambulatory for a period after the initial frac-
ture and become very debilitated. Complications are more 
common, and the overall mortality is higher than for patients 
who undergo THA for arthritic conditions. Archibeck et al. 

reported an early complication rate of 11.8% including dis-
locations and periprosthetic fractures. Conversion surgery 
from prior intertrochanteric fracture fixation is associated 
with higher complication rates and worse outcomes than 
for prior femoral neck fractures. Haidukewych and Berry 
reported a series of 60 patients with prior intertrochanteric 
fracture fixation. Surgical time was prolonged with blood loss 
of more than 1000 mL. Medical complications arose in 20% 
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FIGURE 3.97 Broken intramedullary nail. A, Six months after 
cephalomedullary fixation of trochanteric fracture, nail has broken 
with fracture nonunion. B, Tapered cementless femoral component. 
Greater trochanter was united although with defect in abductor 
mechanism from prior surgery.
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FIGURE 3.96 Femoral strut grafting. A, A 52-year-old man 25 years after plating of commi-
nuted trochanteric fracture with shaft extension. Multiple screws were intracortical and difficult 
to remove. Lateral femoral cortex under plate was thin with multiple defects from screw removal. 
B, Long allograft cortical strut was used to avoid an excessively long stem.
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and survival was 87.5% at 10 years. In a series of 59 cases, 
Morice et  al. reported an intraoperative femoral fracture in 
17% and dislocation in 6.8%. There were significantly more 
intraoperative fractures and medical complications in those 
with prior intertrochanteric fractures. Pui et al. also reported 
a multi-institutional series of 60 patients comparing conver-
sion from cephalomedullary devices and sliding hip screws. 
The complication rate in converted nail patients was signifi-
cantly higher, at 41.9% versus 11.7% with sideplate devices. In 
contrast, Hernandez reported a series of 62 patients converted 
from in situ fixation of intracapsular femoral neck fractures. 
There was a low rate of complications, and survival free of any 
reoperation was 97% at 5 years. 

ACETABULAR FRACTURES
Fractures of the acetabulum with or without dislocation of 
the hip, although they can become painful later, usually are 
treated initially by open reduction and internal fixation. 
A united fracture provides better bone for support of the 
acetabular component if arthroplasty should become nec-
essary. Occasionally, primary arthroplasty is indicated in 
an older osteoporotic patient who has an acetabular frac-
ture combined with an unreconstructable fracture of the 
femoral head or neck, marked articular surface impaction 
or comminution, or a previously arthritic joint (Fig. 3.98). 
Both the fracture reduction and arthroplasty can be car-
ried out though a single approach. Mears and Shirahama 
reported a technique of acetabular fracture fixation with 
braided cables combined with acute THA. Fracture union 
occurred in 19 patients, and there were no loose implants. 
In a larger series of elderly patients with acute acetabular 
fractures treated with arthroplasty, Mears and Velyvis found 
good or excellent outcomes in 79% of cases. Small degrees 
of acetabular component migration occurred within the 
first 6 weeks, but no acetabular component had evidence 
of late radiographic loosening. Weaver et  al. reported a 
series of elderly patients treated with either open reduction 

internal fixation (ORIF) or acute hip arthroplasty. Those 
treated with ORIF had a 30% rate of reoperation compared 
to 14% in the arthroplasty group. Pain scores were also bet-
ter in the arthroplasty group.

High rates of blood transfusion and prolonged opera-
tive times have been reported in several series. Chakravarty 
et al. described a technique of percutaneous column fixation 
combined with THA to reduce operative time and blood loss 
associated with traditional acetabular fracture fixation tech-
niques. This procedure is best accomplished with collabora-
tion of surgeons familiar with techniques of open reduction 
of acetabular fractures and of complex hip arthroplasty.

In old fractures of the acetabulum treated nonoperatively, 
residual pelvic deformity and areas of nonunion are common. 
A significant bony defect may be present posteriorly, espe-
cially if there has been a previous fracture of the posterior 
wall. Judet views (see Chapter 56) of the acetabulum and a 
CT scan show the extent of the defect and detect areas of non-
union not identified on plain radiographs. Failure to recog-
nize these posterior deficiencies often leads to placement of 
the acetabular component in retroversion, with subsequent 
dislocation. At the time of arthroplasty, either the acetabu-
lum must be deepened so that the posterior edge of the cup 
is supported by bone or the posterior wall must be extended 
by a graft consisting of part of the excised femoral head and 
neck or an allograft anchored with several screws or a buttress 
plate. For smaller contained defects, morselized autograft 
from the femoral head is adequate. In patients with nonunion 
of a displaced transverse acetabular fracture or patients with 
extremely irregularly shaped defects, an antiprotrusio cage 
may be used along with a hemispherical acetabular compo-
nent (cup-cage construct).

If open reduction of the acetabulum has been done pre-
viously, extensive soft-tissue scarring can be expected and 
exposure may be difficult. Heterotopic ossification com-
plicates exposure further and can cause impingement after 
the components are placed. Excision of heterotopic bone is 
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FIGURE 3.98 Primary total hip with acute acetabular fracture. A, Elderly man with mild 
preexisting arthritis of hip had moderately comminuted T-type fracture of acetabulum. B, CT scan 
showing comminution of weight-bearing area of acetabular dome. C, Fracture was fixed with lag 
screws and figure-of-eight braided cable. Primary total hip accomplished with cementless acetabular 
component fixed with multiple screws. Fracture is united, implants are well positioned, and fixation 
is stable.
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laborious and increases operative time and blood loss. Efforts 
to prevent recurrence of heterotopic bone are warranted (see 
section on heterotopic ossification).

Previously placed internal fixation devices can be exposed 
during the process of reaming the acetabulum, and it may be 
necessary to remove them to implant the acetabular com-
ponent properly. Considerable additional exposure may be 
required to remove screws and plates, risking injury to the 
sciatic nerve within scarred soft tissues. The ready availabil-
ity of metal-cutting tools and screw removal instruments 
facilitates extraction of previously placed implants from 
the interior of the acetabulum without added extraarticular 
exposure. The acetabular component often can be implanted 
with removal of only a portion of the hardware, leaving the 
remainder undisturbed.

Makridis et  al. conducted a meta-analysis of published 
series of total hip replacement in patients with acetabular 
fractures. Heterotopic ossification, infection, dislocation, 
and nerve injuries were the most commonly reported com-
plications. Acetabular component survival was only 76% at 
10 years. Yuan, Lewallen, and Hanssen reported no aseptic 
loosening with a highly porous metal acetabular component 
(see Fig. 3.31), but failures related to infection were reported. 
In a case-control study of patients undergoing hip arthro-
plasty after prior acetabular fracture compared to those with 
osteoarthritis or avascular necrosis, Morison et al. found the 
prior fracture patients had a markedly inferior 10-year survi-
vorship and higher rates of infection, dislocation, and hetero-
topic ossification. 

FAILED RECONSTRUCTIVE PROCEDURES
PROXIMAL FEMORAL OSTEOTOMY AND 

DEFORMITY
Several problems may be encountered in inserting the femo-
ral stem for arthroplasty after proximal femoral osteotomy or 
when the proximal femur is otherwise deformed. Anatomic 
distortion and scarring from previous surgery make the sur-
gical exposure more hazardous. The displacement of the frag-
ments and the dense, cancellous bone in the femoral canal at 
the level of the healed osteotomy require careful reaming to 
broach the obstruction and to avoid cortical perforation or 
fracture. A high-speed burr may be required to remove dense 
intramedullary bone. Implant malposition and bony impinge-
ment resulting from the distorted femoral architecture can 
lead to hip instability. Previously placed internal fixation 
devices often are covered with bone, and their removal alone 
constitutes a significant operation. Broken screws are com-
mon, and the femur is prone to fracture after their removal. 
The femoral cement-bone interface often is imperfect when 
there are multiple cortical perforations, and the durability of 
fixation is compromised. If removal of implants is complex, a 
staged procedure is appropriate, with the arthroplasty being 
done after the soft tissues and any femoral cortical defects 
have healed.

Deformity may be present either in the proximal metaph-
yseal area or distally in the diaphysis. The location, type, and 
degree of deformity are important factors in preoperative 
planning. A metaphyseal valgus deformity produces a femur 
with a straight medial border, and conventional metaphy-
seal-filling cementless implants are unsuitable. We have used 
modular stems (Fig. 3.99) effectively in this situation (also see 
Fig. 3.23). Alternatively, the deformed neck segment may be 

resected and replaced with a calcar-replacement type of stem 
(see Fig. 3.25C). When there has been a previous metaphyseal 
varus osteotomy, conventional implants generally can be used, 
although overhang of the greater trochanter may require tro-
chanteric osteotomy to avoid fracture or varus stem alignment. 
Metaphyseal rotational deformities usually can be managed 
by cementing a slightly smaller stem in the proper rotational 
alignment or by use of a cementless stem with diaphyseal fixa-
tion alone. Repeat osteotomy at the metaphyseal level should 
be avoided because the proximal fragment would be small, and 
it would be difficult to achieve stability at the osteotomy site. 
The application of supplemental plates and strut grafts to the 
metaphysis often is technically unsatisfactory, and the added 
bulk increases the risk of bony impingement and disloca-
tion. If repeat osteotomy is required to manage a metaphyseal 
deformity, it generally should be done at the subtrochanteric 
level where fixation is more reliable.

Diaphyseal deformities generally have a more substan-
tial effect on implant placement. For deformities in the distal 
part of the diaphysis, a short stem can be used and the defor-
mity need not be directly treated. If the deformity is in the 
subtrochanteric area, however, careful preoperative planning 
is mandated. Minor angular and translational deformities usu-
ally can be negotiated with a cemented stem of a size smaller 
than usual to preserve an adequate circumferential cement 
mantle. If angular deformity is significant, however, or transla-
tion of greater than 50% is present, repeat osteotomy is needed 
(Fig. 3.100). Surgery can be done in two stages, although the 
introduction of cementless stems has simplified the operation 
and made union predictable with a single-stage procedure. 
Osteotomy also provides direct access to dense intramedul-
lary bone at the previous surgical site, simplifying its removal. 
Stable fixation must be obtained at the osteotomy site for union 
to occur. A fluted or extensively porous-coated stem is needed 
to achieve distal fixation, and a precise fit in both fragments 
must be obtained to provide rotational stability. If this cannot 
be achieved with the stem alone, a cortical strut or a plate must 
be added. An oblique or step-cut osteotomy is intrinsically 
more stable than a transverse one, although the procedure is 
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FIGURE 3.99 Femoral osteotomy. A, Prior valgus femoral oste-
otomy for posttraumatic osteonecrosis in 42-year-old woman. Mild 
deformity of proximal femur is present. B, After reconstruction 
with modular stem with sleeve reversed. Repeat osteotomy was 
avoided.
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more challenging from a technical standpoint. This is particu-
larly true if there is rotational malalignment that must be cor-
rected. Cement can be used for stem fixation, but the cement 
inevitably extrudes into the osteotomy site and jeopardizes 
union. For this reason, we prefer cementless femoral compo-
nents when a femoral osteotomy is necessary. Mortazavi et al. 
reported a series of 58 patients with proximal femoral defor-
mity who had hip arthroplasty. Nonprimary femoral compo-
nents were used in 25%, and 23% required femoral osteotomy. 
Cementless fixation provided reliable fixation in this techni-
cally challenging situation. 

ACETABULAR OSTEOTOMY
With a resurgence of interest in pelvic and periacetabular 
osteotomy, the need for later hip arthroplasty in these patients 
is likely to become more common. Parvizi, Burmeister, and 
Ganz reported results in 41 patients undergoing total hip 
procedures after prior periacetabular osteotomy. Because the 
initial osteotomies were performed through a Smith-Petersen 
approach, the procedures were done through virgin lateral 
soft tissues. There were no acetabular column defects, but ret-
roversion of the acetabulum was a common finding. The prior 
osteotomy was not thought to compromise the results of the 
arthroplasty. Shigemura et  al. conducted a meta-analysis of 
hip arthroplasties following pelvic osteotomy. They found less 
cup anteversion, but no difference in cup abduction, opera-
tive time, or blood loss between cases with or without prior 
pelvic osteotomy. Therefore, careful attention is needed when 
positioning the acetabular component. In a series of patients 
with prior Chiari osteotomy, Hashemi-Nejad et al. found less 
acetabular augmentation was needed compared with dysplas-
tic hips without prior osteotomy. 

ARTHRODESIS AND ANKYLOSIS
With widespread media attention to the success of hip replace-
ment, patients often are unwilling to accept arthrodesis as a 

primary treatment option and likewise request conversion of 
an existing arthrodesis to restore motion. The effects of hip 
fusion on other joints are significant. Often the ipsilateral 
knee is limited in motion, with a variable degree of ligamen-
tous laxity, and has a tendency for valgus malalignment. Pain 
caused by arthritis or other conditions of the lumbar spine 
can increase significantly when sitting with the spine partially 
flexed because of a fused hip. Care must be taken, however, 
to determine whether back and leg pain may be caused by a 
herniated lumbar disc or some other condition that may not 
be improved by THA. If the hip is fused in poor position (i.e., 
flexed >30 degrees, adducted >10 degrees, or abducted to any 
extent), osteotomy to correct the position may be considered, 
especially in younger patients. Arthrodesis of one hip also 
applies greater mechanical stress to the opposite hip. THA 
may be indicated if a fused hip causes severe, persistent low 
back pain or pain in the ipsilateral knee or contralateral hip or 
if a pseudarthrosis after an unsuccessful fusion is sufficiently 
painful (Fig. 3.101).

The history of the initial reason for the arthrodesis is 
important. Patients with prior infection require a thorough 
evaluation to rule out persistence. A careful assessment of the 
function of other joints, especially the lumbar spine, should 
be done, and leg-length discrepancy should be measured. 
Preoperative metal-subtraction CT can be helpful in deter-
mining the adequacy of bone stock and the presence of a 
pseudarthrosis.

Function of the abductors is difficult to evaluate before 
surgery, but in some patients active contraction of these mus-
cles can be palpated. Examination of the hip with the knee 
flexed helps differentiate the TFL from the abductor muscles. 
If the hip has been fused since childhood, and the trochanter 
appears relatively normal, the abductor muscles are probably 
adequate. If the bone around the hip has been grossly distorted 
by disease or by one or more fusion operations, the abductor 
muscles may be inadequate. The utility of electromyographic 
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FIGURE 3.100 Femoral osteotomy. A and B, Significant anterior angulation with rotational 
malunion and canal stenosis in 68-year-old woman after femoral osteotomy in childhood. C and 
D, Repeat osteotomy was required for correction of deformity before femoral component could 
be implanted.
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testing of abductor function or imaging modalities such as 
MRI has not been established. Weak abductor musculature is 
associated with poorer functional outcome.

At surgery, a variety of screwdrivers, metal cutters, and 
other extraction instruments should be available to remove 
antiquated fixation devices. The conversion of a fused hip to 
a THA is safer and easier if the trochanter is osteotomized. 
Complete mobilization of the femur without trochanteric 
osteotomy is difficult, and the resulting inadequate exposure 
predisposes to component malposition, errors in femoral 
reaming, and fractures. In addition, the limb often is fixed in 
external rotation, and consequently the trochanter is poste-
rior, overhanging the hip joint. Osteotomy of the neck can be 
difficult through a posterior approach unless the trochanter is 
osteotomized. The sciatic nerve often is displaced closer to the 
hip because the head-neck length is shorter than normal and 
the nerve may be fixed in scar tissue; for this reason, special 
care is taken to avoid damage to the nerve. Careful monitor-
ing of tension on the nerve is necessary, and neurolysis may 
be indicated if the extremity is significantly lengthened.

After the femoral neck has been exposed, it is divided 
with a saw. The location of the osteotomy is determined from 
bony landmarks or the position of previous fixation devices. 
The neck should not be divided flush with the side of the ilium 
because sufficient bone must be left to cover the superior 
edge of the cup (Fig. 3.102). After the neck has been divided, 
release of the psoas tendon, gluteus maximus insertion, and 
capsulotomy are necessary to mobilize the proximal femur.

Usually the pelvic bone is sufficiently thick to cover the 
cup adequately if the site for acetabular preparation is cho-
sen carefully. Distortion of the normal bony architecture may 
cause difficulty in locating the appropriate site for acetabu-
lar placement. Usually the anterior inferior iliac spine (AIIS) 
remains intact and serves as a landmark. Additionally, a 
retractor can be placed in the obturator foramen. Acetabular 
preparation is performed with conventional reamers, cen-
tering within the available bone to preserve the anterior and 

posterior columns. Intraoperative fluoroscopy or radiograph 
is helpful early in the acetabular preparation to ensure that 
the position of the reamer is as expected.

The femoral canal is prepared in the usual manner, tak-
ing into account any deformity from prior disease or femoral 
osteotomy. Trochanteric fixation is accomplished by standard 
techniques (see Figs. 3.74 to 3.76). If the abductors are mark-
edly atrophic or deficient, a constrained (see Fig. 3.34) or 
dual mobility (see Fig. 3.35) acetabular component should be 
considered.

After the procedure has been completed, the patient 
is placed supine. If the hip cannot be abducted 15 degrees 
because the adductors are tight, a percutaneous adductor 
tenotomy is done through a separate small medial thigh inci-
sion. The extremity usually is lengthened by the procedure 
and corrects prior flexion deformity. Lengthening usually is 
desirable because in most instances the limb has been short-
ened by the original disease, by the procedure for fusing the 
hip, or by the flexion deformity.

The postoperative treatment is routine, but the hip should 
be protected for at least 3 months by use of crutches and then 
by use of a cane while the hip abductors and flexors are being 
rehabilitated. Patients rarely regain flexion to 90 degrees, but 
they achieve sufficient motion to relieve back symptoms and 
permit sitting and walking and tying shoes. Walking ability 
usually is improved, but in patients with inadequate abduc-
tor function the gait pattern may worsen, and the support 
of a cane or walker may be required even if the patient did 
not use one before conversion to arthroplasty. Most patients 
have some degree of residual abductor weakness and limp, 
although this tends to improve over several years.

The complication rate for conversion of an arthrodesis to 
an arthroplasty is high. In the Mayo Clinic series of Strathy 
and Fitzgerald, 33% of patients experienced failure within 10 
years because of loosening, infection, or recurrent dislocation. 
Patients with a spontaneous ankylosis fared much better than 
patients who had a prior surgical arthrodesis. Jauregui et al. 
conducted a meta-analysis of 1104 hip fusion conversions 
and reported 5.3% had infection, 2.6% developed instabil-
ity, 6.2% had loosening, 4.7% with nerve complications, and 
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FIGURE 3.102 Osteotomy of neck in conversion of fusion to 
total hip arthroplasty. A, Neck usually is short and should be oste-
otomized proximally at base of trochanter. B, Sufficient bone is left 
on pelvic side for full coverage of cup at inclination of approxi-
mately 45 degrees and without penetrating medial cortex of pelvis.
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FIGURE 3.101 A, Arthrodesis in 61-year-old woman who devel-
oped disabling back pain four decades after successful arthrodesis 
of hip. B, After conversion to hybrid total hip arthroplasty. Trochan-
teric osteotomy provided excellent exposure. Patient had persistent 
Trendelenburg limp after surgery, but back pain had diminished.
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13.1% experienced abductor-related complications. Celiktas 
et al. reported a series of 28 patients operated through a pos-
terior approach without trochanteric osteotomy. Although 
their procedures were technically feasible, five patients had 
intraoperative trochanteric fracture. 

METABOLIC DISORDERS
PAGET DISEASE

Patients with Paget disease may have degenerative arthritis 
in one or both hips, varying degrees of protrusio acetabuli, 
varus deformity of the neck and proximal femur, and antero-
lateral bowing of the shaft (Fig. 3.103). In addition, incom-
plete (stress) fractures may develop on the convex side of the 
femoral shaft. These fractures, the metabolic disease alone, 
secondary sarcoma formation, and radicular problems refer-
able to the lumbar spine all can cause hip pain, in addition 
to the hip arthritis, and it may be difficult to differentiate 
the sources of pain. Preoperative medical management with 
bisphosphonates and calcitonin can help control pain and 
decrease perioperative blood loss. If the disease is active, 
the administration of calcitonin before and after surgery is 
advisable to decrease the osteoclastic activity and possibly to 
reduce the risk of loosening as a result of postoperative bone 
resorption.

The deformed proximal femoral bone may be osteopo-
rotic or markedly dense, and these changes can cause tech-
nical difficulties. Consequently, anteroposterior and lateral 
radiographs of the hip and femoral shaft should be evaluated 
carefully before surgery to determine the extent of bowing 
and the presence of lytic or dense lesions. Usually the antero-
lateral bowing is not a problem in reaming the canal or posi-
tioning the stem because the medullary canal is wide. If the 
deformity is considerable, however, a femoral osteotomy may 
be needed for stem placement. The presence of dense intra-
medullary bone can make identification and opening of the 
canal difficult. A high-speed burr and intraoperative use of 

fluoroscopy are helpful when this is recognized on preopera-
tive radiographs.

Bleeding can be excessive, especially in patients with 
osteoporotic bone. The lack of a dry bone bed can reduce 
cement interdigitation in the femur and the acetabulum and 
compromise fixation. Conversely, cementless fixation has 
proven durable despite concerns that altered bone morphol-
ogy may prevent osseointegration.

The results of THA for painful arthritis and for displaced 
femoral neck fractures in Paget disease are encouraging, with 
a reported 7- to 10-year survival rate of 86%. The results of 
internal fixation of these fractures and of endoprostheses for 
fractures or arthritis in this disease have been unsatisfactory. 
THA has become the procedure of choice. Heterotopic bone 
formation has been reported as a common postoperative 
complication, and prophylactic measures to reduce its forma-
tion seem warranted. 

GAUCHER DISEASE
Patients with the chronic nonneuropathic form of Gaucher 
disease may have osteonecrosis of the femoral head bilater-
ally, and if it is sufficiently painful, they may require a THA. 
Osteonecrosis of the femoral head may produce the first 
symptoms that suggest the diagnosis of Gaucher disease. The 
disease is characterized, however, by osteopenia, with areas 
in which the trabeculae have a moth-eaten appearance and 
patchy areas of sclerosis; much of the bone marrow may be 
replaced by Gaucher cells. Because the medullary canal usu-
ally is wide, implant fixation even with cement is difficult, and 
the femur can be fractured easily. The disease often is charac-
terized by recurring, nonspecific bone pain, making evalua-
tion of some postoperative symptoms difficult. Anemia and 
thrombocytopenia may complicate surgical interventions. 
Many patients have required splenectomy, and infections are 
a common complication of Gaucher disease. Other compli-
cations include excessive intraoperative and postoperative 
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FIGURE 3.103 A, Extensive Paget disease of acetabulum and proximal femur in 82-year-old 
man. Note protrusio deformity and varus femoral neck. B, After total hip replacement. Acetabulum 
required autogenous bone graft from femoral head. Considerable blood loss occurred during 
acetabular preparation. Cementless acetabular component appears bone ingrown 5 years after 
surgery.
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hemorrhage and a high incidence of loosening because of 
the continued Gaucher cell proliferation and erosion of bone. 
Enzyme replacement therapy may ameliorate the osseous 
problems associated with the disease. 

SICKLE CELL ANEMIA
Patients with sickle cell anemia and sickle cell trait may 
develop painful osteonecrosis of the femoral head. The pro-
cess can be bilateral. Radiographs may reveal a large collapsed 
avascular area or an arthritic process caused by small focal 
areas of osteonecrosis near the articular surface.

In the past, the life expectancy of patients with the SS 
form of sickle cell anemia was thought to be short (approxi-
mately 30 years), but with improvements in medical manage-
ment and antibiotics, they may live much longer. Although 
patients with sickle cell trait also develop osteonecrosis, they 
do so less often than patients with sickle cell disease. Many 
more patients have the trait than the disease, however.

Patients with sickle cell anemia may require transfusions 
before surgery, and transfusion reactions owing to alloim-
munization are more frequent. Many patients are chronically 
dependent on narcotic analgesics, and epidural anesthesia 
and multimodal pain management techniques are advisable. 
Cardiopulmonary care must be aggressively managed, and 
perioperative hypoxia, acidosis, and dehydration must be 
avoided. A multidisciplinary approach to the medical man-
agement of sickle cell patients reduces morbidity.

Acetabular bone quality may be poor and a variable 
degree of protrusio deformity may be present, making hip 
dislocation more difficult. Bone grafting of acetabular defects 
may be required (see section on protrusio acetabuli). Areas 
of femoral intramedullary sclerosis from prior infarction may 
be manifest as “femur within femur” on preoperative radio-
graphs. In our experience, this problem is underestimated by 
preoperative radiographs, and at surgery the canal may be 
completely obstructed by very dense bone. Major technical 
problems in reaming the canal must be anticipated, and the 
risk of femoral fracture and cortical perforation is high. Use 
of fluoroscopy is helpful for centering instruments in the fem-
oral canal, and reaming over a guidewire is inherently safer. 
Preliminary removal of sclerotic bone with a high-speed burr 
also makes broaching easier.

Although these patients are more susceptible to Salmonella 
infections, the literature does not support this as being a 
pathogen in postoperative sepsis of hip arthroplasty. Specific 
prophylaxis for Salmonella does not seem to be warranted. 
Because of functional asplenia, patients with sickle cell ane-
mia are prone to developing hematogenous infection of the 
hip after surgery. Aggressive antibiotic management is indi-
cated when the possibility of hematogenous infection exists. 
The ESR is of no value in determining whether a patient with 
sickle cell disease has an inflammatory process. Pain result-
ing from a sickle cell crisis caused by vascular occlusion often 
presents a problem in determining whether a particular pain 
is caused by infection.

Complications such as excessive bleeding, hematoma for-
mation, and wound drainage are common after arthroplasty 
in patients with sickle cell disease; complications have been 
reported in nearly 50% of THAs in sickle cell patients. Because 
no other option yields consistently superior results, the pro-
cedure is still justified in patients with severe pain and dis-
ability. Patients should be advised, however, of the increased 

risk of complications imposed by their disease. Recent series 
using cementless fixation have been somewhat more encour-
aging. Ilyas et al. reported 10-year survivorship of 98% using 
cementless femoral and acetabular components, with deep 
infection in 6.77%. 

CHRONIC RENAL FAILURE
Osteoporosis, osteonecrosis, and femoral neck fracture are 
common sequelae of chronic renal failure. With the institu-
tion of hemodialysis and the success of renal transplanta-
tion, an increasing number of these patients are becoming 
candidates for hip arthroplasty. Poor wound healing, infec-
tion, and an array of general medical complications related 
to the disease process can be anticipated. Sakalkale, Hozack, 
and Rothman reported THA in 12 patients on long-term 
hemodialysis. There was an early complication rate of 58%, 
and infection developed in 13%. Longevity was limited after 
surgery, and the authors recommended limiting the proce-
dure to patients with a longer life expectancy. Lieberman et al. 
reported their results after THA in 30 patients who had renal 
transplants and 16 who were being treated with hemodialysis. 
Patients with transplants had postoperative courses similar to 
other patients with osteonecrosis, whereas in the patients who 
were being treated with hemodialysis 81% had poor results 
and 19% developed infection. These authors recommended 
limiting hip arthroplasty to patients who are expecting renal 
transplant or who have already had successful transplanta-
tion. In contrast, a series from the Mayo Clinic found a higher 
cumulative revision rate in transplant patients, with compli-
cations in 61%. A high rate of loosening of cemented fem-
oral components was noted. More encouraging results have 
been reported with cementless, extensively porous-coated 
implants. Nagoya found predictable bone ingrowth with no 
infections in 11 patients on long-term hemodialysis with 
average follow-up of more than 8 years. 

HEMOPHILIA
Hemophilic arthropathy involves the hip joint far less often 
than the knee and elbow. Consequently, there is a paucity of 
information specific to hip arthroplasty. When hip involve-
ment develops before skeletal maturity, valgus deformity of 
the femoral neck, flattening of the femoral head, and a vari-
able degree of acetabular dysplasia are present. The radio-
graphic appearance is similar to that of LCPD.

A multidisciplinary approach is essential for surgi-
cal treatment of hemophilic arthropathy. Ready access to a 
well-managed blood bank and an experienced hematology 
staff are requisites; for this reason, arthroplasty in hemo-
philic patients generally is done only in specialized cen-
ters. Patients with circulating antibodies to clotting factor 
replacements (inhibitors) are not considered suitable can-
didates for surgery because of the risk of uncontrollable 
hemorrhage. In a study of the Nationwide Inpatient Sample, 
Kapadia et al. reported transfusions in 15.06% of hemophili-
acs compared to 9.84% in matched controls following lower 
extremity arthroplasty.

Complications occur frequently in these patients. 
In a multicenter study, Kelley et  al. reported that 65% of 
cemented acetabular components and 44% of cemented 
femoral components had radiographic evidence of failure 
at a mean follow-up of 8 years. Nelson et al. found similar 
failure rates in a long-term study of patients from a single 
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center. Results have been better with modern cementless 
implants. Carulli et al. reported no failures or complications 
at mean follow-up of 8.1 years in 23 patients with a mean 
age of 40.6 years.

Late hematogenous infection may be a significant prob-
lem, and the risk increases if patients previously exposed 
to HIV through factor replacements develop clinical 
manifestations of acquired immunodeficiency syndrome. 
Enayatollahi et al. reported infection in 10.98% of patients 
with both HIV and hemophilia versus 2.28% in patients 
with HIV only. 

INFECTIOUS DISORDERS
PYOGENIC ARTHRITIS

Most patients with a history of pyogenic arthritis of the hip 
who are considered candidates for THA had the hip joint 
infection in childhood and had either a spontaneous or sur-
gical hip fusion or developed a pseudarthrosis of the hip. 
Pyogenic arthritis of the hip in adults is rare except after 
internal fixation of fractures.

Arthroplasty may be considered in an adult whose hip 
was fused by a childhood pyogenic infection and in whom 
inflammation has not been evident for many years. A solid 
fusion with a uniform trabecular pattern crossing the joint 
usually indicates the absence of residual infection. Focal areas 
of decreased density and some sclerosis and irregularity of 
the trabeculae crossing the joint line may signify a residual 
focus of infection, however. Tang et  al. found MRI to be 
100% sensitive in showing the presence of active infection in 
patients with prior osteomyelitis. Determination of ESR and 
CRP levels, hip joint aspiration, bone biopsy, and radionu-
clide scanning all may play a role in the preoperative evalu-
ation. Intraoperative frozen sections of periarticular tissues 
also should be obtained. When any of these studies points to 
residual infection around the hip, a two-stage procedure is 
appropriate.

Often the limb is shortened as a result of partial destruc-
tion of the femoral head and neck and the acetabulum. The 
flexed and adducted position of the hip adds to the appar-
ent shortening. The femur may be hypoplastic with antever-
sion of the femoral neck and variable degrees of resorption 
of the femoral head. Deep scarring may be present as a result 
of multiple incision and drainage procedures and sinuses 
around the hip. If present, previous incisions should be used, 
and prior sinus tracks should be completely excised. Lack 
of subcutaneous tissues over the trochanter and in the area 
of the proposed incision may require rotation of a skin flap 
before the THA.

In a group of 44 patients who underwent THA after pyo-
genic arthritis in childhood, Kim found no reactivations of 
infection despite the use of acetabular allografts in 60% of the 
patients. Perioperative femoral fracture was common because 
many of these patients had a small, deformed proximal femur. 
In a larger series of 170 patients from the same institution, 
there were no recurrent infections when the period of quies-
cence had been at least 10 years. Operative difficulties were 
frequent, however, and polyethylene wear and implant loos-
ening were common late complications. Similarly, Park et al. 
reported that poor results in this population were attributed 
to anatomic abnormalities that had developed as a result 
of infection rather than recurrence of infection following 
arthroplasty. 

TUBERCULOSIS
The hip is the second most common site of osseous 
involvement of tuberculosis following the spine, resulting 
in severe cartilage and bone destruction, limb shorten-
ing, and instability. The diagnosis should be considered 
in patients who come from a country in which the dis-
ease is prevalent, in patients with a history of having been 
in a spica cast as a child, in patients being treated for 
acquired immunodeficiency syndrome, and in patients 
with undiagnosed arthritis of the hip. Tuberculous bacilli 
are fewer in number in bone infections than in infected 
sputum, making the diagnosis of tuberculous osteomyeli-
tis difficult.

A longer period of chemotherapy has been recommended 
when hip arthroplasty is performed in the presence of active 
tuberculous arthritis. Mycobacterium tuberculosis has little 
biofilm and adheres poorly to implants. Many patients with 
reactivation of tuberculous infections after THA can be 
treated with debridement and drug therapy with retention 
of the prosthesis. Because of the emergence of drug-resistant 
strains of tuberculosis, preoperative tissue biopsy with cul-
ture and sensitivity are helpful in selecting the optimal che-
motherapeutic agents.

Most patients are candidates for a single-stage procedure. 
In a systematic review of the available literature, Tiwari et al. 
identified 226 patients in whom antituberculosis treatment 
was administered for 2 weeks preoperatively and continued 
for 6 to 18 months following hip arthroplasty. Only three 
patients had reactivation of infection at mean follow-up of 
5.48 years. The presence of a sinus track often is indicative 
of superinfection with S. aureus, and a two-stage procedure 
is indicated in these patients. Radical debridement of all 
infected tissue is required in either scenario. Both cemented 
and cementless fixation have been successful at mid-term 
follow-up. 

TUMORS
Possible candidates for THA include patients with (1) meta-
static tumors with a reasonable life expectancy, (2) some low-
grade tumors, such as chondrosarcoma and giant cell tumor, 
and (3) benign destructive lesions, such as pigmented villo-
nodular synovitis. For patients with primary lesions, curing 
the disease, and not restoration of function, should be the 
goal of surgery. Consequently, careful planning to determine 
the amount of tissue to be resected may require a bone scan, 
CT, and MRI. The surgical approach must be more exten-
sive than usual to ensure complete excision of the tumor. A 
conventional THA may suffice, however, if only a limited 
amount of the acetabulum or the femoral head and neck must 
be resected to excise the tumor and a margin of normal tis-
sue. If the greater trochanteric and subtrochanteric areas are 
resected, the hip may be unstable because reattaching the 
abductor muscles is difficult. An extra-long femoral compo-
nent may be necessary because of other lesions more distal 
in the femoral shaft. A custom-made component or segmen-
tal replacement stem can be used (see Fig. 3.29); the gluteal 
muscles are sutured to holes made in the component for this 
purpose. An allograft-prosthesis composite with a long stem 
is an option in young patients. Cement fixation within the 
graft and a step-cut at the junction of the graft and host bone 
provide stability. The acetabulum can be reconstructed with 
cement, with additional support provided by a reinforcement 
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ring or cage (see Fig. 3.36) or by threaded Steinmann pins 
inserted through the iliac wing into the acetabulum. 

NEUROMUSCULAR DISORDERS
Patients with chronic neuromuscular disorders who come to 
hip arthroplasty usually have increased muscle tone or spas-
ticity. Spasticity may be congenital, as with cerebral palsy, or 
acquired through brain or spinal cord injury. Acquired spas-
ticity may be complicated by the presence of heterotopic ossi-
fication about the hip. Patients become candidates for THA 
because of fracture, end-stage hip arthritis, or painful sub-
luxation. Although this group encompasses a broad range 
of congenital and acquired diseases and syndromes, certain 
management principles are applicable to all.

Patients with generalized neurologic problems are at 
greater risk for complications, and careful attention must be 
paid to care of the skin, pulmonary function, and urinary 
tract to prevent sepsis at these sites. Early mobilization, at 
least to a chair and preferably to weight-bearing status, pre-
vents further muscular deterioration. Patients with retained 
motor function and intact cognition have better potential for 
recovery of mobility.

Combined flexion and adduction contractures are com-
mon, but their presence may not be appreciated when a 
patient has an acute fracture. This combination of defor-
mities predisposes to postoperative dislocation, especially 
when surgery is performed through a posterior approach. A 
direct anterior or anterolateral approach may be preferable, 
although these approaches are less extensile when excision 
of heterotopic ossification is needed. Release of the anterior 
capsule and psoas and percutaneous adductor tenotomy 
all may be required. The degree of contractures usually is 
more severe in patients with congenital neurologic disor-
ders. Placement of the acetabular component in additional 
anteversion also makes the hip more stable. If the stability 
of the hip during surgery is unsatisfactory, or if the patient’s 
muscular control of the hip is insufficient to maintain appro-
priate postoperative precautions, a hip spica cast probably 
should be worn for 4 to 6 weeks until the soft tissues have 
healed sufficiently to stabilize the joint. Occasionally, a con-
strained acetabular component may be necessary to prevent 
postoperative dislocation. Other tenotomies may be required 
to achieve knee extension and a plantigrade foot. In a series 
of 39 patients with cerebral palsy, Houdak et  al. reported 
no difference in the rate of reoperation, survivorship, and 
complications compared to patients with osteoarthritis. 
Dislocations occurred in 7%.

Patients with paralytic conditions, such as the residu-
als of poliomyelitis, may develop hip arthritis in either the 
affected limb or a normal contralateral hip. Dysplasia may 
be present on the paralytic side, and overuse degenerative 
arthritic changes predominate on the nonparalytic side. Yoon 
et al. found that polio patients often had some residual pain 
after hip arthroplasty, possibly caused by muscular weakness 
inherent to the disease. 

COMPLICATIONS
Medical and surgical complications can occur after THA 
and exert a significant effect on patient satisfaction and over-
all outcome of the procedure. Prevention of complications 
should be a consistent focus of all involved stakeholders. 

Prompt diagnosis and effective treatment are critical for a 
successful result.

MORTALITY
According to a 2014 meta-analysis, the 30-day mortality rate 
was 0.3% for primary THA and the 90 day rate was 0.65%. 
Increased mortality rates were associated with advanced age, 
male gender, and medical comorbidities, particularly cardio-
vascular disease. Although careful preoperative medical eval-
uation is warranted in all patients, special attention should be 
directed to patients with these risk factors. 

HEMATOMA FORMATION
Careful preoperative screening should identify patients with 
known risk factors for excessive hemorrhage, including anti-
platelet, antiinflammatory, or anticoagulant drug therapy; 
herbal medication use; blood dyscrasias and coagulopathies; 
and family or patient history of excessive bleeding with previ-
ous surgical procedures.

The most important surgical factor in preventing hema-
toma is careful hemostasis. Common sources of bleeding are 
(1) branches of the obturator vessels near the ligamentum 
teres, transverse acetabular ligament, and inferior acetabular 
osteophytes, (2) the first perforating branch of the profunda 
femoris deep to the gluteus maximus insertion, (3) branches 
of the femoral vessels near the anterior capsule, and (4) 
branches of the inferior and superior gluteal vessels. The iliac 
vessels are at risk from penetration of the medial wall of the 
acetabulum and removal of a medially displaced cup. Bleeding 
from a large vessel injury usually becomes apparent during 
the operation (see section on vascular injuries). Late bleeding 
(1 week postoperatively) may occur from a false aneurysm or 
from iliopsoas impingement (Fig. 3.104). Arteriography may 
be required for identification of a false aneurysm along with 
possible embolization. Acetabular revision may likewise be 
necessary to correct iliopsoas impingement.

Excessive hemorrhage leading to hematoma formation 
uncommonly requires surgical intervention. Most patients 
can be managed by dressing changes, discontinuation of 

 FIGURE 3.104 CT scan shows fluid within the iliopsoas muscle 
sheath consistent with hematoma secondary to impingement from 
acetabular component.  (From Bartelt RB, Sierra RJ: Recurrent hema-
tomas within the iliopsoas muscle caused by impingement after total hip 
arthroplasty, J Arthroplasty 26:665, 2011.)

    

https://booksmedicos.org


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS254

anticoagulants, treatment of coagulopathy, and close obser-
vation of the wound. Indications for surgical treatment of 
hematoma include wound dehiscence or marginal necrosis, 
associated nerve palsy, and infected hematoma. Evacuation 
of the hematoma and achievement of meticulous hemostasis 
should be accomplished in the operating room. The hema-
toma should be cultured to assess possible bacterial con-
tamination, and antibiotics should be continued until these 
culture results become available. Debridement of necrotic tis-
sue as needed and watertight closure also are required. Closed 
suction drainage seems warranted in this setting to avoid a 
recurrence. 

HETEROTOPIC OSSIFICATION
Heterotopic ossification varies from a faint, indistinct density 
around the hip to complete bony ankylosis. Calcification can 
be seen radiographically by the third or fourth week; how-
ever, the bone does not mature fully for 1 to 2 years. The clas-
sification of Brooker et al. is useful in describing the extent of 
bone formation:

Grade I: islands of bone within soft tissues
Grade II: bone spurs from the proximal femur or pelvis 

with at least 1 cm between opposing bone surfaces
Grade III: bone spurs from the proximal femur or pelvis 

with less than 1 cm between opposing bone surfaces
Grade IV: ankylosis
Risk factors for heterotopic ossification include history 

of heterotopic ossification, diagnosis of hypertrophic osteo-
arthritis, ankylosing spondylitis, diffuse idiopathic skele-
tal hyperostosis (DISH), or Paget disease, male gender, and 
African-American ethnicity.

Surgical technique may play a role in the develop-
ment of heterotopic ossification. Anterior and anterolateral 
approaches carry a higher risk of heterotopic ossification than 
transtrochanteric or posterior approaches.

Most who develop heterotopic ossification are asymp-
tomatic; however, restricted range of motion and pain may 
occur in patients with more severe Brooker grade III or IV 
ossification. Routine prophylaxis against heterotopic ossifica-
tion is not recommended for all patients but is warranted in 
high-risk groups.

Prophylaxis may include low-dose radiation and non-
steroidal antiinflammatory drugs (NSAIDs). Preoperative 
and postoperative radiation regimens with doses as low 
as 500 cGy have been successful. In a multicenter evalua-
tion of radiation prophylaxis, failures occurred more com-
monly in patients treated more than 8 hours preoperatively 
or more than 72 hours postoperatively. Preoperative treat-
ment should result in less patient discomfort than in the 
early postoperative period. Radiation exposure is limited 
to the soft tissues immediately around the hip joint, and 
ingrowth surfaces must be appropriately shielded (Fig. 
3.105).

NSAIDs reduce the formation of heterotopic bone in 
many studies. Historically, nonselective cyclooxygenase-1 
(COX-1) and cyclooxygenase-2 (COX-2) inhibitors for 6 
weeks have been recommended, although courses of admin-
istration of 7 days are successful. Compliance is limited by 
medical contraindications to these drugs and patient intoler-
ance. Multiple meta-analyses comparing COX-1 and COX-2 
inhibitors showed no difference in efficacy in preventing het-
erotopic ossification. In light of a more favorable safety profile 

for the COX-2 inhibitors, they have been recommended for 
HO prophylaxis.

An operation to remove heterotopic bone is rarely indicated 
because associated pain usually is not severe and excision is dif-
ficult, requiring extensile exposure. The ectopic bone obscures 
normal landmarks and is not easily shelled out of the sur-
rounding soft tissues. Substantial blood loss can be anticipated. 
Decreased technetium bone scan activity indicates that the het-
erotopic bone is mature, allowing for reliable excision. Radiation 
and NSAIDs have been used successfully to prevent recurrence. 
Range of motion should improve, but pain may persist. 

THROMBOEMBOLISM
Thromboembolic disease is one of the more common seri-
ous complications following THA. In early reports of hip 
arthroplasty without routine prophylaxis, venous thrombosis 
occurred in 50% of patients, and fatal pulmonary embolism  
occurred in 2% (Johnson et al.). More recently, a meta-analysis 
of studies including patients who were anti-coagulated prophy-
lactically after surgeries between 1995 and 2015 found an esti-
mated PE rate of 0.21%, which remained consistent across this 
time period.

Thromboembolism can occur in vessels in the pelvis, 
thigh, and calf. Of all thromboses, 80% to 90% occur in the 
operated limb. The temporal relationship of deep vein throm-
bosis (DVT) and PE to surgery is controversial. The peak 
prevalence of DVT varies among studies, with a range of 4 
to 17 days after surgery reported. With shorter hospital stays, 
more thromboembolic events occur after discharge.

The best method of prophylaxis for thromboembolism is 
debatable. Currently, mechanical and pharmacologic modali-
ties are used. For patients undergoing elective THA, the 
American College of Chest Physicians (ACCP) recommends 

 FIGURE 3.105 Anteroposterior radiograph showing radiation 
portals for total hip arthroplasty. Potential ingrowth portions of 
femoral and acetabular components were spared.  (From Hashem 
R, Tanzer M, Rene M, et al: Postoperative radiation therapy after hip 
replacement in high-risk patients for the development of heterotopic 
bone formation, Cancer Radiother 15:261, 2011.)
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one of the following anticoagulant agents: low molecular-
weight heparin (LMWH), fondaparinux, apixaban, dabigatran, 
rivaroxaban, low-dose unfractionated heparin, adjusted-dose 
warfarin, aspirin, or intermittent pneumatic compression. For 
patients with high risk of bleeding, mechanical prophylaxis 
with intermittent pneumatic compression or no prophylaxis 
should be used. A minimum of 10 to 14 days of prophylaxis is 
preferred, with a period of up to 35 days also being suggested.

In 2011, the American Academy of Orthopaedic 
Surgeons (AAOS) published a revised clinical practice guide-
line regarding the prevention of venous thromboembolic dis-
ease after hip or knee arthroplasty. These recommendations 
stratify patients based on their risk of thromboembolism and 
major bleeding. Previous venous thromboembolism (VTE) 
is considered a risk factor for recurrence, whereas bleeding 
disorders or active liver disease are associated with increased 
risk for bleeding complications. After assessment of these 
risk factors, prophylactic measures are tailored accordingly. 
Patients who are not at increased risk for VTE or bleeding 
complications should receive pharmacologic and/or mechan-
ical prophylaxis. Those with a history of VTE require com-
bined pharmacologic and mechanical prophylactic measures, 
whereas patients with increased bleeding risk are covered 
with mechanical devices only.

The continuation of prophylaxis after the patient has been 
discharged presents a dilemma. With the ongoing emphasis 
on cost containment and reducing the length of hospital-
ization, many patients are discharged at a time when they 
remain at elevated risk for developing DVT. If anticoagu-
lants are to be continued after discharge, preparation must 
be made for monitoring their effects. Routine clinical evalu-
ation for wound issues and patient education regarding signs 
and symptoms of DVT, PE, and bleeding complications are 
required. Our current practice includes the use of aspirin 
along with mechanical compression devices during the ini-
tial stay for low-risk patients. Aspirin is continued for up to 5 
weeks postoperatively. High-risk patients, particularly those 
with previous history of thromboembolism, are treated with 
LMWH or apixaban for up to 5 weeks. 

NEUROLOGIC INJURIES
An analysis of the literature by Goetz et al. determined the 
risk of nerve palsy after primary THA for arthritis to be 0.5%, 
for hip dysplasia 2.3%, and 3.5% for revision surgery. The sci-
atic, femoral, obturator, lateral femoral cutaneous, and supe-
rior gluteal nerves can be injured by direct trauma, traction, 
pressure, positioning, ischemia, and thermal injury.

The sciatic nerve is particularly susceptible to injury 
during revision surgery because it may be bound within 
scar tissue, which places it at risk during the exposure. 
Injudicious retraction of firm, noncompliant soft tissues 
along the posterior edge of the acetabulum can cause a 
stretch injury or direct contusion of the nerve. Exposure of 
the sciatic nerve during a posterior approach is not neces-
sary routinely but may be advisable if the anatomy of the 
hip is distorted. The nerve may be displaced from its nor-
mal position and tethered by scar tissue along the posterior 
column. If so, it is carefully exposed, mobilized, and pro-
tected during the remainder of the operation. Usually it can 
be identified more easily in the normal tissue proximal or 
distal to the scar by the characteristic loose fatty tissues that 
surround it. When the soft tissues from the posterior aspect 

of the femur are being released, the dissection must remain 
close to the femur, especially in revision procedures. If an 
anchoring hole for a cemented acetabular component pen-
etrates the medial or posterior cortex, a wire mesh retainer 
or bone graft should be inserted to prevent extrusion of 
the cement into the sciatic notch. Careful retractor place-
ment during femoral and acetabular preparation is also 
mandatory.

The association between limb lengthening and sci-
atic nerve palsy has been studied with varying conclusions. 
Edwards et al. correlated the amount of lengthening with the 
development of sciatic palsy. Injury to the peroneal branch 
occurred with lengthenings of 1.9 to 3.7 cm. In comparison, 
complete sciatic palsy occurred with lengthenings of 4 to 5.1 
cm. Other authors have questioned the importance of length-
ening alone in relation to postoperative sciatic nerve palsy. 
Nercessian, Piccoluga, and Eftekhar reported 1284 Charnley 
THAs with lengthening of up to 5.8 cm. Laceration of the sci-
atic nerve accounted for the only nerve palsy in this group. 
Eggli, Hankemayer, and Müller reviewed 508 total hip arthro-
plasties performed for congenital dysplasia of the hip and 
found no correlation between the amount of lengthening and 
nerve palsy. They concluded that these palsies were the result 
of mechanical trauma rather than lengthening alone.

Modular head exchange and/or femoral shortening have 
been used to treat sciatic palsy attributed to overlengthening. 
Silbey and Callaghan reported one patient with postopera-
tive sciatic nerve palsy that resolved with early exchange of a 
modular head to one with a shorter neck length. Sakai et al. 
similarly noted complete resolution of postoperative sciatic 
nerve palsy after shortening of the calcar and modular femo-
ral neck.

Sciatic nerve palsy also has been reported as a result of 
subgluteal hematoma formation, which may occur in asso-
ciation with prophylactic or therapeutic anticoagulation. 
Subgluteal hematoma should be suspected in patients with 
pain, tense swelling, and tenderness in the buttock and thigh, 
along with evidence of a sciatic nerve deficit. Early diagnosis 
and prompt surgical decompression are imperative.

Dislocation in the perioperative period may injure the 
sciatic nerve by direct contusion or by stretch. The status of 
the sciatic nerve always should be documented before any 
reduction maneuvers are performed. Reduction requires gen-
tle techniques with general anesthesia if necessary.

Postoperative positioning can cause isolated peroneal 
nerve palsy. Triangular abduction pillows that are secured to 
the lower extremities with straps can cause peroneal nerve 
compression if applied tightly over the region of the fibular 
neck. Such straps should be applied loosely and positioned to 
avoid this area.

Patients with persistent sciatic or peroneal palsy should 
have the foot supported to prevent fixed equinus deformity. 
In most patients, partial function returns, although com-
plete recovery is uncommon. Studies with follow-up of 
more than 1 year show complete recovery in 20% to 50% 
of patients.

Late exploration of the sciatic nerve may be considered if 
some recovery is not present in 6 weeks, or if direct compres-
sion is suspected. CT of the acetabulum is helpful in delin-
eating the position of an offending object. Chughtai et  al. 
found improved outcomes with sciatic nerve decompression 
compared to nonoperative management in both a series of 
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19 patients treated at their institution and in a review of the 
literature.

Because injury to the femoral nerve is less common and 
is easily overlooked in the early postoperative period, diag-
nosis often is delayed. The femoral nerve lies near the ante-
rior capsule of the joint and is separated from it only by the 
iliopsoas muscle and tendon. It can be injured by retractors 
placed anterior to the iliopsoas or during anterior capsulec-
tomy. Hematoma within the iliacus muscle, extruded ace-
tabular cement, and correction of severe flexion contracture 
are other known causes of femoral nerve palsy. Fleischman 
et al. reported femoral nerve palsy in 0.21% of patients, with a 
14.8-fold increased incidence in patients operated on through 
an anterior approach, either direct anterior or anterolateral. 
While significant recovery did not begin until greater than 
6 months postoperatively, 75% had complete resolution of 
motor involvement.

Affected patients should wear a knee immobilizer or 
hinged knee brace with drop-locks for walking to prevent 
knee buckling while the quadriceps remains weak.

Similarly, obturator nerve injury may occur with extruded 
cement, mechanical injury secondary to retractors, or promi-
nent implants such as screws placed in the anteroinferior 
quadrant (see section on vascular injuries). Persistent groin 
pain may be the only symptom.

The superior gluteal nerve is most susceptible to injury 
with anterolateral approaches that split the gluteus medius 
muscle. A safe zone has been described for splitting the mus-
cle 5 cm proximal to the greater trochanter (Fig. 3.106). Other 
maneuvers that may injure the superior gluteal nerve include 
vigorous acetabular retraction for component insertion and 
extreme leg positioning for femoral preparation. Abductor 

weakness with a Trendelenburg gait may result from superior 
gluteal nerve injury.

The LFCN is vulnerable to injury when the direct anterior 
approach is utilized, as it lies in the subcutaneous tissue of 
the anterolateral thigh after emerging from under the ingui-
nal ligament. Starting the skin incision 3 cm distal and lateral 
to the ASIS and incising the tensor sheath with lateral retrac-
tion of the TFL muscle may protect the nerve somewhat. 
Nonetheless, the incidence of LFCN injury has been reported 
in up to 81% of cases using the direct anterior approach. 

VASCULAR INJURIES
Vascular complications as a result of THA are rare (0.04% pri-
mary THA, 0.2% revision); however, they can pose a threat to 
the survival of the limb and the patient. Mortality rates after 
these injuries range from 7% to 9%, with 15% risk of ampu-
tation and 17% chance of permanent disability. Risk factors 
for vascular injury include revision surgery and intrapel-
vic migration of components. Vessels can be injured by lac-
eration, traction on the limb, retraction of the surrounding 
soft tissues, or direct trauma by components such as screws, 
cement, cables, antiprotrusio cages or rings, threaded acetab-
ular components, or structural allografts.

In general, the measures taken to avoid injury to the fem-
oral nerve also protect the accompanying femoral artery and 
vein. An anterior retractor should be blunt tipped, carefully 
placed on the anterior rim, and not allowed to slip anterome-
dial to the iliopsoas. Care must be taken in releasing the ante-
rior capsule, especially in the presence of extensive scarring, 
or in the correction of a flexion contracture.

Removal of soft tissue and osteophytes from the inferior 
aspect of the acetabulum can cause bleeding from the obtu-
rator vessels. Penetration of the medial wall of the acetabu-
lum while reaming or intrusion of cement into the pelvis may 
injure the iliac vessels. These vessels usually are separated 
from the medial cortex of the pelvis by the iliopsoas muscle, 
but in some patients this muscle is thin.

The use of transacetabular screws for socket fixation 
places the pelvic vessels at risk for injury. Wasielewski et al. 
described the acetabular quadrant system for guidance in 
the placement of these screws. A line drawn from the ASIS 
through the center of the acetabulum and a second line per-
pendicular to the ASIS line divide the acetabulum into four 
quadrants (see Fig. 3.46). The external iliac vein lies adjacent 
to the bone of the anterosuperior quadrant, and the obtu-
rator vessels and nerve are in close proximity to the pelvic 
bone in the anteroinferior quadrant. Thinner bone, lack of 
soft-tissue interposition, and relative immobility of the ves-
sels make them more susceptible to injury. The use of a short 
drill bit and meticulous technique are mandatory whenever 
screws are placed in the anterior quadrants. Screw place-
ment should be limited to the posterior quadrants whenever 
possible. The posterosuperior quadrant, which roughly cor-
responds to the superior acetabulum between the ASIS and 
greater sciatic notch, allows for the longest screws and con-
tains the best bone for fixation. The posteroinferior quad-
rant requires shorter screws. Although the superior gluteal 
vessels and sciatic nerve are potentially at risk from screws 
placed through the posterosuperior quadrant, the drill bit and 
screw tip can be palpated through the sciatic notch to pro-
tect these structures from injury. Excessive bleeding encoun-
tered during placement of the acetabular component or screw 

 

Safe area

AnteriorPosterior

FIGURE 3.106 Safe zone for splitting of the gluteus medius 
muscle 5 cm proximal to greater trochanter.  (Redrawn from Jacobs 
LG, Buxton RA: The course of the superior gluteal nerve in the lateral 
approach to the hip, J Bone Joint Surg 71A:1239, 1989.)
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insertion may require retroperitoneal exposure and tempo-
rary clamping of the iliac vessels to prevent additional blood 
loss. Emergent vascular surgical consultation may be required 
intraoperatively. Arteriography and transcatheter emboliza-
tion also have been used to control excessive postoperative 
intrapelvic bleeding.

Late vascular problems include thrombosis of the iliac 
vessels, arteriovenous fistula, and false aneurysms. False 
aneurysms have been reported especially in patients with 
postoperative hip infections, after migration of threaded ace-
tabular components, and from the use of pointed acetabular 
retractors. This diagnosis should be considered in patients 
who have persistent bleeding from the incision or a pulsatile 
mass (Fig. 3.107).

Because of the risk of vascular injury associated with 
removal of a markedly protruded acetabular component, 
arteriography, contrast-enhanced CT scan, or both may be 
considered before undertaking this type of revision. In addi-
tion, the patient’s abdomen should be prepared for surgery, 
and the assistance of a vascular surgeon may be required.

The contralateral limb is at risk for vascular injury 
because of errors in positioning and pelvic immobilization. 
Pelvic positioning devices should apply pressure to the pubic 
symphysis or iliac spines, and pressure over the femoral tri-
angle should be avoided. 

LIMB-LENGTH DISCREPANCY
Ideally, the leg lengths should be equal after THA, but it may 
be difficult to determine this accurately at the time of surgery. 
Lengthening may result from insufficient resection of bone 
from the femoral neck, use of a prosthesis with a neck that 
is too long, or inferior displacement of the center of rotation 

of the acetabulum (Fig. 3.108). Proximal femoral morphol-
ogy can also play a role, as patients with a high femoral cor-
tical index have increased incidence of lengthening, while 
low femoral cortical index is associated with shortening (Fig. 
3.109).

In a survey of 1114 primary THA patients, 30% reported 
a perceived limb length discrepancy. Of these, only 36% were 
radiographically confirmed.

The functional significance of leg-length inequality 
after THA is not well defined. In a study of 101 patients 
who had primary THA and were studied postoperatively 
with standing 3D imaging, anatomical leg length, anatomi-
cal femoral length, and functional leg length did not cor-
relate with patient perception of limb length discrepancy. 
Other variables, including pelvic obliquity, difference in 
knee flexion/recurvatum, and difference in tibial plafond 
to ground height, did correlate with perceived limb length 
discrepancy, however. Innmann et al. found that both res-
toration of hip offset and minimization of limb length 
discrepancy had an additive positive effect on clinical 
outcome.

The risk of excessive leg lengthening can be minimized 
by a combination of careful preoperative planning and opera-
tive technique. Edeen et al. found that clinical measurements 
of leg lengths correlated with radiographic measurements to 
within 1 cm in only 50% of patients. Flexion and adduction 
contractures produce apparent shortening of the extremity, 
and abduction contracture, although less common, produces 
apparent lengthening. True bony discrepancies sometimes 
require surgical correction, whereas apparent discrepan-
cies arising from contracture must be recognized, but sel-
dom require operative intervention. A history of previous 
lower extremity trauma should be sought, and the extremi-
ties should be examined for differences below the level of 
the hip. Good-quality radiographs and templates of known 
magnification (see discussion of preoperative templating in 
the section on preoperative radiographs) are used to select a 

 FIGURE 3.107 False aneurysm in 67-year-old woman who had 
two total hip revisions and continued to bleed intermittently from 
operative site for approximately 32 weeks after surgery. Arterio-
gram showed false aneurysm (arrow). Suture inserted to close fascia 
had penetrated wall of branch of superior gluteal artery. Aneurysm 
was ligated proximally and distally and excised.

 FIGURE 3.108 Total hip arthroplasty for osteonecrosis in 
47-year-old man. Femoral head was reconstructed level with tip 
of trochanter. Oversized acetabular component brought hip center 
more inferior and overlengthened limb 1 cm despite correct posi-
tioning of femoral head.
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prosthesis that allows intraoperative restoration of leg length 
and femoral offset.

Several clinical methods for determining leg length have 
been described. One involves intraoperative evaluation of 
soft-tissue tension around the hip, commonly referred to as 
the “shuck test.” When traction is applied to the limb with 
the hip in extension, distraction of 2 to 4 mm usually occurs. 
The extent of soft-tissue release, the type of anesthesia, and 
the degree of muscular relaxation may change the surgeon’s 
appreciation of tissue laxity. In addition, soft-tissue tension 
depends not only on the height of the femoral head but also 
on the femoral offset (see Fig. 3.6). If femoral offset has been 
reduced and is not appreciated at surgery, tissue tension has 
to be restored by inadvertent overlengthening of the limb; in 
effect, height is substituted for offset to place the soft tissues 
under tension. Careful preoperative templating should alert 
the surgeon to this possibility, and arrangements should be 
made for implants that allow reproduction of the patient’s 
natural offset and appropriate soft-tissue tensioning with-
out overlengthening of the limb. Although the assessment of 
soft-tissue tension is a useful maneuver, it alone should not be 
relied on to determine limb length equality.

Multiple methods of limb-length determination have 
been described using transosseous pins placed above and 
below the hip joint and a measuring device. Ranawat et  al. 
used a pin below the infracotyloid groove and measured the 
distance between it and a mark on the greater trochanter. This 
technique resulted in an average limb-length discrepancy 
of 1.9 mm, with no patient requiring a shoe lift (Fig. 3.110). 

These techniques depend on precise repositioning of the limb 
in the same degree of flexion, abduction, and rotation for 
each measurement.

Currently, the most reliable method of equalizing leg 
lengths is the combination of preoperative templating and 
intraoperative measurement. Using this approach in a series 
of 84 hips, Woolson et al. reported that only 2.5% of patients 
had legs that were lengthened more than 6 mm. In a study 
of the usefulness and accuracy of preoperative planning, 
Knight and Atwater concluded that femoral and acetabular 
component size could not be predicted reliably by templat-
ing; however, when templating was combined with operative 
measurement, the postoperative leg length was within 5 mm 
of the planned degree of lengthening in 92% of patients.

Computer-assisted techniques may hold promise in 
achieving limb-length equality after THA. A recent meta-
analysis found increased accuracy of limb-length restoration 
with computer-assisted surgery but no benefit in clinical out-
comes. Increased cost and longer operative times have limited 
the widespread adaptation of computer-assisted techniques.

If both hips are diseased and bilateral staged surgery is 
expected, length is determined by the stability of the hip, and 
leg lengths are equalized by making the same bony resections 
and using the same implants on both sides. The patient should 
be advised that a shoe lift may be required between surgeries. 
Occasionally, arthroplasty may be indicated in a hip that is 
already longer than the contralateral side. Shortening of the 
limb by excessive neck resection or use of a prosthesis with 
a neck that is too short poses the risk of dislocation because 
of inadequate soft-tissue tension or impingement. In this 
instance, distal transfer of the greater trochanter or shorten-
ing by a subtrochanteric osteotomy may be considered.

The main objectives of THA are, in order of prior-
ity, pain relief, stability, mobility, and equal leg length. The 
patient should be informed before surgery that no assurance 
can be given that the limb lengths will be equal. If lengthen-
ing of the limb provides a substantially more stable hip, the 
discrepancy is preferable to the risk of recurrent dislocation. 
Discrepancies of less than 1 cm generally are well tolerated, 

 

10 cm

FCI = (a-b)/a

a

b

FIGURE 3.109 Femoral cortical index (FCI) ratio, 10 cm below 
lesser trochanter, measures ratio of cortical diameter (a-b) to total 
femoral diameter (a).  (From Lim YW, Huddleston JI 3rd, Goodman SB, 
et al: Proximal femoral shape changes the risk of a leg length discrepancy 
after primary total hip arthroplasty, J Arthroplasty 33:3699, 2018.)

 FIGURE 3.110 Steinmann pin in position to mark greater 
trochanter on initial exposure of hip. Subsequent measurements 
reference distance from pin to this trochanteric reference line.  
(From Ranawat CS, Rao RR, Rodriguez JA, et al: Correction of limb-length 
inequality during total hip arthroplasty, J Arthroplasty 16:715, 2001.)

    

https://booksmedicos.org


CHAPTER 3  ARTHROPLASTY OF THE HIP 259

and the perception of the discrepancy tends to diminish with 
time. Apparent leg-length inequality and pelvic obliquity 
caused by residual soft-tissue contracture usually respond to 
physical therapy with appropriate stretching.

Patients with an unacceptable limb-length discrepancy 
must be evaluated carefully to determine the cause of the dis-
crepancy if surgical treatment is to be successful. Pelvic radio-
graphs are evaluated for component placement that may cause 
limb-length discrepancy, such as an inferiorly placed acetab-
ular component below the teardrop or a proximally placed 
femoral component with insufficient neck resection. Parvizi 
et al. described limb-length discrepancy caused by acetabular 
component malpositioning and subsequent instability, which 
had been accommodated by overlengthening with the modu-
lar femoral head. In their group of patients surgically treated 
for limb-length discrepancy, most required revision of a mal-
oriented acetabular component. Limb lengths were equalized 
in 15 of the 21 patients, with the average limb-length discrep-
ancy decreasing from 4 cm to 1 cm. Only one patient devel-
oped recurrent instability, whereas three patients with pain 
secondary to neuropraxia had complete resolution of their 
symptoms. 

DISLOCATION
The historical prevalence of dislocation after THA is 
approximately 3%. Anatomic, surgical, and epidemiologic 
factors may increase this risk. Trochanteric nonunion, 
abductor muscle weakness, and increased preoperative 
range of motion are anatomic features that increase the risk 
of instability. Component malposition, bony and/or com-
ponent impingement, inadequate soft-tissue tension, and 
smaller head size are variables under the surgeon’s control 
that have also been implicated. Previous hip surgery, includ-
ing revision hip replacement, female sex, advanced age, and 
American Society of Anesthesiologists (ASA) score, prior 
hip fracture, cervical myelopathy, spinopelvic imbalance, 
Parkinson disease, dementia, depression, chronic lung dis-
ease, and preoperative diagnosis of osteonecrosis or inflam-
matory arthritis are patient-specific factors that negatively 
affect hip stability.

Postoperative dislocation is more common when there 
has been previous surgery on the hip and especially with revi-
sion total hip replacement. A recent meta-analysis reported an 
incidence of 9.04% after 4656 revision surgeries. Contributing 
factors included increased age at surgery, small femoral head 
size, history of dislocation, two or more previous revisions, 
and the use of nonelevated liners.

The choice of surgical approach may affect the rate of 
postoperative dislocation. There is a tendency to retrovert the 
socket when THA is done through a posterolateral approach, 
especially if inadequate anterior retraction of the femur forces 
the acetabular positioning device posteriorly during compo-
nent insertion. Division of the posterior capsule is another 
factor, and meticulous repair of the posterior soft-tissue enve-
lope improves stability. Various soft-tissue repair techniques 
are advocated for improving hip stability after the postero-
lateral approach, with dislocation rates ranging from 0% to 
0.85%. A meta-analysis comparing posterior approaches 
with and without soft-tissue repair showed an almost 10-fold 
reduction in dislocation rates from 4.46% to 0.4% in favor 
of soft-tissue repair. Our preference includes repair of the 
posterior capsule and short external rotators to the greater 

trochanter and/or abductor tendons with nonabsorbable 
sutures (Fig. 3.111).

A theoretical advantage to direct lateral, anterolateral, and 
direct anterior approaches is the preservation of the posterior 
capsule and short external rotators. Recent studies comparing 
anterior and posterior approaches with current postoperative 
protocols have questioned this advantage. A meta-analysis by 
Wang et al. found no difference in dislocation rates in level I 
studies comparing direct anterior and posterior approaches.

In fixing the cup in the proper position the surgeon 
must be able to judge the position of the patient’s pelvis in 
the horizontal and vertical planes. Errors in positioning the 
patient on the operating table are a common source of ace-
tabular malposition, and secure stabilization of the patient in 
the lateral position is crucial. When in the lateral position, 
women with broad hips and narrow shoulders are in a relative 
Trendelenburg position, and the tendency is to implant the 
cup more horizontally than is planned. In men with a narrow 
pelvis and broad shoulders, the reverse is true. With refer-
ence to anteversion, the pelvis flexes upward by 35 degrees 
in the lateral position, and with extension in the supine posi-
tion it becomes relatively retroverted. Also, forceful anterior 
retraction of the femur for acetabular exposure often tilts the 
patient forward. In this instance, placement of the acetabu-
lar component in the usual orientation relative to the oper-
ating table produces inadvertent retroversion relative to the 
pelvis. Acetabular insertion devices may provide a false sense 
of security, and the true position of the pelvis must always 
be taken into account. Circumferential acetabular exposure 
that allows observation of bony landmarks is essential. When 
an acetabular insertion device is used, the angle at which it 
holds the cup must be known. The trial cup should be placed 
in the position in which the final cup is to be inserted, and 
its relationship to the periphery of the acetabulum and the 
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FIGURE 3.111 Sutures passed through trochanteric drill holes 
using suture passer. External rotators and hip capsule are incor-
porated into repair. GM, Gluteus maximus; GMi, gluteus minimus; 
OI, obturator internus; P, piriformis; Q, quadratus femoris.  (From 
Osmani O, Malkani A: Posterior capsular repair following total hip arthro-
plasty: a modified technique, Orthopedics 27:553, 2004.)
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transverse acetabular ligament should be carefully noted. This 
orientation is precisely reproduced on placement of the final 
implant.

Quantifying the degree of anteversion of the cup by plain 
radiographic examination is difficult. McLaren reported a 
mathematic method of determining the degree of anteversion 
whereby the relative positions of the anterior and posterior 
halves of the circumferential wire in a cemented cup are con-
sidered. Similarly, the anteversion of a cementless acetabular 
component can be estimated by comparing its anterior and 
posterior margins. Superimposition of the two margins sug-
gests little or no anteversion. If they form an ellipse, some 
degree of anteversion or retroversion is present. A cross-table 
lateral view of the affected hip also is helpful in assessing ace-
tabular anteversion, but CT can be used to assess the degree 
of anteversion of the cup more accurately (Fig. 3.112). The 
inclination or abduction of the acetabular component can 
be measured more directly from plain radiographs, although 
flexion or extension of the pelvis relative to the beam may 
distort this relationship.

Cup position correlates somewhat with dislocation 
risk. Lewinnek et  al. reviewed radiographs of 300 total 
hip replacements and proposed a “safe” range of 15 ± 10 

degrees anteversion and inclination of 40 ± 10 degrees. 
More recently, other authors have challenged the safety of 
these parameters for cup positioning due to the fact that 
many dislocations occur despite acetabular components 
being within the “safe” zone. Patients with spinopelvic 
imbalance, in particular, may require cup positioning out-
side of the Lewinnek zone to achieve hip stability. A stiff 
lumbosacral junction requires relatively increased inclina-
tion and combined anteversion. Kyphotic or hypermobile 
patients are better served with lesser degrees of inclination 
and anteversion (Table 3.1). Other factors, such as femoral 
component offset, neck length, and soft-tissue balance also 
contribute to hip stability and must be carefully addressed 
intraoperatively.

If the cup is excessively anteverted, anterior dislocation 
can occur during hip extension, adduction, and external rota-
tion. If the cup is overly retroverted, dislocation occurs poste-
riorly with flexion, adduction, and internal rotation. Excessive 
inclination of the cup can lead to superior dislocation with 
adduction, especially if there is a residual adduction contrac-
ture, or if the femur impinges on osteophytes left along the 
inferior margin of the acetabulum (Fig. 3.113). Conversely, if 
the cup is inclined almost horizontally, impingement occurs 

 

BA

FIGURE 3.112 Determination of angle of anteversion (or retroversion) of cup by CT. A, Acetab-
ular component appears well positioned in 39-year-old nurse who had multiple revisions and was 
referred for femoral loosening with recurrent subluxation. B, CT scan shows acetabular retroversion 
of 20 degrees.

 TABLE 3.1 

Ideal Cup Position by Spinopelvic Mobility*

INCLINATION ANTEVERSION COMBINED ANTEVERSION
Normal 35°-45° 15°-25° 25°-45°
Stiff 45°-50°† 20°-25° 35°-45°
Kyphotic 35°-40° 15°-20° 25°-35°
Hypermobile 35°-40° 12°-20° 25°-35°

*Cup anteversion is dependent on combined anteversion, which must be higher for stiff imbalance and lower for hypermobile hips to keep sitting ante-inclination 
within its normal range. In hips that are retroverted, it is difficult to achieve cup anteversion exceeding 12 to 15 degrees, so combined anteversion becomes critical in 
achieving stability for those hips. The range for each of these patterns is within 10 degrees, and it is difficult to achieve this precision at surgery without some form of 
navigation. However, these would be the ideal coronal cup angles for these patterns to keep the sagittal ante-inclination in its normal range. Total hip replacement has 
done so well for so many years because these cup angle numbers are within the cup positions that most surgeons strive to achieve at surgery.
†Inclination of 50 degrees is reserved for elderly patients.
From Ike H, Dorr LD, Trasolini N, et al: Spine-pelvis-hip relationship in the functioning of a total hip replacement, J Bone Joint Surg Am 100:1606, 2018.

    

https://booksmedicos.org


CHAPTER 3  ARTHROPLASTY OF THE HIP 261

early in flexion and the hip dislocates posteriorly. This ten-
dency is accentuated if the cup also is in less anteversion.

Femoral component anteversion is estimated intraopera-
tively by comparing the axis of the prosthetic femoral neck 
with the shaft of the tibia when the knee is in 90 degrees of 
flexion. Neutral version is defined by the prosthetic neck 
aligned perpendicular to the tibia. Relative anteversion occurs 
when this angle is greater than 90 degrees and retroversion 
when it is less (Fig. 3.114). Generally, the femoral compo-
nent should be implanted with the neck in 5 to 15 degrees 
of anteversion. Severe anteversion of the anatomic femoral 
neck is seen in developmental dysplasia or juvenile rheuma-
toid arthritis, whereas retroversion may be encountered with 
previous slipped capital femoral epiphysis, proximal femoral 
malunion, or low levels of neck resection. If the neck of the 
component is in more than 15 degrees of anteversion, ante-
rior dislocation is more likely (Fig. 3.115). Conversely, ret-
roversion of the femoral component tends to make the hip 
dislocate posteriorly, especially during flexion and internal 
rotation.

Amuwa and Dorr described the concept of combined 
anteversion, in which the anteversion of the femoral compo-
nent is determined by femoral preparation first. The acetabu-
lar component is then placed and the sum of the anteversion 
of the cup and stem is determined, with the goal of 35 degrees 
total and an acceptable range of 25 to 50. Computer naviga-
tion is required to precisely determine these values.

Impingement may occur because of prominences on 
the femoral side, acetabular side, or both sides of the joint. 
Bone or cement protruding beyond the flat surface of the cup 
must be removed after the cup has been fixed in place; other-
wise, it serves as a fulcrum to dislocate the hip in the direc-
tion opposite its location. Residual osteophytes, especially 
located anteriorly, cannot be seen well on standard radio-
graphs but are easily shown by CT scan (Fig. 3.116). After a 
shallow acetabulum is deepened to provide coverage of the 
superior part of the cup, excess bone may need to be removed 
anteriorly, posteriorly, or inferiorly. If the greater trochan-
ter is enlarged or distorted because of previous surgery or as 

a result of the underlying disease process, some bone often 
must be removed from its anterior or posterior margin to pre-
vent impingement. Finally, bony impingement is much more 
likely if femoral offset has not been adequately restored. The 
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FIGURE 3.114 Anteversion of femoral component is estimated 
by comparing tibial axis with prosthetic femoral neck axis. Ninety 
degrees represents neutral anteversion. Acute angles (<90 degrees) 
are consistent with relative retroversion and obtuse angles (>90 
degrees) with increasing anteversion.

 FIGURE 3.115 Dislocation caused by malrotation of femoral 
component. Component was malrotated into 70 degrees of ante-
version. Hip dislocated anteriorly several times and was revised.

 FIGURE 3.113 Excessive inclination of acetabulum. Recurrent 
dislocation is caused by 65-degree inclination of socket. Hip dislo-
cated with adduction when patient was standing. Revision was 
required.
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use of a femoral component with enhanced offset can be very 
beneficial in this situation (see Fig. 3.9).

The ratio of the head diameter to that of the neck of the 
prosthesis is important, as smaller heads have a lower “jump-
ing distance” required for dislocation (see Fig. 3.12). Larger 
head size is a stabilizing factor reported in some series of pri-
mary and revision total hip arthroplasties. Modular femoral 
head components that have an extension, or “skirt,” to pro-
vide additional neck length reduce the head-to-neck diam-
eter ratio because the neck of the component is fitted over a 
tapered trunnion that must be of sufficient diameter (see Fig. 
3.8). The range of motion to impingement is decreased com-
pared with a shorter neck that does not use a skirt. Although 
lengthening the prosthetic neck may improve soft-tissue ten-
sion and increase offset, the range of prosthetic motion and 
ultimate stability of the hip may be diminished if the longer 
neck requires the addition of a skirted head.

Many current acetabular components have modu-
lar liners with elevations that can be rotated into a vari-
ety of positions to reorient the face of the acetabulum to a 
slight degree to provide greater coverage of the prosthetic 
head (see Fig. 3.35). Such components may improve stabil-
ity, but they may have the opposite effect if an excessively 
large elevation is used, or if it is rotated into an inappropri-
ate orientation. Careful assessment of impingement of the 
prosthetic neck on the liner elevation during trial reduc-
tion is mandatory.

Dual mobility acetabular components have their propo-
nents, especially in patients at high risk for dislocation. By 
providing an increased head-to-neck ratio without a metal-
on-metal articulation, they allow greater range of motion to 
impingement and jumping distance compared to standard 
components (see Fig. 3.35). De Martino et  al. reviewed the 
literature regarding these components and reported a 0.9% 
dislocation rate in primary arthroplasties and 1.3% in revi-
sions. Their use does involve additional modularity and the 
risk of intraprosthetic dislocation.

The adequacy of soft-tissue tension across the hip joint 
often is suggested as a cause of postoperative dislocation. In 
a series of 1318 patients, dislocation was significantly less 
frequent when cup position was appropriate and abductor 
tension was restored. Trochanteric nonunion, with resul-
tant diminished abductor tension, also is associated with an 
increased incidence of dislocation. Woo and Morrey found a 
dislocation rate of 17.6% in patients with displaced trochan-
teric nonunions compared with 2.8% when the trochanter 
healed by osseous or fibrous union without displacement.

Physical therapists, nurses, and other caregivers should 
be aware of the positions likely to cause dislocation. These 
positions may differ from patient to patient, depending on 
the surgical approach and other factors. Above all, the patient 
should be able to voice the appropriate precautions before 
discharge, and instructions should be reiterated at follow-
up office visits. Specialized devices for reaching the floor and 
dressing the feet are helpful for maintaining independence 
while avoiding extremes of positioning in the early postop-
erative period. The efficacy of postoperative hip precautions 
is debated in the literature. A recent meta-analysis including 
three randomized controlled trials concluded that very low 
quality evidence was available on this topic and could not 
recommend for or against functional restrictions after hip 
replacement.

Most dislocations occur within the first 3 months after 
surgery. The dislocation often is precipitated by malposition-
ing of the hip at a time when the patient has not yet recovered 
muscle control and strength. Late dislocations can be caused 
by progressive improvement in motion after surgery or later 
onset of spinopelvic imbalance. Impingement caused by com-
ponent malposition or retained osteophytes may not become 
manifest until extremes of motion are possible. Late disloca-
tions are more likely to become recurrent and require surgical 
intervention. Von Knoch et al. reported that 55% of late dislo-
cations were recurrent, with 61% of the recurrent dislocators 
requiring surgery.

All attending personnel, including nurses and physical 
therapists, should be aware that excessive pain, limited range 
of motion, rotational deformity, or shortening of the limb is 
suggestive of dislocation. If these symptoms are noted, radio-
graphs of the hip should be obtained. Reduction usually is 
not difficult if dislocation occurs during the early postoper-
ative period and a timely diagnosis is made. If the disloca-
tion is not discovered for more than a few hours, reduction 
may be more difficult because of additional swelling and 
muscle spasm. Intravenous sedation and analgesia often are 
sufficient, but sometimes a general anesthetic is required 
to assist with reduction of the hip. Reduction techniques 
should always be gentle to minimize damage to the articulat-
ing surfaces. The use of image intensification sometimes is 
valuable in reducing the hip. Reduction is accomplished by 
longitudinal traction and slight abduction when the head is 
at the level of the acetabulum. The Allis or Stimson maneu-
ver (see Chapter 55) also can be used. Radiographs should 
be repeated to confirm the adequacy of reduction. Modular 
polyethylene liners may dissociate from their metal backings 
when dislocation occurs, or when reduction is attempted. 
Incongruous placement of the femoral head within the metal 
backing indicates such an occurrence. Open reduction with 
replacement of the liner or revision of the acetabular compo-
nent is required (Fig. 3.117).

 FIGURE 3.116 Recurrent posterior dislocation after arthroplasty 
after fracture of acetabulum. Acetabular component had been 
placed in inadequate degree of anteversion because of deficiency 
of posterior wall. Retained anterior osteophyte (arrow) produced 
impingement in flexion and internal rotation and contributed to 
dislocation. Revision was required.
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If the components are in satisfactory position, closed 
reduction is followed by a period of bed rest. After pos-
terior dislocation, mobilization is accomplished in a pre-
fabricated abduction orthosis that maintains the hip in 20 
degrees of abduction and prevents flexion past 60 degrees. 
Immobilization for 6 weeks to 3 months has been recom-
mended. The efficacy of abduction bracing was challenged in 
a retrospective review by DeWal et al., who found no differ-
ence in the risk of subsequent dislocation between groups of 
patients treated with or without an abduction brace.

Wera et al. published a series of 75 revision THAs per-
formed for recurrent dislocation according to a proposed 
algorithmic classification. The six etiologies were:
Type I: acetabular component malposition
Type II: femoral component malposition
Type III: abductor deficiency
Type IV: impingement
Type V: late wear
Type VI: unresolved

Types I and II are treated by revision of the malposi-
tioned component(s). Abductor deficiency and those without 
known etiology for dislocation (types III and VI) are revised 
to a constrained acetabular liner or dual mobility construct. 
When impingement is the causative factor (type IV), sources 
of impingement are removed, offset is restored, and head size 
is increased. Late wear (type V) associated with instability 
requires modular head and liner exchange, including a larger 

femoral head. In their series, repeat dislocation occurred in 
14.6% of patients, with the highest risk of recurrence in those 
with abductor deficiency.

If no component malposition or source of impingement 
is identifiable, distal advancement of the greater trochanter 
was recommended by Kaplan, Thomas, and Poss to improve 
soft-tissue tension. In their series, 17 of 21 patients had no 
additional dislocations. Ekelund reported similar results.

Constrained liner designs offer higher resistance to dislo-
cation than do unconstrained components because the femo-
ral head is mechanically captured into the socket. Callaghan 
et  al. reported the best results with constrained acetabu-
lar components. They used a tripolar liner in combination 
with a new uncemented acetabular component (6% failure 
rate) or cemented into a well-fixed existing shell (7% failure 
rate). They did not report increased wear or osteolysis with 
this device. In a literature review of constrained components, 
Williams, Ragland, and Clarke found an average recurrent 
dislocation rate of 10% and an average reoperation rate for 
reasons other than instability of 4%.

If a constrained component is used, the range of motion of 
the hip is reduced, and correct positioning of the component 
is crucial to minimize impingement of the neck on the rim of 
the liner. Excessive prosthetic impingement with constrained 
components can disrupt the liner locking mechanism or lever 
the entire component out of the acetabulum if fixation is not 
rigid. Guyen, Lewallen, and Cabanela categorized the various 
modes of failure of a tripolar constrained liner in 43 patients. 
Failures occurred at the bone/implant interface (type I), at the 
liner/shell interface (type II), at the locking mechanism (type 
III), by dislocation of the inner bearing from the bipolar fem-
oral head (type IV), and as a result of infection (type V). They 
recommended the use of these devices only as a last resort 
because of their complexity and multiple modes of mechani-
cal failure.

Finally, some patients are not candidates for reconstruc-
tion. Noncompliant individuals; alcohol and drug abus-
ers; elderly, debilitated patients; and patients with several 
previous failed attempts to stop recurrent dislocation are 
best treated by removal of the components without further 
reconstruction. 

FRACTURES
Fractures of the femur or acetabulum can occur during and 
after THA. While periprosthetic femoral fractures are more 
common and often require some form of treatment, acetabu-
lar fractures probably occur more frequently than recognized. 
According to the Mayo Clinic Total Joint Registry, intraop-
erative femoral fractures occur in 1.7% of primary total hip 
arthroplasties and in 12% of revision procedures. Primary 
total hip patients at risk for intraoperative periprosthetic frac-
ture include females, elderly patients, and those treated with 
uncemented stems.

Femoral fracture is likely to occur during one of sev-
eral stages in the procedure. Fracture can occur early while 
attempting to dislocate the hip. Elderly patients and those 
with rheumatoid arthritis or disuse osteoporosis can be frac-
tured by a moderate rotational force. Cortical defects from 
previous surgery or fixation devices increase the risk further. 
If resistance is met in attempting dislocation in these patients, 
more of the capsule must be released. Osteophytes extending 
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FIGURE 3.117 Dissociation of modular polyethylene liner. 
A, After placement of metal-backed acetabular component 
with modular polyethylene liner. B, Six weeks after surgery, hip 
dislocated while patient was sitting in low chair. After reduction 
maneuver, femoral head is eccentrically located in metal backing. 
Radiolucent shadow of displaced polyethylene liner is visible in 
soft tissues inferiorly (arrows). Reoperation was required to replace 
liner.
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from the margin of the acetabulum must be resected before 
dislocation; otherwise, the femur or the posterior wall of the 
acetabulum may be fractured. In some patients with intrapel-
vic protrusion of the acetabulum, the neck should be divided 
and the head removed from the acetabulum in a piecemeal 
fashion. Complex deformities of the proximal femur also 
increase the risk of fracture, especially when the medullary 
canal is narrowed. Revision surgery carries a substantially 
higher risk of fracture than primary procedures because of 
the presence of thin cortices from implant migration and 
osteolysis.

Fractures of the femur can occur during broaching or 
insertion of the femoral component. Broaches are designed 
to crush and remove cancellous bone and do not remove cor-
tical endosteal bone safely from the diaphysis. The need to 
remove cortical bone distally can be anticipated from preop-
erative templating. A straight or flexible reamer must be used 
to remove this bone before insertion of the broach, or a major 
fracture extending into the femoral shaft may occur.

Intraoperative femoral fractures occur more commonly 
in cementless THAs. Abdel et  al. reported intraopera-
tive fractures of the proximal femur in 3.0% of cementless 
primary arthroplasties and in 19% of cementless revision 
procedures.

The Vancouver classification of periprosthetic femoral 
fractures has been altered to include intraoperative fractures 
and perforations (Fig. 3.118). Type A fractures are confined to 
the proximal metaphysis. Type B fractures involve the proxi-
mal diaphysis but can be treated with long-stem fixation. 
Type C fractures extend beyond the longest revision stem and 
may include the distal femoral metaphysis. Each type is sub-
divided into simple perforations (subtype 1), nondisplaced 
(subtype 2), or displaced (subtype 3). Treatment options 
include bone grafting, cerclage, long-stem revision, or open 
reduction and internal fixation depending on the level and 
displacement of the fracture.

If a femoral fracture occurs during cementless total 
hip surgery, it must be completely exposed to its most dis-
tal extent. This is done with the broach or actual compo-
nent in place because the fracture gap may close when the 
implant is removed, and the extent of the fracture may be 
underestimated. Once the fracture is exposed, the implant is 
removed, and cerclage wires or cables are placed around the 
femoral shaft. A trial broach one size smaller can be inserted 
in the canal to prevent overtightening and potential collapse 
or overlap of the fracture fragments. One cable should be 
placed distal to the fracture to prevent its propagation dur-
ing final component insertion. As the final component is 
reinserted, the cables come under increased tension, and 
further expansion of the fracture is prevented. There is a ten-
dency to underestimate such fractures and to regard them 
as stable. We know of no objective method for determining 
whether such fractures are in fact stable and recommend 
cerclage fixation in all cases. Prophylactic placement of cer-
clage wires should be considered when the cortex is thin or 
weakened by internal fixation devices or other stress risers. 
Cobalt chrome cables and hose clamps have the advantage 
of superior stiffness compared with other cerclage systems.

Postoperative femoral shaft fractures can occur months 
or years after surgery. Most of these injuries result from low-
energy trauma, with high-energy mechanisms reported in 

less than 10%. Larsen, Menck, and Rosenklint identified mas-
sive heterotopic bone formation around the hip as a potential 
risk factor. Decreased motion in the hip joint transfers stress 
to the femoral shaft, similar to a hip arthrodesis. Cortical 
defects, stem loosening, and osteolysis also can predispose to 
late postoperative fracture.

The treatment of periprosthetic femoral fracture depends 
primarily on the location and stability of the fracture, fixation 
of the indwelling femoral component, quality of the remain-
ing bone, and medical condition and functional demands of 
the patient. Treatment options include nonoperative man-
agement, open reduction and internal fixation of the fracture 
while leaving the stem in situ, and femoral revision with or 
without adjunctive internal fixation.

Duncan and Masri proposed a classification system for 
postoperative periprosthetic femoral fractures. It provides a 
straightforward, validated system that provides guidance in 
making treatment decisions. The factors considered include 
the location of the fracture, the fixation of the stem, and the 
quality of the remaining bone stock (Table 3.2).

Type A fractures involve the trochanteric area and are 
divided into fractures involving the lesser or greater trochan-
ter. Most type A fractures are stable and can be managed con-
servatively with a period of protected weight bearing. Greater 
trochanteric fractures with significant displacement may 
be treated with trochanteric fixation. Surgical treatment of 
lesser trochanteric fractures should be reserved for those that 
involve the medial cortex of the femur and cause instability of 
the femoral stem.

Type B fractures occur at the tip of the stem or just 
distal to it. These are the most common fractures in large 
series and the most problematic. In type B1 fractures, the 
stem remains well fixed, whereas in type B2 fractures, the 
stem is loose. In type B3 fractures, the stem is loose, and 
the proximal femur is deficient because of osteolysis, osteo-
porosis, or fracture comminution. Primary open reduction 
and internal fixation with the prosthesis left in situ is most 
appropriate for type B1 fractures in which the stem remains 
solidly fixed. Fixation must be rigid; treatment with sim-
ple cerclage wiring, bands, or isolated screws is associated 
with high failure rates. Plate fixation has evolved from the 
Ogden plate, fixed with screws distally and Parham bands 
proximally, to cable-plate systems such as the Dall-Miles 
plate, with incorporated sites for cable attachment proxi-
mally and screws distally, to locking plates using unicorti-
cal screws proximally and bicortical screws distally, placed 
with percutaneous techniques (Fig. 3.119). Biomechanical 
studies show greater mechanical stability for constructs 
with proximal and distal screw fixation in comparison with 
those fixed proximally with cables only. Allograft struts, 
used alone or in combination with plate fixation, also show 
promise in the fixation of periprosthetic femoral  fractures 
(Fig. 3.120).

If the stem is loose, as in type B2 fractures, revision with 
a long-stem femoral component is preferable. This approach 
not only restores stability to the femoral component but also 
provides reliable intramedullary fixation of the fracture. 
Current treatment of these injuries typically involves the use 
of cementless long-stem femoral components. In a series of 
118 periprosthetic femoral fractures, Springer, Berry, and 
Lewallen reported improved outcomes using extensively 
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FIGURE 3.118 Intraoperative periprosthetic fractures of femur.  (Redrawn from Greidanus NV, 
Mitchell PA, Masri BA, et al: Principles of management and results of treating the fractured femur during 
and after total hip arthroplasty, Instr Course Lect 52:309, 2003.)

porous-coated cementless femoral components. We have 
used proximally porous coated modular uncemented stems, 
distally fluted tapered stems, and extensively porous coated 
stems with good success (Fig. 3.121). Supplemental inter-
nal fixation with cerclage or onlay cortical allograft struts is 
sometimes required to restore rotational stability at the frac-
ture site. Additional bone grafting at the fracture site is rec-
ommended by most authors.

In type B3 fractures, the proximal femur is so deficient 
that it cannot be treated with open reduction and internal 
fixation or support a new femoral component. The femur 
can be reconstructed with an allograft prosthesis composite 
(see Technique 3.32) to restore bone stock. Alternatively, 
the revision can be done with a proximal femoral replace-
ment prosthesis, such as that used for tumor reconstruc-
tions (see Fig. 3.28). Distally fluted tapered stems are 
enjoying increasing popularity in treating some B3 frac-
tures (Fig. 3.122). Fracture union, implant stability, and 
some restoration of proximal femoral bone stock have been 
observed.

Type C fractures occur well below the tip of the stem 
with no stem loosening. These can be treated with internal 
fixation, leaving the femoral component undisturbed (Fig. 
3.123). As in B1 fractures, locked plates and less invasive 
techniques are gaining popularity. Areas of stress concentra-
tion between fixation devices and the femoral stem should 
be avoided.

Duncan and Haddad added type D fractures, which 
involve the femur and ipsilateral hip and knee arthroplasties 
to this classification.

These challenging injuries are treated similarly to those 
described above based on implant fixation and residual 
bone stock. With stable implants above and below and 
reasonable bone for fixation, ORIF with locking and non-
locking plates has been used (Fig. 3.124). Comminuted 
fractures with unreconstructable bone stock and/or loose 
implants may require revision surgery of the adjacent 
implant(s) with modular proximal, distal, or total femoral 
replacement prostheses.

Fracture of the acetabulum seldom occurs intraopera-
tively in primary arthroplasties, although fragile portions of 
the posterior wall can be fractured easily during revision sur-
gery. Haidukewych et al., in a review of 7121 primary total 
hip arthroplasties, found a 0.4% prevalence of intraopera-
tive acetabular fracture. All of these occurred in uncemented 
components, most commonly with a single monoblock 
elliptical design. Most of the fractures were stable, and the 
original acetabular component was retained. Components 
that were thought to be unstable were converted to a differ-
ent component that allowed supplemental screw fixation. All 
fractures united, and no revisions were necessary.

Hickerson et  al. described a periprosthetic acetabu-
lar fracture treatment algorithm based on the extent of the 
fracture and stability of the implant. Intraoperative fracture 
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treatment recommendations are based on wall or column 
involvement and cup stability. Postoperative fractures are 
similarly managed based on cup stability and fracture dis-
placement (Fig. 3.125).

We agree with the authors that if reasonable fracture sta-
bility is achieved, then an uncemented hemispherical compo-
nent with additional screw fixation should suffice. If implant 
stability is questionable despite fracture fixation, however, 
consideration should be given to the use of an antiprotrusio 
cage with proximal and distal fixation through the flanges of 
or a cup/cage construct (Fig. 3.126). (See Acetabular Revision 
section.) 

TROCHANTERIC NONUNION
Trochanteric osteotomy is seldom necessary in primary 
THA. Exceptions include some patients with congenital hip 
dysplasia, protrusio acetabuli, or conversion of an arthrod-
esis. If the femur has been shortened, distal advancement of 
the trochanter may be required to restore appropriate myo-
fascial tension to the abductor mechanism. Trochanteric 
osteotomy is also sometimes necessary for the extensile 
exposure of the acetabulum and femur required for revision 
surgery.

Avoiding nonunion of the greater trochanter requires 
careful attention to the technical details of the osteotomy and 
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 FIGURE 3.121 Type B2 femoral fracture. Loose femoral compo-
nent was revised to extensively porous coated stem. Cerclage cables 
were used to assist with fixation and restoration of rotational 
stability.

 FIGURE 3.120 Lateral plate and anterior cortical strut graft 
used for fixation of type B1 femoral fracture; cancellous allograft 
also is placed at fracture site.

 

A B

FIGURE 3.119 Type B1 femoral fracture. A, Preoperative radio-
graph shows well-fixed stem and spiral femoral fracture. B, Postop-
erative radiograph demonstrates anatomic reduction and fixation 
with lateral plate, locking and nonlocking screws, and cable.  (From 
Pike J, Davidson D, Grabuz D, et al: Principles of treatment for peripros-
thetic femoral shaft fractures around well-fixed total hip arthroplasty, J 
Am Acad Orthop Surg 17:677, 2009.)

 TABLE 3.2 

Vancouver Classification of Fractures of the Femur 
After Total Hip Arthroplasty

TYPE LOCATION SUBTYPE
A Trochanteric region AG: greater trochanter

AL: lesser trochanter
B Around or just distal 

to stem
B1: prosthesis stable
B2: prosthesis unstable
B3: bone stock inadequate

C Well below stem

From Duncan CP, Masri BA: Fracture of the femur after hip replacement, Instr 
Course Lect 44:293, 1995.

its reattachment. Factors contributing to trochanteric non-
union include a small trochanteric fragment, poor-quality 
bone, inadequate fixation, excessive abductor tension, prior 
radiation therapy, and patient noncompliance. The most sig-
nificant problems of trochanteric nonunion are related to 
proximal migration of the trochanteric fragment. Failure of 
trochanteric fixation and proximal migration are not caused 
simply by the abductors pulling the fragment off superiorly. 
Charnley proposed that anterior and posterior motion of 
the trochanter occurs first as the hip is loaded in flexion, as 
during rising from a chair or stair-climbing. This produces 
shear forces between the trochanter and its underlying bed. 
Subsequent fatigue failure of the fixation device allows proxi-
mal migration.
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The incidence of nonunion in primary surgery varies from 
approximately 3% to 8%, but revision surgery carries greater 
risk. Nonunion rates of 9% to 13% have been reported in revi-
sion surgeries using trochanteric wiring, wire plus mesh, tro-
chanteric bolt, cable-grip, and cable-plate techniques.

McCarthy et al. found that union was more likely when 
a trochanteric slide osteotomy was used, cables were placed 
circumferential to the femur rather than intramedullary, and 
good bone-to-bone apposition was achieved.

Although stable fibrous union without proximal migration 
usually produces good functional results with little pain (Fig. 
3.127), trochanteric nonunion and/or trochanteric migration 
are typically associated with gait abnormalities and worsened 
functional outcomes. According to Amstutz and Maki, migra-
tion of more than 2 cm significantly impairs abductor function 
even if union eventually occurs (Fig. 3.128).

Trochanteric nonunion also is associated with an 
increased incidence of dislocation. Woo and Morrey 
found a dislocation rate of 17.6% in patients with dis-
placed trochanteric nonunions compared with 2.8% when 
the trochanter healed by osseous or fibrous union without 
displacement.

Prominent or broken trochanteric implants often are a source 
of lateral hip pain. Injection of a local anesthetic may be help-
ful in establishing the diagnosis. Local steroid injections often 
relieve such symptoms. Removal of the hardware occasionally is 
indicated, but Bernard and Brooks found that less than 50% of 
patients obtain substantial relief from simple wire removal.

Broken trochanteric wires or cables can migrate with 
untoward effects (Fig. 3.129). Cases of delayed sciatic nerve 
symptoms associated with migrated wires impinging upon the 
nerve have been reported. Fragmentation of braided cables 
may generate a large amount of intraarticular metal debris that 
damages the articulating surfaces. Complete excision of this 
type of wire debris at revision is almost impossible, and subse-
quent revisions may be at risk for accelerated wear. Altenburg 
et al. found higher rates of acetabular wear, osteolysis, and ace-
tabular revision in patients who underwent cemented THA via 
trochanteric osteotomy repaired with braided cables in com-
parison to those who had wire fixation. They recommended 
cable removal if fretting or trochanteric nonunion occurs.

Trochanteric repair occasionally is indicated for a dis-
placed trochanteric nonunion with a painful pseudarthrosis 
or significant abductor weakness with Trendelenburg limp. 
Established pseudarthrosis is suspected if a patient has pain 
with resisted hip abduction, local tenderness to palpation, 
and relief of pain by injection of local anesthetic into the area 

 FIGURE 3.122 Type B3 femoral fracture. Femoral component 
was revised to modular tapered fluted stem. Note restoration of 
proximal bone stock and solid fracture union.  (From Mulay S, Hassan 
T, Birtwistle S, Power R: Management of types B2 and B3 femoral peripros-
thetic fractures by a tapered, fluted, and distally fixed stem, J Arthroplasty 
20:751, 2005.)

 FIGURE 3.123 Type C fracture of distal femur. Fracture was 
fixed with lateral plate using locking screws and cables.  (From 
Davidson D, Pike J, Grabuz D, et al: Intraoperative fractures during total hip 
arthroplasty. Evaluation and management, J Bone Joint Surg 90A:2000, 
2008.)
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of the pseudarthrosis. Surgery should be approached cau-
tiously, and patients should be informed that union may not 
be obtained with a second operation. Wire fixation alone has 
met with poor results; therefore, augmented techniques are 
warranted. Hodgkinson, Shelley, and Wroblewski obtained 
bony union in 81% of patients using a double crossover wire 
with a compression spring, and Hamadouche et al. reported 
successful union in 51 of 72 patients with previous trochan-
teric nonunion treated with a claw plate combined with wire 
fixation.

Careful preparation and contouring of the trochanteric 
fragment are essential to obtain maximal stability. An attempt 
must be made to place the trochanter against bone. It must 
not be reattached under excessive tension, and the hip should 
be abducted no more than 10 to 15 degrees for approxima-
tion. Autogenous bone grafting seems prudent. Weight bear-
ing and active abduction exercises are delayed until there is 
early radiographic evidence of bony union. A period of brac-
ing in abduction or spica cast application reduces tension on 
the repair.

Chin and Brick described a technique to facilitate reat-
tachment of a severely migrated greater trochanter whereby 
the abductor muscles are advanced by subperiosteal release 
from their origin on the iliac wing. Union was achieved in 
four of four patients.

If the direct lateral approach has been used, avulsion of 
the repaired abductor mechanism can occur and presents 

many of the same problems as trochanteric migration: pain, 
abductor weakness, and hip instability. A few small series of 
patients treated with late abductor tendon repair have shown 
mixed results in terms of pain relief and overall patient sat-
isfaction, probably caused by chronic degeneration of the 
abductor mechanism. Augmented repair techniques using a 
gluteus maximus muscle flap or an Achilles tendon allograft 
have shown promise in small case series. 

 

GLUTEUS MAXIMUS AND TENSOR 
FASCIA LATA TRANSFER FOR PRIMARY 
DEFICIENCY OF THE ABDUCTORS OF 
THE HIP

 TECHNIQUE 3.8 
 n  Perform a standard posterior approach to the hip through 

a skin incision that parallels the gluteus maximus in its 
middle third proximally and in line with the femur for 10 
cm distal to the greater trochanter.

 n  Split the gluteus maximus in line with its fibers in its mid-
dle third for about half the length of the muscle.

 n  Split the fascia lata longitudinally well below the distal 
extent of the TFL muscle belly.

 n  Release the anterior edge of the gluteus maximus flap 
from the fascia lata anteriorly, leaving a fascial cuff distally 
and anteriorly. Release the gluteus maximus fascia from 
the fascia lata up to the iliac crest.

 n  Make a transverse incision in the anterior gluteus maxi-
mus fascia to allow proper tensioning (Fig. 3.130A).

 n  Elevate the gluteus maximus flap off of the underlying 
remnants of the gluteus medius and minimus.

 n  Incise the distal fascia lata transversely and separate it from the 
sartorius anteriorly, leaving a cuff of fascia at least 1 cm wide.

 n  Use a half-inch osteotome to make a 4-cm long trough in 
the lateral cortex of the greater trochanter.

 n  Split the proximal vastus lateralis longitudinally.
 n  Drill holes in the edges of the trochanteric trough for later 

suture fixation.
 n  With the hip in neutral abduction, suture the gluteus max-

imus flap to the trough in the greater trochanter with No. 
5 nonabsorbable sutures (Fig. 3.130B).

 n  Transfer the fascia lata flap over the greater trochanter 
and gluteus maximus flap and suture it distally under the 
vastus lateralis.

 n  Suture the edges of the transferred flaps to each other 
with absorbable and nonabsorbable sutures.

 n  Intermittently check for appropriate tension of each flap 
by slight adduction of the hip.

 n  Close the proximal split in the gluteus maximus with ab-
sorbable sutures.

 n  Repair the anterior and posterior portions of the fascia 
lata flap with absorbable sutures to the sartorius and dis-
tal gluteus maximus, respectively (Fig. 3.130C).

 n  Postoperatively, 6 weeks of touch-down weight bearing 
is allowed with two-handed support.

 FIGURE 3.124 Interprosthetic fracture (type D) in elderly 
patient treated with locking plate, unicortical screws and cables 
proximally, bicortical screws distally.
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 n  Standing abduction exercises and full weight bearing are 
initiated at 6 weeks.

 n  Side-lying abduction exercises begin at 8 weeks, and the 
patient is allowed to use one crutch in the opposite hand. 
Further abductor strengthening and gait training begin at 
3 months postoperatively.

 n  Cane use is encouraged for a full year.
  

INFECTION
Postoperative infection is a difficult complication affecting THA. 
It is painful, disabling, costly, often requiring removal of both com-
ponents, and is associated with reported survival rates of 88.7% 
and 67.2% at one and 5 years after diagnosis. Consistent efforts at 
prevention are mandatory. Treatment of infection requires appro-
priate assessment of its chronicity and causative factors, the status 
of the wound, and the overall health of the patient.

After the introduction of modern hip arthroplasty, sep-
tic complications threatened the continued viability of the 
procedure. Charnley reported infection in 6.8% of the first 
683 procedures. The experience of Wilson et al. in the United 
States was even more ominous, with 11% of 100 arthroplas-
ties becoming infected. Advances in understanding of patient 
selection, the operating room environment, surgical tech-
nique, and the use of prophylactic antibiotics have dramati-
cally reduced the risk of this devastating complication.

Currently, approximately 1% to 2% of hip arthroplasties 
become infected. The incidence of sepsis is higher in patients with 
various comorbidities. Risk calculators are available with relative 
weightings for these medical and surgical factors (Table 3.3).

Additional risk factors include prolonged operative time 
and wound healing complications, such as necrosis of the 
skin and postoperative hematoma.

Bacterial infections can occur by one of four mecha-
nisms: (1) direct contamination of the wound at the time of 
surgery, (2) local spread of superficial wound infection in the 
early postoperative period, (3) hematogenous spread of dis-
tant bacterial colonization or infection from a separate site, 
or (4) reactivation of latent hip infection in a previously sep-
tic joint. Strict attention to surgical technique and the operat-
ing room environment is essential in preventing infection by 
direct contamination. Water-repellent gowns and drapes are 
recommended. Double gloves also are recommended to pro-
tect the patient and operating team from contamination, as 
glove puncture is common. It is especially important to han-
dle tissues gently and to minimize dead space and hematoma 
formation. The level of airborne bacteria can be reduced by 
limiting traffic through the operating room.

ANTIBIOTIC PROPHYLAXIS
Most total hip infections are caused by gram-positive organ-
isms, particularly coagulase-negative staphylococci and S. 
aureus. Although the relative percentages of infections with 
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these organisms have remained roughly stable, their virulence 
has increased. Methicillin resistance has become common in 
many medical centers, and the elaboration of glycocalyx by 
Staphylococcus and Pseudomonas is recognized as a marker for 

higher virulence. Gram-negative organisms are encountered 
more frequently in hematogenous infections, especially those 
emanating from the urinary tract. Mixed infections typically 
occur when a draining sinus has developed, with superinfec-
tion by one or more additional organisms (Table 3.4).

It is generally recognized that the most important factor 
in reducing perioperative sepsis is routine use of antibiotic 
prophylaxis. The second International Consensus Meeting 
on Musculoskeletal Infection recently made recommen-
dations regarding antibiotic prophylaxis for hip and knee 
arthroplasty. First- or second-generation cephalosporins 
such as cefazolin or cefuroxime continue to be the anti-
biotics of choice. Vancomycin is preferred in patients who 
are carriers of resistant S. aureus or who are at high risk 
for colonization with this organism. Clindamycin is rec-
ommended for patients allergic to cephalosporins (see Box 
3.2). 

CLASSIFICATION
Appropriate initial treatment of an infection depends on 
its extent and chronicity, implant stability, and the patient’s 
medical status. Although the treatment of deep infection after 
THA is typically surgical, the decision of whether to remove 
or retain the components may partially be guided by the 
chronicity of the infection. Tsukayama classified peripros-
thetic infections into four categories:
 1.  Early postoperative infection: onset within the first 

month after surgery
 2.  Late chronic infection: onset more than 1 month after 

surgery, insidious onset of symptoms
 3.  Acute hematogenous infection—onset more than 1 month 

after surgery, acute onset of symptoms in previously well-
functioning prosthesis, distant source of infection

 4.  Positive intraoperative cultures: positive cultures obtained 
at the time of revision for supposedly aseptic conditions

The classification described by Trampuz and Zimmerli 
extends the definition of an early infection to 3 months 
postoperatively. Delayed infections occur between 3 and 24 
months from the index surgery, and late infections occur after 
24 months. 

 FIGURE 3.128 Trochanteric nonunion with marked proximal 
migration and hardware failure. Revision was necessary for acetab-
ular loosening as well.

 FIGURE 3.127 Trochanteric nonunion without migration 
usually produces little pain and only mild functional limitation.

 FIGURE 3.126 Trabecular metal acetabular revision system: 
cup-cage construct. (See section on acetabular revision.)  (Courtesy 
Zimmer Biomet, Warsaw, IN.)
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A B

FIGURE 3.129 Trochanteric nonunion with wire in joint. A, Wire breakage after fixation of 
trochanteric nonunion with braided cables. B, Fragmentation of braided cables, with voluminous 
debris in vicinity of articulation (arrow).
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FIGURE 3.130 Gluteus maximus and tensor fascia lata transfer for primary deficiency of the hip 
abductors. A, Partial transverse incision in anterior portion of gluteus maximus flap. Gluteus maximus and fascia 
lata split split (a). Gluteus maximus flap released (b). Anterior edge of gluteus maximus flap released and transverse 
incision made in fascia (c). Gluteus maximus flap elevated (d). Anterior fascia lata incised to edge of sartorius.   
B, Gluteus maximus flap sutured into trough in greater trochanter. Gluteus maximus flap (a) sutured to edges 
of decorticated greater trochanter. Fascia lata extension (b) placed on cortical bone under elevated vastus 
lateralis (c). C, Fascia lata flap repaired to sartorius and distal gluteus maximus.  Tensor fascia lata (a)  transferred 
over greater trochanter and gluteus maximus flap (b). Inferior edge sutured under vastus lateralis flaps (c). (Redrawn 
from Whiteside LA: Surgical technique: gluteus maximus and tensor fascia lata transfer for primary deficit of the 
abductors of the hip, Clin Orthop Relat Res 472:645, 2014.) SEE TECHNIQUE 3.8.

DIAGNOSIS
A careful history and physical examination are crucial in mak-
ing the diagnosis of total hip infection. Although the diagnosis 
of early postoperative infection or acute hematogenous infection 
is often not difficult, late chronic infections can be challenging to 
distinguish from other causes of pain in a patient with a previous 
THA. Early or late acute infections may be characterized by pain, 
fever, or erythema. Pain unrelieved by a seemingly well-func-
tioning arthroplasty may be a clue towards chronic infection. A 

history of excessive wound drainage after the initial arthroplasty, 
multiple episodes of wound erythema, and prolonged antibiotic 
treatment by the operating surgeon also are worrisome. Physical 
examination focuses on the presence of painful hip range of 
motion, swelling, erythema, sinus formation, or fluctuance.

Often radiographs of the affected hip are normal or at 
best may be indistinguishable from aseptic loosening of the 
prosthesis. Progressive radiolucencies or periosteal reaction 
occasionally may be seen, indicating possible infection.
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Laboratory evaluation includes ESR, CRP, and D-dimer. 
Peripheral white blood cell (WBC) count is rarely elevated in late 
chronic infection and is not a sensitive screening tool. ESR greater 
than 30 mm/h and CRP greater than 10 mg/L are reasonably sensi-
tive and specific for the diagnosis of chronic infection. The thresh-
old for a positive D-dimer test has been reported to be 850 ng/mL.

Hip aspiration is warranted if the one of the three previ-
ously mentioned lab values are elevated, or if the index of sus-
picion for infection is high despite normal values. Aspiration 
should not be undertaken until at least 2 weeks after discon-
tinuation of antibiotic therapy. This is done in an outpatient 
setting with the patient under local anesthesia. Fluoroscopy 
or ultrasonography are useful for accurate insertion of the 
needle. The aspiration is done with the same attention to ster-
ile technique as a surgical procedure, with a full surgical scrub 
and preparation. Skin flora may be introduced into the cul-
tures and confuse the results, or, worse, they may be intro-
duced into the joint. An 18-gauge spinal needle is inserted 
from anterior at a point just lateral to the femoral artery along 
a line from the symphysis pubis to the ASIS (see Chapter 22). 
As an alternative, the needle is inserted laterally, just supe-
rior to the greater trochanter. The tip of the needle must enter 

the joint and must be seen and felt to come in contact with 
the metal of the neck of the femoral component. Gentle rota-
tion of the extremity helps bring fluid toward the needle if 
none is easily withdrawn after entering the joint. Aerobic 
and anaerobic cultures, and cell count with differential, are 
obtained from the aspirant. Leukocyte esterase test strip and 
alpha-defensin testing are additional synovial fluid markers 
for infection that have shown high sensitivity and specificity; 
they should be obtained if sufficient fluid is available.

The International Consensus Meeting criteria for the 
diagnosis of periprosthetic hip or knee infection include both 
preoperative and intraoperative measures (Box 3.3).

 TABLE 3.3A

Institutional Risk Calculation for Any 
Periprosthetic Joint Infection

RISK FACTOR POINTS
BMI (0.0865 × BMI2) − (5.072 

× BMI) + 74.35
Male 18
Government insurance 7
Surgical factors:

 n  THA, primary 18
 n  THA, revision 50
 n  TKA, primary 28
 n  TKA, revision 81
 n  Both THA and TKA, revision 87
 n  1 prior procedure 60
 n  2 prior procedures 87
 n  ≥3 prior procedures 100

Comorbidities:
 n  Drug abuse 62
 n  HIV/AIDS 49
 n  Coagulopathy 38
 n  Renal disease 35
 n  Psychosis 31
 n  Congestive heart failure 31
 n  Rheumatologic disease 30
 n  Deficiency anemia 19
 n  Diabetes mellitus 19
 n  Liver disease 17
 n  Smoker 10

AIDS, Acquired immunodeficiency syndrome; BMI, body mass index; HIV, 
human immunodeficiency virus; THA, total hip arthroplasty.
From Tan TL, Maltenfort MG, Chen AE, et al: Development and evaluation of a 
preoperative risk calculator for periprosthetic joint infection following total joint 
arthroplasty, J Bone Joint Surg Am 100:777, 2018.

 TABLE 3.3B

Cumulative Point Values and Corresponding 
Estimated Periprosthetic Joint Infection Rate for 
Any Periprosthetic Joint Infection

CUMULATIVE POINT VALUE ESTIMATED PJI RATE* (%)
0 0.36 (0.30-0.43)

10 0.47 (0.40-0.55)
20 0.61 (0.52-0.70)
30 0.79 (0.69-0.90)
40 1.02 (0.90-1.15)
50 1.32 (1.18-1.47)
60 1.70 (1.54-1.88)
70 2.19 (2.01-2.41)
80 2.83 (2.61-3.08)
90 3.64 (3.38-3.93)

100 4.67 (4.36-5.02)
110 5.97 (5.59-6.41)
120 7.60 (7.13-8.17)
130 9.65 (9.03-10.38)
140 12.16 (11.34-13.14)
150 15.22 (14.13-16.52)
160 18.89 (17.46-20.58)

*The 95% CI is given in parentheses.
PJI, Periprosthetic joint infection.
From Tan TL, Maltenfort MG, Chen AE, et al: Development and evaluation of a 
preoperative risk calculator for periprosthetic joint infection following total joint 
arthroplasty, J Bone Joint Surg Am 100:777, 2018.

 TABLE 3.4

Breakdown of Bacteria Found in Infected 
Arthroplasties

UNITED 
STATES

UNITED 
KINGDOM AUSTRALIA

S. aureus 35 29 40
Coag (-) staph 31 36 13
Streptococci 11 7 3
Enterococci 7 9 1.5
Gram negative 5 12 5
Other 11 7 37

Data from Fulkerson E, Valle CJ, Wise B, et al: Antibiotic susceptibility of bacteria 
infecting total joint arthroplasty sites, J Bone Joint Surg 88:1231–7, 2006; Peel TN, 
Cheng AC, Choong PF, Buising KL: Early onset prosthetic hip and knee joint infec-
tion: treatment and outcomes in Victoria, Australia, J Hosp Infect 82:248–253, 2012.
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Major criteria (diagnostic of infection if at least one is present)
 n  Two positive periprosthetic cultures with phenotypi-

cally identical organisms
 n  A sinus track communicating with the joint or visual-

ization of the prosthesis
Minor criteria
 n  Elevated serum CRP or D-dimer
 n  Elevated ESR
 n  Elevated synovial fluid WBC count or ++change on 

leukocyte esterase test strip or positive alpha-defensin
 n  Elevated synovial fluid polymorphonuclear neutrophil 

percentage (PMN%)
 n  Positive histologic analysis of periprosthetic tissue
 n  A single positive culture
 n  Positive intraoperative purulence 

MANAGEMENT
The treatment of infected THA consists of one or more of the 
following:
 1.  Antibiotic therapy
 2.  Debridement and irrigation of the hip with component 

retention
 3.  Debridement and irrigation of the hip with component 

removal
 4.  One-stage or two-stage reimplantation of THA
 5.  Amputation

Management choices are made based on the chronicity 
of the infection, the virulence of the offending organism(s), 
the status of the wound and surrounding soft tissues, and the 
physiologic status of the patient.

EARLY POSTOPERATIVE INFECTION
Early infections may range in severity from superficial cellu-
litis that can be managed with antibiotics alone to deep infec-
tions that require surgical management. Superficial infections 
causing wound dehiscence or purulent drainage and infec-
tions associated with wound necrosis or infected hematoma 
often require surgical debridement. Thorough inspection 
should be made for subfascial extension of the infection, 
which requires a more extensive procedure.

If an infection is thought to be superficial, preoperatively 
the joint is not aspirated to avoid contaminating it. Once medi-
cal comorbidities are optimized, arrangements are made to 
take the patient to the operating room, and the hip is prepared 
and draped in the routine manner. The previous skin incision 
and surgical approach are used. The wound is opened down to 
the deep fascia, and the structures are examined carefully to 
determine whether the infection extends beneath it and into 
the hip joint. If this fascial layer was closed carefully at the time 
of surgery, it may have acted as a barrier and prevented exten-
sion of the infection into the deeper tissues. If there is any ques-
tion at the time of surgery as to whether the infection is deep, 
it is wiser to insert a needle into the hip joint to determine the 
presence or absence of a deep infection than to risk not drain-
ing an infected joint. If the infection is superficial, the wound 
is thoroughly irrigated with large quantities of a physiologic 
solution or an aqueous iodophor solution, and all necrotic 
subcutaneous tissue and skin are excised. The skin edges are 
approximated with interrupted monofilament sutures.

If the infection extends to the hip joint, the wound is thor-
oughly debrided and irrigated. The hip must be dislocated to 
perform this procedure thoroughly, and if modular compo-
nents have been implanted, the liner and femoral head are 
exchanged to limit the number of previously contaminated 

Proposed 2018 International Consensus Meeting Criteria for Periprosthetic Joint Infection

MAJOR CRITERIA (AT LEAST ONE OF THE FOLLOWING) DECISION

Two positive growths of the same organism using standard culture methods Infected
Sinus track with evidence of communication to the joint or visualization of the prosthesis Infected

Minor Criteria

THRESHOLD

Score DecisionAcute Chronic

Serum CRP (mg/L)
 or 
D-dimer (μg/L)

100

Unknown

10

860
2

Combined preoperative 
and postoperative 
score: ≥6 Infected 
3-5 Inconclusive 
<3 Not infected

Elevated serum ESR (mm/h) No role 30 1

Elevated synovial WBC (cells/μL) 
or 
Leukocyte esterase

10,000

++

3000

++ 3
Positive alpha-defensin (signal/cutoff) 1.0 1.0
Elevated synovial PMN (%) 90 70 2
Single positive culture 2
Positive histology 3

Positive interoperative purulence 3

 

 BOX 3.3 

   
  
  

   

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cells; PMN, polymorphonuclear neutrophils.
From Shobat N, Bauer T, Buttaro M, et al: Hip and knee section, What is the definition of a periprosthetic joint infection (PJI) of the knee and the hip? Can the 
same criteria be used for both joints? Proceedings of International Consensus on Orthopedic Infections, J Arthroplasty 34:S325, 2019.
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foreign bodies and allow for more thorough debridement. 
Implants should be tested carefully for stability and should be 
left in situ only if there is no evidence of loosening. Cultures 
of joint fluid or other fluid collections encountered along with 
tissue cultures from the superficial, deep, and periprosthetic 
layers are sent for analysis of the offending organism and anti-
biotic sensitivities. The appropriate antibiotic, as determined 
by the cultures and sensitivity tests, is given intravenously 
most commonly for 6 weeks, preferably under the direction 
of an infectious disease consultant. Continued oral antibiotic 
therapy for suppression may be considered in patients unable 
to tolerate further surgical procedures.

Success rates for patients with early postoperative or 
acute hematogenous infections treated with debridement, 
irrigation, and implant retention range from 20% to 100%. 
The KLIC and CRIME80 scoring systems are available to esti-
mate the chance of success with debridement and component 
retention in these settings (Fig. 3.131). 

LATE CHRONIC INFECTION
Surgical debridement and component removal are required 
for late chronic infection if eradication of the infection is to 
be reasonably expected. Poor results are documented after 
debridement and component retention in patients with late 
chronic infections.

The joint is approached through the previous inci-
sion. Narrow skin bridges between previous scars should be 
avoided to minimize the risk of marginal wound necrosis. 
Sinus tracks are debrided, and previously placed nonabsorb-
able sutures and trochanteric implants are removed. The hip 
is dislocated, and all infected and necrotic material is excised. 
Joint fluid and tissue specimens from the acetabular and fem-
oral regions are sent for cultures for a total of at least three 
specimens. Intraoperative Gram stains are not helpful at this 
stage because of poor sensitivity. The femoral and acetabu-
lar components and any other foreign material, including 
cement, cement restrictors, cables, or wires, are removed to 

eliminate all surfaces that could harbor bacteria (see section 
on revision of THA). One possible exception to the recom-
mended complete removal of implants is a well-fixed compo-
nent whose removal would cause significant bone loss.

After all cultures are taken, the joint is irrigated copiously 
with saline or dilute povidone-iodine solution using pulsatile 
lavage. After irrigation, the joint should be carefully inspected 
again for retained foreign bodies or infected or necrotic tis-
sue. Intraoperative radiographic or image intensifier inspec-
tion is indicated if complete implant removal is in doubt. If 
this inspection proves satisfactory, the fascia is closed with a 
running, absorbable, monofilament suture, and the skin is 
closed with interrupted nonabsorbable monofilament sutures. 
Antibiotic-impregnated methacrylate beads and temporary 
articulating antibiotic spacers are discussed in the section on 
reimplantation after infection. 

ACUTE HEMATOGENOUS INFECTION
Some patients have no history suggestive of perioperative 
sepsis, yet the hip becomes acutely painful long after the 
index operation. In these instances, the infection may have 
been caused by hematogenous spread from a remote site of 
infection or from transient bacteremia caused by an inva-
sive procedure. Patients with total hip arthroplasties should 
be advised to request antibiotic management immediately if 
they have a pyogenic infection, and they must be observed 
carefully for any evidence of hip infection.

Transient bacteremia occurs after dental procedures, 
including simple cleaning; however, the role of antibiotic 
prophylaxis in this setting has been questioned. In 2012, the 
AAOS and American Dental Association published recom-
mendations for antibiotic prophylaxis for patients with total 
joint arthroplasties undergoing dental procedures.
 1.  The practitioner might consider discontinuing the practice 

of routinely prescribing prophylactic antibiotics for patients 
with hip and knee prosthetic joint implants undergoing den-
tal procedures. Grade of Recommendation: Limited
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FIGURE 3.131 KLIC and CRIME80 scoring systems estimate failure rates for debridement and 
component retention in the early postoperative and acute hematogenous settings, respectively.  
(From Argenson JN, Arndt M, Babis G, et al: Hip and knee section, treatment, debridement and retention of 
implant: Proceedings of International Consensus on Orthopedic Infections, J Arthroplasty 334:S399, 2019.)
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 2.  We are unable to recommend for or against the use of top-
ical oral antimicrobials in patients with prosthetic joint 
implants or other orthopaedic implants undergoing den-
tal procedures. Grade of Recommendation: Inconclusive

 3.  In the absence of reliable evidence linking poor oral 
health to prosthetic joint infection, it is the opinion of the 
work group that patients with prosthetic joint implants 
or other orthopaedic implants maintain appropriate oral 
hygiene. Grade of Recommendation: Consensus
Pain on weight bearing, with motion of the hip, and at rest is 

the chief symptom of acute hematogenous infection. The patient 
may be febrile and have an elevated peripheral WBC count; 
the ESR and CRP level also usually are elevated. The diagno-
sis usually can be established by aspirating the hip and obtain-
ing appropriate studies as previously described. While reports 
on cultures are being completed, broad-spectrum antibiotics 
effective against gram-positive and gram-negative organisms 
are administered intravenously. If acute hematogenous infec-
tion is confirmed, debridement and component retention may 
be attempted as in early postoperative infection. The acceptable 
amount of time between onset of symptoms and debridement is 
controversial, ranging from 5 days to 3 months. Other factors, 
such as the virulence of the infecting organism, medical status 
of the patient, and overall quality and integrity of the surround-
ing soft tissues, also must be considered. Alternatively, some 
authors have pursued a more aggressive approach to patients 
with acute hematogenous infection by complete removal of 
components and immediate reimplantation with primary 
cementless components. Hansen et  al. treated 27 patients in 
this manner, along with 6 weeks of intravenous antibiotics and 
varying courses of oral antibiotics; 70% retained their implants 
although repeat debridement was required in four. Regardless 
of the timing of the infection and other variables, if the pros-
thesis is loose, debridement should be combined with complete 
component removal as for late chronic infection. 

RECONSTRUCTION AFTER INFECTION
The results of modified Girdlestone resection arthroplasty after 
a total hip replacement in general are not as satisfactory as the 
results after hip joint infections that have required less bone 
and soft-tissue resection. Almost all patients require some 
sort of assistive device to walk. Functional outcomes are poor 
in elderly patients, females, and patients with more extensive 
resection of bone from the proximal femur. Most patients are 
unwilling to live with the constraints of a resection arthroplasty 
and will elect to undergo reimplantation of their prosthesis.

Reconstruction after infection of a THA is problem-
atic. The functional impairment of the patient, the infecting 
organism(s), the adequacy of debridement, and evidence of 
control of local and distant sites of infection all are factors in 
the decision to implant a new prosthesis.

Another dilemma involves the decision to proceed with 
reimplantation of the hip prosthesis at the time of the initial 
debridement, so-called one-stage exchange, or to wait to reim-
plant the arthroplasty at a second operation. Two-stage or 
delayed reimplantation, commonly done in North America for 
chronic infections, is advantageous for a number of reasons: 
(1) the adequacy of debridement is ensured because repeat 
debridement of soft tissues, necrotic bone, and retained cement 
can be done before reimplantation; (2) the infecting organisms 
are identified, their sensitivities are determined, and appropri-
ate antibiotic management is instituted for a prolonged period 

before reimplantation; (3) diagnostic evaluation for foci of 
persistent infection can be done; (4) distant sites of infection 
responsible for hematogenous spread can be eradicated; and 
(5) an informed decision can be made as to whether the degree 
of disability from the resection arthroplasty would justify the 
risks inherent in the implantation of another prosthesis. The 
disadvantages of a two-stage reconstruction include (1) the 
prolonged period of disability, (2) the sizable cost, including 
lost wages, (3) delayed rehabilitation, and (4) technical diffi-
culty of the procedure owing to shortening and scarring.

According to the International Consensus on 
Musculoskeletal Infection, one-stage exchange is reasonable 
when effective antibiotics are available and systemic symp-
toms of sepsis are absent. Other relative contraindications to 
single-stage treatment include lack of preoperative identifica-
tion of the infecting organism, patients with multiple medi-
cal comorbidities, presence of sinus track(s), and soft-tissue 
compromise possibly requiring flap coverage. The commit-
tee also recognized the importance of antibiotic-containing 
cement or bone graft in the reconstruction to achieve suc-
cess. Conversely, two-stage exchange arthroplasty is indicated 
for septic or medically compromised patients, unidentified 
organisms, virulent/drug-resistant bacteria, sinus tracts, and 
compromised surrounding soft tissues.

Delayed reconstruction is associated with lower rates of 
recurrent infection in most studies. In a review of 168 patients 
treated with two-stage exchange, infection-free survival was 
87.5% at 7 years average follow-up. Femoral component 
fixation method, with or without cement, had no effect on 
reinfection or mechanical complication rates. The decision 
regarding cemented or cementless reimplantation should be 
guided by the available femoral bone stock and the physio-
logic age and expected longevity of the patient, in addition to 
the reported infection cure rates with each technique. Two-
stage exchange does carry a significant risk of mortality. An 
administrative database study of over 10,000 patients treated 
with prosthesis removal and spacer placement found 90-day 
mortality rate to be 2.6%, significantly higher than carotid 
endarterectomy, prostatectomy, and kidney transplantation.

Duncan and Beauchamp described a technique of two-
stage reimplantation in which a prosthesis of antibiotic-
loaded acrylic cement (PROSTALAC) is implanted at the 
time of the initial debridement. The prosthesis is constructed 
intraoperatively by molding antibiotic-laden cement around 
a simplistic femoral component and an all-polyethylene 
acetabular component. The custom-made components are 
implanted with an interference fit without any attempt to 
achieve cement intrusion, simplifying extraction during the 
second stage. In the interim, the articulated spacer maintains 
leg length and improves control of the limb and mobilization. 
At 10- to 15-year follow-up, Biring et  al. reported an over-
all 89% success rate with the PROSTALAC technique. Others 
have described similar interval spacers of various types, with 
77% to 100% eradication of the infection reported (Fig. 3.132). 
Complications other than recurrent or persistent infection 
include dislocation or fracture of the interval prosthesis.

The optimal timing for reimplantation of another pros-
thesis has not been determined. Numerous authors have 
reported series of patients in whom reimplantation was 
undertaken in periods of less than 1 year, with an incidence 
of recurrent infection similar to that in patients in whom 
reconstruction was delayed further. Currently, we continue 
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parenteral antibiotics for 6 weeks. Reconstruction is per-
formed at approximately 3 months if the ESR and CRP are 
improving, and repeat aspiration of the hip (if performed 
because of concern of persistent infection) is negative.

Reimplantation of a total hip can be difficult because of exten-
sive scarring of the soft tissues and disuse osteoporosis. Restoration 
of limb length and full motion of the hip may not be achieved, and 
dislocation after surgery is not uncommon. The sciatic nerve may 
be encased in scar tissue near the posterior margin of the acetabu-
lum and should be protected. Complete capsulectomy, along with 
release of the iliopsoas and gluteus maximus tendons may be nec-
essary to reduce the hip. The superior margin of the acetabulum 
may be deficient, and augmentation in this area may be required. 
The bone usually is soft, and the acetabular bed can be prepared 
easily, but care must be taken not to penetrate the medial wall of 
the acetabulum. If the anterior or posterior wall is thin, it may 
be fractured if an oversized acetabular component is press-fitted 
into place. The femoral canal must be prepared carefully to avoid 
fracture or penetration of the cortex. Placement of one or more 
prophylactic cerclage wires helps prevent shaft fracture. Before 
the femoral component is permanently seated, a trial reduction of 
the hip is absolutely necessary. Using a femoral component with a 
short neck or shortening the femur by removing more bone from 
the neck may be necessary before the hip can be reduced.

Aerobic and anaerobic tissue cultures are taken from at 
least three sites, along with tissue specimens for histologic 
examination. If eradication of the infection is in doubt, fro-
zen sections of tissue can be examined by the pathologist for 
evidence of residual inflammatory change. If large numbers 
of polymorphonuclear cells are present (10/high-power field), 
the hip is debrided again, and reimplantation is delayed. If cul-
tures taken at the time of surgery are positive, the appropriate 
antibiotics are continued, although the optimal duration and 
method of administration are unknown in this setting.

Recurrence of infection after two-stage reimplantation of an 
infected total hip is a particularly difficult situation and seldom 
results in a satisfactory outcome. Repeated two-stage exchange 
can be attempted if the infection is controlled after the first stage, 
the patient is able to tolerate subsequent surgery, and adequate 
soft tissues are available for coverage. A 36% to 40% success rate 
has been reported in these circumstances. Resection arthroplasty 
is more effective in resolving the infection but is associated with 
poor function and residual pain (Fig. 3.133).

Treatment of the infection takes precedence over reconstruc-
tion of the hip. In rare cases, disarticulation of the hip may be 
indicated as a lifesaving measure because of uncontrollable infec-
tion, severe soft-tissue compromise, or vascular complications. 
This drastic procedure should be considered in the presence of a 
persistent, painful, untreatable infection that is debilitating to the 
patient and a limb that hinders walking and sitting. 

LOOSENING
Femoral and acetabular loosening are some of the most seri-
ous long-term complications of THA and commonly lead to 
revision. (The treatment of component loosening is discussed 
in the section on revision of THA.) In all patients suspected of 
having loosening of one or both components, the possibility 
of infection must be considered. In this section, noninfected 
(aseptic) loosening is discussed (loosening as a result of sepsis 
is discussed in the section on infection).

Criteria for the diagnosis of loosening of either the femoral 
or acetabular component have not been universally accepted. This 
complicates the comparison of available studies in the literature 
of loosening and long-term performance of THA. Some studies 
define failure as radiographic evidence of loosening despite contin-
ued satisfactory clinical performance. Others stress survivorship 
and define the end point as revision or removal of the prosthesis.

At each postoperative visit, radiographs should be 
inspected for changes in the components, the cement 
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FIGURE 3.133 A and B, Elderly, minimally ambulatory man with 
infected total hip arthroplasty and draining sinuses. Treatment with 
resection arthroplasty and intravenous antibiotics was successful.

 FIGURE 3.132 Prosthesis of antibiotic loaded acrylic cement 
(PROSALAC) after original component removal, debridement, and 
irrigation.
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(if present), the bone, and the interfaces between them. 
Anteroposterior and lateral radiographs must include the 
entire length of the stem and must be inspected carefully and 
compared with previous films for changes. It is helpful to 
record the specific zones around acetabular and femoral com-
ponents in which changes develop (Fig. 3.134). The femoral 
component and associated interfaces are divided into seven 
zones, as described by Gruen et  al. The acetabular compo-
nent and surrounding bone are divided into three zones, as 
described by DeLee and Charnley.

FEMORAL LOOSENING
To compare radiographs made at various intervals after surgery, 
standardized technique and positioning of the limb should be 
used. Albert et al. found apparent changes in the position of the 
femoral component with 10 degrees of rotation of the extrem-
ity. Such changes may be interpreted incorrectly as component 
migration or mask real changes in component position.

CEMENTED FEMORAL COMPONENTS
Following is a list of changes in the stem and the 
cement around it suggestive of loosening of the femoral 
component.
 1.  Radiolucency between the superolateral one third of the 

stem (Gruen zone 1) and the adjacent cement mantle, 
indicating debonding of the stem from the cement and 
possible early stem deformation

 2.  Radiolucency between the cement mantle and surround-
ing bone

 3.  Subsidence of the stem alone or in combination with the 
surrounding cement mantle

 4.  Change of the femoral stem into a more varus position
 5.  Fragmentation of the cement, especially between the 

superomedial aspect of the stem and the femoral neck 
(Gruen zone 7)

 6.  Fracture of the cement mantle, most commonly near the 
tip of the stem (Gruen zone 4)

 7.  Deformation of the stem
 8.  Fracture of the stem

Harris, McCarthy, and O’Neill defined femoral compo-
nent loosening radiographically in three gradations: defi-
nite loosening, when there is migration of the component or 
cement; probable loosening, when a complete radiolucency 
is noted around the cement mantle; and possible loosening, 
when an incomplete radiolucency surrounding more than 
50% of the cement is seen.

Subsidence may not be appreciated unless the relation-
ship of the stem and cement mantle to the proximal femur 
is carefully evaluated with serial radiographs. The stem may 
subside in the cement, in which case there usually is a fracture 
of the cement near the tip of the stem, or the entire cement 
mantle and stem may subside. Subsidence may be quanti-
fied by measuring the distance between a fixed point on the 
stem and another radiographic landmark, such as a trochan-
teric wire or cable or a bony prominence such as the lesser or 
greater trochanter.

The following are technical problems that contribute to 
stem loosening:
 1.  Failure to remove the soft cancellous bone from the 

medial surface of the femoral neck; consequently, the col-
umn of cement does not rest on dense cancellous or corti-
cal bone and support the stem. The cement is subjected to 
greater forces and fractures more easily.

 2.  Failure to provide a cement mantle of adequate thick-
ness around the entire stem; a thin column cracks eas-
ily. The tip of the stem should be supported by a plug of 
cement because this part of the stem is subjected to axial 
loading.

 3.  Removal of all trabecular bone from the canal, leaving a 
smooth surface with no capacity for cement intrusion or 
failure to roughen areas of smooth neocortex that sur-
rounded previous implants.

 4.  Inadequate quantity of cement and failure to keep the 
bolus of cement intact to avoid lamination.

 5.  Failure to pressurize the cement, resulting in inadequate 
flow of cement into the interstices of the bone.

 6.  Failure to prevent stem motion while the cement is 
hardening.

 7.  Failure to position the component in a neutral alignment 
(centralized) within the femoral canal.

 8.  The presence of voids in the cement as a result of poor 
mixing or injecting technique.
Barrack, Mulroy, and Harris described a grading system 

for the femoral component cement mantle. Complete filling 
of the medullary canal without radiolucencies (“white-out”) 
is termed grade A. Slight radiolucency at the bone-cement 
interface (<50%) is grade B. Lucency surrounding 50% to 
99% of the interface or any cement mantle defect constitutes 
grade C. Complete lucency on any projection or a defect of 
the mantle at the tip of the stem is considered grade D. Grade 
C and D mantles have been associated with increased risk 
of loosening, as reported by Malik et al. and Chambers et al. 
(Fig. 3.135). 

CEMENTLESS FEMORAL COMPONENTS
Engh et al. proposed a simple classification system for unce-
mented femoral component fixation based on radiographic 
inspection. Fixation is classified as (1) bone ingrowth, (2) sta-
ble fibrous fixation, or (3) unstable.
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FIGURE 3.134 Zones around cement mass in femur (A), as 
described by Gruen, and in pelvis (B), as described by DeLee and 
Charnley.  (Redrawn from Amstutz HC, Smith RK: Total hip replacement 
following failed femoral hemiarthroplasty, J Bone Joint Surg 61A:1161, 
1979.)
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Fixation by bone ingrowth is defined as an implant 
with no subsidence and minimal or no radiopaque line 
formation around the stem. Most of the bone-implant 
interface seems stable. Cortical hypertrophy may be 
present at the distal end of the porous surface, and “spot 
welds” may be evident between the stem and endosteum. 
Variable degrees of proximal stress shielding can be seen 
(Fig. 3.136).

An implant is considered to have stable fibrous 
ingrowth when no progressive migration occurs, but an 

extensive radiopaque line forms around the stem. These 
lines surround the stem in parallel fashion and are sepa-
rated from the stem by a radiolucent space 1 mm wide. The 
femoral cortex shows no signs of local hypertrophy, sug-
gesting that the surrounding shell of bone has a uniform 
load-carrying function.

An unstable implant is defined as one with definite evi-
dence of progressive subsidence or migration within the 
canal and is at least partially surrounded by divergent radi-
opaque lines that are more widely separated from the stem 
at its extremities. Increased cortical density and thickening 
typically occur beneath the collar (if present) and at the end 
of the stem, indicating regions of local loading and lack of 
uniform stress transfer (Fig. 3.137).

Subsidence of a cementless femoral component early 
in the postoperative course may allow the stem to attain 
a more stable position within the femoral canal. Bone 
ingrowth may still occur, and early subsidence is still com-
patible with durable implant fixation. Subsidence seen 
months or years after surgery implies that the implant fix-
ation is unstable. A bony pedestal often develops in zone 
4 at the stem tip and is evidence of pistoning of the stem 
(Fig. 3.138). The determination of small amounts of subsid-
ence is difficult because of differences in magnification and 
positioning on serial films and stress-related rounding and 
atrophy of the calcar.

Separation of metallic beads from the substrate mate-
rial may occur as the stem is impacted into position, and 
loose beads may be identified on immediate postoperative 

 FIGURE 3.136 Cementless stem with bone ingrowth. No radio-
lucent lines are present. Trabeculae directed toward porous surface 
indicate stable fixation. Note calcar atrophy.

 FIGURE 3.137 Unstable cementless stem. Stem has subsided 
over time. Radiolucencies surround entire stem, revealing lack of 
bone ingrowth.
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FIGURE 3.135 A, Postoperative radiograph shows excellent 
cement distribution (“white out”). B, Postoperative radiograph 
shows slight radiolucencies at cement-bone interface.  (From Barrack 
RL, Mulroy RD, Harris WH: Improved cementing techniques and femoral 
component loosening in young patients with hip arthroplasty: a 12-year 
radiographic review, J Bone Joint Surg 74B:385, 1992. Copyright British 
Editorial Society of Bone and Joint Surgery.)
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 FIGURE 3.138 Formation of bony pedestal. Three years after 
cementless femoral revision, formation of bony pedestal at tip of 
stem indicates pistoning.

radiographs. If bead shedding is progressive on serial radio-
graphs, it may indicate micromotion at the bone-implant 
interface. 

ACETABULAR LOOSENING
Serial radiographs should be inspected for changes in the ace-
tabular bone, the component itself, and the three zones of the 
bone-implant interface (see Fig. 3.134).

CEMENTED ACETABULAR COMPONENTS
Changes in the pelvis and acetabular component that can be 
observed in serial radiographs include the following:
 1.  Absorption of bone from around part or all of the cement 

mantle and an increase in the width of the area of absorp-
tion, which is especially significant if more than 2 mm 
wide and progressive 6 months or more after surgery.

 2.  Cephalad translation combined with sagittal plane rota-
tion, which correlates highly with aseptic loosening.

 3.  Wear of the cup, as indicated by a decrease in the distance 
between the surface of the head and the periphery of the 
cup.

 4.  Fracture of the cup and cement (both rare).
 5.  A radiolucency 2 mm wide with or without a surround-

ing fine line of density, which may develop in one or more 
of the three zones around the cement mass in the pelvis 
(see Fig. 3.134). As in the femur, this is produced by the 
dense, fibrous membrane that forms around the surface 
of the cement and the surrounding shell of reactive bone.
Although femoral loosening commonly occurs at the 

stem-cement interface, acetabular loosening rarely occurs 
at the cup-cement interface. In autopsy-retrieved speci-
mens, Schmalzried et al. determined that acetabular loosen-
ing occurs by three-dimensional resorption of bone adjacent 

to the cement mantle. The process is initiated at the periph-
ery of the cup and progresses toward the dome. This finding 
explains the frequent appearance of early radiolucencies at the 
periphery of the implant that later involve all three zones. The 
mechanical stability of the implant is determined by the over-
all degree of bone resorption at the cement-bone interface.

Technical problems encountered during surgery that may 
result in loosening of the cup include the following:
 1.  Inadequate support of the cup by the surrounding 

bone and cement, especially superiorly and posteriorly, 
because bone stock is insufficient, or the acetabulum is 
not reamed deeply enough. The entire cement mantle and 
the cup may rotate and be extruded from the pelvis if the 
acetabulum is not deep enough, or if the posterior wall is 
deficient. The cup may migrate medially into the pelvis 
if the bone on the medial wall of the acetabulum is inad-
equate, or if it is reamed too much or fractured during the 
preparation of the acetabulum.

 2.  Failure to remove all of the cartilage, loose bone frag-
ments, fibrous tissue, and blood, and failure to make a 
sufficient number of holes in the acetabulum so that the 
surface is irregular enough to secure a good cement-bone 
bond.

 3.  Failure to pressurize the cement adequately to obtain 
an optimal cement-bone bond. It is more difficult to 
pressurize cement in the acetabulum than in the femur 
because the cement tends to leak out of the acetabulum. 
Mechanical devices are available to pressurize cement, 
and cups with flanges tend to pressurize the cement more 
adequately.

 4.  Failure to distribute the cement around the entire outer 
surface of the cup, which may occur if the cup is pressed 
too firmly into the acetabulum while the cement is still 
doughy, or if the amount of cement is insufficient, so that 
part of the cup is in direct contact with bone. This can be 
prevented by using spacers or pods fixed to the surface of 
the cup.

 5.  Movement of the cup or cement mantle while the cement 
is hardening, which may occur while removing the posi-
tioning device.

 6.  Movement of a relatively undersized cup while it is held 
in a large cement mantle within the acetabulum. A small-
diameter cup would not pressurize the cement adequately 
in this situation.

 7.  Malpositioning of the cup, so that the neck of the fem-
oral component impinges on the margin of the socket, 
transferring excessive force to the cup. Impingement may 
occur while the hip is being flexed if the cup is relatively 
horizontal and not anteverted.
It is generally agreed that the acetabular component is 

loose if a radiolucency of 2 mm or more in width is present in 
all three zones. The significance of partial acetabular lucencies 
is determined by their width and the presence or absence of 
associated symptoms. Hodgkinson, Shelley, and Wroblewski 
correlated the extent of radiolucencies at the bone-cement 
interface with intraoperative assessment of loosening of the 
socket; 94% of sockets with demarcation in all three zones 
were loose at revision. When two zones of the bone-cement 
interface showed radiolucency, 71% were loose, and only 7% 
were unstable when demarcation was present only in one zone. 
The extent of radiolucent line formation was more important 
than the width of the lucency in determining loosening.
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A change in the position of the cup in inclination, ante-
version, or retroversion, as seen on the anteroposterior radio-
graph, is definite evidence of loosening (Fig. 3.139). Because 
of the difficulty in obtaining serial comparable radiographic 
views, however, a change in the position of the cup is some-
times difficult to verify. Using a consistent bony landmark 
such as the acetabular teardrop may be helpful. 

CEMENTLESS ACETABULAR COMPONENTS
Radiographic criteria for loosening of cementless acetabular 
components are similar to those for uncemented femoral fix-
ation. Engh, Griffin, and Marx classified these components as 
stable, probably unstable when progressive radiolucencies are 
present, and definitely unstable when measurable migration 
occurs. Loosening of cementless, porous-coated acetabular 
components is an uncommon finding with follow-up of 10 
years. Most series report variable incidences of radiolucen-
cies around porous acetabular components, although the sig-
nificance of these findings remains to be determined. Leopold 
et  al. found nonprogressive radiolucencies in one or more 
zones in more than 50% of revision acetabular components 
that were performing well clinically.

Other types of cementless acetabular components have 
been less successful. Threaded components and some hydroxy-
apatite-coated, nonporous components had excessively high 
early failure rates. These implants typically show migration on 
serial radiographs, although they form narrower radiolucen-
cies than loose cemented acetabular components (Fig. 3.140). 

DIAGNOSIS
Establishing whether symptoms are the result of loosening or 
some other process can be problematic. In many instances, it 
is difficult to determine whether a radiolucent area around 
the cement mantle of the femur or acetabulum represents a 
nonprogressive finding, loosening, or infection. Often asep-
tic loosening can be verified only by observing a patient over 

time to determine whether symptoms develop and whether 
radiographs show progressive changes. Some radiographic 
evidence of loosening most often appears before the onset 
of symptoms. Careful review of previous radiographs of a 
patient with symptoms often reveals changes that may have 
been overlooked or were thought to be insignificant when the 
patient was asymptomatic.

Loosening usually produces pain on weight bearing, 
which may be present in the thigh or groin. So-called “start-
up” pain refers to pain that is worst with the first few steps 
and improves to some degree with further ambulation. This 
pain suggests a loose implant that moves but settles into a 
relatively stable position with weight bearing. Usually the 
pain is relieved by rest and aggravated by rotation of the hip. 
An antalgic gait may develop, and sometimes a patient vol-
unteers that the limb is becoming shorter and increasingly 
externally rotated. Although most patients with loosening 
have an asymptomatic period postoperatively, some com-
plain of pain from the time of surgery. Early postoperative 
pain should suggest that an infection has developed, that 
one or both components was not fixed securely, or that the 
pain is referred from a source extraneous to the hip joint.

The diagnosis of loosening is accepted in most instances 
if progressive radiolucency or implant migration occurs, and 
a patient has symptoms on weight bearing and motion that 
are relieved by rest. If a patient is asymptomatic, making the 
diagnosis of loosening is less urgent, unless a considerable 
amount of bone has been destroyed. If destruction of bone 
is progressive, even if symptoms are absent, revision usu-
ally is indicated because with delay, additional bone may be 
lost, making revision much more difficult and the results less 
satisfactory.

Migration of a component can be shown by placing small 
metal markers in the bone adjacent to the femoral and ace-
tabular components and subsequently making radiographs 
in two planes. This roentgen stereophotogrammetric analysis 
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FIGURE 3.139 Change in position of cemented cup in a 59-year-old woman. A, Immediately 
after surgery. B, Seven years later, pain developed. Complete radiolucency has developed, and 
cup has migrated proximally and become more horizontal. Change in position of cup is definite 
evidence of loosening.
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(RSA) method requires computer software for interpretation 
of the data and is highly sensitive to small changes in implant 
position. It can be used to predict early failure but is not prac-
tical for routine clinical use. 

OSTEOLYSIS
Osteolysis has been reported in association with numerous 
loose and well-fixed cemented and cementless components 
of several designs. Although increased fluid pressure and 
implant motion may play a role, the final pathway is effected 
by the host response to particulate debris of all types. It is now 
recognized that particles of metal, cement, and polyethylene 
can produce periprosthetic osteolysis, either alone or in con-
cert. Osteolysis also has been reported in conjunction with 
metal-on-metal and ceramic-on-ceramic bearing surfaces.

The mechanism of production of osteolysis (and its pre-
vention and treatment) can be viewed from three perspec-
tives: (1) the generation of wear particles, (2) the access of 
these particles to the periprosthetic bone, and (3) the cel-
lular response to the particulate debris. Most polyethylene 
particles are produced by abrasive, adhesive, microfatigue, 
and third-body wear mechanisms. The number of particles 
actually present in periprosthetic membranes vastly exceeds 
what has previously been estimated from light microscopy. 
Maloney, Smith, and Schmalzried examined the membranes 
from failed cementless femoral components with electron 
microscopy and automated particle analysis and found that 
particles (metal and polyethylene) were predominantly less 
than 1 micron in size and were present in amounts of more 
than 1 billion per gram of tissue. Macrophages are the pre-
dominant cell line involved in the response to particulate 
debris. Surface interaction between macrophages and wear 
debris can incite an inflammatory response whether phago-
cytosis occurs or not. Multiple cytokines and chemokines 
are produced as a result of this interaction. These mediators 
ultimately result in bone loss by activation of osteoclast pro-
duction and inhibition of osteoblast formation from mesen-
chymal stem cells (Fig. 3.141).

Particles of polyethylene and other debris are dispensed 
through the joint fluid. Fluid flows according to pressure gra-
dients, and any area of bone accessed by joint fluid is a poten-
tial site for deposition of debris. It is now recognized that 

segments of the femoral and acetabular components that are 
not contiguous with the articulating surfaces still may come 
in contact with joint fluid. Schmalzried, Jasty, and Harris 
described these areas of access as the “effective joint space,” 
which is defined by the intimacy of contact between the 
implants and bone. This concept explains the development of 
osteolysis at the tip of a well-fixed femoral component with 
noncircumferential porous coating or over the dome of an 
acetabular component with holes in the metal backing.

The pattern of osteolysis depends on the implant design. 
Femoral components with limited or noncircumferential 
porous coating are subject to early development of distal 
cortical lesions because debris may gain access to the dis-
tal parts of the implant-bone interface by way of channels 
between areas of bone ingrowth (Fig. 3.142). Circumferential 
and more extensive porous coating seems to prevent distal 
osteolysis, but proximal lesions in the greater and lesser 
trochanters may be seen. Although the overall incidences 
of osteolysis may be equal, the confinement of bone loss to 
the proximal portion of the femur lessens the likelihood of 
implant loosening.

Acetabular components with thin polyethylene, incon-
gruent or poorly supported liners, and poor fixation of the 
liner within its metal backing have higher rates of pelvic oste-
olysis. Lesions may be detected at the periphery of the ace-
tabular component or in retroacetabular areas (Fig. 3.143). 
Peripheral lesions probably result from ingress of debris from 
the articulating surfaces, similar to the process that occurs 
with cemented acetabular components. Retroacetabular 
lesions may result from wear of the back side of the liner, 
with migration of debris through holes in the metal backing, 
although osteolytic defects of this type have been reported 
in implants without screw holes. The design of implants, the 
manufacturing and quality of polyethylene, and the measure-
ment and reduction of wear are discussed in other sections of 
this chapter.

The progressive nature of particle-induced bone loss 
underscores the importance of continuing radiographic 
follow-up of patients after hip arthroplasty, especially if an 
implant considered at high risk for wear has been used. Many 
patients with osteolytic changes remain asymptomatic until 
catastrophic failure occurs from gross implant migration or 
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FIGURE 3.140 Change in position of cementless cup in 62-year-old man. A, Immediately after 
implantation of cementless hydroxyapatite-coated cup. B, Four years after surgery, hip became 
painful. Acetabular component has migrated into more vertical position without excessive wear. 
Revision was required.
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periprosthetic fracture. Serial radiographs must be scruti-
nized carefully for progressive wear and for the development 
of osteolysis, and osteolytic changes must be differentiated 
from stress shielding and other forms of bone loss. Finally, 
radiographs provide only a two-dimensional picture of a 
three-dimensional problem. The degree of bone loss encoun-
tered at surgery, especially in the acetabulum, often is greater 
than is apparent radiographically.

When femoral or pelvic osteolysis has been detected, 
more frequent follow-up is advisable. Radiographs should be 
made at 6- to 12-month intervals. Loose implants and large 
lytic lesions are clear indications for surgery. Progressive oste-
olysis is another cause for reoperation, even in the absence 
of symptoms. If allowed to progress, revision becomes more 
complex or impossible. If the fixation of the implant has been 
compromised by the lytic process, complete revision of the 
component is unavoidable. If the implant remains stable 
despite periprosthetic bone loss, some investigators recom-
mend bone grafting of the defect(s) with retention of the 
implant.

Grafting of proximal femoral deficits with retention 
of a stable femoral component is straightforward. In three 
series of patients who had femoral bone grafting of osteo-
lytic lesions around well-fixed stems, no stems loosened and 
lesions generally showed graft incorporation at 3- to 5-year 
follow-up.

Options for treatment of acetabular osteolysis around a 
well-fixed cementless component include liner and femoral 
head exchange alone, liner and head exchange combined with 
bone grafting of osteolytic lesions, and complete acetabular 
revision of the liner and modular shell with or without bone 
grafting. Isolated liner and head exchange has the advantage 
of a simpler procedure and retention of well-fixed compo-
nents that should minimize iatrogenic bone loss.

Narkbunnam et  al. developed a scoring system to help 
determine acetabular component loosening in the setting of 
osteolysis based on the location and size of lytic lesions in the 
three Delee and Charnley zones. With increasing diameter of 
osteolysis, thickness of radiolucencies, and number of zones 
involved, the chances of implant loosening increase (Table 
3.5).

Hamilton et al. detailed their experience with this tech-
nique over a 17-year period encompassing several acetabu-
lar designs. They reported an approximately 10% re-revision 
rate, mainly for recurrent dislocation and acetabular loos-
ening. They continue to use this technique but recommend 
complete acetabular revision for cups with notoriously poor 
designs, careful assessment of cup stability at the time of 
liner exchange, and consideration of converting to a larger 
femoral head size to reduce the chance of dislocation. New 
Zealand Joint Registry data are more ominous for head and 
liner exchange, with 75% survivorship at 10 years’ follow-up. 
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FIGURE 3.141 Biologic reactions between wear debris and host cells. IL, Interleukin; MCP, 
monocyte chemoattractant protein; M-CSF, macrophage colony-stimulating factor; MIP, macro-
phage inflammatory protein; NFκB, nuclear factor κB; RANKL, receptor activator of nuclear factor 
κB ligand; TLR, Toll-like receptor; TNF, tumor necrosis factor.  (From Tuan RS, Lee FY, T Konttinen Y, 
et al: Implant Wear Symposium 2007 Biologic Work Group. What are the local and systemic biologic reac-
tions and mediators to wear debris, and what host factors determine or modulate the biologic response to 
wear particles? J Am Acad Orthop Surg 16[Suppl 1]:S42, 2008.)
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Approximately half of the re-revisions were for instability and 
20% for acetabular loosening.

Curettage and grafting of retroacetabular defects pres-
ent more of a technical challenge. Some of these deficits 
may be accessible from the periphery of the acetabulum 

if complete circumferential exposure is obtained. Others 
can be debrided and grafted through screw holes in the 
retained shell. Small curets and suction tips facilitate 
removal of membrane via the holes. Caution must be 
taken during the debridement because a complete medial 
bony defect may be present. Bone grafting of large defects 
through screw holes is a time-consuming and tedious 
process, but probably less so than complete revision with 
significant bone loss. This approach presupposes that (1) 
the metal backing remains well fixed within the acetabu-
lum; (2) the implant is a modular type and the locking 
mechanism remains competent; (3) a replacement liner 
of adequate thickness and acceptable design can still be 
obtained; and (4) the lytic areas are accessible for grafting 
without removal of the metal shell. Maloney et al. reported 
the results of this technique in a series of 35 patients. At 
a minimum of 2 years, all of the acetabular components 
remained radiographically stable, and all lytic lesions 
regressed in size or remained the same size. In a retro-
spective comparison of patients with acetabular osteolysis 
treated with either liner exchange and bone grafting ver-
sus complete acetabular revision, Restrepo et al. found a 
10% rate of loosening of retained acetabular shells. They 
recommended complete revision in cups with broken 
locking mechanisms, complete wear-through of the ace-
tabular liner, or malpositioned components, which could 
predispose to dislocation.

Cementing a new liner into the existing shell has been 
described in cases in which the locking mechanism is incom-
petent or a replacement liner is not available. Biomechanical 
studies have shown similar mechanical stability of such con-
structs compared with standard liner locking mechanisms. 
Springer, Hanssen, and Lewallen found no liner dissociation 
or acetabular loosening with this technique. To be technically 

 FIGURE 3.142 Distal femoral osteolysis. Five years after cement-
less reconstruction for osteonecrosis. Femoral component was not 
circumferentially porous coated. Large lytic defects have developed 
around middle and distal portions of stem (arrows).

 

A B

FIGURE 3.143 A and B, Painful osteolysis and acetabular wear with well-fixed components. 
Patient was treated with liner and femoral head exchange along with bone grafting through 
supra-acetabular defect.
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feasible, the shell must be large enough to permit the insertion 
of a liner of acceptable thickness, allowing for a 2-mm cement 
mantle. Some authors recommend scoring the back of the new 
liner to improve fixation and scoring the metal shell if screw 
holes are not present. One biomechanical study demonstrated 
superior loads to failure with liners designed for cementation 
with integrated pods that provide for a uniform cement mantle 
compared with scored liners originally designed for cementless 
components. 

ADVERSE LOCAL TISSUE REACTION
Modular components offer intraoperative flexibility when 
choosing the type of bearing surface desired and when fine-
tuning the patient’s anatomy in terms of offset, length, and 
anteversion, while limiting the chance of postoperative insta-
bility. With these choices, some significant drawbacks to mod-
ularity arise, including the production of metal ions and metal 
particles, which can cause tissue damage and even necrosis, 
commonly referred to as adverse local tissue reaction (ALTR). 
Such reactions have been noted in three major settings in the 
recent era of THA: metal-on-metal bearings, modular neck 
femoral components, and stems with modular femoral heads. 
These scenarios overlap in some patients who have been 
treated with components with two or three of these features.

The diagnosis of ALTR should be included in the differ-
ential of any patient presenting with a persistently painful 
THA. As with any patient, the workup begins with a detailed 
history and physical examination and considers both intraar-
ticular and extraarticular sources of hip pain. Laboratory 
evaluation initially includes serum values (as described in 
the section on infection), including ESR, CRP, and D-dimer 
tests. It is well known that ESR and CRP may be elevated in 
the setting of ALTR alone. Serum cobalt and chromium levels 
also are used when evaluating patients with any of the previ-
ously mentioned “at risk” components and in whom infection 
and other sources of pain have been excluded. The various 

scenarios have yielded metal ion levels and ratios that corre-
late fairly well with the presence of tissue damage necessitat-
ing surgical intervention (Table 3.6).

While metal ion levels are very useful in raising suspi-
cion of ALTR, advanced imaging with either ultrasound or 
metal artifact reduction sequence magnetic resonance imag-
ing (MARS MRI) is often used to confirm the diagnosis and 
aid in preoperative planning. Joint aspiration adds value as 
well by confirming the diagnosis based on the fluid’s gross 
appearance and by ruling out infection. A manual cell count 
and differential are recommended, as automated counts may 
be falsely positive due to the cellular debris present. Likewise, 
alpha-defensin testing in the setting of ALTR has a relatively 
high false-positive rate at 31%. Once the diagnosis is made, 
surgical planning involves addressing the modular compo-
nents to be revised and the soft-tissue damage to be debrided 
and/or reconstructed (Fig. 3.144). 

 

REVISION AFTER ADVERSE LOCAL 
TISSUE REACTION

 TECHNIQUE 3.9 

 n  Expose the hip through an approach familiar to the sur-
geon that allows extensile exposure of both sides of the 
joint if necessary and adequate access to components re-
quiring removal.

 n  Send joint fluid for culture.
 n  Send at least three soft-tissue samples for culture and for 

frozen section analysis intraoperatively if the diagnosis of 
infection is still being considered.

 TABLE 3.5 

Scoring System for Osteolytic Lesions

LOCATION SCORE DESCRIPTION
Zone I 0 No lesion

1 Small lesion size <1 cm
2 Lesion size ≥1 cm, superolateral rim intact ≥1 cm or radiolucent line at bone <2 mm thick
3 Superolateral rim intact <1 cm or radiolucent line ≥2 mm thick
4 Lesion/radiolucent line invades entire superolateral rim or rim fracture

Zone II 0 No lesion
1 Small lesion size <1 cm or radiolucent line <2 mm thick
2 Lesion size ≥1 cm or radiolucent line ≥2 mm thick
3 Lesion invades ilioischial line

Zone III 0 No lesion
1 Radiolucent line <2 mm thick
2 Loculated lesion at teardrop/ischium or radiolucent line ≥2 mm thick
3 Lesion invades ilioischial line or significant ischial lysis

Total possible score of 10. Optimal cutoff score for loosening ≥5.
From Narkbunnam R, Amanatullah DE, Electricwalla AJ, et al: Radiographic scoring system for the evaluation of stability in cementless acetabular components in the 
presence of osteolysis, Bone Joint J 99-B:601, 2017.
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 n  Debride the pseudotumor and any other necrotic tissue 
as encountered, keeping in mind the concurrent goals of 
avoiding neurovascular compromise and hip instability.

 n  Remove the modular femoral head and assess the femoral 
taper for corrosion and material loss.

 n  If the femoral component does not require revision due to 
loosening or malposition, it may be retained if the taper 
does not have visible material loss or corrosion that can-
not be acceptably removed. We have used a Bovie scratch 
pad or wet and dry laparotomy sponges for this purpose.

 n  Modular neck femoral components may also need re-
moval to rid the patient of a modular neck/stem junction 
and may require an extended trochanteric osteotomy if 
the component is well fixed with sclerotic host bone.

 n  If revising a femoral component with a fixed neck and mod-
ular head mated with a polyethylene liner, revise the head to 
a ceramic femoral head and titanium sleeve of appropriate 
length, head size, and offset to ensure stability. Revise the 
liner to a polyethylene liner optimized for stability.

 n  If revising a modular acetabular component with a metal 
liner, the acetabular shell may be retained if it is appro-
priately positioned for stability. Revise the liner to a poly-
ethylene liner optimized for stability.

 n  If revising a monoblock acetabular component, the sur-
geon may consider converting to a dual mobility construct 
on the femoral side if the acetabular component is ap-
propriately positioned, not visibly damaged on its surface, 
and well fixed.

 n  Retain as much capsule as is feasible for exposure and 
repair the capsule as anatomically as possible.

 n  If abductor tendon damage is encountered, primary repair 
or secondary reconstructive procedures such as a gluteus 
maximus transfer may be necessary (see Technique 3.8).
  

The results of surgery for ALTR generally are poor, with 
relatively high rates of infection, instability, and reoperation. 
Patients should be referred to surgeons and hospitals with the 
required levels of implant availability, diagnostic methods, 
and surgical expertise if unavailable in their local setting. 

REVISION OF TOTAL HIP 
ARTHROPLASTY
Because increasing numbers of primary THAs are being per-
formed in younger and more active patients, the number of 
revision procedures has increased. Between 1990 and 2002, 
17.5% of all hip arthroplasties performed in the United States 
were revision procedures. Because of expected increases in 
both primary and revision procedures, this percentage was 
predicted to remain fairly steady at 16.3% in 2005 and 14.5% 
in 2030.

Revision of THA usually is much more difficult, and 
the results typically are not as satisfactory as after a primary 
THA. Revision requires more operative time and blood loss, 
and the incidences of infection, thromboembolism, disloca-
tion, nerve palsy, and fracture of the femur are higher. The 
complexities of revision surgery underscore the importance 
of technical precision in primary arthroplasty. A well-done 
index procedure provides the patient with the best opportu-
nity for long-term success.

INDICATIONS AND CONTRAINDICATIONS
In determining the need for revision of painful THA, the 
patient first must be evaluated to determine whether their 
symptoms are the result of failed THA or other problems, 
including spinal disease, tumor, vascular occlusion, stress 
fracture, or complex regional pain syndrome. If the symp-
toms are caused by a failed THA, the decision must be made 
as to whether the patient has sufficient disabling pain to war-
rant a major operation. Activity modification, weight loss, use 
of external support, and analgesic medications may be more 
appropriate. Many patients are elderly, not physically active, 
and their general condition may be such that revision sur-
gery would be ill advised. In debilitated patients in whom 
reconstruction would be exceedingly complex, a modified 
Girdlestone resection arthroplasty may be a more suitable 
alternative. It may be difficult, however, for a patient with 
a painful, disabling hip problem to accept the decision that 
another operation should not be done.

Pain is the major indication for revising a THA. 
Sometimes the operation is performed in the absence of dis-
abling pain to prevent progression of structural abnormali-
ties that, with delay, would make the operation more difficult. 
A recent query of the National Inpatient Sample database 
found the following most common indications for revision 
hip replacement: (1) dislocation, (2) mechanical loosening, 
(3) other mechanical problems, (4) infection, (5) osteolysis, 
(6) periprosthetic fracture, (7) wear, (8) and implant failure 
or breakage.

One of the more common indications for revision is 
painful loosening of one or both components, and this usu-
ally can be substantiated by serial radiographic findings (see 
section on loosening). It is vital that mechanical loosening 
be differentiated from septic loosening based on the clinical 
and radiographic presentation, as well as screening labora-
tory values as described in the section on infection. The hip 
should be aspirated if there is clinical suspicion of infection 
based on a history of delayed wound healing, radiographic 
changes, or abnormal laboratory values. The routine aspira-
tion of all hips before revision has been largely abandoned, 
mainly because of poor sensitivity and positive predictive 
value.

 TABLE 3.6

Metal Ion Levels and Risk of Adverse Local Tissue 
Reaction

COBALT CHROMIUM
COBALT/CHROMIUM RATIO  
(SENSITIVITY/SPECIFICITY)

METAL-ON-POLYETHYLENE TAPER

1 (95/94) 2 (83/72)
1 (100/90) 0.15 (100/50) 1.4 (93/70)

METAL-ON-METAL THA (ASR)

3.2 (68/71)
2.4 (78/46) 1.4 (80/49)

MODULAR NECK

2.8 (88/32) 3.8 (70/50)

ASR, Articular Surface Replacement System.
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Pain associated with loose total hip components typically 
occurs with the first few steps a patient takes (so-called start-
up pain). A loose acetabular component usually produces 
pain in the groin, whereas a loose femoral component may 
cause pain in the thigh or knee. Ancillary studies are seldom 
required, but comparison of previous radiographs often is 
helpful. If bone loss associated with loosening or osteolysis is 
severe or progressive, revision should be considered because 
symptoms are likely to worsen, and further resorption of 
bone would make the procedure more difficult and the result 
less favorable.

Revision is indicated for progressive stem deformation or 
incomplete fracture. Left untreated, the stem ultimately frac-
tures completely, and revision is much more difficult because 
the distal segment must be retrieved from the medullary 
canal. Complete stem fracture, failure of a Morse taper junc-
tion, or disengagement of a modular liner locking mechanism 
typically requires revision.

Revision surgery is not often indicated for some func-
tional problems, such as painless loss of motion in the hip 
or limb lengthening. In the absence of substantial heterotopic 
bone formation, reoperation to increase motion is unlikely to 
be successful. Shortening of the operated limb may result in 
recurrent dislocation, which is a significantly greater prob-
lem. Likewise, surgery to diminish limp is inadvisable unless 
a known mechanical source is identifiable and surgically 
correctable.

When pain similar to that present before the primary 
arthroplasty continues postoperatively, reevaluation is neces-
sary to determine whether the hip abnormality was the cause 
of pain. In patients who continue to have pain after surgery 
and who have had no significant period of pain relief, techni-
cal problems or infection should be suspected. Every effort 
should be made to determine the cause of pain before con-
sidering exploration or revision. Occasionally, no source for 

the pain can be determined, yet the patient is insistent that 
“something must be done.” The results of revision surgery in 
this setting are unpredictable, and the patient’s condition may 
be worsened if complications occur. 

PREOPERATIVE PLANNING
Planning for a complex revision THA requires more time 
than for a routine primary procedure. All points in the pre-
operative planning for primary surgery (see section on pre-
operative evaluation) are applicable to the formulation of 
a general plan for a revision procedure; however, intraop-
erative findings and complications often require changes 
in the basic plan. Anticipation of potential complications 
and the formulation of numerous contingency plans to deal 
with them require additional equipment and expedite their 
management.

High-quality radiographs of the pelvis and entire femur 
must be obtained. Poor-quality films may lead to underesti-
mation of bone loss because areas of thinned cortex cannot be 
distinguished from adjacent cement. Magnification markers 
are helpful in precision templating and identify the need for 
extra-small or extra-large components. Lateral views of the 
femur should be obtained to estimate the bow of the femur 
and to assist in choosing femoral components of appropriate 
diameter, length, and overall geometry. Femoral osteotomy 
can be anticipated if significant angular or rotational defor-
mity is present. The presence of intrapelvic cement or a mark-
edly protruded acetabular component may require further 
evaluation with vascular studies. Finally, acetabular deficien-
cies can be assessed further by CT. Useful information about 
bone stock can be gained even in the presence of a metal-
backed acetabular component (see Fig. 3.116).

Radiographic identification of the type of prosthe-
sis and a review of the operative notes often are helpful, 
especially if one component is to be left in situ. A mental 
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FIGURE 3.144 A, Painful metal-on-metal total hip arthroplasty. B, Acetabular component 
revised to trabecular metal multi-hole socket with polyethylene liner.
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note of the stem shape and any peculiarities in its surface 
can aid in determining the sites of cement removal nec-
essary for extraction. In addition, the head size must be 
determined. Revision of the opposite component may be 
required for mismatch, malposition, or incorrect neck 
length, and the required implant inventory and equipment 
must be available.

Substantially more equipment is needed for revision 
surgery than for primary THA. Many hospitals do not have 
this expensive equipment readily available, and it must be 
brought in as needed. If the prosthesis to be revised is a con-
temporary design, arrangements should be made to have the 
instruments specific to that system available. Unique extrac-
tion tools, screwdrivers, and head disassembly instruments 
can make the procedure much easier. In addition, inventory 
specific to that system (e.g., modular heads and polyethyl-
ene liners to accommodate anticipated head sizes and offset 
requirements) may eliminate the need to revise both compo-
nents. Additional equipment and materials often needed dur-
ing revision surgery include the following:
 n  Image intensifier and radiolucent operating table
 n  Stem and cup extraction instruments
 n  Hand instruments for cement removal
 n  Motorized or ultrasonic cement removal instruments
 n  Motorized metal-cutting instruments
 n  Flexible intramedullary reamers
 n  Flexible thin osteotomes for cementless stem removal
 n  Trephine reamers
 n  Curved osteotomes or modular blades for cementless 

socket removal
 n  Fiberoptic lighting
 n  Pelvic reconstruction plates, screws, and instruments
 n  Trochanteric fixation device and cerclage wires or 

cables
 n  Allograft bone (cancellous chips, femoral head, struts, 

and segmental allograft)
In addition to equipment, a large prosthetic inventory 

must be available. A variety of short- and long-stem femo-
ral components, calcar replacement stems, or stems with 
extended neck lengths are necessary to correct limb-length 
discrepancy, bone loss, and intraoperative femoral fracture. 
Most manufacturers have available sets of femoral com-
ponents that are specifically designed to meet the needs of 
revision procedures. Acetabular components of 70 to 75 mm 
sometimes are needed to fill large acetabular deficiencies. 
Rarely, deficits are so massive that a custom-made component 
is the only solution (Fig. 3.145). 

SURGICAL APPROACH
Many different skin incisions already may be present from 
previous surgery. If possible, a previous incision should 
be used. Skin necrosis between incisions is less of a prob-
lem than in the knee, but the possibility should not be 
ignored. All approaches used for primary THA can be 
used for revision surgery. The requirement for extensile 
exposure becomes even more important, however, in the 
revision setting. Straightforward acetabular revisions are 
performed through an anterior, anterolateral, direct lat-
eral, or posterolateral approach. Access to the posterior 
column of the acetabulum is difficult through an anterior 
approach, however, as is extensile exposure of the femur. 
Also, the superior gluteal nerve is at risk if the exposure 

is extended more than 5 cm above the superior rim of the 
acetabulum.

The posterolateral approach with elevation of the vas-
tus lateralis provides excellent exposure of the posterior 
column of the acetabulum and of the femoral shaft, but the 
risk of dislocation is higher than with anterior approaches. 
Anterior acetabular exposure is difficult from the postero-
lateral approach, especially if a femoral component with a 
fixed head is left in situ. In this case, the abductors must 
be stripped off the ilium superiorly and anteriorly and the 
prosthetic femoral head placed in this recess superior and 
anterior to the acetabulum. Complete release of the ante-
rior capsule and sometimes the gluteus maximus insertion 
is required to allow adequate anterior translation of the 
femur.

The transtrochanteric approach provides the most 
complete exposure of the femur and the acetabulum and 
is utilized for complex revision procedures. Reattachment 
of the greater trochanter may be a problem, however, 
especially if the leg is lengthened or the fragment is 
osteoporotic. Trochanteric osteotomy can be done eas-
ily by a standard method or trochanteric slide technique 
(see section on trochanteric osteotomy) at any stage of 
the procedure if required for exposure or for removal 
and reimplantation of the components. If problems are 
anticipated with extraction of the femoral component or 
adjacent cement, an extended trochanteric osteotomy is 
preferable (Fig. 3.146). If a standard-sized trochanteric 
fragment is sufficient for exposure, we prefer to perform 
a trochanteric slide and leave the vastus lateralis attached 
if at all possible to avoid proximal migration of the frag-
ment. The vastus origin can be released if necessary for 
further exposure, but this may render reattachment of the 
trochanter more difficult. 

 FIGURE 3.145 Custom triflange acetabular component for 
pelvic discontinuity. Note large amount of bone graft for medial 
segmental defect.
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Gluteus medius

Gluteus minimus

Vastus lateralis

FIGURE 3.146 Extended trochanteric osteotomy. (Modified from 
Jando VT, Greidnaus NV, Masri BA, et al: Trochanteric osteotomies in 
revision total hip arthroplasty: contemporary techniques and results, Instr 
Course Lect 54:143, 2005.)

 

TRANSTROCHANTERIC APPROACH FOR 
REVISION TOTAL HIP ARTHROPLASTY

 TECHNIQUE 3.10 

 n  If a trochanteric nonunion exists, use it to improve expo-
sure, and attempt to obtain union by improving fixation.

 n  Carefully remove previously placed wires and other internal 
fixation devices to avoid fragmenting soft areas of bone.

 n  The sciatic nerve usually does not need to be exposed, but 
if the limb is to be lengthened significantly, expose the 
nerve or palpate it to ensure it is not placed under undue 
tension. Posteriorly placed retractors should have smooth 
edges and must be placed carefully against bone, without 
soft-tissue interposition.

 n  Divide soft tissues immediately adjacent to the trochanter 
to minimize the risk of injury to the sciatic nerve.

 n  If any tendons of the short external rotators can be 
identified, tag them for later reattachment. More com-
monly, the short external rotators are absent; the pseu-
docapsule should be tagged for repair at the time of 
closure.

 n  The thickness of the residual hip capsule varies. Often, 
proliferative synovium on its articular surface contains 
large amounts of particulate polyethylene and cement 
debris.

 n  The pseudocapsule can be thinned if its overall thickness 
limits exposure or produces impingement.

 n  Release portions of the gluteus maximus insertion, if nec-
essary.

 n  Elevate the vastus lateralis muscle belly from posterior  
to anterior while preserving its origin at the vastus  
tubercle.

 n  Osteotomize the greater trochanter from posterior to an-
terior using an oscillating saw, leaving the anterior cortex 
intact.

 n  Complete the osteotomy with a broad, flat osteotome.

See also Videos 3.2 and 3.3.

  

REMOVAL OF THE FEMORAL COMPONENT
 

REMOVAL OF CEMENTED FEMORAL 
COMPONENT

 TECHNIQUE 3.11 

 n  Occasionally, the femoral component is so grossly loose 
that it can be removed simply by hand. “Loose” does not 
always equate with “easily removed,” however. In most 
cases, the stem must be forcibly disimpacted from the 
femur by some means.

 n  If the stem has a fixed head, use a commercially available 
extraction device with an attached slap hammer or driv-
ing platform. Several devices are available that pass over 
the head and hook around the neck of the implant (Fig. 
3.147).

 n  If the stem is a contemporary design with a modular head, 
standard extraction devices simply pull the head off and 
cannot be used. Most systems with modular heads have 
a specific stem extraction device that is part of the system 
instrumentation. Typical designs have a hook that is in-
serted through a hole in the stem, a threaded device that 
screws into the stem, or a clamp-like device that is secured 
to some irregularity on the neck. Identify the stem design 
and contact the manufacturer’s representative to have 
the extraction device available in the operating room. An 
extraction device is available that bolts onto the modular 
neck and may be useful if an implant-specific extractor is 
not available (Fig. 3.148).

 n  If no extraction device is available, use the collar as a 
driving platform. Tap the stem out from below with a 
mallet and punch. If the collar does not protrude be-
yond the medial cortex of the neck, remove a small 
amount of bone from the neck to expose a portion of 
the collar.

 n  Extraction of early design cemented stems usually pres-
ents no major problems. Most of these designs are 
smooth and tapered with few surface irregularities. Be-
fore attempting to extract the stem, remove overhang-
ing bone from the greater trochanter that may impede 
stem removal. If the stem has a proximal curvature, re-
move the lateral cement that lies over the shoulder of the 
implant (Fig. 3.149); otherwise, the stem cannot move 
proximally without fracturing the femoral metaphysis.

 n  Removal of cemented stems that have been precoated 
with PMMA or are porous-coated can be difficult. If the 
stem is not loose, it is unlikely that it can be extracted with-
out first removing some of the cement or porous coating.

 n  Use a motorized instrument with a long, thin burr to 
separate the proximal cement or porous surface from the  
stem.

 n  Do not use osteotomes for cement removal at this point 
because they may create a wedge effect that would split 
the femur. Use osteotomes only after the stem has been 

    

https://booksmedicos.org


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS290

 FIGURE 3.147 Moreland femoral component extractor. (Redrawn 
from Johnson & Johnson, DePuy, Warsaw, IN.) SEE TECHNIQUE 3.11.

 FIGURE 3.148 Femoral component extractor for modular femoral 
component. Bolts are tightened around modular femoral neck, and 
device is attached to slap hammer for component removal. (Courtesy 
Smith & Nephew, Memphis, TN.) SEE TECHNIQUE 3.11.

safely extracted and a central space has been opened into 
which the fragmented cement can displace.

 n  Pass the cutting burr circumferentially around the stem 
until the precoated or porous surface has been complete-
ly exposed.

 n  Insert the burr at an angle to remove the medial cement 
from beneath the collar.

 n  Remove the collar from the stem with a metal-cutting, 
carbide-tipped burr if necessary to gain access to the me-
dial surface of the implant. If the stem is composed of a 
modern high-strength alloy, this may take an excessive 
amount of time.

 n  After removal of the proximal cement, attempt to extract 
the stem.

 n  If it cannot be removed with forceful blows on the ex-
tractor and the proximal cement has been removed as 
completely as possible, do an extended trochanteric oste-
otomy (see Fig. 3.153 and Technique 3.14) to gain access 
to a larger portion of the cement-prosthesis interface or 
make a small window in the femoral cortex. Place the 
window just distal to the level exposed by proximal ce-
ment removal and not at the tip of the stem. Remove 
additional cement through the window until the stem can 
be extracted.
   

 

REMOVAL OF CEMENTLESS FEMORAL 
COMPONENT

 TECHNIQUE 3.12 

 n  The extraction of cementless stems varies in com-
plexity, depending on the extent of the porous coat-
ing, the amount of bone ingrowth, and the degree 
to which the stem fills the medullary canal. A loose-
fitting, nonporous, cementless stem can be extracted 
without intervention at the bone-implant interface. A 
well-ingrown, fully porous-coated stem that fills the 
canal presents a significant problem for removal. Such 
a situation may arise when the stem is being removed 
because of infection or dislocation. Identify the stem 
type on preoperative radiographs, and determine the 
amount of porous surface. Evaluate the bone-implant 
interface to estimate the probability of bone ingrowth 
(see section on loosening of cementless femoral com-
ponents).

 n  If the porous coating is limited to the proximal aspect 
of the stem, disrupt the areas of bone ingrowth using 
specialized thin, flexible osteotomes (Fig. 3.150). Stan-
dard osteotomes usually are too thick for this purpose 
and may split the femur if they are inserted adjacent to 
a stem that fills the canal. Insert the thin osteotomes 
immediately adjacent to the porous surface to avoid 
penetration of the femoral cortex. Direct them at vari-
ous angles to gain access to all aspects of the porous 
surface.
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 n  Alternatively, disrupt the areas of ingrowth with a long, 
thin, high-speed burr inserted immediately adjacent to 
the stem. Carefully monitor the line and depth of inser-
tion to avoid cortical penetration.

 n  Extract the stem after disruption of the bone ingrowth. 
Areas of purely fibrous ingrowth sometimes can be loos-
ened by forceful attempts at stem extraction without the 
use of osteotomes.

 n  An extensively porous-coated implant may be consider-
ably more difficult to remove. Osteotomes are effective 
in disrupting ingrowth into the flat areas of the proximal 
stem, but the area of greatest bone ingrowth often is 
at the distal extent of the porous coating. The stem is 
round at this level and fills the canal. Osteotomes cannot 
be directed into this interface without excessive risk of 
femoral fracture.

 n  After disrupting areas of proximal ingrowth with os-
teotomes or a thin burr, attempt to extract the stem 
using moderate force. If the stem cannot be extracted 
without risk of fracturing the femur, an alternative 
means must be used to disrupt areas of distal bone 
ingrowth.
  

Glassman and Engh described a technique for removal 
of implants with extensive distal bone ingrowth. Specialized 
trephine reamers and high-speed, metal-cutting instruments 
are required. 

 

REMOVAL OF IMPLANTS WITH 
EXTENSIVE DISTAL BONE 
INGROWTH

 TECHNIQUE 3.13 

(GLASSMAN AND ENGH)
 n  Disrupt areas of bone ingrowth proximally with thin  

osteotomes.
 n  Using a high-speed burr, make a small transverse window 

in the femoral cortex at the level of the junction of the 
triangular and cylindrical portions of the stem.

 n  Transect the prosthesis at this level using a carbide-tipped, 
metal-cutting burr (Fig. 3.151A). Avoid notching or divid-
ing the opposite cortex.

 n  Remove the proximal portion of the stem.
 n  Remove the distal cylindrical portion of the stem by ream-

ing over it with a trephine reamer (Fig. 3.151B). Deter-
mine the proper size of the trephine reamer by measuring 
the distal end of the removed proximal portion of the 
stem. Irrigate the trephine frequently to avoid burning 

 FIGURE 3.149 Moreland V osteotome for removal of lateral 
cement over shoulder of implant for stems with proximal curvature. 
(Redrawn from Johnson & Johnson, DePuy, Warsaw, IN.) SEE TECHNIQUE 
3.11.

 FIGURE 3.150 Moreland specialized, thin, flexible osteotome 
for disrupting bone ingrowth at proximal end of porous-coated 
stem. (Redrawn from Johnson & Johnson, DePuy, Warsaw, IN.) SEE TECH-
NIQUE 3.12.
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A B
FIGURE 3.151 Removal of implants with extensive distal bone 

ingrowth (Glassman and Engh). A, Prosthesis is transected with 
carbide-tipped, metal-cutting burr. B, Distal cylindrical portion of 
stem is removed by reaming over it with trephine reamer. (Redrawn 
from Johnson & Johnson, DePuy, Warsaw, IN.) SEE TECHNIQUES 3.13 
AND 3.14.

the bone. More than one set of reamers may be required. 
After the distal ingrowth has been disrupted, withdraw 
the trephine from the canal with the distal stem fragment 
inside it.

  

Younger et al. described a technique of extended trochan-
teric osteotomy for difficult femoral revisions. The greater 
trochanter is removed along with an attached segment of 
the lateral femoral cortex, minimizing the risk of trochan-
teric fracture and avoiding the problems of reattachment 
of a smaller trochanteric fragment. The technique is ide-
ally suited for removal of well-fixed cementless or cemented 
stems after dislocation of the hip. Other indications include 
varus remodeling of the femur and removal of loose femoral 
components with well-fixed cement mantles. The osteotomy 
also can be done before dislocation if difficulty is anticipated 
with dislocation, or after removal of the stem. This osteotomy 
provides direct access to the distal portion of the femoral 
canal for safe, expedient removal of cement and insurance 
of proper reaming of the distal femur for neutral stem align-
ment. Extensile exposure of the acetabulum can be achieved 
as with other methods of trochanteric osteotomy. Distal 
translation of the osteotomized segment allows precise ten-
sioning of the abductors to improve the stability of the joint. 
The procedure is most appropriately used when a cementless 

femoral revision is planned because cement intrusion into the 
osteotomy site may inhibit union. Union rates of 98% to 99% 
with this osteotomy have been reported. 

 

EXTENDED TROCHANTERIC 
OSTEOTOMY

 TECHNIQUE 3.14 

(YOUNGER ET AL.)
 n  Plan the length of the osteotomy so that the distal ex-

tent of the well-fixed cemented or cementless prosthe-
sis is maximally exposed, leaving enough of the femoral 
isthmus intact to allow endosteal cortical contact by 
the revision prosthesis over a distance of 5 to 6 cm (Fig. 
3.152).

 n  Expose the hip by a posterolateral approach with circum-
ferential exposure of both implants.

 n  Protect the sciatic nerve throughout the procedure.
 n  Dislocate the hip, or, alternatively, perform the osteoto-

my before dislocation if the procedure is complicated by 
stem subsidence, acetabular protrusion, or stiffness of 
the hip.

 n  Position the thigh in internal rotation.
 n  Incise the vastus lateralis along its posterior edge to the 

level of the distal extent of the planned osteotomy.
 n  Mark the osteotomy longitudinally just lateral to the linea 

aspera, extending distally to the level determined by pre-
operative radiographs (Fig. 3.153A).

 n  With a thin, high-speed burr, make multiple perforations 
in the posterior femoral cortex and connect them with 
the burr. Skirt the lateral edge of the underlying femoral 
component.

 n  Divide the lateral cortex transversely at the predetermined 
level.

 n  Perforate the anterior cortex with the burr at multiple 
sites, attempting to create an osteotomy fragment con-
stituting approximately one third the circumference of the 
femur. Leave as much of the vastus lateralis attached to 
the fragment as possible.

 n  Divide the superior portion of the anterior cortex with an 
oscillating saw because the burr may not be long enough 
in the trochanteric region.

 n  Insert two or more broad osteotomes into the posterior 
limb of the osteotomy and gently create a controlled 
fracture through the perforated anterior cortex, leaving 
the anterior soft-tissue attachments undisturbed (Fig. 
3.153B).

 n  With the osteotomy fragment reflected anteriorly, the 
lateral portion of the femoral component is visible, and 
the anterior and posterior surfaces are accessible. Remove 
cement from the interfaces under direct vision to allow 
extraction of the stem.

 n  If a well-fixed cementless stem is in place, pass a Gigli saw 
blade beneath the collar and direct it distally, following 
the medial edge of the femoral component (Fig. 3.153C). 
Control the blade so that additional bone is not removed 
from the anterior or posterior cortex.
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 n  Divide the interface down to the distal extent of the 
porous surface. Several Gigli saw blades may be re-
quired.

 n  Alternatively, make the osteotomy shorter and divide the 
femoral component with a high-speed, metal-cutting 
burr at the junction of the triangular and cylindrical por-
tions of the stem.

 n  Remove the distal segment of the stem with a trephine 
reamer (see Fig. 3.151B). Remove any remaining cement 

or distal pedestal under direct vision through the oste-
otomy site.

 n  Place a prophylactic cable or wire around the femoral 
shaft and distal to the osteotomy to prevent propagation 
of a nondisplaced fracture.

 n  After placement of the revision femoral component, re-
pair the osteotomy with multiple cerclage wires.

 n  Shape the undersurface of the osteotomy fragment to fit 
the revision prosthesis.

 

D

C

BA

FIGURE 3.152 Extended trochanteric osteotomy. A and B, Acetabular loosening with damage to 
femoral head. Porous femoral component has been cemented and remains well fixed, but femoral 
revision is required because head is not modular. C and D, Extended trochanteric osteotomy greatly 
simplified removal of femoral component and cement without bone loss and facilitated acetabular 
exposure. Note formation of callus around osteotomy at 3 months. SEE TECHNIQUE 3.14.
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CBA

Lines of
osteotomy

FIGURE 3.153 Extended trochanteric osteotomy for difficult stem removal. A, Longitudinal 
portion of osteotomy follows lateral border of stem and extends distally to predetermined level. 
B, Anterior cortex is divided, and entire lateral cortical segment, with trochanter, is retracted 
anteriorly, exposing lateral surface of stem. C, Bone ingrowth is disrupted with Gigli saw passed 
down medial side of stem. SEE TECHNIQUES 3.11 AND 3.14.

 n  Remove the distal edge of the osteotomy fragment and 
advance it distally to adjust the soft-tissue tension around 
the hip joint if necessary.

 n  Supplement the posterior edge of the osteotomy site with 
cancellous bone graft. If the osteotomized fragment is 
thin and fragile, reinforce it with a cortical allograft strut.
   

 

REMOVAL OF A BROKEN FEMORAL 
COMPONENT
Extraction of a fractured femoral stem is a difficult prob-
lem. The proximal portion usually is loose and easily 
removed along with any fragmented proximal cement. In 
contrast, the distal portion of the stem remains firmly fixed 
in the femur. Most stems fracture in the proximal or mid-
dle third and are accessible from above. A fiberoptic light 
usually is necessary to view the fractured end of the stem 
and make preparations for removal. Numerous techniques 
have been described for removal of broken stems. Some 
of these require specialized instrumentation for removal of 
the broken fragment from above (see Technique 3.13 and 
Fig. 3.151B), and others require the creation of a femoral 
cortical window to give direct access to the stem.

Techniques for removal of the broken fragment from above 
may be time-consuming and may fail. In these cases, a femo-
ral window is required to allow access to the broken fragment 
directly. Window techniques have the disadvantage of weak-
ening the femur, especially if the window is made at the distal 
aspect of the stem. Moreland, Marder, and Anspach devised 
a technique for broken stem removal using a tungsten car-
bide punch inserted through a small proximal window. They 
reported successful extraction of 10 broken stems by this tech-
nique, with no failures. The technique is attractive because only 
a small window is required, and the window usually is bypassed 
a satisfactory distance by a standard length revision stem. 

 

REMOVAL OF A BROKEN STEM—
PROXIMAL WINDOW

 TECHNIQUE 3.15 

(MORELAND, MARDER, AND ANSPACH)
 n  Remove the proximal fragment of the prosthesis and 

proximal cement.
 n  Measure the distance from the opening of the femur to 

the top of the broken prosthesis. Make the window just 
distal to this level, not at the tip of the prosthesis.

 n  Spread the fibers of the vastus lateralis to expose a small 
area of the anterior femoral cortex at this level.

 n  Use a small burr to make a longitudinal window 4 mm 
wide and 10 mm long.

 n  Remove bone and cement to expose the proximal end of 
the retained stem fragment.

 n  Introduce a narrow carbide-tipped punch into the distal 
aspect of the window and direct it cephalad (Fig. 3.154).

 n  Make a small divot in the surface of the prosthesis and 
drive it proximally.

 n  As the stem moves proximally, reposition the punch 
progressively more distally and continue driving it prox-
imally until it becomes loose and can be removed from 
above.

 n  If the punch does not gain adequate purchase, use a 
metal-cutting burr to make a larger divot.

Occasionally, the above-described method is not 
successful, and a more extensive femoral window is 
necessary. This may occur when the stem has a com-
plex geometry that cannot move proximally without 
bringing the cement mantle with it. An I-beam con-
figuration that tapers distally is an example. Cement 
must be removed from around the stem before it can 
be extracted.
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REMOVAL OF A BROKEN STEM—
DISTAL WINDOW

 TECHNIQUE 3.16 

 n  Remove a cortical window from the anterolateral aspect 
of the femur 0.8 cm in diameter and extending about 3 
cm proximal and distal to the tip of the prosthesis. Pre-
serve the cortical fragment in a single piece.

 n  Remove all cement visible within the medullary canal with 
small burrs and osteotomes.

 n  Insert an offset driver through the window and drive the 
stem proximally through the residual cement mantle. En-
sure that the window is large enough, or the driver may 
impinge on the edge and produce a complete fracture of 
the femur.

 n  After the broken stem fragment has been removed, use 
the window to remove additional cement and to guide 
cement removal instruments down the center of the ca-
nal.

 n  Replace the cortical fragment in its bed and secure it with 
multiple cerclage wires.

 n  Use a stem of sufficient length to bypass the defect by a 
distance of two cortical diameters. In our opinion, creat-
ing a large cortical window in the femur should be re-
served as a last resort.
  

Fracture of cementless femoral components has not been 
a significant problem, although the incidence may escalate as 
the length of follow-up in young, active patients increases. 
The difficulty in removal of the distal portion of such a stem 
is determined by the extent of the porous surface, the amount 
of bone ingrowth, and the degree to which the stem fills the 
medullary canal. For a fracture to occur, it is likely the dis-
tal portion of the stem is well fixed and the stem has been 
subjected to cantilever bending. The proximal fragment is 
likely to be loose and can be removed after the residual bone-
implant interface is disrupted with thin osteotomes. A tre-
phine drill is used to core out the distal fragment (see Fig. 
3.151B).

REMOVAL OF FEMORAL CEMENT
Removal of the femoral cement mantle usually is the most 
time-consuming and hazardous part of revision total hip 
surgery. This task is delayed until after the acetabular com-
ponent has been revised because persistent bleeding from 
the femoral canal obstructs the view of the acetabulum 
and adds to the operative blood loss. As such, this some-
times arduous task begins late in the operation, when the 
surgeon already may be fatigued from a difficult exposure 
and acetabular reconstruction. Femoral fracture, cortical 
penetration, and further destruction of femoral bone stock 
sometimes result from hurried attempts to remove femoral 
cement.

Femoral cement removal requires a wide array of instru-
ments, including a fiberoptic light source; a long, straight 
suction catheter; cement removal osteotomes with various 
configurations; a long pituitary rongeur for removal of loose 

cement fragments; long, hooked instruments for retrograde 
cement removal; a high-speed burr with long attachments; 
and reamers of graduated diameters. Many manufacturers 
supply the aforementioned instruments in sets specifically 
designed for this purpose. A radiolucent operating table and 
image intensification to view the hip and femur are often 
necessary.

The most appropriate technique for removal of fem-
oral cement depends on the quality of the surrounding 
bone and the depth of cement within the femoral canal. 
The proximal cement is easily accessible, and the bone-
cement interface is relatively easily viewed without addi-
tional lighting. The surrounding cortex often is thin and 
fragile, however, because of osteolysis. If this is the case, 
one or more cerclage wires are placed around the femur to 
diminish the risk of fracture. The cement from the mid-
portion to the tip of the stem is more difficult to see, as is 
the bone-cement interface. Fiberoptic lighting is essential. 
We have used a combination device containing a fiberop-
tic light and irrigation and suction ports to see the inter-
face better. The cement distal to the tip of the previous 
stem often fills the canal completely and extends a variable 
distance down the shaft, depending on whether a cement 
restrictor was used. The distal cement is the most diffi-
cult portion to see and remove. If cement removal seems 
exceedingly difficult, an extended trochanteric osteotomy 
may be appropriate. 

 

REMOVAL OF FEMORAL CEMENT

 TECHNIQUE 3.17 

 n  To remove the proximal cement, clear soft tissue and 
overhanging cement away from the proximal femur to 
expose the proximal edge of the bone-cement inter-
face.

 n  Remove any cement and overhanging bone from the 
greater trochanter first to allow unobstructed pas-
sage of instruments directly down the canal. This is 
especially important if the previous stem was placed in 
varus. If the trochanter blocks passage of instruments 
directly down the canal, the instruments are likely to 
exit through a perforation created in the posterolateral 
cortex (Fig. 3.155). Osteotomize the greater trochanter 
if necessary.

 n  Make numerous longitudinal radial splits in the proximal 
cement column (Fig. 3.156).

 n  Insert osteotomes into the bone-cement interface and 
fracture the fragments of cement into the open central 
area (Fig. 3.157). Do not attempt to wedge instruments 
into the bone-cement interface before making the radial 
splits, or a femoral fracture is likely to occur.

 n  Removal of cement from around the middle and dis-
tal segments of the stem is more difficult, although it 
still can be accomplished with hand tools. Adequate 
lighting, irrigation, and suction become more impor-
tant to show the bone-cement interface. The available 
space centrally narrows because of the taper of the 
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stem. Narrow, angled cement osteotomes are often 
required.

 n  Small cement fragments may occlude the central space. 
Remove them with a pituitary rongeur or curet.

 n  Review the preoperative radiographs to determine the 
relative thickness of areas of cement to be removed 
and to determine any deviation of the tip of the stem 
that may direct instruments out through the cortex 
rather than centrally in the canal. Also take into ac-
count the normal anterolateral bow of the femur. 
Sometimes this segment of the cement mantle can be 
removed en masse by passing a large threaded tap into 
the defect left by the stem and extracting it with a slap 
hammer.

 n  Removal of the distal cement mass usually is the most dif-
ficult. If the plug of cement is thin and not tightly adher-
ent to the cortex, it occasionally can be driven distally in 
the canal and left. This should not be done in the presence 
of infection.

 n  If the plug is thin and does not fill the canal completely, 
it often can be extracted with a hook. Pass the hook 
between the cortex and cement through any apparent 
gaps on the preoperative radiographs (Fig. 3.158A). 
Turn the hook 90 degrees to engage the cement and 
gently tap the hook with a mallet to withdraw the ce-
ment plug (Fig. 3.158B).

 n  Fragmentation of solid distal cement with cruciate-
shaped osteotomes can be attempted, but this tech-
nique is slow and unrealistic if the distal cement extends 
more than 1 cm.

 n  If the cement plug fills the canal and is firmly fixed, perforate 
it with a drill and use reamers to enlarge the hole. Carefully 
drill the initial hole in the center of the distal cement plug and 
align the drill with the femoral canal. Use a centering sleeve 
to position the drill bit precisely (Fig. 3.159). Enlarge the hole 
with masonry drills specially designed for this purpose. After 
a hole of sufficient size has been made, remove the remain-
ing cement adherent to the cortex with a reverse cutting 
hook. Alternatively, insert a tap into the hole and extract the 
cement plug with a mallet.
   

 

REMOVAL OF DISTAL CEMENT WITH  
A HIGH-SPEED BURR
Turner et al. recommended the use of a high-speed burr 
for removal of distal cement. We have used this tech-
nique with success, but meticulous attention to technique 
is mandatory to prevent femoral cortical perforation. The 
high-speed burr can be deflected easily from the hard 
cement to the softer bone, which is removed preferentially. 
Careful monitoring of the path of the burr under biplane 
image intensification is necessary.

 TECHNIQUE 3.18 

(TURNER ET AL.)
 n  Orient the C-arm either horizontally or vertically, and 

rotate the leg to obtain two-plane views of the femur. 

Repeated manipulation of the C-arm increases the risk of 
contamination of the field.

 n  Insert the cutting tool with short strokes. The burr cuts 
cement on the forward stroke and removes debris as it is 
withdrawn.

 n  Irrigate the canal continuously to remove debris and cool 
the burr. If the burr becomes too hot, the cement can 

 

Tungsten
carbide
punch

Divots made
by punch

FIGURE 3.154 Method of removal of broken stem described by 
Moreland, Marder, and Anspach. Small window is made in anterior 
femoral cortex just distal to break in stem. Carbide punch is used 
to push prosthesis proximally. (Redrawn from Moreland JR, Marder R, 
Anspach WE Jr: The window technique for the removal of broken femoral 
stems in total hip replacement, Clin Orthop Relat Res 212:245, 1986.) 
SEE TECHNIQUE 3.15.

 

A B C
FIGURE 3.155 Removal of cement from femoral canal. A and 

B, After removal of varus stem, channel in cement is such that drill 
or osteotome tends to follow channel and penetrate cortex. C, 
Cement must be removed from medial wall to prevent penetration; 
fiberoptic light is helpful in this procedure. SEE TECHNIQUE 3.17.
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melt and reform behind the cutting end, which makes 
extraction difficult.

 n  Frequently monitor the path of the burr in two planes under 
the image intensifier. Follow a path down the center of the 
canal, not along the course of the previous stem.

 n  After the cement column has been perforated, use a larg-
er side-cutting burr to remove additional cement along 
each area of the cortex.

 n  Continue to monitor the path of the burr under biplane 
image intensification. Never use this technique without 
radiographic guidance.

 n  If resistance suddenly decreases as a burr or reamer is 
being advanced, cortical penetration is likely. Insert a ball-
tipped guidewire, such as that used for flexible medullary 
reaming, into the canal and move it in various directions. 
Sometimes the movement of the rod can be palpated in 
the soft tissues of the distal thigh if perforation has oc-
curred. Obtain intraoperative radiographs, or view the rod 
under the image intensifier.

 n  If cortical perforation is evident, expose the area of the 
femur.

 n  Elevate and preserve any segments of cortex that may 
have been fractured off.

 n  Use the window created to remove additional cement 
and subsequently to guide the burr or reamer in the cor-
rect path down the center of the medullary canal.

 n  Reconstruct the area of cortical perforation with  cortical 
strut grafts and/or use a stem of sufficient length to 
 bypass the defect by a distance of at least two cortical 
diameters.
  

 FIGURE 3.156 Removal of cement from femoral canal. Longi-
tudinal radial splits are made in proximal cement column. (Redrawn 
from Johnson & Johnson, DePuy, Warsaw, IN.) SEE TECHNIQUE 3.17.

 FIGURE 3.157 Fragmentation of proximal cement. After longi-
tudinal radial splits have been made in cement column, curved 
osteotome is inserted into bone-cement interface and cement frag-
ment is fractured into central vacancy. SEE TECHNIQUE 3.17.

 

A B
FIGURE 3.158 Removal of solid cement below tip of pros-

thesis. A, Thin, curved hook is inserted between cortex and 
cement plug. B, Hook is turned 90 degrees and used to pull up 
cement. (Redrawn from Johnson & Johnson, DePuy, Warsaw, IN.) SEE 
TECHNIQUE 3.17.
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 FIGURE 3.159 Centering sleeve is used as drill guide to position 
drill bit precisely in center of cement plug. (Redrawn from Johnson 
& Johnson, DePuy, Warsaw, IN.) SEE TECHNIQUE 3.17.

Even with experienced surgeons, Turner et al. reported 
femoral cortical perforation in 10% of cases using high-
speed cement removal instruments. Mallory stated that 
when such aggressive instrumentation is used, perforation 
is almost expected. Such perforations occur in an uncon-
trolled manner, producing large gaps in the cortex. They 
often occur anteriorly and laterally, where they render the 
femur susceptible to fracture and are difficult to reconstruct. 
Mallory recommended a technique using “controlled perfo-
rations” for safe, rapid removal of femoral cement using a 
high-speed burr. 

 

REMOVAL OF DISTAL CEMENT WITH 
A HIGH-SPEED BURR AND CORTICAL 
WINDOW

 TECHNIQUE 3.19 

(MALLORY)
 n  Obtain extensile exposure of the femoral shaft by eleva-

tion of the vastus lateralis.
 n  After removal of the prosthesis, create a 9-mm hole in the 

anterior or anterolateral cortex of the femur using a high-
speed burr. Use the prosthesis as a template to determine 
the most beneficial site for placement of the hole.

 n  Usually the first hole is placed 8 to 10 cm distal to the 
vastus lateralis ridge.

 n  Use the portal to guide the burr visually down the center 
of the femoral shaft.

 n  Shine a fiberoptic light through the perforation to illumi-
nate the femoral canal. Irrigate the canal through the hole 
to remove cement debris generated by the burr.

 n  Place a second or occasionally a third perforation with 
a distance of at least 5 cm separating the portals. Make 
the most distal portal at the level of the distal cement 
mantle.

 n  Reconstruct the femur with a long stem prosthesis that 
extends a distance of twice the diameter of the femur 
past the most distal perforation.
  

In a related biomechanical study, Dennis et  al. found 
no significant changes in stress patterns of the femur 
around anteriorly placed holes. In addition, no cumula-
tive stress concentrations were seen when multiple holes 
were located at least 5 cm apart. In contrast, tensile strain 
increased 40% after a hole was drilled through the lateral 
femoral cortex. Careful placement of perforations in the 
anterior cortex, with adequate spacing between them, is 
essential.

Ultrasonically driven tools for cement removal are also 
commercially available. Ultrasonic instruments are of great-
est value in removing cement distal to the tip of the prosthe-
sis (Fig. 3.160). The incidence of cortical perforation with 
ultrasonic techniques has been low, but ultrasonic tools rarely 
suffice for removal of all of the cement and usually are used 
along with standard hand tools.

If the revision femoral prosthesis is to be recemented, 
it is acceptable to leave some of the cement in the femur, 
provided that it is firmly bonded to the femur with no radio-
lucency on radiographs and there is no evidence of infec-
tion. If enough cement is removed to allow placement of 
the new prosthesis in proper alignment with an adequate 
cement mantle, the new cement bonds to the old cement. 
If a cementless revision prosthesis is to be used, it is pref-
erable to remove all of the cement to facilitate bone graft-
ing and biologic fixation. Retained cement also may deflect 
reamers used for canal preparation and lead to femoral per-
foration. If infection is present, all of the cement must be 
removed. Regardless of the type of revision prosthesis, all 
of the membrane from the bone-cement interface must be 
removed because it impairs fixation. Curets and reverse cut-
ting hooks are used to remove the membrane. In addition, 
the smooth surface of any neocortex must be removed to 
allow fixation to true cortical bone. A high-speed burr, flex-
ible reamers, and curets are used to remove this bone from 
the femoral canal.

REMOVAL OF THE ACETABULAR COMPONENT
CEMENTED ACETABULAR COMPONENT

To remove the cup and cement from the acetabulum, the 
surgical exposure must provide direct access to the entire 
circumference of the cup. We have found the posterolateral 
approach (see Technique 3.2) satisfactory, usually with-
out osteotomizing the trochanter. The trochanter should 
be osteotomized if needed, however, to gain the necessary 
exposure. The capsule is released from the anterior edge of 
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 FIGURE 3.160 Ultrasonic attachment for removal of loose 
cement plug from distal femoral canal. With ultrasonic device 
turned on, tool is advanced into center of cement plug. When the 
device is off, cement hardens onto the attachment. The attachment 
and associated cement plug are removed with a slap hammer.

the acetabulum, and a retractor is inserted in this region to 
lever the proximal femur anteriorly (see Fig. 3.43D and E). If 
the femoral component is not being revised and the femoral 
head is modular, the head is removed to improve exposure. 
If the head is not modular, the abductors and capsule are 
elevated from the anterosuperior aspect of the acetabulum, 
and the femur is rotated to place the head into this recess.

The following technique can be used to remove a loose 
all-polyethylene cup. 

 

REMOVAL OF A LOOSE ALL-
POLYETHYLENE CUP

 TECHNIQUE 3.20

 n  If the cup has a flange, remove it with an osteotome or 
rongeur to expose the cement-cup and cement-bone in-
terfaces.

 n  Starting superiorly, remove cement from between the cup 
and surrounding bone with a thin osteotome, minimizing 
damage to the bone.

 n  Drive a thin, curved osteotome between the cup and ce-
ment in numerous places around the cup and carefully 
pry the cup partially out of the cement (Fig. 3.161A). 
Avoid doing this with the instrument between the ce-
ment and bone because this may damage the remaining 
acetabular bone or fracture the rim of the acetabulum.

 n  Place a small punch in one of the grooves along the edge 
of the component and tap it out from behind with a mal-
let, or use a commercially available extraction device that 
engages the polyethylene from within the recess to ex-
tract it (Fig. 3.161B).

 n  If the cup is more securely fixed in the acetabulum or if 
removal is not successful by the aforementioned method, 
divide the cup into quarters with a saw or burr and re-
move it in segments. The amount of polyethylene debris 
generated with this technique is of concern and should 
be carefully removed (Fig. 3.162).
  

De Thomasson et al. described removal of well-fixed all-
polyethylene components with acetabular reamers to thin the 
polyethylene and allow easier extraction. They reported no 
fractures or acetabular defects with this technique (Fig. 3.163). 

 

REMOVAL OF A METAL-BACKED, 
CEMENTED ACETABULAR 
COMPONENT

 TECHNIQUE 3.21 

 n  Use curved osteotomes to fragment the cement and 
disrupt as much of the cement-prosthesis interface as 
possible.

 n  Insert an impactor into a surface irregularity or groove 
along the superolateral edge of the prosthesis and at-
tempt to tap it out from behind.

 n  If the metal backing cannot be loosened by external dis-
section, remove the polyethylene liner. Use a metal-cut-
ting, high-speed burr to remove a quarter section of the 
metal backing.

 n  The apex of the cement mantle and cement-prosthesis in-
terface is now exposed. Disrupt this interface with curved 
osteotomes and remove the remainder of the metal back-
ing.

 n  When extracting a cup and cement that are apprecia-
bly displaced into the acetabulum, especially if there 
has been an infection, vascular damage is possible. 
For this reason, preoperative advanced imaging may 
be advisable to determine how close the cement mass 
is to the vascular structures. Prepare and drape the 
patient so that, if necessary, a lower abdominal inci-
sion can be made for retroperitoneal exposure of the 
pelvic vessels, and preoperatively make arrangements 
to have personnel available for vascular repair if neces-
sary (see section on vascular injuries).

 n  Usually a moderate amount of cement remains in the ace-
tabulum after removal of the cup, unless bone resorption 
was marked, or the loosening was caused by infection, in 
which case most or all of the cement is extracted with the 
cup.

 n  Remove the cement from the floor of the acetabulum by 
lifting the edge of the cement with a curet and cracking 
it gently with an osteotome; do not damage the medial 
wall of the acetabulum or drive the cement into the pelvis.

 n  If a metal mesh or plastic disc restrainer has been used to 
cover a centering hole or defect, it usually comes out with 
the cement.

 n  The fibrous membrane covering the cement mantle may 
be thick, and most often it remains adherent to the bone 
rather than the cement. Completely remove the fibrous 
tissue with a curet or Cobb elevator. A high-speed burr 
can be used to remove firmly adherent fibrous tissue that 
remains.

 n  Remove plugs of cement from the anchoring holes if pos-
sible.

 n  Except in the presence of infection, removing pieces 
of cement that have been displaced into the pelvis 
is unnecessary, difficult, and may cause excessive 
 bleeding.
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CEMENTLESS ACETABULAR 
COMPONENT
Removal of a well-fixed, porous, cementless acetabular 
component is difficult and may result in removal of addi-
tional bone stock with the need for a larger implant for 
reconstruction. When the prior implant has been placed 
against the medial wall of the acetabulum, it is possible 
that a complete medial segmental bony deficit would 
result from the extraction. If the reason for revision of 
the component is malposition with recurrent dislocation, 
exchanging the polyethylene liner for one with a larger 
lip or degree of offset may suffice. If not, revision of the 
ingrown metal backing is done. Our preferred technique 

for removal of well-fixed porous acetabular compo-
nents involves an acetabular centering device attached 
to a rotating handle and blades of varying diameters 
to disrupt the bone-implant interface. Mitchell et al. 
reported 31 revisions with this technique, resulting in 
minimal bone loss and 5 minutes of operative time for 
cup removal.

 

A

B
FIGURE 3.161 Removal of polyethylene cup. A, Curved, thin 

osteotome or gouge is used to disrupt interface between implant 
and cement. B, Cup is removed by prying it gently from cement 
with extraction device. (Redrawn from Smith & Nephew, Memphis, 
TN.) SEE TECHNIQUE 3.20.

 FIGURE 3.163 Acetabular reamer reams cup until cement is 
visible through transparent polyethylene. Remaining polyethylene 
and cement are removed with curved osteotomes or gouges. (From 
de Thomasson E, Mazel C, Gagna G, et al: A simple technique to remove 
well-fixed, all-polyethylene cemented acetabular component in revision 
hip arthroplasty, J Arthroplasty 16:538, 2001.)

 FIGURE 3.162 Well-fixed, cemented polyethylene component 
has been divided into quarters and is being removed in segments 
from the underlying cement. (From Burgess AG, Howie CR: Removal 
of a well fixed cemented acetabular component using biomechanical 
principles, J Orthop 14:302, 2017.)
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 FIGURE 3.165 Two blades used by Explant System. Short 
blade (left) and full-radius blade (right). (From Mitchell PA, Masri 
BA, Garbuz DS, et al: Removal of well-fixed, cementless, acetabular 
components in revision hip arthroplasty, J Bone Joint Surg 85B:949, 
2003. Copyright British Editorial Society of Bone and Joint Surgery.) 
SEE TECHNIQUE 3.22.

 FIGURE 3.164 Explant System (Zimmer Orthopaedics, Warsaw, 
IN) used to remove well-fixed, acetabular, cementless components.  
(From Mitchell PA, Masri BA, Garbuz DS, et al: Removal of well-fixed, 
cementless, acetabular components in revision hip arthroplasty, J Bone 
Joint Surg 85B:949, 2003. Copyright British Editorial Society of Bone and 
Joint Surgery.) SEE TECHNIQUE 3.22.

 TECHNIQUE 3.22 

(MITCHELL)
 n  If no screws are present, leave the liner in place; other-

wise, remove the liner to allow screw removal and replace 
it to accommodate the centering device. If the liner is 
excessively worn or damaged, a trial liner can be used. 
A trial bipolar head that matches the inner diameter of 
the cup may be used to center the blade in a resurfacing 
acetabular component for which appropriately sized trial 
liners are not available.

 n  Employing a centering device of a diameter matching the 
internal diameter of the liner, use a short blade initially to 
disrupt the interface between the implant and bone by 
rotating the handle of the device (Fig. 3.164). The outer 
diameter of the implant must be known to choose the 
appropriate blade.

 n  After the short blade has made a channel circumferen-
tially, use a longer blade in the same manner to disrupt 
any remaining bone ingrowth at the dome of the im-
plant.

 n  Lift the implant out between the blade and centering de-
vice (Fig. 3.165).
  

RECONSTRUCTION OF ACETABULAR 
DEFICIENCIES
Deficiency of acetabular bone stock is one of the major prob-
lems in revision THA and may result from numerous factors, 
including the following: (1) osteolysis caused by wear, loosening, 
or infection; (2) excessive bone resection at the time of previous 
surgery, especially if the patient has had a resurfacing procedure 
or previous acetabular revision; (3) preexisting bone deficit from 
acetabular fracture or dysplasia that was not corrected at the time 
of previous surgery; and (4) inadvertent destruction of bone dur-
ing removal of a previous component or cement.

CLASSIFICATION
The development of guidelines for management of acetab-
ular deficiencies has been hindered by a lack of standard 

nomenclature to describe them. The AAOS Committee 
on the Hip devised a clinically useful classification sys-
tem for acetabular deficiencies (Table 3.7). The system 
is equally applicable to primary arthroplasties, however. 
Description of acetabular deficits makes preoperative 
planning easier and simplifies operative management 
(Fig. 3.166).

Acetabular deficits are of two basic types: segmental 
and cavitary. A segmental deficiency is a complete loss of 
bone in the supporting rim of the acetabulum, including 
the medial wall. A cavitary deficiency is a volumetric loss 
in the bony substance of the acetabular cavity. Segmental 
and cavitary deficits are subdivided according to their 
location: anterior, superior, posterior, or central. These 
deficiencies may be isolated or may exist in combinations. 
A protrusio deformity represents a central cavitary defi-
cit. When a loose socket migrates into the pelvis, a com-
bined central segmental and cavitary deficit is produced. 
Previous cement fixation holes produce combined supe-
rior and posterior cavitary deficits. Superior segmental 
and superior cavitary deficits occur in congenital hip dys-
plasia or with superior migration of an endoprosthesis or 
loosened socket.

Pelvic discontinuity describes a fracture traversing the 
anterior and posterior columns with separation of the supe-
rior and inferior portions of the acetabulum. Arthrodesis 
implies no actual deficiency of acetabular bone stock, 
although the site of the true acetabulum may be difficult to 
locate.

Although the AAOS classification is helpful in describ-
ing acetabular defects, the various types may be difficult 
to appreciate on plain radiographs. Paprosky et al. devel-
oped a classification system based on preoperative radio-
graphs and intraoperative findings with the various classes 
determined by the relative position of the acetabular com-
ponent to the host acetabulum, and the status of the host 
bone defined by bony landmarks. This system is helpful in 
preoperative  planning because the defects encountered at 
surgery can often be predicted by the class of deficiency 
(Fig. 3.167 and Table 3.8).
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 TABLE 3.7

American Academy of Orthopaedic Surgeons 
Classification of Acetabular Deficiencies

TYPE I: SEGMENTAL DEFICIENCIES
Peripheral
Superior
Anterior
Posterior
Central (medial wall absent)
TYPE II: CAVITARY DEFICIENCIES
Peripheral
Superior
Anterior
Posterior
Central (medial wall intact)

TYPE III: COMBINED DEFICIENCIES

TYPE IV: PELVIC DISCONTINUITY

TYPE V: ARTHRODESIS

From D’Antonio JA, Capello WN, Borden LS, et al: Classification and manage-
ment of acetabular abnormalities in total hip arthroplasty, Clin Orthop Relat Res 
243:126–137, 1989.

Anteroposterior and lateral radiographs, Judet views, 
and CT scans are often helpful in evaluating the acetabu-
lar deficits preoperatively. Ultimately, the degree of defi-
ciency is determined intraoperatively when components 
are removed, and complete acetabular exposure is achieved. 
Preoperative templating is useful to anticipate the size of 
the component(s) required and the need for structural aug-
mentation when the new component is placed in the proper 
location. 

MANAGEMENT
The objectives of acetabular reconstruction are to (1) 
restore the center of rotation of the hip to its anatomic 
location, (2) establish normal joint mechanics, (3) rees-
tablish the structural integrity of the acetabulum, and 
(4) obtain rigid fixation of the revision prosthesis to host 
bone. Currently, most acetabular revisions are done with 
cementless components. 

 

MANAGEMENT OF ACETABULAR 
CAVITARY DEFICITS

 TECHNIQUE 3.23 

 n  Cavitary deficiencies are the easiest to manage. If 
the deficits are very small, ream to a slightly larger  
size to increase the area of host bone in contact with 
the  implant surface. Insert the revision socket using 
the same  techniques as for primary replacement (see 
 Technique 3.3).

 n  If the deficits are larger, significant additional reaming 
would compromise the rim of the acetabulum and create 
a segmental deficiency.

 n  Fill larger cavitary deficiencies with morselized autog-
enous or allograft cancellous bone grafts and impact 
them into place by using the last-sized reamer, turning 
in reverse or by impaction with an acetabular trial com-
ponent of appropriate size. A larger-than-average final 
acetabular component may be required (Fig. 3.168).

 n  Large superior and central cavitary deficiencies require 
more extensive bone grafting. Use morselized graft 
or a solid bulk graft for large defects, with additional 
 particulate bone graft to fill any smaller cavitary deficits 
(Fig. 3.169). In either case, use the bone graft only as filler 
material and not as a structural support for the new im-
plant. The intact peripheral rim of the acetabulum should 
be able to provide implant stability before the addition of 
any bone grafts.

 n  Through judicious reaming and careful implant sizing, 
place as much of the porous surface of the implant as 
 possible against viable host bone. Use an implant over-
sized 1 to 2 mm relative to the last reamer to achieve 
rim fixation, especially if large medial deficits have been 
grafted.

 n  Use ancillary screw fixation if the stability of the implant 
is in question with press-fit fixation alone.

 n  Insert an acetabular liner that will accommodate a 
 femoral head 32 mm or larger, if possible, to enhance 
stability.
  

SEGMENTAL DEFICITS
Many segmental acetabular deficits involve only a small 
area of the rim. These deficits seldom compromise pros-
thetic stability and usually can be disregarded. Segmental 
deficits in the anterior column usually do not require 
reconstruction (Fig. 3.170). If the prosthesis is contained 
by bone posteriorly and superiorly, the center of rotation 
of the hip is restored, and component stability is achieved, 
structural augmentation of the acetabulum is not required. 
In addition, central segmental deficits can be managed 
similarly to central cavitary deficits. Particulate bone 
grafts are contained by intact soft tissues over the medial 
wall defect and incorporate readily. Structural medial wall 
bone grafts are seldom necessary. Some isolated superior 
segmental deficits can be managed with an oblong-shaped 
revision acetabular component. This prosthetic solution 
allows restoration of the hip center to an anatomic location 
without the need for additional structural augmentation 
(Fig. 3.171). Implantation of these devices requires special 
instruments and is technically more challenging than for 
hemispherical implants. There is a tendency to place such 
implants in an excessively vertical position. A few small 
series have reported successful use of these implants in 
carefully selected patients. In our practice, they have been 
replaced by modular augments combined with hemispher-
ical components.
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Structural augmentation is needed most commonly 
for a large posterior or superior segmental deficiency 
that compromises the stability of the implant or that 
requires superior displacement of the center of rota-
tion of the hip more than 2.5 cm to place the implant 
against intact bone. Segmental defects of this type may 
be managed with structural allografts or, more recently, 
with modular metal augments. In most reported series, 
results of structural bone grafting for segmental deficien-
cies have been best when at least 50% of the support of 

the revision acetabular component was provided by host 
bone rather than graft. Modular augments are advanta-
geous because rigid initial fixation of the augment can 
be achieved, resorption of the augment is not a concern 
(unlike with allograft), and multiple augment sizes and 
configurations are available to accommodate complex 
bone loss and deformity (see Fig. 3.31). Mid-term fol-
low-up on porous tantalum cups with modular augments 
shows good results with reliable fixation except in the set-
ting of pelvic discontinuity. 

 

A B C

D E F G

Medial segmentalSuperior segmental Cavitary

Medial cavitary Combined Pelvic discontinuity Arthrodesis

FIGURE 3.166 A, Superior segmental defect violates superior supporting rim and part of ante-
rior supporting rim of acetabulum. B, Medial segmental defect violates medial supporting rim. 
C, Three cavitary defects involve excavation of bone without violation of superior, posterior, or 
anterior rim. D, Medial cavitary. Excavation of medial wall of acetabulum occurred without viola-
tion of medial rim (contained bone defect). E, Combined segmental cavitary defects. Superior, 
anterior segmental lesion combined with superior, anterior, and medial cavitary defects. F, Pelvic 
discontinuity. Interruption of anterior and posterior columns creates rare but unstable defect. G, 
Arthrodesis. Acetabular cavity filled with bone.
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A B C

D E F
FIGURE 3.167 A, Type I defect has minimal bone loss and negligible component migration. B, 

Type 2A defect with less than 2 cm superomedial migration. C, Type 2B defect with less than 2 cm 
superolateral migration. D, Type 2C defect with medial migration only. E, Type 3A defect with more 
than 2 cm component migration and bone loss from 10-o’clock to 2-o’clock position. F, Type 3B 
defect with more than 2 cm migration and bone loss from 9-o’clock to 5-o’clock position.  (Redrawn 
from Paprosky WG, Perona PG, Lawrence JM: Acetabular defect classification and surgical reconstruction 
in revision arthroplasty: a 6-year follow-up evaluation, J Arthroplasty 9:33, 1994.)

 TABLE 3.8 

Paprosky Classification of Acetabular Deficiencies

Type I Supportive rim with no bone lysis or migration
Type II Distorted hemisphere with intact supportive columns and <2-cm superomedial or superolat-

eral migration
 a.  Superomedial
 b.  Superolateral (no dome)
 c.  Medial only

Type III Superior migration >2-cm and severe ischial and medial osteolysis
 a.  Kohler’s line intact, 30%-60% of component supported by graft (bone loss: 10 o’clock to 2 

o’clock position)
 b.  Kohler’s line not intact, >60% of component supported by graft (bone loss: 9.00 o’clock to 

5.00 o’clock position)

From Paprosky WG, Perona PG, Lawrence JM. Acetabular defect classification and surgical reconstruction in revision arthroplasty. A 6-year follow-up evaluation. J 
Arthroplasty 9:33–44, 1994.
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BA

FIGURE 3.169 A, Large cavitary deficiencies in 85-year-old woman with acetabular loosening 
18 years after primary cemented arthroplasty. Large superior and medial cavitary deficiencies 
combined with poor bone stock. Fixation is unlikely with conventional porous-coated implants. 
B, Extensive bone grafting with cancellous allograft combined with antiprotrusio cage. Implant is 
stable at 2 years, and bone graft is incorporated. SEE TECHNIQUE 3.23.

 

A

B

C

FIGURE 3.168 A, Cavitary deficiencies (arrows) in 42-year-old postal worker with groin pain 13 
years after bipolar hemiarthroplasty. Polyethylene wear has produced large superior and medial 
cavitary deficiencies. B, Defects were filled with cancellous allograft with placement of porous 
revision implant. Hip center accurately restored. C, At 4 years, bone grafts have remodeled and 
appearance is that of a primary arthroplasty. SEE TECHNIQUE 3.23.
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BA

FIGURE 3.170 Anterior segmental deficiency in young woman. A, Polyethylene wear produced 
this segmental deficiency (between arrows) in anterior column of acetabulum. Posterior column is 
intact. B, Revision accomplished with large-diameter porous implant and cancellous bone grafting. 
No structural graft was required.

 

DC

BA

FIGURE 3.171 Superior segmental deficiency. A, Elderly woman with two previous revisions 
for developmental dysplasia. Residual high hip center with superior segmental deficit can be 
seen. B, CT scan shows deficient posterior bone stock at high location. C, Best available posterior 
bone stock is at level of true acetabulum. D, Reconstruction with specialized, oblong revision 
acetabular component. No structural bone grafts were required, and early weight bearing was 
facilitated.
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MANAGEMENT OF SEGMENTAL 
ACETABULAR DEFICIT WITH FEMORAL 
HEAD ALLOGRAFT

 TECHNIQUE 3.24 

 n  If a segmental deficit is limited to the superior or the pos-
terior rim of the acetabulum, a femoral head allograft 
usually is sufficient. Use bone from an osteoarthritic 
femoral head. Osteoporotic bone from a patient with a 
femoral neck fracture is inadequate.

 n  With a high-speed burr or matching male and female 
reamers, prepare the surfaces of the graft and the recipi-
ent bed to match or leave the graft slightly larger than 
the deficit so that an interference fit can be obtained to 
enhance stability.

 n  Use rigid internal fixation to secure the graft to host 
bone. Most superior segmental deficits have a residual 
shelf of bone that supports the graft, and lag screws 
alone are sufficient for fixation (Fig. 3.172). Because 
bony support of posteriorly placed structural grafts often 
is not achieved, fixation with a buttress plate is required.

 n  Provisionally fix the graft with Kirschner wires.
 n  Ream the acetabulum to contour the inner surface of 

the graft along with the host acetabular bed for the final 
 acetabular component.

 n  Contour a pelvic reconstruction plate along the poste-
rior column and fix it with multiple screws. Remove the 
Kirschner wires.

 n  After placement of the revision socket, use ancillary 
screws to fix the implant to host bone. Screws fixing the 
socket to the bone graft do little to increase the stability 
of the construct.
   

 

MANAGEMENT OF SEGMENTAL 
ACETABULAR DEFICIT WITH METAL 
AUGMENT

 TECHNIQUE 3.25 

(JENKINS ET AL., MODIFIED)
 n  Ream the native acetabulum in 1-mm increments until 

two points of fixation are found.
 n  Place an acetabular trial one size larger than the last ream-

er and assess stability.
 n  If stability is questionable, acetabular augments are used 

to improve stability by filling bony defects.
 n  Using trial augments as guide for sizing the defect, ream 

the defect line to line or use a high-speed burr to accom-
modate the augment while minimizing host bone removal.

 n  Place the acetabular component first and fix it provision-
ally with two screws.

 n  Back out the screws two or three turns and place the aug-
ment in the desired position and fix it provisionally with 
screws.

 n  Remove the augment screws and augment.

 

BA

FIGURE 3.172 Superior segmental deficiency. A, Multiple previous revisions had been done for 
sequelae of congenital hip dysplasia. Socket previously was placed in false acetabulum with high 
hip center. Large superior segmental defect is above true acetabulum. B, Five years after revision 
with structural bone grafting of superior segmental deficit and cementless acetabular component, 
no migration is seen but bone ingrowth is unlikely. SEE TECHNIQUE 3.24.
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 n  Place doughy cement at the interface of the augment 
and acetabular component; replace the augment into 
position. Tighten the provisional acetabular component 
screws and fix the augment definitively with screws 
placed through the previously placed screw holes.

 n  Add screws through the acetabular component as needed 
for stability with the goal of achieving fixation in the superior 
and inferior hemispheres of the acetabulum (Fig. 3.173).
  

COMBINED DEFICITS
Combined superior and either posterior or anterior segmen-
tal deficits usually are too large to be managed with a femoral 
head allograft. Distal femoral allografts, modular metal aug-
ments, cancellous allograft combined with an antiprotrusio 
cage, acetabular allografts, custom triflanged acetabular com-
ponents, and hemispherical components placed at a high hip 
center all have been used to reconstruct these massive seg-
mental deficiencies. Cementless hemispherical components 
have shown better results when more than 50% of their sur-
face is in contact with host bone. A tantalum metal revision 
socket has been developed, which may require less than 50% 
host bone available for stability, but long-term results are 
unavailable. Antiprotrusio cages have been combined with 
structural allografts and cancellous impaction grafting for 
combined defects where less than 50% host bone is available 
for fixation.

Sporer et al. described a technique of structural grafting 
using a distal femoral or proximal tibial allograft fashioned in 
the shape of the numeral 7. The technique is recommended 
when superior migration of the hip center of more than 3 cm 
has occurred while the anterior and posterior columns are 
mostly intact (Paprosky IIIA). At 10 years’ follow-up, 17 of 23 
uncemented hemispherical cups combined with distal fem-
oral allografts were successful without radiographic loosen-
ing or revision of the acetabular component. Historically, this 
technique was considered for younger patients to improve 
bone stock, but most patients currently are treated with mod-
ular metal augmentation of hemispherical acetabular compo-
nents with or without an antiprotrusio cage. 

 

MANAGEMENT OF COMBINED 
DEFICITS WITH STRUCTURAL 
GRAFTING

 TECHNIQUE 3.26 

(SPORER ET AL.)
 n  Select a distal femoral allograft of appropriate size to fill 

the defect. Shape the condylar portion of the graft with 
female reamers so that the size of the graft is approxi-
mately 2 mm larger than the defect. Fashion the graft in 
the shape of an inverted 7.

 n  Make a diaphyseal cut in the coronal plane, leaving the 
anterior cortex thick enough for screw fixation.

 n  Make an oblique cut through the posterior cortex, exiting 
just proximal to the posterior condyles (Fig. 3.174A).

 n  Place the graft over the defect in the superior portion of 
the acetabulum and gently impact it into place with the 
cut portions of the graft buttressed against the superior 
portion of the acetabulum and ilium.

 n  Secure the graft to the ilium with multiple screws 
or a plate. Place the screws in a staggered fashion 
and tap the drill holes to avoid fracturing the graft  
(Fig. 3.174B).

 n  Ream the graft and remaining portions of the acetabulum 
with standard acetabular reamers to a size that leaves the 
anterior and posterior columns intact while maximizing 
contact for bone ingrowth for the revision prosthesis (Fig. 
3.174C).

 FIGURE 3.173 Combined deficiency including superior 
segmental defect treated with modular augment, tantalum revision 
socket, and cancellous autograft. (From Jenkins DR, Odland AN, Sierra 
RF, et al: Minimum five-year outcomes with porous tantalum acetabular 
cup and augment construct in complex revision total hip arthroplasty, J 
Bone Joint Surg Am 99:49, 2017.)
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A B

FIGURE 3.175 Pelvic discontinuity. A, Four years after total hip replacement in 70-year-old 
woman with history of pelvic irradiation for cervical carcinoma; acetabular component failed. 
Large deficiency of anterior column with fracture through posterior column (arrow). B, Acetabular 
reconstruction done with antiprotrusio cage and extensive bone grafting.

 

CBA

FIGURE 3.174 Paprosky “7” graft for segmental acetabular deficiency. A, Distal femoral allograft 
is shaped to resemble numeral 7. B, Graft is shaped to fit acetabular deficiency and fixed as shown, 
with several screws placed above acetabulum through remaining cortical portion of graft. C, Graft 
is reamed, and revision component is implanted. SEE TECHNIQUE 3.26.

 n  Impact the acetabular component in the appropriate posi-
tion and fix it to the host bone with multiple screws.

When segmental and cavitary deficits occur simulta-
neously, the segmental defect is reconstructed first to 
restore the rim. Any remaining cavitary deficits are filled 
with particulate cancellous graft.
  

PELVIC DISCONTINUITY
Pelvic discontinuity results from a transverse fracture of the 
acetabulum with complete separation between the superior 
and inferior halves (Fig. 3.175). Abdel et  al. recommended 
posterior column plating and uncemented hemispherical 
components for patients with acute pelvic discontinuity or 

in chronic pelvic discontinuity with bone stock of sufficient 
quantity and quality for healing.

Paprosky et al. developed an algorithm for treating pelvic 
discontinuity based on its perceived healing potential. If such 
potential exists, the discontinuity is treated in compression 
with plating of the posterior column and a structural allograft 
or with a tantalum revision socket used as a hemispherical 
plate. If healing potential is insufficient, as in the setting of 
previous pelvic irradiation, the discontinuity is placed in 
distraction and the acetabulum reconstructed with a highly 
porous metal socket. Other options in this setting include a 
tantalum metal socket combined with an antiprotrusio cage 
(so-called cup-cage construct), or a custom triflanged acetab-
ular component (Fig. 3.176, Fig. 3.145). 
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ACETABULAR DISTRACTION 
FOR MANAGEMENT OF PELVIC 
DISCONTINUITY

 TECHNIQUE 3.27 

(SHETH ET AL.)
 n  Expose the failed acetabular component via a posterolat-

eral approach and remove it along with the fibrous mem-
brane from the floor of the acetabulum.

 n  Stress the inferior half of the acetabulum to confirm the 
presence of a discontinuity.

 n  Place acetabular augments as needed for anterosuperior 
or posteroinferior segmental defects.

 n  Temporarily distract the acetabulum with a large  
lamina spreader to assess the mobility of the discontinu-
ity.

 n  Place a large Kirschner wire or Steinmann pin in the dome 
and ischium and place a distractor over the pins.

 n  Ream the acetabulum on reverse to shape the remain-
ing bone into a hemispherical shape without removing a 
significant amount (Fig. 3.177).

 n  Insert an acetabular trial of the same size as the last ream-
er and check for stability.

 n  Remove the final trial and reverse ream cancellous al-
lograft into any remaining cavitary defects.

 n  Insert the acetabular component into place and fix it with 
multiple screws, ideally using the sciatic buttress and is-
chium for screw fixation.

 n  After the appropriate liner and head size are deter-
mined by trialing, insert the definitive liner and femoral 
head.

 n  Postoperatively, the patient should remain touch-down 
weight bearing for 6 to 12 weeks and progress to weight 
bearing to tolerance with a cane by 3 months.
   

 FIGURE 3.178 Cup-cage construct with transverse screws 
through the ilium along with dome and ischial screws. Note 
unitization of construct with dome screws through the cage and 
cup.  (From Abdel MP, Trousdale RT, Berry DJ: Pelvic discontinuity 
associated with total hip arthroplasty: evaluation and management, 
J Am Acad Orthop Surg 25:330, 2017.) SEE TECHNIQUE 3.28.

 FIGURE 3.176 Cup-cage construct. Pelvic discontinuity and 
large superior segmental defect required tantalum hemispherical 
acetabular component with superior augment, antiprotrusio cage, 
and cemented polyethylene liner.

 FIGURE 3.177 Acetabular distraction. Acetabular reamer in 
place while discontinuity is tensioned with distraction device.  (From 
Sheth NP, Melnic CM, Paprosky WG: Acetabular distraction: an alternative 
for severe acetabular bone loss and chronic pelvic discontinuity, Bone 
Joint J 96-B[11 Suppl A]:36, 2014.) SEE TECHNIQUE 3.27.
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CUP-CAGE TECHNIQUE FOR 
MANAGEMENT OF PELVIC 
DISCONTINUITY

 TECHNIQUE 3.28 

(ABDEL ET AL., MODIFIED)
 n  Expose the failed acetabular component through a pos-

terolateral approach and remove it along with the fibrous 
membrane from the floor of the acetabulum.

 n  Stress the inferior half of the acetabulum to confirm the 
presence of a discontinuity.

 n  Place acetabular augments as needed for anterosuperior 
or posteroinferior segmental defects.

 n  Ream the acetabulum on reverse to shape the remain-
ing bone into a hemispherical shape without removing a 
significant amount.

 n  Insert an acetabular trial of the same size as the last ream-
er and check for stability.

 n  Remove the final trial and reverse ream cancellous al-
lograft into any remaining cavitary defect.

 n  Insert the acetabular component into place and fix it with 
multiple screws.

 n  Place the cage over the acetabular component.
 n  Distally the inferior flange of the cage can be fixed onto 

the ischium with screws or into a slot in the ischium; 
alternatively, the inferior flange can be removed before 
placement of the cage, for a so-called half-cage con-
struct.

 n  Unitize the cage to the acetabular component by placing 
at least one screw through the cage and cup into the 
dome of the acetabulum.

 n  Place screws through the iliac flange of the cage superi-
orly.

 n  Proceed with trialing and acetabular liner and femoral 
head placement (Fig. 3.178).
  

In rare instances, the acetabulum is so deficient that a 
whole acetabular allograft or a custom triflanged component 
is the only option. Garbuz, Morsi, and Gross found that 45% 
of massive acetabular allograft revisions required revision at 
minimum 5-year follow-up. Their best results were obtained 
when the allograft was augmented with an acetabular rein-
forcement ring. DeBoer et  al. reviewed a group of 20 hips 
in 18 patients with pelvic discontinuity treated with a cus-
tom, triflanged component. At average 10-year surveillance, 
no components were revised and none were radiographi-
cally loose. Dislocation was the most common complication, 
occurring in five hips. Procedures of this degree of complexity 
are best referred to a major center with surgeons skilled in 
revision surgery. 

 

MANAGEMENT OF PELVIC 
DISCONTINUITY WITH  
ALLOGRAFTING AND CUSTOM  
COMPONENT

 TECHNIQUE 3.29 

(DEBOER ET AL.)
 n  Expose the failed acetabular component through a pos-

terolateral approach and remove it along with any re-
sidual cement and fibrous membrane.

 n  Trace the sciatic nerve up to the greater sciatic notch to 
avoid injury during ischial dissection and cup implanta-
tion.

 n  Perform limited dissection in the sciatic notch region and 
avoid abductor tension by abduction and proximal trans-
lation of the femur.

 n  Elevate the gluteus medius subperiosteally off of the ilium 
for placement of the iliac flange of the component.

 n  Release part of the hamstring origin from the ischium be-
fore placement of the ischial flange.

 n  Place cancellous allograft bone along the area of the dis-
continuity.

 n  Fix the ischial flange first with multiple screws.
 n  Insert iliac screws second, reducing this flange to host 

bone.
 n  Place the desired acetabular liner, giving consideration to 

a dual mobility construct or constrained liner if the abduc-
tor muscles are deficient.
  

RECONSTRUCTION OF FEMORAL 
DEFICIENCIES
Femoral bone stock is deficient to some degree in most 
revisions, a condition that may result from (1) osteoly-
sis caused by loosening, wear, or infection, (2) perfo-
ration or creation of windows during removal of the 
previous stem or other implant, (3) stress shielding from 
an excessively stiff implant, or (4) preexisting osteoporo-
sis. Reconstruction may be complicated further by femoral 
deformity or fracture.

CLASSIFICATION
The AAOS Committee on the Hip proposed a system for 
the classification of femoral deficiencies in THA (Table 3.9). 
Although the system is most commonly used in reference to 
revision surgery, it also is applicable to primary arthroplas-
ties. The essential terminology from the acetabular classifi-
cation has been maintained to promote continuity. Accurate 
description of deficiencies simplifies preoperative planning 
(Fig. 3.179).

Femoral bony deficiencies are of two basic types: segmen-
tal and cavitary. A segmental deficit is defined as any loss of 
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bone in the supporting cortical shell of the femur. A cavitary 
deficit is a contained lesion representing an excavation of the 
cancellous or endosteal cortical bone without violation of the 
cortical shell of the femur. Involvement can be categorized as 
level I, proximal to the inferior border of the lesser trochan-
ter; level II, from the inferior margin of the lesser trochanter 
to 10 cm distally; or level III, distal to level II.

Segmental femoral deficiencies can be divided further 
into deficiencies that are partial or complete and by their 
involvement of the anterior, medial, or posterior cortex. 
When a segmental deficit has intact bone above and below, 
such as with a cortical window, it is referred to as an interca-
lary deficit. The greater trochanter is treated as a separate seg-
mental deficit because of the special problems of trochanteric 
nonunion and abductor insufficiency.

Cavitary deficits are subdivided according to the degree of 
bone loss present within the femur. Cancellous deficits repre-
sent loss of only the cancellous medullary bone. Cortical cavi-
tary deficits are more extensive and involve loss of cancellous 
and endosteal cortical bone stock. Ectasia is a specialized cav-
itary deficit in which the femur is dilated in addition to loss of 
cancellous bone, with thinning of the cortex. Combined seg-
mental and cavitary deficits often are encountered in revision 
surgery, such as when a loose stem subsides or migrates into 
varus or retroversion, and there is concomitant osteolysis.

Distortion of the femoral canal is described separately. 
Malalignment refers to a distortion of the femoral archi-
tectural geometry and can be either angular or rotational. 
Developmental diseases of the hip, fracture malunion, previ-
ous osteotomy, and the process of loosening all may contrib-
ute to malalignment. Stenosis describes a partial or complete 
occlusion of the femoral canal resulting from previous 
trauma, fixation devices, or bony hypertrophy. Femoral dis-
continuity refers to a loss of femoral integrity, from either an 
acute fracture or an established nonunion.

Della Valle and Paprosky developed a femoral defect clas-
sification along with guidelines for treatment of each type of 
deficiency. Type I femurs have minimal metaphyseal cancellous 
bone loss with an intact diaphysis. This type of defect occurs with 
uncemented, non–porous-coated, press-fit stems. Most type 
I femurs can be reconstructed with cemented or uncemented 
primary length components. Type II femurs have extensive can-
cellous metaphyseal bone loss down to the level of the lesser tro-
chanter with an intact diaphysis. Calcar replacement stems are 
often required to restore limb length. Cementless stems with 
diaphyseal fixation from extensive porous coating, tapered fluted 
stems, and proximally porous-coated modular stems have been 
used successfully in this setting. Type IIIA defects are character-
ized by extensive metaphyseal cancellous bone loss with some 
diaphyseal bone loss as well, but with more than 4 cm of diaphy-
seal bone available for distal fixation. Extensively porous-coated 
stems 8 inches or longer and tapered fluted stems are recom-
mended for type IIIA femurs. Type IIIB defects are differentiated 
by less than 4 cm of intact diaphysis with extensive metaphyseal 
and diaphyseal bone loss. Extensively porous-coated cylindrical 
stems have performed poorly in this setting. Impaction graft-
ing of the femur may be considered in this situation, along with 
tapered fluted stems. Type IV femurs have a widened femoral 
canal and no diaphyseal bone of sufficient quality for cementless 
fixation. Impaction grafting or proximal femoral replacement 
with an allograft-prosthetic composite construct or modular 
tumor prosthesis may be used in this extreme bone deficiency 
(Fig. 3.180). 

MANAGEMENT
High-quality anteroposterior and lateral radiographs of the 
femur are prerequisites for femoral revision. When significant 
proximal deficits are present, films showing the distal portion 
of the femur are necessary to evaluate bone stock for dis-
tal fixation. Preoperative templating is helpful in evaluating 
leg-length discrepancy and for selecting the correct implant 
diameter, length, neck length, and offset. The need for spe-
cialized implants and bone grafts also can be anticipated. The 
objectives of femoral revision surgery are to (1) maintain 
femoral integrity and bone stock, (2) achieve rigid prosthetic 
fixation, (3) restore hip biomechanics to promote efficient 
abductor function, and (4) equalize leg lengths. 

SEGMENTAL DEFICITS
Segmental deficits, such as femoral cortical windows, create 
stress risers in bone that predispose to postoperative fracture. 
Biomechanical studies have shown that the stress pattern of a 
tubular bone returns to normal at a distance of two bone diam-
eters distant to a defect. A revision stem of sufficient length to 
pass at least this distance beyond cortical defects is used. If the 
ratio of the diameter of the perforation to that of the femur is 
less than 30%, the decrease in strength is not appreciably dif-
ferent for holes of varying size. For perforations less than one 
third the diameter of the bone, particulate graft can be used.

For larger cortical windows, an onlay cortical allograft strut 
is used (Fig. 3.181). Allograft cortical struts typically are har-
vested from the proximal or distal femur or from the tibia. The 
endosteal surface of the allograft strut is contoured to match the 
outer diameter of the host femur and is secured with multiple 
cerclage wires (Fig. 3.182). The interfaces are augmented with 
autogenous or allograft cancellous bone graft. Cortical strut 
grafts reliably unite to the femoral cortex when fixation of the 

 TABLE 3.9

American Academy of Orthopaedic Surgeons 
Classification of Femoral Deficiencies

Type I Segmental deficiencies
Proximal
Partial
Complete
Intercalary
Greater trochanter

Type II Cavitary deficiencies
Cancellous
Cortical
Ectasia

Type III Combined deficiencies
Type IV Malalignment

Rotational
Angular

Type V Femoral stenosis
Type VI Femoral discontinuity

From D’Antonio J, McCarthy JC, Barger WL, et al: Classification of femoral abnor-
malities in total hip arthroplasty. Clin Orthop 296:133–139. 1993.
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FIGURE 3.179 Femoral defects. A, Segmental defect: loss of femoral cortical bony support. It may 
be partial and proximal involving loss of bone through level of femur, or it may be intercalary lesion 
with intact bone above and below or involve greater trochanter. Most severe degree of segmental bone 
loss is complete proximal circumferential loss of bone. B, Cavitary defect: loss of cancellous or endosteal 
cortical bone without violation of outer cortical shell. Ectasia is severe form of cavitary defect in which 
femoral cavity is expanded. C, Combined defects: combination of segmental and cavitary bone loss in 
femur. It can occur in combination through any of three levels of femur. D, Malalignment: distortion 
of femoral architectural geometry in either rotational or angular plane. E, Femoral stenosis: partial or 
complete occlusion of femoral intramedullary canal. F, Femoral discontinuity: interruption of integrity 
of femoral shaft, usually as result of fracture or nonunion, with or without presence of implant. G, 
Femoral levels.  (Redrawn from D’Antonio JA: Classification of femoral bony abnormalities. In Galante JO, 
Rosenberg AG, Callaghan JJ, editors: Total hip revision surgery, New York, 1995, Raven Press.)

graft and the implant is rigid. Lim et  al. showed radiographic 
union in 96% of patients at an average of 5.4 years after surgery.

Segmental loss of cortical bone from the proximal femur 
is common in revision surgery. The medial neck frequently is 

absent down to and including the lesser trochanter. Femoral 
length must be restored for proper leg length and abductor 
tension.
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FIGURE 3.180 A and B, Type I femoral deficiency: minimal loss 
of metaphyseal cancellous bone and intact diaphysis. C and D, Type 
II femoral deficiency: extensive loss of metaphyseal cancellous bone 
and intact diaphysis. E and F, Type IIA femoral deficiency: metaphysis 
is severely damaged and nonsupportive, with greater than 4 cm of 
intact diaphyseal bone available for distal fixation. Horizontal lines 
on radiograph demarcate amount of femoral isthmus available 
for distal fixation. G and H, Type IIIB femoral deficiency: metaph-
ysis is severely damaged and nonsupportive, with less than 4 cm 
of diaphyseal bone available for distal fixation. Horizontal lines 
on radiograph demarcate amount of femoral isthmus available 
for distal fixation. I and J, Type IV femoral deficiency: extensive 
metaphyseal and diaphyseal damage in conjunction with a widened 
femoral canal. Isthmus is nonsupportive.  (From Valle CJD, Paprosky 
WG: Classification and an algorithmic approach to the reconstruction 
of femoral deficiency in revision total hip arthroplasty, J Bone Joint Surg 
85A:1, 2003.)

A calcar replacement or extended neck prosthesis is a rel-
atively simple option for restoring femoral length (Fig. 3.183). 
The opposite femur is templated to determine the size nec-
essary to restore femoral length and offset. Rotational stabil-
ity is achieved by using cement or a stem with distal flutes, 
extensive porous coating, or a curved stem. Reattachment of 
a trochanteric osteotomy fragment is difficult when a calcar 

replacement stem design has been used. Generally, no bony 
bed remains for reattachment, and although many such stem 
designs may provide for fixation of the trochanteric fragment 
to the stem, this is prone to failure. If trochanteric osteotomy 
is required for exposure, an extended-type osteotomy (see 
Fig. 3.153) is preferable when a calcar replacement stem is to 
be used.
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FIGURE 3.183 Restoration of femoral length with calcar 
replacement prosthesis. A, Severe stem subsidence produced this 
proximal segmental deficiency. Limb was 5 cm short. B, Length 
was easily restored, and stable fixation was achieved with calcar 
replacement stem.

When partial segmental deficits extend below the level of 
the lesser trochanter into zone II or III, a calcar replacement 
stem alone is insufficient, and distal fixation of the femoral 
component is required. The revision prosthesis must be sup-
ported predominantly by host bone; strut grafts are not reli-
able to provide primary support for the femoral component. 

CAVITARY DEFICITS
Cavitary deficits are always present in the proximal femur to 
some degree after removal of the previous femoral component. 
If deficits are limited to cancellous bone and areas of intact tra-
becular bone remain adjacent to the cortex, sufficient cement 
interdigitation may occur to provide long-term fixation with 
a cemented revision prosthesis. Using second-generation 
cement technique, Mulroy and Harris found that 20% of stems 
had been revised again at 15.1 years, and an additional 6% were 
radiographically loose. Katz et al. found a similar failure rate 

of 26% for cemented revision stems followed for more than 10 
years. Third-generation cement technique has not improved 
the results with cemented femoral revisions. Hultmark et  al. 
reported 85% survivorship at 10 years in 109 hips treated with 
second-generation or third-generation technique.

The loss of bone stock in the femur is a major factor in the 
failure of cemented femoral revisions. Often the trabecular 
surface of the bone is lost with a loosened prosthesis, leaving a 
smooth interface with few crevices for cement interdigitation. 
The mechanical interlock that is integral to cement fixation 
becomes difficult to obtain in this setting. In a cadaver study, 
Dohmae et al. measured femoral bone-cement interface shear 
strength at only 20.6% of primary strength after a single revi-
sion and 6.8% after a second cemented revision.

Particulate cancellous bone graft is useful for filling small def-
icits adjacent to a cementless revision stem that is mechanically 
stable by virtue of its fit within the canal. After obtaining the stem 
size that achieves stability, areas that require grafting are deter-
mined. The stem is inserted partially to occlude the canal and 
prevent the distal egress of particulate graft material. Cancellous 

 

BA

FIGURE 3.181 A, Patient was referred with failed long-stem 
cemented revision prosthesis. Large anterolateral cortical window 
had been created during previous surgery and was filled with cement 
(arrows). B, Window was used for cement removal. Femur was recon-
structed with cementless long stem and allograft cortical strut to 
restore lateral cortex. Note restoration of bone stock at 3 years.

 

A B C
FIGURE 3.182 Placement of cortical allograft strut for femoral cortical defect. A, Mismatch 

between inner diameter of allograft strut and outer diameter of femur produced poor contact with 
host bone. B, Endosteal surface of graft is contoured with burr to produce matching curvatures. 
C, Graft is fixed securely with multiple cerclage wires.
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bone graft is inserted into cavitary deficits as the stem is inserted 
so that the bone graft is impacted into position. Particulate bone 
grafting cannot be relied on, however, to provide axial or rota-
tional stability to a cementless femoral component.

When more extensive cavitary deficits or ectasia is pres-
ent proximally, a size mismatch occurs between the proximal 
and distal aspects of the femur. This mismatch can be accom-
modated in several ways:
 1.  Reaming the canal to a larger size to allow insertion of a 

larger implant that fills the metaphysis more completely
 2.  Use of a specialized revision femoral component that is 

intentionally oversized proximally compared with pri-
mary stems

 3.  Reliance on distal fixation of an extensively porous coated 
or tapered fluted component with cancellous grafting of 
proximal cavitary deficits or a reduction osteotomy of the 
proximal femur

 4.  Use of cancellous impaction bone grafting combined with 
a cemented femoral component
Reaming of the distal portion of the canal to allow insertion 

of a larger femoral component that provides adequate proximal 
fit sacrifices host bone unnecessarily. A larger diameter stem is 
more likely to produce stress shielding of the femur with addi-
tional bone loss. Larger, stiffer stems also have been implicated 
as a cause of postoperative thigh pain. To alleviate this problem, 
many implant systems now include modular revision femoral 
components with two or more proximal stem sizes for each 
distal diameter. These implants are oversized proximally com-
pared with implants typically used in primary arthroplasties.

Cameron advocated the use of a modular stem to allow 
individual sizing of the proximal and distal portions of the 
femoral canal so that deficiencies can be managed with-
out the need for additional removal of distal bone (see Fig. 
3.26). Precise reaming of the remaining proximal bone stock 
allows a stem with limited porous coating to be used while 
restoring proximal loading of the femur. Using this approach, 
Cameron reported a 1.4% rate of aseptic loosening in a group 
of 320 revision arthroplasties at a mean follow-up of 7 years. 
McCarthy and Lee found 60% survivorship at 14-year follow-
up using the same type of implant. Their series showed reli-
able fixation in Paprosky type II and IIIA femurs, but they 
recommended other forms of fixation for type IIIB and IV 
deficiencies. The version of this implant with hydroxyapatite 
sleeves has had excellent results in a series of predominantly 
type I through IIIA femoral defects, with 90.5% survivorship 
at 15-year follow-up and 0.7% rate of aseptic loosening. 

 

MANAGEMENT OF FEMORAL 
DEFICIT WITH MODULAR FEMORAL 
COMPONENT

 TECHNIQUE 3.30 

(CAMERON)
 n  Perform the neck resection at the appropriate level, based 

on preoperative templating and/or intraoperative use of 
the neck resection guide. The neck resection is made per-

pendicular to the long axis of the femur. In the revision 
setting, further neck resection may not be necessary.

 n  Ream the diaphysis of the femur with straight rigid ream-
ers until cortical contact is achieved. Final reamer diam-
eter should be equal to or 0.5 mm larger than the minor 
diameter of the proposed femoral component.

 n  Ream the metaphysis with the appropriate conical reamer 
until cortical contact occurs within the metaphysis.

 n  Prepare the calcar region by milling with the triangle 
reamer to accommodate the triangular portion of the 
metaphyseal sleeve.

 n  Impact the trial metaphyseal sleeve.
 n  Assemble the remainder of the diaphyseal portion of the 

stem along with the proximal body and neck. Place this 
portion down the femoral canal in the desired amount 
of anteversion. This can be adjusted independent of the 
orientation of the metaphyseal sleeve.

 n  After trial reduction ensures adequate length and stabil-
ity, place the final components as described previously 
for the trial components. Consider placing a prophylactic 
cable or wire around the proximal femur if it is osteopenic 
to prevent fracture.
  

Extensively porous-coated stems (see Fig. 3.25) achieve 
stability through distal fixation when proximal bone 
stock is deficient. Some of the longest follow-up studies 
of cementless femoral revisions have used this technique. 
At a mean 7.4 years, Lawrence, Engh, and Macalino found 
that 5.7% of stems required repeat revision. Weeden and 
Paprosky reported an overall mechanical failure rate of 
only 4.1% of extensively porous-coated revision stems with 
distal fixation at 14.2 years. Emerson, Head, and Higgins 
reported similarly favorable results with a 40% porous-
coated calcar replacement stem. At average 11.5 years’ 
follow-up, 94% remained in situ with only 3% mechani-
cal failure rate leading to revision. These results surpass 
the results of most cemented femoral revision series with 
comparable follow-up. 

 

REVISION WITH EXTENSIVELY 
POROUS-COATED FEMORAL STEM

 TECHNIQUE 3.31 

(MALLORY AND HEAD)
 n  Perform the neck resection at the appropriate level, based 

on preoperative templating and/or intraoperative use of 
the neck resection guide or a trial prosthesis. Approxi-
mately two thirds of the proximal femoral component 
should be supported by host bone.

 n  Ream the diaphysis of the femur with flexible reamers if 
a bowed component is desired. Reaming continues until 
cortical contact occurs. Rigid cylindrical reamers are used 
if a straight femoral component is chosen. Bowed stems 
require overreaming by one millimeter, whereas straight 
stems are reamed “line-to-line,” in that the stem matches 
the size of the last reamer.
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 n  Broach the proximal femur with appropriately sized 
broaches attached to a distal pilot of the same size as 
the last reamer. Broaching may be unnecessary or even 
impossible if the proximal femur is osteopenic.

 n  Assemble a trial component of the correct size and per-
form a trial reduction to ensure appropriate limb length, 
stability, and offset.

 n  Place the final femoral component, carefully maintaining 
the desired amount of anteversion while remaining vigi-
lant for fractures.
  

Unreliable fixation occurs with extensively porous 
coated stems when less than 4 cm of diaphyseal bone 
remains (Paprosky IIIB). Impaction grafting techniques 
and tapered fluted stems are recommended in this setting. 
Tapered fluted stems historically suffered from high rates of 
subsidence and problems with dislocation. Modular designs, 
which allow independent sizing of the distal and proximal 
portions, allow for more reliable distal fixation with lower 
rates of subsidence and improved restoration of offset and 
limb length (see Fig. 3.122). Often these components are 
combined with various types of femoral osteotomy to allow 
“straight-shot” access to the distal femur and to reduce the 
risk of femoral perforation or fracture. Mechanical failure 
of the modular taper has been reported and has led sev-
eral authors to recommend some structural support to the 
proximal body of the prosthesis by cabling the host bone 
around the stem or by allograft augmentation with struts 
or more substantial grafts. In a retrospective multicenter 
series of 143 patients treated with the same modular fluted 
tapered stem, survivorship was 97% with 2.1-mm mean sub-
sidence at average 40 months, follow-up. Another series of 
patients treated with modular tapered fluted stems for asep-
tic loosening with longer follow-up, including patients with 
Paprosky III or IV femoral defects, found 96% survivorship 
at 10 years. 

 

MANAGEMENT OF PROXIMAL 
FEMORAL BONE LOSS WITH MODULAR 
TAPERED FLUTED STEM

 TECHNIQUE 3.32 

(KWONG ET AL.)
 n  Expose and remove the previous femoral component by 

a posterolateral approach. Use an extended trochanteric 
osteotomy if necessary.

 n  Ream the diaphysis of the femur into a tapered shape 
with the appropriate reamers. Ream to the depth estab-
lished by preoperative templating.

 n  Impact the distal portion of the stem into the prepared 
distal femur. Seat the stem only as far as reaming has oc-
curred, based on preoperative templating. Place the stem 
initially with the bow directed laterally. Rotate the stem, 
moving the bow anteriorly as the stem is driven down the 
femoral shaft.

 n  Thread the reamer adapter to the distal portion of the 
stem and ream the metaphysis.

 n  Perform a trial reduction with a provisional proximal seg-
ment. Adjust leg length, anteversion, and offset as need-
ed for stability.

 n  Place the definitive proximal portion of the femoral com-
ponent and reduce the hip.

 n  If an extended trochanteric osteotomy was performed, 
reduce the osteotomy and repair it with cerclage wiring. 
Preserve blood supply to the proximal femur as much as 
possible.
  

When diaphyseal fixation is used, large gaps may remain 
between the femoral component and the remaining proximal 
femoral cortical shell. Kim and Franks described the use of a 
longitudinal wedge osteotomy of the posterolateral femoral 
cortex to reduce the size of the proximal femur. After removal 
of the cortical wedge, the remaining segments of cortex are 
carefully compressed, and cerclage wires are placed around 
the proximal portion of the revision stem. A reduction osteot-
omy restores some degree of proximal support of the prosthe-
sis and improves the apposition of bone to the porous surface 
of the implant, improving the chances for bone ingrowth in 
difficult revisions.

Gie et al. described a technique for management of proxi-
mal femoral deficiencies that combines impaction bone graft-
ing with a cemented revision stem (Fig. 3.184). The authors 
reported 98.8% survivorship for aseptic loosening and 87.7% 
survivorship for revision at 20 years with 705 femoral revision 
arthroplasties using this technique. Most of the complications 
were caused by dislocation (4.1%) or femoral fracture (5.4%). 
Similarly, a Swedish study of 1305 impaction grafting femoral 
revisions found 94% survivorship for all causes of failure at 
15 years.

Collarless polished stems and collared stems with vari-
ous finishes have been used successfully with impaction graft-
ing in multiple studies. Longer-term follow-up is necessary to 
assess the effect of surface finish on the success of this tech-
nique. Impaction grafting requires specialized instrumenta-
tion and the availability of large amounts of cancellous bone 
graft. We have used this approach in some patients and been 
impressed by the degree of restoration of proximal femoral 
bone stock. 

 

MANAGEMENT OF PROXIMAL 
FEMORAL DEFICIENCIES WITH 
IMPACTION BONE GRAFTING AND 
CEMENTED REVISION STEM

 TECHNIQUE 3.33 

(GIE, MODIFIED)
 n  Expose and remove the previous femoral component.
 n  Debride any residual cement or fibrous membrane from 

the canal. A well-fixed cement plug may be retained to 
support the bone graft and cement column.
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 n  Inspect the femur for segmental defects. If present, oc-
clude these with wire mesh or allograft struts.

 n  Occlude the canal 3 cm below the lowest cavitary defect 
or below the planned tip of the stem.

 n  After placing the centering guide, pack the canal with can-
cellous chips using progressively sized cylindrical packers.

 n  When the canal is two thirds full, shape the canal with 
the appropriately sized tamps. Tamping continues until 
rotational stability of the last tamp is achieved.

 n  Perform a trial reduction and assess leg length and stability.
 n  Remove the tamp and inject cement into the canal with 

a cement gun, followed by the definitive femoral pros-
thesis.
  

MASSIVE DEFICITS
Occasionally, bone loss in the proximal femur is so extensive 
that the remaining bone cannot support a new prosthesis. 
Most patients with this problem have had multiple previous 
operations on the hip, and the femur may have been fractured 
or perforated. The cortex in the proximal femur is thin and 
fragile and may be completely absent in several areas, requir-
ing a massive proximal femoral allograft or modular proxi-
mal femoral replacement prosthesis for reconstruction of the 
femur. Large segment allografts usually must be purchased 
from a regional tissue bank, and careful preoperative plan-
ning is required to ensure a graft of adequate size and length 
is obtained. Calibration markers are placed on preopera-
tive radiographs of the allograft to ensure the graft spans the 

 

B

A

FIGURE 3.184 Impaction grafting. A, Failed cemented femoral component with large cavitary 
deficiencies and ectasia. B, One year after impaction grafting and cemented revision with collarless, 
polished, tapered stem. Small degree of subsidence has occurred.
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FIGURE 3.185 Proximal femoral allograft. A and B, Extensive ectasia and osteolysis of proximal 
femoral cortex in 42-year-old woman with three previous failed revisions. Distal portion of stem 
remained well fixed and required slotting of femur for removal of cement and stem. C and D, 
Reconstruction with proximal femoral allograft. Long step-cut in graft covered cortical slot and 
improved rotational stability between graft and host bone. Stem was cemented to graft only and 
not distally.

length of the bony deficit, and the canal of the graft is tem-
plated to ensure a prosthesis of adequate size can be placed 
through the graft. A large discrepancy between the diame-
ter of the graft and the host femur makes the reconstruction 
more difficult.

Cement provides the best fixation between the pros-
thesis and allograft because bone ingrowth cannot be 
expected to occur. Most authors recommend fixation of 
the prosthesis into the distal host bone without cement if 
technically feasible. Whatever the means of fixation, axial 
and rotational stability must be achieved at the allograft-
host junction. This can be accomplished by making a step-
cut osteotomy (Fig. 3.185), by press-fitting the allograft 
into the host femur, or by using a plate or an additional 
onlay cortical strut.

Proximal femoral allograft reconstructions are techni-
cally demanding and are associated with higher compli-
cation rates than other revision procedures. Union at the 
graft-host junction often requires months, and unpro-
tected weight bearing should be delayed until there is 
radiographic evidence of union. Despite incorporation at 
the interface, the greater substance of the graft persists 
as dead bone throughout the duration of implantation. 
Dislocation rates are high, and numerous authors advo-
cate the prophylactic use of an abduction orthosis or spica 
cast. Fracture is common with unsupported load-bearing 
allografts, and these grafts should be supported by an 
intramedullary stem crossing the allograft-host junction. 
Because of the length of the procedure and the degree of 
soft-tissue dissection, infection is more common than in 
other revision arthroplasties, and these infections usually 
result in failure because of the large segment of dead bone. 
Most surgeons advocate the use of antibiotic-impregnated 

cement in procedures requiring large-segment allografts, 
although no long-term studies are available to support this 
practice.

Sternheim et  al. published the longest follow-up study 
of allograft-prosthetic composites. They followed 28 patients 
for an average of 15 years and reported 75% survivorship. At 
similar long-term follow-up, Babis et al. reported a 69% suc-
cess rate at 12 years. 

 

MANAGEMENT OF MASSIVE 
DEFICITS WITH PROXIMAL FEMORAL 
ALLOGRAFT-PROSTHESIS COMPOSITE

 TECHNIQUE 3.34 

 n  Preferably, two separate surgical teams are available 
for the procedure. After appropriate measurements 
are taken, one team prepares the allograft while the 
other completes the surgical exposure, removes the 
components and cement, and prepares the distal fe-
mur.

 n  Expose the hip and femoral shaft through a transtrochan-
teric approach.

 n  Osteotomize the trochanter as a large fragment so that it 
can be rigidly reattached to the allograft later.

 n  Place a pin in the pelvis and measure the length of the 
femur to a fixed point distally so that limb length can be 
accurately restored.
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 n  Dislocate the hip and remove the femoral component by 
previously described techniques.

 n  Evaluate the extent of bony deficiency and determine if an 
allograft is necessary for reconstruction. If so, divide the 
femoral shaft at the distal extent of the bony deficiency. 
Often the deficiency is more pronounced on one side of 
the bone than the other.

 n  Make a step-cut, oblique, or transverse osteotomy of the 
femur, preserving the best bone on the host distal femur.

 n  Split the remaining proximal femur longitudinally, pre-
serving as much of the soft-tissue attachment as possible.

 n  Remove residual cement and membrane from the proxi-
mal fragments.

 n  Take cultures of the femoral allograft.
 n  Measure the length of the proximal femur that must be 

replaced and fashion the allograft to match the femoral 
osteotomy.

 n  Maintain proper rotational alignment between the al-
lograft and host bone by aligning the linea aspera.

 n  Prepare the allograft at a separate workstation while 
cement is being removed from the remainder of the 
distal femur. Stabilize the allograft in a vise and use 
reamers and broaches to prepare it in standard fashion. 
Avoid excessive reaming of the allograft in an attempt 
to place a larger sized stem because the graft would be 
weakened.

 n  Place the trial femoral prosthesis within the allograft in 
the correct degree of anteversion and insert the compos-
ite into the distal femur.

 n  Trim the bone as necessary to produce a precise fit at the 
allograft-host junction.

 n  Provisionally fix the junction with bone-holding forceps or 
with a heavy plate held with forceps at each end.

 n  Measure the limb length, evaluate the stability of the 
joint, and make any necessary adjustments. Several trial 
reductions may be necessary to adjust the length of the 
limb and to contour precisely the junction between the 
allograft and the remaining host bone.

 n  Select a femoral prosthesis long enough to bypass the 
junction and achieve distal stability. Cement the prosthe-
sis into the allograft first.

 n  Clean the graft with pulsed lavage and use cement mixed 
with porosity reduction techniques (see Technique 3.6).

 n  Remove cement from the distal portions of the stem and 
allograft. Pay special attention to the removal of cement 
from the distal end of the graft because it may impair 
union at the allograft-host junction.

 n  After the cement has hardened, insert the prosthesis-al-
lograft composite into the distal femur. Often the size of 
the femoral component precludes a secure press-fit into 
the distal fragment. Axial and rotational stability usually 
still can be achieved by fixing the step-cut with multiple 
heavy cerclage wires or by placing supplemental allograft 
struts and cables.

 n  If cement is to be used for distal fixation, occlude the 
canal with a PMMA plug or plastic restrictor.

 n  Cement the stem into the distal femur as a separate step 
and carefully remove cement from the interface between 
the allograft and host bone.

 n  Augment the junction with additional morselized cancel-
lous bone graft.

 n  Use the remaining fragments of the proximal femur to 
form a vascularized envelope around the allograft-host 
junction and use additional cerclage wires to fix them in 
position.

 n  Resect a portion of the greater trochanter from the al-
lograft and prepare a bed for stable fixation of the host 
trochanteric fragment.

 n  Use wires or a trochanteric fixation device to secure the 
greater trochanter under appropriate tension.
  

Proximal femoral replacement traditionally has been lim-
ited to elderly, low-demand patients with severely compro-
mised femoral bone not appropriate for other reconstructive 
techniques. Modular prostheses with proximal porous coat-
ing for improved reattachment of soft tissue and bone have 
been developed to improve restoration of limb length and 
instability issues that plagued previous megaprostheses (Fig. 
3.186). In an analysis of the available literature regarding these 
implants in the treatment of nonneoplastic conditions, Korim 
et  al. studied 356 hips followed for an average of 3.8 years. 
The implant retention rate was 83%, with a 23% reoperation 
rate, most commonly due to instability (16%). With longer-
term follow-up, survivorship rates worsen, not surprisingly. 
Another series of 44 patients treated with proximal femoral 
replacement for Paprosky IIIB or IV femoral defects showed 
86% survivorship without any revision or implant removal at 
5 years and 66% at 10 years.

 FIGURE 3.186 Modular proximal femoral replacement stem. 
Massive osteolysis caused by loose cemented stem with unrecon-
structable proximal femur required proximal femoral replacement. 
Remaining proximal femoral fragments were wrapped around 
prosthesis to enhance soft tissue attachment and leg control.
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FIGURE 3.187 A, Osteotomy for femoral deformity. Loose 
cemented femoral component and osteolysis caused excessive 
varus and anterior bow. Standard long-stem prosthesis cannot 
accommodate deformity without fracture of femur. B, Transverse 
femoral osteotomy corrected deformity. Extensively porous coated 
stem gave excellent axial and rotational stability at osteotomy. No 
external immobilization was necessary.

The relatively poor results must be balanced against 
the desperate circumstances surrounding these operations 
in multiply operated and often medically compromised 
patients. 

 

MANAGEMENT OF MASSIVE DEFICITS 
WITH MODULAR MEGAPROSTHESIS

 TECHNIQUE 3.35 

(KLEIN ET AL.)
 n  Remove the previous femoral component through the 

desired approach. Exposure and removal of the femoral 
component is facilitated by the extreme bone loss already 
present.

 n  If necessary, split the femur in the coronal plane to expe-
dite stem removal.

 n  Remove metal debris, cement, or other retained foreign 
material from around the femur.

 n  Expose and inspect the acetabular component. If it is well 
positioned and stable, it can be retained; otherwise, revise 
it as needed, being mindful that a constrained liner may 
be necessary.

 n  Perform a transverse femoral osteotomy at the most prox-
imal level with intact circumferential bone.

 n  Prepare the distal femur by broaching, preserving avail-
able cancellous bone to allow better cement interdigita-
tion.

 n  Place trial components and assess limb length, soft-tissue 
tension, and stability. Mark the distal femur with electro-
cautery to ensure proper rotational alignment of the final 
prosthesis.

 n  Insert a cement restrictor to the appropriate level and ce-
ment the femoral component into place. Make sure that 
the proximal flare of the prosthesis rests directly against 
the distal femoral segment, without intervening cement.

 n  Approximate the proximal femoral fragments to the prox-
imal body of the prosthesis with wire or nonabsorbable 
suture. With the leg abducted, reattach the greater tro-
chanter to the proximal body with nonabsorbable sutures 
through the holes in the prosthesis. If the trochanter is 
absent, the abductors may be sutured to the vastus late-
ralis or TFL.

 n  Reduce the hip and assess stability. If the hip is unstable 
despite restored limb lengths and appropriate component 
position, place a constrained liner, either by snap-fit or 
cementation, depending on the type of acetabular com-
ponent in place.
  

FEMORAL DEFORMITY
Occasionally, femoral revision is complicated by residual 
angular malalignment of the femoral canal, so a revision 
prosthesis with a straight lateral border cannot be inserted 
without fracturing the femur. This is most common when a 
loose, cemented stem migrates into varus (Fig. 3.187). Other 
causes include malunion of fractures and previous femoral 

osteotomies. In these cases, a femoral osteotomy must be done 
before a revision prosthesis can be safely inserted. The site 
and orientation of the osteotomy must be carefully planned 
by templating preoperative radiographs. An osteotomy to 
correct deformity in two planes may be required. The great-
est difficulty involves obtaining rotational stability at the oste-
otomy site. Augmentation at the osteotomy site with allograft 
struts or a cable-plate may be necessary. Extensively porous-
coated, distally tapered, fluted, and proximally porous-coated 
modular implants with flutes have been used successfully in 
combination with femoral osteotomy. 

POSTOPERATIVE MANAGEMENT 
OF TOTAL HIP ARTHROPLASTY
There is no universally accepted postoperative rehabilitation 
program after THA. Although a pain-free hip can be restored 
with the most limited of efforts, a well-constructed rehabili-
tation program speeds the recovery of motion and function, 
diminishes limp, and aids the return to independent living.

Ideally, rehabilitation should begin before the operation. 
A patient who is motivated, informed, and has appropriate 
goals is a better participant in the rehabilitation process. A 
preoperative session may be used to teach the appropriate 
mechanisms for transfers, the use of supportive devices, how 
to negotiate steps, dislocation precautions, and the antici-
pated schedule for recuperation and hospital discharge.

In the immediate postoperative period, the hip is posi-
tioned in approximately 15 degrees of abduction while the 
patient is recovering from the anesthetic. For patients treated 
with a posterior approach, we use a triangular pillow to main-
tain abduction and prevent extremes of flexion (Fig. 3.188). 
This device aids rolling onto the opposite side in the early 
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postoperative period but limits independent motion to some 
degree. Straps used to secure this device to the limb must be 
positioned carefully to avoid undue pressure on the peroneal 
nerve. For patients in whom a direct anterior approach is 
used, a pillow may be used instead.

If patient discomfort and anesthesia recovery allow, bed 
exercises and limited mobilization may be initiated on the 
day of surgery. Deep breathing, ankle pumps, quadriceps and 
gluteal isometrics, and gentle rotation exercises are begun. 
Straight leg raising, although beneficial after total knee sur-
gery, is not helpful after THA. Groin pain often results, and 
this exercise places unnecessary rotational stress on the femo-
ral component in the early postoperative period. Patients are 
instructed to exercise for a few minutes each hour they are 
awake.

When anesthetic recovery and pain allow, the patient can 
sit on the side of the bed or in a chair in a semirecumbent 
position. One or two pillows in the seat of the chair helps 
prevent excessive flexion. An additional pillow between the 
thighs limits adduction and internal rotation.

Gait training usually can begin on the day of surgery. 
Most elderly patients require a walker for balance and sta-
bility. Many younger patients require a walker for only a few 
days and progress more rapidly. The amount of weight bear-
ing allowed on the operated limb depends on the means of 
fixation of the components, the presence of structural bone 
grafts, stress risers in the femur, and trochanteric osteotomy. 
If the components were cemented, early weight bearing to 
tolerance is permitted. With cementless, porous ingrowth 
implants, many authors recommend limited weight bearing 
for 6 to 8 weeks, whereas others encourage early weight bear-
ing as comfort allows. In a literature review involving cement-
less implants and weight-bearing restrictions, Hol et al. found 
no adverse effects on subsidence and osseointegration with 
unrestricted weight bearing. They did recommend protected 
weight bearing during stair climbing for the first weeks after 
surgery because of high torsional loads. All implants and 
patients may not be the same in this regard, and the decision 
must be individualized according to the implant and expe-
rience of the surgeon. When the patient is able to walk far 
enough to reach the bathroom with supervision, bathroom 
privileges with an elevated toilet seat are allowed. A bedside 
commode may be used initially.

A few periods of instruction by an occupational therapist 
are useful. Patients who live alone can return to independent 
living sooner if they are able to dress, put on shoes, pick up 
objects from the floor, and carry out other activities of daily 
living in a safe manner. Many simple appliances are available 
to assist in these activities.

The patient can be discharged when able to get in and out 
of bed independently, walk over level surfaces, and climb a 
few steps. Printed instructions reviewing the home exercise 
program and precautions to prevent dislocation are helpful. 
The necessity of hip precautions has been questioned recently. 
A meta-analysis including 1122 patients from six studies con-
cluded that unrestricted patients were more satisfied and 
resumed activity quicker without an increase in dislocation 
rate.

Initiatives to control the cost of THA have led to short-
ened hospital stays, and even same-day discharge from 
outpatient surgery centers in increasing numbers of cases. 
Outpatient or home health physical therapy historically has 

been recommended for all patients after discharge from the 
hospital. Recently, internet-based, self-directed physical ther-
apy has grown in popularity in some centers. Klement et al. 
studied 941 patients initially managed with self-directed 
physical therapy after discharge and found that approxi-
mately one third were prescribed outpatient physical therapy 
because of slow recovery.

Patients with multiple joint involvement, preexisting 
weakness, or lack of social support may require an addi-
tional period of inpatient care at an inpatient facility before 
they can return safely to independent living. Carefully con-
structed protocols for exercise regimens, dislocation precau-
tions (if desired), medical management, and anticoagulation 
make the transfer of care from one facility to another much 
easier.

For the first 6 weeks after surgery, patients may use an ele-
vated toilet seat and one or two ordinary pillows between the 
knees when lying on the nonoperative side. Showers but not 
baths are allowed when wound healing is satisfactory. Sexual 
activity can be resumed in the supine position.

The patient is seen in the outpatient clinic approxi-
mately 2 weeks after surgery, and radiographs are made. If 
the procedure was an uncomplicated primary arthroplasty, 
two-handed support can be discontinued and the patient 
instructed in the use of a cane when strength and balance 
allow. The timing of this transition is usually best deter-
mined between the patient and their supervising physical 
therapist. If structural bone grafting was required, or the 
procedure was a revision, crutches can be continued for 3 
months or longer, depending on radiographic incorporation 
of bone grafts. We encourage use of a cane until pain and 
limp have resolved. In patients who have had revision pro-
cedures, continued use of a cane is advisable. Strengthening 
exercises for the abductor muscles help eliminate limp. 
Stretching exercises are continued until the patient is able to 
reach the foot for dressing and nail care. The feet are dressed 
by placing the ankle of the operated limb on the opposite 
knee. Patients with uncomplicated hip procedures usually 
can resume driving at approximately 2 to 4 weeks. This deci-
sion should be individualized, depending on the return of 
strength, leg control, and reaction time.

Gait analysis and force-plate data suggest that recovery 
of strength in the musculature around the hip is a prolonged 
process. Foucher et al. reported persistent abductor weakness 
at 1 year postoperatively, supporting the need for a prolonged, 
supervised exercise regimen.

 
A B

FIGURE 3.188 Triangular pillow splint used to keep hip 
abducted and neutrally rotated (see text). A, Anterior view with 
patient supine. B, Posterior view with patient in lateral position.
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Many patients with sedentary occupations can return to 
work after 4 weeks. At 2 to 3 months, patients can return to 
occupations requiring limited lifting and bending. We do not 
encourage patients to return to manual labor after THA.

Limited athletic activity is permitted. Swimming, cycling, 
and golfing are acceptable. Jogging, racquet sports, and other 
activities requiring repetitive impact loading or extremes of posi-
tioning of the hip are unwise, and patients should be warned that 
such activities may increase the risk of failure of the arthroplasty.

After arthroplasty, cardiovascular fitness usually improves. 
Ries et  al. found significant improvement in exercise dura-
tion, maximal workload, and peak oxygen consumption in hip 
arthroplasty patients compared with controls treated medically.

Follow-up visits are made at 6 weeks, 3 months, 1 year, and 
periodically thereafter. Routine radiographs are made at 2-year 
intervals and compared with previous films for signs of loosen-
ing, migration, wear, and implant failure. Regular follow-up is 
advised because loosening, wear, and osteolysis may occur in 
the absence of clinical symptoms, and revision is more difficult 
if the diagnosis is delayed until symptoms occur.
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SURFACE REPLACEMENT HIP ARTHROPLASTY
Marcus C. Ford

CHAPTER 4

Currently, younger patients make up the fastest growing group 
of total hip arthroplasty (THA) patients; however, American 
Academy of Hip and Knee Surgeons (AAHKS) surveys have 
demonstrated that younger patients report decreased satis-
faction and less frequent return to high-level activities than 
older THA patients. Surface replacement arthroplasty (SRA) 
is a potential treatment option for this group of younger, 
high-demand, hip arthroplasty patients.

Hip resurfacing is not a new concept. Early designs for 
SRA, beginning in the 1950s through 1970s, often used poly-
ethylene components that produced unacceptable wear with 
excess acetabular bone loss and implant failure. Retrieval data 
from the Wagner and Amstutz implants demonstrated espe-
cially high rates of wear and osteolysis, leading to decreased 
interest in SRA by the early 1980s. The technique remained 
appealing, however, especially in younger patients, because 
SRA allows greater preservation of bone stock (on the femo-
ral side) and more anatomic restoration of the hip joint com-
pared to THA.

Metal-on-metal THA implants were used in Europe for 
many years but were not commonly accepted in the United 
States. First-generation European metal-on-metal com-
ponents, including the McKee-Farrar and Ring designs, 
demonstrated low wear rates on retrieval analysis. Using met-
allurgy and technology from the successful metal-on-metal 
THAs, McMinn and Treacy introduced the modern SRA, 
the Birmingham Hip Resurfacing (BHR) System (Smith and 
Nephew Memphis, TN) (Fig. 4.1) in 1997. Early SRA issues 
due to thin polyethylene components and acetabular bone 
loss were eliminated by solid metal ingrowth acetabular com-
ponents. Manufacturing techniques were developed for the 
BHR to mimic the high carbide content, low tolerances, and 
high implant stiffness that were successful in the McKee-
Farrar and Ring THA designs.

With over 20 years of use outside the United States, SRA 
use received Food and Drug Administration (FDA) approval 
in 2006. Although many modern SRA designs have been 
used, the BHR remains the only SRA currently approved and 
available for use in the United States. Additionally, the BHR 
is one of two SRA implants to receive a 10A or better rating 
from the Orthopaedic Device Evaluation Panel (ODEP) and 
remains the only SRA implant to receive the maximum 10A* 
ODEP rating.

RESULTS
SRA remains a technically challenging procedure with 
increased implant costs. Thus, compared to THA, SRA must 
demonstrate similar revision and complication rates along 
with clinical advantages to warrant its continued use.

According to Australian Orthopaedic Association 
National Joint Replacement Registry (AOANJRR) data, the 
overall revision rate for SRA is greater than that of THA at 5 
and 8 years; however, certain patient factors equalize revision 
rates: primary diagnosis, age, gender, and component size. 
Osteoarthritis has the lowest early revision rate, with other 
diagnoses such as osteonecrosis, dysplasia, and inflammatory 
arthritis showing significantly higher revision rates. For men 
younger than 55 years old with a primary diagnosis of osteo-
arthritis, SRA has equivalent or superior survivorship to THA 
at 8 years. The BHR has shown superior survivorship to other 
SRA designs in the registry.

Surgeons from Oxford, England, have demonstrated 
greater than 98% BHR survivorship at 12 to 15 years in 
appropriately selected patients. In a more recent report from 
a single American institution, 10-year survivorship was 98% 
for men younger than 60 years old with a diagnosis of osteo-
arthritis and femoral head sizes of at least 48 mm. Another 
North American multi-center study demonstrated equivalent 
complication and revision rates at 2-year follow-up compared 
to published THA results, and a recent systematic review 
found similar revision and complication rates.

There also is evidence to suggest that SRA patients have 
superior activity scores and faster return to sport than THA 
patients. Studies have demonstrated that SRA more accurately 
restores leg lengths and femoral offset; 100% restoration of 
femoral neck bone density also is achieved by 6 months after 
surgery, which may play a part in the reported decrease in 
thigh pain for SRA patients compared to THA patients.

Cobalt and chromium ion debris causing adverse local 
soft-tissue reactions or systemic toxicity remains a major 
concern with SRA. Current AAHKS guidelines recommend 
cobalt and chromium blood level checks on any SRA patient 
demonstrating symptoms of adverse tissue reaction or metal 
toxicity. For patients with bilateral BHR, a maximal threshold 
value of 5.5 μg/L for both cobalt and chromium is sensitive for 
identifying patients at risk for metallosis. An asymptomatic 
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increase in metal ion levels also has been reported between 
early and mid-term follow-up in patients with unilateral 
SRA. If elevated blood cobalt and chromium levels are found, 
advanced imaging with either metal-subtraction sequence 
MRI or ultrasound is recommended to evaluate for local soft-
tissue reaction. Certain SRA implants have demonstrated 
substantial issues with metallosis and soft-tissue reactions, 
but the BHR has demonstrated a less than 1% rate of adverse 
soft-tissue reaction secondary to metallosis in appropriately 
selected patients. Appropriate component positioning plays 
an important role in decreasing the potential for edge wear 
and the development of metallosis. 

INDICATIONS AND PATIENT 
SELECTION
Currently, SRA is most often indicated for young (<65 years 
old), highly active males with femoral head sizes greater 
than or equal to 48 mm who have a diagnosis of osteoar-
thritis. Near-perfect proximal femoral anatomy is required; 
patients with large femoral head cysts or osteonecrosis are 

not considered SRA candidates. Preoperative leg-length dis-
crepancy is a relative contraindication to SRA. Patients with 
pre-existing renal disease also are not considered candidates 
for SRA because of the potential for metallosis. At our insti-
tution, we also no longer consider patients with significant 
acetabular dysplasia to be arthroplasty candidates. 

PREOPERATIVE RADIOGRAPHIC 
EVALUATION AND TEMPLATING
As with all arthroplasty surgery, careful preoperative tem-
plating, radiographic evaluation, and planning are critical to 
success (Fig. 4.2). The femoral head and neck bone quality 
should be normal. Significant cystic change within the femo-
ral head is a contraindication for SRA. If the femoral neck 
is enlarged by remodeling, there may not be a clear delinea-
tion between the head and neck, with the head being larger 
than the neck. If the neck and head are of the same width, 
especially along the superior neck as seen on an anteroposte-
rior radiograph, then removing bone from the head will risk 
notching the femoral neck and thus risk neck fracture.

The first step in templating is to measure the size of the 
femoral component. A template is laid over a radiograph of 
the proximal femur. The width of the opening of the femoral 
component should be wider than the femoral neck by 2 to 
4 mm total. If not, the next larger template should be used. 
Then, the center post of the implant is aligned over the center 
of the femoral neck on radiograph. The line from the top of 
the greater trochanter to where the line on the template inter-
sects the lateral cortex is measured and documented (Fig. 
4.2A). This distance will be used when measuring the valgus 
angle of the implant intraoperatively (Fig. 4.2B). 

POSTOPERATIVE MANAGEMENT
Anteroposterior and cross-table lateral radiographs are taken 
in the recovery room to confirm component position (Fig. 
4.3). Periarticular injections, hypotensive spinal anesthesia, 
tranexamic acid, and multimodal pain medication regimens 
are used perioperatively to allow same-day mobilization. 

 FIGURE 4.1 Birmingham Hip Resurfacing System (Smith & 
Nephew, Memphis TN).
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Patients are allowed to bear weight as tolerated immediately 
after surgery. Because of the low risk of dislocation (0.3% in 
the Australian registry), hip precautions are not required for 
SRA patients.

Patients typically are evaluated at 4 to 6 weeks for clini-
cal progress and radiographic evaluation. Patients can par-
ticipate in low-impact exercise beginning at 6 weeks and are 
released to high-impact activities and sports 6 months after 
surgery. 

 

HIP RESURFACING TECHNIQUE—
BIRMINGHAM HIP REPLACEMENT
Currently, only one hip resurfacing product is available for 
use in the United States: Birmingham Hip Resurfacing Sys-
tem (Smith and Nephew, Memphis, TN).

 TECHNIQUE 4.1 

POSITIONING
 n  Position the patient laterally with the affected hip up. Sta-

bilize the pelvis with a pelvic clamp or pegboard, with the 
pelvis oriented straight up and down. If the pelvis is lean-
ing forward, the acetabular component may be placed in 
retroversion; if it is leaning backward, the acetabular com-
ponent may be placed in excessive anteversion. 

APPROACH AND EXPOSURE
 n  To resurface the hip, extensive exposure is necessary to 

view the acetabulum without removal of the femoral 
head. Therefore, steps must be taken to achieve exposure 
not routinely used in THA surgery.

 n  Make a curved posterolateral skin incision over the great-
er trochanter, angling the proximal portion posteriorly, 
pointing toward the posterior superior iliac spine (Fig. 

4.4A). Carry the incision over the center of the greater 
trochanter and then distally over the shaft of the femur 
to end over the attachment of the gluteus maximus on 
the linea aspera.

 n  Divide the subcutaneous tissue in a single plane over the 
fascia of the gluteus maximus proximally and the fascia 
of the iliotibial band distally. Make a longitudinal incision 
over the middle to posterior third of the fascia over the 
greater trochanter and extend it distally over the femoral 
shaft. Extend the proximal end of the incision through the 
thin fascia over the gluteus maximus in the same direction 
as the skin incision. Bluntly split the fibers of the gluteus 
maximus muscle, taking care to find and cauterize any 
bleeding.

 n  Release the tendinous attachment of the gluteus maxi-
mus from the linea aspera to maximally internally rotate 
the femur to provide satisfactory exposure of the proximal 
femur and femoral head. If the gluteus maximus is not 
released, the sciatic nerve may be at risk of compression 
at the time of preparation of the femoral head. Place a 
hemostat under the gluteus maximus tendon as the ten-
don is divided to avoid injuring branches of the medial 
femoral circumflex artery and the first perforating artery. 
Leave a centimeter of tendon attached to the linea aspera 
and femoral shaft for later repair.

 n  Widely spread the fascial plane just divided using a Charn-
ley or self-retaining retractor. The posterior greater tro-
chanter and gluteus medius should be easily seen. Re-
move the trochanteric bursa.

 n  Retract the gluteus medius muscle and tendon anterior-
ly. A hooked instrument such as a Hibbs retractor is use-
ful. Under the gluteus medius is the piriformis, which is 
exposed. Release the piriformis tendon from the femur. 
With an elevator, raise the gluteus minimus off the cap-
sule of the hip to expose the posterosuperior hip capsule. 
Use of a narrow cobra retractor is helpful to see this area 
when it is placed under the gluteus minimus and medius.

 n  Expose the plane distally between the capsule and the 
short external rotator muscles. Release the short external 

 

A B

FIGURE 4.3 Postoperative anteroposterior and cross-table radiographs obtained to confirm 
component position.
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  FIGURE 4.4 Hip resurfacing procedure. A, Skin incision for posterolateral approach to hip. B, 
Completed soft-tissue dissection. C, Anterior capsule divided along course of psoas tendon sheath. 
D, Measurement of femoral neck diameter. E, Femur retracted well anteriorly to allow access to 
acetabulum. F, Cup trial used to determine correct implant positioning.
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K
 FIGURE 4.4, cont’d  G, Osteophytes removed posteroinferiorly and anteroinferiorly. H and 

I, Cup positioning in abduction and anteversion using preoperative template (J) to determine 
correct angle. K, Acetabular component fully impacted in 10 to 20 degrees anteversion and 35 to 
45 degrees abduction. SEE TECHNIQUE 4.1.
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rotator muscles off the femur including the quadratus 
femoris distally. Coagulate the vessels in this area.

 n  The capsule of the hip is now completely exposed posteri-
orly, superiorly, and inferiorly. The lesser trochanter also is 
visible. With the hip in internal rotation, make an incision 
in the capsule circumferentially, leaving at least a centi-
meter of capsule still attached to the femoral neck. This 
centimeter of capsule is later used to repair the capsule 
back as well as to provide protection to the intraosse-
ous vessels needed to maintain vascularity of the femoral 
neck.

 n  Make two radial incisions in the posterior capsule to cre-
ate a posterior capsular flap. This is helpful for retraction 
and later repair (Fig. 4.4B).

 n  Dislocate the femoral head and perform a complete an-
terior capsulotomy with sharp scissors or Bovie cautery. 
The inferior portion of the capsule is seen by extending 
and internally rotating the femur. The psoas tendon is 
exposed at the lesser trochanter, and the capsule is iso-
lated just in front of the psoas tendon. While maintaining 
the scissors just posterior to the psoas tendon, incise the 
capsule from inferior to superior (Fig. 4.4C). Maintain the 
femur in internal rotation and apply anterior traction with 
a bone hook on the lesser trochanter.

 n  Perform the proximal end of the capsulotomy by flexing 
the femur 90 degrees and maintaining a narrow cobra 
retractor under the gluteus muscles. Incise the capsule 
with sharp scissors while internally rotating the femur to 
beyond 100 degrees. If a complete capsulotomy is not 
performed, exposure of the femur is compromised.

 n  Measure the femoral neck from superior to inferior, its 
longest dimension (Fig. 4.4D). The measurement tool 
should loosely fit over the femoral neck to avoid undersiz-
ing the femoral component, which could cause notching 
of the femoral neck. Femoral neck notches may weaken 
the neck and predispose it to early postoperative fracture. 
If there is any doubt, choose the next larger size of the 
femoral head component.

 n  Once the size of the femoral component is known, the 
acetabular component size also is known because the ac-
etabular component is matched with components either 
6 or 8 mm larger than the femoral component. Therefore, 
if the femoral head measures 52 mm, the acetabular com-
ponent will need to be either 58 or 60 mm. That means 
(in this case) the acetabulum will need to be reamed to 
57 or 59 mm, respectively.

 n  The key to exposure of the acetabulum is to dislocate the 
femoral head out of the way anteriorly and superiorly. 
Create an anterosuperior pouch large enough for the 
femoral head under the gluteus muscles and above the 
ilium. This is done by sharply dissecting the soft tissues off 
the bone of the ilium, including the capsule and tendons 
of the rectus femoris from the superior acetabular lip and 
the anterior inferior iliac spine.

 n  Once the pouch has been created, dislocate the femoral 
head into the pouch under the gluteus muscles and re-
tract it with a sharp, narrow Hohmann retractor driven 
into the ilium superior to the acetabulum and resting on 
the femoral neck (Fig. 4.4E). Additional pins may be driv-
en into the ilium and ischium to help with the acetabular 
exposure. A retractor also is placed inferiorly to expose 

the transverse acetabular ligament. Sharply excise the la-
brum and cotyloid fossa soft tissue (Fig. 4.5).

 n  Ream the acetabulum medially through the cotyloid fos-
sa of the acetabulum to the medial wall. Take care not 
to ream through the medial wall. Once medialized, the 
reamers are used to increase the bony acetabulum to the 
desired size. The acetabulum usually is underreamed by 1 
mm from the desired component size. Use an acetabular 
trial to assess the potential component’s stability. The trial 
components in the BHR system are 1 mm smaller than 
their stated size to provide for tighter fitting of the actual 
component. Impact the trial into the acetabulum with a 
mallet, and excise osteophytes for unobstructed cup in-
sertion (Fig. 4.4F,G). If that size trial is tight, the acetabular 
implant of the same size is selected. If the trial is loose, the 
acetabulum may be reamed 1 or 2 mm more to the next 
size acetabular component that matches the appropriate 
size femoral head.

 n  It is critical for the long-term success of the hip that the 
acetabular component’s orientation is done correctly. 
Implant the acetabular component in 10 to 20 degrees 
of anteversion and 35 to 45 degrees of abduction (Fig. 
4.4H–J).If greater than 50 degrees of abduction is ac-
cepted or there is more than 25 degrees of anteversion, 
components may be subjected to edge wear and associ-
ated metal debris and ion production.

 n  To properly insert the acetabular cup, push the insertion 
tool down against the inferior portion of the wound (Fig. 
4.4K). The cup is implanted to the same position as the 
trial cup. Remove periacetabular osteophytes to avoid po-
tential femoral component impingement. 

RESURFACING OF THE FEMORAL HEAD
 n  To resurface the femoral head, internally rotate the femur 

much farther than needed to perform a THA with the 
soft-tissue release, which was already described, this may 
be safely done without risk of fracture.

 n  Flex the femur to 80 to 90 degrees and then internally 
rotate it between 120 and 150 degrees to expose the 
femoral head and neck circumferentially. The anterior 
portion of the head is most difficult to expose. A retrac-
tor between the acetabular cup and the proximal femur 
lifting the femur out of the wound may be helpful.

 n  With the femoral head and neck exposed, remove periar-
ticular osteophytes, taking care not to violate the bone of 
the femoral neck. A Kerrison rongeur may be helpful an-
teriorly. Take care not to strip soft tissue from the femoral 
neck that contains vessels supplying the femoral head.

 n  Place a guide pin down the center of the femoral head. 
There are two jigs designed to help with pin placement. 
The jig we have most experience with is a clamp design 
that has two legs that clamp around the femoral neck 
superiorly and inferiorly (Fig. 4.6). Place a long guide rod 
posteriorly over the femoral neck to orient the jig in a 
valgus position (Fig. 4.7A). The lateral tip of that guide 
rod should line up with the point marked on the lateral 
femoral cortex and its soft-tissue mark made after mea-
suring down from the greater trochanter. This ensures the 
placement of the pin down the center of the femoral neck 
in proper valgus alignment. View the guide pin from the 
medial side of the neck to be certain that it is not placed 
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in retroversion (Fig. 4.7B). The guide pin position should 
be completely evaluated by its orientation to the femoral 
neck and not the femoral head. The pin usually is placed 
superior to the fovea, but, with wear, the head may be 
deformed.

 n  Once the guide pin is inserted down the middle of the 
femoral neck in anteroposterior and lateral planes, use 
a cannulated reamer to ream over the pin. Remove the 
pin and place a large reaming guide rod into the hole 
in the head and neck. Take circumferential measure-
ments with a feeler-gauge to be certain the selected 
head size will not notch the femoral neck, especially 
laterally and superiorly (Fig. 4.7C). Once this has been 
confirmed, ream the femoral head circumferentially 
with the correct size reamer (Fig. 4.7D). Protect the 
femoral neck from notching with the measurement 
tool (Fig. 4.7E, F).

 n  Measure to see how far above the head-neck junction line 
the head needs to be resected (Fig. 4.7G,H) and ream the 
head to that line (Fig. 4.7I). Use a chamfer reamer of the 
correct size to finalize the shape of the femoral head to 
match the geometry of the interior of the femoral head 
component (Fig. 4.7J). Remove the reaming rod.

 n  Drill small to medium cement fixation holes into the femo-
ral head around the chamfer and the tip of the head (Fig. 
4.8A). Ream the hole in the femoral head and neck to a 
larger size with the appropriate head and neck reamer 
(Fig. 4.8B).

 n  Drill a hole into the lesser trochanter and place a metal 
vent in this hole to vent the proximal femur during ce-
menting of the femoral component. This vent is attached 
to suction (Fig. 4.9). Mix cement in a vacuum for a short 
time and then inject it into the femoral component (Fig. 
4.8C). While the cement is in a liquid state, cement the 

component down to the femoral head (Fig. 4.10; see Fig. 
4.8D). Take care not to break the femoral neck while im-
pacting the component down onto the head. Remove 
excess cement and the vent tube. Carefully reduce the 
hip to avoid scratching the metal head against the edge 
of the acetabular component.

 n  Close the capsule with a running absorbable suture. 
Repair the gluteus maximus and the piriformis. Fascia is 
closed water-tight, and the remainder of the wound is 
closed in a layered fashion.
   

REVISION OF SURFACE 
REPLACEMENT ARTHROPLASTY 
COMPONENTS
One of the potential advantages of SRA is the ability to 
revise it to a more traditional THA construct. With the 
introduction of dual-mobility bearing surfaces, femo-
ral SRA failures can be treated with placement of a tra-
ditional THA stem, cup retention, and conversion to a 
dual-mobility construct (Fig. 4.11). Recently, dual-mobil-
ity components were FDA approved for use with the BHR 
socket. In cases of metallosis, concerns of edge wear do 
exist, but modern highly cross-linked polyethylene has 
demonstrated reasonable resistance to edge-wear abra-
sion. In our experience, the BHR socket has an excellent 
track record of osteointegration, and increased morbid-
ity is possible with cup revision. Osteointegration of the 
acetabular component should be assessed at the time of 
surgery, and revision of the acetabular component should 
be strongly considered for implants known to demonstrate 
poor survivorship.

 FIGURE 4.5 Acetabular exposure with femur retracted antero-
superiorly. SEE TECHNIQUE 4.1.

 FIGURE 4.6 Femoral alignment guide in place. SEE TECH-
NIQUE 4.1.

    

https://booksmedicos.org


CHAPTER 4  SURFACE REPLACEMENT HIP ARTHROPLASTY 341

 

A B C

D E
FIGURE 4.7 A, Long guide rod placed posteriorly over femoral neck to orient jig in valgus 

position. B, Guide pin viewed from medial side of neck. C, Guidewire inserted in desired position 
using alternative McMinn guide. D, Circumferential measurement taken to make sure head size 
will not notch femoral neck. E and F, Reaming of femoral head.
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G

H I J

F

FIGURE 4.7, cont’d G-I, Head is reamed to line after measuring how far femoral head needs to be 
reamed. J, Femoral head shaped to match geometry of femoral head component. SEE TECHNIQUE 4.1.
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A B

DC

FIGURE 4.8 A, Cement fixation holes drilled. B, Reaming to accommodate component post. 
C, Cement injected into femoral component. D, Component cemented to femoral head. SEE TECH-
NIQUE 4.1.
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 FIGURE 4.9 Femoral head prior to cementation. SEE TECH-
NIQUE 4.1.

 FIGURE 4.10 Final femoral component position cemented on 
femoral head.

 

A B

FIGURE 4.11 A, Failure of femoral component due to fracture. B, Conversion to total hip 
arthroplasty with retention of socket and dual mobility construct.
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ARTHRODESIS OF THE HIP
Gregory D. Dabov

CHAPTER 5

Arthrodesis of the hip is an infrequently performed proce-
dure with few indications. Advances in total hip arthroplasty, 
which have greatly improved functional scores and patient 
satisfaction, have made hip fusion a much less desirable 
option for most patients. Good intermediate outcomes have 
been reported after total hip arthroplasty in patients as young 
as adolescence. Nevertheless, a number of recent literature 
reviews agree that hip arthrodesis still has a role in the treat-
ment of carefully selected patients. In the past, a good candi-
date for hip fusion was a young, healthy laborer with a stiff and 
painful arthritic hip. In developing countries, where resources 
are limited or unavailable, fusion still represents a major treat-
ment option for patients with painful hip arthritis. Internal 
fixation to achieve hip fusion was introduced by Watson-Jones 
and others in the 1930s and improved by Charnley; however, 
these early methods of internal fixation were associated with 
high rates of incomplete union and prolonged external immo-
bilization. To gain more stability of the arthrodesis, Müller 
described a double compression plating technique that did 
not require postoperative casting. Schneider later developed 
a cobra-head plate that also does not require postoperative 
immobilization. Other internal fixation modalities, such as 
hip compression screws or cancellous screws alone, have been 
described for certain situations and can be useful alternatives 
as the clinical situation and available resources dictate.

INDICATIONS AND RESULTS
Arthrodesis of the hip still may be considered an alternative 
in patients younger than 40 years of age with severe, usually 
posttraumatic, arthritis and normal function of the lumbar 
spine, contralateral hip, and ipsilateral knee. Fusion could 
also be considered as primary treatment for severe trauma 
of the acetabulum or femoral head in select patients. Hip 
arthrodesis has been shown to be successful in treating pain-
ful spastic subluxed or dislocated hips in ambulatory adoles-
cents with cerebral palsy. Before arthrodesis is considered, 
nonoperative treatment of arthritis, such as the use of walk-
ing aids and antiinflammatory medication, should be tried, 
as should less invasive and potentially less debilitating opera-
tive procedures. Hip arthrodesis can provide a functional 
and durable alternative to total hip replacement in properly 
selected younger patients. This has been confirmed by several 
reviews, including those by Stover et al. and Schafroth et al. 
Both noted that a properly performed arthrodesis can lead to 
years of pain relief and reasonable function.

An absolute contraindication to arthrodesis is active sep-
sis of the hip; the infection should be eradicated and inactive 

for 3 to 6 months before arthrodesis is undertaken. Relative 
contraindications include severe degenerative changes in the 
lumbosacral spine, contralateral hip, or ipsilateral knee. Poor 
bone stock from osteoporosis or iatrogenic causes, such as 
proximal femoral resection for tumor, also is associated with 
lower success rates and increased disability.

Good or excellent functional results have been reported 
with hip arthrodesis, but low back pain, limited ambulation, 
and sexual dysfunction have been noted. The importance 
of careful patient selection cannot be overemphasized. Hip 
fusion increases stress in the lumbar spine, contralateral hip, 
and ipsilateral knee and requires greater energy expenditure 
for ambulation; hip fusion probably should be done only in 
young, otherwise healthy patients. Properly selected patients 
generally are satisfied with the results of hip fusion; several 
long-term follow-up studies have documented patient satis-
faction of approximately 70% at 30 years, despite evidence of 
degenerative changes in the lumbar spine and adjacent joints 
of the lower extremities.

Degenerative changes in nearby joints typically begin to 
become symptomatic in 15 to 25 years after arthrodesis. A 
review of such patients confirmed that the average time from 
fusion to onset of back and joint pain was 24 years. Pain most 
commonly affected the back (75%), then the ipsilateral knee 
(54%), with fewer complaining about the contralateral knee 
or hip. It appears such pain symptoms are ultimately quite 
common but usually quite delayed in onset, especially with an 
optimally positioned fusion. Although ipsilateral knee pain 
and contralateral hip pain occur less frequently than back 
pain, they more often require operative intervention, such as 
total knee or hip arthroplasty.

Late onset of pain in patients previously asymptomatic 
for many years after hip arthrodesis has been reported by 
Wong et al. The pain in their two patients was found to be 
caused by implant protrusion and was resolved by implant 
removal.

Other less common complications can occur after hip 
fusion. Proximal femoral fractures, perhaps made more likely 
by the increased stresses in the vicinity of an immobile joint, 
have been reported as long as 53 years after arthrodesis. Wong 
et  al. reported femoral shaft fractures, distal to plate hard-
ware, treated successfully by retrograde nailing. 

TECHNIQUES
Successful arthrodesis of the hip can be achieved through a 
variety of methods. All techniques require removal of artic-
ular cartilage for preparation of the fusion site. Acetabular 
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reamers and hip resurfacing (reverse) reamers have been 
shown to be helpful in the preparation of the acetabulum and 
femoral head. General principles of fracture fixation, such as 
rigid fixation and optimal biologic environment, are appli-
cable. Regardless of the technique selected, the ideal fusion 
position is 20 to 30 degrees of flexion, 0 to 5 degrees of adduc-
tion, and 0 to 15 degrees of external rotation. 

 

ARTHRODESIS WITH CANCELLOUS 
SCREW FIXATION
Benaroch et al. described a simple method of hip arthro- 
desis for adolescent patients. Fusion was obtained in 11 of 
13 patients (average age 15.6 years); two had mildly symp-
tomatic nonunions. At an average 6.6-year follow-up, nine 
patients had no pain or slight pain, three had mild pain, and 
one had marked pain. According to a modified Harris hip scor-
ing system, functional results were excellent in five patients, 
good in two, fair in five, and poor in one. The investigators 
noted a progressive drift into adduction averaging 7 degrees, 
most of which occurred within 2 years of surgery; because 
of this, they recommended fusion with the hip in 20 to 25 
degrees of flexion and neutral or 1 to 2 degrees of abduction.

 TECHNIQUE 5.1 

(BENAROCH ET AL.)
 n  With the patient in the lateral position, make an antero-

lateral approach and perform an anterior capsulotomy.
 n  Dislocate the femoral head and denude both sides of the 

joint of the articular cartilage and necrotic bone.
 n  Place the leg in the desired position, and insert one or 

two cancellous screws through the femoral head into the 
inner surface of the ilium.

 n  Before tightening the screws to compress the femoral 
head into the acetabulum, perform an intertrochan-
teric osteotomy to decompress the long lever arm of 
the femur.

POSTOPERATIVE CARE A spica cast is worn for 8 to 
12 weeks.
   

 

ARTHRODESIS WITH ANTERIOR 
FIXATION
Anterior plating through a modified Smith-Petersen approach 
is useful when there is loss of acetabular or proximal femoral 
bone stock. The plate is placed along the pelvic brim immedi-
ately lateral to the sacroiliac joint and posterior-superior iliac 
spine (Fig. 5.1A). A lag screw inserted from the trochanteric 
area through the center of the femoral head into the supra-
acetabular bone provides additional compression because of 
a lateral tension-band effect (Fig. 5.1B). Matta et al. reported 
successful fusion in 10 of 12 patients with anterior plating.

 TECHNIQUE 5.2 

(MATTA ET AL.)
 n  With the patient supine on a fracture table, expose the 

hip through a combined ilioinguinal/Smith-Peterson ap-
proach (Technique 1.64).

 n  Proximally expose the inner table of the ilium to the sac-
roiliac joint using the lateral window of the ilioinguinal 
approach.

 n  Distally expose the anterior hip capsule between the ten-
sor fascia lata and the rectus femoris as per the Smith-
Peterson approach.

 

A B

FIGURE 5.1 Anterior plate fixation for hip arthrodesis. A, Lateral lag screw through femoral 
head. B, Optimal position of plate. (Redrawn from Beaulé PE, Matta JM, Mast JW: Hip arthrodesis: current 
indications and techniques, J Am Acad Orthop Surg 10:249, 2002.) SEE TECHNIQUE 5.2.
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 n  Expose the proximal femur by retracting the vastus late-
ralis medially.

 n  Excise the anterior hip capsule and dislocate the hip with 
traction and external rotation of the femur; a Steinmann 
pin in the proximal femur can assist with this maneuver.

 n  Denude the hip of articular cartilage.
 n  Relocate the hip and, using the fracture table, place the 

leg in the desired position of fusion.
 n  Through a percutaneous incision, place a 6.5- to 7.4-mm 

lag screw through the greater trochanter and femoral 
neck into the iliac bone superior to the acetabular dome.

 n  Contour a 12- to 14-hole, wide, 4.5-mm dynamic com-
pression plate over the internal ilium, pelvic brim, femoral 
neck, and proximal femoral shaft. Place the proximal part 
of the plate just lateral to the sacroiliac joint (Fig. 5.1).

 n  Secure the plate to the pelvis first. Use a tensioning device 
distally on the femur, and fill the distal screw holes.

 n  Pack bone graft from reaming or from the iliac crest over 
the fusion site as needed.

 n  Irrigate and close the wound in layers.
  

No postoperative immobilization is required; weight 
bearing is protected for 10 to 12 weeks. 

 

ARTHRODESIS WITH DOUBLE-PLATE 
FIXATION
Double-plating may be useful in difficult situations such as 
an unreduced hip dislocation, avascularity of bony surfaces, 
multiply operated hips, and poor patient compliance. A signif-
icant (more than 4 cm) limb-length discrepancy may require 
correction before the fusion. Six to 8 weeks after intertro-
chanteric osteotomy, a broad lateral plate is contoured over 

the trochanteric bed and placed anterior to the greater sci-
atic notch and along the lateral aspect of the femur. After 
removal of the anterior inferior iliac spine, a narrow anterior 
plate is applied along the femoral shaft (Fig. 5.2).

 TECHNIQUE 5.3 

(MÜLLER ET AL.)
 n  With the patient in the lateral position, expose the hip 

through a Watson-Jones approach (Technique 1.63).
 n  Develop the interval between the gluteus medius and ten-

sor fascia lata, and perform a trochanteric osteotomy.
 n  Externally rotate the leg and develop the interval between 

the anterior hip capsule and the rectus femoris.
 n  Perform an osteotomy of the anterior-inferior iliac spine, 

and retract the rectus medially. Excise the anterior hip 
capsule.

 n  Dislocate the hip and remove the articular cartilage from 
the femoral head and acetabulum.

 n  Relocate the hip and place in the desired position of fu-
sion. Use bumps and bolsters to provisionally secure the 
leg in this position.

 n  Contour the lateral plate (wide, 4.5 mm) from the ilium 
just anterior to the sciatic notch over the trochanteric os-
teotomy site and extending over the lateral femoral shaft 
(Fig. 5.2A). Recheck the position of the hip.

 n  Secure the proximal portion of the plate to the pelvis and 
apply a traction device distally.

 n  Contour the anterior plate (narrow, 4.5 mm) from just be-
low the anterior-superior iliac spine over the inferior spine 
osteotomy, anterior femoral neck, and anterior femoral 
shaft (Fig. 5.2B). Ensure that the femur is abutting the 
lateral plate while contouring the anterior plate.

 n  Secure the proximal portion of the plate to the pelvis and 
apply a traction device distally.

 

A B

60°

30°

Frontal
plane

C

FIGURE 5.2 Double-plate fixation for hip arthrodesis. Optimal position of the plates. A, 
Anteroposterior view. B, Lateral view and after reattachment of the greater trochanter (C).  (Redrawn 
from Beaulé PE, Matta JM, Mast JW: Hip arthrodesis: current indications and techniques, J Am Acad Orthop 
Surg 10:249, 2002.) SEE TECHNIQUE 5.3.
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 n  Tighten both tension devices and insert the distal screws 
of both plates into the femur. Remove the tension devices 
and fill the remaining screw holes.

 n  Replace the greater trochanter to the osteotomy site. 
Some bone will need to be removed from the trochanter 
to accommodate the plate. Secure the greater trochanter 
with screws anterior and posterior to the plate (Fig. 5.2C).

 n  Place bone graft from reaming or the iliac crest at the fu-
sion site as needed.

 n  Irrigate and close the wound in layers.
  

No postoperative immobilization is required; weight 
bearing is restricted for 10 to 12 weeks. 

 

ARTHRODESIS WITH COBRA PLATE 
FIXATION
Since Schneider’s development of the cobra-head plate for 
hip arthrodesis, the technique has been modified to allow 
restoration of abductor function if the fusion is later con-
verted to a total hip arthroplasty. The technique includes 
a medial displacement osteotomy of the acetabulum and 
rigid internal fixation with the cobra plate. Murrell and Fitch 
reported successful fusion in eight young patients (average 
age 17 years) with this technique. All eight patients had 
diminished pain and significant improvements in func-
tion. A disadvantage of the technique is that it creates a 
stress riser distally that may result in femoral fracture with 
relatively minor trauma. Pseudarthrosis has been reported 
in adolescent patients at or above the 90th percentile for 
their age-determined weights after this technique. Alterna-
tive or supplementary stabilization methods in adolescents 
at or above the 90th percentile weight for age are recom-
mended.

 TECHNIQUE 5.4 

(MURRELL AND FITCH)
 n  Place the patient supine with a sandbag under the ipsi-

lateral buttock. Prepare and drape both lower extremities 
and anterior superior iliac spines to allow access to both 
iliac crests and both ankles.

 n  Make a linear longitudinal midlateral incision along the 
femoral diaphysis to a point 8 cm distal to the tip of the 
greater trochanter (Fig. 5.3A).

 n  Open the fascia lata in line with its fibers for the length of 
the wound; identify and protect the sciatic nerve through-
out the procedure.

 n  Maintain exposure with a self-retaining retractor. Incise 
the origin of the vastus lateralis, and reflect it off the 
greater trochanteric flare and the linea aspera for a dis-
tance of 6 cm.

 n  Identify the anterior and posterior margins of the gluteus 
medius.

 n  Use an oscillating saw to make a greater trochanteric os-
teotomy so that the proximal fragment includes the inser-
tion of the gluteus medius and minimus (Fig. 5.3B).

 n  Elevate the hip abductors with the greater trochanteric 
fragment, and hold them superiorly with two large Stein-
mann pins hammered into the iliac wing (Fig. 5.3C).

 n  Perform a superior hip capsulotomy.
 n  Dislocate the hip and denude the acetabulum and femo-

ral head of the articular cartilage and necrotic bone. Re-
duce the hip joint.

 n  Elevate the periosteum of the outer table of the iliac wing 
superiorly to the retracting Steinmann pins, anteriorly to 
the anterior superior iliac spine and the anterior inferior 
iliac spine, and posteriorly to the sciatic notch.

 n  Place one blunt Hohmann retractor in the sciatic notch sub-
periosteally to protect the sciatic nerve and the superior glu-
teal artery and one anterior to the iliopectineal eminence.

 n  Make a transverse innominate osteotomy between the il-
iopectineal eminence and the sciatic notch at the superior 
pole of the acetabulum.

 n  Make the iliac cut with an oscillating saw, and complete 
it with an osteotome. Use osteotomes and curettes to re-
move any remaining cartilage and sclerotic cortical bone 
from the superior weight-bearing surface of the femoral 
head and from the acetabulum.

 n  Displace the distal hemipelvic fragment and the proximal 
femur medially 100% of the thickness of the innominate 
bone by placing a curved, blunt instrument in the oste-
otomy and levering the distal hemipelvis 1 cm.

 n  Remove the sandbag and place a Steinmann pin into both 
of the anterior-superior iliac spines; use the pins and a 
long-limbed protractor to determine adduction and ab-
duction of the limb.

 n  Evaluate internal and external rotation by observing the 
patella and the malleoli relative to the two vertical Stein-
mann pins.

 n  Position the hip in 25 degrees of flexion, neutral internal and 
external rotation, and neutral adduction and abduction.

 n  Contour a nine-hole cobra plate, and secure the proximal 
portion to the ilium with a 4.5-mm cortical screw.

 n  Distal to the plate, attach an AO tensioner to the lateral 
femoral cortex with a single unicortical 4.5-mm cortical 
screw (Fig. 5.3D).

 n  Insert a screw in the most distal hole of the plate, hook 
the tensioner to the plate, and apply compression force 
across the hip joint to ensure good bony apposition.

 n  Secure the plate to the lateral femur with 4.5-mm bicor-
tical screws in eight of the nine holes, and remove the 
tensioner.

 n  Insert 4.5-mm cortical screws in the proximal plate, taking 
care to protect the neurovascular structures on the inner 
table of the pelvis.

 n  Remove the retractors and the Steinmann pins holding 
the greater trochanter, and drill a 4.5-mm hole in the 
center of the proximal greater trochanteric fragment.

 n  Drill and tap a 3.2-mm bicortical screw in the proximal 
femur through the third or fourth hole of the cobra plate.

 n  Reattach the greater trochanter with a 4.5-mm cortical 
screw and washer (Fig. 5.3E, F). A trochanteric grip plate 
with wires may provide superior fixation if necessary.

 n  Pack any remaining corticocancellous bone around the 
hip joint, and obtain an anteroposterior pelvic radiograph 
to check the position of the plate, screws, and hip joint 
(Fig. 5.3G).
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  FIGURE 5.3 Hip arthrodesis with cobra plate fixation (see text). A, Longitudinal midlateral 
incision. B, Osteotomy of greater trochanter. C, Transverse innominate osteotomy. D, Cobra plate 
contoured and attached with two screws for application of compression force. E, Final fixation of 
plate. F, Lateral view of plate and reattachment of greater trochanter. G, Hip fusion with cobra 
plate. SEE TECHNIQUE 5.4.
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 n  Thoroughly irrigate the wound, and close the soft tissue 
in layers over drains.

 n  No postoperative immobilization is applied.

POSTOPERATIVE CARE Ambulation with partial weight 
bearing is encouraged on day 2 or 3 after surgery. Partial 
weight bearing with two crutches is continued for 8 to 
12 weeks.
   

 

ARTHRODESIS WITH HIP 
COMPRESSION SCREW FIXATION
Pagnano and Cabanela described hip arthrodesis with a 
sliding hip compression screw, supplemented by two or 
three cancellous screws placed proximal to the hip screw. 
They thought that this technique best met their criteria 
because it (1) minimizes or delays the appearance and 
severity of low back pain by ensuring that the hip is fused 
in the proper position, (2) minimizes postoperative immo-
bilization to speed recovery, (3) allows later conversion to 
total hip arthroplasty if necessary, (4) preserves the abduc-
tor musculature without significantly altering the anatomy 
of the hip, and (5) avoids the use of bulky internal fixation 
devices that might damage the abductor muscles.

 TECHNIQUE 5.5 

(PAGNANO AND CABANELA)
 n  Position the patient supine on the fracture table and make 

a Watson-Jones approach to the hip (Technique 1.67).
 n  After the fascia is incised, develop the interval between 

the gluteus medius and the tensor fascia femoris.
 n  Obtain proper hemostasis, and detach the anterior third 

of the gluteus medius from the greater trochanter to im-
prove access to the hip joint.

 n  Externally rotate the leg, and detach the reflected head of 
the rectus femoris from the joint capsule.

 n  Make an anterior capsulectomy, and take the leg off the 
foot holder on the fracture table.

 n  Dislocate the hip, and place the leg in a figure-four posi-
tion. A complete capsulectomy usually is necessary at this 
point to gain access to the acetabulum.

 n  After the femoral head is retracted out of the way, use cu-
rets and reamers to remove all remaining cartilage and soft 
tissue and obtain a bleeding articular cancellous surface.

 n  Clean the femoral head in the same manner, using femo-
ral head female reamers such as those used for surface 
replacement procedures.

 n  After both articular surfaces are reamed, reduce the fem-
oral head into the acetabulum, replace the foot in the 
foot holder, and place the hip in the proper position for 
arthrodesis (30 degrees of flexion, neutral abduction and 
adduction, and slight external rotation to match the op-
posite limb).

 n  If needed, pack cancellous chips from the reamings or 
from the iliac crest into the interstices between the femo-
ral head and the acetabulum.

 n  Expose the lateral aspect of the proximal femur.
 n  Drill a hole in the lateral femoral cortex 2.5 to 3 cm below 

the abductor ridge and, using radiographic control, insert 
a guide pin through the center of the femoral head and 
into the thick supraacetabular area of the ilium. Usually 
an angle of 150 degrees is required.

 n  Choose an appropriate compression screw and implant 
as described for treatment of hip fractures (Chapter 55). 
Place two or three cancellous screws proximal to the hip 
screw for added stability.

 n  Close the wound in the usual manner, and apply a single 
hip spica cast.

POSTOPERATIVE CARE Touch-down weight bearing is 
continued for 8 to 10 weeks. If radiographs show evi-
dence of bony healing, a mini-spica cast (with the knee 
free) is applied and partial weight bearing is progressed to 
full weight bearing over the next 4 to 6 weeks. The fusion 
is reevaluated at 12 to 14 weeks, and if stable union is 
questionable, another mini-spica cast is applied or a re-
movable polypropylene orthosis is used for another 4 to 
6 weeks. Full recovery often takes 6 months, and patients 
may require 12 months before returning to labor-intensive 
occupations. Routine removal of the implants is advisable 
after 18 months to promote bone remodeling and make 
later conversion to total hip arthroplasty easier.
   

 

ARTHRODESIS IN THE ABSENCE OF 
THE FEMORAL HEAD
Abbott and Fischer designed a method for arthrodesis of 
the hip after infection with complete destruction of the 
femoral head and neck. The procedure also has been used 
after nonunion of the femoral neck, in patients with osteo-
necrosis of the femoral head, after failed femoral head 
prostheses, and in patients with infected trochanteric mold 
arthroplasties. The operation is carried out in two or three 
stages: (1) correction of the deformity (rarely necessary as 
a separate stage), (2) arthrodesis of the hip in wide abduc-
tion, and (3) final positioning by subtrochanteric osteotomy.

 TECHNIQUE 5.6 

(ABBOTT, FISCHER, AND LUCAS)

CORRECTION OF DEFORMITY
 n  To correct severe deformity, first free the greater trochan-

ter from the wing of the ilium, then apply heavy traction 
to the femur through a Steinmann pin that is inserted 
through the distal femoral metaphysis.

 n  Gradually bring the extremity into a position of wide ab-
duction, which brings the greater trochanter near the ace-
tabulum and permits apposition at the time of arthrodesis. 

ARTHRODESIS OF THE HIP IN WIDE ABDUCTION
 n  Expose the acetabulum and proximal femur using an an-

terior iliofemoral approach (Technique 1.64).
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 n  Excise the capsule anteriorly and superiorly.
 n  Debride the joint, removing all acetabular articular carti-

lage down to healthy cancellous bone.
 n  Deepen the roof of the acetabulum to permit better seat-

ing of the greater trochanter.
 n  Resect the remaining portion of the femoral neck at its 

base, and strip the abductor tendons from the greater 
trochanter and adjacent femoral shaft.

 n  Denude the greater trochanter down to bleeding cancel-
lous bone.

 n  Bring the extremity into wide abduction, forcing the great-
er trochanter well into the prepared acetabular cavity.

 n  Pack any remaining space with autogenous iliac grafts.
The degree of abduction varies with the individual: In 

some patients 45 degrees may be sufficient, whereas 70 to 
90 degrees may be required in others for accurate fitting 
and good apposition of the bony surfaces. The degree of 
abduction must be sufficient, however, to place the ap-
posed surfaces under firm compression.

 n  Apply a spica cast from the nipple line to the toes on the 
affected side and to the knee on the opposite side. 

FINAL POSITIONING BY SUBTROCHANTERIC OSTEOTOMY
 n  When the arthrodesis is solid, as affirmed by clinical and 

radiographic examination, open the distal limb of the il-
iofemoral approach, retract the rectus femoris medially, 
and incise the periosteum of the femur in the interval 
between this muscle and the vastus lateralis.

 n  Ligate branches of the lateral femoral circumflex artery as 
required.

 n  Using a transverse osteotomy 5 cm distal to the lesser tro-
chanter, cut the shaft three-fourths through and carefully 
fracture the medial cortex.
Adduct and displace the shaft of the femur slightly me-

dially so that the medial cortex of the proximal fragment 
fits into the medullary cavity of the distal fragment. Usually 
no internal fixation is necessary. Abbott and Lucas recom-
mended a position of 5 to 10 degrees of abduction, 35 
degrees of flexion, and 10 degrees of external rotation. 

POSTOPERATIVE CARE Apply a bilateral spica cast; if 
radiographs through the cast are satisfactory, the patient 
is immobilized until the osteotomy is solid.
   

ARTHRODESIS OF THE PROXIMAL 
FEMUR TO THE ISCHIUM
When the femoral head is extremely diseased or absent, 
arthrodesis of the proximal femur to the ischium, as described 
by Bosworth, can be done (see earlier editions of this text for 
technique description). 

TOTAL HIP ARTHROPLASTY AFTER 
HIP ARTHRODESIS
Conversion of a hip arthrodesis to total hip arthroplasty most 
often is indicated for pain or generalized loss of function from 
immobility or malposition. This is a technically demanding 

procedure, complications and failures are frequent, and 
improvement of function is uncertain. Best results have been 
noted in patients who are young and who have had a hip fusion 
for a relatively short time. Most patients are satisfied, however, 
with their improved mobility, maneuverability, and sitting abil-
ity. A 10% infection rate, a 10% revision rate, and a 5% resec-
tion arthroplasty rate because of infection have been reported 
in replacements done after hip fusions. Less than optimal 
results for takedown to total hip replacement have been con-
firmed by other studies. Richards et al. found a 54% complica-
tion rate, 74% 10-year survival, and lower outcome scores than 
either primary or revision total hip replacement comparison 
cohorts. Peterson et al. also found only 75% 10-year survival, 
and although 90% had minimal pain, 87% had a limp and 61% 
required a gait aid. Somewhat more promising results were 
reported by Sirikonda et al., with much improved hip scores 
(8.8 to 13.6), although seven of 67 patients required further 
revision surgery. Flecher et al. reported a 96% 15-year survival 
of 23 patients who had hip arthrodesis converted to total hip 
arthroplasty using a custom cementless stem. In a system-
atic review, however, Jain and Giannoudis found inconsistent 
reports of pain relief, and complications were reported in up 
to 54% of patients. Jauregui et al. recently reported a compre-
hensive review of 27 studies (1104 hips) on conversion of hip 
fusion to total hip arthroplasty and showed a 12% revision rate.

Those willing to perform this procedure may find interest 
in the report by Akiyama et al., who used CT-based naviga-
tion to more accurately determine the site and direction of the 
femoral neck osteotomy and the positioning of the acetabular 
socket, hoping to maximize results in this difficult procedure.

Long-standing hip arthrodeses (average 33 years) have 
been studied in patients who have had total knee arthroplasty, 
total hip arthroplasty, or both. Findings suggest that total knee 
arthroplasty alone is unlikely to provide satisfactory results in 
patients with hip fusions. Total hip arthroplasty followed by 
total knee arthroplasty is recommended even if severe osteo-
arthritis of the knee is the main complaint. Total hip arthro-
plasty after arthrodesis is discussed in detail in Chapter 3.
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HIP PAIN IN THE YOUNG ADULT AND HIP 
PRESERVATION SURGERY
James L. Guyton

CHAPTER 6

It has long been known that significant hip deformity result-
ing from childhood conditions such as developmental dys-
plasia of the hip and Legg-Calvé-Perthes disease can lead to 
secondary hip osteoarthritis in adult life. Over the past two 
decades, more subtle deformity of the hip has been implicated 
in the development of osteoarthritis in patients who previ-
ously were thought to have “primary osteoarthritis” of the 
hip. Primary or idiopathic osteoarthritis of the hip attributes 
arthritic progression to the effect of age-related chemical and 
mechanical deterioration of hip articular cartilage present in 
a subset of individuals for unknown reasons. Many patients 
who would formerly have been thought to fall within this pri-
mary group are now believed to have had hip impingement 
leading to osteoarthritis over time.

As early as 1965, Murray described the subtle “tilt defor-
mity” of the proximal femur that he believed would lead to 
osteoarthritis. This theory that small deformities of the hip 
from childhood would inevitably lead to osteoarthritis was 
again stated in 1975 by Stulberg et al., who coined the term 
“pistol grip” deformity of the proximal femur (Fig. 6.1). In the 
mid-1990s, Ganz et al. refined the description of hip impinge-
ment caused by femoral and acetabular deformity and ush-
ered in a new era of hip-preserving surgery in symptomatic 
young adult patients by describing techniques to correct these 
deformities.

Periacetabular osteotomy (PAO), with or without fem-
oral osteotomy, for treatment of painful hip dysplasia in 
young adults appears to be effective in delaying prosthetic 
hip reconstruction when the surgical intervention occurs 
while the arthritic progression is fairly mild. The results of 
PAO in patients with more advanced arthritis have been 
less favorable. More recently, the disease patterns of hip 
impingement have been elucidated, and surgical proce-
dures aimed at hip preservation for this condition have been 
applied. Similar to hip dysplasia, it appears that the articu-
lar damage resulting from hip impingement can occur while 
symptoms remain relatively mild and intermittent. These 
facts argue for early intervention in both hip dysplasia and 
hip impingement before the onset of irreversible arthritis. 
The goal of hip preservation surgery in both dysplasia and 
impingement is to alter the hip joint morphology to allow 
more unhindered physiologic range of motion while opti-
mizing hip joint mechanics to delay or halt the progression 
of hip osteoarthritis.

Other sources of hip pain in young adults, including 
osteonecrosis of the femoral head and transient osteoporosis 
of the hip, are discussed in this chapter. Extraarticular sources 
of groin, buttock, and lateral hip pain must be differentiated 
from articular sources. Some of these are discussed, including 
sports hernias, peritrochanteric pain, and osteitis pubis.

EVALUATION AND  
HISTORY 357

Patient history 357
Physical examination 357
Radiographic assessment 360

FEMOROACETABULAR 
IMPINGEMENT 364

Surgical indications 366
Surgical dislocation of the hip 367

Results 369
Combined hip arthroscopy  

and limited open  
osteochondroplasty 369
Results 372

Periacetabular osteotomy 374
Surgical technique 374
Results 374

Hip arthroscopy 375
Extraarticular hip  

impingement 375

HIP DYSPLASIA 376
Periacetabular osteotomy 379

Surgical indications 379
Surgical technique 379
Results 385
 Complications following  

periacetabular osteotomy 385
 Hip arthroscopy with borderline  

hip dysplasia 386
Total hip replacement following 

periacetabular osteotomy 386

EXTRAARTICULAR  
SOURCES OF HIP PAIN 386

Greater trochanteric  
pain syndrome 386

Gluteus medius and minimus  
tears 387

Endoscopic repair of the hip  
abductors 388

External snapping hip  
(external coxa saltans) 388

Internal snapping hip 389
Osteitis pubis 389
Sports hernia (athletic pubalgia) 390

OSTEONECROSIS OF  
THE FEMORAL HEAD 390

Diagnosis 391
Treatment 392

Nonoperative treatment 393
Core decompression 393
Bone grafting 395
Vascularized fibular grafting 395
Proximal femoral osteotomy 396
Arthroplasty 396

IDIOPATHIC TRANSIENT 
OSTEOPOROSIS 397

PROTRUSIO ACETABULI 398

ADULT-ONSET  
RHEUMATOID ARTHRITIS 398

JUVENILE IDIOPATHIC 
ARTHRITIS 398

OSTEOARTHRITIS 399

NEUROPATHIC  
ARTHROPATHY  
(CHARCOT JOINT) 400

   

356
 

https://booksmedicos.org


CHAPTER 6  HIP PAIN IN THE YOUNG ADULT AND HIP PRESERVATION SURGERY 357

EVALUATION AND HISTORY
PATIENT HISTORY
The patient history can focus the physician on probable 
sources of hip pain, thus directing further evaluation. The 
onset and duration of pain can be helpful, with conditions 
such as osteonecrosis and stress fracture having fairly acute 
onsets, whereas dysplasia and hip impingement tend to have 
insidious onsets often described as a recurrent groin pull that 
occurs with certain activities. Stress fractures are common 
in runners, particularly amenorrheic women with lowered 
bone densities. Pain onset after a twisting injury is common 
in sports such as soccer, ice hockey, and tennis and suggests a 
labral injury and may also be associated with bony morpholo-
gies that predispose a patient to labral injury. Patients with 
labral pathology frequently describe a catching, sharp pain 
when twisting on a weight-bearing hip or when simultane-
ously flexing and internally rotating their hip, as when enter-
ing a car. Psoas tendonitis usually is described as groin pain 
that is made worse with active hip flexion and frequently is 
associated with an audible snapping of the hip.

The localization of pain also is helpful. Posterior pain 
along the posterosuperior iliac spine and buttock frequently 
is referred pain from the lumbar spine and possibly the sac-
roiliac joint. The radiation of this pain down the posterior 
thigh and past the knee is highly suggestive of a radicular ori-
gin, particularly when associated with other neurologic symp-
toms. Lateral hip pain is frequently peritrochanteric in origin 
and can radiate down the lateral thigh as in iliotibial band 
tendinitis. Intraarticular pathology usually presents as some 
amount of groin or deep, more ill-defined pain. Byrd described 
the frequent “C sign” suggestive of intraarticular pathology in 

which the patient places his hand about the affected hip with 
the thumb in the groin crease and the fingers on the buttock 
surrounding the hip with the hand in the shape of a C (Fig. 
6.2). However, intraarticular pathology can present as primar-
ily lateral or posterior pain that must be differentiated from 
extraarticular sources by physical examination combined with 
imaging studies and occasionally diagnostic injections.

Pain that occurs with sitting for prolonged times but is 
minimal with standing and walking suggests hip impingement, 
although it also can be spine related. Weight-bearing pain that 
is relieved by sitting or lying is more nonspecific, with possi-
bilities including osteoarthritis, osteonecrosis, stress fracture, 
dysplasia, and inflammatory arthritis. Pain associated with a 
popping or a snapping sensation can be caused by a labral tear 
or snapping psoas tendon or iliotibial band. 

PHYSICAL EXAMINATION
Physical examination of the hip begins with observation of 
the patient’s gait. An antalgic gait is described as having a 
decreased stance phase on the affected limb. A painful hip, 
however, often causes the patient to walk with an abductor 
lurch, in which he or she lurches toward the affected side dur-
ing the stance phase of gait in an effort to reduce the joint 
reactive forces on the hip. This same type of gait is seen with 
weakness of the hip abductor. Weakness of the hip abductor 
is tested with the Trendelenburg test. The Trendelenburg test 
is positive for hip abductor weakness when the pelvis sags 
more than 2 cm during single-leg stance on the limb tested 
(Fig. 6.3).

With a fixed or painful hip flexion contracture, a patient 
will stand with compensatory hyperextension of the lumbar 
spine. During gait, extension of the hip is accomplished by 

 FIGURE 6.1 Pistol-grip deformity of proximal femur leading 
to secondary osteoarthritis.

 FIGURE 6.2 The “C sign” is suggestive of intraarticular hip 
pathology.
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further extension of the lumbar spine. With a flexion contrac-
ture the pelvis also may rotate toward the affected side during 
extension of the hip because of the inability of the patient to 
extend the hip adequately. This asymmetric external rotation 
of the pelvis during extension of a hip with a flexion contrac-
ture is known as a pelvic wink.

Some patients experience a snapping sensation during 
gait or with specific standing maneuvers. The examiner may 
have the patient reproduce the snapping while palpating the 
lateral side of the hip. A snapping iliotibial band frequently 
can be palpated or visualized as it catches while sliding over 
the lateral border of the greater trochanter during gait. Many 
patients with a snapping iliotibial band, also known as an 
external snapping hip, can reproduce the snapping by bearing 
weight on the leg while flexing and extending the hip.

Palpation of the pelvis may identify tenderness at the 
pubic symphysis typical of osteitis pubis. Tenderness along 
the inguinal canal may represent a classic inguinal hernia or 
deficiency of the abdominal wall known as a sports hernia. 
The muscular origins of the rectus femoris and adductor lon-
gus can be tender with strains or avulsion injuries. Tenderness 
over the greater trochanter and abductor tendon will be pres-
ent with trochanteric bursitis and partial tears of the gluteus 
medius or minimus.

The examination continues with the patient supine with 
both hips examined for symmetry of motion. Flexion, exten-
sion, abduction, and adduction, as well as internal and exter-
nal rotation, are noted. Rotation is tested in both extension 
and 90 degrees of flexion. Rotation of the hip in extension can 
most reliably be tested with the patient prone on the exami-
nation table. The presence of a flexion contracture is deter-
mined by the Thomas test. With the patient supine, both hips 

are flexed maximally, thus flattening any lumbar lordosis. 
The legs are then alternatively brought into extension with 
any residual flexion contracture noted while the pelvis and 
lumbar spine are held stationary by keeping the contralateral 
hip flexed (Fig. 6.4). The presence of reproducible popping or 
clicking during hip range of motion testing should be noted 
because it may be suggestive of a labral tear.

A hip with synovitis from any cause can be painful when 
the hip is rotated passively to the extremes of motion allowable. 
The range of motion in all planes may be decreased, with inter-
nal rotation and abduction tending to be most affected. When 
the hip is quite irritable, even log-rolling the patient’s hip on 
the examination table can be painful. A hip that is irritable with 
log-rolling should make the examiner consider diagnoses such 
as inflammatory arthritis, sepsis, stress fracture, acute onset of 
osteonecrosis, or advanced degenerative arthritis.

An active straight leg raise performed by the patient pro-
duces a force of approximately two times body weight because 
of the joint reactive force produced by the hip flexors. Pain 
with an active straight-leg raise can be helpful because this 
force is reproducible in a given patient and can be used as a 
gauge of disease severity. Pain with resisted hip flexion past 30 
to 45 degrees is known as a positive Stinchfield test and can 
detect even more subtle degrees of intraarticular hip pathol-
ogy than is detected by straight leg raise alone.

The anterior impingement test or FADIR (flexion adduc-
tion internal rotation) test is performed by flexing the hip 
to 90 degrees, adducting across the midline, and maximally 
internally rotating the hip (Fig. 6.5). Hips with symptomatic 
anterior impingement are limited in internal rotation and 
are painful with this maneuver. Contralateral comparison 
of internal rotation is particularly helpful because this value 
will vary greatly between individuals. With anterior impinge-
ment, patients have distinctly more pain with the FADIR test 
than with other extremes of rotation. With lateral or posterior 
impingement, however, as in patients with a protrusio defor-
mity, pain may be produced by pure abduction or with the 
FABER (flexion abduction external rotation) test (Fig. 6.6). 
The FABER test also may elicit posterior pelvic pain with dis-
orders of the sacroiliac joint or lumbosacral junction.

The anterior apprehension test is performed with the 
patient supine on the edge of the examination table. The hip 
is extended and externally rotated (Fig. 6.7). Patients with hip 
dysplasia, including deficient anterior coverage, will experi-
ence groin discomfort or a sense of apprehension with this 

 FIGURE 6.3 Trendelenburg sign is positive when affected 
hemipelvis sags during one-legged stance.

 FIGURE 6.4 Thomas test detects hip flexion contracture by 
extending affected hip while contralateral hip is held flexed, flat-
tening and immobilizing lumbar spine.
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maneuver. This maneuver also may elicit posterior or lateral 
pain in a patient with posterior impingement.

The test for internal snapping of the hip or a snapping 
iliopsoas tendon is performed by passively flexing the hip 
to 90 degrees in a slightly abducted and externally rotated 
position, and then asking the patient to extend the hip to 
the examination table while keeping the foot suspended. A 
snapping psoas tendon frequently is audible as a distinctive, 
low-pitched “thunk” as it crosses from lateral to medial over 
the iliopectineal eminence during extension of the hip. This 
finding is common as a normal variant in individuals with no 
hip pain.

The area about the greater trochanter and gluteal mus-
cles is more easily assessed with the patient in a lateral 
position. Pain with resisted abduction or against gravity 
may be present in patients with gluteus medius or mini-
mus tendinitis or partial tears. The Ober test is performed 
with the patient in the lateral position by abducting the 
patient’s hip with the knee flexed and then letting the hip 
fall into adduction. A delay in adduction caused by gravity 
is a positive Ober test. With the hip extended past neutral, 
a positive Ober test signifies tightness of the iliotibial band, 
whereas a positive Ober test with the hip in neutral flexion/
extension is indicative of a gluteus medius contracture or 
tendinopathy. In the lateral position, snapping of the ilio-
tibial band over the greater trochanter can be reproduced 
in patients with external snapping hip syndrome by flex-
ing and extending the hip while tensioning the iliotibial 
band similar to the Ober test. In thin patients, a thickened 
portion of the iliotibial band may produce visible snapping 
with this maneuver.

The use of a diagnostic intraarticular hip injection with 
local anesthetic can be used as a means of identifying patients 
with an intraarticular pathologic process when physical 
examination and radiographic studies are equivocal. This test 
can be particularly helpful when encountering a patient with 
an atypical pain pattern or when trying to differentiate pain 
from intraarticular pathology from referred pain generated 
from another source. Examining the patient within a couple 
of hours of the injection can be helpful, with the patient asked 
to reproduce the activities that previously elicited hip pain. 
Definite improvement in the patient’s symptoms has been 
noted by Byrd to predict the presence of an intraarticular 
pathologic process with 90% accuracy. 

 FIGURE 6.5 FADIR test: flexion, adduction, and internal  
rotation of hip.

 FIGURE 6.6 FABER test: flexion, abduction, and external 
rotation of hip.

 FIGURE 6.7   Apprehension test.
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RADIOGRAPHIC ASSESSMENT
Assessment of the painful hip begins with plain radiography 
and a standing anteroposterior pelvic view. The radiographic 
signs on an anteroposterior pelvic radiograph are highly sen-
sitive to rotation and tilt of the pelvis. A satisfactory antero-
posterior pelvic view displays symmetry of the iliac wings and 
obturator foramina with the tip of the coccyx 1 to 3 cm above 
the pubic symphysis (Fig. 6.8). A true anteroposterior view of 
the pelvis is particularly necessary when evaluating acetabu-
lar version and coverage.

The lateral center edge (LCE) angle of Wiberg (Fig. 6.9) 
is measured on the anteroposterior pelvic radiograph by first 
drawing a horizontal reference line by connecting the centers 
of the femoral heads or the base of the radiographic teardrops. 

A line perpendicular to this horizontal reference line is drawn 
through the center of the femoral head and dome of the ace-
tabulum. Another line is drawn from the center of the femo-
ral head to the lateral edge of the sourcil or dense subchondral 
bone forming the dome of the acetabulum. Bone that extends 
lateral to the sourcil is not included in the measurement 
because it does not contribute to the weight-bearing support 
of the femoral head. The angle between these lines is the LCE 
angle. An LCE angle of less than 20 degrees is indicative of 
hip dysplasia with inadequate coverage of the femoral head 
by the lateral dome of the acetabulum. Hips with LCE angles 
in the range of 20 to 24 degrees have borderline dysplasia, 
and hips with an LCE angle of more than 40 degrees display 
overcoverage.

The version of the acetabulum is evaluated on the antero-
posterior pelvic radiograph by tracing the rim of the anterior 
and posterior walls. In a normal hip, the anterior and pos-
terior walls converge at the superior lateral margin of the 
acetabulum. The crossover sign is present when the anterior 
wall outline crosses over the posterior wall below the superior 
lateral margin of the acetabulum (Fig. 6.10). The crossover 
sign is indicative of either isolated anterior overcoverage of 
the hip or retroversion of the entire acetabulum with deficient 
posterior coverage. The position of the posterior wall relative 
to the center of the femoral head is noted. A positive pos-
terior wall sign exists when the posterior wall lies medial to 
the femoral head center and indicates deficient posterior wall 
coverage (Fig. 6.11). When combined with a crossover sign, 
a positive posterior wall sign indicates relative retroversion 
of the acetabulum. Another sign of acetabular retroversion 
is ipsilateral prominence of the ischial spine in an otherwise 
properly rotated and positioned anteroposterior pelvic radio-
graph. The distinction between isolated anterior overcoverage 
and retroversion of the entire acetabulum is crucial because 
the surgical treatment is different for these two conditions. Of 
note, a crossover sign also may be caused by variations in the 

 

LCE angle

Tönnis angle

Interteardrop line

FIGURE 6.9 Lateral center edge (LCE) angle of Wiberg 
measures arc of superolateral acetabular coverage beyond vertical 
line drawn through center of femoral head. Tönnis angle measures 
inclination of radiographic sourcil compared with interteardrop 
line.

 FIGURE 6.10 Crossover sign is indicative of acetabular retro-
version with anterior overcoverage of femoral head.

 

1-3 cm

FIGURE 6.8 Satisfactory anteroposterior pelvic radiograph 
shows coccyx centered 1 to 3 cm above the symphysis with symmetric 
obturator foramina.
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morphology of the AIIS in the presence of normal acetabular 
version.

The inclination of the acetabulum is measured on the 
anteroposterior pelvic view with the Tönnis angle, which 
is determined by first drawing a line from the most medial 
aspect of the radiographic sourcil to its most lateral aspect. 
A second line is drawn parallel to the interteardrop line with 
the apex of the angle at the medial sourcil (see Fig. 6.9). This 
angle normally is between 0 and 10 degrees. Angles of more 
than 10 degrees are present with hip dysplasia, whereas an 
angle of less than 0 degrees can indicate overcoverage.

The presence of coxa profunda is seen on the anteroposte-
rior pelvic radiograph when the medial aspect of the acetabu-
lar fossa extends medial to the ilioischial line (Fig. 6.12). Coxa 
profunda may be present in patients with acetabular overcov-
erage, though it can also be a normal variant, particularly in 
women. Protrusio acetabuli exists when the medial aspect 
of the femoral head is projected crossing the ilioischial line 
and usually indicates excessive acetabular depth and possible 
acetabular overcoverage with pincer impingement morphol-
ogy. Protrusio acetabuli frequently is associated with inflam-
matory arthropathy or Marfan syndrome, but can be isolated 
and idiopathic.

The anterior center edge (ACE) angle of Lequesne is gen-
erated on the false profile view of the pelvis to assess the ante-
rior coverage of the hip. The false profile view is made with the 
patient standing with the affected side of the pelvis externally 
rotated 65 degrees from the anteroposterior projection (Fig. 
6.13). The ACE angle is determined by first drawing a vertical 
line from the center of the femoral head through the dome 
of the acetabulum. A second line is drawn from the center 
of the femoral head to the anterior edge of the subchondral 
bone of the acetabulum, ignoring bone anterior to the scle-
rotic subchondral edge because this bone does not provide 

anterior support for the femoral head. The normal ACE angle 
is approximately 20 degrees, with lesser values indicative of 
undercoverage.

Other views typically obtained in younger patients with 
hip pain include a frog-leg lateral, a cross-table lateral, and 
a 45-degree modified Dunn view of the hip. The modified 
Dunn view is obtained with the patient supine with the hip 
in 45 degrees of flexion, 20 degrees of abduction, and neutral 

 FIGURE 6.11 Posterior wall sign is present when center of 
femoral head lies lateral to lateral margin of posterior wall on 
anteroposterior pelvic radiograph.

 FIGURE 6.12 Coxa profunda is present when the acetabular 
fossa extends medial to the ilioischial line and indicates excessive 
acetabular depth sometimes associated with pincer type impinge-
ment.

 

Anterior center edge angle

FIGURE 6.13 Anterior center edge angle of Lequesne is 
measured on false profile view and is indicative of anterior coverage 
of hip.
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rotation (Fig. 6.14). With the use of these three views in addi-
tion to the anteroposterior pelvic view, the femoral head-neck 
junction is evaluated at different degrees of femoral rotation 
for the presence of head-neck offset abnormality and antero-
lateral prominence of the femoral neck that can cause cam 
impingement. The cam deformity was described by Murray 
as a “tilt” deformity of the femoral head and later by Stulberg 
et al. as a “pistol grip” deformity with flattening of the lateral 
head-neck junction seen on an anteroposterior view of the 
hip. The cam deformity appears to predispose individuals to 
secondary osteoarthritis. This anterolateral cam deformity is 
better seen on the lateral and modified Dunn views and is 
quantitated by the alpha angle and head-neck offset ratio.

The alpha angle is used to assess the femoral head-neck 
junction on AP, lateral, and modified Dunn views. The angle 
is formed by a line drawn from the center of the femoral neck 
to the center of the femoral head and a second line drawn 
from the center of the femoral head to the point on the ante-
rior head-neck junction where the contour of the femoral 
head diverges from the spherical contour determined more 
medially on the head (Fig. 6.15). Nötzli et al. described the 
normal value for the alpha angle to be 42 degrees in asymp-
tomatic hips. An alpha angle of more than 50 to 55 degrees is 
generally considered consistent with a cam deformity of the 
femoral head-neck junction.

The anterior head-neck offset ratio is determined from 
the cross-table lateral view with the hip in 10 degrees of inter-
nal rotation (Fig. 6.16). The offset of the femoral head is deter-
mined by measuring the distance between two lines drawn 
parallel to the axis of the femoral neck. The first line is drawn 
through the most anterior portion of the femoral neck, and 

the second line is drawn through the most anterior portion 
of the femoral head. The ratio is determined by dividing this 
distance by the diameter of the femoral head. According to 
Beaulé et al., a value of less than 0.15 has a 95% positive pre-
dictive value of diagnosing femoroacetabular impingement.

The beta angle, originally described by Wyss et al. using 
an open MRI, determines the angle between the pathologic 
head-neck junction, the center of the femoral head, and the 

 FIGURE 6.14 Modified Dunn view displays anterosuperior 
head-neck junction, which frequently is involved with cam impinge-
ment.

 

�

Head-neck 
centerline

Point where head 
loses sphericity

FIGURE 6.15 Alpha angle measures angle between axis of 
femoral neck and junction of spherical portion of femoral head 
with more prominent head-neck junction.

 

Anterior neck

Anterior femoral head

Diameter of
femoral head

Long axis of femoral head

FIGURE 6.16 Anterior head-neck offset ratio (see text for 
description).
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acetabular rim with the hip in 90 degrees of flexion. Brünner 
et al. described the measurement of the beta angle on plain 
radiographs. The radiograph is obtained with the patient 
seated and the hip held in 90 degrees of flexion, 20 degrees 
of abduction, and neutral rotation. The beam is angled 15 
degrees from the anteroposterior projection to be tangen-
tial to the acetabular plane and centered on the femoral shaft 
approximately 6 cm lateral to the anterior-superior iliac spine. 
The beta angle is measured from the point where the contour 
of the femoral head-neck junction departs from the spherical 
contour of the femoral head to the center of the femoral head 
and then to the superior lateral bony margin of the acetabu-
lum (Fig. 6.17). According to Brünner et al., a beta angle of 
less than 30 degrees is indicative of impingement morphol-
ogy, including cam, pincer, and mixed types.

The Tönnis grading system is commonly used to describe 
the presence of osteoarthritis in hips being considered for hip 
preservation surgery:
Grade 0: no signs of osteoarthritis
Grade 1: sclerosis of the joint with minimal joint space nar-

rowing and osteophyte formation
Grade 2: small cysts in the femoral head or acetabulum with 

moderate joint space narrowing
Grade 3: advanced arthritis with large cysts in the femoral 

head or acetabulum, joint space obliteration, and severe 
deformity of the femoral head.
The prognosis of any hip preservation surgery is improved 

when it is done in patients with lower Tönnis grades.
Small impingement cysts or sclerosis at the anterolateral 

femoral head-neck junction are radiographic evidence of 
femoroacetabular impingement and are present in approxi-
mately one third of symptomatic patients (Figs. 6.18 and 6.19). 
A calcified labrum may worsen pincer-type impingement 

by producing secondary overcoverage. The sphericity of the 
femoral head and the congruence of the femoral head with 
the acetabulum are evaluated on all views. Posterior cartilage 
space narrowing occasionally can be discerned on the false 
profile view, whereas the other views remain relatively normal.

 

A B C

FIGURE 6.17 A, “Beta view” for measurement of the beta angle with the hip in 90 degrees 
of flexion, 20 degrees of abduction, and 0 degrees of rotation. X-ray beam is angled 15 degrees 
to the anteroposterior direction so that it is tangential to the acetabular plane. Beta-view radio-
graphs showing (B) cam-type femoroacetabular impingement with a reduced beta angle of 8.5 
degrees and (C) a healthy control subject with a more normal beta angle of 55.2 degrees.  (From 
Brunner A, Hamers AT, Fitze M, Herzog RF: The plain β-angle measured on radiographs in the assessment 
of femoroacetabular impingement, J Bone Joint Surg B 92:1203, 2010. Copyright British Editorial Society 
of Bone and Joint Surgery.)

 FIGURE 6.18 Sclerosis seen at femoral head-neck junction is 
indicative of impingement.
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CT of the pelvis with three-dimensional reconstruction is 
frequently used to offer guidance with bony resection in cam- 
and pincer-type deformities (Fig. 6.20).

MR arthrography (MRA) of the hip has been the gold 
standard in detection of labral pathology, improving the 
sensitivity of demonstrating labral tears from around 60% to 
more than 90% when compared with traditional MRI of the 
hip performed without administration of a contrast agent 
(Fig. 6.21). The status of the articular cartilage is more dif-
ficult to ascertain on MRA. Occasionally, contrast medium 
can be seen tracking beneath the articular cartilage adja-
cent to the labrum because of delamination in cam-type 
impingement. With the evolution of MRI technology, higher 
resolution 3Tesla scans with various sequencing have been 
shown to reliably demonstrate labral and articular cartilage 
pathology. These scans may eventually obviate the benefit 
of injecting intraarticular contrast at the time of the study. 
Edema in the anterior femoral neck and the anterosuperior 

acetabulum also can be seen with impingement. Small cysts 
within the anterior femoral neck have been described as 
anatomical variants or “herniation pits.” These cysts, as well 
as sclerosis of the femoral head-neck junction, are thought 
to be caused by the repetitive trauma of hip impingement. 
Thinning of the articular cartilage on MRA is indicative of 
more advanced disease, as is the presence of acetabular sub-
chondral cysts. The alpha angle described earlier used with 
plain radiographs also has been applied to radial MRA and 
CT images of the hip for planning bony resection of both 
cam and pincer deformities.

Labral tears seen on MRA may occur secondary 
to injury alone, although they are uncommon without 
underlying bony deformity. Labral tears are more likely to 
be the result of abnormal hip mechanics with secondary 
injury of the labrum and adjacent acetabular rim. These 
abnormal mechanics may be exacerbated by physical 
activity as is seen in certain sports such as hockey, soccer, 
and tennis. 

FEMOROACETABULAR 
IMPINGEMENT
Femoroacetabular impingement (FAI) occurs when anatomic 
variation of the hip causes impingement between the femoral 
head-neck junction and the acetabular rim during functional 
range of motion. The presence of symptomatic hip impinge-
ment in adolescence and young adulthood is believed to be 
one of the primary causes of osteoarthritis in patients younger 
than the age of 50 years. In a study of patients under 50 years 
of age undergoing total hip replacement, Clohisy et al. found 
that in patients with osteoarthritis, after excluding those with 
developmental dysplasia of the hip, slipped capital femoral 
epiphysis, and Perthes disease, 97% had radiographic signs of 
cam, pincer, or mixed type impingement. Early recognition of 
hip impingement and intervention to correct the underlying 
pathology has been championed in an attempt to modify the 

 FIGURE 6.19 Impingement cyst is seen at anterolateral head-
neck junction in patient with combined cam and pincer impinge-
ment.

 FIGURE 6.20 Computed tomography scan of pelvis with three-
dimensional reconstruction shows acetabular overcoverage and 
direct surgical correction.  (Courtesy Christopher Peters, MD.)

 FIGURE 6.21 Magnetic resonance arthrogram shows gado-
linium tracking into labral chondral junction, indicating a labral 
tear.
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natural history of the condition. Multiple approaches to hip-
preserving surgery have evolved based in part on the varied 
pathologic processes involved as well as varied surgical phi-
losophies and skills.

Two basic types of impingement have been described. 
Cam impingement occurs when the anterosuperior femoral 
head-neck junction is prominent or the femoral neck has a 
diminished offset from the adjacent femoral head (Fig. 6.22). 
With flexion and particularly flexion combined with inter-
nal rotation, the nonspherical portion of the femoral head-
neck junction rotates into the acetabulum. A typical injury 
pattern with cam impingement is a tear at the base of the 
labrum at the labral-chondral junction. The adjacent articu-
lar cartilage then becomes injured because of compression 
from the femoral head with its relatively larger radius of cur-
vature rotating into the acetabulum. Frequently, the articu-
lar cartilage delaminates from the underlying subchondral 
bone, progressing from the acetabular rim (Fig. 6.23). In 
this process, the acetabular labrum is relatively spared, with 
more injury incurred within the adjacent articular cartilage. 
Cam morphology is more common in young athletic males. 
Kapron et al. found 72% of collegiate football players to have 
an alpha angle of more than 50 degrees. The etiology of the 
deformity is unknown, although some authors have postu-
lated that it may be a mild variant of slipped capital femoral 
epiphysis, whereas more commonly others have postulated a 
developmental abnormality of the lateral femoral physis, pos-
sibly related to activity level. In a cross-sectional MRI study 
of adolescents, abnormal alpha angles were not found in any 
hips with open physes, but 14% of hips with closed physes 
had cam deformities. The daily activity levels for patients with 
cam deformities were significantly higher than for those with 
no deformity.

There is an increasing body of evidence that cam impinge-
ment can predispose a hip to osteoarthritis. A large, prospec-
tive, cross-sectional, population-based study found 6% of men 
and 2% of women to have cam deformities, whereas 42% of 
those who had hip replacements had evidence of a cam defor-
mity. In a longitudinal, prospective study, a cam deformity 
with an alpha angle of more than 60 degrees had an adjusted 
odds ratio of 3.67 for development of end-stage osteoarthri-
tis, whereas an alpha angle of more than 83 degrees had an 
adjusted odds ratio of 9.66. In a 20-year longitudinal study of 
1003 women, each degree increase in the alpha angle over 65 
degrees was associated with a 5% increase in the risk of devel-
oping osteoarthritis.

Pincer impingement occurs when the acetabular rim has 
an area of overcoverage causing impingement against the 
femoral neck with functional motion (Fig. 6.24). The area of 
overcoverage can be global, as with protrusio acetabuli, or 
can be localized to the anterior acetabulum as with acetabu-
lar retroversion. Acetabular retroversion can also be global 
or isolated. In true global retroversion of the acetabulum, the 
posterior coverage of the acetabulum is deficient, with the 
entire acetabulum rotated or retroverted about the longitudi-
nal axis. In isolated retroversion of the acetabulum the anter-
osuperior rim of the acetabulum extends farther around the 
femoral head whereas the remainder of the acetabulum has 
more normal morphology.

The injury pattern with pincer impingement is created by 
the femoral neck abutting the acetabular rim and labrum dur-
ing the extremes of motion. The labrum is pinched between 
the bony surfaces and subsequently suffers more damage than 
the adjacent articular cartilage, which is relatively spared. 
Pincer impingement may worsen with time as the result of 
reactive bone growth at the acetabular rim or calcification of 
the labrum, effectively increasing the arc of overcoverage of 
the acetabulum (Fig. 6.25). A “contrecoup” injury frequently 
is seen on the posterior femoral head and posteroinferior ace-
tabulum owing to levering of the femoral neck on the acetab-
ular rim with subsequent increased pressure on the posterior 
hip cartilage. Pincer morphology is more commonly encoun-
tered in women.

Pincer impingement morphology also has been impli-
cated in the development of osteoarthritis, though not as 
strongly as cam impingement morphology. In a comparison 
of radiographs of hips that had total hip arthroplasty (THA) 
for osteoarthritis to radiographs of nonarthritic hips, 20% 
of the arthritic hips had evidence of acetabular retroversion, 
although only 5% of the asymptomatic hips showed signs of 
retroversion. In the Copenhagen Osteoarthritis Study, deep 
acetabular sockets had an adjusted risk ratio of 2.4 for the 
development of osteoarthritis.

 FIGURE 6.22 Cam impingement occurs when prominent head-
neck junction contacts acetabular rim during hip flexion.

 FIGURE 6.23 Delamination of articular cartilage secondary 
to impingement injury.  (Courtesy Robert Trousdale, MD.)

 FIGURE 6.24 Pincer impingement occurs when acetabulum  
has localized or global overcoverage leading to contact of acetab-
ular rim with femoral head-neck junction during normal hip motion.
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Combined mechanism hip impingement occurs when 
cam and pincer morphology coexist in the same hip (Fig. 
6.26). Associated pincer deformities have been reported in 
variable percentages of patients being operated on for cam-
type impingement, though according to some authors, most 
hips treated for FAI have combined morphology. Interestingly, 
Bardakos and Villar described a positive posterior wall sign as 
a risk factor for arthritis progression when observing patients 
with cam deformities and Tönnis grade 1 or 2 arthritic staging 
over a 10-year time interval. Some of these patients are likely 
to have had associated acetabular retroversion, whereas oth-
ers may have had a dysplastic variant.

SURGICAL INDICATIONS
As FAI has become better defined, the number of surgical 
procedures performed for FAI has increased dramatically, 
particularly hip arthroscopic procedures. Surgical indica-
tions are being refined as the short-term and midterm out-
comes of open, arthroscopic, and combined procedures are 
reported.

Accurate diagnosis of the source of pain in young adults 
or adolescents is crucial in obtaining optimal surgical out-
comes with FAI surgery. The diagnosis of FAI is primarily 

made clinically from the patient’s history and physical exam-
ination and then correlated with the radiographic findings. 
Occasionally, a diagnostic hip injection is done at the time of 
MRA. A study by Hack et al. corroborates the need for a com-
pelling clinical picture of FAI as an indication for surgery. 
Of 200 asymptomatic volunteers who had MRI of the hips, 
14% had cam morphology of at least one proximal femur 
(alpha angle of more than 50.5 degrees), including 25% of 
the men and 5% of the women. With symptomatic individu-
als excluded from the study and with an estimated lifetime 
radiographic incidence of osteoarthritis of the hip of 8%, 
the radiographic appearance of a cam deformity as currently 
defined does not appear to always lead to osteoarthritis. The 
authors stated that concurrent pincer-type deformity and 
other environmental factors may have a role in the develop-
ment of osteoarthritis.

Hanke et al. identified MRA findings that correlated with 
failure of FAI surgery within 10 years of surgery, including 
the presence of an acetabular rim cyst, involvement of 60 
degrees of the articular cartilage, and the presence of a saber-
tooth (central acetabular) osteophyte (Fig. 6.27). They recom-
mended routine MRA with radial cuts to search specifically 
for these signs of early osteoarthritis that portend a poorer 
outcome with FAI surgery.

The exclusion criteria for arthroscopic intervention have 
tended to focus on the residual hip cartilage thickness. A 
residual joint space of over 2 mm frequently is cited as being 
associated with a good result after FAI surgery. Skendzel et al. 
found that, at 5 years after arthroscopic FAI surgery, of those 
with a preoperative cartilage space measuring 2 mm or less 
86% had been converted to THA, while only 16% of those 
with preserved cartilage spaces had been converted to THA. 
Byrd et al. stated that with 2-year follow-up even Tönnis grade 
2 hips had meaningful improvement of patient-reported out-
comes (mHHS). Outcomes with longer follow-up of Tönnis 
grade 2 hips have been less favorable.

Osteochondroplasty of the femoral head-neck junction 
is the surgical treatment for symptomatic cam impingement. 
This is usually accomplished arthroscopically, though it can 
be done through a limited open anterior approach or open 
surgical dislocation. The technique is determined by the 
extent of the pathologic process, associated pathology, and 
the surgeon’s familiarity with a given approach.

The radiographic parameters defining pincer morphology 
are studied to determine the extent and regions of overcover-
age or deficiency. An LCE angle of more than 40 degrees is 
indicative of lateral overcoverage and may be associated with 

 FIGURE 6.25 Calcified labrum contributing to pincer-type 
impingement.

 FIGURE 6.26 Combined cam and pincer femoroacetabular 
impingement.

 FIGURE 6.27 A “sabertooth” osteophyte seen on MRA and 
depicted in drawing.  (From Hanke MS, Steppacher SD, Anwander H, 
et al: What MRI findings predict failure 10 years after surgery for femo-
roacetabular impingement? Clin Orthop Relat Res 475:1192, 2017.)
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a coxa profunda or protrusio acetabuli deformity with global 
overcoverage. Three-dimensional CT images may be helpful 
in determining the location and extent of acetabular overcov-
erage. In patients with pincer impingement caused by isolated 
retroversion of the anterosuperior rim of the acetabulum, the 
crossover sign may be the only plain radiographic finding. 
This type of pincer impingement can be treated arthroscopi-
cally with labral reflection, rim trimming, and labral reat-
tachment (see Chapter 51). Limited anterior approaches have 
been used to treat this lesion, as well as open surgical dislo-
cation. Larger deformities on the acetabular side of the joint 
involving the posterior-superior and posterior acetabular rim 
usually are treated with open surgical dislocation with ace-
tabular rim trimming and labral reattachment when possible.

A crossover sign associated with a posterior wall sign and 
a prominent ischial spine indicates retroversion of the entire 
acetabulum with deficient posterior coverage. These patients 
have true retroversion of their entire acetabulum and are can-
didates for PAO. Some of these patients have a component 
of dysplasia with deficient lateral coverage. Some surgeons 
advocate arthroscopy alone for treating global acetabular ret-
roversion, with anterior rim trimming reported to improve 
patient-reported outcomes 2 years postoperatively while 
avoiding the greater surgical intervention of a PAO. However, 
predominant thought is that treating these patients with ace-
tabular rim trimming may predispose them to symptoms of 
instability. Performing a PAO allows the surgeon to antevert 
the acetabulum, with or without changing lateral coverage, as 
needed to optimize the position of the acetabulum from the 
predetermined radiographic parameters.

There is a subset of patients with borderline hip dysplasia 
(LCE angle of 20 to 25 degrees) with coexistent cam defor-
mity. This is a difficult patient group because the pain may 
be primarily from impingement or dysplasia. Careful history 
and physical examination must be relied upon to determine 
the appropriate treatment of these patients because purely 
positional pain not associated with weight-bearing activity 
may be primarily due to impingement. Some of these patients 
experience pain because of instability and are appropriately 
treated with a PAO to correct the borderline dysplasia with 
combined osteochondroplasty of the femoral cam deformity 
and open labral repair through an anterior capsulotomy at the 
time of PAO or with arthroscopy. 

SURGICAL DISLOCATION OF THE HIP
Surgical dislocation of the hip was described by Ganz et al. 
for the treatment of FAI. The surgery is designed to allow full 
access to the acetabulum and the femoral head-neck junc-
tion while preserving the blood supply to the femoral head. 
The approach protects the deep branch of the medial circum-
flex artery as it supplies the posterolateral retinacular vessels 
to the femoral head. The major advantage of the approach 
is its extensile nature with full access to the acetabular rim, 
the labrum, and the femoral head-neck junction without the 
limitations of arthroscopy and limited anterior approaches. 
Surgical dislocation of the hip also has been used for open 
treatment of slipped capital femoral epiphysis, the deformi-
ties of residual Perthes disease and Pipkin fractures of the 
femoral head. The shortcoming of the approach also relates 
to its extensile nature, which requires trochanteric osteotomy 
with a more prolonged recovery compared with more limited 
exposures. 

 

SURGICAL DISLOCATION OF THE HIP

 TECHNIQUE 6.1 

(GANZ ET AL.)
 n  With the patient in the lateral decubitus position, make 

a Kocher-Langenbeck incision (Chapter 1) and split the 
fascia lata accordingly. Alternatively, make a Gibson ap-
proach (Chapter 1) and retract the gluteus maximus pos-
teriorly.

 n  Internally rotate the leg and identify the posterior border 
of the gluteus medius. Do not mobilize the gluteus me-
dius or attempt to expose the piriformis tendon.

 n  Make an incision from the posterosuperior edge of the 
greater trochanter extending distally to the posterior bor-
der of the ridge of the vastus lateralis.

 n  Use an oscillating saw to make a trochanteric osteotomy 
with a maximal thickness of 1.5 cm along this line. At its 
proximal limit, the osteotomy should exit just anterior to 
the most posterior insertion of the gluteus medius (Fig. 
6.28A). This preserves and protects the profundus branch 
of the medial femoral circumflex artery.

 n  Release the greater trochanteric fragment along its poste-
rior border to about the middle of the tendon of the glu-
teus maximus and mobilize it anteriorly with its attached 
vastus lateralis.

 n  Release the most posterior fibers of the gluteus medius 
from the remaining trochanteric base. The osteotomy is 
correct when only part of the fibers of the tendon of the 
piriformis have to be released from the trochanteric frag-
ment for further mobilization.

 n  With the patient’s leg flexed and slightly rotated exter-
nally, elevate the vastus lateralis and intermedius from the 
lateral and anterior aspects of the proximal femur.

 n  Carefully retract the posterior border of the gluteus me-
dius anterosuperiorly to expose the piriformis tendon.

 n  Separate the inferior border of the gluteus minimus from 
the relaxed piriformis and the underlying capsule. Take 
care to avoid injury to the sciatic nerve, which passes in-
ferior to the piriformis muscle into the pelvis.

 n  Retract the entire flap, including the gluteus minimus, 
anteriorly and superiorly to expose the superior capsule 
(Fig. 6.28B). Further flexion and external rotation of the 
hip makes this step easier.

 n  Incise the capsule anterolaterally along the long axis of 
the femoral neck; this avoids injury to the deep branch of 
the medial femoral circumflex artery (Fig. 6.28C).

 n  Make an anteroinferior capsular incision, taking care to 
keep the capsulotomy anterior to the lesser trochanter to 
avoid damage to the main branch of the medial femoral 
circumflex artery, which lies just superior and posterior to 
the lesser trochanter.

 n  Elevate the anteroinferior flap to expose the labrum.
 n  Extend the first capsular incision toward the acetabular 

rim and then turn it sharply posteriorly parallel to the la-
brum, reaching the retracted piriformis tendon. Take care 
not to damage the labrum.

 n  Dislocate the hip by flexing and externally rotating the leg; 
bring the leg over the front of the operating table and 

    

https://booksmedicos.org


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS368

place it in a sterile bag (Fig. 6.28D). Most of the acetabu-
lum can now be inspected.

 n  Manipulation of the leg allows a 360-degree access to the 
acetabulum and nearly 360-degree access to the femoral 
head.

 n  After exposure of the acetabulum, reflect the labrum 
from the portion of the acetabular rim that displays over-
coverage (Fig. 6.28E) and trim excessive bone with an 
osteotome or burr (Fig. 6.28F).

 n  If possible, reattach the labrum at the margin of the ar-
ticular surface with suture anchors, recreating the seal 
effect of the labrum (Fig. 6.28G).

 n  For osteochondroplasty, outline the femoral head-neck 
junction with a surgical marker and then cut the articu-
lar cartilage at the proximal edge of the resection with 
a scalpel to avoid inadvertent extension into the normal 
femoral head.

 n  Carefully perform the resection with small osteotomes, 
using a burr to complete the recontouring of the head-
neck junction (Fig. 6.28H). Cadaver studies have shown 

that up to 30% of the diameter of the femoral neck can 
be removed from the anterolateral quadrant of the head-
neck junction without substantially altering the strength 
of the femoral neck to axial load. A typical resection, how-
ever, is much less than 30% and is tailored to the specific 
anatomy encountered.

 n  Check the contour of the femoral head with a plastic 
template or spherometer to gauge the proximal extent of 
the osteochondroplasty where the femoral head becomes 
aspherical (Fig. 6.28I).

 n  Coat the exposed cancellous bone with bone wax. Re-
duce the hip and reproduce the position of impingement, 
evaluating range of motion directly and with fluoroscopy.

 n  Repair the capsule anatomically with nonabsorbable sutures.
 n  Reattach the greater trochanter with two 4.5-mm cortical 

screws aimed medially and distally in the region of the 
lesser trochanter.

POSTOPERATIVE CARE Postoperatively, the patient is 
mobilized with touch-down weight bearing for 6 weeks 
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FIGURE 6.28 A, Trochanteric osteotomy exits proximally just anterior to most posterior 
attachment of gluteus medius, preserving capsular branch of medial femoral circumflex artery. B, 
Hip capsule is exposed above level of piriformis by dissecting gluteus minimus off capsule while 
displacing trochanteric fragment anteriorly. C, Z-shaped capsulotomy is performed. D, Hip is dislo-
cated anteriorly while placing leg in sterile drape pouch over anterior side of operating table and 
cutting ligamentum teres. 
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with avoidance of active abduction and extreme flexion or 
rotation of the hip. After 3 weeks, pool exercises are be-
gun, and at 6 weeks weight bearing is allowed with pro-
gressive abductor strengthening. Low-molecular-weight 
heparin is used for deep venous thrombosis prophylaxis 
for 2 weeks, followed by aspirin 325 mg per day for an-
other 4 weeks.
  

RESULTS
In follow-up studies ranging from 2 to 10 years, the rate 
of good to excellent results has ranged from 68% to 94%. 
Hip scores improved an average 2 to 5 points as measured 
by the Merle d’Aubigné Score and in one study by 30 points 
as measured by the modified Harris Hip Score (Fig. 6.29). 
Conversion to total hip replacement occurred in 0% to 30% 
of patients. Factors that negatively impacted results included 
preoperative evidence of arthritis (Tönnis grade 2), intraop-
erative evidence of cartilage delamination, and increasing 
age. In a study by Anwander et al., refixation of the labrum 

improved the good to excellent percentage from 48% to 
83% at 10 years when compared with labral debridement, 
although radiographic progression of osteoarthritis and 
conversion to THA was not significantly affected. In a sepa-
rate report from the same group, Steppacher et al. reported 
a 10-year survivorship free of arthritic progression for 80% 
of FAI patients treated with surgical dislocation includ-
ing labral reattachment. Heterotopic ossification and pain-
ful trochanteric hardware requiring removal were rarely 
reported complications. 

COMBINED HIP ARTHROSCOPY AND 
LIMITED OPEN OSTEOCHONDROPLASTY
This approach described by Clohisy et  al., Laude et  al., and 
 others has been used for patients with cam impingement. After 
hip arthroscopy for intraarticular or central compartment 
labral debridement or repair, the anterior aspect of the hip is 
approached through a limited Smith-Petersen approach or 
Hueter approach (through the sheath of the tensor fascia lata). 
The osteochondroplasty of the femoral head-neck junction is 
performed under direct vision. With traction, the anterior rim 

 

GFE

H I

FIGURE 6.28, cont’d E, Labrum is reflected off overhanging acetabulum. F, Excessive bone 
is trimmed with osteotome or burr, and intact labrum is reattached with suture anchors if possible. 
G, Labrum is reattached with suture anchors. H, Burr is used to recontour head-neck junction. I, 
Clear plastic spherometer can be used to judge point where femoral head becomes aspherical and 
to guide extent of osteochondroplasty. SEE TECHNIQUE 6.1.
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of the acetabulum can be resected with reflection of the labrum 
and reattachment with suture anchors although the extent of 
rim exposure and resection is limited. The advantage of this 
approach is primarily avoiding the morbidity of surgical dislo-
cation with a larger exposure including trochanteric osteotomy. 
This approach allows direct vision of a typical cam deformity 
on the femoral head-neck junction. The limitation of this 

approach is that only the anterior aspect of the femoral head 
and neck and acetabular rim can be accessed. The lateral femo-
ral cutaneous nerve may be injured in this approach as well. 
Placing the incision several centimeters lateral to the antero-
superior iliac spine and approaching the anterior hip through 
the fascial sheath of the tensor fascia lata may lessen the risk of 
injury to the nerve. 

 

A B

C D

FIGURE 6.29 A and B, Preoperative anteroposterior and lateral pelvic radiographs of 32-year-
old woman with combined cam and pincer impingement after treatment of femoral neck fracture. 
C and D, After surgical dislocation with acetabular rim trimming and femoral osteochondroplasty.
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COMBINED HIP ARTHROSCOPY 
AND LIMITED OPEN 
OSTEOCHONDROPLASTY

 TECHNIQUE 6.2 

(CLOHISY AND MCCLURE)
 n  With the patient supine, perform a standard arthroscopic 

examination of the hip (Chapter 51) for inspection of the 

articular cartilage of the femoral head, acetabulum, and 
acetabular labrum. Debride any unstable flaps of acetabu-
lar labrum and associated articular cartilage flaps.

 n  After arthroscopic debridement is completed, irrigate the 
joint, remove the arthroscopic instruments, and release 
the traction.

 n  Obtain a cross-table lateral or frog-leg lateral fluoros-
copy view (Fig. 6.30A) to ensure excellent visualization 
of the proximal femur, specifically the femoral head-neck 
 junction.
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  FIGURE 6.30 A, Frog-leg lateral fluoroscopic view shows femoral head-neck junction. B, Inci- 
sion incorporates anterior arthroscopy portal slightly lateral to anterosuperior iliac spine to avoid 
lateral femoral cutaneous nerve. C, Tensor fascia lata muscle is retracted laterally, and rectus and 
iliocapsularis are reflected to access anterior hip capsule. D, Frog-leg lateral fluoroscopic view 
verifying adequate resection. SEE TECHNIQUE 6.2.
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 n  Make an 8- to 10-cm incision, starting just inferior to the 
anterosuperior iliac spine and incorporating the anterior 
arthroscopy portal incision (Fig. 6.30B).

 n  Carry the dissection through the subcutaneous tissue later-
ally directly onto the fascia of the tensor fascia lata muscle.

 n  Incise the fascia and retract the muscle belly laterally and 
the fascia medially. Protect the femoral cutaneous nerve 
by placing the fascial incision lateral to the tensor-sartori-
us interval.

 n  Develop the interval between the tensor and sartorius, 
identify the rectus origin, and release the direct and re-
flected heads.

 n  Reflect the rectus distally, and dissect the adipose tissue 
and iliocapsularis muscle fibers off the anterior hip cap-
sule (Fig. 6.30C).

 n  Make an I-shaped or T-shaped capsulotomy to provide 
adequate exposure of the anterolateral femoral head-
neck junction.

 n  Using the normal head-neck offset anteromedially as a 
reference point for resection of the abnormal osteochon-
dral lesion along the anterolateral head-neck junction, 
use a 0.5-inch curved osteotome to perform an osteo-
plasty at the head-neck junction.

 n  Direct the osteotome distally and posteriorly to make a 
beveled resection to prevent delamination of the retained 
femoral head articular head cartilage.

 n  After the anterolateral head-neck offset has been estab-
lished, confirm accuracy of the resection with fluoroscopy 
using frog-leg lateral or cross-table lateral views in neutral 
and varying degrees of internal rotation (Fig. 6.30D).

 n  Examine the hip for impingement in flexion and for com-
bined flexion and internal rotation, while palpating the 
anterior hip to test for residual impingement.

 n  If the anterior acetabular rim is overgrown secondary to 
labral calcification or osteophyte formation, carefully de-
bride until adequate clearance is obtained.

 n  Hip motion should improve at least 5 to 15 degrees in 
flexion and 5 to 20 degrees in internal rotation.

 n  The goal of osteoplasty is to remove all prominent an-
terolateral osteochondral tissue that contributes to an 
aspherical shape of the femoral head (Fig. 6.31). If sphe-
ricity has not been achieved, perform additional resection 
of the femoral head-neck junction.

 n  Control bleeding with bone wax, irrigate the joint, and 
close the longitudinal and superior transverse arms of the 
arthrotomy with nonabsorbable suture. Close the remain-
der of the wound in standard fashion.

POSTOPERATIVE CARE Physical therapy is instituted for 
toe-touch weight bearing with crutches to minimize the 
risk of femoral neck stress fracture. A pillow is used under 
the thigh to protect the rectus repair, and active flexion is 
avoided for 6 weeks. Abductor strengthening is begun im-
mediately and is continued with a home exercise program. 
Crutches are discontinued at 6 weeks, and activities are 
resumed gradually as tolerated. Impact activities, such as 
running, are not encouraged for at least 6 months. Aspi-
rin, 325 mg, is taken as a thromboembolic prophylaxis, 
and indomethacin, 75 mg sustained release, is used for 
heterotopic ossification prophylaxis; therapy with both is 
continued for 6 weeks.
  

RESULTS
Clohisy et al. reported an average improvement in the modified 
Harris hip score from 64 to 87 with normalization of the alpha 
angle at 2-year follow-up after arthroscopic labral debride-
ment and limited open osteochondroplasty. Two of 36 patients 
showed radiographic progression of arthritis from Tönnis grade 
0 to grade 1. Laude et al. showed at average 58-month follow-up 
an increase in the nonarthritic hip score of 29 points. There was 
an 11% failure rate with conversion to total hip replacement, 
with better results obtained in patients younger than 40 years of 
age and patients having Tönnis grade 0 arthritis preoperatively. 

     

MINI-OPEN DIRECT ANTERIOR 
APPROACH
Similar to the limited open osteochondroplasty described 
above, the mini-open direct anterior approach described 
by Ribas et al. uses the Smith-Petersen interval to access 
the anterior hip, but the procedure is done on a standard 
operating table with distraction of the hip accomplished 
by extension of the hip and a T-shaped anterior hip capsu-
lotomy. No muscle is detached from the pelvis. Specialized 
retractors with attached fiber-optic illumination are recom-
mended. A 70-degree arthroscope can be used through the 
capsulotomy to inspect the articular surface of the acetabu-
lum. The acetabular rim can be treated in the region of the 
most common pathology, and cam lesions of the head-neck 
junction can be directly visualized and corrected. The labrum 
can be repaired with suture anchors. Cohen et al. reported 
the use of this approach in athletes and found similar activ-
ity score improvements and return to sport compared with 
arthroscopic and surgical dislocation techniques.

 FIGURE 6.31 After limited open osteochondroplasty of 
femoral head-neck junction. SEE TECHNIQUE 6.2.
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 TECHNIQUE 6.3 

(RIBAS ET AL.)

POSITIONING AND APPROACH
 n  With the patient supine on an extension table, make an 

incision beginning 1 cm below and 1 cm lateral to the 
anterosuperior iliac spine and continuing 4 to 8 cm distally 
toward the fibular head.

 n  Open the crural fascia and the tensor fascia latae approxi-
mately 1 cm posterior to the first fibers of the tensor fascia 
latae and identify the interval between the sartorius and 
the tensor fascia latae muscles. This maneuver protects 
the posterior branches of the lateral femorocutaneous 
nerve by making a “double fascial pocket” ( Fig. 6.32A).

 n  Detach the reflected portion of the rectus femoris muscle.
 n  Place a curved blunt Hohmann retractor over the upper 

part of the capsule and a straight Hohmann retractor be-
tween the iliocapsularis muscle and the capsule with the 

hip in at least 30 degrees of flexion to avoid damage to 
the femoral nerve.

 n  Make a T-shaped capsulotomy from distal to proximal 
through the interval between the iliofemoral ligaments, 
taking care to identify the labrum by lifting the capsule as 
the dissection reaches the acetabulum.

 n  Place reference sutures in both sides of the capsule and 
place two blunt curved Hohmann retractors intraarticu-
larly around the femoral neck. 

INSPECTION OF THE HIP JOINT
 n  Perform the impingement (FADIR) maneuver to observe 

the area of impingement.
 n  Apply an extension force for hip distraction. Once the 

hip is distracted about 10 mm, use an additional light 
source attached to the Hohmann retractor or a 70-degree 
arthroscope to inspect the joint for acetabular chondral 
and labral lesions in the six zones described by Ilizaliturri: 
zone 1, anterior inferior; zone 2, anterior superior; zone 

 

A

C

B

D

FIGURE 6.32 Mini-open direct anterior approach for osteochondroplasty. A, Development of 
“double fascial pocket” to protect lateral femoral cutaneous nerve and its posterior branches. B, 
Inspection and treatment of the internal compartment using a 70-degree arthroscope. C, Appear-
ance of the cam deformity after labral suture. D, After completion of the femoral osteoplasty.  (From 
Ribas M, Cardenas-Nylander C, Bellotti V, et al: Mini-open technique for femoroacetabular impingement. 
www.boneandjoint.org.uk/content/focus/mini-open-technique-femoroacetabular-impingement.) 
SEE TECHNIQUE 6.3.
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3, middle superior; zone 4, posterior superior; zone 5, 
posterior inferior; and zone 6, middle inferior (cotyloid 
fossa) (Fig. 6.32B). 

ACETABULAR OSTEOPLASTY AND LABRAL REPAIR
 n  Repair chondrolabral delamination by detachment of the 

labrum and trimming of the acetabular rim with 5-mm 
diamond burrs.

 n  Reattach the labrum with 3.1-mm resorbable transosseous 
anchors, and release extension of the hip (Fig. 6.32C). 

FEMORAL OSTEOPLASTY
 n  Use fluoroscopy to identify intraoperative landmarks ac-

cording to preoperative planning.
 n  For cam-type impingement, excise the bony prominence 

with ultra-sharp curved osteotome and round burrs ma-
nipulated counter-clockwise to avoid excessive bone 
 penetration.

 n  Start the bump resection at the posterosuperior head-neck 
junction with hyperextension, adduction, and internal rota-
tion of the hip. Then flex, abduct, and externally rotate the 
hip to reach the posteroinferior head-neck junction and the 
acetabular rim (Fig. 6.32D). Use pulsed lavage throughout 
the procedure to prevent heterotopic ossification.

 n  When bone resection is complete, obtain a final fluoro-
scopic image and test the femoroacetabular clearance and 
range of motion, especially flexion and internal  rotation. 

CLOSURE
 n  Close the wound in routine fashion. Close the hip capsule 

with the hip in full extension to avoid capsular overtight-
ening.

 n  Take care to avoid injury to the branches of the lateral 
femoral cutaneous nerve during superficial closure. 

POSTOPERATIVE CARE Indomethacin protocol is 
used to prevent heterotopic ossification. Gastroprotec-
tive drugs and low-molecular-weight heparin also are 
administered.
  

PERIACETABULAR OSTEOTOMY
Periacetabular osteotomy developed primarily for the treat-
ment of dysplasia also has been used for the treatment of pin-
cer-type impingement caused by global acetabular retroversion 
(Fig. 6.33) identified radiographically by a crossover sign with 
a corresponding posterior wall sign on the anteroposterior 
radiograph of the pelvis. Some of these patients also have defi-
cient lateral coverage with a center edge angle of less than 20 
degrees. According to the algorithm described by Peters et al., 
the articular cartilage of the anterior acetabulum should be 
judged to be intact by MR arthrogram before proceeding with 
a PAO because that cartilage is rotated into a more weight-
bearing position with correction of the bony deformity.

SURGICAL TECHNIQUE
The technique of PAO is described in the section on hip dys-
plasia (Technique 6.4). The direction of rotation of the ace-
tabular segment is individualized for each patient. Care must 
be taken not to overantevert the acetabular segment because 
posterior impingement can be created. In combined type 

deformity, an osteochondroplasty of the femoral head-neck 
junction can be done through the Smith-Petersen approach 
used for the PAO. 

RESULTS
Siebenrock et al. reported the use of PAO for impingement 
caused by acetabular retroversion in 29 hips, 24 of which had 
concurrent reshaping of the femoral head-neck junction. 
They strove for 30 degrees of internal rotation in 90 degrees of 
hip flexion. Seventy-one percent had good to excellent results 
with no evidence of osteoarthritis at an average 11-year fol-
low-up. Predictors for poor outcome were the lack of femoral 
offset creation and overcorrection of the acetabular version 
resulting in excessive anteversion. The authors emphasized 
the intraoperative assessment of acetabular correction with 
anteroposterior pelvic images and assessment of range of 
motion. Peters et al. reported an improvement in the average 
Harris hip score from 72 to 91 in 30 hips at 4-year follow-up 
after PAO for acetabular retroversion with a positive posterior 
wall sign. 

 

A

B

FIGURE 6.33 A, Preoperative radiograph of patient with 
both crossover and posterior wall signs indicative of acetabular 
retroversion with deficient posterior coverage. B, After “reverse” 
periacetabular osteotomy to increase patient’s acetabular antever-
sion.  (Courtesy Christopher Peters, MD.)
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HIP ARTHROSCOPY
Management of FAI with arthroscopic osteochondroplasty 
of the femoral head-neck junction and/or acetabular rim 
trimming with labral debridement or refixation has evolved 
quickly, with almost all FAI surgery in the United States now 
performed arthroscopically. Early results of hip arthroscopy 
reflected primarily labral debridement without correction of 
underlying bony pathology. Studies by McCarthy et  al. and 
Byrd and Jones demonstrated subsequent conversion to THA 
in 44.1% and 22.6%, respectively, at 13- and 10-year follow-
up. Studies representing more contemporary treatment that 
includes correction of underlying impingement morphology 
as well as labral refixation appear to obtain better outcomes. 
Menge et al., however, in their study of 10-year results of FAI 
surgery with labral debridement and labral repair, found that 
34% of patients underwent THA within 10 years, regardless 
of the technique of labral treatment. Older patients, patients 
treated with microfracture, and those with a preoperative 
joint space of less than 2 mm were most at risk for subsequent 
THA.

Currently, almost all FAI surgery is being done 
arthroscopically. More rapid recovery following arthroscopy 
has been reported by multiple authors, while radiographic 
and clinical parameters of impingement are treated effectively. 
Although advanced techniques of arthroscopy have been 
developed, there do appear to be some general limitations to 
the arthroscopic technique and situations in which open tech-
niques may be preferable. A cam deformity extending into the 
posterior-superior head-neck junction, behind the retinacular 
vessels, is more difficult to access arthroscopically. Similarly, 
a symptomatic pincer deformity that involves the posterior-
superior and posterior wall may be better treated through 
open surgery. Significant deformity of the proximal femur, 
including excessive anteversion, coxa valga, or a residual 
deformity from childhood from slipped capital femoral epiph-
ysis, Perthes disease, or previous open reduction for develop-
mental dysplasia of the hip (DDH) are reasons for possible 
femoral osteotomy and open assessment with correction.

Care also should be taken with a cam deformity combined 
with a borderline dysplastic acetabulum because arthroscopic 
capsulotomy with rim trimming can lead to hip instability. Some 
authors cite reasonable 2-year outcomes with arthroscopic FAI 
treatment in patients with borderline dysplasia compared to 
those with normal LCE angles as long as capsular plication 
is done. Others state that this deformity is better treated with 
PAO combined with an open reshaping of the femoral head-
neck junction and functional assessment of impingement.

The treatment of FAI with arthroscopic techniques is dis-
cussed in Chapter 51. 

EXTRAARTICULAR HIP IMPINGEMENT
There is a subgroup of patients who appear to have extraartic-
ular bony impingement. The demographics, physical exami-
nation findings, and bony morphologies of these patients were 
characterized by Ricciardi et al. They tended to be younger 
women, 40% of whom had previously had a hip procedure 
for another diagnosis. Factors that increased clinical suspi-
cion of extraarticular FAI included a history of lateral or pos-
terior pain, decreased external rotation, decreased internal 
rotation with no evidence of a cam lesion, absence of major 
pelvic or acetabular deformity, a positive posterior impinge-
ment sign, incomplete response to intraarticular injection of 

a local anesthetic or corticosteroid, and continued impinge-
ment-type symptoms after arthroscopic treatment without a 
residual cam lesion.

The types of extraarticular impingement are character-
ized as anterior, posterior, and complex (Fig. 6.34). In the 
anterior type, also known as subspinal impingement, the 
anterior greater trochanter or intertrochanteric line impinges 
on prominent bone just below the anterior inferior iliac spine 
or on the AIIS itself. On axial imaging, this type frequently 
is associated with femoral retrotorsion, defined as less than 5 
to 10 degrees of femoral anteversion. On examination, these 
patients have diminished internal rotation in 90 degrees of hip 
flexion with increased hip external rotation in both flexion 
and extension. Failure to recognize subspinal FAI is thought 
to be a common cause of continued pain following adequate 
correction of intraarticular FAI. It can be difficult to diagnose 
significant extraarticular impingement when obvious coexis-
tent intraarticular FAI is present. This underscores the value 
of examination on the operating table after intraarticular FAI 
has been corrected to search for restriction of internal rota-
tion in flexion as evidence of extraarticular impingement.

Similar to cam impingement, subspinal impingement can 
be iatrogenically created during PAO when the acetabular frag-
ment is rotated forward to create more anterior coverage, bring-
ing the AIIS caudad into an impinging position. This can be 
demonstrated with intraoperative fluoroscopic examination and 
allow correction before concluding the operation (Fig. 6.35).

Posterior type of extraarticular impingement occurs 
when the posterior greater trochanter and extraarticular 
femoral neck impinge against the ischium when the hip is 
flexed and externally rotated. These hips tend to have exces-
sive femoral anteversion with limited external rotation clini-
cally. Their internal rotation in flexion tends to be increased. 
If symptoms warrant, these patients can be treated with dero-
tational osteotomy of the femur.

The complex type of extraarticular impingement occurs 
both anteriorly and posteriorly in femurs with diminished 
femoral offset and proximal femoral deformity secondary to 
Perthes disease with an enlarged greater trochanter and femo-
ral head deformity. Rotation tends to be limited in both direc-
tions in flexion and limited in external rotation in extension. 
The surgical treatment of these patients is aimed at reliev-
ing the impinging areas by anterior or posterior trochanteric 
osteoplasty, relative lengthening of the femoral neck, osteo-
chondroplasty of the femoral neck, and treatment of coexist-
ing FAI deformities. Relative femoral neck lengthening (Fig. 
6.36) is done during open surgical dislocation with careful 
mobilization of the retinacular vessels and osteotomy and dis-
talization of the greater trochanter. This correction not only 
relieves extraarticular impingement but also improves the hip 
abductor function by increasing the abductor moment arm. 
It also provides better access to the femoral canal for subse-
quent THA if later required.

Ischiofemoral extraarticular impingement in extension 
has been described in active patients with a diminished dis-
tance between the lesser trochanter and the ischium. Pain 
typically is described in the lower buttock, groin, and medial 
thigh, with worsening pain during pronounced extension of 
the hip. MRI may show edema within the quadratus femoris 
muscle (Fig. 6.37). Small series have reported improvement 
with open or arthroscopic partial resection or distalization of 
the lesser trochanter. 
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HIP DYSPLASIA
Hip dysplasia in young adults results from residual childhood 
developmental dysplasia of the hip or, less frequently, Perthes 
disease (Fig. 6.38). The treatment of these disorders in skel-
etally immature patients is discussed in Chapter 30.

Radiographically, dysplasia of the hip is characterized by 
an LCE angle of less than 20 degrees, with hips in the 20- to 

25-degree range having borderline dysplasia. Typically, the 
Tönnis angle is increased above 10 degrees. Dysplastic hips 
also display a lateralized hip center with a broadened radio-
graphic teardrop. The femoral neck-shaft angle usually is 
increased, and the proximal femur is usually excessively ante-
verted. The femoral head may be small and have a flattened 
lateral contour. Many patients with hip dysplasia display 
an increased alpha angle and thus have a cam morphology. 

 

A

B

C

FIGURE 6.34 Classification of extraarticular FAI described by Ricciardi et al. A, Anterior. B, 
Posterior. C, Complex. (See text).  (From Ricciardi BF, Fabricant PD, Fields KG, et al: What are the demo-
graphic and radiographic characteristics of patients with symptomatic extraarticular femoroacetabular 
impingement? Clin Orthop Relat Res 473:1299, 2015.)
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Studies of patients with symptomatic acetabular dysplasia 
have found cam morphology in 10% to 40%. Cam morphol-
ogy may lead to symptomatic FAI after acetabular reorienta-
tion. Disruption of the Shenton line is present with superior 
and lateral positioning of the hip center and with true hip 
subluxation from the hip center (Fig. 6.39).

The natural history of untreated dysplasia has been stud-
ied by a number of investigators. Murphy et al. longitudinally 

observed hips in patients who had undergone total hip replace-
ment for osteoarthritis. They found that the contralateral hips 
having a LCE angle less than 16 degrees routinely developed sig-
nificant osteoarthritis by the age of 65. Jessel et al. used dGEM-
RIC (delayed gadolinium-enhanced magnetic resonance 
imaging of cartilage) indexing to quantitate the osteoarthritic 
state in a cohort of dysplastic hips and found that increasing 
age, severity of dysplasia as defined by both the lateral and 

 FIGURE 6.35 Iatrogenic subspinal impingement created 
during periacetabular osteotomy was seen on fluoroscopy, 
prompting decompression. 

 

A B

FIGURE 6.36 A, Patient with a short femoral neck and high-riding greater trochanter from 
Perthes disease. B, After relative femoral neck lengthening.  (From Steppacher SD, Anwander H, 
Schwab JM, et al: Femoral dysplasia, https://musculoskeletalkey.com/femoral-dysplasia.)

 FIGURE 6.37 MRI T2 sequence of a patient with ischiofemoral 
impingement of the left hip. Outlined arrow, quadratus femoris 
muscle belly edema; solid arrow, sciatic nerve.  (From Gollwitzer H, 
Banke IJ, Schauwecker J, et al: How to address ischiofemoral impinge-
ment? Treatment algorithm and review of the literature, J Hip Preserv 
Surg 4289, 2017.)
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ACE angles, and the presence of a labral tear on MRA all cor-
related with increasing osteoarthritis. Interestingly, a 20-year 
longitudinal study of women by Thomas et al. found that for 
each degree of reduction in the LCE angle below 28 degrees 
there was a 14% increase in the risk of developing secondary 
osteoarthritis, implying that our definition of dysplasia based 
on a LCE angle of 20 degrees may be too restrictive. Wyles et al. 
followed the contralateral hip in patients younger than 55 years 
of age who had a THA and found at 10-year follow-up that 1 
of 33 Tönnis 1 dysplastic hips progressed to THA compared 
to 1 of 5 Tönnis 1 FAI morphology hips and Tönnis 1 normal 
morphology hips.

Typically, patients with hip dysplasia become symptomatic 
between their second and fifth decades of life. Initially, pain 
may occur only with high-stress activities or prolonged stand-
ing. Impingement or FADIR testing may become positive with 
injury to the labrum. Apprehension testing can be positive with 
insufficient anterior coverage and anterior cartilage injury.

The radiographic workup of these patients as outlined 
earlier includes an assessment of the acetabular coverage, 
depth, version, and lateralization. Sphericity of the femoral 
head is noted because rotational correction of the acetabu-
lum may worsen congruence of the hip when the femoral 
head is aspherical. An anteroposterior view with the hip 
slightly flexed and abducted can be performed to simulate 
the congruence that would be attained with a PAO (Fig. 
6.40). Any evidence of arthritic change is noted and graded 
by the Tönnis scale. The false profile is evaluated for evi-
dence of subluxation or posterior cartilage wear. Evaluation 

 FIGURE 6.38 Twenty-year-old male with residual right hip 
deformity from Legg-Calvé-Perthes disease with an enlarged 
femoral head and shortened femoral neck. The acetabulum has 
secondary signs of dysplasia including an increased Tönnis angle 
and extrusion of the lateral portion of the head and undercoverage.

 FIGURE 6.39 In more severe dysplasia, the Shenton line is 
disrupted, indicating superior subluxation of the femoral head 
and hip center.

 

A B

FIGURE 6.40 A, Anteroposterior radiograph of dysplastic hip with questionable articular 
congruence. B, Same hip held in abduction and slight flexion to mimic congruence that would be 
attained with periacetabular osteotomy.
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of the contour of the femoral head-neck junction is impor-
tant, because rotating the acetabulum with a PAO may create 
anterior cam impingement requiring femoral osteochon-
droplasty. An MR arthrogram is performed to evaluate the 
status of the articular cartilage and labrum. A low-dose CT 
scan of the pelvis with a few slices through the epicondyles 
of the knee is useful to determine the pattern of acetabular 
dysplasia, the version of the acetabulum, and the version of 
the femoral neck.

PERIACETABULAR OSTEOTOMY
PAO was described by Ganz and others in the 1980s as a method 
of stabilizing symptomatic dysplastic hips in skeletally mature 
patients and preventing arthritic deterioration. The osteotomy 
is done through a Smith-Petersen approach (Chapter 1) with 
reproducible bony cuts and extensive rotational freedom for 
acetabular repositioning with little risk of osteonecrosis of the 
acetabular segment (Fig. 6.41). The labrum and anterior femo-
ral head-neck junction can be accessed through the distal end 
of the Smith-Petersen approach with a capsular arthrotomy. 
The rotated fragment can be stabilized with screw fixation, and 
the patient can be mobilized relatively quickly because the pos-
terior column is left in continuity, leaving the ischium attached 
to the axial skeleton.

SURGICAL INDICATIONS
PAO is clearly indicated for symptomatic younger patients 
with spherically congruent dysplasia of the hip, an LCE angle 
of less than 20 degrees, and minimal or no secondary arthritic 
changes (Tönnis grade 0 or 1). Symptomatic patients with 
weight bearing, activity-related pain with center edge angles 
between 20 and 25 degrees, particularly women with coxa 
valga and excessive anteversion, may be reasonable surgical 
candidates. Adolescent patients with hip dysplasia who have 
fair congruity also may be considered because they tend to 

fare better than older patients and may be able to delay hip 
replacement for one to two decades.

Preoperative age older than 35 and fair or poor joint con-
gruence have been reported to be independent factors predic-
tive of failure of PAO; when both factors occurred in a given 
patient, the chance of resultant severe pain or conversion to 
total hip replacement reached 95%. Others, however, have 
found that patients older than 50 years of age had radiographic 
and clinical 2-year results similar to those in patients younger 
than 50 years of age. In our practice, PAO can be indicated for 
patients older than the age of 40 with a spherical femoral head 
and minimal arthritic change as evaluated on the standard 
radiographic views and MRA. This decision, however, is always 
weighed against the option of symptomatic treatment with 
probable future THA. Pincer-type FAI with global acetabular 
retroversion is another indication for PAO discussed earlier.

Intertrochanteric osteotomy of the proximal femur occa-
sionally is done as a simultaneous procedure. Varus derotational 
osteotomy is done to correct excessive valgus and anteversion 
of the proximal femur, although guidelines for this indication 
are not uniform (Fig. 6.42). Valgus osteotomy can be done for 
coxa vara and aspherical Perthes type femoral head deformity 
to maintain articular congruence and to avoid impingement 
of the greater trochanter with the rotated acetabular rim (Fig. 
6.43). A relative neck lengthening with osteochondroplasty of 
the femoral neck through an open surgical dislocation in com-
bination with a PAO has been reported to have good short-
term benefits in patients with typical Perthes deformity. 

SURGICAL TECHNIQUE
The original technique described by Ganz et al. involved expo-
sure of both inner and outer tables of the ilium through the 
Smith-Petersen approach with stripping of the abductors to 
expose the posterior column of the acetabulum on the lateral 
surface of the pelvis. Murphy and Millis described a modified 

 

A B

FIGURE 6.41 Bernese periacetabular osteotomy. A, Internal view of bony pelvis. B, External 
view of bony pelvis.
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A B

FIGURE 6.42 Preoperative (A) and postoperative (B) radiographs of a patient with hip  
dysplasia associated with high femoral neck-shaft angle treated with periacetabular osteotomy 
and intertrochanteric varus osteotomy.

 

A B

FIGURE 6.43 A, After periacetabular osteotomy for dysplasia, a patient with varus deformity 
of the proximal femur developed impingement symptoms relieved by valgus osteotomy of the 
proximal femur (B).
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abductor-sparing variant of the Smith-Petersen approach for 
PAO, making the osteotomy from the internal surface of the 
pelvis with minimal lateral stripping. They also described 
a bikini-type skin incision that follows the inguinal crease 
medially (Fig. 6.44). Although we use this bikini-type inci-
sion in thin females, access to the hip joint for labral repair 
and femoral osteochondroplasty is better through a stan-
dard Smith-Petersen incision, and we prefer to use it in most 
patients. We currently use an abductor-sparing approach as 
described by Matheney et  al. However, in patients with no 
cam deformity of the proximal femur, no labral tear or artic-
ular defect on MRA, and no mechanical symptoms sugges-
tive of labral pathology, we use a rectus-sparing approach as 
described by Novais et  al. With this approach, an anterior 
arthrotomy of hip is not made, and the direct and indirect 
heads of the rectus femoris are not detached from the ante-
rior-inferior iliac spine and acetabular rim. This is done in an 
attempt to minimize postoperative pain and possibly improve 
postoperative hip flexion strength. 

 

BERNESE PERIACETABULAR 
OSTEOTOMY

 TECHNIQUE 6.4 

(MATHENEY ET AL.)
 n  With the patient supine, prepare and drape the involved 

extremity free to the costal margin, medially to the 

umbilicus, and posteriorly to the posterior third of the 
ilium.

SUPERFICIAL DISSECTION
 n  Make a direct anterior longitudinal Smith-Petersen inci-

sion or an anterior bikini-type incision just below the iliac 
crest extending a few centimeters medial to the anterior 
superior iliac spine (Chapter 1).

 n  Identify the fascia over the external oblique and gluteus 
medius and incise it posterior to the anterior superior iliac 
spine.

 n  Develop the plane between the two muscles to expose 
the periosteum over the iliac crest. Divide this perios-
teum and subperiosteally dissect the inner table of the 
ilium.

 n  Enter the compartment of the tensor fasciae latae and 
bluntly dissect the muscle off the septum with the sar-
torius muscle; this is done to protect the lateral femoral 
cutaneous nerve.

 n  Identify the floor of this compartment and follow it proxi-
mally until the anterior aspect of the ilium is palpated.

 n  Predrill the anterosuperior iliac spine with a 2.5-mm drill 
and osteotomize the anterior portion (1 × 1 × 1 cm) to 
make dissection and later repair easier.

 n  Alternatively, detach the sartorius with a thin wafer of 
bone that will be repaired with suture at the end of the 
procedure.

 n  Continue subperiosteal dissection to the anteroinferior 
iliac spine. 

DEEP DISSECTION
 n  Flex and adduct the hip to take tension off the anterior 

musculature.
 n  Divide the reflected head of the rectus femoris at its junc-

tion with the direct head.
 n  Elevate the direct head of the rectus femoris and the un-

derlying capsular portion of the iliacus as a unit and reflect 
them distally and medially from the underlying joint cap-
sule.

 n  Reflect the iliacus, sartorius, and abdominal contents 
 medially.

 n  Open the sheath of the psoas and retract its muscle and 
tendon medially. Alternatively, retract the psoas by sub-
periosteal release of its sheath from the pubic ramus and 
separate the sheath from the capsule. This allows expo-
sure of the anterior portion of the superior pubic ramus 
medial to the iliopectineal eminence, an important land-
mark denoting the most medial extent of the osseous 
acetabulum.

 n  Create an interval between the medial joint capsule and 
the iliopsoas tendon and sequentially dilate with the tip 
of a long Mayo scissor and/or Lane retractor.

 n  Use the tips of the scissors and Lane retractors to palpate 
the anterior portion of the ischium at the infracotyloid 
groove; confirm proper placement of these instruments 
with fluoroscopy. The goal is to place them superior to 
the obturator externus tendon. If the joint capsule is ac-
cidentally entered, a second pass can be made by entering 
the floor of the psoas tendon sheath to develop a second, 
extraarticular path to reach the anterior portion of the 
ischium. 

 

Standard
incision Bikini

incision

ASIS

FIGURE 6.44 Smith-Petersen incision is preferred for most 
patients, with occasional use of more cosmetic bikini incision in 
thin patients. ASIS, Anterior superior iliac spine.
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OSTEOTOMY OF THE ANTERIOR PORTION OF  
THE ISCHIUM

 n  Place the hip in 45 degrees of flexion and slight adduction.
 n  Insert a 30-degree forked, angled bone chisel (15- or 20-

mm blade width) (Fig. 6.45A) through the previously cre-
ated interval between the medial capsule and the psoas 
tendon to place its tip in contact with the superior portion 
of the infracotyloid groove of the anterior portion of the 
ischium, just superior to the obturator externus tendon. 
Staying proximal to the obturator externus helps prevent 
injury to the nearby medial femoral circumflex artery.

 n  Gently palpate the medial and lateral aspects of the is-
chium with the chisel, confirming the position of the 
chisel with fluoroscopy in both the anteroposterior and 
iliac oblique projections. The chisel should be positioned 
approximately 1 cm below the inferior lip of the acetabu-
lum with its tip aimed at the ischial spine or a point slightly 
above the ischial spine (Fig. 6.45B).

 n  Impact the chisel to a depth of 15 to 20 mm through both 
medial and lateral cortices of the ischium. Take care not 
to drive the chisel too deeply through the lateral cortex 
because of the proximity of the sciatic nerve, especially 
with the hip flexed and adducted. 

OSTEOTOMY OF THSE SUPERIOR PUBLIC RAMUS
 n  With the hip still flexed and adducted, gently retract the 

psoas tendon and medial structures medially. Retrac-
tion can be aided by impacting either the tip of a spiked 
Hohmann retractor or a large-gauge Kirschner wire into 
the superior pubic ramus just beyond the most medial 
extent of the dissection.

 n  Incise the periosteum over the superior pubic ramus along 
its axis and perform careful circumferential subperioste-
al dissection. This can be aided by making a transverse 
periosteal incision 1 to 2 cm medial to the iliopectineal 
eminence and working to continue the previous subperi-
osteal dissection of the inner iliac table into the lateral 
obturator foramen.

 n  Place Hohmann retractors, Rang retractors, or Lane bone 
retractors anteriorly and posteriorly around the superior 
pubic ramus into the obturator foramen to protect the 
obturator nerve and artery. Watch for spontaneous ad-
duction of the limb, which is indicative of stretching or 
irritation of the obturator nerve.

 n  Osteotomize the superior pubic ramus perpendicular to 
its long axis when viewed from above and oblique from 
proximolateral to distomedial when viewed from the 
front. The osteotomy can be made by using a Satinsky 
vascular clamp to pass a Gigli saw around the ramus and 
sawing upward, away from the retractors, or by impact-
ing a straight osteotome just medial to the iliopectineal 
eminence. The key to this osteotomy is to stay medial to 
the iliopectineal eminence to avoid creating an intraar-
ticular osteotomy (Fig. 6.45C). 

ARTHROTOMY AND INTRACAPSULAR INSPECTION
 n  If there is concern about an intraarticular pathologic pro-

cess, such as a torn labrum, cam lesion, or loose bodies, 
make a T-shaped arthrotomy centered on the anterior 
and lateral aspects of the femoral neck to avoid injury to 

the retinacular vessels that run along the posterior and 
superior aspects of the femoral neck.

 n  Make the vertical portion of the arthrotomy along the 
long axis of the femoral neck and the horizontal portion 
along the acetabular rim.

 n  Make the vertical portion of the arthrotomy first; this will 
allow observation of the labrum while making the hori-
zontal portion (the “top” of the T).

 n  Repair or debride any labral tears and resect cam lesions 
of the femoral neck with curved or straight osteotomes 
or a high-speed burr. Check the adequacy of resection 
by moving the hip through a range of motion or with a 
lateral fluoroscopy view.

 n  Close the arthrotomy loosely with simple interrupted ab-
sorbable sutures. 

SUPRA-ACETABULAR ILIAC OSTEOTOMY
 n  Create a 1.5- to 2.0-cm subperiosteal window beneath 

the anterior abductors just distal to the anterosuperior 
iliac spine without disturbing the abductor origin.

 n  Slightly abduct and extend the limb to allow an atrau-
matic subperiosteal dissection with a narrow elevator that 
is directed posteriorly toward, but not into, the apex of 
the greater sciatic notch.

 n  Place a narrow, long, spiked Hohmann retractor in this 
window and confirm proper placement with fluoroscopy. 
In the lateral projection, the spike of the retractor should 
point toward the apex of the sciatic notch.

 n  Retract the iliacus medially with a reverse Hohmann re-
tractor, the tip of which is placed on the quadrilateral 
surface.

 n  Under direct vision, make the iliac osteotomy with an os-
cillating saw and cooling irrigation in line with the Hohm-
ann retractor until reaching a point approximately 1 cm 
above the iliopectineal line (well anterior to the notch) 
(Fig. 6.45D).

 n  Confirm that both the lateral and medial cortices are cut 
before proceeding.

 n  The end point of the iliac saw cut represents the pos-
terosuperior corner of the periacetabular osteotomy and 
is the starting point of the posterior-column osteotomy, 
which will be midway between the sciatic notch and pos-
terior portion of the acetabulum.

 n  At this point, use a 3.2-mm drill to create a passage for a 
single Schanz screw on a T-handled chuck.

 n  Insert the Schanz screw into the acetabular fragment dis-
tal and parallel to the iliac saw cut, well above the dome 
of the acetabulum. 

OSTEOTOMY OF THE POSTERIOR COLUMN
 n  Flex and adduct the hip to relax the medial soft tissues.
 n  Place a reverse blunt Hohmann retractor medially with the 

tip on the ischial spine. Dissection into the sciatic notch is 
not necessary.

 n  Make the osteotomy through the medial cortex with a 
long, straight 1.5-cm osteotome. The osteotomy extends 
from the posterior end of the iliac saw cut, passes over the 
iliopectineal line, through the medial quadrilateral plate, 
and parallel to the anterior edge of the sciatic notch as 
seen on iliac oblique fluoroscopy, and then is directed 
toward the ischial spine.
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A

B C

D E

FIGURE 6.45 A, 30-degree Ganz osteotome. B, Ischial osteotomy is performed through 
interval between psoas tendon and hip capsule with 30-degree osteotome. C, Osteotomy of 
pubis is performed just medial to iliopectineal eminence and radiographic teardrop. D, Initial iliac 
osteotomy is made with oscillating saw aiming toward top of sciatic notch. E, Posterior column 
osteotomy proceeds from tip of iliac osteotomy through pelvic brim then through medial cortex 
of quadrilateral plate. 
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 n  Make the posterior cut first through the medial and then 
the lateral wall of the ischium. Do not set the osteotome 
perpendicular to the medial quadrilateral plate; instead, 
tip the free medial edge of the osteotome 10 to 15 de-
grees away from the sciatic notch to create a more true 
coronal plate osteotomy, perpendicular to the lateral cor-
tex of the posterior column (Fig. 6.45E).

 n  Confirm correct angulation and positioning with fluoros-
copy.

 n  Make certain the medial and lateral cortices of the poste-
rior column are completely cut. A Ganz osteotome can be 
used to connect the medial and lateral cortices, beginning 
at the proximal posterior column, but this must be done 
very carefully to avoid injury to the sciatic nerve and other 
structures that exit the sciatic notch (Fig. 6.45F).

 n  Use a 30-degree angled, long-handled chisel to connect the 
anterior and posterior ischial cuts to complete the osteotomy 
of the posteroinferomedial corner of the quadrilateral plate. 

ACETABULAR DISPLACEMENT
 n  Place a straight 1-in (2.54-cm) Lambotte chisel into the 

supra-acetabular iliac saw cut to both confirm completion 
of the lateral cortex osteotomy and protect the cancellous 
bone above the acetabulum during displacement.

 n  Place the tines of a Weber bone clamp into the superior 
pubic ramus portion of the acetabular fragment in such 
a way as to place its handle anterior and in contact with 
the Schanz screw.

 n  While gently opening the lamina spreader, use the Schanz 
screw and/or Weber clamp to mobilize the acetabular 
fragment. Be sure the posterior and anterior osteotomies 
are complete or the fragment will not freely rotate and 

distal and lateral displacement may occur as the fragment 
hinges on the lateral, intact cortices. If necessary, palpate 
these cuts with a narrow or broad 30-degree chisel and 
complete the osteotomies if needed.

 n  Once the fragment is completely free, position it to obtain 
the desired correction. The most common deficiency is 
anterior and lateral, so the most common maneuver is 
to lift the acetabular fragment slightly toward the ceil-
ing, creating an initial displacement, followed by a three-
step movement of lateral, distal, and internal rotation. 
Internally rotate the fragment to antevert it, extend the 
fragment to achieve anterior coverage, and adduct the 
fragment to obtain lateral coverage.

 n  When positioning is properly done, the posterosuperior 
corner of the acetabular fragment should be impacted 
slightly into the superior intact iliac cut and the prominent 
superior tip of the acetabular fragment should be roughly 
in line with the superior aspect of the intact iliac crest. 
The radiographic teardrop and its relation to the femoral 
head should be elevated and tilted laterally, or adducted, 
commensurate with the amount of lateral correction that 
is made.

 n  If needed to recreate the proper position of the femoral 
head in relation to the medial aspect of the pelvis, me-
dialize the acetabular fragment slightly once the desired 
anterior and/or lateral coverage has been obtained. This 
will maintain the proper biomechanical position of the 
femur in relation to the pelvis. 

ACETABULAR FIXATION
 n  Once the desired acetabular position has been ob-

tained, place smooth Kirschner wires (of the approximate 

 

F

G

FIGURE 6.45, cont’d F, 30-degree Ganz osteotome is used carefully to complete posterior 
column osteotomy from medial to lateral under fluoroscopic control and to connect posterior 
column osteotomy to ischial osteotomy. G, Fixation of osteotomy can be solely through screws 
through iliac wing into rotated fragment or include a “home run” screw that goes from antero-
inferior iliac spine directed into sciatic buttress. SEE TECHNIQUE 6.4.
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 diameter of the planned drill bit to be used for later fixa-
tion) from proximal to distal through the ilium and into 
the fragment in a divergent pattern.

 n  Check the position of the fragment fluoroscopically in 
the anteroposterior and false-profile projections. In the 
false-profile view, check the anterior femoral head cover-
age in full extension and at 100 degrees of flexion and 
confirm that the femoral head is not overcovered and that 
impingement has not been created from a femoral-sided 
deformity. On the anteroposterior view, check the proper 
position of the sacrococcygeal junction in relation to the 
pubic symphysis; the sourcil should be roughly horizontal, 
the femoral head should be well covered, the posterior 
acetabular wall should overlap the center of the femoral 
head, the anterior wall shadow should not overlap the 
posterior wall, and the Shenton line should be intact.

 n  Measure the Kirschner wires for depth and length and 
replace them with either 3.5- or 4.5-mm cortical screws. 
Confirm extraarticular placement of the screws with 
 fluoroscopy.

 n  If required for stability (as in patients who have ligamen-
tous laxity, a neuromuscular condition, or poor bone 
quality), an additional “home run” screw can be placed 
anterior to posterior from the anteroinferior iliac spine 
posteriorly into the inferior portion of the ilium (Fig. 
6.45G). We prefer not to use this screw unless necessary 
because the screws are removed once osseous healing 
is confirmed to prevent screw-head irritation or because 
MRI may be needed later.

 n  Trim the anterior iliac prominence of the acetabular frag-
ment and use it as bone graft.

 n  Remove all sponges and copiously irrigate the wounds.
 n  Repair the direct head of the rectus femoris with heavy 

nonabsorbable suture.
 n  Place suction drains under the iliacus.
 n  Reattach the anterosuperior iliac spine osteotomy frag-

ment with a 3.5-mm partially threaded cancellous screw 
or with heavy absorbable sutures, depending on the 
thickness of the fragment.

 n  Pay careful attention to proper, tight closure over the iliac 
crest. Pass heavy absorbable suture through the predrilled 
holes in the iliac crest to reattach the abductor, iliacus, 
and external oblique musculature.

 n  Close the remainder of the wound in layers in standard 
fashion.
   

 

RECTUS-SPARING MODIFICATION OF 
BERNESE OSTEOTOMY

 TECHNIQUE 6.5 

(NOVAIS ET AL.)
 n  Identify the iliacus muscle proximally at the pelvic brim.
 n  Dissect the iliopsoas musculotendinous unit free from the 

periosteum of the inner table of the ilium and superior 
pubic ramus to expose the anatomic plane between the 

rectus femoris tendon and the iliacus muscle at the level 
of the anteroinferior iliac spine.

 n  Open the muscle fascia of the rectus femoris medially and 
retract the rectus femoris muscle belly laterally, exposing 
the underlying iliocapsularis muscle.

 n  Elevate the iliocapsularis muscle from the joint capsule 
from lateral to medial, leaving the rectus tendon intact. It 
is important to release the iliocapsularis muscle insertion 
from the anteroinferior iliac spine and to retract it along 
with the iliopsoas muscle medially to allow complete ex-
posure of the interval between the iliopsoas and the joint 
capsule.

 n  From this point on, follow the steps described in Tech-
nique 6.4.

POSTOPERATIVE CARE Partial weight bearing is su-
pervised by a physical therapist on the first postopera-
tive day. Weight bearing is progressed from partial to full 
weight bearing, typically by 6 to 8 weeks, when there is 
radiographic evidence of healing and abductor strength 
has returned. Range of motion is limited to 90 degrees of 
flexion, 10 degrees from full extension, and 10 degrees of 
adduction, abduction, and rotation for the first 6 weeks. 
Resistive exercises are avoided for 6 weeks. Patients older 
than 16 years are given low-molecular-weight heparin for 
10 to 14 days followed by 81 mg of aspirin twice a day for 
4 weeks for thromboprophylaxis. Nonsteroidal antiinflam-
matory medications are avoided.
  

RESULTS
Preservation of the hip after PAO has been achieved in 73% 
to 76% of patients in two mid-term studies with longer than 
9-year average follow-up (Fig. 6.46). Twenty-year results from 
the originating surgical center in Berne showed hip preserva-
tion in 60% of hips at 20-year follow-up. The 30-year survi-
vorship of the first 75 PAOs done at the originating center 
has recently been reported as 29%. This patient population 
included 24% of patients with Tönnis grade 2 or greater dis-
ease that would not be considered for surgery with current 
indications. Since the original surgeries, technical aspects of 
the surgery and the indications have become clearer, with the 
possibility of preservation of an even higher percentage of 
hips in the future. The procedure has evolved to place greater 
emphasis on identifying and treating labral pathologic pro-
cesses and avoiding or correcting postoperative impinge-
ment. Patients having more advanced arthritis are more likely 
to await arthroplasty rather than undergo hip preservation 
surgery. Factors identified as likely to negatively impact the 
result of PAO for dysplasia include advancing age, moderate 
preoperative arthritis, labral pathologic processes, postopera-
tive impingement, and fair or poor congruence of the joint. 

 COMPLICATIONS FOLLOWING 
PERIACETABULAR OSTEOTOMY

In a multicenter study of 1760 periacetabular osteotomies, 
Sierra et  al. reported a 2.1% incidence of sciatic or femo-
ral nerve partial or complete palsy, half of which recovered 
fully. Recovery was more likely when the femoral nerve was 
involved. Other complications reported include superficial 
and deep infection, heterotopic ossification (though rarely 
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symptomatic), acetabular fragment migration requiring 
reoperation, and symptomatic hardware requiring removal. 
The rate of symptomatic thromboembolic events following 
PAO is approximately 1% using a variety of thromboprophy-
lactic measures. Obesity has been cited as raising the risk of 
complications by a factor of 10. Larger blood loss, longer sur-
gery, and associated femoral osteotomy have all been associ-
ated with a higher rate of perioperative complications.

Arthroscopy of the central compartment to treat labro-
chondral pathology at the same time as PAO has been 
reported, with short follow-up not demonstrating compli-
cation rates over that of PAO alone. Longer follow-up will 
determine the potential benefits of more routine arthroscopy 
combined with PAO. 

 HIP ARTHROSCOPY WITH BORDERLINE HIP 
DYSPLASIA

The use of arthroscopy for labral and chondral disorders 
due to dysplasia has been controversial, with some reports 
of increased instability created by the surgical procedure. 
Patients with borderline dysplasia with impingement (LCE 
angle 20 to 24 degrees) are difficult, falling between the clear 
indications for PAO and arthroscopic FAI surgery. A num-
ber of studies have described the use of arthroscopy in the 
treatment of FAI in the presence of borderline dysplasia. At 
26 months, Larson et  al. found good to excellent results in 
61% of patients with borderline dysplasia after labral repair 
or debridement with associated femoral osteochondroplasty 
in 72% and capsular plication in 82% compared to 81% good 

to excellent results in other FAI patients. The factors they 
found predictive of better outcome included labral repair 
rather than debridement and capsular plication. Domb et al. 
reported 2-year results for arthroscopic labral repair with 
capsular plication with inferior shift for patients with border-
line dysplasia (LCA ≥18 degrees and ≤25 degrees) with good 
to excellent results in 77%. According to Bolia et  al., how-
ever, these patients are more likely to have higher grades of 
chondral damage on both the femoral head and acetabulum 
at the time of FAI arthroscopic surgery compared to patients 
without borderline dysplasia. Predictors of poorer outcomes 
have included greater degrees of acetabular chondral damage, 
greater labral damage, and even lesser degrees of femoral head 
cartilage damage. Longer follow-up is needed in this patient 
population treated with arthroscopy alone. Further discus-
sion of arthroscopic intervention is contained in Chapter 51. 

TOTAL HIP REPLACEMENT FOLLOWING 
PERIACETABULAR OSTEOTOMY
Amanatullah et al. reported a multicenter study of total hip 
replacement following PAO with an abductor-sparing tech-
nique (Fig. 6.47) compared with THA performed on similar 
patients for hip dysplasia with no prior history of PAO. They 
found no difference in complications, revision rates, or modi-
fied Harris hip scores between the two groups. They did find 
that in hips with previous PAO, the acetabular component 
of the total hip was placed in an average of 17 degrees more 
retroversion than in hips in which THA was done for DDH 
without previous PAO. Baqué, Brown, and Matta described 
using the same Smith-Petersen interval for direct anterior 
THA after PAO. They claim that by using this approach for 
both procedures, the patient’s immediate and ultimate func-
tional recovery and hip stability are optimized. They contend 
that instead of compromising subsequent THA, PAO may 
improve THA results in dysplastic hips. 

EXTRAARTICULAR SOURCES  
OF HIP PAIN
GREATER TROCHANTERIC  
PAIN SYNDROME
Lateral hip pain in the region of the greater trochanter can 
be caused by a number of sources including an inflamed tro-
chanteric bursa, a snapping iliotibial band, tendinosis or tears 
of the gluteus medius and minimus, extraarticular impinge-
ment, referred pain from an intraarticular pathologic process, 
and referred pain from a pathologic process of the lumbar 
spine. Differentiation of referred pain from local sources 
of pain usually can be determined by seeking tenderness to 
direct palpation over the hip abductors, trochanteric bursa, 
and iliotibial band, noting that tenderness can also be pres-
ent with radicular type pain. Pain with resisted hip abduction 
can suggest abductor tendinitis or a partial tear of the gluteus 
minimus or medius similar to a rotator cuff tear in the shoul-
der. Frequently, a steroid combined with a local anesthetic can 
be injected into the trochanteric bursa as a therapeutic inter-
vention for trochanteric bursitis or abductor tendinitis and 
can aid in confirming the diagnosis by attaining pain relief 
and ruling out referred pain as the primary cause. Hip abduc-
tor stretching exercises and antiinflammatory medications 
are the mainstays of treatment for most patients with greater 

 FIGURE 6.46 Fourteen years after periacetabular osteotomy 
for hip dysplasia, this 37-year-old man was pain free and had a 
well-preserved cartilage space with some posterior heterotopic 
ossification.
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trochanteric pain, with one or two selective steroid injections 
into the area of maximal tenderness. One study reported 
maintenance of pain relief in 61% of hips 6 months after ste-
roid injection. Refractory cases may warrant further inves-
tigation with MRI or diagnostic intraarticular hip injection. 

GLUTEUS MEDIUS AND MINIMUS TEARS
In patients with chronic greater trochanteric bursitis, edema 
may be seen within the trochanteric bursa on MRI; however, 
this finding was reported in one study to occur in only 8% of 
patients with chronic lateral hip pain whereas gluteus medius 
tendinitis was apparent in 63%. The recognition of partial and 
complete gluteal tears on MRI, as well as the development of 
arthroscopic techniques about the hip, has led to an increase 
in surgical intervention for these tears.

Kagan first described atraumatic tearing of the ante-
rior fibers of the gluteus medius as a “rotator cuff tear of the 

hip.” Open repair with osseous tunnels has been reported to 
obtain pain relief and improvement in abductor strength in 
most patients. Davies et  al. reported the results of 23 tears 
treated with open repair (Fig. 6.48). The tears were suspected 
in patients with lateral hip pain with weakness that per-
sisted after a trochanteric injection of 1% lidocaine. Smaller 
tears were suspected when the patients exhibited a positive 
Trendelenburg fatigue test with a Trendelenburg sign that 
became positive after standing on the ipsilateral leg for 15 to 
20 seconds. The tears were confirmed by MRI. Typical MRI 
findings included tendon discontinuity, elongation of the 
gluteus medius tendon, atrophy of the gluteus muscles, and 
high signal intensity superior to the greater trochanter. They 
reported average improvement in Harris hip scores from 53 
to 87 at 1 year and 88 at 5 years after surgery with an average 
improvement in hip abduction strength testing from 3.1 to 4.7 
out of 5. They had four poor results in patients with large tears. 

 

AA B

FIGURE 6.47 A, Twelve years after periacetabular osteotomy in a 22-year-old patient with 
Tönnis grade 2 arthritis now with end-stage arthritis. B, Subsequent total hip replacement with 
good superior acetabular coverage.
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FIGURE 6.48 Open repair of gluteus medius tear. A, Three pull sutures (red) and four simple 
sutures (purple) are placed in the gluteus medius tendon; one 6.5-mm suture anchor with two 
sutures (blue) is placed in the gluteus minimus tendon. B, Sutures from the anchor (blue) are tied 
first to secure gluteus minimus to its facet; then pull sutures (red) are tied down under maximal 
tension to approximate the gluteus medius tendon to its footprint. C, Simple sutures (purple) are 
tied to secure the tendinous flap down to the greater trochanter.  (From Davies JF, Stiehl JB, Davies 
JA, Geiger PB: Surgical treatment of hip abductor tendon tears, J Bone Joint Surg 95:1420, 2013.)
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ENDOSCOPIC REPAIR OF THE HIP 
ABDUCTORS
Endoscopic repair of the gluteus medius was reposted by 
Voos et al. and by McCormick et al. to have good pain relief 
and excellent abductor function. Alpaugh et  al. performed 
a review of studies including patients undergoing surgical 
repair for partial-thickness and full-thickness abductor tears. 
They found that most patients are women and that the glu-
teus medius is almost always torn, with concomitant tearing 
of the gluteus minimus one-third of the time. They found 
that both open and endoscopic techniques are viable surgical 
approaches to repairing abductor tendon tears in the hip that 
produce good to excellent functional results and reduce pain; 
however, endoscopic repair appears to result in fewer postop-
erative complications including tendon retear.

It has been recognized that the gluteus medius will usually 
first tear on the undersurface creating a partial tear inacces-
sible to direct lateral visualization. Though partial thickness 
tears have traditionally been treated nonoperatively, a trans-
tendinous endoscopic technique of repair has been described 
by Domb, Nasser, and Botser for patients with pain unrespon-
sive to stretching and nonsteroidal antiinflammatory drugs 
(NSAIDs). Endoscopic repair of the abductor insertion is 
described in more detail in Chapter 51. 

EXTERNAL SNAPPING HIP (EXTERNAL 
COXA SALTANS)
Snapping of a thickened posterior edge of the iliotibial band 
or anterior edge of the gluteus maximus over the greater tro-
chanter during flexion and extension of the hip can lead to 
inflammation of the underlying bursa and is known as exter-
nal coxa saltans or an external snapping hip. This condition is 

common in ballet dancers, runners, and soccer players. The 
condition is easily appreciated on physical examination with 
the patient in the lateral position while the patient actively 
flexes and extends the hip, causing this thickened band to 
snap across the posterior edge of the greater trochanter. The 
patient can frequently demonstrate the snapping while stand-
ing on the leg and flexing and extending the hip. Iliotibial band 
stretching and injection of steroid into the thickened area can 
lessen the severity of the snapping and secondary pain.

If conservative management is not successful, operative 
intervention may be indicated. Z-plasty lengthening of the 
iliotibial band has been reported to obtain resolution of snap-
ping and relief of pain in a high percentage of patients. White 
et al. described a relatively minimally invasive step-cut length-
ening of the iliotibial band through a 10-cm longitudinal 
incision; 14 of 16 patients remained asymptomatic after final 
surgical release and two patients had marked decreases in the 
severity and frequency of snapping. An endoscopic technique 
also has been described for release of the iliotibial band with 
relief of snapping in 10 of 11 hips at 2-year follow-up. 

 

STEP-CUT LENGTHENING OF THE 
ILIOTIBIAL BAND

 TECHNIQUE 6.6 

(WHITE ET AL.)
 n  With the patient in the lateral decubitus position, make 

a 10-cm incision directly over the greater trochanter  
( Fig. 6.49A).

 

A B

FIGURE 6.49 Step-cut lengthening of the iliotibial band for snapping hip. A, Lateral approach 
directly over the greater trochanter; incision is approximately 10 cm long. B, Typical 10-cm longi-
tudinal incision through the iliotibial band with the associated 1.5-cm step-cuts.  (Redrawn from 
White RA, Hughes MS, Burd T, et al: A new operative approach in the correction of external coxa saltans: 
the snapping hip, Am J Sports Med 32:1504, 2004.) SEE TECHNIQUE 6.6.
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 n  Carry dissection down to the iliotibial tract and make a 
10-cm incision longitudinally in line with the fibers overly-
ing the trochanter.

 n  Identify and excise any inflamed bursa.
 n  Make six transverse step-cuts, each 1.5 cm, evenly spaced 

along the longitudinal incision, with three anterior and 
three posterior in an offsetting fashion (Fig. 6.49B).

 n  Move the hip through provocative maneuvers, including 
adduction and internal and external rotation to determine 
if snapping is still present.

 n  If the release is deemed satisfactory, irrigate the wound 
and close only the skin.

POSTOPERATIVE MANAGEMENT The patient is al-
lowed to go home the day of surgery, with no weight-
bearing restrictions. Crutches are used for comfort and to 
aid in ambulation, usually for 3 to 5 days.
  

INTERNAL SNAPPING HIP
The internal snapping hip is a result of the iliopsoas tendon 
snapping over the iliopectineal eminence or the anterior hip 
capsule. In flexion, the psoas tendon is lateral to the iliopec-
tineal eminence. As the hip is extended, the tendon slides 
across the iliopectineal eminence and anterior hip capsule, 
producing a snapping sensation in up to 10% of the normal 
population (Fig. 6.50). When symptomatic, the snapping sen-
sation is accompanied by groin pain and usually an audible 
low-pitched characteristic “thunk.” The patient usually is able 
to reproduce the snapping while lying supine and actively 
ranging the hip from a position of flexion, abduction, and 
external rotation to a position of extension, adduction, and 
internal rotation. In thinner patients, the snapping can be pal-
pated in the inguinal crease.

Although the snapping phenomenon cannot be docu-
mented by MRA, there is a high incidence of associated 
intraarticular pathology, and an MRA usually is obtained to 

look for other sources of pain. The snapping can be demon-
strated by bursography of the iliopsoas bursa with a dynamic 
examination under fluoroscopy. Ultrasound also has been 
used to demonstrate the snapping psoas tendon, although 
this technique is highly dependent on the experience of the 
ultrasonographer.

Activity restriction, extension stretching of the hip, the 
use of NSAIDs, and occasional psoas tendon sheath steroid 
injections are the mainstays of treatment for the hip with 
internal snapping. The use of an injection of a local anesthetic 
with a steroid into the psoas tendon sheath can help confirm 
the source of hip pain, although the psoas bursa does connect 
to the hip joint in a large number of patients, and an intraar-
ticular pathologic process cannot be ruled out.

Open and endoscopic techniques of psoas tendon release 
have been described for the treatment of recalcitrant cases 
of internal snapping hip syndrome. The open techniques 
describe a limited exposure through the Smith-Petersen inter-
val with release or lengthening of the psoas tendon. Persistent 
or recurrent snapping has been reported in 20% to 25% of 
patients after open inguinal approach with fractional length-
ening of the psoas tendon, and iliopsoas release through a 
medial approach provided relief of snapping in 63% of hips 
and pain resolution in 94%.

Endoscopic techniques of psoas tendon release have been 
described with good success. The release can be done either 
at the level of the lesser trochanter or by a transcapsular tech-
nique. In a systemic review of open and endoscopic release 
of snapping psoas tendons by Khan et al., resolution of snap-
ping was achieved in 100% of hips treated endoscopically 
compared with 77% treated through an open approach, with 
a lower complication rate for the endoscopically treated hips. 
Bitar et  al. reported 82% relief of painful internal snapping 
with arthroscopic release at 2-year follow-up (see Chapter 51 
for endoscopic techniques). 

OSTEITIS PUBIS
Disorders of the pubic symphysis and the adjoining muscu-
lotendinous structures can occur in athletic adults and must 
be distinguished from the other musculoskeletal sources of 
groin and pubic pain covered in this chapter. Genitourinary 
and gynecologic origins of pain should be considered as well. 
Osteitis pubis is seen in athletes involved in running and cut-
ting sports such as soccer and hockey, as well as with trauma 
or pregnancy and vaginal delivery. The typical radiographic 
appearance is that of widening of the symphysis with blur-
ring of the cortical margins and occasionally a cyst within 
the pubic body adjacent to the fibrocartilaginous disc of the 
symphysis (Fig. 6.51). This probably represents a stress reac-
tion to overuse or excessive mobility. On a bone scan, the 
symphysis demonstrates increased uptake, whereas MRI can 
show bone marrow edema. Notably, some asymptomatic ath-
letes demonstrate bone marrow edema in the pubis as well. 
A cleft sign can be seen on MRI when there is a tear of the 
ligamentous capsule that envelops the fibrocartilaginous disc 
of the symphysis. Other related MRI findings include tendi-
nosis of the rectus abdominis and adductor longus insertions 
into the pubis; chronic strains of these tendons frequently are 
confused with true osteitis pubis.

Treatment of osteitis pubis is primarily conservative 
because the condition tends to be self-limiting when the 
inciting stress of overuse is withdrawn. Rehabilitation aimed 

 FIGURE 6.50 Internal snapping of hip occurs when psoas 
tendon snaps over iliopectineal eminence from lateral to medial 
as hip goes from flexion to extension.

    

https://booksmedicos.org


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS390

at strengthening of the patient’s abdomen and hip adductors 
should be done in a graded fashion. Operative intervention 
has been described for recalcitrant cases, including open or 
endoscopic symphysis curettage, resection of the symphysis, 
and symphysis fusion. Our experience with these surgical 
techniques is limited, and we favor nonoperative treatment. 

SPORTS HERNIA (ATHLETIC PUBALGIA)
Sports hernia as a cause of chronic groin pain in running, 
twisting athletes is a diagnosis made with increasing fre-
quency and represents a deficiency in the abdominal wall in 
the region of the inguinal canal. Many anatomic variations 
have been described, although the most common is incom-
petence of the posterior wall of the inguinal canal, with or 
without involvement of the internal inguinal ring. Frequently, 
tendinosis of the adductor longus origin is present and may 
be the primary source of pain, and an association between 
athletic pubalgia and FAI has been identified.

Sports hernia is a condition that is very difficult to appre-
ciate on physical examination, because the classic signs of an 
inguinal hernia are not typically present. Referral to a general 
surgeon familiar with subtle inguinal abnormalities can be 
helpful when sports hernia is clinically suspected. Dynamic 
ultrasound has been reported to have diagnostic utility in this 
condition. Surgical repair of the deficient abdominal wall has 
been reported to be successful when the correct diagnosis is 
made. Messaoudi et al. found that, in soccer players, adding 
adductor longus release to abdominal wall repair led to more 
reliable pain relief and return to sport. 

OSTEONECROSIS OF THE 
FEMORAL HEAD
Osteonecrosis of the femoral head is a progressive disease that 
generally affects patients in the third through fifth decades of 
life. Formerly referred to as avascular necrosis, the term osteo-
necrosis is now preferred. Simply defined, osteonecrosis means 
“dead bone.” The “avascular” state of the necrotic bone is the 
result of a loss of circulation from numerous potential causes. 
When symptomatic, it typically leads to collapse of the femo-
ral head and eventual deterioration of the hip joint. It is esti-
mated that 20,000 new cases of osteonecrosis are diagnosed 

each year in the United States. Currently, up to 12% of all total 
hip arthroplasties performed in the United States are done for 
osteonecrosis.

Osteonecrosis describes an end condition that is the result 
of many possible pathogenic pathways. The list of risk factors 
for osteonecrosis is long and includes trauma, corticosteroid 
use, alcohol abuse, smoking, hemoglobinopathies (e.g., sickle 
cell anemia), coagulation disorders, myeloproliferative dis-
orders (Gaucher disease, leukemia), hyperbaric decompres-
sion, hyperlipidemias, chronic kidney disease, autoimmune 
diseases, and human immunodeficiency virus infection. In 
many cases a cause cannot be identified, and these patients 
are designated as having idiopathic osteonecrosis.

Several theories on the pathogenesis of osteonecrosis 
have been proposed (Box 6.1). Hypotheses include ischemia 
from a variety of mechanisms, direct cellular toxicity, and 
alteration of differentiation of mesenchymal stem cells. None 
of these theories can fully account for the variety of causes. 
Most patients with the risk factors just mentioned never 

 FIGURE 6.51 Osteitis pubis with blurring of cortical margins 
of pubis.

Pathogenic Mechanisms for Osteonecrosis

Ischemia
 n  Vascular disruption
 n  Femoral head fracture
 n  Hip dislocation
 n  Surgery
 n  Vascular compression or constriction
 n  Increased intraosseous pressure caused by marrow fatty 

infiltration
 n  Corticosteroids, alcohol
 n  Vasoconstriction of arteries perfusing femoral head
 n  Corticosteroids, eNOS, polymorphisms
 n  Intravascular occlusion
 n  Thrombosis
 n  Thrombophilia
 n  Low protein C and S
 n  Activated protein
 n  C resistance, factor V mutation
 n  High homocysteine
 n  eNOS polymorphisms
 n  Hypofibrinolysis
 n  High PAI activity, PAI-1 polymorphisms
 n  High lipoprotein(a)
 n  Embolization
 n  Fat, air
 n  Sickle cell occlusion 

Direct Cellular Toxicity
 n  Pharmacologic agents
 n  Irradiation
 n  Oxidative stress 

Altered Differentiation of Mesenchymal Stem 
Cells
 n  Altered differentiation of mesenchymal stem cells
 n  Corticosteroids, alcohol

 BOX 6.1

eNOS, Endothelial nitric oxide synthase; PAI, plasminogen activator inhibitor. 
Modified from Zalavras CG, Lieberman JR: Osteonecrosis of the femoral head: 
evaluation and treatment, J Am Acad Orthop Surg 22:455, 2014.
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develop osteonecrosis, suggesting possible individual suscep-
tibility, and many patients without identifiable risk factors do 
acquire the disease. The process is most likely multifactorial.

The most commonly used classification schemes for 
osteonecrosis of the femoral head are the Ficat and Arlet sys-
tem (Table 6.1) and the Steinberg system (Table 6.2). Both 
are based on the evaluation of plain radiographs with the 
addition of MRI to the Steinberg system. The Steinberg clas-
sification adds modifiers A to C for percentage of involve-
ment of the femoral head or articular surface involvement 
for stages I through IV. The Association Research Circulation 
Osseous (ARCO) system is used occasionally and is similar 
in concept to the Steinberg system (see Table 6.2). The com-
bined angle of articular involvement of the head measured 
from midsagittal and midcoronal MRI cuts (Fig. 6.52) has 
been shown to be predictive of collapse in hips with precol-
lapse osteonecrosis.

DIAGNOSIS
Patients are typically asymptomatic early in the course of 
osteonecrosis and eventually have groin pain on ambula-
tion. A thorough history and physical examination should 
be done to discover potential risk factors and to determine 
the clinical status of the patient. Plain radiographs should 
be obtained, including anteroposterior and frog-leg lateral 
views. Radiographic changes seen in osteonecrosis depend on 
the stage of the disease. Plain films may appear normal in the 
early stages, but changes are noted as the disease progresses, 
such as increased density or lucency in the femoral head. 
With further progression, the pathognomonic crescent sign is 
visible on plain films (best seen on frog-leg lateral views) (Fig. 
6.53). The crescent sign is a subchondral fracture overlying 
the necrotic segment of the femoral head. In the end stages of 
the disease, femoral head collapse occurs, and severe arthritic 
changes may be seen on both sides of the joint.

 TABLE 6.1 

Ficat and Arlet Classification of Osteonecrosis of the Femoral Head

STAGE SYMPTOMS RADIOGRAPHY BONE SCAN PATHOLOGIC FINDINGS BIOPSY
0 None Normal Decreased uptake?
1 None/mild Normal Cold spot on  

femoral head
Infarction of weight-
bearing portion of 
femoral head

Abundant dead mar-
row cells, osteoblasts, 
osteogenic cells

2 Mild Density change in femoral head
Sclerosis or cysts, normal joint 
line, normal head contour

Increased uptake Spontaneous repair of 
infarcted area

New bone deposited 
between necrotic 
trabeculae

3 Mild to 
moderate

Flattening (crescent sign)
Loss of sphericity, collapse

Increased uptake Subchondral fracture, 
collapse, compaction, 
and fragmentation of 
necrotic segment

Dead bone trabecu-
lae and marrow cells 
on both sides of 
fracture line

4 Moderate 
to severe

Joint space narrowing, acetabu-
lar changes

Increased uptake Osteoarthritic changes Degenerative 
changes in acetabular 
cartilage

 

A B

A B

FIGURE 6.52 Calculation of the combined necrotic angle from magnetic resonance imaging 
scans. A, Angle of necrotic area in the midcoronal image. B, Angle of necrotic area in the midsag-
ittal image. The combined necrotic angle = A + B.  (From Ha, YC, Jung WH, Kim JR, et al: Prediction of 
collapse in femoral head osteonecrosis: a modified Kerboul method with use of magnetic resonance images, 
J Bone Joint Surg 88 (suppl 3):35, 2006.)
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MRI is the imaging modality of choice for earlier stages 
of osteonecrosis of the femoral head, allowing determination 
of the exact stage and extent of the pathologic process with-
out use of invasive methods. When both hips demonstrate 
typical femoral head collapse, MRI is not necessary because it 
does not alter clinical decision-making. However, when plain 
radiographs show changes in only one joint, MRI of the pelvis 
is indicated, not only to define clearly the extent of the disease 
in the symptomatic hip but also to evaluate the asymptom-
atic hip. This can allow detection of the disease in the early 
stages when most treatments are potentially more effective. 
Differentiation between transient osteoporosis and osteo-
necrosis usually is possible, with the bone marrow edema 
of transient osteoporosis extending into the intertrochan-
teric region of the femur with no demarcation of a proximal 
necrotic segment. MRI also is useful in following the progres-
sion of the asymptomatic disease and in evaluating the effi-
cacy of treatment.

Bone scanning can occasionally be useful, when the 
patient has a contraindication to MR imaging or when assess-
ing the status of multiple other joints. The uptake of tech-
netium-99m usually is decreased in the very early stage of 

disease and is variable or increased at a stage when symptoms 
occur. When symptoms appear, however, there is no relation-
ship between the scintigraphic appearance of the femoral 
head and the pain and function of the hip. 

TREATMENT
The natural history of osteonecrosis in its early stage, before 
subchondral collapse, is still unclear, but evidence suggests 
that the rate of progression is high, especially in symptom-
atic patients. Asymptomatic osteonecrosis in which the lesion 
was less than 30% of the area of the femoral head was shown 
to remain asymptomatic in most patients (95%) for more 
than 5 years; as lesion size increased, however, the percent-
age of painful osteonecrosis increased, up to 83% in hips 
with large lesions (>50% of the area of the femoral head). 
Using the modified Kerboul method in a 5-year longitudi-
nal study of precollapsed femoral heads with osteonecro-
sis, Ha et al. found that no femoral heads with a combined 
necrotic angle of less than 190 degrees went on to collapse, 
whereas all the femoral heads with a combined necrotic angle 
of more than 240 degrees collapsed. When subchondral col-
lapse occurs and joint space is lost, progressive osteoarthritis 

 TABLE 6.2 

Additional Classifications for Osteonecrosis

STAGE STEINBERG ET AL. ARCOS
0 Normal or nondiagnostic radiographic, bone scan, and MRI 

findings
Bone biopsy results consistent with osteonecrosis; 
other test results normal

I Normal radiographic findings, abnormal bone scan and/or 
MRI findings

Positive findings on bone scan, MRI, or both

A: Mild: <15% of head affected IA: <15% head involvement (MRI)
B: Moderate: 15%–30% affected IB: 15%–30% involvement
C: Severe: >30% affected IC: >30% involvement

II Lucent and sclerotic changes in the femoral head Mottled appearance of femoral head, osteosclerosis, 
cyst formation, and osteopenia on radiographs; no 
signs of collapse of femoral head on radiograph 
or CT; positive findings on bone scan and MRI; no 
changes in acetabulum

A: Mild: <15% A: Mild: <15%
B: Moderate: 15%–30% B: Moderate: 15%–30%
C: Severe: >30% C: Severe: >30%

III Subchondral collapse (crescent sign) without flattening Presence of crescent sign lesions classified on basis 
of appearance on anteroposterior and lateral 
radiographs

A: Mild: <15% of articular surface A: <15% crescent or <2-mm depression
B: Moderate: 15%–30% B: 15%–30% crescent sign or 2- to 4-mm depression
C: Severe: >30% C: >30% crescent sign or >4-mm depression

IV Flattening of the femoral head Articular surface flattened; joint space narrowing; 
change in acetabulum with evidence of osteosclero-
sis, cyst formation, and marginal osteophytes

A: Mild: <15% of surface or <2-mm depression
B: Moderate: 15%–30% of surface or 2- to 4-mm depression
C: Severe: >30% of surface or >4-mm depression

V Joint narrowing and/or acetabular changes
A: Mild: Average of femoral head involvement as in stage IV 
and estimated acetabular involvement
B: Moderate involvement
C: Severe involvement

VI Advanced degenerative changes

CT, Computed tomography; MRI, magnetic resonance imaging.
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generally is considered inevitable. Many studies have reported 
an extremely poor prognosis, with a rate of femoral head col-
lapse of greater than 85% at 2 years in symptomatic patients 
(Ficat stage I or II disease).

No treatment method has proved to be completely effective 
in arresting the disease process before subchondral collapse 
or in slowing the progression of femoral head destruction and 
osteoarthritis after subchondral collapse. The rate and course 
of progression of the disease are unpredictable, and the radio-
graphic picture may not correlate with the clinical symptoms; 
some patients maintain tolerable function for an extended 
period after femoral head collapse. Spontaneous remission of 
even Ficat stage II osteonecrosis has been reported, but this 
is rare. Conservative treatment, such as crutch ambulation or 
bed rest, generally is ineffective. Symptomatic patients who 
may benefit from a femoral head preserving technique can be 
placed on crutches, however, until surgical treatment is per-
formed with hope to prevent collapse in the interim.

NONOPERATIVE TREATMENT
The use of bisphosphonates in osteonecrosis has been stud-
ied in animal models, with demonstrated inhibition of osteo-
clast function of bone resorption and subsequent reduction 
of bone turnover. However, a multicenter level 1 study com-
paring alendronate to placebo failed to show any differences 
in the rate of THA, disease progression, and quality of life at 
2-year follow-up.

Statins have been proposed to potentially be beneficial in 
the early stages of osteonecrosis in renal failure patients as they 
reduce intraosseous adipose deposition and may decrease 
vascular congestion. Hyperbaric oxygen has been suggested 
in limited studies to benefit patients with early disease, and 
extracorporeal shock wave therapy used for the breakdown 

of renal stones has been shown to incidentally increase pelvic 
bone density. Its use has been reported as beneficial in some 
studies though its use has not been widely accepted. 

CORE DECOMPRESSION
The theoretical advantage of core decompression is based 
on the belief that the procedure relieves intraosseous pres-
sure caused by venous congestion, allowing improved vas-
cularity and possibly slowing the progression of the disease. 
The initial promising results of core decompression have not 
been matched by more recent investigations. Several authors 
noted, however, that the results of core decompression are 
better than the results of nonoperative treatment. Several 
reports noted that the earlier the stage of the disease, the bet-
ter the results with core decompression, with the best results 
reported in Ficat stage I hips. Others have found core decom-
pression to be less effective even in early stages, with reported 
failure rates of 60% in hips treated in precollapse stages and in 
100% of hips treated after collapse.

Some authors have suggested the placement of non-
structural, nonvascularized bone grafts or bone graft sub-
stitutes in the void left after core decompression. There also 
has been interest in the use of growth factors to enhance 
osteogenesis (bone morphogenetic protein) or angiogenesis 
(fibroblast growth factor or vascular endothelial growth fac-
tor). Favorable outcomes have been reported with the use of 
autologous bone grafts that include bone marrow cells, with 
or without growth factors. The insertion of porous tantalum 
rods has been advocated by some after core decompression 
to provide structural support. Although early reported out-
comes of tantalum rod use were encouraging (92% survival at 
48 months), subsequent studies have reported less favorable 
outcomes. A retrieval analysis of failed tantalum implants 
found little bone ingrowth and insufficient mechanical sup-
port of subchondral bone. The effect of high-density metal 
particles seen on radiographs also is a concern.

Review of the literature currently supports the use of core 
decompression for the treatment of Ficat stages I and IIA small 
central lesions in young, nonobese patients who are not taking 
steroids. This surgery is relatively simple to perform and has a 
very low complication rate. The surgical field for subsequent 
THA, if needed, is not substantially altered. For more advanced 
disease (Ficat stage III), the results of core decompression are 
much less predictable, so alternative treatment methods should 
be explored. Patients should be advised that more than 30% of 
patients, even with early-stage disease, will likely require THA 
within 4 to 5 years of core decompression surgery. 

 

CORE DECOMPRESSION

 TECHNIQUE 6.7 

(HUNGERFORD)
 n  With the patient supine on a hip fracture table, approach 

the hip through a 2- to 3-cm midlateral longitudinal in-
cision centered over the subtrochanteric region using 
 image intensification as a guide.

 n  As an alternative, with the patient in the lateral decubitus 
position and the operative limb draped free, position the 
C-arm to obtain an anteroposterior view; the limb can be 

 FIGURE 6.53 Crescent sign in stage III osteonecrosis of the hip.
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moved to a frog-leg position for a lateral view. This avoids 
the need to move the fluoroscopy unit during surgery.

 n  Split the fascia lata in the direction of its fibers.
 n  Using image intensification, place a 3.2-mm threaded 

guide pin between the lateral cortex of the inferior portion 
of the greater trochanter and the distal portion of the lesser 
trochanter. Cortical windows made below the lesser tro-
chanter increase the possibility of postoperative fracture.

 n  Direct the tip of the guide pin to the center of the diseased 
portion of the bone. MRI and plain films should be reviewed 
to help locate the optimal position for the guide pin.

 n  Overream the guide pin with an 8-mm reamer. If histologic 
examination is necessary, a coring reamer can be used.

 n  Close the wound in layers.

POSTOPERATIVE CARE Partial weight bearing (50%) 
on crutches is continued for at least 6 weeks to protect 
the cortical window. In patients with advanced disease, 
protected weight bearing is prolonged.
   

 

CORE DECOMPRESSION—
PERCUTANEOUS TECHNIQUE
A percutaneous technique has been described for core 
decompression using multiple small drillings with a 3.2-
mm Steinmann pin. The technique is reported to have a 
lower rate of femoral head collapse than traditional core 
decompression, with low morbidity and few or no surgical 
complications.

 TECHNIQUE 6.8 

(MONT ET AL.)
 n  With the patient supine on a hip fracture table, mark the 

position of the femoral head and prepare and drape the 
hip in standard fashion.

 n  Insert a 3.2-mm Steinmann pin laterally and percutane-
ously under fluoroscopic guidance (Fig. 6.54).

 FIGURE 6.54 Percutaneous technique for core decompression (see text). Fluoroscopic images 
show entry into femoral neck and head. Lateral views are obtained to avoid penetration of cortical 
bone.  (From Mont MA, Ragland PS, Etienne, G: Core decompression of the femoral head for osteone-
crosis using percutaneous multiple small-diameter drilling, Clin Orthop Rel Res 429:131–138, 2004.) SEE 
 TECHNIQUE 6.8.

    

https://booksmedicos.org


CHAPTER 6  HIP PAIN IN THE YOUNG ADULT AND HIP PRESERVATION SURGERY 395

 n  Advance the pin until it reaches the lateral cortex in the 
metaphyseal region opposite the superior portion of the 
lesser trochanter.

 n  Penetrate the femur and advance the pin through the 
femoral neck into the femoral head and the site of the 
lesion (as determined on preoperative radiographs or 
MR images). Use anteroposterior and lateral fluoroscopic 
views while advancing the pin to ensure the correct track 
in the medullary canal of the femoral neck.

 n  Using the one skin entry point, make two passes with the 
pin through small lesions and three through large lesions. 
Try to avoid penetration of the femoral head cartilage 
when advancing the pin.

 n  Remove the pin and close the wound with a simple ban-
dage or a single nylon suture.

POSTOPERATIVE CARE Physical therapy, including gait 
reconditioning with a cane or crutches, is encouraged. 
Protected weight bearing (approximately 50%) is main-
tained for 5 to 6 weeks and then advanced to full weight 
bearing as tolerated. High-impact loading such as jogging 
or jumping is not permitted for 12 months. If there is no 
radiographic evidence of collapse and the patient is as-
ymptomatic at 12 months after surgery, return to usual 
activities, including higher-impact loading activities such 
as running, is allowed.
  

BONE GRAFTING
Successful results after core decompression with structural 
bone grafting for the treatment of osteonecrosis of the femoral 
head have been reported in 50% to 80% of patients. Structural 
bone grafting techniques after core decompression have been 
described using cortical bone, cancellous bone, vascularized 
bone graft, and debridement of necrotic bone from the femo-
ral head, each with promising results. One small study of core 
decompression combined with cortical press-fit structural 
bone grafting for stage I or II osteonecrosis found no differ-
ence in results between hips in which tibial or fibular autog-
enous grafts were used and hips in which fibular allografts 
were used. A prospective case-controlled study compar-
ing vascularized and nonvascularized fibular grafts for large 
lesions (involvement of more than 30% of the femoral head) 
found better clinical results and more effective prevention of 
femoral head collapse with vascularized grafting.

Accurate placement of the graft within the lesion and 
under subchondral bone is essential (Fig. 6.55). The bone 
grafts can be introduced with a standard core track technique, 
“trapdoor” technique, or a “light bulb” technique. Advantages 
of the standard core track technique include a wide debride-
ment of necrotic bone, simple technique, avoidance of surgi-
cal dislocation of the hip, and a low complication rate. In the 
trapdoor technique, the hip is surgically dislocated, a portion 
of the chondral surface of the femoral head is lifted to expose 
the lesion, the necrotic bone is removed, the cavity is filled with 
bone graft, and the cartilage flap is replaced and secured (Fig. 
6.56A). Advantages of this approach include direct evaluation 
of the cartilage surface and necrotic femoral head segment 
and precise placement of the bone graft; disadvantages include 
technical difficulty, iatrogenic cartilage damage, and risk of iat-
rogenic osteonecrosis from the surgical dislocation. In the light 

bulb technique, a bone window measuring approximately 2 × 2 
cm is removed at the femoral head-neck junction with a micro-
oscillating saw and osteotomes (Fig. 6.56B); the bone plug is 
saved in normal saline–wrapped gauze for later use. Through 
the entry, a mushroom-tipped burr is used to curet a cavity in 
the femoral head, removing all the necrotic bone (the shape 
of the cavity resembles a light bulb). Allograft is packed into 
the cavity, and the bone plug is replaced and fixed with three 
2-mm absorbable pins. Advantages of this technique are simi-
lar to those for the trapdoor technique, but the creation of a 
cortical defect in the femoral neck raises the risk of fracture. 

VASCULARIZED FIBULAR GRAFTING
After advances in microsurgical techniques made it possible 
to preserve the intrinsic vascularity of bone graft, several 
authors independently proposed implanting a vascularized 
bone graft into the core of the femoral head. The rationale 
for vascularized bone grafting is based on four aspects of 
the operation and postoperative care: (1) decompression of 
the femoral head, which may interrupt the cycle of ischemia 
and intraosseous hypertension that is believed to contribute 
to the disease; (2) excision of the sequestrum, which might 
inhibit revascularization of the femoral head; (3) filling of the 
defect that is created with osteoinductive cancellous graft and 
a viable cortical strut to support the subchondral surface and 
to enhance the revascularization process; and (4) protection 
of the healing construct by a period of limited weight bear-
ing. Proposed advantages of free vascularized fibular graft-
ing compared with THA are the presence of a healed femoral 
head, which may allow more activity, and, if performed before 
the development of a subchondral fracture, the procedure 
offers the possibility of survival of a viable femoral head for 
the life of the patient. Disadvantages include a longer recov-
ery period, less reliable relief of pain, donor site morbidity, 
and less predictable survivorship in terms of subsequent sur-
gery when compared with THA.

Most reports have shown good results in 80% to 91% of 
patients after vascularized fibular grafting, and it may be a reason-
able option for patients younger than 50 years without collapse 
of the femoral head; for patients older than 50, THA is indicated 

 

Area of
necrosis

Fibular
graft

FIGURE 6.55 Core decompression and cortical press-fit struc-
tural bone grafting for osteonecrosis of femoral head (stage I or II).
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if symptoms warrant surgical intervention. Concurrent steroid 
use is not a contraindication for this procedure. Vascularized 
fibular grafting remains controversial for patients with asymp-
tomatic early-stage osteonecrosis because the donor site mor-
bidity can be significant and the results of core decompression 
are debatably equally effective for this group of patients. 

PROXIMAL FEMORAL OSTEOTOMY
If osteonecrosis of the femoral head develops, the involved 
segment tends to be in the weight-bearing portion. Various 
proximal femoral osteotomies have been developed for 
the treatment of osteonecrosis with the intent to move the 
involved necrotic segment of the femoral head from the prin-
cipal weight-bearing area. These procedures have achieved 
best results for small-sized or medium-sized lesions (<30% 
femoral head involvement) in young patients in whom it is 
optimal to delay a THA. Patients younger than 55 years did 
better than older patients, and patients with idiopathic or 
posttraumatic osteonecrosis did better than patients with 
alcohol-induced or steroid-induced necrosis. A valgus-exten-
sion intertrochanteric osteotomy combined with curettage 
of the avascular segment and autogenous bone grafting was 
reported to have an 87% success rate at 65 months.

A transtrochanteric rotational osteotomy of the femoral 
head for idiopathic osteonecrosis was developed to reposition 
the necrotic anterosuperior part of the femoral head to a non–
weight-bearing locale. The femoral head and neck segment 
is rotated anteriorly around its longitudinal axis so that the 
weight-bearing force is transmitted to what was previously 
the posterior articular surface of the femoral head, which is 
not involved in the ischemic process (Fig. 6.57). This tech-
nically challenging procedure has reports of success in the 
Japanese literature that have not been reproduced elsewhere. 
We have no experience with this procedure; for a description 
of the technique, see earlier editions of this text. 

ARTHROPLASTY
If osteonecrosis involves more than 30% of the head, the suc-
cess rates of the aforementioned techniques tend to diminish. 

 

A B

Trapdoor made
in the cartilage

FIGURE 6.56 “Trapdoor” (A) and “light bulb” (B) techniques for decompression and grafting 
of femoral head.

 

A

B
FIGURE 6.57 Sugioka transtrochanteric anterior rotational 

osteotomy (see text). Transposition of the necrotic portion of the 
femoral head anteroinferiorly away from the weight-bearing area 
is accomplished by anterior rotation of the femoral head. A, Before 
rotation. B, After rotation.
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Once collapse has begun, the hip inevitably progresses to end-
stage arthritis. Options for large lesions and advanced disease 
include resurfacing arthroplasty and total hip replacement. 
The acetabular articular cartilage in hips with Ficat stage 3 
disease has routinely been shown to have significant dam-
age, arguing for avoidance of hemiarthroplasty. Additionally, 
similar to the treatment of femoral neck fractures, longer 
follow-up has favored the use of total hip replacement over 
hemiarthroplasty. There have been proponents of resurfacing 
arthroplasty in this patient population; however, the results 
are inferior to the outcomes of total hip replacement. When 
adding the concerns of resurfacing arthroplasty as a metal-
on-metal bearing, we favor the use of total hip replacement 
for patients once collapse has occurred and symptoms war-
rant surgical intervention.

THA in patients with femoral head osteonecrosis is dis-
cussed in Chapter 3. 

IDIOPATHIC TRANSIENT 
OSTEOPOROSIS
Idiopathic transient osteoporosis of the hip occurs most often 
in middle-aged men, but it sometimes occurs in women, 
usually in late pregnancy (Fig. 6.58). Increasing pain and 

limp with local muscle wasting are typical, and the symp-
toms are bilateral in approximately one third of patients. 
Demineralization may not be apparent on plain radiographs 
for 6 weeks after onset of symptoms. An abnormal bone scan 
may precede radiographically visible osteoporosis of the fem-
oral head and neck. MRI is highly sensitive in the detection 
of this condition, but other entities, such as osteonecrosis, 
osteomyelitis, and neoplasms, can mimic idiopathic transient 
osteoporosis on MRI (Chapter 2). These entities should be 
ruled out by evaluation of the patient’s clinical history, physi-
cal examination, and laboratory values. The MRI appearance 
of transient osteoporosis includes edema in the femoral head 
and neck that extends into the intertrochanteric region, usu-
ally with a joint effusion. The lack of involvement of the sub-
chondral bone can differentiate its appearance from early 
osteonecrosis.

Because transient osteoporosis resolves with conserva-
tive measures over several months as evidenced clinically, 
radiographically, and on MRI, surgical intervention for this 
condition is rarely, if ever, indicated. We recommend conser-
vative treatment for transient osteoporosis. Physical therapy 
to maintain range of motion and protected weight bear-
ing to avoid secondary fracture are mainstays of treatment. 
Bisphosphonates and calcitonin have both been advocated to 
limit the duration of recovery. It is important to identify this 

 

A

C

B

FIGURE 6.58 Idiopathic transient osteoporosis of hip. A, Onset and early radiographic changes; 
note diffuse haziness of right hip. B, At 6 months, radiographic changes are still evident. C, At 
36-month follow-up, complete resolution of radiographic changes.
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process and differentiate it from osteonecrosis so that early 
core decompression is not mistakenly done for osteoporosis. 

PROTRUSIO ACETABULI
Protrusio acetabuli is characterized by a chronic progressive 
protrusion of the femoral head into the acetabulum and pelvis 
(Fig. 6.59). About two thirds of these lesions are unilateral and 
occur most often in patients of middle age but may develop 
during adolescence or childhood. The cause of primary protru-
sio acetabuli, also known as Otto pelvis, is undefined and the 
diagnosis is one of exclusion. It typically is bilateral and is most 
common in young and middle-aged women. Osteomalacia 
may play a role in its development. Infectious, neoplastic, 
inflammatory, metabolic, traumatic, and genetic factors have 
been implicated in the development of secondary protrusio 
acetabuli (Box 6.2). Pain and limitation of motion usually are 
the indications for surgery. THA (see Chapter 3) is the pre-
ferred treatment at this clinic. For a young adult, valgus inter-
trochanteric proximal femoral osteotomy may be successful. 

ADULT-ONSET RHEUMATOID 
ARTHRITIS
Rheumatoid arthritis generally affects adults aged 35 to 50 
years, but it can occur in children and adolescents. The hip 
is less frequently involved with rheumatoid arthritis than 
the knee; most often rheumatoid arthritis involves the small 
joints of the hands and feet. Treatment for the early stages of 
rheumatoid arthritis of the hip is primarily medical, although 
physical and occupational therapy often can be helpful. The 
availability of newer and more effective medications has 
made surgery less frequently needed in patients with rheu-
matoid arthritis. If surgery is required, THA (see Chapter 3) 
is indicated for most patients (Fig. 6.60). 

JUVENILE IDIOPATHIC ARTHRITIS
Because approximately 97% of children with polyarticular 
juvenile arthritis are rheumatoid factor (RF) negative, the 

term juvenile idiopathic arthritis has become more commonly 
used than juvenile rheumatoid arthritis to describe this group 
of diseases. Juvenile idiopathic arthritis is a heterogeneous 
group of diseases characterized by the onset of chronic arthri-
tis in childhood. The diagnostic criteria for and types of juve-
nile rheumatoid arthritis are outlined in Chapter 9.

Involvement of the hip in juvenile idiopathic arthritis can 
cause significant difficulties with walking and can severely 
limit activity in young patients (Fig. 6.61). Clinically, hip joint 
involvement is marked by pain, limitation of range of motion, 
and rapid-onset cartilage destruction, which can affect other 
lower extremity joints and the spine.

Four categories of involvement of the hip have been 
described in patients with juvenile idiopathic arthritis. In 
the first group, only mild disability and slight radiographic 

 FIGURE 6.59 Intrapelvic protrusio acetabuli. Severe bilat-
eral progressive protrusion of acetabulum with severe pain and 
decreased motion in both hips.

Causes of Secondary Protrusio Acetabuli

Infectious
Gonococcus

Echinococcus
Staphylococcus
Streptococcus
Mycobacterium tuberculosis 

Neoplastic
Hemangioma

Metastatic carcinoma (breast, prostate most common)
Neurofibromatosis
Radiation-induced osteonecrosis 

Inflammatory
Rheumatoid arthritis

Ankylosing spondylitis
Juvenile rheumatoid arthritis
Psoriatic arthritis
Acute idiopathic chondrolysis
Reiter syndrome
Osteolysis following hip replacement 

Metabolic
Paget disease

Osteogenesis imperfecta
Ochronosis
Acrodysostosis
Osteomalacia
Hyperparathyroidism 

Traumatic
Sequelae of acetabular fracture

Surgical error during hip replacement 

Genetic
Trichorhinophalangeal syndrome

Stickler syndrome
Trisomy 18
Ehlers-Danlos syndrome
Marfan syndrome
Sickle cell disease

 BOX 6.2

Modified from McBride MT, Muldoon MP, Santore RF, et al: Protrusio acetabuli: 
diagnosis and treatment, J Am Acad Orthop Surg 9:79, 2001.
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changes are present. In the second group, episodic disability is 
correlated with the activity of the disease. In the third group, 
progressive disability is associated with radiographic changes; 
this group of patients requires surgery most frequently. In the 
fourth group, clinical and radiographic findings are marked 
but functional disability is minimal.

Because of the success of medical therapy in the treat-
ment of juvenile idiopathic arthritis, surgical treatment is 
infrequently needed. Reconstructive procedures that may 
be required in patients with juvenile idiopathic arthritis 
include soft-tissue procedures for correction of contrac-
tures, osteotomy, arthrodesis, joint excision, and arthro-
plasty. Combinations of these procedures may be necessary 

to relieve pain and correct deformity. Osteotomies are most 
commonly required to correct severe angular deformities. 
THA is the procedure of choice for severe pain and limita-
tion of motion in the hip in adolescent patients with juvenile 
idiopathic arthritis. 

OSTEOARTHRITIS
The lifetime risk of hip osteoarthritis has been estimated to 
be 8%. Osteoarthritis of the hip is most often brought on by 
an anatomic deformity that may be subtle and asymptom-
atic for decades. The mechanisms by which FAI and dyspla-
sia lead to cartilage injury and subsequent osteoarthritis have 
been discussed earlier in this chapter, as has intervention with 
hip-preserving surgery before the development of significant 
osteoarthritis. Once the hip displays Tönnis grade 2 changes 
of osteoarthritis, hip preservation surgery provides little ben-
efit, and other nonsurgical and surgical approaches are more 
appropriate.

Several randomized controlled trials support the use of 
corticosteroid injections to provide transient (approximately 1 
month) relief of pain and improve function; steroid injections 
have been reported to be effective in up to 90% of patients with 
mild arthritis compared with only 9% to 20% of those with 
severe arthritis. Intraarticular corticosteroid injection also 
can be helpful in excluding extraarticular causes of hip pain. 
Viscosupplementation, although not approved for hip arthri-
tis by the U.S. Food and Drug Administration, has had long-
term use in Europe, with varying outcomes. However, two 
randomized controlled trials reported that a single intraar-
ticular injection of hyaluronic acid was no more effective than 
placebo in relieving symptoms of hip arthritis, and it currently 
cannot be recommended for treatment of hip osteoarthritis.

The primary treatment for significant osteoarthritis of the 
hip is THA (see Chapter 3). Although uncommon, there still 

 

A B

FIGURE 6.60 Total hip arthroplasty for rheumatoid arthritis. A, Advanced disease with articular 
cartilage destruction. B, After total hip arthroplasty.

 FIGURE 6.61 Polyarticular juvenile idiopathic arthritis in 
16-year-old girl with severe bilateral hip involvement; note defor-
mity of femoral head and acetabulum (protrusio acetabuli).
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remains the occasional indication for hip arthrodesis in young 
patients with hip abductor deficiency or chronic infection. 

NEUROPATHIC ARTHROPATHY 
(CHARCOT JOINT)
Neuropathic arthropathy (Charcot joint) develops most often 
in weight-bearing joints. The causes are manifold. The pre-
dominant cause is diabetes mellitus, but it also is associated 
with leprosy, yaws, congenital insensitivity to pain, spina bifida, 
myelomeningocele, syringomyelia, aerodystrophic neuropa-
thy, amyloid neuropathy, peripheral neuropathy secondary 
to alcoholism and avitaminosis, spinal cord injury, peripheral 
nerve injury, postrenal transplant arthropathy, and intraarticu-
lar steroid injections. Syphilis is an infrequent but increasingly 
common cause of neuropathic arthropathy. According to the 
Centers for Disease Control and Prevention, the rate of syphi-
lis has increased dramatically each year over the past 10 years. 
Because of inadequate treatment of primary or secondary 
syphilis, or exposure to antibiotics for treatment of unrelated 
infections, many patients with neurosyphilis do not have the 
classic signs or symptoms. A high index of clinical suspicion 
and the appropriate serologic testing are necessary for correct 
diagnosis and appropriate treatment. The cause of neuropathic 
arthropathy should be sought, and, if indicated, specific treat-
ment is rendered in addition to treatment of the joint itself. On 
histologic examination of the synovium from trophic joints, 
osteochondral fragments can be seen embedded within the 
synovium, which is diagnostic of neuropathic arthropathy.

Radiographically, Charcot arthropathy of the hip is char-
acterized by rapid joint destruction with fragmentation of the 
femoral head and adjacent subchondral bone of the acetabu-
lum with subsequent subluxation (Fig. 6.62).

Surgery of any kind is not indicated except for severe dis-
ability. The few reports of THA in neuropathic joints indi-
cate that recurrent dislocation and loosening are frequent 

sequelae; in our opinion, total joint arthroplasty is rarely indi-
cated for a neuropathic hip joint.

RADIOGRAPHIC ASSESSMENT
Clohisy JC, Dobson MA, Robison JF, et al.: Radiographic structural abnor-

malities associated with premature, natural hip-joint failure, J Bone Joint 
Surg 93A(Suppl 2):3, 2011.

Linda DD, Naraghi A, Murnaghan L, et al.: Accuracy of non-arthrographic 
3T MR imaging in evaluation of intra-articular pathology of the hip in 
femoroacetabular impingement, Skeletal Radiol 46:299, 2017.

Zaltz I, Beaulé P, Clohisy J, et al.: Incidence of deep vein thrombosis and pul-
monary embolus following periacetabular osteotomy, J Bone Joint Surg 
93(Suppl 2):62, 2011.

Zaltz MD, Kelly BT, Hetsroni I, et al.: The crossover sign overestimates ace-
tabular retroversion, Clin Orthop Relat Res 471:2463, 2013.

FEMOROACETABULAR IMPINGEMENT
Alradwan H, Khan M, Hamel-Smith Grassby M, et  al.: Gait and lower 

extremity kinematic analysis as on outcome measure after femoroacetab-
ular impingement surgery, Arthroscopy 31:339, 2015.

Anwander H, Siebenrock KA, Tannast M, et al.: Labral reattachment in fem-
oroacetabular impingement surgery results in increased 10-year survi-
vorship compared with resection, Clin Orthop Relat Res 475:1178, 2017.

Audenaert EA, Peeters I, Van Onsem S, Pattyn C: Can we predict the natural 
course of femoroacetabular impingement? Acta Orthop Belg 77:188, 2011.

Belzile EL, Beaulé PE, Ryu JJ, et al.: Outcomes of joint preservation surgery: 
comparison of patients with developmental dysplasia of the hip and fem-
oroacetabular impingement, J Hip Preserv Surg 3:270, 2016.

Bernstein J: The myths of femoroacetabular impingement, Clin Orthop Relat 
Res 472:3623, 2014.

Bolia IK, Briggs KK, Locks R, et al.: Prevalence of high-grade cartilage defects 
in patients with borderline dysplasia with femoroacetabular impinge-
ment: a comparative cohort study, Arthroscopy 34:2347, 2018.

Botser IB, Smith Jr TW, Nasser R, Domb BG: Open surgical dislocation ver-
sus arthroscopy for femoroacetabular impingement: a comparison of 
clinical outcomes, Arthroscopy 27:270, 2011.

Brünner A, Hamers AT, Fitze M, Herzog RF: The plain ß-angle measured on 
radiographs in the assessment of femoroacetabular impingement, J Bone 
Joint Surg Br 92:1203, 2010.

Byrd JWT, Bardowski EA, Jones KS: Influence of Tönnis grade on outcomes 
of arthroscopic management of symptomatic femoroacetabular impinge-
ment, Arthroscopy 34:2353, 2018.

Carton P, Filan D: Anterior inferior iliac spine (AIIS) and subspine hip 
impingement, Muscles Ligaments Tendons J 6:324, 2016.

Chandrasekaran S, Darwish N, Martin TJ, et al.: Arthroscopic capsular plica-
tion and labral seal restoration in borderline hip dysplasia: 2-year clinical 
outcomes in 55 cases, Arthroscopy 33:1332, 2017.

Cohen SB, Huang R, Ciccotti MG, et  al.: Treatment of femoroacetabular 
impingement in athletes using a mini-direct anterior approach, Am J 
Sports Med 40(7):1620, 2012.

Cvetanovich GL, Levy DM, Weber AE, et  al.: Do patients with borderline 
dysplasia have inferior outcomes after hip arthroscopic surgery for femo-
roacetabular impingement compared with patients with normal acetabu-
lar coverage? Am J Sports Med 45:2116, 2017.

Degen RM, Nawabi DH, Bedi A, et al.: Radiographic predictors of femoroac-
etabular impingement treatment outcomes, Knee Surg Sports Traumatol 
Arthrosc 25:36, 2017.

Ejnisman L, Philippon MJ, Lertwanich P: Femoroacetabular impingement: 
the femoral side, Clin Sports Med 30:369, 2011.

Evans PT, Redmond JM, Hammarstedt JE, et al.: Arthroscopic treatment of 
hip pain in adolescent patients with borderline dysplasia of the hip: mini-
mum 2-year follow-up, Arthroscopy 33:1530, 2017.

Fabricant PD, Fields KG, Taylor SA, et  al.: The effect of femoral and ace-
tabular version on clinical outcomes after arthroscopic femoroacetabular 
impingement surgery, J Bone Joint Surg Am 87:537, 2015.

REFERENCES

 FIGURE 6.62 Charcot neuropathic hip disease in a patient who 
had a normal appearing radiograph 3 months earlier. Fragmenta-
tion of the femoral head and acetabular dome is seen as well as a 
fracture of the inferior pubic ramus.

    

https://booksmedicos.org


CHAPTER 6  HIP PAIN IN THE YOUNG ADULT AND HIP PRESERVATION SURGERY 401

Flores SE, Chambers CC, Borak KR, et al.: Arthroscopic treatment of ace-
tabular retroversion with acetabuloplasty and subspine decompression: 
a matched comparison with patients undergoing arthroscopic treatment 
for focal pincer-type femoroacetabular impingement, Orthop J Sports 
Med 6: 2325967118783741, 2018.

Freeman CR, Azzam MG, Leunig M: Hip preservation surgery: surgical care 
for femoroacetabular impingement and the possibility of preventing hip 
osteoarthritis, J Hip Preserv Surg 1:46, 2014.

Fukui K, Briggs KK, Trindade CA, et  al.: Outcomes after labral repair in 
patients with femoroacetabular impingement and borderline dysplasia, 
Arthroscopy 31:2371, 2015.

Gebhart JJ, Streit JJ, Bedi A, et al.: Correlation of pelvic incidence with cam 
and pincer lesions, Am J Sports Med 42:2649, 2014.

Gollwitzer H, Banke IJ, Schauwecker J, et al.: How to address ischiofemoral 
impingement? Treatment algorithm and review of the literature, J Hip 
Preserv Surg 4:289, 2017.

Hack K, Di Primio G, Rakhra K, Beaule P: Prevalence of cam-type femoro-
acetabular impingement morphology in asymptomatic volunteers, J Bone 
Joint Surg 92A:2436, 2010.

Haefeli PC, Tannast M, Beck M, et al.: Subchondral drilling for chondral flaps 
reduces the risk of total hip arthroplasty in femoroacetabular impinge-
ment surgery at minimum five years follow-up, Hip Int, 2018 Jun 1: 
1120700018781807. [Epub ahead of print].

Hanke MS, Steppacher SD, Anwander H, et al.: What MRI findings predict 
failure 10 years after surgery for femoroacetabular impingement? Clin 
Orthop Relat Res 475:1192, 2017.

Hartofilakidis G, Bardakos NV, Babis GC, Georgiades G: An examination 
of the association between different morphotypes of femoroacetabular 
impingement in asymptomatic subjects and the development of osteoar-
thritis of the hip, J Bone Joint Surg 93B:580, 2011.

Haviv B, Burg A, Velkes S, et al.: Trends in femoroacetabular impingement 
research over 11 years, Orthopedics 34:353, 2011.

Hetsroni I, Larson CM, Dela Torre K, et al.: Anterior inferior iliac spine defor-
mity as an extra-articular source for hip impingement: a series of 10 patients 
treated with arthroscopic decompression, Arthroscopy 28:1644, 2012.

Ida T, Nakamura Y, Jagio T, Naito M: Prevalence and characteristics of cam-
type femoroacetabular deformity in 100 hips with symptomatic acetabu-
lar dysplasia: a case control study, J Orthop Surg Res 9:93, 2014.

Jäger M, Bittersohl B, Zilkens C, et al.: Surgical hip dislocation in symptom-
atic cam femoroacetabular impingement: what matters in early good 
results? Eur J Med Res 16:217, 2011.

Kaldau NC, Brorson S, Hölmich P, et  al.: Good midterm results of hip 
arthroscopy for femoroacetabular impingement, Dan Med J 65:pii A5483, 
2018.

Kapron AL, Aoki SK, Peters CL, Anderson AE: Subject-specific patterns 
of femur-labrum contact are complex and vary in asymptomatic hips 
and hips with femoroacetabular impingements, Clin Orthop Relat Res 
472:3912, 2014.

Khan O, Witt J: Evaluation of the magnitude and location of cam deformity 
using three dimensional CT analysis, Bone Joint J 96-B:1167, 2014.

Klit J, Gosvig K, Magnussen E, et al.: Cam deformity and hip degeneration 
are common after fixation of a slipped capital femoral epiphysis, Acta 
Orthop 85:585, 2014.

Leunig M, Ganz R: The evolution and concepts of joint-preserving surgery of 
the hip, Bone Joint J 96-B:5, 2014.

Leunig M, Ganz R: Relative neck lengthening and intracapital osteotomy 
for severe Perthes and Perthes-like deformities, Bull NYU Hosp Jt Dis 
69(Suppl 1):62, 2011.

Litrenta J, Mu B, Chen AW, et al.: Radiographic and clinical outcomes of ado-
lescents with acetabular retroversion treated arthroscopically, J Pediatr 
Orthop, 2018 Apr 30, https://doi.org/10.1097/BPO.0000000000001063, 
[Epub ahead of print].

Locks R, Utsunomiya H, Bolia I, et al.: Arthroscopic focal subspinal decom-
pression and management of pincer-type femoroacetabular impinge-
ment, Arthrosc Tech 6:e1029, 2017.

Mamisch TC, Kain MS, Bittersohl B, et al.: Delayed gadolinium-enhanced 
magnetic resonance imaging of cartilage (dGEMRIC) in femoroacetabu-
lar impingement, J Orthop Res 29:1305, 2011.

Matsuda DK, Carlisle JC, Arthurs SC, et al.: Comparative systematic review 
of the open dislocation, mini-open, and arthroscopic surgeries for femo-
roacetabular impingement, Arthroscopy 27:252, 2011.

Matsuda DK, Gupta N, Khatod M, et al.: Poorer arthroscopic outcomes of 
mild dysplasia with cam femoroacetabular impingement versus mixed 
femoroacetabular impingement in absence of capsular repair, Am J 
Orthop (Belle Mead NJ) 46:E47, 2017.

McCarthy B, Ackermann IN, de Steiger R: Progression to total hip arthro-
plasty following hip arthroscopy, ANZ J Surg 88:702, 2018.

Menge TJ, Briggs KK, Dornan GJ, et al.: Survivorship and outcomes 10 years 
following hip arthroscopy for femoroacetabular impingement: labral 
debridement compared with labral repair, J Bone Joint Surg Am 99:997, 
2017.

Naal FD, Miozzari HH, Wyss TF, Nötzli HP: Surgical hip dislocation for the 
treatment of femoroacetabular impingement in high-level athletes, Am J 
Sports Med 39:544, 2011.

Nassif NA, Schoenecker PL, Thorsness R, Clohisy JC: Periacetabular oste-
otomy and combined femoral head-neck junction osteochondroplasty: a 
minimum two-year follow-up cohort study, J Bone Joint Surg 94:2012, 1959.

Nawabi DH, Degen RM, Fields KG, et al.: Outcomes after arthroscopic treat-
ment of femoroacetabular impingement for patients with borderline hip 
dysplasia, Am J Sports Med 44:1017, 2016.

Nepple JJ, Clohisy JC: ANCHOR Study Group Members: Evolution of femo-
roacetabular impingement treatment: the ANCHOR experience, Am J 
Orthop (Belle Mead NJ) 46:28, 2017.

Nepple JJ, Clohisy JC: The dysplastic and unstable hip: a responsible balance 
of arthroscopic and open approaches, Sports Med Arthrosc Rev 23:180, 
2015.

Nepple JJ, Vigdorchik JM, Clohisy JC: What is the association between sports 
participation and the development of proximal femoral cam deformity? 
A systematic review and meta-analysis, Am J Sports Med 43:2833, 2015.

Nepple JJ, Riggs CN, Ross JR, Clohisy JC: Clinical presentation and disease 
characteristics of femoroacetabular impingement are sex-dependent, J 
Bone Joint Surg 96:1683, 2014.

Nwachukwu BU, Rebolledo BJ, McCormick F, et  al.: Arthroscopic versus 
open treatment of femoroacetabular impingement: a systematic review of 
medium- to long-term outcomes, Am J Sports Med 44:1062, 2016.

Packer JD, Safran MR: The etiology of primary femoroacetabular impinge-
ment: genetics or acquired deformity? J Hip Preserv Surg 2:249, 2015.

Parry JA, Swann RP, Erickson JA, et al.: Midterm outcomes of reverse (ante-
verting) periacetabular osteotomy in patients with hip impingement sec-
ondary to acetabular retroversion, Am J Sports Med 44:672, 2016.

Peters CL, Anderson LA, Erickson JA, et al.: An algorithmic approach to sur-
gical decision in acetabular retroversion, Orthopedics 34:10, 2011.

Peters CL, Schabel K, Anderson L, Erickson J: Open treatment of femoroac-
etabular impingement is associated with clinical improvement and low 
complication rate at short-term followup, Clin Orthop Relat Res 468:504, 
2010.

Pollard TC: A perspective on femoroacetabular impingement, Skeletal Radiol 
40:815, 2011.

Pollard TC, McNally EG, Wilson DC, et al.: Localized cartilage assessment 
with three-dimensional dGEMRIC in asymptomatic hips with normal 
morphology and cam deformity, J Bone Joint Surg 92A:2557, 2010.

Ribas M, Cardenas-Nylander C, Bellotti V, et  al.: Mini-open approach for 
femoroacetabular impingement: 10 years experience and evolved indica-
tions, Hip Int 26(Suppl 1):38, 2016.

Ricciardi BF, Sink EL: Surgical hip dislocation: techniques for success, J 
Pediatr Orthop 34(Suppl 1):S25, 2014.

Riley GM, McWalter EJ, Stevens KJ, et al.: MRI of the hip for the evaluation of 
femoroacetabular impingement: past, present, and future, J Magn Reson 
Imaging 41:558, 2015.

Ross JR, Nepple JJ, Philippon MJ, et  al.: Effect of changes in pelvic tilt on 
range of motion to impingement and radiographic parameters of acetab-
ular morphologic characteristics, Am J Sports Med 42:2401, 2014.

Ross JR, Schoenecker PL, Clohisy JC: Surgical dislocation of the hip: evolving 
indications, HSS J 9:60, 2013.

Schilders E, Dimitrakopoulou A, Bismil Q, et  al.: Arthroscopic treatment 
of labral tears in femoroacetabular impingement: a comparative study 

    

https://booksmedicos.org
https://doi.org/10.1097/BPO.0000000000001063


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS402

of refixation and resection with a minimum two-year follow-up, J Bone 
Joint Surg 93B:1027, 2011.

Schoenecker PL, Clohisy JC, Millis MB, Wenger DR: Surgical management 
of the problematic hip in adolescent and young adult patients, J Am Acad 
Orthop Surg 19:275, 2011.

Siebenrock KA, Steppacher SD, Haefeli PC, et al.: Valgus hip with high ante-
torsion causes pain through posterior extraarticular FAI, Clin Orthop 
Relat Res 471:3774, 2013.

Skendzel JG, Philippon MJ, Briggs KK, et  al.: The effect of joint space on 
midterm outcomes after arthroscopic hip surgery for femoroacetabular 
impingement, Am J Sports Med 42:1127, 2014.

Steppacher SD(1), Anwander H, Zurmühle CA, et  al.: Eighty percent of 
patients with surgical hip dislocation for femoroacetabular impingement 
have a good clinical result without osteoarthritis progression at 10 years, 
Clin Orthop Relat Res 473:1333, 2015.

Wall PD, Brown JS, Parsons N, et  al.: Surgery for treating hip impinge-
ment (femoroacetabular impingement), Cochrane Database Syst Rev 
(9):CD010796, 2014.

Wyles CC, Heidenreich MJ, Jeng J, et  al.: The John Charnley Award: 
Redefining the natural history of osteoarthritis in patients with hip dys-
plasia and impingement, Clin Orthop Relat Res 475:336, 2017.

Zaltz I, Kelly BT, Larson CM, et al.: Surgical treatment of femoroacetabular 
impingement: what are the limits of hip arthroscopy? Arthroscopy 30:99, 
2014.

ACETABULAR DYSPLASIA
Albers CE, Steppacher SD, Ganz R, et  al.: Impingement adversely affects 

10-year survivorship after periacetabular osteotomy for DDH, Clin 
Orthop Relat Res 47:1602, 2013.

Amanatullah DF, Stryker L, Schoenecker P, et al.: Similar clinical outcomes 
for THAs with and without prior periacetabular osteotomy, Clin Orthop 
Relat Res 473:685, 2015.

Anderson LA, Erickson JA, Swannn RP, et  al.: Femoral morphology in 
patients undergoing periacetabular osteotomy for classic or borderline 
acetabular dysplasia: are cam deformities common? J Arthroplasty 31(9 
Suppl):259, 2016.

Anderson LA, Gililland J, Pelt C, et  al.: Center edge angle measurement 
for hip preservation surgery: technique and caveats, Orthopedics 34:86, 
2011.

Clohisy JC, Nepple JJ, Ross JR, et al.: Does surgical hip dislocation and peri-
acetabular osteotomy improve pain in patients with Perthes-like defor-
mities and acetabular dysplasia? Clin Orthop Relat Res 473:1370, 2015.

Domb BG, Lareau JM, Baydoun H, et al.: Is intraarticular pathology common 
in patients with hip dysplasia undergoing periacetabular osteotomy? Clin 
Orthop Relat Res 472:674, 2014.

Domb BG, LaReau JM, Hammarstedt JE, et al.: Concomitant hip arthroscopy 
and periacetabular osteotomy, Arthroscopy 31:2199, 2015.

Domb BG, Stake CE, Lindner D, et al.: Arthroscopic capsular plication and 
labral preservation in borderline hip dysplasia: two-year clinical out-
comes of a surgical approach to a challenging problem, Am J Sports Med 
41:2591, 2013.

Fukui K, Trindale CA, Briggs KK, et al.: Arthroscopy of the hip for patients 
with mild to moderate developmental dysplasia of the hip and femoroac-
etabular impingement: outcomes following hip arthroscopy for treatment 
of chondrolabral damage, Bone Joint J 97-B:1316, 2015.

Ganz R, Horowitz K, Leunig M: Algorithm for femoral and periacetabular 
osteotomies in complex hip deformities, Clin Orthop Relat Res 268:3168, 
2010.

Gray BL, Stambough JB, Baca GR, et al.: Comparison of contemporary peri-
acetabular osteotomy for hip dysplasia with total hip arthroplasty for hip 
osteoarthritis, Bone Joint J 97-B:1322, 2015.

Ida T, Nakamura Y, Hagio T, et al.: Prevalence and characteristics of cam-
type femoroacetabular deformity in 100 hips with symptomatic acetabu-
lar dysplasia: a case control study, J Orthop Surg Res 9:93, 2014.

to II H, Tanino H, Yamanaka Y, et al.: Intermediate to long-term results of 
periacetabular osteotomy in patients younger and older than forty years 
of age, J Bone Joint Surg 93A:1347, 2011.

Kain MS, Novais EN, Vallim C, et al.: Periacetabular osteotomy after failed 
hip arthroscopy for labral tears in patients with acetabular dysplasia, J 
Bone Joint Surg 93A(Suppl 2):57, 2011.

Larson CM, Ross JR, Stone RM, et al.: Arthroscopic management of dysplas-
tic hip deformities: predictors of success and failures with comparison to 
an arthroscopic FAI cohort, Am J Sports Med 44:447, 2016.

Lehmann CL, Nepple JJ, Baca G, et  al.: Do fluoroscopy and postoperative 
radiographs correlate for periacetabular osteotomy corrections? Clin 
Orthop Relat Res 470:3508, 2012.

Lerch TD, Steppacher SD, Liechti EF, et al.: One-third of hips after periacetab-
ular osteotomy survive 30 years with good clinical results, no progression 
of arthritis, or conversion to THA, Clin Orthop Relat Res 475:1154, 2017.

Nepple JJ, Wells J, Ross JR, et al.: Three patterns of acetabular deficiency are 
common in young adult patients with acetabular dysplasia, Clin Orthop 
Relat Res 475:1037, 2017.

Novais EN, Kim YJ, Carry PM, Millis MB: The Bernese periacetabular oste-
otomy: is transection of the rectus femoris tendon essential? Clin Orthop 
Relat Res 472:3142, 2014.

Novais EN, Potter GD, Sierra RJ, et al.: Surgical treatment of adolescent ace-
tabular dysplasia with a periacetabular osteotomy: does obesity increase 
the risk of complications, J Pediatr Orthop 35:561, 2015.

Peters CL, Erickson JA, Anderson MB, Anderson LA: Preservation of the 
rectus femoris during periacetabular osteotomy does not compromise 
acetabular reorientation, Clin Orthop Relat Res 473:608, 2015.

Ricciardi BF, Mayer SW, Fields KG, et al.: Patient characteristics and early 
functional outcomes of combined arthroscopic labral refixation and peri-
acetabular osteotomy for symptomatic acetabular dysplasia, Am J Sports 
Med 44:2518, 2016.

Sankar WN, Beaulé PE, Clohisty JC, et al.: Labral morphologic characteris-
tics in patients with symptomatic acetabular dysplasia, Am J Sports Med 
43:2152, 2015.

Sierra RJ, Beaule P, Zaltz I, et al.: Prevention of nerve injury after periace-
tabular osteotomy, Clin Orthop Relat Res 470:2209, 2012.

Steppacher SD, Anwander H, Schwab JM, et al.: Femoral dysplasia.  https://m
usculoskeletalkey.com/femoral-dysplasia.

Thawrani DP, Feldman DS, Sala DA: Not all hip dysplasias are the same: 
preoperative CT version study and the need for reverse Bernese periace-
tabular osteotomy, J Pediatr Orthop 37:47, 2017.

Wassilew GI, Perka C, Janz V, et al.: Tranexamic acid reduces the blood loss 
and blood transfusion requirements following peri-acetabular osteot-
omy, Bone Joint J 97-B:1604, 2015.

Wells J, Millis M, Kim YJ, et  al.: Survivorship of the Bernese periacetabu-
lar osteotomy: what factors are associated with long-term failure? Clin 
Orthop Relat Res 475:396, 2017.

Wells J, Nepple JJ, Crook K, et  al.: Femoral morphology in the dysplastic 
hip: three-dimensional characterizations with CT, Clin Orthop Relat Res 
475:1045, 2017.

Wingerter SA, Keith AD, Schoenecker PL, et  al.: Does tranexamic acid 
reduce blood loss and transfusion requirements associated with the peri-
acetabular osteotomy? Clin Orthop Relat Res 473:2639, 2015.

Zaltz I, Baca G, Kim YJ, et al.: Complications associated with the periace-
tabular osteotomy: a prospective multicenter study, J Bone Joint Surg Am 
96:2014, 1967.

GREATER TROCHANTERIC PAIN SYNDROME/GLUTEUS 
TENDINOPATHY
Alpaugh K, Chilelli BJ, Xu S, Martin SD: Outcomes after primary open or 

endoscopic abductor tendon repair in the hip: a systematic review of the 
literature, Arthroscopy 31:530, 2014.

Davies JF, Stiehl JB, Davies JA, Geiger PB: Surgical treatment of hip abductor 
tendon tears, J Bone Joint Surg 95:1420, 2013.

Domb BG, Nasser RM, Botser IB: Partial-thickness tears of the gluteus 
medius: rationale and technique for transtendinous endoscopic repair, 
Arthroscopy 26(12):1697, 2010.

McCormick F, Alpaugh K, Nwachukwu BU, et al.: Endoscopic repair of full-
thickness abductor tendon tears: surgical technique and outcome at min-
imum of 1-year follow-up, Arthroscopy 29:1941, 2013.

    

https://booksmedicos.org
https://musculoskeletalkey.com/femoral-dysplasia
https://musculoskeletalkey.com/femoral-dysplasia


CHAPTER 6  HIP PAIN IN THE YOUNG ADULT AND HIP PRESERVATION SURGERY 403

Redmond JM, Chen AW, Domb BG: Greater trochanteric pain syndrome, J 
Am Acad Orthop Surg 24:231, 2016.

Ricciardi BF, Fabricant PD, Fields KG, et al.: What are the demographic and 
radiographic characteristics of patients with symptomatic extraarticular 
femoroacetabular impingement? Clin Orthop Relat Res 473:1299, 2015.

Strauss EJ, Nho SJ, Kelly BT: Greater trochanteric pain syndrome, Sports Med 
Arthrosc 18:113, 2010.

Walsh N, Walsh M, Walton J, Millar N: Surgical repair of the abductor mech-
anism of the hip, J Bone Joint Surg 93B(Suppl 1):25, 2011.

Yen YM, Lewis CL, Kim YJ: Understanding and treating the snapping hip, 
Sports Med Arthrosc Rev 23:194, 2015.

ILIOPSOAS TENDINOPATHY
Brandenburg JB, Kapron AL, Wylie JD, et al.: The functional and structural 

outcomes of arthroscopic iliopsoas release, Am J Sports Med 44:1286, 2016.
Chandrasekaran S, Close MR, Walsh JP, et al.: Arthroscopic technique for 

iliopsoas fractional lengthening for symptomatic internal snapping of the 
hip, iliopsoas impingement lesion, or both, Arthrosc Tech 7:e915, 2018.

El Bitar YF, Stake CE, Dunne KF, et  al.: Arthroscopic iliopsoas fractional 
lengthening for internal snapping of the hip: clinical outcomes with a 
minimum 2-year follow-up, Am J Sports Med 42:1696, 2014.

Gupta A, Redmond JM, Hammarstedt JE, et al.: Endoscopic pubic symphy-
sectomy for recalcitrant osteitis pubis, Arthrosc Tech 4:e115, 2015.

Ilizaliturri Jr VM, Buganza-Tepole M, Olivos-Meza A, et al.: Central com-
partment release versus lesser trochanter release of the iliopsoas ten-
don for the treatment of internal snapping hip: a comparative study, 
Arthroscopy 30:790, 2014.

Khan M, Adamich J, Simunovic N, et  al.: Surgical management of inter-
nal snapping hip syndrome: a systematic review evaluating open and 
arthroscopic approaches, Arthroscopy 29:942, 2013.

Strosberg DS, Ellis TJ, Renton DB: The role of femoroacetabular impinge-
ment in core muscle injury/athletic pubalgia: diagnosis and manage-
ment, Front Surg 3:6, 2016.

SPORTS HERNIA
Hopkins JN, Brown W, Lee CA: Sports hernia: definition, evaluation, and 

treatment, JBJS Rev 5:e6, 2017.
Litwin DE, Sneidre EB, McEnaney PM, Busconi BD: Athletic pubalgia 

(sports hernia), Clin Sports Med 30:417, 2011.
Messaoudi N, Jans C, Pauli S, et al.: Surgical management of sportsman’s her-

nia in professional soccer players, Orthopedics 35(9):e1371, 2012.
Minnich JM, Hanks JB, Muschaweck U, et al.: Sports hernia: diagnosis and 

treatment highlighting a minimal repair surgical technique, Am J Sports 
Med 39:1341, 2011.

Ostrom E, Joseph A: The use of musculoskeletal ultrasound for the diagnosis 
of groin and hip pain in athletes, Curr Sports Med Rep 15:86, 2016.

Vasileff WK, Nekhline M, Kolowich PA, et al.: Inguinal hernia in athletes: 
role of dynamic ultrasound, Sports Health 9:414, 2017.

OSTEONECROSIS OF THE FEMORAL HEAD
Ali SA, Christy JM, Griesser MJ, et al.: Treatment of avascular necrosis of the 

femoral head utilizing free vascularized fibular graft: a systematic review, 
Hip Int 24:5, 2014.

Amstutz HC, Le Duff MJ: Hip resurfacing results for osteonecrosis are 
as good as for other etiologies at 2 to 12 years, Clin Orthop Relat Res 
468:375, 2010.

Babis GC, Sakellariou V, Parvizi J, Soucacos P: Osteonecrosis of the femoral 
head, Orthopedics 34:39, 2011.

Bertrand T, Urbaniak JR, Lark RK: Vascularized fibular grafts for avascular 
necrosis after slipped capital femoral epiphysis: is hip preservation pos-
sible? Clin Orthop Relat Res 471:2206, 2013.

Bose VC, Baruah BD: Resurfacing arthroplasty of the hip for avascular 
necrosis of the femoral head: a minimum follow-up of four years, J Bone 
Joint Surg 92B:922, 2010.

Carli A, Albers A, Séguin C, et  al.: The medical and surgical treatment of 
ARCO stage I and II osteonecrosis of the femoral head: a critical analysis 
review, JBJS Rev 2:pii: 01874474-201402000-00001, 2014.

Chen CH, Chang JK, Lai KA, et al.: Alendronate in the prevention of collapse 
of the femoral head in nontraumatic osteonecrosis: a two-year multi-
center, prospective, randomized, double-blind, placebo-controlled study, 
Arthritis Rheum 64:1572, 2012.

Cui Q, Botchwey EA: Emerging ideas: treatment of precollapse osteonecro-
sis using stem cells and growth factors, Clin Orthop Relat Res 469:2665, 
2011.

Eward WC, Rineer CA, Urbaniak JR, et  al.: The vascularized fibular graft 
in precollapse osteonecrosis: is long-term hip preservation possible? Clin 
Orthop Relat Res 470:2819, 2012.

Fang T, Zhang EW, Sailes FC, et al.: Vascularized fibular grafts in patients 
with avascular necrosis of femoral head: a systematic review and meta-
analysis, Arch Orthop Trauma Surg 133:1, 2013.

Gagala J, Tarczynska M, Gaweda K: A seven- to 14-year follow-up study of 
bipolar hip arthroplasty in the treatment of osteonecrosis of the femoral 
head, Hip Int 24:14, 2014.

Gupta AK, Frank RM, Harris JD, et al.: Arthroscopic-assisted core decom-
pression for osteonecrosis of the femoral head, Arthrosc Tech 3:e7, 2013.

Ha YC, Kim HJ, Kim SY, et al.: Effects of age and body mass index on the 
results of transtrochanteric rotational osteotomy for femoral head osteo-
necrosis: surgical technique, J Bone Joint Surg 93A(Suppl 1):75, 2011.

Hwang KT, Kim YH, Kim YS, Choi IY: Is bipolar hemiarthroplasty a reli-
able option for Ficat stage III osteonecrosis of the femoral head? 15- to 
24-year follow-up study, Arch Orthop Trauma Surg 132:1789, 2012.

Issa K, Pivec R, Kapadia BH, et al.: Osteonecrosis of the femoral head: the 
total hip replacement solution, Bone Joint J 95B(11 Suppl A):46, 2013.

Johannson HR, Zywiel MG, Marker DR, et al.: Osteonecrosis is not a pre-
dictor of poor outcomes in primary total hip arthroplasty: a systematic 
literature review, Int Orthop 35:465, 2011.

Johnson AJ, Mont MA, Tsao AK, Jones LC: Treatment of femoral head osteo-
necrosis in the United States: 16-year analysis of the Nationwide Inpatient 
Sample, Clin Orthop Relat Res 472:617, 2014.

Kang JS, Moon KH, Kwon DG, et al.: The natural history of asymptomatic 
osteonecrosis of the femoral head, Int Orthop 37:379, 2013.

Karantanas AH, Drakonaki EE: The role of MR imaging in avascular necrosis 
of the femoral head, Semin Musculoskelet Radiol 15:281, 2011.

Kim YH, Kim JS, Park JW, Joo JH: Contemporary total hip arthroplasty with 
and without cement in patients with osteonecrosis of the femoral head: a 
concise follow-up, at an average of seventeen years, of a previous report, J 
Bone Joint Surg 93A:1806, 2011.

Korompilias AV, Beris AE, Lykissas MG, et al.: Femoral head osteonecrosis: 
why choose free vascularized fibula grafting, Microsurgery 31:223, 2011.

Leiberman JR, Engstrom SM, Meneghini RM, SooHoo NF: Which factors 
influence preservation of the osteonecrotic femoral head? Clin Orthop 
Relat Res 470:525, 2012.

Liu ZH, Guo WS, Li ZR, et al.: Porous tantalum rods for treating osteonecro-
sis of the femoral head, Genet Mol Res 13:8342, 2014.

Mont MA, Zywiel MG, Marker DR, et al.: The natural history of untreated 
symptomatic osteonecrosis of the femoral head: a systematic literature 
review, J Bone Joint Surg 92A:21265, 2010.

Nakasone S, Takao M, Sakar T, et al.: Does the extent of osteonecrosis affect 
the survival of hip resurfacing? Clin Orthop Relat Res 471:2013, 1926.

Park KS, Tumin M, Peni I, Yoon TR: Conversion total hip arthroplasty after 
previous transtrochanteric rotational osteotomy for osteonecrosis of the 
femoral head, J Arthroplasty 29:813, 2014.

Pyda M, Koczy B, Widuchowski W, et  al.: Hip resurfacing arthroplasty 
in treatment of avascular necrosis of the femoral head, Med Sci Monit 
21:304, 2015.

Rajagopal M, Balch Samora J: Ellis TJ: Efficacy of core decompression as 
treatment for osteonecrosis of the hip: a systematic review, Hip Int 22:489, 
2012.

Sabesan BJ, Pedrotty DM, Urbaniak JR, et al.: Free vascularized fibular graft-
ing preserves athletic activity level in patients with osteonecrosis, J Surg 
Orthop Adv 21:242, 2012.

Sayeed SA, Johnson AJ, Stroh DA, et al.: Hip resurfacing in patients who have 
osteonecrosis and are 25 years or under, Clin Orthop Relat Res 469:1582, 
2011.

    

https://booksmedicos.org


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS404

Sun W, Li ZR, Wang BL, et al.: Relationship between preservation of the lat-
eral pillar and collapse of the femoral head in patients with osteonecrosis, 
Orthopedics 37:e24, 2014.

van der Jagt D, Mokete L, Pietrzak J, et al.: Osteonecrosis of the femoral head: 
evaluation and treatment, J Am Acad Orthop Surg 23:69, 2015.

Wang BL, Sun W, Shi ZC, et al.: Treatment of nontraumatic osteonecrosis of 
the femoral head using bone impaction grafting through a femoral neck 
window, Int Orthop 34:635, 2010.

Zalavras CG, Lieberman JR: Osteonecrosis of the femoral head: evaluation 
and treatment, J Am Acad Orthop Surg 22:455, 2014.

Zhang Y, Li L, Shi ZJ, et al.: Porous tantalum rod implant is an effective and 
safe choice for early-stage femoral head necrosis: a meta-analysis of clini-
cal trials, Eur J Orthop Surg Traumatol 23:211, 2013.

Zhao D, Zhang Y, Wang W, et  al.: Tantalum rod implantation and vascu-
larized iliac grafting for osteonecrosis of the femoral head, Orthopedics 
36:789, 2013.

IDIOPATHIC TRANSIENT OSTEOPOROSIS
Lidder S, Lang KJ, Lee HJ, et al.: Bilateral hip fractures associated with tran-

sient osteoporosis of pregnancy, J R Army Med Corps 157:176, 2011.
Rochietti March M, Tovaglia V, Meo A, et al.: Transient osteoporosis of the 

hip, Hip Int 20:297, 2010.

PROTRUSIO ACETABULI
Asadipooya K, Graves L, Greene LW: Transient osteoporosis of the hip: 

review of the literature, Osteoporosis Int 28:2016, 1805.
Baghadi YM, Larson AN, Sierra RJ: Restoration of the hip center during THA 

performed for protrusion acetabuli is associated with better implant sur-
vival, Clin Orthop Relat Res 471:3251, 2013.

Shah K, Shah H: Primary protrusio acetabuli in childhood, Pediatr Radiol 
40(Suppl 1):S55, 2010.

ADULT-ONSET RHEUMATOID ARTHRITIS
Aulah TS, Kuiper JH, Dixey J, Richardson JB: Hip resurfacing for rheuma-

toid arthritis: independent assessment of 11-year results from an interna-
tional register, Int Orthop 35:803, 2011.

Yun HH, Song SY, Park S, Lee JW: Rapidly destructive arthropathy of the 
hip joint in patients with rheumatoid arthritis, Orthopedics 35:e958, 2012.

JUVENILE IDIOPATHIC ARTHRITIS
Bertamino M, Rossi F, Pistorio A, et  al.: Development and validation of a 

radiographic scoring system for the hip in juvenile idiopathic arthritis, J 
Rheumatol 37:432, 2010.

Cruz-Pardos A, Garcia-Rey E, Garcia-Cimbrelo E, Ortega-Chamarro J: 
Alumina-on-alumina THA in patients with juvenile idiopathic arthritis: 
a 5-year followup study, Clin Orthop Relat Res 470:1421, 2012.

de Oliveira Sato J, Corrente JE: Saad Magalhaes C: Progression of articular 
and extraarticular damage in oligoarticular juvenile idiopathic arthritis, 
Clin Exp Rheumatol 29:871, 2011.

Malviya A, Walker LC, Avery P, et al.: The long-term outcome of hip replace-
ment in adults with juvenile idiopathic arthritis: the influence of steroids 
and methotrexate, J Bone Joint Surg 93B:443, 2011.

OSTEOARTHRITIS
Barros HJ, Camanho GL, Bernabé AC, et al.: Femoral head-neck junction 

deformity is related to osteoarthritis of the hip, Clin Orthop Relat Res 
468:2010, 1920.

Browne JA: The mature athlete with hip arthritis, Clin Sports Med 30:453, 2011.
Chee YH, Teoh KH, Sabnis BM, et  al.: Total hip replacement in morbidly 

obese patients with osteoarthritis: results of a prospectively matched 
study, J Bone Joint Surg 92B:1066, 2010.

Davis AM, Wood AM, Kennan AC, et al.: Does body mass index affect clini-
cal outcome post-operatively and at five years after primary unilateral 
hip replacement performed for osteoarthritis? A multivariate analysis of 
prospective data, J Bone Joint Surg 93B:1178, 2011.

Deshmukh AJ, Panagopoulos G, Alizadeh A, et al.: Intra-articular hip injec-
tion: does pain relief correlate with radiographic severity of osteoarthri-
tis? Skeletal Radiol 40:1449, 2011.

Franklin J, Ingvarsson T, Englund M, et al.: Natural history of radiographic 
hip osteoarthritis: a retrospective cohort study with 11-28 years of fol-
lowup, Arthritis Care Res (Hoboken) 63:689, 2011.

Gosvig KK, Jacobsen S, Sonne-Holm S, et al.: Prevalence of malformations of 
the hip joint and their relationship to sex, groin pain, and risk of osteo-
arthritis: a population-based survey, J Bone Joint Surg 92A:1162, 2010.

Jiang L, Rong J, Wang Y, et al.: The relationship between body mass index 
and hip osteoarthritis: a systematic review and meta-analysis, Joint Bone 
Spine 78:150, 2011.

Klit J, Gosvig K, Jacobsen S, et al.: The prevalence of predisposing deformity 
in osteoarthritic hip joints, Hip Int 21:537, 2011.

Murphy LB, Helmick CG, Schwartz TA, et al.: One in four people may develop 
symptomatic hip osteoarthritis in his or her lifetime, Osteoarthritis 
Cartilage 18:1372, 2010.

Sayeed SA, Johnson AJ, Jaffe DE, Mont MA: Incidence of contralat-
eral THA after index THA for osteoarthritis, Clin Orthop Relat Res 
470:535, 2012.

Skytta ET, Jarkko L, Antti E, et al.: Increasing incidence of hip arthroplasty 
for primary osteoarthritis in 30- to 59-year-old patients, Acta Orthop 
82:1, 2011.

Thomas GER, Palmer AJR, Batra EN, et al.: Subclinical deformities of the hip 
are significant predictors of radiographic osteoarthritis and joint replace-
ment in women. A 20 year longitudinal cohort study, Osteoarthritis 
Cartilage 22:1504, 2014.

NEUROPATHIC ARTHROPATHY (CHARCOT JOINT)
Drago L, De Vecchi E, Pasqualini M, et al.: Rapid, progressive neuropathic 

arthropathy of the hip in a patient co-infected with human immunode-
ficiency virus, hepatitis C virus and tertiary syphilis: case report, BMC 
Infect Dis 11:159, 2011.

Viens NA, Watters TS, Vinson EN, Brigman BE: Case report: Neuropathic 
arthropathy of the hip as a sequela of undiagnosed tertiary syphilis, Clin 
Orthop Relat Res 468:3126, 2010.

The complete list of references is available online at Expert Consult.com.

    

https://booksmedicos.org
http://Consult.com


SUPPLEMENTAL REFERENCES

RADIOGRAPHIC ASSESSMENT
Clohisy J, Carlisle J, Beaule P, et al.: A systematic approach to the plain radio-

graphic evaluation of the young adult hip, J Bone Joint Surg 90A:47, 2008.
Freedman BA, Potter BK, Dinaeur PA, et al.: Prognostic value of magnetic 

resonance arthrography for Czerny stage II and III acetabular labral tears, 
Arthroscopy 22:742, 2006.

Murray RO: The aetiology of primary osteoarthritis of the hip, Br J Radiol 
38(455):810, 1965.

Toomayan GA, Homan WR, Major NM, et  al.: Sensitivity of MR arthrog-
raphy in the evaluation of acetabular labral tears, AJR Am J Roentgenol 
286:449, 2006.

INTRAARTICULAR CAUSES OF HIP PAIN
FEMOROACETABULAR IMPINGEMENT.
Allen D, Beaulé PE, Ramadan O, Doucette S: Prevalence of associated defor-

mities and hip pain in patients with cam-type femoroacetabular impinge-
ment, J Bone Joint Surg 91B:589, 2009.

Bardakos NV, Villar RN: Predictors of progression of osteoarthritis in femo-
roacetabular impingement: a radiological study with a minimum of ten 
years follow-up, J Bone Joint Surg 91B:162, 2009.

Barton C, Kanga K, Beaulé PE: Anterior Hueter approach in the treatment 
of femoro-acetabular impingement: rationale and technique, Orthop Clin 
North Am 40:389, 2009.

Beaulé P, Allen D, Clohisy J, et al.: The young adult with hip impingement: 
deciding on the optimal intervention, Instr Course Lect 58:213, 2009.

Beaulé PE, Harvey N, Zaragoza E, et al.: The femoral head/neck offset and hip 
resurfacing, J Bone Joint Surg 89B:9, 2007.

Beall DP, Sweet CF, Martin HD, et al.: Imaging findings of femoroacetabular 
impingement syndrome, Skeletal Radiol 34:691, 2005.

Beaulé PE, Zaragoza E, Motamedi K, et  al.: Three-dimensional computed 
tomography of the hip in the assessment of femoroacetabular impinge-
ment, J Orthop Res 23:1286, 2005.

Beck M, Kalhor M, Leunig M, Ganz R: Hip morphology influences the pat-
tern of damage to the articular cartilage: femoroacetabular impinge-
ment as a cause of osteoarthritis of the hip, J Bone Joint Surg 87B:1012, 
2005.

Byrd JW, Jones K: Diagnostic accuracy of clinical assessment, magnetic reso-
nance imaging, magnetic resonance arthrography, and intra-articular 
injection in hip arthroscopy patients, Am J Sports Med 32:1668, 2004.

Byrd JW, Jones K: Arthroscopic management of femoroacetabular impinge-
ment, Instr Course Lect 58:231, 2009.

Clohisy JC, McClure JT: Treatment of anterior femoroacetabular impinge-
ment with combined hip arthroscopy and limited anterior decompres-
sion, Iowa Orthop J 25:164, 2005.

Czerny C, Hofmann S, Neuhold A: Lesions of the acetabular labrum: accu-
racy of MR imaging and MR arthrography in detection and staging, 
Radiology 200:225, 1996.

Espinosa N, Rothenfluh DA, Beck M, et al.: Treatment of femoro-acetabular 
impingement: preliminary results of labral refixation, J Bone Joint Surg 
88A:925, 2006.

Ganz R, Gill TJ, Gautier E, et al.: Surgical dislocation of the adult hip: a tech-
nique with full access to femoral head and acetabulum without the risk of 
avascular necrosis, J Bone Joint Surg 83B:1119, 2001.

Ganz R, Gill TJ, Gautier E, et al.: Surgical dislocation of the hip, J Bone Joint 
Surg 85A:278, 2003.

Ganz R, Leunig M, Leunig-Ganz K, Harris WH: The etiology of osteoarthri-
tis of the hip: an integrated mechanical concept, Clin Orthop Relat Res 
466:264, 2008.

Ganz R, Parvizi J, Beck M, et al.: Femoroacetabular impingement: a cause for 
osteoarthritis of the hip, Clin Orthop Relat Res 417:112, 2003.

Gautier E, Ganz K, Krugel N, et al.: Anatomy of the medial femoral circum-
flex artery and its surgical implications, J Bone Joint Surg 82B:679, 2000.

Gosvig KK, Jacobsen S, Sonne-Holm S, Gebuhr P: The prevalence of cam-type 
deformity of the hip joint: a survey of 4151 subjects of the Copenhagen 
Osteoarthritis Study, Acta Radiol 49:439, 2008.

Harris WH: Etiology of osteoarthritis of the hip, Clin Orthop Relat Res 
213:20, 1986.

Ilizalitturi Jr VM: Complications of arthroscopic femoroacetabular impinge-
ment treatment. A review, Clin Orthop Relat Res 467:760, 2009.

Johnston TL, Schenker ML, Briggs KK, Philippon MJ: Relationship between 
offset angle alpha and hip chondral injury in femoroacetabular impinge-
ment, Arthroscopy 24:669, 2008.

Klaue K, Burnin C, Ganz R: The acetabular rim syndrome, J Bone Joint Surg 
73B:423, 1991.

Laude F, Sariali E, Nogier A: Femoroacetabular impingement treatment using 
arthroscopy and anterior approach, Clin Orthop Relat Res 467:747, 2009.

Leunig M, Beck M, Woo A, et al.: Acetabular rim degeneration: a constant 
finding in the aged hip, Clin Orthop Relat Res 413:201, 2003.

Leunig M, Huff TW, Ganz R: Femoroacetabular impingement: treatment of 
the acetabular side, Instr Course Lect 58:223, 2009.

Murphy SB, Millis MB: Periacetabular osteotomy without abductor dissec-
tion using direct anterior exposure, Clin Orthop Relat Res 365:92, 1999.

Myers SR, Eijer H, Ganz R: Anterior femoroacetabular impingement after 
periacetabular osteotomy, Clin Orthop Relat Res 363:93, 1999.

Nötzli HP, Wyss TF, Stoecklin CD, et al.: The contour of the femoral head-
neck junction as a predictor for the risk of anterior impingement, J Bone 
Joint Surg 84B:556, 2002.

Pan H, Kawanabe K, Akiyama H, et al.: Operative treatment of hip impinge-
ment caused by hypertrophy of the anterior inferior iliac spine, J Bone 
Joint Surg Br 90:677, 2008.

Philippon MJ, Schenker ML: A new method for acetabular rim trimming and 
labral repair, Clin Sports Med 25:293, 2006.

Siebenrock KA, Schoeniger R, Ganz R: Anterior femoro-acetabular impinge-
ment due to acetabular retroversion: treatment with periacetabular oste-
otomy, J Bone Joint Surg 85A:278, 2003.

Tannast M, Siebenrock K: Conventional radiographs to assess femoroacetab-
ular impingement, Instr Course Lect 58:203, 2009.

Tannast M, Siebenrock K, Anderson SE: Femoroacetabular impingement: 
radiographic diagnosis-what the radiologist should know, AJR Am J 
Roentgenol 188:1540, 2007.

Tanzer M, Noiseux N: Osseous abnormalities and early osteoarthritis: the 
role of hip impingement, Clin Orthop Relat Res 429:170, 2004.

Wyss TF, Clark JM, Weishaupt D, Nötzli HP: Correlation between internal 
rotation and boy anatomy in the hip, Clin Orthop Relat Res 460:152, 2007.

ACETABULAR DYSPLASIA
Clohisy JC, St John LC, Nunley RM, et  al.: Combined periacetabular and 

femoral osteotomies for severe hip deformities, Clin Orthop Relat Res 
467:2221, 2009.

Ganz R, Klaue K, Vinh TS, et al.: A new periacetabular osteotomy for the 
treatment of hip displasias: technique and preliminary results, Clin 
Orthop Relat Res 232:26, 1988.

Jessel RH, Zurakowski D, Zilkens C, et al.: Radiographic and patient factors 
associated with pre-radiographic osteoarthritis in hip dysplasia, J Bone 
Joint Surg 91A:1120, 2009.

Kim YJ, Ganz R, Murphy SB, et al.: Hip joint-preserving surgery beyond the 
classic osteotomy, Instr Course Lect 55:145, 2006.

Kim YJ, Jaramillo D, Millis M, et al.: Assessment of early osteoarthritis in 
hip dysplasia with gadolinium-enhanced magnetic resonance imaging of 
cartilage, J Bone Joint Surg 86A:1987, 2003.

Koehnlein W, Ganz R, Impellizeri FM, Leunig M: Acetabular morphology: impli-
cations for joint-preserving surgery, Clin Orthop Relat Res 467:682, 2009.

Leunig M, Podeszwa D, Beck M, et  al.: Magnetic resonance arthrography 
of labral disorders in hips with dysplasia and impingement, Clin Orthop 
Relat Res 418:74, 2004.

Matheney T, Kim YJ, Zurakowski D, et al.: Intermediate to long-term results 
following the Bernese periacetabular osteotomy and predictors of clinical 
outcome, J Bone Joint Surg 91A:2113, 2009.

Steppacher SD, Tannast M, Ganz R, Siebenrock KA: Mean 20-year followup of 
Bernese periacetabular osteotomy, Clin Orthop Relat Res 466:1633, 2008.

Wenger DE, Kendell KR, Miner M, Trousdale RT: Acetabular labral tears 
rarely occur in the absence of bony abnormalities, Clin Orthop Relat Res 
426:145, 2004.

404.e1
    

https://booksmedicos.org


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS404.e2

Werner CM, Copeland CE, Ruckstuhl T, et  al.: Prevalence of acetabular 
dome retroversion in a mixed race adult trauma patient population, Acta 
Orthop Belg 74:766, 2008.

EXTRAARTICULAR CAUSES OF HIP PAIN
ILIOPSOAS TENDINOPATHY
Bittar ES, Petty W: Girdlestone arthroplasty for infected total hip arthro-

plasty, Clin Orthop Relat Res 170:83, 1982.
Brignall CG, Stainsby GD: The snapping hip: Treatment by Z-plasty, J Bone 

Joint Surg 73B:253, 1991.
Byrd JWT: Snapping hip, Oper Tech Sports Med 13:46, 2005.
Byrd JW: Evaluation and management of the snapping iliopsoas tendon, Instr 

Course Lect 55:347, 2006.
Flanum ME, Keene JS, Blankenbaker DG, DeSmet AA: Arthroscopic treat-

ment of the painful “internal” snapping hip: results of a new technique 
and imaging protocol, Am J Sports Med 35:770, 2007.

Gruen GS, Scioscia TN, Lowenstein JE: The surgical treatment of internal 
snapping hip, Am J Sports Med 30:607, 2002.

Hiti CJ, Stevens KJ, Jamati MK, et  al.: Athletic osteitis pubis, Sports Med 
41:361, 2011.

Hoskins JS, Burd TA, Allen WC: Surgical correction of internal coxa saltans: 
a 20-year consecutive study, Am J Sports Med 32:998, 2004.

Ilizalitturi Jr VM, Villalobos Jr FE, Chaidez PA, et  al.: Internal snapping 
hip syndrome: treatment by endoscopic release of the iliopsoas tendon, 
Arthroscopy 21:1375, 2005.

Provencher MT, Hofmeister EP, Muldoon MP: The surgical treatment of 
external coxa saltans (the snapping hip) by Z-plasty of the iliotibial band, 
Am J Sports Med 32:470, 2004.

Taylor GR, Clarke NM: Surgical release of the “snapping iliopsoas tendon,” J 
Bone Joint Surg 77B:881, 1995.

Voos JE, Shindle MK, Pruett A, et al.: Endoscopic repair of gluteus medius 
tendon tears of the hip, Am J Sports Med 37(4):743, 2009.Wettstein M, 
Jung J, Dienst M: Arthroscopic psoas tenotomy, Arthroscopy 22:907, 
2006.

White RA, Hughes MS, Burd T, et  al.: A new operative approach in the 
correction of external coxa saltans: the snapping hip, Am J Sports Med 
32:1504, 2004.

Winston P, Awan R, Cassidy JD, Bleakney RK: Clinical examination and 
ultrasound of self-reported snapping hip syndrome in elite ballet danc-
ers, Am J Sports Med 35:118, 2007.

Zoltan DJ, Clancy Jr WG, Keene JS: A new operative approach to snapping 
hip and refractory trochanteric bursitis in athletes, Am J Sports Med 
14:201, 1986.

SPORTS HERNIA
Farber AJ, Wilckens JH: Sports hernia: diagnosis and therapeutic approach, J 

Am Acad Orthop Surg 15:507, 2007.
Kachingwe AF, Grech S: Proposed algorithm for the management of athletes 

with athletic pubalgia (sports hernia): a case series, J Orthop Sports Phys 
Ther 38:768, 2008.

Shortt CP, Zoga AC, Kavanagh EC, Meyers WC: Anatomy, pathology, and 
MRI findings in the sports hernia, Semin Musculoskelet Radiol 12:54, 
2008.

Swan Jr KG, Wolcott M: The athletic hernia: a systematic review, Clin Orthop 
Relat Res 455:78, 2007.

OSTEONECROSIS OF THE FEMORAL HEAD
Aaron RK, Lennox D, Bunce GE, Ebert T: The conservative treatment of 

osteonecrosis of the femoral head, Clin Orthop Relat Res 249:209, 1989.
Agarwala S, Shah S, Joshi VR: The use of alendronate in the treatment of 

avascular necrosis of the femoral head: follow-up to eight years, J Bone 
Joint Surg Br 91:1013, 2009.

Ajmal M, Matas AJ, Kuskowski M, et al.: Does statin usage reduce the risk 
of corticosteroid-related osteonecrosis in renal transplant population? 
Orthop Clin North Am 40:235, 2009.

Aldridge 3rd JM, Urbaniak JR: Avascular necrosis of the femoral head: eti-
ology, pathophysiology, classification, and current treatment guidelines, 
Am J Orthop 33:327, 2004.

Aldridge 3rd JM, Urbaniak JR: Vascularized fibular grafting for osteonecro-
sis of the femoral head with unusual indications, Clin Orthop Relat Res 
466:1117, 2008.

Amstutz HC, Le Duff MJ: Current status of hemi-resurfacing arthroplasty 
for osteonecrosis of the hip: a 27-year experience, Orthop Clin North Am 
40:275, 2009.

Bailey JP, Miller MI: Osteonecrosis of the femoral head: treatment before 
collapse—a critical review, Adv Orthop Surg 12:55, 1988.

Baksi DP: Treatment of post-traumatic avascular necrosis of the femoral 
head by multiple drilling and muscle-pedicle bone grafting, J Bone Joint 
Surg 65B:268, 1983.

Baksi DP: Treatment of osteonecrosis of the femoral head by drilling and 
muscle-pedicle grafting, J Bone Joint Surg 73B:241, 1991.

Barbos MP, Balbo C, Rossi P: Middle- and long-term results of flexion oste-
otomy for avascular necrosis of the femoral head, Ital J Orthop Traumatol 
18:53, 1992.

Bassett LW, Gold RH, Reicher M, et al.: Magnetic resonance imaging in the 
early diagnosis of ischemic necrosis of the femoral head: preliminary 
results, Clin Orthop Relat Res 214:237, 1987.

Beaulé PE, Amstutz HC: Management of Ficat stage III and IV osteonecrosis 
of the hip, J Am Acad Orthop Surg 12:96, 2004.

Belal MA, Reichelt A: Clinical results of rotational osteotomy for treatment of 
avascular necrosis of the femoral head, Arch Orthop Trauma Surg 115:80, 
1996.

Bonfiglio M, Bardenstein MB: Treatment by bone-cutting of aseptic necrosis 
of the femoral head and non-union of the femoral neck (Phemister tech-
nique), J Bone Joint Surg 40A:1329, 1958.

Bradway JK, Morrey BF: The natural history of the silent hip in bilateral 
atraumatic osteonecrosis, J Arthroplasty 8:383, 1993.

Brunelli G, Brunelli G: Free microvascular fibular transfer for idiopathic 
femoral head necrosis: long-term follow-up, J Reconstr Microsurg 7:285, 
1991.

Buckley PD, Gearen PF, Petty RW: Structural bone-grafting for early atrau-
matic avascular necrosis of the femoral head, J Bone Joint Surg 73A:1357, 
1991.

Camp JF, Colwell CW: Core decompression of the femoral head for osteone-
crosis, J Bone Joint Surg 68A:1313, 1986.

Chen CC, Lin CL, Chen WC, et  al.: Vascularized iliac bone-grafting for 
osteonecrosis with segmental collapse of the femoral head, J Bone Joint 
Surg 91A:2390, 2009.

Cherian SF, Laorr A, Saleh KJ, et al.: Quantifying the extent of femoral head 
involvement in osteonecrosis, J Bone Joint Surg 85A:309, 2003.

Cushner FD, Freidman RJ: Osteonecrosis of the femoral head, Orthop Rev 
17:29, 1988.

Dailiana ZH, Toth AP, Gunneson E, et  al.: Free vascularized fibular graft-
ing following failed core decompression for femoral head osteonecrosis, 
J Arthroplasty 22:679, 2007.

Dastane MR, Long WT, Wan Z, et al.: Metal-on-metal hip arthroplasty does 
equally well in osteonecrosis and osteoarthritis, Clin Orthop Relat Res 
466:1148, 2008.

Dean MT, Cabanela ME: Transtrochanteric anterior rotational osteotomy for 
avascular necrosis of the femoral head: long-term results, J Bone Joint 
Surg 75B:597, 1993.

Drescher W, Fürst M, Hahne HJ, et al.: Survival analysis of hips treated with 
flexion osteotomy for femoral head necrosis, J Bone Joint Surg 85B:969, 
2003.

Etienne G, Mont MA, Ragland PS: The diagnosis and treatment of nontrau-
matic osteonecrosis of the femoral head, Instr Course Lect 53:67, 2004.

Ficat RP: Idiopathic bone necrosis of the femoral head: early diagnosis and 
treatment, J Bone Joint Surg 67B:3, 1985.

Ficat RP, Arlet J: Necrosis of the femoral head. In Hungerford DS, editor: 
Ischemia and necrosis of bone, Baltimore, 1980, Williams & Wilkins.

Frassica FJ, Berry DJ, Morrey BF: Avascular necrosis. In Morrey BF, edi-
tor: Reconstructive surgery of the joints, ed 2, New York, 1996, Churchill 
Livingstone.

Garino JP, Steinberg ME: Total hip arthroplasty in patients with avascular 
necrosis of the femoral head: a 2- to 10-year follow-up, Clin Orthop Relat 
Res 334:108, 1997.

    

https://booksmedicos.org


CHAPTER 6  HIP PAIN IN THE YOUNG ADULT AND HIP PRESERVATION SURGERY 404.e3

Gaskill TR, Urbaniak JR, Aldridge 3rd JM: Free vascularized fibular transfer 
for femoral head osteonecrosis: donor and graft site morbidity, J Bone 
Joint Surg 91A:2009, 1861.

Gerber C, Hersche O, Berberat C: The clinical relevance of posttraumatic 
avascular necrosis of the humeral head, J Shoulder Elbow Surg 7:586, 1998.

Gleuck CJ, Freiberg RA, Oghene J, et  al.: Association between the T-786C 
eNOS polymorphism and idiopathic osteonecrosis of the head of the 
femur, J Bone Joint Surg 89A:2460, 2007.

Ha YC, Jung WH, Kim JR, et al.: Prediction of collapse in femoral head osteo-
necrosis: a modified Kerboul method with use of magnetic resonance 
imaging, J Bone Joint Surg 88(Suppl 3):35, 2006.

Hanker GJ, Amstutz HC: Osteonecrosis of the hip in the sickle-cell diseases: 
treatment and complications, J Bone Joint Surg 70A:499, 1988.

Hartley WT, McAuley JP, Culpepper WJ, et al.: Osteonecrosis of the femo-
ral head treated with cementless total hip arthroplasty, J Bone Joint Surg 
82A:1408, 2000.

Hasegawa Y, Iwata H, Torrii S, et  al.: Vascularized pedicle bone-grafting 
for nontraumatic avascular necrosis of the femoral head, Arch Orthop 
Trauma Surg 116:251, 1997.

Hauzer JP, Pasteels JL, Orloff S: Bilateral nontraumatic aseptic osteonecrosis 
in the femoral head: an experimental study of incidence, J Bone Joint Surg 
69A:1221, 1987.

Hauzer JP, Pasteels JL, Schoutens A, et al.: The diagnostic value of magnetic 
resonance imaging in nontraumatic osteonecrosis of the femoral head, J 
Bone Joint Surg 71A:641, 1989.

Hernigou P, Beaujean F: Treatment of osteonecrosis with autologous bone 
marrow grafting, Clin Orthop Relat Res 405:14, 2002.

Hibbs RA: Treatment of vertebral tuberculosis by fusion operation: report of 
210 cases, JAMA 71:1372, 1918.

Hopson CN, Siverhus SW: Ischemic necrosis of the femoral head: treatment 
of core decompression, J Bone Joint Surg 70A:1048, 1988.

Humphreys S, Spencer JD, Tighe JR, Cumming RR: The femoral head in 
osteonecrosis: a quantitative study of osteocyte population, J Bone Joint 
Surg 71B:205, 1989.

Hungerford DS: Bone marrow pressure, venography, and core decompres-
sion in ischemic necrosis of the femoral head. In The hip: proceedings 
of the seventh open scientific meeting of the Hip Society, St. Louis, 1979, 
Mosby.

Hungerford DS: Treatment of ischemic necrosis of the femoral head. In 
Evarts MC, editor: Surgery of the musculoskeletal system, New York, 1983, 
Churchill Livingstone.

Hungerford DS, Zizic TM: Pathogenesis of ischemic necrosis of the femoral 
head. In The hip: proceedings of the eleventh open scientific session of the 
Hip Society, St. Louis, 1983, Mosby.

Hungerford MW, Mont MA, Scott R, et al.: Surface replacement hemiarthro-
plasty for the treatment of osteonecrosis of the femoral head, J Bone Joint 
Surg 80A:1656, 1998.

Iwata H, Torii S, Hasegawa Y, et al.: Fat intensity within the hypointense zone 
on MR imaging of avascular necrosis of the femoral head, J Comput Assist 
Tomogr 15:470, 1991.

Jacobs MA, Hungerford DS, Krackow KA: Intertrochanteric osteotomy for 
avascular necrosis of the femoral head, J Bone Joint Surg 71B:200, 1989.

Jones LC, Hungerford DS: The pathogenesis of osteonecrosis, Instr Course 
Lect 56:179, 2007.

Kim SY, Kim YG, Kim PT, et al.: Vascularized compared with nonvascular-
ized fibular grafts for large osteonecrotic lesions of the femoral head, J 
Bone Joint Surg 87A:2012, 2005.

Korompilias AV, Lykissas MG, Beris AE, et al.: Vascularised fibular graft in 
the management of femoral head osteonecrosis: twenty years later, J Bone 
Joint Surg 91B:287, 2009.

Kotz R: Avascular necrosis of the femoral head: a review of the indica-
tions and results of Sugioka’s transtrochanteric rotational osteotomy, Int 
Orthop 5:53, 1981.

Kristensen KD, Pedersen NW, Kioer T, Starklint H: Core decompression in 
femoral head osteonecrosis, Acta Orthop Scand 62:113, 1991.

Lai KA, Shen WJ, Yang CY, et al.: The use of alendronate to prevent early col-
lapse of the femoral head in patients with nontraumatic osteonecrosis: a 
randomized clinical study, J Bone Joint Surg 87A:2155, 2005.

Langlais F, Fourastier J: Rotation osteotomies for osteonecrosis of the femoral 
head, Clin Orthop Relat Res 343:110, 1997.

Lausten GS: Nontraumatic necrosis of the femoral head, Int Orthop 23:193, 
1999.

Lausten GS, Jensen JS, Olgaard K: Necrosis of the femoral head after renal 
transplantation, Acta Orthop Scand 59:650, 1988.

Lausten GS, Mathiesen B: Core decompression for femoral head necrosis. 
Prospective study of 28 patients, Acta Orthop Scand 61:507, 1990.

Learmonth ID, Maloon S, Dall G: Core decompression for early atraumatic 
osteonecrosis of the femoral head, J Bone Joint Surg 72B:387, 1990.

Liebergall M, Floman Y, Milgrom C: NSAID-induced avascular necrosis and 
arthropathy of the femoral head, Orthop Rev 16:652, 1987.

Lieberman JR, Conduah A, Urist MR: Treatment of osteonecrosis of the fem-
oral head with core decompression and human bone morphogenetic pro-
tein, Clin Orthop Relat Res 429:139, 2004.

Liu YF, Chen WM, Lin YF, et al.: Type II collagen gene variants and inherited 
osteonecrosis of the femoral head, N Engl J Med 352:2294, 2005.

Maistrelli G, Fusco U, Avai A, Bombelli R: Osteonecrosis of the hip treated by 
intertrochanteric osteotomy: a 4- to 15-year follow-up, J Bone Joint Surg 
70B:761, 1988.

Malizos KN, Soucacos PN, Beris AE: Osteonecrosis of the femoral head: hip 
salvaging with implantation of a vascularized fibular graft, Clin Orthop 
Relat Res 314:67, 1995.

Marker DR, Seyler TM, McGrath MS, et al.: Treatment of early stage osteo-
necrosis of the femoral head, J Bone Joint Surg 90A(Suppl 4):175, 2008.

Marcus ND, Enneking WF, Massam RA: The silent hip in idiopathic aseptic 
necrosis: treatment by bone-grafting, J Bone Joint Surg 55A:1351, 1973.

Markel DC, Miskovsky C, Sculco TP, et al.: Core decompression for osteone-
crosis of the femoral head, Clin Orthop Relat Res 323:226, 1996.

Masuda T, Matsuno T, Hasegawa I, et al.: Results of transtrochanteric rota-
tional osteotomy for nontraumatic osteonecrosis of the femoral head, 
Clin Orthop Relat Res 228:69, 1988.

Matuso K, Hirohata T, Sugioka Y, et  al.: Influence of alcohol intake, ciga-
rette smoking, and occupational status on idiopathic osteonecrosis of the 
femoral head, Clin Orthop Relat Res 234:115, 1988.

Meyers MH: Osteonecrosis of the femoral head: pathogenesis and long term 
results of treatment, Clin Orthop Relat Res 231:51, 1988.

Miki T, Yamamuro T, Okumura H, et al.: Scintigraphy in nontraumatic femo-
ral head necrosis, Acta Orthop Scand 58:375, 1987.

Min BW, Song KS, Cho CH, et al.: Untreated asymptomatic hips in patients 
with osteonecrosis of the femoral head, Clin Orthop Relat Res 466:1087, 
2008.

Miyanishi K, Noguchi Y, Yamamoto T, et al.: Prediction of the outcome of 
transtrochanteric rotational osteotomy for osteonecrosis of the femoral 
head, J Bone Joint Surg 82B:512, 1999.

Mont MA, Carbone JJ, Fairbank AC: Core decompression versus nonop-
erative management for osteonecrosis of the hip, Clin Orthop Relat Res 
324:169, 1996.

Mont MA, Einhorn TA, Sponseller PD, Hungerford DS: The trap door proce-
dure using autogenous cortical and cancellous bone graft for osteonecro-
sis of the femoral head, J Bone Joint Surg 80B:56, 1997.

Mont MA, Jones LC, Seyler TM, et al.: New treatment approaches for osteo-
necrosis of the femoral head: an overview, Instr Course Lect 56:197, 2007.

Mont MA, Jones LC, Sotereanos DG, et  al.: Understanding and treating 
osteonecrosis of the femoral head, Instr Course Lect 49:169, 2000.

Mont MA, Maar DC, Urquhart MW, et al.: Avascular necrosis of the humeral 
head treated by core decompression, J Bone Joint Surg 75B:785, 1993.

Mont MA, Marulanda GA, Seyler TM, et al.: Core decompression and non-
vascularized bone grafting for the treatment of early stage osteonecrosis 
of the femoral head, Instr Course Lect 56:213, 2007.

Mont MA, Ragland PS, Etienne G: Core decompression of the femoral head 
for osteonecrosis using percutaneous multiple small-diameter drilling, 
Clin Orthop Relat Res 429:131, 2004.

Nam KW, Kim YL, Yoo JJ, et al.: Fate of untreated asymptomatic osteonecro-
sis of the femoral head, J Bone Joint Surg 90A:477, 2008.

Nelson CL, Walz BH, Gruenwald JM: Resurfacing of only the femoral head 
for osteonecrosis: long-term follow-up study, J Arthroplasty 12:736, 
1997.

    

https://booksmedicos.org


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS404.e4

Nozaki Y, Kumagai K, Miyata N, et al.: Pravastatin reduces steroid-induced 
osteonecrosis of the femoral head in SHRSP rats, Acta Orthop 83:87, 
2012.

Ohzono K, Tadaoka K, Saito S, et  al.: Intraosseous arterial architecture in 
nontraumatic avascular necrosis of the femoral head, Clin Orthop Relat 
Res 277:79, 1992.

Phemister DB: Treatment of the necrotic head of the femur in adults, J Bone 
Joint Surg 31A:55, 1949.

Powell ET, Lanzer WL, Mankey MG: Core decompression for early osteo-
necrosis of the hip in high risk patients, Clin Orthop Relat Res 335:181, 
1997.

Ramachandran M, Ward K, Brown RR, et al.: Intravenous bisphosphonate 
therapy for traumatic osteonecrosis of the femoral head in adolescents, J 
Bone Joint Surg 89A:1727, 2007.

Reis ND, Schwartz O, Militianu D, et  al.: Hyperbaric oxygen therapy as a 
treatment for stage-I avascular necrosis of the femoral head, J Bone Joint 
Surg Br 85:371, 2003.

Rosenwasser MP, Garino JP, Kiernan HA, Michelsen CB: Long-term follow-
up of thorough debridement and cancellous bone grafting of the femoral 
head for avascular necrosis, Clin Orthop Relat Res 306:17, 1994.

Sakano S, Hasegawa Y, Torii Y, et al.: Curved intertrochanteric osteotomy 
for osteonecrosis of the femoral head, J Bone Joint Surg 86B:359, 2004.

Saito S, Inoue A, Ono K: Intramedullary haemorrhage as a possible cause of 
avascular necrosis of the femoral head: the histology of 16 femoral heads 
at the silent stage, J Bone Joint Surg 69B:346, 1987.

Saito S, Ohzono K, Ono K: Joint-preserving operations for idiopathic avascu-
lar necrosis of the femoral head: results of core decompression, grafting, 
and osteotomy, J Bone Joint Surg 70B:78, 1988.

Schanz A: Ueber die nach Schenkelhalsbrüchen zurückbleibenden 
Gehstörungen, Dtsch Med Wochenschr 51:730, 1925.

Scher MA, Jakim I: Intertrochanteric osteotomy and autogenous bone-graft-
ing for avascular necrosis of the femoral head, J Bone Joint Surg 75A:119, 
1993.

Schroer WC: Current concepts on the pathogenesis of osteonecrosis of the 
femoral head, Orthop Rev 23:487, 1994.

Scully SP, Aaron RK, Urbaniak JR: Survival analysis of hips treated with 
core decompression or vascularized fibular grafting because of avascular 
necrosis, J Bone Joint Surg 80A:1270, 1998.

Shifrin LZ, Reis ND, Zinman H, Besser MI: Idiopathic transient osteoporosis 
of the hip, J Bone Joint Surg 69B:769, 1987.

Smith KR, Bonfiglio M, Montgomery WJ: Nontraumatic necrosis of the fem-
oral head treated with bone grafting: a follow-up note, J Bone Joint Surg 
62A:845, 1980.

Smith SW, Fehring TK, Griffin WL, Beaver WB: Core decompression of the 
osteonecrotic femoral head, J Bone Joint Surg 77A:674, 1995.

Sotereanos DG, Plakseychuk AY, Rubash HE: Free vascularized fibular graft-
ing for the treatment of osteonecrosis of the femoral head, Clin Orthop 
Relat Res 344:243, 1997.

Soucacos PN, Beris AE, Malizos K, et al.: Treatment of the femoral head with 
vascularized fibular transplant, Clin Orthop Relat Res 386:120, 2001.

Specchiulli F, Capocasale N, Laforgia R, Solarino GB: The surgical treatment 
of idiopathic osteonecrosis of the femoral head, Ital J Orthop Traumatol 
13:345, 1987.

Spencer JD, Brookes M: Avascular necrosis and the blood supply of the fem-
oral head, Clin Orthop Relat Res 235:127, 1988.

Springfield DS, Enneking WJ: Surgery for aseptic necrosis of the femoral 
head, Clin Orthop Relat Res 130:175, 1978.

Steinberg ME, Brighton CT, Bands RE, Hartman KM: Capacitive coupling 
as an adjunctive treatment for avascular necrosis, Clin Orthop Relat Res 
261:11, 1990.

Steinberg ME, Brighton CT, Corces A, et al.: Osteonecrosis of the femoral 
head, Clin Orthop Relat Res 249:199, 1989.

Stulberg BN, Bauer TW, Belhobek GH: Making core decompression work, 
Clin Orthop Relat Res 261:186, 1990.

Stulberg BN, Davis AW, Bauer TW, et al.: Osteonecrosis of the femoral head: 
a prospective, randomized treatment protocol, Clin Orthop Relat Res 
268:140, 1991.

Stulberg BN, Levine M, Bauer TW, et al.: Multimodality approach to osteo-
necrosis of the femoral head, Clin Orthop Relat Res 240:181, 1989.

Sugano N, Takaoka K, Ohzono K, et al.: Rotational osteotomy for nontrau-
matic avascular necrosis of the femoral head, J Bone Joint Surg 74B:734, 
1992.

Sugioka Y: Transtrochanteric anterior rotational osteotomy of the femoral 
head in the treatment of osteonecrosis affecting the hip: a new osteotomy 
operation, Clin Orthop Relat Res 130:191, 1978.

Sugioka Y: Transtrochanteric rotational osteotomy in the treatment of idio-
pathic and steroid-induced femoral head necrosis, Perthes’ disease, 
slipped capital femoral epiphysis, and osteoarthritis of the hip: indica-
tions and results, Clin Orthop Relat Res 184:12, 1984.

Sugioka Y, Katsuki I, Hotokebuchi T: Transtrochanteric rotational osteot-
omy of the femoral head for the treatment of osteonecrosis, Clin Orthop 
Relat Res 169:115, 1982.

Sugioka Y, Yamamoto T: Transtrochanteric posterior rotational osteotomy 
for osteonecrosis, Clin Orthop Relat Res 466:1104, 2008.

Swiontkowski MF, Ganz R, Schlegel U, Perren SM: Laser Doppler flowmetry 
for clinical evaluation of femoral head osteonecrosis: preliminary experi-
ence, Clin Orthop Relat Res 218:181, 1987.

Takatori Y, Kamogawa M, Kokubo T, et al.: Magnetic resonance imaging and 
histopathology in femoral head necrosis, Acta Orthop Scand 58:499, 1987.

Takatori Y, Kokubo T, Ninomya S, et al.: Avascular necrosis of the femoral 
head, J Bone Joint Surg 75B:217, 1993.

Tanzer M, Bobyn JD, Krygier JJ, Karabasz D: Histopathologic retrieval anal-
ysis of clinically failed porous tantalum osteonecrosis implants, J Bone 
Joint Surg 90A:1282, 2008.

Tooke SMT, Amstutz HC, Hedley AK: Results of transtrochanteric rotational 
osteotomy for femoral head osteonecrosis, Clin Orthop Relat Res 224:150, 
1987.

Tooke SMT, Nugent PJ, Bassett LW, et al.: Results of core decompression for 
femoral head osteonecrosis, Clin Orthop Relat Res 228:99, 1988.

Trancik T, Lunceford E, Strum D: The effect of electrical stimulation on 
osteonecrosis of the femoral head, Clin Orthop Relat Res 256:120, 1990.

Tsao AK, Roberson JR, Christie MJ, et al.: Biomechanical and clinical evalua-
tions of a porous tantalum implant for the treatment of early-stage osteo-
necrosis, J Bone Joint Surg 87A(Suppl 2):22, 2005.

Urbaniak JR, Coogan PG, Gunneson EB, Nunley JA: Treatment of osteone-
crosis of the femoral head with free vascularized fibular grafting: a long-
term follow-up study of one hundred and three hips, J Bone Joint Surg 
77A:681, 1995.

Urbaniak JR, Harvey EJ: Revascularization of the femoral head in osteone-
crosis, J Am Acad Orthop Surg 6:44, 1998.

Usher Jr BW, Friedman RJ: Steroid-induced osteonecrosis of the humeral 
head, Orthopedics 18:47, 1995.

Varitimidis SE, Dimitroulias AP, Karachalios TS, et al.: Outcome after tan-
talum rod implantation for treatment of femoral head osteonecrosis: 26 
hips followed for an average of 3 years, Acta Orthop 80:20, 2009.

Veillette CJH, Mehdian H, Schemitsch EH, McKee MD: Survivorship analy-
sis and radiographic outcome following tantalum rod insertion for osteo-
necrosis of the femoral head, J Bone Joint Surg 88A(Suppl 3):48, 2006.

Wang CJ: An overview of shock wave therapy in musculoskeletal disorders, 
Chang Gung Med J 26:220, 2003.

Wang CJ, Wang FS, Huang CC, et al.: Treatment of osteonecrosis of the femo-
ral head: comparison of extracorporeal shock waves with core decom-
pression and bone-grafting, J Bone Joint Surg 87A:2360, 2005.

Warner JJP, Phillip JH, Brodsky GL, Thornhill TS: Studies of nontraumatic 
osteonecrosis: manometric and histologic studies of the femoral head 
after chronic steroid treatment: an experimental study in rabbits, Clin 
Orthop Relat Res 225:128, 1987.

Warner JJP, Phillip JH, Brodsky GL, Thornhill TS: Studies of nontraumatic 
osteonecrosis: the role of core decompression in the treatment of non-
traumatic osteonecrosis of the femoral head, Clin Orthop Relat Res 
225:104, 1987.

Xanakis TA, Beris AE, Malizos KK, et al.: Total hip arthroplasty for avascular 
necrosis and degenerative osteoarthritis of the hip, Clin Orthop Relat Res 
341:62, 1997.

    

https://booksmedicos.org


CHAPTER 6  HIP PAIN IN THE YOUNG ADULT AND HIP PRESERVATION SURGERY 404.e5

Yoo MC, Chung DW, Hahn CS: Free vascularized fibula grafting for the 
treatment of osteonecrosis of the femoral head, Clin Orthop Relat Res 
277:128, 1992.

Yoo MC, Kim KI, Hahn CS, Parvizi J: Long-term followup of vascularized fibu-
lar grafting for femoral head necrosis, Clin Orthop Relat Res 466:1133, 2008.

Yoon TR, Abbas AA, Hur CI, et  al.: Modified transtrochanteric rota-
tional osteotomy for femoral head osteonecrosis, Clin Orthop Relat Res 
466:1110, 2008.

IDIOPATHIC TRANSIENT OSTEOPOROSIS
Apel DM, Vince KG, Kingston S: Transient osteoporosis of the hip: a role for 

core decompression? Orthopedics 17:629, 1994.
Balakrishnan A, Schemitsch EH, Pearce D, McKee MD: Distinguishing transient 

osteoporosis of the hip from avascular necrosis, Can J Surg 46:187, 2003.
Bloem JL: Transient osteoporosis of the hip: MR imaging, Radiology 167:753, 

1988.
Bramlett KW, Killian JT, Nasca RJ, Daniel WW: Transient osteoporosis, Clin 

Orthop Relat Res 222:197, 1987.
Bray ST, Partain CL, Teates CD, et al.: The value of bone scan in idiopathic 

regional migratory osteoporosis, J Nucl Med 20:1268, 1979.
Brodell JD, Burns Jr JE, Heiple KG: Transient osteoporosis of the hip of preg-

nancy: two cases complicated by pathological fracture, J Bone Joint Surg 
71A:1252, 1988.

Gallant GG, Fisher RL, Sziklas JJ: Transient regional osteoporosis of the ankle 
and foot: a report of four cases and review of the literature, Orthop Rev 
23:405, 1994.

Gaucher A, Columb JN, Naoun A, et  al.: The diagnostic value of 99mTc-
diphosphonate bone imaging in transient osteoporosis of the hip, J 
Rheumatol 6:574, 1979.

Grimm J, Higer HP, Benning R, Meairs S: MRI of transient osteoporosis of 
the hip, Arch Orthop Trauma Surg 110:98, 1991.

Harrington S, Smith J, Thompson J, Laskowski E: Idiopathic transient osteo-
porosis: a hidden cause of hip pain, Phys Sportsmed 28:82, 2000.

Hofmann S, Engle A, Neuhold A, et al.: Bone-marrow edema syndrome and 
transient osteoporosis of the hip, J Bone Joint Surg 75B:210, 1993.

Kaplan SS, Stegman CJ: Transient osteoporosis of the hip: a case report and 
review of the literature, J Bone Joint Surg 67A:490, 1985.

Kalliakmanis AG, Pneumaticos S, Plessas S, Papachristou G: Transient hip 
osteoporosis, Orthopedics 29:263, 2006.

Keys GW, Walters J: Idiopathic transient osteoporosis of the hip: brief report, 
J Bone Joint Surg 69B:773, 1987.

Korompilias AV, Karantanas AH, Lykissas MG, Beris AE: Transient osteopo-
rosis, J Am Acad Orthop Surg 16:480, 2008.

Lakhanpal S, Ginsburg WW, Luthra HS, Hunder GG: Transient regional 
osteoporosis: a study of 56 cases and review of the literature, Ann Intern 
Med 106:444, 1987.

Lane JM, Vigorita VJ: Current concepts review: osteoporosis, J Bone Joint 
Surg 65A:274, 1983.

Nicol RO, Williams PF, Hill DJ: Transient osteopaenia of the hip in children, 
J Pediatr Orthop 4:590, 1984.

Niimi R, Sudo A, Hasegawa M, et al.: Changes in bone mineral density in 
transient osteoporosis of the hip, J Bone Joint Surg 88B:1438, 2006.

Schapira D, Israel O, Goldsher D, et al.: Transient osteoporosis of the hip: 
case report and review of the literature, Isr J Med Sci 25:709, 1989.

Shifrin LZ, Reis ND, Zinman H, Besser MI: Idiopathic transient osteoporosis 
of the hip, J Bone Joint Surg 69B:769, 1987.

Urbanski SR, de Lange EE, Eschenroeder Jr HC: Magnetic resonance imag-
ing of transient osteoporosis of the hip: a case report, J Bone Joint Surg 
73A:451, 1991.

Wilson AJ, Murphy WA, Hardy CD, Totty WG: Transient osteoporosis: tran-
sient bone marrow edema? Radiology 167:757, 1988.

PROTRUSIO ACETABULI
Bayley JC, Christie MJ, Ewald FC, Kelley K: Long-term results of total hip 

arthroplasty in protrusio acetabuli, J Arthroplasty 2:275, 1987.
Dameron TA, Heiner JP: Rapidly progressive protrusio acetabuli in patients 

with rheumatoid arthritis, Clin Orthop Relat Res 289:186, 1993.

Ebert FR, Hussain S, Krackow KA: Total hip arthroplasty for protrusio ace-
tabuli: a 3- to 9-year follow-up of the Heywood technique, Orthopedics 
15:17, 1992.

Gates III HS, McCollum DE, Poletti SC, Nunley JA: Bone-grafting in total hip 
arthroplasty for protrusio acetabuli: a follow-up note, J Bone Joint Surg 
72A:248, 1990.

Gates III HS, Poletti SC, Callaghan JJ, McCollum DE: Radiographic measure-
ments in protrusio acetabuli, J Arthroplasty 4:347, 1989.

Gusis SE, Cocco JA, Rose CD, et al.: Protrusio acetabuli in adult rheumatoid 
arthritis, Clin Rheumatol 10:158, 1991.

Hirst P, Esser M, Murphy JC, Hardinge K: Bone grafting for protrusio acetab-
uli during total hip replacement: a review of the Wrightington method in 
81 hips, J Bone Joint Surg 69B:229, 1987.

Krushell RJ, Fingeroth RJ, Belling B: Primary total hip arthroplasty using a 
dual-geometry cup to treat protrusio acetabuli, J Arthroplasty 23:1128, 
2008.

Leunig M, Nho SJ, Turchetto L, Ganz R: Protrusio acetabuli: new insights and 
experience with joint preservation, Clin Orthop Relat Res 467:2241, 2009.

McBride MJ, Maldoon MP, Santore RF, et al.: Protrusio acetabuli: diagnosis 
and treatment, J Am Acad Orthop Surg 9:79, 2001.

Mullaji AB, Marawar SV: Primary total hip arthroplasty in protrusion ace-
tabuli using impacted morsellized bone grafting and cementless cups: a 
medium-term radiographic review, J Arthroplasty 22:1143, 2007.

Ries MD: Total hip arthroplasty in acetabular protrusio, Orthopedics 32:2, 
2009.

Wilson MG, Scott RD: Bipolar socket in protrusio acetabuli: 3- to 6-year 
study, J Arthroplasty 8:405, 1993.

ADULT-ONSET RHEUMATOID ARTHRITIS
Araujo CG, Gonzalez JF, Tonino A, et al.: Rheumatoid arthritis and hydroxy-

apatite-coated hip prostheses: five-year results, J Arthroplasty 13:660, 
1998.

Archibeck MJ, Berger RA, Barden RM, et  al.: Posterior cruciate ligament–
retaining total knee arthroplasty in patients with rheumatoid arthritis, J 
Bone Joint Surg 83A:1231, 2001.

Arnett FC, Edworthy SM, Bock DA, et  al.: The American Rheumatism 
Association 1987 revised criteria for the classification of rheumatoid 
arthritis, Arthritis Rheum 31:315, 1988.

Aulah TS, Kuiper JH, Dixey J, Richardson JB: Hip resurfacing for rheumatoid 
arthritis: independent assessment of 11-year results from an international 
register, Int Orthop 35:803, 2011.

Bennett WF, Gerber C: Operative treatment of the rheumatoid shoulder [edi-
torial], Curr Opin Rheumatol 6:177, 1994.

Bisla RS, Inglis AE, Ranawat CS: Joint replacement surgery in patients under 
thirty, J Bone Joint Surg 58A:1098, 1976.

Chandler HP, Reineck T, Wixson RL, McCarthy JL: Total hip replacement in 
patients younger than thirty years old: a five-year follow-up study, J Bone 
Joint Surg 63A:1426, 1981.

Conaty JP: Surgery of the hip and knee in patients with rheumatoid arthritis, 
J Bone Joint Surg 55A:301, 1973.

Conaty JP, Nickel VL: Functional incapacitation in rheumatoid arthritis: a 
rehabilitation challenge: a correlative study of function before and after 
hospital treatment, J Bone Joint Surg 53A:624, 1971.

Cracchiolo III A, Severt R, Moreland J: Uncemented total hip arthroplasty 
in rheumatoid arthritis diseases: a two- to six-year follow-up study, Clin 
Orthop Relat Res 277:166, 1992.

Creighton MG, Callaghan JJ, Olejniczak JP, Johnston RC: Total hip arthro-
plasty with cement in patients who have rheumatoid arthritis: a mini-
mum ten-year follow-up study, J Bone Joint Surg 80A:1439, 1998.

Eberhardt K, Fex E, Johnsson K, Geborek P: Hip involvement in early rheu-
matoid arthritis, Ann Rheum Dis 54:45, 1995.

Goldberg VM: Surgery for rheumatoid disease, part II: early management of 
the rheumatoid joint, Instr Course Lect 33:404, 1984.

Haw CS, Gray DH: Excision arthroplasty of the hip, J Bone Joint Surg 58B:44, 
1976.

Ishikawa H, Ohno O, Hirohata K: Long-term results of synovectomy in rheu-
matoid patients, J Bone Joint Surg 68A:198, 1986.

    

https://booksmedicos.org


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS404.e6

Jana AK, Engh Jr CA, Lewandowski PJ, et al.: Total hip arthroplasty using 
porous-coated femoral components in patients with rheumatoid arthri-
tis, J Bone Joint Surg 83B:686, 2001.

Klippel JH, Crofford LJ, Stone JH, editors: Primer on the rheumatic diseases, 
National Book Network, 2001.

Lachiewicz PF: Porous-coated total hip arthroplasty in rheumatoid arthritis, 
J Arthroplasty 9:9, 1994.

Lachiewicz PF: Rheumatoid arthritis of the hip, J Am Acad Orthop Surg 
5:332, 1997.

Lennox DW, Murrah RL, Ebert T, Carbone J: The efficacy and safety of core 
decompression of the hip as a treatment for osteonecrosis, Comp Orthop 
47:39, 1993.

Loehr JF, Munzinger U, Tibesku C: Uncemented total hip arthroplasty in 
patients with rheumatoid arthritis, Clin Orthop Relat Res 366:31, 1999.

Murakami DM, Bassett LW, Seeger LL: Advances in imaging of rheumatoid 
arthritis, Clin Orthop Relat Res 265:83, 1991.

Salvati EA, Wilson PD, Jolley MN, et al.: A ten-year follow-up study of our 
first one hundred consecutive Charnley total hip replacements, J Bone 
Joint Surg 63A:753, 1981.

Severt R, Wood R, Cracchiolo III A, Amstutz HC: Long-term follow-up of 
cemented total hip arthroplasty in rheumatoid arthritis, Clin Orthop 
Relat Res 265:137, 1991.

Smith CA, Arnett FC: Epidemiologic aspects of rheumatoid arthritis: current 
immunogenetic approach, Clin Orthop Relat Res 265:23, 1991.

Smith-Petersen MN: Treatment of malum coxae senilis, old slipped upper 
femoral epiphysis, intrapelvic protrusion of the acetabulum, and coxa 
plana by means of acetabuloplasty, J Bone Joint Surg 18:869, 1936.

Sones DA: The medical management of rheumatoid arthritis and the rela-
tionship between the rheumatologist and the orthopedic surgeon, Orthop 
Clin North Am 2:613, 1971.

Thomason III HC, Lachiewicz PF: The influence of technique on fixation 
of primary total hip arthroplasty in patients with rheumatoid arthritis, J 
Arthroplasty 16:628, 2001.

Unger AS, Inglis AE, Ranawat CS, Johanson NA: Total hip arthroplasty in rheu-
matoid arthritis: a long-term follow-up study, J Arthroplasty 2:191, 1987.

Young A, Kinsella P, Boland P: Stress fractures of the lower limb in patients 
with rheumatoid arthritis, J Bone Joint Surg 63B:239, 1981.

JUVENILE IDIOPATHIC ARTHRITIS
Albright JA, Albright JP, Ogden JA: Synovectomy of the hip in juvenile rheu-

matoid arthritis, Clin Orthop Relat Res 106:48, 1975.
Ansell BM, Swann M: The management of chronic arthritis of children, J 

Bone Joint Surg 65B:536, 1983.
Argyropoulou MI, Fanis SL, Xenakis T, et al.: The role of MRI in the evalua-

tion of hip joint disease in clinical subtypes of juvenile idiopathic arthri-
tis, Br J Radiol 75:229, 2002.

Arnett F, Bias WB, Stevens MB: Juvenile-onset chronic arthritis, Am J Med 
69:369, 1980.

Bertamino M, Rossi F, Pistorio A, et al.: Development and validation of a 
radiographic scoring system for the hip in juvenile idiopathic arthritis, J 
Rheumatol 37:432, 2010.

Blockey NJ, Gibson AAM, Goel KM: Monarticular juvenile rheumatoid 
arthritis, J Bone Joint Surg 62B:363, 1980.

Carol HD, Schraml A, Swoboda B, Hohenberger G: Synovectomy of the 
hip in patients with juvenile rheumatoid arthritis, J Bone Joint Surg Am 
89:2007, 1986.

Chmell MJ, Scott RD, Thomas WH, Sledge CB: Total hip arthroplasty with 
cement for juvenile rheumatoid arthritis, J Bone Joint Surg 79A:44, 
1997.

Cruz-Pardos A, Garcia-Rey E, Garcia-Cimbrelo E, Ortega-Chamarro J: 
Alumina-on-alumina THA in patients with juvenile idiopathic arthritis: 
a 5-year followup study, Clin Orthop Relat Res 470:1421, 2012.

de Oliveira Sato J, Corrente JE: Saad Magalhaes C: Progression of articular 
and extraarticular damage in oligoarticular juvenile idiopathic arthritis, 
Clin Exp Rheumatol 29:871, 2011.

Eyring EJ: The role of the orthopaedist in the management of juvenile rheu-
matoid arthritis, part III: braces and splints for patients with juvenile 
rheumatoid arthritis, Instr Course Lect 23:31, 1974.

Flatø B, Hoffman-Vold AM, Reiff A, et al.: Long-term outcome and prog-
nostic factors in enthesitis-related arthritis: a case-control study, Arthritis 
Rheum 54:3573, 2006.

French AR, Mason T, Nelson AM, et al.: Osteopenia in adults with a history 
of juvenile rheumatoid arthritis: a population based study, J Rheumatol 
29:1065, 2002.

Garcia-Morteo O, Babini JC, Maldonado-Cocco JA, et al.: Remodeling of the 
hip joint in juvenile rheumatoid arthritis, Arthritis Rheum 24:1570, 1981.

Garcia-Morteo O, Maldanado-Cocco JA, Babini JC: Ectopic ossification fol-
lowing total hip replacement in juvenile chronic arthritis, J Bone Joint 
Surg 65A:812, 1983.

Gewanter HL, Roghmann KJ, Baum J: The prevalence of juvenile arthritis, 
Arthritis Rheum 26:599, 1983.

Haapasaari J, Essen RV, Kahanpaa A, et al.: Fungal arthritis simulating juve-
nile rheumatoid arthritis, BMJ 285:923, 1982.

Harris CM, Baum J: Involvement of the hip in juvenile rheumatoid arthritis: 
a longitudinal study, J Bone Joint Surg 70A:821, 1988.

Herring JA: Destructive arthritis of the hip in juvenile rheumatoid arthritis, 
J Pediatr Orthop 4:259, 1984.

Holgersson S, Brattström H, Mogensen B, Lidgren L: Arthroscopy of the hip 
in juvenile chronic arthritis, J Pediatr Orthop 1:273, 1981.

Iesaka K, Kubiak EN, Bong MR, et al.: Orthopedic surgical management of 
hip and knee involvement in patients with juvenile rheumatoid arthritis, 
Am J Orthop 35:67, 2006.

Jacobsen ST, Levinson JE, Crawford AH: Late results of synovectomy in juve-
nile rheumatoid arthritis, J Bone Joint Surg 67A:8, 1985.

Kitsoulis PB, Stafilas KS, Siamopoulou A, et al.: Total hip arthroplasty in chil-
dren with juvenile chronic arthritis: long-term results, J Pediatr Orthop 
26:8, 2006.

Lachiewicz PF, McCaskill B, Ingliss A, et al.: Total hip arthroplasty in juve-
nile rheumatoid arthritis: two- to eleven-year results, J Bone Joint Surg 
68A:502, 1986.

Malviya A, Walker LC, Avery P, et al.: The long-term outcome of hip replace-
ment in adults with juvenile idiopathic arthritis: the influence of steroids 
and methotrexate, J Bone Joint Surg 93B:443, 2011.

Mogensen B, Brattström H, Ekelund L, et al.: Synovectomy of the hip in juve-
nile chronic arthritis, J Bone Joint Surg 64B:295, 1982.

Mogensen B, Brattström H, Ekelund L, Lidgren L: Total hip replacement in 
juvenile chronic arthritis, Acta Orthop Scand 54:422, 1983.

Mogensen B, Svantesson H, Lidgren L: Surface replacement of the hip in 
juvenile chronic arthritis, Scand J Rheumatol 10:269, 1981.

Neidel J, Boehnke M, Küster RM: The efficacy and safety of intraarticu-
lar corticosteroid therapy for coxitis in juvenile rheumatoid arthritis, 
Arthritis Rheum 46:1620, 2002.

Odent T, Journeau P, Prieur AM, et al.: Cementless hip arthroplasty in juve-
nile idiopathic arthritis, J Pediatr Orthop 25:465, 2005.

Perthes GC: Concerning arthritis deformans juvenilis, Clin Orthop Relat Res 
158:5, 1981.

Prieur AM, Bremard-Oury C, Griscelli C, Mozziconacci P: Prognosis of sys-
temic juvenile rheumatoid arthritis: a study of 100 cases, Arch Fr Pediatr 
41:91, 1984.

Ravelli A, Martini A: Early predictors of outcome in juvenile idiopathic 
arthritis, Clin Exp Rheumatol 21(5 Suppl 31):S89, 2003.

Rostom S, Amine B, Bensabbah R, et al.: Hip involvement in juvenile idio-
pathic arthritis, Clin Rheumatol 27:791, 2008.

Rothschild BM, Hanissian AS: Severe generalized (Charcot-like) joint destruc-
tion in juvenile rheumatoid arthritis, Clin Orthop Relat Res 155:78, 1981.

Sawhney S, Woo P, Murray KJ: Macrophage activation syndrome: a potentially 
fatal complication of rheumatic disorders, Arch Dis Child 85:421, 2001.

Schaller JG: The role of the orthopaedist in the management of juvenile rheu-
matoid arthritis, part VI: clinical manifestations of juvenile rheumatoid 
arthritis, Instr Course Lect 23:41, 1974.

Schaller JG: Chronic arthritis in children: juvenile rheumatoid arthritis, Clin 
Orthop Relat Res 182:79, 1984.

Scott RD, Sarokhan AJ, Dalziel R: Total hip and knee arthroplasty in juvenile 
rheumatoid arthritis, Clin Orthop Relat Res 182:90, 1984.

Shore A, Ansell BM: Juvenile psoriatic arthritis—an analysis of 60 cases, J 
Pediatr 100:529, 1982.

    

https://booksmedicos.org


CHAPTER 6  HIP PAIN IN THE YOUNG ADULT AND HIP PRESERVATION SURGERY 404.e7

Simon S, Whiffen J, Shapiro F: Leg-length discrepancies in monarticular and 
pauciarticular juvenile rheumatoid arthritis, J Bone Joint Surg 63A:209, 
1981.

Spencer CH, Bernstein BH: Hip disease in juvenile rheumatoid arthritis, Curr 
Opin Rheumatol 14:536, 2002.

Yun AG, Figgie M, Dorr LD, Scott RD: Hip disease in juvenile rheumatoid 
arthritis, Orthopedics 29:233, 2006.

Yun AG, Martin S, Zurakowski D, Scott R: Bipolar hemiarthroplasty in 
juvenile rheumatoid arthritis: long-term survivorship and outcomes, J 
Arthroplasty 17:978, 2002.

OSTEOARTHRITIS
Amstutz HC, Thomas BJ, Jinnah R, et al.: Treatment of primary osteoarthritis 

of the hip: a comparison of total joint and surface replacement arthro-
plasty, J Bone Joint Surg 66A:228, 1984.

Aronson J: Osteoarthritis of the young adult hip: etiology and treatment, Instr 
Course Lect 35:119, 1986.

Barros HJ, Camanho GL, Bernabé AC, et  al.: Femoral head-neck junction 
deformity is related to osteoarthritis of the hip, Clin Orthop Relat Res 
468:2010, 1920.

Biyani A, Simison AJ, Klenerman L: Intertrochanteric fractures of the femur 
and osteoarthritis of the ipsilateral hip, Acta Orthop Belg 61:83, 1995.

Blount WP: Proximal osteotomies of the femur, Instr Course Lect 9:1, 1952.
Blount WP: Osteotomy in the treatment of osteo-arthritis of the hip, J Bone 

Joint Surg 46A:1297, 1964.
Bombelli R: Osteoarthritis of the hip, ed 2, Berlin, 1983, Springer-Verlag.
Bombelli R, Gerundini M, Aronson J: The biomechanical basis for osteotomy 

in the treatment of osteoarthritis of the hip: results in younger patients. In 
The hip: proceedings of the twelfth open scientific session of the Hip Society, 
St. Louis, 1984, Mosby.

Bombelli R, Santore RF, Poss R: Mechanics of the normal and osteoarthritic 
hip: a new perspective, Clin Orthop Relat Res 182:69, 1984.

Boos N, Krashell R, Ganz R, Müller ME: Total hip arthroplasty after previous 
proximal femoral osteotomy, J Bone Joint Surg 79B:247, 1997.

Browne JA: The mature athlete with hip arthritis, Clin Sports Med 30:453, 
2011.

Buckwalter JA, Lohmander S: Current concepts review: operative treatment 
of osteoarthritis: current practice and future development, J Bone Joint 
Surg 76A:1405, 1994.

Cameron HU: Repair of nonunion of supracondylar femoral osteotomy, 
Orthop Rev 21:349, 1992.

Chee YH, Teoh KH, Sabnis BM, et  al.: Total hip replacement in morbidly 
obese patients with osteoarthritis: results of a prospectively matched 
study, J Bone Joint Surg Br 92:1066, 2010.

Cotella L, Railton GT, Nunn D, et al.: ICLH double-cup arthroplasty, 1980–
1987, J Arthroplasty 5:349, 1990.

Crockarell J, Trousdale RT, Cabanela ME, Berry DJ: Early experience and 
results with the periacetabular osteotomy, Clin Orthop Relat Res 363:45, 
1999.

Dagenais S, Garbedian S, Wai EK: Systematic review of the prevalence of 
radiographic primary hip osteoarthritis, Clin Orthop Relat Res 467:623, 
2009.

Daras M, Macaulay W: Total hip arthroplasty in young patients with osteoar-
thritis, Am J Orthop 38:125, 2009.

Davey JP, Santore RF: Complications of periacetabular osteotomy, Clin 
Orthop Relat Res 363:33, 1999.

Davis AM, Wood AM, Kennan AC, et al.: Does body mass index affect clini-
cal outcome post-operatively and at five years after primary unilateral hip 
replacement performed for osteoarthritis? A multivariate analysis of pro-
spective data, J Bone Joint Surg 93B:1178, 2011.

Della Torre P, Picuti G, Di Filippo P: Rapidly progressive osteoarthritis of the 
hip, Ital J Orthop Traumatol 13:187, 1987.

Deshmukh AJ, Panagopoloulos G, Alizadeh A, et  al.: Intra-articular hip 
injection: does pain relief correlate with radiographic severity of osteoar-
thritis? Skeletal Radiol 40:1449, 2011.

D’Souza SR, Sadig S, New AMR, Northmore-Ball MD: Proximal femoral 
osteotomy as the primary operation for young adults who have osteoar-
thritis of the hip, J Bone Joint Surg 80A:1428, 1998.

Fazzalari NL, Vernon-Roberts B, Darracott J: Osteoarthritis of the hip: possi-
ble protective and causative roles of trabecular microfractures in the head 
of the femur, Clin Orthop Relat Res 216:224, 1987.

Finkelstein JA, Gross AE, Davis A: Varus osteotomy of the distal part of the 
femur: a survivorship analysis, J Bone Joint Surg 78A:1348, 1996.

Franklin J, Ingvarsson T, Englund M, et al.: Natural history of radiographic 
hip osteoarthritis: a retrospective cohort study with 11–28 years of fol-
lowup, Arthritis Care Res (Hoboken) 63:689, 2011.

Ganz R, Klaue K, Vinh TS, Mast JW: A new periacetabular osteotomy for the 
treatment of hip dysplasias, Clin Orthop Relat Res 232:26, 1988.

Ganz R, Leunig M, Leunig-Ganz K, Harris WH: The etiology of osteoarthri-
tis of the hip: an integrated mechanical concept, Clin Orthop Relat Res 
466:264, 2008.

Goddard NJ, Gosling PT: Intraarticular fluid pressure and pain in osteoar-
thritis of the hip, J Bone Joint Surg 70B:52, 1988.

Gosvig KK, Jacobsen S, Sonne-Holm S, et al.: Prevalence of malformations of 
the hip joint and their relationship to sex, groin pain, and risk of osteo-
arthritis: a population-based survey, J Bone Joint Surg 92A:1162, 2010.

Green JP: Union of intertrochanteric osteotomies, J Bone Joint Surg 49B:488, 
1967.

Hansen FW, Hansen-Leth C, Jensen EG: Intertrochanteric osteotomy 
with AO technique in arthrosis of the hip, Acta Orthop Scand 44:219, 
1972.

Haverkamp D, de Jong PT, Marti RK: Intertrochanteric osteotomies do not 
impair long-term outcome of subsequent cemented total hip arthroplas-
ties, Clin Orthop Relat Res 444:154, 2006.

Healy WL, Anglen JO, Wasilewski SA, Krackow KA: Distal femoral varus 
osteotomy, J Bone Joint Surg 70A:102, 1988.

Hoaglund FT, Steinbach LS: Primary osteoarthritis of the hip: etiology and 
epidemiology, J Am Acad Orthop Surg 9:320, 2001.

Hussell JG, Mast JW, Mayo KA, et  al.: A comparison of different surgi-
cal approaches for the periacetabular osteotomy, Clin Orthop Relat Res 
363:64, 1999.

Hussell JG, Rodriguez JA, Ganz R: Technical complications of the Bernese 
periacetabular osteotomy, Clin Orthop Relat Res 363:81, 1999.

Ito H, Matsuno T, Minami A: Intertrochanteric varus osteotomy for osteoar-
thritis in patients with hip dysplasia: 6 to 28 years followup, Clin Orthop 
Relat Res 433:124, 2005.

Jiang L, Rong J, Wang Y, et al.: The relationship between body mass index 
and hip osteoarthritis: a systematic review and meta-analysis, Joint Bone 
Spine 78:150, 2011.

Kawate K, Tanaka Y, Ohmura T, et al.: Twenty-five years followup of patients 
who had valgus osteotomy for arthritic hips, Clin Orthop Relat Res 
426:151, 2004.

Kim YJ: Nonarthroplasty hip surgery for early osteoarthritis, Rheum Dis Clin 
North Am 34:803, 2008.

Kitaoka HB, Weiner DS, Cook AJ, et al.: Relationship between femoral ante-
version and osteoarthritis of the hip, J Pediatr Orthop 9:396, 1989.

Klit J, Gosvig K, Jacobsen S, et al.: The prevalence of predisposing deformity 
in osteoarthritic hip joints, Hip Int 21:537, 2011.

Lack W, Windhager R, Kutschera HP, Engel A: Chiari pelvic osteotomy 
for osteoarthritis secondary to hip dysplasia: indications and long-term 
results, J Bone Joint Surg 73B:229, 1991.

Lambert RG, Hutchings EJ, Grace MG, et al.: Steroid injection for osteoar-
thritis of the hip: a randomized, double-blind placebo-controlled trial, 
Arthritis Rheum 56:2278, 2007.

Lengsfeld M, Schuler P, Griss P: The long-term results of valgus and length-
ening osteotomy of the femoral neck, Arch Orthop Trauma Surg 121:201, 
2001.

Leunig M, Siebenrock KA, Ganz R: Rationale of periacetabular osteotomy 
and background work, Instr Course Lect 50:229, 2001.

Maistrelli GL, Gerundini M, Fusco U, et al.: Valgus-extension osteotomy for 
osteoarthritis of the hip: indications and long-term results, J Bone Joint 
Surg 72B:653, 1990.

Matsuno T, Ichioka Y, Kaneda K: Modified Chiari pelvic osteotomy: a long-
term follow-up study, J Bone Joint Surg 74A:470, 1992.

McGinley BJ, Cushner FD, Scott WN: Debridement arthroplasty: 10-year 
follow-up, Clin Orthop Relat Res 367:190, 1999.

    

https://booksmedicos.org


PART II RECONSTRUCTIVE PROCEDURES OF THE HIP IN ADULTS404.e8

Miegel RE, Harris WH: Medial-displacement intertrochanteric osteotomy in 
the treatment of osteoarthritis of the hip: a long-term follow-up study, J 
Bone Joint Surg 66A:878, 1984.

Migaud H, Duquennoy A, Gougeon F, et al.: Outcome of Chiari pelvic oste-
otomy in adults: 90 hips with 2 to 15 years’ follow-up, Acta Orthop Scand 
66:127, 1995.

Millis MB, Murphy SB: Use of computed tomographic reconstruction in 
planning osteotomies of the hip, Clin Orthop Relat Res 274:154, 1992.

Millis MB, Poss R, Murphy SB: Osteotomies of the hip in the prevention and 
treatment of osteoarthrosis, Instr Course Lect 41:145, 1992.

Morita S, Yamamoto H, Hasegawa S, et  al.: Long-term results of valgus-
extension femoral osteotomy for advanced osteoarthritis of the hip, J 
Bone Joint Surg 82B:824, 2000.

Morscher EW: Intertrochanteric osteotomy in osteoarthritis of the hip. In 
Riley LH, et al.: The hip: proceedings of the eighth open scientific meeting of 
the Hip Society, St. Louis, 1980, Mosby.

Mueller KH: Osteotomies and muscle release operations about the hip, Instr 
Course Lect 20:179, 1971.

Mueller KH: Osteotomies of the hip: some technical considerations, Clin 
Orthop Relat Res 77:117, 1971.

Müller ME: Intertrochanteric osteotomy in the treatment of the arthritic hip 
joint. In Tronzo RG, editor: Surgery of the hip joint, Philadelphia, 1973, 
Lea & Febiger.

Murphy LB, Helmick CG, Schwartz TA, et al.: One in four people may develop 
symptomatic hip osteoarthritis in his or her lifetime, Osteoarthritis 
Cartilage 18:1372, 2010.

Murphy SB, Millis MB: Periacetabular osteotomy without abductor dissec-
tion using direct anterior exposure, Clin Orthop Relat Res 364:92, 1999.

Nesse E: THARIES (total hip articular replacement by internal eccentric 
shells) double cup prosthesis: a 10-year follow-up study, Tidsskr Nor 
Laegeforen 111:1991, 1953.

Pauwels F: Des affections de la hanche d’origine mécanique et de leur trait-
ment par l’ostéotomie d’adduction [Mechanical disabilities of the hip and 
their treatment by adduction osteotomy], Rev Chir Orthop 37:22, 1951.

Pauwels F: Neue Richtlinierr für die operative Behandlung der Koxarthrose 
[New principles for the operative treatment of hip arthrosis], 
Verhandlungen der Deutschen Orthopädischen Gesellschaft, 48th 
Congress, 1960.

Reigstad A, Grønmark T: Osteoarthritis of the hip treated by intertrochan-
teric osteotomy: a long-term follow-up, J Bone Joint Surg 66A:1, 1984.

Riggins RS, Kraus JF, Lipscomb PR: Osteoarthritis of the hip: a survey of 
treatment, Clin Orthop Relat Res 106:56, 1975.

Rosborough D, Stiles PJ: Nonunion after intertrochanteric osteotomy with inter-
nal fixation for osteoarthritis of the hip, J Bone Joint Surg 49B:462, 1967.

Rozedaal RM, Koes BW, van Osch GJ, et al.: Effect of glucosamine sulfate 
on hip osteoarthritis: a randomized trial, Ann Intern Med 148:268, 2008.

Santore RF, Bombelli R: Long-term follow-up of the Bombelli experience with 
osteotomy for osteoarthritis: results at 11 years. In The hip: proceedings of 
the eleventh open scientific session of the Hip Society, St. Louis, 1983, Mosby.

Scott PJ: Non-union of oblique displacement intertrochanteric osteotomy for 
osteoarthritis of the hip, J Bone Joint Surg 49B:475, 1967.

Shinar AA, Harris WH: Cemented total hip arthroplasty following previous 
femoral osteotomy: an average 16-year follow-up study, J Arthroplasty 
13:243, 1998.

Siebenrock KA, Leunig M, Ganz R: Periacetabular osteotomy: the Bernese 
experience, Instr Course Lect 50:239, 2001.

Siebenrock KA, Schöll E, Lottenbach M, Ganz R: Bernese periacetabular 
osteotomy, Clin Orthop Relat Res 363:9, 1999.

Skytta ET, Jarkko L, Antti E, et al.: Increasing incidence of hp arthroplasty for 
primary osteoarthritis in 30- to 59-year-old patients, Acta Orthop 82:1, 2011.

Smith-Petersen MN: Treatment of malum coxae senilis, old slipped upper 
femoral epiphysis, intrapelvic protrusion of the acetabulum, and coxa 
plana by means of acetabuloplasty, J Bone Joint Surg 18:869, 1936.

Trumble SJ, Mayo KA, Mast JW: The periacetabular osteotomy: minimum 
2-year follow-up in more than 100 hips, Clin Orthop Relat Res 363:54, 
1999.

van Raay JJAM, Rozing PM: Uncemented bipolar double-cup arthroplasty of 
the hip in inflammatory arthropathy, J Arthroplasty 6:79, 1991.

van Raay JJAM, Willems WJ, Rozing PM: The uncemented Gerard bipolar 
double-cup arthroplasty of the hip: a 5- to 11-year follow-up study, Clin 
Orthop Relat Res 294:123, 1993.

Waring TL, Anderson LD: Crawford Adams cup arthroplasty: a review of 
fifty cases, J Bone Joint Surg 43A:431, 1961.

Wong SYP, Evans RA, Needs C, et  al.: The pathogenesis of osteoarthritis 
of the hip: evidence for primary osteocyte death, Clin Orthop Relat Res 
214:305, 1987.

NEUROPATHIC ARTHROPATHY (CHARCOT JOINT)
Burman M: The weight stream in Charcot disease of joints: Charcot disease 

of the hip, Bull Hosp Jt Dis Orthop Inst 17:386, 1956.
Chan G, Bowen JR, Kumar SJ: Evaluation and treatment of hip dysplasia in 

Charcot-Marie-Tooth disease, Orthop Clin North Am 37:203, 2006.
Gupta R: A short history of neuropathic arthropathy, Clin Orthop Relat Res 

296:43, 1993.
Johnson JT: Neuropathic fractures and joint injuries: pathogenesis and ratio-

nale of prevention and treatment, J Bone Joint Surg 49A:1, 1967.
Key JA: The treatment of tabetic arthropathies (Charcot’s joints), Urol Cutan 

Rev 49:161, 1945.
Koshino T: Stage classifications, types of joint destruction, and bone scintig-

raphy in Charcot joint disease, Bull Hosp Jt Dis Orthop Inst 51:205, 1991.
Kuo A, Ezzet KA, Patil S, Colwell Jr CW: Total hip arthroplasty in rapidly 

destructive osteoarthritis of the hip: a case series, HSS J 5:117, 2009.
Mok DW, Cashyap A, Good CJ: Development of a Charcot joint after inter-

trochanteric fracture, Injury 19:119, 1988.
Queally JM, Abdulkarim A, Mulhall KJ: Total hip replacement in patients 

with neurological conditions, J Bone Joint Surg 91B:1267, 2009.
Rapala K, Obrebski M: Charcot’s arthropathy of hip joints: a late manifes-

tation of tabes dorsalis successfully treated by total joint arthroplasty: 
report of 2 cases, J Arthroplasty 22:771, 2007.

Robb JE, Rymaszewski LA, Reeves BF, Lacey CJ: Total hip replacement in a 
Charcot joint: brief report, J Bone Joint Surg 70B:489, 1988.

Speed JS, Boyd HB: Bone syphilis, South Med J 29:371, 1936.
Sprenger TR, Foley CJ: Hip replacement in a Charcot joint: case report and 

historical review, Clin Orthop Relat Res 165:191, 1982.

    

https://booksmedicos.org


ARTHROPLASTY OF THE KNEE
William M. Mihalko

CHAPTER 7

MODERN PROSTHESIS EVOLUTION 
AND DESIGN
Although many total knee designs predate the total condy-
lar prosthesis designed by Insall and others, its introduction 
in 1973 marked the beginning of the total knee arthroplasty 
(TKA) era (Fig. 7.1). This prosthesis design allowed mechani-
cal considerations to outweigh the desire to reproduce ana-
tomically the kinematics of normal knee motion. Influenced 
largely by the previous Imperial College/London Hospital 
design, both cruciate ligaments were sacrificed, with sagittal 
plane stability maintained by the articular surface geometry. 
The original cemented total condylar prosthesis not only set 
the standard for survivorship of TKA but also formed the 
basis of designs for decades to follow. Newer knee replace-
ment designs have now evolved to the point where several 
have reported long-term survivorships of over 90% at 15- to 
20-year follow-up.

Since the concept of the total condylar design was intro-
duced, total knee replacement design has yet to see another 

major leap in advancement. One of the original designs was 
the Insall-Burstein total condylar knee. This design had sym-
metric medial and lateral condyles with a decreasing sagit-
tal radius of curvature posteriorly. The symmetric condyles 
were individually convex in the coronal plane. The double-
dished articular surface of the tibial polyethylene compo-
nent was perfectly congruent with the femoral component 
in extension and congruent in the coronal plane in flexion. 
Translation and dislocation of the components were resisted 
by the anterior and posterior lips of the tibial component and 
the median eminence. The tibial component has a metaphy-
seal stem to resist tilting of the prosthesis during asymmetric 
loading. The tibial component originally was all polyethylene 
(see Fig. 7.1), but metal backing was added later to allow more 
uniform stress transfer to the underlying cancellous metaph-
yseal bone and to prevent polyethylene deformation at the 
implant-cement interface. The patella was resurfaced with 
a dome-shaped, all-polyethylene patellar component with a 
central fixation lug. Many of these design characteristics are 
retained in modern designs.
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Concurrent with the development of the cruciate-sac-
rificing total condylar prosthesis, the duopatellar prosthesis 
was developed with the sagittal plane contour of the femo-
ral component being anatomically shaped. This prosthesis 
included retention of the posterior cruciate ligament (PCL). 
Originally, the medial and lateral tibial plateau components 
were separate, but this was soon revised to a one-piece tibial 
component with a cutout for retention of the PCL. The patel-
lar component of the duopatellar prosthesis was an all-poly-
ethylene dome similar to that used in the total condylar knee. 
The duopatellar prosthesis evolved into the kinematic condy-
lar prosthesis, which was widely used in the 1980s (Fig. 7.2).

Two early criticisms of the total condylar prosthesis were 
its tendency to subluxate posteriorly in flexion if the flexion 
gap was larger than the extension gap and its lack of femo-
ral rollback and smaller range of flexion if the PCL was not 
functioning. By not “rolling back,” the posterior femoral 
metaphysis in a total condylar knee impinged against the 
tibial articular surface at approximately 95 degrees of flex-
ion (Fig. 7.3). The early clinical reviews of the total condy-
lar prosthesis documented average flexion of only 90 to 100 
degrees. To correct these problems, the Insall-Burstein poste-
rior cruciate-substituting or posterior-stabilized (PS) design 
was developed in 1978 by adding a central cam mechanism 
to the articular surface geometry of the total condylar pros-
thesis (Fig. 7.4). The cam on the femoral component engaged 
a central post on the tibial articular surface at approximately 
70 degrees of flexion and caused the contact point of the fem-
oral-tibial articulation to be posteriorly displaced, effecting 
femoral rollback and allowing further flexion.

Most current total knee designs are derivatives of the 
Insall-Burstein and kinematic designs. During the late 1980s 

 FIGURE 7.1 Total condylar prosthesis introduced by Insall in 
1973. After almost five decades there has not been another large 
technologic advancement.

 FIGURE 7.2 Kinematic condylar prosthesis obtained during revision procedure.
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A B

C D

FIGURE 7.3 A, With loss of posterior condylar offset and roll forward of femoral component 
on tibial tray, there can be limited flexion from abutment of posterior femur against polyeth-
ylene insert. B, With proper posterior femoral offset and functioning posterior cruciate ligament 
(PCL), flexion can be optimized without impingement of posterior aspect of femur against tibial 
insert. C, A posterior stabilized implant with post and cam drives rollback of femoral condyles on 
tibial tray, optimizing flexion. D, In this radiograph an example of posterior-stabilized TKA shows 
optimal flexion with complete support of posterior condyles and no edge loading on posterior lip 
of polyethylene.

        
 

   

  FIGURE 7.4 Insall-Burstein posterior-stabilized knee went through multiple design itera- 
tions and enhancements. One iteration included monoblock tibia available with carbon-reinforced 
polyethylene.
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and 1990s, patellofemoral complications became one of 
the primary causes for reoperation in TKA. Consequently, 
improved reconstruction of the patellofemoral joint has 
received attention in more recent designs. Newer designs 
incorporate greater areas of patellofemoral contact by elongat-
ing the length of the trochlear groove through a larger range 
of motion and with the addition of more asymmetric anterior 
flanges designed to resist patellar subluxation and soft-tissue 
reaction from articulating on a short trochlear groove. Many 
newer designs now deepen the trochlear groove by adding a 
sulcus cut to the anterior chamfer of the femur.

Cruciate-retaining (CR) designs have evolved over the 
past 3 decades. These designs attempt to recreate femoral roll-
back by retaining the PCL. Without a post-cam mechanism, 
advocates point to less constraint and lower forces imparted 
to the tibial tray. Their resulting kinematics, however, have 
shown roll-forward contact on the medial side of the joint. 
Some total knee systems have incorporated a deep polyeth-
ylene insert or tray option to their CR designs to combat this 
and for use when the PCL is not supportive. This design is 
similar to the original total condylar design that uses sagit-
tal plane concavity or dishing alone to control anterior and 
posterior translational stability (Fig. 7.5). A comparison of 
deep-dish components with PS post-cam devices using the 
same femoral components found no difference at follow-up 
in range of motion, ability to climb or descend stairs, or pain 
scores. There have been reports of sagittal-plane laxity in 
some designs that are not as stable as PS designs. This deep-
dish design incorporated many of the previously mentioned 
advantages of cruciate sacrifice without the obligatory bone 
sacrifice in the intercondylar region of the femur, which may 
predispose to fracture. With proper flexion-extension gap 
balancing, posterior impingement in flexion was reportedly 
avoided, yielding flexion in many reported series similar to 
the PS design.

Many designs, however, have still shown a tendency for 
the femoral articulation to roll forward with increasing flexion 
(Fig. 7.6). Range of motion after posterior cruciate–retaining 
TKA has been reported to be improved when the posterior 
condylar offset is re-established. If the posterior condyles are 
over resected, the posterior aspect of the tibia may butt up 
against the posterior aspect of the femur and result in subop-
timal flexion. Later reports have shown that measuring this 
variable radiographically is difficult and that a combination of 

variables including implant design and tibial slope also play a 
role in the amount of flexion obtained (Fig. 7.7).

Some newer PS total knee designs have incorporated more 
complex post-cam interactions and even a dual-cam mecha-
nism in which the anterior aspect of the post drives a screw-
home mechanism as the knee is moved into full extension. 
The transverse plane rotation pattern in this type of design 
has been shown to be closer to normal knee kinematics than 
with older PS designs. Many manufacturers now change the 
positioning of the post and the cam, as well as their geom-
etry, to guide a more normal tibiofemoral articulation pattern 
throughout the range of motion (Fig. 7.8).

More modern efforts to normalize knee kinematics have 
been made by either substituting both the anterior cruciate 
ligament (ACL) and PCL or by retaining them. Although the 

 

A B

FIGURE 7.5 Posterior cruciate–retaining total knee designs. Deep-dish polyethylene option 
(A) adds stability by building up anterior aspect and preventing significant roll forward of femoral 
condyles on tibial polyethylene (B).
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FIGURE 7.6 Computer model depicts roll forward of medial 
femoral condyle (red area) starting just after 30 degrees of flexion.
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bicruciate-substituting design has shown more consistent 
motion in fluorokinematic studies, it still does not normalize 
motion. The bicruciate-retaining implant designs have shown 
kinematic patterns that are most comparable to the native 
knee, but because their application is technically demanding 
and there is lack of long-term outcomes, their popularity has 
not increased substantially.

VARUS-VALGUS CONSTRAINED 
PROSTHESES
The original constrained condylar knee (CCK) was devel-
oped from the posterior-substituting design by enlarging the 
central post of the tibial polyethylene insert, constraining 
it against the medial and lateral walls of a deepened central 
box of the femoral component (Fig. 7.9). Varus-valgus sta-
bility is controlled by this mechanism with a small amount 
of varus-valgus toggle allowed. This type of prosthesis oth-
erwise functions as a PS design and is used in patients with 
instability that might otherwise require a hinged prosthesis. It 
cannot be used for recurvatum deformity because it does not 
control hyperextension. Originally designed with cemented 
intramedullary stems on femoral and tibial components, 
the design evolved to include modular press-fit or cemented 
intramedullary stems on the tibial and femoral components.

The CCK design has been used extensively for revision 
arthroplasty when instability is present and for difficult primary 
arthroplasties in patients with extreme valgus deformity and 
medial collateral ligament insufficiency. Although no loosening 
was reported at 8 years in a group of 28 CCK knees implanted 
for severe valgus deformities in an older patient group (aver-
age age 73), the added constraint of the CCK design raises the 
concern of whether it might incur increased rates of loosening, 
particularly when used in younger patients. Progressive bone-
cement radiolucencies have been reported in 16% of patients 
at an average of 44 months after arthroplasty with the total 

condylar prosthesis III, the precursor of the CCK, and nonpro-
gressive radiolucent lines were found in 16% of 148 knees with 
CCK implants without stem extensions used for correction of 
significant deformities. Reported failure rates are low, ranging 
from no failures to 2.5% failures at 4-year follow-up. Most total 
knee systems include a variation of a varus-valgus constrained 
design. More recent reports have also shown similar results 
after primary TKA using a CCK type of implant. Maynard et al. 
reported 127 primary TKAs using a CCK type of implant and 
found that at an average 110-month follow-up the revision rate 
was 0.8%, with a 10-year survivorship of 97.6%. These reports 
seem to indicate that for complicated primary TKAs with bal-
ancing issues that cannot be resolved with standard implants, a 
CCK implant can be a valid option for consideration. To com-
bat higher forces from being imparted to the tibial implant, a 
mobile-bearing option can be added to the tibial side of the 
implant (see next section). 

 FIGURE 7.7 Important surgical technique points for a 
cruciate-retaining knee replacement include posterior tibial slope 
and maintaining posterior condylar offset as measured from poste-
rior aspect of femoral diaphysis.

 FIGURE 7.8 Newer designs now guide medial pivot through 
varying diameter of cam. This allows more rollback on lateral 
side with larger diameter while guiding medial side to stay more 
centered. (This is implant seen in Fig. 7.3D.)

 

Side of femoral box

Tibial post

Polyethylene insert

FIGURE 7.9 Original constrained condylar knee enlarged 
central post of tibial polyethylene insert to constrain it against 
medial and lateral walls of deepened central box of femoral compo-
nent. Most designs allow small tolerance within the box against 
post as shown.
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MOBILE-BEARING PROSTHESES
Mobile-bearing knee designs have seen an increase in popu-
larity, and requests have been made to the United States Food 
and Drug Association (FDA) to down-classify these devices 
for clearance purposes. The meniscal-bearing version of the 
low contact stress (LCS) prosthesis developed by Buechel 
and others incorporated many of the features of the earlier 
Oxford knee. Individual polyethylene menisci articulate with 
the femoral component above and with a polished tibial base-
plate below. The LCS design has additional dovetailed arcuate 
grooves on the tibial baseplate that control the anteropos-
terior course of the menisci. The femoral component has a 
decreasing radius of curvature posteriorly. This modification 
of the Oxford design decreases the posterior excursion of the 
menisci in flexion, helping to decrease the incidence of poste-
rior extrusion of the menisci.

The LCS total knee system also includes a rotating plat-
form design with congruent tibiofemoral geometry in exten-
sion similar to other current deep-dish designs; however, the 
tibial polyethylene is additionally free to rotate within the 
stem of the tibial baseplate. This design has had rare rota-
tional dislocations of the tibial inserts because of inadequate 
flexion-extension gap balancing, but it has exhibited excellent 
longevity. Callaghan et al. reported a 100% prosthesis survival 
rate in 82 patients at a minimum of 9-year follow-up of the 
cemented rotating platform LCS design. In a later follow-up 
study, Callaghan et al. reported the status of 53 knees in 37 of 
these patients who were still living at a minimum follow-up 
of 15 years. None of the knees had required revision because 
of loosening, osteolysis, or wear; three knees had required 
reoperation (two for periprosthetic fractures and one for 
infection), but none of the components was revised as part 
of the reoperations. Buechel, one of the developers of the LCS 
design, reported a 98% 20-year survivorship with this design 
and a similar survivorship at 18 years with the cementless 
rotating platform design. A recent meta-analysis comparing 
outcomes with fixed-bearing and mobile-bearing TKA found 
no clinically significant differences in patient-specific or clini-
cal outcome parameters. One reason these implant designs 
are not offered by many manufacturers is their designation as 
a class III device by the FDA. In vivo fluorokinematic studies 
have shown that the bearing rotation in the transverse plane 
may be nonphysiologic in some patients. A meta-analysis 
found that there was moderate to low-quality evidence that 
CR mobile-bearing TKA was as good as fixed-bearing TKA.

Potential advantages of mobile-bearing knees include 
lower contact stresses at the articulating surfaces, rota-
tional motion of the tibial polyethylene during gait, and 
self-alignment of the tibial polyethylene compensating for 
small rotational malalignment of the tibial baseplate during 
implantation. Recent studies have found a higher revision 
rate in both the short-term and mid-term follow-up period 
with a mobile-bearing insert compared with fixed-bearing 
TKA. Whether mobile-bearing designs will outperform 
fixed-bearing designs has yet to be determined and may be 
specific to individual manufacturer design as well as proper 
surgical technique. 

UNICOMPARTMENTAL PROSTHESES
There are some reported results of unicompartmental knee 
arthroplasty (UKA) that are as good as those of TKA, but  

controversy remains about indications and the use of 
unicompartmental prostheses in patients with high body 
mass indices (BMIs); some reports show higher revision 
rates at 2-year follow-up in these patients. Many surgeons 
advocate the use of UKA for arthritis limited to only one 
knee compartment (Fig. 7.10). These prostheses replace 
the articular surface of either the medial or the lateral 
femoral condyle and the adjacent tibial plateau surface. 
The current trend toward minimally invasive surgery has 
rekindled enthusiasm for these devices despite the fact 
that most studies, with some notable exceptions, have 
shown a slightly worse survivorship for UKA compared 
with TKA but is better than the revision rates for a revi-
sion TKA.

Marmor introduced a unicompartmental replacement 
in the early 1970s, obtaining better results with replacement 
of the lateral compartment than of the medial compartment. 
The Marmor prosthesis was anatomically shaped with a flat, 
all-polyethylene tibial component. Squire et  al. observed 
87.5% 15-year survivorship using this prosthesis. Subsequent 
unicompartmental prostheses with metal-backed tibial com-
ponents and thin polyethylene occasionally exhibited rapid 
polyethylene wear.

Meniscal-bearing unicompartmental knee replacements 
allow translational motion at the polyethylene tibial base-
plate interface similar to meniscal-bearing TKA and are 
enthusiastically supported by some authors, with reports of 
a 96% 10-year survivorship of the unicompartmental Oxford 
meniscal knee arthroplasty. In the Swedish National Registry, 
the Oxford unicompartmental knee fared worse, having a 7% 
revision rate by 6 years.

Sparing of the cruciate ligaments, the opposite tib-
iofemoral compartment, and the patellofemoral joint in 
UKA is purported to result in more normal knee kinemat-
ics and to allow easy revision to a tricompartmental pros-
thesis at a later time. A more normal knee possibly can be 
obtained with UKA with quicker rehabilitation time and 
greater range of motion than with TKA. The second pur-
ported advantage, bone stock preservation, is more contro-
versial. Revision of UKA to tricompartmental prostheses, 
requiring special components, bone grafting, or cement 
with screw augmentation to fill osseous defects, was nec-
essary in 76% of patients reported by Padgett, Stern, and 
Insall and in 45% reported by Barrett and Scott. McAuley, 
Engh, and Ammeen reported a 26% use of local auto-
graft, whereas 21% required wedge augmentation. They 
commented that the UKA revisions to TKA were simpler 
than typical revision TKA. An emphasis on more lim-
ited tibial resection with many newer designs may lessen 
the incidence of significant bony defects at the time of  
revision.

Mobile-bearing medial compartment UKA designs 
have the advantage of a congruent femoral polyethyl-
ene articular surface that allows the medial compart-
ment to roll back and maintain more physiologic motion. 
Indications typically include a functioning ACL and lim-
ited flexion contracture with a flexion arc of greater than 
100 degrees. To ensure bearing stability, a gap-balancing 
approach typically is used. The results have been good, and 
recent reports other than those of the design surgeons have 
been good to excellent. 
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HINGED IMPLANTS
The Kinematic Rotating Hinge (Howmedica, Rutherford, 
NJ) (Fig. 7.11) has been a widely used linked, hinged knee 
replacement. Two polyethylene and cobalt chrome bearings 
allow flexion-extension and axial rotation. The rotating hinge 
type of implant offers constraint in the sagittal and coronal 
planes while allowing free rotation in the transverse plane 
to limit the transfer of forces to the implant-bone interfaces 
and allow substitution of soft-tissue constraint in the coronal 

plane because of insufficient collateral support. The implant 
provides a block to extension as well, which prevents recurva-
tum. This implant often is necessary in salvage revision TKA 
but can be used in a primary TKA when significant deformity 
and loss of soft-tissue support does not allow a stable knee to 
be obtained or a flexion gap is created that might “jump” a 
constrained condylar type of implant. An early report found 
outcomes with the Kinematic Rotating Hinge no better than 
those with the earlier GUEPAR prosthesis with respect to 

 

A

B

FIGURE 7.10 Fixed-bearing unicompartmental knee arthroplasty system (Stryker Triathlon) 
(A), and mobile-bearing unicompartmental systems (Oxford Unicompartmental Zimmer/Biomet) 
(B) are current options, with pros and cons for each.
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infection, loosening, and patellar complications. A more 
recent study of hinged prostheses found a much lower com-
plication rate at 4-year follow-up of the S-ROM hinged pros-
thesis (Joint Medical Products/Johnson & Johnson, Stamford, 
CT). This type of prosthesis is used in patients with severe 
ligamentous insufficiency, severe flexion or extension gap 
mismatch, recurvatum deformity, neuromuscular disease, 
and limb salvage procedures. Use of a hinged implant for pri-
mary TKA should be reserved for patients with these prob-
lems because of the tendency for worse outcomes and more 
complications than with other types of implants. 

KNEE REPLACEMENT SYSTEMS
Different types of prostheses are necessary for varying 
amounts of arthritic involvement, deformity, laxity, and bone 
loss. Prostheses used range from unicompartmental designs 
for single-compartment disease with minimal deformity to 
hinged prostheses for severe deformity and or ligamentous 
deficiencies and for salvage procedures. Many surgeons advo-
cate the use of PCL-retaining prostheses for mild deformity 
and PCL-substituting designs for more severe deformity 
while for many surgeons the choice is based on training and 
experience. Knee prosthesis manufacturers have developed 
newer systems that offer either PCL retention or PCL sub-
stitution through modular tibial polyethylene inserts and 
PCL-substituting and PCL-retaining femoral components 
that require similar bone cuts. These prostheses typically use 
shared operative instrumentation and allow an intraopera-
tive change from PCL retention to PCL substitution or even 
a constrained condylar design. If balancing of the PCL is dif-
ficult, the arthroplasty can be converted to a PCL-substituting 
design with relative ease in most cases. Many prosthesis 
designs also include a tibial polyethylene component with 

significant dishing (or increased AP congruency or con-
straint) in the sagittal plane for optional use instead of the 
PS design when the PCL is incompetent. Modular stems and 
metal augments and constrained condylar components are 
typically available in most systems.

Many other factors are important in prosthesis design 
and selection, including prosthesis fixation, the handling of 
the patellofemoral articulation, modularity, and polyethyl-
ene issues. These are discussed in subsequent sections of this 
chapter. It is the surgeon’s responsibility to understand the 
indications, contraindications, expected functional outcome, 
and longevity for each prosthesis type and for specific pros-
theses. Every surgeon should be familiar with the options and 
instrumentation of his or her choice to ensure that all bases 
are covered in the operating room. Long-term follow-up 
studies will continue to improve our understanding of appro-
priate indications for the variety of available knee prostheses. 

KNEE AND IMPLANT 
BIOMECHANICS
FUNCTIONAL ANATOMY AND KINEMATICS
Knee motion during normal gait has been studied by many 
investigators, who have found it to be much more complex 
than simple flexion and extension. Knee motion during gait 
occurs in all three anatomic planes around the long axis of the 
limb (Fig. 7.12). Knee flexion, which occurs around a varying 
transverse axis (Fig. 7.13), is a function of the articular geom-
etry of the knee and the ligamentous restraints. Dennis et al. 
described the flexion axis as varying in a helical fashion in a 
normal knee, with an average of 2 mm of posterior translation 
of the medial femoral condyle on the tibia during flexion com-
pared with 21 mm of translation of the lateral femoral con-
dyle. This observation was acquired by dynamic fluoroscopy 

 FIGURE 7.11 Kinematic II Rotating Hinge (Stryker) total knee 
implant.
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FIGURE 7.12 Motion in knee occurs in three separate planes 
during course of normal gait cycle and is referred to as “triaxial 
motion.”
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coupled with three-dimensional CT scans of the studied knees. 
The axis became more variable after sectioning of the anterior 
cruciate ligament, with an average 5 mm of medial condylar 
translation and 17 mm of lateral condylar posterior transla-
tion in flexion. This pattern of medially based pivoting of the 
knee explains the observed external rotation of the tibia on the 
femur during extension, known as the “screw-home mecha-
nism,” and internal rotation of the tibia during knee flexion. 
The inability of many early knee prosthesis designs to accom-
modate these complex knee motions and their attendant 
stresses was an unforeseen shortcoming. Many current pros-
thesis designs attempt to reproduce normal knee kinematics 
closely, whereas others settle for an approximation of normal 
motion, placing other concerns, such as polyethylene contact 
stresses, ahead of accurate reproduction of knee kinematics.

The use of gait laboratories, biomechanical models, and 
fluoroscopic analyses to study normal subjects and patients 
before and after knee arthroplasty has become an important 
tool in prosthesis design and functional evaluation of TKA 
patients (Fig. 7.14). In kinematic studies of the knee during 
selected activities of daily living (ADLs), normal gait required 
67 degrees of flexion during the swing phase, 83 degrees 
for stair climbing, 90 degrees for descending stairs, and 93 
degrees to rise from a chair. Computer modeling now can be 
used to predict the effects of prosthetic designs on motion 
and how they respond to malpositioning during surgery, aid-
ing in the development of designs that are more forgiving and 
provide more physiologic motion and kinematics. Variation 
in implant positioning in the transverse plane has been inves-
tigated by Milhalko and Williams using a dynamic kinematic 
model, and significant variations in internal and exter-
nal rotation during a simulated deep-knee bend have been 
described. This enforces the need for forgiveness in implant 
designs so that the knee is not constrained in any one way that 
may increase the implant-bone interface stresses.

ROLE OF THE POSTERIOR CRUCIATE LIGAMENT 
IN TOTAL KNEE ARTHROPLASTY
Since the concurrent development of PCL-retaining and PCL-
substituting prostheses, the relative merits of each design 

have been debated. Each design boasts multiple series with 
comparable excellent 10- to 15-year results. Studies of bilat-
eral TKA with a PCL-retaining prosthesis on one side and 
a PCL-substituting prosthesis on the other side have failed 
to show significant subjective performance or patient satis-
faction differences. A closer look at the differences in these 
designs illustrates, however, many of the factors involved in 
successful arthroplasty.

PCL retention achieves an increased potential range of 
motion by effective femoral rollback. In vivo kinematic anal-
ysis has shown that with a CR design there may be a “roll 
forward” positioning of the medial femoral condyle on the 
polyethylene insert with flexion, which may limit flexion. 
The designs now compensate for this and have evolved from 
a relatively flat articulation to a higher constrained anterior 
aspect in most CR designs to prevent the medial femoral 
condyle from sliding forward in an excessive manner. PCL 
substitution achieves femoral rollback by a tibial post and 
femoral cam mechanism. Compared with the original total 
condylar design, both of the modern designs of PCL retaining 
and substituting attain greater flexion (see Fig. 7.3). In mul-
tiple studies comparing PCL-retaining and PCL-substituting 
prostheses, the average flexion attained at long-term follow-
up has been similar. When the PCL is retained, it frequently 
needs to be partially released or recessed to allow adequate 
flexion, especially in the varus-deformed knee because it is a 
more medial anatomic structure and may be involved in the 
coronal plane deformity. More recently, deep-dish designs 
with increased sagittal plane conformity have been studied 
(with PCL recession and with PCL sacrifice). The flexion with 
these more conforming devices is similar to that with the 
PCL-retaining and PCL-substituting devices with which they 
have been compared.
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FIGURE 7.13 Transverse axis of flexion and extension of knee 
constantly changes and describes J-shaped curve around femoral 
condyles.
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FIGURE 7.14 Triaxial motion of normal knee during walking, 
as measured by electrogoniometer. Flexion and extension are about 
70 degrees during swing phase and 20 degrees during stance phase. 
About 10 degrees of abduction and adduction and 10 to 15 degrees 
of internal and external rotation occur during each gait cycle. FF, 
Flatfoot; HO, heel-off; HS, heel-strike; TO, toe-off.
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In PCL-substituting designs, posterior displacement in 
flexion is produced by the tibial post contacting the femoral 
cam, with the resultant stress borne by the prosthetic con-
struct and ultimately transferred to the bone-cement inter-
face (Fig. 7.15). Originally, this situation led many authors 
to suggest that PCL-substituting designs would have 
higher failure rates than PCL-retaining devices because 
of loosening. The loosening rates in most reported stud-
ies show equal survivorships of PS and CR TKA. A recent 
study from the Mayo Clinic, however, compared 5389 CR 
TKAs to 2728 PS TKAs and found 15-year survivorships of 
90% and 77%, respectively, a statistically significant differ-
ence. Higher mid-term and late-term revision rates in PS 
TKA have also been reported in other studies. This finding 
appears to support the theory that higher transfer of stress 
to the implant interface of some PS designs may decrease 
their longevity.

Early gait analysis studies have found that individuals 
with PCL-retaining prostheses have a more symmetric gait, 
especially during stair climbing, than do individuals with 
either PCL-sacrificing or PCL-substituting designs. They 
showed decreased knee flexion during stair climbing and 
a tendency to lean forward in a quadriceps-sparing pos-
ture in patients with PCL-sacrificing and PCL-substituting 
designs. They postulated that these observations may indi-
cate inadequate rollback of these designs or possibly the 
loss of a proprioceptive role of the PCL. These observa-
tions have been cited as reasons to retain the PCL. Later 
gait analysis contradicts the conclusions of these ear-
lier studies, however, after comparing PCL-substituting 
knees with normal controls. These earlier observations 
are refuted further by in  vivo studies using fluoroscopy 
during single-stance deep knee bends to show a para-
doxic forward translation of the femorotibial contact point 

during weight-bearing flexion in some PCL-retaining 
knees, whereas PCL-substituting knees studied showed 
more uniform femoral rollback.

The patellofemoral joint functions with a larger extensor 
lever arm when femoral rollback, as a function of PCL reten-
tion or PCL substitution, moves the tibial tubercle more ante-
riorly. The patellofemoral joint also is affected by joint line 
elevation, the extent to which the new prosthetic joint line is 
raised relative to the native joint line. PCL-retaining designs 
do not tolerate much alteration in the level of the preopera-
tive joint line while balancing the flexion and extension gaps, 
whereas PCL-substituting designs frequently balance with 
some mild elevation of the joint line in extension to aid in the 
balancing of the increased flexion gap that occurs when the 
PCL is sacrificed. The PCL functions as a secondary stabilizer 
in the coronal plane, and its release often necessitates less col-
lateral ligament balancing to obtain a symmetric flexion and 
extension gap during surgery (Videos 7.1 and 7.2). In a cadaver 
study, Mihalko and Krackow showed that release of the PCL 
may increase the flexion gap 4 to 6 mm while increasing the 
extension gap less than 2 mm, but it should be pointed out that 
this was in a cadaver study with nonarthritic specimens. Figgie 
et al. suggested that joint line elevation may alter patellofemo-
ral mechanics and result in postoperative pain and subluxation.

PCL-substituting femoral components have a cutout for 
a cam mechanism that begins just below the trochlea of the 
patellofemoral joint. Additional bone is removed from the 
femur when PCL-substituting designs are used to accommo-
date this box-and-cam mechanism. Additionally, the degree of 
flexion at which the patella contacts this “box” varies among 
different PS designs. The patella and hypertrophic synovium 
on the undersurface of the quadriceps tendon can bind in this 
mechanism. This clinical entity, termed patellar clunk syn-
drome, is a potential complication of PCL-substituting designs. 
Many posterior stabilized implant designs now offer a longer 
trochlear groove to combat the build-up of synovium from a 
shorter trochlear-groove-to-box length, but this continues to 
be reported in the literature, albeit less frequently, despite this 
design change.

Many authors argue that it is difficult to balance a dis-
eased or contracted PCL in the presence of a significant varus 
deformity in a reproducible fashion. Although intraoperative 
tests of PCL balance have been devised by advocates of PCL 
retention, other investigators have stated that it is difficult, 
even in a laboratory setting, to reproduce near-normal PCL 
strain and function in a PCL-retaining knee arthroplasty. To 
have near-normal strain, the PCL needs to be balanced to an 
accuracy of approximately 1 to 2 mm. A PCL that is too tight 
in flexion can limit the extent of flexion attained postopera-
tively and lead to excessive femoral rollback, which multiple 
retrieval studies have shown to accelerate posterior tibial 
polyethylene wear. Some authors have suggested that attain-
ing reliable balance of the PCL requires experience and that 
surgeons who perform fewer than 20 TKAs a year should 
use PCL-substituting prostheses. Late rupture of the PCL is 
also thought to be a cause of late instability in PCL-retaining 
designs. It should be pointed out, however, that a posterior 
stabilized implant does not recreate the normal kinematics of 
the knee either, and there are proponents for both designs, 
which have had similar 15- to 20-year survivorships reported 
in the literature. The argument that the PCL in an osteoar-
thritic knee is involved in the osteoarthritic process is one 

 FIGURE 7.15 One argument against posterior cruciate liga-
ment substitution is that added prosthetic constraint may ultimately 
transfer more stress to prosthesis-bone interface.
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used by proponents of PCL-sacrificing and PCL-substituting 
techniques. The mechanoreceptors in knees with osteoarthri-
tis (OA) have been shown to be decreased but still present. 
PCLs retrieved at necropsy from CR TKAs (Fig. 7.16) have 
been shown to be similar to those from osteoarthritic knees 
with PCL-sacrificing TKAs, suggesting that the mechanore-
ceptors are functioning and may contribute to proprioception 
after TKA.

Another argument in favor of PCL substitution is that 
significant deformity can be more reliably corrected with its 
use. Extensive collateral ligament release on the concave side 
of a fixed knee deformity may not be effective without release 
of the contracted PCL, which acts as a tether. Similarly, if the 
collateral ligament on the convex side of a deformity is signif-
icantly stretched or attenuated, opposite collateral ligament 
release is effective only in achieving varus-valgus balance to 
the extent that is allowed by the intact PCL. The tethering 
effect of the PCL on soft-tissue balancing of the varus or val-
gus knee also has been shown in cadaver studies. In a series 
of patients with preoperative fixed varus or valgus deformi-
ties of 15 degrees or more associated with flexion contrac-
tures, knees treated with PCL retention had less postoperative 
flexion, more severe residual flexion contractures, and less 
correction of the mechanical axis than knees with PCL sub-
stitution. In another large series of knees treated with PCL 
retention, however, no correlation was found between preop-
erative deformity and postoperative outcome.

Polyethylene wear is affected by prosthesis design and 
by its in  vivo kinematics. The tibial articular surface of 
PCL-retaining prostheses is typically less conforming to the 
femoral component in the sagittal plane to allow femoral 

rollback. This less-conforming geometry in the sagittal plane 
is responsible for higher tibial polyethylene contact stresses 
in PCL-retaining prostheses (Fig. 7.17). Several authors have 
suggested that these greater contact stresses are responsible 
in part for accelerated polyethylene wear. This wear can be 
compounded by an excessively tight PCL that may increase 
the polyethylene contact stress as it becomes tight in flexion. 
In the extreme, a PCL that is tight in flexion can cause the 
femoral condyles to override the posterior edge of the tibial 
polyethylene, causing extremely high polyethylene contact 
stresses. This mechanism of accelerated posterior wear has 
been proposed after study of retrieved polyethylene specimens 
by various authors, who expressed concern that paradoxic 
anterior tibial translation in flexion in a poorly function-
ing PCL-retaining knee may lead to early polyethylene wear. 
Conversely, the tibial post on many PCL-substituting designs 
has been shown to be a site of wear and occasional break-
age, particularly when the femoral component can impinge 
on the post anteriorly in hyperextension. This condition is 
accentuated when the femoral component is implanted in a 
flexed position, when the tibial component is implanted with 
a greater posterior slope, and when the knee hyperextends. 
Other design features where the cam climbs the post in flex-
ion and transfers load at the upper aspect of the post may also 
contribute to post wear and breakage (see Fig. 7.26D). 

AXIAL AND ROTATIONAL ALIGNMENT OF THE 
KNEE
Numerous studies have shown a correlation between long-
term success of TKA and restoration of near-normal limb 
alignment. Suboptimal alignment of total knee prostheses 

 FIGURE 7.16 After a posterior cruciate–retaining total knee 
arthroplasty (TKA), posterior cruciate ligament (PCL) has been 
shown to retain its mechanoreceptors, as determined at time of 
necropsy. Arrows show positive S-100 protein staining in mechano-
receptors in PCL after it functioned for 10 years in a PCL-retaining 
TKA.

 

Tibial sagittal plane geometry

Flat Concave

FIGURE 7.17 Earlier posterior cruciate–retaining prostheses 
had flatter sagittal plane geometry that increased the contact 
forces (longer arrows over a smaller area of the polyethylene). This, 
along with poor polyethylene, created delamination and higher 
wear. Most current designs of posterior cruciate ligament-retaining 
knee implants have more conforming surfaces to decrease the 
forces on the polyethylene (smaller arrows over a larger area).
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has been implicated in long-term difficulties, including tib-
iofemoral instability, patellofemoral instability, patellar frac-
ture, stiffness, accelerated polyethylene wear, and implant 
loosening. The use of accurate instrumentation and an under-
standing of the basic principles inherent to the instruments 
are necessary to implant reproducibly well-aligned prosthe-
ses. Computer-assisted navigation and robotic techniques are 
now being used by some surgeons to try to improve the repro-
ducibility of component alignment and to improve functional 
outcomes.

Normally, the anatomic axes of the femur and the tibia 
form a valgus angle of 6 ± 2 degrees. The mechanical axis of 
the lower limb is defined as the line drawn on a standing long-
leg anteroposterior radiograph from the center of the femoral 
head to the center of the talar dome (Fig. 7.18). This mechani-
cal axis typically should project through the center of the knee 
joint, described as a “neutral” mechanical axis. When the 
mechanical axis lies to the lateral side of the knee center, the 
knee is in mechanical valgus alignment. In mechanical varus 
alignment, the mechanical axis of the limb lies to the medial 
side of the knee center. The amount of varus or valgus defor-
mity can be determined on an anteroposterior long-standing 
radiograph by first drawing the mechanical axis of the femur, 
a line from the center of the femoral head to the center of 

the intercondylar notch, and extending this line distally. The 
mechanical axis of the tibia runs from the center of the tibial 
plateau to the center of the tibial plafond, discounting any 
bowing of the tibia. The angle formed between these sepa-
rate mechanical axes of the femur and tibia determines the 
varus or valgus deviation from the neutral mechanical axis. 
By determining the tibial mechanical axis using the center of 
the tibial plateau and the femoral mechanical axis using the 
center of the intercondylar notch, any medial or lateral sub-
luxation through the knee joint is disregarded. Insall argued 
that rotation affects the mechanical axis of the femur apparent 
on an anteroposterior radiograph, lessening the value of these 
preoperative and postoperative measurements.

In a normal knee, the tibial articular surface is in approx-
imately 3 degrees of varus with respect to the mechanical 
axis and the femoral articular surface is in a corresponding 
9 degrees of valgus. Multiple studies have shown that tibial 
components placed in more than 5 degrees of varus tend to 
fail by subsiding into more varus. Consequently, tibial compo-
nents generally are implanted perpendicular to the mechani-
cal axis of the tibia in the coronal plane, with varying amounts 
of posterior tilt in the sagittal plane, depending on the artic-
ular design of the component to be implanted. The femoral 
component usually is implanted in 5 to 7 degrees of valgus, 
the amount necessary to reestablish a neutral mechanical axis 
of the femur (Fig. 7.19). Most implant systems offer various 
options, usually from 5 to 7 degrees of valgus for the distal 
femoral resection, but the proper angle can be calculated 
from the standing hip-to-knee radiograph by measuring the 
angle between the mechanical axis of the femur (line from the 
center of the femoral head to the center of the distal femur) 
and a line drawn from the entry point of the intramedullary 
rod to the diaphyseal line that the rod travels. Once the distal 
femoral cut is made, the use of an intramedullary goniometer 
to measure the actual cut distal femoral surface to the intra-
medullary femoral angle has been shown to be more accurate.

Recently, kinematic alignment of the lower extremity 
for TKA surgery has been described and advocated by many 
surgeons. Although this method has been used in the past, 
advocates point out that today we face less severe deformity 
correction than we did 20 years ago and that a kinematic 
alignment with a 3-degree varus joint line at the tibia and an 
increased distal valgus cut on the femur may improve func-
tional results after TKA. Proponents also point to the ease of 
balancing the varus knee when using kinematic alignment. 
Opponents of the kinematic alignment method point to the 
fact that if outliers on the tibia reach 4 or more degrees varus, 
the rate of short-term and mid-term failures is much higher. 
We continue to recommend that the normal mechanical axis 
of the femur and the tibia be established and the joint line 
maintained parallel to the ground.

Rotational alignment of total knee components is difficult 
to discern radiographically, making the assessment of rota-
tion primarily an intraoperative determination. The rotation 
of the femoral component has effects not only on balancing of 
the flexion space but also on patellofemoral tracking. Because 
the proximal tibial cut is made perpendicular to the mechani-
cal axis of the limb instead of in the anatomically correct 3 
degrees of varus, rotation of the femoral component also must 
be altered from its anatomic position to create a symmetric 
flexion space (Fig. 7.20). To create this rectangular flexion 
space, with equal tension on the medial and lateral collateral 
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FIGURE 7.18 Mechanical axis of lower limb extends from 
center of femoral head to center of ankle joint and passes near or 
through center of knee. It is in 3 degrees of valgus from vertical 
axis of body. Anatomic axis of femur is in 6 degrees of valgus from 
mechanical axis of lower limb and 9 degrees of valgus from true 
vertical axis of body. Anatomic axis of tibia lies in 2 to 3 degrees 
of varus from vertical axis of body.
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ligaments, the femoral component is externally rotated an 
average of 3 degrees relative to the posterior condylar axis or 
perpendicular to the anteroposterior axis. In an average male 
femur, this technique rotationally places the femoral compo-
nent with the posterior condylar surfaces parallel to the epi-
condylar axis. This technique fails when the posterior aspect 
of the native femoral condyle has significant wear, or when 
the lateral femoral condyle is hypoplastic, as is frequently 
seen in knees with valgus deformity. In these instances, the 
surgeon can use the epicondylar axis or the anteroposterior 
axis popularized by Whiteside (see Technique 7.1 for details). 
The epicondylar axis has been shown in multiple studies to 
be difficult to determine in  vivo when comparing different 
observers and when comparing the measured axis with one 
determined by CT. Each of these techniques of determining 
femoral component rotation is based on the geometry of the 
femur primarily, with subsequent ligamentous releases to cre-
ate symmetric flexion and extension gaps.

Knowledge of each of these techniques is necessary 
because arthritic deformity or previous surgery may obscure 
one or more of these landmarks. In revision TKA, the epicon-
dylar axis usually is the only native landmark left to ensure 
proper femoral component rotation.

Two primary techniques are used to align the tibial com-
ponent rotationally. The first technique aligns the center of 
the tibial tray with the junction of the medial third of the tib-
ial tubercle with the lateral two thirds. The second technique 
places the knee through a range of motion with trial com-
ponents in place, allowing the tibia to align with the flexion 
axis of the femur. This second technique tends to align the 
tibial component rotationally with the rotation of the femoral 
component, lowering the chance of a rotation mismatch that 
could lead to accelerated polyethylene wear, although com-
bined internal rotation of both components may lead to patel-
lofemoral maltracking, as shown by Berger et al., and a higher 
incidence of patellofemoral pain.

 FIGURE 7.19 Implantation of femoral component in 5 to 7 
degrees of valgus usually restores neutral mechanical axis of the 
femur.
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  FIGURE 7.20 A, To form rectangular flexion space, after tibia has been cut perpendicular
to its axis, plane of posterior femoral condylar cuts must be externally rotated approximately 3 
degrees from posterior condylar axis. B, Location of epicondylar axis and anteroposterior axis of 
the knee.
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Proponents of rotating platform designs claim that the 
rotational freedom of the tibial polyethylene allows self-correc-
tion of minor malrotation of the tibial tray. Although this factor 
may improve the congruency of the tibiofemoral articulation, 
tracking of the patella may not be improved and may be related 
to the existing and proposed femoral rotational alignment. 

PATELLOFEMORAL JOINT BIOMECHANICS AND 
FUNCTIONAL ANATOMY
The primary function of the patella is to optimize the lever 
arm of the extensor mechanism around the knee, improv-
ing the efficiency of quadriceps contraction. The quadriceps 
and patellar tendons insert anteriorly on the patella, with the 
thickness of the patella displacing their respective force vectors 
away from the center of rotation of the knee (Fig. 7.21). This 
displacement or lengthening of the extensor lever arm changes 
throughout the arc of knee motion. The length of the lever arm 
varies as a function of the geometry of the trochlea, the varying 
patellofemoral contact areas, and the varying center of rota-
tion of the knee. The extensor lever arm is greatest at 20 to 30 
degrees of flexion, and the quadriceps force required for knee 
extension increases significantly in the last 20 degrees of exten-
sion as less of the patella is in contact with the trochlear groove.

Patellofemoral stability is maintained by a combination of 
the articular surface geometry and soft-tissue restraints. The Q 
angle is the angle between the extended anatomic axis of the 
femur and the line between the center of the patella and the 
tibial tubercle (Fig. 7.22). The quadriceps acts primarily in line 
with the anatomic axis of the femur, with the exception of the 
vastus medialis obliquus, which acts to medialize the patella in 
terminal extension. Limbs with larger Q angles have a greater 
tendency for lateral patellar subluxation. Because the patella 
does not contact the trochlea until early flexion, lateral sublux-
ation of the patella in this range is resisted primarily by the vas-
tus medialis obliquus fibers. As the angle of flexion increases, 
the bony and subsequent prosthetic constraints play a dominant 

role in preventing subluxation. In most current femoral com-
ponent designs, the lateral flange of the trochlea has been made 
more prominent, producing a more anatomic reconstruction. 
Many designs add a built-in trochlear groove angle of up to 7 
degrees to enhance patellar mechanics and tracking (Fig. 7.23). 
Trochlear enhancements and attention to femoral component 
rotation, reproduction of preoperative patellar thickness, and 
maintenance of joint line height have improved patellofemoral 
stability and have decreased the rate of lateral patellar retinac-
ular release significantly. The application of these principles is 
discussed further in the section on surgical technique.

As a consequence of its role in transmitting the force of con-
traction of the quadriceps muscle to the patellar tendon around 
a variably flexed knee, the patella experiences a joint reaction 
force as the trochlea opposes its posterior displacement. This 
joint reaction force depends on the angle of knee flexion and 
the magnitude of the forces transmitted to the patella from the 
quadriceps and patellar tendons. During standing, the joint 
reaction force increases with increasing knee flexion as the 
force vectors of the quadriceps and patellar tendons become 
more parallel to the joint reaction force. Multiple investigators 
have calculated patellofemoral joint reaction forces of two to 
five times body weight during activities of daily living. However, 
during squatting with knee flexion up to 120 degrees, the joint 
reaction force may be seven to eight times body weight. These 
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FIGURE 7.21 Patella acts to lengthen extensor lever arm by 
displacing force vectors of quadriceps and patellar tendons away 
from center of rotation (COR) of knee. Length of extensor lever 
arm changes with varying amounts of knee flexion.
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FIGURE 7.22 Q angle, as described by Hvid, is angle between 
extended anatomic axis of femur and line between center of patella 
and tibial tubercle.
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forces in a normal knee are resisted by thick articular cartilage, 
but they may exceed the yield strength of polyethylene, espe-
cially in the case of edge loading, which may lead to deforma-
tion of polyethylene patellar components over time.

Many authors have described variations in the area of 
contact between the patella and the trochlea during knee 
flexion (Fig. 7.24). The inferior articular surface of the patella 
first contacts the trochlea in approximately 20 degrees of knee 
flexion. The midportion of the patella articulates with the 
trochlea in approximately 60 degrees of flexion, and the supe-
rior portion of the patella articulates at 90 degrees of flexion. 
In extreme flexion, beyond 120 degrees, the patella articulates 
only medially and laterally with the femoral condyles, and 
the quadriceps tendon articulates with the trochlea. A third 
articulating facet often is present on the medial aspect of the 
patella that articulates with the lateral aspect of the medial 
femoral condyle at more than 90 degrees of flexion.

As discussed in the earlier section on knee kinematics, 
the normal tibia internally rotates with respect to the femur 
during flexion with greater posterior translation of the lat-
eral femoral contact point on the tibia relative to the medial 
femoral contact point. The net effect of this internal rotation 
of the tibia during flexion is to centralize the tibial tubercle 
in flexion or diminish the Q angle. These relationships may 
be altered in TKA with nonanatomic patellofemoral geom-
etry, malrotation of the femoral and tibial components, eleva-
tion of the joint line relative to the tibial tubercle, and patella 
infera from patellar tendon contracture. Dennis et  al. and 
Harman et al. noted that with multiple designs of TKA tested 
during fluorokinematic analyses, at least 19% had a reverse 
rotational pattern with deep knee bend. This indicates a need 
for less constraint during deep flexion to ensure that excessive 
implant-bone interface stresses are avoided and that the fem-
oral component is supported in the deep flexed state without 
edge loading of the polyethylene insert (see Fig. 7.3D).

Changes in the patellar area of contact with flexion have 
a significant effect on the prosthetic patellofemoral joint. 
Eccentric loading of the patellofemoral joint leads to shear 
forces within the patellar component and at the prosthesis-
bone interface (Fig. 7.25). Even if the mediolateral geometry 
of the patellofemoral articulation is perfectly conforming, the 
inferior-to-superior migration of the area of contact on the 
patella with increasing knee flexion leads to eccentric forces 
on the polyethylene patellar component. These forces may 
lead to failure of metal-backed patellar components, localized 
polyethylene wear, or component loosening. 

POLYETHYLENE AND BEARING CHOICES
Ultrahigh-molecular-weight polyethylene articular sur-
faces have been an integral part of TKA from its concep-
tion. Catastrophic wear leading to early failure and osteolysis, 
although seen less frequently than in total hip arthroplasty, 
historically has occurred more frequently in some TKA 
designs. Studies of polyethylene have provided information 
on its varying wear characteristics after different fabrication 
and sterilization processes and its limitations in TKA appli-
cations. Several manufacturers have converted to utilizing 
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FIGURE 7.23 Built-in trochlear groove angle up to 7 degrees 
enhances patellar mechanics and patellar tracking.

      
 
 

   

  FIGURE 7.24 A and B, Patellofemoral contact patterns change from full extension (no contact)
to initiating contact around 10 degrees on inferior aspect of patella and then moving superior with 
flexion. Past 90 degrees contact moves periphery of the patella in two different contact areas. As the 
knee flexes and passes 120 degrees, patella eventually may lose contact altogether.
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either highly crosslinked polyethylene or polyethylene with 
vitamin E to improve long-term wear. Early results do seem to 
show a resistance to fatigue-related damage and wear.

Compared with the perfectly conforming articulations 
of total hip arthroplasties, the tibiofemoral articulations in 
modern TKA are typically less conforming, with the femo-
ral condyles having a decreasing radius of curvature posteri-
orly. PCL-retaining prostheses tend to have an even greater 
degree of sagittal plane nonconformity because the tibial 
surface remains relatively flat to allow femoral rollback with-
out excessive PCL tension. This nonconformity creates areas 
of high contact stress within the polyethylene that is design 
specific (see Fig. 7.17). Retrieval studies by various authors 
document polyethylene wear in areas of high contact stress. 
Wear is pronounced in areas of unusual stress caused by 
prosthesis malalignment or ligamentous imbalance. Several 
authors have emphasized “double dishing” as a tibial poly-
ethylene geometry that appears to avoid areas of high contact 
stress. Conformity in the coronal and sagittal planes should 
be enough to allow stability without constraining the trans-
verse plane or without causing edge loading (Fig. 7.26). This 
type of geometry also aids in condylar lift-off with designs 
that do not include coronal plane dishing of the individual 
tibial plateaus and corresponding femoral condyles.

A thinner tibial polyethylene also has been correlated with 
accelerated wear. Several studies have recommended a mini-
mal polyethylene thickness of 8 mm to avoid the higher con-
tact stresses that occur with thinner polyethylene. Retrieval 
studies showing accelerated wear in knees implanted with 
thin polyethylene have supported this recommendation. An 
average 10-year follow-up study showed no difference, how-
ever, in radiographic loosening, wear, or osteolysis in patients 
with a thin, one-piece, compression-molded, metal-backed 
polyethylene component (polyethylene thickness 4.4 mm) in 

one knee compared with a similar, although thicker (mini-
mal thickness 6.4 mm), tibial component in the contralateral 
knee. Other reports have shown that survivorship decreases 
with less polyethylene thickness in some designs.

Retrieval data suggest that variations in polyethylene quality 
are partly responsible for reports of accelerated wear in the past. 
Landy and Walker found delamination only in areas of polyeth-
ylene that contained granular fusion defects. Whether ram extru-
sion with subsequent machining or direct compression molding 
of the components is the optimal polyethylene manufacturing 
process is debatable. Various manufacturers are attempting to 
improve the wear characteristics of polyethylene either by repro-
cessing bar stock purchased commercially to achieve a higher 
degree of uniformity within the polymer or by compression 
molding their own implants in an inert gas environment. Newer 
indications for TKA revision surgery have now been reported by 
Sharkey et al., and wear and osteolysis as reported more than a 
decade ago have fallen from the top of the list.

Polyethylene “enhancements” do not always improve 
the survivorship of their associated total knee components. 
In the mid-1980s, carbon fiber–reinforced polyethylene was 
introduced with the hope of improving wear characteristics 
of standard ultrahigh-molecular-weight polyethylene (Fig. 
7.27). This polyethylene was available for a brief period before 
it was withdrawn from the market because of accelerated and 
catastrophic wear. A dark carbon staining of the synovium 
can be seen at revision arthroplasty in knees with carbon 
fiber–reinforced polyethylene. Another unsuccessful polyeth-
ylene modification was the process of heat-pressing the pros-
thetic articular surface after the insert had been milled in an 
attempt to create a very smooth articular surface. This process 
led to a physical transition zone 1 mm beneath the articular 
surface of the polyethylene, which is in a region of high sub-
surface stress concentration. This coincidence in some early 
porous-coated anatomic knees, along with an articular geom-
etry that was characterized by high contact stresses, led to a 
high rate of failure because of polyethylene delamination (Fig. 
7.28), particularly with thin polyethylene.

The method of polyethylene implant sterilization can 
affect polyethylene properties, with evidence that gamma radi-
ation in an oxygen environment causes detrimental effects that 
can hasten polyethylene wear. Over a period of years, a sub-
surface white band appears in polyethylene sterilized in this 
manner (Fig. 7.29). This occurs even in prostheses that have 
not been implanted and represents an area of high oxidation 
and chain scission within the polyethylene. McGovern et al. 
reported a failure rate of 49% at 18 months after surgery in a 
series of UKAs sterilized by gamma radiation in an air envi-
ronment and stored preoperatively for 4.4 years or more before 
implantation. They found an inverse relationship between the 
shelf life of the tibial components (after sterilization but before 
implantation) and the time to revision surgery. Removed com-
ponents showed high degrees of oxidation, wear, and fragmen-
tation. Alternative approaches to prevent accelerated oxidation 
include radiation sterilization and packaging in an inert gas 
environment and sterilization by ethylene oxide or gas plasma.

The introduction of highly crosslinked polyethylene 
produced by high-dose gamma irradiation with subsequent 
annealing has produced dramatic decreases in wear in sim-
ulated hip and knee studies. Many authors caution, how-
ever, that the wear mechanisms in the knee are different 
from the mechanisms in the hip, and that highly crosslinked 
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FIGURE 7.25 Resultant forces on patellofemoral joint change 
with knee flexion. Eccentric loading increases shear component of 
resultant force (shear component is tangential or, in drawing, in 
vertical direction). Patellar tilt and subluxation magnify shear force.
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polyethylene may not be beneficial in TKA applications, 
especially when a PS implant is used with a post-cam bear-
ing surface that is under higher shear than the tibiofemoral 
articulation. Some manufacturers have introduced the use of 
vitamin E–stabilized polyethylene in their knee replacement 
lines to correct the possible issue related to highly crosslinked 
polyethylene. Although mechanical studies have shown the 

benefits of vitamin E polyethylene with decreased wear prop-
erties in vitro, it remains to be seen whether this will translate 
into improved wear in  vivo in the long term. The fact that 
an updated publication has indicated that wear and osteolysis 
have dropped from the top of the list may mean that we are 
on the right track with updated polyethylene formulas and 
sterilization techniques.
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FIGURE 7.26 Retrieved implants. A, Posterior-stabilized total knee system at time of necropsy. 
B, Posterior wear scars are evident on post from articulation with cam. C, There is evidence of poste-
rior edge-loading from posterior femoral condyles or possibly retained osteophytes. D, Anterior 
post wear can occur from anterior box impinging on anterior post in full extension as seen in this 
example of retrieval study.
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Some surgeons advocate alternative bearing surfaces 
in primary TKA. One type of bearing surface available is 
oxidized zirconium on the femoral components as a means 
to reduce polyethylene wear. This technology incorporates 
a zirconium oxide ceramic coating on a zirconium metal 
alloy femoral component. Developers claim that this sur-
face is more scratch resistant than cobalt chrome, lessening 
wear debris from the polyethylene tibial articular surface. 

Ezzet et al. showed a 42% wear volume reduction in a knee 
simulator at 5 million cycles using this device. Other alter-
native bearing surfaces on the femoral side of the knee are 
now being introduced to decrease polyethylene wear. These 
include solid ceramic femoral components (still under FDA 
investigational trials) and zirconium or titanium nitride 
types of coatings; however, not all zirconium or titanium 
nitride coatings are the same since monolayer types of 
coating can be susceptible to mechanical ablation, and the 
surface can peel off the substrate metal layer through an 
eggshell effect wherein the underlying substrate is much 
softer than the thin coating. Using a multilayer coating 
as one implant manufacturer does with a top layer of zir-
conium nitride can combat this eggshell effect (Aesculap 
Inc.). Other manufacturers utilize a transformed layer of 
the surface alloy as with some titanium nitride or oxidized 
zirconium options.

The use of a modular metal-alloy baseplate backing 
for tibial polyethylene inserts became standard in the early 
1980s. Multiple studies stated theoretical advantages of 
metal backing, including more even distribution of weight-
bearing stresses to the underlying fixation interface and can-
cellous bone and a reduction in the potential polyethylene 
deformity caused by creep. A multisurgeon, multiprosthe-
sis study of 9200 knee arthroplasties showed a 98% 5-year 
survivorship of knees with metal backing of the tibial poly-
ethylene compared with 94% survivorship of knees with 
all-polyethylene tibial components. A Hospital for Special 
Surgery study reported a 97% 7-year survival of all-polyeth-
ylene, PS tibial components and a 99% 7-year survival of 
metal-backed components. In a more recent review of the 
literature concerning cruciate condylar TKAs, there were 
no significant differences, however, in prosthesis survival or 
periprosthetic lucencies between metal-backed tibial poly-
ethylene and all-polyethylene tibial components. Similar 
survival rates of 98% have been reported for all-polyethyl-
ene and metal-backed tibial components in patients older 
than 80 years old at the time of surgery, suggesting that one-
piece, all-polyethylene, cemented tibial components of suf-
ficient thickness may be appropriate for use in low-demand, 
elderly patients. 

COMPONENT FIXATION
Prosthetic fixation in TKA with polymethyl methacry-
late (PMMA) has consistently shown long-term durability. 
Cementless fixation with bone ingrowth has been less reliable 
in long-term studies, however, with a few notable exceptions. 
The more successful cementless TKA designs typically have 
multiple attributes to attain baseplate stability while ingrowth 
occurs (Figs. 7.30 and 7.31).

Retrieval analysis of some failed cementless implants has 
shown little, if any, bony ingrowth into tibial trays removed at 
the time of component revision. The bony ingrowth that did 
occur tended to be centered around fixation screws. Other 
reports of bony ingrowth have been more favorable. In 13 
Miller-Galante prostheses removed for reasons other than 
loosening or infection, the average area of bone ingrowth was 
27% of the available porous surface. They found a propensity 
for bone ingrowth in the region of fixation screws and pegs 
and in the anterior half of the tray. They postulated that the 
area of bony ingrowth necessary for stable fixation may be 
significantly less than 100%.

 FIGURE 7.27 Reinforcement of tibial polyethylene with 
carbon fiber often led to rapid wear and failure.

 FIGURE 7.28 Process of heat pressing of early porous-coated 
anatomic tibial polyethylene led to early delamination from subsur-
face oxidation.

 FIGURE 7.29 Subsurface white band appears over time in 
polyethylene sterilized by gamma radiation in oxygen environment.
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Clinically, many of the early cementless TKA systems 
had poor survival rates because of associated failure of metal-
backed patellar components. Even discounting this factor, 
however, a 72% 10-year survivorship was reported with a 
cementless press-fit condylar design (Johnson & Johnson, 
Raynham, MA) compared with a 94% 10-year survivorship 
with similar cemented TKA. These results are being improved 
on as newer designs are now showing similar survivorship in 
the short term. A recent study on a medial pivot CR-designed 
implant in 54 patients showed 100% survival at 9 years in 
both cemented and cementless baseplates. A recent review 
of the literature also concluded that newer designs have had 
excellent results but cautioned that longer follow-up studies 
were necessary.

There are some notable exceptions in earlier press-fit 
designs with excellent long-term success. The Ortholoc 
(Wright Medical, Arlington, TN) prosthesis was reported to 
have one loosening in 184 knees followed for a minimum of 
15 years, and the cementless LCS rotating platform knee was 
reported to have a survivorship of 98% at 18 years. Because 
of the importance of adequate initial fixation of cementless 
implants, stems with keels and multiple screws have been 
incorporated into the design of modern cementless tibial 
baseplates (see Figs. 7.30 and 7.31). A purported advantage 
of a biologic interface over cemented fixation is its durabil-
ity, reported to result in better long-term pain relief; how-
ever, excellent long-term durability of cement fixation has 
been reported. Despite claims that cementless fixation may be 
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FIGURE 7.30 The press-fit Triathlon total knee implant (Stryker, Mahwah, NJ) tibial baseplate 
has a 3-D printed porous ingrowth surface to allow bony ingrowth and spiked press-fit pegs for 
added stability.

 FIGURE 7.31 Cementless Profix knee (Smith & Nephew, Memphis, TN) uses metaphyseal stem 
and keel with multiple screws to provide necessary initial fixation for bone ingrowth.
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more durable over time, most authors believe cemented fixa-
tion has produced more uniformly reliable long-term fixation 
with less osteolysis in multiple prosthesis designs. This belief 
is supported by the Swedish National Registry data, which 
showed that cementless designs had a 1.4 times higher rate of 
revision than did cemented designs.

Modular stems that engage the diaphyseal bone on the 
femur and the tibia are used for revision when there is bone 
loss and when components with varus-valgus constraint are 
used. These stems typically are press-fit in cementless recon-
structions and either cemented or press-fit when the articular 
portion of the prosthesis is cemented. Because of deformity 
and anatomic variations, the stems occasionally need to be 
offset to achieve alignment.

Newer three-dimensional printed ingrowth surfaces are 
being used, and there has been a resurgence in popularity of 
cementless fixation for primary knee replacement. With the 
success of newer designs and ingrowth surfaces noted in pri-
mary total hip replacement, adopting these into modern knee 
implants is a logical next step as biologic interface should 
become more robust over a longer time period. 

INDICATIONS AND 
CONTRAINDICATIONS
TOTAL KNEE ARTHROPLASTY
The primary indication for TKA is to relieve pain caused 
by severe arthritis, with or without significant deformity. 
Other sources of knee and leg pain must be sought and sys-
tematically excluded. These include radicular pain from spi-
nal disease, referred pain from the ipsilateral hip pathology, 
peripheral vascular disease, meniscal pathology, and bursitis 
of the knee. Radiographic findings must correlate with a clear 
clinical impression of knee arthritis. Before surgery is consid-
ered, conservative treatment measures should be exhausted, 
including physical therapy, antiinflammatory medications, 
intraarticular injections, activity modifications, and the use 
of a cane for ambulation. Patients who do not have complete 
cartilage space loss before surgery tend to be less satisfied 
with their clinical result after TKA.

Because knee replacement has a finite expected survival 
that is adversely affected by activity level, it generally is indi-
cated in older patients with more sedentary lifestyles. It also 
is clearly indicated in younger patients who have a signifi-
cant functional impairment from OA or from other patho-
logic causes such as systemic arthritis with multiple joint 
involvement or osteonecrosis with subchondral collapse of 
a femoral condyle. Severe pain from chondrocalcinosis and 
pseudogout in an elderly patient is an occasional indication 
for arthroplasty in the absence of complete cartilage space 
loss. Occasionally, severe patellofemoral arthritis in an elderly 
patient may justify TKA because the expected outcome of 
arthroplasty is better than that of patellectomy or patellofem-
oral replacement in these patients.

Deformity can become the principal indication for arthro-
plasty in patients with moderate or severe arthritis and vari-
able levels of pain when the progression of deformity begins 
to threaten the expected outcome of an anticipated arthro-
plasty. As a flexion contracture progresses beyond 20 degrees, 
gait is significantly hampered and difficulty with regaining 
extension may warrant surgical intervention. Similarly, as 

varus or valgus laxity becomes severe, a constrained condylar 
type of prosthesis may become necessary to prevent subse-
quent coronal plane instability. Intervening before this degree 
of laxity is present allows the use of a prosthesis that lacks 
coronal plane constraint and has a more favorable expected 
survivorship.

Absolute contraindications to TKA include recent or 
current knee sepsis; a remote source of ongoing infection; 
extensor mechanism discontinuity or severe dysfunction; 
recurvatum deformity secondary to neuromuscular weak-
ness; and the presence of a painless, well-functioning knee 
arthrodesis. Relative contraindications are numerous and 
debatable and include medical conditions that compromise 
the patient’s ability to withstand anesthesia, the metabolic 
demands of surgery and wound healing, immunodeficiency, 
and the significant rehabilitation necessary to ensure a favor-
able functional outcome. A severely osteoarthritic ipsilateral 
hip joint also should be considered for arthroplasty before 
the symptomatic osteoarthritic knee, because rehabilitation 
is easier with a total hip arthroplasty and an osteoarthritic 
knee than with a TKA and an osteoarthritic hip joint. Other 
relative contraindications include significant atherosclerotic 
disease of the operative leg, skin conditions such as psoriasis 
within the operative field, venous stasis disease with recur-
rent cellulitis, neuropathic arthropathy, superobesity (BMI 
≥ 45), recurrent urinary tract infections, and a history of 
osteomyelitis in the proximity of the knee. This list is not all 
inclusive, and any preoperative condition that can adversely 
affect the patient’s outcome can be considered a relative 
contraindication.

Outcome studies have now shown that patient optimiza-
tion is key to ensuring the best chance of a good long-term 
outcome. Certain modifiable risk factors should be consid-
ered before elective TKA, including low vitamin D levels, 
metabolic syndrome (MetS), low albumin, neutropenia, super-
obesity, and a BMI less than 20. The current AAOS Clinical 
Practice Guidelines on Knee Osteoarthritis Treatment states 
that delaying primary TKA for up to 8 months while a patient 
works to improve a modifiable risk factor does not appear to 
worsen the outcome. A recent review noted an increasing rise 
in infection and other complications as obesity classification 
increased from severe to super-obese. Although these issues 
need to be weighted by the surgeon, quality of life in super-
obese individuals can be attained cost effectively and without 
a higher incidence of early aseptic loosening. 

UNICONDYLAR KNEE ARTHROPLASTY
UKA is being selected for increasing numbers of patients, 
particularly with minimally invasive techniques that allow 
overnight hospital stays or outpatient procedures. Ten-year 
follow-up studies of two designs of UKA, the Oxford mobile 
bearing knee (Biomet Orthopaedics, Warsaw, IN) and the 
Miller-Galante knee (Zimmer, Warsaw, IN), have shown sur-
vivorship approaching that of TKA. Newer techniques are 
now available, including robotic-arm–assisted surgical pro-
cedures. These procedures involve preoperative computed 
tomographic studies for determining appropriate component 
sizing and accurate positioning of the implants. Many of the 
studies of UKA were conducted in older patients, and many 
authors doubted that the survivorship of UKA into the sec-
ond decade would parallel the survivorship of TKA. A long-
term survivorship analysis of over 500 medial compartment 
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Oxford meniscal-bearing unicompartmental arthroplasties, 
however, found a 10-year survivorship of 94% and a 20-year 
survivorship of 91%, indicating that the implant remains 
durable into the second decade.

UKA currently is advocated for different reasons in two 
patient populations. The first patient group for whom UKA 
has been advocated comprises elderly, thin individuals with 
unicompartmental disease who would otherwise undergo 
TKA. The suggested benefits of UKA over TKA are a shorter 
rehabilitation time; a greater average postoperative range of 
motion; and preservation of the proprioceptive function of 
the cruciate ligaments, which give a more natural-feeling 
knee. The procedure can be done with a shorter hospital stay 
and with less blood loss. The argument in this patient group is 
that a UKA is a less invasive procedure that has a good likeli-
hood of lasting the patient’s lifetime. Berger et al. reported a 
10-year survivorship of 98% with a cemented UKA design in 
older patients using stringent selection criteria. UKA should 
not be considered in an elderly patient who has evidence of 
arthritis in more than one compartment of the knee unless 
there are medical contraindications to TKA.

The second group currently considered for UKA com-
prises younger individuals with unicompartmental disease in 
whom UKA is used as a “first” arthroplasty, usually instead 
of high tibial osteotomy (HTO) in patients with isolated 
medial compartment arthritis. This indication is becoming 
more prevalent with the increasing popularity of minimally 
invasive surgery and the increasing demands of patients and 
higher BMIs of the general population. Although this is a 
frequently stated indication for UKA, few studies that have 
been published to date have reported results in this patient 
group. One study described an 11-year survivorship of 92% in 
patients younger than 60 years old, with another 22% show-
ing progression of the unresurfaced compartment, although 
not requiring revision at the time of follow-up.

There has been continued discussion concerning whether 
the patellofemoral compartment should be a determining 
factor in the decision to perform a UKA. One recent study 
pointed out that patellofemoral congruence is improved after 
UKA and that this may be the reason for reports of good out-
comes after UKA done for patellofemoral osteoarthritis (OA). 
The type of bearing used in medial compartment arthroplasty 
also has been debated, with many advocating the use of a 
mobile-bearing UKA. A recent study found that the difficulty 
of revision surgery is comparable, regardless of the bear-
ing used. In this series mobile-bearing UKA required more 
medial augments for conversion to primary TKA.

It has been suggested that UKA is a bone-sparing oper-
ation that would allow an uncomplicated revision later, but 
earlier studies of failed UKA did not show this anticipated 
benefit, with significant bone grafting, tibial wedges, or long-
stem components necessary in nearly half of revisions and 
major osseous defects in 76% of knees. With more contem-
porary UKAs, the need for structural grafts is rare and results 
of revision approach those of primary TKA. In a matched 
retrospective review, the results of revision of a failed UKA 
to TKA were slightly worse than conversion of a previous 
HTO to TKA. The selection of UKA or HTO in this patient 
population remains unclear because many studies have cited 
difficulties with exposure and slightly less satisfactory clini-
cal outcomes with TKA after previous HTO compared with 
primary TKA.

Another argument favoring TKA over UKA is the unfa-
miliarity of many surgeons with UKA. According to Stern, 
Becker, and Insall, only 6% of patients needing arthroplasty 
have none of the contraindications to UKA. Because the suc-
cess of the procedure is dictated by the technical performance 
of the operation, surgeons who rarely perform UKA may 
have difficulty reproducing the reported results from large 
reconstructive centers. Gioe and Bowman described an 89% 
10-year survivorship for UKA performed in a community 
hospital setting compared with a 95% survivorship of TKA 
done in the same time period. A recent review of patient-
reported outcomes after both UKA and TKA from a large 
European registry found no significant differences between 
the two groups; however, some registries have reported 
higher short-term and mid-term revision rates with UKA. 
Another report pointed out that superior outcomes typically 
have been reported by high-volume centers and surgeons, 
which raises concerns about poorer outcomes with low-vol-
ume surgeons and centers. A recent systematic review also 
pointed out slightly better results in patients with UKA but 
confirmed higher revision rates. Another review reported no 
detrimental effects of preexisting patellofemoral disease on 
10-year outcomes.

Although the certain indications for UKA are debat-
able, the contraindications are fairly well defined: inflamma-
tory arthritis, a flexion contracture of 15 degrees or more, a 
preoperative arc of motion of less than 90 degrees, angular 
deformity of more than 10 degrees from the mechanical axis 
for varus knees or 5 degrees for valgus knees, significant car-
tilaginous erosion in the weight-bearing areas of the oppo-
site compartment, and anterior cruciate ligament deficiency. 
Obesity also has been cited as a relative contraindication to 
UKA. 

PATELLOFEMORAL ARTHROPLASTY
Although historically controversial, new interest in patello-
femoral arthroplasty over the past few years has been fueled by 
contemporary implant designs that have produced improved 
clinical outcomes. First-generation designs failed because of 
narrow trochlear grooves and high constraint, which often 
produced maltracking, patellar catching, or persistent ante-
rior knee pain. Despite improvements in the current designs, 
the most common reason for failure of the second-genera-
tion implants is progression of tibiofemoral arthritis, making 
careful patient selection the key to a successful outcome. The 
use of custom-designed implants to allow the least amount of 
bone loss has been reported. These implants, although more 
expensive than the off-the-shelf sizing that most manufactur-
ers offer, are being reported to have excellent outcomes and 
short-term to mid-term survivorship.

The ideal candidate for patellofemoral arthroplasty is a 
patient who is younger than 65 years of age and has debili-
tating, isolated patellofemoral arthritis with minimal coro-
nal deformity; pain during daily activities is localized to the 
patellofemoral joint and has not responded to nonsteroidal 
antiinflammatory medications or injection. Patellofemoral 
arthroplasty is recommended for isolated patellofemoral OA 
to provide a conservative, bone-sparing alternative to TKA, 
which may not have as good patient satisfaction in young, 
active patients. A recent report indicated that conversion of 
a patellofemoral arthroplasty is comparable to performing 
a primary TKA. Parratte et  al. compared 21 patellofemoral 
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arthroplasty conversions to TKA with 21 primary and revision 
TKAs. Although there were more complications in the patel-
lofemoral arthroplasty conversion group, this was not com-
parable to the revision cohort. To date there are no published 
studies showing that outcomes of patellofemoral arthroplasty 
are age dependent. All of these considerations should be 
taken into account before offering a patellofemoral arthro-
plasty over a TKA.

Good results have been reported after patellofemoral 
arthroplasty in patients with posttraumatic arthritis, pri-
mary patellofemoral OA, and patellofemoral dysplasia with-
out malalignment. In patients with posttraumatic arthritis, 
patellofemoral arthroplasty may be considered as an alterna-
tive to patellectomy. Primary patellofemoral arthritis includes 
Outerbridge type IV chondromalacia of the patella or troch-
lea or both. Note that progression of tibiofemoral arthritis 
is more frequent with primary OA than with posttraumatic 
arthritis or patellofemoral dysplasia. Malalignment is most 
often determined using the quadriceps angle (Q angle). Angles 
of more than 15 degrees in men and 20 degrees in women 
are considered abnormal. Any condition that increases the Q 
angle increases the lateral displacement forces on the patella 
and may lead to subluxation or dislocation. Patellofemoral 
arthroplasty alone cannot correct patellar malalignment and/
or instability. Malalignment and/or instability of the patel-
lofemoral joint is not an indication for the procedure. Mild 
patellar tilt or subluxation can be corrected at the time of 
patellofemoral arthroplasty with lateral retinacular release, 
medialization of the patellar component, and possibly par-
tial lateral facetectomy. Malalignment should be corrected 
before or during patellofemoral arthroplasty. No particular 
patellar or trochlear wear pattern has been determined to 
be a contraindication to patellofemoral arthroplasty, unlike 
various tubercle osteotomy procedures. Lateral and inferior 
patellar facet lesions in younger patients can be treated with 
anterior medialization of the tibial tubercle. A recent analysis 
showed that patients with trochlear dysplasia tend to have an 
internally rotated placement of the trochlear groove and that 
patellofemoral arthroplasty can compensate for this patho-
logic alignment.

Progression of tibiofemoral arthritis is the most com-
mon reason for revision to TKA, emphasizing that tibiofemo-
ral arthrosis is a principal contraindication to patellofemoral 
arthroplasty. Inflammatory arthropathies involve the entire 
joint and currently are a contraindication to patellofemoral 
arthroplasty because of progressive tibiofemoral arthritis and 
painful synovitis. This includes chondrocalcinosis, which can 
be indicative of an inflammatory arthropathy and can lead to 
altered joint mechanics because of abnormal menisci.

Patellofemoral arthroplasty also is not indicated in 
patients with severe coronal deformity of the knee (valgus of 
more than 8 degrees or varus of more than 5 degrees) unless 
the deformity is corrected by osteotomy before arthroplasty. 
Flexion of 120 degrees in the sagittal plane, with less than 10 
degrees of flexion contracture, is recommended as long as 
the flexion contracture is not caused by OA in the medial or 
lateral compartment of the knee. Knee joint stiffness should 
be carefully assessed because this patient population has a 
high rate of previous surgery that increases the frequency 
of arthrofibrosis and patellar height abnormalities. Patients 
with patella baja from quadriceps muscle atrophy or patellar 
tendon scarring are not good candidates for patellofemoral 

arthroplasty. Although few data exist correlating the outcome 
of patellofemoral arthroplasty with BMI, currently it is not 
recommended in obese patients because of concerns about 
overloading of the implant. A recent study showed a higher 
rate of revision to TKA in obese patients (BMI > 30) than in 
nonobese patients, whereas primary diagnosis, age, or sex did 
not significantly affect the revision rate.

Reported results of patellofemoral arthroplasty indicate 
that it provides excellent pain relief and functional improve-
ment and is a reliable alternative to TKA for the treatment 
of patellofemoral arthritis in carefully selected patients (Fig. 
7.32). Good-to-excellent 3- to 17-year results have been 
reported in 66% to 100% of patients (Table 7.1); less mean 
blood loss, shorter hospital stays, and better functional out-
comes have been reported in patients with patellofemoral 
arthroplasty compared to those in patients with TKA. Recent 
studies, however, have found that revision rates after conver-
sion of a patellofemoral arthroplasty to a TKA are higher than 
revision rates for a primary TKA. These findings should be 
considered when making decisions concerning the possible 
effectiveness of patellofemoral replacement (see Table 7.1). 

INDICATIONS AND CONSIDERATIONS FOR 
PATELLAR RESURFACING IN PRIMARY 
TOTAL KNEE ARTHROPLASTY
The role of universal patellar resurfacing in TKA is somewhat 
controversial, with some advocating it because of clinical 
series indicating that knee scores after patellar resurfacing are 
slightly better because of less residual peripatellar pain and 
improved quadriceps strength. In a large retrospective study, 
patellofemoral complications occurred in 4% of patients with 
patellar resurfacing compared with 12% of patients in whom 
the patella was unresurfaced. Significant residual anterior 
knee pain was the most common complication in the unre-
surfaced group. A 5-year prospective, randomized study of 
a single knee design found that 25% of patients with unre-
surfaced patellas complained of anterior knee pain, whereas 
only 5% of patients with patellar resurfacing complained of 
anterior knee pain. Secondary resurfacing of the patella for 
residual anterior knee pain after TKA has been studied by 
various authors who found that pain relief after secondary 
resurfacing was inferior to what would be expected with pri-
mary resurfacing and found a higher rate of complications, 
including patellar fracture and postoperative stiffness.

Other authors have advocated selective resurfacing of 
the patella. The major argument in favor of selective resur-
facing of the patella is that complications of resurfaced patel-
lae account for most of the reoperations after TKA in many 
series. Also, with selective resurfacing of the patella, using a 
femoral component that incorporates an anatomically shaped 
femoral trochlea, essentially equal knee scores have been 
reported for resurfaced and unresurfaced groups. Prospective 
studies comparing TKA with and without patellar resurfac-
ing have found no significant differences in patient prefer-
ences, functional scores, anterior knee pain, or revision rates. 
However, these reports have found that those with an unre-
surfaced patella who have secondary procedures for resurfac-
ing are not always satisfied after secondary resurfacing. This 
has led some to suggest that anterior knee pain after TKA is 
related more to component design and proper alignment in 
the transverse plane than to patellar retention or resurfac-
ing. A recent report from the Australian registry on selective 
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A

B

FIGURE 7.32 A, Preoperative radiograph of patient who had medial patellofemoral ligament 
repair for patellar maltracking after dislocation; overtightening caused medial facet arthropathy. B, 
Results of patellofemoral arthroplasty were excellent at 6 weeks, with pain-free range of motion 
and no pain with full squat maneuver.
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 TABLE 7.1 

Reported Results of Patellofemoral Arthroplasty

AUTHOR(S), YEAR
NO. PATIENTS 
(KNEES) IMPLANT FOLLOW-UP OUTCOME

de Winter et al., 2001 24 (26) Richards II (Smith & 
Nephew, Memphis, TN)

11 years 76% excellent/good results

Tauro et al., 2001 48 (62) Lubinus (Waldemar Link, 
Hamburg, Germany)

7.5 years 65% survivorship

Smith et al., 2002 34 (45) Lubinus 4 years 64% excellent/good results
Kooijman et al., 2003 51 (56) Richards 17 years 86% excellent/good results
Board et al., 2004 17 Lubinus 19 months 53% satisfactory results
Merchant, 2004 15 LCS (DePuy, Warsaw, IN) 3.75 years 93% excellent/good results
Cartier et al., 2005 70 (79) Richards II and III 10 years 75% survivorship

Main cause of failure: osteoarthritic 
degeneration of tibiofemoral joint (8 
TKAs)

Ackroyd and Chir, 2005 240 (306) Avon (Stryker 
Howmedica Osteonics, 
Mahwah, NJ)

2-5 years Revision to TKA required in 3.5% of 
patients because of progression of tib-
iofemoral arthritis

Argenson et al., 2005 66 Autocentric (DePuy, 
Warsaw, IN)

16 years 58% survivorship
Revision to TKA in 29: tibiofemoral 
arthritis in 14, loosening in 11, and stiff-
ness in 4

Sisto and Sarin, 2006 22 (25) Kinematch (Kinamed, 
Camarillo, CA)

6 years 100% excellent/good results

Ackroyd et al., 2007 85 (109) Avon 5 years 96% 5-year survivorship
Main complication—radiographic pro-
gression of arthritis (28%)

Mohammed et al., 2008 91 (101) Avon
Lubinus
FPV (Wright Medical, 
UK)

4 years 72% “did very well”—did not require 
subsequent surgery
Conversion to TKA—3 patients with 
progressive arthritis, 1 with infection

Leadbetter et al., 2009 70 (79) Avon (second 
generation)

3 years 90% without pain in daily activity and 
stair climbing
84% with Knee Society Scores of more 
than 80 points
7.5% revision to TKA

van Wagenberg et al., 
2009

20 (24) Autocentric II (DePuy, 
Warsaw, IN)

4 years Additional surgery needed in 21 knees 
(87.5%)
Conversion to TKA in 7 (29%), primarily 
for progressive tibiofemoral osteoarthri-
tis and patellar maltracking

van Jonbergen et al., 
2010

161 (185) Richards II 13 years 84% survivorship at 10 years, 69% at 20 
years
Tibiofemoral arthritis in 45%, conver-
sion to TKA in 13%
Revision more frequent in obese 
patients

Dahm et al., 2010 23 PFA
22 TKA

Avon 28 months Knee Society Scores: 89 PFA, 90 TKA
UCLA Scores: 6.6 PFA, 4.2 TKA
Mean blood loss and hospital stay sig-
nificantly lower in PFA

Odumenya et al., 2010 32 (50) Avon 5.3 years 100% survivorship at 5 years
Main complication—progression of 
disease (22%)

Charalambous et al., 
2011

35 (51) LCS 2 years Estimated 3-year survival rate 63%

Continued
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resurfacing found a higher rate of revision compared to those 
who routinely resurface the patella.

The desirability of resurfacing continues to be debated, 
and the results of selective patellar resurfacing seem to be 
dependent on the design of the trochlear groove, with a native 
patella articulating within an anatomic trochlear groove giv-
ing results similar to those of TKA with resurfacing of the 
patella. Suggested indications for leaving the patella unre-
surfaced are a primary diagnosis of OA, satisfactory patellar 
cartilage with no eburnated bone, congruent patellofemoral 
tracking, a normal anatomic patellar shape, and no evidence 
of crystalline or inflammatory arthropathy. A report using 
a similar implant with a resurfaced patella on one knee and 

an unresurfaced patella on the contralateral side found that 
patients could not discern a difference.

Patient weight also seems to be a factor, with lighter 
patients tending to do well with unresurfaced patellae. This 
may be one factor in the trend to routinely leave the native 
patella seen in the European literature. Some have suggested 
that resurfacing the patella in “super-obese” patients (BMI ≥ 
50) may overload the sesamoid bone and be a generator of 
pain, but no clinical series has been published showing a dif-
ference in pain scores in this patient population and lighter-
weight patients. A report of the Australian registry indicated 
that PS TKA designs with unresurfaced patellae had higher 
revision rates after surgery than those with resurfaced patellae. 

 TABLE 7.1

AUTHOR(S), YEAR
NO. PATIENTS 
(KNEES) IMPLANT FOLLOW-UP OUTCOME

Mont et al., 2012 37 (43) Avon 7 years 5-year survivorship 95%, 7-year survivor-
ship 82%
Conversion to TKA in 5 knees

Yadav et al., 2012 49 (51) LCS 4 years High revision rate (20%)
7-point improvement in Oxford Knee 
Score
Estimated survival rate 73% at 4.5 years, 
48% at 5.5 years

Morris et al., 2013 30 (37) Vanguard (26)
Gender Solutions (15)
Kinematch (4)
Other? (2)

31 months All Knee Society Pain, Functional, and 
Clinical scores improved.
Two complications (arthrofibrosis, pain-
ful crepitus)
Overall revision rate at short-term 97%

Davies, 2013 52 Femoro-Patella Vialla 
(FPV)

1 year Oxford Knee Scores improved 30 points, 
American Knee Society Scores 51 points, 
and function scores 28 points.
21% had little improvement (knees sim-
ilar to or worse than before surgery).
Early revision rate high: 7 (13%) revi-
sions to TKA

Hernigou, Caton, 2014 70 Hermes 10 years No late complications
Disease progression in 5 patients; 3 
required revision
Persistent anterior knee pain in 4

Al-Hadithy et al., 2014 41 (53) Femoro-Patella Vialla 3 years Progression of OA in 12%
Oxford Knee Scores improved 18 points; 
good pain relief
2 revisions to TKA at 7 months

Goh et al., 2015 51 (51) SIGMA HP Partial Knee 4 years All functional scores improved signifi-
cantly; 76% satisfied
2 wound infections (4%)
Survivorship 92%; 4 revisions

Akhbari et al., 2015 57 (61) Avon 5 years Significant improvements in functional 
scores
2 revisions

Kazarian et al., 2016 53 (70) Gender Solutions 5 years ROM and functional scores improved 
significantly.
<4% revision rate
Less than 2/3 of patients satisfied; dis-
satisfied patients had lower Mental 
Health Scores on SF-36

LCS, Low-contact stress; OA, osteoarthritis; PFA, patellofemoral arthroplasty; ROM, range of motion; SF-36, Medical Outcomes Study Questionnaire Short Form 36; 
SIGMA HP, SIGMA High Performance; TKA, total knee arthroplasty.

Reported Results of Patellofemoral Arthroplasty—cont’d

    

https://booksmedicos.org


CHAPTER 7  ARTHROPLASTY OF THE KNEE 431

They found that the minimally constrained (CR) designs with 
resurfaced patellae had the lowest rate of revision followed 
by PS designs with resurfaced patellae. In addition, onlay 
resurfacing fared better than inlay patellar designed buttons. 
Another report determined that resurfacing was cost effective 
based on the number of revisions reported after unresurfaced 
TKA. 

INDICATIONS AND CONSIDERATIONS FOR 
SIMULTANEOUS BILATERAL TOTAL KNEE 
ARTHROPLASTY
Numerous studies in the literature have documented the 
safety and cost effectiveness of simultaneous bilateral TKA 
compared with separate staged procedures. With respect to 
cost, simultaneous bilateral procedures can reduce hospital 
charges by 58% compared with staged procedures because of 
overall decreases in operative time and total length of hospital 
stay. Lane et al. questioned, however, if this is a true savings 
because 89% of their patients with bilateral TKA required 
an additional rehabilitation hospital stay, whereas only 45% 
of their patients with unilateral TKA required rehabilitation 
hospital stays. Other outcomes, as measured by infection 
rate, knee scores, and radiographic criteria, have been similar 
between the two groups.

Controversy continues regarding the relative incidences 
of complications in simultaneous and staged procedures. 
Various studies have shown total blood loss to be equal in the 
two groups, whereas others have shown significantly more 
blood loss with simultaneous procedures. A greater degree of 
postoperative thrombocytopenia the second day after surgery 
and more frequent deep vein thrombosis (DVT) and pulmo-
nary embolism (PE) also have been reported after simultane-
ous procedures, but many other authors reported similar or 
lower rates of DVT and PE after simultaneous bilateral TKA 
than after staged procedures.

Fat embolism is a risk of TKA when intramedullary stems 
or alignment devices are used, and the risk of clinically sig-
nificant fat embolism syndrome probably is increased with 
simultaneous bilateral TKA. Dorr et al. found a 12% preva-
lence of fat embolism syndrome with simultaneous bilateral 
TKA, as documented by neurologic changes with hypox-
emia. Other authors found no differences in the occurrence 
of clinically significant fat embolism between the two groups. 
Venting of the intramedullary canal with fluted intramedul-
lary alignment rods and a slightly enlarged entrance hole for 
intramedullary alignment rod insertion have been recom-
mended to decrease the risk of fat embolism syndrome.

In considering patients for simultaneous bilateral TKA, 
comorbidities and physiologic age should be considered 
because significant cardiopulmonary disease may sway the 
surgeon toward unilateral procedures. An increased risk of 
cardiovascular and neurologic complications has been noted 
in patients older than 70 years undergoing simultaneous bilat-
eral TKA. No increased risks of complications with bilateral 
TKA have been identified in patients with a BMI of 30 or more 
compared with those with a lower BMI. An analysis of over 
4 million hospital discharges over a 14-year period compared 
unilateral, bilateral, and revision TKA procedures and found 
that bilateral TKA had higher complication and mortality 
rates than either unilateral or revision TKA. Before choosing 
staged or simultaneous TKA procedures, each patient should 
be carefully evaluated, considering his or her age, cardiac risk 

factors, and other comorbidities. The risks associated with 
both approaches should be thoroughly discussed with the 
patient before a choice is made (Video 7.3). Newer reports 
have been mixed concerning whether bilateral versus staged 
TKA is cost effective, and it appears that this should not cur-
rently have a bearing on the decision-making process. Other 
reports have shown that bilateral primary TKA surgery is as 
safe as simultaneous TKA in the right patient population. 

CONSIDERATIONS FOR OUTPATIENT KNEE 
JOINT ARTHROPLASTY
Many centers have now begun to offer outpatient surgery for 
both TKA and UKA. To safely accomplish this, a complete 
team setup is required, including office staff, operating room 
personnel, anesthesia, physical therapy, and ancillary provid-
ers. The use of tranexamic acid to reduce the need for blood 
transfusion also has helped provide a safer path to ambula-
tory surgery joint replacement. Pain modalities, including 
intraarticular injections with liposomal encased or plain 
bupivacaine with or without the addition of Toradol, mor-
phine, and dexamethasone also have helped provide adequate 
pain relief in the immediate postoperative period to allow 
centers to successfully and safely perform knee joint arthro-
plasty procedures in the ambulatory or 23-hour setting (see 
section on pain management modalities). A visit to a center 
that has a successful program is helpful before implement-
ing a short-stay/ambulatory arthroplasty program. Having a 
program that educates patients on the process so that they 
and their immediate family or caregivers understand what to 
expect can be beneficial. Using a family member as a “joint 
coach” has also been shown to be beneficial, with education 
being a key to success and patient satisfaction. 

RESULTS OF PRIMARY TOTAL 
KNEE ARTHROPLASTY
FUNCTIONAL AND RADIOGRAPHIC 
OUTCOME MEASURES
Over the past 3 decades the most popular knee rating sys-
tems have been those of the Hospital for Special Surgery and 
the Knee Society. The Knee Society released a knee rating 
system in 1989 and updated it in 2011 (Box 7.1). Because of 
increased patient demands and expectations over the past 2 
decades, this latest update has been tailored to incorporate 
patient-specific activities and patient-perceived expectations. 
The updated system now consists of preoperative and post-
operative objective measurements recorded by the surgeon 
and patient-driven measures evaluated by patients concern-
ing their perceptions of the most important and deleterious 
aspects of their knee arthritis and replacement surgery.

The first parts of the score include patient demographics 
and the patient’s Charnley functional score. The objective 
measures and knee score (out of 100 points depending on 
range of motion measures) include alignment and instabil-
ity, which account for up to 50 points. The patient’s range of 
motion is considered by giving one point for each 5 degrees 
of total measured arc of motion, with deductions taken for 
flexion contracture and extension lag. The next part of the 
score takes into account patient-perceived measures includ-
ing symptoms, satisfaction concerning pain and function 
during daily activities (40 points), and expectations after 
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TKA concerning pain and daily and recreational activities 
(15 points). Functional activities (100 points) are assessed 
by the patient and include walking and standing (30 points), 
standard everyday activities (30 points), and advanced 
activities (25 points). The section on discretionary activi-
ties (15 points) allows the patient to pick three of his or her 
most important activities from a list and rate the level of 
difficulty he or she perceives in performing these activities. 
In this newest version of the rating system, the Knee Society 
has placed more importance on patient perceptions, possi-
bly because patient- and surgeon-perceived outcomes have 
been reported to be significantly different. The preopera-
tive and postoperative questionnaires are the same to allow 
direct comparison. Any surgeon can apply for a license 
through the Knee Society to use the Knee Society Scoring 
System.

Other activity-related scoring systems have been devel-
oped and validated. The Lower Extremity Activity Score 
(LEAS) was developed as a simple way to allow patients to 
report their highest level of possible activity before and after 
surgery, choosing from a list of activities that progress in the 
level of functional capacity. The LEAS was validated using the 
Western Ontario and McMasters Universities Osteoarthritis 
Index (WOMAC) and comparison to responses to pedometer 

readings from patients. The scale also has been shown to be 
accurate when filled out by next of kin, making it a unique 
measure of functional activity.

In 1989, the Knee Society introduced the Total Knee 
Arthroplasty Radiographic Evaluation and Scoring System 
(Fig. 7.33) to standardize the radiographic parameters to be 
measured when reporting radiographic outcomes of TKA: 
component alignment, tibial surface coverage, radiolucen-
cies, and a patellar problem list that includes angle of the 
prosthesis, eccentric component placement, subluxation, and 
dislocation. A score is tabulated for each component based 
on the width and extent of its associated radiolucencies. For a 
seven-zone tibial component, a nonprogressive score of 4 or 
less probably is insignificant, a score of 5 to 9 indicates a need 
for close follow-up for progression, and a score of 10 or more 
signifies possible or impending failure regardless of symp-
toms. Developers of total knee prostheses are requested to 
superimpose silhouettes of their designs on the Knee Society 
form and assign radiographic zones to be used by all authors 
in subsequent reports.

The Knee Injury and Osteoarthritis Outcome Score for 
Joint Replacement (KOOS JR) has gained popularity. It is a 
one-page questionnaire, with a seven-item instrument, that 
is easily administered. Since the questions represent “knee 
health” in patients, it can be used to determine pain, symp-
tom severity, and activities of daily living (ADL). Movements 
or activities that are difficult for patients with advanced knee 
osteoarthritis before surgery are then compared to after TKA. 

PROSTHESIS SURVIVAL
Modern knee arthroplasty began in the early 1970s with 
the development of the total condylar knee prosthesis. 
Survivorship studies with this prosthesis are the standard 
with which modern knee replacement is compared. Long-
term series have documented the longevity of the original 
total condylar prosthesis to be 95% at 15 years and 91% at 
21 and 23 years. More recently, the reported 15- to 18-year 
survivorship of a cementless CR TKA was 98.6%, with 79% of 
patients reporting no pain.

Multiple studies of PCL-retaining and PCL-substituting 
designs have documented 10-year survivorship of 95% or 
greater, and most registry data agree with this figure. As 
discussed in the earlier section on component fixation, 
cementless fixation has had mixed results with respect to 
prosthesis survivorship in the past, but more modern, next-
generation ingrowth surface technologies are now dem-
onstrating similar mid-term results to cemented TKA. An 
update on why TKA fails was recently given by Sharkey et al. 
Of the 781 revisions performed at their institution over a 
10-year period, the most common failure mechanisms were 
loosening (39.9%), infection (27.4%), instability (7.5%), 
periprosthetic fracture (4.7%), and arthrofibrosis (4.5%). 
Infection was the most common reason for failure in early 
revision (<2 years from primary surgery), and aseptic loos-
ening was the most common reason in late revision. They 
reported that polyethylene wear was no longer the major 
cause of failure, which can be attributed to better forms 
of polyethylene and better designs. When they compared 
these results to their previous report, the percentage of revi-
sions performed for polyethylene wear, instability, arthrofi-
brosis, malalignment, and extensor mechanism deficiency 
had all decreased. 

Knee Society Scoring System (2011)

Objective Knee Score (7 Items, 100 Points)
Anteroposterior alignment (25 points)

Stability (25 points)
Medial/lateral (15 points)
Anterior/posterior (10 points)

Range of motion (25 points)
Symptoms (25 points)
Deductions

Malalignment (−10 points)
Flexion contracture (−2/−5/−10/−15 points)
Extensor lag (−5/−10/−15 points) 

Satisfaction Score (5 Items, 40 Points)
Pain level while sitting (8 points)
Pain level while lying in bed (8 points)
Knee function while getting out of bed (8 points)
Knee function while performing light household duties (8 

points)
Knee function while performing leisure recreational activities 

(8 points) 

Expectation Score (3 Items, 15 Points)
Pain relief (5 points)
Ability to carry out activities of daily living (5 points)
Ability to perform leisure, recreational, or sports activities (5 

points) 

Functional Activity Score (19 Items, 100 Points)
Walking and standing (5 items, 30 points)
Standard activities (6 items, 30 points)
Advanced activities (5 items, 25 points)
Discretionary activities (3 items, 15 points)

 BOX 7.1 
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FIGURE 7.33 Knee Society radiographic evaluation and TKA scoring system.
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PREOPERATIVE EVALUATION
The most important part of preoperative evaluation is deter-
mining that TKA is clearly indicated (see earlier section on 
indications and contraindications for TKA). Preoperative 
knee radiographs should include a standing anteroposterior 
view, a lateral view, and a skyline view of the patella. A long 
leg standing anteroposterior radiograph can be beneficial 
in determining the mechanical axis of the limb, particularly 
when deformity secondary to trauma or previous surgical 
procedure is present (Fig. 7.34).

The long leg film also is useful to determine if significant 
bowing of the tibia precludes the use of an intramedullary 
tibial alignment guide. Templates can be used to anticipate 
approximate component size and bone defects that would 
need to be treated intraoperatively. The mechanical axis of the 
femur can be measured to determine the proper distal femo-
ral valgus angle to properly make the resection and obtain 
neutral mechanical axis during the procedure.

The preoperative medical evaluation of candidates for 
TKA must be detailed and thorough to prevent potential com-
plications that can threaten life or limb. Because most patients 
who undergo TKA are elderly, comorbid diseases must be 
considered. Patients with multiple medical risk factors have 

been shown to require longer hospital stays. Smokers, in par-
ticular, tend to have longer operative times and increased 
hospital charges after undergoing joint replacement.

Patients must have adequate cardiopulmonary reserve to 
withstand general or epidural anesthesia and to withstand a 
blood loss of 1000 to 1500 mL over the perioperative period. 
A routine preoperative electrocardiogram should be obtained. 
Patients who have a history of coronary artery disease, mild 
congestive heart failure, chronic obstructive pulmonary dis-
ease, or restrictive pulmonary disease should be evaluated by 
appropriate medical consultants. Vascular supply to the oper-
ative leg also should be evaluated. If adequate vascularity is 
questionable, noninvasive arterial studies should be obtained 
and a vascular surgery consultation may be necessary.

Routine preoperative laboratory evaluation should 
include complete blood cell count, electrolytes, and urinalysis. 
Preferably, these tests are performed a few days before surgery 
so that measures can be undertaken for any correctable abnor-
malities. The routine use of a chest radiograph usually is not 
cost effective as a screening tool, but it is indicated in patients 
with a history of cardiopulmonary disease. Similarly, routine 
preoperative evaluation of coagulation studies is unnecessary 
except in patients with a history of bleeding or coagulopathy. 
Patients receiving anticoagulant medications must be man-
aged appropriately to limit blood loss while ensuring medical 
stability in the perioperative period.

Medical clearance usually is requested by the ortho-
paedic surgeon when any medical comorbidity exists, but 
the orthopaedic surgeon should carefully evaluate certain 
medical conditions that the primary care physician may 
not think important but which have been shown to increase 
postoperative morbidity after total joint arthroplasty. 
Smoking cessation should be encouraged to decrease the 
risk of morbidity after total joint arthroplasty. Poor nutri-
tion, frequently present in elderly patients and severely 
obese individuals, often can be detected by a low albumin 
level in the serum (<3.5 mg/dL). Patients with total lym-
phocyte counts of less than 1200 cells/mL also have been 
shown to have higher hospital charges, longer hospital 
stays, and longer anesthesia and surgery times than those 
with higher counts. Patients with type II diabetes should 
have a hemoglobin A1c test preoperatively, and their 
blood glucose level should be well controlled (A1c < 7.5). 
In one study fructosamine was shown to be a better indi-
cator of glycemic control and more responsive to changes 
in glucose homeostasis. A subset of patients with an A1c 
under 7 but high fructosamine went on to have a primary 
joint infection. In this Knee Society award-winning paper, 
patients with high fructosamine (>293 μmol/L) were 11.2 
times more likely to develop a prosthetic joint infection 
compared with patients with low fructosamine. Obesity 
with the addition of two other comorbidities (hyperten-
sion, hypercholesterolemia, or blood glucose intolerance) 
is referred to as metabolic syndrome (MetS) and is associ-
ated with a higher risk of complications after total joint 
arthroplasty. A preoperative conversation with obese 
patients with MetS should explain that this modifiable 
risk factor can be associated with a poor outcome. Patient 
involvement is necessary to ensure that he or she will do 
whatever possible to improve the risk profile. Outcome 
studies of morbidly obese patients show a high patient sat-
isfaction rate but also a higher risk of revision surgery. In 
super-obese patients (BMI ≥ 50) the reported rate of any 

 FIGURE 7.34 Anatomic and mechanical axes of femur and tibia 
are determined independently on preoperative long leg radiographs, 
with the goal of centering postoperative mechanical axis of limb 
within center of prosthetic knee. 1, Angle between anatomic (2) and 
mechanical (3) axes of femur. 4, Mechanical axis of tibia (see text).
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complication after surgery is over 50%, and elective sur-
gery should be carefully considered in this patient popu-
lation. No clear BMI cutoff for proceeding with TKA has 
been established, but clearly as the number of comorbidi-
ties increases in an obese patient the more likely that he or 
she will have a poor outcome or a complication.

AMBULATORY AND SHORT-STAY 
CONSIDERATIONS
Many centers have now turned to outpatient surgery for both 
UKA and TKA. To safely accomplish this endeavor, one must 
have a complete team setup, including office staff, operating 
room personnel, anesthesiology, physical therapy, and ancil-
lary providers. The use of tranexamic acid to reduce the need 
for blood transfusion also has helped to provide a safer path 
to ambulatory surgery for joint replacement. Pain modalities, 
including intraarticular injections with liposomal-encased or 
plain bupivacaine, with or without the addition of ketorolac, 
morphine, or dexamethasone, help to provide adequate pain 
relief in the immediate postoperative period (see section on 
Pain Management Strategies below). These measures allow 
centers to successfully and safely perform knee joint arthro-
plasty procedures in an ambulatory or a 23-hour setting. We 
established a 24/7 total joint hotline for patients with issues 
to call so that they feel more at ease and have access to a pro-
vider. Having a program that educates patients on the process 
so that they and their immediate families or caregivers under-
stand what to expect can be beneficial. Before implementing 
an outpatient TKA it is helpful to first visit a center that has a 
successful program in place. 

ANESTHETIC OPTIONS
The selection of regional or general anesthesia for TKA is a 
complicated issue that is affected by comorbid medical condi-
tions. The anesthesiologist has the ultimate responsibility for 
this selection, with input from the surgeon. Cardiovascular 
outcomes of regional and general anesthesia have not been 
proved to be significantly different, and perioperative mortality 
in patients with hip fractures is the same with both techniques. 
Cognitive function after surgery has been shown to be similar 
with regional and general anesthesia after the initial postopera-
tive period. Most studies, as well as the AAOS Clinical Practice 
Guidelines, now advocate regional over general anesthesia for 
primary TKA because of better pain control and outcomes. A 
spinal anesthetic is preferred because it affords better pain con-
trol and has lower complications after primary TKA.

The effect of general versus epidural anesthesia on throm-
boembolic complications is controversial. A slight, but not 
statistically significant, decrease in overall DVT and PE rates 
has been reported in patients who have had epidural anes-
thesia compared with general anesthesia, whereas another 
randomized trial showed no difference in overall throm-
boembolic disease but did show a decrease in proximal 
thrombus formation with epidural anesthesia. Possible ben-
efits of epidural anesthesia include vasodilation of the lower 
extremity, resulting in increased blood flow, hemodilution, 
and decreased blood viscosity. A fibrinolytic effect also has 
been postulated for epidural anesthesia; however, in a study 
comparing epidural and general anesthesia there was no dif-
ference in intraoperatively obtained blood markers for fibri-
nolysis or thrombogenesis. 

PAIN MANAGEMENT STRATEGIES 
AFTER PARTIAL AND TOTAL KNEE 
ARTHROPLASTY
Many different pain management modalities have been used 
to alleviate pain after total or partial knee arthroplasty. Most 
surgeons advocate a multimodal approach that includes a 
preoperative dose of a COX-2 antiinflammatory and gaba-
pentin, which has been shown to be beneficial in patients 
with chronic pain who have TKA. The use of femoral nerve 
catheters is now under scrutiny because they can inhibit post-
operative mobilization, especially on and after the day of sur-
gery. Intraarticular injections that infiltrate the surrounding 
soft tissues with either a bupivacaine or ropivacaine (lower 
cardiotoxicity) product or that are placed in the intraarticular 
space have been studied, as has the use of liposomal-encased 
bupivacaine. Use of one nonnarcotic oral preoperative medi-
cation with either a femoral nerve block or intraarticular 
injection can give excellent pain relief. These modalities have 
been compared in prospective studies, with several studies 
finding no significant difference in visual analog scale (VAS) 
scores or narcotic usage after surgery. The use of liposomal-
encased bupivacaine has come under some scrutiny because 
of its expense and lack of improvement in some reports over 
plain bupivacaine injections combined with epinephrine, with 
or without addition of ketorolac and dexamethasone. The 
PILLAR study, however, did show an advantage in postopera-
tive pain control after primary TKA using 20 mL of liposomal 
bupivacaine with 20 mL of 0.5% plain bupivacaine and 80 mL 
of normal saline in a targeted infiltration technique.

A recent publication has reported that up to 40% of 
patients remain chronic users of narcotics after primary TKA; 
therefore, surgeons should make all efforts to wean patients 
off narcotics after surgery. Cryoneurolysis of the anterior 
femoral cutaneous and infrapatellar branch of the saphenous 
nerve before TKA surgery has been shown to decrease the 
amount of daily morphine equivalents needed after TKA, and 
this may be a beneficial treatment in high-risk patients or 
those who are under chronic pain management. 

BLOOD PRESERVATION MANAGEMENT 
IN PARTIAL AND TOTAL KNEE 
ARTHROPLASTY
The use of tranexamic acid either intravenously, topically 
before closure, or orally has been shown to significantly 
decrease postoperative hemoglobin drop and the need for 
postoperative transfusions after primary TKA. All of the deliv-
ery modes have been shown to be safe with no increased risk 
of thromboembolic events after surgery in the proper patient 
population. Advocates for intravenous administration argue 
that there is no wait to close the operative approach, whereas 
advocates of topical administration believe it may be a safer 
route of administration. For intravenous administration, the 
dose should be 10 to 15 mg/kg or 1 g, with consideration of 
a preoperative dose given 20 minutes before tourniquet infla-
tion and a repeat dose given about 15 minutes before tourni-
quet deflation. For topically administered dosing, 1.5 to 3 g 
diluted in 100 mL normal saline should be placed in the wound 
and intracapsular space for 5 minutes before tourniquet defla-
tion. Some surgeons who still use drains administer the dose 
through the drain and then activate the closed suction after 
5 minutes. Contraindications to intravenous tranexamic acid 
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use include a history of a clotting disorder, bleeding disorder, 
subarachnoid hemorrhage, pulmonary embolus, DVT, car-
diovascular accident, or myocardial infarction, as well as the 
presence of a coronary stent. Oral tranexamic acid and has 
been shown to be effective. Doses of 2000 mg given 2 hours 
before surgery and then two doses after surgery (4 to 6 hours 
and 12 hours postoperatively) have been reported to be effec-
tive and equivalent to intravenous or topical dosing. It is also 
more cost effective. 

SURGICAL TECHNIQUE FOR 
PRIMARY TOTAL KNEE 
ARTHROPLASTY
The following description of surgical technique includes prin-
ciples that are applicable to knee replacement in general; it is 
not intended to replace the individual technique manuals that 
are available or the implant-specific instrumentation guides 
that are unique to each available implant system. An under-
standing of the principles involved allows the surgeon to use 
sound judgment in any knee reconstruction, regardless of the 
particular type of implant being used. 

 

SURGICAL APPROACH FOR PRIMARY 
TOTAL KNEE ARTHROPLASTY
The most commonly used skin incision for primary TKA is 
an anterior midline incision. Variations may be considered, 
but in general most incisions will compromise the infrapa-
tellar branch of the saphenous nerve and result in an area 
of numbness on the outer aspect of the knee; this should 
be discussed with the patient before surgery. There are 
many variations to the approach to the knee deep to the 
subcutaneous level of dissection.

 TECHNIQUE 7.1 

 n  Make the incision with the knee in flexion to allow the 
subcutaneous tissue to fall medially and laterally, which 
improves exposure.

 n  If a preexisting anterior scar on the knee is in a usable 
position, incorporate it into the skin incision. If multiple 
previous incisions are present, choose the most lateral 
usable incision because the blood supply to the skin of 
the anterior knee tends to come predominantly from the 
medial side. Generally, previous direct medial and lateral 
incisions and transverse incisions can be ignored.

 n  Make the skin incision long enough to avoid excessive 
skin tension during retraction, which can lead to areas 
of skin necrosis or use the mobile window technique to 
expose all aspects of the knee as needed.

 n  The standard retinacular incision in TKA is a medial 
parapatellar retinacular approach (Fig. 7.35).

 n  Keep the medial skin flap as thick as possible by keep-
ing the dissection just superficial to the extensor mech-
anism.

 n  Extend the retinacular incision proximally the length of 
the quadriceps tendon, leaving a 3- to 4-mm cuff of ten-
don on the vastus medialis for later closure.

 n  Continue the incision around the medial side of the patel-
la, extending 3 to 4 cm onto the anteromedial surface of 
the tibia along the medial border of the patellar tendon.

 n  Expose the medial side of the knee by subperiosteally el-
evating the anteromedial capsule and deep medial col-
lateral ligament off the tibia to the posteromedial corner 
of the knee (Fig. 7.36).

 n  Extend the knee and evert the patella to allow a routine 
release of lateral patellofemoral plicae (Fig. 7.37). In obese 
patients, if eversion of the patella is difficult, develop the 

 FIGURE 7.35 Medial parapatellar retinacular approach. SEE 
TECHNIQUE 7.1.

 FIGURE 7.36 Medial capsule and deep portion of medial 
collateral ligament are elevated subperiosteally. SEE TECHNIQUE 7.1.
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lateral subcutaneous flap further so that the patella can 
be everted underneath this tissue. Alternatively, the pa-
tella can be subluxated laterally if this provides adequate 
exposure.

 n  Flex the knee and remove the anterior cruciate ligament 
and the anterior horns of the medial and lateral menisci, 
along with any osteophytes that may lead to component 
malposition or soft-tissue imbalance. The posterior horns 
of the menisci can be excised after the femoral and tibial 
cuts have been made. If a PCL-substituting prosthesis is 
to be used, the PCL can be resected at this time or can 
be removed later in the procedure along with the box cut 
made in the distal femur for the PCL-substituting femoral 
component.

 n  With PCL substitution and PCL retention, subluxate and 
externally rotate the tibia. External rotation relaxes the 
extensor mechanism, decreases the chance of patellar 
tendon avulsion, and improves exposure.

 n  Expose the lateral tibial plateau by a partial or complete 
excision of the infrapatellar fat pad and retraction of the 
everted extensor mechanism with a levering-type retrac-
tor placed carefully adjacent to the lateral tibial plateau.

 n  During all maneuvers that place tension on the exten-
sor mechanism, especially knee flexion and patellar re-
traction, pay careful attention to the patellar tendon 
attachment to the tibial tubercle. Avulsion of the patel-
lar tendon is difficult to repair and can be a devastating 
complication.

See also Video 7.4.

  

In an effort to reduce patellofemoral complications and 
expedite the return of quadriceps function postoperatively, 
alternative methods of exposure have been described. The 
subvastus (“Southern”) approach differs from Technique 7.1 
in the method of subluxating the extensor mechanism later-
ally for knee exposure (Fig. 7.38). The same anterior midline 
knee incision is used, but the proximal retinacular incision 
is performed by incising the superficial fascia overlying the 
vastus medialis and bluntly mobilizing the distal medial bor-
der of the vastus medialis posteriorly to the medial intermus-
cular septum. The origin of the vastus medialis is lifted off 
the medial intermuscular septum to approximately 10 cm 
proximal to the adductor tubercle, staying distal to the aper-
ture for the femoral vessels. The synovium is incised, and the 
entire extensor mechanism is dislocated laterally. Advocates 
of this approach claim that leaving the extensor mechanism 
intact results in a more rapid return of quadriceps strength, 
preserves more of the vascularity to the patella, improves 
patient satisfaction while decreasing postoperative pain, and 
decreases the need for lateral release. Compared with the 
medial parapatellar approach, the exposure may be limited, 
especially in obese patients and patients with previous knee 
surgeries.

Engh and Parks described the midvastus approach, which 
differs from the subvastus approach in that the vastus media-
lis muscle is split in line with its fibers, rather than sublux-
ated laterally in its entirety. The split in the vastus medialis 
starts at the superomedial border of the patella and extends 
proximally and medially toward the intermuscular septum 
(Fig. 7.39).

A safe zone of 4.5 cm of the vastus medialis can be sharply 
split from the margin of the patella and can be bluntly dis-
sected further if desired. This approach preserves the supreme 
genicular artery to the patella and the quadriceps tendon. 
Relative contraindications to the midvastus approach include 
obesity, previous upper tibial osteotomy, and preoperative 
flexion of less than 80 degrees. Careful attention to hemo-
stasis is mandatory because postoperative hematomas have 
been described with the subvastus and midvastus approaches. 
Extensile exposures are described in the section on revision 
TKA.

INTRAMEDULLARY AND 
EXTRAMEDULLARY ALIGNMENT 
INSTRUMENTATION
Intramedullary alignment instrumentation is crucial on the 
femoral side of a TKA because femoral landmarks are not eas-
ily palpable. The entry portal for the femoral alignment rod 
typically is placed a few millimeters medial to the midline, at 
a point anterior to the origin of the PCL. Preoperative radio-
graphs should be scrutinized for a wide canal or excessive 
femoral bowing because these conditions may result in align-
ment errors. Cadaver studies have shown that positioning of 
the entry point of the femoral intramedullary alignment rod 
significantly affects the resulting alignment of the distal femo-
ral cut by as much as 5 degrees in the sagittal plane.

Extramedullary femoral alignment is useful only in limbs 
with severe lateral femoral bowing, femoral malunion, or ste-
nosis from a previous fracture, or when an ipsilateral total hip 
arthroplasty or other hardware fills the isthmus of the intra-
medullary canal. A palpable marker can be placed over the cen-
ter of the femoral head based on preoperative hip radiographs 

 FIGURE 7.37 Lateral patellofemoral plicae are cut to allow 
mobilization of extensor mechanism. SEE TECHNIQUE 7.1.
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FIGURE 7.38 A and B, Subvastus approach involves lifting entire extensor mechanism off 
medial intermuscular septum and subluxing it laterally for exposure. C, Tine retractor placed over 
top of femur and secured on lateral surface places vastus medialis under tension while muscle 
attachment to intermuscular septum is sharply detached with scissors. D, Complete release of 
quadriceps to medial intermuscular septum. Exposure obtained after full eversion of patella.  (From 
Miller MD: Knee and lower leg. In Miller MD, Chhabra AB, Hurwitz S, et al, editors: Orthopaedic surgical 
approaches, Philadelphia, 2008, Elsevier.)
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FIGURE 7.39 A, Midvastus approach shown as green dashed line with right knee in 90 degrees 
flexion. B, Operative photograph. (From Miller MD: Knee and lower leg. In Miller MD, Chhabra AB, 
Hurwitz S, et al, editors: Orthopaedic surgical approaches, Philadelphia, 2008, Elsevier.)
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A B

FIGURE 7.40 A, Bowed tibia may preclude use of intramed-
ullary alignment guide for making tibial cut. B, Extramedullary 
alignment guide is recommended in this situation.

or by fluoroscopic imaging with the patient on the operating 
table. The anterior superior iliac spine has been shown to be 
unreliable for determining the hip center and should not be 
used as the primary landmark when extramedullary femo-
ral alignment is chosen. Currently, when preexisting defor-
mity or hardware is present, more modern techniques such as 
computer navigation or custom cutting blocks are used (see 
Computer-Assisted Alignment Technique).

The use of tibial intramedullary alignment guides is 
slightly more controversial. One concern about the use of 
these guides is the risk of fat embolism. A greater elevation of 
pulmonary arterial pressures and slightly diminished cardiac 
indices were found in patients undergoing bilateral TKAs 
using intramedullary tibial alignment guides compared with 
extramedullary tibial alignment guides and venting of the 
femoral intramedullary canals; however, these slight changes 
were not believed to constitute any contraindication to the 
use of intramedullary alignment devices. Because of a 12% 
prevalence of postoperative neurologic changes believed to 
be consistent with fat embolism after bilateral TKA, the use 
of pulmonary arterial pressure monitoring has been recom-
mended by some surgeons. Drilling an oversized 12.7-mm 
hole in the distal femur and using an 8-mm fluted rod were 
shown to eliminate the negative cardiopulmonary effects of 
intramedullary femoral alignment rods.

The relative accuracy of intramedullary and extramedul-
lary tibial alignment also has been debated. In one study, 94% 
of tibial components were within 2 degrees of 90 degrees with 
intramedullary alignment compared with 85% with extra-
medullary alignment. Another study found extramedullary 
alignment to be more accurate, with 88% of tibial compo-
nents within 2 degrees of the 90-degree goal, whereas only 
72% of the components placed using intramedullary align-
ment met this criterion. Neutral tibial component alignment 
was reported to be obtained with intramedullary devices in 
83% of varus knees, but in only 37% of valgus knees; tibial 
bowing was more common in valgus knees (Fig. 7.40A), 
and the use of long leg films for templating and intraopera-
tively double checking the alignment of the tibial cut with an 
extramedullary device were recommended (Fig. 7.40B). In a 
cadaver study comparing intramedullary and extramedullary 
devices to computer navigation for tibial alignment, intra-
medullary alignment was not as accurate as extramedullary 
alignment in determining posterior slope. The anterior tibial 
crest also has been used by some surgeons during extramed-
ullary alignment of the tibia. This technique has been shown 
in a cadaver study to be variable, resulting in a range from 3.2 
degrees varus to 2.1 degrees valgus with a consistent anterior 
slope in the sagittal plane. Currently, most surgeons at our 
institution use intramedullary femoral alignment with extra-
medullary tibial alignment; one uses computer navigation 
techniques as well. When determining where the center of the 
ankle lies between the malleoli, some now advocate a slightly 
medial-based position from the center of the malleolar axis in 
the coronal plane. This has been reported to be approximately 
2 mm medial to this center point, so many surgeons aim the 
tip of the tibial extramedullary alignment rod slightly medial 
to the center of the ankle, and the amount of tibial torsion and 
subcutaneous tissue present can affect where the radiographic 
center of the ankle lies. Assessment of a long-standing radio-
graph can help determine where the radiographic center of 
the tibia lies on an individual basis and should be reviewed 
before every case. 

 

BONE PREPARATION FOR PRIMARY 
TOTAL KNEE ARTHROPLASTY
Bone surface preparation is based on the following prin-
ciples: appropriate sizing of the individual components, 
alignment of the components to restore the mechanical 
axis, recreation of equally balanced soft tissues and gaps in 
flexion and extension, and optimal patellar tracking.

 TECHNIQUE 7.2 

 n  Make the distal femoral cut at a valgus angle (usually 5 to 
7 degrees), and for more accuracy this angle can be mea-
sured off of a long-standing radiograph by measuring the 
angle between the mechanical and anatomic axes of the fe-
mur (see Fig. 7.19) perpendicular to the predetermined me-
chanical axis of the femur. The amount of bone removed 
generally is the same as that to be replaced by the femoral 
component. If a significant preoperative flexion contracture 
is present, additional resection can be done to aid in correc-
tion of the contracture, but elevation of the joint line over 4 
mm should be avoided. If a posterior cruciate–substituting 
prosthesis is used, an additional 2 mm of distal femoral 
resection can be performed to equal the increase in the 
flexion gap that occurs when the PCL is sacrificed.

 n  The anterior and posterior femoral cuts determine the 
rotation of the femoral component and the shape of the 
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flexion gap. Excessive external rotation widens the flexion 
gap medially and may result in flexion instability. Internal 
rotation of the femoral component can cause lateral pa-
tellar tilt or patellofemoral instability.

 n  Femoral component rotation can be determined by one of 
several methods. The transepicondylar axis, anteroposterior 
axis, posterior femoral condyles, and cut surface of the proxi-
mal tibia all can serve as reference points (Fig. 7.41).

 n  If the transepicondylar axis is used, make the posterior 
femoral cut parallel to a line drawn between the medial 
and lateral femoral epicondyles. Determine the antero-
posterior axis by drawing a line between the bottom of 
the sulcus of the femur and the top of the intercondylar 
notch, and make the posterior femoral cut perpendicular 
to this axis.

 n  When the posterior condyles are referenced, make the 
cut in 3 degrees of external rotation off a line between 
them. A valgus knee with a hypoplastic lateral femoral 
condyle may lead to an internally rotated femoral com-
ponent if the posterior condyles alone are referenced 
(Fig. 7.42).

 n  Using the cut surface of the proximal tibia or the “gap” 
technique, make the posterior femoral cut parallel to 
the proximal tibial cut after the soft tissues have been 
balanced in extension (Fig. 7.43). This technique often 
is used for mobile-bearing TKA because precise gap bal-
ancing in flexion is necessary to ensure that “spinout” of 
the polyethylene bearing does not occur.

 n  Caution should be exercised when using the gap tech-
nique because reliance on ligaments of nonanatomic 
length can lead to suboptimal femoral component rota-
tion in the transverse plane. It is important for the sur-
geon to be familiar with each of these reference points 
because reliance on a single reference could result in 
suboptimal femoral component rotation in the trans-
verse plane.
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FIGURE 7.42 Hypoplastic lateral condyle causes relative internal rotation of the femoral component if the posterior condylar axis is 
utilized while the anteroposterior axis places it in the proper position. SEE TECHNIQUE 7.2.
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FIGURE 7.41 Alignment axes in knee with normal condylar 
shape. Resection perpendicular to anteroposterior (AP) axis or 
parallel to epicondylar (epi) axis results in resection line (x) that is 
slightly externally rotated relative to posterior condylar (PC) axis by 
3 degrees on average. This results in correct positioning of femoral 
component. SEE TECHNIQUE 7.2.
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 n  Regardless of the method used for rotational alignment, 
the thickness of bone removed from the posterior aspect 
of the femoral condyles should equal the thickness of 
the posterior condyles of the femoral component. This 
is determined directly by measuring the thickness of the 
posterior condylar resection with “posterior referencing” 
instrumentation. “Anterior referencing” instruments 
measure the anteroposterior dimension of the femoral 
condyles from an anterior cut based off the anterior fem-
oral cortex to the articular surface of the posterior femoral 

condyles. The femoral component chosen must be equal 
to or slightly less than the measured anteroposterior di-
mension to avoid tightness in flexion.

 n  Posterior referencing instruments are theoretically more 
accurate in recreating the original dimensions of the distal 
femur; however, anterior referencing instruments have 
less risk of notching the anterior femoral cortex and place 
the anterior flange of the femoral component more reli-
ably against the anterior surface of the distal femur. It is 
absolutely necessary that the surgeon knows whether the 
implant system being used is an anterior- or posterior-
based reference system because this will be important 
when balancing flexion-to-extension gap inequalities.

 n  Complete the distal femoral preparation for a PCL-retain-
ing prosthesis by making anterior and posterior chamfer 
cuts for the implant. If a PCL-substituting design is cho-
sen, remove the bone for the intercondylar box to accom-
modate the housing for the post and cam mechanism 
(Fig. 7.44).

 n  Cut the tibia perpendicular to its mechanical axis with the 
cutting block oriented by an intramedullary or extramed-
ullary cutting guide. The amount of posterior slope de-
pends on the individual implant system being used. Many 
systems incorporate 3 degrees of posterior slope into the 
polyethylene insert, which allows more accurate slope to 
be aligned by the implant rather than with the cutting 
block. The amount of tibial resection depends on which 
side of the joint (more or less arthritic) is used for refer-
ence. When measured off the unaffected side of the joint, 
the resection should be close to the size of the implant 
being used, typically 8 to 10 mm. If the more arthritic side 
of the joint is used for reference, the amount of resection 
usually is 2 mm or less. Protect the patellar tendon and 
collateral ligaments during this portion of the procedure.

 n  Alternatively, the proximal tibia can be cut before comple-
tion of the distal femoral cuts.

GAP BALANCING TECHNIQUE 
 n  If the distal femoral resection has not been completed, 

balance the flexion and extension gaps at this time by 
placing spacer blocks or a tensioner within the gaps with 
the knee in flexion and extension. Varus-valgus balance 

 FIGURE 7.43 Rectangular flexion gap is obtained by exter-
nally rotating cutting jig of femur parallel to cut surface of tibia 
while collateral ligaments are under equal tension, obtained with 
tensioning device as shown or with spacer blocks. SEE TECHNIQUE 7.2.

 

A B

FIGURE 7.44 A, Chamfer cuts complete distal femoral resection in cruciate-retaining arthro-
plasty. B, Intercondylar notch cut to accommodate post and cam mechanism in cruciate-substituting 
arthroplasty. SEE TECHNIQUE 7.2.
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can be fine-tuned with further medial or lateral releases 
(see “Soft-Tissue Balancing”).

 n  Before any soft-tissue release, remove any medial or 
lateral osteophytes about the tibia and femur. Remove 
posterior condylar osteophytes because they can block 
flexion and tent posterior soft-tissue structures in exten-
sion, causing a flexion contracture.

 n  The flexion and extension gaps must be roughly equal. If 
the extension gap is too small or tight, extension is lim-
ited. Similarly, if the flexion gap is too tight, flexion is 
limited. Laxity of either gap can lead to instability.

 n  If the extension gap is smaller than the flexion gap, re-
move more bone from the distal femoral cut surface, or 
release the posterior capsule from the distal femur, but 
first make certain that all posterior condylar osteophytes 
have been removed before raising the joint line.

 n  If the flexion gap is smaller than the extension gap, re-
move more bone from the posterior femoral condyles by 
making appropriate cuts for the next smaller available 
femoral component; make sure this is done with anterior 
referencing so that the posterior condyles are shortened 
and the anterior cortex is not notched.

 n  If the flexion and extension gaps are equal, but there is 
not enough space for the desired prosthesis, remove more 
bone from the proximal tibia because bone removed from 
the tibia affects the flexion and extension gaps equally.

 n  When the flexion and extension gaps are equal but lax, a 
larger spacer block and a thicker tibial polyethylene insert 
are required to obtain stability.
  

COMPUTER-ASSISTED ALIGNMENT 
TECHNIQUE
Computer navigation has not seen a significant adoption for 
use during primary TKA. The most popular technique uses 
imageless computer navigation with the surgeon determining 
the anatomic landmarks by direct or indirect measures dur-
ing the procedure. Despite multiple studies in the literature 
confirming that imageless computer navigation decreases the 
number of outliers in coronal mechanical axis alignment after 

TKA, the technique has not been universally adopted in the 
United States.

The technique typically involves the attachment of active 
or passive trackers on the femur and the tibia, which are then 
tracked by a computer-assisted infrared camera, which must 
have a clear line of sight during the procedure (Fig. 7.45). The 
markers are removable from a reference base that is anchored 
to the bone to ensure they are not damaged or loosened during 
the procedure. Once the trackers are attached to the reference 
bases, the surgeon typically performs a registration of the ana-
tomic landmarks so that the computer can determine and track 
the femoral and tibial anatomy during the procedure to guide 
the surgeon in alignment of the bony cuts and implants. The 
anatomy within the surgical field typically is registered using 
a pointing device that the computer can track, and the center 
of the femoral head is determined by indirect means of a cen-
ter-of-rotation mathematic algorithm. Palpated landmarks of a 
combination of center-of-rotation and external landmarks can 
be used to determine the center of the ankle. In a cadaver study, 
using the most medial and most lateral aspects of the medial and 
lateral malleoli and using a percentage of the distance between 
the two points was the most accurate method for determin-
ing the center of the ankle. Once the registration is complete, 
the computer can give real-time feedback about the alignment 
of the bony cuts of the femur and tibia in all three anatomic 
planes, which allows the surgeon to make changes and to mea-
sure the accuracy of the bony cuts rather than relying solely on 
the alignment of the cutting jig, which may not translate into 
an accurate bony cut because of sclerotic or osteopenic bone.

Computer navigation systems also can aid in determin-
ing the proper implant size and alignment. Soft-tissue balanc-
ing and measurement of flexion and extension gaps during 
the procedure are other significant advantages to computer-
assisted TKA. Objective measurement of the gaps ensures 
proper soft-tissue balancing and gaps that will provide a sta-
ble joint throughout a range of motion. A gap balancing and 
equalization technique was found to produce better flexion 
at 1- to 4-year follow-up, but no patient-derived outcome 
measures were different than those with conventional tech-
niques. In a meta-analysis of 22 studies of computer-assisted 
TKA, better overall alignment and implant positioning were 

 

A B

FIGURE 7.45 A, Computer-assisted alignment uses trackers placed on the femur and tibia, which 
are tracked by a computer-assisted camera. B, Computer allows real-time planning during case.
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found, but no improvement in functional outcome was noted. 
A recent prospective study randomized 195 patients to TKA 
with conventional instrumentation (97 knees) or computer-
assisted navigation (98 knees). At 5-year follow-up Knee 
Society Scores were significantly higher in the navigated 
group, possibly suggesting that the effects of computer assis-
tance may not be apparent until further along in the survivor-
ship curves of TKA patients.

Another advantage of computer navigation is that it 
avoids violation of the femoral intramedullary canal. This 
may reduce blood loss and cardiac-related complications 
because fewer emboli are placed into the venous system than 
with placement of an intramedullary alignment rod. These 
imageless navigation systems are helpful when existing hard-
ware is present or extraarticular deformity precludes the use 
of conventional instruments because they avoid the morbid-
ity of an additional procedure to remove existing hardware or 
correct a deformity (Fig. 7.46).

Disadvantages of computer navigation systems include 
the cost of the system, increased operating times, and the lack 
of current clinical outcome studies showing improved survi-
vorship. Periprosthetic fractures through the reference-base 
anchoring holes in the femur and tibia have been reported. 
Currently, there are only limited reports showing improved 
functional results with computer navigation assisted TKA. In 
a prospective study of 115 primary TKA procedures, patients 
in whom computer navigation was used had significantly 
higher SF-12 and Knee Society Scores up to 1 year postopera-
tively, but other studies reproducing these outcomes have not 
been prominent. 

ROBOTIC-ASSISTED SURGERY 
CONSIDERATIONS
As technology advances, companies have turned to active 
and/or semi-active robotic systems to improve accuracy of 
primary TKA procedures. It is important to point out that 
these systems utilize the image-free tracking technology that 
computer navigation techniques have been using for years. 
The advancement has been in the haptics and casting systems 
and in real-time operative planning routines that allow sur-
geons to change or “tweak” component placement during sur-
gery. To date no improvements or cost-effective results have 
been reported, however. Most opponents to this technology 
point out the large up-front costs, the need for preoperative 
imaging with some platforms, and the lack of improvement 
in outcomes. Proponents of these systems point to better 
accuracy and less soft-tissue damage during the procedure, 
which seems to show some benefit in preliminary studies and 
outcomes. 

CUSTOM CUTTING BLOCKS
After the introduction of custom cutting blocks, there were 
reports that they offered a more accurate, less invasive tech-
nique for achieving proper implant alignment during TKA. 
This technique uses preoperative MRI or CT scans of the 
lower extremity that include the hip and ankle to produce 
custom cutting blocks for the distal femur (Fig. 7.47) and the 
proximal tibia. With this technique, the “computer alignment” 
is done outside the operating room using three-dimensional 
imaging to determine the position of the distal femoral cut 
and the rotational position of the femoral component in the 
transverse plane. Rapid prototyping technology and image 
shape-fitting software typically are used to manufacture these 
custom cutting blocks. Although initial reports showed align-
ment after TKA with a custom cutting block to be compa-
rable to that using computer navigation, there are monetary 
concerns associated with the cost of imaging and production 
of the cutting jigs. Advocates of the custom cutting blocks 
report shorter operating room times and less cost to sterilize 
instrument sets. However, the technique cannot tell the sur-
geon if the cutting block is secured in the proper position or 
if the resulting bony cut is in the proper position, and there 
is no way to determine this until postoperative radiographs 
are obtained. A retrospective study compared 120 patients 
who had TKA with standard instrumentation with 124 who 
had TKA with a custom cutting guide and found no differ-
ence at 2-year follow-up in UCLA activity scores, the Oxford 
Knee Scores, or SF-36 reported outcome measures, nor were 

 

A B

FIGURE 7.46 A, Malunion of the femur. B, Computer naviga-
tion was used to perform TKA.

 FIGURE 7.47 Custom cutting-block produced from preopera-
tive magnetic resonance images.
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there any differences in coronal alignment on CT scan mea-
surements. Another study comparing the two procedures in 
97 patients also found no differences in alignment using the 
UCLA and Oxford knee scores. 

SOFT-TISSUE BALANCING
Soft-tissue balancing is essential to providing a stable joint 
after TKA. If a matched resection surgical technique is being 
used, the bone preparation is completed first, and then the 
flexion and extension gaps should be evaluated for symmetry 
for equal height in flexion and extension. This can be done 
with laminar spreaders, spacer blocks, or computer navigation 
techniques. Before release of any anatomic soft-tissue sup-
porting structure about the knee, all peripheral osteophytes 
should be removed from the femur and tibia. The removal of 
osteophytes alone may be enough to balance existing coro-
nal plane deformities. If a tibial resection first (gap balanc-
ing) surgical technique is being used, the osteophytes should 
be removed before determining any bony cuts on the femur. 
Eventual knee range of motion can be restricted by excessive 
collateral or PCL tension, and excessive laxity may lead to 
clinically unacceptable instability. As a general guideline, 1 to 
2 mm of balanced varus-valgus opening in the medial and 
lateral compartments of the prosthetic knee is a reasonable 
goal. Regardless of the type of deformity being corrected, sta-
bility should be checked after each stage of soft-tissue release 
because overrelease can lead to excessive coronal plane insta-
bility and require conversion to an implant with a constrained 
post.

SOFT-TISSUE BALANCING TECHNIQUES (PIE-
CRUSTING OR STANDARD RELEASE)
The traditional way of releasing tight structures is by subperi-
osteal release. In a varus deformity, the tight medial structures 
are released subperiosteally from the proximal tibia, while in 
a valgus deformity the tight structures are released off the 
femoral side of the joint. On the tibial side the releases can be 
performed with an elevator or an osteotome. On the femoral 
side these are typically performed by sharp dissection.

For a varus deformity, when the flexion or extension gap 
is tight medially, one can direct the portion of the medial 
soft-tissue sleeve to release. In general, the anterior half of 
the superficial medial collateral ligament affects the flexion 
gap more, while the posterior half and the posterior oblique 
ligament portions affect the extension gap more than the 
flexion gap. For a valgus deformity, when the lateral aspect 
of the flexion and/or extension gap is tight, one can direct 
the releases as determined by previous anatomical or bio-
mechanical studies. The iliotibial band (ITB) can be released 
to affect the extension gap. The lateral collateral ligament 
tends to affect both the extension and flexion gaps, while the 
posterolateral corner affects the extension space more than 
the flexion gap.

The popliteus tendon release tends to affect the flexion 
gap more than the extension gap. In severe deformities it 
may be necessary to assess the lateral head of the gastrocne-
mius to see if it is involved in the extension gap deformity 
and consider releasing it as well. In either a varus or valgus 
knee deformity, if after complete release of structures there 
continues to be a trapezoidal extension gap, advancing the 
opposite collateral ligament may be considered to balance 
the gap, but this mostly is needed in extreme deformities.

Another technique used for soft-tissue balancing in knees 
with valgus or varus deformity is pie-crusting of the lateral or 
medial soft-tissue sleeve. This technique allows the surgeon 
to direct the lengthening of soft-tissue supporting structures 
according to which areas are taut under tension or under 
varus and valgus stress of the joint space in the operating 
room. During balancing, whether using a matched-resection 
or gap-balancing surgical technique, the contracted side of 
the soft-tissue sleeve is assessed for tight structures. Multiple 
stab incisions are made with a scalpel blade or large needle 
parallel to the joint line to effectively elongate the areas of 
the soft-tissue sleeve that are under undue tension (see Fig. 
7.49C). Multiple studies have reported good outcomes in 
both valgus and varus deformities with this technique. The 
advantage of pie-crusting, especially on the lateral soft-tissue 
sleeve, is that it leaves a supporting tether that does not allow 
a larger gap opening on the lateral side of the knee in flexion. 
Cadaver studies have shown that larger releases are not pos-
sible with this technique until the lateral collateral ligament 
is resected. Care is needed when pie-crusting is done in the 
posterolateral corner because the peroneal nerve is within 1.5 
cm of this area. Because the nerve is farther away when the 
knee is flexed, flexing the knee can help protect the nerve dur-
ing pie-crusting of the posterolateral corner. In a varus knee, 
if pie-crusting cannot obtain enough elongation of the medial 
soft-tissue sleeve, then moving to more traditional releases off 
of the proximal tibia can be utilized for balancing. Regardless 
of the technique used, the surgeon should understand which 
anatomic structures will affect the extension and flexion gaps 
so that each individual type of gap asymmetry can be prop-
erly corrected. Multiple cadaver biomechanical studies have 
delineated which anatomic structures affect the flexion and 
extension gaps of the knee. In general, remember that release 
of the posterior structures from the posterior oblique liga-
ment to the posterior capsule and semimembranosus inser-
tion on the tibia affects the extension space more than the 
flexion space, and release of the anterior half of the superficial 
medial collateral and the pes anserinus insertion affects the 
flexion space more. Targeting these structures by pie-crusting 
has been shown to be safe and effective, and by feeling the 
tight bands, selective soft tissues can be targeted. 

 .

PIE-CRUSTING

 TECHNIQUE 7.3 

 n  After the distal femur is prepared using the anteropos-
terior and epicondylar axes as a rotational guide, cut the 
proximal tibia perpendicular to the mechanical axis and 
remove osteophytes.

 n  Place the knee in full extension and evaluate the medial 
and lateral soft-tissue balance with either a spacer block 
or trial components under varus and valgus stress or place 
tensioners medially and laterally between the posterior 
femoral condyles and proximal tibial cut surfaces. Careful 
placement of the tensioners is crucial to avoid crushing 
and deforming osteoporotic bone.
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 n  Remove any retractors that are causing tension on the 
affected side and replace them with rake retractors.

 n  Palpate the soft tissues on the affected side and release them 
by pie-crusting until a rectangular flexion gap is achieved.

 n  Move the knee into 90 degrees of flexion and repeat the 
balancing assessment.

 n  If the knee is still tight medially or laterally in flexion, re-
move the trial components and reinsert the tensioning 
devices with the knee in flexion.

 n  Repeat pie-crusting with the knee in 90 degrees flexion 
until a rectangular flexion gap is achieved (Fig. 7.49).

 n  Replace the trial components and confirm coronal plane 
stability in flexion and extension.

 n  Correct any residual discrepancies in the flexion and ex-
tension gaps with pie-crusting or, if necessary, standard 
gap balancing techniques (see Technique 7.2).

   

 

POSTERIOR STABILIZED TOTAL KNEE 
ARTHROPLASTY IN A VARUS KNEE

   TECHNIQUE 7.4 

 n  Make the initial exposure to include release of the deep 
medial collateral ligament off the tibia to the posterome-
dial corner of the knee.

 n  Make the bone cuts using the preferred technique (intra-
medullary or extramedullary guide, computer navigation, 
custom cutting blocks).

 n  Remove all osteophytes on the femur and the tibia be-
cause they can tent the medial soft-tissue sleeve and ef-
fectively shorten the medial collateral ligament.

 n  Make sure the PCL is resected before balancing. Because 
the PCL is a secondary medial stabilizer, take care not to 
release the entire soft-tissue sleeve off the tibia because it 
may overshoot the gap. In general, less soft-tissue release 
is needed to balance a varus knee once the PCL is resected.

 n  Assess the flexion and extension gaps. If the gaps are 
tight medially, release the appropriate tight portion of 
the medial soft-tissue sleeve with your preferred method. 
Recheck the gaps in flexion and extension.

 n  If the extension gap is tight only medially in extension, the 
posterior oblique ligament portion can be targeted for re-
lease now or later in the soft-tissue balancing procedure. 
If the extension gap remains tight medially, the semimem-
branosus and posteromedial capsule can be targeted for 
release.

 n  If the flexion gap is tight, the anterior aspect of the super-
ficial medial collateral ligament and tight bands within the 
structure can be targeted for release.

 n  If the entire soft-tissue sleeve is released and the medial 
gap is still tight (as is usually the case with severe varus 
deformity), consider advancing the lateral collateral 
ligament or use of a more constrained implant.

  

 

POSTERIOR CRUCIATE–RETAINING 
TOTAL KNEE ARTHROPLASTY OF A 
VARUS KNEE

 TECHNIQUE 7.5 

 n  Make the initial exposure to include release of the deep 
medial collateral ligament off the tibia to the posterome-
dial corner of the knee.

 n  Make the bone cuts using the preferred technique (intra-
medullary or extramedullary guide, computer navigation, 
custom cutting blocks). Care needs to be taken to protect 
the bony insertion on the tibia of the PCL.

 n  Remove all osteophytes on the femur and the tibia be-
cause they can tent the medial soft-tissue sleeve and ef-
fectively shorten the medial collateral ligament.

 n  Assess the flexion and extension gaps and target the ap-
propriate soft-tissue structures with your preferred bal-
ancing technique. With a CR TKA with the PCL intact, 
the release may need to be more significant to effectively 
balance the gap since the PCL is a secondary coronal sta-
bilizing structure.

 n  If the extension gap is tight only medially, the posterior 
oblique ligament portion can be targeted now or later in 
the soft-tissue balancing procedure. If the extension gap 
remains tight medially, the semimembranosus and pos-
teromedial capsule can be targeted for release (Fig. 7.48).

 n  If the flexion gap is tight, the anterior aspect of the su-
perficial medial collateral ligament and the pes anserinus 
insertion can be targeted for release (see Fig. 7.48).

 n  If the entire soft-tissue sleeve is released and the medial 
gap is still tight, consider balancing the posterior cruciate 
ligament if it is tight (see section on Balancing of the Pos-
terior Cruciate Ligament and Fig. 7.48). If after recession 
of the PCL it no longer functions in the sagittal plane, con-
sider conversion to an anterior-lipped, deep-dish insert if 
available with the implant system being used or consider 
conversion to a posterior stabilized implant.

 n  If after complete release of the medial soft-tissue sleeve 
and PCL recession (see Fig. 7.48) there is still a tight me-
dial gap, make certain the posterior capsule is not tight. If 
it is, release the capsule. If a tight medial gap still persists, 
consider advancing the lateral collateral ligament and/
or using a constrained condylar implant (this usually is 
needed for severe varus deformity cases)
   

VALGUS DEFORMITY CORRECTION
Valgus deformity is common in patients with rheumatoid 
and inflammatory arthropathies and also can occur in those 
with hypoplastic lateral femoral condyle or previous trauma 
or reconstructive procedures that change the weight-bear-
ing axis of the lower extremity or tighten the lateral side 
of the joint. The three-layer anatomy of the lateral side of 
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the knee joint makes its soft-tissue balancing more com-
plex than with varus deformity. The surgeon should have 
detailed knowledge of the three soft-tissue layers to under-
stand the release and balancing techniques used to correct 
tight lateral gaps in valgus deformity.

  TECHNIQUE 7.6 
 n  During exposure of a knee with a valgus deformity, take 

care not to compromise the medial soft-tissue sleeve, 
which may already be attenuated.

 n  Make the bone cuts using the preferred technique (intra-
medullary or extramedullary guide, computer navigation, 
custom cutting blocks).

 n  Remove osteophytes to the level of the native articular 
margins to avoid tenting of the soft tissues.

 n  The order of soft-tissue release on the lateral side of the 
knee varies, depending on the extent of fixed contracture 
and associated deformity.

 n  The structure released first depends on whether both the 
extension and flexion gaps are tight on the lateral side. If 
both are tight, then feel for the tight structures in both 
flexion and extension and target the appropriate structure 
with your preferred balancing technique to achieve a bal-
anced gap. Try and leave the insertion of the popliteus 
tendon intact as long as it is not tight (see Fig. 7.49). 
Check for tight structures in both extension and flexion.

 n  If at any point during the balancing of the valgus knee only 
the extension gap is tight, release the tight portions of the 
iliotibial band by your preferred technique. For the ITB we 
recommend pie-crusting as opposed to complete release. 
Make certain all fibers are released and evaluate the biceps 
aponeurosis to make sure it is not involved in the contracture.

 n  Release of the posterolateral corner has been shown to 
effectively increase the extension space more than the 
flexion space and should be considered before release of 
the lateral collateral ligament if only a small amount of 
correction is needed.

 n  Release of the popliteus tendon will tend to increase the 
flexion gap laterally more than the extension gap.

 n  If the knee is still not balanced in full extension after re-
lease of all of these structures, release the posterior cap-
sule off the lateral femoral condyle; then release of the 
lateral head of gastrocnemius may be considered if fur-
ther correction is needed.

 n  Because it is a medial structure, the PCL often is attenu-
ated in a knee with a valgus deformity. If complete release 
did not balance the gaps, inspect the PCL to determine 
whether it is involved in the deformity.

 n  If complete release of all of the above structures does not 
balance the flexion and extension gaps on the lateral side, 
consider advancement of the medial collateral ligament 
(Fig. 7.50).

 n  If the lateral flexion gap opens more than the extension 
gap, make certain that the “jump height” of a posterior 
stabilized peg is not exceeded; if this is a possibility, con-
sider using a constrained condylar type of implant.

   

When a combined severe valgus and flexion contracture 
deformity is present, acute correction can cause stretching of 
the peroneal nerve and subsequent palsy. Close attention to the 
neurologic examination after surgery is recommended in these 
patients and, if a palsy presents itself after surgery, the knee 
should be flexed to alleviate traction on the nerve. Another, 
more commonly used approach is to immobilize the knee post-
operatively in some degree of flexion to allow gradual stretch-
ing of the nerve as the knee is moved into extension.

Occasionally, because of attenuation of the medial col-
lateral ligament, adequate ligament balance cannot be 
obtained. In elderly patients, a constrained condylar type 
of prosthesis may be a reasonable option. The other option 
in this circumstance is medial collateral ligament advance-
ment, which includes elevation of the femoral origin of the 
medial collateral ligament and proximal advancement using 

 

PCL acting
as center
tether

LCL
is lax

Taut lateral
ligament

Intra-substance
release of
posterior ligament
or piecrusting
can be used

Bony attachment
can be released
using an osteotome

FIGURE 7.48 The posterior cruciate ligament (PCL) is a more medial structure and may be 
involved in coronal plane deformity in osteoarthritic varus knee. After release of medial struc-
tures, PCL may still be affecting medial gap, especially in flexion, and may need to be released to 
equalize gaps. This can be done intrasubstance or off tibial insertion with or without piece of bone 
to effectively elongate ligament. PCL less likely acts as central tether in valgus deformity because 
of its more medial location. If it is involved in more severe valgus deformities, it may need to be 
released. SEE TECHNIQUE 7.5.
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a locking-loop type of suture within the substance of the liga-
ment. This suture is secured around a screw and washer with 
a staple placed in its desired attachment in the medial epicon-
dyle (Fig. 7.50). 

   

FLEXION CONTRACTURE CORRECTION
Most preoperative flexion deformities improve with appro-
priate soft-tissue balancing for coronal plane deformity. 
If a flexion contracture persists despite balanced medial 
and lateral soft tissues, the shortened posterior structures 
must be effectively lengthened. If the contracture persists, 
the joint line may need to be elevated by increasing the 

amount of distal femoral bone resection. With severe flex-
ion contracture, elevation of the joint line more than 4 mm 
should be avoided because it can create midflexion insta-
bility, and an increase in implant constraint may be neces-
sary.

 TECHNIQUE 7.7 

 n  Perform the bone cuts and ligament balancing using the 
surgeon’s preferred techniques.

 n  To recreate the normal posterior capsular recesses of the 
knee joint, strip the adherent posterior capsule proximally 
off the femur a short distance above the femoral con-
dyles. This usually is done after the posterior condylar cuts 
are made, allowing access to this space. Stripping farther 
proximally should be carried out carefully because of the 
risk of avulsing the superior geniculate artery at this level; 
bleeding can be difficult to control in this area.

 n  Make sure that all posterior condylar osteophytes have 
been removed off the femoral condyles and that no loose 
bodies are tenting the posterior capsule in this area. Re-
move posterior condylar osteophytes with a curved osteo-
tome. Large osteophytes on the posterior aspect of the 
femur can be difficult to remove if they are adherent to 
the posterior capsule within the posterior capsular recess. 
Using a curet to peel these osteophytes off the posterior 
capsule makes removal easier.

 n  If necessary, release the posterior capsule further by 
stripping more proximally up the posterior aspect of the 
femur and releasing the tendinous origins of the gas-
trocnemius muscles if necessary. Alternatively, posterior 
capsular release off the proximal tibia can be considered, 
but extreme caution is required to protect neurovascular 
structures.

 n  If the flexion contracture persists, increase the distal fem-
oral bone cut by 2 mm and recheck to see if the knee 
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FIGURE 7.49 Pie-crusting technique. A, Knee with valgus deformity before intraarticular release of posterolateral aspect of capsule 
(PC). Note trapezoidal extension gap. B, Correction of deformity after release of posterolateral aspect of capsule and pie-crusting of 
iliotibial band. Note resulting rectangular extension gap. C, Surgical photo (C, From Mihalko WM, Woodard EL, Hebert CT, et al: Biome-
chanical validation of medial pie-crusting for soft tissue balancing in knee arthroplasty, J Arthroplasty 30:296, 2015.) SEE TECHNIQUE 7.3.
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FIGURE 7.50 Advancement of femoral origin of medial collat-
eral ligament and fixation in medial epicondyle with screw and 
washer.
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will move into full extension with the trial components 
in place. This can be increased by another 2 mm (total of 
4 mm over a matched resection) but make certain that 
midflexion instability does not exist. If it does, consider a 
constrained condylar type of implant.
  

When excessive distal femoral resection is performed in an 
effort to obtain extension, the knee may be stable in full exten-
sion because of a posterior tension band effect, but with slight 
flexion the knee may lack enough varus-valgus stability. In this 
situation, the collateral ligaments are relatively longer than the 
posterior soft-tissue restraints. A constrained condylar type of 
prosthesis may be necessary to resolve this “midflexion” insta-
bility, or in some severe cases, a hinge-type of implant.

We prefer to obtain full knee extension intraoperatively, 
using the steps outlined in Technique 7.7. No correlation has 
been found between patients who require increased distal fem-
oral bone resection and the amount of coronal plane deformity. 
In a PCL-retaining TKA the PCL does not contribute to the 
flexion contracture deformity. Although it may be part of the 
coronal plane contracture and need to be released or balanced 
to correct the extension and flexion gap, releasing the PCL for 
a flexion deformity only further increases the flexion gap, mak-
ing the disparity with the extension gap greater. 

  

RECURVATUM CORRECTION
Recurvatum deformity is rare in patients who have TKA, re-
ported to be present in less than 1% of patients. Regardless 
of the diagnosis for which TKA is indicated (OA, posttraumatic 
arthritis, or inflammatory arthritis), the presence of a recurvatum 
deformity presents a unique situation. Recurvatum often occurs 
in conjunction with a valgus knee deformity caused by a hy-
poplastic lateral femoral condyle that allows a larger extension 
space. A careful medical history and physical examination are 
necessary to identify any neuromuscular disease or any quadri-
ceps weakness that may be the cause of the recurvatum defor-
mity. Because recurvatum deformity tends to recur in patients 
with these conditions, a hinged implant with an extension stop 
may be needed to compensate for the loss of quadriceps power.

In a patient who has a recurvatum deformity but no neuro-
muscular weakness, the operative procedure must be planned 
so that the flexion and extension gaps are equal to prevent re-
current deformity after TKA. Simply adding height to the tibia 
will also tighten the flexion space and possibly decrease the 
amount of flexion after surgery; moving the joint line distally 
and/or using a smaller femoral component with anterior refer-
encing is a preferable technique. Although possibly counter-
intuitive, using a smaller femoral component referenced from 
the anterior aspect of the femur requires removal of more pos-
terior femoral condylar bone, which will increase the flexion 
gap. This will allow the height of the tibial polyethylene com-
ponent to be used to fill the gap and create a joint space that is 
stable in extension and flexion. Whiteside and Mihalko found 
that moving the joint line 3 to 5 mm distally and using a smaller 
femoral component with anterior referencing corrected recur-
vatum deformities in 10 patients, with no recurrence at 1-year 
follow-up. In a report of 53 patients with recurvatum deformi-

ties not related to neuromuscular disease, only two of the 57 
knees treated with a PCL-retaining implant had postoperative 
recurvatum of 10 degrees.

 TECHNIQUE 7.8 

 n  If the distal femoral cut is being made first, decrease the 
amount of bone to be removed by 2 to 3 mm depending 
on the severity of the recurvatum deformity.

 n  Place the sizing jig, and with anterior referencing determine 
the appropriate component size. If in between sizes, or if a sig-
nificant recurvatum deformity exists, choose the smaller size 
to increase the amount of posterior condylar bone removed.

 n  If the tibial resection is done first, measure the exten-
sion gap with a spacer block to determine the amount 
of distal femoral resection necessary to fill the extension 
gap and decrease the distal femoral resection by that 
amount.

 n  Regardless of which resection is done first, make certain 
during trial component reduction that the knee is no lon-
ger in recurvatum and that the flexion space is not tight 
once the appropriate height polyethylene component is 
chosen to correct the recurvatum deformity. 
  

  

POSTERIOR CRUCIATE LIGAMENT 
BALANCING
With retention of the PCL, femoral rollback is accom-
plished by tension developed within the PCL during knee 
flexion (see Fig. 7.3). A PCL that is too tight in flexion 
can lead to poor postoperative knee flexion or excessive 
femoral rollback, which is thought to be a factor in ac-
celerated polyethylene wear. Conversely, if the PCL does 
not develop adequate tension in flexion, femoral rollback 
does not occur. Accurate balancing of the PCL is necessary 
for optimal functioning and longevity of a PCL-retaining 
prosthesis.

 TECHNIQUE 7.9 

 n  Correct excessive PCL tension by partial release or reces-
sion of the PCL, which is accomplished in a stepwise fash-
ion with frequent retesting of the PCL tension.

 n  Release the PCL from the superior surface of the bone 
island on the tibia (see Figs. 7.48 and 7.51).

 n  Release it subperiosteally in 1- to 2-mm intervals along the 
posterior surface of the tibia. The PCL bone island can be 
partially or completely removed. The PCL has a broad in-
sertion over approximately 2 cm on the posterior surface 
of the proximal tibia.

 n  If partial release is unsuccessful in balancing the PCL, 
make certain that the appropriate amount of posterior 
slope for the implant being used was obtained in the 
proximal tibial cut.

 n  More commonly, a smaller femoral component, with an-
terior referencing for sizing, can be used to enlarge the 
flexion gap relative to the extension gap if necessary.
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 n  Alternatively, with difficulty balancing the PCL or with 
PCL incompetence because of complete release, sacrifice 
it completely and convert to a PCL-substituting design or 
use a high anterior wall or deep-dish tibial polyethylene 
component if the implant system provides that option to 
prevent anterior translation of the femoral condyles with 
knee flexion.
  

A trial tibial component that lacks a stem can be used 
to evaluate PCL balancing. If the tibial tray lifts off ante-
riorly with knee flexion, PCL tension is excessive (Fig. 
7.52). The patella should be located within the trochlear 
groove during this and other tests of PCL tension because 
the everted patella externally rotates the tibia in flexion 
and can lead to a false-positive result. Direct observation 
of femoral rollback during flexion also can be used: the 
tibiofemoral contact point should not move onto the pos-
terior third of the tibial articular surface. With the knee in 
90 degrees of flexion, firm digital pressure should cause 
the PCL to deflect 1 to 2 mm. If more than 75% of the 
PCL is released, a prosthesis with greater posterior con-
straint should be chosen to avoid late posterior instability. 
Cadaver studies have shown that the posterior slope has 
more of an effect than partial release of the PCL. Because 
complete release of the PCL affects the flexion space more 
than the extension space, balancing or release of the PCL 
does not correct a flexion contracture nor create a recurva-
tum deformity during TKA.

MANAGEMENT OF BONE DEFICIENCY
Bone deficiencies encountered during TKA can have mul-
tiple causes, including arthritic angular deformity, con-
dylar hypoplasia, osteonecrosis, trauma, and previous 

surgery such as HTO and previous TKA. The method 
used to compensate for a given bone defect depends on 
the size and the location of the defect. Contained or cavi-
tary defects have an intact rim of cortical bone surround-
ing the deficient area, whereas noncontained or segmental 
defects are more peripheral and lack a bony cortical rim 
(Fig. 7.53).

Rand classified these defects into three types:
Type I: focal metaphyseal defect, intact cortical rim
Type II: extensive metaphyseal defect, intact cortical rim
Type III: combined metaphyseal and cortical defect

Small defects (<5 mm) typically are filled with cement. 
Contained defects can be filled with impacted cancellous 
bone graft. Larger noncontained defects can be treated 
by a variety of methods, including the use of structural 
bone grafts, metal wedges attached to the prosthesis, or 
screws within cement that fills the defect. The Anderson 
Orthopaedic Research Institute (AORI) further delineated 
bone loss into either femoral (F1, F2, and F3) or tibial (T1, 
T2, and T3) descriptions. Type 2 defects were further clas-
sified into A (bone loss in one condyle) or B (bone loss in 
both condyles).

Before contemporary augments were released, larger 
contained defects in primary TKA were reported with use 
of PMMA and screw fixation. In 145 TKAs (20 all-poly-
ethylene tibial components and 125 metal-backed trays) 
with medial tibial defects treated with screws and cement, 
medial collapse occurred in two and lateral collapse in one, 
all in metal-backed tibial components; no revisions were 
required.

No progression of tibial radiolucencies was seen over 
7 years in 25 knees in which screw-augmented cement was 
used to fill large tibial defects (Fig. 7.54). 

 

PCL

Posterior
capsule

FIGURE 7.51 Posterior cruciate ligament can be “recessed” 
by releasing it from superior surface of tibia and proximal portion 
of its posterior tibial attachment. SEE TECHNIQUE 7.9.

 FIGURE 7.52 One sign of tight flexion space in cruciate-
retaining TKA is seen in this intraoperative photo showing lift-off 
of trial poly insert in flexion. In this case osteophytes in intracon-
dylar notch were removed to balance PCL.
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BONE GRAFTING OF PERIPHERAL 
TIBIAL DEFECTS

 TECHNIQUE 7.10 

(WINDSOR, INSALL, AND SCULCO)
 n  Convert the concave, irregular defect to a flat one by 

minimal bone removal with a saw (Fig. 7.55).
 n  Attach bone removed from the distal femur or proximal 

tibia to the flattened defect and secure it with threaded 
Steinmann pins or screws (Fig. 7.56).

 n  Carefully recut the upper tibial surface to create a flat 
upper tibial surface.

 n  During cementing, premix a small batch of cement and 
use it to seal the junction of the bone graft with the tibia 
to prevent extrusion of cement into this interface during 
final component cement fixation.

 n  If the defect cannot be corrected with this type of re-
construction because too much bone must be removed 
from the tibia or femur to allow apposition of flat bone 
surfaces, level the irregular bone surfaces with a burr to 
allow maximal graft-host bone apposition.

 n  Fashion the graft to fit the defect.
  

Restoration of neutral alignment is essential because this 
has been shown to affect bone graft survival and prosthesis 
loosening. Intramedullary stems on the femoral and tibial 

components commonly are used to protect peripheral bone 
grafts from stress.

Brand et al. first reported the use of modular metal wedges 
attached to the tibial tray to compensate for tibial bone defi-
ciencies (Fig. 7.57). They reported no tibial loosening in 22 
knees observed an average of 3 years. Most modern total 
knee systems employ modular wedges and blocks that can be 
attached to femoral and tibial components to compensate for 
multiple bone deficiencies. With these structural additions, a 
surgeon can literally build a custom prosthesis in the operat-
ing room for a given defect or combination of defects.

Although not often necessary in primary TKA, porous 
metal augments and cones also are now available, and good 
results have been reported with their use (Fig. 7.58A). Some 
of these cones are press fit into the distal femoral or proxi-
mal tibial cavitary defect and then the implant is cemented 
into these types of augments to create a composite type of 
construct. Sleeves also are available that are attached to the 
implant to create a single implant construct when the defects 
are contained (see Fig. 7.58B and C). Most of these devices 
are used for revision cases involving significant defects. These 
cone-types of augments have shown successful integration 
even when the implant construct has failed.

PATELLOFEMORAL TRACKING
Patellofemoral tracking is affected by multiple factors, each 
of which must be inspected during trial reduction and before 
final component implantation. Any factor that increases the 
Q angle of the extensor mechanism can cause lateral mal-
tracking of the patella. Internal rotation of the tibial compo-
nent lateralizes the tibial tubercle, increasing the Q angle and 

 

B

A

FIGURE 7.53 A, Contained defects have intact rim of cortical 
bone surrounding area. B, Noncontained defects are more periph-
eral and lack bony cortical rim.

 FIGURE 7.54 Screws used to augment polymethyl methacry-
late for filling tibial defect.
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the tendency to lateral patellar subluxation. Similarly, inter-
nal rotation or medial translation of the femoral component 
can increase lateral patellar subluxation by moving the troch-
lea medially. If the patella is to be resurfaced, the prosthetic 
patella should be medialized to approximate the median 

eminence of the normal patella, rather than simply center-
ing the prosthetic button on the available bone (Fig. 7.59). 
Centralization of the patellar component requires the bony 
patella to track medially, which forces it to function with a 
higher Q angle. Increasing the anterior displacement of the 
patella during knee motion also can lead to patellar instabil-
ity or limited flexion. Anterior displacement can be caused by 
placing the trochlea too far anterior with an oversized fem-
oral component or by underresection of the patella, which 
results in an overall increase in patellar thickness (Fig. 7.60).

The “no thumb” test of patellar tracking should be used 
as a guide of adequate patellar stability. The reduced patella 
is observed within the femoral trochlea throughout the 
range of knee motion before retinacular closure. If the patel-
lar button tracks congruently with minimal or no pressure 
applied to the lateral side of the patella, patellofemoral track-
ing is adequate. If the patella tends to subluxate, the knee 
should be inspected for the previously discussed causes of 
patellar subluxation. If none of these factors is identified, a 
lateral patellar retinacular release may be necessary. Lateral 
retinacular release is accomplished by cutting the synovium 
and retinaculum longitudinally, to a variable extent, from 
Gerdy’s tubercle distally to the muscle fibers of the vastus 
lateralis proximally (Fig. 7.61). Frequently, release of only 
small transverse bands is sufficient, but occasionally the 
entire release is necessary. Most commonly, this release is 
performed from inside the knee joint with anterior and lat-
eral retraction of the patella, although some surgeons prefer 

 FIGURE 7.55 Technique of Windsor et al. for grafting of peripheral tibial defects.  
SEE TECHNIQUE 7.10.

 FIGURE 7.56 Medial segmental tibial defect filled with autog-
enous bone block from distal femoral resection fixed with cancel-
lous screws. SEE TECHNIQUE 7.10.
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 FIGURE 7.57 Modular wedges for femoral and tibial augmentation.

 

A B C

FIGURE 7.58 A, Porous metal cones are placed into metaphyseal defects for enhanced fixation. 
B, Radiograph of bi-lobed tibial cone used to augment defect from tibial plateau fracture nonunion. 
C, Sleeves that are attached to implant stem construct can enhance metaphyseal-contained or 
uncontained defects as seen in this anteroposterior and lateral radiograph of revision TKA in 
rheumatoid patient with poor bone.

 

Medially positioned
patellar button   

Normal anatomy

FIGURE 7.59 The patellar button should be positioned medially to recreate location of apex of 
the native patella and improve tracking. Care should be taken not to “overreplace” patella, which 
will increase the height and possibility of tilt and/or lateral subluxation and patellar maltracking.
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to release the retinaculum from the exterior surface, leav-
ing the lateral synovium intact. The latter approach requires 
creation of a large lateral subcutaneous flap superficial to the 
retinaculum but can provide exposure of the superior lateral 
geniculate vessels and allow their preservation.

Lowering the tourniquet and reassessing patellar tracking 
before lateral retinacular release have been shown to avoid 
an unnecessary lateral retinacular release. One study found 
that 48% of knees showed initial maltracking, which reverted 
to normal after tourniquet release, and another reported that 
tourniquet deflation improved patellar tracking in 31% of 
patients who otherwise would have required lateral release.

The greatest risk in lateral release is devascularization 
of the patella caused by interruption of the superior lateral 
geniculate artery. This artery is located at the musculotendi-
nous junction of the vastus lateralis and usually can be pre-
served. An increased prevalence of patellar fracture also has 
been correlated with lateral release. Other potential problems 
associated with lateral release include increased postoperative 
pain and swelling, slower rehabilitation, and increased wound 
complications. Nevertheless, the potential complications of 
lateral release are far outweighed by the detrimental effect of 
patellar subluxation. 

 

COMPONENT IMPLANTATION

 TECHNIQUE 7.11 

 n  After bone deficiencies have been treated, ligamentous 
balancing is satisfactory, and the extensor mechanism is 
tracking properly, remove the trial components. Do not 
hyperextend the knee because the joint is unstable with 
the trial components removed and the posterior neuro-
vascular structures can be injured.

 n  If an intramedullary guide has been used on the tibia, oc-
clude the tibial intramedullary canal with a plug of previ-
ously resected bone distal to the level of the tibial stem. 
Occlude the femoral canal in a similar fashion.

 n  If sclerotic bone surfaces are present, use a small drill to 
make multiple perforations into the underlying cancellous 
bone to allow cement intrusion. FIGURE 7.60 Radiograph depicting improper resection of the 

patella and button placement.

 

A B

Cut deep
lateral

retinaculum

Cut
superficial

lateral
retinaculum

Cut
superficial
lateral
retinaculumSynovium

intact

Lateral
superior

genicular
artery intact

FIGURE 7.61 A, Lateral retinacular release can be done from inside out, which releases synovial 
layer and lateral retinaculum but can expose joint to subcutaneous tissue. Release is made from 
vastus lateralis muscle fibers proximally and distally to Gerdy’s tubercle if necessary. B, Outside-in 
technique also can be used, which allows synovial membrane to remain intact, leaving layer between 
subcutaneous tissue and intraarticular space. This also allows identification of lateral geniculate 
artery, which can be preserved.
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 n  Clean the cut bone surfaces with a pulsatile lavage irriga-
tor using saline containing an added antibiotic solution 
such as cefazolin or genitourinary irrigant.

 n  Dry surfaces with clean sponges.
 n  Generally, the tibial tray is implanted first. Apply PMMA 

cement in its initial setting phase right after mixing when 
it is “sticky” onto the cemented surfaces of the tibial 
baseplate, including the keel and the femoral compo-
nent. Then pressurize the tibial keel and cancellous bone 
surface. Add a suction drain to one of the tibial cutting 
block pin sites to keep blood and fat from mixing with 
the cement and to keep it out of the cement-prosthesis 
interface.

 n  Impaction of the tibial prosthesis generally results in intru-
sion of early dough-phase cement to a depth of 2 to 5 
mm in cancellous bone, which is sufficient for long-term 
fixation.

 n  Remove excess cement from the periphery of the compo-
nent.

 n  Cement the femoral and patellar components in a similar 
fashion. Usually, all components can be cemented simul-
taneously, but this requires an efficient and experienced 
surgical team.

 n  Cementing of the tibia and femur also can be done by 
preparing two batches of cement. Using a two-batch ce-
mentation technique by starting the mixture of the sec-
ond batch at the time of cement application to the tibial 
baseplate may be better in settings in which the operating 
room staff are not familiar with cementation procedures.

 n  The patella can be cemented with the femur or the tibia, 
but use cement in an early dough phase to allow ad-
equate cement intrusion.

 n  Access to the posterior femoral recesses is limited after 
the femoral and tibial components have been implanted. 
To minimize the amount of cement that may have to be 
removed from the posterior femoral recesses, apply a 
small amount of cement to the posterior femoral bone 
surface and a limited amount on the posterior condyles 
of the femoral implant when applying the cement to the 
femoral implant.

 n  After the femoral component has been seated, carefully 
extend the knee with a trial tibial spacer in place to ensure 
complete seating of the femoral prosthesis.

 n  Ensure that the tibial spacer is of adequate thickness to 
hold the knee in full extension. If a thinner tibial trial is 
substituted, hyperextension of the knee and posterior lift-
off of the tibial component posteriorly could result.

 n  Carefully searching for any bone or cement debris be-
fore implantation of the final tibial polyethylene articular 
surface is paramount to keep any remaining debris from 
causing third body wear of the polyethylene.
  

All surgeons should be familiar with the manufacturer’s 
recommendations for implantation and fixation techniques 
of the system being used. It is extremely important that sur-
geons follow the directions specific to the bone cement used 
because small variations in technique could be detrimental to 
the long-term survivorship of the primary TKA implants. We 
also recommend cementation of the keel because it has been 
shown in biomechanical studies to be comparable to using an 
extended press-fit stem.

For cementless fixation of total knee components, the tech-
nique of implantation is less demanding, but the preparation of 
the cut bone surfaces requires more accuracy than with cement 
fixation. Cementless fixation relies on intimate apposition of 
the fixation surface to the cut bone surfaces and rigid immedi-
ate fixation to minimize micromotion. To evaluate apposition, 
the trial tibial tray without a keel/stem extension can be placed 
in the center of the tibial cut surface and held with an index fin-
ger. The periphery of the tray can then be stressed to observe any 
movement of the tray on the bony surface. If any movement is 
detected, the surface should be revised to allow complete support 
of the tibial tray with no visual movement when peripheral load is 
manually applied. In experimental models, bone-prosthesis gaps 
of more than 0.5 mm tend to fill with fibrous tissue. A fine autog-
enous bone graft can be used on the upper surface of the tibia to 
level small irregularities. Retrieval studies have repeatedly shown 
maximal bone ingrowth around fixation screws and pegs, and 
the use of such adjunctive fixation is crucial to obtain the stability 
necessary for bone ingrowth and long-term prosthesis fixation.

WOUND CLOSURE
Conventionally, after the final prosthesis has been implanted, 
the tourniquet is released, the knee is packed with moist 
sponges, and pressure is applied. Hemostasis is obtained 
by sequentially removing the sponges from the lateral and 
medial sides of the knee, looking specifically for bleeding 
from the geniculate arteries.

Although we continue to deflate the tourniquet before wound 
closure to obtain hemostasis, we no longer routinely use suction 
drains. No difference in wound infection, hematoma formation, 
or reoperation for wound complications has been substantiated 
with or without postoperative drain use. Patients with drains 
were found to be more likely to receive transfusions, whereas 
undrained wounds required more frequent dressing reinforce-
ment. The use of a femoral intramedullary plug has been shown 
to decrease blood loss associated with TKA by 20% to 25%.

After hemostasis is obtained, the retinacular incision is 
closed, taking care to approximate the elevated periosteal tis-
sues to the patellar tendon. The knee should be flexed past 90 
degrees to ensure that no part of the closure limits flexion, that 
the patella tracks normally, and that none of the repair sutures 
are compromised and fail. The use of double-barbed running 
suture for closure can improve water tightness and capsular 
closure and has been reported to be cost effective. The subcuta-
neous tissue and skin are closed with the knee in approximately 
40 degrees of flexion to aid in skin flap alignment. 

ARTHROPLASTY TECHNIQUES 
(UNICONDYLAR AND PATELLOFEMORAL 
KNEE ARTHROPLASTIES)

  

UNICONDYLAR KNEE ARTHROPLASTY
If the strict indications outlined in 1989 by Kozinn and Scott 
were followed, few patients would be candidates for UKA. 
In most reports, long-term prosthesis survival in UKA to 
date has been less than that in TKA. A few current UKA 
prostheses have performed better than their predecessors, 
however, with survivorship at 10 years ranging from 82% 
to 98%. Important selection criteria include an intact ante-
rior cruciate ligament, unicompartmental arthritis, passively 
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correctable deformity, and reasonable body weight. Multiple 
techniques for UKA now exist, including fixed bearing (inset 
or onlay designs), mobile bearing, and computer or roboti-
cally assisted methods (MAKOplasty, Mako Surgical Corp., 
Ft. Lauderdale, FL). Just as in primary TKA, the differences 
between fixed and mobile-bearing techniques involve strict 
adherence to equalization of flexion and extension gaps to 
avoid bearing “spit-out.” The MAKOplasty technique uses 
preoperative CT studies to register anatomic landmarks in 
the operating room. The computer-assisted system then aids 
preparation of the bone on the femoral and tibial sides for 
proper implant positioning to match the preoperative plan.

 TECHNIQUE 7.12 

 n  Make a longitudinal skin incision along the medial or 
lateral aspect of the patellar tendon depending on the 
compartment being replaced. A medial approach can be 
used for a lateral unicondylar replacement, but the expo-
sure must be more extensive to allow adequate patellar 
eversion or subluxation; a minimally invasive technique 
requires a lateral approach.

 n  Make sure the capsular incision does not go above the 
vastus medialis or lateralis. A Hohmann-type retractor can 
be used to lever the patella medially or laterally with the 
knee in flexion to expose the entire femoral condyle.

 n  To expose the medial compartment, incise the coronary 
ligament, remove the anterior horn of the medial menis-
cus, and raise the periosteal sleeve from the anteromedial 
aspect of the tibia.

 n  To expose the lateral compartment, raise the anterolateral 
periosteal sleeve to the medial aspect of Gerdy’s tubercle.

 n  Carefully inspect the two compartments being preserved 
to be sure the patient is a candidate for UKA.

 n  Remove all peripheral osteophytes before the bone cuts are 
made to allow better exposure, especially when a minimal-
ly invasive approach is used (Fig. 7.62). Removal of the tibial 
peripheral osteophytes should be enough to adequately 
balance the arthritic compartment (Fig. 7.63). Make certain 
intercondylar osteophytes also are removed because they 
can impinge on the cruciate ligaments and damage them.

 n  A need for more extensive soft-tissue balancing may indi-
cate inadequate bony resection or a varus deformity that 
is too severe for UKA.

 n  With most fixed bearing systems, the matched resection 
begins with the tibial resection. Use an extramedullary 
guide to align the proximal tibial cut with the center of 
the ankle distally and recreate the posterior tibial slope 
with a 2-mm deep resection or as indicated by the implant 
system. For onlay tibial implants, use a reciprocating saw 
to complete the tibial bone cut just medial to the medial 
tibial eminence.

 n  With the knee flexed, use a spacer block to make sure the 
gap is large enough for the smallest tibial resection (this 
varies according to the implant system used but usually is 
about 8 mm).

 n  Move the knee into full extension and use another spacer 
block to determine the distal femoral resection needed to 
balance the flexion and extension gaps. Use the implant-
specific cutting jig to make the distal femoral cut.

 n  Once the distal femoral cut is made, insert the femoral 
sizing guide and determine the appropriate sized cutting 
block. Make the posterior condylar bone resection and 
chamfer cut as indicated.

 n  Take care to resect the medial meniscus and remove any 
loose bodies from the posterior recess of the knee.

 n  Insert the tibial trial implant and perform a trial reduction 
to ensure that the joint is stable in extension and flexion 
and that a full range of motion is possible without over-
stuffing or excessive laxity.

 n  Complete bone preparation specific to implant design 
and cementation of the implants as described in Tech-
nique 7.11. Take care to ensure that no loose or excessive 
amount of bone cement remains in the posterior aspect 
of the tibia or posterior femoral condyle.

 n  Close the wound as described in the earlier section, 
Wound Closure. 

 

Tight MCL

Femoral and
tibial osteophytes

FIGURE 7.62 Osteophytes on medial side of femur and tibia 
prevent correction of varus deformity. SEE TECHNIQUE 7.12

 FIGURE 7.63 After osteophyte resection, knee passively 
corrects to normal alignment. SEE TECHNIQUE 7.12.
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PATELLOFEMORAL ARTHROPLASTY
A successful patellofemoral arthroplasty relies on strict 
adherence to operative indications. Most implant systems 
now offer second- or third-generation, minimally con-
strained patellofemoral components that have reported 
long-term survivorship of 70% or more at 8 to 10 years after 
surgery. Custom implants are available, with the suggested 
advantage of conserving more bone. Conversion rates to 
TKA are higher after patellofemoral arthroplasty than after 
UKA, and progression of arthritis in the tibiofemoral articu-
lation is the most common reason for reoperation.

 TECHNIQUE 7.13 

 n  Use the same midline approach as described in Technique 
7.1, taking care not to incise the coronary meniscal liga-
ment.

 n  Carefully inspect the tibiofemoral articulations to ensure 
that the patient is a candidate for patellofemoral arthro-
plasty.

 n  Femoral trochlear preparation uses an intramedullary 
starting point similar to that for TKA, and a cutting block 
for the anterior femoral resection is pinned in place per-
pendicular to the anteroposterior axis of Whiteside.

 n  If the trochlear groove is hypoplastic, as is the case in 
many candidates for patellofemoral arthroplasty, slightly 
flex the anterior femoral trochlear cutting block to allow 
more bone removal without notching or overstuffing the 
patellofemoral mechanism.

 n  Prepare the trochlear intercondylar bone using the ap-
propriate size femoral component and removing bone 
with a burr or curet, or by using a template with a 
routing tool. Final component preparation is implant 
specific, most commonly using pegs for cementation 
support.

 n  Prepare the patella as described in Technique 7.11, mak-
ing certain that no overstuffing of the patella results.

 n  Cementation is as described in Technique 7.11 and 
wound closure as described in an earlier section.
   

POSTOPERATIVE MANAGEMENT
Postoperative physical therapy and rehabilitation greatly 
influence the outcome of TKA. Initially, a compressive dress-
ing is worn to decrease postoperative bleeding, and a knee 
immobilizer may be used until quadriceps strength is ade-
quate to ensure stability during ambulation.

Range-of-motion exercises are performed postopera-
tively, with or without the assistance of a continuous passive 
motion machine. Continuous passive motion has been shown 
in multiple studies to assist in obtaining knee flexion more 
quickly, which may decrease the length of stay in the hospital. 
Continuous passive motion has not been proved to affect the 
prevalence of DVT, long-term knee range of motion, or knee 
functional scores.

Passive knee extension is encouraged by placing the 
patient’s foot on a pillow while in bed. Dangling the legs over 

the side of the bed is used to promote flexion. Patients are 
instructed in a home exercise program. Many surgeons have 
their patients instructed by a physical therapist preopera-
tively because postoperative pain and analgesics may hinder 
the patient’s understanding of the necessary rehabilitation. 
In addition to range-of-motion exercises, the postopera-
tive rehabilitation protocol includes lower extremity muscle 
strengthening, concentrating on the quadriceps; gait training, 
with weight bearing as allowed by the particular knee recon-
struction; and instruction in performing basic ADLs.

Retention of the cruciate ligaments and limited surgi-
cal dissection typically allows patients with unicondylar or 
patellofemoral arthroplasty to have shorter hospital stays and 
faster rehabilitation. 

SURGICAL PROBLEMS RELATIVE 
TO SPECIFIC DISORDERS
PREVIOUS HIGH TIBIAL OSTEOTOMY
HTO frequently is used to treat unicompartmental OA of the 
knee (see Chapter 9), usually as a time-buying procedure to 
delay eventual TKA. Although HTO previously was thought 
to have no effect on the outcome of eventual TKA, multiple 
studies have shown less successful outcomes after HTO, along 
with predictable surgical challenges. Factors cited as contrib-
uting to poor results include the presence of patella infera, 
difficulties in exposure, and poor lateral skin flap vascular-
ity. A review of 166 TKAs after HTO found an 8% revision 
rate at 6 years’ follow-up and identified several risk factors for 
failure, including male gender, obesity, young age, varus-val-
gus laxity, and preexisting limb malalignment. Other studies 
have found no difference in postoperative knee function or 
complications compared with primary TKA without previous 
osteotomy.

Several technical problems unique to patients with pre-
vious HTO must be expected and accounted for to improve 
results with conversion to TKA. Although transverse skin 
incisions may be ignored, lateral longitudinal skin incisions 
must be respected, and an adequate intervening skin bridge of 
at least 8 cm must be left between new midline and old lateral 
incisions. Scarring over the lateral compartment and infrapa-
tellar region may be encountered, making patellar eversion 
and lateral compartment exposure more difficult. Lateral 
retinacular release, V-Y quadricepsplasty, or a tibial tubercle 
osteotomy may be necessary for exposure. Medial subperi-
osteal exposure also must be done carefully to maintain the 
continuous soft-tissue sleeve necessary for closure and medial 
soft-tissue stability. Because ligamentous balancing may be 
difficult, many authors recommend routine PCL substitution.

After failed valgus closing wedge osteotomy of the proxi-
mal tibia, only minimal bone resection from the lateral tibial 
plateau usually is necessary. The tibial cut should be refer-
enced off the intact medial compartment, which may leave a 
defect on the lateral side of the tibia that requires bone graft-
ing or placement of a metal augmentation wedge or block 
(Fig. 7.64). Another common problem after previous HTO 
is medial offset of the intramedullary canal of the tibia rela-
tive to the center of the tibial tray. Extramedullary alignment 
usually is advocated in this situation, and medialization of the 
tibial tray or an offset tibial stem may be needed to accom-
modate the deformity. Rotational deformity also may be 
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encountered with previous HTO because the proximal frag-
ment may be rotated relative to the tibial shaft. The tibial tray 
must be inserted carefully to avoid internal rotation and sub-
sequent patellar tracking problems.

Over the past decade, opening-wedge proximal tibial 
osteotomy techniques have become popular for correction of 
varus deformity in the arthritic knee. Opening-wedge oste-
otomies are purported to cause less anatomic change to the 
proximal tibia than do closing lateral wedge techniques, mak-
ing conversion to TKA easier; however, there is currently lit-
tle information in the literature regarding this technique. In a 
series of 76 valgus opening wedge osteotomies using external 
fixation, 9 knees (12%) had required conversion to TKA at 
7-year follow-up; only one knee had patella infera, and the 
authors reported no technical difficulties caused by altered 
proximal tibial anatomy. More recently, the outcomes of TKA 
after opening wedge tibial osteotomy in 36 patients were 
compared with a cohort of over 1300 primary TKA patients. 
Although the authors found TKA technically straightforward 
in most patients, clinical results were inferior in those with 
previous osteotomy, who had lower knee scores and more 
pain. Another study compared results of TKA after UKA and 
HTO and found both procedures resulted in a higher risk of 
revision. 

PREVIOUS PATELLECTOMY
Early clinical studies of TKA after patellectomy reported 
varied results, with most reporting persistent pain and func-
tional disability because of quadriceps weakness. More recent 
studies are more encouraging, although the type of pros-
thesis that is optimal in this setting is debated. Comparison 
of the results of TKA after patellectomy in patients treated 
with PCL-retaining and PCL-substituting prostheses with 
a control group of TKA patients without previous patellec-
tomy found that Knee Society Scores were greater for PCL-
substituting designs, whereas PCL-retaining knees showed 

greater anteroposterior instability (Fig. 7.65). Presumably, 
the four-bar linkage of the quadriceps tendon, patellar ten-
don, and cruciate ligaments is disrupted by patellectomy, and 
the PCL and posterior capsule are incapable of maintaining 
long-term sagittal plane stability (Fig. 7.66). The resultant 
vector of the force exerted on the tibial tubercle by the patel-
lar tendon changes after patellectomy, and not only is there 
less of a moment arm imparted by the extensor mechanism 
but also a more posterior force on the tibia results from the 
loss of the patella (see Fig. 7.66). Although these patients have 
less of a mechanical advantage to their extensor mechanism, 
treatment of tibiofemoral arthritis results in good pain relief 
and function, although not as good as in knees with an intact 
patella. A highly porous tantalum-based patellar implant has 
been used in an attempt to recreate the patella and improve 
the extensor mechanism moment arm; however, high failure 
rates because of loosening, wound complications, or contin-
ued anterior knee pain have been reported in several studies. 
Results appear to be better when there is remaining patellar 
bone stock to allow ingrowth into the trabecular metal. 

NEUROPATHIC ARTHROPATHY
Although neuropathic arthropathy generally is considered 
a relative contraindication to TKA, fair results have been 
reported after arthroplasty for Charcot arthropathy. Keys to 
improving results include proper surgical technique, with 
attention to limb alignment, ligamentous balancing, bone 
grafting or prosthetic augmentation for bony defects, and 
use of revision-type components when necessary. In the lon-
gest follow-up study to date (12 years), Bae et  al. reported 
one infection and two dislocations in 11 arthroplasties in 
nine patients with neuropathic arthropathy. Because of the 
propensity of Charcot knees to develop early postoperative 
dislocation and progress to symptomatic instability, they rec-
ommended the use of a rotating hinge prosthesis and postop-
erative protection with a knee brace or immobilizer to prevent 
early dislocation. Although TKA in this patient population is 
technically demanding and has a relatively high complication 
rate, patients with Charcot neuropathy can have relatively 
good outcomes with TKA. 

 FIGURE 7.64 Frequently after high tibial osteotomy, lateral 
tibial bone is deficient after proximal tibial resection.

 FIGURE 7.65 Posterior cruciate ligament–substituting arthro-
plasty performed for previous patellectomy and osteoarthritis.
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OTHER MEDICAL CONDITIONS
Knee arthroplasty can relieve pain in patients with hemo-
philic arthropathy, but restoration of motion is suboptimal 
and the risk of perioperative complications is considerable 
(Fig. 7.67). Significant postoperative complications after TKA 
in hemophilic patients include hemorrhage, superficial skin 
necrosis, nerve palsies, and deep infection. Because a periop-
erative factor VIII level of less than 80% has been associated 
with a greater probability of complications, the perioperative 
factor VIII level should be maintained at 100%. In a report of 

60 primary TKAs in patients with hemophilia, 95% had good 
or excellent results at 9-year follow-up and only one deep 
infection was noted. Use of newer techniques of continuous 
infusion of clotting factor was cited as the primary reason for 
the low complication rate.

Many patients with hemophilic arthropathy have been 
infected with human immunodeficiency virus (HIV) con-
tracted from contaminated transfusions of coagulation fac-
tors. The most common complication after TKA in these 
patients is infection, with reported rates of 30%. In patients 
with HIV, it should be noted that a clearance note from their 
infectious disease specialist should state a lowered viral load 
and adequate CD4 counts before considering surgery. TKA in 
patients who are HIV positive, with or without hemophilia, 
has a high complication rate. Surgeons should have a frank 
discussion with patients who are HIV positive concerning the 
high rates of infection and other complications before TKA is 
considered. A recent review of the literature pointed out an 
infection rate of 7.7% in patients with HIV compared to 3.3% 
in patients without HIV but with comparable survivorship.

TKA in patients with diabetes is associated with an 
increased wound complication rate, increased infection, and 
more frequent revisions, with no significant differences noted 
between insulin-dependent and non–insulin-dependent dia-
betics. When the presence of metabolic syndrome was added, 
these complication rates were up to 10 times that of healthy 
patients, and optimization of the patient should be consid-
ered prior to surgery.

An inflammatory arthritis similar to rheumatoid arthritis 
develops in approximately 7% of patients with psoriasis. The 
exfoliating plaques seen on extensor surfaces harbor bacte-
rial pathogens, which increases the risk of deep infection after 
TKA. Optimal control of psoriatic lesions in the vicinity of 
proposed skin incisions should be obtained before TKA. 

COMPLICATIONS
THROMBOEMBOLISM
One of the most significant complications after TKA is the 
development of DVT, possibly resulting in life-threatening 
PE. Factors that have been correlated with an increased risk 
of DVT include age older than 40 years, estrogen use, stroke, 
nephrotic syndrome, cancer, prolonged immobility, previ-
ous thromboembolism, congestive heart failure, indwelling 
femoral vein catheter, inflammatory bowel disease, obesity, 
varicose veins, smoking, hypertension, diabetes mellitus, and 
myocardial infarction. The overall prevalence of DVT after 
TKA without any form of mechanical or pharmaceutical pro-
phylaxis has been reported to range from 1% to 84%. Proximal 
thrombi in the popliteal vein and above have been reported in 
0% to 16% of patients. These pose a greater risk of PE than 
thrombi in calf veins, which have been reported in 1% to 67% 
of patients. Thrombi in the calf veins, however, do have a pro-
pensity to propagate proximally. The risk of asymptomatic PE 
may be 0% to 12%, with symptomatic PE reported in 0% to 
1% of patients and a fatal PE in 0% to 1.5%. In 2017 Dua et al. 
reported national trends in DVT after TKA and THA. They 
noted a significant decrease in incidence from 2001 to 2011, 
with DVT after TKA decreasing by almost half even though 
TKA procedures almost doubled during that same time. They 
concluded that the significant increase in DVT prophylaxis 

 FIGURE 7.66 Four-bar linkage system of cruciate ligaments 
reveals that patellar tendon is roughly parallel to posterior 
cruciate ligament and quadriceps tendon is roughly parallel to 
anterior cruciate ligament at 30 degrees of flexion when patella 
is engaged with trochlear groove. Loss of patella results in altera-
tion of extensor mechanism moment arm and loss of contraction 
strength of quadriceps.

 FIGURE 7.67 Total knee arthroplasty performed for hemo-
philic arthropathy with medial tibial structural autograft and press-
fit stems.
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administration may be responsible for the decreased rates of 
DVT in patients after total joint replacement.

Clinical examination is unreliable in detecting DVT 
because most clots occur without signs or symptoms. 
Venography is the classic radiographic method of detection of 
DVT and is still considered the gold standard, especially for 
research purposes. Venography carries the risk of anaphylac-
tic reaction to the contrast media and a small risk of inducing 
DVT. Duplex ultrasound has been reported as an alternative 
method of diagnosis of DVT after total joint arthroplasty, 
with documented sensitivities of 67% to 86% using venogra-
phy for comparison. In a multicenter study, however, only a 
52% overall sensitivity, with a range of 20% to 90%, was found, 
raising the question of whether reliable detection rates can be 
reproduced in all institutions. Duplex ultrasound seems to be 
useful, especially as a screening test, because of its minimal 
morbidity, low cost, and repeatability with minimal patient 
discomfort, but its accuracy depends on the experience of the 
ultrasound technologist.

Many methods of DVT prophylaxis are available, includ-
ing mechanical devices such as compression stockings or foot 
pumps and pharmaceutical agents such as low-dose warfarin, 
low-molecular-weight heparin (LMWH), factor Xa inhibi-
tor, and low- and high-dose aspirin. Mechanical compres-
sion boots and foot pumps are advantageous because they are 
without significant risk to the patient, but they are limited by 
patient compliance and short duration of hospitalization with 
same-day or 24-hour stays.

Low-molecular-weight heparin and fondaparinux have 
been shown to be effective in DVT prophylaxis after TKA. 
The benefits of these medications include a standard dose reg-
imen and the absence of routine laboratory monitoring. The 
disadvantages include greater medication cost, subcutaneous 
administration, and increased incidence of bleeding. Low-
molecular-weight heparin with epidural or spinal anesthesia 
must be used with extreme caution because epidural hema-
tomas with disastrous neurologic complications have been 
reported. The time of utmost risk apparently occurs on post-
operative day 3 when the indwelling catheter is removed from 
a patient being treated with low-molecular-weight heparin 
for DVT prophylaxis. Guidelines from the American College 
of Chest Physicians in 2008 recommend that low-molecular-
weight heparin, fondaparinux, or a vitamin K antagonist (e.g., 
warfarin) be used for DVT prophylaxis in TKA patients for a 
minimum of 10 days.

Oral factor Xa inhibitor (rivaroxaban, apixaban, and 
edoxaban) for DVT prophylaxis after TKA has been reported 
to be effective. In a multicenter prospective study (Regulation 
of Coagulation in Orthopedic Surgery to Prevent Deep 
Venous Thrombosis and Pulmonary Embolism [RECORD] 
trials), 3148 patients were randomized to receive enoxaparin 
(30 mg subcutaneously twice a day, beginning 12 to 14 hours 
after surgery) or rivaroxaban (10 mg orally one a day, begin-
ning 6 to 8 hours after surgery). Venography at 11 and 15 days 
after surgery found a significantly higher rate of DVT in those 
taking enoxaparin; a nonsignificant increase in the number 
of wound complications was found in those taking rivarox-
aban. A retrospective study of 1048 patients who had TKA 
or total hip arthroplasty and received either low-molecular-
weight heparin or rivaroxaban had similar results: a return 
to the operating room because of wound complications was 
required in approximately twice as many patients taking 

rivaroxaban as in those taking low-molecular-weight hepa-
rin. The lower cost of rivaroxaban is an advantage, as is the 
lower rate of documented DVT, but the frequency of wound 
complications may require further investigation. Bawa et al., 
using a Medicare dataset review from 2004 to 2013, found a 
higher rate of DVT in patients using warfarin and LMWH 
than those using aspirin, fondaparinux, and rivaroxaban. 

INFECTION
Infection is one of the most dreaded complications affecting 
TKA patients, with reported frequencies of 2% to 3% in sev-
eral large series. According to current Medicare data, 1.5% of 
patients develop a periprosthetic infection in the first 2 years 
after TKA. Preoperative factors associated with a higher rate 
of infection after TKA include rheumatoid arthritis (espe-
cially in seropositive men), skin ulceration, previous knee 
surgery, use of a hinged-knee prosthesis, obesity, concomi-
tant urinary tract infection, steroid use, renal failure, diabetes 
mellitus, poor nutrition, malignancy, and psoriasis.

Efforts to reduce bacterial contamination, optimize 
the status of the wound, and maximize the available host 
response should be employed to minimize postoperative 
sepsis. Prevention of infection in TKA begins in the oper-
ating room, with strict adherence to aseptic technique. The 
number and ingress and egress of operating room personnel 
should be minimized as much as possible. Operating room 
surveillance with adherence to such policies has been shown 
to decrease the incidence of postoperative infection in total 
joint arthroplasty.

The use of filtered vertical laminar flow operating rooms, 
body exhaust suits, and prophylactic antibiotics has greatly 
reduced postoperative infection rates in total joint arthro-
plasty. In one clinical series, however, the use of horizontal 
laminar flow was shown to increase the postoperative infec-
tion rate in TKA, probably because of positioning of oper-
ating room personnel between the source of the airflow and 
the open wound. Ultraviolet light is preferred by some centers 
to create an ultraclean air environment, with bacterial counts 
equal to or better than those of standard laminar flow systems.

Because the most common organisms causing postop-
erative infection are Staphylococcus aureus, Staphylococcus 
epidermidis, and Streptococcus species, the usual choice of 
prophylactic antibiotic is a first-generation cephalospo-
rin, such as cefazolin. In patients with significant penicillin 
allergy, vancomycin or clindamycin may be used. Infecting 
organisms should be monitored by individual hospitals, with 
the choice of prophylactic antibiotic determined by such rou-
tine surveillance.

The diagnosis of infection after TKA should begin with 
a careful history and physical examination. The timing of an 
infection can have a profound effect on the outcome of its 
treatment and should be used in guiding treatment decisions. 
Infection should be considered in any patient with a consis-
tently painful TKA or an acute onset of pain in the setting of 
a previously pain-free, well-functioning arthroplasty. A his-
tory of subjective swelling, erythema, or prolonged wound 
drainage suggests TKA sepsis, but these signs are not uni-
formly present. Swelling, tenderness, painful range of motion, 
erythema, and increased warmth of the affected limb may 
accompany a TKA infection.

Although the white blood cell count and erythrocyte 
sedimentation rate may be elevated in the presence of deep 
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infection, this does not occur consistently. The C-reactive 
protein level is a more reliable marker for infection because it 
typically returns to normal in a reliable manner.

Radiographic changes of bone resorption at the bone-
cement interface, cyst formation, and occasionally periosteal 
new bone formation may be present but usually are seen only 
in advanced infections. Nuclear medicine scans can be help-
ful in the evaluation of a painful TKA when the diagnosis is 
not clear. Comparing the differential periprosthetic uptake 
on a technetium scan with the uptake on an indium-labeled 
white blood cell scan is a technique for differentiating infec-
tion from aseptic loosening, with reported sensitivities of 64% 
to 77% and specificities ranging from 78% to 86%. Although 
these scans cannot be advocated for routine use, they may be 
indicated when results of the clinical examination, radiogra-
phy, and laboratory information are equivocal in diagnosing 
infection.

Aspiration remains the standard for diagnosing infection 
in TKA, although the reported sensitivity ranges from 45% 

to 100%. This sensitivity can be improved by repeated aspira-
tion and by deferring aspiration for 2 weeks in patients taking 
systemic antibiotics. The fluid cell count obtained at aspira-
tion can be helpful, with a white blood cell count of more 
than 2500 cells/mm3 and 60% or higher polymorphonuclear 
cells indicative of probable infection. In 2011, the American 
Academy of Orthopaedic Surgeons published a clinical prac-
tice guideline on the diagnosis of periprosthetic joint infec-
tions of the hip and knee, which provides recommendations 
as to testing studies and procedures that are supported by 
high levels of evidence or expert consensus. Testing strate-
gies are determined based on whether a patient has a high 
or low probability of periprosthetic infection (Figs. 7.68 and 
7.69). Because of the lack of a standard definition of peripros-
thetic joint infection, an international consensus group and a 
work group by the Musculoskeletal Infection Society (MSIS) 
convened to develop a list of diagnostic criteria. Although the 
consensus group voted on questions and criteria for diagno-
sis and treatment, the MSIS group gave a diagnosis criteria 
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FIGURE 7.68 Algorithm for patients with higher probability of having periprosthetic joint 
infection.  (Modified from The diagnosis of periprosthetic joint infections of the hip and knee. Guideline 
and evidence report. Adopted by the American Academy of Orthopaedic Surgeons Board of Directors 
June 18, 2010. www.aaos.org/Research/guidelines/PJIguideline.pdf. Copyright American Academy of 
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for hip and knee periprosthetic infections. These criteria 
use a system of points, with six points or more resulting in 
a likely diagnosis of a periprosthetic joint infection. Newer 
markers such as alpha defensin, C-reactive protein, and leu-
cocyte esterase have all been reported to have some degree of 
reliability.

The MSIS has now published the new set of criteria (Table 
7.2) that most have adopted for diagnosing prosthetic joint 
infection. These are divided into major and minor criteria. 
Any one of two major criteria, with two positive same-organ-
ism aspiration cultures or a draining sinus track, meets the 
definition of prosthetic joint infection. The minor criteria are 
scored by points: two points are given for serum C-reactive 
protein or D-dimer threshold levels of 100 mg/L in the acute 
and 10 mg/L in the chronic setting for C-reactive protein, 
and 860 mg/L for D-dimer; an elevated percentage of poly-
morphonuclear leukocytes (PMNs; 70% in acute or 90% in 
chronic setting); and a single positive culture. Three points 
are given for elevated white blood cell counts in acute (10,000 
cells/μL) and chronic (3000 cells/μL) infections, and positive 
intraoperative histology or presence of purulence.

When the diagnosis of infection is established, treatment 
options include antibiotic suppression, debridement with 

prosthesis retention, resection arthroplasty, knee arthrodesis, 
one-stage or two-stage reimplantation, and amputation. The 
choice between the various options depends on the general 
medical condition of the patient, the infecting organism, tim-
ing and extent of infection, the residual usable bone stock, 
status of the soft-tissue envelope, and extensor mechanism 
continuity.

Suppression with antibiotics rarely is indicated. Antibiotic 
suppression generally is indicated only when prosthesis 
removal is not feasible (usually because of medical comor-
bidities) and the infecting microorganism is of low virulence 
and susceptible to an oral antibiotic of low toxicity. Antibiotic 
suppression should not be considered in patients with mul-
tiple joint arthroplasties who run the risk of hematogenously 
seeding their unaffected joints should antibiotic suppression 
fail. Suppression must be lifelong and should be limited to 
patients in whom no other more successful treatment options 
are available. Risks of antibiotic suppression include the 
development of resistant strains of bacteria, progressive loos-
ening, extensive infection, and possible septicemia.

Joint debridement with prosthesis retention is similarly 
limited to a small subset of patients: those with an early (<4 
weeks) postoperative infection or an acute hematogenous 
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infection (>4 weeks postoperatively, acute onset of symp-
toms) with a well-fixed prosthesis. Debridement and prosthe-
sis retention in the setting of late chronic infection (>4 weeks 
postoperatively, insidious onset of symptoms) have been uni-
versally unsuccessful and should not be attempted. Infection 
with S. aureus is another relative contraindication to debride-
ment and component retention.

Several points have been recommended that could lead to 
higher success rates for debridement:
 1.  Infectious disease consultation and antibiotic monitoring
 2.  Diagnosis and treatment of hematogenous sources of 

infection
 3.  Newer antibiotics
 4.  Six-week duration of postoperative intravenous 

antibiotics
 5.  Repeat cultures within 2 weeks of the initial debridement 

and repeat debridement if these cultures were positive
 6.  Polyethylene exchange at the time of debridement; 

exchange of gown, gloves, and instruments; and redrap-
ing at the time of wound closure
Resection arthroplasty consists of removal of the infected 

prosthesis and cement and debridement of the synovium 
(Fig. 7.70). The bone ends can be temporarily apposed with 
heavy sutures or pins. To maximize stability, the leg is main-
tained in a cast for 6 months. Resection arthroplasty is ideal 
for a patient with an infected TKA and severe polyarticular 
rheumatoid arthritis with limited ambulation. Such treatment 
is preferable to fusion in these patients because it allows some 
knee flexion for sitting. Although infection can be controlled 
in most patients, function is poor because of instability and 
mild-to-moderate residual pain with standing.

Knee arthrodesis as treatment of an infected TKA can 
provide a stable, generally painless limb with some expected 
shortening. Indications for knee arthrodesis after failed TKA 

include high functional demands, disease involving a single 
joint, young age, deficient extensor mechanism, poor soft-
tissue coverage, immunocompromised patient, and infec-
tion with a highly virulent microorganism that necessitates 
highly toxic antimicrobial therapy. Relative contraindica-
tions include ipsilateral hip or ankle arthritis, contralateral 
knee arthritis or limb amputation, and severe segmental 
bone loss. Various techniques of arthrodesis have been used, 
including external fixation, plating, and intramedullary nail-
ing. Regardless of the method of fixation, the conversion of 

 TABLE 7.2 

Musculoskeletal Infection Society Criteria for Prosthetic Joint Infection

MAJOR CRITERIA (AT LEAST ONE OF THE FOLLOWING) DECISION
Two positive growth of the same organism using 
 standard culture methods

Infected

Sinus track with evidence of communication to the joint 
or visualization of the prosthesis

MINOR CRITERIA THRESHOLD SCORE DECISION
ACUTE* CHRONIC

Serum C-reactive protein (mg/L)
Or D-dimer (µg/L)

100
Unknown

10
860

2 Combined preop-
erative and post-
operative score:
≥6 Infected
3-5 Inconclusive‡

<3 Not infected

Elevated serum ESR (µL/hr) No role 30 1
Elevated synovial WBC (cells/µL)
Or Leukocyte esterase
Or Positive alpha-defensin (signal/cutoff)

10,000
++
1.0

3,000
++
1.0

3

Elevated synovial polymorphonuclear PMN (%) 90 70 2
Single positive culture 2
Positive histology 3
Positive intraoperative purulence† 3

*These criteria were never validated on acute infections.
†No role in suspected adverse local tissue reaction.
‡Consider further molecular diagnostics such as next-generation sequencing.

 FIGURE 7.70 Resection arthroplasty of knee.
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resurfacing-type arthroplasties to arthrodesis has been more 
successful than attempts at fusion of hinged, constrained 
prostheses. A meta-analysis of the literature showed a 64% 
fusion rate with external fixation compared with a 95% rate 
for intramedullary nailing. Gram-positive organisms carried 
a favorable prognosis with a 100% union rate compared with 
73% for mixed and gram-negative infections.

Advantages of external fixation include minimal soft-tis-
sue stripping, adequate wound access, and compression at the 
arthrodesis site (Fig. 7.71). Disadvantages include pin track 
infection, possible neurovascular damage with pin insertion, 
limited stability, and the stress riser effect after pin removal. 
An anterior midline incision generally is used. The prosthe-
sis, all of the cement, hypertrophic synovium, and as much 
scar tissue as possible are removed. Extramedullary total 
knee guides can be used to make bone cuts that maximize 
apposition. The amount of bone removed should be the least 
amount necessary to allow apposition of viable cancellous 
bone surfaces with approximately 10 degrees of knee flex-
ion. The knee should be in neutral to 5 degrees of valgus. 
The biplanar fixator is assembled with crossed pins placed 
medial to lateral in the femur and lateral to medial in the tibia, 
avoiding the neurovascular structures. Anterior half-pins are 
placed in the tibia and the femur and attached to the assem-
bled frame. Partial weight bearing is encouraged, and the fix-
ator is removed when clinical union is present, usually after 3 
months. A cylinder cast, long leg cast, or knee brace is worn, 
with weight bearing to tolerance until radiographic union is 
apparent.

Arthrodesis with an intramedullary nail has the advan-
tage of immediate partial weight bearing without external 
immobilization and a reliable fusion rate. Most authors rec-
ommend a two-stage technique with complete debridement 
and component removal followed by an intervening period of 
4 to 6 weeks of intravenous antibiotics. The initial procedure 

is performed with or without the use of antibiotic-impreg-
nated beads. We prefer to do a repeat aspiration of the knee 
joint 2 weeks after completion of a 4- to 6-week course of 
appropriate intravenous antibiotics. With a sterile culture, the 
intramedullary arthrodesis can be undertaken. Templating 
is performed from full-length anteroposterior and lateral 
views of the limb, with magnification markers to determine 
the appropriate length and diameter of the nail. The length 
should account for the expected shortening through the knee 
joint and should extend from the tip of the greater trochanter 
into the distal metaphysis of the tibia. The diameter of the nail 
is limited by the size of the medullary canal of the tibia. 

 

ARTHRODESIS WITH AN 
INTRAMEDULLARY NAIL FOR 
AN INFECTED TOTAL KNEE 
ARTHROPLASTY

 TECHNIQUE 7.14 

 n  Position the patient supine on a radiolucent table with a 
bean bag under the affected buttock to allow access to 
the piriformis fossa.

 n  Reopen the old knee incision and make an incision in the 
buttock for the proximal entry portal.

 n  Remove scar tissue from the knee joint to allow apposi-
tion of the bone surfaces.

 n  Ream the tibia antegrade from the knee joint to 1 mm 
larger than the diameter of the nail, allowing for some 
mismatch between the bow of the nail and the medullary 
canal of the tibia.

 n  Ream the femur retrograde or antegrade 1 to 1.5 mm 
larger than the diameter of the nail to allow for mismatch 
of the bow of the nail and the bow of the femur.

 n  Drive the nail from the piriformis fossa across the knee to 
the level of the distal tibial metaphysis. We prefer to use 
a locked nail with a cylindrical cross section with the lock-
ing holes rotated 45 degrees from their standard position. 
This allows the bow of the nail to be positioned antero-
medially, creating slight flexion and valgus alignment (Fig. 
7.72).

 n  Make final corrections in the distal femoral and proximal 
tibial surfaces before final driving of the nail and impac-
tion of the arthrodesis site.

 n  Compression at the fusion site can be done with a femo-
ral distractor in the compression mode before distal inter-
locking.

 n  Do not notch the surface of the nail with any power in-
struments.

 n  Lock the nail proximally and distally and apply bone graft 
in areas of suboptimal apposition.

 n  Closure of the tissue can be difficult because of the ex-
cess of knee soft-tissue sleeve, which causes a redundant 
overfolding of soft tissue. Take care to obtain a sealed 
closure of the knee, which may require excision of some 
redundant tissue.

 FIGURE 7.71 Knee arthrodesis with biplanar external fixation 
may be indicated for persistent infection.
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POSTOPERATIVE CARE Postoperatively, partial weight 
bearing is allowed immediately and increases to full weight 
bearing with radiographic progression of bony union.
  

Exchange arthroplasty in one or two stages offers the 
greatest chance of functional knee recovery after an infected 
TKA. One-stage exchange arthroplasty is performed essen-
tially as a revision arthroplasty with an emphasis on debride-
ment and surgically rendering the wound as close to sterile as 
possible. The reported success rate of one-stage exchange is 
approximately 89%.

More commonly, exchange arthroplasty is done in two 
stages: initial prosthesis removal and debridement followed 
by a period of intravenous antibiotics and later reimplanta-
tion. The most commonly accepted protocol calls for 6 weeks 
of intravenous antibiotics, maintaining a minimal bacteri-
cidal titer of 1:8, followed by reimplantation of another pros-
thesis. Success rates reported with this protocol range from 
89% to 100% and may depend on the bacterial species.

Antibiotic-impregnated PMMA spacers are used by 
many surgeons to maintain soft-tissue tension of the knee 
during the interval between debridement and reimplantation 
in two-stage procedures (Fig. 7.73). Other suggested ben-
efits of this technique include high levels of local antibiotic 
delivery, improved exposure at the time of reimplantation, 
and the ability to maintain weight bearing during the interval 
period. Some authors have expressed concern about leaving 
a foreign body within the wound, along with potential bone 
loss from weight bearing on the spacer block. Some sugges-
tions to improve the effectiveness of antibiotic-containing 
cement spacers have included mixing 3.6 g of tobramycin 
with 3 g of vancomycin per pack of Palacos cement (Zimmer, 
Warsaw, IN) to improve elution rates, holding the knee dis-
tracted in full extension to allow maximal soft-tissue tension 
while the spacer hardens, maximal coverage of the femoral 

and tibial bone surfaces by the spacer to avoid bone loss, and 
fabrication of intramedullary portions of the spacer to avoid 
displacement.

Articulating spacers with temporary prosthetic compo-
nents have been advocated for two-stage exchange to improve 
range of motion, maintain functional status of the limb dur-
ing treatment, and minimize bone loss between stages (see 
Fig. 7.73). Success rates of 88% to 96% and flexion arcs of 100 
to 104 degrees have been reported.

Whiteside et al. described a one-stage debridement and 
revision with a cementless prosthesis and intraarticular infu-
sion of vancomycin for methicillin-resistant Staphylococcus 
aureus (MRSA) infections. After debridement and implan-
tation of the prosthesis, patients received two 1-g doses of 
vancomycin intravenously over 24 hours, and then only 
intraarticular infusion of vancomycin, keeping blood levels 
between 3 and 10 μg/mL. Seventeen of 18 documented MRSA 
infections were successfully treated using this technique, as 
was one recurrent infection. The technique relies on the use of 
a cementless revision, which can be technically demanding.

Recently Parvizi et al. reviewed the Rothman results for 
treating patients with prosthetic joint infection. They found 
that of the 570 patients with prosthetic joint infection, 458 
had reimplantation at a mean of 4.1 months. The bigger issues, 
however, were that the mortality was 13.9%, with 6.7% occur-
ring before reimplantation, and that treatment success was 
highly variable depending on the definition utilized (54.2% to 
88.9%). There have been other reports with sobering results, 
such as those by Gomez et  al. in which success rates were 
82%. It has been pointed out that these results are lower than 
many treatment successes for certain cancer diagnoses.

The last option for the treatment of the infected TKA is 
above-knee amputation. Amputation is indicated only for 
life-threatening infection or persistent local infection with 
massive bone loss not suitable for arthrodesis or resection 
arthroplasty.

 FIGURE 7.72 Knee arthrodesis with intramedullary nail fixa-
tion after failed total knee arthroplasty. SEE TECHNIQUE 7.14.

 FIGURE 7.73 Antibiotic-impregnated polymethyl methacry-
late spacers are useful to maintain joint space and ligamentous 
relationships, as well as motion of knee, during interval between 
debridement and reimplantation.
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PATELLOFEMORAL COMPLICATIONS
Patellofemoral complications include patellofemoral insta-
bility, patellar fracture, patellar component failure, patellar 
component loosening, patellar clunk syndrome, and exten-
sor mechanism rupture. Improvements in design and surgical 
technique have decreased their frequency; nonetheless, they 
remain as difficult problems that are best avoided by careful 
attention to detail.

Patellofemoral instability can be caused by many factors, 
including extensor mechanism imbalance in which the lateral 
retinaculum is too tight or the medial soft tissues are too loose 
(Fig. 7.74). If the lateral retinaculum is tight, lateral release is indi-
cated, sparing the superior lateral geniculate artery if possible 
(see Fig. 7.61). Medial retinacular laxity may occur with postop-
erative rupture of the medial capsular repair, which can be caused 
by a closure that is too tight or by a traumatic event in the early 
postoperative period. Some authors have advised closing the 
retinacular-capsular layer with the knee in 90 degrees of flexion 
to ensure proper medial tensioning. The knee should be placed 
through a full range of motion after the medial capsular closure 
to evaluate patellar tracking and the adequacy of the repair.

Suboptimally positioned patellar, femoral, or tibial com-
ponents also may lead to patellofemoral instability. Excessive 
lateral patellar facet resection is possible because of the nor-
mal asymmetry of the medial and lateral patellar facets. Often, 
the level of the lateral facet resection must be much shallower 
than the medial facet resection to avoid tilting of the patellar 
component (Fig. 7.75). Lateral placement of the patellar com-
ponent on the cut surface of the patella fails to reproduce the 
normal median eminence of the patella and can lead to lateral 
subluxation of the patella in extension.

Suboptimal position of the tibial component in an inter-
nally rotated position increases the Q angle by moving the 
tibial tubercle laterally (see Fig. 7.22). The increased Q angle 
leads to lateral subluxation. The tibial component should be 
centered on the medial border of the tibial tubercle, with any 
deviation into slight external rotation. Similarly, internal rota-
tion and medial translation of the femoral component move 
the trochlea more medial relative to the extensor mechanism, 
leading to lateral subluxation.

The intraoperative evaluation of femoral component rota-
tional alignment is based on anatomic landmarks. The poste-
rior femoral condyles, epicondylar axis, and anteroposterior 

axis all are useful in the primary knee arthroplasty setting. In 
revision arthroplasty, the position of the previous component 
and the epicondylar axis are usually the only landmarks avail-
able for this assessment.

Surgical treatment of patellar subluxation should be aimed 
at the cause. The components should be inspected for malposi-
tion as outlined in the previous paragraphs and revised if nec-
essary. If the components are positioned appropriately, surgical 
efforts to improve patellar tracking should proceed in a step-
wise fashion. Lateral retinacular release should be performed 
first, although this rarely has been sufficient as an isolated pro-
cedure. If patellar subluxation persists, a proximal realignment 
procedure should be done. Distal realignment procedures, 
such as tibial tubercle osteotomy, should be undertaken only 
with extreme caution because serious functional loss would 
result if nonunion of the transferred tibial tubercle occurred.

Patellar fracture after TKA is uncommon, occurring in 
less than 1% of patients (Fig. 7.76). Patellar fracture has been 
correlated with multiple factors, including excessive patellar 
resection, vascular compromise secondary to lateral release, 
patellar maltracking secondary to component malposition, 
excessive joint line elevation, knee flexion of more than 115 
degrees, trauma, thermal necrosis from PMMA polymeriza-
tion, and revision TKA. The relationship of patellar fracture 
to lateral release has been carefully studied. In a series of 1146 
TKAs, a statistically significant association was found between 
lateral release and patellar fracture. Patellar thickness and sac-
rifice of the superior lateral geniculate artery were not asso-
ciated with fracture. In some patellar fractures after lateral 
release, pathologic evidence of osteonecrosis has been appar-
ent; however, patellar fracture remains relatively infrequent 
compared with the number of lateral releases performed.

The results of operative treatment of patellar fractures after 
TKA vary significantly from the results of treatment of patel-
lar fractures in normal knees. Nonunion and hardware failure 
are frequent after internal fixation, leading some authors to 
recommend nonoperative treatment of displaced and nondis-
placed fractures with no extensor lag and no loosening of the 
patellar component from a large fracture fragment.

Periprosthetic patellar fractures have been classified accord-
ing to the integrity of the extensor mechanism and stability of the 
implant. Fractures associated with an intact extensor mechanism 
and stable implant (type I) should be treated nonoperatively with 
a knee immobilizer or cylinder cast for 6 weeks. Displaced frac-
tures with extensor mechanism discontinuity (type II) should be 
treated operatively. Transverse middle-third fractures are treated 
with tension band wiring and retinacular repair. Loose patel-
lar components (type III) should be excised and not replaced 
because this may impair fracture healing. Stable patellar com-
ponents that impair fracture fixation also should be removed. 
Proximal or distal pole fractures should be treated with partial 

 FIGURE 7.74 Lateral patellar subluxation shown on skyline 
view.

 FIGURE 7.75 Often, lateral facet resection must be much shal-
lower than medial facet resection because of normal asymmetry 
of patellar facets.
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patellectomy and suture repair. Postoperative rehabilitation and 
range of motion are based on the stability of the fixation achieved 
at the time of surgery. Patellectomy and extensor mechanism 
repair are indicated when extreme comminution or poor bone 
stock preclude stable bony fixation. Patients should be cautioned 
when operative intervention is recommended because complica-
tion rates are high.

Failure of metal-backed patellar components has been 
attributed to various mechanisms, including fatigue fracture of 
the metal baseplate from the fixation lugs, delamination of the 

polyethylene from the baseplate, failure of the ingrowth interface, 
and wear in areas of thin polyethylene exposing the underlying 
metal baseplate and leading to metal-on-metal wear between the 
baseplate and the femoral component (Fig. 7.77). Patients with 
metal-backed patellar implants require close follow-up to watch 
for signs of failure. Radiographically, skyline and lateral views 
of the knee show polyethylene wear, interface failure, and patel-
lar subluxation. Clinically, the onset of a knee effusion, patello-
femoral crepitus, or audible squeaking and scraping all suggest 
component failure. Early revision of the failed components 

 

A B

FIGURE 7.76 A, Patella is intact in postoperative lateral radiograph. B, Six weeks later, patellar fracture with displacement is clearly 
visible.
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  FIGURE 7.77 A, Inadequate patellar resection can add undue forces and wear on the patellar 
polyethylene button. B, If proper resection and patellar tracking are obtained, a more symmetric 
wear pattern results. C, Maltracking patella leaves an asymmetric wear pattern.
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is recommended to prevent extensive metallosis of the knee. 
Usually, revision consists of exchange of the tibial polyethylene 
insert, synovectomy, and revision or removal of the patellar com-
ponent. Occasionally, metal-on-metal wear damages the femoral 
component to the extent that revision of the femoral component 
also is necessary. Techniques for removal of well-fixed metal-
backed patellar components have been described using dia-
mond-tipped saws and high-speed burrs to separate the fixation 
pegs from the baseplate. Berry and Rand, in a series of 42 isolated 
patellar revisions, found a significant complication rate (33%), 
including five late patellar fractures and three instances of patel-
lar instability.

Patellar component loosening occurs in 0.6% to 2.4% of 
arthroplasties. Predisposing factors include deficient bone 
stock, component malposition and subluxation, patellar frac-
ture, osteonecrosis of the patella, and loosening of other knee 
components. Some patients tolerate radiographic loosening 
with only mild anterior knee pain, whereas more symptomatic 
patients require revision, component removal, or patellectomy, 
depending on the status of the remaining patellar bone.

Patellar clunk syndrome was described by Hozack et al. 
in association with PS knee arthroplasties. A fibrous nodule 
forms on the posterior surface of the quadriceps tendon just 
above the superior pole of the patella (Fig. 7.78). This nod-
ule can become entrapped in the intercondylar notch of the 
femoral prosthesis and cause the knee to pop or “clunk” at 30 
to 45 degrees of knee flexion as the knee is actively extended. 
Two causes for this condition have been proposed. Proximal 
placement of the patellar button so that it overhangs the cut 
surface of the patella is one possible cause, as the prominent 
button could impinge on the quadriceps tendon, with resul-
tant fibrous tissue proliferation. Femoral component design is 
another possible cause. Early PS components with a relatively 
high, sharp femoral sulcus also could impinge on the quadri-
ceps tendon because they allow the patellar component to fall 
into the notch with lesser degrees of flexion.

The recommended treatment for this condition is 
arthroscopic debridement of the nodule. Arthrotomy and 
nodule excision are reserved for patients with recurrence after 
arthroscopic treatment or in the setting of loose or malposi-
tioned patellar components that may require revision. Insall 
recommended a limited synovectomy of the posterior surface 

of the quadriceps tendon as a prophylactic measure for this 
condition when performing a PS arthroplasty.

Rupture of the quadriceps or the patellar tendon is an 
infrequent but severe complication of TKA, occurring in 0.1% 
to 0.55% of patients. Quadriceps rupture may be related to 
lateral release in part because of vascular compromise of the 
tendon and possibly extension of the release anteriorly that 
weakens the tendon. Nonoperative treatment is recommended 
for partial tears. Surgical repair is advocated for complete tears, 
although the results are suboptimal, with frequent diminished 
range of motion, weakness, extensor lag, and rerupture.

Patellar tendon rupture is associated with previous knee 
surgery, knee manipulation, and distal realignment procedures 
of the extensor mechanism. Multiple procedures have been 
described to treat patellar tendon rupture after TKA, includ-
ing direct repair; augmentation with hamstring tendons or syn-
thetic ligament substitutes; gastrocnemius muscle flap; and use 
of an extensor mechanism allograft consisting of the quadri-
ceps tendon, patella, patellar tendon, and tibial tubercle (Fig. 
7.79). None of these procedures has been routinely successful.

The largest series of extensor allografts reported by 
Nazarian and Booth showed reasonable results in an 
extremely challenging group of patients, one third of whom 
had previous infections. Of the 36 patients analyzed, eight 
had rerupture, with six occurring at the quadriceps tendon 
level and two at the tibial tubercle. All eight patients with 
failed procedures underwent repeat allograft reconstruc-
tion, with two patients in this group having recurrent rup-
tures. Burnett et al. stressed the importance of tensioning the 
allograft with the knee in full extension to avoid extensor lag 
and clinical failure. Browne and Hanssen described a salvage 
technique using a knitted monofilament polypropylene graft 
for repair of the patellar tendon after TKA. The technique 
involves cementation of the graft into the tibial bone-implant 
interface of immediate fixation and suture of the graft into 
surrounding tissue for incorporation, with the graft serving 
as a scaffold for tissue ingrowth. Of 13 patients in whom this 
technique was used, three had failure of the graft and one had 

 FIGURE 7.78 Patellar clunk syndrome. Synovium just superior 
to patella can form hypertrophic nodule that catches in box cutout 
of posterior stabilized total knee design.
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FIGURE 7.79 Reconstruction of patellar ligament with use of 
semitendinosus tendon.
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recurrence of infection; the nine patients treated successfully 
had less than a 10-degree extensor lag and no loss of flex-
ion compared with preoperative values. Suggested advantages 
of this technique are the lack of risk of disease transmission 
from an allograft and lower cost than allografts, which also 
can be difficult to obtain.

If patellar bone stock allows, distal primary repair seems 
warranted with the addition of a tension band wire from the 
proximal patella to the tibial tubercle or hamstring augmen-
tation or both. When the patella is absent or insufficient for 
distal repair, extensor mechanism allograft reconstruction or 
gastrocnemius muscle flap should be considered in centers 
that have experience with these techniques. 

NEUROVASCULAR COMPLICATIONS
Arterial compromise after TKA is a rare but devastating com-
plication that occurs in 0.03% to 0.2% of patients, with 25% 
resulting in amputation. The circulatory status of the limb 
should be examined carefully in all patients before operation. 
Noninvasive vascular studies are indicated in patients with 
questionable vascular supply, and vascular surgical consulta-
tion should be obtained if these studies are abnormal. Several 
authors have recommended performing TKA without the use 
of a tourniquet in patients with significant vascular disease.

Peroneal nerve palsy is the only commonly reported 
nerve palsy after TKA, with a reported prevalence of less than 
1% to nearly 2%. The true incidence may be higher because 
mild palsies may recover spontaneously and not be reported. 
A recent review of over 383,000 primary TKA in the New 
York State database found an incidence of 0.12%; valgus 
deformity and previous spine surgery were common risk fac-
tors. Peroneal nerve palsy occurs primarily with correction 
of long-standing combined fixed valgus and flexion defor-
mities, as are common in patients with rheumatoid arthritis. 
Suggested risk factors for peroneal palsy after TKA include 
postoperative epidural anesthesia, previous laminectomy, 
tourniquet time of more than 90 minutes, high body mass 
index, and valgus deformity. When a peroneal nerve palsy is 
discovered postoperatively, the dressing should be released 
completely and the knee should be flexed. Recent studies have 
suggested that many of these peroneal nerve palsies resolve 
within a year. The value of intraoperative exposure and pos-
sible decompression of the peroneal nerve is questionable. 

PERIPROSTHETIC FRACTURES
Supracondylar fractures of the femur occur infrequently after 
TKA (0.3% to 2%) (Fig. 7.80). Reported risk factors include 
anterior femoral notching, osteoporosis, rheumatoid arthritis, 
steroid use, female gender, revision arthroplasty, and neuro-
logic disorders. The anterior femoral flange of condylar-type 
prostheses creates a stress riser at its proximal junction with 
the relatively weak supracondylar bone.

In a biomechanical study and review of the literature, 
Lesh et al. reported that 30.5% of periprosthetic supracondy-
lar femoral fractures were associated with a notched femur. 
Their biomechanical study found a decrease in load to failure 
in bending and torsion for cadaver femurs notched experi-
mentally. Also, short oblique fractures occurred with a bend-
ing load in specimens that were notched. These authors 
recommended avoiding manipulation if the femur has been 
inadvertently notched and considering the use of a stemmed 
femoral component if the notch is discovered intraopera-
tively. In a later study, however, the relationship between 

femoral notching and periprosthetic fracture was disputed. In 
a series of 1089 TKAs, 30% of patients had a notched distal 
femur. Only two fractures occurred in this consecutive series, 
both in femurs without notching.

Treatment of femoral fracture after TKA has varied, with 
early studies generally recommending nonoperative manage-
ment. More recent studies have favored operative treatment by 
a variety of techniques: open reduction and internal fixation 
using blade plates, condylar screw plates, and buttress plates 
with bone grafting; Rush pins inserted under image intensifica-
tion with minimal surgical dissection; or fixation with a locked 
supracondylar intramedullary nail (Fig. 7.81). Our personal 
experience with intramedullary nailing of periprosthetic femo-
ral fractures has been good. In 12 patients with 13 fractures, 
11 (85%) healed primarily within an average of 16 weeks. In 
osteoporotic or noncompliant patients, external immobiliza-
tion with a hinged knee brace and limited weight bearing are 
recommended in the early postoperative period.

Some TKA designs and sizes do not allow passage of the 
supracondylar nail through the intercondylar region because 
of a closed intercondylar box, an intercondylar dimension 
that is too narrow, or a stemmed implant. If intramedullary 
fixation is chosen in these circumstances, the intercondylar 
box can be opened with a high-speed burr if retrograde nail-
ing is desired, or antegrade nailing can be used in these cir-
cumstances. Information on which prosthesis types and sizes 
can be treated with this device is available from the manufac-
turer of the supracondylar nail.

Indirect reduction and locked distal plating of these 
fractures have been reported with good results (Fig. 7.82). 
Reported advantages include minimal soft-tissue stripping, 
and fixed-angle fixation with the screws, which are locked into 
the plate. Early range of motion and mobilization have been 
reported with plating techniques in patients with satisfac-
tory results. Several reports have shown age at the time of the 
fracture to be predictive of outcome, with older age patients 
having a high mortality rate 1 year after surgery. In older indi-
viduals with comminuted and/or osteoporotic bone, revision 
to a distal femoral replacement should be considered.

 FIGURE 7.80 Supracondylar fracture of femur above total 
knee arthroplasty.
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Rorabeck, Angliss, and Lewis classified supracondylar 
periprosthetic femoral fractures on the basis of fracture dis-
placement and implant stability and proposed a correspond-
ing treatment algorithm (Fig. 7.83):
Type I: undisplaced fracture, prosthesis stable
Type II: displaced fracture, prosthesis stable
Type III: unstable prosthesis with or without fracture 

displacement
When the fracture extends to the fixation surface or if 

the femoral component is loose, revision arthroplasty with a 
long intramedullary stem extending into the femoral diaphy-
sis may be necessary. Strut femoral allografts have been used 
in conjunction with this technique. Kassab et al. reported the 
use of a distal femoral allograft-prosthetic composite for pri-
mary treatment of these fractures when severe osteoporosis 
led to extensive comminution and precluded adequate fixa-
tion with standard fracture management techniques. In nine 
of 10 patients, the graft-host junction united and the patients 
achieved full weight bearing. Despite three complications 
requiring reoperation, the authors concluded that this was a 
useful technique for treatment of fractures in patients with 
extremely compromised bone stock.

Tibial fractures below TKAs are uncommon. Felix, 
Stuart, and Hanssen classified these fractures on the basis of 
their location, implant stability, and timing (intraoperative 
versus postoperative) (Fig. 7.84). Fractures associated with 
loose implants are treated with revision, bone grafting, and 
stemmed implants as needed. Nondisplaced, stable fractures 
with well-fixed implants are treated nonoperatively; displaced 
fractures with well-fixed implants are treated with internal 
fixation.

 

A B C D

FIGURE 7.81 A and B, Supracondylar intramedullary nail used for fixation of fracture shown 
in Figure 7.80. C and D, Healed fracture.

 

A B

FIGURE 7.82 A and B, Less invasive surgical stabilization (LISS) 
plate fixation of periprosthetic femoral fracture.  (From Althausen 
PL, Lee MA, Finkemeier CG, et al: Operative stabilization of supracondylar 
femur fractures above total knee arthroplasty: a comparison of four treat-
ment methods, J Arthroplasty 18:834, 2003.)
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Treatment of periprosthetic fractures around TKAs 
requires a variety of techniques depending on the character-
istics of the individual fracture. Ultimate function of the TKA 
after fracture healing depends on restoration of alignment, 
adequate patellofemoral function, maintenance of prosthesis 
fixation, and early range of motion. 

REVISION TOTAL KNEE 
ARTHROPLASTY
The rate of revision of primary TKA remains relatively low. 
Most registry data list primary TKA survivorship at 10 years 
to be around 95%. The reasons for revision have shifted over 
the past decade as reported by Sharkey et al. Osteolysis and 
aseptic loosening are now not as common. Infection and 
instability are the more common reasons for revision surgery.

ASEPTIC FAILURE OF PRIMARY TOTAL 
KNEE ARTHROPLASTY
Aseptic failure of TKA can be caused by several factors, 
including component loosening, polyethylene wear with 
osteolysis, ligamentous laxity, periprosthetic fracture, arthro-
fibrosis, and patellofemoral complications. To date, tibial 

component loosening has been more common than femoral 
component loosening. It has been associated with malalign-
ment of the limb, ligamentous laxity, duration of implanta-
tion, patients with high activity demands, polyethylene wear, 
and excessive component constraint.

Aseptic loosening of either component may be appar-
ent on radiograph as a complete radiolucent line of 2 mm or 
more around the prosthesis at the bone-cement interface in 
cemented arthroplasty (Fig. 7.85). Incomplete radiolucen-
cies of less than 2 mm are common and have not been shown 
to correlate with poor clinical outcomes in cemented TKA. 
Radiolucent lines around uncemented total knee implants 
indicate areas where bone ingrowth has not occurred. If these 
lines are extensive, progressive, or associated with symptoms, 
aseptic loosening must be considered as well. A radiolucent 
line under a metal-backed tibial component can be obliterated 
by 4 degrees of knee flexion. For the evaluation of progressive 
lucency, comparable views must be obtained at each exami-
nation. Fluoroscopic examination may be helpful in patients 
with unexplained pain after TKA and normal radiographs. 
Such studies allow careful positioning of the x-ray beam par-
allel to the surfaces of the implant so that subtle radiolucen-
cies can be detected and correlated with clinical evaluation of 
these patients. Component loosening also can be manifested 
by implant migration shown on sequential radiographs (Fig. 
7.86).

Polyethylene wear can cause failure of TKA by contrib-
uting to loosening and osteolysis or more rarely by cata-
strophic failure through polyethylene fracture. The factors 
responsible for polyethylene wear are discussed in the earlier 
section on polyethylene issues. Rarely, worn modular poly-
ethylene inserts may be exchanged as an isolated procedure, 
provided that the remaining components are well fixed and 
well aligned.

Instability is an increasingly frequent cause of TKA failure 
that requires revision (Fig. 7.87). The main causes of instabil-
ity are ligamentous imbalance and incompetence, malalign-
ment and late ligamentous incompetence, deficient extensor 
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FIGURE 7.83 Treatment algorithm for supracondylar periprosthetic fractures. IM, Intramedul-
lary rod; ORIF, open reduction and internal fixation; TKA, total knee arthroplasty.
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Anteroposterior Lateral

FIGURE 7.84 Anatomic locations of tibial fractures associated 
with total knee arthroplasty.
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mechanism, inadequate prosthetic design, and surgical error. 
Besides physical examination, stress radiographs can be used 
to document less severe instabilities.

Implant selection is based on the ligamentous instability 
that requires correction, using the lowest level of constraint 
possible to treat the problem adequately. McAuley, Engh, 
and Ammeen made recommendations for treating unstable 
TKAs, dividing them into (1) anteroposterior or flexion space 
instability, (2) varus-valgus or extension space instability, and 
(3) multiplanar or global instability. Anteroposterior insta-
bility is treated with conversion to a PS implant. CR insert 

exchange is recommended only with an intact PCL and bal-
anced flexion space with a thicker insert. For varus-valgus 
instability, which can be corrected with soft-tissue balancing, 
a constrained condylar design may be used. If the native soft 
tissues are inadequate or cannot be reconstructed, a linked 
implant is required. Global instability also requires linked 
implants if the host soft tissues cannot be balanced or recon-
structed adequately. Implant systems with variable levels of 
constraint are extremely helpful in the revision setting but 
must be combined with careful attention to implant align-
ment, ligamentous balancing in flexion and extension, joint 
line restoration, and patellar tracking. 

SURGICAL EXPOSURES
Operative exposure in revision TKA should use the previous 
TKA skin incision if possible. Parallel longitudinal anterior 
knee incisions place the intervening skin at risk for necrosis. 
When two previous incisions already exist, the more lateral 
of the two should be selected if possible because of the more 
favorable superficial blood supply from the medial side of the 
knee.

A standard medial parapatellar arthrotomy can be used 
in most revisions; however, the scarred capsule may need 
to be thinned, especially in reimplantation for infection. 
Scarring of the peripatellar fat pad and adjacent retinacu-
lum may make patellar eversion difficult. Recreation of the 
medial and lateral gutters, subperiosteal release of the medial 
soft tissues from the proximal tibia, external rotation of the 
tibia, and lateral retinacular release often are required to allow 
eversion without placing excessive stress on the insertion of 
the patellar tendon. Avulsion of the patellar tendon from the 
tibial tubercle can compromise knee function drastically and 
must be avoided. During eversion of the patella and flexion of 
the knee, the tibial insertion of the patellar tendon should be 
directly observed. If the medial fibers of the insertion begin to 
peel away from the tibial tubercle, tension should be released 

 FIGURE 7.85 Lucency at entire bone-cement interface of tibial 
component, with deformity and subsidence of component.

 FIGURE 7.86 Loose uncemented femoral component with 
subsidence into extended position relative to distal femur.

 FIGURE 7.87 Instability from polyethylene wear or loss of liga-
mentous support may be indication for revision knee arthroplasty.

    

https://booksmedicos.org


PART III RECONSTRUCTIVE PROCEDURES OF THE KNEE IN ADULTS472

and a more extensive, quadriceps-relaxing exposure should 
be considered.

The quadriceps turndown procedure consists of a stan-
dard medial parapatellar retinacular incision with an addi-
tional limb extending as an inverted V across the quadriceps 
tendon through the lateral patellar retinaculum (Fig. 7.88). 
The superior lateral geniculate artery, which runs at the infe-
rior border of the vastus lateralis, is identified and preserved 
if possible. Excessive thinning of the scarred peripatellar fat 
pad should be avoided to prevent further devascularization of 
the patella. During closure of the quadriceps turndown, the 
inverted V can be converted to a Y by allowing the patella 
and attached quadriceps tendon to be advanced distally. This 
is useful in obtaining flexion in knees with quadriceps con-
tractures from long-standing lack of flexion. The closure must 
be secured with nonabsorbable sutures to allow early passive 
motion within a “safe” range determined at the time of sur-
gery to avoid excessive stress on the repair. Intraoperatively, 
a useful guide is to perform the repair so that gravity alone 
produces 90 degrees of knee flexion. Postoperatively, ambula-
tion should be allowed only in a hinged-knee brace, locked in 
extension, for 2 to 3 months. The brace is unlocked for active 
flexion within the “safe” range and passive extension with 
quadriceps-setting exercises is begun 3 weeks postoperatively. 
At 6 weeks, active knee extension against gravity alone is 
allowed along with progression of active and passive flexion.

A V-Y quadriceps turndown results in a postopera-
tive extension lag that tends to resolve over several months. 
Studies have shown that long-term quadriceps strength can 
return to near-normal levels. Radiographic changes consis-
tent with osteonecrosis of the patella were documented in 
eight of 29 revision total knee exposures using a quadriceps 
turndown, although clinical symptoms were absent.

Insall described the rectus “snip” as a modification of the 
quadriceps turndown procedure (Fig. 7.89). The proximal 
extent of a medial parapatellar arthrotomy is extended later-
ally across the quadriceps tendon to incise the rectus tendon 
and the underlying tendinous insertion of the vastus muscles. 
The lateral attachment from the vastus lateralis is left intact 
along with the superior lateral geniculate vessels; a lateral 
release can be added distally.

Tibial tubercle osteotomy was originally described for 
quadriceps relaxation during primary or revision TKA (Fig. 
7.90). Whiteside and Ohl recommended elevation of an 8- to 
10-cm segment of the bone that includes the tibial tubercle 
and a portion of the anterior crest of the tibia, leaving the 
anterior compartment musculature attached to the frag-
ment laterally for vascularity. The tubercle can be advanced 
proximally for patella baja or if the joint line is elevated sig-
nificantly (Fig. 7.91). They described reattaching the tuber-
cle with multiple wires; other authors have advocated using 
screws. With secure fixation, passive range of motion can 
be begun early, but active extension still must be delayed. 
Complications, including nonunion or proximal migration of 
the osteotomized fragment, tibial shaft fracture, wound infec-
tion, wound necrosis, and prominent hardware, have been 
reported with this technique.

In a comparison of the standard medial arthrotomy, rec-
tus snip, V-Y quadricepsplasty, and tibial tubercle osteotomy 
in revision TKA, the outcomes with the standard approach 

 

    Lateral
  superior
genicular
     artery

Incision

FIGURE 7.88 Scott and Siliski modified V-Y quadricepsplasty.

 FIGURE 7.89 Insall rectus snip modification of quadriceps 
turndown procedure (see text).
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and rectus snip were identical in all clinical parameters. V-Y 
quadricepsplasty resulted in greater extensor lag but increased 
patient satisfaction compared with tibial tubercle osteotomy, 
which resulted in more difficulty with kneeling and stooping. 
The quadricepsplasty and osteotomy groups had significantly 
lower outcome ratings compared with the standard arthrot-
omy and rectus snip. 

COMPONENT REMOVAL
After exposure, the prosthesis-bone interface should be 
examined on the tibial and femoral components. We prefer to 

remove the femoral component first because this allows better 
clearance for the tibial component during its extraction. Even 
with components that appear grossly loose on radiographs, 
the interface should be carefully disrupted with a variety of 
osteotomes before component extraction. It is extremely easy 
to fracture a femoral condyle in the process of removing the 

femoral component. When the arthroplasty is cemented, the 
osteotome should be directed at the prosthesis-cement inter-
face rather than at the cement-bone interface. Cement can 
be removed more easily from the surface of the bone after 
component extraction with less risk of further bone loss. A 
thin flexible osteotome blade often is useful; the flat portion 
of the blade should be placed against the implant so that the 
bevel of the blade is forced against the implant and not into 
the bone. Offset osteotomes are useful to reach the posterior 
condylar interfaces of the femoral component, as well as the 
intercondylar interfaces. A Gigli saw can be used on some of 

the interfaces when exposure is adequate. After all the fixa-
tion surfaces have been disrupted, including the posterior 
condylar surfaces, the component should be removed with an 
extraction device that uses a slap hammer that delivers only 
a longitudinal force to the component (Fig. 7.92). Tilting of 
the component by peripheral blows may result in a fracture 
of one of the condyles. If the prosthesis does not extract eas-
ily, an osteotome should be used again to disrupt the fixation 
surface.

 

10 cm

FIGURE 7.90 Tibial tubercle osteotomy can relax extensor mechanism and improve exposure, 
with benefit of bony healing rather than scar formation as with V-Y turndown procedure. Making 
step-cut proximally will help prevent escape of tubercle postoperatively.

 FIGURE 7.91 Proximal advancement of tibial tubercle oste-
otomy for treatment of patella baja.

 FIGURE 7.92 Slap hammer delivers longitudinal force during 
femoral component extraction, minimizing chance of fracturing 
femoral condyle.
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The tibial component is removed in a similar fashion. 
With all-polyethylene tibial components, the interface can be 
disrupted with an oscillating saw, cutting through the poly-
ethylene stem and allowing access to its bone-cement inter-
face before extraction (Fig. 7.93A). With metal-backed tibial 
components, the interface cannot be easily disrupted around 
a cemented stem or keel. Usually, freeing the undersurface of 
the tibial baseplate allows component extraction without sig-
nificant bone loss. If a long stem is present and has extensive 
cement fixation or a porous ingrowth surface, however, access 
can be gained by performing a long tibial tubercle osteotomy, 
as previously described. The tibial baseplate also can be cut 
with a diamond-tipped saw to gain access to this interface.

The patellar component should be removed if there is evi-
dence of patellar component wear, loosening, or associated 
osteolysis. If a well-bonded patellar button shows no signifi-
cant wear, however, the component can be retained because 
removal may significantly compromise the residual bone 
stock, leading to fracture or component loosening. The bone-
cement interface of an all-polyethylene patellar component 
is easily disrupted with an oscillating saw (Fig. 7.93B). The 
remaining fixation pegs can be removed with a small curet or 
burr. Metal-backed patellar components are more difficult to 
remove, requiring small osteotomes to fit between the fixa-
tion lugs and possibly cutting the metal fixation pegs off the 
baseplate with a diamond-tipped saw. 

KNEE REVISION AND RECONSTRUCTION 
PRINCIPLES
The steps necessary in revision knee arthroplasty vary greatly 
among patients, although some general principles should be 
followed:
 1.  The joint line should be reconstructed as close as possible 

to its anatomic position. When significant bone loss is 
present, it may take some detective work to track down 
original radiographic studies, especially if the patient did 
not have the index procedure at the same facility.

 2.  Bone defects must be treated appropriately, with an 
emphasis on bone preservation and reconstitution. Metal 
augments and/or porous augments or cones should be 

used to maintain as much bone stock as possible for 
future reconstructions if needed.

 3.  Knee stability must be restored by appropriate soft-tis-
sue balancing; when soft-tissue support is inadequate, 
increasing the prosthetic constraint to a constrained con-
dylar or if necessary a hinge type of prosthesis may need 
to be considered.

 4.  Appropriate limb alignment must be ensured, often using 
the medullary canals of the femur and tibia as reference 
points. The option of distal femoral alignment from 
extended stems should be considered. Determination of 
the proper distal femoral alignment can be aided by pre-
operative planning and long-standing radiographs.

 5.  Solid stem fixation with either diaphyseal-engaged press-
fit stems or shorter cemented stems should be considered.

 6.  Rigid fixation is necessary for prolonged implant survival.
 7.  Patellofemoral mechanics must be optimized.
 8.  Revision components should have a comprehensive vari-

ety of metal augmentations, stem extensions, and con-
straints (Fig. 7.94).

 9.  Flexion and extension gaps should be filled using com-
ponents, augments, and offset stems to give a stable joint 
throughout a range of motion.
First, the soft-tissue envelope should be reconstructed by 

debridement of hypertrophic synovium that may contain par-
ticulate debris and by thinning of any present scarred capsu-
lar tissue. The suprapatellar pouch, medial and lateral gutters, 
and posterior femoral recesses must be reconstituted. Because 
the PCL usually is scarred or incompetent, most surgeons 
prefer PCL-substituting prostheses for revision arthroplasty. 
When there is gross incompetence of the medial collateral 
ligament or the combined lateral supporting structures, the 
decision to use a more constrained type of prosthesis can be 
made early in the revision procedure.

The tibia usually is prepared first with minimal additional 
bone resection. Defects of less than 5 mm can be filled with 
cement. Larger contained defects may be filled with cancel-
lous graft, and noncontained defects are treated with modular 
wedges and blocks or structural bone grafts. Circumferential 
contact should be maintained between the augmented trial 

 

A B
FIGURE 7.93 Removal of all-polyethylene tibial (A) and patellar (B) components (see text).
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tibial baseplate and the tibial cortex. With more severe bone 
loss, the addition of cones or sleeves should be considered to 
ensure optimal implant fixation. Modular stem extensions 
should be used to provide additional component stability to 
compromised metaphyseal bone stock and to protect bone 
grafts and oblique fixation interfaces beneath metal augmen-
tation wedges from stress. Care must be taken that a long 
press-fit stem does not cause angulation or offset of the tib-
ial component; using a stem of smaller diameter or length or 
an offset stem extension is preferable (Fig. 7.95). The level of 
the joint line, determined by the depth of the tibial resection 
and the thickness of the tibial polyethylene, should be estab-
lished roughly one fingerbreadth above the proximal tip of 
the fibula and one fingerbreadth distal to the inferior pole of 
the patella if patella baja does not exist (Fig. 7.96). Rarely, a 
custom tibial component or a proximal tibial allograft may 
be necessary because of extensive bone loss (Fig. 7.97). This 
should be anticipated by preoperative templating in patients 
with significant bone loss.

The femur is prepared, adhering to the principles of the 
flexion-extension gap technique (see Technique 7.2). The 
main difference between primary and revision arthroplasty 
is the frequent need for augmentation of the femoral con-
dyles distally or posteriorly or both to balance the flexion and 
extension gaps without significant joint line elevation. In revi-
sion TKA, increasing the tibial implant height either with aug-
ments or polyethylene thickness will fill both the extension 
and flexion gaps; distal femoral augments fill only the exten-
sion gap, and increasing the femoral component size fills the 
flexion gap. A gap that is trapezoidal rather than rectangu-
lar must be corrected with soft-tissue balancing techniques, 
as discussed in the section on primary TKA, or with femoral 
component rotation in the transverse plane when appropri-
ate. Laxity with the knee in flexion and extension frequently 
is caused by an undersized prosthesis placed too proximally 

on the femur. It is better to use a larger femoral component 
in the anteroposterior dimension, with distal and posterior 
metal augmentation, than to elevate the joint line by using a 
thicker tibial polyethylene spacer. Knowledge of the antero-
posterior dimension of the previous femoral component or a 

 FIGURE 7.94 Modular total knee system with available 
augmentations and levels of constraint.

 FIGURE 7.95 Tibial component revised with medially offset, 
press-fit tibial stem.

 

Joint line

FIGURE 7.96 Joint line in revision total knee arthroplasty can 
be measured from tip of fibular head (average 14 mm) or from 
epicondylar axis (average 23 mm from lateral epicondyle and 28 
mm from medial epicondyle).
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lateral radiograph of the contralateral knee can be helpful in 
determining the appropriate size of the femoral component. 
Rotation of the femoral component should be determined 
using the epicondylar axis (see Fig. 7.41).

Bone defects on the femur generally are managed with 
metal augmentation including wedges, cones, or sleeves, 
although cancellous bone graft is useful in contained 
defects, which are common with some earlier prosthetic 
designs. Small defects and larger defects under the ante-
rior flange of the revision component can be filled with 
cement or if large enough a cone augment can be consid-
ered. Structural allografts or custom femoral components 
can be used for extensive bone loss, and the need for these 
must be anticipated. Stem extensions should be used when 
condylar bone stock is tenuous and with constrained con-
dylar prostheses.

Multiple options exist for handling the patellofemo-
ral joint during revision TKA surgery, including retention, 
replacement, or excision of the original patellar prosthesis. 
Retention may be done when a securely fixed component 
shows minimal wear. Replacement is possible when the resid-
ual bone stock allows preparation of an adequate bony bed 
with fixation holes and the possibility for cement intrusion. 
Inadequate bone stock can be treated with component exci-
sion, with trimming of the residual patellar bone to allow 
tracking within the trochlea of the femoral component. A 
trabecular metal-backed patellar implant and grafting can be 
used to aid in the reconstruction of the patella, but varying 
results have been reported using this technique (Fig. 7.98). 
Advancement of the vastus medialis may improve track-
ing of the extensor mechanism in the absence of a patellar 
component.

Most revision knee arthroplasties are cemented at the 
interfaces between the prostheses and the bone, with stem 

extensions used in a press-fit fashion or in a fully cemented 
technique. When press-fit stems are used, applying cement 
only to the fixation surfaces of the prosthesis makes it easier 
to keep cement out of the diaphysis. Staggering the cementing 
of the tibial and femoral components by 5 to 7 minutes is help-
ful when the bone stock is tenuous or small defects are filled 
with cement. The patella can be cemented concurrently with 
the femur or the tibia. When cement is used to fill a defect 
beneath the anterior flange of the femoral component or with 
other peripheral defects, it is useful to allow the cement to 
polymerize partially and use a knife to trim excess cement 
sharply from the edge of the prosthesis. A curet can be used 
to extract cement from beneath the edge of the prosthesis. We 
agree with the routine use of antibiotic-impregnated cement 
in TKA revision because of the increased risk of postopera-
tive infection. 

RESULTS
The clinical results of revision TKA also are not as good as 
the results of primary TKA. Short-term follow-up studies 
have shown lower clinical scores and higher complication 
rates. Long-term studies are limited to early revision prosthe-
ses with minimal modularity. Series with at least 5 years of 
follow-up reported good-to-excellent results in 46% to 74% 
of patients.

Complications after revision TKA, especially extensor 
mechanism complications and deep infection, are signifi-
cantly more frequent than after primary TKA, and patients 
requiring repeat revision surgery fare worse. In a series of 
60 patients, reoperation after revision TKA was required 
because of infection in 20% and for complications of the 
extensor mechanism in 41%. Other causes for repeat sur-
gery included aseptic loosening, wound problems, and tib-
iofemoral instability. In a prospective multicenter study, the 
North American Knee Arthroplasty Revision Study Group 
followed 221 patients from 17 centers for 2 years and found 

 FIGURE 7.97 Revision total knee arthroplasty with proximal 
tibial allograft, cemented stems, and constrained condylar articula-
tion for massive bone loss.

 

A B

FIGURE 7.98 A, Lateral radiograph shows femoral and patellar 
osteolysis before revision total knee arthroplasty. B, After revision 
with trabecular metal patellar shell.  (From Nelson CL, Lonner JH, Lahiji 
A, et al: Use of a trabecular metal patella for marked patella bone loss 
during revision total knee arthroplasty, J Arthroplasty 18(7 Suppl 1):37, 
2003.)
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that surgical technique factors did not necessarily correlate 
with patient-specific outcome measures. Worsening pain and 
knee-specific function scores were evident in the second year 
after revision TKA, and the study group emphasized the need 
to follow patients past the 1-year recovery point after TKA. 
An analysis of 42 patients who had polyethylene exchange 
because of instability, stiffness, or aseptic effusions after TKA 
determined that those who had exchange less than 3 years 
after their primary TKA were nearly four times as likely to 
require re-revision than those who had exchange longer than 
4 years after primary TKA. Recent studies have reported good 
mid-term results of revision TKA using cones and sleeves for 
AORI IIb and III defect reconstruction to ensure optimal 
implant fixation in poor bone stock.
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 ARTHRODESIS OF THE KNEE
Anthony A. Mascioli

CHAPTER 8

INDICATIONS AND RESULTS
With the success of total knee arthroplasty, knee arthrodesis 
seldom is performed as a primary operation and usually is 
reserved for those few patients who are not candidates for 
total knee replacement. Occasionally, arthrodesis may be 
more appropriate than arthroplasty in a young patient with 
severe arthrosis because of the patient’s weight, occupa-
tion, or activity level. Other possible indications for primary 
arthrodesis include painful ankylosis after infection, loss of 
the extensor mechanism, tuberculosis, trauma, severe defor-
mity in paralytic conditions, neuropathic arthropathy, and 
malignant or potentially malignant lesions around the knee. 
The most frequent indication for knee arthrodesis is currently 
salvage of a failed total knee arthroplasty, most often second-
ary to infection.

Most current series of knee arthrodesis report success-
ful fusion in most patients, up to 100% in some series. Most 
properly selected patients are satisfied with a fused knee, 
especially with the decrease in pain postoperatively; how-
ever, some patients report functional difficulty and continued 
pain. Arthrodesis as a salvage procedure after failed total knee 
arthroplasty can be expected to have some inferior results 
compared with primary knee arthrodesis, including lower 
fusion rates, higher infection rates, and shortening (often 2 to 
5 cm in this setting).

Frequent concerns expressed by patients after knee fusion 
include the attention they attract in public, difficulty riding 
public transportation, difficulty sitting in theaters and sta-
diums, and difficulty getting up after a fall. Patients should 
be counseled about these difficulties preoperatively. Some 
patients may benefit psychologically from a preoperative trial 
of long-leg immobilization (cast or brace) to decide if they 
can manage with a fused knee. Harris et al. found that walking 
speeds and efficiency are similar after amputation, arthrode-
sis, and arthroplasty for tumors around the knee. Although 
patients with arthrodeses had the most stable limbs and could 
perform the most demanding physical work and recreational 
activities, they had difficulty sitting and were more self-con-
scious about the limb than were patients with arthroplasty.

Above-knee amputation is another procedure for treating 
chronic prosthetic joint infections. Arthrodesis should still be 
considered first because it allows better function and ambula-
tion compared with amputation. 

TECHNIQUES
Numerous techniques have been described for knee arthro-
desis, and these can be categorized by the type of fixation 
used. The amount and quality of bone present are important 
in determining appropriate fixation and the need for bone 
grafting. The selection of arthrodesis technique also is based 
on the individual patient and the surgeon’s experience.

Arthrodesis can be performed as a one- or two-stage pro-
cedure, depending on the circumstances. Arthrodesis has 
been found to be more predictable with a two-stage method.

Published arthrodesis techniques for the knee include 
compression with external fixation, intramedullary nailing, 
plate, screws, or various combinations of the above.

COMPRESSION ARTHRODESIS WITH 
EXTERNAL FIXATION
Compression arthrodesis is generally indicated for knees 
with minimal bone loss and broad cancellous surfaces with 
adequate cortical bone to allow good bony apposition and 
compression. Advantages of compression arthrodesis include 
the application of good, stable compression across the fusion 
site and the placement of fixation at a site remote from the 
infected or neuropathic joint. Some series suggest that the 
recurrent infection rates may be lower when using external 
fixation compared with intramedullary nailing (e.g., 4.9% 
compared with 8.3% reported by Mabry et al.) for arthrodesis 
after infected total knee replacement.

Disadvantages of external fixation include external pin 
track problems, poor patient compliance, and the frequent 
need for early removal and cast immobilization. Several 
studies have demonstrated reduced fusion rates after exter-
nal fixation compared with intramedullary nailing (29% to 
67% vs. 91% to 95%, respectively) in arthrodesis for failed 
total knee replacement. These patients differ from those 
with primary arthrodesis in whom fusion has been reported 
in up to 100% with the use of external fixation. A variety 
of monolateral, bilateral, and ring multiple-pin fixators are 
now used, with fusion rates ranging from 31% to 100%. 
Stability, limited tissue damage, and high patient comfort 
are the cited advantages of using anterior unilateral external 
fixation.

Single-plane and biplane external fixators have similar 
fusion rates, although complications are numerous with both 
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devices. Despite biomechanical advances in external fixator 
design, knee arthrodesis remains difficult to achieve in patients 
who have had multiple previous procedures, a failed total 
knee arthroplasty, or an infected total knee arthroplasty with 
significant bone loss. One series reported successful arthro-
desis for treatment of sepsis using augmented external fixa-
tion with crossed Steinmann pins. No recurrences of infection 
were noted over a mean follow-up of 8.2 years. Other authors 
have used fine wire external fixation, Ilizarov external fixation, 
or a similar device for treatment of septic failure of total knee 
arthroplasty, persistent knee sepsis, or septic sequelae after 
knee trauma. Fusion was obtained in 77%, 96%, and 100%, 
respectively. Achieving fusion in the face of major bone loss 
can be particularly challenging and may be facilitated by using 
the Ilizarov device and bone transport. Ilizarov-type devices 
do have the advantage of bone lengthening. 

 

COMPRESSION ARTHRODESIS USING 
EXTERNAL FIXATION

 TECHNIQUE 8.1 

 n  When extensive exposure is necessary, use an anterior 
longitudinal incision; otherwise, a transverse incision can 
be used. For arthrodesis after total knee arthroplasty, ap-
proach the knee through a midline incision or through 
previous scars when appropriate.

 n  Split the quadriceps and patellar tendons and excise the 
patella.

 n  Detach the joint capsule from the tibia anteriorly and di-
vide the collateral ligaments.

 n  Flex the knee so that the capsule and quadriceps mecha-
nism fall posteriorly on each side.

 n  Remove the synovium and excise the menisci, cruciate 
ligaments, and infrapatellar fat pad.

 n  With a power saw, cut the superior surface of the tibia ex-
actly transverse to the long axis of the bone, and remove 
a wafer of cartilage and bone 1 cm thick.

 n  Remove an appropriately sized segment of bone from the 
distal femur so that raw bony surfaces are apposed with 
the knee in the desired position. We have found total 
knee instruments useful in making these bone cuts.

 n  If arthrodesis is performed after failed total knee arthro-
plasty, do not remove more bone from the femur and 
tibia but thoroughly clean the surfaces and attempt to 
interdigitate irregular surfaces to give the best possible 
contact.

 n  Charnley recommended a position of almost complete ex-
tension for cosmetic reasons; we prefer arthrodesis with 
the knee in 0 to15 degrees of flexion, 5 to 8 degrees of 
valgus, and 10 degrees of external rotation.

 n  Insert the appropriate pins for the compression device. 
Tighten the clamps so that a compression load of 45 kg 
is attained.

 n  Close and dress the wound. If a compression clamp is 
used, a long leg cast incorporating the clamp is applied; 
if a more rigid external fixator is used, the cast can be 
omitted.

 n  The compression device is removed after 6 to 8 weeks, 
and either a long leg or a cylinder cast is applied; gradu-
ated weight bearing is initiated. The cast is worn until 
fusion is solid, usually another 6 to 8 weeks.

 n  If a multiple-pin, biplanar fixator is used, place three paral-
lel transfixation pins through the distal femur and three 
through the upper tibia (Fig. 8.1A); if bony surfaces are 
adequate, fixation usually is sufficient. If anteroposterior 
instability is present, insert additional half-pins above and 
below the knee at angles different from the initial pins (Fig. 
8.1B). Connect all pins to the frame and apply compression.

 n  A triangular frame configuration also can be used, with 
6.5-mm half-pins placed at a 45-degree angle to the an-
teroposterior and mediolateral planes (Fig. 8.1C). This 
configuration provides rigid stability and is tolerated by 
the patient.

 

A B C

Parallel Triangular
(half pin)

Triangular
(full pin)

FIGURE 8.1 External fixator configurations for knee arthrodesis. A, Parallel; standard Hoff-
mann-Vidal configuration. B, Triangular half-pin configuration. C, Triangular full-pin configuration 
provides rigid multiplanar stability. SEE TECHNIQUE 8.1.
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POSTOPERATIVE CARE The triangular frame configura-
tion usually is rigid enough to allow early weight bearing 
and should be left in place for 3 months. After removal 
of the triangular frame, the patient is allowed protected 
weight bearing with crutches until clinical and radiographic 
union is noted.
  

ARTHRODESIS WITH INTRAMEDULLARY 
ROD FIXATION
Intramedullary nailing techniques may be more appropriate 
when extensive bone loss does not allow compression to be 
exerted across broad areas of cancellous bone, such as after 
tumor resection or failed total knee arthroplasty.

The advantages of intramedullary nailing include imme-
diate weight bearing, easier rehabilitation, absence of pin track 
complications, and a high fusion rate. Higher union rates 
have been frequently noted with intramedullary nail fixation 
compared with external fixation. Disadvantages of intramed-
ullary nails include increased risk of fat embolism, potential 
intramedullary dissemination of infection, increased rates of 
infection and blood loss, and potential impediment to obtain-
ing correct alignment.

Despite excellent fusion rates with intramedullary nailing, 
it is a technically demanding procedure that requires lengthy 
operative time (often up to 6 hours) and has significant blood 
loss and frequent complications. Nevertheless, the high per-
centage of fusion and the ability of most patients to bear full 
weight soon after surgery make this technique attractive in 
selected patients. Donley et al. used a two-stage procedure for 
all patients with an infected total knee arthroplasty. They also 
used stainless steel wire loops passed through the eye of the 
nail and through a hole drilled into the greater trochanter to 
prevent proximal migration of the nail.

Similar high rates of fusion have been reported when 
attempting salvage after infected total knee replacement using 
various one- and two-stage intramedullary nailing techniques 
(80% to 95%). Although residual functional difficulties have 
been noted, it appears that arthrodesis using intramedullary 
nail fixation can be considered a reasonably reliable and suc-
cessful technique overall.

Nonunion is a known complication of any arthrodesis. 
One study showed that obtaining large surfaces of bleeding 
contact bone enhances union of the arthrodesis.

The intramedullary nailing technique has also been 
extended to other, more challenging arthrodesis situations. 
Mack et al. reported successfully treating a patient with a blast 
injury using intercalary femoral cortical autograft to fuse the 
remaining knee over a long intramedullary device. It has 
also been used successfully after resection of aggressive bone 
tumors. Intercalary autograft or allografts have been used as 
fusion material with similar results.

For large skeletal defects caused by the resection of 
tumors around the knee, intramedullary nailing and vascu-
larized fibular bone grafting have been successful. However, 
this should be considered only when a massive loss of bone 
has occurred after a failed constrained total knee arthroplasty, 
failed arthrodesis, or tumor resection. The use of massive seg-
mental autogenous grafts from the femur, tibia, and fibula 
for resection arthrodesis in 40 patients with tumors around 
the knee has been reported. Despite a high complication rate 

(52%), most patients obtained support-free ambulation and 
25 (78%) of 32 evaluated an average of 17 years after surgery 
had satisfactory function.

Short, locked intramedullary nails designed specifically 
for knee fusions have the advantages of avoiding a second 
incision required for insertion of long nails, the bulkiness 
of double-plating techniques in the relatively subcutaneous 
anterior knee area, and the difficulties of prolonged external 
fixation.

Intramedullary nail fixation for knee arthrodesis is espe-
cially useful when bone loss is extensive, as in infected total 
knee arthroplasty; in this situation, it is best to stage the 
arthrodesis, first removing the implant and polymethyl meth-
acrylate, allowing the infection to clear, and then perform-
ing the arthrodesis. Techniques are described for primary 
arthrodesis using intramedullary nail fixation and for “sal-
vage arthrodesis” after removal of total knee arthroplasty, the 
latter using an intramedullary nail that can be locked proxi-
mally and distally for added stability and rotational control. 

 

ARTHRODESIS USING 
INTRAMEDULLARY NAIL FIXATION

 TECHNIQUE 8.2 

 n  Place a sandbag under the affected hip and extremity so 
that the greater trochanter can be palpated. Prepare and 
drape the entire limb, including the hemipelvis, so that 
the iliac crest, greater trochanter, and knee are visible. A 
fluoroscopic table-top study and image intensification are 
helpful.

 n  Approach the knee through a previous incision, if pres-
ent, or through a straight anterior incision 10 to 12 cm 
proximal and distal to the joint line.

 n  Carry the dissection down to the quadriceps tendon and 
the medial patellar retinaculum.

 n  Elevate the soft tissue medially and laterally in flaps con-
taining skin, subcutaneous tissue, capsule, and perios-
teum.

 n  Debride the joint in the standard fashion.
 n  Total knee alignment guides are helpful in resection of 

the tibial and femoral surfaces. Minimal bone should be 
resected.

 n  Excise the patella; set it aside for use later as a bone graft, 
if necessary.

 n  Make an incision 3 to 5 cm long proximal to the tip of the 
greater trochanter.

 n  Incise the gluteus maximus fascia and split the muscle 
fibers longitudinally.

 n  Identify the device-specific entry point and insert a tip-
threaded guidewire at that site.

 n  Use a reamer to open the proximal femoral canal and pass 
a ball-tipped guide down the canal to the knee. Also use 
the reamer to open the tibial medullary canal and insert 
the ball-tipped guide into the canal and advance it to the 
metaphyseal area of the distal tibia.
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 n  Ream the tibial medullary canal progressively; the amount of 
reaming required usually is determined by preoperative mea-
surements of the tibia and femur in the anteroposterior and 
lateral planes. In most situations, a 12- to 14-mm nail is used.

 n  Ream the femur and tibia over the femoral guide pin in 
1-mm increments in an antegrade fashion until cortical 
bone is encountered and then ream in 0.5-mm incre-
ments. Ream the canals to accommodate at least a 12-
mm nail.

 n  If a Küntscher nail is used, overream the bones at least 
0.5 mm. For a solid type nail, overreaming by 1 to 2 mm 
is recommended.

 n  The length of the nail should be determined before sur-
gery from standing anteroposterior and lateral full-length 
radiographs of the lower extremity or with the aid of im-
age intensification.

 n  Insert the nail antegrade from the greater trochanter over 
the guidewire.

 n  Maintain compression at the arthrodesis site to prevent 
distraction as the nail enters the tibia.

 n  The nail should be bowed concave laterally to reconstitute 
the normal valgus of the tibiofemoral angle and nearly 
approximate the normal axis of the lower extremity.

 n  Drive the nail until it reaches the metaphysis of the distal 
tibia. Its tip should not end in the diaphyseal area because 
this might cause stress concentration and pain or fracture 
of the tibia.

 n  Sink the nail beneath the tip of the greater trochanter to 
prevent irritation of the abductor muscles.

 n  Pack the patella or other bone grafts obtained in the stan-
dard fashion around the arthrodesis.

 n  Consider using suction drainage tubes and close both in-
cisions.

 n  Apply a compressive dressing and a posterior plaster 
splint from the groin to the toes.

POSTOPERATIVE CARE Drains, if used, are removed 
in 2 or 3 days, and walking with crutches with touch-
down weight bearing on the operated side is allowed. If 
adequate healing appears to be occurring after 6 weeks, 
progressive weight bearing is allowed. Crutches are used 
until union is achieved clinically and radiographically 
(Figs. 8.2 and 8.3).
  

Arthrodesis with a locked, long intramedullary nail is 
especially appropriate after failed total knee arthroplasty (Fig. 
8.4). These nails are available in multiple lengths and diame-
ters. Smaller diameter and stepped nails are available to match 
each individual patient’s femoral and tibial anatomy. The nail 
should extend from the greater trochanter to within 2 to 6 
cm from the plafond of the ankle. During preoperative plan-
ning, the thickness of the femoral and tibial components and 
any bone defects that will be resected should be subtracted 
from the length measured on the preoperative long-leg radio-
graphs of the hip, knee, and ankle.

The next technique described is specific for knee arthro-
desis after failed total knee arthroplasty. Modifications are 
necessary for arthrodesis for other reasons. For example, 
when done for infection, modification to a two-stage proce-
dure may be indicated because it often yields superior results. 

 

A B

C D

FIGURE 8.2 A, Infected total knee arthroplasty. B, After 
debridement with antibiotic spacer. C, Early postoperative radio-
graph. D, Solid arthrodesis of the knee. SEE TECHNIQUE 8.2.

 

A B

FIGURE 8.3 Resection arthrodesis of knee for hemangioen-
dothelioma. A, Before surgery. B, After resection and arthrodesis 
using intramedullary nail and Kirschner wire for internal fixation. 
Fusion is solid. SEE TECHNIQUE 8.2.
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KNEE ARTHRODESIS WITH LOCKED 
INTRAMEDULLARY NAIL AFTER 
FAILED TOTAL KNEE ARTHROPLASTY

 TECHNIQUE 8.3 

 n  With the patient supine on a fluoroscopic operating table 
and a sandbag under the ipsilateral pelvis, prepare and 
drape the lower extremity to allow access from the great-
er trochanter to the foot; the foot should be visible to help 
with rotational alignment.

 n  Begin an incision at the tip of the greater trochanter and 
carry it proximally about 5 cm.

 n  Adduct and internally rotate the limb and identify the 
greater trochanter and piriformis fossa on fluoroscopy.

 n  Determine the correct entry portal for the nail, specific for 
the nail device used, and insert a tip-threaded guide pin 
at that site.

 n  Using a skin protector, ream over the guide pin with a 
9-mm cannulated reamer down to the level of the lesser 
trochanter.

 n  Remove the guide pin and the reamer and insert a ball-
tip guidewire down the medullary canal to just above the 
knee; insert the smooth end of the guidewire, rather than 
the ball-tip end. Leave this wire in place while the knee is 
being exposed.

 n  Apply and inflate a sterile tourniquet.
 n  Make an incision over the knee at approximately the same 

location as the incision used for the total knee arthro-
plasty. Use a medial parapatellar incision to enter the knee 
joint.

 n  Before removing the total knee components, place a 
long ruler anteriorly over the distal femur and proximal 
tibia. Use an osteotome or electrocautery to draw vertical 
lines superficially on the anterior tibial and femoral shafts 
along the line of the ruler (Fig. 8.5). These lines are used to 
determine rotational alignment when inserting the nail; 
ensure that the lines are not removed with bone cuts or 
resection of tibial implants.

 n  Using osteotomes and appropriate total knee instrumen-
tation, remove all total knee components. Curet and 
clean out all debris and bone erosion, preserving as much 
bone as possible. If the patella is in good condition, pre-
serve it to be used as a bone graft; otherwise, remove it.

 n  If the distal femur and proximal tibia need to be recut to 
allow good bony apposition, use standard intramedullary 
knee resection guides for total knee prostheses, resecting 
a minimal amount of bone.

 n  When the total knee components, cement, and debris 
have been removed and any necessary proximal tibial 
and distal femoral resection has been done, remove the 
tourniquet, insert a ball-tip guidewire into the tibial canal 
down past the tibial isthmus, and ream the femoral and 
tibial medullary canals.

 n  Ream both canals 1 to 2 mm larger than the nail diameter 
selected; ream the intertrochanteric region to 13 mm.

 n  Use fluoroscopy to confirm proper nail length.
 n  Place a marker over the greater trochanter and over the 

distal tibia where the tip of the nail should be driven and 
measure the distance with the tibia and femur apposed.

 n  Remove the guidewires and insert a nail of the appropri-
ate length and diameter. Insert the nail so that the normal 
anterior bow is internally rotated about 45 degrees; this 
position provides some flexion and valgus to the limb.

 n  Carefully drive the nail down the femoral shaft without 
using excessive force. Watch for signs of impending incar-
ceration or fracture.

 n  As the tip of the nail exits the femur, reduce the tibia on 
the femur using the previously placed “marker lines” to 
determine correct rotational alignment; carefully drive the 
nail across the knee into the proximal tibia. Sink the nail 
so that the proximal tip of the nail is flush with the greater 
trochanter. The distal end of the nail should lie distal to 
the tibial isthmus and proximal to the ankle joint.

 n  Compress or fill any defects or gaps in the knee region. 
If necessary, remove small segments of bone to improve 

 FIGURE 8.4 Knee arthrodesis with intramedullary nail fixa-
tion after infected total knee arthroplasty.
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medial and lateral contact. If the knee is not actively in-
fected, use bone grafts to fill any gaps.

 n  Insert proximal and distal locking screws as described for 
subtrochanteric fractures; close the wounds in the usual 
manner.

POSTOPERATIVE CARE The patient is instructed in 
hip abduction and flexion exercises and ankle exercises. 
Touch-down weight bearing is allowed for 4 to 6 weeks; 
then weight bearing is progressed as tolerated. If signifi-
cant gaps are noted at the knee at 6 to 12 weeks, the 
proximal or distal locking screws can be removed to dy-
namize the nail. Additional bone grafting may be required 
if significant defects are present. Nail removal is usually 
unnecessary.
  

ARTHRODESIS WITH PLATE FIXATION
Arthrodesis using dual-plate fixation was first reported by Lucas 
and Murray and later by Nichols et al. with good results. Lucas 
and Murray applied one plate medially and the other anteriorly, 
whereas Nichols et al. placed the plates medially and laterally to 
prevent the difficulties with wound closure that are sometimes 
encountered with an anterior plate. They suggested staggering the 
plates to reduce the risk of fracture at the plate margin. Compared 
with external fixation, the advantages of dual-plate fixation are 
that pin track infection and pin loosening are avoided and earlier 
weight bearing may be possible. Dual-plate fixation is not recom-
mended in grossly and acutely infected knees, but if the infection 
seems to be low grade, a positive culture result is not considered 
an absolute contraindication to the use of the dual-plate method.

The use of a combined intramedullary rod and medial 
compression plate fixation in eight arthrodeses has been 
reported previously; all knees fused in that study. This tech-
nique is recommended for difficult salvage cases, especially 
when bone loss may require segmental allografting. 

 

ARTHRODESIS USING PLATE FIXATION

 TECHNIQUE 8.4 

 n  Make a long medial parapatellar incision extending about 
12.5-cm proximal and distal to the joint (Fig. 8.6A).

 n  Develop the interval between the quadriceps tendon 
and the vastus medialis muscle and carry the dissection 
through the periosteum of the femur (Fig. 8.6B).

 n  Incise the periosteum of the tibia; strip subperiosteally 
and raise flaps of skin, subcutaneous tissue, muscle, peri-
osteum, and joint capsule and retract them to expose the 
femur, tibia, knee joint, and deep surface of the patella 
(Fig. 8.6C).

 n  Excise the patella and put it aside for use later.
 n  Excise the menisci, cruciate ligaments, and any joint de-

bris.
 n  Cut the distal femur and proximal tibia with a saw to 

remove all the articular cartilage. We have found instru-
ments used for total knee arthroplasty useful in making 
these bone cuts.

 n  Place the femur and tibia in the desired position. The 
bones can be temporarily fixed with a transfixing Stein-
mann pin.

 FIGURE 8.5 Knee arthrodesis with intramedullary nail fixa-
tion (see text). A long ruler is placed anteriorly over distal femur 
and proximal tibia, and lines are drawn on bones to be used for 
determining rotational alignment. SEE TECHNIQUE 8.3.

 

BA C

D E

FIGURE 8.6 Lucas and Murray technique of knee arthro-
desis. A, Skin incision. B, Skin and subcutaneous tissue have been 
reflected, exposing quadriceps tendon, patella, and patellar 
tendon. C, Stripping subperiosteally, flaps have been raised medi-
ally and laterally, exposing femur, tibia, knee joint, and deep 
surface of patella. D, Femur and tibia have been fixed by two 
stainless steel plates, one applied medially and one anteriorly. 
E, Dynamic compression plates placed medially and laterally in 
staggered fashion. SEE TECHNIQUE 8.4.
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 n  Use a plate bender to contour two broad, 8- to 12-hole 
AO plates to fit anteriorly and medially or laterally and me-
dially. Apply the plates and fix them with screws through 
both cortices using standard AO plates to fit anteriorly 
and medially (Fig. 8.6D) or laterally and medially (Fig. 
8.6E). It may be helpful to use fully threaded cancellous 
screws in the metaphyseal areas or to consider contour-
able locking plate/screws if the bone quality seems poor.

 n  Cut the patella into pieces and pack pieces into any de-
fects around the joint margins or secure them to the ar-
throdesis site with screws.

 n  Close the wound in layers and apply a long leg cast.

POSTOPERATIVE CARE Partial weight bearing is begun 
as tolerated and is progressed over 10 to 12 weeks. The 
knee immobilizer is worn until fusion is solid. The plates 
can be removed after the fusion is mature but are typically 
left in (Fig. 8.7).
  

Lim et al. suggested an alternative method of arthrodesis, 
using only cannulated screws. They reported fusion in eight 
of eight patients; one patient required secondary grafting for 
delayed union. We have no experience with this method; 
however, the reduced hardware load may make this method 
attractive in selected patients.

Finally, although knee fusion effectively relieves pain and 
provides stability in most patients, the awkwardness in sitting 
and walking, along with the limited endurance and poten-
tial for development of low back pain prompts some patients 
who had previous arthrodesis to choose revision to total knee 
arthroplasty. This can be successful even in patients with long-
standing fusions; however, reported complication rates have 

been high (up to 53%). In a comparison of total knee arthro-
plasty after spontaneous ankylosis and total knee arthroplasty 
after takedown of surgical arthrodesis, improvements in knee 
scores (Hospital for Special Knee Surgery) and ambulatory 
status were similar in both groups; all patients were satisfied 
with their results. Total knee arthroplasty after knee fusion is 
further discussed in Chapter 7.
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SOFT-TISSUE PROCEDURES AND 
OSTEOTOMIES ABOUT THE KNEE

Andrew H. Crenshaw Jr.

CHAPTER 9

This chapter discusses the surgical treatment of nontrau-
matic abnormalities involving the bone, muscles, tendons, 
tendon sheaths, fascia, and bursae of the knee. The cause of 
these disorders may be degenerative, developmental, related 
to repetitive use, or a combination of these factors. Many of 
these disorders are encountered frequently in office practice, 
but few require surgery. Most respond favorably to treatment 
such as rest, application of ice or heat, elevation, and local or 
systemic antiinflammatory medication.

MUSCLE CONTRACTURES
Contractures can develop in almost any muscle group. The 
cause can be obscure, as in congenital contractures, or obvi-
ous, as in infection, ischemia, trauma, or injection myositis. 
Injection fibrosis most commonly occurs in the quadriceps 
muscle but also has been described in the gluteal, deltoid, and 
triceps muscles. Contractures in infants often follow intra-
muscular antibiotic injections. We have seen several adults 
with multiple areas of fibrosis and contracture after the addic-
tive intramuscular use of the opioid pentazocine (Talwin). 
Oral pentazocine now comes compounded with naloxone 
(Talwin NX), which will cause opioid withdrawal symptoms 
if the pills are crushed and injected. Chronic intramuscular 
use of other opioid analgesics also can induce muscular fibro-
sis and contracture.

QUADRICEPS CONTRACTURE OF INFANCY 
AND CHILDHOOD
The etiology of quadriceps contracture is divided into con-
genital and acquired types, and in some cases there is a mix-
ture of both types. The congenital type appears to have a 
familial component because it can occur in siblings, and it 

often occurs in patients of central and eastern Asian descent. 
The acquired type is seen in association with multiple injec-
tions or infusions into the thigh soon after birth. The Ad 
Hoc Committee of the Japanese Orthopaedic Association 
for Muscular Contractures classified quadriceps contractures 
into three types (Table 9.1). The exact mechanism causing 
these contractures is unclear, but suggested causes include 
compression of the muscle bundles and capillaries by the 
volume of medication injected and the toxicity of the drug. 
Whatever the cause, a delay between injection and contrac-
ture of several years is common.

The most common symptom is progressive, painless limi-
tation of knee flexion. Hyperextension and subluxation of the 
knee may occur with continued growth. Normal skin creases 
over the knee may be absent, and a characteristic dimple may 
be present over the area of fibrosis, especially when the knee is 
flexed. Habitual dislocation of the patella is common.

Radiographic changes are not apparent early, but if left 
untreated, the muscle contracture can cause changes in the 
soft tissues and in the articular cartilage of the femur and tibia. 
Progressive displacement and hypoplasia of the patella can 
occur with long-standing quadriceps contracture. In older 
children with early onset of symptoms but delayed treatment, 
flattening of the femoral condyles, genu recurvatum, anterior 
dislocation of the tibia, and gross degenerative changes in the 
joint can be seen.

Early recognition and prevention of quadriceps contrac-
ture through passive exercise in children receiving intra-
muscular injections is crucial. When the scar contracture is 
well established, however, surgical treatment is indicated to 
prevent late changes in the femoral condyles and the patella. 
Surgical treatment is indicated early in patients with habitual 
dislocation of the patella.
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 TABLE 9.1

Quadriceps Contracture Classification

KNEE FLEXION

WHEN KNEE IS FORCED 
TO FLEX IN PRONE 
POSITION

Rectus femoris 
type

Restricted with hip 
extension

Hip is forced to flex

Vastus type Restricted with hip 
flexion

Hip remains the same

Mixed type Slightly restricted 
with hip extension

Hip is forced to flex

From Santo S, Kokubun S: Report of the diagnosis and treatment of muscular 
contracture. The Ad Hoc Committee of the Japanese Orthopaedic Association 
for Muscular Contracture, J Jpn Orthop Assoc 59(2):223–253, 1985.

The following may be involved in quadriceps contracture: 
(1) fibrosis of the vastus intermedius muscle tying down the 
rectus femoris to the femur in the suprapatellar pouch and 
proximally, (2) adhesions between the patella and the femoral 
condyles, (3) fibrosis and shortening of the lateral expansions 
of the vasti and their adherence to the femoral condyles, and (4) 
actual shortening of the rectus femoris muscle. To correct the 
deformity, Thompson devised an operation known as “quadri-
cepsplasty.” Its success depends on (1) whether the rectus femo-
ris muscle has escaped injury, (2) how well this muscle can be 
isolated from the scarred parts of the quadriceps mechanism, 
and (3) how well the muscle can be developed by active use.

During the early stage of contracture, when no signifi-
cant joint changes have occurred, proximal release has been 
recommended to eliminate extensor lag and hemarthrosis 
of the knee. When more extensive changes are apparent, a 
Thompson type of quadricepsplasty is indicated. When genu 
recurvatum has developed, a supracondylar femoral oste-
otomy (see Chapter 22) can restore some flexion if severe 
degenerative changes have occurred. Arthrodesis may be 
indicated if symptoms are severe.

Sasaki et al. found that best results were obtained using 
a longitudinal skin incision over the rectus muscle through 
which the fibrotic muscle was released with a transverse inci-
sion. After surgery, the leg was positioned with the knee in 
90 degrees of flexion and the hip in full extension but a cast 
was not used. Active exercises were begun at 2 days. Results 
were found to deteriorate with time, and surgery was recom-
mended at age 6 years or older. An isolated contracture of the 
rectus femoris can be treated in this manner.

Moderate contractures, before significant bony changes 
have occurred, are treated best with a proximal release of the 
quadriceps (Fig. 9.1). 

 

PROXIMAL RELEASE OF QUADRICEPS

 TECHNIQUE 9.1 

(SENGUPTA)
 n  Make a curved incision along the base of the greater tro-

chanter and vertically downward along the lateral aspect 

of the thigh for a variable distance, depending on the 
extent of fibrosis (Fig. 9.1A).

 n  Through the upper part of the incision, section the iliotib-
ial band transversely. Often the iliotibial band is thickened 
and fibrotic, contributing to the contracture.

 n  Expose the upper attachment of the vastus lateralis below 
the greater trochanter (Fig. 9.1B). Detach the origin of 
the vastus lateralis from the trochanteric line and distally 
along the lateral intermuscular septum (Fig. 9.1C).

 n  As the vastus lateralis retracts to expose the vastus in-
termedius, use a periosteal elevator to release the vastus 
intermedius from the femoral surface.

 n  Flex the knee, and release any remaining adhesions.
 n  If the rectus component also is contracted, expose its ori-

gin at the upper part of the incision and detach it, after 
identifying and retracting the femoral nerve (Fig. 9.1D).

 n  Full knee flexion should be possible; release of the joint 
capsule usually is unnecessary in children.

 n  Close the wound in routine fashion, and apply a posterior 
splint with the knee in maximal flexion.

POSTOPERATIVE CARE The splint is worn until all ten-
derness has disappeared, usually 3 to 4 weeks, and then 
vigorous quadriceps exercises are begun. Extension lag 
improves rapidly, and the child usually can walk in 4 weeks 
and stand up from a squatting position in 3 months. Knee 
stretching exercises should be continued throughout 
growth to prevent recurrence of the contracture.
   

 

QUADRICEPSPLASTY FOR 
POSTTRAUMATIC CONTRACTURE OF 
THE KNEE
Hahn et al. achieved 90% good to excellent results in 20 
patients with a mean active flexion arc of approximately 
115 degrees with this release technique. Liu  et al. described 
successful release of extension knee contracture in 12 
patients using a combination of manipulation and percuta-
neous pie-crusting of the distal and lateral quadriceps with 
an 18-gauge needle with the knee in flexion. An average of 
70 degrees of increased flexion was achieved at 8 months. 
There was a positive correlation between the number of 
punctures and knee flexion achieved. Birjandinejad et al. 
achieved good to excellent results in 87% of 64 patients at 
a mean of 36 months. Preoperative range of motion, num-
ber of previous surgeries, duration of extension contracture, 
and body mass index influenced the final flexion achieved.

 TECHNIQUE 9.2 

(MODIFIED THOMPSON QUADRICEPSPLASTY AS DESCRIBED 
BY HAHN ET AL.)

 n  Perform the procedure using a tourniquet.
 n  Make medial and lateral parapatellar incisions for arthro-

lysis (Fig. 9.2A).
 n  Flex the knee, and if adequate flexion is not obtained, 

make an anterolateral or lateral incision in the distal two 
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A

C D

B

Vastus
intermedius

Vastus
lateralis

Vastus
lateralis

 Vastus
 intermedius

Rectus femoris

Vastus
lateralis

Tensor fasciae
               latae

FIGURE 9.1 Sengupta proximal release of quadriceps (see text). A, Incision. B, Iliotibial band 
and tensor fasciae latae are cut to expose vastus lateralis, which is released along its origin. C, 
Vastus origin is detached from trochanteric line and distally along lateral intermuscular septum. 
D, If necessary, rectus femoris is released. SEE TECHNIQUE 9.1.
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  FIGURE 9.2 Modified Thompson quadricepsplasty. A, Parapatellar and anterolateral incisions. 
B, Release of rectus femoris (RF) from vastus lateralis (VL) and vastus medialis (VM) close to its patellar 
insertion. C, Vastus intermedius (VI) and scar adhesions dissected and released from rectus femoris, 
the anterior surface of the femur, and the upper pole of the patella. D, RF lengthened by Z-plasty if 
necessary. (From Hahn SB, Lee WS, Han DY: A modified Thompson quadricepsplasty for the stiff knee, J Bone 
Joint Surg 82B:992, 2000. Copyright British Editorial Society of Bone and Joint Surgery.) SEE TECHNIQUE 9.2.
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Posttraumatic
knee stiffness

Loss of
flexion

Intraarticular
condition

Anterior arthroscopic
arthrolysis

Anterior arthroscopic
arthrolysis + endoscopic

quadriceps release

Anterior arthroscopic
release (impingement)
+/– posterior capsular

release

Anterior arthroscopic
release (impingement)

and open posterior
release (capsule +/–

gastrocnemius)

Arthroscopic
arthrolysis + open
quadriceps release

TT proximalization +
open arthrolysis

Nonunion/trauma
lower ½ femur

Nonunion
upper ½ femur

Severe patella baja
(Caton index < 0.4)

< 15 degrees

> 15 degrees

Loss of
extension

FIGURE 9.3 Algorithm used by the Versailles (France) Orthopedic and Trauma Surgery Depart-
ment for posttraumatic knee stiffness without osteoarthritis or intraarticular malunion.  (From Pujol 
N, Boisrenoult P, Beaufils P: Post-traumatic knee stiffness: surgical techniques, Orthop Traumatol Surg Res 
101:S179, 2015.)

thirds of the thigh and release adhesions around the 
quadriceps muscle.

 n  Divide the tensor fascia lata transversely in the distal 
thigh. Isolate the vastus lateralis from the rectus femoris, 
and release it close to its patellar insertion. Release the 
vastus medialis from the rectus femoris by blunt dissection 
(Fig. 9.2B).

 n  Free the rectus femoris from the vastus intermedius, the 
anterior surface of the femur, and the upper pole of the 
patella (Fig. 9.2C).

 n  Perform a Z-plasty lengthening of the rectus femo-
ris tendon if satisfactory flexion has not been achieved  
(Fig. 9.2D).

POSTOPERATIVE CARE The extremity is immobilized in 
a splint in about 50 degrees less than the maximal flex-
ion obtained during surgery; this is maintained for 2 to 
3 days. The extremity is then placed in a continuous pas-
sive motion machine, range of motion is begun, and the 
patient remains hospitalized until 90 degrees of passive 
flexion is achieved. Passive and active exercises for the 
quadriceps and hamstrings continue and are crucial to 
the success of this procedure. The knee is kept in full ex-
tension during the night and is exercised during the day 
with active and active-assisted exercises. If 90 degrees of 
flexion is not obtained after 3 months, gentle manipula-
tion with the patient under anesthesia may be required. 
The patient should expect slow return of active quadriceps  

extension. Most patients can expect improvement in range 
of motion of the knee after quadricepsplasty but should 
expect severe quadriceps weakness for many months. If the 
patient is not skeletally mature, some of the improvement 
in flexion may be lost as growth occurs.
  

FLEXION, EXTENSION, AND COMBINED 
CONTRACTURES
Posttraumatic stiffness can be caused by intraarticular adhe-
sions, fibrosis of the surrounding soft tissues, or both. Flexion 
contractures can be caused by anterior bony impingement 
or posterior periarticular adhesions. Extension contractures 
can be the result of posterior bony impingement or ante-
rior periarticular adhesions. Bony impingements need to 
be treated first followed by soft-tissue releases. Pujol et  al. 
stated that the exact cause(s) of contracture should be deter-
mined before surgery. Any complex regional pain syndrome 
should be controlled and surgery delayed if the patient is 
in the active phase. Associated fractures must be healed. A 
thorough workup is necessary and may include a computed 
tomography (CT) arthrogram, magnetic resonance imaging 
(MRI), bone scan, and plain radiographs. A combination of 
open and arthroscopic procedures may be necessary for suc-
cess (Fig. 9.3). For more information, see the extensive review 
by Pujol et al. 
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SNAPPING SYNDROMES
It is common for a patient to hear or feel snapping or popping 
of joints. Disability or pain sufficient to justify surgery for this 
is rare. Most patients respond favorably to reassurance and 
avoidance of the specific activity that produces the snapping 
sensation.

Snapping symptoms are rare in the knee. True snapping 
of the knee is extraarticular. Intraarticular catching or locking 
in the knee usually is caused by meniscal tears, meniscal cysts, 
loose bodies, patellofemoral disorders, or arthritic joint changes.

Snapping of the knee can occur in patients with an abnor-
mal anterior insertion of the biceps femoris tendon on the 
fibular head. This can be treated by reinsertion of the tendon 
(Fig. 9.4) or resection of the fibular head with reattachment 
of the tendon if conservative treatment fails. Biceps femoris 
snapping caused by a fibular exostosis has been reported, as 
well as snapping from a direct injury to the tendon. Snapping 
caused by direct injury can be treated by rerouting the tendon 
insertion through a tunnel in the fibular head.

The popliteus tendon can cause snapping of the knee, 
which usually is palpable midway between the lateral epi-
condyle and lateral joint line. If conservative treatment fails, 
a popliteus release or tenodesis of the popliteus tendon to the 
fibular collateral ligament can be done.

Knee snapping also can be caused by abnormal inser-
tion of the semitendinosus tendon, causing it to snap over a 
prominence on the medial tibial condyle. This can be treated 
by dividing the semitendinosus tendon at its insertion and 
transferring it to the semimembranosus tendon. A ham-
string tendon sliding over an osteochondroma of the femur 
likewise can cause snapping, and excision of this generally 
benign lesion is indicated if it is severe. Shapiro et al. recom-
mend using dynamic ultrasonography to diagnose the cause 
of mechanical snapping. 

PAINFUL PARAARTICULAR 
CALCIFICATIONS
Painful paraarticular calcifications similar to those found 
within the rotator cuff of the shoulder also develop around 
the knee. These calcific deposits may be located within a ten-
don or the soft tissues adjacent to a tendon or ligament near 
its attachment to bone (Fig. 9.5). The calcification most prob-
ably is located in an area of focal necrosis or degeneration.

Although most paraarticular calcifications occur without 
direct trauma, calcification within tendons or ligaments may 
be a response to degenerative changes within the structures as 
a result of chronic use or subclinical injury.

The presence of calcification in the tibial collateral liga-
ment, as in Pellegrini-Stieda disease, usually is more directly 
related to trauma, such as a sprain or tear of the tibial collat-
eral ligament. The treatment is the same as that for a calcifica-
tion around the shoulder (see Chapter 46).

Spontaneous recovery may occur without treatment, and 
the deposit may partially or completely disappear in time. 
Infiltration with a local anesthetic agent, supplemented, if 
desired, by injection of 40 mg of methylprednisolone (Depo-
Medrol) or its equivalent, produces immediate relief and 
can be curative. Ultrasound and extracorporeal shock wave 
therapy also have been reported to be of benefit. The calcific 
deposit should be excised if response to nonoperative mea-
sures is unsatisfactory. 

TENDINITIS AND BURSITIS
In the evaluation of patients with tendinitis of the lower 
extremity, a careful history of work conditions and exercise 
routines is necessary. Overuse (repetitive activity) or over-
load (sudden increase in activity) often accentuates tendinitis. 
Tendinitis from these causes usually responds to relative rest, 

 

A B

Biceps femoris
tendon

FIGURE 9.4 A, Snapping mechanism of biceps femoris tendon over hump of fibular head 
(arrow) on flexion-extension. B, Anterior half of tendon is divided and sutured back over postero-
lateral part of fibular head covering hump.  (Technique by Lokiec F, Velkes S, Schindler A, et al: The 
snapping biceps femoris syndrome, Clin Orthop Relat Res 283:205, 1992.) SEE TECHNIQUE 9.2.
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ice, the use of a Neoprene sleeve, antiinflammatory medica-
tions, and alterations in work or exercise habits. Mechanical 
abnormalities, leg-length inequality, and leg malalignment 
may respond to the use of a properly fitted shoe orthosis. 
Muscle imbalance should be treated with appropriate flexibil-
ity and strengthening exercise programs.

Bursae are sacs lined with a membrane similar to 
synovium; they usually are located around joints or where 
skin, tendon, or muscle moves over a bony prominence, 
and they may or may not communicate with a joint. Their 
function is to reduce friction and to protect delicate struc-
tures from pressure. Bursae are similar to tendon sheaths 
and the synovial membranes of joints and are subject to the 
same disturbances: (1) acute or chronic trauma; (2) acute or 
chronic pyogenic infection; and (3) low-grade inflammatory 
conditions such as gout, syphilis, tuberculosis, or rheuma-
toid arthritis. There are more than 140 bursae in the human 
body; bursae consist of two types: those normally present 
(e.g., over the patella and olecranon) and adventitious ones 
(e.g., develop over a bunion, an osteochondroma, or kyphosis 
of the spine). Adventitious bursae are produced by repeated 
trauma or constant friction or pressure.

Treatment is determined primarily by the cause of the 
bursitis and only secondarily by the pathologic change in the 
bursa. Surgery is not required in most instances. Systemic 
causes, such as gout or syphilis, and local trauma or irritants 
should be eliminated, and, when necessary, the patient’s occu-
pation or posture should be changed. One or more of the fol-
lowing local measures usually are helpful: rest, moist heat, 
elevation, protective padding, and, if necessary, immobiliza-
tion of the affected part. Surgical procedures useful in treating 
bursitis are (1) aspiration and injection of an appropriate ste-
roid preparation or antibiotic, (2) incision and drainage when 
an acute suppurative bursitis fails to respond to nonsurgical 
treatment, (3) excision of chronically infected and thickened 
bursae, and (4) removal of an underlying bony prominence.

The usual principles of treating general infections are 
employed in treating infected bursae. The responsible organ-
isms should be identified if feasible, and the infection should 
be treated with appropriate systemic antibiotics. Aspiration 
of the bursa and injection of the appropriate antibiotic may 
be indicated in addition to the supportive measures just 
described; a compression dressing should be applied after 
aspiration. Surgical drainage occasionally is necessary.

Traumatic bursitis often responds favorably to nonopera-
tive treatment, consisting of ice, rest, antiinflammatory medi-
cation, and protection with external padding. Occasionally, 
aspiration and injection of an appropriate steroid preparation 
are required if symptoms do not respond to the usual nonop-
erative treatment.

Adventitious bursae that develop as a result of repeated 
trauma usually have a much thicker fibrous wall than do 
normal bursae and are more susceptible to inflammatory 
changes. This type of bursa is treated by removing the cause 
(e.g., excising an osteochondroma of the distal femur; Fig. 
9.6); at the time of operation, the bursal sac usually is excised. 
Only bursae that most often require surgical drainage or exci-
sion are described.

PREPATELLAR BURSITIS
Traumatic prepatellar bursitis (Fig. 9.7) can be caused by 
an acute injury, such as a fall directly onto the patella, or by 
recurrent minor injuries, such as those that produce “house-
maid’s knee.” Either type usually responds to conservative 
treatment. If fibrosis or synovial thickening with painful nod-
ules fails to respond to such treatment, however, excision of 
the bursa is indicated.

Pyogenic prepatellar bursitis is common, especially in 
children. If the bursa is unusually large, the swelling may be 
so pronounced that a diagnosis of pyogenic arthritis of the 
knee joint can be made by mistake. A careful physical exami-
nation should lead to the correct diagnosis. This septic prepa-
tellar bursitis often responds to one or two daily aspirations, 
appropriate immobilization, and antibiotic coverage. If symp-
toms have not improved significantly in 36 to 48 hours, inci-
sion and drainage should be done. Smason reported a patient 

 FIGURE 9.5 Calcification of proximal tibiofibular articulation 
resulting in peroneal nerve entrapment (arrow) in professional 
basketball player.

 FIGURE 9.6 Multiple osteochondromas as seen in Ollier 
disease.
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FIGURE 9.7 Multiple bursae around knee that may become 
acutely or chronically inflamed.

in whom a posttraumatic fistula connected the prepatellar 
bursa with the knee joint. This could present a problem in 
diagnosis and treatment, especially in a pyogenic bursitis. The 
bursa is easily drained as follows. 

 

DRAINAGE OF BURSA

 TECHNIQUE 9.3 

 n  Approach the bursa through two longitudinal incisions, 
one medial and one lateral, or through a single transverse 
incision.

 n  Open the bursa, evacuate its contents, and pack it loosely 
with petrolatum gauze, or close it loosely over a drain as 
seems appropriate.

POSTOPERATIVE CARE Because cellulitis is always 
present, the extremity is immobilized in a posterior 
splint, and appropriate antibiotics are given. If gauze has 
been used to pack the bursa, it is changed at least twice 
weekly. Despite sufficient drainage, sinuses often persist 
for a time on one or both sides of the knee. Immobiliza-
tion is continued until the sinus has closed.
   

 

EXCISION OF BURSA
The patient should be informed when first seen that com-
plete excision of the bursa may be necessary if healing fails 

to occur after simple drainage. If the walls of the bursa are 
thickened from chronic inflammation, resecting the entire 
bursa usually is easy, but if the lesion is acute and the effusion 
is serous, excising the bursa completely may be impossible; 
however, enough can be excised to relieve symptoms.

 TECHNIQUE 9.4 

 n  Make a transverse incision of appropriate length centered 
over the bursa.

 n  Dissect the bursal sac from the overlying skin and subcu-
taneous tissue and from the patellar aponeurosis beneath 
it.

 n  If possible, excise the bursa without rupturing or perforat-
ing it.

 n  Trim away the redundant skin, obtain complete hemosta-
sis, and close the wound primarily.

 n  Because the most common complication after excising 
a superficial bursa is a large hematoma, obliteration of 
the dead space by inserting one or more mattress sutures 
through the skin and deeper tissues on each side of the 
incision is recommended. After the skin edges have been 
apposed with interrupted sutures, the mattress sutures 
are tied over large buttons.

POSTOPERATIVE CARE A moderately large compres-
sion dressing is applied, and the extremity is immobilized 
from groin to ankle for at least 2 weeks until the wound 
has healed completely. Alternatively, suction drainage can 
be used to obliterate the dead space. Quadriceps-setting 
exercises are begun the day after surgery. Antibiotics are 
indicated if an infection is present or is possible.
  

Dillon et al. reported excellent results with no complica-
tions in eight patients who had endoscopic excision of septic 
prepatellar bursae. Huang and Yeh described endoscopic exci-
sion of posttraumatic prepatellar bursae in 60 patients in whom 
conservative treatment failed. The procedures were done 
through two or three small portals. There were no recurrences.

TIBIAL COLLATERAL LIGAMENT FIBROSITIS 
AND BURSITIS
Voshell and Brantigan observed bursae between the longitu-
dinal part of the tibial collateral ligament and the capsule of 
the knee (Fig. 9.8); these bursae can be located in five different 
positions, and three have been found beneath the ligament in 
a single knee. These authors also reported instances of cal-
cification in one or more of these bursae and suggested that 
this may be identical to Pellegrini-Stieda disease. We consider 
most disorders that cause pain and tenderness beneath the 
tibial collateral ligament (not directly opposite the knee joint) 
to be fibrositis of the ligament; most have responded favor-
ably to the injection of an appropriate steroid preparation and 
to other nonoperative measures.

Tibial collateral ligament bursitis should be included in 
the differential diagnoses in patients with medial joint line 
pain and no history of mechanical symptoms of instabil-
ity or laxity. Tenderness usually is localized to just below the 
joint line. This can be treated with local steroid injection fol-
lowed by early exercise. If symptoms do not respond to one 
or two injections, MRI or arthroscopy should be considered 
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for evaluation of possible intraarticular derangement or stress 
fracture of the medial tibial plateau. Tibial collateral ligament 
bursitis has a characteristic MRI appearance of fluid deep to 
the tibial collateral ligament in the shape of an inverted “U.” 
We have seen several patients who were unresponsive to one 
or two local steroid injections and had stress fractures visible 
only by MRI or bone scan. 

FIBULAR COLLATERAL LIGAMENT BURSITIS
Bursitis beneath the fibular collateral ligament causes local-
ized, tender swelling on the lateral side of the knee and often 
is confused with a cyst of the lateral meniscus. The distended 
bursa varies from 0.6 to 2.5 cm or more in diameter, is extra-
synovial, and lies beneath or just anterior or posterior to the 
fibular collateral ligament. Varus strain of the knee is painful, 
but typical signs and symptoms of an internal derangement of 
the knee are absent. Other lesions that should be considered 
include biceps tendinitis, partial biceps avulsion with pain and 
popping at 30 to 45 degrees of flexion, and posterolateral pop-
ping caused by a previous injury to the posterolateral corner or 
by a bony tubercle that causes popping of the popliteus tendon.

If a mass is not evident, injections of a local anesthetic 
agent or a steroid preparation into the area of tenderness, 
together with support and rest, usually relieve the symptoms. 
When a mass is palpable, excision is curative. 

INFRAPATELLAR BURSITIS
A small, deep, subpatellar or infrapatellar bursa is located 
between the tuberosity of the tibia and the patellar tendon 
and is separated from the synovium of the knee by a pad of 
fat. When distended, this bursa causes a fluctuant swelling 
that obliterates the depression on each side of the ligament. 

Infrapatellar bursal infection should be considered when 
symptoms resemble septic arthritis or osteomyelitis of the 
proximal tibia, such as loss of full extension of the knee, resis-
tance to full flexion, and maximal tenderness near the patellar 
ligament. The infrapatellar bursa should be aspirated, taking 
care not to enter the knee joint. If infection is found, imme-
diate drainage is recommended in addition to evaluation of 
the proximal tibial metaphysis for evidence of osteomyelitis. 
A sterile effusion of the knee joint, which may accompany an 
infrapatellar bursitis, should not be confused with infection. 
The bursa can be drained through a small medial parapatellar 
incision without entering the knee joint. A knee immobilizer 
is used after surgery until acute symptoms have resolved, and 
then range-of-motion exercises are begun. 

POPLITEAL CYST (BAKER CYST)
A Baker cyst, described by Baker in 1877, has since borne 
his name even though it had been described previously by 
Adams in 1840. In most instances, a Baker, or popliteal, cyst 
is a distended bursa. Numerous bursae are located in the pop-
liteal space between the hamstring tendons and the collateral 
ligaments or condyles of the tibia; a bursa also is located deep 
to each head of the gastrocnemius muscle. Symptoms develop 
most often in the bursa beneath the medial head of the gas-
trocnemius or in the semimembranosus bursa; the latter is a 
double bursa located between the semimembranosus tendon 
and the medial tibial condyle and between the semimembra-
nosus tendon and the medial head of the gastrocnemius.

A popliteal cyst can be produced by herniation of the syno-
vial membrane through the posterior part of the capsule of the 
knee or by the escape of fluid through the normal communi-
cation of a bursa with the knee, that is, the semimembranosus 

 

Medial
meniscus

Bursa

Tibial collateral
ligament

FIGURE 9.8 Voshell bursa located just below the joint line between the tibial collateral 
ligament and the joint capsule.  (Described by Voshell and Brantigan.)
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or the medial gastrocnemius bursa. Kim et  al. described the 
arthroscopic anatomy of the posteromedial capsule and found 
an association between the presence of capsular folds and holes 
in the capsule and the incidence of popliteal cysts in 194 knees 
treated arthroscopically for a variety of knee problems.

Diagnosing a popliteal cyst usually is not difficult. One 
third to one half of patients with these cysts are children. The 
cyst must be distinguished from a lipoma, xanthoma, vascu-
lar tumor, fibrosarcoma, and other tumors; occasionally, the 
cyst may be confused with an aneurysm. A pyogenic abscess 
may sometimes be located in the popliteal space, but this can 
be diagnosed easily. Usually, the diagnosis can be made by 
transilluminating the cyst. Other diagnostic techniques, such 
as arthrography, MRI, and ultrasound, can be helpful in estab-
lishing the diagnosis. MRI is the preferred modality because 
it also can show intraarticular pathology. In children, the cyst 
infrequently communicates with the joint, and intraarticular 
pathologic findings are rare. Rarely, a popliteal cyst can dis-
sect down into the calf in an intramuscular path. Fang et al. 
reported three cases involving the medial head of the gastroc-
nemius. These were confirmed with MRI. It was hypothesized 
that the dissection took the path of least resistance through a 
weakness in the medial gastrocnemius fascia.

Giant synovial cysts of the calf often are associated with 
rheumatoid arthritis. They arise from and communicate with 
the knee in the popliteal area, as can be shown by arthrog-
raphy or MRI. If a popliteal cyst is suspected, arthrography 
or MRI of the knee or ultrasound examination of the calf is 
done, and the popliteal cyst is excised. In patients with rheu-
matoid arthritis who have a giant synovial cyst removed, a 
synovectomy should be performed later to prevent recur-
rence of the cyst. Development of acute compartment syn-
drome as a result of a ruptured Baker cyst and spontaneous 
venous bleeding have been reported. We have seen several 
patients on strong anticoagulants bleed into popliteal cysts, 
leading to dissection into the calf. Popliteal vein thrombosis 
can occur, and a dissecting popliteal cyst can occur concur-
rently. Venous thrombosis should be excluded as part of the 
evaluation of suspected pseudothrombophlebitis caused by a 
dissecting or ruptured popliteal cyst.

The results of simple excision usually are excellent even if 
incomplete. In our experience with a large series of children, 
these cysts generally resolve with benign neglect. Occasionally, 
aspiration may be attempted, provided that the diagnosis is 
certain. In adults, intraarticular pathologic findings are com-
mon, and the cyst can recur if the intraarticular pathologic 
condition is not corrected. Most involve the posterior horn of 
the medial meniscus. Saylik and Gökkus reported 103 knees 
treated with posterior open cystectomy with valve and pos-
terior capsule repair and arthroscopic treatment of intraar-
ticular lesions. Cyst recurrence was seen in fewer than 2% of 
patients. Ko and Ahn recommended removal of the capsu-
lar fold of the valvular mechanism of the popliteal cyst with 
a motorized shaver arthroscopically. Takahashi and Nagano 
reported success using posterior portals to arthroscopically 
resect the popliteal cyst origin. Yang et al. found significantly 
better outcomes in patients treated with arthroscopic cystec-
tomy compared with patients who underwent arthroscopy 
followed by open cystectomy or those who had open cys-
tectomy alone. The open cystectomy alone group had a 40% 
recurrence rate.

Careful arthroscopic evaluation should be performed 
before excision of a popliteal cyst. Intraarticular pathologic 
conditions, such as patellofemoral chondromalacia or a degen-
erative tear of the posterior horn of the medial meniscus, can 
be identified and treated by debridement of loose cartilaginous 
fragments or partial meniscectomy. Significant intraarticular 
pathologic conditions are present in more than 50% of adults 
with popliteal cysts. Kp et al. recommended careful study of 
prearthroscopic cystectomy MR images because these cysts 
can be predictive of potential popliteal artery injury. When 
the popliteal artery is close to the cyst, the lateral wall of the 
cyst should not be removed. Zhou et al. performed a system-
atic review and meta-analysis of the surgical treatment of pop-
liteal cysts. They concluded that arthroscopic excision of the 
cyst wall, enlarging the communication between the articular 
cavity and the cyst, and arthroscopic management of intraar-
ticular lesions produce the best results.

Froelich and Hillard-Sembell demonstrated that loose 
bodies can intermittently travel between the intraarticular 
space and an extraarticular popliteal cyst. If a known pos-
teromedial loose body cannot be found, a capsular opening 
into the cyst should be sought. The loose body can then be 
removed through an accessory posteromedial portal.

If the cyst does not appear to communicate with the joint 
or if significant changes cannot be treated arthroscopically, an 
open procedure is indicated. Most cysts can be approached by 
a posteromedial (Henderson) incision. Very large or midline 
lesions can be approached through a posterior incision. 

 

POPLITEAL CYST EXCISION
For a popliteal cyst that requires excision, Hughston et al.  
described a posteromedial approach made through a  
medial hockey-stick incision. The procedure can be performed 
with the patient supine. If an arthroscopic evaluation is part 
of the procedure, the leg does not have to be rescrubbed 
or redraped and the patient does not need to be turned 
prone for open excision of the cyst.

 TECHNIQUE 9.5 

(HUGHSTON, BAKER, AND MELLO)
 n  With the patient supine, externally rotate the hip fully and 

flex the knee to 90 degrees. Make a medial hockey-stick 
incision at the joint line (Fig. 9.9A).

 n  Use only the posteromedial portion of the incision if an 
arthroscopic examination already has been performed. 
Otherwise, inspect the joint through an anteromedial 
retinacular incision (Fig. 9.9B).

 n  Make a posteromedial capsular incision beginning between 
the medial epicondyle and adductor tubercle along the 
posterior border of the tibial collateral ligament (Fig. 9.9B).

 n  Retract the posterior oblique ligament posteriorly and in-
spect the posteromedial compartment. Identify the popliteal 
cyst; it is usually in the area between the medial head of the 
gastrocnemius and semimembranosus tendon (Fig. 9.9B).

 n  Inspect the posteromedial joint and cyst lining for an in-
traarticular communication (Fig. 9.9C).

 n  Separate the adherent cyst lining from the surrounding 
soft tissues, and trace it to the posterior capsule.
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FIGURE 9.9 Posteromedial approach for excision of a popliteal (Baker) cyst. A, Skin inci-
sion at the level of the joint line with knee flexed to 90 degrees. B, Skin and subcutaneous tissue 
retracted. C, Cyst opened and retracted before excision. SEE TECHNIQUE 9.5.

 n  Excise the cyst at the base of its stalk on the capsule.
 n  Close the orifice if possible with one or two nonabsorb-

able sutures.
 n  At closure, the posterior oblique ligament may be lax be-

cause of pressure from the cyst beneath it. If it is lax, 
advance it onto the medial epicondyle and tibial collateral 
ligament to restore tension to the posteromedial capsular 
ligaments and semimembranosus capsular aponeurosis. 
Close the wound in layers.

POSTOPERATIVE CARE The limb is placed in a knee 
immobilizer, and weight bearing to tolerance is allowed. 
Straight leg raising and quadriceps-setting exercises are 
begun on the first day after surgery. The immobilizer is 
discontinued, and active range-of-motion exercises are 
begun when acute inflammation has resolved. Mild pro-
phylactic anticoagulation is recommended for 6 weeks. If 
the patient develops a synovial fistula, reapply the knee 
immobilizer until the fistula closes.
  

MEDIAL GASTROCNEMIUS BURSITIS
If the medial gastrocnemius bursa is involved, a palpa-
ble mass is located in the midline of the popliteal space or 
extends beneath the head of the gastrocnemius and manifests 
between the medial head of the muscle and the semimem-
branosus tendon, simulating an enlarged semimembrano-
sus bursa. In the latter instance, the bursa is excised through 

a posteromedial incision after arthroscopy with the patient 
supine, as described for semimembranosus bursitis; when in 
the midline of the popliteal space, it is excised as follows. 

 

MEDIAL GASTROCNEMIUS BURSA 
EXCISION

 TECHNIQUE 9.6 

(MEYERDING AND VAN DEMARK)
 n  With the patient prone, make an oblique incision directly 

over the mass (Fig. 9.10A).
 n  Divide the deep fascia, expose the protruding sac, and 

by blunt dissection free it down to its attachment to the 
posterior aspect of the capsule of the knee. In some in-
stances, relaxing the muscles and tendons on each side 
of the cyst by flexing the knee increases the exposure.

 n  Clamp the pedicle of the cyst at its attachment to the 
capsule of the joint and divide it, but leave enough pedicle 
to permit its inversion (Fig. 9.10B).

 n  Invert the pedicle and close it; Meyerding and Van De-
mark recommended permanent sutures for this closure.

POSTOPERATIVE CARE The postoperative care is the 
same as for Technique 9.5.
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FIGURE 9.10 Meyerding and Van Demark removal of midline 
Baker cyst. A, Skin incision. B, After being exposed, pedicle is 
clamped, ligated, divided, and inverted. SEE TECHNIQUE 9.6.

SEMIMEMBRANOSUS BURSITIS
A distended semimembranosus bursa occurs on the medial 
side of the popliteal space on the medial or more usually the 
lateral side of the semimembranosus tendon. The bursa can be 
approached easily through a posteromedial incision with the 
patient supine or through a posterior incision as described. 

 

SEMIMEMBRANOSUS BURSA 
EXCISION

 TECHNIQUE 9.7 

 n  With the patient supine, make a slightly oblique or curved 
longitudinal incision 7.5 cm long over the medial aspect 
of the popliteal space; a common error is to place this inci-
sion too far proximally. Incise the deep fascia; the proper 
plane for dissection is then usually evident.

 n  Develop the interval between the semimembranosus and 
the medial head of the gastrocnemius, and separate the 
cyst wall from these structures. No important nerves or 
vessels lie in this plane of cleavage.

 n  Continue the dissection; it becomes increasingly diffi-
cult to separate the cyst from adjacent structures. In the 
depths of the wound, the wall usually is adherent and 
requires sharp dissection that should include some of the 
fibrous parts of the semimembranosus or of the gastroc-
nemius; otherwise, the cyst is ruptured, making it difficult 
to outline and to determine whether it has a pedicle or 
communicates with the joint.

 n  Often the base of the cyst is intimately attached to the 
capsule and synovium. A small opening may be located, 
if desired, by injecting air or a physiologic saline solution 
containing a little methylene blue through the posterior 
part of the capsule into the joint, but closing any opening 
in the joint capsule probably is unnecessary.

 n  The technique for excising cysts on the medial side of the 
semimembranosus tendon is performed in a similar man-
ner.

POSTOPERATIVE CARE Postoperative care is the same 
as for Technique 9.5.
  

SEMIMEMBRANOSUS TENDINITIS
Semimembranosus tendinitis can be diagnosed by eliciting 
point tenderness over the posteromedial corner of the knee 
just distal to the joint line. The tendon usually is easily pal-
pated. A provocative test of resisted internal tibial rotation 
of a knee flexed at 90 degrees also may pinpoint the pain. A 
negative McMurray test in the absence of tenderness over the 
joint line can help rule out a torn meniscus or osteonecro-
sis of the tibial plateau. Ray et al. divided their 115 patients 
into two groups: patients with primary isolated semimem-
branosus tendinitis and patients with secondary tendini-
tis with an associated intraarticular abnormality. The group 
with primary tendinitis generally included younger, athletic 
patients with overuse injuries incurred during running or a 
triathlon. Secondary tendinitis was related to degenerative 
medial meniscal tears, degenerative changes of the medial 
compartment, or chondromalacia of the patella resulting in 
gait alterations and overuse of the tendon. Semimembranosus 
tendinitis generally responds to conservative therapy. If con-
servative treatment fails, bone scanning or MRI can be help-
ful to confirm the diagnosis. Occasionally, a semitendinosus 
tendon transfer may be necessary and is the treatment of 
choice. For secondary tendinitis, Ray et  al. recommended 
evaluation and treatment of the intraarticular disorder at the 
time of treatment of the semimembranosus tendinitis. 

 

SEMITENDINOSUS TENDON TRANSFER

 TECHNIQUE 9.8 

(RAY, CLANCY, AND LEMON)
 n  Make a 10-cm longitudinal posteromedial incision over 

the direct head insertion of the semimembranosus ten-
don, and free the tendon from surrounding tissue proxi-
mally and distally.

 n  Open the tendon sheath, and make a longitudinal incision 
in the tendon.

 n  Excise any necrotic areas. If there is no obvious necro-
sis, make several longitudinal incisions in the tendon to 
stimulate a healing reaction.

 n  Drill the insertion site with a small Kirschner wire.
 n  Pull the direct head and proximal portion of the tendon 

upward and parallel to the posterior edge of the tibial col-
lateral ligament, and suture it here to redirect the tendon.

POSTOPERATIVE CARE Postoperative care is the same 
as for Technique 9.5.
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CHRONIC SYNOVITIS
Chronic synovitis is a persistent, nonspecific, proliferative 
lesion of the synovium, usually monarticular, with little or 
no involvement of bone or cartilage and without clear evi-
dence of any other primary pathologic process. Although 
joint cultures are negative, the process may seem to be related 
to an infection elsewhere. During World War II it was found 
that chronic synovitis of one or both knees often developed 
3 weeks after an acute gonorrheal urethritis. Although the 
urethritis had already subsided after treatment with penicil-
lin, the synovitis of the knee was believed to be of gonococcal 
origin. The synovitis was subacute or chronic, however, and 
organisms were not found in joint aspirates. Chronic synovi-
tis also occurred after acute purulent lesions of joints had sub-
sided with treatment with penicillin; in these cases, effusion 
and thickening of the synovial membrane persisted for weeks 
after cultures of the fluid became negative. Chronic synovitis 
also has been found to occur years after a traumatic injury to 
the joint after the joint had seemed to recover completely with 
no evidence of arthritis. We also have seen chronic synovitis 
in joints adjacent to bone infarcts where the joint space was 
maintained and evidence of arthritis was absent.

Because monarticular synovitis can mimic gout and 
pseudogout, joint fluid should be sent for evaluation for crys-
tals to rule out these pathologic processes. Cytology also can 
be obtained to rule out pigmented villonodular synovitis (see 
Chapter 28). MRI can show areas of bone infarct not visible 
on plain radiographs. Lyme serologic testing also should be 
performed.

The initial treatment of chronic synovitis is conservative. 
If conservative treatment fails, synovial biopsy may be indi-
cated. This can be performed using a standard arthroscopic 
technique in which the joint can be visually inspected and 
specific biopsy sites can be chosen. In addition, arthroscopic 
examination may reveal hypertrophy and hyperplasia of the 
synovial layer of the cells, thickening of the subsynovial layers 
by dermatofibrosis, and engorgement of blood vessels. These 
findings are nonspecific, but the more characteristic features 
of rheumatoid arthritis, osteoarthritis, and Charcot joints are 
not found. A persistent swelling of the joint with fluctuation 
but without edema of the surrounding soft tissues is charac-
teristic of chronic synovitis.

SYNOVECTOMY OF THE KNEE
Although synovectomy in rheumatoid arthritis, chronic syno-
vitis, or other arthritides (e.g., psoriatic arthritis) may tempo-
rarily decrease the pain, increase in motion is doubtful, and 
some loss of motion may occur. Arthroscopic synovectomy 
has been used successfully in adult and pediatric patients 
with rheumatoid arthritis, sarcoid synovitis, and hemophilic 
arthropathy. The advantages of arthroscopic synovectomy 
over open synovectomy include decreased postoperative 
pain and early joint mobility. Arthroscopic synovectomy is a 
demanding procedure, however, and should be performed by 
experienced arthroscopists (see Chapter 51).

In a comparative study of open and arthroscopic syno-
vectomy, both techniques were found to be successful; how-
ever, patients who had arthroscopic synovectomy had less 
scarring, less pain, and faster recovery than patients who had 
open synovectomy. 

RHEUMATOID ARTHRITIS OF THE 
KNEE
ADULT-ONSET RHEUMATOID ARTHRITIS
Rheumatoid arthritis is a chronic, systemic, inflammatory 
disease, most often involving the small joints of the hands 
and feet, although any synovial joint can be affected. It 
affects 1% to 2% of the world population, with a female-
to-male ratio of 2.5:1. Adult rheumatoid arthritis usually is 
polyarticular; systemic involvement in the visceral organs or 
eyes is rare. The test for rheumatoid factor in adults is posi-
tive in 70% to 80% of patients in whom rheumatoid arthritis 
is diagnosed. The American Rheumatism Association devel-
oped criteria for the diagnosis of rheumatoid arthritis (Table 
9.2). A patient is considered to have rheumatoid arthritis if 
at least four of the seven criteria have been present for at 
least 6 weeks.

The exact cause of rheumatoid arthritis is unknown. 
Knowledge of the nature and pathogenesis of the disease 
has increased in more recent years, however, and medical 
and surgical management of the disease has improved. The 
goal of medical and surgical management of patients with 
rheumatoid arthritis is to maintain or improve functional 
capacity.

The clinical picture of rheumatoid arthritis is character-
ized by synovitis and joint destruction. The synovitis tends to 
wax and wane and initially is treated pharmacologically. The 
joint destruction starts within the first or second year of the 
disease, however, and continues to progress. Radiographically, 
this destruction is shown by joint space narrowing, periar-
ticular erosions, and subchondral osteopenia. The structural 
damage manifests as pain with activity and deformity. A few 
patients go into remission within the first year and lead fairly 
normal lives with few symptoms. Others have permanent dis-
ability as the disease progresses to the point of incurring joint 
destruction.

Treatment of the early stages of rheumatoid arthritis 
is primarily medical, although physical and occupational 
therapy often can be helpful. Pharmacologic agents used in 
rheumatoid arthritis include nonsteroidal antiinflammatory 
drugs, corticosteroids, methotrexate, and biologic agents. 
Biologic agents are recombinant proteins that generally tar-
get an inflammatory cytokine, such as tumor necrosis factor. 
These agents have shown excellent results. There is hope that 
they may decrease or eliminate the need for surgical inter-
vention in many patients; however, these agents inhibit the 
immune system and cause an increased risk of infection in 
patients taking them.

Jämsen et al. reviewed the Finnish Arthroplasty Register 
covering the years 1995 to 2010 and found a 48% decrease in 
the number of primary arthroplasties performed for rheuma-
toid arthritis. They attributed this decrease to the effective-
ness of improved medical management.

Goodman et  al. published an extensive review of anti-
rheumatologic agents and included recommendations for 
perioperative adjustments in medications for rheumatoid 
patients (Table 9.3). Patients who are on corticosteroids gen-
erally require preoperative “stress” dosages of hydrocortisone 
(Table 9.4). In general, agents that inhibit the immune system 
should be withheld at least 1 week before and 1 week after 
a surgical procedure. Patients with rheumatoid arthritis can 
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have atlantoaxial instability secondary to bony erosion and 
ligamentous laxity from chronic synovitis. Cranial settling 
also can be present. During preoperative evaluation, consid-
eration should be given to obtaining flexion and extension 
lateral radiographs to check for instability, which will be a 
factor during intubation if present.

Surgery for rheumatoid arthritis should accomplish one 
or more of the following: relieve pain; prevent destruction of 
cartilage or tendon; or improve function of joints by increasing 
or decreasing motion, correcting deformity, increasing stabil-
ity, improving effective muscle forces, or any combination 

of these measures. Surgery in rheumatoid arthritis can be 
preventive and corrective; surgery can be done in some sit-
uations during spontaneous or induced remissions of the dis-
ease. Surgery may be indicated to relieve pain or to improve 
function or both. Currently, the activity of the disease often is 
disregarded, and preventive surgery is done early.

Synovectomy has played a role in the management of rheu-
matoid arthritis for many years. The current indications are 
mostly for pain in patients with minimal structural damage to 
the joint refractory to pharmacologic agents. Open synovectomy 
is being performed less frequently as arthroscopic synovectomy 

 TABLE 9.2 

The 2010 American College of Rheumatology/European League Against Rheumatism Classification 
Criteria for Rheumatoid Arthritis

SCORE

Target population (Who should be tested?): Patients who
 1.  have at least 1 joint with definite clinical synovitis (swelling)a

 2. with the synovitis not better explained by another diseaseb 
Classification criteria for RA (score-based algorithm: add score of categories A–D; A score  
of ≧6/10 is needed for classification of a patient as having definite RA)c

A. Joint involvementd

1 large jointe

2–10 large joints
1–3 small joints (with or without involvement of large joints)f

4–10 small joints (with or without involvement of large joints)
>10 joints (at least 1 small joint)g

B. Serology (at least 1 test result is needed for classification)h

Negative RF and negative ACPA
Low-positive RF or low-positive ACPA
High-positive RF or high-positive ACPA

C. Acute-phase reactants (at least 1 test result is needed for classification)i

Normal CRP and normal ESR
Abnormal CRP or abnormal ESR

D. Duration of symptomsj

<6 weeks
≧6 weeks

0
1
2
3
5
0
2
3
0
1
0
1

aThe criteria are aimed at classification of newly presenting patients. In addition, patients with erosive disease typical of rheumatoid arthritis (RA) with a history 
compatible with prior fulfillment of the 2010 criteria should be classified as having RA. Patients with long-standing disease, including those whose disease is inactive 
(with or without treatment) who, based on retrospectively available data, have previously fulfilled the 2010 criteria should be classified as having RA.
bDifferential diagnoses vary among patients with different presentations but may include conditions such as systemic lupus erythematosus, psoriatic arthritis, and 
gout. If it is unclear about the relevant differential diagnoses to consider, an expert rheumatologist should be consulted.
cAlthough patients with a score of less than 6/10 are not classifiable as having RA, their status can be reassessed, and the criteria might be fulfilled cumulatively over 
time.
dJoint involvement refers to any swollen or tender joint on examination, which may be confirmed by imaging evidence of synovitis. Distal interphalangeal joints, first 
carpometacarpal joints, and first metatarsophalangeal joints are excluded from assessment. Categories of joint distribution are classified according to the location 
and number of involved joints, with placement into the highest category possible based on the pattern of joint involvement.
e“Large joints” refers to shoulders, elbows, hips, knees, and ankles.
f“Small joints” refers to the metacarpophalangeal joints, proximal interphalangeal joints, second through fifth metatarsophalangeal joints, thumb interphalangeal 
joints, and wrists.
gIn this category, at least 1 of the involved joints must be a small joint; the other joints can include any combination of large and additional small joints, as well as 
other joints not specifically listed elsewhere (e.g., temporomandibular, acromioclavicular, sternoclavicular, etc.).
hNegative refers to IU values that are less than or equal to the upper limit of normal (ULN) for the laboratory and assay; low-positive refers to IU values that are 
higher than the ULN but ≤3 times the ULN for the laboratory and assay; high-positive refers to IU values that are greater than three times the ULN for the laboratory 
and assay. Where rheumatoid factor (RF) information is only available as positive or negative, a positive result should be scored as low-positive for RF. ACPA, Anti-
citrullinated protein antibody.
iNormal/abnormal is determined by local laboratory standards. CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
jDuration of symptoms refers to patient self-report of the duration of signs or symptoms of synovitis (EG, pain, swelling, tenderness) of joints that are clinically 
involved at the time of assessment, regardless of treatment status.
From Aletaha D, Neogi T, Silman AJ, et al: 2010 Rheumatoid Arthritis Classification criteria: an American College of Rheumatology/European League against 
Rheumatism collaborative initiative, Arthritis Rheum 62[9]:2569, 2010.
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has increased in popularity, especially for a rheumatoid knee. 
However, one meta-analysis of 2589 patients demonstrated that 
although both approaches relieved pain, arthroscopic synovec-
tomy was associated with more recurrences of synovitis and 
disease progression. In addition, another study of two-stage 

surgical synovectomy in patients with rheumatoid arthritis 
demonstrated a decrease in sensory nerve fibers followed by 
a wound healing cell response, leading to reduced pain and 
better mobility. The authors did concede, however, that not all 
patients benefit from surgical synovectomy.

 TABLE 9.3 

2017 American College of Rheumatology/American Association of Hip and Knee Surgeons Guideline 
for Perioperative Management of Antirheumatic Medication in Patients with Rheumatic Diseases 
Undergoing Elective Total Hip or Total Knee Arthroplasty

DMARDS: CONTINUE THESE MEDICATIONS THROUGH 
SURGERY DOSING INTERVAL CONTINUE/WITHHOLD
Methotrexate Weekly Continue
Sulfasalazine Once or twice daily Continue
Hydroxychloroquine Once or twice daily Continue
Leflunomide (Arava) Daily Continue
Doxycycline Daily Continue
BIOLOGIC AGENTS: STOP these medications prior to 
surgery and schedule surgery at the end of the dosing 
cycle. RESUME medications at minimum 14 days after 
surgery in the absence of wound healing problems, 
surgical site infection, or systemic infection

Dosing Interval Schedule Surgery (relative to last 
biologic agent dose administered) 
during

Adalimumab (Humira) Weekly or every 2 weeks Week 2 or 3
Etanercept (Enbrel) Weekly or twice weekly Week 2
Golimumab (Simponi) Every 4 weeks (SQ) or every 8 

weeks (IV)
Week 5
Week 9

Infliximab (Remicade) Every 4, 6, or 8 weeks Week 5, 7, or 9
Abatacept (Orencia) Monthly (IV) or weekly (SQ) Week 5

Week 2
Certolizumab (Cimzia) Every 2 or 4 weeks Week 3 or 5
Rituximab (Rituxan) 2 doses 2 weeks apart every 4–6 

months
Month 7

Tocilizumab (Actemra) Every week (SQ) or every 4 
weeks (IV)

Week 2
Week 5

Anakinra (Kineret) Daily Day 2
Secukinumab (Cosentyx) Every 4 weeks Week 5
Ustekinumab (Stelara) Every 12 weeks Week 13
Belimumab (Benlysta) Every 4 weeks Week 5

Tofacitinib (Xeljanz): STOP this medication 7 days prior 
to surgery

Daily or twice daily 7 days after last dose

SEVERE SLE-SPECIFIC MEDICATIONS: CONTINUE these 
medications in the perioperative period

Dosing Interval Continue/Withhold

Mycophenolate mofetil Twice daily Continue
Azathioprine Daily or twice daily Continue
Cyclosporine Twice daily Continue
Tacrolimus Twice daily (IV and PO) Continue
NOT-SEVERE SLE: DISCONTINUE these medications 1 
week prior to surgery

Dosing Interval Continue/Withhold

Mycophenolate mofetil Twice daily Withhold
Azathioprine Daily or twice daily Withhold
Cyclosporine Twice daily Withhold
Tacrolimus Twice daily (IV and PO) Withhold

Dosing intervals were obtained from prescribing information provided online by pharmaceutical companies. DMARDS, Disease-modifying antirheumatic drugs; IV, 
intravenous; PO, oral; SLE, systemic lupus erythematosus; SQ, subcutaneous.
(Reproduced with permission from: Goodman SM, Springer B, Guyatt G, et al: 2017 American College of Rheumatology/American Association of Hip and Knee 
Surgeons guideline for perioperative management of antirheumatic medication in patients with rheumatic diseases undergoing elective total hip or total knee arthro-
plasty, J Arthroplasty 32:2628, 2017.)
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With current techniques of total joint arthroplasty, sur-
gical options for the treatment of adult-onset rheumatoid 
arthritis have expanded greatly. In patients with moderate-
to-severe destruction of cartilage and subchondral bone, total 
joint arthroplasty can relieve pain and improve function in 
most joints. 

JUVENILE RHEUMATOID ARTHRITIS
Juvenile rheumatoid arthritis differs significantly from the 
adult form. The diagnosis of juvenile rheumatoid arthritis 
usually is made by exclusion. Other, more common types of 
arthritis in children and other rheumatic and connective tis-
sue disorders must be ruled out. The diagnostic criteria for 
juvenile rheumatoid arthritis listed in Box 9.1 are similar to 

the criteria for the adult form. Rheumatoid factor is positive 
in less than 25% of patients with juvenile rheumatoid arthri-
tis. After patients pass the age of 8 years, laboratory tests show 
an increasingly higher percentage of positive results, however. 
Similar to the adult form, juvenile rheumatoid arthritis is best 
treated by a multispecialty team approach.

Juvenile rheumatoid arthritis clinically consists of three 
types: polyarticular (involving five or more joints), monarticu-
lar (involving four or fewer joints), and systemic. Polyarthritis 
occurs in almost half of all children with juvenile rheuma-
toid arthritis. The knees, wrists, elbows, and ankles are most 
frequently affected, and the pattern of involvement usually is 
symmetric. Monarticular arthritis occurs in approximately 
one third of children with juvenile rheumatoid arthritis. 
In about half of these, the disease begins in only one joint, 
usually the knee. Systemic disease occurs in 10% to 20% of 
patients. Severe constitutional symptoms precede the devel-
opment of overt arthritis. A high spiking fever and a “rheu-
matoid rash” are virtually diagnostic of systemic disease.

Psychosocial problems are common in patients with 
symptomatic juvenile rheumatoid arthritis. The timing of any 
surgical procedure in these patients should consider psycho-
social factors, and counseling should be provided.

The chief cause of morbidity in systemic and polyartic-
ular arthritis is severe joint disease, which occurs in 25% of 
patients. The chief cause of morbidity in monarticular disease 
is chronic iridocyclitis, which occurs in 25% to 30% of patients. 
Schaller reported that 90% of patients with juvenile rheuma-
toid arthritis and iridocyclitis had a positive antinuclear anti-
body test. Permanent blindness can occur from iridocyclitis, 
and patients with monarticular arthritis, especially patients 
with positive tests for antinuclear antibodies, should be evalu-
ated by an ophthalmologist approximately every 3 months.

Open synovectomy for the treatment of juvenile rheuma-
toid arthritis has produced inconsistent results. Granberry 
and Brewer noted that patients with mild monarticular or 

 TABLE 9.4 

Supplemental Hydrocortisone for Surgical Stress Levels

PROCEDURE CLASS/LEVEL OF 
STRESS PROCEDURE

RECOMMENDED SUPPLEMENTAL 
HYDROCORTISONE

Minor/minimal Carpal tunnel release
Tenosynovectomy
Knee arthroscopy
Hammer toe correction
First metatarsophalangeal fusion

25 mg hydrocortisone on day of pro-
cedure only (prednisone 5 mg)

Moderate/moderate Hip arthroplasty
Knee arthroplasty
Ankle arthroplasty
Shoulder arthroplasty
Elbow arthroplasty
Metacarpophalangeal arthroplasty
Complex foot reconstruction with arthrodesis and 

tendon transfer
Anterior cruciate ligament reconstruction

50–75 mg hydrocortisone on day of 
procedure with expeditious tapering 
over 1–2 days to preoperative dose 
(prednisone 10–15 mg)

Intensive/significant Multiple trauma
Bilateral knee arthroplasty
Revision arthroplasty
Multiple level spinal fusion

100–150 mg hydrocortisone on day 
of procedure with expeditious taper-
ing over 1–2 days to preoperative 
dose (prednisone 20–40 mg)

From Howe CR, Gardner GC, Kadel NJ: Perioperative medication management for the patient with rheumatoid arthritis, J Am Acad Orthop Surg 14:544, 2006.

 BOX 9.1 
Diagnostic Criteria for Classification of Juvenile 
Rheumatoid Arthritis

 n  Age at onset younger than 16 years
 n  Arthritis in one or more joints defined as swelling or effusion 

or by the presence of two or more of the following signs: 
limitation of motion, tenderness or pain on motion, and 
increased heat

 n  Duration of disease 6 weeks to 3 months
 n  Type of onset of disease during the first 4–6 months clas-

sified as:
 n  Polyarthritis: 5 joints or more
 n  Monarthritis: 4 joints or fewer
 n  Systemic disease: intermittent fever, rheumatoid rash, 

arthritis, visceral disease
 n  Exclusion of other rheumatic diseases

Modified from Brewer LJ Jr, Bass JC, Cassidy JT, et al: Criteria for the classification 
of juvenile rheumatoid arthritis, Bull Rheum Dis 23:712–719, 1972.
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polyarticular disease tend to have the best results after syn-
ovectomy. Patients with poor results after synovectomy 
included children with systemic disease and polyarticular 
involvement and children younger than 7 years old. Very 
young patients apparently had relief of pain but were unable 
to cooperate in the range-of-motion exercise programs to 
improve the function of the joint. Jacobsen et al. found few, if 
any, benefits from synovectomy in regard to relief of pain or 
improvement in range of motion, but the operation seemed 
to provide permanent relief of joint swelling. In their opinion, 
the one indication for synovectomy in juvenile rheumatoid 
arthritis is monarticular synovitis of long duration that has 
not responded to other treatment.

Although good results have been reported after arthroscopic 
synovectomy of the knee in adults with rheumatoid arthritis, 
the differences between adult-onset and juvenile rheumatoid 
arthritis prohibit application of these findings to children. In 
contrast to adult-onset disease, joint destruction can become 
extensive before pain becomes a serious problem. Juvenile 
rheumatoid arthritis also is more cyclical than the adult form, 
which tends to be relentlessly progressive. In one of the few 
studies of arthroscopic knee synovectomy in children, Vilkki 
et al. reported 22 such procedures in children 5 to 16 years old. 
They concluded that arthroscopic synovectomy is preferable to 
open synovectomy in these patients because mobilization and 
full weight bearing can be started soon after the procedure, 
morbidity is less, and rehabilitation is more rapid. Although 
arthroscopic synovectomy may provide a palliative treatment 
option for some children with juvenile rheumatoid arthritis, 
the procedure cannot be routinely recommended.

Ideal indications for synovectomy include involvement of 
one or only a few joints; hyperplastic, “wet” type of rheuma-
toid synovitis; failure to respond to an adequate trial of non-
operative treatment; and no radiographic evidence of articular 
cartilage destruction. Few patients meet all these criteria, 
however, and the decision to perform synovectomy requires 
astute clinical judgment. Contraindications to synovectomy 
include “dry” synovitis, involvement of multiple joints in the 
acute inflammatory phase, and systemic disease (Box 9.2).

Reconstructive procedures that may be required in 
patients with juvenile rheumatoid arthritis include soft-tis-
sue procedures for correction of contractures, osteotomy, 
arthrodesis, joint excision, and arthroplasty. Combinations 
of these procedures often are necessary to relieve pain and 
correct deformity. Osteotomies are most commonly required 
to correct severe angular deformities. Arthrodesis usually 
is reserved for severely damaged joints unsuited for arthro-
plasty, such as the wrist, the foot, and occasionally the fingers. 
Excision of one of the articular surfaces occasionally is indi-
cated at skeletal maturity for severely painful, contracted joints 
unsuited for arthroplasty. Arthroplasty may be indicated for 
destruction of the articular cartilage, especially in patients 
with multiple and bilateral joint destruction. The young age 
and lifestyles of these patients should be considered, however, 
before such an extensive procedure is undertaken. Generally, 
young adults with severe multiple joint involvement and low 
activity levels are best suited for arthroplasty.

Parvizi et al. (25 patients), Palmer et al. (15 patients), and 
Thomas et al. (17 patients) all reported excellent pain relief 
and improvement in functional capacity after total knee 
arthroplasty in patients with juvenile rheumatoid arthri-
tis; however, repeat surgery and complications were more 

frequent than reported after total knee arthroplasty in adults 
with osteoarthritis. 

SURGICAL PROCEDURES
In rheumatoid arthritis, flexion contractures of both knees are 
common; when they exceed 30 degrees, the patient usually is 
confined to a wheelchair. The following surgical procedures are 
useful in properly selected patients with rheumatoid arthritis: 
(1) arthroscopic synovectomy, (2) proximal tibial osteotomy, 
(3) arthrodesis, and (4) arthroplasty or reconstruction.

ARTHROSCOPIC SYNOVECTOMY
The basic indication for synovectomy in rheumatoid arthri-
tis is failure of the disease to respond to appropriate medical 
treatment after 6 months. If the operation is to be successful, 
the disease should be limited almost entirely to the synovial 
membrane (Fig. 9.11) with little, if any, involvement of the car-
tilage or bone and consequently with little, if any, radiographic 
evidence of narrowing of the joint space. The involvement of 
two or more joints and the presence of acute inflammation 
are no longer considered contraindications for synovectomy. 
Although temporary symptomatic relief has been highly suc-
cessful, range of motion often decreases and progression of 
the disease is rarely affected. Nonetheless, the palliative ben-
efits often make the procedure worthwhile. Late synovectomy 
performed on knees with advanced arthritic changes has an 
unacceptably high failure rate and is not recommended.

The technique for arthroscopic synovectomy has evolved 
over the past 30 years. Consequently, arthroscopic synovec-
tomy of the knee has become the standard because of advan-
tages over the open procedure (Box 9.3).

Studies have shown that arthroscopic knee synovectomy in 
patients with rheumatoid arthritis successfully controls synovi-
tis and improves pain. In one study, improvement was seen in 
all measured criteria. Although range of motion is preserved, it 
does not increase. Results seem to be better in patients with less 
cartilaginous damage. Ogawa et al. evaluated the results of 30 
arthroscopic synovectomies at 6-year follow-up. All knees with 

Synovectomy in Juvenile Rheumatoid Arthritis

Ideal Indications
 n  Involvement of one or few joints
 n  Hyperplastic, “wet” rheumatoid synovitis
 n  Failure to respond to adequate trial of nonoperative treat-

ment
 n  No radiographic evidence of articular cartilage destruction 

Relative Indications
 n  Severe pain
 n  Significant loss of motion
 n  Contractures despite several months of nonoperative treat-

ment 

Contraindications
 n  Seronegative “dry” synovitis
 n  Polyarticular involvement
 n  Acute inflammatory stage
 n  Systemic disease

 BOX 9.2 

From Canale ST, Beaty JH, editors: Operative pediatric orthopaedics, ed 2, St 
Louis, 1995, Mosby.
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grade I changes (Larsen classification) maintained the same 
grade, whereas some with grade II changes and all with grade 
III changes required total knee arthroplasty.

For patients with adult-onset rheumatoid arthritis in 
whom a minimum of 6 months of conservative treatment has 
been ineffective and who do not have late erosive arthritic 
changes, arthroscopic knee synovectomy can be palliative. 
Although some of the erosive changes seen on radiographs 
may be delayed, the ultimate natural progression of the dis-
ease is unchanged. If performed by an experienced arthros-
copist, arthroscopic synovectomy may decrease pain without 
sacrificing significant motion and decrease operative and 
postoperative morbidity compared with open synovectomy.

Arthroscopic synovectomy should be performed system-
atically after examination of the joint. Knee joint synovium is 
found diffusely throughout the interior lining of the joint, in the 
cruciate ligaments, and on the undersurface of the menisci (Fig. 
9.11). For adequate and safe synovectomy in these regions, the 
posterior pouches of the knee joint should be examined thor-
oughly but cautiously. The superficial layers of the synovium 
are removed with a shaver, and resection is carried down to a 
defining plane between the synovium and subsynovial tissues. 

When this plane is reached, the smooth shiny fibers of the cap-
sule can be seen, with the superficial capillaries lying over the 
interior of the capsule. The surgeon should view the knee as 
a series of compartments, spending an equal amount of time 
in each compartment to remove an even distribution of the 
synovium. Because of the risk of serious neurovascular com-
plications, arthroscopic synovectomy should be performed by 
an experienced arthroscopist. The technique for arthroscopic 
knee synovectomy is described in Chapter 51. 

PROXIMAL TIBIAL OSTEOTOMY
Proximal tibial osteotomy (see Technique 9.9) is useful for 
correcting varus or valgus deformities of an arthritic knee 
resulting from unicompartmental arthritis. It realigns the 
weight-bearing axis through the knee to distribute the forces 
of weight to the less involved or uninvolved compartment. 
This operation usually is contraindicated in patients with 
rheumatoid arthritis because the disease process is likely to be 
more evenly distributed between the medial and lateral com-
partments and the patellofemoral articulation. In addition, 
the osteoporotic bone in rheumatoid patients makes the pro-
cedure more demanding than in patients with osteoarthritis, 
with an increased chance of fracture into the joint during the 
osteotomy, avulsion of the patellar tendon, or loss of fixation. 

ARTHRODESIS
Arthrodesis (see Chapter 8) offers the advantages of stability and 
freedom from pain. With advances in total joint arthroplasty, how-
ever, it is rarely indicated except for severe unilateral joint involve-
ment in young, active patients. If there is any question that the 
contralateral hip is involved, knee arthrodesis is contraindicated. 

ARTHROPLASTY OR RECONSTRUCTION
Improvements in total knee arthroplasty have made it the sur-
gical treatment of choice for most patients with rheumatoid 
arthritis involving the knees. In advanced disease, when syn-
ovectomy is of no benefit, total joint arthroplasty can relieve 
pain and in certain instances increase motion. It is most 
appropriate for patients in class III or class IV (American 
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FIGURE 9.11 A, Location of synovium in knee joint in anteroposterior projection. B, Lateral 
projection. Only small portion of posterior synovium can be removed by anterior synovectomy.

Advantages of Arthroscopic Synovectomy

 1.  Synovial resection is more complete.
 2.  Incision is minimal.
 3.  Quadriceps muscle remains intact.
 4.  Incidence of infection is decreased.
 5.  Incidence of hemarthrosis is decreased.
 6.  Range of motion is maintained or increased.
 7.  It is cost-effective as an outpatient procedure.
 8.  Postoperative physical therapy is minimal or none.
 9.  Menisci are spared.
 10.  Patient acceptance is high.

 BOX 9.3 

From Salisbury RB: Synovectomy. In: Fu FH, Harner CD, Vince KG, editors: Knee 
surgery, Baltimore, 1994, Williams & Wilkins.
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Rheumatism Association classification) with involvement of 
multiple joints, especially the ipsilateral hip or ankle or con-
tralateral knee or both, when involvement of other joints 
does not preclude adequate rehabilitation. Excellent or good 
results have been reported after total knee arthroplasty, and 
one study found a lower failure rate in patients with rheuma-
toid arthritis than in other diagnostic groups.

The outcomes of total knee arthroplasty are good with 
posterior cruciate–retaining and posterior cruciate–sac-
rificing designs. Although previous reports of total knee 
arthroplasty in patients with rheumatoid arthritis have been 
favorable, a 50% rate of posterior cruciate ligament instabil-
ity in the sagittal plane has been reported, although others 
have not duplicated this finding. We use posterior cruciate 
ligament–substituting prostheses for total knee arthroplasty 
in patients with rheumatoid arthritis.

Complications may be more frequent after total knee 
arthroplasty in patients with rheumatoid arthritis than in 
patients with osteoarthritis because of (1) poor healing of tis-
sue, (2) deep wound infections, (3) severe flexion contracture, 
(4) severe joint laxity, (5) severe osteopenia, and (6) involve-
ment of multiple other joints limiting rehabilitation. To help 
minimize some of the problems in our patients with rheu-
matoid arthritis for whom total knee arthroplasty is planned, 
we try to optimize nutritional status preoperatively, use anti-
biotic-containing bone cement, and frequently use stemmed 
components for primary arthroplasty in patients with severe 
osteopenia. Rodriguez et  al. reported delayed infections in 
4.1% of patients an average of 7 years after primary total knee 
arthroplasty. It has been theorized that the role of corticoste-
roids, more than the disease process itself, may be responsible 
for wound complications and infection. Indications, contra-
indications, and procedures for total knee arthroplasty are 
described in Chapter 7. 

OSTEOARTHRITIS OF THE KNEE
Osteoarthritis of the knee can cause symptoms ranging from 
mild to disabling. Initial management of most patients should 
be nonoperative and may include physical therapy, bracing, 
orthoses, ambulatory aids, nonsteroidal antiinflammatory 
medications, intraarticular injections of a steroid or hyal-
uronic acid, and analgesics. Changes in daily, work, and rec-
reational activities also may be necessary. Obesity is a known 
risk factor for osteoarthritis of the knee, and weight loss has 
been shown to slow the progression of the disease. Because 
of the progressive nature of the disease, many patients 
with osteoarthritis of the knee eventually require opera-
tive treatment. Table 9.5 lists recommendations made by the 
American Academy of Orthopaedic Surgeons on less invasive 
treatments.

SURGICAL PROCEDURES
A variety of procedures have been described for treatment 
of the osteoarthritic knee, including arthroscopic debride-
ment, osteochondral or chondrocyte transplantation, high 
tibial osteotomy, distal femoral osteotomy, arthroplasty, and 
arthrodesis. The choice of procedure depends on the patient’s 
age and activity expectations, the severity of the disease, and 
the number of knee compartments involved.

DEBRIDEMENT
Surgical debridement of the osteoarthritic knee gener-
ally includes limited synovectomy, excision of osteophytes, 
removal of loose bodies, chondroplasty, and removal of dam-
aged menisci. Satisfactory results have been reported after 
open debridement of an osteoarthritic knee. We have had 
limited success with this procedure; symptoms generally 
recur, sometimes quite rapidly. This procedure is painful and 

 TABLE 9.5 

American Academy of Orthopaedic Surgeons’ Recommendations for Less Invasive Treatment of  
Osteoarthritis of the Knee

RECOMMENDATION YES/NO
STRENGTH OF 
RECOMMENDATION

 1.  Participation in self-management programs, strengthening low-impact aerobic exercises, 
and neuromuscular education; engagement in physical activity consistent with national 
guidelines is recommended.

Yes Strong

 2.  Weight loss in patients with a body mass index of greater than 25. Yes Moderate
 3A.  Acupuncture No Strong
 3B.  Physical agents (including electrotherapeutic modalities) ? Inconclusive
 3C.  Manual therapy ? Inconclusive
 4.  Valgus directing force brace (medial compartment unloader) ? Inconclusive
 5.  Lateral wedge insoles for symptomatic medial compartment osteoarthritis No Moderate
 6.  Glucosamine and chondroitin No Strong
 7A.  Nonsteroidal antiinflammatory drugs or Tramadol Yes Strong
 7B.  Acetaminophen, opioids, pain patches ? Inconclusive
 8.  Intraarticular corticosteroids ? Inconclusive
 9.  Hyaluronic acid No Strong
 10.  Growth factor injections and/or platelet- rich plasma ? Inconclusive
 11.  Needle lavage No Moderate

Derived from Jevsevar DS, Brown GA, Jones DL, et al: The American Academy of Orthopaedic Surgeons evidence-based guideline on treatment of osteoarthritis of the 
knee, 2nd Edition, J Bone Joint Surg 95(20):1885–1886, 2013.
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often requires 6 months of postoperative rehabilitation. With 
the advent of arthroscopic techniques, open debridement of 
the knee for osteoarthritis rarely is used. The technique can be 
found in older editions of Campbell’s Operative Orthopaedics.

Arthroscopic techniques result in less postoperative pain 
and shorter rehabilitation than open procedures. Arthroscopic 
treatments of osteoarthritis of the knee include simple lavage, 
debridement, and abrasion chondroplasty. Although good initial 
results have been reported after arthroscopic lavage, outcomes 
tend to deteriorate over time. The initial relief of symptoms after 
arthroscopic lavage is thought to be secondary to the removal 
of cartilaginous debris and inflammatory factors. Some studies 
have cited the benefits of arthroscopic debridement of the osteo-
arthritic knee, with a success rate of about 70%.

Patients with symptoms of short duration and patients 
with mechanical symptoms tend to do well, but those with 
radiographic malalignment, especially valgus deformities, 
tend to have poor outcomes, as do patients with pending liti-
gation or workers’ compensation claims. Only 25% of knees 
with severe arthritis, limb malalignment, and a joint space 
width of less than 2 mm have substantial relief of symptoms. 
Table 9.6 lists the prognostic factors for arthroscopic debride-
ment in one study. Arthroscopic abrasion chondroplasty and 
microfracture techniques also have been advocated to stimu-
late cartilage regeneration. On average, about 60% of patients 
have a good result from an abrasion procedure. Abrasion 
chondroplasty is contraindicated in patients with inflamma-
tory arthritis, significant knee stiffness, deformity, or insta-
bility and in patients who are unwilling or unable to comply 
with 2 months of non–weight bearing after surgery.

Several authors have reported a “placebo effect” after arthros-
copy for osteoarthritis of the knee that occurs even when no spe-
cific procedure is performed, but most suggested that this effect 
was of short duration. In 2002, Moseley et al. reported a placebo-
controlled, randomized study of 180 patients in which they 
concluded that there was no difference between arthroscopic 
debridement or arthroscopic lavage and sham surgery. Dervin 
et  al. prospectively evaluated 126 arthroscopic debridement 
procedures done for osteoarthritis of the knee and found that 
44% of patients had significant pain relief at 2 years after sur-
gery. Three variables were significantly associated with improve-
ments in symptoms: (1) medial joint line tenderness, (2) positive 
Steinmann test (forced external and internal rotation of a knee 

that is flexed to 90 degrees and recording pain that is referable to 
either joint line), and (3) an unstable meniscal tear identified at 
arthroscopy. Arthroscopic debridement procedures cannot sig-
nificantly alter the natural progression of osteoarthritis. Wai et al. 
retrospectively reviewed more than 14000 arthroscopic debride-
ment procedures performed for osteoarthritis and found that 
almost 20% of the patients had total knee arthroplasty within 3 
years of the surgery. This study showed that the rate of total knee 
arthroplasty after arthroscopic debridement increases signifi-
cantly with age; patients older than age 70 years were almost five 
times more likely to have total knee arthroplasty within 1 year after 
debridement than were patients younger than 60 years. At best, 
arthroscopic techniques may delay the need for a more definitive 
procedure, especially in younger, active patients with localized 
degenerative arthritis that causes pain at rest without malalign-
ment or instability. The role of arthroscopic knee debridement in 
the treatment of osteoarthritis remains controversial.

The American Academy of Orthopaedic Surgeons does 
not recommend arthroscopic debridement for osteoarthritis.

Arthroscopic techniques for debridement, drilling, and 
chondroplasty are described in Chapter 51. 

OSTEOCHONDRAL AND AUTOLOGOUS 
CHONDROCYTE TRANSPLANTATION
Overall satisfactory results have been reported after osteo-
chondral allograft transplant (78%); however, only 30% of 
knees with arthritis had satisfactory results. The technique 
has been described as a salvage procedure for young, active 
patients with severe articular cartilage degeneration of the 
patellofemoral joint.

Brittberg et al. of Sweden reported their results with autol-
ogous chondrocyte transplantation in 23 knees with deep 
cartilage defects. Two years after transplantation, 14 of 16 
patients with femoral condylar transplants had good or excel-
lent results; however, only two of seven patients with patellar 
transplants had good or excellent results. Other systematic 
reviews have shown autologous chondrocyte implantation to 
be no more effective than other methods of treatment, such 
as microfracture and mosaicplasty. Sharpe et  al. combined 
autologous chondrocyte implantation with osteochondral 
autografts. Autologous chondrocytes were injected under a 
periosteal patch covering the osteochondral autograft cores. All 
patients had significant improvement in symptoms at 1 year, 

 TABLE 9.6 

Prognostic Factors for Arthroscopic Debridement of Osteoarthritic Knee

PROGNOSIS HISTORY PHYSICAL EXAMINATION RADIOGRAPHIC FINDINGS ARTHROSCOPIC FINDINGS
Good Short duration

Associated trauma
First arthroscopy
Mechanical symptoms

Medial tenderness
Effusion
Normal alignment
Ligament stable

Unicompartmental
Normal alignment
Minimal Fairbank lesions
Loose bodies
Relevant osteophytes

Outerbridge I or II
Meniscal flap tear
Chondral fracture/flap
Loose bodies
Osteophyte at symptom site

Poor Long duration
Insidious onset
Multiple procedures
Rest pain
Litigation
Work related

Lateral tenderness
No effusion
Malalignment
Varus >10 degrees
Valgus >15 degrees
Ligaments unstable

Bicompartmental or 
tricompartment

Malalignment
Significant Fairbank lesions
Irrelevant osteophytes

Outerbridge III or IV
Degenerative meniscus
Diffuse chondrosis
Osteophyte away from 

symptom site

From Cole BJ, Harner CD: Degenerative arthritis of the knee in active patients: evaluation and management, J Am Acad Orthop Surg 7:389–402, 1999.
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with improvement maintained at 3 years. Franceschi et al. con-
cluded that simultaneous arthroscopic implantation of autol-
ogous chondrocytes and medial opening wedge osteotomy of 
the proximal tibia is a viable option for the treatment of chon-
dral defects of the medial tibial plateau in the varus knee.

Although satisfactory short-term results have been 
reported, currently data are insufficient to recommend autol-
ogous chondrocyte implantation as more effective than other 
treatments. Indications are limited and include isolated, full-
thickness, grade IV femoral defect and a tibial surface with no 
more than grade II chondromalacia. Patients must be willing 
to restrict activity for 12 months to allow the new cartilage to 
mature. A more detailed description of these techniques can 
be found in Chapter 45.

Improved knee scores at 2 years have been reported after 
arthroscopic debridement followed by stem cell injection 
derived from the infrapatellar fat pad. 

PROXIMAL TIBIAL OSTEOTOMY
High tibial osteotomy is a well-established procedure for the 
treatment of unicompartmental osteoarthritis of the knee. Most 
reports have shown approximately 80% satisfactory results at 
5 years and 60% at 10 years after high tibial osteotomy. These 
results also have been shown to deteriorate over time, however. 
The rate of proximal tibial osteotomies performed in North 
America has declined significantly in recent years, whereas 
the rate of total and unicompartmental knee arthroplasties has 
steadily increased. Nevertheless, high tibial osteotomy still is a 
useful procedure for properly selected patients.

Varus or valgus deformities are fairly common and cause 
an abnormal distribution of the weight-bearing stresses within 
the joint. The most common deformity in patients with osteo-
arthritis of the knee is a varus position, which causes stresses 
to be concentrated medially, accelerating degenerative changes 
in the medial part of the joint; if the deformity is one of valgus 
position, changes are accelerated in the lateral part. The bio-
mechanical rationale for proximal tibial osteotomy in patients 
with unicompartmental osteoarthritis of the knee is “unload-
ing” of the involved joint compartment by correcting the 
malalignment and redistributing the stresses on the knee joint.

Some authors have reported arthroscopic evidence of 
fibrocartilaginous repair in patients who have had a high 
tibial osteotomy. At second-look arthroscopy of 58 knees 
an average of 18 months after lateral closing wedge osteot-
omy, Kanamiya et al. found that only three of the 58 knees 
showed no signs of repair, and 55% of patients had partial 
or complete coverage of eburnated lesions with fibrocartilage. 
Wakabayashi et al. also noted reparative signs in 62% of com-
pletely eburnated bony lesions at arthroscopic examination 
12 months after high tibial osteotomy.

The indications for proximal tibial osteotomy are (1) 
pain and disability resulting from osteoarthritis that signifi-
cantly interfere with high-demand employment or recreation 
and (2) evidence on weight-bearing radiographs of degenera-
tive arthritis that is confined to one compartment with a cor-
responding varus or valgus deformity. The patient must be 
able to use crutches or a walker and have sufficient muscle 
strength and motivation to carry out a rehabilitation program. 
Contraindications to a proximal tibial osteotomy are (1) nar-
rowing of lateral compartment cartilage space, (2) lateral tibial 
subluxation of more than 1 cm, (3) medial compartment tibial 
bone loss of more than 2 or 3 mm, (4) flexion contracture of 

more than 15 degrees, (5) knee flexion of less than 90 degrees, 
(6) more than 20 degrees of correction needed, (7) inflamma-
tory arthritis, and (8) significant peripheral vascular disease.

Many techniques have been described for valgus proximal 
tibial osteotomy. Four basic types are most commonly used: 
medial opening wedge, lateral closing wedge, dome, and medial 
opening hemicallotasis. The technique with the longest “track 
record” is lateral closing wedge osteotomy first described by 
Coventry (see Technique 9.9). A medial opening wedge osteot-
omy with iliac crest bone graft and rigid fixation was described 
by Hernigou et  al. Opening wedge hemicallotasis, described 
by Turi et al., uses an external fixator to distract the osteotomy 
site gradually. There is no distinct advantage to using an open-
ing wedge or closing wedge osteotomy. A randomized trial 
between the two demonstrated no difference in clinical out-
come or radiographic alignment. The opening wedge group 
had more complications, but the closing wedge group experi-
enced more early conversion to total knee arthroplasty.

Maquet described a “barrel vault,” or dome, osteotomy, 
which he believed allowed more accuracy and adjustability of 
correction (Fig. 9.12). Because this osteotomy is inherently sta-
ble, internal fixation usually is not required, but pins, plate-and-
screw devices, or external fixation can be used if necessary. If no 
internal fixation is used, postoperative adjustments in alignment 
can be made by adjustments in the cast. Disadvantages of the 
technique include technical difficulty, intraarticular fracture, and 
scarring around the patellofemoral extensor mechanism.

 

+3°

15 mm

FIGURE 9.12 Barrel vault osteotomy of Maquet uses special 
jigs to orient dome osteotomy properly. Distal tibia can be trans-
lated if needed to change patellar tracking for patellofemoral 
degenerative changes.
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Because isolated lateral compartment osteoarthritis is not as 
common as medial compartment involvement, varus osteotomies 
to correct valgus deformities are infrequently done in patients with 
osteoarthritis. Marti et al. used a lateral opening wedge osteotomy 
with iliac crest bone grafting and rigid fixation to treat 34 osteoar-
thritic patients with valgus deformities. At a mean follow up of 11 
years, 88% had excellent or good results. Coventry recommended 
a medial closing wedge osteotomy to correct valgus deformity; 
however, if the valgus deformity is larger than 12 degrees, or if the 
joint surface tilt of the tibia after osteotomy will be more than 10 
degrees, he recommended a supracondylar medial closing wedge 
femoral osteotomy instead (Technique 9.11).

LATERAL CLOSING WEDGE OSTEOTOMY
Coventry described a closing wedge osteotomy made prox-
imal to the tibial tuberosity. He recommended a lateral 
approach to correct a varus deformity and a medial approach 
to correct a valgus deformity. The advantages of this osteot-
omy are that (1) it is made near the deformity, that is, the knee 
joint; (2) it is made through cancellous bone, which heals rap-
idly; (3) it permits the fragments to be held firmly in position 
by staples or a rigid fixation device, such as a plate-and-screw 
construct; and (4) it permits exploration of the knee through 
the same incision. After this operation, the danger of delayed 
union or nonunion is slight and prolonged immobilization in 
a cast is unnecessary, especially with rigid internal fixation.

Coventry found that the major complication was recur-
rence of deformity, which coincided with the recurrence of 
pain. He also found that the risk of failure was increased if 
alignment was not overcorrected to at least 8 degrees of val-
gus and if the patient was substantially overweight (30% over 
ideal body weight).

Longer-term follow-up (>10 years) confirmed a gradual 
deterioration of results over time. Most reports have shown 
satisfactory results in about 80% at 5 years and 60% at 10 
years after high tibial osteotomy. Berman et al. identified sev-
eral factors associated with favorable results, including (1) age 
younger than 60 years, (2) purely unicompartmental disease, 
(3) ligamentous stability, and (4) preoperative arc of motion 
of at least 90 degrees. Sprenger and Doerzbacher reported a 
90% 10-year survival rate in a retrospective study of 76 lateral 
closing wedge osteotomies.

Normally, there is valgus alignment of 5 to 8 degrees in 
the tibiofemoral angle as measured on radiographs taken in 
the weight-bearing position. The amount of correction of the 
arthritic knee needed to achieve a normal angle is calculated, 
and an additional 3 to 5 degrees of overcorrection is added 
to achieve approximately 10 degrees of valgus. With a varus 
deformity, the only limitation in the amount of correction 
from a valgus osteotomy is the size of the bone wedge that 
can be taken proximal to the patellar tendon.

Coventry used the method of Bauer et al. for calculating 
the size of the wedge removed as roughly 1 degree of correc-
tion for each 1 mm of length at the base of the wedge (e.g., 20 
degrees of correction = a 20-mm base of the wedge). This is true 
only if the tibia is 57 mm wide, however, and we prefer using 
exact measurements for the width of the base of the osteotomy, 
with a right triangle constructed from a preoperative draw-
ing (Fig. 9.13) or the formula W = diameter × 0.02 × angle or 
tangent tables. Alternately, full-length, near actual size, stand-
ing anteroposterior radiographs can be used to determine the 
size of the wedge needed. The desired alignment, based on the 

mechanical axis from the center of the femoral head through 
the knee to the center of the ankle, can be achieved by cutting 
the appropriate-sized wedge from the proximal tibia.

We also have used the technique of Slocum et al. of leaving 
a thin posteromedial lip of bone on the proximal tibial frag-
ment. When the osteotomy is closed after removal of the wedge 
of bone, this posterior lip overrides the proximal end of the dis-
tal fragment and gives added support and stability to the oste-
otomy (Fig. 9.14). If the deformity is undercorrected, we also 
have found it helpful to curet cancellous bone just medial to 
the lateral edge of the proximal tibia instead of removing more 
cortical bone; this allows the lateral cortical edge of the inferior 
margin of the osteotomy to slide beneath the proximal lateral 
cortex and lock the osteotomy further in place before internal 
fixation. Sadek, Osman, and Laklok found that anterior trans-
lation of the distal osteotomy fragment of greater than 1.5 cm 
led to significantly better postoperative functional knee scores.

Completion of the osteotomy and realigning the extrem-
ity requires disruption of the proximal tibiofibular joint. This 
can be accomplished by either removing the inferomedial 
portion of the fibular head (Fig. 9.15) or careful disruption 
of the proximal tibiofibular syndesmosis to allow posterosu-
perior migration of the fibula when the osteotomy is closed. 
Care should be taken to not injure the peroneal nerve.

Steinmann pins and a drill guide can be used to determine 
accurate placement of the osteotomy cuts (Fig. 9.16). Hofmann 
et  al. compared the results of tibial osteotomies performed 
using an osteotomy jig, rigid fixation (L-buttress plate), and 
early motion (immediate continuous passive motion machine 
and 50% weight bearing) with results of procedures in which 
the osteotomy cuts were determined by measuring the lat-
eral cortex and cylinder casts were used for postoperative sta-
bilization. They reported quicker union (3 vs. 4.5 months), 
fewer complications (5% vs. 42%), and less time to return of 
90 degrees of flexion with the jig technique. An advantage of 
this technique is that postoperative cast immobilization, which 
has been associated with patella baja, is not required. We also 
have had good results with this technique and prefer the use of 
jigs when performing a lateral closing wedge high tibial oste-
otomy (Fig. 9.17). Müller and Strecker reviewed 340 osteotomy 
procedures with same-session arthroscopy and found it indis-
pensable to check the indication for osteotomy, to modify the 
degree of correction or procedure according to the cartilage 
status, and to perform therapeutic procedures. Wu et al. stated 
after a meta-analysis that using navigation produced superior 
alignment accuracy and precision but no significant improve-
ment in clinical results.

The following technique outlines the basics for use of an 
osteotomy jig. There are several brands available. 

 

LATERAL CLOSING WEDGE 
OSTEOTOMY

 TECHNIQUE 9.9 

(MODIFIED COVENTRY; HOFMANN, WYATT, AND BECK)
 n  With the patient supine, place a sandbag under the involved 

hip to allow easier access to the lateral aspect of the knee. 
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A sandbag taped to the operating table helps maintain 90 
degrees of knee flexion during the operation. This position 
is important because it carries the popliteal vessels and pe-
roneal nerve posteriorly and relaxes the iliotibial band.

 n  Drape and prepare the limb from the anterior superior 
iliac spine to the ankle; apply and inflate a thigh tourni-
quet.

 n  Make an inverted-L–shaped incision for a lateral approach 
to the proximal tibia (Fig. 9.18A). The transverse limb of 
the incision is at the lateral joint line and extends posteri-
orly to the fibular head. The vertical limb is midline to the 
tibia and extends 10 cm distally.

 n  Carefully divide the proximal tibiofibular capsule with a 
sharp ¾-inch curved osteotome. Use a blunt Hohmann 
retractor to protect the neurovascular structures through-
out the procedure.

 n  Use Keith needles or small Kirschner wires to identify 
the joint line and insert the transverse osteotomy jig 
with the top portion touching the needles or wires (Fig. 
9.18B).

 n  Stabilize the jig by drilling to the third mark (3 inches) on 
the 3.2-mm drill bit and filling the hole with a smooth pin 
(⅛ inch).

 n  Flex and extend the osteotomy guide to match the patient’s 
posterior slope and to determine proper plate positioning. 

This can be confirmed by placing the plate over the smooth 
pin in the jig (Fig. 9.18C).

 n  When proper positioning is determined, drill a second 
hole, and fill it with a smooth pin.

 n  Through the central hole in the transverse osteotomy guide, 
adjacent to the osteotomy slot, drill completely across the 
tibia, and use a depth gauge to measure the tibial width.

 n  Insert the calibrated saw blade, and make the transverse 
limb of the osteotomy, keeping a 10-mm bridge of the 
medial cortex intact.

 n  Replace the transverse osteotomy jig with the slotted 
oblique jig; this jig is slotted in 2-mm increments to allow 
the desired degree of correction (6 to 20 degrees).

 n  Make the oblique portion of the osteotomy (Fig. 9.18D), 
and remove the oblique jig, leaving the pins in place.

 n  Remove the wedge of bone, and carefully inspect the os-
teotomy site to ensure no residual bone is left.

 n  Apply a buttress plate over the two smooth pins. Remove 
one pin, and replace it with a 6.5-mm cancellous screw, 
using the second pin as a parallel alignment marker (Fig. 
9.18E). Remove the second pin, and replace it with a 
cancellous screw. Screws 60 to 70 mm long usually are 
used in men, and screws 50 to 60 mm long usually are 
used in women. Shorter (50 mm) screws can be used in 
very young patients to make hardware removal easier 
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FIGURE 9.13 A, Calculation of size of bone wedge to be removed to accomplish desired 
degrees of correction with high tibial osteotomy. Apex angle (a) is number of degrees of correction 
desired for wedge osteotomy. Line ab corresponds to width of tibia and is marked off in 4-, 5-, 6-, 
and 7-cm distances from point a. Height of base of wedge can be measured (line bc for tibia, 7 cm 
wide). When tibia is 4 cm wide, height of base measured from diagram is 8 mm. B, Transferring 
calculations of size to wedge of osteotomy of tibia. Line ab represents transverse saw cut 2 cm 
below joint line with metal ruler inserted into cut. Angle at a represents correction desired and 
distance down second ruler. Line bc represents height of base of wedge to achieve this angular 
correction when ab represents width of tibia being osteotomized.
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when healing is complete. Do not tighten these screws 
until the distal cortical screws have been inserted.

 n  Using the two distal holes in the L-plate as a reference, 
use the drill alignment guide to place a single-cortex, 3.2-
mm hole in line with and distal to the plate (Fig. 9.18F). 
Slight toggling of the bit makes application of the com-
pression clamp easier.

 n  Insert the curved pin at the end of the compression clamp 
into this hole, while placing the straight pin on the end 
of the clamp into the most distal hole of the L-plate, and 
apply slow compression (Fig. 9.18G).

 n  Compression often takes 5 minutes, allowing plastic de-
formation to occur through the incomplete osteotomy 
site. If compression is difficult, check that the proximal 

tibiofibular joint is completely disrupted and that any re-
sidual bone wedge has been removed.

 n  When the osteotomy is closed, evaluate overall alignment 
with either a long alignment rod or an electrocautery 
cord. When aligned from the center of the hip to the 
center of the ankle, the plumb line should pass through 
the lateral compartment of the knee.

 

A

B

Posterior
cortex of
tibia

Osteotomy
closed

Medial
cortex

Osteotomy
before closure

Removed
wedge

FIGURE 9.14 A, Bone wedge is cut to but not through poste-
rior cortex of tibia before its removal. B, Lower saw cut is deepened 
through posterior cortex and osteotomy wedge closed as illus-
trated on right. This permits posterior lip of bone above to override 
cortex distal to osteotomy for stability. The distal segment of the 
osteotomy translates anteriorly for a short distance to improve 
patellofemoral tracking.

 

Biceps
femoris

FIGURE 9.15 Partial removal of fibular head in lateral or 
valgus osteotomy of proximal tibia.

 FIGURE 9.16 Steinmann pins used as an osteotomy guide. 
Cuts are made with a broad osteotome viewed with an image 
intensifier.
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 n  Confirm alignment and placement of the plate with an-
teroposterior and lateral radiographs or fluoroscopy.

 n  Through the central round hole in the plate, drill a hole 
with the 3.2-mm drill bit and insert a self-tapping cortical 
screw (Fig. 9.18H).

 n  Remove the compression device and insert a cortical 
screw in the most distal hole in the plate. Tighten the 
proximal cancellous screws. Do not apply severe torque 
when tightening any of the screws, especially the corti-
cal screws. A power screwdriver is not recommended for 
final tightening.

 n  Release the tourniquet and obtain hemostasis with elec-
trocautery. Irrigate the wound, insert a small suction 
drain, and loosely approximate the fascia of the anterior 
compartment and the iliotibial band with interrupted 
sutures. Close the subcutaneous tissue with interrupted 
absorbable sutures, and close the skin with staples and 
sterile strips. Apply a large compressive Jones dressing.

POSTOPERATIVE CARE Continuous passive motion is 
begun immediately after surgery in the recovery room, 
usually from 0 to 30 degrees of flexion, progressing 10 
degrees each day. Ambulation is begun on the second day 
after surgery, and 50% weight bearing is allowed for the 
first 6 weeks with the use of crutches. Muscle strengthen-
ing and active range-of-motion exercises also are begun 
on postoperative day 2. Full weight bearing is allowed af-
ter 6 weeks.
  

MEDIAL OPENING WEDGE OSTEOTOMY
Hernigou et al. described a medial opening wedge tibial oste-
otomy (Fig. 9.19), which they thought is more precise and 
allows more exact correction than does a lateral closing wedge 

osteotomy. Use of an osteotomy jig and rigid plate fixation is 
recommended. Tricortical iliac crest autograft with supple-
mental cancellous graft material also is recommended; how-
ever, other structural graft material, such as hydroxyapatite 
wedges, can be successful. Opening wedge osteotomy should 
be done if the involved extremity is 2 cm or more shorter 
than the contralateral extremity. Opening wedge osteotomy 
also may be indicated in patients with laxity of the medial 
collateral ligament or combined anterior cruciate ligament 
deficiency. Arthur et al. performed proximal tibial opening 
wedge osteotomies as the initial treatment for chronic grade 
III posterolateral corner instability with a combined varus 
deformity in 21 patients. Two thirds of these patients did not 
require second-stage ligament reconstruction procedures. 
In a biomechanical study, LaPrade et al. demonstrated that 
opening wedge proximal tibial osteotomy decreased varus 
and external rotation laxity for posterolateral corner–defi-
cient knees. They thought that this was, in part, caused by 
tightening of the superficial medial collateral ligament. After 
reviewing 117 medial opening wedge osteotomies, Stanley 
et  al. found no significant difference in radiographic cor-
rection of alignment between navigated and fluoroscopic 
techniques.

A lateral hinge fracture with extension into the lateral 
tibial plateau is a common complication with medial opening 
wedge osteotomy occurring in 15% to 18% of patients. Ogawa 
et al. stated that a sufficient osteotomy of both anterior and 
posterior cortices with the endpoint at the level of the fibular 
head is necessary to avoid a lateral hinge fracture.

Leg-length discrepancy is a common finding after open 
wedge osteotomy. Careful leg-length measurements should 
be made before surgery. If the leg involved is of equal length 
or longer than the contralateral leg, consideration should be 
given to a lateral closing wedge osteotomy because there is 
minimal change in leg length with that procedure. 

 

A B

FIGURE 9.17 A, Medial joint collapse resulting in varus deformity and medial knee pain. B, 
After high tibial osteotomy.
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FIGURE 9.18 High tibial osteotomy with use of osteotomy jig (see text). A, Incision. B, Posi-
tioning of transverse osteotomy guide. C, Determination of correct position of jig. D, Placement of 
oblique osteotomy guide over 3.2-mm smooth pins and performance of osteotomy. E, Placement of 
L-shaped osteotomy plate. F, Application of compression clamp. G, Application of slow compression. 
H, Fixation of distal plate. SEE TECHNIQUE 9.9.
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A B

FIGURE 9.19 Hernigou et al. medial opening wedge tibial 
osteotomy. A, Osteotomy proximal to tibial tubercle begins 3.5 cm 
distal to medial joint line and is directed toward proximal tip of 
fibula, leaving lateral part of cortex intact. B, Osteotomy is pried 
open, and wedge-shaped bicortical iliac bone grafts are inserted. 
Osteotomy is fixed with plate and screws.

OPENING WEDGE HEMICALLOTASIS
Schwartsman advocated the use of circular external fixation 
after percutaneous tibial osteotomy (Ilizarov technique) dis-
tal to the tibial tuberosity so that accurate adjustments can be 
made postoperatively on the basis of standing, weight-bearing 
radiographs. He suggested that healing is more reliable after 
opening wedge percutaneous corticotomy than after open 
closing wedge osteotomy and that placement of the osteot-
omy below the tibial tubercle minimizes the chance of patella 
infera and loss of proximal tibial bone stock that may compli-
cate later total knee arthroplasty. He also cited as advantages 
the ability to translate the distal fragment to restore mechani-
cal alignment, improved stability of fixation, and immedi-
ate weight bearing and knee motion of 0 to 90 degrees in the 
circular frame. Disadvantages of the Ilizarov technique for 
proximal tibial osteotomy include poor patient acceptance of 
the external fixator, pin loosening, the possibility of pin track 
infection that may compromise later total knee arthroplasty, 
and the need for extremely close follow-up. This technique 
also requires patients to make numerous daily adjustments 
to the fixator, which can be overwhelming for some patients.

Turi et  al. described an opening wedge osteotomy with 
a dynamic uniplanar external fixator using hemicallota-
sis techniques. In this procedure, the medial osteotomy is 
made below the tibial tuberosity. A dynamic external fix-
ator is applied, and beginning 7 days postoperatively, the fix-
ator is distracted 0.25 mm four times a day until correction 
is obtained. Five-year and 10-year survivorships of 89% and 
63%, respectively, have been reported after this procedure, 
with few serious complications, although superficial pin track 
infections were frequent. Opening wedge hemicallotasis has 
been compared with dome osteotomy in patients with osteo-
arthritic varus deformities. Patients in the hemicallotasis 
group had little change in patellar tendon length or direction 

angle of the tibial plateau compared with patients with dome 
osteotomies, who showed decreases in both. Closing wedge 
valgus osteotomy has been compared with opening wedge 
osteotomy hemicallotasis, with no clinical differences found 
between the two groups at 2 years.

Mizuta et al. compared distraction frequencies in patients 
who had opening wedge hemicallotasis. Those who had dis-
traction of 0.25 mm eight times each day had significantly 
higher radiographic mineral density compared with those 
who had distraction 0.125 mm four times each day. Pulsed 
ultrasound during the consolidation phase has been shown to 
accelerate callus maturation. The consolidation phase begins 
when the mineral density of the gap is thought to be strong 
enough to allow fixator removal. 

 

OPENING WEDGE HEMICALLOTASIS
Turi’s opening wedge osteotomy hemicallotasis technique 
uses an articulated dynamic fixator, in which the patient 
distracts the osteotomy four times a day until correction is 
achieved.

 TECHNIQUE 9.10 

(TURI ET AL.)
 n  With the patient supine, tape a sandbag to the operating 

table to help maintain 90 degrees of flexion during the 
surgery. Use a tourniquet and image intensification.

 n  Position the fixator over the leg to check the position of 
the pin clamps, osteotomy site, and hinge. The proximal 
pins should be placed at least 15 mm below the joint line 
to avoid intracapsular pin placement.

 n  The osteotomy site is below the tibial tuberosity. Make 
the incision for the osteotomy before placement of the 
fixator so that the dissection is not encumbered. Make 
a longitudinal incision just medial to the tibial tuberosity 
extending distally 3 to 4 cm.

 n  Reflect the pes anserinus subperiosteally to expose the 
proximal tibial osteotomy site.

 n  Superimpose the hinge of the fixator over the lateral tibial 
cortex at the level of the osteotomy (Fig. 9.20A).

 n  When the fixator is in the proper position, secure it to 
the bone with temporary Kirschner wires placed through 
holes in the frame (Fig. 9.20B). Ensure that the fixator 
is at least one fingerbreadth from the skin to allow for 
soft-tissue swelling. Check the placement of the Kirschner 
wires with fluoroscopy to ensure they are perpendicular 
to the tibial shaft.

 n  Place the screw guide through the clamp for the lateral 
proximal pin, and push against the skin to determine the 
location of the incision. Make the incision, and use a 4.8-
mm drill bit to make a pilot hole for the pin. Manually screw 
the pin into the bone through the screw guide (Fig. 9.20C).

 n  Repeat the procedure for the medial proximal pin. Both 
pins should engage the posterior cortex (Fig. 9.20D). 
Tighten the clamps to the pins, and remove the provi-
sional Kirschner wires.

 n  Repeat the pin placement procedure for the distal pins 
using the fixator as a guide, and tighten the clamp to the 
distal pins (Fig. 9.20E).
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  FIGURE 9.20 Opening wedge osteotomy hemicallotasis with Orthofix (Verona, Italy) dynamic 
external fixator. A, Positioning of fixator. B, Fixator provisionally secured with Kirschner wires. C, 
Proximal fixator pin inserted. D, Medial and lateral proximal fixator pins. E, Distal fixator pins placed. 
F, Osteotomy guide attached. G, Series of holes drilled at osteotomy site. H, Holes connected with 
osteotome or saw. I, Distraction of osteotomy. SEE TECHNIQUE 9.10.
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 n  Ensure that all fixator locking and hinge screws are tight-
ened.

 n  Use the plastic thumb screws to attach the osteotomy 
guide to the fixator (Fig. 9.20F).

 n  Insert a drill guide through the slot of the osteotomy 
guide, and make a series of holes in the medial two thirds 
of the proximal tibia using a drill bit (Fig. 9.20G). Com-
plete the osteotomy by connecting the holes with a thin, 
straight osteotome placed through the slot of the oste-
otomy guide (Fig. 9.20H). Alternatively, a thin saw blade 
can be used.

 n  Remove the osteotomy guide, and open the fixator to 
the desired correction angle by turning the distraction 
mechanism (Fig. 9.20I). This ensures that the osteotomy 
is complete and that the desired amount of correction 
can be achieved. The mechanical axis of the limb can be 
fluoroscopically checked using a Bovie cord held from the 
hip joint center to the center of the ankle joint. At the 
knee joint, the cord should be at or just lateral to the tibial 
eminence.

 n  When the proper correction is achieved, check and record 
the distraction level from the markings on the fixator. At 
this point, close the distraction mechanism to compress 
the osteotomy site. Lock the fixator and carefully suture 
the periosteum to cover the osteotomy site.

POSTOPERATIVE CARE Continuous passive motion is 
begun immediately after surgery in the recovery room, usu-
ally from 0 to 45 degrees of flexion, progressing at least 20 
degrees each day. Ambulation is begun the day after sur-
gery, allowing weight bearing to tolerance with crutches. 
The drain is removed 1 or 2 days after surgery, depending 
on the output. Patients are instructed on proper pin site 
care and on the distraction technique. Seven days after 
surgery, the patient begins distracting the fixator at a rate 
of 1 mm/day by turning the distracter a quarter turn four 
times a day until the desired correction angle is achieved. 
Close follow-up is necessary to check weight-bearing ra-
diographs and pin sites and to ensure that the patient 
is distracting the fixator properly. When the appropriate 
correction is achieved, the fixator is locked. If radiographs 
show good callus formation, the locking nut is released and 
dynamic loading is started. The fixator is removed after sol-
id union is achieved, generally by 12 weeks after surgery.
  

Complications. Although medial opening wedge hemi-
callotasis avoids problems with the patellar tendon and tibial 
inclination, the procedure is not without complications (up 
to 76% in one study, including pin track infections, deep vein 
thrombosis, technical error, and septic arthritis). Psychosocial 
issues also are associated with the use of external fixation 
devices, and pin track infections have been reported to cause 
delayed septic gonarthritis. Inadequate correction also has 
been reported with this technique. 

GENERAL COMPLICATIONS OF HIGH TIBIAL 
OSTEOTOMY
Other reported complications of proximal tibial osteotomy 
include recurrence of deformity (loss of correction), peroneal 
nerve palsy, nonunion, infection, knee stiffness or instability, 

intraarticular fracture, deep vein thrombosis, compartment 
syndrome, patella infra, and osteonecrosis of the proximal 
fragment. Inadequate correction and recurrent varus defor-
mity have been reported to occur in 5% to 30% of patients with 
proximal tibial osteotomy. Recurrence of a varus deformity 
was the most common complication in Coventry’s report of 
213 proximal tibial osteotomies. He attributed the recurrence 
to inadequate correction at the time of surgery and suggested 
that overcorrection beyond the normal 5 degrees of anatomic 
valgus decreased the frequency of this complication.

Peroneal nerve injury most often is related to fibular oste-
otomy performed in conjunction with proximal tibial osteot-
omy. The peroneal nerve is most at risk with osteotomy of the 
proximal fibula, where the nerve wraps around the neck of 
the fibula before dividing into deep and superficial branches 
(Fig. 9.21). Popliteal artery injury is rare but devastating. A 
cadaver study demonstrated that at 90 degrees of flexion, the 
distance between the osteotomy blade and the popliteal artery 
averaged only 10.6 mm. The authors of that study recom-
mended keeping something substantial between the proximal 
tibia and the popliteal artery especially when using an oscil-
lating power saw.

Most patients develop significant patella baja after proxi-
mal tibial osteotomy. Several factors may cause this, including 
shortening of the patellar tendon after prolonged immobiliza-
tion, new bone formation at the site of the osteotomy in the 
area of the insertion of the patellar tendon, and fibrosis of the 
patellar tendon. The decrease in the height of the patella has 
no appreciable effect, however, on the success or failure of the 
osteotomy or the need for subsequent total joint replacement. 
Patella baja is likely, however, to make a subsequent total knee 
arthroplasty more technically demanding.

High Tibial Osteotomy or Arthroplasty. A meta-analysis 
by Fu et al. of clinical outcomes after high tibial osteotomy and 
medial compartment arthroplasty showed better knee function 
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FIGURE 9.21 Regions at high and low risk for intraoperative 
injury of peroneal nerve during fibular osteotomy.
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in the arthroplasty group but no difference in knee score. The 
10-year survival rate for medial compartment arthroplasty 
reported by Pandit et  al. was 91%. The 10-year survival rate 
for high tibial osteotomy was 60%. Unicompartmental arthro-
plasty is becoming much more popular and is less stressful for 
the patient than total knee arthroplasty. Of the two arthroplasty 
procedures, a unicompartmental arthroplasty is more likely to 
be “forgotten” by the patient according to Zuiderbaan et  al. 
Becker and Hirschmann stated that patients with the varus 
morphotype may be better served with an osteotomy to unload 
the already overloaded medial compartment. Careful patient 
selection is necessary for the best outcome. If the underlying 
cause is significant malalignment, then osteotomy may be pre-
ferred. Unicompartmental arthroplasty may be best suited for 
true medial compartment arthritis. If the problem is an undi-
agnosed early inflammatory arthritis, then the best choice may 
be a total knee arthroplasty. 

TOTAL KNEE ARTHROPLASTY AFTER PROXIMAL 
TIBIAL OSTEOTOMY
At 10 to 15 years after proximal tibial osteotomy, 40% of 
patients require conversion to total knee arthroplasty. Most 
series of total knee arthroplasties after proximal tibial osteo-
tomies report slightly lower rates of good and excellent clinical 
results than those reported for primary total knee arthroplasty.

Studies have shown that the outcome of total knee arthro-
plasty in patients with previous high tibial osteotomies was not 
significantly different from outcomes after primary total knee 
arthroplasty, although total knee arthroplasty after high tibial 
osteotomy is technically demanding and is a longer operative 
procedure. Unicompartmental arthroplasty has poor results 
after high tibial osteotomy (28% failure at 5 years).

The operative technique of total knee arthroplasty can be 
complicated by several factors in patients with proximal tibial 
osteotomies. Obtaining adequate exposure is the most fre-
quently encountered technical difficulty. Lateral ligamentous 
laxity can occur because of proximal “riding” of the fibula, and 
maintaining continuity of the medial soft-tissue sleeve during 
exposure can be difficult because scarring at the level of the 
osteotomy causes laxity of the medial collateral ligament. The 
posterior cruciate ligament usually is scarred, making poste-
rior cruciate ligament substitution necessary. The lateral tibial 
plateau usually is the more deficient side and may require bone 
grafting or metal block augmentation. Offset of the proximal 
fragment laterally or posteriorly can make stem placement dif-
ficult. Patella baja may require tibial tubercle osteotomy.

Parvizi et  al. reported their results of 166 total knee 
arthroplasties in 118 patients with previous lateral closing 
wedge proximal tibial osteotomies done for osteoarthritis. At 
the 15-year follow-up, the survival rate was 89%. Risk factors 
for early failure requiring revision were male gender, obesity, 
and age older than 60 years at the time of total knee arthro-
plasty. In a subgroup of patients who had bilateral total knee 
arthroplasties, one knee in each had not had a proximal tibial 
osteotomy, and the other knee had a previous proximal tibial 
osteotomy. In contrast to the patients reported by Meding 
et al., the knees with previous osteotomies did not do as well 
as the knees without osteotomies. The total knee arthroplas-
ties after osteotomy had a significantly higher number of 
radiolucent lines than those without osteotomy. Techniques 
for total knee arthroplasty after proximal tibial osteotomy are 
described in detail in Chapter 7. 

DISTAL FEMORAL OSTEOTOMY
If the valgus deformity at the knee is more than 12 to 15 
degrees, or the plane of the knee joint deviates from the hori-
zontal by more than 10 degrees, Coventry recommended a 
distal femoral varus osteotomy rather than a proximal tibial 
varus osteotomy. In a comparative study, Berruto et al. found 
that functional results after supracondylar osteotomy did not 
differ significantly from those after total knee arthroplasty, 
and they suggested that femoral osteotomy is a valid alterna-
tive to total knee arthroplasty in active patients younger than 
65 years with valgus angulation of no more than 15 degrees 
(Fig. 9.22). Reported success rates for distal femoral osteot-
omies performed for osteoarthritis range from 71% to 86% 
good or excellent results. Poor outcomes have been noted in 
patients with rheumatoid arthritis and patients with inade-
quate motion of the knee before distal femoral osteotomy.

Total knee arthroplasty after distal femoral osteotomy can 
be complicated by exposure difficulties from scarring and dif-
ficulty in hardware removal. Blade plates and supracondylar 
compression screw devices usually must be removed before 
preparation of the distal femur for total knee arthroplasty. If 
a supracondylar locking plate (Fig. 9.23) is used for the oste-
otomy, distal femoral instrumentation can be performed after 
percutaneous locking screw removal and the use of a short 
intramedullary guide rod and extramedullary alignment 
instrumentation. Opening wedge distal femoral varus oste-
otomy techniques have been described for lateral compart-
ment osteoarthritis of the knee. One 5-year follow-up study 
of 18 opening wedge osteotomies demonstrated a cumulative 
survival of 80% comparable to that after closing wedge oste-
otomy. The technique is, however, technically demanding and 
reoperation is common.

The technique for a closing wedge distal femoral varus oste-
otomy is described next. The use of patient-specific, printed cut-
ting guides can significantly reduce operative and fluoroscopy 
time according to Shi et al. in a 54-patient comparative study.

 

A B

FIGURE 9.22 Varus distal femoral osteotomy. A, Preoperative 
radiograph. B, Radiograph 10 years postoperatively.
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 FIGURE 9.23 Distal femoral locking plate. Supracondylar 
osteotomy performed with a locking plate. Distal screws can be 
removed percutaneously to allow instrumentation of the distal 
femur without the need for plate removal.

 

30°

30°

30°

FIGURE 9.24 Coventry technique of lower femoral osteotomy. 
Angle to be corrected is measured on preoperative radiograph, and 
nail of blade plate is driven into femoral metaphysis so that plate 
can accomplish desired correction when attached to osteotomized 
femoral shaft. Wedge with apical angle equal to amount of correc-
tion is removed with osteotomy. SEE TECHNIQUE 9.11.

 

VARUS DISTAL FEMORAL OSTEOTOMY
In Coventry’s method, a medial approach is used. An anterior 
total knee incision also can be used by exposing the medial 
distal femur through a subvastus approach. This can avoid 
skin bridges if subsequent total knee arthroplasty is required.

 TECHNIQUE 9.11 

(COVENTRY)
 n  Make a medial incision separating the rectus femoris and 

vastus medialis at their junction, expose the lower part of 
the femur, and displace the suprapatellar pouch distally 
without opening it until the base of the medial femoral 
condyle is exposed.

 n  To achieve the desired position of the femoral condyles, 
construct a template (1) to indicate the proper size of the 
wedge of bone to be removed and (2) to establish the 
required angle between the plate of the blade plate used 
for internal fixation and the lateral surface of the cortex 
at the time the blade plate is inserted (Fig. 9.24). The tip 
of the blade should just penetrate the opposite cortex for 
firm fixation. Use an appropriate retractor and maintain 
knee flexion to protect the neurovascular structures.

 n  Determine the proper site and angle of insertion and 
the length of the blade by evaluating radiographs of a 
Kirschner wire inserted in the distal fragment. Use this 
wire, when in the desired position, as a guide for insertion 
of the nail.

 n  Use a power saw to cut the femur after insertion of the 
blade of the plate.

 n  Bring the plate into contact with the diaphysis after re-
moving a wedge or simply cutting across the bone and 
countersinking the distal end of the proximal fragment 
into the medullary cavity of the distal portion.

 n  Secure the plate to the proximal fragment with screws. Cor-
rect any flexion deformity by appropriate placement of the 
nail plate. Insert suction drainage tubes and close the wound.

POSTOPERATIVE CARE The extremity is treated in the 
same manner as after a proximal tibial osteotomy. (see 
also Video 9.1.)
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TOTAL ANKLE ARTHROPLASTY
G. Andrew Murphy

CHAPTER 10

Although many orthopaedic surgeons abandoned ankle 
arthroplasty because of high failure and complication rates, the 
continued search for alternatives to ankle arthrodesis for ankle 
arthritis has led to a renewal of interest. The development of 
contemporary designs more biomechanically compatible with 
the anatomy and kinematics of the ankle, improved techniques 
and instrumentation, and the introduction of biologic ingrowth 
for component fixation have led to a profusion of studies evalu-
ating the design, technique, and outcomes of total ankle arthro-
plasty (TAA). The results of these studies have spurred an 
increase in the use of TAA as an alternative to traditional ankle 
arthrodesis for a number of conditions. As surgeons become 
more experienced with the technique, the frequency of TAA 
has increased dramatically over the past decade, particularly in 
patients with posttraumatic arthritis and osteoarthritis.

DEVELOPMENT OF TOTAL ANKLE 
ARTHROPLASTY SYSTEMS
Since the first report of TAA in the 1970s, many TAA systems 
have been introduced. The first-generation, cemented, con-
strained designs were very stable but required extensive bony 
resection for implantation and frequently failed because of loos-
ening, subsidence, and extensive osteolysis. Second-generation, 
less constrained implants required less bone resection and did 
not require cement fixation; because shear forces and torsion at 
the bone-prosthesis were reduced, loosening was less frequent. 

However, increased polyethylene wear and failure compromised 
the stability of the components, often leading to painful impinge-
ment and subluxation or complete dislocation of the components. 
Contemporary, third-generation, semi-constrained total ankle 
systems consist of three components: a metallic baseplate that is 
fixed to the tibia, a domed or condylar-shaped metallic compo-
nent that resurfaces the talus, and an ultrahigh-molecular-weight 
polyethylene bearing surface interposed between the tibial and 
talar components. Systems in which the polyethylene component 
is locked into the baseplate are often referred to as “two-piece” 
or “fixed-bearing” designs, whereas those with the polyethylene 
component not attached to the baseplate are called “three-piece” 
or mobile or meniscal bearing systems. Currently, there are over 50 
different TAA systems in use worldwide, most of which have not 
been approved for use by the US Food and Drug Administration 
(FDA). There is no convincing evidence of the clear superiority of 
one design over another among the currently available systems; 
choice of a prosthesis depends on individual patient factors, insti-
tutional factors, and the surgeon’s training and experience. 

DESIGN RATIONALE
The development of an implant system that mimics the nor-
mal anatomy and biomechanics of the ankle and achieves suc-
cess rates similar to those of hip and knee arthroplasty has been 
hampered by several anatomic features of the ankle joint: (1) 
the ankle has significantly less contact area between joint sur-
faces than the hip or knee; (2) the ankle experiences 5.5 times 
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body weight with normal ambulation, compared with three 
times body weight at the knee; and (3) the articular cartilage 
surface of the ankle is uniformly thinner than that of the knee.

The biomechanical concepts that have resulted in the 
most recent generation of ankle arthroplasties are somewhat 
beyond the scope of a surgical-oriented textbook; however, 
the number and variety of implants on the market demand a 
familiarity of basic principles of component design.

The design of TAA systems continues to evolve as we learn 
more about the modes of failure from longer-term studies. 
First-generation implants had high rates of osteolysis, implant 
loosening, tibial and talar bone loss, and wound complica-
tions. Second-generation designs used porous metal-backed 
surfaces to improve osseous integration; replaced the tibiota-
lar, talofibular, and medial-malleolar-talar articulations; and/or 
improved stability by fusing the syndesmosis. Complications 
related to nonunion of the syndesmosis, polyethylene wear, 
and migration and impingement of the implants led to a num-
ber of modifications in third- and fourth-generation designs: 
less bone resection, more bony ingrowth, retention of ligamen-
tous support, and anatomic balancing.

FIXED-BEARING VERSUS 
MOBILE-BEARING DESIGNS
Most modern implants fall into two basic groups: those with a 
mobile polyethylene component that has the ability, at least in 
theory, to move under the tibial component to adapt to changes 
in joint forces (Fig. 10.1A) and those with the polyethylene com-
ponent fixed rigidly to the tibial component (Fig. 10.1B). Mobile-
bearing designs are used most commonly in Europe and have 

a long history of outcomes from which they can be evaluated. 
Another theoretical advantage of these designs is the “forgive-
ness” of the implant, which allows small variances in alignment 
to be compensated for by a reorientation of the prosthesis to 
accommodate the joint forces. The ability of the polyethylene 
component to move should, in theory, keep the articulation 
between the talar component and the polyethylene component 
more congruent and less likely to lead to edge load and advanced 
wear. In experienced hands, however, there is a question of how 
much the polyethylene component actually moves under the 
tibia. Barg et al. found very little anteroposterior movement of 
the talar component under the tibia in follow-up radiographs 
of a three-component, mobile-bearing design. They noted that 
the prosthesis functioned largely like a fixed-bearing design, but 
with a possible advantage of allowing an individualized position 
of the polyethylene insert in response to individual soft-tissue 
loads produced by different ankle joint configurations. Aside 
from the STAR ankle implants (Fig. 10.2), implants approved for 
use in the United States are fixed-bearing designs.

Proponents of fixed-bearing designs suggest that the nor-
mal ankle joint, as opposed to the knee, has a more stable cen-
tral axis of motion and less need for an additional degree of 
freedom of motion. Backside polyethylene wear against the 
tibial component is a major concern with mobile-bearing 
designs and less with fixed designs. Attention to detail in the 
proper alignment of the prosthesis along the mechanical axis 
of the limb has been suggested to prevent excessive wear.

A multicenter study by Gaudot et  al. comparing fixed-
bearing with mobile-bearing implants found no signifi-
cant differences in accuracy of positioning, clinical and 

 

A B

FIGURE 10.1 A, Mobile-bearing, three-component total ankle replacement; polyethylene 
is independent of tibial component. B, Fixed-bearing, two-component ankle replacement; poly-
ethylene is fixed to tibial component.  (From Easley ME, Adams SB Jr, Hembree C, DeOrio JK: Current 
concepts review: results of total ankle arthroplasty, J Bone Joint Surg 93A:1455, 2011.)
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radiographic mobility, or morbidity. In a more recent ran-
domized trial, Queen et al. also found no clinically meaningful 
differences in outcomes between the two implant types when 
examining gait mechanics and pain at 1-year follow-up. The 
most recent American Orthopaedic Foot and Ankle Society 
(AOFAS) scores were higher for patients with fixed-bearing 
implants than for those with mobile-bearing implants, and 
radiolucent lines and subchondral cysts were less frequent. In 
contrast, Currier et al. analyzed 70 retrieved ankle implants, 
most commonly for loosening and polyethylene fracture. 
Loosening occurred more frequently in fixed-bearing designs 
than in mobile-bearing designs. Lundeen et al. in a study of 
patients with a third-generation mobile-bearing TAA con-
cluded that the multiplanar articulation in mobile-bearing 
TAA may reduce excessively high peak pressures during tibial 
and talar motion, which may have a positive effect on gait pat-
tern, polyethylene wear, and implant longevity. 

ALIGNMENT
Currently available implant systems are designed to be placed 
along the mechanical axis of the limb and depend on satis-
factory alignment above and below the ankle joint. The most 
common method of obtaining correct alignment is an exter-
nal alignment jig, using intraoperative fluoroscopy to judge 
the alignment. At least one system uses an intramedullary 
alignment rod (Fig. 10.3). One innovation is a tomography-
produced customized cutting jig, such as those available for 
knee arthroplasty. Patient-specific instrumentation has been 
successfully used in arthroplasty of other joints (e.g., knee, 
shoulder, hip), but has rarely been described in TAA. Cadaver 
and clinical studies have shown this instrumentation to pro-
vide accuracy and reproducibility among multiple surgeons, 
implants, and facilities. Hamid et al. did not find a difference 
in postoperative alignment with patient-specific instrumenta-
tion or standard referencing; however, use of patient-specific 

instrumentation significantly decreased operative time 
and, thus, costs. Another fairly recent system uses a lateral 
approach to more accurately reproduce the center of rotation 
of the ankle and minimize bone resection (Fig. 10.4). 

INGROWTH VERSUS CEMENT FIXATION
In the United States, FDA-approved designs, except for the 
fourth-generation STAR ankle and the Hintermann Series2, 
are approved for use with cement and, although they are often 
porous coated similar to the cement-less implants of the hip 
or knee, implantation of the components without cement is 
considered off-label use. There are few reports comparing the 
use of cement with ingrowth fixation in the literature, and at 
this time, there does not appear to be a consensus on the issue. 

METAPHYSEAL FIXATION
Distribution of the forces over as broad an area as possible 
is one goal of implant design. Tibial components should, if 
possible, rest flush on the cut surface of the metaphysis of the 
tibia and engage the anterior and posterior cortices without 
significant overhang. The use of stems of some type to help 
with the stability of the implant and broaden the weight-bear-
ing surface seems prudent. Some designs have stems that are 
placed through a cut-out notch in the anterior cortex, and 
others are driven into the metaphysis in an intramedullary 
fashion. Changes in the geometry and depth of resection of 
the tibia and talus have been suggested to decrease aseptic 
component loosening. In a biomechanical study, standard 
flat-cut resections were compared to subject-specific, ana-
tomic radius-based (round) resections to determine their 
effect on bony support. Statistically significant decreases in 
bony support for both the talus (8% to 19%) and tibia (8% 
to 46%) were seen with flat-cut resections. The authors con-
cluded that biomechanical characteristics of TAA affected by 
bony support of the prostheses, including implant stability 

 

A B

FIGURE 10.2 A and B, STAR arthroplasty in patient with good bone quality and minimal 
deformity. (Courtesy Dr. William C. McGarvey, Houston, TX.) 
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and resistance to subsidence, may be improved with round 
resections compared to flat-cut resections. 

TALAR COMPONENT DESIGN
Because the talar component is subjected to high forces dur-
ing normal gait, talar components that cover the entire surface 
of the talus might have the advantage of better distribution of 
these forces and smaller chance of subsidence into the body 
of the talus. Balanced against this is the concern for wear or 
impingement in the medial and lateral ankle gutters. Fukuda 
et al. demonstrated that a talar component placed in a malro-
tated position had poor contact characteristics at the extremes 
of ankle motion, causing concern for increased polyethylene 
wear or talar component loosening. Evaluating the contact 
pressures with the Agility total ankle design, Nicholson et al. 
found pressures higher than those recommended for the talar 
component–polyethylene articulation. Although this design 

has been modified since this study in 2004, the findings dem-
onstrate the issue of talar component design regarding con-
tact pressure and potential wear. 

POLYETHYLENE WEAR
Wear debris of polyethylene within joint replacement systems 
has been shown to result in clinical complications, includ-
ing osteolysis and component loosening. Highly cross-linked 
polyethylene (HXPE) was introduced to avoid these com-
plications and has been shown to result in improved wear 
performance in total hip, knee, and shoulder implants. In a 
biomechanical study of bicondylar, fixed-bearing total ankle 
implants with either conventional polyethylene or HXPE, 
Bischoff et al. found that HXPE samples exhibited a wear rate 
reduction of 74% compared with conventional polyethylene 
articulating on metal. The extent to which these laboratory 
findings affect clinical outcomes has not been determined, 
and clinical outcomes studies are needed to clarify the ben-
efits of HXPE in TAA implants. 

PREOPERATIVE EVALUATION
A thorough understanding of the patient’s medical history 
and review of systems are important in the decision-mak-
ing process and the consideration of the patient for TAA. 
Systemic diseases such as diabetes, inflammatory arthritis, 
chronic obstructive pulmonary disease, and peripheral vas-
cular or heart disease may adversely affect the outcome and 
healing of the incision. Conditions such as sleep apnea, mal-
nutrition, vitamin D deficiency, and depression are associated 
with decreased functional outcomes and poor results. We do 
not perform elective TAA in active smokers. It must be clear 
that the ankle joint is indeed the cause of the patient’s primary 
complaint. Many patients have adjacent joint disease that 
might also need to be treated before or at the time of surgery. 
Selective injections of lidocaine are helpful in accurately iden-
tifying the painful pathologic process. A complete assessment 
of the limb is important. A lumbar spine pathologic process 

 

A B

FIGURE 10.3 A and B, INBONE II ankle arthroplasty.  (Courtesy Wright Medical, Memphis, TN.)

 

A B

FIGURE 10.4 A and B, Trabecular metal total ankle (Zimmer, 
Warsaw, IN).  (Courtesy Dr. Saltzman and Dr. Barg, University of Utah.)
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with sciatica and radicular lower extremity pain or degen-
erative disease of the hip or knee may cause a change in the 
management plan. Patients with combined knee and ankle 
arthritis and deformity often are best managed by correction 
of the knee deformity first, followed by the ankle replacement.

A thorough evaluation of the neurovascular status of the 
limb is essential, and any concerns should prompt a formal 
vascular evaluation. The patient’s gait should be evaluated 
for limp, and any alterations of knee or hip motion to com-
pensate for the arthritic ankle and limb-length difference 
should be assessed. The standing evaluation is important 
for  clinical assessment of ankle and hindfoot alignment. Is 
there a supramalleolar deformity that must be corrected? Is 
the hindfoot well aligned, or is there a component of varus 
or valgus? Clinical assessment of the gastrocsoleus complex 
and the Achilles tendon is important. The Silfverskiöld test 
for selective gastrocnemius tightness might reveal a contrac-
ture that is independent of ankle range of motion and that 
must be released intraoperatively. Coetzee and Castro dem-
onstrated the inability to distinguish true range of motion 
of the tibiotalar joint on clinical examination and proposed 
a radiographic evaluation of the range of motion preopera-
tively. Nonetheless, an idea of sagittal plane range of motion 
is important. Overall hindfoot motion is important as well. 
A stiff, arthritic hindfoot might be the difference between 
choosing arthroplasty or arthrodesis. Strength testing of the 
leg motor groups should not reveal major deficits that would 
impair the outcome. The anterior skin should be stable and 
without lesions that would impair the healing of the surgi-
cal incision.

At a minimum, standing radiographs of the ankle 
in anteroposterior, lateral, and mortise views should be 
obtained. Any suspicion of proximal limb malalignment 
should be evaluated with standing lower extremity films. 
Because an accurate assessment of the alignment of the hind-
foot is not possible with standing films of the ankle, Frigg 
et  al. described a hindfoot alignment view (Fig. 10.5) that 
gives a better appreciation of overall alignment and helps to 
determine if an adjunctive procedure is needed to improve 
the alignment of the foot distal to the ankle joint.

Although coronal plane deformities usually are the focus 
of radiographic evaluation before TAA, sagittal plane defor-
mities have been shown to alter the mechanics and joint 
reaction forces more than coronal plane deformities. Several 
methods for evaluating the lateral position of the talus on 
radiographs have been described. Veljkovic et al. described a 
sagittal talar position measurement that they named the lat-
eral tibial station (LTS); the LTS defines the center of rotation 
of the talus as related to the anatomic tibial axis. In a study 
of 82 ankles, they showed that this measurement can be reli-
ably obtained on preoperative weight-bearing lateral radio-
graphs; the mean LTS measurement was 1.7 mm (normal 
range, 0.8076 to 3.1496 mm). The value of the LTS in evaluat-
ing ankle pathology remains to be established.

Radiographic evaluation should include assessment of 
the quality of the bone stock, coronal plane alignment of the 
ankle with supramalleolar deformities or joint incongruen-
cies, the presence of osteophytes requiring removal, adjacent 
joint arthritis or malalignment that requires correction, cal-
caneal pitch angle as a predictor of gastrocsoleus contrac-
ture, and the presence of major cysts or defects that will need 
grafting.

The effect of bone mineral density (BMD) on outcomes 
of TAA has not been clearly delineated. Dual-energy x-ray 
absorptiometry (DEXA) scanning generally is not obtained 
to evaluate BMD before TAA because of the additional time 
and costs involved. CT scans are, however, often obtained 
before TAA, and Hounsfield units measured on CT have been 
shown to correlate well with DEXA T-scores. In a study of 
198 ankles, BMD (Hounsfield units) was measured on preop-
erative CT scans and compared to outcomes at 2.4-year fol-
low-up. After controlling for age, gender, and BMI, only tibial 
Hounsfield units of less than 200 were significantly associated 
with periprosthetic fracture. Prophylactic internal fixation 
of the medial malleolus may be considered for patients with 
tibial Hounsfield units of less than 200 as measured on CT 
scans. Severe osteoporosis often is listed as a contraindication 
to TAA, but newer implant designs and surgical techniques 
(e.g., noncemented fixation and patient-specific implants) 
have overcome some of the problems of TAA in osteoporotic 
bone, and outcomes have improved, especially in older, more 
sedentary patients with osteoporosis. DEXA scanning or 
BMD evaluation on CT scans is indicated in patients at risk 
for osteoporosis. 

INDICATIONS
Although degenerative, inflammatory, and posttraumatic 
arthritic conditions of the ankle are the primary indications 
for TAA, there is little clinical evidence on which to base more 
specific indications and contraindications. The ideal candi-
date for ankle arthroplasty has been described as an older, 
thin, low-demand individual with minimal deformity and 
retained ankle range of motion. These descriptions, however, 
are vague and controversial. Some have defined “young” as 

 

HAVA

A B

HAVD

LHA

FTGA

FIGURE 10.5 A and B, Hindfoot alignment view of right 
total ankle replacement. FTGA, Frontal tibial ground angle; HAVA, 
hindfoot alignment view angle; HAVD, hindfoot alignment view 
distance; LHA, lateral heel angle; white line, reconstruction of ankle 
joint based on length of medial malleolus.  (From Frigg A, Nigg B, 
Hinz L, et al: Clinical relevance of hindfoot alignment view in total ankle 
replacement, Foot Ankle Int 31:871–879, 2010.)
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younger than 50 years of age and “thin” as weighing less than 
200 lb, but there is no clinical evidence to support these classi-
fications. Commonly cited contraindications to TAA include 
age younger than 50 years, history of poor patient compliance, 
heavy industrial labor, heavy smoking, uncontrolled diabetes 
with neuropathy, significant ankle instability, angular defor-
mity of more than 10 to 15 degrees, vascular insufficiency, 
obesity (over 250 lb), significant bone loss, osteonecrosis, 
and active or previous infection. More recently, however, a 
number of these contraindications have been questioned. 
Demetracopoulos et al. reviewed outcomes in 395 consecutive 
patients according to age (younger than 55, 55 to 70, and older 
than 70 years of age) and found no differences in pain relief or 
physical outcomes or in the incidences of wound complica-
tions, reoperations, or revisions. Tenebaum et  al. compared 
clinical and gait outcomes in patients older than 70 years to 
those in patients between 50 and 60 years of age; improve-
ments were equivalent in the two groups. Good results have 
been reported in both obese patients and diabetic patients 
(see sections on Obesity and Diabetes), as well as those with 
angular deformities of more than 20 degrees (see section on 
Deformity Correction).

Because TAA is generally considered a “motion-sparing” 
procedure rather than a “motion-producing” procedure, its 
use in individuals with ankle stiffness has been limited; how-
ever, Brodsky et al. compared outcomes to preoperative range 
of motion and found that, although a low preoperative range 
of motion was predictive of overall lower physical function, 
patients with stiff ankles had clinically greater improvements 
in function. These findings suggest that TAA can offer clini-
cally meaningful improvements in gait function and should 
be considered for patients with end-stage tibiotalar arthritis, 
even with limited sagittal range of motion.

Reports are variable concerning the outcomes of TAA in 
arthritis of different etiologies; most studies, however, have not 
found etiology to significantly affect implant survival. Bennett 
et al. reviewed the outcomes of 173 TAAs of differing etiolo-
gies (osteoarthritis, rheumatoid arthritis, pilon fracture, ankle 
fracture, and posttraumatic arthritis without previous frac-
ture) and found no major differences in any of the reported 
outcomes at 2-year follow-up. Whatever the etiology of the 
arthritis, severe involvement does not necessarily portend a 
poor result. In a group of 124 patients, Chambers et al. found 
no differences in Short-Form 36 (SF-36) scores regardless 
of Kellgren-Lawrence grade of arthritis severity. Those with 
the most severe arthritis (Kellgren-Lawrence grade 4) had 
the most improvement in all domains of the Foot and Ankle 
Outcome Score and were more satisfied (91%) with their 
outcomes than all other groups (50%); 94% of patients with 
severe arthritis thought their quality of life had been improved 
compared to 47% in those with severity grades of less than 
4. Although radiographic severity is an important factor that 
should be considered, it does not appear to contradict TAA. 

TOTAL ANKLE ARTHROPLASTY  
OR ANKLE ARTHRODESIS FOR 
ANKLE ARTHRITIS
Ankle arthrodesis (see Chapter 11) has long been the gold 
standard for the surgical treatment of moderate to severe 
ankle arthritis. It is, therefore, reasonable to ask if there is a 

compelling reason to pursue TAA as a treatment option for 
patients with ankle arthritis. Although the patient satisfaction 
rate after ankle arthrodesis is fairly high, there are certainly 
circumstances in which arthrodesis might not be the best 
procedure, including preexisting subtalar or other hindfoot 
arthritis, contralateral hindfoot or ankle arthritis, and hip or 
knee impairment such that motion through the ankle joint 
may be beneficial to the overall limb and patient function.

No level I studies have directly compared the two proce-
dures, and reports in the literature are contradictory (Table 
10.1). The most recent reports seem to favor TAA with the latest-
generation implants over arthrodesis, citing better functional 
outcomes, fewer complications, and better patient satisfaction. 
Some gait studies have noted no difference in gait patterns 
after arthroplasty and arthrodesis, whereas others report more 
nearly normal gait and better walking on uneven surfaces after 
arthroplasty; gait appears to be improved by either procedure. 
Daniels et al. compared intermediate outcomes (mean 5.5-year 
follow-up) of arthrodesis (107 patients) and arthroplasty (281 
patients) in a diverse cohort of patients and found compara-
ble clinical outcomes; however, rates of reoperation and major 
complications were higher after ankle arthroplasty. Norvell 
et al. found that ankle-specific adverse events were infrequent 
and only weakly associated with operative procedure. Careful 
patient selection is mandatory for the success of either of these 
procedures in the treatment of ankle arthritis. 

OUTPATIENT TOTAL ANKLE 
ARTHROPLASTY
The success of outpatient total hip, knee, and shoulder arthro-
plasty, with no compromise of safety, satisfaction, or results, 
has prompted many surgeons to move TAA to an ambulatory 
surgical center. Although there are relatively few reports of 
the outcomes of this procedure, available reports cite good 
outcomes with few complications, in addition to cost savings 
and patient satisfaction. Two reviews of complications in out-
patient TAA reported overall complication rates of 5% and 
15%; most complications were minor, and readmissions and 
reoperation were infrequent. In a comparison of outpatient 
and inpatient TAA, Gonzales et al. found a 13% cost savings 
in the outpatient group, with a low complication rate and high 
patient satisfaction. The most important aspect of outpatient 
TAA, as with any outpatient arthroplasty, is careful patient 
selection. An algorithm developed by our surgeons for select-
ing patients for outpatient total joint arthroplasty is a help-
ful guide (Fig. 10.6). There is limited evidence to determine 
specific patient factors that may preclude outpatient TAA 
surgery; however, experience in arthroplasty of the foot and 
ankle and other joints has identified various patient factors 
that are associated with perioperative complications and a 
longer length of hospital stay, such as elevated HbA1c level, 
obesity, hypoalbuminemia, age greater than 64, increased 
operating room time, American Society of Anesthesiologists 
(ASA) score of 2 or higher, and presence of comorbidities. 
Taylor and Parekh formulated a detailed algorithm specifi-
cally for outpatient TAA based on a number of patient and 
procedure characteristics (Fig. 10.7).

In addition to selecting appropriate patients, appropriate 
use of a multimodal perioperative and postoperative pain man-
agement protocol is essential. The choice of pain management 
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protocols has shifted away from oral and intravenous adminis-
tration of narcotics to peripheral nerve blocks and indwelling 
catheters as better options. Continuous popliteal sciatic nerve 
block is commonly used for major foot and ankle reconstruc-
tions. Liposomal bupivacaine (Exparel; Pacira Pharmaceuticals, 
Parsippany, NJ) administered as a periarticular injection has 
been shown to have marked benefits in postoperative pain 
control. Mulligan et  al. compared liposomal bupivacaine to 
popliteal sciatic nerve block for TAA and found no significant 
differences between the groups with regard to complications, 
emergency department visits, readmissions, reoperations, 
visual analog scale (VAS) pain score, and narcotic use.

The management of perioperative blood loss, espe-
cially postoperative hemarthrosis, is another modifiable fac-
tor affecting patient recovery, complication rates, and costs. 
Tranexamic acid (TXA) has been shown to be effective for 
reducing perioperative blood loss with arthroplasty of other 
joints, but little information is available for determining its 
effectiveness in TAA. Nodzo et al. described 50 patients with 
uncemented TAA, 25 of whom received TXA and 25 who did 
not. Drain output and change in preoperative to postopera-
tive hemoglobin levels were significantly less and the overall 
wound complication rate was lower in patients who received 
TXA. We do not routinely use TXA for TAA. 

 TABLE 10.1 

Reported Outcomes of Ankle Arthroplasty Compared With Ankle Arthrodesis

STUDY PATIENTS FOLLOW-UP RESULTS
SooHoo et al. 
(2007)

4705 arthrodesis
480 TAA

5 years Higher risk of complications in arthroplasty group but less frequent 
subtalar joint arthritis requiring fusion

Haddad et al. 
(2007)

852 arthroplasty
1262 arthrodesis

Literature 
review

Intermediate outcomes of arthroplasty and arthrodesis roughly 
equivalent

Saltzman et al. 
(2009)

224 patients 2 years Arthroplasty group had better function and equivalent pain relief as 
ankles treated with arthrodesis

Slobogean et al. 
(2010)

107 patients 1 years Significant improvements on preference-based quality of life measures 
in both; no significant differences

Schuh et al. 
(2011)

41 patients 3 years No significant differences in activity levels, participation in sports scores, 
or UCLA and AOFAS scores

Krause et al. 
(2011)

161 patients 3 years Significantly higher complication rate with arthroplasty (54%) than 
with arthrodesis (26%)

Flavin et al. 
(2013)

28 patients Gait study Arthroplasty produced a more symmetric vertical ground reaction force 
curve, which was closer to that of the controls that the curve of the 
arthrodesis group

Daniels et al. 
(2014)

388 patients 5.5 years Intermediate-term clinical outcomes comparable; rates of reoperation 
and major complications higher after arthroplasty

Jiang et al. 
(2015)

12,250 arthrodesis
3002 arthroplasty

N/A Arthroplasty independently associated with lower risk of blood transfu-
sion, nonhome discharge, and overall complication rate; however, no 
significant difference in risk for the majority of medical perioperative 
complications

Jastifer et al. 
(2015)

77 patients 2 years 
(gait study)

Both had improved walking performance on uneven surfaces; arthro-
plasty patients had higher scores walking up stairs, down stairs, and 
uphill

Pedowitz et al. 
(2016)

47 arthroplasty
27 arthrodesis

Minimum 2 
years

TAA preserves more anatomic movement, has better pain relief, and 
better patient-reported function

Stavrakis and 
SooHoo (2016)

1280 arthroplasty
8491 arthrodesis

Short-term complication rates low for both procedures; lower rates of 
readmission and periprosthetic joint/wound infection with TAA

DiGiovanni and 
Guss (2017)

273 3 years Improvements in MFA and SF-36 scores significantly better with 
arthroplasty

Odum et al. 
(2017)

1574 arthroplasty
1574 arthrodesis

Data from 
NIS

Arthrodesis associated with a 1.8 times higher risk of a major complica-
tion, but a 29% lower risk of a minor complication

Kim et al. (2017) Meta-analysis TAA 6-67 
months
AA 6-62 
months

Similar clinical outcomes; frequency of re-operation and major surgical 
complications significantly increased with TAA

Norvell et al. 
(2018)

494 Ankle-specific adverse events were infrequent and only weakly associ-
ated with operative procedure

AOFAS, American Orthopaedic Foot and Ankle Society; MFA, Musculoskeletal Function Assessment; N/A, not applicable; NIS, Nationwide Inpatient Sample; SF-36, 
Short-Form 36; TAA, total ankle arthroplasty; UCLA, University of California, Los Angeles.
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TOTAL ANKLE ARTHROPLASTY

 TECHNIQUE 10.1 

PATIENT POSITIONING
 n  Most systems require an anterior approach to the an-

kle. Place the patient supine on the operating table 
with the foot near the end of the table. Place a small 
bump or lift under the ipsilateral hip to help place the 
ankle straight and avoid the tendency of the leg to 
externally rotate.

 n  After induction of general anesthesia, apply and inflate a 
thigh tourniquet to control bleeding and improve visual-
ization. 

APPROACH
 n  Any significant deformity above or below the ankle joint 

must be corrected before placement of the total ankle 
implants (see Technique 10.2).

 n  The approach is determined by the prosthesis design, and 
the reader is referred to the specific implant chosen; howev-
er, most systems require an anterior approach to the ankle.

 n  Make an incision from about 10 cm proximal to the ankle 
joint on the lateral side of the anterior tibial tendon, over 
the flexor hallucis tendon. This incision is medial to the most 
medial major branch of the superficial peroneal nerve, the 
dorsal medial cutaneous nerve. Often a very small medial 
branch of this nerve crosses the incision just distal to the 
ankle joint and must be incised for exposure. The patient 
should be warned before surgery that a small area of 
numbness may be present just medial to the incision.

 n  Open the flexor hallucis longus sheath and retract the 
tendon medially. Retract the neurovascular bundle con-
taining the anterior tibial artery, vein, and deep peroneal 
nerve laterally with the extensor digitorum longus ten-
dons.

 n  Make a straight incision in line with the skin incision in 
the ankle capsule and reflect the capsule medially until 
the medial ankle gutter is exposed and laterally until the 
lateral gutter is exposed.

 n  Expose the dorsal talonavicular joint and remove any an-
terior, medial, or lateral osteophytes. If better exposure 
of the joint line is needed, use an osteotome to perform 
a more aggressive removal of the anterior osteophytes.

 n  Prepare the bone for implant insertion according to the 
technique guide specific for the implant selected. Take 

 

Age >70

TJA candidate

Outpatient TJA contraindicated
Age ≤70

Hct ≤30

Hct >30

Pre-anesthetic evaluation

Anemia workup and
reevaluate

≥2–3 positive risk factors OR
COPD on home oxygen

1 positive risk factor
None

None

None

Yes

Pulmonary comorbidity
(COPD/OSA/BMI >35)

Cardiac comorbidity
(CAD/CHF/HTN)

Relative contraindication to outpatient TJA
No interscalene block for shoulder arthroplasty

Unstable CAD/CHF/HTN
OR pacemaker/ICD Cardiac intervention within

6 months prior to surgery
-ICD/pacemaker

-PTCA
-Open heart surgery History of DVT/PE

Stable risk factors and
classified as low risk by

cardiologist

>2 stents OR on
anticoagulation

≤2 stents AND no
anticoagulation

Outpatient total
Joint patient

Selection algorithm Relative contraindication to outpatient TJA
No tranexamic acid

Outpatient TJA candidate

FIGURE 10.6 Algorithm for patient selection for outpatient total joint procedures. BMI, Body 
mass index; CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive 
pulmonary disease; DVT, deep vein thrombosis; HTN, hypertension; ICD, implantable cardiac defi-
brillator; OSA, obstructive sleep apnea; PE, pulmonary embolism; PTCA, percutaneous transluminal 
coronary angioplasty; TJA, total joint arthroplasty.  (From Fournier MN, Stephens R, Mascioli AA, et al: 
Identifying appropriate candidates for ambulatory outpatient total joint arthroplasty: validation of a patient 
selection algorithm, J Shoulder Elbow Surg. 28(1):65, 2019.)

    

https://booksmedicos.org


PART IV RECONSTRUCTIVE PROCEDURES OF THE ANKLE IN ADULTS534

 

No
Inpatient

Inpatient

Inpatient

Inpatient

Inpatient

No

Yes

History of chronic pain/narcotic use
Unwilling to undergo regional anesthesia

Flatfoot reconstruction
Double/triple arthrodesis
Significant ligamentous reconstruction
Revision TAA – excluding: 

Cyst grafting
Isolated poly exchange
Isolated gutter debridement

Bilateral TAA

Yes

No

No

No

Yes

Yes

Yes

Patient motivated
Patient compliant
Patient high functioning/mobile
Good support system in the home

Obesity (BMI ≥40)
Significant lung disease
Severe sleep apnea
Congestive heart failure
Chronic kidney disease
Patient requiring blood thinner bridging

Candidate for TAA

Patient/family
willing and able?

Surgeon /
center

experienced?

Presence of
significant

comorbidities

Anesthesia
contraindication?

Complex
associated

procedures?

Outpatient fast
track TAA

FIGURE 10.7 Algorithm for selection of patients for outpatient ambulatory total ankle arthro-
plasty. BMI, Body mass index; TAA, Total ankle arthroplasty.  (From Taylor MA, Parekh SG: Optimizing 
outpatient total ankle replacement from clinic to pain management, Orthop Clin N Am 49:541–551, 2018.)
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care to place the implant in proper alignment in all planes 
for sufficient bone coverage of the prosthesis and for 
proper tensioning of the soft tissues and ligamentous 
support after final implantation. There should be a bal-
ance between choosing a thicker polyethylene insert (bet-
ter for wear characteristics) and excessive bone resection 
and joint motion and stability.

 n  Close the capsule over the prosthesis and insert a closed 
suction drain; close the superior extensor retinaculum over 
the flexor hallucis longus sheath and close the skin in layers.

 n  A popliteal block is routinely used for postoperative anal-
gesia.

POSTOPERATIVE CARE At our institution, patients are 
typically kept overnight in the hospital and are seen by a 
physical therapist the following day for instruction in gait 
training with touch-down weight bearing. Patients with 
outpatient TAA have physical therapy instruction before 
surgery and carry out learned exercises at home. Therapy 
with antibiotics, binasal cannula oxygen, and deep venous 
thrombosis (DVT) prophylaxis with low-molecular-weight 
heparin is the normal postoperative protocol, although 
this is not typically continued after discharge unless the 
patient has risk factors for DVT; one aspirin daily after 
discharge may be beneficial. Different implants have dif-
ferent recommendations for postoperative care, but we 
typically delay weight bearing for 4 to 6 weeks and begin 
active ankle motion once the incision is healed, typically 2 
weeks after surgery. Gradual progressive weight bearing, 
calf strengthening, proprioceptive training, and range-of-
motion exercises are started at 4 to 6 weeks, with the 
ankle protected in a prefabricated walking boot. A light 
ankle brace is applied at 8 to 10 weeks, and full activities 
are allowed at 3 months, or when the calf muscles are fully 
rehabilitated. No restrictions are placed on the patients’ 
activities or sports programs, but they are encouraged to 
avoid impact exercises for conditioning.
   

CONSIDERATIONS FOR 
ADJUNCTIVE PROCEDURES
DEFORMITY CORRECTION
Osteoarthritic ankles considered for arthroplasty should have 
minimal periarticular deformity, or this deformity should be 
correctable with osteotomy or arthrodesis.

Determination of the site of the deformity is mandatory. 
Bonasia et  al. characterized deformities as varus or valgus, 
incongruent or congruent (Table 10.2). In the valgus ankle and 
hindfoot, the following procedures should be considered: medial 
displacement osteotomy of the calcaneus (see Technique 83.7), 
Cotton osteotomy of the medial cuneiform or selective arthrod-
esis of the medial midfoot (see Techniques 83.8 and 85.5), sub-
talar arthrodesis with or without talonavicular arthrodesis (see 
Technique 85.6), posterior tibial tendon reconstruction with 
tendon transfer (see Technique 83.2), and closing wedge osteot-
omy of the distal tibia (see Technique 58.10). Demetracopoulos 
et al. evaluated 80 patients with preoperative valgus deformi-
ties of at least 10 degrees (average of 15 degrees). After TAA, 
the average postoperative deformity was 1.2 degrees, with sig-
nificant improvements in VAS, SF-36, American Orthopaedic 

Foot and Ankle Society (AOFAS), and Short Musculoskeletal 
Function Assessment (SMFA)  scores. The authors concluded 
that correction of coronal alignment could be obtained and 
maintained in patients with moderate-to-severe preoperative 
valgus malalignment. Lee et  al. compared intermediate and 
long-term outcomes of TAA in 144 ankles with preoperative 
varus, valgus, or neutral alignment. Outcomes similar to those 
in ankles with neutral alignment were obtained in ankles with 
varus or valgus malalignment of up to 20 degrees when neutral 
alignment was achieved with TAA.

For the varus ankle, procedures to consider include 
deltoid ligament release or sliding osteotomy of the medial 
malleolus, opening wedge osteotomy of the distal tibia (see 
Technique 11.1), Dwyer closing wedge osteotomy of the cal-
caneus (see Technique 87-11), dorsiflexion osteotomy of the 
first metatarsal (see Technique 84-19), and subtalar, double, 
or triple arthrodesis (see Chapter 85).

Varus deformity of the distal tibia above the level of the 
joint is best treated with supramalleolar osteotomy. Varus 
deformity of the tibial plafond at the joint from erosion of the 
medial malleolus or medial subchondral bone can be corrected 
by accurate placement of the tibial cut. Joo and Lee reported 
satisfactory clinical and radiographic outcomes in patients 
with moderate and severe varus deformities similar to those 
in patients with neutral alignment when postoperative neutral 
alignment was obtained, and special care was taken to correct 
causes of the varus malalignment with additional procedures.

For the varus unstable ankle with deformity below the 
level of the joint, sometimes an osteotomy of the hindfoot 
is required (Fig. 10.8). If instability persists intraoperatively, 
a lateral ligament reconstruction should be done. Judicious 
release of the deltoid ligament, especially the deep deltoid 

 TABLE 10.2

Ankle Joint Pathologies That Include Distal Tibial 
Articular Surface Malalignment, Talar Tilt due to 
Ligamentous Instability, or Both

DEFORMITY TYPE ABNORMAL ANGLES
Varus tibial deformity-
congruent joint

Increased LDTA, CORA at the level 
of tibial articular surface, normal 
tibial-talar angle

Valgus tibial deformity-
congruent joint

Increased LDTA, CORA at the level 
of tibial articular surface, normal 
tibial-talar angle

Varus tibial deformity-
incongruent joint

Decreased LDTA, CORA at the 
level of tibial articular surface, 
tibial-talar angle >10 degrees

Valgus tibial deformity-
incongruent joint

Increased LDTA, CORA at the level 
of tibial articular surface, tibial-
talar angle >10 degrees

Incongruent joint Normal LDTA, tibial-talar angle 
>10 degrees

ADTA, Anterior distal tibial angle, sagittal plane—increased ADTA represents 
recurvatum deformity; CORA, center of rotation of angulation, at or proximal to 
joint line; LDTA, lateral distal tibial angle, coronal plane—decreased LDTA rep-
resents varus deformity; T-T angle—angle formed by tibial and talar articular 
surfaces: >10 degrees = incongruent joint.
Modified from Bonasia DE, Dettoni F, Femino JE, et al: Total ankle replacement: 
When, why, and how?, Iowa Orthop J 30:119–130, 2010.
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ligament, may be wise in this setting. To avoid devasculariza-
tion of the talus by injury to the deltoid branch of the posterior 
tibial artery, a sliding osteotomy of the medial malleolus has 
been described, with or without fixation. Reddy et al. reported 
correction of coronal plane deformity without osteotomy in 
ankles with an average of 18 degrees of varus. Deltoid release 
was necessary for all ankles with more than 18 degrees of varus 
deformity, and all ankles with more than 25 degrees of varus 
developed recurrent deformity. Hobson et al. suggested that 
TAA could be safely done with up to 30 degrees of coronal 
plane deformity. In their short-term follow-up of 103 patients 
with severe varus deformities, Sung et  al. found that those 
with more than 20 degrees of varus deformity had outcomes 
similar to those with varus deformities of less than 20 degrees, 
with no significant differences in postoperative complications 
or implant failures. Adjunctive procedures, such as osteotomy, 
ligament release or lengthening, and tendon transfers, were 
done as needed. In the comparison study of Lee et al., adjunc-
tive procedures were required in 71% of ankles with varus 

deformities, in 56% of those with valgus deformities, and in 
39% of those with neutral alignment. Percutaneous Achilles 
tendon lengthening and release of the medial deltoid ligament 
were the most frequently done concomitant procedures; cal-
caneal osteotomy was done in five ankles (three in the varus 
group and two in the valgus group).

Tan and Myerson divided varus ankle deformities into 
anatomic levels and described procedures for correction at 
each level. For extraarticular deformity above the ankle joint, 
they recommended a medial opening wedge osteotomy or, for 
severe ankle arthritis, a dome osteotomy. With a medial open-
ing wedge osteotomy, they recommended a staged procedure 
in which total ankle replacement is done later. The dome 
osteotomy is useful for multiplanar supramalleolar defor-
mity and can usually be done simultaneously with replace-
ment (Fig. 10.9). For deformity at the level of the ankle joint 
and a congruent joint, a “neutralizing” distal tibial cut may 
be all that is needed for realignment. A wedge of the distal 
tibia is removed with minimal bone resection at the eroded 
medial plafond and a larger resection at the lateral plafond. 
For a severely tilted talus, additional procedures are required, 
including the removal of osteophytes from the lateral gut-
ter and a lateral ankle stabilization procedure. Medial-side 
releases of the deltoid and posterior tibial tendon have been 
described, but Tan and Myerson recommended a lengthening 
medial malleolar osteotomy, as described by Doets et al. (Fig. 
10.10), rather than soft-tissue releases, because it allows con-
trolled lengthening of the medial side of the ankle and pro-
vides reliable bony healing. With more severe varus tilt of the 
talus with a markedly dysplastic medial malleolus and incon-
gruent joint, a useful alternative osteotomy is the medial tibial 
plafondplasty, which is done as a separate, staged procedure 
before ankle replacement. Residual heel varus that remains 
after component implantation can be corrected with a lateral-
izing calcaneal osteotomy. Combined deformities are gener-
ally best treated with correction of the deformities, followed 
by a staged ankle arthroplasty. Supramalleolar deformities are 
corrected first, followed by correction of hindfoot and fore-
foot varus and any ligamentous reconstruction needed. 

 

DOME OSTEOTOMY FOR CORRECTION 
OF VARUS DEFORMITY ABOVE THE 
ANKLE DEFORMITY

 TECHNIQUE 10.2 

(TAN AND MYERSON)
 n  Make an anterior midline incision, which also will be used 

for implantation of the total ankle prosthesis.
 n  Use cautery to carefully mark out the planned dome os-

teotomy, placing the center of the radius of curvature of 
the dome at the center of rotation of angulation.

 n  Make sure the cut will allow adequate room for the tibial 
prosthesis and its stem after internal fixation of the oste-
otomy.

 n  Drill multiple bicortical holes along the planned osteoto-
my and connect them with an osteotome to complete the 
osteotomy (Fig. 10.11A).

 

A

B

FIGURE 10.8 A and B, Calcaneal osteotomy and midfoot 
arthrodeses were required to correct pes planus deformity before 
total ankle arthroplasty.
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 n  Manipulate the distal fragment in the coronal and sagittal 
planes to correct the deformity.

 n  Stabilize the osteotomy with an anterior plate and screws 
(Fig. 10.11B, C).

 n  Proceed with TAA in the usual fashion
 n  Inflate the tourniquet after the arthrotomy and before 

preparation of the osseous surfaces.
   

 

MEDIAL TIBIAL PLAFONDPLASTY  
FOR VARUS DEFORMITY AT THE 
ANKLE JOINT

 TECHNIQUE 10.3 

(TAN AND MYERSON)
 n  Make a medial incision along the subcutaneous border of 

the tibia.
 n  Insert a guide pin in the medial tibia, aimed to exit at a 

point in the plafond just medial to the midpoint where the 
articular erosion ends. This acts as a guide for the planned 
osteotomy.

 n  Under fluoroscopic guidance, insert three additional 
Kirschner wires parallel to and 6 mm above the joint line 
in the subchondral bone of the distal tibia. These wires 
prevent violation of the articular surface by the oscillating 
saw used to make the osteotomy.

 n  Use an oscillating saw to make the osteotomy to the level 
of the three Kirschner wires and insert a broad osteotome 
to hinge open the osteotomy.

 n  Hinge the medial malleolar fragment downward to re-
store a more normal morphology of the ankle mortise.

 n  Debride the lateral gutter to facilitate realignment and to 
obtain lateral-sided stability, which may require an ad-
ditional lateral-sided reconstruction.

 n  Hold the osteotomy open with a lamina spreader and 
pack it tightly with bone graft.

 n  Fix the osteotomy with a plate and screws.
  

LIGAMENT CONSIDERATIONS
Ligament stability is also imperative for optimal outcome, 
especially with less constrained designs. Some stability can be 
obtained intraoperatively by proper selection of implant and 
polyethylene thickness, but occasionally collateral ligament 
reconstruction should be done.

 

BA C

FIGURE 10.9 Dome osteotomy and ankle replacement done at the same time. A, Osteotomy 
is marked with electrocautery and completed. B, Osteotomy is then stabilized with an anterior 
plate placed superior to the tibial component. C, Total ankle components are then implanted in 
the usual fashion.  (From Tan KJ, Myerson MS: Planning correction of the varus ankle deformity with ankle 
replacement, Foot Ankle Clin N Am 17:103–115, 2012.)

 

15°

A B
FIGURE 10.10 Medial malleolar lengthening osteotomy. A, 

Ankle with incongruent varus deformity. B, After implantation 
of a mobile-bearing prosthesis and correction of the deformity 
by medial malleolar osteotomy.  (From Doets HC, van der Plaat LW, 
Klein JP: Medial malleolar osteotomy for the correction of varus defor-
mity during total ankle arthroplasty: results in 15 ankles, Foot Ankle Int 
29:171–177, 2008.)
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Techniques for the reconstruction of a chronically unsta-
ble ankle are discussed in Chapter 90. Coetzee, however, 
reported that the usual “anatomic” lateral ligament recon-
struction techniques were not satisfactory with TAA. He 
described a simple, nonanatomic reconstruction to provide a 
strong checkrein against inversion and to limit anterior trans-
lation of the ankle (Technique 10.4).

Medial reconstruction of the deltoid ligament with TAA 
is uncommon, but sometimes necessary, in late-stage poste-
rior tibial tendon insufficiency (see Chapter 83). Correction 
of hindfoot valgus with osteotomy and/or arthrodesis may 
provide enough mechanical support to allow stability of the 
ankle prosthesis. Reconstruction of the deltoid ligament in 
this setting is an advanced procedure, and complications are 
not uncommon. Arthrodesis of the ankle may be advisable. 

 

RECONSTRUCTION OF LATERAL 
ANKLE LIGAMENTS FOR CHRONIC 
INSTABILITY AS AN ADJUNCT TO 
TOTAL ANKLE ARTHROPLASTY

 TECHNIQUE 10.4 

(COETZEE)
 n  After implantation of the ankle components, perform a 

modified Broström reconstruction of the lateral ligaments 
(see Technique 90.2).

 n  Make a separate incision to expose the lateral side of 
the ankle and the peroneal tendons. Harvest one half of 
the peroneus brevis tendon. If the tendon has signs of a 
pathologic process or a tear, harvest the entire tendon 
to ensure maximal strength. Leave the distal attachment 
intact and harvest the tendon as far proximal as possible.

 n  Route the peroneus brevis tendon over the modified 
Broström repair from the lateral side of the ankle to the 
anterolateral tibia.

 n  Secure the tendon under adequate tension to the tibia 
with a staple.

 n  Test the stability of the ankle to be sure that equal medial 
and lateral joint movements are possible.
  

Often, patients with arthritis of the ankle have a concomi-
tant contracture of the triceps surae and may benefit from a 
lengthening procedure. Assessment of a contracture may be 
difficult in a stiff, arthritic ankle, but should be attempted 
after placement of the components. To regain ankle exten-
sion, either a smaller polyethylene component can be used, 
or a lengthening procedure can be done. Most patients with 
a significant contracture require a gastrocnemius recession 
(Vulpius) rather than a triple hemi-section; however, Queen 
et  al. found equivalent outcomes with the two procedures. 
Patients with either lengthening procedure had better out-
comes than those with TAA alone.

SPECIAL CIRCUMSTANCES
INFLAMMATORY ARTHRITIS

Patients with rheumatoid arthritis commonly have involve-
ment of the foot and ankle, with severe pain and functional 
limitations. Arthrodesis has been the standard procedure for 
these patients, but more recently arthroplasty is being cho-
sen because of the ability to preserve motion and decrease 
stress on the midfoot and subtalar joints. Early results of 
TAA in these patients were disappointing, with high com-
plication rates and component loosening in as many as 75%. 
More recent studies, with the use of newer techniques and 
implants, report better outcomes. Kraal et  al. had a cumu-
lative incidence of failure at 15 years of 20% in 76 rheuma-
toid patients with mobile-bearing total ankle replacement. 
Pedersen et  al. found similar outcomes in 50 patients with 
rheumatoid arthritis compared with a matched cohort of 50 
patients with noninflammatory arthritis, although the nonin-
flammatory arthritis group reported better function at final 
follow-up. Revision rates were 12% in the rheumatoid arthri-
tis group and 10% in the noninflammatory arthritis group. 
Other studies have documented reliable pain relief and good 

 

A B C

FIGURE 10.11 Intraoperative fluoroscopy views of medial malleolar osteotomy. A, Plane of the 
osteotomy is planned with a Kirschner wire and completed. B, Next, it is provisionally fixed with 
cannulated wires. C, The wires are replaced with cannulated screws after the prosthesis is implanted.  
(From Tan KJ, Myerson MS: Planning correction of the varus ankle deformity with ankle replacement, Foot 
Ankle Clin N Am 17:103–115, 2012. SEE TECHNIQUE 10.2.
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functional results with uncemented prostheses and cemented 
two-piece and three-piece implants in patients with rheuma-
toid arthritis. 

OBESITY
Obesity (body mass index [BMI] >30) is a growing problem 
that affects all types of orthopaedic surgery, including total 
joint replacement. Many patients with arthritis of the ankle are 
sedentary and obese, and this poses a dilemma for the sur-
geon, who must weigh the possibility of providing significant 
pain relief against the likelihood of implant failure caused by 
increased stress on the implant from extra weight. Outcomes 
of TAA in obese and morbidly obese (BMI >40) patients 
reported in the literature are varied. Schipper et al. compared 
outcomes in obese and nonobese patients and found that 
obese patients had an increased long-term risk of implant fail-
ure and a significantly decreased 5-year implant survivorship, 
whereas Bouchard et al. found no significant difference in the 
proportion of complications or revisions in a similar compari-
son study. Barg et al. also reported comparable survivorship 
(93% at 6 years), as well as significant pain relief and functional 
improvement in obese patients. In a series of 455 patients, 
including 266 with BMI of less than 30 (control), 116 with a 
BMI between 30 and 35, and 73 with a BMI of over 35, Gross 
et al. found no difference in complication, infection, or failure 
rates. Although obese patients had lower functional outcome 
scores, they did have significant functional and pain improve-
ments after TAA. Although we have no definitive upper limit 
on weight for this procedure, a BMI over 40 is a reason for cau-
tion and careful patient counseling. Morbidly obese patients 
are strongly encouraged to use a bracing system to provide a 
measure of pain relief while they actively work on weight loss. 

DIABETES
Perhaps no other medical condition affects decision making in 
foot and ankle surgery as much as diabetes. It has been shown 
to be a factor contributing to complications, particularly infec-
tion, after a variety of orthopaedic procedures. In their review 
of a national database, Schipper et al. found that diabetes was 
independently associated with a significantly increased risk of 
perioperative complications, nonhome discharge, and length of 
hospital stay after TAA and ankle arthrodesis. Gross et al., how-
ever, compared outcomes of TAA in 50 patients with diabetes 
with those in 55 patients without diabetes and found no sig-
nificant differences in secondary operations, revisions, or fail-
ure rates. Although patients with diabetes were heavier and had 
worse ASA preoperative grades, they did not have significantly 
different rates of complications or infections, and all had pain 
relief and improved function. Findings that support the use of 
TAA in diabetic patients include hemoglobin A1C consistently 
less than seven, no evidence of peripheral neuropathy, normal 
vascular status, normal weight (or at least not morbid obesity), 
and no other target organ disease (retinopathy or nephropathy). 

OSTEONECROSIS OF THE TALUS
Little has been written regarding the long-term results of TAA 
in patients with osteonecrosis of the talus. Certainly, a patient 
with an avascular, fragmented, and collapsed talar body is not 
a candidate for a total ankle prosthesis, and arthrodesis is rec-
ommended. However, a few patients with apparent osteone-
crosis of the talus do not have collapse, and over a long period 
of time (minimum of 24 to 36 months) portions of the talus 

may gradually revascularize, making the patient a better can-
didate for TAA (Fig. 10.12). A thorough evaluation with MRI 
or bone scanning may give clues as to whether or not a talus 
will accept and support a talar component. Lee et al. reported 
two successful total ankle arthroplasties after revasculariza-
tion of the talus. 

 PANTALAR DISEASE; CONCOMITANT  
HINDFOOT ARTHRODESIS

Arthrodesis of arthritic adjacent joints, most often the subta-
lar and talonavicular joints, may be necessary with TAA. Mild 
to moderate arthritis in the adjacent joints, however, does not 
necessarily mean that arthrodesis is necessary. Often, the pain 
relief and improvement of motion after TAA are such that the 
stress on and pain from these joints are reduced significantly. 
Careful attention to the patient’s examination may help deter-
mine the need for attention to these joints. Selective injections 
with or without fluoroscopy may also help with the diagnosis.

Timing of the procedures depends on the amount of 
deformity, extent of involvement of the arthritis, and the 
number of joints involved. Arthrodesis of the talonavicular 
joint through the same incision used for component implan-
tation is fairly straight forward, and bone graft from the 
resection for the implant is available for use in the fusion. 
The subtalar joint is a different matter, and often a separate 
approach is necessary to fully prepare the joint for fusion. 
Extensive reconstructions may be best staged before the 
TAA procedure. At midterm follow-up, Lee et al. found simi-
lar results in ankles with and without hindfoot fusions and 
recommended fusion at the time of arthroplasty if indicated 
clinically. In contrast, Lewis et al. found that overall outcome 
and implant survivorship were slightly inferior with hindfoot 
fusion compared with TAA alone, although arthroplasty with 
ipsilateral hindfoot fusion resulted in significant improve-
ments in pain and functional outcome. These authors also 
noted that, when indicated, hindfoot arthrodesis can be safely 
done in conjunction with TAA. Other authors have reported 
similar findings, noting that hindfoot fusions improved func-
tion and pain after TAA. Dekker et al. reviewed the outcomes 
of 140 TAAs at an average follow-up of 6.5 years and found 
only a minimal radiographic increase in adjacent subtalar 
and talonavicular arthritis, suggesting that motion preserved 
with TAA decreases the stresses and compensatory motion 
incurred with tibiotalar arthrodesis. 

TAKEDOWN OF ANKLE ARTHRODESIS AND 
CONVERSION TO ANKLE ARTHROPLASTY
It has been almost an axiom over the years that one 
should never take down a successful ankle fusion. Some 
ankle fusions, however, have such a poor functional out-
come that conversion to a TAA may be considered (Fig. 
10.13). Hintermann et  al. described conversion of 30 
painful ankle arthrodeses to TAA, with 83% patient sat-
isfaction; five ankles were completely pain free, 21 were 
moderately painful, and three remained painful. Several 
additional surgical procedures were required before take-
down of the fusion, including subtalar or talonavicular 
joint fusion, fibular reconstruction, lateral or medial liga-
ment reconstruction, calcaneal osteotomy, and Achilles 
tendon lengthening. More recently, Preis et  al. reported 
conversion of 18 painful ankle arthrodeses to TAA. They 
concluded that this procedure is technically challenging 
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and in their series, it was associated with frequent com-
plications, including arthrofibrosis; however, pain and 
function did improve. Pellegrini et al. described conver-
sion of tibiotalar arthrodesis to TAA for symptomatic 
adjacent hindfoot arthritis or tibiotalar or subtalar non-
union in 23 patients. Concomitant procedures were done 
in 18 ankles (78%), most commonly prophylactic mal-
leolar fixation. Pain relief and function were improved 
in most patients; implant survival rate was 87% at an 
average 3-year follow-up. These authors recommended 
prophylactic malleolar fixation and did not recommend 
conversion to TAA for ankle arthrodeses that included 
distal fibulectomy. Although conversion of a nonunion 
of an attempted ankle fusion to an ankle arthroplasty has 
been done, to date we have no experience with the con-
version of a well-healed ankle fusion. 

 

TIBIOTALAR ARTHRODESIS 
CONVERSION TO TOTAL ANKLE 
ARTHROPLASTY

 TECHNIQUE 10.5 

(PELLEGRINI ET AL.)

PREOPERATIVE PLANNING
 n  Preoperative preparation and planning are similar to those 

for a primary TAA, and implants designed for primary TAA 
can be used in most patients. 

 

A B

C D

FIGURE 10.12 A and B, Osteonecrosis of ankle after talar fracture. C and D, After total ankle 
arthroplasty with INBONE II prosthesis.
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PATIENT POSITIONING AND PREPARATION
 n  Place the patient supine on the operating-room table with 

the heel over or near the edge of the table, with the foot 
resting at a right angle to the table.

 n  Place support under the ipsilateral hip.
 n  The anesthesia team routinely uses a popliteal catheter 

for regional anesthesia.
 n  Drape the extremity above the knee and use Esmarch and 

tourniquet control. 

IMPLANT REMOVAL AND SCREW INSERTION
 n  Remove trans-articular screws or screws anticipated to inter-

fere with implant positioning before inflating the tourniquet.

 n  Inflate the thigh tourniquet. In ankles in which arthrodesis 
was done with anterior plating, inflate the tourniquet be-
fore proceeding with an anterior approach to the ankle.

 n  Assuming that the malleoli have been stress-shielded in 
ankle arthrodesis, perform prophylactic fixation of both 
malleoli to avoid intraoperative fractures.

 n  Use percutaneous cannulated 3.5-mm diameter screws to 
preserve tourniquet time for the arthroplasty and improve 
stability. Place the screws as close to the cortex as possible 
in anticipation of gutter preparation. 

 

A B C

D

E F

FIGURE 10.13 A–D, Despite well-healed, well-aligned ankle fusion, patient had persistent 
pain that necessitated takedown of fusion and total ankle arthroplasty with Salto Talaris implant 
(E and F). Eight months after total ankle arthroplasty, he returned to his full-time job as tactical 
agent with U.S. Border Patrol.  (Courtesy Dr. Mark Casillas, San Antonio, TX.)
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RECREATE THE TIBIOTALAR JOINT
 n  Define the native articular line; this usually is straightfor-

ward when the ankle anatomy has been adequately pre-
served (Fig. 10.14A-C).

 n  Although the joint line can be identified clinically, place 
small-diameter Kirschner wires as a reference to define 
the joint line fluoroscopically.

 n  In some patients, re-establishing the tibiotalar joint line 
may be difficult, and radiographs of the contralateral, un-
involved ankle can serve as a reference for determining the 
joint line in the affected ankle; measure the distance from 
the medial malleolus to the natural joint line. The TAA im-
plant also may serve as a reference for determining the  
ideal level for re-establishing the joint line; a particular screw 
or hole in a plate can serve as a useful reference point.

 n  Preserve the talar body. If necessary, make the joint line 
slightly more proximal to avoid leaving too little talus on 
which to rest the talar component. Avoid excessive proxi-
mal translation, however, because the more proximal the 
resection, the narrower the tibia and the greater risk for 
malleolar stress fracture.

 n  For implants with independent tibial and talar prepara-
tion, select the proper resection level, rotation, and slope 
as for primary TAA.

 n  Perform the initial tibial preparation with the same cutting 
guide used for a primary TAA.

 n  From the previous operation, the posterior soft tissue may 
be adhered to the posterior aspect of the tibia. Use a lat-
eral fluoroscopic view to help confirm that the saw blade 
has not overcome the posterior tibial bone.

 n  Extract the resected bone from the joint. 

SET THE OPTIMAL TALAR SLOPE
 n  To avoid excessive posterior talar slope, perform the ini-

tial talar preparation independent of the dedicated guide. 
This is particularly important when using a monoblock 
cutting guide to prepare the tibia and talus.

 n  After tibial preparation is complete, use a small recipro-
cating saw to recreate the gutters.

 n  Place the ankle in dorsiflexion, which will optimize the 
talar position for adequate preparation (Fig. 10.14D-I). 

RECREATE THE MEDIAL AND LATERAL GUTTERS
 n  Place small-diameter Kirschner wires in the anticipated lo-

cation of the native gutters and confirm fluoroscopically.
 n  Because monoblock instrumentation may be difficult 

for evaluating the malleoli and residual talar bone, use 
a smaller monoblock than may be suggested on intraop-
erative evaluation. An adequate intramedullary reference 
in this system is critical to placing the cutting guide in an 
optimal position.

 n  In a critical step of the surgical procedure, maintain the 
ankle in a stable position, regardless of the ankle system 
being used, until the gutters have been adequately recre-
ated. Failure to achieve stability of the ankle may result in 
a malleolar fracture during distraction or mobilization.

 n  Recreate the gutters using a small reciprocating saw to re-
move approximately 2 to 3 mm of bone slightly more to-
ward the malleoli rather than the talar bone (Fig. 10.15). 
This should ensure that sufficient talar dome will support 
the talar component. 

MOBILIZE THE ANKLE AND USE BONE GRAFT IN DE-
FECTS FROM PREVIOUS IMPLANTS

 n  To avoid potential malleolar fractures, mobilize the ankle 
only after prophylactic malleolar screws have been placed, 
tibial and talar cuts have been completed, gutters have 
been reestablished, all resected bone has been removed, 
and scar tissue from the posterior aspect of the ankle has 
been excised; thereafter, conversion TAA is similar to pri-
mary TAA, with the exception of potential bone defects 
where implants were positioned.

 n  If the ankle remains locked, more release is needed.
 n  Apply distraction to assess whether the created joint space 

will accommodate the implant. Occasionally, further bone 
resection may be needed. Use a small reciprocating saw 
to remove incongruities of the bone surfaces.

 n  Despite adequate bone preparation and elevation of scar tis-
sue, motion may be limited in an ankle arthrodesis takedown. 
Access to the posterior part of the ankle may be difficult.

 n  Use bone grafting in defects caused by previous implants 
to prevent later cyst formation or bone weakening. 

TALAR PREPARATION
 n  Perform the routine steps for primary TAA, often ignor-

ing bone defects from the ankle arthrodesis implants, but 
plan to repair the defects with bone-grafting before im-
planting the final talar component.

 n  Despite satisfactory bone preparation and elevation of 
scar tissue, note that access to the posterior aspect of 
the ankle joint can be challenging. This situation is less 
of a concern when a system designed for a flat-cut talus 
is used and more challenging when the talar preparation 
involves a posterior chamfer cut.

 n  Perform talar preparation in a manner similar to that for 
primary TAA. For this procedure, after milling the anterior 
chamfer, a bone defect can be obvious. Take the location 
of the bone defect into consideration when selecting the 
ankle design. If the bone defect is laterally based, use 
an ankle design with a medial talar stem and a lateral 
chamfer cut, thereby reducing the bone defect without 
compromising implant stability.

 n  At this point, the posterior capsule can be easily accessed and 
mobilized judiciously using an elevator to protect the neuro-
vascular bundle and the malleoli (Figs. 10.16 and 10.17A-C). 

TIBIAL PREPARATION AND DEFINITIVE COMPONENTS
 n  Perform tibial preparation in a manner similar to that for 

primary TAA.
 n  Plan for a talar component one size smaller than the tibial 

component to ensure (1) adequate gutter debridement 
and (2) sufficient bone support in anticipation of talar 
dome bone loss during arthrodesis takedown.

 n  The tibial component rarely has to be downsized unless 
there is concern for medial malleolar stress fracture in pa-
tients with relatively small ankles.

 n  After definitive components have been adequately im-
planted, assess ankle stability, ankle range of motion, and 
foot alignment.

 n  If concomitant ancillary procedures can be safely done 
during the same operation, do so. In general, hindfoot 
arthrodesis is staged to avoid jeopardizing talar blood 
supply and implant osseointegration.
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A B C

D E F

G H I

FIGURE 10.14 Pellegrini et al. technique for conversion of tibiotalar arthrodesis to total ankle 
arthroplasty (see text). A-C, Reestablishment of the native joint line. D-I, Talar preparation.  (From 
Pellegrini MJ, Schiff AP, Adams SB Jr: Tibiotalar arthrodesis conversion to total ankle arthroplasty, JBJS Essent 
Surg Tech 6:e27, 2016.) SEE TECHNIQUE 10.5.
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GOUT
Barg et al. reported low frequency of intraoperative or post-
operative complications and high patient satisfaction and 
functional outcomes after bilateral total ankle arthroplasties 
in a subset of patients with the diagnosis of gouty arthritis. 

BILATERAL TOTAL ANKLE ARTHROPLASTY
Barg et al. also reported outcomes of 23 patients with bilateral 
total ankle arthroplasties done at the same surgical setting and 
compared them with a cohort with unilateral replacement. At 
short-term follow-up, the unilateral group had better outcomes, 
but the differences disappeared by 1 and 2 years after surgery. 
More recently, Desai et al. compared outcomes in patients with 
unilateral and staged bilateral TAA and found that those with 
staged bilateral TAA benefited as much as patients with uni-
lateral TAA, despite having a worse preoperative health status. 
Revision rates and implant survival times were similar. Bilateral 
replacements are not for the faint-hearted patient or surgeon, 
and patients should be warned of the lengthy recovery period. 

OUTCOMES
As a preamble to the evaluation of outcomes reported in the 
literature, it may be important to turn a critical eye to the 
methods of reporting and the sources of the studies. Noting 
that patient-reported outcomes measures are designed 
to evaluate function or symptoms while missing ongoing 

 FIGURE 10.15 Pellegrini et al. technique for conversion of tibio-
talar arthrodesis to total ankle arthroplasty (see text). Preparation 
of the medial and lateral gutters.  (From Pellegrini MJ, Schiff AP, Adams 
SB Jr: Tibiotalar arthrodesis conversion to total ankle arthroplasty, JBJS 
Essent Surg Tech 6:e27, 2016.) SEE TECHNIQUE 10.5.
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  FIGURE 10.16 Pellegrini et al. technique for conversion of tibiotalar arthrodesis to total ankle 
arthroplasty (see text). Preparation of the anterior chamfer. A, Osteophytes removed from talar 
neck. B, Smoothing anterior chamfer. C, Anterior talar body prepared for anterior chamfer guide. D, 
Guide positioning. E, Anterior chamfer preparation. F, Note lateral talar defect from hardware placed 
during ankle arthrodesis. G, Defect requiring graft. (From Pellegrini MJ, Schiff AP, Adams SB Jr: Tibiotalar 
arthrodesis conversion to total ankle arthroplasty, JBJS Essent Surg Tech 6:e27, 2016.) SEE TECHNIQUE 10.5.
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limitations with which patients must cope, Pinsker et  al. 
proposed categorizing outcomes as “recovered-resolved” 
(better with no symptoms or residual effects), “recovered, 
not resolved” (better but with residual effects), or “not 
recovered” (not better). Most patients reported positive out-
comes, but only 15% had resolution of all symptoms and 
limitations. Because patients’ perceptions of satisfactory 
outcomes were not predicated on the resolution of all limi-
tations, these authors suggested that the conventional defi-
nition of satisfactory outcomes should be expanded. Labek 
et al. noted that there is a significant difference in the revi-
sion rates in published sample series compared with those 
from national registries. They noted that implant developers 
represent about 50% of the published content and are likely 
overrepresented in the literature. Revision rates as collected 
in national registries have been reported to be approxi-
mately twice as high as in sample series, and the overall revi-
sion rates according to registry databases have been cited 
as 21.8% at 5 years and 43.5% at 10 years. A more recent 
review of National Joint Registry data, including 5152 pri-
mary and 591 revision total ankle arthroplasties, gave pros-
thesis survival rates of 94% at 2 years, 87% at 5 years, and 
81% at 10 years. Another review of data from five national 
registers showed revision rates of approximately 10% at 5 
years. According to a review of the literature by Easley et al., 
reported implant survivorship in 2240 total ankle arthro-
plasties ranged from 70% to 98% at 3 to 6 years and from 
80% to 95% at 8 to 12 years; they also noted that most pub-
lished reports have a fair-to-poor quality level of evidence. 
In their review of 90 patients with total ankle arthroplas-
ties using both mobile-bearing and fixed-bearing implants, 
Queen et al. found improved function in all patients. In gen-
eral, those with a fixed-bearing implant had more improve-
ments in ankle moment and ground reaction forces, whereas 
those with mobile-bearing implants had more improvement 
in patient-reported pain. A more recent comparison study 
by Lefrancois et al. (451 TAAs) found more frequent metal 

component revisions with Mobility and Agility implants 
than with HINTEGRA and STAR systems.

For convenience, outcomes are reported for mobile-
bearing prostheses and then fixed-bearing prostheses. Most, 
but not all, of the available literature reporting outcomes on 
third-generation, three-component, mobile-bearing prosthe-
ses come from outside the United States, where the implants 
have been in use for many years. Studies of the STAR, Salto, 
Mobility, and AES ankle systems report 5-year survivorship 
ranging from 83% to 97%, with 92% to 97% patient satisfaction 
(Table 10.3). Additional surgical procedures were required in 
17% to 39% of patients. Frequent causes for revision included 
aseptic loosening, osteolysis and osteolytic cysts, implant fail-
ure, malleolar impingement, and malalignment.

Of the various fixed-bearing, two-component designs, 
the Agility total ankle has significant intermediate and long-
term outcomes reported. Although relatively high rates of 
patient satisfaction have been reported, revision and reopera-
tion rates also are high with this implant, and it is no longer 
available in the United States.

Currently, at our institution the most commonly used 
prosthesis is the INFINITY, most often with patient-specific 
guides. We have 5 years of experience with this implant. Recent 
reports by Cody et  al. and Saito et  al. have raised concerns 
regarding tibial component loosening, subsidence, and early 
revision; however, we have not encountered these problems 
in our patients. A prospective, multi-center trial is underway, 
and we hope to report early outcomes in the near future.

SPORTS PARTICIPATION
Two studies investigating the ability to participate in sports 
after TAA found rates of sports participation after surgery 
to be equal to or higher than those before surgery; however, 
activities did not include high-impact or contact sports and 
most often involved activities such as swimming, cycling, hik-
ing, and fitness training. 

 

A B C

FIGURE 10.17 Pellegrini et al. technique for conversion of tibiotalar arthrodesis to total ankle 
arthroplasty (see text). Preparation of the lateral chamfer. A, Lateral chamfer guide flush on talus. 
B, Preparation of lateral chamfer with microsagittal saw. C, Prepared talus with lateral dome defect 
requiring bone grafting. (From Pellegrini MJ, Schiff AP, Adams SB Jr: Tibiotalar arthrodesis conversion to 
total ankle arthroplasty, JBJS Essent Surg Tech 6:e27, 2016.) SEE TECHNIQUE 10.5.
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 TABLE 10.3 

Results of Total Ankle Arthroplasty

STUDY IMPLANT NO. PATIENTS FOLLOW-UP RESULTS
Karantana et al. 
(2010)

STAR 45 (52 ankles) 8 years Prosthesis survival at 5 years 90%, at 8 years 84%
Revision rate 17%

Wood et al. (2010) Mobility 96 (100 ankles) 4 years Prosthesis survival at 3 years 97%, at 4 years 94%
Patient satisfaction 97%

Skyttä et al. (2010) STAR
Biomet AES

645 (Finnish 
Arthroplasty 
Register)

7 years Prosthesis survival at 5 years 83%, 7-year survival 78%

Mann et al. (2011) STAR 76 (78 ankles) 9 years Probability of prosthesis survival at 5 years 96%, at least 
10 years 90%
Patient satisfaction 92%
Additional surgeries 17%

Bonnin et al. (2011) Salto 96 (98 ankles) 11 years Prosthesis survival at 10 years 65%; 85% when fusion or 
revision of any component used as criterion for failure
Reoperation rate 35%

Nunley et al. (2012) STAR 82 (82 ankles) 5 years Prosthesis survival at 5 years 94%, projected 9 years 88%
Additional surgeries 17%

Barg et al. (2013) HINTEGRA 684 (722 
ankles)

6 years Prosthesis survival at 5 years 94%; projected 10-year 84%; 
61 ankles (8%) had revision arthroplasties

Brunnerf et al. 
(2013)

STAR 72 (77 ankles) 12 years Probability of implant survival 71% at 10 years, 46% at 
14 years
29 (38%) required revision of at least one metallic 
component

Schweitzer et al. 
(2013)

Salto Talaris 67 (67 ankles) 3 years Implant survival at 3 years 96%
8 patients (12%) had additional surgery after index 
procedure
15 patients (22%) with 23 complications

Sproule et al. (2013) MOBILITY 85 (88 ankles) 3 years Cumulative survival 90% at 3 years, 88% at 4 years
Good pain relief and improved function in 82%
8 ankles (9%) required revision

Adams et al. (2014) INBONE 194 (194 
ankles)

4 years Overall implant survival of 89%
Revision rate of 6%

Ramaskandhan 
et al. (2014)

MOBILITY 106 (106 
ankles)

2 years 53-point improvement in AOFAS scores
12% complication rate

Deleu et al. (2015) HINTEGRA 50 (50 ankles) 4 years AOFAS scores and ROM significantly improved
Osteolysis identified in 24 ankles (48%)

Jastifer and 
Coughlin (2015)

STAR 18 (18 ankles) 10 years Overall implant survival 94%
Additional surgery required in 39%
All patients reported their outcomes as good or excellent

Jung et al. (2015) HINTEGRA, 
MOBILITY

52 (54 ankles) 2–3 years Ankle impingement syndrome significantly more com-
mon with HINTEGRA; intraoperative malleolar fracture 
only with MOBILITY

Hsu and Haddad 
(2015)

INBONE 59 (59 ankles) 3 years Estimated survival rate at 2 years 97%
14 patients (2%) required reoperation because of 
complication.

Daniels et al. (2015) STAR 98 (111 ankles) 9 years 32 ankles (29%) required metal component revision and/
or polyethylene bearing exchange

Zhou et al. (2016) Unknown; 
95 academic 
centers

2340 ankles Unknown Overall complication rate 1.4%, <0.5% after 2007
Readmission rate of 3%

META-ANALYSIS/SYSTEMATIC REVIEW

Stengel et al. (2005) Mobile bear-
ing only

1107 ankles Prosthesis survival at 5 years 91%
Complication rates 2%-15%
Secondary surgery in 12%, arthrodesis in 6%

Haddad et al.* 
(2007)

Mobile and 
fixed bearing

852 ankles Excellent/good results ∼70%
5-year implant survival 78%
Revision rate 7%
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ROLE OF EXPERIENCE AND NUMBERS OF 
CASES
TAA is not a procedure to be undertaken lightly. The risk of 
complications is not insignificant, and the instrumentation is, 
in general, complex. A thorough knowledge of the fundamen-
tal forces affecting the ankle and hindfoot is critical, and patient 
selection is paramount. Most studies show a definite learning 
curve, with improved outcomes related to experience, and 
implant designers require training with artificial bones and/or 
cadavers to become certified in the use of their equipment. 

RANGE OF MOTION
Perhaps the only advantage the ankle joint has over the knee 
or hip joint in total joint replacement is the apparent range 
of motion necessary for gait and function. Although more 
extremes of motion are needed for activities such as jogging, 
running, or walking up or down an inclined surface, level 
ground walking requires only about 12 degrees of exten-
sion and 20 degrees of ankle flexion. Ajis et al. evaluated 119 
patients and found no notable improvement in ankle range of 
motion at 6 months after TAA. Coetzee and Castro evaluated 
range of motion of the ankle joint on preoperative and post-
operative radiographs and found that true tibiotalar motion 
improved from an average of 18.5 degrees before surgery to 
23.4 degrees after surgery. They suggested that clinical assess-
ments of range of motion are difficult to reproduce and likely 
to be invalid in the assessment of true improvements in ankle 
motion after TAA. Dekker et al. also determined that, because 
of increased midfoot and subtalar motion, actual ankle 
motion after TAA is approximately 12 degrees less than the 
total arc of motion that might be observed clinically. 

BY DIAGNOSIS
The reported outcomes of TAA according to diagnosis are 
variable, with some reporting better results in inflammatory 
arthritis than in osteoarthritis or traumatic arthritis, oth-
ers reporting better results in osteoarthritis, and still others 

reporting no difference in outcomes. Gramlich et al. reported 
that TAA in 60 patients with posttraumatic end-stage arthro-
sis was associated with a high revision rate (42%); frequent 
symptomatic periprosthetic bone cysts caused high rates 
of revision surgery and worse outcomes, which were not 
improved by secondary TAA. It appears that careful patient 
selection concerning other variables such as age, activity level, 
and joint alignment and stability is more important than the 
type of arthritis present. 

COMPLICATIONS
Complications are relatively frequent after TAA and can 
range from minor to catastrophic. Glazebrook et al. classified 
complications into three grades:
High grade: deep infection, aseptic loosening, and implant 

failure; high failure rates (>50%)
Medium grade: technical error, postoperative fractures, and 

subsidence; moderate failure rates
Low grade: intraoperative fractures and wound healing prob-

lems; low failure rates
Gadd et al. reviewed complications in 212 total ankle arthro-
plasties and categorized them according to the Glazebrook 
classification. All complications recorded in their study 
except intraoperative fracture and wound healing, including 
those designated “medium grade” in the Glazebrook scheme 
(technical error, postoperative fracture, and subsidence), had 
a failure rate of at least 50%, prompting these authors to pro-
pose a simplified two-level classification: high risk and low 
risk for failure.

Younger et al. proposed a grading system for reoperations 
after TAA and ankle arthrodesis that was designed to capture 
all major adverse events for which reoperation is required. 
They suggested that future operations might be avoided if the 
cause of reoperation is identified and procedures or devices 
are modified accordingly.

 TABLE 10.3 —cont’d

STUDY IMPLANT NO. PATIENTS FOLLOW-UP RESULTS
Gougoulias et al. 
(2010)

Mobile and 
fixed bearing

1105 ankles Overall failure rate at 10 years 10%
Deep infections 0%-5%
Superiority of one implant design over another not sup-
ported by available data

Zhao et al. (2011) Mobile bear-
ing (STAR)

2088 ankles 5-year survival rate 86%
10-year survival rate 71%

Roukis (2012) Mobile bear-
ing (Agility)

2312 ankles ∼10% revision rate

Zaidi et al. (2013) STAR, 
Hintegra, TNK

7942 ankles Overall survivorship 89% at 10 years

Roukis et al. (2015) Mobile and 
fixed bearing 
(Salto)

1421 ankles 4% revision rate with mobile; 2.4% rate with fixed

*Comparison with arthrodesis (Table 10.1).
AOFAS, American Orthopaedic Foot and Ankle Society; ROM, range of motion.

Results of Total Ankle Arthroplasty —cont’d
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IN-HOSPITAL COMPLICATIONS
Using data from the Nationwide Inpatient Sample (NIS), 
Odum et al. found an inpatient rate of major complications of 
5% and a minor complication rate of 6% in 1574 patients with 
TAA; there were no in-hospital deaths. In their review of 905 
patients with primary or revision TAA, Lai et  al. identified 
older age, higher BMI, and revision procedures as associated 
with early complications. Cunningham et al., to the contrary, 
found that most common comorbidities did not reliably pre-
dict increased complications or costs. In-hospital TAA has 
been shown to be associated with more frequent complica-
tions than outpatient TAA. Although infrequent, blood trans-
fusions during TAA have been found to be associated with 
increased in-hospital complications, including acute renal 
failure. Ewing et  al. reported that blood transfusions were 
more likely to be needed in patients with congestive heart fail-
ure, peripheral vascular disease, hypothyroidism, coagulation 
disorder, or anemia. In a comparison of perioperative compli-
cations in patients who had TAA at an orthopaedic specialty 
hospital or academic teaching hospital, Beck et al. found that 

those treated at an orthopaedic specialty hospital had a signif-
icantly shorter length of stay, with no significant differences 
in readmission or reoperation rates. 

WOUND HEALING COMPLICATIONS
One of the most unnerving complications in TAA is a post-
operative wound dehiscence (Fig. 10.18). A careful preop-
erative evaluation may limit healing problems. If a healing 
problem is suspected, the patient should be evaluated for 
nutritional deficiencies, and we caution against surgery in 
active smokers. Although it is not known how long a patient 
should refrain from smoking before surgery, it seems pru-
dent to be certain they are confident of not returning to 
smoking in the immediate postoperative period. Lampley 
et  al. reported that tobacco cessation appeared to reverse 
the effects of smoking, decreasing the risk of wound com-
plications. We routinely keep patients on binasal cannula 
oxygen while they are in the hospital after surgery. Other 
risk factors associated with wound dehiscence include 
peripheral vascular disease, cardiovascular disease, and a 

 

A B

C D

FIGURE 10.18 After total ankle arthroplasty (A and B), patient with rheumatoid arthritis 
developed wound dehiscence (C) because of nutritional deficiencies. With wound care, nutritional 
support, and secondary closure, wound eventually healed (D). No infection was present. It is impor-
tant to have plastic surgery support in case of wound problems.
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greater than 12 pack-year smoking history. In a series of 
106 total ankle arthroplasties, Raikin et al. identified under-
lying inflammatory arthritis as the only significant risk 
factor for major wound complications. Although patients 
with inflammatory arthritis appear to be at higher risk for 
wound problems, evidence suggests that discontinuation 
of oral steroids or methotrexate is not beneficial and may 
in fact be detrimental, resulting in a postoperative flare of 
autoimmune disease. Antitumor necrosis factor-α medica-
tions such as Embrel, Arava, and Humira should be discon-
tinued before surgery and should not be resumed until the 
wound is well healed.

Finding a significantly longer mean surgery time and a 
trend toward longer median tourniquet time in patients with 
wound problems, Gross et  al. recommended limiting oper-
ative time and considering the staging of adjunctive proce-
dures to decrease the risk of wound problems. Criswell et al., 
however, found no association between additional proce-
dures requiring a separate incision and early complications.

Easley listed several suggestions to prevent wound problems: 
(1) use longer incisions that create less wound tension; (2) avoid 
direct skin retraction (retraction should be deep); (3) administer 
nasal oxygen in the immediate postoperative period; (4) main-
tain immobilization until the skin is healed; (5) leave the anterior 
tibial tendon in its sheath during exposure; and (6) use a drain. 
Matsumoto and Parekh compared wound healing with and 
without the use of negative pressure wound therapy (NPWT) in 
74 patients and found healing problems in only 3% of the NPWT 
group compared with 24% of the control group.

Soft-tissue coverage of the prosthesis and tendons with a 
flap may prevent a catastrophic cascade leading to infection 
and implant failure. Gross et al. reviewed the outcomes and 
complications of flaps used to treat soft-tissue defects after 
TAA in 19 patients; four (21%) flaps failed resulting in two 
subsequent below-knee amputations. 

OSTEOLYSIS, LOOSENING, AND 
SUBSIDENCE
Despite improvements in implants, instrumentation, and 
techniques, the longevity of TAA is not expected to approach 
that of knee and hip replacements at any time in the near 
future. At this time, it is difficult, if not impossible, to rec-
ommend one prosthesis over another because it is not yet 
known which designs will hold up and provide the best long-
term results. The long-term success of most implants seems 
related to loosening and subsidence of the implant. It seems 
logical that improved coverage of bone by the implant should 
diminish peak pressures at the bone-implant interface. Wear 
debris and the lytic reaction to it may gradually create a lysis 
between the bone and implant. Small, nonprogressive cysts 
may be caused by stress shielding and bone remodeling after 
implant insertion, whereas large progressive lesions result 
from a macrophage-led immune response to polyethylene 
and metal wear particles in the periarticular tissues. A his-
tologic analysis of 57 pathology samples by Schipper et  al. 
showed that areas of osteolysis consisted of abundant poly-
ethylene wear particles both intracellularly and extracellu-
larly and appears to confirm that implant wear particles play 
a significant role in osteolysis.

Although some subsidence is common with most 
implants, the question about when to intervene is a difficult 
and open question. Asymptomatic subsidence in a stable, 

well-aligned implant can be observed with annual radio-
graphs. The same findings in a malpositioned implant are 
likely to only get worse with time, and earlier intervention 
may be well advised. With mobile-bearing designs, anterior 
translation of the talus under the tibia, as measured on the lat-
eral view, has been associated with pain and worse outcomes. 
Yi et al. observed a significant correlation between the preop-
erative and postoperative talar position in the coronal plane 
at 36-month follow-up. Complications noted with talar trans-
lation included medial malleolar impingement, insert dislo-
cation, and edge-loading. The diagnosis of implant loosening, 
or subsidence is suspected when more than 5 degrees or 5 
mm of component movement is seen on serial radiographs.

Osteolysis is frequent after TAA but does not always cor-
relate with component loosening or subsidence (Fig. 10.19). 
In one study, radiolucencies were present in 86% of ankles, 
but only 14% developed component subsidence or migra-
tion. Another study found periprosthetic osteolysis in 37 of 
99 ankles, but no association was noted between the pres-
ence of osteolysis and clinical and radiographic outcomes. 
Asymptomatic focal osteolysis found on radiographs can sim-
ply be observed because it may not be progressive; however, 
Hsu et al. noted that, in their experience, most cysts do prog-
ress over time. Rapid cyst progression, particularly in symp-
tomatic patients, warrants prompt intervention because it 
can progress to implant loosening and failure. Several studies 
have recommended adding CT imaging to postoperative fol-
low-up for patients with suspected or known periprosthetic 
lucencies on radiographs.

Revision surgery decisions are based on structural con-
straints and typically involve the use of bone grafting proce-
dures, exchange of implants to a more constrained design, 
and improved fixation and interference fit in the talus and dis-
tal tibia (see section on Revision Total Ankle Arthroplasty). 
Correction of the underlying deformity is critical, and the 
inability to do so may mean that it is necessary to convert to 
an arthrodesis. Gross et al. described 31 patients with bone 
cysts after TAA who were treated with a bone grafting proce-
dure. The success rate was 91% at 24 months and 61% at 48 
months. Four failures required three tibial and talar compo-
nent revisions and one tibiotalocalcaneal fusion. The authors 
concluded that grafting without revision of the TAA is an 
effective and safe method for treating peri-prosthetic bone 
cysts. The techniques for conversion of an ankle arthroplasty 
to an arthrodesis are described in Chapter 11. 

MALALIGNMENT
Malalignment can be avoided by accurate bone cuts and 
proper soft-tissue balancing. Correction of malalignment 
may require calcaneal osteotomy and/or lateral ligament 
reconstruction for minor varus or valgus malalignment (see 
Fig. 10.5); supramalleolar osteotomy, subtalar arthrodesis, or 
triple arthrodesis for moderate to severe malalignment; or 
complete revision for severe malalignment.

POLYETHYLENE FAILURE
In a retrieval analysis of 70 total ankles, most commonly 
retrieved for loosening and polyethylene fracture, Currier 
et al. made several observations, including that loosening may 
be more of problem in fixed-bearing devices than in mobile-
bearing devices. Gamma-sterilized polyethylene inserts oxi-
dized at a higher rate than non–gamma sterilized inserts, and 
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the presence of clinical fatigue (cracking and/or delamina-
tion) correlated with the amount of oxidation. Nine inserts, all 
gamma-sterilized, suffered fatigue damage or fracture in vivo. 

FRACTURE
The most frequent intraoperative complication of TAA is 
fracture of the medial or lateral malleolus, which is reported 
to occur in about 10% of procedures in most series, although 
frequencies as high as 35% have been reported. The mal-
leoli can be fractured if the saw blade cuts beyond the cut-
ting block boundaries or if the bony resections leave so little 
bone that the force needed to seat the component is suffi-
cient to cause a fracture. Medial malleolar fractures should be 
fixed with Kirschner wires (with or without a tension band), 
screws, a low-profile plate, or some combination of these 
because implant stability may rely on intact malleoli; lateral 
malleolar fractures can be fixed with a fibular plate. Some 
have recommended prophylactic Kirschner wire pinning of 
the medial malleolus or plate fixation of the lateral malleolus 
during TAA to prevent this complication. Calcaneal fractures 
also can be caused by excursion of the saw blade (Fig. 10.20).

Manegold et al. developed a classification system and treat-
ment algorithm for periprosthetic fractures in TAA. The classifi-
cation system is based on three sequentially assessed parameters: 
fracture cause, fracture location, and prosthesis stability (Table 
10.4). The treatment algorithm is based on the classification sys-
tem (Fig. 10.21). They identified 21 (4.2%) periprosthetic frac-
tures in a group of 503 total ankle arthroplasties, 11 intraoperative 
and 10 postoperative; 14 of the 21 fractures were of the medial 
malleolus. The authors described fracture healing in all patients.

Postoperative malleolar fractures also have been reported, 
most often associated with patient noncompliance with post-
operative weight-bearing restrictions. Many of these fractures 

can be treated nonoperatively, although open reduction and 
internal fixation may be required for some. Occasionally, a 
malleolar fracture can result in component loosening, requir-
ing revision. 

 

A B

FIGURE 10.19 Periprosthetic lucencies may be related to technique and should not be misin-
terpreted as osteolysis. A, Postoperative radiograph shows mismatch between surgical drill hole 
(arrow) and medial cylindrical bar of tibial STAR component. B, Radiograph of INBONE device 
shows excessive medullary reaming (arrows).  (From Bestic MJ, Bancroft LW, Peterson JJ, Kransdorf MJ: 
Postoperative imaging of the total ankle arthroplasty, Radiol Clin North Am 46:1003–1015, 2008.)

 FIGURE 10.20 Postoperative radiograph shows linear defect 
through posterior calcaneus (arrows) caused by excessive excur-
sion of oscillating saw during implant placement.  (From Bestic MJ, 
Bancroft LW, Peterson JJ, Kransdorf MJ: Postoperative imaging of the 
total ankle arthroplasty, Radiol Clin North Am 46:1003–1015, 2008.)
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INFECTION
Infection appears to be relatively infrequent after TAA. In sys-
tematic reviews of the literature, the rate of superficial infec-
tion ranges from 0% to 15%, with an average of 8%, and the 
rate of deep infection ranges from 0% to 5%, with an aver-
age of less than 1%. One report of causes of revision of TAA 
reported infection in less than 1% of 2198 ankles, whereas 
another large study by Althoff et al. reported infection in 4% of 
6977 patients; independent risk factors for periprosthetic joint 
infections included age over 65 years, BMI over 30 kg/m2 or 
under 19 kg/m2, tobacco use, diabetes mellitus, inflammatory 
arthritis, peripheral vascular disease, chronic lung disease, and 
hypothyroidism. In a review of 966 ankle arthroplasties, Patton 

et al. found 29 infections (3%); operative intervention (irriga-
tion and debridement, revision arthroplasty, or arthrodesis) 
resulted in limb salvage in 23 of the 29 (79%, 21% amputation 
rate). Risk factors identified included diabetes, prior ankle sur-
gery, and wound healing problems more than 14 days after sur-
gery. No significant difference was found between groups with 
respect to smoking, BMI, and operative time. Myerson et al. 
reported infections in 19 (3%) of 613 total ankle arthroplasties, 
15 of which were late chronic infections. Only three of the 19 
patients had successful revision with replacement implants, six 
had arthrodesis, seven had permanent antibiotic spacers, and 
three required transtibial amputation.

In their algorithm for evaluating painful ankles after TAA 
(Fig. 10.22), Vulcano and Myerson list two-stage revision, a 
permanent cement spacer, ankle fusion, and amputation as 
possible treatments for infection. They also listed some general 
guidelines for laboratory studies: elevated erythrocyte sedi-
mentation rate (ESR) and C-reactive protein (CRP) + positive 
aspiration = infection until proved otherwise; elevated ESR and 
CRP + normal or inconclusive aspirate = infection cannot be 
ruled out; normal ESR and CRP + positive aspirate = infection 
until proved otherwise; normal ESR and CRP + negative aspi-
rate = infection unlikely, consider mechanical causes of pain.

Lachman et  al. reported their experience with irrigation 
and debridement and polyethylene exchange with component 
retention in the treatment of acute hematogenous periprosthetic 
joint infection in 14 patients. The long-term (3 years) failure 
rate was 54%. Two variables that were associated with failure 
of irrigation and debridement and polyethylene exchange were 

 

Osteosynthesis

Fracture-associatedFracture-independent

• Nondisplaced fracture:
conservative
• Displaced fracture/
  deviation of axis:
  osteosynthesis/
  corrective osteotomy

• Removal TAR
• Osteosynthesis
• External fixator with
  antibiotic-spacer
• Revision TAR vs.
  conversion to
  arthrodesis

• Osteosynthesis
• Revision arthroplasty
• Corrective osteotomy

• Preexisting periprosthetic osteolysis?
• Erythrocyte sedimentation rate? C-reactive
  protein?
• Clinical and radiologic signs for low-grade
  infection?
• Deviation of the mechanical axis?
• Intraoperative instantaneous section?

TAR unstable (U)

Periprosthetic fracture: decision-making

TAR stable (S) TAR stable (S)

Type 1 Type 2 Type 3

FIGURE 10.21 Classification based algorithm and decision-making protocol for treatment of 
periprosthetic ankle fractures. TAR, Total ankle replacement.  (From Manegold S, Haas NP, Tsitilonis 
S, et al: Periprosthetic fractures in total ankle replacement: classification system and treatment algorithm, 
J Bone Joint Surg 95A:815–820, 2013.)

 TABLE 10.4 

Classification of Periprosthetic Fractures

FRACTURE TYPE
FRACTURE 
 LOCATION

PROSTHESIS 
STABILITY

1 Intraoperative A Medial 
malleolus

S Stable

2 Postoperative trauma B Lateral malleolus U Unstable
3 Postoperative, stress C Tibia

D Talus

From Manegold S, Haas NP, Tsitilonis S, et al: Periprosthetic fractures in total 
ankle replacement: classification system and treatment algorithm, J Bone Joint 
Surg 95A:815, 2013.
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the time the patient was symptomatic prior to the procedure 
(average of 11 days) and the organism isolated on culture. The 
most common bacteria isolated in patients in whom the proce-
dure failed was methicillin-resistant Staphylococcus aureus; the 
most common bacteria in patients who retained their implants 
were methicillin-sensitive S. aureus. 

DEEP VENOUS THROMBOSIS
There is little information in the literature to give guidance 
to the decision of whether to treat patients with modalities 
or medication to lessen the chance of the development of 
DVT. Most series of TAA report a less than 1% frequency of 
DVT, with or without thromboprophylaxis. Saltzman et  al., 
however, reported a 5% frequency, and Barg et al. reported 
symptomatic DVT in 4% of 701 total ankle arthroplasties. 
They identified the following as risk factors: obesity, previ-
ous venous thromboembolic event, and absence of full weight 
bearing postoperatively. Similar risk factors for infection were 
noted by Richey et al. in their cohort study of 22,486 patients 
with TAA, four of which were statistically significant: obesity, 
history of venous thromboembolism (VTE), use of hormone 

replacement therapy, and postoperative non-weight-bearing 
immobilization for more than 6 weeks. Horne et al. reported 
DVT in only three (0.45%) of 637 patients. They concluded 
that chemoprophylaxis is not required in patients without 
identifiable risk factors for DVT. We routinely administer 
low-molecular-weight heparin in the immediate postopera-
tive period and observe the patients closely at follow-up for 
signs and symptoms of this complication. 

HETEROTOPIC OSSIFICATION
Reports in the literature are conflicting regarding the occur-
rence of postoperative heterotopic ossification after TAA, with 
reported frequencies ranging from 4% to 82% for different 
implant designs. The clinical consequences of heterotopic ossi-
fication also are controversial. Several authors have reported 
high frequencies of heterotopic ossification (42% to 82%) but 
with no association with clinical outcomes and no treatment 
required. Others have described limited dorsiflexion and plan-
tarflexion and lower AOFAS in patients with heterotopic ossifi-
cation. Most descriptions of heterotopic ossification after TAA 
place it in the posterior aspect of the ankle. Jung et al., however, 
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reported that six of 13 developments of heterotopic ossifica-
tion were in the anterior compartment and seven in the pos-
terior compartment; heterotopic ossification in five of the six 
anterior compartments was in ankles with Mobility TAA com-
ponents, likely because of the wide exposure of the cancellous 
bony surface at the talar neck. Associations have been reported 
between the development of heterotopic ossification and male 
sex, limited preoperative range of motion, previous hetero-
topic bone formation, posttraumatic osteoarthritis, ankylosing 
spondylitis, and infection. In their 80 patients, Lee et al. identi-
fied prolonged operative time as the only surgical factor found 
to significantly predispose patients to heterotopic ossification. 
These authors proposed a classification system for heterotopic 
ossification after TAA based on the Brooker classification of 
heterotopic ossification after total hip arthroplasty (Table 
10.5) but made no treatment or prophylaxis recommendations 
based on the classification. To reduce the risk of heterotopic 
ossification, they recommended meticulous soft-tissue dis-
section, adequate implant size, and shortened operative time. 
Currently, nonsteroidal antiinflammatory drugs (NSAIDs) are 
the most frequently used method for prophylaxis against het-
erotopic ossification. We do not routinely administer NSAIDs 
before TAA, but prophylactic therapies (e.g., NSAIDs, radia-
tion) may be used in patients who require excision of symp-
tomatic heterotopic ossification. Noting the lack of a strong 
association between heterotopic ossification and postoperative 
ankle pain and functional limitation, Choi and Lee cautioned 
against attributing these symptoms to heterotopic ossification 
in the posterior ankle when considering its excision.

MEDIAL MALLEOLAR PAIN
The etiology and treatment of medial malleolar pain after 
TAA remain unclear. Suggested causes of medial pain include 
posterior tibial tendonitis, impingement, and stress frac-
ture. Lundeen and Dunaway identified six patients (8%) 
with medial malleolar pain in 74 patients with TAA. All were 
treated with placement of two percutaneous medial malleolar 
screws, which relieved or reduced pain in all. These authors 
suggested that medial malleolar insufficiency fracture and 
placement of prophylactic medial malleolar screws should be 
considered in patients who present with new-onset medial 

malleolar pain with normal radiographs, especially if they are 
female or have medial malleolar thickness of less than 11 mm 
at the level of the tibial implant. 

PROGRESSION OF ARTHRITIS IN  
ADJACENT JOINTS
The development or progression of arthritis in the subtalar or 
talonavicular joint after TAA has been described by several 
authors, whereas others found no subtalar arthritis. Wood 
et al. found worsening of subtalar arthritis in 15% of patients; 
Knecht et al., in 19%; and Mann et al., in 12%. It appears from 
these studies that TAA does not protect the adjacent hindfoot 
from the development or progression of arthritis. 

OSTEOPHYTE FORMATION/IMPINGEMENT
Overgrowth of bone around the medial and lateral margins 
of the prosthesis (gutter impingement) is being more com-
monly recognized as a cause of pain after TAA (Fig. 10.23). 
The exact cause of impingement has not been clearly defined, 
but several inciting factors have been suggested: prosthesis 
design, oversized tibial and talar components, undersized 
talar components, uncontrolled varus or valgus thrust, com-
ponent loosening, residual gutter debris, undersized polyeth-
ylene thickness, and talar subsidence. It is likely that no single 
factor is responsible and that the cause of impingement is 
multifactorial. Adequate resection of preexisting osteophytes 
and removal of all bone fragments from the joint margins can 
help prevent this complication. Aggressive gutter “clean-out” 
has been recommended as critical in reducing postoperative 
pain and gaining adequate postoperative motion. Schuberth 
et  al. found symptomatic gutter impingement in 2% of 194 
ankles with prophylactic gutter resection and in 7% of 295 
ankles without gutter resection. They described using an open 
approach through a linear vertical incision directly over the 
involved gutter, which was debrided of all osseous and soft-
tissue debris with power or hand instruments. Debridement 
was considered satisfactory when a 4.0-mm burr could be 
passed freely through the newly created corridor. Fluoroscopy 
was used to confirm adequate resection. Of 30 patients with 
postoperative impingement treated with only 1 gutter debride-
ment procedure, 71% had excellent or good results. These 
authors caution, however, that radiographic determination 
of true gutter impingement often is obscure, subjective, and 
difficult to correlate with clinical examination. Postoperative 
symptomatic impingement may be relieved by local injection 
of cortisone and physical therapy; if symptoms persist, open 
or arthroscopic resection of the excess bone can be performed. 

REVISION ANKLE ARTHROPLASTY
Decision-making in painful TAA is complex, and treatment 
is technically demanding. Pain is the primary symptom of 
early failure of TAA, and its location, quality, and onset can 
provide useful information about its etiology. Persistent pain 
after surgery may be indicative of a deep, indolent infection, 
whereas progressively worsening pain over time may indi-
cate implant loosening and subsidence. Clinical examination 
should include evaluation of the surgical incision, tibiotalar 
and subtalar range of motion, ligamentous stability, align-
ment, gait, and tenderness to palpation about the medial and 
lateral gutters. Workup for periprosthetic infection should 
be done as a first step. If laboratory values are normal with 

 TABLE 10.5 

Classification of Heterotopic Ossification After Total 
Ankle Arthroplasty

CLASS CRITERIA
0 No heterotopic ossification
I Islands of bone within the soft tissue about the 

ankle
II Bone spurs from the tibia or talus, reducing the 

posterior joint space by <50%
III Bone spurs from the tibia or talus, reducing the 

posterior joint space by ≥50%
IV Bridging bone continuous between the tibia and 

the talus

From Lee KB, Cho YJ, Park JK, et al: Heterotopic ossification after primary total 
ankle arthroplasty, J Bone Joint Surg 93A:751, 2011.
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a negative or dry aspirate but pain persists, Hsu et al. recom-
mended bone scan or single photon emission CT for further 
evaluation. If positive findings are seen on either radiographic 
study, they recommended reoperation to explore the joint for 
component osteolysis or infection. Croft et al. described the 
Ankle Arthritis Score (AAS) to evaluate functional impair-
ment after TAA. They used this patient-reported outcome 
score to evaluate 509 patients (531 ankles). Revision surgery 
was associated with a higher postoperative AAS (higher level 
of functional impairment) and a longer follow-up.

Surgical management of failed TAA may require arthro-
desis of the tibiotalar or tibiotalocalcaneal joints, revi-
sion arthroplasty, or below-knee amputation. Determining 
whether arthrodesis or revision arthroplasty is preferable is 
based on surgeon and patient preferences. Hsu et al. listed four 
situations in which they prefer revision with another prosthe-
sis: (1) revision is technically achievable in the presence of 
a viable soft-tissue envelope; (2) there is adequate remaining 
bone stock; (3) good range of motion is present; and (4) the 
patient is compliant and requires early ambulation. In patients 
with stiff and painful ankles or massive bone loss associated 
with fractures, arthrodesis may be a better choice for defini-
tive treatment. Meeker et al. listed their absolute and relative 
contraindications to revision TAA (Box 10.1).

 

A B C

D E F

FIGURE 10.23 Radiographic examples of various gutter impingement morphologic features. A, 
Lateral impingement in a Salto Talaris implant. Arrowheads show areas of persistent arthrosis and hyper-
trophy of the talus after subsidence of the talar component. Note the proximity of the lateral component 
to the subtalar joint. B, Medial gutter impingement 7.5 years after implantation from a combination 
of polywear and talar subsidence. Note the talar bone mass in direct contact with the medial pillar of 
the tibial component (arrowhead). C, Lateral talar impingement from an oversized talar component 
(arrowhead) 3 years after implantation. D, Lateral gutter impingement from residual lateral arthrosis 
from native bone (arrowheads). E, Lateral impingement from the native distal fibular on the calcaneus 
(arrowhead). F, Arrowhead shows site of overgrowth of bone at the medial gutter of a STAR prosthesis 
2 years after implantation. Note that this bone growth allows the weight-bearing load to bypass the 
tibial component and is in direct contact with the poly layer.  (From Schuberth JM, Babu NS, Richey JM, 
Christensen JC: Gutter impingement after total ankle arthroplasty, Foot Ankle Int 34:329–337, 2013.)

Contraindications to Revision Total Ankle 
Arthroplasty

Absolute Contraindications
 n  Deep infection
 n  Neuropathic joint
 n  Insufficient bone stock
 n  Soft-tissue breakdown 

Relative Contraindications
 n  Absence of the distal part of the fibula
 n  Instability resulting from incompetent ligaments
 n  Severe malalignment
 n  Peripheral vascular disease
 n  Significant bone loss
 n  Morbid obesity

 BOX 10.1 

From Meeker J, Wegner N, Francisco R, Brage M: Revision techniques in total 
ankle arthroplasty utilizing a stemmed tibial arthroplasty system, Tech Foot 
Ankle Surg 12:99–108, 2013.
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Obtaining a plantigrade foot below the revision prosthe-
sis may require osteotomies, ligament reconstructions, and 
tendon transfers in a combined or staged fashion to achieve 
solid tibial and/or talar fixation on residual bone stock with-
out violating the subtalar joint, restoring ligamentous ten-
sioning, and correcting hindfoot and forefoot alignment. Hsu 
et  al. listed several key points to be considered in revision 
arthroplasty (Box 10.2).

The few available reports of the outcomes of revision TAA 
indicate that the procedure has a high rate of complications 
and variable functional outcomes. In their series of 41 patients 
with revision TAA, Ellington et  al. reported that 28 patients 
(68%) had good to excellent results; however, only 18 (44%) 
were able to return to their previous levels of activity. Williams 
et al. described revision of 35 Agility total ankle arthroplasties 
(34 patients) to INBONE II prostheses, with a complication rate 
of 31% (Fig. 10.24). Thirty-one of the 34 patients had adjunc-
tive procedures at the time of their final revision: curettage and 
grafting of cysts, subtalar fusion, Achilles lengthening, gastroc-
nemius recession, and realignment osteotomies, as well as inter-
nal fixation of pathologic fractures and gutter debridement. At 
final follow-up, only 13 patients (37%) had adequate range of 
motion; however, none of the patients complained of notewor-
thy pain, and none had been revised at a minimum of 6 months’ 
follow-up. Of 29 patients with failed primary TAAs described 
by Lachman et al., the most common cause of revision was talar 
subsidence (52%), and the average time to revision was 4 years. A 
second revision or arthrodesis was required in 11%.

Ellington et al. described a classification of talar compo-
nent subsidence—grade 1, no subsidence; grade 2, subsidence 
but not to the level of the subtalar joint; and grade 3, subsid-
ence to the level of or interior to the subtalar joint—and noted 
that greater degrees of talar subsidence were associated with 
poor outcomes.

Failed TAA often is associated with bone loss, and cus-
tom-made talar components have been used to compensate 
for the bone loss as an alternative to arthrodesis. Wagener 
et  al. reported good results in 11 of 12 ankles treated with 
custom talar components; all but one had improvements in 
the AOFAS hindfoot scores, and only one developed a deep 
infection that required arthrodesis.

Ali et  al. and Kamrad et  al. recommended salvage 
arthrodesis rather than revision TAA because of good results 
in their patients. At mean follow-up of 14 months, fusion had 
occurred in 22 (96%) of 23 ankles treated by Ali et al. with a 
hindfoot arthrodesis nail, and Kamrad et  al. reported solid 
fusions in 90% of their 118 patients. 

 

REVISION TOTAL ANKLE 
ARTHROPLASTY

 TECHNIQUE 10.6 

(MEEKER ET AL.)

PATIENT POSITIONING AND APPROACH
 n  Evaluate the existing ankle incision and determine if it 

is suitable for another operation. Although the optimal  

approach for revision is through an anterior incision, 
whenever possible, modify this to incorporate previous 
incisions to minimize the risk of skin breakdown between 
narrow skin bridges.

 n  Place the patient supine on the operating table with a 
bump placed under the operative side so that the toes 
point vertical to the table.

 n  If an INBONE II prosthesis is selected for revision, place a 
radiolucent extension along the nonoperative side of the 
table so that the nonoperative leg can be abducted away 
from the operative field to make room for the leg holder.

Key Points in Revision Total Ankle Arthroplasty

 n  The status of the soft-tissue envelope directs the surgical 
approach to avoid potential wound complications.

 n  Full-thickness flaps should be used, with identification of 
as many surrounding neurovascular structures as possible. 
Iatrogenic nerve injury can be a source of postoperative 
pain, especially in multiply operated ankles where nerves 
often are encased in scar tissue.

 n  It is critical to carefully remove all periarticular scar tissue and 
release the surrounding capsule, ligament, and tendons as 
much as possible to restore ankle mobility and the anatomic 
center of rotation.

 n  If components are removed, it is helpful to use a large 
laminar spreader to distract the joint and gain access to the 
posterior joint capsule so that it can be removed.

 n  If adequate medial and lateral bone support, along with 
a healthy cancellous bone base of more than 50% on the 
tibial articular surface, are not available for insertion of an 
alternative tibial component, a modular, stemmed, intra-
medullary implant can be used.

 n  Bulk allograft to provide bony ingrowth should be used 
sparingly because the interface with the prosthesis is of 
poor quality.

 n  A bone graft behind a revision tibial implant or a thicker 
polyethylene component may compensate for the loss in 
tibial height and prevent symptomatic leg-length inequality.

 n  A standard component of the same or different implant 
design can be used for talar component revision, but gener-
ally is more difficult than tibial revision because of the lack 
of talar bone stock and its relatively small size.

 n  For patients with limited subtalar motion or painful arthritis, 
subtalar arthrodesis is required at the time of revision. 
Although subtalar arthrodesis with existing implants can 
be done through a posterior approach, it may be easier to 
perform the arthrodesis in a staged manner, proceeding to 
revision once the fusion mass is confirmed with computed 
tomography scanning.

 n  Various ankle arthroplasty systems allow for size mismatch 
of the tibial and talar components; however, care must be 
taken not to overstuff the joint with a talar component that 
is too wide because the prosthesis would create medial and 
lateral gutter impingement.

 BOX 10.2 

Modified from Hsu AR, Haddad SL, Myerson MS: Evaluation and management of 
the painful total ankle arthroplasty, J Am Acad Orthop Surg 23:272–282, 2015.
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 n  Place a thigh tourniquet and exsanguinate the operative 
limb with an Esmarch bandage after all incisions have 
been marked.

 n  Make an approximately 15-cm longitudinal incision 
through the skin over the anterior aspect of the ankle 
joint, centered midway between the medial and lateral 
malleoli. Approximately two thirds of the incision should 
extend proximal to the ankle joint, and the distal aspect 
should extend to the dorsum of the foot.

 n  Identify and retract laterally the superficial peroneal nerve 
where it crosses the incision at its distal extent.

 n  Incise the superficial fascia of the anterior compartment 
along with any remnants of the extensor fascia in line 
with the skin.

 n  Carefully develop the plane between the anterior tibial 
and extensor hallucis longus tendons, identifying the an-
terior tibial artery and the deep peroneal nerve. Retract the 
neurovascular bundle laterally with the extensor hallucis 

longus as it crosses the ankle joint. Retract the anterior 
tibial tendon medially.

 n  Incise the anterior tibial periosteum and anterior ankle 
capsule longitudinally to expose the ankle joint and proxi-
mal portion of the talar neck.

 n  Continue dissection proximally and distally enough to ex-
pose the entire ankle joint and prosthesis. 

IMPLANT REMOVAL
 n  After exposing the joint, debride any adherent soft tissue 

and bone obscuring the bone-implant interface.
 n  As the first step, disengage the polyethylene liner. This 

is simple when removing a mobile-bearing implant be-
cause it is free of any locking mechanism; however, most 
current TAA revisions in the United States are of two-
component systems. It is important to know the locking 
mechanisms of the various implant systems. 

 

A B C

D E F

FIGURE 10.24 A and B, Failed Agility total ankle arthroplasty revised with INBONE I prosthesis. 
Talar component loosening (C) 2 years after implantation required revision with INBONE II talar 
component (D).
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AGILITY IMPLANT
 n  For removal of an Agility prosthesis, use fine chisels to 

make removal easier. Place a 5-mm chisel on each side of 
the polyethylene to shear off the hemicylindrical outcrop-
pings from the polyethylene and lever the polyethylene 
out with a ¼ inch osteotome.

 n  Use tibial trial component from the Agility system to 
gauge the depth to which it is safe to introduce the 
chisel. Advance the chisel on either side of the keel to 
free the tibial component, taking care to avoid dam-
aging posterior structures by plunging the chisels too 
deep.

 n  Because the Agility prosthesis has a porous coating on the 
medial and lateral aspects of the tibial component, use 
the chisel here as well. Take care to avoid malleolar frac-
ture; consider prophylactic placement of Kirschner wires 
to stabilize malleoli that seem susceptible to fracture.

 n  Once the tibial component is freed, use the same chisels 
along the porous undersurface of the talus.

 n  If the central stem is customized to cross the subtalar 
joint, a retrograde approach may be necessary, accessing 
the tip through a calcaneal tuberosity approach. Open 
the outer cortex in line with the axis of the stem and use 
a combination of drills and gouges with small radii of 
curvature to free the stem from adherent bone. If the talar 
component still resists extraction, a tamp can be used on 
the tip of the stem to aid removal. 

STAR IMPLANT
 n  Removal of a STAR implant is different because the mo-

bile-bearing polyethylene is easily extracted.
 n  Use the fine chisels along the tibial component and to 

separate the porous undersurface of the talar component 
from bone. If the talus is firmly bonded to underlying 
bone, bone resection may be unavoidable. 

SALTO TALARIS IMPLANT
 n  Again, use chisels to free the tibial component first.
 n  Because mobilizing the central keel of the tibial compo-

nent risks bone loss, try to minimize this.
 n  Well-fixed talar components make bone loss a near cer-

tainty. 

JOINT SPACE PREPARATION
 n  Once the components are removed, carefully assess the 

remaining joint space and bone quality.
 n  With the INBONE II prosthesis, bone cuts are guided with 

the use of an external leg holder. Keep lamina spreaders 
in the joint to preserve the alignment of the joint space 
when setting up the leg holder. Secure the hindfoot to 
the leg holder with pins in the calcaneus.

 n  The tibial cuts are guided with alignment rods that overlie 
the tibial canal. Confirm alignment in multiple planes.

 n  Access the tibial canal with a 6-mm drill through the 
plantar aspect of the foot, place the appropriately sized 
cutting guide on the leg-holder, and align it to allow ap-
propriate bone cuts.

 n  Sequentially ream the tibia to a level necessary to obtain 
adequate placement of the  tibial component. Place the 
appropriate number of modular stem pieces to provide 

adequate stability and affix the base plate through Morse 
taper impaction.

 n  Correct bony malalignment with improved bone cuts or 
with osteotomy of the distal tibia or calcaneus. 

PROSTHESIS IMPLANTATION
 n  Fill bone voids with autograft or allograft. Trial the talar 

component with various thicknesses of polyethylene and 
assess for instability and hindfoot alignment.

 n  When the appropriate-sized components are selected, 
proceed with implantation. 

INTRAOPERATIVE CONSIDERATIONS: LIGAMENTOUS  
INSTABILITY

 n  Before making bone cuts, evaluate the ligamentous sta-
bility and alignment of the ankle. Place lamina spreaders 
in the joint space and evaluate the hindfoot alignment by 
standing at the foot of the table while the leg is elevated 
for inspection.

 n  If severe medial or lateral instability exists, consider liga-
ment reconstruction concomitant with the arthroplasty. 

SUBTALAR JOINT
 n  If the patient has had a previous subtalar fusion, con-

sider correcting malalignment with an opening or closing 
wedge osteotomy.

 n  If the subtalar joint remains but is arthritic or ankylosed, 
consider an arthrodesis to correct malalignment.

 n  For subtalar fusion, expose the joint through a separate 
sinus tarsi approach. If screw fixation is used, take care 
that the screws do not abut the talar component and are 
not in the path of the INBONE II fixation pegs, which may 
cause it to displace postoperatively. 

BONE CYSTS
 n  Debride the areas where there are obvious cysts.
 n  Remove any lining of the cysts and perforate the sclerotic 

bone at the margin to allow adjacent bone ingrowth.
 n  If considerable bone loss exists, consider using allograft 

bone, bone graft substitute, or bone graft with iliac crest 
marrow aspirate. 

JOINT BALANCING
 n  Once the trial components are in place, evaluate the joint 

for stability.
 n  Correct medial collateral tightness by performing a judi-

cious deep deltoid release with a ½-inch curved osteotome.
 n  Correct lateral contracture by elevating the calcaneofibu-

lar ligament from its fibular attachment.
 n  If excess gapping occurs medially or laterally, consider al-

lograft tendinous reconstruction either concomitantly or 
as a staged procedure.

 n  Once the appropriate insert has been selected that pro-
vides adequate stability, test ankle plantarflexion and 
dorsiflexion. If the ankle cannot be brought to neutral 
because of a posterior contracture, correct any posterior 
capsular tightness by careful release of scar tissue. If pos-
terior tightness persists because of heel cord tightness, 
perform an Achilles lengthening or a gastrocnemius re-
cession to improve dorsiflexion. 
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CLOSURE
 n  Debride any necrotic scar tissue and close in layers.
 n  Use absorbable suture to approximate the extensor reti-

naculum to prevent bowstringing of tendons.
 n  Close the skin carefully with interrupted or running nylon 

mattress sutures. Minimize skin ischemia that may result 
in wound breakdown. Place a drain if necessary.

 n  Place a plaster splint with the foot in neutral position. 

POSTOPERATIVE MANAGEMENT The patient remains 
non–weight bearing for 6 weeks to allow for osseous 
integration of the implants; this is followed by a period 
of protected weight bearing in a boot. The wound is 
checked every 2 weeks and, if there is no evidence of 
wound breakdown, the sutures are removed, and ankle 
range-of-motion exercises are begun. At 6 weeks, ra-
diographs are obtained and, if there are no concerning 
findings, progressive weight bearing is allowed with the 
goal of full weight bearing at 10 to 12 weeks. If exten-
sive bone grafting was necessary, the time to full weight 
bearing may be longer, as dictated by radiographic signs 
of osseous integration.
  

REFERENCES

GENERAL
Ajis A, Henriquez H, Myerson M: Postoperative range of motion trends fol-

lowing total ankle arthroplasty, Foot Ankle Int 34, 2013.
Bai LB, Lee KB, Song EK, et al.: Total ankle arthroplasty outcome comparison 

for post-traumatic and primary osteoarthritis, Foot Ankle Int 31:1048, 2010.
Besse JL, Colombier JA, Asencio J, et  al.: Total ankle arthroplasty in 

France, Orthop Traumatol Surg Res 96:L291, 2010.
Easley ME, Adams SB, Hembree WC, DeOrio JK: Results of total ankle 

arthroplasty, J Bone Joint Surg 93A:1455, 2011.
Gougoulias NE, Khanna A, Maffulli N: How successful are current ankle 

replacements? a systematic review of the literature, Clin Orthop Relat Res 
468:199, 2010.

Henricson A, Nilsson JA, Carlsson A: 10-year survival of total ankle arthro-
plasties: a report on 780 cases from the Swedish ankle register, Acta 
Orthop 82:655, 2011.

Labek G, Todorov S, Iovanescu L, et al.: Outcome after total ankle arthro-
plasty—results and findings from worldwide arthroplasty registers, Int 
Orthop 37:1677, 2013.

Law RY, Sabeh KG, Rosas S, et al.: Trends in total ankle arthroplasty and revi-
sions in the Medicare database, Ann Transl Med 6:112, 2018.

Mercer J, Penner M, Wing K, Younger AS: Inconsistency in the reporting of 
adverse events in total ankle arthroplasty: a systematic review of the lit-
erature, Foot Ankle Int 37:127, 2016.

Pugely AJ, Lu X, Amendola A, et al.: Trends in the use of total ankle replace-
ment and ankle arthrodesis in the United States Medicare population, 
Foot Ankle Int 35:207, 2014.

Queen RM, De Biassio JC, Butler RJ, et al.: Leonard Goldner Award 2011: 
changes in pain, function, and gait mechanics two years following total 
ankle arthroplaty performed with two modern fixed-bearing prostheses, 
Foot Ankle Int 33:535, 2012.

Raikin SM, Rasouli MR, Espandar R, Maltenfort MG: Trends in treatment of 
advanced ankle arthropathy by total ankle replacement or ankle fusion, 
Foot Ankle Int 35:216, 2014.

Reddy S, Koenig L, Demiralp B, et al.: Assessing the utilization of total ankle 
replacement in the United States, Foot Ankle Int 38:641, 2017.

Skyttä ET, Koivu H, Eskelinen A, et al.: Total ankle replacement: a popula-
tion-based study of 515 cases from the Finnish arthroplasty registry, Acta 
Orthop 81:114, 2010.

Terrell RD, Montgomery SR, Pannell WC, et al.: Comparison of practice pat-
terns in total ankle replacement and ankle fusion in the United States, 
Foot Ankle Int 34:1486, 2013.

Vakhshori V, Sabour AF, Alluri RK, et al.: Patient and practice trends in total 
ankle replacement and tibiotalar arthrodesis in the United States from 
2007 to 2013, J Am Acad Orthop Surg 27:e77, 2019.

Yu JJ, Scheskier S: Total ankle replacement. evolution of the technology and 
future applications, Bull Hosp Jt Dis 71:120, 2014.

DESIGN RATIONALE, SURGICAL TECHNIQUE
Barg A, Elsner A, Anderson AE, Hintermann B: The effect of three-com-

ponent total ankle replacement malalignment on clinical outcome: pain 
relief and functional outcome in 317 consecutive patients, J Bone Joint 
Surg 93A:1969, 2011.

Barg A, Elsner A, Chuckpaiwong B, Hintermann B: Insert position in three-
component ankle replacement, Foot Ankle Int 31:754, 2010.

Barg A, Zwicky L, Knupp M, et al.: HINTEGRA total ankle replacement: sur-
vivorship analysis is 684 patients, J Bone Joint Surg 95A:1175, 2013.

Benich MR, Ledoux WR, m Orendurff MS, et  al.: Comparison of treat-
ment outcomes of arthrodesis and two generations of ankle replacement 
implants, J Bone Joint Surg Am 99:1782, 2017.

Bennett A, Ramaskandhan J, Siddique M: Total ankle replacement for 
osteoarthritis following pilon fracture of the tibia, Foot Ankle Int 
39:1008, 2018.

Berlet GC, Penner MJ, Lancianese S, et al.: Total ankle arthroplasty accuracy 
and reproducibility using preoperative CT scan-derived, patient-specific 
guides, Foot Ankle Int 35:665, 2014.

Bishcoff JE, Fryman JC, Parcell J, et al.: Influence of crosslinking on the wear 
performance of polyethylene within total ankle arthroplasty, Foot Ankle 
Int 36:369, 2015.

Bischoff JE, Schon L, Saltzman C: Influence of geometry and depth of resec-
tions on bone support for total ankle replacement, Foot Ankle Int 38:1026, 
2017.

Bonasia DE, Dettoni F, Femino JE, et al.: Total ankle replacement: when, why, 
and how?, Iowa Orthop J 30:119–130, 2010.

Bonnin M, Gaudot F, Laurent JR, et al.: The Salto total ankle arthroplasty: 
survivorship and analysis of failures at 7 to 11 years, Clin Orthop Relat 
Res 469:225, 2011.

Braito M, Dammerer D, Reinthaler A, et  al.: Effect of coronal and sagittal 
alignment on outcome after mobile-bearing total ankle replacement, Foot 
Ankle Int 36:1029, 2015.

Brodsky JW, Kane JM, Taniguchi A, et al.: Role of total ankle arthroplasty in 
stiff ankles, Foot Ankle Int 38:1070, 2017.

Chambers S, Ramaskandhan J, Siddique M: Radiographic severity of arthritis 
affects functional outcome in total ankle replacement (TAR), Foot Ankle 
Int 37:351, 2016.

Cody EA, Lachman JR, Gausden EB, et al.: Lower bone density on preopera-
tive computed tomography predicts periprosthetic fracture risk in total 
ankle arthroplasty, Foot Ankle Int, 2018. 1071100718799102. https://doi.
org/10.1177/1071100718799102, Epub ahead of print.

Coetzee JC: Surgical strategies: lateral ligament reconstruction as part of 
the management of varus ankle deformity with ankle replacement, Foot 
Ankle Int 31:267, 2010.

Criswell BJ, Douglas K, Naik R, Thomson AB: High revision and reopera-
tion rates using the agilityTM total ankle system, Clin Orthop Relat Res 
470:1980, 2012.

Currier BH, Hecht PJ, Nunley 2nd JA, et al.: Analysis of failed ankle arthro-
plasty components, Foot Ankle Int 40:131, 2019.

Daigre J, Berlet G, Van Dyke B, et al.: Accuracy and reproducibility using 
patient-specific instrumentation in total ankle arthroplasty, Foot Ankle 
Int 38:412, 2017.

Daniels TR, Mayich DJ, Penner MJ: Intermediate to long-term outcomes of 
total ankle replacement with the Scandinavian total ankle replacement 
(STAR), J Bone Joint Surg 97A:895, 2015.

    

https://booksmedicos.org
 https://doi.org/10.1177/1071100718799102
 https://doi.org/10.1177/1071100718799102


CHAPTER 10  TOTAL ANKLE ARTHROPLASTY 559

Deleu PA, Devos Bevernage B, Gombault V, et  al.: Intermediate-term 
results of mobile-bearing total ankle replacement, Foot Ankle Int 
36:518, 2015.

Frigg A, Nigg B, Hinz L, et al.: Clinical relevance of hindfoot alignment view 
in total ankle replacement, Foot Ankle Int 31:871–879, 2010.

Fukuda T, Haddad SL, Ren Y, Zhang LQ: Impact of talar component rotation 
on contact pressure after total ankle arthroplasty: a cadaveric study, Foot 
Ankle Int 31:404, 2010.

Gaudot F, Colombier JA, Bonnin M, Judet T: A controlled, comparative 
study of a fixed-bearing versus mobile-bearing ankle arthroplasty, Foot 
Ankle Int 35:131, 2014.

Gauvain TT, Hames MA, McGarvey WC: Malalignment correction of the 
lower limb before, during, and after total ankle arthroplasty, Foot Ankle 
Clin 22:311, 2017.

Gross CE, Palanca AA, DeOrio JK: Design rationale for total ankle arthro-
plasty systems: an update, J Am Acad Orthop Surg 26:353, 2018.

Hamid KS, Matson AP, Nwachukwu BU, et al.: Determining the cost-savings 
threshold and alignment accuracy of patient-specific instrumentation in 
total ankle arthroplasty, Foot Ankle Int 38:49, 2017.

Hsu AR, Davis WH, Cohen BE, et al.: Radiographic outcomes of preopera-
tive CT scan-derived patient-specific total ankle arthroplasty, Foot Ankle 
Int 36:1163, 2015.

Hsu AR, Haddad SL: Early clinical and radiographic outcomes of intramed-
ullary-fixation total ankle arthroplasty, J Bone Joint Surg 97A:194, 2015.

Jastifer JR, Coughlin MJ: Long-term follow-up of mobile bearing total ankle 
arthroplasty in the United States, Foot Ankle Int 36:143, 2015.

Jung HG, Shin MH, Lee SH, et al.: Comparison of the outcomes between two 
3-component total ankle implants, Foot Ankle Int 36:656, 2015.

Karantana A, Hobson S, Dhar S: The Scandinavian total ankle replacement: 
survivorship at 5 and 8 years comparable to other series, Clin Orthop 
Relat Res 468:951, 2010.

Knupp M: The use of osteotomies in the treatment of asymmetric ankle joint 
arthritis, Foot Ankle Int 38:220, 2017.

Lewis Jr JS, Green CL, Adams Jr SB, et al.: Comparison of a first- and second-
generation fixed-bearing total ankle arthroplasty using a modular intra-
medullary tibial component, Foot Ankle Int 36:881, 2015.

Lundeen GA, Clanton TO, Dunaway LJ, et al.: Motion at the tibial and poly-
ethylene component interface in a mobile-bearing total ankle replace-
ment, Foot Ankle Int 37:848, 2016.

Nicholson JJ, Parks BG, Stroud CC, Myerson MS: Joint contact character-
istics in Agility total ankle arthroplasty, Clin Orthop Relat Res 424:125, 
2004.

Pellegrini MJ, Schiff AP, Adams Jr SB, et al.: Conversion of tibiotalar arthrod-
esis to total ankle arthroplasty, J Bone Joint Surg 97A:2004, 2015.

Queen RM, Franck CT, Schmitt D, et al.: Are there differences in gait mechan-
ics in patients with a fixed versus mobile bearing total ankle arthroplasty? 
A randomized trial, Clin Orthop Relat Res 475:2599, 2017.

Queen RM, Grier A, Butler R, et al.: The influence of concomitant triceps 
surae lengthening at the time of total ankle arthroplasty on postoperative 
outcomes, Foot Ankle Int 35:863, 2014.

Ramaskandhan JR, Kakwani R, Kometa S, et  al.: Two-year outcomes of 
mobility total ankle replacement, J Bone Joint Surg 96A:e53, 2014.

Rippstein PF, Huber M, Coetzee JC, Naal FD: Total ankle replacement with 
use of a new three-component implant, J Bone Joint Surg 93A:1426, 2011.

Schenk K, Lieske S, John M, et al.: Prospective study of a cementless, mobile-
bearing, third generation total ankle prosthesis, Foot Ankle Int 32:755, 2011.

Schipper ON, Haddad SL, Fullam S, et al.: Wear characteristics of conven-
tional ultrahigh-molecular-weight polyethylene versus highly cross-
linked polyethylene in total ankle arthroplasty, Foot Ankle Int 39:1335, 
2018.

Schipper ON, Hsu AR, Haddad SL: Reduction in wound complications after 
total ankle arthroplasty using a compression wrap protocol, Foot Ankle 
Int 36:1448, 2015.

Schweitzer KM, Adams SB, Viens NA, et al.: Early prospective clinical results 
of a modern fixed-bearing total ankle arthroplasty, J Bone Joint Surg 
95A:1002, 2013.

INDICATIONS, ARTHROPLASTY VS ARTHRODESIS
Atkinson HD, Daniels TR, Klejman S, et  al.: Pre- and postoperative gait 

analysis following conversion of tibiotalocalcaneal fusion to total ankle 
arthroplasty, Foot Ankle Int 31:927, 2010.

Courville XF, Hecht PJ, Tosteson AN: Is total ankle arthroplasty a cost-effec-
tive alternative to ankle fusion? Clin Orthop Relat Res 469:1721, 2011.

Dalat F, Trouillet F, Fessy MH, et al.: Comparison of quality of life following 
total ankle arthroplasty and ankle arthrodesis: retrospective study of 54 
cases, Orthop Traumatol Surg Res 100:761, 2014.

Daniels TR, Mayich DJ, Penner MJ: Intermediate to long-term outcomes of 
total ankle replacements with the Scandinavian Total Ankle Replacement 
(STAR), J Bone Joint Surg 97A:895, 2015.

Daniels TR, Younger AS, Penner M, et al.: Intermediate-term results of total 
ankle replacement and ankle arthrodesis: a COFAS multicenter study, J 
Bone Joint Surg 96A:135, 2014.

Flavin R, Coleman SC, Tenebaum S, Bodsky JW: Comparison of gait after total 
ankle arthroplasty and ankle arthrodesis, Foot Ankle Int 34:1340, 2013.

Hintermann B, Barg A, Knupp M, Valderrabano V: Conversion of painful 
ankle arthrodesis to total ankle arthroplasty: surgical technique, J Bone 
Joint Surg 92A(Suppl 1, Pt 1):55, 2010.

Jastifer J, Coughlin MJ, Hirose C: Performance of total ankle arthroplasty 
and ankle arthrodesis on uneven surfaces, stairs, and inclines: a prospec-
tive study, Foot Ankle Int 36:11, 2015.

Jiang JJ, Schipper ON, Whyte N, et al.: Comparison of perioperative compli-
cations and hospitalization outcomes after ankle arthrodesis versus total 
ankle arthroplasty from 2002 to 2011, Foot Ankle Int 36:60, 2015.

Kim HJ, Suh DH, Yang JH, et  al.: Total ankle arthroplasty versus ankle 
arthrodesis for the treatment of end-stage ankle arthritis: a meta-analysis 
of comparative studies, Int Orthop 41:101, 2017.

Kwon DG, Chung CY, Park MS, et al.: Arthroplasty versus arthrodesis for 
end-stage ankle arthritis: decision analysis using markov model, Int 
Orthop 35:1647, 2011.

Norvell DC, Shofer JB, Hansen ST, et al.: Frequency and impact of adverse 
events in patients undergoing surgery for end-stage ankle arthritis, Foot 
Ankle Int 39:1028, 2018.

Odum SM, Van Doren BA, Anderson RB, et al.: In-hospital complications 
following ankle arthrodesis versus ankle arthroplasty: a matched cohort 
study, J Bone Joint Surg Am 99:1469, 2017.

Pedowitz DI, Kane JM, Smith GM, et  al.: Total ankle arthroplasty versus 
ankle arthrodesis: a comparative analysis of arc of movement and func-
tional outcomes, Bone Joint J 98-B:634, 2016.

Schuh R, Hofstaetter J, Krismer M, et  al.: Total ankle arthroplasty versus 
ankle arthrodesis: comparison of sports, recreational activities and func-
tional outcomes, Int Orthop 36:1207, 2012.

Seo SG, Kim EJ, Lee DJ, et al.: Comparison of multisegmental foot and ankle 
motion between total ankle replacement and ankle arthrodesis in adults, 
Foot Ankle Int 38:1035, 2017.

Singer S, Klejman S, Pinsker E, et al.: Ankle arthroplasty and ankle arthrod-
esis: gait analysis compared with normal controls, J Bone Joint Surg 
95A:e191, 2013.

Stavrakis AI, SooHoo NF: Trends in complication rates following ankle 
arthrodesis and total ankle replacement, J Bone Joint Surg Am 98:1453, 
2016.

Veljkovic A, Norton A, Salat P, et al.: Lateral talar station: a clinically repro-
ducible measure of sagittal talar position, Foot Ankle Int 34:1669, 2013.

Veljkovic A, Norton A, Salat P, et  al.: Sagittal distal tibial articular angle 
and the relationship to talar subluxation in total ankle arthroplasty, Foot 
Ankle Int 37:929, 2016.

OUTCOMES
Adams SB, Demetracopoulos CA, Queen RM, et al.: Early to mid-term results 

of fixed-bearing total ankle arthroplasty with a modular-intramedullary 
tibial component, J Bone Joint Surg 96A:1983, 2014.

Barg A, Knupp M, Hintermann B: Simultaneous bilateral versus unilateral 
total ankle replacement: a patient-based comparison of pain relief, qual-
ity of life and functional outcome, J Bone Joint Surg 92B:1659, 2010.

    

https://booksmedicos.org


PART IV RECONSTRUCTIVE PROCEDURES OF THE ANKLE IN ADULTS560

Brag A, Bettin CC, Burstein AH, et al.: Early clinical and radiographic out-
comes of trabecular metal total ankle replacement using a transfibular 
approach, J Bone Joint Surg Am 100:505, 2018.

Brodsky JW, Polo FE, Coleman SC, Bruck N: Changes in gait following 
the scandinavian total ankle replacement, J Bone Joint Surg 93A:1890, 
2011.

Brunnerf S, Barg A, Knupp M, et al.: The Scandinavian total ankle replacement: 
long-term, eleven to fifteen-year, survivorship analysis of the prosthesis in 
seventy-two consecutive patients, J Bone Joint Surg 95A:711, 2013.

Chao J, Choi JH, Grear BJ, et al.: Early radiographic and clinical results of 
Salto total ankle arthroplasty as a fixed-bearing device, Foot Ankle Surg 
21:91, 2015.

Cody EA, Bejarano-Pineda L, Lachman JR, et  al.: Risk factors for fail-
ure of total ankle arthroplasty with a minimum five years of fol-
low-up, Foot Ankle Int, 2018. 1071100718806474. https://doi.
org/10.1177/1071100718806474, Epub ahead of print.

Cody EA, Scott DJ, Easley ME: Total ankle arthroplasty: a critical analysis 
review, JBJS Rev 6:e8, 2018.

Cody EA, Taylor MA, Nunley 2nd JA, et al.: Increased early revision rate with 
the infinity total ankle prosthesis, Foot Ankle Int 40:9, 2019.

Dekker TJ, Hamid KS, Easley ME, et al.: Ratio of range of motion of the ankle 
and surrounding joints after total ankle replacement: a radiographic 
cohort study, J Bone Joint Surg Am 99:576, 2017.

Demetracopoulos CA, Cody EA, Adams Jr SB, et al.: Outcomes of total ankle 
arthroplasty in moderate and severe valgus deformity, Foot Ankle Spec, 
2018. 1938640018785953. https://doi.org/10.1177/1938640018785953, 
Epub ahead of print.

Desai SJ, Glazebrook M, Penner MJ, et al.: Quality of life in bilateral vs unilat-
eral end-stage ankle arthritis and outcomes of bilateral vs unilateral total 
ankle replacement, J Bone Joint Surg Am 99:133, 2017.

DiGiovanni CW, Guss D: Ankle replacement or ankle fusion: who reigns 
supreme?: commentary on an article by Marisa R. Bench BS, et  al.: 
Comparison of treatment outcomes of arthrodesis and two generations 
of ankle replacement implants, J Bone Joint Surg 99(21):2017.

Gramlich Y, Neun O, Klug A, et al.: Total ankle replacement leads to high 
revision rates in post-traumatic end-stage arthrosis, Int Orthop 42:2375, 
2018.

Gross CE, Lampley A, Green CL, et al.: The effect of obesity on functional 
outcomes and complications in total ankle arthroplasty, Foot Ankle Int 
37:137, 2016.

Harston A, Lazarides AL, Adams SB, et al.: Midterm outcomes of a fixed-
bearing total ankle arthroplasty with deformity analysis, Foot Ankle Int 
38:1295, 2017.

Hendy BA, McDonald EL, Nicholson K, et  al.: Improvement of outcomes 
during the first two years following total ankle arthroplasty, J Bone Joint 
Surg Am 100:1473, 2018.

Hoffmann KJ, Shabin ZM, Ferkel E, et al.: Salto Talaris ankle arthroplasty: 
clinical results at a mean of 5.2 years in 78 patients treated by a single 
surgeon, J Bone Joint Surg Am 98:2036, 2016.

Joo SD, Lee KB: Comparison of the outcome of total ankle arthroplasty for 
osteoarthritis with moderate and severe varus malalignment and that 
with neutral alignment, Bone Joint J 99-B:1335, 2017.

Kerkhoff YR, Kosse NM, Metsaars WP, et  al.: Long-term functional and 
radiographic outcome of a mobile bearing ankle prosthesis, Foot Ankle 
Int 37:1292, 2016.

Kim BS, Knupp M, Zwicky L, et al.: Total ankle replacement in association 
with hindfoot fusion: outcome and complications, J Bone Joint Surg Br 
92:1540, 2010.

Lachman JR, Ramos JA, Adams SB, et al.: Patient-reported outcomes before 
and after primary and revision total ankle arthroplasty, Foot Ankle Int 
40:34, 2019.

Lai WC, Arshi A, Ghorbanifaraizadeh A, et al.: Incidence and predictors of 
early complications following primary and revision total ankle arthro-
plasty, Foot Ankle Surg pii: S1268-7731(18)30325-4, 2018. https://doi.
org/10.1016/j.fas.2018.10.009. Epub ahead of print.

Latham WC, Lau JT: Total ankle arthroplasty: an overview of the canadian 
experience, Foot Ankle Clin 21:267, 2016.

Lee GW, Wang SH, Lee KB: Comparison of intermediate to long-term out-
comes of total ankle arthroplasty in ankles with preoperative varus, val-
gus, and neutral alignment, J Bone Joint Surg Am 100:835, 2018.

Lefrancois T, Younger A, Wing K, et  al.: A prospective study of four total 
ankle arthroplasty implants by non-designer investigators, J Bone Joint 
Surg Am 99:342, 2017.

Lewis Jr JS, Adams Jr SB, Queen RM, et  al.: Outcomes after total ankle 
replacement in association with ipsilateral hindfoot arthrodesis, Foot 
Ankle Int 35:535, 2014.

Mann JA, Mann RA, Jorton E: STAR(tm) ankle: long-term results, Foot Ankle 
Int 32:S473, 2011.

Nunley JA, Caputo AM, Ealey ME, Cook C: Intermediate to long-term out-
comes of the star total ankle replacement: the patient perspective, J Bone 
Joint Surg 94A:43, 2012.

Oliver SM, Coetzee JC, Nilsson LJ, et al.: Early patient satisfaction results on 
a modern generation fixed-bearing total ankle arthroplasty, Foot Ankle 
Int 37:938, 2016.

Palanca A, Mann RA, Mann JA, et al.: Scandinavian total ankle replacement: 
15-year follow-up, Foot Ankle Int 39:135, 2018.

Pangrazzi GJ, Baker EA, Shaheen PJ, et al.: Single-surgeon experience and 
complications of a fixed-bearing total ankle arthroplasty, Foot Ankle Int 
39:46, 2018.

Pinsker E, Inrig T, Daniels TR, et al.: Symptom resolution and patient-per-
ceived recovery following ankle arthroplasty and arthrodesis, Foot Ankle 
Int 37:1269, 2016.

Queen RM, Sparling TL, Butler RJ, et al.: Patient-reported outcomes, func-
tion, and gait mechanics after fixed and mobile-bearing total ankle 
replacement, J Bone Joint Surg 96A:987, 2014.

Raikin SM, Sandrowski K, Kane JM, et al.: Midterm outcome of the agility 
total ankle arthroplasty, Foot Ankle Int 38:662, 2017.

Roukis TS, Elliott AD: Incidence of revision after primary implantation of 
the salto® mobile version and salto talaris total ankle prostheses: a system-
atic review, J Foot Ankle Surg 54:311, 2015.

Roukis TS: Incidence of revision after primary implantation of the agility total 
ankle replacement system: a systematic review, J Foot Ankle Surg 51:198, 2012.

Saito GH, Sanders AE, de Cesar Netto C, et al.: Short-term complications, 
reoperations, and radiographic outcomes of a new fixed-bearing total 
ankle arthroplasty, Foot Ankle Int 39:787, 2018.

Schipper ON, Denduluri SK, Zhou Y, et al.: Effect of obesity on total ankle 
arthroplasty outcomes, Foot Ankle Int 37:1, 2016.

Slobogean GP, Younger A, Apostle KL, et al.: Preference-based quality of life 
of end-stage ankle arthritis treated with arthroplasty or arthrodesis, Foot 
Ankle Int 31(7):563, 2010.

Sproule JA, Chin T, Amin A, et al.: Clinical and radiographic outcomes of the 
mobility total ankle arthroplasty system: early results from a prospective 
multicenter study, Foot Ankle Int 34:491, 2013.

Stewart MG, Green CL, Adams Jr SB, et  al.: Midterm results of the salto 
talaris total ankle arthroplasty, Foot Ankle Int 38:1215, 2017.

Tan EW, Maccario C, Talusan PG, et al.: Early complications and secondary pro-
cedures in transfibular total ankle replacement, Foot Ankle Int 37:835, 2016.

Tenenbaum S, Bariteau J, Coleman S, et al.: Functional and clinical outcomes 
of total ankle arthroplasty in elderly compared to younger patients, Foot 
Ankle Surg 23:102, 2017.

Usuelli FG, Maccario C, Granata F, et al.: Clinical and radiological outcomes 
of transfibular total ankle arthroplasty, Foot Ankle Int 40:24, 2019.

Usuelli FG, Maccario C, Manzi L, et al.: Posterior talar shifting in mobile-
bearing total ankle replacement, Foot Ankle Int 37:281, 2016.

Usuelli FG, Pantalone A, Maccario C, et al.: Sports and recreational activities 
following total ankle replacement, Joints 5:12, 2017.

Wan DD, Choi WJ, Shim DW, et  al.: Short-term clinical and radiographic 
results of the salto mobile total ankle prosthesis, Foot Ankle Int 39:155, 2018.

Wing K, Chapinal N, Coe MP, et al.: Measuring the operative treatment effect 
in end-stage ankle arthritis: are we asking the right questions? a COFAS 
multicenter study, Foot Ankle Int 38:1064, 2017.

Younger AS, Glazebrook M, Veljkovic A, et al.: A coding system for reopera-
tions following total ankle replacement and ankle arthrodesis, Foot Ankle 
Int 37:1157, 2016.

    

https://booksmedicos.org
https://doi.org/10.1177/1071100718806474
https://doi.org/10.1177/1071100718806474
https://doi.org/10.1177/1938640018785953
https://doi.org/10.1016/j.fas.2018.10.009
https://doi.org/10.1016/j.fas.2018.10.009


CHAPTER 10  TOTAL ANKLE ARTHROPLASTY 561

Wood PL, Karski T, Watmough P: Total ankle replacement: the results of 100 
Mobility total ankle replacements, J Bone Joint Surg 92B:958, 2010.

Zaidi R, Cro S, Gurusamy K, et al.: The outcome of total ankle replacement. a 
systematic review and meta-analysis, Bone Joint J 95B:1500, 2013.

OUTPATIENT TAA
Borenstein TR, Anand K, Li Q, et al.: A review of perioperative complications 

of outpatient total ankle arthroplasty, Foot Ankle Int 39:143, 2018.
Cunningham D, Karas V, DeOrio JK, et al.: Possible implications for bundled 

payment models of comorbidities and complications as drivers of cost in 
total ankle arthroplasty, Foot Ankle Int 40:210, 2019.

Fournier MN, Stephens R, Mascioli AA, et al.: Identifying appropriate can-
didates for ambulator outpatient total joint arthroplasty: validation of a 
patient selection algorithm, J Shoulder Elbow Surg 28(1):65, 2019.

Gonzalez T, Fisk E, Chiodo C, et al.: Economic analysis and patient satisfac-
tion associated with outpatient total ankle arthroplasty, Foot Ankle Int 
38:507, 2017.

Mulligan RP, Morash JG, DeOrio JK, et al.: Liposomal bupivacaine versus 
continuous popliteal sciatic nerve block in total ankle arthroplasty, Foot 
Ankle Int 38:1222, 2017.

Mulligan RP, Parekh SG: Safety of outpatient total ankle arthroplasty vs tra-
ditional inpatient admission or overnight observation, Foot Ankle Int 
38:825, 2017.

Nodzo ST, Pavlesen S, Ritter C, et al.: Tranexamic acid reduces periopera-
tive blood loss and hemarthrosis in total ankle arthroplasty, Am J Orthop 
(Belle Mead NJ) 47:8, 2018.

Taylor MA, Parekh SG: Optimizing outpatient total ankle replacement from 
clinic to pain management, Orthop Clin North Am 49:541, 2018.

Tedder C, DeBell H, Dix D, et al.: Comparative analysis of short-term post-
operative complications in outpatient versus inpatient total ankle arthro-
plasty: a database study, J Foot Ankle Surg 58:23, 2019.

COMPLICATIONS AND REVISION
Ali AA, Forrester RA, O’Connor P, et al.: Revision of failed total ankle arthro-

plasty to a hindfoot fusion, Bone Joint J 100-B:475, 2018.
Alrashidi Y, Galhoum AE, Wiewiorski M, et al.: How to diagnose and treat 

infection in total ankle arthroplasty, Foot Ankle Clin 22:405, 2017.
Althoff A, Cancienne JM, Cooper MT, et  al.: Patient-related risk factors 

for periprosthetic ankle joint infection: an analysis of 6977 total ankle 
arthroplasties, J Foot Ankle Surg 57:269, 2018.

Barg A, Henninger HB, Hintermann B: Risk factors for symptomatic 
deep-vein thrombosis in patients after total ankle replacement who 
received routine chemical thromboprophylaxis, J Bone Joint Surg 
93B:921, 2011.

Beck DM, Padegimas EM, Pedowitz DI, et  al.: Total ankle arthroplaslty: 
comparing perioperative outcomes when performed at an orthopaedic 
specialty hospital versus an academic teaching hospital, Foot Ankle Spec 
10:441, 2017.

Berkowitz MJ, Clare MP, Walling AK, Sanders R: Salvage of failed total ankle 
arthroplasty with fusion using structural allograft and internal fixation, 
Foot Ankle Int 32:S493, 2011.

Besse JL, Brito N, Lienhart C: Clinical evaluation and radiographic assess-
ment of bone lysis of the AES total ankle replacement, Foot Ankle Int 
30:964, 2009.

Choi WJ, Lee JW: Heterotopic ossification after total ankle arthroplasty, J 
Bone Joint Surg 93B:1508, 2011.

Clough TM, Alvi F, Majeed H: Total ankle arthroplasty: what are the risks? 
Bone Joint J 100-B:1352, 2018.

Criswell B, Hunt K, Kim T, et al.: Association of short-term complications 
with procedures through separate incisions during total ankle replace-
ment, Foot Ankle Int 37:1060, 2016.

Croft S, Wing KJ, Daniels TR, et al.: Association of ankle arthritis score with 
need for revision surgery, Foot Ankle Int 38:939, 2017.

Cunningham D, Karas V, DeOrio J, et al.: Patient risk factors do not impact 
90-day readmission and emergency department visitation after total 
ankle arthroplasty: implications for the comprehensive care for joint 
replacement (CJR) bundled payment plan, J Bone Joint Surg Am 1001289, 
2018.

Deforth M, Krähenbühl N, Zwicky L, et  al.: Supramalleolar osteotomy for 
tibial component malposition in total ankle replacement, Foot Ankle Int 
38:952, 2017.

Dekker TJ, Walton D, Vinson EN, et al.: Hindfoot arthritis progression and 
arthrodesis risk after total ankle replacement, Foot Ankle Int 38:1183, 
2017.

Devos Bevernage B, Deleu PA, Birch I, et al.: Arthroscopic debridement after 
total ankle arthroplasty, Foot Ankle Int 37:142, 2016.

Ellington JK, Gupta S, Myerson MS: Management of failures of total ankle 
replacement with the agility total ankle arthroplasty, J Bone Joint Surg 
95A:2112, 2013.

Ewing MA, Huntley SR, Baker DK, et  al.: Blood transfusion during total 
ankle arthroplasty is associated with increased in-hospital complica-
tions and cost, Foot Ankle Spec 1938640018768093, 2018. https://doi.
org/10.1177/1938640018768093. Epub ahead of print.

Gadd RJ, Barwick TW, Paling E, et  al.: Assessment of a three-grade clas-
sification of complications in total ankle replacement, Foot Ankle Int 
35(5):434, 2014.

Gross CE, Garcia R, Adams SB, et al.: Soft tissue reconstruction after total 
ankle arthroplasty, Foot Ankle Int 37:522, 2016.

Gross CE, Hamid KS, Green C, et al.: Operative wound complications follow-
ing total ankle arthroplasty, Foot Ankle Int 38:360, 2017.

Gross CE, Huh J, Green C, et al.: Outcomes of bone grafting of bone cysts 
after total ankle arthroplasty, Foot Ankle Int 37:157, 2016.

Gross CE, Lewis JS, Adams SB, et al.: Secondary arthrodesis after total ankle 
arthroplasty, Foot Ankle Int 37:709, 2016.

Heida KA, Waterman B, Tatro E, et al.: Short-term perioperative complica-
tions and mortality after total ankle arthroplasty in the United States, 
Foot Ankle Spec 11:123, 2018.

Horne PH, Jennings JM, DeOrio JK, et al.: Low incidence of symptomatic 
thromboembolic events after total ankle arthroplasty without routine use 
of chemoprophylaxis, Foot Ankle Int 36:611, 2015.

Hsu AR, Haddad SL, Myerson MS: Evaluation and management of the pain-
ful total ankle arthroplasty, J Am Acad Orthop Surg 23:272, 2015.

Jung HG, Lee SH, Shin MH, et al.: Anterior heterotopic ossification at the 
talar neck after total ankle arthroplasty, Foot Ankle Int 37:703, 2016.

Kamrad I, Henricson A, Magnusson H, et al.: Outcome after salvage arthrod-
esis for failed total ankle replacement, Foot Ankle Int 37:255, 2016.

Kane JM, Costanzo JA, Raikin SM: The efficacy of platelet-rich plasma for 
incision healing after total ankle replacement using the Agility total ankle 
replacement system, Foot Ankle Int 37:373, 2016.

Kohonen Ia, Koivu H, Pudas T, et al.: Does computed tomography add infor-
mation on radiographic analysis in detecting periprosthetic osteolysis 
after total ankle arthroplasty? Foot Ankle Int 34:180, 2013.

Krause FG, Windolf M, Bora B, et al.: Impact of complications in total ankle 
replacement and ankle arthrodesis analyzed with a validated outcome 
measurement, J Bone Joint Surg 93A:830, 2011.

Labek G, Klaus H, Schlichtherle R, et  al.: Revision rates after total ankle 
arthroplasty in sample-based clinical studies and national registries, Foot 
Ankle Int 32:740, 2011.

Lachman JR, Ramos JA, DeOrio JK, et al.: Outcomes of acute hematogenous 
periprosthetic joint infection in total ankle arthroplasty treated with irri-
gation, debridement, and polyethylene exchange, Foot Ankle Int 39:1266, 
2018.

Lampley A, Gross CE, Green CL, et  al.: Association of cigarette use and 
complication rates and outcomes following total ankle arthroplasty, Foot 
Ankle Int 37:1052, 2016.

Lee KB, Cho YJ, Park JK, et al.: Heterotopic ossification after primary total 
ankle arthroplasty, J Bone Joint Surg 93A:751, 2011.

Lundeen GA, Dunaway LJ: Etiology and treatment of delayed onset medial 
malleolar pain following total ankle arthroplasty, Foot Ankle Int 37:822, 
2016.

Manegold S, Haas NP, Tsitsilonis S, et  al.: Periprosthetic fractures in total 
ankle replacement: classification system and treatment algorithm, J Bone 
Joint Surg 95A:815, 2013.

Matsumoto T, Parekh SG: Use of negative pressure wound therapy on closed 
surgical incision after total ankle arthroplasty, Foot Ankle Int 36:787, 
2015.

    

https://booksmedicos.org
https://doi.org/10.1177/1938640018768093
https://doi.org/10.1177/1938640018768093


PART IV RECONSTRUCTIVE PROCEDURES OF THE ANKLE IN ADULTS562

Meeker J, Wegner NJ, Francisco R, Brage M: Revision techniques in total 
ankle arthroplasty utilizing a stemmed tibial arthroplasty system, Tech 
Foot Ankle Surg 12:99, 2013.

Myerson MS, Shariff R, Zonno AJ: The management of infection follow-
ing total ankle replacement: demographic and treatment, Foot Ankle Int 
35:855, 2014.

Noelle S, Egidy CC, Cross MB, et  al.: Complication rates after total ankle 
arthroplasty in one hundred consecutive prostheses, Int Orthop 37:1789, 
2013.

Odum SM, Van Doren BA, Anderson RB, et al.: In-hospital complications 
following ankle arthrodesis versus ankle arthroplasty: a matched cohort 
study, J Bone Joint Surg Am 99:1469, 2017.

Patton D, Kiewiet N, Brage M: Infected total ankle arthroplasty: risk factors 
and treatment options, Foot Ankle Int 36:626, 2015.

Pellegrini MJ, Schiff AP, Adams Jr SB, et al.: Tibiotalar arthrodesis conver-
sion to total ankle arthroplasty, JBJS Essent Surg Tech 6:e27, 2016.

Preis M, Bailey T, Marchand LS, et al.: Conversion of painful tibiotalocalca-
neal arthrodesis to total ankle replacement using a 3-component mobile 
bearing prosthesis, Foot Ankle Int pii: S1268-7731(17)31359-0, 2017. 
https://doi.org/10.1016/j.fas.2017.12.001. Epub ahead of print.

Rahm S, Klammer G, Benninger E, et al.: Inferior results of salvage arthrod-
esis after failed ankle replacement compared to primary arthrodesis, Foot 
Ankle Int 36:349, 2015.

Raikin SM, Kane J, Ciminiello ME: Risk factors for incision-healing com-
plications following total ankle arthroplasty, J Bone Joint Surg 92A:2150, 
2010.

Richey JM, Ritterman Weintraub ML, et  al.: Incidence and risk factors of 
symptomatic venous thromboembolism following foot and ankle sur-
gery, Foot Ankle Int 40:98, 2019.

Sagherian BH, Claridge R: Salvage of failed total ankle replacement using 
tantalum trabecular metal: case series, Foot Ankle Int 36:318, 2015.

Saito GH, Sanders AE, de Cesar Netto C, et al.: Short-term complications, 
reoperations, and radiographic outcomes of a new fixed-bearing total 
ankle arthroplasty, Foot Ankle Int 39:787, 2018.

Schipper ON, Haddad SL, Pytel P, et al.: Histological analysis of early oste-
olysis in total ankle arthroplasty, Foot Ankle Int 38:351, 2017.

Schuberth JM, Babu NS, Richey JM, Christensenn JC: Gutter impingement 
after total ankle arthroplasty, Foot Ankle Int 34:329, 2013.

Schuberth JM, Christensen JC, Seidenstricker C: Takedown of ankle arthrod-
esis with insufficient fibular: surgical technique and intermediate-term 
follow-up, J Foot Ankle Surg 57:216, 2018.

Usuelli FG, Indino C, Maccario C, et al.: Infections in primary total ankle 
replacement: anterior approach versus lateral transfibular approach, Foot 
Ankle Surg 25:19, 2019.

Usuelli FG, Maccario C, Manzi L, et  al.: Clinical outcome and fusion rate 
following simultaneous subtalar fusion and total ankle arthroplasty, Foot 
Ankle Int 37:696, 2016.

van Wijngaarden R, van der Plaat L, Nieuwe Weme RA, et al.: Etiopathogenesis 
of osteolytic cysts associated with total ankle arthroplasty, a histological 
study, Foot Ankle Surg 21:132, 2015.

Vulcano E, Myerson MS: The painful total ankle arthroplasty: a diagnostic 
and treatment algorithm, Bone Joint J 99-B:5, 2017.

Wagener J, Gross CE, Schweizer C, et al.: Custom-made total ankle arthro-
plasty for the salvage of major talar bone loss, Bone Joint J 99-B:231, 2017.

Whalen JL, Spelsberg SC, Murray P: Wound breakdown after total ankle 
arthroplasty, Foot Ankle Int 31:301, 2010.

Williams JR, Wenger N, Sangeorzan BJ, Brage ME: Intraoperative and peri-
operative complications during revision arthroplasty for salvage of a 
failed total ankle arthroplasty, Foot Ankle Int 36:135, 2015.

Yi Y, Cho JH, Kim JB, et al.: Change in talar translation in the coronal plane 
after mobile-bearing total ankle replacement and its association with 
lower-limb and hindfoot alignment, J Bone Joint Surg Am 99:e13, 2017.

Yoon HS, Lee J, Choi WJ, Lee JW: Periprosthetic osteolysis after total ankle 
arthroplasty, Foot Ankle Int 35:14, 2014.

Zhou H, Yakavonis M, Shaw JJ, et al.: In-patient trends and complications 
after total ankle arthroplasty in the United States, Orthopedics 39:e74, 
2016.

COMORBIDITIES
Barg A, Knupp M, Anderson AE, Hintermann B: Total ankle replacement in 

obese patients: component stability, weight change, and functional out-
come in 118 consecutive patients, Foot Ankle Int32925, 2011.

Barg A, Knupp M, Kapron AL, Hintermann B: Total ankle replacement in 
patients with gouty arthritis, J Bone Joint Surg 93A:357, 2011.

Bouchard M, Amin A, Pinsker E, et al.: The impact of obesity on the outcome 
of total ankle replacement, J Bone Joint Surg 97A:904, 2015.

Choi WJ, Lee JS, Lee M, et al.: The impact of diabetes on the short- to mid-
term outcome of total ankle replacement, Bone Joint J 96B:1674, 2014.

Demetracopoulos CA, Adams SB, Queen RM, et  al.: Effect of age on out-
comes in total ankle arthroplasty, Foot Ankle Int 36:871, 2015.

Gross CE, Green CL, DeOrio JK, et al.: Impact of diabetes on outcome of 
total ankle replacement, Foot Ankle Int 36:1144, 2015.

Gross CE, Lampley A, Green CL, et al.: The effect of obesity on functional 
outcomes and complications in total ankle arthroplasty, Foot Ankle Int 
37:137, 2016.

Kraal T, van der Heide HJ, van Poppel BJ, et  al.: Long-term follow-up of 
mobile-bearing total ankle replacement in patients with inflammatory 
joint disease, Bone Joint J 95B:1656, 2013.

Mayich DJ, Daniels TR: Total ankle replacement in ankle arthritis with varus 
talar deformity: pathophysiology, evaluation, and management princi-
ples, Foot Ankle Clin 17:127, 2012.

Pedersen E, Pinsker E, Younger AS, et al.: Outcome of total ankle arthroplasty 
in patients with rheumatoid arthritis and noninflammatory arthritis. A 
multicenter cohort study comparing clinical outcome and safety, J Bone 
Joint Surg 96A:1768, 2014.

Reddy SC, Mann JA, Mann RA, Mangold DR: Correction of moderate to 
severe coronal plane deformity with the STAR ankle prosthesis, Foot 
Ankle Int 32:659, 2011.

Ryssman D, Myerson MS: Surgical strategies: the management of varus ankle 
deformity with joint replacement, Foot Ankle Int 32:217, 2011.

Schipper ON, Denduluri SK, Zhou TY, Haddad SL: Effect of obesity on total 
ankle arthroplasty outcomes, Foot Ankle Int 37:1, 2016.

Schipper ON, Jiang JJ, Chen L, et al.: Effect of diabetes mellitus on periop-
erative complications and hospital outcomes after ankle arthrodesis and 
total ankle arthroplasty, Foot Ankle Int 36:258, 2015.

Sung KS, Ahn J, Lee KH, Chun TH: Short-term results of total ankle arthro-
plasty for end-stage ankle arthritis with severe varus deformity, Foot 
Ankle Int 35:225, 2014.

Tan KJ, Myerson MS: Planning correction of the varus ankle deformity with 
ankle replacement, Foot Ankle Clin 17:103, 2012.

Trajkovski T, Pinsker E, Cadden A, Daniels T: Outcomes of ankle arthro-
plasty with preoperative coronal-plane varus deformity of 10° or greater, 
J Bone Joint Surg 95A:1382, 2013.

The complete list of references is available online at Expert Consult.com.

    

https://booksmedicos.org
https://doi.org/10.1016/j.fas.2017.12.001
http://Expert%20Consult.com


SUPPLEMENTAL REFERENCES
Bestic MJ, Bancroft LW, Peterson JJ, Kransdorf MJ: Postoperative imaging of 

the total ankle arthroplasty, Radiol Clin North Am 46:1003–1015, 2008.
Bonnin MP, Laurent JR, Casillas M: Ankle function and sports activity after 

total ankle arthroplasty, Foot Ankle Int 30:933, 2009.
Chou LB, Coughlin MT, Hansen Jr S, et al.: Osteoarthritis of the ankle: the 

role of arthroplasty, J Am Acad Orthop Surg 16:249, 2008.
Claridge RJ, Sagherian BH: Intermediate term outcome of the agility total 

ankle arthroplasty, Foot Ankle Int 30:824, 2009.
Coetzee JC, Castro MD: Accurate measurement of ankle range of motion 

after total ankle arthroplasty, Clin Orthop Relat Res 424:27, 2004.
Conti SF, Dazen D, Stewart G, et al.: Proprioception after total ankle arthro-

plasty, Foot Ankle Int 29:1069, 2008.
Cornelis Doets H, van der Platt LW, Klein JP: Medial malleolar osteotomy 

for the correction of varus deformity during total ankle arthroplasty: 
results in 15 ankles, Foot Ankle Int 29:171, 2008.

Deorio JK, Easkey ME: Total ankle arthroplasty, Instr Course Lect 57:383, 2008.
Doets HC, Brand R, Nelissen RG: Total ankle arthroplasty in inflammatory 

joint disease with use of two mobile-bearing designs, J Bone Joint Surg 
88A:1272, 2006.

Doets HC, van der Plaat LW, Klein JP: Medial malleolar osteotomy for the 
correction of varus deformity during total ankle arthroplasty: results in 
15 ankles, Foot Ankle Int 29:171–177, 2008.

Easley ME: Total ankle arthroplasty. In Nunley JA, Pfeffer GB, Sanders RW, 
Trepman E, editors: Advanced reconstruction: foot and ankle, Rosemont, 
IL, 2004, American Academy of Orthopaedic Surgeons.

Glazebrook MA, Arsenault K, Dunbar M: Evidence-based classification of 
complications in total ankle arthroplasty, Foot Ankle Int 30:945, 2009.

Gougoulias NE, Khanna A, Maffulli N: History and evolution in total ankle 
arthroplasty, Br Med Bull 89:111, 2009.

Guyer AJ, Richardson G: Current concepts review: total ankle arthroplasty, 
Foot Ankle Int 29:256, 2008.

Haddad SL, Coetzee JC, Estok R, et al.: Intermediate and long-term outcomes 
of total ankle arthroplasty and ankle arthrodesis. A systematic review of 
the literature, J Bone Joint Surg Am 89:1899, 2007. 

Henricson A, Skoog A, Carlsson A: The swedish ankle arthroplasty register: 
an analysis of 531 arthroplasties between 1993 and 2005, Acta Orthop 
78:569, 2007.

Hintermann B, Barg A, Knupp M, Valderrabano V: Conversion of painful 
ankle arthrodesis to total ankle arthroplasty, J Bone Joint Surg 91A:850, 
2009.

Hobson SA, Karatana A, Dhar S: Total ankle replacement in patients with 
significant preoperative deformity of the hindfoot, J Bone Joint Surg 
91B:481, 2009.

Kim BS, Choi WJ, Kim YS, Lee JW: Total ankle replacement in moderate 
to severe varus deformity of the ankle, J Bone Joint Surg 91B:1183, 2009.

Knecht M, Callaghan JJ, Zimmerman MB, et  al.: The Agility total ankle 
arthroplasty. Seven to sixteen-year follow-up, J Bone Joint Surg 86(6):1161, 
2004.

Koivu H, Kohonen I, Sipola E, et al.: Severe periprosthetic osteolytic lesions 
after Ankle Evolutive System total ankle replacement, J Bone Joint Surg 
91B:907, 2009.

Kopp FJ, Patel MM, Deland JT, O’Malley MJ: Total ankle arthroplasty with 
the agility prosthesis: clinical and radiographic evaluation, Foot Ankle Int 
27:97, 2006.

Lee KB, Cho YJ, Jung ST, Kim MS: Total ankle arthroplasty following revas-
cularization of avascular necrosis of the talar body: two case reports and 
literature review, Foot Ankle Int 29:852, 2008.

Mclff TE, Alvine FG, Saltzman CL, et al.: Intraoperative measurement of dis-
traction for ligament tensioning in total ankle arthroplasty, Clin Orthop 
Relat Res 424:111, 2004.

Naal FD, Impellizzeri FM, Loibl M, et  al.: Habitual physical activity and 
sports participation after total ankle arthroplasty, Am J Sports Med 37:95, 
2009.

Saltzman CL, Mann RA, Ahrens JE, et  al.: Prospective controlled trial of 
STAR total ankle replacement versus ankle fusion: initial results, Foot 
Ankle Int 30:579, 2009.

San Giovanni TP, Keblish DJ, Thomas WH, Wilson MG: Eight-year results 
of a minimally constrained total ankle arthroplasty, Foot Ankle Int 27:418, 
2006.

SooHoo NF, Kominski G: Cost-effectiveness analysis of total ankle arthro-
plasty, J Bone Joint Surg 86A:2446, 2004.

SooHoo NF, Zingmond DS, Ko CY: Comparison of reoperation rate fol-
lowing ankle arthrodesis and total ankle arthroplasty, J Bone Joint Surg 
89A:2142, 2007.

Stengel D, Bauwens K, Ekkernkamp A, Cramer J: Efficacy of total ankle 
replacement with meniscal-bearing devices: a systematic review and 
meta-analysis, Arch Orthop Trauma Surg 125(2):109, 2005.

Takakura Y, Tanaka Y, Kumai T, et al.: Ankle arthroplasty using three gen-
erations of metal and ceramic prostheses, Clin Orthop Relat Res 424:130, 
2004.

Young JL, May MM, Haddad SL: Infected total ankle arthroplasty following 
routine dental procedures, Foot Ankle Int 30:252, 2009.

Younger A, Penner M, Wing K: Mobile-bearing total ankle arthroplasty, Foot 
Ankle Clin 13:495, 2008.

   

562.e1
 

https://booksmedicos.org


 ANKLE ARTHRODESIS
Clayton C. Bettin

CHAPTER 11

Ankle arthritis is a physically disabling condition, and its 
treatment can be both challenging and rewarding for the 
patient and the treating physician. Gait derangement is com-
mon in patients with ankle arthritis, and associated pain in 
the knee, hip, or back often contributes to general health 
problems. Arthrodesis, although not always perfect in out-
come, can obtain a stable, pain-free ankle and dramatic 
improvement in the function and quality of life in appro-
priately selected patients. While the incidence of total ankle 
replacement is increasing, arthrodesis remains the procedure 
of choice for many patients with symptomatic ankle arthritis.

The biomechanical aspects of the ankle make it particu-
larly suitable for arthrodesis. It is primarily a hinge joint and, 
although there is a continuously changing axis of rotation 
throughout the range of motion of the tibiotalar joint, fixation 
in a neutral position does not produce severe biomechanical 
consequences in the limb. The talus sits within a well-defined, 
stable architecture of the ankle mortise. It is supported by the 
medial malleolus, the congruent tibial plafond, and the lat-
eral malleolus, all of which provide potential bone surfaces 
for healing of the arthrodesis. Since normal gait requires only 
10 to 12 degrees of ankle extension and 20 degrees of ankle 
flexion, loss of some motion is not critical. This is in contrast 
to the knee or hip, where even modest loss of motion may be 
disabling for activities of daily living. Sagittal plane motion 
required for normal gait may be compensated for internally 
by a mobile transverse tarsal joint or externally by the applica-
tion of a rocker sole shoe in a patient with ankle arthrodesis.

ALTERNATIVES TO ANKLE 
ARTHRODESIS
NONOPERATIVE TREATMENT
Surgical management of ankle arthritis is invasive, the recov-
ery difficult, and the complications frequent. It is often best 
to think of the strategy in dealing with arthritis of the ankle 
as a management problem. It should be clear to the patient 
that returning the ankle to its prearthritic state is not possible, 

and conservative management may alleviate pain and restore 
function with little inherent risk. Conservative management 
will not improve pain and function to an acceptable level in 
all patients, but we routinely begin with several modalities 
before surgical intervention. This provides a measure of pain 
relief while giving the patient time to make intelligent, well-
informed decisions regarding more invasive procedures.

Bracing to limit motion of the arthritic joint is a mainstay 
of conservative treatment. In our experience, the most effective 
brace is a double-upright, locked ankle brace with a steel shank 
and rocker sole in patients who are willing to accept the weight 
of the brace and shoewear limitations that accompany its use. It 
is durable and typically gives significant improvement in pain. 
It can accommodate deformity and changes in leg circumfer-
ence from fluid shifts that may occur in this patient population. 
In other patients, an Arizona type brace, solid polypropylene 
ankle-foot orthosis, or lace-up ankle brace may be successful.

Nonsteroidal antiinflammatory agents are not without 
risks but may provide a measure of relief. Although glucos-
amine, chondroitin sulfate, and other dietary supplements are 
often tried, their efficacy is questionable. Intraarticular injec-
tions are a frequently used modality in these patients and, 
although hydrocortisone and a local anesthetic are a com-
mon combination, there may be a deleterious effect on viable 
cartilage and chondrocytes. Routine use of this modality out-
side of end-stage ankle arthritis is not recommended. Steroid 
injections are best used to aid in diagnosis and to temporar-
ily alleviate pain in patients who are poor surgical candidates 
or who wish to delay elective surgical intervention until a 
time that better suits their schedule. The use of intraarticu-
lar hyaluronate preparations for viscosupplementation has 
been studied extensively in the knee. In the ankle, conflicting 
results have been found in well-designed studies. Sun et  al. 
reported that in their 46 patients, three weekly intraarticular 
injections of hyaluronate provided pain relief and improved 
function, whereas DeGroot et al., in a randomized, double-
blind, placebo-controlled study, found that a single intraar-
ticular injection of hyaluronic acid was not demonstrably 
superior to a single intraarticular injection of saline solution 
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for the treatment of osteoarthritis of the ankle. More recent 
studies have confirmed that multiple injections of hyaluronic 
acid are more effective than single-injection protocols and 
that the use of fluoroscopy is indicated to ensure intraartic-
ular infusion. In their prospective study, Lucas et  al. found 
that neither etiology nor severity of the osteoarthritis was 
predictive of the response to viscosupplementation; however, 
Han et  al. identified early stage disease and pain duration 
of less than 1 year as independent predictors of good out-
comes. Viscosupplementation in the ankle is an off-label use, 
and insurance coverage issues should be discussed with the 
patient before proceeding with this treatment. 

OPERATIVE TREATMENT
Although arthrodesis is a mainstay of treatment for ankle 
arthritis, it is not an optimal treatment for all patients due 
to the loss of joint motion and possible development of 
degenerative adjacent joint arthritis. Operative alternatives 
to ankle arthrodesis include open or arthroscopic debride-
ment, realignment osteotomies, distraction arthroplasty, 
allograft replacement, and total ankle arthroplasty. Before 
ankle arthrodesis is chosen by a patient, alternative proce-
dures should be considered and discussed.

JOINT DEBRIDEMENT
Arthroscopic or open debridement of the arthritic ankle can 
be effective in the overall management plan, but it must be 
used judiciously and with realistic expectations of the out-
come (Fig. 11.1). Efficacy has been shown in several studies 
for the removal of anterior impingement osteophytes from 
the tibia and/or talus. Patients with mechanical locking of the 
ankle from a demonstrable loose body may also benefit from 
arthroscopic management, but it is likely that the debride-
ment of more advanced arthritic ankles provides only short-
term relief and is not recommended in most cases. Increased 
motion following removal of impinging osteophytes in a 
joint with irregular arthritic surfaces may lead to different 
or increased pain postoperatively and should be discussed 
with the patient before surgery. Aggressive removal of osteo-
phytes also may lead to anterior extrusion of the talus post-
operatively. Arthroscopic or open debridement can be done 
in combination with other procedures such as osteotomy and 
distraction arthroplasty. 

PERIARTICULAR OSTEOTOMIES
Periarticular osteotomies of the tibia, fibula, or hindfoot, alone or 
in combination, are reasonable approaches to the management of 
localized arthritis of the ankle. The goal of realignment osteoto-
mies is to unload the more arthritic portion of the joint and pro-
vide a more anatomic mechanical axis to the ankle to redistribute 
joint contact forces and loads. Realignment surgery can delay the 
need for arthrodesis or arthroplasty in younger active patients. 
Chondral loss primarily in the medial or lateral gutter of the 
ankle with minimal involvement of the superior surface of the 
talus, especially with supramalleolar deformity, seems best suited 
for this approach. The type of osteotomy is determined by the 
specific deformity, the condition of the surrounding soft tissues, 
the status of the articular surface, and leg-length considerations. 
Opening wedge osteotomy of the tibia for varus deformity and 
medial joint arthrosis is particularly effective as an alternative to 
more invasive treatment. Ahn et al. reported improvements in 
American Orthopaedic Foot and Ankle Society (AOFAS) scores, 
visual analogue scale (VAS) scores, and medial-distal tibial angle 
in 18 patients with medial ankle osteoarthritis and mortise wid-
ening after opening wedge distal osteotomy without fibular oste-
otomy. Although talar tilt was not corrected by this procedure, 
excellent clinical results were obtained in ankles with more than 
7 degrees of talar tilt and good results in an ankle with 11 degrees 
of tilt. Before surgery, correction is planned by measuring the 
tibial-ankle surface angle and talar tilt on a weight-bearing 
anteroposterior radiograph and the tibial-lateral surface angle 
on a lateral weight-bearing radiograph (Fig. 11.2). 

 

OPENING WEDGE OSTEOTOMY OF  
THE TIBIA FOR VARUS DEFORMITY 
AND MEDIAL JOINT ARTHROSIS

 TECHNIQUE 11.1 

 n  Through standard anteromedial and anterolateral por-
tals, perform a full arthroscopic examination of the ankle. 

 

A B C

FIGURE 11.1 Joint debridement. A, Preoperative lateral radiograph. B, Intraoperative radio-
graph following anterior debridement of osteophytes. C, Postoperative lateral radiograph.
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Debride any impinging osteophytes, delaminated carti-
lage, and joint fibrosis.

 n  For the fibular osteotomy, make a 2-cm lateral longitudi-
nal incision 3 to 4 cm proximal to the articular surface of 
the medial malleolus.

 n  Use a sagittal saw to make an oblique fibular osteotomy, 
placing a transfixing screw from anterior to posterior 
before completion of the osteotomy; do not tighten the 
screw.

 n  For the tibial osteotomy, make a longitudinal incision be-
ginning proximal to the tip of the medial malleolus to 
expose the anterior surface of the distal tibia; retain as 
much of the periosteum as possible.

 n  Mark the osteotomy based on preoperative templating 
with a Kirschner wire and make the osteotomy with a 
water-cooled bone saw. Do not completely transect the 
tibia but leave several areas of cortex on the lateral side.

 n  Carefully open the osteotomy with a Hintermann distractor 
or lamina spreader. Confirm on imaging that the deformity 
has been satisfactorily corrected and that the necessary size 
of autograft matches the preoperative templating. Insert 
the previously harvested iliac crest autograft.

 n  Apply a contoured plate over the medial tibia to secure 
the autograft in place (Fig. 11.3).

 n  Confirm alignment by observation and anteroposterior 
and lateral fluoroscopy.

 n  Contour a plate and apply it across the fibular osteotomy.

 n  Irrigate the wounds and close the fascial layer, subcutane-
ous tissue, and skin. Apply a sterile dressing and a short-
leg splint.

POSTOPERATIVE CARE Non–weight-bearing ambu-
lation is allowed the day after surgery, and flexion and 
extension exercises of the toes and knee are begun to 
prevent deep vein thrombosis and muscle weakness. A 
cast is worn for 4 to 6 weeks. After the cast is removed, 
active range-of-motion exercises of the ankle are begun. 
Weight bearing is gradually increased at 4 to 6 weeks in 
a fracture boot until full weight bearing out of the boot is 
allowed at 2 months after surgery.
   

 

INTRAARTICULAR OPENING MEDIAL 
WEDGE OSTEOTOMY (PLAFOND-
PLASTY) OF THE TIBIA FOR 
INTRAARTICULAR VARUS ARTHRITIS 
AND INSTABILITY
Failure of traditional medial opening wedge and lateral 
closing osteotomy can occur because of persistence of 
the medial intraarticular tibial defect, resulting in recurrent 

 

A B

TT TAS

TLS

FIGURE 11.2 A, Anteroposterior weight-bearing radiograph showing measurement of tibial-
ankle surface angle (TAS) and talar tilt angle (TT). B, Lateral weight-bearing radiograph showing 
measurement of tibial-lateral surface angle (TLS).  (From Lee WC, Moon JS, Lee K, et al: Indications 
for supramalleolar osteotomy in patients with ankle osteoarthritis and varus deformity, J Bone Joint Surg 
93A:1243–1248, 2011.)
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varus deformity. Becker and Myerson described a tech-
nique specifically for juxtaarticular varus ankle deformity 
associated with osteoarthritis and ankle instability. Mann 
et al. reported good results with this technique, along 
with lateral ligament reconstruction, in 19 patients. Four 
patients required ankle arthrodesis or ankle arthroplasty 7 
to 48 months after the procedure; the other 15 patients 
were satisfied with their outcomes.

 TECHNIQUE 11.2 

(MANN, FILIPPI, AND MYERSON)
 n  After administration of general anesthesia and popliteal 

block for postoperative pain control, approach the ankle 
through a medial incision centered at the level of the de-
formity.

 n  Direct the apex of the osteotomy toward the intraarticular 
deformity from the medial aspect of the distal tibia.

 n  Use a Kirschner wire aimed at the apex of the deformity 
as a guide to the plane of the osteotomy (Fig. 11.4A).

 n  Insert three additional Kirschner wires parallel to the joint 
surface portion of the tibial plafond within the subchon-
dral bone just under the articular cartilage at the apex of 
the plafond angulation to prevent penetration of the saw 
blade into the joint during the osteotomy and to act as a 
hinge during deformity correction (Fig. 11.4B).

 n  Make the osteotomy with a saw perpendicular to the an-
teroposterior axis of the tibia and in the same plane as the 
Kirschner wire, ending at the level of the three Kirschner 
wires, thereby keeping the bony bridge intact (Fig. 11.4C).

 n  Use the bony bridge and the three Kirschner wires as a 
hinge, and with a wide osteotome gradually bend the 
plafond until the medial tibial articular surface is parallel 
to the intact portion of the distal lateral tibia.

 n  Insert a lamina spreader into the cortical gap to hold 
the correction while allograft cancellous bone chips are 
inserted into the defect under fluoroscopic guidance to 
maintain a parallel joint surface (Fig. 11.4D).

 n  Secure the osteotomy with a locking plate to serve as a 
buttress to ensure that the allograft remains in place.

 n  If lateral ankle instability is present, correct it with a 
Broström or modified Chrisman-Snook procedure (see 
Chapter 90) after ensuring that bone, osteophytes, and 
debris are removed from the lateral gutter.

POSTOPERATIVE CARE Patients are placed in a below-
knee splint for the first 2 weeks, followed by application of 
a removable boot with instructions to remain non–weight 
bearing but to perform range-of-motion exercises. At 6 
weeks, partial weight bearing is allowed, and at 8 weeks, 
full weight bearing is permitted. The boot is worn for a 
total of 10 to 12 weeks, depending on healing of the 
osteotomy.
  

DISTRACTION ARTHROPLASTY
With technical improvements to thin-wire external fixation 
for various deformity correction procedures, reports of using 
a thin-wire frame to provide distraction to the ankle joint for 
a period of time while allowing weight bearing seem to sug-
gest some pain relief and functional improvement in carefully 
selected patients with ankle arthritis. Joint distraction arthro-
plasty is based on the concept that mechanical unloading 
of the joint and the intermittent flow of intraarticular syno-
vial fluid encourage cartilage healing. Twenty-one (98%) of 
23 patients reported by Tellisi et al. reported decreased pain 
after distraction arthroplasty; other series have reported good 
results in approximately 75%. In a randomized controlled 
trial, Saltzman et  al. compared fixed distraction to motion 
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FIGURE 11.3 Medial closing wedge osteotomy for correction of supramalleolar deformity, 
preoperative (A) and postoperative (B) radiographs.
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distraction in 36 patients and found that those with motion 
distraction had earlier and consistently better outcomes. 
Adverse events included 43 pin-track infections and eight 
neurapraxias.

The beneficial effects of distraction are not immediate 
and tend to occur over a long period of time, ranging from 6 
months to 2 years. The ideal candidate for distraction arthro-
plasty is a young motivated patient whose symptoms are 
not relieved with conservative measures and who is unwill-
ing to have an arthrodesis. Contraindications include active 

infection, advanced coronal plane deformity, significant loss 
of bone stock, and patients who are poor frame candidates. 
Uncontrolled diabetes, tobacco use, chronic edema of the 
lower limb, severe ankle deformity, and severe ankle anky-
losis are relative contraindications. In a randomized study, 
Herrera-Perez et al. showed similar functional outcomes and 
quality of life with debridement and a hinged distraction 
compared to debridement alone, although the rate of post-
operative revision surgery was higher if distraction was not 
used. According to a comprehensive review of the literature 
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FIGURE 11.4 A, Guide pin inserted with tip positioned at the apex of the deformity. B, Kirschner 
wires inserted just proximal to the tibial plafond to prevent the saw from entering the joint. C, 
Osteotomy created with the saw aligned perpendicular to the coronal axis of the tibia. D, Displace-
ment of the osteotomy with a lamina spreader for deformity correction.   (From Myerson MS, Zide 
JR: Management of varus ankle osteoarthritis with joint-preserving osteotomy, Foot Ankle Clin N Am 8:471, 
2013.) SEE TECHNIQUE 11.2.
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by Smith et al., currently there is not enough high-level evi-
dence to support ankle joint distraction for generally accepted 
indications. Tellisi et al. noted some key elements of the pro-
cedure and postoperative care that may improve outcomes:
 1.  Hinges should be placed along the axis of the ankle joint 

(Inman axis, line joining tips of the medial and lateral 
malleoli) to prevent uneven joint distraction through a 
range of motion and to preserve joint motion by evenly 
stretching the capsule.

 2.  Use of a forefoot wire should be avoided because this is 
very uncomfortable and discourages weight bearing.

 3.  No more than 5 to 6 mm of acute distraction should be 
applied in the operating room; if needed, more distrac-
tion can be applied gradually during the short postopera-
tive hospital stay.

 4.  Range-of-motion exercises should be started early to pre-
serve ankle mobility.

 5.  A circular fixator is superior to monolateral fixation 
because a monolateral frame delivers uneven distraction 
through cantilever mechanics and its simple hinge is dif-
ficult to place along the ankle axis. 

 

DISTRACTION ARTHROPLASTY OF  
THE ANKLE

 TECHNIQUE 11.3 

PREOPERATIVE PLANNING
 n  On weight-bearing radiographs, measure the tibiota-

lar joint space and evaluate the degree of arthritis (Fig. 
11.5A,B).

 n  Identify anterior osteophytes that might be sources of 
pain or blocks to dorsiflexion and need to be removed.

 n  Note the presence of any hardware in the ankle joint. 
Hardware generally does not need to be removed before 
distraction arthroplasty unless it inhibits application of the 
external fixator.

 n  Evaluate the ankle for periarticular deformity and deter-
mine if supramalleolar osteotomy is indicated in place of 
or in conjunction with distraction arthroplasty. 

JOINT PREPARATION
 n  With arthroscopy or open arthrotomy, remove anterior 

osteophytes from the distal tibia and talus.
 n  Perform Achilles tendon lengthening or supramalleolar 

osteotomy as needed. 

FRAME APPLICATION
 n  A tourniquet is not used during frame application because 

normal osseous and periosteal blood flow is needed to help 
cool passing wires and drills to avoid thermal necrosis.

 n  Usually a two-ring fixator is sufficient, comprising a distal 
tibial ring and a foot ring, with articulating hinges placed 
along the ankle joint axis between the rings. An addi-
tional ring may be needed if supramalleolar osteotomy 
was done or to enhance the stability of the construct in 
larger patients.

 n  Mount the proximal ring to the distal tibia with a combi-
nation of half-pins and tensioned wires. Place fixation in 
different planes to ensure adequate stability.

 n  Use of hydroxyapatite-coated pins is encouraged because 
of the enhanced bone ongrowth and stability for the ex-
tended duration that the frame will be used.

 n  Insert a smooth Kirschner wire immediately beneath the 
tip of the medial malleolus and check its position with 
anteroposterior and lateral fluoroscopy images to ensure 
proper placement (Fig. 11.6A).

 n  Attach two universal hinges with threaded rods, one on 
either side of the tibial ring. Place the hinges along the 
reference wire to approximate the true axis of rotation of 
the ankle joint. Check hinge placement with fluoroscopy.

 n  Secure the hinges to a foot ring that has been aligned 
to the foot (Fig. 11.6B). Insert a transverse midfoot wire 
through the cuneiform bones and tension it to the ring 
to establish alignment. Place two additional wires into 
the calcaneus and tension them (Fig. 11.6C). Insert a final 
wire into the talus, attach it to the foot ring, and gently 
tension it; this wire prevents inadvertent distraction of the 
subtalar joint.

 n  Place an anterior flexion-extension rod to control ankle 
motion.

 n  Distract the ankle approximately 5 mm (Fig. 11.5C,D) 
and, under fluoroscopic control, move it through a range 
of motion to check the amount of distraction and align-
ment.

 n  Place sterile dressings on the pin insertion sites. 

POSTOPERATIVE CARE Patients usually are observed 
in the hospital overnight after surgery for pain control. 
Partial weight bearing is begun as soon as tolerated after 
surgery with ambulatory aids as needed (Fig. 11.6D). Deep 
venous thrombosis prophylaxis is implemented and con-
tinued until the patient is mobile. The patient is instructed 
in pin care, which consists of showering daily and cleaning 
any inflamed pin sites daily with diluted hydrogen perox-
ide or chlorhexidine gluconate. At 2 weeks, the sutures 
are removed, and distraction is evaluated. The goal at this 
time is 5 mm of distraction; if the joint space is less, ad-
ditional distraction is applied in the office. At 12 weeks, 
the frame is removed in surgery with the patient sedated, 
a cam walker boot is applied, and weight-bearing ambu-
lation is encouraged (Fig. 11.5E,F). In their recent review, 
Bernstein et al. suggested the addition of bone marrow 
aspirate to the ankle at the time of frame application, no 
more than 3 mm of acute distraction at time of surgery 
with additional distraction added later to maintain at least 
5 mm, and no more than 12 weeks of distraction.
  

TOTAL ANKLE ARTHROPLASTY
A study looking at the Nationwide Inpatient Sample database 
from 2007 to 2013 showed the share of ankle replacement per-
formed compared to arthrodesis increased markedly from 
2007 (14%) to 2013 (45%), with arthrodesis patients continu-
ing to have more comorbidities. The advantages and disad-
vantages of total ankle arthroplasty are discussed in detail in 
Chapter 10. In general, arthrodesis has the advantage of pre-
dictable pain relief and the disadvantage of limited motion, 
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whereas arthroplasty has the advantage of motion preserva-
tion and the disadvantage of more frequent complications. 
A study involving 114 ankle arthroplasties and 47 ankle 
arthrodeses reported no significant difference in the mean 
improvement in pain and function between the two groups 
at a minimum of 2 years postoperatively, but the complica-
tion rates were 54% after arthroplasty and 26% after arthrod-
esis. In a systematic review of the literature that included 
1262 arthrodeses and 852 arthroplasties, Haddad et al. iden-
tified revision rates of less than 10% and infection rates of 
less than 5% after both procedures. Daniels et  al., in a mul-
ticenter study involving 321 patients, reported that interme-
diate-term clinical outcomes of total ankle replacement and 

ankle arthrodesis were comparable, although reoperation and 
major complications were more frequent after ankle replace-
ment. More recently, Norvell et al. in a multisite prospective 
cohort study of 517 patients with arthrodesis or arthroplasty 
for ankle arthritis found no statistically significant difference 
in adverse events at 1 year after either procedure. Glazebrook 
et al. focused on survival and complication rates of total ankle 
arthroplasty and found that failure rates ranged from 1% to 
32%, with an overall mean failure rate of 12%. Despite more 
costly implants, total ankle arthroplasty was determined to be 
a cost-effective alternative to ankle arthrodesis in a 60-year-
old cohort with end-stage ankle arthritis. More recent com-
parisons have shown that patients with total ankle replacement 
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FIGURE 11.5 A and B, Posttraumatic arthritis and anterior osteophytes. C and D, Approximately 
8 mm of ankle joint distraction obtained with hinged external fixation distraction device. E and 
F, Plantigrade foot at 3-year follow-up.  (From Paley D, Lamm BM, Purohit RM, Specht SC: Distraction 
arthroplasty of the ankle—how far can you stretch the indications? Foot Ankle Clin 13:471–484, 2008.) 
SEE TECHNIQUE 11.3.
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have higher expectations before surgery than do patients with 
arthrodesis and are more likely to have their expectations met. 
Jasiter et al. found that patients with total ankle replacement 
had higher scores than ankle arthrodesis patients in walking 
on uneven surfaces, upstairs, downstairs, and uphill. Another 
study comparing 59 patients with total ankle arthroplasty to 
46 with arthrodesis found that functional results were signif-
icantly better in those with arthroplasty; however, there was 
no difference in terms of quality of life (Dalat et al.). Studies 
that directly compare arthrodesis to arthroplasty must be care-
fully interpreted because of the inherent differences in patient 

selection for each procedure. Many patients are better suited to 
either arthroplasty or arthrodesis, not both. In addition, each 
patient is different, and preexisting adjacent joint pathology 
may affect the long-term outcomes of both procedures. Gait 
analysis has shown that patients with total ankle replacement 
have a more normal gait pattern than those with arthrodesis; 
however, sports participation has been reported to be similar 
after both procedures, with approximately 76% in both groups 
active in sports after surgery.

The theoretical benefit of arthroplasty in preservation of 
adjacent joint cartilage compared to arthrodesis has yet to be 
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FIGURE 11.6 Distraction arthroplasty. A, Temporary guidewire inserted from tip of lateral 
malleolus to tip of medial malleolus as reference for ankle hinge placement. B, External fixator 
application. C, Wires placed in calcaneus and tensioned; note that foot is centered in fixator ring. 
D, Patient standing in frame with constrained ankle motion allowed through anatomically placed 
hinges.  (From Beaman DN, Gellman RE, Trepman E: Ankle arthritis: deformity correction and distraction 
arthroplasty. In Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the foot and ankle, ed 8, Philadelphia, 
2007, Elsevier.) SEE TECHNIQUE 11.3.
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demonstrated in the literature. In the first mid- to long-term 
outcome study of its kind, Dekker et al. reported a moderate 
radiographic increase in adjacent subtalar and talonavicular 
arthritis at a minimum of 5 years after arthroplasty. In 140 
ankles averaging 6.5 years’ follow-up, 40% and 34% of adja-
cent subtalar and talonavicular joints, respectively, showed 
progression of arthritic changes using the modified Kellgren 
Lawrence scale. In a separate study, Dekker et al. also dem-
onstrated that 30% of the clinical motion observed after ankle 
arthroplasty occurs through the subtalar and talonavicular 
joints. This adjacent joint motion is similar to the numbers 
reported by Sealey et  al. in their report of supraphysiologic 
adjacent joint motion after ankle arthrodesis. Sealey et  al. 
reported 9.3 degrees of compensatory subtalar motion and 
16.4 degrees of midfoot motion after ankle arthrodesis com-
pared to Dekker’s report of 6.7 degrees and 16.5 degrees for 
subtalar and midfoot compensatory motion after arthroplasty. 
These studies question whether arthroplasty can preserve adja-
cent joint motion and relieve adjacent joint stress long term. 
Pinsker et al. reported that only 15% of patients with arthro-
plasty or arthrodesis experienced resolution of all symptoms 
and limitations, which underscores that the procedure chosen 
should be tailored to the individual patient and realistic expec-
tations should be managed by both the surgeon and patient. 

INDICATIONS FOR ANKLE 
ARTHRODESIS
Ankle arthrodesis can be considered for patients who have 
painful limited motion of the ankle, in whom conservative 
measures have failed, and have any of the following diagnoses:
 n  Posttraumatic arthritis
 n  Osteoarthritis
 n  Arthritis from chronic instability of the ankle
 n  Rheumatoid or autoimmune inflammatory arthritis
 n  Gout
 n  Postinfectious arthritis
 n  Charcot neuroarthropathy
 n  Osteonecrosis of the talus
 n  Failure of total ankle arthroplasty
 n  Instability of the ankle from neuromuscular disorders
Absolute contraindications to ankle fusion include vascular 
impairment of the limb and infection of the skin through 
which the approach is planned. Relative contraindications 
include preexisting moderate-to-severe ipsilateral hindfoot 
arthrosis and contralateral ankle arthrosis likely to require 
surgical treatment in the foreseeable future. However, Houdek 
et al. reported that 31 patients with bilateral ankle arthrodesis 
rated their function as normal or nearly normal. In a retro-
spective cohort study comparing 10 bilateral to 10 unilateral 
ankle arthrodesis patients, Maenohara et  al. reported that 
those with bilateral arthrodesis showed lower social function-
ing, but otherwise their outcomes did not appear inferior to 
those of patients with unilateral arthrodesis. 

PATIENT EVALUATION
CLINICAL EVALUATION
A careful history is critical to an optimal outcome. Several 
questions should be considered before arthrodesis is chosen. 

What is the exact location of pain? Are there other existing 
orthopaedic issues with the limb, especially foot function, hip 
and knee function, and the presence or absence of back pain? 
What are the functional desires of the patient and what are his 
or her current impairments? Can the patient care for himself 
or herself, go to the store, exercise? What is the social support 
system? Who will help care for the patient after surgery?

Patient expectations must be determined and managed 
before surgery. Although pain relief is to be expected and func-
tional activities will be substantially improved, some activity 
limitations will be present after ankle arthrodesis. In a study 
of 185 ankles at an average of 7 years after ankle arthrodesis, 
Kerkhoff et al. showed that participation in sports decreased 
slightly from 79.5% of patients before surgery to 68.9% after 
surgery; 73% of patients could hike an average of 40 minutes, 
39.8% could kneel for 10 minutes, and 16.8% could run for 
60 meters (Fig. 11.7). Patients are encouraged to engage in 
low-impact or nonimpact activities for conditioning post-
operatively. Interestingly, cyclists may notice improved per-
formance after ankle arthrodesis given the rigid lever arm 
created, which enhances energy transfer from the leg to the 
pedal. Shoewear limitations are common; low heels only for 
women and often a rocker sole shoe is needed for prolonged 
walking and hiking activities. Occasionally a brace is needed 
to support the hindfoot with more vigorous activities, espe-
cially if there is preexisting arthritis in these joints.

Assessment of medical comorbidities is important to 
prevent complications after surgery. In patients with diabe-
tes, studies strongly suggest that good glycemic control, as 
manifested by a hemoglobin A1c level less than 7.0, should 
be obtained before major ankle or hindfoot reconstruction. 
Peripheral vascular disease should be identified and treated 
before surgery. Patients with a history of cardiac disease or 
pulmonary dysfunction also must have these conditions 
treated before surgery because of the increased functional 
demands in the immediate postoperative period as the 
patient mobilizes with crutches or a walker. Smoking tobacco 
directly interferes with the healing of the arthrodesis. In con-
junction with a rheumatologist, patients with inflammatory 
arthritis should be taken off of antitumor necrosis factor-α 
medications preoperatively until the incisions are healed to 
decrease postoperative infection. Many patients have a vita-
min D deficiency, and it is routine to supplement this pre- 
and postoperatively. Moderate-to-severe osteopenia found on 
plain radiographs should be investigated for a treatable cause 
before surgery. Patients in whom sleep apnea is suspected 
should be questioned about sleep habits, and this condition 
should be treated before surgery.

After a thorough history, assessment of the limb begins with 
evaluation of the patient’s gait pattern. Two common mecha-
nisms of decreasing motion through the ankle joint are “back-
kneeing” and walking with an elevated foot progression angle 
(turning the foot outward to decrease the lever arm on the ankle). 
In some patients who back-knee, applying a small heel lift may 
improve symptoms. Limb-length discrepancy may be obvious in 
the gait assessment and may affect the type of arthrodesis cho-
sen. The range of motion of the hip and knee should be assessed, 
as well as deformity of the knee in the coronal plane. Although 
every attempt is made to place the ankle perpendicular to the 
long axis of the tibia and parallel to the ground, varus or valgus 
deformity of the knee may affect outcome and should be consid-
ered before surgery. Range of motion through the tibiotalar joint 
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is difficult to assess, but an effort should be made to isolate this 
joint and separately evaluate the hindfoot joints. The talonavicu-
lar joint, which will be responsible for most sagittal plane motion 
after surgery, should carefully be inspected for range of motion 
and pain. Overall flexibility of the hindfoot is important. A stiff, 
immobile, and irritable hindfoot may be a source of continued 
problems after tibiotalar arthrodesis, and deformity of the hind-
foot must be identified and considered in preoperative planning. 
Although a few degrees of malalignment can be compensated 
for through the ankle arthrodesis, significant deformity will need 
to be corrected with a separate procedure. A thorough neuro-
vascular examination is critical because approaches to the ankle 
are often placed near cutaneous nerves and any deficits should 
be noted preoperatively. Any suggestion of diminished pulses or 
patients with long-standing diabetes should prompt an in-depth 
assessment with arterial Doppler ultrasound. Selective injections 
of a local anesthetic, with or without the aid of fluoroscopy, can 
be helpful in patients with combined arthritis of the ankle and 
hindfoot. We give our patients a visual analog scale, with values 
of 0 (no pain) to 10 (worst pain imaginable) and ask them to 
check a location on the scale before and just after the injection 
is given. Stegeman et  al., however, found that fluoroscopically 
guided anesthetic injections were not indicative of a successful 
outcome of arthrodesis. Based on the effect of the diagnostic 
injection and various clinical factors, patients were treated con-
servatively or with arthrodesis. Arthrodesis, regardless of the 
presence or absence of pain reduction after injection, resulted in 
improvements in pain and function, whereas conservative treat-
ment resulted in worse pain and function. 

RADIOGRAPHIC EVALUATION
Radiographic evaluation of the arthritic ankle begins with 
standing anteroposterior and lateral views. Typically, a long 
cassette is used to include as much of the distal tibia as possible 

to help with the assessment of deformity and planning of cor-
rection if necessary. For more severe deformity, leg-length 
discrepancy should be evaluated on full standing lower limb 
films. The hindfoot alignment view can assist in assessing 
deformity distal to the ankle joint (Fig. 11.8). In addition to 
the amount of joint space loss on the anteroposterior view, 
coronal plane deformity should be assessed. Quality of bone 
stock and any cysts or other defects should be noted. On the 
lateral view, anteroposterior subluxation of the ankle should 
be noted, as well as any tilt of the tibial plafond, because this 
may affect the type of fusion and approach used.

Computed tomography, with or without weight bearing, 
can be used before ankle arthrodesis to further assess any 
defects in the region of the planned fusion and adjacent joint 
pathology. It may be helpful especially if a limited amount of 
joint space is lost and another procedure (e.g., arthroscopy or 
osteotomy) may be considered.

Nuclear medicine imaging can be helpful in determining 
if infection is present in patients with posttraumatic arthri-
tis after open fracture, postinfectious arthritis, or previous 
infections. Gallium or technetium-labeled white blood cell 
imaging may add information to other forms of infection 
assessment (examination, white blood cell count, erythrocyte 
sedimentation rate, C-reactive protein). 

TECHNIQUES OF ANKLE 
ARTHRODESIS
Common to all techniques is the desire to position the ankle 
in the proper orientation: neutral flexion/extension, exter-
nal rotation of approximately 5 degrees, 5 degrees of valgus, 
and slight posterior translation of the talus under the tibia. 
Although slight flexion may be tolerated, extension is not and 
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FIGURE 11.7 Participation in sports before the onset of disabling pain and after surgery.  (From 
Kerkhoff YRA, Keijsers NLW, Louwerens JWK: Sports participation, functional outcomes, and complications 
after ankle arthrodesis: midterm follow-up, Foot Ankle Int 38:1085–1091, 2017)
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may result in excessive pressure and intractable pain under 
the heel. Other positions to avoid are any varus and anterior 
translation of the talus because this may lead to a “vaulting” 
type of gait pattern and knee pain. Every attempt is made to 
expose healthy, vascular bone and to remove or prepare the 
dense subchondral bone while respecting the soft tissues.

Many patients with ankle arthritis have prior injuries or 
surgeries, and the soft tissue abnormalities or scars should 
help direct the approach for the arthrodesis. Ankle arthrod-
esis can be done through a variety of approaches, so scarring 
should not limit access to the ankle joint in preparation for 
fusion. The use of previous incisions, if they are stable and 
well healed, is encouraged; however, skin in poor condition 
with minimal soft-tissue support or an incision that has been 
slow to heal should be avoided if possible. Knowledge of the 
angiosomes about the ankle (Fig. 11.9) and the vascular sup-
ply to the skin is important if wound complications are to be 
avoided. In their study of 215 patients with uncomplicated 
arthrodeses, Chalayon et al. found similar rates of nonunion 
regardless of surgical approach and technique, but higher rates 
of nonunion after prior subtalar arthrodesis for varus arthritis.

ARTHROSCOPIC ARTHRODESIS
The arthroscopic technique has several advantages over other 
techniques, including maintenance of malleolar congruency, 
which decreases the risk of malunion, gives more bone sur-
face and anatomic support for fusion, and allows for possible 

take-down and conversion to arthroplasty in the future. In the-
ory, there is less chance of disruption of the blood supply to the 
talus or distal tibia, which could complicate and delay healing 
of the fusion. Because of less soft tissue stripping, the postop-
erative pain after arthroscopic arthrodesis is generally less than 
open techniques. This technique is considered for patients 
with minimal coronal plane deformity or bone loss and those 
with osteonecrosis (Fig. 11.10). Jones et  al. showed a 94% 
radiographic fusion rate at an average 7-year follow-up after 
arthroscopic arthrodesis in 120 ankles. In a systematic review of 
arthroscopic and open ankle arthrodesis, Park et al. showed sim-
ilar rates of union, reoperations, and operative times between 
the two groups, with arthroscopic arthrodesis showing bet-
ter clinical scores and fewer complications. The technique of  
arthroscopic ankle arthrodesis is described in Chapter 50. 
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FIGURE 11.8 Hindfoot alignment view showing measurement 
of heel alignment angle and heel alignment ratio. Heel alignment 
angle is angle between tibial axis and calcaneal axis. Heel alignment 
ratio is calculated by dividing width of calcaneus medial to tibial 
axis by greatest width of calcaneus.  (From Lee WC, Moon JS, Lee HS, 
Lee K: Alignment of ankle and hindfoot in early stage ankle osteoarthritis, 
Foot Ankle Int 32:693–699, 2011.)
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FIGURE 11.9 Angiosomes of the foot and ankle.
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  FIGURE 11.10 A, Preoperative radiographs and sagittal MRI in a 45-year-old patient with osteo- 
necrosis of the talus. B, Intraoperative arthroscopy: cartilage removal, subchondral bone penetration, 
and bleeding bone surfaces in preparation for arthrodesis. C, Radiographs 6 weeks after arthrodesis.
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MINI-INCISION TECHNIQUE
When coronal plane deformity is minimal (<10 degrees of 
varus or valgus) and bone quality is satisfactory, a mini-
incision technique can be used. The standard arthroscopic 
portals are enlarged slightly, the joint is directly observed 
and prepared, and fixation is inserted. Benefits similar to 
those of the arthroscopic technique are obtained with pos-
sibly a shorter operative time for surgeons not as familiar 
with arthroscopy. Miller et al. reported a fusion rate of 
98% in two groups of patients with this procedure.

 TECHNIQUE 11.4 

 n  Place the patient supine on the operating room table with 
a lift under the ipsilateral hip so that the leg is oriented 
perpendicular to the floor. The foot should be near the 
end of the table and the table able to accept fluoroscopy.

 n  General and/or regional anesthesia can be used.
 n  Use a tourniquet to improve visualization and a headlight 

if available. Specialized instruments include Inge lamina 
spreaders, sharp curets, and osteotomes; a motorized 
burr may be desired.

 n  Make two 1.5-cm incisions, one just medial to the tibial 
tendon and one lateral to the peroneus tertius tendon 
(Fig. 11.11), taking care to identify the course of the dor-
sal intermediate cutaneous nerve near the lateral incision. 
It often can be seen by inverting the foot and plantar flex-
ing the fourth toe.

 n  Incise the joint capsule in line with the skin and elevate it 
from the front of the ankle joint with an elevator.

 n  Inspect the joint and remove any periarticular osteophytes 
with a rongeur or osteotome to allow placement of the 
ankle in neutral and to allow evaluation of the joint.

 n  Place a periosteal elevator in one incision to lever the joint 
open slightly and place a lamina spreader in the other 
incision and open it to allow removal of the remaining 
cartilage and subchondral bone through the first incision. 
Use a curet first, then a high-speed burr or drill bit to 
penetrate the subchondral bone. Irrigate saline through 
the opposite incision as needed to prevent excessive heat 
build-up in the bone. Use a small osteotome to “fish 
scale” the bone.

 n  Prepare the medial gutter in a similar manner, switching the 
instruments between incisions to complete the preparation.

 n  There is no consensus regarding lateral gutter preparation 
for fusion. The extra motion of the fibula may lead to 
painful nonunion of this joint, but even without prepar-
ing this joint there occasionally is pain in this area after 
successful tibiotalar fusion. We generally do not formally 
prepare this joint and seldom have significant problems 
with it later.

 n  Autogenous bone graft typically is used and is inserted 
into the ankle joint at this time. The goal is to introduce 
biology into the fusion site and fill any defects while not 
inhibiting bone surface apposition.

 n  Insert large (typically 6.5- to 8.0-mm) cannulated screws 
over guidewires for fixation. Three screws are ideal, but 
sometimes only two are possible. We typically place  
the first two as partially threaded screws for compression 
followed by a fully threaded screw for stability. A desir-
able screw position is the so-called “home run” screw 
placed from the posterolateral tibia into the talar neck/
head area distally (Fig. 11.12). A proximomedial screw 
directed into the posterior body of the talus usually is in-
serted next; this may be a fully-threaded screw to improve 
bone purchase on both sides of the arthrodesis site. This 
is followed by either a proximal anterolateral-to-distal me-
dial screw or a distal lateral screw from the lateral process 
of the talus directed proximally, posteriorly, and medially.

 n  Close the joint capsule and the skin in a routine manner 
and apply a well-padded short-leg splint with the foot in 
neutral position.

POSTOPERATIVE CARE The dressing and sutures are 
removed at 2 weeks, and a short leg cast is applied. The 
patient is instructed to return for a cast change if the cast 
seems loose and is applying stress to the fusion site. The 
patient is kept non–weight bearing until the fusion seems 
healed, typically a minimum of 6 weeks. The use of a roll-
ing walker, on which the patient rests the knee and pro-
pels himself or herself with the opposite limb (Fig. 11.13), 
has dramatically improved quality of life and increased 
postoperative compliance with the restricted weight-bear-
ing status. Plain radiographs usually are sufficient to assess 
healing, but occasionally CT is necessary to be certain. A 
knee-high walking boot is applied when the fusion seems 
solid, and the patient can gradually wean from the boot 
to a shoe. For some patients, a shoe modified with a full-
length steel shank and a rocker sole is beneficial for an 
improved gait pattern.
   

 

Anterior tibial
tendon

Peroneus
tertius tendon

FIGURE 11.11 Mini-arthrotomy incisions, one just medial to 
tibial tendon and one lateral to peroneus tertius tendon. SEE TECH-
NIQUE 11.4.
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TRANSFIBULAR (TRANSMALLEOLAR) 
ARTHRODESIS WITH FIBULAR STRUT 
GRAFT
The original technique of Mann has been modified to incor-
porate, if possible, a vascularized fibular strut graft. This graft 
brings an added measure of stability and vascular supply to 
the fusion site. Colman and Pomeroy reported a 96% fusion 
rate in 48 patients, with an average time to fusion of 82 days.

 TECHNIQUE 11.5 

 n  After induction of general anesthesia, position the patient su-
pine on the operating table with a bump under the ipsilateral 
hip to allow easier access to the fibula. A ramp of bone foam 
or towels under the distal leg makes it easier to obtain correct 
positioning of the ankle and for intraoperative imaging.

 n  Administer a popliteal block, if not done preoperatively, 
and apply a thigh tourniquet.

 n  Center a longitudinal incision over the fibula and carry it 
distally approximately 2 cm past the tip of the fibula and 
then curve it along the course of the peroneal tendons. 
This allows access to the subtalar joint for debridement or 
arthrodesis if needed. Take care to protect the superficial 
peroneal nerve. Carry dissection onto the anterior surface 
of the tibia and place a deep retractor anteriorly.

 n  Use osteotomes and a mallet to remove large osteophytes 
on the anterior tibial plafond and talus.

 n  Use a sagittal saw to transect the fibula approximately 
5 to 7 cm proximal to the tibial plafond and remove ap-
proximately 1 cm with a second parallel cut (Fig. 11.14A).

 n  Insert a lamina spreader between the fibula and tibia and 
spread them while incising the syndesmotic ligaments an-
teriorly. Alternatively, insert a curved osteotome into the 
incisura to release the fibula from the tibia anteriorly. Take 
care to preserve the posterior tibiofibular ligaments and 
blood supply to the fibula.

 n  While stabilizing the fibula with towel clips, make a cut in 
the sagittal plane to remove the medial half of the fibula, 
preserving the lateral half with its periosteal attachment.

 

A B

C

D

FIGURE 11.12 A and B, End-stage ankle 
arthritis. C and D, After mini-incision ankle 
arthrodesis; note use of “home run” screw from 
posterolateral tibial into talar neck/head distally. 
SEE TECHNIQUE 11.4.
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 n  While reflecting the fibula posteriorly, a Hintermann dis-
tractor can be placed on the tibia and talus with the handle 
pointing posteriorly, which will hold the residual fibula out 
of the way while opening the tibiotalar joint for prepara-
tion. Use of a laminar spreader to allow removal of residual 
joint contents also can be considered (Fig. 11.14B).

 n  If needed, make a separate medial incision to assist with 
medial gutter preparation. This is especially important in 
varus ankle arthritis.

 n  Preparation of the joint for fusion varies from “in situ” 
fusion, in which the normal articular surface topography 
is maintained for minimal deformity to flat cuts of the 
opposing tibial and talar surfaces for more severe defor-
mity. Construct the fusion area to obtain neutral exten-
sion, slight external rotation relative to the tibial tubercle, 
and neutral to slight valgus, depending on the position 
and flexibility of the rest of the hindfoot and foot. If flat 
cuts are made, make a separate medial incision to expose 
the medial malleolus and to protect the posterior tibial 
tendon and neurovascular bundle before making the 
cut with a saw (Fig. 11.14C). The talus should be slightly 
translated posteriorly under the tibia. Obtain bleeding, 
healthy cancellous bone on all fusion surfaces. Take care 
to dorsiflex and plantarflex the ankle during joint prepa-
ration to make sure all remaining anterior and posterior 
talar cartilage is identified and removed.

 FIGURE 11.13 Use 
of a rolling walker can 
dramatically improve 
patients’ quality of life 
and increase compli-
ance with weight-
bearing restrictions.

 

A B

C D

FIGURE 11.14 Transfibular (transmalleolar) arthrodesis with fibular strut graft (see text). A, 
Resection of fibula. B, Laminar spreader allows removal of residual joint contents. C, Separate 
anteromedial approach may be needed for deformity correction. D, Screw insertion from postero-
medial side of tibia into talus.  (From Saltzman CL: Ankle arthritis. In Coughlin MJ, Mann RA, Saltzman 
CL, editors: Surgery of the foot and ankle, ed 8, Philadelphia, 2007, Elsevier.) SEE TECHNIQUE 11.5.
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 n  Lengthening of the heel cord may be necessary if residual 
equinus is noted; a triple hemisection technique typically 
is used. The distal cut is made medially proximal to the 
insertion of the tendon; the next is made 2.5 cm proximal 
to the first through the lateral half of the tendon; and the 
final one is made 2.5 cm proximal to the second through 
the medial half of the tendon. A dorsiflexion force is ap-
plied to correct any remaining equinus.

 n  Avoid extension, varus, or internal rotation at the ankle 
because these are poorly tolerated; also avoid anterior 
translation of the talus under the tibia, which can result 
in a gait pattern described as “vaulting” over the foot. 
Check the position of the ankle with fluoroscopy and 
careful visual inspection.

 n  If needed, add bone graft from the morselized resected 
medial fibula or from a remote location such as the proxi-
mal tibia or iliac crest.

 n  Insert multiple partially and fully threaded 6.5-mm or 7.0-
mm cancellous screws from posterolateral in the tibia into 
the talar head and neck and from posteromedial into the 
talar body (Fig. 11.14D). Take care to protect tendons and 
neurovascular structures during screw insertion. An ad-
ditional screw from the sinus tarsi into the tibia is helpful. 
Compression is obtained with the first two screws, which 
are partially threaded, and then a fully threaded screw is 
added for additional stability.

 n  The order of screw insertion depends on the pathology. 
For varus ankle arthritis, a laterally based screw typically is 

placed first to compress opposite the varus deformity, while 
a medial-screw-first construct is used for valgus arthritis.

 n  Remove any impinging osteophytes off of the subtalar 
joint with an osteotome and mallet.

 n  Remove residual cartilage from the lateral tibia and lateral 
talus in a similar fashion and manually appose the lateral 
fibula to this area. Take care to elevate the fibula slightly 
so as not to impinge on the subtalar joint and hold with 
a provisional Kirschner wire.

 n  Secure the residual fibula to the tibia and talus with two 
3.5-mm lag screws (Fig. 11.15). Use of a low-profile plate 
with four to six screws spanning the fusion site also can 
be considered and may provide additional stability to the 
fusion site (Fig. 11.16).

 n  Close the wound in layers and apply a well-padded short-
leg splint.

POSTOPERATIVE CARE At 10 to 14 days, the splint and 
sutures are removed and a non–weight bearing cast is ap-
plied. The cast is worn an additional 4 to 8 weeks until the 
ankle is healed clinically and radiographically. Care must 
be taken that the cast does not become loose because this 
would place stress on the fusion site. When the cast is re-
moved, a walking boot is fitted and worn for an additional 
4 weeks. Then a shoe can be modified with a shank and a 
rocker if needed, especially if there is concomitant hindfoot 
or midfoot disease.
  

 FIGURE 11.15 End-stage tibiotalar and tibiofibular arthritis with hindfoot valgus treated with 
transfibular arthrodesis with fibular onlay and calcaneal osteotomy.
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A B

C D

  

 

A B

FIGURE 11.16 A, End-stage ankle arthritis with deformity. B, After transfibular arthrodesis 
with addition of low-profile plate to add stability to construct. SEE TECHNIQUE 11.5.

        
     
 

   

  FIGURE 11.17 A and B, Total ankle arthroplasty with loosening, periarticular cyst, and medial 
and lateral anterior impingement. C and D, After arthrodesis with femoral head allograft and 
double-plate fixation. SEE TECHNIQUE 11.6.
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ANTERIOR APPROACH WITH PLATE 
FIXATION
This approach is particularly appropriate for conversion 
of a failed total ankle arthroplasty to arthrodesis. Sug-
gested advantages of plate fixation include less soft 
tissue disruption by using a single anterior incision, ease 
of deformity correction, early rehabilitation, and a high 
rate of union. Plaass et al. described an anterior double-
plating technique (Fig. 11.17) for severe osteoarthritis, 
nonunion of ankle arthrodeses, and failed total ankle 
replacements; 27 (93%) of 29 patients were satisfied 
with their outcomes. More recently, Kestner et al., in a 
cadaver biomechanical study, showed that bending stiff-
ness of a two-plate construct was 1.5 to 5 times greater 
than that of a single-plate construct and torsional stiff-
ness was nearly double. They suggested that the stiffer 
two-plate system may improve clinical fusion rates, 
especially in patients with suboptimal bone quality. In 
a retrospective study of 65 ankles by a single surgeon, 
Mitchell et al. showed a trend toward a higher union 
rate with the addition of an anterior plate compared 
to a transfibular approach with screws only; however, 
a statistically significant difference was not detected. It 
should be noted that in this same study there also was 
a trend toward a higher infection rate in the anterior 
plate group. Similarly, Prissel et al. did not detect a sig-
nificantly different union rate in their underpowered 
retrospective comparative study of 83 ankles.

 TECHNIQUE 11.6 

 n  After general anesthesia and a preoperative popliteal 
block are administered, place the patient supine on the 
operating table with a bump under the hip to hold the 
leg in neutral rotation. If desired, apply a tourniquet and 
exsanguinate the limb.

 n  Make a direct anterior approach to the ankle, taking care 
to protect the crossing branches of the superficial pero-
neal nerve. Develop the interval between the extensor 
hallucis longus and tibialis anterior with the neurovascular 
structures retracted laterally.

 n  Make an arthrotomy of the ankle and use a Cobb elevator 
to mobilize tissues medially and laterally in front of the 
tibial plafond such that retractors may be placed.

 n  Remove marginal osteophytes of the ankle. Use a lamina 
spreader or Hintermann distractor to distract the tibiotalar 
joint for cartilage removal.

 n  Remove cartilage from the dorsal talus and medial gutter. 
Typically, with the fibula intact, we do not prepare the 
lateral gutter. Take care to dorsiflex and plantarflex the 
ankle during joint preparation to make sure all remain-
ing anterior and posterior talar cartilage is identified and 
removed.

 n  Penetrate the subchondral bone on the tibia and talus 
with a water-cooled drill bit. Place autogenous bone graft 
into the joint.

 n  Place the ankle into the appropriate position for fusion with 
slight valgus, external rotation, and neutral position in the 
sagittal plane. If equinus contracture limits the ability to 

place the foot into the neutral position, perform a triple 
hemisection of the Achilles tendon.

 n  Provisionally hold the position of the talus relative to the 
tibia with a guide pin for a 6.5-mm cannulated screw 
placed from the medial tibia into the talus. If desired, a 
partially threaded screw can be placed over this wire to 
compress the talus medially and superiorly away from the 
unprepared fibula, possibly decreasing lateral gutter pain 
in the future. Alternatively, the wire can be removed after 
the plate is fixed to the tibia and before compression of 
the fusion site through the plate.

 n  A number of anterior ankle arthrodesis plates are avail-
able and implant-specific techniques are used. In gen-
eral, apply the plate across the arthrodesis site and hold 
it in provisional position with Kirschner wires. A burr 
may be useful to clear off some of the dorsal talus and/
or anterior tibia to allow the plate to sit flush on the 
bone.

 n  Use compression slots in the plate during screw insertion 
to generate compression at the arthrodesis site before 
placement of locking screws; alternatively use an external 
compression device.

 n  Place additional bone graft as needed, irrigate the wound, 
and close it in layers. Take care to repair the extensor reti-
naculum to avoid bowstringing of the extensor tendons. 
Meticulous soft-tissue technique is necessary because an-
terior wound complications can be devastating.

 n  Apply sterile dressings and a short leg splint.

POSTOPERATIVE CARE The sutures are removed at 2 to 
3 weeks after surgery, and a new cast is applied. Transi-
tioning into a fracture boot with progressive weight bear-
ing is begun at 6 to 8 weeks postoperatively (Fig. 11.18).
   

 

LATERAL APPROACH WITH FIBULAR 
SPARING
This modification of the Mann lateral transfibular approach 
preserves the fibula. According to Smith et al., the intact 
fibula provides additional surface area for fusion, blocks 
valgus drift in cases of delayed union, and may serve as 
a guide to proper rotation and positioning. Preservation 
of the fibula also enables conversion to total ankle arthro-
plasty and maintains the native groove and restraints for 
the peroneal tendons.

 TECHNIQUE 11.7 

(SMITH, CHIODO, SINGH, WILSON)
 n  Position the patient supine with a bump under the ipsilat-

eral hip to facilitate access to the lateral aspect of the ankle.
 n  Make an approximately 12-cm curvilinear incision directly 

lateral over the ankle, centered at the tip of the fibula 
and curving gently distally toward the base of the fourth 
metatarsal (Fig. 11.19A).

 n  Divide the anterior talofibular and calcaneofibular liga-
ments to allow the talus to be rotated out from under-
neath the mortise (Fig. 11.19B) and use a sharp curet to 
remove cartilage synovium and loose bodies.
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 n  Fenestrate subchondral tibial and talar bone with a 4-mm 
powered burr at low speed (20,000 revolutions per min-
ute) with continuous saline irrigation to prevent thermal 
necrosis (Fig. 11.19C).

 n  Harvest autogenous bone graft from the distal fibula 
through a fibular corticotomy created with the 4-mm burr 
or small saw (Fig. 11.19D) at the lateral fibula, preserv-
ing the fibular groove. Alternative graft sites such as the 
proximal tibia also can be used.

 n  Use a medium-sized curet to harvest 5 to 8 g of cancellous 
bone and pack the graft into the prepared tibial and talar 
surfaces.

 n  Under fluoroscopic guidance, pass two 6.5- or 7.3-mm 
screws from lateral to medial. Pass one screw with a 
washer in an anterior position from the base of the talar 
neck to the tibia. Start the second screw at the lateral 
process of the talus and direct it into the distal tibia poste-
riorly (Fig. 11.19E). Do not use a washer with the second 
screw to avoid impingement at the subtalar joint.

POSTOPERATIVE CARE Patients are kept non–weight 
bearing for 8 weeks, then partial weight bearing is begun 
in a pneumatic boot or walking cast. Unrestricted weight 
bearing is initiated 3 months after surgery if union is con-
firmed.
   

 

TIBIOTALOCALCANEAL ARTHRODESIS
In certain circumstances, arthrodesis of both the ankle and 
subtalar joints is necessary or advantageous. A lateral trans-
fibular approach, with or without the onlay fibular graft, 
can be used. A posterior approach may be appropriate in 
some situations, such as patients with compromised skin 
and soft tissues in the area of a lateral approach. Numerous 
designs and constructs of compression screws, intramed-
ullary nails, blade plates, and locking plates can be used, 
and a familiarity with the technique associated with the 
device is essential for a successful outcome. Blade plate and 
locking plate fixation (Fig. 11.20) are relatively recent tech-
niques. Cadaver biomechanical studies have shown locking 

plate fixation to have higher rigidity than intramedullary 
nails and to provide higher initial stiffness and higher tor-
sional load to failure than blade plate fixation. Hamid et al. 
found no difference between compressive forces gener-
ated at the ankle and subtalar joint with a plate compared 
to a nail, although both were significantly higher than the 
compressive force generated by screws. Mulligan et al. 
compared intramedullary nailing with a posterior approach 
(38 patients) to a locked plate through a transfibular 
approach (28 patients) and found similar union, revision, 
and complication rates. The overall union rate was 71% in 
the nail group compared to 64% in the plate group, with 
revision because of symptomatic nonunion in 16% of the 
nail group and 7% of the plate group.

 TECHNIQUE 11.8 

 n  The position of the patient, lateral and medial skin inci-
sions, soft-tissue dissection, and preparation of the tibio-
talar joint are the same as described in Technique 11.5. A 
posterior approach can be used if wide exposure is neces-
sary for removal of total ankle components or in patients 
with osteonecrosis of the talus or significant deformities 
that require correction.

 n  Distract the subtalar joint with a lamina spreader or Hin-
termann distractor and remove residual cartilage.

 n  If autogenous bone graft is being used, place it into the 
arthrodesis sites.

 n  After the arthrodesis site is prepared, determine the posi-
tion by holding the patella straight up and placing the 
foot in neutral dorsiflexion-plantarflexion, 5 degrees of 
valgus at the heel, and slight posterior displacement of 
the calcaneus in relation to the tibia. Place provisional 
Kirschner wires and evaluate the foot position.

 n  If a lateral locking plate construct is to be used, follow the 
manufacturer’s implant- specific procedures. In general, 
place cortical screws first to fix the plate to the bones us-
ing the compression slots to compress the joint surfaces, 
followed by locking screws to enhance the stability of the 
construct. If the cortical screws placed initially do not have 
good purchase in the bone, exchange them for locking 
screws. Additional cannulated or solid screws between 
the calcaneus, talus, and tibia can be inserted as desired.

 

A B C D

FIGURE 11.18 A and B, Graft collapse, broken implant, and posttraumatic arthritis of the 
ankle after fresh allograft implantation for talar osteonecrosis. C and D, After ankle fusion with 
an anterior fusion plate and locking screws. SEE TECHNIQUE 11.6.
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 n  For intramedullary nailing, follow implant-specific proce-
dures. Generally, determine the starting point on lateral 
fluoroscopy where the entry point on the calcaneus will 
allow the nail to pass into the center of the tibial diaphy-
sis. In the coronal plane, the starting point must allow for 
the nail to pass into the diaphysis, which may be more 
medial on the calcaneus with a straight nail compared to 
more central in the calcaneus with a nail that has a valgus 
bend distally. A valgus bend nail may be useful in patients 
with severe hindfoot valgus because it can be difficult to 
get the calcaneus back over medially in line with the tibia 
for a straight nail to be confidently used. In cases of se-
vere subtalar subluxation, a lateral locking plate may be a 
more appropriate choice of implant. The surgeon should 
be familiar with the implant chosen and the appropriate 
technique before the procedure.

 n  Take care not to enter the calcaneus through the susten-
taculum tali because the calcaneus may fracture and drift 
into valgus.

 n  In the sagittal plane, draw a line from the second toe to 
the center of the heel; in the coronal plane, draw a line at 
the junction of the anterior and middle thirds of the heel 
pad (Fig. 11.21). The intersection of these lines approxi-
mately indicates the entry portal for the nail; however, 
this should be confirmed on fluoroscopy. Make a trans-
verse or longitudinal incision in the heel and use a Kelly 
clamp to bluntly dissect down to the calcaneus.

 n  Insert the guide pin into the center of the medullary canal 
of the tibia using fluoroscopy.

 n  Take care not to aim too posterior into the tibia because 
when the nail follows this path it will move the foot into 
equinus.

 

A

C

B

D

E

FIGURE 11.19 A, Lateral approach to the 
ankle. B, Lamina spreader placed between 
tibia and talus for joint exposure. C, Burr 
used to prepare joint surfaces. D, Fibular 
autograft harvested through a lateral distal 
fibular cortical window. E, Screw placement 
from lateral talus to medial tibia.  (From Smith 
JT, Chiodo CP, Singh SK, Wilson MG: Open ankle 
arthrodesis with a fibular-sparing technique, Foot 
Ankle Int 34:557–562, 2013.) SEE TECHNIQUE 
11.7.
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 FIGURE 11.20 Preoperative and postoperative clinical and radiographic appearance after 
deformity correction with a lateral tibiotalocalcaneal locking plate

 n  Use an entry reamer through a soft-tissue sleeve to 
enter the calcaneus and ream up to the tibia. Some 
implants, such as those with a valgus bend, now have 
the initial guide pin removed; a ball-tip guidewire is 
inserted into the tibia over which sequential reaming 
is done to the specifications of the specific nail size 
chosen. In general, we ream to 0.5 to 1.0 mm larger 
than the nail chosen. Larger diameter nails have more 
resistance to breakage, but care must be taken not to 
fracture the tibia during reaming or nail insertion if a 
larger nail size is chosen.

 n  If using a nail with a valgus bend, take care to have the 
bend oriented appropriately in the coronal plane; other-
wise, unanticipated plantarflexion or dorsiflexion of the 
foot will result as the bend engages the bone.

 n  Seat the nail just inside the cortex of the calcaneus; as 
compression is applied, it will move to just outside the 
calcaneal cortex.

 n  Place interlocking screws in the calcaneus, talus, and 
tibia through outriggers or perfect-circle technique based 
on the specific implant; a variety of internal and exter-
nal compression mechanisms are available with different 
 implants.

 n  Place additional bone graft at the fusion sites if necessary. 
If desired, place supplemental cannulated or solid screws 

between the calcaneus and tibia (Fig. 11.22). If a transfibu-
lar approach was used, fix the remnant lateral half of the 
fibula to the tibia and talus with two 3.5-mm lag screws.

 n  Close the wounds in layers, place sterile dressings, and 
apply a short-leg splint.

POSTOPERATIVE CARE Postoperative care is essentially 
the same as after compression arthrodesis (Technique 
11.6). The short-leg cast is changed at 2 to 3 weeks. 
Weight bearing is allowed in a short-leg walking cast or 
fracture boot 6 to 8 weeks after surgery.
   

 

TIBIOCALCANEAL ARTHRODESIS
If the talar body has been removed and a tibiocalcaneal 
arthrodesis is being done, two modifications of the tech-
nique may be required. Because the calcaneus rests more 
laterally in relation to the ankle joint than does the talus, it 
may need to be translated medially 1 to 2 cm so that the 
lateral edge of the prepared surface of the tibia has no 
bony apposition with the calcaneus. Placing the pin in the 

    

https://booksmedicos.org


PART IV RECONSTRUCTIVE PROCEDURES OF THE ANKLE IN ADULTS584

calcaneus anywhere but in the midline is difficult because 
of the contours of the plantar surface of the calcaneus. 
Consequently, moving the pin medially in the calcaneus 
and leaving it in its anatomic position is more difficult than 
placing the pin in the plantar midline surface of the calca-
neus and translating the whole calcaneus slightly medially. 
This is done easily with both malleoli removed. We find a 
straight nail advantageous in these situations compared to 
a nail with a valgus bend distally (Fig. 11.23).

   

 

POSTERIOR APPROACH FOR 
ARTHRODESIS OF ANKLE AND 
SUBTALAR JOINTS
The posterior approach to the ankle is particularly useful in 
cases of osteonecrosis of the talus when the goal is tibiota-
localcaneal arthrodesis. Any of the aforementioned fixation 
techniques or external fixation can be used. Posterior arthrod-
esis permits lengthening of the Achilles tendon through the 
same incision and fusion of both the ankle and subtalar joints. 
The procedure also may be kept extraarticular. This technique 
is rarely used without fixation but may be appropriate when 
current instrumentation and equipment are not available.

 TECHNIQUE 11.9 

(CAMPBELL)
 n  Make a 7.5-cm longitudinal incision medial to and parallel 

with the Achilles tendon over the posterior aspect of the 
ankle.

 n  Retract the flexor hallucis longus medially and expose the 
posterior capsule of the ankle and subtalar joints. Protect 
the neurovascular bundle.

 n  Alternatively, make a direct midline posterior incision, fol-
lowed by incising the Achilles tendon in the coronal plane 
and loosely suturing the proximal and distal stumps to the 
skin to aid in retraction. This allows lengthening of the ten-
don when it is repaired at the completion of the procedure.

 n  Incise the posterior capsule to expose the tibiotalar and 
subtalar cartilage. The same principles regarding joint dis-
traction, cartilage removal, joint positioning, and fixation 
with either intramedullary nailing or a posterior tibiotalo-
calcaneal arthrodesis plate are applied.

 n  If the procedure is to be kept extraarticular, do not incise 
the capsule.

 n  With an osteotome, turn large flaps of bone distally from 
the posterior aspect of the tibia and proximally from the 
superior aspect of the calcaneus, overlapping them suc-
cessively (Fig. 11.24A).

 n  Add additional autograft bone from the posterior iliac crest 
or allograft if necessary to make a large bony bridge across 
the ankle and subtalar joint (Fig. 11.24B and Fig. 11.25D).

 n  Fixation can be accomplished with an intramedullary nail 
(Fig. 11.25) or a posteriorly applied locking plate.

POSTOPERATIVE CARE The ankle is immobilized in a 
splint. Sutures are removed at 2 to 3 weeks and a cast is 
maintained for 8 to 10 weeks. Weight bearing is resumed 
at 10 to 12 weeks postoperatively. Posterior extraarticular 
 arthrodeses usually require longer periods of immobiliza-
tion than do other techniques. A shoe with a steel shank 
and rocker sole will assist the patient in having a more 
normal gait.
  

ARTHRODESIS WITH EXTERNAL  
FIXATION
For surgeons who do not routinely work with thin wire fix-
ators in the design of Ilizarov or the Taylor spatial frame, 
external fixation of an otherwise uncomplicated ankle 
arthrodesis is probably more likely to lead to an increased 
complication rate, including nonunion and infection. There 
are times, however, when external fixation is necessary for 
either the primary fixation or as support of underlying 
internal fixation. 

 

ARTHRODESIS WITH A THIN-WIRE 
EXTERNAL FIXATION

 TECHNIQUE 11.10  Figure 11.26

 n  To prepare the ankle for arthrodesis, an anterior or trans-
fibular approach can be used. In cases of ulceration, in-
cising proximally and distally from the ulcer may allow 
exposure as well as permit possible ulcer closure at the 
completion of the procedure.

 n  Remove residual cartilage from the joint surfaces to 
be fused. Remove any necrotic or infected bone. With  

 

BA

Ant.

Mid.

Post.

FIGURE 11.21 Method for estimating insertion site for retro-
grade intramedullary fixation of tibiocalcaneal arthrodesis. A, Line 
in sagittal plane drawn from tip of second toe to center of heel. 
B, Line can be drawn in coronal plane bisecting medial malleolus. 
Insertion of lines indicates correct entry portal for nail.  (From 
Stephenson KA, Kile TA, Graves SC: Estimating the insertion site during 
retrograde intramedullary tibiotalocalcaneal arthrodesis, Foot Ankle 
17:781–782, 1996.) SEE TECHNIQUE 11.6.
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significant deformity, flat cut osteotomies allow correc-
tion but will shorten the limb. This shortening can be ac-
commodated later with a modified shoe.

 n  If the entire talus is removed, typically the medial malleo-
lus should be excised to allow the calcaneus to be placed 
onto the tibia.

 n  Contour the calcaneus and tibia with a burr to allow confor-
mity and apposition with the foot in appropriate position.

 n  Use large Kirschner wires or Steinmann pins from the cal-
caneus into the tibia for provisional fixation. This will per-
mit the multiplanar external fixator to be applied around 
the ankle without the need to continue to hold it in ap-
propriate position.

 n  Close the surgical wounds in a layered fashion. 

EXTERNAL FIXATOR APPLICATION
 n  We typically use a static Ilizarov or Taylor spatial frame for 

external fixation. The main difference is that in a static 

frame, threaded rods connect the foot ring to the dis-
tal tibial ring compared to multiplanar adjustable struts 
in a Taylor spatial frame. Both are acceptable options, 
although the spatial frame struts come at significantly 
increased cost. The spatial frame allows multiplanar de-
formity correction postoperatively if needed; however, 
in most cases the deformity is corrected at the time of 
surgery, making a static Ilizarov frame perfectly accept-
able. Significant compression at the arthrodesis site is 
achieved with either option, in our experience, although 
the threaded rods seem to provide more stability than the 
spatial frame struts. If desired, struts can be exchanged 
for threaded rods in the clinic after deformity is corrected.

 n  Apply the thin-wire fixation to the leg, beginning with ring 
fixators at the mid-tibia and supramalleolar region, initially 
anchored with tensioned wires; alternatively, use two half-
pins or one half-pin and one wire at each level. Higher 
periprosthetic tibial fracture rates have been demonstrated 

 FIGURE 11.22 Preoperative and postoperative radiographs of intramedullary nail and supple-
mental screw fixation for Charcot ankle and hindfoot deformities. SEE TECHNIQUE 11.8.
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 FIGURE 11.23 Preoperative and postoperative radiographs and clinical appearance of 
arthroscopic-assisted tibiocalcaneal arthrodesis after open extruded talar injury in a patient with 
compromised soft tissues. SEE TECHNIQUE 11.8.

 

A B
FIGURE 11.24 Posterior arthrodesis of ankle and subtalar joints. A, Flaps of bone from posterior 

tibia and superior calcaneus turned using osteotome. B, Bone graft added. SEE TECHNIQUE 11.9.
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with the use of half-pins instead of tensioned wires in neu-
ropathic patients.

 n  Add a calcaneal-forefoot extended half-ring and anchor it 
with tensioned wires through the calcaneus and through 
the metatarsals, or attach a half-pin and transfixing cal-
caneal wire to the half-ring.

 n  Verify correct positioning of the talus along the antero-
posterior axis, juxtaposition, and coaptation of the sur-
faces visually and radiographically (see Fig. 11.26H-N).

 n  After the fixator is applied, dial in compression be-
tween the foot ring and distal tibial ring by sequen-
tially turning the nuts superior to the distal tibial ring 
and then tightening the inferior distal tibial ring nuts 
when the desired compression is achieved. Remove 
the provisional Kirschner wire fixation before com-
pressing.

 n  Apply sterile and/or silver-impregnated dressings around 
the pin sites and surgical wounds.

 

A B

C D

FIGURE 11.25 A and B, Osteonecrosis of the talus in 55-year-old man. C and D, After posterior 
approach arthrodesis of ankle and subtalar joints with intramedullary nail and onlay bone graft 
obtained with reamer-irrigator-aspirator (RIA) technique. SEE TECHNIQUE 11.9.
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E F G

A B

DC

FIGURE 11.26 A, Infected tibiotalocalcaneal arthrodesis with broken implant. B, Purulent mate-
rial found at time of initial debridement and implant removal. C-G, Extensile approach is made, 
followed by osteotomies and contouring of the remaining bone until surfaces are apposed with 
the foot plantigrade; provisional fixation is obtained with Kirschner wires.

Continued
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J

L M

N

H I

K

FIGURE 11.26, cont’d H-K, A pre-built, static Ilizarov frame is applied to the foot with provi-
sional fixation in place. L-N, Provisional fixation is removed and compression is applied to the bone 
surfaces through the external fixator. SEE TECHNIQUE 11.10.
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POSTOPERATIVE CARE Antibiotics (e.g., cefazolin) 
are administered perioperatively to all patients. The leg 
is elevated to 45 degrees for the first 2 days. Despite 
this, a large hematoma may develop between 24 and 
72 h after surgery. These hematomas generally do not 
require drainage, and most heal uneventfully with no 
superficial or deep infections, slough, or dehiscence. 
On the third day, partial weight bearing is initiated with 
patients allowed to place the foot on the ground for 
balance while transferring or using a walker for ambu-
lation. We typically leave the surgical dressings in place 
for 1 week to allow maturation of the pin-skin inter-
faces before removing dressings and beginning pin site 
care along with daily showering. Additional compres-
sion can be applied postoperatively at surgeon discre-
tion. Patients are assessed clinically and radiographi-
cally weekly for the first month, biweekly for the second 
month, monthly until fusion, and then semiannually. 
Because the rings of the fixator are metal, finding the 
radiographic “window” that allows optimal visualiza-
tion and assessment can be difficult, necessitating use 
of an image intensifier with the surgeon in attendance 
to judge fusion and alignment or using cross-section-
al CT imaging. Interim radiographs are inspected for 
evidence of bone resorption or malalignment, which 
would require further compression or adjustments in 
the fixator. Alignment is “fine-tuned” as necessary, 
especially if dynamic struts were used. The fixator is 
maintained in place until signs of fusion are apparent. 
After the fixator is removed, the patient is placed in 
a below-knee walking cast for 4 weeks followed by a 
double upright brace with a rocker sole shoe to assist 
with ambulation.
   

SPECIAL CONSIDERATIONS
OSTEONECROSIS OF THE TALUS
Although osteonecrosis of the talus most often results from 
fracture of the neck or body of the talus, nontraumatic 
causes, such as the use of high-dose corticosteroids and 
sickle cell disease, may be the cause. Over a period of sev-
eral years after fracture, creeping substitution of the necrotic 
bone by vascularized bone may occur; if there is not obvious 
collapse and fragmentation of the talus, evaluation of the 
vascularity by MRI or bone scan may find enough vascular 
supply to justify isolated tibiotalar arthrodesis. If the struc-
ture of the talus is sound, a tibiotalocalcaneal arthrodesis 
through a posterior approach is done with an onlay graft 
from the posterior iliac crest (Technique 11.6). If there is 
severe collapse with fragmentation, the body of the talus is 
removed, usually through a lateral or posterior approach, 
the space is filled with iliac crest strut bone graft, and a plate 
or intramedullary nail is used for fixation. We try to avoid 
tibiocalcaneal arthrodesis if possible because it shortens the 
leg and, if the malleoli are not removed, makes footwear 
difficult. In cases of infection and destruction of the talus 
where strut grafting may be contraindicated, tibiocalcaneal 

fusion is acceptable as a salvage procedure. Although inter-
nal fixation can be used as discussed earlier, described in 
the following technique is the method of preparation and 
external fixation for tibiocalcaneal fusion. 

 

TIBIOTALAR ARTHRODESIS WITH A 
SLIDING BONE GRAFT
Blair described a procedure that fuses the distal tibia to the 
talar neck in situations in which the body of the talus has 
been lost or is osteonecrotic. This method uses an ante-
rior tibial sliding graft, allows nearly normal appearance of 
the foot with little shortening of the extremity, and per-
mits some flexion-extension motion of the foot on the leg. 
Morris et al. modified the technique and used a transcal-
caneotibial pin for 6 weeks to improve stability. Klein et al. 
described a slot-graft inlay technique for arthrodesis in a 
group of high-risk patients and reported union in 13 of 17 
feet, as well as low pain scores, high satisfaction scores, 
and a low complication rate.

 TECHNIQUE 11.11 

(BLAIR; MORRIS ET AL.)
 n  Make an anterior longitudinal incision beginning 8 cm 

proximal to the ankle and ending at the medial cuneiform 
(Fig. 11.27A).

 n  Dissect the interval between the extensor hallucis longus 
and extensor digitorum longus and retract the neurovas-
cular bundle medially.

 n  Incise the capsule and periosteum in line with the skin 
incision.

 n  Remove the avascular talar body if present (Fig. 11.27B); 
morselize it if necessary. Do not damage the talar head or 
neck.

 n  Using a power saw, cut a rectangular graft 5.0 cm × 2.5 
cm from the anterior aspect of the distal tibia.

 n  Make a transverse slot 2 cm deep in the superior aspect 
of the talar neck and slide the tibial graft into it (Fig. 
11.27C).

 n  Hold the foot in 0 degrees of dorsiflexion, 5 degrees of 
valgus, and 10 degrees of external rotation, and fix the 
proximal part of the graft to the tibia with a screw (Fig. 
11.27D).

 n  Insert a Steinmann pin vertically through the calca-
neus and 3 to 10 cm into the distal tibia for added 
stability.

 n  Pack cancellous bone grafts around the fusion site.
 n  We typically apply a static Ilizarov external fixator at this 

point, but a long leg cast with the knee flexed 30 degrees 
can be applied instead.

POSTOPERATIVE CARE At 6 weeks, the cast and Stein-
mann pin are removed, and a short leg walking cast is 
applied; this cast is worn until fusion is solid.
  

    

https://booksmedicos.org


CHAPTER 11  ANKLE ARTHRODESIS 591

FAILED TOTAL ANKLE ARTHROPLASTY
With the rising popularity of total ankle arthroplasty comes the 
challenge of reconstructing the failed total ankle with arthrodesis 
if revision arthroplasty is not possible. Although some studies 
have shown that salvage arthrodesis after failed total ankle arthro-
plasty results in impaired life quality, reduction of function, and 
increased pain compared with primary arthrodesis, Deleu et al. 
reported that tibiotalar and tibiotalocalcaneal arthrodeses using 
massive cancellous allografts were effective procedures, result-
ing in fusion after the primary procedure in 14 of 17 patients; of 
the four nonunions, three united after a second procedure and 
one was asymptomatic. All patients were symptom free at the 
latest follow-up. In patients with no infection, a one-stage proce-
dure was done: tibiotalar arthrodesis for patients with good bone 
stock and an intact subtalar joint or tibiotalocalcaneal arthrod-
esis for those with poor bone quality, subtalar joint arthritis, or 
severe bone loss. For patients with infection, extensive debride-
ment and implant removal, insertion of an antibiotic-impreg-
nated spacer, stabilization with a brace or external fixator, and 
intravenous antibiotic therapy were done before arthrodesis, 
which usually was possible within 6 weeks of infection treat-
ment. The authors recommend the use of bulk allografts in 
combination with autografts. Laboratory and adjunctive stud-
ies may be necessary to evaluate for infection. Often a signifi-
cant bone defect accompanies the failure, and extensive grafting 
is necessary. A key decision point in these cases is the presence 
or absence of subtalar arthritis. If the subtalar joint is to be pre-
served, we prefer arthrodesis through an anterior approach with 
grafting (autograft or allograft) and dual plating (see Fig. 11.17). 
This has the benefit of the use of the previous anterior incision, 
which makes removal of the implant easier. If the subtalar joint is 

to be fused, the same anterior approach can be used with grafting 
as described, or a lateral transfibular approach gives improved 
access to the subtalar joint. Berkowitz et al. described salvage of 
24 failed total ankle arthroplasties with isolated ankle or ankle-
hindfoot fusions using structural allografts and internal fixation 
with anterior plates and screws, intramedullary nails, or a com-
bination nail-plate construct. Fusion was eventually achieved 
in 23 of the 24 ankles, but several patients required multiple 
procedures and little functional improvement was noted in all 
patients. Results were worse and complications more frequent 
in patients with tibiotalocalcaneal fusions than in those with iso-
lated ankle fusion. Ali et al. showed 95% and 87% union rates of 
the tibiotalar and subtalar joints, respectively, after single-stage 
tibiotalocalcaneal arthrodesis without the use of interposition 
grafts, although limb shortening averaged 2.4 cm and ranged 
from 1.3 to 3.5 cm in these 23 ankles. Kamrad et al. reported 
a 90% union rate in 118 cases of salvage arthrodesis for failed 
ankle arthroplasty; however, fewer than half of patients were sat-
isfied, and functional scores were low. In a systematic review of 
the literature that included 193 patients, Gross et al. found that 
81% of arthrodeses fused after the first procedure, patients with 
intercalary bone grafts, and those with blade plate fixation had 
the highest rates of fusion with low complication rates. 

 

TIBIOTALAR OR 
TIBIOTALOCALCANEAL FUSION 
WITH STRUCTURAL ALLOGRAFT AND 
INTERNAL FIXATION FOR SALVAGE OF 
FAILED TOTAL ANKLE ARTHROPLASTY

 TECHNIQUE 11.12 

(BERKOWITZ ET AL.)
 n  Expose the ankle through the previous anterior approach.
 n  Debride associated synovitis. If infection is suspected, 

send synovial and bone biopsy specimens for pathologic 
evaluation and culture.

 n  Remove the polyethylene insert first, then the tibial and 
talar components. The talar implant usually is loose and 
relatively easy to dislodge, but the tibial component may 
be well fixed and require the use of flexible osteotomes 
to disrupt the bone-implant interface. If necessary, make 
a formal anterior cortical window in the distal tibia to 
loosen and remove the tibial component.

 n  Once the components are removed, debride all fibrinous 
material and necrotic bone until bleeding bone surfaces 
are seen. Evaluate the dimensions of the resulting bone 
defect and the integrity of the residual talus.

 n  If sepsis is detected, place an antibiotic-impregnated cement 
spacer within the defect and initiate a staged protocol.

 n  If no sepsis is detected and the residual talar bone is suf-
ficient to achieve stable internal fixation and the subtalar 
joint is intact, proceed with tibiotalar fusion, choosing a 
suitable bone graft to fill the bone defect such that limb 
length can be preserved.

 

A B

C D
FIGURE 11.27 Blair fusion. A, Approach to the ankle. B, Excision 

of body of talus. C, Sliding bone graft. D, Graft in final position. 
SEE TECHNIQUE 11.11.
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 n  Using either a nonstructural cancellous allograft or a 
structural graft such as autogenous iliac crest, distal tibial 
allograft, allograft iliac crest wedges, or allograft femoral 
head, fashion the graft to match the bone defect and to 
help restore neutral ankle alignment in the sagittal plane 
and 5 to 7 degrees of hindfoot valgus.

 n  Insert cannulated lag screws and an anterior plate for  
fixation.

 n  If the remaining talar bone is inadequate to obtain stabil-
ity of tibiotalar fusion, or if the subtalar joint is degenera-
tive or eroded by the total ankle arthroplasty, proceed 
with ankle-hindfoot arthrodesis and include the subtalar 
joint in the arthrodesis construct.

 n  Usually the subtalar joint is adequately exposed through 
the anterior incision, but if necessary for adequate de-
bridement and preparation, make a separate lateral ap-
proach (see Chapter 1).

 n  If the size of the defect when ankle-hindfoot arthrodesis 
is required precludes the use of autograft bone, a bulk 
femoral head allograft or other structural allograft bone 
is used.

 n  If bulk femoral head allograft is chosen, use acetabular 
reamers to create a round, concentric bone defect. Use 
reverse acetabular reamers to fashion the femoral head 
to the exact size of the defect to allow an intimate fit be-
tween the host bone and the bone graft. Use cancellous 
allograft bone to augment the fusion and fill any residual 
bone defects.

 n  Fixation can be done with an intramedullary nail placed 
through the heel (see Technique 11.6), an anterior plate 
and lag screws, or a combined nail and plate construct 
(Fig. 11.28).

POSTOPERATIVE CARE The patient is immobilized in 
a non–weight-bearing cast for 10 to 12 weeks. Weight 
bearing is begun around 12 weeks after surgery when 
radiographs begin to demonstrate incorporation of the 
graft. After successful resumption of ambulation, patients 
are transitioned to a walking fracture boot and physical 
therapy is begun when indicated.
  

INFECTION/OSTEOMYELITIS
Ankle fusion in the presence of osteomyelitis is a daunting 
task and often must be accomplished in stages. External fixa-
tion is indicated for stabilization in most patients with infec-
tion; in more severe cases in which bone graft will be needed, 
the procedure is staged with the use of antibiotic methyl 
methacrylate bone cement and external fixation, followed by 
6 weeks of intravenous antibiotics and removal of the cement, 
bone grafting, and compression with the external fixator until 
healed. Saltzman described treatment of eight patients with 
diffuse ankle osteomyelitis with resection of all infected tis-
sue and hybrid-frame compression arthrodesis. One patient 
required below-knee amputation because of vascular insuf-
ficiency; none of the seven fused ankles required further sur-
gery at an average 3-year follow-up. 

CHARCOT NEUROARTHROPATHY
The pathology of Charcot arthropathy is discussed in Chapter 
86. Timing of the surgery is important, because many of these 

patients have severe, unbraceable deformities, and surgery is 
best done before a difficult deformity leads to skin breakdown 
and infection. Patients with a dense neuropathy and a history 
of Charcot arthropathy or other diabetic target organ disease 
(retinopathy, nephropathy) who sustain an ankle fracture may 
best be treated with arthrodesis at the time of fracture. This 
is especially true for the highly comminuted fractures of the 
ankle often seen in these patients. The techniques described 
earlier are recommended, with the idea that “overfixation” is 
often the goal. Internal fixation with the use of a supporting 
external fixator may be justified, although the external fix-
ator does pose additional risks of infection and periprosthetic 
fracture. Siebachmeyer et al. described one-stage correction 
of deformity and fusion with a retrograde intramedullary 
hindfoot nail in 20 patients with Charcot neuroarthropathy, 
ulceration, and instability; seven patients had simultaneous 
midfoot fusion. Limb salvage was achieved in all patients, 
and all but one patient regained independent mobilization. 
The authors emphasized that a multidisciplinary care plan, 
including revascularization procedures, infection treatment, 
and an off-loading regimen when needed, is essential (see Fig. 
11.1). Pantalar arthrodesis (fusion of the tibiotalar, subtalar, 
talonavicular, and calcaneocuboid joints) may be indicated 
as a salvage procedure in patients with neuroarthropathies 
to avoid amputation (Fig. 11.29). Although reported to pro-
vide pain relief, correct ankle and hindfoot malalignment, 
and improve function in some patients, pantalar arthrodesis, 
as either a single or staged procedure, is a difficult opera-
tion and major complications are frequent. Regardless of the 

 FIGURE 11.28 Ankle-hindfoot arthrodesis using combined nail-
plate construct. (From Berkowitz MJ, Clare MP, Walling AK, Sanders 
R: Salvage of failed total ankle arthroplasty with fusion using struc-
tural allograft and internal fixation, Foot Ankle Int 32:S493–502, 
2011.) SEE TECHNIQUE 11.12.
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procedure chosen, tight glycemic control is imperative to 
obtain optimal results. A review of a national database that 
included over 12,000 patients with ankle arthrodesis found a 
complication rate of 16% in diabetic patients compared with 
7% in nondiabetic patients. 

BONE GRAFT/SUPPLEMENTATION
A variety of options exist for bone graft supplementation of the 
fusion site. Each technique lends itself to a particular type of 
graft. A valid question is whether supplemental bone graft is 
necessary. Certainly, for defects or gaps in the fusion site, bone 
graft of some type is advantageous. DiGiovanni et al. showed 
that a graft fill of over 50% of the cross-sectional area of the 
fusion space on a CT scan led to a higher fusion rate (81%) 
compared to when less than 50% graft fill was achieved (21%). 
In other cases, where healthy cancellous surfaces are apposed, 
often no supplementation is necessary. The simplest graft is that 
harvested from the resected fibula in the transfibular approach 
(Technique 11.5). If the fibula is not used as an onlay graft, a 
small acetabular reamer can be applied to the fibula before 
resection to produce a morselized graft. With the mini-inci-
sion technique (Technique 11.4), we generally supplement with 
bone graft harvested from the proximal tibia. Whitehouse et al. 
described bone graft harvest from the proximal tibia for foot 
and ankle arthrodesis. Suggested advantages of the proximal 
tibia as a bone graft source include its position in the opera-
tive field and under tourniquet control. In 131 patients with 
148 procedures (primarily triple arthrodesis, 40%; subtalar 

arthrodesis, 26%; and midfoot fusions, 23%) using proximal 
tibial autografts, 96% had no pain at the graft harvest site and 
4% had only very mild pain with activities such as kneeling. 
Wheeler et al. described the use of a low-speed burr to create a 
bone “slurry” and found improved fusion rates in their patients. 
When intramedullary nail fixation is used, a reamer-irrigator-
aspirator (RIA) can be used to harvest bone from the hindfoot 
or tibial shaft during reaming (see Chapter 53). A comparison 
of fusion and complication rates between iliac crest bone grafts 
and RIA bone grafts in 56 patients with tibiotalar arthrodesis 
found a significantly higher nonunion rate and an increased 
frequency of chronic pain at the graft site in those with iliac 
crest grafts. Use of an RIA system also avoids morbidity associ-
ated with graft harvest from the iliac crest. We have used RIA 
with good results (Fig. 11.30). 

 

BONE GRAFT HARVEST FROM THE 
PROXIMAL TIBIA

 TECHNIQUE 11.13 

(WHITEHOUSE ET AL.)
 n  Prepare and drape the lower limb, leaving the proximal 

tibia exposed. Apply and inflate a thigh tourniquet unless 
contraindicated.
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FIGURE 11.29 Management algorithm for patients with Charcot foot deformity. PVD, peripheral 
vascular disease.  (Modified from Siebachmeyer M, Boddu K, Bilal A, et al: Outcome of one-stage correc-
tion of deformities of the ankle and hindfoot and fusion in Charcot neuroarthropathy using a retrograde 
intramedullary hindfoot arthrodesis nail, Bone Joint J 97-B:76–82, 2015. Copyright British Editorial Society 
of Bone and Joint Surgery.)
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 n  Make a longitudinal or oblique incision just lateral to the 
tibial tuberosity directly over Gerdy’s tubercle.

 n  Incise the fascia, separate the muscle by blunt dissection, 
and use a periosteal elevator to expose the underlying 
bone.

 n  Use a 1-cm osteotome to cut a rectangular window mea-
suring approximately 2 cm × 1 cm and harvest cancellous 
bone with curets. Alternatively, use the 6.5-mm end of a 
6.5/3.2-mm soft-tissue sleeve to manually penetrate the 
cortex over Gerdy’s tubercle, and harvest additional bone 
with a large pituitary rongeur through this cortical window.

 n  Replace the bone window, if desired, and close the 
wound in a layered fashion.
  

Although the iliac crest is not used as often as a source 
of graft as in the past, it may be important if knee implants 
or a pathologic process around the knee prevents the use of 
the proximal tibia or in difficult cases when a strut autograft 
seems most appropriate. The variety of bone grafting tech-
niques described in the literature can help in adapting ankle 
arthrodesis to many different situations. A tricortical block 
of iliac crest, split carefully between the two tables, can be 
wedged into a 2.5-cm wide trough in the tibia and talus with 
the cancellous side facing the tibia bed (Fig. 11.31A). A slid-
ing graft, approximately 2 cm wide, 1 cm deep, and 8 to 10 
cm long, can be taken from the anterior, lateral, or medial 
tibia and impacted into a tunnel created in the talar neck  
(Fig. 11.31B) or talar bed (Fig. 11.31C). A central bone graft 

 

A B

C D E

FIGURE 11.30 A and B, Severe varus deformity of hindfoot and ankle with Charcot arthropathy 
in a 55-year-old diabetic patient. C-E, After hindfoot pantalar arthrodesis fixed with lateral ankle 
fusion plate; tibial bone graft was obtained with reamer-irrigator-aspirator technique.
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(Fig. 11.31D) has been recommended for tubercular or rheu-
matoid ankles; the hole bored across the ankle also can be 
filled with cancellous bone graft from the iliac crest. The 
medial and lateral malleoli can be used as local bone grafts 
or placed as onlay grafts. Free vascularized autogenous bone 
grafts can be used for reconstruction of ankles with segmental 
bone loss caused by osteomyelitis, tumor, or trauma.

Bone graft substitutes have become widely used, and 
these groups of synthetic or allograft biocomposites are dis-
cussed in Chapter 53. There are, at present, no randomized 
level 1 studies that compare autograft to any commercially 
available product for use in ankle arthrodesis. Fourman et al., 
however, compared fusion rates with and without rhBMP-2 
in 82 patients with comorbidities who required complex 
ankle arthrodesis. More patients with rhBMP-2 had fusion 
(93%) than did those without rhBMP-2 (53%), and fusion 

was achieved in a shorter time (124 days compared with 161 
days). Several articles by DiGiovanni et al. have described the 
use of purified recombinant human platelet–derived growth 
factor-BB (rhPDGF-BB) combined with an osteoconductive 
matrix (β-tricalcium phosphate) as an alternative to bone 
graft in hindfoot and ankle fusions and have reported com-
parable fusion rates, less pain, and fewer side effects, such as 
autograft harvest morbidity, compared with the use of auto-
grafts. Although the basic science behind many of these prod-
ucts is sound, it remains to be seen whether outcomes will 
support conversion from autograft to these products. 

COMPLICATIONS
NONUNION
Nonunion rates vary widely in the literature, largely depen-
dent on technique, underlying diagnosis, and patient selec-
tion. Factors that seem, in general, to improve results include 
arthroscopic or mini-incision technique, the use of more than 
two screws or an adjunct plate (or fibular strut), and a diagnosis 
of primary osteoarthritis (as opposed to inflammatory, postin-
fectious, or posttraumatic arthritis). With modern techniques, 
attention to detail, and management of concurrent medical 
conditions, fusion rates of better than 90% should be expected 
in standard, uncomplicated ankle arthrodesis.

In an extensive review of the literature, Thevendran et al. 
determined a number of risk factors for nonunion after ankle 
arthrodesis (Table 11.1); however, clinical evidence is insuf-
ficient for most of these factors to be definitely implicated in 
the development of nonunion. The authors did note that there 
is fair evidence (grade B) to advocate the use of internal fixa-
tion and evolving grade B evidence suggesting that minimally 
invasive techniques may be equivalent to open procedures in 
selected patients.

The presence of union may be, at times, difficult to estab-
lish. Physical findings of persistent swelling, pain at the fusion 
site, and difficulty with weight bearing should lead to careful 
scrutiny of the plain radiographs. Bridging callus across the 
fusion site on more than one view usually confirms successful 
fusion. In some cases, CT is necessary to establish that fusion 
has occurred or to evaluate the nonunion.

TREATMENT
Assessment of a patient with a delayed union or nonunion 
begins with an overall assessment for the medical issues as 
outlined earlier. We routinely draw 25-hydroxyvitamin D 
levels, albumin, prealbumin, parathyroid hormone, thyroid 
stimulating hormone, calcium, C-reactive protein, erythro-
cyte sedimentation rate, and hemoglobin A1c levels in the 
office in the workup of these patients. Satisfactory immo-
bilization of a delayed union in a protected weight-bearing 
boot or cast is necessary. Although the US Food and Drug 
Administration has approved pulsed electronic magnetic field 
devices for stimulation of bone growth after failed arthrode-
sis, Saltzman et al. reported that the use of these devices with 
immobilization and limited weight bearing was successful in 
only five of 19 delayed unions of foot and ankle arthrodeses. 
Better results have been reported with revision arthrodesis: 
75% to 94% successful fusion. Despite attention to detail in 
the management of these patients, some will require reopera-
tion with bone grafting and more stable fixation. 

 

A

C

B

D
FIGURE 11.31 Types of bone grafts used in ankle arthrodesis. 

A, Tricortical block of iliac crest wedged between tibia and talus. 
B and C, Sliding graft impacted into tunnel in talar neck or head. 
D, Central bone graft inserted in hole bored across ankle.
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ADJACENT JOINT PAIN AND ARTHRITIS
The development of adjacent joint arthritis, especially in 
the subtalar joint, has been noted by numerous authors, 
but whether these joints require treatment is debatable. In 
some patients, the development of adjacent joint arthritis 
is painful and requires bracing or surgical fusion; however, 
usually these joints are fairly asymptomatic and no further 
treatment is required. In their sports participation study of 
185 ankles undergoing arthrodesis, Kerkhoff et  al. found 
at an average 7 years after surgery only a 7% incidence of 
subtalar pain as confirmed by injection and a 2% incidence 
of ipsilateral subtalar arthrodesis. In patients with pan-
talar arthritis before ankle fusion, consideration should 
be given to alternative treatments, such as arthroplasty. 
Complicating the management of painful subtalar arthritis 
after ankle fusion is the loss of height with subtalar com-
pression arthrodesis, which places the hindfoot in slight 
equinus. A small strut graft should be considered in these 
cases to prevent this complication, but this likely increases 
the nonunion rate which is already higher after adjacent 
joint ankle arthrodesis.
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 TABLE 11.1

Risk Factors for Nonunion of Ankle Arthrodesis

RISK FACTOR GRADE OF EVIDENCE

PATIENT FACTORS

Systemic Factors

Diabetes B
Cigarette smoking B
Alcohol I
Osteoporosis I
NSAIDs C
Age I
Obesity I
Poor compliance with WB restrictions C

Local Factors

Infection I
Vascularity and osteonecrosis I
Soft-tissue injury and revision surgery B

SURGICAL FACTORS

Mechanical Factors

Construct stability I
Interfragmentary gaps I

Surgeon Factors

High-volume vs. low-volume surgeons I

Grades of evidence: A, strong clinical evidence; B, fair clinical evidence; C, 
conflicting clinical evidence; I, insufficient clinical evidence
NSAIDs, Nonsteroidal antiinflammatory drugs; WB, weight bearing.
Modified from Thevendran G, Younger A, Pinney S: Current concepts review: 
risk factors for nonunions in foot and ankle arthrodesis, Foot Ankle Int 
33:1031–1041, 2012.
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SHOULDER AND ELBOW ARTHROPLASTY 
Thomas W. Throckmorton

CHAPTER 12

RECONSTRUCTIVE PROCEDURES 
OF THE SHOULDER
Prosthetic replacement of the glenohumeral joint has become 
accepted as a successful treatment for a variety of degenera-
tive, traumatic, and posttraumatic conditions around the 
shoulder. Multiple studies with long-term follow-up have 
demonstrated improvements in pain and function with excel-
lent longevity. As experience with primary arthroplasty has 
accumulated, improved techniques for revision surgery have 
evolved as well. In the past 2 decades, the emergence of the 
reverse total shoulder arthroplasty has added another option 
for the treatment of patients with advanced glenohumeral 
conditions associated with end-stage rotator cuff dysfunction 
and/or glenoid deformity. This chapter discusses the indica-
tions, surgical technique, outcomes, and complications of 
shoulder arthroplasty.

HISTORY
The earliest known report of shoulder arthroplasty dates back 
to 1893, when a French surgeon, Péan, substituted a plati-
num and rubber implant for a glenohumeral joint destroyed 
by tuberculosis. In the early 1950s, Neer introduced a humeral 
head prosthesis that he planned to use for complex shoulder 
fractures. In 1951, he reported his initial results of replacement 
of the humeral head with an unconstrained cobalt-chromium 
alloy (Vitallium) prosthesis. In 1974, the Neer II humeral pros-
thesis, which was modified to articulate with a glenoid com-
ponent, was introduced. In the early 1990s, Paul Grammont 
introduced an improved design of a semiconstrained shoulder 
replacement using a metal sphere implanted into the glenoid 
and a polyethylene liner and stem into the humerus: the reverse 
total shoulder arthroplasty. Although implant design factors 
continue to evolve, the primary features of this prosthesis are 
retained in current iterations of reverse arthroplasty.
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Glenoid components for anatomic total shoulder arthro-
plasty were initially designed for cementless fixation using 
screws and porous coating on metal backing with a polyethyl-
ene shell. But long-term studies have shown an unacceptably 
high complication rate, and as such these implants have been 
largely abandoned. Subsequently, more emphasis was placed 
on restoring normal kinematics with anatomic location and 
orientation of the glenoid joint surface, advanced soft-tissue 
balancing techniques, and physiologic stabilization of the 
joint. Most current glenoid implants are polyethylene and use 
cement for fixation with either a pegged or keeled configura-
tion on the backside of the component. Use of anchor-pegged 
devices to improve glenoid fixation and encourage bony 
ingrowth also has become a popular implant design. 

ANATOMY AND BIOMECHANICS
The anatomy of the shoulder joint permits more mobility than 
any other joint in the body. Although it often is described as 
a ball-and-socket joint, the large humeral head articulates 
against and not within the small glenoid cavity. The glenohu-
meral joint depends on the static and dynamic stabilizers for 
movement and stability, especially the rotator cuff, which not 
only stabilizes the glenohumeral joint while allowing greater 
freedom of motion but also fixes the fulcrum of the upper 
extremity against which the deltoid can contract and elevate 
the humerus. The rotator cuff must act simultaneously and 
synergistically, however, with the deltoid muscle for normal 
function.

Restoration of glenohumeral anatomy is essential for a 
good functional outcome in shoulder replacement. Anatomic 
studies have defined the humeral geometry further and sug-
gested applications to shoulder arthroplasty prosthesis design 
and surgical techniques (Fig. 12.1 and Table 12.1). The articu-
lar surface of the humeral head is essentially spherical, with an 
arc of approximately 160 degrees covered by articular cartilage. 
The radius of curvature is approximately 25 mm and is slightly 
larger in men than in women. The glenoid articular surface 
radius of curvature is 2 to 3 mm larger than that of the humeral 
head. The average neck-shaft angle is 45 degrees (±5 degrees), 
with a range of 30 to 50 degrees. Murthi et  al. found that 
arthritic shoulders have a flatter neck-shaft angle close to 50 
degrees. CT studies found that the normal position of the gle-
noid surface in relation to the axis of the scapular body ranged 
from 2 degrees of anteversion to 7 degrees of retroversion.

The superior margin of the humeral head articular surface 
normally is superior to the top of the greater tuberosity by 8 
to 10 mm (Fig. 12.2). Restoring the center of rotation for the 
humeral head in relation to the axis of the humeral diaphysis 
may play a role in prolonging glenoid fixation and decreasing 
polyethylene wear. The distance from the lateral base of the 
coracoid process to the lateral margin of the greater tuberosity 
is called the lateral humeral offset. Maintaining this distance 
is important because a significant decrease reduces the lever 
arms for the deltoid and supraspinatus muscles, which weak-
ens abduction and impairs function. A significant increase 
causes excessive tension on the soft tissues (“overstuffing” 
of the joint), which results in loss of motion and also likely 
accelerates polyethylene wear. A biomechanical cadaver study 
determined that humeral articular malposition of more than 
4 mm led to increased subacromial contact and that offset of 
8 mm in any direction significantly decreased passive range of 
motion. The authors suggested that anatomic reconstruction 

of the humeral head/humeral shaft offset should be within 4 
mm of normal to minimize subacromial contact and maxi-
mize glenohumeral motion.

Based on the clinical success of the Neer II implant, 
numerous modular designs were developed to improve 
implant fixation and durability. Detailed studies of shoul-
der anatomy found not only that normal shoulder anatomy 
aligned differently than the commonly used prostheses, but 
also that normal anatomy varied greatly among individuals. 
Modularity allows a better fit for individual patients because 
various stem and head sizes can be “mixed and matched” to 
an individual’s anatomy. Biomechanical studies also showed 
that shoulder biomechanics are adversely affected by the use 
of a prosthetic head that is too thick, too thin, or shifted too 
far from its original position along the plane of the anatomic 
humeral neck. Other characteristics of shoulder anatomy that 
are important in prosthesis design are retroversion, head-
shaft angle, offset, radius of curvature, and humeral head 
height. Proximal humeral retroversion is highly variable, 
ranging from 0 to 55 degrees, depending on the method used 
for measurement. The proximal and the distal axes used to 

 TABLE 12.1

Anatomic Characteristics of the Shoulder Important for 
Prosthesis Design

GLENOID DIAMETER

Superior anteroposterior 18-30 mm
Inferior anteroposterior 21-35 mm
Superoinferior (height) 30-48 mm

INCLINATION

Glenoid Average 4.2 degrees (−7 to 20 
degrees)

Humeral head 30-55 degrees
VERSION
Glenoid 1.5 degrees retroversion  

(10.5-9.5 degrees anteversion)
Humeral head 0-55 degrees retroversion 

(dependent on measurement 
method; highly variable among 
individuals)

SURFACE AREA

Glenoid 4-6 mm
Humeral head 11-19 mm

CARTILAGE THICKNESS

Glenoid 2.16 mm
Humeral head 1.44 mm

RADIUS OF CURVATURE

Glenoid 22-28 mm
Humeral head 23-28 mm (smaller in women 

than men)

HUMERAL OFFSET

Medial (coronal) 4-14 mm
Posterior (transverse) −2 to 10 mm
Head-shaft angle 30-55 degrees
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Neer* 1951
Hemiarthroplasty—Unconstrained

Unconstrained

Péan* 1893
Total shoulder arthroplasty

(TSA)—Constrained

Neer II (Neer clones)
Designed to reproduce normal anatomy
Endo or TSA

Semiconstrained

DANA (Designed After Natural Anatomy)
Hooded glenoid

Charnley-THA

English-MacNab
Uncemented design
Hooded with deep glenoid

Mazas
Exemplifies qualities of all three
methods to semiconstrain a 
humeral endoprosthesis:
• Hooded
• Glenoid physically attached to the 
   acromion; acts like a spacer
• The deep glenoid acts like a “bowl”
   to contain the humeral head 

Clayton “Spacer”
Polyethylene appliance designed to maintain
the interval between the head and the
acromion

St. Georg hooded

Neer hooded
Appliance; 200% and 600% glenoid
components

Cup arthroplasty
Jónsson (metal), Varian, (Silastic cup),
O’Leary-Walker (metal) included an
optional glenoid component

DANA (UCLA) and
Monospherical (Gristina)
Systems require greater bone resection
and have more constraint built into the 
glenoid component

St. Georg
Primarily used in Europe; Endo or TSA

Isoelastic
Shoulder implant primarily European use;
Endo or TSA

Bipolar
Bateman, Swanson, MacNab
Forgiving appliance, fills the glenoid vault,
theoretically offers more motion with less
stress on the glenoid

Neer-type designs
Less constraint,
modularity to offer better
soft-tissue balance and
avoid eccentric loading
of the glenoid
Press-fit, cemented, or
bony ingrowth

Bipolar
Designed to deal with
extensive rotator cuff
deficiencies or failed
constrained TSAs

Some of these appliances may still be available; however,
they would be hard to find. The benefit-to-risk ratio is poor
when weighing the functional improvement against the
increased complications.

600%

In the end it appears that Neer’s original design is
as similar to the “modern TSA” as Charnley’s initial
THA is to the “modern THA.”

Humeral endoprosthesis

*On display at the Smithsonian.

FIGURE 12.1 Family tree of shoulder arthroplasty prostheses.  (Adapted from Gross RM: The 
history of total shoulder arthroplasty. In Crosby LA, editor: Total shoulder arthroplasty, Rosemont, IL, 2000, 
American Academy of Orthopaedic Surgeons.)
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Trispherical TSA
Remarkably similar to Péan’s original TSA
The extreme mobility of this appliance
minimizes stress at the bony fixation points
Floating fulcrum was a problem

Floating socket TSA
Reverse bipolar and reverse ball
and socket

Fenlin TSA
The Fenlin and the Floating Socket are
both large-head reverse ball-and-socket
Large head design aimed at increasing
motion

Neer Mark III
Fixed fulcrum reverse ball-and-socket with
a rotating stem within the humeral shaft

Kessel
Large central screw fixation of the glenoid
component, no cement

Kölbel TSA
Screw fixation to glenoid similar to Péan’s
original glenoid fixation

Liverpool TSA
Cemented mini “reverse THA”

Delta III
Sole survivor, uncemented glenoid
surface mount

Bickel, Michael Reese, Model
BME (Germany), and Stanmore (England)
All four of these appliances are of the 
“captured head” type
Breakage, dislocation, and glenoid 
loosening were all too frequent
complications
Bickel, Michael Reese, and BME are
metal on polyethylene
Stanmore originally was metal on
metal and later converted to metal
on polyethylene

Ball and Socket

Constrained†

Reverse Ball and Socket

Stanmore

BME

Michael
Reese

†Development, as well as failure, of the constrained TSA came as a result of two false
assumptions: (1) most arthritic patients would have deficient rotator cuffs and (2)

the function of the rotator cuff could effectively be replaced by a fixed fulcrum.

FIGURE 12.1, cont’d
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define retroversion have various definitions. For the proxi-
mal reference axis, the plane of the articular surface, a line 
connecting the center of rotation and the central point of the 
articular surface, and a line from the greater tuberosity to the 
central point of the articular surface have been used. For the 
distal reference axis, the trochlear axis, a line between epi-
condyles, and the forearm itself have been used. The incli-
nation of the proximal humeral articular surface relative to 
the humeral shaft is the neck-shaft angle; it ranges from 30 to 
55 degrees, depending on the method of measurement. The 
humeral offset defines the position of the proximal humeral 
articular surface relative to the humeral shaft; it is measured 
as the distance from the center of rotation of the proximal 
humeral articular surface to the central axis of the humeral 
canal. The medial offset (coronal plane) ranges from 4 to 14 
mm, and the anteroposterior offset (transverse plane) ranges 
from −2 to 10 mm. Reported values for the radius of curva-
ture of the proximal humeral articular surface range from 20 
to 30 mm; smaller radii typically are reported in women, and 
some authors have reported that the radius of curvature is 
larger in the coronal plane than in the sagittal plane. 

PROSTHESIS DESIGN
Most current systems are modular with varying humeral head 
diameters and neck lengths to allow more accurate coverage 
of the cut surface of the humeral neck and improve the abil-
ity to establish correct position of the joint line and rotator 
cuff tension. Some designs allow independent sizing of head 
thickness and head diameter to make soft-tissue balancing 
easier. Most stems are made of cobalt-chrome or titanium 
alloy and have proximal porous ingrowth coating to allow 
insertion without cement.

In an effort to match the proximal humeral anatomy as 
closely as possible, several implant systems offer concentric 
and offset humeral heads. In an anatomic dissection study, 
Boileau and Walch found that the center of the humeral head 

was 2.6 mm posterior and 6.9 mm medial to the center of the 
humeral shaft, and Robertson et al., using CT, noted similar 
measurements of 2.2 and 7.4 mm.

Anatomic positioning of the humeral head prosthesis is 
best done with an eccentric locking position of the Morse 
taper, which allows adjustments to the variable medial offset 
and any posterior offset. Curiously, postoperative kinematics 
after total shoulder arthroplasty do not mimic those of the 
native shoulder. Massimini et al. found that the posterosupe-
rior quadrant of the glenoid is the primary contact location 
and that the replaced shoulder is not subject to traditional 
kinematic conceptions. Nevertheless, positioning the head 
too far superiorly puts additional tension on the overlying 
supraspinatus tendon and can cause impingement between 
the head and the acromion. Positioning the head too far infe-
riorly may cause abutment of the greater tuberosity on the 
acromion or internal impingement on the rim of the glenoid. 
Positioning the head too far anteriorly or posteriorly can 
result in abutment of the uncovered humeral neck on the cor-
responding glenoid rim and excessive tension on the over-
lying subscapularis or posterior rotator cuff tendons. Most 
current systems offer humeral heads that are offset by 3 or 4 
mm; some allow several discrete positions, and some allow 
free rotation around the taper.

Most stems can be inserted with a press-fit or cemented 
technique. In a cadaver study, micromotion was found to be 
significantly less with proximal cement than with press-fit; no 
difference was found between proximal cementation and full 
cementation, and full cementation did not increase rotational 
stability over proximal cementation. One study found a very 
low rate of radiolucencies around proximal porous-coated 
stems and no clinical signs of loosening. Clinically significant 
loosening of the humeral component in the absence of infec-
tion is uncommon regardless of fixation methods. Due to 
improved design concepts and ingrowth technology, the use 
of shorter stems and stemless implants to preserve proximal 
humeral bone also has become more popular.

Cemented all-polyethylene components remain the gold 
standard for glenoid component fixation, but designs remain 
in evolution. Both inlay and onlay glenoid components are 
available, and many systems now employ bone ingrowth tech-
nology to reduce reliance on the bone-cement-implant inter-
face. Regardless of these design features, most components 
now have an increased radius of curvature (i.e., nonconform-
ing glenoid components) compared with the humeral head (2 
to 6 mm larger) to allow translation during movement and to 
decrease edge loading. Several studies have shown that trans-
lation accompanies glenohumeral rotation after total shoul-
der arthroplasty. Such translation in a perfectly congruent or 
conforming joint may have a potential for localized wear and 
loosening (rocking-horse effect); however, increased loosen-
ing and polyethylene wear have not been reported to occur 
when the radii of curvature of the glenoid component and 
the humeral head are matched within 2 mm. In a multicenter 
study of 319 total shoulder arthroplasties using the same type 
of prosthesis, Walch et  al. noted fewer radiolucencies with 
mismatches between the glenoid and humeral head diameters 
of more than 5.5 mm (6 to 10 mm). Current opinion seems 
to suggest that a nonconforming glenoid with a radius curva-
ture of 2 to 4 mm larger than the humeral head allows nor-
mal translation during rotation without rim loading or risk of 
loosening (Fig. 12.3).
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FIGURE 12.2 Normal glenohumeral relationships. Humeral 
offset is depicted by distance F to H, thickness of humeral head 
from B to C, and center of humeral head at C. Note superior posi-
tion of humeral head proximal to greater tuberosity (D to E).
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A larger glenoid component results in an increased risk 
for volumetric polyethylene wear similar to what is seen in hip 
and knee arthroplasty, but this risk has not been substantiated 
clinically. However, larger components have been linked with 
improved stability. In a biomechanical study, Tammachote et al. 
demonstrated improved stability with increasing sizes of glenoid 
components. Specifically, transverse plane stability improved 
17% between the small and medium components and then 
improved 10% between the medium and large components.

All-polyethylene glenoid components generally are 
cemented into place. A biomechanical study found that 
cemented all-polyethylene designs had an overall stress pat-
tern closer to that of an intact glenoid than did uncemented 
metal-backed components. In a report of 408 shoulder arthro-
plasties using a standard glenoid component and followed 
for more than 2 years, Neer reported that only three (0.07%) 
required reoperation because of glenoid loosening. More 
recently, Hopkins et al. found that bone quality was impor-
tant in achieving solid glenoid component fixation. They also 
stressed the importance of proper implant positioning.

Polyethylene glenoid components generally have a cen-
tral keel or multiple peripheral pegs for fixation into the gle-
noid vault. The preponderance of biomechanical evidence 
suggests an advantage to pegged designs, however. Lacroix 
et  al., using a three-dimensional model and finite element 
analysis, found that bone stresses were not much affected by 
prosthesis design except at the tip of the central peg or keel. 
They did conclude, however, that pegged prostheses were 

better for normal bone. As understanding of glenoid defor-
mities has improved, augmented glenoid components also 
have been developed to accommodate commonly seen gle-
noid wear patterns. Although long-term studies are not yet 
available, short-term outcomes have been promising.

The biomechanics of reverse total shoulder arthroplasty 
revolve around recruitment of the deltoid to restore active 
motion in a rotator cuff-deficient shoulder. All reverse arthro-
plasty designs medialize the center of rotation to some degree 
and generally lengthen the deltoid to increase its lever arm 
to power forward elevation. The original Grammont style 
reverse total shoulder arthroplasty design medialized the cen-
ter of rotation at the glenoid face and used a valgus neck-shaft 
angle of 155 degrees in the humeral component to provide 
straight line vertical pull of the deltoid. Although this implant 
improved loosening rates over prior designs and was reliable 
for the restoration of forward elevation, the return of exter-
nal rotation was less reliable, and concerns developed over 
impingement between the polyethylene humeral bearing 
surface and glenoid neck with resultant scapular notching. 
Therefore, implant designers turned toward developing “lat-
eralized” (i.e., less-medialized) components in which the cen-
ter of glenohumeral rotation is placed lateral to the glenoid 
face. This can be done through the glenosphere or with bone 
graft (so-called medial humerus-lateral glenoid constructs) or 
the humeral bearing surface (lateral humerus-medial glenoid 
constructs). Because most current systems employ modular 
design concepts that often allow conversion between ana-
tomic total shoulder arthroplasty and reverse total shoulder 
arthroplasty, constructs that employ a lateral humerus and 
lateral glenoid design are available, but uncommonly used. 
Nevertheless, these convertible systems offer an advantage in 
the revision setting because they often allow preservation of 
the humeral stem without the need for removal.

The biomechanical data on lateralization in reverse total 
shoulder arthroplasty suggest an improvement in remain-
ing rotator cuff torque, which may be helpful for restoration 
of internal and external rotation. In addition, a systematic 
review concluded that lateralized constructs reduce scapular 
notching rates as well as improve external rotation. In general, 
larger glenospheres are thought to improve range of motion 
and decrease scapular notching as well. Additional investiga-
tion has focused on the position of the humeral component in 
reverse total shoulder arthroplasty. Placing the humeral stem 
in neutral version demonstrated the least amount of intraar-
ticular and extraarticular impingement, but stems placed in 40 
degrees of retroversion allowed the greatest range of motion 
in a simulator study. To balance these two priorities, most 
authorities recommend placing the humeral stem in 20 to 30 
degrees of retroversion for reverse total shoulder arthroplasty. 

CLINICAL PRESENTATION AND 
RADIOGRAPHIC EVALUATION
The clinical appearance of advanced glenohumeral degenera-
tion was initially described by Neer. Patients typically present 
with global pain about the shoulder with difficulty perform-
ing overhead activities and, often, activities of daily living. On 
physical examination, diminished active and passive range of 
motion may be observed, and patients may have previously 
been diagnosed with adhesive capsulitis. In patients with 
intact rotator cuff tendons, strength is often preserved but 
may be diminished secondary to pain. Palpable crepitus often 
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FIGURE 12.3 A, When radii of curvature of glenoid compo-
nent and humeral head conform, translation results in glenoid 
component rim loading. B, Slight increase in diameter of curvature 
of glenoid component over that of humeral head allows some 
translation before rim loading occurs.
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can be elicited with passive internal and external rotation 
of the glenohumeral joint and/or with strength testing. The 
acromioclavicular joint and biceps tendon should be carefully 
evaluated because symptomatic acromioclavicular degenera-
tion and/or biceps tendinitis may also be present.

Standard radiographs include anteroposterior views with a 
40-degree posterior oblique view in neutral position and internal 
and external rotation and an axillary lateral view. Radiographs 
of the opposite, uninvolved shoulder and humerus are helpful 
in unusual situations, such as when a custom implant is indi-
cated for large humeral or glenoid deficiencies.

The radiographic appearance varies with the patient’s 
pathologic process. Those with osteoarthritis reliably demon-
strate subchondral sclerosis and a large osteophyte on the infe-
rior aspect of the humeral head (Fig. 12.4). This so-called “goat’s 
beard” is pathognomonic of advanced glenohumeral degenera-
tion. These osteophytes can enlarge the humeral head to twice 
its normal size, resulting in capsular distention (Fig. 12.5). Joint 
space narrowing, which is so reliably seen in hip and knee osteo-
arthritis, is not commonly seen in the shoulder until very late 
in the disease process owing to the non-weight-bearing posi-
tion of the shoulder under standard radiography. Axillary lateral 
radiographs typically demonstrate posterior subluxation of the 
humeral head on the glenoid, and a wear pattern in the posterior 
glenoid may be present (Fig. 12.6). Patients with capsulorrha-
phy arthropathy have a similar radiographic appearance except 
that loose bodies and osteophytes tend to be more common and 
numerous (Fig. 12.7) than in standard osteoarthritis.

Malunions of proximal humeral fractures can make shoul-
der arthroplasty more difficult. A varus malunion between 
the head and shaft can complicate positioning of components, 
but osteotomy usually is unnecessary as newer short-stem 
and stemless designs allow accommodation of these deformi-
ties. Patients with inflammatory arthritis often do not have 
an inferior osteophyte on radiographs and, instead, demon-
strate a more symmetrical pattern of joint space narrowing 
with periarticular osteopenia. The wear pattern is more com-
monly central in the glenoid, and posterior subluxation of the 
humeral head is less common. Cystic change is also common. 
Rotator cuff tears are more common in patients with rheuma-
toid arthritis than in patients with osteoarthritis: full-thick-
ness rotator cuff tears have been identified in 25% to 50% 
of patients undergoing shoulder arthroplasty. Most of these 
tears are in the superior rotator cuff.

MRI can be a useful preoperative planning tool in this 
population. In patients with strength deficits that could be 
caused by either arthritic pain or a torn rotator cuff, MRI can 
help determine the status of the tendons. Whereas rotator cuff 
tendinopathy is common in this setting, full-thickness tears 
are uncommon and are seen in only about 10% of patients. 
MRI also typically demonstrates advanced cartilage degen-
eration and may show numerous other findings, includ-
ing thinning of the subscapularis and degenerative changes 
in the biceps tendon. Increased capsular volume posteriorly 
and capsular contraction anteriorly are usual changes as well. 
Finally, in patients with precollapse osteonecrosis, MRI is 
useful for visualizing the area of dead bone and is often the 
best tool to make the diagnosis (Fig. 12.8).

CT is also a valuable asset in the evaluation and preop-
erative planning for patients with advanced glenohumeral 
degeneration. The scans give an excellent picture of the 
patient’s glenoid bone stock and the pattern of glenoid wear, 

which is essential for determining if standard glenoid com-
ponents can be used or if a bone graft will be needed. Loose 
bodies may be seen in the axillary or subscapularis recess or 
attached to the synovium. In the case of malunions or non-
unions, three-dimensional reconstruction helps to precisely 
show the bony deformities and defects before surgery. CT 
arthrography often is useful to evaluate both the bony archi-
tecture of the shoulder and the rotator cuff in patients with 
contraindications to MRI. 

FIGURE 12.4 Subchondral sclerosis and large osteophyte on 
inferior aspect of humeral head.

 FIGURE 12.5 “Goat’s beard” is pathognomonic of advanced 
glenohumeral degeneration.
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PREOPERATIVE PLANNING
Once the patient is determined to have advanced glenohu-
meral degeneration and has consented to a shoulder arthro-
plasty, preoperative planning includes careful evaluation 
of the radiographs and the CT scans, if obtained. As noted 
earlier, CT gives a clear view of the glenoid bone stock and 

wear pattern. Viewing these changes preoperatively allows 
the surgeon to prepare for the possibility that glenoid bone 
grafting, augmented components, or glenoid recontouring 
procedures may be necessary to correct the deformity. The 
role of preoperative planning based on three-dimensional CT 
scans to optimize implant position, size, and range of motion 
is an evolving area of investigation. Most reports have con-
cluded that preoperative planning software using CT scans 
results in more accurate glenoid component placement with 
either conventional or patient-specific implants. In particular, 

 

A B

FIGURE 12.6 Axillary radiograph (A) and CT scan (B) showing severe degenerative arthritis.

 FIGURE 12.7 Radiograph showing capsulorrhaphy arthrop-
athy; note numerous loose bodies and osteophytes.

 FIGURE 12.8 Magnetic resonance image showing precollapse 
osteonecrosis.
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shoulders with significant posterior glenoid erosion tend to 
benefit from implant reaming and targeting systems.

In patients who have had previous shoulder surgery, infec-
tion can be evaluated by laboratory tests including erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP), and 
complete blood cell count. Aspiration and culture of glenohu-
meral joint fluid, holding the culture for at least 14 days to iso-
late Cutibacterium acnes (formerly Propionibacterium acnes), 
is essential if infection is suspected. Electromyography and 
nerve conduction studies should be obtained preoperatively in 
patients with suspected deficits. Finally, preoperative medical 
clearance often is warranted in this typically elderly population. 

HEMIARTHROPLASTY
INDICATIONS

The predominant indication for shoulder hemiarthroplasty is 
end-stage joint degeneration in a patient with a contraindica-
tion to glenoid resurfacing. The preponderance of evidence 
indicates that total shoulder arthroplasty is superior to hemi-
arthroplasty regarding pain, function, activity level, long-term 
survival, and revision rate and, therefore, the glenoid should 
be resurfaced if at all possible in patients with bipolar arthri-
tis. However, young laborers, patients with glenoid bone stock 
insufficiency, patients with high activity levels, and those with 
preserved glenoid cartilage may benefit from hemiarthroplasty. 
Also, rotator cuff tears remain a contraindication to prosthetic 
glenoid resurfacing. Although excellent pain relief and moder-
ate improvements in function and motion have been reported 
after total shoulder arthroplasty in patients with irreparable 
rotator cuff tears, some long-term follow-up studies noted an 
association between glenoid component loosening and irrepa-
rable rotator cuff tears. Eccentric loading of the glenoid caused 
by superior migration of the humeral component has been cited 
as a cause of glenoid loosening (the “rocking-horse effect”).

Historically, hemiarthroplasty was recommended for 
patients in whom a massive, long-standing tear of the rota-
tor cuff caused progressive degenerative changes of the gle-
nohumeral joint (cuff tear arthropathy). However, reverse 
total shoulder arthroplasty has emerged as a more reli-
able option to reestablish shoulder level function in these 
patients.

Matsen et al. listed five situations in which hemiarthro-
plasty should be considered: (1) the humeral joint surface is 
rough, but the cartilaginous surface of the glenoid is intact, 
and there is sufficient glenoid arc to stabilize the humeral 
head; (2) there is insufficient bone to support a glenoid com-
ponent; (3) there is fixed upward displacement of the humeral 
head relative to the glenoid (as in cuff tear arthropathy or 
severe rheumatoid arthritis); (4) there is a history of remote 
joint infection; and (5) heavy demands would be placed on 
the joint (anticipated heavy loading from occupation, sport, 
or lower extremity paresis).

Contraindications to hemiarthroplasty are recent sep-
sis, a neuropathic joint, a paralytic disorder of the joint, 
deficiencies in shoulder cuff and deltoid muscle function, 
and lack of patient cooperation. Remote infection may not 
be an absolute contraindication, but the operation should 
be undertaken only after thorough workup to document 
sterilization of the glenohumeral joint and careful consid-
eration by the surgeon and the patient of all the potential 
hazards involved. 

SURGICAL TECHNIQUE
The goal of hemiarthroplasty is restoration of the humeral 
articular surface to its normal location and configuration. 
Because the glenoid is not replaced, the size, radius, and ori-
entation of the prosthetic joint surface must duplicate that of 
the original biologic humeral head. Radiographs of the con-
tralateral shoulder can provide information about a patient’s 
normal humeral head anatomy. Care should be taken to avoid 
a “big head” humeral prosthesis that can “overstuff ” the joint 
(Fig. 12.9). 

 

HEMIARTHROPLASTY

 TECHNIQUE 12.1 

 n  Place the patient in the beach chair position to allow posi-
tioning of the patient at the top and edge of the table (Fig. 
12.10A). Pad all bony prominences. The medial border of 
the scapula should be free and off the table, allowing full 
adduction to gain access to the intramedullary canal.

 n  Secure the patient’s head to the headrest, holding the 
head in a position that avoids hyperextension or tilting 
of the neck, which can cause compression of the cervical 
roots.

 n  Prepare the arm and drape it widely. We recommend us-
ing occlusive dressings to cover the entire surgical field.

 n  Make an incision anteriorly, approximately one third to 
halfway between the coracoid and the lateral aspect of 
the acromion (Fig. 12.10B). Carry dissection down to the 
deltoid and raise medial and lateral flaps to mobilize the 
deltoid.

 n  Open the deltopectoral interval and allow the cephalic 
vein to fall medially.

 FIGURE 12.9 Use of humeral head component that is too large 
results in overstuffing of joint, which can limit range of motion and 
lead to rotator cuff failure.
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 n  Perform subdeltoid, subcoracoid, and subacromial releas-
es to release the proximal humerus. In the subcoracoid 
space, locate the axillary nerve by passing the volar sur-
face of the index finger down along the anterior surface 
of the subscapularis muscle (Fig. 12.10C). If scarring and 
adhesions make identification of the nerve difficult, pass 
an elevator along the anterior surface of the subscapu-
lar muscle to create an interval between the muscle and 
the nerve. Great care must be taken in this step to avoid 
plunging into the brachial plexus. After the axillary nerve 
is identified, carefully retract and hold it out of the way, 
especially during the crucial steps of releasing the antero-
inferior capsule.

 n  We prefer to perform a biceps tenodesis before incis-
ing the subscapularis. A figure-of-eight stitch is placed 
between the biceps and pectoralis major tendons. The 

biceps is then divided, and the proximal portion is later 
resected before making the humeral head osteotomy.

 n  Incise the subscapularis 1 cm medial to the lesser tuberos-
ity. Place two retention sutures in the subscapularis to be 
used as traction sutures when freeing the rest of the ten-
don from the underlying capsule and scar tissue. Some 
authors prefer either a lesser tuberosity osteotomy or a 
release of the subscapularis directly off of bone. If exter-
nal rotation is markedly limited, the subscapularis also 
can be reattached to the proximal humerus more me-
dially to allow increased external rotation. Alternatively, 
the tendon can be lengthened with a coronal Z-plasty 
technique.

 n  Incise the rotator interval, directing the cut medially to-
ward the glenoid. Typically, a large amount of synovial 
fluid escapes as the joint is entered.

A

Coracoid 
process

Conjoined 
tendon

Axillary
nerve

B C

Darrach
retractor

Browne
retractor

Darrach
retractor

D

FIGURE 12.10 Hemiarthroplasty technique (see text). A, 
Beach-chair position with arm extended off table. B, Incision. 
C, Axillary nerve is identified. D, Darrach retractor is used to lift 
head of humerus out of glenoid fossa. SEE TECHNIQUE 12.1.
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 n  Release the anteroinferior capsule from the humerus and 
externally rotate the arm to bring the inferior aspect of 
the shoulder capsule into view. Take care to stay directly 
on bone so as not to injure the axillary nerve during the 
capsular release. The importance of the inferior capsule 
release cannot be overstated and must be thoroughly car-
ried out to at least the 7 o’clock position to dislocate the 
humeral head and gain access to the glenoid.

 n  Once the capsule is adequately released, place a large 
Darrach retractor in the joint and gently externally rotate, 
adduct, and extend the arm to deliver the humeral head 
up and out of the glenoid fossa (Fig. 12.10D). If the hu-
meral head cannot be delivered in this fashion, the infe-
rior capsule must be released further.

 n  Prepare the humeral canal, using the humeral axis to 
reference the osteotomy. Initially, open the canal with a 
high-speed burr at the base of the rotator cuff footprint 
and ream it to a size where appropriate fit is felt. Do not 
use motorized equipment for reaming, and be careful not 
to overream the canal, which could create a stress riser or 
cause a fracture.

 n  We prefer to use a cutting guide that employs extramed-
ullary referencing, using the axis of the forearm as the ref-
erence point, with the cutting guide pinned into position 
at 30 degrees of retroversion. Other surgeons may prefer 
a free-hand, anatomic neck-cutting technique. Regard-
less of the cutting technique, care must be taken to avoid 
violating the rotator cuff.

 n  Complete the osteotomy with an oscillating saw. If any 
inferior humeral head osteophyte remains, remove it with 
a rongeur.

 n  After the head cut, broach the humeral canal to the same 
size as the reamed canal. It is imperative to confirm proper 
position of the broaches in 30 degrees of retroversion 
during this step to prevent component malposition.

 n  Inspect the glenoid to confirm there is enough glenoid 
cartilage to provide an adequate bearing surface for the 
metal humeral head. After this inspection, check the hu-
meral trial stem to ensure it is seated securely within the 
humeral canal. If so, tap the component stem into posi-
tion, taking care to keep the stem in 30 degrees of retro-
version.

 n  If cementing is deemed necessary because of a previous 
surgical procedure, fracture, osteoporosis, rheumatoid 
arthritis, or degenerative cysts, place a cement restrictor 
or a cortical bone plug from the resected humeral head 2 
cm inferior to the tip of the prosthesis.

 n  Place a trial humeral head and reduce the glenohumeral 
joint using internal rotation and gentle traction. With the 
arm in neutral rotation, check the height of the humeral 
head to confirm anatomic reconstruction. As a rule of 
thumb, the most superior aspect of the humeral head 
should be 1 cm superior to the greater tuberosity.

 n  Also check the version to confirm that the humeral head 
rests directly across from the glenoid. With a thumb on 
the lesser tuberosity, push the humeral head posteriorly 
and then release it: 50% posterior excursion with im-
mediate “bounce back” of the humeral head is optimal. 
Evaluate forward elevation and internal rotation.

 n  Once the checks have been performed, thoroughly clean 
the Morse taper, impact the humeral head into position, 
and reduce the joint for the final time.

 n  Perform a tight closure of the rotator interval and the 
subscapularis with heavy nonabsorbable suture. Both 
transosseous and tendon-to-tendon repair techniques 
are reasonable. If the tendon was divided or lengthened, 
repair and secure it with heavy nonabsorbable sutures to 
allow immediate passive movement beginning the day 
after surgery. If a lesser tuberosity osteotomy is preferred, 
robust fixation of the bone back to the humeral shaft 
is critical. Place a drain in the deltopectoral interval and 
close it with No. 0 sutures. Close the skin in standard 
fashion and place the arm in a soft sterile dressing and 
a sling while the patient is still upright and before being 
aroused from anesthesia.

POSTOPERATIVE CARE Patients are instructed in a gen-
tle home exercise program with passive forward elevation 
to 90 degrees and passive external rotation to neutral. 
Patients typically are discharged from the hospital on the 
morning after surgery and are encouraged to use a pil-
low behind the elbow while recumbent in the sling to 
support the extremity. Full-time sling immobilization con-
tinues for 6 weeks, followed by 6 weeks of sling use only 
in unprotected environments. Therapy progresses to full 
passive range of motion by 6 to 12 weeks and to isometric 
strengthening at 10 weeks.
  

OUTCOMES
Hemiarthroplasty has been reported to initially relieve pain in 
75% to 95% of patients with glenohumeral arthritis and severe 
rotator cuff deficiency, with more modest improvements in 
range of motion and strength. However, long-term results have 
been compromised by persistent pain from glenoid arthrosis, 
anterosuperior instability, and progressive bone loss.

The best results of shoulder hemiarthroplasty are in 
patients with osteonecrosis, in whom hemiarthroplasty has 
been reported to provide consistently good pain relief in 90%, 
with an almost normal preoperative range of motion (Table 
12.2). Results are not quite as good in patients with rheuma-
toid arthritis, osteoarthritis, glenoid dysplasia, or posttrau-
matic glenohumeral arthrosis but are satisfactory in most 
patients, although range of motion is decreased. In particular, 
one long-term report found that only 25% of patients were 
satisfied with stemmed hemiarthroplasty for shoulder osteo-
arthritis at an average of 17 years follow-up. 

MODIFIED HEMIARTHROPLASTY: 
INTERPOSITION ARTHROPLASTY AND 
GLENOIDPLASTY (REAM AND RUN)
As it has become clear that glenoid arthritis continues to be a 
long-term concern for patients undergoing isolated shoulder 
hemiarthroplasty, some authors have explored various types 
of glenoid resurfacing procedures, particularly for younger, 
higher-demand patients. These interposition techniques aim to 
allow the metal humeral head to articulate with a cushioning 
surface rather than with the native glenoid in an effort to mini-
mize arthritic progression and subsequent pain. Although most 
interposition procedures have demonstrated early success, 
intermediate-term outcome studies have been disappointing.

Fascial interposition hemiarthroplasty (biologic resur-
facing) has been recommended for use in young, active 

    

https://booksmedicos.org


CHAPTER 12 SHOULDER AND ELBOW ARTHROPLASTY 611

patients with osteoarthritis. The glenoid is resurfaced using 
the anterior capsule sewn over the glenoid face, a free fas-
cia lata graft, or commercially available patch devices. Good 
long-term outcomes have been reported with this biologic 
glenoid resurfacing technique. Other studies, however, have 
noted a high number of failures and poor outcomes using 
Achilles tendon allograft as a resurfacing material with 
hemiarthroplasty.

Lateral meniscal allografts also have been used as an 
interposition material. In this procedure, the anterior and 
posterior horns of the allograft are sewn to each other to 
form a circular surface for articulation with the humeral 
head. The allograft is laid onto the glenoid and secured, typi-
cally with suture anchors. Despite initially positive results, 
intermediate-term outcomes have been inferior to standard 
hemiarthroplasty.

A third technique that has been advanced involves 
concentric reaming of the glenoid combined with shoul-
der hemiarthroplasty, the “ream and run” procedure. 
Intermediate-term outcomes have demonstrated range-
of-motion and Simple Shoulder Test scores to be signifi-
cantly improved after this procedure, with a revision rate 

of 16%. However, it should be noted that strict patient 
selection criteria should be used and that an intensive and 
extended rehabilitation program is associated with this 
procedure. 

RESURFACING HEMIARTHROPLASTY
In an attempt to preserve proximal humeral bone stock, 
shoulder resurfacing procedures have been developed. 
Resurfacing implants do not use a stem for intramedullary 
fixation but instead form a cap over the humeral articular 
surface and are typically stabilized with a smaller post in the 
metaphysis. This implant design has been reported to more 
closely replicate humeral head geometry and reduce eccen-
tric glenoid loading compared with stemmed hemiarthro-
plasty (Fig. 12.11). Outcomes of humeral resurfacing have 
generally been successful, with patient satisfaction rates as 
high as 93% and overall results similar to that of stemmed 
prostheses. Several series have reported similar success in 
specific patient cohorts with rheumatoid arthritis, osteoar-
thritis, and cuff tear arthropathy; however, the reported revi-
sion rate of humeral head resurfacing is higher than that of 
stemmed hemiarthroplasty. 

 TABLE 12.2 

Reported Results of Shoulder Hemiarthroplasty for Rotator Cuff Tear Arthropathy

STUDY NO
MEAN AGE 
(RANGE)

MEAN 
FOLLOW-UP,  
YEARS 
(RANGE)

NO PAIN OR  
MILD  
POSTOPERATIVE 
PAIN

ACTIVE ELEVATION 
PREOPERATIVE/
POSTOPERATIVE 
MEAN, DEGREES 
(RANGE)

SUCCESSFUL 
RESULTS COMMENTS

Arntz et al. 
(1993)

18 71 (54-84) 2 (2-10) 11 (61%) 66 (44-90)/112 
(70-160)

NR Two reoperations for symp-
tomatic glenoid erosion, one 
for symptomatic instabil-
ity, one for postoperative 
traumatic fracture of the 
acromion

Williams and 
Rockwood 
(1996)

21 72 (59-80) 4 (2-7) 18 (86%) 70 (0-155)/120 
(15-160)

18 (86%) No instability or reoperation 
reported

Field et al. 
(1997)

16 74 (62-83) 3 (2-5) 13 (81%) 60 (40-80)/100 
(80-130)

10 (62%) One intraoperative humeral 
shaft fracture; 4 patients 
with instability, 2 of whom 
required reoperation for sub-
scapularis advancement (1) 
and resection arthroplasty (1)

Zuckerman 
et al. (2000)

15 73 (65-81) 2 (1-5) 7 (47%) 69 (20-140)/86 
(45-140)

NR Eleven of 15 patients satis-
fied with operation; 1 had 
anterior instability

Sanchez-
Sotelo: Mayo 
Clinic series 
(2003)

33 69 (50-87) 5 (2-11) 24 (73%) 72 (30-150)/91 
(40-165)

22 (67%) One intraoperative humeral 
shaft fracture; 7 patients with 
anterosuperior instability

Goldberg 
et al. (2008)

34 72 (48-90) 4 (2-12) 26 (76%) 78 (20-165)/111 
(40-180)

26 (76%) One patient required 
reoperation for osteophyte 
removal; no problems related 
to implant failure, loosening, 
infection, or fracture

Modified from Sanchez-Sotelo J: Shoulder arthroplasty for cuff-tear arthropathy. In Morrey BF, editor: Joint replacement arthro-
plasty, ed 3, Philadelphia, 2003, Churchill Livingstone. NR, Not reported.

Copyright of Mayo Foundation.
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TOTAL SHOULDER ARTHROPLASTY
Total shoulder arthroplasty is a well-established procedure 
with an excellent long-term track record of pain relief and func-
tional improvements. Long-term results have been reported 
that are equivalent to those after replacement of the knee and 
hip. In a meta-analysis of series that included 646 shoulder 
arthroplasties done for osteoarthritis, Wilde found that 89% 
had complete or nearly complete relief of pain; 91% of patients 
with rheumatoid arthritis reported satisfactory relief.

INDICATIONS
The primary indication for total shoulder arthroplasty is end-
stage glenohumeral joint degeneration with an intact rotator 
cuff. This encompasses a number of conditions, including osteo-
arthritis, rheumatoid arthritis, osteonecrosis, posttraumatic 
arthritis, and capsulorrhaphy arthropathy. Contraindications 
to shoulder arthroplasty include active or recent infection and 
irreparable rotator cuff tears. Paralysis with complete loss of 
function of the deltoid is also a contraindication. Debilitating 
medical status and uncorrectable glenohumeral instability are 
additional contraindications to shoulder arthroplasty.

Other patient-specific factors should be considered 
before total shoulder arthroplasty: morbidly obese patients 
are known to have a higher rate of medical complications and 
to incur higher costs; diabetes is reported to correlate with 
a higher rate of perioperative medical complications; and 
hepatitis C also has been established as an independent fac-
tor correlating with increased complications, including infec-
tion and need for revision. Therefore, although perioperative 
mortality is only approximately 1%, careful medical optimi-
zation and patient selection are recommended before shoul-
der arthroplasty.

SURGICAL TECHNIQUE 

 

TOTAL SHOULDER ARTHROPLASTY

 TECHNIQUE 12.2 

 n  Approach the glenohumeral joint as described in Tech-
nique 12.1. Once the trial broach is tapped into position, 
remove the retractors from about the humerus. Of note, 
stemless humeral components for total shoulder arthro-
plasty have been investigated and approved by the United 
States Food and Drug Administration (FDA).

 n  Expose the glenoid by placing a retractor on the posterior 
aspect of the glenoid to sublux the humerus posteriorly.

 n  Debride the glenoid vault of all remaining labral tissue and 
articular cartilage.

 n  Release the anterior capsule and place a flat Darrach re-
tractor on the anterior glenoid neck to aid exposure.

 n  The glenoid is not adequately exposed until the anterior, 
posterior, superior, and inferior aspects of the glenoid can 
be seen. Once this is accomplished, inspect the glenoid 
for wear and bone defects. Typically, there is posterior 
erosion of the glenoid, and the anterior rim of the glenoid 
needs to be lowered to reestablish correct version (Fig. 
12.12). This can be done by eccentric reaming. Alterna-
tively, glenoid bone grafting or augmented glenoid com-

ponents can elevate the posterior glenoid to re-establish 
version. A preoperative CT scan with or without planning 
software can aid in understanding glenoid orientation 
and morphology.

 n  Once the glenoid vault is debrided, make a centering 
hole, typically with a guide. It often is helpful to con-
firm adequate depth and position of the starting hole 
with a small curet. After the starting hole is made, 
proceed with glenoid reaming until the sclerotic bone 
of the arthritic glenoid is removed and the subchondral 
plate is seen. With the common posterior wear pat-
tern of osteoarthritis, reaming typically is done in an 
eccentric fashion so that the anterior lip of the glenoid 
is planed down. If  posterior rim wear is significant and 
the anterior rim has not been lowered, the compo-
nent sits excessively retroverted, and anterior glenoid 
neck perforation is likely. Take care also not to ream 
too aggressively medially and thereby compromise the 
glenoid bone stock, as this may result in component 
subsidence.

 n  When reaming is complete, prepare the glenoid for the 
implant. Systems vary in their instrumentation but involve 
precise placement of the anchoring pegs or keel. To pro-
vide secure fixation and reduce the risk of loosening, the 
glenoid trial must sit securely against the subchondral 
bone of the glenoid without any rocking after the glenoid 
is prepared. Cement cannot be used to adjust for poor 
seating of the glenoid component.

 FIGURE 12.11   Stemmed shoulder hemiarthroplasty.
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Bone graft

Area of wear

A B C D
FIGURE 12.12 Problem of and solution for uneven wear and erosion of glenoid. A, Area of wear. 

B, If glenoid component is inserted without correction of slope, anchoring device passes out of medul-
lary canal; tilt and loss of height also make implant unstable. C and D, Severe erosion is corrected 
by bone grafting. Piece of humeral head is secured to scapula with 4-mm AO navicular screw. Lesser 
erosion can be offset by building up low side with acrylic cement or lowering high side. Building up 
with cement is not recommended because of feared cement loosening. Lowering high side often 
requires shortening holding device of glenoid component and creates laxity between components, 
which can make implant temporarily unstable and requires special postoperative care. Alternatively, 
an augmented glenoid component can be used to correct glenoid version. SEE TECHNIQUE 12.2.

 n  Prepare the glenoid vault for cementing with pulsed la-
vage to remove debris and blood. Thoroughly dry the peg 
holes or keel before cementation.

 n  Tuberculin syringes are helpful to pressurize the cement. 
Pack cement into the syringe and then inject it into the 
peg holes or into the keel.

 n  Next, insert the glenoid component and maintain thumb 
pressure until the cement has hardened. Most shoulder 
systems also come with an instrument to hold the gle-
noid component in place while the cement hardens. This 
method allows excellent pressurization and interdigita-
tion of the cement into the cancellous bone of the glenoid 
vault, and postoperative radiolucent lines seen with other 
cementing techniques are minimized. Some systems use a 
polyethylene or metal ingrowth post to provide a press-fit 
of the glenoid component, which provides immediate sta-
bility so that the component does not rely solely on digital 
pressure while the cement is curing (Fig. 12.13). Although 
totally uncemented, metal-backed glenoid components 
exist, they are associated with higher revision and failure 
rates.

 n  After the cement has hardened, check the broach to en-
sure that it is still secure within the humeral canal. If so, 
insert the humeral prosthesis as described in Technique 
12.1. Head height, range of motion, and soft-tissue bal-
ancing are critical to providing an optimal outcome. With 
posterior pressure on the lesser tuberosity, the ideal cuff 
tension allows the humeral head to translate approxi-
mately 50% of the glenoid component width and then 

recenter it when pressure is removed. If the humeral head 
dislocates posteriorly with this maneuver, it must be cor-
rected with a larger and/or thicker head. Most current 
systems use modular heads with a variety of diameters 
and thicknesses to accomplish this goal.

 n  Once the appropriate head is selected, dry the Morse 
taper and tap the head into position. Reduce the gleno-
humeral joint and close the wound as described in Tech-
nique 12.1.

POSTOPERATIVE CARE Postoperative care and reha-
bilitation are essentially the same as after shoulder hemi-
arthroplasty (see Technique 12.1) and are governed by 
protection of the subscapularis repair.

See also Video 12.1.
  

OUTCOMES
The preponderance of evidence in randomized and nonran-
domized studies suggests that, although hemiarthroplasty 
can provide pain relief and increased range of motion in 
patients with osteoarthritis and a concentric glenoid, total 
shoulder arthroplasty generally provides superior results 
in terms of patient satisfaction, function, and strength, 
especially at longer-term follow-up. A Cochrane Database 
systemic review of seven studies found that total shoulder 
arthroplasty is associated with better shoulder function than 
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hemiarthroplasty but does not provide any other significant 
clinical benefits. Mather et al. found that in elderly patients 
(≥64 years) with osteoarthritis, total shoulder arthroplasty 
with a cemented glenoid component was more cost effec-
tive than hemiarthroplasty in improving quality of life. In 
addition, an economic decision model concluded that total 
shoulder arthroplasty was a more cost-effective interven-
tion compared to hemiarthroplasty in young patients with 
shoulder arthritis.

Results after total shoulder arthroplasty have been predict-
able in producing pain relief and functional improvements for 
patients with a variety of degenerative glenohumeral conditions, 
with good results reported in 65% to 95% of patients. Loosening 
of the glenoid component, however, has been reported in almost 
half of shoulders at more than 10-year follow-up and is often 
associated with pain. The best functional results are obtained 
in patients with osteoarthritis because the rotator cuff usually is 
intact and of good quality and the bone stock is typically ade-
quate. In patients with rheumatoid arthritis, the quality of the 
rotator cuff directly influences the functional result.

The durability of total shoulder replacement is similar to 
that of hip and knee replacements. Results at long-term follow-
up in several series have reported 85% component retention at 
20 years of follow-up and revision rates for all causes averag-
ing less than 10%. Loosening of the glenoid component has 
been reported in almost half of shoulders at more than 10-year 
follow-up and often is associated with pain; however, glenoid 
component loosening has averaged 4.3% over multiple studies.

OSTEOARTHRITIS
Most total shoulder arthroplasties are done in patients with 
osteoarthritis or rheumatoid arthritis. Few (<10%) patients 
with osteoarthritis have complete rotator cuff tears, but con-
tracture of the subscapularis tendon is common. A large mul-
ticenter study reported significant improvements in Constant 
scores and range of motion at 10-year follow-up. Glenoid com-
ponent survivorship with revision as the end point was 94.5%. 
In patients older than 80 years, total shoulder arthroplasty 
remains a reliable option, with 80% attaining an excellent or 
satisfactory result at an average of 5.5 years, even though there 
is an increased risk for perioperative medical complications. 
In patients younger than 50 years, one report with a 20-year 
minimum follow-up found over 75% component retention, 
but clinical outcomes tended to decline, ultimately with a large 
number of unsatisfactory results. This and other similar stud-
ies, including a systematic review, suggest caution in perform-
ing total shoulder arthroplasty in younger patients. 

INFLAMMATORY ARTHRITIS
Total shoulder replacement also is effective in patients with 
inflammatory arthritis, resulting in significant improve-
ments in pain, range of motion, function, and quality of life. 
The frequency of perioperative complications in patients 
with rheumatoid arthritis is similar to that in patients who 
have total shoulder arthroplasty for other indications; in fact, 
patients with rheumatoid arthritis have been reported to have 
shorter average hospital stays and a higher likelihood of rou-
tine discharge. Satisfactory pain relief also was reported in 11 
shoulders severely affected by juvenile rheumatoid arthritis, 
although improvements in range of motion were minor.

If shoulder and ipsilateral elbow replacements are 
necessary, the most painful joint should be replaced first. 

Function may not be significantly improved in patients 
with severe rheumatoid arthritis until the second joint 
is replaced. If the shoulder is operated on first, and if a 
cemented prosthesis is chosen, a cement restrictor or canal 
plug must be used to prevent cement from entering the dis-
tal medullary canal. A stress riser can occur in the humeral 
diaphysis between the tips of the two humeral components. 
If shoulder arthroplasty is done first, a short-stem prosthe-
sis should be used; if a long-stem component is in place at 
either joint, the cement column for the second arthroplasty 
should extend to and include the cement column of the first 
arthroplasty. If shorter components are used, a long length 
(∼360 mm) of unfilled humerus should be left between the 
cement columns. 

POSTTRAUMATIC ARTHRITIS AND 
POSTTRAUMATIC SEQUELAE
Shoulder arthroplasty for arthritis secondary to chronic dis-
placed fractures and fracture-dislocations of the glenohumeral 
joint is particularly difficult because of contractures and scarring 
of the soft tissues, malunion or nonunion of the tuberosities, and 
possible nerve injuries. Axillary nerve injuries can significantly 
impair motion and strength due to loss of deltoid function.

 

A

B

FIGURE 12.13 A, Degenerative joint disease of left shoulder. 
B, Anatomic total shoulder arthroplasty with a stemless humeral 
component and ingrowth glenoid implant. SEE TECHNIQUE 12.2.
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Anatomic shoulder arthroplasty also has been described 
for proximal humeral malunions. In a mixed cohort of hemi-
arthroplasty and total shoulder arthroplasty, an average for-
ward elevation of 109 degrees and improvements in pain 
were reported. However, postoperative instability because 
of rotator cuff dysfunction or capsular injury was a common 
complication. 

OSTEONECROSIS
The most common causes of osteonecrosis of the humeral 
head are heavy corticosteroid use, sickle cell disease, and 
alcoholism; less common causes include dysbarism, Gaucher 
disease, and systemic lupus erythematosus. Idiopathic osteo-
necrosis also is fairly common. Cruess classified osteonecro-
sis of the humeral head into five stages of increasing severity 
(Fig. 12.14). Symptomatic progression of the osteonecrosis is 
almost certain in those with stage IV or stage V. Both total 
shoulder arthroplasty and hemiarthroplasty have been suc-
cessful in obtaining subjective improvement in most patients 
with humeral head osteonecrosis.

Most patients with osteonecrosis are relatively young, with 
good bone quality, and secure press-fit fixation of the humeral 
component can be obtained. The need for a glenoid component 
(see section on hemiarthroplasty) is based on the condition of 

the glenoid fossa, the amount of deformity present, and the 
degree of articular cartilage loss. In many patients with intact 
glenoid cartilage, humeral head replacement alone is satisfac-
tory, whereas most patients with stage V disease require a gle-
noid component because of extensive articular cartilage loss. 

CAPSULORRHAPHY ARTHROPATHY AND 
ARTHROPATHY OF RECURRENT INSTABILITY
Advanced glenohumeral arthritis can be a late sequela of 
anterior instability surgery. It is more common after nonana-
tomic repairs and in younger patients than typical glenohu-
meral arthritis and is characterized by severe internal rotation 
contracture and a severely osteophytic arthritis. Excessive 
soft-tissue tension on the side of the dislocation may pro-
duce a fixed subluxation of the humeral head in the posterior 
direction, requiring release of the iatrogenic soft-tissue con-
tracture to restore joint balance and mobility. Subscapularis 
lengthening, anterior capsular release, or posterior capsular 
plication may be required to correct soft-tissue contractures. 
Although total shoulder arthroplasty can improve function 
in patients with glenohumeral degeneration associated with 
shoulder instability or instability surgery, a complication rate 
of 40% has been reported, particularly subscapularis insuf-
ficiency, with 20% of patients requiring additional surgery. 

 

I II III

IV V

FIGURE 12.14 Stages of osteonecrosis of humeral head. Stage I changes are invisible on plain 
radiographs, and they are not discernible on gross examination. Stage II is marked by sclerotic 
changes and evidence of bone remodeling, but shape and sphericity of humeral head are main-
tained. Stage III is differentiated from stage II by presence of subchondral bone collapse or fracture, 
resulting in loss of humeral head sphericity. In stage IV, humeral head has area of collapsed articular 
surface; fragment may become displaced intraarticularly. In stage V, there are osteoarthritic changes 
in the glenoid fossa.
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Comparative studies have demonstrated equivalent func-
tional outcomes but lower complication rates when reverse 
total shoulder arthroplasty is employed for this disorder. 

REVERSE TOTAL SHOULDER 
ARTHROPLASTY
In 1983, Neer, Craig, and Fukuda described “cuff-tear 
arthropathy” as a distinct form of osteoarthritis associated 
with a massive chronic tear of the rotator cuff. Clinically, 
rotator cuff arthropathy is characterized by pain, poor active 
motion, near-normal passive motion, crepitus, weakness, 
and occasionally significant fluid buildup under the deltoid. 
Radiographic changes include elevation of the humeral head, 
formation of an acromiohumeral pseudoarticulation, and 
loss of joint space at the glenohumeral joint. The radiographic 
pattern of degenerative changes can vary, and not all patients 
with rotator cuff arthropathy have pain or limited motion.

The glenohumeral instability resulting from this condi-
tion is manifested as proximal migration of the humerus rela-
tive to the glenoid, resulting in erosion of the superior glenoid 
and the caudal surface of the acromion. Rotator cuff tears 
have been implicated in early glenoid component loosening 
in total shoulder replacements, and irreparable tears are a 
contraindication to traditional glenoid resurfacing. Until the 
introduction of reverse total shoulder arthroplasty, patients 
with cuff tear arthropathy were generally treated with hemi-
arthroplasty, which was a durable, if imperfect, solution that 
provided adequate pain relief but did not restore forward 
elevation.

INDICATIONS
The primary indication for reverse total shoulder arthro-
plasty is a nonfunctional rotator cuff. This encompasses a 
number of disease processes, including cuff tear arthropathy, 
pseudoparalysis caused by massive rotator cuff tear without 
arthritis, multiple failed rotator cuff repairs with poor func-
tion and anterosuperior instability, three- and four-part 
proximal humeral fractures in the elderly, proximal humeral 
nonunions, greater tuberosity malunions, and failed shoul-
der arthroplasty with rotator cuff insufficiency. Reverse total 
shoulder arthroplasty is most appropriate for patients with 
an intact deltoid, adequate bone stock to support the glenoid 
component, no evidence of infection, no severe neurologic 
deficiency (Parkinson disease, Charcot joints, syringomyelia), 
and no excessive demands on the shoulder joint (Box 12.1).

Contraindications generally include loss or inactivity of 
the deltoid and excessive glenoid bone loss that would not 
allow secure implantation of the glenoid component. Some 
authors have suggested that the procedure is unsuitable for 
patients younger than 70 years old; however, current opinion 
has moved more toward accepting use of the reverse prosthe-
sis in younger patients for some end-stage disorders. Surgeon 
inexperience also is a relative contraindication to reverse total 
shoulder arthroplasty. One study demonstrated a volume-
value relationship in which costs and hospital length of stay 
were minimized in specialized, high-volume shoulder arthro-
plasty centers. 

SURGICAL TECHNIQUE
Biomechanically, the reverse prosthesis works by rees-
tablishing a fulcrum around which the deltoid muscle 

can power shoulder motion. With standard prostheses, 
absence of the rotator cuff allows the humeral head to 
subluxate superiorly during deltoid muscle contraction. 
The reverse prosthesis corrects this by moving the center 
of rotation of the shoulder medially and distally and rees-
tablishing a semiconstrained fulcrum around that fixed 
point (Fig. 12.15).

Because the reverse prosthesis places high shear stresses 
across the glenoid, several investigators have sought to 
define the factors most important in maximizing glenoid 
fixation. Parsons et  al. stressed that proper orientation of 
the baseplate and placement of the screws in optimal posi-
tion were important for fixation. Others have found that 
the inferior screw faces the highest shear stress and is key 
to prevent loosening, whereas others have recommended 
screw placement in areas with the highest quality bone: the 
coracoid base, the scapular spine, or the inferior pillar. A 
device with a lateralized center of rotation was shown to 
obtain adequate fixation despite a 69% greater moment at 
the baseplate-glenoid interface.

Glenoid wear is common in rotator cuff-deficient 
conditions. Frankle et  al. (2009) studied 216 glenoids 
with plain radiographs and CT scans before operative 
intervention and found that 37.5% of the glenoids had 
abnormal morphology. They classified the wear patterns 
as posterior (17.6%), superior (9.3%), global (6.5%), and 
anterior (4.2%). These wear patterns were found to affect 
surgical technique, often requiring placement of the cen-
ter screw along an alternate center line along the scapular 
spine. In a later follow-up study of 143 of these patients, 
all 56 shoulders with abnormal glenoids had center screw 
placement along the alternative center line, and 22 had 
bone grafting procedures; larger glenospheres also were 
used more often than in shoulders with normal glenoids. 
Outcomes were not significantly different between the 
two groups. Augmented glenoid components and bone 
grafting procedures also are available to treat glenoid 
deficiency. 

Indications for Reverse Total Shoulder 
Arthroplasty

 n  Cuff-tear arthropathy
 n  Massive rotator cuff tear with pseudoparalysis
 n  Severe inflammatory arthritis with a massive cuff tear
 n  Failed shoulder arthroplasty
 n  Absence of tuberosities (failed hemiarthroplasty for frac-

ture/nonunion)
 n  Absence of cuff (failed hemiarthroplasty for cuff-tear 

arthropathy)
 n  Instability
 n  Proximal humeral fracture
 n  Proximal humeral nonunion
 n  Reimplantation for deep periprosthetic infection
 n  Reconstruction after tumor removal

 BOX 12.1

From Sanchez-Sotelo J: Reverse total shoulder arthroplasty. In Morrey BF, ed: 
Joint replacement arthroplasty: basic science, elbow and shoulder, Philadelphia, 
2011, Wolters Kluwer, p 277.
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REVERSE TOTAL SHOULDER 
ARTHROPLASTY

 TECHNIQUE 12.3 

 n  Approach the proximal humerus and prepare it for stem 
implantation as described in Technique 12.1. Some au-
thors recommend a superior approach, but we prefer the 
deltopectoral approach because of its versatility and eas-
ily extensive nature. However, there are some  important 
differences in humeral preparation from a total shoulder 
arthroplasty or hemiarthroplasty. First, because of the 
common superior subluxation deformity of rotator cuff-
deficient shoulders, a larger humeral head cut is often 
required. Second, some authors advocate placing the 
stem in less retroversion (∼20 degrees) to prevent im-
pingement and maximize rotation; however, we believe 
that stem placement in 30 degrees of retroversion is not 
only acceptable but also preferable to prevent the more 
common instability in adduction and extension seen with 
the reverse prosthesis. Although stems were initially ce-
mented in reverse total shoulder arthroplasty, the use of 
uncemented and shorter stems has been reported with 
clinical success. Once the glenoid vault is adequately de-
brided and all four borders are visible, identify the center-
ing point. Move the starting point inferiorly 1 to 2 mm 
to allow inferior placement of the baseplate to prevent 
scapular notching. Most authors recommend placing the 
baseplate with the inferior aspect flush with the inferior 
surface of the bony glenoid.

 n  Place a guide pin through this centering hole using a 
guide. Take care to place the guide pin in 10 to 15 de-
grees of inferior tilt, again to prevent scapular notching.

 n  Ream the glenoid until the “smiley face” is achieved, 
with bleeding cancellous bone inferiorly and hard scle-
rotic bone superiorly (Fig. 12.16). This confirms adequate 
inferior tilt of the baseplate.

 n  Impact the baseplate and secure it with screws. The pe-
ripheral screws are ideally placed in the “pillars” of dens-
est cortical bone—the coracoid base, inferior pillar, and 

scapular spine. We have found screw placement to be 
inconsistent in the scapular spine; however, fixed-angle 
locking screws can be reliably positioned in the coracoid 
base and inferior pillar by internally rotating a circular 
baseplate approximately 10 degrees.

 n  Dry the Morse taper and impact the glenosphere into 
 position.

 n  Place the humeral stem as described in Technique 12.1, 
using trial components to test for stability and motion. 
Reduction and dislocation of the glenohumeral joint  
typically are more difficult than with standard shoulder 
arthroplasty. Reduction involves a combination of longi-
tudinal traction and forward elevation on the arm. The 
deltoid tension should be slightly greater than before joint 
relocation, but take care not to overlengthen the deltoid, 
which can result in dehiscence and/or acromial fracture.  
There can be 2 to 3 mm of gapping in the glenohumeral  
articulation once the joint is reduced without loss of  
stability.

 n  To dislocate the glenohumeral joint, place the dislocation 
instrument between the bearing surface and glenosphere 
to disrupt the articulation. Then pull the humerus anteri-
orly (shoulder extension) to deliver the bearing surface.

 n  Once the proper bearing surface is chosen, dry the Morse 
taper and impact it into position. Reduce the glenohu-
meral joint for a final time. Close the wound as described 
in Technique 12.1. The importance of subscapularis re-
pair after reverse total shoulder arthroplasty remains 
controversial. One study found no correlation between 
subscapularis integrity and outcome. Another large study 
found that outcomes were not inferior when the sub-
scapularis was left free compared to when it was repaired. 
However, closure of the subscapularis has been found to 
correlate with improved stability in traditional Grammont 
style prostheses but is likely less important for lateralized 
designs.

See also Video 12.2.

POSTOPERATIVE CARE Postoperative care is as  described 
for Technique 12.1.
  

 

A B
  

 

      
 
    
 
 

   

  FIGURE 12.15 A, In a shoulder with no rotator cuff tendons there are few restraints to antero- 
superior subluxation of the humeral head when patient attempts to raise the arm. Pull of the 
deltoid muscle worsens this by pulling superiorly and medially (arrow). B, With reverse arthroplasty, 
deltoid muscle lever arm is restored, providing a fulcrum around which the deltoid can pull to 
restore forward elevation (arrow).
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OUTCOMES
In the past decade, multiple authors have reported the out-
comes of reverse total shoulder arthroplasty done for a 
number of indications. In general, outcomes vary by etiol-
ogy, with posttraumatic conditions and revision procedures 
having worse outcomes and a higher complication rate. 
Fatty infiltration or absence of the teres minor has also been 
shown to compromise outcomes. Overall, good and excel-
lent results have been reported in 67% to 82% of patients, 
with significant increases in functional scores and average 
forward elevation between 100 and 138 degrees. Longer-
term survivorship studies are emerging with implant sur-
vival rates of over 90% at 10 years and 87% at 15 years of 
follow-up. Survivorship for glenoid loosening has been 
reported at 84% over the same period. Although the accept-
able postoperative activity level that the reverse prosthesis 
can tolerate is unknown, a high percentage of patients nev-
ertheless report medium- and high-demand use of the oper-
ative limb after surgery.

CUFF TEAR ARTHROPATHY
Several large studies have reported good results for reverse 
total shoulder arthroplasty done for rotator cuff arthropathy. 
In a multicenter study of 80 shoulders observed for an average 
of 44 months, 96% of patients reported no or minimal pain, 
and there was an increase in active forward elevation from 73 
to 138 degrees. Forty-nine patients (64%) had medial compo-
nent encroachment and scapular notching, however, without 
evidence of loosening. Another study reported that 78% of 45 
patients were satisfied with their results at midterm follow-up 
(average 40 months); 67% had no or slight pain. Results were 
significantly better in patients who had primary arthroplasty 
for cuff tear arthropathy than in patients who had revision of 
a failed standard arthroplasty. Frankle et al. (2006) reported 
their results with reverse total shoulder arthroplasty at an 
average 33-month follow-up of 60 patients who had severe 
rotator cuff deficiency. Significant improvements were found 
in pain and function scores; 41 (68%) of the 60 patients rated 
their outcomes as excellent or good, 16 (27%) were satisfied, 
and three (5%) were dissatisfied. Seven patients required revi-
sion surgery to another reverse total shoulder arthroplasty 
(five patients) or hemiarthroplasty (two patients). Finally, 
comparative studies have found reverse total shoulder arthro-
plasty to be superior to hemiarthroplasty for the treatment of 
cuff tear arthropathy. 

ROTATOR CUFF DYSFUNCTION WITHOUT ARTHRITIS
More recently, indications have been expanded from cuff tear 
arthropathy to include other conditions of rotator cuff insuf-
ficiency. Mulieri et al. reported 90% implant survivorship at 
a little over 4 years after surgery of 72 shoulders with rota-
tor cuff dysfunction without glenohumeral arthritis; 20% of 
patients had a complication. Ek et al. and Ernstbrunner et al. 
have reported similar series of younger patient cohorts with 
clinical improvements that were maintained up to 10 years 
after surgery; however, the complication rate remains high as 
in the series reported by Mulieri et al. 

PROXIMAL HUMERAL FRACTURES
Several authors have reported the use of reverse total shoulder 
arthroplasty to treat proximal humeral fractures in the elderly. 
Results have been satisfactory, with average forward elevation of 
approximately 100 degrees but a high rate of scapular notching. 
A growing body of evidence supports the use of reverse total 
shoulder arthroplasty over hemiarthroplasty in the treatment of 
comminuted proximal humeral fractures in elderly patients; two 
meta-analyses have found reverse total shoulder arthroplasty to 
be superior to hemiarthroplasty for proximal humeral fractures 
in this population. One survey study demonstrated a consen-
sus that reverse total shoulder arthroplasty is the preferred sur-
gical treatment for four-part fractures in the older population. 
Other studies have compared the results of reverse total shoul-
der arthroplasty with nonoperative treatment for comminuted 
proximal humeral fractures in the elderly and reported mixed 
results with no clear advantage to reverse total shoulder arthro-
plasty. However, in one study functional outcomes were reported 
to be slightly better with reverse total shoulder arthroplasty. 

RHEUMATOID ARTHRITIS WITH ROTATOR CUFF TEAR
Two studies have reported the use of reverse total shoulder 
arthroplasty in patients with rheumatoid arthritis. At an average 
follow-up of 2 years, John et al. reported improvements in all 
outcomes scores in 17 patients. Scapular notching occurred in 
roughly one fourth of patients, but there were no radiologic signs 
of loosening. Holcomb et al. also reported significant improve-
ments in all outcomes measurements in 21 shoulders observed 
for an average of 3 years. The complication rate was 14%, and 
18 patients rated their results as either good or excellent. Young 
et al. found similar clinical results but noted a high rate of intra-
operative and postoperative fractures in this population. 

SALVAGE PROCEDURES
In general, the outcomes of reverse total shoulder arthro-
plasty for revision of failed shoulder arthroplasty have been 
less satisfactory than those for primary reverse total shoulder 
arthroplasty for other conditions. Cuff et al. reported the out-
comes of reverse total shoulder arthroplasty in the treatment 
of 22 shoulders that had either one- or two-staged irrigation, 
debridement, and conversion to reverse total shoulder arthro-
plasty. There were no recurrent infections and motion was 
significantly improved; however, the average forward eleva-
tion was only 80 degrees. Boileau et al. reported that, although 
results were not as good as for primary reverse total shoulder 
arthroplasty, 93% of 40 patients were satisfied with their results. 
Average forward elevation was 123 degrees at final follow-up, 
and the complication rate was 12%. The authors stressed that 
reverse total shoulder arthroplasty in patients with more than 
90 degrees of forward elevation before surgery risks loss of 
motion in this plane and decreased patient satisfaction. 

 FIGURE 12.16 Some authorities prefer reaming the glenoid to 
create an “inferior smile,” with bleeding cancellous bone at the bottom 
of glenoid to provide inferior tilt of baseplate. SEE TECHNIQUE 12.3.
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GLENOID BONE LOSS
Much of the recent debate and investigation surrounding 
degenerative shoulder conditions has centered on the concept 
of glenoid wear patterns. Although glenoid defects are more 
common in revision situations than in primary arthroplasties, 
they may be present at primary surgery. These wear patterns 
have been classified by several authors (Table 12.3; Fig. 12.17).

Central bone loss is most common in patients with rheu-
matoid arthritis. Placing a centering hole and evaluating the 
depth of the glenoid neck are recommended. A depth of less 
than 1 cm generally does not allow for adequate fixation and 
typically precludes the use of a glenoid component without 
bone grafting. Central cavitary defects usually can be filled 
with local bone graft from the humeral head.

Because the glenohumeral joint tends to sublux posteri-
orly with osteoarthritis, posterior wear patterns are common 
and can progress to severe bone loss, the so-called B2 and 
B3 glenoids. These eccentric glenoid wear patterns result in 
a twofold increase in the glenoid component loosening rate 
compared with concentric wear patterns (A1 and A2 gle-
noids). Some authorities have advocated placing the glenoid 
component without bone grafting and compensating for the 
increased retroversion by anteverting the humeral compo-
nent so that the sum of the two versions is 30 to 40 degrees; 
however, a cadaver study determined that compensatory 
humeral component anteversion does not contribute to sta-
bility in the setting of a retroverted glenoid.

Alternatively, eccentric reaming of the glenoid has been 
recommended to correct excess retroversion. Multiple stud-
ies have concluded that glenoid retroversion of more than 17 
to 18 degrees cannot be corrected with eccentric reaming and 
that defects of more than 20 degrees typically do not allow 
placement of a glenoid component.

In situations in which eccentric reaming cannot correct 
abnormal glenoid version, bone grafting or component aug-
mentation is recommended (Figs. 12.18 and 12.19). There are 
multiple reports of both techniques used in an attempt to cor-
rect glenoid version in anatomic total shoulder arthroplasty. 
Although no consensus exists regarding the best technique to 
restore glenoid version, other areas of investigation have cen-
tered on the use of patient-specific or re-usable guides to cor-
rect these difficult wear patterns, and improved component 
positioning has been reported (Fig. 12.20). Finally, in elderly 
patients with severe posterior glenoid bone loss, reverse total 
shoulder arthroplasty, with or without bone grafting, has 
been advocated as an alternative to anatomic arthroplasty 
(Fig. 12.21).

For bony defects present at primary or revision reverse 
total shoulder arthroplasty, placement of the center screw 
down an alternate scapular spine center line improves the 
amount of bone stock available for fixation. 

ACTIVITIES AFTER SHOULDER 
ARTHROPLASTY
With mid-term and long-term outcomes studies of anatomic 
and reverse shoulder arthroplasty demonstrating excellent dura-
bility and function, attention has focused on return to sports 
and other high-level activities. Multiple studies have demon-
strated predictable improvements in activities of daily living 
but also successful return to sport activities such as weightlift-
ing, swimming, and golf. Rates of return are slightly higher after 
anatomic total shoulder arthroplasty than after reverse shoulder 
arthroplasty and are more predictable for noncontact athletics. 
Curiously, despite conventional wisdom that suggests younger 
patients will be more active and place greater stress on their 
implants, survey data indicate that older patients are at least as 
active as their younger peers after reverse arthroplasty. 

COMPLICATIONS OF SHOULDER 
ARTHROPLASTY
The overall complication rate after total shoulder arthroplasty 
is estimated to be approximately 15% (Table 12.4). The most 
commonly reported complications, in order of frequency, 
are component (primarily glenoid) loosening, glenohumeral 
instability, rotator cuff tear, periprosthetic fracture, infection, 
implant failure including dissociation of modular prostheses, 
and deltoid weakness or dysfunction. A study of over 400 total 
shoulder arthroplasties done with cemented all-polyethylene 
glenoid components between 1990 and 2000 found a 12% 
complication rate, and only one reoperation was required 
because of component loosening. The most frequent compli-
cations in this review were rotator cuff tearing, glenohumeral 
instability, and periprosthetic humeral fracture.

Complications after total shoulder arthroplasty tend to 
occur late in the postoperative course (5 to 10 years after 
surgery); component loosening has been reported to occur 
approximately 8 years after surgery, infection at 12 years, and 
periprosthetic fractures at 6 years.

Reverse total shoulder arthroplasty initially resulted in 
relatively high complication rates (50%) and some unique 
complications. In the past decade, with improved techniques 
and better understanding of the device, the complication rate 
has fallen (6% recently reported). The most common compli-
cations after reverse total shoulder arthroplasty are scapular 

 TABLE 12.3 

Classification of Glenoid Wear Patterns

WALCH ET AL. SPERLING ET AL. ANTUNA ET AL. BERCIK ET AL. MODIFICATION OF WALCH CLASSIFICATION
Type A (central)
Type B (posterior)
Type C ( excessive 
glenoid 
 retroversion >25°)

None
Mild (erosion into 
subchondral bone)
Moderate (hemispheric 
deformation and 
medialization of 
subchondral bone)
Severe (bone loss 
extending to the 
coracoid base)

Defects caused by 
osteolysis/loosening of 
polyethylene glenoid 
implants:

Central
Peripheral
Combined

Type A1 same as Walch et al.
Type A2 glenoid in which line drawn from anterior 
to posterior rims of native glenoid transects humeral 
head (see Fig. 12.17)
B1 and B2 same as Walch et al.
B3 monoconcave, posterior wear, 15° retroversion, 
70% humeral head subluxation
Type C same as Walch et al.
Type D any level glenoid anteversion or humeral head 
subluxation less than 40% (anterior subluxation)
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notching, hematoma formation, glenoid dissociation such as 
baseplate failure or aseptic loosening, glenohumeral disloca-
tion, acromial and scapular spine fractures, infection, loos-
ening or dissociation of the humeral component, and nerve 
injury.

INTRAOPERATIVE COMPLICATIONS
The most common intraoperative complications in shoulder 
arthroplasty are fracture, usually of the humeral shaft in the 
mid to distal diaphysis (Fig. 12.22); nerve injury, most often 
to the axillary nerve; and malpositioning of components.

Most often, intraoperative periprosthetic fractures of the 
humerus or glenoid are caused by errors in surgical technique, 
such as inadvertent reaming, overzealous impaction, or manip-
ulation of the upper extremity during exposure of the glenoid. 
Spiral fractures of the humerus usually are caused by excessive 
external rotation of the shoulder during attempts to improve 
exposure. Complete anterior and inferior capsular releases and 
the use of a bone hook to deliver the proximal humerus out 
of the glenoid fossa may help minimize torsion forces on the 
humeral shaft and thereby minimize the risk of fracture.

A humeral shaft fracture is most likely at two points in the 
surgical procedure. During the reaming process, when resis-
tance is met, and if the assistant has a firm hold of the patient’s 
arm, excessive torque can be generated that generates a spiral 
fracture. The assistant should be instructed to hold the arm 
loosely in a supportive position at the elbow. Further, if any 
resistance is felt, releasing the grip on the patient’s arm and 
allowing it to rotate with the hand reamer is advisable. The 
second critical period is during the reduction and disloca-
tion maneuver to test implant stability. Longitudinal distrac-
tion must be used, and manual assistance to lift the prosthetic 
humeral head from the joint cavity prevents the force from 
being transferred inferiorly into the humeral shaft.

Simple cerclage wiring of the proximal end of the humerus 
and implantation of a standard-size prosthesis usually are 

sufficient for fractures proximal to the tip of the humeral 
prosthesis. We prefer to convert to a longer-stem prosthe-
sis for unstable intraoperative humeral fractures in which 
standard length stem fixation is compromised. The use of a 
longer stem prosthesis, extending at least two humeral corti-
cal diameters beyond the most distal extent of the fracture, 
has several advantages over dynamic compression plating or 
cerclage wiring alone: the need for secure screw purchase in 
bone that often is of poor quality is obviated, bending and 
torsional loads are better tolerated and decrease the risk of 
implant failure, a rigid and biomechanically sound surgical 
construct usually can be obtained, the extensile exposure and 
soft-tissue dissection required for plate fixation are avoided, 
and stress shielding is minimized.

Fractures of the glenoid are extremely rare and usually 
occur in osteopenic bone. Most often, this complication 
occurs after the glenoid has been reamed to subchondral bone 
and the canal has been prepared to receive a keeled prosthe-
sis. Retraction on the anterior or posterior glenoid cortex can 
produce cortical bone failure. Stable fixation of the fracture 
is essential to prevent instability of the glenoid component. 
Good preoperative axillary radiographs or CT scans can help 
determine if posterior wear of the glenoid is present. Reaming 
of the glenoid to its neutral version and tilt restores alignment 
for proper orientation before canal preparation is started. If 
the cortex is penetrated, the defect can be bone grafted to pre-
vent cement extrusion.

Although permanent nerve injury during total shoul-
der arthroplasty is rare, it is devastating when it does occur. 
Most reported instances of permanent axillary nerve injury 
involved revision surgery or primary surgery in a shoulder 
that had multiple previous operations. The radial nerve can 
be injured by an intraoperative humeral shaft fracture and 
internal fixation of the fracture. Extrusion of cement through 
a defect in the humeral canal has been reported to result in 
radial nerve injury; nerve function returned after removal 

 

A1 B1

B2

C

D

B3

A2

FIGURE 12.17 Bercik et al. modification of the Walch classification, with the addition of B3 and 
D glenoids.  (Redrawn from Bercik M, Kruse K, Yalizis M, et al: A modification to the Walch classification 
of the glenoid in primary glenohumeral osteoarthritis using three-dimensional imaging, J Shoulder Elbow 
Surg 25:1601, 2016.)
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A B

C D

FIGURE 12.18 A and B, Patient with advanced osteoarthritis and B3 glenoid wear pattern 
treated with augmented glenoid component to restore glenoid version and recenter the humeral 
head (C and D).

 TABLE 12.4 

Complications After Unconstrained Total Shoulder Arthroplasties Reported in 33 Series (2540 Shoulders)

COMPLICATION % ALL SHOULDERS NO. SHOULDERS % ALL COMPLICATIONS
COMPONENT LOOSENING 6.31 161 39
Glenoid 5.3 134 32
Humerus 1.1 27 6.5
INSTABILITY 4.9 124 30
Superior 3 77 19
Posterior 1 25 6
Anterior 0.9 22 5
PERIPROSTHETIC FRACTURE 1.8 46 11
Intraoperative 1.1 27 6.5
Postoperative 0.7 19 4.6
ROTATOR CUFF TEAR 1.3 32 7.7
NEURAL INJURY 0.8 20 4.8
INFECTION 0.7 19 4.6
DELTOID DETACHMENT 0.08 2 0.5

  

   

Modified from Bohsali KI, Wirth MA, Rockwood CA Jr: Complications of total shoulder arthroplasty, J Bone Joint Surg 88A:2279, 2006.
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of the cement near the nerve. However, most nerve injuries 
are neurapraxias that recover with time. A complete neuro-
logic examination should be done early in the postoperative 
period to document any nerve deficits. If no recovery is noted 
after 6 weeks, an electromyographic examination should be 
obtained and should be repeated at 3 months. If no recovery 
has occurred as evident by electromyography at 3 months, 
exploration of the nerve should be considered.

If malposition of the humerus is noted with an unce-
mented component, it can typically be disimpacted and 
repositioned. If a cemented component is used, an offset 
humeral head prosthesis can be used to attempt to correct 
version. The offset humeral head allows 5 to 7 degrees of 
version correction in the anterior or posterior direction. 
However, in reality, a malpositioned cemented humeral 
stem often requires a lengthy and difficult revision proce-
dure to remove the well-fixed component and replace it in 
an appropriate position. 

POSTOPERATIVE COMPLICATIONS
Postoperative complications include glenoid loosening, gleno-
humeral instability, rotator cuff tears, periprosthetic fracture, 
infection, deltoid rupture, tuberosity nonunion or malunion, 
humeral loosening, impingement, heterotopic bone forma-
tion, mechanical failure of components, and loss of motion.

GLENOID LOOSENING
Symptomatic loosening of glenoid or humeral components 
is the most common problem encountered in total shoul-
der arthroplasty, accounting for one third of all complica-
tions. Loosening of the glenoid component is significantly 
more common than loosening of the humeral component. 
Radiographic lucent lines at the cement-bone interface of the 
glenoid component have been observed in varying degrees in 
up to 96% of patients in some studies. One meta-analysis found 
that asymptomatic radiolucent lines occur at a rate of 7% per 
year, with symptomatic loosening occurring at 1.2% per year, 
and resultant revision occurring at 0.8% per year. Although 
some have found no association between radiographic changes 
and clinical results, progression of the lines has been correlated 
with a decrease in function and an increase in pain in most 
patients. A shift in the position of the glenoid component or 
circumferential radiolucent lines at least 1.5 mm wide are evi-
dence of a loose glenoid component. Injection of the cement 
under pressurization provided by a syringe and application of 
cement on the back side of the glenoid component has been 
reported to improve glenoid component fixation by providing 
more complete cementation. Radiolucencies tend to evolve late 
(after 5 years), indicating the need for further technical and 
prosthetic innovation to improve long-term component dura-
bility. Indeed, one report on loosening of pegged, cemented, 

 

A B

C

FIGURE 12.19 A and B, Cuff-deficient patient with B2 glenoid wear pattern treated with 
reverse total shoulder arthroplasty using augmented glenoid baseplate (C).
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all-polyethylene components found a marked increase in 
radiographic loosening between 5 and 10 years, increasing 8% 
to nearly 60%.

Polyethylene debris from glenoid wear has been reported 
in approximately 20% of revision shoulder arthroplasty cases. 
In a retrieval study of 52 shoulders undergoing revision sur-
gery after total shoulder arthroplasty, osteolysis was more 
common when screws had been used for glenoid compo-
nent fixation and was highly associated with third body wear. 
Radiolucent lines also were significantly associated with oste-
olysis. No significant differences were found regarding the 
presence of particulate debris, however. Another analysis of 
78 retrieved glenoid components found that scratching, pit-
ting, and burnishing were the most common modes of gle-
noid polyethylene wear, mostly in the inferior quadrant, and 
that radiographic analysis underestimates the amount of clin-
ical glenoid loosening. Others have postulated that the func-
tional malcentering of the humeral head associated with the 
common posterior subluxation pattern in osteoarthritis can 
contribute to glenoid wear postoperatively if not corrected at 
the time of joint replacement.

One controversy has been the relative clinical and radio-
graphic performances of pegged glenoid designs and those 
that use a keel. Multiple authors have concluded that the 
biomechanical data support pegged glenoid components. 
Although a randomized controlled trial by Edwards et  al. 

found a significantly higher rate of radiolucencies in keeled 
implants (46%) than in pegged components (15%), other 
clinical data have been somewhat mixed. Whereas one radio-
stereometric analysis found that keeled components dem-
onstrated more migration than pegged implants, another 
prospective randomized trial using radiostereometric analy-
sis found no difference between pegged and keeled implant 
micromigration at 2 years of follow-up. More recently, we 
found no significant differences in clinical or radiographic 
outcomes between pegged and keeled components at inter-
mediate-term follow-up, indicating that glenoid lucencies 
develop over time, most likely as a result of the stresses placed 
across the bone-cement-polyethylene interface.

Improvements in material and component design have led 
to the evolution of cementless ingrowth and hybrid ingrowth-
cemented glenoid components. Although long-term studies 
are not yet available, early and intermediate-term follow-up 
studies suggest a low rate of radiolucency and mechanical 
failure in these implants.

Arthroscopy has been reported to be useful in evaluat-
ing glenoid component loosening. If glenoid loosening is 
present in an asymptomatic patient, only observation is indi-
cated; however, if loosening is present in a patient who has 
symptoms of pain, decreased range of motion, and functional 
disability, further investigation is warranted to determine if 
implant replacement is appropriate. A painful “clunking” sen-
sation with forward elevation of the arm has been described 
as a sign of symptomatic glenoid loosening. 

HUMERAL LOOSENING
Humeral radiolucent lines are not nearly as common as radio-
lucent lines around the glenoid component. Radiolucent lines 
may progress over time to component loosening, which typi-
cally is diagnosed by a change in implant position or progres-
sion to circumferential radiolucent lines, and is now thought 
to often indicate indolent infection. Raiss et  al., however, 
suggested that polyethylene wear from the anatomic glenoid 
component is associated with proximal humeral osteoly-
sis around the humeral component. Although early studies 
reported humeral radiolucent lines in up to 61% of implants, 
mostly at the distal stem tip, actual loosening of the compo-
nent was much less frequent, and few components required 
revision because of symptomatic loosening. In a more recent 
study, we found essentially no evidence of loosening and min-
imal (1 mm) radiolucent lines in 6.5% of proximally coated 
ingrowth humeral stems at an average of approximately 4 
years of follow-up. These results are mirrored in a study of 
reverse total shoulder arthroplasty, where humeral stem loos-
ening was reported to be less than 1%. 

INSTABILITY
Instability is the second leading cause of complications asso-
ciated with shoulder arthroplasty, with a reported prevalence 
of 4% and accounting for 30% of all complications. It can 
occur in any direction and in variable degrees of subluxation 
and dislocation. In a meta-analysis of 11 series of total shoul-
der arthroplasties that included 838 patients, Wilde reported 
a 1.2% incidence of postoperative dislocation over a follow-
up period of 20 to 54 months.

Approximately 80% of instability complications after total 
shoulder arthroplasty involve anterior or superior instabil-
ity, and most are the result of soft-tissue deficiency. Key to 

 

A
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FIGURE 12.20 A and B, Commercially available, noncustom, 
reusable targeting guide.  (From: Mulligan RP, Azar FM, Throckmorton 
TW: Generic targeting guides place revision glenoid components in more 
anatomic version than traditional techniques, J Shoulder Elbow Surg 
26:786, 2017.)
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FIGURE 12.21 Patient with osteoarthritis and B2 glenoid wear pattern (A) treated with reverse 
total shoulder arthroplasty (B). Impaction bone grafting technique was employed to enhance 
baseplate support (C).
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FIGURE 12.22 Periprosthetic humeral fractures. A, Region 1, tuberosity. B, Region 2, proximal
metaphysis. C, Region 3, proximal diaphysis. D, Region 4, middiaphysis and distal diaphysis.
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designing treatment for this problem is isolating and under-
standing the exact cause of the instability. Anterior instability 
most commonly is associated with subscapularis failure, gle-
noid anteversion, malrotation of the humeral component, or 
anterior deltoid dysfunction. Anterior instability secondary 
to subscapularis rupture generally is a consequence of opera-
tive technique, tissue quality, inappropriate physical therapy, 
or the use of oversized components. Anterior instability also 
can be caused by the use of a humeral head that is too small 
for the joint volume (Fig. 12.23). Replacement of the humeral 
head with an appropriate-size implant, which also can be 
an offset-type component, can be done to regain stability. If 
abnormal humeral version is found to be the cause of anterior 
instability, revision of the stem should be considered. A torn 
subscapularis tendon is likely to be underreported and will 
not correlate with the postoperative physical examination; 
however, it can contribute to anterior instability and must be 
repaired to regain joint stability. However, often the subscap-
ularis is irreparable, necessitating a revision to reverse arthro-
plasty. Platform systems that allow conversion from anatomic 
to reverse replacement without removal of the humeral stem 
have simplified the process with a lower complication rate.

Concerns about postoperative subscapularis integrity have 
resulted in a multitude of techniques in addition to subscap-
ularis tenotomy to prevent this complication. One such tech-
nique is a lesser tuberosity osteotomy (LTO), in which the 
bone-tendon unit is reflected to access the glenohumeral joint 
and then fixed at the end of the procedure. Overall, the bio-
mechanical evidence has favored LTO over other techniques. 
A systematic review of cadaver studies concluded that LTO is 
biomechanically more secure than soft-tissue repair, but clinical 
series, including a randomized controlled trial and a system-
atic review, have not demonstrated superiority of one technique 
over another for subscapularis management. One report sug-
gested that LTO failure may be an underreported complication.

Progressive superior migration of the humeral head has 
been reported in association with dynamic muscle dysfunction, 
attenuation of the supraspinatus, failed rotator cuff repairs, and 
frank rupture of the rotator cuff. Asymptomatic patients should 
be encouraged to continue rehabilitation and do not require 
operative intervention; however, long-term superior migra-
tion of the humeral head can result in loosening of the gle-
noid component, and repair of rotator cuff tears at the time of 
arthroplasty can help prevent this complication. Symptomatic 
patients may require revision to reverse arthroplasty.

Posterior instability has been attributed most often to 
malpositioning of the components but may be multifactorial 
as well. Posterior glenoid erosion with excessive component 
retroversion and soft-tissue imbalance has been implicated 
in the development of posterior instability. If the glenoid or 
humeral component is placed in too much retroversion, pos-
terior instability may occur and revision is recommended. If 
the capsule is stretched from long-standing posterior wear 
on the glenoid, it may require imbrication to gain stability. 
Patients with posterior glenohumeral subluxation associated 
with long-standing osteoarthritis or a history of chronic pos-
terior instability, whether recurrent or fixed, are at increased 
risk for posterior instability after shoulder arthroplasty. 
Proper use of eccentric reaming, with or without bone graft-
ing or augmented components, and accurate placement of 
the humeral and glenoid components has been shown to 
minimize the risk of this complication, but soft-tissue balanc-
ing, as described in the surgical technique for total shoulder 

arthroplasty, is a critical component of the operation. In 
most such patients, external rotation is restricted, with tight 
and contracted anterior structures and an attenuated and 
stretched posterior capsule. Thus proper attention to compo-
nent position in addition to soft-tissue balancing is a crucial 
step in preventing posterior instability.

Inferior instability is related to the loss of normal humeral 
height and is most common after hemiarthroplasty for proxi-
mal humeral fractures. Removal of too much of the proximal 
humerus, with resultant inferior placement of the humeral 
head, can lead to inferior instability. Patients usually have dif-
ficulty elevating the arm past the horizontal plane because of 
weakness of the deltoid caused by shortening of the humerus. 
Revision surgery usually is necessary to restore humeral 
length and regain deltoid strength. 

PERIPROSTHETIC FRACTURE
The reported prevalence of postoperative periprosthetic 
humeral shaft fractures ranges from 0.5% to 2%. Postoperative 
humeral shaft fractures are most frequent in women and in 
patients with rheumatoid arthritis.

Wright and Cofield classified periprosthetic humeral 
shaft fractures into three types. Type A fractures extend prox-
imally from the tip of the prosthesis, type B fractures are cen-
tered at the tip of the prosthesis, and type C fractures involve 
the humeral shaft distal to the prosthesis. Treatment of type 
A postoperative periprosthetic fractures often require revi-
sion arthroplasty and fracture stabilization if the fracture dis-
rupts a large portion of the bone-implant interface and leads 
to implant loosening. Type B fractures can be treated with 
a fracture brace if acceptable alignment can be obtained. If 
union is delayed, open reduction and internal fixation with 
a plate and screws and cerclage wiring, without prosthesis 
removal, is recommended; however, it should be stressed that 
these fractures take an average of 5 to 9 months to heal and 
the patient should be counseled regarding the extended treat-
ment course from this complication. Type C fractures usu-
ally heal with immobilization and can be managed as other 
fractures of the humeral shaft. Again, extended healing times 
should be anticipated.

Initial nonoperative management has been recommended 
for fractures proximal to the stem tip and for fractures with 
acceptable alignment at the tip of a well-fixed humeral stem. 
For fractures with unacceptable alignment at the stem tip, 
open reduction and internal fixation has been advocated, par-
ticularly if the fracture extends distally. Revision with a long 
stem is recommended for similar fractures when the humeral 
component was loose. 

ROTATOR CUFF FAILURE
Rotator cuff failure is becoming more recognized as a com-
mon complication after shoulder arthroplasty than was origi-
nally thought. Although the historically reported incidence 
was 1% to 2%, analysis of complications reported to the US 
Food and Drug Administration indicates that rotator cuff fail-
ure is the second most common complication after anatomic 
shoulder arthroplasty, representing 15% of the reported prob-
lems. Rupture of the subscapularis tendon is involved in most 
rotator cuff tears. Factors reported to be associated with post-
operative tears of the subscapularis tendon include multiple 
operations, overstuffing of the joint, overly aggressive therapy 
involving external rotation during the early postoperative 
period, and tendon compromise by lengthening techniques.
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Secondary rotator cuff dysfunction increases over time 
and is associated with functional decline of the prosthesis. 
Preoperative fatty infiltration of the infraspinatus and a gle-
noid component placed in superior tilt are risk factors for 
subsequent rotator cuff failure. Symptomatic tears can be 
repaired in the standard fashion with care to preserve the 
coracoacromial ligament but may require revision to reverse 
prosthesis. Recurrent tears of the superior rotator cuff may 
result in little improvement in function and motion, however, 
after operative repair. Large tears cause superior subluxation 
and eventual loosening of the glenoid component from com-
pression forces on the superior rim of the glenoid (the so-
called rocking horse glenoid). Repair of large or massive tears 
may be impossible. One treatment for this difficult problem 
involves removing the glenoid component, bone grafting of 
the glenoid cavity defect, and allowing the humeral prosthesis 
to migrate superiorly. A competent coracoacromial ligament 
must be present to provide superior stability if this salvage 
procedure is done. More recently, conversion to reverse total 
shoulder arthroplasty has been described, with satisfactory 
results, although the outcomes of this conversion are not as 
favorable as those for primary rotator cuff arthropathy. 

INFECTION
Infection is rare after both primary anatomic and reverse total 
shoulder arthroplasty (∼1% to 2%); male sex and younger age 
at the time of arthroplasty are risk factors. As with all joint 
replacements, several factors contribute to the predilection 
for bacterial seeding, including bacterial adhesion, glycopro-
tein encapsulation, bacterial resistance to antibiotics, physical 
properties of the implant such as chemical composition and 
surface texture, and inhibiting factors from ion elution. The lit-
erature also suggests an increased risk of infection in patients 
with diabetes mellitus, rheumatoid arthritis, systemic lupus 
erythematosus, remote sites of infection, and those under-
going shoulder injection within 3 months of surgery. Other 
factors implicated in an increased susceptibility to infection 
include immunosuppressive chemotherapy, systemic corti-
costeroids, multiple steroid injections, and previous shoulder 
surgery. Several reports have linked infection around total 
joint prostheses to transient bacteremia secondary to dental 

manipulation, urinary tract infection, pneumonia, and genito-
urinary instrumentation. As in patients with other total joint 
arthroplasties, prophylactic antimicrobial coverage should be 
individualized for each patient and procedure.

Cutibacterium acnes (formerly known as Propionibac
terium acnes) is the most commonly isolated organism after 
shoulder arthroplasty but has a protean presentation and 
is very difficult to diagnose. A gram-positive, aerotolerant 
anaerobic rod that lives in the skin (not on the skin), C. acnes 
has a different behavior and profile than other organisms such 
as Staphylococcus aureus. Typical inflammatory indices (white 
blood cell count [WBC], CRP, ESR) often are not revealing, 
and even cultures are not uniformly reliable. The most com-
mon symptom is unexplained pain. Because of the organism’s 
slow-growing nature, cultures should not be discarded in 3 to 
5 days, but should be held for at least 2 weeks to isolate this 
organism. More recent work has centered on the use of non-
traditional testing to identify C. acnes infection. Among the 
reported tests, synovial interleukin (IL)-6 measurement, with 
or without combined synovial cytokine profiles, alpha-defen-
sin, hemolysis in certain C. acnes strains, and polymerase 
chain reaction with restricted fragment length polymor-
phism, all have demonstrated varied success. Implant sonica-
tion, which has been used successfully in the detection of hip 
and knee periprosthetic joint infections, showed no benefit 
over standard cultures. Further, no gold standard laboratory 
or culture values have been identified to reliably constitute 
a clinically significant C. acnes infection. Thus, the diagnosis 
of periprosthetic shoulder infection remains largely a clinical 
one. Further complicating the picture, C. acnes is a common 
contaminant that can be identified during primary shoulder 
arthroplasty even in those with no previous surgery.

Intraoperative findings of humeral loosening, turbid 
fluid, and membrane formation all correlate with the likeli-
hood of a positive culture for C. acnes. Intraoperative his-
topathology has been reported to have very high specificity 
but only approximately 50% sensitivity for C. acnes infection. 
A threshold of 10 polymorphonuclear leukocytes per high-
power field (rather than five) to diagnose infection has been 
suggested to increase the sensitivity of intraoperative pathol-
ogy without affecting specificity. Multiple cultures (at least 
five) are recommended and held a minimum of 10 to 14 days 
to isolate the organism. In revision arthroplasty when there 
is a low clinical suspicion for infection, cultures may return 
positive (the so-called unexpectedly positive culture [UPC]). 
In these patients reinfection rates are low (∼1%), and they 
require either a 6-week course of postoperative intravenous 
antibiotics or an empiric 2-week course.

If the infection is identified early (3 to 6 weeks after surgery) 
and the organism is susceptible, retention of the components 
can be considered. One-stage irrigation and debridement with 
replacement components, along with appropriate parenteral 
antibiotic therapy, has been shown to be effective treatment. If 
the organism is resistant or the infection occurs late, removal 
of the implants and all cement generally is recommended. 
Placement of an antibiotic-impregnated spacer helps to steril-
ize the soft-tissue envelope, and a 6-week course of parenteral 
antibiotics can be followed by implantation of revision com-
ponents with the use of antibiotics in the cement.

Much investigation has centered on the use of one- 
or two-stage procedures for the treatment of peripros-
thetic shoulder infection. Several series have demonstrated 

 FIGURE 12.23 Humeral head component that is too small can 
result in anterior or posterior instability.
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effectiveness of both approaches; a meta-analysis found no 
difference between one- and two-stage protocols but noted 
the retrospective nature of the analyzed studies. Some 
authors noted that infection with more virulent organisms 
such as Staphylococcus aureus generally necessitates a two-
stage approach, whereas more indolent organisms such 
as C. acnes respond well to a one-stage reconstruction. In 
clear cases of gross or chronic infection, particularly with 
difficult organisms, such as methicillin-resistant S. aureus 
(MRSA), we routinely remove all components, perform a 
thorough debridement, place an antibiotic cement spacer, 
administer intravenous antibiotics, and follow inflamma-
tory indices (complete blood cell count, ESR, CRP) with the 
plan for component replantation if the infection is cleared. 
We obtain an aspiration and culture of glenohumeral joint 
fluid before replantation. In patients with less robust infec-
tious organisms such as C. acnes, we often employ a one-
stage reconstruction. In selected patients who either refuse 
or are medically unfit for a revision arthroplasty, use of a 
functional antibiotic spacer has been reported to obtain sat-
isfactory outcomes. 

DELTOID MUSCLE DYSFUNCTION
Deltoid muscle dysfunction caused by axillary nerve injury or 
detachment of the deltoid muscle can result in a catastrophic 
loss of shoulder function. Deltoid degeneration after reverse 
total shoulder arthroplasty has been attributed to an increase 
in the moment arm in the anterior and middle heads of the 
deltoid, which reduces the muscle effort required for most 
activities but can result in attritional stretching of the deltoid 
with later loss of function. Postoperative fatty infiltration of 
the deltoid, thought to be secondary to the altered biome-
chanics of the device, also has been reported to result in infe-
rior clinical outcomes. 

HETEROTOPIC OSSIFICATION
Heterotopic ossification has been noted to occur after shoul-
der arthroplasty in 10% to 45% of patients. Male gender and 
osteoarthritis are risk factors. Bridging heterotopic bone of 
the glenohumeral joint or glenoacromial space can occur 
in extreme situations. No correlation is evident, however, 
between heterotopic ossification and the development of 
shoulder pain. Heterotopic ossification after total shoulder 
arthroplasty usually is low grade, is present early in the post-
operative period, is nonprogressive, and does not adversely 
affect clinical results. 

STIFFNESS
Many patients who are dissatisfied with the outcomes of 
their total shoulder arthroplasties cite stiffness as the reason. 
Postoperative stiffness, typically manifested by loss of forward 
elevation or external rotation, usually results from oversiz-
ing of components, shortening or overtightening of the sub-
scapularis, or insufficient rehabilitation. Treatment involves 
soft-tissue balancing procedures to completely mobilize the 
subscapularis in anatomic arthroplasty. Excision of the ante-
rior capsule and release of the rotator interval and coraco-
humeral ligament may be required to accomplish this. If the 
subscapularis is still tight, a Z-plasty lengthening in the frontal 
plane may be required. A general rule is that 1 cm of length-
ening equals approximately 20 degrees of increased external 
rotation. 

COMPLICATIONS OF REVERSE TOTAL 
SHOULDER ARTHROPLASTY
Because of its unique configuration, reverse shoulder arthro-
plasty can result in complications other than those usually 
associated with total shoulder arthroplasty. Notching of the 
scapula is unique to this prosthesis but has variable inci-
dences in the literature; it has been reported in 10% to 96% of 
reverse arthroplasties. Notching is thought to be an osteolytic 
reaction caused by impingement of the polyethylene humeral 
bearing surface, mainly in adduction and external rotation. 
Nerot classified this notching into four grades, ranging from 
none to notching severe enough to cause glenoid loosening 
(Fig. 12.24). In most patients, the notching stabilizes at grade 
2 at about 12 months after implantation; however, notching 
has been shown to result in inferior clinical outcomes and 
higher rates of radiolucencies.

Surgical techniques to decrease the rate of scapular notch-
ing have been extensively studied. Several factors have been 
implicated and technical changes have included placing the 
baseplate in an inferior position with inferior tilt, usually about 
10 to 15 degrees. Levigne et al. found that superior tilt of the 
glenosphere correlated with scapular notching in their study 
of 448 shoulders observed for an average of approximately 4 
years. Other studies have focused on increasing glenosphere 
size and lateral offset. Review of the available evidence indi-
cates that inferior placement of the baseplate with inferior 
tilt are the two most important factors to decrease notching. 
Kelly et al. recommended placing the initial drill hole 11.5 mm 
superior to the inferior glenoid rim to optimize baseplate posi-
tioning. Use of a more varus stem with a neck-shaft angle of 
135 degrees (rather than 155 degrees) and a lateralized gleno-
sphere has been reported to result in lower notching rates as 
well. Another study noted that a longer scapular neck is associ-
ated with a lower notching rate, suggesting that some patient-
specific anatomic factors may have a role in this complication.

Instability after reverse total shoulder arthroplasty also 
is a known complication; it occurs primarily in extension 
and adduction at a rate of approximately 5%. Muscle forces 
across the joint appear to be the primary determinant of 
implant stability, and an irreparable subscapularis tendon has 
been reported to correlate with a higher dislocation rate in 
traditional Grammont-style prostheses. This is less impor-
tant with lateralized constructs. Additional factors that con-
tribute to instability include male gender, history of prior 
open shoulder surgery, and operative indication of fracture 
sequelae. Technical factors that can improve stability include 
placing the baseplate in inferior tilt, use of an inferior offset 
glenosphere and, when necessary, a constrained polyethylene 
bearing surface. Interestingly, the use of constrained liners 
has been reported to result in a comparable level of scapular 
notching as with unconstrained surfaces.

Acromial stress fractures are thought to be caused by 
increased stress placed on the acromion by the configuration 
of the prosthesis and resultant increased deltoid tension. A 
meta-analysis concluded that these fractures occur in 4% of 
reverse total shoulder arthroplasty procedures but that sur-
gical treatment is not typically helpful. Overlengthening of 
the deltoid at the time of reverse total shoulder arthroplasty 
is thought to be an important contributing factor. Scapular 
spine fractures are more common in osteoporotic patients 
and are associated with the use of a baseplate that relies on a 
center screw for fixation.
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As outcomes studies for reverse total shoulder arthro-
plasty extend into the second decade, there has been concern 
about polyethylene wear from the semiconstrained articula-
tion. This is particularly true with the use of retentive liners, 
which have been shown to have increased wear compared 
with nonretentive bearing surfaces. Future longitudinal stud-
ies examining in vivo wear rates and the possible evolution of 
aseptic loosening patterns will aid in understanding this topic. 

REVISION SHOULDER ARTHROPLASTY
The rate of revision of primary shoulder arthroplasties, as 
reported in the earlier literature, ranged from 0% to 12.5%; 
however, with longer follow-up, more recently reported revi-
sion rates for constrained and unconstrained implants range 
from 5% to 42%.

INDICATIONS
Revision surgery is technically demanding, and the causes 
of failure of the primary procedure often are multifacto-
rial, involving soft tissues, bony structures, and the implant. 
Determining the results of revision arthroplasty is difficult 
because many reported series of total shoulder arthroplas-
ties include limited patient numbers. Nevertheless, the main 
indication and goal for revision shoulder arthroplasty is pain 
relief. Restoration of motion, strength, and function are sec-
ondary goals because they are less reliably obtained.

Dense scarring from previous operations commonly 
complicates the surgical approach in revision shoulder arthro-
plasty. Exposure is typically quite difficult, making compo-
nent implantation less predictable. Foruria et  al. described 
an anteromedial approach to the shoulder in which the ante-
rior deltoid is taken down from the clavicle and acromion, 

allowing full access to the underlying structures. Meticulous 
transosseous repair of the deltoid is required at the end of the 
procedure to prevent dehiscence.

Failed hemiarthroplasty due to glenoid arthritis is an 
increasingly common indication for revision arthroplasty. 
Anatomic glenoid component implantation is reliable to relieve 
pain and improve range of motion, but some authors have 
noted that preexisting instability or subscapularis deficiency, or 
both, often is not correctable with an anatomic revision arthro-
plasty. In case of instability, revision to reverse arthroplasty is 
more likely to be successful, although the recurrent instability 
risk remains approximately 14%. The overall results of revision 
to reverse total shoulder arthroplasty for failed hemiarthro-
plasty demonstrate improvements in pain and function, with a 
7% revision rate and 93% component survival at 5 years.

Symptomatic loosening of the glenoid component is a 
common reason for revision surgery and usually is treated 
by removal, with or without replacement of the component. 
Loosening, polyethylene wear or dissociation, and compo-
nent malposition are the most common causes of glenoid fail-
ure. A new component can be cemented in place if adequate 
glenoid bone stock is available, and the deltoid and rotator 
cuff muscles are functional. In general, the goal of revision 
arthroplasty should be to resurface the glenoid to maximize 
pain relief, but recurrent glenoid loosening has historically 
been reported in 67% of patients. However, a more recent 
series demonstrated 10-year survival free of reoperation to be 
79% after revision glenoid resurfacing. Concentric reaming 
and bone grafting can help provide adequate fixation of the 
new prosthesis as well. Reimplantation usually is impossible 
if bone loss is severe, but removal of the glenoid component 
also may provide satisfactory pain relief, and bone grafting 
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FIGURE 12.24 Nerot classification of progressive scapular notching. A, Grade 0, no notch. B, 
Grade 1, small notch. C, Grade 2, notch with condensation (stable). D, Grade 3, evolutive notch 
(erosion of inferior screw). E, Grade 4, first glenoid loosening.
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can improve bone stock for later implantation. Another alter-
native reported to be successful in these situations is conver-
sion to reverse total shoulder arthroplasty. Both structural 
and nonstructural bone grafting procedures have been suc-
cessful for revision to reverse total shoulder arthroplasty in 
shoulders with significant glenoid deficiency.

Revision of the humeral stem for loosening is uncom-
mon and depends on the type of fixation used. As noted pre-
viously, indolent infection should be suspected in cases of 
isolated humeral stem loosening. In uncemented prostheses, 
disruption of the remaining ingrowth surface and removal 
of the component followed by replacement with a cemented 
or uncemented stem (based on the remaining humeral bone 
stock) is recommended. Interestingly, conversion to a shorter 
stem in these situations has been reported as a bone-preserv-
ing solution with good results. When a cemented humeral 
stem is loose, component removal followed by a cement-
within-cement technique can be used. Alternatively, complete 
removal of the cement mantle may be accomplished with 
subsequent placement of an ingrowth stem, if adequate bone 
stock remains. When a well-fixed stem must be removed, 
humeral windowing and longitudinal split techniques have 
been described with high healing and low complication rates.

Another potential consequence of revision arthroplasty is 
massive (>4 cm) proximal humeral bone loss. Causes include 
trauma, bone loss from revision surgery, and prior infection. In 
these patients, the rotator cuff obviously is deficient, and alterna-
tive methods are needed to restore proximal humeral stability. 
Both allograft-prosthesis composites and endoprosthetic recon-
struction techniques have been described for these deficiencies. 

OUTCOMES
Outcomes after revision of unconstrained shoulder arthro-
plasties generally are inferior to the outcomes after primary 
arthroplasty, and the clinical data remain somewhat mixed. 
Dines et al. reviewed the results of 78 revision total shoulder 
replacements and found that results were significantly better 
for component revisions than for soft-tissue reconstructions. 
When revising failed hemiarthroplasty to anatomic total shoul-
der replacement, Hattrup reported 70% good and excellent 
results at an average of 4.5 years, and Sheth et al. demonstrated 
86% component survival at 5 years after the same procedure. 
However, Carroll et al. found a high rate (47%) of unsatisfac-
tory outcomes at 5.5 years of follow-up in a similar group of 
patients and concluded that this procedure is a salvage situa-
tion with outcomes inferior to those of primary total shoulder 
arthroplasty. Similarly, although revision of resurfacing hemiar-
throplasty is attractive because it is technically less demanding 
than a stemmed replacement, the results are often unsatisfac-
tory; almost 60% of patients achieve an unacceptable outcome.

The versatility of reverse total shoulder arthroplasty 
makes it an attractive option for revision situations in which 
the rotator cuff often is not functional. Although a reverse 
replacement may be the only reasonable option in some 
patients, the complication rate of revision reverse total shoul-
der arthroplasty has been reported to be higher than that 
of primary reverse total shoulder arthroplasty and is typi-
cally over 50%; patient satisfaction remains high, however. 
Although most of these complications are minor, we never-
theless urge caution when undertaking a revision shoulder 
arthroplasty. When a reverse arthroplasty requires revision, 
patients should be cautioned that multiple procedures often 
are necessary but that the prosthesis usually can be salvaged. 

OTHER SURGICAL OPTIONS FOR FAILED 
SHOULDER ARTHROPLASTY

HEMIARTHROPLASTY
Hemiarthroplasty is discussed earlier in this chapter and has 
been described as a salvage procedure for failed reverse total 
shoulder replacement. 

RESECTION ARTHROPLASTY
Resection arthroplasty may be considered for failed shoulder 
arthroplasties in patients with resistant infection, intractable 
pain, or extensive loss of bone or soft tissue that precludes 
reimplantation of a prosthesis. Successful eradication of 
recalcitrant shoulder infection has been reported after resec-
tion arthroplasty with and without the use of antibiotic spac-
ers. Although the procedure is reliable for pain relief, range of 
motion and function are generally poor because the fulcrum 
of the shoulder is lost. 

GLENOHUMERAL ARTHRODESIS
Glenohumeral arthrodesis rarely is indicated as a primary 
procedure for arthritic shoulder conditions but may be appro-
priate for failed shoulder arthroplasty in patients with severe 
bone loss, chronic low-grade infection, multiple failed revi-
sion arthroplasties, intractable instability, or extensive defi-
ciencies of the deltoid. Techniques for and results of shoulder 
arthrodesis are discussed in Chapter 13. 

REHABILITATION AFTER SHOULDER 
ARTHROPLASTY
Little comparative data exist regarding rehabilitation proto-
cols after shoulder arthroplasty. Most surgeons have their own 
protocols, but, in general, the goals for rehabilitation are resto-
ration of function and motion (Box 12.2). Recovering motion 
and strengthening the anterior deltoid and external rotators 
are of greatest importance. Of particular importance in ana-
tomic replacements is protecting the subscapularis repair, and 
most protocols are governed by this premise. Patients with 

Rehabilitation Protocol After Shoulder 
Arthroplasty

POD 1 to 6 weeks—AA/PROM only
 n  Forward elevation—in the plane of the scapula as toler-

ated, up to 90 degrees
 n  Internal rotation, with upper arm at side, to chest
 n  External rotation, with upper arm at side, 0-20 degrees
 n  Pendulum exercises five times per day
 n  AA→AROM for elbow, wrist, and hand
6-12 weeks—continue AA/PROM
 n  Forward elevation to full
 n  External rotation to 30 degrees
 n  Wand and overhead pulley
 n  Isometric strengthening for flexion, extension, external 

rotation, and abduction in neutral position only
At 12 weeks—start AROM/dynamic strengthening
 n  Continue AROM, stretches, and TheraBand strengthening
 n  Progress strengthening
 n  Progress to home program

 BOX 12.2 

AAROM, Active-assisted range of motion; AROM, active range of motion; POD, 
postoperative day; PROM, passive range of motion.
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poorly functioning deltoid and rotator cuff muscles are placed 
in the limited-goals category and are given an exercise pro-
gram aimed at achieving a more modest range of motion.

A sling or immobilizer is applied immediately after sur-
gery and is worn for the first 6 weeks when not performing 
physical therapy. Most patients begin early passive and active-
assisted range of motion, including pendulum, isometric 
elbow, and wrist and hand exercises. At 6 weeks, the sling or 
immobilizer is removed and gentle activities in front of the 
body are permitted. Pulley exercises for overhead motion and 
exercises for external rotation are initiated at this point as 
well. Passive forward elevation, internal rotation, and external 
rotation should be maximized before isometric strengthen-
ing is initiated at 10 weeks. Active internal rotation and pas-
sive external rotation are limited to protect the subscapularis 
repair for 12 weeks. Patients should be cautioned to avoid 
using their arm to push themselves up in bed or from a chair 
because this requires forceful contraction of the subscapularis. 
Unrestricted activity is permitted at 12 weeks, but patients are 
cautioned not to participate in contact sports or do any aggres-
sive weight training. If any residual tightness is present at 12 
to 16 weeks, aggressive stretching should be started. Range of 
motion usually is approximately two thirds to three quarters 
of normal after completion of a rehabilitation program. The 
rehabilitation protocol should be modified as necessary in cir-
cumstances requiring rotator cuff repair or revision.

A home-based program of rehabilitation after total shoul-
der arthroplasty also can be effective (Table 12.5). Patients are 
instructed in the first sequence of exercises while in the hos-
pital, and these are practiced with a relative or friend in three 
or four sessions with a physical therapist. At 5 weeks, patients 
return for a single physical therapy session for instruction in 
the newer exercises. Serial radiographs are made annually to 
ensure that no signs of component failure are present. Patients 
with rheumatoid arthritis, traumatic arthritis, or osteonecro-
sis may be at risk for failure to regain motion and for compli-
cations with tendon, particularly subscapularis, healing. 

RECONSTRUCTIVE PROCEDURES 
OF THE ELBOW
Elbow arthroplasty has been described in multiple forms 
over time. Debridement procedures, soft-tissue interposi-
tion, and prosthetic arthroplasty have all been reported. 
Semiconstrained total elbow arthroplasty, in particular, has 
a well-studied track record of pain relief and restoration of 
function for activities of daily living in low-demand patients. 
However, the procedure is associated with a relatively high 
complication rate and is not as durable as replacements of 
the hip, knee, or shoulder. In particular, the excessive loads 
placed on the device by high-demand patients is a common 
cause of failure.

ANATOMY AND BIOMECHANICS
In the normal elbow joint, stability is maintained by the com-
bination of highly congruent joint geometry, capsuloligamen-
tous integrity, and balanced intact musculature. The biceps, 
brachialis, anconeus, and triceps muscles are especially 
important. The medial collateral ligament complex consists of 
anterior, posterior, and transverse components (Fig. 12.25A). 
The anterior bundle is the most easily identifiable and is the 

major portion of the medial collateral ligament complex. The 
anterior bundle inserts along the medial aspect of the cor-
onoid process (sublime tubercle) and is taut with the elbow 
in flexion and extension. The posterior bundle is taut during 
flexion.

The lateral ligament complex consists of the radial collat-
eral ligament, the lateral ulnar collateral ligament, the acces-
sory lateral collateral ligament, and the annular ligament (Fig. 
12.25B). The radial collateral ligament arises from the lateral 
epicondyle and inserts into the annular ligament along with 
fibers of the capsule. The lateral ulnar collateral ligament con-
sists of the posterior fibers of the radial collateral ligament, 
which extend superficially to and across the annular liga-
ment, inserting on the crista supinatoris (supinator crest) of 
the ulna. The accessory lateral collateral ligament arises from 
the lateral epicondyle and inserts into the inferior margin of 
the annular ligament. It is taut when the elbow is stressed in 
varus. The annular ligament arises and inserts on the anterior 
and posterior margins of the lesser sigmoid notch of the ulna 
and stabilizes the radial head adjacent to the ulna. Of these, 
the lateral ulnar collateral ligament is most crucial to main-
taining elbow stability.

In extension, the anterior capsule provides approxi-
mately 70% of soft-tissue restraint to distraction. Valgus 
stress in extension is divided equally among the medial col-
lateral ligament, capsule, and joint surface. Varus stress in 
extension is limited equally by the joint articulation, lateral 
ulnar collateral ligament, and capsule. In flexion, the medial 
collateral ligament complex provides a soft-tissue restraint 
to distraction and is the prime stabilizing structure resist-
ing valgus stress, with the radial head providing a second-
ary restraint. The joint articulation provides about 75% of 
the stability and resistance to varus stressing with the elbow 
flexed.

Many activities involving the elbow produce valgus forces. 
An intact medial collateral ligament and intact radial head are 
essential to prevent dislocation of the normal elbow joint. The 
ulnohumeral joint maintains stability as the elbow flexes and 
extends, whereas the radiocapitellar joint resists valgus stress 
and transmits vertical loading forces of pushing and lifting.

 TABLE 12.5

Home-Based Exercise Program for Rehabilitation After 
Total Shoulder Arthroplasty

EXERCISE
DAYS AFTER 
SURGERY

WEEKS 
AFTER 
SURGERY

Active hand, forearm, elbow 
motion

1

Passive shoulder motion 1
Assisted pulley for elevation 21 3
Active-assisted motion and 
 stretching with wand/cane: flexion- 
extension, elevation-adduction

35 5

Isometrics for light strengthening 35 5
Strengthening with TheraBand* 10

*The Hygenic Corp., Akron, Ohio.
From Boardman ND III, Cofield RH, Bengtson KA, et al: Rehabilitation after total 
shoulder arthroplasty, J Arthroplasty 6:483, 2001.
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The elbow is composed of three joints. One is the ulno-
humeral joint, which is a hinged, or ginglymoid, joint. The 
others consist of the radiocapitellar and proximal radioulnar 
articulations, which are pivoted, or trochoid, joints, allowing 
2 degrees of freedom. This articulation has been termed a tro
choginglymoid joint, or “sloppy” hinge.

Motion in the elbow involves rotation of the ulna around 
the humerus during flexion and extension and rotation of the 
radius around the ulna during supination and pronation. The 
instant center of flexion and extension for the elbow is at the 
center of concentric circles formed by the lateral projection 
of the capitellum and trochlea of the distal humerus. It is 2 to 
3 mm in diameter and is located in the center of the trochlea 
when viewed from the lateral aspect (Fig. 12.26). The axis of 
rotation of the elbow lies anterior to the humeral midline and 
on a line drawn along the anterior cortex of the humerus. The 
carrying angle of the elbow varies from 11 degrees of valgus 
with the elbow in full extension to 6 degrees of varus with 
the elbow in full flexion (Fig. 12.27). The joint surfaces slide 
until the extremes of full flexion and extension are reached, 
and then bony impingement occurs. The transverse axis of 
rotation of the radiocapitellar joint coincides with the ulno-
humeral axis. The longitudinal axis of the forearm passes 
through the radial head proximally and the ulnar head distally 
and is oblique to the longitudinal axes of the radius and ulna. 
The normal range of motion of the elbow is from 0 degrees 
(full extension) to approximately 150 degrees (full flexion).

The anatomic restraints of elbow motion include the 
geometry of the joint; the surrounding bone, capsule, liga-
ments, and muscles; impaction of the olecranon process on 
the olecranon fossa, impaction of coronoid against the coro-
noid fossa, and impaction of the radial head against the radial 
fossa. Pronation-supination is limited by passive resistance of 
the stretched muscles and the ligaments and impingement of 
the flexor pollicis longus against the finger flexors.

The contact surfaces of the elbow change with differ-
ent elbow positions. In full extension, the contact surfaces 
are on the inferomedial aspect of the ulna. In other posi-
tions, most of the joint contact occurs along the trochlear 
notch, which passes from posterolateral to anteromedial. 
Electromyographic studies of elbow muscle activity show that 

the brachialis is active in most ranges of elbow motion and is 
the “workhorse” of flexion.

The forces around the elbow joint also have been exten-
sively studied. Static analyses of the muscle and joint reaction 
forces suggest that the joint forces are greatest in extension, 
the flexed elbow being able to tolerate higher loads than the 
extended elbow. Joint forces also are found to be greatest in 
pronation. Twisting moments around the humeral axis can be 
quite high, especially when loads are applied to the hand with 
the elbow flexed (Fig. 12.28).

Maximal elbow flexion strength occurs at 90 degrees, 
whereas about one third to one half the maximal lifting force 
can be generated with the elbow in an extended or a 30-degree 
flexed position. A force three times the body weight can be 
developed in the elbow joint during strenuous lifting. As the 
forces on the elbow are directed toward the anterior or the pos-
terior margins of the joint, the weight-bearing surfaces decrease, 
maximal compressive forces are elevated, and the stress distri-
bution becomes uneven. For the most part, joint compression 
forces along the mediolateral plane that cause valgus or varus 
stress are small compared with the forces in the sagittal plane 
directed anteriorly or posteriorly. Forces at the distal humerus 
are greatest in a posterior and proximal direction, causing ante-
rior tilting of a distal humeral component and resorption of the 
anterior cortex of the humerus when prostheses loosen or when 
anterior bone grafting is not used. With the elbow extended and 
axially loaded, approximately 40% of the stress is on the ulno-
humeral joint, with 60% on the radiocapitellar joint.

Considerable rotatory torque is developed at the distal 
humerus when the elbow is flexed to 90 degrees and force is 
applied to the hand from the side. Tensile forces on the medial 
collateral ligament can approach two times the body weight, 
and compressive forces on the radial head can approach three 
times the body weight. If the radial head is excised, radio-
capitellar force is transmitted to the ulna, and the medial 
collateral ligament tension adds to the ulnohumeral force, 
which may concentrate the entire load on the lateral edge of 
the coronoid articular surface (Fig. 12.29). This may apply a 
force of nine times the body weight to the medial collateral 
ligament and is associated with progression of ulnohumeral 
joint degeneration. These forces are applied to the ulnar and 
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FIGURE 12.25 Collateral ligaments of elbow. A, Classic representation of medial collateral 
ligament complex consisting of anterior and posterior oblique bundle and transverse component. 
B, Typical pattern of more variable radial collateral ligament complex consists of contribution from 
humerus to ulna, which O’Driscoll and Morrey termed lateral ulnar collateral ligament.
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humeral components of a prosthetic arthroplasty if the radial 
head is resected and not replaced.

Goals for the ideal elbow arthroplasty include a painless, 
stable, mobile, durable, revisable, and reproducible prosthesis. 
It should preserve the olecranon, have a carrying angle, sacri-
fice as little bone as possible, provide stable fixation on the sup-
porting bone, be free of moving or multiple parts, be durable 

and biologically inert, leave minimal dead space, be relatively 
easy to implant, be readily available without need for custom 
implants, and provide joint stability and a good range of move-
ment. The main problems in design have been achievement of 
long-term bony fixation without loosening, minimization of 
polyethylene wear, and the development of satisfactory mate-
rials able to withstand high loads in active patients. 

TYPES OF ARTHROPLASTY
Three types of arthroplasties are discussed in this chapter: 
debridement, interpositional, and prosthetic. Depending on the 
rigidity of humeral component fixation to the ulnar component, 
the implant arthroplasties are designated as constrained, semi-
constrained, and unconstrained. Constrained, metal-to-metal 
prostheses include the Stanmore, Dee, McKee, GSB I (Gschwend, 
Scheier, and Bähler), and Mazas designs and generally have 
a metal-to-metal hinge with polymethyl methacrylate bone 
cement fixation. These implants have been largely abandoned, 
and the technique of their implantation is not described here.

The semiconstrained prostheses are two-part or three-
part prostheses that have a metal-to-high-molecular weight 
polyethylene articulation, which may be connected with a 
locking pin or with a snap-fit device. The semiconstrained 
hinged prostheses have built-in laxity to provide for dissipa-
tion of forces. The GSB III, HSS-Osteonics, Coonrad-Morrey, 
Nexel, and Discovery prostheses are examples of semicon-
strained devices (Fig. 12.30). The linked prostheses are highly 
versatile because they do not depend on intact ligamentous 
structures for stability. As such, they can be applied to a num-
ber of end-stage pathologies, including posttraumatic arthri-
tis, chronic instability, and tumor reconstruction.

The unconstrained prostheses are two- or three-part 
devices consisting of metal articulating with high-molecu-
lar weight polyethylene. They usually do not have a snap-fit, 

 FIGURE 12.26 Axis of rotation of elbow in flexion and exten-
sion is through center of trochlea, collinear with distal anterior 
cortex of humerus.

 FIGURE 12.27 Carrying angle of elbow changes from valgus 
angle in full extension to varus angle in full flexion.  (Redrawn from 
Morrey BF, Chao EYS: Passive motion of the elbow joint, J Bone Joint 
Surg 58A:501, 1976.)
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FIGURE 12.28 Forces at elbow during inward rotation.
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link, or pin connection. Some designs consist of a resurfac-
ing device, and some have stems for the humeral component. 
The unconstrained implant arthroplasties include the capitel-
locondylar (Ewald), London, Kudo, Ishizuki, Lowe-Miller, 
Wadsworth, Souter-Strathclyde, and Latitude designs. Of 
note, the Latitude is a hybrid device that can be converted to 
a semiconstrained articulation with a locking ring. Outcomes 
and overall complication rates are comparable with other 
implants, but loosening or disengagement of the radial head 
component has been a persistent concern. Most of these 
prostheses represent an attempt to anatomically duplicate the 
articular surfaces of the elbow. They restore the joint’s anterior 
offset from the humerus and have a single center of rotation. 
All resurfacing or unconstrained prostheses require normal 
intact ligaments and anterior capsule as well as appropriate 
static alignment. If bone loss or capsuloligamentous destruc-
tion is extensive, an unconstrained prosthesis generally can-
not be used.

Early clinical reports of experience with many of the 
prosthetic designs were preliminary evaluations of small 
numbers of patients, with no standardized method of assess-
ment. Some reports mixed different prostheses and included 
patients with posttraumatic arthritis, osteoarthritis, and 
rheumatoid arthritis. These factors have limited the objective 
comparison of the different implants. More recent reports 
allow better understanding of the advantages and limitations 
of the various prosthetic designs.

DEBRIDEMENT ARTHROPLASTY
Debridement arthroplasty for degenerative elbow condi-
tions is recommended for younger, higher-demand patients 
who may not be able to comply with the lifting restrictions 
associated with total elbow replacement. A lateral approach 
or combined medial and lateral approaches can be used to 
remove loose bodies and to debride osteophytes in a pain-
ful, stiff osteoarthritic elbow. A medial approach has been 

recommended because of the frequent concomitant ulnar 
nerve symptoms and the importance of evaluating for and 
removing osteophytes from the medial edge of the coro-
noid and olecranon rather than their respective processes 
(see Technique 12.4). Arthroscopic debridement also has 
been described; this is discussed more fully in Chapter 52. 

 

DEBRIDEMENT ARTHROPLASTY

 TECHNIQUE 12.4 

(WADA ET AL.)
 n  With the patient supine and the involved extremity on an 

arm board, make a curved posteromedial incision along 
the distal border of the pronator teres, passing 1 cm 
posterior to the medial epicondyle and extending 4 cm 
proximal to the olecranon process (Fig. 12.31A,B). Protect 
the sensory branches before ulnar nerve isolation and de-
compression.

 n  Elevate the flexor-pronator origin and anterior capsule 
to expose the anterior humeroulnar and radiocapitellar 
joints (Fig. 12.31C).

 n  Use rongeurs or chisels to remove osteophytes from the 
coronoid process, the medial edge of the coronoid, the cor-
onoid fossa, and the radial fossa. If needed for  osteophyte 
excision, retract the anterior band of the medial collateral 
ligament medially, but preserve it (Fig. 12.31D).

 n  Elevate the ulnar nerve, excise the posterior bundle of the 
medial collateral ligament, and elevate the triceps poste-

 

A B
FIGURE 12.29 A, Forearm bones in equilibrium against 

humerus during flexion, no collateral tension. B, Forces concen-
trate on lateral edge of coronoid process after radial head excision. 
Medial ligament tension prevents valgus deformity. FIGURE 12.30 Coonrad-Morrey total elbow prostheses in different 

sizes.  (Right from Herren DB, O’Driscoll SW, An KN: Role of collateral 
ligaments in the GSB-linked total elbow prosthesis, J Shoulder Elbow Surg 
10:260, 2001; middle from Kraay MJ, Figgie MP, Inglis AE, et al: Primary 
semiconstrained total arthroplasty: survival analysis of 113 consecutive 
cases, J Bone Joint Surg 76B:636, 1994.)
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riorly for debridement of the posterior humeroulnar joint 
and the olecranon fossa (Fig. 12.31E).

 n  Dissect between the triceps and the brachioradialis to ex-
pose the lateral condyle and joint capsule (Fig. 12.31F).

 n  Expose the radial head by opening longitudinally the 
 radial collateral ligament.

 n  Elevate the anterior joint capsule subperiosteally and re-
move any osteophytes.

 n  Alternatively, carefully elevate the muscular fibers of the 
brachioradialis, extensor carpi radialis longus, and bra-
chialis off the anterior joint capsule before excising the 
capsule and performing the joint debridement.

 n  Preserve the lateral ulnar collateral ligament by keeping 
the capsular dissection anterior to a line connecting the 
midpoint of the lateral epicondyle to the midportion of 
the radiocapitellar joint.

 n  Carry the dissection posterior to the lateral epicondyle 
and proximally along the anterior border of the triceps 
laterally to expose the posterior fat pad and the olecranon 
fossa (Fig. 12.31G). Loose bodies and osteophytes often 
are encountered posteriorly, and dissection distal to the 
lateral epicondyle into the posterior radiocapitellar joint is 
required for completion of the lateral debridement.

 n  Copiously irrigate the joint after satisfactory motion has 
been obtained.

 n  Obtain hemostasis as much as possible and cover raw 
cancellous bone surfaces with paraffin.

 n  If the flexor-pronator group has been detached, approxi-
mate it to a soft-tissue cuff or to bone through drill holes.

 n  Manage the ulnar nerve according to its behavior through 
the elbow range of motion achieved. If there is minimal 
tension on the nerve throughout the motion arc and the 

 FIGURE 12.31 Debridement arthroplasty of elbow (see text). A and B, Incision. 
C, Elevation of flexor-pronator origin. D, Exposure of anterior elbow compartment. 
E, Excision of posterior oblique bundle and posterior capsule. F, Exposure of ante-
rior, medial, and posterior aspects of ulnohumeral joint. G, Exposure and excision of 
osteophytes on medial aspect of olecranon and olecranon fossa. SEE TECHNIQUE 12.4.
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nerve is not forcefully subluxing over the medial epicon-
dyle, simply leave it decompressed in situ. If ulnar nerve 
subluxation is forceful or nerve tension is excessive with el-
bow flexion, perform an anterior transposition procedure.

 n  Place suction drains and close the incisions in routine 
 fashion.

POSTOPERATIVE CARE Physical therapy is begun on 
postoperative day 1, and the drains are removed. Static 
splints frequently are used to prevent the recurrence of 
an elbow flexion contracture.
  

More recently, some authors have advocated arthroscopic 
elbow debridement for degenerative conditions. Adams et al. 
reported 42 elbows followed for a minimum of 2 years after 
arthroscopic debridement and capsular release for osteo-
arthritis. The authors reported significant gains in flexion, 
extension, supination, pain, and Mayo Elbow Performance 

Scores. Complications were uncommon, and 81% of patients 
achieved good or excellent results. Although these early 
reports have been promising with this so-called osteocapsular 
arthroplasty, further study is needed to determine the long-
term effectiveness of this procedure.

INTERPOSITION (FASCIAL) ARTHROPLASTY
Interposition arthroplasty is another intervention to treat 
degenerative elbow conditions in patients who have a con-
traindication to implant placement. The primary indication 
may be loss of motion or incapacitating pain or both. Loss 
of motion can be caused by inflammatory or degenerative 
arthritis, sepsis, burns, or trauma. Ankylosis can be bony or 
fibrous. Incapacitating pain in a young, active patient may be 
the most compelling indication. If the pain and restriction of 
motion are the results of sepsis, a careful preoperative evalu-
ation must determine that the infection is under control. The 
best indication for interposition arthroplasty is painful, post-
traumatic loss of motion in the absence of infection. Because 
interposition arthroplasty does not inherently contribute to 

FIGURE 12.31 Debridement arthroplasty of elbow (see text). A and B, Incision. 
C, Elevation of flexor-pronator origin. D, Exposure of anterior elbow compartment. 
E, Excision of posterior oblique bundle and posterior capsule. F, Exposure of ante-
rior, medial, and posterior aspects of ulnohumeral joint. G, Exposure and excision of 
osteophytes on medial aspect of olecranon and olecranon fossa. SEE TECHNIQUE 12.4.
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FIGURE 12.32 A and B, After interposition fascial arthroplasty. C, Extension 20 years after 
surgery. D, Flexion 20 years after surgery.
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elbow stability, instability is not a good indication for this 
procedure.

Identification of appropriate patients for interposition 
arthroplasty is difficult and involves an evaluation of the 
underlying pathologic process and the motivation of the 
patient. To achieve success, the condition of the soft tissues 
surrounding the elbow must be as normal as possible. Weak, 
atrophic muscles; thin, delicate skin; and extensive scarring 

or adherence of skin to underlying bone may prevent a sat-
isfactory result. The forearm musculature must be in good 
condition so that postoperative strength and stability can 
be achieved through the rehabilitation of these muscles. 
Furthermore, it is important to preserve as much bone stock 
as possible and to maintain the integrity of the capsuloliga-
mentous and muscular soft tissues surrounding the elbow 
joint.

 

E

DC

BA

Hand

Humerus

Forearm

Olecranon

Medial  epicondyle

Triceps
aponeurosis

Hemostats
holding
triceps fascia

Olecranon tip

Triceps fascia

Anterior capsule

Reshaped
humeral
condyle

Gauze

Ulnar nerve

Humeral condyle covered
with fascia lata

Olecranon
reshaped

Triceps fascia

Anterior
capsule

Reshaped
humeral
condyleGauze

Forearm

Olecranon tip

Triceps fascia
reflected

Humerus

FIGURE 12.33 A-E, Operative technique of interposition fascial arthroplasty. SEE 
TECHNIQUE 12.5.
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Interposition arthroplasty can be considered in younger 
patients with posttraumatic, degenerative, or inflammatory 
arthritis (Fig. 12.32). It can be effective in these patients and 
remains an alternative to total elbow arthroplasty. 

 

INTERPOSITION ARTHROPLASTY

 TECHNIQUE 12.5 

 n  Beginning proximal to the elbow joint, make an incision 
15 to 20 cm long on the posterior aspect of the arm and 
forearm just medial to the midline of the limb.

 n  Elevate the deep fascia laterally 2 to 3 cm and expose the 
broad aponeurosis of the triceps muscle (Fig. 12.33A).

 n  To approach the joint, one of two methods can be used. 
In the first, enter the Kocher interval and carry the dis-
section along the lateral head of the triceps, taking care 
not to proceed so proximally as to endanger the radial 
nerve.

 n  In the second method, a triceps-splitting midline ap-
proach can be used.

 n  After either approach, with a periosteal elevator, strip the 
periosteum from the distal third of the posterior surface 
of the humerus, retract it medially and laterally, and ex-
pose the radial head and olecranon (Fig. 12.33B).

 n  If the joint is fused, osteotomize the fusion between the 
olecranon and humerus and between the radial head and 
humerus, carefully protecting the ulnar nerve.

 n  Flex the joint and displace the radius and ulna medially.
 n  Fashion the distal end of the humerus into one condyle 

convex from anteriorly to posteriorly (Fig. 12.33C). Al-
though no attempt is made to reproduce the contours of 
the capitellum and trochlea, some mediolateral stability 
can be achieved if the distal humerus is shaped into an 
inverted V.

 n  With a curved chisel, excise superficial bone to deepen 
and lengthen the trochlear notch of the ulna and cut 
away the head of the radius to the level of the distal part 
of this notch (Fig. 12.33D).

 n  Smooth all surfaces with a rasp.
 n  Prepare an Achilles tendon allograft by folding it in half 

crosswise with its smooth surface on the inside and 
 anchor its folded edge to the anterior part of the cap-
sule with three sutures, one on each side and one in the 
middle. Other authors prefer to use an acellular dermis 
matrix patch, which can be prepared in a similar way.

 n  Place the proximal half of the fascia over the newly fash-
ioned hu\meral condyle and with interrupted sutures fas-
ten the medial and lateral edges of this half to the adja-
cent soft tissues well over the medial and lateral borders 
of the humerus; if the soft tissues are insufficient, secure 
the fascia by sutures passed through holes drilled in these 
borders.

 n  As an alternative, use suture anchors to expedite the 
 attachment of the fascia to the humerus and olecranon 
and the attachment of the capsuloligamentous tissues to 
the humerus.

 n  Place the distal half of the fascia over the trochlear notch 
and suture it in place (Fig. 12.33E). (In the presence of 

synostosis between the proximal radius and ulna, excise 
enough bone to permit free rotation of the radius.)

 n  Insert a fold of the same fascia between the radius and 
ulna and invest the radial head, or place a separate sheet of 
fascia around the head and fix it with a purse-string suture.

 n  Reduce the joint and, with the elbow flexed to 90 de-
grees, close the capsule from distally to proximally. Apply 
a long-arm posterior splint or cast with the elbow in 90 
degrees of flexion.

POSTOPERATIVE CARE The elbow is immobilized in 90 
degrees of flexion on an elbow splint or in a cast for 10 to 
14 days to prevent rotation. When the wound has healed 
completely, a hinged elbow brace is applied. The brace 
is removed for 1 to 2 hours three or four times a day 
for active exercises to develop the flexors and extensors 
of the elbow and the flexors of the fingers. At 6 weeks 
after surgery, the brace can be discarded during the day 
and a sling used as necessary for support, but the splint 
should be worn at night until a useful range of motion in 
the elbow and good strength in the muscles have been 
regained; this usually is at 12 weeks after surgery. The pa-
tient must continue active exercises for at least 6 months. 
Maximal strength and motion usually are regained within 
2 years after surgery.
  

The prognosis after elbow interposition remains guarded. 
Larson and Morrey reported that only 29% of 45 patients 
achieved a good or excellent result on 45 elbows at 6-year 
follow-up, although there were significant improvements in 
pain, motion, and functional scores. Preoperative instability 
was associated with worse functional outcomes.

The functional results and the radiographic appearance of 
the elbow after interpositional arthroplasty correlate poorly 
(see Fig. 12.32). In general, the fair and poor results of fas-
cial arthroplasty have been caused by persistent pain, loss of 
motion (reankylosis), and excessive instability.

Complications of interposition arthroplasty in the elbow 
include bony resorption, triceps rupture, heterotopic bone 
formation, instability, infection, and seroma formation in 
the thigh donor site if fascia lata is used for interposition 
material. Bony resorption may occur at the distal humeral 
condyles and may contribute to instability. Triceps rupture, 
which may be related to the surgical exposure, is an uncom-
mon complication. It can be minimized or prevented by using 
approaches that preserve the triceps insertion, such as those 
described above. Excessive heterotopic bone formation lim-
its motion. Although excision of the heterotopic bone may 
improve motion, bone formation may recur, regardless of 
most methods used to prevent it.

Treatment of infection after fascial arthroplasty of the elbow 
should be prompt and aggressive. If the infection is superfi-
cial or if cellulitis develops, oral antibiotics, elevation of the 
elbow, and immobilization may allow resolution. In the event 
of deep infection, open drainage and debridement or excision 
of the fascial graft may be required. If autogenous fascia lata is 
used as a graft material, hematoma and seroma formation in 
the thigh donor site frequently resolve over weeks and rarely 
require drainage. If drainage is required, aseptic technique is 
used and needle aspiration may be sufficient. Pain, reankylo-
sis, or instability may cause the procedure to fail. Deterioration 

    

https://booksmedicos.org


PART V RECONSTRUCTIVE PROCEDURES OF THE SHOULDER AND ELBOW IN ADULTS638

may also occur with time. Revision of the fascial arthroplasty 
may be helpful if the exact nature of the failure can be identi-
fied and reasonable success has been reported with revision.

RESECTION AND IMPLANT ARTHROPLASTY OF 
THE RADIAL HEAD
Radial head resection is a commonly used procedure for 
symptomatic radiocapitellar dysfunction. The typical indi-
cations for radial head resection include isolated radiocapi-
tellar arthritis, mechanical block to pronation-supination in 
the posttraumatic elbow, and inflammatory arthritis in asso-
ciation with a debridement procedure. Radial head resection 
also has been described for acute comminuted radial head 
fractures. Although clinical outcomes at 15 to 17 years of fol-
low-up were good to excellent, posttraumatic changes includ-
ing elbow and wrist arthrosis, proximal radial migration, 
and a valgus carrying angle were noted. The radial head is an 
important secondary stabilizer to valgus stress; therefore we 
recommend ensuring the lateral collateral ligament complex 
is intact when considering radial head resection to mitigate 
postoperative instability and ulnohumeral arthrosis.

Because of the high incidence of associated injury to the 
lateral collateral ligament complex, radial head replacement is 
most often used in the treatment of comminuted radial head 
fractures, but it also can be used for other disorders of the 
radial head, such as elbow instability and deformity. Silicone 
(Silastic) implants were introduced in the early 1980s but have 
been abandoned. Most currently used radial head prostheses 
are metal, which have been reported to be more durable and 
help to maintain valgus stability of the elbow after radial head 
replacement. For patients who are not candidates for radial 
head arthroplasty, radiocapitellar disc arthroplasty has been 
described to reduce contact pressure on the lateral coronoid 
after radial head resection.

RADIAL HEAD ARTHROPLASTY
Radial head fractures associated with elbow dislocations fre-
quently are comminuted and cannot be reconstructed. In this 
situation, the lateral ulnar collateral ligament is injured with 
concomitant elbow instability, and a radial head replacement 
is recommended to help stabilize the joint and facilitate early 
mobilization (Fig. 12.34). These complex injury patterns may 
include either a coronoid fracture and/or a medial collateral 
ligament rupture. If the radial head is fractured and the dis-
tal radioulnar joint is dislocated (the Essex-Lopresti lesion), 
proximal migration of the radius after simple radial head 
excision may be mitigated by a radial head implant.

Attempts to prevent recurrent elbow dislocation, proximal 
migration of the radius, and excessive instability after certain 
elbow and forearm axis injuries have led to an evolution of 
radial head prosthetic designs. Although prosthetic replace-
ment of the radial head after acute fractures of the radial head 
and after radial head excision with or without elbow synovec-
tomy is controversial, it is reasonable to consider this proce-
dure after injury or disease has caused significant instability of 
the elbow joint, radial forearm axis, and distal radioulnar joint. 
In particular, outcomes of comminuted radial head fractures 
treated with radial head arthroplasty have been reported to be 
superior to open reduction internal fixation at short-term fol-
low-up. Many types of radial head implants have evolved from 
a monoblock design to modular prostheses, some of which 

incorporate bipolar features and different materials that may 
lessen the likelihood of capitellar wear from the prosthesis. 
Both cemented and uncemented designs are available.

The results of complex radial head fractures treated with 
a variety of monoblock and bipolar prostheses are encourag-
ing. A systematic review concluded that there was no evi-
dence to support one type of radial head implant design over 
others, with the exception of silicone prostheses that have 
been abandoned. Mid-term results are emerging that suggest 
preserved good outcomes of a smooth-stemmed modular 
implant at an average follow-up of over 8 years. In general, 
the results are good to excellent in approximately 80% of 
patients, with a 10% to 20% reduction in strength. Pain relief 
is typically excellent, elbow extension-flexion and pronation-
supination arcs are within 10 to 20 degrees of normal values, 
and maintenance of ulnohumeral joint stability generally is 
successful. However, return to a high-level of function, such 
as a sport or military duties, is mixed with a more guarded 
prognosis.

One mid-term to long-term concern is a lack of implant 
durability because of loosening of the stem with either 
ingrowth or cemented components. Reported in one third 
or more of press-fit radial head arthroplasties, the loosen-
ing causes significant proximal radial osteolysis and gener-
ally necessitates removal. Additionally, rigid implant fixation 
in the proximal radius has been linked to increased compli-
cations and revision rates, particularly loosening. Smooth 
stemmed implants have demonstrated lower rates of proximal 
radial osteolysis compared with porous ingrowth designs.

Investigation into radial head arthroplasty has focused on 
implant sizing. An oversized radial head implant can increase 
tension on the interosseous membrane with subsequent risk 
of stiffness and pain, and one report found that more than 2 
mm of lengthening can increase radiocapitellar contact pres-
sures. Therefore, a radial head replacement should be close 
to an anatomic substitute. Generally, the proximal edge of 
the radial head is 0.9 mm distal to the lateral coronoid edge, 
but patient variability might make imaging of the contralat-
eral elbow useful for sizing purposes. To prevent overstuffing 
the radiocapitellar joint, the proximal edge of the prosthesis 
should be level with the lateral coronoid edge (Fig. 12.35). 
Moon et al. found that overstuffing the radial head implant 
can decrease the ipsilateral ulnar variance, an indicator that 
can be used during surgery to judge correct sizing, and 
Athwal et al. reported that gapping in the lateral ulnohumeral 
joint line is a reliable indicator of radial head overlengthen-
ing. Changes in the medial ulnohumeral joint line, however, 
were apparent only after 6 mm of overlengthening. After cor-
rectly sizing the implant, appropriate reattachment of the lat-
eral ligamentous complex also is necessary to prevent edge 
binding of the radial head prosthesis (Fig. 12.36).

To correct subtle radiocapitellar malalignment and to 
reduce stresses at the bone-implant interface, bipolar radial 
head implants have been described. Both cemented and unce-
mented bipolar designs have demonstrated favorable results 
at mid-term follow-up. Comparative studies between unipo-
lar and bipolar radial head replacements have mixed results, 
with some suggesting higher rates of loosening in bipolar 
implants. However, two systematic reviews concluded that 
there are no major differences in clinical outcomes or revi-
sion rates among radial head implant designs. 
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RADIAL HEAD ARTHROPLASTY

 TECHNIQUE 12.6 

 n  Position the patient supine or in the lateral position with 
the affected elbow up. Prepare and drape the arm to 
expose the elbow with the arm across the chest. Use a 
pneumatic tourniquet.

 n  Begin the incision superior to the lateral epicondyle and 
extend it distally approximately 6 cm across the joint in 
the interval between the extensor carpi ulnaris and the 
anconeus.

 n  Develop the interval between these two muscles and ex-
pose the lateral capsule of the elbow. Often the lateral 
capsular structures are stripped from the lateral epicondyle, 
and the interval created from the trauma should allow re-
moval of bone fragments and exposure of the radial neck.

 n  Incise the annular ligament transversely and cut the radial 
neck just proximal to the fracture site (Fig. 12.37).

 n  Prepare the proximal radial medullary canal with burrs or 
rasps to accept the implant stem.

 n  Cut the surface of the proximal radius evenly so that 
 contact between it and the collar of the prosthesis is 
 complete.

 n  Achieve a tight fit of the stem in the medullary canal if 
using a press-fit implant and ensure that contact with the 
capitellum is satisfactory. Avoid excessive compression of 
the implant.

 n  Carry the forearm through a range of flexion, extension, 
and rotation to observe the relationship between the 
capitellum and the implant in anteroposterior and lateral 
projections.

 n  After the use of a trial prosthesis has shown satisfactory 
contact between the capitellum and the prosthesis and 
a good fit in the radial medullary canal, insert the final 
prosthesis.

 

BA

C

FIGURE 12.34 A, Elbow fracture-dislocation. B and C, After radial head implant.
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 n  Make drill holes or use a suture anchor at the capitellar 
rotation center to reattach lateral capsular structures, in-
cluding the lateral ulnar collateral ligament to its isometric 
point with the ulnohumeral joint held reduced.

 n  Close the wound in layers and protect the elbow with a 
compression dressing in 90 degrees of flexion.

POSTOPERATIVE CARE The dressing is removed 3 to 5 
days after surgery, and gentle passive motion of the elbow 
is begun immediately after surgery. Aggressive physical 
therapy should be avoided. If other injuries are present, in-
cluding distal radioulnar dislocation, ligamentous injuries, 
or elbow instability, immobilization of the elbow is contin-
ued for 2 weeks with gentle passive range of motion there-
after. Mobilization after radioulnar disruption depends on 
the management of the distal radioulnar joint and its tem-
porary fixation with pins. Active motion is begun under 
supervision approximately 6 weeks after surgery.
  

TOTAL ELBOW ARTHROPLASTY
Total elbow arthroplasty is among the best studied pro-
cedures in orthopaedic surgery. Multiple authors have 
reported their outcomes with various implant types. The 
method of evaluating the results of elbow implant arthro-
plasty is becoming standardized, and rating systems have 
been established by Morrey et  al., the American Shoulder 
and Elbow Surgeons (ASES), Inglis and Pellicci, and Ewald. 
The Mayo Elbow Performance Score, which takes into 
account pain, motion, stability, and daily function, is most 
commonly used to compare various operative procedures 
on the elbow (Box 12.3).

INDICATIONS
The goals of reconstructive elbow surgery are to restore func-
tion through pain relief and restoration of motion and stabil-
ity. When evaluating candidates for elbow arthroplasty, two 
factors must be considered: patient selection and implant 
selection. A stable, painless elbow with preservation of 
motion in the middle or functional range usually does not 
require arthroplasty.

Although many indications and relative indications 
have been reported, deformity and dysfunction without pain 
are not indications for surgery. Rather, the primary indi-
cations for total elbow arthroplasty are pain and/or insta-
bility. In particular, an unreconstructible distal humeral 
fracture in an elderly patient is an increasingly common 
indication for total elbow arthroplasty. Rheumatoid arthri-
tis with radiographic evidence of joint destruction, which 
is too far advanced to benefit from radial head excision 
and synovectomy, especially in patients with painful insta-
bility and painful stiffness that limit activities, is generally 
considered to be an indication. However, the emergence of 
immunomodulating disease-remitting agents for rheuma-
toid arthritis has been largely responsible for a decrease in 
the number of total elbow arthroplasties performed for this 
indication. Elderly patients with end-stage posttraumatic 
sequelae also are acceptable candidates for total elbow 
replacement. Bony or fibrous ankylosis with the elbow 

in a poorly functioning position is another indication for 
elbow arthroplasty. In patients with rheumatoid arthritis, 
arthroplasty should be considered only after medical treat-
ment has failed and the disease has advanced to show bony 
changes, which is beyond the stage at which synovectomy 
would be beneficial.

The best candidate for total elbow replacement has been 
described as a patient with severely painful and disabling 
rheumatoid arthritis with altered articular architecture; how-
ever, the decision to proceed with arthroplasty must be made 
cautiously because of the high complication rate. Patients 
with rheumatoid arthritis who have limitation of motion, 
ankylosis, instability, or incapacitating pain generally do bet-
ter after implant arthroplasty than do patients with posttrau-
matic arthritis.

Selection of the type of prosthetic implant depends to 
a great extent on the state of the capsuloligamentous struc-
tures around the elbow and the integrity of the muscula-
ture and the amount of bone remaining at the elbow joint. 
Generally, the more bone remaining and the more stable the 
joint, the more suitable the joint is for replacement with a 
resurfacing or unconstrained prosthetic implant. More con-
strained prosthetic designs should be selected for patients 
with injury to the stabilizing ligaments and capsule of the 
joint, atrophic musculature, and loss of considerable bone 
stock.

Ewald suggested that one absolute contraindication to 
prosthetic elbow implant arthroplasty is a history of previous 
elbow sepsis. Because of the design of his capitellocondylar 
implant, he also considered a previous fascial or other inter-
positional arthroplasty and previous hinged arthroplasty to be 

Mayo Elbow Performance Score

Pain (45 points)
 n  None (45 points)
 n  Mild (30 points)
 n  Moderate (15 points)
 n  Severe (0 points) 

Range of Motion (20 points)
 n  Arc > 100 degrees (20 points)
 n  Arc 50 to 100 degrees (15 points)
 n  Arc < 50 degrees (5 points) 

Stability (10 points)
 n  Stable (10 points)
 n  Moderately unstable (5 points)
 n  Grossly unstable (0 points) 

Function (25 points)
 n  Able to comb hair (5 points)
 n  Able to feed oneself (5 points)
 n  Able to perform personal hygiene tasks (5 points)
 n  Able to put on shirt (5 points)
 n  Able to put on shoes (5 points)
 n  Maximal total = 100 points

 BOX 12.3 

Outcomes classification: 90-100 = excellent, 75-89 = good, 60-74 = fair, 
<60 = poor.
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absolute contraindications to the use of the capitellocondy-
lar device. Relative contraindications to the use of an uncon-
strained resurfacing arthroplasty included excessive bone 
loss, as in giant rheumatoid cysts, deficiency of the trochlear 
notch of the ulna, and posttraumatic or degenerative arthritis. 

Coonrad and Morrey considered infection, excessive use of the 
elbow, ankylosis of the ipsilateral shoulder, and the presence of 
neurotrophic joints to be contraindications. Kudo et al. con-
cluded that extensive bone loss on either side of the joint and 
poorly functioning flexor and extensor mechanisms were con-
traindications. Morrey et al. reported that no consistently reli-
able total prosthetic arthroplasty is available for patients with 
posttraumatic degenerative arthritis in the elbow. However, 
in these salvage situations this does not always represent an 
absolute contraindication to total elbow arthroplasty. 

SURGICAL TECHNIQUE
SEMICONSTRAINED (LINKED) TOTAL ELBOW 

ARTHROPLASTY
Most semiconstrained hinged prostheses use a high-
molecular-weight polyethylene bushing and titanium 
humeral and ulnar components. They are designed with 
7 degrees of rotary and side-to-side laxity. Humeral and 
ulnar stems match the shapes of the medullary canals. 
The triangular humeral stem is flattened near the base 
at the inferior flatter and wider portion of the medullary 
canal of the humerus. The large medullary stem enhances 
rigid fixation. The stem contour and distal anterior flange 
increase resistance to torque. Careful bone removal in the 
intercondylar area of the humerus is necessary to allow a 
tight fit of the humeral prosthesis. The humeral and ulnar 
components typically are joined with a linking mechanism 
that, if necessary, can be disarticulated. The axis of rota-
tion of these prostheses are near the anatomic center when 
the device is properly implanted. Because the components 

 

1

2

FIGURE 12.35 Radial head implant (see text). Three-dimen-
sional CT scans used to determine plane defined by distal margins 
of articular surface of radial head. Arrow 1, Central ridge of coro-
noid process. Arrow 2, Lateral edge of coronoid process.  (From 
Doornberg JN, Linzel DS, Zurakowski D, et al: Reference points for radial 
head prosthesis size, J Hand Surg 31A:53, 2006.)

 

Full extension
(no “edge binding”)

90° flexion
(some “edge binding”)

FIGURE 12.36 Radial head implant (see text). Implant should 
be checked for stability during elbow motion to ensure that any 
potential edge binding of implant and capitellum does not occur.

 

Radial shaft
with head
resected

  

Annular
ligament

Radial head
implant

Ulna

Distal
humerus

FIGURE 12.37 Radial head arthroplasty (see text). Annular 
ligament is incised transversely to allow end-on view of canal for 
implant placement. SEE TECHNIQUE 12.6.
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are relatively large, a disadvantage in smaller patients is 
that they occasionally require manufacture of custom 
components. 

 

COONRAD-MORREY PROSTHESIS

 TECHNIQUE 12.7 

 n  Place the patient supine with the affected arm in front 
of the chest and with a sandbag beneath the ipsilateral 
shoulder (Fig. 12.38A). Alternatively, the patient can be 
placed in the lateral decubitus position. When preparing 
and draping the arm, leave the entire elbow area and 
forearm exposed so that the prosthesis can be inserted 
properly. Use a sterile tourniquet and exsanguinate the 
limb before inflating the tourniquet.

 n  Use a straight posteromedial incision.
 n  Identify the ulnar nerve, gently mobilize and protect it, 

and transpose it anteriorly after the operation.
 n  Carefully elevate the triceps mechanism in continuity with 

the periosteum over the proximal ulna and olecranon to 
avoid transection or separation of the triceps mechanism 
(Fig. 12.38B).

 n  Reflect the triceps mechanism to the radial side of the 
olecranon to expose the proximal ulna. Some authors 
prefer to keep the triceps insertion intact to avoid the 
risk of weakness and rupture after surgery—the so-called 
triceps-on approach. These techniques include either a 
Kocher approach with partial elevation of the triceps 
insertion or the para-olecranon approach described by 
Studer et al. One comparative report found that total 
elbow arthroplasty performed with the triceps-on tech-
nique resulted in similar outcomes and cement mantle 
quality as the triceps-off approach and with no risk of 
tendon rupture. As such, we prefer a triceps-on technique 
when performing total elbow arthroplasty.

 n  Release the collateral ligaments on each side of the elbow.
 n  Rotate the forearm laterally to dislocate the elbow and 

allow exposure of the distal humerus.
 n  Remove the midportion of the trochlea with an oscillating 

saw to allow access to the medullary canal of the humerus 
(Fig. 12.38C). Identify the canal with a burr applied to the 
roof of the olecranon fossa (Fig. 12.38D).

 n  Remove the cortex of the olecranon fossa and open the 
medullary canal to a size sufficient to allow a twist reamer 
(Fig. 12.38E).

 n  Preserve the medial and lateral portions of the supracon-
dylar columns during the preparation of the distal hu-
merus. Use the medial and lateral supracondylar columns 
for reference during the bone preparation to ensure sat-
isfactory orientation and alignment.

 n  Place the alignment stem down the medullary canal with 
a T-handle (Fig. 12.38F).

 n  Remove the handle and apply the cutting block with the 
appropriate right or left placement of the side arm of the 
cutting block. Allow the side arm to rest on the capitellum 
to provide for the proper depth of the cut (Fig. 12.38G).

 n  Use an oscillating saw to remove the trochlear and capi-
tellar bone to correspond with the size of the appropriate 
cutting block. If the bone is osteoporotic, score the cortex 
with electrocautery, using the cutting block as a guide.

 n  Remove any remaining bone after the cut with a rongeur. 
Avoid injury to the medial and lateral supracondylar col-
umns to avoid fracture. Remove the bone carefully, small 
amounts at a time, repeatedly inserting the trial prosthesis 
until the margins of the prosthesis are exactly level with 
the epicondylar articular surface margins on the capitellar 
and trochlear sides. Also ensure that the rotational center 
of the trial prosthesis corresponds to the native center of 
rotation of the elbow.

 n  Hollow the flattened areas of the distal humerus to al-
low a precise fit of the shoulders of the humeral stem by 
curettage of cancellous bone from the epicondylar and 
distal flaring portions of the humerus. This should allow 
satisfactory cement fixation (Fig. 12.38H).

 n  Remove the tip of the olecranon.
 n  Use a high-speed burr and remove subchondral and can-

cellous bone to allow identification of the ulnar medullary 
canal.

 n  Remove additional bone from the tip of the olecranon to 
form a notch for placement of the serial reamers to be 
introduced down the medullary canal of the ulna (Fig. 
12.38I). Use the appropriate right or left ulnar rasps as 
needed.

 n  Select the appropriate size rasp and use a burr to remove 
the subchondral bone gently around the coronoid process 
(Fig. 12.38J).

 n  After the proximal ulna and distal humerus have been 
prepared, insert a trial prosthesis and evaluate the elbow 
for complete flexion and extension.

 n  If there is a limitation to full extension, release the anterior 
capsule and evaluate the trial components again until the 
elbow can be straightened.

 n  Before inserting the final prosthesis with cement, use the 
trial prosthesis to determine if the radial head impinges 
on the prosthesis. If it is present, resect the radial head.

 n  Fashion a bone graft from the previously cut trochlea 
to be placed behind the anterior humeral flange during 
component implantation. The graft usually is 2 to 3 mm 
thick, 1.5 cm long, and 1 cm wide. Elevate the brachialis 
from the anterior humerus to provide a bed for placement 
of the bone graft.

 n  Clean the medullary canals of the humerus and ulna with 
a pulsatile lavage irrigating system and dry the canals.

 n  Place cement restrictors in the humeral and ulnar canals.
 n  Use a cement gun with flexible tubing to insert the ce-

ment into the canals (Fig. 12.38K). Inject the cement early 
in the polymerization process. Inject the cement into the 
ulna, leaving 1 to 2 cm of medullary canal unfilled to allow 
for back flow of the cement.

 n  Insert the ulnar component first as far distally as the 
coronoid process. Align the center of the ulnar compo-
nent with the center of the greater sigmoid notch (Fig. 
12.38L). Remove the excess cement from around the 
 ulnar  component.

 n  Insert cement into the humeral canal, leaving about 1 cm 
of canal unfilled to allow for back flow of cement (Fig. 
12.38M).

 n  While the cement is still soft, place the humeral compo-
nent down to a point that allows articulation of the device 
and the placement of the axis pin. Place the bone graft 
against the distal humerus beneath the soft tissue (Fig. 
12.38N). At this point, the bone graft is partially covered 
by the anterior flange of the humeral component.

    

https://booksmedicos.org


CHAPTER 12 SHOULDER AND ELBOW ARTHROPLASTY 643

 n  Articulate the humeral device by placing the axis pin 
through the humerus and ulna. Secure it with a split lock-
ing ring (Fig. 12.38O). There will be a confirmatory click 
when the locking device engages.

 n  Impact the humeral component into the humerus so that 
the axis of rotation of the prosthesis is at the level of the 
normal anatomic axis of rotation (Fig. 12.38P,Q). This usu-
ally is accomplished when the base of the anterior flange 
is flush with the anterior bone of the olecranon fossa.

 n  Check the bone graft to ensure that it is still behind 
the anterior humeral flange and secure between it and 
 humerus.

 n  Place the arm in maximal extension while the cement 
hardens. While this occurs, carefully remove excess 
 cement.

 n  Deflate the tourniquet and obtain hemostasis. Leave a 
drain in the depths of the wound.

 n  If the triceps was released during the approach, drill holes 
in an X configuration through the olecranon to accept 
the sutures to repair the triceps mechanism with a lock-
ing running stitch (Fig. 12.38R). Also place a transverse 
suture through the olecranon and tie it over the top of the 
approximated triceps to provide additional fixation. Close 
the remainder of the triceps with absorbable suture.

 n  Apply a compression dressing with the elbow in full ex-
tension and a long anterior splint to minimize pressure on 
the posterior incision.

See also Videos 12.3 and 12.4.

POSTOPERATIVE CARE The extremity is elevated over-
night with the elbow above the shoulder. The drain and 
compressive dressing are removed the day after surgery. 
If the triceps was released during the approach, we limit 
elbow flexion past 90 degrees for the first 6 weeks, and 
active elbow extension must be avoided for 3 months. In 
patients who had a triceps-on approach, passive range of 
motion can be initiated early through a comfortable arc 
as tolerated. In either approach a sling is used and instruc-
tions in activities of daily living are provided by an occupa-
tional therapist. Strengthening exercises are avoided, and 
the patient is encouraged to avoid lifting more than 5 lb 
with the involved arm for the first 3 months after surgery. 
Thereafter, lifting is restricted to 10 pounds. Despite these 
recommendations, most patients, particularly young men 
and those with posttraumatic disorders, have been shown 
to engage in higher demand activities, despite receiving 
these instructions.
  

OUTCOMES
Long-term (10 to 20 years) outcomes of semiconstrained 
and unconstrained total elbow implant arthroplasty are now 
available; 5- and 10-year survival rates have been reported at 
90% and 81%, respectively, in a study of the Norwegian joint 
arthroplasty database. However, the survival rate dropped to 
71% at 15 years and 61% at 20 years. A separate study simi-
larly found a 67% survival rate at 20 years. In the review of 
results for implant arthroplasty, several generalizations seem 
appropriate. If the available published reports of semicon-
strained and unconstrained arthroplasties are considered, an 

average of 75% satisfactory results have been achieved, but 
implant survival and complication rates lag behind those for 
other forms of total joint arthroplasty. Furthermore, quality 
of life indices have been reported to be improved after total 
elbow arthroplasty. If reports of the earlier hinged designs 
are excluded, the satisfactory results approach 90%. The best 
results from total elbow arthroplasty are obtained when the 
procedure is done for rheumatoid arthritis, where satisfactory 
results average about 90%. In contrast, total elbow arthro-
plasty for posttraumatic sequelae is generally less successful. 
Caution is warranted when considering total elbow arthro-
plasty for younger, more active patients, especially if younger 
than 50 years old, because of the very high complication rate.

UNCONSTRAINED TOTAL ELBOW ARTHROPLASTY
Numerous unconstrained total elbow implants have been in 
use, most with various modifications. With unconstrained 
“surface replacement” arthroplasties, an overall average of 
nearly 85% satisfactory results has been reported, and 90% of 
patients may achieve satisfactory results when patient selec-
tion and surgical techniques are satisfactory.

Patients with rheumatoid arthritis constitute the  largest 
group treated with unconstrained prostheses. Aseptic loosening  
was found in 10% of 522 Souter-Strathclyde implants used in 
patients with inflammatory arthritis at average follow-up of 6.6 
years. Aside from aseptic loosening, the survivorship was 96% 
and 84% at 5 and 10 years. Trail et al., after their experience 
with 309 Souter-Strathclyde total elbow arthroplasties in rheu-
matoid patients, recommended that a longer humeral compo-
nent be used because 25 of their 32 revisions were for humeral 
component loosening. Despite lucency rates of 100% and 8.9% 
for humeral and ulnar components, a 90% survival rate at 16 
years with an average Mayo score improvement from 43 to 77 
was reported with the use of Kudo type 3 total elbow implants.

Ulnar nerve palsy, deep infection, wound complications, 
stiffness, and instability are common problems encountered 
with all these devices. The more prevailing concern underlying 
all these implants and other unlinked implants more recently 
introduced into the market is the high rate of radiographic 
lucencies around the humeral and ulnar components. Multiple 
recent reports have found that a semiconstrained device dem-
onstrated better longevity than unconstrained replacements. 

SEMICONSTRAINED TOTAL ELBOW 
ARTHROPLASTY
Semiconstrained total elbow replacement for rheumatoid 
arthritis has been well studied. Early reports indicated good 
results in about 85% of patients, with implant survival of 
92%, although complication rates were relatively high (14% 
to 26%). A more recent comparison of the outcomes of 
unconstrained and semiconstrained total elbow arthroplas-
ties for rheumatoid arthritis reported a 93% survivorship at 
5 years and 76% at 10 years for the unconstrained device. In 
contrast, 5-year retention of the semiconstrained device has 
been reported to be 97% to 100%, and 10- and 20-year sur-
vival rates of 92% and 68%, respectively, have been published. 
The unconstrained device had high rates of loosening (18%) 
and instability (9%) that accounted for the inferior survival 
rate. Other reports also have found an advantage to semicon-
strained designs over unconstrained implants.

Total elbow arthroplasty for distal humeral fractures 
in the elderly has been shown to be effective in properly 
selected patients. Patients older than age 65 years with small 
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FIGURE 12.38 A-R, Coonrad-Morrey total elbow arthroplasty. (Redrawn from Coonrad RW, 
Morrey BJ: Coonrad/Morrey total elbow: surgical technique, Warsaw, IN, 1988, Zimmer USA.) SEE 
TECHNIQUE 12.7.
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bone fragments or poor bone quality and significant comor-
bid factors, such as rheumatoid arthritis, osteoporosis, dia-
betes mellitus, and conditions requiring steroids, have had 
superior outcomes at short-term follow-up with total elbow 
replacement as opposed to fixation. A multicenter, random-
ized prospective study comparing internal fixation with total 
elbow arthroplasty for displaced intraarticular distal humeral 
fractures in the elderly found that arthroplasty resulted in 
improved functional outcomes at 2 years; however, inferior 
results were reported in younger patients (average age, 23 
years) with fractures caused by gunshot wounds. Longer-term 
follow-up studies are now available, demonstrating 10-year 
implant survival rates of approximately 90% in this popula-
tion. Curiously, survival rates were lower when total elbow 
arthroplasty was performed for distal humeral fractures in 
patients with rheumatoid arthritis. Although off-label and not 
typically available in the United States, use of distal humeral 
hemiarthroplasty for these fractures also has been reported.

Posttraumatic arthritis also is an indication for total 
elbow arthroplasty that has been expanding. At an average of 
68 months after total elbow arthroplasty, 83% of 41 patients 
with posttraumatic arthritis had good or excellent results. 
Failures were typically attributed to overuse of the implant 
in this younger, more active population. An update on this 
series with an average follow-up of 9 years found 70% compo-
nent retention at 15 years; 68% of patients had good or excel-
lent results. Other authors have reported their experiences 
with total elbow arthroplasties for posttraumatic sequelae. In 
general, a stable and functional elbow can be achieved, but 
implant longevity, particularly when performed in younger 
patients, remains a concern; caution is recommended when 
considering total elbow arthroplasties for this condition in 
patients under 60 years of age.

Failed elbow procedures of any type may be an indication 
for implant arthroplasty as a revision. Suggested indications 
for arthroplasty include intractable pain with radiographic 
evidence of destruction of the radiohumeral and humeroul-
nar joints, instability, failed synovectomy with radial head 
excision, and loss of bone stock caused by tumor, hemophilic 
arthropathy, trauma, or infection. Patients with primary 
tumors generally have better results than patients with meta-
static lesions. 

COMPLICATIONS
An overall complication rate in total elbow arthroplasty 
of up to 43% has been reported, including an 18% revision 
rate and 15% “permanent” complications. However, a recent 
meta-analysis reported a 13.5% revision rate, with aseptic 
loosening, infection, and periprosthetic fracture as the most 
common indications for reoperation. In contrast, the most 
commonly encountered complications include ulnar neuri-
tis and triceps insufficiency. Perioperative mortality has been 
reported to be 0.6% and is most commonly caused by cardiac 
complications. Patients with rheumatoid arthritis have higher 
infection rates than those with posttraumatic sequelae; how-
ever, total elbow arthroplasty performed for posttraumatic 
arthritis is more likely to require reoperation.

Infection is a dreaded complication of total elbow arthro-
plasty, with a reported incidence of 0% to 11.5% and an aver-
age of 5% to 6%. In particular, persistent wound drainage is 
highly indicative of deep infection and predicts the likelihood 

of subsequent component resection. Although one-stage 
revision is possible in some circumstances, two-stage revi-
sion generally is recommended, with reports indicating an 
acceptable level of eradication. Well-fixed components may 
be retained at the time of initial debridement and placement 
of local antibiotics. After completion of a course of intrave-
nous antibiotics, a repeat debridement with re-articulation of 
the components can be successful.

Wear of the polyethylene bearing surface has also been 
reported after total elbow arthroplasty but accounts for a 
minority of revision procedures. Factors associated with 
the development of bushing wear were younger patient 
age, male sex, posttraumatic arthritis, preoperative elbow 
deformity, supracondylar nonunion, and high activity lev-
els. Implant malalignment has also been implicated in a 
biomechanical model. Biomechanical testing of vitamin 
E-infused polyethylene indicates it is a promising alterna-
tive to reduce bearing surface wear, but it is not yet sup-
ported by clinical data.

Osteolytic reaction similar to that seen in total hip and 
knee replacements has been found in total elbow replacement. 
In a retrieval study of 16 elbows, multiple modes of wear were 
observed, including asymmetric thinning of the humeral and 
ulnar bearing surfaces and metal-on-metal debris. In another 
study, polyethylene particles, cement, and metal debris were 
all found at the time of total elbow revision. The authors sug-
gested that osteolysis in total elbow arthroplasty is therefore a 
multifactorial process.

A principal complication of unconstrained total elbow 
arthroplasty has been loosening, usually of the humeral com-
ponent (Table 12.6). For semiconstrained prostheses, loosen-
ing of the humeral component, previously the most common 
cause for revision, has been reduced with improvements in 
prosthesis design, changes in operative technique, and better 
understanding of the anatomy and function of the elbow. In 
particular, one study noted that use of a shorter (4 inch) stem 

 TABLE 12.6

Complications of Implant Elbow Arthroplasty

AVERAGE (%)
RARELY REQUIRING SURGERY
Nerve paresthesias 11
Wound problems 14
Fracture, humerus 5
Fracture, ulna 5
USUALLY REQUIRING SURGERY
Nerve entrapment* 3
Triceps problems 4
Ankylosis* 4
USUALLY REQUIRING REVISION
Loosening (semiconstrained) 5
Instability (unconstrained) 9
Infection 7
Fracture and loosening* 5

*Rarely reported by most authors.
Average percentage from published reports.
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in semiconstrained total elbow arthroplasty resulted in ear-
lier time to revision than longer (6 inch) stems. Nevertheless, 
humeral stem loosening remained uncommon at a rate of 
approximately 2% at an average of 7 years of follow-up. Ulnar 
component loosening and osteolysis increased with the addi-
tion of a polymethylmethacrylate precoat in the 1990s but has 
decreased since the surface finish was changed to a plasma 
spray preparation.

Instability in the form of dislocation or subluxation is 
the most common complication requiring revision of uncon-
strained prostheses and has been reported to occur in between 
9% and 10% of total elbow arthroplasties. True dislocation 
occurs in fewer than 5% of unlinked implants and is depen-
dent on surgical technique. Appropriate tensioning of the 
medial and lateral ligament complexes and preservation of the 
anterior capsule and triceps can help avoid this complication.

A number of measures have been recommended to mini-
mize the occurrence of other complications of elbow implant 
arthroplasty, especially infection and problems with the tri-
ceps, ulnar nerve, and wound healing. These include the use 
of a straight incision medial to the olecranon tip, detachment 
of the triceps in continuity from the olecranon without divi-
sion of the tendon or the use of a triceps-on approach, ante-
rior transposition of the ulnar nerve, drainage of the wound 
with at least one suction drain, and initial splinting of the 
elbow in full extension. 

SALVAGE
REVISION ELBOW ARTHROPLASTY

Initial results of revision elbow arthroplasty were poor with 
a high complication rate and an equally high rate of unsat-
isfactory outcomes; however, with improved surgical tech-
nique and understanding of the failure modes of these 
implants, more recent outcomes have been more promising. 
Nevertheless, revision total elbow arthroplasty remains a dif-
ficult salvage situation and patients should be counseled as to 
the end-stage nature of their disorders before intervention so 
that expectations are properly set.

Wolfe et al. identified preoperative risk factors for infec-
tion after total elbow arthroplasty, including previous elbow 
surgery or infection, psychiatric illness, and class IV rheu-
matoid arthritis. Postoperative risk factors included wound 
drainage, spontaneous drainage after 10 days, and reopera-
tion for any reason. For deep infection after elbow implant 
arthroplasty, removal of the implant has been recommended, 
although more recent recommendations allow for retention 
of well-fixed components. For superficial infection, Wolfe 
et al. recommended debridement with salvage of the implant, 
resection arthroplasty, or elbow arthrodesis. In patients with 
gross loosening of the implant, salvage attempts were not 
worthwhile. In patients with no implant loosening, however, 
salvage was possible. Aggressive measures were used to stabi-
lize the soft tissues, including excision of sinus tracts; debride-
ment of thinned skin and exposed bone; and the use of skin 
grafts, rotation flaps, and muscle pedicle flaps. Salvage of an 
infected elbow prosthesis by serial debridement and antibi-
otic therapy has been described, and successful single-stage 
exchange arthroplasty.

In a later report by Yamaguchi, Adams, and Morrey, 25 
patients with postoperative infections were grouped accord-
ing to the treatment they received. In group I, the implant 

was retained using antibiotics and serial debridement, which 
included exchange of the polyethylene bushings. In group II, 
the implant was removed and reimplantation was done either 
immediately or as a delayed procedure. In group III, resection 
arthroplasty was done. The infection was successfully treated 
in seven of the 14 patients in group I. The results depended 
on the causative organism. Less satisfactory outcomes were 
seen in patients infected with Staphylococcus epidermidis. In 
group II, four of six patients had successful reimplantation 
of a prosthesis. In group III, none of the five patients had 
signs of infection at latest follow-up. Resection arthroplasty 
had a more predictable outcome in medically “frail” patients 
and in patients with reduced demands for the elbow. More 
recent reports have found success with a two-stage revision 
technique of initial resection followed by delayed component 
replantation. Infection can be eradicated in 72% to 88% of 
patients with fair to good results.

Advancements in design and improvements in cement-
ing techniques should help to minimize loosening. Selection 
of appropriate patients for elbow implant arthroplasty (who 
have a low level of activity, such as patients with rheumatoid 
arthritis) also may help to minimize loosening. Prosthetic 
designs that allow valgus and varus and rotational motion 
at the coupling of the semiconstrained devices help to dis-
sipate the forces at the elbow. Symptomatic loosening of an 
elbow prosthesis can be treated by revision using a different 
type of prosthesis, removal of the prosthesis creating a resec-
tion arthroplasty, revision of the remaining bone to create an 
interposition arthroplasty, or arthrodesis. Because of scar-
ring, contractures, and poor bone quality, revision surgery 
for elbow prostheses can be exceedingly difficult. Of partic-
ular concern when revising the humeral component is the 
proximity of the radial nerve. When proximal dissection is 
warranted, typically to remove a well-fixed humeral stem, we 
recommend formally identifying and protecting the radial 
nerve over simple palpation.

Various types of bone grafting procedures have been 
used in revisions for component loosening, including impac-
tion grafting, strut allografts, and allograft-prosthesis con-
structs. Eight of 12 implants revised with impaction bone 
grafting were reported to be intact at 6 years in one series 
and good to excellent results were found in 15 of 16 patients 
in another. Strut allograft reconstruction improved Mayo 
Elbow Performance scores in 21 patients, but complications 
were frequent (36%), and allograft-prosthesis constructs were 
reported to be successful in relieving pain in approximately 
70% of patients, although functional gains were minimal. 
Graft healing and incorporation occurred in 92% of cases, 
with a similar complication rate as strut grafting procedures.

Periprosthetic fractures have also been reported after 
total elbow arthroplasty: humeral component fractures occur 
in 0.65% of implants and ulnar component fractures in 1.2%. 
Athwal and Morrey reported 26 elbows that had revision 
because of component fracture. At 5-year follow-up, the aver-
age Mayo Elbow Performance score was 82 but complications 
were frequent (62%).

Dislocation of the prosthetic components, uncoupling 
of the articulating device, or fracture of a prosthetic com-
ponent can cause failure of an implant elbow arthroplasty. 
If the coupling device of a prosthesis fails, it should be 
revised by replacement of the polyethylene component. 
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Similarly, if a component fractures or dislocates, it should 
be replaced by revision surgery. Revision surgery requires 
careful handling of the soft tissues and bone. Gaps in bone 
may require the use of custom prostheses or allografts 
to achieve satisfactory results. In the absence of infec-
tion, satisfactory results can be achieved in as many as 
85% of revisions in patients without documented infec-
tion and with “sufficient bone stock” and adequate soft  
tissues.

Revision elbow arthroplasty is a salvage procedure that, 
when successful, is superior functionally to resection arthro-
plasty or arthrodesis. 

RESECTION ARTHROPLASTY
Resection arthroplasty is rarely indicated except for end-
stage elbow disorders that cannot be treated with salvage 
techniques. Resection of the elbow joint may cause nearly 
incapacitating instability, and, if bone resorption occurs at 
the sites of resection, the instability is worsened. Resection 
arthroplasty has been used in the treatment of refractory 
sepsis, elbow ankylosis after infection or trauma, and rheu-
matoid arthritis. Impressive improvement may be seen 
in some patients when the joint is resected for ankylosis. 
Currently, the indications for resection arthroplasty include 
refractory joint sepsis (either primary infection or after 
elbow arthroplasty), and salvage of a failed implant elbow 
arthroplasty. Although disability scores remain high after 
the procedure, reports of resection arthroplasty indicate 
it is an acceptable solution to a persistently infected total 
elbow replacement. 

 

ELBOW RESECTION ARTHROPLASTY

 TECHNIQUE 12.8 

(CAMPBELL)
 n  With the patient supine, make a longitudinal posterior 

incision curving to the radial side of the olecranon.

 n  Dissect the subcutaneous tissues and mobilize skin flaps 
from the triceps aponeurosis.

 n  Elevate and invert a V-shaped tongue or flap of the tri-
ceps aponeurosis, leaving the triceps tendon attached 
distally to the tip of the olecranon (Fig. 12.39A). As in 
total elbow arthroplasty, a triceps-on approach may also 
be  considered.

 n  Split the triceps muscle longitudinally and expose the dis-
tal humerus subperiosteally.

 n  With a rongeur, remove the distal end of the humerus to 
form a convex surface when seen from the lateral side. 
Some stability can be preserved if the lower end of the 
humerus is shaped into an inverted V. Remove the articu-
lar surface from the semilunar notch of the ulna, forming 
a concave recess. If this is left with a slight convexity to fit 
the humeral inverted V, the joint has more mediolateral 
stability.

 n  Resect a small portion of the coronoid process. In  total, 
 remove approximately 2 cm of bone from the distal 
humerus and 1 cm from the articular surface of the 
 olecranon.

 n  If the radiocapitellar joint is normal, do not debride it. If 
the joint is diseased, excise the radial head and reshape 
the capitellum, leaving the proximal radioulnar joint 
 intact.

 n  Attach the triceps muscle to the anterior capsule as an 
interposition material (Fig. 12.39B) and close the triceps 
aponeurosis (Fig. 12.39C).

 n  If an extension contracture is present before surgery, ad-
vance triceps aponeurosis distally to release this contrac-
ture and close the wound in a V-Y configuration.

 n  Release the tourniquet and obtain hemostasis.
 n  Close the remainder of the wound in layers. Leave suc-

tion drainage tubes in the depths of the wound as neces-
sary, depending on the amount of bleeding on the muscle 
 surface.

 n  Apply a posterior splint or long arm cast.

POSTOPERATIVE CARE The elbow is immobilized for 
approximately 3 weeks. Active range-of-motion exercises 
are begun and increased as pain and swelling permit.
  

 

Ulna
olecranon

with tip
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CBA
FIGURE 12.39 Campbell technique for elbow resection arthroplasty. A, Distally based triceps 

tongue is left attached to olecranon. B, Triceps muscle is interposed between reshaped surfaces. 
C, Closure of triceps tongue in V-Y position to release posterior contracture. SEE TECHNIQUE 12.8.
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SALVAGE OPERATIONS FOR THE SHOULDER 
AND ELBOW
Tyler J. Brolin

CHAPTER 13

This chapter discusses the indications and techniques for 
arthrodesis of the shoulder and elbow joints as well as the 
most common tendon transfers performed around the 
shoulder. Because of the limited function and morbidity 
after shoulder and elbow arthrodesis, as well as the devel-
opment of more reliable alternatives, the indications for 
arthrodesis are becoming increasingly rare. Unlike arthrod-
esis, tendon transfers around the shoulder continue to be 
viable alternatives in young, high-demand patients with 
irreparable rotator cuff tears for which arthroplasty may not 
be an option.

SHOULDER ARTHRODESIS
Historically, shoulder arthrodesis was a relatively com-
mon procedure. Indications in the past were mainly upper 
extremity paralysis caused by poliomyelitis or arthropa-
thy caused by tuberculosis. Because of the success of the 
procedure, the list of indications grew over the next sev-
eral decades. The earliest techniques did not use inter-
nal or external fixation devices. A purely extraarticular 
technique of shoulder arthrodesis was recommended for 
tuberculous infection to prevent systemic dissemination 
from the infected joint. With the advent of antitubercular 
drugs, however, this technique became unnecessary. Later 
procedures placed various types of bone grafts into the 
beds of the decorticated glenohumeral or acromiohumeral 
joints, or both. These procedures all required prolonged 
spica casting.

External fixation has been used to apply compression 
across the fusion site, with the external fixator removed at 6 
weeks and a spica cast worn for 3 months. Although fusion rates 
with external fixation alone are generally poor, it is still useful 
in carefully selected patients, especially if infection is present or 
trauma has occurred with significant soft-tissue injury.

With the advancement of internal fixation tech-
niques, shoulder arthrodesis has continued to evolve 

because external support alone is unable to provide 
adequate compression and stabilization of the contact 
surfaces to promote fusion. Also, if rigid internal fixa-
tion is obtained, the use of prolonged immobilization 
is avoided, allowing early functional use. Various tech-
niques of internal fixation have been described, includ-
ing isolated screw fixation, external fixation combined 
with screws, as well as single and double plating (Fig. 
13.1). A biomechanical study of fixation techniques 
used for shoulder arthrodesis found that double plating 
using 4.5-mm dynamic compression plates had the high-
est bending strength and torsional stiffness, followed by 
(in order of decreasing strength) single plating, external 
fixation combined with screws, external fixation alone, 
and screws alone. Conversely, a cadaver study compar-
ing various six-screw configurations with a reconstruc-
tion plate found that certain screw configurations were 
as mechanically stable as a 16-hole reconstruction plate, 
with no significant difference in construct strength 
between the two groups. The use of a pelvic reconstruc-
tion plate instead of a dynamic compression plate has the 
advantages of greater intraoperative contouring and less 
implant prominence and is a more common technique 
performed today. This also allows excellent intraarticular 
(glenohumeral) and extraarticular (acromiohumeral) sta-
bilization. Advantages of screw-only fixation over plate 
fixation include less soft-tissue dissection, a lower infec-
tion rate, a decreased rate of postoperative humeral frac-
tures, and less frequent need to remove painful implants. 
Disadvantages of screw fixation are a higher nonunion 
rate and a greater need for postoperative immobilization.

Recently, all-arthroscopic and arthroscopically assisted 
techniques for shoulder arthrodesis have been described. 
These techniques are minimally invasive, decreasing the mor-
bidity associated with large dissection and with fusion rates, 
outcomes, and complications that are comparable to tradi-
tional open procedures.
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INDICATIONS
The goal of shoulder arthrodesis is to give the humerus stabil-
ity in a functional position that allows optimal use of the distal 
upper extremity. The indications for shoulder arthrodesis have 
declined over time given the success with shoulder arthroplasty 
to treat a wide variety of end-stage shoulder conditions as well 
as the near eradication of poliomyelitis and tuberculosis, and 
improved techniques to treat shoulder fractures and instability. 

However, shoulder arthrodesis remains a successful treatment 
option for certain conditions including paralytic conditions, 
combined insufficiency of the rotator cuff and deltoid, recal-
citrant instability, and chronic infections. Given the advance-
ments in shoulder arthroplasty, other less common indications 
include failed shoulder arthroplasty, arthritic conditions in 
young, active patients unsuitable for arthroplasty, and neoplas-
tic lesions. Current indications are listed in Box 13.1.

 

A B

D

E

C

FIGURE 13.1 Fixation techniques for shoulder arthrodesis (posterior view). A, Screws alone. 
B, External fixation alone. C, External fixation with screws. D, Single-plate fixation. E, Double-plate 
fixation.  (Redrawn from Miller BS, Harper WP, Gillies RM, et al: Biomechanical analysis of five fixation 
techniques used in glenohumeral arthrodesis, Aust N Z J Surg 73:1015, 2003.)
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One of the most common indications, currently, for 
shoulder arthrodesis is paralytic disorders of the upper 
extremity, including obstetrical brachial plexus inju-
ries and traumatic brachial plexus injuries. When nerve 
repair, nerve grafting, and tendon transfers have failed 
or are contraindicated, shoulder arthrodesis may be indi-
cated. Obstetrical brachial plexus injuries can be treated 
with arthrodesis near skeletal maturity when growth 
arrest and position changes are less of a concern. Some 
authors recommend combining shoulder arthrodesis 
with transhumeral amputation and prosthetic fitting in 
patients with complete brachial plexus palsy. Although a 
minimum age of 10 to 12 years has been suggested, in a 
review of shoulder arthrodesis in 102 patients, significant 
growth arrest occurred in only one child. Early arthrod-
esis has been advocated for children older than 6 years 
of age who have an irreversible flail shoulder with ade-
quate scapulothoracic muscles, intact elbow flexors, and 
a functional hand with skin sensation. Finally, shoulder 
arthrodesis can be used in adult patients with flail limbs 
caused by persistent traumatic brachial plexus injuries. 
Wong et  al. reported glenohumeral arthrodesis using a 
reconstruction plate in 6 patients, all of whom achieved 
fusion, with 5 reporting satisfactory pain relief. Ruhmann 
et al. reported 77 patients with persistent brachial plexus 
palsies treated with either trapezius transfer or shoul-
der arthrodesis. In the 14 patients who had arthrodesis, 
average abduction improved from 9.6 to 59.3 degrees and 
average forward elevation improved from 11.4 to 50.7 
degrees postoperatively. Complications that necessitated 
multiple revisions and ultimately led to a poor outcome 
occurred in 1 patient.

In patients with combined deltoid and rotator cuff 
paralysis or insufficiency, arthrodesis is indicated over 
arthroplasty. With deltoid deficiency, the muscle power 
required to achieve adequate function after arthroplasty is 
lacking and complication rates are high. In patients with  
chronic infections, arthroplasty is contraindicated, and 
arthrodesis with limited internal fixation, with or without 
external fixation, often is the preferred salvage option. In 
these patients, though, it is important to adequately debride 
the shoulder of any infected tissue or bony sequestra in 
an attempt to minimize the infectious load and increase 
the chance of successful union. Patients with persistent 
shoulder instability after multiple failed procedures gener-
ally have deficiency of all capsulolabral structures with or 
without deltoid deficiency. These patients generally have 

inferior subluxation of the humeral head leading to painful 
instability, and arthrodesis in these patients gives a stable 
shoulder with low levels of pain.

Shoulder arthrodesis may be indicated after malignant 
tumor resection when soft tissues do not allow endopros-
thetic reconstruction. Bone graft is required, and Bilgin et al. 
described the use of a vascularized free fibular autograft to 
augment bony healing in this situation. Massive bone loss also 
may be encountered in arthrodesis following failed shoulder 
arthroplasty when revision is impossible. Scalise and Iannotti 
described the use of different bone graft techniques to achieve 
shoulder arthrodesis. Additional procedures frequently are 
required to obtain union, and caution should be used in 
these complex patients. Others have reported acceptable out-
comes with resection arthroplasty, which may be preferable 
to arthrodesis because of the technical difficulties associated 
with that procedure. In general, a physical laborer who is not 
required to routinely perform overhead lifting is the ideal 
candidate for shoulder arthrodesis.

Success after shoulder arthrodesis requires a func-
tional scapulothoracic articulation. Given this, functional 
scapular stabilizers, including the trapezius, serratus ante-
rior, and levator scapulae, are paramount, and paralysis of 
this musculature is a contraindication to shoulder arthrod-
esis. In particular, the trapezius and levator scapulae are 
responsible for shoulder abduction and the serratus ante-
rior is responsible for forward elevation after shoulder 
arthrodesis. Other contraindications include ipsilateral 
elbow arthrodesis or contralateral shoulder arthrodesis, 
which produce significant functional deficits with activi-
ties of daily living, and Charcot arthropathy, which has an 
unacceptable nonunion rate. 

POSITION
The proper position of the arm at the time of arthrodesis 
(Fig. 13.2) remains controversial (Table 13.1). Currently, 
most authors prefer 10 to 20 degrees of abduction, 10 to 
20 degrees of flexion, and 35 to 45 degrees of internal rota-
tion. This position allows the patient to reach the mouth, 
waist, back pocket, and contralateral shoulder, facilitat-
ing activities of daily living. The position of rotation is the 
most crucial factor in obtaining optimal function. One 
study found that more than 15 degrees of flexion and rota-
tion of either less than 40 degrees or more than 60 degrees 
constituted a malposition that required operative treat-
ment. Another study suggested that abduction of approxi-
mately 35 degrees and forward elevation of 30 degrees 
provided optimal functional results, but that internal rota-
tion of more than 45 degrees should be avoided to prevent 
problems with hand-to-face activities.

Abduction can be determined at the time of surgery by 
clinically measuring the angle formed by the body and the 
humerus. Alternatively, this angle can be determined by 
obtaining an anteroposterior radiographic view using the 
spine rather than the border of the scapula as a landmark. 
Flexion is determined by observing the angle that the humerus 
forms with the horizontal plane in a supine patient. After the 
positions of abduction and flexion have been determined, the 
elbow is flexed to 90 degrees. The hand is positioned over the 
ipsilateral area of the chest between the sternum and axilla so 
that further flexion of the elbow allows the top of the thumb 
to touch the chin (Fig. 13.3). 

Indications for Glenohumeral Arthrodesis

Indications
 n  Paralytic disorders
 n  Deficiency of the rotator cuff and deltoid
 n  Recalcitrant instability
 n  Chronic Infection 

Relative Indications
 n  Failed shoulder arthroplasty
 n  Arthritic conditions in patients unsuitable for arthroplasty
 n  Neoplastic lesions

 BOX 13.1 
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SURGICAL TECHNIQUES
Fusion of the glenohumeral joint, as well as between the 
humeral head and undersurface of the acromion, should be 
attempted, and numerous techniques have been described. 
Stable internal fixation can reduce the need for bone 
grafting, external fixation, or prolonged immobilization. 
Postoperative use of a premade custom orthosis to hold the 
position of the arm until fusion has been achieved is gener-
ally well tolerated by most patients and can be used for any 
of these techniques.

Shoulder arthrodesis without implants is primarily of 
historical interest. The techniques of Watson-Jones, Putti, 
Steindler, Brett, and Gill are not included in this edition 
because they are rarely indicated. For details of these tech-
niques, the reader may refer to earlier editions of this text-
book or the original articles. 

 

20°

Abduction
20°

Forward flexion
30°

Internal rotation
40°

Internal rotation
40°

30°

40°

40°

FIGURE 13.2 Position of arm for arthrodesis of shoulder as recommended by Rowe: 20 degrees of 
abduction (clinical measurement), 30 degrees of forward flexion, and 40 to 50 degrees of internal rotation.

 TABLE 13.1

Recommended Positions for Shoulder Arthrodesis

AOA committee 
(1942)

50 degrees abduction
15-25 degrees flexion
25 degrees internal rotation

Rowe (1974) 20-25 degrees abduction and flexion
∼40 degrees internal rotation

Cofield and Briggs 
(1979)

45 degrees abduction
25 degrees flexion
21 degrees internal rotation

Hawkins and Neer 
(1987)

25-40 degrees abduction
20-30 degrees flexion
25-30 degrees internal rotation

Richards et al. (1988) ∼30 degrees abduction, forward 
flexion, internal rotation

Jónsson et al. (1989) 20-30 degrees abduction, forward 
flexion, internal rotation

Groh et al. (1997) 10-15 degrees abduction
10-15 degrees flexion
45 degrees internal rotation

Matsen et al. (2004) ∼15 degrees abduction, forward 
flexion
40 degrees internal rotation

Clare et al. (2001) 10-15 degrees abduction
10-15 degrees flexion
45 degrees internal rotation

Nagy et al. (2004) 15-30 degrees of flexion
35-45 degrees of abduction
30-40 degrees internal rotation

Safran and Iannotti 
(2006)

20 degrees flexion
20 degrees abduction
40 degrees internal rotation

Scalise and Iannotti 
(2009)

10-20 degrees abduction
10-20 degrees flexion
35-45 degrees internal rotation

 

A B
FIGURE 13.3 Method of determining appropriate internal 

rotation for arthrodesis of shoulder. A, Hand positioned midway 
between sternum and axilla. B, Further flexion of elbow should 
allow tip of thumb to strike chin.
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EXTERNAL FIXATION
Charnley originally described a procedure to accomplish 
shoulder arthrodesis by applying external compression. 
External fixation, preferably with screw supplementation, 
should be considered when an arthrodesis is indicated in 
a patient with significant soft-tissue loss or deficiency. This 
technique is also useful in patients with recalcitrant infections.

 TECHNIQUE 13.1 

(CHARNLEY AND HOUSTON)
 n  Preoperatively, fit a prefabricated shoulder orthosis to the 

patient in the intended position of fusion. Adjustments can 
be made in the operating room while the patient is still un-
der anesthesia. Alternatively, before the operation, apply the 
trunk portion of a shoulder spica cast with the patient awake, 
allow it to harden, and then bivalve it and save it for use later.

 n  Position the patient in a semireclining or beach-chair pos-
ture and make a “saber cut” incision centered over the 
lateral border of the acromion.

 n  Using electrocautery, take down the anterior and lateral 
deltoid muscle and then tag and retract this muscle.

 n  Excise the soft tissue from the subacromial space. Denude 
the upper half of the glenoid fossa of articular cartilage 
and the undersurface of the acromion to bleeding bone. 
Remove the articular cartilage from the humeral head and 
reduce the joint.

 n  With an osteotome or oscillating saw, resect the greater 
tuberosity and humeral head bone to allow articulation 
superiorly against the undersurface of the acromion and 
the superior part of the glenoid fossa. Use the resected 
bone as graft material around the fusion. Insert a 4-mm 
pin from the posterior superior aspect of the acromion into 
the scapular neck deep to the glenoid fossa (Fig. 13.4). An-
other pin can be placed in the base of the coracoid process. 
Alternatively, 3 pins can be placed into the scapular spine.

 n  Insert a second set of 2 or 3 similar pins into the surgical 
neck of the humerus posterolaterally perpendicular to the 
shaft of the humerus.

 n  Additionally, 6.5-mm cannulated screws can be placed 
intraarticularly and extraarticularly to augment compres-
sion and fixation.

 n  Construct an external frame of adjustable pin clamps and 
bars and connect it to the pins for application of compres-
sion with the arm in the desired position for arthrodesis.

 n  Reattach the deltoid to the acromion and close the wound 
in layers over a drain.

 n  Apply the external shoulder orthosis or previously made 
shoulder spica cast with the patient still under anesthesia, 
incorporating the external fixator.

POSTOPERATIVE CARE The pins and external fixator 
are removed after 6 to 8 weeks. Immobilization is contin-
ued until the arthrodesis is solid.
   

 

PLATE FIXATION
The AO group described a double plating technique for 
rigid stabilization in glenohumeral arthrodesis. This is par-
ticularly useful in humeral head resection in which a second 
plate significantly aids stability. The disadvantage of this 
technique is the possible need for a second procedure to 
remove symptomatic implants after the arthrodesis is solid.

 TECHNIQUE 13.2 

(AO GROUP)
 n  Place the patient in the lateral decubitus position.
 n  Make an incision along the spine of the scapula, over the 

acromion, and along the proximal third of the humerus. 
Expose the scapular spine, glenoid fossa, and proximal 
third of the humerus.

 n  Denude the glenoid fossa and humeral head of all cartilage.
 n  Decorticate the undersurface of the acromion and the lat-

eral portion of the humerus for contact with the acromion.
 n  An osteotomy of the acromion may be necessary to in-

crease surface contact between the plate and bones.
 n  Position the humeral head in the desired position in the 

glenoid fossa.
 n  Use a malleable template to determine the contour for 

a standard broad AO plate and contour the plate with 
bending press and irons. The plate is to lie along the scap-
ular spine, over the acromion, and against the proximal 
third of the humerus (Fig. 13.5).

 n  Fasten the plate initially with a long cortical screw inserted 
vertically into the scapular neck. Insert the remaining proxi-
mal screws into the scapula using standard AO technique.

 n  Displace the humerus superiorly and medially to lie against 
the acromion and glenoid fossa in the desired position for 
arthrodesis.

 n  Fix the plate distally with two screws that pass through it and 
the humeral head and into the glenoid fossa and scapular 
neck. Insert at least two more screws to fix the plate to the 
humerus. If the plate does not achieve complete stability at 
the arthrodesis site, apply a second plate posteriorly from the 
scapular spine to the humerus (see Fig. 13.5).

 n  Apply bone grafts as desired. Close the wound in layers 
over drains.

POSTOPERATIVE CARE A Velpeau dressing is applied. 
The sutures are removed at 2 weeks if nonabsorbable. Ac-
tive rehabilitation of the elbow, wrist, and hand is begun 
within the first few days after surgery, but care should be 
taken not to place stress on the fusion site.
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PELVIC RECONSTRUCTION PLATE
To overcome the technical difficulties of contouring the AO 
plate and the occasional problems caused by prominent 
screws, Richards et al. used a malleable pelvic recon-
struction plate, obtaining successful fusion in 11 patients 
without the need for plate removal. Chun and Byein also 
reported success with this technique in eight patients fol-
lowed for approximately 4 years. This is our preferred 
method to achieve shoulder fusion.

 TECHNIQUE 13.3 

(MODIFICATION OF RICHARDS ET AL.)
 n  Place the patient in a modified beach-chair position with 

the head of the bed approximately at 45 degrees and 
drape the arm free. Ensure the entire ipsilateral scapula is 
exposed.

 n  Make an incision extending from the spine of the scapula 
to the midpoint on the lateral aspect of the acromion and 
distally on the lateral aspect of the humeral shaft.

 n  Split the deltoid muscle and extend dissection distally to 
ensure adequate exposure for the entire length of the 
intended plate.

 n  Resect the rotator cuff. Decorticate the glenoid fossa, 
the undersurface of the acromion, and the head of the 
humerus. While the humeral head is dislocated, glenoid 
reamers can aid in decorticating the glenoid.

 n  Support the shoulder in 30 degrees of flexion, 30 degrees of 
abduction, and 30 degrees of internal rotation, and measure 
abduction from the side of the body. Bring the head of the 
humerus proximally to appose the decorticated undersurface 
of the acromion. Abducting and flexing the humerus 30 de-
grees apposes the head of the humerus to the undersurface 
of the acromion and the glenoid fossa. Make sure adequate 
bony contact between all intended fusion sites is obtained.

 n  Maintain the position by supporting the arm with folded 
sterile sheets and have an assistant maintain this position 
while the plate is contoured. Alternatively, the use of an 
arm positioner can aid in this process.

 n  Use hand-held bending irons to contour a 4.5-mm reconstruc-
tion plate along the spine of the scapula, over the acromion, 
and down onto the shaft of the humerus. This generally re-
quires a 12- to 16-hole plate. Bend the plate gently 60 degrees 
over the acromion and twist it 20 to 25 degrees just distal to 
the bend to appose the shaft of the humerus (Fig. 13.6).

 n  Two independent partially threaded 6.5-mm cancellous 
screws with washers can be placed through the lateral 
aspect of the humeral head and into the glenoid vault to 
achieve compression of the glenohumeral joint. This aids 
in provisional fixation while positioning the plate.

 n  Place the plate onto the scapular spine and onto the lateral 
aspect of the humerus. Place 4.5-mm cortical or locking 
screws through the plate and into the scapular spine as well 
as the humerus. Direct a cortical screw from the spine of the 
scapula into the base of the coracoid process. Place a 6.5-mm 
cancellous screw across the acromiohumeral site of fusion 
and an additional screw across the glenohumeral joint.

 n  Do not osteotomize the acromion because it is used to 
augment the fixation of the scapula to the humerus.

 n  Pack the residual space with corticocancellous bone chips 
to augment fusion.

 n  Close the wound in layers over a drain.

POSTOPERATIVE CARE The operative extremity is 
placed into a “gunslinger” orthosis in the intended fusion 
position for 6 weeks, with elbow, wrist, and hand range 
of motion exercises only. If there are no signs of implant 
loosening, the arm is transitioned to a simple sling. Strenu-
ous activity is delayed for at least 16 weeks after surgery.
   

 FIGURE 13.4 Arrangement of pins and compression clamps 
in compression arthrodesis of shoulder. Pins penetrate from lateral 
aspect and do not transfix shoulder, requiring only two skin perfo-
rations.   (From Charnley J, Houston JK: Compression arthrodesis of the 
shoulder, J Bone Joint Surg 46B:614, 1964.) SEE TECHNIQUE 13.1.

 

~70°

FIGURE 13.5 Müller et al. technique of shoulder arthrodesis.   
(Redrawn from Müller ME, Allgower M, Willenegger H: Manual of internal 
fixation: techniques recommended by the AO group, ed 2, Berlin, 1979, 
Springer.) SEE TECHNIQUE 13.2.
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SHOULDER ARTHRODESIS AFTER 
FAILED PROSTHETIC SHOULDER 
ARTHROPLASTY
Although not a common indication for shoulder arthrod-
esis, the combination of a failed shoulder arthroplasty with 
rotator cuff and deltoid dysfunction has few other recon-
structive options. Because of proximal humeral bone loss, 
soft-tissue deficiencies, and multiple previous operations, 
shoulder arthrodesis in this situation is associated with high 
rates of nonunion and revision surgery, but it does repre-
sent a salvage option for selected patients for whom other 
reconstruction options are unlikely to be of benefit.

 TECHNIQUE 13.4 

(SCALISE AND IANNOTTI)
 n  Before surgery, determine whether a bone graft will be 

needed and, if so, what type of bone graft will be most 
appropriate. Large segmental defects may require a vas-
cularized autogenous fibular graft. If the volume of bone 
graft needed cannot be obtained from the patient, al-
lografts such as a femoral head should be available.

 n  Place the patient in a modified beach-chair position that 
allows the involved extremity to be fully adducted and 
extended and provides full access to the posterior aspect 
of the shoulder.

 n  After induction of general anesthesia and administration 
of an interscalene block, make an incision over the spine 
of the scapula and curve it anteriorly toward the midpor-
tion of the acromion lateral to the acromioclavicular joint 

and then distally to the level of the deltoid tuberosity, 
incorporating deltopectoral incisions from previous sur-
geries if present (Fig. 13.7A).

 n  Develop the deltopectoral interval and identify the atro-
phic or detached deltoid. Resect this sclerotic tissue from 
the distal end of the clavicle and the anterolateral aspect 
of the acromion.

 n  Retract the detached deltoid tissue distally to expose the 
entire proximal end of the humerus.

 n  Typically, much of the rotator cuff envelope is deficient. 
Release any remaining inferior portion of the subscapu-
laris from its humeral insertion.

 n  Place a large Darrach retractor in the glenohumeral joint and 
a bent Hohmann retractor in the subacromial space behind 
the humeral head. Dislocate the proximal end of the humer-
us anterosuperiorly with adduction, extension, and external 
rotation, and remove the prosthetic components. If the hu-
meral bone is thin and osteopenic, take care to avoid fracture.

 n  If implant removal is difficult, use an oscillating saw to 
create a unicortical longitudinal osteotomy. Place a broad 
osteotome in this gap to gently expand the diameter of 
the diaphysis to loosen osseous on-growth or disrupt the 
bone-cement interface.

 n  For removal of the glenoid implant, circumferentially ex-
cise the scar and devitalized tissue surrounding the gle-
noid, as well as any within the glenoid vault.

 n  With the entire glenoid rim and vault exposed, use a high-
speed burr to plane the undersurface of the acromion 
flat to determine the best placement of the bone graft to 
maximize osseous contact.

 n  With the proximal end of the humerus apposed to the gle-
noid and the underside of the acromion, place two 3-mm 
Steinmann pins to provide temporary fixation while the 
optimal position of the fusion is determined. Place one pin 
laterally from the humerus into the glenoid and one supe-
riorly through the acromion into the humerus (Fig. 13.7B).

 n  Remove and replace the Steinmann pins as needed while 
the position of the humerus is adjusted to obtain optimal 
fusion position.

 n  When the appropriate position is determined, use an oscillat-
ing saw to cut the medial portion of the proximal end of the 
humerus parallel to the glenoid face to maximize osseous 
contact. If necessary, temporarily remove the Steinmann pin 
during this step. Save the resected bone for graft material.

 n  Replace the Steinmann pins with 6.5-mm partially thread-
ed screws, compressing the humerus to the glenoid first, 
followed by screw fixation of the humerus to the acromion.

 n  Contour a 4.5-mm pelvic reconstruction plate to the spine of 
the scapula, the lateral surface of the acromion, and the lateral 
aspect of the proximal end of the humerus. The plate should 
extend far enough proximally to allow placement of at least 
three bicortical screws in the scapula. Distally, the plate should 
have at least three bicortical screws in the humeral shaft.

 n  Compression of the humerus to the glenoid results in relative 
medialization of the humeral shaft. Shape the femoral head 
allograft to fit the gap between the undersurface of the plate 
and the lateral cortex of the proximal end of the humerus. 
Stabilize the graft with interfragmentary compression screws.

 n  Secure the neutralization plate to the spine of the scapula 
and to the humerus with screws, transfixing the graft, 
humerus, and glenoid (Fig. 13.7C).

 FIGURE 13.6 Richards et al. technique of arthrodesis of 
shoulder. Pelvic reconstruction plate is bent at fourth hole and 
twisted slightly distally to appose shaft of humerus with shoulder 
in 30 degrees of abduction, 30 degrees of flexion, and 30 degrees 
of internal rotation. (From Richards RR, Sherman RMP, Hudson AR, 
et al: Shoulder arthrodesis using a pelvic-reconstruction plate: a report 
of eleven cases, J Bone Joint Surg 70A:416, 1988.) SEE TECHNIQUE 13.3.
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A

B

C D
FIGURE 13.7 Arthrodesis with autograft or allograft (Scalise and Iannotti). A, Skin incision. B, Provisional Steinmann pin fixation.  

C, Application of contoured 4.5-mm pelvic reconstruction plate and bulk allograft. D, Use of fi bular autograft secured with largefragment 
reconstruction plate. (Redrawn from Scalise JJ, Iannotti JP: Glenohumeral arthrodesis after failed prosthetic shoulder arthroplasty: surgical technique, 
J Bone Joint Surg 91A[Suppl 2 pt 1]:30, 2009.) SEE TECHNIQUE 13.4.

 n  If a vascularized fibular autograft is to be used to span a 
large humeral defect, harvest a length of fibula that is 6 
cm longer than the defect.

 n  Strip the fibular graft of its soft tissue so that it can be in-
serted in the canal of the remaining part of the humerus. 
Provisionally fix the graft with one or two interfragmen-
tary 4.5-mm lag screws.

 n  To maximize contact with the glenoid, use a high-speed 
burr to create a slot on the face of the glenoid to allow the 
fibula to be recessed at the proper orientation to provide 
the appropriate humeral position.

 n  Place the bulk allograft and secure it laterally to the fibular 
graft with interfragmentary screws.

 n  Contour a large-fragment reconstruction plate and se-
cure it to the surface of the scapula, acromion, fibular 
graft, and distal humerus (Fig. 13.7D).

 n  For a vascularized graft, revascularization of the fibula is 
done by the microvascular team once the graft is sta-
bilized, using end-to-side anastomosis of the peroneal 
artery and either an end-to-side or end-to-end venous 
anastomosis.

 n  Use either an autologous iliac crest bone marrow aspirate 
mixed with an allograft matrix or a traditional iliac crest 
cancellous autograft to pack around both the proximal 
and distal osteosynthesis sites.

 n  Repair any remaining deltoid to the acromion through 
bone tunnels to maximize soft-tissue coverage.

 n  Place a drain in the deep space, close the soft tissue in lay-
ers, and apply a hinged shoulder immobilizer that main-
tains the position of the arthrodesis. As an alternative, a 
shoulder spica cast can be used.

POSTOPERATIVE CARE The shoulder is immobilized for 
12 to 16 weeks or until union is verified radiographically. 
Range of motion of the hand, wrist, and elbow is allowed 
immediately. Scapulothoracic range-of-motion exercises, 
with progression to strengthening of the scapular stabiliz-
ers, are begun after union has been obtained, typically by 
8 to 12 weeks. If union is not established by 12 weeks, 
bone grafting of the fusion site should be considered to 
prevent failure of the implants.
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ARTHROSCOPIC SHOULDER 
ARTHRODESIS FOR BRACHIAL PLEXUS 
INJURY
Lenoir et al. described arthroscopic shoulder arthrode-
sis with external fixation in eight patients; glenohumeral 
fusion was achieved in all eight at a mean of 3 months. 
Two 6.5-mm cannulated screws are placed for intraarticu-
lar compression. If bone quality is poor, a third 6.5-mm 
cannulated screw can be placed from the acromion to the 
humeral head under imaging. The only two complications, 
a superficial wound infection and migration of an acromio-
humeral screw, did not compromise the final outcome.

 TECHNIQUE 13.5 

(LENOIR)
 n  Place the patient in the beach-chair position. Obtain fluo-

roscopic anteroposterior and Bernageau profile views of 
the glenoid before the start of surgery.

 n  Place three pins of the external fixator percutaneously in the 
scapular spine and three pins in the humeral shaft (Fig. 13.8).

 n  Establish standard anterior and posterior arthroscopic 
portals, and remove the glenohumeral ligament and 
labral complex with radiofrequency ablation. Remove 
the glenoid and humeral head cartilage and subchondral 
bone with a 5-mm arthroscopic bur.

 n  Place the arm in 30 degrees of forward flexion, 30 degrees 
of abduction, and 30 degrees of internal rotation and as-
semble the external fixator. Check the position by placing 
the patient’s hand at the forehead and ipsilateral buttock.

 n  Debride the rotator cuff by enlarging the percutaneous 
screw incisions. The humeral head can be moved up to 
directly contact the acromion or alternatively bone graft 
can be used in the subacromial space.

 n  Place 2 parallel guidewires percutaneously through the 
humeral head into the glenoid under fluoroscopic imag-
ing. Place 26.5-mm cannulated screws for intraarticular 
compression. If bone quality is poor, a third 6.5-mm can-
nulated screw can be placed from the acromion to the 
humeral head under imaging.

POSTOPERATIVE CARE The shoulder is immobilized 
with an abduction pillow for 4 weeks. After immobiliza-
tion, active-assisted exercises are performed to mobilize 
the scapulothoracic joint. The external fixator is removed 
2 months postoperatively.
  

COMPLICATIONS
Complications associated with shoulder arthrodesis are listed in 
Box 13.2. Immediate postoperative complications are uncom-
mon and mainly involve wound problems, such as infection, 
skin breakdown, and wound hematoma. The surgeon must 
also be mindful of pressure sores if a spica cast is used. Loss of 
elbow motion has been reported but is usually temporary as 
long as the elbow is not immobilized for more than 2 weeks.

Later postoperative complications are more prevalent. 
Malunion has been reported in up to a third of patients with 

shoulder arthrodesis. Malposition can lead to a traction neu-
ritis or periscapular muscle strain, especially when the arm is 
positioned in too much abduction. A recent study reported an 
overall complication rate of 28%. Specifically, pseudarthrosis 
was more common when screw fixation was used, whereas 
infection, periprosthetic fracture, and symptomatic implants 
were more common when plates were used.

Nonunion rates in most modern series are less than 10%. 
Union is generally achieved with autologous bone grafting. 
Secondary degenerative arthritis of the acromioclavicular 
joint is common. If any signs of acromioclavicular arthritis 
are present preoperatively, a concurrent distal clavicle exci-
sion should be performed.

Ipsilateral humeral fractures after shoulder fusion have 
been reported in 25% of patients in some series. Most authors 
recommend nonoperative treatment with a shoulder spica or 
orthosis in these patients. 

OUTCOMES
There has been a paucity of literature detailing the long-term 
outcomes of shoulder arthrodesis. Dimmen and Madsen 
reported 18 patients who had shoulder fusion using plate fixa-
tion. All obtained full or partial arthrodesis, and at an average 
8-year follow-up the mean Oxford shoulder score was 32 and 
the mean American Shoulder and Elbow Surgeons (ASES) score 
was 59. Complications were uncommon: one patient required 
reoperation because of severe pain and one for a postoperative 
humeral shaft fracture; one patient had complex regional pain 
syndrome. In 21 patients who had shoulder arthrodesis as a pri-
mary or secondary procedure after tumor resection, Fuchs et al. 
found no local recurrences and no metastatic disease at an aver-
age 11-year follow-up. The average Toronto Extremity Salvage 
Score was 81% and the average Musculoskeletal Tumor Society 
score was 23. However, 43% of patients developed a compli-
cation that required additional surgical intervention. Another 

 FIGURE 13.8 Arthrodesis with screw fixation only. External 
fixator in place. Two partially threaded cannulated screws are 
placed across the glenohumeral joint and one across the acromio-
humeral interval to achieve arthrodesis.  (From Lenoir H, Williams T, 
Giffart A, et al: Arthroscopic arthrodesis of the shoulder in brachial plexus 
palsy, J Shoulder Elbow Surg 26:e115, 2017.) SEE TECHNIQUE 13.5.
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study by Miller et al. (2011) reported the outcomes of shoul-
der arthrodesis in 11 children (13 procedures) with flail shoul-
ders caused by polio. At an average follow-up of 41 months, all 
patients were satisfied and pain free with improved shoulder 
function. Six patients underwent implant removal, and two 
shoulders required humeral osteotomy for malrotation. In a 
larger series of 54 patients undergoing shoulder arthrodesis for 
brachial plexus palsy, Atlan et al. reported an ultimate fusion 
rate of 94% and average active abduction of 59 degrees at an 
average follow-up of approximately 3 years. Arthrodesis rates 
were improved with the use of a subacromial bone graft. 

ELBOW ARTHRODESIS
INDICATIONS
Although total elbow arthroplasty has become an accepted treat-
ment for a variety of degenerative and traumatic elbow conditions, 
concerns regarding its durability in young and/or high-demand 
patients make elbow arthrodesis an acceptable alternative in this 
population. Although partially mitigated by the ability of adja-
cent joints to compensate for lack of elbow motion, significant 
functional disability, particularly with self-care and activities of 
daily living, is common. As a result, total elbow arthroplasty, fas-
cial arthroplasty, or even resection arthroplasty in the presence 
of functional musculature often provides better function of the 
upper extremity than does elbow arthrodesis.

Indications for elbow arthrodesis are listed in Box 13.3. In 
general, elbow arthrodesis is reserved for patients with painful 
arthritis who are not candidates for total elbow arthroplasty, 
especially individuals who place high demands on the upper 
extremities, such as manual laborers. Elbow fusion also is indi-
cated for persistent infection, including tuberculosis, which 
historically was the main indication for this procedure. More 
recently, elbow arthrodesis has also become recognized as the 
optimal treatment for massive upper extremity trauma seen 
on the battlefield. Typically, a combined internal and external 
fixation technique is recommended because of the extensive 
soft-tissue injury that is usually associated with such injuries.

For unilateral arthrodesis of the elbow, a position of 90 to 
100 degrees of flexion is desirable to provide the most pow-
erful grip strength. There is no ideal fusion position for all 
patients; the optimal position depends on whether occupa-
tional activity or self-care is the primary goal, as well as on the 
mobility of the contralateral arm. Simulation of arthrodesis 

by use of preoperative splints or casts set at varying degrees of 
flexion has been recommended.

Bilateral elbow arthrodesis rarely is indicated because of 
resultant functional limitations. If indicated, one elbow should 
be placed in 110 to 120 degrees of flexion to permit the patient 
to reach the mouth, and the other should be placed in 45 to 
65 degrees to aid in personal hygiene. These positions can be 
varied to meet the requirements of the patient’s occupation.

Arthrodesis of the elbow joint is difficult because of the 
unique bony anatomy of the elbow and the long lever arm of 
the upper extremity distal to the elbow. For successful elbow 
arthrodesis, adequate bone stock must be present, although 
resection of the radial head may be necessary to preserve pro-
nation and supination, and internal or external fixation with 
bone grafting is typically required. 

SURGICAL TECHNIQUES
In an early technique of arthrodesis reported by Hallock in 
1932, the olecranon was osteotomized and wedged into the 
posterior distal humerus. Steindler (1944) used a tibial graft 
wedged into the olecranon tip and secured it into the poste-
rior distal humerus with screws. 

 

ELBOW ARTHRODESIS
In 1952, Staples devised a technique for arthrodesis of the 
elbow in which the bony surfaces are extensively exposed 
for contact with an iliac graft and fixed to the humerus and 
ulna by screws.

 TECHNIQUE 13.6 

(STAPLES)
 n  Approach the elbow through a posterior longitudinal inci-

sion and isolate and retract the ulnar nerve (Fig. 13.9A).
 n  Osteotomize the olecranon as shown in Figure 13.9B.
 n  Split the triceps tendon medially and laterally and raise it 

proximally as a flap, along with the attached fragment of 
the olecranon.

 n  Denude the elbow joint of cartilage and cut the distal pos-
terior surface of the humerus down to a flat surface in line 
with the surface of the remaining proximal end of the ulna.

 n  Pack iliac bone chips into the joint and apply an iliac graft 
to the posterior surface of the humerus and the proxi-
mal surface of the ulna. Anchor the graft above with one 
screw (Fig. 13.9C).

 n  Replace the olecranon process and fasten it with a second 
screw that passes through the olecranon and the lower 
end of the graft and into the upper end of the ulna.
   

Complications of Glenohumeral Arthrodesis

 n  Infection
 n  Wound hematoma
 n  Skin slough
 n  Pressure sores under spica cast
 n  Pseudarthrosis/nonunion
 n  Painful hardware
 n  Malposition
 n  Ipsilateral humeral fracture
 n  Traction neuritis
 n  Periscapular muscle strain
 n  Acromioclavicular arthritis
 n  Epiphyseal problems/growth arrest

 BOX 13.2 

Indications for Elbow Arthrodesis

 n  Infection
 n  Failed total joint arthroplasty
 n  Posttraumatic arthritis
 n  Arthritic diseases unsuitable for arthroplasty
 n  Severely comminuted intraarticular fractures

 BOX 13.3 
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ELBOW ARTHRODESIS
The AO group recommended combined internal and 
external fixation for arthrodesis of the elbow. In this 
technique, an external compression device is used with 
a cancellous screw securing the olecranon to the distal 
humerus.

 TECHNIQUE 13.7 

(MÜLLER ET AL.)
 n  Expose the elbow posteriorly as described in the previous 

technique.
 n  Resect all cartilage and synovium from the olecranon and 

distal humerus.
 n  Fashion a squared-off shelf in the proximal ulna and 

resect the distal end of the humerus to fit it (Fig. 
13.10).

 n  Resect the radial head at the level of the biceps tuber-
osity.

 n  Insert a Steinmann pin from the olecranon into the 
medullary canal of the humerus to stabilize the ar-
throdesis temporarily in the desired position. Insert 
a Steinmann pin transversely through the olecranon 
in line with the anterior cortex of the humerus. Re-
move the transfixing medullary pin and replace it with 
a cancellous screw and washer. Insert another trans-
verse Steinmann pin through the humerus and use 
an external fixator to apply compression across the 
arthrodesis.

 n  Close the wound in layers over drains.

POSTOPERATIVE CARE The fixator and pins are re-
moved at 6 to 8 weeks, and a long arm cast is worn 
until the arthrodesis is clinically and radiographically 
solid.
   

 

ELBOW ARTHRODESIS
More recently, Spier reported successful fusion in 4 patients 
using internal fixation with a broad AO type of plate bent to 
90 degrees. He also recommended resection of the radial 
head and osteotomy of the humerus and olecranon to fit 
in a manner similar to the AO technique. McAuliffe et al. 
reported 15 elbow arthrodeses using the AO compression 
plate technique. The most common indication was a high-
energy, open, infected injury with associated bone loss. 
Arthrodesis was successful in all but one elbow, in which a 
severe, deep infection necessitated amputation.

 TECHNIQUE 13.8 

(SPIER)
 n  Expose the elbow posteriorly as described previously, de-

bride the joint, and resect the radial head.
 n  Osteotomize the olecranon and humerus to fit as in the 

AO technique (see Technique 13.7).
 n  Contour an 8- to 12-hole AO plate to achieve the desired 

degree of flexion at the elbow and secure it to the poste-
rior humerus.

 n  Secure a tensioning device to the ulna and the distal end 
of the plate and apply compression to the arthrodesis site. 
Secure the plate to the ulna with screws in the standard 
fashion (Fig. 13.11). Accessory cancellous screws can be 
used for additional stability if needed.

 n  Apply bone graft around the fusion as necessary, close the 
wound in layers over drains, and apply a long arm cast.

POSTOPERATIVE CARE The sutures are removed at 2 
weeks, and the cast is changed. Support is continued until 
the arthrodesis is solid. The plate and screws should not be 
removed earlier than 1 year after surgery. Some authors 
have reported that postoperative immobilization is not 
necessary with compression plate fixation.
  

 

A B C

FIGURE 13.9 Staples arthrodesis of elbow. A, Incision. B, Tip of olecranon osteotomized to form 
bed for graft. Ulnar nerve is protected. C, Graft fixed to humerus and ulna. SEE TECHNIQUE 13.5.
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 FIGURE 13.10 Müller et al. technique of elbow arthrodesis. SEE TECHNIQUE 13.6.

 

A B C

FIGURE 13.11 A–C, Spier arthrodesis of elbow. SEE TECHNIQUE 13.7.

COMPLICATIONS
Complications of elbow arthrodesis include neurovascu-
lar injury, wound infection, delayed union, nonunion, and 
malunion. Painful prominent implants and skin break-
down can occur over the posterior aspect of the elbow 
where subcutaneous tissue is minimal. Repeat surgery for 
painful implants is common. We recommend waiting at 
least 18 months after radiographic fusion before consider-
ing implant removal. The elbow should be protected with 
a brace or cast for several weeks after implant removal to 
prevent fracture. 

OUTCOMES
Long-term follow-up studies of elbow arthrodesis have been 
infrequently reported in the literature, and most report small 
numbers of patients. The three largest series, involving a total 
of almost 50 patients, reported fusion rates ranging from 56% 
to 100% with the use of compression plating and external fix-
ation. Koller et al. reported an average 5-year follow-up of 14 
patients, all of whom achieved bony fusion with no pain in 
eight elbows and moderate pain in six; however, postopera-
tive complications required revision surgeries in six patients. 
Finally, in a series of five failed total elbow arthroplasties 
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undergoing arthrodesis, Otto et  al. concluded that the pro-
cedure is not recommended for this indication because of 
the high nonunion and reoperation rates. In these instances, 
resection arthroplasty has been shown to be modestly more 
successful, although the complication rate remains high. 

TENDON TRANSFERS FOR 
IRREPARABLE ROTATOR CUFF 
TEARS
Massive, irreparable rotator cuff tears present a unique chal-
lenge for surgeons. Multiple treatment strategies have been 
described, including debridement with biceps tenotomy or 
tenodesis, partial rotator cuff repair, superior capsular recon-
struction, tendon transfer, and reverse total shoulder arthro-
plasty. Selecting the appropriate operation for each patient 
requires a thorough understanding of patient factors, includ-
ing age, activity level, major complaints, preoperative function, 
and expectations after surgery. Rotator cuff debridement with 
management of the biceps tendon has been shown to provide 
pain relief, but restores little function to the shoulder. Reverse 
total shoulder arthroplasty has revolutionized the treatment of 
rotator cuff-deficient conditions, but concerns over long-term 
survivorship and durability make this a less desirable option in 
young, active patients. Tendon transfers have been advocated 
for the treatment of irreparable rotator cuff tendons to provide 
pain relief and restore function to the shoulder in patients in 
whom a joint-preserving operation is preferred.

INDICATIONS
The goal of a tendon transfer for an irreparable rotator cuff 
tear is to provide balance and stability, restore compressive 
forces, and correct abnormal kinematics of the glenohu-
meral joint. For a tendon transfer to be successful, standard 
tendon transfer rules must be followed (Box 13.4). General 
indications for tendon transfer for massive irreparable rota-
tor cuff tears include a younger, active patient with minimal 
glenohumeral arthritis, absence of pseudoparalysis, and ade-
quate intact rotator cuff musculature opposite the tear who 
desires improved strength and function as well as pain relief. 
Adequate intact rotator cuff musculature generally is con-
sidered to be an intact subscapularis in tendon transfers for 
irreparable posterior superior rotator cuff tears and an intact 
teres minor and a portion of the infraspinatus for tendon 
transfers for irreparable subscapularis tears. 

SURGICAL TECHNIQUES
LATISSIMUS DORSI TENDON TRANSFER FOR 

IRREPARABLE POSTERIOR SUPERIOR ROTATOR 
CUFF TEARS
The latissimus dorsi is a large muscle originating from T7 to T12, 
the thoracolumbar fascia, iliac crest, lower three or four ribs, and 
the inferior angle of the scapula. Its tendinous insertion is flat 
and attaches to the floor of the bicipital groove. The neurovas-
cular pedicle comprises the thoracodorsal nerve and artery and 
has been shown previously to have sufficient length needed for 
transfer. The axillary and radial nerves are in close proximity and 
have been shown to penetrate the latissimus dorsi tendon 6% of 
the time. Also, the latissimus dorsi and teres major are intimately 
associated and fascial connections are seen in 10% of patients.

Given its success in the treatment of brachial plexus pal-
sies, Gerber et  al. proposed a latissimus dorsi transfer for 
the treatment of irreparable posterior superior rotator cuff 
tears in 1988. The transferred tendon was thought to act as 
a humeral head depressor and restore active external rota-
tion or in part act as an external rotation tenodesis to restore 
function lost from irreparable supraspinatus and infraspi-
natus tears. Whether the transferred tendon acts synergisti-
cally with abduction and external rotation through muscle 
contractions or passively through a tenodesis effect is debat-
able. Iannotti et al. reported that only one of 14 patients had 
electrical activity on EMG with forward elevation, none of 14 
during external rotation in 90 abduction, and six of 14 during 
external rotation with the arm at the side. Synchronous in-
phase contraction of the transferred latissimus dorsi was asso-
ciated with a better clinical outcome. Henseler et al., however, 
showed that using surface EMG the transferred latissimus ten-
don functioned synergistically in abduction and external rota-
tion as compared to a more antagonistic role prior to transfer 
and concluded that the clinical improvements associated with 
latissimus transfer are not based solely on the tenodesis effect.

The optimal fixation point also has been investigated, 
with one study showing it to be just posterior to the long head 
of the biceps if the major gain of external rotation with the 
arm at the side is desired, and at the infraspinatus footprint if 
external rotation in the abducted position is desired. Generally 
performed as an open technique, recently arthroscopically 
assisted techniques have been described, negating the need to 
violate the deltoid, with similar results. 

 

LATISSIMUS DORSI TRANSFER,  
OPEN TECHNIQUE

 TECHNIQUE 13.9 

(GERBER ET AL.)
 n  Place the anesthetized patient in the lateral decubitus po-

sition.
 n  Make an 8-cm superolateral skin incision in the Langer 

lines immediately lateral to the acromioclavicular joint 
and release the lateral deltoid from the acromion (Fig. 
13.12A).

 n  Excise the bursa and inspect the rotator cuff footprint. 
Attempt to mobilize and repair the torn rotator cuff ten-
dons; if irreparable, proceed to latissimus dorsi transfer.

Tendon Transfer Rules

 n  Transferred and recipient muscles should have similar excur-
sion and tension.

 n  Transferred muscle must be expendable.
 n  Transferred and recipient tendons should have similar lines 

of pull.
 n  Transferred muscle should be designed to replace only one 

function of the recipient muscle.

 BOX 13.4 

From Elhassan BT, Wagner ER, Werthel JD: Outcome of lower trapezius transfer 
to reconstruct massive irreparable posterior-superior rotator cuff tear, J Shoulder 
Elbow Surg 25:1346, 2016.
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 n  Make a 12- to 15-cm incision lateral to the latissimus 
dorsi border extending to the posterior axillary crease 
(Fig. 13.12B). With the arm in an abducted and inter-
nally rotated position, release the latissimus dorsi from 
the humeral shaft (Fig. 13.12C). Take care to protect the 
radial and axillary nerves, which are in close proximity, as 
well as to identify and protect the neurovascular pedicle, 
which allows for safe release of deep fascial attachments.

 n  Place No. 2 nonabsorbable sutures into the latissimus dorsi 
tendon in a Krackow fashion. With blunt dissection create 
a tunnel deep to the deltoid and between the infraspinatus 
and teres minor (Fig. 13.12D,E). Bring the latissimus tendon 
over the top of the humeral head and repair it to the greater 
tuberosity transosseously over the lateral aspect of the lesser 
tuberosity. Repair the remaining rotator cuff stump medially 
to the transferred tendon if possible (Fig. 13.12F).
   

 

LATISSIMUS DORSI TRANSFER, 
ARTHROSCOPICALLY ASSISTED 
TECHNIQUE

 TECHNIQUE 13.10 

(CASTRICINI ET AL.)
 n  Place the patient in the lateral decubitus position with 

the arm under longitudinal traction and the patient under 
general anesthesia.

 n  Perform diagnostic arthroscopy using standard posterior 
and lateral portals to confirm the indication for latissimus 
dorsi transfer.

 n  Remove the traction and place the arm in the abducted po-
sition with use of an armrest. Make a 6- to 8-cm incision 

      
     
     
     

   

  FIGURE 13.12 Gerber et al. technique of latissimus dorsi transfer for irreparable posterior 
superior rotator cuff. A, Exposure of greater tuberosity and rotator cuff footprint. B, Incision for 
latissimus dorsi tendon harvest. C, Exposure of latissimus dorsi footprint. D, Transfer of tendon 
deep to deltoid. E, Excursion needed for transfer. F, Repair of latissimus dorsi to greater tuberosity 
with repair of residual rotator cuff to medial tendon.
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just anterior to the posterior axillary crease along the lateral 
margin of the latissimus dorsi. Identify the latissimus dorsi 
tendon and, with the arm in internal rotation, detach it from 
the humeral shaft. Place No. 2 nonabsorbable sutures in the 
tendon in a Krackow fashion. Perform tendon mobilization, 
which ideally should allow the tendon to pass at least 2 cm 
over the posterior border of the acromion (Fig. 13.13A).

 n  Resume the arthroscopic procedure and prepare the great-
er tuberosity. Insert a Wissinger rod through the posterior 
portal underneath the deltoid and exiting the open incision 
between the triceps and deltoid (Fig. 13.13B). Insert a dila-
tor over the rod from distal to proximal and pass sutures 
through the dilator, allowing the latissimus dorsi tendon 
to be passed into the subacromial space (Fig. 13.13C). Re-
trieve the sutures through an anterior portal and fix them 
to the greater tuberosity with two knotless suture anchors 
(one on the anterior aspect of the greater tuberosity and 
another in a more lateral position) (Fig. 13.13D).

POSTOPERATIVE CARE Postoperatively, an orthosis is 
used to keep the arm in an abducted and externally rotated 
position for 6 weeks. After 6 weeks the orthosis is discontin-
ued and active range of motion is begun. Strengthening be-
gins at week 12 and progresses to 6 months postoperatively.
  

OUTCOMES
Reports of outcomes after latissimus dorsi tendon transfer for 
posterior superior irreparable rotator cuff tears have demon-
strated improvements in pain, function, and range of motion. 
A systematic review by Namdari et al. showed that the mean 
adjusted Constant score improved from 45.9 preoperatively to 
73.2 postoperatively, mean active forward elevation improved 
from 101.9 to 137.4 degrees, and mean active external rotation 
improved from 16.8 to 26.7 degrees. The authors concluded that 
patients and surgeons should not expect complete pain relief or 
normal shoulder function after latissimus transfer. Gerber et al. 
reported long-term (147 months) results following latissimus 
transfers in 46 shoulders. Pain and function showed improve-
ments from preoperative values, including mean subjective 
shoulder value (SSV), which improved from 29% to 70%; rela-
tive Constant score, which improved from 56% to 80%; and pain, 
which improved from 7 to 13. Modest improvements in range of 
motion were seen, including forward elevation from 118 to 132 

degrees, abduction from 112 to 123 degrees, and external rota-
tion from 18 to 33 degrees. Overall, progression in osteoarthritis 
was seen as well as a decrease in the acromial-humeral index. 
Studies by Castricini et al. and Kany et al. showed similar results 
with arthroscopically assisted latissimus dorsi transfer and open 
technique, with mean postoperative forward elevation ranging 
from 157.8 to 160 degrees, mean external rotation 43 degrees, 
and Constant score 68.7 to 69.5.

Given the inconsistent results seen postoperatively, multi-
ple studies have identified risk factors for lower postoperative 
patient satisfaction and poor outcomes following latissimus 
dorsi transfer for posterior superior rotator cuff tears, includ-
ing previous surgery, subscapularis insufficiency, advanced 
teres minor atrophy, pseudoparalysis, and acromiohumeral 
index less than 6 mm. The ideal indication for latissimus 
dorsi transfer is a patient with an irreparable supraspinatus 
and infraspinatus rotator cuff tear with an intact teres minor 
and subscapularis, forward elevation of more than 90 degrees 
of active forward elevation, and no history of prior surgery. 

LOWER TRAPEZIUS TENDON TRANSFER FOR 
IRREPARABLE POSTERIOR SUPERIOR ROTATOR 
CUFF TEARS
The lower trapezius tendon most commonly originates from 
T2 to T10 and inserts on the dorsum of the medial scapular 
spine with an average tendon footprint length of 29.4 mm. 
The lower trapezius is innervated by the spinal accessory 
nerve, which courses an average of 58 mm medial to the tip of 
the tendon, but can be as close as 23 mm.

Elhassan et al. first described transferring the lower and middle 
trapezius tendons to restore shoulder external rotation in a patient 
with a brachial plexus injury in 2009. With initial success seen with 
brachial plexus injuries, the indications have expanded to include 
the treatment of massive irreparable posterior superior rotator cuff 
tears. The lower trapezius transfer has been advocated due to its 
line of pull that closely mimics that of the infraspinatus tendon. 
Several biomechanical studies have demonstrated superiority of 
the lower trapezius tendon compared to the latissimus dorsi ten-
don in the treatment of posterior superior rotator cuff tears due to 
its increased abduction and external rotation moment arms, better 
ability to provide anterior to posterior balance, restoration of com-
pressive forces, and correction of abnormal shoulder kinematics.

Initially described using an acromial osteotomy for expo-
sure of the humeral head and greater tuberosity footprints, the 

     
       
   

   

  FIGURE 13.13 Arthroscopically assisted latissimus dorsi tendon transfer for irreparable posterior 
superior rotator cuff tear. A, Tendon harvest. B, Wissinger rod to aid passage of tendon. C, Latissimus 
dorsi tendon passed deep to deltoid into subacromial space. D, Arthroscopic fixation of latissimus dorsi 
tendon.
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technique has evolved with the use of a deltoid split approach 
or arthroscopically assisted techniques to avoid significant 
violation of the deltoid attachment. 

 

LOWER TRAPEZIUS TRANSFER, OPEN 
TECHNIQUE

 TECHNIQUE 13.11 

(ELHASSAN ET AL.)
 n  Place the patient in the lateral decubitus position under 

general anesthesia. Prepare the entire upper extremity, 
making sure that adequate exposure medial to the scap-
ula is obtained.

TENDON HARVEST
 n  Make a 5-cm vertical incision from the upper to lower 

borders of the lower trapezius approximately 1 cm medial 
to the medial border of the scapula. Alternatively, make 
a 4- to 5-cm transverse incision along Langer lines just 

inferior to the scapular spine starting 1 cm medial to 3 cm 
lateral to the medial border of the spine of the scapula.

 n  Identify the lateral border of the trapezius and dissect the 
tendon free from the deep fascial tissues. Dissect the lower 
trapezius tendon up to its insertion on the medial scapular 
spine and release it. Carry dissection medial to free the ten-
don from the middle trapezius. Take care to avoid vigorous 
dissection on the deep surface of the musculature because 
the spinal accessory nerve runs 2 cm medial to the me-
dial border. Once adequate mobilization is complete, place 
nonabsorbable sutures in the lower trapezius tendon and 
place the tendon back into the wound (Fig. 13.14A, B). 

GREATER TUBEROSITY EXPOSURE
 n  Make a saber incision just medial to the lateral acromion. 

Remove soft tissue from the acromion and use an oscillat-
ing saw to perform an acromial osteotomy of the middle 
deltoid origin. Alternatively, a deltoid split just off the 
posterior acromion that avoids deltoid detachment can 
be used. Attempt to repair as much of the rotator cuff as 
possible with some of the infraspinatus usually able to be 
repaired. Prepare the greater tuberosity with a bur. 

 

A B

C D E

FIGURE 13.14 Elhassan et al. technique of lower trapezius tendon transfer. A and B, Lower trape-
zius tendon harvest and adequate excursion. C-E, Achilles allograft to augment lower trapezius tendon. 
(From Elhassan BT, Wagner ER, Werther JD: Outcome of lower trapezius transfer to reconstruct massive 
irreparable posterior-superior rotator cuff tear, J Shoulder Elbow Surg 25:1346, 2016.)
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ALLOGRAFT PREPARATION AND PASSAGE
 n  Use an Achilles tendon allograft to prolong the lower tra-

pezius tendon (Fig. 13.14C). Place two No. 2 nonabsorb-
able sutures in the thick portion of the graft in a Krackow 
configuration; this will serve as the main fixation of the 
graft to the greater tuberosity (Fig. 13.14D, E).

 n  Create a tunnel between the medial and lateral wounds 
deep to the posterior deltoid by opening the fascia of 
the infraspinatus musculature. Use a large grasping in-
strument to shuttle the Achilles tendon from the medial 
wound and pass it laterally. 

GRAFT FIXATION
 n  Place the arm in 60 degrees of external rotation and 50 

degrees of abduction and fix the Achilles tendon to the 
infraspinatus and supraspinatus footprints with knotless 
suture anchors. If poor bone quality is encountered, corti-
cal button fixation can be used.

 n  Cycle the tendon through shoulder range of motion and 
place the arm back in external rotation and abduction. 
Secure the graft to the lower trapezius tendon with non-
absorbable No. 2 sutures while maintaining adequate 
medial tension on the Achilles tendon allograft and lat-
eral tension on the lower trapezius tendon. A Pulvertaft 
weave can be used as well.

 n  Close the wound and repair the acromial osteotomy with 
No. 2 nonabsorbable sutures.
   

 

LOWER TRAPEZIUS TRANSFER, 
ARTHROSCOPICALLY ASSISTED 
TECHNIQUE

 TECHNIQUE 13.12 

(ELHASSAN ET AL.)
 n  Place the patient in the beach-chair position under gen-

eral anesthesia with the entire ipsilateral back exposed.
 n  Perform lower trapezius harvest as previously described. 

A horizontal incision is generally used because it allows 
easier graft passage.

 n  Prepare the Achilles tendon allograft as previously de-
scribed (see Technique 13.11).

 n  Perform diagnostic arthroscopic examination through a stan-
dard posterior portal and then insert the arthroscope into the 
subacromial space and establish a standard lateral portal.

 n  Perform a complete subacromial bursectomy and prepare 
the greater tuberosity to bleeding subchondral bone.

 n  Before graft passage, place two anchors into the poste-
rior aspect of the greater tuberosity for incorporation into 
double-row fixation.

 n  Through the medial incision identify the infraspinatus and 
open the fascia to allow graft passage. Additionally, a switch-
ing stick can be placed through the medial wound into the 
subacromial space, and a dilator can be used over the switch-
ing stick to ensure adequate room for graft passage.

 n  Insert a large clamp through a lateral or anterolateral 
portal toward the medial incision and use it to pull the 

Achilles tendon graft into the subacromial space by the 
previously placed Krackow sutures (Fig. 13.15A). Marking 
the sides and surfaces of the graft allows easy identifica-
tion of appropriate orientation after graft passage.

 n  Once the graft is passed, pass the sutures from the two 
previously placed anchors into the allograft with a self-
retrieving suture passer. Fix the graft onto the tuberosity 
incorporating the Krackow sutures as well as the sutures 
from the posterior anchors into knotless anchors placed 
in the anteromedial and anterolateral positions on the 
greater tuberosity.

 n  Once the graft is securely fixed onto the greater tuberosi-
ty, move the arm through a range of motion, and securely 
fix the Achilles tendon graft to the lower trapezius tendon 
as previously described (Fig. 13.15B).

POSTOPERATIVE CARE The patient is immobilized in a 
custom external rotation orthosis for 6 to 8 weeks. No in-
ternal rotation is allowed for 4 weeks. Active-assisted range 
of motion is begun after immobilization with strengthening 
beginning at 12 weeks postoperatively. Unrestricted activity 
is allowed after 6 months postoperatively.
  

OUTCOMES
Elhassan et al. reported 33 patients who had lower trapezius 
transfers with Achilles tendon allografts for massive irrepa-
rable posterior superior rotator cuff tears. At an average of 47 
months follow-up, the mean SSV improved from 54% to 78% 
and the mean DASH score improved from 52 to 18. Pain and 
range of motion also improved, and patients had on average 
120 degrees of forward flexion, 90 degrees of abduction, and 
50 degrees of external rotation. Importantly, patients with less 
than 60 degrees of preoperative flexion and abduction had 
less improvement in motion compared to those with more 
preserved motion preoperatively. 

PECTORALIS MAJOR TENDON TRANSFER FOR 
IRREPARABLE SUBSCAPULARIS TEARS
The pectoralis major arises from the medial clavicle, sternum, 
ribs 2 through 7, and the aponeurosis of the external oblique 
muscle. The two primary muscle bellies are the clavicular and 
sternal heads, in which the clavicular head forms 61% of the 
total muscle bulk. Both tendons insert just lateral to the biceps 
tendon on the anterior humerus. The sternal and clavicular 
lamellae rotate 180 degrees so that the sternal head inserts 
superior and posterior to the clavicular head. The lateral pec-
toral nerve innervates the clavicular head at a mean of 12.5 cm 
medial to its humeral insertion, whereas the medial pectoral 
nerve innervates the sternal head at an average of 6.3 cm medial 
to the humeral insertion. Limiting medial dissection to 8.5 cm 
medial to the humeral insertion of the pectoralis major limits 
neurologic injury to the pectoral nerves. The musculocutane-
ous nerve is in close proximity and enters the coracobrachialis 
at a point between 5.4 and 6.1 cm distal to the coracoid tip.

Transfer of the pectoralis major for irreparable subscapu-
laris ruptures was first described by Wirth and Rockwood in 
1997. The authors described transferring the pectoralis major, 
pectoralis minor, or both over the conjoint tendon. At an aver-
age of 5 years follow-up, 10 of the 13 patients were deemed a 
success using the Neer classification with an average forward 
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elevation of 143 degrees. Given the pectoralis major is anterior 
to the chest wall, Resch et al. described their technique of trans-
ferring the upper one half to two thirds of the pectoralis major 
beneath the conjoint tendon in 12 patients to better replicate 
the line of pull of the subscapularis as well as provide inter-
position between the humeral head and coracoid process. The 
transferred tendon was sutured to the lesser tuberosity in those 
with isolated subscapularis tears and to the lesser tuberosity/
anterior greater tuberosity in those with combined tears of the 
subscapularis and supraspinatus. At final follow-up patients 
had significant pain relief and forward elevation improved 
from 9 to 129 degrees and abduction from 85 to 113 degrees, 
and 5 of 12 had a negative belly press.

A biomechanical study by Konrad et al. confirmed that 
pectoralis major transfer under the conjoint tendon better 
restored glenohumeral kinematics because it is a closer line 
of action to the subscapularis tendon compared to transfer 
above the conjoint tendon. There remains concern over the 
proximity of the musculocutaneous nerve to the transferred 
pectoralis major in a subcoracoid position. Klepps et  al. 
found that transferring the pectoralis major subcoracoid but 
superficial to the musculocutaneous nerve creates less ten-
sion on the nerve compared to a transfer deep to the nerve. 
Debulking of the pectoralis major may be required as 6 of 20 
specimens had compression of the musculocutaneous nerve 
with complete transfer, suggesting the need for split tendon 
transfer. 

 

PECTORALIS MAJOR TRANSFER

 TECHNIQUE 13.13 

(MODIFICATION OF RESCH ET AL.)
 n  Place the patient in the beach-chair position and make a 

standard deltopectoral approach.
 n  Tenotomize the biceps tendon and tag it for later tenode-

sis.

 n  Expose the lesser tuberosity, remove the anterior scar 
from the humeral head, and attempt to mobilize the sub-
scapularis for repair (Fig. 13.16A). If repair is not possible, 
proceed with pectoralis tendon transfer.

 n  Expose the entire length of the pectoralis major insertion 
and isolate the sternal head deep and superior to the cla-
vicular head (Fig. 13.16B–D). If the sternal head is inad-
equate, a portion of the clavicular head can be transferred 
as well. Release adhesions between the two heads to en-
sure adequate excursion, but limit dissection to 8.5 cm 
medial to humeral insertion. Place a standard four-strand 
Krackow suture in the pectoralis tendon (Fig. 13.16E).

 n  Enter the space between the conjoint tendon and pecto-
ralis minor and identify the location of the musculocuta-
neous nerve. Make a path deep to the conjoint tendon as 
well as superficial and superior to the musculocutaneous 
nerve.

 n  Pass the sutures with a large, curved forceps and secure 
them to the lesser tuberosity by either transosseous tech-
nique or suture anchors (Fig. 13.16F). If the supraspinatus 
tendon is also ruptured, the transfer can be placed onto 
the anterior greater tuberosity as well.

POSTOPERATIVE CARE The shoulder is immobilized in 
internal rotation for 6 weeks. Gentle passive range of mo-
tion is begun with limiting external rotation to neutral and 
forward elevation to 90 degrees. After 6 weeks, active-
assisted and active range of motion is initiated. Strength-
ening begins at 12 weeks.
  

OUTCOMES
Gavriilidis et al. reported on 15 patients with an average fol-
low-up of 37 months who had subcoracoid transfer in con-
junction with posterior superior rotator cuff tears, 70% of 
which were intact on MRI imaging. The average Constant 
score improved from 71.7 to 68.1, with significant improve-
ments in pain and ADLs, but with no improvement in 
strength or ROM. Galatz et al. published their experience with 

 

A B

FIGURE 13.15 Arthroscopically assisted lower trapezius tendon transfer. A, Arthroscopic view 
of Achilles allograft being passed into the subacromial space. B, Achilles allograft has been securely 
fixed to lower trapezius tendon.
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pectoralis transfer in patients with anterior-superior sublux-
ation and showed significant improvements in pain but mod-
est improvement in ROM and function. There is a paucity of 
long-term follow-up of pectoralis major transfer. Moroder 
et al. followed 22 patients for an average of 10 years following 
subcoracoid transfer; 91% were either very satisfied or rather 
satisfied and 95% would undergo the same procedure again. 
Adjusted Constant score improved from 54% preoperatively 
to 83% at last follow-up. Pain was improved and maintained at 

long-term follow-up. Range of motion decreased from short-
term follow-up but was improved compared to preoperative 
levels; however, internal rotation strength decreased to pre-
operative levels. Overall, two thirds of patients had progres-
sion of their Hamada grades. Jost et al. described transferring 
the complete pectoralis major superficial to the conjoint ten-
don in 30 shoulders. At an average of 32 months of follow-up 
the adjusted Constant score improved from 47% to 70%, with 
83% excellent or good results. Poorer outcomes were seen 

 

A B

C D

E F

FIGURE 13.16 Pectoralis major transfer. A, Exposure of lesser tuberosity. B, Isolation of entire 
pectoralis major. C, Exposure of sternal head. D, Removal of sternal head of pectoralis major 
subperiosteally from humerus. E, Mobilization of pectoralis major. F, Final pectoralis major transfer 
underneath coracoid process. (From Moroder P, Schulz E, Mitterer M et al: Long-term outcome 
after pectoralis major transfer for irreparable anterosuperior rotator cuff tears, J Bone Joint Surg 
Am 99:239, 2017.)
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with irreparable supraspinatus tears: adjusted Constant score 
49% compared to 79%.

A systematic review by Shin et  al. showed mean 
Constant score improvement from 37.8 to 61.3 postopera-
tively. Overall, better functional outcomes were seen with 
subcoracoid transfer compared to transfer of the pectoralis 
major superficial to the conjoint tendon. Lift-off tests were 
negative in 56%, and belly-press tests were negative in 51% 
of patients. There were two neurologic complications in 195 
cases (one axillary nerve, one musculocutaneous nerve). 
Outcomes following pectoralis major for irreparable sub-
scapularis tendon tears have shown success given the sal-
vage nature of the operation. Reliable pain relief can be 
expected with less predictable functional gains, especially in 
patients with irreparable supraspinatus tears and those with 
anterior-superior instability. 

LATISSIMUS DORSI TENDON TRANSFER FOR 
IRREPARABLE SUBSCAPULARIS TEARS
Transfer of the latissimus dorsi tendon has been described 
for the management of irreparable subscapularis tears. As 
described above, the results of pectoralis major tendon trans-
fer have been inconsistent, given it originates anterior to the 
chest wall and has a line of pull almost 90 degrees to the sub-
scapularis. In contrast, the latissimus dorsi tendon originates 
posterior to the chest wall and has a line of pull that better 
mimics that of the subscapularis, making it a better potential 
option for irreparable subscapularis tears, especially where 
anterior instability is present. Elhassan et  al. described the 
feasibility of isolated or combined transfers of the latissimus 
dorsi and teres major to the lesser tuberosity. They advocated 
latissimus dorsi transfer because it is a more feasible transfer 
and has a lower risk of compression of the radial or axillary 
nerves. 

 

LATISSIMUS DORSI TENDON TRANSFER

 TECHNIQUE 13.14 

(MUN ET AL.)
 n  Place the patient in the beach-chair position under gen-

eral anesthesia.
 n  Make a standard deltopectoral approach, release the bi-

ceps, and tag it for latter tenodesis.
 n  Expose the lesser tuberosity, and identify and mobilize the 

subscapularis tendon. Attempt tendon repair; if repair is 
not possible, perform latissimus dorsi tendon transfer.

 n  Detach the upper one third of the pectoralis major tendon 
at its humeral insertion and tag it for later repair. Isolate 
the latissimus dorsi tendon and release it directly from its 
humeral attachment and separate it from the underlying 
teres major (Fig. 13.17A).

 n  Place nonabsorbable sutures in a Krackow fashion and 
mobilize the tendon until adequate excursion is obtained 
(Fig. 13.17B).

 n  Clear the lesser tuberosity of soft tissue and lightly de-
corticate it to augment tendon-to-bone healing. Transfer 
the latissimus dorsi tendon to the proximal portion of the 
lesser tuberosity and secure it with knotless suture an-
chors (Fig. 13.17C).

POSTOPERATIVE CARE The shoulder is immobilized in 
internal rotation for 6 weeks. At 6 weeks after surgery, 
passive shoulder exercises are initiated and gradual return 
to daily activities is allowed. At 3 months postoperatively, 
gentle strengthening exercises are begun and slowly pro-
gressed.
  

 

A B C

FIGURE 13.17 Latissimus dorsi tendon transfer for irreparable subscapularis tear. A, Expose 
entire length of latissimus tendon attachment. B, Four-strand Krackow repair placed into latissimus 
dorsi tendon. C, Completion of latissimus dorsi tendon transfer to lesser tuberosity secured with 
suture anchors.
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OUTCOMES
There is a paucity of literature regarding latissimus dorsi ten-
don transfers for irreparable subscapularis tears. Mun et al. 
evaluated 24 patients with irreparable subscapularis tendon 
tears treated with latissimus dorsi tendon transfer. At an aver-
age 27.8 months of follow-up, improvements were seen in 
the Constant score from 46 to 69, ASES from 40 to 70, and 
VAS from 6 to 2. Improvements were seen in forward eleva-
tion from 135 to 166 degrees and internal rotation from L5 
to L1. Overall, the belly press was negative in 18 of 24 and 
lift-off was negative in 16 of 24 patients, which compared 
favorably to pectoralis major tendon transfer. Kany et  al. 
reported success using an arthroscopically assisted technique 
in five patients. A 5- to 7-cm axillary based incision was used 
to harvest the latissimus dorsi, which was arthroscopically 
fixed to the anterosuperior humeral head with cortical but-
ton fixation. One patient developed a postoperative infection 
with graft rupture; excluding this patient, the SSV improved 
from 18.75 to 63.75 and the Constant score from 32.5 to 68. 
Overall, the belly press test improved to negative in 2, equivo-
cal in 2, and positive in 1. 

COMPLICATIONS
Complications following tendon transfer around the shoulder 
are primarily wound complications, including infection and 
hematoma formation, as well as deltoid-related complications 
following deltoid detachment or acromial osteotomy for open 
techniques. Neurologic injuries have been described, particu-
larly axillary and radial nerve injury following latissimus dorsi 
transfers and musculocutaneous nerve injury following pecto-
ralis major transfer. Rupture of the transferred tendon also has 
been described, and in one series of arthroscopically assisted 
latissimus transfer for posterior superior rotator cuff tears rup-
ture occurred in 38%, most often at the bone-tendon interface.
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GENERAL PRINCIPLES OF AMPUTATIONS
Patrick C. Toy

CHAPTER 14 

Amputation is the most ancient of surgical procedures. 
Advancements in surgical technique and prosthetic design 
historically were stimulated by the aftermath of war. Early 
surgical amputation was a crude procedure by which a limb 
was rapidly severed from an unanesthetized patient. The 
open stump was crushed or dipped in boiling oil to obtain 
hemostasis. The procedure was associated with high compli-
cation and mortality rates due to hemorrhage and infection. 
Surgeons during that time could rely only on their efficiency 
and technique to affect outcome and minimize pain. For 
patients who survived, the resulting stump was poorly suited 
for prosthetic fitting.

Hippocrates was the first to use ligatures; this technique 
was lost during the Dark Ages but was reintroduced in 1529 
by Ambroise Paré, a French military surgeon. Paré also intro-
duced the “artery forceps.” He was able to reduce the mortal-
ity rate significantly while creating a more functional stump. 
He also designed relatively sophisticated prostheses. Further 
advances were made possible by Morel’s introduction of the 
tourniquet in 1674 and Lister’s introduction of antiseptic 
technique in 1867. Based on the microbial theory of infec-
tion, Lister instituted treating the patient’s skin, the surgeon’s 
hands, surgical instrumentation, and the surrounding operat-
ing theater air with phenol. As a result, the incidence of surgi-
cal sepsis and associated mortality fell dramatically. With the 
use of chloroform and ether for general anesthesia in the late 
19th century, surgeons for the first time could fashion reason-
ably sturdy and functional stumps.

During the 1940s in the United States, veterans began 
to voice their concerns over the poor performance of their 
artificial limbs, which prompted the Surgeon General of the 
Army, Norman T. Kirk, to turn to the National Academy 
of Sciences. This led to the formation of the Advisory 
Committee on Artificial Limbs, later the Prosthetics Research 
Board, and finally the Committee on Prosthetics Research 
and Development.

Today, federally funded prosthetic research continues 
through university programs. With better understanding of 
biology and physiology, surgical technique and postoperative 
rehabilitation have improved. New information regarding 

biomechanics and materials has greatly improved prosthetic 
design. Patients with amputations now can enjoy higher levels 
of activity. Older patients, who previously would have been 
wheelchair dependent, are now more likely to regain ambula-
tory ability. Younger patients now have access to specialized 
prostheses that allow them to resume recreational activities 
such as running, golfing, skiing, hiking, swimming, and other 
competitive sports.

Now, more than ever, it is important that amputations be 
performed by surgeons who have a complete understanding 
of amputation surgical principles, postoperative rehabilita-
tion, and prosthetic design. Improved prosthetic design does 
not compensate for a poorly performed surgical procedure. 
Amputation should not be viewed as a failure of treatment 
but rather as the first step toward a patient’s return to a more 
comfortable and productive life. The operative procedure 
should be planned and performed with the same care and 
skill used in any other reconstructive procedure.

INCIDENCE AND INDICATIONS
The National Center for Health Statistics estimated that 
more than two million patients with amputations live in the 
United States. The number (∼185,000) of amputations per-
formed each year is increasing, mainly because of an aging 
population. More than 90% of amputations performed in the 
Western world are secondary to peripheral vascular disease. 
In younger patients, trauma is the leading cause, followed by 
malignancy.

The only absolute indication for amputation is irreversible 
ischemia in a diseased or traumatized limb. Amputation also 
may be necessary to preserve life in patients with uncontrol-
lable infections and may be the best option in some patients 
with tumors, although advances in orthopaedic oncology 
now allow limb salvage in most cases. Injury not affecting 
circulation may result in a limb that it is not as functional 
as a prosthesis. Similarly, certain congenital anomalies of the 
lower extremity are best treated with amputation and pros-
thetic fitting. Each of these indications is discussed in further 
detail.
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PERIPHERAL VASCULAR DISEASE
Peripheral vascular disease with or without diabetes, which 
most frequently occurs in individuals aged 50 to 75 years, is 
the most common indication for amputation. The treating 
physician should keep in mind that if vascular disease has pro-
gressed to the point of requiring amputation, it is not limited 
to the involved extremity. Most patients also have concomi-
tant disease processes in the cerebral vasculature, coronary 
arteries, and kidneys. In addition to obtaining a vascular sur-
gery consultation to evaluate the diseased limb, appropriate 
consultation is indicated to evaluate these other systems.

Approximately half of amputations for peripheral vascular 
disease are performed on patients with diabetes. The most sig-
nificant predictor of amputation in diabetics is peripheral neu-
ropathy, as measured by insensitivity to the Semmes-Weinstein 
5.07 monofilament. Other documented risk factors include 
prior stroke, prior major amputation, decreased transcutane-
ous oxygen levels, and decreased ankle-brachial blood pres-
sure index. Diabetics must be instructed on the importance of 
proper foot care and footwear and must examine their feet fre-
quently. Ulcers should be treated aggressively with appropri-
ate pressure relief, orthoses, total-contact casting, wound care, 
and antibiotics when indicated. Other risk factors, including 
smoking and poor glucose control, should be minimized.

Before performing an amputation for peripheral vascular 
disease, a vascular surgery consultation is almost always indi-
cated. Improved techniques currently allow for revasculariza-
tion of limbs that previously would have been unsalvageable. 
However, revascularization is not without risk. Although 
there is no conclusive evidence in the literature that peripheral 
bypass surgery compromises wound healing of a future trans-
tibial amputation, our experience seems to indicate otherwise.

If amputation becomes necessary, all effort must be 
expended to optimize surgical conditions. All medical prob-
lems should be treated individually. Infection should be con-
trolled as effectively as possible, and nutrition and immune 
status should be evaluated with simple screening tests. It has 
been shown that the risk for wound complications is greatly 
increased in patients whose serum albumin is less than 3.5 g/
dL or whose total lymphocyte count is less than 1500 cells/
mL. Perioperative mortality rates for amputation in periph-
eral vascular disease have been reported to be 30%, and 40% 
of patients die within 2 years. Critical ischemia develops in the 
remaining lower extremity in 30% of the remaining patients.

Determining the appropriate level of amputation is dis-
cussed later in this chapter. The energy required for walking 
is inversely proportionate to the length of the remaining limb. 
In an elderly patient with multiple medical problems, energy 
reserves may not allow for ambulation if the amputation is 
at a proximal level. If a patient’s cognitive function, balance, 
strength, and motivation level are sufficient for ambulatory 
rehabilitation to be a reasonable goal, amputation should be 
performed at the most distal level that offers a reasonable 
chance of healing to maximize function. Conversely, a non-
ambulatory patient with a knee flexion contracture should 
not undergo a transtibial amputation because a transfemoral 
amputation or knee disarticulation provides better function 
and less risk. 

TRAUMA
Trauma is the leading indication for amputations in younger 
patients. Amputations caused by trauma are more common 

in men because of vocational and avocational hazards. These 
patients are often otherwise healthy and productive, and such 
injuries may have profound effects on their lives. The only 
absolute indication for primary amputation is an irreparable 
vascular injury in an ischemic limb. With improvements in 
prehospital care, acute resuscitation, microvascular tech-
niques, and bone transport techniques, orthopaedic surgeons 
more often are faced with situations in which a severely trau-
matized limb can be preserved, although this involves sub-
stantial compromises.

Several studies have suggested guidelines to help decide 
which limbs are salvageable. Most of these studies have con-
centrated on severe injuries of the lower extremity. Most 
authors would agree that type III-C open tibial fractures, 
which include complete disruption of the tibial nerve, or a 
crush injury with warm ischemia time of more than 6 hours, 
are an absolute indication for amputation (Fig. 14.1). Relative 
indications for primary amputation include serious associated 
injuries, severe ipsilateral foot injuries, and anticipated pro-
tracted course to obtain soft-tissue coverage and tibial recon-
struction. Although these relative indications are subject to 
various interpretations, they serve as reasonable guidelines.

Other authors have attempted to remove subjectivity from 
the decision-making process. To predict which limbs will be 
salvageable, available scoring systems include the predictive 
salvage index, the limb injury score, the limb salvage index, 
the mangled extremity syndrome index, and the mangled 
extremity severity score. Of these, we have found the mangled 
extremity severity score to be most useful (Table 14.1). This 
system, which is easy to apply, grades the injury based on the 
energy that caused the injury, limb ischemia, shock, and the 

 FIGURE 14.1 Lengthy warm ischemia time generally is an 
absolute indication for amputation.
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patient’s age. The system was subjected to retrospective and 
prospective studies, with a score of 6 or less consistent with 
a salvageable limb. With a score of 7 or greater, amputation 
was the eventual result. Although we do not strictly follow 
these guidelines in all patients, we do calculate and document 
a mangled extremity severity score in the chart whenever we 
are considering primary amputation versus a complicated 
limb salvage.

No scoring system can replace experience and good clini-
cal judgment. Amputation of an injured extremity might 
be necessary to preserve life. Attempts to salvage a severely 
injured limb may lead to metabolic overload and secondary 
organ failure. This is more common in patients with multiple 
injuries and in the elderly. It has been suggested that an injury 
severity score of greater than 50 is a contraindication to heroic 
attempts at limb salvage. Concomitant injuries and comorbid 
medical conditions must be considered before heading down 
a long road of multiple operations to save a limb.

After determining that a limb can be saved, the surgeon 
must decide whether it should be saved, and this decision must 
be made in concert with the patient. The surgeon must educate 
the patient regarding the tradeoffs involved with a protracted 
treatment course of limb salvage versus immediate amputation 
and prosthetic fitting. On entering the hospital, most patients 
are concerned only with saving the limb; they must be made 
to understand that this often comes at a great cost. They may 
have to face multiple operations to obtain bony union and 
soft-tissue coverage and multiple operations on other areas to 
obtain donor tissue. External fixation may be necessary for sev-
eral years, and complications, including infection, nonunion, 

or loss of a muscle flap, may occur. Chronic pain and drug 
addiction also are common problems of limb salvage because 
patients endure multiple hospital admissions and surgery, iso-
lation from their family and friends, and unemployment. In the 
end, despite heroic efforts, the limb ultimately could require 
amputation, or a “successfully” salvaged limb may be chroni-
cally painful or functionless.

Patients also need to understand that the advances made 
in limb salvage surgery have been paralleled by advances 
made in the amputation surgery and prosthetic design. 
Early amputation and prosthetic fitting are associated with 
decreased morbidity, fewer operations, shorter hospital stay, 
decreased hospital costs, shorter rehabilitation, and earlier 
return to work. The treatment course and outcome are more 
predictable. Modern prosthetics often provide better function 
than many “successfully” salvaged limbs. A young, healthy 
patient with a transtibial prosthesis is often able to resume all 
previous activities with few restrictions. In long-term studies, 
patients who have undergone amputation and prosthetic fit-
ting are more likely to remain working and are far less likely 
to consider themselves to be “severely disabled” than patients 
who have endured an extensive limb salvage.

Several comparisons of limb reconstruction and limb 
amputation have come to differing conclusions, with one large 
study of 545 patients projecting lifetime health care costs to be 
three times higher for patients with amputations than for those 
with reconstruction. A meta-analysis, on the other hand, con-
cluded that length of rehabilitation and total costs are higher 
for patients who have undergone limb salvage procedures. 
Reports of functional results have been equally varied, with 

 TABLE 14.1 

Mangled Extremity Severity Score

TYPE CHARACTERISTICS INJURIES POINTS
1 Low energy Stab wounds, simple closed fractures, small-caliber gunshot wounds 1
2 Medium energy Open or multiple-level fractures, dislocations, moderate crush injuries 2
3 High energy Shotgun blast (close range), high-velocity gunshot wounds 3
4 Massive crush Logging, railroad, oil rig accidents 4

SHOCK GROUP

1 Normotensive hemodynamics Stable blood pressure in field and in operating room 0
2 Transiently hypotensive Unstable blood pressure in field but responsive to intravenous fluids 1
3 Prolonged hypotension Systolic blood pressure <90 mm Hg in field and responsive to  

intravenous fluid only in operating room
2

ISCHEMIA GROUP

1 None Pulsatile limb without signs of ischemia 0*
2 Mild Diminished pulses without signs of ischemia 1*
3 Moderate No pulse on Doppler imaging, sluggish capillary refill, paresthesia, dimin-

ished motor activity
2*

4 Advanced Pulseless, cool, paralyzed, and numb without capillary refill 3*

AGE GROUP

1 <30 years 0
2 >30 to <50 years 1
3 >50 years 2

*Points ×2 if ischemic time exceeds 6 hours.
From Helfet DL, Howey T, Sanders R, et al: Limb salvage versus amputation: preliminary results of the mangled extremity severity score, Clin Orthop Relat Res 
256:80, 1990.
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one study reporting a 64% return-to-work rate after limb sal-
vage compared with 73% after amputation, and another study 
reporting that long-term functional outcomes were equivalent 
between limb salvage and primary amputation.

The worst-case scenario occurs when a limb must be 
amputated after the patient has endured multiple operations 
of an unsuccessful salvage or after years of pain following a 
“successful” salvage. After realizing the function that is pos-
sible with a prosthesis, many patients ask why the amputa-
tion was not performed initially. It is important to present all 
information from the very beginning so that the patient can 
make educated decisions regarding which course to follow. 
The physician cannot understand the importance each patient 
places on cosmesis, function, or body image without specifi-
cally asking these questions. Other important issues include 
the patient’s ability to handle uncertainty, deal with prolonged 
immobilization, accept social isolation, and bear the finan-
cial burden. Without discussing all these issues, a physician 
would not be able to help patients make the “correct” deci-
sions. The “correct” decisions are based on the patient as a 
whole, not solely on the extent of the limb injury.

When an amputation is performed in the setting of acute 
trauma, the surgeon must follow all the standard principles 
of wound management. Contaminated tissue must undergo 
debridement and irrigation followed by open wound man-
agement. Although all devitalized tissue must be removed, 
any questionable areas should be retained to preserve future 
reconstructive options and reevaluated at a repeat debride-
ment in 24 to 48 hours. This time will not only allow the wound 
to further declare its course but also allow the patient to com-
prehend the severity of the problem. Functional stump length 
should be maintained whenever possible; this may require 
using nonstandard flaps or free muscle flaps for closure. 
Traction neurectomy for all named nerves and large cutane-
ous nerves should be performed proximal to the end of the 
residual limb to avoid sympathetic neuromas. Vascularized 
or nonvascularized tissue may be harvested from the ampu-
tated part to aid in this endeavor. If adequate length cannot 
be maintained acutely, the stump may be revised later using 
tissue expanders and the Ilizarov technique for bone length-
ening. Negative pressure wound therapy is a useful adju-
vant until the time of revision surgery. Controlled localized 
negative pressure promotes healing by promoting wound 
contraction, decreasing extracellular fluid, increasing tissue 
oxygenation, and stimulating formation of granulation tissue. 
A multidisciplinary approach involving other subspecialties 
(e.g., general surgery, vascular surgery) is recommended in 
the acute setting when patients are unable to be involved in 
the decision process secondary to their other injuries. 

BURNS
Thermal or electrical injury to an extremity may necessitate 
amputation (Fig. 14.2). The full extent of tissue damage may 
not be apparent at initial presentation, especially with electri-
cal injury. Treatment involves early debridement of devitalized 
tissue, fasciotomies when indicated, and aggressive wound 
care, including repeat debridements in the operating room. 
Compared with early amputation, delayed amputation of an 
unsalvageable limb has been associated with increased risk of 
local infection, systemic infection, myoglobin-induced renal 
failure, and death. In addition, length of hospital stay and cost 
are greatly increased with delayed amputation. Performing 

inadequate debridements with the unrealistic hope of saving a 
limb may put the patient in undue danger. Debridements must 
be aggressive and must include amputation when necessary. 

FROSTBITE
Frostbite denotes the actual freezing of tissue in the extremi-
ties, with or without central hypothermia. Historically, frost-
bite was most prevalent in wartime; however, anyone exposed 
to subfreezing temperatures is at risk. This is a common prob-
lem for high-altitude climbers, skiers, and hunters. Also at 
risk are homeless, alcoholic, and schizophrenic individuals.

When heat loss exceeds the body’s ability to maintain 
homeostasis, blood flow to the extremities is decreased to 
maintain central body temperature. The problem is exac-
erbated by exposure to wind or water. Actual tissue injury 
occurs through two mechanisms: (1) direct tissue injury 
through the formation of ice crystals in the extracellular fluid 
and (2) ischemic injury resulting from damage to vascular 
endothelium, clot formation, and increased sympathetic tone.

The first step in treatment is restoration of core body tem-
perature. Treatment of the affected extremity begins with rapid 
rewarming in a water bath at 40°C to 44°C. This requires paren-
teral pain management and sedation. After initial rewarming, 
if digital blood flow is still not apparent, treatment with tissue 
plasminogen activator or regional sympathetic blockade may 
be indicated. Tetanus prophylaxis is mandatory; however, pro-
phylactic systemic antibiotics are controversial. Blebs should 
be left intact. Closed blebs should be treated with aloe vera. 
Silver sulfadiazine (Silvadene) should be applied regularly 
to open blebs. Low doses of aspirin or ibuprofen also should 
be instituted. Oral antiinflammatory medication and topical 
aloe vera help stop progressive dermal ischemia mediated by 

 FIGURE 14.2 Electrical burn of the hand and forearm that 
necessitated an above-elbow amputation.
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vasoconstricting metabolites of arachidonic acid in frostbite 
wounds. Physical therapy should be started early to maintain 
range of motion.

In stark contrast to traumatic, thermal, or electri-
cal injury, amputation for frostbite routinely should be 
delayed 2 to 6 months. Clear demarcation of viable tissue 
may take this long. Even after demarcation appears to be 
complete on the surface, deep tissues still may be recover-
ing. Despite the presence of mummified tissue, infection 
is rare if local wound management is maintained. Triple-
phase technetium bone scan has helped delineate deep tis-
sue viability. Performing surgery prematurely often results 
in greater tissue loss and increased risk of infection. An 
exception to this rule is the removal of a circumferentially 
constricting eschar. 

INFECTION
Amputation may be necessary for acute or chronic infection 
that is unresponsive to antibiotics and surgical debridement. 
Open amputation is indicated in this setting and may be per-
formed using one of two methods. A guillotine amputation 
may be performed with later revision to a more proximal level 
after the infection is under control. Alternatively, an open 
amputation may be performed at the definitive level by ini-
tially inverting the flaps and packing the wound open with 
secondary closure at 10 to 14 days.

Partial foot amputation with primary closure has been 
described for patients with active infection; the wound is 
closed loosely over a catheter through which an antibiotic 
irrigant is infused. The constant infusion is continued for 
5 days. The wound must be closed loosely enough to allow 
the fluid to escape into the dressings. The dressings must be 
changed frequently until the catheter is removed on post-
operative day 5. This method may allow for primary wound 
healing, while avoiding a protracted course of wound healing 
by secondary intention.

In the acute setting, the most worrisome infections are 
those produced by gas-forming organisms. Typically associ-
ated with battlefield injuries, gas-forming infections also may 
result from farm injuries, motor vehicle accidents, or civil-
ian gunshot wounds. Any contaminated wound that is closed 
without appropriate debridement is at high risk for the devel-
opment of gas gangrene.

Three distinct gas-forming infections must be differ-
entiated (Table 14.2). The first is clostridial myonecrosis, 
which typically develops within 24 hours of closure of a 
deep contaminated wound. The patient has an acute onset 
of pain, swelling, and toxemia, often associated with a men-
tal awareness of impending death. The wound develops a 
bronze discoloration with a serosanguineous exudate and a 
musty odor. Gram stain of the exudates shows gram-positive 
rods occasionally accompanied by other flora. Treatment 
consists of immediate radical debridement of involved tis-
sue, high doses of intravenous penicillin (clindamycin may 
be used if the patient is allergic to penicillin), and hyper-
baric oxygen. Emergency open amputation one joint above 
the affected compartments often is needed as a lifesav-
ing measure but may be avoided if treatment is initiated  
early.

Streptococcal myonecrosis usually develops over 3 to 4 
days. The onset is not as rapid, and patients do not appear as 
sick as patients with clostridial infections. Swelling may be 
severe, but the pain is typically not as severe as that experi-
enced in clostridial myonecrosis. Abundant seropurulent 
discharge may be seen with only small amounts of gas forma-
tion. Debridement of involved muscle compartments, open 
wound management, and penicillin treatment usually allow 
for preservation of the limb.

The third entity that must be distinguished is anaerobic 
cellulitis or necrotizing fasciitis. Onset usually occurs several 
days after closure of a contaminated wound. Subcutaneous 
emphysema may spread rapidly, although pain, swelling, and 
toxemia usually remain minimal. Gas production may be 
abundant with a foul smell, but muscle compartments are not 
involved. Causative organisms include clostridia, anaerobic 
streptococci, Bacteroides, and gram-negative rods. Treatment 
includes debridement and broad-spectrum antibiotics. 
Amputation rarely is indicated.

Indications for amputation of a chronically infected limb 
must be defined on an individual basis. The systemic effects 
of a refractory infection may justify amputation. Disability 
from a nonhealing trophic ulcer, chronic osteomyelitis, or 
infected nonunion may reach a point at which the patient is 
better served by an amputation and prosthetic fitting. Rarely, 
a chronic draining sinus is the site of development of a squa-
mous cell carcinoma, which necessitates amputation. 

 TABLE 14.2 

Differential Diagnosis of Infection With Gas-Forming Organisms

FACTOR ANAEROBIC CELLULITIS CLOSTRIDIAL MYONECROSIS STREPTOCOCCAL MYONECROSIS
Incubation >3 days <3 days 3–4 days
Onset Gradual Acute Subacute
Toxemia Slight Severe Severe (late)
Pain Absent Severe Variable
Swelling Slight Severe Severe
Skin Little change Tense, white Tense, copper colored
Exudate Slight Serous hemorrhagic Seropurulent
Gas Abundant Rarely abundant Slight
Smell Foul Variable, “mousy” Slight
Muscle involvement No change Severe Moderate

From DeHaven KE, Evarts CM: The continuing problem of gas gangrene: a review and report of illustrative cases, J Trauma 11(12):983–991, 1971.

    

https://booksmedicos.org


CHAPTER 14  GENERAL PRINCIPLES OF AMPUTATIONS 685

TUMORS
Advances in diagnostic imaging, chemotherapy, radiation 
therapy, and surgical techniques for reconstruction now 
make limb salvage a reasonable option for most patients with 
bone or soft-tissue sarcomas. Four issues must be considered 
when contemplating limb salvage instead of amputation:
 1. Would survival be affected by the treatment choice?
 2. How do short-term and long-term morbidity compare?
 3.  How would the function of a salvaged limb compare with 

that of a prosthesis?
 4. Are there any psychosocial consequences?

Several studies have discussed the first question with 
regard to osteosarcoma. With the use of multimodal treat-
ment, including surgery and chemotherapy, long-term sur-
vival for osteosarcoma patients has improved from 20% to 
70% in most series. For osteosarcoma of the distal femur, the 
rate of local recurrence after wide resection and limb salvage 
is 5% to 10%, which is equivalent to the local recurrence rate 
after a transfemoral amputation for osteosarcoma. Although 
the rate of local recurrence of a tumor after hip disarticulation 
is extremely low, no study has shown a survival advantage for 
this technique. In general, provided that wide surgical mar-
gins are obtained, no study has proved a survival advantage of 
one technique over the other.

Amputation for malignancy may be technically demand-
ing, often requiring nonstandard flaps, bone graft, or pros-
thetic augmentation to obtain a more functional residual limb 
(Fig. 14.3). Limb salvage is associated with greater periopera-
tive morbidity, however, compared with amputation. Limb 
salvage involves a more extensive surgical procedure and is 
associated with greater risk of infection, wound dehiscence, 
flap necrosis, blood loss, and deep venous thrombosis. Long-
term complications vary depending on the type of recon-
struction. These include periprosthetic fractures, prosthetic 
loosening or dislocation, nonunion of the graft-host junction, 
allograft fracture, leg-length discrepancy, and late infection. 
A patient with a salvaged limb is more likely to need multiple 
subsequent operations for treatment of complications. After 
initial successful limb salvage surgery, one third of long-term 
survivors ultimately may require an amputation.

Regarding function, the location of the tumor is the most 
important factor. Resection of an upper extremity lesion with 
limb salvage, even with sacrifice of a major nerve, generally 
provides better function than amputation and subsequent 
prosthetic fitting. Similarly, resection of a proximal femoral 
or pelvic lesion with local reconstruction generally provides 
better function than hip disarticulation or hemipelvectomy. 
Sarcomas around the ankle and foot are frequently treated 
with amputation followed by prosthetic fitting. Treatment for 
sarcomas around the knee must be individualized.

Most patients with osteosarcoma around the knee are 
treated with one of three surgical procedures, which include 
either wide resection with prosthetic knee replacement, 
wide resection with allograft arthrodesis, or a transfemoral 
amputation. In one study of osteosarcoma patients, patients 
who had undergone resection and prosthetic knee replace-
ment showed higher self-selected walking velocities and a 
more efficient gait with regard to oxygen consumption than 
patients with transfemoral amputations. Individuals with 
a transfemoral amputation functioned at more than 50% of 
their maximal aerobic capacity at free walking speeds, requir-
ing anaerobic mechanisms to sustain muscle metabolism, 

which results in decreased endurance. The problem in many 
of these patients is compounded by decreased cardiac func-
tion from doxorubicin-induced cardiomyopathy.

In a comparison of the long-term function of amputa-
tion, arthrodesis, or arthroplasty for the treatment of tumors 
around the knee, patients with an amputation had difficulty 
walking on steep, rough, or slippery surfaces but were very 
active and were the least worried about damaging the affected 
limb. Patients with an arthrodesis performed the most 
demanding physical work and recreational activities, but they 
had difficulty with sitting, especially in the back seat of cars, 
theaters, or sports arenas. Patients who had arthroplasty gen-
erally led more sedentary lives and were more protective of 
the limb, but they had little difficulty with activities of daily 
living. These patients also were the least self-conscious about 
the limb.

No study has shown a significant difference between 
amputation and limb salvage with regard to psychologic 
outcome or quality of life in long-term sarcoma survivors.  

 

A

B

FIGURE 14.3 Hip disarticulation secondary to osteosarcoma. 
A, Proximal femoral replacement is constructed using hip hemiar-
throplasty component and bone cement. B, Anterior and posterior 
flaps are repaired over prosthesis. Patient can function as trans-
femoral amputee.
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The decision of limb salvage versus amputation involves more 
than the question of whether the lesion can be resected with 
wide margins. The patient ultimately must make the final 
decision based on long-term goals and lifestyle decisions.

Rarely, amputation may be indicated as a palliative mea-
sure for a patient with metastatic disease and pain that has 
been refractory to standard surgical treatment, radiation, che-
motherapy, and narcotic pain management. Amputation may 
be indicated for treatment of a recurrent pathologic fracture 
in which stabilization is impossible. It also may be indicated if 
the malignancy has caused massive necrosis, fungation, infec-
tion, or vascular compromise (Fig. 14.4). Although cure is 
not the goal, amputation may dramatically improve the func-
tional status and pain relief for the remaining months in some 
patients. The surgeon must remember, however, that survival 
is not always predictable. One such “palliative” hemipelvec-
tomy was performed at this institution on a patient who sub-
sequently lived comfortably for an additional 20 years. 

SURGICAL PRINCIPLES OF 
AMPUTATIONS
DETERMINATION OF AMPUTATION LEVEL
Determining the appropriate level of amputation requires an 
understanding of the tradeoffs between increased function 
with a more distal level of amputation and a decreased com-
plication rate with a more proximal level of amputation (Fig. 
14.5). The patient’s overall well-being, general medical condi-
tion, and rehabilitation all are important factors.

A vascular surgery consultation is almost always appro-
priate. Even if revascularization would not allow for salvage 
of the entire limb, it may allow for healing of a partial foot or 
ankle amputation instead of a transtibial amputation. As pre-
viously stated, however, peripheral bypass surgery may com-
promise wound healing of a future transtibial amputation.

Simple screening tests for nutritional status and immu-
nocompetence should be performed. Use of tobacco products 
should be discouraged. Medical illness, infection, and major 
operations all induce a hypermetabolic state. Multiple stud-
ies have confirmed that malnourished or immunocompro-
mised patients have markedly increased rates of perioperative 
complications.

Waters et  al. studied the energy cost of walking for 
patients with amputations at the transfemoral, transtibial, 
and Syme levels secondary to trauma or chronic limb isch-
emia. Compared with controls without amputations, the 
self-selected walking velocity for vascular amputees was 
66% at the Syme level, 59% at the transtibial level, and 44% 
at the transfemoral level. For traumatic amputees, generally 
younger patients, the rates were 87% at the transtibial level 
and 63% at the transfemoral level. At self-selected walking 
velocities, the slower rates for amputees seem to be a com-
pensatory mechanism to conserve energy per unit time. 
Except for transfemoral amputations secondary to vascular 
insufficiency, all patients tended to ambulate at similar per-
centages of their maximal aerobic capacity compared with 
age-matched controls. Patients tended to decrease their 
velocities to keep their relative energy costs per minute within 
normal limits. Patients with transfemoral amputations sec-
ondary to vascular insufficiency were unable to accomplish 
this, however, often exceeding 50% of their maximal aerobic 

capacity even for minimal ambulation. In this state, as already 
mentioned, anaerobic mechanisms are summoned to sustain 
muscle function, and endurance is greatly compromised. As 
a result, fewer vascular transfemoral amputees regain func-
tional ambulatory ability. It becomes apparent that amputa-
tion should be performed at the most distal level possible if 
ambulation is the chief concern.

If a patient has no ambulatory potential, wound heal-
ing with decreased perioperative morbidity should be the 
chief concern. A transtibial amputation in this setting is not 
a reasonable option because of the increased risk of wound 
problems and increased skin problems from knee flexion 
contractures. A knee disarticulation often provides the best 
function for these patients. Compared with transfemoral 
amputation, knee disarticulation provides a longer lever arm 
with balanced musculature to help with bed mobility and 
transfers. In addition, muscles are not divided and do not 
atrophy and contract over the femur as they often do after 
transfemoral amputation. Finally, better sitting stability and 
comfort are provided with a through-knee amputation.

Determining the most distal level for amputation with a 
reasonable chance of healing can be challenging. Preoperatively, 
clinical assessment of skin color, hair growth, and skin tem-
perature provides valuable initial information. Preoperative 
arteriograms, although already obtained for vascular surgery 
consultation, are of little help in determining potential for 
wound healing. Segmental systolic blood pressures likewise 
offer little useful information because they are often falsely 
elevated owing to the noncompliant walls of arteriosclerotic 
vessels. Measurements of skin perfusion pressures may be 
of some benefit, however. Some authors have recommended 
thermography or laser Doppler flowmetry as methods to test 
skin flap perfusion. Others recommend determining the tis-
sue uptake of intravenously injected fluorescein or the tissue 
clearance of intradermally injected xenon-133. We have found 
transcutaneous oxygen measurements to be most beneficial.

 FIGURE 14.4 Fungating tumor required transhumeral ampu-
tation.
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Transcutaneous oxygen measurements can be deter-
mined at multiple sites along the limb. The test is performed by 
inserting a probe that is heated to 45°C for 10 minutes before 
oxygen tension is measured. This allows for a maximum vaso-
dilatory response and a more accurate determination of per-
fusion potential. Various studies have recommended different 
cutoff levels, ranging from 20 to 40 mm Hg, for “good” heal-
ing potential. There is, however, no absolute cutoff because 
some studies have shown healing rates of 50% even when 
the transcutaneous oxygen level is less than 10 mm Hg. The 
measurement can be falsely decreased in circumstances that 
decrease the diffusion of oxygen, such as cellulitis or edema. 
The test can be improved by comparing the transcutaneous 
oxygen level before and after the inhalation of 100% oxygen. 
An increase of 10 mm Hg at a particular level is a good indi-
cator for healing potential. Accuracy also can be improved 
by comparing supine and elevation of the extremity mea-
surements in patients who fall into the 20 to 40 mm Hg gray 

zone. A decrease of greater than 15 mm Hg after 3 minutes of 
elevation of the involved limb is a poor prognostic indicator 
for healing. This information must be used in light of other 
patient variables, including age, concomitant medical prob-
lems, and ambulatory potential. 

TECHNICAL ASPECTS
Meticulous attention to detail and gentle handling of soft tissues 
are important for creating a well-healed and highly functional 
amputation stump. The tissues often are poorly vascularized or 
traumatized, and the risk for complications is high.

SKIN AND MUSCLE FLAPS
Flaps should be kept thick. Unnecessary dissection should be 
avoided to prevent further devascularization of already com-
promised tissues. Covering the end of the stump with a sturdy 
soft-tissue envelope is crucial. Past studies have determined 
the best type of flaps for each level of amputation, but atypical 
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FIGURE 14.5 Levels of amputation: more distal levels are associated with increased function, 
more proximal levels are associated with a decreased complication rate.
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flaps are always preferable to amputation at a more proximal 
level. With modern total-contact prosthetic sockets, the loca-
tion of the scar is rarely important, but the scar should not 
be adherent to the underlying bone. An adherent scar makes 
prosthetic fitting extremely difficult, and this type of scar 
often breaks down after prolonged prosthetic use. Redundant 
soft tissues or large “dog ears” also create problems in pros-
thetic fitting and may prevent maximal function of an other-
wise well-constructed stump (Fig. 14.6).

Muscles usually are divided at least 5 cm distal to the 
intended bone resection. They may be stabilized by myodesis 
(suturing muscle or tendon to bone) or by myoplasty (sutur-
ing muscle to the periosteum or the fascia of opposing muscu-
lature). Jaegers et al. showed that transected muscles atrophy 
40% to 60% in 2 years if they are not securely fixed. If possible, 
myodesis should be performed to provide a stronger insertion, 
help maximize strength, and minimize atrophy (Fig. 14.7). 
Myodesed muscles continue to counterbalance their antago-
nists, preventing contractures and maximizing residual limb 
function. However, myodesis may be contraindicated in severe 
ischemia because of the increased risk of wound breakdown. 

HEMOSTASIS
Except in severely ischemic limbs, the use of a tourniquet is 
highly desirable and makes the amputation easier. The limb 
may be exsanguinated by wrapping it with an Esmarch ban-
dage before the tourniquet is inflated. However, in amputa-
tions for infections or malignancy, expressing blood from the 
limbs in this manner is inadvisable. In such instances, infla-
tion of the tourniquet should be preceded by elevation of the 
limb for 5 minutes.

Major blood vessels should be isolated and individually 
ligated. Arteries and veins should be ligated separately, and 
larger vessels should be doubly ligated. The tourniquet should 
be deflated before closure, and meticulous hemostasis should 
be obtained. A drain should be used in most cases for 48 to 
72 hours. 

NERVES
A neuroma formation is inevitable after transection as the 
axons are unable to locate the distal nerve stump. A neuroma 
becomes painful if it forms in a position where it would be 
subjected to repeated trauma. Normal physiologic stimuli 
such as stretching, pressure, and vascular pulsations may be 
painful and, thus, limit prosthetic usage. Special techniques 
have been tried in the hopes of preventing the formation of 
painful neuromas. These include end-loop anastomosis, peri-
neural closure, Silastic capping, sealing the epineurial tube 
with butyl-cyanoacrylate, ligation, cauterization, and meth-
ods to bury the nerve ends in bone or muscle. Most surgeons 
currently agree that nerves should be isolated, gently pulled 
distally into the wound, and divided cleanly with a sharp knife 
so that the cut end retracts well proximal to the level of bone 
resection. Strong tension on the nerve should be avoided dur-
ing this maneuver; otherwise, the amputation stump may 
be painful even after the wound has healed. Crushing also 
should be avoided. Large nerves, such as the sciatic nerve, 
often contain relatively large arteries and should be ligated. 

BONE
Excessive periosteal stripping is contraindicated and may 
result in the formation of ring sequestra or bony overgrowth. 

Bony prominences that would not be well padded by soft tis-
sue always should be resected, and the remaining bone should 
be rasped to form a smooth contour. This is especially impor-
tant in locations such as the anterior aspect of the tibia, lateral 
aspect of the femur, and radial styloid. 

OPEN AMPUTATIONS
An open amputation is one in which the skin is not closed 
over the end of the stump. The operation is the first of at least 
two operations required to construct a satisfactory stump. It 
always must be followed by secondary closure, reamputation, 
revision, or plastic repair. The purpose of this type of amputa-
tion is to prevent or eliminate infection so that final closure 
of the stump may be done without breakdown of the wound. 
Open amputations are indicated in infections and in severe 
traumatic wounds with extensive destruction of tissue and 
gross contamination by foreign material. Appropriate antibi-
otics are given until the stump is finally healed (Fig. 14.8).

Previous editions of this book have described the tech-
niques for open amputations with inverted skin flaps and 
circular open amputations with postoperative skin traction. 
More recently, in the setting of tissue contamination or severe 
trauma at the amputation site, we have employed the tech-
nique of vacuum-assisted closure. A wound vacuum-assisted 
closure is applied to the open stump immediately after the ini-
tial debridement. Subsequent debridements are scheduled at 
48-hour intervals. The vacuum-assisted closure is reapplied 

 FIGURE 14.6 Redundant soft tissue or large “dog ears” can 
create problems in prosthetic fitting.

 FIGURE 14.7 Myodesis in transfemoral amputation. Adductor 
magnus tendon (arrow) is pulled into cut end of distal femur and 
secured through drill hole in lateral cortex.
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after each debridement until the wound is ready for closure 
(Fig. 14.9). 

POSTOPERATIVE CARE
Postoperative care of amputations often requires a multi-
disciplinary team approach. In addition to the surgeon, this 
team may include a physical medicine specialist, a physical 
therapist, an occupational therapist, a psychologist, and a 
social worker. An internist often is required to help manage 
postoperative medical problems. All the same precautions 
are followed as for any major orthopaedic surgery, including 
perioperative antibiotics, deep venous thrombosis prophy-
laxis, and pulmonary hygiene. Pain management includes the 
brief use of intravenous narcotics followed by oral pain medi-
cine that is tapered as soon as can be tolerated. Several stud-
ies have noted decreased narcotic usage with improved pain 
management using an oral multimodal pain medication regi-
men (Table 14.3) and/or continuous postoperative perineural 
infusional anesthesia for several days.

Treatment of the stump from the time the amputation 
is completed until the definitive prosthesis is fitted is cru-
cial if a strong and functional amputation stump capable 
of maximum prosthetic use is to be obtained. Since the 
mid-1970s, there has been a gradual shift from the use of 
“conventional” soft dressings to the use of rigid dressings, 
especially in centers that perform significant numbers of 
amputations. The rigid dressing consists of a plaster of 
Paris cast that is applied to the stump at the conclusion 
of surgery. Early weight bearing is not an essential part of 
the postoperative management program. If weight-bearing 
ambulation is not planned in the immediate postoperative 

period, the rigid dressing may be applied by the surgeon, 
observing standard cast application precautions, includ-
ing appropriate padding of all bony prominences, avoiding 
proximal constriction of the limb, and use of dependable 
cast suspension methods. If weight-bearing ambulation in 
the immediate postoperative period is anticipated, a true 
prosthetic cast should be applied, preferably by a certi-
fied prosthetist, with appropriate use of stump socks, con-
toured felt padding over all bony prominences, and special 
suspension techniques. A metal pylon with a prosthetic 
foot is attached to the cast and properly aligned for ambu-
lation. Specific details of such prosthetic cast applications 
for the major levels of amputation are provided after each 
discussion of surgical technique. Rigid stump dressings 
may be employed successfully and beneficially at essen-
tially all levels of amputation in the lower and upper limbs 
and are applicable to all age groups.

Rigid dressings offer several advantages over soft dress-
ings. Rigid dressings prevent edema at the surgical site, pro-
tect the wound from bed trauma, enhance wound healing and 
early maturation of the stump, and decrease postoperative 

 FIGURE 14.8 Open amputation. First stage, without skin 
closure, is aimed at preventing or eliminating infection before 
the second stage (closure, reamputation, revision, plastic repair).

 

A

B

FIGURE 14.9 Postoperative below-knee amputation stump 
before (A) and after (B) negative-pressure wound therapy dressing.  
(From Sumpio B, Thakor P, Mahler D, Blume P: Negative pressure wound 
therapy as postoperative dressing in below knee amputation stump closure 
of patients with chronic venous insufficiency, Wounds 23[10]:301–308, 
2011.)
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pain, allowing earlier mobilization from bed to chair and 
ambulation with support. For transtibial amputations, rigid 
dressings prevent the formation of knee flexion contractures. 
The physiologic benefits of upright posture to the respira-
tory, cardiovascular, urinary, and gastrointestinal systems are 
easily recognizable, but the psychologic benefits sometimes 
are more subtle. In most instances, the hospital stay can be 
decreased and the cost of care reduced accordingly. Finally, 
earlier definitive prosthetic fitting is possible and a higher 
percentage of patients are successfully rehabilitated.

Drains usually are removed at 48 hours. The patient is 
instructed on how to position the stump properly while in 
bed, while sitting, and while standing. The stump is elevated 
by raising the foot of the bed, which helps manage edema 
and postoperative pain. The patient is cautioned against leav-
ing the stump in a dependent position. With transfemoral 
amputations, the patient is cautioned against placing a pil-
low between the thighs or beneath the stump or otherwise 
keeping the stump flexed or abducted. These precautions are 
necessary to help prevent flexion or abduction contractures. 
Exercises for the stump are started under the supervision of 
a physical therapist the day after surgery or as soon thereaf-
ter as tolerated. These should consist of muscle-setting exer-
cises followed by exercises to mobilize the joints. Patients 
should be mobilized from bed to chair on the first postop-
erative day. Patients with lower extremity amputations should 
begin physical therapy within the first several days and begin 
ambulating using the parallel bars. This is followed shortly by 
ambulation with a walker or crutches when patients can con-
trol the limb and are comfortable enough.

The optimal time to begin prosthetic ambulation with 
protected weight bearing depends on many factors, includ-
ing the age, strength, and agility of the patient as well as the 
patient’s ability to protect the amputation stump from injury 
as a result of excessive weight bearing. The availability of a 
well-trained team of nurses, therapists, and prosthetists who 
can carry out a well-integrated prosthetic treatment program 
consistently and the desire and willingness of the surgeon to 
meticulously supervise such a treatment program are impor-
tant factors.

The gradual application of functional mechanical stress 
in the appropriate distribution can enhance wound healing; 
however, shearing forces can lead to wound breakdown. Early 
unprotected weight bearing can result in sloughing of the skin 

or delayed wound healing. Any weight bearing before the 
stump has healed should be strictly supervised. Advancement 
of weight-bearing status should be individualized. A young 
patient with a traumatic amputation above the zone of injury 
probably could begin 25-lb partial weight bearing immedi-
ately postoperatively. A patient with a traumatic amputation 
through the zone of injury, or a patient with an amputation 
performed secondary to ischemia probably should wait until 
early wound healing is documented before gradually begin-
ning partial weight bearing. Weight-bearing status should be 
reevaluated with each subsequent cast change. If the wound 
is progressing well, weight bearing can progress in 25-lb 
increments each week. Supervision is especially important in 
patients with peripheral neuropathy who may have difficulty 
judging how much weight they are placing on their stumps. 
Juvenile amputees also require close supervision because they 
are usually quite comfortable in a temporary prosthesis and 
often attempt to walk without support.

Regardless of when prosthetic ambulation is begun, the 
rigid dressing should be removed and the wound inspected 
in 7 to 10 days. Cast loosening, fever, excessive drainage, 
or systemic symptoms of wound infection are indications 
for earlier cast removal. If the wound is healing well, a new 
rigid dressing is applied, and ambulation with or without 
a pylon and prosthetic foot is continued. The cast should 
be changed weekly until the wound has healed. After the 
wound is well healed, the rigid dressing may be removed 
for bathing and stump hygiene, and, if desired, an elastic 
stump shrinker may be used at night in lieu of the rigid 
dressing. As stump shrinkage occurs, continued gentle 
compression of the stump is maintained by applying an 
additional stump sock before donning the plaster socket; 
this minimizes the need for repeated cast changes. Use of 
the rigid dressing is continued until the volume appears 
unchanged from the previous week. At that time, the pros-
thetist may apply the first prosthesis. One or more socket 
changes frequently are required over the first 18 months; 
therefore, many prosthetists prefer to make the initial 
prosthesis in a modular fashion. 

COMPLICATIONS
In a review of 5732 patients with transmetatarsal, below-knee, 
or above-knee amputations, the overall complication rate was 

 TABLE 14.3 

Multimodal Analgesia: Pharmacologic Components

TYPE EXAMPLES
Principal Regional anesthesia

Opioid analgesics
Systemic nonopioid analgesics

Central neuraxial or peripheral nerve block
Single-shot or continuous catheter
± Local infiltration analgesia
Oxycodone, morphine, fentanyl, hydromorphone
Acetaminophen, nonsteroidal antiinflammatory drugs (NSAIDs)

Adjuvants Gabapentinoids
N-methyl D-aspartate (NMDA) 
receptor antagonists
Alpha-2 adrenergic agents
Glucocorticoids
Other

Gabapentin, pregabalin
Ketamine, memantine, dextromethor phan, magnesium

Clonidine
Dexamethasone
Antidepressant, calcitonin, nicotine, capsaicin, cannabinoid, lidocaine
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43%, most of which consisted of wound-related complica-
tions. Independent predictors of readmission after ampu-
tation were chronic nursing-home residence, nonelective 
surgery, previous revascularization or amputation, preopera-
tive congestive heart failure, and preoperative dialysis.

HEMATOMA
Meticulous hemostasis before closure, the use of a drain, and 
a rigid dressing should minimize the frequency of hematoma 
formation. A hematoma can delay wound healing and serve 
as a culture medium for bacterial infection. If a hematoma 
does form, it should be treated with a compressive dressing. If 
the hematoma is associated with delayed wound healing with 
or without infection, it should be evacuated in the operating 
room. 

INFECTION
Infection is considerably more common in amputations for 
peripheral vascular disease, especially in diabetic patients, 
than in amputations secondary to trauma or tumor. Any deep 
wound infection should be treated with immediate debride-
ment and irrigation in the operating room and open wound 
management. Antibiotics should be tailored according to the 
results of intraoperative cultures. Delayed closure may be dif-
ficult because of edema and retraction of the flaps. Smith and 
Burgess described a method whereby the central one third 
of the wound is closed and the remainder of the wound is 
packed open (Fig. 14.10). This method allows for continued 
open wound management while maintaining adequate flaps 
for distal bone coverage. 

WOUND NECROSIS
The first step in evaluating significant wound necrosis is to 
reevaluate the preoperative selection of the amputation level. 
If transcutaneous oxygen studies were not obtained preopera-
tively, they should be obtained at this point to evaluate wound 
healing potential. A serum albumin level and a total lympho-
cyte count should be obtained. Many authors have reported 
significantly more problems with wound healing in patients 
with serum albumin levels less than 3.5 g/dL or total lym-
phocyte counts less than 1500 cells/mL. Nutritional supple-
mentation has been shown to promote wound healing in this 
setting. Patients who smoke tobacco should quit immediately 
because smoking severely compromises cutaneous blood 

flow, lowering tissue oxygen pressure. In a study by Lind et al., 
the risk of infection and reamputation was 2.5 times higher in 
smokers than in nonsmokers.

Necrosis of the skin edges less than 1 cm can be treated 
conservatively with open wound management (Fig. 14.11). 
There are several alternatives for management of more severe 
wound necrosis. The wound can be treated conservatively 
with local debridements combined with nutritional supple-
mentation. In patients who are better rehabilitation candi-
dates, some authors recommend total-contact casting with 
continued progression of weight bearing and rehabilitation. 
These authors state that weight bearing in a properly fitted 
total-contact cast stimulates wound healing and stump matu-
ration. We prefer to postpone prosthetic use until the wound 
has healed. We have made extensive use of vacuum-assisted 
closure in this setting.

In cases of severe necrosis with poor coverage of the 
bone end, wedge resection may be indicated. The basic 
principle of wedge resection is to regard the end of the 
amputation stump as a hemisphere. Although local resec-
tion increases local tension on already compromised tissues, 
resection of a wedge incorporating the full diameter of the 
stump would allow for reformation of the hemisphere while 
minimizing local pressures (Fig. 14.12). Finally, hyperbaric 
oxygen therapy and transcutaneous electrical nerve stimu-
lation have been shown in some studies to promote wound 
healing. 

CONTRACTURES
Mild or moderate contractures of the joints of an amputa-
tion stump should be prevented by proper positioning of 
the stump, gentle passive stretching, and having the patient 
engage in exercises to strengthen the muscles controlling the 
joint. At the knee, increased ambulation tends to reduce a 
contracture. In some patients, prosthetic modification may 
be necessary to adapt to the contracture. Rarely, severe fixed 
contractures may require treatment by wedging casts or by 
surgical release of the contracted structures. 

PAIN
Because pain is complex and mediated by multiple pathways, 
Kehlet and Dahl introduced the concept of multimodal anal-
gesia for the management of acute postoperative pain. This 

 FIGURE 14.10 Partial closure of infected transtibial amputation.
 FIGURE 14.11 Tissue necrosis on stump wound.
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algorithm has proven to be valuable at our institution, and 
examples are shown in Table 14.3. Effectively treating postop-
erative pain will promote function, enhance psychologic well-
being, and potentially minimize the risk of developing chronic 
pain.

After the immediate postoperative pain has been resolved, 
some patients continue to feel chronic pain as a result of vari-
ous causes. The first step in management is to diagnose the cause 
accurately. Phantom limb pain must be differentiated from resid-
ual limb pain, and both must be distinguished from pain arising 
from a distant site, such as from a herniated lumbar disc.

Mechanical lower back pain has been shown to be more 
prevalent in amputees than in the general population. In a 
study of 92 patients with amputations, back pain was rated 
more bothersome than phantom limb pain or residual limb 
pain. In addition to other accepted treatments for back pain, 
patients must be instructed on proper prosthetic ambulation 
to minimize abnormal stresses on the lumbar spine.

Residual limb pain is often caused by a poorly fitting pros-
thesis. Pressure is placed on tissues of the remaining leg or arm 
that were not designed to be pressure bearing. An intimate fit is 
required to provide maximal function and avoid focal pressure 
points that can often be uncomfortable or painful.

The stump should be evaluated for areas of abnormal pres-
sure, especially over bony prominences. Distal stump edema, 
often called “choking,” may result if the end is not completely 
seated in the prosthesis, and ulceration or gangrene could result. 
These problems can be avoided with socket modifications.

A neuroma always forms after division of a nerve. A pain-
ful neuroma occurs when the nerve end is subjected to pres-
sure or repeated irritation. A painful neuroma usually can be 
prevented by gentle traction on the nerve followed by sharp 
proximal division, allowing the nerve end to retract deep into 
the soft tissue. A painful neuroma usually is easily palpable 
and often has a positive Tinel sign. Treatment initially con-
sists of socket modification. If this fails to relieve symptoms, 
simple neuroma excision or a more proximal neurectomy 
may be required. Some authors recommend neuroma exci-
sion combined with centrocentral anastomosis of the proxi-
mal stump or a procedure to seal the epineurial sleeve. Rarely, 
it may be difficult to distinguish a neuroma from a possible 
recurrent tumor. Provost et  al. have provided some helpful 
descriptions of the ultrasound features of a neuroma.

Other possible causes of residual limb pain may be unre-
lated to the amputation stump. Osteoarthritis of the hip in a 
patient with an amputation should be treated the same way 
as with any other patient. If conservative measures fail to 
relieve symptoms, total hip arthroplasty should be offered as 
a reasonable option. Pain from osteoarthritis of the knee in a 
patient with a transtibial amputation, although rare, may be 
partially relieved by adding a knee joint and thigh corset to 
the prosthesis to allow load sharing with the thigh.

Phantom limb sensations are common after an amputation 
and they should be considered normal. Most patients do not 
find these to be bothersome. The most important part of man-
agement is simply to educate the patient regarding these sensa-
tions so that they are not surprised by their presence. During 
the first year after amputation, many patients experience a phe-
nomenon referred to as “telescoping,” whereby the phantom 
limb gradually shortens to the end of the residual limb.

Phantom limb pain is far less common. The exact inci-
dence is difficult to determine because many authors fail to 
differentiate between phantom limb pain and phantom limb 
sensations. Other authors fail to distinguish between the 
mere presence of phantom limb pain versus the presence of 
severe phantom limb pain, which has a significant effect on 
the patient. Subsequently, some reports state that phantom 
limb pain is present in 80% of amputees. Most authors would 
agree that truly bothersome phantom limb pain is much less 
common and is probably present in less than 10% of ampu-
tees. In our experience, phantom limb pain is more often 
present with proximal amputations, such as forequarter and 
hindquarter amputations. Phantom pain also appears to be 
more common in patients who felt pain in the limb before 
amputation. Subsequently, some investigators claim that 
phantom limb pain can be prevented with the use of epidural 
anesthesia beginning the day before surgery. Other investiga-
tors have failed to substantiate these claims. When significant 
pain is established, however, it can be extremely difficult to 
treat. Although no one specific method is universally benefi-
cial, some patients may benefit from such diverse measures as 
massage, ice, heat, increased prosthetic use, relaxation train-
ing, biofeedback, sympathetic blockade, oral medications, 
local nerve blocks, epidural blocks, ultrasound, transcuta-
neous electrical nerve stimulation, and placement of a dor-
sal column stimulator. Other general treatment guidelines 

 

 Local
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FIGURE 14.12 Diagrams of end-on and side views of amputation stumps. Local resection 
produces uneven tension; this is reduced and evenly distributed after wedge resection.
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have been suggested to be helpful. These include control-
ling stump edema, decreasing anxiety and stress, establish-
ing good sleep hygiene patterns, decreasing depression,  
and encouraging smoking cessation. Treatment algorithms 
have been developed for both residual limb pain and phan-
tom limb pain (Figs. 14.13 and 14.14). 

DERMATOLOGIC PROBLEMS
Patients should be instructed to wash their stumps with a 
mild antimicrobial soap at least once a day. The stump should 
be thoroughly rinsed and dried before donning the prosthe-
sis. Likewise, the prosthesis should be kept clean and should 
be thoroughly dried before donning.

Contact dermatitis is common and may be confused with 
infection. Skin inflammation is associated with intense itch-
ing and burning when wearing the socket. The most common 
cause is failure to rinse detergents from stump socks thor-
oughly. Other sensitizers include nickel, chromates used in 
leathers, skin creams, antioxidants in rubber, topical antibiot-
ics, and topical anesthetics. Treatment consists of removal of 
the irritant, soaks, steroid cream, and compression.

Bacterial folliculitis may occur in areas of hairy, oily skin. 
The problem may be exacerbated by shaving and by poor 
hygiene. Treatment initially consists of improved hygiene and 
possibly socket modifications to relieve areas of abnormal 
pressure. Occasionally, cellulitis develops that requires antibi-
otic treatment or an abscess forms that requires incision and 
drainage.

Epidermoid cysts may develop at the socket brim. These 
frequently occur late and are best treated with socket modifi-
cation. Excision may be required.

Verrucous hyperplasia refers to a wart-like overgrowth 
of the skin at the end of the stump. It is caused by proximal 
constriction that prevents the stump from fully seating in the 
prosthesis. This “choking,” as previously mentioned, causes dis-
tal stump edema followed by thickening of the skin, fissuring, 
ulceration, and possibly subsequent infection. Treatment ini-
tially is directed toward treating the infection. The skin should 
be treated with soaks and salicylic acid to soften the keratin. 
Socket modification is mandatory because pressure on the distal 
skin is essential to treat the problem and to prevent recurrences. 

AMPUTATIONS IN CHILDREN
Amputations in children may be divided into two general 
categories: congenital and acquired. Surveys of specialized 
child amputee clinics have shown that approximately 60% 
of childhood amputations are secondary to congenital limb 
deficiencies and 40% are secondary to acquired conditions. 
Acquired amputations most often are secondary to trauma, 
followed by neoplasm and infection. Motor vehicle acci-
dents, gunshot wounds, and power tool injuries are the most 
common causes of limb loss from injury in older children; 
in young children, accidents with power tools, such as lawn-
mowers, and other household accidents are the most com-
mon causes. Dysvascular amputations in children are rare, 
but when they do occur, they usually are secondary to throm-
botic or embolic events caused by another underlying prob-
lem. Congenital amputations are discussed in Chapter 29; 
only acquired amputations in children are considered here.

Most of the techniques of amputation described for 
adults also are useful for children, but in pediatric patients, 

general body growth and stump growth are significant fac-
tors. Krajbich summarized the general principles of child-
hood amputation surgery as follows: (1) preserve length, (2) 
preserve important growth plates, (3) perform disarticulation 
rather than transosseous amputation whenever possible, (4) 
preserve the knee joint whenever possible, (5) stabilize and 
normalize the proximal portion of the limb, and (6) be pre-
pared to deal with issues in addition to limb deficiency in 
children with other clinically important conditions.

Preserving length is crucial. Seventy-five percent of 
the growth of the femur occurs at the distal growth plate. 
Consequently, any transfemoral amputation performed in a 
young child would result in a very short stump as an adult. 
Conversely, even a very short transtibial stump in a young 
child may result in a functional stump as an adult if the 
growth plate is preserved.

Disarticulation can provide a child with a well-balanced, 
sturdy stump capable of end weight bearing. Length and phy-
ses are preserved without the risks of terminal overgrowth. 
Additionally, prosthetic suspension is improved with a disar-
ticulation secondary to preservation of the metaphyseal flares. 
This is important because of the high mechanical demands 
that children often place on their prostheses.

Terminal bone overgrowth is a significant problem in a 
child amputee with a transosseous amputation. The problem 
does not occur after disarticulation. The overgrowth is caused 
by appositional new bone formation and is unrelated to the 
growth of the physis. The resulting bone is elongated and 
often pencil shaped. It may cause swelling, edema, pain, and 
bursa formation, and in severe cases may penetrate the skin. 
Overgrowth is more common after traumatic amputations 
than after amputations performed for other indications. It is 
also more common in younger children than in older chil-
dren and occurs most often in the humerus and fibula and 
less often in the tibia, femur, radius, and ulna, in that order. 
The exact incidence is difficult to determine because of vari-
ables in the definition of significant overgrowth and variations 
in the age cutoff of different studies. In one study, 27% of child 
amputees experienced overgrowth severe enough to require 
revision surgery.

Terminal overgrowth is treated effectively with surgi-
cal resection of the excess bone. Epiphysiodesis has been 
unsuccessful and is contraindicated. Capping the bone with 
a synthetic device has had only limited success and has been 
complicated by infection or fracture of the implant or bone. 
Improved results have been obtained by capping the bone 
with an epiphyseal graft harvested from the amputated limb 
at the index procedure (Fig. 14.15) or by capping with tricor-
tical iliac crest graft at a revision operation.

Because of growth issues and increased body metabolism, 
children often can tolerate procedures on amputation stumps 
that are not tolerated by adults, including more forceful skin 
traction, the application of extensive skin grafts, and the closure 
of skin flaps under moderate tension. In addition, complications 
after surgery tend to be less severe in children. Painful phantom 
sensations do not develop, and neuromas rarely are trouble-
some enough to require surgery. Even extensive scars usually 
are tolerated well. One or more spurs usually develop on the 
end of the bone, but, in contrast to terminal overgrowth, almost 
never require resection. Psychologic problems after amputation 
are rare in children until they reach adolescence, at which time 
they may become severe enough to require treatment.
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FIGURE 14.13 Residual limb pain algorithm. CHF, Chronic heart failure; CRF, chronic renal 
failure; NSAID, nonsteroidal antiinflammatory drugs; PT, physical therapy; RSD, reflex sympathetic 
dystrophy.  (From Hompland S: Pain management for upper extremity amputation. In: Meier RH, Atkins DJ, 
editors: Functional restoration of adults and children with upper extremity amputation, New York, Demos, 
2004.)
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• Cordotomy
• Thalamic ablation

Neuromodulation
• Peripheral nerve stimulation
• Spinal cord stimulation
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FIGURE 14.14 Phantom limb pain algorithm. NSAIDs, Nonsteroidal antiinflammatory drugs; 
SSRIs, selective serotonin reuptake inhibitors; TENS, transcutaneous electrical nerve stimulation.  
(From Hompland S: Pain management for upper extremity amputation. In: Meier RH, Atkins DJ, editors: 
Functional restoration of adults and children with upper extremity amputation, New York, Demos, 2004.)
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Children use prostheses extremely well, and their profi-
ciency increases as they age and mature. In general, a pro-
gressive prosthetic program should be designed that parallels 
normal motor development. At a young age, children func-
tion well with simple prostheses. As they grow, modifications 
may be made, such as the addition of a knee joint, a mobile 
elbow joint, or a mechanical hand. By the time children reach 
adolescence, they may begin to take advantage of the most 
sophisticated prostheses, including those for specialized 

activities. Because of their activity level and growth, children 
with amputations must be observed closely for prosthetic 
repair, for frequent changes in the socket, and for fitting with 
new prostheses.
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 AMPUTATIONS OF THE FOOT
David R. Richardson

CHAPTER 15

As a percent of amputations involving the lower extremity, 
those around the foot and ankle are becoming increasingly 
common (Fig. 15.1). With advances in vascular and perfusion 
assessment and improvements in foot prostheses and footwear, 
success with ankle and partial foot amputations, as measured by 
functional, independent living, seems to be improving. When 
it is determined that limb salvage is not in a patient’s best inter-
est, ablation by amputation or disarticulation should be viewed 
as a reconstructive procedure rather than a treatment failure.

Indications for distal lower extremity amputation include 
trauma, peripheral vascular disease, neuropathy, infection, 
and tumor. Surgeons must be aware of advances in knowledge, 
technique, and technology that may influence the decision for 
or against amputation. Over the past few years, more literature 
has emerged to better define indications for amputation. The 
Lower Extremity Assessment Project (LEAP) study suggests 
that injury severity scoring systems, including the Limb Salvage 
Index, Predictive Salvage Index, and Mangled Extremity 
Severity Score, are insensitive in indicating those patients who 
ultimately benefit from amputation. The LEAP study did, how-
ever, find the Mangled Extremity Severity Score highly specific 
in ruling out patients who do not require amputation.

Presently, diabetic patients comprise over 70% of amputa-
tions because of ischemia, and over 30% of diabetic patients with 
a partial foot amputation will ultimately progress to a more prox-
imal level of limb loss. Research indicates patients with diabetes 
fear major amputation more than death. Therefore, compassion 
and education are critical components of treatment.

Current guidelines for diabetic foot infections recommend 
histological analysis and culture for a diagnosis of osteomyelitis. 
However, bone biopsy may not be as reliable as once thought. 

Severe postoperative infections have been found to be sig-
nificantly more frequent in patients with complicated diabetes 
(defined as the presence of neuropathy, history of ulcers, Charcot 
neuroarthropathy, or vascular disease) than in those with 
uncomplicated diabetes or patients without diabetes. Despite the 
definitive nature of an amputation, diabetic patients with severe 
neuroarthropathy or ulceration perceive their quality of life as 
equal to that of those with lower extremity amputation. The roles 
of the certified pedorthist, orthotist, and prosthetist should not 
be undervalued in maximizing function and minimizing com-
plications after amputations of the lower extremity.

Nutritional status and limb perfusion must be evaluated 
before surgery. With over one third of foot and ankle ampu-
tations in diabetic patients progressing to a higher level, it is 
important to optimize healing potential preoperatively. Critical 
values have been established to predict wound healing after  
amputation in the lower extremity. Indications of adequate per-
fusion include an ultrasound Doppler ankle-brachial index of 
more than 0.5, although this may be falsely elevated in patients 
with noncompressible vessels (Monckeberg sclerosis) and trans-
cutaneous oxygen perfusion pressure on room air of more than 
40 mm Hg. Toe pressures may be the most reliable noninvasive 
vascular measure, with 45 mm Hg or greater predictive of heal-
ing. The nutritional status of a patient also is crucial in wound 
healing after ablation procedures around the foot and ankle. A 
serum albumin value less than 3.5 g/dL and a total lymphocyte 
count less than 1500/mL have been shown to correlate with poor 
healing. A healing rate of 82% can be obtained with a total lym-
phocyte count of more than 1500/mL and an albumin level of 
at least 3.5 g/dL. Patients with poor nutritional status should be 
evaluated for dietary supplementation before surgery to maxi-
mize healing. Alternatively, a higher-level amputation may be 
chosen if delaying amputation carries an unacceptable risk to the 
patient. Gangrene upon admission and insulin-dependent dia-
betes are significant risk factors for reamputation.

Meticulous surgical technique, including avoidance 
of excessive pressure on the skin edges with forceps and 
use of thick skin flaps, may decrease wound complications. 
Refraining from tourniquet use, controlling hemostasis, and 
avoiding hematoma formation may be beneficial.

Expanding coverage options and advances in wound man-
agement have allowed greater success in more distal amputa-
tions. Advancement, rotation, transposition, and pedicle flaps 
are possible for limited coverage requirements around the foot 
and ankle; however, vascularized free flaps often are necessary 
for more extensive coverage. Consulting a plastic and recon-
structive specialist early in treatment often is beneficial. There 
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FIGURE 15.1   Levels of partial foot amputation.
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 FIGURE 15.4 Custom shoe insert for transmetatarsal 
 amputation.

are many types of dressings, including hydrocolloid, hydrogel, 
alginate, and debriding agents, and other types of biological 
dressings, such as Allomatrix and Graftjacket regenerative tissue 
matrix (Wright Medical, Memphis, TN). Platelet-rich plasma gel 
application has shown promise for treating diabetic, dysvascu-
lar wounds, as have growth factor and biologic wound products. 
Negative-pressure wound (vacuum-assisted closure) dressings 
also may be beneficial in larger wounds of the midfoot, hind-
foot, and ankle. The vacuum-assisted closure system has been 
shown to heal diabetic foot wounds proximal to the transmeta-
tarsal level faster and more predictably than moist gauze dressing 
changes. Vacuum-assisted closure dressings may be of less ben-
efit in small forefoot wounds and wounds with severe periph-
eral vascular disease. It has been suggested that gauze-dressing 
changes may be more efficacious for patients with peripheral 
vascular disease. Larger, condition-specific studies are needed 
to better determine the role of each of these treatment options. 
What is evident is the benefit of treatment by a multidisciplinary 
team willing to collaborate to help the patient.

TOE AMPUTATIONS
Amputation of a single toe, with few exceptions, causes little 
disturbance in stance or gait. Amputation of the great toe does 
not functionally affect standing or walking at a normal pace. 
However, if the patient walks rapidly or runs, a limp appears 
because of the loss of push-off normally provided by the great 
toe. Amputation of the second toe frequently is followed by 
severe hallux valgus because the great toe tends to drift toward 
the third to fill the gap left by amputation. Smith recommended 
a second ray amputation and narrowing the foot. Screw fixa-
tion is used in this technique (Fig. 15.2) to prevent a severe val-
gus deformity from occurring. Amputation of any of the other 
toes causes little disturbance. Toe amputations are the most 
common partial foot amputation and, of these, the fifth toe is 
most commonly amputated, the usual indication being over-
riding on the fourth toe. Here amputation often is preferred 
to reconstructive procedures because it is simple and definitive 

(Fig. 15.3). Toe amputation is a significant predictor of future 
limb loss. Amputation of all toes causes little disturbance in 
ordinary slow walking but is disabling during a more rapid gait 
and when spring and resilience of the foot are required. It inter-
feres with squatting and tiptoeing. Usually, amputation of all 
toes requires no prosthesis, other than a shoe filler (Fig. 15.4). 
Amputation of more than two rays often is more disabling than 
a transmetatarsal amputation.

Amputation through the metatarsals is disabling in pro-
portion to the level of amputation—the more proximal the 
level, the greater the disability. The loss of push-off in the 
absence of a positive fulcrum in the ball of the foot is chiefly 
responsible for impairment of gait. No prosthesis is required 
other than a shoe filler.

Foot amputations proximal to the transmetatarsal level 
result in considerable gait disturbance because of the loss 
of support and push-off. Such procedures occasionally are 
indicated, however, after severe trauma and in diabetic 
patients. Better preoperative tests for tissue perfusion have 

 FIGURE 15.2 Second ray amputation with screw fixation to 
narrow the foot.

 

A B

FIGURE 15.3   Clinical photographs after removal of fifth toe.
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made it possible to predict with reasonable accuracy the 
patients in whom toe, ray, and partial foot amputations will 
heal. In addition to using the ankle-brachial index, toe pres-
sures of greater than 45 mm Hg and transcutaneous par-
tial pressure of oxygen of more than 37 mm Hg correlate 
with healing of wounds. A transcutaneous partial pressure 
of oxygen of less than 20 mm Hg indicates that healing is 
unlikely at that level.

Good healing and functional results may be expected in 
diabetic patients after open Lisfranc or Chopart amputations 
with secondary closure. However, amputation at either level 
often results in an equinus deformity, because of loss of the 
foot dorsiflexor attachments (Fig. 15.5) and may require an 
ankle arthrodesis or revision to a higher level because such 
deformities prevent ambulation. Heel cord tenotomy or tenec-
tomy can prevent early equinus deformities from becoming 
fixed, which can decrease the number of patients requiring 
revision to a higher level. Lisfranc (Fig. 15.6) and Chopart 
amputations done for severe foot trauma have a higher failure 
rate. Patients who heal function well with simple prosthetic 
devices, and good results can be achieved with amputation 
levels that have been unsatisfactory in the past. 

 

TERMINAL SYME AMPUTATION
This amputation shares the name of the Syme amputation 
through the ankle because of the similar reconstruction 
of the plantar flap used for coverage. Indications include 
hallux terminal ulcerations, chronic ingrown nails with 
paronychia or nail deformity, hallux tuft osteomyelitis, or 
traumatic injury to the tip of the hallux involving the nail 
bed. Care must be taken to remove the entire matrix while 
attempting to maintain the insertion of the extensor and 
flexor hallucis longus.

 TECHNIQUE 15.1 

 n  Palpate the hallux interphalangeal joint and mark the dor-
sal incision just distal to this level in a transverse fashion. A 
digital tourniquet can be used but is usually not needed.

 n  Extend the incision on both sides of the hallux nail bed 
to include the paronychia. Distally extend the incision to 
include the terminal aspect of the hallux (Fig. 15.7A).

 n  Remove the nail plate, nail bed, contiguous soft tissue 
and distal aspect of the distal phalanx (retaining the 
 extensor hallucis longus and flexor hallucis longus inser-
tion) (Fig. 15.7B).

 n  Close the skin in a single everted layer (Fig. 15.7C). Do 
not attempt to contour the skin tags because they will 
remodel over time (Fig. 15.7D) and removing them can 
lead to wound problems.

 n  Dress the wound in a mildly compressive forefoot dressing.

POSTOPERATIVE CARE A sterile dressing is kept in 
place for 2 weeks. The sutures are removed at 12 to 
16 days. Weight bearing is allowed in a stiff-soled shoe 
until the wound is healed. Then the patient may transi-
tion to a shoe with a wide toe box.
   

 

AMPUTATION AT THE BASE OF THE 
PROXIMAL PHALANX
Maintaining the base of the proximal phalanx often is pref-
erable to metatarsophalangeal joint disarticulations. This 
allows for retention of some weight-bearing properties, 
especially in the hallux, where 1 cm of proximal phalanx 
allows for contribution by the flexor hallucis brevis and the 
plantar fascia. It also may slow the deviation of adjacent 
toes when one of the lesser digits is amputated (Fig. 15.8).

 TECHNIQUE 15.2 

 n  The skin incision varies with the toe involved. For the great 
toe, make a long medial incision and then circumscribe 
the digit. Begin the incision over the first metatarsal head 
in the midline medially and curve it distally over the lateral 
and posterior aspects for a distance slightly greater than 
the anteroposterior diameter of the digit and slightly lon-
ger plantarly than dorsally (Fig. 15.9A).

 FIGURE 15.5 Severe equinus deformity after amputation 
through Chopart joints.

 

A B

FIGURE 15.6 Amputation through Lisfranc joint. Note recur-
rent seroma on lateral radiograph.
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A B

C D

FIGURE 15.7 Terminal Syme amputation. A, Incision. B, Removal of distal aspect of phalanx 
along with nail plate and nail bed. C, Skin closure. D, Final appearance of toe. SEE TECHNIQUE 15.1.

 n  With an oscillating saw, osteotomize the base of the first 
proximal phalanx 1 cm from the base. Ensure that the 
attachments of the flexor and extensor hallucis brevis are 
preserved (Fig. 15.9B).

 n  In the second, third, and fourth toes, amputation is done 
through a short dorsal racquet-shaped incision (Fig. 
15.9C). Begin the incision 1 cm proximal to the meta-
tarsophalangeal joint and extend it distally to the base of 

the proximal phalanx, then curve it to pass around the toe 
across the plantar surface at the level of the flexor crease.

 n  With an oscillating saw, osteotomize the proximal pha-
lanx 1 cm from the base, ensuring the integrity of the 
flexor and extensor digitorum brevis.

 n  In the fifth toe, fashion a lateral incision and extend it cir-
cumferentially around the medial aspect of the toe distally 
to the level of the proximal interphalangeal joint. Again 
leave 1 cm of bone at the base of the proximal phalanx.

 n  Draw the extrinsic tendons distally, divide them, and 
 allow them to retract.

 n  Identify the digital nerves and divide them proximal to the 
end of the bone and divide and ligate the digital vessels.

 n  In either the great toe or fifth toe, copiously irrigate the 
wound, obtain hemostasis, and close the wound by ap-
proximating the skin edges (Fig. 15.9D).

 n  In amputation of the second, third, or fourth toe, close 
the skin edges with interrupted nonabsorbable sutures, as 
shown in Fig. 15.9E.

POSTOPERATIVE CARE Protect the amputation site with 
a sterile dressing for 12 to 16 days. Remove the sutures in 
dysvascular patients at 21 to 23 days, unless the wound 
has obviously healed sooner. Protected weight bearing usu-
ally is not needed. A shoe with the toe box cut out or a 
wooden-soled postoperative shoe is worn until the sutures 
are removed. When the edema has subsided, ambulation 
in a supportive, soft-soled, accommodating shoe is allowed.
   

 FIGURE 15.8 Hallux valgus deformity after second metatar-
sophalangeal joint disarticulation.
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FIGURE 15.9 Amputation at base of phalanx. A, Incision. B, Osteotomy of first proximal 

phalanx 1 cm from base. C, Racquet-shaped incision. Osteotomy of lesser toes also is made 1 cm 
from the base of the proximal phalanx. D and E, Wound closure. SEE TECHNIQUES 15.2 AND 15.4.
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METATARSOPHALANGEAL JOINT 
DISARTICULATION
In the diabetic foot, ischemia or osteomyelitis or both are 
the most compelling indications for amputation at the 
metatarsophalangeal joint.

 TECHNIQUE 15.3 

 n  Fashion a long plantar and a short dorsal skin flap. Begin 
the incision at the level of intended bone section at the 
midpoint on the medial side of the toe and curve it over 
the dorsal aspect to end at a similar point on the lateral 
side. Fashion a similar plantar flap but make it slightly 
longer than the dorsoplantar diameter of the toe at the 
level of bone section.

 n  Dissect the skin flaps proximally to the level of bone 
 section.

 n  Divide the flexor and extensor tendons and let them re-
tract just proximal to the end of the bone.

 n  Isolate and divide the digital nerves and ligate and divide 
the digital vessels.

 n  Section the bone at the selected level and smooth its end 
with a rasp.

 n  Close the flaps with interrupted nonabsorbable sutures.
  

 TECHNIQUE 15.4 

 n  Disarticulation of the metatarsophalangeal joint is car-
ried out in the same manner as amputation through the 
base of the proximal phalanx, differing only in the level 
and manner of amputation of bone. The skin flaps may 
vary.

 n  Continue the incision distally to the level of the metatar-
sophalangeal joint and extend it distally and circumferen-
tially while proceeding plantarward (Fig. 15.9C).

 n  Identify the capsule of the metatarsophalangeal joint and, 
with the toe in acute flexion, incise its dorsal side first; 
straighten the toe and expose and incise the remainder of 
the capsule after dividing the flexor tendons and neuro-
vascular bundles, cauterizing the latter. Divide the neuro-
vascular bundle distal to the bifurcation so as not to jeop-
ardize the adjacent digits.

 n  For the first and fifth digit, fashion the incision in the 
same manner as described in Technique 15.2. If the 
skin allows, a longer plantar flap is probably indicated  
(Fig. 15.10).

 n  When performing a metatarsophalangeal disarticulation 
of the hallux, removing the sesamoids in the insensate 
foot is recommended. Stay close to the periosteum over 
the sesamoids (Fig. 15.11).

POSTOPERATIVE CARE Postoperative care is the same 
as after Technique 15.2.
   

 

FIRST OR FIFTH RAY AMPUTATION 
(BORDER RAY AMPUTATION)

 TECHNIQUE 15.5 

 n  For amputations at the first or fifth ray (border digit), 
the following incision is used. Base the incision medially 
(first digit) (see Fig. 15.10A) or dorsolaterally (fifth digit)  
(Fig. 15.12A), extending from the midline of the medial 
eminence (or lateral eminence of the fifth metatarsal) dor-
sally and plantarward to about the level of the middle of the 
metatarsal. If the ray is being amputated because of acute 
or chronic deep infection, such as in a diabetic foot with 
osteomyelitis, press the incision to bone because the tissue 
planes are obscured, and this flap may not survive if left thin.

 

B

C

A

Excision level of
first metatarsal if
additional skin tension
relief is needed

FIGURE 15.10 A, Disarticulation at metatarsophalangeal joint 
of great toe. B and C, Severe ischemia of hallux to level of meta-
tarsophalangeal joint. SEE TECHNIQUES 15.4 AND 15.5.
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FIGURE 15.11 A, Sesamoids removed after first ray amputa-
tion in diabetic patient. B, Closure. Note longer plantar flap. SEE 
TECHNIQUE 15.4.

 n  When the dorsal full-thickness flap has been raised to the 
metatarsal, complete the plantar flap in the same man-
ner.

 n  Open the capsule dorsal to the plantar flap and, retracting 
both flaps proximally, complete the disarticulation.

 n  Cauterize the neurovascular bundles.
 n  For the hallux, removing the sesamoids usually is not in-

dicated unless the metatarsal head is retained.
 n  By extending the racquet-shaped incision proximally 

along the metatarsal shaft, part or all the first (or fifth) 
metatarsal may be removed. Take the incision to bone, 
raise the flaps at bone level, and section the first metatar-
sal from proximal plantar and medial to distal dorsal and 
lateral. Section the fifth metatarsal from proximal plantar 
and lateral to distal dorsal and medial (Fig. 15.12B, C).

 n  After lifting the bone, section the soft tissues to remove 
the intended segment. This is made easier by first disar-
ticulating the digit at the metatarsophalangeal joint.

 n  If a disarticulation of the first metatarsal at the medial cu-
neiform is done, try to preserve the penetrating branch 
of the dorsalis pedis artery, coursing plantarward about 
1 cm distal to the joint. Cautery or suture ligature often 
is necessary if it is sectioned. Also, consider reattach-
ing the tibialis anterior if this has been detached. This 
tendon has a broad attachment to the base of the first 
metatarsal and the first cuneiform (Fig. 15.12D). Care-
ful dissection may allow the tibialis anterior to remain 
attached to the first cuneiform, obviating the need for 
reattachment. Reattachment of the peroneus longus is 
not necessary.

 n  In fifth ray amputations, preserve the base of the fifth 
metatarsal to maintain the attachment of the peroneus 

brevis. If the entire metatarsal is removed, reattach the 
brevis locally or tenodese to the peroneus longus.

 n  Close in a single layer of nonabsorbable suture  
(Fig. 15.12E).

POSTOPERATIVE CARE Postoperative care is the same 
as after Technique 15.2.
   

 

MULTIPLE RAY AMPUTATION
Usually, if more than two rays need to be removed, espe-
cially medially, a transmetatarsal amputation would be 
more functional. However, there is literature to suggest 
preservation of the medial two rays, even if a free flap is 
required, may result in significant improvement in maxi-
mally achieved ambulatory function.

After a first ray resection, the second ray also can be 
removed through the same incision (Fig. 15.13). If skin for 
coverage is limited, a fillet flap can be based laterally. If the 
form of the amputation is dictated by trauma rather than 
infection or arteriosclerosis, preservation of as much bony 
architecture as possible is reasonable. This may require 
a free vascularized flap, particularly in a younger patient 
(Fig. 15.14).

Partial foot amputations are especially desirable in a 
diabetic patient whose opposite foot is at significant risk. 
Amputation of the medial two or lateral two or even 
three rays often provides a functional weight-bearing foot 
(Fig. 15.15).  
 

CENTRAL RAY AMPUTATION
Occasionally, because of infection with or without isch-
emia, particularly in a diabetic foot, and after trauma, 
partial or complete removal of one or more of the cen-
tral rays is indicated. If the third and fourth rays require 
removal, it is particularly difficult to secure closure because 
of immobility of the recessed second ray. An osteotomy of 
the base of the fifth metatarsal may facilitate the closure 
(Fig. 15.16).

 TECHNIQUE 15.6 

 n  Begin a dorsal longitudinal incision over the metatarsal 
shaft of the ray to be resected; place the incision between 
the metatarsals if two are to be removed. Leaving a small 
remnant of the base of the metatarsal, if not contraindi-
cated because of infection, expedites the excision.

 n  Disarticulation at the cuneiform level is tedious because 
of the limited exposure, the strength of the supporting 
capsuloligamentous structures, and the angles of planes 
at the tarsometatarsal joints. Disarticulating the toe at the 
metatarsophalangeal joint before excising the metatarsal 
also facilitates excision. The extensor tendons can be re-
tracted or removed to enhance exposure.

 n  By sharp and blunt dissection, remove the intrinsic mus-
cles on either side, transect the bone transversely, and, 
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FIGURE 15.12 Fifth ray amputation. A to C, Incision and removal of sectioned metatarsal.  
D, Final resection of fifth metatarsal. E, Wound closure. SEE TECHNIQUE 15.5.

 FIGURE 15.13 Complete amputation of first ray through medial 
incision.

lifting proximal to distal, clear the undersurface (plantar 
surface) of the metatarsal.

 n  After skeletonizing the bone to the level of the osteoto-
my, section the bone from dorsal distal to plantar proxi-
mal to avoid excess pressure with weight bearing (see  
Fig. 15.16).

 n  Disarticulation at the cuneiform or cuboid is an alternative 
technique.

 n  Unless the wound has been rendered surgically clean, 
leave it open and inspect it in 48 to 96 hours.

 n  Close primarily or with a skin graft when the wound al-
lows. Consider placement of a drain (Fig. 15.17).

POSTOPERATIVE CARE Protected weight bearing for 
3 to 4 weeks is recommended. When the edema has 
subsided, which may take several weeks, a noncustom-
designed soft shoe is worn.
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A deep central space abscess with necrosis of the intrin-
sic muscles of the foot may be managed by external debride-
ment and excision of one or more central rays with lateral 
border metatarsal osteotomy to close the gap. A few large 
retention sutures (when vascularity of the remaining part 
of the foot is not in question) approximating the medial and 
lateral borders of the foot provide a loose closure and allow 
drainage; the remainder of the wound heals by secondary 
intention. In this extenuating circumstance, where salvage 
of any functional part of the foot is the goal, angulation of 
the metatarsal osteotomy is not of prime importance or 
consequence. 

TRANSMETATARSAL AMPUTATION
Transmetatarsal amputation allows patients to ambulate 
with a shoe filler and steel shank with rocker soles but 
without a prosthesis. Limb length is preserved, and gait is 
maintained fairly well. It is important to recognize the high 
morbidity and mortality rate of those undergoing nontrau-
matic amputations. Although transmetatarsal amputations 
heal less predictably than transtibial amputations, if the 
patient’s vascularity allows, the benefits often outweigh 
the risk of needing a second surgery for revision. Despite 

 

A

B

C

D

FIGURE 15.14 A, Vasopressor-induced necrosis in bilateral feet. Due to contralateral transmeta-
tarsal amputation, every effort was made to preserve bony architecture. B, After transmetatarsal 
amputation and temporary coverage. C and D, Anterolateral thigh vascularized free flap was 
used. Debulking was required to allow for reasonable shoe wear. This amputation and graft are 
indicated when preservation of bony architecture is paramount, and caution is required when 
deep infection or arteriosclerosis is present.
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preserving the dorsiflexion strength of the anterior tibial 
tendon, an Achilles tendon lengthening or gastrocnemius 
recession is almost always warranted because of the ten-
dency to develop a plantarflexion contracture as a result 
of the shortened lever arm of the foot limiting dorsiflexion. 
A lengthening procedure also decreases the pressure on 
the terminal aspect of the amputation during walking. The 
Achilles tendon lengthening should be done first to prevent 
contamination and to allow for a long-lever arm to help 
with dorsiflexion correction.
Indications for transmetatarsal amputation include infec-
tion or gangrene involving multiple digits and possibly some 
of the dorsal skin proximal to the metatarsophalangeal 
joints. Essentially all the plantar skin proximal to the meta-
tarsophalangeal joints must be preserved. Because of the 
inconsistency of wound healing, poor vascularity is a relative 
contraindication depending on severity and the patient’s 
willingness and ability to undergo revision surgery if needed.

 TECHNIQUE 15.7 

 n  To fashion long plantar and short dorsal full-thickness 
flaps (Fig. 15.18A), begin the dorsal incision at the level 
of intended bone section on the anteromedial aspect of 
the foot and curve it slightly distal to the level of bone 
section to reach the midpoint of the lateral side of the 
foot (Fig. 15.18B). Begin the plantar incision at the same 
point as the dorsal, carry it distally beyond the metatarsal 
heads, and curve it proximally to end at the midpoint of 
the lateral side of the foot (Fig. 15.18C). Because of the 

greater cross-sectional diameter to be covered with skin 
medially, the incision is slightly longer on the medial than 
on the lateral side. Fashion the plantar flap to include the 
subcutaneous fat and a layer of plantar muscles.

 n  Remove the toes at the metatarsophalangeal joints and 
section the metatarsals in a beveled fashion dorsal-distal 
to plantar-proximal at the junction of the middle and 
distal thirds (Fig. 15.18D). The metatarsals should be re-
moved in a cascading fashion with the second metatarsal 
osteotomy only a few millimeters shorter than the first 
metatarsal, while each successive cut is 2 to 3 mm shorter 
than the previous medial metatarsal (Fig. 15.18E, F). The 
fifth metatarsal should be even shorter (4 to 5 mm shorter 
than the fourth). Always use a power saw to resect the 
metatarsal to try to prevent subsequent bony overgrowth. 
Use a rongeur and rasp to smooth any bony prominences. 
If infection is present distally, try not to violate any ab-
scess, leaving the metatarsophalangeal joint intact.

 n  Identify the nerves and divide them well proximally 
so that their cut ends fall proximal to the end of the 
bones.

 n  Divide the tendons under tension so that they retract into 
the foot. As an alternative, suture the flexor and extensor 
tendons to each other to form a myoplasty. A drain may 
be used as necessary.

 n  Bring the long plantar flap over the ends of the bones and 
suture it to the dorsal flap with interrupted nonabsorb-
able sutures (Fig. 15.18G–I). Be careful about “contour-
ing” skin tags at the medial and lateral edges because this 
may jeopardize the blood supply to the flap. This excessive 
tissue disappears with time.

 n  Apply a light compressive dressing and place the foot in a 
carefully padded posterior splint with the ankle in neutral 
to slight dorsiflexion.

POSTOPERATIVE CARE Except for the need for a 
shoe filler, the postoperative care is the same as after 
 Technique 15.2.
   

MIDFOOT AMPUTATIONS
Amputations through the middle of the foot include 
Lisfranc amputation at the tarsometatarsal joints and 
Chopart amputation at the transverse tarsal joints (see Fig. 
15.1), both of which may lead to severe equinovarus defor-
mity (see Fig. 15.5), and Pirogoff amputation, in which the 
calcaneus is rotated forward to be fused to the tibia after 
vertical section through its middle. Equinovarus deformity 
after a Lisfranc amputation can be mitigated with metic-
ulous surgical technique to preserve the insertion of the 
tibialis anterior and peroneus longus at the medial cunei-
form and the peroneus brevis at the base of the fifth meta-
tarsal. The base of the second metatarsal should be spared 
to preserve the proximal transverse arch. In a Chopart 
amputation, one or more dorsiflexors of the ankle must 
be transferred. Lessening the plantarflexion strength of 
the Achilles tendon is also necessary. Tenectomy of the 
Achilles tendon (removing 2 to 3 cm of the tendon) is rec-
ommended, rather than a simple lengthening. The patient 
should be placed in a slight dorsiflexion rigid dressing 
for 6 weeks to prevent equinus deformity and allow for 

 FIGURE 15.15 Lateral two rays amputated in elderly diabetic 
patient with ischemia and infection of lateral border of foot, 
including osteomyelitis.
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FIGURE 15.16 A and B, Progressive collapse of midfoot and hindfoot with loss of bony archi-
tecture in elderly patient with diabetes mellitus and Charcot arthropathy. C, Deep plantar space 
abscess and osteomyelitis or neuropathic periostitis followed by collapse deformity with ulceration. 
D and E, By osteotomizing border metatarsal or incising capsule at articulation with tarsus, the 
gap created by multiple central ray amputations can be closed and occasionally managed without 
skin graft or flap coverage. SEE TECHNIQUE 15.6.

 FIGURE 15.17 Central ray amputation; approximation of 
medial and lateral borders of the foot provides a loose closure 
and allows drainage. SEE TECHNIQUE 15.6.

incorporation of the transferred ankle dorsiflexors. To sal-
vage tarsometatarsal and midtarsal amputations in which 
fixed equinus deformity has developed, both Burgess and 
Lieberman et al. recommend division of the Achilles tendon 
and placement in a rigid dressing in slight dorsiflexion for 6 
weeks. By this means, the equinus is corrected, and weight 
is borne, as it should be, on the plantar skin of the heel and 
remaining part of the foot. Alternatively, an ankle or tibio-
talocalcaneal arthrodesis may be added immediately or in a 
delayed fashion to prevent or treat equinovarus deformity. 
In general, the basic requirements for a successful midfoot 
amputation include palpable posterior tibial pulse, distal  
infections not extending proximally to the midfoot level, 
transcutaneous oxygen pressure (TcPO2) greater than 
37 mm Hg, hemoglobin level of more than 10 g/dL, and 
serum albumin level of more than 30 g/L.

Calcaneal deformity may develop but often causes no 
difficulty either in fitting the shoe or as a source of pain. 
Although push-off is compromised, the stump before length-
ening of the Achilles tendon is not capable of much push-off 
in the presence of a fixed equinus deformity. By this simple 
method, skin problems, pressure irritation, and pain associ-
ated with excessive weight on the end of the stump are largely 
eliminated. 
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FIGURE 15.18 A, Dorsal and plantar incisions for transmetatarsal amputation and disarticula-

tion at the metatarsophalangeal joints. B, Dorsal incision. C, Plantar incision.
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FIGURE 15.18, cont’d D to F, Level of bone transection in transmetatarsal amputation. G and 
H, Osteotomy locations are gently curved with flap brought over the ends of bones. I, One-layer 
closure using monofilament nonabsorbable suture. SEE TECHNIQUE 15.7.

    

https://booksmedicos.org


CHAPTER 15  AMPUTATIONS OF THE FOOT 711

CHOPART AMPUTATION

 TECHNIQUE 15.8 

 n  To avoid contamination, begin by making a posteromedial 
incision and then perform a tenotomy of the Achilles tendon. 
Excise 2 cm of tendon and attempt to preserve the sheath of 
the Achilles tendon. Handle the soft tissue with care.

 n  Mark the skin incision preoperatively, creating a “fish-
mouth” flap on the plantar surface. Begin the incision 
at the transtarsal joints medially and laterally. Extend the 
flaps in a dorsal and plantar direction, creating adequate 
skin flaps for coverage (Fig. 15.19A–C). Carry the incision 
through the skin and subcutaneous tissue.

 n  Locate and pull the superficial sensory nerves distally, 
then transect them and allow them to retract.

 n  Identify the anterior tibial and extensor hallucis longus 
tendons (Fig. 15.19D), resect them distally, and prepare 
them for transfer.

 n  Identify the transverse tarsal (calcaneocuboid and talo-
navicular) joints and disarticulate them by releasing the 
dorsal and plantar ligaments (Fig. 15.19E, F).

 n  Transfer the anterior tibial tendon to the lateral aspect of the 
neck of the talus, using a bone tunnel with a biotenodesis 

 

A

Extensor hallucis
longus

Tibialis anterior

B

C

D E F
  

 

screw or by creating a trough in the talus and using a suture 
anchor or staple to secure fixation (Fig. 15.19G, H). Several 
authors have suggested that a single tendon transfer is in-
adequate to balance the foot in this setting, so in addition 
to transferring the anterior tibial tendon to the neck of the 
talus we also transfer the peroneus brevis or extensor hallucis 
longus to the anterior process of the calcaneus. Also, the an-
terior tibial and the extensor hallucis longus tendons can be 
tenodesed and transferred to the neck of the talus, and the 
extensor digitorum longus can be transferred to the anterior 
aspect of the calcaneus.

 n  Close the wound by approximating the fascial layers plan-
tarly and dorsally and then the skin in a tension-free man-
ner. Place a drain as needed after hemostasis has been 
obtained and the wound copiously irrigated (Fig. 15.19I, J).

 n  Apply a well-padded dorsiflexion rigid dressing.

POSTOPERATIVE CARE The dorsiflexion rigid dressing is 
changed intermittently to check the wound. Sutures are 
kept in place for 4 to 6 weeks to allow for adequate heal-
ing. The splint must be worn for 6 to 8 weeks to prevent 
equinus contracture of the hindfoot. The patient will need 
an ankle-foot orthosis in a rocker-sole shoe (e.g., running 
shoe) for ambulation (Fig. 15.19K).
  

       
      
 
    

   

  FIGURE 15.19 Chopart amputation. A, Incisions: lateral view of dorsal and plantar flaps. 
B, Dorsal view of incision. C, Dorsal flaps outlined. D, Anterior tibial and extensor hallucis longus 
tendons (marked by vessel loops) will be transferred to the neck of talus to help counter equinus 
deformity. E and F, Flaps retracted after resection of distal foot.
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FIGURE 15.19, cont’d G, Transfer of anterior tibial tendon through tunnel in neck of talus. 
H, Trough created in talus for transfer of anterior tibial tendon. I and J, After closure of incisions. 
K, Ankle-foot orthosis used for ambulation. SEE TECHNIQUE 15.8.

HINDFOOT AND ANKLE 
AMPUTATIONS
Amputations around the ankle joint not only must fulfill the 
requirements of an end-bearing stump but also must leave 
enough space between the end of the stump and the ground 
for the construction of some type of ankle joint mechanism for 
the artificial foot. In 1843, Syme described an amputation that 
meets these requirements better than any other in this region. 
The Syme amputation consists of a bone section at the distal 
tibia and fibula 0.6 cm proximal to the periphery of the ankle 
joint and passing through the dome of the ankle centrally. The 
tough, durable skin of the heel flap provides normal weight-
bearing skin. There is apparently no middle ground for this 
amputation: when good, it is the most satisfactory functional 
level in the lower extremity, but when bad, it is valueless, and 
the extremity must be amputated at a more proximal level. The 
most common causes of an unsatisfactory Syme stump are pos-
terior migration of the heel pad and skin slough resulting from 
overly vigorous trimming of “dog ears” or a compromised pos-
terior tibial artery. These can be minimized by attention to pre-
operative planning and surgical technique.

The chief objection to this amputation is cosmetic. The 
prosthesis used must accommodate the flare of the distal tib-
ial metaphysis that is covered with heavy plantar skin and is 

large and bulky. The prosthesis used for a classic Syme ampu-
tation consists of a molded plastic socket, with a removable 
medial window to allow passage of the bulbous end of the 
stump through its narrow shank, and a solid-ankle, cush-
ioned-heel foot prosthesis (Fig. 15.20).

Sarmiento described a modification of the Syme technique 
that produces a less bulbous stump and allows the use of a more 
cosmetic prosthesis. He advised transection of the tibia and fib-
ula approximately 1.3 cm proximal to the ankle joint and exci-
sion of the medial and lateral malleoli. This produces a stump 
that is only slightly larger in circumference than the diaphyseal 
portion of the leg and allows fitting with a prosthesis that incor-
porates an expandable socket, rather than a removable window.

In the past, most surgeons did not use the Syme amputation 
for ischemic limbs because the failure rate of wound healing was 
unacceptably high. More recently, preoperative determination 
of local tissue perfusion and oxygenation by such techniques as 
Doppler ultrasound measurement of segmental blood pressures, 
radioactive xenon clearance tests, and transcutaneous oxygen 
measurements have significantly increased the success rate of the 
Syme amputation in these limbs. A two-stage technique of the 
Syme amputation has been described for use in diabetic patients 
with an infected or gangrenous foot lesion and has achieved 
marked success in properly selected patients. Several authors 
have reported, however, that both stages can be safely combined 
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when infection is not adjacent to the heel pad. A systematic 
review reveals children have better outcomes than adults, with 
almost 70% participating in sports. However, the results in adults 
are promising as well, despite higher rates of reamputation and 
complications. Those achieving a successful Syme amputation 
demonstrate improved levels of functional independence com-
pared to those undergoing a transtibial amputation.

The Boyd amputation also produces an excellent end-
bearing stump around the ankle and eliminates the problem 
of posterior migration of the heel pad that sometimes occurs 
after a Syme amputation. It involves talectomy, forward shift 
of the calcaneus, and calcaneotibial arthrodesis. The arthro-
desis makes the procedure technically more difficult than the 
Syme amputation and produces a more bulbous stump. A sat-
isfactory prosthesis that is cosmetically acceptable has been 
designed for use after this amputation, however.

The Pirogoff amputation involves arthrodesis between 
the tibia and part of the calcaneus; the calcaneus is sectioned 
vertically, its anterior part is removed, and its remaining 

posterior part and the heel flap are rotated forward and 
upward 90 degrees until the raw surface of the calcaneus 
meets the denuded distal end of the tibia. This amputation 
has no advantage over that of Boyd and technically is more 
difficult. 

SYME AMPUTATION

 TECHNIQUE 15.9 

 n  A single long posterior heel flap is used. Begin the incision 
at the distal tip of the lateral malleolus and pass it across 
the anterior aspect of the ankle joint at the level of the 
distal end of the tibia to a point one fingerbreadth infe-
rior to the tip of the medial malleolus; extend it directly 
plantarward and across the sole of the foot to the lateral 
aspect, and end it at the starting point (Fig. 15.21A).

 

A B

C D

FIGURE 15.20 A and B, Frontal view of Syme amputation and prosthesis. C and D, Anteropos-
terior and lateral radiographs of Syme amputation. Note absence of malleoli.
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 n Divide all structures to the bone.
 n  For excision of the tarsus, place the foot in marked equi-

nus and divide the anterior capsule of the ankle joint.
 n  Insert a knife into the joint space between the medial 

malleolus and the talus and draw it inferiorly to section 
the deltoid ligament, protecting the posterior tibial artery; 
repeat this maneuver on the lateral side to section the 
calcaneofibular ligament (Fig. 15.21B).

 n  Place a bone hook in the posterior aspect of the talus to 
provide further equinus and proceed with dissection pos-

teriorly, dividing the posterior capsule of the ankle joint 
(Fig. 15.21C).

 n  Continue the dissection posteriorly, close to the superior 
surface of the calcaneus.

 n  Identify and expose the Achilles tendon and divide it at 
its insertion on the calcaneus, taking care not to damage 
the overlying skin because this may lead to necrosis of the 
entire flap.

 n  With a periosteal elevator, dissect the soft tissues from 
the lateral and medial surfaces of the calcaneus and pull 
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FIGURE 15.21 Syme amputation. A, Incision and bone level. B, Exposure of ankle and division 
of ligaments. C, Bone hook pulling talus distally, exposing distal articular surface of tibia and fibula. 
D, Dissection of soft tissues from calcaneus. E and F, Subperiosteal removal of calcaneus, leaving 

heel pad intact.
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the bone into even more equinus (Fig. 15.21D). Continue 
subperiosteal dissection on the inferior surface of the 
calcaneus until the distal end of the plantar skin flap is 
reached (Fig. 15.21E, F).

 n  Remove the entire foot except the heel flap. Retract the 
flap posteriorly and dissect the soft tissue from the tibia 
and malleoli.

 n  Incise the periosteum circumferentially 0.6 cm proximal to 
the joint line and divide the tibia and fibula at this level so  

that the line of transection passes just through the dome 
of the ankle joint centrally (Fig. 15.21G, H). The plane of 
the transection should be such that the cut surfaces of the 
tibia and fibula are parallel to the ground when the patient 
is standing. Round and smooth all sharp corners of bone.

 n  Dissect the medial and lateral plantar nerves and divide 
them proximal to the end of the bone.

 n  Pull inferiorly and section all visible tendons to retract 
proximally into the leg.
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FIGURE 15.21, cont’d G, Division of tibia and fibula just through dome of ankle joint centrally. 
H, Plane of transection to keep cut surfaces of tibia and fibula parallel to ground with patient 
standing. I, Holes drilled in anterior edge of tibia and fibula to anchor heel pad. J, Edge of deep 
fascia lining heel pad is anchored to tibia and fibula. K and L, Skin closure over drain, and applica-
tion of above-knee cast. SEE TECHNIQUE 15.9.
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 n  Isolate the posterior tibial artery and vein and ligate them 
just proximal to the cut distal edge of the heel flap. Ligate 
the anterior tibial artery as it lies in the anterior flap.

 n  Perform minimal debridement of any soft-tissue tags of 
plantar muscle and fascia lining the inner surface of the 
heel flap and preserve intact the subcutaneous fat and 
its septa because this is specialized pressure-tolerant 
tissue.

 n  Several techniques have been used to prevent migration 
of the heel pad on the end of the stump, such as taping 
the heel flap to the leg with adhesive strips, skewering  
the heel flap to the bone with a Kirschner wire, or leaving 
a small sliver of calcaneus attached to the heel flap, which 
fuses to the end of the tibia. The technique of Wagner is 
simple and has been effective in his hands.

 n  Drill several holes through the anterior edge of the tibia 
and fibula and suture the deep fascia lining the heel flap 
to the bones through these holes (Fig. 15.21I and J).

 n  Under no tension, approximate the skin edge of the heel 
flap to the skin edge of the anterior flap with interrupted 
nonabsorbable sutures (Fig. 15.21K). Large protruding 
tags of skin, or “dog ears,” are found at each end of the 
suture line; these should never be removed because they 
carry a large share of the blood supply to the heel flap and 
disappear later under bandaging.

 n  Apply a cast extending above the knee over a drain and 
remove the drain 24 to 48 h after surgery (Fig. 15.21L).

POSTOPERATIVE CARE A soft dressing can be applied 
and treatment continued as discussed in Chapter 14. A 
preferable approach is to apply a properly padded rigid 
dressing in the operating room at the conclusion of sur-
gery. If ambulation is to be delayed until wound healing 
is ensured, a simple well-padded cast is adequate. If early 
ambulation is preferred, or when subsequent prosthetic 

ambulation is to be instituted in the postoperative period, 
a true prosthetic cast should be applied as follows. Apply 
a light sterile dressing to the wound and apply a sterile 
stump sock. Sterile felt pads are appropriately fashioned 
and skived by the prosthetist to relieve pressure over 
the tibial crest and the edges of the transected bones; 
the prosthetist glues these pads to the stump sock with 
 medical adhesive and applies the plaster cast. Use elastic 
plaster of Paris in the initial wrap to provide good control 
of tension; reinforce this with conventional plaster. Gentle 
compression should be maximal over the end of the stump 
and gradually decrease proximally. The cast need not ex-
tend above the knee because the shape of the stump and 
the intimate fit between the stump and the rigid dressing  
provide adequate suspension. The end of the rigid dress-
ing is flattened for weight bearing by pressing a board 
against the wet plaster. The proximal part of the dressing 
is molded to create a patellar bar and a popliteal bulge, 
as in a patellar tendon-bearing prosthesis, to allow partial 
weight bearing by the patellar tendon and tibial condyles. 
A filler block is added if needed to correct leg-length dis-
crepancy, and a Syme prosthetic foot or a rubber walking 
heel is attached to the cast. A waist belt and suspension 
straps are used for additional suspension. Gait training 
and further postoperative care proceed as discussed in the 
section on below-knee amputations in Chapter 16.
   

 

TWO-STAGE SYME AMPUTATION
The two-stage Syme amputation procedure was developed 
to increase the success rate of amputations performed at  
the Syme level in patients with gross infection of the 
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B C D

AP
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FIGURE 15.22 Second stage of Wagner-Syme amputation. A and B, Removal of “dog ears” 
over each malleolus. C and D, Resection of metaphyseal flare parallel with shaft of fibula; same 
procedure is carried out at distal tibia. SEE TECHNIQUE 15.10.
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forefoot. It has proved to be extremely beneficial in dia-
betic patients, especially when coupled with the use of 
sophisticated techniques for preoperatively determining 
segmental limb viability. Several authors have reported that 
both stages can be safely combined when infection is not 
adjacent to the heel pad.

The procedure consists of performing an ankle disar-
ticulation as the first stage, preserving the tibial articular 
cartilage and the malleoli, and performing a Syme-type 
closure over a suction-irrigation system that allows instal-
lation of an antibiotic solution into the wound. Irrigation is 
continued until local and systemic signs of infection have 
resolved. After 6 weeks, if the stump is healed, a second 
procedure is performed to remove the malleoli and narrow 
the stump for good prosthetic fitting.

 TECHNIQUE 15.10 

(WYSS ET AL.; MALONE ET AL.; WAGNER)

FIRST STAGE
 n  To allow slightly longer skin flaps to cover the malleoli, 

start the incision 1 cm distal and 1 cm anterior to the 
tip of each malleolus. Carry the inferior incision directly 
across the sole of the foot to connect these two points, 
cutting all layers down to the bone. Carry the superior 
incision obliquely across the ankle joint, connecting the 
two points and cutting all layers down to the bone.

 n  Pull the tendons on the dorsum of the foot distally into 
the wound and transect them so that they retract well 
proximal to the skin edge.

 n  Identify and ligate the dorsalis pedis artery. Incise the an-
terior capsule of the ankle joint, plantarflex the foot, and 
transect the medial and lateral collateral ankle ligaments, 
preserving the posterior tibial artery.

 n  Use a bone hook in the body of the talus to pull the foot 
into even greater plantarflexion and begin subperiosteal 
dissection on the superolateral surface of the calcaneus. 
Continue this dissection posteriorly and medially, transect 
the Achilles tendon near its insertion on the calcaneus, 
and protect the posterior tibial artery medially.

 n  Separate the foot from the leg by transection of the plan-
tar aponeurosis.

 n  Ligate the posterior tibial artery near the margin of the 
heel flap and transect the tibial nerve so that its cut end 
retracts well proximal to the skin edge.

 n  Insert suction-irrigation tubes into the wound.
 n  Trim the distal edge of the heel flap to allow accurate 

closure with no tension, but do not attempt to trim the 
“dog ears” from the sides of the wound.

 n  Occasionally, it is necessary to divide fascial bands in the 
heel pad to prevent medial or lateral shifting of the pad. 
Similarly, it may be necessary to make small incisions into 
the fat pad to make a nest for each malleolus. These ma-
neuvers usually allow secure seating of the heel pad on 
the end of the bones.

 n  Suture the deep fascia of the anterior flap to the deep 
fascia of the posterior flap with interrupted absorbable 
sutures and approximate the skin edges with interrupted 
nonabsorbable sutures.

 n  Cover the wound with a soft compression dressing.

 n  After surgery, the wound is irrigated with an antibiotic 
solution for 48 to 72 h or until local and systemic signs of 
infection have subsided.

 n  After the drains are removed, apply a well-padded plaster 
cast to the stump, using contoured felt pads to protect 
the “dog ears.”

 n  Ambulation with or without weight bearing can be start-
ed at this point under strict supervision. Healing usually is 
secure enough at 6 weeks to perform the second stage 
or definitive amputation. 

SECOND STAGE
 n  Make an elliptical incision over each malleolus to remove 

the “dog ears.” The volume of tissue removed should be 
equal to that of the malleolus (Fig. 15.22A, B).

 n  Expose the malleoli by subperiosteal dissection, protect-
ing the posterior tibial artery medially.

 n  Resect each malleolus flush with the joint surface and 
remove the adjacent metaphyseal flares parallel with the 
shafts of the tibia and fibula (Fig. 15.22C, D). This nar-
rows and flattens the stump medially and laterally but still 
leaves anterior and posterior flares for prosthetic suspen-
sion.

 n  Tailor the soft tissues to allow secure positioning of the 
heel pad over the ends of the bones.

 n  Suture the deep fascia of the sole through holes drilled in 
the bone and close the wound with interrupted sutures. 

POSTOPERATIVE CARE Apply a soft compression dress-
ing until wound healing is apparent. Apply a walking cast 
and begin weight bearing 10 to 12 days after surgery. The 
cast should be changed at 2-week intervals or more often 
if it becomes loose or uncomfortable. Definitive prosthetic 
fitting usually is possible about 8 weeks after surgery.
   

 

BOYD AMPUTATION

 TECHNIQUE 15.11    Figure. 15.23

 n  Fashion a long plantar flap and a short dorsal flap. Begin 
the incision at the tip of the lateral malleolus and pass it 
over the dorsum of the foot at the level of the talona-
vicular joint to a point one fingerbreadth inferior to the 
medial malleolus; curve it inferiorly and distally across the 
sole of the foot at the level of the metatarsal bases; and 
carry it superiorly and proximally to the tip of the lateral 
malleolus.

 n  Elevate the skin flaps and amputate the forefoot through 
the midtarsal joints.

 n  Divide the ligaments between the calcaneus and tibia by 
sharp dissection close to the bone and then remove the 
talus.

 n  Excise the anterior part of the calcaneus by transverse 
osteotomy just distal to the peroneal tubercle.

 n  Remove the cartilage from the appropriate surfaces of the 
tibia, fibula, and calcaneus to prepare them for arthrodesis.

 n  Draw distally any tendons present in the wound and sec-
tion them proximally and allow them to retract.

    

https://booksmedicos.org


PART VI AMPUTATIONS718

 n  Section the medial and lateral plantar nerves to prevent 
them from being subject to pressure.

 n  Shift the calcaneus forward in its relationship to the ankle 
joint and mortise it into position for arthrodesis, its under-
surface being parallel with the ground.

 n  If desired, pass a Steinmann pin or cannulated screw su-
periorly through the heel to fix the calcaneus to the tibia 
in proper position.

 n  Approximate the skin flaps with interrupted sutures and 
insert a drain, which is removed at 48 to 72 h.

POSTOPERATIVE CARE The sutures are removed 
 after 2 weeks, and any Steinmann pin is removed after 
4 weeks. Weight bearing on the stump is prohibited until 
8 weeks. A walking cast is then applied and left in place 
until  arthrodesis is complete.
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AMPUTATIONS OF THE LOWER EXTREMITY
Marcus C. Ford

CHAPTER 16

Lower limb amputations are the most common of all ampu-
tations. Despite advances in revascularization techniques, 
the most common indication for lower extremity amputation 
remains a dysvascular limb, including that caused by diabe-
tes mellitus and peripheral vascular disease. Peripheral vas-
cular disease from all causes affects over 8 million Americans. 
The rate of lower extremity amputation in this population is 
around 4 per 1000. Amputation of the contralateral limb is 
necessary within 5 years in 30% to 50% of patients who have 
an amputation of a dysvascular lower limb. Twenty percent of 
below-knee amputations are converted to above-knee ampu-
tations. Over 50% of nontraumatic amputations occur from 
diabetes-related pathology. In the diabetic population, first-
year mortality rates after amputation are reported to be as high 
as 40%, while overall mortality rates range from 60% to 70%.

The number of amputations for causes other than diabe-
tes and vascular disease, such as tumors and infection, has 
decreased in the United States because of surgical and medi-
cal advances. In war-torn countries, improvised explosive 
devices and land mines continue to be frequent causes of 
traumatic amputations. Also, a high rate of combat-related 
lower extremity amputations remains in the military popula-
tion. Current level I and II studies are underway to investigate 
optimal lower extremity amputation techniques in this highly 
active population.

We advocate a multidisciplinary approach to the medi-
cal management of lower extremity amputations. Diabetic 
patients and those with vascular insufficiency who have had 
lower extremity amputation demonstrate high rates of 30-day 
mortality, stump complications, and hospital readmissions. 
Associated coronary artery disease and end-stage renal dis-
ease are predictors for perioperative medical complications 
and hospital readmissions.

The level of amputation is always a difficult decision and 
has a major effect on a patient’s quality of life. Morbidity is 
more frequent after transfemoral amputations than after trans-
tibial amputations. Energy expenditure is an important con-
sideration in choosing the level of amputation. The increased 
energy consumption of bipedal locomotion for transtibial 
amputees ranges from 40% to 50%, compared with 90% to 
100% in transfemoral amputees. Patients with transfemoral 
amputations are less likely to use a prosthesis successfully and 
consistently than are patients with more distal amputations. 
Higher-level amputations, even in children, are associated 
with a decline in physical function and quality of life.

Younger patients with traumatic amputations or amputa-
tions required for tumor treatment are more successful with 
prosthetic use than are patients with amputations of dysvascu-
lar limbs; dialysis patients are even less successful with pros-
theses. In dysvascular limbs, the level of amputation is critical 
because of poor wound healing. The most distal level should 
be chosen where the wound will have the best chance of heal-
ing. This decision process can be augmented using clinical 
tools such as transcutaneous oxygen tension, determining the 
nutritional status of patients (albumin level of >3 g/dL, lym-
phocyte count of >1500/mL) and preoperative medical frailty.

Amputation should not be viewed as a failed limb sal-
vage or reconstruction. The amputation must be viewed as 
an opportunity to reestablish or enhance a patient’s func-
tional level and facilitate a return to near-normal locomotion. 
Transtibial amputation after failed attempted limb preserva-
tion can still be successful in improving pain, decreasing nar-
cotic use, and improving function. This is especially true in 
the young, highly active trauma population. Meticulous sur-
gical attention is necessary to provide an optimal base of sup-
port because the residual limb functions as a “sensorimotor 
end organ” with tolerance requirements at the stump-pros-
thesis interface to meet the dynamic weight-bearing chal-
lenges of ambulation. Anesthesia pain specialty teams often 
are helpful in the management of postoperative pain.

Developments in the prosthetic field range from early-stage 
fitting techniques (computer-assisted stump contour scanning) 
to the use of advanced prosthetic components (lighter materi-
als, silicone gel liners, computer-assisted knee units, suspension 
device alternatives, and ankle-foot accommodative and energy 
storage systems). Osseointegrated prosthetic components have 
been investigated over the past several decades in transfemoral 
and transtibial amputees. Potential advantages include improved 
quality of life and body image, increased proximal joint range 
of motion, greater prosthetic comfort, better osseoperception, 
and improved walking ability. Minor complications include 
frequent superficial infections and stump irritation, and rare 
major complications include deep infection, osteomyelitis, peri-
implant fracture, and failure of osseointegration. Tillander et al. 
reported a 20% cumulative risk of developing osteomyelitis.

FOOT AND ANKLE AMPUTATIONS
Amputations around the foot and ankle are discussed in 
Chapter 15. 
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TRANSTIBIAL (BELOW-KNEE) 
AMPUTATIONS
Transtibial amputation is the most common lower extrem-
ity amputation. The importance of preserving the patient’s 
own knee joint in the successful rehabilitation of a patient 
with a lower extremity amputation cannot be overempha-
sized. Transtibial amputations can be divided into three lev-
els (Fig. 16.1). The appropriate level must be determined for 
each individual patient. Although many variations in tech-
nique exist, all procedures may be divided into those for 
nonischemic limbs and those for ischemic limbs. General 
techniques vary primarily in the construction of skin flaps, 
muscle stabilization, and osseous stabilization techniques. In 
nonischemic limbs, skin flaps of various design and muscle 
stabilization techniques, such as tension myodesis and myo-
plasty, frequently are used. These techniques are employed to 
prepare a stump more suited for weight bearing and to pro-
tect from wound breakdown. In tension myodesis, transected 
muscle groups are sutured to bone under physiologic tension; 
in myoplasty, muscle is sutured to soft tissue, such as oppos-
ing muscle groups or fascia. In most instances, myoplastic 
closures are performed, but some authors have advocated 
the use of the firmer stabilization provided by myodesis in 
young, active individuals. In addition, some surgeons advo-
cate creating a bone bridge between the distal tibia and fibula 
(Technique 16.2). Advocates of the Ertl technique claim that a 
bone bridge creates a more stable end-bearing construct and 
decreases the incidence of proximal tibiofibular joint instabil-
ity. In addition, closure of the intramedullary canal in osteo-
myoplastic transtibial amputation has been shown to increase 
blood flow to the residual limb. In ischemic limbs, tension 
myodesis is relatively contraindicated because it may com-
promise further an already marginal blood supply. Also, a 

long posterior myocutaneous flap and a short or even absent 
anterior flap are recommended for ischemic limbs because 
anteriorly the blood supply is less abundant than elsewhere 
in the leg.

In combat injuries that result from blasts or fragmenta-
tion wounds, the use of standard flaps may be impossible. 
Often flaps have to be fashioned from viable remaining tissue. 
Skin grafts may be used to cover soft-tissue defects, but skin 
grafts are not ideal for a stump-prosthesis interface.

NONISCHEMIC LIMBS
Rehabilitation after transtibial amputations in nonisch-
emic limbs generally is quite successful, partly because of 
a younger, healthier population with fewer comorbidities. 
The optimal level of amputation in this population tra-
ditionally has been chosen to provide a stump length that 
allows a controlling lever arm for the prosthesis with suf-
ficient “circulation” for healing and soft tissue for protective 
end weight bearing. The amputation level also is governed by 
the cause (e.g., clean end margins for tumor, level of trauma, 
and congenital abnormalities). A longer residual limb would 
have a more normal gait appearance, but stumps extending 
to the distal third of the leg have been considered subop-
timal because there is less soft tissue available for weight 
bearing and less room to accommodate some energy stor-
age systems. The distal third of the leg also has been con-
sidered relatively avascular and slower to heal than more 
proximal levels. Contemporary liners and ankle-foot storage 
systems now allow more options for accommodating a lon-
ger residual limb, but the long-term risk of skin breakdown 
in older patients with these newer prosthetic components 
is unknown. Our recent war experiences have shown that 
early posttraumatic amputations decrease the risk of chronic 
residual limb infection. If only one posttraumatic debride-
ment procedure and 5 days or fewer pass before definitive 
amputation, the risk of infection is limited.

In adults, the ideal bone length for a below-knee amputa-
tion stump is 12.5 to 17.5 cm, depending on body height. A 
reasonably satisfactory rule of thumb for selecting the level of 
bone section is to allow 2.5 cm of bone length for each 30 cm 
of body height. Usually the most satisfactory level is about 15 
cm distal to the medial tibial articular surface. A stump less 
than 12.5 cm long is less efficient. Stumps lacking quadriceps 
function are not useful. In a short stump of 8.8 cm or less, it 
has been recommended that the entire fibula together with 
some of the muscle bulk be removed so that the stump may 
fit more easily into the prosthetic socket. Many prosthetists 
find, however, that retention of the fibular head is desirable 
because the modern total-contact socket can obtain a better 
purchase on the short stump. Transecting the hamstring ten-
dons to allow a short stump to fall deeper into the socket also 
may be considered. Although the procedure has the disad-
vantage of weakening flexion of the knee, this has not been a 
serious problem, and genu recurvatum has not been reported.

Amputations in nonischemic limbs result from tumor, 
trauma, infection, or congenital anomaly. In each, the under-
lying lesion dictates the level of amputation and choice of skin 
flaps. Microvascular techniques have made preservation of 
transtibial stumps possible with the use of distant free flaps 
and “spare part” flaps from the amputated limb. A description 
of the classic transtibial amputation using equal anterior and 
posterior flaps follows. 

 

Very short
transtibial

Syme

Short
transtibial

Standard
transtibial

Long
transtibial

FIGURE 16.1 Levels of transtibial amputations.
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TRANSTIBIAL AMPUTATION

 TECHNIQUE 16.1 

 n  Place the patient supine on the operating table and use a 
pneumatic tourniquet for hemostasis.

 n  Beginning proximally at the anteromedial joint line, mea-
sure distally the desired length of bone and mark that 
level over the tibial crest with a skin-marking pen.

 n  Outline equal anterior and posterior skin flaps, with the 
length of each flap being equal to one half the anteropos-
terior diameter of the leg at the anticipated level of bone 
section.

 n  Begin the anterior incision medially or laterally at the in-
tended level of bone section and swing it convexly distal-
ward to the previously determined level and proximally to 
end at a similar position on the opposite side of the leg 
(Fig. 16.2A).

 n  When crossing the tibial crest, deepen the incision and 
mark the periosteum with a cut to establish a point for 
future measurement.

 n  Begin the posterior incision at the same point as the an-
terior and carry it first convexly distalward and then proxi-
mally as in the anterior incision (see Fig 16.2A).

 n  Deepen the posterior incision down through the deep fas-
cia, but do not separate the skin or deep fascia from the 
underlying muscle.

 n  Reflect as a single layer with the anterior flap the deep fascia 
and periosteum over the anteromedial surface of the tibia.

 n  Continue this dissection proximally to the level of intended 
bone section.

 n  Because it contracts, the anterior flap cannot be used to 
measure the level of intended bone section. Instead, use 
the mark already made in the tibial periosteum to mea-
sure the original length of the flap and reestablish the 
level of bone section. With a saw, mark the bone at this 
point.

 n  Insert a curved hemostat in the natural cleavage plane at 
the lateral aspect of the tibia so that its tip follows along 
the interosseous membrane and passes over the anterior 
aspect of the fibula to emerge just anterior to the pero-
neus brevis muscle.

 n  Identify and isolate the superficial peroneal nerve in the 
interval between the extensor digitorum longus and pero-
neus brevis, gently draw it distally, and divide it high so 
that it retracts well proximal to the end of the stump.

 n  Divide the muscles in the anterior compartment of the 
leg at a point 0.6 cm distal to the level of bone section 
so that they retract flush with the end of the bone. As 
these muscles are sectioned, take special care to identify 
and protect the anterior tibial vessels and deep peroneal 
nerve.

 n  Isolate these structures and ligate and divide the vessels at 
a level just proximal to the level of intended bone section.

 n  Exert gentle traction on the nerve and divide it proximally 
so that it retracts well proximal to the end of the stump.

 n  Before sectioning the tibia, bevel its crest with a saw: be-
gin 1.9 cm proximal to the level of the bone section and 
cut obliquely distalward to cross this level 0.5 cm anterior 
to the medullary cavity.

 n  Section the tibia transversely and section the fibula 1.2 cm 
proximally.

 n  Grasp their distal segments with a bone-holding forceps 
so that they can be pulled anteriorly and distally to expose 
the posterior muscle mass.

 

A

B C

Periosteum
marked

Amputation
level

Skin flap
incision

8 cm

4 cm

4 cm

FIGURE 16.2 Amputation through middle third of leg for nonischemic limbs. A, Fashioning 
of equal anterior and posterior skin flaps, each one half anteroposterior diameter of leg at level of 
bone section. B, Fashioning of posterior myofascial flap. C, Suture of myofascial flap to periosteum 
anteriorly. SEE TECHNIQUE 16.1.
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 n  Divide the muscles in the deep posterior compartment 
0.6 cm distal to the level of bone section so that they 
retract flush with the end of the bone. This exposes the 
posterior tibial and peroneal vessels and the tibial nerve 
lying on the gastrocnemius-soleus muscle group. Doubly 
ligate and divide the vessels and section the nerve so that 
its cut end retracts well proximal to the end of the bone.

 n  With a large amputation knife, bevel the gastrocnemius-
soleus muscle mass so that it forms a myofascial flap long 
enough to reach across the end of the tibia to the anterior 
fascia (Fig. 16.2B).

 n  Smoothly round the ends of the tibia and fibula with a 
rasp and irrigate the wound to remove all bone dust.

 n  Release the tourniquet and clamp and ligate or electroco-
agulate all bleeding points.

 n  Bring the gastrocnemius-soleus muscle flap over the ends 
of the bones and suture it to the deep fascia and the 
periosteum anteriorly (Fig. 16.2C).

 n  Place a plastic suction drainage tube deep to the muscle 
flap and fascia and bring it out laterally through the skin 
10 to 12 cm proximal to the end of the stump.

 n  Fashion the skin flaps as necessary for smooth closure 
without tension and suture them together with inter-
rupted nonabsorbable sutures.

  

 TECHNIQUE 16.2 

(MODIFIED ERTL; TAYLOR AND POKA)
 n  Place the patient supine on a radiolucent bed; a tourni-

quet is used for hemostasis.
 n  Make an anterior incision at the level of the intended tibial 

resection and a posterior flap incision. The posterior flap 
should measure 1 cm more than the diameter of the leg 
at the level of bone division (Fig. 16.3A).

 n  Sharply incise the anterior compartment fascia, transect 
the musculature of the anterior compartment, and ligate 
the anterior neurovascular bundle.

 n  Identify the saphenous nerve, transect it proximally under 
tension, and allow it to retract.

 n  Identify the tibial resection site and elevate an osteoperi-
osteal sleeve proximal to the intended transection level 
both anteriorly and posteriorly before making the tibial 
cut (Fig. 16.3B).

 n  Measure the medial-to-lateral distance between the tibia 
and fibula at the area of transection and transect the 
peroneal muscle and fibula at this distance distal to the 
transected tibia.

 n  Transect the peroneal musculature and ligate the lateral 
neurovascular bundle.

 n  Transect the deep posterior compartment at the level of 
the tibial transection and sharply bevel the superficial pos-
terior compartment to fashion a future flap.

 n  Identify the posterior compartment neurovascular bun-
dle, ligate and transect it, allowing for retraction.

 n  Identify the sural nerve and transect it in the posterior 
subcutaneous flap.

 n  Remove the amputated limb from the operative field, sav-
ing bone for possible grafting.

 n  Osteotomize the remaining fibula at the level of the re-
sected tibia; with a burr, create notches in the fibula and 
tibia for placement of the cut fibular autograft strut (Fig. 
16.3C,D).

 n  Drill holes to accommodate heavy suture passage: two in 
the medial tibia, two in the medial fibular autograft, two 
in the lateral fibular autograft, and two in the distal fibula 
(screw fixation may alternatively be used; Fig. 16.3E).

 n  Secure the autograft strut with heavy suture and sew the 
tibial periosteal sleeve around the strut distally. Autogenous 
bone graft may augment the distal bone bridge if necessary.

 n  Release the tourniquet and achieve hemostasis.
 n  Mobilize the peroneal musculature distally to cover the 

end of the bone bridge and suture it to the medial aspect 
of the tibia.

 n  Suture the posterior musculature to the anterior tibial 
periosteum and close the subcutaneous tissues. Use non-
absorbable stitches in a mattress fashion to close the skin.

  

REHABILITATION IN NONISCHEMIC LIMBS
Rehabilitation after transtibial amputation in a nonisch-
emic limb is fairly aggressive unless the patient is immu-
nocompromised, there are skin graft issues, or there are 
concomitant injuries or medical conditions that preclude 
early initiation of physical therapy. An immediate post-
operative rigid dressing helps control edema, limits knee 
flexion contracture, and protects the limb from external 
trauma.

A prosthetist can be helpful with such casting and can 
apply a jig that allows attachment and alignment for early 
pylon use. Weight bearing is limited initially, with bilateral 
upper extremity support from parallel bars, a walker, or 
crutches. The dressing is changed every 5 to 7 days for skin 
care. Within 3 to 4 weeks, the rigid dressing can be changed to 
a removable temporary prosthesis if there are no skin compli-
cations. The patient is shown the proper use of elastic wrap-
ping or a stump shrinker to control edema and help contour 
the residual limb when not wearing the prosthesis. The phys-
iatrist and therapist can assist in monitoring progress through 
the various transitions of temporary prosthetics to the per-
manent design, which may take several months. Endoskeletal 
designs have been more frequently used because modifi-
cations are simpler. Formal inpatient rehabilitation is brief, 
with most prosthetic training done on an outpatient basis. 
A program geared toward returning the patient to his or her 
previous occupation, hobbies, and educational pursuits can 
be structured with the help of a social worker, occupational 
therapist, and vocational counselor.

ISCHEMIC LIMBS
The frequent comorbidities in patients with ischemic limbs 
demand precautionary measures and interaction with a vas-
cular surgical team. Because the skin’s blood supply is much 
better on the posterior and medial aspects of the leg than 
on the anterior or anterolateral sides, transtibial amputation 
techniques for the ischemic limb are characterized by skin 
flaps that favor the posterior and medial side of the leg. The 
long posterior flap technique popularized by Burgess is most 
commonly used, but medial and lateral flaps of equal length 
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as described by Persson, skew flaps, and long medial flaps 
are being used. All techniques stress the need for preserving 
intact the vascular connections between skin and muscle by 
avoiding dissection along tissue planes and by constructing 
myocutaneous flaps. Also, amputations performed in isch-
emic limbs are customarily at a higher level (e.g., 10 to 12.5 
cm distal to the joint line) than amputations in nonischemic 
limbs. Tension myodesis and osteomyoplasty, which may 
be of value in young, vigorous patients, historically have 
been contraindicated in patients with ischemic limbs due 

to concerns of blood flow restriction. However, recent data 
demonstrate that the Ertl procedure may be safe in these 
high-risk patients.

Traditionally, tourniquets have not been used in the 
amputation of dysvascular limbs to avoid damage to more 
proximal diseased arteries. However, recent studies (includ-
ing randomized controlled trials) demonstrate decreased 
blood loss, decreased postoperative transfusion rates, and no 
increased risk of vascular or wound complications with the 
use of a tourniquet. 

 

A

C

D

E

B

FIGURE 16.3 Modified Ertl technique. A, Skin incision marked to create long posterior flap. 
B, Elevation of osteoperiosteal flap from the tibia. C, Provisional notch created in distal tibia and 
fibula for fibular strut. D, Fibular strut placed into the tibial and fibular notches. E, Fibular strut 
secured via sutures through bone tunnels.   (A, B, and E, From: Taylor BC, Poka A: Osteomyoplastic 
transtibial amputation: the Ertl technique, J Am Acad Orthop Surg 24:259, 2016. C and D, From Taylor BC, 
Poka A: Osteomyoplastic transtibial amputation: technique and tips, J Orthop Surg Res 6:13, 2011.) SEE 
TECHNIQUE 16.2.
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TRANSTIBIAL AMPUTATION USING 
LONG POSTERIOR SKIN FLAP

 TECHNIQUE 16.3 

(BURGESS)

 n  Position the patient supine on the operating table; do not 
apply a tourniquet. Prepare and drape the limb so that 
an above-knee amputation can be performed if bleeding 
and tissue viability are insufficient to permit a successful 
transtibial amputation. For ischemic limbs, Burgess rec-
ommended amputation 8.8 to 12.5 cm distal to the line 
of the knee joint.

 n  Outline a long posterior flap and a short anterior one. 
The posterior flap should measure 1 cm more than the 
diameter of the leg at the level of bone division.

 n  Fashion the anterior flap at about the level of anticipated 
section of the tibia (Fig. 16.4A).

 n  Reflect as a single layer with the anterior flap the deep 
fascia and periosteum over the anteromedial surface of 
the tibia.

 n  Divide the anterolateral muscles down to the intermuscu-
lar septum, ligating and dividing the anterior tibial vessels 
and peroneal nerves as encountered.

 n  Section the tibia, and at a level no more than 0.9 to 1.3 cm 
higher, section the fibula. Dissect the soft tissues from the pos-
terior aspect of the tibia and fibula distally to the level of the 
posterior transverse skin division and separate and remove the 
leg, ligating and dividing the nerves and vessels (Fig. 16.4B).

 n  Carefully round the tibia and form a short bevel on its 
anterior and medial aspects. Tension myodesis is not rec-
ommended in this instance.

 n  Bevel and tailor the posterior muscle mass to form a flap 
(see Fig. 16.4B) and carry it anteriorly, suturing it to the 
deep fascia and periosteum (Fig. 16.4C).

 n  Obtain meticulous hemostasis.
 n  Place a plastic suction drainage tube deep to the mus-

cle flap and fascia and bring it out laterally through the 
skin 10 to 12.5 cm proximal to the end of the stump; if 
preferred, a through-and-through Penrose drain may be 
used, but it is more difficult to remove.

 n  Fashion the skin flaps as necessary to obtain smooth closure 
without too much tension. Trim any “dog ears” sparingly; 
otherwise, the circulation in the skin may be disturbed.

 n  Close the skin with interrupted nonabsorbable sutures.
   

REHABILITATION IN ISCHEMIC LIMBS
Rehabilitation in patients with ischemic limbs must proceed 
cautiously because of potential skin healing compromise 
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Skin flap
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0.9 to 1.3 cm
12.5 to 15 cm
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FIGURE 16.4 Transtibial amputation in ischemic limbs. A, Fashioning of short anterior and 
long posterior skin flaps. B, Separation and removal of distal leg. Muscle mass is tailored to form 
flaps. C, Suture of flap to deep fascia and periosteum anteriorly.   (Redrawn from Burgess EM, Zettl 
JH: Amputations below the knee, Artif Limbs 13:1, 1969.) SEE TECHNIQUE 16.3.
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and accompanying medical conditions. Initial postoperative 
efforts are centered on skin healing. After transtibial amputa-
tion, a soft dressing can be applied but a rigid dressing is pre-
ferred and can be used regardless of whether early ambulation 
is prescribed. If immediate or prompt prosthetic ambulation 
is not to be pursued, the stump can be dressed in a simple, 
well-padded cast that extends proximally to midthigh and is 
applied in such a manner as to avoid proximal constriction of 
the limb. Good suspension of the cast is essential to prevent it 
from slipping distally and impairing stump circulation. This 
may require compressive contouring of the cast in the supra-
condylar area and a waist band, suspension strap, or both. The 
cast should be removed in 5 to 7 days; and if wound healing is 
satisfactory, a new rigid dressing or prosthetic cast is applied. 
If immediate or prompt prosthetic ambulation is pursued, a 
properly constructed prosthetic cast is best applied by a quali-
fied prosthetist. Success of rehabilitation depends on multiple 
variables, including cognitive status, premorbid functional 
level, condition of the upper extremities and contralateral 
lower limb, and coexisting medical and neurologic condi-
tions. Early rehabilitation efforts may be geared toward inde-
pendence in a wheelchair, stump care education, skin care 
techniques to avoid decubitus ulcers, care of the contralateral 
intact lower limb, and preprosthetic general conditioning. 
Weight bearing on the residual limb is usually delayed until 
skin healing has progressed. If a more aggressive approach is 
taken toward prosthetic training, more frequent rigid dress-
ing changes are recommended and possibly the use of clear 
sockets to allow monitoring of the skin. Some patients may 
require further medical evaluation and clearance (e.g., chemi-
cally induced cardiac stress test or echocardiogram or vas-
cular studies of the contralateral limb) to evaluate tolerance 
for prosthetic training. A pain management specialist may be 
needed to help treat postoperative phantom limb pain. Many 
patients receive inpatient rehabilitation training with subse-
quent therapy on an outpatient basis or in an extended-care 
facility or home health setting. Proposed rehabilitation goals 
also dictate which prosthetic components would be approved 
by insurance carriers.

DISARTICULATION OF THE KNEE
Disarticulation of the knee results in a functional end-bearing 
stump. Newer socket designs and prosthetic knee mechanisms 
that provide swing phase control have improved function in 
patients with knee disarticulation. Although the benefit of its 
use in children and young adults has been proven, its use in 
the elderly and especially in patients with ischemia has been 
limited in the United States. Knee disarticulations are more 
commonly used in cases of trauma. Based on published data, 
it remains unclear if knee disarticulation provides additional 
functional benefit and improved complication rates com-
pared to transfemoral amputation.

Potential advantages of knee disarticulation include (1) 
preservation of the large end-bearing surfaces of the distal 
femur covered by skin and other soft tissues that are natu-
rally suited for weight bearing, (2) creation of a long lever arm 
controlled by strong muscles, and (3) stability of the prosthe-
sis. Techniques have been described for reducing the bulk of 
bone at the end of the stump to allow more cosmetic pros-
thetic fitting while still retaining the weight-bearing, suspen-
sion, and rotational control features of the stump. Modified 

skin incisions allow greater use of this amputation level in 
patients with ischemia. In nonambulatory patients, addi-
tional extremity length provides adequate sitting support 
and balance. Knee flexion contractures and associated distal 
ulcers common with transtibial amputations also are avoided. 

 

KNEE DISARTICULATION

 TECHNIQUE 16.4 

(BATCH, SPITTLER, AND MCFADDIN)
 n  Measuring from the inferior pole of the patella, fashion 

a long, broad anterior flap about equal in length to the 
diameter of the knee (Fig. 16.5A).

 n  Measuring from the level of the popliteal crease, fashion 
a short posterior flap equal in length to one half of the 
diameter of the knee. Place the lateral ends of the flaps 
at the level of the tibial condyles.

 n  Deepen the anterior incision through the deep fascia to 
the bone and dissect the anterior flap from the tibia and 
adjacent muscle. Include in the flap the insertion of the 
patellar tendon and the pes anserinus (Fig. 16.5B).

 n  Expose the knee joint by dissecting the capsule from the 
anterior and lateral margins of the tibia; divide the cruci-
ate ligaments, and dissect the posterior capsule from the 
tibia (Fig. 16.5C).

 n  Identify the tibial nerve, gently pull it distally, and divide it 
proximally so that it retracts well proximal to the level of 
amputation (Fig. 16.5D).

 n  Identify, doubly ligate, and divide the popliteal vessels.
 n  Free the biceps tendon from the fibula, complete the am-

putation posteriorly, and remove the leg.
 n  Do not excise the patella or attempt to fuse it to the 

femoral condyles. Do not disturb the articular cartilage of 
the femoral condyles and patella. Perform a synovectomy 
only if specifically indicated.

 n  Suture the patellar tendon to the cruciate ligaments and 
the remnants of the gastrocnemius muscle to tissue in the 
intercondylar notch (Fig. 16.5E).

 n  Place a through-and-through Penrose drain in the wound.
 n  Close the deep fascia and subcutaneous tissues with 

absorbable sutures and the skin edges with interrupted 
nonabsorbable sutures.

 n  If sufficient skin for a loose closure is unavailable, resect the 
posterior part of the femoral condyles rather than risk loss 
of the skin flaps. The wound usually heals quickly, how-
ever, and a permanent prosthesis usually can be fitted in 6 
to 8 weeks because shrinkage of the stump is not a factor. 
If the wound fails to heal primarily, there is no reason for 
apprehension or reamputation because it usually granu-
lates and heals satisfactorily without additional surgery.
   

 

KNEE DISARTICULATION
Mazet and Hennessy recommended a method that fea-
tures resection of the protruding medial, lateral, and 
posterior surfaces of the femoral condyles for creating 
a knee disarticulation stump for which a more cosmeti-
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FIGURE 16.5 Disarticulation of knee joint. A, Skin incision. B, Anterior flap elevated, including 
insertion of patellar tendon and pes anserinus. C, Cruciate ligaments and posterior capsule divided. 
D, Tibial nerve divided high. E, Patellar tendon sutured to cruciate ligaments. SEE TECHNIQUE 16.4.
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cally acceptable prosthesis can be constructed. With this 
technique, tolerances within the socket are greater, more 
adduction of the stump is permitted in the alignment of 
the prosthesis, and the decreased bulk of the stump per-
mits greater ease in the application and removal of the 
prosthesis. The debulked stump requires smaller skin 
flaps, which may be beneficial for wound healing in dys-
vascular limbs. These patients may use a suction type 
prosthesis, which is less cumbersome to apply than a tra-
ditional above-knee amputation prosthesis and does not 
require removal for toileting needs.

 TECHNIQUE 16.5 

(MAZET AND HENNESSY)
 n  Fashion the usual fish-mouth skin incision, making the an-

terior flap longer and extending 10 cm distal to the level 
of the knee joint and making the posterior flap shorter 
and extending only about 2.5 cm distal to the same level 
(Fig. 16.6).

 n  Reflect the skin and deep fascia well proximal to the fem-
oral condyles.

 n  Divide the patellar tendon midway between the patella 
and the tibial tuberosity.

 n  Flex the knee and section the collateral and cruciate liga-
ments.

 n  Increase flexion of the knee to 90 degrees, identify and 
ligate the popliteal vessels, and isolate and divide the tibial 
nerve.

 n  Detach the hamstring muscles from their insertions and 
remove the leg.

 n  Dissect the patella from its tendon and discard it.
 n  Remodel the femoral condyles in the following manner. 

Drive a wide osteotome vertically in a proximal direction 
through the medial femoral condyle to emerge at the 
level of the adductor tubercle. Start this cut along a line 
that extends from the medial articular margin anteriorly 

to the midpoint of the distal articular surface posteriorly 
(the condyle is wider posteriorly). Discard the medial half 
of the condyle.

 n  Resect the lateral part of the lateral femoral condyle in 
a similar manner, starting at the junction of the medial 
two thirds and lateral one third of the distal articular 
surface.

 n  Direct attention to the posterior aspect of both condyles. 
Resect the posterior projecting bone by a vertical oste-
otomy in the frontal plane, starting at the point where 
the condyles begin to curve sharply superiorly and pos-
teriorly.

 n  Smoothly round all bony prominences with a rasp, but 
do not disturb the remaining articular cartilage. At this 
point, each condyle has a fairly broad weight-bearing 
area, whereas the projecting side and posterior aspect 
of each have been removed and the remaining bone has 
been smoothly rounded.

 n  Suture the patellar tendon to the hamstrings in the inter-
condylar notch under slight tension. Insert drains at each 
end of the wound, and close the deep fascia and the skin 
in separate layers.
   

 

KNEE DISARTICULATION

 TECHNIQUE 16.6 

(KJØBLE)
 n  With the patient prone on the operating table, outline a lat-

eral flap that is one half the anteroposterior diameter of the 
knee in length and a medial flap that is 2 to 3 cm longer to 
allow adequate coverage of the large medial femoral condyle 
(Fig. 16.7). By constructing shorter medial and lateral flaps, 
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FIGURE 16.6 Mazet and Hennessy disarticulation of knee. A, Anterior view. B, Lateral view. 
SEE TECHNIQUE 16.5.  (Redrawn from Mazet R Jr, Hennessy CA: Knee disarticulation: a new technique and 
a new knee-joint mechanism, J Bone Joint Surg 48A:126, 1966.)
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this technique provides more frequent healing in ischemic 
limbs than techniques using long anterior and posterior flaps.

 n  Begin the incision just distal to the lower pole of the pa-
tella and extend it distally to the tibial tuberosity, curving 
medially from this point for the medial flap and laterally 
from this point for the lateral flap.

 n  Carry both incisions posteriorly to meet in the midline of 
the limb at a point 2.5 cm proximal to the joint line.

 n  Deepen the incisions through the subcutaneous tissue 
and fascia down to bone.

 n  Divide the patellar tendon at its insertion, and release the 
medial and lateral hamstring tendons at their insertions.

 n  Divide the collateral ligaments and the cruciate ligaments.
 n  Divide the posterior joint capsule and expose, doubly li-

gate, and divide the popliteal vessels. Identify and sharply 
transect the peroneal and tibial nerves so that their cut 
ends retract well proximal to the end of the stump.

 n  Release the gastrocnemius origins from the distal femur 
and divide any remaining soft tissues.

 n  Suture the patellar tendon and the hamstring tendons to each 
other and to the cruciate ligaments in the intercondylar notch.

 n  Approximate the skin edges with interrupted nonabsorb-
able sutures.

POSTOPERATIVE CARE If desired, a soft dressing may be 
applied, and conventional aftercare instituted as previously 
described (see Chapter 14). Preferable treatment is to apply 
a rigid dressing or prosthetic cast with or without immediate 
or early weight-bearing ambulation. If non–weight bearing 
is desired, the rigid dressing need consist only of a properly 
padded cast extending to the groin and securely suspended 
by compressive contouring of the cast in the supracondylar 
area or by a waist belt, suspension strap, or both. If weight-
bearing ambulation is pursued, the prosthetic cast should 
be applied by a qualified prosthetist. Postoperative care is 
similar to that outlined after transfemoral amputation (see 
section on transfemoral amputations).
   

TRANSFEMORAL (ABOVE-KNEE) 
AMPUTATIONS
Amputation levels above the knee can be classified as short 
transfemoral, medial transfemoral, long transfemoral, and 
supracondylar (Fig. 16.8). Amputation through the thigh is 
second in frequency only to transtibial amputation. In this 
procedure the patient’s knee joint is lost, so it is extremely 
important for the stump to be as long as possible to provide 
a strong lever arm for control of the prosthesis. The con-
ventional, constant friction knee joint used in conventional 
above-knee prostheses extends 9 to 10 cm distal to the end 
of the prosthetic socket, and the bone must be amputated 
this far proximal to the knee to allow room for the joint. 
Modern computer-assisted knee prostheses using variable 
friction for knee stiffness allow for shorter distal femoral seg-
ments. These prostheses that have highly sensitive sensors 
use hydraulic or magnetic units to allow for more natural 
knee motion, especially deceleration during the swing phase 
of gait. This also allows for longer femoral length without 
uneven levels of knee joint function. Amputation stumps in 
which the level of bone section is less than 5 cm distal to the 
lesser trochanter function as and are prosthetically fitted as 
hip disarticulations.

Muscle stabilization by myodesis or myoplasty is impor-
tant when constructing a strong and sturdy amputation 
stump. Gottschalk pointed out that in the absence of myode-
sis of the adductor magnus, most transfemoral amputations 
result in at least 70% loss of adduction power. 

 FIGURE 16.7 Kjøble disarticulation of knee with medial and 
lateral skin flaps. SEE TECHNIQUE 16.6.
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FIGURE 16.8 Levels of transfemoral amputations.
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TRANSFEMORAL (ABOVE-KNEE) 
AMPUTATION OF NONISCHEMIC 
LIMBS

 TECHNIQUE 16.7 

 n  Position the patient supine on the operating table and 
perform the surgery using tourniquet hemostasis.

 n  Beginning proximally at the anticipated level of bone sec-
tion, outline equal anterior and posterior skin flaps. The 
length of each flap should be at least one half the antero-
posterior diameter of the thigh at this level. Atypical flaps 
always are preferred to amputation at a higher level.

 n  Fashion the anterior flap with an incision that starts at 
the midpoint on the medial aspect of the thigh at the 
level of anticipated bone section. The incision passes 
in a gentle curve distally and laterally, crosses the an-
terior aspect of the thigh at the level determined as 
noted earlier, and curves proximally to end on the lat-
eral aspect of the thigh opposite the starting point 
(Fig. 16.9A).

 n  Fashion the posterior flap in a similar manner.
 n  Deepen the skin incisions through the subcutaneous tis-

sue and deep fascia and reflect the flaps proximally to the 
level of bone section.

 n  Divide the quadriceps muscle and its overlying fascia along 
the line of the anterior incision and reflect it proximally to 
the level of intended bone section as a myofascial flap.

 n  Identify, individually ligate, and transect the femoral ar-
tery and vein in the femoral canal on the medial side of 
the thigh at the level of bone section. Incise the perios-
teum of the femur circumferentially and divide the bone 
with a saw immediately distal to the periosteal incision.

 n  With a sharp rasp, smooth the edges of the bone and 
flatten the anterolateral aspect of the femur to decrease 
the unit pressures between the bone and the overlying 
soft tissues.

 n  Identify the sciatic nerve just beneath the hamstring mus-
cles, ligate it well proximal to the end of the bone, and 
divide it just distal to the ligature.

 n  Divide the posterior muscles transversely so that their 
ends retract to the level of bone section and remove the 
leg (Fig. 16.9B).

 n  Isolate and section all cutaneous nerves so that their cut 
ends retract well proximal to the end of the stump. Ir-
rigate the wound with saline to remove all bone dust.

 n  Through several small holes drilled just proximal to the end 
of the femur, attach the adductor and hamstring muscles 
to the bone with nonabsorbable or absorbable sutures (Fig. 
16.9C). The muscles should be attached under slight ten-
sion (alternatively, suture anchors with heavy nonabsorbable 
suture or suture tape may be used instead of bone tunnels).
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FIGURE 16.9 Amputation through middle third of thigh. A, Incision and bone level. B, Myofas-
cial flap fashioned from quadriceps muscle and fascia. C, Adductor and hamstring muscles attached 
to end of femur through holes drilled in bone. SEE TECHNIQUE 16.7.

    

https://booksmedicos.org


CHAPTER 16  AMPUTATIONS OF THE LOWER EXTREMITY 731

 n  At this point, release the tourniquet and attain meticulous 
hemostasis.

 n  Bring the “quadriceps apron” over the end of the bone 
and suture its fascial layer to the posterior fascia of the 
thigh, trimming any excess muscle or fascia to permit a 
neat, snug approximation.

 n  Insert plastic suction drainage tubes beneath the muscle 
flap and deep fascia, and bring them out through the 
lateral aspect of the thigh 10 to 12.5 cm proximal to the 
end of the stump.

 n  Approximate the skin edges with interrupted sutures of 
nonabsorbable material.
   

 

TRANSFEMORAL (ABOVE-KNEE) 
AMPUTATION OF NONISCHEMIC 
LIMBS

 TECHNIQUE 16.8 

(GOTTSCHALK)
 n  Place the patient supine with a roll under the buttock of 

the affected side.
 n  Develop skin flaps using a long medial flap in the sagittal 

plane when possible.
 n  Detach the quadriceps just proximal to the patella, retain-

ing part of its tendon.
 n  Reflect the vastus medialis off the intermuscular septum.
 n  Detach the adductor magnus from the adductor tubercle 

and reflect it medially to expose the femur. Identify and 
ligate the femoral vessels at Hunter’s canal.

 n  Divide the gracilis, sartorius, semimembranosus, and 
semitendinosus 2.5 to 5 cm below the intended bone 
section.

 n  Divide the femur 12 cm above the knee joint.
 n  Drill holes in the lateral, anterior, and posterior aspects of 

the femur, 1.5 cm from its end.
 n  Hold the femur in maximal adduction and suture the ad-

ductor magnus to its lateral aspect using previously drilled 
holes (Fig. 16.10). Also, place anterior and posterior su-
tures to prevent its sliding backward or forward.

 n  Suture the quadriceps to the posterior femur by draw-
ing it over the adductor magnus while holding the hip in 
extension.

 n  Suture the remaining posterior muscles to the posterior 
aspect of the adductor magnus. Close the investing fascia 
and skin and apply a soft dressing.
  

REHABILITATION AFTER TRANSFEMORAL 
AMPUTATION
A soft dressing is adequate initially for elderly dysvascu-
lar patients, whereas immediate postoperative rigid dress-
ings and earlier weight bearing with a locked-knee pylon are 
appropriate in younger patients. Patients seem more comfort-
able if weight bearing is delayed until sutures or staples are 
removed. Subsequently, ambulation can be progressed with 
an unlocked knee and less upper extremity support. For the 
definitive prosthesis, a variety of prosthetic knee units are 
available that are lighter and accommodate constant or vari-
able gait cadences and provide good stability during weight 
bearing.

Many concepts and strategies relevant to these patients 
were discussed earlier under postoperative care of trans-
tibial amputations. The emphasis is on the recognition that 
patients with ischemic limbs generally are less healthy than 
patients with nonischemic limbs; the rehabilitative pro-
gram generally progresses much more slowly and more cau-
tiously. A major obstacle to rehabilitation after transfemoral 
amputation is the loss of the knee joint, which exponentially 
increases the energy expenditure for locomotion with a 
prosthesis. This has consequences for cardiac patients and 
patients with ischemic contralateral limbs. The patient and 
family must be aware of the risks involved with a physically 
demanding rehabilitation program. Many transfemoral 
amputees with vascular disease never use a prosthesis con-
sistently. Patients with bilateral transfemoral amputations 
frequently elect to use a wheelchair because it is faster, and 
oxygen consumption is four to seven times more using bilat-
eral transfemoral prostheses. Younger patients can experi-
ence progress more rapidly, as discussed under transtibial 
postoperative care.
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CHAPTER 17

DISARTICULATION OF  
THE HIP 733

EXTERNAL HEMIPELVECTOMY 
(HINDQUARTER 
AMPUTATION) 735

Hip disarticulation and the various forms of hemipelvec-
tomy most often are performed for the treatment of primary 
bone tumors and rarely for metastases, infection, or trauma. 
Improved treatments with chemotherapy, radiation, and bio-
logics are increasing survival of patients with malignancies, 
which has increased the indications for aggressive treatment 
of these tumors. The dimensions of the amputation vary with 
oncologic requirements, and nonstandard flaps often are nec-
essary. For patients with such high-level amputations, the 
energy requirements to use a prosthesis have been estimated 
to be 250% of normal ambulation. Wheelchair and crutch 
locomotion are 50% faster and require less energy expen-
diture; however, especially in younger patients, providing 
prosthetic walking ability for even short distances may be ben-
eficial to physical and mental health. With new advances in 
prosthetics, such as polycentric hip joints and microprocessor 
knees, more patients are increasing their independence and 
functional mobility. These newer advances provide greater 
ability to negotiate environmental obstacles such as stairs or 
inclines and allow variable cadence as well as minimize the 
need for ambulatory aides. Lighter-weight prostheses also 
have resulted in less oxygen consumption and more compli-
ance with prosthetic use. The main goals of a prosthesis are to 
improve function and provide an improved self-body image. 
Only 43% of patients use a prosthetic device, however, and 
wear them on average for 5.8 hours per day. Although the only 
significant metric for unsuccessful prosthetic wear is coronary 
artery disease, the most common reason that patients do not 
use a prosthesis is that they were never offered one. We have 
found that consultation with a prosthetist is most valuable. A 
multidisciplinary team should be involved in the care of these 
patients, and thorough preoperative planning is imperative.

DISARTICULATION OF THE HIP
Hip disarticulation occasionally is indicated after massive 
trauma, for arterial insufficiency, for severe infections, for 
massive decubitus ulcers, or for certain congenital limb defi-
ciencies. Most frequently, however, hip disarticulation is nec-
essary for treatment of bone or soft-tissue sarcomas of the 
femur or thigh that cannot be resected adequately by limb-
sparing methods. Hip disarticulation accounts for 0.5% of 
lower extremity amputations. Mortality rates vary in stud-
ies from 0% to 44%. The inguinal or iliac lymph nodes are 
not routinely removed with hip disarticulation. The anatomic 
method of Boyd and the posterior flap method of Slocum 
are described here. However, modifications frequently are 
required based on the location of the pathology. 

 

ANATOMIC HIP DISARTICULATION

 TECHNIQUE 17.1 

(BOYD)
 n  With the patient in the lateral decubitus position, make an 

anterior racquet-shaped incision (Fig. 17.1A), beginning 
the incision at the anterior superior iliac spine and curving 
it distally and medially almost parallel with the inguinal 
ligament to a point on the medial aspect of the thigh 5 cm 
distal to the origin of the adductor muscles. Isolate and 
ligate the femoral artery and vein, and divide the femoral 
nerve; continue the incision around the posterior aspect 
of the thigh about 5 cm distal to the ischial tuberosity and 
along the lateral aspect of the thigh about 8 cm distal to 
the base of the greater trochanter. From this point, curve 
the incision proximally to join the beginning of the inci-
sion just inferior to the anterior superior iliac spine.

 n  Detach the sartorius muscle from the anterior superior 
iliac spine and the rectus femoris from the anterior inferior 
iliac spine. Reflect them both distally.

 n  Divide the pectineus about 0.6 cm from the pubis.
 n  Rotate the thigh externally to bring the lesser trochanter 

and the iliopsoas tendon into view; divide the latter at its 
insertion and reflect it proximally.

 n  Detach the adductor and gracilis muscles from the pubis 
and divide at its origin that part of the adductor magnus 
that arises from the ischium.

 n  Develop the muscle plane between the pectineus and 
obturator externus and short external rotators of the hip 
to expose the branches of the obturator artery. Clamp, 
ligate, and divide the branches at this point. Later in the 
operation the obturator externus muscle is divided at its 
insertion on the femur instead of at its origin on the pelvis 
because otherwise the obturator artery may be severed 
and might retract into the pelvis, leading to hemorrhage 
that could be difficult to control.

 n  Rotate the thigh internally and detach the gluteus medius 
and minimus muscles from their insertions on the greater 
trochanter and retract them proximally.

 n  Divide the fascia lata and the most distal fibers of the 
gluteus maximus muscle distal to the insertion of the ten-
sor fasciae latae muscle in the line of the skin incision, 
and separate the tendon of the gluteus maximus from 
its insertion on the linea aspera. Reflect this muscle mass 
proximally.
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Tensor fasciae
latae muscle

Gluteus medius
muscle

Gluteus maximus
muscle

Vastus lateralis
muscle

Rectus femoris
muscle

Sartorius
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Iliopsoas muscle

Femoral artery, 
nerve, vein

Pectineus muscle  

Short external
rotator muscles

Adductor longus and
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Gluteus medius
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muscles

Piriformis
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Short external
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maximus
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Sciatic nerve

 Insertion of gluteus
 maximus muscle
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Adductor
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Biceps
femoris
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Semitendinosus
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Semimembranosus
muscle

Obturator externus
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FIGURE 17.1 Boyd disarticulation of hip. A, Femoral vessels and nerve have been ligated, and 
sartorius, rectus femoris, pectineus, and iliopsoas muscles have been detached. Inset, Line of skin 
incision. B, Gluteal muscles have been separated from insertions, sciatic nerve and short external 
rotators have been divided, and hamstring muscles have been detached from ischial tuberosity. 
Inset, Final closure of stump. SEE TECHNIQUE 17.1.  (Redrawn from Boyd HB: Anatomic disarticulation 
of the hip, Surg Gynecol Obstet 84:346, 1947.)

 n  Identify, ligate, and divide the sciatic nerve.
 n  Divide the short external rotators of the hip (i.e., the pirifor-

mis, gemelli, obturator internus, obturator externus, and 
quadratus femoris) at their insertions on the femur and 
sever the hamstring muscles from the ischial tuberosity.

 n  Incise the hip joint capsule and the ligamentum teres to 
complete the disarticulation (Fig. 17.1B).

 n  Bring the gluteal flap anteriorly and suture the distal part 
of the gluteal muscles to the origin of the pectineus and 
adductor muscles.

 n  Place a drain in the inferior part of the incision and ap-
proximate the skin edges with interrupted nonabsorbable 
sutures.
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I

Extended Standard

Modified

II

III

FIGURE 17.2 Modified hemipelvectomy. Bony section divides 
ilium above acetabulum (red dotted line), preserving iliac crest.  
(Redrawn from: Bibbo C, Newman AS, Lackman RD, Levin LS, Kovach 
SJ: A simplified approach to reconstruction of hemipelvectomy defects 
with lower extremity free fillet flaps to minimize ischemia time, J Plast 
Reconstr Aesth Surg 68:1750, 2015)

 

POSTERIOR FLAP

 TECHNIQUE 17.2 

(SLOCUM)
 n  Begin the incision at the level of the inguinal ligament, 

carry it distally over the femoral artery for 10 cm, curve it 
along the medial aspect of the thigh, continue it laterally 
and proximally over the greater trochanter, and swing it 
anteriorly to the starting point. A posteromedial flap long 
enough to cover the end of the stump is formed.

 n  Isolate, ligate, and divide the femoral vessels, and section 
the femoral nerve to fall well proximal to the inguinal 
ligament.

 n  Abduct the thigh widely and divide the adductor muscles 
at their pubic origins.

 n  Section the two branches of the obturator nerve so that 
they retract away from pressure areas.

 n  Free the origins of the sartorius and rectus femoris muscles 
from the anterior superior and anterior inferior iliac spines. 
Moderately adduct and internally rotate the thigh and di-
vide the tensor fasciae latae muscle at the level of the proxi-
mal end of the greater trochanter; at the same level, divide 
close to bone the muscles attached to the trochanter. Next, 
abduct the thigh markedly and divide the gluteus maximus 
at the distal end of the posterior skin flap.

 n  Identify, ligate, and divide the sciatic nerve.
 n  Divide the joint capsule and complete the disarticulation.
 n  Swing the long posteromedial flap containing the gluteus 

maximus anteriorly and suture it to the anterior margins 
of the incision.
   

EXTERNAL HEMIPELVECTOMY 
(HINDQUARTER AMPUTATION)
Hemipelvectomy most often is performed for tumors that 
cannot be adequately resected by limb-sparing techniques 
or hip disarticulation. Other indications for hemipelvectomy 
include life-threatening infection such as necrotizing fasciitis 
and arterial insufficiency. Chan et  al. reported hemipelvec-
tomy for decubitus ulcers in patients with spinal cord injury. 
In contrast to hip disarticulation, all types of hemipelvectomy 
remove the inguinal and iliac lymph nodes.

The standard hemipelvectomy employs a posterior or 
gluteal flap and disarticulates the symphysis pubis and sac-
roiliac joint and the ipsilateral limb. An extended hemipel-
vectomy includes resection of adjacent musculoskeletal 
structures, such as the sacrum or parts of the lumbar spine. 
In a modified hemipelvectomy, the bony section divides the 
ilium above the acetabulum, preserving the crest of the ilium 
(Fig. 17.2). Sherman, O’Connor, and Sim base their decision 
on when to perform a hemipelvectomy or a pelvic resection 
on three parameters: the sciatic nerve, the femoral neurovas-
cular bundle, and the hip joint, including the periacetabu-
lar region. If two of the three are involved, they recommend 
hemipelvectomy over pelvic resections to obtain proper mar-
gins. Internal hemipelvectomy is a limb-sparing resection, 
often achieving proximal and medial margins equal to the 

corresponding amputation. This is currently the preferred 
method but should not be performed at the expense of qual-
ity margins. This procedure is discussed in Chapter 24.

All types of hemipelvectomy are extremely invasive and 
mutilating procedures. Gordon-Taylor called hindquarter 
amputations “one of the most colossal mutilations practiced 
on the human frame.” These operations require optimizing 
the patient’s nutritional status, preparing for blood replace-
ment, and adequate monitoring during surgery. Early reports 
of mortality from hemipelvectomy was greater than 50%, 
but with more recent advances including radiation, chemo-
therapy, and patient optimization, mortality is less than 10%. 
Complications, however, are common and have been reported 
in up to 80% of patients. Many patients have significant phan-
tom pain in the early postoperative course. Residual limb 
spasm has been reported to occur more commonly than phan-
tom pain and may present weeks or even months after the pro-
cedure; it is most common after traumatic hemipelvectomy. 
Flap necrosis and wound sloughs are common complications. 
In their review of 160 external hemipelvectomies, Senchenkov 
et al. reported a morbidity rate of 54%, including intraopera-
tive genitourinary (18%) and gastrointestinal injuries (3%). 
Wound complications were the most common postoperative 
complications, including infection and flap necrosis. Patients 
with a posterior flap, who had ligation of the common iliac 
vessels, were 2.7 times more likely to have flap necrosis than 
those patients who had ligation of the external iliac vessels 
alone. Apffelstaedt et al. found no statistical difference between 
flap failure and ligation of the common iliac artery compared 
to ligation of the external iliac artery only. We still recom-
mend preservation of the common iliac artery when feasible. 
Increased operative time and complexity of the resection also 
lead to an increase in flap necrosis and infection. Up to 80% 
of flaps have been reported to have complications. The best 
option (86% success rate) for reconstructive flaps is use of the 
amputated tissue (free fillet flaps). Utilization of the fillet flap 
preserves the original soft tissue that can be used if the fillet 
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flap should fail. To reduce ischemic time, it is recommended 
that the fillet flap be harvested before the hemipelvectomy is 
undertaken. Custom implants and trabecular metal can also be 
used to improve outcomes. The surgical techniques continue 
to evolve as advances in prosthetics continue to progress. New 
advances in 3D printed models and the use of intraoperative 
navigation systems improve the surgeon’s understanding of the 
tumor as well as the resection required. Appropriate emotional 
and psychologic support is an important part of rehabilitation. 
Techniques for the standard, anterior flap and conservative 
hemipelvectomy are described. 

 

STANDARD HEMIPELVECTOMY

 TECHNIQUE 17.3 

 n  Insert a Foley catheter. Place the patient in a lateral de-
cubitus position with the involved side up. Support the 
patient so that the table can be tilted to facilitate anterior 
and posterior dissection.

 n  Perform the anterior dissection first, making an incision 
extending from 5 cm above the anterior superior iliac 
spine to the pubic tubercle (Fig. 17.3A). Deepen the inci-
sion through the tensor fascia, external oblique aponeu-
rosis, and internal oblique and transversalis muscles.

 n  Retract the spermatic cord medially.
 n  Expose the iliac fossa by blunt dissection.
 n  Elevate the parietal peritoneum off of the iliac vessels and 

permit it to fall inferiorly with the viscera.
 n  Ligate the inferior epigastric vessels.
 n  Release the rectus muscle and sheath from the pubis.
 n  Identify the iliac vessels, retract the ureter medially, and 

ligate and divide the common iliac artery and vein. Put 
lateral traction on the iliac artery and vein and ligate and 
divide their branches to the sacrum, rectum, and bladder, 
separating the rectum and bladder from the pelvic side 
wall and exposing the sacral nerve roots (Fig. 17.3B, C). 
If necessary for exposure, divide the symphysis pubis and 
sacroiliac joint before this dissection.

 n  Pack the anterior wound with warm, moist gauze packs.
 n  Make a posterior skin incision, extending from 5 cm above 

the anterior superior iliac spine, coursing over the anterior 
aspect of the greater trochanter, paralleling the gluteal 
crease posteriorly around the thigh, and connecting with 
the inferior end of the anterior incision (see Fig. 17.3A).

 n  Raise the posterior flap by dissecting the gluteal fascia di-
rectly off the gluteus maximus. Include the fascia with the 
flap. If possible, include the medial portion of the gluteus 
maximus with the flap. Superiorly elevate the flap off the 
iliac crest.

 n  Divide the external oblique, sacrospinalis, latissimus dorsi, 
and quadratus lumborum from the crest of the ilium.

 n  Reflect the gluteus maximus from the sacrotuberous liga-
ment, coccyx, and sacrum (Fig. 17.3D).

 n  Divide the iliopsoas muscle; genitofemoral, obturator, 
and femoral nerves; and lumbosacral nerve trunk at the 
level of the iliac crest.

 n  Abduct the hip, placing tension on the soft tissues 
around the symphysis pubis. Pass a long right-angle 

clamp around the symphysis, and divide it with a scalpel 
(Fig. 17.3E).

 n  Divide the sacral nerve roots, preserving the nervi erigen-
tes if possible. Reflect the iliacus muscle laterally, exposing 
the anterior aspect of the sacroiliac joint.

 n  Divide the joint anteriorly with a scalpel or osteotome and 
divide the iliolumbar ligament.

 n  Place considerable traction on the extremity, separating 
the pelvic side wall from the viscera. Proceeding from 
anterior to posterior, divide the following from the pel-
vic side wall: urogenital diaphragm, pubococcygeus, is-
chiococcygeus, iliococcygeus, piriformis, sacrotuberous 
ligament, and sacrospinous ligaments (Fig. 17.3F). All of 
these structures must be divided under tension. Move the 
extremity anteriorly and divide the posterior aspect of the 
sacroiliac joint to complete the dissection.

 n  Place suction drains in the wound and suture the gluteal 
fascia to the fascia of the abdominal wall. Close the skin.

POSTOPERATIVE CARE The drains and Foley catheter 
should be left in place for several days. Pressure should be 
kept off the posterior flap for several days.
   

 

ANTERIOR FLAP HEMIPELVECTOMY
Anterior flap hemipelvectomy is indicated for lesions of 
the buttock or posterior proximal thigh that cannot be 
adequately treated by limb-sparing methods. The larger 
posterior defect is covered by a quadriceps myocutane-
ous flap maintained by the superficial femoral vessels and 
may include part of the sartorius muscle.

 TECHNIQUE 17.4 

 n  Insert a Foley catheter. Place the patient in the lateral de-
cubitus position with the operated side up and secure the 
patient to the table so that it can be tilted to facilitate the 
anterior and posterior dissections. Prepare the skin from 
toes to rib cages and drape the extremity free. Mark out 
the skin incision such that the length and width of the 
anterior flap adequately covers the posterior defect that 
is to be created (Fig. 17.4A).

 n  Make an incision superiorly across the iliac crest to the mid-
lateral point, around the buttock just lateral to the anus, 
and to the midmedial point of the thigh. Carry the incision 
down the thigh a distance adequate to cover the poste-
rior defect, across the front of the thigh to the midlateral 
point, and superiorly to join the superior incision.

 n  Perform the posterior dissection first. Preserve a skin mar-
gin of 3 cm from the anus. Detach the gluteus maximus 
and sacrospinalis from the sacrum. Detach the external 
oblique, sacrospinalis, latissimus dorsi, and quadratus 
lumborum muscles from the iliac crest.

 n  Flex the hip and place the tissues in the region of the glu-
teal crease under tension. Detach the remaining origins of 
the gluteus maximus from the coccyx and sacrotuberous 
ligament (Fig. 17.4B). Bluntly dissect lateral to the rectum 
into the ischiorectal fossa.
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FIGURE 17.3 Standard hemipelvectomy. A, Incision. B, and C, Transection of iliac arteries 
and division of internal iliac vessels. D, Release of iliac crest and gluteus maximus. E, Division of 
symphysis pubis. F, Division of muscles from pelvis. SEE TECHNIQUE 17.3.

    

https://booksmedicos.org


PART VI AMPUTATIONS738

 

A

CB

Anterior skin incision

Previous
biopsy site

Gluteus maximus muscle
(ligamentous and

coccygeal attachments)
Gluteus maximus

muscle (sacral
attachments divided)

Sartorius muscle

Anterior
superior

iliac spine

Vastus lateralis
muscle

Hamstrings

Femur

Posterior
skin incision

FIGURE 17.4 Anterior flap hemipelvectomy. A, Anterior and posterior incision. B, Detachment 
of gluteus maximus origins from coccyx and sacrotuberous ligament. C, Severing vastus lateralis 
from femur and separating tensor fascia femoris from fascia.

 n  Move to the front of the patient and deepen the anterior 
incision at the junction of the middle and distal thirds of 
the thigh through the quadriceps to the femur. Continue 
the dissection laterally from this point in a cephalad di-
rection to the anterior superior spine severing the vastus 
lateralis from the femur and separating the tensor fascia 
femoris from its fascia such that it is included with the 
specimen (Fig. 17.4C).

 n  Start the medial dissection at Hunter’s canal and ligate 
and divide the superficial femoral vessels. Trace the ves-
sels superiorly to the inguinal ligament, dividing and ligat-
ing multiple small branches to the adductor muscles.

 n  Place upward traction on the myocutaneous flap and de-
tach the vastus medialis muscle and intermedius from the 
femur.

 n  Ligate and divide the profunda femoris vessels at their 
origin from the common femoral artery and vein.

 n  Separate the myocutaneous flap from the pelvis by releas-
ing the abdominal muscles from the iliac crest, the sarto-
rius from the anterior superior spine, the rectus femoris 
from the anterior inferior spine, and the rectus abdominis 
from the pubis (Fig. 17.4D).

 n  Retract the flap medially and dissect along the femoral 
nerve into the pelvis to expose the iliac vessels.

 n  Divide the symphysis pubis while protecting the bladder 
and urethra.

 n  Ligate and divide the internal iliac vessels at their origin 
from the common iliacs. While placing medial traction on 
the bladder and rectus, divide the visceral branches of the 
internal iliac vessels. Divide the psoas muscle as it joins the 
iliacus muscle and divide the underlying obturator nerve, but 
protect the femoral nerve going into the flap. Divide the 
lumbosacral nerve and the sacral nerve roots (Fig. 17.4E).

 n  Put traction on the pelvic diaphragm by elevating the ex-
tremity and divide the urogenital diaphragm, levator ani, 
and piriformis near the pelvis.

 n  Divide the sacroiliac joint and the iliolumbar ligament and 
remove the specimen.

 n  Turn the quadriceps flap onto the posterior defect and 
close the wound over suction drains by suturing the quad-
riceps to the abdominal wall, sacrospinalis, sacrum, and 
pelvic diaphragm.

POSTOPERATIVE CARE The patient may ambulate 
when comfort and stability permit. The drains and Fol-
ey catheter should be left in place for several days. Skin 
slough is much less common than with the classic poste-
rior flap.   
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FIGURE 17.4, CONT’D    D, Separation of myocutaneous flap. E, Transection of internal iliac 
vessels and branches. SEE TECHNIQUE 17.4.

 

CONSERVATIVE HEMIPELVECTOMY
Conservative hemipelvectomy is indicated for tumors 
around the proximal thigh and hip that cannot be resected 
adequately by limb-sparing techniques and do not require 
sacroiliac disarticulation for satisfactory proximal margins. 
The operation is a supraacetabular amputation that divides 
the ilium through the greater sciatic notch.

 TECHNIQUE 17.5 

 n  Insert a Foley catheter. Place the patient in a lateral decu-
bitus position with the operated side up and secure the 
patient to the table so that it can be tilted to either side.

 n  Start the incision 1 to 2 cm above the anterior superior 
iliac spine and continue it posteriorly and laterally across 
the greater trochanter to the gluteal crease. Follow the 
crease to the medial thigh posteriorly. Begin a second inci-
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FIGURE 17.5 Conservative hemipelvectomy. A, Racquet type 

of incision. B, Separation of muscles from ilium. C, Division of ilium 
by Gigli saw. SEE TECHNIQUE 17.5.  (Redrawn from Sherman CD Jr, 
Duthie RB: Modified hemipelvectomy, Cancer 13:51, 1960.)

sion from the first incision 5 cm below its starting point and 
continue it to just above and parallel to the inguinal liga-
ment to the pubic tubercle. Carry the incision posteriorly 
across the medial thigh to join the first incision (Fig. 17.5A).

 n  Perform the anterior dissection first. Divide the abdominal 
wall muscles, exposing the peritoneum (Fig. 17.5B).

 n  Bluntly dissect the retroperitoneal space exposing the iliac 
vessels. Ligate and divide the external iliac vessels just dis-
tal to the internal iliacs.

 n  Divide the symphysis pubis, protecting the bladder and 
urethra.

 n  Divide the ilium through the greater sciatic notch as fol-
lows: bluntly dissect the iliopsoas muscle from the medial 
wall of the ilium by passing a finger from the anterior supe-
rior spine to the greater sciatic notch. Similarly dissect the 
gluteal muscles from the lateral aspect of the ilium. Pass a 
Gigli saw through the greater sciatic notch below the origin 
of the gluteus minimus and divide the ilium (Fig. 17.5C).

 n  Now the extremity can be positioned to place the various 
muscle groups under tension so that they can be divided 
at appropriate levels along with the femoral, obturator, 
and sciatic nerves. Care should be taken to divide the uro-
genital and pelvic diaphragms at their pelvic attachments, 
protecting the bladder and rectum.

 n  Close the wound over suction drains.

POSTOPERATIVE CARE The drains and Foley catheter 
are left in place for several days. Pressure should be kept 
off the posterior flap for several days after surgery.
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MAJOR AMPUTATIONS OF THE UPPER 
EXTREMITY 
Kevin B. Cleveland

CHAPTER 18

Many orthopaedic surgeons consider amputation as a failure 
to restore function to an individual; however, an amputation 
should be considered the start of rehabilitation. Major ampu-
tations of the upper extremity are classified as being from the 
wrist distally to the axilla proximally. Major amputations of 
the upper extremity account for 8% of all amputations and are 
approximately 20 times less common than amputations of the 
lower extremity. Over 100,000 people in the United States are 
living with major upper extremity amputations today. Trauma 
is the most common reason for upper extremity amputations, 
with male predominance much greater than female. Shoulder 
disarticulation and forequarter amputations are performed 
more commonly for malignant tumors.

Most traumatic amputees benefit more from completion 
of the amputation and early prosthetic fitting than from heroic 
attempts at salvage procedures. However, most patients prefer 
reimplantation if possible over amputation because prosthe-
ses currently confer little in the way of sensation and psy-
chological wellbeing. Approximately 13% of patients develop 
major complications after amputation.

Generally, all possible length should be preserved in upper 
extremity amputations. Length preservation can be maintained 
by careful evaluation and lengthening of a short stump by dis-
traction osteogenesis (the method of Ilizarov) and microvas-
cular anastomosis. Distal-free flaps and spare-part flaps (fillet 
flaps) from the amputated limb also should be used to preserve 
length. A shortening osteotomy may be required on occasion. 
However, prosthetists are able to fit even small stumps with 
prostheses to improve function. Often a small stump distal to the 
elbow can functionally be better than a long above-elbow ampu-
tation. A prosthetic limb cannot adequately replace the sensibil-
ity of the hand, and the function of a prosthetic limb decreases 
with higher levels of amputation. Few patients with amputations 
around the shoulder are regular prosthetic users. The use of a 
rigid dressing and subsequent early temporary prosthetic fitting 
(within 30 days) in patients with transhumeral or more distal 
amputations encourages the resumption of bimanual activi-
ties, softens the psychologic blow of limb loss, and decreases the 
prosthetic rejection rate. After 4 to 6 weeks postoperatively, the 
soft tissues have healed significantly, and the edema should be 
controlled enough to proceed with a definitive socket for the 
patient. A myoelectrical prosthesis may be an option for patients 
with a below-elbow amputation. These prostheses continue to 
evolve rapidly. The first-generation myoelectric prostheses used 
electromyographic (EMG) signals and allowed motion in only 

one plane (flexion and extension). EMG with the addition of 
targeted muscle reinnervation (TMR) allows more motion and 
more intuitive use of the prosthesis. Currently the addition of 
pattern recognition with TMR actually predicts the motion that 
is about to occur. However, with these advances the algorithms 
are limited to sequentially controlling the degrees of freedom 
to only two at a time. This is the limiting factor that keeps these 
advances from mimicking a natural limb. In manual workers, 
a more traditional device may be more effective. Some institu-
tions use hybrid systems consisting of a locking shoulder joint 
with a body-powered elbow and externally powered wrist and 
terminal devices. These systems are most useful in amputations 
of the dominant extremity. Recipients use the prosthesis for 
approximately 14 hours a day. Some reports indicate that 50% 
of patients discontinue the use of the prosthesis after 5 years. 
Prosthetic rejection rates can be decreased with better patient 
education, more distal amputation levels, and prosthetic fitting 
within 30 days. Various terminal devices are available and are 
easily interchanged (Fig. 18.1). Phantom pain has been reported 
in over 50% of patients; however, it rarely causes impaired pros-
thetic use or unemployment. Myodesis, myoplasty, and myofas-
cial closures should all be performed when possible.

New techniques of upper extremity amputations are 
evolving rapidly with the use of TMR, EMG pattern recog-
nition, and to a lesser degree composite tissue allotransplan-
tation. A multi-disciplinary team approach, including an 
experienced upper extremity surgeon, a skilled prosthetist or 
orthotist, a pain management physician, and a skilled physical 
therapist, should be employed. To obtain this most patients 
benefit from transfer to a level I hospital. Regardless, expe-
rienced prosthetists are invaluable in ensuring that patients 
have proper functional devices, and they should be consulted, 
when available, for each patient preferably before surgery.

HAND AMPUTATIONS
Hand amputations are discussed in Chapter 19. 

WRIST AMPUTATIONS
Whenever feasible, transcarpal amputation or disarticulation 
of the wrist is preferable to amputation through the forearm 
because, provided that the distal radioulnar joint remains 
normal, pronation and supination are preserved. Although 
only 50% of any pronation and supination is transmitted to 
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 FIGURE 18.1 Myoelectrical prosthesis for forearm amputation 
with interchangeable terminal devices.

the prosthesis, these motions are extremely valuable to the 
patient, and every effort should be made to preserve them. In 
transcarpal amputations, flexion and extension of the radio-
carpal joint also should be preserved so that these motions, 
too, can be used prosthetically. Although difficult, prosthetic 
fitting of transcarpal amputation stumps can be achieved by a 
skilled prosthetist. Excellent wrist disarticulation prostheses 
are now available, and thin prosthetic wrist units can be used 
that, to a considerable extent, eliminate the previous objec-
tion of the artificial hand or prosthetic hook extending below 
the level of the opposite hand. Compared with more proximal 
amputations, the long lever arm afforded by amputation at 
the wrist increases the ease and power with which the pros-
thesis can be used. 

 

AMPUTATION AT THE WRIST

 TECHNIQUE 18.1 

 n  Fashion a long palmar and a short dorsal skin flap in a 
ratio of 2:1. Use the thick palmar skin when available. 
Dissect the flaps proximally to the level of proposed bone 
section and expose the underlying soft structures.

 n  Draw the tendons of the finger flexors and extensors distal-
ly, divide them, and allow them to retract into the forearm.

 n  Identify the tendons of the wrist flexors and extensors, 
free their insertions, and reflect them proximal to the 
level of bone section. Identify the median and ulnar 
nerves and the fine filaments of the radial nerve. Draw 
the nerves distally and section them well proximal to the 
level of amputation so that their ends retract well above 
the end of the stump to help avoid a residual painful 
neuroma.

 n  Just proximal to the level of intended bone section, clamp, 
ligate, and divide the radial and ulnar arteries, and divide 
the remaining soft tissues down to bone.

 n  Transect the bones with a saw and rasp all rough edges 
to form a smooth, rounded contour.

 n  At convenient points in line with their normal insertions, 
anchor the tendons of the wrist flexors and extensors to 
the remaining carpal bones so that active wrist motion is 
preserved.

 n  With interrupted nonabsorbable sutures, close the sub-
cutaneous tissue and skin at the end of the stump, and 
insert a rubber tissue drain or a plastic tube for suction 
drainage.
   

 

DISARTICULATION OF THE WRIST

 TECHNIQUE 18.2 

 n  Fashion a long palmar and a short dorsal skin flap (Fig. 
18.2A). Begin the incision 1.3 cm distal to the radial styloid 
process, carry it distally and across the palm, and curve it 
proximally to end 1.3 cm distal to the ulnar styloid process.

 n  Form a short dorsal skin flap by connecting the two ends 
of the palmar incision over the dorsum of the hand; atypi-
cal flaps may be fashioned, if necessary, to avoid ampu-
tation at a higher level. Reflect the skin flaps together 
with the subcutaneous tissue and fascia proximally to the 
radiocarpal joint.

 n  Just proximal to the joint, identify, ligate, and divide the 
radial and ulnar arteries.

 n  Identify the median, ulnar, and radial nerves and gently 
draw them distally into the wound. Section them so that 
they retract well proximal to the level of the amputation. 
Also identify the superficial radial nerve, the palmar cu-
taneous branch, and the dorsal ulnar cutaneous nerve. 
Preserve the cutaneous nerves that supply sensation to 
the residual skin stump.

 n  At a proximal level, divide all tendons and perform a te-
nodesis of the flexors and extensor tendons.

 n  Incise the wrist joint capsule circumferentially, completing 
the disarticulation (Fig. 18.2B, C).

 n  Retain if possible or resect (if they prevent tensionless clo-
sure) the radial and ulnar styloid processes and rasp the 
raw ends of the bones to form a smoothly rounded con-
tour. Take care to avoid damaging the distal radioulnar 
joint, including the triangular ligament, so that normal 
pronation and supination of the forearm are preserved 
and pain in the joint is prevented (Fig. 18.2D).

 n  With interrupted nonabsorbable sutures, close the skin 
flaps over the ends of the bones (Fig. 18.2E) and insert a 
rubber tissue drain or a plastic tube for suction drainage.
   

FOREARM AMPUTATIONS 
(TRANSRADIAL)
Transradial amputations represent 40% of all major upper 
extremity amputations. As elsewhere, preserving as much 
length as possible is desirable. We recommend preserving a 
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FIGURE 18.2 Disarticulation of the wrist. A,  Skin incision. B and C, Reflection of the palmar 
flap and section of wrist joint capsule. D, Resection of tips of radial and ulnar styloids with 
preservation of the triangular ligament and underlying joint space. E, Completed amputation.  
SEE TECHNIQUE 18.2.

minimum of two thirds of the forearm length when possible. 
When circulation in the upper extremity is severely impaired, 
however, amputations through the distal third of the forearm 
are less likely to heal satisfactorily than those at a more proximal 
level because distally the skin is often thin and the subcutaneous 
tissue is scant. The underlying soft tissues distally consist pri-
marily of relatively avascular structures, such as fascia and ten-
dons. In these exceptional circumstances, an amputation at the 
junction of the middle and distal thirds of the forearm is pref-
erable. In amputations through the proximal third of the fore-
arm, even a short below-elbow stump 5 cm long is preferable to 
an amputation through or above the elbow because it preserves 
elbow function at this level and allows for prosthetic suspen-
sion. From a functional standpoint, preserving the patient’s 
own elbow joint is crucial (5 cm of ulna). By using improved 
prosthetic fitting techniques, a skilled prosthetist can provide an 
excellent prosthetic device for even a short below-elbow stump. 
The benefits of TMR to transradial amputees can be substantial. 

 

DISTAL FOREARM (DISTAL 
TRANSRADIAL) AMPUTATION

 TECHNIQUE 18.3 

 n  Beginning proximally at the intended level of bone section, 
fashion equal anterior and posterior skin flaps (Fig. 18.3A); 
make the length of each about equal to one half of the 
diameter of the forearm at the level of amputation. To-
gether with the skin flaps, reflect the subcutaneous tissue 
and deep fascia proximally to the level of bone section.

 n  Clamp, doubly ligate, and divide the radial and ulnar ar-
teries just proximal to this level.

 n  Identify the radial, ulnar, and median nerves; draw them 
gently distally; and transect them high so that they retract 
well proximal to the end of the stump.

 n  Cut across the muscle bellies transversely distal to the 
level of bone section and interpose the muscle tissue be-
tween the radius and the ulna. Distally, use the pronator 
quadratus and more proximally use one flexor tendon 
and one extensor tendon. Tenodese these muscles to 
the bone to help prevent painful convergence and in-
stability.

 n  Divide the radius and ulna transversely and rasp all sharp 
edges from their ends (Fig. 18.3B).

 n  Close the deep fascia with fine absorbable sutures and 
the skin flaps with interrupted nonabsorbable sutures 
(Fig. 18.3C) and insert deep to the fascia a rubber tissue 
drain or, if preferable, a plastic tube for suction drain-
age.

 n  A myoplastic closure should be done in this amputation 
as follows. After raising appropriate flaps of skin and fas-
cia, fashion an anterior flap of flexor digitorum sublimis 
muscle long enough so that its end can be carried around 
the end of the bones to the deep fascia dorsally.

 n  Divide the remaining soft tissues transversely at the level 
of bone section.

 n  After dividing the bones and contouring their ends, carry 
the muscle flap dorsally and suture its end to the deep 
fascia over the dorsal musculature. To prevent excessive 
bulk, the entire anterior muscle mass should never be 
used in this manner.

 n  Close the stump as already described.
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PROXIMAL THIRD OF FOREARM 
(PROXIMAL TRANSRADIAL) 
AMPUTATION

 TECHNIQUE 18.4 

 n  When good skin is available, fashion anterior and posterior 
skin flaps of equal length; if good skin is unavailable, fashion 
atypical flaps as necessary rather than amputate at a more 
proximal level. Reflect proximally the deep fascia together 
with the skin flaps to the level of intended bone section.

 n  Just proximal to this level, identify, doubly ligate, and di-
vide the major vessels.

 n  Identify the median, ulnar, and radial nerves; gently pull 
them distally; and section them proximally so that their 
ends retract well proximal to the end of the stump.

 n  Divide the muscle bellies transversely distal to the level of 
bone section so that their proximal ends retract to that 
level. Carefully trim away all excess muscle.

 n  Divide the radius and ulna transversely and smooth their 
cut edges. Attempt to maintain at least 5 cm of the ulna 
proximally. If a more proximal osteotomy is required, 
tenodesis of the biceps tendon to the proximal portion 
of the residual ulna is needed. This lengthens the stump 
functionally and enhances prosthetic fitting. Even without 
biceps function, the elbow can be flexed satisfactorily by 
the brachialis muscle.

 n  With interrupted absorbable sutures, close the deep fas-
cia; with interrupted nonabsorbable sutures, close the 
skin edges. Insert deep to the fascia a rubber tissue drain 
or a plastic tube for suction drainage.
   

ELBOW DISARTICULATION
The elbow joint is an excellent level for amputation because 
the broad flare of the humeral condyles can be grasped firmly 
by the prosthetic socket and humeral rotation can be trans-
mitted to the prosthesis. In more proximal amputations, 
humeral rotation cannot be thus transmitted, so a prosthetic 
elbow turntable is necessary. The difficulties previously expe-
rienced in prosthetic fitting at this level have been overcome 
by modern prosthetic techniques, and most surgeons now 
believe that disarticulation of the elbow is usually preferable 
to a more proximal amputation.

Additionally, a humeral shortening osteotomy can be 
done to preserve the elbow. 

 

DISARTICULATION OF THE ELBOW

 TECHNIQUE 18.5 

 n  Fashion equal anterior and posterior skin flaps as follows. 
Beginning proximally at the level of the humeral epicon-
dyles, extend the posterior flap distally to a point about 
2.5 cm distal to the tip of the olecranon and the anterior 
flap distally to a point just distal to the insertion of the 
biceps tendon. If necessary, fashion atypical flaps. Next, 
reflect the flaps proximally to the level of the humeral epi-
condyles and, on the medial aspect of the elbow, begin 
dissection of the deep structures.

 n  Identify and divide the lacertus fibrosus, free the origin of 
the flexor musculature from the medial humeral epicon-
dyle, and reflect the muscle mass distally to expose the 

 

A

B C
FIGURE 18.3 Amputation through distal forearm. A, Skin incision and bone level. B, 

Flaps are reflected, and bones and soft structures are divided. C, Completed amputation.  
SEE TECHNIQUE 18.3.
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neurovascular bundle that lies against the medial aspect 
of the biceps tendon.

 n  Proximal to the joint level, isolate, doubly ligate, and di-
vide the brachial artery.

 n  Gently draw the median nerve distally and with a sharp 
knife divide it proximally so that it retracts at least 2.5 cm 
proximal to the joint line. Identify the ulnar nerve in its 
groove posterior to the medial epicondyle and treat it in 
a similar manner. Alternatively, they can be inserted into 
local muscle by TMR techniques (see Technique 18.12).

 n  Free the insertion of the biceps tendon from the radius 
and the insertion of the brachialis tendon from the coro-
noid process of the ulna.

 n  Identify the radial nerve in the groove between the bra-
chialis and brachioradialis; isolate it, draw it distally, and 
section it far proximally.

 n  About 6.3 cm distal to the joint line, divide transverse-
ly the extensor musculature that arises from the lateral 
humeral epicondyle and reflect the proximal end of the 
muscle mass proximally.

 n  Divide the posterior fascia along with the triceps tendon 
near the tip of the olecranon.

 n  Divide the anterior capsule of the joint to complete the 
disarticulation and remove the forearm.

 n  Leave intact the articular surface of the humerus. Bring 
the triceps tendon anteriorly and suture it first to the hu-
merus and then perform a myoplasty to the tendons of 
the brachialis and biceps muscles.

 n  Fashion a thin flap from the extensor muscle mass left at-
tached to the lateral humeral epicondyle, carry it medially, 
and suture it to the remnants of the flexor muscles at the 
medial epicondyle. Cover all bony prominences and ex-
posed tendons at the end of the humerus by passing ad-
ditional sutures through the periosteum and the muscle 
flap.

 n  Trim the skin flaps for a snug closure without tension 
and approximate their edges with interrupted sutures of 
nonabsorbable material. Insert deep to the fascia a rubber 
tissue drain or a plastic tube for suction drainage.
   

ARM AMPUTATIONS 
(TRANSHUMERAL)
Amputation through the arm, or transhumeral amputa-
tion, is defined as amputation at any level from the supra-
condylar region of the humerus distally to the level of the 
axillary fold proximally. More distal amputations, such as 
the transcondylar, are fitted prosthetically and function as 
elbow disarticulations; amputations proximal to the level of 
the axillary fold function as shoulder disarticulations. As in 
all other amputations, as much length as possible should be 
preserved. If the humeral condyles cannot be preserved, a 
transhumeral osteotomy should be done approximately 3 to 
5 cm proximal to the elbow joint. The prosthesis with which 
a patient having a transhumeral amputation is fitted must 
include an inside elbow-lock mechanism and an elbow turn-
table. The elbow-lock mechanism is required to stabilize the 
joint in full extension, full flexion, or a position in between. 
The turntable mechanism substitutes for humeral rotation. 

The elbow-lock mechanism extends about 3.8 cm distally 
from the end of the prosthetic socket and to be cosmeti-
cally pleasing should lie at the level of the opposite elbow. 
Therefore, when performing transhumeral amputations, the 
level of the bone section should be at least 3.8 cm proximal to 
the elbow joint to allow room for this mechanism. During a 
transhumeral amputation, consideration must be given to an 
angulation osteotomy. The angulation ostectomy may avoid 
the need for a shoulder harness for suspension of a myoelec-
tric arm and will markedly improve rotational control (Fig. 
18.4). An angled osteotomy requires a minimum of 6 cm 
of residual bone length cut at an angle of 70 degrees with a 
posterior fixation plate. Although an amputation at the level 
of the axillary fold or more proximally must be fitted pros-
thetically as a shoulder disarticulation, preserving the most 
proximal part of the humerus, including the head, is valu-
able; the normal contour of the shoulder is retained, which 
is cosmetically desirable, and the disarticulation prosthesis is 
more stable on a shoulder in which some humerus remains 
that may be grasped by its socket. Every attempt should 
be made to preserve 5 to 7 cm of the proximal humerus. 
Osseointegration for transhumeral amputations is a tech-
nique used in Europe for over 2 decades. It involves place-
ment of a suspension metallic intramedullary component 
that exits the skin, providing a bone implant interface that 
avoids the pitfalls of socket fixation such as poor fit, skin irri-
tation, and excessive sweat. Despite the skin implant inter-
face, deep infection is relatively low; however, superficial 
skin infections occur in up to 50% of patients requiring oral 
antibiotic treatment. Research to improve the skin-implant 
interface is underway.

In children younger than 12 years, osseous overgrowth 
of diaphyseal amputations has been reported with the 
humerus and fibula being most common. In general, dis-
articulation at the elbow is recommended; however, if dis-
articulation is not feasible, a capping graft of the humeral 
bone end should be done. Several authors have suggested 
using fascia, metal, or iliac crest grafts. We have used the 
amputated part of the distal humerus as a capping graft at 
the time of primary amputation with good results. Close 
clinical follow up is mandatory, and revisions are some-
times necessary. 

 

SUPRACONDYLAR AREA

 TECHNIQUE 18.6 

 n  Beginning proximally at the level of intended bone sec-
tion, fashion equal anterior and posterior skin flaps, each 
being in length one half of the diameter of the arm at that 
level (Fig. 18.5A).

 n  Doubly ligate and divide the brachial artery just proximal 
to the level of bone section and transect the median, ul-
nar, and radial nerves at a higher level so that their proxi-
mal ends retract well proximal to the end of the stump. 
Or consider a TMR procedure.

 n  Divide the muscles in the anterior compartment of the 
arm 1.3 cm distal to the level of intended bone section so 
that they retract to this level.
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FIGURE 18.4 Humeral flexion osteotomy to improve prosthetic suspension and functional 
upper-extremity motion. A, Long transhumeral amputation. B, Humeral osteotomy performed 
through a posterior approach in same setting as targeted muscle reinnervation. C, Postoperatively 
after humeral osteotomy. D, Residual limb.  (From: Pierrie SN, Gaston RG, Loeffler BJ: Current concepts 
in upper-extremity amputation, J Hand Surg Am 43:657, 2018.)

 n  Free the insertion of the triceps tendon from the olecra-
non, preserving the triceps fascia and muscle as a long 
flap. Reflect this flap proximally and incise the periosteum 
of the humerus circumferentially at a level at least 3.8 cm 
proximal to the elbow joint to allow room for the elbow 
mechanism of the prosthesis.

 n  Divide the bone at this level and with a rasp smoothly 
round its end (Fig. 18.5B).

 n  Trim the triceps tendon to form a long flap, carry it across 
the end of the bone, and tenodese it to the humerus, 
followed by myoplasty to the fascia over the anterior 
muscles.

 n  Insert deep to this flap a Penrose drain or a plastic tube 
for suction drainage. Close the fascia with fine absorbable 
sutures and the skin flaps with interrupted nonabsorbable 
sutures (Fig. 18.5C).
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A B C

FIGURE 18.5 Amputation through arm at supracondylar level. A, Skin incision and bone 
level. B, Anterior muscles are divided transversely, triceps and fascial flap is constructed, and bone 
is sectioned. C, Completed amputation. SEE TECHNIQUE 18.6.

 

AMPUTATION PROXIMAL TO THE 
SUPRACONDYLAR AREA

 TECHNIQUE 18.7 

 n  Beginning proximally at the level of intended bone sec-
tion, fashion equal anterior and posterior skin flaps, the 
length of each being slightly greater than one half of the 
diameter of the arm at that level.

 n  Just proximal to the level of intended bone section, iden-
tify, doubly ligate, and divide the brachial artery and vein.

 n  Identify, gently pull distally, and divide at a more proximal 
level the major nerves so that their proximal ends retract 
well proximal to the end of the stump. If the patient is a 
candidate, perform a TMR (see Technique 18.12).

 n  Section the muscles of the anterior compartment of the 
arm 1.3 cm distal to the level of bone section so that their 
cut ends retract to this level.

 n  Divide the triceps muscle 3.8-5 cm distal to the level of 
bone section and retract its proximal end proximally.

 n  Incise the periosteum circumferentially and divide the hu-
merus. Using a rasp, smoothly round the end of the bone.

 n  Bevel the triceps muscle to form a thin flap, carry it over 
the end of the bone, and suture it to the humerus and the 
anterior muscle fascia.

 n  Deep to the flap, insert a rubber tissue drain or a plastic 
tube for suction drainage; then close the fascia with inter-
rupted absorbable sutures. Approximate the skin edges 
with interrupted nonabsorbable sutures.
   

SHOULDER AMPUTATIONS
Most amputations in the shoulder area are performed for 
the treatment of malignant bone or soft-tissue tumors that 

cannot be treated by limb-sparing methods. Less commonly, 
amputation in this area is indicated for arterial insufficiency 
and rarely for trauma or infection. The extent of the ampu-
tation and design of the skin flaps must be modified often. 
Phantom pain is common and probably is best treated by 
proximal nerve blocks performed by a skillful anesthesiolo-
gist. Few patients regularly use a prosthesis, but a cosmetic 
shoulder cap is useful after forequarter amputation. TMR 
should be considered if the patient is a candidate for a myo-
electric prosthesis (see Technique 18.12). 

 

AMPUTATION THROUGH THE 
SURGICAL NECK OF THE HUMERUS

 TECHNIQUE 18.8 

 n  Place the patient supine with a sandbag well beneath the 
affected shoulder so that the back is at a 45-degree angle 
to the operating table.

 n  Begin the skin incision anteriorly at the level of the cora-
coid process and carry it distally along the anterior border 
of the deltoid muscle to the insertion of the muscle and 
along the posterior border of the muscle to the posterior 
axillary fold. Connect the two limbs of the incision by a 
second incision that passes through the axilla (Fig. 18.6A).

 n  Identify, ligate, and divide the cephalic vein in the delto-
pectoral groove.

 n  Separate the deltoid and pectoralis major and retract the 
deltoid muscle laterally. Next, divide the pectoralis major 
muscle at its insertion and reflect it medially.

 n  Develop the interval between the pectoralis minor and 
coracobrachialis muscles to expose the neurovascular 
bundle. Isolate, doubly ligate, and divide the axillary artery 
and vein immediately inferior to the pectoralis minor.
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FIGURE 18.6 Amputation through surgical neck of humerus. A, Skin incision. B, Section of 
anterior muscles. C, Bone level and completed muscle section. D, Closure of muscle flap. E, Completed 
amputation. SEE TECHNIQUE 18.8.
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 n  Isolate the median, ulnar, radial, and musculocutaneous 
nerves; gently draw them distally into the wound, and di-
vide them so that their proximal ends retract well proximal 
to the pectoralis minor (Fig. 18.6B) if the patient is not a 
candidate for myoelectric prosthesis. Otherwise, perform 
a TMR procedure.

 n  Divide the deltoid muscle at its insertion and reflect it 
superiorly together with the attached lateral skin flap.

 n  Near their insertions at the bicipital groove, divide the 
teres major and latissimus dorsi muscles. At a point proxi-
mally 2 cm distal to the level of intended bone section, 
sever the long and short heads of the biceps, the triceps, 
and the coracobrachialis.

 n  Section the humerus at the level of its neck and smooth 
the cut end with a rasp (Fig. 18.6C).

 n  Suture the long head of the triceps, both heads of the 
biceps, and the coracobrachialis over the end of the hu-
merus; swing the pectoralis major muscle laterally, and 
suture it to the end of the bone (Fig. 18.6D).

 n  Tailor the lateral skin flap and underlying deltoid muscle 
to allow accurate apposition of the skin edges and suture 
the edges with interrupted nonabsorbable material (Fig. 
18.6E). Deep to the muscles and at the end of the bone, 
insert Penrose drains or plastic tubes for suction drainage.
   

 

DISARTICULATION OF THE  
SHOULDER

 TECHNIQUE 18.9 

 n  Position the patient supine with a sandbag under the af-
fected shoulder so that the back is at a 45-degree angle 
to the operating table.

 n  Begin the skin incision anteriorly at the coracoid pro-
cess and continue it distally along the anterior border 
of the deltoid muscle to its insertion and then superi-
orly along the posterior border of the muscle to end 
at the posterior axillary fold. Join the two limbs of this 
incision with a second incision passing through the  
axilla (Fig. 18.7A).

 n  Identify, ligate, and divide the cephalic vein in the delto-
pectoral groove.

 n  Separate the deltoid and the pectoralis major and retract 
the deltoid laterally.

 n  Divide the pectoralis major muscle at its insertion and re-
flect it medially. Develop the interval between the cora-
cobrachialis and short head of the biceps to expose the 
neurovascular bundle. Isolate, doubly ligate, and divide 
the axillary artery and vein; identify the thoracoacromial 
artery, and treat it in a similar manner (Fig. 18.7B). Allow 
the vessel to retract superiorly beneath the pectoralis mi-
nor muscle.

 n  Identify and isolate the median, ulnar, musculocutane-
ous, and radial nerves; gently draw them inferiorly into 
the wound, and divide them far proximally so that they 

also retract beneath the pectoralis minor or transfer the 
nerves to the shoulder girdle muscles if the patient is a 
candidate for a myoelectric prosthesis.

 n  Divide the coracobrachialis and short head of the biceps 
near their insertions on the coracoid process. Free the del-
toid muscle from its insertion on the humerus and reflect 
it superiorly to expose the capsule of the shoulder joint. 
Near their insertions, divide the teres major and latissimus 
dorsi muscles.

 n  Place the arm in internal rotation to expose the short exter-
nal rotator muscles and the posterior aspect of the shoulder 
joint capsule and divide all of these structures (Fig. 18.7C).

 n  Place the arm in extreme external rotation and divide the 
anterior aspect of the joint capsule and the subscapularis 
muscle (Fig. 18.7D). Section the triceps muscle near its 
insertion and divide the inferior capsule of the shoulder 
to sever the limb completely from the trunk.

 n  Reflect the cut ends of all muscles into the glenoid cav-
ity and suture them there to help fill the hollow left by 
removing the humeral head (Fig. 18.7E).

 n  Carry the deltoid muscle flap inferiorly and suture it just 
inferior to the glenoid.

 n  Deep to the deltoid flap, insert Penrose drains or plastic 
tubes.

 n  Partially excise any unduly prominent acromion process to 
give the shoulder a more smoothly rounded contour.

 n  Trim the skin flaps for accurate fitting and close their 
edges with interrupted nonabsorbable sutures (Fig. 
18.7F).
   

FOREQUARTER AMPUTATIONS
Forequarter amputation removes the entire upper extrem-
ity in the interval between the scapula and the chest wall. 
Usually it is indicated for malignant tumors that cannot 
be adequately removed by limb-sparing resections, such 
as the Tikhoff-Linberg procedure. Most tumors can be 
evaluated for limb-sparing procedures in place of amputa-
tion by magnetic resonance angiography or arteriography, 
which will show compression of the artery, limb edema, and 
neurologic deficits that necessitate amputation. However, 
careful inspection at the time of surgery will determine 
the appropriate procedure. Extension of the operation to 
include resection of the chest wall is occasionally required. 
Provisions for adequate blood replacement and monitoring 
of the patient are needed.

The anterior approach of Berger and our preferred pos-
terior approach of Littlewood are described. The operation 
is performed more rapidly and easily using the Littlewood 
technique. Ferrario et al. described a combined anterior and 
posterior approach. This technique is useful for patients in 
whom the normal tissue planes have been obliterated because 
of radiation to the axilla. Excellent exposure is obtained and 
ligation of the subclavian vessels occurs at the thoracic inlet 
instead of where the vessels cross the third rib (Fig. 18.8). 
Kumar et  al. described a single incision anterior approach 
that can be used with the patient supine. 
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  FIGURE 18.7 Disarticulation of shoulder. A, Incision. B, Exposure and sectioning of neurovas- 
cular bundle. C, Reflection of deltoid; arm is placed in internal rotation; sectioning of supraspinatus, 
infraspinatus, and teres minor muscles and of posterior capsule; sectioning of coracobrachialis and 
biceps at coracoid. D, Arm is placed in external rotation; subscapularis and anterior capsule are 
sectioned. E, Suture of muscles in glenoid cavity. F, Completed amputation. SEE TECHNIQUE 18.9.
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FIGURE 18.8 Forequarter amputation through combined anterior and posterior approach. 
A, Anterior flap. B, Posterior flap. C, Osteotomy performed through clavicle medially. D, Dissection 
deep to the scapula. E, Vessels ligated and forequarter removed; flap closed.

 

ANTERIOR APPROACH

 TECHNIQUE 18.10 

(BERGER)
 n  Begin the upper limb of the incision at the lateral border 

of the sternocleidomastoid muscle and extend it later-
ally along the anterior aspect of the clavicle, across the 
acromioclavicular joint, over the superior aspect of the 

shoulder to the spine of the scapula, and across the body of 
the scapula to the scapular angle. Begin the lower limb of 
the incision at the middle third of the clavicle and extend it 
inferiorly in the groove between the deltoid and pectoral 
muscles and across the axilla to join the upper limb of the 
incision at the angle of the scapula (Fig. 18.9A).

 n  Deepen the clavicular part of the incision to bone and 
release and reflect distally the clavicular origin of the pec-
toralis major muscle.

 n  Divide the deep fascia over the superior border of the 
clavicle close to bone and, by dissection with a finger 
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and a blunt curved dissector, free the deep aspect of the 
clavicle. Retract the external jugular vein from the field or, 
if it is in the way, section it after ligating it.

 n  Divide the clavicle at the lateral border of the sternocleido-
mastoid with a Gigli saw, lift the bone superiorly, and re-
move it by dividing the acromioclavicular joint (Fig. 18.9B).

 n  To complete the exposure of the neurovascular bundle, 
release the insertion of the pectoralis major from the hu-
merus and the origin of the pectoralis minor from the 
coracoid process (Fig. 18.9C). Isolate, doubly ligate, and 
divide the subclavian artery and vein.

 n  Dissect the brachial plexus and by gentle traction infe-
riorly bring it well into the operating field; section the 
nerves in sequence and allow them to retract superiorly 
(Fig. 18.9D).

 n  Release the latissimus dorsi and remaining soft tissues 
that bind the shoulder girdle to the anterior chest wall 
and allow the limb to fall posteriorly.

 n  While holding the arm across the chest and exerting 
gentle downward traction, divide from superiorly to infe-
riorly the remaining muscles that fix the shoulder to the 
scapula.

 n  Divide the muscles that hold the scapula to the thorax, 
starting with the trapezius and continuing through the 
omohyoids, levator scapulae, rhomboids major and mi-
nor, and serratus anterior (Fig. 18.9E). The limb falls free 
and can be removed.

 n  To form additional padding, suture the pectoralis major, tra-
pezius, and any other remaining muscular structures over 
the lateral chest wall. Bring the skin flaps together and trim 
them to form a smooth closure. Insert Penrose drains or plas-
tic tubes for suction drainage and close the skin edges with 
interrupted nonabsorbable sutures (Fig. 18.9F).
   

 

POSTERIOR APPROACH

 TECHNIQUE 18.11 

(LITTLEWOOD)
 n  Insert a Foley catheter. Place the patient in a lateral de-

cubitus position with the operated side up. Secure the 
patient to the operating table so that it may be tilted 
anteriorly and posteriorly.

 n  Two incisions are required: one posterior (cervicoscapular) 
and one anterior (pectoroaxillary) (Fig. 18.10A). Make the 
posterior incision first, beginning at the medial end of the 
clavicle and extending it laterally for the entire length of 
the bone. Carry the incision over the acromion process 
to the posterior axillary fold and continue it along the 
axillary border of the scapula to a point inferior to the 
scapular angle. Finally, curve it medially to end 5 cm from 
the midline of the back. Elevate a flap of skin and subcuta-
neous tissue medial to the vertebral border of the scapula, 
extending it from the inferior angle of the scapula to the 
clavicle (Fig. 18.10B).

 n  Identify the trapezius and latissimus dorsi muscles and 
divide them near the scapula.

 n  Draw the scapula away from the chest wall with a hook 
or retractor and divide the levator scapulae and the rhom-
boids minor and major (Fig. 18.10C).

 n  Ligate branches of the superficial cervical and descending 
scapular vessels.

 n  Divide the superior digitation of the serratus anterior close 
to the superior angle of the scapula and the remaining in-
sertion of the serratus anterior along the vertebral border 
of the scapula.

 n  Divide the clavicle and subclavius muscle at the medial 
end of the bone. This allows the extremity to fall anteri-
orly, placing the neurovascular bundle under tension. The 
latter is found in the fibrofatty tissue near the superior 
digitation of the serratus anterior. Divide the cords of the 
brachial plexus close to the spine and doubly ligate and 
divide the subclavian artery and vein (Fig. 18.10D, E). Take 
care to avoid injury to the pleural dome.

 n  Divide the omohyoid muscle and ligate and divide the 
suprascapular vessels and external jugular vein.

 n  Make the anterior incision, starting it at the middle of the 
clavicle and curving it inferiorly just lateral to but parallel 
with the deltopectoral groove. Extend it across the ante-
rior axillary fold and carry it inferiorly and posteriorly to 
join the posterior incision at the lower third of the axillary 
border of the scapula.

 n  Divide the pectoralis major and minor muscles and re-
move the limb.

 n  Close the flaps over suction drains without excessive ten-
sion. Occasionally, it is necessary to attach a flap to the 
chest wall and complete the closure with a skin graft.

POSTOPERATIVE CARE Phantom pain in the early post-
operative period is common. Nerve blocks by an experienced 
anesthesiologist may be helpful. Although few patients find 
a prosthesis useful, a cosmetic shoulder cap is desirable.
  

 TARGETED MUSCLE REINNERVATION 
(TMR) AFTER SHOULDER OR 
TRANSHUMERAL AMPUTATION
To improve function of upper extremity prostheses, Kuiken 
et al. developed a biologic neural-machine interface called tar-
geted reinnervation. The goal of TMR is to take a nerve that 
formerly directed hand function and transfer it to a muscle 
segment that otherwise has no function because of the ampu-
tation. The reinnervated muscle segment amplifies the nerve 
signals to a myoelectric prosthesis, allowing movement of mul-
tiple prosthetic joints. According to Kuiken et al., this technique 
has several advantages: it is relatively simple to implement, 
no hardware is implanted into the body that could break and 
require additional surgery, and it can be used with existing 
myoelectric prosthetic technology. In addition to accelerat-
ing maximal control and function of myoelectric prostheses 
and avoiding secondary procedures, TMR has been shown to 
decrease the risk of painful neuromas. Approximately 25% of 
patients with major upper extremity amputations have painful 
neuromas. TMR provides an end organ for the damaged nerve 
to reinnervate. Studies have shown that TMR provides the neu-
roma a way to return to a more normal nerve structure.
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FIGURE 18.9 Forequarter amputation through anterior approach. A, Incision. B, Resection of 
clavicle. C, Lifting pectoral lid. D, Sectioning of vessels and nerves after incision through axillary 
fascia and insertion of pectoralis minor, costocoracoid membrane, and subclavius. E, Sectioning of 
supporting muscles of scapula. F, Completed amputation. SEE TECHNIQUE 18.10.
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FIGURE 18.10 Littlewood technique for interscapulothoracic (forequarter) amputation. A, Inci-
sion. B, Skin flaps undermined from clavicle. C, Scapula drawn away from chest wall with hook or 
retractor; levator scapulae and rhomboids minor and major divided. D, Exposure of neurovascular 
structures. E, More detailed view of neurovascular structures. SEE TECHNIQUE 18.11.
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In general, TMR begins with identifying the functional 
nerve, mobilizing it, and preserving its length. Excising the end 
neuromas and trimming of the fascicles to the level of axoplas-
mic sprouting should be performed. The targeted muscle and 
its native nerve are then identified. The native nerve must be 
trimmed back approximately 1 cm to the neuromuscular junc-
tion and the residual nerve buried away from the original mus-
cle to avoid dual innervation (cross talk). The donor nerve is 
then coapted to the target muscle with end-to-end tension-free 
repair. Augmentation with epineurium to epimysium is ben-
eficial. If the native nerve stump in the targeted muscle is not 
available, then the donor nerve can be directly sutured into the 
muscle. The subcutaneous adipose tissue should be debulked 
to decrease the distance between skin and the targeted muscle 
to improve the strength of the EMG.

The success of TMR has spawned interest into targeted sen-
sory reinnervation (TSR). The ultimate prosthesis would pro-
vide motor as well as sensory functions. The sensory nerves are 
used to reinnervate more proximal, intact cutaneous nerves 
that provide varying degrees of light touch, pain, temperature, 
and proprioception. Multiple studies have shown that cortical 
remapping occurs, and a long-term effect can be established. 
The goal is to provide amputees with a more intuitive prosthesis 
by combining new technology that reinnervates residual muscle.

In patients with transhumeral amputation, the median 
nerve is transferred to the medial head of the biceps (hand-clos-
ing) and the distal radial nerve is transferred to the motor nerve 
of the brachialis muscle (hand-opening). In patients with a long 
residual humerus, the ulnar nerve is transferred to the motor 
nerve of the brachialis muscle. The intact lateral head of the 
biceps is still used for prosthetic elbow flexion and the triceps 
muscle for extension. In patients with more proximal amputa-
tions at the shoulder level, nerves that originally innervated the 
amputated limb are rerouted to muscles on the chest wall, creat-
ing an interface for a myoelectric prosthesis that is controlled by 
the same nerves that previously controlled the amputated limb.

Contraindications to TMR include ipsilateral brachial 
plexopathy, major comorbidities, or anticipated patient non-
compliance with prosthetic wear. The pattern of nerve transfers 
is dictated by the availability of donor nerves and muscle. The 
mechanism of injury, residual nerve length, presence of healthy 
muscle, and a Tinel’s sign are important preoperative predic-
tors of successful TMR. It is critical to denervate the targeted 
muscle before TMR to avoid dual innervation, which can cause 
“cross talk” between the two nerves and compromise success-
ful TMR. Placing adipofascial tissue into the repair site also can 
reduce the chance of cross-talk. 

 

TARGETED MUSCLE REINNERVATION 
AFTER TRANSHUMERAL  
AMPUTATION

 TECHNIQUE 18.12 

(O’SHAUGHNESSY ET AL., 2008)

MEDIAN NERVE TRANSFER
 n  With the patient under general anesthesia and with-

out muscle relaxation (so that motor nerves can be  

stimulated), make an anterior incision directly over the 
muscle bellies of the biceps muscle, beginning just inferior 
to the lower edge of the deltoid muscle.

 n  Inject the soft tissue liberally with dilute epinephrine so-
lution (1:500,000) to open tissue planes, increase visual 
contrast between tissues, and improve hemostasis. Use 
electrocautery for coagulation.

 n  Open the fascia overlying the muscle bellies and develop 
the interspace between the heads of the biceps. Dissect the 
area immediately inferior to the deltoid muscle between 
the biceps heads to expose the musculocutaneous nerve, 
the motor branches to the medial and lateral biceps heads, 
and the motor nerve to the brachialis muscle (Fig. 18.11A).

 n  While paying close attention to the vascular supply of the 
medial head of the biceps muscle, mobilize the muscle 
segment away from the humerus to expose the median 
nerve that runs parallel and inferior to the biceps.

 n  Separate the muscle bellies from each other to expose 
the brachial artery and the median nerve (Fig. 18.11B). 
Leave the proximal and distal ends of the muscle bellies 
undisturbed so that the muscles remain long and in the 
proper position to permit later detection of electromyo-
graphic signals. With this approach, the median nerve is 
superficial to the ulnar nerve.

 n  To facilitate the nerve transfers, dissect the musculocuta-
neous nerve in such a way as to preserve the motor nerve 
innervating the lateral head of the biceps and to divide 
the motor nerve innervating the medial head of the biceps 
at a point 5 mm from its entry into the muscle substance.

 n  Mobilize the proximal part of the motor nerve and bury it 
into the lateral head of the biceps to prevent reinnerva-
tion of the medial head.

 n  Divide the continuation of the musculocutaneous nerve, 
which innervates the brachialis muscle, just after the in-
tact takeoff of the nerve to the lateral head.

 n  Cut the median nerve back to healthy fascicles and sew it 
to the motor branch of the medial head of the biceps with 
5-0 polypropylene suture. Incorporate some epimysium 
of the muscle belly itself in the suturing process to protect 
the small motor nerve from tearing. Median nerve fibers 
are now abutted to transected medial biceps nerve fibers 
to reinnervate the muscle. 

RADIAL NERVE TRANSFER
 n  Make a second lateral incision over the distal and lateral 

aspect of the residual limb and develop the interspace 
between the triceps and brachialis to locate the septum 
between these muscles.

 n  Continue dissection superiorly at a level just superficial to 
the periosteum of the humerus to identify the distal radial 
nerve where it lies in the humeral groove.

 n  Follow the radial nerve from this location out distally to-
ward the end of the amputation to gain additional length 
and cut the nerve back to healthy appearing fascicles.

 n  Identify and divide any aberrant innervation between the 
radial nerve and brachialis muscle to ensure that the tar-
get muscle regions are completely denervated.

 n  The motor nerve to the brachialis muscle is the continu-
ation of the musculocutaneous nerve after the branches 
to the biceps muscle; it was prepared during the median 
nerve transfer.
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FIGURE 18.11 Targeted reinnervation to improve prosthesis control after upper extremity 

amputation. A, Musculature of the right arm from the anterior position. B, Biceps-splitting approach 
to the musculocutaneous nerve. C, Anterolateral view of the right arm showing nerve transfer of 
the distal portion of the radial nerve to the motor nerve of the brachialis muscle. (Redrawn from 
O’Shaughnessy KD, Dumanian GA, Lipschutz RD, et al: Target reinnervation to improve prosthesis 
control in transhumeral amputees. A report of three cases, J Bone Joint Surg Am 90:393, 2008.) 
SEE TECHNIQUE 18.12.

 n  Mobilize the motor nerve to the brachialis muscle and the 
radial nerve to reach each other at the lateral border of the 
brachialis muscle and sew them together in an end-to-end 
fashion with 5-0 polypropylene suture (Fig. 18.11C). 

COMPLETION OF PROCEDURE
 n  Thin a 4- to 5-cm area of subcutaneous fat over all four 

muscle regions to decrease the separation between the 

myographic amplitude over each muscle region of inter-
est and minimizes electromyographic cross-talk between 
muscle regions.

 n  Resect the lateral and distal aspect of the lateral head of 
the biceps to better expose the brachialis muscle.

 n  A vascularized fascial flap can be interposed between the 
two heads of the biceps muscle to provide space between 
the muscle bellies and improve separation of electromyo-

        

   

epidermis and the muscle; this maximizes the electro- graphic signals from the medial and lateral biceps heads.
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 n  Tenodese the medial head of the biceps to the end of the 
amputation soft tissues to prevent lateral and proximal 
migration of the muscle belly. 

POSTOPERATIVE CARE Patients are admitted to the 
hospital overnight for observation and pain management. 
Subcutaneous drains are removed on the day after sur-
gery, and lightly compressive dressing is applied. Muscle 
twitches may be apparent around 4 months after surgery, 
and strong independent contractions at about 6 months. 
Generally, approximately 20 hours of training is required 
for efficient use of the myoelectric prosthesis.
  

Dumanian et  al. described modifications to the origi-
nal targeted innervation procedure, primarily handling of 
the radial nerve and the initial raising of a proximally based, 
U-shaped adipofascial flap to improve exposure for identifi-
cation of the muscle raphes. Placement of the flaps between 
the muscle bellies decreases the chances for aberrant reinner-
vation and improves electromyographic signal detection. The 
radial nerve is exposed through a straight posterior approach 
between the long and lateral heads of the triceps. A motor 
branch to the lateral head, selected for its size and distal entry 
into the muscle, is followed proximally and transected off the 
radial nerve. The radial nerve proper is identified and fol-
lowed distally toward the amputation stump, transected, cut 
back to healthy fascicles, and coapted to the motor nerve to 
the lateral head of the triceps. This requires less mobilization 
of the nerve to reach the motor nerve of the lateral triceps.
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AMPUTATIONS OF THE HAND
James H. Calandruccio, Benjamin M. Mauck

CHAPTER 19 

Acute fingertip and thumb injuries are common and require 
prompt and meticulous composite soft-tissue repair in 
incomplete amputations. Complete amputations proximal to 
the eponychial fold in the thumb or multiple digits may be 
salvaged by microvascular techniques (see Chapter 63); how-
ever, more distal devascularizing injuries rarely can be sal-
vaged by such means and usually require special composite 
soft-tissue coverage techniques or complete amputation.

In general, every effort should be made to maintain or 
provide good skin sensation, joint mobility, and digital length 
with well-padded bony elements. Prolonged efforts to pre-
serve severely damaged structures, especially those that are 
insensate, can delay healing, increase disability, and lead to a 
painful series of surgical procedures that may not enhance the 
final outcome. Thus primary amputation may be the proce-
dure of choice in many patients. Achieving supple soft-tissue 
coverage of the ends of the thumb and fingers is essential. In 
amputations of several digits, pinch and grasp are the chief 
functions to be preserved. Revision amputation through the 
fingers or metacarpals is a reconstructive procedure to pre-
serve as much function as possible in injured and uninjured 
parts of the hand.

CONSIDERATIONS FOR 
AMPUTATION
Amputations may be considered for a variety of conditions in 
which function is limited by pain, stiffness, insensibility, and 
cosmetic issues. A request for amputation of an injured part by 
a patient is usually the culmination of a critical thought process 
and is usually justified. More often, other factors must be con-
sidered in deciding whether amputation is advisable. The ulti-
mate function of the part should be good enough to warrant 
salvage.

An analysis of the five tissue areas—skin, tendon, nerve, 
bone, and joint—is sometimes helpful in making the decision 

to amputate. If three or more of these five areas require spe-
cial procedures, such as grafting of skin, suture of tendon 
or nerve, bony fixation, or closure of the joint, amputation 
should be considered because the function of the remain-
ing fingers may be compromised by survival of a mutilated 
finger. In children, amputation rarely is indicated unless the 
part is nonviable and cannot be made viable by microvas-
cular techniques. Principles of replantation are discussed in 
Chapter 63.

Even if amputation is indicated, it may be wise to delay 
it if parts of the finger may be useful later in a reconstructive 
procedure. Skin from an otherwise useless digit can be used 
as a free graft. Skin and deeper soft structures can be useful 
as a filleted graft (see Chapter 65); if desired, the bone can be 
removed primarily and the remaining flap suitably fashioned 
during a second procedure. Skin well supported by one or 
more neurovascular bundles but not by bone can be saved and 
used as a vascular or neurovascular island graft (see Chapter 
68). Segments of nerves can be useful as autogenous grafts. A 
musculotendinous unit, especially a flexor digitorum sublimis 
or an extensor indicis proprius, can be saved for transfer to 
improve function in a surviving digit (e.g., to improve adduc-
tor power of the thumb when the third metacarpal shaft has 
been destroyed or to improve abduction when the recurrent 
branch of the median nerve is nonfunctional). Tendons of the 
flexor digitorum sublimis of the fifth finger, the extensor digiti 
quinti, and the extensor indicis proprius can be useful as free 
grafts. Bones can be used as peg grafts or for filling osseous 
defects. Under certain circumstances, even joints can be useful. 
Every effort should be made to salvage the thumb (Fig. 19.1). 

PRINCIPLES OF FINGER 
AMPUTATIONS
Whether an amputation is done primarily or secondarily, 
certain principles must be observed to obtain a painless and 
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useful stump. The volar skin flap should be long enough to 
cover the volar surface and tip of the osseous structures and 
preferably to join the dorsal flap without tension. The ends 
of the digital nerves should be dissected carefully from the 
volar flap, gently placed under tension so as not to rupture 
more proximal axons, and resected at least 6 mm proximal 
to the end of the soft-tissue flap. Neuromas are inevitable, 
but they should be allowed to develop only in padded areas 
where they are less likely to be painful. When scarring or 
a skin defect makes the fashioning of a classic flap impos-
sible, a flap of a different shape can be improvised, but the 
end of the bone must be padded well. Flexor and extensor 
tendons should be drawn distally, divided, and allowed to 
retract proximally. When an amputation is through a joint, 
the flares of the osseous condyles should be contoured to 
avoid clubbing of the stump. Before the wound is closed, the 
tourniquet should be released and vessels cauterized to con-
trol bleeding. 

FINGERTIP AMPUTATIONS
Fingertip amputations vary markedly depending on the 
amount and configuration of skin lost, the depth of the soft-
tissue defect, and whether the phalanx has been exposed or 
even partially amputated (Fig. 19.2). In the United States, 
replantation is not performed for most fingertip amputa-
tions. Proper treatment is determined by the injury type and 
whether other digits also have been injured.

Injuries with loss of skin alone can heal by secondary 
intention or can be covered by a skin graft (Fig. 19.3). Despite 
continuous descriptions of new finger flaps, healing by second-
ary intention can in most cases provide equivalent preserva-
tion of sensation and function. In general, revision amputation 
or conservative measures, such as healing by secondary inten-
tion, may have improved restoration of static two-point dis-
crimination when compared to other coverage methods. Some 
studies also suggest improved overall total arc of motion with 

 

A B C

D E F

FIGURE 19.1 Thumb reconstruction. A, Failed thumb replantation after saw injury with 
concomitant primary ray amputation of index finger and partial amputation through middle finger. 
B–D, Metacarpophalangeal joint level thumb disarticulation and neurovascular island transfer of 
proximal phalanx segment of middle finger for thumb reconstruction. E, Radiographic appearance 
of transfer of middle finger proximal phalanx to thumb complex tissue. F, Example of functional 
hand use restored after sensory innervated composite thumb reconstruction.
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conservative methods; however, a higher incidence of cold 
intolerance should be taken into consideration. When tendon, 
nerve, or bone is exposed, soft-tissue coverage may be achieved in 
numerous ways. If half of the nail is unsupported by the remaining 
distal phalanx, a nail bed ablation usually is indicated; otherwise, 
a hook nail may develop. Reamputation of the finger at a more 
proximal level can provide ample skin and other soft tissues for 
closure but requires shortening the finger. If other parts of the 
hand are severely injured or if the entire hand would be endan-
gered by keeping a finger in one position for a long time, ampu-
tation may be indicated. This is especially true for patients with 
arthritis or for patients with a less physically demanding lifestyle. 
A free skin graft can be used for coverage, but normal sensibility 
is rarely restored. A split-thickness graft is often sufficient if the 
bone is only slightly exposed and its end is nibbled off beneath the 
fat. Such a graft contracts during healing and eventually becomes 
about half its original size. Sometimes a full-thickness graft is 
available from other injured parts of the hand, but the fat should 
be removed from its deep surface. Occasionally, the amputated 
part of the fingertip is recovered and replaced as a free graft or 

cap technique (Fig. 19.4). This procedure requires removing bone 
debris and partially defatting the distal part before reattachment. 
The cap procedure is quite successful in both children and adults. 
These free composite grafts should be secured by a stent dressing 
tied over the end of the finger.

The medial aspect of the arm just distal to the axilla, 
elbow flexion crease, volar forearm and wrist, and hypothenar 

 

A

B

C

1. Shorten bone to
    joint and close
2. Possible flap if 
    length essential

Free split graft
or secondary 
intention healing

1. Shorten to close
2. Remove exposed
    bone to below
    pulp and cover
    with split graft

1. Shorten to close
2. Cross-finger,
    thenar, or Kutler flap

3. Atasoy sliding graft
4. Cross-finger flap

FIGURE 19.2 Techniques useful in closing amputations of 
fingertip. A, For amputations at more distal levels, a free split graft 
is applied; at more proximal levels, bone is shortened to permit 
closure, or if length is essential, dorsal flaps can be used. B, For 
amputations through green area, bone can be shortened to permit 
closure or cross-finger or thenar flap can be used. C, For amputa-
tions through green area, bone can be shortened to permit closure, 
exposed bone can be resected, and a split-thickness graft can be 
applied; Kutler advancement flaps can be used, or a cross-finger 
flap can be applied. In small children, fingertips commonly heal 
without grafts.

A

C

B

FIGURE 19.3 Abrasion injury to left hand treated by 
secondary-intention healing. A, Volar view soon after injury with 
2 × 2 cm full-thickness pulp skin loss of middle and ring fingers. 
B, Same fingers with local wound care at 4 weeks. C, Result at 8 
weeks with no operative intervention.
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A CB

D FE

G

FIGURE 19.4 Cap technique. A and B, Composite soft-tissue loss from left index finger sustained 
while changing a tire. C and D, Biplanar views of finger, indicating inadequate soft-tissue coverage. 
E, Deboned and defatted distal part with good quality skin and sterile matrix. F and G, Composite 
tissue reattached with the old nail used as a nail matrix frame.
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eminence are convenient areas from which skin grafts can be 
obtained.

If deeper tissues and skin must be replaced to cover 
exposed tendon and bone, various flaps or grafts can be used. 
Frequently used distal advancement flaps include the Kutler 
double lateral V-Y and Atasoy volar V-Y advancement flaps 
(Figs. 19.5 to 19.7). These flaps involve tissue advancement 
from the injured finger and provide limited coverage. The 
dorsal pedicle flap is useful when a finger has been ampu-
tated proximal to the nail bed (Fig. 19.8). If further shorten-
ing is unacceptable, however, this type of flap can be raised 
from the dorsum of the injured finger and carried distally 
without involving another digit. Dorsal defects may be man-
aged by adipofascial turnover flaps in which the proximal 
subdermal adipofascial tissues are flipped distally over a vas-
cularized zone of the same tissue (Fig. 19.9). Advantages of 
same-digit coverage techniques include no need for a sec-
ond operation for flap division (as with a cross-finger flap), 
prevention of adjacent finger stiffness that occurs with adja-
cent finger coverage techniques (especially in patients with 
underlying arthritic conditions), and the opportunity for cov-
erage in patients in whom adjacent fingers are injured. The 
cross-finger flap provides excellent coverage but may be fol-
lowed by stiffness not only of the involved finger but also of 
the donor finger. This type of coverage requires operation in 
two stages and a split-thickness graft to cover the donor site. 
The thenar flap also requires operation in two stages. It usu-
ally does not cover as large a defect as a cross-finger flap and 
sometimes is followed by tenderness of the donor site. It does 
have the advantage, however, of involving only one finger 

directly. Thenar flaps also have been shown to be a safe and 
reliable option in the pediatric population. An alternative to 
this method is the palmar pocket method in which the distal 
fingertip (except that of the thumb) can be buried in the ipsi-
lateral palm. The finger is removed from the pocket 16 to 20 
days after surgery. Results were successful in 13 of 16 patients 
according to Arata et al. In children, we have observed that 
merely resuturing the defatted fingertips back in place usually 
results in a satisfactory result.

A local neurovascular island pedicle flap can be advanced 
distally and provides a good pad with normal sensibility. Flaps 
of 2 × 1.5 cm2 and advancement of 18 mm have been reported 
(Fig. 19.10). Retrograde island pedicle flaps require tedious dis-
section but offer excellent distal coverage and utility for dorsal 
and volar defects (Fig. 19.11). Donor site morbidity may be 
reduced in retrograde island pedicle flaps that use the subder-
mal elements only (Fig. 19.12). Comparative studies have shown 
no significant differences between the two flaps at 12 months.

Composite soft-tissue transfer to the small finger may be 
accomplished by use of an ulnar hypothenar flap. This retro-
grade flow flap is based on the ulnar digital artery and may be 
used to supply sensation when the dorsal sensory branch of the 
ulnar nerve is included in the skin flap (Fig. 19.13). Eponychial 
flaps have historically been used to improve overall functional 
and cosmetic outcomes of distal amputations (Fig. 19.14).

Despite the variability of coverage options, patient-reported 
outcomes demonstrate satisfactory or good-to-excellent results 
independent of treatment type, with minimal influence on 
ability to perform activities of daily living or in quality of life.

FREE SKIN GRAFT
The techniques for applying free skin grafts are described in 
Chapter 65.

 

A

B

C D

E

FIGURE 19.5 Kutler V-Y advancement flaps. A, Advance-
ment flaps over neurovascular pedicles carried down to bone. 
B–D, Fibrous septa are defined (B) and divided (C), permitting free 
mobilization on neurovascular pedicles alone (D). E, Flaps advance 
readily to midline. SEE TECHNIQUE 19.1.

A

B

C D

FIGURE 19.6 Atasoy V-Y technique. A, Skin incision and mobi-
lization of triangular flap. B, Advancement of triangular flap. C, 
Suturing of base of triangular flap to nail bed. D, Closure of defect, 
V-Y technique. SEE TECHNIQUE 19.2.
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A

B D

E

C

FIGURE 19.7 Distal fingertip amputation suitable for a V-Y advancement flap. A, Ample pulp 
skin with outline of intended skin incision. B and C, Flap raised with sequential dissection from the 
distal phalangeal periosteum and flexor digitorum profundus tendon centrodorsally, and dorsoradial 
and dorsoulnar margins by dissection down to the distal phalangeal bone laterally, and septal release 
volarly. Note that the neurovascular bundles must be carefully kept with the pulp skin, and direct 
inspection of them is not always possible. D, Flap sutured into position with proximal open area left 
open to heal by secondary intention. E, Clinical result at 6 weeks postoperatively. SEE TECHNIQUE 19.1.

FLAPS FOR FINGERTIP COVERAGE 

 

KUTLER V-Y OR ATASOY TRIANGULAR 
ADVANCEMENT FLAPS
Kutler double lateral V-Y or Atasoy volar V-Y advance-
ment flap fingertip coverage is appealing because it 
involves just the injured finger. It provides only limited 
coverage, however, and does not result consistently in 
normal sensibility. The injury pattern determines which 
flap to use. When more of the pulp skin remains, then 
the Atasoy flap is useful. When the pulp is compromised 
and the lateral hyponychial skin is uninjured, the Kutler 
flap can be used.

  TECHNIQUE 19.1 

(KUTLER; FISHER)
 n  Local anesthesia is preferred in adults; children may re-

quire general anesthesia. Anesthetize the finger by digital 
block at the proximal phalanx and apply a digital tourni-
quet.

 n  Debride the tip of the finger of uneven edges of soft tissue 
and any protruding bone (Fig. 19.5).

 n  Develop two triangular flaps, one on each side of the fin-
ger with the apex of each directed proximally and cen-
tered in the midlateral line of the digit. Avoid making the 
flaps too large; their sides should each measure about 6 
mm, and their bases should measure about the same or 
slightly less.
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 n  Develop the flaps farther by incising deeper toward the 
nail bed and volar pulp. Take care not to pinch the flaps 
with thumb forceps or hemostats. Rather, insert a skin 
hook near the base of each and apply slight traction in a 
distal direction. With a pair of small scissors and at each 
apex, divide the pulp just enough (usually not more than 
half its thickness) to allow the flaps to be mobilized to-
ward the tip of the finger. Avoid dividing any pulp distally.

 n  Round off the sharp corners of the remaining part of the 
distal phalanx and reshape its end to conform with the 
normal tuft.

 n  Approximate the bases of the flaps and stitch them to-
gether with small interrupted nonabsorbable sutures; 
stitch the dorsal sides of the flaps to the remaining nail or 
nail bed.

 n  Frequently, closure of the proximal and lateral defects 
is impossible without placing significant tension on the 
flaps. In such instances, the sides of the triangular flaps 
should be left without sutures and heal satisfactorily by 
secondary intention (Fig. 19.7D). Apply Xeroform gauze 
and a protective dressing.
   

 

BA C
FIGURE 19.8 Dorsal pedicle flap useful for amputations prox-

imal to the nail when preserving length is essential. It may have two 
pedicles or, as illustrated here, only one. A, Flap has been outlined. 
B, Flap has been elevated, leaving only a single pedicle. C, Flap has 
been sutured in place over end of stump, and remaining defect on 
dorsum of finger has been covered by split-thickness skin graft. SEE 
TECHNIQUE 19.3.

 

A B C

D E

Turned over
flap

No skin
closure
at base
of flap

Flap base

Defect

Incision

Flap

Flap base

FIGURE 19.9 Turnover adipofascial flap. A, Complex 
defect. B, Design of adipofascial flap. Flap base is imme-
diately proximal to the defect, and flap width is slightly 
wider than the defect. C, Development of a distally based 
flap by separating it from the underlying paratenon of 
the extensor tendon. (Intact paratenon ensures tendon 
gliding after surgery.) D, Flap is turned over on itself to 
cover the defect and the flap base. E, Flap covered with 
thin skin graft. Skin closure is not performed at base of 
flap to avoid tension. SEE TECHNIQUE 19.4.
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ATASOY TRIANGULAR  
ADVANCEMENT FLAPS

 TECHNIQUE 19.2 

(ATASOY ET AL.)
 n  Under tourniquet control and using an appropriate anes-

thetic, cut a distally based triangle through the pulp skin 
only, with the base of the triangle equal in width to the 
cut edge of the nail (Fig. 19.6).

 n  Develop a full-thickness flap with nerves and blood supply 
preserved. Carefully separate the fibrofatty subcutaneous 

tissue from the periosteum and flexor tendon sheath us-
ing sharp dissection.

 n  Selectively cut the vertical septa that hold the flap in place 
and advance the flap distally.

 n  Suture the skin flap to the sterile matrix or nail. The 
volar defect from the advancement can be left open 
and left to heal by secondary intention if closure com-
promises vascularity. A few millimeters of the phalanx 
can be removed to the level of the sterile matrix. The 
base of the flap may be difficult to suture to the sterile 
matrix or nail, and a 22-gauge needle can be used as an 
intramedullary pin in the distal phalanx to keep the flap 
in position.
   

 

A

B C

FIGURE 19.10 Homodigital antegrade-flow neurovascular pedicle flap. A, Flap pattern on 
middle finger outlined with dorsal border on midaxial line with progressively narrower sawtooth 
pattern volarly converging just proximal to the proximal interphalangeal joint. B, Flap raised with 
intact neurovascular bundle. C, Distally advanced and inset flap, with area proximally requiring 
ulnar-palm free skin graft.  (From Henry M, Stutz C: Homodigital antegrade-flow neurovascular pedicle 
flaps for sensate reconstruction of fingertip amputation injuries, J Hand Surg 31[7]:1220–1225, 2006.)
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A

Skin flap

Incision along midlateral line

B

Digital artery with
perivascular soft tissue

Dorsal branch of digital nerve proper

C

FIGURE 19.11 Reverse digital artery island flap. A, Flap design. B and C, Digital artery is ligated 
proximally. Skin flap is elevated along with artery and perivascular soft tissue. Dorsal branch of 
digital nerve can be incorporated and microanastomosed with transected contralateral digital 
nerve to facilitate innervation of flap. SEE TECHNIQUE 19.8.

 

A B

FIGURE 19.12 Reverse adipofascial flap. A, Skin incision 
outlining flap and defect. B, Postoperative result with free skin 
graft over defect site.  (From Chang KP, Wang WH, Lai CS, et al: Refine-
ment of reverse digital arterial flap for finger defects: surgical technique, 
J Hand Surg Am 30[3]:558–561, 2005.)

 

BIPEDICLE DORSAL FLAPS
A bipedicle dorsal flap is useful when a finger has been 
amputated proximal to its nail bed and when preserving all 
its remaining length is essential, but attaching it to another 
finger is undesirable. When this flap can be made wide 
enough in relation to its length, one of its pedicles can be 
divided, leaving it attached only at one side (Fig. 19.8).

 TECHNIQUE 19.3 

 n  Beginning distally at the raw margin of the skin and pro-
ceeding proximally, elevate the skin and subcutaneous 
tissue from the dorsum of the finger.

 

Dorsal branch,
ulnar nerve

Superficial
palmar arch

Ulnar palmar
digital artery

Skin
flap

Pivot
point

FIGURE 19.13 Reverse ulnar hypothenar flap design. SEE  
TECHNIQUE 19.9.
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 n  At a more proximal level, make a transverse dorsal inci-
sion to create a bipedicle flap long enough, when drawn 
distally, to cover the bone and other tissues on the end of 
the stump.

 n  Suture the flap in place and cover the defect created on 
the dorsum of the finger by a split-thickness skin graft. 
The flap can be made more mobile by freeing one of its 
pedicles, but this decreases its vascularity.
   

 

ADIPOFASCIAL TURNOVER FLAP
The adipofascial turnover flap is a de-epithelialized flap that 
may be used to cover distal dorsal defects 3 cm in length.

 TECHNIQUE 19.4 

 n  Under tourniquet control, repair the traumatic defects as 
indicated, such as extensor tendon repair and fracture 
fixation.

 n  Outline the planned flap with a skin pen. Make the width 
2 to 4 mm wider than the traumatic defect. The base-to-
length ratio should be 1:1.5 to 1:3. The flap base should 
be 0.5 to 1 cm in length and is made just proximal to the 
defect. The flap length should be at least this much longer 
than the defect (Fig. 19.9B).

 n  Develop the adipofascial flap superficial to the extensor 
tendon paratenon from proximal to distal (Fig. 19.9C).

 n  After the flap is detached proximally and along its sides to 
the flap base, flip it over and suture it distally (Fig. 19.9D).

 n  Do not place sutures at the turnover site to avoid tension 
on the vascular pedicle (Fig. 19.9E).

 n  Use a split-thickness graft to cover the defect at the flap 
site.

 n  Immobilize the digit in a protective splint.

POSTOPERATIVE CARE The first dressing change is 3 
weeks after surgery, and digital motion is begun as wound 
healing and other concomitant injuries allow.
   

 

CROSS-FINGER FLAPS FOR 
RECONSTRUCTION OF FINGERTIP 
AMPUTATIONS
The technique of applying cross-finger flaps is described in 
Chapter 65. 
 

 

THENAR FLAP
Middle and ring finger coverage can be accomplished by the 
use of the thenar flap. Donor site tenderness and proximal 
interphalangeal joint flexion contractures can occur, and the 
flaps should not be left in place for more than 3 weeks.

 TECHNIQUE 19.5 

 n  With the thumb held in abduction, flex the injured finger 
so that its tip touches the middle of the thenar eminence. 
Outline on the thenar eminence a flap that when raised 
is large enough to cover the defect and is properly posi-
tioned; pressing the bloody stump of the injured finger 
against the thenar skin outlines by bloodstain the size of 
the defect to be covered (Fig. 19.15A,B).

 n  With its base proximal, raise the thenar flap to include 
most of the underlying fat; handle the flap with skin 
hooks to avoid crushing it even with small forceps. Make 
the flap sufficiently wide so that when sutured to the 
convex fingertip it is not under tension. Make its length 
no more than twice its width. By gentle undermining of 
the skin border at the donor site, the defect can be closed 
directly without resorting to a graft.

 n  Attach the distal end of the flap to the trimmed edge of the 
nail by sutures passed through the nail. The lateral edges of 
the flap should fit the margins of the defect, but to avoid 
impairing circulation in the flap, suture only their most distal 
parts, if any, to the finger. Prevent the flap from folding back 
on itself and strangulating its vessels (Fig. 19.15C and D).

 n  Control all bleeding, check the positions of the flap and 
finger, and apply wet cotton gently compressed to follow 
the contours of the graft and the fingertip.

 n  Hold the finger in the proper position by gauze and adhe-
sive tape and splint the wrist.

POSTOPERATIVE CARE At 4 days, the graft is dressed 
again and then kept as dry as possible by dressing it every 
1 or 2 days and by leaving it partially exposed. At 2 weeks, 
the base of the flap is detached and the free skin edges 
are sutured in place. The contours of the fingertip and the 
thenar eminence improve with time.
   

 

LOCAL NEUROVASCULAR  
ISLAND FLAP
An antegrade neurovascular island graft can provide sat-
isfactory padding and normal sensibility to the most 
important working surface of the digit.

 

A

0.5–0.6 cm
0.2–0.3 cm

B C

FIGURE 19.14 Eponychial flap for fingertip amputation. A, 
Dorsal fold advancement flap design to increase nail exposure. B, 
Proximal de-epithelialization of bed for flap advancement. C, After 
dorsal fold flap advancement into area of de-epithelialization.  
(Redrawn from Peterson SL, Peterson EL, Wheatley MJ: Management of 
fingertip amputations, J Hand Surg Am 39[10]:2093–2101, 2014.)
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 TECHNIQUE 19.6 

 n  Make a midlateral incision on each side of the finger (or 
thumb) beginning distally at the defect and extending 
proximally to the level of the proximal interphalangeal 
joint or thumb interphalangeal joint.

 n  On each side and beginning proximally, carefully dissect 
the neurovascular bundle distally to the level selected for 
the proximal margin of the graft (Fig. 19.16A). Here make 
a transverse volar incision through the skin and subcu-
taneous tissues, but carefully protect the neurovascular 
bundles (Fig. 19.16B).

 n  If necessary, make another transverse incision at the 
margin of the defect, freeing a rectangular island of the 
skin and underlying fat to which the two neurovascular 
bundles are attached.

 n  Carefully draw this island or graft distally and place it over 
the defect (Fig. 19.16C). Avoid placing too much tension 

on the bundles. Should tension compromise the circula-
tion in the graft, dissect the bundles more proximally or 
flex the distal interphalangeal joint, or both.

 n  Suture the graft in place with interrupted small nonab-
sorbable sutures.

 n  Cover the defect created on the volar surface of the finger 
with a free full-thickness graft.

 n  Carefully place contoured sterile dressings such as glycer-
in-soaked cotton balls over the grafts to lessen the likeli-
hood of excess pressure on the neurovascular bundles.

 n  Apply a compression dressing until suture removal at 
10 to 14 days.

POSTOPERATIVE CARE Begin digital motion therapy as 
soon as the wounds permit.
   

 

ISLAND PEDICLE FLAP
The axial-pattern island pedicle flap may be used to pro-
vide sensation or merely composite soft tissue to adjacent 
fingers or thumb. The skin paddle size can vary to suit the 
defect.

 TECHNIQUE 19.7 

 n  This procedure is performed as outpatient surgery, and 
general anesthesia is preferred.

 n  Inflate the arm tourniquet after using a skin pen to outline 
clearly the intended flap design.

 n  Measure the defect size after appropriate debridement 
and draw a slightly larger flap onto the donor digit.

 n  Use a midaxial or a volar zigzag incision to expose the 
neurovascular bundle of the area of the superficial arch, 
the usual pivot point of the flap.

 n  If a neurovascular island flap is desired to provide sensa-
tion to a given area, it is imperative that the ulnar border 
of the small finger and radial border of the index finger 
not be used as donors because maintaining or achieving 
sensation in these areas is desirable. The skin paddle is 
ideally centered over the neurovascular bundle.

 n  Under tourniquet control, locate the neurovascular bun-
dle proximally and carefully dissect this to its superficial 
arch origin. Leave a cuff of soft tissue around the neuro-
vascular bundle because discrete veins are not readily vis-
ible but exist in the periarterial tissues. Dissect the bundle 
deeply and use bipolar cautery well away from the proper 
digital artery to control perforating vessels entering the 
flexor sheath.

 n  Elevate the skin paddle, taking care to ensure the vascular 
bundle is reasonably centered under the flap, and divide 
the artery distally.

 n  Use a simple 5-0 nylon suture to secure the distal vascular 
bundle to the distal edge of the skin flap.

 n  Place the paddle over the recipient site to determine the 
best path for the pedicle because the pedicle should not 
be under any tension. The skin between the pivot point 

 

A B

DC
FIGURE 19.15 Thenar flap for amputation of fingertip. A, Tip 

of ring finger has been amputated. B, Finger has been flexed so 
that its tip touches middle of thenar eminence, and thenar flap has 
been outlined. C, Split-thickness graft is to be sutured to donor area 
before flap is attached to finger. D, End of flap has been attached 
to finger by sutures passed through nail and through tissue on 
each side of it. SEE TECHNIQUE 19.5.
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can be undermined and enlarged by gently yet liberally 
spreading a hemostat in the intended pedicle path. The 
tunnel must allow easy passage of the flap. Frequently, 
a 2 to 3 cm skin bridge can be left between the proximal 
donor and recipient incisions. However, if any doubt re-
mains in regard to the pedicle tension or impingement, 
these incisions should be connected.

 n  Deflate the tourniquet and control bleeding.
 n  Draw the 5-0 nylon suture gently through the skin bridge, 

taking care not to place shear stress between the pedicle 
and flap.

 n  Suture the flap loosely into position and close the re-
maining wounds. Ensure the flap remains well vascu-
larized before placing a loose dressing and protective 
splint.

 n  Note: When this procedure is performed as a vascular 
island pedicle flap, the proper digital nerve should be 
carefully preserved and protected to prevent problematic 

neuromas. Transient dysesthesias that commonly occur 
with this technique usually resolve in 6 to 8 weeks.

POSTOPERATIVE CARE The patient is seen in 5 to 7 
days, and motion therapy is begun as soon as the wounds 
permit, usually 2 to 3 weeks postoperatively.
   

 

RETROGRADE ISLAND PEDICLE FLAP
This retrograde homodigital island flap is well suited to 
cover dorsal and volar defects distally. The procedure relies 
on retrograde flow through the proper digital artery, sup-
plying the proximal composite tissue (Fig. 19.11). This flap 
can be performed with skin or adipofascial tissue.

 

A

B C
FIGURE 19.16 A–C, Local neurovascular island graft (see text). SEE TECHNIQUE 19.6.
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 TECHNIQUE 19.8 

 n  After preparing the recipient site appropriately, determine 
the donor defect size.

 n  Expose the vascular pedicle using a linear or zigzag inci-
sion over the digit, the length of which is 1 to 1.5 cm 
larger than the distance between the proximal defect 
edge and distal donor edge.

 n  Dissect from proximal to distal under tourniquet control.
 n  Separate the proper digital artery proximal to the donor 

flap from the underlying digital nerve. Ligate and divide 
the artery and raise the flap carefully with its pedicle. 
Leave a 1-cm section of undamaged vascular bundle un-
disturbed distally to nourish the flap and act as the pivot 
point for the flap.

 n  Deflate the tourniquet and control bleeding with bipolar 
cautery.

 n  Suture without tension on the recipient site and close the 
remaining wound loosely so as not to compromise the 
pedicle.

 n  Donor defects typically require a split-thickness skin graft 
and a soft nonadherent conforming dressing, such as Xe-
roform gauze and glycerin-soaked cotton balls.

 n  Note: This flap can be used as a de-epithelialized retro-
grade homodigital island to lessen the morbidity associated 
with the skin paddle. In such a modification, the skin graft 
is applied over the composite graft at the recipient site.

POSTOPERATIVE CARE The dressing is removed 7 to 
10 days postoperatively, and motion therapy is begun de-
pending on wound healing.
   

 

ULNAR HYPOTHENAR FLAP
The ulnar hypothenar flap is a retrograde vascular pedicle 
flap that relies on the distal half of the hypothenar skin’s 
vascular supply from the small finger ulnar digital artery. 
The flap can be used to cover defects as large as 5 × 2 
cm. Based on the proper digital artery to the small finger, 
this flap may provide sensation by suturing the ulnar digital 
nerve to a cutaneous nerve sensory branch that is har-
vested with the flap.

 TECHNIQUE 19.9 

 n  Outline the flap on the distal half of the hypothenar emi-
nence to correspond to the recipient defect.

 n  Under tourniquet control and general anesthesia, dissect 
in the subfascial plane, beginning on the dorsal side of 
the hand. Include the multiple vascular perforators with 
the flap before dividing the ulnar palmar digital artery 
proximally.

 n  Take the distal dissection of the pedicle to the pivot point 
of the proximal interphalangeal joint (Fig. 19.13).

 n  Close the wounds loosely after bleeding is controlled and 
apply a bulky soft dressing.

POSTOPERATIVE CARE The bulky soft dressing is re-
moved within 1 week after surgery, and metacarpopha-
langeal and proximal interphalangeal joint motion therapy 
is begun.
   

AMPUTATIONS OF SINGLE 
FINGERS
INDEX FINGER
When the index finger is amputated at or more proximal to its 
proximal interphalangeal joint level, the remaining stump is 
useless and can hinder pinch between the thumb and middle 
finger. In most instances, when a primary amputation must 
be at such a proximal level, any secondary amputation should 
be through the base of the second metacarpal. This index ray 
amputation is especially desirable in women for cosmetic rea-
sons. Because it is a more extensive operation than amputa-
tion through the finger, however, it can cause stiffness of the 
other fingers and may be contraindicated in arthritic hands. 
The middle finger radial digital nerve should be carefully iso-
lated and dissected free from the second web space common 
digital nerve. Improper technique can result in a sunken scar 
on the dorsum of the hand or in anchoring the first dorsal 
interosseous to the extensor mechanism, rather than to the 
base of the proximal phalanx, causing intrinsic overpull. 

 

INDEX RAY AMPUTATION

 TECHNIQUE 19.10 

 n  With a marking pen, outline the planned incisions (Fig. 
19.17A). Begin the palmar line in the second web space 
at the radial base of the middle finger and continue this 
line proximally to the midpalmar area, being careful not to 
cross the palmar flexion creases at 90 degrees. Begin a sec-
ond palmar line approximately 1 cm distal to the palmar 
digital flexion crease of the index finger radial base and 
extend this line proximally to meet the first incision in the 
midpalmar area. Zigzag incisions in the palmar skin may 
lessen the incidence of longitudinal skin scar contractures.

 n  Outline the dorsal part of the incision that extends from 
the palmar lines to converge at a point on the index car-
pometacarpal joint dorsally.

 n  Now make the incisions as just outlined.
 n  Ligate and divide the dorsal veins, and at a more proximal 

level divide the branches of the superficial radial nerve to 
the index finger.

 n  Retract the index extensor digitorum communis and the 
extensor indicis proprius tendons distally, sever them, and 
allow them to retract proximally.

 n  Detach the tendinous insertion of the first dorsal interos-
seous and dissect the muscle proximally from the second 
metacarpal shaft (Fig. 19.17B). Detach the volar interosse-
ous from the same shaft and divide the transverse metacar-
pal ligament that connects the second and third metacarpal 
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heads. Take care not to damage the radial digital nerve 
of the middle finger.

 n  Carefully divide the second metacarpal obliquely from 
dorsoradial proximally to volar-ulnar distally about 2 cm 
distal to its base. Do not disarticulate the bone at its proxi-
mal end. Smooth any rough edges on the remaining part 
of the metacarpal.

 n  Divide both flexor tendons of the index finger and allow 
them to retract (Fig. 19.17C).

 n  Ligate and divide digital arteries to the index finger.
 n  Carefully identify and divide both digital nerves leaving 

sufficient length so that their ends can be buried in the 
interossei.

 n  Anchor the tendinous insertion of the first dorsal interos-
seous to the base of the proximal phalanx of the middle 
finger. Do not anchor it to the extensor tendon or its hood 
because this might cause intrinsic overpull.

 n  With a running suture, approximate the muscle bellies in 
the area previously occupied by the second metacarpal 
shaft.

 n  Ligate or cauterize all obvious bleeders.

 n  Approximate the skin edges over a drain and remove the 
tourniquet (Fig. 19.17D).

 n  Apply a well-molded wet dressing that conforms to the 
wide new web between the middle finger and the thumb 
and support the wrist by a large bulky dressing or a plaster 
splint.

POSTOPERATIVE CARE The hand is elevated immedi-
ately after surgery for 48 hours. At 24 hours, the drain is 
removed. Digital motion therapy is initiated at 5 to 7 days 
postoperatively.
  

MIDDLE OR RING FINGER RAY 
AMPUTATIONS
In contrast to the proximal phalanx of the index finger, the 
proximal phalanx of either the middle or the ring finger is 
important functionally. Its absence in either finger makes a 
hole through which small objects can pass when the hand is 
used as a cup or in a scooping maneuver; its absence makes 
the remaining fingers tend to deviate toward the midline of 

 

A B

C D

FIGURE 19.17 Technique for index ray amputation. A, Dorsal skin incisions planned with 
marking pen. Palmar skin incision can be outlined in matching zigzag fashion to reduce skin suture 
line contracture. B, Flexor digitorum superficialis and flexor digitorum profundus tendons severed 
proximal to lumbrical origin after isolation and division of appropriate neurovascular structures. C, 
First dorsal interosseous retained for insertion into radial base of middle finger proximal phalanx. 
D, Appearance after index ray amputation. SEE TECHNIQUE 19.10.
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the hand. In multiple amputations, the length of either the 
middle or the ring finger becomes even more important. The 
third and fourth metacarpal heads are also important because 
they help stabilize the metacarpal arch by providing attach-
ments for the transverse metacarpal ligament.

In a child or woman, when the middle finger has been 
amputated proximal to the proximal interphalangeal joint, 
and especially when it has been amputated proximal to the 
metacarpal head, transposing the index ray ulnarward to 
replace the third ray may be indicated. This operation results 
in more natural symmetry, removes any conspicuous stump, 
and makes the presence of only three fingers less obvious. 

Transposition of the index metacarpal after partial middle fin-
ger metacarpal amputation is technically challenging and has 
significant complications. If this more cosmetic procedure is 
chosen, great care should be taken to achieve proper rotation 
and solid bone fixation. Union of midshaft metacarpal oste-
otomies is more difficult, and we recommend metaphyseal 
fixation in such instances.

Excising the third metacarpal shaft removes the origin of 
the adductor pollicis and weakens pinch. The index ray should 
not be transposed unless this adductor can be reattached else-
where. The operation is contraindicated if the hand is needed 
for heavy manual labor (Fig. 19.18).

 

A B C

D E F

FIGURE 19.18 Middle finger ray resection. A and B, Clinical appearance of unsalvageable 
contracted and stiff middle finger after gunshot wound to hand. C and D, Planned palmar and 
dorsal incisions for ray resection. E and F, Cosmetic appearance after partial middle finger meta-
carpal amputation.
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Similarly, when the ring finger has been amputated, 
transposing the fifth ray radialward to replace the fourth 
rarely is indicated. Resection of the fourth metacarpal at its 
base or at the carpometacarpal joint and closure of the skin 
to create a common web permits a “folding-in” of the fifth 
digit to close the gap without transposing the fifth metacar-
pal. Disarticulation of the ring finger at the carpometacarpal 
joint allows the small finger metacarpal base to shift radially 
over the hamate facet, essentially eliminating radial deviation 
of the ray (Fig. 19.19). 

 

TRANSPOSING THE INDEX RAY

 TECHNIQUE 19.11 

(PEACOCK)
 n  Plan the incision so that a wedge of skin is removed from 

the dorsal and volar surfaces of the hand (Fig. 19.20).
 n  In the region of the transverse metacarpal arch, plot the 

exact points that must be brought together to form a 
smooth arch across the dorsum of the hand when the 
second and fourth metacarpal heads are approximated.

 n  Curve the proximal end of the dorsal incision slightly to-
ward the second metacarpal base so that the base can be 
exposed easily.

 n  Fashion the distal end of the incision so that a small trian-
gle of skin is excised from the ring finger to receive a simi-
lar triangle of skin from the stump or the area between 
the fingers; transferring this triangle is important to pre-
vent the suture line from passing through the depths of 
the reconstructed web.

 n  After the dorsal and volar wedges of skin have been re-
moved and the flaps have been elevated, expose the third 
metacarpal through a longitudinal incision in its perios-
teum.

 n  The index ray is the right length when its metacarpal is 
moved directly to the third metacarpal base. With an os-
cillating saw, transversely divide the third metacarpal as 
close to its base as possible. Excise the third metacarpal 
shaft and the interosseous muscles to the middle finger. 
Take care not to damage the interosseous muscles of the 
remaining fingers.

 n  Identify the neurovascular bundles of the middle finger; 
individually ligate the arteries and veins and divide the 
digital nerves.

 n  While the wrist is held flexed, draw the flexor tendons 
distally as far as possible and divide them.

 n  Retract the extensor tendons of the index finger, expose 
the second metacarpal at its base, and divide the bone at 
the same level as the third metacarpal.

 n  From the radial side of the second metacarpal, gently dis-
sect the intrinsic muscles just enough to allow this meta-
carpal to be placed on the base of the third metacarpal 
without placing undue tension on the muscles. Obliquely 
bevel the second metacarpal base to produce a smooth 
contour on the side of the hand.

 n  From the excised third metacarpal, fashion a key graft to 
extend from one fragment of the reconstructed metacar-
pal to the other.

 n  Insert a Kirschner wire longitudinally through the meta-
carpophalangeal joint of the transposed ray and bring it 
out on the dorsum of the flexed wrist; draw it proximally 
through the metacarpal until its distal end is just proximal 
to the metacarpophalangeal joint.

 n  With the wrist flexed, cut off the proximal part of the wire 
and allow the remaining end to disappear beneath the 
skin.

 n  Flex all the fingers simultaneously to ensure correct ro-
tation of the transposed ray and insert a Kirschner wire 
transversely through the necks of the fourth and the 
transposed metacarpals. Bony fixation with a small plate 
and screws can also be used. This requires precise tech-
nique and should be applied only after correct rotational 
alignment has been determined. Attaching the plate to 
the distal fragment first and flexing the metacarpophalan-
geal joints fully before proximal plate fixation is secured 
reduces the chance for malrotation.

 n  Close the skin and insert a rubber drain.
 n  Apply a soft pressure dressing; no additional external sup-

port is needed.

POSTOPERATIVE CARE At 2 days the rubber drain is 
removed, and at 8 to 10 days the entire dressing and the 
sutures are removed. A light volar plaster splint is applied 
to keep the wrist in the neutral position and support the 
transposed ray; however, the splint is removed daily for 
cleaning the hand and exercising the small joints. At about 
5 weeks, when the metacarpal fragments have united, 
the Kirschner wires are removed with the use of local an-
esthesia.
  

RING AVULSION INJURIES
The soft tissue most commonly of the ring finger usually 
is forcefully avulsed at its base when a metal ring worn on 
that finger catches on a nail or hook. The force usually is 
sufficient to cause separation of the skin and nearly always 
damages the vascular supply to the distal tissue. The modifi-
cation of the Urbaniak classification by Kay et al. (Box 19.1) 
is useful to quantify injury and prognosis. Fractures and lig-
amentous damage also can occur, but the tendons seem to be 
the last to separate. Attempts at salvage routinely fail unless 

Classification of Ring Avulsion Injuries

 I  Circulation adequate, with or without skeletal injury
 II  Circulation inadequate (arterial and venous), no skeletal 

injury
 III  Circulation inadequate (arterial and venous), fracture or 

joint injury present
 A.  Arterial circulation only inadequate
 B.  Venous circulation only inadequate
 IV  Complete amputation

 BOX 19.1 

From Kay S, Werntz J, Wolff TW: Ring avulsion injuries: classification and prog-
nosis, J Hand Surg Am 14(2 Pt 1):204–213, 1989.
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A B

D

G
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C

FIGURE 19.19 Ring finger ray amputation. A and B, Palmar and dorsal view 
of patient’s hand after ring finger avulsion injury. C, En bloc disarticulation of 
ring finger carpometacarpal joint with proximal division of flexor and extensor 
tendons. D, Intermetacarpal ligaments of small and middle fingers are sutured in 
overlapped position to prevent splaying of small finger. E, Radiograph of hand 
indicating radialization of the small finger metacarpal base on hamate facet. F 
and G, Clinical appearance after ring finger ray resection.
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the vascular supply can be reestablished. Recent advances 
in microvascular techniques have improved outcomes, mak-
ing replantation a viable option for the skilled microvascular 
surgeon. Even with successful microvascular repair, stiffness 
and abnormal sensation are unavoidable. Amputation of 
the fourth ray with closure of the web is the procedure of 
choice in a child or woman. Simple metacarpal amputation 
rather than resection may be indicated in a heavy laborer. 
A report comparing metacarpal amputation with ray resec-
tion suggested that despite the poor cosmesis and palmar 
incompetence, metacarpal amputation preserved greater 
strength. By resecting the fourth ray at its base or at the car-
pometacarpal joint, the fifth ray closes without having to be 
surgically transposed. Simple amputation of the finger itself 
should be done in the presence of necrosis and infection; 
and, if indicated, the ray amputation is done later as an elec-
tive procedure. 

LITTLE FINGER AMPUTATIONS
As much of the little finger as possible should be saved, 
provided that all the requirements for a painless stump 
are satisfied. Often this finger survives when all others 
have been destroyed, and it becomes important in form-
ing a pinch with the thumb. When the little finger alone is 
amputated, and when the appearance of the hand is impor-
tant or the amputation is at the metacarpophalangeal joint, 
the fifth metacarpal shaft is divided obliquely at its middle 
third. The insertion of the abductor digiti quinti is trans-
ferred to the proximal phalanx of the ring finger just as 
the first dorsal interosseous is transferred to the middle 
finger in the index ray amputation already described. This 
smooths the ulnar border of the hand and is used most 
often as an elective procedure for a contracted or painful 
little finger. 

THUMB AMPUTATIONS
In partial amputation of the thumb, in contrast to amputation 
of a single finger, reamputation at a more proximal level to 
obtain closure should not be considered because the thumb 
rarely should be shortened. The wound should be closed pri-
marily by a free graft, an advancement pedicle flap (described 
later), or a local or distant flap.

If a flap is necessary, taking it from the dorsum of the 
hand or the index or middle finger is preferable. A flap from 
one of these areas provides a touch pad that is stable but that 
does not regain normal sensibility.

Covering the volar surface of the thumb with an abdomi-
nal flap is contraindicated; even when the flap is thin, abdom-
inal skin and fat provide a poor surface for pinch because they 
lack fibrous septa and roll or shift under pressure. Skin of the 
abdomen is dissimilar in appearance to that of the hand and 
its digits. When the skin and pulp, including all neural ele-
ments, have been lost from a significant area of the thumb, 
a neurovascular island graft (see Chapter 68) may be indi-
cated. The defect should be closed primarily by a split-thick-
ness graft; the neurovascular island graft or, if feasible, a local 
neurovascular island graft or advancement flap as described 
for fingertip amputations (see Technique 19.1) is applied 
secondarily.

If the thumb has been amputated so that a useful segment 
of the proximal phalanx remains, the only surgery necessary, 
if any, except for primary closure of the wound is deepening 
the thumb web by Z-plasty (see Chapter 64). When amputa-
tion has been at the metacarpophalangeal joint or at a more 
proximal level, reconstruction of the thumb may be indicated 
(see Technique 19.15) if replantation cannot be accomplished. 

 

ADVANCEMENT PEDICLE FLAP FOR 
THUMB INJURIES
Advancement flaps for fingertip injuries usually survive if 
the volar flap incisions are not brought proximal to the 
proximal interphalangeal joint. In the thumb, the venous 
drainage is not as dependent on the volar flap, however, 
and this technique is safer, and the flap can be longer  
(Fig. 19.21).

 TECHNIQUE 19.12 

 n  Using tourniquet control and appropriate anesthesia, 
make a midlateral incision on each side of the thumb from 
the tip to the metacarpophalangeal joint (Fig. 19.22A).

 n  Elevate the flap that contains both neurovascular bundles 
without disturbing the flexor tendon sheath (Fig. 19.22B).

 n  Flex the joints to allow the flap to be advanced and care-
fully sutured over the defect with interrupted sutures (Fig. 
19.22C).

POSTOPERATIVE CARE The joints should be main-
tained in flexion postoperatively for 3 weeks. This large 
flap is used only when a large area of thumb pulp is lost.
   

 FIGURE 19.20 Peacock technique of transposing index ray. 
Dorsal incision is shown; arrows indicate points along skin edges 
that will be brought together. Similar palmar incision is made (see 
text). SEE TECHNIQUE 19.11.
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AMPUTATIONS OF  
MULTIPLE DIGITS
In nonreplantable partial amputations of all fingers, pre-
serving the remaining length of the digits is much more 
important than in a single finger amputation. Because of 
the natural hinge action between the first and fifth meta-
carpals, any remaining stump of the little finger must play 
an important role in prehension with the intact thumb, and 

this hinge action can be increased about 50% by dividing 
the transverse metacarpal ligament between the fourth and 
fifth rays. In partial amputation of all fingers and the thumb, 
function can be improved by lengthening the digits relatively 
and by increasing their mobility. Function of the thumb can 
be improved by deepening its web by Z-plasty (see Chapter 
64) and by osteotomizing the first and fifth metacarpals 
and rotating their distal fragments toward each other (Fig. 
19.23) while, if helpful, tilting the fifth metacarpal toward 
the thumb. If the first carpometacarpal joint is functional but 
the first metacarpal is quite short, the second metacarpal can 
be transposed to the first to lengthen it and to widen and 
deepen the first web.

In complete amputation of all fingers, if the intact thumb 
cannot easily reach the fifth metacarpal head, phalangiza-
tion of the fifth metacarpal is helpful. In this operation, the 
fourth metacarpal is resected and the fifth is osteotomized, 
rotated, and separated from the rest of the palm. Lengthening 
of the fifth metacarpal is also helpful. In complete amputa-
tion of all fingers and the thumb in which the amputation 
has been transverse through the metacarpal necks, phalan-
gization of selected metacarpals can improve function. The 
fourth metacarpal is resected to increase the range of motion 
of the fifth, and function of the fifth metacarpal is improved 
further by osteotomy of the metacarpal in which the distal 
fragment is rotated radialward and flexed. The second meta-
carpal is resected at its base, but to preserve the origin of the 
adductor pollicis, the third metacarpal is not resected. The 
thumb should not be lengthened by osteoplastic reconstruc-
tion unless sensibility can be added to its volar surface. When 
the amputation has been through the middle of the metacar-
pal shafts, prehension probably cannot be restored, but hook 
can be accomplished by flexing the stump at the wrist. This 
motion at the wrist can be made even more useful by fit-
ting an artificial platform to which the palmar surface of the 
stump can be actively opposed. 

 

1 2 3
4
5

6
7

FIGURE 19.21 Thumb tip amputation levels. Acceptable proce-
dures by level are 1, split-thickness graft; 2, cross-finger flap or 
advancement flap; 3, advancement flap, cross-finger flap, or shorten 
thumb and close; 4, split-thickness skin graft; 5, shorten bone and 
split-thickness skin graft, advancement flap, or cross-finger flap; 
6, advancement flap or cross-finger flap; and 7, advancement flap 
and removal of nail bed remnant. SEE TECHNIQUE 19.12.

 

A B C
FIGURE 19.22 Advancement pedicle flap for thumb injuries. A, Deep thumb pad defects 

exposing bone can be covered with advancement pedicle flap. B, Advancement of neurovascular 
pedicle. C, Flexion of distal joint of thumb is necessary to permit placement of flap (see text). SEE 
TECHNIQUE 19.12.
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PHALANGIZATION OF FIFTH 
METACARPAL

 TECHNIQUE 19.13 

 n  Over the fourth metacarpal, make dorsal and volar longi-
tudinal incisions that join distally.

 n  Expose and resect the transverse metacarpal ligament on 
each side of the fourth metacarpal head.

 n  Divide proximally the digital nerves to the ring finger and 
ligate and divide the corresponding vessels.

 n  Resect the fourth metacarpal shaft just distal to its carpo-
metacarpal joint. Through the same incision, osteotomize 
the fifth metacarpal near its base.

 n  Slightly abduct and flex the distal fragment and rotate 
it toward the thumb. Fix the fragments with a Kirschner 
wire.

 n  Cover the raw surfaces between the third and fifth meta-
carpals with split-thickness grafts, creating a web at the 
junction of the proximal and middle thirds of the bones. 
Ensure that the padding over the fifth metacarpal head is 
good and, if possible, that sensation is normal at its point 
of maximal contact with the thumb.
   

PAINFUL AMPUTATION STUMP
Revision surgery is a frequent elective procedure for the 
management of painful amputation stumps, especially those 
resulting from traumatic injuries. Revision rates can be influ-
enced by finger involvement, mechanism of injury, or work-
man’s compensation status of the patient. A neuroma located 
in an unpadded area near the end of the stump is the usual 

cause of pain. Symptomatic neuromas occur in approximately 
7% of traumatic amputations and are most common in the 
index finger and avulsion type injuries. A well-localized area 
of extreme tenderness associated with a small mass, usually 
in line with a digital nerve, is diagnostic. Some painful neuro-
mas can be treated by padding and desensitization, although 
surgical excision frequently is required. The neuroma is dis-
sected free from scar, and the nerve is divided at a more 
proximal level. Another neuroma will develop but should be 
painless when located in a padded area. Suturing the radial 
and ulnar digital nerves end to end (compared with proxi-
mal resection as mentioned previously) has not been shown 
to reduce resting pain, cold intolerance, or perceived tender-
ness. Reduction in tenderness is achieved by this end-to-end 
nerve union, but at the expense of touch sensibility.

Pain in an amputation stump can also be caused by bony 
prominences covered only by thin skin, such as a split-thick-
ness graft, or by skin made tight by scarring. In these instances, 
excising the thin skin or scar, shortening the bone, and apply-
ing a sufficiently padded graft may be indicated. Amputation 
stumps that are painful because of thin skin coverage at the pulp 
and nail junction can be improved by using a limited advance-
ment flap as described in the section on thumb amputations. 
In the finger, proximal dissection to develop these flaps should 
not extend proximal to the proximal interphalangeal joint.

Finally, painful cramping sensations in the hand and fore-
arm can be caused by flexion contracture of a stump result-
ing from overstretching of extensor tendons or adherence of 
flexor tendons; release of any adherent tendons is helpful. 

RECONSTRUCTIONS AFTER 
AMPUTATION
RECONSTRUCTION AFTER AMPUTATION  
OF THE HAND
Hand amputation is an extremely disabling injury. In most 
patients, when replantation is not possible, prosthetic use is 
required. The field of prosthetics and orthotics is ever advanc-
ing. With new developments in 3D printing, myoelectric pros-
thetics, and groundbreaking operations, such as targeted muscle 
reinnervation or the starfish procedure, patients have shown 
significant improvements in use and function. For patients 
with bilateral hand amputations, advances in transplantation 
are continually being made. However, transplantation is not yet 
commonplace except at a few centers in the United States, and 
prosthetic use still remains the standard of care.

In selected patients, the Krukenberg operation is help-
ful. It converts the forearm to forceps in which the radial 
ray acts against the ulnar ray. Swanson compared func-
tion of the reconstructed limb with the use of chopsticks. 
Normal sensibility between the tips of the rays is ensured 
by proper shifting of skin during closure of the wound. The 
operation is especially helpful in blind patients with bilat-
eral amputations because it provides not only prehension 
but also sensibility at the terminal parts of the limb. It is also 
helpful in other patients with similar amputations, espe-
cially in surroundings where modern prosthetic services are 
unavailable. According to Swanson, children with bilateral 
congenital amputation find the reconstructed limb much 
more useful than a mechanical prosthesis; they transfer 

 FIGURE 19.23 In multiple amputations including thumb, func-
tion can be improved by osteotomizing first and fifth metacarpals 
and rotating their distal fragments toward each other (see text).
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dominance to this limb when a prosthesis is used on the 
opposite one. In children, the appearance of the limb after 
surgery has not been distressing, and the operation does not 
prevent the wearing of an ordinary prosthesis if desired. 

 

KRUKENBERG RECONSTRUCTION

 TECHNIQUE 19.14 

(KRUKENBERG; SWANSON)
 n  Make a longitudinal incision on the flexor surface of the 

forearm slightly toward the radial side (Fig. 19.24A). Make 

a similar incision on the dorsal surface slightly toward the 
ulnar side, but on this surface elevate a V-shaped flap to 
form a web at the junction of the rays (Fig. 19.24B).

 n  Separate the forearm muscles into two groups (Fig. 
19.24C, D): The radial side comprises the radial wrist flex-
ors and extensors, the radial half of the flexor digitorum 
sublimis, the radial half of the extensor digitorum com-
munis, the brachioradialis, the palmaris longus, and the 
pronator teres; the ulnar side comprises the ulnar wrist 
flexors and extensors, the ulnar half of the flexor digito-
rum sublimis, and the ulnar half of the extensor digitorum 
communis. If the stump is made too bulky or the wound 
hard to close, resect as necessary the pronator quadratus, 
the flexor digitorum profundus, the flexor pollicis longus, 

 

B C

D E F

A

Radial 

Biceps m.

Supinator m.

Brachioradialis m.

Flexor carpi
radialis m.

Flexor carpi
ulnaris m. 

1/2 Flexor
digitorum

sublimis m.

1/2 Flexor
digitorum 
sublimis m. 

Palmaris longus m. 

Pronator teres m. 

Brachialis m. 

Triceps m. 

Radial Ulnar Ulnar

Volar

Radial Ulnar

VolarDorsal

Radial Radial Ulnar Ulnar

Volar Dorsal

Radial Ulnar

Dorsal

1/2 Extensor
digitorum

communis m.

1/2 Extensor
digitorum
communis m.

Anconeus m.

Extensor carpi
ulnaris m.

Extensor digiti
quinti proprius m.

Extensor carpi
radialis brevis m. 

Extensor carpi
radialis longus m. 

Brachioradialis m. Triceps m.

FIGURE 19.24 Krukenberg operation. A, Incision on flexor surface of forearm. B, Incision on 
dorsal surface (see text). C and D, Forearm muscles have been separated into two groups (see text). 
E, Closure of skin on flexor surface of forearm; the area yet to be closed indicates location of any 
needed split-thickness skin graft. F, Closure of skin on dorsal surface (see text). SEE TECHNIQUE 19.14.
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the abductor pollicis longus, and the extensor pollicis bre-
vis. Take care not to disturb the pronator teres.

 n  Incise the interosseous membrane throughout its length 
along its ulnar attachment, taking care not to damage the 
interosseous vessel and nerve.

 n  The radial and ulnar rays can be separated 6 to 12 cm at 
their tips depending on the size of the forearm; motion 
at their proximal ends occurs at the radiohumeral and 
proximal radioulnar joints. The opposing ends of the rays 
should touch; if not, osteotomize the radius or ulna as 
necessary. Now the adductors of the radial ray are the 
pronator teres, the supinator, the flexor carpi radialis, 
the radial half of the flexor digitorum sublimis, and the 
palmaris longus; the abductors of the radial ray are the 
brachioradialis, the extensor carpi radialis longus, the ex-
tensor carpi radialis brevis, the radial half of the extensor 
digitorum communis, and the biceps. The adductors of 
the ulnar ray are the flexor carpi ulnaris, the ulnar half 
of the flexor digitorum sublimis, the brachialis, and the 
anconeus; the abductors of the ulnar ray are the exten-
sor carpi ulnaris, the ulnar half of the extensor digitorum 
communis, and the triceps.

 n  Remove the tourniquet, obtain hemostasis, and observe 
the circulation in the flaps.

 n  Excise any excess fat, rotate the skin around each ray, and 
close the skin over each so that the suture line is not on 
the opposing surface of either (Fig. 19.24E, F).

 n  Excise any scarred skin at the ends of the rays and, if 
necessary to permit closure, shorten the bones; in chil-
dren, the skin usually is sufficient for closure, and the 
bones must not be shortened because growth at the dis-
tal epiphyses would still be incomplete.

 n  Preserve any remaining rudimentary digit. Next, suture 
the flap in place at the junction of the rays and apply any 
needed split-thickness graft.

 n  Insert small rubber drains and, with the tips of the rays 
separated 6 cm or more, apply a compression dressing.

POSTOPERATIVE CARE The limb is continuously el-
evated for 3 to 4 days. The sutures are removed at the 
usual time. After 2 to 3 weeks, rehabilitation is begun to 
develop abduction and adduction of the rays.
  

RECONSTRUCTION AFTER AMPUTATION OF 
MULTIPLE DIGITS
Several reconstructive operations are useful after amputation 
of multiple digits at various levels. After soft-tissue stabiliza-
tion is achieved, digital lengthening by callotasis is an option. 
Thumb pollicization may be required when transposition of 
remaining digits permits. Restoration of opposition by sen-
sate opposable digits often necessitates a protracted recon-
structive course that challenges the creativity of the surgeon 
and patience of the patient. 

RECONSTRUCTION OF THE THUMB
Traumatic or congenital absence of the thumb causes a severe 
deficiency in hand function; such an absence usually is con-
sidered to constitute a 40% disability of the hand as a whole. 
When the thumb is partially or totally absent, reconstructive 
surgery is appealing. Before any decision for surgery is made, 

however, several factors must be considered, including the 
length of any remaining part of the thumb, the condition of 
the rest of the hand, the occupational requirements and age of 
the patient, and the knowledge and experience of the surgeon. 
If the opposite thumb is normal, some surgeons question the 
need for reconstructing even a totally absent thumb. Function 
of the hand can be improved, however, by a carefully planned 
and skillfully executed operation, especially in a young patient.

Usually the thumb should be reconstructed only when 
amputation has been at the metacarpophalangeal joint or at 
a more proximal level. When this joint and a useful segment 
of the proximal phalanx remain, the only surgery necessary, if 
any, is deepening of the thumb web by Z-plasty (see Chapter 
64). When amputation has been through the interphalan-
geal joint, the distal phalanx, or the pulp of the thumb, only 
appropriate coverage by skin is necessary, unless sensibility in 
the area of pinch is grossly impaired. In this latter instance, a 
more elaborate coverage, such as by a neurovascular island 
transfer, may be indicated (see Chapter 68).

A reconstructed thumb must meet five requirements. 
First and most important, sensibility, although not necessar-
ily normal, should be painless and sufficient for recognition 
of objects held in the position of pinch. Second, the thumb 
should have sufficient stability so that pinch pressure does 
not cause the thumb joints to deviate or collapse or cause the 
skin pad to shift. Third, there should be sufficient mobility to 
enable the hand to flatten and the thumb to oppose for pinch. 
Fourth, the thumb should be of sufficient length to enable the 
opposing digital tips to touch it. Sometimes amputation or 
stiffness of the remaining digits may require greater than nor-
mal length of the thumb to accomplish prehension. Fifth, the 
thumb should be cosmetically acceptable because if it is not it 
may remain hidden and not be used.

Several reconstructive procedures are possible, and the 
choice depends on the length of the stump remaining and 
the sensibility of the remaining thumb pad (Figs. 19.25 and 
19.26). The thumb can be lengthened by a short bone graft 
or distraction osteoplasty. In the face of an adjacent mangled 
finger, an “on-top plasty” can be considered. Sensibility can 
be restored by skin rotation flaps, with the nonopposing sur-
face skin grafted as in the Gillies-Millard “cocked hat” proce-
dure. Another possibility is pollicizing a digit. A promising 
possibility is microvascular free transfer of a toe to the hand. 

 

Provide padding
and sensibility

No reconstruction needed for length
Provide padded painless tip

a. Deepen web
b. Add bone length when coverage
    with local sensitive skin possible
    or osteoplastic lengthening

a. Pollicization
    or
b. Toe transfer when indicated

Pollicization when indicated

FIGURE 19.25 Thumb reconstruction at various levels. Basic 
needs are sensibility, stability, mobility, and length.
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In this procedure, sensory restoration is never normal. The 
osteoplastic technique with a bone graft and tube pedicle skin 
graft supplemented by a neurovascular pedicle is now rarely 
recommended. Lister’s classification is useful in selecting 
appropriate treatment (Table 19.1).

Pollicization also is a viable option for thumb reconstruc-
tion (Techniques 19.17 to 19.19). 

 

LENGTHENING OF THE METACARPAL 
AND TRANSFER OF LOCAL FLAP
When amputation of the thumb has been at the meta-
carpophalangeal joint or within the condylar area of the 
first metacarpal, the thenar muscles are able to stabilize 
the digit. In these instances, lengthening of the metacarpal 
by bone grafting and transfer of a local skin flap may be 
indicated. The technique as described by Gillies and Millard 
can be completed in one stage, and the time required for 
surgery and convalescence is less than in some other recon-
structions. Disadvantages of this procedure include bone 
graft resorption and ray shortening and skin perforation 
after flap contraction. This procedure requires that there be 
minimal scarring of the amputated stump.

 TECHNIQUE 19.15 

(GILLIES AND MILLARD, MODIFIED)
 n  Make a curved incision around the dorsal, radial, and vo-

lar aspects of the base of the thumb (Fig. 19.27A).
 n  Undermine the skin distally, but stay superficial to the 

main veins to prevent congestion of the flap. Continue 
the undermining until a hollow flap has been elevated 
and slipped off the end of the stump; the blood supply 
to the flap is from a source around the base of the index 
finger in the thumb web. (If desired, complete elevation 
of the flap can be delayed.)

 

A B C D

FIGURE 19.26 Moberg advancement flap. A, Thumb pulp defect with flap outlined. B, Flap 
raised on bilateral neurovascular pedicles. C, Flap advanced 1.5 cm. D, Flap sutured into position 
with hypothenar free full-thickness skin flap at flap base.

TABLE 19.1

Lister Classification

GROUPS AMPUTATION RECONSTRUCTION OPTIONS
Group 1 Acceptable length 

and poor soft-tissue 
coverage

Glabrous: Moberg 
advancement; V-Y 
advancement; NV island; 
free flap, free toe pulp 
transfer
Nonglabrous: FDMA flap; 
distal free flap (PIA; RFF; 
groin flap)

Group 2 Subtotal amputation 
with questionable 
length

First web deepening; 
rotational flaps; ecto-
pic banking or ectopic 
replantation, rigid or 
free flaps; distraction 
osteogenesis

Group 3 Total amputation 
with preservation of 
basal joint

Toe transfer; metacarpal 
lengthening (distraction 
osteogenesis); osteo-
plastic reconstruction; 
pollicization

Group 4 Total amputation 
with absence of basal 
joint

Toe transfer; pollicization

FDMA, First dorsal metacarpal artery; PIA, posterior interosseous flap; RFF, 
radial forearm flap.
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 n  Attach an iliac bone graft or a phalanx excised from a toe 
to the distal end of the metacarpal by tapering the graft 
and fitting it into a hole in the end of the metacarpal.

 n  Fix the graft to the bone by a Kirschner wire and place 
iliac chips around its base. Ensure that the graft is small 
enough that the flap can be placed easily over it.

 n  Cover the raw area at the base of the thumb by a split-
thickness skin graft (Fig. 19.27B).

POSTOPERATIVE CARE The newly constructed thumb 
is immobilized by a supportive dressing, and a volar plaster 
splint is applied to the palm and forearm. The Kirschner 
wire is removed when the graft has united with the meta-
carpal. Minor Z-plasties may be necessary later to relieve 
the volar and dorsal web formed by advancing the flap.
   

 

OSTEOPLASTIC RECONSTRUCTION 
AND TRANSFER OF  
NEUROVASCULAR ISLAND GRAFT
Verdan recommended osteoplastic reconstruction, espe-
cially when the first carpometacarpal joint has been spared 
and is functional. It is a useful method when the remaining 
part of the first metacarpal is short. As in the technique 
of Gillies and Millard, no finger is endangered, and all 
are spared to function against the reconstructed thumb. 
Transfer of a neurovascular island graft supplies discrete 
sensibility to the new thumb, but precise sensory reorienta-
tion is always lacking (Fig. 19.28).

 TECHNIQUE 19.16 

(VERDAN)
 n  Raise the subpectoral region, or some other appropriate 

area a tubed pedicle graft that contains only moderate 
subcutaneous fat, from the abdomen.

 n  Excise the skin and subcutaneous tissue over the distal 
end of the first metacarpal; make this area for implanta-
tion of the tubed graft a long oval and as large as possible 
so that the graft can include many vessels and nerves and 
will not constrict later.

 n  Insert into the end of the first metacarpal an iliac bone 
graft shaped like a palette to imitate the normal thumb. 
Do not place the graft in line with the first metacarpal, 
but rather place it at an obtuse angle in the direction of 
opposition. Ensure that the graft is not too long. Place the 
end of the tubed pedicle over the bone graft and suture 
it to its prepared bed on the thumb.

 n  Immobilize the hand and tubed pedicle to allow normal 
motion of the fingers and some motion of the shoulder 
and elbow.

 n  After 3 to 4 weeks, free the tubed pedicle.
 n  Close the skin over the distal end of the newly construct-

ed thumb, or transfer a neurovascular island graft from 
an appropriate area to the volar aspect of the thumb to 
assist in closure and to improve sensation and circulation 
in the digit.

POSTOPERATIVE CARE A supportive dressing and a vo-
lar plaster splint are applied. The newly constructed thumb 
is protected for about 8 weeks to prevent or decrease  

 

A B
FIGURE 19.27 Reconstruction of thumb by technique of Gillies and Millard, modified. A, Outline 

of curved incision around dorsal, radial, and volar aspects of base of thumb. B, Hollow flap has been 
undermined and elevated, iliac bone graft has been fixed (this time to base of proximal phalanx), 
and raw area at base of thumb has been covered by split-thickness skin graft. SEE TECHNIQUE 19.15.
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A B C

D E

G H

F

 FIGURE 19.28 Osteoplastic thumb reconstruc-
tion. A, A 32-year-old woman presented with trau-
matic thumb amputation 4 years previously with 
amputation level just distal to metacarpophalangeal 
joint and thumb-index web space contracture. B, 
Simple two-flap Z-plasty web space release allows 
access to ulnar shaft of thumb metacarpal. C, Length-
ening frame applied percutaneously from radial side 
of thumb under fluoroscopic guidance before oste-
otomy. Note web contracture release after Z-plasty. 
D and E, Palmar and dorsal view of thumb soon after 
frame application. Lengthening begun at 1 week 
after surgery at a rate of 0.5 mm twice daily. F and 
G, Lateral radiograph at 2 weeks and 10 weeks after 
surgery. H, Lateral radiograph 5 months after surgery 
indicating solid union. No bone graft was required, 
and metacarpal manual osteoclasis was done after 
fixator removal to simulate metacarpophalangeal 
joint fusion. SEE TECHNIQUE 19.16.
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resorption of the bone graft. If a neurovascular island graft 
was not included in the reconstruction, this transfer must 
be done later.
  

POLLICIZATION
Pollicization (transposition of a finger to replace an absent 
thumb) may endanger the transposed finger; therefore, some 
surgeons recommend transposition only of an already short-
ened or otherwise damaged finger. When amputation has 
been traumatic, extensive scarring may require resurfacing by 
a pedicle skin graft before pollicization. In such instances, full 
function of the new thumb hardly can be expected; indeed 
full function cannot be expected even after successful trans-
position of a normal finger. However, in amputations near the 
carpometacarpal joint, especially in patients with significant 
bilateral thumb-level amputations, pollicization may be of 
benefit.

In the hands of an experienced surgeon, pollicization is 
worthwhile, especially in pouce flottant (floating thumb) and 
congenital absence of a thumb, assuming that the digit to 
be pollicized is relatively normal. Pollicization is performed 
when the child is 9 to 12 months of age; however, when 
the thumb is congenitally absent, the age of pollicization is 
not as important as a cerebral cortex awareness of a radial  
opposition post. 

 

RIORDAN POLLICIZATION
In the Riordan technique, the index ray is shortened by 
resection of its metacarpal shaft. To simulate the trape-
zium, the second metacarpal head is positioned palmar to 
the normal plane of the metacarpal bases, and the meta-
carpophalangeal joint acts as the carpometacarpal joint of 
the new thumb. The first dorsal interosseous is converted 
to an abductor pollicis brevis, and the first volar interosse-
ous is converted to an adductor pollicis. The technique as 
described is for an immature hand with congenital absence 
of the thumb, including the greater multangular, but it can 
be modified appropriately for other hands.

 TECHNIQUE 19.17 

(RIORDAN)
 n  Beginning on the proximal phalanx of the index finger, 

make a circumferential oval incision (Fig. 19.29A, B) on 
the dorsal surface.

 n  Place the incision level with the middle of the phalanx and 
on the palmar surface level with the base of the phalanx. 
From the radiopalmar aspect of this oval, extend the inci-
sion proximally, radially, and dorsally to the radial side 
of the second metacarpal head, then palmarward and 
ulnarward to the radial side of the third metacarpal base 
in the middle of the palm, and finally again radially to end 
at the radial margin of the base of the palm.

 

A B C D E

FIGURE 19.29 Riordan pollicization for congenital absence of thumb, including greater trape-
zium, in an immature hand. A and B, Incision (see text). Skin of proximal phalanx (pink area in A) 
is elevated as full-thickness skin flap. C and D, Second metacarpal has been resected by dividing 
base proximally and by cutting through epiphysis distally, and finger has been relocated proximally 
and radially. Second metacarpal head has been anchored palmar to second metacarpal base and 
simulates greater trapezium (see text). E, Insertion of first dorsal interosseous has been anchored 
to radial lateral band of extensor mechanism of new thumb and origin to soft tissues at base of 
digit; insertion of first volar interosseous has been anchored to opposite lateral band and origin 
to soft tissues. SEE TECHNIQUE 19.17.
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 n  Dissect the skin from the proximal phalanx of the index 
finger, leaving the fat attached to the digit and creating 
a full-thickness skin flap.

 n  Isolate and free the insertion of the first dorsal interosse-
ous and strip from the radial side of the second metacar-
pal shaft the origin of the muscle.

 n  Isolate and free the insertion of the first volar interosseous 
and strip from the ulnar side of the metacarpal shaft the 
origin of this muscle. Take care to preserve the nerve and 
blood supplies to the muscle in each instance.

 n  Separate the second metacarpal head from the metacar-
pal shaft by cutting through its epiphysis with a knife; 
preserve all of its soft-tissue attachments.

 n  Divide the second metacarpal at its base, leaving intact 
the insertions of the extensor carpi radialis longus and 
flexor carpi radialis; discard the metacarpal shaft.

 n  Carry the index finger proximally and radially and relocate 
the second metacarpal head palmar to the second meta-
carpal base so that it simulates a trapezium (Fig. 19.29C); 
take care to rotate and angulate it so that the new thumb 
is properly positioned.

 n  Anchor it in this position with a wire suture (Fig. 19.29D). 
Anchor the insertion of the first dorsal interosseous to the 
radial lateral band of the extensor mechanism of the new 
thumb and its origin to the soft tissues at the base of the 
digit; this muscle now functions as an abductor pollicis 
brevis (Fig. 19.29E).

 n  Anchor the insertion of the first volar interosseous to the 
opposite lateral band and its origin to the soft tissues; this 
muscle now functions as an adductor pollicis.

 n  Shorten the extensor indicis proprius by resecting a seg-
ment of its tendon; this muscle now functions as an ex-
tensor pollicis brevis. Also, shorten the extensor digitorum 
communis by resecting a segment of its tendon.

 n  Anchor the proximal segment of the tendon to the base 
of the proximal phalanx; this muscle now functions as an 
abductor pollicis longus.

 n  Trim the skin flaps appropriately; fashion the palmar flap 
so that when sutured it places sufficient tension on the 
new thumb to hold it in opposition.

 n  Suture the flaps, but avoid a circumferential closure at the 
base of the new thumb.

 n  Apply a pressure dressing of wet cotton and a plaster cast.

POSTOPERATIVE CARE At 3 weeks, the cast is removed 
and motion therapy is begun. The thumb is appropriately 
splinted.
   

 

BUCK-GRAMCKO POLLICIZATION
Buck-Gramcko reported experience with 100 operations for 
pollicization of the index finger in children with congenital 
absence or marked hypoplasia of the thumb. He empha-
sized a reduction in length of the pollicized digit trapezium. 
For best results, the index finger has to be rotated initially 
approximately 160 degrees during the operation so that it 
is opposite the pulp of the ring finger. This position changes 

during the suturing of the muscles and the skin so that by 
the end of the operation there is rotation of approximately 
120 degrees. In addition, the pollicized digit is angulated 
approximately 40 degrees into palmar abduction.

 TECHNIQUE 19.18 

(BUCK-GRAMCKO)
 n  Make an S-shaped incision down the radial side of the 

hand just onto the palmar surface.
 n  Begin the incision near the base of the index finger on 

the palmar aspect and end it just proximal to the wrist. 
Make a slightly curved transverse incision across the base 
of the index finger on the palmar surface, connecting at 
right angles to the distal end of the first incision. Con-
nect both ends of the incision on the dorsum of the hand 
(Fig. 19.30A). Make a third incision on the dorsum of the 
proximal phalanx of the index finger from the proximal 
interphalangeal joint extending proximally to end at the 
incision around the base of the index finger (Fig. 19.30B).

 n  Through the palmar incision, free the neurovascular bun-
dle between the index and middle fingers by ligating the 
artery to the radial side of the middle finger.

 n  Separate the common digital nerve carefully into its com-
ponent parts for the two adjacent fingers so that no ten-
sion is present after the index finger is rotated.

 n  Sometimes an anomalous neural ring is found around the 
artery; split this ring carefully so that angulation of the 
artery after transposition of the finger does not occur. If 
the radial digital artery to the index finger is absent, it is 
possible to perform the pollicization on a vascular pedicle 
of only one artery. On the dorsal side, preserve at least 
one of the great veins.

 n  On the dorsum of the hand, sever the tendon of the exten-
sor digitorum communis at the metacarpophalangeal level.

 n  Detach the interosseous muscles of the index finger from 
the proximal phalanx and the lateral bands of the dorsal 
aponeurosis.

 n  Partially subperiosteally strip the origins of the interosse-
ous muscles from the second metacarpal, being careful to 
preserve the neurovascular structures.

 n  Osteotomize and resect the second metacarpal. If the 
phalanges of the index finger are of normal length, the 
whole metacarpal is resected with the exception of its 
head. When the phalanges are relatively short, the base 
of the metacarpal must be retained to obtain the proper 
length of the new thumb.

 n  When the entire metacarpal is resected except for the 
head, rotate the head as shown in and attach it by sutures 
to the joint capsule of the carpus and to the carpal bones 
(Fig. 19.30E), which in young children can be pierced with 
a sharp needle.

 n  Rotate the digit 160 degrees to allow opposition (Fig. 
19.30F).

 n  Bony union is not essential, and fibrous fixation of the 
head is sufficient for good function. When the base of 
the metacarpal is retained, fix the metacarpal head to its 
base with one or two Kirschner wires in the previously 
described position. In attaching the metacarpal head, 
bring the proximal phalanx into complete hyperextension 
in relation to the metacarpal head for maximal stability of 
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the joint. Unless this is done, hyperextension is likely at 
the new “carpometacarpal” joint (Fig. 19.30G).

 n  Suture the proximal end of the detached extensor digito-
rum communis tendon to the base of the former proximal 
phalanx (now acting as the first metacarpal) to become 
the new “abductor pollicis longus.”

 n  Section the extensor indicis proprius tendon, shorten it 
appropriately, and suture it by end-to-end anastomosis.

 n  Suture the tendinous insertions of the two interosseous 
muscles to the lateral bands of the dorsal aponeurosis 
by weaving the lateral bands through the distal part of 
the interosseous muscle and turning them back distally 
to form a loop that is sutured to itself. In this way, the 
first palmar interosseous becomes an “adductor pollicis” 
and the first dorsal interosseous becomes an “abductor 
brevis” (Fig. 19.30H).

 n  Close the wound by fashioning a dorsal skin flap to close 
the defect over the proximal phalanx and fashion the rest 

of the flaps as necessary for skin closure as in Fig. 19.30C 
and D.

POSTOPERATIVE CARE The hand is immobilized for 3 
weeks, and then careful active motion is begun.
   

 

FOUCHER POLLICIZATION
Despite good sensibility, mobility, growth, and integra-
tion of pollicized digits, grip and pinch strength reduction 
(55% and 42% of the uninvolved side, respectively) have 
prompted technique modifications. Weakness in abduc-
tion and adduction as well as the slenderness and cleftlike 
appearance of the pollicized digit are corrected with the 
Foucher technique.
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FIGURE 19.30 Pollicization of index finger. A and B, Palmar and dorsal skin incisions. C and D, 
Appearance after wound closure. E, Rotation of metacarpal head into flexion to prevent postopera-
tive hyperextension. F, Index finger rotated about 160 degrees along long axis to place finger pulp 
into position of opposition. G, Final position of skeleton in about 40 degrees of palmar abduction 
with metacarpal head secured to metacarpal base or carpus. H, Reattachment of tendons to provide 
control of new thumb. First palmar interosseous (PI) functions as adductor pollicis (AP), first dorsal 
interosseous (DI) functions as abductor pollicis brevis (APB), extensor digitorum communis (EDC) 
functions as abductor pollicis longus (APL), and extensor indicis proprius (EIP) functions as extensor 
pollicis longus (EPL). SEE TECHNIQUE 19.18.
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 TECHNIQUE 19.19 

 n  Outline the incisions on the index finger and palm (Fig. 
19.31A). Line AB, as depicted in Fig. 19.31A, is situated 
on the midlateral line and crosses the proximal interpha-
langeal joint. Line DE is on the volar aspect of the index-
middle web, and line EF is volar to the midlateral line 
elongating the web incision. Line F is more distal than 
line A. Line GHI is a longitudinal incision to the volar wrist 
crease. Begin the dissection volarly to allow refilling of the 
dorsal veins and simplify the dorsal dissection. Elevate the 
arteries and veins, noting absence or hypoplasia of the 
radial digital artery. Preserve the fat around the digital 
arteries to protect the small vena comitantes. Divide the 

radial digital artery to the middle finger and be aware of 
the Hartmann boutonniere deformity (nerve loop around 
artery). Divide the intermetacarpal ligament and resect 
the lumbrical.

 n  Dissect the first dorsal interosseous muscle from distal to 
proximal to avoid denervation.

 n  Begin the dorsal dissection over the proximal interphalan-
geal joint and preserve the veins and sensory branches. 
Expose the extensor mechanism. Longitudinally separate 
the extensor indicis proprius and extensor indicis com-
munis and extensor digitorum communis tendons along 
the length of the proximal phalanx to form two sepa-
rate bands that are sectioned at the proximal phalangeal 
base.

A
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D

B
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First dorsal
interossei

Second volar
interossei

EIP EIC

D
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B

F

I

H

C

D

FIGURE 19.31 Foucher index pollicization. A, Proposed skin incisions providing a large dorsal flap and a distally 
based palmar flap, which provide a more weblike fold. B, Metacarpal head rotated into flexion and fixed into the 
metacarpal base with a bone anchor. C, New thumb balanced by tendon transfers; adduction is provided by the 
extensor indicis communis (EIC), second volar interosseous muscle (2nd VI), and adductor pollicis (not shown), and 
abduction is provided by extensor indicis proprius (EIP) and first dorsal interosseous muscle (1st DI). D, Sutured skin 
flaps showing weblike space between new thumb and middle finger and circular scar prevention by the radially 
based Z-plasty.
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 n  Separate the metacarpal head from its shaft through the 
physis, which is destroyed by curettage to prevent over-
growth of the pollicized finger. Dissect the first palmar os-
seous muscle from the index metacarpal shaft and remove 
the shaft by sectioning the bone with a palmar slope at its 
base. Maintain 1 cm of bone at the metacarpal base to 
preserve the flexor carpi radialis and extensor carpi radialis 
longus insertions. If present, destroy the pseudoepiphysis 
at the metacarpal base and open the base like a flower to 
provide stability for the metacarpal head. Shift the meta-
carpal head onto the metacarpal base and avoid kink-
ing of the vessels. Rotate the metacarpal head to allow  

opposition and fix in flexion to prevent hyperextension 
of the new carpometacarpal joint (Fig. 19.31B). A suture 
anchor may facilitate this fixation.

 n  Next, balance the thumb through tendon transfers (Fig. 
19.31C). To provide adduction strength, attach the hy-
poplastic adductor pollicis, which is often present, to the 
extensor indicis communis and attach the second palmar 
interosseous muscles to the distal tendon ulnar slip.

 n  Abduction and pronation are achieved by transfer of the 
extensor indicis proprius (through a proximoradial fibrous 
sling of the first dorsal interosseous muscle) and the first 
dorsal interosseous muscle to the radial half of the distal 

 

E

G H

F

FIGURE 19.31, cont’d E-H, New thumb at 3 months postoperatively. (E, From Foucher G, 
Medina J, Lorea P, Pivato G: Principalization of pollicization of the index finger in congenital 
absence of the thumb, Tech Hand Upper Extr Surg 9:96, 2005.) SEE TECHNIQUE 19.19.
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tendon slip over the proximal phalanx. The thumb should 
rest in 135 degrees of pronation and 45 degrees of pal-
mar abduction.

 n  Suture the skin, maintaining some tension on the dorsal 
web fold from the dorsal flap. To prevent circular scarring, 
make a Z-plasty on the radial aspect of the thumb (Figs. 
19.31D, E).

POSTOPERATIVE CARE A fluffy dressing is placed in the 
new web space, and a drop of superglue maintains con-
tact between the new thumb and middle finger. A dorsal 
plaster shell is applied, incorporating the elbow with two 
straps of Elastoplast to prevent escape. No therapy is used, 
and an opposition splint is used nightly for 2 months. Scar 
compression may be required if the pollicization is per-
formed early because scar hypertrophy is more common 
in younger children. At 6 weeks if interphalangeal and 
metacarpophalangeal joint flexion are limited, a splint is 
worn for 1 h in the morning and evening until full active 
flexion is achieved (in 4 to 5 months).
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GENERAL PRINCIPLES OF INFECTION
Kevin B. Cleveland

CHAPTER 20

ETIOLOGY
Bone and joint infections pose a formidable challenge to the 
orthopaedic surgeon. The high success rate obtained with 
antibiotic therapy in most bacterial diseases has not been 
obtained in bone and joint infections because of the physi-
ologic and anatomic characteristics of bone. Approximately 
80 million surgical cases are performed in the United States 
yearly, and with the rise in aging population, this will most 
likely increase. The overall surgical site infection (SSI) rate 
has been estimated by the U.S. Centers for Disease Control 
and Prevention (CDC) to be 2.8% in the United States. 
Approximately 300,000 SSIs occur each year in the United 
States, with affected patients requiring 6.5 more hospital days 
on average, which increases the cost of surgery two to five 
times. Although bacteremia is common (estimated to occur 
25% of the time after simple tooth brushings), other etiologic 
factors must be present for an infection to occur. The mere 
presence of bacteria in bone, whether from bacteremia or 
from direct inoculation is insufficient to produce osteomy-
elitis. Illness, malnutrition, and inadequacy of the immune 
system can contribute to bone and joint infections. As in 
other parts of the body, bones and joints produce inflam-
matory and immune responses to infection. Osteomyelitis 
occurs when an adequate number of a sufficiently virulent 
organism overcomes the host’s natural defenses (inflamma-
tory and immune responses) and establishes a focus of infec-
tion. Local skeletal factors also play a role in the development 
of infection. For example, the relative absence of phagocytic 
cells in the metaphysis of bones in children may explain why 
acute hematogenous osteomyelitis is more common in this 
location.

The peculiarity of an abscess in bone is that it is contained 
within a firm structure with little chance of tissue expansion. 
As infection progresses, purulent material works its way 
through the Haversian system and Volkmann canals and lifts 
the periosteum off the surface of bone. The combination of 
pus in the medullary cavity and in the subperiosteal space 
causes necrosis of cortical bone. This necrotic cortical bone, 
known as a sequestrum, can continue to harbor bacteria 
despite antibiotic treatment. Antibiotics and inflammatory 
cells cannot adequately access this avascular area, resulting in 
failure of medical treatment of osteomyelitis.

Recognizing these unique characteristics of bone infec-
tions, the best course of action is prevention. The orthopaedic 
surgeon should evaluate the risk of infection in each patient 
by considering patient-dependent and surgeon-dependent 
factors. Patient-dependent factors include nutrition, immu-
nologic status, alcohol abuse, smoking, infection at a remote 
site, congestive heart failure, depression, and other comor-
bidities (Table 20.1). Surgeon-dependent factors include 
prophylactic antibiotics, skin and wound care, operating 
environment, surgical technique, and treatment of impend-
ing infections, such as in open fractures. Duration of hospital 
stay also has been directly correlated with an increased risk 
of SSI. Simply stated, it is much easier to prevent an infection 
than it is to treat it.

PATIENT-DEPENDENT FACTORS
It has been discovered that up to 80% of patients have at least 
one modifiable risk factor that, if corrected, could decrease 
the risk of SSI. Alcohol abuse, for instance, doubles the risk, 
and tobacco use more than triples the risk for infection. These 
substances should be discontinued 1 month before surgery is 
recommended. Intra-articular injections also should be dis-
continued 3 to 6 months before elective surgery, and any poor 
dentition issues should be treated.

NUTRITIONAL STATUS
A patient’s nutritional status and immunologic response 
are important. A body mass index greater than 40 is asso-
ciated with an eight times greater risk for SSI. Despite their 
appearance, obese patients are frequently malnourished. In 
fact, over half of patients are noted to be malnourished. If a 
patient is malnourished or immunocompromised and can-
not mount a response to an infection, the effects of any treat-
ment are diminished. Malnutrition adversely affects humoral 
and cell-mediated immunity, impairs neutrophil chemotaxis, 
diminishes bacterial clearance, and depresses neutrophil bac-
tericidal function, the delivery of inflammatory cells to infec-
tious foci, and serum complement components. Basal energy 
requirements of a traumatized or infected patient increase 
from 30% to 55% of normal. Fever of just 1°F above normal 
increases the body’s metabolic rate by 13%.

Nutritional status can be determined preoperatively by 
(1) anthropometric measurements (height, weight, triceps 
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skinfold thickness, and arm muscle circumference), (2) mea-
surement of serum proteins or cell types (lymphocytes), and 
(3) antibody reaction to certain antigens in skin testing.

Nutritional support is recommended before elective sur-
gery for patients with recent weight losses of more than 10 
lb, serum albumin levels less than 3.5 g/dL, or lymphocyte 
counts of less than 1500 cells/mm3, which can be obtained 

from a routine complete blood cell count and BMP-24. With 
the use of serum albumin and transferrin levels, the formula 
that follows can be used to screen for patients who may need 
nutritional support: [(1.2 × serum albumin) + (0.013 × serum 
transferrin)] − 6.43. If the sum is 0 or a negative number, the 
patient is nutritionally depleted and is at high risk for sep-
sis. If nutritional support is needed, enteral therapy should 

 TABLE. 20.1 

Summary of Risk Factors Associated With Development of Surgical Joint Infection/Prosthetic Joint Infection

NONMODIFIABLE HOST 
FACTORS MODIFIABLE HOST FACTORS

FACTORS WITH LIMITED EVIDENCE OF  
ASSOCIATIONS WITH SSI/PJI

Age (≥75 years)—moderate BMI—strong Age—(as a continuous exposure)—limited
Male sex—strong Smoking—strong Hispanic ethnicity—limited
Black race—strong High alcohol intake (alcohol abuse)—strong Native American and Eskimo ethnicity—limited
TKA vs. THA—strong Low income—strong Asian race—limited

Malnutrition (low serum albumin)—strong History of drug abuse—limited
History of DM—strong Rural location vs. nonrural location—limited
History of CVD—moderate Underweight—limited
History of CHF—strong History of hypertension—limited
History of cardiac arrhythmia—strong History of osteoarthritis—limited
History of peripheral vascular disease—strong History of posttraumatic arthritis—limited
Chronic pulmonary disease—strong Low- or high-risk dental procedures—limited
Chronic obstructive pulmonary disease History of urinary tract infection—limited
History of renal disease—strong History of dementia—limited
History of liver disease/cirrhosis—strong Hypercholesterolemia—limited
History of RA—strong Peptic ulcer disease—limited
History of cancer/malignancy—strong Valvular disease—limited
History of osteonecrosis—strong Metastatic tumor—limited
History of depression—strong History of coagulopathy—limited
History of psychosis—strong History of venous thromboembolism—limited
History of HIV/AIDS—strong Pulmonary circulatory disorders—limited
Neurologic disease (hemiplegia, 
paraplegia)—moderate

Hypothyroidism—limited

History of corticosteroid administration—strong Hepatitis (B or C)—limited
History of intra-articular corticosteroid 
injection—moderate

Electrolyte imbalance—limited

Previous joint surgery—strong Autogenous blood transfusion—limited
Revision arthroplasty—strong
Previous joint infection—moderate
Frailty—moderate
Preoperative anemia—strong
American Society of Anesthesiologists grade 
>2—strong
Charlson comorbidity index (high)—strong
Preoperative hyperglycemia and high 
HbA1c—moderate
Allogenic blood transfusion—strong
Prophylaxis with warfarin or low-molecular 
weight heparin—moderate

BMI, Body mass index; CHF, congestive heart failure; CVD, cardiovascular disease; DM, diabetes mellitus; PJI, periprosthetic joint infection; RA, rheumatoid arthritis; 
SSI, surgical site infection; THA, total hip arthroplasty; TKA, total knee arthroplasty.
From Zainul-Abidin S, Amanatullah DF, Anderson MB, et al: General assembly, prevention, host related general: proceedings of international consensus on orthope-
dic infections, J Arthroplasty 34(2S):S13–S35, 2019.
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always be used when the gastrointestinal tract is functional; 
if not, hyperalimentation must be employed. Vitamin D defi-
ciency also has been linked to an increase in SSIs. Vitamin D 
levels should be obtained preoperatively, and any deficiencies 
corrected at that time.

GLUCOSE
Glycemic control is a patient modifiable risk factor that 
can lead to a decrease in SSI. The optimal hemoglobin A1c 
(HbA1c) has yet to be determined. Some advocate 7%, 
whereas others believe 8% is the correct value for risk strati-
fication. Fructosamine levels have been utilized to detect 
hyperglycemia especially in the 2 to 3 week period before sur-
gery. A level greater than 292 mmol/L has been shown to be 
a better indicator of deep infection than HbA1c (>7%). Most 
agree that hyperglycemia, even in nondiabetic patients, is a 
risk factor for developing SSI. A glucose level greater than 200 
mg/dL requires treatment before elective surgery. 

RHEUMATOID ARTHRITIS
The incidence of periprosthetic joint infection (PJI) is 1.6 
times higher in patients with rheumatoid arthritis than with 
osteoarthritis. Most believe that this is associated with their 
use of disease-modifying antirheumatic drugs. To decrease 
the incidence of SSI in this population, it is recommended 
that these medications be discontinued according to their 
half-life and resumed 2 weeks postoperatively. 

IMMUNOLOGIC STATUS
To fight infection, the patient must mount inflammatory 
(white blood cell [WBC] count) and immune (antibody) 
responses that initially stop the spread of infection and then, 
ideally, destroy the infecting organisms. The body’s main cel-
lular defense mechanisms are (1) neutrophil response, (2) 
humoral immunity, (3) cell-mediated immunity, and (4) 
reticuloendothelial cells. A deficiency in production or func-
tion of any of these predisposes the host to infection by spe-
cific groups of opportunistic pathogens. Deficiencies in the 
immune system may be acquired or may result from congeni-
tal abnormalities. Immunocompromised hosts are not sus-
ceptible to all opportunistic pathogens. The susceptibility to 
a microorganism depends on the specific defect in immunity. 
Abnormal neutrophils or humoral and cell-mediated immu-
nities have been implicated in infections caused by encapsu-
lated bacteria in infants and elderly patients, in the increased 
incidence of Pseudomonas infections in heroin addicts, and 
in Salmonella and Pneumococcus infections in patients with 
sickle cell anemia.

Diabetes, alcoholism, hematologic malignancy, and cyto-
toxic therapy are common causes of neutrophil abnormalities. 
If the neutrophil count decreases to less than 55/mm3, infec-
tions caused by Staphylococcus aureus, gram-negative bacilli, 
Aspergillus organisms, and Candida organisms become a 
major threat.

Immunoglobulins and complement factors are two 
plasma proteins that play crucial roles in humoral immu-
nity. Patients with hypogammaglobulinemia or who have 
had a splenectomy are at increased risk of infection caused 
by encapsulated bacteria, such as Streptococcus pneumoniae, 
Haemophilus influenzae, and Neisseria organisms. When a 
defect in a component of the complement cascade is pres-
ent, S. aureus and gram-negative bacillus infections are 

common. Septic arthritis caused by unusual organisms such 
as Mycoplasma pneumoniae and Ureaplasma urealyticum has 
been reported and should be suspected in patients with hypo-
gammaglobulinemia and culture-negative septic arthritis.

Cell-mediated immunity depends on an interaction 
between T lymphocytes and macrophages. Primary cell-
mediated deficiencies are rare, but secondary cell-mediated 
deficiencies are common. Corticosteroid therapy, malnutri-
tion, lymphoma, systemic lupus erythematosus, immuno-
deficiency in elderly patients, and autoimmune deficiency 
syndrome all can cause a secondary cell-mediated deficiency, 
which predisposes the host to fungal and mycobacterial infec-
tions as well as infection with herpes virus and Pneumocystis 
jiroveci.

Vaccinations also play a role in host response. The hepati-
tis B vaccine has dramatically reduced the incidence of hepa-
titis B virus (HBV), and the H. influenzae type B vaccine, that 
is given to children, has all but eliminated musculoskeletal 
infections caused by H. influenzae. 

SURGEON-DEPENDENT FACTORS
SKIN PREPARATION

Wound contamination exists whenever the skin barrier is bro-
ken, but proper skin preparation decreases the contamina-
tion caused by bacteria present on the skin. Skin barriers also 
may decrease skin contamination during surgery. Although 
the skin can never be disinfected completely, the number of 
bacteria present can be reduced markedly before surgery. 
The skin and hair can be sterilized with alcohol, iodine, hexa-
chlorophene, or chlorhexidine, but it is almost impossible to 
sterilize the hair follicles and sebaceous glands where bacte-
ria normally reside and reproduce. Skin preparations have a 
limited effect on sebaceous glands and hair follicles because 
they do not penetrate an oily environment. Disinfectants that 
penetrate the oily environment are absorbed by the body and 
have potentially toxic side effects. Hexachlorophene has better 
penetration but also has neurotoxic side effects. Very few level I 
evidence-based studies discuss if preoperative skin antiseptics 
actually decrease SSI and, if so, the correct method of cleans-
ing. Most agree that the patient should bathe the night before 
surgery with soap and water. Some advocate adding chlorhexi-
dine wipes. A Cochrane Library systematic review concluded 
that 4% chlorhexidine in 70% alcohol had the most favorable 
results in reducing SSI. Most agree that some form of alcohol 
needs to be employed with whatever skin preparation is used, 
whether it be chlorhexidine or iodophor. We agree with the 
CDC guidelines for skin preparation with slight modifications:
 1.  The size of the area being prepared should be enough to 

include any additional exposure that may be required.
 2.  The solution should be applied in concentric circles from 

the incision site peripherally.
 3.  A dedicated instrument may be utilized that is removed 

from the operative field after preparation and before 
draping (i.e., sponge clamp).

 4.  Time should be allowed for the alcohol to dry because a 
fire risk exists.
Hand washing is the single-most important procedure for 

prevention of nosocomial infections and should be performed 
before and after each patient encounter. Studies suggest that 
hand scrubbing for 2 minutes is as effective as traditional hand 
scrubbing for 5 minutes. The optimal duration of hand scrub-
bing has yet to be determined. Hand rubbing with an aqueous 
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alcohol solution that is preceded by a 1-minute nonantiseptic 
hand washing for the first case of the day was found by Parienti 
et al. to be just as effective in prevention of SSI as traditional 
hand scrubbing with antiseptic soap. The effectiveness of com-
mon antiseptics is summarized in Table 20.2.

Hair removal at the operative site is not recommended 
unless done in the operating room with clippers. Shaving 
the operative site the night before surgery can cause local 
trauma that produces a favorable environment for bacterial 
reproduction.

Prevention of infection transmission between the patient 
and the surgeon also includes proper surgical attire. Edlich 
et al. showed that a narrow glove gauntlet (cuff) significantly 
increased the security of the gown-glove interface. The U.S. 
Food and Drug Administration accepts there is a 2.5% failure 
rate of new unused sterile gloves. Glove perforation has been 
reported to occur in up to 48% of operations. Perforations 
usually occur approximately 40 minutes into the procedure, 
and as much as 83% of the time the surgeon is unaware of 
the perforation. Most frequently, the perforation occurs on 
the index finger of the nondominant hand. Double gloving 
reduces the exposure rate by as much as 87%. In addition, dou-
ble gloving decreases the volume of blood on a solid needle  
(through a wipe-clean pass mechanism from the outer glove) 

as much as 95%. A meta-analysis by Tanner and Parkinson 
found that double gloving decreased skin contamination, and 
the use of Biogel indicator gloves (Regent Medical, Norcross, 
GA) increased the awareness of glove perforation. A darker 
glove should be worn as the indicator glove. When both 
gloves were compromised, however, the indicator gloves did 
not increase the awareness of a perforation. As long as the 
indicator glove was intact, perforation of the outer glove was 
promptly detected in 90% of cases. Wearing an outer cloth 
glove over a latex glove significantly reduced the number of 
perforations to the innermost latex glove. When a liner glove 
was used between two latex gloves, the perforation rate of the 
innermost glove decreased. No reduction in perforations was 
seen when using an outer steel–weave glove. Double gloving 
does not provide reduction in perforations when tears occur 
as a result of geometry configurations such as bone or hol-
low-core needles. At a minimum, surgical gloves should be 
changed after draping, before handling implants, and then 
every 2 hours. No level I evidence exists currently that conclu-
sively proves reduction of SSI with the use of surgical mask, 
caps, shoe covers, cloth versus disposable gowns, or operating 
room attire worn outside the hospital; however, experience 
dictates their usefulness. A very large number of patients will 
be required to sufficiently power future level I studies. 

 TABLE. 20.2 

Antimicrobial Activity* and Summary of Properties of Antiseptics Used in Hand Hygiene

ANTISEPTICS
GRAM-POSITIVE 
BACTERIA

GRAM-NEGATIVE 
BACTERIA

VIRUSES 
ENVELOPED

VIRUSES 
NONENVELOPED MYCOBACTERIA FUNGI SPORES

Alcohols +++ +++ +++ ++ +++ +++ −
Chloroxylenol +++ + + ± + + −
Chlorhexidine +++ ++ ++ + + + −
Hexachlorophene† +++ + ? ? + + −
Iodophors +++ +++ ++ ++ ++ ++ ±‡

Triclosan¶ +++ ++ ? ? ± ±¶ −
Quaternary ammonium 
compounds§

++ + + ? ± ± −

ANTISEPTICS TYPICAL CONC. IN% SPEED OF ACTION RESIDUAL ACTIVITY USE
Alcohols 60%–70% Fast No HR
Chloroxylenol 0.5%–4% Slow Contradictory HW
Chlorhexidine 0.5%–4% Intermediate Yes HR/HW
Hexachlorophene† 3% Slow Yes HW, but not recommended
Iodophors 0.5%–10% Intermediate Contradictory HW
Triclosan|| 0.1%–2% Intermediate Yes HW; seldom
Quaternary ammonium 
compounds§

Slow No HR, HW; Seldom; +alcohols

Good = +++, moderate = ++, poor = +, variable = ±, none = −
*Activity varies with concentration.
†Bacteriostatic.
‡In concentrations used in antiseptics, iodophors are not sporicidal.
||Mostly bacteriostatic.
¶Activity against Candida spp., but little activity against filamentous fungi.
§Bacteriostatic, fungistatic, microbicidal at high concentrations.
HR, Hand rubbing; HW, hand washing.
From Pittet D, Allegranzi B, Boyce J, et al: The World Health Organization guidelines on hand hygiene in health care and their consensus recommendations. Infec 
Control Hosp Epidemiol 30:611–622, 2009.
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OPERATING ROOM ENVIRONMENT
Airborne bacteria are another source of wound contamina-
tion in the operating room. These bacteria usually are gram 
positive and originate almost exclusively from humans in the 
operating room; 5000 to 55,000 particles are shed per min-
ute by each individual in the operating room. Conventional 
operating room air may contain 10 to 15 bacteria per cubic 
foot and 250,000 particles per cubic foot. The number of door 
openings and surgical personnel has been shown to increase 
the number of airborne particles and, therefore, should be 
kept to a minimum. Bouffant style hats allow significantly 
greater microbial shedding than disposable skull caps and 
perhaps should be avoided. In past research, airborne bacte-
rial concentrations in the operating room were thought to be 
reduced by at least 80% with laminar-airflow systems and even 
more with personnel-isolator systems. Wound contamination 
rates have been reported to be reduced by 80% with the use of 
these systems, although an increased infection rate has been 
reported with the use of horizontal laminar flow after total 
knee arthroplasty, possibly from deposition of bacteria shed 
by scrubbed personnel who were not wearing personnel-iso-
lator systems. However, most recent studies have shown that 
the use of laminar flow does not decrease SSI. At this time, 
laminar flow is no longer required. Ultraviolet light also has 
been noted to decrease the incidence of wound infection by 
reducing the number of airborne bacteria; however, the use of 
ultraviolet light rooms is not recommended by the Hospital 
Infection Control Practice Advisory Committee or the CDC 
because of the increased risk to surgical personnel of expo-
sure to ultraviolet light. It can be employed as a method for 
terminal cleaning of the unoccupied operating room.

No level I evidence exists that forced air warming increases 
SSI; however, a multicentered pooled data study by Augustine 
showed a 78% reduction in SSI after discontinuing forced air 
warming. Normothermia has shown to decrease SSI.

Additional evidence exists for changing the scalpel after 
the first incision, changing the suction tip every hour, avoid-
ing a back-table splash basin (the dirty pond), keeping opera-
tive time to less than 2.5 hours to decrease the occurrence 
of infection. Of note, low-pressure (bulb) lavage has been 
demonstrated to be equal to high-pressure (pulse) lavage. 
The addition of antibiotics to the irrigation fluid had no addi-
tional benefit and, therefore, is not recommended. Although 
little has changed in over 50 years in our use of surgical attire 
and little clinically based evidence exists for scrub masks, 
head coverings, iodine-impregnated plastic drapes, and many 
of our “standard sterile techniques,” we believe that the prac-
tices listed in Table 20.3 should be adhered to in an effort to 
minimize the risk of SSI. 

PROPHYLACTIC ANTIBIOTIC THERAPY
Many studies have shown the effectiveness of prophylactic 
antibiotics in reducing infection rates after orthopaedic pro-
cedures. During the first 24 hours, infection depends on the 
number of bacteria present. During the first 2 hours, the host 
defense mechanism works to decrease the overall number 
of bacteria. During the next 4 hours, the number of bacte-
ria remains constant, with the bacteria that are multiplying 
and the bacteria that are being killed by the host defenses 
being about equal. These first 6 hours are called the “golden 
period,” after which the bacteria multiply exponentially. 
Antibiotics decrease bacterial growth geometrically and delay 

the reproduction of the bacteria. The administration of pro-
phylactic antibiotics expands the golden period.

A prophylactic antibiotic should be safe, bactericidal, and 
effective against the most common organisms causing infec-
tions in orthopaedic surgery. Because the patient’s skin remains 
the major source of orthopaedic infection, prophylactic anti-
biotics should be directed against the organism most com-
monly found on the skin, which is S. aureus, although the 
frequency of Staphylococcus epidermidis is increasing. This 
increase in S. epidermidis is important because this organism 
has antibiotic resistance and often gives erroneous sensitiv-
ity data. Escherichia coli and Proteus organisms also should be 
covered by antibiotic prophylaxis. In the United States, first-
generation cephalosporins (cefazolin weight adjusted, but a 
minimum of 2 g for patients weighing more than 70 kg and 
3 g for patients weighing over 120 kg) have been favored for 
many reasons. They are relatively nontoxic, inexpensive, and 
effective against most potential pathogens in orthopaedic sur-
gery. Cephalosporins are more effective against S. epidermidis 
than are semisynthetic penicillins. Clindamycin can be given if 
a patient has a history of anaphylaxis to penicillin. Routine use 
of vancomycin for prophylaxis should be avoided. If a patient 
has risk factors that predisposes to an infection, then weight-
adjusted vancomycin (15 mg/kg, 1 g over 1 hour to avoid red 
man syndrome) may be added to the preoperative antibiotic 
protocol.

Antibiotic therapy should begin immediately before 
surgery (30 to 60 minutes before skin incision). A maximal 
dose of antibiotic (weight adjusted) should be given and 
can be repeated every 4 hours intraoperatively or whenever 
the blood loss exceeds 1000 to 1500 mL. Little is gained by 
extending antibiotic coverage over 24 hours, and the possibil-
ity of side effects, such as thrombophlebitis, allergic reactions, 
superinfections, or drug fever, is increased. Prophylactic anti-
biotics should not be extended past 24 hours even if drains 
and catheters are still in place. The current CDC recom-
mends no additional antibiotics after skin closure. Namias 
et  al. found that antibiotic coverage for longer than 4 days 
led to increased bacteremia and intravenous line infections 
in patients in intensive care units. Evidence now shows that 
24 hours of antibiotic administration is just as beneficial as 
48 to 72 hours. Currently, antibiotic prophylaxis for patients 
undergoing colonoscopy, upper gastrointestinal endoscopy, 
or dental procedures (even in patients with total joint arthro-
plasty) is not recommended. For current prophylaxis please 
visit www.orthoguidelines.org/auc. If antibiotics are to be 
used see Table 20.4 for recommended antibiotics and dosing.

Antibiotic irrigation has not found a definite role in ortho-
paedic surgery. Several studies have shown a decrease in col-
ony counts in wounds and a decrease in infection rates with 
the use of antibiotic irrigation in general surgical procedures. 
When a topical antibiotic is used, it should have (1) a wide 
spectrum of antibacterial activity, (2) the ability to remain in 
contact with normal tissues without causing significant local 
irritation, (3) low systemic absorption and toxicity, (4) low 
allergenicity, (5) minimal potential to induce bacterial resis-
tance, and (6) availability in a topical preparation that can be 
easily suspended in a physiologic solution. We have employed 
the recommendations of the CDC as well as the World Health 
Organization (WHO) in utilizing a dilute (sterile water not 
tap) povidone-iodine wound soak before closure to decrease 
SSI. We follow the recommendations of Brown et al., utilizing 
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17.5 mL of 10% povidone-iodine in 500 to 1000 mL ster-
ile normal saline irrigation of the wound for 3 minutes. The 
wound is then irrigated with normal saline. This has led to a 
decrease in SSI from 0.97% to 0.15%. Although the numbers 
may appear small, the overall increase in surgeries (by 2030: 
TKA increase 673% and THA increase by 174%) will signifi-
cantly reduce infections in individual patients. This solution 
should be avoided in patients who are allergic to iodine or 

when cartilage-sparing procedures are performed (i.e., uni-
compartmental knee replacements). In addition, when liposo-
mal bupivacaine is used, the povidone-iodine solution should 
be applied before the bupivacaine because it is toxic to lipo-
somes. We no longer routinely add antibiotics to our irrigation 
solutions. The use of powdered vancomycin sprinkled locally 
into the wound remains controversial. Hydrogen peroxide 
also is no longer recommended for wound irrigation because 

 TABLE. 20.3 

Methods for Reducing Surgical Site Infection

PATIENT FACTORS

Diabetes mellitus Aggressive glucose control; if HgbA1c >7%, recommend delaying elective surgery
DMARDs and methotrexate should NOT be stopped

Rheumatoid arthritis Perioperative steroids are generally not required (stress dose steroids)
Balance the risks and benefits of stopping anti-TNF at 3–5 half-lives preoperatively, restarting after 
wound healing and no evidence of infection

Obesity (BMI  
≥30 kg/m2)

Dietician input to encourage weight loss over long period before surgery without rapid weight loss 
preoperatively
Adjust perioperative antibiotic doses appropriately
In extremely obese, consider bariatric surgery before surgery

Smoking Consider a smoking cessation program 4–6 weeks preoperatively
Carrier screening MRSA and MSSA screening based on local guidelines, and decolonize before admission which may 

include mupirocin ointment to the area for 5 days and chlorhexidine betadine for 5 days
Oral hygiene Complete any dental treatment before elective surgery

PREOPERATIVE FACTORS

Patient preparation Shower on day of surgery
If shaving required, use electric clippers on day of surgery
Avoid oil-based skin moisturizers

Antibiotics Prophylactic antibiotics should be given within 1 h before incision and continued for 24 h postop-
eratively (antibiotic type dependent on local guidelines)
Administer antibiotics at a minimum of 5 min before tourniquet inflation
If cementation is required, should be antibiotic-impregnated

NSAIDs Those with short half-lives (including ibuprofen) stop a minimum of 48 h prior; those with long 
half-lives (naproxen) stop within 3–7 days prior

PERIOPERATIVE FACTORS

Theater Keep theater door opening to a minimum
Personnel Hand wash with antiseptic surgical solution, using a single-use brush or pic for the nails

Before subsequent operations hands should be washed with either an alcoholic hand rub or an 
antiseptic surgical solution
Double glove and change gloves regularly minimum at 2 h; change outer gloves when draping

Skin preparation Use an alcohol prewash followed by a 2% chlorhexidine-alcohol scrub solution
Anesthetic Maintain normothermia

Maintain normovolemia
A higher inspired oxygen concentration perioperatively and for 6 h postoperative may be of benefit

Drapes Use of iodine-impregnated incise drapes may be of benefit (in patients without allergy)
Blood transfusion Optimize preoperative hemoglobin

If possible, transfusion should be avoided intraoperatively and, if anticipated, should be given more 
than 48 h before surgery
Antifibrinolytics may indirectly reduce SSI by reducing the need for transfusion

POSTOPERATIVE FACTORS

Dental procedures Insufficient evidence to recommend the use of prophylactic antibiotics for patients undergoing 
routine dental procedures following joint replacement

BMI, Body mass index; DMARDs, disease-modifying antirheumatic drugs; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive S. aureus; 
NSAIDs, nonsteroidal antiinflammatory drugs; SSI, surgical site infection; TNF, tumor necrosis factor.
Modified from Johnson R, Jameson SS, Sanders RD, et al: Reducing surgical site infection in arthroplasty of the lower limb. A multi-disciplinary approach, Bone Joint 
Res 2(3):58–65, 2013.

    

https://booksmedicos.org


PART VII INFECTIONS798

of its associated cytotoxicity, impaired wound healing, and 
oxygen embolic phenomenon.

The importance of irrigation and debridement in the 
treatment of open fractures has been well documented. The 
principles of elimination of devitalized tissue and dead space, 
evacuation of hematomas, and soft-tissue coverage also can 
be applied to “clean” orthopaedic cases.

METHICILLIN-RESISTANT STAPHYLOCOCCUS 
AUREUS
The evolution of S. aureus into a multiple-drug–resis-
tant pathogen, methicillin-resistant S. aureus (MRSA), has 
become a major health concern worldwide. Approximately 
57% of S. aureus bacteria are methicillin resistant, and now 
vancomycin-resistant strains are being reported. This is prob-
ably one of the most worrisome problems in the fight against 
bacterial infections. Initially, MRSA was seen only in hospi-
tal settings and long-term care facilities; however, it is now 
becoming increasingly prevalent in young, healthy individ-
uals in the community (Table 20.5; At-Risk Groups). It has 
been estimated that 4% of the population in the United States 
are carriers of MRSA. It is particularly virulent, with a mor-
tality rate of approximately 20%.

S. aureus infection in orthopaedic hospitalized patients 
generally is around 3%; however, over half of these patients 
have MRSA. Osteomyelitis caused by MRSA is an infrequent 
presentation, but treatment can be especially troublesome, and 
reports of subperiosteal abscess and necrotizing fasciitis also 
are increasing. Estimates of MRSA infection after total joint 
replacement range from 1% to 4%, and infection can occur 
up to 12 years after surgery. Kim et al. prospectively studied 
the feasibility of bacterial prescreening before elective ortho-
paedic surgery. They found that 22.6% of 7019 patients were S. 
aureus carriers and 4.4% were MRSA carriers. MRSA carriers 
had a statistically significantly higher rate of SSIs than meth-
icillin-sensitive S. aureus (MSSA) carriers (0.97% compared 
with 0.14%; P = 0.0162). Although not statistically significant, 
MSSA carriers, approximately 30% of the United States popula-
tion, also had higher rates of SSIs. After screening was initiated, 
the institutional infection rate dropped from 0.45% to 0.19% (P 

= 0.0093). The cost-effectiveness of such screening programs 
has not been determined, although with the increasing preva-
lence of MRSA, these costs may be justified.

Approximately 3% of MRSA outbreaks have been 
attributed to asymptomatic colonized health care work-
ers. Schwarzkopf et  al. prospectively studied the prevalence 
of S. aureus colonization in orthopaedic surgeons and their 
patients and found that among surgeons and residents there 
was a higher prevalence of MRSA compared with a high-risk 
group of patients. Junior residents had the same prevalence of 
MRSA colonization as institutionalized patients, most likely 
because of the substantial time spent in direct patient care. 
These researchers recommended hand hygiene for the pre-
vention of MRSA. In addition, universal decolonization of 
patients with mupirocin was recommended before total joint 
and spine surgeries, although further study of this practice is 
indicated. Skramm et  al. proved that the S. aureus colonies 
that were isolated from operating personnel were indeed the 

 TABLE. 20.4 

Appropriate Prophylactic Antibiotics and Dosages

SITUATION AGENT
REGIMEN—SINGLE DOSE 30–60 MIN BEFORE  

DENTAL  PROCEDURES
Adults Children

Oral Amoxicillin 2 g 50 mg/kg
Unable to take oral medication Ampicillin or ceftriaxone 2 g IM or IV*

1 g IM or IV
50 mg/kg IM or IV
50 mg/kg IM or IV

Allergic to oral penicillins or  
ampicillin

Cephalexin†,‡ or  
azithromycin or clarithromycin

2 g
500 mg

50 m/kg
15 mg/kg

Allergic to penicillins or ampicillin  
and unable to take oral medication

Ceftriaxone,‡  
azithromycin, clarithromycin

1 g IM or IV
Equivalent dose 500 mg IV

50 mg/kg IM or IV
Equivalent dose

*Intramuscular injections should be avoided in persons receiving anticoagulants.
†Or other first-or second-generation oral cephalosporin in equivalent adult or pediatric dosage.
‡Cephalosporins should not be used in an individual with a history of anaphylaxis, angioedema, or urticaria with penicillins or ampicillin.
From, American Academy of Orthopaedic Surgeons Board of Directors and the American Dental Association Council on Scientific Affaris: Appropriate use criteria for 
the management of patients with orthopaedic implants undergoing dental procedures, 2016.

 TABLE. 20.5

At-Risk Groups and Risk Factors for Community-
Acquired Methicillin-Resistant Staphylococcus 
aureus

AT-RISK GROUPS RISK FACTORS
Athletes in contact sports
Children in day care
Homeless persons
Intravenous drug users
Homosexual males
Military recruits
Alaskan natives, Native 

Americans, and Pacific 
Islanders

Prison inmates

Antibiotic use within the 
preceding year

Close, crowded living 
conditions

Compromised skin integrity
Contaminated surfaces
Frequent skin-to-skin contact
Shared items
Suboptimal cleanliness

From Marcotte AL, Trzeciak MA: Community-acquired methicillin-resistant 
Staphylococcus aureus: an emerging pathogen in orthopaedics, J Am Acad 
Orthop Surg 16:98–106, 2008.
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same strain found at the SSI up to 85% of the time. No true 
proof exists that decolonization of MRSA carriers decreases 
SSI incidence. There is no definitive recommendation on 
screening and preoperative treatment of MRSA carriers. 
However, some advocate povidone-iodine nasal ointment, 
which would also ease fears of emerging resistance to mupi-
rocin use.

Because of the prevalence of community-acquired (CA)-
MRSA, it is necessary to rapidly identify the organism, deter-
mine antibiotic sensitivity, and begin antibiotic therapy (for 
empirical coverage see Table 22.3). Polymerase chain reac-
tion (PCR) can be used to detect Staphylococcus with results 
within 24 hours as opposed to conventional cultures that can 
take 3 days before results are available. Vancomycin or tei-
coplanin should be considered in patients with colonization 
of MRSA or when screening results before surgery are not 
available. For invasive infections, intravenous vancomycin 
is recommended or, alternatively, daptomycin, gentamicin, 
rifampin, and linezolid can be used. In cases of necrotizing 
fasciitis, clindamycin, gentamicin, rifampin, trimethoprim-
sulfamethoxazole, and vancomycin are effective. Rifampin 
should never be used alone as the single antibiotic. Until a 
sensitivity determination can be made, antimicrobial cov-
erage specifically of CA-MRSA is recommended. For deep 
subperiosteal abscesses or superficial abscesses, irrigation 
and debridement are necessary to reduce bacterial counts. 
Overuse of quinolones may be driving the selection of MRSA 
over MSSA and should be avoided. Obtaining an infectious 
disease consult is highly recommended.

In summary, despite few direct evidence-based studies, 
best current efforts at controlling SSI are described in Table 
20.3. 

DIAGNOSIS
The diagnosis of infection may be obvious or obscure. Signs 
and symptoms vary with the rate and extent of bone and joint 
involvement. Characteristic features of fever, chills, nausea, 
vomiting, malaise, erythema, swelling, and tenderness may 
or may not be present. The classic triad is fever, swelling, and 
tenderness (pain). Pain probably is the most common symp-
tom. Fever is not always a consistent finding. Infection may 
also be as indolent as a progressive backache or a decrease 
in or loss of function of an extremity. No single test is able to 
serve as a definitive indicator of the presence of musculoskel-
etal infection.

LABORATORY STUDIES
A complete blood cell count, including differential and 
erythrocyte sedimentation rate (ESR) and C-reactive pro-
tein (CRP), should be obtained during initial evaluation of 
bone and joint infections. The WBC count is an unreliable 
indicator of infection and often is normal, even when infec-
tion is present. The differential shows an increase in neu-
trophils during acute infections. The ESR becomes elevated 
when infection is present, but this does not occur exclu-
sively in the presence of infection. Fractures or other under-
lying diseases can cause elevation of the ESR. The ESR also 
is unreliable in neonates, patients with sickle cell disease, 
patients taking corticosteroids, and patients whose symptoms 
have been present for less than 48 hours. Peak elevation of 
the ESR occurs at 3 to 5 days after infection and returns to 

normal approximately 3 weeks after treatment is begun. The 
ESR should very rarely be used alone in diagnosing infec-
tion. CRP synthesized by the liver in response to infection, 
is a better way to follow the response of infection to treat-
ment. CRP increases within 6 hours of infection, reaches a 
peak elevation 2 days after infection, and returns to normal 
within 1 week after adequate treatment has begun. CRP can 
be misleading, however, in patients with chronic inflamma-
tory conditions, neoplasms, and metabolic disease. D-dimer 
has been shown to better evaluate a patient for infection than 
ESR or CRP, with a specificity of 93% and a sensitivity of 89%. 
D-dimer can return to normal levels after 2 days postop-
eratively. However, if an infection exists it usually re-spikes  
at 2 weeks. Interleukin-6 (IL-6) also is a useful marker for 
infection. It provides a rapid diagnosis and returns to nor-
mal level 3 days after surgery. Alpha-defensin is another 
effective marker for infection. It is unaffected by antibiotic 
treatment, but it is expensive and has a high false-positive 
rate. Leukocyte esterase also has been employed as a marker 
for infection. It is inexpensive and can be measured quickly. 
Other tests, such as the S. aureus surface antigen or antibody 
test and counterimmunofluorescence studies of the urine, are 
promising, but their usefulness in clinical situations has not 
been proved. Material obtained from aspiration of joint fluid 
can be sent to the laboratory for a cell count and differen-
tial to distinguish acute septic arthritis from other causes of 
arthritis. In septic arthritis, the cell count usually is greater 
than 80,000/mm3, with more than 75% of the cells being neu-
trophils (Table 20.6). A Gram stain also should be obtained. 
Gram stains identify the types of organisms (gram-positive or 
gram-negative) in about a third of bone and joint aspirates. 
However, intraoperative Gram stain is not recommended in 
the face of PJI because it is unreliable. Intraoperative frozen 
sections also should be obtained in cases in which infection 
is suspected. A WBC count greater than 10 per high-power 
field is considered indicative of infection, whereas a count 
less than five per high-power field all but excludes infection. 
Combining these test results in a higher sensitivity and speci-
ficity. The future of serum biomarkers most likely lies with 
using genomics and proteomics to identify proteins associ-
ated with infections. 

IMAGING STUDIES
Radiographic studies are helpful but are not as useful in the 
diagnosis of acute bone and joint infections as they are in 

 TABLE. 20.6

Synovial Fluid Analysis

LEUKOCYTES NEUTROPHILS (%)
Normal <200 <25
Traumatic <5000 <25
Toxic synovitis 5000–15,000 <25
Acute rheumatic fever 10,000–15,000 50
Juvenile rheumatoid 
arthritis

15,000–80,000 75

Septic arthritis >80,000 >75

From Morrissy RT: Septic arthritis. In Gustilo RB, Genninger RP, Tsukayama DT, 
editors: Orthopaedic infection: diagnosis and treatment, Philadelphia, 1989, WB 
Saunders.
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following responses to treatment. Plain radiographs show 
soft-tissue swelling, joint space narrowing or widening, and 
bone destruction (Fig. 20.1). Bone destruction is not apparent 
on radiographs, however, until an infection has been present 
for 10 to 21 days. In addition, 30% to 50% of the bone matrix 

must be lost to show a lytic lesion on radiographs (Fig. 20.2). 
Wheat found that fewer than 5% of plain radiographs were 
initially abnormal in bone and joint infections, and fewer than 
30% were abnormal at 1 week; however, 90% were abnormal 
at 3 to 4 weeks. If initial radiographs are normal in the evalua-
tion of bone and joint infections, other imaging methods that 
show soft-tissue swelling and loss of normal fat planes around 
the involved bone or joint should be used.

CT is useful in identifying a sequestrum or subchon-
dral bony plate destruction. Arthrography helps document 
proper aspiration of a suspected septic joint. Dye should be 
injected only after fluid is obtained from the joint because 
the bactericidal effect of iodinated contrast material can 
cause a false-negative culture result. CT can help determine 
the extent of medullary involvement. Pus within the med-
ullary cavity replaces the marrow fat, causing an increased 
density on the CT scan. Adjacent soft-tissue abscesses also 
are seen easily (Fig. 20.3). CT diagnosis of acute osteomy-
elitis is based on detection of intraosseous gas, osteolysis, 
soft-tissue masses, abscesses, or foreign bodies. Additionally, 
increased vascularity after administration of a contrast agent 
also can aid in the diagnosis. Narrowing of the medullary 
cavity by granulation tissue and new bone is readily shown 
during the healing phase of osteomyelitis. CT identifies 
sequestra in chronic osteomyelitis (Fig. 20.4). It also is help-
ful in identifying alterations in areas poorly seen on plain 
films, such as the sternoclavicular joint, sacroiliac joint, and 
spine. Contrast material can be used to delineate abscesses 
in necrotic tissue that does not enhance from surrounding 
hyperemic tissue.

Ultrasonography can also be used to localize an abscess 
cavity, detect joint effusion, or guide a physician in the proper 
placement of the needle when obtaining aspirate from a bone 
or joint.

Radionuclide scanning is a useful imaging adjunct in 
the diagnosis of osteomyelitis. Although radiography and 
CT give a structural or anatomic picture, radionuclide scan-
ning gives a more physiologic picture. Bone scintigraphy 
does not detect the presence of infection but, instead, reflects 
inflammatory changes or the reaction of bone to the infec-
tion. Radionuclide scanning can be used for patients with 
metallic implants in whom CT and MRI are of limited value 
because of contraindications and metallic-generated artifact, 
although metal subtracting software is improving imaging in 
these patients. The three most commonly used radioisotopes 
are technetium-99m (99mTc) phosphate, gallium-67 (67Ga) 
citrate, and indium-111 (111In)–labeled leukocytes. The most 
common is 99mTc phosphate, which can detect osteomyelitis 
within 48 hours after clinical onset of infection. The uptake 
of this compound is related primarily to osteoblastic activ-
ity, although regional blood flow also plays a role in skeletal 
uptake. After intravenous injection, the technetium is distrib-
uted rapidly throughout the extracellular compartment. Bone 
uptake is rapid, with more than 50% of the administered dose 
being delivered to bone within 1 hour. The remainder of the 
dye is excreted by the kidneys into the urine.

The standard technique of 99mTc phosphate imaging is to 
perform a three-phase study. Although this does not increase 
the sensitivity of the test significantly, it does increase speci-
ficity from 74% to 94%. The three-phase bone scan consists 
of images taken in (1) the flow phase, (2) the immediate or 
equilibrium phase, and (3) the delayed phase. The flow-phase 

 

A

B

FIGURE 20.1 A, Radiographic evidence of acute bone and 
joint infection. B, Treatment with antibiotic cement spacer.  (Cour-
tesy Andrew Crenshaw, MD.)
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image is similar to a radionuclide angiogram in that it shows 
blood flow. The equilibrium or blood pool image shows rela-
tive vascular flow and distribution of the radioisotope into 
the extracellular space. The delayed-phase image is generally 
obtained 2 to 4 hours after injection, when renal excretion has 
eliminated most of the isotope except that taken up by osteo-
blastic activity. This image shows osteoblastic activity and is 
positive in numerous disease states, including osteomyelitis, 
tumors, degenerative joint disease, trauma, and postsurgical 
changes. Usually, a focus of osteomyelitis appears as an area 
of increased tracer uptake on delayed images. To have a “hot 
spot” on a bone scan, the vasculature to the involved bone 
must be intact. If blood flow to the involved area is decreased 
by subperiosteal pus, necrosis (i.e., sequestrum), joint effu-
sion, vasospasm, or soft-tissue swelling, a “cold” scan may 
result.

A major disadvantage of three-phase 99mTc phosphate 
bone scintigraphy is that the increased uptake caused by 
osteomyelitis is difficult to distinguish from that caused by 
degenerative joint disease or posttraumatic or postsurgical 
changes. The relative activity in each of the three phases may 
be helpful in differentiating other causes of increased uptake. 
Cellulitis causes increased activity during the flow and equi-
librium phases and a decreased or normal uptake in the 
delayed phase. Osteomyelitis causes increased uptake in all 
three phases (Fig. 20.5). Increased uptake in the delayed phase 
but not in the flow or equilibrium phase suggests degenera-
tive joint disease (Table 20.7). 99mTc phosphate bone scans are 
unreliable in neonates (<6 weeks old) and usually are negative 
in 60% of these patients with bone or joint infections.

67Ga citrate is the oldest tracer and has been used to 
localize inflammatory lesions as well as malignant tissue. The 
mechanism of gallium deposition is controversial; it seems to 
be related to increased endothelial permeability or diffusion 
by transportation as gallium-transferrin. The specificity of a 
67Ga citrate scan alone is poor (82%). 67Ga citrate scanning 
can be useful in osteomyelitis when it is used in conjunction 
with 99mTc phosphate scanning. In purely reactive bone for-
mation (posttraumatic or postsurgical), the intensity on the 
99mTc phosphate scan is proportionally greater than that on the 
67Ga citrate scan. In areas of inflammation, however, gallium 

 

A B

FIGURE 20.2 Anteroposterior (A) and lateral (B) radiographs showing bone destruction.

 

 TABLE. 20.7

Three-Phase Bone Scan Uptake

FLOW EQUILIBRIUM DELAYED
Osteomyelitis ↑ ↑ ↑
Cellulitis ↑ ↑ ↔
Osteoarthritis ↔ ↔ ↑

FIGURE 20.3 CT of pelvic abscess in a child.
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uptake either exceeds that of technetium in relative magni-
tude or displays a different spatial configuration of activity. 
A disadvantage of 67Ga citrate imaging is its slow clearance 
after injection, which requires a delay in imaging ranging 
from 24 hours after injection for the appendicular skeleton to 
72 hours for the axial skeleton. Specificity decreases in 67Ga 
citrate scintigraphy when the lesion is located peripherally 

rather than centrally. With the combination of 67Ga citrate 
and 99mTc phosphate scans, sensitivity and specificity are 70% 
and up to 93%, respectively, for the detection of osteomyelitis.

111In–labeled leukocytes have been utilized for differen-
tiating between osteomyelitis and reactive bone formation. 
This scan is positive at earlier stages of osteomyelitis than 
99mTc phosphate scintigraphy. The leukocyte scanning tech-
nique involves in vitro radionuclide labeling and injection of 
autologous leukocytes, predominantly polymorphonuclear 
neutrophilic leukocytes, followed by imaging 24 to 48 hours 
later. About 50 mL of the patient’s venous blood is obtained, 
separated from the other blood elements in vitro, and labeled 
with 111In. The labeled leukocytes are reinjected into the 
patient, and scans are obtained at 24 hours. A scan is posi-
tive if focal accumulation of activity exceeds adjacent normal 
bone activity. Scintigraphy with 111In has been reported to 
be helpful in the diagnosis of acute osteomyelitis, but there 
is disagreement about its efficacy in chronic osteomyelitis 
because the latter is predominantly lymphocytic and may 
give a negative or “cold” scan. The 111In scan is also unreli-
able for differentiating between aseptic and septic loosening 
of a painful arthroplasty. Teller et al. did not recommend the 
routine use of 99mTc phosphate with 111In-labeled scans for 
detecting aseptic or septic loosening of arthroplasty because 
of the high cost associated with these tests and the low speci-
ficity and sensitivity of 78% and 64%, respectively. In a meta-
analysis, Prandini et al. found that 99mTc-labeled white blood 
cells had a greater sensitivity (89%) and specificity (90.1%) 
than 111In-labeled white blood cells. Several authors have 
recommended prolonging the scan time until 24 hours for 
the 99mTc-labeled white blood cell scan to improve detec-
tion. 111In-labeled monoclonal immunoglobulin is a substi-
tute for 111In-labeled leukocytes. It seems to be as effective 
as 111In-labeled leukocytes, does not require phlebotomy, 
and avoids the risk of radiation to white blood cells and the 
perceived risk of malignant transformation. According to 

 FIGURE 20.4 CT scans showing sequestra.  (Courtesy Todd Williams, MD.)

 FIGURE 20.5 Three-phase bone scan showing osteomyelitis.  
(Courtesy Michael Fleming, MD.)
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Hakki et  al., compared with 111In-labeled leukocytes and 
99mTc phosphate scintigraphy, monoclonal antibody fragment 
(LeukoScan, Granuloscint, NeutoSpect) has better sensitiv-
ity, specificity, and diagnostic accuracy. In addition, these 
researchers suggested that 99mTc-sulesomab (LeukoScan) is 
a stronger diagnostic tool in patients with a low leukocyte 
count (i.e., human immunodeficiency virus [HIV] infected 
patients) and in patients with chronic osteomyelitis. However, 
meta-analysis studies show that these agents are less accurate 
than in vitro–labeled white blood cells in most patients, and 
a risk of allergic reaction (some fatal) does exist, especially 
when repeated scans are necessary. These agents have limited 
availability in the United States; however, the quest for a more 
perfect monoclonal antibody fragment continues.

The detection of chronic osteomyelitis, especially of the 
central skeleton, can be enhanced with a 99mTc/ciprofloxacin 
(infection) scan and fluorine-18 (18F)-fluorodeoxyglucose-
labeled positron emission tomography (FDG-PET). FDG-PET 
is the most accurate test (92%) with the most positive predic-
tive value (94%). It is extremely useful for chronic infections 
and infections already treated with antibiotics. In addition, it 
is more advantageous than an 111In bone scan in that it only 
requires one injection (less exposure to body fluids by person-
nel and less radiation exposure to the patient) and is completed 
within hours instead of days. However, it is the most expensive 
and is not readily available in all health care centers.

MRI has been used for evaluating bone and joint infec-
tions. MRI is a complex imaging method that aligns the body’s 
protons along the axis of a powerful external magnetic field 
and records the motion of the protons as they return to the 
magnetic field alignment after absorbing energy from a radio-
frequency-generating coil. Each type of tissue has its own 
unique signal characteristics. Two parameters are evaluated. 
The first is the echo time (TE), which is the time that elapses 
between the initial radiofrequency pulse and its return back to 
the radio antenna (akin to a sonar ping). The second is repeti-
tion time (TR), which is the time between the applied consec-
utive radiofrequency pulses to the patient (the frequency of 
pings). When the TR and TE are short, a T1 image is produced 
that shows fat as a high, bright signal. When the TR and TE 
are long, a T2 image is obtained that shows water as a bright 
signal. An additional signal is obtained by suppressing the fat 
signal; this is called short tau inversion recovery (STIR). STIR 
signals have a high negative predictive value for osteomyelitis 
of almost 100%; however, STIR cannot be used to differentiate 
fluid collections (e.g., abscesses) from circumscribed soft-tis-
sue edema. The reported abnormal images reflect an increase 
in water content, resulting from edema in the marrow cav-
ity. Marrow fat is replaced by edema and cellular infiltrates 
that are lower in signal than fat on T1 images and higher in 
signal than fat on T2 and STIR images. The classic findings 
of osteomyelitis on MRI are a decrease in the normally high 
marrow signal on T1 images and a normal or increased sig-
nal on T2 images (Fig. 20.6). According to Boutin et al., MRI 
is the most appropriate tool to rule out cartilaginous epiph-
yseal infection. Mazur et  al. showed that MRI was superior 
in sensitivity (97%) and specificity (92%) to 99mTc phosphate 
bone scintigraphy for detection of osteomyelitis. MRI detects 
changes (e.g., lytic areas) much earlier in the course of disease 
than radiographs because it shows the condition of the intra-
medullary cavity. The signal changes seen on MRI are non-
specific, and anything that causes edema or hyperemia (e.g., 

fractures, tumors, and inflammatory processes) produces sig-
nal changes similar to that of osteomyelitis. Although MRI is 
good for detailing marrow involvement and discitis, it does 
little to detect early cortical bone involvement.

Gadolinium contrast material can be added to MRI to 
help distinguish an abscess (bright signal involved abscess 
with no enhancements of the fluid within the abscess) from 
coexisting cellulitis. In addition, it enhances granulation tis-
sue surrounding a sinus tract or sequestrum but does not 
enhance the tract or sequestrum in the bone. Gadolinium 
contrast does not help in differentiating osteomyelitis from 
bone marrow edema. The addition of gadolinium to increase 
detection of CA staphylococcus musculoskeletal infections in 
patients 0 to 18 months of age has been recommended.

In general, sequestra in sinus tracks, abscesses, and sub-
periosteal fluid collections are all positive MRI signs that sug-
gest osteomyelitis. MRI should be reserved for patients with 
inconclusive findings, patients with infections involving the 
pelvis or spine, and patients who may require surgical inter-
vention. It is extremely useful for detection of acute hematog-
enous osteomyelitis.

In summary:
 1.  Patients suspected of having musculoskeletal infection 

should have plain radiographs of the area in question.
 2.  CT is useful in detecting bone abnormalities such as 

sequestra.
 3.  Ultrasonography helps to establish whether a joint effu-

sion is present and to localize needle aspiration to diag-
nose septic arthritis.

 4.  A three-phase bone scan accurately detects osteomyelitis 
in nonviolated bone. If hardware is in place or if there has 
been previous trauma to the bone or a Charcot joint, for 
instance, is present, a three-phase bone scan is only use-
ful as a screening test. A white blood cell–labeled bone 
scan helps with detection of complicated osteomyelitis 
and combining this with a colloid scan maximizes accu-
racy. This is especially useful in total joint infections and 
diabetic feet, but less so in neuropathic joints. It is not 

 FIGURE 20.6 MRI of abscess (images on left).  (Courtesy Amber 
Turner, MD.)
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helpful with spinal osteomyelitis. 99mTc-HMPAO-labled 
WBC count can be helpful in detecting chronic recurrent 
multifocal osteomyelitis (CRMO).

 5.  MRI shows surrounding tissue and is excellent in detect-
ing osteomyelitis. Adding gallium improves detection of 
spinal osteomyelitis.

 6.  FDG-PET also is helpful in the diagnosis of spinal infec-
tion and chronic osteomyelitis but is not readily available 
in all health care institutions. It is generally not recom-
mended because infections can be detected by other less 
expensive means.

 7.  The best combination of imaging for osteomyelitis is 
WBC scintigraphy with single-photon emission com-
puted tomography (SPECT). 

CULTURE STUDIES
Although blood tests, radiographic imaging, and clinical signs 
all give presumptive evidence of an infection, they do not suf-
fice for an actual bacteriologic diagnosis that would allow 
development of a treatment plan including correct antibi-
otic selection. The laboratory has the responsibility of isolat-
ing and identifying the offending organism and determining 
antibiotic susceptibility. This process can be easier and more 
informative when there is proper communication between 
the orthopaedic surgeon and laboratory personnel. The lat-
ter should be informed of patient risk factors, type of antibi-
otic therapy (which should be stopped 14 days before culture), 
culture site (three to five different sites are preferred), how the 
culture was obtained, and what possible organisms are sought.

The timing and selection of the culture are crucial. Most 
orthopaedic infections are deep seated, and adequate culture 
specimens are difficult to obtain. Despite this, every effort 
should be made to obtain a culture specimen before antibi-
otic therapy is begun. Cultures of superficial wounds or sinus 
tracks should not be relied on because they are poor indica-
tors of deep infection and usually are polymicrobial. Swab 
cultures of a sinus track give misleading results unless S. 
aureus coagulase is the predominant isolate or unless a single 
species is isolated in pure culture. The preferred specimen in 
most bacterial and yeast infections is aspirated fluid (joint or 
purulent fluid). A deep wound biopsy or a curetted specimen 
after cleaning the wound is acceptable. In certain bacterial 
and fungal infections, a tissue biopsy specimen from the edge 
of the wound is preferable. Aerobic and anaerobic swabs are 
more commonly used, but aspirated fluid or a tissue biopsy 
specimen is preferable. According to Levine and Evans, the 
use of blood culture vials intraoperatively for placement of 
aspirated fluid is more sensitive than swab cultures or tissue 
biopsy; however, others, such as Wilson and Winn, saw no 
advantage in using blood culture vials or swabs and state that 
fluid sent to the laboratory in a sterile environment was all 
that was required. Tissue specimens should be placed in small 
carbon dioxide–filled containers to reduce exposure to air.

Rapid diagnostic procedures that may aid in initial deci-
sion-making are qualitative tests only. A Gram stain deter-
mines if gram-negative or gram-positive bacteria are present. 
Bacterial morphology and some measure of inflammation 
also can be obtained from a Gram stain. If the Gram stain 
is negative and infection is strongly suspected because of 
the presence of many acute inflammatory cells, an acridine 
orange stain using a fluorescent microscope may aid in the 
detection of gram-negative bacteria.

When a fungal infection is suspected, a 10% potassium 
hydroxide wet mount preparation or a fluorescein calcofluor 
white stain aids in the detection of characteristic fungal mor-
phology. Other special stains, such as acid-fast, rhodamine-
auramine, or fluorescein-tagged antibody stains, also can help 
in making a rapid diagnosis. The development of monoclo-
nal antibodies to specific bacterial antigens has had a major 
effect, but except for the detection of the bacterial antigens 
of H. influenzae, Neisseria meningitidis, and S. pneumoniae in 
synovial fluid, these tests are useful only in the rapid identifi-
cation of already isolated bacteria and not for detecting spe-
cific bacteria in a clinical specimen.

Several different types of media are available for isolation 
and identification of bacteria. The initial specimen should 
be cultured for aerobic and facultative and strict anaerobic 
organisms. Media for these organisms should include blood 
agar, chocolate agar for H. influenzae and Neisseria gonor-
rhoeae, and a nutrient-enriched broth for fastidious organ-
isms. Selective media should be used when fungi or acid-fast 
bacteria are suspected. Usually an organism can be identified 
in 24 to 48 hours, but some isolates can take several days or 
weeks (i.e., Cutibacterium acnes).

After the organism has been isolated and identified, its 
antimicrobial sensitivity should be determined. The three 
principal ways to test sensitivity or antimicrobial effectiveness 
are (1) in vitro susceptibility testing of a bacterial isolate, (2) 
measurement of the patient’s inhibiting or bactericidal serum 
level against his or her own infectious bacteria, and (3) mea-
surement of actual serum concentration of the antibiotic the 
patient is receiving.

The National Committee for Clinical Laboratory 
Standards provides recommendations for standardized tests 
and suggests the prototype generic antibiotic that can be tested 
to represent each class of antibiotic when in vitro antimicro-
bial susceptibilities are performed. The in vitro susceptibility 
studies are based on (1) serial dilution of the test antibiotic in 
broth or on a solid agar medium, (2) antibiotic diffusion from 
a paper disc into a solid agar medium, or (3) antibiotic elution 
from paper disc into broth. The lowest concentration of an 
antibiotic that inhibits growth of the patient’s isolate is des-
ignated the minimal inhibitory concentration (MIC). If the 
MIC level can be easily achieved in the patient’s serum using 
normal dosage and route of administration, the organism is 
said to be susceptible or sensitive. After the MIC has been 
determined, a subculture can be performed to determine the 
minimal bactericidal concentration, which is the lowest con-
centration of antimicrobial agent that allows survival of less 
than 0.1% of the original cultured inoculum.

In the disc diffusion method, the zone of inhibited growth 
around an antibiotic-impregnated disc is measured and com-
pared with a standard test bacterium. This is reported as sen-
sitive, intermediate, or resistant, depending on the magnitude 
of the zone of inhibition. Broth disc elution is used for anaer-
obic bacteria. An antibiotic-impregnated paper disc is placed 
in an anaerobic broth and incubated along with the bacte-
rium to be tested. Visual results are read as “no growth” (sen-
sitive) or “growth” (resistant).

Measuring the serum bactericidal concentration (SBC) 
is another way of measuring antimicrobial effectiveness. The 
SBC measures the activity of the patient’s own serum against 
the infecting organism. The lowest dilution of the patient’s 
serum that kills 99.9% of a standard inoculum is called the 
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SBC. This requires that the patient’s serum be obtained at 
peak and trough concentrations. This method has gained 
popularity in the treatment of pediatric septic arthritis and 
osteomyelitis to test the adequacy of oral antibiotic dosage. 
The oral dose is adjusted to give a peak SBC of 1:8 or 1:16 and 
a trough SBC of 1:2 or higher.

Actual antimicrobial concentration in serum also can be 
measured. This is usually done to determine whether an effec-
tive therapeutic level is being obtained and to guide antibiotic 
dosage to avoid toxic side effects.

Two special tests that can be used in orthopaedic infec-
tions are quantitative tissue cultures and in  vitro antibiotic 
synergism versus antagonism susceptibility. Quantitative tis-
sue culture has been helpful in detecting clinically significant 
infections in burn patients. Its use in orthopaedics has aided 
in decisions regarding wound closure and antibiotic therapy. 
After debridement of an open wound, a 1 mL tissue specimen 
is obtained, and a quantitative Gram stain smear is performed 
from 0.01 mL of an undiluted homogenate. This is transferred 
onto a clean glass microscope slide and spread in an area not 
exceeding 15 mm in diameter. After drying, the slide is Gram 
stained and the entire smear is examined microscopically at a 
magnification of 1000×. The presence of a single organism in 
any field indicates a positive smear, suggesting ongoing infec-
tion. The remainder of the tissue homogenate can be serially 
diluted in nutrient broth for quantitative culture. Cultures 
containing 10 organisms per gram of tissue have a high proba-
bility of remaining infected if closed. The accuracy of quantita-
tive microbiologic techniques has been reported to be 84% for 
Gram stain and 89% for culture. In vitro antibiotic testing for 
synergism and antagonism should be considered when a per-
sistent infection is refractory to antibiotic treatment. This test 
measures the sum effect in vitro of two different antibiotics.

Often, antibiotic therapy is begun before a definitive cul-
ture result is obtained, and the selection of an antibiotic is 
based on the most probable causative bacteria, which varies 
considerably depending on age and epidemiologic factors. S. 
aureus is most frequently isolated in infectious arthritis. After 
this, N. gonorrhoeae is more common in adults younger than 
30 years, and H. influenzae type B is more common in chil-
dren younger than 2 years. These three bacteria, along with 
various Streptococcus species, constitute most known isolates 
in joint infections. In contrast, PJIs most often are caused by 
skin flora, such as S. epidermidis and other coagulase-nega-
tive Staphylococcus and gram-negative bacilli that are tran-
sient skin colonizers. Cutibacterium acnes (C. acnes; formerly 
Propionibacterium acnes), a nonspore-forming anaerobic 
gram-positive bacillus usually found in cutaneous tissue in 
the respiratory or digestive system, has been recognized to be 
responsible for severe infections in orthopaedics, particularly 
in total shoulder replacement and spine surgery. C. acnes is 
challenging to diagnose because it presents late without the 
usual clinical signs of infection, and laboratory studies may 
be equivocal. Biological and radiographic signs are usually 
very discrete. This bacillus requires prolonged culture (>21 
days) for diagnosis. Microbiological methods have improved 
the diagnosis. Sonification of the extracted implant can be 
helpful as well to identify the infectious organism. C. acnes 
has shown resistance to broad-spectrum antibiotics; how-
ever, it is reasonably susceptible to clindamycin, quinolones, 
rifampin, and beta-lactams. A 2 to 4 week course of intrave-
nous antibiotic or a highly available oral antibiotic followed 

by oral treatment for 3 months is recommended. If the infec-
tion is found and treated before 4 weeks, only antibiotic medi-
cation is required to treat the infection because a biofilm has 
yet to be created. If, however, it is discovered after 4 weeks, a 
one- or two-stage replant is warranted along with the antibi-
otic coverage. Prevention of infection is enhanced by copious 
irrigation, short operative times, changing the scalpel after 
skin incision, and avoiding contact of the implant with the 
skin edge. Consultation with an infectious disease specialist 
is warranted in these patients.

The etiologic agent for osteomyelitis also depends on age, 
epidemiologic factors, and whether the osteomyelitis is pri-
mary or secondary. S. aureus is the most frequent isolate in 
osteomyelitis, but Salmonella organisms have an increased 
incidence in patients with sickle cell anemia or neonatal osteo-
myelitis. Postsurgical osteomyelitis also has a predominance 
of skin flora and hospital flora. This is where an individual 
hospital statistical survey of infections would be beneficial.

Molecular diagnostic tests for detection of infections 
are still experimental, expensive, and not readily available. 
However, next-generation sequencing, such as PCR tech-
niques, aimed at the bacterial 16 S rRNA DNA and sequence, 
can be performed. This identifies the presence of bacteria 
but not the specific organism. A high false-positive rate still 
exists, and improvements are still forthcoming with addi-
tional research and development. Moojen et  al. have added 
a reverse line hybridization process that will identify some 
of the more common orthopaedic pathogens. The clini-
cal usefulness of these molecular diagnostic tests is evident 
in several areas. They can identify the specific pathogens 
responsible for musculoskeletal infection, even if pretest anti-
biotics have already been given, can identify organisms that 
cause low-grade infections (a small concentration of organ-
isms), and can rapidly recognize infections that usually have 
long culture times (e.g., tuberculosis). 

TREATMENT
Treatment of an orthopaedic infection may require antimi-
crobial and surgical treatment. Antibiotic treatment alone 
may be sufficient, but several principles should be followed: 
(1) the organism should be accurately identified, and its anti-
microbial susceptibility should be determined; (2) the correct 
antibiotic, preferably bactericidal, should be chosen based on 
the MIC and SBC; (3) the antibiotic must be delivered to the 
organism in sufficient concentration to destroy it.

Surgery may go hand-in-hand with antibiotic treatment. 
Surgery can accomplish in 1 hour what the body and antibi-
otic treatment may require days or weeks to do. The purpose 
of surgery is augmentation of the host response. Debridement 
reduces the inoculum and removes necrotic and avascular 
bone, bacteria, and harmful bacterial products. Surgery is not 
always necessary, but it is essential when pus is found on aspi-
ration or when radiographic changes of osteomyelitis are seen, 
indicating pus, necrotic material, and chronic inflammation. If 
these are not present, a trial of antibiotic treatment is appropri-
ate only after culture material has been obtained. If the patient 
does not respond to antibiotic treatment in 36 to 48 hours, 
then it indicates that a wrong antibiotic has been chosen or an 
abscess has formed. After 48 hours, the sensitivity should have 
been reported, and a correct organism specific antibiotic can 
be chosen. If an abscess has formed, surgery is indicated.
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Several routes of antibiotic treatment exist. Oral antibi-
otics are still the most commonly used. Intravenous applica-
tion may be required for more serious infections that do not 
respond to oral antibiotics. Local delivery of antibiotics also 
can be beneficial. Polymethyl methacrylate (PMMA) beads 
impregnated with heat-stable antibiotics (tobramycin, vanco-
mycin, and gentamicin) have been used since the early 1970s. 
A 2 to 3 cm area around each bead has a high concentration of 
antibiotic. With tobramycin and vancomycin, the peak con-
centration of antibiotic delivered to local tissue occurs on the 
first day and lasts for only approximately 1 week. This local 
delivery system avoids systemic toxicity; however, it requires 
removal (usually surgical) within 4 weeks. A more attrac-
tive biodegradable system is the collagen-gentamicin sponge, 
which obviates the need for surgical removal and delivers 
higher concentrations of antibiotics than PMMA beads. It has 
been suggested that antibiotic release by this method may be 
complete within 4 days. Lactic acid polymerase may be the 
next step in local biodegradable antibiotic delivery systems. 
This system delivers a high concentration of quinolines (bac-
tericidals for probable pathogens of chronic osteomyelitis) 
for 60 days, with a peak release of antibiotics at day 15. An 
additional method of local antibiotic delivery is that of mix-
ing autogenous iliac crest bone graft with piperacillin or van-
comycin. Antibiotics must be chosen carefully. For example, 
heat-stable antibiotics are required for PMMA applications; 
quinolones have shown detrimental effects on chondrocytes 
and fracture healing; and tobramycin at intermediate levels of 
concentration (400 μg/mL) can decrease cell replication. In 
general, vancomycin is less toxic to osteoblasts at high local 
concentrations than other aminoglycosides, and rifampin and 
quinolones should not be administered when bone regenera-
tion is an issue.

In general, MSSA can be treated with nafcillin/oxacillin, 
or cefazolin. For Kingella kingae infections (best diagnosed 
with PCR technique) a beta–lactam antibiotic is recom-
mended. For MRSA, clindamycin and vancomycin are rec-
ommended. A short course of intravenous antibiotics can be 
followed with an oral antibiotic regime, which avoids the use 
of a peripherally inserted central catheter (PICC) line. This 
treatment has been shown to be equally as effective as long-
time intravenous therapy. An infectious disease consult can 
help guide the appropriate antibiotic in each patient and can 
be especially useful with the ever-changing microbial picture. 
Although many surgical techniques have been described for 
the treatment of osteomyelitis (see Chapter  21), preven-
tion is still the best course of action, and adherence to the 
basic principles of treatment of infections will help achieve 
success. 

HUMAN IMMUNODEFICIENCY 
VIRUS AND HEPATITIS B AND C
The management of patients with HIV infection or acquired 
immunodeficiency syndrome (AIDS) has reached all fields of 
medicine. The orthopaedic surgeon may be required to treat 
HIV-positive patients in the emergency department, clinic, 
or operating room. Because of this increasing likelihood, the 
orthopaedist should know the causes, associated diseases 
affecting the musculoskeletal system, the risks of transmis-
sion, and precautions in regard to this infection.

AIDS was diagnosed in 1981 in several patients with dis-
ease complexes previously seen only in patients with immu-
nodeficiencies of known causes. After the diagnosis of AIDS, 
HIV was identified and was found to cause this disease com-
plex. Two strains of HIV have been identified: HIV-1, which 
is the strain most common in the United States, and HIV-2, 
which has been reported primarily in Europeans, Africans, 
and rarely, in the United States.

AIDS is caused by HIV, a human RNA retrovirus. This 
group of RNA viruses has the ability to produce reverse tran-
scriptase, which converts RNA to DNA and incorporates into 
the host chromosome. The HIV retrovirus is trophic for the 
CD4 surface receptors of T lymphocytes. The virus causes 
deregulation and destruction of these T lymphocytes, ulti-
mately resulting in an immunodeficient state. Initial infection 
results in stimulation of B cells and an initial increase in the 
number of suppresser and T killer cells, followed by a pro-
gressive decline in the number of circulating CD4 lympho-
cytes over several years. When the CD4 cell count is less than 
200/mm3, opportunistic infections occur, and clinical mani-
festations of AIDS begin.

This progressive destruction of the body’s immune func-
tion leaves an individual susceptible to a variety of infections, 
malignancies, and neuropsychiatric abnormalities. P. jiroveci 
pneumonia and malignancies such as Kaposi sarcoma are the 
most common opportunistic diseases associated with AIDS 
in the United States.

Four stages of HIV infection have been identified, 
although not all individuals infected with HIV go through all 
four stages. The stages are (1) acute primary HIV infection, 
(2) chronic asymptomatic HIV infection, (3) symptomatic 
HIV infection, and (4) advanced HIV-associated opportu-
nistic disease or AIDS. Acute primary HIV infection appears 
clinically similar to infectious mononucleosis and occurs 2 
to 6 weeks after viral transmission. Clinical features include 
pharyngitis, dysphagia, lymphadenopathy, rash, fever, fatigue, 
hepatosplenomegaly, and leukopenia. This stage is self-limit-
ing, and most patients do not seek medical attention. Within 
3 months after viral transmission, most patients develop 
positive serology, and virtually all patients seroconvert by 6 
months, although delayed seroconversion 1 year after infec-
tion has been reported. After acute infection, a prolonged 
period ranging from 5 to more than 15 years of symptom-
less, chronic infection ensues. In the third stage (AIDS-related 
complex), the HIV-infected patient is no longer symptom free 
but has not yet developed AIDS-defining opportunistic infec-
tion as defined by the CDC or an absolute CD4 cell count of 
less than 200/mm3. In the final stage, a potentially life-threat-
ening opportunistic disease develops as a result of the severe 
cell-mediated immunodeficiency.

The epidemiologic data on HIV transmission overwhelm-
ingly indicate that the virus is transmitted through sexual, 
parenteral, and maternal-infant routes. HIV has been isolated 
from many organs and tissues. Blood, semen, vaginal secre-
tions, bone, breast milk, and possibly saliva have been impli-
cated in HIV transmission. With current screening of donors 
and HIV testing techniques, the risk of HIV infection per unit 
of blood transfused is 1 in 2 million. Although the risk from 
any single transfusion is low, each transfusion has the poten-
tial to be fatal. This potential has increased physician aware-
ness and decreased the elective use of allogeneic blood. When 
an individual does become infected from a transfusion, the 
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development of AIDS seems to be more rapid than with other 
forms of transmission. In the United States, two donors were 
responsible for the transmission of HIV in four musculoskel-
etal grafts in 1985 and 1988. No further transmissions of HIV 
through allografts have been reported since 1988. However, 
the risk of transmission of HIV through allografts is estimated 
to be 1 in 1.6 million (one to two cases every 2 years), related 
to the fact that a window period still exists between testing 
methods and the patient having detectable viral antibodies. 
Once again this is very rare. Nucleic antibody testing has a 
window period for HIV and hepatitis C of 7 days and 8 days 
for hepatitis B. Additionally, there has been one reported case 
of hepatitis B and two reported cases of hepatitis C, with the 
most recent occurring in 2002. With better screening tech-
niques including patient history and serologic and nucleic 
acid testing, rates remain low. Additionally, chemical ster-
ilization techniques have also decreased the opportunity for 
disease transmission through allografts. The current risk of 
acquiring an infection from the allograft remains well below 
the overall perioperative nosocomial risk. Intraoperative cul-
turing of the allograft has a low sensitivity and is generally not 
recommended. However, it is important that each surgeon 
knows the specifications of the tissue bank that he or she uses 
and ensure that it is American Association of Tissue Banks 
(AATB) accredited (Table 20.8).

DIAGNOSTIC TESTS
Because the serologic tests currently used for the detection of 
HIV depend on the formation of antibodies by the infected 
patient, there is a period of time known as the “window period” 
during which the patient is infectious before the appearance of 
the HIV antibodies. Most patients (approximately 99%) develop 
antibodies to HIV within 6 months of the initial infection, 
but delayed seroconversion (after 1 year) has been reported. 
Reliance on a single test may give a false sense of security.

The enzyme-linked immunosorbent assay (ELISA) was 
developed to test antibodies to the retrovirus. Because it is 
a serologic test, the detection of HIV antibodies by ELISA 
indicates a past infection. The antibodies usually increase to 
levels detectable by this test in 1 to 3 months. If the test is 
reactive, it is repeated; if it remains reactive, a confirmatory 
test, usually a Western blot, is performed. According to the 
CDC, the sensitivity of the ELISA is at least 99% when it is 
performed under optimal laboratory conditions on serum 
specimens from individuals infected for 3 months or longer. 
The ELISA was designed to be overly sensitive and is more 
likely to produce false-positive than false-negative results. 
The most frequent reason for a false-negative result is that the 
infected individual had not yet developed antibodies to HIV 
at the time of testing. 

CONFIRMATORY TESTS
The Western blot test is the most common confirmatory 
test. It is far less likely to produce false results, but they do 
occur. The probability of obtaining false-positive tests with 
the ELISA and Western blot testing sequence in a population 
with a low incidence of infection has been estimated to be 1 in 
approximately 350,000. Other confirmatory tests are the anti-
gen detection test, in situ hybridization test, indirect immuno-
fluorescence assay, radioimmunoprecipitation assay, and PCR 
test. The CD4 lymphocyte count is not a diagnostic test but 
rather a measurement of the degree of immunosuppression. 

MUSCULOSKELETAL SYNDROMES IN 
HUMAN IMMUNODEFICIENCY VIRUS–
INFECTED PATIENTS
The most common musculoskeletal syndromes in HIV-
infected patients are manifestations of drug toxicity, reactive 
arthritis, infectious arthritis, myositis, tendinitis, and bursitis. 
Osteopenia and osteoporosis are increasing in HIV-infected 
patients being treated with highly active antiretroviral ther-
apy (HAART) and must be as aggressively treated as patients 
without HIV. General principles to be kept in mind when 
evaluating an HIV-infected patient with musculoskeletal 
problems include the following: (1) any musculoskeletal syn-
drome that occurs in non–HIV-infected patients can occur in 
HIV-infected patients; (2) HIV infection can alter the clinical 
presentation, severity, and course of musculoskeletal prob-
lems; and (3) early diagnosis of infections is especially impor-
tant to prevent their spread in an immunocompromised 
patient (Table 20.9).

 TABLE. 20.8

Process of Allograft Procurement and Storage

Donor screening Precluded by history of autoim-
mune disease

Ingestion or exposure to toxic 
substances

Rheumatoid arthritis
Systemic lupus erythematosus
Polyarteritis nodosa
Sarcoidosis
Clinically significant bone disease
Blood testing must be negative for 

antibodies to HIV
Nucleic acid test for HIV-1
Hepatitis B surface antigen
Total antibody to hepatitis B core 

antigen
Antibodies to hepatitis C virus
Nucleic acid test for hepatitis C virus
Antibodies to human T-lymphotropic 

virus
Syphilis

Tissue harvest Within 24 h of death if body cooled
Within 15 h of death if body not 

cooled
Aseptic technique
Tissue cultured before processing

Disinfection: removal 
of contaminants

Antibiotic soaks

Secondary steriliza-
tion: destruction of 
all life forms

Ethyl oxide, other chemical sterilants
Gamma/electron-beam irradiation
Proprietary protocols (i.e., Allowash, 

BioCleanse, Clearant)
Storage Fresh allograft (use within 24 days)

Fresh-freezing (3–7 years)
Cryopreservation (up to 10 years)
Lyophilization (3–5 years at room 

temperature)

Adapted from Azar FM: Tissue processing: role of secondary sterilization tech-
niques, Clin Sports Med 28:191–201, 2009.
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Reactive arthritis usually occurs in the foot and ankle. 
Tendinitis involving the Achilles tendon and the anterior and 
posterior tibial tendons is common. Septic arthritis occurs 
more commonly in intravenous drug abusers and hemophili-
acs who have become infected with HIV. Gram-positive bacte-
ria, such as S. aureus and S. pneumoniae, commonly found in 
noninfected patients with septic arthritis and bursitis, are also 
the most frequently reported organisms causing septic arthri-
tis and bursitis in HIV-infected individuals. Primary osteomy-
elitis has been reported in HIV-infected patients, but usually 
it is the result of direct extension from a septic joint. An HIV-
infected patient with a total joint prosthesis may be at an 
increased risk for infection as immunosuppression progresses.

Muscle pain or myositis occurs in up to 75% of HIV-
infected patients, including idiopathic polymyositis, poly-
myositis secondary to zidovudine toxicity, and pyomyositis. 
Idiopathic polymyositis and zidovudine polymyositis have 
similar signs and symptoms. Patients complain of muscle 
weakness and have elevated creatine phosphokinase levels, 
and muscle biopsy specimens show myofibril necrosis and 
associated inflammation. Pyomyositis, usually caused by S. 
aureus, can present as a solitary abscess or multiple abscesses 
within the muscle. The patient has fever, localized muscle 
pain, swelling, and erythema. Aspiration and systemic antibi-
otics usually are adequate treatment of pyomyositis, but sur-
gical incision and drainage are occasionally necessary. 

RISKS AND PREVENTION
The risk of orthopaedic surgeons contracting HIV infection 
from patients is unknown at this time. However, no docu-
mented seroconversion has ever been reported in orthopae-
dic surgeons. According to the CDC, only 58 confirmed cases 
of occupational seroconversion transmission have occurred 
in health care workers (mostly nurses and technicians). 
Additionally, from 2000 to 2013, no new documented cases of 
HIV seroconversion have occurred in any health care worker. 

The majority of seroconversions came from a single needle 
stick. It has been reported that 385,000 sharps-related injuries 
occur in the United States per year. It is important for health 
care personnel to continue universal precautions to continue 
to keep the risk low. The potential for disease transmission 
still exists. Three factors that must be known to calculate an 
orthopaedic surgeon’s risk of incurring HIV from punctures 
in the operating room are (1) the frequency of punctures, (2) 
the percentage of surgical patients who are HIV positive, and 
(3) the risk of HIV transmission per needle stick from known 
HIV-positive patients.

At the end of 2013, the WHO estimated that approxi-
mately 35 million people worldwide were infected with 
HIV, and approximately 39 million had died of HIV-related 
diseases. These numbers are expected to increase as more 
individuals are living longer with HIV because of antiviral 
medications. Individuals with new infections worldwide in 
2013 numbered 2.1 million. In the United States, approxi-
mately 40,000 people are newly diagnosed with HIV infec-
tion per year. Approximately 25% of HIV patients will require 
surgical or anesthetic treatment at some point. At the end of 
2008, women accounted for 50% of all adults worldwide with 
HIV infection. In the United States, it has been estimated that 
0.4% of the population is HIV-positive with approximately 
21% of positive patients unaware of their HIV infection. The 
exact prevalence of HIV-infected patients in a specific sur-
geon’s practice is impossible to calculate without prospective 
testing; however, it has been reported to be 10% with regional 
and local variations, in that trauma centers have a greater 
prevalence of HIV-infected patients. According to the CDC 
in 1986, the overall prevalence of HIV infection was 1% of the 
U.S. hospital population admitted for reasons other than HIV 
infection. The CDC reported in 1993 that only 30% of HIV-
infected patients were recognized at the time of treatment.

Lemaire and Masson noted that 6% to 50% of operations 
result in at least one blood contact between patient and health 
care worker, and 1.3% to 15.4% of procedures involve a sharp 
injury. Risk decreased with surgical experience but increased 
with operative time. Fitch et al. found that the greatest risk 
for occupational transmission of HIV involved parenteral 
injection of blood through orthopaedic pins or hollow-core 
needles. No cases of transmission from solid-core needles or 
exposure of an open wound to blood have been documented. 
Other potential sites of transmission include mucous mem-
branes and isolated skin exposure, which is extremely rare. 
Risk increases with increased viral load of the patient, quan-
tity of blood injected, and depth of inoculation (Box 20.1).

Based on data obtained by the American Board of 
Orthopaedic Surgeons, the estimated puncture rate for the 
orthopaedic attending physician is 2.8%, averaging approxi-
mately 10 punctures a year. In 1998, the CDC estimated that 
the percentage of HIV-positive patients averaged 1% to 5.6%, 
depending on the geographic area and the type of practice. The 
risk of transmission per needle stick has been estimated by the 
CDC to be approximately 0.3%. This number has been reduced 
by the CDC to 0.23%, which means 2.3 of every 1000 contami-
nated needle sticks would result in seroconversion if the health-
care individual elected to decline postinjury treatment. These 
figures put the annual risk to the orthopaedic surgeon between 
0.025% and 0.5%, a cumulative (>40 years of practice) risk of 
0.6%. The risk of transmission of HIV from an infected ortho-
paedic surgeon to a noninfected patient has not been reported.

 TABLE. 20.9

Musculoskeletal Syndromes in Human 
Immunodeficiency Virus–Infected Patients

CONDITION COMMENTS
Arthralgias Causes include systemic  bacterial 

infection, inflammation, drug toxicity
Reactive arthritis 
(Reiter syndrome)

Possibly more severe in HIV disease

Psoriatic arthritis Most commonly Staphylococcus 
aureus or Streptococcus pneumoniae

Osteomyelitis Reported in HIV disease as a result 
of extension of infection from septic 
joint

MYOSITIS

Pyomyositis Focal pain, tenderness
Idiopathic Focal pain, tenderness
From zidovudine Usually resolves when zidovudine is 

discontinued

From Lane N: HIV disease and arthritis: diagnostic and therapeutic dilemmas. In 
Cohen PT, Sande MA, Volberding PA, editors: The AIDS knowledge base, Boston, 
1994, Little, Brown.

    

https://booksmedicos.org


CHAPTER 20  GENERAL PRINCIPLES OF INFECTION 809

In the absence of an effective means of prophylaxis, 
including a vaccine, the chief defense against HIV infection is 
the prevention of its transmission. Health care workers at risk 
are those most prone to sustain needle sticks, cuts, and skin 
tears in the presence of contaminated body fluids and tissues. 
The cases of HIV transmission through wounds underscore 
the importance of infection control procedures, especially in 
the operating room.

During orthopaedic surgical procedures, contact with blood 
and other body fluids containing blood in gross or microscopic 
amounts is frequent (3.7%). Lacerations from bone fragments 
and edges and cuts and needle sticks must be avoided. The 
estimated risk after a mucocutaneous exposure was reported 
to be 0.09% based on one seroconversion in six studies. The 
American Academy of Orthopaedic Surgeons (AAOS) has 
developed several basic recommendations for procedures in the 
operating room (Box 20.2). These precautions involve wearing 
surgical gowns that offer protection against contact with blood, 
using no touch techniques for surgery and suturing, not passing 
sharp instruments from hand to hand (establishing a “hands-
free” zone), and proper removal of contaminated gowns and 
postoperative scrub. Specific recommendations by the AAOS 
can be found in their information statement Preventing the 
Transmission of Bloodborne Pathogens (2012).

Chemoprophylaxis for occupational exposure to HIV 
is controversial. The most effective means of avoiding occu-
pational HIV seroconversion is the employment of univer-
sal precautions. The practice of using protective eyewear is 
advised because projection of blood causes 3% to 5% of con-
taminations. Standard eyeglasses may provide protection 
because less than 5% of contamination has been found to be 
present on the protective side flaps of wraparound eye protec-
tors. Double gloving reduces the risk of blood contact from 
29% to 13%; however, the gloves must be changed at least 
every 2 hours or every hour for trauma cases. Indicator gloves 
also can be used to alert the surgeon to breaks in glove protec-
tion. Kevlar gloves should be used when bone fragments are 
present, or when saws are used. HIV-positive patients should 
be placed on HAART protocol before surgery. Elective sur-
gery is contraindicated in untreated patients. The CDC rec-
ommends preexposure prophylaxis with daily dosing of 
tenofovir disoproxil fumarate (TDF)/emtricitabine (FTC) for 
individuals at high risk of HIV infection.

After exposure of a health care worker to blood, a rapid HIV 
test should be performed on the source. If it is negative, no che-
moprophylaxis should be offered. However, if it is positive, che-
moprophylaxis should be offered. The rapid HIV test does have 

a low false-positive rate; therefore all positive results should be 
followed with standard enzyme immunoassay and a Western 
blot assay. The test also will not identify HIV-positive patients if 
they have been infected less than 3 months. A decrease in sero-
conversion rates of 81% has been shown with the use of chemo-
prophylaxis after exposure using zidovudine and lamivudine, 
chain terminators for reverse transcriptase within 72 hours 
of exposure. Adding the protease inhibitor, indinavir further 
decreases antiretroviral activity. These drugs should be started 
as soon as possible but no later than 72 hours after exposure 
and generally are recommended for at least a 4-week course. 
Recommendations from WHO for postexposure prophylaxis 
(PEP) for HIV are found in Boxes 20.3 and 20.4.

The most current PEP drug regimen can be found at 
the CDC website www.ncbi.nlm.nih.gov/pubmed/239179
01. Also, questions about PEP can be answered at National 
Clinicians postexposure prophylaxis hot line (PEPline) at 
(888) HIV-4911. Most exposures to HIV-infected blood do 
not cause seroconversion. No confirmed cases of occupa-
tional HIV transmission to a health care professional has 
occurred since 1999, and as of 2013, only 58 documented and 
143 possible transmissions have been reported in the United 
States. Again, there is only a 0.23% chance of seroconversion 
after exposure to a patient with HIV. Therefore the toxicity of 
a chemoprophylactic regimen must be considered before the 
initiation of treatment. If available, consultation with infec-
tious disease expert is recommended.

Additional concern for bloodborne pathogens extends to 
hepatitis. Approximately 10,000 health care workers become 
infected with the HBV annually after an occupational expo-
sure. Occupational exposure of health care workers to HBV-
infected patients can result in disease transmission up to 30% 
of the time. The development of a vaccine for HBV has resulted 
in a decrease of transmission by 98% since 1983 and is recom-
mended for most health care workers. After vaccination it is 
recommended that the health care worker be tested for anti-
HBs to ensure proper antibody response has occurred (titer 
>10 mIU/mL). If so, lifelong immunity has been acquired. If 
it has not, a repeat round (three doses) of vaccination is war-
ranted. Retesting should be performed 1 to 2 months after the 
final injection. Few health care workers remain nonresponders 
and should be identified. They should be tested for hepatitis B 
surface antigen (HbsAg). These nonresponders should report 
any exposures within 7 days so they may receive PEP with 
hepatitis B immune globulin (HBIg). HBV and HBIg can be 
administered at the same time but in different arms. The risk 
of hepatitis C virus (HCV) has continued to increase. It is now 
the most chronic blood-borne infection in the United States. 
An estimated 926,000 health care professionals are exposed to 
HCV per year, resulting in 16,400 new infections worldwide. 
There is an approximate 2% risk of transmission of HCV after 
percutaneous exposure. There is no PEP recommendation after 
contact with HCV. However, effective treatment is available, 
which can lower the risk of developing chronic HCV infec-
tion. The CDC PEP for HBV and HCV is summarized in Table 
20.10. Universal precautions should be used to decrease the 
risk of seroconversion from these pathogens. Seroconversion 
rates are listed in Table 20.11. In addition to HBV vaccination, 
it is recommended that all health care personnel be immune 
to measles, mumps, rubella, varicella, pertussis, and influenza.

Recommended treatments of infectious disease exposure 
are shown in Boxes 20.5 and 20.6.

Risk Factors for Human Immunodeficiency Virus 
Transmission from a Needle Stick

 n  Large-gauge (≤18-gauge) hollow-bore needle
 n  Deep injury
 n  Visible blood on device
 n  Procedure involving a needle in an artery or vein
 n  Emergency procedures
 n  Terminal illness in source patient

 BOX 20.1

From: Grabowski G, Pilato A, Clark C, et al: HIV in orthopaedic surgery, J Am 
Acad Orthop Surg 25:569–576, 2017.
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Recommendations for Safety During Procedures and Examinations

Hand Hygiene
 n  Hands should be cleaned with alcohol-based hand rub if not 

visibly soiled or washed with either plain or antimicrobial soap 
before and immediately after each patient contact.

 n  Gloves are not a substitute for hand washing.
 n  Gloves should be worn during any procedure that may result 

in contact with blood or body fluids and when handling 
needles or other sharp instruments (the volume of blood 
transmitted by a needle stick is reduced by 50% when the 
needle first passes through a glove). Double gloving is recom-
mended.

 n  For procedures such as dressing changes or pin removals, 
gloves, protective eye cover (not just prescription glasses), 
masks, gowns, and shoe covers should be worn as 
 necessary. 

Surgical Garb
 n  Appropriate footwear such as boots or surgical shoe covers 

should be worn to prevent skin exposure outside of the 
surgical field.

 n  Surgical gown should be worn during all surgical procedures.
 n  Double gloves should be worn during all surgical procedures 

and the outer pair changed at least every 2 hours.
 n  Reinforced gloves should be worn when sharp instruments 

and devices are used or when bone fragments are likely to 
be encountered.

 n  Head covers and facemasks should be worn during surgical 
procedures with facemasks changed if they become splat-
tered or moist.

 n  Goggles are better than glasses, but face shields offer the 
greatest level of protection. 

Handling of Sharp Instruments
 n  Sharp instruments should not be left unattended in surgical 

field.
 n  Sharp instruments should not be passed from hand to hand 

but on intermediate trays, announcing when they are being 
passed.

 n  The location of a returned sharp instrument should be 
announced. 

Surgeon Supervision
 n  Surgeons supervising trainees should take experience into 

consideration when assigning roles.

 n  In advance of the procedure, surgeons should inform surgical 
team of aspects that place them at a higher risk.

 n  Surgeons should periodically remind surgical team of the 
importance of caution. 

Suturing
 n  No-touch suturing techniques should be used whenever 

possible.
 n  Sutures should not be tied with the suture needle in the 

surgeon’s hand.
 n  Blunt suture needles are recommended when their use is 

technically feasible.
 n  Two surgeons should not suture the same wound simultane-

ously. 

Special Considerations
 n  Exposed ends of all orthopaedic pins should be securely 

covered with plastic caps or other appropriate devices.
 n  The points of pins that have passed through soft tissue or 

bone should be cut off.
 n  All power tools should be inspected before and after each 

use to ensure they are properly maintained.
 n  When using power tools, appropriate surgical attire should 

be worn to prevent exposure to blood or aerosols containing 
blood and to reduce the likelihood of bone chips contacting 
the surgeon’s eyes. 

After the Surgical Procedure
 n  Care should be taken not to contaminate areas outside of 

the surgical field.
 n  The outside layer of gloves should be changed before applying 

the dressing.
 n  Contaminated drapes should be removed and discarded into 

a biohazard container.
 n  Clean, nonsterile gloves should be used to handle operating 

equipment not grossly contaminated and the gloves discarded 
thereafter, and hand washing commenced.

 n  All contaminated clothing should be removed in a manner 
that avoids contact with blood.

 n  All contaminated materials from the procedure should be 
placed in appropriate biohazard bags or containers and 
discarded.

 n  Instruments and other reusable equipment should be disin-
fected and sterilized.

 BOX 20.2

Data from American Academy of Orthopaedic Surgeons Information Statement on Preventing the Transmission of Bloodborne Pathogens, www.aaos.org. Accessed 
January 2015.
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Practical Guidance for Assessing Postexposure Prophylaxis Eligibility

 n  HIV PEP should be offered and initiated as early as possible 
in all individuals with an exposure that has the potential for 
HIV transmission, and ideally within 72 h.*

 n  Eligibility assessment should be based on the HIV status of 
the source whenever possible and may include consideration 
of background prevalence and local epidemiologic patterns.†

 n  Exposures that may warrant HIV PEP include:
 n  Bodily fluids: blood, blood-stained saliva, breast milk, 

genital secretions; cerebrospinal, amniotic, peritoneal, 
synovial, pericardial, or pleural fluids

 n  Mucous membrane: sexual exposure; splashes to eye, nose, 
or oral cavity

 n  Parenteral exposures

 n  Exposures that do not require HIV PEP include:
 n  When the exposed individual is HIV already positive.
 n  When the source is established to be HIV negative.
 n  Exposures to bodily fluids that do not pose a significant 

risk, i.e., tears, nonblood-stained saliva, urine, and sweat.
In cases that do not require PEP, the exposed person should 

be counseled about limiting future exposure risk. Although 
HIV testing is not required, it may be provided if desired by the 
exposed person.

 BOX 20.3

* Although PEP is ideally provided within 72 hours of exposure, there may be instances when patients are unable to access services within this timeframe. Providers 
should consider the range of other essential interventions and referrals that should be offered to clients presenting after the 72-hour period.
† In some settings with high HIV prevalence or where the source is known to be at high risk for HIV infection, all exposures may be considered for PEP without a risk 
assessment.
HIV, Human immunodeficiency virus; PEP, postexposure prophylaxis.
From Ford N, Mayer K: World Health Organization Guidelines on Postexposure Prophylaxis for HIV: Recommendations for a public health approach, Clin Infect Dis 
60(Suppl 3): S161, 2015.

Recommended Regimens for Postexposure Prophylaxis for Adults, Adolescents, and Children

Number of antiretroviral drugs
 n  A two-drug PEP regimen is effective, but three drugs are 

preferred. (Conditional recommendation, low quality of 
evidence).

 n  Preferred antiretroviral regimen for adults and adolescents:
 n  TDF + 3TC (or FTC) is recommended as the preferred back-

bone regimen for HIV PEP in adults and adolescents. (Strong 
recommendation, low-to-moderate quality of evidence)

 n  LPV/r or ATV/r are suggested as the preferred third drug for 
HIV PEP in adults and adolescents. Where available, RAL, 
DRV/r, or EFV can be considered as alternative options. 
(Conditional recommendation, very low quality of evidence)

Preferred antiretroviral regimen for children ≤10 years:
 n  ZDV + 3TC is recommended as the preferred backbone 

for HIV PEP in children aged ≤10 years. ABC + 3TC or TDF 

+ 3TC (or FTC) can be considered as alternative regimens. 
(Strong recommendation, low quality evidence)

 n  LPV/r is recommended as the preferred third drug for 
HIV PEP in children aged ≤10 years. An age-appropriate 
alternative regimen can be identified among ATV/r, RAL, 
DRV, EFV, and NVP. (Conditional recommendation, very 
low quality of evidence).

  Prescribing frequency:
 n  A full 28-day prescription for antiretrovirals should be 

provided for HIV PEP, following initial risk assessment. 
(Strong recommendation, very low quality of evidence)

  Adherence support:
 n  Enhanced adherence counseling is suggested for all indi-

viduals initiating HIV PEP. (Conditional recommendation, 
moderate quality of evidence)

 BOX 20.4

3TC, Lamivudine; ABC, abacavir; ATV, atazanavir; DRV, darunavir; EFV, efavirenz; FTC, emtricitabine; HIV, human immunodeficiency virus; LPV, lopinavir; NVP, nevirapine; 
PEP, postexposure prophylaxis; /r, boosted with ritonavir; RAL, raltegravir; TDF, tenofovir; ZDV, zidovudine.
From Ford N, Mayer K: World Health Organization Guidelines on Postexposure Prophylaxis for HIV: Recommendations for a public health approach, Clin Infect Dis 
60[Suppl 3]: S161, 2015.
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 TABLE. 20.10

Recommended Postexposure Prophylaxis Regimens for Hepatitis B and C

INFECTION SOURCE PATIENT’S DISEASE STATUS STATUS OF EXPOSED PERSON REGIMEN
Hepatitis B virus Hepatitis B surface antigen positive Unvaccinated A single dose of hepatitis B immune 

globulin, 0.06 mL/kg IM within 24 h 
of exposure, followed by hepatitis B 
vaccine series

Previously vaccinated with 
documented inadequate 
response*

A single dose of hepatitis B immune 
globulin, 0.06 mL/kg IM within 24 h 
of exposure, followed by hepatitis B 
vaccine booster

Previously vaccinated, 
nonresponder*

A single dose of hepatitis B immune 
globulin, 0.06 mL/kg IM within 24 h 
of exposure, followed by hepatitis B 
vaccine series
Or Hepatitis B immune globulin, 
0.06 mL/kg IM twice within 24 h of 
exposure, for individuals who did 
not respond to two vaccine series

Previously vaccinated with 
adequate response†

None

Hepatitis C virus Anti-hepatitis C virus positive with 
detectable hepatitis C virus RNA

Hepatitis C seronegative None available

*Serum levels of hepatitis B surface antigen antibodies <10 MIU/mL.
†Serum levels of hepatitis B surface antigen antibodies ≥10 MIU/mL.
IM, Intramuscularly.
From Bader MS, McKinsey DS: Postexposure prophylaxis for common infectious disease, Am Fam Physician 88:25–32, 2013.

 TABLE. 20.11

Risk of Seroconversion After Exposure

Human immunodeficiency virus 0.3%
Hepatitis C virus 1.8%
Hepatitis B virus 30%

Methods of Reducing Percutaneous, Mucous 
Membrane, or Nonintact Skin Exposure to Blood 
or Potentially Infectious Body Fluids

 n  Strict adherence to standard precautions including appro-
priate hand hygiene and use of personal protective equip-
ment (e.g., gloves, gowns, masks, and eye shields)

 n  Use of safety engineered devices (needles, syringes, scalpels, 
etc.)

 n  Use of double gloves during surgical procedures with an 
increased risk of glove puncture

 n  Use of blunted surgical needles, when possible
 n  Work practice controls to reduce risk of injuries, such as 

elimination of capping needles, using a tray to pass sharp 
devices, and immediately and appropriately discard used 
sharp instruments

 n  Puncture-resistant sharps disposal units
 n  Precautions should be taken to prevent sharps injuries during 

procedures and during cleaning/disinfection of instruments
 n  Mouthpieces, resuscitation bags, or other ventilation devices 

should be available whenever their need can be anticipated
 n  Health care personnel who have exudative lesions or 

weeping dermatitis on exposed body areas (hand/wrist and 
face/neck) must be excused from providing direct patient 
care or working patient equipment (OSHA regulation)

 n  Enhanced education on the proper use of safety engineered 
device

 BOX 20.5

From Weber DJ, Rutala WA: Occupational health update: Focus on preventing 
the acquisitions of infections with pre-exposure prophylaxis and postexposure 
prophylaxis, Infect Dis Clin N Am 30:729–757, 2016.

Management of an Infectious Disease Exposure

 n  Obtain name, medical record number, and location of 
source case

 n  Determine if source case has an infection and is infectious 
(i.e., capable of transmitting infection)

 n  Determine if transmission possible (i.e., appropriate expo-
sure without appropriate personal protection)

 n  Determine if health care provider is susceptible (may require 
laboratory tests)

 n  Determine if PEP is available and indicated
 n  Consider alternative prophylaxis (if available) if health care 

provider has a contraindication to the prophylaxis of first 
choice

 n  Administer prophylaxis with informed consent (healthcare 
provider may choose not to accept prophylaxis)

 n  Arrange follow-up
 n  Document all of the above in the medical record

 BOX 20.6

PEP, Postexposure prophylaxis.
From Weber DJ, Rutala WA: Occupational health update: Focus on preventing 
the acquisitions of infections with pre-exposure prophylaxis and postexposure 
prophylaxis, Infect Dis Clin N Am 30:729–757, 2016.
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 OSTEOMYELITIS
Gregory D. Dabov

CHAPTER 21

Osteomyelitis has long been one of the most difficult 
and challenging problems confronted by orthopaedic sur-
geons. Currently, morbidity and mortality from osteo-
myelitis are relatively low because of modern treatment 
methods, including the use of antibiotics and aggressive 
surgical treatment. The key to successful management is 
early diagnosis and appropriate surgical and antimicro-
bial treatment. A multidisciplinary approach is required, 
involving an orthopaedic surgeon, an infectious disease 
specialist, and a plastic surgeon in complex cases with 
significant soft-tissue loss. In addition, these patients 
may benefit from nutritional and psychological counsel-
ing. Osteomyelitis is defined as an inflammation of the 
bone caused by an infecting organism. The infection may 
be limited to a single portion of the bone or may involve 
numerous regions, such as the marrow, cortex, periosteum, 
and the surrounding soft tissue. The infection generally is 
due to a single organism, but polymicrobial infections can 
occur, especially in the diabetic foot.

CLASSIFICATION
Classification of osteomyelitis is based on numerous crite-
ria, such as the duration and mechanism of infection and 
the type of host response to the infection. Hotchen et al. 
reviewed 13 different classification systems proposed for 
osteomyelitis and identified seven different variables in 
these systems. The authors concluded that the most impor-
tant of these variables were bone involvement, antimi-
crobial resistance patterns, need for soft-tissue coverage, 
and host status. Osteomyelitis is traditionally classified as 
acute, subacute, or chronic, depending on the duration of 
symptoms. The time limits defining these classes are arbi-
trary, however. The mechanism of infection can be exog-
enous or hematogenous. Exogenous osteomyelitis is caused 
by open fractures, surgery (iatrogenic), or contiguous 

spread from infected local tissue. The hematogenous form 
results from bacteremia. Osteomyelitis also can be classi-
fied as pyogenic or nonpyogenic, based on the host response 
to the disease. Cierny and Mader proposed a classification 
system for chronic osteomyelitis based on host factors and 
anatomic criteria. This system is described further in the 
section on chronic osteomyelitis. Classification in this 
chapter is based on duration of symptoms (acute, subacute, 
and chronic) and mechanism of infection (exogenous or 
hematogenous). 

ACUTE HEMATOGENOUS 
OSTEOMYELITIS
Acute hematogenous osteomyelitis is the most common type 
of bone infection and usually is seen in children. The inci-
dence of acute hematogenous osteomyelitis has dramatically 
decreased over the past several decades. A higher standard 
of living and improved hygiene probably have contributed 
to this trend. Acute hematogenous osteomyelitis is more 
common in males in all age groups affected. It is caused by 
a bacteremia, which is a common occurrence in childhood. 
The causes of bacteremia are many. Bacteriologic seeding of 
bone generally is associated with other factors such as local-
ized trauma, chronic illness, malnutrition, or an inadequate 
immune system. In many cases, the exact cause of the disease 
cannot be identified.

In children, the infection generally involves the metaph-
yses of rapidly growing long bones. Bacterial seeding leads 
to an inflammatory reaction, which can cause local ischemic 
necrosis of bone and subsequent abscess formation. As the 
abscess enlarges, intramedullary pressure increases caus-
ing cortical ischemia, which may allow purulent material to 
escape through the cortex into the subperiosteal space. A sub-
periosteal abscess then develops (Fig. 21.1). If left untreated, 
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 FIGURE 21.2 Pathologic fracture after destruction of cortical 
bone by infection.

this process eventually results in extensive formation of 
sequestra and in chronic osteomyelitis. The age distribution 
of acute hematogenous osteomyelitis in children is bimodal, 
generally affecting children younger than age 2 years and chil-
dren between the ages of 8 to 12 years. Half of all children 
with osteomyelitis are younger than 5 years of age. The effects 
of osteomyelitis in children vary with age based on differences 
in blood supply and the anatomic structure of the bone.

In children younger than 2 years, some blood vessels 
cross the physis and may allow the spread of infection into 
the epiphysis. For this reason, infants are susceptible to limb 
shortening or angular deformity if the physis or epiphysis is 
damaged by infection. Otherwise, the physis acts as a barrier 
that prevents the direct spread of a metaphyseal abscess into 
the epiphysis. The metaphysis has relatively fewer phagocytic 
cells than the physis or diaphysis, allowing infection to occur 
more easily in this area. A resulting abscess breaks through 
the thin metaphyseal cortex, forming a subperiosteal abscess. 
The diaphysis rarely is involved, and extensive sequestration 
occurs infrequently except in the most severe cases.

In children older than 2 years, the physis effectively acts as 
a barrier to the spread of a metaphyseal abscess. Because the 
metaphyseal cortex in older children is thicker, the diaphysis 
is at greater risk in these patients. If the infection spreads into 
the diaphysis, the endosteal blood supply may be jeopardized. 
With a concurrent subperiosteal abscess, the periosteal blood 
supply is damaged and can result in extensive sequestration 
and chronic osteomyelitis if not properly treated.

After the physes are closed, acute hematogenous osteo-
myelitis is much less common. Hematogenous seeding of 
bone in adults is often seen in a compromised host. Although 
it can occur anywhere and in any part of the bone, generally 
the vertebral bodies are affected. In these patients, abscesses 
spread slowly and large sequestra rarely form. If localized 
destruction of cortical bone occurs, pathologic fracture can 
result (Fig. 21.2).

Spread of infection to a contiguous joint also is affected 
by the patient’s age. In children younger than 2 years, the 
common blood supply of the metaphysis and epiphysis 
crosses the physis and can allow spread of a metaphyseal 
abscess into the epiphysis and eventually into the joint. 
The hip joint is the most commonly affected in young 
patients; however, the physes of the proximal humerus, 
radial neck, and distal fibula also are intraarticular, and 
infection in these areas can lead to septic arthritis as well. 
In severe infection, epiphyseal separation can occur in 
children younger than 2 years (Fig. 21.3). In older chil-
dren, this common circulation is no longer present, and 
septic arthritis is less common. After the physes are closed, 
infection can extend directly from the metaphysis into the 
epiphysis and involve the joint. Septic arthritis resulting 
from acute hematogenous osteomyelitis is generally seen 
only in infants and adults.

Staphylococcus aureus is the most common infect-
ing organism found in older children and adults with 
osteomyelitis. Gram-negative bacteria have been found to 
cause an increasing number of vertebral body infections in 
adults. Pseudomonas is the most common infecting organ-
ism found in intravenous drug abusers with osteomyelitis. 
Fungal osteomyelitis is seen increasingly in chronically ill 
patients receiving long-term intravenous therapy or paren-
teral nutrition. Salmonella osteomyelitis has long been asso-
ciated with sickle cell or sickle cell C hemoglobinopathies. 
This infection tends to be diaphyseal rather than metaphy-
seal (Fig. 21.4).

In infants with acute hematogenous osteomyelitis, S. 
aureus is still a frequent isolate, but group B Streptococcus and 
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FIGURE 21.1 Pathophysiology of hematogenous seeding. 
When under pressure, exudate or abscess can extend through 
Volkmann canals into subperiosteal region and from there into 
medullary cavity or epiphysis.
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gram-negative coliforms also are commonly found. S. aureus 
or gram-negative organisms are the usual cause of orthopae-
dic infections found in premature infants undergoing treat-
ment in the neonatal intensive care unit; more than 40% have 
multifocal involvement. Group B Streptococcus is the most 
likely infecting organism found in otherwise healthy infants 
2 to 4 weeks old. Haemophilus influenzae infections occur 
primarily in children 6 months to 4 years old. The incidence 
of this infection has been reduced dramatically because of 
routine immunizations against the organism. More recently, 
there has been a dramatic rise in the number of children with 
methicillin-resistant S. aureus (MRSA), community-acquired 
MRSA, and Kingella kingae infections, which are associated 
with increased complications. K. kingae is a slow growing 
gram-negative aerobic coccobacillus that is being recog-
nized more frequently as the cause of osteomyelitis, especially 
in children younger than 4 years. This pathogen is difficult 
to isolate on routine cultures and often requires molecular 

assays such as polymerase chain reaction. For these resistant 
bacteria, optimizing diagnostic strategies, such as MRI and 
serum inflammatory markers, is necessary. The white blood 
cell count, C-reactive protein, erythrocyte sedimentation rate, 
and absolute neutrophil counts have been found to be sig-
nificantly higher in resistant bacteria, as well as temperature, 
respiratory, and heart rate. Dietrich et al., using multivariate 
regression analysis, determined a set of variables that distin-
guished MRSA from MSSA with 87% accuracy. They found 
that elevated temperature, C-reactive protein, and absolute 
neutrophil counts were copredictors of MRSA osteomyelitis.

DIAGNOSIS
The evaluation of acute hematogenous osteomyelitis should 
begin with a history and physical examination (Box 21.1). 
Signs and symptoms can vary significantly. In infants, elderly 
patients, or immunocompromised patients, clinical findings 
may be minimal. Fever and malaise may or may not be pres-
ent in the early stages of the disease, with up to 40% of children 
reportedly afebrile upon hospital admission, but pain and local 
tenderness are common findings. Swelling may be significant, 
and compartment syndrome has been reported in children.

The white blood cell count is often normal, but the eryth-
rocyte sedimentation rate and C-reactive protein level are usu-
ally elevated. The C-reactive protein is a measurement of the 
acute-phase response and is especially useful in monitoring the 
course of treatment of acute osteomyelitis because it normal-
izes much sooner than the erythrocyte sedimentation rate.

Standard radiographs are generally negative but may show 
soft-tissue swelling. Although soft-tissue swelling may be seen 
1 to 3 days after the start of the infection, skeletal changes, 
such as periosteal reaction or bony destruction, are generally 
not seen on plain films until 10 to 12 days into the infection 
(Fig. 21.5). Conditions that may be mistaken for osteomyelitis 
on plain radiographs include septic arthritis, Ewing sarcoma, 
osteosarcoma, juvenile arthritis, sickle cell crises, Gaucher 

 FIGURE 21.3 Epiphyseal separation caused by infection in young child.

 FIGURE 21.4 Osteomyelitis of tibia in sickle cell patient.

Evaluation of Acute Hematogenous 
Osteomyelitis

 n  History and physical examination
 n  Laboratory tests: white blood cell count, erythrocyte sedi-

mentation rate, C-reactive protein
 n  Plain radiographs
 n  Technetium-99m bone scan ± MRI
 n  Aspiration for suspected abscess

 BOX 21.1 
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disease, and stress fractures. MRI can show early inflamma-
tory changes in bone marrow and soft tissue and is very use-
ful for detecting intraosseous and subperiosteal abscesses. On 
T1-weighted MR images, osteomyelitis typically has low sig-
nal intensity; on T2-weighted and short-tau inversion recov-
ery (STIR) images, it has a high marrow signal intensity (see 
Chapter 2). Although the sensitivity of MRI for the diagnosis 
of osteomyelitis is high (approximately 98%), the specificity is 
much lower (around 75%). One study found that nearly 60% of 
uncomplicated septic joint effusions demonstrated abnormal 
marrow signal intensity that was mistaken for osteomyelitis. 
Although MRI is helpful for early diagnosis and is the primary 
imaging modality for osteomyelitis at our institution, repeat 
MRI has not been found to be particularly useful in assessing 
progress of treatment. Repeat MRI may be necessary, however, 
in patients who have failed to respond to initial treatment or 
those with persistently high C-reactive protein levels.

Technetium-99m bone scans can confirm the diagno-
sis 24 to 48 hours after onset in 90% to 95% of patients (Fig. 
21.6); a negative technetium-99m bone scan effectively rules 
out the diagnosis of osteomyelitis. Gallium scans and indium-
111-labeled leukocyte scans can also aid in diagnosis when 
used in conjunction with technetium scanning. The use of 
bone scans has decreased with the increase in the use of MRI.

Ultrasonography has been used for differentiating acute 
hematogenous osteomyelitis from cellulitis, soft-tissue abscess, 
acute septic arthritis, and malignant bone tumors in children; 
however, this modality is highly operator-dependent, with 
a diagnostic accuracy of only about 60%. Labbé et al. noted 
that although ultrasonography only detected osteomyelitis 
in 64% on the day of admission, by the second day, it posi-
tively diagnosed 84%. Other diagnostic modalities currently 
being investigated include radiolabeled antibiotics scanning, 
fluorodeoxyglucose-labeled positron emission tomography 

 FIGURE 21.5 Radiograph showing bony destruction.

 FIGURE 21.6 Bone scan showing increased uptake in area of osteomyelitis.
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(FDG-PET), and single photon emission computed tomogra-
phy (SPECT).

The causative organism can be identified in approxi-
mately 50% of patients through blood cultures. Bone aspi-
ration usually gives an accurate bacteriologic diagnosis and 
should be performed with a 16- or 18-gauge needle in the area 
of maximal swelling and tenderness, usually the long bone 
metaphysis. The subperiosteal space should be aspirated first 
by inserting the needle to the level of the outer cortex. If no 
purulent material or fluid is encountered, the needle is placed 
through the cortex to obtain a marrow aspirate. Patients with 
suspected osteomyelitis of the hip or vertebra should have 
CT- or ultrasound-assisted aspiration. The sample is sent to 
the laboratory for Gram stain, culture, and sensitivities. 

TREATMENT
Appropriate treatment shortly after onset of acute hematoge-
nous osteomyelitis can significantly lower morbidity. In 2019, 
Robinette et al. proposed an institutional quality improvement 
algorithm for children with acute hematogenous osteomyelitis 
that safely decreased hospital costs but did not alter the overall 
length of stay. De Ronde et al. described a stewardship approach 
for pediatric acute osteomyelitis that used clinical pathways, 
testing algorithms, and monitoring of antibiotic therapy as 
potential areas of quality care improvement. Surgery and anti-
biotic treatment are complementary, and in some patients anti-
biotic treatment alone cures the disease; in others, prolonged 
antibiotic treatment is doomed to failure without surgical treat-
ment. The choice of antibiotic is based on the highest bacteri-
cidal activity, the least toxicity, and the lowest cost.

It has been well established that sequestered abscesses 
demand surgical drainage. Areas of simple inflammation with-
out abscess formation can be treated with antibiotics alone. In 
1983, Nade proposed five principles for the treatment of acute 
hematogenous osteomyelitis that are still applicable today: (1) 
an appropriate antibiotic is effective before abscess formation; 
(2) antibiotics do not sterilize avascular tissues or abscesses, 
and such areas require surgical removal; (3) if such removal 
is effective, antibiotics should prevent their reformation, and 
primary wound closure should be safe; (4) surgery should not 
damage further already ischemic bone and soft tissue; and (5) 
antibiotics should be continued after surgery.

A patient suspected to have acute hematogenous osteo-
myelitis should be evaluated as previously outlined. The 
patient should receive general supportive care consisting of 
intravenous fluids, appropriate analgesics, and comfortable 
positioning of the affected limb. Frequent serial examinations 
should be done. If an abscess requiring surgical drainage is not 
found by MRI or ultrasound, empirical intravenous antibiotic 
therapy should be started, and the patient should be carefully 
monitored. The C-reactive protein value should be checked 
every 2 to 3 days after the initiation of antibiotic therapy. If no 
appreciable clinical response to antibiotic treatment is noted 
within 24 to 48 hours, occult abscesses must be sought and 
surgical drainage should be considered. The two main indi-
cations for surgery in acute hematogenous osteomyelitis are 
(1) the presence of an abscess requiring drainage and (2) fail-
ure of the patient to improve despite appropriate intravenous 
antibiotic treatment. One 10-year review of 813 children with 
S. aureus acute hematogenous osteomyelitis found that 44% 
of patients required surgery and 7% had recurrence; the aver-
age length of antibiotic treatment was 44 days.

The objective of surgery is to drain any abscess cavity and 
remove all nonviable or necrotic tissue. When a subperiosteal 
abscess is found in an infant, several small holes should be 
drilled through the cortex into the medullary canal. If intra-
medullary pus is found, a small window of bone is removed. 
The skin is closed loosely over drains, and the limb is splinted. 
The limb is protected for several weeks to prevent pathologic 
fracture. Intravenous antibiotics should be continued post-
operatively. The duration of antibiotic therapy is controver-
sial; however, the current trend is toward a shorter course of 
intravenous antibiotics, followed by oral antibiotics and mon-
itoring of serum antibiotic levels. This schedule should be 
determined on an individual basis and in collaboration with 
an infectious disease consultant. 

 

DRAINAGE OF ACUTE 
HEMATOGENOUS OSTEOMYELITIS
The technique for draining acute osteomyelitis of the tibia 
is described. The technique and principles for drainage in 
other long bones are similar. Approaches for various ana-
tomic areas are described in Chapter 1.

 TECHNIQUE 21.1 

 n  Use a tourniquet whenever possible. Elevate the extremity 
for a few minutes before inflating the tourniquet. Do not 
exsanguinate the limb with an elastic bandage if infection 
is present.

 n  Make an anteromedial incision 5.0 to 7.5 cm long over 
the affected part of the tibia.

 n  Incise the periosteum longitudinally. It may be elevated 
from bone by a subperiosteal abscess; if so, the com-
pressed pus will escape.

 n  If no abscess is found, gently elevate the periosteum 1.5 cm 
on each side. Try to strip as little periosteum as possible; 
the more periosteum that is stripped, the more an already 
compromised blood supply to bone is damaged.

 n  Drill several holes 4 mm in diameter through the cortex 
into the medullary canal, regardless of whether a subperi-
osteal abscess is present. If pus escapes through these 
holes, use a drill to outline a cortical window 1.3 × 2.5 cm 
and remove the cortex with an osteotome.

 n  Evacuate the intramedullary pus and gently remove any 
necrotic tissue.

 n  Irrigate the cavity with at least 3 L of saline. Antibiotics 
may be placed in the irrigation solution.

 n  Close the skin loosely over drains, but do not close the 
wound if this produces excessive tension on the skin.

POSTOPERATIVE CARE A long leg posterior plaster 
splint is applied with the foot in a neutral position, the 
ankle at 90 degrees, and the knee at 20 degrees of flex-
ion. When the wound has healed, the splint is removed 
and protected weight bearing with crutches is begun. The 
patient is placed on antibiotics based on culture sensitivi-
ties. Generally, a 6-week course of intravenous antibiotics 
is given. Orthopaedic and infectious disease follow-up is 
continued for at least 1 year.
   

    

https://booksmedicos.org


PART VII INFECTIONS822

SUBACUTE HEMATOGENOUS 
OSTEOMYELITIS
Compared with acute osteomyelitis, subacute hematogenous 
osteomyelitis has a more insidious onset and lacks the severity 
of symptoms, which makes the diagnosis of this disorder dif-
ficult. Subacute osteomyelitis is relatively common, reported 
to occur in over a third of patients with primary bone infec-
tions. Currently, no definitive guidelines exist for diagnosis, 
and recommendations are based on expert opinions and case 
series.

Because of the indolent course of subacute osteomy-
elitis, diagnosis typically is delayed for more than 2 weeks. 
Systemic signs and symptoms are minimal. Temperature is 
only mildly elevated if at all. Mild-to-moderate pain is one 
of the only consistent signs suggesting the diagnosis. White 
blood cell counts generally are normal. The erythrocyte 
sedimentation rate is elevated in only 50% of patients, and 
blood cultures usually are negative. Even with an adequate 
bone aspirate or biopsy specimen, a pathogen is identified 
only 60% of the time. Plain radiographs and bone scans gen-
erally are positive (Fig. 21.7).

The indolent course of subacute osteomyelitis is thought to 
be the result of increased host resistance, decreased bacterial 
virulence, or the administration of antibiotics before the onset 
of symptoms. It is speculated that the combination of an organ-
ism of low virulence with a strong host response may allow the 
inflammation to persist in bone without producing significant 
signs or symptoms. Nevertheless, correct diagnosis largely 
depends on clinical suspicion and radiographic findings.

A radiographic classification of subacute hematoge-
nous osteomyelitis was described by Gledhill and modified 
by Roberts et  al. (Table 21.1 and Fig. 21.8). Differentiating 
these lesions from a primary bone tumor can sometimes be 
difficult. There are no large series reporting MRI findings in 
subacute osteomyelitis, but MRI is warranted to help nar-
row the differential diagnosis and aid surgical planning. The 
diagnosis often must be established by an open biopsy and 
culture. Purulent material is not always obtained on biopsy, 
but granulation tissue is a common finding. S. aureus and 
Staphylococcus epidermidis are the predominant organisms 
identified in subacute osteomyelitis.

Biopsy and curettage followed by treatment with appro-
priate antibiotics generally are recommended for all lesions 

 FIGURE 21.7 Subacute osteomyelitis of proximal humerus.

 TABLE 21.1 

Subacute Osteomyelitis

TYPE GLEDHILL CLASSIFICATION ROBERTS ET AL. CLASSIFICATION DIFFERENTIAL DIAGNOSIS
I Solitary localized zone of radiolu-

cency surrounded by reactive new 
bone formation

Ia—Punched-out radiolucency
Ib—Punched-out radiolucent lesion with 
sclerotic margin

Langerhans cell histiocytosis
Brodie abscess

II Metaphyseal radiolucencies with 
cortical erosion

Eosinophilic granuloma; osteo-
genic sarcoma

III Cortical hyperostosis in diaphysis; 
no onion skin reaction

Localized cortical periosteal reaction Osteoid osteoma

IV Subperiosteal new bone and onion 
skin layering

Onion skin periosteal reaction Ewing sarcoma

V Central radiolucency in epiphysis Chondroblastoma
VI Destructive process involving vertebral body Tuberculosis; osteogenic sarcoma

From Willis RB, Rozencwaig R: Pediatric osteomyelitis masquerading as skeletal neoplasia, Orthop Clin North Am 27:625, 1996.
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that seem to be aggressive: “biopsy all cultures and culture all 
biopsies.” For lesions that seem to be a simple abscess in the 
epiphysis or metaphysis, biopsy is not recommended. These 
lesions, which are characteristic of subacute hematogenous 
osteomyelitis, should be treated with intravenous antibiotics 
for 48 hours followed by a 6-week course of oral antibiotics.

Primary epiphyseal or apophyseal subacute osteomyeli-
tis is a rare infection that usually only has mild symptoms 
and lacks a systemic reaction. In one study of 14 children, 
C-reactive protein and white blood cell count were normal, 
and the erythrocyte sedimentation rate was greater than 20 
mm in eight of the patients. The pathogen, which included K. 
kingae in eight children and MRSA in one, was not identified 
on blood tests and required polymerase chain reaction assays 
for identification. Antibiotic treatment usually is sufficient in 
treating this infection.

BRODIE ABSCESS
A Brodie abscess is a localized form of subacute osteomyelitis 
that occurs most often in the long bones of the lower extremi-
ties of young adults. Before physeal closure, the metaphysis 
is most often affected. In adults, the metaphyseal-epiphyseal 
area is involved. Intermittent pain of long duration is the 
presenting complaint, along with local tenderness over the 
affected area. On plain radiographs, a Brodie abscess gen-
erally appears as a lytic lesion with a rim of sclerotic bone 
(Fig. 21.9), but it can have a markedly varied appearance. 
MRI can be helpful in the diagnosis because a Brodie abscess 
can be easily mistaken for a variety of neoplasms on plain 
radiographs.

Organisms of low virulence are believed to cause the 
lesion. S. aureus is cultured in 50% of patients; in 20%, the 

culture is negative. This condition often requires an open 
biopsy with curettage to make the diagnosis. The wound 
should be closed loosely over a drain. 

CHRONIC OSTEOMYELITIS
Chronic osteomyelitis is difficult to eradicate completely. 
Systemic symptoms may subside, but one or more foci in 
the bone may contain purulent material, infected granula-
tion tissue, or a sequestrum (Fig. 21.10). Intermittent acute 
exacerbations may occur for years and often respond to 
rest and antibiotics. Chronic osteomyelitis is still a major 
cause of musculoskeletal morbidity in children around the 
world. The hallmark of chronic osteomyelitis is infected 
dead bone within a compromised soft-tissue envelope. The 
infected foci within the bone are surrounded by sclerotic, 
relatively avascular bone covered by a thickened periosteum 
and scarred muscle and subcutaneous tissue. This avascular 
envelope of scar tissue leaves systemic antibiotics essentially 
ineffective.

In chronic osteomyelitis, secondary infections are com-
mon, and sinus track cultures usually do not correlate with 
cultures obtained at bone biopsy. Multiple organisms may 
grow from cultures taken from sinus tracks and from open 
biopsy specimens of surrounding soft tissue and bone. In 
addition, patients with chronic osteomyelitis have been found 
to be at higher risk for deep vein thrombosis (DVT). The risk 
of DVT in patients with chronic osteomyelitis was twice that 
of controls in one study of over 24,000 patients. The use of 
daily aspirin therapy should be considered.

Eradication of chronic osteomyelitis generally requires 
aggressive surgical debridement and dead-space management 
combined with effective antibiotic treatment. Surgery is not 
always the best option, however, especially in compromised 
patients. Consider an ambulatory immunocompromised host 
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FIGURE 21.8 Classification of subacute osteomyelitis: type 1, 
central metaphyseal lesion; type 2, eccentric metaphyseal lesion 
with cortical erosion; type 3, diaphyseal cortical lesion; type 4, 
diaphyseal lesion with periosteal new bone formation, but without 
definite bony lesion; type 5, primary subacute epiphyseal osteomy-
elitis; and type 6, subacute osteomyelitis crossing physis to involve 
metaphysis and epiphysis.

 FIGURE 21.9 Brodie abscess in right distal tibial epiphysis of 
3-year-old child.
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 FIGURE 21.10 Sequestrum of chronic osteomyelitis in tibia.

with multiple medical problems, including chronic osteomy-
elitis of the femur. For this patient, who might not survive the 
extensive surgical stress required to eradicate the disease, less 
aggressive alternatives should be considered. Limited surgi-
cal debridement combined with suppressive antibiotics and 
nutritional support may limit the frequency of sinus drainage 
and pain in these difficult cases. The treatment course and 
definition of outcome success must be individualized for each 
patient.

Malignant transformation of chronic osteomyelitis has 
been reported, albeit rarely now. Although this complication 
is declining, it still occurs, and new signs of a chronic draining 
sinus, increased pain, and foul smell should raise the index 
of suspicion and biopsy should be considered. Squamous 
cell carcinoma is the most frequent malignancy reported, 
and definitive treatment is wide local excision or amputation 
combined with chemotherapy and radiation.

CLASSIFICATION
Cierny and Mader developed a classification system for 
chronic osteomyelitis, based on physiologic and anatomic 
criteria, to determine the stage of infection. The physiologic 
criteria are divided into three classes based on three types of 
hosts. Class A hosts have a normal response to infection and 
surgery. Class B hosts are compromised and have deficient 
wound healing capabilities. When the results of treatment are 
potentially more damaging than the presenting condition, the 
patient is considered a class C host.

Anatomic criteria consist of four types. Type I, a med-
ullary lesion, is characterized by endosteal disease. In type 
II, superficial osteomyelitis is limited to the surface of the 
bone and infection is secondary to a coverage defect. Type 

III is a localized infection involving a stable, well-demar-
cated lesion characterized by full-thickness cortical seques-
tration and cavitation (in this type, complete debridement of 
the area would not lead to instability). Type IV is a diffuse 
osteomyelitic lesion that creates mechanical instability, either 
at presentation or after appropriate treatment, and requires 
complex reconstruction (Table 21.2 and Fig. 21.11).

The anatomic and physiologic classes are combined to 
designate one of 12 clinical stages of chronic osteomyelitis. A 
type II lesion in a class A host is designated stage IIA osteo-
myelitis. This classification system is helpful in determining if 
treatment should be simple or complex, curative or palliative, 
and limb sparing or ablative.

Jones et  al. later described a classification of chronic 
hematogenous osteomyelitis in children in which three main 
types were identified based on radiographic appearance: type 
A, Brodie abscess; type B, sequestrum involucrum; and type 
C, sclerotic. Type B, sequestrum involucrum, has four sub-
types: B1, localized cortical sequestrum; B2, sequestrum with 
structural involucrum; B3, sequestrum with sclerotic invo-
lucrum; and B4, sequestrum without structural involucrum. 
Physeal damage is indicated by the addition of “P” (proximal) 
or “D” (distal) to the classification. Because chronic osteo-
myelitis is more common in developing countries where CT 
and MRI might not be available, the classification uses plain 
radiographs, but CT and MRI can add more information, 
such as the extent of sclerosis and the presence of sequestra 
not visible on plain radiographs. 

DIAGNOSIS
The diagnosis of chronic osteomyelitis is based on clinical, lab-
oratory, and imaging studies. The “gold standard” is to obtain 

 TABLE 21.2 

Cierny and Mader Staging System for Chronic 
Osteomyelitis

ANATOMIC TYPE

I Medullary Endosteal disease
II Superficial Cortical surface infected because 

of coverage defect
III Localized Cortical sequestrum that can be 

excised without compromising 
stability

IV Diffuse Features of I, II, and III plus 
mechanical instability before or 
after debridement

PHYSIOLOGIC CLASS

A host Normal Immunocompetent with good 
local vascularity

B host Compromised Local (L) or systemic (S) factors 
that compromise immunity or 
healing

C host Prohibitive Minimal disability, prohibitive 
morbidity anticipated, or poor 
prognosis for cure

Modified from Cierny G III, Mader JT: Adult chronic osteomyelitis: an overview. In: 
D’Ambrosia RD, Marier RL, editors: Orthopedic Infections, Thorofare, NJ, 1989, Slack.
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a biopsy specimen for histologic and microbiologic evaluation 
of the infected bone. Chronic osteomyelitis in our practice is 
most commonly seen after a traumatic injury. These cases are 
further complicated by the usual presence of implants and a 
high rate of associated fracture nonunion. Studies evaluating 
combat-related open femoral and tibial fractures showed that 
patients with severe muscle damage were at highest risk for 
osteomyelitis. Jorge et al. studied outcomes and risk factors 
for patients with polymicrobial posttraumatic osteomyelitis 
and determined that these infections have worse outcomes 
than monomicrobial infections. Not surprisingly, risk fac-
tors for polymicrobial osteomyelitis included advanced age, 
farm injuries, Gustilo type III injuries, need for blood trans-
fusions, and need for multiple debridements. Bremmer et al. 
found a higher rate of osteomyelitis after long-bone fractures 
in patients with obesity.

Physical examination should focus on the integrity of 
the skin and soft tissue, determine areas of tenderness, assess 
bone stability, and evaluate the neurovascular status of the 
limb. Laboratory studies generally are nonspecific and give no 
indication of the severity of the infection. Erythrocyte sedi-
mentation rate and C-reactive protein are elevated in most 
patients, but the white blood cell count is elevated in only 
35%.

Multiple imaging studies are available to evaluate chronic 
osteomyelitis; however, no technique can absolutely confirm 
or exclude the presence of osteomyelitis. Imaging studies 
should be done to aid in confirmation of the diagnosis and 
to prepare for surgical treatment. Plain radiographs can yield 
valuable information in establishing a diagnosis of chronic 
osteomyelitis and should be the initial study performed. 
Signs of cortical destruction and periosteal reaction strongly 

suggest the diagnosis of osteomyelitis. Sinography can be 
performed if a sinus track is present and can be a valuable 
adjunct to surgical planning (Fig. 21.12).

Isotopic bone scanning is more useful in acute osteo-
myelitis than in the chronic form because the former 
typically has negative plain films. Technetium-99m bone 
scans, which show increased uptake in areas of increased 
blood flow or osteoblastic activity, tend to lack specificity. 
This study has a high negative predictive value, although 
false-negative results have been reported. Gallium scans 
show increased uptake in areas where leukocytes or bacte-
ria accumulate. A normal gallium scan virtually excludes 
the presence of osteomyelitis and can be useful as a follow-
up examination after surgery. Indium-111–labeled leuko-
cyte scans are more sensitive than technetium or gallium 
scans and are especially useful in differentiating chronic 
osteomyelitis from neuropathic arthropathy in the dia-
betic foot.

CT provides excellent definition of cortical bone and a 
fair evaluation of the surrounding soft tissues and is espe-
cially useful in identifying sequestra. MRI is more useful for 
soft-tissue evaluation than CT. MRI provides a fairly accurate 
determination of the extent of the pathologic insult by show-
ing the margins of bone and soft-tissue edema.

In chronic osteomyelitis, MRI may reveal a well-defined 
rim of high signal intensity surrounding the focus of active 
disease (rim sign). Sinus tracks and cellulitis appear as 
areas of increased signal intensity on T2-weighted imaging. 
Drawbacks include cost, difficulty imaging around metal 
implants, and poor delineation of cortical bone.

 

A B

C D
FIGURE 21.11 Anatomic classification of adult osteomyelitis. 

A, Type I, intramedullary osteomyelitis; nidus is endosteal. B, Type 
II, superficial osteomyelitis; limited to bone surface. C, Type III, 
localized osteomyelitis; full thickness of cortex is involved. D, 
Type IV, diffuse osteomyelitis; entire circumference of the bone is 
involved. (Redrawn from Parsons B, Strauss E: Surgical management 
of chronic osteomyelitis, Am J Surg 188[Suppl]:57S, 2004.)  FIGURE 21.12 Radiographs made in two planes after injection 

of radiopaque liquid into sinus often are helpful in locating focus 
of infection in chronic osteomyelitis.
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As previously noted, the “gold standard” in the diagno-
sis of osteomyelitis is a biopsy with culture and sensitivity. 
A biopsy is not only useful in establishing a diagnosis, but 
also is helpful in determining the proper antibiotic regimen. 
Typically, staphylococcal species are identified, especially 
in posttraumatic infections. Anaerobes and gram-negative 
bacilli are frequently isolated. Results of bone and soft-tis-
sue biopsies may vary; both soft-tissue and bone specimens 
should be sent for microbiologic study. 

TREATMENT
The treatment of chronic osteomyelitis requires a multifac-
eted approach. In addition to antibiotic suppression and sur-
gical debridement and reconstruction, host morbidities need 
to be considered and measures taken to correct these, such as 
optimization of blood sugar levels in patients with diabetes, 
smoking cessation, and treatment of liver or renal malfunc-
tion. Chronic osteomyelitis generally cannot be eradicated 
without surgical treatment. Antibiotics alone can rarely erad-
icate the infection for numerous reasons. Bacteria are able 
to adhere to orthopaedic implants and bone matrix through 
various receptors. Some can hide intracellularly. Others can 
form a slimy coat that protects them from phagocytic cells 
and antibiotics.

Surgery for chronic osteomyelitis consists of sequestrec-
tomy and resection of scarred and infected bone and soft 
tissue. For soft-tissue and dead-space management, ring 
external fixators generally are used after radical debridement. 
The goal of surgery is eradication of the infection by achiev-
ing a viable and vascular environment. Radical debridement 
often is required to achieve this goal. An oncologic approach 
of wide excision should be taken because success of treatment 
depends on adequacy of debridement.

The role of bacterial immunotherapy in the preoperative 
treatment of chronic osteomyelitis also has been evaluated 

by Fosco et al. In their study of 154 patients, this treatment 
was effective (62% healing) in patients with an already nor-
mal clinical status but was ineffective in those with a compro-
mised clinical status.

Aytac et  al. reported a technique, using irrigation, 
debridement, temporary hardware maintenance, and a per-
sisting fistula, to control osteomyelitis (acute, subacute, or 
chronic) until fracture healing in patients who developed 
bacterial colonization after trauma or surgery. Bone healing 
was achieved in 89% of patients with no reinfections.

Extensive debridement generally creates a large dead 
space and bony instability that requires complex reconstruc-
tion of bone and soft tissue, often requiring multiple pro-
cedures. Antibiotic polymethyl methacrylate (PMMA) or 
calcium sulfate beads are typically used to fill the dead space 
created by the initial debridement. Bar-On et  al. reported 
that reaming the intramedullary canal after debridement 
and lavage and inserting a gentamycin-impregnated rod and 
beads eradicated infection with minimal tissue loss in a case 
series of four patients.

Inadequate debridement may be one reason for a high 
recurrence rate in chronic osteomyelitis. Adequate debride-
ment often leaves a large dead space that must be managed to 
prevent recurrence and significant bone loss that may result in 
bony instability. Appropriate reconstruction of the bone and 
soft-tissue defects is required, combined with culture-specific 
antibiotic therapy. Reconstruction should be undertaken 
only after careful planning and identification of sequestra 
and intraosseous abscesses by plain radiographs, sinogra-
phy, CT, and MRI. The procedure should be performed in 
collaboration with an infectious disease consultant and, for 
the reconstructive phases, a plastic surgeon skilled in cover-
age techniques, such as skin grafts, muscle and myocutane-
ous flaps, and occasionally free flaps (Fig. 21.13). Although 
debridement with reconstruction is complex and costly, it is 
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FIGURE 21.13 Four basic methods of immediate biologic management of dead space using 
living tissue or cancellous bone grafts.
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an attractive alternative to amputation or long-term antibiotic 
treatment and has good clinical outcomes.

Negative-pressure wound therapy (NPWT) devices also 
may be efficacious in wound closure because not only does it 
assist in clearing the bacteria, but it promotes granulation tis-
sue and decreases soft-tissue edema. In addition, the use of 
NPWT may reduce the need for muscle flaps or tissue transfer.

The duration of postoperative antibiotics is controversial. 
Traditionally, a 6-week course of intravenous antibiotics is 
prescribed after surgical debridement of chronic osteomyeli-
tis. No solid evidence exists for the long-term use of antibiot-
ics. Fluoroquinolone antibiotics are known to have equivalent 
serum concentrations whether given orally or intravenously. 
When deemed appropriate, based on culture sensitivities, 
oral administration is preferred. The addition of rifampin to 
other antibiotics also may improve cure rates. Our practice is 
to place the patient on 6 weeks of antibiotics, typically given 
intravenously, based on sensitivity and under the direction 
of an infectious disease specialist, followed by clinical, radio-
graphic, and laboratory examinations. 

 

SEQUESTRECTOMY AND CURETTAGE 
FOR CHRONIC OSTEOMYELITIS
Sequestrectomy and curettage require more time to perform 
and result insignificant blood loss. Consequently, appropri-
ate preparation should be made before surgery. Sinus tracks 
can be injected with methylene blue 24 hours before surgery 
to make them easier to locate and excise (Fig. 21.12).

 TECHNIQUE 21.2 

 n  Expose the infected area of bone and excise all sinus 
tracks completely.

 n  Incise the indurated periosteum and elevate it 1.3 to 2.5 
cm on each side.

 n  Use a drill to outline an oval cortical window at the ap-
propriate site and remove it with an osteotome.

 n  Remove all sequestra, purulent material, and scarred and 
necrotic tissue (Fig. 21.14A,B). If sclerotic bone seals off 
a cavity within the medullary canal, open it into the ca-
nal in both directions to allow blood vessels to grow into 
the cavity. Use a high-speed burr to debride necrotic or 
ischemic bone until the “paprika sign” (active punctate 
bleeding bone) is achieved, indicating healthy tissue. Tis-
sue obtained at surgical debridement should be sent for 
culture and pathology studies.

 n  After removing all suspicious matter, carefully excise the 
overhanging edges of bone. Subsequent dead space can 
be filled with antibiotic PMMA or calcium sulfate beads. 
A soft-tissue, a local muscle flap, or a free-tissue transfer 
can be performed at the time of bead removal.

 n  If there is nonunion with any bony instability, the bone 
must be stabilized, preferably with an Ilizarov-type exter-
nal frame.

 n  If possible, close the skin loosely over drains and ensure 
that no excessive skin tension is present. If closure is im-
possible, pack the wound open loosely or apply an anti-
biotic bead pouch and plan for delayed closure or skin 
grafting at a later time.

 n  Appropriate antibiotics should be used before, during, 
and after the operation.

POSTOPERATIVE CARE The limb is splinted until the 
wound has healed, and then it is protected to prevent 
pathologic fracture. Antibiotic treatment is continued for 
a prolonged period and should be monitored by an infec-
tious disease consultant.
  

MANAGEMENT OF DEFECTS
Bony and soft-tissue defects must be filled to reduce the 
chance of continued infection and loss of function. Several 
techniques have been described for the management of 
such defects and have proved successful when properly 
performed, but they require meticulous surgical technique. 
The methods described to eliminate this dead space are: (1) 

 

BA

Sequestra

FIGURE 21.14 Sequestrectomy and curettage. A, Affected bone is exposed, and sequestrum 
is removed. B, All infected matter is removed. SEE TECHNIQUE 21.2.
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bone grafting with primary or secondary closure; (2) use 
of antibiotic PMMA beads as a temporary filler of the dead 
space before reconstruction; (3) local muscle flaps and skin 
grafting with or without bone grafting; (4) microvascular 
transfer of muscle, myocutaneous, osseous, and osteocu-
taneous flaps; and (5) the use of bone transport (Ilizarov 
technique). 

 

OPEN BONE GRAFTING
Papineau et al. described an open bone grafting technique 
for the treatment of chronic osteomyelitis. This procedure 
relies on the formation of healthy granulation tissue in a 
bed of bone graft that will become rapidly vascularized. 
The granulation tissue resists infection and is allowed to 
adequately drain. This technique is useful when free flaps 
or soft-tissue transfer options are limited because of ana-
tomic location or in patients who smoke or are medically 
compromised. Archdeacon and Messerschmitt described a 
modification of the Papineau technique using NPWT. NPWT 
has been used extensively in the acute trauma setting and 
is quite useful for decreasing edema and for closure of 
soft-tissue dead space. Vacuum-assisted closure (VAC) also 
stimulates the formation of granulation tissue.

The operation is divided into three stages and usually 
requires several surgeries: (1) debridement and stabilization, 
(2) cancellous autografting, and (3) skin closure. Culture-
specific intravenous antibiotics should be continued beyond 
the last surgical procedure.

 TECHNIQUE 21.3 

(PAPINEAU ET AL.; ARCHDEACON AND MESSERSCHMITT)

   

   

   

   

 

   

   

   

   

   

   

 n  Especially in subcutaneous bones such as the tibia, excise 
the lips of the wound if the skin tends to cover the granu-
lation tissue before it completely covers the graft. 

STAGE III: WOUND COVERAGE
 n  Apply skin grafts or allow the wound to heal by spontane-

ous epithelialization.
  

POLYMETHYLMETHACRYLATE ANTIBIOTIC 
BEAD CHAINS

The use of antibiotic-impregnated PMMA beads in the treat-
ment of chronic osteomyelitis is common practice and is sup-
ported by numerous clinical studies. The rationale for this 
treatment is to deliver levels of antibiotics locally in concen-
trations that exceed the minimal inhibitory concentrations. 
Pharmacokinetic studies have shown that the local concen-
trations of antibiotic achieved are 200 times higher than levels 
achieved with systemic antibiotic administration. This has the 
advantage of obtaining very high local antibiotic concentra-
tions while maintaining low serum levels and low systemic 
toxicity. The antibiotic is leached from the PMMA beads into 
the postoperative wound hematoma and secretion, which 
act as a transport medium. High concentrations of the anti-
biotic can be achieved only with primary wound closure; if 
such closure cannot be performed, the wound can be covered 
with a water-impermeable dressing (bead pouch technique). 
Before the beads are implanted, all infected and necrotic tis-
sue should be adequately debrided surgically and all foreign 
material removed. Suction drains are not recommended 
because the concentration level of the antibiotic is diminished 
when they are used.

Aminoglycosides are the most commonly employed anti-
biotics for use with PMMA beads. Penicillins, cephalosporins, 
and clindamycin are eluted well from PMMA beads; van-
comycin elutes much less effectively. Antibiotics such as the 
fluoroquinolones, tetracycline, and polymyxin B are broken 
down during the exothermic process of cement hardening and 
should not be used with PMMA beads. Porous, high-viscosity 
cements, by providing greater surface area, may allow antibiot-
ics to elute more readily than less porous cements. Currently, 
most commercially available bone cements have a prepackaged 
form available with gentamicin (500 mg/40-g pack). We gener-
ally add 2 to 4 g of vancomycin, with or without 1.2 g of tobra-
mycin, to each 40-g pack of high velocity cement before adding 
the monomer. Beenken et al. showed that the addition of xyli-
tol, a soluble particulate filler, to PMMA cement enhances the 
elution of daptomycin in a rabbit model.

Short-term, long-term, or even permanent implantation of 
PMMA antibiotic beads is possible. In short-term implantation 
the beads are removed within 10 days, and in long-term implan-
tation they may be left for up to 80 days. The rationale for removal 
of PMMA beads is based on numerous factors. Local bacteri-
cidal antibiotic levels last only 2 to 4 weeks after placement, and 
when all the antibiotic has leached out of the bead, a foreign body 
remains that may be colonized by glycocalyx-forming bacteria. 
PMMA also has been shown to inhibit local immune response 
by impairing various phagocytic immune cells.

The antibiotic bead pouch technique, described sub-
sequently, has been used with encouraging results for 

STAGE I: DEBRIDEMENT AND STABILIZATION
n Thoroughly  debride  all  sequestra  and  necrotic  bone  to

  healthy  and  viable  soft  tissue  and  bone;  thoroughly  ir-
  rigate the debrided area.

n Stabilize the bone with an external fixator or intramedul-
  lary nail if needed.

n Apply VAC.
n Repeat debridement and irrigation with VAC change ev-

  ery  48  to  96  hours  until  a  healthy  viable  tissue  bed  is
  obtained.

STAGE II: GRAFTING
n Harvest cancellous bone graft from the iliac crest or proxi-

  mal tibia.
n Pack the graft in the bony defect, filling to the subcutane-

  ous level.
n Dress with Adaptic (Smith-Nephew) and VAC sponge.
n Change the VAC every 72 to 96 hours until the wound is

  covered with healthy-appearing granulation tissue.
n Change  the  first  dressing  between  the  third  and  fifth

  days and replace any grafts that adhere to the dressing.
  Change the dressings until the grafts stabilize.

n If indicated, use local muscle pedicle grafts to enhance the
  blood supply to the grafts and leave the overlying skin and
  subcutaneous tissue open.
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preventing infection in open fractures. It also can be used 
in the treatment of osteomyelitis if soft-tissue coverage is 
impossible after initial debridement. The bead pouch must 
be changed frequently, and repeat debridement should be 
performed until the wound is ready for a soft-tissue cover-
age procedure. 

 

ANTIBIOTIC BEAD POUCH

 TECHNIQUE 21.4 

(HENRY, OSTERMANN, AND SELIGSON)
 n  Thoroughly debride all necrotic tissue as previously de-

scribed. Irrigate the wound using a pulsatile lavage system 
with 9 L of saline solution containing bacitracin.

 n  Prepare antibiotic PMMA beads by mixing high-viscosity 
bone cement powder with a powder form of the antibi-
otic (2 to 4 g of antibiotic per 40-g pack of monomer) in 
a bowl. Add the activating solution and stir the mixture 
until the cement is workable.

 n  Form several beads by rolling them into small spheres. 
Place the beads on an 18- or 20-gauge wire to form a 
bead chain. Allow the cement to harden. Record the 
number of beads on the chain in the operative report to 
ensure all beads are accounted for on removal.

 n  Place the PMMA antibiotic bead chains into the bony de-
fect filling the dead space. Close all wound extensions 
with interrupted nylon sutures.

 n  Dry the skin edges surrounding the wound and apply a 
benzoin solution to the skin edges circumferentially.

 n  Apply an adhesive porous polyethylene wound film to cover 
the wound. Place a second layer with a larger adhesive po-
rous polyethylene dressing over the first to prevent leakage.

POSTOPERATIVE CARE The limb should be appropriately 
immobilized. The bead pouch should be changed at 72-
hour intervals with repeat debridement and irrigation until 
the wound is ready for a soft-tissue coverage procedure.
   

 

INTRAMEDULLARY ANTIBIOTIC 
CEMENT NAIL
When debridement of a long bone results in instability, 
external fixation has been an effective stabilization method; 
however, more recently, the use of antibiotic-laden PMMA 
intramedullary rods has been described for use in this situation. 
Evidence has shown that a reamer-irrigator-aspirator system 
followed by placement of an antibiotic impregnated PMMA 
nail along with pathogen-specific systemic antibiotics is safe 
and efficacious in the treatment of osteomyelitis. In a study of 
52 patients with ankle, tibial, femoral, and knee arthrodesis 
nails, Thonse and Conway reported infection control in 85% 
of patients, and several small case series have reported no 
persistent infection with this technique. Reilly et al. reported 
resolution of infection within 6 months of antibiotic nail inser-
tion in 31 (76%) of 41 patients with postoperative infections 

after tibial fractures. Their treatment protocol included removal 
of the standard intramedullary nail used for fracture fixation, 
followed by debridement and irrigation of the intramedullary 
canal, insertion of the antibiotic nail, and intravenous antibiotic 
administration. After clearance of infection, the antibiotic nail 
was removed and a standard intramedullary nail implanted.

We have found this to be a useful technique in selected 
patients. When fabricating an antibiotic cement nail, Kim et al. 
suggested lubricating the inside of the chest tube with mineral 
oil before inserting the antibiotic cement and guide rod, then 
cooling the cemented nail in cold water before peeling off the 
plastic chest tube. Technical points of nail fabrication suggested 
by Reilly et al. include use of more than 4 g of antibiotics per 
40-g packet of cement and mixing the cement for less time 
than usual (20 to 30 seconds) and injecting it quickly into the 
chest tube. For unstable fracture patterns, they recommended 
use of an Ilizarov threaded rod with nuts at the distal end for 
a stiffer construct and to avoid residual cement in the canal.

 TECHNIQUE 21.5 

 n  After thorough debridement of all necrotic and nonviable 
soft tissue and bone, prepare the medullary canal with 
usual reaming technique for intramedullary nail insertion. 
Send the reamings for culture studies.

 n  Irrigate the canal and bone with tubing or an irrigating 
reamer (Fig. 21.15).

 n  To mold the cement rod, use a T-95 chest tube cut to the 
desired length. Mix the desired antibiotic with cement 
and add the monomer. Mix and place in a 60-mL syringe.

 n  Inject the antibiotic cement mixture into the chest tube. 
To prevent the cement from extruding from the opposite 
end of the tube, have an assistant occlude the opening 
with his or her thumb.

 n  Before the cement sets up, insert an Ender nail into the 
chest tube, with the assistant’s thumb still occluding the 
end of the tube. Leave the proximal end of the Ender nail 
out of the chest tube to be used as a handle.

 n  Once polymerization is complete, cut and remove the 
plastic tube and insert the nail with the usual intramedul-
lary nailing technique (see Chapter 54).

 n  Apply a long leg, bent-knee bivalved cast.

POSTOPERATIVE CARE The patient is kept non–weight 
bearing in the cast for 6 to 8 weeks, at which time clinical 
and laboratory (e.g., erythrocyte sedimentation rate, C-
reactive protein) evaluations are done. The cement nail is 
removed and replaced with a regular intramedullary nail 
for definitive fixation. Reamings from the nail insertion are 
sent to the laboratory for culture.
  

BIODEGRADABLE ANTIBIOTIC DELIVERY 
SYSTEMS

Biodegradable antibiotic delivery systems have significant 
potential advantages over PMMA in that a second procedure 
is not required to remove the implant and they have better 
antibiotic release and compatibility profiles. Several recent 
studies have reported good results with the use of calcium 
sulfate as an antibiotic carrier. A biodegradable antibiotic 
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delivery system is especially useful when bony instability is 
not an issue and soft-tissue coverage is adequate. Some of these 
biodegradable substrates contain osteoconductive and osteo-
inductive materials, which can be used to promote new bone 
formation. A variety of delivery vehicles have been extensively 
studied in animal models. Currently, no prepackaged biode-
gradable antibiotic delivery system has been approved for use 
in the United States; however, such products are available in 
Europe. Many manufacturers produce a variety of bioabsorb-
able substrates (calcium sulfate or calcium phosphate) that 
can be mixed with antibiotics. These kits allow the surgeon to 
mix powdered antibiotics (generally vancomycin or tobramy-
cin) with the calcium sulfate or calcium phosphate to produce 
resorbable beads or injectable filler. These beads can be mixed 
with a variety of available osteoinductive products to fill dead 
space and act as an osteoconductive and osteoinductive 
bone graft substitute. These beads typically resorb by about 8 
weeks after surgery. Gauland, in a study of 354 patients who 
had calcium sulfate tablets mixed with a standard antibiotic 
mixture of vancomycin and gentamicin implanted after sur-
gical debridement, reported healing in 86% without intrave-
nous antibiotic. The use of bioactive glass (BAG) S53P4 has 
been shown in in vivo and in vitro studies to be as effective as 
antibiotic-loaded calcium-based bone substitutes in the treat-
ment of osteomyelitis, with less drainage and without relevant 
side effects.

The biodegradable substances used as antibiotic deliv-
ery systems can be classified into three main categories: 
proteins, bone graft materials and substitutes, and synthetic 
polymers. Within the protein category are a variety of sub-
stances derived from biologic tissues, including collagen, 
gelatin, thrombin, and autologous blood clot, all of which 
provide scaffolding that can be used to contain an antibiotic. 
Collagen has been the most extensively studied of these, and 
reports are conflicting as to efficacy of antibiotic-impreg-
nated collagen in the treatment of osteomyelitis. Among the 
bone graft substitutes, calcium sulfate has long been used 
because of its low immunoreactivity, ability to be absorbed, 

and its structural properties. A comparison study of bio-
absorbable bone substitute (BBS; tobramycin-impregnated 
medical-grade calcium sulfate) and antibiotic-impregnated 
PMMA cement beads after surgical debridement demon-
strated the two to be equivalent in eradicating infection. 
BBS had the added benefit of eliminating the morbidity 
associated with additional surgery required for cement bead 
removal and bone grafting. One problem we have had with 
calcium-based carriers is that many patients develop a whit-
ish or caseous type of drainage that mimics the drainage of a 
bacterial infection. These patients generally do not have the 
pain, cellulitis, fever, or leukocytosis generally associated 
with a bacterial infection, however. Nevertheless, the situ-
ation is bothersome and of concern for the patient and the 
surgeon. Ferguson et al. reported using a biodegradable cal-
cium sulfate carrier containing tobramycin in 193 patients 
with osteomyelitis in various locations, but predominantly 
the tibia and femur, finding it helpful; however, filling of the 
defect was variable. The prolonged wound exudate was self-
limited in their patients and did not lead to recurrent wound 
infection.

Antibiotic-loaded calcium sulfate pellets with the addi-
tion of bone marrow aspirate were used by Badie and Arafa 
as a one-stage treatment in 30 patients, 77% of whom had 
eradication of infection. They recommended the use of bone 
marrow aspirate as an inexpensive, reproducible, and safe 
addition to calcium sulfate used as a bone substitute. McNally 
et al. described the use of an injectable, gentamicin-loaded, 
calcium sulfate/hydroxyapatite biocomposite for one-stage 
treatment of 105 bone defects in 100 patients, 80 of whom 
were classified as Cierny-Mader class B hosts. After excision 
of sinus tracks and implants and debridement until healthy, 
bleeding bone was exposed, the cavity was washed and dried 
and filled with the biocomposite. If instability was present, 
external or internal fixation was used. Infection was eradi-
cated in 96 of the 100 patients by a single-stage operation, 
with recurrence in four patients; all four remained infection-
free at 1 to 2 years after revision surgery. They also reported 
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FIGURE 21.15 Reamer Irrigator Aspirator device. SEE TECHNIQUE 21.5. (Courtesy of Synthes, 
Paoli, PA.)
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“white wound drainage” in six of 100 patients; it required no 
intervention other than dressing changes, and no patients 
with this drainage developed a recurrence of infection.

More recent biodegradable materials investigated for 
use in treatment of osteomyelitis are the synthetic polymers. 
The greatest advantage of these materials is that they can be 
modified to effectively and accurately release specified drug 
quantities over a specified amount of time. Polylactide and 
poly(D,L-lactide-co-glycolic acid) (PLGA) implants have been 
in use for some time and have been investigated for use as bio-
degradable antibiotic carriers. These materials, however, have 
been reported to cause an inflammatory foreign-body reaction 
that is thought to be caused by their acidic degradation prod-
ucts. Carriers that do not produce acidic breakdown with sur-
face erosion, such as polytrimethylene carbonate (PTMC), are 
being studied. A monomethyl ether PLGA copolymer biode-
gradable hydrogel also may hold promise for the future.

As Kluin et al. pointed out, the ideal biodegradable car-
rier for antibiotics in the treatment of osteomyelitis should 
have good biocompatibility, controllable degradation, and the 
ability to release any antibiotic (including vancomycin when 
resistant bacteria are present) at therapeutic levels for an 
extended period of time, without releasing acidic byproducts 
during degradation. 

CLOSED SUCTION DRAINS
Success rates of approximately 85% have been reported for 
the modified Lautenbach method of closed suction antibiotic 
ingress and egress irrigation systems (Fig. 21.16). An advan-
tage of this technique is that it allows a change in local antibi-
otic delivery based on culture results obtained from surgical 
biopsies. The technique also aids in the gradual decrease in 
the size of the soft-tissue dead space. Disadvantages include 
frequent occlusion of the delivery catheter. This problem has 
been decreased with the use of frequent doses of streptoki-
nase to the keep the catheter patent. Other disadvantages are 
the prolonged hospitalization required and the risk of second-
ary contamination. We have no experience with this method. 
Hung achieved good results in 77%, fair results in 21%, and 
poor results in less than 1% using drainage and continuous 
antibiotic irrigation of 376 tibial medullary canals in children.

A more recent wound closure technique is NPWT, which 
consists of a pump that generates a vacuum and is capable of cre-
ating a negative pressure environment within a sealed wound, 
dressing material used to pack and seal the wound, tubing for 
fluid removal from the wound area, and a container to collect 
waste materials removed from the wound. Most of the published 
studies on NPWT involve the use of the VAC system (Kinetic 
Concepts, Inc., San Antonio, TX) (Fig. 21.17A; however, a num-
ber of other NPWT systems are available from several manu-
facturers. Newer designs include canister-less, single-use devices 
such as the PICO (Smith & Nephew, Memphis TN) and Avelle 
(ConvaTec, Oklahoma City, OK) (Fig. 21.17B,C).

The efficacy of NPWT for the treatment of complex wounds 
has been reported by several authors who suggested benefits of 
edema reduction, increased blood flow, increased granulation 
tissue, and the possibility of improved bacterial clearance from 
wounds. Although these studies have emphasized prevention 
of osteomyelitis in complex wounds, there is little information 
about the treatment of osteomyelitis with NPWT. Tan et al., in 
a study of 68 patients with osteomyelitis, compared NPWT (35 
patients) with conventional treatment (33 patients) and found 

significantly fewer recurrences of infection, a decreased need 
for tissue transfers or muscle flaps, and more wounds with bac-
terial clearance in those treated with NPWT. The most seri-
ous complication reported with the use of NPWT is extensive 
bleeding, which most often occurs with use of the device in 
the patient’s home or in a nursing facility. NPWT should not 
be used as a replacement for surgical debridement, and it 
should not be used until all necrotic, nonviable tissue has been 
removed and appropriate antibiotic therapy initiated. More 
research is necessary to establish parameters for pressure inten-
sity, duration of treatment, interval between treatments, mode 
of application, and timing of application that will produce the 
most efficient and cost-effective therapy. 

SOFT-TISSUE TRANSFER
Soft-tissue transfers to fill dead space left behind after exten-
sive debridement may range from a localized muscle flap on 
a vascular pedicle to microvascular free-tissue transfer. The 
transfer of vascularized muscle tissue improves the local 
biologic environment by bringing in a blood supply that is 
important in the host’s defense mechanisms and for antibiotic 
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FIGURE 21.16 Lautenbach drainage system. Syringe (A) is used 
to inject every 4 hours. The suction bag (B) draws fluid through the 
outer tube from the bone. Antibiotics enter the bone through the 
inner tube (C and D).  (Redrawn from Caesar BC, Morgan-Jones RL, 
Warren RE, et al: Closed double-lumen suction irrigation in the manage-
ment of chronic diaphyseal osteomyelitis: long-term follow-up, J Bone 
Joint Surg 91B:1243, 2009. Copyright British Editorial Society of Bone 
and Joint Surgery.)
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delivery and osseous and soft-tissue healing. The success rates 
for this technique reported in the literature have ranged from 
66% to 100%.

Most commonly, a local muscle flap is used in the treat-
ment of chronic osteomyelitis of the tibia. The gastrocnemius 
muscle is used for defects around the proximal third of the 
tibia, and the soleus muscle is used for defects around the 
middle third. A microvascular free muscle transfer is required 
for defects around the distal third of the tibia.

Several authors reported a high success rate in the treat-
ment of chronic osteomyelitis with the use of microvascular free 
tissue transfer. A microvascular transfer of tissue may consist 
of muscle that is covered with a skin graft or a myocutaneous, 
osseous, or osteocutaneous flap. Adequate initial debridement 
of the involved area, so that the flap is placed in a healthy envi-
ronment, helps to ensure the success of the procedure.

When a microvascular free muscle flap is used, and seg-
mental bone loss has occurred, autogenous cancellous bone 
grafting can be done about 6 weeks after the initial free-flap 
transfer. A free fibular graft can be used for segmental bone 
loss of the tibia. If chronic osteomyelitis involves segmental 
bone loss of the tibia and the fibula, the results of a free fibu-
lar graft are not good, and amputation or reconstruction with 
external fixation is advised.

EXTERNAL FIXATION
The Ilizarov technique of distraction-compression osteogen-
esis has been helpful in the treatment of chronic osteomyeli-
tis and infected nonunions of long bones or the ankle joint. 
This technique allows radical resection of the infected bone. 
A corticotomy is performed through normal bone proximal 
and distal to the area of disease. The bone is transported until 
union is achieved. Drózdz et al. reported resolution of infec-
tion in 96% of 54 patients with infected nonunions and bone 
union in 86% with the Ilizarov technique. After the infec-
tion is eradicated, many recommend bone grafting if needed 
and placement of an intramedullary nail after external fixa-
tion is removed. Disadvantages of this technique include the 
time required to achieve a solid union and the high incidence 
of associated complications. External fixation also has been 
found to have a negative impact on patients’ mental health 

that persisted even after removal of the device. Even with 
these problems, however, the Ilizarov procedure benefits 
patients who need extensive resection of bone and recon-
struction to achieve stability. Use of distraction osteogenesis 
with ring fixation over an intramedullary rod has been used 
for the treatment of segmental defects of up to 13 cm.

Qin et  al. also described successful treatment of bone 
defects ranging from 6 to 18.5 cm with radical debridement, 
antibiotic-impregnated calcium sulfate, and monolateral 
external fixation. Successful bone union was achieved in 34 of 
35 patients with no reinfection; the average length of external 
fixator wear was 17 months (range, 7 to 32 months), and only 
six patients required less than a year of external fixator wear. 
These authors chose monolateral fixators over ring fixators 
because application is easier to learn and can be done rapidly 
with minimal equipment; cost is lower, and the device is less 
cumbersome and better accepted by patients. 

ADJUNCTIVE THERAPIES
Hyperbaric oxygen therapy has been used for the treatment 
of chronic osteomyelitis but has not proved to be reliably 
effective. The use of hyperbaric oxygen can be recommended 
only as an adjuvant to more traditional methods of treatment. 
Growth factors, such as bone morphogenic proteins (BMPs) 
and even platelet-rich plasma (PRP), have been suggested as 
adjuvant treatments for osteomyelitis because of their ability 
to accelerate or enhance osteogenesis. We would not consider 
the use of these products until the infection is eradicated. 
Some studies of physical energy modalities (pulsed electro-
magnetic fields [PEMF] and ultrasound) have suggested that 
they may directly interfere with biofilm formation as well as 
act synergistically with antibiotics to enhance their activity. 

SCLEROSING OSTEOMYELITIS OF 
GARRÉ
Sclerosing osteomyelitis is a chronic form of disease in 
which the bone is thickened and distended but abscesses and 
sequestra are absent (Fig. 21.18). The disease affects children 
and young adults. Its cause is unknown, but it is thought to be 

 

Simple indicator lights

A B C

Single button operation

FIGURE 21.17 Negative wound pressure therapy devices. A, Kinetic Concepts VAC system. B, 
Smith & Nephew single-use, canister-less PICO. C, ConvaTec Group, disposable, canister-less Avelle.
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an infection caused by a low-grade, possibly anaerobic bac-
terium. The condition must be distinguished from osteoid 
osteoma and Paget disease.

Patients report intermittent pain of moderate inten-
sity and usually of long duration. Swelling and tenderness 
over the affected bone may be found. Radiographs show 
an expanded bone with generalized sclerosis. The erythro-
cyte sedimentation rate usually is slightly elevated. Biopsy 
specimens show only chronic, low-grade, nonspecific 
osteomyelitis, and cultures usually are negative. A second-
ary lesion at a distant site can occur years after onset. No 
treatment has been predictably helpful, but fenestration of 
the sclerotic bone and antibiotics are advisable. Schwartz 
et  al. presented a case report of successful surgical treat-
ment of sclerosing osteomyelitis of the humerus using a 
vascularized fibular osteotomy flap after resection of the 
diseased bone. 

RESIDUAL STAGE OF 
OSTEOMYELITIS
The residual stage of osteomyelitis is characterized by a com-
plete absence of the signs and symptoms of infection, includ-
ing drainage. The bone is sclerotic, and its blood supply and 
strength are normal. During this stage of osteomyelitis, the 
bone bears the same relation to normal bone that scar tissue 
bears to normal connective tissue. The adjacent soft tissues are 
scarred, and if drainage has occurred, the skin often adheres 
to the bone. Adhesions of skin to bone are more common if 
the bone is subcutaneous. Injury to such tissues frequently 
causes skin breakdown and even recurrence of infection. It 

is sometimes difficult to know if the disease is in a residual 
stage or in a remission of the chronic stage. Treatment of the 
residual stage consists of correcting leg-length inequality or 
angular and joint deformities. Sometimes contracted scars 
must be released, and adherent scars must be replaced by 
myocutaneous flaps. 

CHRONIC RECURRENT 
MULTIFOCAL OSTEOMYELITIS
Chronic recurrent multifocal osteomyelitis (CRMO) is an 
autoinflammatory bone disease characterized by an insidious 
onset of mild-to-moderate pain with signs of inflammation 
over the affected parts, which tend to recur. Symptoms wax 
and wane for months or years. The cause of CRMO remains 
unknown, although evidence is accumulating for a genetic 
cause. Some have suggested that CRMO and Garré syndrome 
are the same entity. The prevalence of this disease may be 
underestimated because of the difficulty in its recognition.

The disease is most common in children, with a peak 
age of 10 years. It most often affects the metaphysis of long 
bones, especially the tibia, femur, and clavicle. Vertebra plana 
is frequent in patients with this disease. One study involv-
ing 102 children and adolescents with CRMO identified spi-
nal involvement, including vertebral deformities, scoliosis, 
and kyphosis, in 26%. Another associated condition is pal-
mar-plantar pustulosis, which manifests as a pustular rash 
on the soles of the feet and palms of the hands. Laboratory 
testing usually shows a normal or mildly elevated white 
blood cell count and elevated erythrocyte sedimentation rate 
and C-reactive protein level; bacterial cultures of the bones 
and blood are negative. Radiographically, the bony lesions 
are predominantly lytic and bilaterally symmetric. Varying 
degrees of sclerosis may be present. Whole-body technetium-
99m bone scanning usually shows bilaterally symmetric areas 
of increased uptake. STIR MRI can facilitate the diagnosis 
and exclude pyogenic involvement. Whole-body MRI may be 
useful for showing subclinical edema. The diagnosis is one of 
exclusion. If the diagnosis is in doubt, a confirmatory biopsy 
is indicated. The following have been proposed as criteria for 
the diagnosis of CRMO: two or more bone lesions mimick-
ing osteomyelitis, radiographic and bone scan findings con-
sistent with osteomyelitis, 6 months or more of chronic and 
relapsing symptoms, failure of response to at least 1 month 
of appropriate therapy, and a lack of other identifiable cause.

No effective treatment for CRMO has been found, and 
if the results of cultures are negative, antibiotic treatment is 
not indicated. Nonsteroidal antiinflammatory medication 
may help relieve pain. For refractory CRMO, especially with 
spinal involvement, successful treatment with tumor-necro-
sis factor-α has been reported. Treatment with bisphospho-
nates also has been shown to be of benefit. Disease remission 
after treatment with interferon gamma has been reported, but 
no absolute proof that the drug caused the remission could 
be shown. Resolution of symptoms followed by recurrence 
months later is characteristic of this disease. Generally, the 
symptoms continue to recur over 2 years, and the disease 
generally is self-limiting. The long-term prognosis seems to 
be good; however, one study found that nearly 60% of chil-
dren diagnosed with CRMO had active disease and pain 6 
months to 15 years after diagnosis. Recurrence, however, is 
common: in a German cohort of 56 patients, 50% relapsed 

 FIGURE 21.18 Sclerosing osteomyelitis of tibia documented by 
biopsy.

    

https://booksmedicos.org


PART VII INFECTIONS834

after a median of 2.4 years, and in 70 children from North 
America, the relapse rate was 83% after a median of 1.8 years. 

ANAEROBIC OSTEOMYELITIS
Anaerobic bacteria are recognized increasingly as an impor-
tant cause of osteomyelitis. In one series, 40 of 182 patients 
having surgery for osteomyelitis were found to have anaero-
bic bacteria in their operative cultures. The demonstration of 
these bacteria requires culturing the clinical material imme-
diately after collection, using fresh media with proper anaer-
obic conditions, and subculturing the colonies immediately 
after removing them from the anaerobic environment.

Anaerobic soft-tissue infections usually start in injured or 
ischemic tissue. Frequently, a putrid discharge and gas pro-
duction are present, and extensive tissue necrosis tends to 
burrow through subcutaneous and fascial planes. Anaerobic 
infections have been frequently associated with diabetic gan-
grene. Treatment is by surgical drainage and resection of the 
necrotic tissue, combined with the use of appropriate antibi-
otics as determined by culture and sensitivity studies. 

INCISION AND DRAINAGE FOR 
OSTEOMYELITIS OF SPECIFIC 
REGIONS
CALCANEUS
In osteomyelitis of the calcaneus, as of the other tarsal bones, 
destruction of the cortex usually is not extensive. The perios-
teum is firmly attached to bone, and it is usually perforated 
rather than elevated by purulent material; the formation of 
an involucrum is minimal. One study found S. aureus to be 
the most common bacteria in calcaneal osteomyelitis and 
Pseudomonas aeruginosa in neurologically damaged feet. An 
American Society of Anesthesiologists score of less than 2, age 
younger than 65 years, absence of neuropathy and diabetes, 
and posttraumatic osteomyelitis were associated with better 

results. Intravenous and oral antibiotics with surgical debride-
ment (if indicated) can lead to a good clinical outcome. 

 

SPLIT-HEEL INCISION
Medial and lateral approaches to the calcaneus are satisfac-
tory for incision and drainage of localized abscesses, but 
the Gaenslen approach through the plantar surface of the 
heel is indicated for resecting the diseased bone of chronic 
osteomyelitis. The resulting scars usually are painless; they 
are so deeply situated that the tissues on either side curl 
inward and form thick cushions (Figs. 21.19 and 21.20).

 TECHNIQUE 21.6 

(GAENSLEN)
 n  Place the patient prone with a support beneath the af-

fected ankle.
 n  Make a longitudinal incision exactly in the midline of the 

heel, extending 2.5 to 4.0 cm from the level of the base 
of the fifth metatarsal posteriorly to split the end of the 
Achilles tendon.

 n  Incise the plantar aponeurosis in the plane between the 
abductor digiti quinti and flexor digitorum brevis muscles.

 n  Retract medially the lateral plantar artery and nerve in the 
distal angle of the wound.

 n  Expose the quadratus plantae muscle and split it and the 
long plantar ligament longitudinally.

 n  Divide the calcaneus from posterior to anterior with a 
broad osteotome and retract the two halves to expose 
the interior of the bone. The subtalar joint can be exposed 
by increasing the retraction.

 n  Remove all sequestra and obviously infected matter, but 
damage the cortex as little as possible.

 n  Close the wound loosely over drains.

 FIGURE 21.19 Retraction of scar prevents pain on weight bearing after complete healing of 
Gaenslen split-heel incision.
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POSTOPERATIVE CARE A short leg cast is applied with the 
foot in neutral position and the ankle at 90 degrees. A win-
dow is cut over the calcaneus to permit dressing changes.
  

 

DISTAL THIRD OF THE FEMUR
Chronic osteomyelitis of the distal third of the femur is diffi-
cult to treat. Because the periosteum may become completely 
separated posteriorly by a subperiosteal abscess, this part of 
the bone may lose most of its blood supply, and sinuses often 
persist. A mass of scar tissue forms that interferes with revas-
cularization of the bone; the scar tissue is relatively inaccessible 
surgically because of the proximity of large vessels and nerves.

 TECHNIQUE 21.7 

 n  Make a lateral longitudinal incision on the distal third of 
the thigh, beginning 5 cm proximal to the joint line of the 
knee and extend it proximally for 10 cm.

 n  Incise the iliotibial band, retract the vastus lateralis muscle 
anteriorly and expose the femur.

 n  Avoid opening the knee joint in the distal end of the inci-
sion. Confine the operation to the lateral and posterolat-
eral surfaces of the bone, or the suprapatellar bursa may 
be opened and the knee joint could become contami-
nated.

 n  Use a drill to outline a cortical window on the posterolat-
eral surface of the bone and remove the window with an 
osteotome.

 n  Enter the medullary canal proximal to the metaphysis and 
place the window so that pus drains posteriorly.

 n  Remove only necrotic and infected matter.
 n  Close the wound loosely over rubber drains, which exit 

through separate incisions and permit direct posterolat-
eral drainage.

POSTOPERATIVE CARE The limb is splinted with the 
knee straight until the wound has healed, and it is pro-
tected during ambulation to prevent pathologic fracture.
   

PELVIC REGIONS
As in the long bones, osteomyelitis of the pelvis may arise 
from hematogenous spread, direct inoculation of pathogens 
from trauma or surgery (e.g., hip implants), or by contigu-
ous spread from the soft tissues (e.g., ulcers). Ramaesh et al. 
reported a high incidence of pelvic osteomyelitis in neuro-
logically compromised patients. MRI is the most sensitive 
imaging technique, but culture or bone biopsy is necessary 
to determine the pathogen as well as to rule out malignancy, 
such as squamous cell carcinoma. Broad-spectrum antibiot-
ics are necessary because unusual organisms or several patho-
gens may be present.

ILIUM
In the acute stage of osteomyelitis, the ilium usually is invaded 
throughout, and large subperiosteal abscesses develop on the 
medial and lateral cortices. Early symptoms may suggest acute 
appendicitis or pyogenic arthritis of the hip joint. Before inci-
sion and drainage, systemic treatment (especially intravenous 
antibiotics and blood transfusions, if necessary) should be 
given. Adequate amounts of blood should be available for use 
during surgery. Anaerobic bacteria may be involved in osteo-
myelitis of the pelvis associated with lesions of the intestines.

In chronic osteomyelitis of the ilium, the entire bone often 
is involved, and infection is so diffuse that it is impossible to 
remove the individual sequestra and drain all the abscesses. 
Because most of the iliac wing can be removed without caus-
ing significant disability, resecting it usually is preferable to 
less radical operations (see Technique 21.12). 

 

DRAINAGE

 TECHNIQUE 21.8 

 n  Begin the incision along the middle third of the iliac crest 
and extend it as necessary.

 n  Strip the muscles subperiosteally from the medial and 
lateral cortices of the iliac wing; usually pus under pres-
sure escapes. Often the muscles will already have been 
stripped by the subperiosteal abscesses.

 n  Carefully avoid entering the hip joint.
 n  Drain each of the abscesses with drains. Bring the drains 

out through separate incisions to obtain adequate gravity 
drainage.

 n  Close the skin loosely.

 FIGURE 21.20 Healed Gaenslen split-heel incision. The surgical 
scar is deeply situated, with surrounding tissues forming thick cush-
ions on either side of the incision. (From Jose Jerome JT, Varghese M, 
Sankaran B, et al: Gaenslen’s split-heel incision for calcaneal osteomyelitis: 
a cast report, Foot Ankle Online J 2:3, 2009.)
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POSTOPERATIVE CARE Because a flexion contracture 
of the hip usually develops as a result of irritability of the 
hip flexor muscles, Buck traction is applied. The patient is 
turned frequently to the affected side to promote drain-
age.
  

ISCHIUM AND PUBIS
In osteomyelitis of the ischium and pubis, an abscess develops 
either beneath the external or internal obturator muscles or in 
the ischiorectal fossa. Drainage can be accomplished through an 
incision located away from the perineum to decrease the possibil-
ity of wound contamination and to allow wider retraction of the 
gracilis and adductor muscles. If necessary, the obturator mem-
brane can be incised and the deep surfaces of the bone explored. 
Osteomyelitis of the ischial tuberosity is common in bedridden 
and paraplegic patients who develop pressure sores with second-
ary infection, necrosis, and osteomyelitis. Effective treatment 
requires debridement of all necrotic tissue and infected bone, and 
a soft-tissue transfer usually is required to close the defect. For 
osteomyelitis in the region of the symphysis, resection of the sym-
physis may be required when less radical treatment is ineffective. 

SPINE
Osteomyelitis of the spine is discussed in Chapter 42. 

RESECTION OR EXCISION FOR 
OSTEOMYELITIS
It has been shown in many instances that if infection is to be 
controlled in chronic osteomyelitis, the infected portion of 
bone must be radically resected, even if this means removing a 
segment of an essential long bone. Massive resection of a long 
bone affected by chronic hematogenous osteomyelitis has not 
been advisable in the past, however, for three reasons: (1) The 
periosteum may fail to reproduce the entire shaft (Fig. 21.21), 
(2) the quality of remaining bone usually is unsatisfactory for 
reconstructive procedures, and (3) a dormant infection may be 
reactivated if reconstruction is undertaken. With newer tech-
niques of bone and soft-tissue transport, massive resections can 
be performed and reconstructed without significant disability, 
although the time needed for reconstruction may be long.

Massive resection of nonessential bones involved by any 
type of chronic osteomyelitis can be performed safely. Bones 
such as metatarsals and tarsals and part of the calcaneus, fib-
ula, ilium, ribs, clavicle, and scapula can be resected, and sat-
isfactory function may still be retained. 

 

RESECTION OF THE METATARSALS

 TECHNIQUE 21.9 

 n  The first metatarsal should be retained if possible.
 n  Make a dorsal longitudinal incision over the affected bone 

from the distal row of tarsals to the middle of the proximal 
phalanx of the corresponding toe.

 n  Deepen the incision to the periosteum, but do not open 
the tendon sheaths.

 n  Incise the periosteum in line with the shaft and strip it 
completely from the bone.

 n  Resect the entire shaft, but preserve the physis whenever 
possible in children.

 n  Close the wound loosely over a drain.

POSTOPERATIVE CARE A posterior plaster splint is ap-
plied and worn until the wound has healed, after which 
protected weight bearing is started.
  

RESECTION OF THE TARSALS
Often more than one tarsal bone may be involved in chronic 
osteomyelitis. If necessary, the affected bone or bones can 
be excised using dorsolateral and dorsomedial longitudinal 
incisions. If the calcaneus is to be resected, the approach of 
Gaenslen is recommended (see Technique 21.6). 

A B

FIGURE 21.21 A, Defect in tibia of 4-year-old child after treat-
ment of acute osteomyelitis by removal of large sequestrum before 
sufficient involucrum had formed to ensure continuity of bone. B, 
After transplantation of fibula to bridge defect.

    

https://booksmedicos.org


CHAPTER 21  OSTEOMYELITIS 837

 

 

PARTIAL CALCANECTOMY
One study of 350 patients with calcaneal osteomyelitis 
demonstrated higher rates of transtibial amputation when 
the heel was involved as opposed to just the mid or fore-
foot. Partial calcanectomy, however, is a useful limb salvage 
technique in the treatment of large heel ulcerations and 
calcaneal osteomyelitis.

 TECHNIQUE 21.10  Figure 21.22

 n  Tailor the incision to fit the size and shape of the ulcer. 
If no ulcers are present, use Gaenslen’s approach (see  
Technique 21.6). Fisher and Armstrong described a “hur-
ricane incision” that resembles a satellite view of a hur-
ricane to facilitate exposure of the heel (Fig. 21.23).

 n  Carry the dissection down to the calcaneus to protect the 
remaining viable heel pad.

 n  Approach the Achilles tendon in the area of the calcaneus 
that is to be removed. Release the tendon and allow it to 
retract proximally.

 n  Begin an incision 1cm posterior to the edge of the subta-
lar and calcaneocuboid joints.

 n  Remove sufficient bone to permit mobilization and ap-
proximation of the adjacent healthy soft tissue.

 n  Close the wounds over suction drains. If primary skin closure 
is impossible, allow it to heal by secondary wound healing.

 n  Apply a cast with the ankle in 30 degrees of equinus to 
reduce tension on the wound.

POSTOPERATIVE CARE When the wounds have healed, the 
patient is placed in a solid, custom-molded ankle-foot orthosis.
   

 

RESECTION OF THE FIBULA
The entire fibula can be resected if necessary, but the distal 
fourth contributes to ankle stability and should be retained 
whenever possible. If the proximal end is resected, the lat-
eral collateral ligament of the knee and the biceps femoris 
tendon should be firmly anchored to the tibia.

 TECHNIQUE 21.11 

 n  Make a longitudinal incision over the involved portion of 
the fibula.

 n  Approach the bone in the interval between the soleus 
muscle posteriorly and the peroneal muscles anteriorly.

 n  Expose and protect the peroneal nerve in the proximal 
end of the wound.

 n  Incise the periosteum in line with the shaft and strip it 
from the entire circumference of the part to be resected.

 n  Resect the diseased portion of the shaft and close the 
wound loosely over drains.

POSTOPERATIVE CARE A long leg posterior plaster 
splint is applied with the foot in neutral position, the ankle 
at 90 degrees, and the knee in 20 degrees of flexion, and 
it is worn until the wound has healed. Then protected 
weight bearing is started.
   

 

RESECTION OF THE ILIAC WING
Resection of a large part of the iliac wing may be indicated 
in chronic osteomyelitis of the ilium with prolonged drain-
age (Fig. 21.24).

 FIGURE 21.22 Partial resection of calcaneus. SEE TECHNIQUE 
21.10.

FIGURE 21.23 Hurricane incision. (From Fisher TK, Armstrong 
DG: Partial calcanectomy in high-risk patients with diabetes: use 
and utility of a “hurricane” incisional approach, ePlasty 10:e17, 
2010.)
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 TECHNIQUE 21.12 

(BADGLEY)
 n  Make an incision over the iliac crest from the posterior 

superior iliac spine to the anterior superior iliac spine and 
distally on the thigh, parallel with the sartorius muscle for 
7.5 to 10 cm (Fig. 21.25A).

 n  Divide the fascia 1.3 cm distal to the crest and incise the 
periosteum along the crest.

 n  Detach the gluteal and tensor fasciae latae muscles sub-
periosteally to the acetabular rim.

 n  Develop the interval between the tensor fasciae latae and 
the sartorius muscles and retract the tensor fasciae latae 
to expose the anterior part of the ilium.

 n  In children, the cartilaginous iliac crest can be detached 
easily with the abdominal muscles attached to it.

 n  Subperiosteally detach the abdominal muscles and the 
latissimus dorsi, quadratus lumborum, and erector spinae 
muscles at their insertions.

 

A B

FIGURE 21.24 A, Sliding abdominal hernia and osteomyelitis of right iliac crest after removal 
of bone graft for fusion of lumbar spine. B, Appearance of ilium after resection of involved crest 
and repair of hernia.
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FIGURE 21.25 A and B, Subperiosteal exposure for resection of wing of ilium. Poupart ligament 
can be reflected from ilium, permitting removal of bone from superior ramus of pubis to sacroiliac 
joint. SEE TECHNIQUE 21.12.
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 n  Strip the muscles from the medial cortex of the ilium dis-
tally to the arcuate line (Fig. 21.25B).

 n  Resect the ilium as a whole as far distally as the anterior 
inferior spine and as far posteriorly as the sacroiliac joint 
if necessary.

 n  Place drains in the wound and bring them through the 
skin by a separate incision to establish adequate gravity 
drainage.

 n  Close the skin loosely.

POSTOPERATIVE CARE Protected ambulation is begun 
when the wounds have healed, and the patient’s condi-
tion permits.
   

AMPUTATION FOR 
OSTEOMYELITIS
Amputation is performed infrequently for osteomyelitis. In 
certain patients, this form of treatment may be preferable, 
however, to multiple operations and prolonged antibiotic 
therapy. The prevalence of malignancy arising from chronic 
osteomyelitis has been reported to be 0.2% to 1.6%. Most of 
these are squamous cell carcinoma arising from a sinus track, 
but reticulum cell carcinoma, fibrosarcoma, and other malig-
nancies have been reported. Amputation is the most reliable 
means of treating osteomyelitis associated with malignant 
change. Arterial insufficiency, major nerve paralysis, or joint 
contractures and stiffness that make a limb nonfunctional are 
indications for amputation.
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INFECTIOUS ARTHRITIS
Anthony A. Mascioli, Ashley L. Park

CHAPTER 22

Acute septic arthritis results from bacterial invasion of a joint 
space, which can occur through hematogenous spread, direct 
inoculation from trauma or surgery, or contiguous spread 
from an adjacent site of osteomyelitis or cellulitis. Despite 
in-depth research into the pathophysiology and treatment of 
acute septic arthritis, the morbidity and mortality are still sig-
nificant, especially in patients at the extremes of age. The bac-
terial strain and the individual’s immune system determine 
whether a septic joint or a less severe infection develops. Even 
with currently available antibiotics and treatment regimens, 
serious complications may result. Delay in diagnosis and fail-
ure to begin treatment promptly are the most common rea-
sons for late complications of infection.

A systematic review of the literature by Mathews et  al. 
found that the risk factors for developing joint sepsis included 
rheumatoid arthritis, osteoarthritis, a prosthetic joint, low 
socioeconomic status, intravenous drug abuse, alcoholism, 
diabetes, previous intraarticular corticosteroid injection, and 
cutaneous ulcers.

CLINICAL PRESENTATION
Acute septic arthritis can occur at any age, but young chil-
dren and elderly adults are most susceptible, especially if 
they have an already abnormal joint from previous trauma or 
from conditions such as hemophilia, osteoarthritis, or rheu-
matoid arthritis. Immune compromise for any reason and 
diseases such as cancer, diabetes, alcoholism, cirrhosis, and 
uremia increase the risk for infection. Usually, predisposing 
conditions are associated with particular types of causative 

organisms (Table 22.1); a thorough history and physical 
examination should be done.

Septic arthritis occurs most frequently in adults; however, 
the most serious sequelae from infection occur in children, 
especially if a hip joint is involved and treatment has been 
delayed. Age-dependent anatomic variables may be responsi-
ble for the serious complications in children, such as destruc-
tion of the epiphysis and associated osteonecrosis from 
increased intracapsular pressure and septic effusion. Using 
immature avian models, Alderson et  al. provided evidence 
that transepiphyseal vessels do exist and provide a direct con-
nection between the physis and epiphyseal cartilage, supply-
ing a route for bacteria to spread from an osteomyelitic focus 
in the metaphysis to the epiphysis and subsequently to the 
joint space.

The lower extremity weight-bearing joints are predom-
inantly affected (61% to 79%); however, any joint can be 
involved, and multiple joint infections do occur. A thorough 
examination to determine if there is monoarticular or poly-
articular infection is necessary before treatment is initiated. 
Inflammation of a single joint can be caused by numerous 
diseases (Box 22.1). Joint sepsis should be an early consid-
eration, however, because failure to diagnose this condition 
promptly may result in irreversible joint damage or death.

Acute septic arthritis can be difficult to diagnose in neonates 
because the inflammatory response is blunted and signs such as 
fever, swelling, erythema, and pain may be minimal or lacking. 
The only finding in a neonate may be infection at another site 
(e.g., the umbilical catheter), irritability, failure to thrive, asym-
metry of limb position, or displeasure at being handled.
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Clinical predictor algorithms have been used to differ-
entiate transient synovitis from septic arthritis in children. 
A C-reactive protein greater than 20 mg/L and inability to 
bear weight yielded a 74% probability of septic arthritis, and 
patients with neither predictor had a less than 1% probability 
of septic arthritis (Table 22.2). 

SYNOVIAL FLUID STUDIES
The importance of early diagnosis and treatment of septic 
arthritis prior to destruction of an affected joint is well estab-
lished. The organisms and/or the cytotoxins they may pro-
duce can irreversibly damage cartilage and subchondral bone 
within only a few days. An estimated 25% to 50% of patients 
with septic arthritis end up with irreversible loss of joint func-
tion. Therefore, early diagnosis is the most important factor 
for functional prognosis in patients with septic arthritis.

The current benchmark for identification of the causative 
microorganism and ascertaining its antimicrobial suscepti-
bility is the conventional culture of aspirated joint fluid. The 
synovial fluid obtained should be sent for immediate Gram 
staining, culture, cell counts, and crystal analysis. Measuring 
erythrocyte sedimentation rates or C-reactive protein levels 
may be helpful in following the treatment course. A C-reactive 
protein of more than 10.5 mg/dL is predictive of infection. A 
leukocyte count greater than 2000/mm3 points toward inflam-
mation, whereas lower counts suggest a mechanical disorder. 
However, features classically taken to indicate septic arthritis 
include cloudy or turbid joint fluid, a nucleate cell count greater 
than 50,000/mm, or a high percentage of neutrophils; leuko-
cyte counts of 28,000/mm or less also have been implicated, 
especially in immunocompromised patients. In addition to the 
total leukocyte count, the proportion of polymorphonuclear 
neutrophils (PMNs), if greater than 90%, indicates infection.

Crystal-induced arthritis is the main differential diagnosis 
in septic arthritis, as the clinical manifestations may be similar 
and the joint fluid findings comparable. Furthermore, infec-
tion developing concomitantly with crystal-induced arthritis 
may be overlooked when the joint fluid examination shows 
microcrystals. Combining standard joint fluid markers with 
the absence of microcrystals improves diagnosis of septic 
arthritis compared to standard cytologic features used alone.

Although synovial fluid culture is useful in the diagnosis 
of septic arthritis, both false negatives and false positives can 
occur. Cultures can be negative in up to 75% of patients with 
septic arthritis. The use of empirical antibiotics may obscure 
results. Studies are being conducted to develop tests for rapid 

 BOX 22.1 

Differential Diagnostic Considerations in 
Monoarticular Arthritis

 n  Infection
 n  Crystal-induced arthritis (gout, calcium pyrophosphate dihy-

drate deposition disease)
 n  Trauma
 n  Hemarthrosis (hemophilia, sickle cell anemia)
 n  Osteomyelitis
 n  Periarticular syndrome (bursitis, tendinitis)
 n  Ruptured Baker cyst
 n  Deep vein thrombosis
 n  Pigmented villonodular synovitis
 n  Mechanical derangement
 n  Foreign body

Adapted from Stimmler MM: Infectious arthritis: tailoring initial treatment to 
clinical findings, Postgrad Med 99:127–131, 1996.

 TABLE 22.1

Organisms Found in Common Clinical Settings of 
Infectious Arthritis

CLINICAL FACTOR ORGANISM

PATIENT AGE

Neonate Staphylococcus aureus
<2 yr Haemophilus influenzae, S. 

aureus
>2 yr S. aureus
Young adults (healthy, 
sexually active)

Neisseria gonorrhoeae

Elderly adults S. aureus (50%), streptococci, 
gram-negative bacilli

STRUCTURAL ABNORMALITIES

Aspiration or injection S. aureus
Trauma Gram-negative bacilli, anaer-

obes, S. aureus

PROSTHESIS

Early infection S. epidermidis
Late infection Gram-positive cocci, anaerobes

MEDICAL CONDITIONS

Injecting drug use Atypical gram-negative bacilli 
(e.g., Pseudomonas species)

Rheumatoid arthritis S. aureus
Systemic lupus erythema-
tosus, sickle cell anemia

Salmonella species

Hemophilia S. aureus (50%), streptococci, 
gram-negative bacilli

Immunosuppression S. aureus, Mycobacterium spe-
cies, fungi

Modified from Stimmler MM: Infectious arthritis: tailoring initial treatment to 
clinical findings, Postgrad Med 99:127–131, 1996.

 TABLE 22.2

Probability Algorithm for Two-Variable Model

C-REACTIVE PROTEIN UNABLE TO BEAR WEIGHT PROBABILITY
Yes Yes 0.74
Yes No 0.15
No Yes 0.06
No No 0.01

From Singhal R, Perry DC, Khan FN, et al: The use of CRP within a clinical pre-
diction algorithm for the differentiation of septic arthritis and transient synovitis 
in children, J Bone Joint Surg Br 93:1156–1161, 2011.
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and accurate diagnosis of septic arthritis. Molecular meth-
ods such as polymerase chain reaction (PCR) technique are 
used to identify bacteria by their genotypes. The advantage of 
automated multiplex PCR (MPCR) lies in the rapid identifi-
cation of causative pathogens and their antibiotic sensitivities 
(5 hours compared with several days in standard tissue cul-
ture techniques). Results appear promising for the diagnosis 
of periprosthetic joint infection in sonication and synovial 
fluid as well as septic arthritis in synovial fluid of native joints. 

IMAGING STUDIES
Numerous imaging techniques are available to help detect 
joint infections, and although they can help confirm the sus-
picion of septic arthritis, they are not diagnostic. In the first 
few days of infection, radiographs usually are normal; how-
ever, they may be helpful in that they may show soft-tissue 
swelling, displacement of the fat pad, or joint space widening 
from localized edema. As the infection progresses, joint space 
narrowing from the destruction of cartilage may become 
evident. Radiographs may be used to monitor the response 
to treatment and to detect inadequately treated stages of the 
disease, such as generalized joint destruction, osteomyelitis, 
osteoarthritis, joint fusion, or bone loss.

Ultrasonography, in contrast to radiographs, can be used 
to detect even small collections of fluid deep in the joints. 
Non-echo-free effusions from clotted hemorrhagic collec-
tions are characteristic of a septic joint. Ultrasonography can 
be used to guide initial joint aspiration and drainage and to 
monitor the status of intraarticular compartments, joint cap-
sules, bone surface, or adjacent soft tissues. It is noninvasive, 
inexpensive, and easy to use but is heavily operator-depen-
dent. Ultrasound-guided percutaneous needle aspiration has 
also proved useful in obtaining biopsy and to decompress the 
infection; in cases of acute arthritis when joint aspiration is 
not possible or in the absence of synovial fluid, the biopsy can 
confirm the diagnosis by determining the causal pathogen or 
can improve it when there is perivascular PMN infiltration.

Computed tomography (CT), magnetic resonance imag-
ing (MRI), and bone scans also may be obtained to diagnose 
septic arthritis; however, these tests are not always necessary. 
CT, which is more sensitive than radiography, has limited use 
in the early stages of infection. It can show soft-tissue swelling, 
joint effusion, and abscess formation and can be used to guide 
joint aspiration, monitor therapy, and help select operative 
approaches. MRI can detect infection, and the extent of infec-
tion, and is particularly useful in diagnosing infections that are 
difficult to access. MRI has a greater resolution than CT and 
shows better anatomic detail than bone scans, making it useful 
in differentiating between bone and soft-tissue infections and 
showing joint effusion. In addition, patients are not exposed 
to radiation. MRI is costly, has limited value in the presence of 
metal implants, and has a lower resolution than CT in calcified 
bone structures and cortices. Similar to other imaging tech-
niques, MRI is nonspecific and cannot differentiate between 
infectious and noninfectious inflammatory arthropathies.

Radionuclide bone scans often can detect localized areas 
of inflammation. Although the technetium-99m (99mTc)-
methylene diphosphonate scan shows increases in isotope 
accumulation in areas of osteoblasts and increased vascu-
larity, it may be normal in the early stages of septic arthritis. 
Other radiopharmaceuticals, including gallium citrate and 

indium-111 (111In) chloride, are more specific and sensitive 
in the detection of active infection than 99mTc-methylene 
diphosphonate, but they do not show bone or joint detail well, 
and it is often difficult to distinguish between bone, joint, or 
soft-tissue inflammation.111 In-labeled leukocytes localize in 
the areas of acute infection, but although this scan is positive 
in approximately 60% of patients with septic arthritis, false-
positive results may occur in patients with osteoarthritis. 

PATHOGENESIS
Hematogenous infection of a joint begins with a systemic 
bacteremia that ultimately invades the synovial cartilaginous 
junction from the intravascular space and spreads throughout 
the synovium and synovial fluid. Why joints are affected and 
other vulnerable organs are not is unclear; however, collagen 
receptors found on Staphylococcus aureus (the most com-
mon nongonococcal infecting cause of hematogenous septic 
arthritis) may play a role. Also, the lack of a limiting basement 
membrane in the capillaries of synovia may allow intravascu-
lar bacteria to reach the extravascular space of synovial tissue 
through gaps between capillary endothelial cells. In addition, 
synovial fibroblasts inhibit phagocytosis of bacteria.

Soon after the synovium has been infected it becomes 
hyperemic and infiltrated with polymorphonuclear leukocytes 
that rapidly increase over the next several days. Histologically, 
the appearance changes from acute to chronic inflammation 
with an increase in mononuclear leukocytes and lympho-
cytes, which become the predominant inflammatory cells by 
3 weeks.

Destruction of the articular cartilage, which results from 
degradation of ground substance, is apparent 4 to 6 days 
after infection. Depletion of ground substance, according to 
Perry, begins approximately 2 days after inoculation and is 
caused by activation of enzymes from the acute inflammatory 
response, production of toxins and enzymes by bacteria, and 
stimulation of T lymphocytes during the delayed immune 
response. Bacterial antigens deposited in the synovium and 
specific toxins, such as staphylococcal enterotoxin, produced 
by bacteria stimulate proliferation of T lymphocytes. As the 
T lymphocytes increase and degrade the ground substance, 
collagen is exposed to collagenases, altering the mechanical 
properties of the articular cartilage and increasing its suscep-
tibility to wear. Complete destruction of articular cartilage 
occurs at approximately 4 weeks. Joint dislocation or sublux-
ation and osteomyelitis also may occur. 

MICROBIOLOGY
Age is an important factor in determining the causative agent 
in bacterial infection. S. aureus is the leading cause in all ages 
followed by group A. streptococcus and Enterobacter. Until the 
development of a vaccine, Haemophilus influenzae was the 
main pathogen in infants and toddlers and is still recognized in 
the literature as such. S. aureus (including methicillin-resistant 
strains) is the most common pathogen of septic arthritis in hos-
pitalized neonates. Intravenous catheters and hyperalimenta-
tion have been implicated in the transmission of this organism.

Kingella kingae, an organism difficult to recover by joint 
cultures on solid media, may be a more common cause of sep-
tic arthritis than previously recognized, especially in children 
between the ages of 6 and 36 months. Infections caused by 
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K. kingae are milder, and fever may even be absent. This organ-
ism is susceptible to most penicillins and cephalosporins.

Neisseria gonorrhoeae causes approximately 75% of septic 
arthritis cases in healthy, sexually active young adults, although 
a septic joint develops in less than 3% of patients infected with 
N. gonorrhoeae. This infection has a slightly different presenta-
tion than other types of infectious arthritis. Often the infec-
tion is polyarticular and may be associated with a papular rash. 
Joint cultures often are negative, but cultures from the pharynx 
or urethra may be positive. PCR may help identify N. gonor-
rhoeae in culture-negative synovial fluid. Gonococcal arthritis 
generally has a favorable outcome if treated with appropriate 
antibiotics, and drainage usually is unnecessary.

There has been a noted increase in the number of com-
munity-acquired methicillin-resistant S. aureus infections in 
the pediatric population in several large communities. This 
includes osteomyelitis and septic arthritis. At our pediat-
ric institution, community-acquired methicillin-resistant S. 
aureus infection accounted for 26% of all septic arthritis and 
acute hematogenous osteomyelitis admissions. The commu-
nity-acquired methicillin-resistant S. aureus infections are 
more likely to have positive blood cultures after appropriate 
treatment has been initiated and to require multiple surgical 
procedures.

In older adults with nongonococcal disease, S. aureus 
infections cause about half of the cases of septic arthritis, 
and streptococci and gram-negative bacilli are responsible 
for the other half. Polyarticular sepsis caused by S. aureus 
is extremely serious in patients with rheumatoid arthritis, 
hemophilia, or immunosuppression, and mortality rates have 
been reported to be 56%. Hallmark findings in acute sep-
tic arthritis, such as pain with passive motion, swelling, and 
erythema, also may be difficult to interpret in patients with 
rheumatoid arthritis. Adults with systemic lupus erythemato-
sus have an increased likelihood of Salmonella infection, and 
individuals with a history of intravenous drug use are predis-
posed to gram-negative infections, including those caused by 
Pseudomonas organisms. 

TREATMENT
The principles in the management of acute septic arthritis 
include (1) adequate drainage of the joint and resection of 
infected tissue, (2) antibiotics to diminish the systemic effects 
of sepsis, and (3) resting the joint in a stable position. Prompt 
drainage and evaluation of purulent joint fluid is crucial for 
preservation of articular cartilage and for resolution of the 
infection.

If a joint is suspected of being infected, aspiration with a 
large-bore needle should be done before antibiotic therapy is 
initiated. Treatment in children should be aggressive whether 
or not a causative organism is identified.

Empirical antibiotic treatment is based on the patient’s 
age and risk factors (Table 22.3). Empirical antibiotic ther-
apy should be given until culture and sensitivity results are 
available, at which time definitive treatment is initiated (Table 
22.4). If no organism is isolated, empirical therapy should 
be continued. In general, the decision regarding duration of 
therapy is left up to the physician and depends on the type 
of infecting organism, the condition of the patient, and the 
response to therapy. Infections caused by H. influenzae type 
b, Neisseria, or Streptococcus generally respond rapidly to 

appropriate antibacterial management, and duration of ther-
apy can be brief (<2 weeks). Infections caused by staphylo-
cocci and gram-negative bacilli respond more slowly, however, 
often requiring 4 to 6 weeks of treatment. A longer period of 
therapy is required if the hip or shoulder is involved, if the 
patient is immunocompromised, or if the response to treat-
ment has been poor. In general, if laboratory findings do not 
improve after treatment, an infectious disease consultation is 
warranted.

There is strong evidence to support the beneficial effect 
of corticosteroids as adjunctive therapy with antibiotics in 
the treatment of septic arthritis. This is consistent with data 
that show improved outcomes associated with steroid use in 
severe sepsis, severe pneumonia, bacterial meningitis, and 
acute pyelonephritis.

We believe that if the diagnosis is made early and the 
involved joint is superficial, such as the elbow or ankle, 
aspiration should be performed and repeated if necessary. 
Appropriate antibiotics should be administered, and the joint 
should be splinted in a position of function. The patient should 
be observed for a decrease in pain, swelling, and temperature 
and for improved joint mobility. Infections caused by less 
virulent organisms usually respond promptly to treatment. If 
the response is not favorable and repeat aspiration does not 

 TABLE 22.3

Empirical Antimicrobial Therapy

PATHOGEN EMPIRICAL ANTIMICROBIAL
Gram-positive cocci in clus-
ters with MRSA risk factor* 
or β-lactam allergy

Vancomycin 15 mg/kg IV 
q12h

Gram-positive cocci in clus-
ters, no MRSA risk factors

Nafcillin or oxacillin 2 g IV 
q4h

Gram-positive cocci, no 
MRSA risk factors

Cefazolin 2 g IV q8h

Gram-positive cocci in chains 
(Streptococci presumed)

Penicillin G 12-18 MU/day or 
ampicillin 2 g IV q4h

Gram-negative cocci (pre-
sumptive Neisseria)

Ceftriaxone 1-2 g IV/IM q12-
24h or cefotaxime 2 g IV q8h

Gram-negative rods Ceftazidime 2 g IV q 8 h or 
cefepime 2 g IV q8h

Negative Gram stain, previ-
ously healthy, no MRSA risk 
factors

Cefazolin 2 g IV q8h

Negative Gram stain, health-
care associated or other 
MRSA risk factors

Vancomycin 15 mg/kg IV 
q12h plus ceftazidime 2 g IV 
q8h, cefepime 2 g IV q8h or 
piperacillin/tazobactam 4.5 
g IV q6h

Human, dog, or cat bite Ampicillin sulbactam 1.5-3 g 
IV q4h

*Risk factors for methicillin-resistant Staphylococcus aureus: recent hospital-
ization or nursing home admission, hemodialysis, diabetes, intravenous drug 
use, recent antibiotic exposure, recent incarceration, recent skin or soft-tissue 
infection in patient, or close contact. Community-acquired MRSA often occurs 
without preexisting risk factors. MRSA, Methicillin-resistant Staphylococcus 
aureus.
Data from Nuermberger E: Septic arthritis community acquired. In Bartlett JG, 
Auwaerter PG, Pham PA, editors: John Hopkins ABX guide to diagnosis and 
treatment of infectious diseases, ed 3, Burlington, 2012, Jones and Bartlett.
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show a decrease in the synovial leukocyte count within 24 to 
48 hours, drainage is necessary. If purulent material is deeply 
situated in a joint, such as the shoulder or hip, open surgical 
drainage may be necessary. Arthroscopic drainage is a good 
alternative to open drainage in many instances. Clinical com-
parisons of aspiration with arthroscopy or through open pro-
cedures have shown comparable results. Stutz et al. reported 
a 91% cure rate in 78 joints with arthroscopic irrigation and 
debridement, with only 4% requiring open procedures. The 
efficacy of treatment, however, was dependent on the stage 
of the joint infection. Numerous other studies have reported 
lower infection rates, fewer repeat debridements, shorter hos-
pital stays, and better functional results in patients who have 
had arthroscopic irrigation and debridement compared to 

open drainage of the knee, hip, shoulder, wrist, elbow, and 
ankle. In one study of 161 patients with septic arthritis of the 
knee, 71% in the open drainage group required repeat drain-
age compared with 50% in the arthroscopic group. Jiang 
et al. analyzed 7145 cases from a nationwide database of sep-
tic arthritis of the shoulder and found higher incidences of 
septicemia and urinary tract infections perioperatively in 
arthroscopically treated patients than in those treated with an 
open procedure, but they had significantly fewer incidences 
of osteomyelitis. These authors noted that the patients in the 
arthroscopic group had substantially more preexisting condi-
tions than those in the open group, which was likely a con-
tributing factor. As Abdel et al. pointed out in their study of 
50 patients with native shoulder sepsis, most patients were 
elderly, with 57% being immunocompromised. One in three 
required additional intervention. Kang and Lee agreed that 
host factors, age, comorbidities, and causative organisms are 
all related to outcome of arthroscopic debridement in sep-
tic arthritis. A systematic review of septic arthritis of the hip 
showed that arthroscopic native hip irrigation was safe and 
effective in select patients (those without deformity, with 
no bacterial infection, or those who were immunocom-
promised). The most important factor for a good outcome 
remains early diagnosis and treatment and patient selec-
tion. Patients with advanced arthroscopic findings have been 
shown to have worse outcomes.

As the infection resolves, therapy to restore normal joint 
function is begun, including functional splinting initially 
to prevent deformity, isometric muscle strengthening, and 
active range-of-motion exercises. Patients being treated for 
infectious arthritis often have varying degrees of deformity, 
and treatment with traction, dynamic splints, serial casting, 
and passive exercises may be useful. In the residual stage, 
the infection has completely subsided but the joint or joints 
involved are left with deformity or limitation of motion, so 
treatment is directed at correction and functional restora-
tion of the joint. The possibility of reactivating the infection 
should be considered, however, when any necessary proce-
dure is undertaken at this stage. 

TARSAL JOINTS
Primary septic arthritis of the tarsal joints is rare. An uncon-
trolled infection in the tarsal joints requires wide surgical 
drainage. 

 

SURGICAL DRAINAGE OF THE  
TARSAL JOINT

 TECHNIQUE 22.1 

 n  Make a medial or lateral longitudinal incision 5 to 7.5 cm 
long.

 n  Deepen the incision to the joint capsules and open them 
widely.

 n  Take appropriate material for Gram stain and cultures and 
evacuate the pus by copious saline irrigation.

 n  Close the wound loosely over drains.

 TABLE 22.4

Pathogen-Directed Antimicrobial Therapy

PATHOGEN ANTIMICROBIAL THERAPY
Staphylococcus aureus 
(methicillin sensitive)

Nafcillin or oxacillin 2 g IV q4h 
× 3 wk
Cefazolin 2 g IV q8h × 3 wk

S. aureus (methicillin 
resistant or type I peni-
cillin allergy)

Vancomycin 15 mg/kg IV q12h × 
3 wk

Streptococci includ-
ing penicillin-sensitive 
Streptococcus pneu-
moniae ([MIC <4 mg/L])

Penicillin G 12-18 MU IV qd 
divided dose or ampicillin 2 g IV 
q4h × 2 wk

S. pneumoniae 
(penicillin-resistant)

Ceftriaxone 1-2 g IV q12h or 
cefotaxime 2 g IV q8h if suscep-
tible, or vancomycin 15 mg/kg IV 
q12h × 2 wk

Enteric gram-negative 
bacilli

Ceftriaxone 1-2 g IV q12h or 
cefotaxime 2 g IV q8h × 3 wk

Gram-negative 
bacilli (Pseudomonas 
aeruginosa)

Ceftazidime 2 g IV q8h or 
cefepime 2 g IV q8h, plus genta-
micin or tobramycin 5 mg/kg IV 
q24h × 3 wk

Gram-negative bacilli Ciprofloxacin 400 mg IV q8-12h 
or 750 mg PO q12h or levofloxa-
cin 750 mg IV or 750 mg PO qd 
× 3 wk

Polymicrobial Ampicillin/sulbactam 1.5-3 g IV 
q4h × 3 wk
Clindamycin 600 mg IV q6-8h × 3 
wk plus ciprofloxacin 400 mg IV 
or 750 mg PO q12h or levofloxa-
cin 750 mg IV or 750 mg PO qd 
× 3 wk

Gram-positive etiology 
and type I penicillin 
allergy

Vancomycin 15 mg/kg IV q12h × 
3 wk

Vancomycin resistance Linezolid 600 mg IV or PO q12h. 
For ages younger than 12 years 
10 mg/kg q8h.

MIC, Minimal inhibitory concentration.
Data from Nuermberger E: Septic arthritis community acquired. In Bartlett JG, 
Auwaerter PG, Pham PA, editors: John Hopkins ABX guide to diagnosis and 
treatment of infectious diseases, ed 3, Burlington, 2012, Jones and Bartlett.
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POSTOPERATIVE CARE A posterior plaster splint is ap-
plied with the foot in neutral position and the ankle at 90 
degrees. The splint is worn until the wound has healed; 
then graduated weight bearing is started.
   

ANKLE
ASPIRATION
Swelling around the ankle often makes fluctuation difficult to 
locate. To avoid injuring important structures, the needle is 
inserted 2.5 cm proximal and 1.3 cm anterior to the tip of the 
lateral malleolus. This is just lateral to the peroneus tertius 
tendon (Fig. 22.1). 

DRAINAGE
The ankle may be drained through any of the following 
approaches: anterolateral, anteromedial, posterolateral, and 
posteromedial (see Figs. 1.34, 1.36, and 1.38). The postero-
lateral approach has proved safer and more effective than any 
other approach. 

 

ANTEROLATERAL DRAINAGE OF THE 
ANKLE

 TECHNIQUE 22.2 

 n  Make an incision 5 to 7.5 cm long over the joint and 1.3 
to 2.5 cm anterior to the lateral malleolus.

 n  Carry the dissection through the fascia just lateral to the 
sheath of the extensor tendons and the peroneus tertius 
tendon.

 n  Incise the joint capsule longitudinally.
   

 

POSTEROLATERAL DRAINAGE OF  
THE ANKLE

 TECHNIQUE 22.3 

 n  Hold the foot in dorsiflexion. This tends to obliterate the 
anterior compartment and enlarge the posterior compart-
ment; consequently, the purulent material may be evacu-
ated more thoroughly.

 n  Begin the incision 5 cm proximal to the tip of the lateral 
malleolus and just lateral to the Achilles tendon. Extend 
the incision distally to the calcaneus and curve it along the 
superior border of that bone for 2.5 cm.

 n  Retract the sural nerve and small saphenous vein later-
ally. Press the thick pad of fatty tissue over the posterior 
part of the capsule distalward against the subtalar joint 
to protect that joint.

 n  Retract the peroneal tendons laterally and incise the joint 
proximal to the shining, cord-like, posterior talofibular 
ligament.

 n  Be sure to incise the posterior capsule under direct vision. 
This approach also is excellent for draining the subtalar 
joint.
   

 

ANTEROMEDIAL DRAINAGE OF  
THE ANKLE

 TECHNIQUE 22.4 

 n  Make an incision 7.5 cm long on the anterior aspect of 
the ankle parallel with the medial border of the anterior 
tibial tendon.

 n  Carry the dissection directly into the capsule of the joint.
 n  Do not disturb the tendon sheaths.

   

 

POSTEROMEDIAL DRAINAGE OF  
THE ANKLE

 TECHNIQUE 22.5 

 n  Make an incision 7.5 to 10 cm long medial to and parallel 
with the Achilles tendon.

 n  Retract the flexor hallucis longus tendon and the neuro-
vascular bundle medially.

 FIGURE 22.1   Aspiration of ankle, anterolateral view.
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 n  Continue the dissection down to the ankle joint cap-
sule. Incise the capsule. If the dissection is kept lateral 
to the flexor hallucis longus tendon, the nerve, vessels, 
and tendons that lie posterior to the medial malleolus are 
 avoided.

POSTOPERATIVE CARE After the capsule has been in-
cised by any of the previous approaches, the wound is 
closed loosely over drains. A posterior splint is applied with 
the foot in neutral position and the ankle at 90 degrees. 
The splint is worn until the wound has healed; then gradu-
ated weight bearing and active range-of-motion exercises 
are begun.
  

ANKLE ARTHROSCOPY
Ankle arthroscopy has been shown to be successful in treat-
ing early septic arthritis. Arthroscopic synovectomy was 
added to the protocol in addition to irrigation, yielding simi-
lar outcomes to a traditional open approach. Ankle arthros-
copy is described in Chapter 50. 

KNEE
The incidence of bacterial infections in the large joints is 2 
in 100,000 per year. The knee joint is the most frequently 
affected.

ASPIRATION
Because the knee is a superficial joint, it can be aspirated eas-
ily. The needle is inserted on the lateral side at the level of the 
superior pole of the patella. It is advanced through the lateral 
retinaculum and into the joint (Fig. 22.2). 

DRAINAGE
In acute septic arthritis, usually anteromedial arthrotomy or 
arthroscopic drainage and antibiotic treatment are adequate. 
In more difficult cases, the following approaches may be 
used. If the posterior compartment of the knee is distended 
and a popliteal abscess is well established, parallel anterior 
incisions combined with posterolateral and posteromedial 
(Henderson) incisions usually are best. If possible, posterior 
drainage should be avoided because the infection may spread 
through the fascial planes of the thigh and leg. When fluc-
tuation indicates a pocket of pus in the posterior compart-
ment of the joint that has not been or that cannot be drained 
effectively through Henderson incisions, posterior drainage 
is necessary. The posterior compartment may be divided 
by a median septum into medial and lateral compartments. 
These may be drained effectively by the Klein or Kelikian 
approach (both described subsequently). A posterior mid-
line approach should not be used to drain an infected knee 
because it exposes the popliteal vessels to pus and to pres-
sure from the drain and creates a potentially contracting scar 
across the joint.

ARTHROSCOPIC DRAINAGE OF THE KNEE
Arthroscopic drainage is the preferred treatment for acute 
septic arthritis of the knee in adults. Several studies have 
reported good results with this technique, which combines 
the advantages and avoids the disadvantages of needle aspi-
ration and arthrotomy. With arthroscopy, purulent material 
can be removed and the joint can be irrigated. The joint car-
tilage can be inspected, and loculations or adhesions can be 
removed with the arthroscope. A partial synovectomy can be 
performed if necessary. Drains can be placed into the joint 
through the portal sites for drainage or for a continuous suc-
tion drainage system. Arthroscopy also has the advantage 
of allowing much earlier range of motion and rehabilitation 
of the knee joint compared with arthrotomy. Arthroscopic 
drainage has been reported to be a more successful index pro-
cedure and requires fewer repeat irrigation and debridements 
than open drainage. 

 

ARTHROSCOPIC DRAINAGE OF  
THE KNEE

 TECHNIQUE 22.6 

 n  After sterile preparation of the knee, with the patient 
under general or regional anesthesia, insert a large-
bore inflow cannula into the suprapatellar pouch (Fig. 
22.3A).

 n  Place the arthroscope through a standard anterolateral 
portal and irrigate the joint with saline or lactated Ringer 
solution (preferably Neosporin G.U. solution) until the 
fluid coming out of the joint cavity is clear.

 n  Inspect the joint for any evidence of fibrinous debris or 
loculations and note the condition of the joint cartilage.

 n  Use other portals for debridement and irrigation as  
necessary.

FIGURE 22.2   Aspiration of knee, anteroposterior view.
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 n  After the joint has been visually inspected and debrided, 
continue joint irrigation.

 n  After the arthroscope has been removed, insert a small 
drain through the arthroscopic sheath (Fig. 22.3B), 
and remove the sheath as the drain is held in place  
(Fig. 22.3C).

 n  Splint the knee in a functional position.

POSTOPERATIVE CARE An active exercise regimen be-
ginning with straight-leg raising and quadriceps setting 
is begun immediately postoperatively. Active range of 
motion is started as soon as the patient is comfortable, 
generally 24 hours after anteromedial arthrotomy or ar-
throscopic drainage. The drains, if present, are removed 
at 24 to 48 hours after surgery. Functional splinting is 
maintained for 1 week except for periods of exercise.
   

 

ANTERIOR DRAINAGE OF THE KNEE

 TECHNIQUE 22.7 

 n  Make parallel anterior incisions 7.5 to 10 cm long on each 
side of the patella and sufficiently medial or lateral to the 
sides of the patellar tendon.

 n  Incise the capsule and synovium, carefully evacuate the 
purulent material, and disrupt any loculations or adhe-
sions. Use copious saline irrigation.

 n  Leave the synovium open, but loosely close the capsule 
and skin over drains. Use absorbable monofilament su-
tures for closing the capsule.

 n  When this approach is used for drainage, patients must 
spend most of their time in the prone position for ad-
equate drainage, or they must be allowed to carry out 
either early active range of motion of the knee or continu-
ous passive motion.
   

 

POSTEROLATERAL AND 
POSTEROMEDIAL DRAINAGE OF  
THE KNEE

 TECHNIQUE 22.8 

(HENDERSON)
 n  With the knee flexed, make an incision 7.5 cm long on 

the posterolateral aspect of the knee just anterior to the 
fibular head and biceps tendon. This approach avoids the 
peroneal nerve, which parallels the posteromedial border 
of the biceps tendon and passes around the neck of the 
fibula. Continue the incision through the iliotibial band to 
the joint capsule.

 n  Incise the capsule and enter the lateral part of the poste-
rior compartment of the knee (see Fig. 1.62).

 n  Make a similar posteromedial incision anterior to the re-
laxed tendon of the semimembranosus, semitendinosus, 
sartorius, and gracilis muscles (see Fig. 1.63).

 n  Carry the dissection down through the capsule into the 
medial part of the posterior compartment. This longitu-
dinal capsular incision is made just posterior to the tibial 
collateral ligament.
   

 

POSTEROMEDIAL DRAINAGE OF  
THE KNEE
Klein’s approach to the posteromedial aspect of the joint 
takes advantage of the fact that the bursae between the 
semimembranosus tendon and the medial head of the gas-
trocnemius muscle often communicate with the knee joint. 
Consequently, an incision into these bursae often leads 
directly into that joint.

 

A

B

C

FIGURE 22.3 Arthroscopic irrigation of septic knee. A, Cannula 
is inserted in suprapatellar pouch for outflow, and knee is irri-
gated through arthroscopic sheath. B, Small suction drain is inserted 
through arthroscopic sheath. C, Sheath is removed as drain is held 
in place. SEE TECHNIQUE 22.6.
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 TECHNIQUE 22.9 

(KLEIN)
 n  With the knee slightly flexed, make a longitudinal incision 

10 cm long centered over the knee joint and located just 
lateral to the semimembranosus tendon.

 n  Incise the superficial fascia and expose the tendons of the 
medial hamstrings.

 n  Identify the interval between the gastrocnemius and 
semimembranosus and follow the gastrocnemius proxi-
mally to its insertion on the medial femoral condyle.

 n  Expose and incise the capsule in this interval.
   

 

POSTEROMEDIAL AND 
POSTEROLATERAL DRAINAGE OF  
THE KNEE

 TECHNIQUE 22.10 

(KELIKIAN)
 n  Make a posterior longitudinal incision 7.5 to 10 cm long 

centered over the joint and the semimembranosus tendon.
 n  Develop the interval between this tendon and the medial 

head of the gastrocnemius muscle.
 n  Divide the semimembranosus and suture its proximal end 

to the deep fascia (Fig. 22.4A).
 n  Make a generous window in the joint capsule and excise 

the posterior horn of the medial meniscus.

 n  If the posterior compartment is divided by a median 
septum and complete drainage is impossible through 
the posteromedial incision, or if drainage of only the 
lateral compartment is desired, make a longitudinal 
incision 7.5 to 10 cm long over the biceps femoris ten-
don.

 n  Incise the deep fascia lateral and anterior to this tendon 
and free the tendon from the head of the fibula. Also 
free the popliteus tendon from its insertion on the lateral 
femoral condyle.

 n  Suture the free ends of both tendons to the deep fascia 
(Fig. 22.4B).

 n  Window the joint capsule and remove a wedge of the 
lateral meniscus.

 n  Kelikian advises that drains not be used but rather that 
skeletal traction be applied to separate the joint sur-
faces.
   

HIP
Acute septic arthritis of the hip is a more serious disease in 
children than in adults, and severe complications are much 
more common in children. In many cases, infection begins 
first in the metaphysis or epiphysis and is carried into the 
joint. As a result of the peculiar circulation of the femoral 
head, a septic hip places the femoral head at high risk for 
osteonecrosis. Epiphyseal separation also has been reported 
as a complication of septic arthritis of the hip in children. 
If a septic hip goes undiagnosed in an infant, a pathologic 
dislocation may occur. After an infected hip in an infant 
or child has been surgically drained, the hip should be 

 

A B

Common
 peroneal
     nerve

   Fibular
collateral
ligament

Popliteus
     tendon

Biceps femoris
tendon

Deep fascia

Capsule

Fenestra

Lateral femoral
condyle

 Deep fascia

Gastrocnemius
             muscle

Semimembranosus
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Capsule

Medial condyle
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Semimembranosus
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FIGURE 22.4 A, Kelikian approach to drain medial half of posterior compartment of knee. 
Semimembranosus tendon has been divided, and its proximal end has been sutured to deep fascia. 
Capsule has been windowed, and posterior horn of medial meniscus has been excised. B, Kelikian 
approach to drain lateral half of posterior compartment of knee. Incision has been made medial 
to biceps femoris tendon to protect common peroneal nerve. Biceps tendon has been divided at 
its insertion, popliteus tendon has been freed from its origin, and free ends of tendons have been 
sutured to deep fascia. Capsule has been windowed, and wedge of lateral meniscus has been 
excised. SEE TECHNIQUE 22.10.
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supported in abduction to reduce the risk of pathologic dis-
location. Bilateral septic arthritis is seen more often in the 
hip than in other joints and occasionally is associated with 
spinal infection. Independent risk factors for repeat surgical 
procedures in children include a C-reactive protein greater 
than 10 mg/L, an erythrocyte sedimentation rate of greater 
than 40 mm/hr, osteomyelitis, and methicillin-resistant S. 
aureus infection.

ASPIRATION
A lateral, anterior, or medial approach can be used to aspi-
rate the hip joint. The use of image intensification makes nee-
dle placement more certain. If fluid cannot be aspirated, an 
arthrogram should be made to verify the needle’s position. At 
times, pus cannot be aspirated, although later it is proved to 
be present by open drainage. In these circumstances, the hip 
should be explored if local and systemic symptoms cannot be 
otherwise controlled. 

 

LATERAL ASPIRATION OF THE HIP

 TECHNIQUE 22.11 

 n  Insert the needle at a 45-degree angle with the surface of 
the thigh just inferior and anterior to the greater trochan-
ter (Fig. 22.5).

 n  Advance the needle medially and proximally close to the 
bone for 5 to 10 cm, depending on the size of the patient, 
and into the joint.
   

 

ANTERIOR ASPIRATION OF THE HIP

 TECHNIQUE 22.12 

 n  Palpate the femoral artery in line with the inguinal liga-
ment (Fig. 22.5).

 n  Insert the needle 2.5 cm lateral and 2.5 cm distal to this 
point at a 45-degree angle to the skin surface.

 n  Advance the needle 5 to 7.5 cm medially and proximally 
into the joint.
   

 

MEDIAL ASPIRATION OF THE HIP

 TECHNIQUE 22.13 

 n  Flex and abduct the leg; this is usually a more comfortable 
position for patients with septic arthritis.

 n  Place the needle inferior to the adductor longus tendon 
and using image intensification advance it in a plane be-
low the palpated femoral artery until the femoral head or 
neck is reached (Fig. 22.6).

 n  Aspirate the joint.
  

DRAINAGE
Drainage of the hip may be accomplished through a posterior, 
medial, lateral, or anterior approach. The anterior approach is 
preferred in small children for several reasons: (1) damage to 
the major blood supply to the femoral head is avoided, (2) the 
chance of postoperative dislocation is reduced, and (3) the land-
marks for the surgical approach are much clearer in a small child. 
In an adult, the posterior approach allows dependent drainage 
and is a more familiar approach for most orthopaedic surgeons. 

 

Pectineus
muscle

Needle in adductus
longus muscle

Gracilis muscle

Adductor longus muscle

FIGURE 22.6 Aspiration of hip, medial approach. SEE TECH-
NIQUES 22.13 AND 22.17.
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Femoral
vein

Femoral
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FIGURE 22.5 Aspiration of hip, two approaches. SEE TECH-
NIQUES 22.11 AND 22.12.

    

https://booksmedicos.org


PART VII INFECTIONS852

 

POSTERIOR DRAINAGE OF THE HIP

 TECHNIQUE 22.14 

(OBER)
 n  Make an oblique incision in the line of the femoral neck 

extending from the greater trochanter toward the poste-
rior superior iliac spine (see Fig. 1.92).

 n  Split the gluteus maximus muscle in line with its fibers, 
ligating branches of the inferior gluteal vessels as they are 
encountered.

 n  Identify and protect the sciatic nerve in the medial angle 
of the incision.

 n  Divide the external rotators of the hip at their insertions 
on the greater trochanter. Protection of the quadratus 
femoris is crucial because it contains the vasculature for 
the femoral head.

 n  Incise the capsule, preferably at its pelvic attachment, to 
protect the blood supply of the femoral head.

 n  Irrigate the joint profusely with saline to remove the pus 
completely.

 n  Leave the capsule open, but close the skin loosely over 
drains.
   

 

ANTERIOR DRAINAGE OF THE HIP

 TECHNIQUE 22.15 

 n  Make a vertical incision beginning about 1 cm below the 
anterior superior iliac spine inferiorly.

 n  Expose the sartorius muscle on the medial side and 
the tensor fasciae latae and vastus lateralis muscles on 

the lateral side. Use blunt dissection to separate these 
muscles.

 n  Identify the lateral border of the rectus femoris and retract 
this muscle medially (Fig. 22.7); this exposes the hip joint 
capsule.

 n  Incise the capsule, evacuate the pus, and irrigate the joint 
with saline.

 n  Leave the capsule open, but close the skin loosely over 
drains.

 n  If wider exposure is required, extend the skin incision 
proximally onto the iliac crest and subperiosteally detach 
the origins of the tensor fasciae latae and gluteal muscles 
from the ilium.

 n  Protect the lateral femoral cutaneous nerve proximally 
and the branches of the lateral femoral circumflex artery 
distally, if possible.
   

 

LATERAL DRAINAGE OF THE HIP

 TECHNIQUE 22.16 

 n  Make a longitudinal incision 7.5 to 12.5 cm long parallel 
with the anterior border of the greater trochanter.

 n  Incise the tensor fasciae latae, exposing the vastus lateralis.
 n  Detach the anterior portion of the vastus lateralis and re-

tract the abductor muscles proximally to gain access to 
the anterior capsule of the hip.

 n  Incise the capsule, evacuate the pus, and irrigate the joint 
with saline.

 n  Close the skin loosely over drains.
   

 

Rectus femoris
muscle
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latae

Joint
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Anterior superior
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FIGURE 22.7   Anterior approach to septic hip. SEE TECHNIQUE 22.15.
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MEDIAL DRAINAGE OF THE HIP

 TECHNIQUE 22.17 

(LUDLOFF)
 n  Make a longitudinal incision 7.5 to 10 cm long on the me-

dial aspect of the proximal thigh and expose the proximal 
one fourth of the gracilis and adductor longus muscles 
(see Fig. 22.6).

 n  Bluntly dissect posterior to the adductor longus and pec-
tineus muscles and into the abscess cavity, which com-
municates with the hip joint behind the iliopsoas muscle.

 n  Evacuate the pus and irrigate the wound with saline.
 n  Close the skin loosely over drains.

POSTOPERATIVE CARE An infant usually is best treated 
after surgery in a double spica cast with the affected 
extremity in moderate abduction. Adequate windows 
are made in the cast for wound inspection and care. 
Older children and adults are confined to bed rest in 
Buck traction until the wound has healed and the pa-
tient can control the leg (i.e., can raise the limb from 
the bed against gravity). Protective weight bearing us-
ing crutches is permitted, and active range-of-motion 
exercises are started.
  

ARTHROSCOPIC DRAINAGE
Arthroscopic drainage for acute septic arthritis of the hip 
has been reported, with a few small studies showing good 
results. 

 

ARTHROSCOPIC DEBRIDEMENT AND 
PARTIAL SYNOVECTOMY OF THE HIP 
IN AN ADULT

 TECHNIQUE 22.18 

(SCHRÖDER ET AL.)
 n  Place the patient supine.
 n  Using four portals as described by Byrd (see Chapter 51), 

carry out debridement and lavage without traction in the 
peripheral compartment and then in the central compart-
ment. High-volume lavage (minimum of 30 L physiologic 
saline) should be used. Antibacterial agents should not be 
used due to possible chondrotoxicity.

 n  To avoid fluid leakage and potential spread of infection, 
capsulotomy is NOT performed.

 n  After synovectomy and irrigation, insert two suction 
drains into the peripheral compartment, placing the first 
drain into the anterior portal encircling the femoral neck 
medially and the second drain into the anterolateral por-
tal to ensure sufficient drainage for the lateral and poste-
rior side.

POSTOPERATIVE CARE The suction drains are removed 
depending on the amount of fluid draining. Patients are 
allowed to mobilize the first day after surgery. Partial 
weight bearing is indicated for 3 weeks with crutches. 
Continuous passive motion is applied after drain removal. 
Intravenous antibiotics followed by oral antibiotics are ad-
ministered for 4 weeks postoperatively.
  

COMPLICATIONS OF ACUTE SEPTIC 
ARTHRITIS OF THE HIP

PATHOLOGIC DISLOCATION
Pathologic dislocation occurs predominantly in children; 
it is rare in adults. When dislocation is recognized before 
severe contracture of the soft tissue has occurred, reduction 
is accomplished easily at the time of drainage and satisfactory 
function may result (Fig. 22.8). If the femoral head has been 
damaged by the infection, however, skeletal traction should 
be applied through the distal femur and continued until the 
femoral head is at the level of the acetabulum. The dislocation 
is reduced by abduction and gentle rotation; manipulation 
before the femur is displaced distally should not be attempted 
because the femoral head or neck may be fractured. After 
the dislocation has been reduced, the hip is immobilized in 
a spica cast until it is stable or until fibrous or bony ankylosis 
develops. 

 FIGURE 22.8 Appearance of hip 21 years after pathologic 
dislocation and treatment of septic arthritis. Joint space is slightly 
narrowed, and acetabulum and femoral head are slightly incon-
gruous, but seldom is result so satisfactory. Usually, it is more satis-
factory than that shown in Figure 22.9.
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OSTEOMYELITIS
When the infection is confined to the joint, prompt drain-
age and appropriate antibiotic therapy should prevent osteo-
myelitis of the proximal femur. If osteomyelitis results in 
sequestration of the femoral head in children younger than 12 
years old, however, the head may be totally reabsorbed (Fig. 
22.9), or it may be replaced by new bone after its circulation 
is restored. In older children and adults, it usually remains 
as an infected sequestrum and requires excision. Any of the 
approaches described for draining the hip may be used, but 
the anterior approach gives better exposure of the joint. In a 
child, osteomyelitis of the ilium may complicate acute septic 
arthritis of the hip or the joint infection may be secondary 
to infection in the bone; in each case, the hip joint and ilium 
require drainage. In adults, osteomyelitis of the ilium is a less 
common complication, but impairment of the circulation of 
the femoral head may lead to pathologic fracture of the neck 
and sequestration of the femoral head. 

PELVIC ABSCESS
Pelvic abscess complicating acute septic arthritis of the hip is 
caused by suppurative infection of the iliac lymph nodes or by 
spread from the joint into the sheath of the iliopsoas, which 
may communicate with the joint. The abscess is retroperito-
neal and tends to gravitate along the iliopsoas muscle beneath 
the inguinal ligament, eventually pointing in the medial thigh. 
In large abscesses, the pus may track proximally along the ilio-
psoas and point proximal to the posterior iliac crest. MRI may 
help locate and determine the true extent of psoas involve-
ment. Often this can be drained by CT-directed aspiration.

Freiberg and Perlman advised draining pelvic abscesses as 
follows. When the abscess points to the medial thigh, a Ludloff 
incision is made (see Fig. 1.95). By blunt dissection between 
the adductor longus and brevis muscles, the abscess is found 
anterior or posterior to the pectineus muscle. When the abscess 
points subcutaneously anterior to the pectineus, the incision 

may be made directly over it, but care must be taken to avoid 
injuring the femoral vessels and nerve. Drainage above the 
inguinal ligament is not advised because a fecal fistula may 
result, and the abscess cannot be thoroughly evacuated. If the 
abscess points proximal to the iliac crest posteriorly, the inci-
sion is made parallel with the crest and just proximal to it. The 
abdominal muscles are detached from the crest, and the abscess 
is opened by blunt dissection. Any associated septic arthritis of 
the hip is drained through a posterior approach (see Fig. 1.94). 

PERSISTENT INFECTION
Persistent infection around the hip, although rare, is difficult to 
treat. Usually, scarring is extensive, and draining sinuses have 
become established. Often the sinuses become blocked, causing 
recurring abscesses. Unless aggressive surgery is performed, 
chronic sepsis and its sequelae result. Girdlestone described 
a radical operation for chronic pyogenic infection around 
the hip. In this operation, the infected area around the hip is 
almost completely saucerized. In addition to resecting all of the 
infected bone, a mass of muscle is resected to ensure drainage. 
This operation may result in a nearly useless pseudarthrosis or 
ankylosis. Marked shortening of the affected extremity results. 
For these reasons, this operation is a last resort. 

 

RESECTION OF THE HIP

 TECHNIQUE 22.19 

(GIRDLESTONE)
 n  Begin a transverse incision 2.5 cm posterior and distal to 

the anterior superior iliac spine and extend it laterally until 
the center of the incision is about 2.5 cm proximal to the 
greater trochanter (Fig. 22.10).

 

A B

FIGURE 22.9 Pathologic dislocation of hip. A, Early sequestration of epiphysis, as shown by 
apparent increase in density. B, After 16 months, note absorption of epiphysis and part of neck.
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 n  Retract the skin edges and expose the fascia overlying the 
gluteus medius and a part of the gluteus maximus.

 n  Make two deep incisions in line with the edges of the 
retracted skin incision. In the proximal incision, divide the 
glutei down to the ilium just proximal to the acetabu-
lum; in the distal incision, expose the lateral aspect of the 
greater trochanter.

 n  With an osteotome directed proximally and obliquely 
toward the superior aspect of the base of the femoral 
neck, resect the greater trochanter and remove it and the 
incised mass of gluteal muscles.

 n  Incise the capsule and expose the femoral head and neck 
and the acetabular rim (Fig. 22.10B).

 n  Do not resect the femoral head if it is not necrotic or if 
the hip is ankylosed. Otherwise, divide the femoral neck 
and acetabular rim and remove the femoral head and 
neck.

 n  Curet all necrotic and infected bone from the acetabulum 
and ilium. Ensure that any intrapelvic abscess is drained 

adequately and leave only raw surfaces of vascular cancel-
lous bone (Fig. 22.10C).

 n  Partially advance skin flaps over healthy muscle at clo-
sure.

 n  If an abscess is found that extends from the lesser tro-
chanter into the adductor region, make another inci-
sion on the medial side of the proximal thigh and resect 
enough of the pectineus, adductor longus, and adductor 
brevis muscles to provide free drainage.

 n  Insert two or three drains and fill the cavity loosely with 
petrolatum gauze.

POSTOPERATIVE CARE The hip is immobilized in a cast 
or with traction in 20 to 30 degrees of flexion. Accord-
ing to Girdlestone, it is especially important that proximal 
displacement of the femur be prevented; otherwise, the 
purpose of the operation (saucerization of the area) would 
be defeated and drainage from the acetabulum would be 
blocked.
  

Klein et al. described a technique for the treatment of 
chronic sepsis of the hip in paraplegic patients; it consists 
of three separate measures to control the infection: (1) a 
Girdlestone procedure, (2) transposition of the vastus late-
ralis muscle into the void left by the removal of the femoral 
head and neck and acetabular wall, and (3) external fixa-
tion to prevent unrestrained motion of the femoral shaft 
that might damage the transposed muscle. The external 
fixator spans the hip joint with a posterior pelvic-femoral 
frame. 

SACROILIAC JOINT
Acute septic arthritis of the sacroiliac joint is uncommon but 
not rare. Patients have buttock pain and commonly also have 
low back, thigh, and abdominal pain. The iliac compression, 
Patrick, and Gaenslen tests all elicit pain in the involved sac-
roiliac joint. Routine radiographs usually are normal. 99mTc 
and 67Ga scans usually show increased activity, but the most 
sensitive diagnostic study is CT. MRI also may be helpful. 
Miskew, Block, and Witt published a technique for joint aspi-
ration that successfully obtained diagnostic material in seven 
of eight patients. Ultrasound usually is employed to isolate 
the sacroiliac joint. An 18-gauge spinal needle is introduced 
in the midline at the level of the sacroiliac joint at a 45-degree 
angle with the transverse plane and at a 30-degree angle with 
the sagittal plane. The needle is passed laterally and distally 
at these angles, and image intensification is used to guide it 
into the sacroiliac joint 0.5 cm from its most inferior margin. 
Most of the reported patients responded well to appropriate 
antibiotic treatment. Patients who develop an abscess require 
open drainage. Osteomyelitis of the adjacent sacrum or ilium 
is a common complication. 

SPINE
Infections of the spine are discussed in Chapter 42. 

 

B

A

C

FIGURE 22.10 Girdlestone resection of hip for chronic or persis-
tent deep-seated sepsis. A, Line of incision. B, Broken lines depict 
amount of bone to be resected. C, Procedure completed. SEE TECH-
NIQUE 22.19.
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STERNOCLAVICULAR AND 
ACROMIOCLAVICULAR JOINTS
Usually the sternoclavicular and acromioclavicular joints are 
affected only when acute septic arthritis involves other joints 
or in heroin addicts, in whom the causative organism now is 
predominantly S. aureus. Pseudomonas aeruginosa infections 
in injection drug users declined dramatically in the 1980s. 
Isolated cases have been described in healthy adults, however. 
Because these joints are subcutaneous, aspiration and surgi-
cal drainage can be accomplished. Occasionally, a portion of 
the clavicle needs to be excised for associated osteomyelitis. 

SHOULDER
Septic arthritis of the shoulder rarely occurs in young, healthy 
individuals of any age. Usually, acute septic arthritis of the 
shoulder in children is a complication of osteomyelitis of the 
proximal humeral metaphysis; in adults, it usually is associ-
ated with a debilitating disease and rarely responds well to 
treatment. The joint should be aspirated whenever an infec-
tion is suspected, and early surgical drainage is indicated if 
frank pus is obtained. CT or MRI can be helpful in determin-
ing if an abscess is present.

ASPIRATION
The shoulder may be aspirated anteriorly, posteriorly, or later-
ally. Because the fluctuant area usually is palpable anteriorly, 
and the bony landmarks can be identified more easily (Fig. 
22.11), the needle is inserted here most often. The aspiration 
site is located half the distance between the coracoid process 
and the anterolateral edge of the acromion. The needle is 
directed posteriorly through the joint capsule, and the joint 
is aspirated. 

DRAINAGE
The shoulder may be drained through an anterior incision 
or a posterior incision, but the anterior incision is preferable. 
In a review of adult patients treated for septic arthritis of the 
shoulder, Leslie et  al. found that arthrotomy yielded better 
results than repeat aspirations. 

 

ANTERIOR DRAINAGE OF THE 
SHOULDER

 TECHNIQUE 22.20 

 n  Begin an anterior longitudinal incision at the anterior bor-
der of the acromion and extend it 5 to 7.5 cm over the 
center of the humeral head.

 n  Split the fibers of the deltoid muscle 5 cm from the ac-
romion, divide the subscapularis tendon, and open the 
capsule under direct vision.

 n  Open the synovial sheath of the long head of the biceps 
tendon. Evacuate the pus and irrigate the joint copiously 
with saline.

 n  In children, drill the proximal humeral metaphysis to 
decompress any abscess but take care not to injure the 
 physis.

 n  Close the wound loosely over drains.
   

 

POSTERIOR DRAINAGE OF THE 
SHOULDER

 TECHNIQUE 22.21 

 n  Begin the incision at the base of the spine of the scapula 
and extend it distally and laterally for 7.5 cm in line with 
the fibers of the deltoid muscle.

 n  Split the fibers of the deltoid, expose the external rotators 
of the shoulder and dissect between the infraspinatus and 
teres minor muscles just medial to the greater tuberosity 
of the humerus.

 n  Incise the capsule and evacuate the pus.
 n  Irrigate the joint with copious amounts of saline and close 

the skin loosely over drains.

POSTOPERATIVE CARE The shoulder is supported on 
a splint at 45 degrees of abduction until the wound has 
healed. Then active and active-assisted range-of-motion 
exercises are started.
  

ARTHROSCOPIC DRAINAGE OF THE SHOULDER
Arthroscopic drainage has been reported and is seen in 
increasing frequency for the treatment of acute septic arthri-
tis of the shoulder. Arthroscopic drainage should be reserved 
for treatment of septic arthritis early in the disease process, 
particularly before 2 weeks of onset of Gächter stage I or II 

              

   

FIGURE 22.11 Aspiration of shoulder. infections (Table 22.5). With arthroscopy, washout is done
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under direct vision with the patient in the lateral decubitus 
position and the arm suspended in skin traction. A three-
portal technique (anterior, posterior, and superior) affords 
almost complete access. Accessory posterior and inferior 
operating portals may be necessary for involvement of the 
inferior recess. Lavage of the joint with saline or a mixture of 
saline and antibiotic can be performed, with loculations and 
adhesions debrided. A near-total synovectomy can be accom-
plished with a motorized synovial resector without disrupt-
ing the deltoid or rotator cuff. If necessary drains are placed 
through portal sites and intravenous antibiotics administered. 
(See Chapter 52 for an arthroscopic technique using standard 
anterior and posterior portals.) Early active mobilization may 
be initiated sooner than with an open technique. 

ELBOW
ASPIRATION
For elbow aspiration, the physician flexes the elbow and 
inserts the needle on its posterior aspect just lateral to the 

olecranon (Fig. 22.12). The needle is advanced through the 
skin and joint capsule, and the joint is aspirated. 

DRAINAGE
The elbow is best drained through a medial or lateral approach 
or both. 

 

MEDIAL DRAINAGE OF THE ELBOW

 TECHNIQUE 22.22 

 n  Make an incision over the medial humeral epicondyle and 
extend it 5 cm proximally and 2.5 cm distally.

 n  Develop the interval between the triceps posteriorly and 
the brachialis anteriorly, taking care not to injure the ulnar 
nerve.

 n  Elevate the periosteum laterally and distally until the cap-
sule is exposed.

 n  Incise the capsule and evacuate the pus.
 n  Irrigate the joint with saline and close the skin loosely over 

drains.
   

 

LATERAL DRAINAGE OF THE ELBOW

 TECHNIQUE 22.23 

 n  Make an incision over the lateral humeral epicondyle and 
extend it 5 cm proximally and 2.5 cm distally.

 n  Separate the triceps muscle posteriorly from the extensor 
carpi radialis longus anteriorly and expose the joint cap-
sule. Dissect close to the bone to avoid injuring the radial 
nerve.

 n  Incise the capsule, evacuate the pus, and irrigate the joint 
with saline.

 n  Close the skin loosely over drains.

 TABLE 22.5

Gächter Stages of Infection

Stage I Opacity of fluid, redness of the synovial 
membrane, possible petechial bleeding, 
no radiographic alterations

Stage II Severe inflammation, fibrinous deposi-
tion, pus, no radiologic alterations

Stage III Thickening of the synovial membrane, 
compartment formation, no radiologic 
alterations

Stage IV Aggressive pannus with infiltration of 
the cartilage, undermining the cartilage, 
radiologic signs of subchondral osteolysis, 
possible osseous erosions and cysts

From Gächter A: Der Gelenkinfektion, Inform Arzt 6:35–43, 1985.

 FIGURE 22.12  Aspiration of elbow.
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 n  The posterior compartment of the joint also may be 
drained through this incision by dissecting posteriorly on 
the humerus and elevating the attachment of the triceps 
from the lateral surface of the bone.
   

 

POSTERIOR DRAINAGE OF  
THE ELBOW

 TECHNIQUE 22.24 

 n  Begin parallel longitudinal incisions on each side of the 
olecranon and continue them proximally for 7.5 cm (Fig. 
22.13).

 n  Deepen the incisions through the medial and lateral bor-
ders of the triceps aponeurosis into the posterior compart-
ment of the joint. Avoid injuring the ulnar nerve as it cross-
es the posterior aspect of the medial humeral epicondyle.

POSTOPERATIVE CARE The elbow is splinted at 90 de-
grees with the forearm in neutral rotation until the wound 
has healed. Then active range-of-motion exercises are 
started.
  

ARTHROSCOPY OF THE ELBOW
Arthroscopic irrigation and synovectomy are safe and effec-
tive in the elbow, producing good functional results in 
patients who are immunocompetent with septic arthritis (see 
Chapter 52 for arthroscopic elbow examination and treat-
ment of pyarthrosis). 

WRIST
Septic arthritis of the wrist is seen less frequently than in other 
joints and usually occurs after penetrating trauma. Signs may 

be subtle, and the diagnosis is easily missed. Early incision 
and drainage should be performed to avoid the complications 
of joint ankylosis, periarticular osteomyelitis, or suppurative 
flexor tenosynovitis.

ASPIRATION
Aspiration is performed on the dorsal side of the wrist. Several 
aspiration sites on the dorsum of the wrist can be used. The 
most common site of aspiration is between the first and sec-
ond extensor compartments at the radiocarpal level, immedi-
ately adjacent to the point where the extensor pollicis longus 
crosses the extensor carpi radialis longus. Other aspiration 
sites are between the third and fourth extensor compartments 
or between the fourth and fifth extensor compartments (Fig. 
22.14). 

DRAINAGE
The wrist can be drained by a medial, lateral, or dorsal 
approach. Avoid opening the tendon sheaths. 

 

LATERAL DRAINAGE OF THE WRIST

 TECHNIQUE 22.25 

 n  Make a longitudinal incision 5 cm long between the ab-
ductor pollicis longus and extensor pollicis brevis tendons 
volarly and the extensor pollicis longus tendon dorsally.

 n  Deepen the incision into the anatomic snuffbox, taking 
care to avoid injuring the radial artery.

 n  Incise the radial collateral ligament and synovium and 
evacuate the pus.

 n  Irrigate the joint and close the skin loosely over drains.
   

 FIGURE 22.13 Incision on each side of triceps aponeurosis for 
posterior drainage of elbow. SEE TECHNIQUE 22.24.  FIGURE 22.14  Aspiration of wrist.
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MEDIAL DRAINAGE OF THE WRIST

 TECHNIQUE 22.26 

 n  Make an incision 5 cm long over the ulnar head between 
the tendons of the flexor and extensor carpi ulnaris. Avoid 
injuring the dorsal branch of the ulnar nerve.

 n  Expose the ulnar collateral ligament and synovium and 
incise them distal to the ulnar styloid. Do not detach the 
triangular fibrocartilage.
   

 

DORSAL DRAINAGE OF THE WRIST

 TECHNIQUE 22.27 

 n  Make a dorsal longitudinal incision 5 cm long between 
the extensor pollicis longus and extensor indicis proprius 
tendons or between the extensor carpi ulnaris and exten-
sor digiti quinti proprius tendons.

 n  Incise the dorsal carpal ligament and enter the joint (see 
Chapter 1).

POSTOPERATIVE CARE The wrist is splinted in the posi-
tion of function until the wound has healed, and then 
active range-of-motion exercises are started.
  

ARTHROSCOPY OF THE WRIST
Arthroscopic irrigation has been reported to be an effective 
treatment in patients with isolated septic arthritis of the wrist, 
with fewer procedures required than with open treatment. 
However, there are several contraindications, including mul-
tiple sites of infection, prior surgery, osteomyelitis, small wrist 
size, severe joint destruction, and infection that has spread out-
side of the radiocarpal and midcarpal joints. (See Chapter 69 
for patient positioning and arthroscopic portal placement for 
wrist examination.) Antibiotics are not started unless cultures 
have already been obtained. Once the arthroscope has been 
introduced, gravity inflow is started and outflow provided with 
low suction through a joint shaver. Gravity inflow rather than 
a mechanical pump should be used in the presence of septic 
arthritis to avoid extravasation of the joint fluid. Synovitis, 
loculations, and purulence are debrided using the joint shaver. 
After debridement, the joint is irrigated thoroughly. Each joint 
in turn undergoes the same inspection and debridement pro-
cess. The wrist is immobilized in 20 degrees of extension. 

OPERATIONS TO CORRECT 
DEFORMITIES AFTER SEPTIC 
ARTHRITIS
ANKLE
When the ankle is fixed in equinus by soft-tissue contracture, 
treatment by Quengel casting or serial wedged casts or by 

operations such as lengthening of the Achilles tendon with or 
without posterior capsulotomy generally is effective in restor-
ing plantigrade position of the foot. When fixed equinus is 
caused by bony ankylosis, cuneiform osteotomy through the 
joint is indicated. 

 

OSTEOTOMY OF THE ANKLE

 TECHNIQUE 22.28 

 n  Expose the ankle through an anterolateral approach (see 
Fig. 1.34). With an osteotome, remove from the joint a 
cuneiform wedge of bone with its base anterior.

 n  If necessary, lengthen the Achilles tendon and perform a 
posterior capsulotomy to avoid resecting excessive bone, 
which would cause too much shortening.

 n  Dorsiflex the foot to the neutral position and see that the 
bony surfaces of the osteotomy are accurately apposed in 
this position.

 n  Apply an external fixation device, such as is used for ankle 
arthrodesis.

POSTOPERATIVE CARE The postoperative care is the 
same as that for compression arthrodesis of the ankle (see 
Chapter 11).
  

KNEE
Soft-tissue flexion contractures of the knee can be managed 
by Quengel or serial wedged casts or may require soft-tissue 
operations such as those described in Chapter 45. For bony 
or rigid fibrous ankylosis or severe soft-tissue contractures, 
the following procedures may be considered in addition to 
techniques for complex deformity correction, using circular 
fixators or other external fixation compression devices (see 
Chapter 58). A flexion deformity can be corrected indirectly 
by a supracondylar osteotomy that causes a compensatory 
deformity in the opposite direction. This operation should be 
considered when the flexion deformity is not severe but the 
joint is unsuitable for manipulation or soft-tissue release. In 
children, the osteotomy should be made well proximal to the 
physis. 

 

TRANSVERSE SUPRACONDYLAR 
OSTEOTOMY OF THE FEMUR

 TECHNIQUE 22.29 

 n  Make a lateral longitudinal incision 2.5 cm long just proxi-
mal to the lateral femoral condyle. Incise the fascia lata 
and vastus lateralis, exposing the femur.

 n  Insert an osteotome and turn it to cut transversely.
 n  Divide the femur laterally and posteriorly through two 

thirds of its thickness.
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 n  By manipulation, create a greenstick fracture in the re-
maining bone and correct the deformity (Fig. 22.15).

 n  If the flexion contracture is greater than 45 degrees, the 
hamstring tendons should be lengthened before the os-
teotomy.

POSTOPERATIVE CARE After the extremity is aligned, a 
long-leg cast with a pelvic band is applied. At 2 weeks, the 
cast is changed to permit any necessary further correction 
of the deformity. At 8 to 12 weeks, the second cast is re-
moved and a long-leg orthosis with the knee fixed in neu-
tral position is applied to maintain the corrected position. 
If the knee had functional range of motion before surgery, 
the orthosis is omitted. Active motion and quadriceps exer-
cises are begun as soon as possible and are continued until 
the range of motion present before surgery is regained.
  

Ankylosis of the knee in flexion may be corrected by the 
V-osteotomy described by Thompson. 

 

V-OSTEOTOMY OF THE FEMUR

 TECHNIQUE 22.30 

(THOMPSON)
 n  Divide the anterior cortex of the femur by V-osteotomy, 

divide the medial and lateral cortices obliquely, and divide 
the posterior cortex transversely (Fig. 22.16).

 n  Make an excavation in the distal fragment and insert the 
pointed end of the proximal fragment into it.

 n  Resect a portion of the proximal fragment, if necessary, 
to reduce tension on the neurovascular structures.

POSTOPERATIVE CARE The postoperative care is the 
same as that described for transverse osteotomy. When 
the flexion contracture is greater than 60 degrees, trans-
verse osteotomy allows only limited bony apposition after 
the deformity has been corrected. Cuneiform osteotomy 
is preferable, especially in adults.
   

 

SUPRACONDYLAR CUNEIFORM 
OSTEOTOMY OF THE FEMUR

 TECHNIQUE 22.31 

 n  Make a lateral longitudinal incision 7.5 cm long starting 
just proximal to the lateral femoral condyle.

 n  Divide the fascia lata and the vastus lateralis muscle and 
retract the latter anteriorly.

 n  Remove a wedge-shaped section of bone from the an-
terior surface of the femoral metaphysis. The angle of 
the wedge should be approximately half the angle of the 
flexion contracture (Fig. 22.17).

 n  After the deformity has been corrected, the gap that was 
created is closed and a small gap is created posteriorly.

 

A B C

FIGURE 22.16 Thompson telescoping-V osteotomy. SEE TECHNIQUE 22.29.

 FIGURE 22.15 Supracondylar osteotomy for ankylosis of knee in 
flexion. Transverse osteotomy. Dotted line indicates the femur after 
correction, with subsequent wedge-shaped space based posteriorly. 
Telescoping actually occurs to sufficient degree to close defect. SEE 
TECHNIQUE 22.28.
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 n  When satisfactory correction has been obtained at the 
time of surgery, the fragments are immobilized better 
and union is hastened by applying a compression clamp 
or some other external fixation compression device (see 
Chapter 8). This is especially applicable when the knee is 
solidly ankylosed.

POSTOPERATIVE CARE The postoperative care is the 
same as that for compression arthrodesis of the knee (see 
Chapter 8).
  

Femoral osteotomy is indicated when a functional range 
of flexion remains beyond the flexion contracture. The osteot-
omy should be made as near the joint as possible. Full exten-
sion can be regained by this operation, but the preoperative 
range of flexion may be reduced. 

 

SUPRACONDYLAR CONTROLLED 
ROTATIONAL OSTEOTOMY OF THE 
FEMUR

 TECHNIQUE 22.32 

 n  Through a lateral incision 10 cm long, subperiosteally ex-
pose the supracondylar area of the femur laterally and 
anteriorly.

 n  With a reciprocating motor saw, remove a small quadrilat-
eral segment of bone. Cut the distal end of the proximal 
fragment transversely and the proximal end of the distal 
fragment at an angle (Fig. 22.18A), then rotate the femo-
ral condyles anteriorly.

 n  Bend a Blount blade plate to slightly more than a right angle, 
insert the blade transversely through the distal  fragment, 

and fix the plate to the femur with screws. Other blade 
plate devices that are contoured to fit and provide rigid 
fixation can be used as alternatives (Fig. 22.18B,C).

POSTOPERATIVE CARE If the internal fixation is secure, 
the extremity is supported in a knee extension splint until 
the wound has healed; otherwise, a long-leg cast is ap-
plied with the knee extended and is worn for 4 weeks.
  

INTRAARTICULAR OSTEOTOMY
Sometimes intraarticular osseous ankylosis occurs in so much 
flexion that weight bearing is impossible. If arthroplasty is 
contraindicated because of the patient’s age or occupation, 
intraarticular osteotomy to correct the flexion contracture 
is indicated. In children, the physes must be protected (Fig. 
22.19). When the joint is ankylosed in extreme flexion, cor-
recting the deformity completely by surgery is not advis-
able. If enough bone were removed to allow full correction, 
it would cause too much shortening; if not enough bone were 
removed and the joint were forced into extension, vascular or 
neurologic complications would be likely. A severe deformity 
should be only partly corrected at the time of surgery, and 
the contracted structures on the posterior surface of the joint 
should be stretched gradually by conservative measures. 

 

INTRAARTICULAR OSTEOTOMY

 TECHNIQUE 22.33 

 n  Make a medial parapatellar incision.
 n  Free the patella from the femur and strip the soft tissues 

subperiosteally from the anterior surface of the femur and 
tibia.

 FIGURE 22.17 Cuneiform osteotomy based anteriorly. Section 
of bone removed is indicated by green area. Dotted lines show 
position of femur after osteotomy, with complete apposition of 
raw surfaces of fragments. SEE TECHNIQUE 22.31.

 

A B C
FIGURE 22.18 Modification of Osgood supracondylar controlled 

rotation osteotomy of femur. A, Green area illustrates section of 
bone to be removed. B and C, After osteotomy, corrected position 
is maintained by blade plate. SEE TECHNIQUE 22.32.
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 n  For moderate deformity, make the osteotomy parallel to 
the contour of the femoral condyles (Fig. 22.20).

 n  If the deformity is extreme, remove an anterior wedge of 
bone (Fig. 22.21).

 n  In children with extreme flexion contracture, full correc-
tion may be impossible without damaging the physes; the 
deformity should be partly corrected by excising bone, 
and 2 weeks later a posterior capsulotomy and hamstring 
lengthening procedure should be performed.

 n  When the deformity can be corrected completely during 
surgery, immobilize the joint with a compression clamp or 
some other form of external fixation compression device.

POSTOPERATIVE CARE If the deformity has been cor-
rected by surgery, apply a long-leg cast incorporating the 
fixation device. If the deformity can be corrected only 
partly, apply a splint maintaining the knee in maximal 
extension, and apply a series of wedging casts until full 
correction is achieved.
  

HIP
The goal in treating acute septic arthritis of the hip is to 
achieve normal function with no residual deformity or dis-
ability. This goal may not be achieved, however, even with the 
best of treatment. Choi et al. found several poor prognostic 
factors related to septic arthritis of the hip in infants, includ-
ing: (1) an infection that occurred before 22 weeks of age, (2) 
prematurity, and (3) symptoms that lasted longer than 4 days. 
The most important factor was delay in diagnosis.

Disability after acute septic arthritis of the hip may be the 
result of any of the following:
 1.  Pain may be caused by incongruous articular surfaces or 

by pathologic dislocation.

 

A

B

FIGURE 22.19 A, Ankylosis and deformity of knee after 
pyogenic arthritis. B, After intraarticular osteotomy and arthro-
desis. Physes were not injured by surgery.

 

A B
FIGURE 22.20 Intraarticular osteotomy for ankylosis of knee in 

flexion. A, Broken lines show where bone is divided, conforming to 
general contour of joint surfaces. B, After correction. SEE TECHNIQUE 
22.33.

 

A B

Physis

FIGURE 22.21 Cuneiform intraarticular osteotomy for ankylosis 
of knee in flexion. A, Dotted lines show where bone is divided, 
wedge-shaped section being removed. B, After correction of defor-
mity. SEE TECHNIQUE 22.33.
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 2.  Stiffness from partial or complete ankylosis may cause 
moderate or severe disability, depending on whether a 
significant contracture also is present.

 3.  Deformity may consist of abnormal angulation, as in coxa 
vara, or of shortening. Flexion and adduction deformities 
in children are common even if spontaneous bony anky-
losis in optimal position is initially achieved.

 4.  Instability may result from bone destruction in the proxi-
mal femur or from pathologic dislocation.
Reconstructive operations usually should be delayed for 

months and sometimes years after the infection has subsided. 
The reasons for this delay are as follows: (1) the danger of 
reactivating the old infection is reduced; (2) the status of the 
proximal femur and femoral head should be definitely deter-
mined in children because early radiographs may show what 
appears to be destruction of the proximal femur with sepa-
ration and osteonecrosis of the femoral head epiphysis, only 
to show satisfactory reconstitution on later films; and (3) the 
strength and general character of the bone improve with time, 
especially in children, as necrotic bone is revascularized, and 
abscess cavities are filled in, increasing the likelihood of suc-
cess after reconstructive surgery. It generally is accepted that 
an unstable hip should not go untreated during the period of 
growth, and a fixed deformity should not be allowed to per-
sist for many years. However, some authors have noted that 
reconstructive surgery after hip sepsis may not yield results 
comparable to nonoperative treatment.

ARTHROPLASTY
Interposition or cup arthroplasty still may be useful in younger 
patients with an ankylosed hip. Total hip arthroplasty should 
be considered only for older patients. These operations prob-
ably should be performed in collaboration with an infectious 
disease consultant and with the administration of appropriate 
perioperative antibiotics. 

OPERATIONS TO STABILIZE THE HIP
The hip may be stabilized after acute septic arthritis by (1) 
arthrodesis, (2) pelvic osteotomy, (3) proximal femoral 
osteotomy, (4) trochanteric arthroplasty (Colonna) com-
bined with proximal femoral osteotomy, and (5) Harmon or 
L’Episcopo reconstruction. Although many of these osteot-
omy and arthroplasty procedures seem to be antiquated, they 
are mentioned here for completeness and because they may 
be useful in the rare catastrophic situation.

Arthrodesis (see Chapter 5) provides a stable and painless 
hip with moderate inconvenience. It is probably more useful 
in adults or older children.

Pelvic osteotomy, such as acetabuloplasty or the Salter or 
Chiari procedures, may be useful in children to provide a sup-
port for the proximal femur when the head and neck have 
been absorbed. The limp is decreased, and mobility is pre-
served, but pain may persist. These operations are less helpful 
in adults.

A Schanz or proximal femoral osteotomy may be useful 
when the remnant of the neck remaining in the acetabulum 
is large enough. It usually is not indicated unless some part 
of the femur articulates with the acetabulum. The operation 
often decreases lurch and increases the functional length of 
the limb by abducting the distal fragment.

Trochanteric arthroplasty for instability after septic 
arthritis is performed in stages, with the greater trochanter 
placed into the acetabulum and the hip abductors moved 
distally on the femur. A proximal femoral osteotomy is per-
formed about 1 month later, accompanied in some cases 
by acetabuloplasty. The operation is performed in children 
younger than 10 years.

In the L’Episcopo or Harmon reconstruction, a new 
femoral neck is fashioned to articulate with the acetabulum 
(Fig. 22.22). These operations are useful for young children in 
whom the femoral head and neck have been absorbed. 

 

Cortical grafts
from tibia

A B C
FIGURE 22.22 Harmon reconstruction for loss of femoral head and neck in child as result of 

acute infectious arthritis. Period of growth and of weight bearing produces substantial neck and 
trochanter (see text). SEE TECHNIQUE 22.34.
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RECONSTRUCTION AFTER  
HIP SEPSIS

 TECHNIQUE 22.34 

(HARMON)
 n  Expose the acetabulum and proximal femur through an 

anterior iliofemoral incision (see Fig. 1.99).
 n  Strip the periosteum from the anterior aspect of the proxi-

mal femur, but do not disturb the muscles attached to the 
greater trochanter.

 n  With the extremity in neutral rotation, drill four to six 
holes through the bone in an anteroposterior direction 
(Fig. 22.22A). Using the holes as a guide, osteotomize 
the proximal femur longitudinally, then pry the medial 
fragment medially, creating a greenstick fracture.

 n  Obtain cortical tibial grafts from the opposite limb and 
place them in the osteotomy to keep the fragment angu-
lated medially (Fig. 22.22B).

 n  Remove the scar tissue from the acetabulum, taking care 
not to injure its cartilaginous surface.

 n  Place the medial fragment of the femur into the acetabu-
lum by manipulating the limb (Fig. 22.22C).

POSTOPERATIVE CARE A cast is applied from the nipple 
line to the toes on the affected side and to above the knee 
on the opposite side, holding the affected hip in neutral 
rotation and slight abduction. Immobilization is continued 
for 3 months, and then graduated weight bearing with 
crutches is begun.
  

OPERATIONS TO CORRECT DEFORMITY
Deformities should be corrected as soon as possible after the 
infection has subsided. A flexion and adduction contracture is 
treated by transferring the crest of the ilium (see Chapter 34) 
and, when necessary, by an adductor tenotomy (see Chapter 
33). A hip ankylosed in flexion and adduction is treated by 
intertrochanteric osteotomy, as described here, fixing the hip 
in neutral rotation, 0 degrees of flexion, and 20 to 30 degrees 
of abduction (in children). Because the deformity may recur 
before the child reaches maturity, all concerned should be 
informed that a second osteotomy may be required later. In 
adults, 25 degrees of flexion and neutral abduction is the best 
position.

One of three types of intertrochanteric osteotomies can be 
used alone or combined with such operations as adductor tenot-
omy: a transverse opening wedge osteotomy, a transverse clos-
ing wedge osteotomy, or the Brackett ball-and-socket osteotomy 
(Fig. 22.23). These are basic operations used for many years and 
have been modified as improvements in technique have occurred 
(Fig. 22.24). The transverse opening wedge osteotomy is simple, 
and it lengthens the extremity; however, bony apposition is lim-
ited, union is delayed in adults, and it is initially unstable. 

 

TRANSVERSE OPENING WEDGE 
OSTEOTOMY OF THE HIP

 TECHNIQUE 22.35 

 n  Expose the lateral aspect of the proximal femur by a lat-
eral longitudinal incision.

 

A CB
FIGURE 22.23 Trochanteric osteotomy. A, Gant opening wedge osteotomy fixed by blade plate. 

B, Whitman closing wedge osteotomy. C, Brackett ball-and-socket osteotomy fixed by Blount blade 
plate. SEE TECHNIQUES 22.35 TO 22.37.
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 n  Insert a drill point perpendicular to the femoral shaft at 
a level slightly proximal to the lesser trochanter. Verify its 
position by radiographs.

 n  Divide the femur at the level of the drill point with an 
osteotome.

 n  Place the extremity in the corrected position and insert a 
rigid internal fixation device, such as those used for inter-
trochanteric fractures (Fig. 22.23A see Chapter 55).

POSTOPERATIVE CARE A one and one-half spica cast is 
applied and is worn for 8 to 12 weeks. Range-of-motion 
and strengthening exercises are then started, and protect-
ed weight bearing using crutches is begun.
  

The transverse closing wedge osteotomy provides good 
bony apposition and is stable; however, it shortens the 
extremity. 

 

TRANSVERSE CLOSING WEDGE 
OSTEOTOMY OF THE HIP

 TECHNIQUE 22.36 

 n  Expose the lateral aspect of the proximal femur through 
a longitudinal incision.

 n  Use an osteotome to outline a laterally based wedge with 
the apex at the upper border of the lesser trochanter.

 n  The size of the wedge is determined by the deformity. Pa-
per cutouts of tracings made from radiographs taken be-
fore surgery are helpful in determining the proper angles 
and position of the wedge (Fig. 22.23B).

 n  Remove the wedge of bone and abduct the distal frag-
ment.

 n  With the defect closed, the alignment of the extremity 
should be correct.

 n  Insert a rigid internal fixation device, such as the one used 
for intertrochanteric fractures (see Chapter 55).

POSTOPERATIVE CARE Protected weight bearing with 
crutches is begun after the reaction has subsided and is 
continued until union is mature.
  

The Brackett osteotomy achieves stability without short-
ening the extremity; however, extensive dissection is required. 
In severe biplane deformities, an accurate and stable osteot-
omy is difficult to perform. 

 

BRACKETT OSTEOTOMY OF THE HIP

 TECHNIQUE 22.37 

(BRACKETT)
 n  Expose the anterior surface of the intertrochanteric re-

gion, the base of the neck, and the proximal shaft of the 
femur through a straight incision 12.5 cm long, beginning 
at the anterior superior iliac spine and extending distally, 
or through a lateral Watson-Jones (see Chapter 1) ap-
proach.

 n  Retract the tensor fasciae latae muscles laterally and the 
sartorius and rectus femoris muscles medially.

 n  With a narrow osteotome or a reciprocating motor saw, 
make an osteotomy through the bone convex superiorly 
and medially (Fig. 22.23C). Begin it on the lateral side of 
the greater trochanter and continue it to the junction of 
the lesser trochanter with the neck.

 n  Complete the osteotomy and abduct the distal fragment. 
As the distal fragment rotates within the hollow of the 
proximal fragment, the deformity is corrected.

 n  When the adduction deformity is mild, the lateral margin 
of the osteotomy should be level with the medial margin; 
however, when it is severe, the lateral margin should be 
slightly more proximal than the medial margin.

 n  When there is a severe flexion deformity, the anteropos-
terior plane of the osteotomy should be directed so that it 
provides a slight roof over the anterior edge of the proxi-
mal fragment.

 n  After the fragments have been aligned properly, insert a 
rigid internal fixation device, such as one used for inter-
trochanteric fractures (see Chapter 55).

POSTOPERATIVE CARE Protected weight bearing with 
crutches is begun after the reaction has subsided and is 
continued until the union is mature.
  

OPERATIONS TO EQUALIZE LEG LENGTHS
Operations to correct leg-length inequality (see Chapter 29) 
are performed only after all reconstructive operations on the 
affected limb have been completed.

 FIGURE 22.24 Satisfactory weight-bearing hip after osteotomy 
for adduction deformity with ankylosis of hip. Line shows adduction 
deformity of femur before operation.
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TUBERCULOSIS AND OTHER UNUSUAL 
INFECTIONS
Andrew H. Crenshaw Jr.

CHAPTER 23

TUBERCULOSIS
Tuberculosis is transmitted primarily through inhalation or 
ingestion of Mycobacterium tuberculosis or Mycobacterium 
bovis. After exposure, the infection may be cleared by the 
host, lead to a primary infection, or can later be reactivated 
from a latent infection. Thereafter, lymphogenous, hema-
togenous, or contiguous extension to other tissues and 
organ systems may occur. The clinical presentation depends 
on the presence of isolated musculoskeletal involvement or 
miliary disease. Miliary disease has a rapid course, and con-
stitutional symptoms include fever, chills, and cough, with 
accompanying pleuritic pain, weight loss, and fatigue. The 
patient may have acute or chronic symptoms. The mortality 
rate for miliary disease is 20% to 30%. The term “miliary” 
refers to the chest radiograph appearance of tiny lesions  
(1 to 5 mm) scattered throughout the lung fields that resem-
ble millet seeds.

Current estimates of the worldwide rate of tuberculosis 
infection are as high as one third of the world’s population. 
Even though the incidence of tuberculosis has been falling 
globally for several years, it remains one of the most frequent 
causes of death worldwide; the World Health Organization 
reported 1.1 million deaths in 2013. The highest rate of new 
cases is in Southeast Asia, but the highest rates of infection 
and mortality are in sub-Saharan Africa.

NORTH AMERICAN DEMOGRAPHICS
According the Centers for Disease Control and Prevention 
(CDC), there were 9093 new cases of tuberculosis reported 
in the United States in 2017. Since 1992, there has been a 
67% decrease in the rate of cases in the United States. There 
were 544 deaths in the United States attributed to tubercu-
losis in 2013, an 8% decrease from 2012. The provisional 
tuberculosis case count and incidence in 2017 were the low-
est in the United States since surveillance began in 1953 at 

2.8 cases per 100,000 population. Since 2014, the annual 
percentage rate has decreased 2.0% per year. However, to 
eliminate tuberculosis by 2100, the annual rate of decline 
should be 3.9%.

More than 80% of percent tuberculosis cases in the 
United States represent reactivation of latent tuberculosis 
infections rather than recent transmissions. There are older 
chemotherapeutic drugs, such as methotrexate, now used for 
various autoimmune diseases that can lower the immune sys-
tem, leading to reactivation of latent tuberculous infection in 
an otherwise healthy patient.

Minozzi et  al. reviewed 78 controlled trials involving 
24,996 patients with rheumatoid arthritis, psoriatic arthritis, 
and ankylosing spondylitis involving treatment with antitu-
mor necrosis factor agents (adalimumab, golimumab, inf-
liximab, certolizumab, and etanercept). Their meta-analysis 
showed increases in general infections (20%), serious infec-
tions (40%), and tuberculosis (250%).

In a systematic literature review by Cantini et al., it was 
found that non-antitumor necrosis factor agents used for 
the treatment of rheumatoid arthritis, psoriatic arthritis, and 
ankylosing spondylitis had a negligible latent tuberculosis 
reactivation rate, raising the question as to the need for pre-
treatment screening.

Populations most at risk include individuals with acquired 
immunodeficiency syndrome (AIDS) or other immunodefi-
ciencies, patients with chronic renal failure, substance abus-
ers, homeless or incarcerated individuals, and immigrants 
from developing countries. Foreign-born individuals account 
for approximately two thirds of recent tuberculosis cases in 
the United States. The high-risk period for developing the 
disease is within the first 5 years of immigration. Population 
density continues to be a risk factor; 75% of newly reported 
cases occur in metropolitan areas with a population of more 
than 500,000. In 2016, 1.0% of culture-confirmed cases were 
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multidrug-resistant; 80.4% of those were primary tuberculo-
sis cases, and 92% were in non-US-born persons. 

MUSCULOSKELETAL INVOLVEMENT
Tuberculosis commonly affects the pulmonary system but 
can affect virtually any organ system of the body. Skeletal 
tuberculosis accounts for 10% to 20% of cases of tuberculo-
sis. Approximately 50% of patients with osseous tuberculosis 
have pulmonary involvement, and 30% to 50% of patients with 
osseous disease have vertebral involvement, most often in the 
lower thoracic spine. Frequently, a primary extraosseous lesion 
is not well delineated. Less frequently observed appendicular 
involvement usually affects major weight-bearing joints of the 
lower extremity, most commonly the hip and knee, followed 
in frequency by the foot, elbow, and hand. Virtually any other 
bone or joint can be involved. Soft-tissue abscesses with sinus 
tracks have been described, as has tenosynovitis.

The spine is the most common (30% to 50%) site of osse-
ous involvement, especially in elderly individuals; however, 
spinal involvement is also common in children and in young 
adults from developing countries. A primary accompanying 
lesion may be discovered from the pulmonary or urogeni-
tal system or from an unknown source. Lymphogenous and 
hematogenous spread have been implicated in thoracolum-
bar lesions but less often in cervical or sacral lesions. Usually, 
active spinal lesions involve a particular segment: two verte-
bral bodies and the corresponding disc. Some authors have 
speculated that these areas are affected most often because of 
the generous arterial and venous supply and the high oxygen 
pressure requirement of the tuberculosis bacilli. A peridiscal 
presentation occurs in approximately 80% of patients, with the 
anterior vertebral body affected and contiguous progression 
through subligamentous burrowing (anterior longitudinal 
ligament) and eventual extension to the adjacent vertebrae. 
Less frequently, lesions occur centrally in the vertebral body. 
These lesions are more difficult to diagnose and may mimic a 
tumor or contribute to significant spinal deformities. Patients 
may have intramedullary granulomas, arachnoiditis, seg-
mental collapse with anterior wedging, and gibbus forma-
tion (Pott disease). The posterior elements of the spine are 
rarely the only sites affected. Perispinal abscesses with sinus 
extension to the skin may also arise and extend through tis-
sue planes to reach intraperitoneal structures. They have been 
reported to occur as far distally as the popliteal fossa. Patients 
present with pain, weakness, and, in the late stages, paralysis. 
Operative treatment of Pott disease is found in Chapter 42.

Appendicular joint involvement typically affects the 
major weight-bearing joints of the lower extremities. Lesions 
involve the articular cartilage, which eventually is separated 
by granulomatous tissue. The trabecular zones of the bone are 
affected, with subchondral involvement affecting the weight-
bearing capability of the joint, which may progress to sig-
nificant accelerated joint surface degeneration. Pathologic 
assessment reveals a central caseating lesion within necrotic 
tissue and multinucleated giant cells.

Other, less frequently involved joints include the ankle, 
foot, and upper extremity joints. Patients may present with a 
limp and a joint that is warm and swollen and has a decreased 
range of motion. Tuberculosis in a joint markedly decreases its 
functional use; even when adequately treated, the disease may 
reactivate in isolated regions. Peripheral joint involvement 
from tuberculosis can be confused with other rheumatologic 

conditions (e.g., gout and rheumatoid arthritis). Periprosthetic 
joint infections have also been reported after hip, knee, and 
wrist arthroplasty in patients without a history of tuberculosis, 
with a delay in diagnosis of approximately 4 months. 

LABORATORY FINDINGS
Patients may have a normochromic or normocytic anemia, 
pancytopenia, or thrombocytopenia. Frequently, the white 
blood cell count is normal, and the sedimentation rate may 
be elevated or normal. The patient may have the syndrome of 
inappropriate antidiuretic hormone. Tuberculosis skin test-
ing is usually effective in diagnosing this condition; however, 
false-negative rates can be 20% to 30%. Immunocompromised 
individuals frequently have an unreliable skin test result. The 
hallmark of the diagnosis is demonstration of the tuberculosis 
acid-fast bacilli from a tissue or fluid source. Bone cultures 
taken from disc involvement are positive in 60% to 80% of 
cases. Sputum and gastric cultures of patients with pulmo-
nary involvement usually are positive in more than 50%. The 
clinical utility of newer T-cell-based assays to detect skeletal 
and other forms of extrapulmonary tuberculosis has been 
studied in large cohorts of patients, which, in general, have 
shown the same results as testing in patients with pulmonary 
tuberculosis: such assays lack sufficient sensitivity and speci-
ficity to rely on them singly in the absence of traditional diag-
nostic testing such as biopsy and culture and imaging studies.

Tang et  al. reported that the T-cell-based interferon 
gamma release assay (IGRA[T-SPOT.TB]), when used along 
with the rifampin resistance fluorescence test, Xpert MTB/
RIF assay, produced a combined sensitivity of 91.9%.

Transbronchial biopsy specimens in patients with pul-
monary involvement are positive in 70% to 86% of patients. 
Pulmonary exudates may reveal predominantly lymphocytic 
exudate or polymorphonuclear leukocytes and have a low pH 
that is slightly-to-moderately acidic. Molecular subtyping has 
also been used to assess infection patterns and sensitivities to 
medications. 

IMAGING
Plain radiographs of involved joints assist in guiding treat-
ment. When a joint is involved, synovial infiltration that 
affects the subarticular bone is usually present. Periarticular 
erosions observed radiographically have an almost lytic 
appearance and can mimic infection, noninfectious arthrop-
athy, or malignancy. Periarticular bone mass is decreased and 
may mimic juvenile arthritis. Progression to fusion is rare but 
can occur. Characteristics of typical spinal involvement have 
been described previously. Anterior vertebral involvement 
occurs more commonly than central vertebral involvement. 
There is a relative sparing of the intervertebral disc space. 
Later stages include a focal segmental collapse with anterior 
wedging and gibbus formation, characteristic of Pott disease.

Other imaging studies include a bone scan or a gallium 
scan, which can detect 88% to 96% of osseous tuberculosis 
lesions. Such scans are quite sensitive but not particularly spe-
cific for tuberculosis. MRI and CT can provide more detail 
and delineate the disease in earlier phases and are helpful in 
defining soft-tissue abscesses. MRI findings are nonspecific for 
tuberculosis and may be consistent with osteomyelitis, tumor, 
osteonecrosis, or neuropathic joint. If tuberculosis is a con-
sideration, tissue or bone biopsy is indicated. Calcifications 
(best seen on CT) within paraspinous abscesses indicate 
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bone destruction and are characteristic of spinal tuberculo-
sis. CT or ultrasound-guided fluoroscopy can assist in obtain-
ing appropriate tissue or fluid samples for additional studies. 
Arthrography and other imaging studies for tendon sheaths 
have been described but are used less frequently. 

NONOPERATIVE TREATMENT OF 
APPENDICULAR TUBERCULOUS 
INFECTIONS
The primary treatment objectives for tuberculosis of bone 
include halting the infection, limiting deformity, maintain-
ing mobility, and reducing discomfort. A multidisciplinary 
approach with the assistance of infectious disease and pain 
management specialists is ideal. Other affiliated team mem-
bers should include nurses, physical therapists, occupational 
therapists, and orthotists. Approximately 90% of patients 
can be treated conservatively with chemotherapy, relative 
rest, and guided remobilization. Adjunctive splinting (pas-
sive, dynamic, functional) and casting techniques are useful 

for marked or painful and progressive joint involvement. 
At times, destructive changes are markedly progressive and 
eventually may lead to fusion of the joint (e.g., elbow), so it is 
crucial to place the extremity in a position of function (elbow 
flexion 70 to 90 degrees) to obtain an optimal range for future 
functional use.

A judicious, well-guided chemotherapeutic approach to 
tuberculosis along with the assistance of an infectious disease 
specialist yields optimal results. The pharmacologic agents 
and duration of treatment depend on the patient’s age, dis-
semination of disease, and accompanying medical conditions 
(e.g., AIDS, chronic renal failure). Several agents interact 
with medications typically used for immunosuppressed indi-
viduals, especially patients infected with human immunode-
ficiency virus (HIV). In these patients, it may be necessary 
to adjust dosages and modify treatment regimens. Various 
combinations of medications are used to treat tuberculosis: 
first-line drugs include isoniazid, rifampin, ethambutol, and 
pyrazinamide (Table 23.1). Drug-resistant tuberculosis may 

 TABLE 23.1 

Doses* of Antituberculosis Drugs for Adults and Children†

DRUG PREPARATION POPULATION DAILY ONCE-WEEKLY TWICE-WEEKLY THRICE-WEEKLY

FIRST-LINE DRUGS

Isoniazid Tablets (50 mg, 100 mg, 
300 mg); elixir (50 mg/5 
mL); aqueous solution 
(100 mg/mL) for intra-
venous or intramus-
cular injection. Note: 
Pyridoxine (vitamin B6), 
25–50 mg/day, is given 
with INH to all persons at 
risk of neuropathy (e.g., 
pregnant women, breast-
feeding infants; persons 
with HIV; patients with 
diabetes, alcoholism, 
malnutrition, or chronic 
renal failure; or patients 
with advanced age). For 
patients with peripheral 
neuropathy, experts 
recommend increasing 
pyridoxine dose to 100 
mg/day.

Adults 5 mg/kg (typi-
cally 300 mg)

15 mg/kg 
(typically 900 
mg)

15 mg/kg 
(typically 900 
mg)

15 mg/kg (typi-
cally 900 mg)

Children 10–15 mg/kg — 20–30 mg/kg —†

Rifampin Capsule (150 mg, 300 
mg). Powder may be 
suspended for oral 
administration.

Adults‡ 10 mg/kg 
(typically 600 
mg)

— 10 mg/kg 
(typically 600 
mg)

10 mg/kg (typi-
cally 600 mg)

Aqueous solution for 
intravenous injection

Children 10–20 mg/kg 10–20 mg/kg —†

Rifabutin Capsule (150 mg) Adults§ 5 mg/kg (typi-
cally 300 mg)

— Not 
recommended

Not 
recommended

Children Appropriate dosing for children is unknown. Estimated at  
5/mg/kg.
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DRUG PREPARATION POPULATION DAILY ONCE-WEEKLY TWICE-WEEKLY THRICE-WEEKLY
Rifapentine Tablet (150 mg film 

coated)
Adults 10 mg/kg||

Children Active tuberculosis: for children ≥12 years of age, same dosing 
as for adults, administered once weekly, Rifapentine is not FDA-
approved for the treatment of active tuberculosis in children 
<12 years of age

Pyrazinamide Tablet (500 mg scored) Adults 18.2–26.3 mg/
kg based on 
weight

— 36.4–52.6 mg/
kg based on 
weight

27.3–39.5 mg/
kg based on 
weight

Children 35 (30–40) mg/
kg

— 50 mg/kg —†

Ethambutol Tablet (100 mg; 400 mg) Adults 14.5–21.1 mg/
kg based on 
weight

— 36.4–52.6 mg/
kg based on 
weight

21.8–31.6 mg/
kg based on 
weight

Children¶ 20 (15–25) mg/
kg

— 50 mg/kg —†

SECOND-LINE DRUGS
Cycloserine Capsule (250 mg) Adults** 10–15 mg/kg 

total (usually 
250–500 mg) 
once or twice 
daily

There are inadequate data to support intermit-
tent administration.

Children 15–20 mg/kg 
total (divided 
1–2 times 
daily)

Ethionamide Tablet (250 mg) Adults†† 15–20 mg/kg 
total (usually 
250–500 mg 
once or twice 
daily)

There are inadequate data to support intermit-
tent administration.

Children 15–20 mg/kg 
total (divided 
1–2 times 
daily)

Streptomycin Aqueous solution (1 
g vials) for IM or IV 
administration

Adults 15 mg/kg daily. Some clinicians prefer 25 mg/kg 3 times weekly. 
Patients with decreased renal function may require the 15 mg/
kg dose to be given only 3 times weekly to allow for drug 
clearance.

Children 15–20 mg/kg — 25–30 mg/kg‡‡ —
Amikacin/
kanamycin

Aqueous solution (500 
mg and 1 g vials) for IM 
or IV administration

Adults 15 mg daily. Some clinicians prefer 25 mg/kg 3 times weekly. 
Patients with decreased renal function, including older patients, 
may require the 15 mg/kg dose to be given only 3 times weekly 
to allow for drug clearance.

Children 15–20 mg/kg — 25–30 mg/kg‡‡ —
Capreomycin Aqueous solution (1 

g vials) for IM or IV 
administration

Adults 15 mg/kg daily. Some clinicians prefer 25 mg/kg 3 times weekly. 
Patients with decreased renal function, including older patients, 
may require the 15 mg/kg dose to be given 3 times weekly to 
allow for drug clearance.

Children 15–20 m/kg — 25–30 mg/kg‡‡ —

Continued

 TABLE 23.1 

Doses* of Antituberculosis Drugs for Adults and Children†—cont’d†
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 TABLE 23.1 

Doses* of Antituberculosis Drugs for Adults and Children†—cont’d†

DRUG PREPARATION POPULATION DAILY ONCE-WEEKLY TWICE-WEEKLY THRICE-WEEKLY
Para-amino-
salicylic acid

Granules (4 g packets) 
can be mixed in and 
ingested with soft food 
(granules should not be 
chewed). Tablets (500 
mg) are still available in 
some countries, but not 
in the United States. A 
solution for IV admin-
istration is available in 
Europe.

Adults 8–12 g total 
(usually 4000 
mg) 2–3 times 
daily

There are inadequate data to support 
 intermittent administration.

Children 200–300 mg/
kg total (usu-
ally divided 
100 mg/kg 
given 2–3 
times daily)

Levofloxacin Tablets (250 mg, 500 mg, 
750 mg); aqueous solu-
tion (500 mg vials) for IV 
injection

Adults 500–1000 mg 
daily

There are inadequate data to support intermit-
tent administration.

Children The optimal dose is not known, but clinical data suggest 15–20 
mg/kg.

Moxifloxacin Tablets (400 mg); aque-
ous solution (400 mg/250 
mL) for IV injection

Adults 400 mg daily There are inadequate data to support intermit-
tent administration.§§

Children The optimal dose is not known. Some experts use 10 mg/kg 
daily dosing, though lack of formulations makes such titration 
challenging. Aiming for serum concentrations of 3–5 uL/mL 2 h 
post dose is proposed by experts as a reasonable target.

*Dosing based on actual weight is acceptable in patients who are not obese. For obese patients (>20% above ideal body weight [IBW]), dosing based on IBW may 
be preferred for initial doses. Some clinicians prefer a modified IBW (IBW + [0.40 × (actual weight − IBW)]) as is done for initial aminoglycoside doses. Because 
tuberculosis drug dosing for obese patients has not been established, therapeutic drug monitoring may be considered for such patients.
†For purposes of this document, adult dosing begins at the age of 15 years or at a weight of greater than 40 kg in younger children. The optimal doses for thrice-
weekly therapy in children and adolescents have not been established. Some experts use in adolescents the same doses as recommended for adults, and for younger 
children the same doses as recommended for twice weekly therapy.
‡Higher doses of rifampin, currently as high as 35 mg/kg, are being studied in clinical trials.
§Rifabutin dose may need to be adjusted when there is concomitant use of protease inhibitors or nonnucleoside reverse transcriptase inhibitors.
||TBTC Study 22 used rifapentine (RPT) dosage of 10 mg/kg in the continuation phase of treatment for active disease. However, RIFAQUIN and PREVENT TB safely 
used higher dosages of RPT, administered once weekly. Daily doses of 1200 mg RPT are being studied in clinical trials for active tuberculosis disease.
¶As an approach to avoiding ethambutol (EMB) ocular toxicity, some clinicians use a 3-drug regimen (INH, rifampin, and pyrazinamide) in the initial 2 months of treat-
ment for children who are HIV-uninfected, have no prior tuberculosis treatment history, are living in an area of low prevalence of drug-resistant tuberculosis, and have 
no exposure to an individual from an area of high prevalence of drug-resistant tuberculosis. However, because the prevalence of and risk for drug-resistant tuberculosis 
can be difficult to ascertain, the American Academy of Pediatrics and most experts include EMB as part of the intensive-phase regimen for children with tuberculosis.
**Clinicians experienced with using cycloserine suggest starting with 250 mg once daily and gradually increasing as tolerated. Serum concentrations often are useful 
in determining the appropriate dose for a given patient. Few patients tolerate 500 mg twice daily.
††Ethionamide can be given at bedtime or with a main meal in an attempt to reduce nausea. Clinicians experienced with using ethionamide suggest starting with 
250 mg once daily and gradually increasing as tolerated. Serum concentrations may be useful in determining the appropriate dose for a given patient. Few patients 
tolerate 500 mg twice daily.
‡‡Modified from adult intermittent dose of 25 mg/kg, and accounting for larger total body water content and faster clearance of injectable drugs in most children. 
Dosing can be guided by serum concentrations.
§§Rifaquin trial studied at 6-month regimen. Daily isoniazid was replaced by daily moxifloxacin 400 mg for the first 2 months followed by once-weekly doses of 
moxifloxacin 400 mg and RPT 1200 mg for the remaining 4 months. Two hundred twelve patients were studied (each dose of RPT was preceded by a meal of 2 hard-
boiled eggs and bread). This regimen was shown to be noninferior to a standard daily administered 6-month regimen.
FDA, US Food and Drug Administration; HIV, human immunodeficiency virus; IM, intramuscular; INH, isoniazid; IV, intravenous.
From Nahid P, Dorman SE, Alipanah N, et al: Official American Thoracic Society/Centers for Disease Control and Prevention/Infectious Diseases Society of America 
clinical practice guidelines: treatment of drug-susceptible tuberculosis, Clin Infect Dis 63(7):147, 2016.
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require fluoroquinolones and injectable medications such 
as amikacin, kanamycin, or capreomycin, which typically 
are used for 20 to 30 months. Some types of tuberculosis are 
developing resistance to these drugs. Several new drugs are in 
development to be used as an add-on therapy. Bedaquiline, 
delamanid, and PA-824 target pulmonary tuberculosis, 
whereas linezolid and sutezolid are antibiotics for extensively 
drug-resistant tuberculosis infection. The efficacy and safety 
of these drugs are still being established. Traditionally, 12- to 
18-month courses of therapy have been advocated for muscu-
loskeletal tuberculosis because of concerns about poor drug 
penetration into osseous and fibrous tissues; however, more 
recent studies have suggested that shorter courses of treat-
ment (6 to 9 months) with regimens containing rifampin are 
as effective as longer courses of treatment without rifampin.

Because treatment for tuberculosis is frequently modi-
fied, readily available guidelines from the CDC should be 
consulted. Although primary and secondary resistance to 
multiple medications has been reported, especially in coun-
tries outside the United States, most are isolated cases. 
Generally, only a small percentage of new patients (<1%) are 
resistant to multiple chemotherapeutic agents.

Treatment should not be limited to the patient, but che-
moprophylaxis should be considered in family members and 
other close contacts who have a positive tuberculosis skin 
test. Chemoprophylaxis is particularly important in individu-
als who are younger than 50 to 55 years of age. Older individ-
uals may not tolerate some of the medications typically used 
for prophylaxis. Treatment for chemoprophylaxis may last 3 
to 12 months, depending on the conversion of the tuberculo-
sis skin test.

Patients may require analgesics for pain. In severe cases, 
a pain management specialist should be consulted. Although 
the use of systemic corticosteroids to reduce symptoms in 
severe cases has been described, their use may mask a septic 
joint, and intraarticular corticosteroid injections can acceler-
ate the destructive articular changes. 

OPERATIVE TREATMENT
Operations applicable to bone and joint tuberculosis include 
(1) arthrotomy, including biopsy, synovectomy, and curettage 
with bone grafting of articular erosions; (2) curettage and bone 
grafting of extraarticular skeletal lesions; (3) resection of joints; 
(4) resection of bones; (5) evacuation or excision of soft-tissue 
abscesses; (6) arthrodesis; and (7) amputation. Arthroscopic 
debridement of joint tuberculosis has been shown to be effective.

Most authorities agree that effective antibiotic therapy 
should be started before surgery for tuberculosis. Miliary dis-
semination of the disease has been reported when surgery 
was done without adequate chemotherapeutic coverage. Long 
duration multi-antibiotic release scaffolds are under develop-
ment using methylmethacrylate and hydroxyapatite.

FOOT
In tuberculosis of the foot (Fig. 23.1), many bones may 
become involved, and a delay in diagnosis increases the risk 
of joint involvement. Operative indications include juxtaar-
ticular focus or joint destruction. Bones with cystic changes 
typically respond better than rheumatologic-appearing joints. 
When present, isolated lesions usually involve the calcaneus 
or talus. When several bones are involved, especially in adults, 
amputation is the procedure of choice. Curettage is indicated 
for isolated lesions even when sinuses are present. 

 

A B C

FIGURE 23.1 A and B, Anteroposterior and oblique radiographs of tuberculous lesion involving 
base of first metatarsal. Medial and lateral cortices are eroded. C, MR image shows circumferential 
destruction of base of first metatarsal with extension into soft tissues.  (From Lonner JH, Sheskier SC: 
Tuberculosis of the foot as the initial manifestation of acquired immune deficiency syndrome: a report of 
two cases, Foot Ankle Int 16:167, 1995.)
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A B

FIGURE 23.2 Tuberculosis of calcaneus 
before (A) and 6 months after (B) curettage, 
grafting with cancellous bone chips, and 
primary closure of wound. The calcaneus 
healed without drainage, an excellent 
result. SEE TECHNIQUE 23.1.

 

CURETTAGE FOR TUBERCULOUS 
LESIONS IN THE FOOT

 TECHNIQUE 23.1 

 n  Make an incision directly over the lesion or directly 
through a sinus or abscess, if present.

 n  Remove all necrotic and scarred tissue but not uninvolved 
osteopenic bone.

 n  Pack the cavity with autogenous cancellous bone and 
close the incision (Fig. 23.2).

 n  In the presence of secondary infection, omit the bone 
grafts and close the incision loosely over drains.

POSTOPERATIVE CARE A short leg cast is applied with 
appropriate windows cut out for dressing the wound. Im-
mobilization is continued for 3 to 4 months, and weight 
bearing is permitted during the latter part of this period.
  

When lesions involve the subtalar or midtarsal joints, a 
triple arthrodesis is indicated (see Chapter 34). When the 
subtalar and the ankle joints are affected, posterior arthrod-
esis (see Chapter 11) of these joints can be done. 

EXCISION OF BONES
When the disease is extensive, especially when complicated 
by sinuses or secondary infection, excision of bones or ampu-
tation is indicated. Involvement of a phalanx or metatarsal 
often is best treated by excision. When a tarsal bone is excised, 
a proportionate amount of bone is taken from the opposite 
side of the foot so that proper alignment can be maintained.

When a metatarsal is excised, amputation of the corre-
sponding toe permits better approximation of adjacent metatar-
sals and provides a foot with a better appearance and function. 
Excision of the first metatarsal should be avoided, if possible. 

 

EXCISION OF METATARSAL

 TECHNIQUE 23.2 

 n  In the presence of secondary infection, make a longitu-
dinal incision over the affected bone extending from the 
distal row of the tarsus to the middle of the proximal 
phalanx.

 n  Expose the bone without injuring the extensor tendons.
 n  Excise the bone with the periosteum intact and close the 

wound loosely over drains.

POSTOPERATIVE CARE A short leg cast is applied. When 
the wound has healed, protective weight bearing is begun.
  

Usually, more than one bone is involved, so an anterior 
tarsectomy is required. To obtain satisfactory alignment of 
the foot, part of the cuboid must also be removed. 

 

EXCISION OF CUNEIFORM BONES

 TECHNIQUE 23.3 

 n  Make a 5-cm longitudinal incision laterally and expose the 
joint between the cuboid and fifth metatarsal.

 n  Approach the first cuneiform and the base of the first 
metatarsal through a similar medial incision.

 n  Expose the second and third cuneiforms by subperiosteal 
dissection.

 n  Excise the anterior half of the cuboid and the three cunei-
forms with an osteotome.

 n  Resect the articular cartilage from the anterior surface of 
the navicular and the bases of all five metatarsals.

    

https://booksmedicos.org


CHAPTER 23 TUBERCULOSIS AND OTHER UNUSUAL INFECTIONS 875

 FIGURE 23.3 Partial calcanectomy.  (From Walsh TP, Yates BJ: 
Calcanectomy: avoiding major amputation in the presence of calcaneal 
osteomyelitis—a case series, Foot 23:130, 2013.)

 n  Approximate the denuded surfaces of the metatarsals to 
those of the navicular and cuboid.

 n  Close the incisions.

POSTOPERATIVE CARE A short leg cast is applied, and 
protected weight bearing is begun when the wound has 
healed.
   

 

EXCISION OF NAVICULAR

 TECHNIQUE 23.4 

 n  Expose the midtarsus through an anterolateral approach.
 n  Make an additional medial incision to expose the navicu-

lar.
 n  Excise the navicular by sharp subperiosteal dissection. 

Avoid injuring the dorsalis pedis artery and the branches 
of the deep peroneal nerve on the dorsum of the foot.

 n  Expose the calcaneocuboid joint and excise the articular 
cartilage and subchondral bone from the distal end of the 
calcaneus and the proximal one third of the cuboid.

 n  Remove the articular cartilage from the head of the talus 
and from the proximal surfaces of the cuneiforms.

 n  Approximate the raw surfaces of the denuded bones, 
obliterating the space. The position can be maintained by 
crossed, threaded wires.

 n  After excision of the navicular, a midtarsal arthrodesis 
should be performed to stabilize the foot in satisfactory 
alignment.

POSTOPERATIVE CARE A short leg cast is applied, and 
protected weight bearing is begun when the wound has 
healed.
   

 

EXCISION OF CUBOID

 TECHNIQUE 23.5 

 n  Approach the cuboid through an anterolateral approach 
and excise it by sharp subperiosteal dissection.

 n  Resect the articular surfaces and adjacent bone from the 
proximal aspect of the cuneiforms and the fifth metatarsal 
and from the distal surface of the calcaneus.

 n  Excise the navicular and remove the articular surface and 
superficial bone from the head of the talus.

 n  Approximate the denuded surfaces of the bones and 
maintain the position by crossed, threaded wires.

POSTOPERATIVE CARE Postoperative care is the same 
as for excision of the navicular just described.
  

Calcanectomy produces considerable disability, but the 
result may be preferable to amputation. Partial calcanectomy 
has long been used for the treatment of osteomyelitis of the cal-
caneus, with less disability and better cosmetic and functional 

results than total calcanectomy (Fig. 23.3), although there are 
few reports of its use in patients with tuberculous infection. 

 

EXCISION OF CALCANEUS

 TECHNIQUE 23.6 

 n  Begin a Kocher incision (see Technique 1.18) 10 cm proxi-
mal to the lateral malleolus and follow the lateral border 
of the Achilles tendon to the superior surface of the cal-
caneus; continue it inferiorly to the lateral malleolus and 
end it 2.5 cm distal to the calcaneocuboid joint.

 n  Divide the calcaneofibular ligament and displace the pe-
roneal tendons superiorly and anteriorly.

 n  Incise the capsule of the calcaneocuboid joint and divide 
the ligamentous attachments of the calcaneus in this 
area.

 n  Insert a periosteal elevator or lamina spreader into the 
subtalar joint and divide the interosseous talocalcaneal 
ligaments.

 n  Dislocate the subtalar joint; use sharp subperiosteal dis-
section to free the soft tissues from the medial, anterior, 
and posterior surfaces; and divide the attachment of the 
Achilles tendon.

 n  Deliver the calcaneus from the wound. Avoid injuring the 
tibial nerve and vessels on the medial side of the bone.

 n  Suture the Achilles tendon to the inferior surface of the 
talus and to the short muscles of the foot.

POSTOPERATIVE CARE
A long leg cast is applied with the knee in 30 degrees of 
flexion and the ankle in moderate equinus. At 3 weeks, the 
cast is changed to a short leg cast, and the foot is main-
tained in mild equinus. Protective weight bearing is begun 
at 8 weeks, and cast immobilization is continued for 4 
months. A shoe insert with heel elevation is required later.
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Hutson et  al. described excision of the talus through an 
anteromedial approach, followed by insertion of antibiotic beads, 
for the treatment of infection before tibiocalcaneal arthrodesis. 

 

EXCISION OF TALUS

 TECHNIQUE 23.7 

 n  Approach the talus through a Kocher (see Technique 
1.18) or anterolateral (see Technique 1.19) approach.

 n  Divide the capsule of the talonavicular joint on its dorso-
lateral and inferior aspects.

 n  Divide the components of the fibular collateral ligament 
of the ankle at their fibular attachments.

 n  Dislocate the ankle and displace the foot medially.
 n  Grasp the neck of the talus and apply slight traction; use 

sharp subperiosteal dissection to sever all soft tissues and 
ligamentous attachments on the posterior and inferior as-
pects from anteriorly to posteriorly and remove the talus. 
If the bone is necrotic, it must be removed in pieces.

 n  Use subperiosteal dissection to free the soft tissues on 
both malleoli and both sides of the anterior aspect of the 
calcaneus.

 n  Displace the foot posteriorly, placing the anterior aspect 
of the calcaneus between the malleoli. The articular sur-
faces of the calcaneus should approximate the articular 
surface of the tibia.

 n  Close the wound while the foot is held in equinus (Fig. 
23.4).

POSTOPERATIVE CARE A long leg cast is applied with 
the knee in 30 degrees of flexion and the ankle in moder-
ate equinus. A window is removed from the cast on the 
dorsum of the foot and ankle and is loosely replaced. At 2 
or 3 weeks, the cast is changed to a short-leg cast and the 
foot is maintained in equinus. Protective weight bearing is 
begun at 8 weeks, and cast immobilization is continued for 
4 months. A comfortable shoe with heel elevation is fitted.
   

ANKLE
If the disease is confined to the synovial membrane, immo-
bilization and chemotherapy may suffice. An abscess can be 
drained, or a localized bone lesion can be curetted. However, 
tuberculosis of the ankle is often best treated by arthrodesis 
(Fig. 23.5) (see Chapter 11). 

KNEE
Determination of the extent of joint involvement is para-
mount in the treatment of tuberculosis of the knee. At times, 
a patient may have a relatively benign-appearing periarticu-
lar soft-tissue inflammation (which represents tuberculous 
bursitis), purulent popliteal cystic changes, or abscess forma-
tion. The radiographic appearance of the knee may help to 
guide the treatment regimen. A knee with a normal-appear-
ing radiograph or with mildly confined osteomyelitic changes 
frequently responds to multidrug chemotherapy. These 
patients usually tolerate early range-of-motion and mobili-
zation procedures. If a patient does not respond adequately 
to chemotherapy alone, a synovectomy (at times performed 
arthroscopically), sequestrectomy, or both, or curettage of 
the bony lesion may be required. When the joint shows sig-
nificant degenerative involvement and apparent radiographic 
changes, the prognosis is less favorable, and a more aggressive 
open approach is needed. A relative period of immobilization 
is also required in more severe cases. With more destructive 
articular surface changes, an arthrodesis may be inevitable 
(Fig. 23.6). Limited success with knee arthroplasty combined 
with chemotherapy has been described, although not without 
frequent morbidity, including possible reactivation of a qui-
escent infectious process. Zeng et al. reported successful total 
knee arthroplasty in nine patients with advanced tuberculous 
arthritis of the knee. Those with elevated inflammatory bio-
markers had 3 months of antitubercular drug treatment fol-
lowed by two-stage arthroplasty, whereas those with normal 
biomarkers had no preoperative drug therapy and one-stage 
arthroplasty. All patients received antitubercular therapy for 
12 months after surgery, and there was no tuberculosis reacti-
vation at an average 4-year follow-up.

Tuberculosis confined to the patella manifests with osteo-
lytic changes radiographically and an accompanying seques-
trum, which has a flaky appearance. Such a confined process 
may respond to a multiple-drug regimen. In refractory cases, 
a favorable functional outcome still can be salvaged with a pat-
ellectomy. An extraarticular abscess or lesion (bursal or cystic) 
requires excision and drainage. If the lesion involves the distal 
femur or proximal tibia, curettage of adjacent bone is required. 
Active early mobilization is allowed, unless the lesion is extensive.

Nag et al. reported tubercular infection after anterior cru-
ciate ligament reconstruction with autograft in immunocom-
petent patients. Although still a rare complication, it should be 
considered in areas with high endemic rates of tuberculosis. 

HIP
If tuberculosis of the hip is diagnosed early and the disease is 
limited to the synovium, rest and chemotherapy may be suf-
ficient treatment. This situation is more common in children. 
Most hips (50%) appear normal on radiographs and usually 
respond well to chemotherapy. These patients usually tolerate 
early mobilization.

If the lesion extends to articular cartilage and bone and 
       

   

FIGURE 23.4 After talectomy for infection. SEE TECHNIQUE 23.7. is not extensive, partial synovectomy and curettage often are

 

https://booksmedicos.org


CHAPTER 23 TUBERCULOSIS AND OTHER UNUSUAL INFECTIONS 877

 

Preop 2MPreop 2M

Postop 7M Postop 7YPostop 7Y

OP

FIGURE 23.5 A 22-year-old man with tuberculous infection of the ankle. Seven years after 
arthrodesis, fusion was solid.  (From Chen SH, Lee CH, Wong T, et al: Long-term retrospective analysis 
of surgical treatment for irretrievable tuberculosis of the ankle, Foot Ankle Int 34:372, 2013.)

 

A B

FIGURE 23.6 Tuberculosis of knee before (A) and 3.5 months 
after (B) arthrodesis.

successful (Fig. 23.7). Atrophic-appearing hips (<10%) and 
dislocating hips have a less favorable outcome. If articular 
cartilage and adjacent bone are extensively involved, arthro-
desis is indicated. The greater trochanter may be involved 
in less than 1.8% of patients who have osseous tuberculosis. 
Abscess formation may also occur in the peritrochanteric and 
psoas regions. Operations such as drainage of an abscess near 
the joint, diagnostic biopsy, or removal of an extraarticular 

sequestrum may be needed. More novel approaches using 
streptomycin-loaded bone cement beads have been described 
in treating tuberculous bursitis and osteomyelitis. 

 

PARTIAL SYNOVECTOMY AND 
CURETTAGE

 TECHNIQUE 23.8 

(WILKINSON)
 n  Expose the hip by an anterolateral approach (see Tech-

nique 1.64).
 n  Curet the lesions in the femoral neck or head or in the 

acetabulum.
 n  Excise the thickened capsule and perform a synovectomy, 

but do not dislocate the hip in an effort to remove all 
tuberculous tissue.

 n  Suture the wound in layers without drainage.

POSTOPERATIVE CARE Buck traction is used until ir-
ritability of the hip disappears. Active range-of-motion 
exercises are started. Unprotected weight bearing is not 
allowed for several months, or until radiographs show 
healing of the bone lesions.
  

Tuberculous foci in the ilium above the acetabulum may 
be curetted without arthrotomy if they are discovered before 
they spread into the joint. 
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A B

FIGURE 23.7 Tuberculosis of hip immediately before (A) and 7 years after (B) synovectomy, 
marsupialization, and antibacterial therapy. Disease is clinically cured; patient has no limp and only 
slight limitation of motion. Note distortion of femoral head and acetabulum.

 

LESIONS ABOVE ACETABULUM

 TECHNIQUE 23.9 

 n  Use an anterolateral approach (see Technique 1.64); keep 
the dissection extracapsular and locate the tuberculous 
lesion by radiographic imaging if necessary.

 n  Curet the lesion and, unless secondary infection is pres-
ent, fill the cavity with autogenous cancellous grafts if 
desired.

 n  Close the incision in layers.

POSTOPERATIVE CARE Postoperative care is the same 
as for synovectomy and curettage, just as described in 
Technique 23.8.
  

Tuberculous foci confined to the femoral neck can be 
evacuated, preventing their spread into the hip joint. 

 

LESIONS OF THE FEMORAL NECK

 TECHNIQUE 23.10 

 n  Use a lateral longitudinal incision and expose the subtro-
chanteric area of the femur.

 n  Remove a cortical window laterally and locate the lesion 
by radiographic imaging.

 n  Evacuate the focus with a curet, taking care not to enter 
the joint, and fill the cavity with autogenous cancellous 
grafts if necessary.

 n  Close the incision in layers.

POSTOPERATIVE CARE Postoperative care is the same 
as for synovectomy and curettage (see Technique 23.8).
  

Often, the trochanteric bursa and the underlying bone 
are involved in the infection. Excision of the bursa is then 
indicated. 

 

LESIONS OF THE TROCHANTERIC  
AREA

 TECHNIQUE 23.11 

(AHERN)
 n  Expose the trochanteric bursa and greater trochanter 

through a lateral longitudinal incision.
 n  Excise the diseased bursa and curet any lesions found in 

the greater trochanter.
 n  Close the wound in layers.

POSTOPERATIVE CARE Protected weight bearing is be-
gun when the patient’s condition permits, progressing to 
full activity in 6 to 12 weeks.
   

ARTHRODESIS
Patients with advanced tuberculosis of the hip involving 
articular cartilage and bone are best treated by arthrodesis. 
The techniques are described in Chapter 5. 

EVACUATION OF ABSCESSES
Tuberculous abscesses should usually be evacuated. 
Radiographs frequently show distention of the joint capsule. 
If the capsule ruptures, the abscess may point in the adduc-
tor region, in the anterior thigh 5.0 to 7.5 cm below the ante-
rior superior iliac spine, over the greater trochanter, or in 
the buttock. Drainage by incision directly over the abscess, 
evacuation of the cavity, and primary closure usually promote 
prompt healing.
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 FIGURE 23.8 Osseous ankylosis after excision of hip for tuber-
culosis complicated by pyogenic infection.

 FIGURE 23.9 Erosion of the pubic rami with widening of the 
symphysis in a 49-year-old woman with tuberculosis.  (From Lal H, 
Jain VK, Kannan S: Tuberculosis of the pubic symphysis: four unusual 
cases and literature review, Clin Orthop Relat Res 471:3372, 2013.)

Excision of the hip joint is indicated in adults with exten-
sive involvement of the femoral head and neck and the ace-
tabulum complicated by secondary infection (Fig. 23.8). 

 

EXCISION OF THE HIP JOINT

 TECHNIQUE 23.12 

 n  Expose the hip through a lateral or posterolateral ap-
proach (see Techniques 1.67 and 1.72).

 n  Excise the capsule and remove the femoral head and neck 
and the diseased bone around the acetabulum.

 n  Place the greater trochanter in the acetabulum and close 
the wound loosely over large drains.

POSTOPERATIVE CARE A double spica cast, holding the 
involved hip in 45 degrees of abduction, is applied. Immo-
bilization is continued for approximately 3 months. Proxi-
mal femoral osteotomy or arthrodesis may be indicated 
for any residual instability.
   

SACROILIAC JOINT
Symptoms of tuberculosis of the sacroiliac joint include but-
tock pain, reluctance to bear weight on the involved side, 
radicular complaints, and low back pain. Plain radiographs 
are usually abnormal, as are bone scans. Diagnosis can be 
confirmed by percutaneous transiliac biopsy. When the diag-
nosis of tuberculosis of the sacroiliac joint is made early, 
chemotherapy and rest are usually sufficient. When involve-
ment is more extensive, partial synovectomy and curettage or 
arthrodesis (see Chapter 5) may be indicated. 

PUBIS
Tuberculosis of the pubis may involve the symphysis (Fig. 
23.9). Chemotherapy and curettage usually promote healing. 

CLAVICLE
One end of the clavicle is usually infected by tuberculosis. 
Chemotherapy and curettage of the focus or excision of the 
involved end of the bone are recommended. 

SHOULDER
Tuberculosis can involve all adjacent osseous structures 
of the shoulder, including the scapula, humerus, glenoid, 
clavicle, acromioclavicular, and sternoclavicular joints. 
Periarticular soft tissue or bursae may also be involved. Khan 
et al. described tubercular infection after arthroscopic rota-
tor cuff repair in one patient. Although the infection was 
well controlled with medical treatment, function was poor. 
Tuberculosis of the shoulder that is diagnosed early and con-
fined to the synovium is best treated by chemotherapy and 
rest. Extraarticular abscesses require evacuation. More exten-
sive disease is treated by partial synovectomy and curettage. 
Rarely is arthrodesis required. 

ELBOW
Although tuberculosis occurs more frequently in the elbow 
than in other upper extremity joints, the elbow is involved in 
only 5% of patients with osseous disease. The proximal seg-
ment of the ulna (olecranon) is more typically affected (Fig. 
23.10), which can result in a progressive degenerative process 
and a significant elbow flexion contracture. Functional posi-
tioning becomes paramount in such cases. Tuberculosis of 
the elbow often can be treated satisfactorily by rest and che-
motherapy. Aspiration of an abscess or evacuation of a lesion 
in the olecranon may be necessary. Occasionally, partial syno-
vectomy and curettage, arthrodesis, or excision of the elbow 
joint may be indicated.

Excision of the elbow joint is indicated in adults when 
the disease is extensive and more conservative measures have 
failed. It usually results in less disability than does arthrodesis. 
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 FIGURE 23.10 Plain radiograph of the elbow shows lytic lesion 
in the lateral condyle (arrow) and erosion of the radial aspect of 
the proximal ulnar shaft (short arrow).  (From Prakash M, Gupta P, 
Dhillon MS, et al: Magnetic resonance imaging findings in tubercular 
arthritis of the elbow, Clin Imaging 40:114, 2016.)

 

EXCISION OF ELBOW JOINT

 TECHNIQUE 23.13 

 n  Make a longitudinal incision over the posterolateral as-
pect of the elbow beginning 10 cm proximal and ending 
5 cm distal to the joint.

 n  Incise the triceps muscle down to the humerus, parallel 
with the lateral border of the aponeurosis.

 n  Open the posterior capsule of the elbow joint and con-
tinue the incision of the deep structures to approximately 
2.5 cm distal to the head of the radius.

 n  Subperiosteally dissect the distal end of the humerus and 
resect the bone just proximal to the condyle, leaving as 
much of the metaphysis as possible.

 n  Resect the ulna and radius just distal to the head of the 
radius; a more extensive resection would produce a flail 
joint.

 n  Remove the synovial membrane and all diseased tissues 
and close the wound.

POSTOPERATIVE CARE A long arm cast is applied with 
the elbow at 90 degrees of flexion. After 3 or 4 weeks, the 
cast is removed, and a sling is applied. Strengthening and 
active range-of-motion exercises are started. Muscular re-
education and active use usually result in a serviceable but 
unstable joint.
   

ARTHRODESIS
Arthrodesis may be required. This technique is discussed in 
Chapter 13. 

WRIST AND HAND
The wrist may be involved in patients with skeletal tubercu-
losis. Tenosynovitis of the flexor and extensor tendons may 
result; consequently, carpal tunnel syndrome may occur. 
If the disease is limited to the synovium, synovectomy and 
chemotherapy constitute sufficient treatment. If involvement 
of cartilage and bone is moderate, synovectomy and curet-
tage are indicated; if involvement is extensive, arthrodesis or, 
rarely, excision of the joint is needed.

Excision of the wrist joint is indicated if extensive destruc-
tion of the carpus precludes arthrodesis. 

 

EXCISION OF WRIST JOINT

 TECHNIQUE 23.14 

 n  Make a dorsal longitudinal midline incision 7.5 cm long.
 n  Deepen the dissection between the extensor indicis pro-

prius and extensor pollicis longus tendons down to the 
dorsal capsule of the wrist.

 n  Incise the capsule and expose the distal end of the radius 
and the metacarpal bones.

 n  Excise the carpus and remove the articular surfaces of the 
distal radius and ulna down to healthy bone.

 n  Close the wound in the usual manner.

POSTOPERATIVE CARE A long arm cast is applied with 
the elbow at 90 degrees of flexion, the forearm in neu-
tral rotation, and the wrist dorsiflexed 25 degrees. Active 
range-of-motion exercises of the fingers and shoulder are 
started as soon as possible. After 3 months, the cast is re-
moved, and a brace is applied that is periodically removed 
to permit active wrist exercises. If possible, the brace is 
discarded after 6 months.
  

TUBERCULOSIS OF LONG BONES
Metaphyseal and diaphyseal tuberculosis is rare. The diagno-
sis is usually established by biopsy and cultures (Fig. 23.11). 
The infection is often associated with active pulmonary tuber-
culosis. It may be localized to one area, usually near a joint, 
or may diffusely involve much of the bone. Radiographs may 
show a solitary irregular cavity, a series of confluent cavities 
or, occasionally, fusiform enlargement of the shaft. Multiple 
bones may be involved simultaneously.

Effective treatment requires chemotherapy plus evacu-
ation of abscesses and sequestrectomies, an operative treat-
ment similar to that for chronic pyogenic osteomyelitis. 
Wounds in tuberculous osteomyelitis can be closed primarily, 
however, unless secondary pyogenic infection is present.

AMPUTATION
Amputation is indicated when extensive tuberculous involve-
ment renders less radical treatment unsuccessful, especially in 
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adults with extensive lower extremity involvement. Extensive 
amyloid disease adds to the desirability of amputation. The 
operation should be done proximal to an affected joint. In 
children, lower extremity amputation is also justifiable when 
tuberculous osteomyelitis results in marked shortening of the 
limb. 

OTHER UNUSUAL INFECTIONS
NONTUBERCULOUS MYCOBACTERIAL 
INFECTIONS
Musculoskeletal infections caused by nontuberculous 
Mycobacterium species have increased since 1985, as have 
infections caused by M. tuberculosis. Incidence rates vary 
from 1.0 to 1.8 cases per 100,000 persons. The incidence 
of nontuberculous pulmonary disease is estimated to be at 
least 10 times more common than tuberculosis in the U.S., 
at 150,000 cases per year. A recently reported source of 
nontuberculous mycobacterial infections is medical tour-
ism (i.e., travel to another country for health care services, 
particularly cosmetic surgery). Multiple case reports impli-
cate at least 15 different species of Mycobacterium as causes 
of osteoarticular and tenosynovial infections. The most 
common causative organisms are Mycobacterium avium 
complex, Mycobacterium marinum, and Mycobacterium 
kansasii. In their study of over 29,000 patients with rheu-
matoid arthritis matched to a cohort without rheumatoid 
arthritis, Yeh et al. determined that those with rheumatoid 
arthritis were four times more likely to develop nontubercu-
losis mycobacterial disease.

The clinical, radiographic, and histopathologic manifes-
tations of musculoskeletal nontuberculous Mycobacterium 
species may be indistinguishable from those in tubercu-
losis, often requiring an initial antibiotic regimen that cov-
ers M. tuberculosis. Nontuberculous Mycobacterium species 
have differing drug susceptibilities, however, and species 
identification is important for appropriate chemotherapy. 
Optimal culture requirements for some nontuberculous 
Mycobacterium species vary, such as for M. marinum, which 
grows best at 30°C to 33°C. Nonstandard chemotherapeutic 
agents have been developed, such as rifabutin and clarithro-
mycin for treatment of M. avium complex, which tends to be 
resistant to the standard agents. The operative principles and 
techniques that apply to musculoskeletal tuberculosis also are 
appropriate for musculoskeletal infections caused by nontu-
berculous Mycobacterium species. 

BRUCELLOSIS
Brucellosis, or undulant fever, is a zoonotic disease most com-
monly caused by the gram-negative coccobacillus Brucella 
melitensis and is usually found in goats. Almost all infections 
result from direct or indirect exposure to animals. The pri-
mary mode of transmission is the ingestion of unpasteurized 
milk or milk products. The disease is most commonly seen in 
the Mediterranean basin, the Arabian Peninsula, the Indian 
subcontinent, Mexico, and Central and South America. In the 
United States, the San Diego, California, region has the most 
frequently infected patient population. Occupations that 
place individuals at risk include farming, veterinary medi-
cine, meat handling, and laboratory work. The annual occur-
rence rate worldwide is more than 500,000 cases.

 

A B

FIGURE 23.11 Tuberculosis of long bones. A, Atypical tuberculosis of ulna proved by biopsy. B, 
Typical spina ventosa. This patient had multiple cavities throughout the skeleton. First diagnosis 
was syphilis; Wassermann test was positive. No improvement occurred with antisyphilitic treatment. 
Biopsy revealed typical tuberculosis. Tuberculous otitis media developed later, and patient died 2 
years after the first examination.
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The most common presentation for brucellosis is fever 
accompanied by osteoarticular involvement. The first symp-
toms of infection normally appear 2 to 4 weeks after inoculation. 
The worldwide literature indicates that the axial skeleton is the 
most likely site of osteoarticular involvement, normally occur-
ring as sacroiliitis, spondylitis, or spondylodiscitis. Involvement 
of bone is noted in 20% to 50% of infected patients. In a pro-
spective study in Turkey, 251 patients were identified over a 
4-year period who were infected with Brucella. Sacroiliitis was 
confirmed in 71 patients (28%) who had low back pain and a 
positive flexion abduction external rotation (FABER) test. All 
of these patients had positive bone scans for sacroiliitis as well. 
Spondylodiscitis was seen in 26 patients with back pain. All of 
these patients had positive bone scans with increased uptake 
in the vertebral bodies and discs as well as positive spinal MRI. 
The frequency of a lumbar pathologic process was significantly 
higher than thoracic or cervical ones, with cervical disorders 
the least frequent. MRI findings included low signal intensity 
in the vertebral bodies on the sagittal T1-weighted images, 
high signal intensity in the vertebral bodies on the sagittal 
T2-weighted images, and high signal intensity in the involved 
vertebrae and discs after gadolinium administration on sagittal 
T1-weighted images. Eight patients in the study had paraspinal 
or epidural abscesses. Rarely, nonaxial bones, such as the tibia, 
humerus, and calcaneus, can be involved.

A diagnosis of brucellosis is best made with a combina-
tion of serology with a Brucella agglutinin titer greater than 
1:160 and a positive blood culture. For patients with osteo-
articular involvement, a bone scan is recommended. If there 
are axial symptoms, then spinal MRI is also appropriate. It is 
important to differentiate tuberculous spondylodiscitis from 
that of brucellosis—because it can appear similar on MRI and 
has similar patient profiles—for correct antibiotic treatment.

A 6-month three-drug course of rifampin, doxycycline, 
and streptomycin is recommended for patients with osteoar-
ticular involvement. This regimen helps prevent a brucellosis 
relapse, which occurs in about 11% of patients with osteoar-
ticular infection. 

TYPHOID FEVER
Typhoid fever is caused by Salmonella typhi, a gram-negative 
anaerobic bacillus that is rarely seen in developed countries. 
Because the primary mode of transmission is oral-fecal, it 
occurs in individuals who have ingested contaminated food or 
fluids. Approximately 400 cases per year are reported in the U.S.

Symptoms include fever, abdominal pain with diarrhea, 
dehydration, weight loss, headaches, fatigue, and, at times, 
altered consciousness. Multiple systems may be affected, with 
cardiopulmonary involvement, hepatosplenomegaly, and 
gastrointestinal infiltration. Approximately 30% of patients 
with typhoid fever may have arthralgias and myalgias. Septic 
sacroiliitis and osteomyelitis of multiple regions have been 
described. More frequently, the thoracolumbar junction is 
affected, with accompanying disc involvement. Although 
rare, osteomyelitis is seen in isolated bones of the upper and 
lower extremities. There may be accompanying bone marrow 
infiltration with suppression and necrosis. Soft tissues, such 
as the greater trochanteric bursa, can also be involved.

Diagnosis is confirmed by isolating S. typhi from one 
of multiple sites (e.g., blood, fecal or intestinal samples, and 
bone marrow); measurement of agglutinating antibodies is 
also helpful. Traditional primary antibiotic treatment with 

chloramphenicol has been used, although third-generation 
cephalosporins may be as effective. Other pharmacologic 
approaches have included ampicillin and trimethoprim/sul-
famethoxazole. Resistant cases may be more sensitive to the 
third-generation cephalosporins. Lynch et al. reported that of 
2016 isolates they tested, 272 (13%) were resistant to ampi-
cillin, chloramphenicol, and trimethoprim-sulfamethoxazole. 
Infection with antimicrobial-resistant S. typhi strains was asso-
ciated with travel to the Indian sub-continent, and an increas-
ing proportion of these infections were caused by bacterial 
strains with decreased susceptibility to fluoroquinolones. 

SYPHILIS
According to the CDC, during 2000 and 2001, the national 
rate of reported primary and secondary syphilis was 2.1 
cases per 100,000 population; however, the rate has increased 
almost every year since then. In 2016, the rate increased to 8.7 
cases per 100,000 population, a 17.6% increase over 2013, and 
the highest rate reported since 1993.

Syphilis is caused by a spirochete, Treponema pallidum, 
that is transmitted transplacentally, by sexual contact, or 
through blood products. Bone can become involved at any 
stage of the disease or at any age. In congenital syphilis, peri-
ostitis of the temporal bone and palate and cortical thicken-
ing of the upper one half of the tibia (“saber shins”) may be 
seen. Vascular extension to bone (e.g., sternum or vertebral 
body) has been described. Early osseous involvement may be 
noted on bone scans in relatively asymptomatic areas, such 
as the hands, feet, forearms, clavicle, or tibias. Spinal involve-
ment has been reported and shows similarity with spinal 
tuberculosis or tumor. Chronic arthralgias may develop and, 
because of neuropathic or vascular involvement, may lead to 
the development of a “Charcot joint” (Fig. 23.12).

Diagnosis is made primarily by darkfield microscopy 
with identification of the pathogen from the sampled fluid. 
Antibody assays such as Venereal Disease Research Laboratory 
(VDRL), rapid plasma reagin (RPR), or the more specific tests, 
microhemagglutination T. pallidum and syphilis IgG antibody 
by electroimmune assay (EIA) are frequently included as part 
of the workup. Untreated disease has three stages. In primary 
syphilis, dark field microscopy will be positive, and screening 
reagin tests (VDRL and RPR) may be positive. This stage lasts 
10 to 90 days and a canker sore may be present. Secondary 
syphilis lasts 6 weeks to 6 months and is characterized by 
multiple eruptions. All general screening and organism-spe-
cific tests will be positive. Tertiary syphilis also has a latency 
of 10 to 30 years after the primary phase. Untreated disease 
can have central nervous system involvement with impair-
ment of dorsal-column function with loss of touch and posi-
tion sense leading to severe lower extremity joint destruction  
(Fig. 23.13). General screening tests (VDRL and RPR) may 
become negative but more specific tests (MHA-TP and IgG-
EIA) will be positive even in treated disease. Although treat-
ment may vary depending on the stage of the disease, the 
mainstay of treatment is penicillin G benzathine. 

ANAEROBIC INFECTIONS
Anaerobic infections are discussed in Chapter 21. 

VIRAL OSTEITIS AND ARTHRITIS
Viral infections of bone remain as a diverse group of diseases. 
Virus strains, such as varicella, rubella, and vaccinia, have 
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 FIGURE 23.12 Neuroarthropathy of the ankle in a 48-year-old man with syphilis. He had pain-
less swelling of the ankles for 3 years before seeking medical advice.  (From Samia M, Ezzahara AF, 
Kahdija B, et al: Bilateral neuro-arthropathy of the ankle as a sequel of undiagnosed tabes dorsalis, Joint 
Bone Spine 80:664, 2013.)

been isolated from synovitic joints. Osteomyelitis variolosa 
was recognized by joint swelling and lytic lesions before the 
suppression of smallpox. Paramyxovirus antigens have been 
detected in bone in patients with Paget disease, but a direct 
causal relationship has not been proven. 

ACTINOMYCOSIS
Actinomycosis is a chronic granulomatous disease charac-
terized by external sinuses. It is most commonly caused by 
Actinomyces israelii. Actinomyces are gram-positive anaerobic 
filamentous bacteria, not fungi. They are extremely fastidious 
and difficult to culture. Diagnosis is usually made by identifying 
sulfur granules or branching mycelia. Image-guided aspiration 
of infected regions is helpful in obtaining appropriate samples.

Actinomycotic osteomyelitis most typically affects the 
cervicofacial regions, particularly the mandible. Such osse-
ous involvement is usually a secondary extension from a pri-
mary soft-tissue site. With spinal involvement there may be 
sclerotic changes; however, vertebral body height is usually 
preserved. Spinal involvement may resemble tuberculosis but 
usually does not affect the disc. Abscesses may extend to the 

skin, and paravertebral abscesses may be present. Rib lesions 
have been described with sinus tract extension to the skin. 
Osseous involvement of the pelvis may be associated with the 
use of intrauterine devices.

Diagnosis is made by identification of the pathogen from 
an image-guided aspirant of infected tissue. Penicillin typi-
cally is used for treatment, although tetracycline, erythromy-
cin, and chloramphenicol can be used. 

LYME DISEASE
Lyme disease is the most common tick-borne illness in the 
United States. The Ixodes tick family is the primary vector for 
the spirochete bacteria Borrelia burgdorferi that causes the 
disease. The Ixodes hosts, the white-footed mouse and white-
tailed deer, are found in New England, the Mid-Atlantic 
states, and around the Great Lakes. Therefore most cases are 
discovered in these regions, primarily from April through 
November. More than 30,000 confirmed and probable cases 
are reported to the CDC yearly, nearly 300,000 presumed cases 
go unreported, and approximately 2.4 million specimens are 
submitted for Lyme disease testing with an associated cost of 

 FIGURE 23.13 Right midfoot destruction secondary to syphilitic neuropathic arthropathy.
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nearly $500 million. Two peak age groups that are more com-
monly affected with the disease include children aged 5 to 14 
years and adults aged 55 to 70 years. Leisure activities such 
as hiking, fishing, hunting, and gardening, as well as outdoor 
employment, place individuals at higher risk for contract-
ing the infection. Interestingly, only 50% to 70% of patients 
remember being bitten by a tick.

Most patients with Lyme disease present with a character-
istic bull’s-eye rash (erythema migrans) within 1 month of the 
tick bite (Fig. 23.14), although up to 20% of patients may not 
display this associated rash. Normally, the rash is accompanied 
by viral-like symptoms of fever, chills, fatigue, and headaches. 
Arthralgia, usually polyarthralgia involving both large and small 
joints and potentially the neck and back, typically accompanies 
the viral-like symptoms and characteristic bull’s-eye rash.

A total of 60% of patients who are not treated appropri-
ately initially will develop intermittent arthritis. Not having 
the prodromal polyarthralgias at symptom onset does not 
preclude patients from developing intermittent arthritis. 
Although the joint may appear extremely warm and swollen, 
usually with an effusion, patients normally note only mild 
pain. The knee is the most commonly involved joint, followed 

by the ankle and wrist. The arthritic attacks usually last about 
2 weeks to a month. After the bouts resolve, patients normally 
do not complain of any joint symptoms. Because different 
joints may be involved with different flare-ups, the intermit-
tent arthritis often is described as “migratory arthritis.”

Chronic arthritis can develop in around 10% of patients 
with intermittent arthritis that is not properly treated. Having 
the alloantigen HLA-DR4 increases the risk of developing 
chronic arthritis. One to three joints are involved, with one or 
both knees almost always involved. The hip is the next most 
likely joint afflicted with this condition. Unlike patients with 
acute Lyme arthritis, patients with chronic arthritis usually 
have unrelenting joint swelling and pain for at least 1 year.

Patients with early disseminated Lyme disease may also 
develop neurologic and cardiac signs and symptoms. Fifteen 
percent of patients develop neurologic problems, including 
meningitis, Bell palsy, and radiculopathies. Eight percent 
develop cardiac complications such as an arteriovenous block.

The CDC recommends using enzyme-linked immuno-
sorbent assay (ELISA) followed by the Western immunoblot 
test for diagnosis (Fig. 23.15). The Western immunoblot test 
will diagnose most patients with Lyme disease if performed at 
least 4 weeks after tick contact. Synovial fluid analysis is usu-
ally nonspecific with mildly elevated white blood cell count 
(normally <50,000 cells/mm3). Genomic DNA of B. burgdor-
feri can be found in the synovial fluid by using polymerase 
chain reaction (PCR). Successful treatment with antibiotics 
for Lyme arthritis can be documented by the transforma-
tion of a positive PCR to a negative PCR. Currently, multiple 
assays have received FDA clearance for the detection of Lyme 
disease. However, the FDA warns that many of these can be 
easily misinterpreted and advises that assays for antibodies to 
B. burgdorferi should be used only to support a clinical diag-
nosis of Lyme disease. Dessau et al. reported the overuse of 
diagnostic testing for Lyme disease. Their recommendations 
based on the current European cases are as follows: typical 
erythema migrans should be diagnosed clinically and does 
not need laboratory testing. Diagnosis of Lyme neurobor-
reliosis requires spinal fluid testing for intrathecal antibody 
production. Polyarthralgias with viral-like symptoms require 
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immunoassay (EIA)
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Immunofluorescence

assay (IFA)
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equivocal result

Negative result

Signs or
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≤ 30 days

IgM and IgG
Western Blot

IgM Western
Blot only

Signs or
symptoms
> 30 days

Consider alternative diagnosis
or

If patient with signs/symptoms
consistent with Lyme disease

for ≤ 30 days, consider
obtaining a convalescent serum

Second test

FIGURE 23.15 Two-tiered testing for Lyme disease as recommended by the CDC.  (From CDC, 
www.cdc.gov/lyme/diagnosistesting/labtest/twostep/index.html.)

 FIGURE 23.14 Characteristic bull’s-eye rash in a patient with 
Lyme disease.  (From CDC, www.cdc.gov/lyme/signs_symptoms/ras
hes.html.)
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testing for antibodies to B. burgdorferi. Testing patients with 
nonspecific symptoms has a low positive predictive value.

First-line antibiotic therapy employs doxycycline orally 
for 30 to 60 days for Lyme disease–associated arthritis. 
Second-line antibiotic treatment uses amoxicillin for the same 
duration. Either one of these choices is effective in about 90% 
of patients. If a patient does not respond to a 30- to 60-day 
course of oral antibiotics, then a 30-day course of intravenous 
ceftriaxone is recommended. About 5% of patients with Lyme 
arthritis have antibiotic-refractory disease, however. 

FUNGAL INFECTION
Fungal osteomyelitis generally develops slowly, and diagno-
sis and treatment may be delayed. Because diagnosis usually 
depends on specific stains and cultures, the diagnosis must be 
suspected before it can be established. These infections often 
imitate metastatic neoplasms, especially when spinal involve-
ment is present. Immunocompromised individuals are more 
susceptible. Treatment plans for these unusual infections should 
be made in collaboration with an infectious disease consultant. 

COCCIDIOIDOMYCOSIS
Coccidioidomycosis is endemic to Arizona, New Mexico, west 
Texas, and the San Joaquin Valley of California. Cases have 
also been described in Mexico and some regions of South 
America. The incidence of infection in long-time residents of 
these areas may be 80%. An estimated 150,000 new infections 
are reported each year, with 97% of them occurring in Arizona 
and California. Transmission primarily is by inhalation of air-
borne Coccidioides immitis. Most of these infections do not 
cause symptoms; infections that do usually are confined to the 
lungs. A more disseminated presentation can occur with kid-
ney, liver, spleen, pericardium, and bone. A hypersensitivity 
arthritis, which is self-limited to 2 to 4 weeks, can occur.

Extrapulmonary or disseminated infections are rare and 
seen in fewer than 5% of patients. Immunocompromised 
individuals with HIV or who are taking the tumor necro-
sis factor-α inhibitor infliximab, individuals of Filipino or 
African-American ethnicity, and pregnant women are at 
higher risk for extrapulmonary infection.

Bone involvement is noted in 20% to 50% of extrapul-
monary coccidioidal infections. The axial skeleton is more 
commonly affected than the appendicular skeleton, and the 
vertebral column is the most susceptible location of bony 
involvement for the disease. The infection can spread into 
adjacent soft tissues, causing paraspinal abscesses. Infections 
have also been seen in the skull and ribs. Joint infections are 
more likely to be seen in the lower extremities, especially the 
knee. Involvement of the metatarsals or metacarpals may be 
noted. Focal tendinitis or tenosynovitis can also occur. Ho et al. 
described 20 children with coccidioidomycosis, all of whom 
presented with bone and joint pain; only three patients had 
pulmonary symptoms, and none had cutaneous symptoms. 
The most common location of infection was the foot (28%), 
followed by the knee, spine, forearm, lower leg, and other sites.

Diagnosis of long-standing skeletal coccidioidomyco-
sis can be assisted by radiographic evaluation. Normally, a 
chronic infection will display single or multiple lytic punched-
out lesions with osteopenia and ill-defined borders. A moth-
eaten appearance may be noted in small bones. Some studies 
have noted 100% sensitivity for identifying skeletal coccidi-
oidomycosis using bone scans. Diagnostic confirmation 

depends on histopathologic examination of a bone culture 
specimen, which demonstrates granulomatous inflammation 
and often spherules.

Medical treatment is preferred but often is not sufficient. 
Itraconazole has been shown superior to fluconazole in treat-
ing skeletal coccidioidomycosis. Other newer triazole anti-
fungals are now available, but randomized studies for skeletal 
coccidioidomycosis are not yet available. Intravenous ampho-
tericin B was previously used for treatment, but it has many 
unwanted complications and, therefore, should not be used 
unless necessary. The most effective treatment duration with 
these antibiotics is not known. Additional surgical methods 
may be required for antibiotic refractory infections. This 
may include debridement and removal of infected bone or 
synovium. Relapses are also common. 

BLASTOMYCOSIS
North American blastomycosis is rare. Infection usually 
occurs after the inhalation of the spores of Blastomyces der-
matitidis, a dimorphic soil-dwelling fungus. This infection is 
frequently found in immunocompromised patients. Osseous 
involvement is the third most frequent form of primary blas-
tomycosis. Pulmonary and cutaneous lesions are the most fre-
quent sites of infection, although 10% of patients have skeletal 
involvement as the presenting symptom. This infection occurs 
in North America, extending throughout the Appalachian 
states and the watersheds of the Ohio, Mississippi, Missouri, 
and St. Lawrence rivers. Skeletal infection occurs by hema-
togenous spread from the lungs or by direct extension from 
a cutaneous infection. Osseous findings are nonspecific for 
blastomycosis and resemble other forms of osteomyelitis. 
Some asymptomatic regions may have osseous involvement 
with cortical erosions noted. The first sign of involvement 
may be a cutaneous sinus or abscess. In a long bone, the 
infection tends to localize in the epiphysis and extends into 
the adjacent joint. Lesions in vertebrae mimic tuberculosis. 
Definitive diagnosis is made by showing the characteristic 
broad-based budding yeast on microscopic examination of 
a joint or bone aspirate. Culture of the yeast or mold form 
establishes the diagnosis but may take 1 to 5 weeks to grow. 
Amphotericin B is the antibiotic of choice, with ketoconazole 
or itraconazole being effective alternative drugs. 

HISTOPLASMOSIS
In the United States, histoplasmosis is caused by Histoplasma 
capsulatum. It is usually a mild pulmonary infection that 
occurs after inhalation of the infecting particle. The disease is 
usually self-limited, but it can become a progressive dissemi-
nated infection in immunocompromised patients. Although 
pulmonary involvement is most predominant, bone and soft 
tissues can be affected, usually manifesting as a self-limited 
hypersensitivity arthritis. Care and Lacey described a recurrent 
histoplasmosis in the wrist of a patient who was not immuno-
compromised and did not have pulmonary involvement (Fig. 
23.16). Because of the prolonged period between initial infec-
tion and clinical recurrence in their patient, these authors sug-
gest that Histoplasma can remain latent in the bone marrow 
for a decade. They recommend prolonged antibiotic treatment 
after debridement and resection of grossly involved tissue.

Antifungal agents, such as ketoconazole or itraconazole, 
are effective for the treatment of mild disseminated histo-
plasmosis involving bones or joints. For more resistant cases, 
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especially in immunocompromised patients, amphotericin B 
is recommended. 

CRYPTOCOCCOSIS
Cryptococcosis, caused by Cryptococcus neoformans, is 
a rare fungal disease that is being increasingly found in 
immunologically compromised patients. It usually produces 
asymptomatic pulmonary disease in immunologically com-
petent hosts. In immunologically compromised patients, it 
is generally a widespread disseminated disease with promi-
nent pulmonary involvement. Hematogenous dissemina-
tion results in metastatic foci, most commonly in the central 
nervous system; however, isolated bone lesions have been 
reported in 10% of patients. These may mimic primary bone 
neoplasms or have a presentation similar to other fungal 
bone lesions. The spine and long and flat bones also may be 
involved. The diagnosis is established by biopsy, and anti-
gen titers are used. Treatment of the bone lesions consists of 
curettage. In the absence of neurologic involvement, keto-
conazole can be effective. In more severe cases, amphoteri-
cin B should be used. 

SPOROTRICHOSIS
Sporotrichosis is usually produced by inoculation of 
Sporothrix schenckii through a minor cut or abrasion. This 
fungus is found in many environments, but infection is rare. 
Although a suppurative granulomatous lesion with an ulcer-
ated appearance develops on the skin, there may be lymph, 
hematogenous, or contiguous spread to other structures. This 
disease can affect the bones, joints, and periarticular soft tis-
sues. Joint spaces may narrow, and eventual subchondral 
bone demise may occur. Serologic tests are useful, as are fun-
gal cultures. The gold standard for diagnosis is isolation of 
the fungus in culture. The sporotrichin skin test relies on the 

serologic testing for sporotrichin, which is peptido-rhamno-
mannan antigen complex. Bonifaz et al. reported a sensitiv-
ity of 94.5% and a specificity of 95.2% when used along with 
positive cultures. Cultures can take 2 weeks to be positive. The 
sporotrichin skin test is rapid and results are readily available 
to guide earlier treatment.

Operative intervention may include debridement and 
chemotherapy with amphotericin. Other chemotherapeutic 
regimens, including ketoconazole, itraconazole, or flucon-
azole, have been used. Oral potassium iodide is used to treat 
skin lesions and, at times, osseous lesions. 

ECHINOCOCCOSIS
Echinococcosis, also called unilocular or human hydatid 
disease, is caused by the larval stage of Echinococcus granu-
losus, which is found most frequently in cattle and sheep-
raising areas of the United States (Arizona, Utah, New 
Mexico, Wyoming); similar diseases have been found in 
South America, Europe, and Australia. Canidae (domestic 
dogs, fox, and coyotes) serve as definitive hosts, whereas 
sheep act as intermediate hosts. Although the liver is the 
most frequently involved, other organ systems can be 
affected (e.g., kidneys, intestines, central nervous system, 
and bone). Bone involvement is usually seen in less than 
1% of cases and is exhibited by cystic or lytic lesions in the 
trabecular bone that can extend into other subcortical areas. 
The most commonly affected areas in bone are the verte-
brae, pelvis, and the skull. Long bones may also be affected. 
Progressive changes may resemble tumor formation with an 
expansile cystic appearance. In rare cases, extension to the 
spinal cord has been described. Antigen or antibody titers 
are helpful in making the diagnosis, and imaging studies 
(CT and ultrasonography) may delineate the characteristics 
of the cyst and guide treatment.

 

A B

FIGURE 23.16 Histoplasmosis of wrist in patient without immunocompromise or pulmonary 
involvement. A, Wrist at initial presentation showing cystic lesions of capitate with sclerotic borders. 
B, Appearance at time of recurrence with progression of cystic changes in capitate.  (From Care SB, 
Lacey SH: Recurrent histoplasmosis of the wrist: a case report, J Hand Surg Am 23:1112, 1998.)
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The best treatment for a bone infection resulting from 
echinococcosis is to resect the involved bone or to ampu-
tate. Erol et al. described successful treatment of 10 patients, 
eight with muscle involvement and two with bone involve-
ment, with chemotherapy (albendazole) and wide resection. 
In their literature review, however, Steinmetz et al. found that 
of 721 reported patients, complete excision of the lesion was 
possible in only 16%. Curettage and instilling solutions, such 
as hypertonic saline, 1% formalin, or 0.5% silver nitrate, have 
been tried. In suspected cases of echinococcosis, diagnostic 
biopsy or aspiration is contraindicated. Operative manage-
ment should include careful planning and meticulous tech-
nique to avoid spillage of the cyst contents, which may cause 
spread of the disease. If spillage occurs, application of cetyl-
trimethylammonium bromide (Cetrimide), 2% formalin, or 
1% iodine can reduce the danger of spreading. Albendazole 
or mebendazole can also be used chemotherapeutically but 
resolution varies.
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GENERAL PRINCIPLES OF TUMORS 
Robert K. Heck Jr., Patrick C. Toy

CHAPTER 24

A team comprising an orthopaedic surgeon, radiologist, 
pathologist, radiation oncologist, and medical oncologist is 
necessary to treat the spectrum of musculoskeletal tumors. 
Other surgical specialists frequently are required, such as a 
vascular surgeon, thoracic surgeon, or plastic surgeon. The 
orthopaedic surgeon must be well versed in the principles of 
oncologic surgery, and the radiologist and pathologist should 
have a special interest in bone and soft-tissue tumors. The 
medical oncologist coordinates the adjuvant therapies and 
becomes the primary physician for a patient who has a meta-
static tumor.

DIAGNOSTIC EVALUATION
GENERAL APPROACH TO 
MUSCULOSKELETAL NEOPLASMS
An adequate history and physical examination are the first 
steps in evaluating a patient with a musculoskeletal tumor. 
Patients may present to the orthopaedic oncologist with pain, 
a mass, or an abnormal radiographic finding detected during 
the evaluation of an unrelated problem. Patients with bone 
tumors most frequently present with pain. The pain initially 
may be activity related, but a patient with a malignancy of 
bone often complains of progressive pain at rest and at night. 
Patients with benign bone tumors also may have activity-
related pain if the lesion is large enough to weaken the bone. 
Other benign lesions, most notably osteoid osteoma, may 
cause night pain initially. Conversely, patients with soft-tissue 
tumors rarely complain of pain but more often complain of a 
mass. Exceptions to this rule are patients with nerve sheath 
tumors who have pain or neurologic signs.

Although some tumors show a sex predilection (e.g., 
female predominance with giant cell tumors), this is rarely 
of diagnostic significance. Race likewise is of little signifi-
cance, with the exception that Ewing sarcoma is exceed-
ingly rare in individuals of African descent. Family history 

occasionally can be helpful, as in cases of multiple hereditary 
exostosis (autosomal dominant inheritance) and neurofibro-
matosis (autosomal dominant inheritance). Age may be the 
most important information obtained in the history, however, 
because most benign and malignant musculoskeletal neo-
plasms occur within specific age ranges.

PHYSICAL EXAMINATION
The physical examination should include evaluation of the 
patient’s general health and a careful examination of the 
part in question. A mass should be measured, and its loca-
tion, shape, consistency, mobility, tenderness, local tempera-
ture, and change with position should be noted. Atrophy of 
the surrounding musculature should be recorded, as should 
neurologic deficits and adequacy of circulation. Café-au-lait 
spots or cutaneous hemangiomas also may provide diagnos-
tic clues. Potential sites of lymph node metastases should 
be palpated. Although lymph node metastases are rare with 
most sarcomas, they often are present with rhabdomyosarco-
mas, epithelioid sarcomas, and synovial sarcomas. 

RADIOGRAPHIC EXAMINATION
All suspected musculoskeletal neoplasms should be evaluated 
initially with plain biplanar radiographs. Compared with any 
other test, conventional radiography provides more useful 
diagnostic information for evaluation of bone lesions. Often, 
the patient’s age and plain radiographic findings are suffi-
cient to arrive at a specific diagnosis. Radiographic evaluation 
should begin by determining the site of the lesion because 
many bone tumors have specific site predilections (Boxes 24.1 
to 24.4). An epiphyseal lesion in a skeletally mature patient is 
likely to be a giant cell tumor, whereas an epiphyseal lesion 
in a skeletally immature patient is likely to be a chondro-
blastoma. The differential diagnosis for diaphyseal lesions 
includes Ewing sarcoma, osteomyelitis, osteoid osteoma, 
osteoblastoma, histiocytosis, lymphoma, fibrous dysplasia, 
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and adamantinoma (especially in the tibia). Most vertebral 
lesions in adult patients are metastases, myelomas, or heman-
giomas. In the sacrum, chordoma and giant cell tumor are at 
the top of the list of differential diagnoses. In younger patients 
with a vertebral body lesion, the most likely diagnosis is histio-
cytosis; if the lesion is in the posterior elements, the differen-
tial diagnoses include aneurysmal bone cyst, osteoblastoma, 
and osteoid osteoma. Even if a specific diagnosis cannot be 
made, the aggressiveness of the lesion, and whether it is likely 
to be benign or malignant, usually can be determined by 

careful evaluation of the plain films. Lesions of low biologic 
activity are usually well marginated, often with a surround-
ing rim of reactive bone formation. Aggressive lesions usually 
have a less well-defined zone of transition between the lesion 
and the host bone because the host response is slower than 
the progression of the tumor. Cortical expansion can be seen 
with aggressive benign lesions, but frank cortical destruction 
usually is a sign of malignancy. Periosteal reactive new bone 
formation results when the tumor destroys cortex and may 
take the form of Codman’s triangle, “onion-skinning,” or a 
“sunburst” pattern. It usually is a sign of malignancy but may 
be present with infection or histiocytosis. Often, bone lesions 
replace the normal trabecular pattern of bone with a charac-
teristic matrix. Punctate, stippled calcification is suggestive of 
cartilage formation in bone lesions such as an enchondroma 
or chondrosarcoma. Matrix ossification combined with 
destructive features of host bone is a radiographic finding in 
a typical osteosarcoma. The irregular osteoid trabeculae in a 
collagenous stroma produce the classic radiographic “ground 
glass” appearance in fibrous dysplasia. Plain radiographs are 
less helpful for soft-tissue lesions but nevertheless should 
be obtained in all patients because some useful information 
can be acquired, such as the presence of myositis ossificans, 
phleboliths in a hemangioma, calcification in a synovial sar-
coma, or a fat density with a lipoma. 

OTHER IMAGING EXAMINATIONS
The resolution of computed tomography (CT) is most help-
ful in assessing ossification and calcification and in evaluating 
the integrity of the cortex. It also is the best imaging study to 
localize the nidus of an osteoid osteoma, to detect a thin rim 
of reactive bone around an aneurysmal bone cyst, to evaluate 
calcification in a suspected cartilaginous lesion, and to evalu-
ate endosteal cortical erosion in a suspected chondrosarcoma. 
Reconstructions in the sagittal and coronal planes may pro-
vide useful information with regard to surgical planning. CT 
of the lungs also is the most effective study to detect pulmo-
nary metastases. In patients in whom magnetic resonance 
imaging (MRI) is prohibited (e.g., pacemaker), CT with intra-
venous contrast is useful in differentiating cystic lesions from 
vascular lesions in soft-tissue tumors.

Technetium bone scans are used to determine the activity 
of a lesion and to determine the presence of multiple lesions 
or skeletal metastases. Bone scans frequently are falsely neg-
ative in multiple myeloma and some cases of renal cell car-
cinoma. Excluding these exceptions, however, most other 
malignant neoplasms of bone show increased uptake on tech-
netium bone scans. A normal bone scan is reassuring; how-
ever, the converse statement is not true because benign active 
lesions of bone also show increased uptake.

Positron emission tomography (PET) records the 
whole-body distribution of positron-emitting radioiso-
topes linked to biologically active molecules. This modal-
ity provides a noninvasive three-dimensional visualization 
and quantitative assessment of in vivo physiologic and bio-
chemical processes. PET is proving to be useful in staging, 
planning the biopsy, evaluating the response to chemother-
apy, and helping to direct subsequent treatment. Fluorine-18 
(18F)-fluorodeoxyglucose-labeled positron emission tomog-
raphy (FDG-PET) has a growing role as an imaging modality 
in the detection, staging, and management of sarcomas. FDG 
is an analogue of glucose that becomes trapped in malignant 

Differential Diagnosis for Epiphyseal Lesions

 n  Chondroblastoma (ages 10-25)
 n  Giant cell tumor (ages 20-40)
 n  Clear chondrosarcoma (rare)

 BOX 24.1 

Differential Diagnosis for Diaphyseal Lesions

 n  Ewing sarcoma (ages 5-25)
 n  Lymphoma (adult)
 n  Fibrous dysplasia (ages 5-30)
 n  Adamantinoma (consider in the tibia)
 n  Histiocytosis (ages 5-30)

 BOX 24.2 

Differential Diagnosis for Lesions of the Spine

Older than 40 Years
 n  Metastases
 n  Multiple myeloma
 n  Hemangioma
 n  Chordoma (in sacrum)
Younger than 30 Years
 n  Vertebral body
 n  Histiocytosis
 n  Hemangioma
 n  Posterior elements
 n  Osteoid osteoma
 n  Osteoblastoma
 n  Aneurysmal bone cyst

 BOX 24.3 

Differential Diagnosis for Multiple Lesions

 n  Histiocytosis
 n  Enchondroma
 n  Osteochondroma
 n  Fibrous dysplasia
 n  Multiple myeloma
 n  Metastases
 n  Hemangioma
 n  Infection
 n  Hyperparathyroidism

 BOX 24.4 
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cells in proportion to their respective rate of glycolysis. When 
used in conjunction with other imaging modalities (e.g., CT 
and MRI), it can be useful with post-treatment surveillance, 
helping to differentiate viable tumor cells from postoperative 
changes. Early results in its application have been encourag-
ing, but the number of published studies is limited.

MRI has replaced CT as the study of choice to determine 
the size, extent, and anatomic relationships of bone and soft-
tissue tumors. It is the most accurate technique for determin-
ing the extent of intramedullary and extraosseous disease and 
the relationship to neurovascular structures. MRI may yield 
a specific diagnosis with tumors such as lipoma, hemangi-
oma, hematoma, or pigmented villonodular synovitis, all of 
which have characteristic appearances. With regard to most 
neoplasms, however, the MRI appearance is nonspecific. 
Likewise, MRI frequently cannot differentiate benign from 
malignant lesions. A study at our institution found substantial 
differences between MRI-based opinions given by specialized 
musculoskeletal radiologists and those given by outside radi-
ologists: only about half of the outside reports listed the most 
likely diagnosis as such, and only 60% listed it at all. In gen-
eral, any soft-tissue neoplasm deep to the fascia or larger than 
5 cm in its greatest dimension should be considered highly 
likely to be a sarcoma.

Ultrasonography is useful for distinguishing cystic from 
solid soft-tissue lesions but otherwise offers little informa-
tion. Angiography, which previously was used to determine 
the relationship of a neoplasm to the vessels, has been sup-
planted by MRI. Angiography still is useful, however, to rule 
out nonneoplastic conditions, such as pseudoaneurysms or 
arteriovenous malformations, and for preoperative emboliza-
tion of highly vascular lesions, such as renal cell carcinoma 
and aneurysmal bone cysts. 

LABORATORY TESTS
Blood and urine tests rarely lead to a diagnosis but can be 
useful in selected situations. A basic metabolic panel may be 
indicated to evaluate the overall health of a patient. Risks of 
wound healing problems and infection have been shown to be 
significantly greater in patients whose serum albumin value is 
less than 3.5 g/dL or whose total lymphocyte count is less than 
1500/mL. A complete blood cell count may be helpful to rule 
out infection and leukemia. The erythrocyte sedimentation 
rate usually is elevated in infection, metastatic carcinoma, and 
small “blue cell” tumors, such as Ewing sarcoma, lymphoma, 
leukemia, and histiocytosis. Serum protein electrophoresis 
should be ordered if multiple myeloma is part of the differen-
tial diagnosis. Likewise, a prostate-specific antigen test should 
be ordered if prostate carcinoma is a possibility. Hypercalcemia 
may be present with metastatic disease, multiple myeloma, and 
hyperparathyroidism. Alkaline phosphatase may be elevated 
in metabolic bone disease, metastatic disease, osteosarcoma, 
Ewing sarcoma, or lymphoma. Blood urea nitrogen and creati-
nine may be elevated with renal tumors, and a urinalysis may 
reveal hematuria in this setting. Brown tumors of hyperpara-
thyroidism sometimes can look like giant cell tumors and can 
be evaluated with serum calcium and parathyroid hormone 
levels. Finally, Paget disease may be in the differential diagnosis 
and can be evaluated by serum alkaline phosphatase and uri-
nary pyridinium cross-links.

Musculoskeletal neoplasms should be evaluated com-
pletely before biopsy is done. The differential diagnosis, extent 

of the lesion, and potential resectability of the lesion can affect 
the type of biopsy, the placement of the biopsy incision, and 
the pathologic management of the tissue obtained. A com-
plete workup helps to narrow the differential diagnosis and 
to bring about a more accurate pathologic diagnosis. Finally, 
tests, such as MRI or bone scanning, can be adversely affected 
by postoperative changes in the tissues. Bone and soft-tissue 
neoplasms suspected of being malignant should be evaluated 
with radiographs of the involved limb and a chest radiograph 
to evaluate possible metastases. MRI of the lesion delineates 
the extent of the lesion in the bone and soft-tissue involve-
ment and the relationship to other anatomic structures. A 
bone scan should be obtained to detect any other areas of 
skeletal involvement, and a CT scan of the chest should be 
obtained to rule out pulmonary metastases. Other tests may 
be added to this minimal basic workup as indicated. 

METASTASES OF UNKNOWN ORIGIN
In a patient older than age 40 with a new, painful bone lesion, 
multiple myeloma and metastatic carcinoma are the most 
likely diagnoses even if the patient has no known history of 
carcinoma. Prostate cancer and breast cancer are the two most 
common primary sources for bone metastases. If a patient has 
no known primary tumor, however, the most likely sources 
are lung cancer and renal cell carcinoma. Rougraff et  al. 
described the proper evaluation of a patient with suspected 
metastases of unknown origin. The evaluation begins with a 
history focusing on any previous malignancies, even in the 
remote past, followed by a physical examination that includes 
not only the involved extremity but also the thyroid, lungs, 
abdomen, prostate in men, and breasts in women. Laboratory 
analysis should include complete blood cell count, erythro-
cyte sedimentation rate, electrolytes, liver enzymes, alkaline 
phosphatase, serum protein electrophoresis, and possibly 
prostate-specific antigen. Plain radiographs of the involved 
bone and the chest should be obtained. A whole-body bone 
scan should be ordered to evaluate other possible areas of 
skeletal involvement, and a CT scan of the chest, abdomen, 
and pelvis should be obtained (Fig. 24.1). A mammogram is 
not routinely indicated as an initial procedure because breast 
cancer is a rare source of metastases without a known primary 
lesion. The authors were able to identify the primary lesion in 
85% of patients with skeletal metastases of unknown origin 
using this simple approach. They listed six reasons why the 
biopsy should not be done until the evaluation is complete: 
(1) The lesion may be a primary sarcoma of bone that may 
require a biopsy technique that allows for future limb salvage 
surgery; (2) another, more accessible lesion may be found; (3) 
if renal cell carcinoma is considered likely, the surgeon may 
wish to consider preoperative embolization to avoid excessive 
bleeding; (4) if the diagnosis of multiple myeloma is made by 
laboratory studies, an unnecessary biopsy can be avoided; (5) 
the pathologic diagnosis is more accurate if aided by appro-
priate imaging studies; and (6) the pathologist and surgeon 
may be more assured of a diagnosis of metastasis made on 
frozen section analysis if supported by the preoperative eval-
uation. This is important if stabilization of an impending frac-
ture is planned for the same procedure. 

STAGING
Enneking and others have shown the desirability of stag-
ing benign and malignant musculoskeletal tumors to aid in 
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treatment decision making, provide some determination of 
prognosis, and allow meaningful comparisons of treatment 
methods. Benign and malignant tumors of bone and soft tis-
sue can be staged according to the Enneking staging system 
(Table 24.1). The stages of benign tumors are designated by 
Arabic numbers, and malignant tumors are designated by 
Roman numerals.

Benign tumors are staged as follows: stage 1, latent; 
stage 2, active; and stage 3, aggressive. Stage 1 lesions are 
intracapsular, usually asymptomatic, and frequently inci-
dental findings. Radiographic features include a well-
defined margin with a thick rim of reactive bone. There 
is no cortical destruction or expansion. These lesions do 
not require treatment because they do not compromise 
the strength of the bone and usually resolve spontane-
ously. An example is a small asymptomatic nonossifying 

fibroma discovered incidentally on radiographs taken to 
evaluate an unrelated injury (Fig. 24.2). Stage 2 lesions also 
are intracapsular but are actively growing and can cause 
symptoms or lead to pathologic fracture. They have well-
defined margins on radiographs but may expand and thin 
the cortex. Usually they have only a thin rim of reactive 
bone. Treatment usually consists of extended curettage 
(Fig. 24.3). Stage 3 lesions are extracapsular. Their aggres-
sive nature is apparent clinically and radiographically. 
They do not respect natural anatomic barriers and usu-
ally have broken through the reactive bone and possibly 
the cortex (Fig. 24.4). MRI may show a soft-tissue mass, 
and metastases may be present in 1% to 5% of patients 
with these lesions (e.g., giant cell tumor). Treatment con-
sists of extended curettage, marginal resection, or pos-
sibly wide resection, and local recurrences are common. 

 

D

A B C

FIGURE 24.1 Humeral fracture after minimal trauma in 81-year-old man with no known history 
of malignancy. A, Lesion (arrow) was not identified initially, and patient was treated conservatively 
at another institution. B, Radiograph 10 weeks after injury shows progression of malignant process. 
Patient was referred to orthopaedic oncology center, where most likely diagnosis was thought to 
be either multiple myeloma or metastatic carcinoma. C, Bone scan reveals multiple sites of disease. 
D, CT of abdomen reveals lesion in the right kidney, which proved to be primary lesion (arrow).
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Reconstruction may sometimes prove difficult. Some 
interobserver discrepancy may be present when trying to 
assign a bone lesion to a particular stage.

Musculoskeletal sarcomas also can be staged accord-
ing to the surgical staging system as described by Enneking 
et  al. This system was designed to incorporate the most 
significant prognostic factors into a system of progressive 

stages that helps to guide surgical and adjuvant treatments. 
The system is based on the histologic grade of the tumor, 
its local extent, and the presence or absence of metastases. 
Low-grade lesions are designated as stage I. These lesions 
are well-differentiated, have few mitoses, and exhibit only 
moderate cytologic atypia. The risk for metastases is low 
(<25%). High-grade lesions are designated as stage II. They 
are poorly differentiated with a high mitotic rate and a high 
cell-to-matrix ratio. Stage I and II lesions are subdivided 
according to the extent of local growth. Stage IA and IIA 
lesions are contained within well-defined anatomic com-
partments (Fig. 24.5). Anatomic compartments are deter-
mined by the natural anatomic barriers to tumor growth, 
such as cortical bone, articular cartilage, fascial septa, or 
joint capsules. Stage IB and IIB lesions extend beyond the 
compartment of origin (Fig. 24.6). Stage III refers to any 
lesion that has metastasized regardless of the size or grade of 
the primary tumor. No distinction is made between lymph 
node metastases or distant metastases because both circum-
stances are associated with a poor prognosis.

Alternatively, many orthopaedic oncologists stage mus-
culoskeletal malignancies according to the American Joint 
Committee on Cancer (AJCC) system. The AJCC staging sys-
tem for soft-tissue sarcomas (Table 24.2) is based on prognos-
tic variables, including tumor grade (low or high), size (≤5 cm 
or >5 cm in greatest dimension), depth (superficial or deep 
to the fascia), and presence of metastases. Stage I tumors are 
low grade regardless of size or depth. Stage II tumors are high 
grade; they may be small and any depth or large and super-
ficial. Stage III tumors are high grade, large, and deep. Stage 
IV tumors are tumors associated with metastases (including 
local lymph nodes) regardless of grade, size, or depth.

 TABLE 24.1

Enneking System for Staging Benign and 
Malignant Musculoskeletal Tumors

BENIGN

 1.  Latent—low biologic activity; well marginated; often 
incidental findings (e.g., nonossifying fibroma)

 2.  Active—symptomatic; limited bone destruction; may 
present with pathologic fracture (e.g., aneurysmal bone 
cyst)

 3.  Aggressive—aggressive; bone destruction/soft-tissue 
extension; do not respect natural barriers (e.g., giant 
cell tumor)

MALIGNANT

STAGE GRADE SITE METASTASES
IA Low Intracompartmental None
IB Low Extracompartmental None
IIA High Intracompartmental None
IIB High Extracompartmental None
III Any Any Regional or distant 

metastases

 FIGURE 24.2 Stage 1 benign lesion: nonossifying fibroma of  
the distal tibia.

 FIGURE 24.3 Stage 2 benign lesion: aneurysmal bone cyst of 
the proximal fibula.
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 FIGURE 24.4 Stage 3 benign lesion: giant cell tumor of the distal femur.

 FIGURE 24.5 Stage IA malignant lesion: chondrosarcoma of the proximal femur.
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The AJCC system for bone sarcomas (Table 24.3) is based 
on tumor grade, size, and presence and location of metastases. 
Stage I tumors, which are low grade, and stage II tumors, which 
are high grade, are subdivided based on tumor size. Stage I-A 
and II-A tumors are 8 cm or less in their greatest linear mea-
surement; stage I-B and II-B tumors are larger than 8 cm. Stage 
III tumors have “skip metastases,” which are defined as dis-
continuous lesions within the same bone. Stage IV-A involves 

pulmonary metastases, whereas stage IV-B involves nonpul-
monary metastases. The subdivision of stage IV was made 
because it has been shown that patients with nonpulmonary 
metastases from osteosarcoma and Ewing sarcoma have worse 
prognoses than patients with only pulmonary metastases. 

BIOPSY
In 1982, Mankin et al. reported 18.2% major errors in diagno-
sis, 10.3% nonrepresentative or technically poor biopsy speci-
mens, and 17.3% wound complications associated with biopsy 
of musculoskeletal sarcomas. As a result of these complica-
tions, the optimal treatment plan had to be altered in 18.2%, 
including unnecessary amputations in 4.5%. These complica-
tions occurred three to five times more frequently when the 
biopsy was done by a surgeon at a referring institution, rather 
than by a member of the Musculoskeletal Tumor Society. A 
series of recommendations were made regarding the technical 
aspects of the biopsy, stating that whenever possible a patient 
with a suspected primary musculoskeletal malignancy should 
be referred before biopsy to the institution where definitive 
treatment will take place. The study was repeated 10 years later, 
and the results were essentially unchanged.

A biopsy should be planned as carefully as the definitive 
procedure. Biopsy should be done only after clinical, labora-
tory, and radiographic examinations are complete. As stated 
previously, completion of the evaluation before biopsy aids in 
planning the placement of the biopsy incision, helps provide 
more information leading to a more accurate pathologic diag-
nosis, and avoids artifacts on imaging studies. If the results 
of the evaluation suggest that a primary malignancy is in the 
differential diagnosis, the patient should be referred to a mus-
culoskeletal oncologist before biopsy.

Regardless of whether a needle biopsy or an open biopsy is 
done, the biopsy track should be considered contaminated with 
tumor cells. Placement of the biopsy is a crucial decision because 
the biopsy track needs to be excised en bloc with the tumor. The 
surgeon performing the biopsy should be familiar with incisions 
for limb salvage surgery and standard and nonstandard ampu-
tation flaps. If a tourniquet is used, the limb can be elevated 
before inflation but should not be exsanguinated by compres-
sion to prevent “squeezing” the tumor’s cells into the systemic 
circulation. Care should be taken to contaminate as little tissue 
as possible. Transverse incisions should be avoided because they 
are extremely difficult or impossible to excise with the speci-
men (Fig. 24.7). The deep incision should go through a single 
muscle compartment rather than contaminating an intermus-
cular plane. Major neurovascular structures should be avoided. 
Soft-tissue extension of a bone lesion should be sampled because 
this leading edge contains the most viable tumor for making the 
diagnosis. Care should be taken, however, to sample more than 
just the pseudocapsule surrounding the lesion. A frozen section 
should be sent intraoperatively to ensure that diagnostic tissue 
has been obtained. If a hole must be made in the bone, it should 
be round or oval to minimize stress concentration and prevent 
a subsequent fracture, which could preclude limb salvage sur-
gery (Fig. 24.8). The hole should be plugged with methacrylate 
to limit hematoma formation. Only the minimal amount of 
methacrylate needed to plug the hole should be used because 
excessive amounts push the tumor up and down the bone. If a 
tourniquet has been used, it should be deflated and meticulous 
hemostasis ensured before closure, because a hematoma would 
be contaminated with tumor cells. If a drain is used, it should exit 

 FIGURE 24.6 Stage IIB malignant lesion: osteosarcoma of the 
proximal humerus.

 TABLE 24.2

American Joint Committee on Cancer System for 
Staging Soft-Tissue Sarcomas

STAGE GRADE SIZE DEPTH METASTASES
I Low Any Any None
II High ≤5 cm Any None

High >5 cm Superficial None
III High >5 cm Deep None
IV Any Any Any Regional or 

distant

 TABLE 24.3

American Joint Committee on Cancer System for 
Staging Bone Sarcomas

STAGE GRADE SIZE METASTASES
I-A Low ≤8 cm None
I-B Low >8 cm None
II-A High ≤8 cm None
II-B High >8 cm None
III Any Any Skip metastasis
IV-A Any Any Pulmonary metastases
IV-B Any Any Nonpulmonary metastases
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Drain site

FIGURE 24.7 Examples of poorly performed biopsies. A and B, Biopsy resulted in irregular 
defect in bone, which led to pathologic fracture. C, Transverse incisions should not be used. D, 
Needle biopsy track contaminated patellar tendon. E, Needle track placed posteriorly, a location 
that would be extremely difficult to resect en bloc with tumor if it had proved to be sarcoma. F, 
Multiple needle tracks contaminate quadriceps tendon. G, Drain site was not placed in line with 
incision.
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in line with the incision so that the drain track also can be eas-
ily excised en bloc with the tumor. The wound should be closed 
tightly in layers. Wide retention sutures should not be used.

A biopsy can be done by fine-needle aspiration, core nee-
dle biopsy, or an open incisional procedure (Table 24.4). Most 
musculoskeletal neoplasms can be diagnosed with a well-done 
needle biopsy. Fine-needle aspiration may be 90% accurate at 
determining malignancy; however, its accuracy at determin-
ing specific tumor type is much lower because only cells rather 
than tissue architecture are evaluated. This technique may be 
best applied when there is a high probability that the diagno-
sis is known such as metastases or infection and when evalu-
ating lymph nodes. An experienced pathologist is helpful in 
determining the diagnosis because of the limited sample size 
obtained. A core needle biopsy uses a larger-gauge needle than 
a fine-needle aspiration, providing for tissue and preservation 
of the tissue architecture. The limited amount of tissue obtained 
may not be adequate, however, for accurate grading or for any 
additional studies that may dictate subsequent treatment. The 
few dedicated series that have analyzed outpatient core needle 

biopsies have reported an overall diagnostic accuracy ranging 
from 84% to 98%. A study of 252 outpatient core needle biop-
sies of malignant bone and soft-tissue neoplasms reported an 
accuracy rate of 97% for determining whether or not a lesion is 
malignant; core needle biopsy was accurate for a specific histo-
pathologic diagnosis and grade in 81%.

Open biopsy is the gold standard for biopsy of bone and 
soft-tissue tumors, but complications are greater with incisional 
biopsy when compared with needle biopsy (e.g., bleeding, infec-
tion, tissue contamination). However, this procedure is least 
likely to be associated with a sampling error, and it provides the 
most tissue for additional diagnostic studies, such as cytogenet-
ics and flow cytometry. If the administration of chemotherapy is 
anticipated before further surgery, a central venous access cath-
eter may be placed at the same setting as the biopsy if the frozen 
section is confirmatory. The definitive procedure can be done 
immediately after biopsy only if the frozen section diagnosis con-
firms the clinical and radiographic diagnosis. In cases of discrep-
ancy or doubt, the definitive procedure should be delayed until 
a firm diagnosis is established. If a giant cell tumor is suspected 
on clinical and radiographic grounds, definitive curettage can 
proceed immediately after confirmation of the diagnosis on fro-
zen section. Likewise, if the suspicion of an impending fracture 
from metastatic carcinoma is confirmed on frozen section, pro-
phylactic fixation can be applied immediately. Conversely, if the 
frozen section in either of these scenarios exhibited any atypical 
cells that might represent a sarcoma, definitive surgery should be 
delayed until the final pathologic evaluation is complete.

Rarely, a primary resection (i.e., excisional biopsy) should 
be done instead of a biopsy. A small (<3 cm) subcutaneous mass 
that is unlikely to be malignant may be marginally resected pri-
marily. In the rare circumstance that the lesion turns out to 
be malignant, the tumor bed can be reexcised with wide mar-
gins without adversely affecting the outcome. Primary resec-
tion should not be done on larger soft-tissue lesions or lesions 
deep to the fascia unless the MRI appearance is diagnostic of 
a benign lesion, such as a lipoma. Some benign bone lesions, 
such as osteoid osteoma and osteochondroma, have a charac-
teristic radiographic appearance and can be primarily resected, 
if indicated, without biopsy. A final relative indication for pri-
mary resection is a painful lesion in an expendable bone, such 

 FIGURE 24.8 If hole must be made in bone during biopsy, 
defect should be round to minimize stress concentration, which 
otherwise could lead to pathologic fracture.

 TABLE 24.4 

Types of Biopsy

BIOPSY TYPE TISSUE OBTAINED ADVANTAGES DISADVANTAGES
Fine-needle 
aspiration

Cells Cost effective
Fewer complications
Good for obese patient or tumor near 
neurovascular structure

Small sample size
Need expert pathologist

Core needle Small tissue core Cost effective
More tissue than fine-needle aspiration

More complications* than fine-needle 
aspiration

Incisional biopsy Adequate sample 
of mass/lesion

Adequate tissue sample (gold standard) Increased complications*
May compromise definitive resection

Excisional biopsy Entire lesion 
removed

Removes entire lesion
Indicated for small lesion or  
expendable bone

Increased complications*

*Complications include infection, bleeding/hematoma, pathologic fracture, tumor contamination/seeding.
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as the proximal fibula or distal ulna. If a symptomatic lesion in 
one of these locations is confined within the cortex and would 
be resected regardless of a benign or malignant tissue diagno-
sis, it can be resected without biopsy (Fig. 24.9). 

ADJUVANT TREATMENT
The primary goal of treatment in a patient with a primary 
malignancy of the musculoskeletal system is to make the 
patient disease free. The goal of treatment of a patient with 
metastatic carcinoma to bone is to minimize pain and to 

preserve function. The optimal treatment of the tumor often 
requires a combination of radiation therapy, chemotherapy, 
and surgery.

RADIATION THERAPY
Radiation causes cell death by inducing the formation of intra-
cellular free radicals that subsequently cause DNA damage. 
The sensitivity of a cell to radiation depends on several fac-
tors, including (1) the cell’s position in the cell cycle (actively 
mitotic cells are most sensitive), (2) tissue oxygenation (local 
hypoxia provides a protective effect because oxygen-free 
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FIGURE 24.9 Low-grade chondrosarcoma in 50-year-old 
woman who had progressive right knee pain. A, Anteroposterior 
radiograph of the right knee shows expansile lesion in proximal 
fibula. Lesion appears to contain calcification suggesting cartilagi-
nous lesion. B, Coronal T1-weighted MR image shows that lesion 
remains entirely within cortex. C, Primary resection was done 
without biopsy. This treatment strategy allowed for wide margins 
without contamination of common peroneal nerve (arrow). D, 
Lesion proved to be low-grade chondrosarcoma. E, Radiograph 
after primary resection of proximal fibula.
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radicals cannot be formed in hypoxic tissue), and (3) the cell’s 
ability to repair DNA damage or its inability to undergo apop-
tosis (programmed cell death) in response to this damage.

The dose of radiation is measured in Gray (Gy): 1 Gy 
is equal to 1 joule of absorbed energy per kilogram; 1 rad 
is equal to 1 centigray (cGy). The goal of radiation treat-
ment is to deliver the highest possible dose of radiation to 
the tumor cells while minimizing toxicity to normal tissues. 
This is accomplished by using linear accelerators that deliver 
a high dose to the target tissues with sharp lateral field edges 
that limit the dose to nontarget tissues. Therapeutic advan-
tage also is gained by fractionation of the dose. After a single 
treatment of 200 cGy, all cells in the most sensitive phase of 
the cell cycle are killed. Delivering another dose at a specified 
interval allows additional cells to enter this phase of the cell 
cycle. In addition, with progressive tumor cell death, previ-
ously hypoxic areas of the tumor may become reoxygenated 
and may become more sensitive to radiation. The interval also 
allows time for normal cells to repair damage. Most radia-
tion treatment protocols deliver 150 to 200 cGy/day until the 
target dose is achieved. This dose ranges from 30 to 40 Gy for 
myeloma to 60 Gy for treatment of a soft-tissue sarcoma.

Most primary bone malignancies are relatively radiore-
sistant. Exceptions are the small blue cell tumors, including 
multiple myeloma, lymphoma, and Ewing sarcoma, which 
are each exquisitely sensitive. Carcinomas metastatic to bone, 
with the exception of renal cell carcinoma, also frequently are 
sensitive to radiation treatment. For most other bone tumors, 
radiation has a limited role because local control is achieved 
better with surgery. Advances in spinal surgery have dimin-
ished the frequency of use of radiotherapy for tumors that 
were previously surgically inaccessible. Radiation therapy 
can be used to reduce the incidence of local recurrence of 
malignant soft-tissue tumors treated with marginal resection 
when the alternative would be a more mutilating resection 
or amputation. Radiation also can be used for preoperative 
treatment of soft-tissue sarcomas in the hopes of reducing the 
tumor volume and making the resection easier.

Radiation therapy is associated with significant acute 
and long-term complications. Acutely, the most common 
complication is skin irritation. Initial erythema may prog-
ress later to desquamation, especially in patients who also 
are being treated with cytotoxic drugs. Other common acute 
side effects include gastrointestinal upset, urinary frequency, 
fatigue, anorexia, and extremity edema. Late effects include 
chronic edema, fibrosis, osteonecrosis, and pathologic frac-
ture. Malignant transformation of irradiated tissues (i.e., radi-
ation sarcoma) is being reported with increasing frequency in 
survivors of childhood and adolescent cancers. These second-
ary sarcomas occur with a mean lag time of approximately 
10 years and often are associated with a poor prognosis. 
Radiation-induced pathologic fractures also are becoming 
more common and can be extremely difficult to treat. In a 
study by Lin et al., the incidence of pathologic fracture was 
29% at 5 years after treatment of a soft-tissue sarcoma of the 
thigh if treatment included radiation therapy and wide resec-
tion with periosteal stripping. This risk increased to 47% in 
female patients and to 66% in female patients who received 
chemotherapy. Radiation therapy in children has several 
adverse sequelae, such as scoliosis, kyphosis, chest wall defor-
mities, hypoplasia of the ilium, and limb-length discrepancy, 
as a result of radiation-induced growth arrest. Radiotherapy is 

rarely used for benign conditions; possible exceptions include 
an extensive pigmented villonodular synovitis that cannot be 
controlled by surgery or a large spinal giant cell tumor.

In addition to conventional external beam radiation, 
radiation can be delivered by brachytherapy (from the Greek, 
brachys, meaning “close”). By this method, hollow catheters 
are implanted in the tumor bed at the time of resection (Fig. 
24.10). These catheters exit through the skin. Postoperative 
radiographic evaluation and computer calculations deter-
mine the optimal loading of the catheters with radioisotopes. 
This technique allows for high doses to be delivered to the 
target tissues. The radiation levels fall off rapidly at the edges 
of the field, sparing normal tissues. 

CHEMOTHERAPY
Before the routine use of chemotherapy for osteosarcoma, 
patients usually were treated with immediate wide or radical 
amputation on diagnosis. This approach usually treated the 
local disease adequately. Nevertheless, 80% of patients even-
tually died of metastatic disease even if metastasis was not 
evident at presentation. From this, it can be deduced that 80% 
of patients with apparently localized osteosarcoma actually 
have undetectable metastases, or micrometastases, on pre-
sentation. With the use of modern chemotherapy protocols, 
the current 5-year survival rate for osteosarcoma is approxi-
mately 70%. Similar numbers are available regarding the 
treatment of Ewing sarcoma. Similarly, chemotherapy has a 
well-defined role in the treatment of other high-grade malig-
nancies of bone, such as malignant fibrous histiocytoma, 
and high-grade soft-tissue malignancies of childhood, such 
as rhabdomyosarcoma. The role of chemotherapy is less well 
defined for adult soft-tissue malignancies, with most investi-
gations showing modest improvements in outcome. In gen-
eral, chemotherapy is not useful for cartilaginous lesions and 
most low-grade malignancies.

Adjuvant chemotherapy refers to chemotherapy admin-
istered postoperatively to treat presumed micrometastases. 
Neoadjuvant chemotherapy refers to chemotherapy admin-
istered before surgical resection of the primary tumor. No 
study has proved a survival advantage with regard to the tim-
ing of chemotherapy; however, multiple authors have cited 
several theoretical advantages of neoadjuvant chemotherapy 
over adjuvant chemotherapy. Preoperative chemotherapy fre-
quently causes regression of the primary tumor, making a suc-
cessful limb salvage operation easier. In a study by Malawar 
et al., 9 of 12 lesions that initially were deemed unresectable 
were treated later with limb salvage surgery after chemother-
apy-induced tumor regression. Neoadjuvant chemotherapy 
followed by surgical resection allows for histologic evaluation 
of the effectiveness of treatment. This is one of the most valu-
able prognostic indicators (i.e., percent tumor necrosis) of 
successful long-term outcome. In addition, histologic evalu-
ation may lead to alteration of further chemotherapy in poor 
responders. Preoperative chemotherapy theoretically may 
decrease the spread of tumor cells at the time of surgery, and 
neoadjuvant chemotherapy usually can be started immedi-
ately, effectively treating micrometastases at the earliest time 
possible and avoiding tumor progression, which may occur 
during any delay before surgery. This allows time to plan 
the operation properly, including the possible manufactur-
ing of a custom implant. It also allows time for the patient 
and the family to consider fully the options of limb salvage 
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surgery versus amputation. It has been suggested, however, 
that neoadjuvant chemotherapy may increase significantly 
the risks of perioperative complications, especially delayed 
wound healing and infection. Others have not found this to 
be true, and currently most orthopaedic oncologists favor 
preoperative chemotherapy with the definitive procedure 
performed 3 to 4 weeks after the last dose has been admin-
istered. Chemotherapy is restarted 2 weeks postoperatively if 
the wound has healed.

Although it is presumed that most malignancies arise 
from a single cell, the actual tumor is composed of a hetero-
geneous population of cells. This is the result of rapid turn-
over and genetic lability of these cells. As a result, various 
cells within the same tumor evolve different mechanisms 
of chemoresistance. To combat this diversity in resis-
tance, most chemotherapy regimens involve combinations 
of toxic drugs. Table 24.5 lists the most common agents 
used in the treatment of bone and soft-tissue sarcomas and 
their most common dose-limiting side effects. This field 
is rapidly changing, but certain general statements can 
be made. These drugs are most effective when the tumor 
against which they are directed is small. Combinations of 

these drugs are more effective than single agents. Dosage, 
sequence of drugs, and schedule seem to be important in 
achieving the maximal response. All have toxicity for nor-
mal tissues and should be given in a controlled setting by 
someone skilled in their use. 

PRINCIPLES OF SURGERY
AMPUTATION VERSUS LIMB SALVAGE
Advances in diagnostic imaging, chemotherapy, radiation 
therapy, and surgical technique for resection and reconstruc-
tion now allow limb salvage to be a reasonable option for 
most patients with bone or soft-tissue sarcomas. Specifically, 
preoperative radiation therapy for soft-tissue sarcomas and 
neoadjuvant chemotherapy for bone sarcomas have helped 
surgeons to successfully resect some tumors that in the past 
would have been deemed unresectable. Rarely, involvement of 
neurovascular structures, a displaced pathologic fracture, or 
complications secondary to a poorly performed biopsy pre-
clude the possibility of limb salvage. More often, however, the 
choice between limb salvage and amputation must be made 
on the basis of the expectations and desires of the individual 
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FIGURE 24.10 A, MR image of soft-tissue sarcoma in 85-year-old man shows tumor adjacent to 
distal femur and femoral vessels. B, Resected specimen. C, Tumor cavity with exposed distal femur 
and femoral vessels (arrow). D, Brachytherapy catheters woven through polyglactin 910 (Vicryl) 
mesh to help maintain proper spacing. Catheters placed along vessels and bone (where margins 
were close) exiting through separate stab wounds. Wound was closed over catheters.
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patient and the family. Simon described four issues that must 
be considered whenever contemplating limb salvage instead 
of an amputation:
 1.  Would survival be affected by the treatment choice?
 2.  How do the short-term and long-term morbidity 

compare?
 3.  How would the function of a salvaged limb compare with 

that of a prosthesis?
 4.  Are there any psychosocial consequences?

Several studies have shown the effect of treatment 
choice on survival in patients with osteosarcoma. With 
the use of multimodal treatment including surgery and 
chemotherapy, long-term survival for patients with osteo-
sarcoma has improved from approximately 20% to approx-
imately 70% in most series. For osteosarcoma of the distal 
femur, the rate of local recurrence after wide resection and 
limb salvage is 5% to 10%. This is equivalent to the rate 
of local recurrence after a transfemoral amputation in this 
setting. Although hip disarticulation is associated with an 
extremely low rate of local recurrence, no study has shown 
a survival advantage for this technique. Although local 
recurrence is associated with an extremely poor prognosis, 
no study has proved any one of these surgical techniques 
(i.e., limb salvage, transfemoral amputation, hip disarticu-
lation) to be superior in terms of survival, provided that 
wide surgical margins are obtained. From these data it 

can be hypothesized that patients with a local recurrence 
despite wide margins may represent a subset of patients 
with especially aggressive disease or chemotherapy-resis-
tant disease who would do poorly regardless of the surgi-
cal procedure. With regard to overall patient survival, the 
most important technical aspect of the surgical procedure 
is the attainment of a wide margin regardless of whether 
this is achieved by amputation or local resection.

Amputation for malignancy can be technically demand-
ing, often requiring nonstandard flaps for closure or bone 
graft augmentation to obtain a more functional residual limb. 
Complications include infection, wound dehiscence, a chron-
ically painful limb, phantom limb pain, and appositional bone 
overgrowth requiring revision surgery. Limb salvage is asso-
ciated, however, with greater perioperative and long-term 
morbidity compared with amputation. Limb salvage requires 
a much more extensive surgical procedure with greater risks 
for infection, wound dehiscence, flap necrosis, blood loss, and 
deep venous thrombosis. Long-term complications of limb 
salvage vary depending on the type of reconstruction. These 
include periprosthetic fractures, prosthetic loosening or dis-
location, nonunion of the graft-host junction, allograft frac-
ture, leg-length discrepancy, and late infection. A patient with 
a salvaged limb is much more likely to need multiple future 
operations for treatment of complications. After initially suc-
cessful limb salvage surgery, one third of long-term survivors 

 TABLE 24.5 

Chemotherapeutic Agents Commonly Used for Treatment of Bone and Soft-Tissue Tumors

AGENT SIDE EFFECTS

ALKYLATING AGENTS

Mustards

Cyclophosphamide Myelosuppression (leukopenia), hemorrhagic cystitis, alopecia, nausea and vomiting
Ifosfamide Hemorrhagic cystitis, myelosuppression, nausea and vomiting, nephrotoxicity, neurotoxicity

Platinum Compounds

Cisplatin Nausea and vomiting, nephrotoxicity (cumulative and irreversible), ototoxicity (cumulative and 
irreversible), peripheral neuropathy (reversible)

Carboplatin Myelosuppression, nausea and vomiting, alopecia, hepatotoxicity, nephrotoxicity

Antimetabolites

Methotrexate Myelosuppression, mucositis, nephrotoxicity, hepatotoxicity, pneumonitis, neurotoxicity

Topoisomerase

INTERACTIVE AGENTS

Antitumor Antibiotics

Doxorubicin Myelosuppression (neutrophils), nausea and vomiting, mucositis, alopecia, severe tissue necrosis 
(with extravasation), acute and chronic cardiotoxicity

Dactinomycin Myelosuppression (platelets and neutrophils), nausea and vomiting, diarrhea, tissue necrosis 
(with extravasation), myelosuppression

Epipodophyllotoxins

Etoposide (VP-16) Mucositis, nausea and vomiting

Antimicrotubule Agents

Vinca Alkaloids

Vincristine Peripheral neuropathy (irreversible), tissue necrosis (with extravasation), seizures, alopecia
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ultimately may require an amputation depending on the loca-
tion of the tumor and the type of reconstruction.

With regard to function, location of the tumor is the 
most important issue. Resection of an upper extremity lesion 
with limb salvage, even with the sacrifice of one or two major 
nerves, generally provides better function than amputation 
and subsequent prosthetic fitting. Similarly, resection of a 
proximal femoral or pelvic lesion with local reconstruction 
generally provides better function than would be possible 
after a hip disarticulation or hemipelvectomy. Around the 
ankle and foot, however, large sarcomas frequently are treated 
with amputation followed by prosthetic fitting. Treatment of 
sarcomas around the knee must be individualized.

Most patients with osteosarcomas around the knee are 
treated with wide resection with prosthetic knee replace-
ment or transfemoral amputation. Less commonly performed 
operations include osteoarticular allograft reconstruction, 
allograft arthrodesis, and rotationplasty. In a study of patients 
with osteosarcoma, Otis, Lane, and Kroll showed that, com-
pared with transfemoral amputees, patients who had under-
gone resection and prosthetic knee replacement showed 
higher self-selected walking velocities and a more efficient 
gait with regard to oxygen consumption. Many of the trans-
femoral amputees were functioning at greater than 50% of 
their maximal aerobic capacity at free walking speeds. At 
greater than 50% of the maximal aerobic capacity, anaerobic 
mechanisms are required to sustain muscle metabolism, and 
endurance is greatly decreased. The problem is compounded 
by the decreased cardiac function in many of these patients as 
a result of doxorubicin-induced cardiomyopathy.

Harris et al. compared the long-term function of amputa-
tion, arthrodesis, and arthroplasty for tumors around the knee. 
They showed that patients who had amputations had difficulty 
walking on steep, rough, or slippery surfaces but were active 
and were the least worried about damaging the affected limb. 
Patients with an arthrodesis performed the most demanding 
physical work and recreational activities but had difficulty 
with sitting, especially in the back seats of cars, theaters, or 
sports arenas. Patients who had an arthroplasty generally led 
more sedentary lives and were more protective of the limb but 
had little difficulty with activities of daily living. These patients 
also were the least self-conscious about the limb.

In patients who are long-term survivors after resection 
of an extremity sarcoma, the probability of limb survival is 
associated with the type of reconstruction and the location 
of the tumor. A successful arthrodesis is more durable in 
the long term than a mobile joint reconstruction. Regarding 
prosthetic or allograft-prosthetic composite reconstructions, 
location is the most important issue, with proximal recon-
structions generally outlasting more distal reconstructions. 
(This is the inverse of the prognosis for overall patient sur-
vival, with distal sarcomas having a better prognosis than 
proximal sarcomas.) Proximal femoral reconstructions gen-
erally outlast distal femoral reconstructions, which generally 
outlast proximal tibial reconstructions.

No study has shown a significant difference between 
amputation and limb salvage with regard to psychologic out-
come or quality of life in long-term survivors of sarcoma. The 
choice of limb salvage or amputation involves more than the 
question of whether the lesion can be resected with wide mar-
gins. The patient ultimately must make the final decision in 
light of long-term goals and lifestyle decisions. 

MARGINS
When describing an oncologic surgical procedure, it is imper-
ative that the surgical margin be appropriately defined. The 
terms amputation and resection mean little without a modi-
fier describing the margin. This is especially important when 
evaluating surgical procedures and outcomes in the literature. 
In orthopaedic oncology, the surgical margin is described by 
one of four terms: intralesional, marginal, wide, or radical. 
Amputations and limb-sparing resections may be associated 
with any of the four types of margins, and the margin must 
be specifically defined with each procedure (Figs. 24.11 and 
24.12).

 

=Tumor

=Reactive
  zone

Radical resection

Wide resection

Marginal resection

Intralesional
resection

(debulking)

FIGURE 24.11 Enneking classification of local procedures.  (From 
Enneking WF: Musculoskeletal tumor surgery, vol 1, New York, 1983, 
Churchill Livingstone.)

 

Radical
amputation or
disarticulation

Wide
amputation

Intralesional
amputation
(debulking)

Marginal
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FIGURE 24.12 Enneking classification of amputations.  (From 
Enneking WF: Musculoskeletal tumor surgery, vol 1, New York, 1983, 
Churchill Livingstone.)
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An intralesional margin is one in which the plane of sur-
gical dissection is within the tumor. This type of procedure 
is often described as “debulking” because it leaves behind 
gross residual tumor. This procedure may be appropriate for 
symptomatic benign lesions when the only surgical alterna-
tive would be to sacrifice important anatomic structures. This 
also may be appropriate as a palliative procedure in the set-
ting of metastatic disease.

As musculoskeletal tumors grow, they compress the sur-
rounding tissues and appear to become encapsulated. This 
surrounding reactive tissue often is referred to as the pseudo-
capsule. A marginal margin is achieved when the closest plane 
of dissection passes through the pseudocapsule. This type of 
margin usually is adequate to treat most benign lesions and 
some low-grade malignancies. In high-grade malignancy, 
however, the pseudocapsule often contains microscopic foci 
of disease, or “satellite” lesions. A marginal resection often 
leaves behind microscopic disease that may lead to local recur-
rence if the remaining tumor cells do not respond to adjuvant 
chemotherapy or radiation therapy. Despite an increased risk 
of local recurrence, a marginal resection may be preferable if 
the alternative is a more mutilating procedure. Improvements 
in preoperative radiation therapy and neoadjuvant chemo-
therapy have made marginal resections an acceptable alterna-
tive to amputation in some selective circumstances.

Wide margins are achieved when the plane of dissection 
is in normal tissue. Although no specific distance is defined, 
the entire tumor remains completely surrounded by a cuff 
of normal tissue. The quality of a margin is more important 
than the quantity (thickness) of the margin. For instance, a 
fascial margin provides a better plane for containing tumor 
spread than does a similar or thicker plane of subcutaneous 
tissue. If the plane of dissection touches the pseudocapsule 
at any point, the margin should be defined as being marginal 
and not wide. Although sometimes impossible to achieve, 
wide margins are the goal of most procedures for high-grade 
malignancies.

Radical margins are achieved when all the compartments 
that contain tumor are removed en bloc. For deep soft-tissue 
tumors, this involves removing the entire compartment (or 
multiple compartments) of any involved muscles. For bone 
tumors, this involves removing the entire bone and the com-
partments of any involved muscles. Radical operations were 
previously the procedures of choice for most high-grade neo-
plasms; however, with improvements in imaging studies, rad-
ical procedures now are rarely performed because equivalent 
oncologic results usually can be obtained with wide margins.

From an oncologic standpoint, there are eight different 
surgical procedures because resections and amputations may 
be defined further by any of the four margins. Amputations 
usually achieve wide margins (e.g., a high transfemoral 
amputation for an osteosarcoma of the distal femur) or radi-
cal margins (e.g., a hip disarticulation for a femoral lesion), 
but this is not always the case. A hemipelvectomy for a large 
intrapelvic tumor may allow only marginal margins to be 
obtained and would be referred to as a marginal amputation. 
Rarely, a palliative procedure or an inappropriate amputation 
level leaves behind gross residual disease. These procedures 
would be referred to as intralesional amputations. Likewise, 
limb-sparing resections of bone or soft-tissue tumors can be 
categorized by any one of the types of margins, although radi-
cal resections of bone tumors are extremely rare. 

CURETTAGE
Many benign bone tumors are treated adequately by curet-
tage. Compared with resection, curettage is associated with a 
higher rate of local recurrence; however, curettage often allows 
for a better functional result. Although this is not a techni-
cally difficult procedure, the surgeon should adhere strictly to 
several principles to avoid an unacceptably high rate of local 
recurrence, especially with more aggressive benign tumors.

Curettage is done by first making a large cortical window 
over the lesion. This window must be at least as large as the 
lesion itself. If the window is smaller than the lesion, the sur-
geon inevitably leaves residual tumor on the undersurface of 
the near cortex. The bulk of the tumor is scooped out with 
large curets. Next, the cavity is enlarged back to normal host 
bone in each direction with a power burr. (Use of a power 
burr is mandatory for curettage of bone tumors.) Finally, the 
cavity and the wound should be copiously irrigated to remove 
any debris and tumor cells. These are the minimal require-
ments for a “simple” curettage.

“Extended” curettage includes the use of adjuvants, such 
as liquid nitrogen, phenol, polymethyl methacrylate, or ther-
mal cautery (Fig. 24.13) to extend destruction of tumor cells. 
Several authors have reported greatly reduced recurrence 
rates of aggressive tumors with the use of adjuvants. The 
recurrence rate after extended curettage for giant cell tumors 
is now approximately 10%. Although not proved in random-
ized trials, this seems to be a great improvement compared 
with the 25% to 50% recurrence rate in historic controls 
reported before the routine use of adjuvants.

Although each adjuvant treatment has its proponents, 
no study has proved that any one is superior, with each hav-
ing advantages and disadvantages. Cryosurgery with liquid 
nitrogen is effective at extending the tumor kill. Studies have 
shown it to be superior to phenol and methacrylate at creating 
a rim of necrotic bone (≤14 mm) around experimental cavi-
ties in animal and cadaver models. Liquid nitrogen usually is 
applied by the “direct pour” technique and may be associated 
with greater complications, including pathologic fracture and 
nerve injury. Phenol, conversely, has relatively poor penetra-
tion into bone (<1 mm). Although it is relatively easy to use, 
serious complications have been reported when phenol was 
inadvertently applied to the surrounding normal tissues. 
Adjuvant treatment also can be accomplished through ther-
mal cautery, such as with an argon beam coagulator. Studies 
have shown the depth of necrosis in cancellous bone treated 
with argon beam coagulation to be approximately 4 mm. We 
have extensive experience with the use of argon beam coagu-
lation and have noted no complications that can be attributed 
directly to its use. Finally, despite some disagreement in the 
literature, polymethyl methacrylate bone cement may act as 
an adjuvant through its heat of polymerization or through 
direct toxicity of the monomer. It is easily applied and can be 
used as a filling agent in conjunction with other adjuvants.

The final issue that must be considered involves filling the 
cavity left after curettage. Options include autogenous bone 
graft, allograft, demineralized bone matrix, artificial bone graft 
substitutes, and bone cement. Autogenous bone graft provides 
the most rapid and most reliable healing rate because it is osteo-
genic, osteoinductive, and osteoconductive, but it is associated 
with additional morbidity at the harvest site, and it may not be 
available in sufficient quantity to fill a large cavity. Autogenous 
bone graft must be harvested using a different set of instruments 
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  FIGURE 24.13 Curettage. A, Giant cell tumor of the distal femur. B, After pathologic diagnosis 
is confirmed, the cortical window is made larger than the tumor to allow adequate exposure. C, 
After gross tumor is removed with large curets, the entire tumor cavity is enlarged in all directions 
with a high-speed burr. D and E, Tumor cavity is treated with argon beam coagulation. F, Screws 
are placed to augment strength of reconstruction. G, Fluoroscopy is used to confirm screw position. 
H, Bone cement is used to fill cavity. I, Postoperative view.
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to prevent contamination of the donor site. Even though it is 
only osteoconductive, cancellous allograft is reliably incor-
porated. It is readily available in large quantities and does not 
involve any further operative morbidity. Although allograft is 
associated with the theoretical risk of disease transmission, we 
are not aware of any reported cases of hepatitis or human immu-
nodeficiency virus transmission through the use of freeze-dried 
cancellous allograft. Another alternative is demineralized bone 
matrix. The material is osteoconductive, but in contrast to can-
cellous allograft, demineralized bone matrix also is osteoin-
ductive. Artificial bone graft substitutes (e.g., calcium sulfate, 
calcium phosphate) are osteoconductive, are easy to use, and are 
readily available. They can be used alone or in combination with 
autogenous bone graft, bone marrow aspirates, or demineral-
ized bone matrix. Early reports have shown their efficacy with 
regard to filling relatively large defects. Finally, bone cement can 
be used as a filling agent. In addition to its use as an adjuvant, it 
has the advantage of providing immediate stability, which makes 
rehabilitation easier and lessens the risk of pathologic fracture. 
Another advantage of bone cement is associated with the detec-
tion of local recurrence. Although tumor recurrences are diffi-
cult to recognize after a tumor cavity has been filled with bone 
graft or bone graft substitutes, recurrent tumor is easily recog-
nized as an expanding lucency adjacent to bone cement. One 
potential disadvantage of bone cement (although not proved) 
is that it may lead to early joint degeneration secondary to bio-
mechanical alteration of the subchondral bone. Adding a layer 
of bone graft to the subchondral bone before cement may help 
minimize the suggested biomechanical alteration. Some authors 
subsequently have recommended routine removal of the cement 
at a later date and replacement with bone graft.

We currently use argon beam coagulation as adjuvant 
treatment after curettage. For most benign lesions, the defects 
are filled with freeze-dried cancellous allograft chips or with 
a calcium sulfate/calcium phosphate bone graft substitute. For 
more aggressive benign lesions, such as giant cell tumors, we 
usually use bone cement to fill the defect and consider adjuvant 
fixation if the defect is thought to need additional structural 
support. We do not routinely remove the cement at a later date 
to decrease the theoretical risk of degenerative joint disease. 

RESECTION AND RECONSTRUCTION
Currently, most musculoskeletal malignancies are treated with 
local resection and reconstruction. Aggressive benign neo-
plasms also can be treated in this manner. The goal of resection 
of a malignancy is to achieve wide surgical margins if possible. 
If this is impossible because of anatomic constraints, a marginal 
resection combined with adjuvant or neoadjuvant treatment 
(e.g., radiation for a soft-tissue sarcoma) may be preferable to an 
amputation, although this decision must be made on an individ-
ual basis in conjunction with the patient and family. A marginal 
resection usually is adequate for most benign neoplasms. Specific 
techniques for resection are discussed later in this chapter.

Although allograft arthrodesis still has a role in some cir-
cumstances, most reconstructions involve preserving a mobile 
joint, for which three general options are available: osteoarticu-
lar allograft reconstruction, endoprosthetic reconstruction, and 
allograft-prosthesis composite reconstruction. (An additional 
option, rotationplasty, is discussed later in the chapter.) In gen-
eral, oncologic reconstructions involve higher complication rates 
than do standard total joint arthroplasties because of the exten-
sive nature of the operation, the extensive tissue loss, and the 

compromising effects of associated radiation and chemother-
apy. In addition, these reconstructions often are done on young 
patients who are extremely active. Some complications, such as 
wound necrosis and infection, are universal to all types of recon-
structions. Other complications are more specific to the method 
of reconstruction. Although each method has proponents, we 
have made the most extensive use of endoprosthetic reconstruc-
tion, reserving other methods for specific indications.

Osteoarticular allografts offer several attractive advantages, 
including the ability to replace ligaments, tendons, and intraar-
ticular structures. Several authors have reported success with 
this method of reconstruction; however, other authors have 
reported high rates of complications, including nonunion at 
the graft-host junction, fatigue fracture, infection, articular 
collapse, dislocation, degenerative joint disease, and failure of 
ligament and tendon attachments. Osteoarticular allografts 
may have a role as a temporary measure to preserve an adjacent 
physis in an immature patient when the alternatives include 
amputation or sacrifice of both physes. A proximal tibial osteo-
articular allograft could be used in an immature patient in 
an attempt to preserve the distal femoral physis until skeletal 
maturity. This could be converted later to an endoprosthetic 
reconstruction when it becomes necessary.

Allograft-prosthesis composites may provide a long-term 
solution for some patients. They avoid the complications of 
degenerative joint disease and articular collapse while still 
preserving the ability to attach soft-tissue structures directly, 
such as the patellar tendon or the hip abductors. They are 
associated, however, with fatigue fracture, infection, and non-
union at the graft-host junction. Although many surgeons use 
allograft-prosthesis composite as their primary method of 
reconstruction, our main indication is an inadequate length 
of remaining host bone to secure the stem of an endopros-
thesis. We still use a tumor prosthesis for reconstruction with 
allograft for fixation to the remaining host bone (Fig. 24.14).

Endoprosthetic reconstruction also may provide long-
term function for some patients and is associated with its 
own complications. Endoprosthetic reconstruction provides 
the advantage of predictable immediate stability that allows 
for quicker rehabilitation with immediate full weight bear-
ing. Most endoprostheses are modular, allowing for incre-
mental limb lengthening as an immature patient grows. 
Improvements in implant materials have greatly increased the 
durability of modern endoprostheses; however, all are asso-
ciated with long-term complications if a patient is cured of 
disease. Polyethylene wear is still a limiting factor for articu-
lating surfaces, but the inserts are easily replaceable in most 
prostheses. Fatigue fracture can occur at the rotating hinge, 
but this, too, is easily replaceable. Fatigue fracture at the base 
of the intramedullary stem where it attaches to the body of 
the prosthesis is more problematic. In this location, extrac-
tion of the remaining stem can be extremely difficult.

Segmental bone and joint prostheses are most commonly 
secured through composite fixation. An intramedullary stem 
is fixed with cement, and the shoulder region of the prosthesis 
is constructed with a porous coating with the goal of promot-
ing late extramedullary cortical bridging (Fig. 24.15).

Initial fixation with cement provides immediate stability 
for quick rehabilitation. The purpose of the extramedullary 
cortical bridging is to serve as a purse string to protect the 
cement-bone interface from particulate debris generated at 
the articulating surface and to provide additional structural 
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support protecting the junction of the base of the stem with 
the body of the prosthesis. This area is otherwise susceptible 
to fatigue fracture as a result of stress concentration. Although 
its benefit has not been established, bone grafting the shoul-
der region of the prosthesis to promote extracortical bridging 
has been advocated by several authors. 

CONSIDERATIONS FOR PEDIATRIC 
PATIENTS
For pediatric patients, future limb-length inequality must be 
considered. For patients who are near skeletal maturity, the 
reconstructed limb can be lengthened 1 cm at the initial pro-
cedure. Also, epiphysiodesis of the contralateral limb can be 

 

B CA
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FIGURE 24.14 Ten-year-old girl with osteosarcoma of humerus. A, Anteroposterior radiograph 
of left humerus shows tumor extending down to distal diaphysis. B, Intraoperative photograph 
after wide resection of tumor. C, Humeral allograft is prepared to accept stem of tumor prosthesis. 
D, Allograft is fixed to remaining bone with medial and lateral plates. E, Prosthesis is cemented 
into allograft. F, Postoperative radiograph.
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done at the appropriate age to preserve limb-length equality 
or minimize inequality. For younger patients, however, other 
options should be considered. Although amputation and 
rotationplasty were previously considered the only reasonable 
treatments for very young patients with bone sarcomas, use of 
expandable prostheses currently is gaining support.

We have gained considerable experience with use of 
the Repiphysis Expandable Prosthesis (Wright Medical 
Technology, Arlington, TN) (Fig. 24.16). The surgical tech-
nique for implantation of this device is similar to that of other 
endoprostheses (Fig. 24.17). The postoperative course, reha-
bilitation, function, and complications likewise are similar. 
The device is unique, however, in that it uses energy stored 
in a compressed spring to allow for future expansion of the 
prosthesis as the child grows. When a leg-length discrep-
ancy develops, the child is scheduled for an expansion (Fig. 
24.18). The procedure is done in the fluoroscopy suite with 
the patient under light sedation. The locking mechanism on 
the prosthesis is identified using fluoroscopy, and an electro-
magnetic coil is placed over the patient’s leg at that level. The 
electromagnetic coil is activated for 20 seconds, which heats 

an element in the prosthesis, melting a small segment of poly-
ethylene and allowing controlled expansion of the spring. The 
leg lengths are reevaluated under fluoroscopy, and the pro-
cedure is repeated one or two times as necessary. We have 
been able to gain 0.5 to 1.5 cm during each scheduled expan-
sion session. Expansion sessions can be scheduled 4 weeks 
apart if needed to allow the operated leg to “catch up.” After 
the expansion sessions, patients usually are able to ambu-
late immediately without an assistive device. Although this 
device is not as durable and mechanical problems are com-
mon, complications are usually relatively easy to address. 
Moreover, skeletally immature patients treated for bone sar-
comas are allowed to maintain limb-length equality at the 
completion of growth. 

SURGICAL TECHNIQUES
UPPER EXTREMITY
In contrast to the lower extremity, even the best artificial 
limb fails to provide comparable function in the upper 
extremity. Modern imaging and surgical techniques allow 
for limb salvage in most circumstances. Resections of the 
proximal humerus frequently require sacrifice of the axil-
lary nerve, and resections of the humeral shaft frequently 
require sacrifice of the radial nerve. Even with sacrifice 
of three major nerves, limb salvage usually provides bet-
ter function than an artificial limb. If the median or ulnar 
nerve must be sacrificed, limb salvage still may be worth-
while if functioning muscles are available for transfers. 
One indication for amputation is extensive neurovascular 
involvement. A displaced pathologic fracture may be a rel-
ative indication.

RESECTION OF THE SHOULDER GIRDLE
Tumors of the scapula frequently are complicated by exten-
sion into the glenohumeral joint, requiring extraarticu-
lar resection of the humeral head en bloc with the scapula. 
Likewise, the biceps tendon provides a passageway for tumors 
of the proximal humerus to extend into the joint, and resec-
tion often requires extraarticular partial scapulectomy. To 
create a standard terminology for various surgical procedures 
for shoulder girdle resection and to allow meaningful com-
parison of results, Malawer et al. proposed a classification of 
these procedures. They noted that previous concepts have not 
adequately described surgical margins, the relationship of the 
tumor to anatomic compartments, the status of the glenohu-
meral joint, the magnitude of the surgical procedure, or the 
status of the abductor mechanism.

The proposed system is based solely on the structures 
removed, reflecting the type of resection and its relationship 
to the glenohumeral joint, and indicates a progressive increase 
in the magnitude of the surgical procedure. Additionally, it 
indicates the status of the abductor mechanism. Procedures 
are divided into six types: type I, intraarticular proximal 
humeral resection; type II, partial scapular resection; type III, 
intraarticular total scapulectomy; type IV, extraarticular total 
scapulectomy and humeral head resection; type V, extraar-
ticular humeral head resection; and type VI, extraarticular 
humeral and total scapular resection. Each type is subdivided 
according to the status of the abductor mechanism: A, intact, 
or B, partial or complete resection (Fig. 24.19). 

 FIGURE 24.15 Extramedullary cortical bridging develops at the 
host bone-prosthesis interface.

 

Retaining tube
Femoral stem
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FIGURE 24.16 Repiphysis expandable prosthesis.  (Courtesy of 
Wright Medical Technology, Arlington, TN.)
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RESECTION OF THE SHOULDER GIRDLE
The Tikhoff-Linberg procedure for resection of the shoulder 
girdle consists of total scapulectomy, partial or complete exci-
sion of the clavicle, and excision of the proximal humerus. 
This procedure is useful in treating malignant tumors around 
the shoulder in which there exists a sufficient margin of nor-
mal tissue to clear the neurovascular structures.

 TECHNIQUE 24.1 

(MARCOVE, LEWIS, AND HUVOS)
 n  Place the patient in a loose lateral position that allows 

access to both the anterior and posterior portions of the 
shoulder. Prepare the entire extremity, the neck up to 
the ear, and the midline of the torso both anteriorly and 
posteriorly down to the iliac crest within the sterile field.

 

CBA

D E

FIGURE 24.17 A, Anteroposterior radiograph of distal femur of 7-year-old girl with telangi-
ectatic osteosarcoma. B, Coronal MR image. C, Intraoperative photograph of resected specimen 
and custom Repiphysis prosthesis. D, Intraoperative photograph after placement of prosthesis. E, 
Anteroposterior radiograph.

    

https://booksmedicos.org


PART VIII TUMORS910

 

B

A

D

E FE F

C

E F

FIGURE 24.18 Lengthening procedure with Repiphysis expandable prosthesis. A, Locking 
mechanism (arrow) located. B, The patient’s leg is marked at this site. C, Electromagnetic coil is 
placed around the patient’s leg at the level of the locking mechanism. D, Device activated. E and 
F, Preexpansion and postexpansion radiographs.
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 n  Make an incision beginning from the medial end of the 
clavicle and extend it laterally along the medial two thirds 
of the bone. Curve the incision is inferiorly over the cora-
coid process and continued along the medial aspect of the 
arm (Fig. 24.20A). From the middle of this incision, make 
a posterior longitudinal extension along the middle of the 
scapula to its inferior angle. Incise the deltoid and pectoralis 
major inferior to the clavicle and medial to the coracoid (Fig. 
24.20B). Access to the neurovascular structures is facilitated 
by dividing and reflecting the pectoralis minor and the con-
joined tendon at the insertion into the coracoid process. A 
gloved finger or instrument can be passed deep to these 
tendons to protect the deep structures during their division.

 n  Ligate the cephalic vein and expose the axillary vessels and 
brachial plexus. Determine that the neurovascular bundle 
is not involved by tumor. Gentle medial traction of the 
neurovascular structures aids in identifying the anterior 

and posterior humeral circumflex vessels, which are then 
ligated. Protect the axillary vessels through the remainder 
of the case by medial retraction. If necessary, sacrifice the 
radial and musculocutaneous nerves.

 n  Divide the biceps, triceps, teres major, and latissimus dorsi 
muscles away from the tumor (Fig. 24.20C).

 n  Osteotomize the medial end of the clavicle.
 n  Develop the posterior extension of the just-described inci-

sion. Maintain skin flaps as thick as possible and expose 
the medial and lateral borders of the scapula. Mobilize 
the inferior angle and vertebral border of the scapula by 
dividing the latissimus dorsi, trapezius, rhomboids, and 
levator scapulae muscles (Fig. 24.20D).

 n  Take care to maintain wide soft-tissue margins in scapular 
lesions. If the lesion is in the proximal humerus, a scapular 
osteotomy can be made at the level of the coracoid; then 
the body of the scapula is spared.

 

A

F

D

B
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Type I

Intraarticular proximal
humeral resection

A. Abductors retained
B. Abductors resected

Type V

Extraarticular humeral
and glenoid resection

A. Abductors retained
B. Abductors resected

Type III

Intraarticular total
scapulectomy

A. Abductors retained
B. Abductors resected

Type VI

Extraarticular humeral and
total scapula resection

A. Abductors retained
B. Abductors resected

Type IV

Extraarticular scapula and
humeral head resection

A. Abductors retained
B. Abductors resected

Type II

Partial scapulectomy

A. Glenoid retained
B. Glenoid resected

FIGURE 24.19 Surgical classification of shoulder girdle resections. A, Type I: intraarticular 
proximal humeral resection. B, Type II: partial scapulectomy. C, Type III: intraarticular total scapu-
lectomy. D, Type IV: extraarticular scapular and humeral head resection. E, Type V: extraarticular 
humeral and glenoid resection. F, Type VI: extraarticular humeral head and total scapular resection.
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 n  Raise a lateral skin flap over the upper arm, leaving the 
deltoid with the specimen.

 n  Complete the mobilization of the scapula by dividing the 
omohyoid and serratus anterior muscles and dividing and 
ligating the suprascapular, subscapular, and transverse 
cervical vessels.

 n  Divide the biceps and brachialis muscles at the intended 
site of the humeral osteotomy as determined from the 
preoperative imaging. Osteotomize the humerus at that 

level and remove the specimen. Confirm adequate mar-
gins by biopsy and frozen sections.

 n  Reattach the biceps and triceps to the trapezius, pectora-
lis major, and latissimus dorsi.

 n  Insert a humeral prosthesis into the remaining humerus 
and attach the upper end to the second rib or remaining 
clavicle.

 n  Close the wound over drains and apply a shoulder im-
mobilizer.
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Teres major
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FIGURE 24.20 Marcove, Lewis, and Huvos resection of shoulder girdle. A, Skin incision. B-D, 
Surgical anatomy of resection (see text). (From Marcove RC, Lewis MM, Huvos AG: En bloc upper humeral 
interscapulothoracic resection: the Tikhoff-Linberg procedure, Clin Orthop Relat Res 124:219, 1977.) SEE 
TECHNIQUE 24.1.
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RESECTION OF THE CLAVICLE
Because the clavicle is subcutaneous, lesions in it usually are 
discovered early. Either end can be resected, or even the entire 
bone can be excised with little loss of function. Techniques of 
resecting the medial or lateral end of the clavicle are discussed 
in Chapter 61. 

RESECTION OF THE SCAPULA
Parts of the scapula, varying from a small segment to the entire 
body of the bone, can be resected for benign or malignant 
tumors and infection. The subscapularis muscle often provides 
a good margin, protecting tumors of the scapula from direct 
chest wall invasion until late. Extension of the tumor into the 
chest wall or involvement with the neurovascular structures 
in the axilla would preclude consideration for scapular resec-
tion alone. After the scapular body or spine has been resected, 
the shoulder is fairly stable and functional because the acro-
mion, the glenoid, and the coracoid are not disturbed and the 
humerus remains in a nearly normal position (Figs. 24.21 to 
24.23). However, resection of the glenoid requires repair of the 
remaining soft tissues about the proximal humerus to provide 
some element of stability. Stability and functionality are less 
predictable in this situation. 

 

RESECTION OF THE SCAPULA

 TECHNIQUE 24.2 

(DAS GUPTA)
 n  Place the patient in a loose lateral position. Drape the arm 

free so that an assistant can move the arm as required 
during the procedure (Fig. 24.23A).

 n  Make an elliptical skin incision encompassing the tumor 
and extending from the tip of the acromion superolateral-
ly to the paravertebral region inferomedially (Fig. 24.23A).

 n  Raise the medial and lateral skin flaps on the investing 
fascia. Divide the attachment of the trapezius muscle to 
the scapular spine and retract the muscles superomedi-
ally, exposing the supraspinatus muscle (Fig. 24.23B).

 n  Divide the attachment of the deltoid muscle to the acro-
mion. Divide the attachment of the latissimus dorsi to the 
inferior angle of the scapula and retract the muscle inferiorly.

 n  Apply traction to the inferior angle of the scapula with a 
towel clip and divide the muscles attached to the verte-

A

C B

FIGURE 24.21 Scapulectomy in a 15-year-old boy with osteosarcoma of right scapula. A, Antero-
posterior radiograph. B, Bone scan. C, MR image.
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FIGURE 24.21, CONT’D D, Medial and lateral flaps are raised. E, Deltoid, trapezius, rhomboids, 
and levator scapulae have been released from their insertions on the scapula. F, Scapula has been 
removed. G, Sutures are placed into tendon of long head of biceps and conjoined tendon. H, 
Tendons repaired through drill hole in clavicle. Deltoid is repaired to trapezius muscle. I, Postop-
erative radiograph.
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FIGURE 24.22 Chondrosarcoma of scapular spine and acromion. A, Anteroposterior radiograph. 
B, MR image shows extent of tumor. C, Incision ellipses around biopsy track. D, Osteotomy at base 
of scapular spine. E, Spine and acromion have been resected. F, Deltoid repaired to trapezius muscle.

Continued
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bral border of the scapula and the levator scapulae at the 
superior angle of the scapula (Fig. 24.23C).

 n  Rotate the scapula and abduct the arm, permitting the 
axillary contents to be retracted out of the operative field 
(Fig. 24.23D).

 n  Divide the teres major and minor and the long head of the 
triceps, followed by the supraspinatus and infraspinatus 
tendons and the attachment of the serratus anterior.

 n  Expose the shoulder joint and divide the scapular spine 
near the acromion using an osteotome or sagittal saw 
(Fig. 24.23E).

 n  Divide the subscapularis and pass a Gigli saw around the 
neck of the scapula, avoiding the glenohumeral joint, and 
divide the scapular neck to remove the specimen.

 n  Obtain hemostasis and approximate the trapezius and 
deltoid muscles (Fig. 24.23F). Suture the teres major and 
minor muscles to the chest wall, insert suction drains, and 
close the wound. Apply a shoulder immobilizer.

POSTOPERATIVE CARE The immobilizer is removed af-
ter 48 hours, and a simple sling is applied. Active and 
active-assisted exercises of the shoulder are begun as soon 
as symptoms permit.
   

 

RESECTION OF THE PROXIMAL 
HUMERUS
Biopsy of a proximal humeral lesion should be done through 
the anterior third of the deltoid, taking care not to con-
taminate the deltopectoral interval. Contamination of this 
interval potentially could allow tumor cells to spread over 
a greater distance and would make a successful resection 
more difficult. Resection of the proximal humerus, with con-
tiguous soft tissues, usually achieves satisfactory margins  

for the treatment of sarcomas. We also have used this 
technique for treatment of aggressive benign neoplasms 
and metastatic carcinoma of the proximal humerus. Recon-
structive alternatives after resection include flail shoulder, 
passive spacer, arthroplasty (implant or allograft), and 
arthrodesis. Allograft arthrodesis has been reported to be 
the most stable reconstruction for young patients who wish 
to pursue more vigorous activities; however, we have no 
experience with this procedure and use an endoprosthesis 
more frequently even if it serves only as a passive spacer.

 TECHNIQUE 24.3 

 n  Place the patient supine with a bolster under the scapula 
to elevate the shoulder from the table.

 n  Make an incision from the acromioclavicular joint along 
the deltopectoral groove and the lateral border of the 
biceps muscle to an appropriate level in the arm. The inci-
sion should form an ellipse around the biopsy track in the 
anterior third of the deltoid.

 n  Preoperative consideration must be given to the extraos-
seous extent of the tumor because this portion must also 
be resected with a wide margin.

 n  Divide the pectoralis major near its insertion into the prox-
imal humerus leaving a margin of tissue. This allows good 
exposure of the neurovascular structures.

 n  Develop the interval between the neurovascular structures 
and the proximal humerus and dissect circumferentially 
around the proximal humerus leaving a cuff of normal mus-
cle over the tumor. The conjoined tendon may be preserved 
and serves as a landmark for identifying the neurovascular 
structures, which are just medial. The musculocutaneous 
nerve is found within the substance of the conjoined ten-
don, and care must be exercised during retraction.

 n  Reflect the pectoralis muscle medially exposing the sub-
scapularis muscle. Detach the muscles that insert on the 

G H I

FIGURE 24.22, CONT’D  G, Postoperative radiograph. H and I, Clinical photographs show good 
shoulder function.
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tuberosities and proximal humerus, preserving the radial 
and axillary nerves if possible.

 n  Incise the capsule circumferentially. Lift the biceps tendon 
from its groove, retract it laterally, and then divide the 
humerus at a level distal to the tumor as determined by 
preoperative imaging (i.e., MRI).

 n  After the osteotomy the specimen may be manipulated 
to facilitate release of any remaining soft-tissue attach-
ments. With bone-holding forceps, grasp the distal end of 
the proximal fragment, detach any remaining soft tissues, 
and remove the specimen.

RECONSTRUCTION WITH FLAIL SHOULDER
 n  The wound is closed over suction drains, and a shoulder 

immobilizer is applied. After 2 to 5 days, an arm sling is 
applied and active exercises are encouraged. 

RECONSTRUCTION WITH PASSIVE SPACER
 n  If sufficient soft tissue remains to provide adequate sta-

bility, a passive spacer yields better cosmesis and slightly 
better function than a flail shoulder. Allograft, autograft 
fibula, or prosthetic implant can be used (Fig. 24.24). 

RECONSTRUCTION WITH ARTHROPLASTY
 n  If the tumor resection permits sparing of the rotator cuff 

and deltoid muscle, reconstruction with arthroplasty is 
feasible using an osteoarticular allograft, allograft-pros-
thetic composite, or tumor prosthesis (Fig. 24.25).
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FIGURE 24.23 Scapulectomy for tumor. A, Position of patient and incision for surgery for tumor 
located in center of scapula (dark spot). Arm should be draped completely free so that it can be 
mobile to facilitate excision of muscular attachments. B, Scapular muscles exposed after raising 
skin flaps. Trapezius muscle is resected at scapular spine as shown. Green dashed line indicates site 
of excision of deltoid muscle. C, Trapezius and deltoid muscles have been reflected, and latissimus 
dorsi muscle has been retracted distally. Assistant is pulling tip of scapula laterally (arrow). This 
maneuver facilitates resection of muscles attached to vertebral border of scapula. 
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  FIGURE 24.23, CONT’D D, Inset, Palpation of axillary contents, which need to be retracted 
out of operative field. Main illustration shows tip of scapula pulled inferomedially and muscles 
detached as shown. Green broken line indicates line of section of supraspinatus, infraspinatus, 
and serratus anterior muscles. E1, Section of scapular spine at base of acromion with osteotome. 
After subscapularis muscle is cut under guidance of operator’s finger, Gigli saw is passed around 
neck of scapula, which is sectioned (E2). E3, Excised scapula with intact shoulder joint. F, Closure 
and reattachment of muscles. Deltoid and trapezius are sutured to each other and to acromion 
process. Teres major and minor muscles are attached to thoracic wall. (Redrawn from Das Gupta TK:
Scapulectomy: indications and technique, Surgery 67:601, 1970.) SEE TECHNIQUE 24.2.
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FIGURE 24.24 A, Anteroposterior radiograph of right proximal humerus of 47-year-old man 
with chondrosarcoma. B, Intraoperative photograph during wide resection of tumor. C, Resected 
specimen. D, Mersilene tapes placed through glenoid labrum. E, Prosthesis cemented into distal 
humerus. F, Humeral head secured by Mersilene tape. SEE TECHNIQUE 24.3.
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INTERCALARY RESECTION OF THE 
HUMERAL SHAFT
Tumors of the humeral diaphysis can be treated with an 
intercalary resection, preserving the patient’s own shoul-
der and elbow. Reconstruction is achieved by allograft, 
autograft (vascularized or not), or intercalary prosthetic 
replacement (Fig. 24.26).

 TECHNIQUE 24.4 

(LEWIS)
 n  Use the Henry extensile exposure to the humerus (see 

Chapter 1).
 n  Detach the pectoralis major insertion and retract the long 

head of the biceps laterally and the short head of the 
biceps and coracobrachialis medially.

 n  Identify the neurovascular bundle and mobilize it medi-
ally. Identify and protect the musculocutaneous, axillary, 
and radial nerves.

 n  Detach the latissimus dorsi, teres major, coracobrachia-
lis, and triceps brachii muscles from the humerus. Make 
the proximal humeral osteotomy at an appropriate level. 
Elevate the humerus anteriorly from the wound, detach 
the remaining soft tissues, make the distal osteotomy, 
and remove the specimen from the wound. Reconstruct 
the skeleton with bone graft or prosthesis and close the 
wound over suction drains.

POSTOPERATIVE CARE A shoulder immobilizer is ap-
plied and worn for several days. An arm sling is then sub-
stituted, and gentle active exercises are begun.
   

 

RESECTION OF THE DISTAL HUMERUS
Bone sarcomas around the elbow suitable for limb-spar-
ing resection are rare. Patients with metastatic carcinomas, 
multiple myeloma, or aggressive benign lesions, such as 
chondroblastoma or giant cell tumor, may be best treated 
with such surgery (Fig. 24.27). Reconstruction options 
include flail elbow, osteoarticular allograft, implant arthro-
plasty, and arthrodesis.

 TECHNIQUE 24.5 

 n  Use the Henry extensile approach to the humerus (see 
Chapter 1).

 n  Identify and mobilize the radial and median nerves and 
the brachial vessels. (Alternatively, approach the distal hu-
merus through a posterior approach after isolating and 
protecting the ulnar nerve.)

 n  Osteotomize the humerus at an appropriate level.
 n  Attach a bone-holding forceps and draw the bone ante-

riorly from the wound.
 n  Detach all muscle attachments extraperiosteally by sharp 

dissection and remove the specimen.
 n  Reconstruct the elbow and close the wound over suction 

drains.

POSTOPERATIVE CARE A bulky Jones-type dressing is 
applied with the elbow at 90 degrees and the forearm in 
midrotation. The extremity is supported with a sling.
   

 

RESECTION OF THE PROXIMAL 
RADIUS
Considerable portions of the proximal radius can be 
resected without reconstruction (Fig. 24.28).

 TECHNIQUE 24.6 

 n  Either the dorsal (Thompson) or anterior (Henry) approach 
can be used (see Chapter 1).

 n  Identify and protect the radial vessels and deep branch of 
the radial nerve.

 n  Divide the bone at an appropriate level, elevate it from 
the wound with bone-holding forceps, detach the mus-
cles extraperiosteally by sharp dissection, and remove the 
specimen.

 n  Close the wound over suction drains and apply a poste-
rior plaster splint with the elbow at 90 degrees and the 
forearm in neutral rotation. Active exercises are begun at 
about 2 weeks.
   

 FIGURE 24.25 If deltoid function can be preserved, reconstruc-
tion can consist of a tumor prosthesis with reverse total shoulder 
arthroplasty.
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RESECTION OF THE PROXIMAL ULNA

 TECHNIQUE 24.7 

 n  Make a longitudinal posterior approach to the proximal 
ulna. Detach the triceps mechanism and make the oste-
otomy in the ulna at an appropriate level.

 n  Elevate the bone from the wound with bone-holding for-
ceps and sharply detach any remaining soft tissues extra-
periosteally.

 n  A size-matched osteoarticular allograft reconstruction can 
be performed (Fig. 24.29). The allograft should come with 
triceps tendon as well as medial and lateral ligaments, 
which can be repaired to host structures.

 n  Close the wound over suction drains and apply a posterior 
splint with the elbow at 90 degrees and the forearm in 
midrotation. Active exercises are begun at 4 to 6 weeks.
   

 

RESECTION OF THE DISTAL RADIUS
Resection of the distal radius has been particularly useful 
in treating patients with giant cell tumor. Reconstruction 
can be accomplished by arthroplasty or arthrodesis using 
allograft or autograft bone. We prefer resection followed 
by proximal fibular autograft reconstruction arthroplasty 
for patients who wish to maintain motion and perform 
light activities and arthrodesis for patients who wish to sac-
rifice motion in exchange for a more stable reconstruction 
(Fig. 24.30).

 TECHNIQUE 24.8 

 n  Use the dorsal approach to the radius (see Chapter 1).
 n  Divide the extensor retinaculum and develop an interval 

between the third and fourth extensor compartments. 

 

A

B C

FIGURE 24.26 Intercalary humeral allograft in 19-year-old man with Ewing sarcoma. A, Allograft 
is fashioned to fit defect and is fixed with intramedullary nail. B, Compression plates used to fix 
proximal and distal junctions. C, Postoperative radiograph. SEE TECHNIQUE 24.4.
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FIGURE 24.27 Fifty-nine-year-old woman with isolated metastasis from renal cell carcinoma 
was treated initially at outside facility with radiation, curettage, and cementation for pathologic 
distal humeral fracture. A, Anteroposterior radiograph shows failure of construct. B, Tongue of 
triceps tendon is reflected distally. C, Distal humerus is resected, and ulna is prepared to receive 
prosthesis. D, Resected distal humerus and prosthesis. E, Prosthesis cemented into humerus and 
ulna. 
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Retract the extensor tendons to allow full exposure of 
the distal radius.

 n  Use a power saw to divide the radius proximal to the 
tumor at a level determined from preoperative imaging.

 n  Grasp the proximal end of the distal fragment with bone-
holding forceps and draw it gently forward from the 
wound. Using sharp extraperiosteal dissection, remove 
bone and tumor.

 n  Change gown and gloves and use separate instruments 
to remove an appropriate length (the length of the re-
sected radius) of the ipsilateral proximal fibula.

 n  As an alternative, use a size-matched distal radial allograft 
to replace the resected portion.

 n  Insert the transplant so that the apex of its head replaces 
the radial styloid and its articular cartilage on the antero-
medial aspect of its head articulates with the scaphoid.

 n  Fix the fibular graft to the radius with a plate and screws. 
Stabilize the carpus on the distal end of the fibular trans-
plant with one or two Kirschner wires.

PROXIMAL FIBULAR AUTOGRAFT FUSION
 n  With rongeurs and curets, remove the cartilage from the 

proximal ends of the carpus (i.e., scaphoid and lunate) 
and the distal radial allograft. Use a power burr if needed 
to obtain congruency between the two surfaces. Fashion 
the cortical ends of the host radius and the proximal al-
lograft to achieve maximal contact.

 n  Contour a 3.5-mm plate with the wrist in slight dorsi-
flexion and fixed dorsally. The plate extends distally from 
the radial diaphysis and is centered over the third meta-
carpal. Compression at the allograft-host junction can be 
achieved using the plate (Fig. 24.30). 

POSTOPERATIVE CARE The upper extremity is splinted 
from above the elbow to the proximal palmar crease with 
the elbow at 90 degrees, the forearm in neutral rotation, 
and the wrist in 20 degrees of dorsiflexion. At 6 weeks, 
the splint and wires are removed and gentle active exer-
cises are begun.
  

RESECTION OF THE DISTAL ULNA
We have used resection of the distal ulna for a giant cell 
tumor; no graft is used (Fig. 24.31). The operation is simi-
lar to that of Darrach (see Chapter 58), but the periosteum is 
excised along with the tumor. 

RESECTION OF THE HAND
Resection of tumors of the hand is discussed in Chapter 78. 

PELVIS
Local resections of the pelvis often can be performed with the 
same surgical margins obtainable by amputation. Amputation 
is associated with fewer complications, quicker recovery, a 
more predictable outcome, and a lower incidence of local 
recurrence. Amputation may be indicated if the internal or 
external iliac vessels are involved. Resection is technically 
more demanding than amputation, but function usually is 
better if the limb can be preserved even without a function-
ing sciatic or femoral nerve. Preoperative planning is crucial. 
Imaging modalities are utilized to determine the osseous 
and extraosseous extent of tumor and their respective rela-
tionships to neurovascular structures and pelvic viscera. We 
have begun performing computer-assisted surgery in selected 
cases (Fig. 24.32). Resections of the pelvis are classified as 

F G H

FIGURE 24.27, CONT’D F, Triceps repaired. G and H, Anteroposterior and lateral postoperative 
radiographs.
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 FIGURE 24.28 Resection of proximal radius in 56-year-old man 
with pathologic fracture secondary to isolated renal cell carcinoma 
metastasis. A and B, Anteroposterior and lateral preoperative radio-
graphs. C, Intraoperative photograph. D, Resected specimen. E and F, 
Anteroposterior and lateral postoperative radiographs.
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FIGURE 24.29 Osteosarcoma in olecranon of 20-year-old man. Patient reported right elbow 
pain 3 years after resection of femoral osteosarcoma. A and B, Lateral and anteroposterior radio-
graphs of right elbow appear normal. C, MR image clearly shows lesion in olecranon. Incisional 
biopsy revealed osteosarcoma. D, Biopsy scar. E, Incision was made over subcutaneous border of 
proximal ulna, leaving biopsy track intact.

Continued
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FIGURE 24.29, CONT’D F, Ulnar osteotomy was performed distally to ensure wide margin. Ulnar
nerve isolated and protected while proximal ulna was resected with wide margins. G, Specimen 
removed from field. H and I, Allograft of proximal ulna with triceps tendon cut and placed in defect.
J, Allograft was fixed to distal ulna using 3.5-mm dynamic compression plate. Triceps tendon and 
elbow joint capsule are repaired. K, Wound was covered with free gracilis flap and split-thickness 
skin graft. L, Photograph of cut specimen after removal of soft tissue. SEE TECHNIQUE 24.7.
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FIGURE 24.30 A, Anteroposterior radiograph of 56-year-old woman with giant cell tumor of 
distal radius. B, MR image shows extent of tumor and soft-tissue mass. C, Distal radius approached 
dorsally. D, Tumor was resected. E, Resected specimen. F, Proximal fibular autograft fashioned to 
fit defect. G, Wrist fusion with contoured 3.5-mm plate extending from radial diaphysis to third 
metacarpal. SEE TECHNIQUE 24.8.
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type I, iliac; type II, periacetabular; type III, obturator; and 
type IV, sacral (Fig. 24.33). Resections involving more than 
one area are described by combining the numbers. A resec-
tion that involves the acetabulum and the iliac wing would be 
described as a type I, II pelvic resection. The letter H is added 
as a suffix if the femoral head is resected with the specimen.

All pelvic resections can be done through all or part of a 
standard utilitarian incision (Fig. 24.34). The incision begins at 
the anterior superior iliac spine and courses parallel to the ingui-
nal ligament to the pubic tubercle medially. For posterior expo-
sure along the ilium, the incision can be curved posteriorly along 
the iliac brim to the posterior superior iliac spine. Exposure of 
the femoral vessels anteriorly, the posterior acetabulum, the 
proximal femur, and ischium can be accomplished by a T-shaped 
extension incision beginning at the anterior superior iliac spine 
and coursing distally and posteriorly over the greater trochanter. 
A similar T-shaped incision can be made medially to expose the 
obturator foramen and ischial tuberosity.

Type I resections do not require reconstruction. A 1- to 
2-cm leg-length discrepancy may result if the entire ilium is 
resected because there is no osseous bridge between the ace-
tabulum and sacrum; however, this usually is not problem-
atic because an ipsilateral shoe lift can be used. Alternatively, 
an allograft strut can be used to bridge the gap between the 
acetabulum and the sacrum to prevent the superior migra-
tion of the lower extremity and subsequent development of a 
limb-length discrepancy (Fig. 24.35). Type II resections can be 

reconstructed with an iliofemoral or an ischiofemoral arthrod-
esis with an allograft-prosthesis composite, or with a saddle 
prosthesis (Fig. 24.36). Alternatively, type II resections can be 
treated simply by repairing the remaining soft tissues. Patients 
treated in this manner experience significant shortening of the 
limb but ambulate remarkably well with a shoe lift (Fig. 24.37). 
Type III resections do not require reconstruction because the 
pubis does not bear weight. Additionally, pelvic stability is 
maintained by the intact sacroiliac joints posteriorly. 

 

RESECTION OF THE PUBIS AND 
ISCHIUM
Partial or complete resection of the pubis or ischium or 
both may be indicated for tumor or infection (Fig. 24.38 
and Fig. 24.39). The surgical approach is a modification of 
that described by Milch.

 TECHNIQUE 24.9 

(RADLEY, LIEBIG, AND BROWN)
 n  Position the patient as for a lithotomy and elevate the 

buttocks.

 

BA

DC

FIGURE 24.31 Resection of distal ulna. A and B, Anteroposterior and lateral radiographs of 
giant cell tumor of distal ulna. C and D, Postoperative radiographs.
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 n  Palpate the tuberosity of the ischium, the inferior border 
of the pubis, and the connecting ramus. Make an inci-
sion through the skin and subcutaneous tissues, begin-
ning at a point 0.6 cm distal to the middle of the inguinal 
ligament and proceeding medially and parallel to it (Fig. 
24.38A). At the lateral aspect of the base of the penis or 
mons pubis, curve the incision distalward lateral to the 
scrotum or labium majus pudenda and continue it along 
the inferior ramus of the ischium to the ischial tuberosity.

 n  Detach the adductor and obturator externus muscles sub-
periosteally from the pubis and ischium and expose a part 
of the body of the pubis, the lateral border of the inferior 
ramus of the pubis, the inferior ramus of the ischium, and 
the ischial tuberosity.

 n  To expose the pubis and ischium more completely, retract 
or incise the distal edge of the gluteus maximus muscle in 

line with the skin incision. Dissect the hamstring muscles 
and the quadratus femoris from the lateral aspect of the 
ischial tuberosity; free the sacrotuberous ligament from 
its attachment to the medial surface of the tuberosity.

 n  Protect the pudendal vessels and nerve that emerge from 
the pelvis through the greater sciatic foramen, cross the 
spine of the ischium and the sacrotuberous ligament, en-
ter the lesser sciatic foramen, and proceed anteriorly in 
the Alcock canal within the fascia of the obturator inter-
nus muscle. To avoid damaging this canal and its con-
tents, elevate subperiosteally the ischiocavernosus and 
obturator internus muscles.

 n  Subperiosteally free the deep and superficial transverse 
perineal muscles, the crus penis, and the constrictor ure-
thrae from the medial borders of the inferior ischial and 
pubic rami.

 

A B

DC

A B

DC

FIGURE 24.32 Computer-assisted surgery in 22-year-old man with osteosarcoma of left ilium. 
A, Anteroposterior radiograph. B and C, Intraoperative computer-assisted guidance allowed resec-
tion of tumor with preservation of hip joint. D, Postoperative anteroposterior radiograph.
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FIGURE 24.35 Femoral allograft for type I pelvic resection in 16-year-old boy with Ewing 
sarcoma. A, Resected ilium. B, Femoral allograft fashioned to fit between acetabulum and sacrum. 
C, Multiple screws used to secure allograft. D, Postoperative radiograph.

 

I

II

III

IV

FIGURE 24.33 Types of pelvic resections: type I, iliac; type II, 
periacetabular; type III, obturator; type IV, sacral.

 FIGURE 24.34 Universal incision for pelvic resections.

    

https://booksmedicos.org


CHAPTER 24 GENERAL PRINCIPLES OF TUMORS 931

 n  Dissect the urogenital diaphragm from the inferior border 
of the symphysis pubis but avoid injuring the urethra and 
the deep dorsal vein, dorsal artery, and nerve of the penis.

 n  Free the rectus abdominis and pyramidalis muscles from 
the pubis.

 n  Divide the inguinal ligament at its pubic end and free the 
pectineus muscle from its origin along the pectineal line 
of the superior ramus of the pubis (Fig. 24.38B).

 n  Mobilize the pectineus muscle but avoid injuring the fem-
oral sheath and its contents that lie on the lateral part of 
the muscle.

 n  Dissect the obturator internus and externus muscles sub-
periosteally and, if possible, preserve the obturator nerves 
and vessels that may be encountered.

 n  Divide the bone superiorly and inferiorly with an osteo-
tome or Gigli saw (Fig. 24.38C).

 n  If the wound is to be closed primarily, suture the deep fas-
cia; if not, omit suturing the fascia and allow the muscles 
to fall into position.
   

 FIGURE 24.36 Type II pelvic resection reconstructed with saddle 
prosthesis.

 

A

B

C

FIGURE 24.37 A 42-year-old female with complaints of left groin pain. Although the antero-
posterior pelvic radiograph (A) was unremarkable, axial T-1 weighted magnetic resonance imaging 
(B) demonstrated a lesion involving the left acetabulum; biopsy revealed conventional chondro-
sarcoma. C, Ten years after resection and soft-tissue reconstruction, the patient has no pain and 
ambulated well with a shoe lift with only a mild Trendelenburg gait.
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FIGURE 24.38 Technique of Radley et al. for resection of superior and inferior pubic rami 
and body of pubis, inferior ischial ramus, and tuberosity of ischium. Inset, Incision. A, Superficial 
approach. B, Further exposure. Note amount of bony pelvis resectable through this approach. C, 
Appearance after resection of pubis and ischium (see text for method of closure). (Modified from 
Radley TJ, Liebig CA, Brown JR: Resection of the body of the pubic bone, the superior and inferior pubic 
rami, the inferior ischial ramus, and the ischial tuberosity: a surgical approach, J Bone Joint Surg 36A:855, 
1954.) SEE TECHNIQUE 24.9.

 

RESECTION OF THE ACETABULUM
Resection of the acetabulum with preservation of the limb 
is indicated for lesions that can be treated satisfactorily by 
wide resection of the mid and anterior hemipelvis. Careful 
staging is required, and any biopsy track must be excised 
en bloc with the resection.

 TECHNIQUE 24.10 

 n  Place the patient in the lateral decubitus position and 
strapped to the table so that the table can be tilted to 
either side. Prepare and drape the involved limb and pelvis 
from toes to rib cage.

 n  Make an incision extending from the posterior crest of 
the ilium coursing over the anterior superior iliac spine 
to the symphysis pubis. Make a vertical T-shaped exten-
sion from this incision over the greater trochanter and 
extending into the proximal thigh. Divide the middle of 
the inguinal ligament and retract the peritoneum supe-
riorly.

 n  Mobilize and medially retract the femoral artery and vein 
and the femoral nerve. The femoral nerve is found within 
the iliopsoas sheath and may be left in continuity.

 n  Divide the iliacus and pectineus muscles.
 n  Expose the innominate bone from the symphysis pubis to 

the anterior superior iliac spine and both surfaces of the 
bones posteriorly to the sciatic notch. A renal pedicle clamp 
can be used to pass a Gigli saw through the sciatic notch. 
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FIGURE 24.39 Resection of superior and inferior rami in 79-year-old man with chondrosar-
coma. A, Anteroposterior radiograph. B and C, MR images. D, CT scan shows extent of lesion. E, 
Intraoperative photograph of wide resection. Femoral vessels and nerve have been dissected away 
from tumor. F, Postoperative radiograph.
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The clamp must stay in contact with the bone as it is ad-
vanced within the sciatic notch to avoid entrapment of the 
sciatic nerve or other neurovascular structures beneath the 
Gigli saw. With a Gigli saw, divide the bone along a line 
extending from the sciatic notch to a point inferior to the 
anterior superior iliac spine.

 n  After the osteotomy, the bone may be mobilized enough 
to help determine remaining soft-tissue attachments that 
need to be detached. Divide the sacrotuberous and sacro-
spinous ligaments and release the hamstrings.

 n  Anteriorly, divide the pubic bone or symphysis pubis and 
rotate the segment of bone in various directions to release 
the remaining soft tissues.

 n  Release the piriformis from the greater trochanter, divide 
the femoral neck at its base, and remove the resected part 
of the pelvis and the femoral head and neck.

 n  Fix the proximal femur to the remaining ilium with heavy 
nonabsorbable suture. Reattach the inguinal ligament to 
the iliopsoas tendon to prevent a hernia.

 n  Close the wound over suction drains.

POSTOPERATIVE CARE Protected ambulation in a hip 
abduction brace with crutches is begun postoperatively.
   

 

RESECTION OF THE INNOMINATE 
BONE (INTERNAL HEMIPELVECTOMY)
Numerous surgeons have described methods of pelvic 
resection, including Karakousis and Vezeridis; Eilber et al.; 
Steel; Enneking and Dunham; Braund and Pigott; and oth-
ers. The technique of Karakousis and Vezeridis is described 
here (Figs. 24.40 and 24.41). This procedure is indicated in 
patients who are willing to undergo the vigorous rehabili-
tation necessary and in whom appropriate margins can be 
obtained by pelvic resection.

 TECHNIQUE 24.11 

(KARAKOUSIS AND VEZERIDIS)
 n  Place the patient in a loose lateral position to allow both 

anterior and posterior rotation of the patient. Begin with 
the involved hemipelvis elevated 45 degrees. Extend the 
incision from the posterior superior iliac spine along the 
iliac crest and inguinal ligament to the symphysis pubis. 
Make a vertical limb from this incision passing just pos-
terior to the greater trochanter and extending into the 
upper thigh.

 n  Detach the abdominal muscles from the iliac crest and 
displace the peritoneum medially to expose the external 
iliac vessels.

 n  Divide the inguinal ligament near the anterior superior 
iliac spine and divide and ligate the inferior epigastric ves-
sels (Fig. 24.40A).

 n  Detach the inguinal ligament from the pubic tubercle and 
the rectus abdominis from the pubic crest. Clear the pubic 
symphysis of soft tissue and divide it with a Gigli saw (Fig. 

24.40B). A malleable retractor can be placed posterior to 
the pubic symphysis to protect the bladder during this 
portion of the operation.

 n  Expose the common iliac vessels and the femoral nerve.
 n  Preserve the iliopsoas muscle unless involved by tumor. 

Next, pass an umbilical tape around the psoas muscle and 
iliac vessels (Fig. 24.40C).

 n  Divide the iliacus muscle at the level of the sacroiliac joint 
and sever the adductor muscles from the pubis. Divide the 
obturator nerve and vessels.

 n  Divide the origins of the sartorius, tensor fascia lata, and 
rectus femoris. The origins of the gluteus medius and 
minimus can be removed from the ilium leaving a small 
cuff of tissue.

 n  Incise the hip joint capsule and divide the femoral neck 
with a power saw.

 n  Incise the gluteus maximus muscle inferior and posterior 
to the greater trochanter, exposing the sciatic nerve. Di-
vide the external rotators at the greater trochanter, ex-
pose the sacroiliac joint, and divide it with an osteotome 
(Fig. 24.40D). If tumor involves the joint, osteotomize the 
sacrum while retracting the lumbosacral nerve trunk me-
dially (Fig. 24.40E).

 n  Divide the levator ani muscle and the sacrospinous and 
sacrotuberous ligaments.

 n  Release the hamstring origins from the ischial tuberosity.
 n  Retract the hemipelvis laterally and release the remain-

ing attachments of the adductor magnus from the ischial 
ramus, allowing removal of the specimen (Fig. 24.40F).

 n  The procedure can be modified so that uninvolved por-
tions of the innominate bone are spared.

 n  Cover the exposed femoral neck with one of the adjacent 
divided muscles. Close the wound in layers.

POSTOPERATIVE CARE The patient is placed in a hip 
abduction brace. Non–weight-bearing ambulation is con-
tinued for 6 weeks. The abduction brace is then discon-
tinued, and the patient may progress weight bearing as 
tolerated. After several months, walking with the aid of a 
single cane may be possible.
   

 

RESECTION OF THE SACROILIAC JOINT
The sacroiliac joint can be resected using a combined posterior 
and anterior approach. The surgical team includes a general 
surgeon, a neurosurgeon, and an orthopaedic surgeon.

 TECHNIQUE 24.12 

 n  Place the patient in the lateral decubitus position with 
the affected side uppermost. Prepare and drape the trunk 
and affected extremity to below the knee.

 n  Make an L-shaped incision with the vertical portion along 
the lumbar spinous processes and the transverse portion 
extending from the distal end of the vertical incision along 
the iliac crest and onto the lower abdomen.
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FIGURE 24.40 Internal hemipelvectomy. A, Anteroposterior radiograph. Arrows point to lytic 
lesion. B, MR image shows osteosarcoma in 57-year-old man. C, Extensile approach is used, and 
external iliac vessels, femoral nerve, and spermatic cord are isolated. D, Hemipelvis has been 
removed. All major neurovascular structures were protected. E, Resected specimen. F, Postopera-
tive anteroposterior radiograph. SEE TECHNIQUE 24.11.
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 n  Dissect subperiosteally the sacrospinalis along the side of 
the lesion and divide it at its sacroiliac origin.

 n  Identify the L4, L5, and S1 nerve roots and dissect them 
laterally to the region of the sacroiliac joint.

 n  Dissect the gluteal musculature from the external surface 
of the ilium subperiosteally and dissect the anterior ab-
dominal wall musculature and iliacus from the inner sur-
face of the ilium.

 n  Push the ureter and great vessels anteriorly by blunt ret-
roperitoneal dissection.

 n  Divide the ilium and sacrum with a Gigli saw and osteo-
tome, carefully protecting the L4, L5, and S1 nerve roots. 
Remove the lesion and the contiguous sacrum and ilium.

 n  Insert suction drains and approximate the sacrospinalis 
and iliacus muscles, the abdominal wall musculature, and 
the gluteal musculature.

POSTOPERATIVE CARE Non–weight-bearing ambu-
lation is permitted with a walker for 6 weeks and then 
gradually increased weight bearing as tolerated is allowed 
over the next several weeks.
   

 

RESECTION OF THE SACRUM
Sacral tumors, such as giant cell tumor or chordoma, are 
probably best resected using a combined anterior and pos-
terior (abdominosacral) exposure. A team consisting of a 
general surgeon, a neurosurgeon, and an orthopaedic sur-
geon makes the operation easier and safer. A preoperative 
bowel preparation is recommended.

Stener and Gunterberg described a technique for near-total 
resection of the sacrum. Combined anterior and posterior 
exposures are required. If the rectum must be sacrificed, the 
operation starts anteriorly, continues posteriorly, and finishes 
anteriorly; if the rectum can be saved, the operation starts 
anteriorly and finishes posteriorly. The anterior exposure is 
performed with the patient in the lithotomy position; the 
posterior exposure is accomplished with the patient prone.

 TECHNIQUE 24.13 

(STENER AND GUNTERBERG)
 n  Close the anus (temporarily if the rectum is to be pre-

served) by suture. Make an incision across the lower 
abdomen. Divide the rectus abdominis bilaterally 1 cm 
above the pubis and cut through the remainder of the 
abdominal wall musculature bilaterally along the lateral 
borders of the rectus sheath. Push the peritoneum aside 
to expose the common iliac vessels. Continue the sub-
peritoneal dissection bilaterally until the right and left 
dissections meet under the rectum, exposing the sacral 
promontory.

 n  If the rectum is to be resected, incise the peritoneum in 
the midline and divide and ligate the superior rectal ves-
sels.

 n  Divide the bowel at the rectosigmoid junction and close 
both ends by invagination.

 n  Divide and ligate the middle rectal vessels and incise the 
inferior peritoneal reflection.

 n  Dissect the rectum from above as far distally as possible; 
make an inverted-U incision around the anus and dissect 
from below the anal canal and rectum anteriorly and on 
each side as far proximally as possible.

 n  Divide and ligate the internal iliac artery and vein and the 
lateral and middle sacral vessels. If the resection is to be 
carried out above the level of the S1 roots, also ligate and 
divide the iliolumbar vessels.

 n  Strip the periosteum from the most proximal portions of 
the sacrum and distally to the level of osteotomy.

 n  Locate the sympathetic trunk and divide it where it passes 
anterior to S1. Laterally identify the lumbosacral trunk so 
that it can be protected at the time of osteotomy. If the 
S1 roots are to be saved, expose them where they emerge 
from the first anterior sacral foramina.

 n  Osteotomize the anterior sacral cortex at the appropriate 
level and carry the osteotomy laterally past the sacroiliac 
joint on each side.

 n  Close the anterior wound (temporarily if the rectum was 
resected) and turn the patient prone.

 n  Make a vertical elliptical incision including any biopsy site 
and the skin and subcutaneous tissue overlying the sacral 
hiatus through which tumor might have penetrated. If the 
rectum has been resected, the incision joins the previously 
made inverted-U incision around the anus. Superior to the 
skin to be removed, extend a midline incision proximally 
far enough to expose the posterior elements of L5.

 n  Raise skin flaps bilaterally and transect the gluteus maxi-
mus well away from the sacrum.

 n  Divide the piriformis muscle at its musculotendinous junc-
tion. Ligate and divide the superior and inferior gluteal 
vessels.

 n  Preserve the superior gluteal nerve.
 n  Divide the sacrotuberous ligament at the ischial tuberos-

ity and release the sacrospinous ligament and coccygeus 
muscle by osteotomizing the ischial spine.

 n  If the rectum is to be spared, release the bands attaching 
the anal canal to the coccyx. If the rectum is resected, 
divide the levator ani bilaterally.

 n  Divide the sacrospinalis muscles transversely at the lum-
bosacral level.

 FIGURE 24.41 Proximal femoral biopsy site.
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 n  If the S1 nerves are to be preserved, perform a partial 
laminectomy at the L5-S1 level. If the S1 nerves are to 
be sacrificed, perform a complete laminectomy at L5 and 
remove the lumbosacral ligamentum flavum.

 n  At the appropriate level, ligate and divide the dural sac.
 n  If the S1 nerves are preserved, make the sacral osteotomy 

between S1 and S2 with the inferior half of the canals of 
the S1 roots included in the specimen. Guide the oste-
otomy from a posterior direction by palpating the line of 
osteotomy previously made in the anterior sacral cortex. 
A probe also can be introduced into the S1 canal starting 
posteriorly.

 n  Divide the remaining sacral nerves where they converge 
to form the sciatic nerve and remove the specimen.

 n  If the S1 nerves are sacrificed, make the osteotomy through 
S1 above the S1 root canals. It is helpful to make a deep 
notch in the iliac crest at the level of the L5 transverse pro-
cess so that the anterosuperior surface of the sacral wing 
and the sacroiliac joint can be palpated from behind.

 n  Make the osteotomy 1 cm posteroinferior to this surface 
in a plane parallel to it. Palpating the previously made 
osteotomy in the anterior cortex of the sacrum and ilium 
also guides the plane of osteotomy.

 n  Divide the sacral nerves and remove the specimen.
 n  Close the posterior wound over drains.
 n  If the rectum has been resected, turn the patient supine 

and reopen the anterior wound. Close the pelvic portion 
of the peritoneum and perform a sigmoid colostomy. The 
sigmoid mesentery can be used to repair the peritoneal 
defect in the lesser pelvis.

 n  Close the abdominal wound.
   

 

RESECTION OF THE SACRUM

 TECHNIQUE 24.14 

(LOCALIO, FRANCIS, AND ROSSANO)
 n  Expose the abdominal cavity through a left paramedian 

incision.
 n  Incise the peritoneum of the left lumbar gutter; mobilize 

the colon, identifying the left ureter, and expose the peri-
toneum of the cul-de-sac and reflect the rectosigmoid 
colon anteriorly at the level of the L5-S1 junction.

 n  Expose the upper limits of the tumor distal to the level of 
the levators and identify the lateral extension of the tumor.

 n  Ligate the middle sacral vessels and lateral sacral veins. 
Replace the colon in its original position and close the 
abdomen.

 n  Turn the patient prone and make a transverse incision 
across the buttocks at the level of the S4 vertebra. Raise 
the lower flap to below the coccyx and the upper flap to L5.

 n  Divide the rectococcygeal ligament, reflect the rectum an-
teriorly, and enter the previously opened presacral space.

 n  Identify the lower limit of the tumor and then proceed 
with sacral resection, dividing the lateral sacral ligaments. 
Using an osteotome, divide the sacroiliac articulations at a 

level previously determined by the abdominal exploration. 
Transect the sacrum and remove it from the field. Make 
no attempt to preserve the sacral nerves below the level 
of transection.

 n  Close the posterior wound over suction drains.
  

Localio et al. subsequently pointed out that simultaneous 
anterior and posterior exposure of the sacrum by two teams 
with the patient in the lateral decubitus position may be fea-
sible and has the added advantages of less blood loss and not 
having to turn the patient. 

 

RESECTION OF THE SACRUM 
THROUGH POSTERIOR APPROACH

 TECHNIQUE 24.15 

(MACCARTY ET AL.)
 n  Place the patient prone and raise the buttocks on a kidney 

elevator (Kraske position).
 n  Make a posterior longitudinal incision in the midline over 

the sacrum and coccyx.
 n  Remove the coccyx and carefully dissect the rectum from 

any presacral tumor mass.
 n  Detach the gluteus maximus, the piriformis, and the coc-

cygeus muscles and the sacrotuberous and sacrospinous 
ligaments.

 n  Divide the fourth and fifth sacral nerves bilaterally and 
identify and preserve the pudendal nerves. Split the third 
sacral foramen anteriorly and posteriorly; this usually 
makes resecting the distal three sacral segments possible 
without sacrificing the pudendal nerves or either of their 
two components (the second and third sacral nerves).

 n  Divide the arch and body of the sacrum between the sec-
ond and third sacral segments, cut the filum terminale, 
and remove the distal part of the sacrum and the tumor.

 n  When the tumor and consequently the resection extend 
into the proximal sacral segment or the lumbar canal or 
into the sacroiliac joints and ilium, there may be residual 
neurologic deficits.

 n  Repair any perforation of the rectal wall or any defect 
in the caudal sac that may have been made if the sac 
extends farther distally than normal.

 n  Drain the large dead space that remains; suture the glu-
teal muscles as snugly as possible and close the subcuta-
neous tissues and the skin.
   

 

RESECTION OF VERTEBRAE
Surgical treatment of tumors of the spine is discussed in 
Chapter 42.
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LOWER EXTREMITY 
 

RESECTION OF THE PROXIMAL FEMUR
Most tumors of the proximal femur can be resected with 
adequate margins, and the reconstruction usually provides 
better function than would be possible after a hip disarticu-
lation. Indications for amputation include recurrent tumor, 
displaced pathologic fracture, or complications from the 
biopsy. Biopsy of the proximal femur should be performed 
through a round or oval hole placed laterally at the junc-
tion between the insertion of the abductors and the origin 
of the vastus lateralis (Fig. 24.42). This location minimizes 
the amount of contaminated tissue and the risk of patho-
logic fracture. Although some authors have recommended 
reconstruction with an osteoarticular allograft, allograft-
prosthesis composite, or allograft arthrodesis, we routinely 
use an endoprosthetic reconstruction. Endoprosthetic 
reconstruction provides immediate stability and quicker 
rehabilitation. Whenever possible, we use a bipolar cup to 
improve stability (see Fig. 24.42). Some of the function of 
the abductor mechanism may be preserved by maintaining 
the continuity of the fascia between the abductors and the 
vastus lateralis. If margins will allow a trochanteric oste-
otomy, a thin sleeve of bone in continuity with the fascia 
proximally and distally may be reattached to the prosthesis. 
If an osteotomy is not possible, the sleeve of continuous 
fascia can be sutured to the prosthesis, allowing for easier 
abductor reattachment and function (Fig. 24.43).

 TECHNIQUE 24.16 

(LEWIS AND CHEKOFSKY)
 n  Place the patient in the lateral decubitus position.
 n  Make a posterolateral hip incision.
 n  Separate the gluteus maximus at the junction of its proxi-

mal 20% and distal 80%, dividing its femoral attachment 
2 cm from the linea aspera. Also divide the external rota-
tors and the proximal portion of the adductor magnus 2 
cm from the femur.

 n  Identify and protect the sciatic nerve.
 n  Divide the gluteus medius and minimus near their attach-

ments to the greater trochanter and the reflected head 
of the rectus femoris. If possible, maintain the continuity 
between the fascia of the abductors and vastus lateralis.

 n  Incise the hip joint capsule.
 n  At the predetermined level of femoral osteotomy, expose 

the bone through the vastus lateralis and divide the fe-
mur with a power saw. Surrounding soft tissues can be 
protected with Bennett retractors. Dislocate the hip and 
divide the iliopsoas tendon, removing the specimen.

 n  Reconstruct the hip using a modular proximal femoral 
endoprosthesis. Reconstruct the abductor mechanism by 
reattaching the remaining gluteus medius and minimus 
tendons through holes in the trochanteric area of the 
prosthesis. The abductors also should be sutured to the 
iliotibial tract if this attachment has been disrupted dur-
ing the resection. This may require proximal release of the 
muscles from the ilium or lengthening by multiple relax-

ing incisions. The abductors are best placed in the neutral 
axis of the femur.

 n  Insert suction drains.

POSTOPERATIVE CARE The reconstructed abduc-
tor mechanism is protected by an abduction brace for 6 
weeks. Immediate ambulation is allowed with crutches, 
and later a cane is used in the opposite hand indefinitely.
   

 

RESECTION OF THE ENTIRE FEMUR
Lewis described a technique for resection of the entire 
femur and reconstruction using hip and knee replacement 
arthroplasty.

 TECHNIQUE 24.17 

(LEWIS)
 n  Make a lateral incision extending from 10 cm proximal 

to the greater trochanter along the lateral aspect of the 
femur and curving anteriorly to end just distal to the tibial 
tuberosity (Fig. 24.44).

 n  Divide the fascia in line with the skin incision, flex the 
knee, and identify the common peroneal nerve posterior 
to the biceps femoris tendon.

 n  Incise the lateral head of the gastrocnemius and iden-
tify the popliteal artery and vein. Divide the geniculate 
branches, allowing the popliteal vessels to fall away from 
the femur. Dissect the vascular bundle to the adductor 
hiatus and incise it. Dissect the peroneal nerve to its junc-
tion with the sciatic nerve.

 n  Detach the gluteus maximus from its femoral insertion, 
detach the external rotators from the femur, and identify 
the proximal portion of the sciatic nerve.

 n  Detach the gluteus medius and minimus near the greater 
trochanter. Maintain continuity of the fascia between the 
abductors and the vastus lateralis.

 n  Ligate the branches of the medial femoral circumflex artery 
and vein and detach the adductor muscles from the femur.

 n  Enter the knee joint through a lateral parapatellar capsu-
lar incision. Leave the articularis genu and vastus interme-
dius attached to the femur. Resect the other portions of 
the quadriceps as appropriate.

 n  Dislocate the patella medially and incise the iliotibial band, 
lateral collateral ligament, and lateral capsule.

 n  Detach the cruciate ligaments, popliteus and plantaris 
tendons, medial capsule, medial collateral ligaments, and 
medial head of the gastrocnemius.

 n  Elevate the distal femur and incise the remaining muscle 
attachments from distal to proximal.

 n  Ligate the perforating vessels.
 n  Detach the iliopsoas, incise the hip joint capsule, and re-

move the specimen.
 n  Implant a custom-designed total femur and close the 

wound over suction drains. Depending on the nature of 
the soft-tissue resection, gastrocnemius or free vascular-
ized muscle flaps may be required.
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FIGURE 24.42 Resection of proximal femur with endoprosthetic reconstruction. A, 
Anteroposterior radiograph of malignant fibrous histiocytoma in proximal femur of 
43-year-old woman. B, Proximal femur was resected with wide margins through lateral 
approach. C, Prosthesis cemented into femur and bipolar component reduced into 
acetabulum. D, Abductors and vastus lateralis repaired through holes in prosthesis. E, 
Postoperative anteroposterior radiograph.
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 n  Proximally suture the iliotibial band to the vastus lateralis 
and gluteal musculature.

POSTOPERATIVE CARE The hip is protected with an ab-
duction brace for 6 weeks. Protected ambulation is begun 
immediately. Knee range of motion is begun as soon as 
the wound seems stable.
  

RESECTION OF THE DISTAL FEMUR
The distal femur is the most common location of pri-
mary malignancies of bone. Tumors in this location rarely 
involve the joint or neurovascular structures. Biopsy speci-
mens of distal femoral lesions can be obtained through an 

anteromedial or anterolateral approach. Dissection should 
proceed directly through the vastus medialis or vastus late-
ralis, taking care not to raise flaps, not to contaminate the 
joint space, and not to contaminate the popliteal space. A 
tourniquet should be used during the biopsy, and strict 
hemostasis should be obtained before closing to decrease 
the potential of hematoma formation. The soft-tissue com-
ponent of the lesion should be sampled, if possible. If a hole 
must be made in the bone, it should be circular to mini-
mize stress concentration, reducing the risk of a pathologic 
fracture.

Reconstruction options include arthrodesis, osteoar-
ticular allograft, allograft-prosthesis reconstruction, and 
endoprosthetic reconstruction. We use endoprosthetic recon-
structions most often (Fig. 24.45), although arthrodesis is a 
reasonable option in a young person who wishes to perform 
heavy labor. If the knee joint is involved with tumor, consid-
eration should be given to a primary transfemoral amputa-
tion or extraarticular resection. In young children in whom 
leg-length discrepancy would be a difficult problem, we most 
commonly use an expandable prosthesis. 

A B

FIGURE 24.45 Resection of distal femur and endoprosthetic reconstruction in 36-year-old 
woman with osteosarcoma. A and B, Anteroposterior and lateral radiographs show osteosarcoma 
of distal femur.

 FIGURE 24.43 The continuity of the fascia between the abduc-
tors and the vastus lateralis has been maintained to allow easier 
reattachment of the abductors and better function.

 FIGURE 24.44 Lateral incision for resection of the entire femur. 
SEE TECHNIQUE 24.17.
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FIGURE 24.45, CONT’D C, Plane between femoral vessels (arrows) and tumor is developed. D, 
Osteotomy performed with oscillating saw. E, Curet used to obtain specimen for frozen section to 
check marrow margin. F, Distal femur resected. G, Resected specimen and prosthesis. H, Prosthesis 
cemented into femur and tibia.
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FIGURE 24.46  A-C, Radiographs of a 58-year-old man show malignant fibrous histiocytoma in 
proximal tibia. D, Incision as outlined includes resection of the biopsy track. E, Medial flap is raised 
to expose vascular structures posteriorly. F, On the lateral side, the peroneal nerve is dissected and 
isolated from tumor. G, Intraarticular resection is done because joint is not involved. H, Proximal tibia 
has been removed, and medial head of gastrocnemius has been harvested for extensor mechanism 
reconstruction and coverage. I, Proximal tibial endoprosthesis.
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INTRAARTICULAR RESECTION 
OF THE DISTAL FEMUR WITH 
ENDOPROSTHETIC RECONSTRUCTION

 TECHNIQUE 24.18 

 n  Resect the distal femur through a medial or a lateral incision, 
depending on where the biopsy was done. Make a longi-
tudinal incision, incorporating an ellipse around the biopsy 
scar. Resect the biopsy track en bloc with the specimen.

 n  If an intraarticular resection is to be done, inspect the joint 
early to confirm that it is not contaminated with tumor. (If 
the joint is unexpectedly involved with tumor, the wound 
should be closed in layers and definitive treatment should 
be delayed until options can be discussed again with the 
patient and family.)

 n  Raise large medial and lateral flaps. Make these flaps as 
thick as possible to preserve the blood supply to the skin. 

Dissect deep to the rectus femoris, quadriceps tendon, 
and patella. The vastus intermedius may be left intact with 
the portion of distal femur to be removed. Flex the knee 
to take tension off the posterior tissues.

 n  Dissect the popliteal vessels, taking care to ligate any 
branches to the tumor.

 n  Isolate and protect the tibial and common peroneal 
nerves.

 n  Incise the knee joint capsule and ligaments to allow better 
exposure for dissection around the distal femur.

 n  Leave a cuff of normal muscle over the tumor. Divide re-
maining muscles just off their respective origins and inser-
tions into the femur.

 n  Before the femoral osteotomy, mark the anterior aspect 
of the femoral shaft proximal to the osteotomy site to 
help with rotational alignment for the reconstruction. 
Make an osteotomy of the femur with a wide margin 
proximal to the most proximal extent of marrow involve-
ment as determined by preoperative MRI.

 n  Remove the tumor from the operative field.

J K

L
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O

FIGURE 24.46, CONT’D J, Patellar tendon is attached to the prosthesis. K, Medial gastrocnemius 
is rotated anteriorly and sutured to lateral fascia. L, Prosthesis is completely covered with soft tissue. 
M, Skin graft is required to complete closure. N and O, At one year after surgery, the patient has 
good range of motion and no extensor lag.
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ENDOPROSTHETIC RECONSTRUCTION WITH  
ROTATING HINGE

 n  If the anterior aspect of the femoral shaft has not already 
been marked, do so at this time using the specimen to help 
with orientation. (The linea aspera should not be used as a 
reference point because its rotational orientation varies.)

   Before removing the resected specimen from the oper-
ative field, measure its length. In an adult, this length 
should be restored by the prosthesis. In a skeletally imma-
ture patient, the prosthesis may be 1 cm longer than the 
resected specimen to help compensate for future growth.

 n  Use alignment guides to make the proximal tibial cut per-
pendicular to the tibial shaft and prepare the proximal 
tibia using the provided instrumentation.

 n  Ream the femoral canal to accept the largest stem possi-
ble. The stem should be at least 12 cm long. (If the length 
of proximal femur remaining is less than this, consider-
ation should be given to using a prosthesis that gains fixa-
tion in the femoral head or using an allograft-prosthesis 
composite reconstruction.)

 n  Place the trial components and move the knee through a 
full range of motion. Cement the femoral and tibial com-
ponents into place in the proper orientation, specifically 
avoiding internal rotation of the femoral component that 
could result in patellar maltracking. Close the wound over 
drains. Local or free flaps may be necessary for closure.

 n  Dress the wound with a bulky dressing and apply a knee 
immobilizer. 

POSTOPERATIVE CARE Protected ambulation with crutches 
and a knee immobilizer is begun on the first postopera-
tive day. Drains are left in place until output is minimal. 
Range-of-motion and strengthening exercises are begun 
immediately. Antibiotics are continued until the drains 
are removed and the wound is dry. The knee immobi-
lizer is worn for ambulation until adequate strength has 
returned.
   

 

RESECTION OF THE PROXIMAL TIBIA
The proximal tibia is the second most common location for 
primary malignancies of bone. Tumors in this area are typi-
cally smaller at presentation than tumors in more proximal 
locations. Overall survival for these patients subsequently has 
been better than for patients with more proximal tumors. 
Historically, skeletally immature patients with proximal tibial 
tumors have been treated with knee disarticulation to pre-
serve the distal femoral physis and to prevent the complication 
of appositional bone overgrowth. Skeletally mature patients 
have been treated with a long transfemoral amputation. The 
overall good function after amputation, along with the poten-
tial difficulty of reconstructing the extensor mechanism, had 
dampened the enthusiasm for proximal tibial resection and 
reconstruction. Currently, however, with routine use of a gas-
trocnemius flap to assist with soft-tissue coverage and to help 
reconstruct the extensor mechanism, surgeons are reporting 
good results after limb salvage surgery. A mobile knee joint 
with active extension is now a reasonable goal for patients 

who are willing to accept the activity restrictions that are 
mandatory after this reconstruction. Patients who wish to be 
involved in sports or heavy labor should strongly consider an 
arthrodesis or an amputation.

Wide surgical margins usually are obtainable for tumors 
in the proximal tibia because the popliteus muscle and the 
muscles of the deep posterior compartment usually protect 
the posterior tibial artery and the tibial nerve. Biopsy of the 
proximal tibia should be done along the medial subcutane-
ous surface, taking care not to contaminate the joint space, 
the patellar tendon, or the popliteal space. Contraindica-
tions to limb salvage include involvement of the popliteal 
vessels, displaced pathologic fracture, recurrent tumor, 
and complications (e.g., infection, hematoma, poorly 
placed incision, or joint contamination) resulting from the 
biopsy. A relative contraindication is a very young patient 
who would subsequently develop a leg-length discrepancy; 
however, with the use of modern expandable prostheses, 
we have had success with limb salvage surgery even in 
these patients.

 TECHNIQUE 24.19 Figure 24.46

(MALAWER)
 n  Make an anteromedial incision starting proximally at the 

distal third of the femur and extend it distally to the lower 
third of the tibia. Excise any biopsy site with a 2-cm mar-
gin.

 n  Develop medial and lateral flaps beneath the investing 
fascia. Divide the medial hamstrings proximal to their in-
sertions. Mobilize the medial head of the gastrocnemius 
muscle and split the soleus muscle to expose the popliteal 
vessels.

 n  Preserve the medial sural artery, the principal blood sup-
ply of the medial gastrocnemius. Apply posterior traction 
to the popliteal artery and identify and divide the anterior 
tibial vessels at the inferior border of the popliteus muscle. 
With a large tumor, the peroneal vessels also may require 
division and ligation.

 n  If the knee joint is free of tumor, divide the patellar liga-
ment 1 to 2 cm proximal to its insertion. When possible, 
maintain continuity of the fascia between the patellar 
tendon and the anterolateral fascia of the proximal leg.

 n  Mobilize the popliteal vessels by dividing the inferior ge-
niculate vessels; then circumferentially incise the capsule 
of the knee 1 to 2 cm from its tibial insertion.

 n  Divide the cruciate ligaments at the femur. Keep a portion 
of the anterior tibial muscle on the specimen as well as the 
popliteus and a portion of the soleus muscle.

 n  Identify and protect the peroneal nerve and divide the 
biceps tendon near its insertion, leaving a cuff of normal 
tissue. Osteotomize the fibula if the extraosseous compo-
nent of the tumor dictates. Leave a sleeve of muscle on 
the proximal tibiofibular joint. If the proximal fibula is not 
involved, preservation of the lateral collateral ligament 
and its attachment to the fibular head provides some sta-
bility to the reconstructed joint.

 n  Osteotomize the tibia distal to the lesion at a level deter-
mined by preoperative imaging; divide the intermuscular 
septum and remove the specimen.
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 n  If an extraarticular resection is required, the technique is 
similar except that the femur is osteotomized above the 
capsule of the knee and the patella is split coronally, dis-
secting the patellar ligament from the underlying fat pad.

 n  Reconstruct the extremity by osteoarticular allograft, ar-
throdesis, or prosthetic implantation. Advance the exten-
sor mechanism and attach the remaining patellar tendon 
to the allograft or endoprosthesis. Transpose the medial 
head of the gastrocnemius anteriorly and suture it to the 
remaining anterior muscles as well as the soft tissues of 
the extensor mechanism. A split-thickness skin graft is of-
ten required because of the bulk of the gastrocnemius flap 
and the loss of tissue coverage from biopsy track excision.

POSTOPERATIVE CARE Drains are left in place until the 
output is minimal. Antibiotics are continued until the drain 
is out and the wound is dry. Protected ambulation is be-
gun on the first postoperative day. We routinely keep the 
knee in full extension for 6 weeks to allow the reconstruct-
ed knee extensor mechanism to heal. Range-of-motion 
exercises are then begun.
   

 

RESECTION OF THE DISTAL FEMUR OR 
PROXIMAL TIBIA WITH ALLOGRAFT 
ARTHRODESIS
An arthrodesis can be done using an intercalary allograft to 
replace the resected segment. This usually is done with an 
intramedullary nail along with plates at the proximal and 
distal allograft-host junctions. This technique potentially 
provides a stable limb; however, reported complication 
rates are high.

   

 

RESECTION OF THE PROXIMAL FIBULA
Malawer described a technique for local wide resection of 
proximal fibular lesions.

 TECHNIQUE 24.20 

(MALAWER)
 n  Place the patient semisupine and prepare and drape the 

entire lower extremity from the toes to above the hip so 
that if a local procedure is found to be inappropriate, 
above-knee amputation is possible without redraping. 
Use a sterile rubber tourniquet at midthigh.

 n  Begin the incision posteriorly 8 cm proximal to the middle 
of the popliteal crease and curve it anteriorly and distally 
across the fibula, ending 5 cm distal to the planned oste-
otomy. Modify the incision appropriately to incorporate 
any previous biopsy site.

 n  Raise a large lateral flap based in the midline posteriorly 
and make a smaller medial flap to expose the tibial crest.

 n  Expose and divide the common peroneal nerve at the biceps 
femoris tendon. Its branches are sacrificed distally when the 
anterior and peroneal compartment muscles are resected.

 n  Find the popliteal vessels and their trifurcation by detach-
ing the lateral gastrocnemius and soleus through their 
substances near the fibula. If necessary, the proximal 
origin of the lateral gastrocnemius on the femur can be 
released as well.

 n  Find and divide the anterior tibial vessels 2 to 3 cm distal 
to the inferior border of the popliteus. Apply traction to 
the popliteal artery, allowing the vessels to fall away from 
the posterior surface of the mass.

 n  Incise the anterior and peroneal compartment muscles 
proximally at their origins and distally at their musculo-
tendinous junctions. Release the interosseous membrane.

 n  Divide the fibular collateral ligament and biceps femoris 
tendon 2.5 cm proximal to their fibular insertions.

 n  Resect the proximal tibiofibular joint through the tibia. 
Posteriorly, this requires incision of the popliteus muscle.

 n  Repair any resulting defect of the posterior capsule of the 
knee. Reattach the biceps femoris tendon and the fibular 
collateral ligament to the lateral condyle of the tibia.

 n  Rotate the lateral gastrocnemius anteriorly by releasing it 
in the midline posteriorly and distally where it joins the so-
leus. This permits coverage of the exposed popliteal and 
posterior tibial vessels and the bared tibia. The lateral sural 
vessels providing vascular supply to the lateral gastrocne-
mius should be carefully preserved.

 n  Use suction drainage for 3 to 5 days.

POSTOPERATIVE CARE Ambulation is begun on the 
first postoperative day with weight bearing as tolerated. 
A hinged knee brace is used for 6 weeks. An ankle-foot or-
thosis is required if the peroneal nerve has been resected.
   

 

RESECTION OF THE TIBIAL DIAPHYSIS
If the extent of a tibial tumor is such that the knee and ankle 
joints can be preserved, an intercalary resection should be 
done with allograft or vascularized autograft fibular recon-
struction (Fig. 24.47).

   

 

RESECTION OF THE DISTAL THIRD OF 
THE FIBULA
The distal third of the fibula can be resected without recon-
struction and without creating significant instability or 
valgus deformity (Figs. 24.48 and 24.49).

 TECHNIQUE 24.21 

 n  Place the patient supine with a nonsterile tourniquet on 
the ipsilateral thigh. A sandbag can be placed under the 
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buttock to aid in exposure by allowing internal rotation 
of the extremity during the procedure.

 n  After gravity exsanguination, make a direct lateral incision 
spanning the extent of bone to be resected. Any biopsy 
site should be incorporated and maintained with the re-
sected specimen throughout the entire case.

 n  Raise anterior and posterior flaps to expose the bone and 
any soft-tissue component associated with the tumor.

 n  Identify any sensory branches of the superficial peroneal 
nerve in the proximal aspect of the wound coursing an-
teriorly and preserve them if they are not involved in the 
tumor.

 n  Retract the peroneus longus and brevis tendons posteri-
orly and dissect around the lateral malleolus leaving a cuff 
of normal tissue.

 n  Make the fibular osteotomy proximally at a level deter-
mined by preoperative imaging (i.e., MRI) and retract the 
cut end out of the wound.

 n  Dissect distally to excise the remaining soft-tissue attach-
ments between the distal tibia and lateral malleolus. Di-
vide the ankle ligaments.

 n  Deliver the specimen from the wound and release the 
tourniquet. After achieving hemostasis, close the wound 
over suction drainage in a standard fashion.

 n  Apply a short leg posterior splint.
  

RESECTION-ARTHRODESIS OF THE ANKLE
Rarely in our experience is a lesion in the distal tibia best 
treated by wide resection arthrodesis of the ankle. The 
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FIGURE 24.47 Intercalary tibial allograft in 11-year-old boy with Ewing sarcoma. A, Allograft 
fashioned to match resected specimen. B and C, Allograft placed in defect and fixed with distal 
tibial locking plate. D and E, Postoperative anteroposterior and lateral radiographs.
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 FIGURE 24.48 Resection of distal fibula in 13-year-old girl with Ewing 
sarcoma. A, Anteroposterior radiograph shows tumor of distal fibula. B, Initial 
MR image. C, MR image after neoadjuvant chemotherapy shows decrease 
in size of tumor. D, Distal fibula resected with wide margins. E, Distal fibula 
has been removed. F, Anteroposterior radiograph at 6 months after surgery. 
Patient is pain free and walks with ankle brace.
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morbidity and prolonged recovery must be balanced against 
the almost certain satisfactory function of below-knee ampu-
tation and prosthetic fitting. Lewis advocated a longitudinal 
anterior approach; Enneking recommended parallel medial 
and lateral incisions. Reconstruction after resection of the dis-
tal tibia is accomplished by autograft or allograft arthrodesis. 

RESECTION OF THE TALUS
In our experience, resection of the talus is rarely necessary. 
Wide resection of the talus can be accomplished through 
an extended anterolateral approach to the ankle and hind-
foot (see Chapter 1). If a portion of the head and neck can 
be spared, a Blair fusion provides a good reconstruction (see 
Chapter 11). If total resection is necessary, calcaneotibial 
fusion is advisable. 

ROTATIONPLASTY
In 1975, Kristen, Knahr, and Salzer first reported using the 
Borggreve rotationplasty in the treatment of distal femoral 
osteosarcoma as an alternative to amputation. The technique 
subsequently has been modified so that lesions in vari-
ous parts of the femur and proximal tibia can be treated by 
rotationplasty.

Winkelmann classified rotationplasty into five groups, as 
follows:
Group AI—Lesion in distal femur. The distal femur, knee 

joint, and proximal tibia are resected; the lower leg is 
rotated 180 degrees, and the tibia is joined to the remain-
ing femur (Fig. 24.50).

Group AII—Lesion in the proximal tibia. The distalmost 
femur, knee joint, and proximal tibia are resected. After 
rotation of 180 degrees, the distal tibia is joined to the 
distal femur (Fig. 24.51).

Group BI—Lesion in the proximal femur sparing the hip 
joint and gluteal muscles. The upper femur and hip joint 
are resected, and the leg is rotated 180 degrees. The dis-
tal femur is joined to the pelvis so that the knee func-
tions as the hip and the ankle functions as the knee (Fig. 
24.52).

 

A B C

FIGURE 24.49 Long-term follow-up (40 years) of patient with resection of the distal fibula 
for osteosarcoma. No recurrence, deformity, instability, or metastasis occurred. A, Preoperative 
radiograph. B and C, Anteroposterior and lateral radiographs 39 years later.

 FIGURE 24.50 Rotationplasty type AI for a lesion in the distal 
femur.  (Redrawn from Winkelmann WW: Rotationplasty in the local 
treatment of osteosarcoma, Semin Orthop 3:40, 1988.)
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Group BII—Lesion in the proximal femur with involvement 
of hip joint and contiguous soft tissue. The upper femur, 
hip joint, and lower hemipelvis are resected, and the leg 
is rotated 180 degrees. The remaining femur is joined to 
the remnant of the ilium so that the knee functions as a 

hinged hip joint and the ankle functions as the knee (Fig. 
24.53).

Group BIII—Lesion in the midfemur. The entire femur is 
resected. The tibia is attached to the pelvis using an endo-
prosthesis (Fig. 24.54). 

 FIGURE 24.51 Rotationplasty type AII for a lesion in the prox-
imal tibia.  (Redrawn from Winkelmann WW: Rotationplasty in the local 
treatment of osteosarcoma, Semin Orthop 3:40, 1988.)

 FIGURE 24.52 Rotationplasty type BI for lesion in proximal 
femur.  (Redrawn from Winkelmann WW: Rotationplasty in the local 
treatment of osteosarcoma, Semin Orthop 3:40, 1988.)

 FIGURE 24.53 Rotationplasty type BII for lesion in proximal 
femur with involvement of hip joint and contiguous soft tissue.  
(Redrawn from Winkelmann WW: Rotationplasty in the local treatment 
of osteosarcoma, Semin Orthop 3:40, 1988.)

 FIGURE 24.54 Rotationplasty type BIII for malignant lesion in 
femur.  (Redrawn from Winkelmann WW: Rotationplasty in the local 
treatment of osteosarcoma, Semin Orthop 3:40, 1988.)
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ROTATIONPLASTY FOR A LESION IN 
THE DISTAL FEMUR

 TECHNIQUE 24.22 

(KOTZ AND SALZER)
 n  Make a skin incision in the shape of a large rhombus with 

its long axis on the anterior surface and its two lateral 
points meeting on the posterior surface of the lower limb 
(Fig. 24.55A). Any biopsy track must be entirely within the 
rhombus-shaped area of skin and must be excised en bloc 
with the tumor. The long axis of the rhombus is 5 to 10 
cm longer than the intended length of bone resection.

 n  Incise the fascia at the level of skin incision.
 n  Identify and dissect the common peroneal, tibial, and sci-

atic nerves. Next, identify the femoral vessels proximally 
in the adductor canal and dissect them distally, ligating 
branches as necessary. Resect the vessels with the tumor 
if involved and subsequently reconstruct them.

 n  Expose the femur and transect it 5 cm or more proximal 
to the proximal margin of the lesion.

 n  Expose the proximal part of the tibia just distal to the knee 
joint capsule and proximal to the anterior tibial artery and 
divide the tibia distal to the proximal physis.

 n  Remove the specimen from the operative field and have 
it immediately inspected by the pathologist to ensure ad-
equate margins.

 n  Externally rotate the leg 180 degrees to situate the tibial 
and peroneal nerves on the medial side of the femur.

 n  Join the femur and tibia with a compression plate. Before 
osteosynthesis, consider limb length and placement of the 
ankle joint. Because of faster growth of the femur com-
pared with the externally rotated distal tibia, the ankle joint 
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FIGURE 24.55 A, Rhomboid-shaped incision for type AI rota-
tionplasty. B, Alternative circumferential thigh incision and fish-
mouth leg incision. (A redrawn from Kotz R, Salzer M: Rotationplasty for 
childhood osteosarcoma of the distal part of the femur, J Bone Joint Surg 
64A:959, 1982; B redrawn from Gebhart MJ, McCormack RR Jr, Healey JH, 
et al: Modification of the skin incision for the Van Nes limb rotationplasty, 
Clin Orthop Relat Res 216:179, 1987.) SEE TECHNIQUE 24.22.

(which now serves as the knee joint) should be no more 
than 4 to 6 cm distal to the contralateral normal knee. 
More exact predictions of length and normal growth can 
be made by using the Green-Anderson tables. In an adult, 
the ankle and knee joint should be at the same level.

 n  If sacrifice of the femoral vessels is necessary, reconstruc-
tion should be accomplished within 2 hours, but after 
osteosynthesis is completed. If the vessels are preserved, 
place them in loops between muscles to avoid kinking.

 n  Suture the muscles of the thigh to the fascia of the leg.
 n  During skin closure, redundant skin from the proximal por-

tion of the wound can be removed to allow for differences 
in the circumference of the thigh and leg. Gebhart et al. 
suggested modifying the skin incision so that circumferen-
tial thigh and fish-mouth leg incisions are used to equalize 
the circumferences of the incisions in the thigh and leg and 
decrease skin length disproportion (Fig. 24.55B).

POSTOPERATIVE CARE Non–weight-bearing ambula-
tion is begun initially. At 6 weeks, a temporary prosthesis 
is fitted and progressive weight bearing is allowed.
   

 

ROTATIONPLASTY FOR A LESION OF 
THE PROXIMAL FEMUR WITHOUT 
INVOLVEMENT OF THE HIP JOINT

 TECHNIQUE 24.23 Figure 24.56A

(WINKELMANN)
 n  Begin the proximal skin incision medially at the inguinal crease 

and continue it anteriorly over the thigh two fingerbreadths 
distal and parallel to the inguinal ligament. Curve it upward 
just distal to the anterior superior iliac spine onto the lateral 
aspect of the thigh. Follow the lateral border of the thigh 
and gluteal fold to join the start of the incision medially (Fig. 
24.56B).

 n  Measure the distance between the superior border of the 
anterior superior iliac spine and the inferior border of the 
ischium on the anteroposterior radiograph of the pelvis. This 
distance is measured proximally from the medial joint line 
on the medial aspect of the thigh. This marks the superior 
extent of the distal skin incision. The distal extent of the distal 
skin incision, which forms an elongated oval, is on the lateral 
aspect of the thigh 6 to 8 cm above the lateral joint line. The 
anterior connecting skin incision follows the course of the 
femoral artery and vein, and the posterior connecting skin 
incision follows the course of the sciatic nerve. The track of 
any previous biopsy must be in the resected part of the lower 
limb.

 n  Incise the fascia of the thigh in line with the skin incision 
and detach the sartorius muscle from its origin.

 n  Expose the femoral neurovascular bundle at the junction 
of the saphenous and femoral veins. Divide the femoral 
nerve just distal to the inguinal ligament and ligate the 
saphenous vein near its junction with the femoral vein. 
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Dissect the vascular bundle distal to the Hunter canal, 
dividing all branching vessels as necessary (Fig. 24.56C). 
If the femoral artery and vein are involved with tumor, 
sacrifice and reconstruct them.

 n  Detach the tensor fasciae latae, rectus femoris, and ad-
ductor muscles from their origins.

 n  Ligate the obturator nerve, artery, and vein.
 n  Divide the obturator externus near its origin and divide 

the iliopsoas muscle deep to the inguinal ligament.
 n  Posteriorly, detach the gluteus maximus from the femur 

3 cm from its insertion and reflect it proximally.
 n  Dissect the sciatic nerve distally as far as the inferior line 

of resection.
 n  Preserve the gluteus medius and minimus muscles if pos-

sible. Incise the hip joint capsule circumferentially close to 
the pelvis.

 n  Distally, create a musculotendinous flap of the quadriceps 
mechanism for later suture to the gluteal muscles. Divide 
the hamstring tendons at a point distal enough to allow 
later suture to the iliopsoas.

 n  Determine the length of the distal part of the femur to 
be retained by using the anteroposterior radiograph of 
the pelvis. In adults, the inferior border of the femoral 
condyles should be slightly above the distal border of the 
ischium (Fig. 24.56D). In children, the inferior border of 
the femoral condyle is positioned 1 to 2 cm below the 
distal border of the ischium. Leave the shaft of the femur 
only as long as is needed to fix it to the lateral surface of 
the ilium with at least four screws.

 n  After removal of the lesion and proximal femur, carefully 
support the remaining limb because it is attached only by 
the neurovascular bundle.

 n  Expose subperiosteally the lateral aspect of the wing of 
the ilium.

 n  Rotate the extremity 180 degrees so that the foot faces 
posteriorly. Shape the lateral aspect of the cortex of the 
distal femur so that the lower limb is in neutral in the 
coronal plane and in 10 degrees of external rotation with 
the knee in full extension when it is apposed to the iliac 
wing.
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FIGURE 24.56 A-D, Technique of type BI rotationplasty (see text). E-G, Technique of type BII 
rotationplasty (see text). (Redrawn from Winkelmann WW: Hip rotationplasty for malignant tumors of 
the proximal part of the femur, J Bone Joint Surg 68A:362, 1986.) SEE TECHNIQUES 24.23 AND 24.24.

    

https://booksmedicos.org


PART VIII TUMORS952

 n  Fix the femoral shaft to the ilium with at least four screws 
or bolts.

 n  Suture the muscles with the knee flexed 70 degrees. Pos-
teriorly, suture the gluteal muscles to the quadriceps, and 
anteriorly, suture the hamstring tendons to the iliopsoas. 
Position the sciatic nerve and femoral vessels in loops in 
the subcutaneous space to prevent kinking. Excise any 
redundant skin on the thigh.
   

 

ROTATIONPLASTY FOR A LESION OF 
THE PROXIMAL FEMUR INVOLVING 
THE HIP JOINT

 TECHNIQUE 24.24 

(WINKELMANN)
 n  The proximal extent of resection is determined by the size 

and location of the tumor (Fig. 24.56E). When necessary, 
remove all the posterior musculature of the hip and the 
sacrospinous and sacrotuberous ligaments from their ori-
gins and transect the iliopsoas muscle within the pelvis.

 n  Divide the ilium as far proximally as necessary, leaving 
enough to allow fixation of the femur to the pelvis with 
at least four screws (Fig. 24.56F and G).

 n  Anteriorly, resect the hemipelvis to the symphysis pubis if 
necessary.

 n  If the gluteal muscles are resected, spare the femoral nerve 
and vessels because the distal and middle parts of the 
quadriceps muscle are used as the hip (knee) extensors.

 n  Depending on the level of transection of the iliopsoas 
muscle, leave the flexor tendons of the knee longer or 
shorter as needed.

POSTOPERATIVE CARE A single spica cast is applied 
with the anterior half made removable so that passive hip 
exercises can be started soon after surgery. Active exer-
cises of the ankle also are begun soon after surgery, and 
active hip exercises are started after 3 weeks.
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 BENIGN BONE TUMORS AND NONNEOPLASTIC 
CONDITIONS SIMULATING BONE TUMORS

Patrick C. Toy, Robert K. Heck Jr.

CHAPTER 25

This chapter discusses bony lesions that do not usually 
behave aggressively locally and that have never been shown 
to metastasize. Most are either asymptomatic or minimally 
symptomatic except when complications, such as a patho-
logic fracture, occur. Many are discovered incidentally 
(Table 25.1).

BONE-FORMING TUMORS
OSTEOID OSTEOMA
Osteoid osteoma is a benign neoplasm most often seen in 
young men. Most osteoid osteomas are found in the second 
or third decades of life, but an occasional lesion has been 
reported in older patients. Almost any bone can be involved, 
although there is a predilection for the lower extremity, with 
half the cases involving the femur or tibia. The tumor may 
be found in cortical or cancellous bone. Multicentric lesions 
have been reported. No malignant change has ever been doc-
umented. The typical patient with an osteoid osteoma has 
pain that is worse at night and is relieved by aspirin or other 
nonsteroidal antiinflammatory medications. Increased lev-
els of cyclooxygenases and prostaglandins have been dem-
onstrated in the lesions. This fact explains the cause of the 
intense pain as well as the dramatic pain relief that results 
from treatment with nonsteroidal antiinflammatory medi-
cation. When the lesion is near a joint, swelling, stiffness, 
and contracture may occur. When the lesion is in a verte-
bra, scoliosis may occur. Imaging studies are usually diag-
nostic. Biopsy is rarely required to confirm the diagnosis. 
The lesion consists of a small (<1.5 cm), central radiolucent 
nidus with surrounding bony sclerosis. Plain radiographs 
are often sufficient to make the diagnosis. Computed 
tomography (CT) is the best technique to identify the nidus 
and confirm the diagnosis. The lesions demonstrate marked 
increased uptake on technetium bone scans. Magnetic reso-
nance imaging (MRI) studies usually demonstrate extensive 
surrounding edema.

The microscopic appearance consists of fibrovascular tis-
sue with immature bony trabeculae that are rimmed by promi-
nent osteoblasts. The histologic appearance is similar to that 
of an osteoblastoma, with the exception that osteoblastomas 
are larger. The lesion is usually surrounded by a sclerotic rim. 
There is no nuclear atypia. Osteoclasts and occasional giant 
cells can be seen. There are no aggressive features.

Multiple treatment options are available, including medi-
cal treatment, percutaneous radiofrequency ablation, and open 
surgical procedures. If the patient’s symptoms are adequately 
controlled and the patient is willing to undergo long-term medi-
cal management, antiinflammatory medication can be used as 
the definitive treatment. Patients treated in this manner usually 
experience spontaneous healing of the lesion within 3 to 4 years.

Most patients with lesions of the pelvis or long bones of the 
extremities can be treated with percutaneous radiofrequency 
ablation (Fig. 25.1). This technique involves a CT-guided 
core needle biopsy after which a radiofrequency electrode is 
inserted through the cannula of the biopsy needle. The tem-
perature at the tip is increased to 90°C for 6 minutes. Multiple 
authors have reported excellent results with this procedure. It 
is usually done as an outpatient procedure, and patients can 
usually return immediately to full activity. Recurrence rates are 
less than 10%. Great care must be exercised when performing 
radiofrequency ablation on vertebral lesions because of the risk 
of injury to the spinal cord or nerve roots. The procedure may 
not be indicated for lesions of the small bones of the hands or 
feet because of the risk of thermal injury to the skin.

Surgical management involves removal of the entire 
nidus. This can be accomplished by curettage or en bloc 
resection. The latter is associated with a low recurrence rate 
but is rarely indicated for lesions in the long bones because 
of an increased risk of postoperative pathologic fracture. 
More often, removal is done using the burr-down technique 
(Fig. 25.2). This method consists of identifying the nidus 
intraoperatively with fluoroscopy and using a power burr to 
remove the sclerotic bone directly over the nidus. The nidus 
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 TABLE 25.1 

Lesions of Bone

TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS

BONE-FORMING

Osteoid  
osteoma

2nd-3rd 
decades

Male:female 3:1 Lower extremity 
long bones

Posterior  
elements  
spine

Diaphyseal/
metaphyseal

Pain; worse at 
night

Frequently 
responds to 
NSAIDs

Cortical radiolucent 
nidus <1.5 cm 
with marked  
cortical 
thickening

Trabeculae  
surrounded by  
loose fibrovascular 
tissue

NSAIDs
Burr down 

technique
Radiofrequency 

ablation

High levels of  
cyclooxygenases and 
prostaglandins in the 
lesion

Bone island Adults Male = female Pelvis
Femur

Usually 
asymptomatic

Small round area of 
increased density  
in cancellous  
bone with  
radiating spicules  
at periphery

Mature bone with 
thickened  
trabeculae that 
merge with  
normal bone at 
the periphery

Observation Osteopoikilosis— 
multiple bone islands

CARTILAGE LESIONS

Chondroma Adults Male = female Hand
Proximal 

humerus
Distal femur
Proximal tibia

Usually 
asymptomatic

Lobulated areas of 
stippled  
calcification

Minimal cortical  
erosion (except in 
hand)

Benign-appearing 
hyaline cartilage

Observation
Curettage if 

symptomatic

Ollier disease—multiple 
enchondromas  
(malignant  
transformation 
common)

Maffucci syndrome— 
multiple  
enchondromas with 
soft-tissue  
hemangiomas  
(malignant  
transformation 
common)

Osteochondroma 2nd-3rd 
decades

Slight male 
predominance

Metaphysis of 
long bones

Mass; may be 
painful  
secondary to 
irritation of 
soft-tissue 
structures,  
fracture, or 
overlying 
bursa

Pedunculated or  
sessile bone 
lesion that  
communicates  
with intra- 
medullary canal  
of host bone.  
Lesion has  
overlying  
cartilage cap

Similar to epiphysis 
that  
undergoes  
endochondral 
ossification

Observation if 
asymptomatic

Resection if 
symptomatic; 
cartilage cap 
must be  
removed  
entirely

Malignant  
transformation to  
chondrosarcoma is  
rare

Multiple hereditary  
exostoses (MHE) is  
autosomal dominant 
with incomplete 
penetrance

MHE—mutation of 
EXT1 or EXT2
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Continued

FIBROUS LESIONS

Nonossifying 
fibroma  
(NOF)

1st-2nd 
decades

Male = female Metaphysis of 
long bones

Asymptomatic; 
usually  
discovered 
incidentally  
on plain  
radiographs 
unless  
pathologic 
fracture

Geographic,  
eccentric lesion 
located in  
metaphysis of  
long bones

Multilobulated 
appearance with 
well-defined  
sclerotic margins

Bland-appearing 
spindle cells 
arranged in a  
storiform pattern 
in a collagenous 
matrix

Observation
Curettage if large
Fractures usually 

treated  
nonoperatively

Jaffe-Campanacci  
syndrome—multiple 
NOFs with café-au- 
lait spots

Cortical  
desmoid

2nd decade Male Posteromedial 
distal femoral 
metaphysis

Usually 
asymptomatic

Erosion of the  
posteromedial  
distal femoral  
cortex with a  
sclerotic base

Fibrous tissue with 
collagenous  
stroma

Bland-appearing 
spindle cells 
arranged in a  
storiform pattern 
in a collagenous 
matrix (similar to 
NOF)

Observation Possibly a reaction to  
pull of adductor  
magnus

Benign fibrous 
histiocytoma

4th-5th 
decades

Male = female Pelvis
Femur

Progressive pain Lobulated, centrally 
located,  
radiolucent with 
 sclerotic rim

Curettage

Fibrous  
dysplasia

1st-3rd 
decades

Male = female Femur
Tibia

Pain
Deformity
Cutaneous 

pigmentation
Endocrine 

abnormalities

Ground-glass  
appearance with  
well-defined  
sclerotic rim

Irregular woven 
bone spicules with 
a fibrous stroma

Prophylactic  
fixation of 
impending 
fractures

Correction of 
deformity

Bisphosphonates 
for severe cases

McCune-Albright  
syndrome— 
polyostotic fibrous  
dysplasia, cutaneous  
pigmentation,  
endocrine  
abnormalities

Mazabraud syndrome 
—polyostotic fibrous 
dysplasia,  
intramuscular  
myxomas
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Osteofibrous 
dysplasia

1st-2nd 
decades

Male = female Tibia (diaphysis) Asymptomatic 
unless  
pathologic 
fracture

Anterior 
bowing

Multicentric  
radiolucent  
lesions in the  
cortex of the tibia

Irregular trabeculae 
with prominent  
osteoblastic  
rimming

Loose fibrous stroma

Observation
Fractures usually 

treated 
nonoperatively

Surgery for  
correction of  
deformity

Desmoplastic 
fibroma

2nd-3rd 
decades

Male:female  
2:1

Any Pain
Pathologic 

fracture

Radiolucent lesion 
with cortical  
erosion

Frequently with 
septations

May have soft-tissue 
mass

Hypocellular fibrous 
tissue with  
abundant collagen

Extended  
curettage vs.  
wide resection

CYSTIC LESIONS

Unicameral  
bone cyst

1st-2nd 
decades

Male:female  
2:1

Proximal 
humerus

Proximal femur

Asymptomatic 
unless  
pathologic 
fracture

Centrally located, 
purely radiolu-
cent lesion

Concentrically 
expands cortex

No cortical 
destruction

Cyst filled with 
straw-colored fluid

Thin fibrovascular 
lining

Observation
Aspiration/ 

injection  
(steroids, bone 
marrow, bone  
graft substitute)

Curettage
Aneurysmal  

bone cyst
1st-2nd 

decades
Slight female 

predominance
Proximal 

humerus
Distal femur
Proximal tibia
Spine (posterior 
elements)

Pain Eccentric expansile 
radiolucent lesion

Thin cortical shell
Fluid/fluid levels on 

MRI

Hemorrhagic  
cavernous spaces

Septae of  
fibroblasts,  
histiocytes,  
hemosiderin-laden 
macrophages, and 
giant cells

Extended  
curettage

Consider  
preoperative  
embolization  
for pelvic  
lesions

FATTY TUMORS

Lipoma Adults Male = female Any Asymptomatic Well-defined  
radiolucent  
lesions frequently 
with matrix 
calcification

Normal fat signal  
on MRI

Fatty tissue with 
focal areas of 
necrosis

Observation

TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS

 TABLE 25.1

Lesions of Bone—cont,d
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VASCULAR TUMORS

Hemangioma Adults Male:female  
1:2

Vertebral body Asymptomatic Thickened vertically 
oriented  
trabeculae  
(“jailhouse”  
appearance on 
radiographs,  
“polka dot”  
appearance on  
CT)

MRI bright on  
T1- and  
T2-weighted  
images

Proliferation of 
blood vessels

None

OTHER NONNEOPLASTIC LESIONS

Paget disease 5th-8th 
decades

Slight male  
predominance

Vertebral body
Pelvis
Proximal femur

Pain Early lytic phase 
Late—thickened 
cortex, coarse 
trabeculae

Bone scan—hot
MRI—normal  

marrow signal

Woven bone
Irregular cement 

lines
Fibrovascular stroma

Bisphosphonates
NSAIDs
Calcitonin

Virus-like inclusion 
bodies suggest viral 
etiology

Common in people of 
Anglo-Saxon descent, 
rare in others

Disorder of  
unregulated bone 
turnover

Brown tumor Adults Male = female Any Bone lesions 
frequently 
asymptomatic 
unless  
pathologic 
fracture

Symptoms of 
hypercalcemia  
(nausea, 
weakness, 
headaches,  
generalized 
bone pain)

Diffuse osteopenia
Multifocal  

radiolucent  
lesions with 
 surrounding  
reactive bone

Giant cells, increased 
osteoclastic  
activity, marrow 
fibrosis

Diagnosis usually 
made by serum 
hypercalcemia and 
hypophosphatemia

Medical 
management by 
endocrinologist

Surgery for actual 
or impending 
pathologic 
fractures

Primary  
hyperparathyroidism 
usually caused by  
parathyroid  
adenoma

Secondary  
hyperparathyroidism 
usually caused by 
chronic renal failure

CT, Computed tomography; MRI, magnetic resonance imaging; NSAIDs, nonsteroidal antiinflammatory drugs.
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is removed using curets and sent for pathologic examination. 
The cavity is treated again with the power burr to ensure that 
the entire nidus has been removed. In this manner, only a 
minimal amount of surrounding reactive bone is removed, 
minimizing the risk of subsequent fracture. Recurrence rates 
with this technique are less than 10%.

A new noninvasive and radiation-free method of treat-
ment is currently under investigation. Magnetic reso-
nance–guided focused ultrasound (MRgFUS) ablation is 
a technique in which ultrasound waves are focused on the 
osteoid osteoma. When high-intensity waves are focused 

on a single point, considerable heat can be generated. MRI 
is used for both lesion localization and temperature moni-
toring. Preliminary studies have shown this technique to be 
safe and effective. Larger studies are needed to confirm pre-
liminary findings. 

BONE ISLAND
Bone islands, also called enostoses, are benign lesions of can-
cellous bone. They are usually asymptomatic and are discov-
ered incidentally. Almost any bone can be involved, but the 

 

A

C

D

B

FIGURE 25.1 Imaging studies in 17-year-old girl who complained of left thigh pain for several 
months. Anteroposterior (A) and lateral (B) radiographs of left hip show small radiolucent lesion 
with thick sclerotic rim of reactive bone, suggestive of osteoid osteoma. C, Computed tomography 
clearly shows nidus and confirms diagnosis. D, Radiofrequency ablation probe placed into nidus 
under CT guidance.
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pelvis and the femur are the most common sites. It is unclear 
whether they represent a developmental abnormality or neo-
plastic process. Regardless, most remain quiescent. They are 
of interest primarily because other, more aggressive, lesions 
are occasionally in the differential diagnosis for patients with 
bone islands. Osteopoikilosis is a rare condition consist-
ing of multiple small bone islands throughout the skeleton. 
Autosomal dominant and sporadic forms of the syndrome 
have been identified.

Bone islands can usually be diagnosed by plain radio-
graphs. They are typically small, round or oval areas of homo-
geneous-increased density within the cancellous bone (Fig. 
25.3A). Radiating spicules on the periphery of the bone islands 
merge with the native bone creating a brush-like border. No 
bony destruction or periosteal reaction is noted. They may 
show mildly increased uptake on bone scans; however, mark-
edly positive scans should raise suspicion of more aggressive 
lesions. CT scans show thickened trabeculae, which merge 
with the surrounding bone. MRI usually shows well-defined 
lesions that are isointense to cortical bone and thus dark on 
T1- and T2-weighted images (Fig. 25.3B and C) with no sur-
rounding edema. There are no aggressive imaging features.

The microscopic appearance reflects the imaging charac-
teristics. Bone islands consist of mature bone with thickened 
trabeculae. At the periphery of the lesion, the lesional trabec-
ulae merge with the normal bone. There is no sclerotic rim. 
Occasionally, woven bone is a minor part of the lesion.

Most patients with bone islands can be treated with obser-
vation with serial plain radiographs. As long as the lesions 
remain asymptomatic and do not grow, no further interven-
tion is indicated. If a patient experiences pain, or if the lesion 
grows, biopsy is indicated to rule out more aggressive lesions, 
such as a sclerosing osteosarcoma, blastic metastasis, or scle-
rotic myeloma. 

CARTILAGE LESIONS
CHONDROMA
Chondromas are benign lesions of hyaline cartilage. They 
are common, and all age groups are affected. Although any 
bone can be involved, the phalanges of the hand are the most 
common location. They are the most common tumor of the 
small bones of the hands and feet. Chondromas are usually 
asymptomatic and are frequently discovered incidentally dur-
ing an unrelated radiographic examination. They can also be 
discovered after a pathologic fracture. They usually arise in 
the medullary canal, where they are referred to as enchon-
dromas. Rarely, they arise on the surface of the bone, where 
they are referred to as periosteal chondromas or juxtacortical 
chondromas.

Multiple enchondromatosis, also known as Ollier dis-
ease, is a rare condition in which many cartilaginous tumors 
appear in the large and small tubular bones and in the flat 
bones. It is caused by failure of normal endochondral ossifica-
tion. The tumors are located in the epiphysis and the adjacent 
parts of the metaphysis and shaft, and many bones may be 
affected. Deformities resulting from the tumors include short-
ening caused by lack of epiphyseal growth, broadening of the 
metaphyses, and bowing of the long bones. Multiple lesions of 
the small bones of the hand may cause considerable disabil-
ity. When associated with hemangiomas of the overlying soft 
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FIGURE 25.2 A, Osteoid osteoma in lateral cortex of femoral 
diaphysis of 16-year-old boy. B, Technetium bone scan shows 
increased uptake in area of lesion. C, Intraoperative photograph 
after burr-down procedure. D, Typical microscopic appearance of 
osteoid osteoma.
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tissues, the disease is known as Maffucci syndrome. The indi-
vidual lesions are similar to solitary enchondromas but they 
have a definite tendency to become malignant. Approximately 
25% of patients with Ollier disease are diagnosed with sarco-
mas by 40 years of age.

Radiographically, enchondromas are benign- appearing 
tumors with intralesional calcification (Fig. 25.4A and B). 
The calcification is irregular and has been described as 
“stippled,” “punctate,” or “popcorn.” In the small bones of 
the hands and feet there may be considerable erosion and 
expansion of the overlying cortex. In more proximal loca-
tions (e.g., the pelvis, proximal humerus, or proximal femur), 

deep endosteal erosion (two thirds of the thickness of the 
cortex) frequently indicates a chondrosarcoma. An associ-
ated soft-tissue mass is never present with an enchondroma 
and always indicates a chondrosarcoma. Juxtacortical chon-
dromas are usually small (<3 cm), well-defined lesions that 
frequently appear to fit in a saucer-shaped defect on the sur-
face of the bone (Fig. 25.5). The underlying cortex appears 
sclerotic and the edges of the lesion appear to be buttressed 
by a thick rind of cortical bone. Plain radiographs are usu-
ally sufficient to diagnose a chondroma. If the diagnosis is in 
question, CT is best to evaluate endosteal erosion that could 
indicate a chondrosarcoma (Fig. 25.4C).

 

A B C

FIGURE 25.3 A, Bone island in femoral neck of 30-year-old woman. B and C, Lesion is dark 
on T1- and T2-weighted MR images.

 

A CB

FIGURE 25.4 A and B, Anteroposterior and lateral radiographs of distal femur of 55-year-old 
woman show calcified lesion without cortical destruction most consistent with enchondroma. C, 
CT is best imaging study to confirm that there is no cortical destruction that might suggest chon-
drosarcoma.
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The microscopic appearance of a chondroma is that of 
mature hyaline cartilage. Proximally located enchondromas 
should appear bland and hypocellular. Any degree of hyper-
cellularity or atypia in a proximally located cartilage tumor 
should raise suspicion of a chondrosarcoma. Enchondromas 
of the hand, juxtacortical chondromas, and lesions associated 
with multiple enchondromatosis may be relatively hypercel-
lular with mild atypia, and still be benign. The differentiation 
of benign from malignant cartilaginous tumors is one of the 
most difficult problems in bone pathology. All available tissue 
must be examined, and even then the diagnosis may depend 
more on the clinical and radiographic features than on the 
microscopic changes.

Treatment of patients with solitary enchondromas usu-
ally consists of observation with serial radiographs. If the 
lesion remains radiographically stable and asymptomatic, 
no further intervention is indicated. If a lesion grows or 
if it becomes symptomatic, extended curettage is usually 
curative. Before recommending surgery for a symptomatic 
lesion, however, all efforts should be made to rule out other 
possible sources of the patient’s pain (e.g., rotator cuff tear 
in a patient with a proximal humeral enchondroma) (Fig. 
25.6). Recurrence rates are low. Treatment of patients with 
multiple enchondromatosis can be more difficult. Although 
the individual lesions are usually not treated, the more 
obvious deformities can be corrected by osteotomy. These 
patients must also be monitored indefinitely for malignant 
change. 

OSTEOCHONDROMA
Osteochondromas are common benign bone tumors. They 
are probably developmental malformations rather than true 
neoplasms and are thought to originate within the perios-
teum as small cartilaginous nodules. The lesions consist 
of a bony mass, often in the form of a stalk, produced by 

progressive endochondral ossification of a growing carti-
laginous cap. In contrast to true neoplasms, their growth 
usually parallels that of the patient and usually ceases when 
skeletal maturity is reached. Most lesions are found during 
the period of rapid skeletal growth. Approximately 90% of 
patients only have a single lesion. Osteochondromas may 
occur on any bone preformed in cartilage but are usually 
found on the metaphysis of a long bone near the physis 
(Fig. 25.7). They are seen most often on the distal femur, 
the proximal tibia, and the proximal humerus. They rarely 
develop in a joint. Trevor disease (dysplasia epiphysealis 
hemimelica) refers to an intra-articular epiphyseal osteo-
chondroma. When multiple joints are involved, it is usually 
unilateral (hemimelica).

Many of these lesions cause no symptoms and are discov-
ered incidentally. Some cause mechanical symptoms by irri-
tating the surrounding structures and, rarely, one becomes 
painful due to a fracture. False aneurysms of major lower 
extremity vessels caused by pressure from osteochondromas 
have been reported. Also, neuropathies caused by pressure 
from contiguous osteochondromas have occurred; the physi-
cal finding is usually a palpable mass.

Multiple hereditary exostoses is an autosomal-dominant 
condition with variable penetrance. Most patients with this 
disorder have a mutation in one of two genes: EXT1, which 
is located on chromosome 8q24.11-q24.13, or EXT2, which 
is located on chromosome 11p11-12. In this disease, osteo-
chondromas of many bones are caused by an anomaly of skel-
etal development. The most striking feature is the presence 
of many exostoses (Fig. 25.8), but disturbances in growth 
also occur, such as abnormal tubulation of bones, produc-
ing broad and blunt metaphyses, and sometimes bowing of 

 FIGURE 25.5 Anteroposterior radiograph of left proximal 
humerus of 18-year-old man with a juxtacortical chondroma.

 FIGURE 25.6 Anteroposterior radiograph of left shoulder 
of 41-year-old woman with proximal humeral enchondroma who 
complained of left shoulder pain with overhead activity. It was 
determined that her symptoms were caused by her rotator cuff. 
She responded well to physical therapy, and lesion remained radio-
graphically stable.
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the radius and shortening of the ulna, producing ulnar devia-
tion of the hand. The disease only occurs 5% to 10% as often 
as solitary osteochondroma and is more common in males. 
It is usually discovered at approximately the same age as the 
solitary lesion, but closer examination of children in families 
with the disease might lead to earlier discovery.

Osteochondromas are of two types: pedunculated and 
broad based or sessile. All gradations between these types 
also occur. Pedunculated tumors are more common, and 
any definite stalk is directed away from the physis adjacent 
to which it takes its origin. The projecting part of the lesion 
has cortical and cancellous components, both of which are 
continuous with corresponding components of the parent 
bone. The lesion is covered by a cartilaginous cap that is often 
irregular and cannot usually be seen on radiographs; occa-
sionally, calcification within the cap may be seen. Typically, 
the cap is only a few millimeters thick in adults, although 
it may be 2 cm thick in a child. A bursa frequently overlies 
the tumor and may contain osteocartilaginous loose bodies. 
Plain radiographs are usually sufficient to make a diagno-
sis. Occasionally, a CT or MRI scan is needed to confirm the 
diagnosis.

Malignant degeneration is extremely rare. Large series 
have estimated the incidence of malignant degeneration 
to be approximately 1% for patients with a solitary osteo-
chondroma and 5% for patients with multiple hereditary 
exostoses. However, these percentages were derived from 
pathologic data and thus there is inherent bias toward 
large, symptomatic lesions that subsequently underwent 
resection at a referral center. The true incidence of malig-
nant degeneration is much lower than these figures sug-
gest because the true prevalence of osteochondromas is 
unknown. Most patients are asymptomatic and never seek 
medical attention. Malignant transformation should be 
suspected when a previously quiescent lesion in an adult 
grows rapidly; it usually takes the form of a low-grade 
chondrosarcoma. In these cases, the cartilage cap is usually 
more than 2 cm thick. Malignant transformation is best 
evaluated by CT or MRI.

Surgery (en bloc resection) is indicated when the lesion 
is large enough to be unsightly or produces symptoms from 
pressure on surrounding structures or when imaging features 
suggest malignancy. On rare occasions, the diagnosis of a ses-
sile lesion cannot be established by studying the radiographs, 

 

A CB

D E

FIGURE 25.7 A and B, Radiograph and MR image of osteochondroma on distal femur of 
15-year-old girl. C, Intraoperative photograph of lesion. D, Photograph of specimen. E, Photograph 
of bisected specimen. Cartilage caps are only 3 to 4 mm thick (arrows).
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and biopsy is indicated. Recurrence is rare and is probably 
caused by failure to remove the entire cartilaginous cap. 
Patients with multiple hereditary exostoses may require oste-
otomies to correct deformity.

A similar lesion, subungual exostosis, may develop on a 
distal phalanx, especially of the great toe. Often there is a defi-
nite history of trauma. Excision is indicated when elevation of 

the nail produces pain. The history and location of the lesion 
distinguish it from a true osteochondroma. 

FIBROUS LESIONS
NONOSSIFYING FIBROMA
Nonossifying fibromas (also known as metaphyseal fibrous 
defects, fibrous cortical defects, and fibroxanthomas) are 
common developmental abnormalities and are believed to 
occur in 35% of children. Usually, they are found inciden-
tally. Generally, these lesions occur in the metaphyseal region 
of long bones in individuals 2 to 20 years old. Although any 
bone may be involved, approximately 40% of these lesions are 
found in the distal femur, 40% in the tibia, and 10% in the 
fibula. On plain radiographs, a nonossifying fibroma appears 
as a well-defined lobulated lesion located eccentrically in the 
metaphysis (Fig. 25.9). Multilocular appearance or ridges in 
the bony wall, sclerotic scalloped borders, and erosion of the 
cortex are frequent findings. There is no periosteal reaction in 
the absence of a pathologic fracture.

Histologically, the defect is filled with spindle-shaped 
cells distributed in a whorled or storiform pattern. There is 
fibroblastic proliferation with high cellularity. Giant cells and 
foam cells are almost always apparent.

Most nonossifying fibromas are asymptomatic and 
regress spontaneously in adulthood. Most pathologic frac-
tures can be treated nonoperatively. Lesions may become 
symptomatic and require treatment if they become large or 
if they are subjected to repeated trauma. Some authors have 
recommended treatment for lesions that are larger than 50% 
of the diameter of the bone because of a theoretical increased 
risk of pathologic fracture, although this parameter is not 
universally accepted as an indication for surgery. Recurrence 
after curettage is rare (Fig. 25.10). 

 

A B

FIGURE 25.9 A and B, Anteroposterior and lateral radiographs of nonossifying fibroma of 
proximal tibia in a 15-year-old patient.

 FIGURE 25.8 Knees of 22-year-old woman with multiple 
hereditary exostoses. Arrow marks healed femoral fracture 
sustained in postoperative period after resection of one of the 
lesions. Note tibial angulation.
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CORTICAL DESMOID
A cortical desmoid is an irregularity in the posteromedial 
aspect of the distal femoral metaphysis and is usually seen 
in boys 10 to 15 years old. It may be a reaction to muscle 
stress exerted by the adductor magnus. The lesion is best 
seen on an oblique radiograph made with the lower extrem-
ity externally rotated 20 to 45 degrees. Clinical symptoms, if 
any, include soft-tissue swelling and pain. Radiographs and 
MRI reveal erosion of the cortex with a sclerotic base (Fig. 
25.11). A biopsy is not warranted. Treatment usually consists 
of observation. 

BENIGN FIBROUS HISTIOCYTOMA
Benign fibrous histiocytoma is a rare entity that was first 
described by Dahlin in 1978. This lesion occurs most fre-
quently in the soft tissues and is less common in bone. 
Although it is histologically similar to nonossifying fibroma, 
it is a much more aggressive tumor in its biologic behav-
ior and radiographic characteristics (Fig. 25.12). In con-
trast to nonossifying fibroma, which is usually an eccentric 
metaphyseal lesion, benign fibrous histiocytoma may occur 
in the diaphysis or epiphysis of long bones or in the pelvis. 
It is distinguished further by its occurrence in older patients 
between the ages of 30 and 40 years. Radiographically, 
benign fibrous histiocytoma is a well-defined, lytic, expand-
ing lesion with little periosteal reaction. Bone scans are usu-
ally mildly positive. In contrast to nonossifying fibroma, this 
lesion is considered a true neoplasm. Because of its tendency 
for local recurrence, extended curettage or wide resection is 
recommended. 

FIBROUS DYSPLASIA
Fibrous dysplasia is a developmental anomaly of bone for-
mation that may exist in a monostotic or polyostotic form. 
The hallmark is replacement of normal bone and marrow by 
fibrous tissue and small, woven spicules of bone. Fibrous dys-
plasia can occur in the epiphysis, metaphysis, or diaphysis. 
Associated abnormalities, such as sexual precocity, abnormal 
skin pigmentation, intramuscular myxoma, and thyroid dis-
ease, may be present. McCune-Albright syndrome refers to 
polyostotic fibrous dysplasia, cutaneous pigmentation, and 
endocrine abnormalities. Mazabraud syndrome is polyostotic 
fibrous dysplasia with intramuscular myxomas. Malignant 
change is extremely rare but has been reported occasionally 
with and without prior radiotherapy.

The radiographic appearance is characteristic, with the 
lucent area having a granular, ground-glass appearance with 
a well-defined sclerotic rim (Fig. 25.13). Occasionally, biopsy 
is necessary to establish the diagnosis. The histopathologic 
appearance is that of irregular woven bone spicules with a 
fibrous stroma. Small areas of cartilaginous metaplasia and 
cystic changes may be present (Fig. 25.14). Surgical treatment 
is indicated when significant deformity or pathologic fracture 
occurs or when significant pain exists. Actual and impending 
pathologic fractures are best treated with intramedullary fixa-
tion when possible. Deformities are corrected by osteotomy 
with internal fixation. Because recurrence rates are high after 
curettage and bone grafting, cortical bone grafts are preferred 
over cancellous grafts or bone graft substitutes because of 
their slower resorption. Studies suggest that treatment with 
bisphosphonates is likely to be beneficial for patients with 
extensive disease. 

OSTEOFIBROUS DYSPLASIA
Osteofibrous dysplasia (ossifying fibroma of long bones, also 
known as Campanacci disease) is a rare lesion usually affect-
ing the tibia and fibula. Patients are usually in the first two 
decades of life. The middle third of the tibia is the most fre-
quently affected location, and although the lesion usually is 
diaphyseal, it may encroach on the metaphysis. The tibia is 
enlarged and often bowed anterolaterally. Pain is usually 
absent unless pathologic fracture has occurred. The radio-
graphs show eccentric intracortical osteolysis with expansion 
of the cortex (Fig. 25.15). Histologic studies reveal zonal archi-
tecture with loose fibrous tissue in the center of the lesion and 
a band of bony trabeculae rimmed by active osteoblasts at the 
periphery. The lesion must be distinguished from adamanti-
noma and monostotic fibrous dysplasia. The natural course 
of the lesion is unpredictable. Some lesions regress spontane-
ously during childhood; most progress during childhood, but 
not after puberty. Recurrence rates are high after curettage or 
marginal resection in children. Conversely, recurrence rates 
are low after surgery in skeletally mature patients. Pathologic 
fractures can be treated nonoperatively. Surgical management 
is aimed at preventing or correcting deformity. 

DESMOPLASTIC FIBROMA
Desmoplastic fibroma is an extremely rare, locally aggressive 
benign bone tumor. It is similar to, and can be considered 
the bony counterpart of, the much more common desmoid 
tumor of soft tissue. It has been reported in all age groups but 
is more common in the second and third decades. The long 
tubular bones are involved most often, but involvement of the 

 

A B

FIGURE 25.10 A 14-year-old adolescent sustained a pathologic 
fracture through distal tibial nonossifying fibroma after minimal 
trauma. A, Valgus malunion of distal tibia. B, Two years after oste-
otomy, curettage, and bone grafting (calcium phosphate/calcium 
sulfate bone graft substitute), patient was asymptomatic and had 
normal function.
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skull, mandible, pelvis, and spine has been reported. Pain is 
typically the chief complaint.

Radiographs typically reveal a well-circumscribed lytic 
lesion with a narrow zone of transition and, frequently, a thin 
rim of reactive bone (Fig. 25.16A and B). Cortical destruction 
may be present. The lesion sometimes appears septate. On 
MRI, desmoplastic fibroma, similar to other fibrous tumors, 
may show low signal intensity on T1- and T2-weighted 
images (Fig. 25.16C and D). Grossly, the lesional tissue is 
dense and tough, resembling the soft-tissue desmoid lesions. 
It also resembles these lesions microscopically; it is hypocel-
lular and fibroblastic and contains much collagen and few 
mitoses (Fig. 25.16E).

This tumor does not metastasize, but local recurrence 
is common after simple curettage. Wide resection is gener-
ally recommended. Aggressive extended curettage may be 
a reasonable option in selected patients to try to preserve 
better function. Adjuvant treatments that have been shown 
to be effective for treating soft-tissue desmoid tumors (e.g., 
radiation, antiinflammatory agents, tamoxifen, and cytotoxic 

agents) may have a role in treating patients with desmoplastic 
fibromas; however, few data support this approach. 

CYSTIC LESIONS
UNICAMERAL BONE CYST
Unicameral bone cysts are common lesions of childhood 
more consistent with a developmental or reactive lesion 
than a true tumor. Eighty-five percent occur in the first 
two decades with a 2:1 male predominance. Any bone of 
the extremities can be affected, but unicameral bone cysts 
are most common in the proximal humerus and femur. In 
adults, the ilium and calcaneus are more common locations. 
The lesions are most active during skeletal growth and usu-
ally heal spontaneously at maturity. Unicameral bone cysts 
are often asymptomatic unless a pathologic fracture has 
occurred. Two thirds of patients present with fractures that 
can stimulate the cyst to heal. Unicameral bone cysts in the 
flat bones are usually asymptomatic, found incidentally, and 
rarely fracture.

 

A

C

B

FIGURE 25.11 Cortical desmoid of left femur in 8-year-old boy. Anteroposterior radiograph 
(A) and coronal (B) and axial (C) MR images.
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FIGURE 25.12 A, Radiograph of a benign fibrous histiocytoma of lateral malleolus. Low-power 
(B) and high-power (C) photomicrographs demonstrate typical histologic appearance of benign 
fibrous histiocytoma.

 

A B

FIGURE 25.13 A and B, Anteroposterior and lateral radiographs of right hip of 22-year-old 
man with fibrous dysplasia of right proximal femur who complained of pain after water-skiing 
injury. He had no pain before injury. Symptoms resolved with conservative treatment, and lesion 
remained radiographically stable.
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Plain radiographs reveal a centrally located, purely 
lytic lesion with a well-marginated outline and are usu-
ally diagnostic for a unicameral bone cyst. The cyst may 
expand concentrically but never penetrates the cortex. 
Prominent osseous ridges on the inner cortical wall may 
give it a multiloculated appearance. No periosteal reaction 
is present unless there has been a fracture. Occasionally 
(20%), a thinned cortical fragment fractures and falls into 
the base of the lesion, confirming its empty cystic nature. 
This “fallen fragment” sign is pathognomonic of a uni-
cameral bone cyst with a fracture. Unicameral bone cysts 
start as metaphyseal lesions that abut the physis in growing 
children. With time, they appear to move into the diaph-
ysis as the physis grows away from the cyst. Unicameral 
bone cysts are classified as active when they are within 1 
cm of the physis and latent when they are closer to the 
diaphysis.

The exact pathogenesis of these cystic lesions is unclear. 
The most widely accepted theory is that a focal defect in 
metaphyseal remodeling blocks interstitial fluid drainage. 
This leads to increased pressure, which leads to focal bone 
necrosis and accumulation of fluid.

Investigations have shown that the cyst fluid contains 
prostaglandins, oxygen-free radicals, interleukins, cyto-
kines, and metalloproteinases, all of which may contribute 
to bone resorption. Unicameral bone cysts are filled with 
a clear yellow, serous fluid unless a pathologic fracture has 
caused bleeding into the cavity. A fibrous membrane, usu-
ally less than 1 mm thick, lines the cyst wall. The lining of a 
unicameral bone cyst is composed of fibroblasts, rather than 
endothelial cells. Deep to this membrane lining, the cyst wall 
consists of fibrovascular tissue with fragments of immature 
bone, osteoclast-like giant cells, mesenchymal cells, and occa-
sional lymphocytes.

Small, asymptomatic lesions in the upper extremities can 
be treated with observation with serial plain radiographs. 
Larger lesions (lesions at risk of pathologic fracture), symp-
tomatic lesions, and lesions in the lower extremities are 
usually treated with curettage (with or without bone graft-
ing or internal fixation) or aspiration and injection (often 
using corticosteroids, bone marrow aspirate, demineralized 
bone matrix, or other materials). Pathologic fractures in 
the upper extremity can be treated conservatively because 
the fracture may initiate cyst “healing.” Fractures through 
unicameral bone cysts in the proximal femur should be 
treated with curettage, bone grafting, and internal fixation. 
Flexible intramedullary nailing has been used in the femur 
and humerus and provides early stability, often obviating the 
need for a cast, and decreases the risk of further pathologic 
fracture.

Corticosteroid injection was introduced as a treatment 
option for unicameral bone cysts in the mid-1970s because 
the recurrence rate after curettage and bone grafting was 
approximately 50%. Corticosteroid injection was described 
as an effective new treatment option that was inexpensive 
and involved less morbidity. The procedure is done with the 
patient heavily sedated or anesthetized. Fluoroscopic guid-
ance is used to observe an 18-gauge spinal needle as it pen-
etrates the cortex overlying the lesion at one end of the cyst; 
a second needle is placed at the opposite end. The diagno-
sis of a unicameral bone cyst is confirmed through the efflux 
of straw-colored cyst fluid. Many authors recommend that a 
cystogram be done using radiopaque dye and injecting each 
separate cavity if possible. Generally, 80 to 200 mg of methyl-
prednisolone (Depo-Medrol) is used, depending on the size 
and age of the patient and the size of the lesion. This tech-
nique is believed to work either by an antiprostaglandin effect 
or by decreasing the pressure of the cyst. If the lesion does not 
show radiographic signs of healing in 2 months, repeat injec-
tions should be considered. More than 90% of patients can be 
treated successfully in this manner.

Other materials used for percutaneous treatment of 
unicameral bone cysts include autogenous bone marrow 
mixed with allograft demineralized bone matrix, high-
porosity hydroxyapatite, calcium sulfate, calcium phosphate 
bone graft substitutes (Fig. 25.17), and cancellous allograft. 
No study has shown the superiority of one type of injec-
tion over another. Poor prognosis factors for successful 
percutaneous treatment of a unicameral bone cyst include 

 FIGURE 25.14 Typical histologic appearance of fibrous 
dysplasia.
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FIGURE 25.15 A and B, Anteroposterior and lateral radiographs 
of 10-year-old boy with osteofibrous dysplasia of the right tibia.
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  FIGURE 25.16 A and B, Anteroposterior and lateral radiographs of 19-year-old man with 
desmoplastic fibroma of right distal tibia. C and D, Note dark signal on T1- and T2-weighted MR 
images. E, Histologic appearance.
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a multiloculated appearance, large size, radiographically 
active lesions, and patient age younger than 10 years. After 
three injections without healing, curettage and bone graft-
ing should be considered.

Curettage, bone grafting, and internal fixation should be 
considered for large painful lesions in areas such as the proxi-
mal femur that are at high risk for fracture. Allograft bone or 
one of the many commercially available bone graft substitutes 
can provide excellent healing without the morbidity of auto-
graft harvest. 

ANEURYSMAL BONE CYST
Aneurysmal bone cysts are locally destructive, blood-filled 
reactive lesions of bone and are not considered to be true 
neoplasms. Any bone may be involved, but the most com-
mon locations include the proximal humerus, distal femur, 
proximal tibia, and spine. Vertebral lesions, accounting for 
15% to 20% of these entities, are located in the posterior 
elements, with frequent extension into the vertebral body 
or to adjacent levels. Most occur in patients younger than 
20-years old, and there is a slight female predominance. 
Most patients with aneurysmal bone cysts complain of 
mild-to-moderate pain that has been present for weeks to 
several months. Rapid growth can occur and clinically may 
mimic a malignancy. Spinal lesions may cause neurologic 
deficits or radicular pain.

Radiographs reveal an expansile lytic lesion that ele-
vates the periosteum but remains contained by a thin shell 
of cortical bone. An aneurysmal bone cyst can have well-
defined margins or a permeative appearance that mim-
ics a malignancy. It is most often eccentrically located in 
the metaphysis. A bone scan shows diffuse or peripheral 
tracer uptake with a central area of decreased uptake. CT is 

particularly helpful in delineating the cyst in areas of com-
plex anatomy, such as the spine or pelvis. In addition, the 
thin rim of bone surrounding the cyst can be identified. 
MRI shows the multiloculated cavities and fluid levels. 
When differentiating between a unicameral and aneurys-
mal bone cyst using MRI, the presence of a double-density 
fluid level and intralesional septations usually indicates an 
aneurysmal bone cyst.

An aneurysmal bone cyst can arise de novo, but areas 
similar to an aneurysmal bone cyst are found in various 
other lesions, such as giant cell tumors, chondroblastomas, 
osteoblastomas, fibrous dysplasia, nonossifying fibromas, 
and chondromyxoid fibromas. Although the pathogenesis 
is uncertain, it is likely that aneurysmal bone cysts result 
from local circulatory disturbance leading to increased 
venous pressure and production of local hemorrhage. 
Grossly, an aneurysmal bone cyst is a cavitary lesion with 
blood-filled septate spaces. It is surrounded by a thin layer 
of bone covered by a raised periosteum. The microscopic 
appearance is of hemorrhagic tissue with cavernous spaces 
separated by a cellular stroma. The lining of the cavitary 
spaces consists of compressed fibroblasts and histiocytes 
(Fig. 25.18). Hemosiderin-laden macrophages, chronic 
inflammatory cells, and multinucleated giant cells are also 
present. A solid variant of aneurysmal bone cyst has been 
described and is frequently referred to as giant cell repara-
tive granuloma.

We treat most aneurysmal bone cysts with extended 
curettage and grafting with a bone graft substitute (Figs. 
25.19 and 25.20). Because the lesion may produce heavy 
bleeding, tourniquet control is advised. Marginal resec-
tion is sometimes indicated for lesions in expendable bones. 
Lesions in the spine or pelvis can be treated with preoperative 

 

A B C

FIGURE 25.17 A, Anteroposterior radiograph of 8-year-old girl with pathologic fracture through 
unicameral bone cyst of the right humerus. B, Immediate postoperative radiograph after aspiration 
and injection using a calcium sulfate/calcium phosphate bone graft substitute. C, Radiograph at 1 
year demonstrating remodeling of bone graft with no sign of cyst recurrence.
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embolization to minimize surgical blood loss (Fig. 25.21). 
Arterial embolization has been used as definitive treat-
ment of aneurysmal bone cysts in locations where curet-
tage would be extremely difficult. Low-dose radiation has 
been reported to be an effective method of treatment, often  
associated with rapid ossification; however, it is not used 
routinely because of the potential for malignant trans-
formation. Studies have shown a possible role for deno-
sumab in the treatment of aneurysmal bone cysts when 
surgery would be associated with unacceptable morbid-
ity. Denosumab is a monoclonal antibody targeted against 
RANKL and has been shown to be useful in the treatment 
of giant cell tumors.

The recurrence rate after curettage of an aneurysmal bone 
cyst is 10% to 20%. Recurrence has been correlated with age 
younger than 15 years, centrally located cysts, and incomplete 
removal of the cystic cavity contents. Recurrent cysts can be 
treated with the same approach as the primary lesion.  FIGURE 25.18 Histologic appearance of aneurysmal bone cyst.
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FIGURE 25.19 A, Radiolucent aneurysmal bone cyst of left proximal tibial metaphysis in  
10-year-old boy. B and C, Coronal and axial MR images show multiloculated lesion with multiple 
fluid-fluid levels consistent with aneurysmal bone cyst. D, CT shows thin rim of remaining cortex 
over lesion. Biopsy confirmed diagnosis.
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INTRAOSSEOUS GANGLION CYST
Ganglion cysts of bone typically occur in the ends of the 
long bones of middle-aged men, particularly the distal tibia, 
although the knee and shoulder are other common areas. 
These cysts are thought to be intraosseous extensions of gan-
glia of local soft tissues. Subperiosteal ganglia have also been 
reported. On radiographs and MRI they appear as unilocu-
lated or multiloculated, well-demarcated, lytic defects with a 
thin rim of sclerotic bone (Fig. 25.22). Treatment of symp-
tomatic lesions is by local excision of overlying soft tissues 
and curettage of the involved bone. Recurrence is uncommon. 

EPIDERMOID CYST
Cysts filled with keratinous material and lined with a flat-
tened squamous epithelium are occasionally seen in bone. 
Microscopically, they resemble epidermal inclusion cysts 
of the skin. In bone, these lesions are known as epidermoid 
cysts and are found most often in the skull. Radiographically, 
they appear as rarefied defects surrounded by sclerotic bone. 

Epidermoid cysts may also be found in the phalanges of the 
fingers (see Chapter 78) and are usually considered traumatic. 

FATTY TUMORS
LIPOMA
Intraosseous lipoma is a relatively rare lesion in contrast to 
its soft-tissue counterpart. The true incidence is unknown 
because most are asymptomatic and never come to medical 
attention. Most intraosseous lipomas are discovered as inci-
dental findings. The radiographic appearance varies but is 
generally benign. They usually appear as well-defined lucen-
cies, possibly with a thin rim of reactive bone (Fig. 25.23A). 
CT and MRI show well-defined lesions with the same signal 
characteristics as fat (Fig. 25.23B and C). Central necrosis or 
calcification is sometimes evident. Biopsy is rarely necessary 
because imaging is usually diagnostic. Surgery is indicated 
only for the rare symptomatic lesion. In these cases, simple 
curettage is usually curative. 
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FIGURE 25.19, cont’d E, Intraoperative photograph of multiloculated blood-filled cavity. F, 
After removal of cyst lining with large curets, tumor cavity is enlarged with power bur. G, Tumor 
cavity is treated with argon beam coagulation. Cavity was packed with freeze-dried cancellous bone 
chips and demineralized bone matrix. H, Postoperative anteroposterior radiograph. I, Radiograph 
1 year later shows complete remodeling with no evidence of recurrence.
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VASCULAR TUMORS
HEMANGIOMA
Hemangioma is a common benign bone lesion. It is esti-
mated that 10% of the population has asymptomatic 
lesions of the vertebral bodies. Hemangiomas are also 
common in the skull. Hemangiomas of the long bones of 
the extremities are relatively uncommon. They are usu-
ally discovered as incidental findings. Spinal lesions are 
rarely symptomatic unless there is vertebral collapse or, 

in rare cases with soft-tissue extension, nerve root or 
cord compression.

The radiographic appearance in the spine is usually 
characteristic, with thickened, vertically oriented trabecu-
lae giving the classic “jailhouse” appearance (Fig. 25.24). In 
cross-section, these thickened trabeculae have a “polka dot” 
pattern on CT. On MRI, the lesions are usually bright on T1- 
and T2-weighted images. Biopsy is rarely required to make 
the diagnosis. When performed, however, histologic analysis 
reveals a proliferation of normal-appearing blood vessels.

 

A B C
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FIGURE 25.20 Anteroposterior (A) and lateral (B) radiographs of forearm in 2-year-old boy 
demonstrate an aneurysmal bone cyst. Anteroposterior (C) and lateral (D) radiographs after 
extended curettage and grafting with a calcium sulfate/calcium phosphate bone graft substitute. 
Anteroposterior (E) and lateral (F) radiographs 1 year later demonstrate remodeling of the graft 
material with no sign of cyst recurrence.
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FIGURE 25.21 A, Recurrent aneurysmal bone cyst of left superior pubic ramus in 14-year-old 
boy. B, Axial MRI shows multiple fluid-fluid levels. C, Appearance 2 years after resection; the patient 
is doing well with no evidence of recurrence.
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FIGURE 25.22 A and B, Radiograph and coronal MR image show intraosseous ganglion in right 
proximal humerus of 31-year-old woman.
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Treatment is not usually necessary but multiple options 
exist for symptomatic lesions. Nerve root or cord decom-
pression with spinal stabilization is required for rare cases 
of vertebral collapse with neurologic compromise. Most 
lesions of the long bones can be treated adequately with 
extended curettage. Preoperative embolization can help 
minimize intraoperative blood loss, which otherwise could 
be massive. Selective arterial embolization can also be used 
as definitive treatment for symptomatic lesions in surgi-
cally inaccessible locations. Low-dose radiation is also an 

option for inoperable lesions but carries the risk of malig-
nant degeneration. 

OTHER NONNEOPLASTIC LESIONS
PAGET DISEASE
Paget disease is a disorder of uncertain origin. The presence 
of virus-like inclusion bodies in the osteoclasts of affected 
bone has led to the theory that it may be of viral origin but 
this has not yet been proved. Paget disease may affect 4% of 
people of Anglo-Saxon descent who are older than 55 years, 
but it is rare in most other populations. It is a disorder of 
unregulated bone turnover. Excessive osteoclastic resorption 
is followed by increased osteoblastic activity. An early lytic 
phase is followed by excessive bone production with cortical 
and trabecular thickening.

Radiographic findings depend on the stage of the dis-
ease. In the lytic phase, bone resorption can take on a “blade 
of grass” or “flame” appearance beginning at the end of the 
bone and extending toward the diaphysis. Later, the radio-
graphs show bony sclerosis, thickened cortices, and thickened 
trabeculae (Figs. 25.25A). Bone scans are usually “hot” (Fig. 
25.25B). Sometimes, plain radiographs along with a positive 
bone scan suggest malignancy. MRI is helpful in this cir-
cumstance because the marrow signal in patients with Paget 
disease usually remains normal (Fig. 25.25C and D). Biopsy 
usually reveals a characteristic “mosaic” pattern with widened 
lamellae, irregular cement lines, and fibrovascular connective 
tissue.

Medical management of Paget disease consists of non-
steroidal antiinflammatory drugs, calcitonin, or bisphos-
phonates. Serum alkaline phosphatase levels and urine 
pyridinium crosslinks can be used to monitor the activity of 

 

A CB

FIGURE 25.23 A, Intraosseous lipoma in left proximal femur of 51-year-old man. B, Lesion 
shows same signal as normal fat on T1- and T2-weighted (C) MR images.

 FIGURE 25.24 Lateral radiograph of lumbar spine shows typical 
“jailhouse” appearance of hemangioma.
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FIGURE 25.25 Paget disease of left proximal femur in 45-year-old man. A, Anteroposterior 
radiograph shows coarsened trabeculae. B, Bone scan shows increased uptake in left proximal 
femur. Note normal marrow signal on T1- (C) and T2-weighted (D) MR images.
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the disease. Orthopaedic management consists of correcting 
the deformity and treating pathologic fractures. During peri-
ods of active disease, intraoperative bleeding from affected 
bones can be massive. Approximately 1% of patients with 
Paget disease develop a secondary bone sarcoma, usually an 
osteosarcoma. This risk is probably higher for patients with 
polyostotic disease. 

“BROWN TUMOR” OF 
HYPERPARATHYROIDISM
Primary hyperparathyroidism is usually caused by an 
adenoma of the parathyroid glands. Secondary hyper-
parathyroidism can occur in patients with chronic renal 
failure. When the disease is discovered early, the skeletal 
change is usually limited to diffuse demineralization. Only 
rarely does the change become markedly focal and pro-
duce a “brown tumor,” which resembles a giant cell tumor 
and is difficult to distinguish from one. The diagnosis of 
hyperparathyroidism should be established by determin-
ing the serum calcium, phosphorus, alkaline phosphatase, 
and parathyroid hormone levels, rather than by histologic 
examination of a focal lesion. Some microscopic features 
suggest hyperparathyroidism, however, rather than giant 
cell tumor. In hyperparathyroidism (1) the giant cells are 
a little smaller, often occurring in a nodular arrangement, 
especially around areas of hemorrhage; (2) the stromal cells 
are more spindle-shaped and delicate; and (3) evidence of 
osseous metaplasia within the stroma is prominent. The 
bone surrounding the lesion should also be examined; in 
hyperparathyroidism, it may show intense osteoclastic and 
osteoblastic activity associated with peritrabecular fibro-
sis. Patients with hyperparathyroidism are usually treated 
by an endocrinologist. Orthopaedic management consists 
of treating actual or impending pathologic fractures (Fig. 
25.26). 

BONE INFARCT
Bone infarcts are frequently seen in patients with a history of 
corticosteroid use, alcoholism, sickle cell anemia, Gaucher dis-
ease, or dysbaric conditions (Fig. 25.27); however, they can also 
occur in patients with no other apparent underlying disorder. 
The diagnosis is usually made from plain radiographs. Bone 
infarcts are usually well-defined metaphyseal lesions with irreg-
ular borders. The periphery of the lesion is calcified, in contrast 
to chondroid lesions, which are usually calcified throughout. 
Biopsy (usually unnecessary) shows mineralization of necrotic 
marrow elements. Bone infarcts are usually asymptomatic and 
no treatment is required. If a patient presents with pain, another 
etiology should be sought. Rarely, malignancy, such as a malig-
nant fibrous histiocytoma, can occur at the site of a bone infarct. 

OSTEOMYELITIS
Osteomyelitis of all stages, but especially subacute infection, 
can simulate tumors. Mistakes have been made in differenti-
ating infection and Ewing sarcoma, osteogenic sarcoma, oste-
oid osteoma, and eosinophilic granuloma. Occasionally, an 
inflammatory response causes such an abundance of plasma 
cells that multiple myeloma is suspected. As a general rule, 
whenever biopsy of a suspected musculoskeletal neoplasm 
is done, tissue should routinely be sent for cultures and his-
tology. Malignant change occasionally occurs in chronically 
draining osteomyelitic sinuses of long duration; squamous 
cell carcinoma and fibrosarcoma have been reported. 

STRESS FRACTURE
Occasionally, fatigue fractures or stress fractures, particularly 
in the proximal tibial metaphysis, may simulate osteogenic sar-
coma. If a biopsy is done, the microscopic picture may be difficult 
for an inexperienced pathologist to distinguish from sarcoma. 
The florid fracture callus seen in osteogenesis imperfecta may 
also simulate osteogenic sarcoma. If the diagnosis is uncertain, 
an experienced bone pathologist should be consulted. 

 

A B

FIGURE 25.26 A and B, Pathologic fracture of right proximal tibia through “brown tumor” of 
hyperparathyroidism in 55-year-old woman.
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POSTTRAUMATIC OSTEOLYSIS
Posttraumatic osteolysis has been described in the pubis of 
elderly osteopenic women and in the distal clavicle of ath-
letes, particularly weightlifters. The radiographic appear-
ance in both circumstances may simulate a malignant bone 
tumor.
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BENIGN/AGGRESSIVE TUMORS OF BONE 
Robert K. Heck Jr., Patrick C. Toy

CHAPTER 26

The aggressiveness of the lesions described in this chap
ter ranges between purely benign and frankly malignant. 
Although these lesions frequently are treated satisfactorily 
with intralesional procedures, such as curettage, they are 
sometimes very aggressive locally and require marginal or 
wide resection. Systemic involvement, although rare, must be 
evaluated and treated. Giant cell tumors and chondroblasto
mas can develop pulmonary metastases and in rare cases can 
be fatal. Langerhans cell histiocytosis (LCH) can involve mul
tiple organ systems in addition to bone involvement and like
wise in rare cases can be fatal. This chapter briefly describes the 
clinical, radiographic, and pathologic features of these lesions. 
A summary table is provided for quick reference (Table 26.1).

GIANT CELL TUMOR
According to a Mayo Clinic series, giant cell tumors represent 
5% of neoplasms of bone. They typically occur in patients 20 
to 40 years old, and there is a slight female predominance. The 
most common location for this tumor is the distal femur, fol
lowed closely by the proximal tibia. In the distal radius (the 
third most common location), these tumors frequently are 
more aggressive. Spinal involvement, other than the sacrum, 
is rare.

Giant cell tumors usually are solitary lesions; however, 1% 
to 2% may be synchronously or metachronously multicentric. 
It is unclear whether multicentric disease represents multi
ple primary lesions or simply bone metastases from a single 
primary lesion. Although these tumors typically are benign, 
pulmonary metastases occur in approximately 3% of patients. 
Some patients with pulmonary metastases have spontaneous 
regression or remain asymptomatic for many years. Others 
may have progressive pulmonary lesions, however, that lead to 
death despite the tumors remaining histologically benign. The 
overall mortality rate from disease for patients with pulmo
nary metastases is approximately 15%. Patients with recurrent 
lesions or primary lesions that appear aggressive radiographi
cally (stage 3) are at higher risk for pulmonary metastases.

Malignant giant cell tumors represent less than 5% of 
cases and are classified as primary or secondary. Primary 
malignant giant cell tumors are extremely rare and are defined 
as sarcomas that occur within lesions that otherwise are typi
cal of benign giant cell tumors. Secondary malignant giant 
cell tumors are sarcomas that occur at the sites of giant cell 
tumors that have been treated, usually with radiation.

Most patients with giant cell tumors have progressive pain 
that often is related to activity initially and only later becomes 
evident at rest. The pain is rarely severe, unless a pathologic 

fracture has occurred. In 10% to 30% of patients, pathologic 
fractures are evident at initial examination.

Radiographic findings often are diagnostic. The lesions 
are eccentrically located in the epiphyses of long bones and 
usually abut the subchondral bone. Although rare in skele
tally immature patients, giant cell tumors arise in the meta
physis in this patient population. One theory suggests that 
these tumors originate in the metaphysis and later extend into 
the epiphysis after closure of the physes. Radiographically, the 
lesions are purely lytic. The zone of transition can be poorly 
defined on plain radiographs. In less aggressive tumors, a 
partial rim of reactive bone may be present. The lesion fre
quently expands or breaks through the cortex; however, 
intraarticular extension is rare because the subchondral bone 
usually remains intact. Matrix production usually is not evi
dent within the bone but often is evident if there is softtissue 
extension, softtissue recurrence, or pulmonary metastases. 
Magnetic resonance imaging (MRI) is useful to determine 
the extent of the lesion within the bone and in the soft tissue. 
On MRI, the lesion usually is dark on T1weighted images 
and bright on T2weighted images. MRI also may reveal 
fluidfluid levels typical of a secondary aneurysmal bone cyst, 
which occurs in 20% of patients.

Microscopically, giant cell tumors are composed of many 
multinucleated giant cells (typically 40 to 60 nuclei per cell) 
in a sea of mononuclear stromal cells. The nuclei of the mono
nuclear cells are identical to the nuclei of the giant cells, a 
feature that helps distinguish giant cell tumors from other 
tumors that may contain many giant cells. Areas of storiform 
spindle cell formation, reactive bone formation, or foamy 
macrophages may be seen. Secondary aneurysmal bone cysts 
also may be present. Many authors have attempted to grade 
these tumors histologically, but no grading system has proved 
to be of prognostic significance.

Giant cell tumors frequently are locally aggressive. Most 
manifest as stage 2 or stage 3 lesions. Historically, treatment 
consisted of simple curettage; however, subsequent recur
rence rates were greater than 50%. Now, most published series 
document recurrence rates of 5% to 15%. The decrease in 
recurrence rates probably can be attributed to several factors. 
MRI now allows for more accurate assessment of the extent 
of lesions, and the technique of curettage has improved. It is 
important to create a cortical window that is at least as large as 
the lesion to prevent leaving residual tumor cells “around the 
corner” adjacent to the nearside cortex. Also, use of a power 
burr to enlarge the cavity 1 to 2 cm in all directions is now 
considered standard. Care should be taken, however, to avoid 
perforation through the subchondral bone into the joint. 
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 TABLE 26.1 

Summary of Tumor Characteristics

TUMOR AGE (YR) DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS
Giant cell tumor 20–40 Slight female 

predominance
Distal femur
Proximal tibia
Distal radius

Pain
Pathologic 
fracture 
(10%–30%)

Eccentrically located in 
epiphysis
Purely radiolucent (no 
matrix formation)
Usually no rim of reactive 
bone
Abuts subchondral bone
May exhibit cortical 
destruction with soft-
tissue extension
Metaphyseal in skeletally 
immature patients

Multinucleated giant 
cells in sea of mono-
nuclear cells
Nuclei of mononu-
clear cells identical to 
nuclei of giant cells

Extended 
curettage
Resection if 
residual bone 
stock inadequate
Consider radia-
tion for spinal/
sacral tumors
Resection of 
pulmonary 
metastases

3% incidence of 
benign pulmo-
nary metastases

Chondroblastoma 10–25 Male : female 2:1 Distal femur
Proximal tibia
Proximal 
humerus

Pain
Symptoms can 
mimic chronic 
synovitis

Well-circumscribed lesion 
in epiphysis or apophysis
May cross an open physis
Frequently with rim of 
bone, 30%–50% with 
matrix calcification

Sheets of chondro-
blasts (polygonal 
cells with distinct 
cytoplasmic out-
lines) “chicken wire” 
calcification
Multinucleated giant 
cells
Secondary aneurys-
mal bone cyst in 20%

Extended 
curettage
Resection of 
pulmonary 
metastases

1% incidence of 
benign pulmo-
nary metastases

Chondromyxoid 
fibroma

10–30 Slight male 
predominance

Proximal tibia Pain
Can present 
with painless 
mass in hands 
and feet

Well-circumscribed bub-
bly lesion
Thin rim of reactive bone 
(appearance similar to 
nonossifying fibroma)

Lobules of hypocel-
lular myxoid cartilagi-
nous tissue
Lobules separated by 
cellular fibrous tissue

Extended 
curettage

Important to 
distinguish from 
chondrosarcoma

Osteoblastoma 10–30 Male : female 3:1 Posterior ele-
ments of spine
Any bone

Pain
Painful scoliosis
Neurologic 
symptoms

Bone-forming lesion in 
posterior elements of 
spine
Variable/nonspecific 
radiographic appearance 
outside of spine

Fibrovascular stroma
Osteoid/woven bone
Osteoblastic rimming
Histologic appear-
ance similar to oste-
oid osteoma

Extended curet-
tage or resection
Might 
require spinal 
stabilization

Important to 
distinguish 
from low-grade 
osteosarcoma

Langerhans cell 
histiocytosis

<20 Male : female 2:1 Vertebral bodies
Flat bones
Diaphysis of long 
bones

Bone lesions 
may be 
painful or 
asymptomatic
Can mimic 
osteomyelitis 
(pain, fever, 
local signs)

Vertebra plana “hole 
within a hole” appear-
ance in flat bones
Aggressive, permeative 
appearance with peri-
osteal reaction in long 
bones
Radiographic appearance 
varies from very benign 
to very aggressive
Can be multifocal
Bone scan sometimes 
falsely negative

Large histiocytic 
cells with indented 
nucleus and abun-
dant cytoplasm
S-100 positive
Clusters of 
eosinophils
Birbeck granule 
seen on electron 
microscopy

Observation of 
asymptomatic 
lesions (usually 
resolve)
Steroid injection 
for symptomatic 
lesions
Curettage/graft-
ing for impend-
ing fractures
Chemotherapy 
for systemic 
disease

Hand-Schüller-
Christian disease 
triad of skull 
lesions, exoph-
thalmos, and dia-
betes insipidus
Letterer-Siwe 
disease—fever, 
lymphadenopa-
thy, hepato-
splenomegaly, 
and multiple 
bone lesions

D
ow

nloaded for Tim
e C

eal (jinzhao@
ualberta.ca) at U

niversity of A
lberta from

 C
linicalK

ey.com
 by Elsevier on January 08, 2021.

For personal use only. N
o other uses w

ithout perm
ission. C

opyright ©
2021. Elsevier Inc. A

ll rights reserved.

https://booksmedicos.org


PART VIII TUMORS988

The use of adjuvants, such as liquid nitrogen, phenol, bone 
cement, electrocautery, or an argon beam coagulator, theoreti
cally helps kill any remaining tumor cells. Also, preliminary 
studies suggest that bisphosphonates (administered systemi
cally or locally) might help prevent recurrence.

To fill the defect after curettage, the surgeon has several 
options, including autograft bone, allograft bone, an artificial 
bone graft substitute, or methyl methacrylate bone cement. 
If an autograft is to be harvested from another site, separate 
gloves and instruments should be used because crosscon
tamination could lead to transplantation of tumor cells to the 
harvest site. A bone graft (or artificial substitute) has the theo
retical advantage of restoring normal biomechanics to the joint 
surface to prevent future degenerative joint disease and restor
ing bone stock, which may help if future procedures are nec
essary. There are two main disadvantages, however, to using 
bone grafts: (1) the joint must be protected for an extended 
time to prevent a pathologic fracture and (2) tumor recurrence 
often is difficult or impossible to distinguish from graft resorp
tion. These disadvantages may be overcome with the use of 
bone cement as a filling agent. Bone cement provides imme
diate stability, which aids in quicker rehabilitation; allows 
easier detection of recurrence, which is evident as an expand
ing radiolucency adjacent to the cement mantle; and may kill 
residual tumor cells through the heat of polymerization.

Our institution treats most giant cell tumors with aggres
sive, extended curettage followed by argon beam coagulation, 
which is easy to use, effective, and associated with few compli
cations. Phenol or liquid nitrogen is not used as adjuvant treat
ment because of potential complications, such as pathologic 
fracture, wound healing problems, and nerve injury. Bone 
cement is chosen to fill the cavity because of its ease of applica
tion, immediate structural support, and ease with which local 
recurrence can be detected adjacent to the cement mantle. 
Screws placed in a crossed (Fig. 26.1) or divergent (Fig. 26.2) 
pattern are used to augment the cement mantle. Biomechanical 
studies performed at our institution have shown this method 
to significantly increase the strength of the reconstruction.

En bloc wide resection may be required in some stage 
3 tumors, cases of local recurrence, and tumors recalcitrant 
to other methods of intervention. Around the knee, a hemi
condylar osteoarticular allograft reconstruction or a rotat
ing hinge endoprosthesis may be necessary (Fig. 26.3). For 
aggressive lesions of the distal radius, primary resection and 
reconstruction with a proximal fibular autograft (either as an 
arthroplasty or as an arthrodesis) may be indicated (Fig. 26.4). 
For lesions in expendable bones (e.g., the distal ulna, clavicle, 
or proximal fibula), primary resection without reconstruction 
may be indicated. For inoperable lesions in the spine or pel
vis, irradiation or embolization (or both) may be used (Fig. 
26.5); however, caution is advised because of the risk of sarco
matous change in patients treated with irradiation. In patients 
with pulmonary metastases, resection should be attempted. 
Chemotherapy has limited success, and irradiation should be 
reserved for symptomatic inoperable lesions.

There is clinical rationale for the use of bisphospho
nates in treating giant cell tumor of bone, as these drugs 
inhibit osteoclastic activity and promote osteoclast apoptosis. 
Studies using systemic zoledronic acid in inoperable tumors 
have reported stabilization of both local and metastatic dis
ease. Bisphosphonates have been proposed for use as a surgi
cal adjuvant or as an option in unresectable tumors; however, 

highlevel evidence is still lacking, and further investigation is 
required to validate its use.

Another new treatment under examination is the sys
temic administration of denosumab. Denosumab is a fully 
human monoclonal antibody that inhibits normal and tumor
associated bone lysis by limiting osteoclastic maturation (i.e., 
prevents activation of receptor activator of nuclear factor
kB [RANK]). This drug has approval from the US Food and 
Drug Administration for use in adults and skeletally mature 
patients who have an unresectable giant cell tumor or a con
dition in which surgical resection would result in severe mor
bidity. Early results are promising, with radiographic studies 
showing sclerosis and reconstitution of cortical bone with 
a subsequent decrease in clinical symptoms such as pain. 
Longer term data are still being collected.

Patients diagnosed with giant cell tumors require long
term followup. Most local recurrences and pulmonary 
metastases occur within 3 years but have been reported to 
occur 20 years later. Chest radiographs should be obtained 
at the time of diagnosis to stage the lesion. We routinely 
obtain a chest computed tomography (CT) scan as a base
line reference at this time. At minimum, patients should have 
radiographs of the primary tumor site and the chest at 3 to 
4month intervals for 2 years, at 6month intervals for the fol
lowing year, and annually thereafter. An abnormality on the 
chest radiograph should be evaluated further with CT. Bone 
recurrence usually is evident as an expanding lucency on the 
radiograph. Softtissue recurrences may be apparent as ossi
fication or may be evident only as a palpable mass, in which 
case MRI is indicated.

Treatment of recurrent lesions is the same as for primary 
lesions. If biopsy shows that the tumor is still benign, repeat 
curettage or resection should be performed. 

CHONDROBLASTOMA
Chondroblastoma, a rare neoplasm, typically occurs in 
patients 10 to 25 years old, with a 2:1 male predominance. 
According to the Mayo Clinic series, this tumor represents 
1% of all primary bone tumors. Because of its rarity, no pro
spective and few retrospective studies have been reported in 
the literature. This tumor has a predilection for the epiphyses 
or apophyses of long tubular bones (e.g., distal femur, proxi
mal humerus, and proximal tibia). Less frequently, chon
droblastoma tends to occur in flat bones in older patients. 
Multicentric disease is exceedingly rare. Most patients com
plain of progressive pain that may mimic a chronic synovitis 
or other intraarticular pathologic conditions.

Radiographic findings usually are characteristic. This 
wellcircumscribed lesion is usually centered in an epiphysis 
of a long bone; however, it may also be located in an apophy
sis, such as the greater tuberosity (Fig. 26.6) or the greater tro
chanter (Fig. 26.7). Often it has a surrounding rim of reactive 
bone (Fig. 26.8), and 30% to 50% exhibit matrix calcification. 
CT can be helpful in detecting subtle areas of calcification 
that may or may not be detectable on plain radiographs. 
MRI frequently demonstrates abundant surrounding edema. 
Softtissue extension is extremely rare. In children, a well
circumscribed epiphyseal lesion that crosses an open physis 
is highly suggestive of chondroblastoma but could also rep
resent an infectious process. For adults, differential diagno
ses for an epiphyseal lesion include giant cell tumor and clear 
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FIGURE 26.1 Giant cell tumor in a 21-year-old man. Patient complained of 
worsening left knee pain. A and B, Anteroposterior and lateral radiographs of left 
distal femur show lytic lesion with extension to articular surface. C and D, Coronal 
and axial MR images show extent of lesion within bone and soft tissue. E, Intra-
operative photograph after creation of cortical window. F, Tumor removed and 
cavity enlarged with power burr. G, After treatment with argon beam coagulator, 
screws are placed to support cement mantle. 
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FIGURE 26.1, cont’d H, Placement of screws confirmed by image intensifier. I, Bone cement 
packed in cavity around screws. J and K, Anteroposterior and lateral postoperative radiographs. 
Fifteen years after surgery, the patient is currently asymptomatic and is employed as a construction 
worker.
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FIGURE 26.2 A and B, Anteroposterior and lateral radiographs of the proximal tibia of a 
41-year-old woman with a giant cell tumor. The lesion is radiolucent without a sclerotic rim, is 
eccentric, and abuts subchondral bone. C and D, Anteroposterior and lateral radiographs of the 
proximal tibia after curettage and placement of cement and divergent screws.
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FIGURE 26.3 Anteroposterior (A) and lateral (B) radiographs of a 28-year-old man with a 
giant cell tumor of the right distal femur. Axial (C) and coronal (D) CT reconstructions demonstrate 
extensive bone destruction and an intraarticular pathologic fracture. The decision was made to 
proceed with en bloc resection and endoprosthetic reconstruction. Anteroposterior (E) and lateral 
(F) postoperative radiographs. Patient currently is doing well 8 years after surgery.
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FIGURE 26.4 A and B, Anteroposterior and lateral radiographs of distal radius of 40-year-
old woman with pathologic fracture through giant cell tumor. C to E, Axial (C), sagittal (D), and 
coronal (E) MR images of lesion. F, Intraoperative photograph of tumor in situ. G, Tumor has been 
resected en bloc. 
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FIGURE 26.4, cont’d H, Contralateral proximal fibular autograft. I, Graft has been 
secured with wrist fusion plate. J, Photograph of resected specimen. K, Typical microscopic 
appearance of giant cell tumor. Nuclei of giant cells are identical to nuclei of mononuclear 
cells. L and M, Anteroposterior and lateral postoperative radiographs.
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cell chondrosarcoma. In contrast to chondroblastomas, how
ever, giant cell tumors usually do not have a rim of sclerotic 
bone or intralesional calcification and may have a softtissue 
component.

Microscopically, chondroblastoma consists of sheets 
of chondroblasts usually with a background of chondroid 
matrix. The cells are round to polygonal with distinct cyto
plasmic outlines. Dystrophic calcification is frequently present 
and may surround individual cells, giving the classic “chicken 
wire” appearance. Multinucleated giant cells are abundant, 
and secondary aneurysmal bone cysts are present in 20% of 
patients. Histologic grading is of no prognostic significance.

Chondroblastomas usually present as stage 2 and, more 
rarely, as stage 3 lesions. Although they typically are not as 
aggressive as giant cell tumors, surgical management is war
ranted for almost all chondroblastomas owing to the slow 
progressive nature of the disease. Following biopsy to estab
lish the diagnosis, treatment consists of extended curettage 
and bone grafting or placement of bone cement. This tech
nique is associated with high chance of joint preservation 
and good functional outcomes. Adequate curettage always 
should take precedence over sparing the physis (Fig. 26.9). In 
cases where physeal growth arrest has been reported, it is not 
known whether the insult is from the chondroblastoma itself 
or the surgical intervention.

Radiographs of the primary site and of the chest should 
be obtained every 6 months for at least 3 years and annually 
thereafter. Recurrence occurs in 10% to 20% of patients and 
can be treated similar to a primary lesion. Benign pulmonary 
metastases occur in approximately 1% of patients and should 
be treated by resection. Malignant transformation of a chon
droblastoma is extremely rare. 

CHONDROMYXOID FIBROMA
Chondromyxoid fibroma is a rare lesion of cartilaginous ori
gin, representing less than 0.5% of all bone tumors according 
to the Mayo Clinic series. Although chondromyxoid fibromas 
may occur at any age, most occur in patients 10 to 30 years old. 
Any bone may be involved, but the proximal tibia is the most 
common location (Figs. 26.10 and 26.11). Although patients 
typically complain of pain, if the tumor is in the hands or feet, 
a painless mass or swelling may be the chief complaint.

The radiographic appearance is that of a benign neo
plasm. It usually is a wellcircumscribed lesion with a rim 
of sclerosis in the metaphysis of a long bone and may have 
a bubbly appearance mimicking a nonossifying fibroma. In 
contrast to other cartilaginous lesions, radiographic evi
dence of intralesional calcification usually is absent (except 
in the rare instance of a surface lesion in which calcifica
tion may be abundant). Chondromyxoid fibroma rarely 
is included in the radiographic differential diagnosis of a 
lesion, unless it is in the proximal tibial metaphysis. Other 
diagnoses to include in the differential are chondrosar
coma, chondroblastoma, fibrous dysplasia, nonossifying 
fibroma, giant cell tumor, aneurysmal bone cyst, and sim
ple bone cyst.

Microscopically, chondromyxoid fibroma appears lobu
lated. The center of the lobules contains loose myxoid tis
sue, and the periphery contains a more cellular fibrous tissue. 
The background often appears chondroid, although distinct 
areas of hyaline cartilage are rare. Microscopic calcification 
may be present. The lesion may contain areas with atypical 
pleomorphic hyperchromatic nuclei, but this should not lead 
to the erroneous diagnosis of chondrosarcoma if the lesion is 

 

A B

FIGURE 26.5 Giant cell tumor in 23-year-old woman. Patient had 1-year history of worsening 
low back pain that radiated down her right leg. A, CT scan. B, Sagittal T2-weighted MR image 
reveals large lesion in sacrum. CT-guided biopsy confirmed this to be giant cell tumor. Because of 
morbidity of surgical treatment of lesion in this location, the patient was referred for radiation 
therapy.
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FIGURE 26.6 Chondroblastoma in a 16-year-old boy. Patient had left shoulder pain for 1 
year. A, Anteroposterior radiograph of left shoulder reveals lytic lesion in proximal left humerus 
extending across open physis. B, CT scan shows calcification of lesion. C and D, MR images show 
fluid-fluid level. Incision biopsy confirmed diagnosis of chondroblastoma with secondary aneurysmal 
bone cyst. E, Anteroposterior radiograph after curettage and bone grafting. F, Typical microscopic 
appearance of chondroblastoma.
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FIGURE 26.7 Chondroblastoma in a 12-year-old boy. Patient complained of worsening right 
hip pain for several months. A and B, Anteroposterior and lateral radiographs of right hip show 
radiolucent lesion in greater trochanter. C, Coronal MR image shows lesion in greater trochanter 
with surrounding edema. D, Postoperative radiograph after curettage and grafting with allograft 
cancellous bone chips and demineralized bone matrix.
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FIGURE 26.8 A and B, Anteroposterior radiograph and CT scan of a 16-year-old girl with a 
chondroblastoma of the femoral head. The lesion is epiphyseal and has a narrow zone of transi-
tion with a thin rim of reactive bone and a small amount of matrix mineralization. C, MR image 
demonstrates the lesion with extensive surrounding edema and an effusion. D, Extended curet-
tage was performed through an anterior approach followed by the placement of a bone graft 
substitute (E).
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FIGURE 26.9 A, Anteroposterior radiograph demonstrates a chondroblastoma in the prox-
imal tibial epiphysis of a 15-year-old boy. B and C, Coronal and sagittal MR images more clearly 
demonstrate the lesion and extensive surrounding edema. D and E, Lesion is treated with extended 
curettage with a power burr and argon beam coagulation.
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FIGURE 26.10 Anteroposterior (A) and Judet (B) views of the pelvis in a 31-year-old woman 
with a chondromyxoid fibroma of the posterior column of the left acetabulum. Anteroposterior 
(C) and Judet (D) views 3 years after extended curettage and grafting with freeze-dried cancellous 
allograft and demineralized bone matrix.
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otherwise radiographically and histologically consistent with 
chondromyxoid fibroma.

Treatment consists of resection or extended curettage 
with bone grafting (Fig. 26.12). Wide resection is associ
ated with a lower risk of recurrence than is intralesional 
curettage but results in a potentially larger functional 
deficit. Local recurrence occurs in about 20% of patients 
and is treated with repeat surgery. Malignant degenera
tion is rare. 

OSTEOBLASTOMA
Osteoblastoma is a rare boneforming neoplasm that repre
sents less than 1% of bone tumors in the Mayo Clinic series. 
Most patients with osteoblastoma are 10 to 30 years old. 
There is a male predominance of 3:1. Although any bone 
may be involved, 40% to 50% of the lesions are in the spine. 
Pain, which is the most common symptom, may be similar 
to that produced by an osteoid osteoma (i.e., worse at night 
and relieved by nonsteroidal antiinflammatory drugs). In the 
spine, painful scoliosis or neurologic deficit may be present. 
In the lumbar spine, signs and symptoms of nerve root com
pression may be evident, whereas in the thoracic spine, cord 
compression is more common. The tumor usually is slow 
growing, and symptoms may be present for 1 to 2 years before 
a diagnosis is made.

The most common radiographic appearance is that of 
a boneforming neoplasm in the posterior elements of the 
spine in a young patient (Figs. 26.13 and 26.14). The dif
ferential diagnoses include aneurysmal bone cyst and oste
oid osteoma. Outside the spine, however, the radiographic 
appearance rarely reveals the diagnosis. The classic appear
ance of a mineralized central nidus with a surrounding 
radiolucent halo and reactive sclerosis is seen only occa
sionally (Fig. 26.15), in which case the differentiation of 
osteoblastoma from the more common osteoid osteoma 
is based on size because the nidus of an osteoid osteoma 

is less than 1.5 cm. More often, the radiographic appear
ance is nonspecific. The lesion may be purely radiolucent 
(Fig. 26.16), sclerotic, or mixed. Lesions may be diaphy
seal or metaphyseal, and they may be primarily cortical 
or intramedullary. In some cases, they may have a frankly 
malignant radiographic appearance. Extension into the soft 
tissue is rare except in the spine, where softtissue extension 
is common.

Microscopically, the lesion resembles an osteoid oste
oma. It contains a fibrovascular stroma with the production 
of osteoid and primitive woven bone. Bony trabeculae are 
lined by a single layer of osteoblasts, which may be impor
tant in differentiating osteoblastoma from osteosarcoma. 
Other features favoring an osteoblastoma include sharp 
circumscription and a loose arrangement of the tissue. 
Features favoring a malignant diagnosis include perme
ation of surrounding tissue and sheets of osteoblasts with
out bone production.

Treatment consists of extended curettage or resection. 
Bone grafting of the defect may be necessary. In the spine, 
instrumented fusion may be necessary if resection causes 
instability. Some authors recommend adjuvant radiation ther
apy for spinal lesions because revision surgery for recurrences 
in this area is difficult. Other authors have noted that some 
incompletely removed lesions subsequently have remained 
quiescent. Most authors do not recommend radiation ther
apy unless absolutely necessary for symptomatic inoperable 
lesions.

Sarcomatous degeneration has been reported and 
may be more common in lesions previously treated with 
radiation. Many of these cases likely represent initial mis
diagnoses of lowgrade osteosarcomas. Regardless, it is 
apparent that some cases initially diagnosed as osteoblas
toma have behaved aggressively later and occasionally have 
led to the death of the patients. As followup care, patients 
should have serial radiographs of the primary site and of 
the chest. 

 

A B C

FIGURE 26.11 Chondromyxoid fibroma in a 36-year-old man. Patient had right knee pain for 
1 year. A and B, Anteroposterior and lateral radiographs show chondromyxoid fibroma in its most 
common location, proximal tibial metaphysis. C, Typical microscopic appearance of chondromyxoid 
fibroma.
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  FIGURE 26.12 Chondromyxoid fibroma in a 14-year-old boy. Patient complained of right wrist 
pain after minor injury. A and B, Anteroposterior and lateral radiographs of right wrist show benign- 
appearing lesion in distal radial metaphysis. C After removal of tumor with curets and power burr, 
tumor cavity is treated with argon beam coagulation D, Cavity was packed with calcium phosphate 
bone graft substitute. E and F, Postoperative anteroposterior and lateral radiographs.
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LANGERHANS CELL 
HISTIOCYTOSIS
Langerhans cell histiocytosis (LCH), previously called histio
cytosis X because of its unknown etiology, refers to a group of 
diseases with similar pathologic features. Because the disease 
may affect virtually any organ system in the body, there is a 
wide range of clinical presentations. Whether LCH represents 
a reactive or a neoplastic process is still a matter of debate. 
The term eosinophilic granuloma refers to isolated bone 
lesions, and Hand-Schüller-Christian disease classically refers 
to the clinical triad of skull lesions, exophthalmos, and diabe
tes insipidus. Currently, however, some authors use the term 
Hand-Schüller-Christian disease simply to refer to any case of 
multisystemic LCH. Letterer-Siwe disease, another variation, 
usually has its onset before 3 years of age and is characterized 

by fever, lymphadenopathy, hepatosplenomegaly, and mul
tiple bone lesions. LettererSiwe disease frequently is rapidly 
fatal. Whether these terms represent different diseases or sim
ply different manifestations of the same pathologic process 
is debatable. Because the pathogenesis is poorly understood, 
there is currently no optimal treatment protocol for multifocal 
involvement, and the reactivation rate is high. Diverse thera
peutic modalities may be considered, depending on the organ 
system involved, including surgery, radiation, and chemother
apy. Risk factors for succumbing to LCH include multisystem 
involvement and diagnosis at an age younger than 2 years.

The orthopaedic surgeon is primarily concerned with 
eosinophilic granuloma of bone. Patients usually are 5 to 20 
years old and usually have progressive pain. The clinical picture 
may be similar to that produced by osteomyelitis with pain at 
rest (and at night), fever, and local signs of inflammation. Any 
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FIGURE 26.13 Ten-year-old boy with 1-month history of neck pain. A and B, Anteroposterior 
and lateral radiographs of cervical spine significant for lesion of C3 spinous process. C and D, Lesion, 
which proved to be osteoblastoma, is shown better with CT. E and F, Anteroposterior and lateral 
radiographs after marginal resection of lesion.
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bone may be affected, but the most common locations are the 
vertebral bodies, the flat bones, and the diaphyses of long bones.

Radiographically, LCH can have various appearances. 
Marked flattening of the vertebral body, or vertebra plana, is a 
common manifestation. Although LCH is the most common 
cause of vertebra plana (Fig. 26.17), other disease processes 
should be considered in the differential diagnosis if the clini
cal situation warrants. Other causes of vertebra plana include 
Ewing sarcoma, lymphoma, leukemia, Gaucher disease, 
aneurysmal bone cyst, and infection. In flat bones, the lesions 
usually are well circumscribed, “punchedout,” purely lytic 
lesions. The lesions may have a “hole within a hole” appear
ance because of different involvement of the two tables. In the 
diaphyses of long bones, the lesions may have an aggressive 
permeative appearance with periosteal reactive bone forma
tion (Fig. 26.18). This appearance may resemble Ewing sar
coma, infection, or lymphoma. A bone scan may help identify 
additional lesions, but approximately 30% of scans may be 
falsely negative. A skeletal survey is more effective for this 
purpose.

Microscopically, the diagnosis is made by the identi
fication of Langerhans cells. The Langerhans cell is a large 
histiocytic cell with an indented nucleus, a crisp nuclear 
membrane, and abundant eosinophilic cytoplasm. The cells 
stain positively for S100 protein. The lesion also contains 
multinucleated giant cells and other inflammatory cells, 
including clusters of eosinophils. Electron microscopy may 
identify characteristic organelles in the Langerhans cell cyto
plasm called Birbeck granules.

Biopsy is required to make the diagnosis. When the diag
nosis is established, most of the orthopaedic manifestations 
of LCH can be treated conservatively. Simple skeletal lesions 
tend to resolve spontaneously over a period of months to 
years, and healing may be initiated from the biopsy itself. 
Other recommended treatments have included corticosteroid 
injections, radiation therapy, and curettage with or without 

bone grafting. A few case reports have suggested that intra
venous zoledronic acid may help resolve pain in symptom
atic lesions, but the longterm sequelae are not well defined. 
If a lesion is asymptomatic, no treatment is necessary because 
lesions have been noted to regress spontaneously. Indications 
for treatment include pain, restriction of mobility, impending 

 FIGURE 26.14 Anteroposterior radiograph of an 18-year-old 
boy with osteoblastoma of the left L2 transverse process.
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FIGURE 26.15 Four-year-old boy with a 1-year history of right leg pain. He walked with an 
antalgic gait. Right tibia measured 2 cm longer than left. A and B, Anteroposterior and lateral 
radiographs of tibia reveal lesion in distal metaphysis. Lesion has led to bowing of fibula, giving 
evidence of long history and benign nature. C, CT scan shows lesion more clearly; it proved to be 
osteoblastoma. D, Typical microscopic appearance of osteoblastoma.
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FIGURE 26.16 A and B, Anteroposterior and lateral radiographs of a 7-year-old boy with an osteo-
blastoma of the right lesser trochanter. C and D, Anteroposterior and lateral radiographs immediately 
after curettage and placement of a calcium sulfate/calcium phosphate bone graft substitute. E and 
F, Lateral radiographs 2 years later demonstrate remodeling of the bone with no sign of recurrence.

pathologic fractures, and nerve compression (spinal or optic 
nerve). Intralesional injection of steroids is a relatively safe 
and effective treatment modality. Lowdose radiotherapy, 
however, should be reserved for involvement of spinal or optic 
nerve compression. If the diagnosis is established by open 
biopsy, the lesion can be curetted during the same procedure. 
Care must be taken, however, to rule out infection before plac
ing corticosteroids or bone graft into a lesion.

Vertebra plana likewise may be treated conservatively 
because most lesions spontaneously regress. Vertebral height 
typically is partially restored with growth in skeletally imma
ture patients. Temporary bracing may help relieve symptoms. 
Irradiation may be indicated for treatment of mild neurologic 
signs. Surgical decompression and fusion with instrumenta
tion is indicated for rapidly progressive neurologic signs or 
cord compression that is not responsive to radiation therapy.

The overall prognosis for skeletal lesions is excellent 
with a very low rate of local recurrence and few complica
tions. Systemic disease may be progressive, however, and may 

           
        

   

require chemotherapy. FIGURE 26.17 Eosinophilic granuloma of vertebral body.
Compression of body may produce radiographic changes of 
vertebra plana. Patient had lesions involving several other bones.
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CHAPTER 27

OSTEOSARCOMA
Osteosarcoma is a tumor characterized by the production 
of osteoid by malignant cells. It is the most common non-
hematologic primary malignancy of bone. The incidence is 
1:3 per 1 million per year. Onset can occur at any age; how-
ever, primary high-grade osteosarcoma occurs most com-
monly in the second decade of life. Parosteal osteosarcoma 
has a peak incidence in the third and fourth decades, and sec-
ondary osteosarcomas (e.g., those that occur in the setting of 
Paget disease or previous radiation therapy) are more com-
mon in older individuals. The incidence is slightly higher in 
males (with the exception of parosteal osteosarcoma, which 
is more common in females). There are no significant dif-
ferences among races, and genetic factors rarely have been 
shown to play a role, although osteosarcoma may be more 
common in patients with the hereditary form of retinoblas-
toma, Rothmund-Thomson syndrome, and Li-Fraumeni syn-
drome. All skeletal locations can be affected; however, most 
primary osteosarcomas occur at the sites of the most rapid 
bone growth, including the distal femur, the proximal tibia, 
and the proximal humerus.

Almost all patients with high-grade osteosarcoma report 
progressive pain (patients with low-grade surface osteosarco-
mas may report a painless mass). Pain initially may improve 
with conservative measures and activity modifications, which 
can lead to a false sense of security for the patient and the phy-
sician. The pain eventually becomes severe if the diagnosis is 
delayed. Night pain may be an important clue to the true diag-
nosis; however, only about 25% of patients experience this phe-
nomenon. Patients frequently are misdiagnosed with a more 
common musculoskeletal problem at the initial visit. The aver-
age delay from the onset of symptoms to the correct diagno-
sis was approximately 15 weeks in one study. This included the 
sum of the average patient delay of 6 weeks (the time between 
the onset of symptoms and initial physician encounter) and the 
average physician delay of 9 weeks (the time from the first visit 
to the correct diagnosis). The primary reasons for delay on the 
part of physicians included failure to obtain radiographs at the 
initial visit and, more important, failure to repeat the radio-
graphs when a patient’s symptoms persisted or worsened.

Although the radiographic appearance of osteosarcoma 
can vary, plain radiographs are the most valuable tools for 
making the correct diagnosis. The most common appearance 
is that of an aggressive lesion in the metaphysis of a long bone. 

Approximately 10% are primarily diaphyseal, and less than 1% 
are primarily epiphyseal. Although the lesion can be either pre-
dominantly blastic or predominantly lytic, more commonly 
areas of bone production and bone destruction are present. 
The lesion usually is quite permeative, and the borders are ill 
defined. If the tumor has broken through the cortex, a soft-tis-
sue mass may be present at the time of diagnosis. Periosteal 
reaction may take the form of a “Codman triangle,” or it may 
have a “sunburst” or “hair-on-end” appearance. Magnetic reso-
nance imaging (MRI) is the best imaging modality to measure 
the extent of the tumor within the bone and in the soft tissue 
and to determine the relationship of the tumor to nearby ana-
tomic structures. A bone scan should be obtained to look for 
skeletal metastases, and radiography and computed tomogra-
phy (CT) of the chest should be done to search for pulmonary 
metastases; the lungs are the most common sites of metastases. 
These tests should be done before biopsy.

Osteosarcomas are categorized as primary or secondary. 
Primary osteosarcomas are subcategorized as conventional 
osteosarcoma, low-grade intramedullary osteosarcoma, par-
osteal osteosarcoma, periosteal osteosarcoma, high-grade 
surface osteosarcoma, telangiectatic osteosarcoma, and small 
cell osteosarcoma.

Most osteosarcomas are classified as conventional osteo-
sarcomas (Figs. 27.1 to 27.3) and have a radiographic appear-
ance as previously described. These high-grade tumors begin 
in an intramedullary location but may break through the cor-
tex and form a soft-tissue mass. Histologically, they may be 
primarily osteoblastic, fibroblastic, or chondroblastic; how-
ever, to establish the diagnosis, osteoid production from the 
tumor cells must be shown. The spindle cell component is 
high grade with hypercellularity, abundant mitotic figures, 
and marked nuclear pleomorphism.

Periosteal osteosarcoma (Fig. 27.4) is an intermediate-
grade malignancy that arises on the surface of the bone. The 
most common locations are the diaphyses of the femur and 
tibia. It occurs in a slightly older and broader age group. 
Histological examination of periosteal osteosarcoma shows 
strands of osteoid-producing spindle cells radiating between 
lobules of cartilage.

Low-grade intramedullary osteosarcoma is a rare type 
characterized by an indolent course with relatively benign 
features on radiograph. In some patients, it can be mistaken 
radiographically and histologically for an osteoblastoma or 
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fibrous dysplasia. As the name implies, it is located in an intra-
medullary location. If left untreated, it may erode through 
the cortex very late in the disease process. Microscopically, 
it consists of slightly atypical spindle cells producing slightly 
irregular osseous trabeculae.

Parosteal osteosarcoma (Fig. 27.5) is also a rare, low-grade 
malignancy, but it arises on the surface of the bone and invades 
the medullary cavity only at a late stage. It has a peculiar ten-
dency to occur as a lobulated ossified mass on the posterior 
aspect of the distal femur. CT may be helpful in differentiat-
ing this subtype of osteosarcoma from myositis ossificans or 
an osteochondroma. The ossification in myositis ossificans is 
more mature at the periphery of the lesion, whereas the center 
of a parosteal osteosarcoma is more heavily ossified. Parosteal 
osteosarcoma can be easily differentiated from an osteochon-
droma because the CT scan of an osteochondroma shows a 
medullary cavity containing marrow in continuity with the 
medullary canal of the involved bone. Microscopically, similar 
to a low-grade intramedullary osteosarcoma, parosteal osteo-
sarcoma consists of slightly atypical spindle cells producing 
slightly irregular osseous trabeculae.

High-grade surface osteosarcoma is the least common 
type of osteosarcoma. As the name implies, it is an aggressive 
tumor arising on the outer aspect of the cortex. Radiographs 
show an invasive lesion with ill-defined borders. Similar to 
conventional osteosarcoma, the microscopic appearance is 
that of a high-grade tumor with hypercellularity, mitotic fig-
ures, and marked nuclear pleomorphism. In contrast to par-
osteal osteosarcoma, medullary involvement is common at 
the time of diagnosis.

Telangiectatic osteosarcoma is a purely lytic lesion. On a 
radiograph, it can have an invasive appearance, or it can have 
a ballooned appearance similar to that of an aneurysmal bone 
cyst. Grossly, it resembles a blood-filled cyst with only a very 
small solid portion. Microscopically, on low power, it most 
commonly resembles an aneurysmal bone cyst with blood-
filled spaces separated by thin septa. On higher power magnifi-
cation, however, the cells in the septa appear frankly malignant.

Small cell osteosarcoma, another rare variant, is a high-
grade lesion that consists of small blue cells and may resem-
ble Ewing sarcoma or lymphoma. If present in only a small 
quantity, the osteoid can be difficult to differentiate from the 
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FIGURE 27.1 A and B, Anteroposterior and lateral radiographs show osteosarcoma in left 
distal femur of 31-year-old man. C and D, Low-power and high-power photomicrographs show 
malignant spindle cells producing osteoid. After preoperative chemotherapy, patient underwent 
wide resection and endoprosthetic reconstruction.
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fibrin-like material that may be present in Ewing sarcoma. 
Cytogenetic and immunohistochemistry studies sometimes 
are needed to differentiate these lesions.

Secondary osteosarcomas occur at the site of another dis-
ease process. They rarely occur in young patients but consti-
tute almost half of the osteosarcomas in patients older than 50 
years. The most common factors associated with secondary 
osteosarcomas include Paget disease and previous radiation 
therapy. The incidence of osteosarcoma in Paget disease is 
approximately 1% and may be higher (5% to 10%) for patients 
with advanced polyostotic disease. Paget osteosarcoma most 
commonly occurs in patients in the sixth to eighth decades of 
life, and the pelvis is the most common location. Radiation-
associated osteosarcoma occurs in approximately 1% of 

patients who have been treated with greater than 2500 cGy 
and can occur in unusual locations, such as the skull, spine, 
clavicle, ribs, scapula, and pelvis (Fig. 27.6). Although osteo-
sarcoma is the most common radiation-associated sarcoma, 
fibrosarcoma and malignant fibrous histiocytoma (MFH) 
are also relatively common in this setting. The time to onset 
of the secondary osteosarcoma averages 10 to 15 years after 
radiation exposure but may occur 3 years to several decades 
after treatment. Other conditions that have been reported to 
be associated with secondary osteosarcomas include fibrous 
dysplasia, bone infarcts, osteochondromas, chronic osteomy-
elitis, melorheostosis, and osteogenesis imperfecta; however, 
secondary osteosarcomas are extremely rare in these settings, 
and a causal relationship has not been established.

F

IHG

E

FIGURE 27.1, cont’d E, Photograph of resected specimen and implant. F, Photograph of implant in 
situ. G and H, Postoperative anteroposterior and lateral radiographs. I, Photomicrograph showing 
complete tumor necrosis.
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Before the advent of multiple-agent chemotherapy, the 
prognosis for patients with osteosarcoma was dismal. Despite 
treatment consisting of wide or radical amputation, approxi-
mately 80% of patients died as a result of distant metastases, 
usually within 2 years. With today’s multiple-agent chemo-
therapy regimens and appropriate surgical treatment, most 
series report long-term survival of 60% to 75% for patients 
with high-grade osteosarcoma without metastases at initial 
presentation and 90% for those with low-grade lesions.

The most important prognostic factors at the time 
of diagnosis are the presence and location of metastases. 
Approximately 15% of patients with osteosarcoma have detect-
able pulmonary metastases at the time of diagnosis. As a group, 
these patients continue to have a poor prognosis, with less than 
20% long-term survival. (Patients with one or a few resectable 
pulmonary metastases at presentation may have greater than 

50% long-term survival, whereas patients with many, large, or 
unresectable pulmonary metastases have an extremely poor 
prognosis.) Patients with nonpulmonary metastases (e.g., 
bone metastases) have an even worse prognosis, with less than 
5% long-term survival. Patients with “skip” metastases (i.e., 
a metastasis within the same bone as the primary tumor or 
across the joint from the primary tumor) have the same poor 
prognosis as patients with distant metastases.

The next most important prognostic feature is the grade of 
the lesion. Low-grade lesions rarely metastasize, and patients 
with low-grade lesions have a marked survival advantage 
over patients with high-grade lesions. Size of the primary 
tumor also appears to be of prognostic significance. Although 
authors differ on the specific criteria for what constitutes a 
large or a small tumor, most studies confirm that patients 
with large tumors have a worse prognosis than patients with 
smaller tumors. Skeletal location is also thought to be impor-
tant because patients with more proximal tumors do worse 
than patients with more distal tumors. Size and location are 
likely interrelated variables, however, because most proximal 
tumors are larger at the time of diagnosis than most distal 
tumors. Paget osteosarcomas continue to have a poor prog-
nosis, with less than 15% long-term survival. Radiation-
associated osteosarcomas have been regarded as having a 
poor prognosis; however, this may be due primarily to their 
frequent occurrence in unusual locations where resection is 
difficult. Radiation-associated osteosarcomas in the extrem-
ities may have the same prognosis as any other high-grade 
osteosarcoma. Age at diagnosis and gender do not seem to be 
of prognostic significance.

As stated earlier, historically, patients with high-grade 
osteosarcoma were treated with immediate wide or radi-
cal amputation. Despite this treatment, 80% of patients with 
apparently isolated disease died of distant metastases. From 
this, it can be deduced that most patients with high-grade 
osteosarcoma have nondetectable micrometastases at pre-
sentation. The goal of adjuvant or neoadjuvant chemotherapy 
is to treat these micrometastases. Currently, at most mus-
culoskeletal oncology centers, the treatment of high-grade 
osteosarcoma consists of neoadjuvant chemotherapy, wide 
or radical surgery (resection or amputation), and adjuvant 
chemotherapy. Pulmonary metastases likewise are resected 
if possible after neoadjuvant chemotherapy. The histologic 
response of the primary tumor to neoadjuvant chemother-
apy has been shown to be a good predictor of long-term sur-
vival. Greater than 90% tumor necrosis indicates a very good 
prognosis. Low-grade osteosarcoma can be treated with wide 
resection or amputation without chemotherapy.

About 50% of patients with high-grade osteosarcoma 
have some type of relapse after the initial treatment. About 
10% of patients have local recurrence after wide resection 
or wide amputation. Patients who have a local recurrence 
have a very poor prognosis and usually are treated with a 
radical amputation (if cure is the goal) and further chemo-
therapy. Late pulmonary metastases likewise are treated with 
surgery and chemotherapy. Poor prognostic factors include 
rapid relapse after completion of the initial treatment, many 
(more than eight) pulmonary nodules, large (>3 cm) pulmo-
nary nodules, and unresectable pulmonary nodules. Patients 
with a few, small, resectable pulmonary nodules that occur 
late may have as high as a 60% chance of cure with aggressive 
treatment. 

 

BA

FIGURE 27.2 A and B, Anteroposterior and lateral radiographs 
of proximal tibia of 11-year-old boy with chondroblastic osteosar-
coma.
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FIGURE 27.3 A, Anteroposterior view of proximal humerus of 
8-year-old boy with osteoblastic osteosarcoma. B, MR image better 
shows extent of tumor within bone and soft tissue.
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  FIGURE 27.4 A and B, Anteroposterior and lateral radiographs of proximal femur of 67-year- 
old woman with periosteal osteosarcoma. C, MR image shows lesion arising from surface of bone. 
Marrow does not seem to be involved. D, Specimen after wide resection. E, Specimen after removal 
of surrounding muscle. F, Cut specimen. Lesion arises from surface of bone, and marrow cavity is 
not involved. G, Typical microscopic appearance of periosteal osteosarcoma. Lobules of malignant 
cartilage are separated by malignant spindle cells producing osteoid. H, Anteroposterior radiograph 
of reconstructed femur.
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FIGURE 27.5 A and B, Anteroposterior and lateral radiographs of parosteal osteosarcoma 
arising in its most common location. C and D, CT scan and MR image show lesion arising from 
posterior surface of distal femur without involvement of marrow cavity. E, Typical microscopic 
appearance of parosteal osteosarcoma. Slightly atypical spindle cells produce relatively normal-
appearing trabeculae.
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FIGURE 27.6 A 44-year-old woman complained of right shoulder pain 6 years after under-
going surgery, chemotherapy, and radiation treatment for metastatic melanoma involving right 
axilla. A, Anteroposterior radiograph of right shoulder revealing very subtle bony sclerosis along 
the lateral aspect of scapula. B, T2-weighted axial MRI demonstrating aggressive appearing lesion 
with large soft-tissue mass. Biopsy showed that the lesion was a conventional osteosarcoma. C, 
Right shoulder after chemotherapy and scapulectomy.
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CHONDROSARCOMA
Chondrosarcoma has an incidence about half that of osteo-
sarcoma. It is the second most common nonhematologic pri-
mary malignancy of bone. It occurs over a broad age range, 
with peaks between 40 and 60 years for primary chondrosar-
coma and between 25 and 45 years for secondary chondrosar-
coma. Chondrosarcoma can occur in any location; however, 
most are located in a proximal location such as the pelvis, 
proximal femur, and proximal humerus. Although chondro-
sarcomas rarely occur in the hand, they are the most common 
primary malignancy of bone in this location. Similar to most 
bone tumors, the incidence is slightly higher among males. 
Race predilection is not significant.

Clinically, most patients with primary chondrosarcomas 
report increasing pain. A palpable mass may also be present. 
Chondrosarcomas frequently are slow growing, and symp-
toms can be present for several years before a patient seeks 
medical attention. Pain in the absence of a pathologic fracture 
can be important in helping to differentiate an enchondroma 
from a low-grade chondrosarcoma. Frequently, patients are 
referred for evaluation of an asymptomatic cartilaginous 
lesion discovered as an incidental finding on a bone scan or 
radiograph obtained for another reason. (The radiographic 
abnormality usually is the sole reason the patient is referred 
to the orthopaedic oncologist.) Although an asymptomatic 
radiographic abnormality is common in a patient with an 
enchondroma, the diagnosis of chondrosarcoma would be 
extremely rare in this circumstance. A chondrosarcoma may 
occur in the area of a treated “enchondroma.” In this circum-
stance, the original pathology specimen should be reviewed.

Secondary chondrosarcomas arise at the site of a preex-
isting benign cartilage lesion. They occur most frequently in 
the setting of multiple enchondromas and multiple heredi-
tary exostoses. In Ollier disease (multiple enchondromas), 
the incidence of malignancy (most commonly chondrosar-
coma) is approximately 25% by the age of 40 years, and in 
patients with Maffucci syndrome (multiple enchondromas 
with soft-tissue hemangiomas), the incidence may be even 
higher. Although data for osteochondromas are difficult to 

analyze, the lifetime incidence of secondary chondrosarcoma 
is estimated to be 5% for patients with multiple hereditary 
exostoses and approximately 1% for patients with solitary 
osteochondromas (Fig. 27.7). As discussed in Chapter 25, 
the true incidence of malignant degeneration of osteochon-
dromas is unknown. Published estimates are likely too high, 
owing to the effect of referral bias on pathology data at ter-
tiary referral centers. The true prevalence of osteochondro-
mas in the general population is unknown. Whether or not a 
solitary benign enchondroma has the potential to give rise to 
a secondary chondrosarcoma is difficult to determine. If this 
does occur, the incidence is not high enough to warrant pro-
phylactic treatment of asymptomatic enchondromas. Other 
conditions that have been reported to be associated with sec-
ondary chondrosarcoma include synovial chondromatosis, 
chondromyxoid fibroma, periosteal chondroma, chondro-
blastoma, previous radiation treatment, and fibrous dysplasia.

The radiographic appearance of chondrosarcoma fre-
quently is diagnostic (Fig. 27.8). Similar to enchondroma, it is 
a lesion arising in the medullary cavity with irregular matrix 
calcification. The pattern of calcification has been described 
as “punctate,” “popcorn,” or “comma shaped.” Compared with 
enchondroma, however, chondrosarcoma has a more aggres-
sive appearance with bone destruction, cortical erosions, 
periosteal reaction, and a soft-tissue mass. CT can be helpful 
to show endosteal erosions or other evidence of a destructive 
lesion and to differentiate benign from malignant cartilage 
lesions. The site of the lesion must also be considered because 
lesions in the hand (the most common site for an enchon-
droma and a rare site for a chondrosarcoma) may appear 
aggressive and still be diagnosed as benign. The same amount 
of cortical destruction shown in a pelvic or proximal femoral 
lesion would be diagnostic of a chondrosarcoma. Finally, the 
size of the cartilaginous cap of an osteochondroma, as evalu-
ated with CT or MRI, is important in evaluating the possibil-
ity of a secondary chondrosarcoma. If the cartilaginous cap 
is larger than 2 cm in a skeletally mature patient, a secondary 
chondrosarcoma must be considered.

Histologically, conventional chondrosarcomas are com-
posed of malignant cells with abundant cartilaginous matrix. (If 
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FIGURE 27.7 Anteroposterior (A) and lateral (B) radiographs of right distal femur of 25-year 
old man who complained of painful mass in right thigh. C, Axial T1-weighted MRI showing lesion 
arising from a previously existing osteochondroma. Biopsy proved that this was a secondary chon-
drosarcoma.

    

https://booksmedicos.org


PART VIII TUMORS1016

malignant osteoid is present even in small amounts, the diag-
nosis should be chondroblastic osteosarcoma; a tumor with dif-
ferent prognostic and therapeutic implications.) Differentiating 
a low-grade chondrosarcoma from an enchondroma can be 
difficult solely from a biopsy specimen. Factors that favor a 
malignant diagnosis include hypercellularity, plump nuclei, 
more than occasional binucleate cells, a permeative pattern, 
and entrapment of bony trabeculae (Fig. 27.9). As much tissue 
as possible should be obtained from the biopsy of a borderline 
lesion. Perhaps, in no other circumstance is correlation with 
the clinical and radiographic findings more important. Lesions 
in the setting of multiple enchondromas, periosteal chondro-
mas, synovial chondromatosis, and enchondromas of the hand 
all may appear hypercellular and yet still can be benign. This 
same appearance in a biopsy specimen taken from a solitary 
large pelvic lesion with radiographically shown cortical ero-
sions would be diagnostic of a chondrosarcoma.

Less common histologic subtypes of chondrosarcoma 
include dedifferentiated chondrosarcoma, clear cell chondro-
sarcoma, and mesenchymal chondrosarcoma. Together, these 

subtypes constitute less than 20% of all chondrosarcomas. 
Histologically, dedifferentiated chondrosarcoma consists of a 
high-grade spindle cell sarcoma (most commonly osteosar-
coma followed in frequency by fibrosarcoma and MFH adja-
cent to an otherwise typical low-grade chondrosarcoma (Fig. 
27.10). The radiographic features of a dedifferentiated chon-
drosarcoma often show a more aggressive radiolucent area 
juxtaposed on an otherwise typical chondrosarcoma.

Clear cell chondrosarcoma is a low-grade malignancy. 
As the name implies, it consists of round cells with abun-
dant clear cytoplasm and distinct cytoplasmic borders with 
a background of cartilaginous matrix. Multinucleated giant 
cells usually are apparent. Clear cell chondrosarcoma has a 
strong tendency to arise in an epiphysis (especially the proxi-
mal femur). It may have benign radiographic features and can 
be confused with chondroblastoma or giant cell tumor.

Mesenchymal chondrosarcoma is a high-grade tumor 
consisting of small, round blue cells with islands of benign-
appearing cartilage. The cellular portions often have a heman-
giopericytomatous pattern of growth with “staghorn-like” 
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FIGURE 27.8 A, Anteroposterior view of pelvis of a 78-year-old man reveals a large tumor 
arising from the pubis with soft-tissue extension. The mass has punctate calcification consistent 
with a chondrosarcoma. Although plain radiography is more helpful for determining the diagnosis, 
MRI (B and C) better defines the extent of the soft-tissue mass and its relationship to adjacent 
anatomic structures. D, Typical microscopic appearance of conventional chondrosarcoma.
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vessels. Radiographically, mesenchymal chondrosarcoma 
may look similar to a conventional chondrosarcoma (Fig. 
27.11). More frequently, however, it has a nonspecific, aggres-
sive radiographic appearance.

The treatment of low-grade chondrosarcoma is contro-
versial, with many authors reporting excellent results after 
extended curettage with the use of intraoperative adjuvant 
treatments. Extended curettage is considered adequate treat-
ment only for low-grade lesions that are confined within the 
medullary canal. Those with soft-tissue extension should 
be treated similar to high-grade lesions. The treatment of 
high-grade chondrosarcoma is wide or radical resection or 
amputation. Because cartilage is relatively avascular, the cells 
survive transplantation easily. The local recurrence rate after 
intraoperative tumor contamination is high. For lesions in 

an expendable location, primary wide resection without 
a biopsy may be indicated to decrease the chance of tumor 
contamination. After wide resection, local recurrence is less 
than 10% and can be treated with repeat wide resection or 
wide amputation. Likewise, pulmonary metastases should be 
treated with surgical resection if possible. Chemotherapy has 
no role in the treatment of conventional chondrosarcoma but 
is frequently used for the treatment of dedifferentiated and 
mesenchymal chondrosarcomas. Radiation therapy likewise 
has a limited role and is used only as a palliative measure for 
surgically inaccessible lesions.

The prognosis for patients with chondrosarcoma depends 
mostly on the size, grade, and location of the lesion. If a high-
grade lesion cannot be completely resected with wide or radical 
margins (usually because of its size or location), local recurrence 
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FIGURE 27.9 Low-power (A) and high-power (B) photomicrographs of a chondrosarcoma 
demonstrate entrapment of trabeculae.
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FIGURE 27.10 A, Anteroposterior view of right proximal humerus of 92-year-old woman with 
dedifferentiated chondrosarcoma shows aggressive-appearing area (arrows) adjacent to otherwise 
typical chondrosarcoma. B, Resected specimen shows these features. C, Typical microscopic appear-
ance of dedifferentiated chondrosarcoma. High-grade spindle cell sarcoma is located adjacent to 
low-grade chondrosarcoma. D, Anteroposterior radiograph after reconstruction with endopros-
thesis.
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is likely. Patients with low-grade lesions have been reported to 
have a greater than 90% 10-year survival rate, whereas patients 
with high-grade conventional chondrosarcoma are reported to 
have a 20% to 40% 10-year survival rate. The 5-year survival 
rate is 10% to 25% for patients with dedifferentiated chon-
drosarcoma, with most deaths occurring in the first 2 years. 
Because chondrosarcomas often are slow growing, local recur-
rences and pulmonary metastases may not be detected until 
years or decades after the primary procedure. A significant per-
centage of recurrences show a higher histologic grade than the 
original tumor. Long-term follow-up with regular imaging of 
the operative site and the chest is imperative so that treatment 
can be initiated promptly in the event of a recurrence. 

EWING SARCOMA
Ewing sarcoma is the third most common nonhematologic pri-
mary malignancy of bone, but it is the second most common 

(after osteosarcoma) in patients younger than 30 years and the 
most common in patients younger than 10 years. The incidence 
is less than one per 1 million per year. Ewing sarcoma has been 
reported to occur in a wide age range of patients from infants 
to the elderly, but most occur in patients aged 5 to 25 years. The 
most common locations include the metaphyses of long bones 
(often with extension into the diaphysis) and the flat bones of 
the shoulder and pelvic girdles (Figs. 27.12 and 27.13). Rarely, 
it occurs in the spine or in the small bones of the feet or hands. 
Similar to most sarcomas of bone, there is a slightly higher 
incidence in males. Ewing sarcoma is exceedingly rare in indi-
viduals of African descent. There are no known predisposing 
factors.

Pain is an almost universal complaint of patients with 
Ewing sarcoma. Usually, the onset is insidious, and the pain 
may be of long duration before the patient seeks medical 
attention. The pain may be only mild and intermittent ini-
tially and may respond to initial conservative treatment. The 
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FIGURE 27.11 A, Anteroposterior radiograph of pelvis of 22-year-old woman with mesenchymal 
chondrosarcoma. B, Axial T2-weighted MRI demonstrating full extent of lesion within bone and 
soft tissue. C, Anteroposterior radiograph of pelvis after chemotherapy and resection.
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average delay from the onset of symptoms to the diagnosis 
has been reported to be 34 weeks. The average patient delay in 
one study was 15 weeks from the onset of symptoms until the 
first medical appointment, and the average physician delay 
was 19 weeks from the initial visit to correct diagnosis. These 
numbers show the importance of radiographs at the initial 
visit and rechecking them at subsequent visits if the patient 
continues to have symptoms.

In addition to pain, patients may also have fever, ery-
thema, and swelling, suggesting osteomyelitis. Laboratory 

studies may reveal an increased white blood cell count, an 
elevated erythrocyte sedimentation rate, and an elevated 
C-reactive protein level. To complicate matters further, a 
needle aspirate of Ewing sarcoma may grossly resemble pus, 
and the tissue may be sent in its entirety to microbiology and 
none to pathology. (As a general rule, most biopsy specimens 
should be sent for culture and pathologic analysis.)

Classically, Ewing sarcoma appears radiographically as 
a destructive lesion in the diaphysis of a long bone with an 
“onion skin” periosteal reaction. In reality, Ewing sarcoma 
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FIGURE 27.12 A and B, Anteroposterior and lateral radiographs of left fibula of 7-year-old 
girl with Ewing sarcoma. Involvement of large portion of bone (or even entire bone) is typical of 
Ewing sarcoma. C, MR image shows a large soft-tissue mass. D, Typical microscopic appearance of 
Ewing sarcoma. E and F, Anteroposterior and lateral radiographs after completion of neoadju-
vant chemotherapy. Note increased ossification of lesion. G, Repeat MR image after neoadjuvant 
chemotherapy shows marked reduction in size of soft-tissue mass. H and I, Anteroposterior and 
lateral radiographs of left tibia after wide resection of tumor. Distal fibular physis was preserved. 
Wide resection avoids complications associated with radiation therapy in growing child.
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more often originates in the metaphysis of a long bone but fre-
quently extends for a considerable distance into the diaphy-
sis. Although “skip” metastases (similar to those that occur in 
osteosarcoma) are not reported in Ewing sarcoma, it is com-
mon for a large portion of the bone (or even the entire bone) to 
be involved. In flat bones, Ewing sarcoma appears as a nonspe-
cific destructive lesion. Regardless of the location, MRI of the 
entire bone should be ordered to evaluate the full extent of the 
lesion, which typically extends beyond the abnormality appar-
ent on plain films. MRI is also useful to evaluate the extent 
of the soft-tissue mass, which often is very large. All patients 
should have a baseline radiograph and CT of the chest because 
the lung is the most common site of metastases. A bone scan 
should be performed because bone is the second most com-
mon site of metastases. At some institutions, a bone marrow 
aspirate is performed as part of the staging of Ewing sarcoma 
to rule out diffuse systemic disease. Others have recommended 
FDG-PET/CT or whole-body MRI for this purpose.

Histologically, Ewing sarcoma consists of small blue cells 
with very little intercellular matrix. Cytogenetic or immunohis-
tochemical studies often are required to differentiate Ewing sar-
coma from other small blue cell tumors. The t(11;22)(q24;q12) 
is the most common translocation diagnostic of Ewing sarcoma 
and is present in more than 90% of cases. Other diagnostic trans-
locations, including t(21;22)(q22;q12) and t(7;22)(p22;q12), 
have also been identified. Immunohistochemical staining for the 
MIC-2 gene product has been reported to be specific for Ewing 
sarcoma. In addition, Ewing sarcomas usually are periodic acid–
Schiff (PAS) positive (owing to intracellular glycogen) and retic-
ulin negative. This is in contrast to lymphomas, which are PAS 
negative and reticulin positive. Lymphomas also stain positive 
for leukocyte common antigen and other T- and B-cell antigens. 
Embryonal rhabdomyosarcoma stains positive for desmin, 
myoglobin, and muscle-specific actins. Hemangiopericytomas 
stain positive for factor VIII, and small cell metastatic carcino-
mas and melanomas stain positive for cytokeratin.

 

B

DC

A

FIGURE 27.13 A, Anteroposterior radiograph of 13-year-old girl with Ewing sarcoma of left 
hemipelvis. B, Bone scan. C and D, Axial and coronal MR images show full extent of lesion. Because 
of morbidity associated with surgical management of large tumor in this location, the patient was 
treated with chemotherapy and radiation.
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The worst prognostic factor is the presence of distant 
metastases. Even with aggressive treatment, patients with 
metastases have only a 20% to 30% chance of long-term sur-
vival. The size of the primary lesion has been shown con-
sistently to be of prognostic significance, although specific 
parameters have not been firmly established. Location has 
also been reported to be of prognostic significance, but it is 
difficult to differentiate the effects of location and size because 
most proximally located tumors are larger at presentation 
than distally located tumors. Histologic grade is of no prog-
nostic significance because all Ewing sarcomas are considered 
high grade. Fever, anemia, and elevation of laboratory values 
(white blood cell count, erythrocyte sedimentation rate, and 
lactate dehydrogenase) have been reported to indicate more 
extensive disease and a worse prognosis. Older age at presen-
tation (with a cutoff around the age of 12 to 15 years) and 
male gender have also been reported to be associated with 
a worse prognosis. The specific translocation, t(11;22) versus 
t(21;22), does not seem to affect the clinical course; however, 
secondary genetic alterations, such as aberrant TP53 expres-
sion, may prove to be important. As with osteosarcoma, histo-
logic response to neoadjuvant chemotherapy has been shown 
to be prognostically important. Greater than 90% necrosis 
after preoperative chemotherapy indicates a good prognosis.

The treatment of Ewing sarcoma must include neoad-
juvant or adjuvant chemotherapy, or both, to treat distant 
metastases that may or may not be readily apparent at the ini-
tial staging. Before the use of multiple-agent chemotherapy, 
long-term survival was less than 10%. Today, most centers 
report long-term survival rates of 60% to 75%.

Local treatment of the primary lesion is more controver-
sial. Ewing sarcoma is radiosensitive, yet some authors report a 
decreased rate of local recurrence (<10%) and an increased rate 
of overall survival with wide resection of the primary tumor. 
These reports are difficult to interpret, however, because large, 
central, unresectable tumors often are treated with radiation, 
whereas smaller, more accessible lesions (which inherently 
have a better prognosis) are more likely to be treated with sur-
gery. At this time, the choice between surgery and radiation 
for treatment of the primary lesion must be made on an indi-
vidual basis. Repeat staging studies should be obtained after 
neoadjuvant chemotherapy. The repeat radiographs often show 
increased ossification, and repeat MRI often shows a marked 
decrease in the soft-tissue mass. At this point, if it appears that 
the lesion can be resected with wide margins with an accept-
able functional deficit, surgery should be the treatment of the 
primary lesion. If wide margins would be difficult to obtain 
or if the functional deficit resulting from surgery would be 
unacceptable, radiation of the primary lesion is an acceptable 
alternative. Radiation can also be used as an adjuvant after a 
marginal resection or a contaminated wide resection. The 
treatment plan in each case is most appropriately made after 
long discussions with the patient and the family. The discus-
sions should include expected function after amputation, limb 
salvage surgery, or radiation and the inherent short-term and 
long-term risks involved with each option.

Disease relapse is associated with a poor prognosis despite 
aggressive treatment of the relapse with further surgery, radia-
tion, and chemotherapy. Patients with local recurrence have 
been reported to have about a 20% 5-year survival rate, whereas 
patients who relapse with distant metastases have approxi-
mately a 10% 5-year survival rate. As with osteosarcoma, time 

to relapse has prognostic significance. Patients who relapse 
within the first year after primary treatment have a worse prog-
nosis than patients who have an extended disease-free interval. 

CHORDOMA
Chordoma is a rare malignant neoplasm that arises from 
notochord remnants. Chordoma is the second most common 
primary malignancy in the spine (behind myeloma) and is the 
most common primary malignancy of the sacrum. Greater 
than 50% of chordomas arise in the sacrococcygeal area, and 
more than 30% arise at the base of the skull; the remainder 
are dispersed throughout the rest of the spine. Peak incidence 
for sacrococcygeal chordomas occurs in the fifth to seventh 
decades, whereas the peak for sphenooccipital lesions is the 
fourth to sixth decades. Most series show a marked male pre-
dominance (3:1), especially for sacrococcygeal tumors.

The presenting signs and symptoms vary according to the 
site of the lesion. Because most chordomas are slow grow-
ing, patients frequently have symptoms for more than a year 
before diagnosis. Patients with tumors in the sphenooccipital 
region may report headaches or symptoms related to cranial 
nerve compression. In the spine, symptoms can be caused by 
nerve root or cord compression. If an anterior mass exists 
with a cervical spine lesion, the symptoms may be similar to 
those caused by a retropharyngeal abscess. The most com-
mon presenting complaint for patients with sacrococcygeal 
tumors is low back pain. Bowel and bladder disturbance and 
sciatic pain are also common with sacral tumors. A palpable 
mass frequently is present on rectal examination.

Radiographically, chordomas appear as destructive 
lesions (Fig. 27.14). They virtually always arise from the mid-
line. Sacrococcygeal lesions often are missed on the initial 
radiographic examination because of overlying bowel gas. 
They are usually seen more easily on a lateral view of the 
sacrum. Likewise, radioisotope accumulation in the bladder 
can obscure a sacral tumor on a bone scan. More than 50% of 
chordomas exhibit radiographically detectable calcification. 
CT may be better for detecting calcification (which may help 
with the diagnosis), but MRI is better for determining the 
full extent of the lesion and its relationship to other anatomic 
structures. A common pitfall in the evaluation of a patient 
with a chordoma and low back pain is ordering an MRI of 
only the lumbar spine; this study usually misses a sacrococ-
cygeal chordoma because most arise below S3.

Microscopically, chordoma appears as lobules of cells 
separated by fibrous bands. The cells usually contain abun-
dant vacuolated cytoplasm (physaliferous cells). The cells 
usually are arranged in long strands, or “cords,” with a muci-
nous background. Most chordomas are low grade, although 
dedifferentiated chordomas exist. These dedifferentiated 
chordomas contain areas of a high-grade sarcoma (most fre-
quently an MFH) and behave in a more aggressive manner.

The primary treatment is surgical resection with wide 
margins, even if this creates a neurologic deficit, because pro-
gressive growth of the tumor would create a neurologic deficit 
anyway and possibly metastatic disease. Resection that pre-
serves the S3 nerve roots bilaterally results in relatively nor-
mal bowel and bladder function, whereas resection above this 
level results in incremental loss of bowel and bladder func-
tion. Resection of bilateral S2 nerve roots results in complete 
loss of control of bowel and bladder function. If wide margins 
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cannot be obtained or if tumor contamination occurs intra-
operatively, radiation may be beneficial. Radiation may also 
be beneficial for patients in whom resection is not feasible, 
although a cure is rarely, if ever, achieved in these patients. 
Chemotherapy is of no proven benefit. Likewise, distant 
metastases are treated surgically.

The 5-year overall survival rate for patients with chor-
domas is approximately 60% to 80%, but the survival rate 
continues to decline with longer follow-up because of late 
recurrences (25% to 60% 10-year survival). Local recurrences 
are common because of the difficulty encountered in achiev-
ing wide margins. Male gender and younger age at diagnosis 
have been reported to be associated with a favorable progno-
sis. A more distal location for sacral lesions is also associated 
with a better prognosis. Metastases are rare at initial presen-
tation (<5%) but may occur later in 30% to 60%. In addition 
to the lungs, metastases are common in bone and have been 
reported and in unusual locations such as skin, eyelid, brain, 
liver, and other internal organs. 

ADAMANTINOMA
Adamantinoma is a rare neoplasm representing less than 1% 
of all primary malignancies of bone. Adamantinoma has a 
wide age distribution, but most patients are in the second or 
third decade at the time of diagnosis. It has a peculiar pre-
dilection for occurring in the tibia (approximately 85%) and 
may also involve the ipsilateral fibula. It has been postulated 

that adamantinoma arises from aberrant nests of epithelial 
cells, which would account for the fact that this tumor pri-
marily occurs in bone that is in a subcutaneous location.

Pain is the most common symptom. The lesion is typically 
slow growing; therefore, the pain can be present for many 
years before the patient seeks medical attention. Because the 
lesion usually occurs in a subcutaneous location, a palpable 
mass may be present. Approximately 20% of patients have a 
pathologic fracture.

The most common radiographic appearance is that of 
multiple, sharply demarcated radiolucent lesions in the tibial 
diaphysis (Fig. 27.15). The radiolucent lesions are separated 
by areas of dense, sclerotic bone. Although the radiographic 
appearance is similar to that of osteofibrous dysplasia, ada-
mantinoma usually has a more aggressive appearance. A large 
portion or even the entire tibia can be involved. Frequently, 
the fibula is also involved by direct extension of the tumor.

Microscopically, adamantinoma consists of islands of epi-
thelial cells in a fibrous stroma. Some areas of the tumor can 
resemble fibrous dysplasia or osteofibrous dysplasia. (Some 
authors consider adamantinoma to be a malignant variant of 
osteofibrous dysplasia.) Nuclear atypia is minimal, and mitotic 
figures are rare. Immunohistochemical staining usually is posi-
tive for cytokeratins and vimentin. It generally is a low-grade 
lesion, and histologic features are not predictive of behavior.

The optimal treatment of adamantinoma is wide resection 
or amputation. The tumor generally is radioresistant and che-
moresistant. Local recurrence occurs in approximately 25% 
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FIGURE 27.14 A and B, Anteroposterior and lateral views of sacrum of patient with sacrococ-
cygeal chordoma. This lesion could be missed easily because of overlying bowel gas. C, MR image 
clearly shows lesion. D, Typical microscopic appearance of chordoma. Cells with abundant vacu-
olated cytoplasm (physaliferous cells) are arranged in cords with mucinous background.
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of patients, and amputation should be considered for these 
patients. Metastases are rare at presentation but may occur 
later in 30% of patients. Overall survival is approximately 85% 
at 10 years. Prognosis depends most on the adequacy of the 
surgical margin. Compared with patients who have marginal 
or intralesional surgical procedures, patients who have wide 
or radical procedures have significantly reduced rates of local 
recurrence and metastases (<10%). Because of the slow-grow-
ing nature of this lesion, local recurrence or metastasis may 
occur very late, reportedly 19 years after the initial treatment. 
The importance of long-term follow-up must be stressed. 

MALIGNANT VASCULAR TUMORS
The terminology used to describe malignant vascular tumors 
in the literature is confusing. Multiple terms have been used 
interchangeably, including hemangioendothelioma, heman-
gioendothelial sarcoma, hemangiosarcoma, angiosarcoma, and 
others. Although not strictly defined, most authors use the 

term hemangioendothelioma to describe low-grade malignant 
vascular tumors and the term angiosarcoma to describe high-
grade malignant vascular tumors.

These are rare tumors. After the first decade, they may 
occur at any age and in any bone. There is a slight male pre-
dominance but no significant race predilection. Stewart-
Treves syndrome refers to the occurrence of angiosarcoma in 
the setting of chronic lymphedema (e.g., in the upper extrem-
ity of a patient who has previously undergone a radical mas-
tectomy). Angiosarcomas have also been reported to occur 
adjacent to orthopaedic implants, although a causal relation-
ship has not been firmly established.

Pain or, more rarely, pathologic fracture is the present-
ing complaint. Duration of symptoms varies depending on 
the grade of the tumor. The radiographic appearance of this 
lesion is also correlated with its grade. Low-grade tumors 
appear as well-demarcated lytic lesions that may or may not 
have surrounding reactive bone formation (Fig. 27.16). High-
grade tumors have a more permeative appearance. Periosteal 
reaction is unusual. Malignant vascular tumors have a pecu-
liar tendency to be multicentric at presentation regardless of 
grade. Most commonly, multiple lesions are found within the 
same bone or within multiple bones of the same extremity.

Microscopically, low-grade tumors show well-formed anas-
tomosing vascular channels lined by plump endothelial cells. 
Well-differentiated hemangioendotheliomas can be difficult 
to differentiate from benign hemangiomas. High-grade lesions 
can be pleomorphic and may appear as an undifferentiated sar-
coma or carcinoma. In some extremely pleomorphic lesions, 
the diagnosis can be made only through immunohistochem-
istry. Although metastatic carcinoma and malignant vascular 
tumors may be keratin positive, factor VIII–related antigen, 
CD31, and CD34 should be positive only in vascular tumors.

Treatment is individualized depending on the clinical situ-
ation. Solitary lesions are treated with wide resection if pos-
sible. Radiation can be used successfully in the treatment of 
surgically inaccessible lesions or in the treatment of multiple 
lesions. For high-grade lesions, adjuvant chemotherapy can be 
added to the treatment regimen. Prognosis depends most on 
grade. Patients with low-grade lesions may have better than an 
80% chance for long-term survival, whereas patients with high-
grade tumors have less than a 20% long-term survival rate. 

MALIGNANT FIBROUS 
HISTIOCYTOMA AND 
FIBROSARCOMA
Although MFH and fibrosarcoma are described in the litera-
ture as being separate entities, the distinction is sometimes 
arbitrary. The presentation, prognosis, and treatment of these 
two entities are similar, and so they are discussed together.

Excluding the first decade, they occur at any age with 
comparable frequency. Both men and women are affected 
equally. There is a slight tendency for the lesion to occur in the 
distal metaphysis of the femur or the proximal metaphysis of 
the tibia; however, any bone may be involved. Approximately 
25% of these tumors are considered to be secondary to a pre-
existing bone abnormality. The most commonly reported pre-
disposing conditions include Paget disease, radiation, giant 
cell tumor, and bone infarction (Fig. 27.17). They may also 
occur as part of a dedifferentiated chondrosarcoma.

 

A B

C

FIGURE 27.15 A and B, Anteroposterior and lateral radiographs 
of 79-year-old man with tibial adamantinoma. C, Typical microscopic 
appearance of adamantinoma. Islands of epithelioid cells are seen 
with fibrous background.
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As is the case with other bone sarcomas, patients complain 
of pain at presentation. These patients have a higher incidence 
(approximately 20%) of pathologic fracture at presentation. 
Radiographically, these tumors have an aggressive appearance 
and are typically purely lytic with indistinct borders. They may 
appear as an area of bone destruction adjacent to an other-
wise typical area of Paget disease or bone infarction. Periosteal 
reaction is absent, unless a pathologic fracture has occurred.

Histologically, the classic appearance of MFH is a high-
grade spindle cell sarcoma arranged in a storiform or cart-
wheel pattern. The appearance can vary, however. Tumors 
may exhibit benign and malignant multinucleated cells, cells 
with a histiocytic appearance (large, indented nuclei with 
abundant, well-defined cytoplasm), cells with foamy cyto-
plasm, inflammatory cells, and variable amounts of fibrosis. 
The classic appearance of fibrosarcoma is that of a spindle 
cell neoplasm arranged in a herringbone pattern. Low-grade 
fibrosarcomas may exhibit abundant collagen production, 
whereas high-grade tumors are more cellular. MFH and fibro-
sarcoma are characterized by the lack of osteoid production. 
Even a small amount of osteoid production by the malignant 
cells would change the diagnosis to osteosarcoma.

At most institutions, the treatment of MFH of bone and 
fibrosarcoma of bone is similar to that of osteosarcoma. Most 
patients with high-grade lesions are treated with neoadjuvant 
chemotherapy, followed by surgery (wide resection or wide 

amputation) and adjuvant chemotherapy. Compared with 
osteosarcoma, however, MFH may be more radiosensitive. 
There are reports of long-term survivors of MFH of the spine 
who were treated with radiation alone. Radiation therapy may 
also be beneficial for patients with positive resection margins 
or intraoperative tumor contamination.

The prognosis is based on the presence or absence of 
metastases, the size and location of the tumor (as they relate to 
the ability of the surgeon to remove the tumor with wide mar-
gins), the grade of the tumor, and the histologic response to 
preoperative chemotherapy (as determined by percent necro-
sis). Reports have also shown older age to be associated with a 
worse prognosis; however, this may be caused partially by the 
inability of many older patients to tolerate chemotherapy. No 
difference in prognosis has been shown between patients with 
primary tumors and patients with tumors arising in a predis-
posing condition. Overall, the 5-year survival rate for patients 
with high-grade tumors of the extremities without metastases 
at presentation is approximately 65%. 

MULTIPLE MYELOMA AND 
PLASMACYTOMA
Multiple myeloma is the most common primary malignancy of 
bone. Its peak incidence is in the fifth to seventh decades with a 
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FIGURE 27.16 A, Anteroposterior view of left shoulder of 37-year-old woman with heman-
gioendothelioma reveals destructive lesion in left glenoid. B, CT better shows extent of lesion. C, 
Photograph of resected specimen. D, Typical microscopic appearance of hemangioendothelioma. 
Malignant endothelial cells produce anastomosing vascular channels. These cells stained positive 
for factor VIII–related antigen.
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2:1 male predominance. Multiple myeloma and metastatic car-
cinoma should be included in the differential diagnosis for any 
patient older than 40 years with a new bone tumor.

Bone pain is the most common complaint for patients 
with multiple myeloma or with a solitary plasmacytoma. In 
contrast to most bone tumors, however, other systemic prob-
lems, such as weakness, weight loss, anemia, thrombocytope-
nia, peripheral neuropathy (especially with the osteosclerotic 
type of multiple myeloma), hypercalcemia, or renal failure, 
frequently are present at the time of diagnosis of multiple 
myeloma. Symptoms usually are of short duration because of 
the aggressive nature of the disease. Pathologic fractures are 
relatively common. The spine is the most common location, 
followed by the ribs and pelvis.

Radiographically, multiple myeloma appears as multiple, 
“punched-out,” sharply demarcated, purely lytic lesions without 
any surrounding reactive sclerosis (Fig. 27.18). The lack of reac-
tive bone formation is also shown by the fact that most lesions 
are negative on bone scan. (A less common variant of multiple 

myeloma is characterized by extensive sclerosis.) Occasionally, 
myeloma is characterized by marked bone expansion, giving 
rise to a “ballooned” appearance.

The diagnosis usually can be confirmed by serum immu-
noelectrophoresis, which shows a monoclonal gammopathy. 
In addition to a complete blood cell count and serum chem-
istries, staging studies include a skeletal survey and a bone 
marrow biopsy. Occasionally, biopsy of the bone lesion is 
required to establish the diagnosis.

Histologically, multiple myeloma appears as sheets of 
plasma cells. These are small, round blue cells with “clock 
face” nuclei and abundant cytoplasm with a perinuclear clear-
ing or “halo.” Amyloid production can be abundant. With the 
exception of patients on long-term hemodialysis, the pres-
ence of amyloid in bone usually means a diagnosis of multiple 
myeloma. In patients with a solitary plasmacytoma, the patho-
logic differential diagnosis may include chronic osteomyeli-
tis with abundant plasma cells (Fig. 27.19). In this situation, 
immunohistochemistry can be helpful. Plasmacytoma exhibits 
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FIGURE 27.17 A 12-year-old girl complained of increasing right knee pain for 3 months. A, 
Anteroposterior radiograph of the right distal femur demonstrates a large, purely lytic, destructive 
lesion. After biopsy showed this to be a malignant fibrous histiocytoma, she underwent neoadju-
vant chemotherapy, followed by wide resection (B) and endoprosthetic reconstruction (C).
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monoclonal κ or λ light chains, whereas the plasma cells of  
chronic osteomyelitis are polyclonal. Also, myeloma cells usu-
ally stain positive for the natural killer antigen CD56, whereas 
reactive plasma cells usually do not. Immunohistochemistry can 
also be helpful in poorly differentiated cases when lymphoma 
could be in the differential diagnosis. Lymphoma cells usually 
stain positive for CD45 (leukocyte common antigen) and CD20 
(a B-cell marker), whereas myeloma cells usually are negative.

The primary treatment of multiple myeloma is chemo-
therapy. Symptomatic bone lesions usually respond rapidly to 
radiation therapy. Bisphosphonates have also been shown to 
be of benefit in the prevention of skeletally related events. The 
orthopaedic surgeon most commonly is consulted to treat 
impending or actual pathologic fractures of the spine, ace-
tabulum, proximal femur, or proximal humerus. Every effort 
should be made to perform the operation that would allow 
the earliest resumption of full activity. This may include deb-
ulking the tumor and using internal fixation augmented with 
methacrylate. If this method would not allow immediate full 
weight bearing, cemented total joint arthroplasty or hemiar-
throplasty should be considered. In most patients, local radia-
tion therapy should be instituted 2 to 3 weeks after surgery or 
when the wound appears to be healed. The treating surgeon 
should keep in mind, however, that patients with myeloma 

are at higher risk for perioperative complications (e.g., infec-
tion, deep vein thrombosis, or renal failure) when compared 
with most orthopaedic patients.

Patients who present with a solitary plasmacytoma without 
evidence of systemic involvement (i.e., negative bone marrow 
biopsy and negative skeletal survey) have a better prognosis. 
Although more than half of patients who present with a solitary 
plasmacytoma eventually go on to develop multiple myeloma, 
some patients have a considerable disease-free interval, and a 
few remain continuously free of disease. Until recently, long-
term survival for patients with multiple myeloma was very 
rare. Currently, however, some centers are reporting greater 
than 60% long-term survival with aggressive treatment.

LYMPHOMA
Lymphoma may involve bone primarily or secondarily. 
Lymphoma can occur at any age but becomes more common 
in the sixth and seventh decades of life. The male-to-female 
ratio is approximately 1.5:1. The femur is the most common 
bone involved, followed by the pelvis, spine, and ribs.

Most patients complain of localized pain or swelling. 
Patients with spinal involvement may have nerve root or cord 
compression. The symptoms can be mild or severe. Some 
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FIGURE 27.18 A and B, Anteroposterior and lateral radiographs of proximal femur of 61-year-
old man with multiple myeloma show multiple lytic lesions. C and D, CT better shows extent of 
lesions and need for prophylactic fixation.
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patients have symptoms for several years before seeking med-
ical attention. In contrast to patients with multiple myeloma, 
patients with lymphoma usually feel otherwise healthy.

Radiographically, lymphoma usually appears as an ill-
defined area of bone destruction (frequently diaphyseal) 
and often has a permeative appearance. The cortex may be 
thickened, but a periosteal reaction rarely is seen. Frequently, 
a large portion of the bone or even the entire bone can be 
involved. The extent of the lesion may appear large compared 
with the patient’s symptoms. Radiographs can be entirely nor-
mal despite extensive involvement of the medullary canal as 
seen on bone scan or MRI (Fig. 27.20). (Lymphoma usually 
should be included in the differential diagnosis of a patient 
who has bone pain and an abnormal bone scan or MRI with 
normal radiographs.) The soft-tissue mass can also be exten-
sive. Staging studies should include a complete blood cell 
count and serum chemistries; bone scan; CT of the chest, 

abdomen, and pelvis; and a bone marrow biopsy. Whole body 
PET/CT is also useful for staging as well as for evaluation of 
response to treatment.

Microscopically, osseous lymphomas are composed of a 
mixture of large and small lymphoid cells with cleaved and 
noncleaved nuclei (Fig. 27.21). Some may appear sarcomatoid, 
and others may be difficult to distinguish from Ewing sarcoma 
or an undifferentiated carcinoma. Immunohistochemistry 
(specifically, positive staining for lymphoid markers, positive 
reticulin stain, negative keratin, and negative PAS) frequently 
is helpful in these cases.

A discussion of the classification of lymphomas is beyond 
the scope of this text. In general, however, patients with primary 
lymphoma of bone have a better prognosis (approximately 50% 
to 80% 5-year survival) than patients with systemic disease. 
The primary treatment of lymphoma is chemotherapy (Fig. 
27.22). Local control usually is attained with radiation therapy. 

E F

IH

G

FIGURE 27.18, cont’d   E and F, Preoperative embolization was done to minimize intraoperative 
blood loss, which can be extensive with multiple myeloma. G and H, Radiographs after prophy-
lactic fixation with long gamma nail. I, Typical microscopic appearance of multiple myeloma with 
sheets of plasma cells.
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Surgical intervention is rarely needed but may be indicated for 
treatment of impending or actual pathologic fractures. 

METASTATIC CARCINOMA
Metastatic carcinoma is the most common malignancy 
treated by orthopaedic surgeons. Although only about 8000 
new sarcomas are diagnosed in the United States each year, 
more than 1 million new carcinomas are diagnosed. It is 
estimated that 50% to 80% of patients with carcinoma have 
bone metastases at the time of death. As treatment for pri-
mary tumors improves, longer survival time is being reported 
after diagnosis of bone metastases. The orthopaedic surgeon 
should not approach these patients with a fatalistic attitude. 
Proper orthopaedic care is crucial for many of these patients 
to minimize pain, maintain function, maintain their indepen-
dence, and improve their overall quality of life.

If a patient has a known history of a carcinoma, even in 
the remote past, a newly discovered bone lesion is most likely 
to be a metastasis. In any patient older than 40 years, even 
without a history of malignancy, a newly discovered, aggres-
sive-appearing bone lesion is most likely to be metastatic car-
cinoma or multiple myeloma. The proper workup of a patient 
with suspected metastases of unknown origin is discussed in 
detail in Chapter 24.

Briefly, the workup consists of a history and physical 
examination, including breast or prostate; basic laboratory 
tests, including serum protein electrophoresis and possibly 
prostate-specific antigen; a radiograph of the entire involved 
bone; a chest radiograph; a bone scan to look for other sites of 
disease; and CT of the chest, abdomen, and pelvis. Failure to 
complete this workup before biopsy can lead to serious errors 
in patient care. This simple approach identifies the primary 
lesion in more than 85% of patients who have metastases 
of unknown origin. After the workup is complete, a biopsy 
can be performed. Even if a patient has a known history of 
carcinoma, a biopsy of the first site of bone disease must be 

performed to establish a firm relationship between the pri-
mary carcinoma and the suspected metastasis. This biopsy 
must be done in the same manner as a biopsy for a suspected 
primary sarcoma because, in rare instances, it may prove to 
be a primary sarcoma (Fig. 27.23). Subsequent bone metasta-
ses can be treated without biopsy confirmation.

Most carcinomas metastatic to bone are from the breast 
and prostate, followed by the lung, kidney, thyroid, and gas-
trointestinal tract in order of decreasing frequency. For 
patients who have suspected metastases of unknown origin, 
however, the most common primary malignancies are in the 
lung or kidney. Breast and prostate are uncommon sites of 
primary disease for this group of patients. This phenomenon 
has several possible explanations. First, the primary lesions in 
patients with breast cancer or prostate cancer may be detected 
more easily early in the disease course. Second, breast cancer 
and prostate cancer may not metastasize to bone until rela-
tively late. Finally, lung and kidney cancer may escape detec-
tion until very late in the disease course and may metastasize 
to bone relatively earlier.

The radiographic appearance of metastatic carcinoma 
varies. The appearance usually is aggressive, suggesting 
malignancy. The lesions may be lytic, blastic, or mixed. Breast 
cancer and prostate cancer typically produce blastic lesions. 
Kidney cancer and thyroid cancer usually are purely lytic. 
Lung cancer may produce a mixed appearance. If the lesion is 
distal to the elbow or knee, lung cancer is the most likely pri-
mary lesion. In addition, metastatic lung cancer may have the 
distinct appearance of a “bite” taken out of the cortex.

The microscopic appearance of metastatic carcinoma 
usually is similar to that of the primary lesion. In well-differ-
entiated cases, the biopsy easily yields the correct diagnosis. 
In some cases, such as a sarcomatoid kidney cancer, immuno-
histochemistry may be required to reveal epithelial markers.

The treatment of carcinoma metastatic to bone is multi-
modal. Systemic treatment with cytotoxic agents is directed 
by the medical oncologist. Hormone manipulation may 
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FIGURE 27.19 A, CT scan of 39-year-old man with solitary plasmacytoma of right medial clavicle. 
B, Biopsy specimen revealed monoclonal plasma cells with abundant amyloid. With exception of 
patients on long-term renal dialysis, amyloid production in bone usually is associated with diagnosis 
of myeloma.
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be beneficial for patients with breast or prostate cancer. 
Radioactive iodine may be beneficial for some patients with 
metastatic thyroid cancer. Bisphosphonates have a role in pre-
venting new metastatic bone lesions from forming and slow 
the growth of existing lesions by inhibiting osteoclast resorp-
tion of bone. Most symptomatic bone metastases are respon-
sive to radiation. Some carcinomas, especially kidney cancer, 
are typically radioresistant. Some of these lesions can be 
treated with radiofrequency ablation or cryoablation. Surgery 
is required for treatment of impending or actual pathologic 
fractures.

Precisely defined indications for prophylactic fixa-
tion of impending pathologic fractures have been debated. 
Parameters that have been suggested include pain that has not 
responded to radiation therapy, a lesion larger than 2.5 cm, a 
lesion that has destroyed more than 50% of the cortex, and 
an avulsion fracture of the lesser trochanter. Mirels devised a 
scoring system that evaluates the risk of pathologic fracture 
on the basis of the site, size, and lytic or blastic nature of the 
lesion, as well as the presence and quality of associated pain 
(Table 27.1). According to this system, prophylactic internal 
fixation should be considered for any patient with a score of 8 
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FIGURE 27.20 An 83-year-old woman complained of mild pain and a thigh mass that had been 
increasing in size over the past year. A, An anteroposterior radiograph of the knee is relatively 
unremarkable. B-D, MRI, however, demonstrates a large lesion that permeates through the bone 
with a large, circumferential soft-tissue mass. These findings are typical of lymphoma. Lymphoma 
should usually be considered when MRI demonstrates a large bone lesion despite relatively normal 
radiographs.
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or higher. Although each of these guidelines aids in the deci-
sion-making process, none serves as an absolute criterion. 
Each patient should be evaluated individually while keeping 
two generally accepted principles in mind. First, prophylactic 
internal fixation of an impending fracture is technically easier 
than fixation of an actual pathologic fracture. Second, patient 
morbidity is decreased with prophylactic fixation compared 
with fixation after the fracture.

The prognosis of patients with metastatic carcinoma con-
tinues to improve. Although most patients with a pathologic 
fracture from metastatic lung cancer die within 6 months, 
length of survival is not always predictable. We have treated 
multiple patients who have survived with good quality of life 

4 to 5 years after sustaining pathologic fractures secondary to 
metastatic lung cancer. Patients with breast, prostate, and kid-
ney cancer commonly live many years after diagnosis of bone 
metastases. An isolated bone metastasis from kidney cancer can 
be treated with curative intent with wide resection (Fig. 27.24).

The unpredictability of survival makes proper surgical 
care more challenging. The fixation must be stable enough to 
allow immediate full weight bearing so that a patient would 
not have to endure an unnecessarily prolonged rehabilitation 
period when he or she may have only several months to live. 
Conversely, the reconstruction should be durable enough to 
last for many years if the patient happens to do well. In gen-
eral, the tumor should be debulked before internal fixation. The 
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FIGURE 27.21 A and B, Anteroposterior and lateral views of right humerus of 36-year-old 
man with primary lymphoma of bone. Despite extensive bone destruction and large soft-tissue 
mass, patient’s symptoms were mild. Low-power (C) and high-power (D) microscopic appearance 
of lymphoma. Lymphoma usually should be considered in differential diagnosis of patient with 
relatively mild symptoms compared with large size of lesion and also should be considered in the 
differential diagnosis of destructive-appearing diaphyseal lesions.
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cavity can be filled with methacrylate to augment the fixation. 
The entire bone should be protected with intramedullary fixa-
tion in most cases (Figs. 27.25 to 27.31). If this approach would 
not provide the stability required for immediate full weight 
bearing, resection and prosthetic reconstruction should be 
considered. Lesions of the femoral neck should be considered 
for hemiarthroplasty or total hip arthroplasty. Arthroplasty 
components frequently are fixed with cement because the bone 
usually is treated with radiation. Recent studies, however, have 
shown that modern press-fit implants, especially those made 
with trabecular metal appear to obtain adequate fixation in 
this setting. Radiation therapy usually is administered to the 
entire operative field beginning 2 to 3 weeks after surgery if 
the wound has healed. Due to the general medical condition of 
these patients, as well as the extent of the procedures combined 
with chemotherapy and radiation treatment, infection risk is 
relatively high. Surgeons should consider a prolonged course 
of postoperative antibiotics, although specific protocols need 
further study to prove efficacy.

A summary of the characteristics of malignant tumors of 
bone is presented in Table 27.2.
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FIGURE 27.22 A, Anteroposterior radiograph of left humerus of 75-year-old woman who 
complained of left arm pain. Examination revealed lesion to be primary lymphoma of bone. B, 
After stabilization with intramedullary nail. C, Left humerus 2 months after surgery demonstrating 
local progression as patient had refused all other treatment. D, Left humerus after treatment with 
chemotherapy and radiation demonstrating consolidation of bone.
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FIGURE 27.23 A, Anteroposterior view of left hip of 50-year-
old woman with history of breast cancer. She had been disease 
free for 2 years. Lytic lesion is seen in femoral neck. Although the 
most likely diagnosis for this lesion is metastatic carcinoma, biopsy 
must be performed in appropriate fashion. This lesion proved to 
be malignant fibrous histiocytoma. B, Anteroposterior view of left 
hip after wide resection and endoprosthetic reconstruction. If this 
patient had been treated with prophylactic fixation of presumed 
metastatic carcinoma, her outcome would have been severely 
compromised.

 TABLE 27.1

Scoring System for Predicting Pathologic Fracture

SCORE

VARIABLE 1 2 3
Site Upper limb Lower limb Peritrochanter
Pain Mild Moderate Functional
Size <1/3 1/3–2/3 >2/3
Lesion Blastic Mixed Lytic

From Mirels H: Metastatic disease in long bones: a proposed scoring system for 
diagnosing impending pathologic fractures, Clin Orthop Relat Res 249:256–
264, 1989.
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FIGURE 27.24 A, Anteroposterior radiograph of 77-year-old woman with renal cancer meta-
static to left proximal humerus. B and C, MRI shows extent of lesion. This was the only site of meta-
static disease, so the patient was treated with wide resection and endoprosthetic reconstruction. 
D, Photograph of resected specimen. E, Anteroposterior view of left shoulder after endoprosthetic 
reconstruction.
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FIGURE 27.25 A, Anteroposterior radiograph of 41-year-old man with metastatic squamous 
cell carcinoma with impending pathologic femoral fracture. Patient was admitted for prophylactic 
fixation. His femur fractured when he rolled over in bed the night before his scheduled surgery. 
B, Anteroposterior radiograph after fixation with reconstruction nail and bone cement.
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FIGURE 27.26 A, Anteroposterior view of left hip of patient treated with radiation for meta-
static breast cancer. She subsequently developed osteonecrosis of femoral head. B, Anteroposte-
rior view of pelvis after treatment with cemented total hip arthroplasty. Because bone had been 
irradiated, femoral and acetabular components were cemented.

    

https://booksmedicos.org


PART VIII TUMORS1034

 

A B

DC

E

FIGURE 27.27 A, Anteroposterior radiograph of 66-year-old man with metastatic lung cancer 
in right acetabulum. B, Computed tomography better shows destruction of posterior column and 
wall. Patient was treated with preoperative embolization to help minimize intraoperative blood 
loss. C, Intraoperative photograph after curettage of lesion. Two guidewires were placed from 
the defect to the posterior ilium. Two more guidewires were placed from the anterior iliac crest 
to the defect. Cannulated screws were placed over guidewires to help support cement mantle. 
D, Acetabular cage was placed. Tumor defect was filled with bone cement as acetabular cup was 
cemented into cage. E, Postoperative radiograph.
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FIGURE 27.28 A and B, Anteroposterior and lateral radiographs of proximal femur of 82-year-
old man with metastatic kidney cancer reveal multiple lytic lesions. Patient failed to respond to 
radiation. Prophylactic internal fixation was scheduled; however, operation was canceled because 
the patient was considered medically unstable for surgery. C, Anteroposterior view of left hip of 
same patient several weeks later after sustaining pathologic fracture. Surgery is now more difficult, 
and patient has experienced greater morbidity.
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FIGURE 27.29 Anteroposterior radiograph (A) and coronal MR image (B) of 70-year-old woman 
with metastatic lung cancer in right proximal tibia who was unable to bear weight. C, Intraopera-
tive photograph after curettage of tumor. Plate was placed (D), and cavity was packed with bone 
cement to allow immediate ambulation (E). F and G, Postoperative anteroposterior and lateral 
radiographs.
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FIGURE 27.30 A, Pathologic 
fracture of right distal femur 
secondary to hepatobiliary carci-
noma in 71-year-old woman. 
Because of extensive bone 
destruction, the decision was 
made to proceed with endopros-
thetic reconstruction to allow full 
weight bearing. B, Photograph 
of resected bone fragments. C, 
Photograph of prosthesis in situ.

        
     
 

   

  FIGURE 27.31 A and B, Anteroposterior and lateral radiographs of left ankle of 78-year-old 
woman with metastatic kidney cancer. C and D, Anteroposterior and lateral views after extended 
curettage and packing of defect with methacrylate. Patient was able to resume immediate full 
weight bearing with relief of her pain.
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 TABLE 27.2 

Malignant Tumors of the Bone

TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS

OSTEOSARCOMA

Conventional 
osteosarcoma

2nd 
decade

Slight male 
predominance

Metaphyseal
Distal femur
Proximal tibia
Proximal 
humerus

Progressive 
pain

Mixed lytic and 
blastic appearance
Cortical destruction
Periosteal reaction 
(Codman triangle or 
hair-on-end)
Soft-tissue mass

Osteoid production 
from malignant 
spindle cells
Marked nuclear 
pleomorphism
Abundant mitotic 
figures

Chemotherapy 
and wide 
resection

Rarely associated 
with hereditary form 
of retinoblastoma,
Rothmund–Thomson 
syndrome, or Li–
Fraumeni syndrome

Periosteal 
osteosarcoma

2nd-3rd 
decades

Slight female 
predominance

Diaphysis femur 
and tibia

Pain
Mass

Diaphyseal lesion
Lesion sits in 
depression on sur-
face of bone
Irregular ossifica-
tion blends into soft 
tissue

Strands of osteoid 
radiating among 
lobules of cartilage

Wide resection
Chemotherapy 
controversial

Parosteal 
osteosarcoma

3rd-4th 
decades

Slight female 
predominance

Posterior aspect 
of distal femur

Painless mass Lobulated ossified 
mass on posterior 
surface of distal 
femur

Slightly atypical 
spindle cells
Slightly atypical 
trabeculae

Wide resection 
alone

Telangiectatic 
osteosarcoma

2nd 
decade

Slight male 
predominance

Distal femur
Proximal tibia

Progressive 
pain

Purely lytic
May have bal-
looned/cystic 
appearance (similar 
to aneurysmal bone 
cyst)

Blood-filled spaces 
separated by thin 
septa
Spindle cells in 
septa frankly 
malignant

Chemotherapy 
and wide 
resection

Secondary 
osteosarcoma

6th-8th 
decades

Male:female 2:1, 
Paget osteosarcoma
Male:female 
1:2, radiation 
osteosarcoma

Axial location 
(sites of previ-
ous radiation or 
Paget disease)

Progressive 
pain

Mixed lytic and 
blastic appearance
Cortical destruction

Similar to high-
grade conventional 
osteosarcoma

Chemotherapy 
and wide 
resection

Poor prognosis
Paget osteosarcoma 
more common 
in patients with 
advanced polyostotic 
disease
Radiation osteosar-
coma usually occurs 
10-15 years after 
radiation treatment
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CHONDROSARCOMA

Conventional 
chondrosarcoma

5th-7th 
decades

Slight male 
predominance

Pelvis
Proximal femur
Proximal 
humerus

Progressive 
pain

Punctate 
calcification
Cortical erosion
Soft-tissue mass

Cartilaginous 
matrix
Binucleate cells
Grade related 
to degree of 
hypercellularity
Entrapment of 
bony trabeculae

Wide resec-
tion (extended 
curettage for 
low-grade 
intramedullary 
tumors)
No role for 
chemotherapy 
or radiation

Important to corre-
late symptoms, radio-
graphic findings, and 
histology

Dedifferentiated 
chondrosarcoma

5th-8th 
decades

Slight male 
predominance

Pelvis
Proximal femur
Proximal 
humerus

Progressive 
pain

Aggressive radio-
lucent area 
adjacent to an 
otherwise typical 
chondrosarcoma

High-grade spindle 
cell sarcoma adja-
cent to a low-grade 
cartilaginous 
neoplasm

Chemotherapy 
and wide 
resection

Very poor prognosis

Clear cell 
chondrosarcoma

Wide age 
range

Male predominance Epiphyseal
Proximal femur
Proximal 
humerus

Pain may 
be of long 
duration

Well-circumscribed 
radiolucent epiphy-
seal lesion
May have rim of 
reactive bone
Imaging findings 
can appear benign

Round cells with 
abundant clear 
cytoplasm
Distinct cytoplastic 
borders
Cartilaginous 
matrix

Wide resection Extremely rare

Mesenchymal 
chondrosarcoma

2nd-5th 
decades

Slight male 
predominance

Wide 
distribution

Pain Nonspecific destruc-
tive lesion
May have features 
of conventional 
chondrosarcoma

Small round blue 
cells
Islands of cartilage
“Staghorn” vessels

Chemotherapy 
and wide 
resection

Rare

Ewing sarcoma 1st-3rd 
decades

Male predominance Flat bones
Metadiaphysis of 
long bones

Pain and 
swelling
May have 
systemic 
complaints

Permeative bone 
destruction
Large soft-tissue 
mass
“Onion skin” peri-
osteal reaction

Small round blue 
cells
MIC-2 positive

Chemotherapy
Surgery and/or 
radiation for 
local control

t(11,22)

Chordoma 5th-7th 
decades

Male:female 3:1 Sacrum
Base of skull

Pain
Neurologic 
signs/
symptoms

Midline lesion
Soft-tissue mass 
anterior to sacrum

Cells arranged in 
long strands or 
“cords”
Mucinous 
background
Vacuolated cyto-
plasm—physalifer-
ous cells

Wide resection

Continued

D
ow

nloaded for Tim
e C

eal (jinzhao@
ualberta.ca) at U

niversity of A
lberta from

 C
linicalK

ey.com
 by Elsevier on January 08, 2021.

For personal use only. N
o other uses w

ithout perm
ission. C

opyright ©
2021. Elsevier Inc. A

ll rights reserved.

https://booksmedicos.org


PA
RT VIII TUM

O
RS

1040

TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS
Adamantinoma 2nd-3rd 

decades
Male = female Tibial diaphysis Pain of long 

duration
Sharply demarcated 
radiolucent lesions 
in tibial diaphysis 
based in anterior 
cortex

Islands of epithelial 
cells in a fibrous 
stroma

Wide resection Rare

Malignant vascu-
lar tumors

After 1st 
decade

Slight male 
predominance

Any bone
Slight tendency 
toward axial 
location

Pain Lytic lesions
Low-grade tumors 
may have partial 
sclerotic rim
High-grade tumors 
appear more 
destructive

Low-grade tumors 
well-formed vascu-
lar channels with 
plump endothelial 
cells
High-grade 
tumors—pleomor-
phic spindle cells 
CD31, CD34, and 
factor VIII–related 
antigen positive

Wide resection 
if possible
Irradiation 
for multifocal 
or surgically 
inaccessible 
lesions

Rare
Stewart-Treves 
syndrome—angio-
sarcoma occurring in 
the setting of chronic 
lymphedema

Frequently multi-
focal within same 
bone or adjacent 
bones

Chemotherapy 
for high-grade 
lesions

Malignant 
fibrous histio-
cytoma (MFH)/
fibrosarcoma

After 1st 
decade

Male = female Distal femur
Proximal tibia

Pain
20% with 
pathologic 
fracture

Purely lytic
Destructive

Pleomorphic 
spindle cells
MFH—storiform 
pattern
Fibrosarcoma—her-
ringbone pattern

Chemotherapy 
and wide 
resection

25% are secondary to 
preexisting condition 
such as Paget disease, 
radiation, giant 
cell tumor, or bone 
infarct

 TABLE 27.2 

Malignant Tumors of the Bone—cont’d
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Plasmacytoma/
multiple 
myeloma

6th-7th 
decades

Male:female 2:1 Axial location
Proximal femur
Proximal 
humerus

Pain
Systemic 
complaints

Multiple purely lytic 
sharply demarcated 
“punched out” 
lesions

Sheets of plasma 
cells

Chemotherapy
Irradiation for 
symptomatic 
bone lesions
Surgery for 
impending or 
actual patho-
logic fractures

Diagnosis often made 
by serum or urine 
protein electropho-
resis, which demon-
strates a monoclonal 
gammopathy

Lymphoma 6th-7th 
decades

Male:female 1.5:1 Femur
Pelvis
Spine
Ribs

Pain Variable radio-
graphic appear-
ance—can be very 
destructive or can 
have relatively nor-
mal radiographs
Extent of tumor on 
MRI can be much 
greater than the 
apparent extent on 
radiographs

Mixture of large 
and small lymphoid 
cells
Reticulin positive,
PAS negative
Stain positive for 
lymphoid markers

Chemotherapy 
and radiation
Surgery for 
impending or 
actual patho-
logic fractures

Lymphoma should 
be considered in the 
differential diagnosis 
of a patient with 
normal radiographs 
despite a large bone 
lesion with soft-tissue 
mass on MRI

Metastatic 
carcinoma

5th-8th 
decades

Male = female Axial location
Proximal femur
Proximal 
humerus

Pain
Symptoms 
referable to 
the primary 
lesion

Blastic—breast, 
prostate
Lytic—kidney, 
thyroid
Mixed-lung

Histology usually 
similar to the pri-
mary tumor

Systemic treat-
ment for the 
primary tumor
Irradiation for 
symptomatic 
bone lesions
Surgery for 
impending or 
actual patho-
logic fractures

Breast and prostate 
most common
Kidney and lung 
most common if 
patient presents with 
bone metastases and 
no known primary 
tumor

MRI, Magnetic resonance imaging; PAS, periodic acid–Schiff.
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 SOFT-TISSUE TUMORS
Patrick C. Toy, Robert K. Heck Jr.

CHAPTER 28

The evaluation of patients with musculoskeletal neoplasms 
was discussed in detail in Chapter 24, but certain points war-
rant repetition and elaboration. In contrast to bone tumors, 
the presence or absence of pain does not help to distinguish 
benign from malignant soft-tissue tumors because most 
patients with soft-tissue malignancies have minimal pain and 
consult a physician because of the presence of a mass. The 
mass, typically, is not invasive and grows in a centripetal fash-
ion, pushing normal anatomic structures away. Careful physi-
cal examination of the mass, the involved part, and the lymph 
nodes draining the area is necessary. Standard radiographs 
provide little useful information about soft-tissue tumors but 
may show phleboliths (hemangiomas), calcification (synovial 
sarcoma), or fat-density radiolucencies (lipomas). Magnetic 
resonance imaging (MRI) may suggest a specific diagnosis in 
certain cases, such as lipoma, hemangioma, and pigmented vil-
lonodular synovitis. MRI should be obtained for all soft-tissue  
masses that are greater than 5 cm and/or deep to the fascia. 
More often, MRI characteristics are nonspecific, but MRI is 
useful in evaluating the size and anatomic relationships of the 
tumor. Soft-tissue sarcomas generally demonstrate low-signal  
intensity on T1-weighted images and high-signal intensity 
on T2-weighted images. Computed tomography (CT) can 
also be used for this purpose when a patient is unable to 
undergo MRI, but MRI is a superior imaging study in this 
circumstance. CT may help elucidate patterns of mineral-
ization (i.e., calcification vs. ossification) found within the 
mass. Technetium bone scans or positron emission tomog-
raphy (PET) scans do not usually provide significant benefit 
in the evaluation of the soft-tissue mass but may be useful 
in select cases to assess local and distant bone involvement 
(Fig. 28.1). For patients with malignant soft-tissue tumors, a 
CT scan of the lungs should be obtained to look for metas-
tases (Fig. 28.2). Abdominal and pelvic CT scans are useful 
to detect retroperitoneal metastases in patients with myxoid 
liposarcomas and lymphatic spread in such lesions as syno-
vial sarcoma, epithelioid sarcoma, and rhabdomyosarcoma. 
Biopsy is often required to establish the diagnosis and can be 
performed by core needle biopsy or by open incisional biopsy. 
Tissue sampling should be delayed until imaging studies are 
completed (biopsy will alter the study) and should be planned 

carefully according to the principles outlined in Chapter 24. 
Interpretation of the biopsy results may be facilitated by cor-
relation with the clinical and imaging data. Staging can be 
performed using the Enneking system (see Table 24.1) or 
the American Joint Committee on Cancer system (see Table 
24.2). Most soft-tissue tumors are initially sampled with core 
needle biopsy or fine needle aspiration. The resulting small 
sample may present a challenge in making an accurate diag-
nosis. Pathologists examine the characteristic architectural, 
stromal, and vascular features in an attempt to establish the 
specific diagnosis. Distinguishing benign from malignant 
tumors is critical when planning surgical excision and the 
desired margin (i.e., marginal or wide excision). Histologic 
grade also plays an important role in deciding adjuvant treat-
ments such as radiation and/or chemotherapy.

Most benign soft-tissue tumors can be treated by obser-
vation or marginal resection. Observation is a feasible option 
when the imaging and clinical characteristics are strongly 
suggestive of a benign diagnosis. Some benign soft-tissue 
tumors can be locally aggressive (e.g., desmoid tumors) and 
may require wide resection or multimodal management for 
local control. Low-grade soft-tissue sarcomas are usually 
treated with wide resection alone or resection combined with 
radiation if margins are close. High-grade soft-tissue sarco-
mas are usually treated with combined surgery and radiation.

Several controversies exist regarding the management 
of soft-tissue sarcomas. Although surgery remains the pri-
mary treatment of these tumors, controversy still exists about 
which patients would benefit from the addition of radiation 
treatment for local control. It is also debatable as to whether 
the radiation is best delivered preoperatively or postopera-
tively. Preoperative irradiation is associated with an increased 
risk of wound-healing complications after surgery but may 
be more effective because of the available oxygenation in the 
virgin tissues. However, postoperative radiation can be done 
after the surgical wound has healed but requires an increased 
exposure area to ensure adequate coverage. Brachytherapy 
(radioactive seeds or sources placed in or near the tumor 
itself, giving a high radiation dose to the tumor while reduc-
ing the radiation exposure in the surrounding healthy tis-
sues) is used extensively at some institutions but only rarely 
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at others. Finally, the use of chemotherapy as adjuvant treat-
ment for these patients continues to spark debate. Although 
chemotherapy protocols are in place at most cancer centers 
for adjuvant treatment of large, high-grade soft-tissue sarco-
mas, it is still unclear which patients actually benefit from this 
treatment.

In-depth discussion of these controversial issues is 
beyond the scope of this text. This chapter briefly describes 
the clinical presentation, imaging findings, and treatment 
options for some common soft-tissue tumors.

BENIGN TUMORS AND TUMOR-
LIKE LESIONS (TABLE 28.1)
FATTY TUMORS
Lipomas are probably the most common benign tumors of 
connective tissue, resulting in clinicians often presuming 
malignant tumors to be benign lipomas. Although rare in 
children, they can occur at any age and in either sex, but 
are slightly more common in men than women. The true 
incidence of lipomas is likely underestimated because of the 
lack of medical attention secondary to an absence of symp-
toms. These tumors usually develop subcutaneously but may 
involve the deeper structures. They occasionally affect the 
synovium (lipoma arborescens) and rarely the periosteum. 
Clinically, they are soft, circumscribed, movable masses that 
are painless and slow growing. A knee effusion is charac-
teristically the presenting complaint in patients with lipoma 
arborescens. On radiographs, large masses appear as discrete 
radiolucent areas within soft tissue, known as the “Bufalini 
sign.” MRI usually provides a definitive diagnosis because 
lipomas are uniformly bright on T1-weighted images and 
are dark on fat-suppressed sequences like the surrounding 
subcutaneous tissue (Fig. 28.3). Lipomas can be defined as 
determinate because MRI characteristics allow diagnosis 
and preclude tissue sampling before treatment. The presence 
of heterogeneous signal intensity, absence of isointense sig-
nal with surrounding subcutaneous tissue, and necrosis are 
features that may suggest consideration of other diagnoses. 
Grossly, a lipoma is a well-encapsulated nodule of fat that 
may contain fibrous tissue. Microscopically, it is composed 
of mature fat cells with flattened nuclei, and mitotic activity 
is absent (Fig. 28.4). Some lipomas have a prominent vas-
cular pattern and are appropriately referred to as angioli-
pomas. Angiolipomas are sometimes associated with pain. 
Focal areas with finely vacuolated cells of the brown fat type 
may be seen.

Occasionally, lipomas are multifocal, and in rare 
instances they are symmetric. A variant of multiple lipoma-
tosis is Dercum disease, which is characterized by painful 
fatty infiltrations; the cause of the pain is poorly understood. 
Another variant of lipoma occurs in muscle and infiltrates 
between the muscle fibers; this apparent invasion may sug-
gest malignancy, but usually the tumor is easily controlled. 
Still another variant is the rare hibernoma, or fetal fat cell 
lipoma. It is composed of large, finely vacuolated foam cells, 
is lobulated, and simulates the hibernating organs of some 
animals. It has a distinctive brown appearance and may 
become quite large. Angiomyolipoma is a type of lipoma 
usually found in the kidney. It is composed of smooth 
muscle, blood vessels, and fat. This tumor is occasionally 

associated with changes of tuberous sclerosis in the brain. A 
fatty tumor known as myelolipoma, containing bone mar-
row elements, may occur within the adrenal medulla. As an 
incidental finding at autopsy, this tumor is not rare but only 
occasionally becomes large enough to be of clinical signifi-
cance. Rarely, a similar tumor may be found in the presa-
cral region or the mediastinum. Lipoblastomatosis, another 

 FIGURE 28.1 PET scan shows sarcoma in right thigh of a 
patient with metastatic disease.
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FIGURE 28.2 Axial CT of lungs shows mass in right lung field 
consistent with metastatic disease from a soft-tissue tumor.
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 TABLE 28.1 

Benign Soft-Tissue Tumors

TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS

FATTY TUMORS

Lipoma Any age; 
more 
common 
in adults, 
rare in 
children

Male = female Any
Most often 
subcutaneous

Painless mass
Lipoma arbo-
rescens: knee 
effusion

MRI: homogeneous 
and isointense to 
host subcutaneous 
tissue

Mature 
adipocytes

Observation
Marginal excision: 
recurrence rare

Dercum disease: 
multiple painful 
fatty infiltration
Hibernoma: fetal fat 
cell lipoma (brown 
fat)

NERVE SHEATH TUMORS

Neurilemmoma 
(schwannoma)

Usually 
adults

Male-female 
40:60

Any Usually painless 
mass
Referred pain 
in distribution 
of involved 
nerve. May have 
symptoms associ-
ated with nerve 
compression
Positive Tinel 
sign.

MRI: fusiform mass 
along course of nerve
Split fat sign: rims of 
fat around tumor.
Target sign: relatively 
decreased T2 signal 
in central portion 
with increased T2 
signal peripherally

Biphasic tissue
Antoni A—
palisading 
spindle cells
Antoni B—
hypocellular 
loose myxo-
matous tissue
Verocay 
bodies

Observation if 
asymptomatic
Marginal excision 
with nerve sparing

S-100 positive in 
nuclear and cyto-
plasmic staining
Malignant degen-
eration rare

Neurofibroma Any age Male = female Any cranial or 
spinal peripheral 
nerve

Varies depending 
on involvement
Cutaneous: local-
ized nodule
Diffuse: infiltra-
tive mass
Localized: soli-
tary mass
Plexiform: mul-
tiple fascicles 
involved: “bag of 
worms”

Similar to 
schwannoma
Target sign: periph-
eral T2 hyperintensity

Hypocellular 
with disorga-
nized bundles 
of collagen
Spindle cells 
with wavy 
nuclei
Rare mitotic 
figures

Local excision: sac-
rifices function of 
host nerve if tumor 
cannot be separated 
from nerve

Neurofibroma: von 
Recklinghausen 
disease (NF1)
Autosomal domi-
nant: mutation in 
NF1 gene; chromo-
some 17q
Other manifesta-
tions: cafe-au-lait 
spots, axillary 
freckling, Lisch nod-
ules, optic gliomas, 
pheochromocytoma
Osseous lesions: tib-
ial pseudarthrosis, 
scoliosis, sphenoid 
wing dysplasia
Small risk of degen-
eration to MPNST

Continued
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SYNOVIAL LESIONS

Synovial 
chondromatosis

Adults Male 
predominance

Hip and knee 
most common
Hand, wrist, 
elbow, shoulder 
less common

Mechanical 
symptoms in 
joint due to 
loose bodies
Limited range of 
motion
Effusion

Plain radiographs: 
small calcified 
intraarticular nodules
Advanced disease 
shows periarticular 
bone erosion and 
extension into soft 
tissues

Nodules of 
moderately 
cellular hya-
line cartilage

Observation if 
asymptomatic
Arthroscopic or open 
synovectomy; recur-
rence more common 
with arthroscopic 
synovectomy

Differential diagno-
sis includes myositis 
ossificans, synovial 
chondrosarcoma, 
synovial sarcoma

Giant cell tumor 
of tendon 
sheath

Adults Hand, wrist Slowly enlarging 
painless mass

Plain radiographs 
may show erosion of 
adjacent cortex

Similar to 
PVNS

Observation;
Marginal excision

Second most com-
mon benign soft-
tissue mass of hand 
and wrist

Pigmented 
villonodular 
synovitis

Young 
adults 
most 
common
May be 
seen in 
children 
and 
elderly

Knee most com-
mon, but other 
joints possible

Diffuse type: 
monarticu-
lar pain and 
swelling
Localized form: 
may cause 
mechanical 
symptoms
Aspiration yields 
blood-tinged 
fluid

Plain radiographs 
may show periar-
ticular erosions in 
advanced stages
MRI: intraarticu-
lar mass hypoin-
tense on both 
T1- and T2-weighted 
sequences

Bland fibrous 
tissue contain-
ing histio-
cytes, giant 
cells, and 
hemosiderin

Localized form: local 
excision
Diffuse form: 
arthroscopic or open 
synovectomy, arthro-
plasty, arthrodesis, 
amputation

External beam 
radiation may 
be considered in 
patients with recur-
rent disease

VASCULAR LESIONS

Hemangioma 
(intramuscular)

Children, 
any age

Male-female 1:2, 
intramuscular 
hemangioma

Any; head 
and neck most 
common

Painful epi-
sodes associated 
with warmth 
and swelling, 
increased with 
activity
Size increases 
in dependent 
position

Plain radiographs 
may show phleboliths 
(chronic calcified 
thrombi)
MRI: not well  
circumscribed; T1 
weighting shows 
fatty replacement 
of muscle fibers; 
T2 hyperintensity 
secondary to blood-
filled channels

Multiple thin-
walled dilated 
vessels

Observation if 
asymptomatic
Compression treat-
ment if symptomatic
Local excision if small
Sclerotherapy or 
embolization if not 
resectable

Klippel-Trenaunay 
syndrome asso-
ciated with 
venous-lymphatic 
malformations, 
varicosities, cutane-
ous nevus flammeus 
(port wine stain) 
and hypertrophy of 
bone and associated 
soft tissues
Maffucci syndrome: 
enchondromatosis 
combined with 
hemangiomatosis

Benign Soft-Tissue Tumors—cont’d

 TABLE 28.1 

TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS
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Glomus tumor 
(glomangioma)

Children 
and 
young 
adults

Solitary: F > M
Multiple: M > F

Most common in 
hands and feet
Any location 
where a glomus 
body is found

Blue-red lesion 
that causes pain 
out of propor-
tion to its size

May be well-circum-
scribed lytic lesion in 
distal phalanx

Epithelial-
appearing 
cells that lie 
along outside 
of vessels

Marginal excision is 
curative

Glomus body regu-
lated blood flow 
and temperature 
through autonomic 
control of smooth 
muscle in arterial 
wall

FIBROUS LESIONS

Nodular fasciitis Young 
adults

Male = female Most commonly 
extremities; 
upper extremity 
50%-75%
Flank and back

Rapidly expand-
ing mass for 
several weeks

Radiographs usually 
normal
MRI: not necessar-
ily characteristic 
but mass is associ-
ated with fascia and 
extends into subcu-
taneous tissue (most 
common) or underly-
ing muscle

Uniform, 
immature, 
spindled fibro-
blasts without 
atypia

Local excision is 
curative

Desmoid tumors 
(aggressive 
fibromatosis)

Young 
adults

Female 
predominance

Abdominal wall: 
pregnant and 
postpartum 
women
Intraabdominal: 
pelvis and 
mesentery
Extraabdominal: 
shoulder girdle, 
chest wall, arms, 
thighs

Slow growth 
with invasion 
of contiguous 
structures

MRI: hypointensity 
on both T1- and 
T2-weighted images

Abundant 
collagen with 
sparse spindle 
cells; not well 
encapsulated; 
no atypia

Wide excision if 
possible
Radiation therapy 
in unresectable 
locations
Systemic modalities: 
NSAIDs, hormone 
therapy, low-dose 
chemotherapy

Dupuytren disease: 
fibromatosis of pal-
mar aponeurosis
Ledderhose disease: 
fibromatosis of 
plantar fascia
Peyronie disease: 
growth of fibrous 
plaques in soft tis-
sue of penis
Gardner syndrome: 
desmoids tumors, 
skull osteomas, epi-
dermal cysts, intesti-
nal adenomatosis

MPNST, Malignant peripheral nerve sheath tumor; MRI, magnetic resonance images; NSAID, nonsteroidal antiinflammatory drug; PVNS, pigmented villonodular synovitis.
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variant of lipoma, consists of embryonal fat and occurs more 
often in infants and young children. This tumor resembles 
some types of liposarcoma but has a distinct lobular pattern 
and no atypical nuclei. Chondroid lipoma contains tissue 
that resembles cartilage. It must be distinguished from lipo-
sarcoma and myxoid chondrosarcoma, which it superficially 
resembles.

Because there is almost no risk for malignant transforma-
tion, lipomas can be treated by observation. Marginal resec-
tion is considered in patients who have a mass that is clinically 
symptomatic or growing in size, and the decision for surgery 
should be individualized to each patient. Recurrence is rare. 
Some large lipomas must be studied carefully microscopically 
to avoid confusion with a well-differentiated lipoma-like lipo-
sarcoma; however, there is a large sampling error associated 
with large fatty tumors. 

NERVE SHEATH TUMORS
Neurilemmoma (schwannoma) is typically a solitary 
encapsulated lesion that may be cystic when it is 3 to 4 
cm in diameter. Any nerve may be involved, but it usually 
involves one of the larger peripheral nerves (Fig. 28.5); the 
sacral plexus or the sciatic nerve may be involved within 
the pelvis. Patients may report symptoms consistent with 
compression of associated nerve fascicles and a positive 
Tinel sign on physical examination. These findings are 
extremely rare in association with other soft-tissue masses 
except nerve sheath tumors. MRI often shows a fusiform 
mass along the course of a major peripheral nerve. The 
nerve may be visualized entering and exiting the mass on 
the coronal or sagittal MRI sequences. A “split fat sign” 
refers to a rim of fat that may be observed specifically on 
the T1-weighted MR image of schwannomas. A “target 
sign” is seen in approximately half of schwannomas and 
describes a relatively decreased T2 signal in the central 
portion of the mass with increased T2 signal peripherally 
(Fig. 28.6). This MRI finding suggests a benign diagno-
sis. However, MRI characteristics still remain nonspecific 
for this tumor. Microscopically, the tumor consists of two 
types of tissue: Antoni A and Antoni B. Antoni A tissue is 
more typical of the tumor and consists of compact collec-
tions of spindle cells that show marked palisading. Antoni 
B tissue is myxomatous and degenerative, and within it 
are cystic spaces and, often, thick-walled blood vessels. 
Verocay bodies are characteristically found in schwanno-
mas and consist of an arrangement of two rows of pali-
sading nuclei separated by fibrillary material (Fig. 28.7). 
Nuclear and cytoplasmic staining of the S-100 protein are 
not always required but help support the diagnosis. Often, 
the lesion simply spreads the nerve fibers apart without 
anatomical or functional interruption, allowing the tumor 
to be removed by careful blunt dissection after a longitudi-
nal incision in the perineurium. There may be little, if any, 
dysfunction of the nerve after surgery. Occasionally, the 
tumor may recur, but usually the lesion or recurrent lesion 
can be removed without sacrificing numerous nerve fibers. 
Because the tumor grows without infiltrating the adjacent 
fascicles, excision that interrupts the continuity of the nerve 
should be avoided. Transient neurologic deficits occur on 
average in 32.4%, with a reported incidence ranging from 
1.5% to 80%. Risk for neurologic injury increases with 

 FIGURE 28.4 Lipoma. Photomicrograph shows mature adipo-
cytes without aggressive features.

 

A

B

FIGURE 28.3 T1-weighted (A) and fat-suppressed (B) images 
of intramuscular lipomas in deep compartment of left leg. The 
magnetic resonance imaging signal of lipomas is identical to subcu-
taneous fat on all sequences.
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tumors larger than 3 cm, patient age of more than 50 years, 
and a longer history of symptoms. Malignant degenera-
tion has been described but rarely occurs. Characteristics 
that suggest malignancy include size increase, peripheral 
enhancement pattern, peri-lesional soft-tissue edema, cys-
tic change within the tumor, and increased uptake on fluo-
rodeoxyglucose (FDG)-PET scan.

Neurofibroma is characterized by a much greater pro-
duction of collagen than is neurilemmoma, and it, too, 
may occur as an isolated lesion (Fig. 28.8). It is much more 
likely than neurilemmoma to arise from a nerve branch 
too small to be identified, however. Neurofibromas also 
occur as a manifestation of von Recklinghausen disease 
(neurofibromatosis type 1), in which many such tumors 
may be found associated with café-au-lait spots and vari-
ous other lesions (e.g., axillary/inguinal freckling, optic 
glioma, iris hamartomas). Most neurofibromas are found 
in individuals who do not have the NF1 marker (gene 
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FIGURE 28.5 A, T1-weighted coronal magnetic resonance imaging shows a 3 cm fusiform mass along peroneal nerve. B, Contrast-
enhanced, fat-suppressed axial image shows a high signal at the periphery of the lesion with a low signal in the center. The patient 
complained of pain radiating to the dorsum of the foot whenever she “bumped” the mass. All of these findings are typical of benign 
nerve sheath tumor. C, Intraoperative photograph shows neurilemmoma of the peroneal nerve. D, After incising the epineurium, the 
tumor was easily separated from the nerve fibers using blunt dissection.

 FIGURE 28.6 Target sign in axial MRI of schwannoma in poste-
rior leg.
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located at chromosome 17q11.2). Sometimes, a neurofi-
broma occurs in which multiple fascicles of a peripheral 
nerve are involved; this is referred to as a “plexiform neu-
rofibroma,” and excising it completely may be impossible 
without sacrificing the nerve and its associated function. 
A patient presenting with a plexiform neurofibroma with-
out a known history of neurofibromatosis should be evalu-
ated for neurofibromatosis type 1. Other manifestations 
of neurofibromatosis include hypertrophy of soft tissue, 
including the skin; hypertrophy of bone; scoliosis; bone 
cysts; and other abnormalities. Microscopically, neurofi-
bromas have low cellularity with disorganized bundles of 
collagen. The nuclei of the spindle-shaped cells are wavy, 
and mitotic figures are rare (Fig. 28.9). Because neurofi-
bromas are difficult to separate from the host nerve, axons 
may be observed histologically within the tumor cells. 
Even though the risk of malignant degeneration is low, 
increased pain or change in the size of the mass should 
serve as warning signs of a possible malignant peripheral 
nerve sheath tumor. 

SYNOVIAL LESIONS
Synovial chondromatosis is a benign, monarticular, 
synovial, proliferative disease in which cartilaginous or 
osteocartilaginous metaplasia occurs within the syno-
vial membrane of joints, bursae, or tendon sheaths. The 
disease has been classified into three phases: (1) early, 
with synovial chondrometaplasia but no loose bodies; 
(2) transitional, with active synovial disease and loose 
bodies; and (3) late, with loose bodies but no synovial 
disease. Routine radiographs may show multiple loose 
bodies, and joint erosions may be present in late stages. 
MRI is often useful in establishing the diagnosis. Synovial 
chondromatosis is most common in the knee (70%) and 
hip, but almost any joint, bursa, or tendon sheath may 
be affected. This disease process predominantly affects 
males and occurs most commonly in the third to fifth 
decades of life. Pain and swelling are often the present-
ing symptoms, and mechanical symptoms from the loose 
bodies may develop slowly over years, necessitating sur-
gical intervention. Treatment consists of arthroscopic or 
open synovectomy and removal of the loose bodies (Fig. 
28.10). Recurrence after surgery is common, and there are 
rare reports of malignant transformation to chondrosar-
coma. Histologically, synovial chondromatosis consists of 
moderately cellular hyaline cartilage arranged in nodules 
within the synovium (Fig. 28.11). Binucleate cells may 
be observed, and cells are usually crowded and clumped 
within the nodule.

Giant cell tumor of tendon sheath is a relatively com-
mon benign tumor usually involving the tendon sheaths of 
adult fingers (Fig. 28.12). It first appears as a slowly enlarg-
ing but painless mass. Occasionally, a radiograph shows 
bony erosion of adjacent cortices. The histology is charac-
teristic, with foam cells (histiocytes), fibrous tissue, giant 
cells, and hemosiderin deposition similar to that seen in 
pigmented villonodular synovitis (Fig. 28.13). Treatment 
is by marginal excision, which may prove technically dif-
ficult in larger lesions. Recurrences are frequent if the exci-
sion is incomplete.

Pigmented villonodular synovitis may occur in a local-
ized or diffuse form. The localized form is commonly 
referred to as focal nodular synovitis and is a solitary 
pedunculated lesion that is histologically identical to giant 
cell tumor of tendon sheath. The diffuse form also appears 
to be identical histologically to the localized form, but it 
involves the entire synovium of the affected joint. The dif-
fuse form most commonly affects the knee, but the hip, 
ankle, shoulder, wrist, and other joints can be involved 
(Fig. 28.14). The patient usually presents with monartic-
ular pain and swelling. Intraarticular lesions may cause 
mechanical symptoms, and a mass may be palpable. These 
non-specific symptoms may result in a delay in diagno-
sis. Aspiration of the joint characteristically reveals sero-
sanguineous or blood-tinged fluid. Routine radiographs 
are often normal but may show bony erosion, especially 
if the hip is involved. MRI is frequently diagnostic, show-
ing intraarticular masses that are dark on the T1-weighted 
and T2-weighted images. Additionally, the extent of the 
disease process may be further delineated with MRI. Goals 
of treatment include alleviation of symptoms, minimiz-
ing recurrence, and, ultimately, preservation of the joint. 

 

A

B

FIGURE 28.7 Neurilemmoma. Photomicrographs (H&E, ×20) 
show compact spindle cells with nuclear palisading (A) and Antoni 
A (compact collections of spindle cells with marked palisading) and 
Antoni B (loose myxomatous) patterns (B).
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FIGURE 28.8 Axial (A) and coronal (B) magnetic resonance images show large tumor along the sciatic nerve in a patient with neuro-
fibromatosis. Biopsy confirmed this to be a neurofibroma. C, After incising epineurium, nerve fibers were bluntly dissected away from 
tumor. D, Tumor has been removed with preservation of tibial and peroneal divisions of sciatic nerve. E, Photograph of specimen.
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Recommended treatment for the localized form is mar-
ginal excision and for the diffuse form is total synovec-
tomy. The localized form of PVNS often can be treated 
by arthroscopic excision, with reported recurrence rate 
of 0% to 8%. If there are significant secondary degenera-
tive changes of the joint surfaces, arthroplasty should be 
strongly considered. Radiotherapy in the diffuse lesion 
may be justified if surgery fails to control the process. 

VASCULAR LESIONS
Hemangiomas are common, and many types are present at 
birth. Their classification is currently unsatisfactory; the dis-
tinction between telangiectatic lesions, true neoplasms, and 
arteriovenous malformations is sometimes obscure.

The type of hemangioma composed of cellular masses of 
closely packed endothelial cells with many mitotic figures is 
often called a “strawberry hemangioma” or a “benign heman-
gioendothelioma.” It is found at birth or shortly thereafter, is 
deep red, and may grow rapidly during the first few months 
of life. This type usually stops growing, however, and, in most 

 FIGURE 28.9 Neurofibroma. Photomicrograph (H&E, ×20) 
demonstrates disorganized bundles of collagen with wavy nuclei. 
Mucoid material separates the cells and collagen.
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C

FIGURE 28.10 Anteroposterior radiograph (A) and axial MR image (B) of left shoulder of patient with synovial chondromatosis show 
multiple intraarticular ossified loose bodies and secondary degenerative changes. The patient underwent anterior and posterior syno-
vectomy. C, Photograph of resected loose bodies.
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instances, eventually disappears. Only occasionally does one 
require surgery. The port wine type often occurs on the face, 
neck, and upper trunk and is also present at birth. It grows at 
about the same rate as the patient but may become quite large. 
This lesion does not disappear spontaneously, and removal 

is quite difficult. Microscopically, it consists of thin-walled 
dilated vessels superficial in the skin.

Capillary hemangiomas consist of a network of newly 
formed capillaries. Cavernous hemangiomas consist of 
widely dilated vessels or thicker vessels that may resemble 
veins; these occur quite often in the liver. Hemangiomas 
also occur deep in skeletal muscle and other soft tissues of 
the extremities and trunk (Fig. 28.15). Intramuscular hem-
angiomas can be painful. The pain is often associated with 
the increased blood flow that occurs during increased activity 
or when the limb is in a dependent position. Radiographs, 
generally, are normal but may demonstrate phleboliths or 
calcifications in the soft tissues. Hemangiomas characteristi-
cally have increased fat content, as may be shown on MRI. 
The T2-weighted sequences will show increased signal sec-
ondary to the hyperemic vascular channels. Asymptomatic 
lesions can be observed. Multiple treatment options exist for 
painful lesions. Symptoms can frequently be controlled with 
compression hose. Surgical resection can be performed for 
small or well-defined lesions, although recurrence is com-
mon. Some intramuscular hemangiomas are infiltrative and 
extremely difficult to resect except by radical surgery. In 
these cases, treatment options include embolization or injec-
tion with sclerosing agents. Rarely, symptoms are refractory 
to all treatment options, in which case amputation could be 
considered.

 

A B

FIGURE 28.11 Synovial chondromatosis. A, Photomicrograph shows nodules of hypercellular cartilage within the synovium. B, Atypical 
cells are often seen in a clumped arrangement.

 

A B

FIGURE 28.12 A, T1-weighted axial MR image shows mass in palm of right hand on flexor tendons of middle finger. B, Intraoperative 
photograph of giant cell tumor of tendon sheath.

 FIGURE 28.13 Pigmented villonodular synovitis. Photomicro-
graph (H&E, ×20) demonstrates bland polyhedral cells surrounded 
by collagen. Giant cells and hemosiderin are present.
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Glomus tumor, or glomangioma, is a rare but painful 
lesion. The skin and subcutaneous tissue of the hands and feet 
are usually affected, but a tumor may develop in any location 
in which a glomus body is found. A glomus body serves to 
control blood flow and temperature through the autonomic 
control of the smooth muscle of the arterial wall. The subun-
gual area of the fingers is a characteristic site of involvement, 
especially in women. Exquisite point tenderness and hyper-
sensitivity are invariably present. Because of this tumor’s rar-
ity and small size, the diagnosis may not be readily apparent. 
When visible, the lesion usually appears as a small, bluish red 
discoloration of the skin, and 2% to 3% of glomus tumors 
are multiple. Multiple lesions are more common in men. 

Microscopically, this tumor consists of collections of round 
to oval uniform cells that appear epithelial and lie along the 
outside of abundant vessels (Fig. 28.16). Some smooth mus-
cle may also be seen, and nonmyelinated nerve fibers may be 
shown via special stains. Glomus tumors are cured by mar-
ginal excision. 

FIBROUS LESIONS
Several lesions have been described that microscopically 
consist of cellular tissue, often with bizarre cells and numer-
ous mitotic figures, and that clinically have not behaved in a 
malignant fashion. One such lesion is nodular fasciitis (pseu-
dosarcomatous fasciitis, subcutaneous pseudosarcomatous 
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FIGURE 28.14 A and B, Plain radiographs of a patient with pigmented villonodular synovitis do not show any soft-tissue abnor-
mality. T1-weighted (sagittal) (C) and T2-weighted (axial) (D) MR images demonstrate a diffuse intraarticular process that is dark on both 
sequences. E, Intraoperative photograph shows diffuse pigmented villonodular synovitis of the knee.

    

https://booksmedicos.org


CHAPTER 28  SOFT-TISSUE TUMORS 1061

 

A

B

C

D

E

F

G

FIGURE 28.15 A and B, Plain radiographs of the hip show soft-tissue density of a large intramuscular hemangioma. C to E, T1- and 
T2-weighted axial and sagittal MR images demonstrate the intramuscular hemangioma of the sartorius muscle. F, Photomicrograph 
(H&E) shows dilated vascular spaces interspersed with skeletal muscle. G, Intraoperative photograph after resection. Dissection is along 
anatomic distribution of the sartorius muscle.
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FIGURE 28.16 Glomus tumor. A, Photomicrograph (H&E) shows 
fibrous tissue containing groups of round-to-oval homogenous cells 
surrounded by vascular channels. B, Bland appearance of homoge-
neous round-to-oval cells.

 FIGURE 28.17 Nodular fasciitis. Photomicrograph (H&E) shows 
bland immature fibroblasts in a myxoid stroma.

 FIGURE 28.18 Desmoid tumor. Photomicrograph (H&E, ×10) 
demonstrates bland homogeneous spindle cells separated by abun-
dant collagen.

fibromatosis), which consists of bland proliferating imma-
ture fibroblasts in a myxoid stroma with a predominantly 
vascular pattern (Fig. 28.17). Typically, it is found in young 
adults, most frequently in the forearm, but it has been 
reported in a variety of ages and locations. The deep fascia 
is usually involved, with the lesion protruding into the sub-
cutaneous tissue or, less often, into the underlying muscle. 
At its periphery, the lesion contains many capillaries and, 
often, inflammatory cells, and resembles granulation tissue. 
Most lesions are relatively small (2 to 3 cm in diameter), but 
occasionally a larger one is found. Patients usually complain 
of a rapidly expanding mass that has been present for sev-
eral weeks. Treatment is by marginal resection. Recurrence 
is rare.

Desmoid tumors (aggressive fibromatosis) are locally 
aggressive lesions of connective tissue origin that infiltrate 
surrounding tissues and have a marked propensity for per-
sistence or recurrence. Although most authorities regard 
this lesion as benign, it can be locally very aggressive. These 
lesions occur most frequently in the anterior abdominal 
wall of women who have borne children; lesions in other 
locations are often known as extraabdominal desmoids. 
Microscopically, they contain abundant collagen with uni-
form elongated spindle cells (Fig. 28.18). Atypia and mito-
ses are scant, and the mass is not well encapsulated, often 
infiltrating the surrounding host soft tissues. Grossly, they 
are dense, hard, rubbery, and grayish white. Extraabdominal 
desmoids occur most frequently in the shoulder girdle, 
arm, thigh, neck, pelvis, forearm, and popliteal fossa (Fig. 
28.19). Superficial fibromatoses of the palmar aponeurosis 
(Dupuytren contracture) and plantar fascia (Ledderhose dis-
ease) are commonly seen by the orthopaedist. The natural 
history of untreated lesions is unpredictable. Some patients 
experience a slow, relentless growth with invasion of con-
tiguous structures. Spontaneous regression has also been 
reported. Metastases have been reported but are extremely 
rare. Most institutions currently recommend wide resection 
alone or marginal resection followed by adjuvant radiation 
therapy. For cases in which resection would involve unac-
ceptable morbidity, radiation can be used alone. Subsequent 
resections for recurrence may prove arduous because of the 
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difficulty in differentiating tumor from scar tissue. Other 
treatment options that have had reported success include sys-
temic modalities such as tamoxifen, nonsteroidal antiinflam-
matory drugs, and low-dose cytotoxic agents. 

MALIGNANT TUMORS (TABLE 28.2)
MALIGNANT FIBROUS HISTIOCYTOMA/
UNDIFFERENTIATED PLEOMORPHIC 
SARCOMA
Literature regarding malignant fibrous histiocytoma 
(MFH) can be extremely difficult to interpret. Although 
MFH was formerly regarded as the most commonly diag-
nosed soft-tissue sarcoma, many authorities currently 
question whether it should be considered a distinct patho-
logic entity. Many authors believe that MFH has become 

a meaningless diagnosis used to describe a heterogeneous 
group of tumors with no distinct line of differentiation. 
Careful investigation frequently allows many of these 
tumors to be reclassified to more specific diagnoses. The 
latest World Health Organization (WHO) sarcoma classifi-
cation does not recognize MFH as a discrete entity. Rather, 
MFH is now referred to as undifferentiated pleomorphic 
sarcoma (UPS).

Conventionally, UPS describes a pleomorphic soft-
tissue sarcoma with a storiform (irregularly whorled pat-
tern) histologic pattern of growth (Fig. 28.20). It most 
commonly occurs in patients 50 to 70 years old; however, 
all age groups can be affected. At the initial examination, 
most patients have a large (>5 cm) painless mass. The 
thigh is the most common location. Conventional radio-
graphs may show a soft-tissue density but are usually nor-
mal. MRI usually shows a well-circumscribed mass that is 
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FIGURE 28.19 Desmoid tumor of posterior thigh. There is dark signal on 
T1-weighted (A) and T2-weighted (B) images. C, Sagittal MR image shows lobular 
mass along sciatic nerve. D, Photograph of resected specimen shows dense 
fibrous tissue.
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dark on T1-weighted images and bright on T2-weighted 
images (Fig. 28.21). Central necrosis is frequently evident 
on MRI of larger tumors. UPS has been subclassified into 
storiform-pleomorphic, giant cell, and inflammatory his-
tiocytoma subtypes. Biologic behavior is better predicted 
by histologic grade, however.

Treatment is wide resection. Radiation can be used as 
adjuvant treatment for large tumors or for any case in which 
the margins are close, and can be administered preoperatively 
or postoperatively. Use of preoperative radiation should be 
strongly considered for tumors that are initially thought to 
be unresectable. Considerable controversy still exists regard-
ing the use of chemotherapy. Although most cancer cen-
ters have established chemotherapy protocols for patients 
with large, high-grade soft-tissue sarcomas, it is still unclear 
exactly which patients benefit from this treatment. With mul-
timodal treatment, local recurrence should be less than 10%. 
Metastases usually occur in the lungs and should be resected 
if possible. Patients should be followed with serial physical 
examinations, imaging of the tumor site, and imaging of the 
chest. Five-year survival is approximately 60%. Poor prognos-
tic indicators include high grade, large tumor size, deep loca-
tion, and presence of metastases. 

LIPOSARCOMA
Liposarcoma is the second most commonly diagnosed soft-
tissue sarcoma. Similar to UPS, most patients are adults older 
than 50 years and complain of a large, painless, deep-seated 
mass located proximally in the extremities. Plain radiographs 
are usually normal. MRI is nonspecific except for well-dif-
ferentiated tumors in which fat signal is shown (Fig. 28.22). 
Histologic subtypes include atypical lipomatous tumor (ALT), 
well-differentiated liposarcoma (WDL), myxoid liposarcoma 
(Fig. 28.23), round cell liposarcoma, and pleomorphic lipo-
sarcoma (Fig. 28.24).

The terms ALT and WDL represent tumors that are iden-
tical histologically but different in anatomic location and 
clinical outcomes. Evans et  al. further distinguished these 
two tumors into those occurring in the extremities (ALT) 
and those in the retroperitoneum (WDL). That difference 
was noted because of the relative ease of resection of extrem-
ity tumors as opposed to those of the retroperitoneum. 

The World Health Organization reserves the term ALT for 
extremity and superficial trunk masses and the term WDL 
for masses in the retroperitoneum, mediastinum, or parates-
ticular locations. Treatment of an ALT is by surgery alone. 
Patients with ALTs are at risk for local recurrence; however, 
metastases are rare and long-term survival is excellent. Local 
recurrence occurs on average 6 to 8 years after resection. 
Treatment of other types of liposarcoma is similar to that 
described for UPS. Similar to UPS, metastases usually occur 
in the lungs and should be resected when possible. Myxoid 
liposarcomas are unique in that they have a tendency to occur 
in the retroperitoneum. Patients with myxoid liposarcomas 
should be staged and followed with CT of the chest, abdo-
men, and pelvis. Patients with high-grade tumors have a 60% 
5-year survival rate. Poor prognostic indicators include high 
grade, large size, proximal or deep location, and the presence 
of metastases. 

SYNOVIAL SARCOMA (MALIGNANT 
SYNOVIOMA)
Synovial sarcomas can occur across a wide age range and 
are the third most common extremity soft-tissue sarcoma. 
Compared with other “adult-type” soft-tissue sarcomas, syno-
vial sarcomas have several unique clinical features. There is 
a greater tendency for synovial sarcomas to occur in young 
adults (median age of 35 years) compared with the older pop-
ulation affected by other soft-tissue sarcomas. Synovial sarco-
mas are relatively common in the distal extremities (80% are 
in extremities), including the hand, and are the most common 
soft-tissue sarcoma of the foot. They frequently have an indo-
lent course initially, and the mass may be present for several 
years before coming to medical attention. Finally, synovial 
sarcomas are frequently relatively small (<5 cm) at presen-
tation. This may be attributed to the fact that many patients 
complain of pain rather than an enlarging mass.

The term synovial sarcoma is a misnomer. The term origi-
nates from the histologic appearance of the cells, which can 
resemble synovial cells. The tumors do not arise from synovial 
tissue, however. An intraarticular location or even continuity 
with the joint capsule is extremely rare (<10%). Intraarticular 
synovial sarcomas are often confused with localized pig-
mented villonodular synovitis. Features that may help estab-
lish synovial sarcoma as the diagnosis are tumor size larger 
than 3 cm, absence of effusion, and male predominance. Plain 
radiographs frequently show amorphic calcification within 
the tumor (Fig. 28.25). Microscopically, the tumors frequently 
show a biphasic growth pattern with nests of epithelioid cells 
surrounded by malignant spindle cells (Fig. 28.26). A specific 
gene translocation t(X:18) is found in 90% of patients with 
synovial sarcomas. This translocation between the SYT gene 
on chromosome 18 and one of the three SSX genes on chro-
mosome X produces an SYT-SSX fusion gene that is believed 
to underlie synovial sarcoma pathogenesis through dysregu-
lation of gene expression. Patient evaluation and treatment 
are similar to that described for UPS. Chemotherapy has been 
shown to be useful in the treatment of this particular type 
of soft-tissue sarcoma, but curative resection should not be 
delayed for chemotherapy. Lymph node metastasis is rela-
tively common (10% to 12%) and should be evaluated care-
fully on physical examination. Prognosis is similar to that 
described for UPS and depends on size, location (appendicu-
lar faring better than axial), and tumor type. 

 FIGURE 28.20 Malignant fibrous histiocytoma.
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 TABLE 28.2 

Malignant Tumors

TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS
Malignant fibrous 
histiocytoma, undiffer-
entiated pleomorphic 
sarcoma

Older  
adults

No sex 
predilection

Any; thigh 
most common 
location

Large, deep 
painless mass

Well-circumscribed 
mass dark on 
T1-weighted images 
and bright on 
T2-weighted images
Central necrosis may 
be present

Hypercellular 
spindle cell 
neoplasm, pleo-
morphic, mitotic 
figures

Wide exci-
sion combined 
with radiation 
therapy
Chemotherapy 
controversial

High grade has 
increased metastatic 
potential

Atypical lipomatous 
tumor (ALT);
Well-differentiated 
liposarcoma (WDL)

Adults Middle age 
adults; equally 
found in males 
and females

Any; ALT—
extremity 
based (most 
commonly 
the thigh) or 
superficial 
trunk location.
WDL—retro-
peritoneum, 
mediastinum, 
or paratesticu-
lar locations.

Slow-growing, 
nonpainful 
mass

MRI: mass is isoin-
tense to surround-
ing subcutaneous 
tissue and may be 
difficult to distin-
guish from lipoma

Low grade 
with mature 
adipocytes, 
intervening 
hyperchromatic 
stromal cells

Wide excision
No radiation 
therapy or 
chemotherapy 
indicated

Low metastatic 
potential;
FISH marker (MDM2)

Myxoid liposarcoma Adults No sex 
predilection

Any but 
most com-
monly found 
in the lower 
extremity;
May be found 
in retroperito-
neum

Large deep 
painless mass

MRI: nonspecific, 
heterogeneous 
signal pattern

Myxoid stroma, 
chicken wire 
capillaries, stel-
late cells, signet 
ring lipoblasts

Wide exci-
sion combined 
with radiation 
therapy

Staging should 
include CT chest/
abdomen/pelvis to 
rule out retroperito-
neal involvement
Translocation (12;16)
FISH marker (FUS)

Pleomorphic 
liposarcoma

Adults Slight male 
predilection

Any Large, deep, 
rapidly grow-
ing mass; 25% 
arise in the 
subcutaneous 
tissue

MRI: nonspecific, 
findings suggestive 
of soft-tissue sar-
coma, hypointense 
on T1-weighted 
image, hyperintense 
on T2-weighted 
image

Pleomorphic 
lipoblasts in 
spindle cell 
background

Wide exci-
sion combined 
with radiation 
therapy
Chemotherapy 
in selected 
patients

Poor prognosis; Size, 
retroperitoneal loca-
tion, and advanced 
age are associ-
ated with worse 
prognosis

Continued
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Synovial sarcoma Young adults Male 
predominance

Juxtaarticular 
locations; 
only 10% 
intra-articular

Slow-growing 
mass; may be 
painful

Radiographs may 
show soft-tissue 
calcification
MRI: nonspecific, 
findings suggestive 
of soft-tissue sar-
coma, hypointense 
on T1-weighted 
image, hyperintense 
on T2-weighted 
image

Biphasic: nests 
of epithelioid 
cells surrounded 
by malignant 
spindle cells

Wide exci-
sion combined 
with radiation 
therapy
Chemotherapy 
shown to be 
beneficial

Translocation (x;18): 
fusion product of 
SYT with SSX1 or 
SSX2
May spread via 
lymph nodes
Most common soft-
tissue sarcoma of 
foot
FISH marker (SS18)

Fibrosarcoma Adults No sex 
predilection

Any
Deep in 
extremities

Large, deep, 
painless mass

MRI: nonspecific, 
findings suggestive 
of soft-tissue sar-
coma, hypointense 
on T1-weighted 
image, hyperintense 
on T2-weighted 
image

Malignant 
spindle cells in 
a herringbone 
pattern

Wide exci-
sion combined 
with radiation 
therapy
Chemotherapy 
is controversial

Epithelioid sarcoma Adolescents 
and young 
adults

No sex 
predilection

Distal upper 
extremities

Slow-growing 
mass; may 
be associ-
ated with 
ulceration

MRI: nonspecific, 
findings suggestive 
of soft-tissue sar-
coma, hypointense 
on T1-weighted 
image, hyperintense 
on T2-weighted 
image

Polyhedral cells 
with dense 
eosinophilic 
cytoplasm

Wide excision 
or amputa-
tion, combined 
with radiation 
therapy

May spread via 
lymph nodes
Most common soft-
tissue sarcoma of 
hand

Dermatofibrosarcoma 
protuberans

Young  
adults

Male 
predominance

Trunk and 
proximal 
extremities

Slow-growing 
(years) mass 
just beneath 
epidermis

MRI: nonspecific, 
findings suggestive 
of soft-tissue sar-
coma, hypointense 
on T1-weighted 
image, hyperintense 
on T2-weighted 
image

Hypercellular 
well-differenti-
ated fibroblasts, 
low to interme-
diate grade

Wide excision High rate of local 
recurrence

Malignant Tumors—cont’d

 TABLE 28.2 

TUMOR AGE DEMOGRAPHICS SITE PRESENTATION IMAGING HISTOLOGY TREATMENT COMMENTS
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Rhabdomyosarcoma Children 
and young 
adults; peak 
incidence 
age 1-5 years

Alveolar 
type usu-
ally involves 
muscles of 
extremities or 
trunk, more 
aggressive 
type

Fast-growing 
painful lump 
in muscle; 
may be mis-
diagnosed as 
injury

MRI: usually 
isointense to 
skeletal muscle 
on T1-weighted 
images, high 
signal intensity on 
T2-weighted images

Variable cell 
population; 
small, round 
tumor cells with 
hyper-chromatic 
nuclei; large, 
polygonal-
shaped cells 
with abundant 
eosinophilic 
cytoplasm

Resection, 
chemotherapy 
irradiation

70%-90% 5-year 
survival rate depend-
ing on site, type and 
size of tumor, extent 
of disease after 
resection
FISH marker for 
alveolar type (F0X01)

Malignant peripheral 
nerve sheath tumor

2nd-5th 
decades

Up to 50% in 
patients with 
neurofibroma-
tosis type 1

Large periph-
eral nerves 
(sciatic, bra-
chial plexus, 
sacral plexus)

Enlarging, 
palpable mass
Pain vari-
able, muscle 
weakness, 
paresthesias

MRI: fusiform 
shape, longitudinal 
orientation in direc-
tion of nerve; inva-
sion of fat planes, 
heterogeneity, 
ill-defined margins, 
surrounding edema

Dense cel-
lular fascicles 
alternating with 
myxoid regions 
(marbleized pat-
tern); spindle-
shaped cells 
with irregular 
contours

Resection (wide 
margins)
Radiation 
therapy

20%-80% survival 
depending on tumor 
grade, extent of 
excision, size of 
tumor; high rates of 
local recurrence and 
distant metastases

Extraskeletal 
osteosarcoma

4th-6th 
decades

Male 
predominance

Thigh, upper 
extremity

Slow-growing 
painful mass, 
usually large 
(average 9 
cm)
History of 
trauma 
common

Radiographs: 
large soft-tissue 
mass with focal to 
massive areas of 
mineralization
MRI: high-signal 
intensity on 
T2-weighted images

Variable 
amounts of 
neoplastic 
bone, cartilage, 
osteoid

Wide surgi-
cal excision or 
amputation
Chemotherapy
Radiation 
therapy

Poor prognosis 
(<40% survival)
Metastases frequent 
(lungs, lymph nodes, 
bones)

Extraskeletal Ewing 
sarcoma

Adolescents, 
young adults 
(>80% <20 
years)

Trunk, 
extremities
Diaphyseal/
metaphyseal 
area of long 
bones
Paravertebral 
region

Rapidly grow-
ing, painful 
mass

CT: hypodensity, 
unclear margins
MRI: isointense 
to muscle on 
T1-weighted 
images, hyper-
intense on 
T2-weighted images

Solid sheets of 
small uniform 
primitive cells 
with round 
nuclei and 
scanty cytoplasm

Wide resection
Chemotherapy

Overall 5-year sur-
vival 60%-80%
High recurrence rate
Distant metastases 
common (lung, 
bone)
FISH marker (EWSR1)

Extraskeletal 
chondrosarcoma

4th-5th 
decades

Male-female 
2:1

Deep soft tis-
sues, extremi-
ties or trunk

Deep-seated, 
slowly grow-
ing mass
Pain variable
Large 
tumors may 
cause skin 
ulceration

Radiographs: 
nodular, radiolucent 
mass, pseudocapsule
MRI: nonspecific, 
intermediate to 
high intensity on 
T1-weighted images

Multilobulated 
mass of uniform 
rounded or 
elongated cells, 
small nuclei, 
small amount 
of eosinophilic 
cytoplasm

Wide resection
Radiation 
therapy

Overall 5-year sur-
vival rate ∼80%
High rates of local 
recurrence and dis-
tant metastases
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FIGURE 28.21 Axial (A) and coronal (B) MR images show large soft-tissue mass in thigh with mixed-signal intensity that proved to 
be malignant fibrous histiocytoma. C, Intraoperative photograph shows tumor being resected with wide margins. Biopsy track is kept in 
continuity with tumor. D, Tumor bed after resection. E, Photograph of resected specimen. Plane of dissection is through normal muscle.
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FIGURE 28.22 T1-weighted (A) and contrast-enhanced, fat-suppressed axial (B) MR images of well-differentiated lipoma-like liposar-
coma (atypical lipoma) of thigh. Lesion is similar to lipoma with exception of multiple, thick, enhancing septa.

FIBROSARCOMA
Fibrosarcoma is rarely diagnosed at this institution. 
Diagnostic criteria are subjective and it has become a diagno-
sis of exclusion. The characteristic microscopic appearance of 
fibrosarcoma consists of spindle cells arranged in a herring-
bone pattern (Fig. 28.27). The typical presentation is a 5- to 
10 cm, slow-growing, painless mass in the deep soft tissues 
of the lower extremity in adults 30 to 50 years old. Imaging 
characteristics, treatment, and prognosis are similar to those 
described for UPS. 

EPITHELIOID SARCOMA
Epithelioid sarcoma is a rare soft-tissue sarcoma with several 
unusual clinical features. It is a slow-growing malignant tumor 
usually occurring in adolescents and young adults and frequently 
involves the distal upper extremities, including the hands and 
fingers. It is the most common sarcoma in the hand. It frequently 
presents as a small (average 3 cm), superficial, soft-tissue mass. 
The overlying skin may be ulcerated. Because of its indolent 
growth, it is frequently misdiagnosed, initially, as a carcinoma or 
a benign skin lesion. Patients commonly undergo surgical proce-
dures with inadequate surgical margins before the correct diag-
nosis is made. The recommended treatment is wide resection or 
amputation. Similar to synovial sarcoma, lymph node metasta-
ses are relatively common. Microscopically, epithelioid sarcoma 
consists of polyhedral cells with dense eosinophilic cytoplasm. 
There is a predominant epithelial appearance. Despite its slow 
growth, the aggressive nature of the tumor is evidenced by a high 
local recurrence rate (>50% in some series). The 5-year survival 
rate is approximately 70%, but survival declines to 50% at 10 
years owing to the high incidence of late metastases. Prognosis 
is worse for patients with tumors larger than 3 cm or tumors in 
proximal locations. 

DERMATOFIBROSARCOMA PROTUBERANS
Dermatofibrosarcoma protuberans is a rare sarcoma of interme-
diate malignancy that arises just beneath the epidermis as one or 
several nodules and eventually may grow to form a large, bulky 
mass. Often, the tumor initially manifests as a firm plaque-like 

lesion of the skin with surrounding blue or red discoloration. 
The overlying skin may become atrophic and easily traumatized. 
The tumor grows slowly but is quite likely to recur after exci-
sion because of its infiltrative nature. It occurs more often on the 
trunk than on the extremities and most frequently in the early to 
middle decades of life. Microscopically, the tissue is well differen-
tiated but cellular and the cells resemble fibroblasts. The cells may 
have a distinctive storiform pattern (Fig. 28.28). Pleomorphic 
nuclei are sparse and there is low to moderate mitotic activity. 
More than 90% of these tumors are characterized by a t(17;22) 
translocation. This translocation produces a platelet-derived 
growth factor beta (PDGF-β)/collagen type 1A1 fusion gene, 
which leads to the constitutive production of collagen. The 
treatment of choice is wide resection (Fig. 28.29). Recurrence 
is common and is usually the result of failure to excise enough 
adjacent normal tissue to include the pseudocapsule and occult 
finger-like projections. Rarely, after several recurrences, a lesion 
becomes less well differentiated and may metastasize. 

RHABDOMYOSARCOMA
Rhabdomyosarcoma varies considerably in frequency and 
type among different age groups. Microscopically, it can be 
subdivided into three main types: embryonal, alveolar, and 
pleomorphic. Some tumors have mixed features. The embryo-
nal and alveolar types occur in children and adolescents and 
are among the more common malignant tumors in these age 
groups. The classic pleomorphic type occurs in adults and is 
rare. Rhabdomyosarcoma is usually found within a muscle but 
may secondarily involve the skin. Its origin from some of the 
smaller muscles may not be obvious.

Embryonal rhabdomyosarcomas are usually located in 
the head or neck or in the genitourinary tract. They are often 
soft and gelatinous and are microscopically composed of long 
spindle cells with hyperchromatic nuclei and abundant cyto-
plasm. The cells may be arranged in parallel bundles, and 
myxoid areas may be prominent. Giant cells may be present 
but not in abundance. A variation of this tumor, botryoid sar-
coma, is often found in the genitourinary tract; it is located 
beneath the epithelial surface and is polypoid.
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FIGURE 28.23 A and B, Axial and sagittal T2-weighted MR images show biopsy-proved myxoid liposarcoma of the posterior thigh. C 
and D, Intraoperative photographs of resection show that the sciatic nerve passed through the tumor and had to be sacrificed. E, Photo-
micrograph (H&E, ×10) shows bland cells in a myxoid matrix with a surrounding capillary network.
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FIGURE 28.24 A, CT of thigh of 73-year-old patient with pleomorphic liposarcoma adjacent to sciatic nerve. B, Intraoperative photo-
graph of wide resection. C, Photomicrograph demonstrates pleomorphic cells, mitotic figures, and bizarre lipoblasts.

Alveolar rhabdomyosarcoma usually occurs in the head, 
neck, or extremities and is typically firmer and less myxoid 
than the embryonal type. Microscopically, the predominant 
cell is round and has scanty eosinophilic cytoplasm. An occa-
sional cell that looks like a typical rhabdomyoblast is seen, 
and multinucleated giant cells are present but are usually 
inconspicuous. The latter cells may grow diffusely and in 
some parts of the tumor produce an alveolar pattern by their 
tendency to line connective tissue septa.

The pleomorphic type of rhabdomyosarcoma usually occurs 
on the extremities and is much less common than either of the 
other types. Microscopically, it is composed of spindle-shaped cells 
arranged in parallel and interlacing bundles. Multinucleated giant 
cells are prominent and the typical strap- and racquet-shaped cells 
are often seen; mitotic activity is prominent (Fig. 28.30).

Rhabdomyosarcoma frequently has a rapid and aggres-
sive clinical course. Metastases occur in the lungs, lymph 
nodes, and bone marrow. Treatment is multimodal, consist-
ing of surgery, radiation, and chemotherapy. In contrast to 
adult soft-tissue sarcomas, a dramatic improvement in patient 
survival has been observed with the use of multiple-agent 
chemotherapy. The overall 5-year survival rate is approxi-
mately 65%. 

MALIGNANT PERIPHERAL NERVE SHEATH 
TUMOR
Malignant peripheral nerve sheath tumor (malignant schwan-
noma, neurofibrosarcoma) is the malignant counterpart of 
neurofibroma and is rare (Fig. 28.31). About 25% of patients 
with this tumor have neurofibromatosis. Approximately 5% 
of patients who have neurofibromatosis develop malignant 
change in a neurofibroma, and pain should alert the clinician 
to the possibility of transformation. It was originally thought 
that patients with neurofibromatosis had a worse prognosis 
than other patients with malignant peripheral nerve sheath 
tumor; however, when other prognostic factors (e.g., size 
and location) are considered, the underlying diagnosis of 
neurofibromatosis becomes less important. Common loca-
tions of occurrence include close proximity to nerve roots 
and bundles of the extremities and pelvis, including the sci-
atic nerve, brachial plexus, and sacral plexus. These tumors 
typically arise in adults 30 to 50 years old, but patients with 
neurofibromatosis experience malignant transformation 
at younger ages (mean age 28 years). At the initial exami-
nation, most patients have a painless mass. Some patients 
complain of pain in the distribution of the involved nerve, 
and the complaint of pain is more prevalent in those with 
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FIGURE 28.25 A, Anteroposterior radiograph of wrist of 67-year-old patient shows irregular calcifications within soft-tissue mass 
(synovial sarcoma). B, CT scan better shows calcifications within mass. C, MR image shows extent of mass. D, Intraoperative photograph 
during wide resection. E, Intraoperative photograph of tumor bed after resection.
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 FIGURE 28.26 Biphasic synovial sarcoma. Photomicrograph 
shows biphasic pattern of malignant spindle cells and columnar 
cells forming gland-like spaces.

 FIGURE 28.27 Fibrosarcoma. Photomicrograph (H&E, ×20) shows 
spindle cells arranged in fascicles resembling a herringbone pattern.

 

A

C

B

FIGURE 28.29 A, Dermatofibrosarcoma protuberans in 15-year-
old boy. B, MRI shows that tumor has remained very superficial. C, 
Treatment consisted of wide resection and split-thickness skin graft.

 FIGURE 28.28 Dermatofibrosarcoma protuberans. Photomicro-
graph (H&E, ×20) shows spindle cells arranged in a storiform pattern.
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FIGURE 28.30 Pleomorphic rhabdomyosarcoma. A, Axial CT scan shows deep-seated tumor along the right ilium. B, Photomicrograph 
(H&E, ×40) shows hyperchromatic nuclei, marked pleomorphism, and mitotic figures. C, Intraoperative photograph shows tumor bed 
after resection. D, Resected specimen. E, Postoperative radiograph.
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FIGURE 28.31 A, Axial MR image shows malignant peripheral nerve sheath tumor of sciatic nerve in 36-year-old patient. B, Photograph 
of resected specimen. Note sciatic nerve entering (bottom left) and exiting (right) tumor.

 FIGURE 28.32 Malignant peripheral nerve sheath tumor. 
Photomicrograph (H&E, ×40) shows spindle cells arranged in a 
swirling pattern. Multiple mitoses are seen throughout the field.

neurofibromatosis type 1. Paresthesias and neurologic defi-
cits may also be observed. Microscopic diagnosis of early 
malignant change in a neurofibroma may be difficult. The 
tumors have a similar microscopic appearance as a fibrosar-
coma; however, the spindle cells tend to have irregular con-
tours (Fig. 28.32). Treatment consists of wide resection and 
radiation. Chemotherapy should be considered for young 
patients with large, high-grade tumors. Local recurrence is 
high in some series because the tumor can extend along the 
perineurium of the involved nerve for some distance. This 
diagnosis generally carries a poor prognosis, and the overall 
5-year survival is approximately 50%. 

EXTRASKELETAL OSTEOSARCOMA
Extraskeletal osteosarcoma is extremely rare, accounting 
for approximately 1% of all soft tissue sarcomas. Similar to 
osteosarcoma of bone, it is a malignant spindle cell neo-
plasm marked by the production of osteoid. In contrast to 
osteosarcoma of bone, extraskeletal osteosarcoma generally 

affects adults older than 40 years and the lower extremity 
is the most common location. The clinical course varies. 
Patients complain of an enlarging mass of variable duration 
that may or may not be painful. Any site can be affected; 
however, the deep soft tissue of the thigh is the most com-
mon location. Imaging studies usually show immature 
ossification within the mass (Fig. 28.33). The histology is 
similar to that of osteosarcoma of bone. There is no univer-
sally accepted treatment algorithm because of its rare occur-
rence. Treatment is multimodal, including wide resection, 
radiation, and multiple-agent chemotherapy. Compared 
with osteosarcoma of bone and other soft-tissue sarcomas, 
prognosis has generally been poor, with an average 5-year 
survival rate of 25%. 

EXTRASKELETAL EWING SARCOMA
Extraskeletal Ewing sarcoma is similar to Ewing sarcoma of 
bone. This tumor generally affects adolescents and young 
adults, who typically complain of a rapidly enlarging soft-
tissue mass. The most common locations include the para-
vertebral musculature and the chest wall. Imaging studies are 
nonspecific. The pathologic findings are similar to those of 
Ewing sarcoma of bone. It is a small, round, blue cell tumor. 
Most tumors show an 11;22 translocation and most stain 
positively for the MIC2 gene product. Treatment protocols 
are similar to those outlined for Ewing sarcoma of bone and 
include surgery, radiation, and multiple-agent chemotherapy 
(see Chapter 27). 

EXTRASKELETAL CHONDROSARCOMA
Extraskeletal myxoid chondrosarcoma is a low- to intermedi-
ate-grade soft-tissue sarcoma that generally affects adults older 
than 35 years. It typically presents as a deep-seated, slowly 
enlarging mass. Imaging studies are nonspecific, although 
the tumors are frequently lobular. Treatment consists of wide 
resection (Fig. 28.34). Radiation is used if margins are close. 
The slow-growing nature of this tumor is evidenced by the 
fact that late recurrences are relatively common. Five-year 
survival rates are approximately 90%; however, this number 
declines to approximately 70% at 10 years and 60% at 15 years.
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  FIGURE 28.33 A, Radiograph of forearm of 33-year-old patient shows immature ossification in soft-tissue mass that proved to be 
extraskeletal osteosarcoma. Axial (B) and sagittal (C) MR images show extent of lesion. Tumor was treated with wide resection (D) and 
split-thickness skin grafting (E).
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FIGURE 28.34 A, Axial MR image shows large lobulated soft-tissue mass that proved to be extraskeletal myxoid chondrosarcoma. B, 
Axial MR image after preoperative radiation treatment shows dramatic decrease in size of mass, making resection technically much easier. 
C, Photograph of specimen after wide resection. Biopsy track is resected en bloc with tumor, and plane of dissection is entirely through 
normal tissue.

Extraskeletal mesenchymal chondrosarcoma is a rare, 
high-grade tumor that generally affects patients who are 15 
to 35 years old. The most common locations include the head 
and neck. Treatment consists of wide resection, radiation, and 
chemotherapy. The prognosis has generally been poor.
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CONGENITAL ANOMALIES OF  
THE LOWER EXTREMITY 
Derek M. Kelly

CHAPTER 29

This chapter describes congenital anomalies of the foot and 
lower extremity. Congenital anomalies of the hip and pelvis are 
described in Chapter 30, and congenital anomalies of the trunk 
and upper extremities are described in Chapter 31. Congenital 
anomalies of the spine are discussed in Chapters 43 and 44, and 
congenital anomalies of the hand are discussed in Chapter 80.  
Many of the operative techniques described here are useful 
for other conditions and are found in the references in other 
chapters.

ANOMALIES OF THE TOES
The most common anomaly of the toes is polydactyly, the 
presence of supernumerary digits. Others are syndactyly 
(webbed toes), macrodactyly (enlarged toes), and congeni-
tal contracture or angulation. Any of these conditions may 
require surgery. When surgery is contemplated for anoma-
lies of the toes, several factors must be considered, includ-
ing cosmesis, pain, and difficulty in fitting shoes, but overall 
long-term function of the foot is the primary concern. A sat-
isfactory clinical result should correct all of these problems.

POLYDACTYLY
Polydactyly of the toes may occur in established genetic 
syndromes but occurs most commonly as an isolated trait 

with an autosomal dominant inheritance pattern and vari-
able expression. The overall incidence of polydactyly is 
approximately two cases per 1000 live births. Surgical treat-
ment of polydactyly is amputation of the accessory digit. 
Preoperative radiographs should be obtained to detect any 
extra metatarsal articulating with the digit, which should be 
amputated with its associated digit (Fig. 29.1). Occasionally, 
a combined polydactyly-syndactyly deformity requires 
more complex surgical correction (Fig. 29.2), such as resec-
tion of the more peripheral digit using residual skin for 
coverage.

Venn-Watson classified polydactyly and directed atten-
tion to the difference between preaxial and postaxial types 
(Fig. 29.3). In preaxial polydactyly, the most medial great toe 
usually is excised. The remaining great toe should have a care-
ful repair of the capsule if necessary to prevent a progressive 
hallux varus; Kirschner wire fixation can be used for stability 
if needed for 4 to 6 weeks. A more recent classification system 
by Seok et al. focuses on the importance of associated syn-
dactylism, axis deviation, and metatarsal extension, with each 
of these factors resulting in a higher rate of unsatisfactory 
results after surgical correction. Good results can be expected 
regardless of the age at which the amputation is performed; 
however, most supernumerary digits are excised when the 
child is between 6 and 18 months of age. 
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BA

Short block
First metatarsal

Wide metatarsal head Y metatarsal T metatarsal Wide metatarsal head Complete
duplication

FIGURE 29.3 Venn-Watson classification of polydactyly. A, Preaxial polydactyly. B, Postaxial 
polydactyly.

 

A

B

FIGURE 29.1 A, Bilateral polydactyly in 6-month-old infant. 
B, Accessory metatarsal of left foot can be seen on radiograph.

 

 

AMPUTATION OF AN EXTRA TOE 
(SIMPLE POSTAXIAL POLYDACTYLY)

 TECHNIQUE 29.1 

 n  At the base of the toe to be amputated, make an oval 
or racquet-shaped incision through the skin and fascia, 
preserving extra skin to ensure tension-free closure after 
amputation of the extra digit (Fig. 29.4).

 n  Draw the tendons distally as far as possible and divide 
them.

 n  Incise the capsule of the metatarsophalangeal joint transverse-
ly, dissect it from the metatarsal, and disarticulate the joint.

 n  With an osteotome or bone-cutting forceps, sharply re-
sect any bone that may have protruded from the meta-
tarsal head.

 n  If the radiograph has revealed an extra metatarsal, resect 
it after continuing the incision proximally on the dorso-
lateral aspect of the foot. A complete extra ray amputa-
tion may require transfer of the peroneus brevis tendon 
insertion with partial resection of the lateral border of the 
cartilaginous cuboid.

See also Video 29.1.

  

SYNDACTYLY
Syndactyly of the toes rarely interferes with function. The same 
technique is used as for the fingers (see Chapter 80). Syndactyly is 

FIGURE 29.2 Complex polydactyly-syndactyly of left fifth toe 
with bony and soft-tissue syndactyly.  (From Lee HS, Park SS, Yoon 
JO, et al: Classification of postaxial polydactyly of the foot, Foot Ankle 
Int 27:356–362, 2006.)
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commonly associated with polydactyly in the foot, and removal 
of the more medial or lateral digit is typically preferred. 

MACRODACTYLY
Macrodactyly occurs when one or more toes or fingers have 
hypertrophied and are significantly larger than the surround-
ing toes or fingers. The most common associated conditions are 
neurofibromatosis, hemangiomatosis, and congenital lipofibro-
matosis. Surgery is indicated to relieve functional symptoms, 
primarily pain or difficulty in fitting shoes. The cosmetic goal 
is to alter the abnormal appearance of the toes and foot and to 
achieve a foot similar in size to the opposite foot (Fig. 29.5).

Many operative procedures have been described for the 
treatment of macrodactyly, including reduction syndactyly, 
soft-tissue debulking combined with ostectomy or epiphys-
iodesis, toe amputation, and ray amputation. Soft-tissue deb-
ulking combined with ostectomy or epiphysiodesis can be 
used in the initial treatment of a single digit with macrodac-
tyly; the recurrence rate with this technique is virtually 100%. 
Ray resection, combined with debulking repeated as neces-
sary has been recommended; however, when the great toe is 
involved, the result often is only fair, and repeated soft-tissue 
debulking may be necessary. When enlargement of the toe or 
forefoot is less severe, epiphysiodesis of the phalangeal physes 
is recommended when the toe reaches adult size; debulking is 
repeated as necessary. Ray amputation is indicated in patients 
with massive enlargement of the bone and soft tissues and 
is also the procedure of choice for severe recurrence after 
reduction syndactyly or soft-tissue debulking. Hallux valgus 
may occur after resection of the second ray and occasionally 
requires surgical correction during adolescence. 

 

TSUGE RAY REDUCTION
The Tsuge procedure is an additional option for pedal 
macrodactyly treatment. It is a rare procedure for a rare 
condition; however, according to the authors, the benefit 
of this procedure is that it debulks and shortens the toe  
but maintains good cosmesis by preserving the toenail.

 TECHNIQUE 29.2 

(TSUGE)
 n  After administering general anesthesia and placing a tour-

niquet, make a midaxial fish-mouth incision (Fig. 29.6A).
 n  Dissect sharply down the plantar aspect of the distal and 

middle phalanges.
 n  Disarticulate the distal interphalangeal joint.
 n  Identify and protect the neurovascular bundles within the 

dorsal flap. Do not excise or debulk.
 n  Release the flexor digitorum longus and extensor digito-

rum longus tendon insertions from the distal phalanx and 
tag these (maintain and protect the extensor digitorum 
longus attachment to the middle phalanx).

 n  Using a microsagittal saw, make a coronal cut along the 
distal phalanx, excising the plantar portion and leaving 
approximately a third of the phalanx beneath the nail 
plate and matrix (Fig. 29.6B).

 n  Make a transverse cut across the distal phalanx, excising 
the physis (Fig. 29.6C).

 n  Skeletonize the middle phalanx dorsally, protecting the 
extensor attachment.

 n  Make a similar size-matched coronal cut in the middle 
phalanx at the one third dorsal to two thirds plantar level.

 n  Create a transverse osteotomy across the dorsal aspect of 
the middle phalanx, leaving the physis still attached to the 
plantar aspect of the residual bone.

 n  Excise the distal aspect of the dorsal middle phalanx (Fig. 
29.6D).

 n  Shorten the remaining plantar aspect of the middle pha-
lanx if needed to the desired length of the toe.

 n  Bring the dorsal sliver of the distal phalanx, which con-
tains the nail, proximally and fit it to the plantar portion of 
the middle phalanx (Fig. 29.6E) and secure the transferred 
bone with a small Kirschner wire or suture lasso.

 n  Reattach the flexor digitorum longus tendon to the re-
maining middle phalanx using Vicryl suture (Ethicon, 
Somerville, NJ). Reattach the extensor digitorum longus 
tendon to the middle phalanx.

 n  Deflate the tourniquet and obtain hemostasis using bipo-
lar electrocautery.

A CB
FIGURE 29.4 Polydactyly. A, Front view of foot. B, Outline of incision passing through web 

space between fifth and sixth toes and extending in racquet-shaped incision along lateral border 
of foot. C, Surgical excision of supernumerary digit. SEE TECHNIQUE 29.1.
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 n  After the bony work, debulk any redundant plantar flap 
of tissue and fat (Fig. 29.6F) to allow wound closure (Fig. 
29.6G).

 n  Copiously irrigate the wound and close with absorbable 
suture. As a result of the digital shortening, a dorsal bump 
just proximal to the nail is created.

 n  Apply a sterile dressing and a well-padded short leg walk-
ing cast.

POSTOPERATIVE CARE The patient is allowed weight 
bearing as tolerated.
   

 

RAY REDUCTION

 TECHNIQUE 29.3 

 n  Outline dorsal skin incisions along the ray to be reduced, 
with a single long incision or multiple small incisions along 
the metatarsal and phalanges.

 n  Debulk any fibrofatty tissue, protecting the digital neuro-
vascular bundles.

 n  Osteotomize the metatarsal neck and shorten the meta-
tarsal by removing a segment of sufficient length to 
match this metatarsal to the others.

 n  Fuse the physis at the level of the metatarsal head. If nec-
essary, repeat this process for any phalanges until the ray 
has been shortened to normal length.

 n  Insert a smooth, longitudinal Kirschner wire from the tip 
of the toe to the base of the metatarsal to align the ray.

 n  Secure hemostasis, close the wound with interrupted su-
tures, and apply a short leg cast.

POSTOPERATIVE CARE The Kirschner wire is removed 
at 6 weeks, and a short leg walking cast is worn until any 
bony procedures have healed.
   

 

RAY AMPUTATION

 TECHNIQUE 29.4 

 n  Outline the ray to be amputated with skin flaps to include 
amputation from the tip of the toe to the base of the 
metatarsal.

 n  Make dorsal and plantar incisions starting over the meta-
tarsophalangeal joint, with connecting incisions in the 
web space of adjacent toes. Continue the incisions proxi-
mally, dorsally, and plantarward, to the base of the meta-
tarsal to be resected (Fig. 29.7).

FIGURE 29.5 A, Macrodactyly in 2-year-old child with 
Klippel-Trenaunay-Weber syndrome. B, Anteroposterior radio-
graph; note soft-tissue hypertrophy of second and third ray 
phalanges. C, Clinical appearance of macrodactyly in another 
child.

CA

B
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CBA
FIGURE 29.7 Ray amputation for macrodactyly. A, Incision on dorsal surface of foot. B, Plantar 

incision. C, Closed incision after amputation. SEE TECHNIQUE 29.4.

 

A

B

F

C

D

E

G

FIGURE 29.6 Tsuge ray reduction procedure. A, Fish-mouth incision made to the level of the 
proximal phalanx. B, Coronal osteotomy of the distal phalanx. C, Physis is removed by transverse oste-
otomy from remaining dorsal bone. Plantar portion is removed. D, Osteotomy and removal of dorsal 
middle phalanx. E, Dorsal third of distal phalanx is fixed to plantar two thirds of middle phalanx and 
tendons reattached. F, Fibrofatty tissue remains when digit is shortened, creating a dorsal bump. G, 
Excess tissue is debulked.  (From Morrell NT, Fitzpatrick J, Szalay EA: The use of the Tsuge procedure for pedal 
macrodactyly: relevance in pediatric orthopaedics, J Pediatr Orthop B 23:260–265, 2014.) SEE TECHNIQUE 29.2.

    

https://booksmedicos.org


CHAPTER 29 CONGENITAL ANOMALIES OF THE LOWER EXTREMITY 1085

 

 n  Amputate the metatarsal and its associated phalanges 
and any surrounding hypertrophied soft tissue. Protect 
the neurovascular bundles that supply adjacent toes.

 n  After adequate resection of tissue, close the wound with 
interrupted sutures in the usual manner.

POSTOPERATIVE CARE A short leg cast is applied to 
protect the wound until healing occurs at 4 to 6 weeks.
  

CLEFT FOOT (PARTIAL ADACTYLY)
Cleft foot (lobster foot) is an anomaly in which a single cleft 
extends proximally into the foot, sometimes as far as the mid-
foot. Generally, one or more toes and parts of their metatar-
sals are absent, and often the tarsals are abnormal. Although 
the deformity varies in degree and type, the first and fifth rays 
are usually present (Fig. 29.8). If a metatarsal is partially or 
completely absent, its respective toe is always absent. Blauth 
and Borisch classified the deformities into six types based on 
the number of metatarsal bones present. Type I and type II are 
cleft feet with minor deficiencies, both having five metatarsals. 
The metatarsals are normal in type I and partially hypoplastic 

in type II. The number of identifiable metatarsals decreases 
progressively: type III, four metatarsals; type IV, three meta-
tarsals; type V, two metatarsals; and type VI, one metatarsal.

Abraham et al. described a simplified clinical classifica-
tion on which they based treatment recommendations (Fig. 
29.9). Type I has a central ray cleft or deficiency (usually sec-
ond or third rays or both) extending up to the midmetatarsal 
level without splaying of medial or lateral rays (Fig. 29.10). 
For this type of cleft foot, they recommended soft-tissue 

B

A

FIGURE 29.10 Type 1 cleft foot.

 

II I III

FIGURE 29.9 Clinical classification of cleft foot deformity (see 
text).

 

BA

FIGURE 29.8 A, Bilateral cleft foot in 4-year-old boy. B, Anteroposterior view; note angular 
deformity of metatarsophalangeal joints of great toe and fifth toe.
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syndactylism with partial hallux valgus correction if needed; 
however, this type of deformity typically results in little func-
tional limitation and is primarily a cosmetic concern. Type II 
has a deep cleft up to the tarsal bones with forefoot splaying, 
for which they recommended soft-tissue syndactylism, with 
first-ray osteotomy if needed, before age 5 years. Type III is 
a complete absence of the first through third or fourth rays, 
for which they did not recommend surgery; Abraham et al. 
recommended syndactylism for all type II cleft feet in the first 
3 years of life while the forefoot is still supple. All of their 
patients older than 5 years with type II deformities had first 
ray amputation.

Any surgery for cleft foot should improve function and 
appearance. When surgical correction is performed, dorsal 
and plantar flaps are raised from the skin of the apposing 

surfaces, which are then sutured together (Fig. 29.11). Any 
bony or joint deformity of the first or fifth ray should be cor-
rected at the time of surgery (Fig. 29.12). This may require 
capsulotomies and osteotomies of any retained rays. If pin 
fixation is used for fixation of osteotomies of the phalanges or 
metatarsals, the pins and short leg cast are removed 6 weeks 
after surgery, and a short leg walking cast or cast boot may be 
worn for an additional few weeks.

Wood, Peppers, and Shook described a simplified cleft 
closure using rectangular flaps. According to these authors, 
this technique is easier than techniques using multiple tri-
angular flaps and produces superior cosmetic results. They 
recommended correction of the cleft foot at 6 months old 
because of fewer anesthesia risks, minimal growth deformi-
ties, and malleability of the soft tissues. 

 

A

D

B

E

C

FIGURE 29.11 Syndactylism of cleft. A-C, Cleft is manually closed, and cleavage area is marked 
with sterile ink pen on dorsum and sole of foot. D, Skin and some subcutaneous tissue is removed 
as outlined by ink lines. E, Undermined skin edges are approximated with horizontal mattress 
sutures.
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SIMPLIFIED CLEFT CLOSURE

 TECHNIQUE 29.5 

(WOOD, PEPPERS, AND SHOOK)
 n  At least two metatarsals must be present for good cleft 

closure.
 n  On the lateral side, or fifth ray, raise a rectangular flap, 

starting from the plantar surface of the foot to the dor-
sum (Fig. 29.13A). This does not include fascia but in-
cludes a fairly thick flap with fat.

 n  Exactly opposite this flap on the medial side, or first ray, 
raise a rectangular flap starting on the dorsum of the foot 
to the plantar aspect. Repeat this two or three times until 
the skin of the entire cleft is removed (Fig. 29.13B).

 n  At the longest toe, raise a distally based flap for suturing 
to the adjacent toe to make a wide web.

 n  If the toes spring apart, make a closing wedge osteotomy 
at the base of each metatarsal to centralize the toes (Fig. 
29.13C) and stabilize the osteotomies with Kirschner 
wires (Fig. 29.13D).

 n  To stabilize the intermetacarpal distance further and unload 
tension on the surgical flaps, reconstruct the ligament with 

 

 

BA
FIGURE 29.12 Correction of cleft foot. A, Skin incisions along 

cleft between abnormal rays of foot. B, Artificial syndactyly created 
after excision of skin cleft, apposition of rays, and osteotomies of 
metatarsals.

C

BA

D
FIGURE 29.13 Cleft foot closure (see text). A, Rectangular flaps are raised on both rays. B, Flaps are raised until skin of entire 

cleft is removed. At distal tip of longer toe, flap is raised to suture to adjacent toe to make wide toe web. C, If toes spring apart, 
closing wedge osteotomy is made at base of each metatarsal to centralize bones. D, Kirschner wires are inserted to maintain position.  
SEE TECHNIQUE 29.5.
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local ligamentous tissue, joint capsule, or tendon obtained 
from the cleft foot or with autograft plantaris tendon or 
fascia lata.

 n  Close the wound in routine fashion and apply a cast.

POSTOPERATIVE CARE At 3 weeks, weight bearing in 
a walking cast is allowed. At 6 weeks, the cast is discon-
tinued, and the Kirschner wires are removed.
  

CONTRACTURE OR ANGULATION OF  
THE TOES
Congenital contracture, angulation, or subluxation of the fifth 
toe is a fairly common familial deformity, but rarely causes 
symptoms. The anomaly is rarely disabling, and surgery usually 
is indicated only to improve function of the foot or make shoe fit-
ting easier. The direction of angulation of the fifth toe determines 
the operative procedure. Surgical procedures for the correction 
of an angulated toe include soft-tissue correction alone, soft-tis-
sue correction with proximal phalangectomy, and amputation. 

 

CORRECTION OF ANGULATED TOE
 TECHNIQUE 29.6 

 n  Approach the fifth metatarsophalangeal joint through a 
Z-plasty incision. With the toe held in the corrected posi-
tion, draw the central limb of the Z-plasty along the band 
of contracted skin to the fourth web space. Create the 
proximal and distal limbs of the Z-plasty of equal lengths 
(Fig. 29.14). Make the angle of the Z-plasty 60 degrees, 
which allows maximal elongation along the longitudinal 
axis of the Z-plasty when the limbs are transposed.

 n  Release the extensor digitorum longus tendon of the fifth 
toe in a long, oblique fashion.

 n  Release the dorsal and medial capsule and place the toe 
in the corrected position.

 n  Transpose the two limbs of the Z-plasty and suture them 
with interrupted absorbable sutures.
  

Butler arthroplasty can be done for correction of a dorsally 
overriding fifth toe. One complication of Butler arthroplasty is 
the potential for vascular damage caused by excessive tension on 
the neurovascular bundle. This complication can be prevented 
by (1) avoiding any tension on the neurovascular bundle, (2) 
taking care not to manipulate or exert traction on the toe, and 
(3) avoiding the use of circumferential taping or rigid splinting. 

 

ARTHROPLASTY OF THE FIFTH 
METATARSOPHALANGEAL JOINT

 TECHNIQUE 29.7 

(BUTLER)
 n  After preparing and draping the foot and applying a tour-

niquet, make a double-racquet incision, with the dorsal 

handle following the extensor longus tendon and the 
plantar handle inclined laterally to provide a circumfer-
ential incision (Fig. 29.15A). For milder deformities, the 
dorsal limb of the double-racquet incision alone may al-
low complete correction of the deformity.

 n  To expose the contracted extensor tendon, elevate skin 
flaps by blunt dissection, protecting the neurovascular 
bundle (Fig. 29.15B).

 n  Transect the extensor tendon to the fifth toe and divide 
the dorsal aspect of the metatarsophalangeal joint cap-
sule (Fig. 29.15C).

 n  The toe should now partially rotate downward and later-
ally into the correct position. In long-standing deformities, 
the plantar aspect of the capsule is adherent and prevents 
full reduction of the proximal phalanx on the metatarsal 
during derotation of the toe.

 n  If necessary, separate the adherent plantar capsule by 
blunt dissection and divide it transversely to allow the 
toe to lie freely in a fully corrected position (Fig. 29.15D 
and E). This may require the second limb of the double-
racquet incision originally described.

 n  Close the skin with multiple interrupted sutures and apply 
a light dressing to the suture line (Fig. 29.15F and G).

 

B

A

FIGURE 29.14 Correction of congenital crossover fifth toe. 
A, Preoperative appearance. B, Z-incision with 60-degree angles. 
Arrows indicate direction flaps are transposed to allow lengthening 
along longitudinal axis of Z-plasty. (From Thordarson DB: Congenital 
crossover fifth toe correction with soft-tissue release and cutaneous 
Z-plasty, Foot Ankle Int 22:511–512, 2001.) SEE TECHNIQUE 29.6.
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POSTOPERATIVE CARE A short leg cast or postopera-
tive surgical shoe may be worn, with a light dressing only 
over the fifth toe. Protected activity is allowed as tolerated.
  

CONGENITAL HALLUX VARUS
Congenital hallux varus is a deformity in which the great 
toe is angled medially. The varus deformity of the toe varies 
in severity from only a few degrees to 90 degrees. The hal-
lux varus can occur at the metatarsophalangeal joint with a 
normal metatarsal or it can occur in association with other 
deformities of the medial foot such as bracket epiphysis or 
preaxial polydactyly.

Typically, congenital hallux varus is unilateral and is asso-
ciated with one or more of the following: (1) a short, thick 
first metatarsal; (2) accessory bones or toes; (3) varus defor-
mity of one or more of the four lateral metatarsals; and (4) 
a firm fibrous band that extends from the medial side of the 
great toe to the base of the first metatarsal (Fig. 29.16). The 
explanation for this anomaly is that two great toes originate in 

utero, but the medial or accessory one fails to develop. Later, 
the rudimentary medial toe, together with the band of fibrous 
tissue, acts like a taut bowstring and gradually pulls the more 
fully developed great toe into a varus position.

The proper treatment for congenital hallux varus depends 
on the severity of the deformity and the rigidity of the con-
tracted soft structures. A metatarsal epiphyseal bracket can 
be treated with physiolysis if performed very early or phys-
iolysis combined with corrective osteotomy if performed 
later for milder hallux varus (Fig. 29.17). An osteotomy with-
out physiolysis has an increased risk of recurrence, and the 
use of a bone graft increases the risk of fusing the epiphy-
seal bracket. A fat graft can be used as interposition material; 
however, Choo and Mubarak noted that fat attaches poorly to 
the diaphysis. Several of their patients developed a peripheral 
bar at the proximal metaphyseal-epiphyseal junction causing 
recurrent deformity. They recommended using polymethyl 
methacrylate as interposition material.

The Farmer technique is effective in correcting moderate 
deformity. The operation of Kelikian et al. is also satisfactory 
for severe deformity with an excessively short first metatarsal 

C

G

FE

BA

D

FIGURE 29.15 Butler arthroplasty. A, Double-racquet incision. B, Exposure of extensor tendon. 
C, Transection of extensor tendon. D, Separation of adherent capsule. E, Corrected position of toe. 
F and G, Skin closure. SEE TECHNIQUE 29.7.
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(Fig. 29.18). Each of these procedures is designed to create a 
syndactyly between the second toe and the hallux to maintain 
deformity correction. If the deformity is complicated by trau-
matic arthritis of the metatarsophalangeal joint, arthrodesis 
of this joint (see Chapter 82) is indicated. In rare cases, if the 
deformity is too severe either to be corrected or to undergo 
arthrodesis, amputation is indicated. 

 

CREATION OF SYNDACTYLY OF THE 
GREAT TOE AND SECOND TOE FOR 
HALLUX VARUS

 TECHNIQUE 29.8 

(FARMER)
 n  Raise a broad Y-shaped flap of skin and subcutaneous 

tissue from the dorsal surface of the web between the 

first and second toes (Fig. 29.19); base the flap dorsally 
in the space between the first and second metatarsals 
and include in it the skin contiguous with the web distally 
along the two toes for one third of their length.

 n  From the medial edge of the base of the flap, curve the 
incision medially and slightly distally across the medial as-
pect of the first metatarsophalangeal joint. Deepen this 
incision transversely through the medial part of the cap-
sule of the first metatarsophalangeal joint.

 n  Move the great toe laterally against the second toe and 
create a syndactyly between these two toes by suturing 
the apposing skin edges together.

 n  A smooth longitudinal Kirschner wire can be inserted 
from the tip of the great toe into the first metatarsal to 
align the great toe in a neutral position.

 n  Excise any accessory phalanx or hypertrophic soft tissue 
from the great toe through a separate dorsomedial incision.

 n  Swing the Y-shaped flap of skin and subcutaneous tissue 
medially and suture it in place to cover the defect in the 
skin on the dorsal and medial aspects of the first metatar-
sophalangeal joint.

A

C

B

FIGURE 29.16 A, Congenital hallux varus of right foot. B, Anteroposterior radiograph; note 
short first metatarsal and accessory distal phalanx. C, Appearance after surgical correction.
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 n  In an alternative technique described by Farmer, the Y-
shaped flap of skin and subcutaneous tissue is raised from 
the plantar surface of the foot (Fig. 29.20); the rest of 
the procedure is the same as already described, with the 
flap swung medially to cover the defect in the skin at the 
first metatarsophalangeal joint. Any defect that cannot be 
closed by the flap either is left open to heal secondarily or 
is covered by a full-thickness skin graft.

POSTOPERATIVE CARE The foot is immobilized in a 
cast. At 6 weeks, the cast and pins are removed, and full 
activities are allowed.
  

CONGENITAL METATARSUS ADDUCTUS
Metatarsus adductus, which consists of adduction of the fore-
foot in relation to the midfoot and hindfoot, is a common 
anomaly, often causing intoeing in children. It can occur as 
an isolated anomaly or in association with clubfoot. Among 
children with metatarsus adductus, 1% to 5% also have devel-
opmental dysplasia of the hip or acetabular dysplasia.

Clinically, metatarsus adductus can be classified as mild, 
moderate, or severe (Fig. 29.21). In the mild form, the fore-
foot can be clinically abducted to the midline of the foot and 
beyond. The moderate form has enough flexibility to allow 
abduction of the forefoot to the midline, but usually not 
beyond (Fig. 29.22). In rigid metatarsus adductus, the fore-
foot cannot be abducted at all. There also may be a transverse 
crease on the medial border of the foot or an enlargement 
of the web space between the great and second toes. In gen-
eral, mild metatarsus adductus resolves without treatment. 
Moderate or severe metatarsus adductus is best treated ini-
tially by serial stretching and casting for 6 to 12 weeks, or 
until the foot is clinically flexible (Fig. 29.23).

Metatarsus adductus may be seen as a residual deformity 
in patients previously treated surgically or nonsurgically for 
congenital clubfoot. This residual metatarsus adductus can be 
rigid, indicating fixed positioning of the forefoot on the mid-
foot and hindfoot, or it can be dynamic, caused by imbalance of 
the anterior tibial tendon during gait. The rigidity or flexibility 
of the forefoot should be determined before undertaking any 
surgical correction in an older child. Metatarsus adductus, par-
ticularly in its milder forms, is often only a cosmetic concern. 
However, shoe wear may also become an issue as the child ages.

TREATMENT
In a young child, surgery is not indicated until conservative 
treatment has failed. When a child passes the appropriate age 
for serial stretching and casting, surgery becomes a reason-
able option. Indications for surgery include pain, objection-
able appearance, and difficulty in fitting shoes because of 

A B

C

E

D

FIGURE 29.17 Epiphyseal bracket. A, Foot with preaxial polydac-
tyly had reconstruction. B, Several months later an epiphyseal bracket 
of the proximal phalanx was noted with early ossification. C, The 
patient had excision of the hallux bracket. Intraoperative imaging 
demonstrating two needles at edges of bracket. D, Kirschner wire 
placed transversely through proximal phalanx. E, Polymethyl meth-
acrylate cement was placed around wire.  (From Choo AD, Mubarak 
SJ: Longitudinal epiphyseal bracket, J Child Orthop 7:449–454, 2013.)

 

A B

FIGURE 29.18 Kelikian procedure for congenital hallux varus. 
A, Preoperative appearance of foot. B, After artificial syndactyly.
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residual forefoot adduction. Numerous soft-tissue and bony 
procedures have been described for correction of metatarsus 
adductus. The most reliable involved osteotomies at either the 
tarsal or metatarsal levels as described below. 

 

DOME-SHAPED OSTEOTOMIES OF 
METATARSAL BASES
Berman and Gartland recommended dome-shaped oste-
otomies for all five metatarsal bases for resistant forefoot 

adduction in children 4 years old and older (Fig. 29.24). For 
a mature foot with uncorrected metatarsus adductus, or if 
all of the medial soft-tissue structures are contracted, they 
recommended a laterally based closing wedge osteotomy 
through the bases of the metatarsals. Correcting the align-
ment without shortening the lateral border of the foot can 
cause excessive tension on the skin on the medial border or 
on the neurovascular bundle posterior to the medial mal-
leolus. Steinmann pins inserted parallel to the medial and 
lateral borders of the foot are usually necessary to hold the 
foot in the corrected position until the osteotomies have 
healed. Without internal fixation, the soft tissue on the 
medial side may cause recurrence of deformity.

 

 FIGURE 29.19 Farmer procedure for congenital hallux varus (see text). SEE TECHNIQUE 29.8.

Incision

Joint
capsule
incised

Flap
trimmed

Long sutures
  tie dressing
 against graft

Skin graft
Flap sutured

in place

Toes
sutured

together

FIGURE 29.20 Alternative Farmer procedure for congenital hallux varus (see text). SEE TECH-
NIQUE 29.8.
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Normal Mild Moderate Severe

FIGURE 29.21 Heel bisector defines relationship of heel to forefoot from left to right: normal 
(bisecting second and third toes), mild metatarsus adductus (bisecting third toe), moderate meta-
tarsus adductus (bisecting third and fourth toes), and severe metatarsus adductus (bisecting fourth 
and fifth toes).

 FIGURE 29.22 Congenital metatarsus adductus. Moderate 
deformity.

 FIGURE 29.23 Stretching for correction of metatarsus adductus 
deformity.
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C

BA

D

FIGURE 29.24 A and B, Rigid metatarsus adductus in 8-year-old child. C and D, After multiple 
metatarsal osteotomies. SEE TECHNIQUE 29.9.

 TECHNIQUE 29.9 

(BERMAN AND GARTLAND)
 n  Approach all five metatarsal bases dorsally. Make two 

longitudinal dorsal incisions, one between the first and 
second metatarsals and the other overlying the fourth. 
Protect the extensor tendons and superficial nerves and 
preserve the superficial veins as much as possible.

 n  Expose subperiosteally the proximal metaphysis of each 
metatarsal, and with a small power drill make a dome-shaped 
osteotomy in each with the apex of the dome proximally (Fig. 
29.25). Avoid the physis at the base of the first metatarsal.

 n  If adequate correction cannot be obtained by these oste-
otomies, resect small wedges of bone based laterally at 
the osteotomies as needed.

 n  Align the metatarsals and transfix the foot in the correct-
ed position with small, smooth Steinmann pins inserted 
proximally through the shafts of the first and fifth meta-
tarsals and across the osteotomies in these bones and, 
if needed, in all five metatarsals. Prevent dorsal or volar 
angulation and overriding of the fragments.

 n  Before closing the wound, check the placement of the 
pins, position of the osteotomies, and forefoot alignment 
by radiographs (Fig. 29.26). The anteroposterior talus–first 
metatarsal angle should be corrected to 0 to 10 degrees.

POSTOPERATIVE CARE A short leg cast is applied with 
the foot in the corrected position. At 6 weeks, the cast 
and pins are removed, and weight bearing is begun, com-
monly in a walking cast or cast boot for 2 to 4 weeks.
  

For the osteotomy portion of the above technique, Knorr 
et  al. described using the Cahuzac technique of percutane-
ous osteotomies of the metatarsals in children with meta-
tarsus adductus. The approach uses a beaver blade to create 
two small incisions over the base of the second metatarsal 
and the third intermetatarsal space. A high-speed surgical 
burr is used to create a percutaneous osteotomy of the sec-
ond through fourth metatarsal bases. Percutaneous cuneo-
metatarsal capsulotomy is performed with a 19-gauge needle. 
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 The forefoot is manipulated and stabilized with an obliquely 
oriented, percutaneous 2-mm Kirschner wire from the first 
metatarsal into the tarsal bones. 

 

CUNEIFORM AND CUBOID 
OSTEOTOMIES
McHale and Lenhart recommended opening wedge 
osteotomy of the medial cuneiform and closing wedge 
osteotomy of the cuboid for correction of deformities in 
the midfoot with severe shortening of the medial column 
(“bean-shaped” foot).

 TECHNIQUE 29.10 

(MCHALE AND LENHART)
 n  With the anesthetized patient supine, make a small lon-

gitudinal incision over the cuboid (Fig. 29.27A).
 n  Remove a 7- to 10-mm wedge with its base in a dorsolat-

eral position (Fig. 29.27B).
 n  Approach the medial cuneiform by using part of the distal 

extension of the medial incision (Fig. 29.27A) or a 2-cm 
incision medially over the medial cuneiform.

 n  Make the osteotomy in the cuneiform, leaving the ante-
rior tibial tendon attached to the distal piece of bone.

 n  Spread the medial cuneiform osteotomy with a smooth 
spreader and insert the wedge of bone removed from the 
cuboid, with the base of the wedge straight medially (Fig. 
29.27C).

 n  Check clinical correction of the deformity. If the lateral 
border of the foot still appears prominent (midfoot supi-
nation has not been corrected), remove a larger wedge 
of bone from the cuboid.

 n  Use two smooth Kirschner wires to fix the foot in the cor-
rected position. Insert one pin through the cuboid, start-
ing in the calcaneus and exiting through the base of the 

fifth metatarsal. Place the other pin through the first web 
space, through the medial cuneiform and tarsal navicular, 
and into the talus.

 n  Confirm the position of the pins and the correction of the 
bony deformity with radiographs.

 n  After correct positioning of the foot, the lateral three toes 
may remain in passively uncorrectable flexion. If so, per-
form simple flexor tenotomy.

 n  Close the wounds and apply a short leg cast with thick 
padding to allow for swelling.

POSTOPERATIVE CARE At 2 weeks, the wounds are 
checked, and a more form-fitting, non–weight-bearing 
cast is applied. The pins are removed at 6 weeks, and a 
weight-bearing cast is applied. A cast or cast boot is worn 
until bony union is evident on radiographs, usually at 8 
to 12 weeks.

   

ANOMALIES OF THE FOOT
CONGENITAL CLUBFOOT (TALIPES 
EQUINOVARUS)
The incidence of congenital clubfoot is approximately 1 in 
every 1000 live births. Although most cases are sporadic 
occurrences, families have been reported with clubfoot as 
an autosomal dominant trait with incomplete penetrance. 
Bilateral deformities occur in 50% of patients. In patients 
with bilateral deformity, the severity and response to treat-
ment is highly correlated between the 2 feet.

FIGURE 29.25 Berman and Gartland technique for metatarsal 
osteotomies. Dome-shaped osteotomy is completed at base of each 
metatarsal. SEE TECHNIQUE 29.9.

FIGURE 29.26 Completed osteotomies with Steinmann pins 
inserted to hold corrected position. SEE TECHNIQUE 29.9.
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Several theories have been proposed regarding the cause 
of clubfoot, but the underlying cause of clubfoot is still mostly 
unknown. One theory is that a primary germplasm defect in 
the talus causes continued plantarflexion and inversion of 
this bone, with subsequent soft-tissue changes in the joints 
and musculotendinous complexes. Another theory is that 
primary soft-tissue abnormalities within the neuromuscular 
units cause secondary bony changes. There may be a vascular 
cause because many children with clubfoot have a hypertro-
phic anterior tibial artery or other vascular anomalies. Several 
authors have documented abnormal distribution of type I 
and type II muscle fibers in clubfeet. While the exact cause 
remains unknown, a number of factors have been correlated 
with a higher frequency of clubfoot, including maternal and 
paternal smoking, maternal obesity, family history, amnio-
centesis, and some selective serotonin reuptake inhibitors.

Multiple studies have demonstrated no correlation 
between clubfoot and developmental dysplasia of the hip. It 
is thought that a routine clinical examination screening is all 
that is needed for the evaluation of hip pathology in children 
born with a clubfoot deformity.

The pathologic changes caused by congenital clubfoot 
must be understood if the anomaly is to be treated effectively. 
The four basic components of clubfoot are cavus, adduction, 
varus, and equinus. The deformity varies in severity, from a 
mild positional clubfoot that is passively correctable to near 
the neutral position to a much more severe clubfoot with 
extreme, rigid hindfoot equinus and forefoot adduction. The 
typical deformity is shown in Fig. 29.28. Clubfoot often is 
accompanied by internal tibial torsion. The ankle, midtarsal, 
and subtalar joints all are involved in the pathologic process. 
In unilateral cases, the abnormal foot may be one half to one 
size smaller in length and width.

Turco attributed the deformity to medial displacement 
of the navicular and calcaneus around the talus. The talus is 
forced into equinus by the underlying calcaneus and navicu-
lar, whereas the head and neck of the talus are deviated medi-
ally. From a three-dimensional perspective, the relationship 
of the calcaneus to the talus is characterized by abnormal 
rotation in the sagittal, coronal, and horizontal planes. As the 
calcaneus rotates horizontally while pivoting on the inter-
osseous ligament, it slips beneath the head and neck of the 
talus anterior to the ankle joint, and the calcaneal tuberos-
ity moves toward the fibular malleolus posteriorly. The prox-
imity of the calcaneus to the fibula is primarily caused by 
horizontal rotation of the talocalcaneal joint, rather than by 
equinus alone. The heel appears to be in varus because the 

calcaneus rotates through the talocalcaneal joint in a coro-
nal plane and horizontally. The talonavicular joint is in an 
extreme position of inversion as the navicular moves around 
the head of the talus. The cuboid is displaced medially on the 
calcaneus.

In a three-dimensional clubfoot computer model, the 
talar neck has been shown to be internally rotated relative to 
the ankle mortise, but the talar body is externally rotated in 
the mortise. The calcaneus is significantly internally rotated 
with the sloped articular facet of the calcaneocuboid joint 
causing additional internal rotation of the midfoot.

Contractures or anomalies of the soft tissues exert further 
deforming forces and resist correction of bony deformity and 
realignment of the joints. Talocalcaneal joint realignment is 
opposed by the calcaneofibular ligament, the superior peroneal 
retinaculum (calcaneal fibular retinaculum), the peroneal ten-
don sheaths, and the posterior talocalcaneal ligament. Resisting 
realignment of the talonavicular joint are the posterior tibial 
tendon, the deltoid ligament (tibial navicular), the calcaneo-
navicular ligament (spring ligament), the entire talonavicular 
capsule, the dorsal talonavicular ligament, the bifurcated (Y) 
ligament, the inferior extensor retinaculum, and occasion-
ally the cubonavicular oblique ligament. Internal rotation of 
the calcaneocuboid joint causes contracture of the bifurcated 
(Y) ligament, the long plantar ligament, the plantar calcaneo-
cuboid ligament, the navicular cuboid ligament, the inferior 

A B C

FIGURE 29.27 Osteotomies of medial cuneiform and cuboid for correction of residual deformity. 
A, Lateral and medial incisions. B, Removal of dorsolateral wedge from cuboid. C, Placement of 
wedge in osteotomy in medial cuneiform. SEE TECHNIQUE 29.10.

FIGURE 29.28 Congenital clubfoot in newborn. Posterior 
view—inversion, plantarflexion, and internal rotation of calcaneus 
and cavus deformity with transverse plantar crease.
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extensor retinaculum (cruciate ligament), the dorsal calcaneo-
cuboid ligament, and occasionally the cubonavicular ligament.

The metatarsals also are often deformed. They may devi-
ate at the tarsometatarsal joints, or these joints may be nor-
mal, and the shafts of the metatarsals themselves may be 
adducted.

If the clubfoot is allowed to remain deformed, many 
other late adaptive changes occur in the bones. These changes 
depend on the severity of the soft-tissue contractures and the 
effects of walking. In untreated adults, some joints may spon-
taneously fuse, or they may develop degenerative changes 
secondary to the contractures. The untreated clubfoot is cos-
metically, functionally, and psychologically unacceptable. 
Every effort should be made to correct the deformity.

The initial examination of the foot and the progress of 
treatment should depend on clinical judgment and occasion-
ally radiographic examination.

RADIOGRAPHIC EVALUATION
If the clubfoot deformity is somewhat atypical, is associated 
with a global genetic or neurologic condition, or appears 
resistant to initial nonoperative treatment, imaging evalua-
tion should be included. In a nonambulatory child, standard 
radiographs include simulated weight-bearing anteroposte-
rior and stress dorsiflexion lateral radiographs of both feet. 
Standing anteroposterior and lateral standing radiographs 
may be obtained for an older child. Alternatively, ultrasonog-
raphy has been proposed as a radiation-free imaging modal-
ity and could be used in locations familiar with the technique.

Important angles to consider in the evaluation of clubfoot 
are the talocalcaneal angle on the anteroposterior radiograph 
and, on the lateral radiograph, the talocalcaneal angle, the 
tibiocalcaneal angle, and the talus–first metatarsal angle (Fig. 
29.29). The anteroposterior talocalcaneal angle in normal chil-
dren ranges from 30 to 55 degrees (Table 29.1). In clubfoot, this 
angle progressively decreases with increasing heel varus. On 
the dorsiflexion lateral radiograph, the talocalcaneal angle in a 
normal foot varies from 25 to 50 degrees; in clubfoot, this angle 
progressively decreases with the severity of the deformity to an 
angle of 0 degrees, or parallelism. The tibiocalcaneal angle in a 

normal foot is 10 to 40 degrees on the stress lateral radiograph. 
In clubfoot, this angle generally is negative, indicating equinus 
of the calcaneus in relation to the tibia. Finally, the talus–first 
metatarsal angle is a radiographic measurement of forefoot 
adduction. This is useful in the treatment of metatarsus adduc-
tus alone but is equally important in the treatment of clubfoot 
to evaluate the position of the forefoot. In a normal foot, this 
angle is 5 to 15 degrees on the anteroposterior view; in club-
foot, it usually is negative, indicating adduction of the forefoot. 

CLASSIFICATION
Two of the more commonly used classifications by Pirani 
et al. and Diméglio et al. are based solely on physical exami-
nation requiring no radiographic measurements or other 
special studies. Pirani’s system is composed of six different 
physical examination findings and includes a hindfoot con-
tracture score and a midfoot contracture score, each scored 
0 for no abnormality, 0.5 for moderate abnormality, or 1 for 
severe abnormality. Each foot is assigned a total score, the 
maximum being 6 points, with a higher score indicating a 
more severe deformity. In the system of Diméglio et al., four 
parameters are assessed on the basis of their reducibility with 
gentle manipulation as measured with a handheld goniom-
eter: (1) equinus deviation in the sagittal plane, (2) varus 
deviation in the frontal plane, (3) derotation of the calcane-
opedal block in the horizontal plane, and (4) adduction of the 
forefoot relative to the hindfoot in the horizontal plane (Fig. 
29.30). One additional point is given for each of the following: 
a posterior skin crease, a medial skin crease, rigid cavus, and 
poor muscle condition. In a comparison of the two systems, 
both were shown to have good interobserver reliability after 
the initial learning phase. Routine clinical use of one or both 
of these classification systems can be helpful in determining 
prognosis and documenting maintenance of correction or 
recurrence over time. 

NONOPERATIVE TREATMENT
The initial treatment of clubfoot is nonoperative. Various treat-
ment regimens have been proposed, including the use of correc-
tive splinting, taping, and casting. Although a number of various 
casting techniques are used, the most widely accepted technique 
is that described by Ignacio Ponseti and consists of weekly serial 
manipulation and casting during the first weeks of life.

 PONSETI CASTING TECHNIQUE FOR CORRECTION 
OF CLUBFOOT DEFORMITY

Successful correction of clubfoot deformity generally is 
reported in more than 90% of children 2 years and younger 
treated with Ponseti casting even after previous unsuccess-
ful nonoperative treatment. Multiple studies have highlighted 
the success and reproducibility of the Ponseti method even in 
developing nations. Achilles tenotomy generally is required, 
and anterior tibial tendon transfer may be added to the cast-
ing routine when necessary. Bleeding complications have been 
reported after percutaneous tenotomy from injury to the pero-
neal artery or the lesser saphenous vein; making a small open 
incision directly over the tendon before severing it, making 
the tenotomy from medial to lateral (Fig. 29.31), and using a 
more rounded beaver-eye blade can help avoid vascular injury.

Reported recurrence rates after Ponseti casting range 
from 10% to 30%; however, many recurrent deformities can 
be treated successfully with repeat casting, with or without the 

 TABLE 29.1

Progression of Foot Angles in Normal Feet Over 
Average 6-Year Follow-Up

ANGLE

AVERAGE AVERAGE
FIRST VISIT LAST VISIT
(DEGREES) (DEGREES)

ANTEROPOSTERIOR VIEW

Talocalcaneal 36.3 27.4
Calcaneal–second metatarsal 14.4 12.3
Talus–first metatarsal 16.9 8.1

LATERAL VIEW

Talocalcaneal 46 44.2
Calcaneal–first metatarsal 150 148
Tibiocalcaneal 61.5 73.2
Talus–first metatarsal 16.3 12.1
Talocalcaneal index 83 71.6
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FIGURE 29.29 Radiographic evaluation of clubfoot. A, Anteroposterior view of right clubfoot 
with decrease in talocalcaneal angle and negative talus–first metatarsal angle. B, Talocalcaneal 
angle on anteroposterior view of normal left foot. C, Talocalcaneal angle of 0 degrees and negative 
tibiocalcaneal angle on dorsiflexion lateral view of right clubfoot. D, Talocalcaneal and tibiocalca-
neal angles on dorsiflexion lateral view of normal left foot.

addition of Achilles tenotomy or anterior tibial tendon trans-
fer. Numerous authors have noted that the most important fac-
tor in avoiding recurrent deformity is patient compliance with 
the postoperative brace wear regimen. Although the Ponseti 
method is ideally used in newborns, many studies have demon-
strated successful use of the Ponseti method in older children 
or children with recurrent deformities after initial casting treat-
ment. Also, the reported recurrence rates are higher in stud-
ies of children with syndrome-associated clubfoot deformities 
than in children with idiopathic clubfeet. Although the success 
rates are lower in older children and in those with syndromic 
clubfeet, nonoperative treatment should still be considered the 
first line of treatment even in these more challenging situations.

Strict adherence to the principles described by Ponseti is 
important to achieve optimal results. Only a few modifica-
tions to his original technique have demonstrated equivalent 
results. An accelerated casting program biweekly can result in 
more rapid correction of the deformity without compromis-
ing outcome. Fiberglass casting material has been shown to 
provide similar results to plaster casts. Bracing up to the age 
of 4 years may be superior to discontinuing brace treatment 
at the age of 3 years as originally described.

Application of Ponseti Casts. The Ponseti method con-
sists of two phases: treatment and maintenance. The treatment 
phase should begin as early as possible, optimally within the 
first 2 weeks of life; however, older children also can be treated 
nonoperatively using Ponseti’s principles. Gentle manipula-
tion and casting are done weekly, although more frequent cast 
changes over a shorter period of time have been advocated 
by some authors. The order of correction by serial manipula-
tion and casting should be as follows: first, correction of fore-
foot cavus and adduction; next, correction of heel varus; and 
finally, correction of hindfoot equinus. Correction should 
be pursued in this order so that a rocker-bottom deformity 
is prevented by dorsiflexing the foot through the ankle joint 
rather than the midfoot. Each cast holds the foot in the cor-
rected position, allowing it to reshape gradually. Generally, 
five to six casts are required to correct the alignment of the 
foot and ankle fully. Before application of the final cast, most 
infants require percutaneous Achilles tenotomy to gain ade-
quate lengthening of the Achilles tendon and prevent a rocker 
bottom deformity.

The first cast application corrects the cavus deformity by 
aligning the forefoot with the hindfoot, supinating the forefoot 
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to bring it in line with the heel, and elevating (dorsiflexing) 
the first metatarsal (Fig. 29.32A). The casts should be applied 
in two stages: first, a short leg cast to just below the knee, then 
extension above the knee when the plaster sets. Long leg casts 
are essential to maintain a strong external rotation force of 
the foot beneath the talus, to allow adequate stretching of the 
medial structures, and to prevent cast slippage.

One week after application, the first cast is removed, and 
after about 1 minute of manipulation, the next toe-to-groin 
cast is applied (Fig. 29.32B). Manipulation and casting at this 
stage are focused on abducting the foot around the head of 

the talus, with care to maintain the supinated position of the 
forefoot and avoid any pronation. During these manipula-
tions, the navicular can be felt reducing over the talar head by 
a thumb placed on the head of the talus. It is crucial that fore-
foot derotation occur about the talus rather than the calcaneo-
cuboid joint, and the heel should not be directly manipulated. 
Maintaining forefoot supination throughout the process and 
correcting the talonavicular subluxation without producing a 
rocker-bottom deformity will cause the calcaneus to abduct 
and evert. Final correction of residual calcaneus deformity 
can then be achieved with a percutaneous Achilles tenotomy.
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FIGURE 29.30 Classification of clubfoot severity by Diméglio. A, Equinus deviation. B, Varus 
deviation. C, Derotation. D, Adduction.  (From Diméglio A, Bensahel H, Souchet P, et al: Classification 
of clubfoot, J Pediatr Orthop B 4:129–136, 1995.)
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Manipulation and casting are continued weekly for the 
next 2 to 3 weeks to abduct the foot gradually around the head 
of the talus. The foot should never be actively pronated; how-
ever, the amount of supination is gradually decreased over 
these several casts until the forefoot is in neutral position rela-
tive to the longitudinal axis of the foot (Fig. 29.32C). Ideally, 
each cast should be removed just before repeat manipulation 
and casting, and a variety of casting materials can be used 
with similar success.

The final cast is applied with the foot in the same maxi-
mally abducted position and dorsiflexed 15 degrees. In most 
children, a percutaneous Achilles tenotomy is done to prevent 
development of a rocker-bottom deformity. This procedure 
can either be performed in the clinic with local skin anes-
thesia, or in the operating room under sedation or general 
anesthesia. The benefit of tenotomy in the clinic setting is a 
reduced need for anesthesia and prolonged fasting; however, 
the operating room offers the ability to more easily control 
any excess bleeding that may occur. The foot is casted in the 
final position of approximately 70 degrees of abduction and 
15 degrees of dorsiflexion for 3 weeks (Fig. 29.32D). Five or 
six casts usually are necessary to correct the clubfoot defor-
mity (see Video 29.2). 

Maintenance Phase. When the final cast is removed, the 
infant is placed in a brace that maintains the foot in its cor-
rected position (abducted and dorsiflexed). The brace (foot 
abduction orthosis) consists of shoes mounted to a bar in a 
position of 70 degrees of external rotation and 15 degrees of 
dorsiflexion. The distance between the shoes is set at about 1 
inch wider than the width of the infant’s shoulders (Fig. 29.33).

Multiple different types of shoes and bars have been 
designed and proposed. In some cases, it may be necessary to 
experiment with different combinations to find a brace that 

will lead to maximal compliance. The brace is worn 23 hours 
each day for the first 3 months after casting and then while 
sleeping for 3 to 4 years. Brace wear compliance is of upmost 
importance in maintaining correction and preventing recur-
rence. Frequent follow-up during the bracing period is essen-
tial to encourage continued compliance and to detect early 
recurrence. 

MANAGEMENT OF RECURRENCE
Recurrence of the deformity is infrequent if the bracing pro-
tocol is followed closely. Early recurrences (usually mild equi-
nus and heel varus) are best treated with repeat manipulation 
and casting. The first cast may require some dorsiflexion of 
the first ray if cavus deformity is present. Subsequent casts 
abduct the foot around the talar head, correcting the varus 
and ultimately allowing ankle dorsiflexion. Achilles tendon 
lengthening may be necessary if dorsiflexion is insufficient; 
transfer of the anterior tibial tendon may be necessary to help 
maintain correction, particularly in children with persistent 
dynamic inversion. 

 

ANTERIOR TIBIAL  
TENDON TRANSFER

 TECHNIQUE 29.11 

 n  Begin the anterior tibial tendon transfer only if adequate 
ankle dorsiflexion is present or has been obtained by a 
lengthening of the gastroc-soleus-Achilles complex (see 
Technique 33.13).

Achilles tendon

Lesser saphenous vein

Sural nerve
Peroneal artery

Flexor hallucis longus tendon

Tibial nerve

Posterior tibial artery

Flexor digitorum longus tendon

Posterior tibial tendon

FIGURE 29.31 Technique of percutaneous Achilles tenotomy from medial to lateral; note 
proximity of peroneal artery, lesser saphenous vein, and sural nerve to lateral edge of tendon.
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 n  Make a small 1- to 2-cm incision directly over the insertion 
of the anterior tibial tendon on the dorsomedial aspect of 
the foot.

 n  Open the tendon sheath and free the anterior tibial ten-
don from its insertion sharply, preserving as much length 
as possible.

 n  The tendon can then be transferred into the lateral cunei-
form by one of two techniques. A two-incision technique 
moves the tendon directly across the dorsum of the foot 
and results in a change in direction of the tendon pull at 
the level of the ankle. A three-incision technique reroutes 
the tendon through a more proximal incision, resulting 
in a more direct path to the new insertion site, but the 
three-incision technique requires an additional incision 
and more surgical dissection.

 n  For the three-incision technique, palpate the anterior 
tibial tendon over the anterior distal third of the tibia and 
make a small, 1-cm incision.

 n  Dissect down to the tendon sheath and then open it 
sharply. Pass a hemostat behind the tendon and pull it 
firmly into the proximal incision. Some additional dissec-
tion may be required from both the proximal and distal 
wounds to free up the tendon from the sheath.

 n  Close the distal wound in a standard fashion. Closing 
each wound, once they are no longer needed, avoids the 
need to maintain prolonged foot dorsiflexion at the end 
of the case while all wounds are closed.

 n  Using a tendon locking stitch, such as a whipstitch, Kra-
kow stitch, or crossing stitch, secure a number 1 Vicryl 
suture to the tendon, leaving long ends for transfer.

A

D

C

B

FIGURE 29.32 Technique of Ponseti casting for clubfoot correction (see text). A, First cast; note 
positioning of forefoot to align with heel, with outer edge of foot tilted even farther downward 
because of Achilles tendon tightness. B, Second cast is applied with outer edge of foot still tilted 
downward and forefoot moved slightly outward. C, Third cast; Achilles tendon is stretched bringing 
outer edge of foot into more normal position as forefoot is turned farther outward. D, Final cast; 
Achilles tendon is stretched more with foot pointed upward.  (From Scher DM: The Ponseti method 
for clubfoot correction, Oper Tech Orthop 15:345, 2005.)
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 n  Identify the location of the lateral cuneiform with image 
intensification. Make a small, 1- to 2-cm incision over that 
position. Identify and protect any branches of the superfi-
cial peroneal nerve.

 n  Retract the extensor digitorum longus tendons and exten-
sor digitorum muscle belly out of the way of the underly-
ing lateral cuneiform periosteum.

 n  Create a “trapdoor” of periosteum and capsule directly 
over the lateral cuneiform. Leave the distal portion of this 
soft-tissue flap intact.

 n  Pass a Kelly clamp from the distal-lateral incision deep 
to the ankle retinaculum and up to the more proximal 
incision. Spread the Kelly clamp and make two or three 
passes to make space for the transferred tendon.

 n  Grasp the tendon sutures with the Kelly clamp and deliver 
them, along with the tendon, into the distal incision.

 n  Use image intensification to localize the center of the lat-
eral cuneiform. Create a hole in the bone from dorsal 
to plantar with a trephine similar in size to that of the 
tendon.

 n  Using two straight Keith needles, pass the two limbs of 
the suture through the bone hole and out the plantar 
aspect of the foot. Pass the needles through a piece of 
sterile felt and through the holes of sterile plastic button.

 n  Have an assistant maintain the foot in a dorsiflexed and 
everted position. Make sure that the tendon has passed 
into the trephinated hole in the lateral cuneiform. Secure 
the suture snuggly against the button.

 n  Replace the bone plug from the trephine into the space 
adjacent to the tendon using a plunger.

 n  Lay the trapdoor flap against the tendon and secure with 
a horizontal mattress suture.

 n  Close any remaining wounds and apply a dressing and a 
short leg cast with the foot in the corrected position.

POSTOPERATIVE CARE The cast is left on for 6 weeks 
and then removed in the clinic along with the felt and 
button.
  

OPERATIVE TREATMENT
Surgery in clubfoot is indicated for deformities that do not 
respond to conservative treatment by serial manipulation 
and casting and should be attempted only after all other, less-
aggressive means have been exhausted. Often in children with 
a significant rigid clubfoot deformity, the forefoot has been 
corrected by conservative treatment, but the hindfoot remains 
fixed in varus and equinus, or the deformity has recurred. 
Surgery in the treatment of clubfoot must be tailored to the 
age of the child and to the deformity to be corrected.

Extensive release that includes the posterolateral liga-
ment complex most often is required for severe deformity. 
The procedure described by McKay takes into consideration 
the three-dimensional deformity of the subtalar joint and 
allows correction of the internal rotational deformity of the 
calcaneus and release of the contractures of the posterolat-
eral and posteromedial foot. A modified McKay procedure 
through a transverse circumferential (Cincinnati) incision is 
our preferred technique for the initial surgical management 
of most clubfeet. In many cases, a complete exposure of the 
talonavicular joint medially may not be required because 
partial correction often can be achieved with initial or repeat 
casting. This selective approach to soft-tissue release is pre-
ferred to lessen postoperative stiffness. 

 

TRANSVERSE CIRCUMFERENTIAL 
(CINCINNATI) INCISION
One option for comprehensive release is the use of the trans-
verse circumferential incision, also known as the Cincinnati 
incision. This incision provides excellent exposure of the 
subtalar joint and is useful in patients with a severe internal 
rotational deformity of the calcaneus. One potential problem 
with this incision is tension on the suture line when attempt-
ing to place the foot in dorsiflexion to apply the postoperative 
cast. To avoid this, the foot can be placed in plantarflexion 
in the immediate postoperative cast and then in dorsiflexion 
to the corrected position at the first cast change when the 
wound has healed at 2 weeks. This cast change frequently 
requires sedation or outpatient general anesthesia.

If primary skin closure is difficult in a foot in a fully cor-
rected position, a fasciocutaneous flap closure can be used. 
The rotation of V-Y flaps allow complete wound closure 
without any skin tension.

 TECHNIQUE 29.12 

(CRAWFORD, MARXEN, AND OSTERFELD)
 n  Begin the incision on the medial aspect of the foot in the 

region of the naviculocuneiform joint (Fig. 29.34A).

 FIGURE 29.33 Foot abduction orthosis consists of shoes 
mounted to bar in 70 degrees external rotation and 15 degrees 
dorsiflexion.
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 n  Carry the incision posteriorly, gently curving beneath the 
distal end of the medial malleolus and ascending slightly 
to pass transversely over the Achilles tendon approxi-
mately at the level of the tibiotalar joint (Fig. 29.34B).

 n  Continue the incision in a gentle curve over the lateral 
malleolus and end it just distal and slightly medial to the 
sinus tarsi (Fig. 29.34C).

 n  Extend the incision distally medially or laterally, depend-
ing on the requirements of the operation.
   

 

EXTENSILE POSTEROMEDIAL AND 
POSTEROLATERAL RELEASE

 TECHNIQUE 29.13 

(MCKAY, MODIFIED)
 n  Incise the skin through a transverse circumferential (Cin-

cinnati) incision, preserving if possible the veins on the 
lateral side and protecting the sural nerve.

 n  Dissect the subcutaneous tissue up and down the Achil-
les tendon to lengthen the tendon at least 2.5 cm in the 
coronal plane. If sagittal plane lengthening is done, the 
lateral attachment of the Achilles tendon to the calcaneus 
should be preserved to aid in correction of hindfoot varus.

 n  Incise the superior peroneal retinaculum off the calcaneus 
at the point where it blends with the sheath of the Achil-
les tendon.

 n  Dissecting carefully, release the peroneal tendons from 
their sheaths and protect them with a vessel loop, then 
separate the calcaneofibular and posterior calcaneotalar 
ligaments, the thickened superior peroneal retinaculum, 
and the peroneal tendon sheath.

 n  Incise the calcaneofibular ligament close to the calcaneus 
(this ligament is short and thick and attached very close 
to the apophysis).

 n  Incise the lateral talocalcaneal ligament and the lateral 
capsule of the talocalcaneal joint from their attachments 
to the calcaneocuboid joint to the point where they enter 
the sheath of the flexor hallucis longus tendon posteri-
orly. In more resistant clubfeet, the origin of the extensor 
digitorum brevis, cruciate crural ligament (inferior exten-
sor retinaculum), dorsal calcaneocuboid ligament, and, 
occasionally, cubonavicular oblique ligament must be dis-
sected off the calcaneus to allow the anterior portion of 
the calcaneus to move laterally.

 n  On the medial side, dissect free the neurovascular bundle 
(medial and lateral plantar nerves and associated vascular 
components) into the arch of the foot, preserving the me-
dial calcaneal branch of the lateral plantar nerve. Protect 
and retract the neurovascular bundle with a small Penrose 
drain or vessel loop. Complete dissection of the medial 
and lateral neurovascular bundle throughout the arch of 
the foot.

 n  Enter the compartment of the medial plantar neurovascu-
lar bundle and follow it into the arch of the foot well be-
yond the cuneiforms; elevate the abductor hallucis muscle 
to enter the plantar aspect of the foot.

 n  Enter the sheaths of the posterior tibial tendon, the flexor 
hallucis longus and flexor digitorum longus tendons, and 
protect each of these structures.

 n  Section the narrow strip of fascia between the medial and 
lateral branches of the plantar nerve to allow the abduc-
tor hallucis to slide distally.

 n  Enter the sheath of the posterior tibial tendon just posteri-
or to and above the medial malleolus. Split the sheath and 
superficial deltoid ligament up the tibia until the muscle 
can be identified.

 n  Lengthen the tendon by Z-plasty at least 2.5 cm proximal 
from the medial malleolus to the maximal distance al-
lowed by the incision. Starting from the point at which 
the flexor digitorum longus and the flexor hallucis longus 
tendons cross, sharply dissect both sheaths from the sus-
tentaculum tali, moving in a proximal direction until the 
talocalcaneal joint is entered.

 n  Continue the dissection down and around the navicular, 
holding the distal segment of the lengthened posterior 
tibial tendon attached to the bone.

 n  Open the talonavicular joint by pulling on the remain-
ing posterior tibial tendon attachment and carefully cut 
the deltoid ligament (medial tibial navicular ligament), 

A

B

C
FIGURE 29.34 Transverse circumferential (Cincinnati) incision 

as described by Crawford et al. A, Medial view. B, Posterior view. 
C, Lateral view. SEE TECHNIQUES 29.12 AND 29.21.
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talonavicular capsule, dorsal talonavicular ligament, and 
plantar calcaneonavicular (spring) ligament close to the 
navicular.

 n  Enter and carefully expose by blunt dissection and retrac-
tion the interval between the dorsal aspect of the talona-
vicular joint and the extensor tendons and neurovascular 
bundle on the dorsum of the foot. Do not dissect or dis-
turb the blood supply to the dorsal aspect of the talus.

 n  Follow through with the dissection, incising the capsule of 
the talonavicular joint all the way around medially, inferi-
orly, superiorly, and laterally. Inferior and lateral to the joint 
is the bifurcated (Y) ligament; incise both ends of this liga-
ment to correct the horizontal rotation of the calcaneus.

 n  Complete the release of the talocalcaneal joint ligaments 
and capsule by incising the remaining medial and postero-
medial capsule and superficial deltoid ligament attached 
to the sustentaculum tali. Do not incise the talocalcaneal 
ligaments (interosseous ligaments) at this time.

 n  Retract the lateral plantar nerve, detach the origin of the 
quadratus plantae muscle using a periosteal elevator on 
the medial inferior surface of the calcaneus, and expose 
the long plantar ligament over the plantar calcaneocu-
boid ligament and the peroneus longus tendon.

 n  At this point, the talus should roll back into the ankle 
joint, exposing at least 1.5 cm of hyaline cartilage on its 
body. If this does not happen, incise the posterior talo-
fibular ligament. If the talus still does not roll back into 
the ankle joint, cut the posterior portion only of the deep 
deltoid ligament.

 n  The decision must be made as to the necessity of divid-
ing the interosseous talocalcaneal ligament to correct the 
horizontal rotational abnormality through the talocalca-
neal joint. This decision depends on the completeness of 
the correction and the mobility of the subtalar complex, 
as determined by the position of the foot. The interosse-
ous ligament should be preserved intact if at all possible.

 n  Line up the medial side of the head and neck of the talus 
with the medial side of the cuneiforms and medially push 
the calcaneus posterior to the ankle joint while pushing 
the foot as a whole in a posterior direction. Examine the 
angle made by the intersection of the bimalleolar ankle 
plane with the horizontal plane of the foot; if the angle is 
85 to 90 degrees, the ligament need not be cut. In chil-
dren older than 1 year of age, such an incision generally 
is necessary, however, because the ligament usually has 
become broad and thick, preventing derotation of the 
talocalcaneal joint.

 n  After the foot has been satisfactorily corrected, pass a 
small Kirschner wire through the talus from the posterior 
aspect into the middle of the head. Positioning the pin 
in a slightly lateral direction in the head of the talus is 
beneficial in older children with more pronounced medial 
deviation of the talar head and neck because it allows 
lateral displacement of the navicular and cuneiforms on 
the head of the talus to eliminate forefoot adduction.

 n  Pass the pin through the talonavicular joint and cunei-
forms and out the forefoot on either the medial or the 
lateral side of the first metatarsal. While an assistant in-
serts the pin, mold the forefoot out of adduction. Cut off 
the end of the pin close to the body of the talus. The pin 
can be left out of the skin on the dorsum of the forefoot 

or just under the skin requiring a small incision later for 
removal in the operating room.

 n  Check for proper positioning of the foot: The longitudinal 
plane of the foot is 85 to 90 degrees to the bimalleolar 
ankle plane, and the heel under the tibia is in slight valgus.

 n  If the talocalcaneal ligament has been divided, insert a pin 
through the calcaneus, burying it deep in the talus from 
the plantar surface. Do not penetrate the ankle joint.

 n  Suture the posterior tibial and Achilles tendons snugly 
with the foot in slight dorsiflexion. Lengthening of the 
flexor digitorum longus is rarely required, but the flexor 
hallucis longus is typically tight with the foot in the cor-
rected position. The flexor hallucis longus tightness can 
be corrected by a fractional lengthening at the musculo-
tendinous junction, a Z-lengthening of the tendon, tran-
section of the tendon after formal tenodesis to the flexor 
digitorum longus at the master knot of Henry (preferred 
technique), or by flexor tenotomy at the level of proximal 
phalanx of the great toe.

 n  Reposition the lengthened posterior tibial tendon in its 
sheath and repair the sheath beneath the medial mal-
leolus. With the fibrofatty tissue left attached to the cal-
caneus anterior to the Achilles tendon, cover the lateral 
aspect of the ankle joint. Keep the peroneal tendons and 
sheaths from subluxating around the fibula by suturing 
the sheaths of the peroneal tendons to the fibrofatty flap. 
Close the subcutaneous tissue and skin with interrupted 
sutures.

 n  Apply nonadherent dressing and, very loosely, apply a 
padded long leg cast with the foot in plantarflexion and 
flexed to 90 degrees (Fig. 29.35).

POSTOPERATIVE CARE A long leg cast is applied with 
the foot in plantarflexion. At 2 weeks, the cast is changed, 
and the foot is placed in the corrected position. This can 
be done with sedation or general anesthesia as an out-
patient procedure. At 6 weeks, the cast and pins are re-
moved in the operating room (Fig. 29.36). Correction is 
maintained in an ankle/foot orthosis.
  

In addition to complete recurrent deformity, special 
attention should be given to two specific problems in club-
foot. The first is residual hindfoot equinus in children 6 to 
12 months old who have obtained adequate correction of 
forefoot adduction and hindfoot varus. This equinus can be 
corrected adequately by Achilles tendon lengthening and 
posterior capsulotomy of the ankle and subtalar joints with-
out an extensive one-stage posteromedial release. Careful 
intraoperative assessment is necessary to determine if a more 
extensive release is required instead of a limited procedure 
that corrects only hindfoot equinus. The heel varus and inter-
nal rotation must have been corrected adequately if Achilles 
tendon lengthening and posterior capsulotomy are to be used 
alone.

The second specific problem is dynamic metatarsus 
adductus and forefoot supination caused by overpull of the 
anterior tibial tendon in older children who have had correc-
tion of clubfoot. In these children, the treatment of choice is 
transfer of the anterior tibial tendon to the lateral cuneiform. 
The hindfoot and forefoot must be flexible for a tendon trans-
fer to succeed (see Technique 34.9). 
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A

FIGURE 29.35 Modified McKay procedure using Cincinnati incision. A, Clinical appearance after 
correction. B and C, Preoperative anteroposterior and lateral radiographs. SEE TECHNIQUE 29.13.

A

B

FIGURE 29.36 A and B, Radiographic appearance of left foot in 6-year-old child who had 
modified McKay procedures at 6 months of age. SEE TECHNIQUE 29.13.
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ACHILLES TENDON LENGTHENING 
AND POSTERIOR CAPSULOTOMY 
(SELECTIVE APPROACH)

 TECHNIQUE 29.14 

 n  Make a straight longitudinal incision over the medial as-
pect of the Achilles tendon, beginning at its most distal 
point and extending proximally to 3 cm above the level of 
the ankle joint. Carry sharp dissection through the subcu-
taneous tissue.

 n  Identify the Achilles tendon and make an incision through 
the peritenon medially. Dissect the Achilles tendon cir-
cumferentially to expose it for a length of 3 to 4 cm.

 n  Perform a tenotomy of the plantaris tendon if it is present.
 n  Identify medially the flexor hallucis longus, flexor digito-

rum communis, and posterior tibial tendons and the neu-
rovascular bundle; protect these with Penrose drains.

 n  Perform a Z-plasty to lengthen the Achilles tendon by re-
leasing the medial half distally and the lateral half proxi-
mally for a distance of 2.5 to 4 cm (Fig. 29.37).

 n  Gently debride pericapsular fat at the level of the subtalar 
joint.

 n  Identify the posterior aspect of the ankle joint by gentle 
plantar flexion and dorsiflexion of the foot. If the ankle 
joint cannot be easily identified, make a small vertical in-
cision in the midline until synovial fluid exudes from the 
joint.

 n  Perform a transverse capsulotomy at the most medial as-
pect, stopping at the sheath of the posterior tibial tendon 
and the most lateral articulation of the tibiofibular joint. 
Do not divide the posterior tibial tendon sheath and its 
underlying deep deltoid ligament.

 n  If posterior subtalar capsulotomy is required, enter the 
subtalar joint at the most proximal aspect of the sheath 
of the flexor hallucis longus tendon, and extend the cap-
sulotomy medially and laterally as necessary.

 n  Place the foot in 10 degrees of dorsiflexion and approxi-
mate the Achilles tendon to assess tension. Place the foot 
in plantarflexion and repair the Achilles tendon at the ap-
propriate length.

 n  Deflate the tourniquet, obtain hemostasis with electro-
cautery, and close the wound in layers.

 n  Apply a long leg, bent-knee cast with the foot in 5 de-
grees of dorsiflexion.

POSTOPERATIVE CARE The cast is removed 6 weeks 
after surgery. Postoperative bracing with an ankle-foot 
orthosis can be used for 6 to 9 months longer.
  

Several long-term evaluations of surgically treated club-
feet have demonstrated good results. The feet typically are 
plantigrade, functional, and relatively painless; however, per-
sistent stiffness and mild discomfort with prolonged stand-
ing or activity are common. A number of recent studies have 
compared the long-term outcomes and functionality of club-
feet treated with the Ponseti method to those treated with 
extensive soft-tissue release. The Ponseti-treated feet had bet-
ter range of motion, less pain, and less arthritis than the sur-
gically treated feet. Every attempt should be made to avoid 
extensive surgical release.

RECALCITRANT CLUBFEET
Treatment of residual or resistant clubfoot in an older child 
is one of the most difficult problems in pediatric orthopae-
dics. The deformity may take many forms, and there are no 
clear-cut guidelines for treatment. Each child must be evalu-
ated carefully to determine which treatment would best cor-
rect his or her particular functional impairment. Thorough 
physical examination should include careful assessment of 
the forefoot and hindfoot. Residual forefoot deformity should 
be determined to be either dynamic (with a flexible forefoot) 
or rigid. The amount of inversion and eversion of the calca-
neus and dorsiflexion and plantarflexion of the ankle should 
be determined. Any prior surgical procedures causing sig-
nificant scarring around the foot or loss of motion should 
be noted. Standing anteroposterior and lateral radiographs 
should be obtained to assess anatomic measurements; if the 
clubfoot deformity is unilateral, the opposite foot can be used 
as a control for measurements. All possible causes of the per-
sistent deformity, including underlying neuropathy, abnor-
mal growth of the bones, or muscle imbalance, should be 
investigated. Most deformities have been reported to result 
from undercorrection at the time of the primary operation 
caused by failure to release the calcaneocuboid joint and plan-
tar fascia and failure to recognize residual forefoot adduction 
on intraoperative radiographs; however, over-correction with 
hindfoot valgus or dorsal subluxation of the navicular is not 
uncommon.

Incomplete correction may not be obvious at the time of 
surgery, but it becomes apparent with growth as the persistent 
deformities become more evident (Fig. 29.38). Clubfoot that 
appears by clinical and radiographic evaluation to be uncor-
rected may not always require surgery. The functional abil-
ity of the child, the severity of symptoms associated with the 
deformity, and the likelihood of progression if the deformity 
is left untreated must be considered when treatment decisions 
are being made. Repeat manipulation and casting should 
always be considered as an option for the recurrent clubfoot. 
Many difficult foot deformities can be improved or corrected 
with a series of repeat manipulations and castings.

FIGURE 29.37 Achilles tendon lengthening (see text). SEE  
TECHNIQUE 29.14.
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Even if the repeat casting does not completely correct the 
residual or recurrent deformity, parts of the deformity often 
can be improved, lessening the degree of surgery required for 
full correction.

The basic surgical correction of resistant, recalcitrant 
clubfoot includes soft-tissue release and bony osteotomies. 
The appropriate procedures and combination of procedures 
depend on the age of the child, the severity of the deformity, 
and the pathologic processes involved. In general, the older 
the child, the more likely it is that combined procedures will 
be required. Children 2 to 3 years old may be candidates for 
the modified McKay procedure (see Technique 29.13), but if 
previous soft-tissue release has caused stiffness of the subtalar 
joint, osteonecrosis of the talus, or severe skin contractures, 
osteotomies are a better choice. Children older than 5 years 
almost always require osteotomies for correction of resistant 
deformity; children 3 to 5 years old constitute a gray area in 
which treatment guidelines are unclear and careful judgment 
is required. Common components of resistant clubfoot defor-
mity are adduction or supination, or both, of the forefoot, a 

short medial column or long lateral column of the foot, inter-
nal rotation and varus of the calcaneus, and equinus.

Dorsal bunions that develop after clubfoot surgery have 
been attributed to muscle weakness, particularly of the triceps 
surae, wherein a bunion develops as the patient tries to push 
off with the toe flexors to compensate for the weakness of the 
triceps, or to imbalance between the anterior tibial muscle 
and an impaired peroneus longus muscle. Most authors rec-
ommend transfer of the flexor hallucis longus to the neck of 
the first metatarsal, combined with bony correction by plan-
tar closing wedge osteotomy of the first metatarsal.

Correction of the forefoot with residual adduction or 
supination or both is similar to correction of isolated meta-
tarsus adductus by multiple metatarsal osteotomies or by 
combined medial cuneiform and lateral cuboid osteotomies, 
when the deformity is in the forefoot. Because dynamic supi-
nation and adduction often are caused by overactivity of the 
anterior tibial tendon and underactivity of the peroneal ten-
don, a tendon-balancing procedure may be the most reason-
able solution in the flexible foot.

Evaluation of the hindfoot should determine whether the 
deformity is caused by isolated heel varus, a long lateral column 
of the foot, or a short medial column. In children younger than 
2 or 3 years who have had no previous surgery, residual heel 
varus may be corrected by extensive subtalar release, but chil-
dren 3 to 10 years old who have residual soft-tissue and bony 
deformities usually require combined procedures.

Ankle valgus must be differentiated from hindfoot valgus 
because the methods and timing of surgical correction are 
different. For symptomatic ankle valgus, percutaneous medial 
malleolar epiphysiodesis using a 4.5-mm cortical screw has 
been recommended.

For isolated heel varus with mild supination of the fore-
foot, a Dwyer osteotomy with a lateral closing wedge oste-
otomy of the calcaneus can be performed. Opening wedge 
osteotomy of the calcaneus occasionally is followed by 
sloughing of tight skin along the incision over the calcaneus. 
Consequently, although some height of the calcaneus is lost 
after a lateral closing wedge osteotomy, most authors now 
prefer lateral closing wedge osteotomy with Kirschner wire 
fixation, if necessary. The ideal age for the operation is 3 to 4 
years, but there is no upper age limit.

FIGURE 29.38 Overcorrection of left clubfoot deformity 
apparent in 6-year-old girl.

BA

FIGURE 29.39 A and B, Deformities in 12-year-old boy after undercorrection of left clubfoot. 
Note metatarsus adductus, heel varus, and internal tibial torsion.
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If the hindfoot deformity includes heel varus and resid-
ual internal rotation of the calcaneus with a long lateral col-
umn of the foot, the Lichtblau procedure may be appropriate. 
This procedure corrects the long lateral column of the foot 
by a closing wedge osteotomy of the lateral aspect of the cal-
caneus or by cuboid enucleation. The best results with this 
procedure are obtained in children 3 years old or older in 
whom the calcaneus and lateral column are long relative to 
the talus. Potential complications include the development of 
a “Z”-foot, or “skew”-foot, deformity.

Adductus of the forefoot, as measured by the calcaneal–
second metatarsal angle has been reported to improve after 
combined cuboid-cuneiform osteotomy, with no further sur-
gery required.

Residual heel equinus can be corrected by Achilles ten-
don lengthening and posterior ankle and subtalar capsuloto-
mies in a younger child with a mild deformity. In rare cases, 
an isolated, fixed equinus deformity in an older child requires 
a Lambrinudi arthrodesis. Anterior distal tibial hemiepiphys-
iodesis as a method to correct ankle equinus has been shown 
to be ineffective in achieving the desired clinical result.

Talonavicular arthrodesis also has been described for 
residual midfoot deformities with or without lateral column 
shortening and a calcaneal wedge osteotomy with improve-
ment in symptoms. This should be carefully considered if 
much of the foot motion is occurring at this joint.

If all three deformities are present in a child older than 
10 years (Fig. 29.39), triple arthrodesis may be appropriate. 
Internal tibial torsion occasionally occurs with resistant club-
foot deformity but rarely requires derotational osteotomy. 
Before tibial osteotomy is considered, it must be determined 
absolutely that the pathologic condition is confined to the 
tibia and is not a resistant deformity in the foot.

Correction using the Ilizarov device, with or without 
bony procedures, has been described for correction in chil-
dren with severe soft-tissue and bony deformities.

The principles of Ilizarov correction of severe resistant 
clubfoot include stable bone fixation to the tibia as well as 
pin fixation to the talus, calcaneus, and forefoot. Some advo-
cate partial soft-tissue release before gradual correction, but 
the risk of wound complications is greatly increased by this 
approach. After correction, soft-tissue release with or without 
arthrodesis also may be required to maintain correction and 
prevent recurrence. This approach offers the ability to main-
tain foot length while achieving a plantigrade position and 
three-dimensional deformity correction. However, the psy-
chologic impact of Ilizarov treatment must be carefully con-
sidered, and rehabilitation can be quite challenging. 

 

FIRST METATARSAL OSTEOTOMY  
AND TENDON TRANSFER FOR  
DORSAL BUNION

 TECHNIQUE 29.15 Figure 29.40

(SMITH AND KUO)
 n  Through a medial incision, expose the first metatarsal and 

perform a proximal plantar closing wedge osteotomy.
 n  Bring the metatarsal into alignment with the forefoot by 

plantarflexion and insert a Kirschner wire for fixation.
 n  Carry the incision distally or make a second incision at 

the metatarsophalangeal joint to allow identification and 
transection of the flexor hallucis longus tendon.

A

C

B

FIGURE 29.40 A, Dorsal bunion in 9-year-old boy after clubfoot release at 9 months of age. 
B, Lateral view of dorsal bunion at metatarsophalangeal joint of left great toe. C, Postoperative 
appearance of left foot after plantar closing wedge osteotomy of first metatarsal with transfer of 
flexor hallucis longus to first metatarsal neck. SEE TECHNIQUE 29.15.
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 n  Drill a hole in the distal first metatarsal neck in a dorsal-
to-plantar direction.

 n  Pass the flexor hallucis tendon through the hole and su-
ture it back on itself.

 n  Close the wounds and apply a short leg, non–weight-
bearing cast.

POSTOPERATIVE CARE Non–weight bearing is contin-
ued in the cast for 6 weeks, after which the Kirschner 
wire is removed. A walking cast is worn for 4 weeks. Full 
activity usually can be resumed at 3 to 4 months.
   

 

OSTEOTOMY OF THE CALCANEUS FOR 
PERSISTENT VARUS DEFORMITY OF 
THE HEEL
Dwyer reported osteotomy of the calcaneus for relapsed 
clubfoot using an opening wedge osteotomy medially to 
increase the length and height of the calcaneus. The oste-
otomy is held open by a wedge of bone taken from the 
tibia. A modification of this technique is a laterally based 
closing wedge osteotomy of the calcaneus.

 TECHNIQUE 29.16 

(DWYER, MODIFIED)
 n  Expose the calcaneus through a lateral incision over the 

calcaneus.

 n  Expose the lateral surface of the bone subperiosteally and 
with a wide osteotome resect a wedge of bone based lat-
erally large enough, when removed, to permit correction 
of the heel varus. Do not injure the peroneal tendons.

 n  Remove the wedge of bone, place the heel into the cor-
rected position, and close the incision with interrupted 
sutures.

 n  If necessary, fix the osteotomy with a Kirschner wire.
 n  Apply a short leg cast with the foot in the corrected  

position.

POSTOPERATIVE CARE The Kirschner wire is removed 
at 6 weeks, and casting is discontinued at 8 to 12 weeks.
   

 

MEDIAL RELEASE WITH OSTEOTOMY 
OF THE DISTAL CALCANEUS
An alternative to calcaneocuboid arthrodesis is lateral closing 
wedge osteotomy of the calcaneus, as described by Lichtblau 
(Fig. 29.41). This procedure may prevent the long-term stiff-
ness of the hindfoot seen with the Dillwyn-Evans procedure.

 TECHNIQUE 29.17  Figure 29.42

(LICHTBLAU)
 n  If soft-tissue release medially is required, make an incision 

on the medial aspect of the foot beginning about 1 cm 
below the medial malleolus, crossing the tuberosity of the 
navicular, and sloping downward to the base of the first 

D

BA

C

FIGURE 29.41 A-D, Severe residual clubfoot deformity in 5-year-old child on anteroposterior 
(A) and lateral (C) radiographs. B and D, After Lichtblau procedure. SEE TECHNIQUE 29.17.
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metatarsal. Identify and free the superior border of the 
abductor hallucis muscle and reflect it plantarward.

 n  Isolate the posterior tibial tendon at its insertion on the 
beak of the navicular, dissect it from its sheath, and per-
form a Z-plasty about 1 cm from its insertion. Allow the 
proximal end of the tendon to retract, using the distal end 
as a guide to the talonavicular joint.

 n  Resect the tendon sheath overlying the joint and open it 
generously on its medial, dorsal, and plantar aspects.

 n  Open the flexor tendon sheaths and lengthen them by 
Z-plasty technique.

 n  Make a lateral incision 4 cm long centered over the calca-
neocuboid joint.

 n  Dissect the origin of the extensor digitorum brevis muscle 
from the calcaneus and reflect it distally to permit expo-
sure and opening of the calcaneocuboid joint.

 n  Identify the distal end of the calcaneus and perform a wedge-
shaped osteotomy, removing about 1 cm of the distal and 
lateral border of the calcaneus and 2 mm of the distal and 
medial border. Leave the articular surface of the calcaneus 
intact.

 n  Bring the cuboid into contact with the distal end of the 
calcaneus at the osteotomy site and evaluate the amount 
of correction of the varus deformity. If the cuboid cannot 
be closely approximated to the calcaneus, resect more of 
the calcaneus.

 n  A smooth Kirschner wire can be inserted across the calca-
neocuboid joint to fix the osteotomy.

 n  Repair all soft tissues and close the subcutaneous tissue 
and skin. Apply a long leg cast with the foot in the cor-
rected position.

Alternatively, the lateral-based, closing wedge can be 
removed from the cuboid instead of the calcaneus. This 
often is chosen for a patient with a deformity that seems 
to be most severe at the level of the midfoot rather than 
the hindfoot.

POSTOPERATIVE CARE The long leg cast is changed to 
a short leg cast 3 weeks after surgery. The short leg cast 
is worn for 6 more weeks. The pin is removed at 8 to 12 
weeks.
   

 

SELECTIVE JOINT-SPARING 
OSTEOTOMIES FOR RESIDUAL 
CAVOVARUS DEFORMITY
Described by Mubarak and Van Valin, selective joint-sparing 
osteotomies of the foot can be used for multiple etiologies 
that result in rigid cavus and cavovarus foot deformities, 
including hereditary motor sensory neuropathies, traumatic 
brain injury, spinal cord lipoma, and residual or recurrent 
clubfoot. The technique involves stepwise correction of each 
aspect of the deformity with a closing wedge osteotomy 
of the first metatarsal, opening plantar wedge osteotomy 
of the medial cuneiform, closing wedge osteotomy of the 
cuboid, osteotomies of the second and third metatarsals, 
sliding osteotomy of the calcaneus, plantar fasciotomy, and 
peroneus-to-brevis transfer. Indications for this procedure 
are rigid cavus or cavovarus deformity, ankle or foot instabil-
ity symptoms including pain, painful metatarsal heads and 
callosities, and ankle or foot sprains or fractures.

 TECHNIQUE 29.18 

(MUBRAK AND VAN VALIN)
 n  To correct rigid cavus, make an incision along the medial 

foot over the first metatarsal and medial cuneiform.
 n  Partially free the anterior tibial tendon to expose the cu-

neiform.
 n  Under fluoroscopic guidance, place intraosseous needles 

or small Kirschner wires in the mid-portion of the medial 
cuneiform and 1 cm distal to the first metatarsal physis. 
Take care not to disturb the physis.

 n  Perform a dorsal, closing-wedge osteotomy of the first meta-
tarsal by removing a large 20- to 30-degree wedge (Fig. 
29.43A). Then create a plantar-based, opening wedge oste-
otomy of the medial cuneiform and insert the bone wedge 
(Fig. 29.43B). Stabilize both osteotomies with Kirschner wires.

 n  To correct forefoot varus, make a longitudinal lateral in-
cision overlying the cuboid. Identify the calcaneocuboid 
and cuboid-fifth metatarsal joints with fluoroscopy and 
protect these joints. Create a laterally based, closing-
wedge osteotomy of the cuboid by removing a triangu-
lar wedge of bone with a base size of 5 to 10 mm (Fig. 
29.43C). Stabilize the osteotomy with a Kirschner wire.

 n  If second and third metatarsal head prominence remains 
after the osteotomies have been completed, dorsal closing 
wedge osteotomies of the second and third metatarsals 

FIGURE 29.42 Lichtblau procedure (see text). SEE TECHNIQUE 
29.17.
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are required. Make a single incision overlying the bases 
of the second and third metatarsals. Create dorsally a 
slightly lateral based closing wedge osteotomy of the base 
of each metatarsal and stabilize them with intramedullary 
Kirschner wires.

 n  For rigid hindfoot varus, perform a Dwyer osteotomy of 
the calcaneus (see Technique 29.16).

 n  Next, evaluate the plantar fascia. If this structure is tight, 
perform a plantar fasciotomy (Technique 83.6 in Tenth 
Edition).

 n  For deformities caused by neurologic conditions, consider 
a peroneus longus-to-brevis transfer. Through the same 
incision used for the cuboid osteotomy, release the pero-
neus longus just under the cuboid and reattach it to the 
brevis.

 n  Close the incision. Apply a bivalved, short leg cast.

POSTOPERATIVE CARE The bivalved cast is closed at 1 
week. Non–weight bearing is continued for 4 weeks. Then 
the pins are removed under sedation anesthesia and a 
short leg cast is applied. Weight bearing is allowed in the 
second cast for 4 more weeks.
  

 TRIPLE ARTHRODESIS AND TALECTOMY FOR 
UNCORRECTED CLUBFOOT

Triple arthrodesis and talectomy generally are salvage opera-
tions for uncorrected clubfoot in older children and adoles-
cents (Figs. 29.44 and 29.45). Triple arthrodesis corrects the 
severely deformed foot by a lateral closing wedge osteotomy 
through the subtalar and midtarsal joints. Functional results 
generally are improved despite postoperative joint stiffness. 
Talectomy should be reserved for severe, untreated clubfoot; 
for previously treated clubfoot that is uncorrectable by any 
other surgical procedures; and for severe, recalcitrant, neuro-
muscular clubfoot. 

 

A B

FIGURE 29.44 A, Untreated clubfoot in 14-year-old girl. B, Recurrent left hindfoot varus in 
8-year-old girl.

 

A

B

C
FIGURE 29.43 Selective joint sparing osteotomies (Mubarak 

and Van Valin). A, Dorsal closing-wedge osteotomy of the first 
metatarsal. B, Plantar-based opening-wedge osteotomy of the 
medial cuneiform. C, Laterally-based closing-wedge osteotomy of 
the cuboid. SEE TECHNIQUE 29.18.

    

https://booksmedicos.org


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS1112

 

TRIPLE ARTHRODESIS
 TECHNIQUE 29.19 

 n  Make an incision along the medial side of the foot parallel 
to the inferior border of the calcaneus.

 n  Free the attachments of the plantar fascia and of the short 
flexors of the toes from the plantar aspect of the calca-
neus.

 n  By manipulation, correct the cavus deformity as much as 
possible.

 n  Through an oblique anterolateral approach, expose the 
midtarsal and subtalar joints (Fig. 29.46).

 n  Resect a laterally based wedge of bone that includes the 
midtarsal joints. Resect enough bone to correct the varus 
and adduction deformities of the forefoot.

 n  Through the same incision, resect a wedge of bone, again 
laterally based, which includes the subtalar joint. Resect 
enough bone to correct the varus deformity of the calca-
neus. If necessary, include in the wedge the navicular and 
most of the cuboid and lateral cuneiform and the anterior 
part of the talus and calcaneus, and in the second wedge 
include much of the superior part of the calcaneus and 
the inferior part of the talus.

 n  Lengthen the Achilles tendon by Z-plasty and perform a 
posterior capsulotomy of the ankle joint. By manipulating 
the ankle, correct the equinus deformity.

 n  Hold the correct position with a Kirschner wire inserted 
through the calcaneocuboid and talonavicular joints or 
with staple fixation.

POSTOPERATIVE CARE With the foot in the corrected 
position and the knee flexed 30 degrees, a long leg cast 
is applied from the base of the toes to the groin. The 
Kirschner wire and cast are removed at 6 weeks. A short 
leg walking cast is worn for 4 more weeks.
   

 

TALECTOMY
Trumble et al. described a talectomy for clubfoot deformity 
in patients with myelomeningocele, but the technique can 
be modified for treatment of a severe, resistant, idiopathic 
clubfoot deformity. Outcomes are acceptable with these 
very severe deformities provided the talus is completely 
removed and the calcaneus is properly positioned.

 TECHNIQUE 29.20 

(TRUMBLE ET AL.)
 n  Expose the talus through an incision parallel to the inferior 

border of the calcaneus (Fig. 29.47A). If additional soft-
tissue release is required, talectomy can be done after 
circumferential release (see Technique 29.12).

 n  Carry the dissection to the prominent lateral articular mar-
gin of the navicular in the interval between the extensor 
digitorum longus and peroneus tertius tendons. Invert 
and plantar flex the forefoot.

 n  Place a towel clip around the neck of the talus and deliver 
it into the wound; dissect all of its ligaments (Fig. 29.47B). 
Excise the talus intact because retained remnants of car-
tilage may interfere with proper positioning of the foot; 
these remnants also may grow and cause later deformity 
and loss of correction.

 n  Derotate the forefoot and displace the calcaneus poste-
riorly into the ankle mortise until the navicular abuts the 
anterior edge of the tibial plafond. The exposed articular 
surface of the tibial plafond should be opposite the middle 
articular facet of the calcaneus. If necessary to obtain ad-
equate posterior displacement, excise the tarsal navicular.

 n  Section the deltoid and the lateral collateral ligaments of 
the ankle.

 n  Correct equinus deformity of the hindfoot by sectioning 
the Achilles tendon and allowing its proximal end to retract.

 n  In feet with uncorrected, severe equinovarus deformity, 
the dome of the talus may be extruded anterior to its 
normal relationship in the ankle mortise. Adaptive nar-
rowing of the mortise may require release of the anterior 
and posterior tibiofibular ligaments of the syndesmosis to 
allow proper posterior positioning of the calcaneus.

 n  In the proper plantigrade position, the long axis of the 
foot should be aligned at a right angle to the bimalleolar 
axis of the ankle, not to the axis of the knee joint. This 
usually requires 20 to 30 degrees of external rotation of 
the foot.

 n  When the proper position has been achieved, insert one 
or two Steinmann pins from the heel through the calca-
neus and into the distal tibia.

 n  Apply a long leg cast with the knee flexed to 60 degrees.

 

A

B

FIGURE 29.45 A, Overcorrected clubfoot in 12-year-old boy 
showing hindfoot valgus, dorsal dislocation of navicular on talus, 
and dorsal bunion deformity. B, Standing lateral radiograph.
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POSTOPERATIVE CARE The Steinmann pins are re-
moved at 6 weeks and a below-knee, weight-bearing cast 
is applied. The cast is worn for 12 more weeks.
  

CALCANEOVALGUS FOOT
Calcaneovalgus foot deformity is a benign soft-tissue contrac-
ture that is present in its mildest form in up to 40% of new-
borns. The condition is characterized by hindfoot eversion 
and dorsiflexion without true dislocation of any of the joints 
of the hindfoot or midfoot. The etiology is consistent with a 
classic intrauterine “packaging” problem, and it is therefore 
more common in first-born children.

On physical examination, the foot has a severe flat appear-
ance with hindfoot eversion, and in some cases the dorsum of 
the foot can rest on the anterior surface of the tibia. In most 
cases, however, the foot is passively correctable at the time of 
birth or soon after. In contrast to the more severe and rigid 
congenital vertical talus, calcaneovalgus foot deformity has 
no hindfoot equinus (Fig. 29.48).

Imaging rarely is indicated for this condition in the new-
born period; however, if there is any question as to the exact 
diagnosis, a forced dorsiflexion and forced plantarflexion lat-
eral radiograph of the foot can distinguish calcaneovalgus 
deformity from congenital vertical talus. In calcaneovalgus 
foot, the forced plantarflexion lateral radiograph will reveal 
alignment of the first metatarsal with the long axis of the 
talus; on the forced dorsiflexion image, the hindfoot will dor-
siflexion out of equinus.

FIGURE 29.46 Arthrodesis for persistent or untreated clubfoot. Area between blue lines 
represents amount of bone removed from midtarsal region and subtalar joint in moderate fixed 
deformity. In severe deformity, wedge may include large part of talus and calcaneus and part of 
cuneiforms. SEE TECHNIQUE 29.19.

A B
FIGURE 29.47 Talectomy. A, Anterolateral skin incision. B, Total 

talectomy. SEE TECHNIQUE 29.20.
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Treatment involves observation and periodic passive 
stretching exercises. The foot can be plantarflexed, adducted, 
and inverted multiple times a day during diaper changes and 
baths. The condition typically resolves completely by the third 
to sixth month of life. Casting rarely is indicated. Should cast-
ing be required, the deformity is likely a form of the more 
severe condition, congenital vertical talus. 

CONGENITAL VERTICAL TALUS
Congenital vertical talus, rocker-bottom flatfoot, or con-
genital rigid flatfoot must be distinguished from flexible pes 
planus commonly seen in infants and children. Congenital 
vertical talus may be associated with numerous neuromuscu-
lar disorders, such as arthrogryposis and myelomeningocele, 
but it also may occur as an isolated congenital anomaly.

CLINICAL AND RADIOGRAPHIC FINDINGS
Congenital vertical talus usually can be detected at birth by the 
presence of a rounded prominence of the medial and plantar 
surfaces of the foot produced by the abnormal location of the 
head of the talus (Fig. 29.49). The talus is so distorted plantar-
ward and medially as to be almost vertical. The calcaneus also 
is in an equinus position, but to a lesser degree. The forefoot 

is dorsiflexed at the midtarsal joints, and the navicular lies on 
the dorsal aspect of the head of the talus. The sole is convex, 
and there are deep creases on the dorsolateral aspect of the 
foot anterior and inferior to the lateral malleolus.

As the foot develops and weight bearing begins, adap-
tive changes occur in the tarsals. The talus becomes shaped 
like an hourglass but remains in so marked an equinus posi-
tion that its longitudinal axis is almost the same as that of 
the tibia, and only the posterior third of its superior articu-
lar surface articulates with the tibia. The calcaneus remains in 
an equinus position also and becomes displaced posteriorly, 
and the anterior part of its plantar surface becomes rounded. 
Callosities develop beneath the anterior end of the calca-
neus and along the medial border of the foot superficial to 
the head of the talus. When full weight is borne, the forefoot 
becomes severely abducted, and the heel does not touch the 
floor. Adaptive changes occur in the soft structures. All the 
capsules, ligaments, and tendons on the dorsum of the foot 
become contracted. The posterior tibial and peroneus longus 
and brevis tendons may come to lie anterior to the malleoli 
and act as dorsiflexors rather than plantar flexors.

Congenital vertical talus can be difficult to distinguish 
from severe pes planus, although the two can be differenti-
ated by the use of appropriate radiographs or ultrasound. The 
plantarflexion lateral radiograph is most helpful to confirm 
the diagnosis of congenital vertical talus (Fig. 29.50). In the 
case of pes planus or calcaneovalgus foot deformity, a forced 
plantarflexion lateral radiograph will demonstrate alignment 
of the talus and the first metatarsal. In congenital vertical 
talus, the alignment is not restored by simply plantarflexing 
the forefoot. 

TREATMENT
Congenital vertical talus is difficult to correct and tends to 
recur. Dobbs described the use of outpatient serial casting to 
achieve relaxation of the dorsolateral structures of the foot 
and partial or complete reduction of the talonavicular joint 
followed by percutaneous retrograde pinning or open reduc-
tion and retrograde pinning of the talonavicular joint in the 
operating room. Once the talonavicular joint is stabilized 
by pin fixation, percutaneous Achilles tenotomy is done to 
achieve ankle dorsiflexion without persistent rocker-bottom 
deformity. Excellent results in terms of clinical appearance, 
function, and deformity correction have been reported by a 

BA

FIGURE 29.49 A, Bilateral congenital vertical talus in 14-month-old child. B, At 6 years of age, 
after bilateral operative correction at age 14 months in which transverse circumferential approach 
was used.

FIGURE 29.48 Calcaneovalgus foot.
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number of authors, and this technique has emerged as a via-
ble initial option for many patients with congenital vertical 
talus (see Video 29.3).

Persistent or recurrent deformity after a trial of casting 
may necessitate more extensive operative intervention, par-
ticularly in children with more severe or rigid deformities.

The exact surgery indicated is determined by the age of the 
child and the severity of the deformity. Children 1 to 4 years 
old generally are best treated by open reduction and realign-
ment of the talonavicular and subtalar joints. Occasionally, 
in children 3 years old or older who have a severe deformity, 
navicular excision is required at the time of open reduction. 
Children 4 to 8 years old can be treated by open reduction and 
soft-tissue procedures combined with extraarticular subtalar 
arthrodesis. Children 12 years old or older are best treated by 
triple arthrodesis for permanent correction of the deformity.

Kodros and Dias reported a single-stage procedure in 
which a threaded Kirschner wire is used as a “joystick” to 
manipulate the talus into correct position. The corrected 

position is held with threaded Kirschner wires across the talo-
navicular and subtalar joints (Fig. 29.51).

For a young child with a mild or moderate deformity, the 
technique of Kumar, Cowell, and Ramsey is recommended. 

 

OPEN REDUCTION AND  
REALIGNMENT OF TALONAVICULAR 
AND SUBTALAR JOINTS

 TECHNIQUE 29.21 

(KUMAR, COWELL, AND RAMSEY)
 n  Make the first of three incisions on the lateral side of the 

foot, centered over the sinus tarsi, or use the transverse 
circumferential (Cincinnati) approach (Fig. 29.34), which 
we prefer.

A

B

RIGHT

C D

FIGURE 29.50 Plantarflexion lateral stress radiographs in diagnosis of congenital vertical talus. 
A, In normal foot, long axis of first metatarsal passes plantarward to long axis of talus. B, Forced 
plantarflexion lateral demonstrates inability of first metatarsal to line up with the talus. C, After 
5 weeks of casting the plantarflexion lateral demonstrates good alignment of the first metatarsal 
and talus. D, After percutaneous pinning of talonavicular joint and percutaneous Achilles tenotomy.
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 n  Expose the extensor digitorum brevis and reflect it distally 
to expose the anterior part of the talocalcaneal joint.

 n  Identify the calcaneocuboid joint and release all tight struc-
tures around it, including the calcaneocuboid ligament.

 n  Make the second incision on the medial side of the foot, 
centered over the prominent head of the talus. This expos-
es the head of the talus and medial part of the navicular.

 n  The anterior tibial tendon also is exposed; if the tendon 
is contracted, lengthen it by Z-plasty. Alternatively, re-
lease the anterior tibial tendon from its attachment to 
the medial cuneiform and first ray and transpose it into 
the planter aspect of the repaired talonavicular capsule, 
which is our preferred technique.

 n  Release all tight structures on the medial and dorsal as-
pects of the head of the talus and the navicular. Free 
also the anterior part of the talus from its ligamentous 
attachments to the navicular and calcaneus. This includes 
releasing the dorsal talonavicular ligament, the plantar 
calcaneonavicular ligament, and the anterior part of the 
superficial deltoid ligament. If necessary, divide part of 
the talocalcaneal interosseous ligament so that the talus 
can be easily maneuvered into position by a blunt instru-
ment. If the peroneal, extensor hallucis longus, and exten-
sor digitorum longus tendons remain contracted, expose 
and lengthen them by Z-plasty. Alternatively, perform a 

fractional lengthening of these tendons through an ante-
rior incision at the musculotendinous junction.

 n  Make a third incision 2 inches long on the medial side of 
the Achilles tendon. Lengthen this tendon by Z-plasty, 
and, if necessary, perform a capsulotomy of the posterior 
ankle and subtalar joints.

 n  The talus and calcaneus can now be placed in the corrected 
position, and the forefoot can be reduced on the hindfoot.

 n  Pass a Kirschner wire through the navicular and into the 
neck of the talus to maintain the reduction. Obtain an-
teroposterior and lateral radiographs to confirm reduction 
of the vertical talus (Fig. 29.52). This pin can be advanced 
into the dorsum of the foot and cut flush with the back 
of the talus and can be removed weeks later through a 
small dorsal incision.

 n  Reconstruct the talonavicular ligament, repair any length-
ened tendons, transfer the anterior tibial tendon to the 
plantar aspect of the talonavicular joint capsule, and close 
the wound in layers.

 n  Apply a long leg cast with the knee flexed and the foot in 
proper position.

POSTOPERATIVE CARE At 8 weeks, the cast and 
Kirschner wire are removed. A new long leg cast is ap-
plied, and this type of cast is worn for 1 month. A short leg 
cast is worn for an additional month. The foot is support-
ed in an ankle-foot orthosis for another 3 to 6 months.
   

 

OPEN REDUCTION AND 
EXTRAARTICULAR  
SUBTALAR FUSION
Coleman et al. described open reduction and extraarticular 
subtalar fusion in older children with severe or recurrent 
deformities. This technique combines the procedure of 
Kumar et al. with a Grice-Green fusion performed 6 to 8 
weeks later. Dennyson and Fulford modified this technique 
by using screw fixation across the talocalcaneal joint.

 TECHNIQUE 29.22 

(GRICE-GREEN)
 n  Make a short curvilinear incision on the lateral aspect of 

the foot directly over the subtalar joint.
 n  Carry the incision down through the soft tissues to expose 

the cruciate ligament overlying the joint. Split this liga-
ment in the direction of its fibers and dissect the fatty and 
ligamentous tissues from the sinus tarsi.

 n  Dissect the short toe extensors from the calcaneus and 
reflect them distally. The relationship of the calcaneus to 
the talus now can be determined, and the mechanism of 
the deformity can be shown.

 n  Place the foot in equinus and invert it to position the cal-
caneus beneath the talus.

 n  A severe, long-standing deformity may require division of 
the posterior capsule of the subtalar joint or removal of a 
small piece of bone laterally from beneath the anterosu-
perior articular surface of the calcaneus.

A

B
FIGURE 29.51 Single-stage correction of congenital vertical 

talus. A, After soft-tissue release, a threaded Kirschner wire is placed 
axially in the vertical talus from posterior and is used as “joystick” 
to manipulate talus into reduced position. B, Wire is advanced 
across talonavicular joint.
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 n  Insert an osteotome or broad periosteal elevator into the 
sinus tarsi and block the subtalar joint to evaluate the 
stability of the graft and its proper size and position.

 n  Prepare the graft beds by removing a thin layer of cortical 
bone from the inferior surface of the talus and superior 
surface of the calcaneus (Fig. 29.53).

 n  Make a linear incision over the anteromedial surface of 
the proximal tibial metaphysis, incise the periosteum, 
and take a block of bone large enough for two grafts 
(usually 3.5 to 4.5 cm long and 1.5 cm wide). As an 
alternative to tibial bone, a short segment of the distal 
fibula or a circular segment of the iliac crest can be 
used.

 n  Cut the grafts to fit the prepared beds. Use a rongeur 
to shape the grafts so that they can be countersunk into 
cancellous bone to prevent lateral displacement.

 n  With the foot held in a slightly overcorrected position, 
place the grafts in the sinus tarsi. Evert the foot to lock 
the grafts in place.

 n  If a segment of the fibula or iliac crest is used, a smooth 
Kirschner wire can be used to hold the graft in place for 
12 weeks, or a screw can be inserted anteriorly from the 
talar neck into the calcaneus for rigid fixation (Fig. 29.54).

 n  The foot should be stable enough to allow correction of equi-
nus deformity by Achilles tendon lengthening if necessary.

 n  Apply a long leg cast with the knee flexed, the ankle in 
maximal dorsiflexion, and the foot in the corrected position.

POSTOPERATIVE CARE The long leg cast is worn for 12 
weeks, and weight bearing is not allowed. The Kirschner 
wire is removed, and a short leg walking cast is worn for 
4 more weeks.
  

A

B

FIGURE 29.52 Intraoperative radiographs after correction of congenital vertical talus through 
transverse circumferential approach. A, Anteroposterior view shows correction of talocalcaneal 
and talus–first metatarsal angles. B, Lateral view shows corrected position of talus and reduction 
of navicular and forefoot after fixation with single Steinmann pin. SEE TECHNIQUE 29.21.

B

A

FIGURE 29.53 Grice-Green subtalar fusion. A, Preparation of graft bed and placement of graft 
in lateral aspect of subtalar joint. B, Lateral view of 10-year-old patient who had open reduction 
and Grice-Green fusion for congenital vertical talus at 3 years of age. SEE TECHNIQUE 29.22.
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TRIPLE ARTHRODESIS
Older children (>12 years) with uncorrected vertical talus 
who have pain or difficulty with shoe wear can be treated with 
triple arthrodesis. The procedure generally requires medial 
and lateral incisions and adequate osteotomies to place the 
foot in a plantigrade position, a technique similar to that 
used for correction of a severe tarsal coalition deformity (see 
Chapter 83). 

ANOMALIES OF THE LEG
CONGENITAL ANGULAR DEFORMITIES  
OF THE LEG
Congenital angular deformities of the leg are primarily of 
two kinds: deformities in which the apex of the angulation 
is anterior and deformities in which it is posterior. In both, 
the tibia often is bowed not only anteriorly or posteriorly, but 
also medially or laterally. Anterior bowing of the tibia is com-
monly associated with neurofibromatosis.

Posterior angular deformities of the tibia tend to improve 
with growth (Fig. 29.55). A limb-length discrepancy also may 
be present, ranging from several millimeters to several centi-
meters. Children with these deformities should be examined 
yearly for any potential limb-length discrepancy that may 
require limb equalization, usually by an appropriately timed 
epiphysiodesis or limb lengthening in severe deformities.

Anterior angular deformities of the tibia are more wor-
risome because of their potential association with congenital 
pseudarthrosis of the tibia. Occasionally, these tibias main-
tain a normal medullary canal and show no evidence of nar-
rowing or of the sclerotic “high-risk tibia.” If any indication of 
narrowing of the medullary canal is present or develops in an 

anteriorly bowed tibia, the limb should be braced until skel-
etal maturity is reached.

Unilateral anterior bowing of the tibia with duplication of 
the great toe has been described as a distinct syndrome, which 
should be considered in the differential diagnosis of anterolat-
eral tibial bowing and should not be mistaken for congenital 
pseudarthrosis. Associated conditions, in addition to dupli-
cation of the great toe, include shortening of the tibia, which 
results in significant leg-length discrepancy, clinodactyly, and 
anomalous maturation of the carpal bones and metacarpals. 

POSTEROMEDIAL BOWING OF THE TIBIA
This form of congenital tibial bowing is believed to result from 
intrauterine positioning. It is marked by severe distal tibial dor-
siflexion at a level just above the ankle joint. The dorsal sur-
face of the foot often contacts the anterior surface of the tibia. 
Many patients also have some characteristics of calcaneovalgus 
foot deformity. Imaging can help quickly distinguish isolated 
calcaneovalgus foot deformity from posteromedial bowing 
(Fig. 29.55B). Early treatment includes observation with antic-
ipation that the deformity will resolve with time and growth 
(Fig. 29.56). Families often need considerable reassurance that 
such a striking condition will resolve in time without aggres-
sive intervention. Appropriately timed epiphysiodesis can help 
resolve the expected limb-length inequality. Rarely, lengthen-
ing may be considered for marked leg length discrepancy. 

B

A

FIGURE 29.54 A, Congenital vertical talus in 6-year-old child. B, 
Corrected position of talus fixed with screw through neck of talus 
into calcaneus, as described by Dennyson and Fulford. Bone graft 
in middle and posterior aspects of subtalar joint. SEE TECHNIQUE 
29.22.

A

B

FIGURE 29.55 Congenital posteromedial bowing of right tibia. 
A, Clinical appearance. B, Radiographic appearance.

    

https://booksmedicos.org


CHAPTER 29 CONGENITAL ANOMALIES OF THE LOWER EXTREMITY 1119

 

CONGENITAL PSEUDARTHROSIS OF THE 
FIBULA AND TIBIA
Congenital pseudarthrosis is a specific type of nonunion 
that at birth is either present or incipient. Its cause is 
unknown, but it occurs often enough in patients with either 
neurofibromatosis or related stigmata to suggest that neu-
rofibromatosis, if not the cause of congenital pseudarthro-
sis, is closely related to it. Congenital pseudarthrosis most 
commonly involves the distal half of the tibia and often that 
of the fibula in the same limb. The true cause of the poor 
healing potential of the bone at the pseudarthrosis site is 
unknown; however, hamartomatous thickened fibrous 

tissue with limited vascular ingrowth is seen universally at 
the site of the pseudarthrosis (Fig. 29.57).

FIBULA
Congenital pseudarthrosis of the fibula often precedes or accom-
panies the same condition in the ipsilateral tibia. Several grades 
of severity of this pseudarthrosis are seen: bowing of the fibula 
without pseudarthrosis, fibular pseudarthrosis without ankle 
deformity, fibular pseudarthrosis with ankle deformity, and 
fibular pseudarthrosis with latent pseudarthrosis of the tibia. 
Sometimes it even develops between the time of successful bone 
grafting of a pseudarthrosis of the tibia and skeletal maturity; 

D

BA

C

FIGURE 29.56 Resolution of posteromedial bowing.
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because the lateral malleolus becomes displaced proximally, a 
progressive valgus deformity of the ankle develops.

Until skeletal maturity is reached, the ankle can be sta-
bilized by an ankle-foot orthosis. At maturity, any significant 
deformity can be treated by supramalleolar osteotomy made 
through essentially normal bone, and union of the osteot-
omy can be expected. Langenskiöld devised an operation for 
children, however, to prevent this valgus deformity or halt its 
progression. He created a synostosis between the distal tibial 
and fibular metaphyses. Because in congenital pseudarthrosis 
securing union by bone grafting may be as difficult in the fibula 
as in the tibia, an operation that prevents the ankle deformity 
without grafting in fibular pseudarthrosis is useful (Fig. 29.58). 

 

TIBIOFIBULAR SYNOSTOSIS

 TECHNIQUE 29.23 

(LANGENSKIÖLD)
 n  Make a longitudinal incision anteriorly over the distal fibula.
 n  Divide the fibula 1 to 2 cm proximal to the level of the 

distal tibial physis and excise the cone-shaped part of the 
distal fibular shaft.

 n  In the lateral surface of the tibia, at the level of the 
cut surface of the fibula, and at the attachment of the  

A

C D

B

FIGURE 29.57 Congenital pseudarthrosis. A, Radiograph of 3-year-old child with established 
nonunion present since birth. B, Intraoperative photo of hamartomatous tissue. C, Postoperative 
radiograph demonstrating stabilization of tibia using telescoping intramedullary rod following 
surgical debridement, iliac crest bone graft, and bone morphogenetic protein placement. D, Healed 
nonunion 10 months postoperatively.
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interosseous membrane, make a hole as wide as the di-
ameter of the fibula. Proximal to the hole, remove the 
periosteum and interosseous membrane from the tibia 
over an area of several square centimeters.

 n  From the ilium, obtain a bone graft the same width as that 
of the hole in the tibia and long enough to extend from 
the lateral surface of the fibula into the spongy bone of 
the tibial metaphysis.

 n  Insert the graft perpendicular to the long axis of the limb 
so that it rests on the cut surface of the fibula and extends 
into the slot in the tibial cortex.

 n  Pack spongy iliac bone in the angle between the proximal 
surface of the graft and the lateral surface of the tibia.

 n  Apply a cast from below the knee to the base of the toes.

POSTOPERATIVE CARE At 2 months, full weight bear-
ing in the cast is allowed, and at 4 months, the cast is 
discontinued.
  

TIBIA
Congenital pseudarthrosis of the tibia is rare, with an incidence 
of approximately 1 in 250,000 live births. Most large series 
report 50% to 90% association of this disorder with the stig-
mata of neurofibromatosis, including skin and osseous lesions. 

CLASSIFICATION
Multiple classification systems have been created to describe 
congenital pseudarthrosis of the tibia. These classification sys-
tems tend to be more descriptive of the radiographic appear-
ance of the lesion at a particular course in the disease and 
often provide little insight into the correct type of treatment 
or prognosis. Nevertheless, a descriptive classification can be 
helpful for communication between treating physicians and 
is important from a historical standpoint. We prefer the Boyd 
classification of congenital pseudarthrosis of the tibia:
Type I pseudarthrosis occurs with anterior bowing and a 

defect in the tibia present at birth. Other congenital 
deformities also may be present.

Type II pseudarthrosis occurs with anterior bowing and 
an hourglass constriction of the tibia present at birth. 
Spontaneous fracture, or fracture after minor trauma, 
commonly occurs before 2 years of age. This is the so-
called high-risk tibia. The tibia is tapered, rounded, and 
sclerotic, and the medullary canal is obliterated. This type 
is the most common, is often associated with neurofi-
bromatosis, and has the poorest prognosis. Recurrence 
of the fracture is common during the growth period but 
decreases in frequency with age and generally ceases to 
occur after skeletal maturation (Fig. 29.59).

Type III pseudarthrosis develops in a congenital cyst, usually 
near the junction of the middle and distal thirds of the 
tibia. Anterior bowing may precede or follow the devel-
opment of a fracture. Recurrence of the fracture after 
treatment is less common than in type II, and excellent 
results after only one operation have been reported to last 
well into adulthood (Fig. 29.60).

Type IV pseudarthrosis originates in a sclerotic segment of 
bone in the classic location without narrowing of the 
tibia. The medullary canal is partially or completely oblit-
erated. An “insufficiency” or “stress” fracture develops 
in the cortex of the tibia and gradually extends through 
the sclerotic bone. With completion of the fracture, heal-
ing fails to occur, and the fracture widens and becomes 
a pseudarthrosis. The prognosis for this type generally is 
good, especially when it is treated before the insufficiency 
fracture becomes complete (Fig. 29.61).

Type V pseudarthrosis of the tibia occurs with a dysplastic 
fibula. A pseudarthrosis of the fibula or tibia or both 
may develop. The prognosis is good if the lesion is con-
fined to the fibula. If the lesion progresses to a tibial 

FIGURE 29.58 Langenskiöld technique for creating synostosis 
between distal tibial and fibular metaphyses to prevent valgus 
deformity of ankle in congenital pseudarthrosis of fibula (see text). 
SEE TECHNIQUE 29.22.

BA

FIGURE 29.59 Type II congenital pseudarthrosis of tibia. A, 
Anteroposterior view of left tibia. B, Lateral view. Note anterior 
bowing and narrow, sclerotic medullary canal.
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pseudarthrosis, the natural history usually resembles that 
of type II pseudarthrosis.

Type VI pseudarthrosis occurs as an intraosseous neurofi-
broma or schwannoma that results in a pseudarthrosis. 
This is extremely rare. The prognosis depends on the 
aggressiveness and treatment of the intraosseous lesion.
A more recent and simplified classification system pro-

posed by Johnston et al. could guide treatment and progno-
sis. This classification scheme includes (1) the presence or 
absence of a fracture and (2) age of first fracture, before or 
after age 4 years. Under this classification scheme, fractured 
tibias require surgical treatment while intact tibias can be 
treated with observation and splinting.

For those tibias that require surgery, the treatment involves 
first resecting the entire pseudarthrosis, leaving a bone gap and 
soft-tissue defect that must be treated regardless of the descrip-
tive radiographic classification before surgical resection. 

TREATMENT
Treatment of congenital pseudarthrosis of the tibia depends 
on the age of the patient and the presence or absence of a 
fracture. Before walking age, little treatment is required for 
a pseudarthrosis, but once the child begins to ambulate, the 
leg should be immobilized in a clamshell orthosis and pro-
tected. If no fracture is present, the child can be treated in a 
brace until skeletal maturity with close follow-up. Once a true 
pseudarthrosis of the tibia develops, it cannot be expected to 
heal when treated by casting or bracing alone.

Initial surgical management of tibial pseudarthro-
sis involves resection of the entire pseudarthrosis and sur-
rounding hamartomatous tissue, restoration of mechanical 
alignment, and intramedullary fixation. These three basic 
principles often are augmented by a combination of primary 
shortening, bone transport, supplemental bone grafting, and 
bone morphogenetic protein. Osseous union probably is 
more difficult to obtain in this condition than in any other 
(31% to 56% reported successful treatment). Even when 
union is obtained, it often is transient, and refracture, leg-
length discrepancy, and malalignment may require further 
surgical management and possibly amputation.

Amputation is rarely, if ever, considered in the initial 
management of congenital pseudarthrosis of the tibia; how-
ever, amputation is frequently required and should be dis-
cussed early as a possible outcome of attempted treatment. 
Factors favoring amputation include anticipated shortening 
of more than 2 or 3 inches (5 to 7.5 cm), a history of multiple 
failed surgical procedures, and stiffness and decreased func-
tion of a limb that would be more useful after an amputation 
and prosthetic fitting.

INTRAMEDULLARY FIXATION
Although many techniques have been described, the most 
commonly used is the intramedullary rodding technique 
described by Anderson et al. The pseudarthrosis is often quite 
distal in the tibia, making intramedullary fixation alone inad-
equate and unstable. Therefore the ankle joint often must be 
crossed by the rod to provide additional stability in these 
very distal pseudarthroses. The rod can migrate with growth, 
resulting in restoration of some ankle motion over time or 
can be surgically advanced to a position above the ankle once 
solid union has been achieved. For those lesions that appear 
more proximal in the tibia, it might be possible to avoid 

BA

FIGURE 29.60 Type III congenital pseudarthrosis of tibia. A, 
Anteroposterior view of right tibia. B, Lateral view. Note cyst forma-
tion in middle third of tibia with anterior bowing and narrow 
medullary canal distal to cyst.

BA

FIGURE 29.61 Type IV congenital pseudarthrosis of tibia. A, 
Anteroposterior view of right tibia. B, Lateral view. Note fracture 
in anterior cortex in distal third of tibia.
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crossing the ankle joint (Fig. 29.57). In these cases, larger rod 
diameter or an interlocking option could aid in stability. 

VASCULARIZED GRAFT
Resection of the pseudarthrosis with reconstruction using a 
free vascularized bone graft with either fibular or iliac crest 
grafts (Fig. 29.62) also has been described with good results. 
The procedure requires experience with microvascular tech-
niques, however, and two surgical teams are advantageous, 
one to harvest the graft while the second prepares the pseud-
arthrosis site to receive the graft. Vascularized fibular grafts 
may be indicated for pseudarthroses with gaps of more than 
3 cm and for pseudarthroses in which multiple surgical pro-
cedures have failed. 

ILIZAROV TECHNIQUE
In addition, good preliminary results were reported with 
the Ilizarov technique, but problems have included difficulty 
transporting the proximal tibia, “docking” malalignment, and 
poor quality of regenerated bone, leading to refracture. For 
most established pseudarthroses, initial treatment should 
be intramedullary rodding and bone grafting. The Ilizarov 
approach with bone transport does offer the advantage of 
maintaining or gaining tibial length. 

BONE MORPHOGENETIC PROTEIN
Multiple reports have documented the successful use of 
recombinant human bone morphogenetic protein (rhBMP) 
in the treatment of congenital pseudarthrosis of the tibia. 
Both currently available forms (rhBMP-2 and rhBMP-7) of 

this protein have been used. In each series, BMP was used in 
conjunction with other accepted forms of bony stabilization 
such as intramedullary fixation. Early union rates have been 
favorable, but long-term follow-up and prospective compara-
tive studies are needed to better understand the long-term 
efficacy and safety of these treatments. Because the treatment 
of congenital pseudarthrosis of the tibia is challenging, BMPs 
should be considered as an adjunct to treatment. 

 

INSERTION OF WILLIAMS 
INTRAMEDULLARY ROD AND  
BONE GRAFTING

 TECHNIQUE 29.24  Figure 29.63

(ANDERSON ET AL.)
 n  Position the patient supine on a radiolucent operating 

table and apply a tourniquet to the thigh.
 n  Expose the ipsilateral iliac crest and harvest as much can-

cellous bone and bone from the outer table as can be 
obtained safely.

 n  Approach the tibia through an anterior incision that is 
centered over the pseudarthrosis and just lateral to the 
tibial crest. Divide the deep fascia of the anterior compart-
ment at this level.

 n  Subperiosteally, expose the normal bone of the tibial 
shaft just proximal and distal to the pseudarthrosis.

 n  Completely excise the bone and fibrous tissue at the 
pseudarthrosis until normal medullary bone of both tibial 
fragments is exposed. Resection generally results in tibial 
shortening of 1 to 3 cm.

 n  Tibial union may be difficult to achieve in patients with 
a normal fibula; therefore a fibular osteotomy should be 
considered to allow adequate approximation of the two 
ends of the tibia.

 n  Ream the medullary canals of both tibial fragments with 
a drill or small curet or both.

 n  The Williams device consists of an indwelling rod and 
an insertion rod. The indwelling rod is smooth and cy-
lindrical and varies in diameter. The proximal end is 
machined to a diamond tip, and the distal blunt end 
is threaded internally for approximately 15 mm so that 
a second (insertion) rod of equal outside diameter can 
be attached to it temporarily. The insertion rod is ma-
chined proximally so that its external threads screw into 
the distal end of the indwelling rod, and it is machined 
distally to a diamond tip. Alternatively, other intra-
medullary devices can be used, such as the telescoping 
Fassier-Duval Telescoping IM System (PEGA Medical-
Laval Canada).

 n  To determine the Williams rod length needed, make a lat-
eral radiograph to determine the expected length of the 
leg after the affected bone and fibrous tissues have been 
removed, and the angular deformity has been corrected.

 n  Drive the coupled rods into the distal part of the tibia at the 
site of the osteotomy, across the ankle and subtalar joints, 
and out the sole through the heel pad. When the rod 
is placed across the ankle joint, it is important to correct  

BA

FIGURE 29.62 Congenital pseudarthrosis of tibia treated with 
vascularized fibular bone graft. A, Preoperative radiograph of tibia 
with established distal pseudarthrosis after multiple failed surgical 
procedures. B, Three years after repair with vascularized fibular 
graft.
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valgus deformity of the ankle and dorsiflexion deformity of 
the foot, which are the inevitable consequences of weight 
bearing on an anterolaterally bowed tibia. Fluoroscopy is 
helpful during this part of the procedure.

 n  Approximate the tibial fragments and drive the rod ret-
rograde into the region of the proximal tibial metaphysis, 
nearly to the tibial physis, but not encroaching on it. Un-
screw the insertion rod a single full turn and verify the 
junction of the rod on a lateral radiograph.

 n  Fully disassemble (unscrew) the insertion rod and remove 
it, leaving the distal end of the implanted rod in the cal-
caneus.

 n  Pack the autologous corticocancellous bone strips from 
the iliac crest around the osteotomy and secure them with 
circumferential sutures of fine stainless steel or, as have 
been used more recently, absorbable sutures.

 n  Prophylactic fasciotomies often are required before 
wound closure.

 n  Close the subcutaneous tissue and skin and apply a long 
leg cast.

POSTOPERATIVE CARE The duration of immobilization 
and the type of cast are determined by the amount of 
healing noted on clinical and radiographic examinations. 
When healing is sufficient, the cast is discontinued. Re-
moval of the cast and institution of progressive weight 
bearing usually are possible several months after surgery. 
A knee-ankle-foot orthosis or patellar tendon–bearing 
brace is worn until skeletal maturity is reached.
  

COMPLICATIONS
STIFFNESS OF THE ANKLE AND HINDFOOT

A stiff ankle should be expected until the distal tip of the rod 
is proximal to the ankle joint after longitudinal growth of the 

distal end of the tibia. Even if stiffness persists, it rarely ham-
pers functional results. 

REFRACTURE
Refracture is common in patients with pseudarthroses, despite 
apparently solid clinical and radiographic union. Refracture 
can be managed with casting or removal and replacement of 
the intramedullary rod with additional bone grafting. Because 
of the likelihood of refracture, removal of the rod after union 
is not recommended until skeletal maturity has been reached. 

VALGUS ANKLE DEFORMITY
The distal tibial fragment must be fixed so that valgus defor-
mity of the ankle is corrected at the time of placement of the 
intramedullary rod. Intraoperative fluoroscopy is useful for 
monitoring this procedure. Long-term bracing is mandatory 
during the growth years to minimize progressive valgus ankle 
deformity, or surgical treatment with the Langenskiöld proce-
dure may be indicated.

Valgus deformity has been found to be significantly more 
frequent when the fibula is left intact than when fibular oste-
otomy is done (with or without fibular fixation). In addition, 
the presence of fibular insufficiency (fracture or prepseudar-
throtic lesion) appears to be highly prognostic for subsequent 
valgus deformity, whether or not the fibula eventually healed. 

TIBIAL SHORTENING
Tibial shortening should be anticipated in almost all these 
children. The maximal projected shortening in the patients of 
Anderson et al. was 4 cm. In selected patients, tibial shortening 
can be treated by a well-timed contralateral epiphysiodesis or 
limb lengthening of the proximal tibia. The Ilizarov technique 
may be useful initially in severe cases with significant short-
ening and a wide nonunion or in patients in whom medullary 
nailing and standard bone grafting procedures fail. If Ilizarov 
techniques are used to gain length in a shortened tibia with 

DCBA

FIGURE 29.63 Insertion of Peter Williams rod for congenital pseudarthrosis of tibia, as described 
by Anderson et al. A, Anteroposterior view of type II congenital pseudarthrosis of tibia in 16-month-
old child. B, Lateral view. C, Postoperative anteroposterior view. D, Postoperative lateral view. SEE 
TECHNIQUE 29.24.
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persistent anterolateral bowing or if healing followed surgical 
management of the pseudarthrosis, the lengthening should 
focus on the uninvolved proximal tibial metaphysis well away 
from the pseudarthrosis site. 

CONSTRICTIONS OF THE LEG
A congenital circumferential constriction, or “Streeter” band 
of the soft tissues of the leg (Fig. 29.64) is rare, occurring in 1 
per 10,000. These lower extremity bands often are associated 
with other anomalies, such as absent digits, foot deformities, 
constriction bands on the upper extremity, cleft palate, and 
heart defects.

The deep fascia may be affected, and usually the lym-
phatic vessels and superficial circulation are partially 
obstructed. Distal to the constriction there may be persis-
tent pitting edema that may or may not be cured by excis-
ing the constriction. Fractures of the tibia and fibula at the 
level of the constriction have been reported. In marked 
contrast to congenital pseudarthrosis, after successful 
treatment of the constriction, the fractures typically heal 
promptly without surgery. However, cases of persistent 
pseudarthrosis at the level of the constriction band have 
been reported.

Traditionally, constriction bands have been released in 
two or three stages to prevent vascular compromise of the 
distal part of the extremity. More recently, however, several 
authors have reported good results with one-stage release. 
The advantages of a one-stage release include easier postop-
erative care, especially in infants, and avoidance of a second 
or third operation with additional periods of anesthesia.

Hennigan and Kuo divided 135 constriction bands in 73 
patients into four zones (Fig. 29.65). Most (50%) were in zone 
2, between the knee and ankle. They also classified the bands 
according to severity: grade 1 bands involved subcutaneous 
tissue, grade 2 bands extended to the fascia, grade 3 bands 
extended to the fascia and required release, and grade 4 bands 
were congenital amputations.

Amputation may be the only treatment option for severe 
type 3 bands (Fig. 29.66). The prevalence of clubfoot in patients 
with congenital constricting bands ranges from 12% to 56%.

All neurologic deficits were in children with grade 
3 bands in zone 2, and clubfoot in these children required 
numerous and more extensive surgeries, with poorer results 
than those in children with no neurologic deficits. These 
authors suggested early complete soft-tissue release, along 

BA

FIGURE 29.64 A, Congenital constriction of leg and congenital vertical talus. B, Appearance 
after excision of constricting bands.  (From Gabos PG: Modified technique for the surgical treatment of 
congenital constriction bands of the arms and legs of infants and children, Orthopedics 29:401–404, 2006.)

Zone 1

Zone 2

Zone 3

Zone 4

FIGURE 29.65 Zones of constricting bands described by 
Hennigan and Kuo (see text).
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with consideration of tendon transfers, and noted that bony 
surgery eventually becomes necessary, and prolonged bracing 
will be needed to prevent recurrence. 

 

ONE-STAGE OR TWO-STAGE  
RELEASE OF CIRCUMFERENTIAL 
CONSTRICTING BAND

 TECHNIQUE 29.25 

(GREENE)
 n  Excise a 1- to 2-mm margin of normal skin and subcu-

taneous tissue to minimize the risk of recurrence. For a 
two-stage procedure only excise 180 degrees.

 n  Resect all constricted fascia and muscle that have been 
converted to dense fibrous connective tissue.

 n  After resection of the dermal layers within the constric-
tion band, identify the vascular and neurologic structures 
proximal and distal to the band by careful dissection as 
the skin and subcutaneous tissue are undermined.

 n  If subcutaneous tissue is excessive, especially on the dor-
sum of the fingers, debulking should be done.

 n  Close the skin with multiple Z-plasties, fashioning fairly 
large flaps at an angle of 60 degrees (Fig. 29.67).

POSTOPERATIVE CARE A pressure bandage is applied 
from proximal to the area of surgery to the distal end of 
the limb. With young children, a cast or plaster splint is 
applied and worn for 2 to 3 weeks until the incision has 
healed.
  

CONGENITAL HYPEREXTENSION AND 
DISLOCATION OF THE KNEE
Congenital hyperextension of the knee is only the lowest 
grade of an abnormality that is divided into three grades 
according to severity: grade 1, congenital hyperextension; 
grade 2, congenital hyperextension with anterior subluxation 
of the tibia on the femur; and grade 3, congenital hyperexten-
sion with anterior dislocation of the tibia on the femur (Fig. 
29.68). Congenital hyperextension or dislocation of the knee 
usually is associated with skeletal abnormalities elsewhere in 
the extremity such as hip dysplasia (Fig. 29.69).

It has been postulated that the basic defect in congenital 
dislocation of the knee is absence or hypoplasia of the cruci-
ate ligaments, although others consider these findings a result 
of the dislocation.

The pathologic condition usually varies with the severity 
of the deformity, but always the anterior capsule of the knee 
and the quadriceps mechanism are contracted. As the sever-
ity of the anterior displacement of the tibia increases, other 
findings include intraarticular adhesions and other abnor-
malities within the joint and hypoplasia or absence of the 
patella. Fibrosis and loss of bulk of the vastus lateralis muscle 
have been noted, as well as obliteration of the suprapatellar 
pouch from the adherent quadriceps tendon and lateral dis-
placement of the patella. In severe anterior dislocation, the 
collateral ligaments have been shown to course anteriorly 

A B C

FIGURE 29.67 Congenital constriction release and Z-plasty. A, Excision of constriction band and 
undermining of skin edges. B, Z-plasty incisions at 60 degrees. C, Repair of Z-plasties with simple 
or mattress sutures. SEE TECHNIQUE 29.25.

FIGURE 29.66 Amputation may be the only treatment option 
for severe type 3 bands.
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from their femoral attachments and anterior subluxation of 
the hamstring muscles in some patients to function as exten-
sors of the knee in this deformed position.

The treatment of congenital hyperextension of the knee 
depends on the severity of the subluxation or dislocation and 
the age of the patient. In a newborn with mild-to-moderate 

hyperextension or subluxation, conservative treatment meth-
ods, such as the use of and serial casting to increase knee flex-
ion followed by a Pavlik harness for a few weeks to prevent 
early recurrence are likely to succeed. Roach and Richards 
proposed two criteria for successful nonoperative treatment of 
congenital knee dislocation: radiographic evidence of reduc-
tion and knee flexion to 90 degrees or more. According to 
most authors, nonoperative treatment can be continued for 3 
months. In children who do not respond to conservative mea-
sures, the use of skeletal traction for correction is an option, 
but the deformity is difficult to correct with this method. In 
older children with moderate or severe subluxation or dislo-
cation, surgery is indicated. In a child with congenital disloca-
tion of the knee and congenital dislocation of the hip, surgical 
correction of the knee first is advisable. However, Johnston 
et al. described a single-stage correction for both deformities 
with similar outcomes to staged reconstructions.

Curtis and Fisher described a procedure for correction of 
congenital dislocation of the knee that is recommended for 
children 6 to 18 months old. The technique combines ante-
rior capsular release, lengthening of the quadriceps mecha-
nism, and release of intraarticular adhesions. Occasionally, 
the articular surfaces of the knee remain abnormal if the 
deformity recurs. Ideally, a functional range of motion can be 
obtained. In rare cases, osteotomy of the femur or tibia may 
be required in an older child. When needed, femoral shorten-
ing can be a good adjunct to quadricepsplasty with good mid-
term to long-term function.

Joseph et al. proposed some modifications to the Curtis 
and Fisher procedure that includes a laterally based incision, 
a more extensive, tongue-type release of the quadriceps ten-
dons, and avoidance of dissection up to and including the 
collateral ligaments. These modifications were designed to 
correct specific problems such as anterior wound dehiscence, 
inadequate quadriceps tendons length, and postoperative 
knee instability caused by a collateral transection, respectively.

Dobbs proposed a less invasive treatment of congenital 
dislocation of the knee that involves serial casting and mini-
open tenotomy of the quadriceps with additional anterior 
capsulotomy if required. This protocol resulted in success-
ful deformity correction in 14 of 16 knees, with two knees 
requiring additional surgery. Longer follow-up is needed to 
determine the lasting effects of this treatment. 

 

CAPSULAR RELEASE AND 
QUADRICEPS LENGTHENING FOR 
CORRECTION OF CONGENITAL KNEE 
DISLOCATION

 TECHNIQUE 29.26 

(CURTIS AND FISHER)
 n  Make a long anterior midline incision starting superome-

dially at the level of the middle third of the femur and 
extending inferolaterally to the tibial tuberosity. Alterna-
tively, Joseph described exposure through a lateral inci-
sion with fewer wound complications.

CBA

FIGURE 29.68 A, Congenital hyperextension of the knee. B, 
Subluxation of knee. C, Dislocation of knee.

A

B

FIGURE 29.69 Congenital dislocation of knee. A, Clinical photo-
graph of a child with congenital hyperextension deformity of the 
knee. B, Lateral radiograph after partial correction of the deformity 
demonstrates persistent anterior subluxation of the tibia.  (Courtesy 
of Jay Cummings, MD.)
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 n  Expose the anterior thigh muscles and divide the quad-
riceps mechanism superior to the patella by either an in-
verted V-shaped incision (Fig. 29.70) or a Z-plasty. The 
former incision provides a tongue of tissue superior to 
the patella that is suitable for attachment of the proxi-
mal muscle mass after the extensor mechanism has 
been lengthened. Joseph modified this step to include 
a tongue-type separation of the quadriceps tendon from 
the vastus medialis and lateralis.

 n  Divide the anterior capsule transversely and extend the 
incision posteriorly to the tibial and fibular collateral liga-
ments. Mobilize and displace these ligaments posteriorly 
as the knee is flexed. In some, dissection to the level of the 
collateral ligaments can be avoided as long as they can be 
displaced posteriorly.

 n  If the patella is displaced laterally, release the lateral part 
of the patellar tendon and the vastus lateralis so that the 
patella can be moved to its proper location on the femoral 
condyles.

 n  Release any tight iliotibial band and lengthen the fibular 
collateral ligament if needed.

 n  Mobilize all normal-appearing quadriceps muscle and 
align it in the long axis of the femur to exert a direct pull 
on the patella.

 n  Suture the lengthened quadriceps mechanism with repair 
of the vastus medialis muscle to the lengthened rectus 
femoris.

 n  Evaluate tracking of the patella from extension to 90 de-
grees of flexion.

 n  Close the wound and apply a long leg cast with the knee 
flexed 30 degrees.

POSTOPERATIVE CARE If the anterior skin is under ex-
cessive tension, the cast can be changed at 2 weeks with 
the use of outpatient anesthesia. At 4 to 6 weeks, the cast 
is removed, and active and passive exercises are begun. In 
older patients, continuous passive motion can be used to 
regain motion during the first 3 to 6 weeks after surgery, 
and a long leg brace is worn for 6 to 12 months to prevent 
hyperextension of the knee.
  

CONGENITAL DISLOCATION OF THE 
PATELLA
Congenital dislocation of the patella often is familial and 
bilateral. Occasionally, it is accompanied by other abnormali-
ties, especially arthrogryposis multiplex congenita and Down 
syndrome. It is persistent and irreducible and usually accom-
panied by abnormalities of the quadriceps mechanism. The 
vastus lateralis may be absent or severely contracted, and the 
patella may be dislocated laterally and attached to the ante-
rior aspect of the iliotibial band. Often the patella is small and 
misshapen and in an abnormal location in the quadriceps 
mechanism. Genu valgum and external rotation of the tibia 
on the femur commonly develop. The capsule on the medial 
side of the knee is stretched, the lateral femoral condyle is flat-
tened, or the insertion of the patellar tendon is located more 
laterally than normally.

Eilert noted that two clinical syndromes have been 
described in the literature: congenital dislocation of the 
patella or fixed lateral dislocation of the patella and habit-
ual dislocation of the patella, which he suggested should be 
more accurately termed “obligatory dislocation” of the patella. 
These two syndromes have different clinical presentations 
(Table 29.2), and the timing of surgical correction is different.

The diagnosis of congenital dislocation of the patella 
often is difficult to make before the patient is 3 to 4 years old 
because of lack of ossification of the patella; however, more 

A B

FIGURE 29.70 Curtis and Fisher technique for congenital dislo-
cation of knee. A, Lines of incision to release anterior capsule medi-
ally and laterally and medial and lateral retinaculum of quadriceps 
mechanism. B, Correction after soft-tissue release and lengthening 
of rectus femoris muscle. SEE TECHNIQUE 29.26.

 TABLE 29.2

Two Types of Congenital Dislocation of the Patella

PERSISTENT DISLOCATION OBLIGATORY DISLOCATION
Patella is dislocated lateral 
and persistent in that  
location

Patella dislocates and 
reduces spontaneously with 
flexion and extension of 
knee joint

Often obvious in infancy Usually present at 5–10  
years old

Frequently associated with 
generalized syndrome

Usually isolated anomaly

Knee flexion contracture  
is present

Range of knee motion  
usually normal

Nearly always produces  
little functional disability

May be well tolerated with 
little functional disability

Early surgical correction Surgical correction can be 
delayed until patient is 
symptomatic

Adapted from Eilert RE: Congenital dislocation of the patella, Clin Orthop Relat 
Res 389:22–29, 2001.
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severe cases, with associated knee flexion contractures, can 
be diagnosed soon after birth. Magnetic resonance imaging 
(MRI) can show the cartilaginous patella lying lateral to the 
femur and can confirm the diagnosis when congenital lat-
eral patellar dislocation is suspected. Several authors have 
described the use of ultrasound to define the position of the 
cartilaginous patella. Because the severity of the deformity 
is directly related to the length of time that the deformity is 
allowed to remain uncorrected, surgery can be done as soon 
as the diagnosis is made to try to prevent a valgus, flexion, or 
external rotation deformity of the knee (Fig. 29.71).

The underlying pathologic condition of congenital or habit-
ual dislocation of the patella is contracture of the quadriceps 
mechanism, which is more severe in patients with congenital 
dislocations. Operative techniques vary according to the extent 
and degree of these operative findings. The primary objective 
is release of the contracted structures on the lateral side of the 
patella (the lateral capsule, iliotibial band, and lateral portion 
of the quadriceps) to allow reduction of the patella. Medial pli-
cation of the lax capsule is necessary to stabilize the reduced 
patella. In most patients, especially younger children, exten-
sive lateral release and capsular plication are sufficient to obtain 
patellofemoral congruency. In older children, advancement of 
the vastus medialis often is necessary to tighten the muscle and 
improve muscle action. In addition to these steps, in their 1976 
article, Stanisavijevic et al. described adding a Roux-Goldthwait 
patellar tendon procedure. A more recent study on the 
Stanisavijevic procedure has demonstrated promising results. 

 

LATERAL RELEASE AND  
MEDIAL PLICATION

 TECHNIQUE 29.27 

(BEATY; MODIFIED FROM GAO ET AL. AND  
LANGENSKIÖLD)

 n  Make a midline incision from the distal aspect of the fe-
mur to the tibial tuberosity. Perform a full-thickness skin 

dissection over the patella to expose the medial and lat-
eral aspects of the knee joint and the quadratus femoris 
muscle.

 n  Release the vastus lateralis from its most proximal muscle 
origin in the quadratus femoris to the level of the joint. 
This may require release of the iliotibial band laterally to 
the intermuscular septum.

 n  Because a midline surgical incision over the patella tends 
to heal with more proliferative scarring in children than in 
adults, Eilert suggested making the surgical incision over 
the anterolateral knee so that the scar is not under direct 
pressure against the patella. The incision must be long 
enough to expose a sufficient portion of the quadriceps 
muscle so that it can be realigned, and in an infant with 
congenital patellar dislocation, the incision may extend 
halfway up the thigh.

 n  Occasionally, the rectus femoris must be dissected and 
lengthened by a Z-plasty.

 n  Incise the vastus medialis obliquus from its origin proxi-
mally and distally from the patella, the medial capsule, 
and the patellar tendon.

 n  Reduce the patella into the femoral groove.
 n  Reattach laterally and distally the vastus medialis obliquus 

to the patellar tendon and medial retinaculum to secure 
the patella in the femoral groove.

 n  When the initial suture has been placed distally, move the 
knee through a gentle range of motion to assess reduc-
tion and tracking of the patella in the femoral groove. If 
the tension is too tight on the vastus medialis obliquus, 
remove the suture and transfer the muscle slightly proxi-
mally. If the tension is too lax, attach the vastus medialis 
obliquus farther distally and laterally.

 n  Occasionally, the patella is so unstable that the gracilis or 
semitendinosus tendon must be divided at the musculo-
tendinous junction and transferred into the patella as a 
checkrein for added stability. The vastus medialis obliquus 
is sutured to the remaining retinaculum of the patella and 
the quadratus femoris.

 n  Continue the repair of the vastus medialis obliquus proxi-
mally and distally.

BA

FIGURE 29.71 Untreated congenital dislocation of left patella in 5-year-old boy. A, Antero-
posterior view shows fixed lateral dislocation. B, On lateral view, patella appears absent because 
of superimposed femoral condyles.
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 n  Move the knee again through a range of motion to en-
sure reduction of the patella in the femoral groove and 
normal tracking during flexion and extension.

 n  Deflate the tourniquet and obtain hemostasis with elec-
trocautery. Insert a drain deep into the wound and close 
the subcutaneous tissue and skin.

 n  Apply a long leg cast with the knee in 30 degrees of 
flexion.

POSTOPERATIVE CARE The cast is removed approxi-
mately 6 weeks after surgery, and active and passive 
range-of-motion exercises are begun.
  

CONGENITAL DEFICIENCIES OF  
THE LONG BONES
The first scientific approach to the problem of congenital 
long bone deficiencies was devised by Frantz and O’Rahilly 
in 1961. Their widely-used classification system described 
deficiencies as terminal or intercalary. In terminal deficien-
cies, there is an amputation with no body parts distal to the 
site (Fig. 29.72A). In intercalary deficits, a middle segment 
is missing, but the distal segments are present (Fig. 29.72B). 
Terminal and intercalary deficiencies are defined further as 
transverse or longitudinal. The complete absence of a hand 
at the wrist is a terminal transverse deficiency. A complete 
hand without a radius or ulna is an intercalary transverse 
deficiency. An example of a terminal longitudinal deficiency 
is fibular hemimelia, in which the lateral two rays also are 
missing. Fibular hemimelia in which the foot is normal is an 
intercalary longitudinal, or paraxial, deficiency.

TIBIAL HEMIMELIA
Since the disorder was first described by Otto in, tibial hemi-
melia has been known by a variety of names, including con-
genital longitudinal deficiency of the tibia, congenital dysplasia 
of the tibia, paraxial tibial hemimelia, tibial dysplasia, and con-
genital deficiency or absence of the tibia. This condition actu-
ally represents a spectrum of deformities, ranging from total 
absence of the tibia (the most severe form) to mild hypopla-
sia of the tibia (the least severe form). The incidence has been 
estimated at one in 1 million live births, and the condition 
may be bilateral in 30% of patients. It usually occurs sporadi-
cally, although familial cases with either autosomal domi-
nant or recessive transmission patterns have been reported. 
There are multiple distinct syndromes that have tibial hemi-
melia as a component including polydactyly–triphalangeal 
thumb syndrome (Werner syndrome), tibial hemimelia dip-
lopodia, tibial hemimelia–split hand/foot syndrome, tibial 
hemimelia–micromelia–trigonal brachycephaly syndrome, 
and femoral bifurcation-tibial hemimelia-hand ectrodactyly 
(Gollop-Wolfgang Complex). The exact cause is multifactorial, 
and a variety of gene defects have been discovered. However, 
it does not appear that one particular gene mutation or one 
inheritance pattern can be used to explain all cases.

The involved leg is short, and the fibular head is palpable 
if it is proximally displaced. The foot is often held in severe 
equinovarus, and the hindfoot is stiff (Fig. 29.73). In older 
children, the proximal tibial anlage may be palpable, even if 
it is not radiographically visible. The knee is generally flexed, 
and in more severe deformities, quadriceps insufficiency 
causes a lack of knee extension. Careful clinical evaluation of 
the quadriceps extensor mechanism is important because this 
has significant prognostic value regarding the potential for 
reconstruction of the knee. Femoral hypoplasia may be seen.

A B

Terminal deficiencies
No unaffected parts distal to

and in line with deficient portion

Transverse
Defect extends transversely

across entire width
of limb

Paraxial
Only preaxial or postaxial

portion of limb
is absent

Intercalary deficiencies
Middle portion of limb is deficient, but

proximal and distal portions are present

Transverse
Entire central portion of

limb absent with
foreshortening

Paraxial
Segmental absence of

preaxial or postaxial limb
segments; intact proximal

and distal

Amelia

Incomplete
hemimelia

Complete
hemimelia

Radial
hemimelia

Tibial
hemimelia

Ulnar
hemimelia

Fibular
hemimelia

Incomplete
phocomelia

Complete
phocomelia

Radial
hemimelia

Tibial
hemimelia

Ulnar
hemimelia

Fibular
hemimelia

FIGURE 29.72 Frantz-O’Rahilly classification of congenital limb deficiencies. A, Terminal defi-
ciencies. B, Intercalary deficiencies.
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CLASSIFICATION
The most widely used classification scheme for tibial hemimelia 
is that of Jones, Barnes, and Lloyd-Roberts (Fig. 29.74), which 
is based on the early radiographic presentation. Treatment rec-
ommendations are given for each type.

In type 1A deformity, there is a complete radiographic 
absence of the tibia and a hypoplastic distal femoral epiphysis 
(compared with the normal side). In type 1B deformity, there 
also is no radiographic evidence of a tibia, but the distal femoral 
epiphysis appears more normal in size and shape. This difference 
is crucial because the type 1B deformity has a proximal tibial 
cartilaginous anlage that can be expected to ossify with time. 
Arthrography, ultrasound, and MRI have shown this cartilagi-
nous anlage in type 1B deformities (Fig. 29.75B, right). In time, 

the proximal tibial anlage of a type 1B deformity may ossify to 
become a type 2 lesion.

In type 2 deformity, a proximal tibia of varying size is 
present at birth. The fibula usually is normal in size, but the 
head is proximally dislocated (Fig. 29.75A and B, left).

Type 3 deformity, in which the proximal tibia is not 
radiographically visible, is rare. The distal tibial epiphysis 
sometimes is visible, along with a mature distal metaphy-
sis; however, there may be only a diffuse calcified density 
within the distal tibial anlage. The distal femoral epiphy-
sis usually is well formed, but the upper end of the fib-
ula is proximally dislocated. Although the distal femoral 
epiphysis usually is of normal size, the knee generally is 
unstable.

A B C

FIGURE 29.73 A, Jones type I deformity with rigid foot deformity and absent quadriceps func-
tion. B, Complete radiographic absence of the tibia. C, Radiograph after knee disarticulation.

1A 1B 2 3 4 5
FIGURE 29.74 Classification of tibial hemimelia. In type 1A, fibula is dislocated proximally, 

tibia is not radiographically evident, and distal femoral epiphysis is smaller than on normal side. 
In type 1B, fibula is dislocated proximally, and proximal tibial anlage may be visible at birth on 
ultrasound or magnetic resonance imaging, but not on plain radiographs. Type 2 deformity has 
proximal dislocation of fibula and radiographically visible proximal tibia with normal-appearing 
knee joint. In type 3 deformity, fibula is dislocated proximally, distal tibia is radiographically visible, 
but proximal tibia is not seen. In rare type 4 deformity, fibula has migrated proximally, with dias-
tasis of distal tibiofibular joint. Type 5 Birch modification of Jones classification to include global 
shortening of the tibia relative to the fibula.
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In type 4 deformity, which is rare, the tibia is shortened, 
and there is a proximal migration of the fibula with distal tib-
ial fibular diastasis (Fig. 29.76). This deformity also has been 
called congenital diastasis of the ankle joint and congeni-
tal tibiofibular diastasis. Clinton and Birch, in their 37-year 

review of 125 limbs with tibial hemimelia, noted no true type 
3 deformities. They also proposed the addition of a Jones type 
5, which involves global tibial shortening relative to the fibula 
of varying severity.

A more recent classification takes into account the MRI, 
ultrasonographic, and intraoperative findings of the cartilagi-
nous anlage both proximally and distally. This classification 
includes seven types, with “a” and “b” subtypes depending 
on the presence or absence of cartilaginous portions (Fig. 
29.77). This classification includes global shortening of the 
tibia, which was previously not classified in the Jones system. 
Although not currently widely used, this system may become 
more mainstream in the years to come.

In tibial hemimelia, the superficial peroneal nerve may 
terminate at the level of the ankle. Leg muscles that normally 
insert on the plantar surface of the foot tend to blend into 
a common tendon sheet. The talus and calcaneus frequently 
are congenitally fused. The anterior tibial artery is absent, and 
the plantar arterial arch is incomplete. Similar vascular find-
ings in clubfoot and tibial hemimelia suggest reduced vascu-
lar flow as a cause. Associated anomalies generally are most 
severe when the tibia is least developed. In type 4 deformities, 
the distal tibial epiphysis may be absent. 

TREATMENT
As with all congenital lower limb deficiencies, the goal of 
treatment is a functional limb equal in length to the normal 
limb. The type of surgical treatment depends on the radio-
graphic classification and clinical appearance. For severe 
deficiencies, amputation and prosthetic rehabilitation are the 
most practical means of treatment.

Jones Type 1A Tibial Hemimelia. The two options for 
treatment of type 1A deformities are knee disarticulation and 
knee reconstruction (with or without foot amputation). The 
easiest and frequently most effective option is knee disarticu-
lation followed by fitting with an above-knee prosthesis. This 
option provides a definitive solution with one operation and is 
indicated when there is no intact quadriceps-patellar tendon 

A B

FIGURE 29.75 A, Congenital tibial hemimelia type 1A. B, Bilateral tibial hemimelia (right type 
1B and left type 2).

FIGURE 29.76 Newborn with congenital diastasis of ankle 
representing type 4 tibial hemimelia; note absence of first ray.
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complex (Fig. 29.73). Knee disarticulation is preferred over 
above-knee amputation because above-knee amputation for 
type 1A deformity may result in skin problems from bony 
stump overgrowth. Because the ultimate femoral growth often 
is diminished, the end result of a knee disarticulation may be 
a functional above-knee amputation level. Children treated in 
this manner are almost uniformly active, functional prosthetic 
users. Attempts to correct the equinovarus and absent knee 
joint frequently result in repeated operations and eventual fail-
ure. The Brown procedure, transfer of the proximal fibula under 
the distal femur in type 1A deformities, has not produced stable 
long-term results. It may be reasonable to preserve the foot in 
bilateral deformities because limb-length discrepancy is not a 
consideration but attempts to reconstruct the knee in conjunc-
tion with foot amputation have produced mixed results. 

Jones Type 1B and 2 Tibial Hemimelia. In type 1B and 
type 2 deformities, a functional knee joint exists, and knee 
disarticulation is not required if the quadriceps mechanism 
is present and functional. A proximal tibiofibular synostosis 
combined with a Syme amputation or distal reconstruction is 
the treatment of choice (Fig. 29.78).

Putti used a side-to-side configuration (Fig. 29.79C), but 
most authors now prefer end-to-end alignment between the tib-
ial remnant and the fibula. Although it would seem preferable 
to wait until the proximal tibial anlage ossifies, stability can be 
achieved even when the proximal tibia is purely cartilaginous. 
At a second stage, the foot is amputated to make prosthetic 

a b a b

a ba b a b

Type I Type II Type III Type IV

Type V Type VI Type VII

FIGURE 29.77 Weber classification of tibial hemimelia based on severity in a higher maturation 
level. Type I, hypoplasia; type II, diastasis; type III, distal aplasia; type IV, proximal aplasia; type V, 
bifocal aplasia; type VI, agenesia with double fibula; type VII, agenesia with single fibula. (Type [a] 
is with cartilaginous anlage and [b] is without cartilaginous anlage; tan represents bone, and blue 
represents cartilage).  (From Weber M: New classification and score for tibial hemimelia, J Child Orthop 
2:169–175, 2008.)

FIGURE 29.78 Follow-up after fibula to tibia transfer and Syme 
amputation. SEE TECHNIQUE 29.29.
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rehabilitation easier. Retention of the foot during the proxi-
mal tibial reconstruction is helpful because it serves as a fixa-
tion point for a long leg cast. Making a synostosis between the 
fibula and tibia creates a more uniform, in-line, weight-bear-
ing mechanical axis. When the fibula is not transferred to the 
tibia, a peculiar, curved, hypertrophied fibula develops, causing 
a secondary deformity. Fusing the fibula underneath the tibia 
encourages its transformation into a more tibia-like bone. The 
Syme amputation is preferred to a through-bone amputation 
to prevent transdiaphyseal problems of bony stump overgrowth 
and to preserve maximal length of the stump. Another option, 
if the tibial segment is long enough, involves the creation of a 
synostosis between the distal tibia and fibula (Fig. 29.79B). The 
Ertl amputation results in a functional transtibial amputation 
with a proposed decreased risk of bone overgrowth (Fig. 29-80).

Authors have attempted to treat types 1B and 2 tibial hemi-
melia with surgical equalization of leg length, production of a 
plantigrade foot, and creation of a stable knee. Traditional leg-
lengthening procedures, soft-tissue reconstruction, and casting 

have not reliably achieved these goals in patients with tibial 
hemimelia; however, the Ilizarov method offers a viable option 
for reconstruction in selected cases. These decisions can be 
quite difficult. Amputation is an undesirable option for many 
families who hope for a normal limb. Therefore the expected 
function of the reconstructed limb, the multiple surgical pro-
cedures required, and the prolonged time in an external fixator 
frame must be weighed carefully against the function that can 
be obtained with timely amputation and prosthetic manage-
ment. Other ingenious procedures have been used for recon-
struction in children with tibial hemimelia.

In patients with tibial hemimelia and ipsilateral femoral 
deficiency, arthrodesis of the fibula to the distal femur can 
be performed or, in younger children, chondrodesis, align-
ing the fibula directly with the femur and the intercondylar 
notch. Combining this with a Syme amputation significantly 
lengthens the effective lever arm of the femur.

Although Syme and Boyd amputations have been the 
accepted treatments to make prosthetic rehabilitation easier, 

A B

C
FIGURE 29.79 Variations of Putti procedure for reconstruction of congenital absence of tibia. 

A, Fibula is inserted into hindfoot with foot in severe equinus to lengthen limb. Fibula also has been 
transferred to intercondylar notch. B, Fibula has been transferred to intercondylar notch, and distal 
tibiofibular synostosis has been created. C, Type 2 deficiency. Fibula has been synostosed to proximal 
tibia and inserted into hindfoot with foot positioned in equinus to obtain additional length. End-to-end 
synostosis is preferred; if side-to-side synostosis is performed, transverse screw can be used for fixation.
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other alternatives have been described. If a family is abso-
lutely opposed to amputation of the foot, an acceptable alter-
native is reconstruction of the foot and ankle complex by 
implanting the distal fibula into the talus in an extreme equi-
nus position to increase the length of the limb (Fig. 29.79A). 
Prostheses can be constructed to take advantage of this extra 
length while accommodating the foot.

Some authors recommend knee disarticulation even 
in type 2 deficiencies if severe knee flexion contractures 
are present before surgery. Finally, proximal tibiofibular 
synostosis is not absolutely indicated for all type 2 defor-
mities; the literature contains reports of satisfactory pros-
thetic rehabilitation after Syme amputation alone; however, 
if the fibula is transferred under the tibial remnant, it can be 

expected to remodel reliably and form into a large, tibia-like 
bone eventually. 

Jones Type 3 Tibial Hemimelia. Type 3 deficiencies are 
extremely rare and in the limited reports available have been 
treated with a variety of amputations. In some patients, tibio-
fibular synostosis may be possible. 

Jones Type 4 Tibial Hemimelia. For patients with type 
4 deficiencies, treatment must be individualized. Syme ampu-
tation provides excellent function (Fig. 29.81). Customized 
reconstruction of the ankle joint to retain the foot and ankle 
also has been described. Most patients can be treated with 
combinations of distal tibiofibular synostosis and distal fib-
ular epiphysiodesis. Equinovarus deformities of the foot, if 
present, require soft-tissue releases. 

A B

C D

FIGURE 29.80 A, Jones type II hemimelia with significant tibial shortening and rigid foot 
deformity. B, Posterior Ertl amputation (anteroposterior view). C, Lateral view. D, Prosthetic fitting.
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DISTAL FIBULOTALAR ARTHRODESIS

 TECHNIQUE 29.28 

 n  Place the patient supine on the operating table.
 n  Approach the distal fibulotalar articulation anterolaterally 

to expose both bones.
 n  Dissect soft tissue to allow central placement of the body 

of the talus onto the distal end of the fibula.

 n  Create a trough through the dome of the talus into which 
the distal fibula is placed plantigrade and in neutral align-
ment with the foot.

 n  If necessary, fix the fibulotalar articulation with longitudi-
nal and crossed Kirschner wires.

 n  Remove the cartilage from the distal fibular epiphysis and 
from the dome of the talus to allow bone-to-bone contact.

 n  Close the wound and apply a long leg, bent-knee cast.

POSTOPERATIVE CARE The cast is worn until the ar-
throdesis has united, usually at 12 to 16 weeks.
   

A B

C D

FIGURE 29.81 Jones type IV hemimelia.
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PROXIMAL TIBIOFIBULAR  
SYNOSTOSIS

 TECHNIQUE 29.29  See Figure 29.78

 n  Make an anterolateral incision beginning at the proximal 
tibia and extending distally and anteriorly to the middle 
third of the tibia. Identify and protect the peroneal nerve.

 n  Dissect a sufficient portion of the anterior compartment 
musculature from the proximal medial tibia to expose the 
proximal tibial cartilaginous anlage (in type 1B deficiency) 
or the bony proximal tibia (in type 2 deficiency).

 n  Leave the proximal attachments of the fibula intact but 
perform a subperiosteal dissection of the fibula.

 n  At an appropriate point opposite the distal end of the 
proximal tibial anlage, perform an osteotomy of the fibula.

 n  Drill a Steinmann pin of appropriate size distally through 
the medullary canal of the fibula out the plantar aspect 
of the foot.

 n  Reduce the fibula on the proximal tibia and drive the med-
ullary pin retrograde into the proximal tibial remnant.

 n  If necessary, pass the pin into the distal femur for stability.
 n  Distally, bend the pin 90 degrees and cut it off below the 

level of the skin to be removed 6 to 8 weeks later. Immo-
bilize the leg in a cast. Alternative fixation techniques can 
include screws, cross pins, and cerclage wires.
At a later date, the foot may be amputated. In some 

patients, the foot may be salvaged with a combination of 
soft-tissue release, Ilizarov technique, and talectomy or ar-
throdesis as needed. The tip of the proximal tibial remnant 
should be sectioned sufficiently to create a wide surface 
for either chondrodesis or synostosis with the fibula. The 
periosteum of the fibula should be sutured to the proximal 
tibial remnant, if possible, to prevent reformation of the 
fibula to its proximal remnant.

  

FIBULAR HEMIMELIA
Fibular hemimelia, also known as congenital absence of 
the fibula, congenital deficiency of the fibula, paraxial 
fibular hemimelia, and aplasia or hypoplasia of the fib-
ula, is the most common long bone deficiency (followed 
by aplasia of the radius, femur, tibia, ulna, and humerus). 
Whether or not dysgenesis and relative ischemia affect the 
developing mesenchyme and cause the skeletal dysplasia 
seen in fibular hemimelia is still conjectural. There are no 
clear genetic or toxic pathogenetic mechanisms. Fibular 
hemimelia consists of a spectrum of anomalies, the least 
severe being mild fibular shortening and the most severe 
being total absence of the fibula associated with defects in 
the foot, tibia, and femur. Because of the myriad anoma-
lies associated with even mild fibular deficiency, postaxial 
hypoplasia may be a more descriptive designation for this 
condition.

The clinical presentation depends on the specific classifi-
cation and associated anomalies. Generally, there is leg-length 
discrepancy with equinovalgus deformity of the foot, flexion 
contracture of the knee, femoral shortening, instability of the 
knee and ankle, and a stiff hindfoot with absent lateral rays 

(Fig. 29.82). Although equinovalgus is the most common foot 
deformity, equinovarus and calcaneovalgus also have been 
reported. Clinical problems are leg-length inequality and foot 
and ankle instability. In bilateral involvement, the leg-length 
discrepancy generally is manifested as disproportionate dwarf-
ism because both sides usually are affected to a similar degree.

CLASSIFICATION
A useful classification scheme proposed by Achterman and 
Kalamchi (Fig. 29.83) distinguishes a type 1 deformity (hypo-
plasia of the fibula) from a type 2 deformity (complete absence 
of the fibula). Type 1 deformities are subdivided further into 
type 1A and type 1B. In type 1A, the proximal fibular epiph-
ysis is distal to the proximal tibial epiphysis, and the distal 

FIGURE 29.82 Radiograph of infant with classic fibular hemi-
melia. Femur and tibia are both short, and foot is in valgus with 
absent lateral rays.

1A 1B 2
FIGURE 29.83 Achterman and Kalamchi classification of fibular 

hemimelia. Type 1A: proximal fibular epiphysis is more distal, and 
distal fibular epiphysis is more proximal than normal. Type 1B: 
more severe deficiency of fibula with at least 30% to 50% of fibula 
missing and no distal support to ankle joint. Type 2: complete 
absence of fibula with bowing and shortening of tibia.
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fibular epiphysis is proximal to the talar dome. In type 1B, the 
deficiency of the fibula is more severe, with 30% to 50% of the 
length missing, and no distal support for the ankle joint (Fig. 
29.84). Abnormalities of the femur are common, as is hypo-
plasia of the patella and lateral femoral condyle. The cruciate 
ligaments also are clinically unstable. Angulation of the tibia 
is found most often in patients with type 2 deficiencies. Ball-
and-socket ankle joints are present in most patients with type 
1A deficiencies, and more severe foot and ankle problems are 
found in patients with type 2 deformities. Some patients with 
type 2 deformities have relatively stable ankle joints, how-
ever, despite the absence of a fibula, and others have complete 
instability of the tibiotalar articulation. Tarsal coalitions and 
absence of the lateral rays are common.

Another classification by Birch et al. takes overall limb-
length inequality and foot function into account when deter-
mining treatment (Table 29.3).

The foot is considered functional if it can be made plan-
tigrade and has three or more rays. Limb-length inequality 
is determined by a full-length radiograph or scanogram. The 
percentage of shortening remains constant in 85% of fibular 
deficiency patients. If both limbs are involved, the longer limb 
is considered “normal” and the percentage of shortening is 
measured relative to the “normal” limb. 

TREATMENT
At the initial evaluation, the physician should attempt to 
predict the ultimate limb-length discrepancy, based on the 

current percentage of shortening. Generally, because the per-
centage of shortening in an infant remains relatively constant 
throughout childhood, reasonable predictions of final leg-
length discrepancy can be made based on very early radio-
graphs. The function of the foot also is assessed as described. 
For a patient with a functional foot and minimal limb-length 
inequality (≥5%), the goals of treatment are equalization of 
limb length and correction of the foot deformity. Shoe lifts 
are prescribed during the growth period, and epiphysiodesis 
of the normal leg is performed at the appropriate time so that 
leg lengths are equal at the end of skeletal growth. If contra-
lateral epiphysiodesis or shortening would result in unaccept-
able overall diminution of height, the physician is faced with 
a difficult decision: either the short leg is lengthened, or the 
foot is amputated, and length is equalized with a prosthesis.

For inequality of 6% to 10%, appropriately timed epi-
physiodesis can be used with or without limb lengthening 
in patients with a functional foot. Stevens and Arms recom-
mended combining limb lengthening with hemiepiphysio-
desis of the distal femur or ankle or both to correct valgus 
alignment. They also suggested that adjunctive contralateral 
epiphysiodesis might be preferable to repeated limb lengthen-
ing, emphasizing the multiple procedures that may be required 
for associated deformities. For patients with 11% or more 
limb-length inequality and a functional foot, a difficult deci-
sion must be made whether to undertake limb salvage with 
multiple lengthening or amputation. If limb salvage is chosen, 
a stable plantigrade foot and ankle are necessary and should be 
created through a combination of soft-tissue releases and oste-
otomies before lengthening procedures. McCarthy et al. found 
that patients who had amputations were able to perform more 
activities, had less pain, were more satisfied, had a lower com-
plication rate, and had undergone fewer surgical procedures 
than patients with tibial lengthenings; however, the decision 
to proceed with amputation is often a difficult one for families 
to make. For more severe deformities of the foot, those with 
less than three rays or rigid equinovalgus, early amputation 
and prosthetic reconstruction usually are considered the best 
options for these nonfunctional feet; however, if the upper 
limbs also are severely affected, salvage of the deformed foot 
may be beneficial to maintain global function.

FIGURE 29.84 Achterman and Kalamchi type 1B fibular hemi-
melia with very hypotrophic, faintly visible fibula; mild shortening 
of femur; and moderate shortening of tibia.

 TABLE 29.3

Fibular Deficiency: Functional Classification and 
Treatment Guidelines (Birch)

CLASSIFICATION TREATMENT

TYPE I: FUNCTIONAL FOOT

IA: 0%–5% inequality Orthosis, epiphysiodesis
IB: 6%–10% inequality Epiphysiodesis ± limb 

lengthening
IC: 11%–30% inequality 1 or 2 limb-lengthening pro-

cedures or amputation
ID: >30% inequality >2 limb-lengthening proce-

dures or amputation

TYPE II: NONFUNCTIONAL FOOT

IIA: Functional upper limb Early amputation
IIB: Nonfunctional upper 
limb

Consider limb salvage 
procedure
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Choi et al. noted that the distal tibial epiphysis in patients 
with fibular hemimelia often is wedge-shaped, and they 
found that the severity of the wedging was predictive of the 
severity of foot deformity after tibial lengthening. In patients 
with mildly wedged epiphyses (type I), varying degrees of 
mild growth retardation and minimal foot deformity should 
be anticipated; in patients with moderately wedged epiphyses 
(type II), worsened asymmetric growth retardation and pro-
gressive foot deformity should be expected; and in patients 
with severely wedged epiphyses (type III), severe growth 
retardation and severe foot deformities should be expected.

When the foot is to be salvaged, various reconstructive 
procedures have been described. For equinovalgus defor-
mity, posterior and lateral releases are required. The Achilles 
tendon and the fibrocartilaginous anlage of the absent fibula 
must be released. In older children, ankle valgus can be cor-
rected with a dome or varus supramalleolar osteotomy. Varus 
osteotomy shortens the limb but also eliminates the medial 
prominence associated with a simple closing wedge osteo-
tomy (Fig. 29.85). A Wiltse osteotomy corrects the transla-
tional deformity (Fig. 29.86).

When the foot is amputated, Syme amputation is typically 
performed. At the time of amputation any residual bowing of 
the tibia can be corrected with an osteotomy, or this angular 
correction can be postponed to an older age. Although a Boyd 

amputation offers greater length than a Syme procedure, it 
should be used cautiously in very young children because the 
Boyd amputation leaves a remnant of calcaneus that can migrate 
posteriorly (Fig. 29.87). Prophylactic sectioning of the Achilles 
tendon should be considered when amputation is performed 
for congenital limb deficiencies. Cruciate deficiency is common 
in patients with fibular hemimelia. However, the treatment of 
anterior cruciate ligament deficient knees remains controver-
sial. Some authors have found good function and health status 
relative to age-matched controls over long-term follow-up in 
patients with anterior cruciate ligament deficient knees and a 
wide variety of fibular hemimelia severity and treatments.

Others have suggested that anterior cruciate ligament 
reconstruction should be considered for athletes with fibular 
hemimelia and anterior cruciate ligament insufficiency, with 
expectation of good results and function after reconstruction. 

 

VARUS SUPRAMALLEOLAR 
OSTEOTOMY OF THE ANKLE

 TECHNIQUE 29.30 

(WILTSE)
 n  Make an anterior approach to the distal tibia and a lateral 

approach to the distal fibula.
 n  Create a triangular osteotomy, removing a segment of 

bone that can be used for bone grafting (Fig. 29.86A). 
Make the base of the triangle parallel to the floor, but not 
parallel to the ankle joint.

 n  Make an oblique osteotomy of the distal fibula.
 n  Displace the distal segments proximally and laterally to 

avoid excessive prominence of the medial malleolus (Fig. 
29.86B).

 n  Fix the osteotomy with Steinmann pins and apply a long 
leg cast.

POSTOPERATIVE CARE Weight bearing is not allowed 
until the osteotomies have healed adequately.
  

PROXIMAL FEMORAL FOCAL DEFICIENCY
Similar to many other congenital longitudinal and trans-
verse deficiencies, proximal femoral focal deficiency (PFFD) 
includes a broad spectrum of defects. Mild forms result in 
minor hypoplasia of the femur, whereas severe involvement 
may result in near complete agenesis of the femur (Fig. 29.88). 
Most commonly, PFFD consists of a partial skeletal defect in 
the proximal femur with a variably unstable hip joint, shorten-
ing, and associated other anomalies. Most patients with PFFD, 
especially patients with bilateral involvement, have associated 
anomalies, the most common of which are fibular hemimelia 
and agenesis of the cruciate ligaments of the knee. A variety of 
other congenital anomalies have been reported in association 
with PFFD, including clubfoot, talocalcaneal coalitions, con-
genital heart anomalies, spinal dysplasia, and facial dysplasias.

The incidence of PFFD has been reported to be 1 per 
50,000 live births. Maternal diabetes has been implicated in 
femoral hypoplasia.

A B
FIGURE 29.85 A and B, Closing wedge technique can result in 

translation deformity with prominent medial malleolus (B).

BA
FIGURE 29.86 Wiltse varus osteotomy for valgus ankle defor-

mity. This osteotomy corrects translation that occurs during closing 
wedge osteotomy. A, Translatory shift occurs because deformity is 
present in ankle joint, and osteotomy is done more proximally in 
metaphysis. B, Translating distal fragment laterally results in more 
natural contour of ankle. SEE TECHNIQUE 29.30.
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BA

FIGURE 29.88 A, Infant with severe proximal femoral focal deficiency. In addition to absent 
femur, tibia is short and lateral ray is absent. B, At 5 years of age, after Boyd amputation. Distal 
femoral epiphysis is seen, but there is no femoral shaft or head. Acetabulum shows no sign of 
development. Cartilaginous anlage of distal femoral epiphysis was present at birth but not yet 
radiographically evident.

B

A

 FIGURE 29.87 A, Bilateral type 2 deficiencies affecting right 
side more severely than left side—four rays on left foot and 
only three on right. B, After Boyd amputation on right and foot  
centralization on left.  (Courtesy Robert N. Hensinger, MD.)
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CLASSIFICATION
Aitken’s four-part classification scheme (classes A, B, C, and 
D) is one of the earliest attempts to provide a systematic tax-
onomy of this condition (Table 29.4).

In class A, there is a normal acetabulum and femoral head 
with shortening of the femur and absence of the femoral neck 
on early radiographs. With age, the cartilaginous neck ossi-
fies, although this frequently is associated with a pseudarthro-
sis. This may heal, but the usual radiographic picture shows 
severe coxa vara with significant shortening of the limb. Class 
B is similar to class A in that an acetabulum and femoral head 

are present; however, there is no bony connection between the 
proximal femur and the femoral head, and a pseudarthrosis is 
present. In class C, there is further degradation in the forma-
tion of the hip, characterized by a dysplastic acetabulum, absent 
femoral head, and short femur. A small, separate ossific tuft can 
be seen at the proximal end of the femur. In class D, the ace-
tabulum, femoral head, and proximal femur are totally absent, 
and, in contrast to class C, there is no ossified tuft capping the 
proximal femur. Class D patients often have bilateral anomalies.

Other authors have expanded the definition of PFFD to 
include lesser expressions of femoral malformation. In his 

 TABLE 29.4 

Proximal Focal Femoral Deficiency (Aitken Classification)

TYPE
FEMORAL
HEAD ACETABULUM

FEMORAL
SEGMENT

RELATIONSHIP AMONG COMPO-
NENTS OF FEMUR AND ACETABULUM 
AT SKELETAL MATURITY

A Present Normal Short Bony connection between compo-
nents of femur
Femoral head in acetabulum
Subtrochanteric varus angulation, 
often with pseudarthrosis

B Present Adequate or  
moderately 
dysplastic

Short, usually  
proximal bony tuft

No osseous connection between 
head and shaft
Femoral head in acetabulum

C Absent or 
represented 
by ossicle

Severely dysplastic Short, usually  
proximally tapered

May be osseous connection 
between shaft and proximal 
ossicle
No articular relation between 
femur and acetabulum

D Absent Absent 
Obturator 
foramen  
enlarged
Pelvis squared in 
bilateral cases

Short, deformed None

Modified from Herring JA: Tachdjian’s pediatric orthopaedics, ed 4, Philadelphia, 2014, Elsevier.
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evaluation of 125 patients with PFFD, Pappas described nine 
classes that ranged in severity from complete absence of the 
proximal femur (class I) to mild femoral aplasia (class IX). 
The Pappas class II corresponds to the Aitken class D, the 
Pappas class III corresponds to the Aitken class B, and the 
Pappas class IV and class V may be correlated with the Aitken 
class A (Table 29.5). Kalamchi et  al. developed a simplified 
classification scheme for congenital deficiency of the femur 
that included five groups: group I, short femur and intact hip 
joint; group II, short femur and coxa vara of the hip; group 
III, short femur, but well-developed acetabulum and femoral 
head; group IV, absent hip joint and dysplastic femoral seg-
ment; and group V, total absence of the femur. Group III is 
further subdivided into type A (bony defect of the femoral 
neck eventually ossifies) and type B (bony defect does not 
ossify and results in a persistent pseudarthrosis).

Gillespie and Torode identified two major groups for 
treatment purposes. Group I patients had a hypoplastic femur 
in which the hip and the knee were reconstructible, and leg 
equalization was sometimes possible. Group II patients 
exhibited a “true” PFFD in which the hip joint was markedly 
abnormal. Although some of these patients had tenuous con-
nections between the femoral head and the proximal femur, 
the alignment and surrounding musculature were markedly 
abnormal. Also, these legs were too shortened, rotated, and 
marred by flexion contractures of the hip and knee to be 
reconstructible. These patients required only reconstructive 
procedures that make prosthetic fitting easier. 

TREATMENT
The major problems with PFFD are limb-length inequality 
and variable inadequacy of the proximal femoral musculature 

 TABLE 29.5 

Nine Pappas Classes of Congenital Abnormalities of the Femur

CLASS I CLASS II (AITKEN D) CLASS III (AITKEN B) CLASS IV (AITKEN A) CLASS V (AITKEN A) CLASS VI CLASS VII CLASS VIII CLASS IX

Tibia

Femoral short-
ening (%)

70-90 45-80 40-67 48-85 30-60 10-50 10-41 6-20

Femoropelvic 
abnormalities

Femur absent 
Ischiopubic bone struc-
tures underdeveloped 
and deficient
Lack of acetabular 
development

Femoral head absent 
Ischiopubic bone 
structures delayed in 
ossification

No osseous connection 
between femoral shaft and 
head
Femoral head ossification 
delayed
Acetabulum may be absent 
Femoral condyles 
maldeveloped
Irregular tuft on proximal 
end of femur (rare)

Femoral head and shaft  
joined by irregular  
calcification  
in fibrocartilaginous  
matrix

Femur incompletely ossi-
fied, hypoplastic, and 
irregular
Midshaft of femur 
abnormal

Distal femur 
short, irregular, 
and hypoplastic
Irregular 
distal femoral 
diaphysis

Coxa vara
Hypoplastic femur
Proximal femoral 
diaphysis irregular with 
thickened cortex
Lateral femoral condyle 
deficiency common
Valgus distal femur

Coxa valga
Hypoplastic femur
Femoral head and neck 
smaller
Proximal femoral physis 
horizontal
Abnormality of femoral 
condyles common, with 
associated bowing of shaft 
and valgus of distal femur

Hypoplastic femur

Associated 
abnormalities

Fibula absent Tibia shortened
Fibula, foot, knee 
joint, and ankle joint 
abnormal

Tibia shortened 0%–40%
Fibula shortened 5%–100%
Patella absent or small and 
high riding
Knee joint instability 
common
Foot malformed

Tibia shortened 0%–20%
Fibula shortened 4%–60%
Knee joint instability frequent
Foot small with infrequent  
malformations

Tibia shortened 4%–27%
Fibula shortened 
10%–100%
Knee-joint instability 
common
Severe malformations of 
foot common

Single-bone 
lower leg
Patella absent 
Foot malformed

Tibia shortened 
<10%–24%
Fibula shortened 
<10%–100%
Lateral and high-riding 
patella common

Tibia shortened 0%–36%
Fibula shortened 
0%–100%
Lateral and high-riding 
patella common
Foot malformed

Tibia shortened 
0%–15%
Fibula shortened 
3%–30%
Additional ipsilateral 
and contralateral mal-
formations common

Treatment 
objectives

Prosthetic management Pelvic-femoral stability 
through prosthetic 
management

Union between femoral 
shaft and hip for stability
Prosthetic management

Union between femoral head,  
neck, and shaft
Prosthetic management

Prosthetic management Prosthetic 
management

Extremity length equality
Improved alignment 
of (a) proximal and (b) 
distal femur

Extremity length equality
Improved alignment of 
(a) proximal and (b) distal 
femur

Extremity length 
equality

From Pappas AM: Congenital abnormalities of the femur and related lower-extremity malformations: classifications and treatment, J Pediatr Orthop 3(1):45–60, 1983.
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 TABLE 29.5 

Nine Pappas Classes of Congenital Abnormalities of the Femur

CLASS I CLASS II (AITKEN D) CLASS III (AITKEN B) CLASS IV (AITKEN A) CLASS V (AITKEN A) CLASS VI CLASS VII CLASS VIII CLASS IX

Tibia

Femoral short-
ening (%)

70-90 45-80 40-67 48-85 30-60 10-50 10-41 6-20

Femoropelvic 
abnormalities

Femur absent 
Ischiopubic bone struc-
tures underdeveloped 
and deficient
Lack of acetabular 
development

Femoral head absent 
Ischiopubic bone 
structures delayed in 
ossification

No osseous connection 
between femoral shaft and 
head
Femoral head ossification 
delayed
Acetabulum may be absent 
Femoral condyles 
maldeveloped
Irregular tuft on proximal 
end of femur (rare)

Femoral head and shaft  
joined by irregular  
calcification  
in fibrocartilaginous  
matrix

Femur incompletely ossi-
fied, hypoplastic, and 
irregular
Midshaft of femur 
abnormal

Distal femur 
short, irregular, 
and hypoplastic
Irregular 
distal femoral 
diaphysis

Coxa vara
Hypoplastic femur
Proximal femoral 
diaphysis irregular with 
thickened cortex
Lateral femoral condyle 
deficiency common
Valgus distal femur

Coxa valga
Hypoplastic femur
Femoral head and neck 
smaller
Proximal femoral physis 
horizontal
Abnormality of femoral 
condyles common, with 
associated bowing of shaft 
and valgus of distal femur

Hypoplastic femur

Associated 
abnormalities

Fibula absent Tibia shortened
Fibula, foot, knee 
joint, and ankle joint 
abnormal

Tibia shortened 0%–40%
Fibula shortened 5%–100%
Patella absent or small and 
high riding
Knee joint instability 
common
Foot malformed

Tibia shortened 0%–20%
Fibula shortened 4%–60%
Knee joint instability frequent
Foot small with infrequent  
malformations

Tibia shortened 4%–27%
Fibula shortened 
10%–100%
Knee-joint instability 
common
Severe malformations of 
foot common

Single-bone 
lower leg
Patella absent 
Foot malformed

Tibia shortened 
<10%–24%
Fibula shortened 
<10%–100%
Lateral and high-riding 
patella common

Tibia shortened 0%–36%
Fibula shortened 
0%–100%
Lateral and high-riding 
patella common
Foot malformed

Tibia shortened 
0%–15%
Fibula shortened 
3%–30%
Additional ipsilateral 
and contralateral mal-
formations common

Treatment 
objectives

Prosthetic management Pelvic-femoral stability 
through prosthetic 
management

Union between femoral 
shaft and hip for stability
Prosthetic management

Union between femoral head,  
neck, and shaft
Prosthetic management

Prosthetic management Prosthetic 
management

Extremity length equality
Improved alignment 
of (a) proximal and (b) 
distal femur

Extremity length equality
Improved alignment of 
(a) proximal and (b) distal 
femur

Extremity length 
equality

From Pappas AM: Congenital abnormalities of the femur and related lower-extremity malformations: classifications and treatment, J Pediatr Orthop 3(1):45–60, 1983.

and hip joint. Treatment is highly individualized and ranges 
from amputation and prosthetic rehabilitation to limb sal-
vage, lengthening, and hip reconstruction. The natural his-
tory of the particular variant and the limitations of surgical 
reconstruction must be considered.

Often no surgical reconstruction of any kind is indicated. 
Bilateral PFFD is best treated nonoperatively (Fig. 29.89). 
These patients can walk well without prostheses, but for social 
or cosmetic reasons extension prostheses may be provided. 
The patients learn to accept their short stature and are quite 
functional. Foot surgery may be required to correct other 
anomalies. Limb lengthening is not indicated in these patients 
because extreme lengthening would be necessary, and the 
hips are unstable. Knee fusion is not indicated because the 
knee functions in conjunction with the hip pseudarthrosis to 
provide useful motion.

Most children with PFFD can learn to walk without a 
prosthesis, but a prosthesis helps equalize leg lengths. For 
selected patients, prosthetic management that incorporates 
the patient’s foot without surgical treatment can be used for 
PFFD, but, more commonly, this type of prosthetic manage-
ment is used as a temporary solution in a younger patient until 
definitive surgery is performed (Fig. 29.90). An alternative 
approach is to use the prosthesis to mold the foot into equinus 
so that it fits into an above-knee amputation prosthetic socket. 
The socket is fashioned to include the entire femur. Later an 
arthrodesis can be done, if necessary, to make prosthetic fit-
ting easier. It is possible, however, that some knee motion 
within the stump of the prosthesis may serve as a protective 
mechanism for the abnormal proximal hip. If a knee arthro-
desis is performed, the potential benefits in gait and prosthetic 
fitting may be outweighed by the increased stress placed on the  
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proximal femur and proximal hip articulation and pseudar-
throsis, if present.

Once it is determined that surgical treatment is neces-
sary, two key factors must be assessed: stability of the hip joint 
and percentage of limb-length inequality. For patients with 
a stable hip and predicted length of more than 50% of the 
contralateral limb, limb lengthening (as described later in this 
chapter) should be considered. Knee fusion and Syme ampu-
tation or knee fusion and rotationplasty are indicated for 
patients with a stable hip and limb length less than 50% of the 
contralateral extremity. Finally, if the hip is unstable, stability 
can be achieved with a Steel or Brown fusion of the femur to 
the pelvis followed by Syme amputation or rotationplasty.

Stable Hip and Minimal Shortening. When there is 
a stable hip and relatively little shortening (<50% predicted 
length), salvage of the limb often is preferred. For patients with 
a femoral head and an acetabulum (Aitken class A and class 
B), many authors have recommended surgery to establish con-
tinuity between the femoral head and the femur. Because of 
poor bone stock, surgery is best delayed until ossification of 
the femoral head and proximal metaphysis is adequate; even 
then supplemental autogenous bone grafting may be needed at 
the pseudarthrosis site. Although the radiographic picture may 
be improved with correction of the proximal pseudarthrosis, it 
remains to be shown that function is improved. Many patients 
treated nonoperatively have good motion and reasonably good 
function. For less severe PFFD (Pappas class VII, class VIII, 
and class IX), hip reconstruction is limited to osteotomies that 
improve biomechanical alignment. Care must be taken not to 
damage the proximal femoral physis in these children who 
already have problems with diminished growth of the femur.

Surgical limb lengthening, with or without contralateral 
shortening, should be considered only if the femur is intact. 
Ten to 12 cm has been recommended as the maximal amount 
of lengthening possible in a single long bone with congenital 
deficiency and, combined with contralateral shortening, 17 to 
20 cm as the maximal amount of inequality that can be cor-
rected. Limb lengthening should be done only in a femur with 
more than 50% of predicted femoral length or less than 20 cm 
of projected shortening; other prerequisites for lengthening 
include hip stability and a stable, plantigrade foot. Regardless 
of technique, limb lengthening in patients with PFFD is dif-
ficult, with the ever-present danger of knee and hip sublux-
ation. For large discrepancies, lengthening can be done in 
stages: one at 4 or 5 years of age, a second at 8 or 9 years, and 
a third during adolescence. Depending on the predictions of 
the patient’s overall height based on the normal leg, a contra-
lateral epiphysiodesis may be indicated.

Limb lengthening procedures place stress on the hip and 
knee. Bowen et  al. emphasized the importance of avoiding 
hip subluxation and dislocation during femoral lengthening 
in patients with unilateral femoral shortening. They identified 
several factors that predict progressive subluxation or disloca-
tion of the hip during femoral lengthening: (1) type of defor-
mity (Kalamchi classification), (2) the combined abnormality 
of coxa vara plus the varus bow of the femoral shaft, and (3) 
acetabular dysplasia present before lengthening. No hip abnor-
malities occurred after lengthening in patients with Kalamchi 
type I or II deficiencies, but progressive subluxation or dislo-
cation of the hip occurred in patients with type IIIA femurs 
with a combined coxa vara plus varus bow of the femoral 
shaft of less than 115 degrees and an acetabular index of more  

 FIGURE 29.89 Severe (Aitken class D) bilateral proximal femoral 
focal deficiency in 3-year-old boy; note total lack of formation of 
acetabulum.

 FIGURE 29.90 Prosthesis incorporating foot.
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 FIGURE 29.91 When proximal femur is small, with pseudar-
throsis between femoral neck and shaft, it can be stabilized to 
create better lever arm. Simultaneous knee arthrodesis can be 
performed to create one-bone leg. If possible, medullary fixation 
should stop just short of proximal femoral epiphysis.

 

BA

FIGURE 29.92 A, Proximal femoral focal deficiency in 7-year-old 
child; femur is severely shortened, and tibia is relatively hypoplastic. 
B, After Boyd ankle amputation, stabilization with medullary Stein-
mann pin, and staple arthrodesis of knee joint, patient can be 
rehabilitated as after knee disarticulation.

than 25 degrees. They recommended correction of the varus 
bow of the femur and the neck-shaft angle to 120 degrees and 
the acetabular index to less than 25 degrees before lengthening 
of type IIIA femurs. 

Stable Hip and Severe Shortening. Knee arthrodesis 
(Fig. 29.91) with foot amputation, rather than limb lengthen-
ing, often is the preferred treatment for patients with severe 
shortening and stable hips (Figs. 29.92 and 29.93). Knee 
arthrodesis as described by King serves to create a single bony 
segment from the tibia and shortened femur to function as an 
above-knee amputation after foot amputation. 

Unstable Hip. For more severe deformities in which the 
hip is unstable and there is no femoral head or acetabulum 
(Aitken class C and class D or Pappas class II and class III), many 
authors recommend that no attempt be made at hip reconstruc-
tion, although there are notable exceptions. Steel iliofemoral 
fusion (Fig. 29.94), which requires a simultaneous Chiari oste-
otomy (see Chapter 30) to create a suitable bony bed to receive 
the small femoral remnant, allows the knee joint to assume the 
function of the hip joint. The femoral fragment is fused in a 
90-degree flexed position relative to pelvis so that knee exten-
sion now serves as hip flexion. Additional bone graft to ensure 
fusion has been recommended for Steel fusions. Closing wedge 
osteotomies can be used to eliminate the anterior bowing of the 
femur and allow additional hip flexion for sitting. The Brown 
modification (Fig. 29.95) of the Steel fusion partially addresses 
this concern by rotating the femoral fragment 180 degrees. 
With this technique, the femoral segment is fused to the pel-
vis in the extended position. In this position, former knee flex-
ion now functions as hip flexion and former ankle dorsiflexion 
now functions as knee flexion. Iliofemoral fusion may limit 
mobility of the limb. Even with a certain amount of instability, 
the knee generally functions as a hinge, providing flexion and 
extension only. Rotation and abduction are lost after iliofemoral 
arthrodesis. 

 

KNEE FUSION FOR PROXIMAL 
FEMORAL FOCAL DEFICIENCY

 TECHNIQUE 29.31 

(KING)
 n  Make an S-shaped incision to expose the distal femur and 

proximal tibia anteriorly.
 n  With an oscillating saw remove the proximal aspect of 

the proximal tibial epiphysis until the ossific nucleus is 
seen. Then remove the entire distal femoral epiphysis. The 
remaining tibial epiphysis and distal femoral metaphysis 
will be approximated and stabilized to achieve fusion.

 n  Insert an intramedullary rod into the proximal tibia in an 
antegrade fashion until it exits the plantar surface of the 
foot. Alternatively, the fusion can be stabilized with a 
plate and screws if the anatomy of the two bones will not 
accommodate an intramedullary implant (see Fig. 29.93).

 n  Completely excise the patella to prevent patellofemoral 
symptoms later in life.

 n  Next, approximate the two bony surfaces, taking care to 
ensure proper rotational alignment while maintaining a 
straight segment.
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 n  Advance the rod retrograde into the intramedullary canal 
of the femoral segment.

 n  Close the wound in routine manner and apply a hip spica 
cast.

POSTOPERATIVE CARE The spica cast and rod are re-
moved in the operating room when bony union at the 
arthrodesis site is achieved, usually at 6 weeks. Amputa-
tion of the foot often is done at the time of rod removal.
  

For removal of the foot, ankle disarticulation, Syme 
amputation, or Boyd amputation can all be used. The heel 
pad is stabilized by either the Syme or the Boyd amputation, 
an advantage over simple ankle disarticulation. The Boyd 

amputation saves the entire calcaneus and provides a slightly 
more bulbous stump and additional length. If the combined 
length of the tibia, femoral remnant, and foot is greater than 
the femur on the opposite side, however, taking into account 
potential growth, there is no advantage in the small increase 
and additional length provided by the Boyd amputation.

Prosthetic reconstruction can be made easier in severe 
cases by a Syme amputation. The child is observed with serial 
scanograms until sufficient data have been collected to con-
struct a working Moseley straight-line graph; then further sur-
gery can be planned. If knee arthrodesis is selected to improve 
fitting of a prosthesis and gait, the physes around the knee can 
be epiphysiodesed if necessary to ensure that the prosthetic 
knee is at the same level as the contralateral normal knee 
when the child reaches skeletal maturity. Precise predictions 

 

C D

A

B

FIGURE 29.93 Proximal femoral focal deficiency treated with fusion. SEE TECHNIQUE 
29.31.
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are unnecessary because small amounts of additional shorten-
ing in the involved leg can be readily accommodated by the 
prosthesis. If the involved femorotibial unit is longer than the 
contralateral normal femur, however, the prosthetic knee must 
be placed in either a very proximal or a very distal position, 
which is less cosmetically desirable (Fig. 29.96). Although 
this can be treated with a leg-shortening procedure at skeletal 
maturity, a simpler preventive procedure, such as a well-timed 
epiphysiodesis during the growing years, is preferable.

Rotationplasty. Rotationplasty (Van Nes procedure) can 
be used as an alternative to knee arthrodesis and amputation. 
This reconstruction should be considered in patients who, 

because of significant femoral shortening, are not candidates 
for femoral lengthening. The procedure combines arthrodesis 
of the knee with rotation of the distal tibia 180 degrees exter-
nally so that the ankle joint becomes a functional knee joint: 
ankle plantarflexion becomes “knee” extension, and ankle dor-
siflexion becomes “knee” flexion. A reasonably stable hip joint 
and a well-functioning ankle are required for this technique. 
Many patients with PFFD also have fibular hemimelia, with a 
poorly functioning ankle joint. An arc or ankle motion of at 
least 90 degrees is required for rotationplasty reconstruction 
to be beneficial. The femur, knee, and tibia should equal the 
length of the opposite femur, but this usually is not the case, so 

Acetabulum
deficient,

very shallow

Proximal femur
absent

Chiari osteotomy
displacing distal
segment inward

Anteroposterior view Lateral view

Four lag screw
fixing innominate

bone to femur and
proximal segment

of ilium to distal
segment

A B C

FIGURE 29.94 Steel iliofemoral fusion. A, Proximal femur is absent. B, The femur has been 
shortened to just above the distal physis and rotated 180 degrees so that popliteal fossa now faces 
anteriorly. A Chiari pelvic osteotomy has been fixed with two screws; this is optional depending 
on bony contact of the femur to the pelvis. The femur is fixed to the pelvis with several screws. 
C, Lateral view of the final position of the femur. It is important that the femur be shortened as 
much as possible and that the femoral epiphysis be ablated.

 

Femur segment
and thigh

muscles removed

180°
external
rotation

Sciatic
nerve and
femoral 
vessels
remain
intact

BA
FIGURE 29.95 Rotationplasty and femoropelvic arthrodesis (see text). A, Proximal part of 

femur (with hypoplastic head) and surrounding thigh muscles are removed, and leg is rotated 180 
degrees. B, Limb is rotated, and residual femur is attached to pelvis.
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ipsilateral knee epiphysiodesis is done to equalize the recon-
structed femoral unit and the contralateral normal femur.

Brown described a modification of the Van Nes proce-
dure in which the limb is completely detached except for the 
sciatic nerve and the femoral vessels, the proximal part of the 
dysplastic femur and some muscles are resected, the residual 

limb is externally rotated 180 degrees, and the rotated dis-
tal part of the femur is fused to the pelvis (see Fig. 29.95). 
With this procedure, the rotated knee functions as a hip with 
flexion and extension, and the rotated ankle acts as a knee, 
allowing patients to function as below-knee amputees. Brown 
noted that because the muscles distal to the knee are not 
disturbed, the problem of derotation of the limb, a frequent 
problem after Van Nes rotationplasty, does not occur.

Some significant problems must be discussed with the 
patient and parents before undertaking this type of recon-
struction. First, the appearance of the leg, with the foot rotated 
backward (Fig. 29.97), can be psychologically disturbing; great 
care should be taken in the preoperative consultation to make 
this clear. It is helpful to have another patient who has already 
undergone the procedure demonstrate how the prosthesis func-
tions. If such a patient is unavailable, the family should be shown 
photographs and drawings of a rotationplasty. Another prob-
lem, especially in young children, is derotation of the surgically 
rotated foot, which has been reported to occur in as many as 
50% of patients. Compared with a Syme amputation, rotation-
plasty has been shown to result in a slightly more (10%) energy-
efficient gait, although an electromyographic and gait analysis 
study showed that older patients generally had lower functional 
scores, shorter walking distances, and worse gait patterns. 
Younger patients were better able to adapt to the altered ana-
tomic and functional situation and to develop good function. 

 

ROTATIONPLASTY
 TECHNIQUE 29.32  Figure 29.98

(VAN NES)
 n  Position the patient supine and drape the entire limb free 

so that the skin is exposed from the toes to the iliac crest. 
Place a small towel under the sacrum.

 FIGURE 29.96 Twelve-year-old child with previous Boyd ampu-
tation but no knee arthrodesis. Prosthetic management is that of 
below-knee amputation, but result is cosmetically poor because of 
extremely long “tibia.”

 

CBA

FIGURE 29.97 Appearance of limb after Van Nes rotationplasty: front view (A), back view (B), 
and with prosthesis (C).
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 n  Begin the incision proximal and lateral to the knee and 
extend it across the knee distally along the subcutaneous 
crest of the tibia.

 n  Elevate the flaps medially and laterally to expose the knee 
capsule and patellar tendon.

 n  Divide the patellar tendon and open the knee capsule 
transversely.

 n  Apply traction on the capsule proximally and distally to 
expose the knee joint fully by dividing the collateral liga-
ments and the anterior, medial, and lateral capsule.

 n  On the medial side, carefully dissect out the insertion of 
the adductor magnus up to the level of the femoral artery.

 n  Divide the adductor magnus to enable the artery to dero-
tate anteriorly and to limit postoperative derotation.

 n  Trace the femoral artery distally and posteriorly as it be-
comes the popliteal artery.

 n  Divide the medial hamstring muscles at their insertion.
 n  On the lateral side, carefully dissect out the peroneal 

nerve. If the fibula is deficient, the anatomic relationship 
between the peroneal nerve and the proximal fibular 
head may be abnormal. To prevent damage to the pero-
neal nerve, trace the nerve proximally to its point of origin 
on the sciatic nerve. Release any fascial attachments dis-
tally over the peroneal nerve.

 n  After the major neurovascular structures have been com-
pletely identified and protected, divide the posterior knee 
capsule, and section the origins of the gastrocnemius 
heads.

 n  The only remaining attachments from the femur to the 
tibia are the skin, subcutaneous tissues, and neurovascu-
lar structures. Release the lateral hamstrings.

 n  With an osteotome or oscillating saw, remove the articu-
lar cartilage of the proximal tibia down to the level of 
the proximal tibial epiphysis. Do not damage the proximal 
tibial physis.

 n  If the leg needs to be shortened, shorten the femur by 
removing the distal femoral epiphysis and physis.

 n  Insert an intramedullary Rush rod through the distal fe-
mur proximally, exiting through the piriformis fossa into 
the buttock. If necessary, ream the femur with a drill to 
prevent comminution during nail insertion.

 n  Make a small incision in the buttock where the nail  
exits.

 n  Remove the nail and reinsert it from proximal to distal 
through the femur and into the tibia, stopping short of 
the distal tibial physis. While the nail is being inserted, 
rotate the tibia externally to relax the peroneal nerve.

 n  Gently transfer the femoral popliteal artery anteriorly 
through the adductor hiatus.

 n  If the leg cannot be comfortably rotated through the knee 
resection, obtain additional rotation through a separate 
osteotomy in the midshaft of the tibia, which also is sta-
bilized by the intramedullary nail.

 n  Additional shortening can be performed through the tibia 
if necessary. In such instances, a fibular osteotomy also is 
performed.

 

A B C D E
FIGURE 29.98 Van Nes rotationplasty. Preoperatively, ankle joint of shortened extremity is 

approximately at level of opposite knee joint. A, Long incision on lateral aspect of leg extends from 
hip to midshaft of tibia. B, Quadriceps and sartorius tendons are taken down distally to expose 
adductor hiatus and femoral artery; peroneal nerve is dissected free. C, After resection of knee joint 
and freeing of femoropopliteal artery, tibia is externally rotated 140 degrees. D, Further rotation 
of 40 degrees more is possible after tibial osteotomy, allowing stretch on soft tissues to spread 
over greater distance. External rotation is preferred to internal rotation to prevent stretching of 
peroneal nerve. E, Fixation with medullary Rush rod. SEE TECHNIQUE 29.32.
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 n  Attempt to rotate the extremity 180 degrees. If the rota-
tion places too much torque on the vascular structures, 
and the distal pulses are lost, derotate the leg through the 
knee until the pressure on the vessels is relieved.

 n  Close the wounds and apply a spica cast that maintains 
rotation.

POSTOPERATIVE CARE If derotation of the foot was 
required to relieve vascular pressure, the foot is rotated 
serially using successive hip spica casts to turn the foot on 
the axis of the intramedullary nail. When the osteotomies 
have healed, the child is fitted with a modified below-knee 
prosthesis. Although it is possible to amputate the toes to 
make the foot look more like a below-knee stump and less 
like a “backward” foot, most patients decline this option.
  

Amputations. Although most of the basic surgical prin-
ciples of amputation in adults apply to children, there are 
important differences. Most amputations in children are per-
formed for congenital conditions. Either the child is born 
without a portion of the limb, or an amputation is performed 
to make reconstruction and prosthetic rehabilitation easier in 
a deficient limb. Trauma accounts for most acquired ampu-
tations in children. In contrast to typical adult dysvascular 
patients, children may tolerate skin grafts over stumps and, 
to a certain extent, tension at the suture line. Most revision 
surgeries in children with congenital amputations involve 
the lower extremity. Revision amputation surgery in upper 
extremity limb deficiencies rarely is required.

Prosthetic fitting after amputation in children should 
begin after complete wound healing and standard stump 
preparation. A rigid postoperative plaster dressing that is 
bivalved to allow for swelling is preferred. When the wounds 
are sufficiently healed, stump wrapping with elastic bandages 
is begun to prepare the stump for a prosthesis. Phantom 
pain and phantom sensations are problems in child ampu-
tees, especially after tumor surgery. Neuroma formation is 
rare, but gentle handling of the nerves and sectioning with a 
sharp knife without applying excessive traction on the nerves 
should be routine in all amputation surgery in children.

In planning amputation surgery, maximal length should 
be preserved to provide maximal lever arm strength for pow-
ering a prosthesis. Physes should be preserved whenever pos-
sible to ensure continued growth of the limb. This is especially 
true for the physes around the knee, which provide most of 
the growth in the lower extremity, and the physes around the 
shoulder and wrist, which provide most of the longitudinal 
growth of the upper extremity. Although amputation through 
a long bone in a growing child can result in appositional ter-
minal overgrowth, this is not an adequate reason for sacrific-
ing length. In below-knee amputations in young children, it 
is highly likely that the fibula, and to a lesser extent the tibia, 
will overgrow, but this can be satisfactorily remedied by revi-
sion surgery. Although knee disarticulation would prevent 
overgrowth, it is far more important to preserve the knee joint 
to power a below-knee prosthesis than to prevent overgrowth 
of the stump. Even short below-knee segments should be pre-
served if possible in growing children. Because the proximal 
tibial physis contributes most of the growth of the tibia, an 
initially short stump has the potential to become a longer, 

more functional stump. In older children, it is possible to 
lengthen a short below-knee stump using the Ilizarov tech-
nique to provide a more functional stump in selected patients. 
Involving the prosthetist in the decision-making process can 
be helpful in making the decision between knee disarticula-
tion and preservation of a very short proximal tibia.

Terminal overgrowth has been reported most frequently in 
the humerus, followed by the fibula, tibia, and femur. Because 
it seems to be caused by appositional periosteal bone formation 
distally and not by epiphyseal growth proximally (Fig. 29.99), 
epiphysiodesis does not prevent stump overgrowth. A variety 
of techniques have been devised to prevent stump overgrowth, 
but none has been completely successful. Small bone spurs that 
form at the edge of the transected bone do not constitute true 
overgrowth and rarely require surgical removal. Stump over-
growth occurs in congenital and traumatic amputations.

Patellar dislocations and patella alta are common prob-
lems in adolescents with below-knee amputations, pre-
sumably caused by the force of the patellar tendon-bearing 
prosthesis against the lower surface of the patella. Elongation 
of the patellar tendon might be prevented by earlier modifica-
tion of the prosthesis to distribute the force around a greater 
area rather than concentrating it on the patellar tendon. 

Ankle Disarticulation. Although standard amputation 
techniques are described in Chapter 15, important variations 
of amputations around the ankle exist for reconstruction in 
children with congenital limb deficiencies. The two most 
common reconstructive amputations performed for these 
children are the Syme and Boyd procedures. The Syme ampu-
tation is a modified ankle disarticulation. The Boyd proce-
dure amputates all of the foot bones except the calcaneus and 
fuses the calcaneus to the distal tibia.

Many studies have documented excellent results with 
both procedures, and there are pros and cons to each. There 
is no clear consensus in the literature regarding the preferred 
technique. The problems encountered in Syme amputations in 
children have been overgrowth of retained portions of calca-
neal apophyses, heel pad migration, and formation of exosto-
ses. The advantages of the Boyd operation are the additional 
length gained and the prevention of the posterior displace-
ment of the heel pad, which occurs in many patients with Syme 
amputations. In the Boyd amputation, it is important to align 
the calcaneus properly. If the calcaneus is not aligned correctly, 
it angulates into equinus and interferes with weight bearing.

A problem common to the Syme and the Boyd amputa-
tions is the flare of the distal tibial metaphysis, which gives a 
bulbous shape to the distal stump and necessitates a special 
prosthesis with a removable medial window. In children with 
congenital limb deficiencies, such as tibial or fibular hemi-
melia, the distal ankle is relatively hypoplastic, however, so a 
bulbous stump usually is not a problem. 

 

SYME AMPUTATION

 TECHNIQUE 29.33 

 n  Make a fish-mouth incision beginning at the lateral mal-
leolus, extending over the dorsum of the foot, and ending 
1 cm distal to the medial malleolus (Fig. 29.100A). The 
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plantar portion should extend distally enough to allow 
adequate skin closure anteriorly.

 n  Place the foot in as much equinus as possible to expose 
the anterior ankle capsule and divide it.

 n  Divide the deltoid ligament between the talus and the 
medial malleolus, but do not damage the nearby poste-
rior tibial vessels.

 n  Section the lateral ligament between the calcaneus and 
the fibula.

 n  Grasp the talus with a large clamp and force it further 
into equinus to permit dissection of the posterior ankle 
capsule.

 n  Make a subperiosteal dissection of the posterior aspect of 
the calcaneus through the ankle joint.

 n  Cut the Achilles tendon at its point of insertion into the 
calcaneus, but do not “button hole” it through the skin.

 n  Place further traction on the hindfoot and further hyper-
flexion into equinus and dissect the soft tissues with a 

B

A

FIGURE 29.99 A, Newborn with congenital amputation through proximal tibia. B, At 5 years 
of age, continued growth of distal stump and penciling resulted in protrusion of bone from skin.  
(Courtesy Robert N. Hensinger, MD.)
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periosteal elevator and a knife, staying in the subperios-
teal plane to avoid damaging the heel pad.

 n  Continue the dissection until the entire calcaneus has 
been excised (Fig. 29.100B).

 n  To anchor the heel pad, drill holes in the anterior aspect 
of the distal tibia and use stout sutures from the distal 
aspect of the heel pad, anchoring it in the aponeurosis of 
the distal tibia (Fig. 29.100C).

 n  In children, it is unnecessary to remove the cartilage of the 
distal tibia, but if desired the flare of the medial malleolus 
and distal fibula can be trimmed to create a more even 
weight-bearing surface.

 n  Pull the flexor tendons distally, transect them, and allow 
them to retract.

 n  Ligate the posterior and anterior tibial arteries as far dis-
tally as possible to prevent ischemic necrosis of the flaps.

 n  Insert suction drains in the wound and close the skin in 
layers (Fig. 29.100D).

 n  Apply a rigid plaster dressing to diminish pain after sur-
gery; bivalve the cast to allow for swelling.

POSTOPERATIVE CARE Weight bearing on the stump 
in a cast is delayed until the wound has healed adequately.
   

 

BOYD AMPUTATION

 TECHNIQUE 29.34 

 n  Make a fish-mouth incision as described for the Syme am-
putation.

 n  Elevate the skin flaps proximally and amputate the fore-
foot through the midtarsal joints.

 n  Excise the entire talus, using sharp dissection.
 n  With an oscillating saw or osteotome, transect the distal 

end of the calcaneus (Fig. 29.101A).

 n  In a similar manner, remove the articular surface of the 
subtalar joint on the calcaneus perpendicular to the long 
axis of the tibia.

 n  Resect an adequate amount of the distal tibial articular 
cartilage so that the bony epiphysis of the distal tibia is 
exposed (Fig. 29.101B).

 n  Shape the calcaneus to fit accurately against the surface 
of the distal tibial epiphysis. Stabilize this with a smooth 
Steinmann pin that enters the heel pad and provides fixa-
tion to the tibia by crossing the distal tibial physis into the 
metaphysis.

 n  Occasionally, the Achilles tendon must be severed to al-
low accurate positioning of the calcaneus.

 n  Shift the calcaneus anteriorly before fixing it with the 
Steinmann pin (Fig. 29.101C).

 n  Section the medial and lateral plantar nerves and allow 
them to retract.

 n  Section the posterior and anterior tibial arteries as far dis-
tally as possible to prevent wound necrosis.

 n  Close the wound over drains and apply a plaster cast. A 
hip spica cast may be necessary for young children.

POSTOPERATIVE CARE The pin usually can be removed 
at 6 weeks, and a new cast is applied and worn for an ad-
ditional 6 weeks. After this, the stump usually has healed 
sufficiently for prosthetic rehabilitation.
  

LIMB-LENGTH DISCREPANCY
Limb-length equality in the lower extremity is not only a 
cosmetic concern, but also a functional concern. The short 
leg gait is awkward, increases energy expenditure because of 
the excessive vertical rise and fall of the pelvis or compen-
satory ankle movements and may result in back pain from 
long-standing significant discrepancies. Compensatory 
scoliosis and decreased spinal mobility also have been 
reported with discrepancies of 1.2 to 5.2 cm; however, it 

A B C D

FIGURE 29.100 Syme amputation. A, Fish-mouth incision. B, Enucleation of talus and calcaneus. 
C, Plantar flap sutured to distal tibia. D, Completed closure with drain in place. SEE TECHNIQUE 
29.32.
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should be noted that limb-length inequalities of 0.5 to 2 
cm are common in the normal, asymptomatic population.

Limb-length inequality of more than 2.5 cm has tradi-
tionally been considered significant, with an increased likeli-
hood of knee, hip, and lumbar spine pain; however, support 
for this exact value is lacking in the literature. The manage-
ment of a patient with limb-length inequality is quite com-
plex, and multiple factors including cause of the discrepancy, 
associated conditions, pain, and patient/family expectations 
must be taken into account along with the measured differ-
ence before treatment is undertaken.

Limb-length inequality may be acquired and result from 
trauma or infection that damages the physis, from asymmet-
ric paralytic conditions (e.g., poliomyelitis or cerebral palsy), 
or from tumors or tumor-like conditions that affect bone 
growth by stimulating asymmetric growth, such as occurs 
with juvenile rheumatoid arthritis or postfracture hypervas-
cularity. Idiopathic unilateral hypoplasia and hyperplasia are 
other common causes of limb-length discrepancy. Finally, 
congenital conditions such as femoral or fibular deficiency or 
tibial hemimelia can cause the inequality.

The treatment of limb-length discrepancy must be tai-
lored to the specific conditions and needs of the individual 
patient. Treatment plans can be formulated only after a care-
ful evaluation that includes assessment of the chronologic 
and skeletal ages of the patient, the current and predicted 
discrepancy in the limb lengths, the predicted adult height, 
the cause of the discrepancy, the functional status of the 
joints, and the social and psychologic background of the 
patient and family.

CLINICAL ASSESSMENT
Clinical evaluation should include assessment for any rota-
tional and angular deformities, foot height differences, sco-
liosis, pelvic obliquity, and joint mobility and function. In 
certain paralytic conditions, particularly spastic diplegia, 
flexion contractures of the knee and hip make the limb appear 
shorter than it really is on clinical and radiographic exami-
nations; however, mild shortness of the paralytic side can 
improve gait by allowing the paralytic foot to clear the floor 
more easily during the swing phase of gait.

The simplest means of measuring limb-length discrep-
ancy is to place wooden blocks of known heights under the 
short leg until the pelvis is level (Fig. 29.102); however, asym-
metric pelvic development or pelvic obliquity can cause mis-
calculation. Measurement also can be made from the anterior 
superior iliac spine to the medial malleolus, but this measure-
ment may not be accurate because of patient positioning. 
Supine and prone Galeazzi measurements can help to localize 
the discrepancy to the femoral or tibial segment respectively. 

RADIOGRAPHIC ASSESSMENT
Radiographic measurements are an essential part of the eval-
uation of limb-length inequality, and they are important for 
accuracy because clinically palpable landmarks may be inac-
curate. Two traditional, commonly-used radiographic tech-
niques for measuring lower limb-length discrepancy are the 
standing orthoradiograph and the scanogram. The ortho-
radiograph is made on a long cassette that includes the hip, 
knee, and ankle on a single exposure. A magnification marker 
placed on the leg at the level of the bone minimizes magni-
fication error. The scanogram uses separate exposures of the 
hip, knee, and ankle, so there is little parallax error (Figs. 
29.103 and 29.104).

However, it does require that the child remain still 
for all three exposures. Although the parallax error is 
greater with standing orthoradiographs, they do offer the 
additional benefit of showing limb alignment, as well as 
reducing the exposure to ionizing radiation. With either 
study, it is imperative that the legs be positioned with the 
patellae facing forward. Skeletal age is an important fac-
tor to include when making treatment decisions. A view of 
the left wrist is obtained to estimate skeletal age from the 
Greulich and Pyle atlas; however, this is unnecessary for 
children younger than 5 years old because the skeletal and 
chronologic ages are not significantly different in these 
children. Although the use of the Greulich and Pyle atlas is 
an important part of the overall assessment of skeletal age, 
it should be noted that the standard deviation for this atlas 
is one page either way.

CT scanograms have been proposed as an improvement 
over standard scanograms because the radiation exposure is 

A B C
FIGURE 29.101 Boyd amputation. A, Fish-mouth incision; shaded areas represent resected bone. 

B, Cartilage of distal tibia is removed by shaving gradually until bony epiphysis is reached; calcaneus 
is shifted anteriorly, and Achilles tendon is sectioned to prevent it from migrating proximally. C, 
Fixation with smooth medullary pin aids fusion of calcaneus to distal tibial epiphysis. SEE TECHNIQUE 
29.34.
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A B C

FIGURE 29.102 Block test for evaluation of limb length discrepancy.

 FIGURE 29.103 Scanogram obtained for evaluation of limb-
length discrepancy in 12-year-old boy with fibular hemimelia on 
right.

 FIGURE 29.104 Scanogram compared with standing orthora-
diograph.
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less, and accuracy is not compromised. On lateral CT scano-
grams, accurate measurement can be made of even a limb 
with a flexion deformity. On biplanar CT scanograms, foot 
height also can be measured. EOS slot scanning technol-
ogy (EOS Imaging, Paris, France) offers an alternative in 
some centers (Fig. 29.105). Benefits include simultaneously 
obtained biplanar, upright images of the entire length of both 
lower extremities with little to no magnification error, and 
lower radiation exposure. To avoid motion artifact, the child 
must remain still throughout the short scan time. This tech-
nology has been shown to provide greater accuracy and reli-
ability over more traditional imaging modalities. 

TECHNIQUES FOR PREDICTING GROWTH 
REMAINING
Multiple techniques are used to predict growth and to help 
the surgeon determine the timing of limb equalization proce-
dures. One is the Green-Anderson growth-remaining chart. 
Proper use of this chart requires the clinician to estimate 
the percentage of growth inhibition for the patient by taking 
two interval measurements separated by at least 3 months. 
The growth difference between the involved limb and the 
normal limb is multiplied by 100, and that result is divided 
by the growth of the normal limb. Moseley simplified the 
Green-Anderson chart by mathematically manipulating the 
original data to allow it to fit on a straight-line graph that is 
visually graphic and easier to apply (Fig. 29.106). It avoids the 
need for mathematical calculations of growth inhibition and 
provides a ready prediction of the results of epiphysiodesis, 
lengthening, and shortening (Box 29.1). Reference slopes are 
provided for predicting future limb growth after epiphysiode-
sis of the distal femur, the proximal tibia, or both. The differ-
ence between the slopes of the normal leg and the short leg is 
the growth inhibition. Lengthening of the short leg in a grow-
ing child can be depicted by a sharp vertical rise, followed by 
a continued gradual slope equivalent to the slope of growth 
before lengthening (Fig. 29.107).

One criticism of the Green-Anderson tables and the 
Moseley straight-line graph for limb-length discrepancy is 
that they do not include an estimation for foot height. A dis-
crepancy of 4 cm by radiographic scanograms may be 5 cm 
by the clinical block technique if the short leg also has a small 
foot and ankle unit.

There are some fundamental problems with the Green-
Anderson and the Moseley methods. The original data for 
growth and height may not be applicable to modern children. 
The skeletal age according to Greulich and Pyle’s atlas is at 
best an approximation. Human growth is not always math-
ematically predictable because it is influenced by nutritional, 
metabolic, hormonal, and socioeconomic factors as well as 
the cause of the leg-length discrepancy. Limb-length discrep-
ancy in some children with juvenile rheumatoid arthritis and 
Perthes disease may follow an upward slope/downward slope 
pattern in which the discrepancy corrects itself. In overgrowth 
after a femoral fracture, the pattern of growth may level off, 
and after a short period the discrepancy remains constant. 
Despite these atypical patterns, most leg-length discrepancies 
follow the traditional growth prediction curves.

Simpler methods of predicting growth are available. The 
Menelaus method is convenient because it requires no spe-
cial charts or graphs and relies on chronologic age rather than 
skeletal age. Menelaus assumes that in adolescents older than 
9 years of age, the distal femur grows ³∕₈ inch (9 mm) per year, 
the proximal tibia grows ¼ inch (6 mm) per year, and growth 
ceases at age 14 years in girls and at age 16 years in boys. 
Using his technique, Menelaus achieved a final limb-length 
discrepancy of less than ¾ inch in 94 patients who underwent 
epiphysiodesis.

Paley, Bhave, Herzenberg, and Bowen developed a “multi-
plier” method for predicting limb-length discrepancy at skel-
etal maturity. Using available databases, they divided femoral 
and tibial lengths at skeletal maturity (Lm) by femoral and tibial 
lengths (L) at each age for each percentile group. The resul-
tant number was called the multiplier (M). This multiplier is 
used in formulas to predict limb-length discrepancy and the 
amount of growth remaining and to calculate the timing of epi-
physiodesis. According to these authors, the multiplier method 
allows for a quick calculation of predicted limb-length discrep-
ancy at skeletal maturity, without the need to plot graphs, and 
is based on one or two measurements. A simple chart of multi-
pliers and several formulas are all that is required (Table 29.6).

The multiplier method can be applied to total limb-length 
discrepancy, including femoral, tibial, and foot-height differ-
ences. Clinical data in their study confirmed that the mul-
tiplier method correlated closely with the Moseley method. 
Smartphone applications are now available that can quickly 
and reliably provide treatment recommendations based on 
the multiplier method. The surgeon must understand the 
underlying assumptions of the multiplier method before rely-
ing completely on the application.

In a group of patients with limb lengthenings, there was 
no difference in the accuracy of the two methods; in a group 
with epiphysiodeses, the multiplier method was more accu-
rate. In two later clinical validation studies, Aguilar et  al. 
showed the multiplier method to be more accurate than 
the Moseley and Anderson methods; the multiplier method 
also was quicker and simpler to use, requiring only one data 
point for predicting limb length at maturity. No matter the 
method used, all are, at best, approximations. A final clinical 

 FIGURE 29.105 EOS machine.
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discrepancy of 1 to 1.5 cm after treatment should be consid-
ered an excellent outcome. 

TREATMENT
The goals of treatment are a balanced spine and pelvis, equal 
limb lengths, and a correct mechanical weight-bearing axis. In 
patients with rigid scoliosis and an oblique lumbosacral take-
off, some degree of limb-length discrepancy may be desirable 
to preserve a balanced spine. By convention, the term epiphys-
iodesis is used to describe the arrest of growth of a particular 
physis. It should be noted that physeal, rather than epiphyseal, 
growth is halted through this process, and the term physiodesis 
might be a more accurate term. Nevertheless, in keeping with 
convention, epiphysiodesis is used through the remainder of 
the chapter when discussing cessation of physeal growth.

Four types of treatment are available for limb-length 
equalization: shoe lift or prosthetic conversion, epiphysio-
desis of the long leg, shortening of the long leg (in patients 
too old for epiphysiodesis), and lengthening of the short 

leg. Judicious combinations of ipsilateral lengthening 
and contralateral epiphysiodesis can be used for signifi-
cant discrepancies to reduce the amount of lengthening 
required.

For small discrepancies of 1.5 cm or less, no treatment 
is necessary. If a patient desires, a 1-cm shoe lift can be pro-
vided to wear inside the shoe. The lift need not compensate 
for the entire discrepancy because people rarely stand erect 
with both knees and hips straight, and many people have 
small (1 cm) differences that are functionally insignificant. 
The degree of discrepancy that can be compensated for with 
an internal shoe lift is limited, however, and for differences 
of 2 to 4 cm, a lift on the outside of the shoe is necessary. For 
small discrepancies, a heel lift can be used, and for larger dif-
ferences, a full-sole lift is needed (Fig. 29.108). A shoe lift can 
be used for large discrepancies if the patient declines short-
ening or lengthening. Lifts of 5 to 10 cm are unsightly and 
unstable, however, and may require additional uprights or an 
ankle-foot orthosis to help support the ankle.
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FIGURE 29.106 Moseley straight-line graph. Example shown is boy with idiopathic hemiatrophy 
observed clinically for 4 consecutive years. In 2000, longer leg measured 70 cm, shorter leg was 67 
cm, and bone age was 9 years. Additional scanograms and bone age radiographs are plotted as 
shown. Horizontal straight line (A) extends to maturity line with equal number of skeletal ages 
above and below line. At skeletal maturity, longer leg is projected to measure 92 cm, and shorter 
leg is projected to measure 87 cm. Broken line (B) represents projected growth of longer leg if 
epiphysiodeses of distal femur and proximal tibia are performed when longer leg reaches 84 cm 
in length, obtaining limb equalization by skeletal maturity.
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Many children reject shoe lifts on reaching adoles-
cence, preferring instead to walk with compensatory 
mechanisms, including ankle equinus, pelvic tilt, and 
contralateral knee flexion. Nevertheless, shoe lifts often 
are beneficial in this age group as a trial to allow the 
patient to assess the potential benefits of a proposed sur-
gical option. Extension prostheses are “modified shoe 
lifts” in that the foot is not amputated. Instead, the foot 
is forced into an equinus position and is fitted into a cus-
tom prosthesis that has a prosthetic foot distal to the nat-
ural foot (Fig. 29.90). Conversion with a Syme or Boyd 
amputation is preferred, however, to make prosthetic fit-
ting easier. 

OPERATIVE TREATMENT
Theoretically, lengthening of the short limb is the optimal 
treatment, but technical difficulty and frequent complica-
tions of lengthening procedures have made epiphysiodesis a 
more attractive option for small discrepancies. For growing 
children, epiphysiodesis is a relatively simple procedure with 
reasonably low morbidity and fast recovery. In adolescents 
too old for effective epiphysiodesis, limb shortening is accu-
rate, safe, and simple, with a complication rate only slightly 
higher than epiphysiodesis. Joint stiffness after shortening is 
rare because the muscles are made slack by shortening of the 
limb, in contrast to lengthening, which frequently results in 
permanent joint stiffness and subluxation.

Instructions for Using Moseley Straight-Line Graph for Leg-Length Inequality

Depiction of Past Growth
 n  At each office visit, obtain three values:
 n  Length of the normal leg measured by orthoradiograph 

from the most superior part of the femoral head to the 
middle of the articular surface of the tibia at the ankle

 n  Length of the short leg
 n  Radiographic estimate of skeletal age
 n  Place the point for the normal leg on the normal leg line of 

the appropriate length.
 n  Draw a vertical line through that point the entire height of 

the graph and through the skeletal age “scalar” area of either 
boys or girls; this line represents the current skeletal age.

 n  Place the point for the short leg on the current skeletal age 
line of the correct length.

 n  Mark the point where the current skeletal age line intersects 
that sloping “scalar” in the skeletal age area that corresponds 
to the radiographic estimate of skeletal age.

 n  Plot successive sets of three points in the same fashion.
 n  Draw the straight line that best fits the points plotted previ-

ously for successive lengths of the short leg.
 n  Discrepancy is represented by the vertical distance between 

two growth lines.
 n  Inhibition is represented by the difference in the slope between 

the two growth lines, taking the slope of the normal leg as 
100. 

Prediction of Future Growth
 n  Extend to the right growth line of the short leg.
 n  Draw the horizontal straight line that best fits the points 

plotted previously in the skeletal age area.
 n  Growth percentile is represented by the position of that hori-

zontal line and indicates whether the child is taller or shorter 
than the mean.

 n  Skeletal age scale is represented by the intersections of this 
horizontal line with the scalars in the skeletal age area. The 
maturity point is the intersection of the line with the maturity 
scale.

 n  Draw a vertical line through the maturity point. This line 
represents maturity and the cessation of growth. Its intersec-
tion with the growth lines of the two legs represents their 
anticipated lengths at maturity.

 n  In keeping a child’s graph up to date, it is recommended that 
these lines be drawn in pencil. The addition of further data 

makes this method more accurate and may require slight 
changes in the positions of these lines. 

Effects of Surgery
Epiphysiodesis
 n  Ascertain the length of the normal leg just before surgery, 

and mark that point on the normal leg line.
 n  From that point, draw a line parallel to the reference point 

for the particular physis fused. This is the new growth line 
for the normal leg (contribution of physes to total growth of 
leg: distal femur, 37%; proximal tibia, 28%; both, 65%).

 n  The percentage decrease in slope of the new growth line 
(taking the previous slope as 100%) exactly represents the 
loss of the contribution of the fused physis or physes. 

Lengthening
 n  Draw the growth line for the lengthened leg exactly parallel to 

the previous growth line but displaced upward by a distance 
exactly equal to the length increase achieved. Because the 
physes are not affected, the growth rate is not affected and 
thus the slope of the line is unchanged. 

Timing of Surgery
Epiphysiodesis
 n  Project the growth line of the short leg to intersect the matu-

rity line, taking into account the effect of a lengthening proce-
dure if necessary.

 n  From the intersection with the maturity line, draw a line whose 
slope is equal to the reference slope for the proposed surgery.

 n  The point at which this line meets the growth line of the 
normal leg indicates the point at which surgery should be 
done. This point is defined not in terms of the calendar but 
in terms of the length of the normal leg. 

Lengthening
 n  Because lengthening procedures do not affect the rate of 

growth, the timing of this procedure is not critical and is 
governed by clinical considerations. 

Postoperative Follow-Up
 n  Draw the new growth line of the normal leg as explained 

under Effects of Surgery.
 n  Data are plotted exactly as before except that the length of 

the short leg is plotted first and is placed on the growth line 
previously established for the short leg.

 BOX 29.1 
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FIGURE 29.107 Moseley graph of patient with congenitally short femur and fibular hemimelia 
shows plan of femoral lengthening, tibial lengthening, and distal femoral epiphysiodesis.

 

BA

FIGURE 29.108 Shoe lifts for mild leg-length discrepancy.
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 TABLE 29.6 

Lower Limb Multipliers for Boys and Girls

AGE MULTIPLIER

(YEAR + MONTH) BOYS GIRLS
Birth 5.080 4.630
0 + 3 4.550 4.155
0 + 6 4.050 3.725
0 + 9 3.600 3.300
1 + 0 3.240 2.970
1 + 3 2.975 2.750
1 + 6 2.825 2.600
1 + 9 2.700 2.490
2 + 0 2.590 2.390
2 + 3 2.480 2.295
2 + 6 2.385 2.200
2 + 9 2.300 2.125
3 + 0 2.230 2.050
3 + 6 2.110 1.925
4 + 0 2.000 1.830
4 + 6 1.890 1.740
5 + 0 1.820 1.660
5 + 6 1.740 1.580
6 + 0 1.670 1.510
6 + 6 1.620 1.460
7 + 0 1.570 1.430
7 + 6 1.520 1.370
8 + 0 1.470 1.330
8 + 6 1.420 1.290
9 + 0 1.380 1.260
9 + 6 1.340 1.220
10 + 0 1.310 1.190
10 + 6 1.280 1.160
11 + 0 1.240 1.130
11 + 6 1.220 1.100
12 + 0 1.180 1.070
12 + 6 1.160 1.050
13 + 0 1.130 1.030
13 + 6 1.100 1.010
14 + 0 1.080 1.000
14 + 6 1.060 NA
15 + 0 1.040 NA
15 + 6 1.020 NA
16 + 0 1.010 NA
16 + 6 1.010 NA
17 + 0 1.000 NA

MULTIPLIER METHOD FOR PREDICTING LOWER LIMB–LENGTH DISCREPANCIES

Length at Skeletal Maturity

Lm = L × M
This formula can be used to determine the length of the femur, tibia, femur and tibia, or entire lower limb, including the 
foot height. It applies equally to the short and long limbs.

Continued
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Lower Limb Multipliers for Boys and Girls—cont’d

AGE MULTIPLIER

(YEAR + MONTH) BOYS GIRLS

Congenital Limb-Length Discrepancy

Δm = Δ × M
This formula can be used to determine limb-length discrepancy in patients with congenital short femur, fibular hemimelia, 
hemihypertrophy, or hemiatrophy.

Developmental Limb-Length Discrepancy

Δm = Δ + (I × G)
where I = 1 − (S − S)/(L − L) and G = L(M − 1). This formula can be used to determine limb-length discrepancy in patients with 
Ollier disease, poliomyelitis, or growth arrest. It also can be used to determine discrepancy in patients with a congenital 
discrepancy. It also is useful in predicting the growth-remaining discrepancy in patients who have already undergone one or 
more limb-lengthening procedures.

Timing of Epiphysiodesis

Lε = Lm − Gε
and
Mε = Lm/Lε
Look in the multiplier table for the value of Mε and determine which age corresponds to this multiplier value. This is the age 
of the patient at the time of epiphysiodesis.

G, Amount of growth remaining; I, amount of growth inhibition; L, current length of long limb; L, length of long limb as 
measured on previous radiographs (preferably made at least 6 or 12 months before current radiographs); Lm, length of 
femur or tibia at skeletal maturity; M, multiplier; S, current length of short limb; S, length of short limb as measured on 
previous radiographs (preferably made at least 6 or 12 months before current radiographs); Δ, current limb-length discrep-
ancy; Δm, limb-length discrepancy at skeletal maturity; ε, desired correction following epiphysiodesis; Gε, amount of femoral 
or tibial growth remaining at age of epiphysiodesis (Gε = ε/0.71 for femur and ε/0.57 for tibia); Lε, desired length of bone to 
undergo epiphysiodesis at time of epiphysiodesis; Mε, multiplier at age of epiphysiodesis.

NA, Not applicable.
From Paley D, Bhave A, Herzenberg JE, et al: Multiplier method for predicting limb-length discrepancy, J Bone Joint Surg 82A:1432–1446, 2000.

 TABLE 29.6 

Shortening and epiphysiodesis have several disadvantages: 
(1) the normal limb is operated on rather than the pathologic 
limb, and if there is a deformity in the short limb, a second 
operation may be necessary to correct that deformity; (2), the 
resulting body proportions may be cosmetically displeasing 
after shortening; (3) the degree of shortening possible is limited 
because of the inability of the muscles to adapt to shortening 
of more than 5 cm; and (4) the final height after shortening or 
epiphysiodesis may be unacceptably low.

EPIPHYSIODESIS
Phemister described epiphysiodesis in 1933, and his original 
technique, with minor modifications, has been widely used 
for limb-length equalization. Most authors recommend epi-
physiodesis when 2 to 5 cm of shortening is required; how-
ever, Menelaus and others recommended epiphysiodesis for 
discrepancies of 8 to 10 cm to avoid the complications of limb 
lengthening. Currently, epiphysiodesis is not recommended 
for shortening of more than 5 cm. Although typically a safe 
procedure with predictable results, epiphysiodesis can have 
complications; the most common complication in recent 
large series of patients was unintended angular deformity.

A newer technique of epiphysiodesis involves the use of 
percutaneous instrumentation to obliterate the physis through 
small, cosmetically pleasing incisions (Technique 29.36).

Angled curets can be used instead of high-speed burrs to 
scrape the epiphyseal cartilage. It should be noted that nor-
mal physeal anatomy often contains multiple undulations or 
peaks and valleys. Care should be taken to obliterate as much 

of the physis as possible so that growth arrest is complete and 
predictable.

Métaizeau et  al. described a technique for percutaneous 
epiphysiodesis using transphyseal screws (PETS) (Technique 
29.37). In 32 patients with leg-length discrepancies, PETS 
reduced the final discrepancy to less than 1 cm in 82% and to 
5 mm or less in 56%. PETS has also shown success in the cor-
rection of angular deformities of the lower extremity. Multiple 
authors have cited as advantages of PETS simplicity of the tech-
nique, short operating time, rapid postoperative rehabilitation, 
and potential reversibility (Fig. 29.109). However, there seems 
to be a lag time before the PETS technique produces the desired 
effect; therefore the epiphysiodesis should be performed up to 
1 year before the time predicted for a formal open procedure. 

 

PHYSEAL EXPOSURE AROUND THE 
KNEE

 TECHNIQUE 29.35 

(ABBOTT AND GILL, MODIFIED)
 n  Flex the knee 30 degrees to relax the hamstring muscles 

and make a lateral incision 6.5 cm proximal to the lateral 
femoral condyle, continuing distally between the biceps 
tendon and iliotibial band to the fibular head and extend-
ing anteriorly over the lateral aspect of the tibia. Such a 
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long extensile incision probably is not necessary in most 
cases; two smaller incisions, centered over each physis, 
typically are adequate for exposure.

 n  Enter the interval between the lateral intermuscular sep-
tum and the vastus lateralis.

 n  Cauterize the superior geniculate arteries.
 n  Make a vertical incision in the periosteum over the physis 

and identify the thin “white line” of cartilage.
 n  Protect the peroneal nerve behind the fibular head and incise 

the periosteum over the anterior aspect of the fibular head.
 n  Reflect the anterior compartment muscles off the tibia 

distally to expose the proximal tibial physis.
 n  On the medial side, make a curved incision starting at 

the adductor tubercle and continuing first posteriorly and 
then anteriorly along the sartorius tendon. Ligate the ge-
niculate arteries.

 n  Open the periosteum of the distal femur between the vas-
tus medialis and intermedius muscles. Keep the dissection 
subperiosteal to avoid entering the knee joint.

 n  Over the proximal tibia, retract the pes anserinus tendon 
posteriorly, ligate the geniculate arteries, and make a vertical 
incision to aid in subperiosteal exposure to locate the physis.
Four short (2.5 cm) incisions can be used rather than two 

long ones to improve cosmesis. Dissection of the peroneal nerve 
is not mandatory. Fluoroscopy or image intensification, using 
needles to locate the physes, is helpful in placing the incisions. 
Preoperative radiographs showing the relation of the distal 
femoral physis to the patella also aid placement of the incision.

   

 

PERCUTANEOUS EPIPHYSIODESIS

 TECHNIQUE 29.36 

(CANALE ET AL.)
 n  After administration of general anesthesia, place the pa-

tient supine on the operating table. Prepare the limb in 

the standard fashion and drape it free. A tourniquet can 
be used if desired.

 n  Place a hemostat on the lateral aspect of the leg to locate 
the lateral portion of the distal femoral physis. After it has 
been located with image intensification, make small me-
dial and lateral stab wounds approximately 1.5 cm long.

 n  Place a smooth Steinmann pin or Kirschner wire into the 
physis and drill it into the side of the distal femoral physis. 
Confirm correct positioning of the pin on anteroposterior 
and lateral image intensification views. Rotate the image 
intensifier rather than the leg because rotation of the 
leg causes the iliotibial band and medial musculature to 
tighten and interfere with placement of instruments.

 n  Place a cannulated reamer over the guide pin (Fig. 
29.110A and B) and drill into the physis approximately 
halfway across; verify this with image intensification.

 n  After removal of the reamer, introduce a high-speed 
pneumatic drill with a dental burr. Protect the skin during 
drilling to prevent heat necrosis of the skin; using a guard 
for the dental burr is helpful.

 n  As an alternative, use angled and straight curets to re-
move the physis (Fig. 29.110C). Ream the physis proxi-
mally and distally, anteriorly and posteriorly, especially at 
the periphery, to create a “bull’s eye” effect in the center 
of the physis at the lateral periphery.

 n  It is unnecessary to remove the entire physis. A lucent 
area or blackout effect is noted on image intensification 
where the physis and surrounding bone have been re-
moved. If the “bull’s eye” effect is not achieved, use a 
curet or larger reamer (e.g., from an adult compression 
hip screw set), and repeat the procedure on the medial 
side with frequent image intensification evaluation. Often 
the medial and lateral defects can be connected.

 n  Thoroughly irrigate to remove all loose pieces of cartilage 
and cancellous bone.

 n  Close the wounds with subcutaneous sutures and apply 
a sterile dressing.

 n  The same technique is used in the proximal tibial physis 
except that the tibial physis is more undulating than the 

 

A B

FIGURE 29.109 Percutaneous epiphysiodesis using transphyseal screws images. A, Anteropos-
terior. B, Lateral.
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femoral and requires more careful drilling. Epiphysiodesis 
of the proximal fibular physis may be unnecessary, espe-
cially if the desired growth arrest in the proximal tibia is 
less than 2.5 cm. Perform proximal fibular epiphysiodesis 
with a small Steinmann pin, a small cannulated reamer, 
and a hand drill or curet under direct vision through a 
small separate incision. Because of the possibility of me-
chanical or thermal damage to the peroneal nerve, take 
great care in this area.

 n  As a modification of this technique, a radiolucent imaging 
table can be used instead of a fracture table. Use a tourni-
quet and make the stab wound large enough to insert a 
¼-inch drill bit to broach the cortex. Curet the physis with 
angled and straight curets, using the image intensifier as 
needed (see Fig. 29.110C).

 n  In the proximal tibia, it is important to palpate the fibular 
head, make the incision over the physis under image con-
trol, and stay anterior. A drill is not required to broach the 
proximal fibular cortex; a small, straight curet works well 
and does not risk injury to the peroneal nerve.

POSTOPERATIVE CARE Immediate weight bearing in a 
soft knee immobilizer is allowed. The immobilizer is worn 
for approximately 2 to 3 weeks. If femoral and tibial epi-
physiodeses have been done, a knee immobilizer is worn 

for 10 to 14 days, and then active range-of-motion exer-
cises are begun. Crutches are used for guarded weight 
bearing for the first 4 weeks.
   

 

PERCUTANEOUS TRANSEPIPHYSEAL 
SCREW EPIPHYSIODESIS

 TECHNIQUE 29.37 

(MÉTAIZEAU ET AL.)
 n  Prepare and drape the entire lower limb from groin to 

foot.
 n  Through a small stab incision over the lateral aspect of the 

distal femoral metaphysis, drill a hole directed obliquely 
downward and medially.

 n  Aiming slightly posterior to the midcoronal plane of the 
femur, advance the drill past the anatomic axis to cross 
the physis at the junction of its middle and inner thirds, 
and stop just short of the articular surface of the medial 
femoral condyle.

 n  Insert a cancellous screw with long threads; a cancellous 
screw with short threads and a washer can be used.

CB

A

FIGURE 29.110 A, Insertion of cannulated reamer over guide pin in proximal tibia. B, Percu-
taneous drilling of distal tibial and fibular physes. C, Alternative method of using curets inserted 
through drill holes in cortex. SEE TECHNIQUE 29.36.
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 n  Insert the second screw from the medial aspect, symmet-
rically to the first screw in relation to the anatomic axis of 
the distal femur, but slightly anterior to the midcoronal 
plane to avoid the first screw (Fig. 29.111).

 n  An alternative construct consists of two more vertically 
oriented screws that cross neither each other nor the ana-
tomic axis of the distal femur. Instead, they traverse the 
physis, one at either end of its middle third, for a more 
even distribution of arresting forces (Fig. 29.112). This 
technique looks easier in theory than it does in practice. 
Correct placement of the screws is not always easy to 
achieve because the thickness of the soft tissues deter-
mines whether adequate vertical inclination of the drill 
can be obtained in relation to the long axis of the limb.

 n  Begin insertion of the lateral tibial screw just posterior 
to the tibial crest to avoid the muscles of the anterior 
compartment of the leg. Direct it medially, upward, and 
slightly posteriorly, to cross the physis at the junction of 
its middle and medial thirds (Fig. 29.111). An alternative 
construct can be used in which screws do not cross each 
other or the anatomic axis of the tibia (Fig. 29.112).

 n  After insertion of all screws, fully flex the knee to free any 
adhesions between screws and the quadriceps apparatus.
  

Proximal fibular epiphysiodesis is done only if more than 
2 cm of tibial correction is needed. Percutaneous insertion of 
a screw across the proximal fibular epiphysis is dangerous. A 
short incision is required to identify and protect the peroneal 
nerve. Open curettage also can be done through a small ante-
rior approach.

An alternative method of epiphysiodesis is physeal sta-
pling or tension plating (Figs. 29.113 and 29.114). Although 
this technique is largely reserved for hemiepiphysiodesis in 

angular corrections, it can be used for complete epiphysiode-
sis if implants are used on both sides of the physis. However, 
this technique for complete epiphysiodesis has been shown to 
be inferior to physeal ablation. Dual plating technique also has 
the advantage of potential growth resumption with implant 
removal; however, restoration of normal growth often is unpre-
dictable after implant removal, and careful timing of epiphys-
iodesis is still important. Recently, implant failures have been 
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FIGURE 29.111 Percutaneous epiphysiodesis using transphyseal 
screws. Paired crossed transphyseal screws across distal femoral 
and proximal tibial physes. L, Lateral screws; M, medial screws. SEE 
TECHNIQUE 29.37.
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FIGURE 29.112 Percutaneous epiphysiodesis using transphy-
seal screws. Nonintersecting transphyseal screws. Each pair crosses 
physis, one screw at either end of its middle third. L, Lateral screws; 
M, medial screws. SEE TECHNIQUE 29.37.

 FIGURE 29.113 Tension plate epiphysiodesis. SEE TECHNIQUE 29.38.
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described with the use of a single two-hole plate, and the use 
of additional plates or larger, four-hole plates should be con-
sidered. Most of these plating systems are nonlocking, which 
allows some degree of screw divergence within the plate as the 
physis continues to grow. It is likely that growth arrest does not 
occur until maximal screw divergence is reached. Therefore it is 
advisable to place the screws in a divergent fashion at the time 
of implantation to allow growth arrest to occur as quickly as 
possible.

Regardless of the technique used, careful timing and con-
sideration of the final height of the knee are important. For 
discrepancies involving the femur and tibia, epiphysiodesis 
of both may be required to ensure that the knees and pelvis 
are level. Operative complications are uncommon; reported 
complications include cutaneous nerve entrapment, infec-
tion, asymmetric growth arrest, undercorrection and over-
correction, and implant failures. 

 

TENSION PLATE EPIPHYSIODESIS

 TECHNIQUE 29.38  Figures 29.113 and 29.114

 n  Expose the physis as described in Technique 29.39, taking 
care to avoid significant disruption of the periosteum or 
perichondral ring.

 n  Using fluoroscopy, place a reference wire in the center 
of the physis. To avoid asymmetric growth arrest, the 
pin should be in the center of the physis on the lateral 
fluoroscopic projection. Alternatively, the reference pin 
can be placed more anteriorly or posteriorly to achieve 
some degree of extension or flexion, respectively, at the 
physis.

 n  Next place the appropriate size plate over the reference 
wire using the centering hole.

 n  Place guide pins in the metaphyseal and epiphyseal holes 
for cannulated systems and drill over the guide pins. For 
noncannulated systems, simply drill the metaphyseal and 
epiphyseal holes.

 n  Place screws in the metaphyseal and epiphyseal holes to 
secure the tension plate to the bone surface. These screws 
should be placed in a divergent fashion because growth 
arrest does not begin until the screws reach the angular 
divergence allowed by the screw-plate interface.

 n  Close the wounds with subcutaneous sutures and apply 
a sterile dressing. 

POSTOPERATIVE CARE Immediate weight bearing with 
crutches is allowed; a soft knee immobilizer is worn for 2 
to 3 weeks.
  

LIMB SHORTENING
Shortening usually is reserved for skeletally mature patients 
with a discrepancy greater than 2 cm, who can accept the loss 
of stature necessary to equalize limb lengths. When planning 
surgery, ultimate length and alignment should be considered. 
Wagner outlined the standard approach to limb shortening, 
but improvements have been made in femoral shortening 
techniques, such as a closed technique for diaphyseal short-
ening described by Winquist. In the femur, 5 to 6 cm is the 
maximal length that can be removed without seriously affect-
ing muscle function; in the tibia, the maximum probably is 2 
to 3 cm; however, removal of up to 5 cm of the tibia has been 
reported. It should also be pointed out that as the techniques 
for bone lengthening have continued to improve, the indica-
tions for acute bony shortening have diminished.

 

A B

FIGURE 29.114 Intraoperative images of tension plate epiphysiodesis.

    

https://booksmedicos.org


CHAPTER 29 CONGENITAL ANOMALIES OF THE LOWER EXTREMITY 1165

In general, femoral shortening is tolerated better than 
tibial shortening because the soft-tissue muscular envelope is 
much larger, making skin closure easier, offering a better cos-
metic result, and ensuring prompt union of the osteotomy. If 
the discrepancy is largely confined to the tibia, however, tibial 
shortening is preferred to make the knee heights level.

Wagner recommended metaphyseal osteotomy if angular 
or rotational correction is required, and diaphyseal osteotomy 
if shortening alone is necessary. Proximal metaphyseal oste-
otomy of the femur has fewer complications than distal oste-
otomy, which may compromise knee motion. Additionally, 
proximal femoral shortening has less negative effect on the 
strength of the quadriceps. Distal femoral metaphyseal oste-
otomy should be avoided unless necessary for correction of 
angular deformity. The development of interlocking intra-
medullary fixation has made diaphyseal shortening prefer-
able to metaphyseal osteotomy in the femur, even if rotational 
correction is needed. Shortening over an intramedullary rod 
should be delayed until complete skeletal maturity has been 
reached, or the entry portal of the nail should be the greater 
trochanter instead of the piriformis fossa to decrease the risk 
of femoral head osteonecrosis. 

 

PROXIMAL FEMORAL METAPHYSEAL 
SHORTENING

 TECHNIQUE 29.39  Figure 29.115

(WAGNER).
 n  Before surgery, plan the osteotomy to provide the needed 

angular correction
 n  Through a proximal lateral incision, split the fascia lata 

and elevate the vastus lateralis and the periosteum.

 n  Fashion an insertion site for the right-angle blade plate or 
hip screw according to the preoperative plan.

 n  Mark the bone to control rotation and remove the pro-
scribed segment with an oscillating saw. Leave a spike 
of medial cortex and lesser trochanter intact to act as a 
buttress.

 n  Remove the segment and bring the distal fragment into 
direct apposition with the proximal segment.

 n  Apply the osteosynthesis plate and insert the screws to 
create compression across the osteotomy.
   

 

DISTAL FEMORAL METAPHYSEAL 
SHORTENING

 TECHNIQUE 29.40  Figure 29.116

(WAGNER).
 n  Before surgery, make a careful plan for the resection and 

angular correction.
 n  Make a lateral incision through the fascia lata and elevate 

the vastus lateralis anteriorly, avoiding the knee joint.
 n  Use the blade plate seating device to prepare the entrance 

for the blade plate.
 n  With an oscillating saw, make the proximal osteotomy 

and then the distal osteotomy. For added stability, try 
to preserve a medial spike of bone with the distal frag-
ment.

 n  Impact the two fragments and apply the blade under 
compression or insert a distal femoral sliding screw and 
fixation plate device.
   

 FIGURE 29.115 Wagner technique for proximal femoral metaph-
yseal shortening. SEE TECHNIQUE 29.39.

 FIGURE 29.116 Wagner technique for distal femoral metaphy-
seal shortening. SEE TECHNIQUE 29.40.
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PROXIMAL TIBIAL METAPHYSEAL 
SHORTENING

 TECHNIQUE 29.41  Figure 29.117

(WAGNER).
 n  Through a lateral incision, resect a portion of the fibula at 

the junction of the proximal and middle thirds.
 n  Make a separate anterior incision to expose the proximal 

tibia subperiosteally.
 n  Resect the desired amount of bone (no more than 4 cm 

except in unusual circumstances) below the tibial tuberos-
ity with an oscillating saw.

 n  Hold the two bone ends under compression with a T-plate.
 n  Perform a prophylactic fasciotomy.
 n  Wound closure may be difficult because of the nature of 

the skin around the proximal tibia.
   

 

TIBIAL DIAPHYSEAL SHORTENING

 TECHNIQUE 29.42 

(BROUGHTON, OLNEY, AND MENELAUS)
 n  Make a longitudinal incision over the anteromedial sur-

face of the tibia.
 n  Perform a subperiosteal dissection and make a step-cut 

osteotomy, removing the desired amount of bone and 
allowing for 5 to 7.5 cm of overlap after shortening.

 n  Through a separate incision, remove an equivalent amount 
of bone from the midshaft of the fibula (Fig. 29.118A).

 n  Shorten the leg and fix the step-cut osteotomy with two 
lag screws (Fig. 29.118B) or, in mature patients, with an 
intramedullary nail (Fig. 29.119). This is the only tech-
nique indicated in skeletally immature patients.
   

 

CLOSED FEMORAL DIAPHYSEAL 
SHORTENING

 TECHNIQUE 29.43 

(WINQUIST, HANSEN, AND PEARSON)
 n  Position the patient on a fracture table in the supine “scis-

sor” position.
 n  Use the standard techniques for closed medullary nailing 

(see Chapter 53) and ream to the desired width in 0.5-
mm increments. Consider venting the distal metaphyseal-
diaphyseal junction with a 4.8-mm cannulated drill bit to 
prevent fat embolism.

 n  Adjust the saw for the appropriate depth according to 
the preoperative plan and insert the saw until, with the 

 FIGURE 29.117 Wagner technique for proximal tibial metaphy-
seal shortening. SEE TECHNIQUE 29.41.

 

A B
FIGURE 29.118 A and B, Technique for tibial diaphyseal short-

ening in skeletally immature patients. SEE TECHNIQUE 29.42.

 

A B
FIGURE 29.119 A, Diaphyseal shortening with medullary fixa-

tion. B, Distal tibial shortening with locked intramedullary nail. SEE 
TECHNIQUE 29.42.
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blade fully retracted, the measuring device is seated firmly 
against the greater trochanter.

 n  While an assistant applies pressure to hold the measur-
ing device in place for the proximal and the distal cuts, 
deploy the saw blade in increments, making complete 
revolutions (Fig. 29.120A). If necessary, back up one in-
dex notch to repeat the cuts if the blade is getting stuck.

 n  Slowly continue cutting until the final index mark is 
reached, at which point the blade is fully deployed. The 
most difficult area to cut is posteriorly in the linea aspera. 
If necessary, complete the cut percutaneously with a thin 
osteotome. The next larger size blade and cam can be 
inserted to get a larger cutting diameter, but this can be 
difficult if the canal is not reamed widely enough.

 n  After completing the first cut, retract the blade fully.
 n  Remove the foot from the fracture table and angulate the 

distal femur 60 to 70 degrees in all directions to complete 
the osteotomy; replace the traction.

 n  Advance the measuring device handle distally while hold-
ing the locking nut in place. The distance that develops 
between these two components should equal the amount 
of femur to be resected.

 n  Spin the locking nut distally to lock the measuring device 
handle.

 n  With an assistant holding the measuring device firmly 
against the greater trochanter, make the second (proxi-
mal) osteotomy in the same fashion as the first.

 n  After completing the second osteotomy, retract the blade 
fully and remove the saw. The resected bone should be 
subtrochanteric rather than diaphyseal to lessen the ef-
fect on the quadriceps mechanism.

 n  Insert an internal chisel of appropriate size, hook the me-
dial aspect of the intercalary segment, and pound on the 
handle backward with a tuning-fork hammer to split the 
bone (Fig. 29.120B).

 n  Repeat this maneuver at least one more time on the lat-
eral segment.

 n  Use the hook of the chisel to push the fragments away 
from the canal.

 n  Have the unscrubbed assistant again remove the foot 
from the fracture table and impact the osteotomy, dis-
placing the segmental fragments to either side, using the 
chisel to manipulate the fragments if necessary.

 n  In some cases, splitting of the “napkin ring” resected 
bone piece is unsuccessful. Should this occur, make a 
small lateral incision to remove the intercalary segment.

 n  Pass a nail-driving guidewire across the osteotomy and 
insert an appropriate-size nail for fixation while the un-
scrubbed assistant maintains rotational alignment.

 n  Lock the nail proximally and distally for rotational control 
and to prevent inadvertent lengthening postoperatively 
(Fig. 29.121).

 n  Steinmann pins can be inserted into the lateral aspect 
of the femoral condyle and the greater trochanter just 
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Saw cut No. 1 Saw cut No. 2

Rotation of blade
on shaft sets
width of cut

Depth
of cut

Reamer HookSaw settings Locked nail

FIGURE 29.120 Closed femoral diaphyseal shortening, as described by Winquist et al. (see text). 
A, Medullary canal is reamed with standard cannulated reamer. Special medullary saw is inserted 
into reamed canal. One or two rotations are made with saw at each setting, and saw is progres-
sively opened until blade is completely exposed. B, After both saw cuts have been made, intercalary 
segment is split using back-cutting chisel. Rotational alignment and distraction can be controlled 
with locked medullary nail. SEE TECHNIQUE 29.43.
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before the first osteotomy to serve as references for rota-
tional alignment control.

 n  Check rotational alignment before leaving the operating 
room. 

POSTOPERATIVE CARE A knee splint is used to stabi-
lize the shortened quadriceps mechanism, and a vigorous 
strengthening program is begun. Rehabilitation is faster if 
the patient has participated in a quadriceps-strengthening 
and hamstring-strengthening program before surgery. 
Rotation or distraction at the osteotomy site may occur if 
a locked nail is not used.
  

LIMB LENGTHENING
A limb-lengthening program requires a patient and family 
fully committed to maximal participation in an extended proj-
ect. The success of limb lengthening depends largely on the 
patient’s efforts in physical therapy and the care of the exter-
nal fixator. Although technical improvements have reduced 
the frequency with which major complications associated 
with limb lengthening occur, the process remains difficult and 
should be performed by surgeons with appropriate experience.

Shortening procedures are preferable for many patients 
who are candidates for limb lengthening. Patients who 
are unable to participate in frequent follow-up or who do 
not have the support to care for the fixator properly and to 
undergo vigorous physical therapy are best treated by means 
other than lengthening. Candidates for limb lengthening and 

their parents benefit from meeting other patients in various 
stages of the lengthening process.

Acute long bone lengthening seldom is indicated; how-
ever, Salter described acute distraction and interposi-
tion grafting through the innominate bone. Millis and Hall 
reported a modification of this technique; they achieved an 
average lengthening of 2.3 cm in 20 patients with acetabu-
lar dysplasia with femoral shortening, pure limb-length 
inequality, decompensated scoliosis, and primary intrapel-
vic asymmetry. This technique may be useful in patients who 
also require acetabular reconstruction, but epiphysiodesis or 
gradual distraction lengthening techniques are more reliable 
alternatives for isolated limb-length discrepancy. 

 

TRANSILIAC LENGTHENING

 TECHNIQUE 29.44 

(MILLIS AND HALL)
 n  Use the anterior ilioinguinal approach to the pelvis described 

for the Salter innominate osteotomy (see Chapter 30).
 n  Use a Gigli saw to make the osteotomy from the sciatic 

notch to the anterior inferior iliac spine (Fig. 29.122A).
 n  Insert a lamina spreader into the anterior aspect of the 

osteotomy.
 n  Have an assistant apply caudally directed pressure on the 

iliac crest to prevent displacement of the proximal frag-
ment by shear force through the sacroiliac joint, while 
another assistant applies traction to the femur, keeping 
the knee flexed to relax the sciatic nerve.

 n  Fashion a full-thickness block of iliac crest into a trap-
ezoid. The height of the graft directly superior to the ac-
etabulum determines the amount of lengthening.

 n  Wedge the iliac graft into the distraction site (Fig. 29.122B) 
and hold it with two large, threaded Steinmann pins that 
transfix the proximal fragment, the graft, and the distal 
supraacetabular fragment (Fig. 29.122C).

POSTOPERATIVE CARE Traction is applied for 5 days. 
Range-of-motion exercises are begun at 3 days, and 
touch-down weight bearing is allowed at 7 days. Full 
weight bearing is delayed until graft incorporation is evi-
dent on radiographs, usually at 3 to 6 months.
  

Lengthening by callotasis (or low-energy corticotomy 
followed by gradual distraction of the bone fragments with 
a mechanical apparatus) has been the basic procedure for 
limb lengthening since Putti’s report of the technique in 1921. 
Osteotomy and fixation techniques have been modified by 
several authors, but the principles remain the same. The cor-
ticotomy should be made by low-energy methods, usually 
multiple percutaneous drill holes connected by an osteotome, 
with care taken to avoid significant disruption of the sur-
rounding soft tissues. Distraction should begin after a brief 
latent period of 1 to 3 weeks to allow for early callous forma-
tion. The rate of distraction should be approximately 1 mm/
day divided over four 0.25-mm increments. The formation of 
the distraction regenerate should be closely monitored with 

 

BA

FIGURE 29.121 A, Sixteen-year-old girl underwent 4-cm closed 
femoral shortening. Shortly after surgery, intercalary fragment is 
seen around site of osteotomy, acting as bone graft. B, Osteotomy 
has healed 8 weeks later. At least 4 mm of distraction occurred after 
osteotomy. Locking of nail is recommended to preserve alignment 
and length, if necessary. SEE TECHNIQUE 29.43.
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A

C

B

FIGURE 29.122 A, Acute transiliac lengthening accomplished by modification of Salter tech-
nique. Instead of triangular graft, square or trapezoidal graft is used. Lengthening is greater with 
larger grafts. B, Acetabular dysplasia and mild limb-length inequality. Pelvic obliquity results in 
compensatory scoliosis. In middle figure, block has been placed beneath shorter leg. Although 
this balances pelvis and straightens spine, it causes acetabulum to be even more vertical. On right, 
transiliac lengthening has been performed to improve femoral acetabular coverage and regain 
length. C, Transiliac lengthening with trapezoidal graft. SEE TECHNIQUE 29.44.
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frequent radiographic assessment, and the rate of distraction 
should be altered accordingly to avoid premature consolida-
tion or poor regenerate formation. No matter what type of 
external apparatus is used, the device should remain in place 
for 1 month for every 1 cm of length achieved. Despite careful 
technique and excellent patient cooperation, high complica-
tion rates are reported with all methods, including deep infec-
tion, nonunion, fracture after device removal, malunion, joint 
stiffness, and nerve palsy.

Several fixators were developed, including Wagner’s low-
profile, monolateral fixator, DeBastiani’s Orthofix, the Ilizarov 
device, and the Taylor Spatial Frame, all of which have under-
gone numerous modifications. The original Wagner device 
is adjustable in only two planes, and the Hoffman modifica-
tion is adjustable in one additional plane. DeBastiani’s device 
(Orthofix) has modular components that allow certain simple 
angular corrections. The Ilizarov device is extremely modular 
and can be adapted with extensions and hinges to lengthen and 
correct angular and translational deformities simultaneously. 
Rotational deformities can be corrected either at the time of 
fixator application or later by applying outriggers to the rings.

The Taylor Spatial Frame also has been used for defor-
mity correction and lengthening. This frame uses the slow 
correction principles of the Ilizarov system but adds a six-axis 
deformity analysis incorporated in a computer program. The 
Taylor Spatial Frame has been shown to have a steep learning 
curve and has a high cost. In addition, no differences between 
the Taylor and Ilizarov frames have been noted in terms of 
lengthening index and complication rate, although rotational, 
translational, and residual deformity correction may be easier 
with the Taylor frame.

The circular devices are more difficult to apply than the 
monolateral fixators, and extensive training and experience 
are recommended before using them. For detailed descrip-
tions of the components of these fixators, preoperative plan-
ning, and frame construction and application, see Chapter 53.

Internal lengthening devices were developed to eliminate 
the problems associated with pin track infection and soft-tissue 
transfixation, to maintain mechanical alignment and stability 
during lengthening and consolidation, and to improve patient 
comfort and tolerance. Lengthening of these devices may be 
initiated by rotation of the involved limb (Albizzia nail; DePuy 
Australia Pty Ltd, Mount Waverly, Australia); controlled rota-
tion, ambulation, and weight bearing (Intramedullary Skeletal 
Kinetic Device; Orthofix, McKinney, TX); an implanted 
electrically activated motorized drive (Fitbone; Wittenstein 
Igersheim, Germany); or an externally applied magnetic field 
(PRECICE Nail, Ellipse Technologies, Inc., Irvine, CA, or the 
PHENIX M2 Lengthening nail; Phenix Medical, France).

These intramedullary devices do not allow for gradual 
correction of angular deformities because they can only 
lengthen in one plane; therefore any angular deformities 
must be corrected at the time of nail insertion or by other 
means after lengthening. There are a number of studies dem-
onstrating difficulty in controlling rate of growth using the 
Intramedullary Skeletal Kinetic Device (ISKD) nail, and 
many authors are suggesting alternative devices.

Finally, some authors have reported the use of an intra-
medullary nail or submuscular plate in addition to an exter-
nal fixator for distraction osteogenesis.

With most of these techniques, distraction osteogenesis 
is done with the use of an external device as described above, 

and the submuscular plate or intramedullary nail is then used 
to stabilize the regenerate as it consolidates, allowing earlier 
removal of the external device. 

 

TIBIAL LENGTHENING

 TECHNIQUE 29.45 

(DEBASTIANI ET AL.)
 n  Place the patient supine on a radiolucent table.
 n  Resect 2 cm of the distal fibula through a lateral approach.
 n  Use the mated Orthofix drills, drill guides, and screw 

guides to insert the conical, self-tapping cortical and can-
cellous screws.

 n  Insert a cancellous screw 2 cm distal to the medial aspect 
of the knee, parallel to the knee joint.

 n  Place the appropriate rigid template parallel to the di-
aphysis of the tibia and insert the distalmost screw.

 n  Go to the proximal part of the template and insert the 
next screw in the fourth template hole distal to the upper 
screw. The last screw to be placed is in the distal template, 
in the hole farthest away from the distalmost screw.

 n  Remove the template and perform a corticotomy just dis-
tal to the tibial tuberosity.

 n  Incise the anterior skin and periosteum longitudinally.
 n  Under direct vision, drill a series of unicortical holes in the 

tibia. Set the drill stop at 1 cm to prevent penetration of 
the marrow.

 n  Use a thin osteotome to connect the drill holes and to di-
vide along the posteromedial and posterolateral cortices 
as much as can be done safely.

 n  Flex the tibia at the corticotomy to crack the posterior 
aspect of the tibia.

 n  Apply the Orthofix lengthener. If the fracture fixation de-
vice is used, fix the ball joint rigidly with a small amount 
of methylmethacrylate.

 n  Suture the periosteum and close the skin over drains.

POSTOPERATIVE CARE Partial weight bearing and 
physical therapy are begun immediately. Distraction is 
delayed until callus is visible on radiographs, usually by 
10 to 15 days. Distraction is begun at 0.25 mm every 6 
hours but can be reduced if pain or muscle contraction 
occurs. Radiographs are made 1 week after distraction 
begins to ensure a complete corticotomy and are made at 
4-week intervals thereafter. If the regenerated callus is of 
poor quality, distraction is stopped for 7 days. Recompres-
sion is indicated for gaps in the callus and for evidence 
of excessive neurovascular distraction. When the desired 
length is obtained, the body-locking screw mechanism 
is tightened, and the distraction mechanism is removed 
from the fixator. Full weight bearing is allowed until good 
callus consolidation is seen, then the body-locking screw is 
unlocked to allow dynamic axial compression. The fixator 
is removed when corticalization is complete. If stability is 
confirmed, the screws are removed. If there is any doubt 
as to stability of the bone, the fixator is replaced for an 
additional period.
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TIBIAL LENGTHENING

 TECHNIQUE 29.46  Figure 29.123

(ILIZAROV, MODIFIED)
 n  Frame preconstruction involves assembling a frame con-

sisting of four equal Ilizarov rings sized to the patient; use 
the smallest diameter rings that leave sufficient space for 
swelling after surgery. There should be one fingerbreadth 
of space between the proximal ring and the tibial tuberos-
ity and two fingerbreadths posteriorly at the largest diam-
eter of the posterior calf muscles (Fig. 29.124A). The most 
proximal ring can be a ⅝-inch ring to allow more knee 
flexion after surgery, especially if the ipsilateral femur is to 
be lengthened at the same time, because full rings would 
touch each other with relatively little knee flexion.

 n  Connect the upper two rings with 20-mm threaded, hex-
agonal sockets for better stability. In small patients, there 
may be room proximally for only one ring and a drop wire 
(Fig. 29.124B). The distal two rings can be spaced farther 
apart than the top two rings for better stability, but for 
significant lengthening it is better to have the distal two-
ring construct relatively farther away from the intended 
proximal metaphyseal corticotomy site; such an arrange-

ment maximizes the amount of soft tissue available for 
stretching, contributing to the overall lengthening.

 n  For initial preconstruction, use only two connections be-
tween each pair of rings, one anteriorly and one directly 
posteriorly. Plan the frame so that the central connection 
bolts are centered directly over the tibial tuberosity and 
the anterior crest of the tibia.

 n  Assemble all rings symmetrically.
 n  To compensate for the anterior and valgus angulation 

that often occurs during tibial lengthening, some sur-
geons connect the upper two-ring set to the lower set 
with anterior and posterior threaded rods attached to 
the lower of the proximal two rings with conical washer 
couples. These allow a tilt of 7 degrees to be built into the 
system.

 n  Adjust the frame so that the proximal rings are higher 
anteriorly and medially. The frame is applied in this 
“cockeyed” position, but after the corticotomy is 
made, the conical washer bolts are removed and all 
four rings are brought into parallel alignment, placing 
the tibia in about 5 degrees of prophylactic recurvatum 
and varus.

 n  More often, a symmetrically aligned frame is used with-
out any prophylactic positioning. Instead, careful at-
tention is paid to the follow-up radiographs during 
lengthening. If axial deviations are found at the end of  
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FIGURE 29.123 A, Congenital posteromedial bowing of tibia in 11-year-old girl. Although 
deformity largely corrected spontaneously, child is left with 6 cm of shortening and valgus angula-
tion in midshaft of tibia. B, Double-level tibial lengthening. Lower corticotomy is made at apex of 
angular deformity in midshaft, and upper corticotomy could have been made more proximally in 
metaphyseal region. After distraction with appropriately placed hinge, more distal corticotomy 
not only opens up for elongation but also corrects valgus deformity. C, Final result after removal of 
fixator shows excellent regenerated bone in gaps. This 6-cm lengthening required 4 ½ months in 
fixator. Premature consolidation of proximal fibular osteotomy resulted in spontaneous proximal 
fibular epiphysiolysis. SEE TECHNIQUE 29.46.
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lengthening, corrective hinges are placed onto the ring to 
obtain proper alignment.

 n  For frame application, position the patient on a radiolu-
cent table and apply a tourniquet to the upper thigh.

 n  Through a lateral incision, expose the midfibula by sub-
periosteal dissection and transect it with an oscillating 
saw.

 n  Release the tourniquet and close the fibular wound in 
layers.

 n  Under fluoroscopic control, insert a reference wire from 
medial to lateral, perpendicular to the long axis of the 
tibia (for a normally aligned leg), just below the proximal 
tibial physis. Use 1.8-mm wires in large children and ado-
lescents and 1.5-mm wires in smaller children.

 n  Attach the preassembled frame to this reference wire.
 n  Place another wire from the fibula to the tibia just proxi-

mal to the distal tibial physis. Use the standard Ilizarov 
principles of wire insertion and fixation at all times (see 
Chapter 53).

 n  Wires should be pushed or gently tapped through the soft 
tissues rather than drilled, especially when exiting close to 
neurovascular structures.

 n  When passing wires through the anterior compartment 
muscles, hold the foot dorsiflexed for the same reason.

 n  Incise the skin to allow passage of olive wires.
 n  Never pull or bend a wire to the ring. Instead, build up 

to the wire with washers or posts as necessary to avoid 
undue torque and undesirable moments on the tibia.

 n  Tension the wires to 130 kg, unless the wire is suspended 
off a ring, in which case 50 to 60 kg of tension is used to 
prevent warping of the ring. It is best to use two wire ten-
sioners to tighten two wires simultaneously on the same 
ring, if possible, to prevent warping of the ring.

 n  After tensioning and securing the wires, cut the ends long 
(about 4 cm) and curl the ends of the wire directly over 
the wire-fixation bolt to allow later retensioning, if neces-
sary. Bend the cut wire points into available ring holes so 
that they do not injure the patient or staff members.

 n  After the first two wires have been attached to the frame 
and tensioned, the frame can act as a drill guide for place-
ment of the remaining wires. The wires in the first ring are 
the initial transverse reference wire and a medial face wire 
that is parallel to the medial surface of the tibia.

 n  Place a third wire from the fibular head into the tibia to 
prevent dissociation of the proximal tibiofibular joint dur-
ing lengthening. This wire does not risk damage to the pe-
roneal nerve if the fibular head is readily palpable. Do not 
use an olive wire because it would compress the proximal 

 

BA
FIGURE 29.124 Typical Ilizarov frame for moderate tibial lengthening. A, In skeletally immature 

child with intact physes, proximal segment would not have enough room for two rings. Single ring 
distal to proximal tibial epiphysis is used with drop wire for additional segmental stabilization of 
proximal segment. For significant amount of lengthening, third ring can be placed more distally to 
allow greater mass of soft tissue for recruitment into lengthening process. B, If necessary, Ilizarov 
rings can be used to complete the posterior aspect of the corticotomy by externally rotating the 
distal segment. SEE TECHNIQUE 29.46.
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tibiofibular joint. Ideally, this wire should be proximal to 
the proximal fibular physis.

 n  In the second ring, place a transverse wire and another 
medial face wire, avoiding the pes anserinus tendons, if 
possible.

 n  Because there is a strong tendency to valgus during proxi-
mal tibial lengthening, place olive wires on the top and 
bottom rings laterally and on the middle two rings medial-
ly to function as fulcrums for bending the tibia into varus. 
Half-pins (5 mm or 6 mm) are now used more frequently, 
especially in the diaphysis.

 n  For corticotomy, remove the two threaded rods connect-
ing the proximal fixation block with the distal fixation 
block.

 n  Make a 2-cm incision over the crest of the tibia just below 
the tibial tuberosity.

 n  Incise the periosteum longitudinally and insert a small 
periosteal elevator.

 n  Elevate a narrow portion of periosteum the width of the 
small periosteal elevator along the medial and lateral sur-
faces of the tibia.

 n  Insert a 1.2-cm (½ inch) osteotome transversely into the 
thick anterior cortex.

 n  Use a 5-mm (¼ inch) osteotome to score the medial side 
and then the lateral side. The periosteal elevator can be 
placed flush along the bone to act as a directional guide 
for the osteotome.

 n  The corticotomy is guided by feel and by hearing the 
sound change when the osteotome exits the back cortex. 
On the medial side, no important structures are at risk; 
on the lateral cortex, the posterior tibial muscle belly is 
between the tibia and the deep neurovascular structures.

 n  After cutting the medial and lateral cortices, withdraw the 
osteotome and reinsert it along the medial cortex.

 n  Turn the osteotome 90 degrees to spread the cortices and 
crack the posterior cortex. Repeat this maneuver at the 
lateral cortex, if needed.

 n  Although Ilizarov recommended not violating the medul-
lary canal, most Western surgeons have adopted DeBas-
tiani’s method of making several front-to-back drill holes 
to weaken the posterior cortex. The corticotomy also can 
be completed by externally rotating the distal tibia, but 
do not internally rotate the tibia for fear of stretching the 
peroneal nerve.

 n  For proximal or distal tibial metaphyseal “corticotomies,” 
a Gigli saw makes a smooth osteotomy without risk of 
fracture into adjacent pin sites. The Gigli saw method re-
quires two transverse incisions, one anteriorly and one 
posteromedially. Subperiosteal dissection with a small el-
evator is done on all three sides of the tibia. Right-angle 
and curved clamps are used to pass a heavy suture, which 
is tied to the Gigli saw. The suture can be passed before 
frame application and the Gigli saw after completion of 
the fixation. When activating the saw, assistants must re-
tract the skin edges. Care is taken to protect the medial 
face periosteum at the final part of the osteotomy.

 n  For frame assembly, reduce the fracture, and insert four 
distraction rods or graduated telescopic rods, approxi-
mately 90 degrees apart, between the middle two rings.

 n  Close the corticotomy site, over a drain if necessary, and 
apply compressive dressings.

 n  Dress the wire sites with foam sponges held in place by 
plastic clips or rubber stoppers. If rubber stoppers are 
used, put them on before fixing the wires to the rings.

POSTOPERATIVE CARE Physical therapy and crutch 
walking with partial weight bearing are begun immedi-
ately. Distraction is delayed for 5 to 7 days. In children, the 
distraction rate is 0.25 mm four times per day. The patient 
and family are taught to care for the pins before discharge 
from the hospital, usually 5 to 7 days after surgery. Radio-
graphs are made 7 to 10 days after distraction is begun 
to document separation at the corticotomy site. Regener-
ated bone should be seen in the gap by 4 to 6 weeks, 
although linear streaks of regenerated bone usually are 
visible before then, especially in younger children. If the 
regenerated bone formation is insufficient, the rate of dis-
traction should be slowed, stopped, or in some instances 
temporarily reversed. Weight bearing and functional activ-
ity of the limb aid in maturation of the regenerated bone. 
During distraction, knee flexion contractures and ankle 
equinus contractures can be prevented with prophylactic 
splints and orthoses. The fixator is removed when there is 
evidence of corticalization of the regenerated bone, and 
the patient is able to walk without aids.
  

For significant lengthening, especially when ankle mobil-
ity is abnormal before surgery, the foot can be fixed into the 
lengthening device by inserting an olive wire from each side 
of the calcaneus at divergent angles to one another. These 
are attached to an appropriate-size half-ring. This half-ring 
must be within 2 cm of the back of the heel to capture the 
obliquely placed wires anteriorly. The heel ring is connected 
to the lowest ring of the lengthening frame with short plates 
and threaded rods. The heel ring and wires can be removed 
after lengthening is complete to prevent subtalar stiffness. A 
custom orthosis can be constructed to accommodate the foot 
construct.

For lengthening of more than 6 cm, double-level length-
ening speeds the process and reduces the time in fixation by 
about 40%. In this modification, three rings are used, with a 
drop wire off each ring to give “bilevel” fixation at each seg-
ment (Fig. 29.124). The fibula should have one wire transfix-
ing it at each of the three rings. Two fibular osteotomies and 
two corticotomies are required, one of each just below the 
proximal ring and one of each just above the distal ring. A 
heel ring and wires are added to prevent equinus of the ankle. 
The bottom two rings can be connected to provide a stable 
handle on the distal segments to complete the proximal cor-
ticotomy, and the top two rings can be connected to complete 
the distal corticotomy.

If a fixed knee contracture develops during lengthening, 
the physical therapy treatments should be done more often. 
If the knee contracture does not respond to physical therapy 
and splinting, the frame can be extended proximally to the 
thigh with a cuff cast incorporating a ring and a hinge incor-
porated at the approximate axis of rotation of the knee. The 
device can be used to distract and correct the knee contrac-
ture slowly.

To correct other deformities of the tibia while lengthen-
ing, the Ilizarov frame can be modified with hinges to effect 
angular and translational correction simultaneously. Internal 
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rotation can be corrected distally by osteotomy at the time 
of fixator application. Proximally, internal rotation should be 
corrected gradually after lengthening is complete but before 
the regenerated bone is solid. Use of the Ilizarov device for 
multiplane corrections should be attempted only by surgeons 
with experience in these techniques. 

 

TIBIAL LENGTHENING OVER 
INTRAMEDULLARY NAIL (PRECICE 
INTRAMEDULLARY LENGTHENING 
SYSTEM, ELLIPSE TECHNOLOGIES, 
IRVINE, CA)

 TECHNIQUE 29.47 

(HERZENBERG, STANDARD, GREEN)
 n  Preoperative planning is essential to determine the 

amount of lengthening required, the correct nail length, 
and correct location for the tibial corticotomy.

 n  Place the patient supine, with the hip and knee flexed and 
the affected leg hanging vertically down over a padded 
bar or sterile triangle, avoiding any pressure on the fibu-
lar head (common peroneal nerve). Patient positioning 
for the PRECICE procedure is the same as that for other 
intramedullary nailing procedures.

 n  Create an osteotomy of the fibula through a separate 
incision to allow distraction of the tibial osteotomy. Con-
sider prophylactic fasciotomies as well as a gastrocsoleus 
recession if indicated (Chapter 33).

VENTING OF INTRAMEDULLARY CANAL
 n  Drill two or three 4-mm or 5-mm diameter holes in the tib-

ia, across both cortices and into the intramedullary canal. 
Position the vent at the level of the planned corticotomy. 
Venting reduces intramedullary pressure during reaming.

 n  Reamings from the vent holes will serve as additional 
bone graft. 

SYNDESMOSIS SCREW
 n  A cannulated screw should be placed across the tibia and 

fibula distal to the tip of the nail (see syndesmotic screw 
placement, Chapter 54).

 n  Syndesmotic screw fixation ensures that the fibula length-
ens with the tibia.

 n  Place a proximal syndesmotic screw (if needed) after final 
nail insertion. 

NAIL INSERTION
 n  Make a 5-cm vertical skin incision in the midline, centered 

at the level of the tibial plateau. Ensure that the entry 
portal is no more than 1 cm distal to the anterior edge of 
the tibial plateau; a more distal entry point may result in 
damage to the posterior cortex.

 n  Reflect the skin and subcutaneous tissues medially until 
the medial border of the patellar tendon is visible, make 
an incision medial to the tendon and proximal to the 
tibial tuberosity, and retract the tendon laterally to allow  

identification of the midpoint of the anterior margin of 
the tibial plateau.

 n  Use an awl or cannulated opening reamer over a guide-
wire to open the medullary canal in the midline. Use im-
age intensification in the sagittal and frontal planes to 
confirm that the tip of the reamer and guide pin are in 
the line of the tibial canal.

 n  Insert the ball-tipped guidewire until its tip sits 3 to 4 cm 
beyond the planned distal end of the nail.

 n  Reaming begins with an 8-mm flexible reamer and in-
creases in 0.5-mm increments. Ream 2.0 mm beyond the 
planned implant diameter.

 n  Connect the appropriate diameter and length PRECICE 
nail to the proximal guide arm. Verify correct alignment 
of the proximal interlocking screws by passing a drill bit 
through the guide and screw hole in the implant.

 n  Advance the nail to just above the level of the planned 
osteotomy.

 n  Remove the guide rod to complete the corticotomy. 

OSTEOTOMY
 n  Complete the osteotomy at the level of the vent holes. The 

appropriate osteotomy level is commonly at the junction 
of the upper and middle thirds of the tibia (Fig. 29.125).

 n  To make the osteotomy, create additional drill holes at the 
level of the previously placed vent holes. Preserve the peri-
osteum to protect the blood supply to the regenerated 
bone. Complete the osteotomy with multiple passes with 
a small osteotome. The posterior cortex may be difficult 
to cut and can be broken through osteoclasis by rotating 
the limb.

 

1–2 cm

Middle 1/3

FIGURE 29.125 Location of osteotomies for tibial lengthening 
with intramedullary skeletal kinetic distractor (see text). (From Cole 
JD: Intramedullary skeletal kinetic distractor: tibial surgical technique: 
technique manual, Orthofix, McKinney, TX.) SEE TECHNIQUE 29.47.
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 n  Test that the two bone segments rotate freely and inde-
pendently of each other.

 n  Advance the nail beyond the osteotomy to the desired 
level.

 n  Using the proximal screw guide, place two bicortical lock-
ing screws.

 n  With a freehand technique (see Chapter 54), insert two 
distal locking screws. 

CLOSURE
 n  After careful irrigation to remove any remaining bone 

fragments from the proximal wound, insert closed suction 
drainage, close the incisions in layers in the usual fashion, 
and apply firm dressings to prevent hematoma formation. 

INTRAOPERATIVE EXTERNAL REMOTE  
CONTROL (ERC) DISTRACTION

 n  Locate the center of the magnet with image intensifica-
tion and mark the skin. The mark should be frequently 
refreshed postoperatively.

 n  Place the ERC in a sterile bag and place over the skin mark.
 n  Activate the ERC to distract the PRECICE nail 1.0 to 2.0 

mm to verify correct functioning of the system. It takes 7 
minutes for 1.0 mm of lengthening. It is not necessary to 
retract the device. 

POSTOPERATIVE CARE The drains are removed at 24 
to 48 hours after surgery. Partial weight bearing with 
crutches is allowed at 1 week and is continued through-
out the lengthening and consolidation phases. Full weight 
bearing is not allowed until cortication of the regenerated 
bone is evident in three of four cortices during the end of 
the consolidation phase. Isometric exercises for the whole 
limb are encouraged early. Gentle knee mobilization can 
be started after about 4 days within the limits of com-
fort. Lengthening should be initiated 7 to 8 days after 
surgery. Daily lengthenings are typically 0.5 to 1.0 mm 
divided into two to four sessions. The physician and his 
staff should properly train the patient on use of the ERC. 
Weekly radiographic evaluation is important to monitor 
progress. Removal of the PRECICE is recommended 12 
to 18 months after radiographic evidence of full bony 
consolidation.
   

 

FEMORAL LENGTHENING
 TECHNIQUE 29.48 

(DEBASTIANI ET AL.)
 n  Place the patient supine on a radiolucent table.
 n  Use the mated drills, drill guides, and screw guides to 

insert the conical self-tapping cortical and cancellous 
screws.

 n  Insert a cortical screw at the level of the lesser trochanter, 
perpendicular to the shaft of the femur.

 n  Attach the rigid template and insert the distalmost screw, 
lining the template up parallel to the shaft of the femur.

 n  Return to the proximal end of the template and insert 
the next screw into the fourth template hole distal to the 
upper screw. The last screw to be placed is in the distal 
template, in the hole farthest away from the distalmost 
screw.

 n  Remove the template and perform a corticotomy 1 cm 
distal to the proximal two screws (just distal to the ilio-
psoas insertion).

 n  Incise the anterior thigh skin longitudinally and dissect 
bluntly between the sartorius muscle and the tensor fas-
ciae latae muscle and through the substance of the vastus 
intermedius and rectus femoris muscles. Incise the perios-
teum longitudinally and elevate it laterally and medially.

 n  Under direct vision, drill a series of 4.8-mm unicortical 
holes in the visible aspect of the anterior two thirds of the 
circumference of the femur (Fig. 29.126A). Set the drill 
stop at 1 cm to prevent penetration of the marrow.

 n  Use a thin osteotome to connect the drill holes without 
violating the marrow. Flex the femur at the corticotomy 
to crack the posterior cortex, completing the corticotomy. 
Do not use the Orthofix pins as handles to complete the 
corticotomy, or they may loosen.

 n  Reduce the fracture and apply the Orthofix lengthener. 
If the Orthofix fracture-fixation device is used, fix the ball 
joint rigidly with a small amount of methylmethacrylate. 
The Orthofix slide-lengthening device can be used with or 
without swivel clamps.

 n  If swivel clamps are used, blocking them with methyl-
methacrylate should be considered. The slide lengthener 
is especially useful for double-level lengthening.
Price recommended acute valgus of a few degrees for 

subtrochanteric lengthening to help prevent the common 
problem of varus at this level. Adductor tenotomy also is ad-
vised. Suture the periosteum and close the skin over drains. 
The use of six pins has been recommended for femoral 
lengthening to gain stability and to resist a tendency for 
varus deviation (Fig. 29.126B).

POSTOPERATIVE CARE Postoperative care is the same 
as that for tibial lengthening (Technique 29.46).
   

 

FEMORAL LENGTHENING

 TECHNIQUE 29.49 

(ILIZAROV, MODIFIED)
 n  Frame preconstruction includes the following consider-

ations. The standard femoral lengthening frame consists 
of a proximal fixation block made of two arcs, a distal 
fixation block made of two identically sized rings, and 
an “empty” middle ring (usually one size larger than the 
distal rings) to link the two fixation blocks.

 n  Preconstruct the frame before surgery to reduce the time 
spent in the operating room.

 n  Use the smallest diameter rings that leave sufficient space 
for swelling after surgery because smaller rings give a 
more mechanically stable construct. There should be one 
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fingerbreadth of space between the distal ring and the 
anterior thigh and two fingerbreadths posteriorly at the 
largest diameter of the posterior calf muscles. The distal-
most ring can be a ⅝-inch ring to allow more knee flexion 
after surgery. This is especially important if there is to be 
a simultaneous lengthening of the ipsilateral tibia with 
proximal tibial rings. (Full rings would touch each other 
after relatively little knee flexion, limiting knee mobility.)

 n  Connect the bottom two rings initially with two 20-mm 
or 40-mm threaded hexagonal sockets for better stability, 
one positioned directly anteriorly and one directly poste-
riorly. With newer carbon fiber rings, it is possible to “cut 
out” the back portion of the distal ring as needed to im-
prove knee flexion and to prevent impingement against a 
tibial construct. Appropriate reinforcement to the nearest 
ring is required before the carbon fiber ring is cut. In small 
patients, there may be room distally for only one ring and 
a drop wire.

 n  Plan the frame so that the central connection bolts are 
centered directly over the anterior and posterior midlines.

 n  Choose two parallel arcs to match the contour of the 
proximal lateral thigh, usually a 90-degree arc most proxi-
mally and a 120-degree arc below it; this causes less im-
pingement of the proximal end of the fixator against the 
lower abdomen and pelvis during hip flexion.

 n  Connect the two arcs with two 40-mm hexagonal sock-
ets. The reach of the 120-degree arc can be extended by 
attaching two oblique supports off the first and last holes 
on the arc.

 n  Attach the oblique support to the empty middle ring, 
which does not hold any wires but allows a more even 
360-degree push-off between the distal and proximal 
fixation blocks.

 n  Connect the empty middle ring to the distal fixation block 
with two threaded rods, one placed anteriorly and one 
medially, to align the empty ring with the distal ring block 
anteriorly and medially where the soft-tissue sleeve of the 
thigh is minimal, and the larger, empty ring placed later-
ally and posteriorly where extra skin clearance is required. 
It may be necessary later to build out from the distal block 
laterally and posteriorly with short connection plates to 
have additional threaded rods or graduated telescopic 
rods in these locations.

 n  For placement of reference wires, position the patient 
supine with a folded sheet under the ipsilateral buttock. 
A radiolucent table that splits at the lower extremities, al-
lowing removal of the part of the table under the involved 
leg, is helpful. Place the foot on a Mayo stand or other 
small table to permit flexion and extension of the knee 
and hip to allow assessment of acceptable placement of 
the wires in the soft tissues around the knee.

 n  Use fluoroscopy to guide insertion of the distal reference 
wire. In the distal femur, use 1.8-mm wires, and in the 
proximal femur, use 5-mm conical self-drilling, self-tap-
ping screws. If preferred, other heavy-gauge half-pins, es-
pecially those designed to be predrilled, can be substitut-
ed. When using conical pins, be careful not to back them 
out once they have been inserted, or they will loosen.

 n  Under fluoroscopic control, insert as the distal reference 
wire an olive wire from lateral to medial, almost perpen-
dicular to the mechanical axis of the femur, parallel to the 
knee joint, but slightly higher on the medial side at the 
level of the adductor tuberosity.

 n  For the proximal reference pin, insert a half-pin just distal 
to the level of the greater trochanter, parallel to an imagi-
nary line drawn from the tip of the greater trochanter to 

BA

FIGURE 29.126 A, DeBastiani technique for corticotomy. Using limited open exposure and a 4- 
or 5-mm drill, multiple holes are drilled in anterior half of bone. These are connected with 5-mm 
osteotome, which also is used to complete corticotomy posteriorly. B, Orthofix device for femoral 
lengthening. To control varus deviation, three screws are used proximally and three distally, or 
frame can be applied with prophylactic valgus built into construct. SEE TECHNIQUES 29.48 AND 29.49.
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the center of the femoral head, normally within 3 degrees 
of parallel to the axis of the knee joint.

 n  The distal reference wire should be perpendicular to the 
mechanical axis of the femur, not perpendicular to the 
anatomic axis (Fig. 29.127A). This is important because 
lengthening should occur along the mechanical axis rath-
er than the shaft axis. Failure to adhere to this principle 
disrupts the normal mechanical axis and causes medializa-
tion of the knee.

 n  Secure the preassembled frame to the top reference pin 
and bottom reference wire and ensure that clearance be-
tween the skin and the frame is adequate, and that all 
connections are tight.

 n  Tension the wires to 130 kg of force after fixing the olive 
end of the wire to the distal ring. Ensure adequate soft-
tissue clearance and use the frame as a guide to insert the 
proximal half-pin secured with either a monopin fixation 
clamp or a buckle clamp (Fig. 29.127B and C).

 n  For fixation, insert two oblique smooth wires on the distal 
ring and one medial olive wire and an oblique smooth 
wire on the ring above.

 n  Some important technical points must be remembered 
while inserting the wires. When inserting a wire from the 
anterior to the posterior thigh, first flex the knee 45 degrees 
as the wire penetrates the anterior skin. Then flex the knee 
90 degrees as the wire penetrates the quadriceps muscle. 
Drill the wire through the femur just to the opposite cortex. 
Tap the wire through the soft tissue, keeping the knee 
fully extended as the wire traverses the hamstrings; flex 
the knee to 45 degrees as the wire exits the skin.

 n  After each wire has been inserted, move the knee from 
full extension to 90 degrees of flexion. The wire should 
“float” in the soft tissue and should not be pulled by the 
muscle or cause tenting of the skin. This technique of 
wire placement helps minimize skin irritation and joint 
contractures.

 n  If a wire does not exit directly in the plane of the ring, 
build the ring up to the level of the wire with washers or 
posts. Do not bend the wire in any plane to make it lie 
closer to the ring.

 n  In the proximal arc, add one more pin anteriorly, on the 
opposite side of the arc, to avoid the reference pin. Do 
not insert this pin any more medially than the anterior 
superior iliac spine, or the femoral nerve will be at risk.

 n  On the second arc, place two additional pins, one on each 
side of the arc, in the oblique plane between the two 
top pins. The ideal mechanical placement of wires and 
pins should approach 90 degrees when viewed axially, 
within anatomic limits. A 90-degree fixation spread with-
in a given ring or fixation block resists bending moments 
in a more uniform manner. Olive wires add mechanical 
strength to the construct but should not be overused. The 
olive wires function as fulcrums, acting on the bone to 
resist or correct axial deviation. Lengthening around the 
knee tends to angulate into valgus, whereas lengthen-
ing near the ankle and hip tends to angulate into varus. 
All sites are prone to anterior angulation. The olive wires 
in the femoral construct are placed strategically to resist 
valgus angulation. An additional olive wire can be placed 
opposite the lateral olive wire of the distal ring to lock 
the distal ring into place, if desired. More recently, an 
alternative method of distal ring fixation has been used, 

consisting of one transverse reference wire and two half-
pins, one posteromedial and one posterolateral.

 n  For corticotomy, remove the anterior and medial connect-
ing rods from between the empty ring and the distal fixa-
tion block.

 n  Make a ½-inch incision in the lateral skin just proximal to 
the distal fixation block. Incising the fascia lata transverse-
ly makes the lengthening process easier and diminishes 
the tendency for valgus angulation.

 n  Dissect bluntly down to the femur with Mayo scissors and 
insert a small, sharp periosteal elevator down to the lat-
eral cortex of the femur.

 n  With a knife, make a longitudinal incision through the 
periosteum and use the elevator to strip a thin, 1-cm wide 
section of periosteum anterior and posterior, as much as 
can be reached.

 n  Transect the lateral cortex with a ½ -inch osteotome; cut 
the anterior and posterior cortices, including the linea 
aspera, with a ¼-inch osteotome. Do not violate the 
medullary canal. Alternatively, make the corticotomy as 
described by DeBastiani (Fig. 29.126).

 n  To prevent medial cortex comminution and fracture exten-
sion into the distal wires, predrill three 3.2-mm holes in the 
medial cortex, inserting the drill from the lateral wound.

 n  Fracture the most medial cortex by bending the femur. En-
sure that the fragments show enough motion to indicate 
complete corticotomy, but do not widely displace them.

 n  Reduce the fracture and align the proximal and distal fixa-
tion blocks parallel to each other.

 n  Use four upright, threaded rods or short, graduated, tele-
scopic tubes to connect the distal fixation block to the 
empty ring (Fig. 29.127C). Complete the frame by add-
ing components until there are four connectors between 
every arc or ring in the frame (Fig. 29.127D).

 n  Close the skin over a drain if needed and apply a pressure 
dressing to the lateral wound.

 n  Dress the wire and pin sites with sponges. Apply rubber 
stoppers to each wire and pin site before attaching them 
to the frame. The stoppers help maintain slight pressure 
on the pin dressings and minimize pin-skin interface mo-
tion, which is a prelude to pin site infection. Wrap the 
proximal four pins tightly with stretch gauze to minimize 
skin motion over these pins.

POSTOPERATIVE CARE Physical therapy and protected 
weight bearing with crutches are begun immediately. 
Knee flexion of at least 45 to 75 degrees is encouraged, 
but the knee is splinted in extension at night. Lengthen-
ing is begun at 4 to 6 days after surgery, depending on 
the age of the child, and progresses at a rate of 0.25 mm 
four times daily. The patient and family are taught how to 
lengthen before discharge from the hospital, and a record 
of lengthening should be maintained. Although lengthen-
ing at precisely every 6 hours is desirable, it is far more 
practical to lengthen at breakfast, lunch, dinner, and bed-
time. A preoperative lateral view of the knee is essential 
to help judge early signs of subluxation, especially during 
large lengthenings in patients with congenital deficiencies 
of the femur. Radiographs should be made 7 to 10 days 
after lengthening is begun to ensure distraction of the 
corticotomy. If insufficient regenerated bone is present 
after 4 to 6 weeks, the rate of distraction can be adjusted.
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echanicalM
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Femoral 
shaft axis

D

A B

C
FIGURE 29.127 Application of Ilizarov frame (see text). A, Frame is applied perpendicular to 

mechanical axis, not femoral shaft axis. Distally, reference wire is placed parallel to femoral condyles. 
Proximally, reference pin is drilled perpendicular to mechanical axis. B, Ilizarov femoral lengthening 
frame is constructed on proximal and distal reference pins. Middle ring is larger in diameter than 
distal two rings to accommodate conical shape of thigh. C, Completed femoral frame. Graduated 
telescopic distractors are placed in alternating up-down position for greater stability. Olive wires 
add greater stability to construct. “Empty” middle ring serves as even push-off point. D, Modified 
Ilizarov frame in place after femoral corticotomy for lengthening. SEE TECHNIQUE 29.49.

    

https://booksmedicos.org


CHAPTER 29 CONGENITAL ANOMALIES OF THE LOWER EXTREMITY 1179

When the desired length has been achieved, the fixator 
is kept in place until there is corticalization of the regener-
ated bone. Some surgeons “train” the regenerated bone before 
fixator removal by placing it under slight compression or by 
retensioning the wires. Weight bearing and fixator stability 
are crucial factors in producing healthy regenerated bone. At 
the time of fixator removal, the knee can be manipulated if 
necessary, but only before removal of the device. Protected 
weight bearing and vigorous physical therapy are continued, 
and activity is increased gradually. When lengthening is com-
plete, knee motion typically is limited to about 40 degrees, but 
after the frame is removed, motion usually is regained at the 
rate of 10 to 15 degrees a month.

The Ilizarov frame and application can be modified to 
correct deviation of the mechanical axis or deformity of the 
proximal femur. Hinges can be placed at the lengthening cor-
ticotomy site to effect angular correction. Proximal deformi-
ties can be immediately corrected by percutaneous osteotomy 
between the two proximal arcs. The arcs are initially angulated 
relative to one another, the osteotomy is performed, and the 
arcs are immediately brought into parallel alignment to effect 
the desired correction. Rotational corrections are best done 
acutely through a proximal (subtrochanteric) osteotomy at the 
time of initial frame application. The Taylor Spatial Frame also 
may be used for distraction osteogenesis (see Chapter 54). 

 

FEMORAL LENGTHENING OVER 
INTRAMEDULLARY NAIL (PRECICE)

 TECHNIQUE 29.50 

(STANDARD, HERZENBERG, AND GREEN)
 n  Venting of the femur is done as described for tibial length-

ening (see Technique 29.47).
 n  Place the patient supine or in the lateral decubitus posi-

tion, depending on surgeon preference and prepare and 
drape the leg from the anterior superior iliac spine to the 
proximal tibia.

 n  Make an osteotomy at the junction of the proximal and 
middle thirds of the femur unless preexisting bony de-
formity requires particular positioning of the osteotomy 
for acute angular correction. As with the tibial technique, 
do not make the osteotomy in the proximal or distal me-
taphyseal areas (Fig. 29.128).

 n  Trochanteric and piriformis entry nails are available. Piri-
formis entry should be used only on skeletally mature pa-
tients because of the risk of osteonecrosis. Alternatively, 
retrograde nailing combined with distally placed corti-
cotomy can be used (Fig. 29.129).

 n  Make a 7- to 10-mm incision proximal to the greater tro-
chanter; continue dissection until the tip of the greater 
trochanter can be palpated. Divide the fibers of the ilio-
tibial band exactly in the middle of the trochanter.

 n  Check the dimensions of the trochanter by palpation to lo-
cate the insertion in the midline; the ideal position is in the 
piriformis fossa, close to its lateral wall, just medial to the 
greater trochanter. To avoid injury to the circumflex femo-
ral artery, ensure that the insertion site is not too medial.

 n  Using a Kirschner wire and cannulated reamer, create the 
entry to the piriformis fossa just medial to the trochanter, 
insert the reamer 1 to 2 cm, and check its position with 
image intensification to ensure that the tip of the reamer 
is directly in line with the axis of the diaphysis in the fron-
tal and the sagittal planes.

 n  When correct position is verified, using gentle pressure 
and rotational movement, advance the reamer into the 
femoral canal for 3 to 4 cm, keeping the straight part of 
the handle in line with the diaphysis.

 n  Position the guidewire centrally and drive it down until 
its tip sits in the subchondral bone exactly on the roof 
of the intercondylar notch, midway between the femoral 
condyles.

 n  Starting with an 8-mm reamer, ream the medullary canal 
with increasingly larger reamers (0.5-mm increments) un-
til a width of 2 mm larger than the proposed lengthener 
diameter has been obtained.

 n  Insert the PRECICE nail to the level of the corticotomy.
 n  Perform the corticotomy as described for the tibial nail 

(see Technique 29.47).
 n  Insert the distal and proximal locking screws as described 

for the tibial nail (see Technique 29.47).

INTRAOPERATIVE EXTERNAL REMOTE CONTROL  
DISTRACTION

 n  Perform intraoperative external remote control (ERC) 
distraction as described for the tibial nail (see Technique 
29.47).

 

Osteotomy level

4.0 cm to 5.0 cm

3.0 cm

Desired lengthening
up to 8.0 cm

FIGURE 29.128 Osteotomies for femoral lengthening with intra-
medullary skeletal kinetic distractor (see text). (From Cole JD: Intra-
medullary skeletal kinetic distractor: femoral surgical technique: technique 
manual, Orthofix, McKinney, TX.) SEE TECHNIQUE 29.50.
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 n  Remove the drill guide and close the incisions in usual 
fashion. Generally, suction drainage is needed in only 
the proximal incision (entry portal). Apply a compression 
dressing and an elastic bandage wrapped around the hip, 
starting from the foot, to avoid wound seroma. 

POSTOPERATIVE CARE The drain is removed at 24 to 
48 hours after surgery. Partial weight bearing with crutch-
es is allowed after 1 week; full weight bearing is not al-
lowed until cortication of the regenerated bone is visible in 
three of four cortices during the end of the consolidation 
phase (Fig. 29.130). Isometric exercises are begun early, 
and gentle knee mobilization can be initiated at about 4 
days. Lengthening is initiated 5 to 7 days after surgery (see 
Postoperative Care for Technique 29.47).
  

Complications of Lengthening. All types of limb-
lengthening devices and techniques have some complications 
in common, but certain complications are more or less likely 
to occur with a given device.

Pin Track Infection. The most common problem is pin 
track infection, which can be minimized by careful pin inser-
tion. Thin wires should be inserted through the skin directly 
at the level that the wire enters bone to prevent tenting of the 
skin. At the end of the procedure, moving the nearby joints 
through a full range of motion identifies skin tenting over 
wires, and the sites can be released with a scalpel. The thin 
transfixion wires may cause fewer problems than the large 
half-pins, but skin and muscle motion over any wire or pin 

should be minimized by special dressing techniques. For 
thin-wire fixators, commercially available 1-inch foam cubes 
with a slit are placed around the pin site. The slit is stapled to 
hold the cube in place. Finally, a clip or previously applied 
rubber stopper is lowered onto the foam to apply mild pres-
sure on the skin. Excessive pressure should be avoided, how-
ever, because it can cause ulcerations, especially over bony 
prominences. For large pins, especially in the thigh, surgical 
gauze can be wrapped snugly around two or more neighbor-
ing pins to apply pressure to the skin around the pins. All wire 
and pin care should include daily sterilization with an anti-
septic, such as povidone-iodine (Betadine) or chlorhexidine 
gluconate (Hibistat), but only a small amount (1 mL per pin) 
should be used to avoid skin irritation. If the skin becomes 
irritated, the solution can be diluted, or a nonirritating antibi-
otic ointment, such as polymyxin B sulfate-neomycin sulfate 
(Neosporin), can be used.

At the first sign of pin track infection, broad-spectrum 
antibiotics should be given, local pin care should be intensi-
fied, and the pin site should be incised to promote drainage if 
necessary. If the infection does not improve with these mea-
sures, the pin may have to be removed. If pin removal jeopar-
dizes the stability of the frame, a replacement pin should be 
inserted. With the Ilizarov apparatus, this is relatively simple: 
a wire can be placed in a nearby hole or dropped off the ring 
on a post to avoid the infected pin site. With monolateral fix-
ators, insertion of a replacement pin away from the infected 
site is more difficult. The Orthofix supplemental screw device 
can be useful for inserting additional half-pins off-axis. Severe 
infection usually requires curettage of the pin track and bone. 

 

Coritcotomy

FIGURE 29.129 Retrograde femoral nail. SEE TECHNIQUE 29.50.
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Muscular Problems. The most difficult complications 
that occur during lengthening are related to the muscles. 
Theoretically, the bones can be lengthened by any amount, 
but the muscles have a limited ability to stretch. Typically, the 
muscles that cause the most problems are the triceps surae 
during tibial lengthening and the quadriceps or hamstrings 
during femoral lengthening. Decreased knee flexion or obli-
gate lateral patellar dislocation with knee flexion after femoral 
lengthening may require a quadricepsplasty if therapy alone 
proves insufficient to achieve the desired range of motion. 
Knee flexion contracture is common during tibial lengthening 
and can be prevented with prophylactic splinting, especially at 
night. Custom orthoses or commercially available Dynasplints 
(Dynasplint Systems, Severna Park, MD) are helpful, and vig-
orous, frequent physical therapy is crucial. Prophylactic treat-
ment should be started within 1 week of the original surgery. 
For tibial lengthenings of more than 4 to 5 cm, the foot should 
be fixed in neutral position by applying a posterior splint for 
monolateral fixators or by placing two wires in the heel and 
connecting them to a ring attached to the frame of a thin-wire 
circular fixator. The heel pins should be removed as soon as 
possible after lengthening is complete (provided that the knee is 
not contracted) to allow the subtalar and ankle joints to regain 
motion. Lengthening of the Achilles tendon should be con-
sidered if residual contracture persists. Any preoperative con-
tracture of the Achilles tendon should be corrected before or 
during tibial lengthening. Muscular contracture and tightness 
may be improved with botulinum toxin A, which has shown 
promise as adjunct treatment during lengthening to decrease 
pain and reduce the number of pin-site infections. 

Joint Problems. Joint subluxation or dislocation has been 
reported during femoral lengthening, especially if either the hip 
or the knee joint is unstable before surgery (as is frequently the 
case in patients with PFFD). In patients with congenital defor-
mities, prophylactic tenotomies of the rectus femoris proxi-
mally, the adductors, and sometimes the hamstrings can be 
useful. For hips with varus deformities, corrective valgus oste-
otomy should be delayed until after lengthening. As a general 
rule, the hip radiograph should show a center-edge angle of at 
least 15 to 20 degrees before femoral lengthening is considered; 

otherwise, a preliminary pelvic osteotomy may be necessary. 
The cruciate ligaments generally are deficient in patients with 
PFFD, making knee subluxation more likely, and prophylactic 
fixation of the knee joint with a mobile hinge is possible with 
the Ilizarov apparatus. A posteriorly dislocated tibia can be 
slowly pulled anteriorly with a mobile Ilizarov hinge on a rail to 
reduce the dislocation and allow knee motion. With monolat-
eral fixators, these options are unavailable. For hip subluxation, 
traction and bed rest usually are sufficient. 

Neurovascular Problems. Neurovascular complications 
usually are related to faulty pin placement but may result from 
stretching during lengthening. If the rate of distraction is 1 
mm/d, neurovascular tissues almost always are able to stretch 
to accommodate the lengthening. Decreasing or temporarily 
stopping the distraction usually is sufficient. If a cutaneous 
nerve is tented over a wire or pin, removal of the pin is indi-
cated. Peroneal nerve dysfunction that occurs during tibial 
lengthening should be treated by nerve decompression at the 
fibular head, extending proximally 5 to 7 cm and distally into 
the anterior compartment. 

Bony Problems. Bony complications of distraction osteo-
genesis include premature consolidation and delayed consol-
idation. In Wagner lengthening, common problems are deep 
infection, pseudarthrosis, plate breakage, and malunion. With 
distraction osteogenesis by either the Ilizarov or the DeBastiani 
technique, delayed or premature consolidation usually can be 
resolved without compromising a satisfactory result. Premature 
consolidation is caused by an excessive latency period. For 
femoral lengthening in children, a latency period of 5 days is 
recommended, and for tibial lengthening, 7 days is recom-
mended. For older patients and patients with compromised 
vascularity to the limb, longer latency periods may be appro-
priate. Premature consolidation of the fibula in tibial length-
enings can be prevented by using a standard open osteotomy 
of the fibula instead of a corticotomy. In some reports of pre-
mature consolidation, patients reported successively difficult 
lengthening until finally a “pop” was felt, followed by brief but 
intense pain, indicating spontaneous rupture through the con-
solidated regenerated bone. The bone ends should be brought 
back to the level of apposition before the rupture, and after a 

 

BA

1.5 mm*

19.9 mm*
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FIGURE 29.130 Distraction osteogenesis with Precice nail.
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brief latency period, lengthening is resumed. Failure to “back 
up” can result in cyst formation and nonunion.

Delayed consolidation is more common with diaph-
yseal lengthening than with metaphyseal corticotomy. 
Contributing factors include frame instability, overly vigor-
ous corticotomy with excessive periosteal stripping, and a 
distraction rate that is too rapid, especially after too brief a 
latency period. Gigli saw osteotomies in thick diaphyseal cor-
tical bone can lead to delayed healing. Underlying medical or 
nutritional problems and lack of exercise are other contribut-
ing factors. In addition to correcting these factors, distrac-
tion can be slowed or stopped, the bone can be compressed, 
or the bone can be alternately compressed and lengthened. 
Walking and normal use of the limb should always be encour-
aged. In adults and older children, the best regenerated bone 
develops in patients who are active and use analgesics spar-
ingly. Autologous cancellous bone grafting of the gap is a final 
resort, although recent studies have demonstrated some effi-
cacy with an injection of autologous bone marrow aspirate 
combined with platelet rich plasma.

Extra precautions should be taken during the preparation 
and draping of the fixator because the pin sites may harbor 
bacteria. With Wagner lengthening, bone grafting of the gap 
is expected, but it is easier to drape the monolateral fixators 
out of the sterile operative site. 

Malunion and Axial Deviation. Malunion and axial devi-
ation can be avoided with careful preoperative planning to 
prevent the introduction of deformity during the lengthen-
ing. It is important to remember that intramedullary devices 
lengthen along the anatomic axis of the bone rather than the 
mechanical axis of the limb, and this should be taken into con-
sideration when planning the rod insertion, osteotomy level, 
and direction of initial osteotomy displacement. Malunion 
also can occur with bending of the regenerate. This often can 
be avoided by maintaining the rod or external device until 
adequate consolidation has occurred or with the use of sup-
plemental plate fixation or rodding after the desired length 
has been obtained in the case of external ring fixator length-
ening procedures.
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CONGENITAL AND DEVELOPMENTAL 
ABNORMALITIES OF THE HIP AND PELVIS
Derek M. Kelly

CHAPTER 30

DEVELOPMENTAL DYSPLASIA  
OF THE HIP
Developmental dysplasia of the hip (DDH) generally 
includes subluxation (partial dislocation) of the femoral head 
or complete dislocation of the femoral head from the true 
acetabulum and acetabular dysplasia. In a newborn with true 
congenital dislocation of the hip, the femoral head can often 
be dislocated and reduced into and out of the true acetabu-
lum. In an older child, the femoral head remains dislocated 
and secondary changes develop in the femoral head and 
acetabulum.

Historically, the incidence of DDH has been estimated 
to be approximately 1 in 1000 live births. A meta-analysis 
of the literature estimated the incidence of DDH  to be 8.6 
per 1000 revealed by physical examination by pediatricians; 
11.5 per 1000 revealed by orthopaedic screening; and 25 per 
1000 revealed by ultrasound examination. and for ultrasound 
examination, 25 per 1000. The estimated odds ratio for DDH 
for breech delivery was 5.5, for female sex, 4.1 and for posi-
tive family history, 1.7. Ultrasound screening of 18,060 hips 
detected 1001 that deviated from normal (incidence of 55.1 
per 1000); however, only 90 hips remained abnormal at repeat 
examinations at 2 and 6 weeks, for a true DDH incidence of 
5 per 1000. None of the other hips with “sonographic DDH” 
developed true DDH during 12-month follow-up. The left 
hip is more commonly involved than the right, and bilateral 
involvement is more common than involvement of the right 
hip alone.

Several risk factors should arouse suspicion of DDH. The 
disorder is more common in girls than in boys—in many 
series five times more common. Breech deliveries consti-
tute 3% to 4% of all deliveries, and the incidence of DDH is 
significantly increased in this patient population. MacEwen 
and Ramsey in a study of 25,000 infants found the combi-
nation of female infants and breech presentation to result in 
DDH in one out of 35 such births. DDH is more common 

in firstborn children than in subsequent siblings. A family 
history of DDH increases the likelihood of this condition to 
approximately 10%. Ethnic background plays some role in 
that DDH is more common in white children than in black 
children. Other reported examples include the high inci-
dence among Navajo Indians and the relatively low incidence 
among Chinese.

A strong association also exists between DDH and other 
musculoskeletal abnormalities, such as congenital torticol-
lis, metatarsus adductus, and talipes calcaneovalgus. The 
coexistence rate of congenital muscular torticollis and DDH 
is approximately 8%, with boys nearly five times as likely to 
have both as girls. The relationship between DDH and club-
foot is controversial; however, multiple studies have dem-
onstrated very little association between the presence of 
clubfoot and DDH. We recommend careful screening by 
performing hip physical examination in every infant who 
has a clubfoot deformity. Although we do not perform ultra-
sound routinely on all these babies, we have a low thresh-
old to obtain a screening hip ultrasound evaluation in this 
patient population.

Several theories regarding the cause of DDH have 
been proposed, including mechanical factors, hormone-
induced joint laxity, primary acetabular dysplasia, and 
genetic inheritance. Breech delivery, with the mechani-
cal forces of abnormal flexion of the hips, can easily be 
seen as a cause of dislocation of the femoral head. The 
most common intrauterine position places the left hip 
of the fetus against the maternal sacrum. This could par-
tially explain the increased incidence of DDH in the left 
hip. Prematurity is likely not an independent risk factor 
for DDH, but postnatal mechanical factors could play a 
role. An increased incidence of DDH has been reported 
in cultures that swaddle infants with the hip in constant 
extension.

Several authors have proposed ligamentous laxity as a 
contributing factor in DDH. The theory is that the influence 
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of the maternal hormone relaxin, which produces relaxation 
of the pelvis during delivery, may cause enough ligamentous 
laxity in the child in utero and during the neonatal period to 
allow dislocation of the femoral head. This theory has cred-
ibility because relaxin has been shown to cross the placenta, 
and DDH is more common in females who are presumably 
more susceptible to the influences of relaxin.

Studies have demonstrated a familial occurrence of hip 
dysplasia. Therefore, hip dysplasia in a first- or second-degree 
relative should be considered an additional risk factor for 
DDH.

DIAGNOSIS AND CLINICAL PRESENTATION
The clinical presentation of DDH varies according to the age 
of the child. In newborns (<6 months old), it is especially 
important to perform a careful clinical examination because 
radiographs are not always reliable in making the diagnosis of 
developmental dysplasia in this age group.

The infant should be calm, relaxed, and pacified during 
the examination, and only one hip should be examined at a 
time. The hips should first be examined for limited abduc-
tion. In a child with a unilateral dislocation, hip abduc-
tion will be limited compared to the contralateral side. For 
the instability examination, the examiner places his or her 
hand around the infant’s knees so that the thumb lies on 
the inner thigh and the index and long fingers lie along the 
lateral thigh near the level of the greater trochanter. The 
Ortolani test is performed by gently abducting the flexed 
hip while applying an anteromedially directed force to the 
greater trochanter to detect any reduction of the femoral 
head into the true acetabulum. The provocative maneuver 
of Barlow detects any potential subluxation or posterior 
dislocation of the femoral head by direct pressure on the 
longitudinal axis of the femur while the hip is in adduc-
tion. A palpable, rather than an audible, clunk is felt as the 
femoral head reduces into or subluxes out of the acetabu-
lum (Fig. 30.1).

A child may be born with acetabular dysplasia without 
dislocation of the hip, and the latter may develop weeks or 
months later. Westin et al. reported the late development of 

dislocation of the hip in children with normal neonatal clini-
cal and radiographic examinations; they termed this develop-
mental dysplasia as opposed to congenital dysplasia of the hip, 
as it was previously known.

As the child reaches age 6 to 18 months, several fac-
tors in the clinical presentation change. When the femoral 
head is dislocated and the ability to reduce it by abduction 
has disappeared, several other clinical signs become obvi-
ous. The first and most reliable is a decrease in the ability 
to abduct the dislocated hip because of a contracture of the 
adductor musculature (Fig. 30.2A). Asymmetric skin folds 
are commonly mentioned as a sign to look for, but this sign 
is not always reliable because normal children may have 
asymmetric skin folds and children with dislocated hips 
may have symmetric folds. In general, the rate of DDH is 
much higher in hips with at least one abnormal clinical find-
ing than in hips without any. Limitation of abduction and 
asymmetric skin folds are the two most common findings.

The Galeazzi sign is noted when the femoral head 
becomes displaced not only laterally but also proximally, 
causing an apparent shortening of the femur on the side of the 
dislocated hip (Fig. 30.2B). Bilateral dislocations may appear 
symmetrically abnormal.

In a child of walking age with an undetected dislocated 
hip, families describe a “waddling” type of gait, indicating 
dislocation of the femoral head and a Trendelenburg gait pat-
tern. Parents also may describe difficulty in abducting the hip 
during diaper changes. 

SCREENING
The American Academy of Pediatrics recommends routine 
screening examination of all infants but does not recommend 
routine ultrasound evaluation of all newborns, although rou-
tine ultrasound screening is practiced in some health care 
systems in other countries. Research on universal ultra-
sound screening programs has found mixed results. Some 
studies suggest that children are treated earlier and have 
fewer surgeries when part of a universal screening program; 
however, other studies have suggested that many children 
received unnecessary referrals and treatments when univer-
sal screening programs were in place. Currently, referral to 
an orthopaedist is recommended with a positive newborn 
examination or a positive result at 2-week follow-up exami-
nation. Ultrasound is recommended for physical examina-
tion findings or risk factors that raise suspicion for DDH 
when the Ortolani and Barlow tests are negative; however, the 
ultrasound may be delayed until 6 weeks of age to decrease 
the chances of a false positive result in infants in whom the 
physical examination is normal and DDH is suspected solely 
on the basis of risk factors

The American Academy of Orthopaedic Surgeons devel-
oped clinical practice guidelines in 2014 for the detection and 
nonoperative management of pediatric DDH in infants up to 
6 months of age. Their recommendations related to screening 
and imaging include the following:
 1.  Moderate evidence supports not performing universal 

ultrasound screening of newborn infants.
 2.  Moderate evidence supports performing an imaging 

study before 6 months of age in infants with one or more 
of the following risk factors: breech presentation, family 
history, or history of clinical instability.

 FIGURE 30.1 Ortolani maneuver for routine screening of 
congenital dislocation of hip. Examiner gently stabilizes infant’s 
left hip and lower extremity and places left hand around right 
thigh and index and middle fingers over greater trochanter.
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 3.  Limited evidence supports that the practitioner might 
obtain an ultrasound in infants younger than 6 weeks of 
age with a positive instability examination to guide the 
decision to initiate brace treatment.

 4.  Limited evidence supports the use of an anteroposterior 
pelvic radiograph instead of an ultrasound to assess DDH 
in infants beginning at 4 months of age.

 5.  Limited evidence supports that a practitioner reexamine 
infants previously screened as having a normal hip exam-
ination on subsequent visits prior to 6 months of age.

 6.  Limited evidence supports that the practitioner perform 
serial physical examinations and periodic imaging assess-
ments (ultrasound or radiograph based on age) during 
management for unstable infant hips. 

IMAGING
Many reports have evaluated the use of ultrasound screen-
ing of newborns for early diagnosis of DDH. The most com-
prehensive accounts of the anatomy of the infant hip by 
ultrasound are by Graf of Austria, who described the ultra-
sonographic anatomy of the newborn hip and devised an 
ultrasonographic classification for hip dysplasia (Fig. 30.3). 
Although ultrasound is noninvasive and relatively simple to 
use, many authors have emphasized that the examination is 
highly observer dependent and that it is easy to overdiagnose 
“dysplasia.” In addition, ultrasound findings before 6 weeks 
of age can be questionable because of ligamentous laxity in 
the early newborn period; treatment before 6 weeks of age 
should be based on physical examination rather than ultra-
sound findings alone. Ultrasound diagnosis of “acetabular 
dysplasia” with a stable hip examination in the early postna-
tal period may result in unnecessary treatment. Nevertheless, 
ultrasound can be a useful adjunct to the physical examina-
tion and often is helpful in measuring and documenting the 
response of the hip to Pavlik harness treatment.

Although radiographs are not always reliable in mak-
ing the diagnosis of DDH in newborns, screening radio-
graphs may reveal any severe acetabular dysplasia or 
findings of a teratologic dislocation. As a child with a dis-
located hip ages and the soft tissues become contracted, 
radiographs become more reliable and helpful in diagno-
sis and treatment (Fig. 30.4). The most commonly used 
lines of reference are the vertical line of Perkins and the 
horizontal line of Hilgenreiner, both used to assess the 
position of the femoral head. In addition, the Shenton 
line is disrupted in an older child with a dislocated hip. 
Normally, the metaphyseal beak of the proximal femur 
lies within the inner lower quadrant of the reference lines 
noted by Perkins and Hilgenreiner. The International Hip 
Dysplasia Institute (IHDI) has further refined this mea-
surement, and various studies have shown excellent inter- 
and intra-rater reliability of this technique (Fig. 30.5). The 
acetabular index in a newborn generally is 30 degrees or 
less. Any significant increase in this measurement may be 
a sign of acetabular dysplasia. Three-dimensional imag-
ing provides little diagnostic benefit for a newborn or tod-
dler with DDH. However, CT or MRI can be helpful in 
preoperative planning or to evaluate the success of surgi-
cal intervention in older patients. Indications for three-
dimensional imaging will be discussed with the various 
treatment options below. 

TREATMENT
The treatment of DDH is age-related and tailored to the spe-
cific pathologic condition. Five age-related treatment groups 
have been designated: newborn (birth to 6 months old), infant 
(6 to 18 months old), toddler (18 to 36 months old), child (3 
to 8 years old), and adolescent and young adult (>8 years old). 
There can be overlap in these age groups that requires modi-
fication of treatment plans.

 

A

B

FIGURE 30.2 Clinical signs of congenital dislocation of hip in 13-month-old infant. A, Decrease 
in abduction of right hip with adduction contracture. B, Positive Galeazzi sign with apparent 
shortening of right lower extremity.
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NEWBORN (BIRTH TO 6 MONTHS)
From birth to approximately 6 months old, treatment is 
directed at stabilizing the hip that has a positive Ortolani 
or Barlow test or reducing the dislocated hip with a mild-
to-moderate adduction contracture. When the diagnosis 
has been made, either clinically or radiographically, it is 
essential to carefully evaluate the direction of dislocation, 
hip stability, and the reducibility of the hip before treat-
ment. A success rate of 85% to 95% has been reported in 
children treated in the Pavlik harness during the first few 
months of life. As the child ages and soft-tissue contrac-
tures develop, along with secondary changes in the ace-
tabulum, the success rate of the Pavlik harness decreases. 

Attention to detail is required in the use of this harness 
because the potential complications include osteonecrosis 
of the femoral head, although this appears to occur in less 
than 1% of patients.

When properly applied and maintained, the Pavlik har-
ness is a dynamic flexion-abduction orthosis that can pro-
duce excellent results in the treatment of dysplastic and 
dislocated hips in infants during the first few months. The 
harness is difficult to use in children who are crawling or 
who have fixed soft-tissue contractures and a fixed hip dislo-
cation. If a teratologic dislocation is present, the Pavlik har-
ness is unlikely to be successful, and other treatment options 
should be used.

 

Ilium

Abductor 
muscle

C

BA

Ischium

α β

FIGURE 30.3 Ultrasonographic classification of hip dysplasia. A, Image is rotated 90 degrees 
clockwise to resemble a hip in the anteroposterior plane in a standing or supine child. Angle α 
is formed by the intersection of the baseline and the acetabular roofline; it is normally greater 
than 60 degrees. Angle β is formed by the intersection of the baseline and the inclination line; it 
is normally less than 55 degrees. In a normal hip, the baseline should bisect the femoral head. B, 
Ultrasound appearance of a normal hip: α angle of 60 degrees and baseline bisects the femoral 
head. C, Dislocated hip.
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The Pavlik harness consists of a chest strap, two shoul-
der straps, and two stirrups. Each stirrup has an anterome-
dial flexion strap and a posterolateral abduction strap. The 
harness is applied with the child supine and in a comfortable 
undershirt. The chest strap is fastened first, allowing enough 
room for three fingers to be placed between the chest and 
the harness. The shoulder straps are adjusted to maintain the 
chest strap at the nipple line. The feet are placed in the stir-
rups one at a time. The hip is placed in flexion (90 to 110 
degrees), and the anterior flexion strap is tightened to main-
tain this position. Finally, the lateral strap is loosely fastened 
to limit adduction, not to force abduction. Excessive abduc-
tion to ensure stability is unacceptable. The knees should be 3 
to 5 cm apart at full adduction in the harness (Fig. 30.6).

A radiograph of the patient in the harness can help to 
confirm that the femoral neck is directed toward the trira-
diate cartilage, but a radiograph is not routinely necessary 
because clinical examination and ultrasound usually are suf-
ficient to monitor the success of treatment. During the first 
few weeks of harness wear, when the hip feels stable clinically, 
ultrasound evaluation is appropriate to confirm reduction of 
the hip.

Four basic patterns of persistent dislocation have been 
observed after application of the Pavlik harness: superior, 
inferior, lateral, and posterior. If the dislocation is superior, 
additional flexion of the hip is indicated. If the dislocation is 
inferior, a decrease in flexion is indicated. A lateral dislocation 
in the Pavlik harness should be observed initially. As long as 
the femoral neck is directed toward the triradiate cartilage, as 

confirmed by radiograph or ultrasound, the head may gradu-
ally reduce and “dock” into the acetabulum. A persistent pos-
terior dislocation is difficult to treat if it continues for more 
than a few weeks, and Pavlik harness treatment frequently is 
unsuccessful. Posterior dislocation is usually accompanied by 
tight hip adductor muscles and may be diagnosed by palpa-
tion of the greater trochanter posteriorly.

If any of these patterns of dislocation or subluxation per-
sist for more than 3 to 6 weeks, treatment in the Pavlik har-
ness should be discontinued and a new program initiated; in 
most patients, this consists of closed or open reduction and 
casting. Some studies, however, have demonstrated successful 
reduction in a rigid abduction orthosis when Pavlik harness 
treatment has failed (Fig. 30.7). The Pavlik harness should 
be worn 23 to 24 hours per day until stability is attained, as 
determined by negative Barlow and Ortolani tests. During 
this time, the patient is examined at 1- to 2-week intervals 
and the harness straps are adjusted to accommodate growth. 
The family is instructed in care of the child in the harness, 
including bathing, diapering, dressing, and the avoidance of 
restrictive swaddling. One study noted no difference in suc-
cess rates between 23- and 24-hour per day brace wear, allow-
ing for removal of the brace once a day for bathing with the 
compliant family.

Quadriceps function should be noted at each examina-
tion to detect a femoral nerve palsy, and families should be 
instructed to remove the legs from the brace daily to ensure 
that the infant is able to actively extend the knee against grav-
ity. If a femoral nerve palsy develops, the brace should be 
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FIGURE 30.4 A, Congenital dislocation of left hip in 13-month-old infant. B, Radiographic 

signs of congenital hip dislocation. 1, horizontal line (Hilgenreiner line); 2, vertical line (Perkins 
line); 3, quadrants (formed by lines 1 and 2); 4, acetabular index (Kleinberg and Lieberman); 5, 
Shenton line; 6, upward displacement of femoral head; 7, lateral displacement of femoral head; 8, 
Y coordinate (Ponseti); 9, capital epiphyseal dysplasia (a, delayed appearance of center of ossifica-
tion of femoral head; b, irregular maturation of center of ossification); 10, bifurcation (furrowing 
of acetabular roof in late infancy, Ponseti); 11, hypoplasia of pelvis (ilium); 12, delayed fusion 
(ischiopubic juncture); 13, adduction attitude of extremity.
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discontinued until full motor function returns. The duration 
of treatment depends on the patient’s age at diagnosis and 
the degree of hip instability. There are very few guidelines for 
brace discontinuation. Recommendations vary from abrupt 
discontinuation of the Pavlik harness 6 weeks after clinical 
stability has been obtained, to weaning of up to 2 hours per 
week until the brace is worn only at night, to transitioning to a 
nighttime abduction orthosis for additional weeks or months.

Radiographic or ultrasound documentation can be used 
throughout the treatment period to verify the position of the 
hip. Ultrasonographic evaluation is useful at the following 
times: immediately after the initiation of treatment, after any 
major adjustment in the harness, when the hip examination is 
stable after beginning Pavlik harness treatment, and 6 weeks 
after the hip stabilizes clinically or at the time weaning begins. 
Radiographs are useful at the age of 6 months old as well as at 
1 year (Fig. 30.8).

Suggested risk factors for Pavlik harness failure include 
absent Ortolani sign at initial evaluation (irreducible disloca-
tion), bilateral hip dislocations, the development of a femo-
ral nerve palsy during Pavlik treatment, an acetabular angle 
of 36 degrees or more on a radiograph, irreducible hips, ini-
tial coverage of less than 20% (as determined by ultrasound), 
and delay of Pavlik harness treatment beyond 7 weeks of age. 
Failure of Pavlik harness management of developmental dis-
location of the hip commonly indicates a need for closed or 
open reduction and a more dysplastic acetabulum. However, 
a trial with a rigid abduction orthosis can be attempted for 
a few weeks in patients in whom Pavlik harness treatment 
has failed, with some studies indicating occasional successful 
reduction in these patients.

In multiple series of dislocated hips reduced with the 
use of the Pavlik harness, the more severe the dislocation, 
the higher the rates of failed reduction and osteonecrosis, 

 

Grade I Grade II

Grade III Grade IV

FIGURE 30.5 The International Hip Dysplasia Institute (IHDI) Classification System utilizes 
the Hilgenreiner and Perkins lines to create four quadrants. The lower outer quadrant is then 
subdivided into two regions by a 45-degree line. The center of the proximal femoral metaphysis 
is used as the reference point that allows for utilization of the IHDI Classification before ossifica-
tion of the ossific nucleus. Grade I is considered normal. Grades II to IV indicate varying degrees 
of subluxation or dislocation.  (Redrawn from Narayanan U, Mulpuri K, Sankar WN, et al: Reliability of a 
new radiographic classification for developmental dysplasia of the hip, J Pediatr Orthop 35(5):478, 2015.)
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emphasizing the need for gentle reduction and progression 
to further treatment when the harness fails. Long-term fol-
low-up of patients with Pavlik harness treatment is neces-
sary because many patients have changes in the acetabulum 
at long-term follow-up despite normal radiographs at 3-year 
and 5-year follow-up examinations. 

INFANT (6 TO 18 MONTHS)
When a child reaches crawling age (6 to 10 months old), suc-
cess with the Pavlik harness decreases significantly. A 6- to 
18-month-old infant with a dislocated hip is likely to require 
either closed or open reduction.

Children in this age group are often seen initially with a 
shortened extremity, limited passive abduction, and a posi-
tive Galeazzi sign. If the child is walking, a Trendelenburg gait 
may be present. Radiographic changes include delayed ossifi-
cation of the femoral head, lateral and proximal displacement 
of the femoral head, and a shallow, dysplastic acetabulum.

With persistent dysplasia, the femoral head eventu-
ally moves superiorly and laterally with weight bearing. The 
capsule becomes permanently elongated, and anteriorly the 
psoas tendon may obstruct reduction of the femoral head into 
the true acetabulum. The limbus acetabuli may hypertrophy 
along the periphery of the acetabulum, and the ligamentum 
teres hypertrophies and elongates. The femoral head becomes 
reduced in size with posteromedial flattening, and coxa valga 
and excessive anteversion are noted. The true acetabulum is 
characteristically shallow and at surgery appears small because 
of the anterior capsular constriction, the hypertrophied lim-
bus, and constriction of the deep acetabular ligament.

Treatment in this age group may include preopera-
tive traction, adductor tenotomy, and closed reduction and 
arthrogram or open reduction in children with a failed closed 
reduction. Femoral shortening may be needed in a hip with 

 FIGURE 30.6 Properly applied Pavlik harness (see text).  (Cour-
tesy Wheaton Brace, Carol Stream, IL.)

 FIGURE 30.7 A rigid abduction orthosis such as pictured here 
can be used successfully in some children in whom a Pavlik harness 
has failed to produce a stable reduction (Rhino “Cruiser” hip abduc-
tion brace, Cascade Orthopedic Supply, Inc., Chico, CA).

 

B

A

FIGURE 30.8 A, Developmental dislocation of hip in 2-month-
old boy. B, At 5 months of age after reduction in Pavlik harness.
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a high proximal dislocation. Preoperative traction, adductor 
tenotomy, and gentle reduction with an acceptable “safe zone” 
are especially helpful in the prevention of osteonecrosis of the 
femoral head.

PREOPERATIVE TRACTION
The role of preliminary traction in reducing the incidence 
of osteonecrosis and in improving reduction is contro-
versial. Disagreement exists about whether skin or skele-
tal traction should be used, whether home or in-hospital 
traction is preferable, the amount of weight that should be 
used, the most beneficial direction of pull, and the dura-
tion of traction. Although controversial, some suggest 
that if traction decreases the risk of osteonecrosis even 
slightly it may be considered. However, a large retrospec-
tive study of over 300 children younger than 3 years of age 
failed to demonstrate any benefit of preoperative traction 
in improving the rate of successful closed reduction or in 
decreasing the rate of osteonecrosis. Although skin trac-
tion could be an option for some centers, skeletal traction 
is not indicated, and primary femoral shortening is now 
routinely used in older children. The objectives of traction 
or primary femoral shortening are to bring the laterally 
and proximally displaced femoral head down to and below 
the level of the true acetabulum to allow a gentler reduc-
tion with less risk of osteonecrosis. 

ADDUCTOR TENOTOMY
A percutaneous adductor tenotomy under sterile conditions 
can be performed for a mild adduction contracture. For a 
more severe adduction contracture or one of long duration, 
an open adductor tenotomy through a small transverse inci-
sion is preferable (see Technique 33.1). 

ARTHROGRAPHY AND CLOSED REDUCTION
Arthrography and gentle closed reduction are accomplished 
with the child under general anesthesia.

The interposition of soft tissue in the acetabulum may be 
suggested by lateralization of the femoral head. Because the 
radiograph of the hip in an infant or young child cannot yield 
all the information desired in diagnosing or treating DDH, 
arthrography is helpful in determining (1) whether mild dys-
plasia is present, (2) whether the femoral head is subluxated 
or dislocated, (3) whether manipulative reduction has been or 
can be successful, (4) to what extent any soft-tissue structures 
within the acetabulum may interfere with complete reduction of 
the dislocation, (5) the condition and position of the acetabular 
labrum (the limbus), and (6) whether the acetabulum and fem-
oral head are developing normally during treatment. Because 
arthrograms are not always easy to interpret, the surgeon must 
be thoroughly familiar with the normal and abnormal signs 
they may reveal and with the technique of making arthrograms 
(Video 30.1).

An arthrogram of the hip is beneficial in all children, 
regardless of age, who are given a general anesthetic for closed 
reduction, unless closed reduction is obviously impossible. It 
is most helpful to determine when manipulative reduction 
is unstable or when the femoral head is not concentrically 
seated within the acetabulum. The most important factor 
that determines outcome of closed treatment of develop-
mental hip dislocation is the quality of the initial reduction. 
Proposed criteria for accepting a reduction are a medial dye 

pool of 5  mm or less and maintenance of reduction in an 
acceptable “safe zone.”

The use of image intensification in arthrography makes 
insertion of the needle much easier. The danger of damaging 
the articular surfaces and the possibility of injecting the con-
trast medium into areas other than the hip joint are decreased. 
This improves the safety of the procedure and decreases the 
likelihood of improper injection of the contrast material into 
an area that will obscure the surgeon’s view.

The findings of the clinical examination and of arthrog-
raphy at the time of attempted closed reduction determine 
if the hip will be stable or may require open reduction. A 
clinical finding that usually indicates an acceptable closed 
reduction is the sensation of a “clunk” as the femoral head 
reduces in the true acetabulum. The “safe zone” concept of 
Ramsey, Lasser, and MacEwen can be used in determining 
the zone of abduction and adduction in which the femoral 
head remains reduced in the acetabulum. A wide safe zone 
(minimum of 20 degrees, preferably 45 degrees) (Fig. 30.9) 
is desirable, and a narrow safe zone implies an unstable or 
unacceptable closed reduction. Forceful abduction to main-
tain a closed reduction is to be avoided, to decrease the likeli-
hood of osteonecrosis. Osteonecrosis after closed reduction 
has been reported to be as high as 25% in some studies. A 
careful clinical evaluation of the reduction should be made 
before and after adductor tenotomy and before the arthro-
gram because, when the hip capsule is distended with dye, 
clinical examination becomes more difficult. An increase in 
the knee flexion angle (popliteal angle) is another indicator 
of a successful closed reduction. 

 

ARTHROGRAPHY OF THE HIP IN DDH

 TECHNIQUE 30.1 

 n  Place the child supine after a general anesthetic has been 
administered. Perform sterile preparation and draping of 
the hip.

 n  With a gloved fingertip, locate the hip joint immediately 
inferior to the middle of the inguinal ligament and one 

 

Redislocation

Safe
zone

Maximum
abduction

FIGURE 30.9 Safe zone used to determine acceptability of 
closed reduction of congenital dislocation of hip.
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fingerbreadth lateral to the pulsating femoral artery (Fig. 
30.10). Alternatively, insert the needle medially, just be-
hind the adductor longus.

 n  With the assistance of image intensification, insert a 
22-gauge spinal needle, to which is attached a 5-mL sy-
ringe filled with normal saline solution, until it enters the 
hip joint; resistance is met as the needle passes through 
the joint capsule.

 n  Inject the saline solution into the joint; this is easy at first 
but becomes more difficult as the joint becomes distend-
ed and the hip gradually flexes.

 n  Release the plunger of the syringe; if the joint has been 
successfully entered, the saline solution that is under pres-
sure in it reverses the plunger and fluid escapes into the 
syringe.

 n  Aspirate the saline solution from the joint and remove the 
syringe from the needle.

 n  Fill the syringe with 5 mL of a 25% strength medically 
approved contrast agent such as diatrizoate or iohexol 

solution and inject 1 to 3 mL through the needle into the 
joint with image intensification.

 n  Rapidly withdraw the needle and begin the examination 
under image intensification as the contrast agent will be-
gin to clear soon after injection.

 n  Bring the hip through a full range of motion, performing 
provocative maneuvers of Barlow and Ortolani to gauge 
the ability to achieve a closed reduction and the stability 
of that reduction once achieved. Identify any and all ob-
stacles to a deep, stable closed reduction (Video 30.1).

 n  Use image intensification to evaluate the reduction and 
safe zone. Alternatively, if image intensification is not 
available, obtain plain film arthrogram images with por-
table radiography in both the dislocated and reduced po-
sitions. When arthrograms are to be made of both hips, 
insert a needle into each, ensuring that both are within 
the joints before either joint is injected. Inject both hips 
as described here and make arthrograms of both (Video 
30.1).
   

 

CB

A

FIGURE 30.10 Arthrography of the hip. A, Insertion of 22-gauge spinal needle one finger-
breadth lateral to femoral artery and immediately inferior to anterior superior iliac spine for 
arthrography. B, In necropsy specimen, areas of hip in which dye may be easily injected: beneath 
acetabular labrum, in medial or lateral capsular pouch, and at junction of ossified and cartilaginous 
portion of femoral head. C, Irreducible hip with medial dye pool.  (Courtesy John Ogden, MD.) SEE 
TECHNIQUE 30.1.
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APPLICATION OF A HIP SPICA CAST
After confirmation of a stable reduction, a hip spica cast is 
applied with the hip joint in 95 degrees of flexion and 40 
to 45 degrees of abduction. Salter advocated this “human 
position” as best for maintaining hip stability and minimizing 
the risk of osteonecrosis. Kumar described an easily repro-
ducible and simple technique for applying a hip spica cast. 
Fiberglass can be used in place of plaster, but the technique 
is described in its original form. Although this technique is 
useful, good results can be obtained with modifications of 
the spica cast as described as long as the surgeon adheres 
to key principles: (1) the cast should be well-fitted and well-
molded, particularly along the greater trochanter; (2) there 
should be appropriate space for toileting and hygiene to 
avoid cast soiling; (3) excessive abduction beyond the safe 
zone should be avoided but with enough hip flexion and 
abduction to maintain reduction.

 TECHNIQUE 30.2 

(KUMAR)
 n  Place the anesthetized child on the spica frame. Abduct 

the hip to 40 to 45 degrees and flex it to about 95 degrees 
(Fig. 30.11A). The amount of hip flexion and abduction 
required to keep the hip in the most stable position should 
be determined clinically and checked by radiographs.

 n  After the correct position of flexion and abduction for 
stability is determined, place a small towel in front of the 
abdomen.

 n  Cover the pelvis and extremities with stockinette. Roll 
2-inch (5-cm) Webril from the level of the nipples down 
to the ankles (Fig. 30.11B). Pad around the bony points 
with 2-inch (5-cm) standard felt. Apply the first pad over 
the proximal end of the spica, near the nipple line (Fig. 
30.11C).
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2 inch Webril

Felt padding

95°

1

2
3

a

b
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Complete
plaster roll

to knee

4 or 5 splints,
back to front

Short side
splint

40° to 45°
abduction

MoldMold

FIGURE 30.11 A to F, Technique of application of hip spica cast for congenital dislocation of 
hip. Note positioning of patient in “human” position.  (Redrawn from Kumar SJ: Hip spica application 
for the treatment of congenital dislocation of the hip, J Pediatr Orthop 1:97, 1981.) SEE TECHNIQUE 30.2.
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 n  Start a second piece of the same size felt at the level of the 
right groin and carry it posteriorly across the gluteal fold, 
over the right iliac crest, in front of the abdomen, over 
the lateral aspect of the left thigh, and to the left inguinal 
area (Fig. 30.11C).

 n  Apply a third piece of felt over the knee (Fig. 30.11C) 
and a fourth piece above the ankle over the distal leg. 
Place similar pieces of felt over the opposite knee and 
leg.

 n  Apply the plaster in two sections—a proximal section 
from the nipple line to the knees and a distal section from 
the knees to the ankles.

 n  Apply a single layer of 4-inch (10-cm) plaster roll from 
the nipple line to the level of the knees on both sides. 
Apply four or five plaster splints back to front from the 
nipple line to the back of the sacrum to reinforce the 
back of the cast. At the same time, apply a short, thick 
splint over the anterolateral aspect of the inguinal area 
(Fig. 30.11D).

 n  Apply another splint. Starting from the right inguinal 
area, carry it posteriorly across the gluteal region, the iliac 
crest, the front of the abdomen, and back the same way 
on the opposite thigh (Fig. 30.11D). This is a reinforcing 
splint that attaches the thigh to the upper segment.

 n  Apply another long splint from the level of the knee 
across the anterolateral aspect of the inguinal area and 
up the chest wall (Fig. 30.11D). This splint is one of the 
main anchors of the thigh to the body segment.

 n  Follow this by a roll of 4-inch (10-cm) plaster from the 
nipple line to the knees. This completes the proximal sec-
tion of the spica.

 n  Complete the cast from the knees down to the ankles. Do 
this by applying on both sides a single roll of 3-inch (7.5-
cm) plaster from the knee to the ankle level and reinforc-
ing this by two splints over the medial and lateral aspects 
of the thigh, knee, and leg.

 n  Follow this by another roll of 3-inch (7.5-cm) plaster. (Fig. 
30.11E).

 n  Because the cast is reinforced laterally around the hips, a 
wide segment can be removed from the front of the hips 

without weakening the cast. This permits better radio-
graphs of the hips (Fig. 30.11E).

    The final inferior view of the spica cast should appear 
as shown in Figure 30.11F, with about 40 to 45 degrees 
of abduction. The amount of abduction is determined by 
the position of hip stability. Excessive abduction should be 
avoided. We have found that the hips are always flexed 
less than they appear to be and are abducted more than 
they appear. A gentle cast mold over the greater trochan-
ter can aid in maintaining hip reduction.

POSTOPERATIVE CARE Spica cast immobilization is 
continued for 3 to 4 months. The cast can be changed at 
the midpoint with the patient under general anesthesia. 
Radiographs or arthrograms can be obtained to ensure 
that the femoral head is reduced anatomically into the ac-
etabulum. Clinical and radiographic follow-up is essential 
until the hip is considered normal.
  

THREE-DIMENSIONAL IMAGING AFTER CLOSED 
REDUCTION
CT or MRI is useful in the postoperative period to assess 
reduction. These studies can be obtained under the same 
anesthetic as the closed reduction, or they can be delayed 24 
to 28 hours to allow time for the child to become more active. 
A comparison of MRI and CT in the evaluation of reduction 
of DDH found sensitivity of 100% for both CT and MRI and 
specificity of 96% for CT and 100% for MRI. CT required 
less time (3 minutes) than MRI (10 minutes) and was less 
expensive but exposes the child to ionizing radiation. In con-
trast to routine radiography, a cast does not alter the image 
of an axial CT or MRI (Figs. 30.12 and 30.13), but because 
of the radiation exposure of CT, the number of cuts should 
be limited. Fast MRI hip sequences have been proposed to 
allow for acquisition of MRI data without additional anes-
thesia. Long-term follow-up is recommended after successful 
closed reduction to monitor for resubluxation and acetabular 
remodeling. If stable closed reduction is achieved early in life, 
acceptable  acetabular remodeling often results; however, if 

 

BA

FIGURE 30.12 A, Anteroposterior radiograph of pelvis obtained with patient in hip spica cast 
after closed reduction. Note difficulty in assessing position of femoral head. B, CT scan of pelvis to 
confirm bilateral reduction of femoral head into true acetabulum.
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there is a delay in diagnosis and treatment of a dysplastic hip, 
the completeness of acetabular remodeling is not ensured, 
and additional surgical correction of acetabular dysplasia 
may be required. 

OPEN REDUCTION
In children in whom efforts to reduce a dislocation without 
force have failed, open reduction is indicated to correct the 
interposed soft-tissue structures and to reduce the femoral 
head concentrically in the acetabulum. This surgical option is 
indicated by pathology rather than by age because open reduc-
tion may be required in children younger than 6 months and 
closed reduction occasionally can be successful in children 18 
months of age. Open reduction can be performed through an 
anterior or medial approach; the choice depends on the expe-
rience of the surgeon and the particular dislocation.

Regardless of the approach chosen, open reduction of the 
dislocated and dysplastic hip should correct as many of the 
blocks to reduction as possible, which may include hourglass 
constricted capsule, iliopsoas tendon, hypertrophied limbus, 
inverted labrum, hypertrophied and elongated ligamentum 
teres, transverse acetabular ligament, and excess fibrofatty 
pulvinar. The surgeon should strive to correct all aspects of 
the deformity in a single surgical event because revision sur-
gery often is challenging.

The anterior approach requires more anatomic dissec-
tion but provides greater versatility because the pathologic 

condition in the anterior and lateral aspects is easily reached 
and pelvic osteotomy can be performed through this approach 
if necessary.

The medial (Ludloff) approach utilizes the interval 
between the iliopsoas and the pectineus. This approach places 
the medial circumflex vessels at a higher risk and has been 
reported to be associated with a higher incidence of osteo-
necrosis (10% to 20%) in some studies and similar rates of 
osteonecrosis in others. Although the medial approach allows 
removal of the impediments to reduction, it does not allow 
capsulorrhaphy and is, therefore, generally recommended in 
infants 6 to 18 months old. 

 

ANTERIOR APPROACH

 TECHNIQUE 30.3 

(BEATY; AFTER SOMERVILLE)
 n  Make an anterior bikini incision from the middle of the 

iliac crest to a point midway between the anterior supe-
rior iliac spine and the midline of the pelvis. The anterior 
superior iliac spine should be at the midpoint of the in-
cision, which can be placed 1 cm below the iliac crest 
(Fig. 30.14A).

 

A

B1 B2B1 B2

FIGURE 30.13 A, Plain anteroposterior view of a 9-month-old girl with persistent hip disloca-
tion. B, Axial and coronal MRI of hip after arthrogram, successful closed reduction, and spica cast 
application.
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 n  Carry sharp dissection through the subcutaneous tissue to 
the deep fascia.

 n  Identify and enter the interval between the sartorius and 
tensor fasciae latae muscles, protecting the lateral femo-
ral cutaneous nerve by retracting it with a Penrose drain 
during the entire procedure. The presence of inguinal 

lymph nodes in the most medial dissection indicates the 
proximity of the neurovascular bundle.

 n  Detach the iliac apophysis from the ilium, beginning at 
the anterior superior iliac spine and extending 4 cm pos-
teriorly along the ilium. Alternatively, the iliac apophysis 
can be split sharply.
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FIGURE 30.14 Technique of anterior open reduction in congenital dislocation of hip. A, Bikini 
incision. B, Division of sartorius and rectus femoris tendons and iliac epiphysis. C and D, T-shaped 
incision of capsule. E, Capsulotomy of hip and use of ligamentum teres to find true acetabulum. F, 
Reduction and capsulorrhaphy after excision of redundant capsule. G, Developmental dislocation 
of right hip. H, After anterolateral open reduction. I, At age 7 years; note remodeling of femoral 
head and acetabulum. SEE TECHNIQUE 30.3.
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 n  Subperiosteally dissect the tensor fasciae latae laterally to 
expose the ilium and the full extent of the anterolateral 
capsule.

 n  Identify the origin of the sartorius muscle at the anterior 
superior iliac crest, divide it, and allow it to retract distally.

 n  Dissect the tensor fasciae latae origin to the anterior infe-
rior iliac spine.

 n  Place a retractor along the medial aspect of the anterior 
inferior iliac spine onto the superior pubic ramus.

 n  Identify the psoas tendon in its groove on the superior 
pubic ramus and perform a recession tenotomy to facili-
tate placement of a right-angle retractor in the groove 
on the superior pubic ramus normally occupied by the 
iliopsoas tendon. The retractor protects the psoas muscle 
and neurovascular bundle anteriorly and assists in medial 
exposure.

 n  Identify the origins of the direct and oblique heads of the 
rectus femoris muscle and perform a tenotomy approxi-
mately 1 cm distal to the anterior inferior iliac spine (Fig. 
30.14B). Tag the distal segment and allow the tendon to 
retract distally.

 n  Identify the capsule of the hip joint anteriorly, medially, 
and laterally. A large amount of redundant capsule may 
be present laterally in the region of a false acetabulum.

 n  Make a T-shaped incision from the most medial aspect of 
the capsule to the most lateral and continue the incision 
along the anterior border of the femoral head and neck 
(Fig. 30.14C,D). For more exposure, use Kocher clamps to 
retract the capsule.

 n  Identify the femoral head and the ligamentum teres; de-
tach the ligamentum teres from the femoral head and 
place on it a Kocher clamp. Trace the ligamentum teres 
to the true acetabulum and excise with a rongeur or 
sharp dissection any pulvinar in the true acetabulum (Fig. 
30.14E).

 n  Gently expose the bony articular surface of the acetabu-
lum with its circumferential cartilage.

 n  Expose the acetabulum laterally, superiorly, medially, and 
inferiorly to the level of the deep transverse acetabular 
ligament, which should be divided to enlarge the most 
inferior aspect of the acetabulum. Enlarge the entrance 
to the acetabulum by excision of the fat from the inner-
most aspect of the acetabulum until the entrance is large 
enough to allow reduction of the femoral head without 
difficulty.

 n  After reducing the femoral head into the acetabulum, 
move the hip through a complete range of motion (in-
cluding flexion, extension, adduction, and abduction) to 
determine the “safe zone” of reduction.

 n  If the reduction is concentric and stable, reduce the femo-
ral head and close the capsule, suturing the lateral flap of 
the T-shaped incision as far medially as possible to elim-
inate any redundant capsule in the region of the false 
acetabulum (Fig. 30.14F). An adequate capsulorrhaphy 
significantly improves stability of the hip. Place sutures in 
the tips of the “T” and along the superior border of the 
acetabulum.

 n  When capsulorrhaphy is completed, suture the rectus 
femoris tendon to its origin and the iliac apophysis to the 
fascia of the tensor fasciae latae along the iliac crest.

 n  Close the superficial fascial layers, the subcutaneous tis-
sues, and the skin. Apply a double spica cast with the hips 

in 90 to 100 degrees of flexion and 40 to 55 degrees of 
abduction.

POSTOPERATIVE CARE Radiography, CT, or MRI can be 
used to confirm reduction of the femoral head into the ac-
etabulum. The spica cast is changed in the operating room 
at 5 to 6 weeks with final removal at 10 to 12 weeks. 
Sequential radiographs are used to assess development of 
the femoral head and acetabulum (Fig. 30.14G to I); these 
are obtained on a regular basis until the child  reaches 
 skeletal maturity.
   

 

MEDIAL APPROACH

 TECHNIQUE 30.4 

(LUDLOFF)
 n  Make a transverse incision centered at the anterior margin 

of the adductor longus, approximately 1 cm distal and 
parallel to the inguinal ligament (Fig. 30.15).

 n  Open the fascia along the superior border of the adductor 
longus. Isolate this muscle, divide it close to its insertion 
on the pelvis, and retract it distally to expose the adductor 
brevis muscle in the inferior part of the wound and the 
pectineus muscle in the superior part of the wound.

 n  Identify the branches of the anterior obturator nerve 
on the surface of the adductor brevis muscle and with 
blunt dissection follow this nerve beneath the pectineus 
muscle. Free the posterior border of the pectineus muscle 
proximally to its origin on the pelvis.

 n  Place a retractor beneath the pectineus muscle and retract 
it superiorly. Identify by palpation the lesser trochanter 
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FIGURE 30.15 Incision for medial (Ludloff) approach and open 
reduction. SEE TECHNIQUE 30.4.
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and the iliopsoas tendon. Open the fascial layer surround-
ing the tendon, pull the tendon into the wound with a 
right-angle clamp, and sharply divide it.

 n  With blunt dissection clear the pericapsular fat from the 
capsule. Dissect free the small branch of the medial cir-
cumflex artery that crosses the capsule inferiorly and pre-
serve it.

 n  Incise the capsule in the direction of the femoral neck. 
Identify the transverse acetabular ligament and section it.

 n  If needed for reduction, perform additional release of the 
capsule. Reduce the hip in 90 to 100 degrees of flexion 
and 40 to 60 degrees of abduction.

 n  When the optimal position is determined, close the deep 
fascia and skin in routine fashion and apply a double spica 
cast. Some studies have suggested that repair of the il-
iopsoas tendon could be helpful to preserve long-term 
muscle strength, although spontaneous reattachment is 
common.

 n  Consider obtaining three-dimensional imaging after cast 
application to confirm reduction of the femoral head.

POSTOPERATIVE CARE Postoperative care is similar to 
that after closed reduction and varies according to the age 
of the child. Generally, 8 to 12 weeks of cast immobiliza-
tion is sufficient.
  

Three-dimensional imaging should be considered 
after successful closed or open reduction. See the section, 
“Three-Dimensional Imaging After Closed Reduction” for a 
discussion on the timing, cost, anesthesia, and radiation con-
siderations for the various options.

CONCOMITANT OSTEOTOMY
The use of a concomitant osteotomy of the ilium, acetabulum, 
or femur at the time of open reduction remains controversial. 
Innominate osteotomy, acetabuloplasty, proximal femoral 
varus derotation osteotomy, or femoral shortening osteot-
omy might increase the stability of open reduction. However, 
in younger children (<12 months), acetabular remodel-
ing potential could render these procedures unnecessary. 

Conversely, inadequate remodeling after open reduction may 
necessitate a return to the operating room at a later date for a 
bony procedure.

Zadeh et al. used concomitant osteotomy at the time of 
open reduction to maintain stability of the reduction in which 
the following test of stability after open reduction was used.
 1.  Hip stable in neutral position—no osteotomy
 2.  Hip stable in flexion and abduction—innominate 

osteotomy
 3.  Hip stable in internal rotation and abduction—proximal 

femoral derotational varus osteotomy
 4.  “Double-diameter” acetabulum with anterolateral defi-

ciency—Pemberton-type osteotomy
Aside from the need for osteotomy at the time of open 

reduction to maintain stability, there also are concerns 
about residual acetabular dysplasia. Better results have been 
reported in children younger than 30 months of age who were 
treated with combined open reduction and Salter osteotomy 
than in those treated with a staged procedure.

Concomitant osteotomy, particularly a femoral shorten-
ing osteotomy with or without derotation, should be done 
at the time of open reduction when necessary to maintain a 
safe, stable reduction. If open reduction is stable without an 
osteotomy, a bony procedure for residual deformity should be 
considered at the time of the open reduction in an older child 
(>18 months) and used with caution even in younger infants. 

TERATOLOGIC DISLOCATIONS
A teratologic dislocation of the hip is one that occurs at some 
time before birth, resulting in significant anatomic distortion 
and resistance to treatment. It often occurs with other con-
ditions, such as arthrogryposis, Larsen syndrome, myelome-
ningocele, and diastrophic dwarfism.

The anatomic changes in teratologic dislocations are much 
more advanced than the changes in a typical developmental 
hip dislocation in a child of the same age. The acetabulum 
is small, with an oblique or flattened shape; the ligamentum 
teres is thickened, and the femoral head is of variable size and 
may be flattened on the medial side (Fig. 30.16). The hip joint 
is usually stiff and irreducible, and radiographs show supero-
lateral displacement.

 

A B

FIGURE 30.16 A, Teratologic dislocation of left hip in 18-month-old girl. B, Appearance at 3 
years of age after primary femoral shortening, anterior open reduction, and innominate osteotomy.
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Most authors agree that closed reduction is ineffective 
and that open reduction is necessary, but indications for 
treatment are unclear. Most agree that unilateral dislocations 
should be treated more aggressively than bilateral disloca-
tions, and the ambulatory potential of the patient is prob-
ably the most important consideration in deciding whether 
to treat bilateral dislocations. The difficulty of successfully 
treating teratologic dislocations is reflected in the results of 
Gruel et al., who found that of the 27 hips in their series, 44% 
had poor results and 70% had complications. Osteonecrosis 
occurred in 48% of hips, redislocation occurred in 19%, and 
subluxation occurred in 22%. Anterior open reduction and 
femoral shortening produced the best results with the fewest 
complications, whereas the worst results and most complica-
tions occurred in the hips treated by closed reduction.

Although multiple procedures may be required, good 
results can be obtained and a stable hip can be achieved in 
properly selected patients. Open reduction through a medial 
approach has been recommended for children 3 to 6 months 
old combined with surgical correction of congenital contrac-
tures of the knee and foot. In older children, primary femoral 
shortening and anterior open reduction, with or without pel-
vic osteotomy, is preferred. 

OSTEONECROSIS
The most serious complication associated with treatment 
of DDH in early infancy is the development of osteone-
crosis. Estimated rates of osteonecrosis vary widely, rang-
ing from less than 5% to almost 50%. Proposed risk factors 
for osteonecrosis include open reduction with concomi-
tant osteotomies, redislocation after surgical correction, 
or the need for secondary procedure after initial closed or 
open reduction. Although the rate of osteonecrosis after 
closed reduction is lower than after open reduction, the 
rate is still as high as 10% to 35% after closed treatment. 
Some authors have suggested that osteonecrosis is more 
frequent when reduction is done before the appearance 
of the ossific nucleus of the femoral head, whereas others 
have stated that waiting until the ossific nucleus appears 
does not seem to affect the development of osteonecrosis. 
Most recently, meta-analyses have indicated that the pres-
ence of the ossific nucleus provides little protective benefit 
against osteonecrosis after closed or open reduction, and 
Luhmann et  al. found that delaying reduction of a dislo-
cated hip until the appearance of the ossific nucleus more 
than doubled the need for future surgery. Despite a slight 
increase in the rate of osteonecrosis after reduction of hips 
without an ossific nucleus, they advocated early reduction 
to optimize development of the hip with the minimal num-
ber of operations.

Potential sequelae of osteonecrosis include femoral head 
deformity, acetabular dysplasia, lateral subluxation of the 
femoral head, relative overgrowth of the greater trochan-
ter, and limb-length inequalities; osteoarthritis is a common 
late complication. Bucholz and Ogden and Kalamchi and 
MacEwen proposed classification systems based on mor-
phologic changes in the capital femoral epiphysis, the phy-
sis, and the proximal femoral metaphysis (Fig. 30.17). These 
classifications are useful in determining proper treatment and 
prognosis for a particular patient; however, the proper classi-
fication may not be identifiable on radiographs until the child 
is 4 to 6 years old. The prognostic ability of the Bucholz and 

Ogden classification system has been brought into question 
by an interrater reliability study; the authors concluded that 
a new classification scheme is needed. A simplification of the 
Kalamchi and MacEwen classification scheme has been pro-
posed that combines groups II, III, and IV into a single group 
B. By classifying osteonecrosis cases into group A or group B, 
the authors were able to demonstrate that the type of reduc-
tion (closed with traction versus open without femoral short-
ening) was a factor in the development of osteonecrosis.

Treatment should be directed toward the clinical prob-
lems associated with each radiographic classification group. 

 

E

D

C

B

A

a                                b                                 c  
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Type I

Type II

Type III

Type IV 

FIGURE 30.17 Bucholz and Ogden classification of osteone-
crosis of femoral head in congenital dislocation of hip. A, Normal 
femoral head at 2 months (a), 1 year (b), and 9 years (c) of age. 
B, Type I: a, sites of temporary vascular occlusion; b, irregular ossi-
fication in secondary center; c, normal epiphyseal contour, slight 
decrease in height of capital femoral ossification center. C, Type II: 
a, probable primary site of vascular occlusion; b, metaphyseal and 
epiphyseal irregularities; c, premature fusion of lateral metaphysis 
and epiphysis. D, Type III: a, sites of temporary vascular occlusion; 
b, impaired longitudinal growth of capital femoral epiphysis; c, 
irregularly shaped femoral head. E, Type IV: a, sites of temporary 
vascular occlusion; b, impaired longitudinal and latitudinal growth; 
c, premature epiphyseal closure.  (Redrawn from Bucholz RW, Ogden 
JA: Patterns of ischemic necrosis of the proximal femur in nonoperatively 
treated congenital hip disease. In The hip: Proceedings of the Sixth Open 
Scientific Meeting of the Hip Society, St Louis, Mosby, 1978.)
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Many patients do not require any treatment during adoles-
cence and young adulthood. In a few, femoral head defor-
mity and acetabular dysplasia that predisposes the hip joint 
to incongruity and persistent subluxation can be treated with 
femoral osteotomy or appropriate pelvic osteotomy or both.

Children with osteonecrosis after treatment of develop-
mental dislocation of the hip should be followed to maturity 
with serial orthoradiographs. Significantly better results have 
been reported in patients treated early (1 to 3 years after the 
ischemic insult) with innominate osteotomy than in patients 
treated later (5 to 10 years after the ischemic insult) and patients 
without pelvic osteotomy. Patients treated early also had less 
pain and fewer gait disturbances and required fewer additional 
procedures for limb-length inequality or greater trochanteric 
overgrowth. Early innominate osteotomy has been suggested 
to induce spherical remodeling of the femoral head, with a 
resultant congruous hip joint, whereas with later osteotomy 
the femoral head was already deformed, with little potential 
for remodeling. Significant limb-length inequality can be cor-
rected by appropriate techniques, usually a well-timed epiphys-
iodesis. Symptomatic overgrowth of the greater trochanter can 
be treated in older patients with greater trochanteric advance-
ment, which increases the abductor muscle resting length and 
increases the abductor lever arm (Fig. 30.18). 

 

TROCHANTERIC ADVANCEMENT

 TECHNIQUE 30.5 

(LLOYD-ROBERTS AND SWANN)
 n  Approach the trochanter through a long lateral incision. 

Place a Gigli saw deep to the gluteus medius and minimus 
muscles and divide the trochanter at its base. Alternately, 
remove the lateral two thirds of the greater trochanter 
with an oscillating saw or large osteotome. Protect the 
lateral ascending cervical artery medial to the piriformis 
fossa.

 n  Mobilize the gluteus muscles anteriorly and posteriorly as 
they are dissected off the joint capsule and strip them for 
a short distance from the ilium above.

 n  Displace the detached trochanter with its attached mus-
cles distally to the lateral cortex of the femur while the hip 
is abducted.

 n  Bevel the femoral cortex to help reduce tension and im-
prove placement of the trochanter.

 n  Secure the trochanter to the femur with screws and su-
ture the femoral periosteum and vastus lateralis muscle. 

 

C

BA

FIGURE 30.18 A, Osteonecrosis of left femoral head in 4-year-old girl after closed reduction 
of left congenital dislocation of hip at 6 months of age. B, At 10 years of age, now type II osteo-
necrosis is present, with premature lateral epiphyseal arrest and relative trochanteric overgrowth. 
C, At 13 years of age, after transfer of trochanter distally and anteriorly.
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The top of the greater trochanter now should be posi-
tioned at the level of the center of the femoral head on 
an anteroposterior radiograph. The trochanter usually re-
quires advancement anteriorly and distally.

    Trochanteric advancement also can be performed fol-
lowing the surgical approach description (see Chapter 6).

POSTOPERATIVE CARE The hip is protected by a spica 
cast in abduction for 3 to 6 weeks. A physical therapy 
program is begun for rehabilitation of the hip abductor 
musculature.
  

TODDLER (18 TO 36 MONTHS)
Because of widespread screening of newborns, it is becom-
ing less common for DDH to go undetected beyond the 
age of 1 year. An older child with this condition has a wide 
perineum, shortened lower extremity, and hyperlordosis 
of the lower spine as a result of femoropelvic instability. 
For these children with well-established hip dysplasia, 
open reduction with femoral or pelvic osteotomy, or both, 
often is required. Persistent dysplasia can be corrected by 
a redirectional proximal femoral osteotomy in very young 
children. If the primary dysplasia is acetabular, pelvic 
redirectional osteotomy alone is more appropriate. Many 
older children require femoral and pelvic osteotomies, 
however, if significant deformity is present on both sides 
of the joint.

FEMORAL OSTEOTOMY IN DYSPLASIA OF THE HIP
Surgeons who recommend femoral osteotomies advise an 
operation on the pelvic side of the joint only after (1) the 
femoral head has been concentrically seated in the dysplas-
tic acetabulum by such an osteotomy, (2) the joint has failed 
to develop satisfactorily, and (3) the growth potential of the 
acetabulum no longer exists. Opinions differ widely as to the 
age at which the acetabulum loses its ability to develop satis-
factorily over a femoral head concentrically located, although 
8 years appears to be most frequently cited upper age limit 
after which little benefit is derived from femoral osteotomy 
alone. Femoral osteotomy is most frequently indicated with 
primary femoral shortening, but the technique is included 
here for completeness. 

 

VARUS DEROTATIONAL OSTEOTOMY 
OF THE FEMUR IN HIP DYSPLASIA, 
WITH PEDIATRIC HIP SCREW  
FIXATION

 TECHNIQUE 30.6 

 n  Place the patient supine on a radiolucent operating table. 
Image intensification in the anteroposterior projection is 
desirable.

 n  Prepare and drape the affected extremity, leaving the 
unaffected leg draped free to allow intraoperative radio-
graphs or imaging.

 n  Make a lateral incision from the greater trochanter distally 
8 to 12 cm, incise the iliotibial band, and reflect the vastus 
lateralis muscle to expose the lateral aspect of the femur.

 n  Make a transverse line in the femoral cortex with an 
osteotome to mark the level of the osteotomy at the 
level of the lesser trochanter or slightly distal. Correct 
positioning of the osteotomy can be verified with image 
 intensification.

 n  Make a longitudinal orientation line on the anterior 
femoral cortex to determine correct rotation. Additional 
rotational orientation can be obtained by placing small 
Kirschner wires both just inside the anterior femoral neck 
and across the distal femoral epicondylar access.

 n  Drill a hole just distal to the greater trochanter and check 
its placement with the image intensifier.

 n  This osteotomy can be stabilized with a pediatric hip screw, 
an angled blade plate, or a proximal femoral locking plate. 
The description presented uses a pediatric hip screw.

 n  Place an appropriate guide pin of the proper length in the 
femoral neck with the aid of an adjustable angle guide 
(see Fig. 36.113A).

 n  Check the placement of the guide pin with image inten-
sification. When the guide pin is placed, use a percutane-
ous direct measuring gauge to determine the lag screw 
length.

 n  Set the adjustable positive stop on the combination ream-
er for the lag screw length determined by the percutane-
ous direct measuring gauge.

 n  Place the reamer over the guide pin and ream until the 
positive stop reaches the lateral cortex (see Fig. 36.113C). 
It is prudent to check periodically the fluoroscopic image 
during reaming to ensure that the guide pin is not inad-
vertently advancing proximally into the epiphysis.

 n  Set the adjustable positive stop on the lag screw tap to 
the same length that was reamed. Tap until the positive 
stop reaches the lateral cortex. Screw the appropriate in-
termediate compression screw over the guide pin (see Fig. 
36.113D, E).

 n  Take the plate chosen during preoperative planning and 
insert its barrel over the barrel guide and onto the back of 
the lag screw. The plate angle ultimately determines the 
final hip angle.

 n  Remove the barrel guide and insert a compressing screw 
to prevent the plate from disengaging during the reduc-
tion maneuver. Use the slotted screwdriver for the pedi-
atric compressing screw or the hex screwdriver for the 
intermediate compressing screw. If the plate obscures 
the osteotomy site, loosen the screw and rotate the side 
plate.

 n  Make the osteotomy cut at the transverse line on the cor-
tex in a transverse or oblique direction, depending on the 
correction desired. If rotational, in addition to angular, 
correction is desired, complete the osteotomy through the 
medial cortex. Using the longitudinal mark in the femoral 
cortex as a guide, rotate the femur as needed to correct 
femoral anteversion (usually 15 to 30 degrees). Because 
the deformity is more rotational than angulatory, evalu-
ate the position of the femur with radiographs or image 
intensification before continuing with varus correction. To 
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achieve varus angulation, remove an appropriate wedge 
of bone from the medial cortex to effect a neck-shaft 
angle of 120 to 135 degrees.

 n  To achieve compression, insert a drill or tap guide into 
the distal portion of the most distal compression slot. Drill 
through the medial cortex. If less compression is required, 
follow the same steps just detailed in the distal portion of 
either the second or the third distal slots for 2.5 mm of 
compression.

 n  Select the appropriate length bone screw and insert it 
using the screwdriver. Use the self-holding sleeve to keep 
the screw from disengaging from the screwdriver (see Fig. 
36.113F).

 n  Finally, in the most proximal slot, the intermediate 
combination drill/tap guide can be angled proximally 
so that the drill and ultimately the bone screw cross the 
osteotomy line. Positioning the proximal bone screw 
in this way can provide additional stability at the oste-
otomy site.

 n  Insert screws into any remaining screw holes.
 n  The lag screw can be inserted farther to provide more 

compression. To insert the lag screw for approximately 
5 mm of compression, stop when the lateral cortex is 
midway between the two depth calibrations (see Fig. 
36.113G). To insert the lag screw for approximately 10 
mm of compression, stop when the second depth calibra-
tion meets the lateral cortex (see Fig. 36.113H).

 n  Confirm the position of the fixation device and the proxi-
mal and distal fragments with an anteroposterior radio-
graph or image intensification.

 n  Irrigate the wound and close it in layers, inserting a suc-
tion drain if needed. Apply a one and one half spica cast.

POSTOPERATIVE CARE The spica cast is worn for 6 to 8 
weeks until union of the osteotomy occurs; however, lon-
ger immobilization may be required if simultaneous open 
reduction was performed. The internal fixation should be 
removed at 12 to 24 months.
  

CHILD (3 TO 8 YEARS)
The management of untreated developmental dislocation of 
the hip in a child older than 3 years of age is difficult. Even 
when surgical reduction is achieved and when bony correc-
tions have been made, secondary procedures are common in 
this age group. By this age, adaptive shortening of the peri-
articular structures and structural alterations in the femoral 
head and the acetabulum have occurred. Dislocated hips in 
this age group require open reduction. Preoperative skeletal 
traction should not be used as the only means of achieving 
reduction because of the high frequencies of osteonecrosis 
(54%) and redislocation (31%) reported with its use alone. 
Femoral shortening aids in the reduction and decreases the 
potential for complications but is technically demanding, as is 
treatment of the dislocated hip, in this older age group.

PRIMARY FEMORAL SHORTENING
Since the early 1990s, the combination of primary open 
reduction and femoral shortening, usually with pelvic oste-
otomy, has been an accepted method of treatment of DDH 

in older children. This approach avoids expensive in-hospital 
traction, obtains predictable reduction, and results in a lower 
rate of osteonecrosis (Figs. 30.19 and 30.20).

Primary femoral shortening, anterior open reduction, 
and capsulorrhaphy, with or without pelvic osteotomy as 
indicated, have been recommended in children 3 years old or 
older. Certain circumstances, such as teratologic hip disloca-
tion or a failed traction program or need for assistance in hip 
reduction, may make the procedure appropriate for younger 
children. A completely dislocated hip in an older child 
becomes fixed in a position superior to the true acetabulum. 
The degree of this superior migration ranges from severe sub-
luxation (inferior head still adjacent to labrum), to disloca-
tion with formation of a false acetabulum just superior to the 
true acetabulum, to severe dislocation with the femoral head 
high in the abductor musculature without formation of a false 
acetabulum. The extent of proximal migration determines the 
degree of deformation of the capsule and the extent of soft-
tissue reconstruction required to correct the deformity.

The capsular abnormality in a developmentally dislocated 
hip must be recognized and corrected to achieve successful 
open reduction. The methods for bony correction are well 
defined, perhaps because the techniques can be clearly illus-
trated and documented radiographically, but the soft-tissue 
abnormalities and methods for their correction are not well 
described. As a result, a hip that appears reduced immediately 
after surgery may subluxate or redislocate with weight bear-
ing, even though the bony procedure appears radiographi-
cally faultless.

The dislocation of the hip leads to adaptive enlarge-
ment of the hip capsule, with the capsule becoming nearly 
twice the normal size in the completely dislocated hip. The 
ligamentum teres hypertrophies and often becomes a par-
tial weight-bearing structure. In older children, this liga-
ment occasionally avulses from the femoral head, retracting 
and reattaching to the inferior capsule and forming a mass 
of tissue that may impede reduction. The fibrocartilaginous 
labrum is flattened superolaterally, with the attached hyper-
trophied capsule protruding into the overlying abductor 
muscle mass, which adheres to the displaced capsule. If the 
capsule is not separated adequately from the adherent overly-
ing muscles, reduction is difficult and the chance of redislo-
cation is increased.

In a high, severely dislocated hip, the abductor muscles 
have contracted, and occasionally, despite prior traction or 
femoral shortening, these contracted muscles and fascia 
make it difficult to pull the proximal femur distal enough to 
reduce the femoral head fully. In rare instances, this requires 
release of the piriformis insertion or release of the anterior-
most gluteus minimus fibers, or both, to allow adequate distal 
movement of the femoral head after femoral shortening. The 
middle and inferior portions of the capsule are predictably 
constricted by the overlying psoas tendon. The transverse 
acetabular ligament, crossing the base of the horseshoe-
shaped true acetabulum, is contracted and thickened.

The following description of the technique for primary 
femoral shortening is a modification of the techniques 
described by Klisíc et al. and by Wenger and includes ante-
rior open reduction (Technique 30.3) and varus derotational 
osteotomy (Technique 30.6) along with soft-tissue manage-
ment. These techniques should be reviewed carefully before 
primary femoral shortening is performed (Fig. 30.21). 
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FIGURE 30.19 Primary femoral shortening for congenital 
dislocation of hip. A, Congenital dislocation of hip in 3-year-
old child. B, After anterolateral open reduction and primary 
femoral shortening. C, Appearance of hip at 6 years of age.

          
  

   

  FIGURE 30.20 A and B, Four-year-old child with dislocated hip and severe dysplasia. C and 
D, Postoperative radiographs 3 months after primary femoral shortening, open reduction with 
capsulorrhaphy, and Pemberton acetabuloplasty.
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PRIMARY FEMORAL SHORTENING

 TECHNIQUE 30.7 

 n  Place the patient supine on the operating table with a 
small radiolucent pad beneath the affected hip. Prepare 
and drape the extremity in the usual manner to allow 
exposure of the pelvis and femur.

 n  Two incisions are made—an anterior ilioinguinal inci-
sion as described for anterior open reduction (Technique 
30.3) and a straight lateral incision. Through the anterior 

ilioinguinal incision, perform anterior open reduction as 
described in Technique 30.3, continuing the dissection 
to the point where capsulorrhaphy normally would be 
 performed.

 n  Proceed to the femoral shortening. Make a straight lateral 
incision from the tip of the greater trochanter to the distal 
third of the femoral shaft.

 n  If varus correction is not needed, the femoral shorten-
ing and derotation can be performed at the level of the 
femoral shaft rather than the intertrochanteric level. This 
shaft osteotomy can be stabilized with a one third tubular 
plate or a standard compression plate.

 n  Expose the shaft by dissection through the tensor fasciae 
latae muscle, iliotibial band, and vastus lateralis muscle.

 n  Make a transverse mark on the femoral shaft at the level 
of the lesser trochanter to indicate the osteotomy site and 
make a longitudinal mark on the anterior border of the 
proximal shaft to orient derotation of the femur.

 n  Insert a lag screw into the femoral neck in the usual man-
ner.

 n  Estimate the amount of shortening that will be necessary 
from preoperative radiographs, measuring from the most 
proximal aspect of the femoral head to the triradiate car-
tilage. The amount of shortening generally required varies 
from 1 to 3 cm. Conversely, the correct amount of bony 
resection can be “dialed in” as bone is removed until the 
femoral head can be reduced into the acetabulum with-
out undue tension.

 n  Perform an osteotomy of the femur slightly distal to the 
lag screw in the femoral neck.

 n  Make a second transverse osteotomy at the appropriate 
distance distal from the first. Angle the osteotomy to al-
low for varus if needed. Remove the measured segment 
of the femoral shaft (Fig. 30.22).

 n  If the iliopsoas tendon prevents the proximal fragment 
from a caudal reduction to the level of the acetabulum, 
consider carefully incising subperiosteally the iliopsoas 
attachment to the lesser trochanter and the capsule at-
tached to the medial femoral neck, avoiding the medial 
circumflex artery.

 n  Gently reduce the femoral head into the acetabulum. 
Derotation of the proximal fragment of 15 to 45 degrees 
usually is required.

 n  Appose the two segments of the femur and stabilize with 
a side plate and screws. Use radiographs or image intensi-
fication to evaluate the femoral shortening and reduction 
of the femoral head.

 n  At this point, a Salter or Pemberton osteotomy, if indi-
cated to correct acetabular dysplasia, can be performed. 
A thorough and meticulous capsulorrhaphy should be 
performed as previously described. The most lateral flap 
of the capsule should be transposed medially to eliminate 
the redundant capsule of the false acetabulum.

 n  Irrigate both wounds and close them in the usual manner. 
Suction drains can be inserted if necessary.

 n  Apply a spica cast with the extremity in neutral rotation 
and slight flexion and abduction.

POSTOPERATIVE CARE The drains are removed 24 
to 48 hours after surgery. The spica cast is removed at 
8 to 12 weeks. Sequential radiographs are obtained to 
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FIGURE 30.21 A, Anteverted femur and acetabulum in preop-
erative developmental dislocation of hip. B, Redirection of femoral 
neck by snug anterior capsulorrhaphy. C, Capsulorrhaphy and Salter 
innominate osteotomy. D, Capsulorrhaphy, Salter innominate 
osteotomy, and full femoral derotation. Combined in excess, this 
sequence can produce posterior dislocation. E, Open reduction, 
primary femoral shortening, derotation osteotomy, and Salter 
osteotomy produced fixed posterior hip dislocation in 5-year-old 
girl.  (A to D, Redrawn from Wenger DR: Congenital hip dislocation: 
techniques for primary open reduction including femoral shortening, Instr 
Course Lect 38:343, 1989.) SEE TECHNIQUE 30.7.
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 evaluate development of the femoral head and acetab-
ulum.  Additionally, axial imaging can be obtained with 
either MRI or limited CT in the immediate postoperative 
period to assess the adequacy of reduction. Limb-length 
discrepancy may be evaluated annually by clinical evalua-
tion and radiography.
  

PELVIC OSTEOTOMY
Operations on the pelvis, alone or combined with open reduc-
tion, are useful in developmental dysplasia or dislocation of 
the hip to ensure or to increase stability of the joint. The oper-
ations most often used are (1) osteotomy of the innominate 
bone (Salter), (2) acetabuloplasty (Pemberton), (3) osteoto-
mies that free the acetabulum (Steel triple innominate oste-
otomy or Ganz acetabular osteotomy), (4) shelf operation 
(Staheli), and (5) innominate osteotomy with medial dis-
placement of the acetabulum (Chiari). In an older child, one 
of these operations can be combined with femoral osteotomy 
to correct femoral and acetabular abnormalities.

Osteotomy of the innominate bone, an operation devised 
by Salter, is useful only when any subluxation or dislocation 
has been reduced or can be reduced by open reduction at the 
time of osteotomy in a child 18 months to 6 years old. The 
entire acetabulum together with the pubis and ischium is 
rotated as a unit, with the symphysis pubis acting as a hinge. 
The osteotomy is held open anterolaterally by a wedge of bone, 
and the roof of the acetabulum is shifted more anteriorly and 
laterally. The osteotomy is contraindicated in patients with 
nonconcentric hips or severe dysplasia.

Acetabuloplasty is also useful only when any subluxation 
or dislocation has been reduced or can be reduced by open 
reduction at the time of operation in children at least 18 
months old and up to the age when the triradiate cartilage 
closes. In acetabuloplasty, the inclination of the acetabular 
roof is decreased by an osteotomy of the ilium made superior 
to the acetabulum. Pemberton described a pericapsular oste-
otomy of the ilium in which the osteotomy is made through 
the full thickness of the bone from just superior to the ante-
rior inferior iliac spine anteriorly to the triradiate cartilage 
posteriorly; the triradiate cartilage acts as a hinge on which 
the acetabular roof is rotated anteriorly and laterally. This 
procedure decreases the volume of the acetabulum and pro-
duces joint incongruity that requires remodeling.

Osteotomies that free the acetabulum have been devised 
by Steel, Eppright, and Ganz. These operations free part of 
the pelvis, creating a movable segment of bone that includes 
the acetabulum. They are indicated in older children, ado-
lescents, and skeletally mature adults with residual dysplasia 
and subluxation in whom remodeling of the acetabulum can 
no longer be anticipated. These operations are useful because 
they place articular cartilage over the femoral head. The 
shelf operation and the operation of Chiari interpose capsu-
lar fibrous tissue between the femoral head and the recon-
structed acetabulum.

In the triple innominate osteotomy (Steel), the ischium, 
the superior pubic ramus, and the ilium superior to the ace-
tabulum all are divided and the acetabulum is repositioned 
and stabilized by a bone graft and metal pins. In the pericap-
sular dial osteotomy of the acetabulum (Eppright), the entire 
acetabulum superiorly, posteriorly, inferiorly, and anteriorly 
is freed by osteotomy and as a single segment of bone is redi-
rected to cover the femoral head appropriately. The Bernese 
periacetabular osteotomy (Ganz) creates a free acetabular 
segment through a series of osteotomies in the ischium, supe-
rior pubic ramus, and ilium while preserving the posterior 
column of the pelvis.

The shelf procedure (Staheli) is useful for subluxations 
and dislocations that have been reduced and in which no 
other osteotomy would establish a congruous joint with 
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FIGURE 30.22 Technique for open reduction, primary femoral 
shortening, and Salter osteotomy. A, Femoral head is dislocated. 
Gluteal muscles (a) are retracted and slightly shortened. Iliopsoas 
muscle (b) is intact. Capsule is interposed between femoral head and 
ilium. Segment of femur is resected. B, Proximal femur is abducted; 
iliopsoas tendon (b) is divided if needed to mobilize the proximal 
fragment. Capsule is incised on inferior surface parallel to femoral 
neck. C, Operation is complete. Gluteal muscles (a) are tight. Salter 
osteotomy is completed with graft in place. Femoral fragments are 
fixed with pediatric hip screw. SEE TECHNIQUE 30.7.
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apposition of the articular cartilage of the acetabulum to the 
femoral head. In a classic shelf operation, the acetabular roof 
is extended laterally, posteriorly, or anteriorly, either by a graft 
or by turning distally over the femoral head the acetabular 
roof and part of the lateral cortex of the ilium superior to it.

Innominate osteotomy with medial displacement of the 
acetabulum, an operation devised by Chiari for patients older 
than 4 years old, is a modified shelf operation that places the 
femoral head beneath a surface of bone and joint capsule and 
corrects the pathologic lateral displacement of the femur. An 
osteotomy is made at the level of the acetabulum, and the 
femur and the acetabulum are displaced medially. The infe-
rior surface of the proximal fragment forms a roof over the 
femoral head. General recommendations for all of these oste-
otomies are summarized in Table 30.1. 

SALTER INNOMINATE OSTEOTOMY
During open reduction of developmental dislocations of the 
hip, Salter observed that the entire acetabulum faces more 
anterolaterally than normal. When the hip is extended, the 
femoral head is insufficiently “covered” anteriorly, and when 
it is adducted, there is insufficient coverage superiorly. Salter’s 
osteotomy of the innominate bone redirects the entire acetab-
ulum so that its roof “covers” the femoral head anteriorly and 
superiorly. If indicated to correct acetabular dysplasia, any 
dislocation or subluxation must be reduced concentrically 
before this operation is performed; if not, open reduction is 
done at the time of osteotomy. During the operation, any con-
tractures of the adductor or iliopsoas muscles are released by 
tenotomy, and, in dislocations when the capsule is elongated, 
a capsulorrhaphy is done.

Salter recommended his osteotomy in the primary treat-
ment of developmental dislocation of the hip in children 
18 months to 6 years old and in the primary treatment of 
developmental subluxation in early adulthood. He also rec-
ommended it in the secondary treatment of any residual or 
recurrent dislocation or subluxation after other methods of 
treatment within the age limits described (Fig. 30.23).

The following are prerequisites for the success of this 
operation:
 1.  The femoral head must be positioned opposite the level 

of the acetabulum. This may require a period of traction 
before surgery or primary femoral shortening.

 2.  Contractures of the iliopsoas and adductor muscles must 
be released. This is indicated in subluxations and dislo-
cations. Open reduction is performed for hip dislocation 
but usually is unnecessary for hip subluxation.

 3.  The femoral head must be reduced into the depth of the 
true acetabulum completely and concentrically. This gen-
erally requires careful open reduction and excision of any 
soft tissue, exclusive of the labrum, from the acetabulum.

 4.  The joint must be reasonably congruous.
 5.  The range of motion of the hip must be good, especially in 

abduction, internal rotation, and flexion.
In a cadaver study, Birnbaum et  al. identified several 

structures that are at risk of injury during a Salter innominate 
osteotomy:

 TABLE 30.1

Recommended Osteotomies for Congenital or 
Developmental Dislocation of the Hip

OSTEOTOMY AGE INDICATIONS
Salter 
 innominate 
osteotomy

18 months to 6 
years

Congruous hip 
reduction; <10 to 15 
degrees correction 
of acetabular index 
required

Pemberton 
acetabuloplasty

18 months to 10 
years

>10 to 15 degrees of 
correction of acetab-
ular index required; 
small femoral head, 
large acetabulum

Steel or Ganz 
osteotomy

Late adoles-
cence to skeletal 
maturity

Residual acetabular 
dysplasia; symptoms; 
congruous joint

Shelf proce-
dure or Chiari 
osteotomy

Any age possible, 
but typically for 
older children or 
adolescents

Incongruous joint; 
symptoms; other 
osteotomy not 
possible

 

BA

FIGURE 30.23 Salter osteotomy for congenital dislocation of hip. A, Residual acetabular 
dysplasia and subluxation of right hip in 4-year-old girl in whom open reduction had been performed 
at 9 months of age. B, One year after repeat open reduction and Salter innominate osteotomy.
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 1.  The lateral femoral cutaneous nerve may be injured dur-
ing an anterior approach. Ensuring that the skin including 
the lateral femoral cutaneous nerve is pulled anteriorly 
avoids this.

 2.  The nutrient vessels to the tensor fasciae latae muscle can 
be injured if retraction is too prolonged.

 3.  The sciatic nerve can be crushed or irritated by an inad-
equate subperiosteal approach during the pull on the 
Hohmann retractor.

 4.  An inadequate subperiosteal application of the medial 
Hohmann retractor can damage the obturator nerve.

 5.  Too prolonged retraction of the iliopsoas muscle can 
cause compression of the femoral nerve.
Because of the narrow spatial connection between the 

anatomic pathways and the osteotomy area, strict subperios-
teal dissection and careful use of retractors are essential to 
prevent nerve and vessel injuries. 

 

INNOMINATE OSTEOTOMY  
INCLUDING OPEN REDUCTION

 TECHNIQUE 30.8 

(SALTER)
 n  Place the patient supine on the operating table with the 

thorax on the affected side elevated by a radiolucent 
sandbag. Drape the trunk on the affected side to the mid-
line anteriorly and posteriorly and to the lower rib cage 
superiorly. Drape the lower extremity so that it can be 
moved freely during the operation.

 n  Release the adductor muscles by subcutaneous or open 
tenotomy.

 n  Make a skin incision beginning just inferior to the middle 
of the iliac crest, extending anteriorly to just inferior to 
the anterior superior iliac spine and continuing to about 
the middle of the inguinal ligament. Decrease bleeding by 
applying pressure with sponges to the wound edges.

 n  Bluntly dissect between the tensor fasciae latae muscle 
laterally and the sartorius and rectus femoris medially and 
expose the anterior superior iliac spine.

 n  Dissect the rectus femoris from the underlying joint cap-
sule and release its reflected head.

 n  Make a deep incision separating the iliac apophysis along 
the crest from the posterior end of the skin incision to the 
anterior superior iliac spine anteriorly and then turning 
distally to the anterior inferior iliac spine.

 n  Reflect the lateral part of the iliac apophysis and the 
periosteum from the lateral surface of the iliac crest in 
a continuous sheet inferiorly to the superior edge of the 
acetabulum and posteriorly to the greater sciatic notch.

 n  Free any adhesions of the joint capsule from the lateral 
surface of the ilium and from any false acetabulum.

 n  Expose the capsule anteriorly and laterally by dissecting 
bluntly the interval between it and the abductor muscles.

 n  Pack the dissected spaces with large sponges to control 
bleeding and to increase the interval between the reflect-
ed periosteum and the sciatic notch.

 n  If concentric reduction of the femoral head into the ac-
etabulum is impossible, open the capsule superiorly and 
anteriorly, parallel with and about 1 cm distal to the rim 
of the acetabulum.

 n  Excise the ligamentum teres if it is hypertrophied.
 n  Gently reduce the femoral head into the acetabulum. 

Never excise the limbus. Incise the distal flap of capsule 
at right angles to the first incision, creating a T-shaped 
incision, and resect the inferolateral triangular flap so cre-
ated. Test the stability of the joint; if the head becomes 
displaced superiorly from the acetabulum when the hip 
is adducted or anteriorly when it is extended or externally 
rotated, osteotomy of the innominate bone is performed.

 n  Allow the hip to redislocate and then strip the medial half 
of the iliac apophysis from the anterior half of the iliac 
crest and strip the periosteum from the medial surface 
of the ilium posteriorly and inferiorly to expose the entire 
medial aspect of the bone to the sciatic notch.

 n  Pack the surfaces exposed with sponges to control the 
loss of blood and to enlarge the interval between the 
periosteum and the bone.

 n  Expose the tendinous part of the iliopsoas muscle at the 
level of the pelvic brim. With scissors, separate the tendi-
nous part from the muscular part and divide the former 
while protecting the muscle.

 n  Pass a curved forceps subperiosteally medial to the ilium 
into the sciatic notch and with it grasp one end of a Gigli 
saw. Gently retract the curved forceps to pass the Gigli 
saw into the sciatic notch. Alternatively, a large suture or 
umbilical tape can be passed first and then attached to 
the Gigli saw to aid in passage.

 n  Retract the tissues medially and laterally from the ilium 
and divide the bone with the saw in a straight line from 
the sciatic notch to the anterior inferior iliac spine.

 n  Remove a full-thickness graft from the anterior part of 
the iliac crest (Fig. 30.24A) and trim it to the shape of a 
wedge. If a primary femoral shortening was performed 
concurrently, the removed femoral bone segment can be 
used as structural autograft bone. Make the base of the 
wedge about as wide as the distance between the ante-
rior superior and anterior inferior iliac spines.

 n  With towel clips, grasp each fragment of the osteoto-
mized ilium.

 n  Insert a curved elevator into the sciatic notch and, by le-
vering it anteriorly and by exerting traction on the towel 
clip that grasps the inferior fragment, shift this fragment 
anteriorly, inferiorly, and laterally to open the osteotomy 
anterolaterally. Ensure that the osteotomy remains closed 
posteriorly (Fig. 30.24B). Placing the limb in a figure-of-
four position makes displacement of the distal fragment 
easier.

 n  Do not apply traction in a cephalad direction on the proxi-
mal fragment because this may dislocate the sacroiliac 
joint.

 n  Insert the bone graft into the osteotomy and release the 
traction on the inferior fragment.

 n  Drill a strong Kirschner wire through the remaining su-
perior part of the ilium, through the graft, and into the 
inferior fragment (Fig. 30.24C). Ensure that the Kirschner 
wire does not enter the acetabulum but that it does tra-
verse all three fragments.
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 n  If needed for stability, drill a second Kirschner wire parallel 
with the first, using the same precautions.

 n  Reduce the femoral head again into the acetabulum and 
reevaluate its stability. Reduction should now be stable 
with the hip either in adduction or in slight external 
 rotation.

 n  While closing the wound, have an assistant hold the knee 
flexed and the hip slightly abducted, flexed, and internally 
rotated.

 n  Obliterate any residual pocket of capsule by performing a 
capsulorrhaphy.

 n  Move the distal half of the lateral flap of capsule medi-
ally beyond the anterior inferior iliac spine. This brings 
the capsular edges together and increases the stability of 
reduction by keeping the hip internally rotated. Repair the 
capsule with interrupted sutures.

 n  Suture the sartorius and rectus femoris tendons to their 
origins.

 n  Suture together over the iliac crest the two halves of the 
iliac apophysis.

 n  Cut the Kirschner wires so that their anterior ends lie 
within the subcutaneous fat.

 n  Close the skin with a continuous subcuticular suture.
 n  With the hip held in the same position as during closure, 

apply a single spica cast.

POSTOPERATIVE CARE At 8 to 12 weeks, the spica cast 
is removed and, with the patient under general or local 
anesthesia, the Kirschner wires are also removed. The po-
sitions of the osteotomy and of the hip are checked by 
radiographs.
  

PEMBERTON ACETABULOPLASTY
The term acetabuloplasty designates operations that redirect 
the inclination of the acetabular roof by an osteotomy of the 
ilium superior to the acetabulum followed by levering of the 
roof inferiorly. Pemberton devised an acetabuloplasty that he 
called pericapsular osteotomy of the ilium, in which an osteot-
omy is made through the full thickness of the ilium, using the 
triradiate cartilage as the hinge around which the acetabular 
roof is rotated anteriorly and laterally. After a review of 115 
hips in 91 patients followed for at least 2 years after surgery, 
Pemberton recommended this procedure for any dysplastic 
hip in patients between the age of 1 year and the age when the 
triradiate cartilage becomes too inflexible to serve as a hinge 
(about 12 years old in girls and 14 years old in boys), provided 
that any subluxation or dislocation has been reduced or can 
be reduced at the time of osteotomy (Fig. 30.25).

One advantage of pericapsular over innominate oste-
otomies is that internal fixation is not always required, and 
a second, although minor, operation (implant removal) is 
avoided. A greater degree of correction can be achieved with 
less rotation of the acetabulum in the pericapsular osteotomy 
because the fulcrum, the triradiate cartilage, is nearer the 
site of desired correction; however, Pemberton’s operation is 
technically more difficult to perform. In addition, it alters the 
configuration and capacity of the acetabulum and can result 
in an incongruous relationship between it and the femoral 
head; consequently, some remodeling of the acetabulum is 
required. Overcorrection should be avoided to decrease the 
chances of femoroacetabular impingement (FAI) later in life, 
although a 10-year follow-up study of over 150 Pemberton 
acetabuloplasties revealed that FAI is uncommon after this 
procedure. 

 

A B C

FIGURE 30.24 A to C, Salter technique of osteotomy of innominate bone, including open 
reduction. SEE TECHNIQUE 30.8.
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PERICAPSULAR OSTEOTOMY OF  
THE ILIUM

 TECHNIQUE 30.9 

(PEMBERTON)
 n  Place the patient supine with a small radiolucent sandbag 

beneath the affected hip and expose the hip through an 
anterior iliofemoral approach.

 n  Make the superior part of the incision distal to and parallel 
with the iliac crest and extend it from the anterior superior 
iliac spine anteriorly to the middle of the crest posteriorly. 
Extend the distal part of the incision from the anterior 
superior iliac spine inferiorly for 5 cm parallel with the 
inguinal crease.

 n  Beginning at the crest, strip the gluteus and the tensor 
fasciae latae muscles subperiosteally from the anterior 
third of the ilium distally to the joint capsule and posteri-
orly until the greater sciatic notch is exposed.

 n  With a sharp elevator, separate the iliac apophysis with 
its attached abdominal muscles from the anterior third of 
the iliac crest and strip the muscles subperiosteally from 
the medial aspect of the ilium until the sciatic notch is 
again exposed.

 n  Open the capsule of the hip and remove any soft tissue 
that restricts reduction (Open Reduction Technique 30.3).

 n  Reduce the hip under direct vision and ensure that it is 
well seated; redislocate it until the osteotomy has been 
made and propped open with a graft.

 n  Insert two flat retractors subperiosteally into the sciatic 
notch—one along the medial surface of the ilium and one 
along the lateral surface to keep the anterior third of the 
ilium exposed medially and laterally. Image intensification 
can be helpful in visualizing the location and direction of 
the osteotomy. Both anteroposterior and oblique views of 
the ilium can be used to guide the osteotome.

 n  With a narrow curved osteotome, cut through the lateral 
cortex of the ilium as follows. Start slightly superior to 
the anterior inferior iliac spine and curve the osteotomy 

posteriorly about 1 cm proximal to and parallel with the 
joint capsule until the osteotome is seen to be well an-
terior to the retractor resting in the sciatic notch. Image 
intensification aids in confirming correct placement of the 
osteotomy (Fig. 30.26A).

 n  From this point, when driven farther the blade of the 
osteotome disappears from sight, and it is important to 
direct its tip sufficiently inferiorly so that it does not enter 
the sciatic notch but instead enters the ilioischial rim of 
the triradiate cartilage at its midpoint (Fig. 30.26B).

 n  After directing the osteotome properly, drive it 1.5 cm 
farther to complete the osteotomy of the lateral cortex of 
the ilium.

 n  With the same osteotome, make a corresponding cut in 
the medial cortex of the ilium, starting anteriorly at the 
same point just superior to the anterior inferior iliac spine. 
Direct this cut posteriorly parallel with that in the lateral 
cortex until it reaches the triradiate cartilage (Fig. 30.27A).

 n  The direction in which the acetabular roof becomes dis-
placed after the osteotomy is controlled by varying the 
position of the posterior part of the osteotomy of the 
medial cortex. The more anterior this part of the oste-
otomy, the less the acetabular roof rotates anteriorly; 
conversely, the more posterior this part of the osteoto-
my, the more the acetabular roof rotates anteriorly.

 n  After completing the osteotomy of the two cortices, insert 
a wide curved osteotome into the anterior part of the 
osteotomy and lever the distal fragment distally until the 
anterior edges of the two fragments are at least 2 to 3 cm 
apart. Alternatively, a laminar spreader can be used (Fig. 
30.26C).

 n  The acetabular roof should be turned inferiorly far enough 
to correct the dysplasia. The exact degree of correction 
can be difficult to determine. Multiple radiographic im-
ages should be obtained and compared to the normal 
hip to determine adequate femoral head coverage while 
avoiding extreme overcorrection. Cut a narrow groove 
in the anteroposterior direction in each raw surface of 
the ilium.

 n  Resect a wedge of bone from the anterior part of the ilium 
including the anterior superior iliac spine; with a lamina 
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FIGURE 30.25 Pemberton acetabuloplasty. A, Symptomatic residual acetabular dysplasia in 
8-year-old girl after treatment of congenital dislocation of right hip. B, After Pemberton acetabu-
loplasty.
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FIGURE 30.26 Intraoperative anteroposterior fluoroscopic image of the pelvis. A, Note place-
ment of thin curved osteotome just above anterior inferior iliac spine, directed toward open 
triradiate cartilage. B, Osteotomy continued toward the triradiate cartilage. C, Laminar spreader 
is used to open the completed osteotomy to the desired level of correction where it is stabilized 
while the graft is inserted. SEE TECHNIQUE 30.9.

 

A B
FIGURE 30.27 Pemberton pericapsular osteotomy. A, Line of osteotomy beginning slightly 

superior to anterior inferior iliac spine and curving into triradiate cartilage. B, Completed osteotomy 
with acetabular roof in corrected position and wedge of bone impacted into open osteotomy site. 
SEE TECHNIQUE 30.9.
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spreader, separate the osteotomy fragments and place 
the wedge of bone in the grooves made in the surfaces of 
the ilium; drive the wedge into place and firmly impact it. 
The acetabular roof should remain fixed in the corrected 
position (Fig. 30.27B). Alternatively, a segment of femur 
can be used when a concurrent primary femoral shorten-
ing procedure has been performed (Fig. 30.28).

 n  Hold the correction with a Kirschner wire, if necessary.
 n  If the hip has remained dislocated during the osteotomy, 

reduce it at this time.
 n  Perform a meticulous capsulorrhaphy for additional soft-

tissue stability.
 n  Suture the iliac apophysis over the remaining ilium and 

close the wound.

POSTOPERATIVE CARE With the hip in neutral position 
(or in slight abduction and internal rotation, if this has been 

found the most favorable position for closure of the wound), 
a spica cast is applied from the nipple line to the toes on the 
affected side and to above the knee on the opposite side. 
At 8 to 12 weeks, the cast is removed and the osteotomy is 
checked by radiographs.
  

STEEL OSTEOTOMY
The Pemberton pericapsular osteotomy is limited by the 
mobility of the triradiate cartilage, and hinging on this car-
tilage can cause premature physeal closure. Although the 
Salter innominate osteotomy can be used in older patients, 
its results depend on the mobility of the symphysis pubis, and 
the amount of femoral head coverage is limited. Other, more 
complex osteotomies, such as those of Steel and Eppright, can 
provide more correction and improve femoral head coverage.

 

B

D
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C

FIGURE 30.28 A, Preoperative image demonstrating bilateral hip dislocations in a 2-year-old 
patient. B, Anteroposterior pelvic view after staged open reductions, capsulorrhaphies, primary 
femoral shortenings, and Pemberton acetabuloplasties using resection femoral segment for pelvic 
bone grafting. C, Postoperative anteroposterior pelvis after spica cast removal. D, Two-year follow-
up view reveals healing and maintenance of hip reduction. Some residual dysplasia exists, particularly 
on the left hip. SEE TECHNIQUE 30.9.
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In the triple innominate osteotomy developed by Steel, the 
ischium, the superior pubic ramus, and the ilium superior to 
the acetabulum all are divided, and the acetabulum is reposi-
tioned and stabilized by a bone graft and pins. The objective 
of this procedure is to establish a stable hip in anatomic posi-
tion for dislocation or subluxation of the hip in older children 
when this is impossible by any one of the other osteotomies 
(Fig. 30.29). For the operation to be successful, the articular 
surfaces of the joint must be congruous or become so when 
the acetabulum has been redirected so that a functional, pain-
less range of motion is achieved and a Trendelenburg gait is 
absent. Steel reviewed 45 patients in whom 52 of his osteoto-
mies had been performed. The results were satisfactory in 40 
hips and unsatisfactory in 12. The unsatisfactory hips were 
painful and easily fatigued; in two, the Trendelenburg test was 
positive, and in one, significant motion had been lost.

Lipton and Bowen modified the Steel osteotomy by (1) 
resecting 1.0 to 1.5 cm of bone after the ischial osteotomy to 
facilitate medialization and rotation of the acetabulum, (2) 
resecting a triangular wedge of bone from the outer cortex of 
the proximal part of the ilium to create a slot that serves as an 
abutment into which the distal posterior aspect of the ilium 
fits, and (3) using two 7.3-mm cannulated screws instead of 
Steinmann pins for fixation of the iliac osteotomy. The proce-
dure is done through two incisions: an ischial incision and a 
bikini-type iliofemoral incision. Primary advantages of this 
technique include better coverage of the femoral head by 
articular cartilage of the acetabulum, better hip joint stability 
for weight bearing, and no need for spica cast immobilization. 
Disadvantages include the technical difficulty of the proce-
dure; it does not change the size of the acetabulum, and it dis-
torts the pelvis such that natural childbirth may be impossible 
in adulthood. Femoral shortening may be performed, and, if 
necessary, any contracted muscles around the hip are released 
surgically.

Using three-dimensional CT, Frick et al. identified exces-
sive (>10 degrees) external rotation of the acetabulum after 
triple innominate osteotomy in five hips, which included 
two with pubic osteotomy nonunions, two with ischial non-
unions, and one with marked external rotation of the leg. 
They cautioned that the surgical technique for triple innomi-
nate osteotomy should be designed to avoid excessive exter-
nal rotation of the acetabular fragment, which can result in 
(1) excessive external rotation of the lower limb, (2) decreased 
posterior coverage, (3) increased gaps at the pubic and ischial 
osteotomy sites with resultant higher rates of nonunion, and 
(4) lateralization of the joint center. Technique modifications 
by Frick et al. include avoidance of the figure-of-four maneu-
ver to mobilize the acetabulum (they believe this promotes 
external rotation of the acetabulum); strict attention to the 
intraoperative landmarks of the proximal ilium and anterior 
inferior iliac spine, keeping the anterior inferior iliac spine in 
line with the plane of the proximal ilium to prevent external 
rotation; and use of a temporary Schanz screw in the acetab-
ular segment to serve as a handle to guide the acetabulum 
into the correct position. Careful evaluation of the transverse 
plane acetabular position before and after provisional fixation 
is recommended to aid in preventing rotational malunions. 

 

TRIPLE INNOMINATE OSTEOTOMY

 TECHNIQUE 30.10 

(STEEL)
 n  Place the patient supine on the operating table and flex 

the hip and knee 90 degrees. Keep the hip in neutral 
abduction, adduction, and rotation.

 n  Drape the posterior aspect of the proximal thigh and the 
buttock, leaving the ischial tuberosity exposed.

 n  Make a transverse incision perpendicular to the long axis 
of the femoral shaft 1 cm proximal to the gluteal crease.

 n  Retract the gluteus maximus muscle laterally and expose 
the hamstring muscles at their ischial origin.

 

C

B

A

FIGURE 30.29 Steel triple innominate osteotomy. A, Sixteen-
year-old girl with painful right hip, subluxation, and acetabular 
dysplasia. B, After Steel osteotomy. C, One year after surgery.  (Cour-
tesy Randal Betz, MD, and Howard Steel, MD.)
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 n  By sharp dissection, free the biceps femoris, the most 
superficial muscle in the area, from the ischium and ex-
pose the interval between the semimembranosus and the 
semitendinosus muscles. The sciatic nerve lies far enough 
laterally not to be endangered.

 n  Insert a curved hemostat in the interval between the ori-
gins of the semimembranosus and the semitendinosus 
deep to the ischium and into the obturator foramen.

 n  Elevate the origins of the obturator internus and externus 
and bring the tip of the hemostat out at the inferior mar-
gin of the ischial ramus. Ensure that the hemostat remains 
in contact with the bone during its passage deep to the 
ramus.

 n  With an osteotome directed posterolaterally and 45 de-
grees from the perpendicular, divide completely the is-
chial ramus. Allow the origin of the biceps femoris to fall 
into place.

 n  Suture the gluteus maximus to the deep fascia and close 
the skin.

 n  Change gowns, gloves, and instruments, and begin in the 
iliopubic area the second stage of the operation. As an al-
ternative, the superior and inferior pubic rami can be dis-
sected and divided through a medial adductor approach. 
If a posterior incision was chosen, however, proceed with 
a full skin preparation medially to the midline and superi-
orly to the costal margin and drape the extremity free.

 n  Through an anterior iliofemoral approach, reflect the iliac 
and gluteal muscles from the wing of the ilium.

 n  Detach the sartorius and the lateral attachments of the 
inguinal ligament from the anterior superior iliac spine 
and reflect them medially.

 n  Reflect the iliacus and psoas muscles subperiosteally from 
the inner surface of the pelvis; this protects the femoral 
neurovascular bundle.

 n  Divide the tendinous part of the origin of the iliopsoas 
and expose the pectineal tubercle. Detach the pectineus 
muscle subperiosteally from the superior pubic ramus and 
expose the bone 1 cm medial to the pubic tubercle.

 n  Pass a curved hemostat superior to the superior pubic ra-
mus into the obturator foramen near the bone. With this 
hemostat, penetrate the obturator fascia so that the tip of 
the hemostat is brought out inferior to the ramus. If the 

bone is especially thick, pass a second hemostat inferior to 
the ramus and direct it superiorly to contact the first one.

 n  Direct an osteotome posteromedially and 15 degrees 
from the perpendicular and perform an osteotomy of the 
pubic ramus.

 n  The obturator artery, vein, and nerve are protected by 
the hemostat or a blunted Hohmann retractor. Using the 
technique as described by Salter for innominate osteoto-
my, divide the ilium with a Gigli saw. When this osteoto-
my has been completed, free the periosteum and fascia 
from the medial wall of the pelvis to free the acetabular 
segment (Fig. 30.30).

 n  If the femoral head is subluxated or dislocated, open the 
capsule at this time and remove any tissue obstructing 
reduction. Reduce the femoral head as near as possible to 
the center of the triradiate cartilage and close the capsule.

 n  With a towel clip, grasp the anterior inferior iliac spine 
and rotate the acetabular segment in the desired direc-
tion, usually anteriorly and laterally, until the femoral 
head is covered. In an older child, use a lamina spreader 
to open the osteotomy because the sacroiliac joint usu-
ally is more stable in this age group and is not likely to be 
subluxated.

 n  With the acetabular fragment in proper position, stabilize 
it with a triangular bone graft removed from the superior 
rim of the ilium.

 n  Transfix the graft with two pins that penetrate the inner 
wall of the ilium.

 n  Allow the pectineus and iliopsoas muscles to fall into 
place.

 n  Reattach the sartorius and the lateral end of the inguinal 
ligament to the anterior superior iliac spine and close the 
wound in layers.

POSTOPERATIVE CARE A spica cast is applied with the 
hip in 20 degrees of abduction, 5 degrees of flexion, and 
neutral rotation. At 8 to 10 weeks, the cast and pins are 
removed and active and passive motion of the hip are 
started. All three osteotomies usually unite by 12 weeks 
after surgery, at which time progressive weight bearing 
on crutches is started.
  

 

A B

FIGURE 30.30 Steel triple innominate osteotomy. A, Osteotomies to be performed in iliac wing 
and superior and inferior pubic rami. Note wedge of bone to be taken as graft from superiormost 
portion of ilium. B, Lateral view showing graft in place and fixation with two Kirschner wires. SEE 
TECHNIQUE 30.10.
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DEGA OSTEOTOMY
In 1969, Dega described a transiliac osteotomy for the treat-
ment of residual acetabular dysplasia secondary to devel-
opmental hip dysplasia or dislocation. This incomplete 
transiliac osteotomy involves osteotomy of the anterior and 
middle portions of the inner cortex of the ilium, leaving an 
intact hinge posteriorly consisting of the intact posteromedial 
iliac cortex and sciatic notch.

Because of the variable hinge location, the Dega oste-
otomy can be done with either an open or a closed triradiate 
cartilage, although it is usually done before closure of the 
triradiate cartilage. This osteotomy is only one component 
of the comprehensive, complicated surgery required to treat 
severe DDH in children of walking age. It must be accom-
panied by a satisfactory open reduction and an appropri-
ate correction of proximal femoral deformity when needed 
(Fig. 30.31). 

 

TRANSILIAC (DEGA) OSTEOTOMY

 TECHNIQUE 30.11 

(GRUDZIAK AND WARD)
 n  Position the patient supine with the involved hip tilted 

up 30 to 40 degrees by a bump placed at the midlumbar 
level.

 n  Make an extended anterolateral incision starting 1 cm in-
ferior and posterior to the anterior superior iliac spine and 
extending distally over the proximal part of the femur, 
centered over the greater trochanter. Alternatively, this 
procedure can be performed through a standard ilioin-
guinal approach at the time of open reduction of the hip.

 n  Develop the interval between the tensor fasciae latae 
muscles posteriorly and the sartorius muscle anteriorly 
and release the sartorius from its origin on the anterior 
superior iliac spine.

 n  Sharply reflect the abductor muscles off of the lateral 
wall of the ilium just distal to the iliac apophysis, but do 
not split the apophysis itself. Completely separate the 

 abductor muscles and periosteum from the ilium and the 
hip capsule back to the sciatic notch, which is fully ex-
posed, and insert an adult-size blunt Hohmann retractor 
into the notch. Do not dissect either the muscles or the 
periosteum off of the inner wall of the ilium.

 n  Separate the reflected head of the rectus femoris muscle 
from the hip capsule and incise it. Detach the tendon of 
the straight head of the rectus femoris muscle from the 
anterior inferior iliac spine only when necessary for proper 
exposure of the capsule.

 n  Isolate the tendinous portion of the iliopsoas muscle from 
the capsule and transect it either over the anteromedial 
aspect of the capsule just distal to the pelvic brim or more 
distally near its insertion.

 n  If required, reduce the hip and perform a femoral oste-
otomy with shortening and rotation to correct excessive 
anteversion.

 n  Make the Dega osteotomy to decrease acetabular dyspla-
sia and to enhance containment of the femoral head.

 n  Mark the orientation of the osteotomy on the lateral cor-
tex of the ilium (Fig. 30.32A). The direction of the oste-
otomy is curvilinear when viewed from the lateral cortex, 
starting just above the anterior inferior iliac spine, curving 
gently cephalad and posteriorly to reach a point superior 
to the midpoint of the acetabulum, and then continuing 
posteriorly to end 1.0 to 1.5 cm in front of the sciatic 
notch. The most cephalad extent of the osteotomy is in 
the middle of the acetabulum, at a point on the ilium de-
termined by the steepness of the acetabulum. Very steep 
acetabular inclinations require a correspondingly higher 
midpoint.

 n  Insert a guidewire under fluoroscopic control at the most 
cephalad point of the curvilinear marking line, directing it 
caudally and medially to ensure that the osteotomy exits 
at the appropriate level just above the horizontal limb of 
the triradiate cartilage.

 n  Use a straight ¼- inch or ½-inch osteotome to make the 
bone cut, which extends obliquely medially and inferiorly, 
paralleling the guidewire to exit through the inner cortex 
just above the iliopubic and ilioischial limbs of the triradi-
ate cartilage (Fig. 30.32B), leaving the posterior one third 
of the inner cortex intact (Fig. 30.32C).

 

BA

FIGURE 30.31  Before (A) and after (B) Dega transiliac osteotomy.
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A

B C D

E

Sartorius

Vastus lateralis

Osteotomy site is
levered open to
accept bone graft

Rectus femoris

Lateral aspect of
femur exposed

Iliopsoas

FIGURE 30.32 Dega osteotomy (see text). A, Osteotomy line is marked on lateral 
cortex of ilium; guidewire is inserted to exit just above horizontal limb of triradiate 
cartilage. B, Osteotome penetrates inner cortex. C, View from inner side of pelvis 
shows intact posteromedial cortical hinge; length of intact inner cortex depends on 
amount of anterior and lateral coverage desired. D, Osteotomy is levered open with 
osteotome or small lamina spreader. E, Larger graft is inserted anteriorly; posterior 
graft should be smaller to avoid loosening anterior graft.  (Redrawn from Grudziak JS, 
Ward WT: Dega osteotomy for the treatment of congenital dysplasia of the hip, J Bone Joint 
Surg 83A:845, 2001.) SEE TECHNIQUE 30.11.
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 n  If predominantly anterior coverage is desired, cut the me-
dial (inner) cortex over the anterior and middle portion, 
leaving only the posterior sciatic notch hinge intact.

 n  If more lateral coverage is desired, leave more of the 
medial cortex intact, resulting in a posteromedial hinge 
based on the posteromedial inner cortex and the entire 
sciatic notch. Generally, approximately one fourth to one 
third of the inner pelvic cortex is left intact posteriorly. 
With experience, the osteotomy cut might be done safely 
without fluoroscopic guidance, as in Dega’s original de-
scription; however, we prefer to use fluoroscopy.

 n  Use a ½-inch osteotome to gently lever open the osteoto-
my site either anteriorly or laterally in a controlled manner 
(Fig. 30.32D). A small lamina spreader also is useful for 
this maneuver. Often, while the osteotomy site is being 
opened, the osteotomy cut on the outer cortex of the 
ilium propagates toward the sciatic notch as a greenstick 
fracture. Because the posterior portion of the inner cor-
tex is still intact, however, the outer cortical greenstick 
fracture does not weaken the recoil and stability at the 
osteotomy site.

 n  Keep the osteotomy site open by inserting two correctly 
sized bone grafts (Fig. 30.32E). Fashion the grafts from a 
bicortical segment of iliac crest bone, or, alternatively, if 
femoral shortening has been done, use the segment of 
the femur that was removed.

 n  If there is a substantial gap at the osteotomy site, an au-
togenous femoral or iliac crest graft may be insufficient. 
Under these circumstances, the height of the graft can be 
increased by using freeze-dried fibular allograft cut into 
trapezoidal sections.

 n  The correct graft height is determined by simply noting 
the opening of the osteotomy gap created by the lamina 
spreader or the levering osteotome. In developmental 
dysplasia, acetabular deficiency is most pronounced an-
teriorly, mandating placement of the larger graft more 
anteriorly. Wedge a smaller graft more posteriorly, just in 
front of the intact sciatic notch. Ensure that both grafts 
are of an appropriate height and that the amount of cor-
rection of the dysplastic acetabulum provides enough 
coverage of the femoral head.

 n  After the grafts have been inserted, they are stable be-
cause of the inherent recoil at the osteotomy site pro-
duced by the intact sciatic notch. Metallic internal fixation 
is unnecessary. Variations in the graft size and placement, 
extent of the outer and inner cortical cuts, and thickness 
of the acetabular fragment make it possible to reorient 
and reshape the acetabulum. The more posterior the ex-
tent of the outer cortical cut, and the greater the amount 
of the inner cortex left intact, the more lateral the tilt of 
the acetabulum. A more cephalad starting point and a 
steeper osteotomy angle produce more lateral coverage. 
A more extensive cut through the inner cortex allows for 
more anterior coverage of the hip. Finally, the closer the 
osteotomy is to the acetabulum, the thinner and more 
pliable is the acetabular fragment, theoretically allowing 
for more reshaping and less redirection to occur. These 
three-dimensional changes in the osteotomy are difficult 
to quantify, as is the true anatomic nature of a dysplastic 
hip. An experienced orthopaedic surgeon who is familiar 
with the spectrum of dysplastic hip pathology and who 

applies the principles described should be able to per-
form an osteotomy, however, that is precisely suited to 
the unique pathology of a given dysplastic hip.

 n  When the osteotomy is done, satisfactory femoral head 
coverage can be appreciated and the hip should be stable 
during flexion and rotation.

 n  After closure, apply a one and one half spica cast with 
the hip in neutral extension, approximately 20 degrees of 
internal rotation and 20 to 30 degrees of abduction.

POSTOPERATIVE CARE The cast is worn for 8 to 12 
weeks, depending on the healing of the osteotomy site. 
After the cast is removed, progressive walking and range 
of motion are begun but no formal physical therapy is 
prescribed.
  

GANZ (BERNESE) PERIACETABULAR OSTEOTOMY
Ganz et al. developed a triplanar periacetabular osteotomy for 
adolescents and adults with dysplastic hips that require cor-
rection of congruency and containment of the femoral head. 
If significant degenerative changes involving the weight-bear-
ing surface of the femoral head are present, a proximal femo-
ral osteotomy can be added to provide uninvolved acetabular 
and proximal femoral weight-bearing surfaces (Fig. 30.33). 
The reported advantages of periacetabular osteotomy are as 
follows: (1) only one approach is used; (2) a large amount of 
correction can be obtained in all directions, including the 
medial and lateral planes; (3) blood supply to the acetabu-
lum is preserved; (4) the posterior column of the hemipel-
vis remains mechanically intact, allowing immediate crutch 
walking with minimal internal fixation; (5) the shape of the 
true pelvis is unaltered, permitting normal child delivery; and 
(6) it can be combined with trochanteric osteotomy if needed. 
Although technically more demanding in previously operated 
hips, the periacetabular osteotomy has been shown to pro-
vide similar radiographic and functional results as periace-
tabular osteotomy in patients without prior hip surgery (Fig. 
30.34). The technique for Ganz periacetabular osteotomy is 
described in Chapter 6. 

SHELF OPERATIONS
Shelf procedures commonly have been performed to enlarge 
the volume of the acetabulum; however, pelvic redirectional 
and displacement osteotomies have largely replaced this type 
of operation. The redirectional osteotomies are inappropri-
ate in hips in which the femoral head and acetabulum are 
misshapen but still congruent because redirection can cause 
incongruity.

Staheli described a slotted acetabular augmentation pro-
cedure to create a congruous acetabular extension in which 
the size and position of the augmentation can be easily con-
trolled. A deficient acetabulum that cannot be corrected by 
redirectional pelvic osteotomy is the primary indication for 
this operation. Contraindications include dysplastic hips 
with spherical congruity suitable for redirectional osteotomy, 
hips requiring concurrent open reduction that must have 
supplementary stability, and patients unsuited for spica cast 
immobilization. 
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SLOTTED ACETABULAR 
AUGMENTATION

 TECHNIQUE 30.12 

(STAHELI)
 n  Before surgery, determine the center-edge angle of Wi-

berg from anteroposterior standing pelvic radiographs 
and superimpose a normal center-edge angle (about 30 
to 35 degrees) on the image. Measure the additional 
width necessary to extend the existing acetabulum to 
achieve the normal angle (Fig. 30.35). This determines 
the width of the augmentation; this measurement added 
to the depth of the slot gives the total graft length.

 n  Position the patient supine on a radiolucent operating 
table with a small bump under the affected hip.

 n  Make a straight bikini-line skin incision 1 cm below and 
parallel to the iliac crest.

 n  Expose the hip joint through a standard iliofemoral 
 approach.

 n  Divide the tendon of the reflected head of the rectus 
femoris muscle anteriorly and displace it posteriorly. If the 
capsule is abnormally thick (>6 mm), thin it by “filleting” 
with a scalpel.

 n  The placement of the acetabular slot is the most critical 
part of the procedure; the slot must be created exactly at 
the acetabular margin. Determine the position of the slot 
by placing a probe into the joint to palpate the position of 
the acetabulum. Place a drill in the selected site and verify 
correct position with image intensification. The floor of 

 

A B

FIGURE 30.34 Preoperative (A) and postoperative (B) views of adolescent bilateral hip dysplasia 
in a 14-year-old girl. The patient was treated with bilateral, staged periacetabular osteotomies.

 

A B

FIGURE 30.33 A, Twenty-eight-year-old woman with painful bilateral acetabular dysplasia. 
B, After Ganz osteotomy of right hip.  (Courtesy James Guyton, MD.)
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the slot should be acetabular articular cartilage and little 
bone; the end and roof of the slot should be cancellous 
bone. The slot should be 1 cm deep.

 n  Make the slot by drilling a series of holes with a {5/32}-
inch (4.5-mm) bit and join them with a narrow rongeur. 
Determine the length of the slot intraoperatively by the 
need for coverage. If excessive femoral anteversion is 
present, extend the slot anteriorly. If the acetabulum is 
deficient posteriorly, extend the slot in that direction.

 n  Take thin strips of cortical and cancellous bone from the 
lateral surface of the ilium; cut these as long as possible.

 n  Extend the shallow decortication inferiorly from the iliac 
crest to the superior margin of the slot to ensure rapid 
fusion of the graft to the ilium. Do not remove the inner 
table of the ilium because this may change the contour 
of the pelvis.

 n  Measure the depth of the slot and add this to the width 
of the augmentation as determined preoperatively.

 n  Select thin strips (1 mm) of cancellous bone and cut them 
into rectangles about 1 cm wide and of the appropri-
ate length. Assemble these rectangular pieces on a moist 
sponge, cutting enough to provide a single layer the 
length of the augmentation.

 n  Apply the first layer radially from the slot with the concave 
side down to provide a congruous extension.

 n  Select longer cancellous strips for the second layer and cut 
them to the length of the extension. Place these at right 
angles to the first layer and parallel to the acetabulum. 
They may be a little thicker (2 mm), especially the most 
lateral strip, to provide a well-defined lateral margin of 
the extension. Both layers must be of appropriate width 
and length. The augmentation should not extend too far 
anteriorly to avoid blocking hip flexion.

 n  Secure these two layers of cancellous grafts by bring-
ing the reflected head of the rectus femoris forward 
over the grafts and suturing it in its original position. 

 

A B
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FIGURE 30.35 Slotted acetabular augmentation of Staheli. A, Width of augmentation (WA) 
is determined preoperatively from standing anteroposterior radiograph of pelvis. Center-edge 
angle and 35-degree angle are drawn. Graft length (gl) is sum of WA and slot depth. B, Objec-
tive of procedure is to provide congruous extension of acetabulum. C, Details of extension. SEE 
 TECHNIQUE 30.12.
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A  capsular flap can be substituted if this tendon is un-
available.

 n  Cut the remaining grafts into small pieces and pack them 
above, but not beyond, the initial layer. They are held in 
place by the reattached abductor muscles. Some authors 
have described the use of a piece of structural allograft as 
the shelf bone. This technique avoids harvesting the iliac 
crest, provides a more structurally sound graft, and allows 
for stabilization with a plate and screws.

 n  Confirm the position and width of the graft by radio-
graphs.

 n  After closure, apply a single hip spica cast with the hip 
in 15 degrees of abduction, 20 degrees of flexion, and 
neutral rotation.

POSTOPERATIVE CARE The cast is removed after 6 
weeks, and crutch walking is permitted with partial weight 
bearing on the affected side until the graft is incorporated, 
usually at 3 to 4 months (Fig. 30.36).
   

INNOMINATE OSTEOTOMY WITH MEDIAL 
DISPLACEMENT OF THE ACETABULUM (CHIARI)
The Chiari osteotomy is a capsular interposition arthroplasty 
and should be considered only in situations in which other 
reconstructions are impossible, such as when the femoral 
head cannot be centered adequately in the acetabulum or in 
painfully subluxated hips with early signs of osteoarthritis. 
This procedure deepens the deficient acetabulum by medial 
displacement of the distal pelvic fragment and improves 
superolateral femoral coverage.

The Chiari procedure is an operation that places the 
femoral head beneath a surface of cancellous bone with the 
capacity for regeneration and corrects the lateral pathologic 
displacement of the femur. An osteotomy of the pelvis is per-
formed at the superior margin of the acetabulum, and the pel-
vis inferior to the osteotomy along with the femur is displaced 
medially (Fig. 30.37). The superior fragment of the osteotomy 
then becomes a shelf, and the capsule is interposed between it 
and the femoral head.

After using this operation on more than 600 patients, 
400 of whom had been observed for more than 2 years, 
Chiari recommended the operation in the following situ-
ations: (1) for congenital subluxations in patients 4 to 6 
years old or older, including adults (including subluxations 
that persist after conservative treatment of dislocations and 
subluxations previously not treated); (2) for untreated con-
genital dislocations in patients older than 4 years old, soon 
after open or closed reduction; (3) for dysplastic hips with 
osteoarthritis; (4) for paralytic dislocations caused by mus-
cular weakness or spasticity; and (5) for coxa magna after 
Perthes disease or osteonecrosis after treatment of congeni-
tal dysplasia. These indications are broader than the indica-
tions usually accepted by most pediatric orthopaedists. For 
children younger than 10 years old, the osteotomy is not 
recommended in subluxations or in dislocations that can 
be reduced surgically or conservatively and in which oste-
otomy of the innominate bone, acetabuloplasty, or osteoto-
mies that free the acetabulum would result in a competent 
acetabulum. Some surgeons recommend the operation for 

patients older than 10 years who have symptomatic early 
subluxation of the hip with acetabular dysplasia too severe 
to be treated by other pelvic osteotomies; for them, innomi-
nate osteotomy with medial displacement is preferred to a 
shelf operation.

Chiari’s operation is a capsular arthroplasty because the 
capsule is interposed between the newly formed acetabular 
roof and the femoral head. Because the biomechanics of the 
hip is improved by displacing the hip nearer the midline, a 
Trendelenburg limp often is eliminated.

 

A

C

B

FIGURE 30.36 Staheli slotted acetabular augmentation. A, 
Fourteen-year-old girl with painful right acetabular dysplasia. B, 
Four months after operation. C, One year after operation, excellent 
graft incorporation.  (Courtesy Lynn Staheli, MD.)

    

https://booksmedicos.org


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS1222

 

CHIARI OSTEOTOMY

 TECHNIQUE 30.13 

 n  Place the patient supine on a fracture table with the feet 
attached to the traction plate. Slightly abduct and exter-
nally rotate the affected hip.

 n  Make an anterolateral bikini-line incision about 10 cm 
long. Develop the interval between the tensor fasciae 
latae and the sartorius muscles and laterally retract the 
former.

 n  Incise the iliac apophysis in line with the iliac crest. With a 
periosteal elevator, detach the lateral half of the apophy-

sis along with the tensor fasciae latae muscle and the 
anterior part of the gluteus medius muscle.

 n  Dissect these muscles subperiosteally and retract them 
posteriorly.

 n  Insert a periosteal elevator between the capsule of the hip 
and the gluteus minimus.

 n  Dissect subperiosteally posteriorly to the point where the 
pelvis curves inferiorly.

 n  With a curved periosteal elevator, dissect subperiosteally 
farther posteriorly until the sciatic notch is reached. Re-
place this elevator with a flexible metal ribbon retractor 3 
cm wide. This completes the dissection posteriorly.

 n  Return anteriorly to the medial aspect of the ilium. With 
a periosteal elevator, strip the iliacus muscle and the un-
derlying periosteum posteriorly to the sciatic notch.

 

E
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FIGURE 30.37 Chiari osteotomy. A, Young adult with painful, bilateral acetabular dysplasia, 
greater on left than on right. B, After Chiari osteotomy of left hip. Note optional internal fixation 
and medial bone grafting. C, Bilateral acetabular dysplasia in 12-year-old girl. D, After surgery, 
right hip is completely displaced. E, One year after Chiari osteotomy.  (A and B, Courtesy Randal 
Betz, MD.)
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 n  When the sciatic notch is reached, replace the elevator 
with a flexible metal ribbon retractor that touches and 
overlaps the ribbon retractor already in the notch.

 n  With curved scissors, separate the rectus muscle and its 
reflected head from the capsule of the hip joint. Divide 
the reflected head.

 n  The osteotomy should be made with a Hohmann retrac-
tor precisely between the insertion of the capsule and 
the reflected head of the rectus, following the capsular 
insertion in a curved line and ending distal to the anterior 
inferior iliac spine anteriorly and in the sciatic notch pos-
teriorly. Do not open or damage the capsule of the joint.

 n  After the line of the osteotomy has been determined, 
start the osteotomy with a straight, narrow osteotome, 
opening the lateral table of the ilium along this line.

 n  Determine the exact position of the osteotome at the 
beginning by image intensification or by radiographs. Di-
rect the osteotomy superiorly approximately 20 degrees 
toward the inner table of the ilium (Fig. 30.38A). Change 
the position of the osteotome as necessary to make the 
osteotomy curve superiorly. Do not direct the osteotomy 
more than 20 degrees superiorly because it might enter 
the sacroiliac joint.

 n  When the osteotomy has been completed, displace the 
hip medially by releasing the traction on the extremity 
and by forcing the limb into abduction. The distal frag-
ment displaces medially, hinging at the symphysis pubis 
(Fig. 30.38B). If the adductor muscles are extremely re-
laxed, however, it may be necessary to manipulate the 
head manually or to displace the distal fragment with an 
instrument. Ensure that the distal fragment is displaced 
far enough medially (if necessary, 100% of the width of 
the ilium) so that the proximal fragment completely cov-
ers the femoral head.

 n  Internal fixation can be inserted to secure and maintain 
adequate displacement.

 n  After the displacement has been completed, decrease the 
abduction of the limb to about 30 degrees.

 n  If the capsule is loose, perform a capsulorrhaphy.
 n  Check the position of the hip and the osteotomy by image 

intensification or by radiographs.
 n  Replace and suture the iliac apophysis and close the 

wound.
 n  Apply a spica cast with the hip in 20 to 30 degrees of 

abduction, neutral rotation, and neutral extension.

POSTOPERATIVE CARE In children and adults, the cast 
is removed at 6 to 8 weeks, and active and passive ex-
ercises of the hip are started. Partial weight bearing on 
crutches is allowed and progressed as tolerated.
  

ADOLESCENT AND YOUNG ADULT (>8 YEARS)
In children older than 8 years old or in young adults in whom 
the femoral head cannot be repositioned distally to the level 
of the acetabulum, only palliative salvaging operations are 
possible. Rarely, a femoral shortening combined with a pelvic 
osteotomy could be considered, but the chances of creating 
a hip to last a lifetime are minimal. Reduction of a unilateral 
dislocation should be strongly considered, even in children 
6 years old. After some years, degenerative arthritic changes 
develop in the hip joint. When these changes cause enough 
pain or limitation of motion to require additional surgery, 
a reconstructive operation, such as a total hip arthroplasty, 
may be indicated at the appropriate age. Arthrodesis is now 
rarely indicated for old unreduced dislocations and is contra-
indicated for bilateral dislocations. In bilateral dislocations in 
this age group, the hips should be left unreduced (Fig. 30.39), 

 

A B
FIGURE 30.38 Chiari medial displacement osteotomy. A, Line of osteotomy extending from 

immediately superior to lip of acetabulum into sciatic notch. Osteotomy can be curved to facilitate 
femoral head coverage. B, Completed osteotomy with medial displacement of distal fragment for 
interpositional capsular arthroplasty. SEE TECHNIQUE 30.13.

 FIGURE 30.39 Bilateral untreated congenital dislocation of hip 
in 12-year-old girl.
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and total hip arthroplasties may be done during adulthood. 
Degenerative joint disease is more likely to develop in early 
adulthood in a dislocated hip with a false acetabulum in the 
wing of the ilium than in a dislocated hip without formation 
of a false acetabulum. Patients with reduced femoral heads 
but painful acetabular dysplasia can be treated with an appro-
priate pelvic osteotomy (see Table 30.1). 

CONGENITAL AND 
DEVELOPMENTAL COXA VARA
The term congenital coxa vara has been applied to two types 
of coxa vara seen in infancy and childhood. The first type is 
present at birth, is rare, and is associated with other congeni-
tal anomalies, such as proximal femoral focal deficiency or 
anomalies in other parts of the body such as cleidocranial 
dysostosis or spondyloepiphyseal dysplasia. The second type, 
usually not discovered until the child is walking, is more com-
mon than the first and is associated with no other abnormality.

Coxa vara, often bilateral, is characterized by a progres-
sive decrease in the angle between the femoral neck and 
shaft, a progressive shortening of the limb, and the pres-
ence of a defect in the medial part of the neck (Fig. 30.40). 
Microscopically, the tissue in this defect consists of cartilage 
and resembles an abnormal physis; the arrangement of its 
cells is irregular and ossification within it is atypical. The adja-
cent metaphyseal bone is osteoporotic, its trabeculae being 
atrophic, and occasionally it contains large groups of cartilage 
cells. When walking is begun, the forces that the femoral neck 
must withstand are increased, and because the neck is weak, 
varus deformity gradually develops.

As the patient becomes older and heavier, the deformity 
increases until the greater trochanter eventually lies superior 
to the femoral head; pseudarthrosis of the femoral neck may 
develop. In adults, the trochanter may come to lie several 
inches superior to the femoral head, and if pseudarthrosis is 
present, the femoral head may be widely separated from the 
femoral neck. After age 8 years, the likelihood of obtaining a 
hip that would function normally rapidly diminishes.

The treatment of choice for correction of developmental 
coxa vara is subtrochanteric osteotomy to place the femoral 
neck and head in an appropriate valgus position with the 
shaft of the femur. Surgery can be delayed until the child is 4 

or 5 years old to make internal fixation easier. Surgical treat-
ment is indicated when coxa vara deformity is progressive, 
painful, unilateral, or associated with leg-length discrepancy 
or when the Hilgenreiner-epiphyseal (H-E) angle is greater 
than 60 degrees (Fig. 30.41). Surgery also is indicated when 
the neck-shaft angle is 110 degrees or less. The subtrochan-
teric osteotomy is fixed internally with either a blade plate or 
screw and plate combination (Fig. 30.42). Although biome-
chanically this may provide enough rigid internal fixation to 
eliminate the need for postoperative immobilization, a spica 
cast can be worn until union is complete.

Regardless of the method of osteotomy, the deformity 
can recur, so children should be examined periodically after 
surgery until their growth is complete. The risk of recur-
rence can be lessened by improving the H-E angle to less than 
38 degrees. In addition to monitoring for recurrence of the 
varus deformity, a significant number of children with coxa 
vara have associated femoral hypoplasia and limb-length dis-
crepancy, which also require monitoring and may ultimately 
require limb-length equalization. Long-term studies of oper-
ative correction have demonstrated that functional outcomes 
are commonly poor to fair, and persistent gait disturbances 
are common. 

 

A B

FIGURE 30.40 A, Plain anteroposterior radiograph of a 4-year-old boy with congenital coxa 
vara of the right hip. B, Coronal MRI section of the same patient demonstrates irregularity and 
widening of the physis.
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     progression; surgery is indicated

FIGURE 30.41 Hilgenreiner-epiphyseal (H-E) angle of more 
than 60 degrees is an indication for surgical treatment of congenital 
coxa vara.
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VALGUS OSTEOTOMY FOR 
DEVELOPMENTAL COXA VARA

 TECHNIQUE 30.14 

 n  Perform an adductor tenotomy through a small medial 
incision.

 n  Expose the greater trochanter and proximal shaft of the 
femur through an 8- to 10-cm lateral, longitudinal inci-
sion.

 n  If a screw and side plate device is used for internal fixa-
tion, insert the screw in the midline of the femoral neck 
as determined by image intensification or anteroposterior 
and lateral radiographs. Insert the screw as close as pos-
sible to the trochanteric apophysis without entering it. If 
possible, center the screw in the femoral neck distal to the 
abnormal physis. If this is technically impossible, center 
the screw in the femoral head. Alternatively, if a proximal 
femoral plating system is used, place the guide pin for 
the system just superior to the center position on the an-
teroposterior view of image intensification and centered 
on the lateral view. Again, take care to avoid the greater 
trochanteric apophysis.

 n  Make a transverse osteotomy slightly distal to the screw 
at about the level of the lesser trochanter.

 n  If necessary, take a small lateral wedge of bone to correct 
the neck-shaft angle to 140 to 150 degrees.

 n  Fix the side plate to the femoral shaft in the usual manner.
 n  Irrigate the wound and close it in layers, inserting irriga-

tion-suction drainage if desired.
 n  Apply a one and one half spica cast.

POSTOPERATIVE CARE The cast is removed at 8 to 12 
weeks, when radiographic union of the osteotomy has 
occurred. Regular follow-up includes assessment of pos-
sible recurrence of the deformity and the development 
of progressive limb-length discrepancy that requires ad-
ditional treatment.
   

EXSTROPHY OF THE BLADDER
Exstrophy of the bladder occurs as a result of a congenital 
failure of fusion of the tissues of the midline of the pelvis. 
The major anomaly is a maldevelopment of the lower part 
of the abdominal wall and the anterior wall of the bladder 
so that the anterior surface of the posterior wall of the blad-
der is exposed to the exterior. Hernias and other defects of 
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FIGURE 30.42 Congenital coxa vara. A, Two-year-old girl with congenital coxa vara. B, Preop-
erative radiograph shows neck-shaft angle of less than 90 degrees bilaterally at age 5 years. C, 
After bilateral subtrochanteric osteotomies and internal fixation with pediatric hip screws.
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the anterior abdominal wall also may be present more proxi-
mally. The orthopaedic surgeon becomes involved in treat-
ment because of the diastasis of the symphysis pubis, the 
lateral flare of the innominate bones, and the resultant lateral 
displacement and external rotation of the acetabula. Other 
orthopaedic anomalies may be present along with exstrophy 
of the bladder, including congenital dislocation or dysplasia 
of the hip and myelomeningocele.

ANTERIOR ILIAC OSTEOTOMIES AND 
APPROXIMATION OF THE SYMPHYSIS 
PUBIS
Because most of the urologic structures are present or bifid, 
reconstruction is possible. Unless the symphysis pubis is 
approximated, however, urologic reconstruction is followed 
by complications such as the formation of fistulas or recur-
rences. These complications seem to be caused by tension 
placed on the soft tissues during closure, and this tension 
can be relieved by repair of the symphysis pubis. There is 
some controversy, as some authors have reported success-
ful bladder closure and repair without pelvic osteotomies. 
However, failure to address the abnormal morphology of 
the pelvis can have other consequences for the child, such 
as a wide-based, waddling, externally rotated gait. O’Phelan 
described the results of bilateral posterior iliac osteotomies 

and approximation of the symphysis (Fig. 30.43). Sponseller 
et al. recommended bilateral anterior iliac osteotomies, with 
internal or external fixation, citing advantages of increased 
mobility of the pubis, less intraoperative blood loss, and 
increased correction. Wound dehiscence or bladder prolapse 
occurred in 4% of patients, and the only important complica-
tion of the osteotomies was transient palsy of the left femoral 
nerve in seven children. Children who were older at the time 
of the osteotomy maintained better correction over time. In 
a later report, Okubadejo et al. reviewed the records of 624 
patients who had bladder exstrophy repair and found that 
orthopaedic complications occurred in 26 (4%). They divided 
the complications into five categories: bony complications at 
the osteotomy site, neurologic complications at the osteotomy 
site, complications of traction, deep infection, and late infec-
tion. Proper immobilization with modified Buck traction and 
external fixation and an immobilization time for more than 
4 weeks have been shown to decrease failure rates in a recent 
study by Sirisreetreerux et al.

In their report on bladder exstrophy, Kasat and Borwankar 
identified 11 important factors in obtaining a successful primary 
closure: (1) proper patient selection, (2) a staged approach, (3) 
anterior approximation of the pubic bones with placement of 
the bladder and urethra in the true pelvis, (4) posterior bilateral 
iliac osteotomies when indicated, (5) double-layered closure of 

 

C

BA

FIGURE 30.43 A, Congenital exstrophy of bladder in newborn boy. B, Note pubic diastasis on 
radiograph at 1 year of age. C, After bilateral posterior iliac osteotomies and anterior reconstruc-
tion.
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the bladder, (6) 2 weeks of proper ureteric catheter drainage, 
(7) prevention of infection, (8) prolonged and proper postop-
erative immobilization, (9) prompt treatment of bladder pro-
lapse, (10) prevention of abdominal distention postoperatively, 
and (11) ruling out bladder outlet obstruction before removing 
the bladder catheter.

The three steps are performed as one operative procedure: 
(1) the anterior iliac osteotomies, (2) repair of the anterior 
structures by a urologic surgeon, and (3) repair of the sym-
physis pubis. A heavy, nonabsorbable suture or biodegrad-
able implants can be substituted for wire fixation. Although 
described for treatment of older children or children with 
recurrent deformities, we prefer this technique for early ini-
tial treatment and for older children (Fig. 30.44). 

 

BILATERAL ANTERIOR ILIAC 
OSTEOTOMIES

 TECHNIQUE 30.15 

(SPONSELLER, GEARHART, AND JEFFS)
 n  Place the patient supine on the operating table and cir-

cumferentially prepare and drape the entire body below 
the umbilicus. Elevate the sacrum on folded towels.

 n  Make an anterior iliofemoral approach to the pelvis, simi-
lar to that used for a Salter osteotomy; both sides can be 
exposed simultaneously.

 n  Widely expose the medial iliac cortex and carefully elevate 
the periosteum posteriorly around the sciatic notch, using 
curved elevators and gauze sponges.

 n  With a Gigli saw, perform Salter innominate osteotomies. 
If the saw is difficult to pass, it can be threaded through 
on a leader of umbilical tape. In children younger than 6 
months old, use an oscillating saw because the force ap-
plied to the Gigli saw can cause preferential separation of 
the triradiate cartilage.

 n  Make the osteotomies from 5 mm above the anterior 
inferior iliac spine to the most cranial portion of the sci-
atic notch to leave a sizable inferior segment for internal 
 fixation.

 n  Rotate the freed ischiopubic segments 30 to 45 degrees 
to bring the pubic rami together.

 n  In children older than 6 months, a small external fixator, 
such as that used in the upper extremity, can be used with 
2-mm pins for fixation. Increase the pin size to 4 mm for 
children 4 to 10 years old and to 5 mm for children older 
than 10 years old.

 n  Insert two pins in each iliac wing and two in each distal 
fragment. Predrilling may be necessary to prevent split-
ting of the bone in small infants.

 n  Place one distal fragment pin from the anterior inferior 
iliac spine to the notch, parallel and 5 to 10 mm inferior 
to the osteotomy, ensuring that the pin engages the deep 
posterior cortex of the notch.

 n  Insert another threaded pin just below this pin but exter-
nally angled 30 degrees.

 n  Close the wounds.
 n  Have the urologic surgeon prepare the operative 

field and identify the abnormal bladder and urethral 
 structures.

 n  Use a single suture of 2-0 nylon in a horizontal mattress 
stitch to suture the pubic bones; tie it anterior to the neo-
urethra and bladder neck while an assistant rotates the 
greater trochanters medially.

 n  Place heavy sutures of polyglactin in the rectus fascia just 
superficial to the pubic closure.

 n  After the pelvic ring is closed anteriorly, apply the exter-
nal fixator. Good subperiosteal exposure is mandatory to 
ensure accurate pin placement away from the hip and 
triradiate cartilage.

 n  The procedure can be modified to exclude external fixa-
tion by fixing both osteotomies with Kirschner wires and 
applying a spica cast to be worn for 8 to 12 weeks, or by 
applying a biodegradable plate and screws to the sym-
physis rather than a wire or suture.

 

A B

FIGURE 30.44 A, Technique for reconstruction in exstrophy of bladder (see text). Inset shows 
suturing of pubic bones. B, Postoperative radiograph after bilateral anterior Salter innominate 
osteotomies.
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POSTOPERATIVE CARE Light Buck traction or a spica 
cast can be used for 1 to 2 weeks to maintain comfort and 
bed rest, although a longer period of immobilization (>4 
weeks) may be associated with improved outcomes. This 
is mandatory in children younger than 1 year because they 
have relatively less cortical bone for fixation, but older chil-
dren can be discharged from the hospital earlier if good 
external fixation is obtained. External fixation is continued 
for 4 weeks in children younger than 2 years and for 6 
weeks in older children. Gradual resumption of activities 
is then allowed. No formal physical therapy program is 
necessary, but a walker is helpful during the first week of 
ambulation in older children. Children should be followed 
for developmental dysplasia of the hip.
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 CONGENITAL ANOMALIES OF THE TRUNK 
AND UPPER EXTREMITY

Benjamin M. Mauck

CHAPTER 31

This chapter discusses congenital elevation of the scapula, 
congenital torticollis, and congenital pseudarthrosis of the 
clavicle, radius, and ulna. Congenital anomalies of the hand 
and certain other anomalies of the forearm are discussed in 
Chapter 81. Congenital conditions of the spine are discussed 
in Chapters 43 and 44.

CONGENITAL ELEVATION  
OF THE SCAPULA (SPRENGEL 
DEFORMITY)
First described by Eulenberg in 1863, Sprengel deformity is 
characterized as a congenital upward elevation of the scap-
ula in relation to the thoracic cage. The scapula is commonly 
hypoplastic and misshapen (Fig. 31.1). Other congenital 
anomalies may be present, such as cervical ribs, malforma-
tions of ribs, and anomalies of the cervical vertebrae (Klippel-
Feil syndrome); rarely, one or more scapular muscles are 
partly or completely absent. The presence of this deformity 
can often indicate abnormalities in other organ systems. The 
severity of the functional impairment typically is related to 
the severity of the deformity (Table 31.1). If the deformity is 
mild, the scapula is only slightly elevated and is a bit smaller 
than normal and its motion is only mildly limited; however, if 
the deformity is severe, the scapula is very small and can be so 
elevated that it almost touches the occiput. The patient’s head 
is often deviated toward the affected side. The primary limita-
tion of shoulder motion is abduction secondary to diminished 
scapulothoracic motion. In about half of patients, an extra 
ossicle, the omovertebral bone, is present; this is a rhomboi-
dal plaque of cartilage and bone lying in a strong fascial sheath 
that extends from the superior angle of the scapula to the spi-
nous process, lamina, or transverse process of one or more 
lower cervical vertebrae. Recognition of this abnormality is 
essential to surgical management. A similar osseous struc-
ture has also been reported extending from the medial bor-
der of the scapula to the occiput. Sometimes a well-developed  
joint is found between the omovertebral bone and scapula; 
sometimes it is attached to the scapula by fibrous tissue only. 
A solid osseous ridge between the spinous processes and the 
scapula is rare.

Radiographic workup is essential to surgical planning. 
Plain radiographs should be obtained to assess the level of the 

scapula in relation to vertebrae and in comparison to the con-
tralateral side. Radiographs also can help recognize the pres-
ence of associated abnormalities such as the omovertebral 
bone.

In a morphometric analysis using three-dimensional 
CT, Cho et al. found that most of the affected scapulae in 15 
patients with Sprengel deformity had a characteristic shape, 
with a decrease in the height-to-width ratio. An inverse rela-
tionship was found between scapular rotation and superior 
displacement; no significant difference was found in glenoid 
version. Cho et al. suggested that the point of tethering of the 
omovertebral connection, when present, may determine the 
shape, rotation, and superior displacement of the scapula and 
that three-dimensional CT can be helpful in delineating the 
deformity and planning scapuloplasty.

If deformity and impairment are mild, no treatment is 
indicated; if they are more severe, surgery may be indicated, 
depending on the age of the patient and the severity of any 
associated deformities. Because the deformity is more than 
just simple scapular elevation, the results of surgical treat-
ment of Sprengel deformity can vary. The long-term function 
of the shoulder and cosmetic appearance must be carefully 
measured against the surgical risk and natural history of the 
deformity. A 26-year review of 22 patients with Sprengel 
deformity treated by either observation or surgical repair sug-
gested that surgically treated patients had almost 40 degrees 
more abduction than their nonsurgical counterparts, with a 
subjective improvement in cosmesis.

An operation to bring the scapula inferiorly to near its 
normal position is ideally attempted soon after 3 years of age, 
because the operation becomes more difficult as the child 
grows. In older children, an attempt to bring the scapula infe-
riorly to its normal level can injure the brachial plexus.

Numerous operations have been described to correct 
Sprengel deformity. Green described surgical release of mus-
cles from the scapula along with excision of the supraspinatus 
portion of the scapula and any omovertebral bone. The scap-
ula is moved inferiorly to a more normal position, and the 
muscles are reattached. Other modifications include suturing 
the scapula into a pocket in the latissimus dorsi after rotat-
ing the scapula and moving it caudad to a more normal posi-
tion, and avoiding dissection of the serratus anterior muscle 
so that mobilization is begun immediately postoperatively. 
Wada et al. performed a morphometric analysis and reported 
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23 scapulae in 22 patients treated with the modified Green 
procedure. At 4-year follow-up the patients demonstrated a 
63-degree increase in range of motion.

Woodward, in 1961, described transfer of the origin of the 
trapezius muscle to a more inferior position on the spinous pro-
cesses. Greitemann et al. recommended the Woodward proce-
dure for patients with impaired function; for patients with only 
cosmetic problems, resection of part of the superior angle of 
the scapula was preferred. They suggested that better results are 
obtained with the Woodward procedure because (1) the mus-
cles are incised farther from the scapula, which lowers the risk 
of formation of a scar-keloid that may fix the scapula in poor 
position; (2) a larger mobilization is possible; and (3) the post-
operative scar is not as thick as with Green’s procedure. Borges 
et al. added excision of the prominent superomedial border of 
the scapula to the Woodward procedure. In a series of patients 
with long-term follow-up at an average of 14.7 years, Walstra 

et  al. demonstrated improvement of Cavendish grade 3 to 1 
or 2 and significant improvement in overall shoulder abduc-
tion and improved contrast; Disability of the Arm, Shoulder, 
and Hand (DASH) and Simple Shoulder Test (SST) scores also 
improved. No long-term complications were reported. We gen-
erally prefer the Woodard procedure (see later) (Fig. 31.2).

To improve function of the shoulder and the cosmetic 
appearance, Mears developed a procedure that includes partial 
resection of the scapula, removal of any omovertebral commu-
nication, and release of the long head of the triceps from the 
scapula. In the eight patients in whom this technique was used, 
average flexion improved from 100 to 175 degrees and abduc-
tion improved from 90 to 150 degrees. In two patients, hyper-
trophic scars formed at the curvilinear incision; this problem 
was eliminated by the use of a transverse incision in subsequent 
patients. Mears observed that a contracture of the long head 
of the triceps seems to represent a significant inhibition to full 
abduction in patients with Sprengel deformity and that release 
of this contracture allows increased abduction. Early postoper-
ative active and active-assisted motion exercises of the shoulder 
are used to improve function.

Brachial plexus palsy is the most severe complication of 
surgery for Sprengel deformity. The scapula in this deformity 
is hypoplastic compared with the normal scapula. During sur-
gery, attention should be directed to placing the spine of the 
scapula at the same level as that on the opposite side, rather 
than aligning exactly the inferior angles of the scapulae. To 
avoid brachial plexus palsy, several authors recommended 
morcellation of the clavicle on the ipsilateral side as a first 
step in the operative treatment of Sprengel deformity. This is 
not a routine part of surgical treatment but is recommended 
in severe deformity or in children who show signs of brachial 
plexus palsy after surgical correction. In patients older than 8 
years of age, a 2-cm midclavicular osteotomy is recommended 
to decompress the brachial plexus and first rib before scapular 
resection. In a younger patient, a 1-cm resection osteotomy 
is considered for severe deformity. Others have suggested 
the use of intraoperative somatosensory evoked potentials to 
monitor brachial plexus function during surgical correction. 

 

WOODWARD OPERATION

 TECHNIQUE 31.1 

 n  Place the patient prone on the operating table and pre-
pare and drape both shoulders so that the involved shoul-
der girdle and the arm can be manipulated and the unin-
volved scapula can be inspected in its normal position.

 n  Make a midline incision from the spinous process of the 
first cervical vertebra distally to that of the ninth thoracic 
vertebra (Fig. 31.3A). Undermine the skin and subcutane-
ous tissues laterally to the medial border of the scapula.

 n  Identify the lateral border of the trapezius in the distal end 
of the incision and by blunt dissection separate it from the 
underlying latissimus dorsi muscle.

 n  By sharp dissection, free the fascial sheath of origin of the 
trapezius from the spinous processes.

 TABLE 31.1

Cavendish Classification

Grade 1 Very mild Shoulders are level; deformity not 
visible when patient is dressed

Grade 2 Mild Shoulders are almost level; 
deformity is visible as a lump in 
the web of neck when patient is 
dressed

Grade 3 Moderate Shoulders elevated 2-5 cm;  
deformity easily seen

Grade 4 Severe Shoulder grossly elevated; superior 
angle of scapula lies near occiput

Information from Cavendish ME: Congenital elevation of the scapula, J Bone 
Joint Surg 54:395, 1972.

 

C

A

B
FIGURE 31.1 Elevated, malrotated, and malformed scapula 

with bony connection to spine. A, Axial. B, Posterior. C, Anterior.  
(Redrawn from Harvey EJ, Bernstein M, Desy NM, et al. Sprengel deformity: 
pathogenesis and management, J Am Acad Orthop Surg 20:177, 2012.)
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 n  Identify the origins of the rhomboideus major and minor 
muscles and by sharp dissection free them from the spi-
nous processes.

 n  Free the rhomboids and the superior part of the tra-
pezius from the muscles of the chest wall anterior to 
them.

 n  Retract the freed sheet of muscles laterally to expose any 
omovertebral bone or fibrous bands attached to the su-
perior angle of the scapula.

 n  By extraperiosteal dissection, excise any omovertebral 
bone, or if the bone is absent, excise any fibrous band 
or contracted levator scapulae; avoid injuring the spinal 
accessory nerve, the nerves to the rhomboids, and the 
transverse cervical artery.

 n  If the supraspinous part of the scapula is deformed, re-
sect it along with its periosteum; this releases the levator 
scapulae (if not already excised), allowing the shoulder 
girdle to move more freely (Fig. 31.3B).

 n  Divide transversely the remaining narrow attachment 
of the trapezius at the level of the fourth cervical ver-
tebra.

 n  Displace the scapula along with the attached sheet of 
muscles distally until its spine lies at the same level as that 
of the opposite scapula (Fig. 31.3C).

 n  While holding the scapula in this position, reattach the 
aponeuroses of the trapezius and rhomboids to the spi-
nous processes at a more inferior level.

 n  In the distal part of the incision, create a fold in the origin 
of the trapezius and either excise the excess tissue or in-
cise the fold and overlap and suture in place the resultant 
free edges. 

POSTOPERATIVE CARE A Velpeau bandage is applied 
and is worn for about 2 weeks. Active and passive range-
of-motion exercises are begun.
   

 

MORCELLATION OF THE CLAVICLE

 TECHNIQUE 31.2 

 n  Make a straight incision over the clavicle extending from 
1.5 cm lateral to the sternoclavicular joint to 1.5 cm me-
dial to the acromioclavicular joint.

 n  Expose the clavicle subperiosteally.
 n  Divide the bone 2 cm from each end, remove it, and cut 

it into small pieces (morcellate).
 n  Replace the pieces in the periosteal tube and close the 

tube with interrupted sutures.
 n  Close the subcutaneous tissues and skin in a routine 

manner.

   

CONGENITAL MUSCULAR 
TORTICOLLIS
Congenital muscular torticollis (CMT), present in as many 
as 3.92% of neonates, is caused by fibromatosis within the 
sternocleidomastoid muscle. A mass either is palpable 
at birth or becomes so, usually during the first 2 weeks. 
Congenital muscular torticollis is more common on the 
right side than on the left side. It may involve the muscle 
diffusely, but more often it is localized near the clavicu-
lar attachment of the muscle. The mass attains maximal 
size within 1 or 2 months and may remain the same size 
or become smaller; usually, it diminishes and disappears 
within 1 year. If it fails to disappear, the muscle becomes 
permanently fibrotic and contracted and causes torticol-
lis, which also is permanent unless treated (Fig. 31.4).

 

A

B C

FIGURE 31.2   A, Sprengel deformity (left sided) in 5-year-old boy. B, Posteroanterior radiograph shows congenital elevation of left 
scapula. C, Posteroanterior radiograph after Woodward procedure.
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Although CMT has been recognized for centuries, its 
cause remains unclear. Clinical studies have shown that 
infants with CMT are more often the product of a dif-
ficult delivery and have an increased incidence of asso-
ciated musculoskeletal disorders, such as metatarsus 
adductus, developmental dysplasia of the hip, and talipes 
equinovarus. There is a reported incidence of congeni-
tal dislocation of the hip or dysplasia of the acetabulum 
ranging from 7% to 20% in children with CMT. Careful 
hip screening and, if necessary, ultrasound evaluation are 
indicated.

Various hypotheses of the cause of CMT include mal-
position of the fetus in utero, intrauterine constraint, birth 
trauma, infection, and vascular injury. Davids et al. found 
that MRI of 10 infants with CMT showed signals in the  FIGURE 31.4 Congenital torticollis in 14-month-old boy.

 

A B

C
FIGURE 31.3 Woodward operation for congenital elevation of scapula. A, Elevation of scapula, extensive origin of trapezius, and skin 

incision are shown. B, Skin has been incised in midline. Origins of trapezius and of rhomboideus major and minor have been freed from 
spinous processes, and these muscles have been retracted laterally. Levator scapulae, any omovertebral bone, and any deformed superior 
angle of scapula are to be excised. C, Remaining narrow attachment of trapezius superiorly has been divided at level of C4. Scapula and 
attached sheet of muscles have been displaced inferiorly, and aponeuroses of trapezius and rhomboids have been reattached to spinous 
processes at more inferior level. A redundant fold of trapezius aponeurosis is formed inferiorly. Fold of trapezius aponeurosis has been 
incised, and resultant free edges have been overlapped and sutured in place. Free superior edge of trapezius also has been sutured.  
(Modified from Woodward JW: Congenital elevation of the scapula: correction by release and transplantation of muscle origins: a preliminary report, 
J Bone Joint Surg 43A:219, 1961.) SEE TECHNIQUE 31.1.
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sternocleidomastoid muscle similar to signals observed 
in the forearm and leg after compartment syndrome. 
Further investigation included cadaver dissections and 
injection studies that defined the sternocleidomastoid 
muscle compartment; pressure measurements of three 
patients with CMT that confirmed the presence of this 
compartment in vivo; and clinical review of 48 children 
with CMT that showed a relationship between birth posi-
tion and the side affected by contracture. These findings 
led the authors to postulate that CMT may represent the 
sequela of an intrauterine or perinatal compartment syn-
drome (Fig. 31.5).

A palpable nodule is present in the affected sternoclei-
domastoid muscle at birth or within the first few weeks of 
life. The patient may also have associated plagiocephaly and 
facial asymmetry. The presence of the characteristic fibrotic 
nodule typically confirms the diagnosis, rendering further 
radiographic evaluation unnecessary in most cases. When 
the diagnosis remains in doubt, or in the presence of neuro-
logic findings, cervical spine radiographs or advanced imag-
ing is appropriate. Ultrasonography also has been advocated 
for the evaluation and management of congenital muscular 
torticollis.

When CMT is seen in early infancy, it is impossible to tell 
whether or not the mass causing it will disappear spontane-
ously. Lin and Chou reported that ultrasonography was useful 
in predicting which infants would require surgical treatment. 
Those patients in whom fibrotic change was limited to only 
the lower third of the sternocleidomastoid muscle recovered 
without surgery, whereas 35% of patients with whole muscle 
involvement required surgical release. Han et al. found sev-
eral differences between patients with a sternocleidomastoid 
lesion identified with ultrasound and those without a lesion. 
Those without a lesion generally were seen later but had a 
better prognosis and a shorter treatment duration. A head 
rotation/tilting pattern in which both occurred in the same 
direction was observed only in patients without a lesion, and 
head tilting was more limited than head rotation. These find-
ings suggest that pathophysiologic mechanisms may differ 
between patients with CMT with and without a sternoclei-
domastoid lesion.

Only conservative treatment is indicated during 
infancy. The parents should be instructed to stretch the 
sternocleidomastoid muscle by manipulating the infant’s 
head manually. The child’s chin is rotated toward the 
shoulder on the side of the affected sternocleidomastoid 
muscle while the head is tilted toward the opposite shoul-
der. Excising the lesion during early infancy is unjustified; 
surgery should be delayed until evolution of the fibroma-
tosis is complete, and then, if necessary, the muscle can be 
released at one or both ends. CMT typically resolves with a 
home stretching program during the first year of life. Some 
authors suggest a strong correlation between sternocleido-
mastoid (5-cm) thickness to duration of and response to 
stretching exercises. Canale et al. found that CMT did not 
resolve spontaneously if it persisted beyond the age of 1 
year. Children who were treated during the first year of 
life had better results than children treated later, and an 
exercise program was more likely to be successful if the 
restriction of motion was less than 30 degrees and there 
was no facial asymmetry or if the facial asymmetry was 
noted only by the examiner. Nonoperative therapy after 
age 1 year was rarely successful. Regardless of the type of 
treatment, established facial asymmetry and limitation of 
motion of more than 30 degrees at the beginning of treat-
ment usually precluded a good result.

Early intervention for infants with CMT, initiated before 
3 to 4 months of age, results in excellent outcomes, with 
92% to 100% achieving full passive neck rotation and 0 to 
1% requiring surgical intervention. The earlier intervention 
is started, the shorter the duration of intervention, and the 
need for later surgical intervention is significantly reduced. 
Petronic et al. found that when treatment was initiated before 
1 month of age, 99% of infants with CMT achieved excellent 
clinical outcomes (no head tilt, full passive cervical rotation), 
with an average treatment duration of 1.5 months, but if ini-
tiated between 1 and 3 months of age, only 89% of infants 
achieved excellent outcomes with treatment duration averag-
ing 6 months. When initiated between 3 and 6 months of age, 
62% of infants achieved excellent outcomes with treatment 
duration averaging 7.2 months. When intervention was initi-
ated between 6 and 12 months of age, 19% of infants achieved 
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FIGURE 31.5 Pathophysiology of congenital muscular torticollis proposed by Davids, Wenger, and Mubarak, who suggested that 
congenital muscular torticollis may represent sequela of intrauterine or perinatal compartment syndrome.
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excellent outcomes, with an average treatment duration of 8.9 
months. In contrast to recommendations to provide stretch-
ing instruction to the parents when CMT is identified at birth 
and only refer to a physical therapist at 2 months of age if the 
condition does not resolve, more recent studies suggest that 
early physical therapy reduces the time to resolution com-
pared with parent-only stretching, that stretching becomes 
more difficult in infants as they age and develop neck con-
trol, and that earlier intervention can negate the need for later 
surgery.

For more rigid deformities that persist beyond the age of 1 
year or despite 6 months of physical therapy, surgical correc-
tion has historically been the treatment of choice. Continued 
physical therapy alone in more resistant CMT, even when 
performed carefully, can result in injury. Botulinum toxin 
(BTX) type A injection has been suggested to improve the 
results of physical therapy. The goal of BTX injections in 
CMT is to relax the tight soft-tissue structures enough so that 
a trained physical therapist can gain further correction of the 
contracture and also work on strengthening to maintain cor-
rection. Limpaphayon et al. reported that guided stretching 
of resistant CMT along with BTX type A injection resulted in 
resolution of deformity and maintenance of correction, with 
clinical improvement noted by 92% of caregivers. Sinn and 
Renaldi described successful treatment with BTX in 82 (61%) 
of 134 children.

Any permanent torticollis slowly becomes worse during 
growth. The head becomes inclined toward the affected side and 
the face toward the opposite side. If the deformity is severe, the 
ipsilateral shoulder becomes elevated and the frontooccipital 
diameter of the skull may become less than normal. Such severe 
deformity could and should be prevented by surgery during early 
childhood. Ideally, surgery is performed just before school age 
so that sufficient growth remains for remodeling of facial asym-
metry while giving enough time for the growth of the structures 
to make surgical dissection and release easier. Many patients 
are first seen only after the deformities have become fixed, and 
the remaining growth potential is insufficient to correct them 
(Fig. 31.6). Nevertheless, many authors have suggested that sur-
gical release in older children can be successful and should be 
attempted even if the child presents later. The clinical results are 

significantly less successful in children who have finished growth 
than in children who still have growth remaining; however, most 
patients have marked improvement in neck motion and head 
tilt, with satisfactory functional and cosmetic results. Lee et al. 
reported marked improvement in craniofacial deformity after 
surgical release in 80 patients with CMT. Improved results were 
demonstrated if the release was performed before the patient 
reached 5 years of age. In their study of 31 patients older than 
7 years with late-presenting CMT, Lepetsos et al. obtained 84% 
excellent and 16% good results with operative treatment, and 
Seyhan et  al. reported marked improvements in neck motion 
and head tilt in patients between the ages of 6 and 23 years who 
had bipolar release.

Several operations have been devised to release the ster-
nocleidomastoid muscle at the clavicle. Unipolar release of 
the muscle distally is appropriate for mild deformity. Bipolar 
release proximally and distally may be indicated for moderate 
and severe torticollis. Endoscopic release of the sternocleido-
mastoid muscle has been described, with suggested advan-
tages of precise division of the muscle fibers, preservation of 
the neurovascular structures, and an inconspicuous scar; we 
have no experience with this technique and no large series 
have been reported. 

 

UNIPOLAR RELEASE
Open unipolar tenotomy of the sternocleidomastoid mus-
cle could be followed by tethering of the scar to the deep 
structures, reattachment of the clavicular head or the ster-
nal head of the sternocleidomastoid muscle, loss of contour 
of the muscle, failure to correct the tilt of the head, or fail-
ure of facial asymmetry to correct. Tethering of the scar to 
the deep structures is more common in younger patients; 
therefore, the operation should be postponed until after 4 
years of age.

 TECHNIQUE 31.3 

 n  Make an incision 5 cm long just superior to and parallel 
to the medial end of the clavicle (Fig. 31.7) and deepen it 
to the tendons of the sternal and clavicular attachments 
of the sternocleidomastoid muscle.

 n  Incise the tendon sheath longitudinally and pass a hemo-
stat or other blunt instrument posterior to the tendons.

 n  By traction on the hemostat, draw the tendons outside the 
wound and superior and inferior to the hemostat; clamp 
them and resect 2.5 cm of their inferior ends. If it is con-
tracted, divide the platysma muscle and adjacent fascia.

 n  With the child’s head turned toward the affected side 
and the chin depressed, explore the wound digitally for 
any remaining bands of contracted muscle or fascia; and 
if any are found, divide them under direct vision until the 
deformity can, if possible, be overcorrected.

 n  If after this procedure overcorrection is not possible, make 
a small transverse incision inferior to the mastoid process 
and carefully divide the muscle near the bone. Avoid dam-
aging the spinal accessory nerve.

 n  Close the wound and apply a bulky dressing that holds 
the head in the overcorrected position.

 FIGURE 31.6 Untreated torticollis (right side) in 19-year-old 
man; note limited rotation and plagiocephaly.
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POSTOPERATIVE CARE At 1 week postoperatively, 
physical therapy, including manual stretching of the neck 
to maintain the overcorrected position, is begun. Manual 
stretching should be continued three times daily for 3 to 
6 months; the use of plaster casts or braces usually is un-
necessary (Fig. 31.8).

   

 

BIPOLAR RELEASE
Surgical correction in children with severe deformity or 
after failed operation usually requires a bipolar release of 

the sternocleidomastoid muscle. Ferkel et al. described a 
modified bipolar release and Z-plasty of the muscle for use 
in these circumstances. This approach lessens the sunken 
or hollow appearance of the distal end of the sternocleido-
mastoid that often occurs with a simple tenotomy, thereby 
giving the patient a better cosmetic result.

 TECHNIQUE 31.4 

(FERKEL ET AL.)
 n  Make a short transverse proximal incision behind the ear 

(Fig. 31.9A) and divide the sternocleidomastoid muscle 
insertion transversely just distal to the tip of the mastoid 
process. With this limited incision, the spinal accessory 
nerve is avoided, although the possibility that the nerve 
may take an anomalous route should be considered.

 n  Make a distal incision 4 to 5 cm long in line with the cervi-
cal skin creases, a fingerbreadth proximal to the medial 
end of the clavicle and the sternal notch.

 n  Divide the subcutaneous tissue and platysma muscle, ex-
posing the clavicular and sternal attachments of the ster-
nocleidomastoid muscle. Carefully avoid the anterior and 
external jugular veins and the carotid vessels and sheath 
during the dissection.

 n  Cut the clavicular portion of the muscle transversely and per-
form a Z-plasty on the sternal attachment so as to preserve 
the normal V-shaped contour of the sternocleidomastoid 
muscle in the neckline (Fig. 31.9B). Alternatively, release the 
clavicular head directly from the clavicle while transecting the 
sternal head proximal to its insertion by 1 to 2 cm. Then suture 
the two ends together side to side or end to end (Fig. 31.9C).

 n  Obtain the desired degree of correction by manipulating 
the head and neck during the release.

 n  Release of additional contracted bands of fascia or muscle 
occasionally is necessary before closure.

 n  Close both wounds with subcuticular sutures. 

 FIGURE 31.7 Unipolar release for torticollis. Note line of skin 
incision.

 

A B

FIGURE 31.8 Seven-year-old boy with left congenital muscular torticollis. A, Before unipolar supraclavicular release. B, After unipolar 
release; note scar superior to clavicle in transverse line of skin crease. SEE TECHNIQUE 31.3.
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POSTOPERATIVE CARE Physical therapy, consisting of 
stretching, muscle strengthening, and active range-of-mo-
tion exercises, is instituted in the early postoperative period. 
Head-halter traction or a cervical collar also can be used 
during the first 6 to 12 weeks after surgery (Fig. 31.10).

   

CONGENITAL PSEUDARTHROSIS 
OF THE CLAVICLE
Congenital pseudarthrosis of the clavicle is rare. Several the-
ories concerning its cause have been proposed. Because the 
clavicle develops in two separate masses by medial and lat-
eral ossification centers, pseudarthrosis could be explained 

by failure of ossification of the precartilaginous bridge 
that would normally connect the two ossification centers. 
Alternatively, direct pressure from the subclavian artery on 
the immature clavicle may be the cause. Congenital pseud-
arthrosis of the clavicle occurs almost invariably on the 
right; bilateral involvement occurs in approximately 10% of 
patients. In a series of 60 unilateral lesions, 59 were on the 
right, and in the one patient with a pseudarthrosis on the 
left, dextrocardia was found. Pseudarthrosis of the clavicle is 
present at birth and usually is in the middle third of the clav-
icle (Fig. 31.11). Differential diagnoses include cleidocranial 
dysostosis and rarely nonunion after clavicular fracture.

Congenital pseudarthrosis of the clavicle may require 
treatment, not because of pain or hypermobility of the 
shoulder girdle, but usually because of an unacceptable 
appearance or occasionally because of pain in adolescent 

 

A B C
FIGURE 31.9 Bipolar Z-plasty operation for torticollis. A, Skin incisions. B, Clavicular and mastoid attachments of sternocleidomas-

toid muscle are cut, and Z-plasty is performed on sternal origin. C, Completed operation; note preservation of medial portion of sternal 
attachment.  (Redrawn from Ferkel RD, Westin GW, Dawson EG, et al: Muscular torticollis: a modified surgical approach, J Bone Joint Surg 65A:894, 
1983.) SEE TECHNIQUE 31.4.

 

BA

FIGURE 31.10 Bipolar release for congenital torticollis. A, Severe congenital torticollis (right side) in 8-year-old girl. B, After bipolar 
release. SEE TECHNIQUE 31.4.
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BA

FIGURE 31.11 Congenital pseudarthrosis of clavicle. A, Subcutaneous prominence in middle third of right clavicle in 4-year-old child. 
B, Lateral view.

 

B

A

FIGURE 31.12 A, Congenital pseudarthrosis of right clavicle 
before plating and bone grafting. B, At 7 years of age after plate 
removal.

patients. Sales de Gauzy et  al. described thoracic outlet 
syndrome in an adolescent with congenital pseudarthro-
sis of the clavicle. Hyperabduction of the arm caused com-
pression of the subclavian artery by the medial end of the 
lateral clavicular fragment. After resection of the pseudar-
throsis, iliac bone grafting, and plate fixation, the patient 
was pain free with total functional recovery. Although 
congenital pseudarthrosis of the clavicle is asymptom-
atic in childhood, surgical treatment can restore normal 
morphology and prevent functional or vascular prob-
lems in adolescence and adulthood. Spontaneous union 
is unknown, and consequently any desired union requires 
surgical treatment. Most surgeons agree that the ideal 
time for grafting is between ages 3 and 5 years. Although 
grafting can be done at any age, with increasing patient 
age, successful grafting becomes less likely. Simple resec-
tion is not recommended because it results in prominent, 
painful bone ends, prominence of the ends during move-
ments of the shoulder, and asymmetry of the shoulder gir-
dles. Simple resection of the fibrous pseudarthroses and 
sclerotic bone ends, followed by careful dissection and 
preservation of the periosteal sleeve to maintain continu-
ity, and approximation of bone ends, without bone graft-
ing or internal fixation has been shown to be successful 
in children younger than the age of 6 years. Nevertheless, 
most authors recommend excision of the pseudarthrosis, 
bone grafting, and fixation with a small reconstruction 
plate or an intramedullary Kirschner wire.

Union is easier to obtain in congenital pseudarthrosis 
of the clavicle than in that of the tibia. Almost any type 
of bone grafting suitable for traumatic nonunion of the 
clavicle has been satisfactory in pseudarthrosis, but open 
reduction and internal fixation with plate and screws and 
autogenous iliac bone grafting have produced the best 
results with higher rates of union, less time to union, and 
fewer complications when compared with Kirschner wire 
fixation. This is especially true if performed in older chil-
dren (Fig. 31.12). In 2017 Studer et  al. demonstrated a 
high rate of union and good functional results at a mean 
follow-up of 7 years after nonvascularized iliac crest bone 
grafts and plate fixation in children with a mean age of 
7.1 years. 

 

OPEN REDUCTION AND ILIAC BONE 
GRAFTING FOR CONGENITAL 
PSEUDARTHROSIS OF THE CLAVICLE

 TECHNIQUE 31.5 

 n  Make a transverse 3-inch (7.5-cm) incision centered over 
the body of the clavicle, approximately a fingerbreadth 
above the superior border of the bone.
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 n  Carry sharp dissection through the subcutaneous tissue 
to expose the clavicle medially and laterally in the central 
third in the area of the pseudarthrosis.

 n  Expose the bone subperiosteally, protecting the underly-
ing neurovascular structures.

 n  Debride the site of the pseudarthrosis of all fibrous and 
cartilaginous tissue down to normal bone medially and 
laterally.

 n  Bend a four-hole plate (semitubular, dynamic compres-
sion, or acetabular reconstruction) to fit the contours of 
the bone.

 n  Fix the plate to the clavicle in the usual manner.
 n  Obtain autogenous iliac grafts and place them on the su-

perior, inferior, and posterior aspects of the pseudarthro-
sis.

 n  Close the wound in layers and the skin with subcuticular 
sutures.

POSTOPERATIVE CARE A collar and cuff sling is worn 
for 2 to 3 weeks. The plate can be removed at 12 to 24 
months or when radiographic union occurs.
   

CONGENITAL DISLOCATION OF 
THE RADIAL HEAD
Congenital dislocation of the radial head, the most common 
congenital anomaly of the elbow, is rare but should be sus-
pected when the radial head has been dislocated for a long 
time, there is no evidence that the ulna has been fractured, 
and the radial head appears abnormally small and misshapen. 
The radiographic findings are fairly characteristic. The radial 
shaft is abnormally long, and the ulna usually is abnormally 
bowed. The radial head is dislocated, frequently posteriorly 
but sometimes anteriorly; is rounded, showing little if any 
depression for articulation with the capitellum; and usually 
is smaller than normal. Occasionally, there is an area of ossi-
fication in the tissues around the radial head. The capitellum 
also may be small, and the radial notch of the ulna that should 
articulate with the radial head may be small or absent (Fig. 

31.13). Although bilaterality has been listed in older studies 
as a criterion for diagnosis of congenital dislocation of the 
radial head, more recent reports have confirmed the existence 
of unilateral dislocations. Congenital dislocation of the radial 
head may be familial, especially on the paternal side, and may 
be associated with chondroosteodystrophy, achondroplasia, 
hypochondroplasia, Larsen syndrome, nail-patella syndrome, 
and hereditary multiple exostosis.

A congenitally dislocated radial head is irreducible manu-
ally or surgically because of adaptive changes in the soft tissues 
and the absence of normal surfaces for articulation with the 
ulna and humerus. Consequently, open reduction of the dis-
location and reconstruction of the annular ligament in child-
hood are not advised. Any impairment of function usually is 
caused by restriction of rotation of the forearm; in children, 
physical therapy to improve this motion is the only treatment 
indicated. If pain persists into adulthood, the radial head and 
neck can be excised. Any resection of the radial head should be 
postponed until growth is complete, but even then it may not 
improve motion because of the contractures of the soft tissues. 
Nevertheless, excision of the radial head should be considered 
for pain in an older patient and may achieve some improve-
ment in range of motion. Bengard et al. reviewed intermediate 
and long-term follow-up of both operatively and nonopera-
tively treated patients with congenital radial head dislocation. 
The authors showed that operatively treated patients had sig-
nificant reduction in pain and improved overall satisfaction 
with minimal gains of motion. However, over 25% of opera-
tively treated patients required additional surgery for wrist 
pain. Furthermore, nonoperatively treated patients had no loss 
of motion, development of pain, or the need for further surgi-
cal intervention. Radial and ulnar osteotomies have been sug-
gested to treat congenital and chronic radial head dislocation; 
however, further studies are needed to determine their efficacy. 

CONGENITAL PSEUDARTHROSIS 
OF THE RADIUS
Congenital pseudarthrosis of the radius is extremely rare. In 
patients with neurofibromatosis, the pseudarthrosis devel-
ops from a cyst in the radius, and patients usually have skin 

 

BA

FIGURE 31.13 Congenital dislocation of radial head. A, Lateral view. B, Anteroposterior view.
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manifestations of neurofibromatosis or a strong family his-
tory of the disease.

In each instance reported, pseudarthrosis of the radius 
occurred in the distal third of the bone and the distal frag-
ment was quite short. Because the lesion is near the distal 
radial physis, the ends of the bone are attenuated and the ulna 
is relatively long. The treatment of choice is dual-onlay bone 
grafting. This operation restores length, provides a viselike 
grip on the osteoporotic distal fragment, increases the size of 
the distal end of the proximal fragment, and usually results in 
satisfactory union (Fig. 31.14).

Others have reported good results after complete resec-
tion of the involved radius, with the surrounding perios-
teum and soft tissue, and free vascularized fibular transfer. 
This operation can be delayed until skeletal maturity, with 
the arm supported by a forearm brace until surgery is per-
formed. Alternatively, vascularized fibular grafting has been 
performed in younger patients, but obtaining stable internal 
fixation can be challenging in this group. Plate and screw fixa-
tion risks damage to the vascular supply of the periosteum 
around the fibular graft, but unstable fixation with only intra-
medullary and crossed Kirschner wires might lead to delayed 
union. In their review of the English-language literature, 
Witoonchart et  al. found that free vascular fibular grafting 
obtained the best union rate among the reported procedures: 
it was successful in 18 of 19 ulnar or radial pseudarthroses 
reported. Vascular fibular grafting is described in Chapter 63. 

CONGENITAL PSEUDARTHROSIS 
OF THE ULNA
Congenital pseudarthrosis of the ulna also is extremely rare. It 
typically occurs in the patients with neurofibromatosis, and asso-
ciated congenital pseudarthrosis of the radius is not uncommon. 
Ulnar pseudarthrosis produces angulation of the radius, shorten-
ing of the forearm, and dislocation of the radial head (Fig. 31.15).

Various treatment methods have been described for con-
genital ulnar pseudarthrosis, including nonvascularized 
bone grafting with and without internal fixation, creation of 
a one-bone forearm, free vascularized fibular grafting, and 
the Ilizarov compression-distraction technique. Bone graft-
ing of congenital pseudarthrosis of the ulna usually has failed, 
but because significant bowing of the radius develops in very 
young children, early surgery is indicated. If the pseudarthro-
sis has developed through a cystic lesion, early curettage of the 
cyst, internal fixation of the bone, and bone grafting usually 
are successful. In established pseudarthrosis with tapering of 
the ends of the bone, the distal ulna should be excised early to 
relieve its tethering effect on the radius; then the forearm is fit-
ted with a suitable brace. If the radial head dislocates, it should 
be excised, and a synostosis (one-bone forearm) should be pro-
duced between the radius and ulna (Fig. 31.16). Osteotomy of 
the distal radius to correct bowing also may be indicated. Use 
of the Ilizarov device has been reported in patients with small 
pseudarthrosis “gaps” and bony fragments of acceptable qual-
ity. Bae et al. reported successful free vascularized fibular graft-
ing in four children with congenital ulnar pseudarthrosis. In 
two of the children (3 and 5 years old), the proximal fibular 
epiphysis was included in the graft and continued growth was 
present at 6 and 3 years, respectively, after surgery. 

CONGENITAL RADIOULNAR 
SYNOSTOSIS
Congenital radioulnar synostosis is a rare malformation in 
which there is an abnormal connection between the radius and 
ulna due to an embryologic failure of separation. Congenital 
radioulnar synostosis usually involves the proximal ends of the 
radius and ulna, most often fixing the forearm in pronation. It 
is more often bilateral than unilateral. Familial predisposition 
is frequent, and the deformity seems to be transmitted on the 
paternal side of the family. Wilkie noted two types. In the first 

 

BA

FIGURE 31.14 Congenital pseudarthrosis of radius. A, Closed fractures of radius and ulna in child with manifestations of neurofibro-
matosis. B, Union of radius after dual-onlay bone grafting.

    

https://booksmedicos.org


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS1242

type, the medullary canals of the radius and ulna are joined. 
The proximal end of the radius is malformed and is fused to 
the ulna for several centimeters (see Fig. 31.16). The radius is 
longer and larger than the ulna, and its shaft arches anteriorly 
more than normally. In the second type, the radius is fairly nor-
mal, but its proximal end is dislocated either anteriorly or pos-
teriorly and is fused to the proximal ulnar shaft; the fusion is 
neither as extensive nor as intimate as in the first type. Wilkie 
stated that the second type often is unilateral and that some-
times another deformity, such as a supernumerary thumb, 
absence of the thumb, or syndactylism, also is present.

Two other classifications classify the deformity based on 
the presence or absence of an associated radial head dislo-
cation and the existence of a fibrous or osseous synostosis 
(Box 31.1). These two classification systems highlight the 
association with radial head dislocation that might represent 
a spectrum of disease beginning in the early embryologic 
period. Early embryologic development of radioulnar synos-
tosis also explains its association with many other congenital 
syndromes such as Apert syndrome, Klinefelter syndrome, 
Carpenter syndrome, arthrogryposis, and others.

Congenital radioulnar synostosis is difficult to treat. 
Fortunately, the majority of patients do not require surgical inter-
vention. The fascial tissues are short and their fibers are abnormally 
directed, the interosseous membrane is narrow, and the supinator 
muscles may be abnormal or absent. The anomalies in the forearm 
may be so widespread that sometimes no rotation would be possi-
ble, even if the radius and ulna were separated and the interosseous 
membrane split throughout its length. Three-dimensional analy-
sis of congenital radioulnar synostosis showed significant flexion 
deformities of the radius and internal rotation deformities of the 
radius and ulna, which would likely impede forearm rotation after 
corrective surgery. Additionally, patient and parent expectations 
of improved motion after surgical treatment often lead to disap-
pointment if surgery is attempted. Simply excising the fused part 
of the radius never improves function. It is inadvisable to perform 
any operation with the hope of obtaining pronation and supina-
tion. Surgery is not recommended for most patients because the 

deformity typically is not disabling enough to justify an extensive 
operation. Motion of the shoulder, especially when the elbow is 
extended, compensates well for the deformity in most children.

Osteotomy occasionally is indicated in children with bilat-
eral hyperpronation, but the exact position of the forearm is 
controversial. Some have suggested positioning one forearm in 
neutral rotation to assist in hygiene. However, modern wide-
spread use of keyboards and hand-held communication devices 
makes slight pronation more attractive in developed nations. In 
Asian cultures, it has been suggested that eating habits of holding 
a bowl in the nondominant hand may necessitate slight supina-
tion. Simcock et al. evaluated the safety and efficacy of a proxi-
mal derotational osteotomy through the ulnar metaphysis in 31 
forearms. They determined their method to be safe and effec-
tive but advocated for meticulous surgical technique, including 
control of the osteotomy site, judicious pin fixation, and prophy-
lactic fasciotomies. They did, however, experience a 12% compli-
cation rate owing primarily to transient nerve palsies (anterior 
interosseous and radial nerves) in large rotational corrections.

Seitz et  al. reported the use of a small external fixation 
device after derotational osteotomy in a 2-year-old child with 
congenital radioulnar synostosis. They cited as advantages to 
this technique precise rotational correction, adequate stabili-
zation, and avoidance of cast immobilization.

Lin et  al. described a two-stage technique for correction 
of severe forearm rotational deformities, including congenital 
radioulnar synostosis. Percutaneous drill-assisted osteotomies of 
the radius and the ulna are performed and are followed 10 days 
later by manipulation of the forearm into the desired functional 
position. No internal or external fixation is used; long arm cast 
immobilization is used for 6 to 8 weeks. These authors reported 
functional improvement in 25 of 26 forearms, including all 12 
forearms with congenital radioulnar synostosis. Although the 
range of motion was not significantly changed, the arc of motion 
was in a more functional hand position. Rotational osteotomy 
performed in a single stage has been described with the addition 
of segmental bone resection. Early results have shown promise as 
a safe technique. Here we describe a two-stage osteotomy. 

 

A B C

FIGURE 31.15 Congenital pseudarthrosis of ulna with dislocation of radial head. A, Before surgery. B, After excision of radial head, 
creation of synostosis between proximal radius and ulna and fixation with medullary nail. C, Final appearance of one-bone forearm.
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FIGURE 31.16 Congenital radioulnar synostosis. A and B, First type: proximal radius and ulna are fused for 3 cm, and radius is enlarged. 
C and D, Second type: radius is dislocated posteriorly and laterally.

 

RADIAL AND ULNAR OSTEOTOMIES 
FOR CORRECTION OF CONGENITAL 
RADIOULNAR SYNOSTOSIS  
(TWO-STAGE)

 TECHNIQUE 31.6 

(LIN ET AL.)
 n  Under tourniquet control, make a 1- to 2-cm incision over the 

dorsolateral ridge of the distal third of the radius (Fig. 31.17A).

 n  Expose the bone subperiosteally and mark the osteotomy 
site with several fine drill holes that penetrate both corti-
ces.

 n  Make a second small incision over the subcutaneous as-
pect of the proximal third of the ulna and similarly expose 
and drill this bone (Fig. 31.17B).

 n  Use a sharp osteotome to complete the division of the 
radius and then the ulna.

 n  Make no attempt at this point to change the position of 
the arm.

 n  Deflate the tourniquet and obtain adequate hemostasis. 
Irrigate the wounds and close them with subcuticular su-
tures. Place a long arm cast over sterile dressings.
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 n  Ten days later, remove the cast with the patient under 
general anesthesia and supinate or pronate the forearm 
into the desired position.

 n  Obtain anteroposterior and lateral radiographs to confirm 
bony apposition and alignment. Generally, affected dom-
inant extremities should be placed in 20 to 30 degrees of 
pronation and nondominant extremities should be placed 
in 20 degrees of supination.

 n  Check pulses carefully after manipulation and monitor 
the extremity closely to detect signs of compartment syn-
drome.

 n  Apply a long arm cast, which is worn for 6 to 8 weeks to 
allow complete healing of the osteotomies.
  

Kanaya and Ibaraki described a technique for mobi-
lization of congenital radioulnar synostosis with use of a 
free vascularized fascia-fat graft to prevent recurrent anky-
losis. The graft was obtained from the lateral aspect of the 
ipsilateral arm, and the authors reported minimal donor 
site morbidity and no difficulty with closure. The seven 
patients in whom this procedure was done all had marked 

improvements in supination and pronation; at an almost 
4-year average follow-up, no patients had recurrent ankylo-
sis or loss of the flap. Kanaya and Ibaraki found that adding 
a radial osteotomy to the procedure prevented dislocation of 
the radial head and increased the arc of motion (83 degrees 
in patients with osteotomy compared with 40 degrees in 
patients without osteotomy). We have no experience with 
this technique.
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Cleary and Omer
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FIGURE 31.17 Correction of congenital radioulnar synostosis 
with percutaneous drill-assisted osteotomies of radius (A) and ulna 
(B). Ten days later, forearm is manipulated to more functional posi-
tion. SEE TECHNIQUE 31.6.
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OSTEOCHONDROSIS OR EPIPHYSITIS AND 
OTHER MISCELLANEOUS AFFECTIONS
Benjamin W. Sheffer

CHAPTER 32

LEGG-CALVÉ-PERTHES DISEASE
The cause of Legg-Calvé-Perthes disease is unknown but has 
provoked considerable controversy. Previously, some authors 
thought that an inherited thrombophilia promoted throm-
botic venous occlusion in the femoral vein, causing bone 
death in the femoral head and ultimately leading to Legg-
Calvé-Perthes disease. More recent studies have not found 
an inherited hypercoagulability or a deficiency in protein C 
activity, however, indicating that inherited thrombophilia is 
not associated with the osteonecrosis of Legg-Calvé-Perthes 
disease. Although research continues, it seems that coagula-
tion disorders are not conclusive etiologic factors in Legg-
Calvé-Perthes disease. As noted by Hosalkar and Mulpuri, 
even after 100 years the etiology of Legg-Calvé-Perthes dis-
ease remains unclear and its treatment is still controversial.

DIAGNOSIS
The initial diagnosis of Legg-Calvé-Perthes can be difficult 
if symptoms have not been present for some time. Children 
with Legg-Calvé-Perthes disease have symptoms pres-
ent for an average of 6 weeks before the diagnosis is made. 
This may be longer if the pain is mild and patients delay 
initial evaluation. Legg-Calvé-Perthes disease occurs three 
times more frequently in boys than in girls, and the average 
age of patients with Legg-Calvé-Perthes disease is 7 years, 
although it can occur in children significantly younger. 

Radiographic changes of the femoral head (condensation 
and sclerosis) generally are delayed but occur 6 weeks after 
initial symptoms. Therefore, if a child presents early with 
hip pain and radiographs are normal, a follow-up radio-
graph should be obtained at 6 weeks if the child is still symp-
tomatic. Radiographic findings of Legg-Calvé-Perthes have 
been described by Waldenström (Table 32.1), with further 
modifications by the Perthes Study Group that show good 
intraobserver and interobserver reliability and may be used 
in further clinical study.

Meyer dysplasia can be easily mistaken for Legg-Calvé-
Perthes disease and lead to unnecessary diagnostic proce-
dures and treatment. Meyer dysplasia has been found to be 
more common in boys younger than 4 years old and more 
likely to be bilateral. Characteristic findings included delayed 
or smaller ossification centers on radiograph, a separated or 
cracked epiphysis, cystic changes, and mild pain and limp-
ing. Condensation, subchondral fractures, fragmentation, 
and subluxation usually are not present with Meyer dysplasia.

CLASSIFICATION
When the diagnosis is established, the primary aim of treat-
ment of Legg-Calvé-Perthes disease is containment of the 
femoral head within the acetabulum. If this is achieved, the 
femoral head can re-form in a concentric manner by what 
Salter has termed biologic plasticity.
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Historically, Catterall et  al. classified patients with this 
disease into groups according to the amount of involvement 
of the capital femoral epiphysis: group I, partial head or less 
than half head involvement; groups II and III, more than half 
head involvement and sequestrum formation; and group IV, 
involvement of the entire epiphysis (Table 32.2). They noted 
that certain radiographic signs described as “head at risk” 
correlated positively with poor results, especially in patients 
in groups II, III, and IV. These head-at-risk signs include (1) 
lateral subluxation of the femoral head from the acetabu-
lum, (2) speckled calcification lateral to the capital epiphy-
sis, (3) diffuse metaphyseal reaction (metaphyseal cysts), 
(4) a horizontal physis, and (5) the Gage sign, a radiolucent 
V-shaped defect in the lateral epiphysis and adjacent metaph-
ysis. Catterall recommended containment by femoral varus 
derotational osteotomy for older children in groups II, III, 
and IV with head-at-risk signs. Contraindications include an 
already malformed femoral head and delay of treatment of 
more than 8 months from onset of symptoms. Surgery is not 
recommended for any group I children or any child without 
the head-at-risk signs.

Salter and Thompson advocated determining the extent 
of involvement by describing the extent of a subchondral 

fracture in the superolateral portion of the femoral head. If 
the extent of the fracture (line) is less than 50% of the superior 
dome of the femoral head, the involvement is considered type 
A, and good results can be expected (Table 32.3). If the extent 
of the fracture is more than 50% of the dome, the involvement 
is considered type B, and fair or poor results can be expected 
(Fig. 32.1). According to Salter and Thompson, this subchon-
dral fracture and its entire extent can be observed radio-
graphically earlier and more readily than trying to determine 
the Catterall classification (8.1 months average). According to 
these authors, if the femoral head is graded as type B, prob-
ably an operation such as an innominate osteotomy should be 
carried out. The extent of the subchondral fracture line, when 
present, has been suggested to be more accurate in predicting 
the extent of necrosis than is the extent of necrosis seen on 
MRI. In our experience, however, subchondral fractures are 
present early in the course of the disease in only a third of 
patients, and although this classification is a reliable indicator 

 TABLE 32.1 

Stages of Legg-Calvé-Perthes (Waldenström)

Initial  n  Infarction produces a smaller, sclerotic epiphysis with 
medial joint space widening

 n  Radiographs may remain occult for 3-6 
months

Fragmentation  n  Femoral head appears to fragment or dissolve
 n  Result of a revascularization process and bone resorp-

tion producing collapse and subsequent increased 
density

 n  Hip-related symptoms are most 
prevalent

 n  Lateral pillar classification based on this 
stage

Reossification  n  Ossific nucleus undergoes reossification as new bone 
appears as necrotic bone is resorbed

 n  May last up to 18 months

Healing or 
remodeling

 n  Femoral head remodels until skeletal maturity  n  Begins once ossific nucleus is completely 
reossified trabecular pattern returns

 TABLE 32.2 

Catterall Classification

Group I  n  Involvement of the anterior epiphysis only
Group II  n  Involvement of the anterior epiphysis with a 

clear sequestrum
Group III  n  Only a small part of the epiphysis is not 

involved
Group IV  n  Total head involvement

 n  Based on degree of head involvement
 n  At-risk signs (indicate a more severe disease 

course)
 n  Gage sign—V-shaped radiolucency in the 

lateral portion of the epiphysis and/or 
adjacent metaphysis

 n  Calcification lateral to the epiphysis
 n  Lateral subluxation of the femoral head
 n  Horizontal proximal femoral physis
 n  Metaphyseal cyst—added later to the origi-

nal four at-risk signs described by Catterall

 TABLE 32.3 

Salter-Thompson Classification

Class A  n  Crescent sign involves <½ of femoral head
Class B  n  Crescent sign involves >½ of femoral head

Based on radiographic crescent sign

 FIGURE 32.1 Type B subchondral fracture involving more than 
50% of femoral head.
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in the group with fractures, it has little to offer in early treat-
ment decisions for the other two thirds of patients.

Presently, the most used classification is by Herring 
et  al. (Table 32.4). They described a classification based on 
the height of the lateral pillar: group A, no involvement of 
the lateral pillar; group B, at least 50% of lateral pillar height 
maintained; and group C, less than 50% of lateral pillar height 
maintained (Fig. 32.2). A statistically significant correlation 
was found between the final outcome (Stulberg classification) 
and the loss of pillar height. Patients in group A had uni-
formly good outcomes; patients in group B who were younger 
than 8 to 9 years old at onset had good outcomes, but patients 
older than age 8 to 9 years had less favorable results; patients 
in group C had the worst results, with most having aspherical 
femoral heads, regardless of age at onset or type of treatment. 
Reproducibility of this classification system was confirmed by 
78% of members of the study group who used it. A patient 
with a pillar group B may progress to a pillar group C or may 
be in a “gray” area and designated as pillar group B/C border. 
Herring et al. noted that the advantages of this classification 
are (1) it can be applied easily during the active stages of the 
disease and (2) the high correlation between the lateral pillar 
height and the amount of femoral head flattening at skeletal 
maturity allows accurate prediction of the natural history and 
treatment methods. Price has challenged the concept that a 
lateral pillar sign allows accurate prediction of the natural his-
tory and treatment. He noted that the sign may change from 
A to C in the course of the disease and that containment may 
no longer be beneficial. The lateral pillar sign may help guide 
treatment for some patients; however, a prognostic indicator 

to assist decision-making in the early stages of the disease 
may be necessary. 

BILATERAL INVOLVEMENT
Reports in the literature indicate that those with bilateral 
Legg-Calvé-Perthes disease, which occurs in approximately 
10% of patients, have more severe involvement than patients 
with unilateral disease because most have a Catterall III or IV 
or a Herring B or C classification, and 48% rate as a Stulberg 4 
or 5 at skeletal maturity. Bilateral involvement can be confused 
with multiple epiphyseal dysplasia of the hip. Radiographs of 
the other joints and a wrist radiograph to determine bone age 
(which is delayed in Legg-Calvé-Perthes disease) help to dis-
tinguish the two. Concerning sex, boys and girls who have the 
same Catterall classification or lateral pillar classification at 
the time of initial evaluation can be expected to have similar 
outcomes according to the classification system of Stulberg, 
Cooperman, and Wallensten. 

IMAGING EVALUATION
In the past, diagnosis often was delayed because plain radio-
graphic changes are not apparent until 6 weeks or more from 
the clinical onset of Legg-Calvé-Perthes disease. Scintigraphy 
and MRI can establish the diagnosis much earlier.

MRI seems to be superior to scintigraphy for depicting 
the extent of involvement in the early or evolutionary stage 
of Legg-Calvé-Perthes disease. Perfusion MRI has been used 
at our institution to determine the extent of involvement, the 
classification, and treatment planning. A limitation of both 
the Catterall and lateral pillar classifications is that a definitive 
prediction cannot be made until well into mid-fragmentation 
stage, thus delaying treatment during this wait and see period 
(4 to 6 months). Gadolinium-enhanced subtraction MRI 
(perfusion MRI) has been used at the initial fragmentation 
(earlier) stage to determine the extent of lateral pillar involve-
ment, thereby allowing initiation of constraint treatment 
(Fig. 32.3). Although no serious complications have been 
reported with perfusion MRI for Perthes, approximately 50% 
of children have to be sedated or given general anesthesia. 
The Perthes Study Group reported promising results using 
MRI perfusion for early classification of lateral pillar signs. 
However, the routine use of perfusion MRI has been chal-
lenged by some authors (Schoenecker et al.) who believe that 

 TABLE 32.4 

Lateral Pillar (Herring) Classification

Group A  n  Lateral pillar maintains full height with no density 
changes identified

 n  Uniformly good outcome

Group B  n  Maintains >50% height  n  Poor outcome in patients with bone age 
>6 years

Group B/C border  n  Lateral pillar is narrowed (2-3 mm) or poorly ossified with 
approximately 50% height

 n  Recently added to increase consistency 
and prognosis of classification

Group C  n  Less than 50% of lateral pillar height is maintained  n  Poor outcomes in all patients
 n  Determined at the beginning of fragmentation stage
 n  Usually occurs 6 months after the onset of symptoms
 n  Based on the height of the lateral pillar of the capital femoral epiphysis on anteroposterior imaging of the pelvis
 n  Has best interobserver agreement
 n  Designed to provide prognostic information
 n  Limitation is that final classification is not possible at initial presentation due to the fact that the patient needs to have 

entered into the fragmentation stage radiographically

 

A B C
FIGURE 32.2 A to C, Lateral pillar classification based on 

height of lateral pillar.

    

https://booksmedicos.org


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 1249

knowing early the extent of head and pillar involvement may 
not be that essential in treatment or ultimate results. A subse-
quent study of serial perfusion MRIs showed that during the 
active stage reperfusion of the femoral head progresses at a 
highly variable rate and in a horseshoe-type pattern, starting 
posterior and progressing to medial and lateral before con-
verging anteriorly and centrally. 

TREATMENT
Treatment depends on where the child is in the course of the 
disease. Most treatment is during the active process (early 
fragmentation). The problem again is to determine early the 
severity or ultimate involvement of the femoral head (Caterall 
II, IV, lateral pillar B/C, C, Salter-Thompson B). Treatment in 
the residual phase is reconstructive to prevent a malformed 
hip from progressing to osteoarthritis at an early age.

Many procedures have been described for both the active 
and residual phases of the disease. We have used a variety 
of treatments over the decades, including noncontainment 
treatments and containment-based treatments such as abduc-
tion orthoses, varus osteotomy, and Salter, Pemberton, or pel-
vic osteotomies when indicated, all with a vigorous hip range 
of motion program. Current consensus is that containment 
of the femoral head within the acetabulum throughout the 
disease process is the goal to allow remodeling of the femoral 
head.

In the early stage (active phase), our current treatment pro-
tocol for children age 4 years and older begins with explaining 
to the parents the natural history and expected duration of 
the disease (24 to 36 months). Children 2 to 3 years old can be 
observed and do not need aggressive treatment. Once syno-
vitis resolves, a daily home physical therapy program, includ-
ing active and active-assisted range-of-motion and muscle 
stretching exercises to the hip and knee, is recommended to 
try to maintain a normal hip range of motion.

Loss of motion at any time indicates a significant change 
in prognosis. If loss of motion is significant, and subluxation 

laterally is occurring, bed rest, skin traction, progressive pas-
sive and active physical therapy, abduction exercises, pool 
therapy, or bracing if possible, are indicated. If there is no 
improvement, we recommend closed reduction with the 
patient under general anesthesia and percutaneous adductor 
longus tenotomy, followed by an ambulatory abduction cast 
(Petrie) for 6 weeks or more.

If possible, we avoid surgery for Legg-Calvé-Perthes in 
the active phase of the disease because of the complications 
possible after major hip surgery, whether it be a varus der-
otational osteotomy or an innominate osteotomy; however, 
if containment of the femoral head in the acetabulum is at 
risk and the femoral head subluxes laterally, surgery may be 
indicated. Which procedure to use, however, is controversial. 
Historically, Salter, Thompson, Canale et  al., Coleman, and 
others achieved “containment” by pelvic osteotomy above the 
hip joint, whereas Axer, Craig, Somerville, and Lloyd-Roberts 
et al. advocated varus derotational osteotomy. More recently, 
many studies have emphasized the importance of the timing 
and the indications for surgery, rather than the type of proce-
dure, recommending that operative intervention be done in 
the early fragmentation stage before re-formation of a mal-
formed femoral head can occur. Both varus derotational and 
innominate osteotomies have shown good outcomes at long-
term follow-up, with patients who are older with more severe 
disease having worse outcomes.

Operative treatment may not produce better results than 
nonoperative treatment in younger patients, but, in general, 
better results have been reported in older children treated 
operatively than in children treated nonoperatively when 
femoral head involvement was severe (lateral pillar B, B/C).

Varus derotational osteotomy and innominate osteotomy 
have advantages and disadvantages. Varus derotational osteot-
omy theoretically allows more coverage; however, if too much 
correction (varus) occurs, and if the capital femoral physis 
closes prematurely as a result of the disease, excessive varus 
deformity may persist. Theoretically, a mild increase in length 

 

BA

FIGURE 32.3 A, Perfusion MRI at initial disease showing lack of perfusion (black area) in most 
of the epiphysis except in gray area in lateral aspect (right lower panel). B, Corresponding HipVasc 
images showing level of perfusion in epiphysis. Blue as shown on color scale indicates absence of 
perfusion.  (From Kim HK, Wiesman KD, Kulkarni V, et al. Perfusion MRI in early stage of Legg-Calvé-Perthes 
disease to predict lateral pillar involvement: A preliminary study, J Bone Joint Surg 96A:1152–1160, 2014.)
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 FIGURE 32.4 Tethering of greater trochanter and lack of 
change to neck-shaft angle after guided growth technique of 
trochanteric apophysis with soft-tissue release.  (Redrawn from 
Stevens PM, Anderson LA, Gililland JM, et al: Guided growth of trochan-
teric apophysis combined with soft-tissue release for Legg-Calvé-Perthes 
disease, Strategies Trauma Limb Reconstr 9:37–43, 2014.)

can occur with innominate osteotomy, whereas mild short-
ening may occur with a varus osteotomy. Compression of an 
already compromised femoral head also can occur with innom-
inate osteotomy. A second operation to remove the implant is 
required after many procedures, and both have complications 
similar to any large operation on the hip. Neither procedure 
has been shown to accelerate the healing process of the disease. 
Although numerous authors recommend one procedure over 
the other, until there is conclusive evidence of superiority, it 
seems that the choice should be dictated by the surgeon’s famil-
iarity and expertise with a particular procedure.

Shelf arthroplasty (lateral labral support) has been advo-
cated for severe Legg-Calvé-Perthes disease (Catterall III or 
IV; lateral pillar B, BC, C) in the early stages (fragmentation), 
with incorporation of the shelf graft into the pelvis as a result of 
continued growth of the lateral acetabular structures. Although 
acetabular coverage and size may be increased in children 
younger than 8 years old, these changes are seen at short-term 
follow-up, and the amount of coverage at long-term follow-up 
is similar to that obtained by innominate osteotomy.

Distraction of the hip joint (arthrodiastasis) by an exter-
nal fixator for an average of 4 months has been described in 
older children with active and severe Legg-Calvé-Perthes dis-
ease. Complications, such as pin breakage and pin track infec-
tions, have been reported with this procedure, and presently 
its use seems to be limited to the most severe cases.

MRI before surgery is indicated to determine (1) if any 
flattening of the femoral head is already present that would 
contraindicate most osteotomies of any type and (2) how 
much subluxation is present and how much surgical contain-
ment is necessary.

A combined osteotomy (pelvic osteotomy and varus 
femoral osteotomy) used as a salvage procedure for severe 
Legg-Calvé-Perthes disease has the theoretical advantage of 
obtaining maximal femoral head containment while avoid-
ing the complications of either procedure alone, such as limb 
shortening, extreme neck-shaft varus angulation, and asso-
ciated abductor weakness. Stevens et  al. described guided 
growth of the trochanteric apophysis using a “tether” with an 
eight-plate and soft-tissue release as part of a nonosteotomy 
management strategy for select children with progressive 
symptoms and related radiographic changes (Fig. 32.4).

In the residual-stage, indications for reconstructive sur-
gery in Legg-Calvé-Perthes disease are (1) a malformed head 
causing femoroacetabular impingement or “hinge” abduction 
in which surgical hip dislocation or hip arthroscopy can be 
used for osteochondroplasty (cheilectomy) or a varus, valgus, 
or femoral head osteotomy can be performed; (2) coxa magna 
for which a shelf augmentation would provide coverage; (3) a 
large malformed femoral head with subluxation laterally, for 
which a pelvic osteotomy may be considered; and (4) capital 
femoral physeal arrest for which trochanteric advancement or 
arrest can be performed for relative lengthening of the femo-
ral neck. External fixation across the pelvis and hip has been 
used to reduce the femoral head to avoid hinge abduction 
and persistent subluxation. All of these are procedures for an 
already malformed hip, and when used a high percentage of 
unsatisfactory results should be expected.

INNOMINATE OSTEOTOMY
The advantages of innominate osteotomy (Figs. 32.5 and 
32.6) include anterolateral coverage of the femoral head, 

lengthening of the extremity (possibly shortened by the avas-
cular process), and avoidance of a second operation for plate 
removal. The disadvantages of innominate osteotomy include 
the inability sometimes to obtain adequate containment of 
the femoral head, especially in older children; an increase 
in acetabular and hip joint pressure that may cause further 
avascular changes in the femoral head; and an increase in leg 
length on the operated side compared with the normal side 
that may cause a relative adduction of the hip and uncover 
the femoral head. Innominate osteotomy as described by 
Salter is included in the discussion of congenital deformities 
(see Chapter 30). Salter’s procedure includes iliopsoas release. 
Other pelvic osteotomies such as the Pemberton osteotomy 
(Chapter 30), the Dega osteotomy (Chapter 30), the Bernese 
osteotomy (Chapter 6), or the Ganz periacetabular osteotomy 
(Chapter 6) if needed in the residual phase can be used. 

 

INNOMINATE OSTEOTOMY FOR 
LEGG-CALVÉ-PERTHES DISEASE

 TECHNIQUE 32.1 

(CANALE ET AL.)
 n  Through a Smith-Petersen approach to the hip (see 

Technique 1.64), release the sartorius, tensor fasciae 
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FIGURE 32.5 Innominate osteotomy for Legg-Calvé-Perthes disease. A, Seven-year-old child 
with bilateral Catterall group III involvement with “head-at-risk” signs of lateral calcification 
(subluxation) and metaphyseal cyst on right. B, Eight weeks after innominate osteotomy with 
fixation using three pins. C, Three years after innominate osteotomy. Femoral head is contained 
without evidence of subluxation. Center-edge angle is 28 degrees, and femoral head is concentric 
but slightly enlarged.

 FIGURE 32.6 Innominate osteotomy using quadrangular graft 
(see text) for Legg-Calvé-Perthes disease. (From Canale ST, D’Anca 
AF, Cotler JM, et al: Innominate osteotomy in Legg-Calvé-Perthes 
disease, J Bone Joint Surg 54A:25–40, 1972.) SEE TECHNIQUE 32.1.

latae, and rectus femoris and expose the anterior infe-
rior iliac spine.

 n  Release the psoas tendon from its insertion, and dissect 
subperiosteally on the inner and outer walls of the ilium 
down to the sciatic notch. Using retractors in the sciatic 
notch, with a right-angle clamp pass a Gigli saw through 
the notch. With the saw, carefully cut horizontally and 
anteriorly through the ilium as close as possible to the 
capsular attachment of the acetabulum.

 n  Maximally flex the knee and flex and abduct the hip to 
open the osteotomy. Use a towel clip to pull the distal 
fragment of the osteotomy anteriorly and laterally.

 n  Take a full-thickness quadrilateral graft 2 × 3 cm from the 
wing of the ilium according to the size of the space pro-
duced by opening the osteotomy (see Fig. 32.6). Predrill 
or precut the outline of the graft on the surfaces of the 
ilium to prevent fracture of the inner and outer cortices. 
Shape the quadrilateral graft carefully to fit the space pro-
duced, and impact it into the osteotomy site.
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FIGURE 32.7 A to C, Operative technique for lateral shelf acetabuloplasty (see text) in Legg-

Calvé-Perthes disease. SEE TECHNIQUE 32.2.

 n  Use one or more threaded pins for fixation, and leave 
the ends subcutaneous so that they can be removed later 
with local or general anesthesia.

 n  Use the center-edge angle of Wiberg in the weight-bear-
ing position at this time to assess by radiography the cov-
erage and containment of the femoral head.

POSTOPERATIVE CARE The patient is immobilized for 
10 to 12 weeks in a spica cast before the pins are removed. 
Range-of-motion exercises and full weight-bearing ambu-
lation are started, and radiographic evaluation is repeated.
  

LATERAL SHELF PROCEDURE
Except in the active stage of the disease, lateral shelf acetabulo-
plasty can be used for older children who are not candidates for 
femoral osteotomy because of insufficient remodeling capacity 
and the likelihood that shortening of the femur would cause a 
persistent limp. Recently, it has been suggested to be indicated 
in the active early stages. Proponents of doing the labral sup-
port procedure early argue that it has three beneficial effects: 
(1) lateral acetabular growth stimulation, (2) prevention of sub-
luxation, and (3) shelf resolution after femoral epiphyseal reos-
sification. Advocates of the shelf procedure in active disease 
report results as good as those after varus osteotomy or innom-
inate osteotomy of Salter. It is simple to perform (mini-incision 
with or without a dry arthroscope) and does not induce a per-
manent deformity in the proximal femur or acetabulum. 

 

LATERAL SHELF PROCEDURE FOR 
LEGG-CALVÉ-PERTHES DISEASE

 TECHNIQUE 32.2 

(WILLETT ET AL.)
 n  Make a curved incision below the iliac crest, passing 1.5 

cm below the anterior superior iliac spine to avoid the 
lateral cutaneous nerve of the thigh. Strip the glutei sub-
periosteally from the outer table of the ilium to the level 

of insertion of the joint capsule. Mobilize and divide the 
reflected head of the rectus femoris.

 n  Create a trough in the bone immediately above the inser-
tion of the capsule (Fig. 32.7A). Raise a bony flap 3 cm 
wide × 3.5 cm long superiorly from the outer cortex of 
the ilium.

 n  Cut strips of cancellous graft from the ilium above the 
flap, and insert them into the trough so that they form 
a canopy on the superior surface of the hip joint (Fig. 
32.7B). Pack the web-shaped space between the flap and 
the graft canopy with cancellous bone graft (Fig. 32.7C).

 n  Repair the reflected head of the rectus femoris over the 
created shelf.

 n  Close the wound in the usual manner, and apply a spica 
cast.

POSTOPERATIVE CARE The spica cast is worn for 8 
weeks. Protective weight bearing in a single spica cast is 
continued for 6 additional weeks.
  

VARUS DEROTATIONAL OSTEOTOMY
The advantages of varus derotational osteotomy of the proxi-
mal femur include the ability to obtain maximal coverage of 
the femoral head, especially in an older child, and the ability 
to correct excessive femoral anteversion with the same oste-
otomy (Fig. 32.8). The disadvantages of varus derotational 
osteotomy include excessive varus angulation that may not 
correct with growth (especially in an older child), further 
shortening of an already shortened extremity, the possibil-
ity of a gluteus lurch produced by decreasing the length of 
the lever arm of the gluteal musculature, the possibility of 
nonunion of the osteotomy, and the requirement of a second 
operation to remove the internal fixation. Premature closure 
of the capital femoral physis may cause further varus defor-
mity. Aksoy et al. reported poor results in children with pillar 
group C hips, especially after the age of 9 years. A varus dero-
tational osteotomy is the procedure of choice when contain-
ment of the femoral head is necessary but cannot be achieved 
with a brace for psychosocial or other reasons, when the child 
is 8 to 10 years old and without leg-length inequality, when 
on arthrogram or MRI most of the femoral head is uncov-
ered and the angle of Wiberg is decreased, and when there 

    

https://booksmedicos.org


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 1253

 

A B

FIGURE 32.8 Legg-Calvé-Perthes disease. A, Preoperative radiograph. B, After varus osteotomy 
and fixation.

is a significant amount of femoral anteversion. An antero-
posterior radiograph of the pelvis is taken with the lower 
extremities in internal rotation and parallel to each other (no 
abduction). If satisfactory containment of the femoral head 
is noted, derotational osteotomy alone is carried out. The 
degree of derotation is roughly estimated from the amount of 
internal rotation of the extremity, but further adjustments are 
made during the operation.

When internal rotation is seriously limited and remains 
so preoperatively after 4 weeks of bed rest with traction, varus 
osteotomy is carried out with the addition of extension that is 
produced by a slight backward tilt of the proximal fragment. 
When internal rotation is sufficient, abduction of the extrem-
ity brings about the desired containment of the femoral head. 
The degree of abduction is expressed by the angle formed by 
the shaft of the femur and a vertical line parallel to the mid-
line of the pelvis. This angle represents the desired angle of 
the osteotomy (see Technique 32.2). Herring et al. stated that 
contrary to conventional belief greater varus angulation does 
not necessarily produce better preservation of the femoral 
head after osteotomy. Their recommendation was to achieve 
0 to 15 degrees of varus correction for hips that are in the 
early stages of Perthes.

Reliable information on acetabular containment of the 
femoral head, the size of the head, the flattening of the epiph-
ysis, and the width of the medial joint space can be obtained 
from preoperative arthrography or MRI. The osteocartilagi-
nous head of the femur should be covered adequately by the 
acetabular roof as the femur is abducted and the flattened 
segment of the femoral head is rotated into the depths of 
the acetabular fossa. We use a varus (medial closing wedge) 
osteotomy fixed with an adolescent or pediatric hip screw 
(Fig. 32.9). According to the recent literature, fracture after 
plate removal for osteotomies is 5% in patients with Perthes. 
These data suggest that the time to implant removal should be 
extended beyond radiographic union to at least 6 months or 
more after the osteotomy. 

 

VARUS DEROTATIONAL OSTEOTOMY 
OF THE PROXIMAL FEMUR FOR LEGG-
CALVÉ-PERTHES DISEASE

 TECHNIQUE 32.3 

(STRICKER)
 n  Place the patient supine on the operating table with im-

age intensification, positioned in the anteroposterior pro-
jection; however, make sure with “scout” imaging, that 
the C-arm can obtain a lateral image of the hip. Prepare 
and drape the affected extremity, leaving it free to allow 
for intraoperative radiographs or imaging.

 n  Make a lateral incision from the greater trochanter distally 
8 to 12 cm, and reflect the vastus lateralis to expose the 
lateral aspect of the femur.

 n  Identify the femoral insertion of the gluteus maximus, 
and make a transverse line in the femoral cortex with 
an osteotome to mark the level of the osteotomy at the 
level of the lesser trochanter or slightly distal (Fig. 32.9A). 
Correct positioning of the osteotomy site can be verified 
with image intensification.

 n  After the lateral portion of the trochanter and the proximal 
lateral femur have been exposed, place a guide pin outside 
the capsule, anterior to the neck. Using the fluoroscopic 
image, determine the direction of the neck. Set the adjust-
able angle guide to 120 degrees, and position it against 
the lateral cortex. Attach the guide to the shaft with the 
plate clamp. Insert the guide pin through the cannulated 
portion of the adjustable angle guide and into the femo-
ral neck (Fig. 32.9B). Predrilling the lateral cortex with the 
twist drill can aid in placing the guide pin. Ensure that 
the guide pin is placed in the center of the femoral neck  
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FIGURE 32.9 Varus derotational osteotomy (see text) in Legg-Calvé-Perthes disease. A, Level 
of osteotomy. B and C, Insertion of guide pin. D, Reaming of femur. E, First depth marking flush 
with lateral cortex. F, Removal of wedge to customize fit.

Continued
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FIGURE 32.9, cont’d G-I, Plate and compression screw application. J-L, Insertion of bone 

screws. (Redrawn from Stricker S: Intermediate and pediatric osteotomy systems: technique manual, 
Memphis, Smith & Nephew Orthopaedics, 2005.) SEE TECHNIQUE 32.2.
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within 5 mm of the proximal femoral physis without vio-
lating it or the trochanteric apophysis (Fig. 32.9C, inset 
1). Verify guide pin placement in the anteroposterior and 
lateral views on the image.

 n  When the guide pin is placed within 5 mm of the physis, 
use the percutaneous direct measuring gauge to deter-
mine the lag screw length (Fig. 32.9C, inset 2).

 n  Set the adjustable positive stop on the combination ream-
er to the lag screw length determined by the percutane-
ous direct measuring gauge. Place the reamer over the 
guide pin and ream until the positive stop reaches the 
lateral cortex (Fig. 32.9D). Do not violate the physis. It 
is prudent to check the fluoroscopic image periodically 
during reaming to ensure that the guide pin is not inad-
vertently advancing into the femoral epiphysis.

 n  Set the adjustable positive stop on the lag screw tap to 
the same length that was reamed. Tap until the positive 
stop reaches the lateral cortex.

 n  Insert the selected lag screw into the distal end of the inser-
tion/removal wrench. Place it over the guide pin and into 
the reamed or tapped hole. The lag screw is at the proper 
depth when (1) the insertion or removal wrench’s first 
depth marking is flush with the lateral cortex (Fig. 32.9E), 
and (2) the handle of the insertion or removal wrench is 
perpendicular to the shaft of the femur, with the longitudi-
nal key line facing proximally. This positioning ensures that 
the plate barrel and lag screw shaft are properly keyed for 
rotational stability (Fig. 32.9F). Remove the guide pin when 
the lag screw is at the appropriate length.

 n  With the lag screw in place, perform the osteotomy 
(20-degree transverse osteotomy is illustrated). Make the 
cut as proximal as possible, just below the lag screw en-
try point, because the proximal metaphyseal bone usually 
heals better than the cortical subtrochanteric bone. In ad-
dition, the correction of the proximal femoral deformity is 
best accomplished close to the deformity (i.e., as close to 
the femoral head as possible).

 n  Insert the barrel guide into the back of the implanted lag 
screw to help position the proximal femur. The desired 
correction can be accomplished by tilting the head into 
valgus or, in this case, varus, removing wedges to custom-
ize the fit if needed (Fig. 32.9G). Iliopsoas tenotomy or 
recession also may facilitate positioning of the osteotomy.

 n  Take the plate chosen during preoperative planning (100 
degrees × 76 mm × 4 holes in this case), and insert its 
barrel over the barrel guide and onto the back of the 
lag screw (Fig. 32.9H). If necessary, insert the cannulated 
plate tamper over the barrel guide and tap it several times 
to seat the plate fully (Fig. 32.9I).

 n  Remove the barrel guide, and insert a compressing screw 
to prevent the plate from disengaging during the reduc-
tion maneuver. Use the slotted screwdriver for the pedi-
atric compressing screw or the hex screwdriver for the 
intermediate compressing screw (Fig. 32.9J).

 n  Reduce the osteotomy, and secure the plate to the femur 
using the plate clamp. Check the rotational position of 
the lower extremity in extension.

 n  A range of 2.5 to 6.5 mm of femoral shaft compression 
is possible with the use of an intermediate osteotomy hip 
screw. To achieve 6.5 mm of compression, insert the drill 
guide end of the intermediate combination drill or tap 
guide into the distal portion of the most distal compres-

sion slot. Drill through to the medial cortex using the twist 
drill. If less compression is required, follow the same steps 
detailed previously in the distal portion of either the sec-
ond or third distal slots for 2.5 mm of compression. If 
no compression is needed, follow the same steps listed 
previously except begin by placing the intermediate com-
bination drill/tap guide in the proximal portion of the slot 
instead of the distal portion used for compression.

 n  Insert the tap guide end of the intermediate combination 
drill or tap guide into the slot, and insert the bone screw 
tap.

 n  Insert the depth gauge through the slot and into the 
drilled or tapped hole. Ensure that the nose of the guide 
is inserted fully into the plate’s slot. Insert the needle of 
the depth gauge, and hook it on the medial cortex. Read 
the bone screw length measurement directly off of the 
depth gauge.

 n  Select the appropriate length bone screw, and insert it 
using the hex screwdriver. Use the self-holding sleeve to 
keep the screw from disengaging from the screwdriver. 
In cases in which compression is being applied, the bone 
screw abuts the inclined distal aspect of the slot as it is 
being seated, forcing the plate and the attached proximal 
fragment slightly distally until resisted by compression of 
the osteotomy (Fig. 32.9K). Follow the same steps for the 
remaining two slots.

 n  In the most proximal slot, the intermediate combination 
drill or tap guide can be angled proximally so that the 
drill, and ultimately the bone screw, crosses the osteoto-
my line. Positioning the proximal bone screw in this way 
can provide additional stability at the osteotomy site (Fig. 
32.9L).

 n  Irrigate the wound and close in layers, inserting a suction 
drain if needed. Apply a one and one-half spica cast.

POSTOPERATIVE CARE The spica cast is worn for 8 to 
12 weeks, until union is achieved. The internal fixation 
can be removed 12 to 24 months after the osteotomy if 
desired.
  

LATERAL OPENING WEDGE OSTEOTOMY
Axer described a lateral opening wedge osteotomy for chil-
dren 5 years of age and younger in which a prebent plate is 
used to hold the cortices apart laterally the measured amount. 
The defect laterally fills in rapidly in young children, but the 
open wedge may result in delayed union or nonunion in chil-
dren older than 5 years. Because few children younger than 5 
years are operated on for Legg-Calvé-Perthes disease in the 
United States, indications for this procedure are rare. 

 

REVERSED OR CLOSING WEDGE 
TECHNIQUE FOR LEGG-CALVÉ-
PERTHES DISEASE

 TECHNIQUE 32.4 

 n  After calculating from Table 32.5 the height of the base 
of the wedge to be removed, hold the extremity in in-
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 TABLE 32.5 

Calculating Height of Base of Wedge to be Removed for Varus Osteotomy*

DESIRED ANGULATORY 
CHANGE (DEGREES)

FEMORAL SHAFT WIDTH AT OSTEOTOMY SITE (MM)

10 12.5 15 17.5 20 22.5 25 27.5 30 32.5 35 37.5 40
10 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5
15 2 3 4 4.5 5 6 6.5 7.5 8 9 10 10.5 11.5
20 3 4 5 6 7 8 9 10 11 12 13 14 15
25 4.5 5 6.5 7.5 9 10 11.5 12.5 14 15 16 17.5 18.5
30 5.5 6.5 8 10 11.5 12.5 14 15.5 17 18.5 20 22 23
35 6.5 8 10 12 13.5 14 17 18.3 21 22 24 26 27.5
40 8 10 12.5 14.5 16.5 18.5 20 23 25 27 29 31.5 33.5

*The height of the base of the wedge in millimeters is read at the junction of the horizontal axis (desired degrees of angulatory change) and the vertical axis (width 
of the femoral shaft at the osteotomy site).
Credited to Orkan and Roth. Data from A. Axer, personal communication, 1978.

ternal rotation at the hip and mark a wedge. Close the 
wedge if a reverse wedge is being used.

 n  Take a wedge half the height over the anterior surface of 
the femur with the base medially.

 n  Remove the wedge with an oscillating saw, rotate the 
distal fragment externally to the desired degree, turn the 
bone wedge 180 degrees, and insert it in the osteotomy 
with its base lateral or reversed. Because its base now is 
lateral, the varus angle obtained equals the angle that 
would be obtained with complete removal of a full-height 
bone wedge medially.

 n  Fix the bone fragments with the prebent plate as pre-
viously described with all cortices in contact. When the 
reversed bone wedge is not stable enough, fix it to the 
distal or proximal fragment with small Kirschner wires.

POSTOPERATIVE CARE A double spica plaster cast is 
applied and removed after 6 weeks or when union is con-
firmed by radiography. The child is encouraged to walk, 
in water initially if increased joint stiffness is noted. No 
restrictions are imposed on the child except for follow-up 
every 3 months in the first year.
  

ARTHRODIASTASIS
The rationale behind arthrodiastasis is that distraction of the 
joint not only widens but also unloads the joint space, reduces 
the pressure on the femoral head, allows fibrous repair of 
articular cartilage defects, and preserves congruency of the 
femoral head. The articulated fixator allows 50 degrees of 
hip flexion. Recent reports have described significant com-
plications with this procedure; it should not be taken lightly 
and used only for the most severely involved hips with severe 
subluxation. 

 

ARTHRODIASTASIS FOR LEGG-CALVÉ-
PERTHES DISEASE

 TECHNIQUE 32.5 

(SEGEV ET AL.)
 n  Place the patient supine on a transparent operating table. 

Obtain a hip arthrogram medially to assess cartilage archi-
tecture and the extent of hinged abduction.

 n  Tenotomize the adductor and iliopsoas tendons through 
a medial approach.

 n  Using image intensification, insert a 1.6-mm Kirschner 
wire into the femoral head at the center of rotation of 
the hip while keeping the leg in 15 degrees of abduction 
with the patella pointing forward.

 n  Using the articulated body for the hip Orthofix external 
fixation device (Bussolengo, Italy; Fig. 32.10), apply it 
onto the Kirschner wire and attach a standard model “kit 
body” to the hinge distally.

 n  Fix the proximal part to the supraacetabular area with a 
T-clamp using two or three 5- to 6-mm Orthofix screws. 
The procedure is done using a template that is replaced 
by the aforementioned parts.

 n  Immediately distract the joint space 4 to 5 mm under im-
age intensification. Continue distraction at 1 mm per day 
until the Shenton line is overcorrected.

POSTOPERATIVE CARE Flexion and extension exercises 
are encouraged with the fixator in place, and the patient 
is kept non–weight bearing. The fixator is left in place for 
4 to 5 months until lateral pillar reossification appears. The 
fixator is removed in the operating room, and a hip arthro-
gram is obtained. After removal of the frame, the patient 
continues protective non–weight bearing and intensive 
physical therapy and hydrotherapy for an additional 6 
weeks. At this stage, full weight bearing is allowed with 
continued physiotherapy for another 6 months.
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FIGURE 32.10 Radiographic (A) and clinical (B) appearance of hinged external fixator (Orthofix, 
Verona, Italy) for hip arthrodiastasis in a patient with Legg-Calvé-Perthes disease.  (From Aguado-
Maestro I, Abril JC, Banuelos Diaz A, et al: Hip arthrodiastasis in Legg-Calvé-Perthes disease, Rev Eso Cir 
Ortop Traumatol 60:243–250, 2016.)

RECONSTRUCTIVE SURGERY
OSTEOCHONDROPLASTY (CHEILECTOMY)

Hip arthroscopy and surgical dislocation of the hip have been 
used to treat certain types of femoral acetabular impinge-
ment (FAI) and other intraarticular lesions caused by Perthes 
disease. One type of FAI develops in the malformed femo-
ral head; terms such as pincer and cam effect are now replac-
ing terms such as hinge-abduction and “trench.” These newer 
techniques, surgical hip dislocation and arthroscopy, can 
eliminate intraarticular deformity and other lesions, such as 
labral tears, osteochondral or chondral lesions, loose bodies, 
or a torn ligamentum teres, and at the same time they can 
be combined with previously described extraarticular (extra 
capsular) procedures that provide coverage of the femoral 
head, increase acetabular coverage, or change the configura-
tion of the femoral neck by advancing the greater trochanter.

Surgical dislocation of the femoral head has been used 
to treat FAI, and contrary to previous opinion can be done 
safely with few or no complications including osteonecrosis, 
myositis ossificans, or decreased motion secondary to soft-
tissue reaction and scarring. Ganz and others popularized 
this technique and have performed chondroplasties, labral 
chondral tear or impingement excision, greater trochanteric 
advancement, and downsizing osteotomy of the mushroomed 
femoral head. Care must be taken, however, to protect the lat-
eral epiphyseal arteries that are present in a narrow anatomic 
window on the femoral neck, but as noted by Millis, these are 
fewer in number in Legg-Calvé-Perthes disease.

Arthroscopy of the hip has become more refined and 
thus allows osteochondroplasty (cheilectomy) of the hip for 
FAI (cam and pincer lesions), loose bodies, and chondral and 
osteochondral defects (OCDs). Although arthroscopy is eas-
ier to perform than surgical dislocation and is less traumatic, 
it is not as extensive. Techniques for hip arthroscopy are 
found in Chapter 51. A combined approach of hip arthros-
copy and limited open osteochondroplasty by Clohisy and 
others is described in Chapter 6. 

 

OSTEOCHONDROPLASTY SURGICAL 
DISLOCATION OF THE HIP
Ganz, after reviewing the anatomy of the medial circumflex 
artery, described a technique of surgical dislocation of the 
hip without compromising the blood supply to the femo-
ral head. Surgical hip dislocation should probably not be 
carried out when the head is in the early fragmentation 
phase of the disease. Most of the pathology can be iden-
tified at surgery; however, MRI may be helpful as well as 
hip abduction, adduction, and flexion radiographs to assess 
for FAI and anterior coverage of the femoral osteotomy. 
A dynamic, three-dimensional reformation CT scan can 
be obtained to determine the extent of FAI. The approach 
for surgical hip dislocation as described by Ganz et al. is 
in Chapter 6. Ganz’s algorithm for surgical treatment (Fig. 
32.11) offers a structured way to identify the problem and 
the surgical treatment to correct structural abnormalities.

 TECHNIQUE 32.6 

(GANZ)
 n  Complete the approach for surgical dislocation of the hip 

(see Chapter 6), including an osteotomy of the greater 
trochanter.

 n  Reevaluate range of motion for intraarticular sources of 
FAI, such as femoral neck asphericity or acetabular rim 
prominence. Trim the head and neck as necessary, start-
ing with the femoral head. Trim the acetabular rim if any 
FAI persists.

 n  Check for any impingement of the lesser trochanter (with 
the ischium or posterior acetabulum).

 n  Determine the exact location of the chondral damage on 
the femoral head by dividing the head into eight sections, 
four anterior, and four posterior (Fig. 32.12). Include ar-
ticular cartilage lesions, labral lesions, OCD lesions, and 
incongruent protrusions that were resected.
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 n  Check functional radiographs intraoperatively to deter-
mine any joint incongruity and to determine if a proximal 
femoral osteotomy needs to be performed. Indications for 
a valgus osteotomy are a nonspherical femoral head with 
good congruency in an adducted view.

 n  Check the amount of correction that could be obtained 
by a pelvic acetabular osteotomy. An indication for a pel-
vic acetabular osteotomy is an associated secondary ac-
etabular dysplasia (defined as a lateral center-edge angle 
of less than 25 degrees).

 n  Perform trochanteric advancement for relative lengthen-
ing of the femoral neck (see Technique 32.8).

 n  Perform a valgus osteotomy (Fig. 32.13) or a pelvic ac-
etabular osteotomy (Technique 32.1) as indicated.

 n  Reduce the hip and place in a neutral position in a soft splint.

POSTOPERATIVE CARE Remove suction drains at 48 
hours. Mobilize the patient with crutches and partial 
weight bearing (15 kg). Restrict active and passive abduc-
tion and adduction to protect the trochanteric osteotomy. 
Use low-molecular-weight heparin for 8 weeks to avoid 
deep vein thrombosis.
  

 

Sequelae of
Legg-Calvé-Perthes

n=53

Femoral
pathomorphology

n=53 (100%)

Acetabular
pathomorphology

n=43 (81%)

Intraarticular
n=53 (100%)

Cam
n=39 (74%)

Femoral head
induced pincer

n=14 (26%)

Functional
retrotorsion
n=20 (38%)

Greater
trochanter

n=47 (89%)

Lesser
trochanter
n=4 (8%)

Dysplasia
n=25 (47%)

Acetabular
retroversion
n=29 (55%)

Incongruity
n=20 (38%)

SHD
± resection
n=38 (72%)

SHD
± resection

± head/neck
reduction

n=13 (25%)

SHD
± relative neck

lengthening
n=42 (79%)

SHD
± distalization

n=3 (6%)

PAO
n=11 (21%)

Rim trimming
± anteverting

PAO
n=21 (40%)

SHD
± resection

± valgus/flexion
osteotomy

n=16 (30%)

± Femoral
osteotomy

± acetabular
osteotomy
n=8 (15%)

Extraarticular
n=47 (89%)

FIGURE 32.11 Morphologic analysis with corresponding surgical treatment algorithm of hips 
with pathomorphologic sequelae of Legg-Calvé-Perthes disease. PAO, Periacetabular osteotomy, 
SHD, surgical hip dislocation.  (From: Albers CE, Steppacher SD, Ganz R, et al: Joint-preserving surgery 
improves pain, range of motion, and abductor strength after Legg-Calvé-Perthes disease. Clin Orthop Relat 
Res 470:2450–2461, 2012.)

 

7%

5%

48%

18%

PosteriorAnterior

39% 11%

18% 5%

FIGURE 32.12 Percentages represent frequency of chondral 
damage found in each of the eight sectors in study by Albers et al. 
(From Albers CE, Steppacher SD, Ganz R, et al: Joint-preserving 
surgery improves pain, range of motion, and abductor strength 
after Legg-Calvé-Perthes disease, Clin Orthop Relat Res 470:2450–
2461, 2012.) SEE TECHNIQUE 32.6.
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VALGUS EXTENSION OSTEOTOMY
One residual of Legg-Calvé-Perthes disease is a malformed 
femoral head with resulting hinged abduction. Hinged abduc-
tion of the hip is an abnormal movement that occurs when the 
deformed femoral head fails to slide within the acetabulum. A 
trench is formed laterally, adjacent to a large uncovered portion 
of the deformed head anterolaterally. Raney et al. described val-
gus subtrochanteric osteotomy for malformed femoral heads 
with hinge abduction. All were classified Catterall III and IV 
with previous failed treatment. At 5-year follow-up, 62% had 
satisfactory results. We use a valgus extension osteotomy, as 
described by Catterall, fixed with a pediatric screw and side 
plate (Fig. 32.13) to relieve this obstruction. 

VALGUS FLEXION INTERNAL ROTATION 
OSTEOTOMY
Kim and Wenger, using three-dimensional CT in Legg-Calvé-
Perthes disease, noted “functional retroversion” rather than 
femoral anteversion. As a result, they recommended a valgus 
flexion, internal rotation femoral osteotomy plus a simulta-
neous acetabuloplasty in patients with severe femoral head 
deformity. The combined procedure (1) corrects the func-
tional coxa vara and hinge abduction (valgus osteotomy); (2) 
establishes a more normal articulation between the postero-
medial portion of the true femoral head and the acetabulum, 
while moving the anterolateral protruding portion of the 
femoral head away from the anterolateral acetabular mar-
gin (valgus-flexion osteotomy); (3) corrects external rotation 
deformity of the distal limb (internal rotation osteotomy); 
and (4) improves joint congruity and anterolateral femoral 
head coverage in hips with associated acetabular dysplasia. 

SHELF PROCEDURE
If the hip is congruous, a Staheli or Catterall shelf augmenta-
tion procedure (see Chapter 30) is performed for coxa magna 
and lack of acetabular coverage for the femoral head. 

CHIARI OSTEOTOMY
We have used the pelvic osteotomy described by Chiari as a 
salvage procedure to accomplish coverage of a large flattened 
femoral head in an older child when the femoral head is sub-
luxating and painful (Fig. 32.14). It is described in detail in 
Chapter 30. 

TROCHANTERIC OVERGROWTH
Although trochanteric overgrowth can be caused by numer-
ous conditions, including osteomyelitis, fracture, and con-
genital dysplasia, it occurs in Legg-Calvé-Perthes disease 
when the disease causes premature closure of the capital 
femoral physis while sparing the greater trochanteric phy-
sis. Whatever the mechanism, the result is the same: arrest 
of longitudinal growth of the femoral neck with continuation 
of growth of the greater trochanter (Fig. 32.15). According to 
Wagner, the functional consequences are always the same: ele-
vation (overgrowth) of the trochanter decreases tension and 
mechanical efficiency of the pelvic and trochanteric muscles; 
shortening of the femoral neck moves the greater trochanter 
closer to the center of rotation of the hip, decreasing the lever 
arm and mechanical advantage of the muscles, and impair-
ing muscular stabilization of the hip; the line of pull of the 
muscles becomes more vertical, increasing the pressure forces 
concentrated over a diminished area of hip joint surface; and 
impingement of the trochanter on the rim of the acetabular 
roof during abduction limits range of motion. Macnicol and 
Makris described a “gear stick” sign of trochanteric impinge-
ment that is useful in the preoperative evaluation. This sign 
is based on the observation that hip abduction is limited by 
impingement of the greater trochanter on the ilium when the 
hip is extended but full abduction is possible when the hip is 
fully flexed. The “gear stick” sign is especially useful for dif-
ferentiating between trochanteric impingement and other 
causes of limited abduction. Transfer of the greater trochanter 
distally restores normal tension to the trochanteric muscles 
and improves mechanical efficiency, puts a more horizontal 
pull on the pelvic and trochanteric muscle action to distribute 
forces over the hip joint more uniformly, and increases the 
length of the femoral neck to increase abduction and decrease 
acetabular impingement.

Premature closure of the proximal femoral physis often 
occurs after Legg-Calvé-Perthes disease and may limit 
abduction and produce gluteal insufficiency. Trochanteric 
advancement has been advocated for the late treatment of 
Legg-Calvé-Perthes disease and is thought to improve glu-
teal efficiency and increase the range of abduction, which 
was limited by impingement of the trochanter on the ilium. 
With surgical dislocation of the hip, the greater trochan-
ter is routinely osteotomized. If trochanteric advance-
ment is necessary, Ganz et al. have described an extended 
retinacular soft-tissue flap that protects the blood supply 
to the femoral head and allows for a relative lengthening 
of the femoral neck. The greater trochanter is advanced 
distally such that its tip is in line with the center of the 
femoral head. Fixation is secured with two or three 3.5- 
or 4.5-mm screws (see Technique 32.7). Alternative meth-
ods of treatment include abduction valgus osteotomy of 
the femur and trochanteric epiphysiodesis. Trochanteric  
epiphysiodesis does not appear to change the radiographic 
appearance but according to some authors reduces the  
Trendelenburg gait. 

 

A

B C

FIGURE 32.13 A to C, Valgus osteotomy to reduce hinge abduc-
tion and increase flexion of hip; osteotomy is fixed with pediatric 
screw and side plate.
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B

A

FIGURE 32.14 Chiari osteotomy for residual Legg-Calvé-Perthes disease. A, Residual Legg-
Calvé-Perthes disease (coxa plana) and subluxation in hip on right. B, Eight months after Chiari 
osteotomy with good coverage of femoral head.

A

B C

FIGURE 32.15 A and B, Growth of proximal femur; arrows indi-
cate site and direction of growth. C, If growth potential is impaired, 
longitudinal growth is arrested but greater trochanter continues 
to grow.

 

TROCHANTERIC ADVANCEMENT FOR 
TROCHANTERIC OVERGROWTH

 TECHNIQUE 32.7 

(WAGNER)
 n  With the patient supine, approach the hip through a later-

al incision. Incise the fascia lata longitudinally and release 
the vastus lateralis from the greater trochanter.

 n  Retract the gluteus medius muscle posteriorly, and insert 
a Kirschner wire superiorly, parallel to the femoral neck 
and greater trochanteric physis and pointing toward the 
trochanteric fossa (Fig. 32.16A). Confirm the placement 
of the guidewire by image intensification. Internally rotat-
ing the hip slightly aids placement of the wire and allows 
better imaging.

 n  Make the osteotomy parallel to the Kirschner wire with a 
low-speed oscillating saw, completing it proximally with a 
flat osteotome (Fig. 32.16B). Pry open the osteotomy until 
the medial cortex fractures (Fig. 32.16C and D).

 n  Mobilize the greater trochanter first cephalad, and with 
dissecting scissors remove any adhesions, joint capsule, 
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A B C

FED

FIGURE 32.16 A to F, Trochanteric advancement for trochanteric overgrowth (see text). SEE 
TECHNIQUE 32.7.

and soft-tissue flush with the medial surface of the tro-
chanter, sparing the blood vessels in the trochanteric 
fossa (Fig. 32.16E).

 n  When the greater trochanter is freed, transfer it distally 
and laterally. If excessive anteversion is present, it also can 
be transferred anteriorly.

 n  Using an osteotome, freshen the lateral femoral cortex 
to which the trochanter is to be attached. Place the tro-
chanter against the lateral femoral cortex and check the 
position with image intensification. According to Wag-
ner, the tip of the greater trochanter should be level with 
the center of the femoral head, and the distance between 
them should be 2 to 2.5 times the radius of the femoral 
head.

 n  When proper position is confirmed, fix the greater tro-
chanter with two screws inserted in a cephalolateral to 
caudad direction (Fig. 32.16F). These screws, with wash-
ers, should compress an area of bony contact between 
the trochanter and femur. Bury the screw heads by re-
tracting all soft tissues to prevent soft-tissue necrosis and 
local mechanical irritation from occurring postoperatively. 
Wagner uses a supplemental strong tension band suture 
that he believes helps absorb tensile forces from the pelvic 
and trochanteric muscles and prevents trochanteric avul-
sion; we have not found this suture to be necessary.

 n  No postoperative immobilization is required if the patient 
is compliant and the fixation is secure.

POSTOPERATIVE CARE Ambulation on crutches is 
begun at 7 days, but active exercises of the pelvic and 

trochanteric muscles are not permitted until 3 weeks. Sit-
ting upright and flexing the hip also should be avoided 
because overpull of the gluteus medius muscle may cause 
loss of fixation.
   

 

TROCHANTERIC ADVANCEMENT FOR 
TROCHANTERIC OVERGROWTH

 TECHNIQUE 32.8 

(MACNICOL AND MAKRIS)
 n  Approach the greater trochanter through a straight lat-

eral incision under lateral image intensification.
 n  With a power saw, divide the base of the trochanter in 

line with the upper border of the femoral neck. Mobilize 
the trochanteric fragment and the gluteal muscles from 
their distal soft-tissue attachment.

 n  Remove a thin wedge of bone from the posterolateral 
femoral cortex (Fig. 32.17) to provide a cancellous bone 
bed for the transferred trochanter and to ensure that the 
trochanter does not project too far laterally. Any undue 
prominence would cause friction of the fascia lata and 
produce discomfort and bursitis.

 n  Fix the trochanter with two compression screws to pre-
vent rotation of the fragment and to allow early partial 
weight bearing.
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A B

FIGURE 32.17 A and B, After initial osteotomy of greater 
trochanter, trapezoidal wedge of bone is removed. (Redrawn from 
Macnicol MF, Makris D: Distal transfer of the greater trochanter, J 
Bone Joint Surg 73B:838–841, 1991.) SEE TECHNIQUE 32.8.

 FIGURE 32.18 Ossification of epiphysis on fifth metatarsal 
shaft.POSTOPERATIVE CARE A spica cast is not used, but pa-

tients walk with crutches by the end of the first postopera-
tive week. Exercises to promote movement are introduced 
gradually, but upright sitting, abduction, flexion, and in-
ternal rotation are not forced.
   

 

GREATER TROCHANTERIC 
EPIPHYSIODESIS FOR TROCHANTERIC 
OVERGROWTH

 TECHNIQUE 32.9 

 n  Approach the physis of the greater trochanter through a 
lateral incision, and determine its location and orientation 
by inserting a Keith needle. If necessary, use radiographs 
to confirm its position.

 n  Use a small drill bit to outline the four corners of a rectan-
gle that spans the lateral portion of the greater trochan-
teric epiphysis. Remove this lateral rectangle of cortical 
bone with osteotomies.

 n  Curet the physis, reverse the rectangle of bone, and re-
place it in its bed.

 n  Internal fixation is unnecessary.

POSTOPERATIVE CARE Postoperative cast immobiliza-
tion is not required unless curettage has been so vigorous 
that the physis of the greater trochanter has been exces-
sively disrupted. Weight bearing is progressed as tolerated.
   

OSTEOCHONDROSIS OR 
EPIPHYSITIS
The terms osteochondrosis and epiphysitis designate disorders 
of actively growing epiphyses. The disorder may be localized 
to a single epiphysis or occasionally may involve two or more 
epiphyses simultaneously or successively. The cause generally 
is unknown, but evidence indicates a lack of vascularity that 

may be the result of trauma, infection, overuse, vitamin D 
deficiency, or congenital malformation.

In some epiphyses, osteochondrosis is distinctive 
enough to be recognized easily as a distinct clinical entity. 
Osteochondrosis of some intraarticular epiphyses may closely 
resemble other diseases, however, and requires careful diag-
nostic study. Only disorders of the epiphyses that frequently 
present to the orthopaedist, or sometimes require surgical 
treatment, are discussed in this chapter.

TRACTION EPIPHYSITIS OF THE FIFTH 
METATARSAL BASE (ISELIN DISEASE)
In the German literature in 1912, Iselin described a trac-
tion epiphysitis of the base of the fifth metatarsal occurring 
in young adolescents at the time of appearance of the proxi-
mal epiphysis of the fifth metatarsal. This secondary center 
of ossification is a small, shell-shaped fleck of bone oriented 
slightly obliquely with respect to the metatarsal shaft and 
located on the lateral plantar aspect of the tuberosity (Fig. 
32.18). Anatomic studies have shown that this bone is located 
within the cartilaginous flare onto which the peroneus brevis 
inserts. It usually is not visible on anteroposterior or lateral 
radiographs but can be seen on the oblique view. It appears in 
girls at about age 10 years and in boys at about age 12 years; 
fusion occurs about 2 years later.

Iselin disease causes tenderness over a prominent proxi-
mal fifth metatarsal. Weight bearing produces pain over the 
lateral aspect of the foot. Participation in sports requiring 
running, jumping, and cutting, causing inversion stresses 
on the forefoot, is a common factor. The affected area over 
the tuberosity is larger on the involved side, with soft-tissue 
edema and local erythema. The area is tender to palpation 
at the insertion of the peroneus brevis, and resisted eversion 
and extreme plantar flexion and dorsiflexion of the foot elicit 
pain. Oblique radiographs show enlargement and often frag-
mentation of the epiphysis (Fig. 32.19) and widening of the 
cartilaginous-osseous junction. Nonunion of the fifth meta-
tarsal (Fig. 32.20) has been reported in several adults as a 
result of Iselin disease and failure of fusion of the epiphysis.

The un-united epiphysis should not be mistaken for 
a fracture, and a fracture should not be mistaken for the 

    

https://booksmedicos.org


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS1264

epiphysis. This frequently can be determined clinically based 
on a history of trauma or the absence thereof, as well as ten-
derness to palpation over the base of the fifth metatarsal. Os 
vesalianum, a sesamoid in the peroneus brevis (Fig. 32.21), 
and traction epiphysitis with widening of the epiphysis also 
must be distinguished from Iselin disease.

Treatment is aimed at prevention of recurrent symptoms. 
For acute symptoms, initial treatment should decrease the 
stress reaction and acute inflammation caused by overpull of 
the peroneus brevis tendon. For mild symptoms, limitation of 
sports activity, application of ice, and administration of non-
steroidal antiinflammatory medication usually are sufficient. 
For severe symptoms, cast immobilization may be required. 
Occasionally, for chronic symptoms, an arch support that 
wraps around the base of the fifth metatarsal is used. Internal 
fixation of the epiphysis is not indicated. 

OSTEOCHONDROSIS OF THE METATARSAL 
HEAD (FREIBERG INFRACTION)
Freiberg infraction, also known as Freiberg disease, usually 
occurs in the head of the second metatarsal but also may 
occur in the third (Fig. 32.22), fourth, and fifth metatarsals 
in adolescent patients. Surgery is not recommended during 
the acute stage, which may persist for 6 months to 2 years. It 
may be indicated later because of pain, deformity, and dis-
ability. Occasionally, a loose body is present (Fig. 32.23), and 
simply removing it may relieve the symptoms. Other proce-
dures used include scraping the sclerotic area and replacing it 
with cancellous bone (Smillie procedure), osteochondral plug 
transplantation (Fig. 32.24), dorsal wedge osteotomy, tempo-
rary joint spacer, and total joint arthroplasty (Fig. 32.25). The 
surgical treatment of this disorder is discussed in Chapter 84. 

OSTEOCHONDROSIS OF THE NAVICULAR 
(KÖHLER DISEASE)
Osteochondrosis of the tarsal navicular originally was 
described by Köhler in 1908. Ossification centers of the navic-
ular appear between the ages of 1.5 and 2 years in girls and 
2.5 and 3 years in boys. Abnormalities of ossification vary from 
minor irregularities in the size and shape of the navicular to 
gross changes indistinguishable from osteochondrosis. These 
abnormal ossifying nuclei are more common in late-appearing 
ossification centers of the navicular. The blood supply to the 
navicular consists of numerous penetrating vessels in children 
and adults. The development of the ossific nucleus is associated 
most frequently with a single artery, but the incorporation of 
other penetrating vessels as part of the vascular supply varies; 
occasionally a single vessel is the sole supply until the age of 4 
to 6 years. Delayed ossification has been suggested to be the 
earliest event in the changes leading to irregular ossification 
because the lateness of ossification of the navicular subjects 
it to more pressure than the bony structures can withstand. 
Abnormal ossification may be a response of the unprotected, 

 FIGURE 32.19 Enlargement and fragmentation of epiphysis 
(Iselin disease).

 FIGURE 32.20 Nonunion of fifth metatarsal as result of Iselin 
disease.

 

Os
vesalianum

Iselin
disease

FIGURE 32.21 Os vesalianum must be distinguished from Iselin 
disease.
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growing nucleus to normal stresses of weight bearing. If osse-
ous vessels are compressed as they pass through the junction 
between cartilage and bone, ischemia results and leads to reac-
tive hyperemia and pain. The diagnosis of Köhler disease is a 
clinical one requiring the presence of pain and tenderness in 
the area of the tarsal navicular associated with radiographic 
changes of sclerosis and diminished size of the bone, including 
collapse of the navicular (Fig. 32.26). The appearance of mul-
tiple ossification centers without an increase in density should 
not be confused with Köhler disease, and radiographic findings 
similar to Köhler disease in an asymptomatic foot should be 
considered an irregularity of ossification.

 

A B

FIGURE 32.22 Freiberg disease. A, Elongated second metatarsal enduring stress. B, Chronic 
damage is shown by low-signal intensity on T1 MRI.  (From Shane A, Reeves C, Wobst G, et al: Second 
metatarsophalangeal joint pathology and Freiberg diseases, Clin Podiatr Med Surg 30:313–325, 2013.)

 FIGURE 32.23 Freiberg infraction of second metatarsal with 
two loose bodies.

 

Femoral condyle Metatarsal head

FIGURE 32.24 Diagram of harvested osteochondral plug 
from a non–weight bearing site on the upper lateral femoral 
condyle of the ipsilateral knee, and transplantation of the plug 
to the bone in the second metatarsal head.  (Redrawn from Miya-
moto W, Takao M, Uchio Y, et al: Late-stage Freiberg disease treated 
by osteochondral plug transplantation: a case series, Foot Ankle Int 
29:950–955, 2008.)

 

A

B
FIGURE 32.25 Osteotomy for Freiberg infraction. A, Osteotomy 

of bony wedge. B, Closure and fixation of osteotomy.
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Cast boot immobilization with protected weight bearing 
has been reported to produce quicker resolution of symp-
toms. This is a self-limiting condition, and operative treat-
ment rarely is indicated.

Pain and disability rarely develop after osteochondrosis if 
the navicular becomes distorted and sclerotic, the head of the 
talus becomes flattened, the articular surfaces of the two bones 
become fibrillated, and osteophytes form along the margin of 
the articular surfaces. Though this is not common, surgery 
rarely may be indicated when disabling symptoms persist. In 
this case arthrodesis is the only operation of value, and the cal-
caneocuboid joint is included because most of its function is 
lost when the talonavicular joint is fused. The midtarsal joints 
(talonavicular and calcaneocuboid) can be arthrodesed by a 
technique similar to that used for deformities in poliomyelitis 
(see Chapter 34). The results of this operation usually are excel-
lent; most patients become symptom free but may notice loss of 
lateral movements of the foot, though there are concerns about 

the long-term effects on adjacent joints. When symptoms arise 
from the naviculocuneiform joints also, these joints should be 
included in the fusion. Here arthrodesis is difficult to secure; 
metallic internal fixation and inlay grafts of autogenous cancel-
lous bone are helpful. 

OSTEOCHONDRITIS OF THE ANKLE
Osteochondritis of the ankle in adults is discussed in Chapter 
90. The natural history of this lesion in children with open 
physes seems to be similar to that of osteochondrosis of the 
knee in that, with immobilization, the lesion heals in most 
children. Bauer et  al., in a long-term (≥20 years) follow-up 
study of 30 children with osteochondritis of the ankle, found 
that only one patient developed severe arthritis. Only minor 
radiographic changes occurred in the rest of the patients, in 
contrast to osteochondritis of the knee, in which osteoarthri-
tis is frequent. Two of the lesions in their series were located 
on the joint surfaces of the distal tibia, a site previously unre-
ported. Bauer et  al. noted that the lesions in children are 
indistinguishable from those in adults; however, because the 
lesions in children heal, there may be some variance in ossi-
fication of the talus (Fig. 32.27). Regardless of the cause, the 
initial treatment should be nonoperative. 

APOPHYSITIS OF THE TIBIAL TUBEROSITY 
(OSGOOD-SCHLATTER DISEASE)
Osgood-Schlatter disease is an apophysitis of the tibial tuber-
osity that is the result of persistent traction on the apophysis 
of the tibial tuberosity caused by overuse. It occurs in boys 
aged 12 to 15 years and girls aged 9 to 13 years and frequently 
occurs in those who play basketball and volleyball, although 
it can also affect those who participate in other activities 
requiring frequent jumping and squatting. It typically occurs 
at the time that the apophysis has started to ossify but before 
it has fused to the remaining proximal tibial epiphysis and the 
remainder of the proximal tibia.

Clinically, patients complain of anterior knee pain and 
swelling over the tibial tubercle. Radiographs may show wid-
ening of the physis between the apophysis and the proximal 
tibia, irregularity of the tibial tubercle apophysis, or even 
fragmentation of the apophysis with separate ossicles.

A strong association has been noted between Osgood-
Schlatter disease and patella alta, and, in particular, a short-
ened rectus femoris has been noted. The increase in patellar 
height may require an increase in the force by the quadriceps 

 

A

B

FIGURE 32.26 Lateral (A) and oblique (B) radiographs show 
smaller and more sclerotic navicular characteristic of Köhler disease.

 FIGURE 32.27 Left, Osteochondritis dissecans in child with open 
distal tibial physes. Right, Three years later, physes closed, patient 
was asymptomatic, and osteochondritis dissecans lesion was no 
longer present.

    

https://booksmedicos.org


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 1267

 

A B

FIGURE 32.28 The tibial tuberosity index assesses the relative 
thickness of the tuberosity on radiographs. The line through the 
base of the tibial tuberosity is parallel to the midvertical tibial 
line. The midvertical tibial line is determined by measuring the 
middle of the projection of the tibia from four points located at 
various vertical levels of the cortex of the proximal part of the 
tibial cortex. The height of the tuberosity is measured from the line 
running parallel to the midvertical tibial line and passing through 
the base of the tuberosity. The base of the tubercle is determined 
by adjusting the line through the estimated base of the tibial 
tuberosity so that it is parallel to the midvertical tibial line and 
delineates the tibial tuberosity from the anterior tibial cortex. The 
tibial tuberosity index is the ratio of the distance from the top of 
the tuberosity (dotted line farthest to the right) to the parallel line 
of the anterior tibial cortex (middle dotted line B) to the distance 
from the top of the tibial tuberosity to the tibial midline (dotted 
line farthest to the left A + B). The tibial tuberosity index is calcu-
lated by dividing the length of the horizontal line B by the sum of 
the horizontal lines A and B.  (Redrawn from Pihlajamäki HK, Mattila 
VM, Parviainen M, et al: Long-term outcome after surgical treatment of 
unresolved Osgood-Schlatter disease in young men, J Bone Joint Surg 
91A:2350–2358, 2009.)

to achieve full extension, which could be responsible for the 
apophyseal lesion. It can be argued, however, that the patella 
alta is the result of chronic avulsion of the bony tuberosity. 
Robertsen et al. noted on histologic examination a pseudar-
throsis covered with cartilage and no sign of inflammation. A 
pseudarthrosis may indicate the disease is traumatic in origin. 
They suggested that persistent symptoms of Osgood-Schlatter 
disease for more than 2 years warrant exploration. Krause 
et al. concluded that symptoms of Osgood-Schlatter disease 
resolve spontaneously in most patients and that patients who 
continue to have symptoms are likely to have distorted tibial 
tuberosities associated with fragmentation of the apophysis 
with ossicles on radiographs. Lynch and Walsh described pre-
mature fusion of the anterior part of the upper tibial physis in 
two patients with Osgood-Schlatter disease who were treated 
nonoperatively, and they recommended screening for this 
rare complication.

Surgery rarely is indicated for Osgood-Schlatter disease; 
the disorder usually is self-limiting or becomes asymptom-
atic with simple conservative measures, such as the restric-
tion of activities, bracing, or cast immobilization for 3 to 6 
weeks. Surgery may be considered if symptoms are persistent 
and severely disabling. Insertion of bone pegs into the tibial 
tuberosity (Bosworth procedure) is simple and almost always 
relieves the symptoms by causing fusion of the apophysis to the 
remaining tibia; however, an unsightly prominence remains 
after this operation and is rarely used. The bony prominence 
can be excised (ossicle resection and tibial tubercleplasty) 
through a longitudinal incision in the patellar tendon or 
arthroscopic removal of the ossicle and tibial tubercle debride-
ment. Reported complications of Osgood-Schlatter disease 
whether treated surgically or not, include subluxations of the 
patella, patella alta, nonunion of the bony fragment to the tibia, 
and premature fusion of the anterior part of the epiphysis with 
resulting genu recurvatum. Because of the possibility of genu 
recurvatum, surgery should be delayed until the apophysis 
has fused. We have removed only the ossicle with satisfactory 
results; we believe the tuberosity should be excised only if it is 
significantly enlarged and the apophysis is closed. The amount 
to be excised (debrided) should be determined preoperatively 
as described by Pihlajamäki et al. (Fig. 32.28).

Sinding-Larsen-Johansson disease is a clinical entity sim-
ilar to Osgood-Schlatter disease except that the focus is the 
inferior pole of the patella (Fig. 32.29). Symptoms are simi-
lar but pain is in the superior portion of the patellar tendon 
rather than over the tibial tubercle. Nonoperative treatment is 
similar and involves rest, stretching, and antiinflammatories. 

 

TIBIAL TUBEROSITY AND OSSICLE 
EXCISION

 TECHNIQUE 32.10 

(PIHLAJAMÄKI ET AL.)
 n  Place the patient supine on the operating table.
 n  Make a vertical 5-cm incision over the center of the distal 

part of the patellar tendon, 1 cm proximal to the tibial 
tuberosity, and over the center of the tibial tuberosity (Fig. 
32.30A).

 n  Divide the distal patellar tendon longitudinally, and el-
evate the tendon laterally and medially to expose the su-
perior part of the tibial tuberosity (Fig. 32.30B and C).

 n  With an osteotome and rongeur, remove the prominent 
tibial tuberosity and, if present, the posterior intratendi-
nous ossicles, which may be firmly attached to the patellar 
tendon. Remove the osteocartilaginous fragments with or 
without resecting the tibial tuberosity prominence. Make 
sure all fragments are removed.

 n  Resect the tibial tuberosity down to the insertion of the 
tendon and smooth with a file. Drilling is unnecessary. 
Try not to disturb the peripheral and distal margins of the 
patellar tendon insertion.

 n  Close the wound in layers, and apply a light compressive 
dressing to the whole limb.

 n  As an alternative, a 5-cm transverse incision can be made, 
centered over a point 1 cm proximal to the tibial tuber-

    

https://booksmedicos.org


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS1268

 FIGURE 32.29 Sinding-Larsen-Johansson disease is a clinical 
entity similar to Osgood-Schlatter disease except that the focus is 
the inferior pole of the patella.

 

CBA

FIGURE 32.30 Pihlajamäki et al. technique for Osgood Schlatter disease. A, Skin incision. B and 
C, Patellar tendon is split and retracted to expose tibial tuberosity. (Redrawn from Pihlajamäki HK, 
Visuri TI: Long-term outcome after surgical treatment of unresolved Osgood-Schlatter disease in 
young men: surgical technique, J Bone Joint Surg 92[Suppl 1]:258–264, 2010.) SEE TECHNIQUE 32.10.

osity (Fig. 32.31A). In this technique, the lateral soft-
tissue attachments are released longitudinally, leaving 
the patellar tendon intact. It is then elevated to remove 
the osteocartilaginous fragments. The rest of the proce-
dure is as described earlier, with care taken to not dis-
turb the lateral and distal margins of the patellar tendon  
insertion.

POSTOPERATIVE CARE On the first day after surgery, 
quadriceps-setting exercises are started and crutches are 
used for a short period of time. Adequate quadriceps 
function should be emphasized, but all strenuous activity 
should be avoided for 6 to 12 weeks.
   

 

EXCISION OF UNUNITED TIBIAL 
TUBEROSITY FRAGMENT FOR 
OSGOOD-SCHLATTER DISEASE

 TECHNIQUE 32.11 

(FERCIOT AND THOMSON)
 n  Make a longitudinal incision centered over the tibial tu-

berosity.
 n  Expose the patellar tendon, and incise it longitudinally 

(Fig. 32.32). Elevate the tendon laterally and medially, and 
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excise any loose fragments of bone and enough tibial cor-
tex, cartilage, and cancellous bone to remove any bony 
prominence completely. Do not disturb the peripheral 
and distal margins of the insertion of the patellar tendon.

 n  Close the wound.

POSTOPERATIVE CARE A cylinder walking cast is ap-
plied and worn for 2 to 3 weeks. Exercises are then begun.
   

 

ARTHROSCOPIC OSSICLE AND TIBIAL 
TUBEROSITY DEBRIDEMENT FOR 
OSGOOD-SCHLATTER DISEASE

 TECHNIQUE 32.12 

 n  Make standard knee arthroscopy portals.
 n  To improve the view of the anterior interval, raise the loca-

tion of the inferomedial and lateral parapatellar tendon 
portals slightly.

 n  Using a mechanical shaver and radiofrequency ablation 
device, perform an anterior interval release. Viewing the 
meniscal anterior horns and intermeniscal ligament and 

staying anterior to these structures, aggressively debride 
into the anterior tibial slope.

 n  Shell out the bony lesions from their soft-tissue attachments.
 n  Remove small and loose fragments with a pituitary rongeur; 

remove larger fragments with an arthroscopic burr. Extend-
ing the knee and taking tension off the patellar tendon 
facilitate the debridement along the anterior tibial slope.

POSTOPERATIVE CARE Patients are allowed full weight 
bearing and unrestricted range of motion after surgery.
  

OSTEOCHONDRITIS DISSECANS OF THE 
KNEE
Osteochondritis dissecans of the knee usually is unilateral and 
may be painful. Histologic findings suggest a failure of ossi-
fication secondary to ischemia of the developing cartilage in 
the epiphysis. Although there are no specific physical findings 
diagnostic of osteochondritis dissecans of the knee, the lesions 
frequently are seen on radiographs and are classically located 
on the medial femoral condyle, though they may occur in the 
lateral condyle or the trochlea. Patients may complain of pain 
or mechanical symptoms. MRI is a highly sensitive method 
for detection of osteochondritis dissecans and can aid in 

 

BA

FIGURE 32.31 Pihlajamäki et al. alternative technique for 
Osgood Schlatter disease. A, Skin incision. B, Longitudinal inci-
sion in lateral soft tissue attachments of patellar tendon, which is 
elevated to expose tibial tuberosity. (Redrawn from: Pihlajamäki 
HK, Visuri TI: Long-term outcome after surgical treatment of unre-
solved Osgood-Schlatter disease in young men: surgical technique, 
J Bone Joint Surg 92[Suppl 1]:258–264, 2010.) SEE TECHNIQUE 32.10.

 

A

B
FIGURE 32.32 Ferciot and Thomson excision of ununited tibial 

tuberosity. A, Tibial tuberosity has been exposed. B, Bony promi-
nence has been excised. SEE TECHNIQUE 32.11.
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determining if a lesion is stable or unstable. Several recent stud-
ies of instability, comparing MRI with arthroscopic findings 
have reported less specificity and sensitivity than previously 
thought with MRI, noting that MRI alone should not be used to 
determine lesion stability. The presence of an underlying high-
signal intensity line between the lesion and underlying bone, a 
cystic area, or a focal articular defect indicates instability and 
may help in preoperative planning. Furthermore, age seems to 
be a risk factor for instability, with older children more likely to 
have unstable lesions. Osteochondritis dissecans of the knee in 
children should not be confused with anomalous ossification 
centers. Because these ossification centers may be present in 
both condyles and in both knees, comparison radiographs of 
the affected and unaffected knees are advised (Fig. 32.33). MRI 
findings seem to be different for anomalous ossification centers 
and osteochondritis dissecans.

Osteochondritis dissecans of the knee in children with 
open physes usually heals when treated with cast immobiliza-
tion or protected weight bearing. This treatment is preferable 
to excising the fragment early in life and creating a crater (Fig. 
32.34). If gross instability is present, results generally are bet-
ter after operative than after conservative treatment. Lesions 
with increased size, associated swelling, and mechanical 
symptoms are less likely to heal.

Nonoperative treatment always should be considered in 
patients with open physes; specific indications for operative 
treatment of osteochondritis dissecans in children are pro-
longed pain without evidence of healing during a 6-month 
period, an unhealed lesion in which symptoms persist after 
physeal closure, a sclerotic lesion in the crater (unstable lesion), 
and a troublesome loose body (Fig. 32.35). In skeletally mature 
individuals, surgery is necessary to evaluate the lesion and 
implement treatment. Kraus et al. noted that up to 12 months 
of conservative treatment might be successful if the cyst-like 
lesions are less than 1.3 mm in length as seen on an MRI.

Whether the lesion is drilled (retrograde or transarticu-
lar), excised, curetted, replaced and pinned, including loose 
fragments, or bone grafted depends on the size, stability, and 
weight-bearing nature of the lesion, which can be determined 
only at surgery (Fig. 32.36). A discussion of surgical proce-
dures, indications, and complications in children and adoles-
cents can be found in the chapter on knee injuries (Chapter 45). 

 

EXTRAARTICULAR DRILLING 
FOR STABLE OSTEOCHONDRITIS 
DISSECANS OF THE KNEE

 TECHNIQUE 32.13 

(DONALDSON AND WOJTYS)
 n  Place the patient supine and examine the knee arthroscop-

ically to determine the stability of the articular cartilage.
 n  Make 1- to 2-cm incisions over the affected femoral con-

dyle distal to the femoral physis. For medial lesions, the 
incision should be just anterior to the medial collateral 
ligament, and for lateral lesions it should be just anterior 
to the lateral collateral ligament.

 n  With the lower extremity in the anatomic position and the 
knee in full extension, drill appropriate-size Kirschner wires 

 FIGURE 32.33 Bilateral (medial and lateral) anomalous ossifi-
cation centers in posterior aspect of femoral condyles (not osteo-
chondritis dissecans).

 

A

B

FIGURE 32.34 A and B, Osteochondritis dissecans of medial 
femoral condyle.
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into the lesion from proximal to distal, avoiding the physis. 
Direct the Kirschner wires toward the lesion in the antero-
posterior plane. Anteroposterior lateral C-arm imaging 
should be used to guide the drilling into the defect so as 
not to penetrate the knee joint or violate the articular car-
tilage. Arthroscopy is extremely helpful in obtaining appro-
priate guidewire placement. The success of the procedure 
is related to perforating the cortical shell of the lesion. If 
this is not done, revascularization probably will not occur.

POSTOPERATIVE CARE The knee is wrapped in a soft 
dressing after surgery. Motion is encouraged and the pa-
tients are kept at toe-touch weight bearing on crutches 
for 6 weeks. Physical therapy should be focused on range-
of-motion exercises and low-resistance strength training.
  

OSTEOCHONDRITIS DISSECANS OF THE 
PATELLA
Osteochondritis dissecans of the patella is a rare entity that 
affects the subchondral bone and articular surface and the 
cartilage overlying the surface of the patella. It may appear as 
an elliptical fragment within a crater. It rarely occurs bilater-
ally. It is frequently painful and quite debilitating. Boys age 10 
to 15 are most commonly affected.

Osteochondritis dissecans of the patella should be differ-
entiated from a dorsal defect of the patella so that surgical 
treatment is not carried out on an asymptomatic defect (Table 
32.6). The differences between the two are subtle but present. 
In contrast to osteochondritis dissecans of the patella (Fig. 
32.37A), a dorsal defect is a simple, asymptomatic, subchon-
dral defect in the superolateral portion of the patella that does 
not involve the articular cartilage and usually is an incidental 

 

A B C

D E F

FIGURE 32.35 A and B, Large osteochondritis dissecans defect on lateral femoral condyle seen 
on radiograph and MR image. Chondroblastoma was ruled out in this patient with physes still open. 
C and D, After 9 months of unsuccessful conservative treatment, arthroscopy and Herbert screw 
fixation were performed. At time of arthroscopy, lesion was hinged but attached. This procedure 
requires use of image intensifier for correct guide pin placement and to avoid the physis with the 
Herbert screws. E and F, Postoperative anteroposterior and lateral radiographs with Herbert screws 
in acceptable position.
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A B
FIGURE 32.36 Anteroposterior (A) and lateral (B) illustration 

showing pin placement in osteochondritis dissecans of the knee in 
skeletally immature patients. (Redrawn from Donaldson LD, Wojtys 
EM: Extraarticular drilling for stable osteochondritis dissecans in 
the skeletally immature knee, J Pediatr Orthop 28:831–835, 2008.) 
SEE TECHNIQUE 32.13.

 TABLE 32.6

Differentiation of Osteochondritis Dissecans of 
the Patella from Dorsal Defect of the Patella

OSTEOCHONDRITIS DISSECANS 
OF THE PATELLA

DORSAL DEFECT OF THE 
PATELLA

Usually symptomatic Usually asymptomatic
Separation of chondral or 
osteochondral fragment 
from subchondral bone

Incidental finding on 
radiograph

Involves articular cartilage Does not involve articular 
cartilage

Rarely bilateral Round subchondral defect 
in superolateral portion of 
patella; occasionally sclerotic 
border; 20%-40% bilateral 
occurrence

Bone scan hot Bone scan cold

 

A

C D

B

FIGURE 32.37 Osteochondritis dissecans of patella. A, Lateral radiograph. B, Bone scan. C and 
D, MR images showing osteocartilaginous fragment including articular cartilage within crater.
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finding on radiograph (Fig. 32.38A and B). A sclerotic border 
occasionally is present, and 20% to 40% of the time it occurs 
bilaterally. Safran et  al. stated that MRI definitively shows 
that the dorsal defect does not involve the articular surface 
compared with osteochondritis dissecans (Figs. 32.37C and 
D and 32.38C and D). A bone scan also can help differentiate 
between the two. In osteochondritis dissecans of the patella, 
the bone scan is exceptionally “hot” (Fig. 32.37B) compared 
with dorsal defects in which it is “cold.”

Treatment of osteochondritis dissecans of the patella, 
especially in young children whose physes are still open, is 
nonoperative if possible. Restriction of activities and immo-
bilization for a time are recommended to avoid surgical exci-
sion. If conservative treatment fails, the lesion can be drilled, 
and if it is loose but still in the crater, the lesion can be inter-
nally fixed with a small-diameter Herbert screw. If a defect 
and an old loose body are present, the loose body should be 
removed and the crater debrided and drilled. If the loose body 
appears to have viable subchondral bone, the crater should be 
freshened and the loose body placed within the crater and 
internally fixed.

Peters et  al. used arthroscopic chondroplasty, removal 
of loose bodies, and retinacular release in 37 patients with 
mechanical symptoms (24 patellar and 13 trochlear groove). 

The average age of their patients was 15 years, and 54% 
had open physes. Most patients improved after surgery, 
but patients with articular cartilage loss had persistent 
patellofemoral crepitus and discomfort. In our experience, 
the results after chondroplasty of the patella have been 
unsatisfactory. 

OSTEOCHONDRITIS DISSECANS OF THE HIP
Osteochondritis dissecans of the hip occurs most frequently 
after Legg-Calvé-Perthes disease, although it can occur as an 
isolated entity and may be related to FAI. In children, loose 
bodies secondary to Legg-Calvé-Perthes disease, osteone-
crosis of sickle cell disease, and multiple epiphyseal dysplasia 
have to be ruled out before this can be established as an iso-
lated diagnosis. In adults, idiopathic osteonecrosis, Gaucher 
disease, and occult trauma, such as a torn acetabular labrum, 
have to be considered in the differential diagnosis.

Unless the fragment interferes with hip mechan-
ics, treatment of osteochondritis dissecans of the hip after 
Legg-Calvé-Perthes disease or idiopathic lesions should be 
conservative (Fig. 32.39). In an asymptomatic child with 
osteochondritis dissecans of the hip, restriction of activity 
and prolonged observation are indicated to allow healing and 
revascularization.

 

A

C D

B

FIGURE 32.38 A and B, Radiographs of dorsal defect of patella in superolateral quadrant. C 
and D, MRI reveals dorsal defect of patella with cystic defect noted but not involving articular 
cartilage.
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Operative treatment is indicated for severe lesions with 
mechanical symptoms. The choice of operative procedure 
depends on the extent and location of the lesion, the age 
and activity expectations of the patient, and the presence of 
degenerative joint changes. Surgical dislocation of the hip as 
described by Ganz and others may be necessary (see Chapter 
6). Good results have been reported in small series of patients 
who had open or arthroscopic excision of the fragment, internal 
fixation of the fragment, curettage or drilling, and arthroscopic 
removal of loose osteocartilaginous fragments. Osteochondral 
grafts have been used as well. None of these procedures is rec-
ommended if severe osteoarthritic changes are present. 

OSTEOCHONDROSIS OF THE CAPITELLUM 
(OSTEOCHONDRITIS DISSECANS)
Little Leaguer’s elbow is a term that has been used loosely to 
describe changes in the elbow secondary to baseball pitching 
and usually limited to the capitellum, radial head, or medial 
epicondyle. We have seen osteochondrosis of the capitellum 
(Panner disease) and osteochondritis dissecans of the capitel-
lum. The cause of both is obscure and is not limited to throw-
ing a baseball. A relationship may or may not exist between 
osteochondrosis and osteochondritis dissecans of the capitel-
lum (Fig. 32.40).

 

A B

C D E

F G

FIGURE 32.39 Osteochondritis dissecans of hip. A, Onset of Legg-Calvé-Perthes disease in 
6-year-old patient. B, Fourteen months later, fragmentation and reossification stage. C, Persistent 
defect 5 years after onset. D, Osteochondritic lesion at 7 years with some evidence of healing. E, 
Lateral radiograph during same period shows osteochondritic lesion. Note air arthrogram with 
smooth cartilage surface. F, At 8 years defect is healing. G, Lateral radiograph at same time shows 
no evidence of defect.
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Most patients with osteochondritis dissecans of the 
capitellum report symptoms of elbow pain and stiff-
ness that are aggravated by activity and relieved by rest. 
Reports of locking or catching of the joint suggest the 

presence of loose bodies within the joint. Anteroposterior 
and lateral radiographs should be obtained, and compari-
son views of the contralateral elbow are helpful to identify 
subtle changes in the capitellum, surrounded by subchon-
dral sclerosis demarcated by a characteristic semilunar 
rarefied zone (crescent signs); older lesions may have a 
sclerotic border. Loose bodies may be seen in the joint. 
MRI often identifies early changes of marrow edema 
before changes are seen on plain radiographs. Recent 
studies revealed that MRI could reliably predict instabil-
ity of an elbow lesion.

Classification systems for OCDs of the elbow have been 
developed based on radiographic, MRI, and arthroscopic 
findings. It can be broadly classified into the following groups:
 n  Ia: Intact/stable: Intact articular cartilage, no loss of sub-

chondral stability
 n  Ib: Intact/unstable: Intact articular cartilage, unstable sub-

chondral bone with impending collapse
 n  II: Open unstable: Cartilage fracture, collapse or partial 

displacement of subchondral bone
 n  III: Detached: Loose cartilaginous fragments within the 

joint
Also, lesions can be described as contained or uncon-

tained. Contained lesions have intact articular cartilage, 
while uncontained lesions extend beyond the cartilagi-
nous margin. Compared with elbows that have contained 
osteochondritis dissecans lesions, elbows with uncon-
tained lesions are more broad and shallow, have greater 
flexion contractures, and higher rates of joint effusion. If 
a loose body is not present, nonsurgical treatment usually 
is satisfactory, especially if the lesion seems stable (type 
Ia). Resting the joint for 3 to 6 weeks with the use of a 
hinged elbow brace to eliminate excessive valgus stress 
usually allows return to activity in 3 to 6 months. This 
may be very difficult in a minimally symptomatic child 
playing year-round sports. Indications for operative treat-
ment include persistent symptoms, symptomatic loose 
bodies, fracture of the articular cartilage, and displace-
ment of the osteochondral lesion. Operative management 
may involve excision of loose bodies or partially attached 
lesions, chondroplasty with osteochondral autogenous 
graft (mosaicplasty) or subchondral drilling, or inter-
nal fixation of a loose fragment. Mixed results have been 
reported for all of these techniques, with rates of poor 
results up to 50%.

In more recent literature, the surgical results seem 
to be better, especially concerning motion, because of 
arthroscopic techniques. Arthroscopic procedures include 
partial synovectomy, excision of loose bodies, drilling the 
crater or the intact lesion, microfracture, internally fixing 
the unstable viable fragment with bioabsorbable pins or 
headless compression screws, and osteotomy of the capi-
tellum. Although the arthroscopic results seem to be better 
than nonarthroscopic techniques, no procedure, as noted 
by Byrd and Jones, ensures return to a throwing sport, such 
as baseball, and the prognosis should be guarded especially 
if the lesion is large, widespread, or unstable. Arthroscopy 
and especially an elbow arthrogram or MRI may be indi-
cated when a loose body is suspected but not seen on plain 
radiographs. Arthroscopy of the elbow is described in 
Chapter 52. 

 

C

B

A

FIGURE 32.40 A, Osteochondrosis of capitellum. Anteropos-
terior (B) and Jones (C) views 1 year later show evidence of some 
consolidation, but osteochondritis dissecans appears to be forming.
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RECONSTRUCTION OF THE 
ARTICULAR SURFACE WITH 
OSTEOCHONDRAL PLUG GRAFTS 
FOR OSTEOCHONDROSIS OF THE 
CAPITELLUM

 TECHNIQUE 32.14 

(TAKAHARA ET AL.)

ARTHROSCOPIC FRAGMENT REMOVAL
 n  After administering general anesthesia, place the patient 

supine.
 n  Inject 10 to 20 mL of 1% lidocaine with epinephrine into 

the elbow joint. A tourniquet usually is not necessary.
 n  Flex the shoulder 90 degrees, and elevate the elbow until 

the upper arm is almost vertical. Maintain this position with 
skin traction applied from the forearm to the overhead bar.

 n  Confirm the suitable position and direction of the portals 
with a 23-gauge needle. Create posterior, posterolateral, 
anteromedial, and anterolateral portals with a sharp blade.

 n  Bluntly release the subcutaneous tissues avoiding the cu-
taneous nerves.

 n  Widen the portals with the use of step-up cannulas.
 n  Insert a 4-mm-diameter, 30-degree oblique arthroscope 

to remove the loose bodies. 

OPEN APPROACH FOR FRAGMENT REMOVAL
 n  For a posterolateral approach, place the upper arm on 

the operative bed with the shoulder in abduction and the 
elbow fully flexed.

 n  Make a 4- to 6-cm posterolateral oblique skin incision on 
a line from the posterior edge of the lateral epicondyle to 
the posterior aspect of the radioulnar joint.

 n  After inflating the tourniquet, incise the skin and fascia. 
Develop the intermuscular plane between the extensor 
carpi ulnaris and anconeus muscles or muscle fibers.

 n  Incise the capsule over the capitellar lesion and elongate 
the incision from the posterior edge of the lateral epicon-
dyle to the posterior aspect of the radioulnar joint.

 n  Perform a limited local synovectomy. 

RECONSTRUCTION USING BONE PLUG GRAFTS
 n  After removal of loose fragments arthroscopically or 

through an open approach, harvest cylindrical osteochon-
dral bone plugs from the lateral part of the lateral femoral 
condyle at the level of the patellofemoral joint, keeping 
the tube harvester at a 90-degree angle to the articular 
surface. One to three plugs may be necessary depending 
on the size of the defect.

 n  Prepare the recipient bed.
 n  Place the osteochondral plugs toward the center of the 

capitellum to obtain stable fixation. Take care not to dam-
age the capitellar physis or the distal part of the femur 
in skeletally immature patients (Fig. 32.41). Because the 
thickness of hyaline cartilage and its surface curvature dif-
fer between the elbow and the knee, insert the plugs to 
match the spherical articular surface of the capitellum. 

The articular surface of the osteochondral plug graft 
should be slightly depressed rather than prominent rela-
tive to the capitellar surface, and the step-off should be 
less than 1 mm. Rarely is shaving the articular surface of 
the osteochondral plug graft necessary. Reconstructing 
the entire capitellar defect is not necessary. 

POSTOPERATIVE CARE Immobilize the elbow for 1 to 
2 weeks, and protect the knee from vigorous flexion for 3 
weeks. Physical therapy should focus on reducing pain and 
swelling and regaining range of motion. Three months 
after the procedure, gentle elbow exercises against re-
sistance are progressed to full resistance at 4 months. 
Throwing is allowed at 4 to 5 months if there is no pain 
and elbow range of motion has returned to preoperative 
levels. The patient is released for full sports activity at 6 to 
8 months.
   

TIBIA VARA (BLOUNT DISEASE)
Erlacher is credited with the first description of tibia vara and 
internal tibial torsion (1922), but it was Blount’s article in 1937 
that prompted recognition of this disorder. Blount described 
tibia vara as “an osteochondrosis similar to coxa plana and 
Madelung deformity but located at the medial side of the prox-
imal tibial epiphysis.” Currently, tibia vara is considered an 
acquired disease of the proximal tibial metaphysis, however, 
rather than an epiphyseal dysplasia or osteochondrosis. The 
exact cause is unknown, but enchondral ossification seems 
to be altered. Suggested causative factors include infection, 

 

RH

O

FIGURE 32.41 Reconstruction of the articular surface of the 
humeral capitellum using osteochondral plug grafts from the lateral 
femoral condyle. O, olecranon; RH, radial head. (From Takahara M, 
Mura N, Sasaki J, et al: Classification, treatment, and outcome of 
osteochondritis dissecans of the humeral capitellum, J Bone Joint 
Surg 90A:47–62, 2008.) SEE TECHNIQUE 32.14.
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trauma, osteonecrosis, and a latent form of rickets, although 
none of these has been proved. A combination of hereditary 
and developmental factors is the most likely cause. Weight 
bearing must be necessary for its development because it does 
not occur in nonambulatory patients, and the relationship of 
early walking and obesity to Blount disease has been clearly 
documented. Because of the “obesity epidemic” and vitamin D 
deficiency in children in the United States, it has been specu-
lated that the number of cases of Blount disease will rise.

Although the exact cause of tibia vara is controversial, the 
clinical and radiographic findings are consistent. The abnor-
mality is characterized by varus and internal torsion of the tibia 
and genu procurvatum. Blount distinguished, according to age 
at onset, two types of tibia vara: infantile, which begins before 
8 years of age, and adolescent, which begins after 8 years of 
age but before skeletal maturity. The infantile form is difficult 
to differentiate from physiologic bowing common in this age 
group, especially before the age of 2 years. Infantile tibia vara is 
bilateral and symmetric in approximately 60% of affected chil-
dren; physiologic bowing is almost always bilateral. In Blount 
disease, the varus deformity increases progressively, whereas 
physiologic bowing tends to resolve with growth.

Although not as common as the infantile form, ado-
lescent Blount disease has been divided into two types: (1) 
an adolescent form occurring between ages 8 and 13 years 
caused by partial closure of the physis after trauma or infec-
tion and (2) “late-onset” tibia vara that occurs in obese chil-
dren, between ages 8 and 13, without a distinct cause. The 
marked similarity of histologic changes that occur in patients 
with late-onset tibia vara and in patients with infantile tibia 
vara and slipped capital femoral epiphysis suggests a common 
cause for these conditions.

In tibia vara, characteristically the medial half of the prox-
imal tibial epiphysis as seen on radiographs is short, thin, and 
wedged; the physis is irregular in contour and slopes medially. 
The proximal metaphysis forms a projection medially that is 
often palpable, but this projection is not diagnostic of tibia 
vara. Medial metaphyseal fragmentation is pathognomonic 
for the development of a progressive tibia vara. The angular 
deformity occurs just distal to the projection. MRI studies 
reveal other soft-tissue abnormalities: (1) increased thickness 
of the chondroepiphysis of the proximal medial aspect of the 
tibia, (2) increased height and width of the medial meniscus, 
and (3) abnormal medial femoral epiphysis.

Langenskiöld noted progression of epiphyseal changes 
and the deformity through six stages with growth and devel-
opment (Fig. 32.42). At stage VI, the medial portion of the 
epiphysis fuses at a 90-degree downward angle.

Normally, the tibiofemoral angle progresses from pro-
nounced varus before the age of 1 year to valgus between ages 
1.5 and 3 years. Several authors have suggested that deviation 
from normal tibiofemoral angle development indicates Blount 
disease, and the metaphyseal-diaphyseal angle is an early indica-
tor of Blount disease. In one study, most children with metaph-
yseal-diaphyseal angles of 11 degrees or more developed Blount 
disease, whereas children with angles of less than 11 degrees had 
physiologic bowing that resolved with growth. This measure-
ment is not an absolute prognosticator of Blount disease, but a 
metaphyseal-diaphyseal angle of more than 11 degrees warrants 
close observation (Fig. 32.43). Because of rotation, the Drennan 
angle is believed by some to be unreliable, although excel-
lent interobserver reliability has been noted, and other angle 

 

I II III
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FIGURE 32.42 Diagram of radiographic changes seen in infan-
tile type of tibia vara and their development with increasing age.  
(From Langenskiöld A, Riska EB: Tibia vara [osteochondrosis deformans 
tibiae]: a survey of seventy-one cases, J Bone Joint Surg 46A:1405–1420, 
1964.)
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FIGURE 32.43 A, Tibiofemoral angle is formed by lines drawn 
along longitudinal axes of tibia and femur. B, Metaphyseal-diaph-
yseal angle is formed by line drawn perpendicular to longitudinal 
axis of the tibia and line drawn through two beaks of metaphysis 
to determine transverse axis of tibial metaphysis.  (Redrawn from 
Levine A, Drennan J: Physiological bowing and tibia vara: the metaphyseal-
diaphyseal angle in measurement of bowleg deformities, J Bone Joint 
Surg 64:1158–1163, 1982.)
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measurements have been suggested: MRI to predict late resolu-
tion of tibial bowing, length of the fibula compared with the tibia, 
and the severity of proximal tibial angulation compared with dis-
tal femoral angulation. Although other angles of the femur and 
tibia at the knee can be determined (Fig. 32.44), when the defor-
mity is present, most authors agree that the mechanical axis of 
the limb, as it relates to the tibiofemoral angle on radiographs, 
should be the most functional measurement of the amount of 
deformity present (Fig. 32.45).

Kline et al. described femoral varus as a significant defor-
mity of late-onset Blount disease. They showed an average 

deformity of 10 degrees of femoral varus more than the calcu-
lated ideal femoral-tibial joint angle. This represented 34% to 
76% of the genu varum deformity of the affected limbs. Gordon 
and Schoenecker recommended that calculations be made on 
standing long-film radiographs to determine the amount of 
excessive femoral varus and that this should be corrected by 
femoral osteotomy or epiphysiodesis at the time of tibial oste-
otomy to avoid a subsequent compensatory deformity.

Focal fibrocartilaginous dysplasia has been reported as a 
cause of tibia vara in a few patients. Bell described the charac-
teristic radiographic appearance and unilateral nature of this 
lesion of the proximal medial metaphysis. Later reports sug-
gest that this generally is a self-limiting condition that cor-
rects spontaneously (Fig. 32.46) and that severe progression 
should be documented before valgus osteotomy is done. The 
proximal tibial physis has the potential to correct the defor-
mity in the adjacent metaphysis, depending on the age of the 
patient and the severity of the deformity. Osteotomy is indi-
cated only for significant deformity in an older child when 
spontaneous correction no longer can be expected. Infantile 
tibia vara resulting from slipping of the proximal tibial epiph-
ysis has been described. It appears to be an atraumatic “slip” 
of the proximal tibial epiphysis on the metaphysis in severely 
obese children. Radiographically, the condition is character-
ized by a dome-shaped metaphysis, an open growth plate, and 
disruption of the continuity between the lateral borders of the 
epiphysis and metaphysis, with inferomedial translation of 
the proximal tibial epiphysis. It is important to recognize this 
entity because of the differences in treatment between it and 
conventional Blount disease.

The treatment of Blount disease depends on the age of 
the child and the severity of the varus deformity. Generally, 
observation or bracing with a knee-ankle-foot orthosis may be 

 

A B C
FIGURE 32.44 A, Angle formed by femoral shaft and tibial 

shaft. B, Angle formed by femoral condyle and tibial shaft. C, 
Depression of medial plateau of tibia.  (From Schoenecker PL, John-
ston R, Rich MM, et al: Elevation of the medial plateau of the tibia in the 
treatment of Blount disease, J Bone Joint Surg 74:351–358, 1992.)

 

A B
FIGURE 32.45 Mechanical axis of limb as it relates to angle 

formed by femoral condyle and tibial shaft. A, Normal alignment. 
Angle formed by femoral condyle and tibial shaft is approximately 
90 degrees. B, Tibia vara. Angle formed by femoral condyle and 
tibial shaft is less than 90 degrees.  (From Schoenecker PL, Johnston 
R, Rich MM, et al: Elevation of the medial plateau of the tibia in the 
treatment of Blount disease, J Bone Joint Surg 74:351–358, 1992.)

 FIGURE 32.46 Fibrocartilaginous dysplasia in proximal tibia 
with resultant varus deformity simulating “bowlegs” of Blount 
disease.
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indicated for children between ages 2 and 3 years, but progres-
sive deformity in children older than 3 years usually requires 
osteotomy. Recurrence of the deformity is not as frequent after 
osteotomy at an early age as after osteotomy when the child is 
older, with recurrence rates of about 80% reported in older 
children compared with less than 20% in younger children. 
Beaty et  al. reported that early osteotomy (2 to 4 years old) 
produced the best results, with only one of their 10 patients 
having recurrence of the deformity. Conversely, of 12 patients 
in whom osteotomy was done after age 5 years, 10 (83%) had 
recurrence of the deformity necessitating repeated osteotomy. 
They recommended valgus osteotomies of the proximal tibia 
and fibula with mild overcorrection in young children.

Rab described a proximal tibial osteotomy for Blount 
disease in which a single-plane oblique cut allows simulta-
neous correction of varus and internal rotation and permits 
postoperative cast wedging if necessary to obtain appropri-
ate position. More recently, Laurencin et  al., in an effort to 
avoid neurovascular and physeal complications, described an 
oblique incomplete closing wedge osteotomy fixed with a lat-
eral tension plate. Greene also described a chevron osteotomy 
in which opening and closing wedges can be made so that 
the limb-length deformity present in moderate to severe tibia 
vara is not increased. He prefers a crescent-shaped osteotomy, 
using a one-half lateral closing wedge and using the graft 
medially in an opening wedge to maintain length. Internal 
fixation of the graft often is necessary.

One cause of recurrence of the deformity after osteotomy 
is a physeal bar. Greene listed the following criteria for decid-
ing if CT studies should be done preoperatively to determine 
if a bony bar is present: (1) age older than 5 years, (2) medial 
physeal slope of 50 to 70 degrees, (3) Langenskiöld grade IV 
radiographic changes, and (4) body weight greater than the 
95th percentile. Alternatively, to decrease radiation exposure, 
MRI can be obtained to identify a physeal bar. Bony bridge 
resection should be considered in children with remaining 
growth potential and can be done in conjunction with tibial 
osteotomy if angulation is significant.

In children older than age 9 years with more severe involve-
ment, osteotomy alone, with bony bar resection, or with epi-
physiodesis of the lateral tibial and the fibular physes may be 
indicated. Medial physeal bar resection alone has been reported 

to be effective when premature closure of the physis is evident, 
but significant angular deformity would not be corrected by 
bar resection alone. Lateral tibial epiphysiodesis can be done, 
with or without osteotomy, after the age of 9 years but before 
skeletal maturity. In unilateral involvement, epiphysiodesis of 
the uninvolved leg may be indicated to correct leg-length dis-
crepancy. Several early reports in the literature have described 
lateral guided growth correction (manipulation) with tempo-
rary epiphysiodesis for infantile Blount disease with tension 
band plates (eight-plate technique). The results have been satis-
factory in selected patients but with the following observations: 
(1) recurrence of the deformity after plate removal is second-
ary to a slower growth rate of the medial physis; (2) mechani-
cal failure of the tension band plate screws can occur in those 
who are obese, and, if in doubt, four screws or two eight-plates 
can be used; and (3) tension band plates are as effective as sta-
ple hemiepiphysiodesis for guided correction of growth with 
respect to rate of correction and complications.

For older patients in whom bracing and tibial osteotomy 
have failed to prevent progressive deformity, and when the 
risk of abnormal spontaneous medial epiphysiodesis is great, 
as evidenced by severe disorderly enchondral ossification, 
an intraepiphyseal osteotomy to correct severe joint instabil-
ity and a valgus metaphyseal osteotomy to correct the varus 
angulation may be indicated.

An essential element of this procedure is reconstruction of 
the horizontal level of the medial tibial plateau. This method 
is for considerable depression of the medial femoral condyle 
within the defect of the tibial epiphyseal bone and when there 
is the possibility of a bony bridge between the metaphysis and 
epiphysis of the medial tibia. In addition to elevation of the 
depressed medial tibial plateau, metaphyseal valgus osteotomy 
may be needed to correct alignment of the tibia (Fig. 32.47).

Zayer described a hemicondylar tibial osteotomy through 
the epiphysis, but not through the physis, into the intercondy-
lar notch (Fig. 32.48). This method corrects the medial slope of 
the tibial epiphysis while avoiding the physis. Because obesity, 
unequal limb lengths, and femoral deformity often are present 
in patients with Blount disease, external fixation, including the 
Taylor spatial frame, may be indicated to achieve stability after 
osteotomy and immediate correction and seems to be an excel-
lent method of treating an extremely obese patient for whom 

 

A B

FIGURE 32.47 Severe Blount disease. A, Closing wedge metaphyseal osteotomy. B, Epiphyseal 
elevation. SEE TECHNIQUE 32.15.
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unilateral or especially bilateral casting is impractical. A uni-
planar external fixator also can be used especially for isolated 
frontal one-plane deformities with satisfactory results. The 
advantages seem to be ease of application, adjustability, early 
weight bearing, the ability to lengthen the extremity, and avoid-
ing a second operation to remove the implant (Fig. 32.49). The 
Ilizarov technique is effective for correction of deformity and 
lengthening if needed in adolescent patients. Various multi-
planar external fixators allow computer-navigated correction 
of residual deformity after initial intraoperative correction and 
have been shown to be safe while providing excellent correc-
tion. This technique allows adjustment of limb alignment post-
operatively, if necessary, to obtain a perfect mechanical axis. 

 

Lax Tight

FIGURE 32.48 Hemicondylar osteotomy.  (From Zayer M: Hemi-
condylar tibial osteotomy in Blount’s disease: a report of two cases, Acta 
Orthop Scand 63:350–352, 1992.)

 

A B

C D

FIGURE 32.49 A and B, Anteroposterior radiographs of severe bilateral tibia vara in obese 
adolescent. C and D, Radiographs of unilateral frame external fixators after metaphyseal osteoto-
mies.
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Fixation of the tibia is achieved through four proximal and 
four distal wires that are affixed to rings and tensioned. Half-
pin modifications also can be used.

OSTEOTOMIES
The oblique osteotomy described by Rab begins at a point 
distal to the tibial tubercle, proximal to the posterior tibial 
metaphysis, and just distal to the physis and is done through 
a cosmetic transverse incision. Fasciotomy and fibular osteot-
omy are done through a separate incision. Because rigid inter-
nal fixation is not used, postoperative adjustments through 
cast wedging are possible.

Correction is obtained by rotating around the face of 
the oblique osteotomy and can be described best by con-
sidering the individual cuts in their anatomic planes (Fig. 
32.50). Correction of a purely rotational deformity requires 
an osteotomy in the transverse plane, whereas purely varus 
or valgus correction requires osteotomy in the frontal (coro-
nal) plane. An oblique osteotomy, directed from anterodistal 
to posteroproximal, splits the difference between the trans-
verse and frontal planes. Rotation with its two faces in con-
tact corrects varus and internal rotation. Osteotomy cuts that 
are more vertical (frontal) correct more varus than internal 
rotation. More horizontal (transverse) cuts do the opposite. 
According to Rab, patients with Blount disease have almost 
equal amounts of varus and internal rotation and in practice a 
45-degree upward osteotomy provides adequate correction in 
most patients. He reported simultaneous correction of varus 
deformity of 44 degrees and internal rotation of 30 degrees. A 
quick estimate of the osteotomy angle when different degrees 
of external rotation and valgus correction are required is pro-
vided in Figure 32.51. A mathematic model of the osteotomy 
rotations is shown in Figure 32.52. 

 

METAPHYSEAL OSTEOTOMY FOR  
TIBIA VARA

 TECHNIQUE 32.15 

(RAB)
 n  Prepare and drape the patient in the usual manner, and 

apply and inflate a tourniquet.

 n  Make a transverse incision at the lower pole of the tibial 
tubercle (Fig. 32.53A). Make a Y-shaped incision in the 
periosteum and dissect periosteally (including the pes 
anserinus insertion medially) until malleable or Blount 
retractors can be placed behind the tibia (Fig. 32.53B). 
Elongate the periosteal incision distally, if necessary, to 
obtain subperiosteal protection posteriorly.

 n  Place a small Steinmann pin at a 45-degree angle 1 cm 
distal to the tibial tubercle, and advance it under image 
intensifier control until it passes just into the posterior 
cortex (Fig. 32.53C). Ensure the pin is distal to the physis 
at the posterior cortex on the image intensifier view. Mea-
sure the pin length, and use a marking pen or Steri-Strip 
to mark the same length on the osteotomes and sagittal 
saw blades (Fig. 32.53D). This serves as a reminder of the 
saw depth and can indicate if a lateral image intensifier 
exposure is appropriate.

 n  With the saw and osteotome, carefully make the osteoto-
my cut immediately distal to the Steinmann pin, checking 
frequently with image intensification (Fig. 32.53E). As the 
cut nears completion, it may be helpful to make some 
of the cut from the anteromedial side of the tibia where 
subperiosteal exposure is better.

 n  Make a second small incision over the midfibula, and ex-
cise a 1- to 2-cm subperiosteal segment of the fibula. 
Move the tibial osteotomy back and forth to free some of 
the posterior periosteum from the fragments.

 n  Drill a hole in the anteroposterior direction across the os-
teotomy cut lateral to the tibial tubercle. Rotate the oste-
otomy on its face by external rotation and valgus rotation 
(in Blount disease), overcorrecting if necessary. Through 

 FIGURE 32.50 Principle of oblique osteotomy for tibia vara. 
Rotation around face of cut produces valgus and external rotation.
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FIGURE 32.51 Nomogram for calculation of angle of oblique 
osteotomy for tibia vara. Desired valgus correction is found on 
vertical axis, and desired rotational correction is found on hori-
zontal axis; intersection indicates osteotomy angle from hori-
zontal as shown (inset). (Redrawn from Rab GT: Oblique tibial 
osteotomy for Blount’s disease [tibia vara], J Pediatr Orthop 
8:715–720, 1988.)
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the drill hole, secure the osteotomy with a single 3.5-mm 
cortical or cancellous lag screw overdrilled anteriorly (Fig. 
32.53F). Do not overtighten this screw.

 n  Perform a subcutaneous fasciotomy between the two in-
cisions, and release the tourniquet. Check for return of 

pulses, especially in the dorsalis pedis artery. Obtain hemo-
stasis, and close the wound over suction drains with fine 
absorbable subcutaneous and subcuticular sutures. Check 
both extremities for correct clinical alignment, which is 
crucial at this stage. The single screw is loose enough to 
allow adjustment of the osteotomy position by cast wedg-
ing if necessary. Apply a long leg, bent-knee cast.

POSTOPERATIVE CARE The cast is changed at 4 weeks, 
and weight bearing is allowed as tolerated if callus is vis-
ible on radiograph. The cast is worn for 8 weeks or until 
union is evident radiographically.
  

Greene described an opening-closing chevron osteotomy 
that is a modification of the dome osteotomy and has the 
advantage of providing greater stability and minimal changes 
in leg length. Theoretical disadvantages are a slightly longer 
period of cast immobilization, which may be necessary to 
incorporate the wedge segment, and loss of correction caused 
by loss of fixation. 

 

CHEVRON OSTEOTOMY FOR TIBIA 
VARA

 TECHNIQUE 32.16 

(GREENE)
 n  Before surgery, make a paper template that outlines the 

desired lateral wedge.
 n  Place the patient supine on the operating table with a 

sandbag under the ipsilateral hip to improve exposure of 
the fibula. Prepare the leg from the toes to the proximal 
thigh. Preparing the foot allows more accurate evaluation 
of the tibial torsion and allows evaluation of the dorsalis 
pedis and posterior tibial pulses when the tourniquet is 
deflated.

FIBULAR OSTEOTOMY
 n  Expose the middle third of the fibula through the interval 

between the lateral and posterior compartments. Sharply 
incise the periosteum of the fibula, and carefully elevate 
the periosteum circumferentially to prevent injury to the 
adjacent peroneal vessels.

 n  Remove a 1-cm segment of the fibula with a reciprocat-
ing saw. Cut the fibula obliquely, from superolateral to 
inferomedial. This allows the distal portion of the fibula 
to slide past the proximal fragment as the leg is brought 
from a varus to a valgus position. 

TIBIAL OSTEOTOMY
 n  Make a hockey-stick incision 4 to 5 cm distal to the tibial 

tubercle staying medial and lateral to the anterior spine 
of the tibia. Extend the incision to the tibial tubercle and 
curve it laterally toward Gerdy’s tubercle. Sharply incise the 
periosteum immediately adjacent to the anterior compart-
ment muscles. Incise the periosteum transversely just distal 
to the tibial tubercle, and elevate it circumferentially so that 
curved retractors can be placed to protect the posterior 

 

Rosteot
Rext roll

Rextens

Rvalgus

FIGURE 32.52 Mathematic description of osteotomy rotations. 
Vectors represent rotation in frontal, transverse, and sagittal planes, 
and Rosteot is actual rotation around face of osteotomy cut. Vectors 
describing rotation are normal to (at right angles to) plane of 
osteotomy cut.

 

A B C

ED F
FIGURE 32.53 Oblique tibial osteotomy (see text) for tibia vara. 

A, Transverse incision at tibial tubercle. B, Y-shaped periosteal inci-
sion. C, Insertion of Steinmann pin after subperiosteal exposure. 
D, Marking of saw and osteotomies to avoid overpenetration. E, 
Oblique cut beneath pin. F, Rotation of osteotomy and fixation 
with single lag screw. SEE TECHNIQUE 32.15.
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soft tissues. Because of its triangular shape, more care is 
required at the posterolateral and posteromedial edges of 
the tibia to ensure that dissection remains subperiosteal.

 n  Outline the osseous cuts on the anterior surface of the 
tibia with an osteotome or cautery (Fig. 32.54). The apex 
of the osteotomy should be just distal to the tibial tu-
bercle. Drill a hole from anterior to posterior at this point 
to minimize the risk of extending the osteotomy beyond 
the desired location. Complete the osteotomy with an 
oscillating saw, and remove the lateral wedge.

 n  Swing the distal tibia into the desired position of valgus 
and external rotation. Insert the lateral wedge medially in 
a position that maintains the correction.

 n  Depending on the age of the child, the degree of obe-
sity, and the stability of the osteotomy, a single pin or 
two crossed pins may be used for fixation if necessary. 
Use smooth or threaded pins, and predrill the diaphysis 
to make pin insertion easier and more accurate. Any 
pin used for fixation should cross the osteotomy and 
exit through the proximal cortex without crossing the 
physis.

 n  Release the tourniquet, and check the circulation in the 
foot. If circulation is satisfactory and correction is ade-
quate on radiographs, bury the ends of the pins beneath 
the skin to prevent pin track infection and skin ulceration. 
Perform subcutaneous fasciotomy in the anterolateral 
compartment.

 n  Close the fibular and tibial incisions, leaving the fascia 
open, and close the skin with subcuticular sutures. Ap-
ply a long leg, bent-knee cast with the knee flexed 45 
degrees and the ankle in the neutral position. 

POSTOPERATIVE CARE No weight bearing is allowed 
for the first 4 weeks after surgery. The cast is changed at 
4 weeks, and, if healing is satisfactory on radiographs, the 
pins are removed and weight bearing is begun. Usually 8 
to 10 weeks of immobilization is necessary, depending 
on the age of the child. The osteotomy must be protected 
long enough to minimize the risk of fracture that accom-
panies a quick resumption of vigorous play activity.
   

 

EPIPHYSEAL AND METAPHYSEAL 
OSTEOTOMY FOR TIBIA VARA

 TECHNIQUE 32.17 

(INGRAM, CANALE, BEATY)
 n  Determine preoperatively the amount of wedge to be re-

moved from the epiphyseal and metaphyseal areas (Fig. 
32.47) and whether a graft is to be taken from the fibula 
or tibia.

 n  Prepare and drape the patient in the usual manner, and 
apply and inflate a tourniquet.

 n  Expose the proximal tibia through a longitudinal inci-
sion approximately 10 cm long at the lateral border of 
the bone in the area of the physis. Carry the dissection 
through the soft tissue to expose the physis (Fig. 32.55B). 
Continue subperiosteal exposure distally and place re-
verse retractors in the metaphyseal area of the bone into 
the area of the tibial collateral ligament attachment on 
the tibia. Make a short incision in the proximal third of 
the lateral compartment, and carry soft-tissue dissection 
down to the fibula, avoiding the peroneal nerve.

 n  Remove a segment of the fibula approximately 1.5 cm 
long. If a graft is to be used beneath the tibial plateau, a 
longer segment of fibula may be required.

 n  Fasciotomy can be done through this incision or through 
the tibial incision. With an osteotome and mallet, make 
an osteotomy through the physis, resecting any bony bar 
(Fig. 32.55C). Complete the osteotomy from the periph-
ery to the center of the knee anteriorly to posteriorly, 
avoiding vessels and nerves posteriorly. Place an elevator 
in the osteotomy site, and gently pry open and elevate the 
medial tibial plateau until it is as nearly parallel as possible 
to the lateral tibial plateau (Fig. 32.55D). If there is any 
offset of the osteotomy in the middle of the joint, ar-
throtomy can be done to inspect the joint; the abundant 
soft tissue and cartilage in the area of the tibial eminence 
act as a hinge, preventing any offset.

 n  Cut the appropriate closing lateral wedge in the me-
taphysis and insert two parallel Steinmann pins. Place the 
wedge of bone (or bone graft from the fibula) beneath 
the elevated tibial plateau (Fig. 32.55E); apply compres-
sion if desired (Fig. 32.55E).

 n  Insert crossed Steinmann pins through the epiphysis and 
proximal tibial graft.

 n  Close the wound and apply a long leg, bent-knee cast 
incorporating the pins in the plaster (Fig. 32.55F) or in an 
external fixator apparatus.

 

BA

FIGURE 32.54 Opening-closing chevron osteotomy for tibia 
vara. A, Osteotomy cuts. B, Lateral wedge is inserted medially. (From 
Greene WB: Infantile tibia vara, J Bone Joint Surg 75A:130–143, 
1993.) SEE TECHNIQUE 32.16.

    

https://booksmedicos.org


PART IX CONGENITAL AND DEVELOPMENTAL DISORDERS1284
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E F

FIGURE 32.55 Epiphyseal and metaphyseal osteotomy for tibia vara. A, Severe Blount disease 
with physis slipped 90 degrees. B, Exposure of physis. C, Osteotomy. D, Elevation of medial tibial 
plateau. E, Placement of bone graft under compression. F, Cast incorporating pins in plaster. SEE 
TECHNIQUE 32.17.
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POSTOPERATIVE CARE The pins in the osteotomy site 
are removed at 6 weeks, and the pins in the medial pla-
teau are removed at 12 weeks. Cast immobilization is 
discontinued at 12 weeks, and range-of-motion exercises 
are begun.
  

 

INTRAEPIPHYSEAL OSTEOTOMY FOR 
TIBIA VARA

 TECHNIQUE 32.18 

(SIFFERT, STØREN, JOHNSON ET AL.)
 n  With the knee in extension, begin a medial longitudinal 

incision at the medial femoral epicondyle, extend it dis-
tally and anteriorly, and end it 2 cm medial and distal to 
the tibial tuberosity. (Siffert prefers a transverse incision 
along the medial joint line, curved distally to the tibial tu-
berosity.) Take care to preserve the infrapatellar branch of 
the saphenous nerve at the inferior aspect of the wound.

 n  Open the knee joint through a capsular incision anterior 
to the medial collateral ligament. The medial meniscus 
may be found hypertrophied; we try to preserve it. The 
capsular incision allows inspection of the articular surface 
of the tibia as the osteotomy is made.

 n  With a scalpel, make a circumferential incision through 
the epiphyseal cartilage down to the primary ossification 
center of the proximal tibial epiphysis, extending from 
the posteromedial corner of the tibia to the anteromedial 
corner; make the incision midway between the articular 
surface and the prominent vascular ring of vessels pen-
etrating the epiphysis just proximal to the physis.

 n  Using a ¾-inch (18-mm), gently curved osteotome, make 
an osteotomy through the medial aspect of the primary 
ossification center of the epiphysis. Because of the abnor-
mal slope of the medial tibial plateau, the osteotomy par-
allels the articular surface medially and should reach the 
subchondral bone in the intercondylar area adjacent to 
the anterior cruciate ligament (Fig. 32.56). Gently elevate 
this segment, bringing the medial tibial plateau congru-
ent with the medial femoral condyle and level with the 
lateral tibial plateau. Siffert stated this should correct the 
genu recurvatum that is frequently present.

 n  Insert small cortical grafts from the medial proximal tibia 
(or bank bone) into the opened osteotomy. Because the 
articular depression usually is more posterior than ante-
rior, grafts of different sizes and shapes are needed to 
maintain articular congruity and contact throughout a 
normal range of motion. It is important that the grafts be 
placed only in the opened wedge of the epiphyseal bone 
and not in the cartilage medially.
  

Andrade and Johnston described a more extensive opera-
tion using dental burrs and methyl methacrylate pin construct 
for fixation. They emphasized the importance of elevating the 
depression (Fig. 32.57). A medially based opening wedge oste-
otomy of the proximal tibia also may be required to correct 
varus of the tibia. A proximal fibular osteotomy is needed, and 

through the lateral incision required for the fibular osteotomy 
we recommend a subcutaneous fasciotomy, taking care to pro-
tect the superficial peroneal nerve as it penetrates the deep 
investing fascia of the lower leg to become subcutaneous. We 
also insert a smooth Steinmann pin proximal and distal to the 
osteotomy of the proximal tibia, and with these incorporated 
in a long leg cast the position of the osteotomy is maintained 
without a graft. A cortical graft also can be used in an opening 
wedge and is held with crossed Steinmann pins. The technique 
of osteotomy of the proximal tibia is described in Chapter 9.

A lateral epiphysiodesis can be done with any of the oste-
otomies by extending the subperiosteal dissection proximally 
to expose the physis. A curet or dental burr can be used to 
excise the cartilaginous physis. The technique for epiphysio-
desis is described in Chapter 29. 

 

HEMIELEVATION OF THE EPIPHYSIS 
OSTEOTOMY WITH LEG  
LENGTHENING USING AN ILIZAROV 
FRAME FOR TIBIA VARA

 TECHNIQUE 32.19 

(JONES ET AL., HEFNY ET AL.)

STAGE 1
 n  Place the patient supine, and apply a tourniquet.
 n  Make a J-shaped skin incision on the medial side of the 

knee for subperiosteal exposure of the proximal tibia.

 

BA
FIGURE 32.56 Correction of intraarticular component of Blount 

disease by osteotomy of epiphysis. A, Incision made into epiphyseal 
cartilage at its midportion medially. Curved osteotomy directed 
laterally and proximally to subchondral intercondylar region paral-
leling articular surface. B, Osteotomized tibial condyle elevated 
on its intercondylar cartilage hinge to position of congruity with 
femur; bone struts are placed into gap to maintain contact in all 
planes of motion and to tighten medial ligament. (From Siffert RS: 
Intraepiphyseal osteotomy for progressive tibia vara: case report 
and rationale of management, J Pediatr Orthop 2:81–85, 1982.) 
SEE TECHNIQUE 32.18.
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 n  Place a ring-handled retractor subperiosteally behind the 
knee to protect the neurovascular structures.

 n  Determine the level of the proposed osteotomy using im-
age intensification, and insert a Kirschner wire into the 
midline of the tibia anteriorly just below the tibial spine. 
Place a second Kirschner wire into the medial aspect of 
the proximal tibia (distal to the first wire) to mark the dis-
tal extent of the osteotomy (usually at the metaphyseal-
diaphyseal junction). Predrill the osteotomy in line with 

the Kirschner wires, verifying the position of the drill holes 
using image intensification.

 n  Close the skin temporarily.
 n  Insert three 4-mm or 5-mm half-pins, depending on the 

size of the patient, into the fragment of the medial tibial 
plateau, parallel to the medial joint line as determined by 
an intraoperative arthrogram and three-dimensional CT 
(Fig. 32.58). If there is a posterior slope, pins should be 
placed parallel to it from anterior to posterior. The skin 

 

A B

C D

FIGURE 32.57 Medial epiphysiolysis for stage IV infantile tibia vara. A, Metaphyseal bone 
and Blount lesion to be excised is outlined. B, Three-dimensional reconstruction from CT showing 
extent of abnormally depressed epiphyseal bone anteriorly. Arrow indicates cleft on the anterior 
surface of the metaphysis where initial resection for epiphysiolysis begins. C and D, Lateral and 
posterolateral views of the metaphyseal beak.  (From Andrade N, Johnston CE: Medial epiphysiolysis 
in severe infantile tibia vara, J Pediatr Orthop 26:652–658, 2006.)
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wound can be reopened and the osteotomy completed 
with Lambotte osteotomes, leaving the articular cartilage 
intact proximally. Examine the osteotomy clinically and 
radiographically.

 n  Attach a half-ring of appropriate size to the three half-
pins orientated parallel to the joint line in the anteropos-
terior and mediolateral planes. Apply a two-ring frame 
distally perpendicular to the long axis of the tibia and 

attach to the half ring using anterior and posterior hinges. 
Place the hinges opposite the intact articular cartilage at 
the proximal end of the osteotomy. In the presence of a 
posterior slope, based on CT, the posterior hinge acts as 
a distraction hinge to elevate the posterior slope while the 
anterior hinge is fixed. Position the anterior hinge care-
fully in the midline over the tibial spine. The hinge must lie 
over the cartilage-bone junction because the osteotomy 

 

A B

C D

FIGURE 32.58 Hemiplateau elevation for infantile tibia vara. A, Intraoperative arthrogram 
using image intensifier showing drill holes marking proposed osteotomy site. B, Two half-pins 
inserted into fragment of medial tibial plateau parallel to true medial knee joint line. C and D, 
Completed osteotomy with elevation of hemiplateau under way using Ilizarov frame. (From Jones 
S, Hosalkar HS, Hill RA, et al: Relapsed infantile Blount’s disease treated by hemiplateau elevation 
using the Ilizarov frame, J Bone Joint Surg 85:565–571, 2003. Copyright British Editorial Society of 
Bone and Joint Surgery.) SEE TECHNIQUE 32.19.
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hinges here. Two threaded rods, mounted medially, act 
as motors. Use a 4-mm half-pin and an olive wire at each 
level for distal ring fixation. 

STAGE 2
 n  The second stage is done after the medial plateau and the 

regenerate bone consolidates.
 n  Remove or adjust the Ilizarov frame for lengthening; if 

necessary, correct rotational deformities. Correct any re-
sidual varus.

 n  In patients with open physes, epiphysiodesis of the proxi-
mal fibular and lateral tibial physes should be done with 
the use of image intensification to prevent recurrence of 
deformity. The tibia should be lengthened by the amount 
equal to the anticipated shortening (using a Moseley 
graph) and the measured leg-length difference.

 n  Perform a fibular osteotomy at the level of the tibial oste-
otomy through a longitudinal skin incision using an oscil-
lating saw.

 n  Using image intensification, mark the site of the proposed 
tibial osteotomy, and place a Gigli saw subperiosteally 
with two mini skin incisions.

 n  Add a half-ring to the existing half-ring over the medial 
plateau to convert it to a full ring. Attach the proximal 
tibial using olive wires. Attach the proximal ring block to 
the existing distal ring block by threaded rods for simple 
lengthening or derotation devices for correction of rota-
tion if necessary.

 n  Complete the tibial osteotomy with the Gigli saw, and 
suture the skin incisions. 

POSTOPERATIVE CARE The leg is kept elevated, and a 
radiograph of the tibia is obtained. Distraction is started 3 
to 5 days later under the supervision of a physiotherapist. 
Weight bearing is allowed as tolerated.
  

Janoyer et al. used an Orthofix (Gentilly, France) external 
fixator prototype, which is composed of an upper epiphyseal 
articulating ring. This allows medial plateau elevation in the 
orthogonal slope with a posteromedial axis of 10 to 20 degrees. 
Early results were good with similar complications as other 
external fixation devices. Van Huyssteen reported a medial 
plateau elevating tibial osteotomy with lateral epiphysiode-
sis (performed delayed or concomitantly) for late presenting 
Blount disease (Fig. 32.59). The advantage of this procedure is 
that all deformities can be corrected in one operation.

NEUROVASCULAR COMPLICATIONS OF 
HIGH TIBIAL OSTEOTOMY
Neurovascular complications after an osteotomy for genu 
varum result most commonly from vascular occlusion or 
peroneal nerve palsy. Stretching of the anterior tibial artery 
occurs at the interosseous membrane with varus correction (as 
for genu valgum), and compression of the artery occurs with 
valgus correction (as for genu varum). Regardless of the cause, 
early recognition is mandatory. Immediate diagnosis with 

 

A B

FIGURE 32.59 Anteroposterior radiographs of left knee in 12-year-old boy with stage V Blount 
disease. A, Preoperative radiograph showing angle of depression of medial tibial plateau of 50 
degrees and tibial varus angle of 95 degrees. B, At 10 months after surgery note recurrent mechanical 
varus of 5 degrees; the angle of depression of the medial tibial plateau was maintained at 25 
degrees but the tibial varus angle increased to 90 degrees because of fusion of the medial tibial 
physis with an open lateral physis.  (From van Huyssteen AL, Olesak M, Hoffman EB: Double-elevating 
osteotomy for late-presenting infantile Blount’s disease, J Bone Joint Surg 87:710–715, 2005. Copyright 
British Editorial Society of Bone and Joint Surgery.)
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return of the extremity to the preoperative position of defor-
mity is beneficial regardless of the cause, especially because 
the causative factors may not be clearly evident in each patient. 
Sensory loss on the dorsum of the foot and loss of active dorsi-
flexion of the foot without pain usually are caused by paralysis 
of the common peroneal nerve. Decrease in dorsiflexion and 
severe pain on plantar flexion of the toes are the most com-
mon clinical signs of occlusion of the artery or of an anterior 
compartment syndrome (see Chapter 48). Matsen and Staheli 
outlined appropriate treatment for each as follows:
 1.  For traction on the peroneal nerve (more common with 

varus correction), remove the cast and return the leg to 
the preoperative position. Remove all pressure on the 
peroneal nerve, loosen all dressings from the thigh to the 
toes, and observe closely.

 2.  For anterior compartment syndrome, remove the cast 
and return the leg to the preoperative position. Loosen 
all dressings from the thigh to the toes. If improvement 
does not occur immediately, fasciotomy without delay is 
mandatory.

 3.  For anterior tibial artery occlusion, remove the cast and 
return the leg to the preoperative position. Loosen all 
dressings from the thigh to the toes, and observe closely. 
If immediate improvement is not evident and vascular 
compromise is present, immediate vascular surgery is 
indicated. 

RICKETS, OSTEOMALACIA, AND 
RENAL OSTEODYSTROPHY
Rickets is the bony manifestation of altered vitamin D, cal-
cium, and phosphorus metabolism in a child; osteomalacia is 
the adult form. There are multiple causes of rickets and osteo-
malacia, but, regardless of the cause of the abnormal metabo-
lism, children with rickets have similar long bone and trunk 
deformities.

Because vitamin D deficiency has become less common 
in the United States, rickets and osteomalacia are not often 
considered as differential diagnoses in patients who have 
extremity pain or deformity. According to Clarke et al., the 
children now at greatest risk for vitamin D deficiency are 
“white, breastfed, protected from the sun, and obese.” Rickets 
can manifest as atypical muscle pain, bowed legs, a pathologic 
fracture, or slipped capital femoral epiphysis. The orthopae-
dist should remain familiar with the radiographic and labora-
tory findings that accompany these diseases. When treating 
patients with rickets, osteomalacia, or renal dystrophy, the 
orthopaedist always must be concerned about the effect treat-
ment may have on impaired calcium homeostasis.

In very young children with deformity, treatment of the 
metabolic defect supplemented by corrective splinting or 
bracing may correct the deformity (Fig. 32.60). In prepuber-
tal children or adolescents, medical management and brac-
ing usually do not correct an established deformity, and early 
osteotomy or growth modulation is indicated to ensure that 
the joints are in a position of function if they became stiff.

Before surgery, management of the metabolic defect with 
vitamin D, phosphorus, and calcium or other appropriate 
measures should be done for several months. If the disease is 
not controlled metabolically, the deformity is likely to recur 
after corrective osteotomy. Treatment with large doses of 

vitamin D should be discontinued for at least 3 weeks before 
surgery, however, because otherwise hypercalcemia is likely 
to occur with immobilization.

If a water-soluble preparation of vitamin D, such as dihy-
drotachysterol, is used instead of cholecalciferol that is stored in 
the liver, the period without medication before surgery can be 
shortened. In addition, in hypophosphatemic vitamin D–resis-
tant rickets, if the disease is controlled by using inorganic phos-
phate plus 50,000 U or less of vitamin D per day, symptoms of 
hypercalcemia during the immediate postoperative period are 
less likely to occur, even if the preoperative vitamin D medica-
tion is not discontinued. We recommend stopping the admin-
istration of vitamin D 3 weeks before surgery, however, because 
hypercalcemia can cause severe symptoms of anorexia, nausea, 
vomiting, weight loss, confusion, and seizures. Mobilization of 
the patient as quickly as possible after surgery to allow early 
resumption of medical treatment would prevent delayed min-
eralization of the healing osteotomy and avoid recurrence of 
deformity with continued growth. When deformity is severe in 
older children, and there has been no previous medical treat-
ment, after complete diagnostic studies are made, and if the 
patient does not have renal osteodystrophy, it may be better to 
proceed with the surgery with the patient in a less than homeo-
static but compensated metabolic condition rather than to load 
the patient preoperatively with high doses of vitamin D, cal-
cium, and phosphorus and run the risk of hypercalcemia and 
extraosseous calcification, especially in the kidney.

With renal osteodystrophy, expert preoperative and post-
operative medical management is essential and ideally is done 
by a special team trained in the treatment of chronic renal 
failure. Correction of anemia, adequate hydration, uremia 
control, and electrolyte balance are required for safe adminis-
tration of anesthesia. Peritoneal dialysis or hemodialysis may 
be required before surgery. If attention is given to detail, chil-
dren with renal osteodystrophy can undergo orthopaedic sur-
gery successfully. Requisites for surgery are a reasonable life 

 

A B

FIGURE 32.60 Vitamin D–deficient rickets. A, Standing radio-
graph of young child with nutritional rickets from vitamin D defi-
ciency. B, Same child 18 months later after treatment with vitamin 
D and braces.
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expectancy, an intelligent and motivated patient and parents, 
demonstrated improvement of bone lesions on medical man-
agement, deformities that can be corrected with one or two 
orthopaedic procedures, and the likelihood that the surgery 
would significantly reduce the patient’s disability. Surgery for 
children with renal osteodystrophy and knee deformities is 
feasible, but careful surgical planning and preoperative meta-
bolic stabilization are essential. Use of an external fixator can 
allow precise correction of the deformities without interrup-
tion of medical management. Patients with resistant hyper-
tension usually have short life expectancies and should not be 
considered as surgical candidates. In addition, when parathy-
roid autonomy is present and not controlled by parathyroid-
ectomy and medical treatment, surgery is not indicated.

The deformities that require surgical correction most 
often are genu varum and genu valgum. In genu varum, usu-
ally the femur, tibia, and fibula all are deformed, often the 
latter two more severely; there is not only lateral bowing but 
also internal torsion. Osteotomy of the tibia and the fibula 
near the apex of the most severe bowing usually is required. 
Sometimes osteotomy of the femur also is necessary (Fig. 
32.61). Osteotomies can be done bilaterally at one operation.

In genu valgum, most of the bowing usually is in the 
femur, and a severe deformity in older children and in adults 
can be corrected by supracondylar osteotomy of the femur. 
The goal of tibial and femoral osteotomies should be cor-
rection of deformity and alignment so that the plane of each 
knee joint is perfectly horizontal with the patient standing.

In addition to osteotomy, guided-growth modulation 
with hemiepiphysiodesis has had promising results, especially 
in X-linked hypophosphatemic rickets. Coronal plane cor-
rection with appropriate medical management can decrease 
the need for osteotomy; however, if appropriate medical 

management is not secured, recurrence is common after cor-
rection and removal of implants.

The techniques of osteotomy are described in Chapter 9. 

HEMOPHILIA
Elective surgery for patients with classic hemophilia (factor 
VIII deficiency), hemophilia A and Christmas disease (factor 
IX deficiency), or hemophilia B has become possible and rea-
sonable with the availability of factor VIII and factor IX con-
centrates. Previously, only lifesaving surgery was performed 
and mortality was high. Wound hematomas with massive 
sloughs and infection were common. Catastrophic complica-
tions can be minimized only by expert management and strict 
control of the clotting mechanism, and surgery in patients 
with hemophilia must not be undertaken casually. Bracing 
and casting techniques, such as the spring-loaded Dynasplint, 
can be used along with physical therapy to protect joints or 
to stretch soft-tissue contractures. These measures may be as 
important as hematologic management in avoiding surgery.

The current popularity of home therapy for hemophilic 
patients with self-administration of factor VIII or IX as 
soon as periarticular stiffness and pain occur may result in 
a lower incidence of degenerative arthritis and in fewer indi-
cations for major reconstructive procedures. Factor given 
prophylactically from age 1 or 2 years through adolescence 
(preventing the factor VIII concentration from decreasing 
to <1 of normal) seems to prevent hemophilic arthropathy, 
and only minor joint defects have been noted. The National 
Hemophiliac Foundation recommends prophylactic factor; 
however, prophylactic factor given daily has to be given intra-
venously, which increases the possibility of contamination 
and infection. Also, the use of ultrasound to determine early 

 

A B C

FIGURE 32.61 Vitamin D–resistant rickets. A, Child before treatment has deformities in distal 
femurs. Tibias are not shown in this film. B, Three months after valgus osteotomies of distal femurs 
and tibias using pins incorporated in plaster above and below osteotomy sites. C, Two years after 
osteotomies vitamin D–resistant rickets is well controlled with large doses of vitamin D, calcium, 
and phosphorus. No deformities have recurred.
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soft-tissue bleeds has been recommended to aid in the use of 
prophylactic factor.

Three changes have been noted regarding surgery in 
hemophiliacs: (1) a decrease in the need for surgery Tobase 
et al. showed a 5.6% decrease in need for invasive orthopae-
dic intervention in people with hemophilia over the previous 
11 years, likely due to improved outpatient medical manage-
ment, (2) an increase in the age of the patient, and (3) changes 
in types of operations. The indications for surgery include the 
following:
 1.  Chronic, progressive hypertrophic synovial enlargement 

from repeated hemarthrosis that cannot be controlled by 
adequate factor replacement; preferably, synovectomy is 
done before the cartilage becomes thin and at least some 
of the articular cartilage is preserved. Timely synovec-
tomy also may decrease the incidence of hemorrhage into 
the joint. This can be done by intraarticular radioisotope 
injection, arthroscopically, or with an open procedure.

 2.  Severe soft-tissue contractures that have not responded 
to nonoperative measures (e.g., a knee flexion contrac-
ture that is so severe that serial casting or a turn-buckle 
casting technique causes subluxation of the knee joint); 
supracondylar osteotomy of the femur has been beneficial 
in this instance, provided that 70 to 80 degrees of knee 
motion remains and the contracture is not so severe that 
correction would result in excessive traction on the neu-
rovascular bundle in the popliteal space. For correction 
of a knee flexion contracture of less than 45 degrees after 
conservative measures have failed, good results have been 
reported with hamstring release and posterior transverse 
capsulotomy. Correction by osteotomy of a contracture 
of more than 50 to 60 degrees probably should be done in 
stages and preferably after physeal closure.

 3.  A bony deformity severe enough to require osteotomy.
 4.  An expanding hematoma (pseudotumor) that continues 

to enlarge despite adequate factor replacement and pos-
sibly radiation therapy.

 5.  Useless or chronically infected extremities (amputation).
 6.  Severe arthritic changes with incapacitating pain and 

hemorrhage (total joint arthroplasty) (Fig. 32.62).
Successful surgery in hemophilia depends on a close 

working relationship between the orthopaedist and an expe-
rienced hematologist. All hematologic aspects of the patient’s 
care must be the responsibility of the hematologist, including 
a hematologic team consisting of a hematologic nurse, sur-
geon, and physical therapist.

The hemorrhagic disorder must be diagnosed accurately 
before surgery is contemplated. Correct replacement of coag-
ulation factors cannot be undertaken without precise iden-
tification and quantitation of the missing factor. Adequate 
reserve supplies of concentrate must be available in advance, 
and the supporting laboratory must be able to perform 
unlimited assays for the factor. It also is essential to deter-
mine within a few days of the operation whether the patient 
has developed an inhibitor against his or her deficient factor 
because the inhibitor hinders hematologic therapy and may 
eliminate the possibility of elective or semielective surgery. A 
bypass agent (described later) should be available at the time 
to counteract an inhibitor. In addition, a factor assay should 
be obtained at the time of surgery. The hematocrit should be 
measured for several days after surgery, especially in blood 
groups A, B, and AB, because a Coombs-positive hemolytic 

anemia may develop. The patient’s HIV and hepatitis status 
should be known before surgery. In patients with HIV or 
hepatitis, the extent of involvement should be investigated. T 
lymphocyte counts and other parameters should be known 
to determine the ability to heal and the potential for infec-
tion. Fortunately, HIV and hepatitis that were prevalent in the 
1990s have almost disappeared in the hemophiliac popula-
tion because of the use of “clean” factor.

Post and Telfer emphasized meticulous surgical technique 
and detailed preoperative evaluation in this surgery. They rec-
ommended (1) as many procedures at one surgical session as 
the patient can tolerate—this reduces the times that the patient 
is at risk of bleeding complications and hepatitis and reduces 
the high cost of the concentrate and the possibility of inducing 
an inhibitor; (2) meticulous aseptic technique and pneumatic 
tourniquets whenever possible; (3) tight, careful wound closure 
to avoid dead space; (4) avoidance of electrocautery because of 
the tendency of the coagulated areas to slough after surgery; 
(5) wound suction in deep wounds for a minimum of 24 hours; 
(6) no aspirin or other medications postoperatively that inhibit 
platelet function; and (7) as far as possible, no intramuscular 
injections postoperatively for pain relief.

When coagulation is controlled with hematologic ther-
apy, wound slough or infection usually does not occur. Pain 
relief and a substantial decrease in recurrent bleeding into 
joints usually result.

With the availability of factor, elective orthopaedic sur-
gery can be safely performed utilizing a multidisciplinary 
team approach; however, an inhibitor is a life-threatening risk 
factor and a major risk factor for infection. Factor VII and 
IX “bypassing” agents have been used to counteract inhibi-
tors and obtain hemostatic control after surgery. With the use 
of recombinant activated factor VII (RFVIIa) and plasma-
activated prothrombin complex concentrates (pd-APCC), 
elective orthopaedic surgery is a viable option for hemo-
philiac patients with inhibitors. For minor surgery (100%) 
and for major surgery (85% to 100%) coagulation, a bolus of 
the RFVIIa usually is given with continuous infusion. This 

 FIGURE 32.62 Damaged knee joint with hemophilia (factor 
VIII deficiency). Upper right, Marked destruction and erosion of 
articular surface of femoral condyle. Center, Anterior cruciate liga-
ment and intercondylar notch. Tibial plateaus are grossly eroded, 
and articular surfaces and menisci are destroyed by invasion of 
synovium.
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“inhibitor” surgery should not be taken lightly and should 
only be performed with an experienced hematologist team at 
a specialized hemophiliac center.

TOTAL JOINT ARTHROPLASTY
Synovectomy or total knee arthroplasty (see Chapter 7) may be 
cost effective in that the cost of hematologic maintenance (con-
centrate) is markedly lower after surgery. Total knee arthro-
plasty should be considered only if hemophilic arthritis is 
advanced and range of motion is adequate because the arthro-
plasty is unlikely to increase motion. Careful examination of 
the quadriceps mechanism and correction of any flexion con-
tracture of more than 30 degrees are recommended before sur-
gery. We also suspect that late complications similar to those 
seen in rheumatoid arthritis would develop because of disuse 
osteopenia (Fig. 32.63). Because most candidates for total knee 
arthroplasty in hemophilic arthropathy are relatively young, all 
other means of relieving the symptoms should be attempted 
first, such as hyaluronic acid injection (viscosupplementation) 
in milder disease, radiosynovectomy, or arthroscopic syno-
vectomy. Most often, both knees are involved, and bilateral 
arthroplasties are indicated, although arthrodesis of one knee 
and total knee arthroplasty of the other is a reasonable alterna-
tive to bilateral arthroplasty, provided that motion in the knee 
selected for arthroplasty is 80 to 90 degrees preoperatively.

Reports in the literature, although not conclusive, state 
that hemophiliac patients are less prone to venous thrombosis 
because of their disease than the normal population, and the 
same is true for those undergoing major orthopaedic surgery, 
including synovectomy and total joint replacement. Even so, 
a postoperative compression device, early ambulation, and 
joint mobilization with physical therapy are recommended. 
Routine use of antithrombotic agents prophylactically is con-
troversial and not recommended in the face of an inhibitor. 
The exception is the hemophiliac patient undergoing major 
orthopaedic surgery with risk factors for venous thrombosis, 
such as a history of venous thromboembolism, obesity, malig-
nancy, and varicose veins, or women with von Willebrand 
disease taking oral contraception. If prophylaxis is for venous 
thrombosis, enoxaparin has been used successfully.

Surgical infection in this patient population is related to 
lack of meticulous technique and the amount and length of 
time factor is given. Most series report an 8% infection rate if 
factor is given less than 2 weeks and much lower than 8% if 
given for 2 weeks with the patient 100% “covered.” Continuous 
factor should be given for 2 weeks after total knee or total hip 
arthroplasty at 100%.

Total hip arthroplasty (see Chapter 7) is an appropriate 
operation for disabling hemophilic hip arthropathy. In the 
shoulder or elbow, we have little or no experience with arthro-
plasty in these joints in hemophiliacs. In the ankle, there are 
several small series in the literature of total ankle arthroplasty 
being done in hemophiliacs with encouraging results. 

SYNOVECTOMY
Although synovectomy of joints can decrease pain and the 
number of bleeding episodes in patients with hemophilia, it 
does not seem to alter the course of joint destruction. We per-
formed 16 synovectomies of the knee in 14 children, adoles-
cents, and young adults with hemophilia. Pain was eliminated 
or decreased in all patients, and the number of bleeding epi-
sodes dramatically decreased in all patients at 3-year follow-
up. Some knee motion was lost in five patients. At long-term 
follow-up (average 9 years) of nine of these patients (11 knees), 
decreases in pain and frequency of bleeding episodes were sus-
tained, but arthropathy had progressed in all 11 knees, and 8 
knees had lost motion compared with short-term follow-up. A 
disturbing finding in this group of patients was that at long-term 
follow-up all nine were either HIV positive or had developed 
acquired immunodeficiency syndrome (AIDS). Fortunately, 
HIV-contaminated factor has virtually been eliminated.

Both open and arthroscopic synovectomies of the knee in 
patients with “classic” hemophilia can reduce hemarthrosis; 
however, the arthroscopic procedure seems to be less com-
plete but have less morbidity. Although arthroscopy may 
require a longer operative time, it requires shorter hospital-
ization and less factor replacement.

The elbow is a frequent site (second only to the knee) of 
repeated hemorrhage followed by enlargement of the radial 
head and degenerative arthritis of the radiocapitellar and 
ulnar-trochlear articulations. The ankle is a common site 
as well and is a frequent cause of morbidity. We have been 
pleased with the pain relief resulting from synovectomy of the 
elbow joint and excision of the radial head. Improvement in 
flexion and extension of the elbow cannot be expected, but 
increased forearm rotation frequently results.

Synovectomy also has proven beneficial for hemophilic 
arthropathy of the ankle. Open synovectomy or arthroscopic 
synovectomy can be performed (see Chapter 50) because 
removal of the posterior synovial tissue from the crypts of the 
malleoli is difficult and may injure the articular cartilage even 
with the use of the posterolateral portal and distraction of the 
joint arthroscopically may be difficult.

Ankle, knee, and elbow arthroscopic synovectomy are 
described in Chapters 50 to 52.

Radionuclide synovectomy, or radiosynovectomy 
(destruction of synovial tissue by intraarticular injection of 
a radioactive agent), has produced encouraging results. The 
procedure has little morbidity and can be done on an outpa-
tient basis in the radiology department. The isotope appears 
to shrink the outer layer of synovium, decreasing pain, bleed-
ing, and the recurrence rate.

 FIGURE 32.63 Late complications of hemophilic arthropathy. 
Note osteopenia and resulting fractures owing to manipulation.
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Improved range of motion and decreased frequency 
of hemorrhage have been reported in nearly 80% of adult 
patients treated with radiosynovectomy of the elbow or knee 
using chromic phosphate P32 and 0.5 to 1 mCi of yttrium-90 
silicate, depending on the joint involved. New isotopes using 
holmium-166-chitosan 186Re complex have been advocated. 
In situations where radioisotopes are not available, chemi-
cal synovectomy can be used with rifampicin. Two to three 
injections may be necessary (at 6-month intervals), and if not 
successful then a surgical synovectomy should be performed. 
Radiosynovectomy appears to be most effective when done 
early, before the synovium enlarges. Because most recurrent 
joint hemorrhages begin in early childhood, this procedure 
would be useful in the prevention of bony joint damage in 
children with hemophilia who have developed chronic hem-
arthrosis or synovitis. The long-term effects on joints in chil-
dren, such as premature physeal closure or irritation, are 
not known. Most of the literature recommends radioisotope 
synovectomy at age 12 or older using yttrium-90 at a dose 
of 90 mBq in children, viscosupplementation with stearic 
acid and joint lavage, or holmium-16-chitosan complex. If 
not effective, chemical synovectomy with rifampicin can be 
used. If needed earlier than 12 years, a surgical synovectomy 
should be performed. The long-term effects on joints in chil-
dren, such as premature physeal closure or tumor formation, 
are unknown, however. Two patients with hemophilia who 
developed acute lymphoblastic leukemia after radionuclide 
synovectomy have been reported.

In our experience, short-term results of radionuclide 
synovectomy of the ankle and knee in children and adults 
have been encouraging because the nuclide seems to be able 
to penetrate posteriorly; however, the recurrence rate (need 
for a second radiosynovectomy) seems to be higher than for 
open or arthroscopic synovectomy. 

 

SYNOVECTOMY OF THE KNEE IN 
HEMOPHILIA

 TECHNIQUE 32.20 

 n  Inflate a pneumatic tourniquet around the thigh.
 n  Through a medial parapatellar incision (see Technique 

1.48), remove as much synovium from the knee capsule 
as possible. Removal of all synovium from the lateral gut-
ter is extremely difficult, and considerable hemorrhage 
usually occurs in this area.

 n  Remove synovium from the medial joint space, includ-
ing over and around the medial meniscus and collateral 
ligament. Remove synovium from the intercondylar notch 
and anterior cruciate ligament and finally from the lateral 
joint space.

 n  Release the tourniquet, and obtain meticulous hemostasis 
with electrocautery; this may require more time than the 
removal of the synovium.

 n  Tightly close the capsule and soft tissues in layers to oblit-
erate any dead space; insert a closed suction drainage 
tube.

 n  If the medial capsule is redundant, oversew it to prevent 
recurrent dislocation of the patella.

POSTOPERATIVE CARE The knee is immobilized for 24 
hours, then motion is initiated with the aid of the physi-
cal therapist and a continuous passive motion machine, 
if available. The drain is removed at 48 hours under ad-
equate clotting factor replacement. Physical therapy is 
continued for 6 weeks; the continuous passive motion 
machine can be used at home.
  

ARTHROSCOPIC SYNOVECTOMY
Arthroscopic synovectomy is described in Chapter 51. 

 

SYNOVIORTHESIS FOR TREATMENT OF 
HEMOPHILIC ARTHROPATHY

 TECHNIQUE 32.21 

 n  Replacement therapy for hemostasis at the time of the syn-
oviorthesis is the same as that used for minor operations. 
For patients in whom an inhibitor is present, synoviorthesis 
is sometimes done without preparation for hemostasis.

 n  Using aseptic technique, anesthetize the skin with 2% 
procaine (without epinephrine) with a 23-gauge needle. 
Note free flow of procaine indicating the introduction of 
the needle into the intraarticular space.

 n  Withdraw synovial fluid when possible.
 n  Inject 2 to 5 mL of contrast medium, and with radiog-

raphy ensure there is no obvious leak from the synovial 
space. Inject colloidal chromic phosphate P32 (Phospho-
col P32) intraarticularly.

 n  Use 1 mCi for knees and 0.5 mCi for other joints.
 n  Flush the needle with 2% lidocaine and remove.
 n  Apply a sterile plastic bandage and an appropriate im-

mobilizer.

POSTOPERATIVE CARE The patient can bear weight im-
mediately, but activity should be decreased for 48 hours.
  

OPEN ANKLE SYNOVECTOMY
Transfusion of the missing clotting factor (factor VIII or IX) 
is based on the previously described protocol. Approximately 
2 hours before the operation, the patient is given a transfusion 
to increase the level of the deficient clotting factor to close 
to 100%. Open synovectomy of the ankle is done through 
anteromedial, anterolateral, and posterior incisions. 

 

OPEN ANKLE SYNOVECTOMY IN 
HEMOPHILIA

 TECHNIQUE 32.22 

(GREENE)
 n  Place a sandbag underneath the ipsilateral buttock to fa-

cilitate positioning of the ankle for the anterior portion of 
the synovectomy.
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 n  Make an anteromedial incision 3 cm long just medial to 
the anterior tibial tendon.

 n  Retract the anterior tibial tendon laterally, and retract the 
branches of the saphenous vein medially.

 n  Make a longitudinal incision in the joint capsule. Preserve 
the capsule even though it is stretched and attenuated 
by the underlying hypertrophic synovial tissue because its 
presence may facilitate postoperative rehabilitation. Free 
the joint capsule from the adherent synovial tissue by 
sharp dissection.

 n  Remove all visible synovial tissue. Use small pituitary ron-
geurs to remove folds of synovial tissue that extend into 
the crypts between the talus and the medial malleolus.

 n  Make a 3-cm long anterolateral incision centered just 
lateral to the peroneus tertius tendon, and retract this 
tendon medially.

 n  Open the joint capsule longitudinally, and excise the syno-
vial tissue in the same manner described for the antero-
medial incision.

 n  Resect the folds of synovial tissue interposed between the 
talus and the lateral malleolus.

 n  Remove the sandbag beneath the ipsilateral buttock, and 
place it beneath the contralateral buttock before making 
the posterior incision. Make a posterior incision approxi-
mately twice as long as the anterior incision, and center 
it between the medial malleolus and the Achilles tendon. 
Open the sheath of the posterior tibial tendon so that it 
can be retracted adequately. Dissect the other posterior 
tendons and the neurovascular structures away from the 
posterior portion of the capsule of the ankle joint.

 n  Place a retractor lateral to the flexor hallucis muscle and 
medial to the posterior tibial tendon, permitting retrac-
tion of the soft-tissue structures located posterior to the 
ankle joint. This provides full exposure of the posterior 
portion of the capsule. Incise the capsule horizontally 
from the medial malleolus to the distal end of the fibula.

 n  Dissect the insertion of synovial tissue on the talus and the 
distal end of the tibia. Use pituitary rongeurs to remove any 
residual folds of synovial tissue lying in the crypts of the 
malleoli. If the synovium cannot be removed from the cap-
sule, or the capsule appears intimately involved, removal of 
large sections of the capsule may be necessary. According 
to Greene, postoperative rehabilitation may be impeded 
by extensive scar reaction in the posterior capsule.

 n  When the synovectomy has been completed, deflate the 
pneumatic tourniquet and secure hemostasis meticulously.

 n  Repair the anterior portion of the capsule, but leave 
the posterior portion open and place a drain. Close the 
wounds in a standard fashion and immobilize the ankle 
joint in a neutral position with a bulky dressing augment-
ed by a plaster of Paris splint.

POSTOPERATIVE CARE Patients who have factor VIII 
deficiency should receive continuous transfusion therapy, 
and patients with factor IX deficiency should be given a 
bolus of factor IX every 12 hours. Transfusion should be 
continued throughout the hospital stay (7 to 10 days). Af-
ter discharge, transfusion is given three times a week for 
4 weeks. This regimen keeps the deficient clotting factor 
level sufficiently elevated to minimize the risk of a spon-
taneous hemarthrosis during the immediate postopera-

tive period while the soft-tissue reaction is resolving. The 
drain is removed on the first postoperative day, and active 
range-of-motion exercises with the aid of hydrotherapy 
are begun on postoperative day 2. Initially, weight bearing 
is not permitted. Also, the ankle is intermittently splinted 
in a neutral position until range of motion of the ankle 
from neutral dorsiflexion to 25 degrees of plantar flexion 
is obtained. The hematologist and the surgeon determine 
discharge from the hospital. Walking with crutches with 
touch-down weight bearing is continued for approxi-
mately 5 weeks after discharge from the hospital.
  

ARTHRODESIS
Arthrodesis of the ankle (see Chapter 11), shoulder (see 
Chapter 13), and knee (see Chapter 8) has been satisfactory 
in small series of patients with hemophilia. The use of internal 
fixation rather than external fixators that require transcutane-
ous pins is recommended to reduce bleeding and infection 
around the pins (Fig. 32.64). Fixed flexion contractures can 
be corrected by removing appropriate bone wedges at the 
time of arthrodesis. 

OSTEOTOMY
For hemophilic patients with symptomatic bony deformities, 
osteotomies may be necessary. In patients with symptomatic 
genu varum deformities, proximal valgus closing wedge oste-
otomies may be done (see Chapter 9). 

COMPLICATIONS OF HEMOPHILIA
A rare, yet disabling and frequently life-threatening compli-
cation, iliac hemophilic pseudotumor occurs in 1% to 2% of 
patients with factor VIII deficiency. Two types of pseudotu-
mors have been identified: one occurs primarily in the femur 
or pelvis in adults and has an exceptionally poor prognosis, and 
one occurs more distally in the extremities in children and has 
a better prognosis. Recommended treatment includes factor 
replacement, immobilization, close observation, and avoid-
ance of cyst aspiration. Operative resection for the adult-type 
pseudotumor may be life threatening, and amputation should 
be considered. Preoperative consideration of the tumor size 
and degree of infiltration is crucial in operative management. 
Early excision eliminates the possibility of endogenous infec-
tion. Partial resection of huge tumors that leave the lateral wall 
intact for compression and recovery of function may be pref-
erable to excision of the entire wall, leaving a huge dead space 
that allows massive hematoma and sepsis. Several studies have 
shown early promising results using radiation for pseudotu-
mors that are inaccessible or inappropriate for resection.

In addition to involvement of various joints, nerve lesions 
are common in patients with hemophilia. Katz et al. described 
81 such peripheral nerve lesions. The femoral nerve was the 
most commonly involved, followed by the median nerve and 
the ulnar nerve. In 49% of the lesions, the nerves had full 
motor and sensory recovery after significant bleeds. In 34%, 
a residual sensory deficit (normal motor) was present, and 
in 16% persistent motor and sensory deficits were present. 
Patients who had inhibitors to factor VIII were significantly 
less likely to recover full motor or sensory function than 
patients who did not have antibodies, and time to full motor 
recovery in these patients was significantly longer.

    

https://booksmedicos.org


CHAPTER 32 OSTEOCHONDROSIS OR EPIPHYSITIS AND OTHER MISCELLANEOUS AFFECTIONS 1295

Hemophilia-related AIDS was first reported in the United 
States in 1981. Current estimates of the percentage of hemo-
philic patients with HIV antibodies range from 30% to 90%. 
Before 1985, it was estimated that 90% of patients seen in 
hemophiliac clinics were HIV positive, and a large percent-
age of patients also had laboratory evidence of hepatitis. The 
Centers for Disease Control and Prevention estimated that 
9000 hemophiliacs, or 45% of the hemophiliac population, 
contracted AIDS and that 1900 patients died as the result of 
AIDS. The screening for the presence of HIV in blood and 
blood products for transfusion since 1985 and the develop-
ment of monoclonal antibodies to factor VIII and of syn-
thetically derived blood products have decreased the rate of 
transmission markedly. Because of this increased risk of HIV 
infection in hemophilic patients, albeit now small, orthopae-
dic surgeons treating these patients should observe not only 
the universal precautions recommended by the Centers for 

Disease Control and Prevention but also the recommenda-
tions of the American Academy of Orthopaedic Surgeons 
Task Force on AIDS and Orthopaedic Surgery. 

CONGENITAL AFFECTIONS
Most affections of bone seemingly of congenital origin may 
respond favorably to surgery. The surgical treatment of 
enchondromatosis (Ollier disease) and of hereditary multiple 
exostoses is described in Chapter 25.

OSTEOGENESIS IMPERFECTA
Osteogenesis imperfecta is a disease apparently of the meso-
dermal tissues with abnormal or deficient collagen that has 
been shown in bone, skin, sclerae, and dentin. The so-called 
diagnostic triad of blue sclerae, dentinogenesis imperfecta, 
and generalized osteoporosis in a patient with multiple 
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A

FIGURE 32.64 A, Preoperative radiograph of severe hemophilic arthropathy and painful swollen 
ankle. B and C, Postoperative radiographs of cross-threaded screw fixation. At 6 months, distal 
tibial pain and stress fracture are noted. D, At 12 months, stress fracture callus is noted but no 
pain. E, At 24 months, there is solid fusion. Stress fracture has resolved.
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fractures or bowing of the long bones usually is used clini-
cally. There is no specific laboratory test for this disease other 
than skin biopsy and DNA testing. Multiple wormian bones 
around the base of the skull are a major finding only in the 
congenital type of osteogenesis imperfecta. Osteogenesis 
imperfecta congenita is characterized at birth by multiple 
fractures, bowing of the long bones, short extremities, and 
generalized osteoporosis. The most used classification noted 
in the literature is by Sillence, who originally classified the 
disease into four types, although it is likely that osteogenesis 
imperfecta is a continuum (Table 32.7). Since Sillence’s clas-
sification, additional types have been added. Ninety percent 
of patients are type I or IV. Although many children with 
osteogenesis imperfecta have blue sclerae, the only two char-
acteristics that are present in all patients with osteogenesis 
imperfecta are fractures and generalized osteoporosis.

Orthopaedic surgery is most involved with the bowing of 
the long bones in osteogenesis imperfecta tarda type 1, in which 
progressively increasing deformities may cause deterioration in 
activity of these children from walkers to sitters and from brace-
able to unbraceable. Healing of fractures and osteotomies usu-
ally is satisfactory, although the healed bone may be no stronger 
than the original. Hyperplastic callus occasionally is seen after 
fractures and osteotomies, although difficult and persistent non-
unions have been noted. Because of frequently frail and disabling 
bone and joint deformities and fractures that preclude ambula-
tion, a comprehensive rehabilitation program with long leg brac-
ing has been suggested to result in a high level of functional 
activity with an acceptable level of risk of fracture in children 
with osteogenesis imperfecta. Results of surgery in these patients 
have been inconsistent, with frequent complications reported. 
Patients should be examined for scoliosis before surgical proce-
dures are undertaken because thoracic scoliosis of greater than 
60 degrees has severe adverse effects on pulmonary function in 
patients with osteogenesis imperfecta, which may partly explain 
the increased pulmonary morbidity in adult patients with osteo-
genesis imperfecta and scoliosis compared with that in the gen-
eral population. Besides pulmonary problems other anesthetic 
complications can occur such as difficulty in positioning the 
patient, malignant hyperthermia, basilar invagination, cardiac 
abnormalities, or bleeding from platelet dysfunction. Although 
a transfusion rate of 14% was noted in one series of patients with 

osteogenesis imperfecta treated with intramedullary rods, the 
blood loss was described as low and manageable.

The use of bisphosphonates has been shown to reduce 
osteoclast-mediated bone resorption. Intravenous adminis-
tration of bisphosphonates, such as pamidronate, zoledro-
nate, and risedronate, has been shown to decrease bone pain 
and incidence of fracture and to increase bone density and 
level of ambulation with minimal side effects. Increase in size 
of vertebral bodies and thickening of cortical bone also have 
been reported. There are no standardized guidelines for ini-
tiating bisphosphonate treatment in children. A Cochrane 
review showed that both intravenous or oral bisphosphonates 
are effective at increasing bone density, but which medica-
tion and dosing regimens are optimal and how long patients 
should be treated have not been established. Furthermore, no 
regimen was found that consistently reduced the fracture rate, 
although multiple independent studies did show a reduction 
in fracture rate. Furthermore, no study showed an increased 
rate of fractures given the well-studied topic of atypical femoral 
fractures with bisphosphonate use. Finally, there was no clear 
improvement in pain or functional mobility. The authors of the 
review concluded that the optimal type, duration, and safety 
of bisphosphonate use require further study. Besides fracture  
procedures (e.g., intramedullary rods) elective procedures, 
such as total joint arthroplasty and, spine surgery, including 
scoliosis surgery, are being reported with increasing frequency.

MULTIPLE OSTEOTOMIES, REALIGNMENT, AND 
MEDULLARY NAIL FIXATION
The most successful surgical method of treating the defor-
mities of osteogenesis imperfecta is based on the work of 
Sofield and Millar who used a method of multiple osteoto-
mies, realignment of fragments, and medullary nail fixation 
for long bones (Fig. 32.65).

Complications reported with the telescoping rod include 
fracture at the tip of the rod, proximal migration secondary 
to angular deformity, and eccentric rod positioning at the dis-
tal physis, and rod cut out (Fig. 32.66). Even so, the telescop-
ing rod appears to be superior to the nontelescoping rod. In 
one study, the 3-year survival rate of the telescoping rod was 
92.9% compared with 7.2% of the nontelescoping rod, and the 
reoperation rate was 7.2% compared with 31.6%, respectively. 

 TABLE 32.7 

Sillence Classification of Osteogenesis Imperfecta (Simplified)

TYPE INHERITANCE SCLERAE FEATURES
Type I Autosomal dominant Blue Mildest form. Presents at preschool age (tarda). Hearing deficit in 50%. 

Divided into type A and B based on tooth involvement
Type II Autosomal recessive Blue Lethal in perinatal period
Type III Autosomal recessive Normal Fractures at birth. Progressively short stature. Most severe survivable 

form
Type IV Autosomal dominant Normal Moderate severity. Bowing bones and vertebral fractures are common. 

Hearing normal. Divided into type A and B based on tooth involvement
Type V Hypertrophic callus after fracture. Ossification of IOM between radius 

and ulna and tibia and fibula
Type VI Moderate severity. Similar to type IV
Type VII Associated with rhizomelia and coxa vara

Type V, VI, VII have been added to the original classification system (these have no type I collagen mutation but have abnormal bone on microscopy and a similar 
phenotype). IOM, interosseous membrane.
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A more recent study compared survival of Fassier-Duval rods 
to static implants and found that the risk of failure of static 
implants was 13 times that of the risk with Fassier-Duval 
rods. For these reasons, we have been using the Fassier-Duval 
elongating intramedullary rod system.

For the tibia, to allow use of the longest possible medul-
lary rod, Williams reported a technique in which an exten-
sion is screwed onto the distal end of the rod and is pushed 
through the distal tibia and out the sole of the foot. After the 
fragments of the tibia are realigned, the nail is reinserted in a 
retrograde fashion until the distal end lies just proximal to the 
surface of the ankle joint. The extension is unscrewed, leaving 
the rod extending only into the distal tibial epiphysis. 

FASSIER-DUVAL TELESCOPING ROD (PEGA 
MEDICAL, INC., LAVAL, QUEBEC, CANADA)
Fassier-Duval and other intramedullary devices have been 
used for humeral and forearm deformities, with reported 
improvements in functional scores (Fig. 32.67).

This expandable rod is designed for children with osteo-
genesis imperfecta to prevent or stabilize fractures or correct 

deformity of the long bones during growth. It is indicated for 
children 18 months of age or older. It has been designed for 
use in the femur, tibia, and humerus. The main advantage is 
its easy placement and better fixation in the physis of long 
bones. As compared with other expandable rods, an open or 
percutaneous osteotomy technique can be employed for the 
femur. For patients with large bones and thin cortices, a per-
cutaneous technique is recommended. For the tibia an open 
osteotomy technique is recommended. 

 

FASSIER-DUVAL TELESCOPING ROD, 
FEMUR

 TECHNIQUE 32.23 

OPEN OSTEOTOMY
 n  Through a posterolateral approach, expose the femur 

subperiosteally.

 

A B

DC

E

FIGURE 32.65 A to E, Technique for fragmentation and realignment of bone and insertion of 
medullary nail. A-C, Exposure and removal of shaft. D, Osteotomies. E, Closure.  (From Sofield HA, 
Millar EA: Fragmentation, realignment, and intramedullary rod fixation of deformities of the long bones in 
children: a 10-year appraisal, J Bone Joint Surg 41:1371–1391, 1959.)
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 n  Perform an osteotomy under C-arm guidance (Fig. 32.68A 
and B).

 n  With a cannulated reamer, ream the proximal fragment 
or drill up to the greater trochanter over a small-diameter 
guidewire. The diameter of the reamer should be 0.25 to 
0.35 mm larger than the diameter of the nail implant size 
chosen. Prepare the distal fragment in same fashion. If the 
guidewire does not reach the distal epiphysis, perform a 
second osteotomy after reaming the intermediate frag-
ment (Fig. 32.68C).

 n  Insert a male-size Kirschner wire retrograde from the di-
rection of the osteotomy through the proximal fragment 
(Fig. 32.68D).

 n  Make a second incision at the buttock to allow the extrem-
ity of the Kirschner wire to exit proximally (Fig. 32.68E).

PERCUTANEOUS OSTEOTOMY
 n  If a percutaneous technique for osteotomy is chosen, in-

sert a small-diameter guidewire through the greater tro-
chanter into the apex of the deformity. Ream the femur 
to the appropriate size with a cannulated reamer (Fig. 
32.68F).

 n  Through a 0.5-cm incision perform the first osteotomy in 
the convexity of the deformity just distal to the reamer 
(Fig. 32.68G).

 n  Apply counterpressure at the osteotomy site, and with 
gentle manipulation progressively correct the deformity. 
When the bone is straightened, push the guidewire dis-
tally and advance the reamer accordingly (Fig. 32.68H).

 n  Push the guidewire distally to the apex of the second de-
formity, then perform a second osteotomy as described 
for the first osteotomy until the length of the medullary 
canal has been reamed to just before the physis (Fig. 
32.68I). 

TELESCOPING ROD INSERTION
 n  After a corrective osteotomy is completed, estimate the 

length of the bone from the greater trochanter to the dis-
tal growth plate. Based on the height of the distal epiphy-
sis as measured on an anteroposterior radiograph, choose 
a long (L) or short (S) nail.

 n  Cut the length of the female hollow component to size. 
Do not cut the male solid nail until after the components 
have been implanted.

 n  Remove the wire, and place the male solid nail in the 
driver, making sure that the wings of the male solid nail 
are fitted into the male driver slot. These drivers lock the 
male component to facilitate maneuvering the nail upon 
insertion. Lock the male implant component after it is 
inserted inside the male driver by simply rotating the ec-
centric ring to the locked position.

 n  Push the male solid nail distally after reduction of the 
osteotomy(ies), and screw it into the distal epiphysis. 
Verify with fluoroscopy that the distal thread is posi-
tioned beyond the physis (Fig. 32.68J to L). Center the 
distal tip of the nail on anteroposterior and lateral views 
on the distal femoral epiphysis. Once the male implant 
component has been screwed into the distal epiphysis, 
unlock the implant by rotating the eccentric ring and 
remove the male driver (Fig. 32.68M). Use the pushrod 
to reduce stress to the nail fixation while withdrawing 
the driver.

 n  Screw the female hollow nail into the greater trochanter 
with the appropriate driver. The threaded portion of the 
nail is inserted into bone (at least one or two threads), and 
the nonthreaded part of the female head is inserted in the 
nonossified part of the greater trochanter (Fig. 32.68N).

 n  Remove the female driver.
 n  Cut the solid nail (male) at this time, leaving a stub 10 

to 15 mm above the female head for future growth (Fig. 
32.68O). Check the smoothness of the cut end of the 
male nail with an appropriately sized probe.

 n  Close the incisions. 

POSTOPERATIVE CARE The limb is immobilized until 
the osteotomies heal.
  

OSTEOTOMY AND MEDULLARY NAILING WITH 
LOCKED NAIL
In an older child in whom disturbance of the physis would 
not cause a significant growth problem, a small-diameter 
medullary nail can be used, with or without proximal or dis-
tal locking. There are several locked nails that come in sizes 
as small as 7 mm, and we have used this successfully in sev-
eral older children with osteogenesis imperfecta. The guide-
wire is passed, in a closed manner, proximally to the point of 
angulation (Fig. 32.69A). Through a small incision, an osteot-
omy is made at this site where the guidewire is impeded (Fig. 
32.69B). The medullary nail is inserted in a closed manner 
and locked proximally and distally. The nail should extend 
as far distally as possible to prevent fracture distal to it. The 
technique for insertion of an interlocking medullary rod is 
described in Chapter 54. 

 FIGURE 32.66 Cut-out of telescoping rod.
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DWARFISM (SHORT STATURE)
Dwarfism with disproportionate shortness of the trunk or 
extremities has many different causes and is commonly diffi-
cult to classify, but certain orthopaedic problems are common 
to many of these patients. The main areas of concern to ortho-
paedic surgeons are atlantoaxial instability, hip dysplasia, and 
malalignment of the lower extremities.

Cervical myelopathy and anomalies of the cervical spine 
are especially common in dwarfs with a disproportionately 
short trunk and are rare in achondroplasia. Dwarfs with a short 
trunk may exhibit a rudimentary or absent odontoid process 
with ligamentous laxity and resultant atlantoaxial instability.

The first symptoms of myelopathy are a decrease in physi-
cal endurance and an early fatigue without neurologic deficit. 
Neurologic signs may develop later. Cord compression occurs 

because of bony displacement, ligamentous instability, and 
hypertrophy of the posterior longitudinal ligament. Often the 
spinal cord shifts laterally within the canal and accounts for 
the unilateral neurologic signs and symptoms. Cord compres-
sion also can occur at the foramen magnum (achondroplastic 
dwarfs) or secondary to severe cervical kyphosis from liga-
mentous laxity. The diagnosis of atlantoaxial instability can be 
made from lateral flexion and extension radiographic views or 
with cineradiography. Cervical fusion generally is indicated 
only when (1) there are obvious clinical signs of compression 
myelopathy or (2) there is obliteration of the subarachnoid 
space around the cord in flexion or extension as seen on gas 
myelography. Atlantoaxial instability shown on radiographs 
or cineradiography is not in itself an indication for surgery, 
and prophylactic bracing is not indicated.

 

A B C

D

FIGURE 32.67 A and B, Preoperative anteroposterior and lateral radiographs of the humerus 
showing an angular deformity of more than 90 degrees. C and D, Postoperative radiographs 
showing correction of angular deformity and stabilization with an expandable Fassier-Duval rod.  
(From Ashby E, Montpetit K, Hamdy R, et al: Functional outcome of humeral rodding in children with 
osteogenesis imperfecta, J Pediatr Orthop 38:49–53, 2018.)
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FIGURE 32.68 Fassier-Duvall telescopic intramedullary rod system (Pega Medical, Laval, Quebec, 
Canada). SEE TECHNIQUE 32.23.
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FIGURE 32.68, cont’d

Kyphosis or scoliosis occurs commonly in short-trunk 
dwarfs, but with the exception of diastrophic dwarfs, the 
scoliosis usually is mild and does not require surgery. Severe 
scoliosis is common in diastrophic dwarfs, and surgical cor-
rection and fusion seem to be the only reasonably effective 
treatment. With profound hypotonia, ligamentous laxity, and 
a collapsing spine, fusion may be necessary for stability while 
sitting.

Ligamentous laxity can cause kyphosis in achondroplasia. 
Severe progressive kyphoscoliosis with a posteriorly displaced 
vertebral body occasionally occurs in achondroplasia and in a 
variety of dwarfs. For neurologic deficit, anterior decompres-
sion and fusion are best and are followed by posterior fusion 
when the deformity is greater than 60 degrees.

In the lumbar spine, profound lordosis, bulging interver-
tebral discs, and a narrowed spinal canal are characteristic 

of achondroplasia. By the third decade of life, many of these 
patients complain of low back pain, have nerve root signs, and 
occasionally have a cauda equina syndrome and claudication. 
Laminectomy, cord and nerve root decompression, disc exci-
sion, and spinal fusion ultimately may be needed to relieve 
symptoms in some patients.

The hip joint in many dwarfing syndromes is spared com-
pared with the remainder of the lower extremity. Multiple 
epiphyseal dysplasia and spondyloepiphyseal dysplasia involve 
the epiphysis and may cause severe, early crippling arthritis. 
Hip fusion usually is not indicated in dwarfs for three reasons: 
(1) with extremely short stature, mobility is crucial for activities 
of daily living such as dressing and stepping up stairs; (2) hip 
fusion may increase low back pain that already may be present 
from lumbar lordosis; and (3) hip fusion would shorten further 
a patient of already short stature. We have performed total hip 
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FIGURE 32.68, cont’d

arthroplasty in dwarfs with severe arthritis. Careful planning 
is necessary because nonstandard size femoral and acetabular 
components almost always are necessary. Bilateral dislocation 
of the hips is commonly seen in Morquio syndrome and usu-
ally is not vigorously treated (Fig. 32.70).

Two other conditions, coxa vara and coxa valga, occur in 
a substantial percentage of dwarfs. Coxa valga is commonly 
seen with Morquio syndrome, and coxa vara is commonly 
seen with spondyloepiphyseal dysplasia (Fig. 32.71). Varus 
and valgus osteotomies of the hips of patients with bone 
dysplasias should be done only rarely and after much study 
because of probable instability. Intertrochanteric osteotomies 

for severe coxa valga should be reserved for proven hip insta-
bility resulting from the valgus deformity, and for severe coxa 
vara they should be reserved for a waddling gait and carti-
laginous defects. Varus and valgus osteotomies of the hip are 
described in Chapters 30 and 33.

A substantial percentage of dwarfs have genu varum or 
genu valgum. In general, dwarfs with disproportionately short 
trunks have genu valgum, whereas dwarfs with dispropor-
tionately short extremities have genu varum. Angulation may 
be the result of ligamentous laxity, bowing of the proximal 
tibia and distal femur, or, as is characteristic of achondroplas-
tic dwarfs, bowing of the distal tibia.
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The deformity usually is progressive with an ultimate 
length discrepancy between the fibula and the tibia. Foot 
placement is in a forced varus or valgus position depending 
on the direction of angulation at the knees. Osteotomy at or 
near the site of the deformity is our preferred treatment. When 
operating on recurrent genu valgum, such as in Ellis-van 
Creveld syndrome, the surgeon should be prepared to release 
the lateral structures such as the iliotibial band and tighten 
the medial structures by reefing the vastus medialis. We have 
tried to control the deformity in young children with ambula-
tory “knock-knee” or “bowleg” braces. These braces are heavy 
and cumbersome and may promote ligamentous laxity, but in 
several patients we have been able to stop the progression or 
improve the deformity (Fig. 32.72). At a later age, we have per-
formed an osteotomy without recurrence of the angulation.

Because of the disproportionate length of the extrem-
ities, especially the lower, limb lengthening has been 
attempted by several methods. Formerly, the most often 
used method in the United States was that popularized by 
Wagner, which combines osteotomy with slow distraction 
(see Chapter 29). The Ilizarov and DeBastiani techniques 

 

A

B
FIGURE 32.69 Osteotomy and medullary nailing (see text). A, 

Guidewire passed to point of angulation. B, Osteotomy.

 

A B

C

FIGURE 32.70 A, Adult patient with Morquio disease with bilateral dislocated hips. Left hip was 
painful and disabling. B, Appearance after total hip arthroplasty using custom-designed femoral 
component with small stem. Despite this, femoral shaft proximally was fractured during insertion. 
C, Appearance after revision of total hip arthroplasty with second custom-designed long-stem 
femoral component and anchoring screws in methylmethacrylate. Result was satisfactory.
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have been reported to achieve greater lengthening with 
fewer complications. More recently, tibial lengthening over 
an intramedullary nail with the use of an external fixator has 
shown to result in new bone formation equal to the conven-
tional Ilizarov technique, however, with fewer complications 
and less time required for internal fixation. The frequency of 
complications and the lengthy immobilization period asso-
ciated with limb lengthening by any method caused some 
authors in the past to discourage its use, however, especially 
in dwarfs. Limb lengthening should be attempted only in 
informed, cooperative patients committed to the lengthy 
procedure and with realistic expectations of the result. As 
the lengthening procedures have been better perfected and 
the complications fewer, disproportionate extremity dwarfs 
are commonly having lower extremity lengthenings done. 
In the recent literature, large series have been described with 
good results with the following observations: (1) lengthen-
ing should be started in children early but not before the age 
of 9 years, (2) premature physeal arrest (closure) of the dis-
tal femur and proximal tibia in extensive lengthening should 
be included in the preoperative calculations and counsel-
ing, and (3) humeral lengthenings compared with femoral 
lengthenings seem to have fewer complications, and callus 
forms at a higher rate. Humeral hybrid monolateral fixators 
can be used that are less bulky and allow patients to perform 
activities of daily living. 

 

A

C B

FIGURE 32.71 Spondyloepiphyseal dysplasia. A, Severe bilateral coxa vara deformity. B, 
Platyspondyly in same patient. C, After valgus osteotomy of right hip using Coventry lag screw. 
Cartilaginous defect is now more horizontal and under compression rather than shear.

 

A B

FIGURE 32.72 Multiple epiphyseal dysplasia. A, Radiograph 
obtained while weight bearing in 4-year-old boy showing delayed 
ossification of capital femoral epiphyses, coxa vara, and femoral and 
tibial bowing. B, Appearance 1 year after treatment in ambulatory 
bowleg braces. Femoral and tibial bowing is markedly improved.
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TIBIAL LENGTHENING OVER AN 
INTRAMEDULLARY NAIL WITH 
EXTERNAL FIXATION IN DWARFISM

 TECHNIQUE 32.24 

(PARK ET AL.)
 n  To be treated with lengthening over an intramedullary 

nail, the tibial medullary diameter must be at least 8 mm.
 n  Insert an AO tibial nail with a diameter 1 mm smaller 

than that of the tibial isthmus. To make passage less trau-
matic, remove irregularities on the endosteal surface with 
a single pass of a reamer.

 n  Insert two proximal interlocking screws in a mediolateral 
direction.

 n  Parallel to the nail, apply a preconstructed Ilizarov frame 
with two rings connected with telescoping rods.

 n  Insert two proximal tensioned wires posterior to the nail. 
At least one wire at each ring should pass the fibular head 
or the distal part of the fibula to prevent migration of a 
fibular segment during lengthening.

 n  Perform a tibial corticotomy at the metaphyseal-diaphyse-
al junction with a technique utilizing multiple drill holes.

 n  Initiate lengthening 7 to 10 days postoperatively at a rate 
of 0.25 mm four times daily at each distraction site. Ob-
tain radiographs every week during the distraction phase 
and every 4 weeks during the consolidation phase. Cal-
lus formation is determined to have occurred when new 
bone formation is seen in the distraction gap on lateral 
radiographs.

 n  When the desired length has been achieved, insert two 
distal interlocking screws and one distal tibiofibular trans-
fixing screw after consolidation of the fibula.

POSTOPERATIVE CARE Patients are allowed to bear 
weight with the use of two crutches (Fig. 32.73).
  

TRAUMATIC PHYSEAL ARREST FROM 
BRIDGE OF BONE
Physeal arrest after fracture in young children can pro-
duce significant limb shortening and angulatory deformity. 
Angulation osteotomies, epiphysiodesis of the involved 
epiphysis, and epiphysiodesis of the contralateral epiphy-
sis are worthwhile and time-honored procedures to reduce 
angular deformity and limb-length discrepancy.

Bright and Langenskiöld described resection of small, 
localized bony bridges (after fracture across a physis) that pro-
duced angular deformity or limb-length discrepancy. They rec-
ommended this procedure for a young child with a significant 
deformity caused by a bony bridge across less than one half of the 
physis of a bone that is peripheral and accessible. Tomograms, 
CT, and MRI are helpful in determining the extent of the bony 
bridge. Three-dimensional reconstruction to produce a three-
dimensional model has been described to show the extent and to 
help in preoperative “mapping” of the bar.

After resection, Langenskiöld filled the space with fat and 
Bright used Silastic 382. Although the physis apparently does 
not regenerate in the area where the bony bridge was resected, 
the remaining normal physeal cartilage cells surrounding this 
area can produce bone in a more linear and orderly fashion 
than before. In a rabbit model, Lee et al. compared the results 

 

A B C

FIGURE 32.73 A and B, Immediate postoperative anteroposterior and lateral radiographs 
demonstrating tibial lengthening over an intramedullary nail. C, After gradual lengthening, two 
distal interlocking screws and one distal tibiofibular transfixing screw are inserted. The external 
fixator is removed. (From Park HW, et al: Tibial lengthening over an intramedullary nail with use 
of the Ilizarov external fixator for idiopathic short stature, J Bone Joint Surg 90:1970–1978, 2008.) 
SEE TECHNIQUE 32.24.
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of interposition with physeal grafts, free fat, and Silastic 
after epiphysiodesis for correction of partial growth arrest. 
Clinical, radiographic, and histologic studies showed physeal 
grafts (from the iliac crest) to be superior to Silastic in cor-
recting angular deformity and contributing to the longitudi-
nal growth of the tibia after resection of a large, peripherally 
situated bony bridge. Interposition of fat produced the worst 
results. We have resected a bony bridge in conjunction with 
an angulation osteotomy and used fat or silicone to fill the 
resected area.

Depending on the location of the physis and the amount 
of the deformity, we agree with MacEwen (personal commu-
nication) that bony bridge resection usually does not correct 
a significant angular deformity but that the resection may 
decrease the number of osteotomies necessary during the 
growth of a young child by decreasing the rate of recurrence 
of the angular deformity.

Ingram at this clinic described a technique for osteotomy at 
the level of the bony bridge adjacent and parallel to the physis. 
With this technique, the bridge does not have to be peripheral. 
When the osteotomy is opened, the white, sclerotic bridge of 
bone can be differentiated easily from the normal cancellous 
metaphyseal bone with or without a magnifying optical loupe 
or microscope. The bridge is resected with a dental burr, leav-
ing only the normal physis and cancellous bone of the epiphysis 
and the metaphysis. A free graft of fat or a piece of silicone is 
placed in the defect, and the osteotomy is secured after inser-
tion of a wedge of bone to correct deformity. 

 

BONY BRIDGE RESECTION FOR 
PHYSEAL ARREST

 TECHNIQUE 32.25 

(LANGENSKIÖLD)
 n  Before the operation, exact localization and estimation 

of the size of the bony bridge by MRI, CT, and tomogra-
phy in at least two planes are essential (Fig. 32.74A and 
B). More than half of the physis should be normal, and 
the bony bridge should be peripheral, causing a progres-
sive angular deformity or progressive discrepancy of leg 
length or both.

 n  Expose the periphery of the physis by a suitable approach 
near the bony bridge. Use a tourniquet for a bloodless 
field for localization of the cartilaginous plate, which may 
be thin when close to the bridge. Use of a microscope or 
binocular loupe makes the procedure easier.

 n  Define the most peripheral part of the bony bridge, and 
remove the overlying periosteum. Remove the bony 
bridge until the normal periphery of the physis is reached 
on both sides of the bridge and until the cartilaginous 
plate can be seen around the whole cavity. It is essential 
that no part of the bridge be left and that normal physeal 
cartilage not be removed unnecessarily.

 n  Release the tourniquet, and while hemostasis is occurring, 
secure a piece of fat from the subcutaneous tissue, prefer-
ably from the gluteal fold, to fill the cavity. After cessation 

of bleeding, fill the cavity with the autogenous fat. When 
the resected cavity is irregular, divide the fat transplant 
into several pieces to ensure complete filling.

 n  To keep the autogenous fat in place, suture ligament, 
muscle, or subcutaneous tissue over the defect. Close the 
wound in layers without drainage.
   

 

BONY BRIDGE RESECTION AND 
ANGULATION OSTEOTOMY FOR 
PHYSEAL ARREST

 TECHNIQUE 32.26 

(INGRAM)
 n  Accompanying a bony bridge there is usually not only 

angular deformity but also shortening, and an opening 
wedge osteotomy usually is indicated to gain length.

 n  Perform the osteotomy on the same side of the bone 
as the bony bridge causing the angular deformity (Fig. 
32.74A and B). Expose the metaphyseal area of the bone 
without damaging the periphery of the physis on the side 
of the bone where the bridge is located.

 n  After subperiosteal exposure, place a guide pin in the me-
taphysis parallel to the physis and just adjacent to it, using 
either radiographic control or image intensifier fluoros-
copy. The guide pin should penetrate or lie just adjacent 
to the bony bridge (Fig. 32.74C).

 n  Perform an osteotomy at the level of the guide pin, and 
open the osteotomy site wide with a laminar spreader. 
Using a small dental burr, resect completely the white 
sclerotic bony bridge, using an operating microscope or a 
magnifying loupe for improved vision (Fig. 32.74D). Carry 
the resection through the physis, ensuring that all of the 
bony bridge is resected and that normal physeal cartilage 
appears on all sides of the cavity. This can be facilitated 
with the use of a dental mirror.

 n  After adequate resection, obtain hemostasis and fill the 
area with autogenous fat obtained from the subcutane-
ous tissue at the incision or with a silicone implant. Cor-
rect the angular deformity appropriately by inserting a 
wedge of autogenous bone into the osteotomy and se-
cure the osteotomy with smooth pins (Fig. 32.74E).

 n  Close the wound in layers, and apply a sterile dressing and 
a plaster splint.

POSTOPERATIVE CARE Weight bearing and activities 
should be limited until the osteotomy has completely 
healed and the pins are removed.

Peripheral and linear bars are more easily approached 
and identified than are central bars. The normal perichon-
dral ring at the perimeter of the healthy physis is replaced 
by periosteum over the bar and is easily stripped. Peripheral 
bar resection involves scooping out the bar but leaving the 
residual healthy physis intact. This requires knowing where 
the bar meets the physis at the perimeter of the bone and 
the depth that the bar reaches into the physis.
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D

F

B C

FIGURE 32.74 Traumatic epiphyseal arrest from bridge of bone. A and B, Anteroposterior 
radiographs and tomogram of lesion resulting from trauma to medial aspect of the distal tibial 
epiphysis. C-E, Steps in operative technique of Ingram for excision of bony bar and wedge oste-
otomy of distal tibia (see text). F, Radiograph showing correction of deformity and defect at bony 
bridge site. (C to F from Canale ST, Harper MC: Biotrigonometric analysis and practical applications 
of osteotomies of tibia in children, Instr Course Lect 30:85–101, 1981.) SEE TECHNIQUES 32.25 AND 
32.26.
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PERIPHERAL AND LINEAR PHYSEAL 
BAR RESECTION FOR PHYSEAL 
ARREST

 TECHNIQUE 32.27 

(BIRCH ET AL.)
 n  Carefully expose the peripheral junction of the bar and 

the healthy perichondral ring at one, or preferably both, 
edges of the bar. This junction serves as an excellent start-
ing point for removing the bar. Use fluoroscopy to en-
sure that the resection remains at the level of the physis 
and does not drift into the metaphysis or epiphysis (Fig. 
32.75A).

 n  Continue resection until the physis is visible from each 
edge of healthy perichondrium and throughout the depth 
of the cavity (Fig. 32.75B). As an alternative, identify the 

bar with periosteal stripping and fluoroscopic guidance 
and develop a cavity directed toward the physis until it 
is identified (Fig. 32.75C). Extend this cavity peripherally 
until healthy perichondrium is identified at either end of 
the bar.

 n  Fill the defect with autogenous fat from the area or from 
a small incision in the buttocks or groin.
Central bars can be approached from the metaphyseal 

marrow cavity through a metaphyseal cortical window or 
an osteotomy. Arthroscopically assisted central bar resec-
tion has been described using the scope to identify the nor-
mal cartilage after dental burr resection in the defect.

   

 

CENTRAL PHYSEAL BAR RESECTION 
FOR PHYSEAL ARREST

 TECHNIQUE 32.28 

(PETERSON)
 n  For bars extending completely across the physis, evalu-

ate tomographic maps to determine surgical approach, 
and ensure complete removal (Fig. 32.76). Approach cen-
trally located bars (Fig. 32.77A) through the metaphy-
sis or epiphysis. Because the bar is not readily accessible 
through the transepiphyseal approach, and because it 
usually requires traversing the joint, the transmetaphyseal 
approach is preferable, although it requires removal of a 
window of cortical bone and some cancellous metaphy-
seal bone to reach the bony bar (Fig. 32.77B).

 n  After removal of the entire bar with a high-speed burr, 
inspect the normal physis with a small dental mirror (Fig. 
32.77C). The sides of the cavity should be flat and smooth 
(Fig. 32.78).

 n  Place metal markers, such as surgical clips, in the me-
taphysis and epiphysis to aid in accurate measurement 
of subsequent growth of the involved physis. Place these 

 

A B C
FIGURE 32.75 Peripheral bar resection (see text). A, Fluoroscopy ensures that resection remains 

at level of physis. B, Resection continues until physis is visible throughout depth of cavity. C, An 
alternative method for exposure is periosteal stripping with fluoroscopic guidance. (Redrawn 
from Birch JG: Technique of partial physeal bar resection, Op Tech Orthop 3:166–173, 1993.) SEE 
TECHNIQUES 32.27 AND 32.28.

 

A B C
FIGURE 32.76 A to C, Elongated bar extending from anterior 

to posterior surfaces. Although all three have same appearance on 
anteroposterior view (top row), they have different contours on 
transverse sections (bottom row) (see text).
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markers in cancellous bone, not in contact with the cavity, 
and in the same longitudinal plane proximally and distally 
to the defect.

 n  In a large cavity that is gravity dependent, pour liquid Cra-
nioplast into the defect. If the cavity is not gravity depen-
dent, place the Cranioplast in a syringe and push it into the 
defect through a short polyethylene tube (Fig. 32.79A) or 
allow the Cranioplast to set partially and push it like putty 
into the defect. Allow as little Cranioplast as possible to 

remain in the metaphysis. After the Cranioplast has set, fill 
the remainder of the metaphyseal cavity with cancellous 
bone (Fig. 32.79B). The contour of the cavity also is im-
portant. Bar formation is less likely when the interposition 
material remains in the epiphysis (Fig. 32.80A) than when 
the epiphysis grows away from it (Fig. 32.80B).

 n  Methods of keeping the plug in the epiphysis include 
drilling holes in the cavity (undermining) (Fig. 32.81) and 
enlarging the cavity (Fig. 32.82).

 

A B

C

FIGURE 32.77 A, Central bar with peripheral growth results in “tenting” or “cupping” of physis 
(see text). B, Excision of central bar through window in metaphysis (see text). C, Examination of 
entire physis with dental mirror (see text). SEE TECHNIQUE 32.37.

 FIGURE 32.78 Smoothing metaphyseal bone surface (see text). 
SEE TECHNIQUE 32.37.

 

A B
FIGURE 32.79 A, Insertion of Cranioplast with syringe (see text). 

B, Bone graft filling remainder of defect (see text). SEE TECHNIQUE 
32.37.

 

A B

Growth
arrest
line

Metallic
markers

Metallic
markers

FIGURE 32.80 A, Plug growing away from proximal marker and 
growth arrest line (see text). B, Plug remaining with metaphysis as 
epiphysis grows (see text). SEE TECHNIQUE 32.37.

 FIGURE 32.81 Undermining of epiphysis (see text). SEE TECH-
NIQUE 32.37.
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POSTOPERATIVE CARE Joint motion is begun immedi-
ately. If osteotomy has not been done, no cast or other 
immobilization is necessary. Weight bearing is encour-
aged on the day of surgery or as soon as comfort permits. 
Follow-up with scanograms continues until maturity.
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CEREBRAL PALSY
David D. Spence, Benjamin W. Sheffer

CHAPTER 33

ETIOLOGY
Cerebral palsy is a heterogeneous disorder of movement and 
posture that has a wide variety of presentations, ranging from 
mild motor disturbance to severe total body involvement. 
Because of this variability in clinical presentation and the 
absence of a definitive diagnostic test, defining exactly what 
cerebral palsy is has been difficult and controversial. It is gen-
erally agreed that there are three distinctive features common 
to all patients with cerebral palsy: (1) some degree of motor 
impairment, which distinguishes it from other conditions, 
such as global developmental delay or autism; (2) an insult 
to the developing brain, making it different from conditions 
that affect the mature brain in older children and adults; and 
(3) a neurologic deficit that is nonprogressive, which distin-
guishes it from other motor diseases of childhood, such as 
the muscular dystrophies. In 2004 the International Executive 
Committee for the Definition of Cerebral Palsy revised the 
definition of cerebral palsy to state: Cerebral palsy (CP) 
describes a group of permanent disorders of the development 
of movement and posture, causing activity limitation, that 

are attributed to nonprogressive disturbances that occurred 
in the developing fetal or infant brain. The motor disorders 
of cerebral palsy often are accompanied by disturbances of 
sensation, perception, cognition, communication, behavior, 
epilepsy, and secondary musculoskeletal problems.

The insult to the brain is believed to occur between the 
time of conception and age 2 years, at which time a signifi-
cant amount of motor development has already occurred. A 
similar injury to the brain after age 2 years can have a similar 
effect, however, and often is called cerebral palsy. By 8 years of 
age, most of the development of the immature brain is com-
plete, as is gait development, and an insult to the brain results 
in a more adult-type clinical picture and outcome.

Although the neurologic deficit is permanent and non-
progressive, the effect it can have on the patient is dynamic, 
and the orthopaedic aspects of cerebral palsy can change dra-
matically with growth and development. Growth, along with 
altered muscle forces across joints, can lead to progressive loss 
of motion, contracture, and eventually joint subluxation or 
dislocation, resulting in degeneration that may require ortho-
paedic intervention.
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Children with cerebral palsy constitute the largest group 
of pediatric patients with neuromuscular disorders in the 
United States. The prevalence of cerebral palsy varies around 
the world according to the amount and quality of prenatal 
care, the socioeconomic condition of the parents, the environ-
ment, and the type of obstetric and pediatric care the mother 
and child receive. The determination of the true prevalence 
also is difficult because many children are not diagnosed until 
age 2 or 3 years; this most often occurs in socioeconomic 
groups that have decreased access to medical care. In the 
United States, the occurrence is approximately two per 1000 
live births; there are approximately 25,000 new patients with 
cerebral palsy each year, and approximately 400,000 children 
with cerebral palsy at any given time. The United States expe-
rienced an initial decrease in the number of affected children 
in the 1950s and 1960s as a result of better understanding and 
treatment of maternal-fetal Rh incompatibility and improve-
ments in obstetric techniques. More recently, the prevalence 
of cerebral palsy was thought to be increasing because of the 
increased survival of premature and low-birth-weight infants; 
however, two large population-based studies showed that the 
improved survival of these infants has not contributed to the 
increase in prevalence of cerebral palsy in the United States. 
Worldwide, the prevalence ranges from 0.6 to 7.0 cases per 
1000 live births. The cost of operative treatment in children 
with cerebral palsy is substantial. In 1997, there were an esti-
mated 37,000 operative procedures performed, with the most 
common being gastrostomy tube placements, soft-tissue 
releases, fundoplications, spinal fusions, and hip osteotomies. 
These procedures accounted for 50,000 hospital days and 
$150 million in charges.

Injury to the developing brain can occur at any time 
from gestation to early childhood and typically is catego-
rized as prenatal, perinatal, or postnatal. Contrary to popu-
lar belief, fewer than 10% of injuries that result in cerebral 
palsy occur during the birth process, with most occurring 
in the prenatal period. A wide variety of risk factors for 
cerebral palsy have been identified in the prenatal period, 
including risk factors inherent to the fetus (most commonly 
genetic disorders), factors inherent to the mother (seizure 
disorders, mental retardation, and previous pregnancy loss), 
and factors inherent to the pregnancy itself (Rh incompat-
ibility, polyhydramnios, placental rupture, and drug or alco-
hol exposure). External factors, such as TORCH syndrome 
(toxoplasmosis, other agents, rubella, cytomegalovirus, her-
pes simplex), also can lead to cerebral palsy in the prena-
tal period. Occurrences in the absence of any known risk 
factors may be caused by some yet unknown factor during 
this critical time in brain development. Several more recent 
studies have suggested a possible role of chorioamnionitis as 
one of these factors.

Cerebral palsy in the perinatal period, from birth until 
a few days after birth, typically is associated with asphyxia 
or trauma that occurs during labor. Oxytocin augmentation, 
umbilical cord prolapse, and breech presentation all have 
been associated with an increased occurrence of cerebral 
palsy. Only 10% of cases of cerebral palsy occur during this 
time period, and most patients with cerebral palsy have no 
history of asphyxia. Although cerebral palsy is often associ-
ated with low Apgar scores during this period, many neo-
nates have low scores because of other conditions, such as 
genetic disorders, that are completely unrelated to asphyxia. 

Low-birth-weight infants (<1500 g) are at dramatically 
increased risk of cerebral palsy, with an incidence of 60 per 
1000 births compared with two per 1000 births in infants 
of normal weight. This increased incidence is believed to 
be caused by the fragility of the periventricular blood ves-
sels, which are highly susceptible to physiologic fluctuations 
during pregnancy (Fig. 33.1). These fluctuations, which 
include hypoxic episodes, placental pathology, maternal 
diabetes, and infection, can injure these vessels and lead to 
subsequent intraventricular hemorrhages. These injuries are 
graded on a scale from I to IV (Table 33.1), with an increased 
incidence of neurologic consequences such as hydrocepha-
lus and cerebral palsy in grade III (bleeding into ventricles 
with dilation) and grade IV (bleeding into brain substance). 
In addition, the periventricular area, which is important for 
motor control, is especially susceptible from the 26th to the 
32nd week of pregnancy. If this area is injured, diplegia usu-
ally results. Often, a synergistic combination of events leads 
to brain injury and the subsequent development of cerebral 
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FIGURE 33.1 Periventricular leukomalacia. Cross-sectional 
view shows blood vessels that supply brain with blood (left) and 
brain structures (right). Area surrounding ventricles contains “white 
matter” that includes descending neuronal pathways of motor 
control system. This area, especially farther forward in brain, is 
susceptible to damage in premature infants because of relative 
paucity of blood vessels. Fluctuations in blood flow, blood oxygen, 
or blood glucose levels can cause damage in this area, resulting 
in disturbance of motor control system and subsequent (usually 
spastic) cerebral palsy.

 TABLE 33.1

Grading of Periventricular Lesions

I Bleeding confined to germinal matrix
II Bleeding extends into ventricles
III Bleeding into ventricles with dilation
IV Bleeding into brain substance

Adapted from Pellegrino L, Dormans JP: Definitions, etiology, and epidemiology 
of cerebral palsy. In Pellegrino L, Dormans JP, editors: Caring for children with 
cerebral palsy: a team-based approach, Baltimore, 1998, Paul Brookes.
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palsy. Pregnancies involving multiple births also are at 
increased risk for cerebral palsy, primarily because of their 
association with premature delivery.

Although most children born with cerebral palsy are 
delivered at full term, full-term infants are at a much lower 
risk of developing cerebral palsy than are premature infants. 
Hypoxic-ischemic encephalopathy, which is characterized 
by hypotonia, decreased movement, and seizures, is a com-
mon cause of cerebral palsy during the postnatal period. 
Meconium aspiration and persistent fetal circulation with 
true ischemia are the most common causes of hypoxic-isch-
emic encephalopathy. Infections such as encephalitis and 
meningitis, most commonly caused by group B Streptococcus 
and herpes, can lead to cerebral palsy during this period. 
Traumatic brain injury from accidents or child abuse also 
accounts for a significant number of cases of cerebral palsy 
that develop in the postnatal period. Improvements in 
obstetric care have dramatically decreased the frequency of 
iatrogenic brain injury. 

CLASSIFICATION
Because of the wide variability in presentation and types 
of cerebral palsy, various classification schemes have been 
described. Traditionally, cerebral palsy has been classified by 
the clinical physiologic picture, the region of the body affected, 
or the neuroanatomic region of the brain that was injured. 
More recently, the Gross Motor Function Classification 
System (GMFCS) has been adopted as the most widely used 
classification scheme; this system stratifies children based on 
function at various ages.

GEOGRAPHIC CLASSIFICATION
The anatomic region of the body affected with the movement 
disorder should be identified as shown in Table 33.2. Often, 
it is difficult to classify completely the pattern of involvement 
geographically because some extremities may be only subtly 
involved and a patient’s pattern of involvement can change 
over time. This classification is useful, however, in describing 
general patterns of involvement.

MONOPLEGIA
Monoplegia is very rare and usually occurs after men-
ingitis. Most patients diagnosed with monoplegia actu-
ally have hemiplegia with one extremity only very mildly 
affected. 

HEMIPLEGIA
In hemiplegia, one side of the body is involved, with the upper 
extremity usually more affected than the lower extremity. 
Patients with hemiplegia, approximately 30% of patients with 
cerebral palsy, typically have sensory changes in the affected 
extremities as well. Severe sensory changes, especially in the 
upper extremity, are a predictor of poor functional outcome 
after reconstructive surgery. Hemiplegic patients also may 
have a leg-length discrepancy, with shortening on the affected 
side, which can be treated with contralateral epiphysiodesis 
or leg lengthening. 

DIPLEGIA
Diplegia is the most common anatomic type of cerebral palsy, 
constituting approximately 50% of all cases. Patients with 

diplegia have motor abnormalities in all four extremities, with 
the lower extremities more affected than the upper. The close 
proximity of the lower extremity tracts to the ventricles most 
likely explains the more frequent involvement of the lower 
extremities with periventricular lesions (Fig. 33.1). This type 
of cerebral palsy is most common in premature infants; intel-
ligence usually is normal. Most children with diplegia walk 
eventually, although walking is delayed usually until around 
age 4 years. 

QUADRIPLEGIA
In quadriplegia, all four extremities are equally involved 
and many patients have significant cognitive deficiencies 
that make care more difficult. Head and neck control usu-
ally is present, which helps with communication, education, 
and seating. Treatment goals for patients with quadriplegia 
include a straight spine and level pelvis, located mobile hips 
with 90 degrees of flexion for sitting and 30 degrees of exten-
sion for pivoting, plantigrade feet that can fit in shoes, and an 
appropriate wheelchair. 

TOTAL BODY
Patients with total body involvement typically have pro-
found cognitive deficits in addition to loss of head and 
neck control. These patients usually require full-time 
assistance for activities of daily living and specialized 
seating systems to assist with head positioning. Drooling, 
 dysarthria, and dysphagia also are common and compli-
cate care. 

OTHER TYPES
Some patients have a double hemiplegia pattern as a result of 
bleeding in both hemispheres of the brain. It often is difficult 
to differentiate this from diplegia or quadriplegia; however, in 
double hemiplegia, the upper extremities typically are more 
involved than the lower.

 TABLE 33.2

Geographic Classification of Cerebral Palsy

TYPE DESCRIPTION/INVOLVEMENT
Monoplegia One extremity involved, usually lower
Hemiplegia Both extremities on same side 

involved
Usually upper extremity involved 
more than lower extremity

Paraplegia Both lower extremities equally 
involved

Diplegia Lower extremities more involved than 
upper extremities
Fine-motor/sensory abnormalities in 
upper extremity

Quadriplegia All extremities involved equally
Normal head/neck control

Double hemiplegia All extremities involved, upper more 
than lower

Total body All extremities severely involved
No head/neck control
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Paraplegia is very rare and is characterized by bilateral 
lower extremity involvement with (in contrast to diplegia) 
completely normal gross and fine motor skills in the upper 
extremity. Many patients diagnosed with paraplegia actu-
ally are diplegic with very mildly involved upper extremities. 
Although occasionally mentioned, triplegia, the involvement 
of three extremities, probably does not exist. With careful 
examination, most patients believed to have triplegia actually 
have subtle motor deficits of the least involved limb. 

PHYSIOLOGIC CLASSIFICATION
Most patients with cerebral palsy have recognizable patterns 
of movement that also can be classified. A basic understand-
ing of normal brain development is important to understand-
ing the various types. During the first trimester, the immature 
brain separates into the gross structures, including the cere-
brum, cerebellum, and medulla. Neurons begin to form in 
the second trimester, and the total number of neurons an 
individual eventually has are present at the end of this time 
frame. Any neurons lost from this point forward are irre-
placeable. Synaptic connections and myelination begin dur-
ing the third trimester and continue through adolescence in 
a highly organized fashion. As these synapses develop and 
myelinization continues, primitive reflexes disappear and 
more mature motor patterns arise. Because of this continued 
development after birth, many injuries to the newborn ner-
vous system go unrecognized until the absence of expected 
patterns can be detected. Different pathways of the brain are 
myelinated at different times; therefore spastic diplegia usu-
ally is not detected until 8 to 10 months of age; hemiplegia, 20 
months of age; and athetoid cerebral palsy, after 24 months of 
age. This should be kept in mind because a child’s pattern may 
change over time.

Physiologically, cerebral palsy can be divided into a spas-
tic type, which affects the corticospinal (pyramidal) tracts, 
and an extrapyramidal type, which affects the other regions 
of the developing brain. The extrapyramidal types of cerebral 
palsy include athetoid, choreiform, ataxic, rigid, and hypo-
tonic (Fig. 33.2).

SPASTIC
Spastic is the most common form of cerebral palsy, consti-
tuting approximately 80% of cases, and usually is associated 
with injury to the pyramidal tracts in the immature brain. 
Spasticity, or the velocity-dependent increase in muscle tone 
with passive stretch, is caused by an exaggeration of the nor-
mal muscle passive stretch reflex. Booth showed histologi-
cally that this altered muscle function leads to the deposition 
of type I collagen in the endomysium of the affected muscle, 
leading to thickening and fibrosis, the degree of which cor-
related to the severity of the spasticity. Often, patients have 
simultaneous cocontraction of normally antagonistic muscle 
groups leading to fatigue, loss of dexterity and coordination, 
and balance difficulties. Joint contractures, subluxation, and 
degeneration are common in patients with spastic cerebral 
palsy. 

ATHETOID
Athetoid cerebral palsy is caused by an injury to the extra-
pyramidal tracts and is characterized by dyskinetic, purpose-
less movements that may be exacerbated by environmental 
stimulation. The clinical picture varies based on the level of 
excitement of the patient. In pure athetoid cerebral palsy, 
joint contractures are uncommon; the results of soft-tissue 
releases, in contrast to those seen in spastic cerebral palsy, are 
unpredictable, and the procedures have a high complication 

 

Hemiplegia

Regional involvement Global (total body) involvement

Diplegia Quadriplegia Athetoid Dystonic Ataxic

Spastic Dyskinetic

Pyramidal Extrapyramidal

Ataxia

Normal
Mild involvement
Severe involvement

FIGURE 33.2 Classification of cerebral palsy. Although overlaps in terminology exist, cerebral palsy can be classified according to 
distribution (regional versus global involvement, hemiplegic, diplegic, quadriplegic), physiologic type (spastic, dyskinetic/dystonic, dyski-
netic/athetoid, ataxic), or presumed neurologic substrate (pyramidal, extrapyramidal).  (Redrawn from Pellegrino L: Cerebral palsy. In Batshaw 
ML, editor: Children with disabilities, ed 4, Baltimore, 1997, Paul H. Brookes.)
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rate. With the improvements in prevention of Rh incompat-
ibility leading to kernicterus, the incidence of athetoid cere-
bral palsy is decreasing. Dystonia, characterized by increased 
overall tone and distorted positioning in response to volun-
tary movements, or hypotonia also can occur with athetoid 
cerebral palsy. 

CHOREIFORM
Choreiform cerebral palsy is characterized by continual pur-
poseless movements of the patient’s wrists, fingers, toes, and 
ankles. This continuous movement can make bracing and sit-
ting difficult. 

RIGID
Patients with rigid cerebral palsy are the most hypertonic of 
all cerebral palsy patients. This hypertonicity occurs in the 
absence of hyperreflexia, spasticity, and clonus, which are 
common in spastic cerebral palsy. These patients have a “cog-
wheel” or “lead pipe” muscle stiffness that often requires sur-
gical release. When a surgical release is done, it is essential not 
to overweaken the muscle, which would cause the opposite 
deformity to occur. 

ATAXIC
Ataxic cerebral palsy is very rare and probably is the most 
often misdiagnosed type. It is characterized by the distur-
bance of coordinated movement, most commonly walking, as 
a result of an injury to the developing cerebellum. It is impor-
tant to distinguish true ataxia from spasticity because with 
treatment many children with ataxia are able to improve their 
gait function without surgery. Overaggressive tendon length-
ening in patients with ataxia can lead to iatrogenic weakness, 
which further interferes with gait function. 

HYPOTONIC
Hypotonic cerebral palsy is characterized by weakness in 
conjunction with low muscle tone and normal deep tendon 
reflexes. Many children who ultimately develop spastic or 
ataxic cerebral palsy pass through a hypotonic stage lasting 1 
or 2 years before the true nature of their brain injury becomes 
apparent. Persistent hypotonia can lead to difficulties with sit-
ting balance, head positioning, and communication. 

MIXED
Many patients with cerebral palsy have features of more than 
one type and are referred to as having mixed cerebral palsy. 
Patients with mixed cerebral palsy usually show signs of pyra-
midal and extrapyramidal deficits. The final clinical appear-
ance is determined by the relative components of spasticity, 
athetosis, and ataxia. Surgical releases in this group can be 
less predictable, especially when a large athetoid or ataxic 
component is present. 

FUNCTIONAL CLASSIFICATION
In recent years, newer classification systems have been devel-
oped based on function. Functional classification systems are 
able to grade individuals based on their abilities instead of their 
deficiencies and promote the concepts of the World Health 
Organization’s International Classification of Functioning, 
Disability, and Health, which focuses on activity and partici-
pation. The first widely accepted functional classification was 
the Gross Motor Function Classification System (GMFCS) 

(Box 33.1). Initially described by Palisano et al., this five-level 
ordinal grading system has been found to be a reliable and 
stable method of classification and prediction of motor func-
tion for children under the age of 12 years. It has since been 
expanded and revised to include children 12 to 18 years of 
age. It takes into account functional limitations for assistive 
devices, such as walkers and wheelchairs, and the quality of 
movement based on age. The emphasis of this scale is on self-
initiated movement and walking and sitting function. The 
GMFCS has been shown to be predictive of hip dislocation.

The impact and acceptance of the GMFCS led to the 
introduction of the Manual Abilities Classification System 
(MACS) (Table 33.3). This five-level ordinal system was 
developed to be similar to the GMFCS but is intended to 
assess how a child with cerebral palsy uses his or her hands 
to perform activities of daily living. It also has been validated 
by multiple studies, and interrater reliability has been found 
to be good to excellent among health care professionals and 
care providers for children 4 to 18 years of age. Also similar 
to the GMFCS, the MACS remains stable over time with little 
change after the age of 4 years. 

DIAGNOSIS
History and physical examination are the primary tools in mak-
ing the diagnosis of cerebral palsy. The history should include 
a thorough investigation of the pregnancy and delivery. With 
the exception of several rare conditions, such as familial spastic 
paraparesis and congenital ataxia, there is no known genetic 
component to cerebral palsy. Ancillary studies, such as radio-
graphs, hematologic studies, chromosomal analysis, computed 
tomography (CT), magnetic resonance imaging, and positron 
emission tomography, rarely are needed to make the diagnosis 
but may be helpful in determining the type and extent of cere-
bral palsy present. Diagnosis of cerebral palsy before 2 years 
of age can be difficult. One study found that 55% of children 
diagnosed with cerebral palsy by 1 year of age did not meet the 
criteria by 7 years of age. Transient dystonia of prematurity is a 
condition characterized by increased tone in the lower extrem-
ities between 4 and 14 months old and often is confused with 
cerebral palsy. This is a self-limiting condition and resolves 
without treatment. In addition, African-American children 
tend to have higher muscle tone than other ethnic groups, 
which also can lead to a misdiagnosis of cerebral palsy.

Knowledge of normal motor developmental milestones 
and primitive reflexes allows identification of children who 
are delayed in their motor development. Motor development 
usually occurs in a cephalad-to-caudal pattern, starting with 
swallowing and sucking, which are present at birth, and pro-
ceeding to sphincter control, which occurs at 24 to 36 months 
of age (Table 33.4). Primitive reflex patterns of motor activity 
that are outgrown as part of the normal maturation process 
persist longer than normal and in some cases permanently 
in children with cerebral palsy. Other, more mature motor 
patterns, which are essential for normal ambulation, may be 
significantly delayed or never appear. By determining which 
reflexes are present or absent, the child’s neurologic age can 
be determined. By comparing the neurologic age with the 
chronologic age, a neurologic quotient can be determined, 
which is useful in determining prognosis and treatment. The 
presence of these primitive reflexes also can contribute to fur-
ther deformity.
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PROGNOSTIC FACTORS
Considerable work has been done investigating prognostic 
factors for function, including ambulation, in patients with 
cerebral palsy. The presence of tonic neck reflexes usually 
is incompatible with independent standing balance and 
the ability to perform alternating movements of the lower 
extremities necessary for walking. Sitting independently 
by 2 years of age is a good predictor of independent ambu-
lation. If a child cannot sit independently by 4 years, it is 

unlikely he or she will ever walk without assistance. If a child 
has not learned to walk by 8 years of age, and he or she is not 
limited by severe contractures, it is unlikely he or she will 
ever walk at all.

Poor prognostic signs for walking reported by Bleck 
included (1) an imposable asymmetric tonic neck reflex, (2) 
persistent Moro reflex, (3) strong extensor thrust on verti-
cal suspension, (4) persistent neck-righting reflex, and (5) 
absence of normal parachute reaction after 11 months. The 

Gross Motor Functional Classification System

Level I
 n  Up to 2 Years of Age: Infants start to learn to sit on the 

floor and use both hands to play with and manipulate objects. 
Infants are also capable of crawling and pulling themselves 
up, and by 18 months, can walk.

 n  Ages 2 to 4: Children can successfully sit on the floor with no 
assistance. They may also begin to stand without adult assis-
tance and walk. Walking is typically preferred over crawling.

 n  Ages 4 to 6: Children can sit in a chair and get up from a 
chair without assistance. They can also move to the floor from 
a chair without assistance, walk freely without assistance, and 
begin to run and jump.

 n  Ages 6 to 12: Children can run, walk, jump, and climb stairs 
without assistance; balance and coordination may be lacking 
still. 

Level II
 n  Up to 2 Years of Age: Infants may begin to sit on the floor 

but only with adult assistance or by relying on their hands 
for support. They may begin to crawl on hands and knees or 
“creep” on their belly.

 n  Ages 2 to 4: Children can sit on the floor but require assis-
tance, especially if they’re using their hands to manipulate and 
grab objects. Reciprocal patterns are used when crawling on 
hands and knees, and children can walk either with assistive 
devices or by holding onto furniture or other sturdy objects.

 n  Ages 4 to 6: Children can now sit in a chair without assistance 
but need assistance from standing to moving to the floor, 
such as a sturdy table or surface. Additionally, they can walk 
for short distances without support and can climb stairs as 
long as they are holding the rails for support. However, they 
cannot skip, run, or jump.

 n  Ages 6 to 12: Children can walk both indoors and outdoors 
with little to no assistance but will need help with walking in 
crowds, in unfamiliar settings, and on inclined surfaces. They 
still need rails when climbing steps and only possess minimal 
abilities for gross motor skills, such as running, jumping, and 
skipping. 

Level III
 n  Up to 2 Years of Age: Infants can roll and creep in a forward 

position while on their stomachs but will need assistance with 
sitting via lower back support.

 n  Ages 2 to 4: Children can sit on the floor unsupported but 
typically in the “W” position: rotated hips and knees. They 
also can crawl on their hands and knees, usually without 
moving the legs. Crawling tends to be the preferred method 
of moving around.

 n  Ages 4 to 6: Children can sit upright on a chair but require 
trunk support if using their hands. Additionally, they can lift 
themselves from the chair with the assistance of sturdy furni-
ture, such as a table, and can climb stairs with adult help. They 
can also walk while using a mobility device for assistance.

 n  Ages 6 to 12: With a mobility device for assistance, children 
walk both outdoors and indoors. They may be able to climb 
stairs without adult assistance but with the use of handrails. 
If they are traveling long distances or walking on uneven or 
inclined distances, they will either need to be carried or use 
a wheelchair. 

Level IV
 n  Up to 2 Years of Age: Infants can roll from back to stomach 

and vice versa but can only sit upright with trunk assistance.
 n  Ages 2 to 4: When placed on the floor, children can sit up, 

but will need to use their hands and arms for support. In 
most instances, they will need adaptive equipment for both 
sitting and standing, but crawling on their hands and knees, 
stomach creeping, and/or rolling are the preferred methods 
of moving.

 n  Ages 4 to 6: Children can sit on a chair with trunk support 
and can move from the chair by holding onto a sturdy surface. 
They can walk short distances, but adult supervision is highly 
recommended as they may have problems turning and 
keeping their balance.

 n  Ages 6 to 12: Children will maintain the same mobility from 
age 6, but they may rely more on wheelchairs and walk-
assisting devices, especially at school or in the community. 

Level V
 n  Up to 2 Years of Age: Voluntary control of movements 

are physically impaired and, in turn, the infant cannot hold 
his or her head and trunk without support. They also need 
assistance in rolling over.

 n  Ages 2 to 4: All areas of motor function are still limited, 
rendering it difficult for the child to sit without assistance, 
to crawl, or achieve any type of independent mobility at all.

 n  Ages 4 to 6: Children can now sit on a chair but will need 
adaptive equipment to hold them in place. In addition, they 
will need to be transported, even for daily activities, as they 
still have no independent mobility.

 n  Ages 6 to 12: Some children may be able to achieve mobility 
on their own via an electronic wheelchair, but mobility will 
still be limited to the point where they cannot move on their 
own, including the inability to support their trunks and bodies. 
Additional expansive adaptation equipment is used in some 
instances.

 BOX 33.1 
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persistence of these primitive reflexes is associated with 
extensive and severe brain damage and a poor prognosis for 
independent ambulation, self-care, and activities of daily 
living. 

GAIT ANALYSIS
Before the development of computer-based gait analysis sys-
tems, careful clinical observation was the primary method 
of diagnosing gait disturbances in children with cerebral 
palsy. It is still an essential component in making the diag-
nosis. This clinical observation is done by repeatedly watch-
ing the child walk from the front, sides, and back, studying 
one component of gait at a time. Attention should be paid 
to the pelvis, hip, knee, ankle, and foot and to stride length, 
cadence, rotational alignment, trunk position, and side-to-
side differences.

Modern quantitative gait analysis uses high-speed 
motion picture cameras from different angles, retroreflec-
tive markers on the surface of the skin aligned with palpable 
skeletal landmarks, and force platforms to measure the vari-
ous components of gait. Kinematic data are obtained and pre-
sented in a waveform that represents the three-dimensional 
motion of the joints during the gait cycle. Electromyographic 
(EMG) testing, which documents the activation of various 
muscles during the gait cycle, also is used to determine which 

muscles are firing in a normal pattern and which are firing 
out of phase. Other components of quantitative gait analy-
sis include pedobarography (foot pressure) and oxygen con-
sumption measurement. Combined, these give the trained 
observer an accurate representation of the complex interac-
tion of all of the components of gait. Gait analysis frequently 
is used in preoperative planning before lower extremity sur-
gery to delineate a patient’s specific gait deviations and plan 
the appropriate intervention. One study found that when 
experienced observers were given quantitative gait analysis 
for patients after surgical recommendations had already been 
made based on clinical observation, the surgical recommen-
dation changed 52% of the time.

Although quantitative gait analysis provides objective 
data, interpretation of that data seems to be subjective. Only 
slight-to-moderate agreement has been noted among physi-
cians in identification of soft-tissue and bony problems and 
in recommendations for treatment. Significant institutional 
differences in diagnosis and treatment recommendations 
also have been found. Clinical examination combined with 
gait analysis has been reported to improve surgical outcome. 
As noted, postoperative gait analysis may be useful not only 
in assessing outcomes but also in making further treatment 
recommendations, including recommendations for brac-
ing, specific physical therapy protocols, and further surgical 
intervention.

Although quantitative gait analysis techniques con-
tinue to improve, their role in the evaluation and treat-
ment of children with cerebral palsy remains controversial. 
Although gait analysis has been shown to alter deci-
sion-making, studies are necessary to determine if these 
changes lead to improved clinical outcomes. Davids et al. 
proposed a five-step paradigm for clinical decision making 
to optimize the walking ability of children with cerebral 
palsy. The five points are clinical history, physical exami-
nation, diagnostic imaging, quantitative gait analysis, and 
examination under anesthesia. We believe that this type of 
approach is better than relying on quantitative gait analy-
sis alone in the diagnosis and treatment of children with 
cerebral palsy. 

 TABLE 33.3 

Manual Ability Classification System (MACS) Levels

LEVEL DESCRIPTION COMMENTS
1 Handles objects easily and successfully At most, limitations in the ease of performing manual tasks requiring speed 

and accuracy; however, any limitations in manual abilities do not restrict 
independence in daily activities

2 Handles most objects but with some-
what reduced quality and/or speed

Certain activities may be avoided or be achieved with some difficulty; 
alternative ways of performance might be used, but manual abilities do not 
usually restrict independence in daily activities

3 Handles objects with difficulty; 
needs help to prepare and/or modify 
activities

Performance is slow and is achieved with limited success regarding quality 
and quantity; activities are performed independently if they have been set 
up or adapted

4 Handles a limited selection of eas-
ily managed objects in adapted 
situations

Performs parts of activities with effort and with limited success; requires 
continuous support and assistance and/or adapted equipment for even 
partial achievement of the activity

5 Does not handle objects and has 
severely limited ability to perform 
even simple actions

Requires total assistance

 TABLE 33.4

Early Motor Developmental Milestones

MILESTONE AVERAGE AGE (MO) 95TH PERCENTILE
Head control 3 6
Independent 
sitting

6 9

Crawling 8 Variable, some 
never do

Pull to stand 8 12
Independent 
walking

12 17
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ASSOCIATED CONDITIONS
Most patients with cerebral palsy have associated impair-
ments that interfere with their daily function, independence, 
mobility, and overall health. These issues may be more impor-
tant to the patient, the patient’s family, and their caregivers 
than the child’s ambulatory status. These conditions must 
be taken into account when considering any type of thera-
peutic intervention. In one study, adults with cerebral palsy 
ranked what was most important to them, and education and 
communication were most important, followed by activities 
of daily living and mobility. Ambulation was ranked fourth. 
Because of the complex nature of these conditions, a multi-
disciplinary team approach to patients with cerebral palsy is 
essential.

The most common associated conditions in patients 
with cerebral palsy are mental impairment or learning dis-
ability (40%); seizures (30%); complex movement disorders 
(20%); visual impairment (16%); malnutrition and related 
conditions, such as gastroesophageal reflux, obesity, and 
undernutrition (15%); and hydrocephalus (14%). Mental 
impairment and learning disability can range from very mild 
deficits to severe impairment and inability to live indepen-
dently. Mental retardation, as defined as an IQ less than 50, 
occurs in 30% to 65% of children with cerebral palsy, most 
commonly in quadriplegics. Learning disabilities are wors-
ened by seizure disorders, various medications with central 
nervous system side effects, and communication difficul-
ties. Bulbar involvement can lead to drooling, dysphagia, 
and speech difficulties, which can limit cognitive and social 
development further.

Many children with cerebral palsy (50% in some series) 
have significant visual difficulties, with 7% having a severe 
visual defect. Common visual disturbances include myopia, 
amblyopia, strabismus, visual field defects, and cortical blind-
ness. Visual screening is indicated in all children with cere-
bral palsy. Hearing loss has been reported to occur in 10% 
to 25% of children with cerebral palsy, which can exacerbate 
communication and learning difficulties further. Hearing 
screenings, similar to visual screenings, should be part of the 
routine evaluation of patients with cerebral palsy.

Approximately 30% of patients with cerebral palsy also 
have seizures, most commonly patients with hemiplegia, 
quadriplegia, or postnatally acquired syndromes. Seizures 
and the medications used in their management can have pro-
found effects on learning, communication, and ambulation. 
This has led to renewed interest in alternative medication 
delivery systems, such as intrathecal baclofen and intramus-
cular botulinum toxin injections.

Osteopenia with increased risk of fracture also is com-
mon in children with cerebral palsy, especially children 
who are more severely affected. Fractures often can be dif-
ficult to diagnose, especially in nonverbal patients. The use 
of whole-body technetium bone scanning can be helpful to 
identify occult fractures in these patients. The nonoperative 
and operative treatment of these fractures has a high com-
plication rate and usually interferes with the child’s social 
and school activities and can make it difficult for caretak-
ers. Significant femoral osteopenia (bone mineral density 
Z-score of <−2) has been identified in nearly 80% of children 
with cerebral palsy and 97% of nonstanders. Femoral frac-
tures can occur especially in nonambulatory patients with 

severe involvement. Although these can be treated nonop-
eratively, there is a high rate of malunion requiring surgery 
and increased cast-related complications. Bisphosphonates 
and growth hormone have been shown in small studies to 
be safe and effective in increasing bone mineral density in 
children with cerebral palsy, but large multicenter trials are 
lacking. Severe medical problems, such as aspiration pneu-
monia and profound feeding problems, can lead to malnu-
trition, immune suppression, and metabolic abnormalities. 
Gastroesophageal reflux often can be managed medically 
and with positioning, but fundoplication may be necessary. 
Enteral feeding augmentation often is necessary because of 
swallowing dysfunction and the risk of aspiration pneumo-
nia. This can be done with a gastrostomy or jejunostomy 
tube. Patients with protein malnutrition have been shown to 
be at increased risk of postoperative infection.

Emotional problems add to these associated conditions. 
The child’s self-image plays an important role, especially in 
adolescence, when the differences between the affected child 
and peers become more apparent. Communication difficul-
ties also may affect self-image at this stage. The attitudes of the 
parents, siblings, treatment team, and community are impor-
tant to help the child or young adult maximize his or her 
independence and function. As young adulthood is reached, 
concerns about employment, self-care, sexual function, mar-
riage, childbearing, and caring for aging parents may become 
emotional stressors. 

TREATMENT
Because of the heterogeneous nature of cerebral palsy, it is 
difficult to make generalized statements regarding treatment, 
and it is best to have an individualized approach to each 
patient and his or her needs. In some centers, a multidis-
ciplinary team approach (including physical, occupational, 
and speech therapy; orthotics; nutrition; social work; ortho-
paedics; and general pediatrics) has been successful. Four 
basic treatment principles exist. The first is that although 
the central nervous system injury, by definition, is nonpro-
gressive, the deformities caused by abnormal muscle forces 
and contractures are progressive. The second, which can be 
a source of frustration, is that the treatments currently avail-
able correct the secondary deformities only and not the pri-
mary problem, which is the brain injury. The third is that 
the deformities typically become worse during times of rapid 
growth. For some patients, it may be beneficial to delay sur-
gery until after a significant growth spurt to decrease the 
risk of recurrence. When determining the timing of surgery, 
consider the fact that most children with cerebral palsy have 
an advanced skeletal age compared with chronologic age 
by approximately 2 years and a significantly advanced age 
compared with normal controls of both sexes. The highest 
correlation between advanced bone age was found in quad-
riplegics and in boys with GMFCS level III and girls with a 
body mass index of less than 15. The fourth is that treatment 
should be done to minimize the negative effect that cerebral 
palsy has on the patient’s socialization and education. It is 
important to be aware of these timing issues when consid-
ering any form of treatment in this patient population. For 
most patients a combined approach using nonoperative and 
operative methods is more beneficial than one form of treat-
ment alone.
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NONOPERATIVE TREATMENT
Nonoperative modalities, such as medication, splinting and 
bracing, and physical therapy, commonly are used as primary 
treatment or in conjunction with other forms of treatment 
such as surgery. A wide variety of medications have been used 
to treat cerebral palsy. The three most common agents are 
diazepam and baclofen, which act centrally, and dantrolene, 
which acts at the level of skeletal muscle. Baclofen mimics 
the action of γ-aminobutyric acid, a powerful inhibitory neu-
rotransmitter centrally and peripherally, whereas diazepam 
potentiates the activity of γ-aminobutyric acid. These medi-
cations can be difficult to use because of wide variability in 
effectiveness among children and a narrow therapeutic win-
dow. Because these drugs increase inhibitory neurotransmit-
ter activity, common systemic side effects include sedation, 
balance difficulties, and cognitive dysfunction, which can 
have a dramatic detrimental effect on ambulation, education, 
and communication.

Dantrolene acts at the level of skeletal muscle and 
decreases muscle calcium ion release. It has an affin-
ity for fast twitch muscle fibers and selectively decreases 
abnormal muscle stretch reflexes and tone. Dantrolene is 
used less frequently than other medications because some 
patients taking it develop profound weakness, and there 
is a risk of hepatotoxicity with long-term use. Because of 
the systemic side effects of these medications, there is a 
renewed interest in alternative drug delivery systems, such 
as intrathecal baclofen and intramuscular botulinum toxin 
injections.

Baclofen, in addition to inhibiting abnormal mono-
synaptic extensor activity and polysynaptic flexor activity, 
has been shown to decrease substance P levels, which lim-
its nociception. Baclofen has been shown to penetrate the 
blood-brain barrier poorly, and it has a short half-life (3 to 
4 hours). This requires gradual titration of medication and 
the use of extremely high systemic levels to obtain a central 
effect of spasticity reduction. Intrathecal injection of baclofen 
requires 1/30 the dose of oral baclofen to achieve a similar 
or better response. Injecting baclofen intrathecally with an 
implantable programmable pump dramatically decreases the 
dose required to affect spasticity and decreases some of the 
side effects such as sedation. This pump typically is implanted 
subcutaneously in the abdominal wall and requires refilling 
approximately every 2 to 3 months (Fig. 33.3). A meta-anal-
ysis of 14 studies of intrathecal baclofen management found 
that it reduced lower extremity spasticity, seemed to improve 
function and ease of care, and had manageable complications. 
Baclofen also works at the level of the spinal cord to slow 
abnormal spinal reflexes and decrease motor neuron drive, 
which can reduce spasticity further. Careful monitoring is 
required to prevent overdosage, which can cause a decrease 
in trunk tone, weakness, and sedation. Complications from 
intrathecal baclofen include catheter and pump infection or 
malfunction, spinal fluid leak, respiratory depression, drug 
reactions, and oversedation. Ten to 20 percent of patients 
require further surgery or pump removal. There also have 
been concerns about the progression of scoliosis in patients 
who receive intrathecal baclofen therapy. One study, how-
ever, comparing curve magnitude progression in patients 
with and without the use of intrathecal baclofen showed no 
differences in curve progression between the groups. Until 
longer-term studies can be done, this treatment method is 

indicated for patients whose spasticity significantly interferes 
with self-care and quality of life and in whom other modali-
ties have failed.

Botulinum toxin is a potent neurotoxin, of which there 
are seven serotypes, produced by Clostridium botulinum. 
Botulinum toxin type A (BTX-A) (Botox, Dysport) has been 
used to weaken muscles selectively in patients with cerebral 
palsy. BTX-A injected directly into the muscle acts at the 
level of the motor end plate, blocking the release of the neu-
rotransmitter acetylcholine and inhibiting muscle contrac-
tion. Because it can diffuse 2 to 3 cm in the tissues, it is easier 
to achieve the desired effect with BTX-A than with other 
agents, such as phenol or alcohol, which require more accu-
rate injection. It also is safer than these other agents because 
it binds selectively to the neuromuscular junction and not to 
other surrounding tissues. This effect begins approximately 
24 hours after injection and lasts 2 to 6 months. Care must 
be taken to prevent systemic injection of this toxin, which 
in large enough doses can cause respiratory depression and 
death. The maximal safe dose of BTX-A based on primate 
data is 36 to 50 units/kg of body weight; however, most stud-
ies report doses of less than 20 units/kg. BTX-A has been 
shown to be effective when used in conjunction with other 
modalities, such as physical therapy or serial casting. The 
most common side effects are local pain and irritation from 
the injection. The most common use of BTX-A is as an adju-
vant to a bracing, casting, or physical therapy treatment pro-
gram over a finite period. It is beneficial in young patients 
before the onset of fixed contractures. It also has been used to 
predict the results of tendon-lengthening surgery; however, 
this is controversial. BTX-A also has been shown to improve 
energy expenditure with walking and has been reported to 
improve upper extremity function and self-care, but the 
results are highly variable. With long-term use, efficacy may 
decrease because of the production of antibodies to the toxin; 
it is recommended that injections be done 3 to 4 months apart 
and only when other methods have failed. Contraindications 

 FIGURE 33.3 Continuous intrathecal baclofen infusion. 
Baclofen is injected through skin to reservoir, which is located 
within surgically placed pump beneath skin of abdomen. The 
pump, which is about the size of a hockey puck, is programmable 
using a device placed against skin and over the pump. Medication 
is continuously infused through catheter that tunnels under skin 
and is inserted directly into spinal canal; baclofen mixes with spinal 
fluid, directly affecting spinal cord and decreasing spasticity.
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to BTX-A therapy include known resistance or antibodies, 
fixed deformity or contracture, concurrent use of aminogly-
coside antibiotics, failure of previous response, and certain 
neurologic conditions such as myasthenia gravis.

Physical therapy is an essential component in the treat-
ment of patients with cerebral palsy. Physical therapy typically 
is used as a primary treatment modality and in conjunction 
with other modalities, such as casting, bracing, BTX-A, and 
surgery. The therapist plays a crucial role in all aspects of care, 
including identifying children who may have cerebral palsy, 
treating their spasticity and contractures, fabricating splints 
and simple braces, providing family education and follow-
up, acting as a liaison with the school and other health care 
providers, and implementing home stretching and exercise 
programs with the patients and their families. Because of 
the variability in patients with cerebral palsy, an individual-
ized approach to therapy is necessary. Goals for ambulatory 
patients include strengthening of weakened muscles, contrac-
ture prevention, and gait and balance training; for severely 
affected individuals, goals are improvements in sitting bal-
ance, hygiene, and ease of care for caregivers. The parents 
should be encouraged from the beginning to take an active 
role in the child’s therapy program.

Objective data in the literature supporting or disputing 
the use of physical therapy in patients with cerebral palsy are 
few because most studies involve small groups of heteroge-
neous patients who are not randomized. Unanswered ques-
tions include what types of therapeutic modalities should be 
used, by whom, and for how long. There are no clear data 
to support lifelong physical therapy, although many parents 
request this. Lifelong physical therapy may be detrimental to 
the child and the family financially, developmentally, socially, 
and emotionally.

Bracing, as with physical therapy and medication, typi-
cally is used in conjunction with other modalities. Bracing in 
patients with cerebral palsy most commonly is used to prevent 
or slow progression of deformity. The most commonly used 
braces for the treatment of cerebral palsy include ankle-foot 
orthoses, hip abduction braces, hand and wrist splints, and 
spinal braces or jackets. A patient-centered approach should 
be used. The goals of bracing for an ambulatory child differ 
from the goals for a child with severe involvement. Bracing of 
the lower extremities, most commonly with ankle-foot ortho-
ses, is common in patients with cerebral palsy. These have 
been shown to improve gait function and decrease crouch 
during walking, even in the absence of surgery in ambula-
tory children. The goals of bracing in a severely affected child 
include facilitating shoe wear, preventing further progression 
of contractures, improving wheelchair positioning, and assist-
ing standing programs. The use of floor-reaction ankle-foot 
orthoses, which use a plantar flexion–knee extension couple 
to help eliminate crouched-knee gait and improve stance 
phase knee extension, has dramatically decreased the need 
for bracing above the knee with knee-ankle-foot orthoses. 

OPERATIVE TREATMENT
Operative treatment typically is indicated when contractures 
or deformities decrease function, cause pain, or interfere with 
activities of daily living. Because many patients with cerebral 
palsy have significant comorbidities, operative treatment car-
ries with it an increased risk of complications compared with 
the general population. Preoperative consultation with the 

patient’s pediatrician, pulmonologist, and other members of 
the care team can help optimize the patient’s condition before 
surgery. Surgical procedures should be scheduled to minimize 
the number of hospitalizations and interference with school 
and social activities. “Birthday surgery,” or multiple procedures 
performed at different times, as described by Rang, should be 
avoided whenever possible. Although comparison studies of 
staged and single-event multilevel surgery are lacking, the use 
of single-event multilevel surgery has become the most com-
mon method to minimize a patient’s exposure to repeated 
hospitalizations and rehabilitation. Newer techniques, such 
as percutaneous muscle lengthening and osteotomies, show 
promise in terms of decreased blood loss, operative time, and 
return to mobilization, but further research is necessary.

Up to 30% of patients with cerebral palsy have been shown 
to be malnourished, which increases the risk of postoperative 
wound healing problems and infection. In a study of 1746 
patients with cerebral palsy, Minas et al. found underweight 
to be an independent predictor of increased complications 
after osteotomies and spine surgery, with no independent 
increased risk in overweight or obese patients. A serum albu-
min level less than 35 g/L and a blood lymphocyte count 
of less than 1.5 g/L have been associated with a significant 
increase in the risk of postoperative infection. Determination 
of a patient’s nutritional status and improving it before sur-
gery may decrease the overall complication rate.

It is essential to ensure that parental and patient concerns 
and expectations are discussed before operative intervention. 
Parents of younger children and children with more severe 
manifestations show higher levels of concern about surgery. 
The top preoperative concerns are the duration of rehabilita-
tion, immediate postoperative pain, general anesthesia, and 
cost. Postoperative parental satisfaction has been shown to 
be correlated with a higher GMFCS level (level I), unilateral 
involvement, and younger age at the time of surgery.

Operative treatment of deformities related to cerebral 
palsy can be divided into several groups, including procedures 
to (1) correct static or dynamic deformity, (2) balance muscle 
power across a joint, (3) reduce spasticity (neurectomy), and 
(4) stabilize uncontrollable joints. Often, procedures can be 
combined; for example, an adductor tendon release can be 
done at the time of pelvic osteotomy for hip subluxation.

Flexible static and dynamic deformities typically are 
corrected with a muscle-tendon lengthening procedure; 
capsulotomies and osteotomies are reserved for more 
severe or rigid deformities. Over time, spasticity causes a 
relative shortening of the musculotendinous unit because 
the skeleton grows at a faster pace than the musculotendi-
nous unit can lengthen, leading to abnormal joint motion 
and loading and, if left untreated, degenerative changes. 
Operative lengthening of the musculotendinous unit causes 
a relative weakening of the muscle with restoration of more 
normal forces and motion across the joint. Lengthening 
can be done using a recession or release of the muscular 
aponeurosis at the musculotendinous junction, a Z-plasty 
within the substance of the tendon itself, or a complete 
tenotomy depending on the circumstances. Recessions tend 
to avoid complications that can occur with overlengthen-
ing and subsequent weakness that can occur with tenotomy 
or Z-plasty. More severe deformities usually cannot be cor-
rected with soft-tissue release alone and typically require 
osteotomy.
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Balancing muscle forces across any joint can be dif-
ficult and is even more difficult in patients with cerebral 
palsy because of the decreased control of voluntary muscle 
function, lowered threshold of stretch reflexes, increased 
frequency of cocontraction of antagonistic muscle groups, 
and inability to learn to use the transferred muscle in an 
altered location or function. In addition, muscles that are 
spastic throughout the gait cycle typically remain spas-
tic after transfer. Often, the goal of tendon transfer in this 
patient population is either to remove a deforming or out-
of-phase muscle force away from a joint or to act as a pas-
sive tendon sling.

Neurectomy, by a variety of mechanical and chemical 
methods, has been proposed as a way to decrease the muscle 
forces acting across a joint. A primary concern about neu-
rectomy is the overweakening of the affected muscle, lead-
ing to uncontrolled antagonistic function and development 
of a secondary opposite deformity. Because of these concerns, 
neurectomy is not commonly performed. If neurectomy is 
considered, a trial can be conducted by temporarily disrupt-
ing nerve function using a local anesthetic such as lidocaine 
or a longer-acting agent to determine if neurectomy will have 
the desired effect.

With continued abnormal muscle forces applied across 
a joint, pathologic changes to the joint can occur, includ-
ing subluxation, dislocation, and cartilaginous degenera-
tion. Joint stabilization procedures, such as osteotomies, 
usually combined with soft-tissue releases, have produced 
good long-term results. For severe joint destruction, proce-
dures such as arthrodesis, especially in the foot, and resec-
tion arthroplasty, especially in the hip, have been shown to 
be beneficial. Joint replacement, which was initially contra-
indicated in patients with neuromuscular diseases such as 
cerebral palsy, also has been used in this population with 
end-stage arthritis with good functional improvement and 
pain relief. Joint replacement should be done only in care-
fully selected patients and in a center with experience with 
this type of procedure. 

NEUROSURGICAL INTERVENTION
Selective dorsal root rhizotomy is a technique to reduce spas-
ticity and balance muscle tone in carefully selected patients. 
In patients with cerebral palsy, the normal central nervous 
system inhibitory control of the gamma efferent system is 
deficient, leading to the exaggerated stretch reflex response. 
In addition, the ability to coordinate movement, mediated 
by the alpha motor neurons, is abnormal. Stimulatory affer-
ent input from the muscle spindle travels to the spinal cord 
through the dorsal rootlets. The goal of selective dorsal rhi-
zotomy is to identify the rootlets carrying excessive stimula-
tory information and section them to reduce the stimulatory 
input from the dorsal sensory fibers.

The indications for rhizotomy are variable, and further 
work is necessary to develop more uniform consensus guide-
lines. Three randomized trials of rhizotomy, with and with-
out physical therapy, compared with physical therapy alone 
showed improvement in both groups, but slightly more in 
the rhizotomy group. There also is some limited evidence to 
show that rhizotomy decreases the need for orthopaedic pro-
cedures as well. The ideal patient for this procedure is a child 
3 to 8 years old with a history of preterm birth, GMFCS II 
or III, with spastic diplegia, fair voluntary motor and trunk 

control, primary spastic tone, and no fixed contractures. 
Children who were born preterm or with low birth weight 
tend to have better results than children who were born 
full term because they tend to have pure spasticity, whereas 
children born full term are more likely to have rigidity plus 
spasticity. In addition, the patient and family should exhibit 
intelligence and a high level of motivation because this pro-
cedure requires extensive physical therapy postoperatively. In 
the early postoperative period, patients have significant weak-
ness, but when rehabilitation is complete, most patients show 
significant improvement in lower extremity function, includ-
ing decreased spasticity in the ankle dorsiflexors, increased 
strength in the knee flexors/extensors and foot dorsiflexors 
and plantarflexors, and more efficient ambulation. If surgery 
is performed in the appropriate patient, gross function can 
be expected to improve one GMFCS level. Improvements 
also can occur in upper extremity function, swallowing and 
speech, bladder function, pain control, and overall happiness, 
but these are less predictable. In addition, patients have been 
shown to have a decreased need for adjunct orthopaedic surgi-
cal procedures or botulinum toxin injections after rhizotomy. 
The role of selective dorsal rhizotomy is less clear in patients 
with spastic quadriplegia and hemiplegia, and usually it is not 
recommended. A 10-year follow-up study showed that peak 
joint range of motion and ambulatory status occurred 3 years 
after rhizotomy and then declined gradually. In this cohort, 
16 of 19 patients (84%) had a mean of three orthopaedic pro-
cedures, indicating that contracture development in cerebral 
palsy is not mediated entirely by spasticity. Although there is 
some decline in results with time after rhizotomy, it appears 
that patients still show statistical improvement in terms of 
gait mechanics from their preoperative measurements, and 
the majority of adults who had rhizotomy would recommend 
the procedure to others.

Complications of selective dorsal root rhizotomy include 
hip subluxation and dislocation in patients with increased 
GMFCS level, lumbar hyperlordosis (especially in patients 
with > 60 degrees of lordosis preoperatively), scoliosis, spon-
dylolysis, and spondylolisthesis. It is difficult to determine to 
what extent these complications are related to the rhizotomy 
or to the disease progression itself. Progression of coronal 
and sagittal plane abnormalities has been documented in 
25% of patients with scoliosis, 32% of patients with kyphosis, 
and 36% of patients with hyperlordosis. Approximately half 
of patients also develop planovalgus foot deformities. One 
of the most difficult postoperative complications to manage 
is weakness, either iatrogenic or unrecognized preoperative 
weakness that becomes apparent after surgery. 

HIP
Deformities of the hip in patients with cerebral palsy range 
from mild painless dysplasia or subluxation to complete dis-
location with joint destruction, pain, and impaired mobility. 
When a hip begins to dislocate, it rarely improves without 
treatment. Hip pain is one of the main complaints of young 
adults with cerebral palsy, affecting up to 47% of patients. 
Most studies show that the risk of hip dislocation is correlated 
with the GMFCS score (Fig. 33.4). Ninety-two percent of 
patients with spastic cerebral palsy were found in one study to 
have some degree of hip deformity, and another study found 
hip subluxation and dislocation in 60% of dependent sitters.
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In most patients, the hip is normal at birth and radio-
graphic changes typically become apparent between 2 and 4 
years of age. The cause of this progressive deformity is mul-
tifactorial and includes muscle imbalance, retained primitive 
reflexes, abnormal positioning, and pelvic obliquity. These 
altered forces across the hip along with decreased weight 
bearing lead to bony deformities, including acetabular dys-
plasia, excessive femoral anteversion, increased neck-shaft 
angle, and osteopenia. Prolonged spasticity of the adduc-
tor muscles leads to a relative overpowering of the abductor 
muscles, causing a growth inhibition of the greater trochanter 
and producing a relative valgus overgrowth of the proximal 
femur. In many patients, the apparent increase in neck-shaft 
angle observed may be caused, however, more by the appear-
ance of increased anteversion on the radiograph than to an 
actual increase in the neck-shaft angle.

The neck-shaft angle in children with cerebral palsy has 
been shown to increase with age, and anteversion, which nor-
mally decreases with age, often does not change in children 
with cerebral palsy. Increased anteversion is more common in 
ambulators than nonambulators and does not change signifi-
cantly after age 6 years.

In a study of the incidence and pathogenesis of structural 
changes around the hip in patients with cerebral palsy, only 
21% were considered normal. Hip subluxation in patients 
with cerebral palsy can be difficult to detect clinically because 
of the presence of abnormal muscle forces and contractures, 
and because early hip subluxation typically is painless. This 
has led to the development of hip surveillance programs 
for children with cerebral palsy in which routine clinical 
and radiographic examinations are performed at intervals 
based on severity of their cerebral palsy and GMFCS level 
until skeletal maturity. The primary goal of such programs 
is to ensure that progressive hip displacement is detected 
early enough to allow timely referral for orthopaedic evalu-
ation and treatment. Hip surveillance programs were begun 
in Australia, and, based on the growing evidence supporting 
hip surveillance for children with cerebral palsy, a number of 
developed countries have adopted national hip surveillance 

programs; however, no such national program exists in the 
United States. Many pediatric orthopaedic centers, however, 
use their own internal hip radiographic schedule parameters, 
which, in large part, are based on established formal inter-
national hip surveillance programs. The American Academy 
for Cerebral Palsy and Developmental Medicine (AACPDM) 
has developed clinical pathways to help guide physicians in a 
variety of clinical care areas, one of which is a hip surveillance 
pathway.

These programs have been effective in reducing the rate 
of hip dislocation in these screened populations. A practi-
cal radiographic method for quantifying the amount of hip 
subluxation present was described by Reimers as the “migra-
tion percentage.” Careful patient positioning, with the patient 
supine, the hips together, and the patellae facing forward, 
increases the accuracy of the measurement. If a hip flexion 
contracture or excessive lumbar lordosis is present, then the 
knees should be elevated with a bump to maintain the pel-
vis in an appropriate position. The measurement error for an 
experienced observer using this method is approximately 5 
degrees. The migration percentage (Fig. 33.5) is determined 
by drawing the Hilgenreiner line connecting the two trira-
diate cartilages and then perpendicular lines at the lateral 
margins of the bony acetabula. The width of the femoral head 
uncovered (lateral to the perpendicular line) is divided by the 
total width of the femoral head and multiplied by 100 to give 
the migration percentage (Fig. 33.5). The measurement error 
for an experienced observer using this method is approxi-
mately 5 degrees. This index typically is 0 until age 4 years and 
less than 5% from 4 years until skeletal maturity. A migration 
of greater than 33% is considered subluxation and greater 
than 100% as dislocation. Hip subluxation, as measured by 
the migration percentage, is related to the GMFCS score and 
has been shown to increase approximately 12% per year in 
nonambulators as compared with 2% per year in ambulators, 
with the highest risk being in quadriplegic nonambulators 

 

Type 1 Type 2

Al
H

A

B

FIGURE 33.5 Subluxated hip joint (left side of image). Migra-
tion index (MI) is calculated by dividing width of uncovered femoral 
head A by total width of femoral head B. Acetabulum is dysplastic 
(type 2 sourcil) with lateral corner of acetabulum above weight-
bearing dome. Normal hip (left side) with acetabular index (AI) 
indicated. Acetabulum is normal (type 1 sourcil); lateral corner is 
sharp and below weight-bearing dome. H, Horizontal axis.
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FIGURE 33.4 Risk of developing hip subluxation related to 
GMFCS (1=100% risk of subluxation). GMFCS, Gross Motor Func-
tion Classification System; MI, migration index.  (From Pruszczynski B, 
Sees J, Miller F: Risk factors for hip displacement in children with cerebral 
palsy: systematic review, J Pediatr Orthop 36:829, 2016.)
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who are younger than 5 years old. More important than the 
absolute value is the change observed within a given patient.

FLEXION DEFORMITIES
Crouched gait, or flexion of the hip, with or without flexion 
contractures around the hip, knee, and ankle, has been well 
described. Excessive hip flexion brings the center of gravity 
anteriorly and is compensated for by increased lumbar lor-
dosis, knee flexion, and ankle dorsiflexion (Fig. 33.6). It is 
important to determine whether the increased hip flexion is 
the primary deformity or is secondary to other deformities 
around the lower extremities, such as knee or ankle contrac-
tures. If an unrecognized knee flexion contracture is present, 
hip flexor release can weaken the hip further and increase hip 
flexion. Careful physical examination is helpful in making 
this determination. One source of confusion is differentiating 
flexion-internal rotation deformity of the hip, or “pseudoad-
duction,” from isolated adduction deformity, although often 
both coexist in the same patient. Children with flexion-inter-
nal rotation deformity sit with a wide base of support in the 
W position: hips flexed 90 degrees and maximally internally 
rotated, knees maximally flexed, and feet externally rotated 
(Fig. 33.7). With flexion-internal rotation deformity, femoral 
anteversion and external tibial torsion are increased, and pla-
novalgus feet are present. With a true adduction contracture, 
these secondary deformities in the femoral neck, tibia, and 
feet are absent.

At the time of hip surgery, contractures around the knees 
and ankles also should be corrected. Single-stage multilevel 
procedures are preferable to staged single-level procedures. 
Hip flexion contractures from 15 to 30 degrees usually are 
treated with psoas lengthening through an intramuscu-
lar recession over the pelvic brim, especially in ambulatory 
children in whom complete iliopsoas release at its insertion 
may lead to excessive hip flexion weakness and difficulties 
with clearance of the foot during the swing phase of gait. 
Contractures of more than 30 degrees may require more 
extensive releases of the rectus femoris, sartorius, and ten-
sor fasciae latae and the anterior fibers of the gluteus mini-
mus and medius, in addition to the iliopsoas. Release of these 
muscles, because of its extensive nature, is used only for large 
deformities, and isolated iliopsoas lengthening is better suited 
for smaller ones. 

ADDUCTION DEFORMITIES
Adduction is the most common deformity of the hip in chil-
dren with cerebral palsy. Adduction contractures can cause 
various difficulties, including scissoring of the legs during 
gait, hip subluxation, and, in severely affected children, diffi-
culty with perineal hygiene. For mild contractures, an adduc-
tor tenotomy usually is sufficient; more severe contractures 
often require release of the gracilis and the anterior half of the 
adductor brevis. Adductor tenotomies usually are done bilater-
ally to prevent a “windswept” pelvis. Immediately after surgery, 
a program of physical therapy and abduction bracing is begun. 

 

ADDUCTOR TENOTOMY AND RELEASE
Adductor tenotomy is indicated for a patient with a mild 
adduction contracture, as indicated by a scissoring gait or 
early hip subluxation. This procedure should be done early 
because damage to the developing acetabulum from abnor-
mal hip muscle forces is greatest before 4 years of age. The 
ideal candidate for soft-tissue lengthening is an ambulatory 
child younger than 8 years, and preferably younger than  
4 years, who has hip abduction of less than 30 degrees and 
a migration index of less than 50%. Neurectomy of the 
anterior branch of the obturator nerve should be avoided 
to prevent iatrogenic hip abduction contracture. Miller 
et al. reported the results of adductor release in 147 hips 
(74 children) with hip abduction of less than 30 degrees or 
migration index of more than 25%. At an average follow-up 
of 39 months, 54% of hips were classified as good, 34% 
as fair, and 12% as poor based on the migration index. A 
longer-term study with an 8-year average follow-up showed 
that 58% of patients required a second surgical procedure, 
indicating that, although still beneficial, early soft-tissue 
release alone may be insufficient to prevent long-term hip 

 FIGURE 33.6 Typical crouch posture caused by flexion defor-
mities of hips or fixed flexion deformities of knees.

 FIGURE 33.7 W position.
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subluxation and dislocation. While adductor lengthening is 
effective in the short term, its long-term success, as defined 
by no additional surgery and a migration percentage under 
50%, is highly correlated with the patient’s GMFCS level. 
Shore et al. demonstrated a success rate of only 14% in chil-
dren with a GMFCS level of V compared to 94% in children 
with a GMFCS level of II. It may delay major bony surgery, 
however, until the risk of recurrence is decreased.

 TECHNIQUE 33.1 

 n  Place the patient supine on the operating table and pre-
pare the area from the toes to the inferior costal margin, 
isolating the perineum (Fig. 33.8A).

 n  Identify the adductor longus by palpation and make a 
2- to 3-cm transverse incision over the adductor longus 
tendon approximately 1 cm distal from its origin.

 n  Dissect through the subcutaneous tissue and identify the 
adductor longus fascia (Fig. 33.8B).

 n  Make a longitudinal incision in the adductor fascia, iden-
tify the tendinous portion of the adductor longus, and 
resect it with electrocautery.

 n  Release with electrocautery any remaining muscle fibers of 
the adductor longus as necessary. Avoid injury to the ante-
rior branch of the obturator nerve, which is in the interval 
between the adductor longus and brevis (Fig. 33.8C).

 n  Gradually abduct the hip and determine the amount 
of correction obtained. If further correction is required, 
slowly release the anterior half of the adductor brevis us-
ing electrocautery and avoiding injury to the branches of 
the obturator nerve. Do not release an excessive amount 
of the adductor brevis and protect the posterior branch of 
the obturator nerve to prevent an abduction contracture.

 n  If the gracilis muscle is found to be tight, release it with 
electrocautery (Fig. 33.8D).

 n  When the final correction is obtained, close the wound 
in layers. Take care to close the adductor fascia to help 
prevent skin dimpling postoperatively (Fig. 33.8E).

POSTOPERATIVE CARE Postoperatively, the patient is 
placed in the abducted position. Depending on the patient’s 
functional status, quality of caregivers, and other procedures 
done, the patient can be immobilized in bilateral long leg 
casts with an abduction bar or abduction pillow for 1 month. 
A removable abduction pillow can be used, which allows 
physical therapy to be started immediately after surgery to 
help maintain and increase optimally hip range of motion.
   

 

ILIOPSOAS RECESSION
Bleck recommended iliopsoas recession when the hip inter-
nally rotates during walking or when passive external rotation 
is absent with the hip in full extension and present when the 
joint is passively flexed to 90 degrees. This procedure usually 
is done in conjunction with other soft-tissue releases of the 
lower extremities. Iliopsoas recession is used more commonly 
than complete tenotomy at the level of the lesser trochanter 
to avoid causing excessive hip flexion weakness.

 TECHNIQUE 33.2  Figure 33.9

 n  Place the patient supine with a roll under the buttock of 
the operative side.

 n  Palpate the course of the femoral artery and mark it on the 
skin, keeping in mind that the femoral nerve is lateral to it.

 n  For an isolated iliopsoas recession, make a 5-cm “bikini” 
incision. This incision can be modified as needed if other 
procedures are going to be done at the same time. Center 
the incision medial to and 2 cm below the anterior supe-
rior iliac spine.

 n  Identify and develop the interval between the tensor fas-
ciae latae and sartorius to expose the direct head of the 
rectus femoris with its origin at the anterior inferior iliac 
spine. It is not necessary to identify the femoral neurovas-
cular structures.

 n  Palpate the pelvic brim just medial and inferior to the rec-
tus femoris origin to locate the iliopsoas tendon in a shal-
low groove.

 n  Slightly flex the hip to relax the soft-tissue structures 
around the hip.

 n  Place a right-angle retractor on the lateral aspect of the 
iliopsoas muscle and pull the retractor medially and an-
teriorly, exposing the posteromedial aspect of the muscle 
and the psoas tendon (Fig. 33.9). The retractor is protect-
ing the femoral nerve, which is medial to it.

 n  Dissect the surrounding muscle fascia and isolate the ten-
don from the muscle with a right-angle clamp. Verify that 
there is enough muscle remaining at that level so that 
continuity is maintained after tendon release.

 n  Under direct vision, carefully internally and externally ro-
tate the hip to see the tendon loosen and tighten. If there 
is any doubt as to the identification of the tendon, use an 
elevator to dissect around the tendon proximally until its 
muscle fibers are identified. An electrical nerve stimulator 
or careful brief stimulation with electrocautery also can be 
used to help confirm that the tendon has been found and 
that the femoral nerve has not been mistakenly identified.

 n  Release the tendinous portion, leaving the muscle fibers 
in continuity. Extend and internally rotate the hip to sepa-
rate the tendon ends.

 n  Close the wound in layers and apply sterile dressings.

POSTOPERATIVE CARE Patients with an isolated ilio-
psoas release are started immediately in a physical therapy 
program emphasizing hip extension and external rotation. 
Patients, especially those who are unable to cooperate 
with physical therapy, are placed prone at bed rest to help 
improve hip extension. This can be modified as needed if 
other procedures are done at the same time.
   

 

ILIOPSOAS RELEASE AT THE LESSER 
TROCHANTER
Iliopsoas release at its insertion on the lesser trochanter 
is better for nonambulatory patients than for ambulatory 
patients because of the risk of causing excessive hip flexion 

    

https://booksmedicos.org


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN1330

 

A B

C D

E

FIGURE 33.8 Adductor tenotomy. A, Patient positioning. B, Skin incision and subcutaneous dissection to identify adductor longus 
fascia. C, Hemostat placed under anterior branch of obturator nerve. D, Release of tight gracilis muscle with electrocautery. E, Closure of 
adductor fascia. SEE TECHNIQUE 33.1.
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weakness, which can severely affect an ambulatory patient. 
It often is done at the same time as another procedure, 
such as an adductor release or varus derotational osteot-
omy.

Additional release of the secondary hip flexors including 
the sartorius and rectus femoris also may be used for severe 
deformities.

 TECHNIQUE 33.3 

 n  Make a transverse incision 1 to 3 cm distal to the in-
guinal crease. If an adductor release is to be done at 
the same time, make a longitudinal incision in the ad-
ductor longus fascia and transect the adductor longus 
with electrocautery; perform a myotomy of the gracilis 
if necessary.

 n  Resect as much of the adductor brevis as necessary to 
obtain 45 degrees of abduction.

 n  Develop the interval between the residual adductor brevis 
and the pectineus or between the pectineus and the neu-
rovascular bundle until the femur is identified.

 n  Open the bursa over the iliopsoas and its sheath.
 n  Place a retractor into the tendon sheath and retract the 

tendon medially.
 n  Pass a right-angle clamp under the tendon of the ilio-

psoas, which can be completely released with electrocau-
tery in a nonambulatory child.

 n  Release the iliopsoas as far proximally as possible in an 
ambulatory child to preserve the iliacus muscle attach-
ment to the iliopsoas tendon.

POSTOPERATIVE CARE Physical therapy is started 2 
days after surgery, emphasizing range-of-motion exercis-
es of the hips and knees. Leg-knee immobilizers are used 
8 to 12 hours a day for 1 month. Parents are encouraged 
to have the child sleep prone as much as possible.
  

SUBLUXATION AND DISLOCATION
Hip dislocation occurs on a continuum from mild sublux-
ation to true dislocation with significant degenerative changes. 
Because early intervention can be very effective in preventing or 
delaying the development of dislocation, considerable work has 
been done to identify hips at risk. Children with risk factors for 
subluxation or dislocation should be examined and radiographs 
obtained at 6-month intervals until it can be established that the 
hips are stable, and then follow-up can be less frequent. Of hip 
dislocations, 70% to 90% occur in patients with quadriplegia, 
which necessitates screening for all patients in this high-risk 
group. Clinically, a hip at risk has contractures of the adduc-
tors and flexors. Hips with flexion contractures of more than 20 
degrees and abduction of less than 30 degrees are at increased 
risk of progressive subluxation. Radiographically, a hip at risk 
has an increased neck-shaft angle and increased femoral ante-
version. Acetabular dysplasia and an abnormal migration index 
also may be present. When a hip at risk is identified, a program 
of aggressive physical therapy and abduction splinting typically 
is started, although there are no well-controlled long-term stud-
ies to support this. If further progression continues, early oper-
ative treatment consisting of soft-tissue release of contracted 
tendons is indicated. The goal of adductor release is restoration 
of more than 60 degrees of abduction with the hips flexed and 
45 degrees with the hips extended. The release begins sequen-
tially with the complete release of the adductor longus, the 
anterior half of the adductor brevis, and occasionally the graci-
lis until the desired range of motion is achieved. Care must be 
taken not to perform too extensive a release, which can cause an 
abduction contracture that is extremely difficult to manage. For 
this reason, neurectomy of the anterior branch of the obturator 
nerve should not be done. Immediately after adductor release 
or transfer, a program of physical therapy is begun, emphasiz-
ing hip abduction and night splinting for 6 months.

Hip subluxation occurs when more than one third of the 
femoral head is uncovered and there is a break in the Shenton 
line. Nonoperative treatment alone at this point is ineffective. 
In younger children, soft-tissue releases alone may be suf-
ficient, but most patients with hip subluxation require oste-
otomy in addition to soft-tissue release. Operative correction 
of femoral valgus and anteversion and acetabular dysplasia is 
necessary at this stage to prevent further subluxation and dis-
location. Plain radiographs are necessary and, if available, CT 
or MRI three-dimensional reconstructions can help evaluate 
the proximal femoral and acetabular deformities. Rotational 
studies using CT can be helpful in quantifying the amount of 
femoral anteversion and any tibial rotation.

A femoral varus and derotation (external rotation) oste-
otomy, often combined with femoral shortening, generally is 
used to reduce the neck-shaft angle to 115 degrees in ambu-
latory patients and often less in nonambulatory patients. A 
wide variety of acetabular osteotomies have been used in the 
treatment of acetabular dysplasia in patients with cerebral 
palsy, including osteotomies described by Salter, Pemberton, 
Dega, Ganz, and Steel and salvage-type osteotomies such as 
the Chiari and shelf. Careful matching of the procedure to the 
deformity is essential to prevent inadvertent iatrogenic wors-
ening of the deformity. For example, a Salter osteotomy, which 
redirects the acetabulum posteriorly and laterally, if done in a 
patient with posterior acetabular deficiency would uncover the 
femoral head further. Often patients with cerebral palsy have 
a posterosuperior deficiency for which a Dega osteotomy, San 
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FIGURE 33.9 Skaggs et al. surgical approach for iliopsoas 
recession. When procedure is done alone, much smaller incision is 
adequate. SEE TECHNIQUE 33.2.
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Diego type osteotomy, or shelf procedure is effective. The Dega 
osteotomy has been shown by CT morphometry to increase 
anterosuperior, superolateral, and posterosuperior coverage. 
Although typically done before the time of triradiate carti-
lage closure, it has been done in patients with cerebral palsy 
after triradiate closure with good improvement in subluxation 
and dislocation radiographically. Postoperatively, patients can 
be immobilized for a brief time in a spica cast, followed by a 
period of aggressive rehabilitation that includes physical ther-
apy, bracing, and progressive weight bearing. Because of con-
cerns about skin breakdown, difficulty with transfers, and lack 
of mobility, we now avoid casting when possible and use early 
physical therapy to increase range of motion.

Hip dislocation is common in patients with cerebral palsy, 
especially in severely affected children. Radiographic abnor-
malities, such as increased femoral neck-shaft angle and 
increased internal femoral rotation, have been shown to be 
correlated with increased GMFCS level (see Fig. 33.4). Similar 
acetabular changes also are seen in patients with dislocated hips 
having global acetabular defects and smaller acetabular volume 
than in those with subluxed hips having more posterior acetab-
ular defects and greater acetabular volume. The patient’s risk of 
hip dislocation is related to GMFCS level, with a 0% incidence 
for patients with grade I and 90% for patients with grade V. The 
head-shaft angle, which measures the amount of proximal fem-
oral valgus, has been shown to be predictive of hip dislocation: 
for every 10-degree increase in head-shaft angle, the risk of dis-
location increases 1.6-fold. The natural history of the untreated 
hip in these patients is progressive subluxation associated with 
bony deformity of the proximal femur and acetabulum. The 
spastic adductors and hip flexors compress the femoral head 
against the posterolateral acetabulum and labrum. The cap-
sule and superior rim of the acetabulum cause focal deforma-
tion of the femoral head. The indented femoral head locks on 
the acetabular rim, causing significant cartilage loss and pain. 
Mathematic models have predicted that a child with spastic hip 
disease has a sixfold increase in forces across the hip. The ace-
tabulum in affected children usually is normal until about 30 
months of age, when a change in the acetabular index is seen. 
With continued abnormal muscle forces, the hip typically dislo-
cates superolaterally, which has been confirmed by CT studies. 
Late findings include dislocation of the hip and degenerative 
changes. Most authors agree that hip subluxation and dislo-
cation should be prevented in all patients who are medically 
able to tolerate treatment. The treatment of an established dis-
location is more controversial. A patient with a long-standing 
dislocation is not a good candidate for a relocation procedure 
because of the deformities of the proximal femur and acetabu-
lum, which also may be associated with degenerative changes. 
Treatment options for hip dislocations in patients with cerebral 
palsy include observation; relocation procedures on the femur, 
acetabulum, or both; proximal femoral resection; hip arthrod-
esis; and, in carefully selected patients, total hip arthroplasty.

The heterogeneous literature concerning surgical treatment 
of dislocated hips in patients with cerebral palsy makes it diffi-
cult to compare outcomes across studies. Because of the variable 
nature of cerebral palsy, most studies include a wide spectrum 
of severity of neurologic involvement and a wide variety of pro-
cedures used. Varus femoral osteotomy was found in one study 
to be effective in preventing redislocation and surgery in 84%. 
The amount of bony deformity present preoperatively, as mea-
sured by center-edge angle and migration index, was a predictor 

of final outcome. Worse results were reported in quadriplegics 
than in diplegics and hemiplegics.

Good results were reported in 95% of patients at mean 
7-year follow-up after a one-stage combined approach that 
included soft-tissue lengthenings, open reduction with capsu-
lorrhaphy (open if migration index was more than 70 degrees), 
varus derotational osteotomy, and pericapsular acetabuloplasty. 
A recent report of 168 hip reconstructions in children with cere-
bral palsy showed statistically significant improvement in pain 
relief and function (GMFCS level) with a 10% complication rate. 
Preoperative migration percentage was correlated with increas-
ing pain and worse outcome while femoral head shape was not. 
Although most centers favor a one-stage approach, good results 
have been obtained with femoral osteotomy and later acetabular 
osteotomy if needed; however, this approach requires a second 
hospitalization and rehabilitation. Despite these good outcomes, 
complications following hip osteotomy are common. In one large 
series, 65% of children with cerebral palsy who had hip osteot-
omy had at least one postoperative complication, most (83%) 
of which were medical rather than orthopaedic. Redislocations 
also can occur, especially in GMFCS IV and V patients in whom 
the migration percentage was found to increase 2% per year and 
3.5% per year in GMFCS IV and V patients, respectively. Long-
term follow-up monitoring is necessary.

In a series of patients treated with Chiari osteotomies, 
79% of 23 hips were reportedly painless at an average follow-
up of 7 years; however, 29% of the hips had a migration index 
of 30% or greater; resubluxation typically occurred in the first 
year after surgery.

Recently, there has been study in the area of proximal 
femoral medial hemiepiphysiodesis to prevent hip migration. 
One study showed significant improvements in head-shaft 
angle, migration percentage, and acetabular index at final fol-
low-up. Progression of deformity occurred in three (5%) of 
56 hips, to the point of needing reconstructive surgery such 
as proximal femoral or pelvic osteotomies.

VARUS DEROTATIONAL OSTEOTOMY
Varus derotational osteotomy, usually combined with soft-
tissue releases, is indicated for patients with hip subluxation 
or dislocation and excessive anteversion and valgus defor-
mity of the proximal femur. Computer models have shown 
that to normalize the muscle forces across a spastic hip, the 
psoas, iliacus, gracilis, and adductor longus and brevis must 
be released. The benefit of a varus derotational osteotomy 
comes primarily through the bony shortening that acts bio-
mechanically similar to a soft-tissue lengthening. Decreasing 
the neck-shaft angle and anteversion has little effect on the 
hip forces. An isolated varus derotational osteotomy, often 
with femoral shortening, is indicated only when there is mild 
or no acetabular dysplasia present because, although there is 
some remodeling potential of the acetabulum, it is variable in 
patients with cerebral palsy. Acetabular remodeling is better 
in GMFCS I–III patients and is correlated with the amount 
of varus produced. Varus derotational osteotomy can be com-
bined with an acetabular osteotomy if significant subluxation 
and acetabular dysplasia are present. In a prospective gait 
study of 37 patients, varus derotational osteotomy improved 
hip external rotation and extension, knee extension strength, 
and cosmetic appearance and decreased anterior pelvic tilt. 
Patients who are nonambulatory and patients with a gastros-
tomy or tracheostomy are at increased risk of postoperative 
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complications, including decubitus ulcers and fractures. The 
risk of recurrent dislocation is higher in patients with higher 
GMFCS levels or insufficient correction of valgus and acetab-
ular dysplasia, and the risk of osteonecrosis is proportional to 
the patient’s age and degree of preoperative subluxation.

The technique of varus derotational osteotomy is 
described in Chapter 30 (see Technique 30.6). 

 

COMBINED ONE-STAGE CORRECTION 
OF SPASTIC DISLOCATED HIP

 TECHNIQUE 33.4 

MEDIAL APPROACH (SOFT-TISSUE RELEASE) 
 n  With the patient on a radiolucent table, prepare and 

drape the hip from the toes to the costal margin.
 n  Use electrocautery to release the adductor longus and 

gracilis.
 n  Release the psoas in the interval between the neurovas-

cular bundle and the pectineus. After the sciatic nerve is 
carefully identified, release the proximal hamstrings pos-
terior to the adductor magnus. Avoid the sciatic nerve. 

ANTERIOR APPROACH (OPEN REDUCTION) 
 n  Make the second incision parallel to the iliac crest using a 

Salter incision (see Technique 30.3).
 n  Divide the iliac crest apophysis and strip the iliac wing sub-

periosteally down to the sciatic notch medially and later-
ally. Alternatively, the iliac crest apophysis can be elevated 
instead of split by placing a Freer elevator underneath the 
apophysis and lifting it gently.

 n  Resect the direct and indirect heads of the rectus femoris 
and retract them distally to expose the underlying cap-
sule.

 n  If an open reduction is needed, make a T-capsulotomy, 
and identify the ligamentum teres.

 n  Remove the ligamentum teres, cut the contracted trans-
verse acetabular ligament, and clear the acetabulum of 
any remaining soft tissue.

 n  Inspect the femoral head to assess deformity and carti-
lage loss. If more than 50% of the cartilage is lost, reduc-
tion may be unsuccessful and other options (e.g., valgus 
osteotomy or resection of the femoral head) should be 
considered. 

LATERAL APPROACH (FEMORAL OSTEOTOMY) 
 n  Make an incision on the lateral aspect of the proximal 

femur and perform a lateral exposure.
 n  Split the tensor fasciae latae and dissect to the lateral 

aspect of the femur.
 n  Perform a varus derotational shortening femoral osteot-

omy at the lesser trochanter. Remove 1 to 2 cm of bone 
(Fig. 33.10).

 n  The neck-shaft angle should be decreased to approxi-
mately 110 degrees, and anteversion should be corrected 
to 10 to 20 degrees.

 n  Fix the femoral osteotomy with an AO blade plate of the 
appropriate size for the child. Several implant systems 

have been developed to accommodate infantile, pediat-
ric, and adolescent anatomic variations. Alternatively, a 
size-appropriate proximal femoral locking plate can be 
used. 

ANTERIOR APPROACH (PERICAPSULAR PELVIC 
OSTEOTOMY) 

 n  The type of pericapsular pelvic osteotomy is patient-
specific. Here, a San Diego type osteotomy is described. 
Other osteotomies use a similar approach, but differ in 
the location of the bone cuts. See Chapter 30 for other 
pelvic osteotomy techniques.

 n  Return to the anterior incision and place five nonabsorb-
able No. 1 sutures into the capsulotomy for later closure.

 n  With a straight osteotome, make an osteotomy 0.5 to 1.0 
cm above the edge of the acetabulum, on a line drawn 
between the anterior inferior iliac spine and the sciatic 
notch. Extend this through the lateral wall of the pelvis, 
but not through the medial wall (Fig. 33.11). To allow 
proper bending, both corners should be cut at the ante-
rior and posterior ends of the osteotomy (anterior supe-
rior iliac spine and sciatic notch). This is most easily done 
by using a regular rongeur anteriorly and a large Kerrison 
rongeur posteriorly in the sciatic notch.

 n  Use a curved osteotome 1.0 to 2.5 cm wide and an image 
intensifier to perform the second part of the osteotomy. 
Direct the osteotome halfway between the articular sur-
face and the medial cortex. Extend the cut medially and 
distally to the level of the triradiate cartilage. Use gentle 
downward pressure on the osteotome to open the oste-
otomy site 1.0 to 1.5 cm (Fig. 33.12).

 n  Remove a bicortical graft from the iliac crest and shape 
it into three or four triangular grafts measuring approxi-
mately 1 cm at the base. Insert the grafts into the oste-
otomy, using the largest one for the area of most desired 
coverage. The portion of the proximal femur removed 
earlier also can be used as autograft.

 n  Alternatively, tricortical allograft bone can be used, which 
gives good structural support to the osteotomy.

 n  When a stable reduction is obtained, repair the capsule 
using the sutures placed earlier.

 n  Close all three wounds in standard fashion and check a 
radiograph to ensure proper reduction before application 
of a hip spica cast with the hip in 45 degrees of flexion 
and 30 degrees of abduction. 

POSTOPERATIVE CARE The patient is placed in an ab-
duction pillow or a well-padded spica cast, which typically 
is removed at 6 weeks postoperatively with the patient 
anesthetized. Physical therapy for range of motion and 
progressive weight bearing are started after cast removal, 
but vigorous physical therapy and attempted weight bear-
ing are not advised until 10 weeks after surgery.
  

Resection arthroplasty, arthrodesis, and total hip arthro-
plasty have been proposed for the treatment of a painful 
dislocated hip when a relocation procedure is impossible. 
Because of the heterogeneous nature of the patients and 
procedures performed, as well as the lack of large long-term 
comparison studies, the optimal treatment for the painful 
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FIGURE 33.10 Root and Siegal varus derotational osteotomy of hip. A, Skin incision. B, Incision through gluteus maximus and fascia lata 
(iliotibial tract). C, Greater trochanter, quadratus femoris, origin of vastus lateralis, tendinous attachment of gluteus maximus, and linea 
aspera are identified. D, Osteotomy site is exposed in area of lesser trochanter; psoas tendon can be released if necessary. E, Guidewire 
and chisel are inserted in parallel position. Shaded area represents wedge to be excised; scored line is for reference for later rotation. F, 
Location of osteotomy planes; proximal osteotomy is 15 mm distal to chisel. G, Rotation is accomplished by external rotation of femur. 
H, Osteotomy is fixed with AO blade plate, or proximal femoral locking plate. SEE TECHNIQUE 33.4.
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dislocated nonreconstructable hip is unclear. The goals of 
these procedures are pain relief, improved function, and 
increased ease of care for caregivers. Hip resection arthro-
plasty, most commonly a Girdlestone intertrochanteric 
resection, has been used for the treatment of end-stage hip 
degeneration caused by other conditions, such as osteoar-
thritis, osteonecrosis, septic arthritis, and slipped capital 
femoral epiphysis. In patients with cerebral palsy, the use of 
this type of resection arthroplasty has been modified because 
of the high rate of postoperative pain from femoral-iliac 
impingement. Proximal femoral resection, combined with 
capsular interposition, has been effective. The advantage of 
this type of resection is that it is technically straightforward, 
requires less postoperative immobilization and operating 
room time, and requires no permanent implants, in con-
trast to other techniques such as relocation procedures and 
arthrodesis. The use of capsular interposition (Castle and 
Schneider) has been shown to have a lower complication 
rate than the interposition of capsule and iliopsoas and glu-
teal muscles (McCarthy). In a study of 34 severely affected 
institutionalized patients who had proximal femoral resec-
tions (56 hips), 33 were able to sit comfortably and have 
painless perineal care at 2-year follow-up; 79% of patients 
developed heterotopic ossification postoperatively, but this 
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FIGURE 33.11 Mubarak et al. one-stage correction of spastic 
dislocated hip. A, Pericapsular acetabuloplasty is begun approxi-
mately 1 cm above lateral margin of acetabulum. B, Osteotomy 
proceeds in line between anterior inferior iliac spine and sciatic 
notch, penetrating outer wall of ilium only. Bicortical cuts are made 
at anterior inferior iliac spine and sciatic notch. Straight or slightly 
curved osteotome extends osteotomy toward triradiate cartilage, 
avoiding penetration of joint or inner pelvic wall. SEE TECHNIQUE 33.4.
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FIGURE 33.12 Mubarak et al. one-stage correction of spastic dislocated hip. Osteotomy stops several millimeters from triradiate 
cartilage and is hinged open laterally to correct dysplasia. A, Tricortical segment of iliac wing is harvested for bone graft. B, Trap-
ezoidal segments are fashioned to fit into osteotomy site. C and D, Three trapezoidal segments of tricortical bone graft are impacted 
into place to hold osteotomy site open. Elasticity of intact medial cortex holds bone grafts in place; fixation is not required. SEE 
TECHNIQUE 33.4.
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had little to no effect on overall function. Although initially 
recommended, the use of postoperative traction following 
proximal femoral resection has become less common and 
may not improve outcome. 

 

PROXIMAL FEMORAL RESECTION

 TECHNIQUE 33.5 

 n  Preoperatively, determine the level of the osteotomy by 
drawing a line on the preoperative anteroposterior ra-
diograph from the ischium to the femur, parallel to the 
inferior border of the ischium.

 n  After administration of general anesthesia, place the pa-
tient supine with a sandbag elevating the affected hip.

 n  Make a straight lateral incision along the proximal femur 
beginning superior to the greater trochanter and ending 
inferior to the level of the lesser trochanter.

 n  Split the fascia of the tensor fasciae latae and femoris and 
extraperiosteally detach the insertions of the vastus late-
ralis and gluteus medius and minimus from the proximal 
femur.

 n  Detach the psoas tendon from the lesser trochanter and com-
plete the exposure of the proximal femur extraperiosteally.

 n  Incise the periosteum circumferentially around the femur 
just distal to the insertion of the gluteus maximus or at 
the proposed level of femoral resection.

 n  Divide the short external rotators.
 n  Incise the capsule circumferentially and free it from the 

base of the femoral neck.
 n  Divide the ligamentum teres and remove the proximal femur, 

using an oscillating saw to make the osteotomy (Fig. 33.13A).
 n  Test the range of motion of the hip at this point and, 

if necessary for motion, tenotomize the proximal ham-
strings through the same incision after identifying the 
sciatic nerve. If necessary, also release the adductors.

 n  Seal the acetabular cavity by oversewing the capsular 
edges. Alternatively, the iliopsoas can be sutured to the 
lateral part of the capsule and the abductors to the medial 
part of the capsule.

 n  Bring the vastus lateralis lateral to medial over the femoral 
stump, sewing it into the rectus femoris muscle.

 n  To decrease the risk of heterotopic ossification, handle 
tissue carefully, completely excise the periosteum, and ir-
rigate thoroughly. Consider the use of nonsteroidal anti-
inflammatories perioperatively.

 n  Secure meticulous hemostasis and close the wound over 
a suction drain.

POSTOPERATIVE CARE Postoperatively, the patient 
uses an abduction pillow for 2 weeks and then is pro-
gressed in therapy with gentle range of motion.
  

REDIRECTIONAL OSTEOTOMY
Redirectional osteotomy also has been proposed as an alter-
native to resection arthroplasty. This proximal femoral val-
gus osteotomy places the legs in a more abducted position, 

which improves perineal hygiene and sitting. The ideal can-
didate for this procedure is a child with severe hip adduc-
tion with minimal or no pain. The osteotomy directs the 
lesser trochanter into the acetabulum and the femoral head 
away from the pelvis.

The procedure described by McHale et  al. in 1990 
involves resection of the femoral head and neck, valgus-
producing subtrochanteric osteotomy to reposition the 
leg relative to the trunk, and advancement of the lesser 
trochanter into the acetabulum by attaching the liga-
mentum teres to the intact iliopsoas. The technique was 
modified by Godfrey et al., who placed the patient in the 
lateral position rather than supine, released the short 
external rotators to easily expose the femoral head, and 
did not attach the iliopsoas to the ligamentum teres. They 
reported that these modifications resulted in shorter sur-
gical time, less blood loss, and shorter hospital stays. This 
has become a preferred technique at many centers, but 
we have little experience with it. In a later comparison 
of Schanz, Girdlestone, Castle, and McHale procedures 
in 69 hips, these authors determined that, while all four 
procedures provided pain relief, bone resorption and 
revision surgery were more frequent after the McHale 
procedure. 
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FIGURE 33.13 McCarthy et al. proximal femoral resection. A, 
Extraperiosteal approach, periosteal excision, and release of muscu-
lotendinous attachments. B, Interpositional arthroplasty-iliopsoas 
and abductors are sutured to hip capsule, and femoral stump is 
covered by vastus lateralis. SEE TECHNIQUE 33.5.
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REDIRECTIONAL OSTEOTOMY 
(MCHALE PROCEDURE FOR 
NEGLECTED HIP DISLOCATION)

 TECHNIQUE 33.6  

(MCHALE ET AL.)
 n  Place a “bump” underneath the sacrum to improve ac-

cess to the affected hip, and make an anterolateral Wat-
son-Jones approach (see Chapter 1).

 n  Resect the femoral head, preserving the ligamentum teres 
for further attachment to the iliopsoas tendon (Fig. 33.14A).

 n  Make an opening wedge valgus osteotomy distal to the 
lesser trochanter, taking into account that 3 holes of 
the LCP plate should be proximal to the osteotomy (Fig. 
33.14B).

 n  After attachment of the ligamentum teres to the iliopsoas 
tendon, pre-bend and contour a 4.5-mm LCP plate to 
accommodate to the shape of the femur after the oste-
otomy (Fig. 33.14C).

 n  Fix the plate to the femur with locking screws. 

POSTOPERATIVE CARE The patient uses an abduction 
pillow for the first 2 weeks after surgery. Gentle passive 
range of motion and sitting in a wheelchair are allowed 
immediately after surgery.
   

 

HIP ARTHRODESIS
Hip arthrodesis also can be effective in relieving pain and 
improving function in carefully selected patients. The ideal 
candidate is a patient with unilateral disease and no spi-

nal involvement. Hip arthrodesis may be preferable in 
ambulatory patients because it allows weight bearing, in 
contrast to proximal femoral resections. In two studies 
of arthrodesis in patients with cerebral palsy and painful 
hip dislocation, fusions were obtained in 6 of 8 patients 
and 11 of 14 hips after the first attempt, resulting in pain 
relief and improvement in posture. The remainder required 
repeat arthrodesis. One negative aspect of hip arthrodesis 
is the need for postoperative casting for 2 months and the 
 complications associated with it.

 TECHNIQUE 33.7 

 n  Place the patient supine with a soft pad under the gluteal 
region.

 n  Perform an adductor tenotomy as described in Technique 
33.1.

 n  Through a longitudinal lateral incision to the hip, split the 
gluteal muscles.

 n  Extend the exposure of the hip joint to allow an iliopsoas 
tenotomy.

 n  Resect the pulvinar and ligamentum teres, remove any re-
maining cartilage from the femoral head and acetabulum, 
and deepen the dysplastic acetabulum.

 n  Position the hip in 40 degrees of flexion, 15 degrees of 
abduction, and neutral rotation. The fixation device used 
depends on the local bone width and quality, the size of 
the femoral head and neck, and the desirable degree of 
hip flexion. Appropriate implants include a 4.5-mm AO-D 
cerebral palsy plate, AO-Cobra plate, and 6.5-mm can-
nulated screws.

POSTOPERATIVE CARE A hip spica cast is worn for 
2 months postoperatively. Patients are then started in 
a progressive range-of-motion and weight-bearing pro-
gram.
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FIGURE 33.14 McHale procedure for chronically dislocated hips in cerebral palsy patients. A, Femoral head resection. B, Lateral wedge 
varus osteotomy. C, Fixation with hand-contoured plate.  (Redrawn from McHale KA, Bagg M, Nason SS: Treatment of the chronically dislocated 
hip in adolescents with cerebral palsy with femoral resection and subtrochanteric valgus osteotomy, J Pediatr Orthop 10:504, 1990.)
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Total hip arthroplasty is an option for patients with cere-
bral palsy with end-stage hip degeneration. The ideal can-
didate is an intelligent, independent ambulator with mild 
soft-tissue contractures. Good midterm results (10 years) 
have been reported after hip arthroplasty. Another study 
reported return to preoperative function in all patients, 
return to prepain function in 88%, and implant survivorship 
in 95% at 2 years and 85% at 10 years. Increasing the antever-
sion and inclination of the acetabular component may help 
increase stability. Although the results of total hip replace-
ment are best in GMFCS I and II patients, surface replace-
ment has been shown to be effective for pain relief in a small 
series of GMFCS III-V patients. 

KNEE
HIP AND KNEE RELATIONSHIPS
Deformities of the knee in patients with cerebral palsy are dif-
ficult to evaluate and treat and rarely occur in isolation. Pelvic, 
hip, knee, ankle, and foot deformities are interrelated. The 
hip and the knee are tightly coupled because of the muscles 
that cross both joints, the “two-joint muscles.” These muscles 
include the rectus femoris anteriorly, gracilis medially, and 
semimembranosus, semitendinosus, and biceps femoris pos-
teriorly. Pathologic conditions that affect these muscles, such 
as spasticity or contracture, and surgical changes affect the 
function of both joints. A similar relationship exists between 
the knee and ankle with the gastrocnemius muscle, which 
crosses both joints. A patient with cerebral palsy who ambu-
lates with his or her knees flexed may not have hamstrings 
that are tight or spastic. A patient with a hip flexion contrac-
ture ambulates with increased knee flexion to help maintain 
sagittal balance. Likewise, surgical correction of a knee flex-
ion contracture may lead to spontaneous improvement in 
hip flexion. Because of these relationships, a careful physical 
examination of the entire lower extremity is essential when 
evaluating the knee in patients with cerebral palsy. 

FLEXION DEFORMITY
Flexion is the most common knee deformity in patients with 
cerebral palsy and frequently occurs in ambulatory children. 
Knee flexion deformities keep the knee from fully extending 
at the end of the swing phase of gait. This causes the knee to be 
flexed during stance phase, leading to decreased stride length 
and increased energy expenditure. Spastic hamstrings, weak 
quadriceps, or a combination of both can cause isolated knee 
flexion. It also can result from hip or ankle pathology. Patients 
with spastic hip flexors or weak hip extensors or both develop 
compensatory knee flexion that results in crouch gait in which 
the hips, knees, and ankles are flexed (Fig. 33.15). Patients 
with weakened gastrocnemius-soleus muscles, from cerebral 
palsy or more commonly from Achilles tendon overlength-
enings, ambulate with knee flexion to accommodate for the 
relative overpull of the ankle dorsiflexors. Prolonged spastic-
ity and crouched knee gait can lead to true contracture of the 
knee itself. This is a difficult problem to deal with and has led 
to the increased use of single-event multilevel surgery rather 
than staged procedures. A wide variety of procedures has been 
proposed for this, including femoral shortening or distal fem-
oral extension osteotomy with patellar tendon advancement 
or both. Patellar advancement has been shown to improve gait 
mechanics better than extension osteotomy alone.

To find the source of the knee flexion, the muscles must 
be assessed to determine if the deformity is caused by spastic-
ity or contracture or both. Strength testing should be done, 
although this can be difficult in patients with cerebral palsy. 
In patients with cerebral palsy, if the hamstrings are affected, 
most likely the quadriceps are affected to some degree as well. 
Quadriceps strength, spasticity, and firing pattern should be 
evaluated throughout the gait cycle. Lengthening, and essen-
tially weakening, the hamstrings in the presence of a spastic 
rectus femoris can lead to hyperextension deformity of the 
knee and significant gait disturbance.

Hamstring strength, spasticity, and knee contracture are 
assessed with the patient prone and supine. With the patient 
prone, the examiner extends the hips as much as possible and 
exerts gentle pressure on the calves. The angle that the femur and 
the tibia make after spasticity has been overcome is the degree of 
contracture of the soft tissues behind the knee. Next, the patient 
is placed supine to test hamstring spasticity. The examiner sta-
bilizes the opposite knee in as much extension as possible and 
raises the leg being examined with the knee straight. If knee 
extension is limited as the hip is flexed, either medial or lateral 
hamstring tightness is present (Fig. 33.16). The patient can be 
examined for medial hamstring spasticity in the supine position 
with the knees flexed and feet off the table. This relaxes the ham-
strings proximally and allows the hip to be abducted if there is 
no contracture of the adductor muscles. If extension is not pos-
sible unless the hip is adducted, there is tightness in the medial 
hamstrings and gracilis (Fig. 33.17). The amount of equinus in 
the ankle should be measured with the knee flexed and fully 
extended (Fig. 33.18). If ankle dorsiflexion improves with knee 
flexion, there is gastrocnemius spasticity or contracture.

As previously mentioned, quadriceps strength, contrac-
ture, and function should be evaluated when examining a 
patient with knee flexion deformity. Quadriceps strength 
is best assessed with the patient supine and the feet off the 
end of the table. The examiner extends the hips and allows 
the knees to flex passively (Fig. 33.19A) and then asks the 
patient to extend the knees voluntarily against resistance 
(Fig. 33.19B). To determine if the rectus femoris is spastic, 
the examiner turns the patient prone and performs the prone 
rectus (Ely) test (Fig. 33.20A). With the patient prone and the 

 FIGURE 33.15 Typical crouch posture caused by plantar flexion 
deformities of ankles, which require flexion of knees, hip, and 
lumbar spine to place center of gravity over weight-bearing surface.
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knees extended, the examiner flexes the knees. If the rectus is 
spastic, the hips flex and the buttocks rise off the table when 
the rectus is stretched. It is best to do this one side at a time to 
determine the relative spasticity of each rectus femoris muscle.

Physical therapy and bracing can be used for milder defor-
mities. Serial stretch casting has been shown to be effective as 
well, but care is necessary to prevent soft-tissue complications 
or breakdown and neurapraxia. The indications for hamstring 
lengthening are a straight-leg raise of less than 70 degrees or a 
popliteal angle of less than 135 degrees in the absence of signifi-
cant bony deformity. In an ambulatory patient, knee contracture 
of more than 10 degrees can lead to excessive compensatory hip 
flexion and ankle dorsiflexion. Care must be taken not to over-
lengthen the hamstrings because it can lead to excessive weak-
ness and knee hyperextension gait. In hyperextension gait, the 
femur moves forward over a fixed tibia, which is prevented from 
moving forward either by a spastic gastrocnemius-soleus or a 
limited ankle dorsiflexion. Rectus femoris spasticity, which is 
common in patients with cerebral palsy, also can exacerbate this 
condition. For this reason, most surgeons begin with length-
ening the medial hamstrings by a Z-plasty of the gracilis and 
semitendinosus tendons and a fractional lengthening of the 
semimembranosus. If further correction is desired, the biceps 
femoris laterally can be lengthened using fractional lengthening. 

Identify the proximal aponeurosis of the semimembranosus 
anteriorly as it arises from the tendon of the proximal attach-
ment. It is separate and proximal from the distal aponeurosis 
and should be released at the time of surgery as well. 

 

FRACTIONAL LENGTHENING OF 
HAMSTRING TENDONS
Although knee extension in stance phase has been shown 
to improve dramatically after hamstring lengthening, velocity, 
stride length, and cadence have not been shown to improve. 
With spastic hamstrings and quadriceps, knee flexion during 
swing phase markedly diminishes. In addition, the results of 
surgery have been reported to deteriorate with time, with 
reoperation being necessary in up to 17%. Because very little 
change can be expected from repeat hamstring lengthen-

 

A

B

C
FIGURE 33.16 Testing for hamstring spasticity and contracture. 

A, Patient is supine with hips extended. Pressure is exerted over 
knees, forcing them into extension. Flexion remaining in knees is 
absolute knee flexion contracture. B, Knee on side to be tested is 
flexed while opposite knee is stabilized in extension. C, Attempted 
flexion of hip results in more flexion of knee.

 

A

B

C
FIGURE 33.17 Testing for adductor and medial hamstring tight-

ness. A, Thighs abduct well with hips and knees flexed, indicating no 
adductor contracture. B, With hips extended and knees flexed, hips 
abduct well. C, With hips extended, bringing knees into extension 
causes thighs to adduct, indicating medial hamstring spasticity.
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ing in patients with recurrent knee flexion after hamstring 
lengthening, alternative surgical interventions may be more 
beneficial. Some improvement in the popliteal angle and 
knee extension has been noted in patients with combined 
medial and lateral hamstring lengthenings, however, with 
greater risk of knee hyperextension and hamstring weakness.

 TECHNIQUE 33.8 

 n  Place the patient prone and inflate the thigh tourniquet.
 n  Make medial and lateral posterior incisions just above the 

popliteal crease extending 4 to 6 cm proximally. Alterna-
tively, a single midline incision can be used (Fig. 33.21A).

 n  Divide the subcutaneous tissue and deep fascia in line 
with the skin incision, protecting the posterior femoral 
cutaneous nerve in the proximal portion of the wound.

 n  Expose the semitendinosus tendon, which is the most su-
perficial posteromedial structure and is tendinous at this 
level. Incise the tendon transversely or, alternatively, per-
form a Z-plasty.

 n  Identify and isolate the semimembranosus and incise 
its tendon sheath longitudinally. Divide its aponeurosis 
sharply at two levels, leaving the underlying muscle intact 
(Fig. 33.21B,C).

 n  Extend the knee with the hip in extension and the tendi-
nous portion of the semimembranosus slides on the mus-
cle. If further correction is required, identify the biceps 
femoris tendon laterally and isolate it from the peroneal 
nerve lying along its medial side. Pass a blunt instrument 
deep to the biceps femoris tendon, incise its tendinous 
portion transversely at two levels 3 cm apart, and leave 
the muscle fibers intact (Fig. 33.21D).

 n  Perform a similar lengthening maneuver by extending the 
knee with the hip in extension. Do not forcefully extend 
the knee with the hip flexed because this may cause a 
traction injury to the sciatic nerve and risk injury to the 
peroneal injury.

 n  Close all tendon sheaths, but do not close the deep fascia 
(Fig. 33.21E).

 n  After deflating the tourniquet, obtain hemostasis and 
close the subcutaneous tissues and skin.

 n  Apply a long leg cast with the knee in maximal extension.

POSTOPERATIVE CARE Straight-leg raises are begun im-
mediately postoperatively with the cast on to help stretch 
the hamstring tendons. The patient may walk with crutch-
es and bear weight as tolerated. After 3 to 4 weeks, the 
casts are removed and the patient is started on a physical 
therapy program to maintain, and in some cases improve, 
range of motion. Nighttime extension splints or knee im-
mobilizers are used for 8 to 12 weeks postoperatively.
  

COMBINED HAMSTRING LENGTHENING, 
POSTERIOR CAPSULAR RELEASE
If hamstring lengthening alone is ineffective in achieving 
the desired range of motion, a posterior capsular release can 
be used. This most commonly occurs in older children with 

 

A

B

C
FIGURE 33.18 Testing for gastrocnemius contracture and 

spasticity. A, With knee extended, equinus in ankle is noted. B, 
With knee flexed, ankle is easily dorsiflexed, indicating no soleus 
contracture. C, As knee is extended, ankle dorsiflexion is resisted 
by tight or spastic gastrocnemius muscles.

 

A

B
FIGURE 33.19 Testing for quadriceps strength. A, With hips 

extended, knees are allowed to flex off end of table. B, Patient 
voluntarily extends knees from flexed position against resistance.
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significant fixed knee flexion contractures. This technique 
also can be combined with quadriceps shortening to help cor-
rect elongation of the infrapatellar tendon caused by chronic 
quadriceps weakening to obtain improved range of motion. 

 

DISTAL FEMORAL EXTENSION 
OSTEOTOMY AND PATELLAR TENDON 
ADVANCEMENT
Because the results of revision hamstring lengthening are 
poor, the use of a distal femoral extension osteotomy has 
increased, especially for severe or recurrent knee flexion 
contractures after hamstring release. Stout et al. described 
a distal femoral extension osteotomy and patellar tendon 
advancement for treatment of crouch gait in cerebral palsy 
and obtained improved function and level of community 
ambulation. The osteotomy is most commonly fixed with 
distal femoral plates, but external fixation has also been 
used. Recurrence of deformity is less likely in patients in 
whom growth is complete. This procedure is most com-
monly done for patients who stand or ambulate. Patients 

should be followed closely after surgery because up to 
10% of children have a postoperative nerve palsy that 
is unrelated to the degree of correction. To avoid these 
complications of acute correction, anterior distal femo-
ral hemiepiphysiodesis has been used in small series to 
correct fixed knee flexion contractures (Fig. 33.22). This 
technique requires that patients have significant growth 
remaining to allow for correction. Immature patients (age 
< 11 years) should be followed for premature closure of 
the proximal tibial physis leading to decreased posterior 
slope.

 TECHNIQUE 33.9 

(STOUT ET AL.)
 n  Approach the distal part of the femur posterior to the 

vastus lateralis.
 n  Insert a chisel for a 90-degree blade plate just proximal 

to a guidewire placed at a 90-degree angle to the femo-
ral shaft and just proximal to the physis (or physeal scar) 
with the angle guide of the chisel parallel to the tibia. 
This placement avoids varus or valgus displacement of the 
osteotomy. Alternatively, a distal femoral locking plate 
can be used with an estimate for correction based on the 
guide being in line with the tibia.

 n  Remove an anterior triangular wedge of bone that match-
es the degree of contracture. Also, remove any bone pro-
truding posteriorly from the distal fragment (Fig. 33.23). 
Coronal and transverse plane abnormalities can be cor-
rected simultaneously.

 n  The type of patellar tendon advancement depends on 
the skeletal maturity of the patient. If the physis is open, 
sharply divide the patellar tendon from the tibial tubercle 
to avoid physeal injury and advance it under a periosteal 
flap. If the physis is closed, transpose the tibial tubercle 
with the attached patellar tendon distally and secure it 
with a compression screw.

 n  Alternatively, the redundant patellar tendon can be over-
sewn onto itself with satisfactory results.

 n  Insert a 16-gauge wire or tension-band wire transversely 
through the patella and the proximal part of the tibia to 
protect the repair.
  

DISTAL TRANSFER OF RECTUS FEMORIS
Stiff knee gait is common in patients with cerebral palsy and 
is caused by co-contracture of the quadriceps and hamstring 
muscles or weakness caused by previous hamstring lengthen-
ing, or both. Co-spasticity of the hamstrings and quadriceps 
causes a loss of knee flexion that leads to decreased power 
and difficulties with foot clearance during the swing phase of 
gait. Patients with rectus femoris spasticity also have difficulty 
transitioning from standing to sitting. Dynamic EMG analysis 
often reveals a rectus femoris muscle that also is abnormally 
active during swing phase. To help achieve balanced knee func-
tion during swing phase, transfer of the distal rectus femoral 
tendon to the semitendinosus medially or iliotibial band later-
ally can be done, depending on the presence of malrotation. 
No functional differences in knee flexion are seen between 
the transfer sites, and this should then be determined by sur-
geon preference and concomitant procedures. Ten degrees of 

 

A

B

C
FIGURE 33.20 Prone rectus test. A, Patient is prone, and knees 

are extended. B, Flexing knees causes buttocks to rise from table. C, 
Spasticity in rectus is overcome by downward pressure on buttocks.
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malrotation can be corrected depending on the direction of 
transfer, but larger degrees of malrotation require rotational 
osteotomy of the affected bone. Gage et al. found significant 
improvement in swing-phase knee motion and foot clearance 
when the following criteria were met: (1) hamstring contrac-
tures corrected so that the knee can extend fully in midstance, 
(2) foot plantigrade and stable in stance, and (3) foot in line of 
progression to generate a moment of sufficient magnitude to 
maintain knee extension in midstance and terminal stance. In 

comparison studies of hamstring lengthening with and without 
rectus femoris transfer, patients with rectus femoris transfer 
had significantly improved foot clearance and gait efficiency, 
most markedly in GMFCS I and II patients. In patients who 
are GMFCS III or IV, rectus transfer can lead to a persistent 
crouch gait and should be avoided because of the importance 
of an upright posture for the patients and their caregivers. 
More improvements than deterioration of results have been 
reported in ambulatory children at long-term follow-up. 

 

E

A B

D

 Separate meticulous closure of each
 tendon sheath; deep fascia is not sutured

Incision

Line of division
 of deep fascia  Forceps everting semimembranosus muscle to

 expose tendinous portion; division at two levels  

C

FIGURE 33.21 Fractional lengthening of hamstrings. A, Skin incision and incision in deep fascia over back of knee. B and C, Incisions 
in semimembranosus. D, Incisions in biceps femoris; note hemostat anterior to peroneal nerve. E, Tendon sheaths of biceps femoris and 
semimembranosus are sutured before wound closure. SEE TECHNIQUE 33.8.
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RECTUS FEMORIS TRANSFER

 TECHNIQUE 33.10  Figure 33.24

(GAGE ET AL.)
 n  With the patient anesthetized and supine, make a longi-

tudinal incision in the anterior thigh, 5 to 6 cm proximal 
to the superior pole of the patella.

 n  Identify the rectus femoris tendon proximally as it lies be-
tween the vastus medialis and vastus lateralis. Separate the 
rectus tendon from the remainder of the quadriceps ten-
don; avoid entering the knee joint. Dissect it free to approxi-
mately 3 cm proximal to the patella. Divide the tendon and 
separate it from the vastus intermedius tendon posteriorly.

 n  Transfer the freed tendon stump to either the distal stump 
of the semitendinosus or the iliotibial band depending 
on whether the desired rotatory effect is lateral rotation 

 

A B

FIGURE 33.22 A, Patient with cerebral palsy and fixed knee flexion contracture treated with anterior distal femoral epiphysiodesis 
using 8-plates. B, 20 months after surgery. (From Al-aubaidi Z, Lundgaard B, Pedersen NW: Anterior distal femoral hemi-epiphysiodesis in 
the treatment of fixed knee flexion contracture in neuromuscular patients, J Chil Orthop 6:313, 2012.) SEE TECHNIQUE 33.8.

 

A

B

B

A

A

B

FIGURE 33.23 A and B, Preoperative and postoperative lateral radiographs of left knee in maximal extension in patient treated 
with distal femoral extension osteotomy. SEE TECHNIQUE 33.9.  (From Stout JL, Gage JR, Schwartz MH, Novacheck TF: Distal femoral extension 
osteotomy and patellar tendon advancement to treat persistent crouch gait in cerebral palsy, J Bone Joint Surg 90A:2470, 2008.)
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(to the iliotibial band) or medial (to the semitendinosus 
stump).

 n  For medial transfer to the semitendinosus, divide the sem-
itendinosus 2 to 3 cm proximal to its musculotendinous 
junction and dissect the distal stump to its insertion at the 
pes anserinus. Transfer the tendon through the medial 
intermuscular septum and suture it to the distal end of 
the rectus femoris tendon.

 n  For a lateral transfer to the iliotibial band, resect the fibers 
of the iliotibial band until the remaining fibers are poste-
rior to the knee joint axis. Pass the distal end of the rectus 
femoris around the iliotibial band and suture it onto itself.

POSTOPERATIVE CARE If hamstring lengthening also 
has been done, patients are placed in long leg casts for 3 
to 4 weeks. If hamstring lengthening has not been done, 
cast immobilization is unnecessary; instead, a knee immo-
bilizer is used. The patient is allowed to sit in a reclining 
wheelchair and is gradually moved to the upright sitting 
position with the knee fully flexed. Standing with support 
is allowed on the third day, and the knee immobilizer is 
removed for passive and active range of motion of the 
knee. At 4 weeks, the patient is instructed by the physical 
therapist to begin vigorous exercises to encourage muscle 
strengthening and gait training. Improvements in gait 
function typically are seen for 12 months postoperatively.
  

RECURVATUM OF THE KNEE
Recurvatum of the knee is caused by a relative imbalance 
between the quadriceps and the hamstrings owing to sev-
eral factors, including (1) co-spasticity of the quadriceps and 
hamstrings in which the quadriceps is stronger; (2) weakened 
hamstrings secondary to previous surgery, overlengthening, 
or transfer; (3) gastrocnemius-soleus weakness secondary to 
proximal head recession; and (4) ankle equinus. For a patient 

with an ankle equinus contracture, the only way to put the 
feet flat is to compensate with knee recurvatum.

The prone rectus test can be used to test for quadriceps 
spasticity. If the rectus femoris is tight, it can be lengthened 
or released in nonambulatory patients and transferred pos-
teriorly in ambulatory children. Recurvatum of the knee 
caused by excessive hamstring weakness is difficult to treat. 
Replantation of transferred tendons or shortening of over-
lengthened tendons would not improve functional strength 
because the muscles have been permanently weakened by the 
previous surgery.

To determine if recurvatum of the knee is caused by ankle 
equinus, a short leg cast or ankle orthosis is applied with the 
ankle in the neutral position. If the knee goes into recurvatum 
with the foot plantigrade, the recurvatum is not caused by 
ankle equinus. If ankle equinus does exist, correction of this 
operatively or nonoperatively is indicated. Significant recur-
vatum should be treated with bilateral long leg braces with a 
pelvic band with the knees locked in 20 degrees of flexion and 
ankle stops at 5 degrees of dorsiflexion. When hip control is 
achieved, the pelvic band can be removed, but long leg braces 
often are used for years until a stable knee is obtained. Flexion 
osteotomy for this condition is not advised. 

KNEE VALGUS
Knee valgus in patients with cerebral palsy usually is caused by 
a hip adduction deformity and rarely occurs independently. It 
is usually associated with hip internal rotation and flexion of 
the knees, which can accentuate the appearance of valgus. In 
most patients, correction of the hip adduction and internal 
rotation improves the position and appearance of the knee. 
In these patients, surgery on the knee itself is rarely indicated.

A tight iliotibial band also can cause a knee valgus defor-
mity. The presence of iliotibial band tightness can be deter-
mined by having the patient lie on the contralateral side and 
flex the knee nearest the table to the chest. With the knee 
flexed, the hip being tested is flexed and abducted, moved 

 

A B C

Avoid descending genicular
artery and saphenous nerve

FIGURE 33.24 Distal release or transfer of rectus femoris. A, Rectus femoris is separated from vastus medialis, vastus lateralis, and 
vastus intermedius. Inset, Longitudinal incision along medial side of distal third of rectus femoris. B, Rectus femoris may be transferred 
through medial intermuscular septum to sartorius if desired. C, Rectus femoris is sutured to sartorius. SEE TECHNIQUE 33.10.
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from the position of flexion to extension, and then adducted. 
If the hip does not adduct without flexing, the iliotibial band 
is tight and usually can be palpated subcutaneously along the 
distal third of the thigh. The tight band should be resected 
(see Chapter 34). 

PATELLA ALTA
Patella alta is common in patients with cerebral palsy (93% in 
one study) and usually is associated with crouched gait and 
a knee flexion contracture (Fig. 33.25). Despite this frequent 
occurrence, the prevalence of anterior knee pain in these 
patients is approximately 10% to 20%, being more common 
in older children, females, and possibly those with larger flex-
ion contractures. Patellar subluxation and dislocation are rare; 
they can be caused by quadriceps spasticity or long-standing 
knee flexion deformity. Patella alta leads to a decrease in the 
moment arm of terminal knee extension, which further weak-
ens an already weakened extensor mechanism. This increased 
tension can lead to repetitive microtrauma to the patellar 
and quadriceps tendons, causing elongation of these struc-
tures and fragmentation and stress fractures of the patella and 
tibial tubercle; it is thought to be one of the causes of knee 
pain in patients with cerebral palsy. Because these changes are 
almost universal in ambulatory patients with cerebral palsy 
and most patients are pain free, operative treatment rarely is 
indicated. Often, correction of the flexion deformity of the 
knee with hamstring lengthening and other associated pro-
cedures causes improvement in not only the patella alta but 
also knee function in general. Operative treatment to correct 
the underlying pathologic process, which usually is patellar 
subluxation and dislocation, is helpful in patients in whom 
conservative treatment has failed. 

ROTATIONAL ABNORMALITIES
Rotational abnormalities, either internal or external, can cause 
significant gait dysfunction in patients with cerebral palsy. 
These deformities usually occur at multiple levels including 

the hip or femur, tibia or ankle, and foot. There is no role for 
bracing in correction of these deformities in patients with 
cerebral palsy. A thorough rotational evaluation is essential 
before any operative intervention. A large gait analysis study 
of 412 children found that the most common cause of inter-
nal rotation gait was internal hip rotation, followed by inter-
nal tibial torsion, and multiple abnormalities were found in 
almost 50% of affected limbs. Differences were noted between 
hemiplegic and diplegic patients, with the most common 
site of internal rotation deformity in diplegics being the hip 
(57%), tibia (52%), and pelvis (19%) compared with hemiple-
gics, in whom foot deformities included pes varus (42%) and 
metatarsus adductus (24%).

These deformities should be corrected at the time of soft-
tissue procedures. Minimally invasive percutaneous oste-
otomies of the femur and supramalleolar tibia have been 
described. 

FOOT AND ANKLE
Foot deformities in children with cerebral palsy can be diffi-
cult to fully understand. The goals of treatment in ambulatory 
children differ from those in non-ambulatory children, but 
generally a braceable plantigrade foot should be the desired 
outcome. Foot deformities caused by altered or abnormal 
muscle forces are common in patients with cerebral palsy, 
with 70% to 90% of children affected. The most common 
deformity is ankle equinus, with equinovarus and equinoval-
gus deformities being equally common. In a series of 306 
children with cerebral palsy, approximately 50% had normal 
“side-to-side” balance, 25% had valgus deformities, and 23% 
had varus deformities. The presence of a bilateral as opposed 
to a unilateral foot deformity, regardless of the type, has been 
shown to have a significant effect on overall level of ambula-
tion. A patient’s deformity may change over time, especially 
in young children. For example, in a very young child with a 
valgus foot deformity, persistent tonic reflexes and abnormal 
muscle forces may over time cause a varus foot position to 
develop. Digital deformity is caused by an imbalance between 
the intrinsic muscles of the foot and extrinsic muscles of the 
leg (intrinsic plus foot) and can cause hallux valgus, claw toes, 
and forefoot adduction. Spasticity of the smaller muscles of 
the foot can lead to other deformities, such as hallux valgus, 
claw toes, and forefoot adduction. These can occur in isola-
tion but more often occur in association with other deformi-
ties related to abnormal extrinsic foot musculature.

EQUINUS DEFORMITY
Equinus deformity is the most common foot and ankle defor-
mity in patients with cerebral palsy, affecting 70% of children, 
of whom approximately 25% develop a deformity severe 
enough to require operative treatment. Conservative treat-
ment consisting of stretching, bracing, BTX-A, and, occa-
sionally, casting remains the primary form of treatment or 
means of delaying operative intervention. Ankle-foot ortho-
ses, in addition to preventing or delaying surgical treatment, 
often improve gait parameters and decrease energy expen-
diture in children with cerebral palsy by positioning joints 
in the proper position and reducing pathologic reflex or 
spasticity. As equinus is caused by spasticity of the gastroc-
nemius-soleus muscle, it often worsens during periods of 
rapid growth because of overgrowth of the tibia relative to 

 FIGURE 33.25 Patella alta in patient with cerebral palsy.
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the gastrocnemius-soleus. Animal models have shown that 
muscles in mice with hereditary spasticity grow at a slower 
rate than normal muscle. Ultrasound evaluation of the mus-
culotendinous junction showed that patients with cerebral 
palsy have longer Achilles tendons and shorter muscle bellies 
than normal controls. Whereas ankle dorsiflexion increases 
in operatively treated patients, the muscle-tendon architec-
ture remains abnormal. Bracing, especially at night, to pre-
vent the foot from going into the equinus position is essential. 
The exact indications for surgery for equinus-related condi-
tions are unclear given the variable nature of cerebral palsy; 
however, surgery typically is indicated when the ankle cannot 
be brought into the neutral position in an ambulatory child 
because ankle kinematics change dramatically with the ankle 
fixed in more than 10 degrees of dorsiflexion. Other indica-
tions include difficulties with hygiene, foot wear, and stand-
ing programs in a nonambulatory child.

SURGICAL CORRECTION OF EQUINUS 
DEFORMITY
Because of the variable nature of cerebral palsy and the fact 
that numerous procedures and postoperative regimens have 
been used in the treatment of equinus contracture, it is dif-
ficult to compare studies and success rates. In addition, many 
recurrences are more than 5 years after the initial operation 
and may not be included in short-term studies. The recur-
rence rate in the literature ranges from 0% to 50%, depend-
ing on the type of patient and the length of follow-up. 
Younger patients, especially those younger than 3 years, and 
hemiplegics are most likely to have recurrence. Recurrence 
in patients older than 6 years is uncommon. A study of 243 
children with cerebral palsy (mean age, 7.8 years) who had 
Achilles tendon lengthening showed a recurrence rate of 
11% at 10 years. A large meta-analysis showed that age is the 
most important determinant of recurrence and that over-
correction leading to a calcaneal deformity and crouch gait 
was more common in diplegics (15%) compared with hemi-
plegics (1%). Despite numerous techniques used, there did 
not seem to be a significant difference in outcomes between 
techniques, although the majority of the studies were level 
IV evidence.

The gastrocnemius-soleus can be lengthened at either the 
musculotendinous junction with an aponeurotic recession or 
at the level of the Achilles tendon through an open or per-
cutaneous approach. For mild to moderate contractures, it 
is recommended that lengthening be done at the level of the 
musculotendinous junction; the higher rate of overlengthen-
ing seen with the use of open Z-plasty techniques leads to 
residual weakness. The use of the percutaneous approach has 
been shown in a small (28 feet) randomized, blinded study 
to provide rapid healing as demonstrated on ultrasound 
evaluation of the tendon, shorter operative and hospitaliza-
tion times, postoperative dorsiflexion, and higher parental 
satisfaction. Larger studies are necessary to further evaluate 
this. Overlengthening of the gastrocnemius-soleus should 
be avoided, especially in an ambulatory child, because it can 
cause weakness in push-off and crouch gait. Because over-
lengthening is less common with an aponeurosis recession, 
this is the most commonly used procedure in ambulatory 
children, with open Achilles lengthening reserved for patients 
with severe deformities and for nonambulatory patients. It 
is important to evaluate patients after release for toe flexion 

contractures that have been unmasked after Achilles tendon 
lengthening, because this can lead to abnormal weight bear-
ing on the tips of the toes. This can be treated with simultane-
ous Z-lengthenings of the flexor digitorum longus and flexor 
hallucis longus. 

 

Z-PLASTY LENGTHENING OF THE 
ACHILLES TENDON
Rattey et al. reported recurrence of contractures in 
18% and 41% of diplegic and hemiplegic patients 10 
years after 77 open Z-plasty lengthenings of the Achil-
les tendon. Children 6 years old or older at the time of 
lengthening did not have recurrence. Diplegic patients 
who were operated on before age 4 years and patients 
who had longitudinal incisions had statistically signifi-
cantly higher recurrence rates.

 TECHNIQUE 33.11 

 n  Make a posteromedial incision midway between the 
Achilles tendon and the posterior aspect of the medial 
malleolus. The lower extent of the incision is at the supe-
rior border of the calcaneus, and it continues cephalad for 
4 to 5 cm (Fig. 33.26A).

 n  Expose the Achilles tendon with sharp dissection directed 
posteriorly toward it.

 n  Incise the sheath of the Achilles tendon longitudinally 
from the superior to the inferior extent of the incision. 
Free the tendon from the surrounding tissues.

 n  Make a longitudinal incision in the center of the Achilles 
tendon from proximal to distal (Fig. 33.26A).

 n  Turn the scalpel either medially or laterally distally and 
divide that half of the tendon transversely. Make the dis-
tal cut toward the medial side for a varus deformity and 
toward the lateral for a valgus deformity.

 n  Hold this cut portion of the tendon with forceps and bring 
the scalpel to the proximal portion of the longitudinal inci-
sion in the tendon.

 n  Turn the scalpel opposite the distal cut and divide that 
half of the tendon transversely to free the Achilles tendon 
completely.

 n  Divide the plantaris tendon on the medial aspect of the 
Achilles tendon transversely.

 n  Evaluate the passive excursion of the triceps surae muscle 
using a Kocher clamp to pull the proximal stump of the 
tendon to its maximally stretched length.

 n  Allow the tendon to retract halfway back to its resting 
length and suture it to the distal tendon end at that point 
(Fig. 33.26B).

 n  Control tension further by adjusting the foot position: 
neutral for mild spasticity, 10 degrees of dorsiflexion for 
moderate involvement, and 20 degrees of dorsiflexion for 
severe deformity.

 n  Perform the repair in a side-to-side or if needed, end-to-
end, manner with heavy absorbable sutures.

 n  Close the wound with absorbable sutures or subcuticular 
sutures and skin strips and apply a long leg cast.
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POSTOPERATIVE CARE The patient is allowed to bear 
full weight on the leg postoperatively. The cast is left on 
for approximately 4 weeks. During this time, knee exten-
sion is encouraged to maintain the lengthening of the 
gastrocnemius-soleus complex. The cast is removed, and 
an ankle-foot orthosis is fitted with the ankle in maximal 
dorsiflexion. Alternatively, a mold for a custom ankle-foot 
orthosis can be made at the time of the initial procedure 
so that it is ready at the time of cast removal. This is es-
pecially helpful if patient compliance and follow-up are 
questionable. The patient begins with full-time brace 
wear, and this is modified depending on the patient’s 
growth remaining and progress in physical therapy.
   

 

PERCUTANEOUS LENGTHENING OF 
THE ACHILLES TENDON
Moreau and Lake found that when done as an outpatient 
procedure, percutaneous lengthening of the Achilles ten-
don was quick, inexpensive, and free of complications. Of 
the 90 legs treated in this fashion, 97% showed improve-
ment in gait function.

 TECHNIQUE 33.12 

 n  With the patient prone and the leg prepared to the 
midthigh to include the toes, extend the knee and dor-
siflex the ankle to tense the Achilles tendon so that it is 
subcutaneous, easily outlined, and away from the neuro-
vascular structures anteriorly.

 n  Make three partial tenotomies in the Achilles tendon (Fig. 
33.27). Make the first medial cut, just at the insertion of 
the tendon onto the calcaneus, through one half of the 
width of the tendon. Make the second tenotomy proxi-
mally and medially, just below the musculotendinous 
junction. Make the third laterally through half the width 
of the tendon midway between the two medial cuts.

 n  Place the two incisions on the medial side if the heel is in 
varus as it usually is and on the lateral side if the heel is in 
valgus.

 n  Dorsiflex the ankle to the desired angle.
 n  The incisions do not require closure, only a sterile dressing 

and a long leg cast with the knee in full extension.

POSTOPERATIVE CARE The postoperative care is the 
same as that described for Technique 33.11.
  

LENGTHENING OF THE GASTROCNEMIUS-
SOLEUS MUSCLE COMPLEX
Surgical lengthening of the gastrocnemius-soleus complex 
is commonly performed to treat equinus deformity, either as 
an isolated procedure or as part of other reconstructive sur-
gery. A variety of surgical procedures have been described to 
accomplish this lengthening, varying in terms of selectivity, 
stability, and amount of correction. In a systematic review by 
Shore et  al., 10 different procedures were summarized and 
grouped by anatomic zone (Fig. 33.28). They concluded that 
cerebral palsy subtype (hemiplegia or diplegia) and age at 
index surgery were more important in determining outcomes 
of surgery than the choice of surgical procedure. In a biome-
chanical cadaver study, Firth et al. tested six procedures in the 
three zones and determined that zone 1 procedures were very 
stable but obtained limited lengthening, zone 2 procedures 
were stable and obtained more lengthening, and zone 3 pro-
cedures were not stable but obtained the most lengthening  

 

B

A

FIGURE 33.26 Z-plasty lengthening of Achilles tendon. A, 
Longitudinal incision, halfway between posterior aspect of medial 
malleolus and tendon. Longitudinal cut in tendon is brought out 
proximally in one direction and distally in opposite direction. B, 
Ends are sutured to repair tendon. SEE TECHNIQUE 33.12.

 

3

1

2

FIGURE 33.27 Incisions for percutaneous Achilles tendon 
lengthening. Cut ends slide on themselves with forceful dorsiflexion 
of foot. SEE TECHNIQUE 33.13.
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(Fig. 33.29). The clinical implications of these findings are 
unclear. In a later clinical study of 40 children with spastic 
diplegia, Firth et al. found that equinus gait usually could be 
corrected by conservative procedures in zone 1; severe crouch 
gait was abolished, calcaneal deformity was infrequent, and 
the rate of overcorrection was low (2.5%). The procedure 
chosen should be based on the surgeon’s experience and the 
unique clinical presentation of the patient. 

 

GASTROCNEMIUS-SOLEUS 
LENGTHENING

 TECHNIQUE 33.13 

 n  Make a posteromedial longitudinal incision at the level 
of the musculotendinous junction, expose the aponeu-
rosis of the gastrocnemius, and make an inverted V or 
transverse incision through it (Fig. 33.30A). Release this 
in a lateral-to-medial fashion to ensure complete re-
lease.

 n  Release the raphes of the gastrocnemius-soleus and the 
plantaris tendon (Fig. 33.30B) completely.

 n  Bring the ankle into slight dorsiflexion, which separates 
the ends of the tendon (Fig. 33.30C).

 n  If the aponeurosis of the soleus tendon is contracted and 
further correction is desired, divide it, but do not disturb 
the soleus muscle itself.

 

Zone 1

Zone 2

Zone 3

FIGURE 33.28 Three discrete anatomical zones of the gastroc-
soleus complex.  (Redrawn from Shore BJ, White N, Graham HK: Surgical 
correction of equinus deformity in children with cerebral palsy: a system-
atic review, J Child Orthop 4:277, 2010.)

 

Zone 1

1. Baumann 2. Strayer 3. Vulpius 4. Baker 5. White 6. Hoke

Intramuscular
lengthening

gastrocnemius
and soleus

Distal
gastrocnemius

recession

Inverted “V”
gastrocnemius

recession

Tongue in groove
gastrocnemius

recession

TAL: Double
hemi section

TAL: Triple
hemi section

Zone 2 Zone 3

+

FIGURE 33.29 Six procedures for gastrocnemius-soleus lengthening according to zone. TAL, Tendo Achilles lengthening.  (Redrawn 
from Firth BM, McMullean M, Chin T, et al: Lengthening of the gastrocnemius-soleus complex: an anatomical and biomechanical study in human 
cadavers, J Bone Joint Surg 95:1489, 2013.)
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 n  Baker modified the Vulpius technique by lengthening the 
aponeurotic tendon of the gastrocnemius in a tongue-in-
groove fashion. We prefer a simple transverse incision, 
through a slightly posteromedial approach, releasing the 
plantaris tendon as well.

POSTOPERATIVE CARE Postoperative care is the same 
as after Technique 33.11.
  

VARUS OR VALGUS DEFORMITY
Varus and valgus deformities can occur in patients with 
cerebral palsy, most commonly in association with an equi-
nus deformity. The direction of deformity depends on the 
type and severity of cerebral palsy and the overall biome-
chanics of the affected limb. Computer motion analysis 
and dynamic EMG have shown that anterior tibial muscle 
dysfunction alone or in combination with dysfunction of 
the posterior tibial muscle is more commonly the cause of 
varus deformity than isolated posterior tibial dysfunction. 
In hemiplegia the foot deformity has been found to be either 
equinus or equinovarus, and in diplegia and quadriplegia 
it was valgus in 64% or varus in 36% of affected children. 
Although less common, varus deformities are more func-
tionally disabling, more difficult to manage nonoperatively, 
and easier to correct operatively. Consequently, surgery is 
done more often and more successfully for varus than for 
valgus deformities.

The biomechanics of the hip and knee also influence 
whether a varus or valgus deformity is present. Diplegic 
patients typically have internally rotated and adducted hips, 
flexed knees, and external rotation deformity of the tibia. 
This combination of deformities causes the foot to assume a 
valgus position. In hemiplegic patients, the internally rotated 
thigh with the knee coming to full extension in stance phase 
causes the foot to internally rotate and produce a varus 
deformity.

EQUINOVARUS DEFORMITY
Varus deformity, which usually is accompanied by equinus, 
is caused most commonly by an abnormal posterior tibial 
muscle that is overactive or firing out of phase. The normal 
posterior tibial muscle is active during stance phase to sta-
bilize the foot and inactive during swing phase. In many 
children with cerebral palsy, the posterior tibial muscle 
contracts during swing phase, leading to the varus posi-
tion of the foot at heel strike. This also may be associated 
with anterior tibial muscle dysfunction; however, isolated 
anterior tibial muscle function is less likely to cause a varus 
deformity of the foot. Gait studies using EMG are help-
ful in determining which muscles are overactive or out of 
phase. It is essential to determine which muscles are respon-
sible for the deformity before any attempt at surgical cor-
rection. The gastrocnemius-soleus contracture that usually 
accompanies the varus contracture also contributes to the 
overall varus deformity of the foot. It also is important to 
determine whether the deformity is flexible and correctable 
or rigid because patients with flexible deformities are more 
likely to be successfully treated nonoperatively with orthot-
ics and shoe modifications and operatively with soft-tissue 
procedures such as tendon lengthenings, releases, or trans-
fers (usually of the abnormally active muscle). Patients with 
rigid varus deformities generally require bone procedures, 
such as calcaneal osteotomy.

LENGTHENING OF THE POSTERIOR TIBIAL TENDON
The posterior tibial tendon can be lengthened in a variety of 
ways, including open Z-plasty of the tendon itself and various 
recession procedures, such as step-cut lengthening and intra-
muscular lengthening. The type of procedure used depends 
on the severity of the deformity and other procedures being 
done. A Z-plasty lengthening of the tendon, although it gives 
a large amount of correction, can cause scarring and tethering 
of the tendon in its sheath, leading to recurrence of deformity. 
Recession procedures such as lengthening at the musculo-
tendinous junction have a lower risk of overlengthening and 
scarring of the tendon sheath. Recession procedures, because 
the muscle itself is spared, are good for patients at high risk 
of recurrence or in whom a posterior tibial transfer may be 
needed in the future. 

 

MUSCULOTENDINOUS RECESSION OF 
THE POSTERIOR TIBIAL TENDON

 TECHNIQUE 33.14 

 n  This technique is commonly done in conjunction with 
other soft-tissue procedures such as a gastrocnemius re-
cession.

 n  Place the patient supine and make a 3-cm longitudinal 
incision over the posteromedial aspect of the tibia, at the 
junction between the middle and distal thirds.

 n  Incise the deep fascia and identify the flexor digitorum 
longus and retract it posteriorly.

 

A B

C

a b

FIGURE 33.30 Gastrocnemius lengthening. A, Incision over 
posterior aspect of calf. B, Transverse cut through tendon. C, Foot 
is placed in dorsiflexion to neutral to separate tendon ends. SEE 
TECHNIQUE 33.14.
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 n  Identify the posterior tibial musculotendinous junction by 
placing a hemostat beneath it and observing its action 
when inverting the foot without flexing the toes.

 n  Pass a hemostat around the tendinous portion of the mus-
culotendinous junction to isolate it from the surrounding 
muscle, protecting the neurovascular bundle.

 n  Divide the tendinous portion of the posterior tibial mus-
culotendinous unit, leaving its muscular fibers intact (Fig. 
33.31A).

 n  Manipulate the foot into an overcorrected position (Fig. 
33.31B).

 n  Close the wound and apply a short leg walking cast.

POSTOPERATIVE CARE The postoperative care is the 
same as for Technique 33.11.
  

SPLIT TENDON TRANSFERS
Depending on the muscles that are out of phase, split tendon 
transfers of the posterior or anterior tendon can be done. Full 
tendon transfers should be avoided because of the higher risk 
of complications and overcorrection of the deformity. Full 
posterior tibial tendon transfer to the dorsum of the foot 
has fallen out of favor for these reasons. Seventy-eight per-
cent poor results were reported in one study with full ten-
don transfer because of unrecognized rigid varus deformity, 
simultaneous Achilles tendon lengthening leading to calca-
neus deformity, lateral transplant of the tendon leading to 
valgus deformity, and detachment of the transferred tendon 
at the bone-tendon interface. Preoperatively, it is essential to 
ensure that the deformity is flexible and to identify the correct 
tendon to be transferred. A tendon transfer alone is insuffi-
cient to correct a rigid deformity. The split transfer not only 
improves active muscle function during gait but also acts as 
a dynamic sling, balancing the abnormal forces evenly across 
the foot. 

 

SPLIT POSTERIOR TIBIAL TENDON 
TRANSFER
A study of 37 split posterior tibial tendon transfers in 30 
children with cerebral palsy showed that in an average fol-
low-up of 8 years there were 30 excellent, 4 good, and 
3 poor results. Results did not deteriorate with time, and 
most patients were able to ambulate without braces.

 TECHNIQUE 33.15  Figure 33.32

 n  Begin the first of two incisions 5 cm proximal and medial 
to the medial malleolus and extend the incision distally, 
ending over the navicular.

 n  Identify the posterior tibial muscle and tendon and the 
Achilles tendon, which can be lengthened as necessary.

 n  Identify and protect the neurovascular bundle with a ves-
sel loop throughout the entire procedure.

 n  Open the anterior aspect of the posterior tibial tendon 
sheath from the navicular to the musculotendinous junc-

tion, preserving the posterior tunnel to prevent disloca-
tion of the tendon.

 n  Dissect the plantar portion of the posterior tibial tendon 
from its insertion on the navicular, preserving as much 
length for transfer as possible.

 n  Deliver this portion of the tendon into the proximal aspect 
of the wound and place a nonabsorbable suture in the 
free end of the tendon.

 n  Make a second incision over the lateral side of the ankle 2 
cm proximal to the lateral malleolus and extend it to the 
insertion of the peroneus brevis tendon at the base of the 
fifth metatarsal.

 n  Open the sheath of the peroneus brevis tendon.
 n  Through the medial incision, create a tunnel posterior to 

the tibia and anterior to the neurovascular bundle, di-
rected laterally toward the fibula.

 n  Pass the free end of the tendon through the tunnel, en-
suring that the transferred tendon is posterior to the tibia 
and fibula and anterior to the neurovascular bundle and 
toe-flexor tendons to prevent neurovascular and flexor 
tendon compression during muscle contraction.

 n  Weave the end of the tendon through the peroneus bre-
vis tendon and suture it to the tendon.

 n  Adjust tension on the transferred tendon so that the hind-
foot is in neutral with the ankle in neutral dorsiflexion.

 n  If the Achilles tendon was lengthened with a Z-plasty, 
repair it at this time.

 n  Close the wounds in routine fashion and apply a long leg 
cast with the knee slightly flexed and the foot in neutral.

POSTOPERATIVE CARE Weight bearing is allowed im-
mediately. The long leg cast is worn for 6 weeks, and then 
a short leg cast is worn for 2 weeks. An ankle-foot orthosis 
is prescribed only if patients have weak or absent anterior 
tibial muscle function preoperatively.
   

 

B

A

Division of
tendinous portion
only of posterior 
tibial tendon
at two levels

Lengthening
     by sliding

Foot in varus position

FIGURE 33.31 Sliding lengthening of posterior tibial tendon. A, 
Position of cuts in tendon. B, Lengthening by sliding. SEE TECHNIQUE 
33.14.
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SPLIT ANTERIOR TIBIAL TENDON 
TRANSFER
A 10-year follow-up of 21 patients who had split ante-
rior tibial tendon transfers found that 19 were community 
ambulators with improved gait without the use of orthotics. 
Posterior tibial intramuscular lengthening and Achilles ten-
don lengthening combined with split anterior tibial tendon 
transfer was reported to produce excellent or good results 
in 18 of 20 children. The poor results were in patients with 
fixed hindfoot deformities and weak anterior tibial tendons 
preoperatively. A biomechanical study found that for a split 
tendon transfer the ideal insertion site, biomechanically, is 
the fourth metatarsal, and for whole tendon transfers it is 
the third metatarsal.

 TECHNIQUE 33.16 

(HOFFER ET AL.)
 n  Three incisions are used for the split anterior tibial tendon 

transfer.
 n  With the patient supine, make the first incision medially 

over the anterior tibial insertion on the medial cuneiform 
and first metatarsal.

 n  Identify the anterior tibial tendon, protecting the dorsalis 
pedis artery, and split the tendon with an umbilical tape 
(Fig. 33.33B).

 n  Make a second incision over the anterior aspect of the leg 
at the musculotendinous junction and identify the ante-
rior tibial tendon; pass the umbilical tape into the second 
incision (Fig. 33.33C).

 n  Identify the lateral half of the tendon, release it from its 
insertion, and secure it with a locking stitch (Fig. 33.33D), 
preserving as much length as possible, and then pass it 
into the second incision as well.

 n  Make the third incision on the foot over the dorsal aspect 
of the cuboid. Pass the lateral half of the tendon subcu-
taneously into the third incision and close the first two 
incisions (Fig. 33.33E).

 n  Drill a hole into the cuboid, preserving a roof of bone. Pass 
the lateral slip of tendon through the drill hole and suture 
it to itself with nonabsorbable suture with the ankle in 
slight dorsiflexion and hindfoot eversion.

 n  If this is combined with lengthening of the Achilles ten-
don or posterior tibial tendon recession, these procedures 
should be done before the anterior tibial tendon transfer.

 n  Carefully hold the foot in the corrected position during 
wound closure and application of a short leg cast (Fig. 
33.33F).

 

D

C

B

A

Posterior tibial
tendon

Peroneus brevis tendon                                

FIGURE 33.32 Kaufer split transfer of posterior tibial tendon for varus deformity. A, Foot is in varus position. B, Posterior tibial 
tendon has been split, one half is freed distally, and flexor tendons of toes and neurovascular bundle are retracted posteriorly. C and 
D, Freed half of tendon is passed from medial to lateral behind tibia and sutured to peroneus brevis tendon near its insertion. SEE 
TECHNIQUE 33.15.
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FIGURE 33.33 Transfer of anterior tibial tendon. A, Preoperative appearance of foot; note flexible forefoot supination. B, Lateral half 
of anterior tibial tendon is released from insertion, with care to resect as distally as possible to maximize graft length. C, Anterior tibial 
tendon is identified in anterior compartment, and graft is brought into anterior incision. D, Tendon is secured with locked nonabsorb-
able suture. E, Lateral slip of tendon is passed subcutaneously into third incision on lateral border of foot. F, Corrected position of foot 
postoperatively; note improved forefoot position and position of transferred tendon. SEE TECHNIQUE 33.16.
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POSTOPERATIVE CARE A short leg cast is worn for 6 
weeks, and weight bearing is allowed immediately. An 
ankle-foot orthosis is worn for 6 months to prevent recur-
rence.
  

OSTEOTOMY OF THE CALCANEUS
When the heel becomes fixed in varus, a corrective proce-
dure on the bone is required, combined with a muscle bal-
ancing soft-tissue procedure. Osteotomy of the calcaneus as 
advocated by Dwyer corrects the varus of the heel and, in 
contrast to a triple arthrodesis, does not impair mobility in 
the subtalar or midtarsal joints. For varus deformities, the 
incision is lateral and the base of the wedge of bone removed 
is lateral. Alternatively, a lateral displacement osteotomy 
can be used to correct hindfoot varus. Although widely dis-
cussed as a treatment option, there are no good long-term 
outcome studies of this technique or comparisons with 
Dwyer osteotomy.

Good long-term results have been reported after a 
modified Dwyer calcaneal osteotomy (Fig. 33.34). A min-
imum age of 3 years is recommended for this osteotomy. 
Triple arthrodesis is recommended in children 9 years old 
or older. 

 

LATERAL CLOSING-WEDGE 
CALCANEAL OSTEOTOMY

 TECHNIQUE 33.17 

(DWYER)
 n  Expose the lateral aspect of the foot through a curved 

incision parallel and about 1 cm posterior and inferior to 
the peroneus longus tendon (Fig. 33.34A).

 n  Retract the superior wound edge until the tendon sheath 
of the peroneus longus is exposed.

 n  Strip the periosteum from the superior, lateral, and infe-
rior surfaces of the calcaneus posterior to this tendon.

 n  Remove a wedge of bone from the calcaneus just infe-
rior and posterior to the tendon and parallel with it (Fig. 
33.34B). Make the base of the wedge 8 to 12 mm wide 
as needed for correction of the deformity and taper the 
wedge medially to, but not through, the medial cortex of 
the calcaneus (Fig. 33.34C).

 n  Manually break the medial cortex and close the gap in the 
bone. Bring the bony surfaces snugly together by pressing 
the foot into dorsiflexion against the pull of the Achilles 
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Peroneal tendons
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Lines of
osteotomy

Calcaneus

Fibulocalcaneal
ligament divided

OsteotomesIncision

FIGURE 33.34 Dwyer closing wedge osteotomy of calcaneus for varus heel. A, Lateral skin incision is made inferior and parallel to 
peroneal tendons. B, Wedge of bone is resected with its base laterally. C, Wedge of bone is tapered medially. D, Calcaneus is closed after 
bone has been removed, and varus deformity is corrected to slight valgus. SEE TECHNIQUE 33.17.
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tendon (Fig. 33.34D). Failure to close the gap in the cal-
caneus indicates that a small piece of bone has been left 
behind at the apex of the wedge and should be removed. 
Ensure that the varus deformity has been corrected and 
that the heel is in the neutral or a slightly varus position. 
Close the wound and apply a cast from the toes to the 
tibial tuberosity.

POSTOPERATIVE CARE The patient is placed in a short 
leg cast and weight bearing is protected for 4 weeks when 
possible. Weight bearing is progressed at that time, and 
cast immobilization is continued until the osteotomy is 
solid, usually no longer than 8 weeks.
  

LATERAL DISPLACEMENT CALCANEAL 
OSTEOTOMY
This technique is described in Chapter 83.

PLANOVALGUS DEFORMITY
Planovalgus is a common foot deformity in children with 
diplegia and quadriplegia, which, in contrast to equinovarus, 
rarely causes pain or gait dysfunction. Spasticity of the gas-
trocnemius-soleus usually is accompanied by overpull of 
the peroneal muscles or weakness of the foot inverters or 
both. The gastrocnemius-soleus acts as the primary deform-
ing force. The contracted Achilles tendon acts as a bow-
string, preventing dorsiflexion of the ankle. The dorsiflexion 
observed during gait occurs at the midtarsal joints, causing 
the calcaneus to evert and removing the sustentaculum tali 
from its normal supporting position underneath the talus. 
This, along with abduction of the midtarsal joint, causes 
the talus to move into a more medial and vertical position. 
External rotation deformity of the tibia, which is common 
in patients with diplegia and quadriplegia, also plays a role 
in this deformity. This altered talar position may cause pain 
with weight bearing and callus formation over the uncovered 
talar head. For this reason, gastrocnemius-soleus lengthen-
ing should accompany any procedure intended to correct 
planovalgus.

Most patients can be treated conservatively with shoe 
modifications or an orthosis to help control the hindfoot 
eversion. Operative treatment is indicated for patients in 
whom conservative treatment fails and who have signifi-
cant deformity that is either painful or limits function. Soft-
tissue procedures alone, such as lengthening or transfer of 
the peroneal tendons, usually are insufficient to correct this 
deformity. Perry and Hoffer transferred the peroneus lon-
gus or brevis into the posterior tibial tendon if either or both 
were active during stance phase only. Subtalar joint arthro-
ereisis has fallen out of favor because of the unpredictable 
results and approximately 50% failure rate. Surgical treat-
ment usually consists of calcaneal osteotomy, especially for 
milder deformities and GMFCS I and II patients, and subtalar 
arthrodesis for more severe deformities most commonly in 
GMFCS III to V patients. A 10-year follow-up study of cere-
bral palsy patients who had either calcaneal lengthening or 
subtalar fusion showed improvement in both groups; how-
ever, patients with poor functional abilities and those who 
had fusion had less foot pain. Regardless of the procedure, a 
recent gait study showed that correction of a planovalgus foot 

deformity led to improvements in knee flexion, especially in 
patients with milder deformities.

Calcaneal osteotomy, consisting of lateral column length-
ening, is effective in the treatment of mild-to-moderate 
deformities and is more effective in normalizing foot contact 
pressures than subtalar arthrodesis. It has been shown that 
preoperative weight bearing lateral radiographs with a less 
than 35-degree talocalcaneal angle, less than 25-degree talo–
first metatarsal angle, and greater than 5 degrees of calcaneal 
pitch are associated with good outcomes. Although graft fail-
ure is rare (5%), it is less common with tricortical allografts 
than with patellar allografts. Postoperative subluxation of the 
calcaneocuboid joint is common after lateral column length-
ening; however, stabilization of the calcaneocuboid joint at 
the time of correction has been shown not to reduce the inci-
dence or magnitude of this. It also has been shown to be more 
effective in ambulatory children; nonambulatory children 
have a higher recurrence rate. A medial column stabiliza-
tion consisting of either talonavicular stapling or fusion can 
be used, especially in GMFCS III to V patients. Medial col-
umn arthrodesis has also been shown to be effective in treat-
ing recurrent planovalgus deformity following lateral column 
lengthening.

A review of lateral column lengthening in 31 feet in 20 
children with severe hindfoot valgus deformities in whom 
conservative treatment had failed found satisfactory results 
in 29 of the 31 feet with good preservation of subtalar motion. 
This technique is described in Chapter 83. 

 

MEDIAL DISPLACEMENT CALCANEAL 
OSTEOTOMY
For more severe deformities, a translational osteotomy of 
the calcaneus can be used. Excellent results were reported 
in 17 of 18 patients at an average of 42 months after 
medial displacement calcaneal osteotomy to correct hind-
foot valgus. A combined procedure of medial displacement 
osteotomy, opening wedge cuboid osteotomy, and prona-
tion plantar flexion osteotomy of the medial cuneiform also 
has shown good restoration of foot position.

 TECHNIQUE 33.18 

 n  Place the patient supine and apply a midthigh tourniquet.
 n  Expose the lateral surface of the calcaneus through an 

incision beginning near the lateral tuberosity of the Achil-
les tendon attachment and extending distally and parallel 
but inferior to the sural nerve.

 n  By blunt dissection, expose the lateral surface of the cal-
caneus, reflecting the peroneal tendons and sural nerve 
superiorly.

 n  Using the plantar surface of the foot as a guide, place 
a Kirschner wire along the lateral side of the calcaneus 
and with a fluoroscopic image determine the appropriate 
placement of the osteotomy. It should not extend for-
ward into the subtalar or calcaneocuboid joint.

 n  Make the osteotomy transverse and parallel to the sole 
of the foot, beginning just posterior to the subtalar joint, 
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and direct it plantarward toward the attachment of the 
plantar fascia to the calcaneus (Fig. 33.35A). In making 
the osteotomy, protect the Achilles tendon superiorly and 
the plantar muscles, nerves, and vessels inferiorly. Do not 
penetrate the medial periosteum.

 n  When the osteotomy is complete, slide the inferior frag-
ment medially to align the calcaneus with the tibia.

 n  Insert a threaded Kirschner wire, directed downward and 
medially, through the two fragments of calcaneus (Fig. 
33.35B).

 n  Close the wound over suction drainage and apply a short 
leg cast.

POSTOPERATIVE CARE The cast is changed at 4 weeks, 
and the wire is removed. A new short leg cast is placed, 
and weight bearing is progressed over the next 4 weeks.
   

 

HINDFOOT ARTHRODESIS
Arthrodesis also has been used in the treatment of calca-
neovalgus feet, with the classic procedure being the Grice 
extraarticular subtalar arthrodesis. It should be noted that 
although hindfoot alignment is improved this does not treat 
residual forefoot supination and ankle equinus. Because 
of high graft failure and pseudarthrosis rates of the initial 
procedure, a variety of modifications have been proposed. 
The modifications have been aimed at better retention 
of the calcaneus beneath the talus with internal fixation 
and decreased rates of pseudarthrosis. Good results have 
been reported in 70% of patients at an average follow-
up of 5.6 years after Dennyson-Fulford modification of the 
extraarticular arthrodesis according to Hadley et al. The 
pseudarthrosis rate has been reported to be 6.4%. A report 
of 46 children who had bilateral subtalar fusion using an 
Ollier incision and precut corticocancellous graft found that 
at mean follow-up of 55 months functional mobility scores 

improved in all patients, especially GMFS III patients, with 
no wound complications and fusion in 45. Alternatively, 
tibiotalocalcaneal arthrodesis has been reported in a small 
series of patients with severe calcaneovalgus deformity as 
a salvage procedure.
Triple arthrodesis can be performed for the severe pla-
novalgus or cavovarus deformity that is rigid and painful. 
Techniques for triple arthrodesis are discussed in further 
detail in Chapter 29. One study reported fusion in 96% of 
feet at an average follow-up of 22-years; radiographic tib-
iotalar arthritis was found in only 11.5% of feet, and 95% 
of patients reported a good outcome.

 TECHNIQUE 33.19 

 n  See subtalar arthrodesis in Chapter 29.
 n  Obliquely incise the skin over the sinus tarsi beginning an-

teriorly at the middle of the ankle and proceeding laterally 
to the peroneal tendons (Fig. 33.36A).

 n  Incise and reflect as one flap the subcutaneous fat and 
origins of the extensor digitorum brevis muscles.

 n  By sharp dissection, excise the fat from the sinus tarsi 
down to bone proximally and distally.

 n  With a small gouge or burr, remove cortical bone from 
the apex of the sinus tarsi to expose cancellous bone 
on the talar neck and the superior surface of the calca-
neus. Do not remove the cortical bone from the outer 
part of the sinus tarsi where a transfixion screw is to 
pass.

 n  Dorsally expose the small depression just behind the neck 
of the talus through a small separate skin incision and by 
blunt dissection between the neurovascular bundle and 
the tendons of the extensor digitorum longus.

 n  Hold the calcaneus in the corrected position and pass an 
awl posteriorly, inferiorly, and slightly laterally so that it 
passes through the cortical bone of the talus above and 
below and through the cortical bone of the calcaneus 
above and inferolaterally. Use the awl to determine the 
desired length of a screw needed for fixation into the hole 
and insert the screw in the hole.

 n  Alternatively, a cannulated screw can be placed using 
fluoroscopy (Fig. 33.36B).

 n  Remove chips of cancellous bone from the iliac crest and 
pack them into the sinus tarsi and above the bone that 
has been denuded on the talus and calcaneus.

 n  Replace the extensor digitorum brevis and close the skin.

POSTOPERATIVE CARE A short leg cast is applied with 
careful padding and molding around the heel. This cast is 
worn for 6 to 8 weeks with the patient kept non–weight 
bearing. The cast is changed to a short leg walking cast, 
and gradual weight bearing is begun.
  

Triple arthrodesis also has been used in the treatment of 
equinovalgus foot deformities. The addition of a lateral col-
umn lengthening as proposed by Horton allows better correc-
tion of the flatfoot deformity while offering good pain relief. A 
long-term study of 21 patients (26 feet) with cerebral palsy and 
a mean follow-up of 19 years after triple arthrodesis showed 
that although residual deformity was present in 39% of feet, 
62% of patients were pain free and 95% were happy with the 

 

BA
FIGURE 33.35 Medial displacement of calcaneus for hindfoot 

valgus. A, Transverse osteotomy of calcaneus. B, Fixation with 
Kirschner wire after distal fragment has been shifted medially to 
place calcaneus in weight-bearing line of tibia. SEE TECHNIQUE 33.18.
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operation. The rate of adjacent joint arthritis was 12% tibiota-
lar and 4% midfoot. After skeletal maturity, all residual defor-
mities in the ankle, hindfoot, and midfoot can be corrected 
by a triple arthrodesis with appropriate wedge resections (see 
Chapter 34). Before undertaking a triple arthrodesis in a child 
with cerebral palsy, the surgeon always should obtain stand-
ing anteroposterior radiographs of the ankle. What often 
appears to be a valgus of the heel may be valgus of the ankle 
mortise, which should be corrected by a supramalleolar oste-
otomy and realignment of the ankle, rather than by creation 
of a secondary compensatory deformity in the subtalar joint 
(Fig. 33.37). Any external tibial torsion should be recognized 
before a triple arthrodesis is done because if the ankle joint is 
externally rotated, the foot will still appear to be in valgus and 
abduction after the triple arthrodesis.

CALCANEUS DEFORMITY
Pure calcaneus deformity is rare in patients with cerebral 
palsy and usually is associated with calcaneovalgus. It is most 
commonly caused by overlengthening or repeated lengthen-
ings of the Achilles tendon. It can develop as a primary defor-
mity when the dorsiflexors of the foot are spastic and the 
gastrocnemius-soleus is weak. This condition tends to be pro-
gressive and unresponsive to bracing. A variety of soft-tissue 
transfers have been proposed to help correct the deformity, 
including transfer of the anterior tibial or the peroneal ten-
dons to the calcaneus, with limited success. The best treat-
ment of this condition is prevention of excessive lengthening 
or denervation of the gastrocnemius-soleus complex. 

CAVUS DEFORMITY
Cavus deformity is rare in children with cerebral palsy and is 
typically caused by an imbalance between the extrinsic and 
intrinsic musculature of the foot. In a review of 33 children 
in whom 38 osteotomies were done for cavus deformity, only 
one child (two feet) had cerebral palsy. Cavus deformity can 
be caused by hindfoot deformity in which the calcaneus is 
in a dorsiflexed position, or by midfoot deformity, in which 
the angulation of the foot occurs at the level of the midfoot. 
Conservative treatment alone rarely is successful in the treat-
ment of this condition. Mild forefoot cavus may respond to 
plantar fascia release and casting; however, most such defor-
mities require osteotomies as described in Chapter 35. Severe 
cavus deformities can be treated with triple arthrodesis. One 
must ensure that the patient does not have significant ankle 

valgus or external tibial deformity before performing triple 
arthrodesis. 

FOREFOOT ADDUCTION DEFORMITY
Adduction deformity of the forefoot can occur in patients 
with cerebral palsy as an isolated deformity or in association 
with other deformities, such as in an incompletely corrected 
or recurrent clubfoot. In patients with an isolated abductor 
hallucis contracture, the tight tendon usually can be palpated 
when the great toe is adducted. Patients with isolated abduc-
tor hallucis spasticity have a passively correctable forefoot 
with the heel and ankle stabilized.

CORRECTION OF FLEXIBLE FOREFOOT ADDUCTUS
If the forefoot is passively correctable, resecting a segment of 
the muscle and its tendon can be done. In a report of 18 feet 
treated with this procedure, 16 had no increase in the adduc-
tion deformity and 2 developed hallux valgus deformities.

In older children, forefoot adduction that interferes 
with shoe wear or is painful should be corrected by oste-
otomy of the metatarsals, realignment, and Kirschner wire 
fixation as described in Chapter 29. Medial column open-
ing wedge (medial cuneiform) and lateral column closing 
wedge (cuboid) osteotomies also have been used to treat this 
condition. 

HALLUX VALGUS DEFORMITY
Hallux valgus deformity in patients with cerebral palsy usu-
ally is associated with other deformities, such as equinovalgus 
foot, heel valgus, and external rotation of the tibia. These con-
ditions cause the foot to pronate, forcing the first metatarso-
phalangeal joint into abduction and creating a hallux valgus 
deformity. The extensor hallucis tendon may sublux into the 
first web space and become an abductor of the hallux, leading 
to further deformity.

 

BA

FIGURE 33.36 Dennyson and Fulford technique of extraarticular 
subtalar arthrodesis using screw and cancellous bone chips. A, Skin 
incision and bone area curetted from lateral side of talus and calca-
neus. B, Placement of iliac bone chips in side of talus and calcaneus 
after screw has been inserted across subtalar joint with heel in 
corrected position. SEE TECHNIQUE 33.19.

 

BA

FIGURE 33.37 A, Standing anteroposterior view of ankle shows 
valgus deformity of ankle joint. B, Alignment of ankle achieved by 
supramalleolar osteotomy.
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Any other underlying deformities, such as heel valgus 
or external rotation of the tibia, should be corrected before 
surgical correction of the hallux valgus. If the causative 
deformities are not corrected, recurrence is almost cer-
tain, especially if fusion of the first metatarsophalangeal 
joint is not done. Isolated soft-tissue procedures for hal-
lux valgus in patients with cerebral palsy, because of altered 
muscle forces, rarely are successful and have a high recur-
rence rate, and great toe metatarsophalangeal joint fusion is 
recommended.

First metatarsophalangeal joint fusion has been shown 
to provide the best overall outcome with functional gains 
and anatomic correction of the deformity being maintained. 
Surgical procedures for the correction of hallux valgus are 
discussed in Chapter 82. 

CLAW TOES
Claw toe deformities are common in adolescents and adults 
with cerebral palsy, although most require only observation 
and foot wear modifications, such as high toe box shoes. 
Operative treatment is recommended if the claw toe defor-
mity becomes painful, interferes with foot wear, or inter-
feres with walking. Although neurectomy of the lateral 
plantar nerve has been proposed, the method most com-
monly used to treat claw toes is metatarsophalangeal joint 
capsulotomies and tenotomy of the long toe extensors to the 
lesser toes, with proximal interphalangeal joint resections 
or fusions using Kirschner wire fixation until bony fusion 
occurs. Surgical procedures for claw toes are discussed in 
Chapter 87. 

SPINE-PELVIC OBLIQUITY AND 
SCOLIOSIS
The combination of hip dislocation, pelvic obliquity, and sco-
liosis is common in wheelchair-bound patients with cerebral 
palsy and can cause significant difficulties with pain, sitting 
balance, and overall independence (Fig. 33.38). In an ambu-
latory child, spinal deformity and imbalance can make stand-
ing erect difficult if not impossible. In a nonambulatory child, 
scoliosis can lead to abnormal skin pressure areas and decu-
bitus ulcers, seating/positioning difficulties, and, in severe 
cases, cardiopulmonary compromise. The scoliosis in patients 
with cerebral palsy is different from that of idiopathic adoles-
cent scoliosis in that the curves tend to be long thoracolum-
bar C-shaped curves, with or without accompanying pelvic 
obliquity. The optimal treatment of scoliosis associated with 
hip dislocation and pelvic obliquity is controversial.

Although pelvic obliquity and scoliosis are common and 
related to disease severity in patients with cerebral palsy, the 
relationship between the two is not well established. A review 
of 500 children with cerebral palsy found no correlation 
between the frequency of dislocated hips, either bilateral or 
unilateral, and pelvic obliquity. All degrees of pelvic obliquity 
were found in children in whom both hips were dislocated. 
The frequency of hip dislocation on the same side as the ele-
vated hemipelvis had no direct correlation with the degree of 
pelvic obliquity. In “windswept” hips there was no correlation 
between the direction of the windswept hips and the direc-
tion of the pelvic obliquity. This and other studies have shown 
that hip pathology is a result of muscle imbalance around the 

hip and that pelvic obliquity and scoliosis are related to mus-
cle imbalance of the trunk and independent of the position 
of the hips.

Scoliosis associated with cerebral palsy is related to the 
severity of motor involvement, with 50% to 75% of quad-
riplegics affected compared with fewer than 5% of hemiple-
gics. Compared with curves in idiopathic scoliosis, curves in 
patients with cerebral palsy tend to occur at a younger age 
and be more progressive and usually require operative treat-
ment. Orthotic management has been shown to be ineffective 
in preventing progression of scoliosis but is occasionally used 
to help improve sitting balance or in efforts to delay surgery in 
immature patients to allow for further thoracic development. 
For nonambulatory patients with poor trunk control, chair 
modifications are necessary. Risk factors for curve progres-
sion include GMFCS level, younger age, poor sitting balance, 
and multiple curves. A study of 182 cerebral palsy patients 
with scoliosis showed that for GMFCS IV and V patients 
mean progression of the coronal Cobb angle was 3.4 degrees, 
thoracic kyphosis was 2.2 degrees, and apical translation was 
5.4 mm per year. Curves of more than 30 degrees tend to 
progress, even after skeletal maturity.

Patients with cerebral palsy also have sagittal plane abnor-
malities. Hyperkyphosis is the most common deformity, espe-
cially in young children with weak spinal extensor muscles. 
This can significantly interfere with sitting balance and com-
munication and usually is treated with wheelchair modifica-
tions, such as adding chest supports or reclining the seat. A 
soft body orthosis can be used as well. Hyperlordosis occurs 
less commonly and usually is associated with hip flexion con-
tractures or a rigid thoracic kyphosis. Treatment of the pri-
mary deformity usually improves or corrects hyperlordosis.

Operative treatment should be considered for patients 
in whom scoliosis or pelvic obliquity interferes with over-
all function, rather than based on the absolute magnitude of 
the curve. The goals of treatment should be functionally ori-
ented and related to loss of sitting balance, pelvic obliquity, 
and presence of pain rather than to the degree of curvature. 

 

BA

FIGURE 33.38 A, Posteroanterior view of spine of patient with 
spastic quadriplegic cerebral palsy with 73-degree thoracolumbar 
scoliosis and pelvic obliquity. B, Lateral view of spine of same patient 
shows progressive lumbar lordosis. This deformity was believed 
to contribute to increased skin pressures and seating difficulties.  
(From McCarthy JJ, D’Andrea LP, Betz RR, et al: Scoliosis in the child with 
cerebral palsy, J Am Acad Orthop Surg 14:367, 2006.)
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Improvement in pain is one of the most important factors in 
the improvement in quality of life after spinal surgery. The 
goals of surgery are to prevent further deformity, provide a 
well-balanced spine in the coronal and sagittal planes, cor-
rect any underlying pelvic obliquity, and improve pulmonary 
function. Complication rates after scoliosis surgery in patients 
with cerebral palsy are markedly higher, up to 25% to 50% in 
some series, than for adolescent idiopathic scoliosis and are 
often related to comorbidities such as aspiration, poor nutri-
tional status, cardiopulmonary compromise, and increased 
risk of infection. The incidence of deep wound infection 
after scoliosis surgery in patients with cerebral palsy may be 
as high as 10%. Patients with wound breakdown and greater 
residual curves, greater preoperative white blood cell count, 
and fusion using unit rods may be at higher risk. Escherichia 
coli and Pseudomonas aeruginosa are commonly cultured 
organisms and, therefore, gram-negative prophylaxis should 
be considered. Surgical stabilization usually consists of pos-
terior spinal instrumentation with segmental fixation, using 
screws, hooks, or wires. The use of pedicle screw fixation has 
become more common and has been shown to be effective in 
correcting coronal and sagittal deformity and pelvic obliquity. 
Osteotomies can be used in selected patients with severe focal 
deformities. Growth-sparing techniques, both rib-based and 
spine-based, have been shown in small series to be effective 
in controlling scoliosis while maintaining growth in patients 
with cerebral palsy; however, complications, especially infec-
tion, are frequent. The use of antibiotic-impregnated bone 
graft may decrease the rate of postoperative infection, and it 
is becoming more widely used.

Although parental and caretaker satisfaction after spi-
nal fusion in patients with cerebral palsy remains high, it is 
difficult to find objective criteria that correlate with this. A 
review of 50 patients with scoliosis and cerebral palsy treated 
with posterior spinal fusion showed statistically significant 
improvement in the health-related quality of life (HRQL) 
scores postoperatively. However, only a weak correlation was 
found between the magnitude of curve correction and HRQL 
scores, and no correlation was found between complications 
and extension of the fusion to the pelvis. Another large study 
of 84 patients found that although functional improvement 
postoperatively was limited, satisfaction was high and was 
thought to be related to sitting balance and cosmesis. Factors 
in this study associated with less satisfaction included a 
higher complication rate, greater residual major curve mag-
nitude, and hyperlordosis, which may relate to poorer overall 
sitting balance. Further study of factors leading to parental 
and caregiver satisfaction after spinal fusion in patients with 
cerebral palsy is necessary. A comparison of patients with 
cerebral palsy who had spinal fusion with patients who did 
not have fusion found no significant differences in pain, need 
for pulmonary medication or therapy, the presence of decu-
bitus ulcers, patient function, or time required for daily care. 
Subjectively, however, most health care workers believed that 
patients who had undergone fusion were more comfortable. 

UPPER EXTREMITY
Many patients with cerebral palsy have involvement of the 
upper extremities, especially patients with hemiplegia and 
quadriplegia. A review of 100 cerebral palsy patients found 
that 83% had upper limb involvement and 69% had reduced 

hand control. The most common contracture patterns were 
thumb in palm/clasped hand and shoulder adduction/inter-
nal rotation and wrist flexion/pronation. Functionally, 70% 
of children have limitation of forearm supination, and 63% 
have limitation of wrist and finger extension in the affected 
limb(s). The degree of upper extremity deformity is signifi-
cantly related to GMFCS function in hemiplegic, but not 
diplegic patients. Most patients can be treated nonopera-
tively with physical therapy, splinting, and BTX-A. Selective 
dorsal rhizotomy, usually done to reduce lower extremity 
tone, has been shown to decrease upper extremity tone as 
well. Despite this high prevalence of deformity and func-
tional limitations, only approximately 5% are surgical can-
didates. This may be related to the fact that in patients with 
cerebral palsy the upper extremity movement disorder often 
is associated with sensory deficits, particularly in proprio-
ception, stereognosis, barognosis, and light touch, and there 
is seldom normal sensation in the affected hand. This altera-
tion in sensation can cause a complete neglect of the affected 
extremity. Children who are likely to benefit from upper 
extremity surgery are highly functioning and have difficulties 
with activities of daily living, such as dressing and hygiene, 
or have severe contractures and deformities leading to pain 
and skin breakdown. Other positive predictors for a good 
outcome after upper extremity surgery include high motiva-
tion, reasonable intelligence, emotional stability, no neglect, 
good voluntary control, strength, and normal sensation. A 
randomized study of 39 children with cerebral palsy under-
going upper extremity surgery found that a combination of 
flexor carpi ulnaris to extensor carpi radialis brevis transfer, 
pronator teres release, and extensor pollicis brevis rerouting 
produced more improvement, although modest, than treat-
ment with BTX-A injections or physical therapy. Children 
with severe spasticity, athetosis, and neglect still may benefit 
from surgery, which consists of static joint stabilizing proce-
dures such as arthrodesis. The family should be considered 
so that they have realistic expectations regarding the goals 
of upper extremity surgery to prevent disappointment with 
the surgical outcome. Ancillary studies, such as kinetic EMG 
studies, are useful in evaluating the upper extremity before 
surgery.

The function of the upper extremity is to position the 
hand in space to perform a specific activity. If the hand is 
functional, procedures to correct these deformities may be 
useful in improving overall function. A review of the results 
of surgery in 84 upper limbs of 64 patients with cerebral palsy 
found a statistically significant improvement in functional 
status, hygiene, and appearance in carefully selected patients 
at an average follow-up of 4 years.

SHOULDER
Contracture of the shoulder or spasticity of the muscles that 
control it usually is not sufficiently disabling to justify surgery. 
The deformity usually is adduction and internal rotation. 
When surgery is indicated, useful procedures include pro-
cedures similar to those performed for brachial plexus palsy 
(see Chapter 34) and rotational osteotomy of the humerus 
done at the level of the deltoid tubercle. The use of pectora-
lis major release alone and combined with latissimus dorsi 
release for severe deformities may be beneficial in patients 
with severe cerebral palsy to improve axillary hygiene, bath-
ing, and dressing. 
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ELBOW
The two groups of patients who have been shown to ben-
efit from surgical procedures around the elbow are highly 
functioning patients with useful hand function and severely 
involved patients with significant contractures leading to 
antecubital fossa skin breakdown. When releasing a flexion 
contracture around the elbow, acutely extending the elbow 
fully should be avoided to prevent stretch injury to the bra-
chial artery and median nerve, which have shortened as well. 
The addition of partial biceps tendon lengthening has been 
shown to increase elbow extension better than brachialis 
fractional lengthening, lacertus fibrosis division, and pre-
tendinous adventitia debridement alone. The improvements 
gained are maintained in long-term outcome studies. Note 
that biceps lengthening will weaken it, which is important in 
patients with underlying supination weakness. 

 

RELEASE OF ELBOW FLEXION 
CONTRACTURE
A report of 32 anterior elbow releases in patients with 
cerebral palsy showed no neurovascular injuries and no 
recurrence of deformity. The indications for this operation 

are fixed elbow contracture of 45 degrees or more that 
interferes with the ability to reach forward with a func-
tional forearm and hand. Other procedures that improve 
forearm supination and hand function by releasing the 
flexor-pronator muscle origins from the medial capsule 
result in a mild gain in elbow flexion as well.

 TECHNIQUE 33.20 

 n  With the patient supine and the arm fully draped and with 
or without a tourniquet, approach the antecubital space 
with a gently curving S-shaped incision over the flexor 
crease. If necessary, ligate the veins that cross the region.

 n  Dissect the soft tissue and deep fascia to the muscle belly 
of the biceps proximally and follow the muscle distally to 
its tendon and the lacertus fibrosus. Isolate the lacertus 
fibrosus and resect it (Fig. 33.39A).

 n  Identify and protect the lateral antebrachial cutaneous 
nerve as it enters the area between the biceps and the 
brachialis laterally.

 n  Retract the nerve laterally and then flex the elbow partially 
and free the biceps tendon down to its insertion on the 
tuberosity of the proximal radius.

 n  Divide the biceps tendon for a Z-plasty lengthening (Fig. 
33.39B). The musculofascial surface of the brachialis muscle 
can be seen under it. The radial nerve lies lateral to the bra-

 

D
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FIGURE 33.39 Mital elbow flexion release. A, Lacertus fibrosus is severed through incision in antecubital space. B, Tendon of insertion 
of biceps muscle is lengthened by Z-plasty. C, Fascia covering brachialis muscle anteriorly is cut at two levels. D, Z-plasty in biceps tendon 
is sutured after elbow is extended.
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chialis muscle, and the brachial artery and median nerve lie 
medial to it. Identify and protect these structures.

 n  Extend the elbow maximally and circumferentially incise 
the aponeurotic tendinous fibers of the brachialis muscle 
at its distal end at one or two levels (Fig. 33.39C).

 n  Maximally extend the elbow and, if necessary, perform 
an anterior elbow capsulotomy. Allow the tourniquet to 
deflate and secure hemostasis.

 n  Extend the elbow and repair the previously divided biceps 
tendon (Fig. 33.39D).

 n  Ensure the integrity of the median nerve and brachial ar-
tery.

 n  Close only the subcutaneous tissue and skin and immo-
bilize the arm in a well-padded cast with the elbow maxi-
mally, but not forcefully, extended and the forearm fully 
supinated. Bivalve the cast.

POSTOPERATIVE CARE The arm is elevated for 48 
hours, and finger motion is encouraged. At 5 days, flexion 
and extension exercises out of the cast are begun. For 6 
weeks after surgery, the arm is replaced in the cast when 
the exercise period has been completed. Nighttime splint-
ing is continued for 6 months. Maximal elbow extension 
usually is obtained 3 to 5 months postoperatively.
  

FOREARM, WRIST, AND HAND
Deformities of the forearm, wrist, and hand are described in 
Chapter 72 in the discussion of the hand in patients with cere-
bral palsy. 

ADULTS WITH CEREBRAL PALSY
Because of the tremendous advances in the care given to 
patients with cerebral palsy, a generation of children who in 
the past would have been institutionalized now have been 
integrated into the family and society. These advances have 
been relatively recent, and more is becoming known about 
adults with cerebral palsy and the long-term outcomes of 
treatment. Population-based studies have shown that adults 
with cerebral palsy can live independently and maintain a 
high level of function. Long-term outcome studies of adults 
with cerebral palsy have found that for individuals who are 
mobile as young adults there is a marked decline in ambula-
tion with age, with fatigue and falls having a negative impact 
on quality of life. Approximately 25% of ambulatory adults 
with cerebral palsy will experience a gait decline sooner than 
their nondisabled peers, especially older patients with bilat-
eral motor impairment, with more frequent use of assistive 
devices and higher levels of pain and/or fatigue. The exact 
cause of this decline is unknown but likely is multifactorial. 
Skills such as feeding, speech, and ability to order meals in 
public are well preserved. In one long-term study, 18% of 
60-year-olds lived independently and 41% resided in facili-
ties providing higher-level medical care. Long-term survival 
rates were moderately worse than the general population, 
especially in nonambulatory patients. In a review of 819 
adults with cerebral palsy, 33% of patients (77% controls) 
had education beyond secondary school, 29% (82% con-
trols) were competitively employed, and 5% had specially 
created jobs. Social outcome studies have found a higher rate 

of unemployment in patients with other comorbidities, such 
as seizures, self-care limitations, and cognitive and commu-
nication impairments, with no substantial impact of severity 
of motor involvement on employment rate. Although more 
likely to be single and living with parents, 14% to 28% of 
patients with cerebral palsy without intellectual impairment 
were in a long-term partnership or had established their 
own families.

Many patients with cerebral palsy return for orthopaedic 
care in their thirties and forties when compensatory mecha-
nisms they have relied on in the past begin to fail. This transi-
tion from care in the pediatric setting to the adult setting can 
be challenging for patients and physicians because of a lack 
of communication between the two systems, fear of the new 
system, and different treatment styles for adults and children. 
Common orthopaedic problems for adults with cerebral palsy 
include fatigue, knee instability that arises from long-standing 
ankle equinus, degenerative hip disease, flatfoot deformity, 
and scoliosis. Osteopenia also is frequently present in adults 
with cerebral palsy, which can predispose them to fractures. 
A patient-centered approach, just as with children, should be 
used in treating an adult with cerebral palsy. Not all deformities 
require treatment, and attention should be focused on the defor-
mities that cause pain or interfere with independent function. 

ADULT STROKE PATIENTS
Considerable literature exists regarding the orthopaedic eval-
uation and treatment of patients who have had cerebrovascu-
lar accidents, especially with the incidence of cerebrovascular 
accidents and the survival rate increasing. The development 
a multidisciplinary team approach incorporating early physi-
cal and occupational therapy, bracing, standing, use of BTX-
A, and the gait analysis has led to marked improvement in 
the treatment of adult stroke patients. Randomized clinical 
trials have shown benefits of BTX-A in post-stroke hemipa-
resis patients by improving walking speed and likelihood of 
achieving community ambulation. BTX-A use continues to 
be explored to improve functionality of both upper and lower 
extremities after stroke in adult patients.

LOWER EXTREMITY
Of patients who have had a stroke, 65% to 75% recover 
enough function in their lower extremities to permit ambula-
tion. This is because the lower extremity does not depend as 
much on sensation for its function as does the upper extrem-
ity and the activities necessary for walking are gross motor 
functions that are enhanced by primitive postural reflexes. 
Most patients with residual hemiparesis require the use of an 
external support and a brace to ambulate independently.

Orthotic positioning and range-of-motion exercises of 
the lower extremity begin in the early phases of recovery 
when the primary goal is prevention of fixed contractures. 
This treatment extends through the period of motor recov-
ery and gait training to the time when the neurologic deficit 
becomes stationary and a definitive brace to aid in ambula-
tion is required. In the early phase, the paralysis usually is 
flaccid and deformities occur as a result of poor positioning. 
Passive range-of-motion exercises help prevent undesirable 
patterning of movements, which often occurs in the recovery 
phase. Equinus deformity should be prevented by appropriate 
splinting and frequent range-of-motion exercises. Preventing 
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deformity of the lower extremity is greatly assisted by hav-
ing the patient stand and walk as soon as his or her medi-
cal condition permits. The use of BTX-A has become more 
common and has been shown to improve range of motion, 
lower extremity function, and ability to perform activities of 
daily living. Electrical stimulation can be used to help main-
tain strength and keep joints mobilized, and as a sensorimotor 
educational tool to increase the awareness of the sensation of 
muscle contractions, especially in the anterior tibial and pero-
neal muscles. In the early phase, this can be done with cuta-
neous stimulation; later in recovery, electrodes can be placed 
directly on a motor nerve with stimulation controlled through 
an externally placed transmitter. Various pharmacologic 
agents have been used in the treatment of spasticity, includ-
ing baclofen, oral muscle relaxants, anticonvulsants, and can-
nabis, with limited success because of the variable nature of 
stroke patients, side effects, and the fact that these are sys-
temic treatments for targeted dysfunctional muscle groups.

Motor recovery occurs during the first 3 to 4 months, 
and the quality of gait can change dramatically during that 
time. To become a functional ambulator, the patient must 
obtain adequate spontaneous improvement to allow volun-
tary control of the hip and knee. Bracing may be necessary 
to help achieve this goal; however, many of the braces used 
to stabilize the knee can be difficult to apply and manage and 
can negatively affect the ability to ambulate. When maximal 
motor recovery has been obtained and the gait function has 
stabilized, definitive bracing can be done.

Neurophysiologic studies have shown that there are seven 
neurologic sources of motion, two of which are sophisticated 
components of normal function (selective control and habit-
ual control) and five are primitive forms of control. These 
primitive forms, which are present and suppressed in the 
normal state, become expressed as overt sources of motion 
(locomotor pattern, verticality, limb synergy, fast stretch, slow 
stretch) following a stroke.

Selected control is the normal ability to move one joint inde-
pendently of another, to contract an isolated muscle, or to select 
a desired combination of motions. Habitual control is the nor-
mal automatic performance of a learned skill, such as walking.

Primitive locomotor patterns are mass movements of flex-
ion and extension. The patient can initiate or terminate the 
movements but cannot otherwise modify them. If the knee 
is extended, the ankle also is automatically plantar flexed 
and the hip is extended. The opposite movements occur in 
knee flexion. This voluntary motion is preserved after a loss 
of cortical control and presumably is controlled by the mid-
brain. Control of verticality is a vestibular function and is an 
antigravity mechanism. When the body is erect, the extensor 
muscles have more tone than when the body is supine; addi-
tionally, standing creates a more intense stimulus than does 
sitting. In the upper extremity, the flexor muscles respond in 
this manner. Primitive limb synergy is the result of a multi-
segmental spinal cord reflex, tying the action of the exten-
sor muscles to the posture of the limb. When the knee is 
extended, the tone of the soleus and the gastrocnemius is 
greatly increased, making both muscles much more sensitive 
to stretch than when the knee is flexed. Similarly, the tone 
in the antagonistic muscles may be inhibited. This activity 
confuses the results in the Silfverskiöld test used to differenti-
ate contracture of the gastrocnemius from that of the soleus. 
The fast stretch reflex, characterized by the familiar clonic 

response, is caused by an intermittent burst of muscle activity. 
It is initiated by the velocity sensors in the muscle spindles. 
The slow stretch reflex is characterized by rigidity, a clinical 
term for continuous muscle reaction to stretch and often mis-
interpreted as contracture. This reflex disappears under anes-
thesia when length-change sensors in the muscle spindles are 
inactive. Primitive locomotor patterns and control of vertical-
ity, and stretch reflex activity, are especially troublesome to 
stroke patients.

In addition to motor problems, stroke patients frequently 
have impaired sensation. Impaired proprioception is especially 
important because it causes a delay or hesitancy in making a 
voluntary motor response. The duration of this delay indicates 
the time it takes to process the central nervous signals, and if 
the delay is too great, walking may not be a reasonable goal.

Gait analysis and various standing tests, including double 
limb support, hemiparetic single limb stance, and hemipa-
retic limb flexion, are useful in determining whether or not 
the patient can walk and if orthopaedic surgery is necessary.

Surgery should be deferred until at least 6 months after 
the stroke. Most patients make a rapid spontaneous recovery 
during the first 6 to 8 weeks. They subsequently strengthen 
these gains and learn to live with their disability. Progress in 
control of the limb occurs, and this typically is the result of 
extensive therapy. Patients with better early functional scores 
maintain better function at 6 months than those with lower 
scores. By 6 to 9 months after a stroke, patients have obtained 
maximal spontaneous improvement and must come to real-
ize the permanence of their residual deficits. Surgical inter-
vention, which usually is soft-tissue release, is indicated if it 
is likely to improve function or hygiene or decrease pain, and 
occasionally, improve cosmesis. The goals of surgery must be 
clearly explained to prevent unrealistic expectations. Although 
improvement in a single deficit may be expected, restoration 
of normal function in the extremity is almost impossible. 

HIP
Scissoring gait secondary to adductor spasticity can be cor-
rected by soft-tissue release. To determine whether or not 
the hip adductors are necessary for hip flexion in a patient, a 
diagnostic block of the obturator nerve before surgery is per-
formed. If the effect of the nerve block is prolonged, it can 
be repeated once or twice, and occasionally the results are 
permanent.

Surgical release of a hip flexion contracture rarely is 
indicated in stroke patients because the decrease in hip flex-
ion power may make the patient unable to walk. When gait 
EMG shows continuous activity of the hip flexors and medial 
hamstrings, releasing the iliopsoas and adductor longus and 
medial hamstring transfer to the femur sometimes allow the 
limb to assume an upright position. 

KNEE
Flexion contractures of the knee can be treated operatively if 
the patient has adequate power in the gluteus maximus and 
quadriceps muscles to extend the hip when the hamstrings 
are lengthened. One study reported that 43% of 30 patients 
obtained ambulation ability after hamstring release, and 17% 
gained the ability to transfer. Caution was recommended in 
patients with severe peripheral vascular disease because of 
an increased risk of complications as a result of poor wound 
healing and risk of neurovascular injury.
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Stiff knee gait, caused by increased activity of the rectus 
femoris during the swing phase of gait, can cause difficulties 
with foot clearance for stroke patients. A meta-analysis of the 
effect of chemodenervation of the rectus femoris on stiff knee 
gait showed that it does lead to improved peak knee flexion 
during swing phase. Release of the rectus femoris from the 
patella by excision of its distal segment can improve knee flex-
ion by 15 to 20 degrees. 

FOOT
Talipes equinovarus is the most common foot deformity in a 
stroke patient. Other deformities can occur, such as equinus 
without varus, varus of the forefoot, footdrop, planovalgus 
foot, and in-curling of the toes. Early physical therapy, use 
of ankle foot orthoses, and BTX-A have been shown to be 
effective in preventing equinus deformity and improving gait 
function in some patients.

TALIPES EQUINUS
The goal of surgery is to correct talipes equinus in the mid-
swing and midstance phases while preserving heel lift sup-
port in the terminal stance phase and accepting a flat-footed 
contact with the floor. This goal can be accomplished with a 
closed subcutaneous triple hemisection of the Achilles ten-
don. The distal cut is made medially, proximal to the inser-
tion of the tendon; the next is made 2.5 cm proximal to the 
first through the lateral half of the tendon; and the final one is 
made 2.5 cm proximal to the second through the medial half 
of the tendon. After surgery, the foot is immobilized in a cast 
in a slight equinus position so that walking does not over-
stretch the tendon. Patients can bear weight on the cast for 4 
weeks before cast removal. 

TALIPES EQUINOVARUS
Talipes equinovarus is common in stroke patients because of 
weakness in the foot dorsiflexors and evertors or spasticity 
of their antagonists. The goal of surgery is either to provide a 
plantigrade foot that can be braced in a nonambulatory patient 
or to rid an ambulator of braces. In the presence of moderate 
action of the anterior tibial muscle without the assistance of 
the toe extensors, the equinus deformity is corrected by rebal-
ancing the foot to eliminate the varus deformity. The anterior 
and posterior tibial, soleus, flexor hallucis longus, and flexor 
digitorum longus, despite their swing phase and stance phase 
action, can be active well into the other phase and often are 
active continuously. They also can be inactive. A varus defor-
mity in either swing or stance phase can be caused by any one 
or a combination of these muscles being abnormal, in con-
trast to varus deformity in patients with cerebral palsy. The 
posterior tibial muscle-tendon unit rarely is the deforming 
force in a stroke patient. 

 

CORRECTION OF TALIPES 
EQUINOVARUS
Soft-tissue releases and tendon transfers can be used in 
adults to help balance the muscle forces across the foot. 
Historically, this has been done by transferring three 
fourths of the anterior tibial tendon to the third cuneiform, 

the flexor hallucis longus tendon to the same area, with 
the flexor digitorum longus tendon released and the pos-
terior tibial tendon undisturbed (Fig. 33.40). Significant 
improvement in patient autonomy, ability to ambulate 
independently, and increased ability to wear normal shoes 
have been reported after this procedure. Similar results 
have been reported with the use of a split anterior ten-
don transfer alone in 132 feet in which improvements were 
made in walking distance and shoewear.

 TECHNIQUE 33.21 

 n  Make a 2-cm incision on the medial border of the foot 
over the navicular.

 n  Identify and expose the insertion of the anterior tibial tendon.
 n  Separate and detach the lateral three fourths of the ten-

don from the medial one fourth.
 n  Bring the detached part out through an incision made 2 

cm proximal to the ankle and route it subcutaneously to 
the dorsal surface of the third cuneiform.

 n  Expose the cuneiform, drill converging holes in the bone, 
and use a curet to construct a tunnel. Loop the free part 
of the tendon through this tunnel to be anchored later.

 n  Through a separate 4-cm incision in the arch of the foot, 
use electrocautery to release the plantar flexors of the 
toes.

 n  Through a posterior incision at the level of the ankle, iden-
tify the flexor hallucis longus tendon at its tunnel, detach 
it, and pass it anteriorly through a large window made in 
the interosseous membrane.

 

Lateral part
of anterior

tibial tendon

Flexor hallucis
longus tendon

Anterior tibial
tendon

FIGURE 33.40 Technique of Perry et al. to correct equinovarus 
deformity in stroke patients. Lateral three fourths of anterior tibial 
tendon and flexor hallucis longus tendon are transferred to third 
cuneiform. Flexor digitorum longus is released (see text).
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 n  Insert this tendon through the tunnel in the third cunei-
form opposite to the direction of the anterior tibial ten-
don.

 n  Lengthen the Achilles tendon as described in Technique 
33.11.

 n  With the ankle in the neutral position and the foot slightly 
everted, sew the two tendons to themselves as loops and 
to each other.

 n  The flexor digitorum longus can be transferred instead of 
the flexor hallucis longus if the toe flexors are active in the 
swing phase of gait.

POSTOPERATIVE CARE Because the Achilles tendon 
has been lengthened, a cast is applied with the foot in 
slight plantar flexion. At 6 weeks, the cast is removed and 
the foot is protected with a locked ankle brace for an ad-
ditional 6 months. Because the muscles in a hemiplegic 
patient pull strongly or not at all, several months are nec-
essary for the scar to mature enough not to yield under 
tension.
  

Satisfactory results have been reported in adult hemiple-
gics with talipes equinovarus using a procedure that consists 
of triple sectioning of the Achilles tendon, open Z-plasty 
lengthening and suturing of the posterior tibial tendon just 
proximal to the medial malleolus, transfer of one half of the 
anterior tibial tendon to the third cuneiform, and transverse 
division of the flexor digitorum brevis and the flexor digito-
rum longus tendons at the base of each toe.

VARUS FOOT
The anterior tibial muscle usually is the deforming force in 
a patient with forefoot varus. A split anterior tibial tendon 
transfer (see Technique 33.15) is the procedure of choice for 
this condition as long as a fixed hindfoot varus is not present. 
A short leg walking cast is worn for 6 weeks. An ankle-foot 
orthosis is used when walking to protect the muscle transfer 
for an additional 6 months. 

PLANOVALGUS
If pes planus preceded the stroke, in rare cases a planovalgus 
deformity can occur after the stroke. Spasticity of the triceps 
surae pulls the calcaneus laterally, and the peroneals may be 
hyperactive with no opposing posterior tibial muscle function 
during stance phase. If walking is impeded by pain, surgical 
correction is indicated. As in equinus deformity, the treatment 
involves lengthening of the Achilles tendon with a triple-level 
hemitenotomy. The distal hemisection in the Achilles tendon 
is performed in the lateral half of the tendon to reduce the val-
gus placement or thrust of the tendon on the calcaneus.

If the peroneals are hyperactive during stance phase, the 
peroneus brevis can be transferred medially into the poste-
rior tibial tendon to support the medial border of the foot or 
the peroneus longus and brevis can be lengthened. A triple 
arthrodesis ultimately is required if an ankle-foot orthosis 
does not control the deformity. 

TOE FLEXION
Toe flexion occurs at the metatarsophalangeal joint and is 
different from the claw toe deformity in most neurologic 

disorders in which the extensors are hyperactive. Toe curling 
or toe flexion in a stroke patient occurs from overactivity of 
the long toe flexors. These can be released by tenotomies of 
the toe flexor tendons at the level of the metatarsophalangeal 
joint. 

UPPER EXTREMITY
The prognosis for recovering normal function in the 
upper extremity in stroke patients is poor, and approxi-
mately one third are left with a permanently functionless 
limb. The most important reason for this is that the pat-
terns of neuromuscular activity in the normally function-
ing upper extremity are highly sophisticated and complex 
and are modified by multiple sophisticated somatosensory 
impulses. Permanent impairment in motor and sensory 
function in the upper extremity is incurable, and perma-
nent impairment of function is to be expected. Upper limb 
recovery after stroke is adaptive and consists of training the 
individual to accomplish activities of daily living as a one-
handed person. For patients who show sufficient neurologic 
recovery, additional training for development of assistive 
function is indicated.

The orthopaedic surgeon may release contractures, 
weaken spastic muscles that cause imbalance and deformity, 
and transfer functioning muscle units to attempt to restore 
some balance to the affected extremity. These operations also 
can relieve persistent pain, which causes further immobility 
and lack of participation in other areas of rehabilitation.

SHOULDER
Some stroke patients report pain localized precisely to the 
shoulder and specifically to the adductor and internal rota-
tor groups. In others, a hemicorporeal type of diffuse dis-
comfort is present and is untreatable by present methods. 
Patients with the first type of pain develop progressively 
decreasing ranges of motion despite intensive conserva-
tive treatment. They also have an exaggerated stretch reflex 
on rapid external rotation of the shoulder, abduction of 
less than 45 degrees, and internal rotation of less than 15 
degrees. Modalities such as suprascapular nerve blocks, 
joint injection, use of BTX-A, and therapy/taping programs 
are of minimal benefit. Surgery is recommended only for 
patients who have a reasonable potential for rehabilitation. 
A review of 34 adults with spastic hemiparesis who had frac-
tional lengthening of the pectoralis major, latissimus dorsi, 
and teres major had improvements in their spasticity scores, 
shoulder range of motion, especially external rotation, as 
well as pain relief and a high degree of satisfaction with the 
outcome. 

 

RELEASE OF INTERNAL ROTATION 
CONTRACTURE OF THE SHOULDER
In a comparison study, patients who had internal rotation 
contracture release showed significant improvement in 
motion in 10 of 13 patients. Of 12 control patients with 
similar symptoms not treated by surgery, none had a spon-
taneous resolution of the painful joint contracture.
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 TECHNIQUE 33.22 

 n  Make an anterior deltopectoral approach to the shoulder.
 n  Identify the subscapularis tendon and cauterize the vas-

cular bundle at its distal edge. Excise this tendon, but 
preserve the anterior capsule of the shoulder joint.

 n  Palpate the tendon of the pectoralis major and, with scis-
sors passed distally along the humerus, cut its tendinous 
insertion.

POSTOPERATIVE CARE A sling is worn on the arm, and 
a program of assisted range-of-motion exercises is begun 
within the first few days of surgery. Reciprocal pulley ex-
ercises are begun within the first 5 days. It is important to 
supervise the patient’s participation in the exercises.
   

 

FRACTIONAL LENGTHENING OF 
PECTORALIS MAJOR, LATISSIMUS 
DORSI, TERES MAJOR

 TECHNIQUE 33.23 

 n  With the patient in the beach chair position with a bolster 
between the scapula, make a deltopectoral approach (see 
Technique 1.87) to expose the pectoralis major tendon.

 n  Divide the tendon as it overlaps the muscle belly on the 
undersurface.

 n  Identify the brachial plexus and retract it medially.
 n  Identify the insertions of the latissimus dorsi and teres 

major in the interval between the short head of the biceps 
and the deltoid.

 n  Lengthen the tendons at the musculotendinous junction.
 n  The long head of the triceps can be lengthened if further 

correction of elbow extension is desired.
 n  Place a drain and close in layers.

POSTOPERATIVE CARE A sling is worn on the arm for 
comfort, and a program of assisted range-of-motion exer-
cises is begun within the first few days of surgery.
  

ELBOW
Fixed flexion of the elbow seriously impairs function of the 
upper extremity. Some patients with mild spasticity may 
benefit from the early use of BTX-A in conjunction with 
physical therapy. For those who do not respond to nonop-
erative measures and who have reasonable functional goals, 
surgical release of the elbow can be considered. A review of 
42 patients with elbow flexion deformities showed improve-
ments in active and passive range of motion with a low rate 
of superficial wound problems at a mean of 6 years after 
anterior release and fractional myotendinous elbow flexor 
lengthening.

PHENOL NERVE BLOCK
Phenol injection into motor nerves in adults and children 
with spastic hemiplegia produced early improvement in 17 
of 18 patients. Unfortunately, the results deteriorated over 6 
months, with 2 patients having recurrence of the deformity 
within 1 year. The 6-month window allows time to begin 
treatment programs aimed at decreasing contractures and to 
train weakened muscles before the spasticity returns. In addi-
tion, patients who receive nerve ablation can have sensory 
loss that can lead to painful dysesthesia. For these reasons, 
as well as the reversible nature of BTX-A, the use of phenol 
nerve block is decreasing. 

FUNCTIONAL ELECTRICAL NERVE STIMULATION
Functional electrical stimulation allows restoration of func-
tion in paralyzed muscles by electrical stimulation. The aim 
is to have functional muscle control occur during stimu-
lation, but occasionally a carryover occurs, and the muscle 
comes under voluntary control. Functional electrical stimu-
lation theoretically depends on a single stimulation, such as 
heel lift, being transferred through an antenna to an electrical 
implant, which fires another signal to the nerve supply to the 
muscles, such as the peroneal nerve, to perform a function, 
such as dorsiflexion to the foot. The device needs to be small 
and cosmetically acceptable, and the activity should be under 
some degree of voluntary control; otherwise too much stimu-
lation may occur. Functional electrical stimulation is used in 
the upper and lower extremities, around the foot and ankle 
to suppress spasticity, to correct scoliosis, for electrophrenic 
respiration, and for bladder control. There remains a need for 
external control of motor unit gradation, for synergistic activ-
ity in other muscles, and for some proprioceptive kinesthetic 
feedback.
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 PARALYTIC DISORDERS
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CHAPTER 34

POLIOMYELITIS
Acute anterior poliomyelitis is a viral infection localized in 
the anterior horn cells of the spinal cord and certain brain-
stem motor nuclei. One of three types of poliomyelitis viruses 
is usually the cause of infection, but other members of the 
enteroviral group can cause a condition clinically and patho-
logically indistinguishable from poliomyelitis. Viral trans-
mission is primarily fecal-oral, and initial invasion by the 
virus occurs through the gastrointestinal and respiratory 
tracts and spreads to the central nervous system through 

a hematogenous route. Although most individuals in an 
endemic area are infected with poliovirus, only 0.5% of 
infected individuals develop paralytic poliomyelitis.

Since the introduction and extensive use of the poliomy-
elitis vaccine, the incidence of acute anterior poliomyelitis 
has decreased dramatically. In 1988, there were an estimated 
350,000 cases; in 2013, fewer than 400 cases were reported. 
In 2017, there were 22 reported cases and in 2018, 29 cases. 
Currently, it most often affects children younger than 5 years 
old in developing tropical and subtropical countries and 
unimmunized individuals. In 2014, only three countries 
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(Afghanistan, Nigeria, and Pakistan) were classified as polio-
endemic by the WHO. Isolated outbreaks of poliomyelitis 
occurred in North America and Europe in the 1990s.

Administration of three doses of the Sabin oral polio vac-
cine, containing all three types of attenuated virus, can pre-
vent the disease. The use of the live attenuated virus vaccine 
remains controversial. Live oral poliovirus vaccine (OPV) may 
immunize contacts who have not been vaccinated; however, 
this carries a risk of developing vaccine-associated paralytic 
polio, which has been estimated at 1 case per 2.5 million doses. 
Outbreaks of paralytic poliomyelitis in the United States have 
been associated with the use of live poliovirus vaccine. The 
implementation of an all-inactive polio vaccine (IPV) sched-
ule in the United States in 2000 has eliminated indigenous 
acquired vaccine-associated poliomyelitis. Despite the safety 
and efficacy of the IPV, OPV remains the vaccine of choice for 
global eradication in many parts of the world where logistical 
issues and the higher cost of IPV prohibit its use and in places 
where inadequate sanitation necessitates an optimal muco-
sal barrier to wild-type poliovirus circulation. Challenges to 
the complete eradication of polio include the transmission 
of wild-type viruses in endemic areas, outbreaks related to 
vaccine-related polioviruses, and excretion of vaccine-related 
viruses in vaccines with B-cell immunodeficiencies.

In August of 2018, the Centers for Disease Control and 
Prevention (CDC) noted an increased number of reports of 
patients having symptoms clinically compatible with acute 
flaccid myelitis, a polio-like condition characterized by rapid 
onset of flaccid weakness in one or more limbs and spinal 
cord gray matter lesions. First described in 2014, the disease 
appears to have established a biennial pattern of recurrence, 
usually in the summer and fall and often following a viral 
respiratory infection. Of 106 patients identified with acute 
flaccid myelitis in 2018, 80 were classified as confirmed, six 
as probable, and 20 as noncases, a threefold increase in con-
firmed cases compared with 2017. The pattern of spinal cord 
involvement, similar to poliomyelitis, is suggestive of a viral 
infection, but a definitive connection with a particular virus 
has yet to be established. The most frequently cited causative 
agent is enterovirus D68, but the absence of direct virus iso-
lation from affected tissues, infrequent detection in cerebro-
spinal fluid, and the limited number of animal studies has left 
the causal nature of the relationship unproven. A number of 
treatments have been tried, including immunoglobulin, cor-
ticosteroids, plasma exchange, and antiviral therapy. To date, 
however, no systematic studies have identified an effective 
medical treatment of acute flaccid myelitis, and supportive 
care is the mainstay of treatment. Most patients have some 
residual weakness a year or more after onset.

PATHOLOGIC FINDINGS
When the poliomyelitis virus invades the body through the 
oropharyngeal route, it multiplies in the alimentary tract 
lymph nodes and spreads through the blood, acutely attack-
ing the anterior horn ganglion cells of the spinal cord, espe-
cially in the lumbar and cervical enlargements. How the virus 
penetrates the blood-brain barrier and why the virus has a 
predilection for the anterior horn cell is under investiga-
tion. The incubation period is 6 to 20 days. The anterior horn 
motor cells may be damaged directly by viral multiplication 
or toxic by-products of the virus or indirectly by ischemia, 
edema, and hemorrhage in the glial tissues surrounding them. 

Destruction of the spinal cord occurs focally and randomly, 
and within 3 days, Wallerian degeneration is evident through-
out the length of the individual nerve fiber. Macrophages and 
neutrophils surround and partially remove necrotic gan-
glion cells, and the inflammatory response gradually sub-
sides. Within the muscle, axonal “sprouting” occurs when 
nerve cells from surviving motor units develop new axons, 
which innervate muscle cells that have lost their lower motor 
neuron, thus expanding the size of the motor unit. After 4 
months, residual areas of gliosis and lymphocytic cells fill the 
area of destroyed motor cells in the spine. Reparative neuro-
glial cells proliferate. Continuous disease activity has been 
reported in spinal cord segments 20 years after disease onset.

The number of individual muscles affected by the resultant 
flaccid paralysis and the severity of paralysis vary; the clinical 
weakness is proportional to the number of lost motor units. 
Weakness is clinically detectable only when more than 60% 
of the nerve cells supplying the muscle have been destroyed. 
Muscles innervated by the cervical and lumbar spinal seg-
ments are most often affected, and paralysis occurs twice as 
often in the lower extremity muscles as in upper extremity 
muscles. In the lower extremity, the most commonly affected 
muscles are the quadriceps, glutei, anterior tibial, medial 
hamstrings, and hip flexors; in the upper extremity, the del-
toid, triceps, and pectoralis major are most often affected.

The potential for recovery of muscle function depends 
on the recovery of damaged, but not destroyed, anterior horn 
cells. Most clinical recovery occurs during the first month 
after the acute illness and is almost complete within 6 months, 
although limited recovery may occur for about 2 years. A 
muscle paralyzed at 6 months remains paralyzed. 

CLINICAL COURSE AND TREATMENT
Approximately 95% of patients infected with poliovirus 
remain asymptomatic. Nonspecific findings such as fever and 
sore throat occur in 4% to 8% of people infected. Between 
0.5% and 2% of patients will progress to poliomyelitis. The 
course of poliomyelitis can be divided into three stages: acute, 
convalescent, and chronic. General guidelines for treatment 
are described here. Specific indications and techniques for 
operative procedures are discussed in specific sections.

ACUTE STAGE
The acute stage generally lasts 7 to 10 days, and up to 95% 
of all anterior horn cells may be infected. Symptoms range 
from mild malaise to generalized encephalomyelitis with 
widespread paralysis. With upper spinal cord involvement, 
diaphragmatic dysfunction and respiratory compromise can 
be life threatening. A high index of suspicion of this is neces-
sary, especially in patients with shoulder involvement, given 
the close proximity of their respective anterior horn cells. In 
younger children, systemic symptoms include listlessness, sore 
throat, and a slight temperature elevation; these may resolve, 
but recurrent symptoms, including hyperesthesia or paresthe-
sia in the extremities, severe headache, sore throat, vomiting, 
nuchal rigidity, back pain, and limitation of straight-leg rais-
ing, culminate in characteristically asymmetric paralysis. In 
older children and adults, symptoms include slight temper-
ature elevation, marked flushing of the skin, and apprehen-
sion; muscular pain is common. Muscles are tender even to 
gentle palpation. Superficial reflexes usually are absent first, 
and deep tendon reflexes disappear when the muscle group is 
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paralyzed. Differential diagnoses include Guillain-Barré syn-
drome and other forms of encephalomyelitis. In rare cases, 
transverse myelitis can follow receipt of OPV.

Treatment of poliomyelitis in the acute stage generally 
consists of bed rest, analgesics, and anatomic positioning of 
the limbs to prevent contractures. Gentle, passive range-of-
motion exercises of all joints should be performed several 
times daily. 

CONVALESCENT STAGE
The convalescent stage begins 2 days after the temperature 
returns to normal and continues for 2 years. It has been esti-
mated that approximately half of the infected anterior horn 
cells survive the initial infection, and muscle power improves 
spontaneously during this stage, especially during the first 4 
months and more gradually thereafter. Treatment during this 
stage is similar to that during the acute stage. Muscle strength 
should be assessed monthly for 6 months and then every 3 
months. Physical therapy should emphasize muscle activity 
in normal patterns and development of maximal capability 
of individual muscles. Muscles with more than 80% return 
of strength recover spontaneously without specific therapy. 
According to Johnson, an individual muscle with less than 
30% of normal strength at 3 months should be considered 
permanently paralyzed.

Vigorous passive stretching exercises and wedging casts 
can be used for mild or moderate contractures. Surgical 
release of tight fascia and muscle aponeuroses and lengthen-
ing of tendons may be necessary for contractures persisting 
longer than 6 months. Orthoses should be used until no fur-
ther recovery is anticipated. 

CHRONIC STAGE
The chronic stage of poliomyelitis usually begins 24 months 
after the acute illness. During this time, the orthopaedist 
attempts to help the patient achieve maximal functional activ-
ity by management of the long-term consequences of muscle 
imbalance. Goals of treatment include correcting any signifi-
cant muscle imbalances and preventing or correcting soft-tis-
sue or bony deformities. Static joint instability usually can be 
controlled indefinitely by orthoses. Dynamic joint instability 
eventually results in a fixed deformity that cannot be controlled 
with orthoses. Young children are more prone than adults to 
develop bony deformity because of their growth potential. 
Soft-tissue surgery, such as tendon transfers, should be done 
in young children before the development of any fixed bony 
changes; bony procedures for correcting a deformity usually 
can be delayed until skeletal growth is near completion. 

TENDON TRANSFERS
Tendon transfers are indicated when dynamic muscle imbal-
ance results in a deformity that interferes with ambulation or 
function of the upper extremities. Surgery should be delayed 
until the maximal return of expected muscle strength in the 
involved muscle has been achieved. The objectives of a tendon 
transfer are (1) to provide active motor power to replace func-
tion of a paralyzed muscle or muscles, (2) to eliminate the 
deforming effect of a muscle when its antagonist is paralyzed, 
and (3) to improve stability by improving muscle balance.

Tendon transfer shifts a tendinous insertion from its nor-
mal attachment to another location so that its muscle can 
be substituted for a paralyzed muscle in the same region. In 

selecting a tendon for transfer, the following factors must be 
carefully considered:
 1.  Strength. The muscle to be transferred must be strong 

enough to accomplish what the paralyzed muscle did or 
to supplement the power of a partially paralyzed muscle. 
A muscle to be transferred should have a rating of good 
or better because a transferred muscle loses at least one 
grade in power after transfer.

 2.  Efficiency. The transferred tendon should be attached as 
close to the insertion of the paralyzed tendon as possi-
ble and should be routed in as direct a line as possible 
between the muscle’s origin and its new insertion.

 3.  Excursion. The tendon to be transferred should have a 
range of excursion similar to the one it is reinforcing or 
replacing. It should be retained in its own sheath or placed 
into the sheath of another tendon, or it should be passed 
through tissues, such as subcutaneous fat, that would allow 
it to glide. Routing a tendon through fascial or osseous tun-
nels can lead to scarring and decreased excursion.

 4.  Neurovascular. The nerve and blood supply to the trans-
ferred muscle must not be impaired or traumatized in 
making the transfer.

 5.  Articular. The joint on which the muscle is to act must 
be in a satisfactory position; any contractures must be 
released before the tendon transfer. A transferred muscle 
cannot be expected to correct a fixed deformity.

 6.  Tension. The transferred tendon must be securely attached 
under tension slightly greater than normal. If tension is 
insufficient, excursion is used in removing slack in the 
musculotendinous unit, rather than in producing the 
desired function.
Muscle transfers, whenever possible, should occur 

between agonistic muscles that are phasic, or active at the 
same time in the gait cycle. The anterior muscles of the leg 
are predominantly swing-phase muscles, and the posterior 
muscles, or flexors, are stance-phase muscles; in the thigh, the 
quadriceps is characteristically a stance-phase muscle, and 
the hamstrings are swing-phase muscles. In general, phasic 
transfers retain their preoperative phasic activities and regain 
their preoperative duration of contraction and electrical 
intensity. In contrast, nonphasic muscle transfers often retain 
their preoperative phasic activity and fail to assume the action 
of the muscles for which they are substituted and are not rec-
ommended. Some nonphasic transfers are capable of phasic 
conversion; however, phasic conversion is somewhat unpre-
dictable and requires extensive postoperative physical ther-
apy. Phasic conversion is not related to the use of splints and/
or braces or time between disease onset and muscle transfer.

The ideal muscle for tendon transfer would have the same 
phasic activity as the paralyzed muscle, would be of about the 
same size in cross section and of equal strength, and could be 
placed in proper relationship to the axis of the joint to allow 
maximal mechanical effectiveness. Not all of these criteria 
can be met in every instance.

Paralytic deformities from muscle paralysis can be 
dynamic or static, and often both types are present. The extent 
to which the paralytic deformity is dynamic or static should be 
determined because a static deformity can be controlled with 
a brace in a growing child or with arthrodesis in an adult. A 
dynamic deformity is more likely to be appropriate for ten-
don transfer in children and adults. In a growing child with 
dynamic deformity, recurrence is possible with arthrodesis 
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alone; in a child with static deformity, however, recurrence 
after arthrodesis is rare. In a growing child with dynamic 
deformity, an appropriate tendon transfer with minimal exter-
nal support redistributes muscle power, preventing permanent 
deformity until the patient is old enough for an arthrodesis. 

ARTHRODESIS
A relaxed or flail joint is stabilized by restricting its range of 
motion. Although a properly constructed brace may control 
a flail joint, a reconstructive operation that would not only 
eliminate the need for a brace but also improve function may 
be more effective. Arthrodesis is the most efficient method of 
permanent stabilization of a joint. Tenodeses that use flexor 
or extensor tendons to stabilize joints of the fingers (see 
Chapters 66 and 71) are notable exceptions, as are tenodeses 
of the peroneus longus or Achilles tendon in paralytic calca-
neal deformity; results are satisfactory here because the pull 
of gravity and body weight usually are not enough to over-
stretch the tendons.

Because the lower extremities are designed primarily 
to support the weight of the body, it is important that their 
joints are stable and their muscles have sufficient power. 
When the control of one or more joints of the foot and ankle 
is lost because of paralysis, stabilization may be required. In 
the upper extremity, reach, grasp, pinch, and release require 
more mobility than stability and more dexterity than power. 
An operation to limit or obliterate motion in a joint of an 
upper extremity should be performed only after careful study 
of its advantages and disadvantages and of its general effect 
on the patient, especially in normal daily activity. Because of 
the high prevalence of lower extremity weakness in patients 
with poliomyelitis and because many patients use ambulatory 
assistive devices, any surgical treatment that affects the upper 
extremity can have a dramatic impact on ambulation as well. 
Arthrodesis of the shoulder is useful for some patients but 
has certain cosmetic and functional disadvantages that must 
be weighed. Arthrodesis of the elbow is rarely indicated in 
poliomyelitis. Arthrodesis of the wrist, although useful for 
some patients, may increase the disability of other patients. A 
patient who must use a wheelchair or crutches and has a wrist 
that is fused in the “optimal” position (for grasp and pinch) 
may be unable to rise from a chair or to manipulate crutches 
because he or she cannot shift the body weight to the palm of 
the hand with the wrist extended. 

FOOT AND ANKLE
Because the foot and ankle are the most dependent parts of 
the body and are subjected to significant amounts of stress, 
they are especially susceptible to deformity from paralysis. 
The most common deformities of the foot and ankle include 
claw toes, cavovarus foot, dorsal bunion, talipes equinus, tali-
pes equinovarus, talipes cavovarus, talipes equinovalgus, and 
talipes calcaneus. When the paralysis is of short duration, 
these dynamic deformities are not fixed and may be evident 
only on contraction of unopposed muscles or on weight bear-
ing; later, as a result of muscle imbalance, habitual posturing, 
growth, and abnormal weight-bearing alignment, a perma-
nent deformity can occur from contracture of the soft tissues 
and eventual osseous changes.

Ambulation requires a stable plantigrade foot with even 
weight distribution between the heel and forefoot and no 
significant fixed deformity. In the foot, muscle transfer is 

performed to prevent contracture formation, balance the 
muscles responsible for dorsiflexion and plantarflexion and 
for inversion and eversion, and reestablish as normal a gait 
as possible. Arthrodesis to correct deformity or stabilize the 
joints usually should be delayed until about age 10 to 12 years 
to allow for adequate growth of the foot.

TENDON TRANSFERS
Tendon transfers around the foot and ankle after 10 years 
of age can be supplemented by arthrodesis to correct fixed 
deformities, to establish enough lateral stability for weight 
bearing, and to compensate in part for the loss of function 
in the evertor and invertor muscles of the foot. When tendon 
transfers and arthrodesis are combined in the same opera-
tion, the arthrodesis should be performed first.

Transfer of a tendon usually is preferable to excision, not 
only to preserve function but also to prevent further atrophy 
of the leg. When the paralysis is severe enough to require 
arthrodesis, there usually is some weakness of the dorsiflexor 
or plantar flexor muscles. In this case, the invertor or evertor 
muscles can be transferred to the midline of the foot anteri-
orly or posteriorly into the calcaneus and Achilles tendon. In 
the rare instance when a muscle function is discarded, 7 to 10 
cm of its tendon should be excised to prevent scarring of the 
tendon ends by fibrous tissue. In addition to arthrodesis and 
tendon transfers, any deformities of the leg, such as excessive 
tibial torsion, genu varum, or genu valgum (bowlegs), should 
be corrected because otherwise they might cause recurrence 
of the foot deformity.

PARALYSIS OF SPECIFIC MUSCLES
Isolated muscles may be paralyzed in patients with poliomy-
elitis, but more often combinations of muscles are affected. 
The specific muscle or muscles involved and the resulting 
muscle imbalance should be determined before treatment is 
started. Common deformities caused by muscle imbalance 
in the foot and ankle are described, according to the mus-
cles involved. The exact pattern of muscle paralysis and the 
specific deformity that occurs must be carefully determined 
before any surgical intervention is undertaken. 

ANTERIOR TIBIAL MUSCLE
Severe weakness or paralysis of the anterior tibial muscle 
results in loss of dorsiflexion and inversion power and pro-
duces a slowly progressive deformity (equinus and cavus or 
varying degrees of planovalgus) that is first evident in the 
swing phase of gait. The extensors of the long toe, which usu-
ally assist dorsiflexion, become overactive in an attempt to 
replace the paralyzed anterior tibial muscle, causing hyper-
extension of the proximal phalanges and depression of the 
metatarsal heads. A cavovarus deformity occasionally results 
from unopposed activity of the peroneus longus combined 
with an active posterior tibial muscle.

Passive stretching and serial casting can be tried before 
surgery to correct the equinus contracture. Posterior ankle 
capsulotomy and Achilles tendon lengthening occasionally 
are required and are combined with anterior transfer of the 
peroneus longus to the base of the second metatarsal. The 
peroneus brevis is sutured to the stump of the peroneus lon-
gus to prevent a dorsal bunion. As an alternative, the exten-
sor digitorum longus can be recessed to the dorsum of the 
midfoot to supply active dorsiflexion. Claw toe deformity is 
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managed by transfer of the long toe extensors into the meta-
tarsal necks (see Chapter 87).

Plantar fasciotomy and release of intrinsic muscles may 
be necessary before tendon surgery for a fixed cavovarus 
deformity. In this situation, the peroneus longus is transferred 
to the base of the second metatarsal and the extensor hallu-
cis longus is transferred to the neck of the first metatarsal. 
The claw toe deformity frequently recurs because of reattach-
ment of the extensor hallucis longus; this can be prevented by 
suturing its distal stump to the extensor hallucis brevis. 

ANTERIOR AND POSTERIOR TIBIAL MUSCLES
If the anterior tibial and the posterior tibial muscles are para-
lyzed, development of hindfoot and forefoot equinovalgus is 
more rapid and the deformity becomes fixed as the Achilles 
tendon and peroneal muscles shorten. This deformity may 
be similar to congenital vertical talus on a standing lateral 
radiograph, but the apparent vertical talus is not confirmed 
when a plantarflexion lateral view is obtained. Serial casting 
is used before surgery to stretch the tight Achilles tendon and 
to avoid weakening the gastrocnemius-soleus. If the peroneal 
muscles are normal, and both tibial muscles are paralyzed, 
one of the peroneal muscles must be transferred. Because of 
its greater excursion, the peroneus longus is transferred to the 
base of the second metatarsal to replace the anterior tibial and 
one of the long toe flexors replaces the posterior tibial. The 
peroneus brevis is sutured to the distal stump of the peroneus 
longus tendon. 

POSTERIOR TIBIAL MUSCLE
Isolated paralysis of the posterior tibial muscle is rare but can 
result in hindfoot and forefoot eversion. The flexor hallucis 
longus and the flexor digitorum longus have been used for 
tendon transfers in this situation. Through a posteromedial 
incision, the intrinsic plantar muscles are dissected sharply 
from their calcaneal origin, and one of the long toe flexors is 
exposed and divided. If the flexor digitorum longus is used, 
it is dissected from its tendon sheath posterior and proximal 
to the medial malleolus, rerouted through the posterior tibial 
sheath, and attached to the navicular. In rare cases, as an alter-
native, the extensor hallucis longus can be transferred poste-
riorly through the interosseous membrane and then through 
the posterior tibial tunnel.

For children 3 to 6 years old, Axer recommended bring-
ing the conjoined extensor digitorum longus and peroneus 
tertius tendons through a transverse tunnel in the talar neck 
and suturing the tendon back onto itself. For fixed equi-
nus deformity, lengthening of the Achilles tendon may be 
required before tendon transfer. For severe valgus, Axer rec-
ommended transfer of the peroneus longus into the medial 
side of the talar neck and transfer of the peroneus brevis into 
the lateral side. Isolated transfer of the peroneus brevis should 
not be done because it can cause a forefoot inversion defor-
mity. After surgery, cast immobilization is continued for 6 
weeks, followed by 6 months of orthosis wear. 

ANTERIOR TIBIAL, TOE EXTENSOR, AND 
PERONEAL MUSCLES
Progressively severe equinovarus deformity develops when 
the posterior tibial and gastrocnemius-soleus are unop-
posed. The posterior tibial muscle increases forefoot equi-
nus and cavus deformity by depressing the metatarsal head 

and shortening the medial arch of the foot. Further equinus  
and varus deformity result from contracture of the gastroc-
nemius-soleus, which acts as a fixed point toward which the 
plantar intrinsic muscles pull and increase forefoot adduction.

Stretching by serial casting may be attempted, but length-
ening of the Achilles tendon usually is required. Radical soft-
tissue release of the forefoot cavus deformity also may be 
necessary. Anterior transfer of the posterior tibial to the base of 
the third metatarsal or middle cuneiform can be supplemented 
by anterior transfer of the long toe flexors. Arthrodesis usu-
ally is not required; the deformity can be controlled by physi-
cal therapy and orthoses. A bony tunnel can be made through 
the base of the third metatarsal or the middle cuneiform, with 
suture of the transfer to a button over a felt pad placed on the 
non–weight bearing area of the plantar surface of the foot. 

PERONEAL MUSCLES
Isolated paralysis of the peroneal muscles is rare in patients 
with poliomyelitis but can cause severe hindfoot varus defor-
mity because of the unopposed activity of the posterior tib-
ial muscle. The calcaneus becomes inverted, the forefoot is 
adducted, and the varus deformity is increased by the action of 
the invertor muscles during gait. The unopposed anterior tibial 
activity can cause a dorsal bunion. In this situation, the ante-
rior tibial muscle can be transferred laterally to the base of the 
second metatarsal; however, isolated transfer of the anterior 
tibial muscle can result in overactivity of the extensor hallucis 
longus, causing hyperextension of the hallux and development 
of a painful callus under the first metatarsal head. In children 
younger than 5 years of age, lengthening of the extensor hal-
lucis longus tendon may be required. In children older than 5 
years, the extensor hallucis longus should be transferred to the 
first metatarsal neck before the bony deformity becomes fixed. 

PERONEAL AND LONG TOE EXTENSOR MUSCLES
Paralysis of the peroneal muscles and long toe extensors 
causes a less severe equinovarus deformity that can be treated 
by transfer of the anterior tibial tendon to the base of the third 
metatarsal or the middle cuneiform. 

GASTROCNEMIUS-SOLEUS MUSCLES
The gastrocnemius-soleus is a strong muscle group in the 
body, lifting the entire body weight with each step. Paralysis 
of the gastrocnemius-soleus, leaving the dorsiflexors unop-
posed, causes a rapidly progressive calcaneal deformity. 
Adequate tension of the Achilles tendon is important to the 
normal function of the long toe flexors and extensors and to 
the intrinsic foot muscles. If the gastrocnemius-soleus is weak, 
the posterior tibial, the peroneal muscles, and the long toe flex-
ors cannot effectively plantarflex the hindfoot; however, they 
can depress the metatarsal heads and cause an equinus defor-
mity. Shortening of the intrinsics and plantar fascia draws the 
metatarsal heads and the calcaneus together, similar to a bow-
string. The long axes of the tibia and the calcaneus coincide, 
negating any residual power in the gastrocnemius-soleus.

Keeping the foot in slight equinus during the acute stage 
of poliomyelitis helps prevent overstretching of the gastroc-
nemius-soleus, and the position is maintained in the con-
valescent stage. If the gastrocnemius-soleus is weak, early 
walking is discouraged. Serial standing radiographs should 
be obtained frequently, especially in children younger than 5 
years old, because of the rapid development of the deformity.
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Surgical correction is indicated to prevent development 
of calcaneal deformity and to restore hindfoot plantarflexion. 
In the acute stage, the only absolute indication for tendon 
transfer in children younger than 5 years old is a progressive 
calcaneal deformity.

The combination of muscles transferred posteriorly 
depends on the residual strength of the gastrocnemius-soleus 
and the pattern of remaining muscle function. If the motor 
strength of the gastrocnemius-soleus is fair, posterior trans-
fer of two or three muscles may be sufficient for normal gait. 
If the gastrocnemius-soleus is completely paralyzed, as many 
muscles as are available should be transferred. Plantar fasciot-
omy and intrinsic muscle release are required before tendon 
transfer in fixed forefoot cavus deformity.

The anterior tibial muscle can be transferred posteriorly 
18 months after the acute stage of poliomyelitis. This can be 
done as an isolated procedure if the lateral stabilizers are bal-
anced and the strong toe extensors can be used for dorsiflex-
ion. In more severe deformity, transfer of the toe extensors to 
the metatarsal heads and fusion of the interphalangeal joints 
may be required to prevent claw toe deformity. 

 

POSTERIOR TRANSFER OF ANTERIOR 
TIBIAL TENDON

 TECHNIQUE 34.1 

(DRENNAN)
 n  Take care to obtain maximal length of the anterior tibial 

tendon, which may have shortened because of the calca-
neal deformity of the interosseous membrane.

 n  Split the insertion of the Achilles tendon longitudinally 
and develop osteoperiosteal flaps on the calcaneal tuber-
osity.

 n  Place the foot in maximal plantarflexion to ensure that 
the transfer is attached under appropriate tension. If 
necessary to obtain adequate plantarflexion, release 
other dorsal soft structures, including the ankle joint 
capsule, or lengthen the long toe extensors. If the at-
tenuated Achilles tendon requires shortening, use a Z-
plasty technique, resecting the redundant tendon from 
the proximal part.

 n  Attach the transferred anterior tibial tendon to the tuber-
osity of the calcaneus and to the distal stump of the Achil-
les tendon, which has retained its normal attachment to 
the calcaneal tuberosity.

 n  Close the wound in normal fashion and apply a long leg 
cast with the foot in the plantarflexed position. The cast 
is worn for 5 weeks, and a brace is worn for an additional 
4 months.
  

If the invertors and evertors are balanced, a pure calca-
neocavus deformity develops. Posterior transfer of only one 
set of these muscles causes instability and deformity. If the 
gastrocnemius-soleus strength is fair, transfer of the peroneus 
brevis and posterior tibial to the heel is sufficient to control the 
calcaneal deformity and allow normal gait. Lateral imbalance 

requires transposition of the acting invertor or evertor to the 
heel. Both peroneals are transferred to the heel for calcaneo-
valgus deformity, and the posterior tibial and flexor hallucis 
longus can be transferred for cavovarus deformity.

Westin and Defiore recommended tenodesis of the 
Achilles tendon to the fibula for paralytic calcaneovalgus 
deformity (Fig. 34.1). They used a T-shaped incision in the 
periosteum instead of a drill hole, with imbrication of the dis-
tal segment of the sectioned tendon below the periosteum. 
For mobile calcaneal deformities, Makin recommended 
transfer of the peroneus longus into a groove cut in the pos-
terior calcaneus, without disturbance of the origin or inser-
tion of the tendon. The tendon is freed proximal to the lateral 
malleolus and at the cuboid groove, and the foot is maximally 
plantarflexed, allowing the peroneus longus to displace pos-
teriorly into the calcaneal groove, where it eventually unites 
with the bone. Extraarticular subtalar arthrodesis may be 
required as a second procedure.

In rare cases, if no invertors or evertors are present for 
transfer, the hamstrings can be used to replace the gastroc-
nemius-soleus. Prerequisites for this procedure include com-
plete paralysis of the gastrocnemius-soleus, strong medial 
hamstrings or biceps femoris muscles, and strong ankle 
dorsiflexors and quadriceps muscles. The insertions of the 
semitendinosus and gracilis and occasionally the semimem-
branosus are mobilized, passed subcutaneously, and attached 
to the sagittally incised Achilles tendon. A mattress suture at 
the proximal end of the Achilles tendon prevents this incision 
from extending proximally. The tendons are sutured with the 
knee flexed to 25 degrees and the foot in plantarflexion.

FLAIL FOOT
When all muscles distal to the knee are paralyzed, equi-
nus deformity results because of passive plantarflexion. 
The intrinsic muscles may retain some function, leading to 
forefoot equinus or cavoequinus deformity. Radical plantar 
release, sometimes combined with plantar neurectomy, usu-
ally controls this deformity. Midfoot wedge resection may be 
required for the forefoot equinus deformity in older patients. 

 

BA

FIGURE 34.1 Anterior (A) and lateral (B) views of tenodesis 
of Achilles tendon to fibula.
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DORSAL BUNION
In a dorsal bunion deformity, the shaft of the first metatarsal is 
dorsiflexed and the great toe is plantarflexed; it usually results 
from muscle imbalance, although occasionally there may be 
other causes. In its early stages, the deformity is not fixed but is 
present only on weight bearing, especially walking. If the mus-
cle imbalance is not corrected, the deformity becomes fixed, 
although it remains more pronounced on weight bearing.

Usually, only the metatarsophalangeal joint of the great 
toe is flexed, and on weight bearing the first metatarsal head 
is displaced upward; the longitudinal axis of the metatarsal 
shaft can be horizontal, or its distal end can even be directed 
slightly upward. The first cuneiform also can be tilted upward. 
A small exostosis can form on the dorsum of the metatar-
sal head. When flexion of the great toe is severe enough, the 
metatarsophalangeal joint can subluxate and the dorsal part 
of the cartilage of the metatarsal head eventually can degen-
erate. The plantar part of the joint capsule and the flexor hal-
lucis brevis muscle can become contracted.

Two types of muscle imbalance can cause a dorsal bun-
ion. The more common dorsiflexes the first metatarsal, and 
the plantarflexion of the great toe is secondary. The less com-
mon plantarflexes the great toe, and dorsiflexion of the first 
metatarsal is secondary.

The most common imbalance is between the anterior 
tibial and peroneus longus muscles; normally, the anterior 
tibial muscle raises the first cuneiform and the base of the 
first metatarsal, and the peroneus longus opposes this action. 
When the peroneus longus is weak or paralyzed or has been 
transferred elsewhere, the first metatarsal can be dorsiflexed 
by a strong anterior tibial muscle or by a muscle substituting 
for it. When the first metatarsal is dorsiflexed, the great toe 
becomes actively plantarflexed to establish a weight-bearing 
point for the medial side of the forefoot and to assist push-off 
in walking. Weakness of the dorsiflexor muscles of the great 
toe also may favor the development of this position of the toe. 
Many dorsal bunions develop after ill-advised tendon trans-
fers for residual poliomyelitis. In such patients, the opposing 
actions of the peroneus longus and anterior tibial muscles on 
the first metatarsal were considered in the transfers. Before 
any transfer of the peroneus longus tendon, the effect of its 
loss on the first metatarsal must be carefully considered. 
When the anterior tibial is paralyzed and tendon transfer is 
feasible, the peroneus longus tendon or the tendons of the 
peroneus longus and peroneus brevis should be transferred 
to the third cuneiform, rather than to the insertion of the 
anterior tibial; as an alternative, the peroneus brevis tendon 
can be transferred to the insertion of the anterior tibial, leav-
ing the peroneus longus tendon undisturbed. We believe that 
when the peroneus longus tendon is transferred, the proximal 
end of its distal segment should be securely fixed to bone at 
the level of division. When the gastrocnemius-soleus group is 
weak or paralyzed, and the anterior tibial and peroneus lon-
gus muscles are strong, the peroneus longus should not be 
transferred to the calcaneus unless the anterior tibial is trans-
ferred to the midline of the foot. A dorsal bunion does not 
always follow ill-advised tendon transfers, however, because 
the muscle imbalance may not be severe enough to cause it. 
When the deformity is progressive, surgery may simply con-
sist of transferring the anterior tibial (or the previously trans-
ferred peroneus longus) to the third cuneiform; correcting 
the deformity itself may be unnecessary. When the deformity 

is fixed, however, surgery must correct not only the muscle 
imbalance but also the deformity.

The second and less common muscle imbalance that can 
cause a dorsal bunion results from paralysis of all muscles 
controlling the foot except the gastrocnemius-soleus group, 
which may be of variable strength, and the long toe flexors, 
which are strong. These strong toe flexors help steady the 
foot in weight bearing and sustain the push-off in walking. 
The flexor hallucis longus assumes a large share of this added 
function and with active use, the great toe may be almost 
constantly plantarflexed; the first metatarsal head is displaced 
upward to accommodate it. A strong flexor hallucis brevis 
muscle also may help produce the deformity.

There are other, less common causes for the deformity. 
It can develop in conjunction with a hallux rigidus in which 
dorsiflexion of the first metatarsophalangeal joint is painful. 
The articular surfaces become irregular, and the plantar part 
of the joint capsule gradually contracts; proliferation of bone 
on the dorsum of the first metatarsal head often becomes pro-
nounced and blocks dorsiflexion of the joint. When walk-
ing, the patient may unconsciously supinate the foot and 
plantarflex the great toe to protect the weight-bearing pad 
of the great toe. A dorsal bunion also is sometimes seen in 
a severe congenital flatfoot with a rocker-bottom deformity 
(see Chapter 29). Transfer of the flexor hallucis longus to 
the neck of the first metatarsal, combined with bony correc-
tion by plantar closing wedge osteotomy of the first metatar-
sal when necessary, currently is our preferred technique for 
correction of dorsal bunions (Chapter 29, Technique 29.19). 
A strong unopposed anterior tibial tendon that contributes 
to forefoot supination is an indication for addition of a split 
anterior tibial tendon transfer. 

BONY PROCEDURES (OSTEOTOMY AND 
ARTHRODESIS)
The object of arthrodesis in patients with poliomyelitis is to 
reduce the number of joints the weakened or paralyzed mus-
cles must control. The structural bony deformity must be 
corrected before a tendon transfer is performed. Stabilizing 
procedures for the foot and ankle are traditionally of five types: 
(1) calcaneal osteotomy, (2) extraarticular subtalar arthrode-
sis, (3) triple arthrodesis, (4) ankle arthrodesis, and (5) bone 
blocks to limit motion at the ankle joint. These procedures can 
be performed singly or in combination with other procedures. 
The choice of operations depends on the age of the patient and 
the particular deformity that must be corrected.

CALCANEAL OSTEOTOMY
Calcaneal osteotomy can be performed for correction of 
hindfoot varus or valgus deformity in growing children. For 
cavovarus deformity, it can be combined with release of the 
intrinsic muscles and the plantar fascia, and for calcaneovarus 
deformity, with posterior displacement calcaneal osteotomy. 
Fixed valgus deformity may require medial displacement 
osteotomy in a plane parallel to the peroneal tendons. 

DILLWYN EVANS OSTEOTOMY
The Dillwyn Evans osteotomy can be used for talipes calca-
neovalgus deformity as an alternative to triple arthrodesis in 
children 8 to 12 years old. This osteotomy, the reverse of the 
original technique used in clubfeet, lengthens the calcaneus 
by a transverse osteotomy of the calcaneus and the insertion 
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of a bone graft to open a wedge and lengthen the lateral bor-
der of the foot (Fig. 34.2). 

SUBTALAR ARTHRODESIS
Paralytic equinovalgus deformity results from paralysis of the 
anterior tibial and posterior tibial and the unopposed action 
of the peroneals and gastrocnemius-soleus. The calcaneus is 
everted and displaced laterally and posteriorly. The sustentac-
ulum tali no longer functions as the calcaneal buttress for the 
talar head, which shifts medially and into equinus. Hindfoot 
and forefoot equinovalgus deformities develop rapidly and, 
with growth, become fixed and require bony correction.

Grice and Green developed an extraarticular subtalar 
fusion to restore the height of the medial longitudinal arch in 
patients 3 to 8 years old. Ideally, this procedure is performed 
when the valgus deformity is localized to the subtalar joint 
and when the calcaneus can be manipulated into its normal 
position beneath the talus. Careful clinical and radiographic 
examinations should determine whether the valgus deformity 
is located primarily in the subtalar joint or the ankle joint. 
If the forefoot is not mobile enough to be made plantigrade 
when the hindfoot is corrected, the procedure is contrain-
dicated. The most common complications of the Grice and 
Green arthrodesis are varus deformity and increased ankle 
joint valgus because of overcorrection. Bone infection, pseud-
arthrosis, graft resorption, and degenerative arthritis of the 
metatarsal joints also have been reported.

Dennyson and Fulford described a technique for subtalar 
arthrodesis in which a screw is inserted across the subtalar 
joint for internal fixation and an iliac crest graft is placed in 
the sinus tarsi. Because the screw provides internal fixation, 
maintenance of the correct position does not depend on the 
bone graft. 

 

SUBTALAR ARTHRODESIS

 TECHNIQUE 34.2 

(GRICE AND GREEN)
 n  Make a short curvilinear incision on the lateral aspect of 

the foot directly over the subtalar joint.
 n  Carry the incision down through the soft tissues to expose 

the cruciate ligament overlying the joint. Split this liga-
ment in the direction of its fibers, and dissect the fatty 
and ligamentous tissues from the sinus tarsi.

 n  Dissect the short toe extensors from the calcaneus, and 
reflect them distally. The relationship of the calcaneus to 
the talus now can be determined, and the mechanism of 
the deformity can be demonstrated.

 n  Place the foot in equinus, and then invert it to position the 
calcaneus beneath the talus. A severe, long-standing de-
formity may require division of the posterior subtalar joint 
capsule or removal of a small piece of bone laterally from 
beneath the anterosuperior calcaneal articular surface.

 n  Insert an osteotome or broad periosteal elevator into the 
sinus tarsi, and block the subtalar joint to evaluate the 
stability of the graft and its proper size and position.

 n  Prepare the graft beds by removing a thin layer of cortical 
bone from the inferior surface of the talus and the supe-
rior surface of the calcaneus (Fig. 34.3).

 n  Now make a linear incision over the anteromedial surface 
of the proximal tibial metaphysis, incise the periosteum, 
and take a block of bone large enough for two grafts (usu-
ally 3.5 to 4.5 cm long and 1.5 cm wide). As  alternatives 

 FIGURE 34.2   Dillwyn Evans procedure.
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to tibial bone, take a short segment of the distal fibula or 
a circular segment of the iliac crest.

 n  Cut the grafts to fit the prepared beds. Use a rongeur to 
shape the grafts so that they can be countersunk into the 
cancellous bone to prevent lateral displacement.

 n  With the foot held in a slightly overcorrected position, 
place the grafts in the sinus tarsi. Evert the foot to lock 
the grafts in place.

 n  If a segment of the fibula or iliac crest is used, a smooth 
Kirschner wire can be used to hold the graft in place for 
12 weeks. A screw can be inserted anteriorly from the 
talar neck into the calcaneus for rigid fixation.

 n  Apply a long leg cast with the knee flexed, the ankle in 
maximal dorsiflexion, and the foot in the corrected  position.

POSTOPERATIVE CARE After 12 weeks of non–weight 
bearing, the long leg cast is removed and a short leg walk-
ing cast is applied and worn for an additional 4 weeks.
   

 

SUBTALAR ARTHRODESIS

 TECHNIQUE 34.3 

(DENNYSON AND FULFORD)
 n  Make an oblique incision in the line of the skin creases, 

centered over the sinus tarsi and extending from the mid-
dle of the front of the ankle proximally and laterally to the 
peroneal tendons (Fig. 34.4A).

 n  Raise the origin of the extensor digitorum brevis, along 
with a pad of subcutaneous fat, proximally and reflect it 
distally to expose the sinus tarsi.

 n  Remove the fat from the sinus tarsi by sharp dissection 
close to the bone and, with a narrow gouge, remove 
cortical bone from the apex of the sinus tarsi to expose 
cancellous bone on the undersurface of the talar neck and 
on the nonarticular area in the upper calcaneal surface 
(Fig. 34.4B). Do not remove cortical bone from the outer 
part of the sinus tarsi in the area through which the screw 
will pass.

 n  Expose the depression on the superior surface of the talar 
neck by blunt dissection between the tendon of the ex-
tensor digitorum longus and the neurovascular bundle.

 n  Hold the calcaneus in its correct position, and pass a bone 
awl from this depression through the neck of the talus 
and across the sinus tarsi to enter the upper surface of the 
calcaneus toward the lateral side until it pierces the cortex 
of the calcaneus at its inferolateral border (Fig. 34.4C). 
The awl must pass through cortical bone on both the 
superior and inferior surfaces of the talar neck and on the 
superior and inferolateral surfaces of the calcaneus.

 n  Determine the length of the awl that is within the bones, 
and insert a minifragment cancellous screw of the same 
length. Tighten the screw until its head is seated into the 
superior surface of the talus.

 n  Pack chips of cancellous bone from the iliac crest into the 
apex of the sinus tarsi (Fig. 34.4D).

 n  Replace the extensor digitorum brevis, and close the wound.
 n  Apply a long leg, non–weight bearing cast.

POSTOPERATIVE CARE The long leg cast is removed at 
6 to 8 weeks, and a short leg walking cast is applied and 
worn for an additional 4 to 6 weeks.
  

TRIPLE ARTHRODESIS
The most effective stabilizing procedure in the foot is triple 
arthrodesis (Fig. 34.5): fusion of the subtalar, calcaneocuboid, 
and talonavicular joints. Triple arthrodesis limits motion of 
the foot and ankle to plantarflexion and dorsiflexion. It is 
indicated when most of the weakness and deformity are at the 
subtalar and midtarsal joints. Triple arthrodesis is performed 
(1) to obtain stable and static realignment of the foot, (2) to 
remove deforming forces, (3) to arrest progression of defor-
mity, (4) to eliminate pain, (5) to eliminate the use of a short 
leg brace or to provide sufficient correction to allow fitting of 
a long leg brace to control the knee joint, and (6) to obtain 
a more normal-appearing foot. Generally, triple arthrodesis 
is reserved for severe deformity in children 12 years old and 
older; occasionally, it may be required in children 8 to 12 
years old with progressive, uncontrollable deformity.

The exact technique of triple arthrodesis depends on the 
type of deformity, and this should be determined before sur-
gery. A paper tracing can be made from a lateral radiograph of 
the ankle, and the components of the subtalar joint are divided 
into three sections: the tibiotalar and calcaneal components 
and another component comprising all the bones of the foot 

 FIGURE 34.3 Grice-Green subtalar fusion. Preparation of graft bed and placement of graft 
in lateral aspect of subtalar joint. SEE TECHNIQUE 34.2.
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distal to the midtarsal joint. These are reassembled with the 
foot in the corrected position so that the size and shape of the 
wedges to be removed can be measured accurately.

In talipes equinovalgus, the medial longitudinal arch of 
the foot is depressed, the talar head is enlarged and plan-
tarflexed, and the forefoot is abducted. Raising the talar 
head and shifting the sustentaculum tali medially beneath 
the talar head and neck restores the arch. A medially based 
wedge consisting of a portion of the talar head and neck is 
excised (Fig. 34.5C). When the hindfoot valgus deformity is 
corrected, the forefoot tends to supinate; this is controlled by 
midtarsal joint resection with a medially based wedge. An 
additional medial incision may be required for resection of 
the talonavicular joint.

In talipes equinovarus, the enlarged talar head lies lateral 
to the midline axis of the foot and blocks dorsiflexion. A lat-
erally based subtalar wedge, combined with midtarsal joint 
resection, places the talar head slightly medial to the midline 
axis of the foot (Fig. 34.5D).

In talipes calcaneocavus, the arthrodesis should allow 
posterior displacement of the foot at the subtalar joint. After 
stripping of the plantar fascia, a wedge-shaped or cuneiform 

section of bone is removed to allow correction of the cavus 
deformity, and a wedge of bone is removed from the subtalar 
joint to correct the rotation of the calcaneus (Fig. 34.5D).

The muscle balance of the foot and ankle determines how 
much the foot should be displaced posteriorly. Posterior dis-
placement of the foot transfers its fulcrum (the ankle) ante-
riorly to a position near its center and lengthens its posterior 
lever arm; this is especially important when the gastrocne-
mius-soleus group is weak. 

 

TRIPLE ARTHRODESIS

 TECHNIQUE 34.4 

 n  Make an oblique incision centered over the sinus tarsi in 
line with the skin creases on the lateral side of the foot, 
beginning dorsolaterally at the lateral border of the ten-
dons of the long toe extensors at the level of the talona-
vicular joint (Fig. 34.5A). Continue the incision posteriorly, 

 

E

A B

C D

FIGURE 34.4 Subtalar arthrodesis with internal fixation. A, Oblique incision over sinus tarsi. 
B, Exposure of sinus tarsi, cancellous bone of calcaneus, and talus. C, Steinmann pin is placed across 
subtalar joint entering talus as far distal as possible with foot held in corrected position. D, Screw is 
placed across subtalar joint from talar neck into calcaneus; sinus tarsi is filled with iliac crest bone 
graft. E, Radiograph of corrected foot with screw in place. SEE TECHNIQUE 34.3.
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angling plantarward and ending at the level of the pero-
neal tendons. Carefully protect the extensor and peroneal 
tendons, and carry the incision sharply down through the 
sinus tarsi to the extensor digitorum brevis muscle.

 n  Reflect the origin of this muscle distally along with the fat 
in the sinus tarsi.

 n  Clean the remainder of the sinus tarsi of all tissue to ex-
pose the subtalar and calcaneocuboid joints and the lat-
eral portion of the talonavicular joint.

 n  Incise the capsules of the talonavicular, calcaneocuboid, 
and subtalar joints circumferentially to obtain as much 
mobility as possible. If this release allows the foot to be 
placed in a normal position, removal of large bony wedg-
es is not required. If correction is impossible after soft-tis-
sue release, appropriate bone wedges are removed (Fig. 
34.5C and D).

 n  Identify the anterior articular process of the calcaneus and 
excise it at the level of the floor of the sinus tarsi for better 
exposure of all joints.

 n  To make this osteotomy, use an osteotome placed parallel 
to the plantar surface of the foot; preserve the bone for 
grafting.

 n  With an osteotome, remove the articular surfaces of the 
calcaneocuboid joint to expose cancellous bone.

 n  Remove an equal amount from both bones unless wedge 
correction of a bone deformity is required (Fig. 34.5B).

 n  Remove the distal portion of the head of the talus with 
¼-inch and ½-inch straight and curved osteotomes. Re-
move only enough bone to expose the cancellous bone 
of the talar head unless a medial wedge is required to 
correct a fixed deformity. A small lamina spreader can 
be inserted for better exposure. A second medial incision 

 

A B

C

D
FIGURE 34.5 Triple arthrodesis. A, Oblique incision in sinus tarsi to expose subtalar, talona-

vicular, and calcaneocuboid joints. B, Cartilage and cortical bone removed from all joint surfaces; 
appropriate wedges are removed if necessary. C, Wedges necessary for correction of valgus defor-
mity. D, Wedges necessary for correction of varus deformity. SEE TECHNIQUES 34.4 AND 34.5.
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may be necessary to expose the most medial portion of 
the talonavicular joint.

 n  Remove the proximal articular surface and subchondral 
bone of the navicular and shape and roughen the surfaces 
for a snug fit with the talus.

 n  Excise the articular surfaces of the sustentaculum tali and 
the anterior facet of the subtalar joint.

 n  Approach the subtalar joint and completely remove its 
articular surfaces. For better exposure of the posterior 
portion, use the small lamina spreader to expose the sub-
talar joint. Remove appropriate wedges from this joint if 
necessary; otherwise, make the joint resections parallel to 
the articular surfaces.

 n  Cut the removed bone into small pieces to be used for 
bone grafting. Place most of the bone graft around the 
talonavicular joint and in the depth of the sinus tarsi.

 n  Correction is maintained with internal fixation, usually 
smooth Steinmann pins or Kirschner wires.

 n  Close the muscle pedicle of the extensor digitorum brevis 
over the sinus tarsi to reduce the dead space.

 n  Close the wound over a suction drain and apply a well-
padded, short leg cast.

POSTOPERATIVE CARE Considerable bleeding from 
the drain and through the wound itself can be expected. 
The foot should be elevated to minimize swelling. The 
drain is removed at 24 to 48 hours. Walking with crutches 
or a walker, with touch-down weight bearing on the op-
erated foot, is allowed as tolerated. The cast and pins or 
wires are removed at 6 to 8 weeks, and a short leg walking 
cast is applied and worn until union is complete, usually 
4 weeks more.
   

 

CORRECTION OF CAVUS DEFORMITY

 TECHNIQUE 34.5 

 n  Perform a medial radical plantar release to correct the 
contracted soft tissues bridging the longitudinal arch. 
Then forcibly correct the cavus deformity as much as 
 possible.

 n  Expose the calcaneocuboid, talonavicular, and subtalar 
joints through the incision described earlier.

 n  With an osteotome, remove from the talonavicular and 
calcaneocuboid joints a wedge-shaped or cuneiform sec-
tion of bone with its base anterior and large enough to 
correct the cavus deformity that remains after the plantar 
fascial stripping.

 n  Dorsiflex the forefoot and appose the raw surfaces to see 
if the cavus is corrected; if so, expose the subtalar joint 
and remove from it a wedge of bone with its base poste-
rior to correct the deformity or rotation of the calcaneus 
(see Fig. 34.5D). Be sure that all bone surfaces fit together 
well and that the foot is in satisfactory position before 
closing the wound.

POSTOPERATIVE CARE Correction usually is maintained 
with Steinmann pins or Kirschner wires. A cast is applied, 

and firm pressure is exerted on the sole of the foot while 
the plaster is setting to stretch the plantar structures as 
much as possible. When internal fixation is not used, the 
cast and sutures are removed at 10 to 14 days, the foot 
is inspected, and radiographs are made. If the position is 
not satisfactory, the foot is manipulated with the patient 
under general anesthesia. A new cast, snug but properly 
padded, is then applied and is molded to the contour of 
the foot; this cast is removed at 12 weeks.
  

COMPLICATIONS OF TRIPLE ARTHRODESIS
The most common complication of triple arthrodesis is 
pseudarthrosis, especially of the talonavicular joint. The 
additional stress on the ankle joint caused by loss of mobil-
ity of the hindfoot can lead to the development of degen-
erative arthritis. Excessive resection of the talus can cause 
osteonecrosis, especially in adolescents; this usually is evi-
dent on radiographs 8 to 12 weeks after triple arthrodesis. 
Ligamentous laxity around the ankle joint may require ankle 
fusion. Muscle imbalance after hindfoot stabilization can 
lead to forefoot deformity; unopposed function of the ante-
rior tibial or peroneal muscles is the most common cause of 
this complication and should be corrected by tendon transfer. 
Residual deformity usually is caused by insufficient correc-
tion at surgery, inadequate immobilization, pseudarthrosis, 
or muscle imbalance. 

TALECTOMY
Talectomy provides stability and posterior displacement of 
the foot and generally is recommended for children 5 to 12 
years old when the deformity is not correctable by arthrodesis. 
Talectomy limits motion of the ankle joint, especially dorsi-
flexion, and creates a tibiotarsal ankylosis. Posterior displace-
ment of the foot places the distal tibia over the center of the 
weight-bearing area, producing even weight distribution and 
good lateral stability. Appearance usually is satisfactory, pain 
is relieved, and special shoes or orthoses are not required.

The most common cause of failure of talectomy is muscle 
imbalance, usually the presence of a strong anterior or posterior 
tibial muscle. Intrinsic muscle activity can cause contracture of 
the plantar fascia, resulting in a forefoot equinus deformity. In 
children younger than 5 years old, recurrence of the deformity 
is frequent, and pain is common in individuals older than 15 
years, especially with inadequate excision of the entire talus. 
Tibiocalcaneal arthrodesis can be performed for failed talec-
tomy and most commonly is indicated because of persistent 
pain. The technique of talectomy is described in Chapter 29. 

 

LAMBRINUDI ARTHRODESIS
The Lambrinudi arthrodesis is recommended for correction 
of isolated fixed equinus deformity in patients older than 10 
years. Retained activity in the gastrocnemius-soleus, com-
bined with inactive dorsiflexors and peroneals, causes the 
footdrop deformity. The posterior talus abuts the under-
surface of the tibia, and the posterior ankle joint capsule 
contracts to create a fixed equinus deformity. In the Lam-
brinudi procedure, a wedge of bone is removed from the 
plantar distal part of the talus so that the talus remains in 
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complete equinus at the ankle joint while the remainder 
of the foot is repositioned to the desired degree of plan-
tarflexion. Tendon resection or transfer may be necessary 
to prevent varus or valgus deformity if active muscle power 
remains. The Lambrinudi arthrodesis is not recommended 
for a flail foot or when hip or knee instability requires a 
brace. A good result depends on the strength of the dor-
sal ankle ligaments. If anterior subluxation of the talus is 
noted on a weight-bearing lateral radiograph, a two-stage 
pantalar arthrodesis is recommended. Complications of the 
Lambrinudi arthrodesis include ankle instability, residual 
varus or valgus deformities caused by muscle imbalance, 
and pseudarthrosis of the talonavicular joint.

 TECHNIQUE 34.6 

(LAMBRINUDI)
 n  With the foot and ankle in extreme plantarflexion, make 

a lateral radiograph and trace the film. Cut the tracing 
into three pieces along the outlines of the subtalar and 
midtarsal joints; from these pieces the exact amount of 
bone to be removed from the talus can be determined 
with accuracy before surgery. In the tracing, the line rep-
resenting the articulation of the talus with the tibia is left 
undisturbed but that corresponding to its plantar and 
distal parts is to be cut so that when the navicular and 
the calcaneocuboid joint are later fitted to it, the foot will 
be in 5 to 10 degrees of equinus relative to the tibia (Fig. 
34.6) unless the extremity has shortened; more equinus 
may then be desirable.

 n  Expose the sinus tarsi through a long, lateral curved 
 incision.

 n  Section the peroneal tendons by a Z-shaped cut, open the 
talonavicular and calcaneocuboid joints, and divide the 
interosseous and lateral collateral ligaments of the ankle 
to permit complete medial dislocation of the tarsus at the 
subtalar joint.

 n  With a small power saw (more accurate than a chisel or 
osteotome), remove the predetermined wedge of bone 
from the plantar and distal parts of the neck and body of 
the talus. Remove the cartilage and bone from the supe-
rior surface of the calcaneus to form a plane parallel with 
the longitudinal axis of the foot.

 n  Next make a V-shaped trough transversely in the inferior 
part of the proximal navicular and denude the calcaneocu-
boid joint of enough bone to correct any lateral deformity.

 n  Firmly wedge the sharp distal margin of the remaining 
part of the talus into the prepared trough in the navicular 
and appose the calcaneus and talus. Take care to place 
the distal margin of the talus well medially in the trough; 
otherwise, the position of the foot will not be satisfactory. 
The talus is now locked in the ankle joint in complete 
equinus, and the foot cannot be further plantarflexed.

 n  Insert smooth Kirschner wires for fixation of the talona-
vicular and calcaneocuboid joints.

 n  Suture the peroneal tendons, close the wound in the rou-
tine manner, and apply a cast with the ankle in neutral or 
slight dorsiflexion.

POSTOPERATIVE CARE The cast and sutures are re-
moved at 10 to 14 days, and the position of the foot is 

evaluated by radiographs. If the position is satisfactory, a 
short leg cast is applied, but weight bearing is not allowed 
for another 6 weeks, after which a short leg walking cast 
is applied and is worn until fusion is complete, usually at 
3 months.
  

ANKLE ARTHRODESIS
Ankle fusion may be indicated for a flail foot or for recurrence 
of deformity after triple arthrodesis. Compression arthrode-
sis (see Chapter 11) generally is recommended for older chil-
dren and adolescents. Subcutaneous plantar fasciotomy and 
lengthening of the Achilles tendon can be performed initially, 
followed by ankle arthrodesis. 

PANTALAR ARTHRODESIS
Pantalar arthrodesis is fusion of the tibiotalar, talonavicular, 
subtalar, and calcaneocuboid joints. For flail feet with para-
lyzed quadriceps, pantalar arthrodesis may be indicated to 
eliminate the need for long leg braces. The ideal patient for 
this operation is one with a flail foot and ankle and normal 
muscles around the hip and knee. Absolute prerequisites for 
this procedure include a strong gluteus maximus to initi-
ate toe-off during gait and a normally aligned knee with full 
extension or a few degrees of hyperextension.

The ankle should be fused in 5 to 10 degrees of plantarflex-
ion to produce the backward thrust on the knee joint necessary 

 

B

A

FIGURE 34.6 Lambrinudi operation for talipes equinus. A, 
Colored area indicates part of talus to be resected. B, Sharp distal 
margin of remaining part of talus has been wedged into prepared 
trough in navicular, and raw osseous surfaces of talus, calcaneus, 
and cuboid have been apposed. SEE TECHNIQUE 34.6.
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for stable weight bearing. Excessive plantarflexion of the ankle 
results in pain and increased pressure under the metatarsal 
heads; acceptable plantarflexion should be confirmed with a 
lateral radiograph during surgery. Pantalar arthrodesis can be 
done in two stages: the first in the foot and the second in the 
ankle because it is difficult to achieve and maintain proper posi-
tion of the foot and the ankle at the same time. Provelengios et al. 
described one-stage pantalar arthrodesis in 24 patients (average 
age, 20 years) with a Steinmann pin used to stabilize the ankle 
and subtalar joints. At an average follow-up of 37 years, 22 of 
the 24 patients were satisfied with their outcomes. The position 
of the fused ankle did not correlate with the development of 
ipsilateral knee pain. More recently, the authors modified their 
technique by using a circular external fixator to stabilize all four 
joints. Complications of pantalar arthrodesis include pseudar-
throsis, painful plantar callosities caused by unequal weight dis-
tribution, and excessive heel equinus, which causes increased 
pressure on the forefoot. Provelengios et al. reported a compli-
cation rate of 46%, but all were minor wound or skin problems. 

TENDON TRANSFER TECHNIQUES
TALIPES EQUINOVARUS

Talipes equinovarus caused by poliomyelitis is characterized by 
equinus deformity of the ankle, inversion of the heel, and, at the 
midtarsal joints, adduction and supination of the forefoot. When 
the deformity is of long duration there also is a cavus deformity 
of the foot; clawing of the toes may develop secondary to sub-
stitution of motor patterns. In paralytic talipes equinovarus, the 
peroneal muscles are paralyzed or severely weakened but the 
posterior tibial muscle usually is normal; the anterior tibial may 
be weakened or normal. The gastrocnemius-soleus is compara-
tively strong but becomes contracted by a combination of motor 
imbalance, growth, gravity, and posture. Treatment depends 
on the age of the patient, the forces causing the deformity, the 
severity of the deformity, and its rate of increase.

Anterior transfer of the posterior tibial tendon removes 
a dynamic deforming force and aids active dorsiflexion of 
the foot; however, transfer alone rarely restores active dorsi-
flexion. Rerouting of the tendon anterior to the medial mal-
leolus diminishes its plantarflexion power and lengthens the 
posterior tibial muscle; the deformity may not be corrected, 
however, because the muscle retains its varus pull. The entire 
tendon can be transferred through the interosseous mem-
brane to the middle cuneiform, or the tendon can be split, 
with the lateral half transferred to the cuboid. 

 

ANTERIOR TRANSFER OF POSTERIOR 
TIBIAL TENDON

 TECHNIQUE 34.7 

(BARR)
 n  Make a skin incision on the medial side of the ankle, be-

ginning distally at the insertion of the posterior tibial ten-
don and extending proximally over the tendon just poste-
rior to the malleolus and from there proximally along the 
medial border of the tibia for 5.0 to 7.5 cm.

 n  Free the tendon from its insertion, preserving as much of 
its length as possible.

 n  Split its sheath, and free it in a proximal direction until the 
distal 5.0 cm of the muscle has been mobilized. Carefully 
preserve the nerves and vessels supplying the muscle.

 n  Make a second skin incision anteriorly; begin it distally 
at the level of the ankle joint and extend it proximally 
for 7.5 cm just lateral to the anterior tibial tendon. Carry 
the dissection deep between the tendons of the anterior 
tibial muscle and the extensor hallucis longus, carefully 
preserving the dorsalis pedis artery; expose the interosse-
ous membrane just proximal to the malleoli.

 n  Cut a generous window in the interosseous membrane 
but avoid stripping the periosteum from the tibia or fibula.

 n  Pass the posterior tibial tendon through the window be-
tween the bones, taking care that it is not kinked, twist-
ed, or constricted and that the vessels and nerves to the 
muscle are not damaged. Pass the tendon beneath the 
cruciate ligament, which can be divided if necessary to 
relieve pressure on the tendon.

 n  Expose the third cuneiform or the base of the third meta-
tarsal through a transverse incision 2.5 cm long.

 n  Retract the extensor tendons, sharply incise the perios-
teum over the bone in a cruciate fashion, and fold back 
osteoperiosteal flaps.

 n  Drill a hole through the bone in line with the tendon and 
large enough to receive it; anchor it in the bone with a 
pull-out wire. Be sure that the button on the plantar sur-
face of the foot is well padded.

 n  Suture the osteoperiosteal flaps to the tendon with two 
figure-of-eight nonabsorbable sutures.

 n  Close the incision and apply a plaster cast to hold the foot 
in calcaneovalgus position.
Instead of the long medial incision used by Barr, we make 

a short longitudinal one to free the posterior tibial tendon 
at its insertion and withdraw it through another incision 5 
cm long at the musculotendinous junction just posterior to 
the subcutaneous border of the tibia (Fig. 34.7). The tendon 
also can be anchored to bone by passing it through a hole 
drilled in the bone, looping it back, and suturing it to itself 
with nonabsorbable sutures.

POSTOPERATIVE CARE The cast is removed at 3 weeks, 
the wounds are inspected, the sutures are removed, and 
a short leg walking cast is applied with the foot in the 
neutral position and the ankle in slight dorsiflexion. Six 
weeks after surgery the cast is removed, and a program 
of rehabilitative exercises is started that is continued under 
supervision until a full range of active resisted function 
is obtained. The transfer is protected for 6 months by a 
double-bar foot-drop brace with an outside T-strap.
   

 

ANTERIOR TRANSFER OF POSTERIOR 
TIBIAL TENDON

 TECHNIQUE 34.8 

(OBER)
 n  Through a medial longitudinal incision 7.5 cm long, free 

the posterior tibial tendon from its attachment to the na-
vicular (Fig. 34.7A).
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 n  Make a second longitudinal medial incision 10 cm long 
centered over the musculotendinous junction of the pos-
terior tibial tendon and muscle.

 n  Withdraw the tendon from the proximal wound and free 
the muscle belly well up on the tibia (Fig. 34.7B).

 n  Strip the periosteum obliquely on the medial surface of 
the tibia so that when the tendon is moved into the an-
terior tibial compartment only the belly of the muscle will 
come in contact with denuded bone. The tendon must 
not be in contact with the tibia.

 n  Make a third incision over the base of the third metatar-
sal, draw the posterior tibial tendon from the second into 
the third incision, and anchor its distal end in the base of  
the third metatarsal (Fig. 34.7C).

POSTOPERATIVE CARE Postoperative care is the same 
as after Technique 34.7.
   

 

SPLIT TRANSFER OF ANTERIOR  
TIBIAL TENDON

 TECHNIQUE 34.9 

 n  Make a 2- to 3-cm longitudinal incision dorsomedially 
over the medial cuneiform (Fig. 34.8A).

 n  Identify the anterior tibial tendon and split it longitudi-
nally in the midportion. Detach the lateral half of the 

tendon from its insertion, preserving as much length as 
possible, and continue the split proximally to the extent 
of the  incision.

 n  Make a second 2- to 3-cm incision anteriorly over the 
distal tibia, identify the tibialis anterior tendon sheath, 
and split it longitudinally.

 n  Continue the split in the anterior tibial tendon proximally 
into this incision and up to the musculotendinous junc-
tion. Umbilical tape can be used to continue the split in 
the tendon. Place the tape into the split and bring its two 
ends into the proximal incision. Before the lateral half of 
the tendon is detached, continue the split to the muscu-
lotendinous junction by pulling on the tape.

 n  Once the split in the tendon is complete, detach the lat-
eral half and bring it into the proximal wound.

 n  Make a third 2- to 3-cm longitudinal incision over the 
cuboid on the dorsolateral aspect of the foot.

 n  Drill two holes in the cuboid, placing them as far away 
from each other as possible so that they meet well within 
the body of the cuboid (Fig. 34.8B). Enlarge the holes with 
a curet if necessary, but be certain to leave a bridge of 
bone between the two holes.

 n  Pass the split lateral portion of the anterior tibial tendon 
distally through the subcutaneous tunnel from the proxi-
mal incision to the dorsolateral incision over the cuboid.

 n  Attach a nonabsorbable suture to the end of the tendon, 
and pass it into one hole in the cuboid and out the other 
(Fig. 34.8C).

 n  Hold the foot in dorsiflexion, pull the tendon tight, and 
suture the free end to the proximal portion of the tendon 
under moderate tension (Fig. 34.8D).

 

A B C

Line of incision
over posterior
tibial muscle

FIGURE 34.7 Ober anterior transfer of posterior tibial tendon. A, Insertion of posterior tibial 
tendon has been exposed. Note line of skin incision over muscle. B, Tendon has been freed from 
its insertion, and muscle has been dissected from tibia. C, Tendon and muscle have been passed 
through anterior tibial compartment to dorsum of foot, and tendon has been anchored in third 
metatarsal. SEE TECHNIQUES 34.7 AND 34.8.
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 n  As an alternative, drill a hole in the cuneiform through 
the plantar cortex, pass the tendon through this hole, and 
anchor it on the plantar aspect of the foot with a suture 
over felt and a button.

POSTOPERATIVE CARE A short leg cast is worn for 
6 weeks. An ankle-foot orthosis may be needed for 
6 months.
  

SPLIT TRANSFER OF THE POSTERIOR  
TIBIAL TENDON
The split transfer of the posterior tibial tendon technique 
is used more often for patients with cerebral palsy and is 
described in Chapter 33. 

TALIPES CAVOVARUS
Paralytic talipes cavovarus can be caused by an imbalance of 
the extrinsic muscles or by persistent function of the short toe 
flexors and other intrinsic muscles when the foot is otherwise 
flail. Treatment of the cavus foot is discussed in Chapter 87. 

TALIPES EQUINOVALGUS
Talipes equinovalgus usually develops when the anterior and 
posterior tibial muscles are weak, the peroneus longus and 
peroneus brevis are strong, and the gastrocnemius-soleus is 
strong and contracted. The gastrocnemius-soleus pulls the 
foot into equinus and the peroneals into valgus position; 
when the extensor digitorum longus and the peroneus tertius 
muscles are also strong, they help to pull the foot into val-
gus position on walking. Structural changes in the bones and 
ligaments follow the muscle imbalance; eventually, the plan-
tar calcaneonavicular ligament becomes stretched and atten-
uated, the weight-bearing thrust shifts to the medial border 
of the foot, the forefoot abducts and pronates, and the head 
and neck of the talus become depressed and prominent on the 
medial side of the foot.

Treatment of this deformity in a skeletally immature 
foot is difficult. Subtalar arthrodesis and anterior transfer of 
the peroneus longus and brevis tendons usually suffice until 
skeletal maturity is reached; if necessary, a triple arthrodesis 
can then be done. Failure to transfer the tendons is the usual 
cause of recurrence.

Paralysis of the anterior tibial muscle alone usually causes 
only a moderate valgus deformity that is more pronounced 
during dorsiflexion of the ankle and may disappear dur-
ing plantarflexion. Treatment of this deformity may require 
transfer of the peroneus longus to the first cuneiform, trans-
fer of the extensor digitorum longus, or the Jones procedure 
(see Chapter 87). Paralysis of the posterior tibial alone can 
cause a planovalgus deformity. Normally, this muscle inverts 
the foot during plantarflexion; when it is paralyzed, a valgus 
deformity develops. Because most of the functions of the foot 
are performed during plantarflexion, loss of the posterior tib-
ial is a severe impairment. Treatment of this deformity may 
involve transfer of the peroneus longus tendon, the flexor 
digitorum longus, the flexor hallucis longus, or the extensor 
hallucis longus. Paralysis of the anterior tibial and the pos-
terior tibial muscles results in an extreme deformity similar 
to rocker-bottom flatfoot. For this deformity, a transfer to 
replace the posterior tibial is necessary, followed by another 
to replace the anterior tibial if necessary. Extraarticular subta-
lar arthrodesis may be indicated for equinovalgus deformity 
in children 4 to 10 years old. The equinus must be corrected 
by Achilles tendon lengthening at surgery to allow the calca-
neus to be brought far enough distally beneath the talus to 
correct the deformity. The technique of Grice and Green (see 
Technique 34.2) or preferably of Dennyson and Fulford (see 
Technique 34.3) can be used. Talipes equinovalgus in skel-
etally mature patients usually requires triple arthrodesis (see 
Technique 34.4) and lengthening of the Achilles tendon, fol-
lowed in 4 to 6 weeks by appropriate tendon transfers. 

 

PERONEAL TENDON TRANSFER

 TECHNIQUE 34.10 

 n  Expose the tendons of the peroneus longus and pero-
neus brevis through an oblique incision paralleling the 
skin creases at a point midway between the distal tip of 
the lateral malleolus and the base of the fifth metatarsal.

 

A B

C

D
FIGURE 34.8 Split transfer of anterior tibial tendon. A, Three 

incisions: longitudinal over insertion of anterior tibial tendon and 
longitudinally over distal leg and over cuboid. B, Two holes are 
drilled in cuboid. C, Split portion of anterior tibial tendon is pulled 
into one hole and out the other and sutured to itself. D, New split 
portion of tendon in its redirected position. SEE TECHNIQUE 34.9.
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 n  Divide the tendons as far distally as possible, securely su-
ture the distal end of the peroneus longus to its sheath to 
prevent the development of a dorsal bunion, and free the 
tendons proximally to the posterior border of the lateral 
malleolus. (When they are to be transferred at the time of 
arthrodesis, they can be divided through a short extension 
of the routine incision, as shown in Fig. 34.5.)

 n  Make a second incision 5 cm long at the junction of the 
middle and distal thirds of the leg overlying the tendons. 
Gently withdraw the tendons from their sheaths, taking 
care not to disrupt the origin of the peroneus brevis  muscle.

 n  The new site of insertion of the peroneal tendons is de-
termined by the severity of the deformity and the exist-
ing muscle power. When the extensor hallucis longus is 
functioning and is to be transferred to the neck of the 
first metatarsal, the peroneal tendons should be trans-
ferred to the lateral cuneiform; when no other function-
ing dorsiflexor is available, they should be transferred to 
the middle cuneiform anteriorly.

 n  Expose the new site of insertion of the tendons through 
a short longitudinal incision.

 n  Retract the tendons of the extensor digitorum longus, 
and make a cruciate or H-shaped cut in the periosteum 
of the recipient bone.

 n  Raise and fold back osteoperiosteal flaps and drill a hole 
in the bone large enough to receive the tendons. Then 
bring the tendons out beneath the cruciate crural liga-
ment into this incision and anchor them side by side and 
under equal tension through a hole drilled in the bone, 
either by suturing them back on themselves or by securely 
fixing them to bone using a platform staple.

 n  As an alternative, drill a hole through the middle cunei-
form and pull the tendons through the hole and then 
through a button on the plantar aspect of the foot.

 n  When there is significant clawing of the great toe, the ex-
tensor hallucis longus tendon should be transferred to the 
neck of the first metatarsal and then the interphalangeal 
joint is fused (Jones procedure, see Chapter 87).

 n  Residual clawing of the lateral four toes usually is of little 
or no significance after transfer of the peroneal and ex-
tensor hallucis longus tendons.
   

 

PERONEUS LONGUS, FLEXOR 
DIGITORUM LONGUS, OR FLEXOR 
OR EXTENSOR HALLUCIS LONGUS 
TENDON TRANSFER

 TECHNIQUE 34.11 

(FRIED AND HENDEL)
 n  In this operation the tendon of the peroneus longus, flex-

or digitorum longus, flexor hallucis longus, or extensor 
hallucis longus can be transferred to replace a paralyzed 
posterior tibial muscle.

 n  When the peroneus longus tendon is to be transferred, 
make a longitudinal incision 5 to 8 cm long laterally over 
the shaft of the fibula.

 n  After incising the fascia of the peroneal muscles, inspect 
them; if their color does not confirm their preoperative 
grading, the transfer will fail.

 n  Now make a second incision along the lateral border of 
the foot over the cuboid and the peroneus longus tendon.

 n  Free the tendon, divide it as far distally in the sole of the 
foot as possible, suture its distal end in its sheath, and 
withdraw the tendon through the first incision.

 n  By blunt dissection create a space between the gastroc-
nemius-soleus and the deep layer of leg muscles; from 
here make a wide tunnel posterior to the fibula and to 
the deep muscles and directed to a point proximal and 
posterior to the medial malleolus.

 n  Now make a small incision at this point, and draw the per-
oneus longus tendon through the tunnel; it now emerges 
where the posterior tibial tendon enters its sheath.

 n  Make a fourth incision 5 cm long over the middle of the 
medial side of the foot centered below the tuberosity of 
the navicular.

 n  Free and retract plantarward the anterior border of the 
abductor hallucis muscle, and expose the tuberosity of 
the navicular and the insertion of the posterior tibial ten-
don; proximal to the medial malleolus, open the sheath 
of this tendon, and into it introduce and advance a curved 
probe until it emerges with the tendon at the sole of the 
foot.

 n  Using the probe, pull the peroneus longus tendon through 
the same sheath, which is large enough to contain this 
second tendon.

 n  Drill a narrow tunnel through the navicular, beginning on 
its plantar surface lateral to the tuberosity and emerging 
through its anterior surface.

 n  Pull the peroneus longus tendon through the tunnel in 
an anterior direction and anchor it with a Bunnell pull-out 
suture. Also, suture it to the posterior tibial tendon close 
to its insertion.

 n  Close the wounds, and apply a short leg cast with the foot 
in slight equinus and varus position.

 n  When the flexor digitorum longus tendon is to be trans-
ferred, make the incision near the medial malleolus as just 
described but extend it for about 7 cm.

 n  Free the three deep muscles and observe their color; if it 
is satisfactory, make the incision on the medial side of the 
foot as just described.

 n  Free and retract the short plantar muscles and expose the 
flexor digitorum longus tendon as it emerges from behind 
the medial malleolus.

 n  Free the tendon as far distally as possible, divide it, and 
withdraw it through the first incision; now pass it through 
the sheath of the posterior tibial tendon and anchor it in 
the navicular as just described.

 n  When the flexor hallucis longus tendon is to be trans-
ferred, use the same procedure as described for the flexor 
digitorum longus.

 n  When the extensor hallucis longus tendon is to be trans-
ferred, cut it near the metatarsophalangeal joint of the 
great toe.

 n  Suture its distal end to the long extensor tendon of the 
second toe.

 n  Withdraw the proximal end through an anterolateral lon-
gitudinal incision over the distal part of the leg.
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 n  Open the interosseous membrane widely, make the inci-
sion near the medial malleolus as previously described, 
and with a broad probe draw the tendon through the in-
terosseous space and through the sheath of the posterior 
tibial tendon to the insertion of that tendon.

 n  Then continue with the operation as described for trans-
fer of the peroneus longus tendon.

POSTOPERATIVE CARE A short leg walking cast is ap-
plied. At 6 weeks the walking cast is removed, a splint is 
used at night, and muscle reeducation is started.
  

TALIPES CALCANEUS
Talipes calcaneus is a rapidly progressive paralytic deformity 
that results when the gastrocnemius-soleus is paralyzed and 
the other extrinsic foot muscles, especially the muscles that 
dorsiflex the ankle, remain functional. Mild deformity in 
skeletally immature patients should be treated conservatively 
with braces or orthoses until the rate of progression of the 
deformity can be determined. For rapidly progressing defor-
mities, especially in young children, early tendon transfers are 
recommended. The goal of surgery in the skeletally imma-
ture foot is to stop progression of the deformity or to correct 
severe deformity without damaging skeletal growth; arthrod-
esis may be necessary after skeletal maturity. If muscles of 
adequate power are available, tendons should be transferred 
early to improve function and avoid progressive deformity. 
If adequate muscles are unavailable, tenodesis of the Achilles 
tendon to the fibula may be appropriate.

The calcaneotibial angle (Fig. 34.9) is formed by the inter-
section of the axis of the tibia with a line drawn along the 
plantar aspect of the calcaneus. Normally, this angle measures 
between 70 and 80 degrees; in equinus deformity it is greater 
than 80 degrees, and in calcaneal deformity it is less than 70 

degrees. When the tenodesis is fixed at 70 degrees or more 
at the time of surgery, a tendency to develop a progressive 
equinus deformity with growth has been noted. Progressive 
equinus also is directly related to the patient’s age at surgery: 
the younger the patient, the greater the calcaneotibial angle 
and the more likely the development of progressive equinus 
deformity with subsequent growth.

In skeletally mature feet, initial surgery for talipes calca-
neus consists of plantar fasciotomy and triple arthrodesis that 
corrects the calcaneus and the cavus deformities; the arthrod-
esis should displace the foot as far posteriorly as possible to 
lengthen its posterior lever arm (the calcaneus) and reduce 
the muscle power required to lift the heel. Six weeks after 
arthrodesis, the tendons of the peroneus longus and peroneus 
brevis and the posterior tibial tendon are transferred to the 
calcaneus; and when the extensor digitorum longus is func-
tional, it can be transferred to a cuneiform and then the ante-
rior tibial tendon can be transferred to the calcaneus. 

 

TENODESIS OF THE ACHILLES  
TENDON

 TECHNIQUE 34.12 

(WESTIN)
 n  With the patient supine and tilted toward the nonopera-

tive side, apply and inflate a pneumatic tourniquet.
 n  Make a posterolateral longitudinal incision just behind the 

posterior border of the fibula beginning 7 to 10 cm above 
the tip of the lateral malleolus and extending distally to 
the insertion of the Achilles tendon on the calcaneus.

 n  Expose the tendon and section it transversely at the mus-
culotendinous junction, usually 6 cm from its insertion. 
Stevens advised that the tendon be split eccentrically, 
leaving the lateral one fifth to prevent retraction. Transect 
the medial four fifths proximally.

 n  Expose the peroneus brevis and longus tendons, and if 
they are completely paralyzed or spastic, excise them. Ex-
pose the distal fibula, taking care not to damage the distal 
fibular physis.

 n  About 4 cm proximal to the distal physis, use a fine drill 
bit to make a transverse hole in an anteroposterior direc-
tion. Make the hole large enough for the Achilles tendon 
to pass through it easily (Fig. 34.10A).

 n  If the tendon is too large, trim it longitudinally for about 
2.5 cm. Bring the tendon through the hole, and suture it 
to itself under enough tension to limit ankle dorsiflexion 
to 0 degrees (Fig. 34.10B). Do not suture the tendon with 
the foot in too much equinus because of the possibility of 
causing a fixed equinus deformity.

 n  In patients with active anterior tibial tendons, simulta-
neous transfer of this tendon through the interosseous 
membrane to the calcaneus is indicated to avoid stretch-
ing of the Achilles tendon after surgery (Fig. 34.10C).

POSTOPERATIVE CARE Weight bearing is allowed in a 
short leg cast with the ankle in 5 to 10 degrees of  equinus. 
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FIGURE 34.9 Measurement of calcaneotibial angle (see text).
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The cast is removed at 6 weeks, and an ankle-foot orthosis 
is fitted with the ankle in neutral position. Any residual ca-
vus deformity is corrected by plantar release 3 to 6 months 
after tenodesis.
  

In skeletally mature feet, initial surgery for talipes cal-
caneus consists of plantar fasciotomy and triple arthrodesis 
that corrects both the calcaneus and cavus deformities; the 
arthrodesis should displace the foot as far posteriorly as pos-
sible to lengthen its posterior lever arm (the calcaneus) and 
reduce the muscle power required to lift the heel. Six weeks 
after arthrodesis, the tendons of the peroneus longus and per-
oneus brevis and the posterior tibial muscles are transferred 
to the calcaneus, and when the extensor digitorum longus is 
functional, it can be transferred to a cuneiform and then the 
anterior tibial muscle can be transferred to the calcaneus. 

 

POSTERIOR TRANSFER OF  
PERONEUS LONGUS, PERONEUS 
BREVIS, AND POSTERIOR TIBIAL 
TENDONS

 TECHNIQUE 34.13 

 n  Expose the peroneus longus and peroneus brevis tendons 
through an oblique incision 2.5 cm long midway between 

the tip of the lateral malleolus and the base of the fifth 
metatarsal.

 n  Divide the tendons as far distally as possible and securely 
suture the distal end of the peroneus longus tendon to its 
sheath.

 n  Bring the tendons out through a second incision overly-
ing the peroneal sheath at the junction of the middle and 
distal thirds of the leg.

 n  If desired, suture the peroneus brevis at its musculotendi-
nous junction to the peroneus longus tendon and discard 
the distal end of the peroneus brevis tendon.

 n  Expose the posterior tibial tendon through a short incision 
over its insertion; free its distal end, and gently bring it out 
through a second incision 2.5 cm long at its musculoten-
dinous junction 5 cm proximal to the medial malleolus.

 n  Reroute all three tendons subcutaneously to and out of 
a separate incision lateral and anterior to the insertion of 
the Achilles tendon.

 n  Drill a hole in the superior surface of the posterior part of 
the calcaneus just lateral to the midline of the bone and 
enlarge it enough to receive the tendons; anchor the ten-
dons in the hole with a large pull-out suture while holding 
the foot in equinus and the heel in the corrected position. 
An axial pin also can be inserted into the calcaneus and 
left in place for 6 weeks.

 n  With interrupted figure-of-eight sutures, fix the tendons 
to the Achilles tendon near its insertion; then close the 
wounds.

POSTOPERATIVE CARE The foot is immobilized in a 
long leg cast with the ankle in plantarflexion and the knee 
at 20 degrees. The pull-out sutures and cast (and axial pin, 

 

A B C

FIGURE 34.10 Calcaneal tenodesis. A, After division of Achilles tendon, tenotomy of peroneus 
brevis and longus, and detachment of anterior tibial tendon from its insertion, transverse hole 
is made in fibula 2 cm proximal to epiphysis. B, Achilles tendon is passed through hole in fibula 
and sutured to itself. C, If necessary, anterior tibial tendon can be passed through interosseous 
membrane and attached to calcaneus. SEE TECHNIQUE 34.12.
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if used) are removed at 6 weeks, and physical therapy is 
started. Weight bearing is not allowed until active plantar 
flexion is possible and dorsiflexion to the neutral position 
has been regained. The foot is protected for at least 6 
more months by a reverse 90-degree ankle stop brace and 
an appropriate heel elevation.
   

 

POSTERIOR TRANSFER OF  
POSTERIOR TIBIAL, PERONEUS 
LONGUS, AND FLEXOR HALLUCIS 
LONGUS TENDONS

 TECHNIQUE 34.14 

(GREEN AND GRICE)
 n  Place the patient prone for easier access to the heel.
 n  First, expose the posterior tibial tendon through an 

oblique incision 3 or 4 cm long from just inferior to the 
medial malleolus to the plantar aspect of the talonavicular 
joint; open its sheath, and divide it as close to bone as 
possible for maximal length.

 n  Remove the epitenon from its distal 3 or 4 cm, scarify it, 
and insert a 1-0 or 2-0 braided nonabsorbable suture into 
its distal end.

 n  When the flexor hallucis longus tendon also is to be 
transferred, expose it through this same incision where 
it lies posterior and lateral to the flexor digitorum longus 
 tendon.

 n  At the proper level for the desired tendon length, place 
two braided nonabsorbable sutures in the flexor hallucis 
longus tendon and divide it between them; suture the 
distal end of this tendon to the flexor digitorum longus 
tendon.

 n  Second, make a longitudinal medial incision, usually 
about 10 cm long, over the posterior tibial muscle, ex-
tending distally from the junction of the middle and distal 
thirds of the leg.

 n  Open the medial compartment of the leg, and identify the 
posterior tibial and flexor hallucis longus muscle bellies.

 n  Using moist sponges, deliver the tendons of these two 
muscles into this wound.

 n  Third, make an incision parallel to the bottom of the foot 
from about a fingerbreadth distal to the lateral malleolus 
to the base of the fifth metatarsal.

 n  Expose the peroneus longus and peroneus brevis tendons 
throughout the length of the incision and divide that of 
the peroneus longus between sutures as far distally as 
possible in the sole of the foot and free its proximal end 
to behind the lateral malleolus.

 n  Place a suture in the peroneus brevis tendon, detach it 
from its insertion on the fifth metatarsal, and suture it to 
the distal end of the peroneus longus tendon.

 n  Make a lateral longitudinal incision over the posterior as-
pect of the fibula at the same level as the medial incision 
and deliver the peroneus longus tendon into it.

 n  Make a posterolateral transverse incision 6 cm long over 
the calcaneus in the part of the heel that neither strikes 

the ground nor presses against the shoe. Deepen the inci-
sion, reflect the skin flaps subcutaneously, and expose the 
Achilles tendon and calcaneus.

 n  Beginning laterally, partially divide the Achilles tendon at 
its insertion and reflect it medially, exposing the calcaneal 
apophysis.

 n  With a 9/64-inch (3.57-mm) drill bit, make a hole through 
the calcaneus beginning in the center of its apophysis 
and emerging through its plantar aspect near its lateral 
border. Enlarge the hole enough to receive the three ten-
dons and ream its posterior end to make a shallow facet 
for their easier insertion.

 n  Next, through the medial wound on the leg (the second 
incision), incise widely the intermuscular septum between 
the medial and posterior compartments; insert a tendon 
passer through the wound and along the anterior side 
of the Achilles tendon to the transverse incision over the 
calcaneus. Thread the sutures in the ends of the posterior 
tibial and flexor hallucis longus tendons through the ten-
don passer and deliver the tendons at the heel.

 n  Through the lateral wound on the leg (the fourth inci-
sion), open widely the intermuscular septum between the 
medial and posterior compartments in this area and pass 
the peroneus longus tendon to the heel.

 n  Pass all tendons through smooth tissues in a straight line 
from as far proximally as possible to avoid angulation.

 n  With a twisted wire probe, bring the tendons through the 
hole in the calcaneus; suture them to the periosteum and 
ligamentous attachments where they emerge.

 n  When the dorsiflexors are weak, suture them under 
enough tension to hold the foot in 10 to 15 degrees of 
equinus, and when they are strong, suture them in about 
30 degrees of equinus. Also, suture the tendons to the 
apophysis at the proximal end of the tunnel and to each 
other with 2-0 or 3-0 sutures.

 n  Replace the Achilles tendon posterior to the transferred 
tendons and suture it in its original position.

 n  Close the wounds, and apply a long leg cast with the foot 
in equinus.

POSTOPERATIVE CARE At 3 weeks, the cast is bivalved 
and exercises are started with the leg in the anterior half 
of the cast; the bivalved cast is reapplied between exercise 
periods. At first, dorsiflexion exercises are not permitted, 
but, later, guided reciprocal motion is allowed. The exer-
cises are gradually increased, and at 6 weeks the patient is 
allowed to stand but not to bear full weight on the foot. 
The periods of partial weight bearing on crutches are in-
creased, depending on the effectiveness of the transfer, 
the cooperation of the patient, and the ability to control 
his or her motions. Usually at 6 to 8 weeks a single step is 
allowed, using crutches and an elevated heel; later more 
steps are allowed, using crutches and a plantarflexion 
spring brace with an elastic strap posteriorly. Crutches are 
used for 6 to 12 months.
  

KNEE
The disabilities caused by paralysis of the muscles acting across 
the knee joint include (1) flexion contracture of the knee, (2) 
quadriceps paralysis, (3) genu recurvatum, and (4) flail knee.
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FLEXION CONTRACTURE OF THE KNEE
Flexion contracture of the knee can be caused by a contrac-
ture of the iliotibial band; contracture of this band can cause 
not only flexion contracture but also genu valgum and an 
external rotation deformity of the tibia on the femur. Flexion 
contracture also can be caused by paralysis of the quadriceps 
muscle when the hamstrings are normal or only partially par-
alyzed. When the biceps femoris is stronger than the medial 
hamstrings, there may be genu valgum and an external rota-
tion deformity of the tibia on the femur; often the tibia sub-
luxates posteriorly on the femur.

Contractures of 15 to 20 degrees or less in young children 
can be treated with posterior hamstring lengthening and cap-
sulotomy. More severe contractures usually require a supra-
condylar extension osteotomy of the femur (Fig. 34.11).

Flexion contractures of more than 70 degrees result in 
deformity of the articular surfaces of the knee. In a growing 
child with poliomyelitis, a decrease in pressure and a ten-
dency toward posterior subluxation cause increased growth 
on the anterior surface of the proximal tibia and distal femur. 
The quadriceps expansion adheres to the femoral condyles, 
and the collateral ligaments are unable to glide easily. Severe 
knee flexion contractures in growing children can be treated 
by division of the iliotibial band and hamstring tendons, 
combined with posterior capsulotomy. Skeletal traction after 
surgery is maintained through a pin in the distal tibia; a sec-
ond pin in the proximal tibia pulls anteriorly to avoid poste-
rior subluxation of the tibia. Long-term use of a long leg brace 
may be required to allow the joint to remodel. Supracondylar 
osteotomy may be required as a second-stage procedure in 
older patients near skeletal maturity. 

QUADRICEPS PARALYSIS
Disability from paralysis of the quadriceps muscle is severe 
because the knee may be extremely unstable, especially if 
there is even a mild fixed flexion contracture. When there is 
slight recurvatum, the knee may be stable if the gastrocne-
mius-soleus is active.

Tendons usually are transferred around the knee joint 
to reinforce a weak or paralyzed quadriceps muscle; trans-
fers are unnecessary for paralysis of the hamstring muscles 
because, in walking, gravity flexes the knee as the hip is flexed. 
Several muscles are available for transfer to the quadriceps 
tendon and patella: the biceps femoris, semitendinosus, sarto-
rius, and tensor fasciae latae. When the power of certain other 
muscles is satisfactory, transfer of the biceps femoris has been 
the most successful. Transfer of one or more of the hamstring 
tendons is contraindicated unless one other flexor in the 
thigh and the gastrocnemius-soleus, which also acts as a knee 
flexor, are functioning. If a satisfactory result is to be expected 
after hamstring transfer, the power not only of the hamstrings 
but also of the hip flexors, the gluteus maximus, and the gas-
trocnemius-soleus must be fair or better; when the power of 
the hip flexor muscles are less than fair, clearing the extremity 
from the floor may be difficult after surgery. Transfer of the 
tensor fasciae latae and sartorius muscles, although theoreti-
cally more satisfactory, is insufficient because these muscles 
are not strong enough to replace the quadriceps.

Ease in ascending or descending steps depends on the 
strength of the hip flexors and extensors. Strong hamstrings 
are necessary for active extension of the knee against gravity 
after the transfer; however, a weak medial hamstring can be 
transferred to serve as a checkrein on the patella to prevent 
it from dislocating laterally. A normal gastrocnemius-soleus 
is desirable because it aids in preventing genu recurvatum 
and remains as an active knee flexor after surgery; it may not 
always prevent genu recurvatum, however, which can result 
from other factors. Recurvatum after hamstring transfers can 
be kept to a minimum if (1) strength in the gastrocnemius-
soleus is fair or better; (2) the knee is not immobilized in 
hyperextension after surgery; (3) talipes equinus, when pres-
ent, is corrected before weight bearing is resumed; (4) postop-
erative bracing is used to prevent knee hyperextension; and (5) 
physical therapy is begun to promote active knee extension. 

 

TRANSFER OF BICEPS FEMORIS AND 
SEMITENDINOSUS TENDONS

 TECHNIQUE 34.15 

 n  Make an incision along the anteromedial aspect of the 
knee to conform to the medial border of the quadriceps 
tendon, the patella, and the patellar tendon.

 n  Retract the lateral edge of the incision, and expose the 
patella and the quadriceps tendon.

 n  Incise longitudinally the lateral side of the thigh and leg 
from a point 7.5 cm distal to the head of the fibula to the 
junction of the proximal and middle thirds of the thigh.

 n  Isolate and retract the common peroneal nerve, which is 
near the medial side of the biceps tendon.

 n  With an osteotome, free the biceps tendon, along with 
a thin piece of bone, from the head of the fibula. Do not 
divide the lateral collateral ligament, which lies firmly ad-
herent to the biceps tendon at its point of insertion.

 n  Free the tendon and its muscle belly proximally as far as 
the incision will permit; free the origin of the short head 

 FIGURE 34.11 Supracondylar extension osteotomy of femur 
for fixed knee flexion deformity in older child.
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of the biceps proximally to where its nerve and blood sup-
plies enter so that the new line of pull of the muscle may 
be as oblique as possible.

 n  Create a subcutaneous tunnel from the first incision to 
the lateral thigh incision, and make it wide enough for 
the transferred muscle belly to glide freely.

 n  To further increase the obliquity of pull of the transferred 
muscle, divide the iliotibial band, the fascia of the vastus 
lateralis, and the lateral intermuscular septum at a point 
distal to where the muscle will pass.

 n  Beginning distally over the insertion of the medial ham-
string tendons into the tibia, make a third incision longi-
tudinally along the posteromedial aspect of the knee and 
extend it to the middle of the thigh.

 n  Locate the semitendinosus tendon; it inserts on the me-
dial side of the tibia as far anteriorly as its crest and lies 
posterior to the tendon of the sartorius and distal to that 
of the gracilis. Divide the insertion of the semitendinosus 
tendon and free the muscle to the middle third of the 
thigh.

 n  Reroute this muscle and tendon subcutaneously to 
emerge in the first incision over the knee.

 n  Make an I-shaped incision through the fascia, quadriceps 
tendon, and periosteum over the anterior surface of the 
patella, and strip these tissues medially and laterally. With 
an 11⁄64-inch (4.36-mm) drill bit, make a hole transversely 
through the patella at the junction of its middle and proxi-
mal thirds; if necessary, enlarge the tunnel with a small 
curet.

 n  Place the biceps tendon in line with and anterior to the 
quadriceps tendon, the patella, and the patellar tendon.

 n  Suture the biceps tendon to the patella with the knee in 
extension or hyperextension.

 n  When only the biceps tendon is transferred, close the soft 
tissues over the anterior aspect of the patella and the 
transferred tendon. With interrupted sutures, fix the bi-
ceps tendon to the medial side of the quadriceps tendon.

 n  When the semitendinosus also is transferred, place it over 
the biceps and suture the two together with interrupted 
sutures; place additional sutures proximally and distally 
through the semitendinosus, quadriceps, and patellar 
tendons.

 n  Alternatively, detach the insertion of the semitendinosus 
from the tibia through an incision 2.5 cm long and bring 
it out through a posteromedial incision 7.5 cm long over 
its musculotendinous junction (Fig. 34.12). Incise the en-
veloping fascia to prevent acute angulation of the muscle, 
and pass the tendon subcutaneously in a straight line to 
the patellar incision.

POSTOPERATIVE CARE With the knee in the neutral 
position, a long leg cast is applied. To prevent swelling, 
the extremity is elevated by raising the foot of the bed 
rather than by using pillows; otherwise, flexion of the hip 
may put too much tension on the transferred tendons. At 
3 weeks, physical therapy and active and passive exercises 
are started. Knee flexion is gradually developed, and the 
hamstring muscles are reeducated. At 8 weeks, weight 
bearing is started, with the extremity supported by a con-
trolled dial knee brace locked in extension. Knee motion 
is gradually allowed in the brace when the muscles of 
the transferred tendons are strong enough to extend the 

knee actively against considerable force. To prevent over-
stretching or strain of the muscles, a night splint is worn 
for at least 6 weeks and the brace for at least 12 weeks.
  

GENU RECURVATUM
In genu recurvatum the deformity is the opposite of that in a 
flexion contracture and the knee is hyperextended. Mild genu 
recurvatum can cause some disability, but when the quad-
riceps is severely weakened or paralyzed, such a deformity 
is desirable because it stabilizes the knee in walking. Severe 
genu recurvatum is significantly disabling, however.

Genu recurvatum from poliomyelitis is of two types: that 
caused by structural articular and bone changes stemming 
from lack of power in the quadriceps and that caused by relax-
ation of the soft tissues around the posterior aspect of the knee. 
In the first type, the quadriceps lacks the power to lock the 
knee in extension; the hamstrings and gastrocnemius-soleus 
usually are normal. The pressures of weight bearing and grav-
ity cause changes in the tibial condyles and in the proximal 
third of the tibial shaft. The condyles become elongated pos-
teriorly; their anterior margins are depressed compared with 
their posterior margins; and the angle of their articular sur-
faces to the long axis of the tibia, which is normally 90 degrees, 
becomes more acute. The proximal third of the tibial shaft 
usually bows posteriorly, and partial subluxation of the tibia 
may gradually occur. In the second type, the hamstrings and 
the gastrocnemius-soleus muscles are weak. Hyperextension 
of the knee results from stretching of these muscles, often fol-
lowed by stretching of the posterior capsular ligament.

The prognosis after correction of the first type of recurva-
tum is excellent. The skeletal deformity is corrected first, and 
then one or more hamstrings can be transferred to the patella. 
Irwin described an osteotomy of the proximal tibia to correct 
the first type of genu recurvatum caused by structural bone 
changes. Storen modified the Campbell osteotomy by immo-
bilizing the fragments of the tibia with a Charnley clamp. 

 

Semitendinosus
muscle and

tendon

Biceps femoris
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tendon
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tendon divided 
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FIGURE 34.12 Transfer of semitendinosus and biceps femoris 
tendons to patella for quadriceps paralysis. SEE TECHNIQUE 34.15.
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OSTEOTOMY OF THE TIBIA FOR  
GENU RECURVATUM

 TECHNIQUE 34.16 

(IRWIN)
 n  Through a short longitudinal incision, remove a section of 

the shaft of the fibula about 2.5 cm long from just distal 
to the neck.

 n  Pack the defect with chips from the sectioned piece of 
bone.

 n  Close the periosteum and overlying soft tissues.
 n  Through an anteromedial incision, expose and, without 

entering the joint, osteotomize the proximal fourth of the 
tibia as follows: With a thin osteotome or a power saw, 
outline a tongue of bone but leave it attached to the 
anterior cortex of the distal fragment. At a right angle to 
the longitudinal axis of the knee joint and parallel to its 
lateral plane, pass a Kirschner wire through the distal end 
of the proposed proximal fragment before the tibial shaft 
is divided. Complete the osteotomy with a Gigli saw, an 
osteotome, or a power saw.

 n  Lift the proximal end of the distal fragment from its peri-
osteal bed, and remove from it a wedge of bone of pre-
determined size, its base being the posterior cortex.

 n  Replace the tongue of bone in its recess in the proximal 
fragment, and push the fragments firmly together.

 n  Suture the periosteum, which is quite thick in this area, 
firmly over the tongue of bone; this is enough fixation 
to keep the fragments in position until a cast can be  
applied.
  

The osteotomy can be fixed with percutaneous Kirschner 
wires, an external fixator, or, in adults, rigid plate fixation. 
Figure 34.13 shows correction of genu recurvatum by the 
Campbell technique.

SOFT-TISSUE OPERATIONS FOR GENU 
RECURVATUM
Another type of genu recurvatum results from stretching of 
the posterior soft tissues. The prognosis is less certain after 
correction of this type of deformity; no muscles are available 
for transfer, the underlying cause cannot be corrected, and the 
deformity can recur. An operation on the soft tissues, triple 
tenodesis of the knee, has been described for correcting para-
lytic genu recurvatum. If the deformity is 30 degrees or less, 
prolonged bracing of the knee in flexion usually prevents an 
increase in deformity. When the deformity is severe, however, 
bracing is ineffective, the knee becomes unstable and weak, 
the gait is inefficient, and, in adults, pain is marked. The three 
following principles must be considered if operations on the 
soft tissues for genu recurvatum are to be successful:
 1.  The fibrous tissue mass used for tenodesis must be 

sufficient to withstand the stretching forces generated 
by walking; all available tendons must be used.

 2.  Healing tissues must be protected until they are fully 
mature. The operation should not be undertaken 
unless the surgeon is sure that the patient will con-
scientiously use a brace that limits extension to 15 
degrees of flexion for 1 year.

 3.  The alignment and stability of the ankle must meet 
the basic requirements of gait. Any equinus deformity 
must be corrected to at least neutral. If the strength of 
the soleus is less than good on the standing test, this 
defect must be corrected by tendon transfer, tenode-
sis, or arthrodesis of the ankle in the neutral position. 

 

B CA

FIGURE 34.13 Closing wedge osteotomy for genu recurvatum. A, Wedge of bone removed 
from tibia. B, Recurvatum secondary to anterior tilt of tibial plateau. C, Five months after opera-
tion. SEE TECHNIQUE 34.16.
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TRIPLE TENODESIS FOR GENU 
RECURVATUM
The operation for triple tenodesis for genu recurvatum con-
sists of three parts: proximal advancement of the posterior 
capsule of the knee with the joint flexed 20 degrees, con-
struction of a checkrein in the midline posteriorly using the 
tendons of the semitendinosus and gracilis, and creation 
of two diagonal straps posteriorly using the biceps tendon 
and the anterior half of the iliotibial band.

 TECHNIQUE 34.17 

(PERRY, O’BRIEN, AND HODGSON)
 n  Place the patient prone, apply a tourniquet high on the 

thigh, and place a large sandbag beneath the ankle to flex 
the knee about 20 degrees.

 n  Make an S-shaped incision beginning laterally parallel to 
and 1 cm anterior to the biceps tendon; extend it distally 4 
cm to the transverse flexion crease of the knee, carry it medi-
ally across the popliteal fossa, and extend it distally for 4 or 
5 cm overlying or just medial to the semitendinosus tendon.

 n  Identify the sural nerve and retract it laterally. Then iden-
tify the tibial nerve and the popliteal artery and vein, and 
protect them with a soft rubber tape. Next, identify and 
free the peroneal nerve and protect it in a similar manner. 
Retract the neurovascular bundle laterally and identify the 
posterior part of the joint capsule.

 n  Detach the medial head of the gastrocnemius muscle in a 
step-cut fashion, preserving a long, strong proximal strap 
of the Z to be used in the tenodesis (Fig. 34.14A).

 n  Next, use a knife to detach the joint capsule from its at-
tachment to the femur just proximal to the condyles and 
the intercondylar notch.

 n  Detach the tendons of the gracilis and semitendinosus at 
their musculotendinous junctions, and suture their proxi-
mal ends to the sartorius. Be sure to divide these tendons 
as far proximally as possible because all available length 
will be needed.

 n  Next, drill a hole in the tibia, beginning at a point in the 
midline posteriorly inferior to the physis and emerging 
near the insertion of the pes anserinus; take care to avoid 
the physis.

 n  Drill a hole in the femur, beginning in the midline posteri-
orly proximal to the femoral physis and emerging on the 
lateral aspect of the distal femur (Fig. 34.14B).

 n  Draw the tendons of the gracilis and semitendinosus 
through the hole in the tibia, pass them posterior to the 
detached part of the capsule, and pull them through the 
hole in the femur to emerge on the lateral aspect of the 
distal femur; suture the tendons to the periosteum here 
under moderate tension with heavy nonabsorbable su-
tures with the knee flexed 20 degrees.

 n  Advance the free edge of the joint capsule proximally on 
the femur until all slack has disappeared and suture it to 
the periosteum in its new position using nonabsorbable 
sutures.

 n  Detach the biceps tendon from its muscle, rotate it on its 
fibular insertion, pass it across the posterior aspect of the 
joint deep to the neurovascular structures, and anchor it 
to the femoral origin of the medial head of the gastroc-
nemius under moderate tension (Fig. 34.14C).

 n  Detach the anterior half of the iliotibial band from its in-
sertion on the tibia, pass it deep to the intact part of the 
band, the biceps tendon, and the neurovascular struc-
tures, and suture it to the semimembranosus insertion on 
the tibia under moderate tension.
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FIGURE 34.14 Perry, O’Brien, and Hodgson operation for genu recurvatum. A, Origin of 
medial head of gastrocnemius has been released, leaving proximal strap. Broad flap of posterior 
capsule is released for future advancement. B, Semitendinosus and gracilis tendons are divided 
at musculotendinous junctions. Each is passed through tunnel in tibia, then across exterior of 
joint, and then through tunnel in femur. Flap of posterior capsule is advanced and sutured snugly 
with knee flexed 20 degrees. C, Cross straps are made with biceps femoris and iliotibial band. SEE 
TECHNIQUE 34.17.
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 n  If one of the tendons being used is of an active muscle, 
split that tendon and use only half of it in the tenodesis, 
leaving the other half attached at its insertion.

 n  Close the wound in layers, and use suction drainage for 
48 hours. Apply a well-padded cast from groin to toes 
with the knee flexed 30 degrees to prevent tension on 
the sutures.

POSTOPERATIVE CARE The cast is removed at 6 weeks, 
and a long leg brace that was fitted before surgery is ap-
plied. The brace is designed to limit extension of the knee 
to 15 degrees of flexion. Full weight bearing is allowed 
in the brace, and at night a plaster shell is used to hold 
the knee flexed 15 degrees. Twelve months after surgery 
the patient is readmitted to the hospital and the flexion 
contracture of the knee is corrected gradually to neutral 
by serial plaster casts; unprotected weight bearing is then 
permitted. It is important that the soft tissues are com-
pletely healed before being subjected to excessive stretch-
ing caused by unprotected weight bearing or by wedging 
plaster casts.
  

FLAIL KNEE
When the knee is unstable in all directions, and muscle 
power sufficient to overcome this instability is unavailable 
for tendon transfer, either a long leg brace with a locking 
knee joint must be worn or the knee must be fused. Fusion 
of the knee in a good position not only permits a satisfac-
tory gait but also improves it by eliminating the weight of 
the brace; fusion of the knee causes inconvenience while sit-
ting. One option is to defer fusion until the patient is old 
enough to weigh its advantages and disadvantages before a 
final decision is made. For patients who are heavy laborers 
and would have trouble maintaining a brace, the advantages 
of being free of a brace outweigh the advantages of being 
able to sit with the knee flexed in a brace; in these patients, 
an arthrodesis is indicated. Others who sit much of the time 
may prefer to use a brace permanently. When both legs are 
badly paralyzed, one knee can be fused and the other stabi-
lized with a brace.

Before an arthrodesis is performed, a cylinder cast can be 
applied on a trial basis, immobilizing the knee in the position 
in which it would be fused; this allows the patient to make an 
informed decision concerning the advantages and disadvan-
tages of arthrodesis of the knee. The techniques of knee fusion 
are described in Chapter 8. 

TIBIA AND FEMUR
Angular and torsional deformities of the tibia and femur 
are more often caused by conditions other than poliomyeli-
tis, such as congenital abnormalities, metabolic disorders, or 
trauma, and the various osteotomies used for their treatment 
are discussed in Chapters 29 and 36. 

HIP
Paralysis of the muscles around the hip can cause severe 
impairment. This impairment may include flexion and 
abduction contractures of the hip, hip instability and limp-
ing caused by paralysis of the gluteus maximus and medius 
muscles, and paralytic hip dislocation.

FLEXION AND ABDUCTION CONTRACTURES OF 
THE HIP
An abduction contracture is the most common deformity asso-
ciated with paralysis of the muscles around the hip; it usually 
occurs in conjunction with flexion and external rotation con-
tractures of varying degrees. Less often, a contracture of the hip 
may occur that consists of adduction with flexion and internal 
rotation. When contractures of the hip are severe and bilateral, 
locomotion is possible only as a quadruped; the upright posi-
tion is possible after the contractures have been released.

Spasm of the hamstrings, hip flexors, tensor fasciae latae, 
and hip abductors is common during the acute and convales-
cent stages of poliomyelitis. Straight-leg raising usually is lim-
ited. The patient assumes the frog position, with the knees and 
hips flexed and the extremities completely externally rotated. 
When this position is maintained for even a few weeks, sec-
ondary soft-tissue contractures occur; a permanent deformity 
develops, especially when the gluteal muscles have been weak-
ened. The deformity puts the gluteus maximus at a disadvantage 
and prevents its return to normal strength. If the faulty position 
is not corrected, growth of the contracted soft tissues would fail 
to keep pace with bone growth and the deformity would pro-
gressively increase. If positioning in bed is correct while muscle 
spasm is present, and if the joints are carried through a full range 
of motion at regular intervals after the muscle spasm disappears, 
contractures can be prevented and soft tissues can be kept suf-
ficiently long and elastic to meet normal functional demands.

The large expanse of the tensor fasciae latae must be recog-
nized before the deforming possibilities of the iliotibial band 
can be appreciated. Proximally, the fascia lata arises from the 
coccyx, the sacrum, the crest of the ilium, the inguinal liga-
ment, and the pubic arch and invests the muscles of the thigh 
and buttock. Either the superficial or the deep layer is attached 
to most of the gluteus maximus muscle and to all of the tensor 
fasciae latae muscle. All of the attachments of the fascia con-
verge to form the iliotibial band on the lateral side of the thigh.

Contracture of the iliotibial band can contribute to the 
following deformities:
 1.  Flexion, abduction, and external rotation contracture 

of the hip. The iliotibial band lies lateral and anterior 
to the hip joint, and its contracture can cause flexion 
and abduction deformity. The hip is externally rotated 
for comfort and, if not corrected, the external rotators 
of the hip contract and contribute to a fixed deformity.

 2.  Genu valgum and flexion contracture of the knee. With 
growth, the contracted iliotibial band acts as a taut 
bowstring across the knee joint and gradually abducts 
and flexes the tibia.

 3.  Limb-length discrepancy. Although the exact mecha-
nism has not been clearly defined and may be related 
more to the loss of neurologic and muscle function, a 
contracted iliotibial band on one side may be associ-
ated with considerable shortening of that extremity 
after years of growth.

 4.  External tibial torsion, with or without knee joint sub-
luxation. Because of its lateral attachment distally, 
the iliotibial band gradually rotates the tibia and 
fibula externally on the femur; this rotation may be 
increased if the short head of the biceps is strong. 
When the deformity becomes extreme, the lateral tib-
ial condyle subluxates on the lateral femoral condyle 
and the head of the fibula lies in the popliteal space.

 5.  Secondary ankle and foot deformities. With external 
torsion of the tibia, the axes of the ankle and knee 
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joints are malaligned, causing structural changes that 
may require surgical correction.

 6.  Pelvic obliquity. When the iliotibial band is contracted, 
and the patient is supine with the hip in abduction 
and flexion, the pelvis may remain at a right angle to 
the long axis of the spine (see Fig. 34.18). When the 
patient stands, however, and the affected extremity 
is brought into the weight-bearing position (parallel 
to the vertical axis of the trunk), the pelvis assumes 
an oblique position: The iliac crest is low on the con-
tracted side and high on the opposite side. The lateral 
thrust forces the pelvis toward the unaffected side. 
The trunk muscles on the affected side lengthen, and 
the muscles on the opposite side contract. An associ-
ated lumbar scoliosis can develop. If not corrected, the 
two contralateral contractures (i.e., the band on the 
affected side and the trunk muscles on the unaffected 
side) hold the pelvis in this oblique position until 
skeletal changes fix the deformity (see Fig. 34.19).

 7.  Increased lumbar lordosis. Bilateral flexion contractures 
of the hip pull the proximal part of the pelvis anteriorly; 
for the trunk to assume an upright position, a compen-
satory increase in lumbar lordosis must develop.

A flexion and abduction contracture of the hip can be mini-
mized or prevented in the early convalescent stage of poliomyeli-
tis. The patient should be placed in bed with the hips in neutral 
rotation, slight abduction, and no flexion. All joints must be car-
ried through a full range of passive motion several times daily; 
the hips must be stretched in extension, adduction, and internal 
rotation. To prevent rotation, a bar similar to a Denis Browne 
splint is useful, especially when a knee roll is used to prevent a 
genu recurvatum deformity; the bar is clamped to the shoe soles 
to hold the feet in slight internal rotation. The contracture is 
carefully watched for in the acute and early convalescent stages; 
if found, it must be corrected before ambulation is allowed.

Secondary adaptive changes occur soon after the iliotibial 
band contracts, and the resulting deformity, regardless of its 
duration or of the patient’s age, cannot be corrected by conserva-
tive measures; on the contrary, attempts at correction with trac-
tion only increase the obliquity and hyperextension of the pelvis 
and cannot exert any helpful corrective force on the deformity.

Simple fasciotomies around the hip and knee may cor-
rect a minor contracture, but recurrence is common; they do 
not correct a severe contracture. For abduction and external 
rotation contractures, a complete release of the hip muscles 
(Ober-Yount procedure) is indicated. For severe deformities, 
complete release of all muscles from the iliac wing with trans-
fer of the crest of the ilium (Campbell technique) is indicated. 

 

COMPLETE RELEASE OF HIP  
FLEXION, ABDUCTION, AND  
EXTERNAL ROTATION CONTRACTURE

 TECHNIQUE 34.18 

(OBER; YOUNT)
 n  With the patient in a lateral position, make a transverse 

incision medial and distal to the anterior superior iliac 
spine, extending it laterally above the greater trochanter.

 n  Divide the iliopsoas tendon distally, and excise 1 cm of it.
 n  Detach the sartorius from its origin in the anterior superior 

iliac spine, detach the rectus from the anterior inferior iliac 
spine, and divide the tensor fasciae latae from its anterior 
border completely posteriorly (Fig. 34.15).

 n  Detach the gluteus medius and minimus and the short 
external rotators from their insertions on the trochanter.

 n  Retract the sciatic nerve posteriorly and then open the 
hip capsule from anterior to posterior, parallel with the 
acetabular labrum.

 n  Close the wound over a suction drain, and apply a hip 
spica cast with the hip in full extension, 10 degrees of 
abduction, and, if possible, internal rotation.

 n  For the Yount procedure, expose the fascia lata through 
a lateral longitudinal incision just proximal to the femoral 
condyle.

 n  Divide the iliotibial band and fascia lata posteriorly to the 
biceps tendon and anteriorly to the midline of the thigh 
at a level 2.5 cm proximal to the patella.

 n  At this level, excise a segment of the iliotibial band and 
lateral intermuscular septum 5 to 8 cm long.

 n  Before closing the wound, determine by palpation that all 
tight bands have been divided.

POSTOPERATIVE CARE The cast is removed at 2 weeks, 
and a long leg brace with a pelvic band is fitted with the 
hip in the same position.
   

 FIGURE 34.15 Complete release of flexion-abduction–external 
rotation contracture of hip. SEE TECHNIQUE 34.18.
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COMPLETE RELEASE OF MUSCLES 
FROM ILIAC WING AND TRANSFER  
OF CREST OF ILIUM

 TECHNIQUE 34.19 

(CAMPBELL)
 n  Incise the skin along the anterior one half or two thirds 

of the iliac crest to the anterior superior spine and then 
distally for 5 to 10 cm on the anterior surface of the thigh.

 n  Divide the superficial and deep fasciae to the crest of the 
ilium.

 n  Strip the origins of the tensor fasciae latae and gluteus 
medius and minimus muscles subperiosteally from the 
wing of the ilium down to the acetabulum (Fig. 34.16A).

 n  Free the proximal part of the sartorius from the tensor 
fasciae latae.

 n  With an osteotome, resect the anterior superior iliac spine 
along with the origin of the sartorius muscle and allow 
both to retract distally and posteriorly.

 n  Denude the anterior border of the ilium down to the an-
terior inferior iliac spine. Free subperiosteally the attach-
ments of the abdominal muscles from the iliac crest (or 
resect a narrow strip of bone with the attachments). Strip 
the iliacus muscle subperiosteally from the inner table.

 n  Free the straight tendon of the rectus femoris muscle 
from the anterior inferior iliac spine and the reflected 
tendon from the anterior margin of the acetabulum, or 
simply divide the conjoined tendon of the muscle. Releas-
ing these contracted structures often will allow the hip to 
be hyperextended without increasing the lumbar lordosis; 
this is a most important point because, in this situation, 
correction may be more apparent than real.

 n  If the hip cannot be hyperextended, other contracted 
structures must be divided. If necessary, divide the cap-
sule of the hip obliquely from proximally to distally and, 
as a last resort, free the iliopsoas muscle from the lesser 
trochanter by tenotomy.

 n  After the deformity has been completely corrected, resect 
the redundant part of the denuded ilium with an osteo-
tome (Fig. 34.16B).

 n  Suture the abdominal muscles to the edge of the gluteal 
muscles and tensor fasciae latae over the remaining rim 
of the ilium with interrupted sutures. Suture the superfi-
cial fascia on the medial side of the incision to the deep 
fascia on the lateral side to bring the skin incision 2.5 cm 
posterior to the rim of the ilium.

 n  To preserve the iliac physis in a young child, modify the 
procedure as follows. Free the muscles subperiosteally 
from the lateral surface of the ilium.

 n  Detach the sartorius and rectus femoris as just described 
and, if necessary, release the capsule and iliopsoas mus-
cle. Stripping the muscles from the medial surface of the 
ilium is unnecessary.

 n  Now with an osteotome, remove a wedge of bone from 
the crest of the ilium distal to the physis from anterior to 
posterior; its apex should be as far posterior as the end of 
the incision and its base anterior and 2.5 cm or more in 
width, as necessary to correct the deformity.

 n  Then displace the crest of the ilium distally to contact 
the main part of the ilium, and fix it in place with sutures 
through the soft tissues.

POSTOPERATIVE CARE When the deformity is mild, the 
hip is placed in hyperextension and about 10 degrees of 
abduction, and a spica cast is applied on the affected side 
and to above the knee on the opposite side. After 3 or 4 
weeks, the cast is removed, and the hip is mobilized. Sup-
port may be unnecessary during the day when the patient 
is on crutches; however, Buck extension or an appropriate 
splint should be used at night.
  

 

A

B
FIGURE 34.16 Campbell transfer of crest of ilium for flexion 

contracture of hip. A, Origins of sartorius, tensor fasciae latae, and 
gluteus medius muscles are detached from ilium. B, Redundant part 
of ilium is resected. SEE TECHNIQUE 34.19.
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PARALYSIS OF THE GLUTEUS MAXIMUS AND 
MEDIUS MUSCLES
One of the most severe disabilities from poliomyelitis is 
caused by paralysis of the gluteus maximus or the gluteus 
medius or both; the result is an unstable hip and an unsightly 
and fatiguing limp. During weight bearing on the affected side 
when the gluteus medius alone is paralyzed, the trunk sways 
toward the affected side and the pelvis elevates on the oppo-
site side (the “compensated” Trendelenburg gait). When the 
gluteus maximus alone is paralyzed, the body lurches back-
ward. The strength of the gluteal muscles can be shown by the 
Trendelenburg test. When a normal person bears weight on 
one extremity and flexes the other at the hip, the pelvis is held 
on a horizontal plane and the gluteal folds are on the same 
level; when the gluteal muscles are impaired, and weight is 
borne on the affected side, the level of the pelvis on the nor-
mal side drops lower than that on the affected side; when the 
gluteal paralysis is severe, the test cannot be made because 
balance on the disabled extremity is impossible.

Because no apparatus would stabilize the pelvis when 
one or both of these muscles is paralyzed, function can be 
improved only by transferring muscular attachments to 
replace the gluteal muscles when feasible. These operations are 
only relatively successful. When the gluteal muscles are com-
pletely paralyzed, normal balance is never restored. Although 
the gluteal limp can be lessened, it remains; however, when the 
paralysis is only partial, the gait can be markedly improved. 

 

POSTERIOR TRANSFER OF THE 
ILIOPSOAS FOR PARALYSIS OF THE 
GLUTEUS MEDIUS AND MAXIMUS 
MUSCLES
For weakness of the hip abductors the tendon of the ilio-
psoas muscle can be transferred to the greater trochanter. 
Although it is a more extensive operation, the iliopsoas 
tendon and the entire iliacus muscle can be transferred 
posteriorly when the gluteus maximus and gluteus medius 
are paralyzed. Open adductor tenotomy should always pre-
cede iliopsoas transfer.

 TECHNIQUE 34.20 

(SHARRARD)
 n  Place the patient on the operating table, slightly tilted 

toward the nonoperative side. Through a transverse inci-
sion overlying the adductor longus, expose and divide the 
adductor muscles.

 n  Expose the lesser trochanter and detach it from the femur 
(Fig. 34.17A). Then clear the psoas muscle as far proxi-
mally as possible.

 n  Make a second incision just below and parallel to the iliac 
crest.

 n  Detach the crest with the muscles of the abdominal wall 
and open the psoas muscle sheath. Locate the insertion 
of the muscle with a fingertip.

 n  Through the first incision, grasp the lesser trochanter with 
a Kocher forceps and pull it upward, within the psoas 
sheath and into the upper operative area (Fig. 34.17B).

 n  Next, expose the sartorius muscle and divide it in its proxi-
mal half. Allow the muscle to remain in the cartilaginous 
portion of the anterior superior iliac spine, which is re-
tracted medially.

 n  Identify the direct head of the rectus femoris muscle and 
divide it at its origin in the anterior inferior iliac spine. Iden-
tify the reflected head of the rectus femoris muscle, dissect 
it free from the hip capsule, and elevate it posteriorly.

 n  If the hip is dislocated, open the capsule anteriorly and 
laterally, parallel to the labrum, excise the ligamentum 
teres, and remove any hypertrophic pulvinar.

 n  Reduce the hip joint.
 n  Make a hole through the iliac wing just lateral to the sac-

roiliac joint. Make an oval with its long axis longitudinal, 
its width slightly more than one third of that of the iliac 
wing, and its length 1½ times as long as its width.

 n  Pass the iliopsoas tendon and the entire iliacus muscle 
through the hole (Fig. 34.17C). Pass a finger from the glu-
teal region distally and posteriorly into the bursa deep to 
the gluteus maximus tendon and identify by touch the pos-
terolateral aspect of the greater trochanter. By referring to 
this point, expose the corresponding anterior aspect of the 
greater trochanter by dissecting through the fascia.

 n  With awls and burs and from anteriorly to posteriorly, 
make a hole through the greater trochanter until it is big 
enough to receive the tendon.

 n  While the hip is held in abduction, extension, and neutral 
rotation, pass the end of the tendon through the buttock 
and from posteriorly to anteriorly through the tunnel in 
the greater trochanter (Fig. 34.17C).

 n  Secure the psoas and lesser trochanter to the greater tro-
chanter with sutures or a screw (Fig. 34.17D).

 n  Suture the origin of the iliacus muscle to the ilium inferior 
to the crest.

 n  For severe coxa valga or anteversion that requires more 
than 20 to 30 degrees of abduction for stability, a varus 
derotation osteotomy with internal fixation can be per-
formed before insertion and suturing of the iliopsoas ten-
don in the greater trochanter.

 n  As an alternative, cut a “gutter,” or notch, into the poste-
rior lateral iliac crest rather than a window in the ilium. The 
muscle and its tendon can be redirected laterally through 
the notch and inserted into the greater trochanter (Fig. 
34.17E and F). This is technically simpler because the ilia-
cus muscle is not transferred to the outside of the pelvis.

POSTOPERATIVE CARE The hip is immobilized for 6 
weeks in an abduction spica cast.
  

PARALYTIC DISLOCATION OF THE HIP
If a child contracts poliomyelitis before age 2 years, and the 
gluteal muscles become paralyzed but the flexors and adduc-
tors of the hip do not, the child may develop a paralytic disloca-
tion of the hip before he or she is grown. That the combination 
of imbalance in muscle power, habitually faulty postures, and 
growth is important in producing deformity is illustrated 
nowhere better than in this situation. Generally, children with 
paralytic dislocation of the hip have normal strength of the 
flexors and adductors but paralysis of the gluteal muscles. 
Unless this muscle imbalance is corrected, dislocation is likely 
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to recur regardless of other treatment. Dislocation also can 
develop because of fixed pelvic obliquity, in which the con-
tralateral hip is held in marked abduction, usually by a tight 
iliotibial band or a structural scoliosis. If the pelvic obliquity 
is not corrected, the hip gradually subluxates and eventually 
dislocates. Weakness of the abductor musculature retards 
the growth of the greater trochanteric apophysis. The proxi-
mal femoral capital epiphysis continues to grow away from 
the greater trochanter and increases the valgus deformity of 
the femoral neck; femoral anteversion also may be increased; 
and the hip becomes mechanically unstable and gradually 
subluxates. The uneven pressure in the acetabulum causes an 
increased obliquity in the acetabular roof.

The goals of treatment of paralytic hip dislocations are 
reduction of the femoral head into the acetabulum and res-
toration of muscle balance. The bony deformity should be 
corrected before or at the time of any muscle-balancing pro-
cedures. Reduction of the hip in young children can often 
be achieved by simple abduction, sometimes aided by open 
adductor tenotomy and traction. Traction can be used to 
bring the femoral head opposite the acetabulum before 
closed reduction is attempted. If the hip cannot be reduced 
by traction, open reduction and adductor tenotomy may be 
required, in combination with primary femoral shortening, 
varus derotation osteotomy of the femur, and appropriate 
acetabular reconstructions (see Chapter 30). Hip arthrodesis 
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FIGURE 34.17 Sharrard transfer of iliopsoas muscle. A, Iliopsoas tendon is released from lesser 
trochanter. B, Tendon and lesser trochanter are detached, iliacus and psoas muscles are elevated, 
origin of iliacus is freed, and hole is made in ilium. C, Iliopsoas tendon is passed from posterior to 
anterior through hole in greater trochanter. D, Iliopsoas muscle and lesser trochanter are secured 
to greater trochanter with screw. E and F, Modification of technique in which muscle and tendon 
are redirected laterally through notch in ilium and inserted into greater trochanter, as described 
by Weisinger et al. SEE TECHNIQUE 34.20.
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rarely is indicated and should be used as the last alternative 
for treatment of a flail hip that requires stabilization or of an 
arthritic hip in a young adult that cannot be corrected with 
total hip arthroplasty. The Girdlestone procedure is the final 
option for failed correction of the dislocation. 

LEG-LENGTH DISCREPANCY
Leg-length discrepancies are common in patients with polio-
myelitis owing to a variety of factors, including abnormal 
limb growth, abnormal muscle forces, and joint contractures. 
At skeletal maturity, most patients have discrepancies in the 
range of 4 to 7 cm and many have associated lower extremity 
deformities, most commonly of the foot.

Leg lengthening in general and especially in neuromuscular 
patients is associated with a high complication rate. In patients 
with poliomyelitis, lengthening is a longer process (approxi-
mately 1 cm per 2 months) than in other patients because of 
associated muscular atrophy and hypoplasia of bone. This 
delayed consolidation places patients at increased risks of pin 
track infection, pin loosening, and joint contracture. Because 
of abnormal muscle forces, these patients also are at greater risk 
for joint contractures. Use of an intramedullary nail for tibial 
lengthening in patients with poliomyelitis has been reported to 
decrease mean healing time compared with lengthening with-
out a nail. A high rate of recurrent foot deformity was found 
with the use of Ilizarov lengthening, and triple arthrodesis was 
recommended rather than contracture release. Poliomyelitis 
patients with leg-length discrepancy alone have been found 
not have a higher level of ambulatory function than those with 
leg-length discrepancy and associated angular deformity. Leg 
lengthening improved ambulatory function at various dis-
tances only when combined with angular correction. Leaving 
a small residual length discrepancy was recommended to allow 
for clearance of the weak limb from the ground. 

TOTAL JOINT ARTHROPLASTY
Total joint arthroplasty in neuromuscular patients also is asso-
ciated with increased complication rates. Several small series 
and case studies have reported relatively short follow-up of total 
joint arthroplasty in adult patients with poliomyelitis sequelae. 
Chichos et  al., using data from the Nationwide Inpatient 
Sample, determined that neuromuscular patients had increased 
risks of total surgical complications, medical complications, and 
overall complications after total joint arthroplasty; nearly half of 
their patient cohort, however, were older than 70 years of age 
and had multiple comorbidities. Poliomyelitis was not associ-
ated with increased odds of any type of complications except 
periprosthetic fracture and wound dehiscence. Improvements 
in knee range of motion, pain, and function have been reported 
after total knee arthroplasty, but further study and longer fol-
low-up are necessary to fully establish the efficacy and safety of 
total joint arthroplasty in patients with poliomyelitis. 

TRUNK
To understand the deformities and disabilities that may occur 
when the muscles of the trunk and hips are affected by polio-
myelitis requires knowledge of the normal actions and inter-
actions of these muscles. Irwin described the actions of the 
hip abductors and of the lateral trunk muscles during weight 
bearing as follows.

The different muscle groups, bone levers, and weight-
bearing thrusts have a symmetric and triangular relationship, 

as shown in Figures 34.18 and 34.19. The line BC represents 
the abductor muscles of the hip; AB, the femoral head, neck, 
and trochanter, which provide a lever for the abductor mus-
cles; AC, the weight-bearing thrust on the femoral head; 
DF and CF, the lateral trunk muscles; CE, the bone lever of 
the pelvis through which the trunk muscles act; and FE, the 
weight-bearing thrust through the midline of the pelvis from 
above. When the body is balanced, the triangles above and 
below the pelvis are symmetric.

During normal walking, the abductors of the hip on the 
weight-bearing side pull downward on the pelvis and the lat-
eral trunk muscles on the opposite side pull upward; these 
two sets of muscles hold the pelvis at a right angle to the lon-
gitudinal axis of the trunk. The femoral head on the weight-
bearing side serves as the fulcrum. The point of fixation of the 
trunk muscles (the ribs and spine) is less stable than that of 
the abductor muscles. When DF elevates the pelvis, CF must 
provide counterfixation; CF depends on the abductors of the 
hip, BC, for counterfixation. With each step, the femur on 
the weight-bearing side is the central point of action for this 
coordinated system of fixation and counterfixation. Each part 
of the system depends on the others for proper pelvic balance 
during walking.

PELVIC OBLIQUITY
When there is an abduction contracture of the hip, line 
BC is shortened; as the affected extremity is placed in the 
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FIGURE 34.18 Most true fixed pelvic obliquities are initiated 
by contractures below iliac crest (see text).
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weight-bearing position, the femur, acting through the con-
tracted abductor group, BC, depresses the pelvis on that side. 
During this motion, the affected extremity and the pelvis act 
as a unit; the pelvis is displaced by the lateral thrust toward the 
opposite side, and the normal symmetry of the pelvis in rela-
tion to the weight-bearing thrust from above is altered. This 
thrust from above, FE, now closely approaches the affected 
hip, and the pelvis is tilted obliquely. The adducted position 
of the unaffected hip elongates the abductor muscles, DG, to 
about the same extent that the abductors on the affected side, 
BC, have been shortened, so even when the abductors, DG, 
are normal, their contractility and efficiency are diminished. 
The demand on these weakened muscles is increased by the 
increase in the length of line DE.

The trunk muscles also are affected by this asymmetry. 
The lateral trunk muscles, CF, become elongated, and their 
efficiency is impaired. The elongation of the abductors, DG, 
alters their interrelation with the lateral trunk muscles, DF, 
in providing a fixed point for contraction of the lateral trunk 
muscles, CF. The lateral trunk muscles, CF, normally elevate 
the pelvis on that side, but their position now prevents effi-
cient function. Shortening of the lever, EC, places the trunk 
muscles, CF, at a further disadvantage. All these alterations 
in function and structure disrupt the mechanics of walking. 

When the contracted lateral trunk muscles, DF, and con-
tracted hip abductors, BC, hold the pelvis in this position long 
enough, its obliquity becomes fixed through adaptive changes 
in the spine.

When pelvic obliquity is associated with paralysis of the 
legs severe enough to require two long leg braces, walking is 
even more difficult. When the quadriceps is strong on the side 
of the abduction contracture (the apparently long extremity), 
the brace can be unlocked to allow knee flexion, and walk-
ing becomes possible, although with a marked limp. When 
the brace on the affected side cannot be unlocked, and the 
heel on the opposite side (the apparently short extremity) is 
not elevated, the affected extremity must be widely abducted 
in walking; otherwise, weight is borne only on the affected 
extremity and the opposite one becomes almost useless.

TREATMENT
Most pelvic obliquities arise from contractures distal to the 
iliac crest, and a few arise from unilateral weakness of the 
abdominal and lateral trunk muscles. When contractures are 
absent distal to the iliac crest, a pelvic obliquity should not be 
considered a true one but one secondary to scoliosis.

The early origin of a true pelvic obliquity from contrac-
ture of the iliotibial band has already been discussed. Before 
starting treatment, the degree of fixation of the lumbar sco-
liosis should be determined by radiographs. When the defor-
mity is mild and the lumbar scoliosis is not fixed, the pelvic 
obliquity is corrected by treating the flexion and abduction 
contracture of the hip (see Technique 34.18). When the pel-
vic obliquity is moderately severe and the lumbar scoliosis is 
fixed, the scoliosis is corrected first by instrumentation, as 
described in Chapter 44. After this treatment has been com-
pleted, the contractures around the hip are released.

For adults with arthritic changes in the lumbar spine 
that make correction impossible, the weight borne on the 
adducted extremity (the apparently short one) can be shifted 
nearer the midline by valgus osteotomy; a severe unilateral 
weakness of the gluteus medius also can be treated in this way. 
This procedure may enable a patient to walk who could not 
do so before. When the pelvic obliquity is extreme and the 
femoral head of the abducted extremity (the apparently long 
one) is almost within the center of gravity, varus osteotomy of 
the femur is indicated. The osteotomy usually is made at the 
level of the lesser trochanter, and the fragments are immobi-
lized by appropriate internal fixation. 

SERRATUS ANTERIOR PARALYSIS
The following procedures were devised to treat serratus ante-
rior paralysis:
 1.  Fascial transplant to anchor the inferior angle of the 

scapula to the inferior border of the pectoralis major
 2.  Multiple fascial transplants extending from the ver-

tebral border of the scapula to the fourth, fifth, sixth, 
and seventh thoracic spinous processes

 3.  Transfer of the teres major tendon from the humerus 
to the fifth and sixth ribs

 4.  Transfer of the coracoid insertion of the pectoralis 
minor muscle to the vertebral border of the scapula

 5.  Transfer of the coracoid insertion of the pectoralis 
minor to the inferior angle of the scapula

 6.  Transfer of the pectoralis minor to distal third of the 
scapula 
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FIGURE 34.19 Abnormal mechanical relationships are created 
when contracted hip is brought down into weight-bearing position 
(see text).
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TRAPEZIUS AND LEVATOR SCAPULAE PARALYSIS
The following procedures are used to treat trapezius and leva-
tor scapulae paralysis:
 1.  Fascial transplants extending from the spine of the scap-

ula to the cervical muscles and to the first thoracic spi-
nous process; also, anchoring of the inferior angle of the 
scapula to the adjacent paraspinal muscles for stability

 2.  Transplant of two fascial strips, one extending from 
the vertebral border of the scapula just proximal to 
its spine to the sixth cervical spinous process and the 
other from a point 6 cm distal to the first transplant 
to the third thoracic spinous process

 3.  Fascial transplant extending from the middle of the 
vertebral border of the scapula to the spinous pro-
cess of the second and third thoracic vertebrae and 
transfer of the insertion of the levator scapulae mus-
cle lateralward on the spine of the scapula to a point 
adjacent to the acromion 

PARALYTIC SCOLIOSIS
The treatment of paralytic scoliosis is discussed in Chapter 44. 

SHOULDER
The disability caused by paralysis of the muscles around the 
shoulder can be diminished to some extent by tendon and 
muscle transfers or by arthrodesis of the joint; the pattern 
and severity of the paralysis determine which method is most 
appropriate. Neither procedure is indicated, however, unless 
the hand, forearm, and elbow have remained functional or 
have already been made so by reconstructive surgery.

Tendons and muscles are transferred to substitute for a para-
lyzed deltoid muscle or to reinforce a weak one. For these opera-
tions to be successful, power must be fair or better in the serratus 
anterior, the trapezius, and the short external rotators of the 
shoulder (for the trapezius transfer, power must be fair or better 
in the pectoralis major, the rhomboids, and the levator scapulae). 
When the short external rotators are below functional level, the 
latissimus dorsi or teres major can be transferred to the lateral 
aspect of the humerus to reinforce them (Harmon). When the 
supraspinatus is below functional level, the levator scapulae (pre-
ferred), sternocleidomastoid, scalenus anterior, scalenus medius, 
or scalenus capitis can be transferred to the greater tuberosity. 
When the subscapularis is below functional level, the pectoralis 
minor or the superior two digitations of the serratus anterior or 
the latissimus dorsi or teres major posteriorly can be transferred 
to the lesser tuberosity to a point exactly opposite the insertion 
of the subscapularis (here the action is backward, although iden-
tical to that of the subscapularis after elevation >90 degrees). 
Arthrodesis of the shoulder may be indicated when the paralysis 
around the joint is extensive, provided that power in at least the 
serratus anterior and the trapezius is fair or better.

TENDON AND MUSCLE TRANSFERS FOR 
PARALYSIS OF THE DELTOID
Transfer of the insertion of the trapezius is the most satisfac-
tory operation for complete paralysis of the deltoid. Resecting 
a part of the spine of the scapula and including it in the trans-
fer permits fixation of the transfer with screws after the mus-
cle is pulled like a hood over the head of the humerus (Fig. 
34.20). In a technique modification, the superior and mid-
dle trapezius is completely mobilized laterally from its origin 
and the transfer is made 5 cm longer without endangering 

its nerve or blood supply; this added length greatly increases 
leverage of the transfer on the humerus. The entire insertion 
of the trapezius is freed by resecting the lateral clavicle, the 
acromion, and the adjoining part of the scapular spine; these 
are anchored to the humerus by screws (Fig. 34.21).

Saha developed a functional classification of the muscles 
around the joint and recommended careful assessment of 
their strength before surgery.
 1.  Prime movers: the deltoid and clavicular head of the 

pectoralis major, which in lifting exert forces in three 
directions at the junction of the proximal and middle 
thirds of the humeral shaft axis.

 2.  Steering group: the subscapularis, the supraspinatus, 
and the infraspinatus. These muscles exert forces 
at the junction of the axes of the humeral head and 
neck and humeral shaft. As the arm is elevated, the 
humeral head, by rolling and gliding movements, 
constantly changes its point of contact with the gle-
noid cavity. Although these muscles exert a little force 
in lifting the arm, their chief function is stabilizing 
the humeral head as it moves in the glenoid.

 3.  Depressor group: the pectoralis major (sternal head), 
latissimus dorsi, teres major, and teres minor. These 
muscles are intermediately located and exert their 
forces on the proximal fourth of the humeral shaft 
axis. During elevation, they rotate the shaft, and in the 
last few degrees of this movement, they depress the 
humeral head. They exert only minimal steering action 
on the head. Absence of their power would cause no 
apparent disability except that performance of the limb 
in lifting weights above the head would be diminished.

The classic methods of transferring a single muscle (or 
even several muscles to a common attachment) to restore 
abduction of the shoulder do not consider the functions of 
the steering muscles. When the steering muscles are para-
lyzed and a single muscle has been transferred to restore 
functions only of the deltoid, the arm cannot be elevated 
more than 90 degrees and scapulohumeral motion is sig-
nificantly disturbed. For paralysis of the deltoid, the entire 
insertion of the trapezius can be transferred to the humerus 
to replace the anterior and middle parts of the muscle; how-
ever, the subscapularis, the supraspinatus, and the infraspina-
tus must be carefully evaluated. When any two are paralyzed, 
their functions also must be restored because otherwise the 
effectiveness of the transferred trapezius as an elevator of the 
shoulder would be greatly reduced. As already mentioned, for 
paralysis of the subscapularis, either the pectoralis minor or 
the superior two digitations of the serratus anterior can be 
transferred because either can be rerouted and anchored to 
the lesser tuberosity; as an alternative procedure, the latissi-
mus dorsi or the teres major can be transferred posteriorly to 
a point exactly opposite the lesser tuberosity. For paralysis of 
the supraspinatus, the levator scapulae, sternocleidomastoid, 
scalenus anterior, scalenus medius, or scalenus capitis can 
be transferred to the greater tuberosity; of these, the levator 
scapulae is the best because of the direction and length of its 
fibers. When suitable transfers are unavailable, the insertion 
of the trapezius can be anchored more anteriorly or posteri-
orly on the humerus to restore internal or external rotation. 
Contractures of unopposed muscles around the shoulder 
rarely are severe enough to cause extreme disability; most can 
be corrected at the time of transfer or arthrodesis. 
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TRAPEZIUS TRANSFER FOR  
PARALYSIS OF DELTOID

 TECHNIQUE 34.21 

(BATEMAN)
 n  With the patient prone, approach the shoulder through 

a T-shaped incision (Fig. 34.20A); extend the transverse 
part around the shoulder over the spine of the scapula 
and the acromion and end it just above the coracoid pro-
cess; extend the longitudinal limb distally over the lateral 
aspect of the shoulder and upper arm for 6 cm.

 n  Mobilize the flaps, split the atrophic deltoid muscle, and 
expose the joint.

 n  Free the undersurface of the acromion and spine of the 
scapula of soft tissue and osteotomize the spine of the 
scapula near its base in an obliquely distal and lateral 
plane; thus, a broad cuff of the trapezius is freed but still 
attached to the spine and the acromion.

 n  Resect the lateral 2 cm of the clavicle, taking care to avoid 
damaging the coracoclavicular ligament.

 n  Roughen the deep surface of the acromion and spine, 
abduct the arm to 90 degrees, and at the appropriate 
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Deltoid muscle
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Trapezius muscle
freed
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scapular spine
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FIGURE 34.20 Bateman trapezius transfer for paralysis of deltoid. A, Skin incision. B, Spine of 
scapula is osteotomized near its base in obliquely distal and lateral plane. Broken line indicates 
division of deltoid. C, Atrophic deltoid has been split, deep surface of acromion and spine and 
corresponding area on lateral aspect of humerus have been roughened, and lateral end of clavicle 
has been resected. D, Acromion has been anchored to humerus as far distally as possible with two 
or three screws. SEE TECHNIQUE 34.21.

 FIGURE 34.21 Saha trapezius transfer for paralysis of deltoid. 
Entire insertion of trapezius along with attached lateral end of 
clavicle, acromioclavicular joint, and acromion and adjoining part 
of scapular spine have been anchored to lateral aspect of humerus 
distal to tuberosities by two screws. SEE TECHNIQUE 34.22.
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level on the lateral aspect of the humerus roughen a cor-
responding area.

 n  With firm traction, bring the muscular cuff laterally over 
the humeral head and anchor the acromion to the hu-
merus as far distally as possible with two or three screws 
(Fig. 34.20D). Immobilize the arm in a shoulder spica cast 
with the shoulder abducted to 90 degrees.

POSTOPERATIVE CARE Immobilization is continued for 
8 weeks, but at 4 to 6 weeks the arm and shoulder part 
of the spica is bivalved to allow some movement. When 
the transplanted acromion has united with the humerus, 
the arm is placed on an abduction humeral splint and is 
gradually lowered to the side and the muscle is reedu-
cated by exercises.
   

 

TRAPEZIUS TRANSFER FOR  
PARALYSIS OF DELTOID

 TECHNIQUE 34.22 

(SAHA)
 n  Make a saber-cut incision convex medially; begin it ante-

riorly a little superior to the inferior margin of the anterior 
axillary fold at about its middle, extend it superiorly, then 
posteriorly, and finally inferiorly, and end it slightly infe-
rior to the base of the scapular spine and 2.5 cm lateral 
to the vertebral border of the scapula.

 n  Mobilize the skin flaps, and expose the trapezius medially 
to 2.5 cm medial to the vertebral border of the scapula; 
expose the acromion, the capsule of the acromioclavicular 
joint, the lateral third of the clavicle, and the entire origin 
of the paralyzed deltoid muscle.

 n  Detach and reflect laterally the origin of the deltoid, and 
locate the anterior border of the trapezius.

 n  Identify the coronoid ligament, and divide the clavicle just 
lateral to it.

 n  Palpate the scapular notch, identify the acromion and the 
adjoining part of the scapular spine, and with a Gigli saw 
and beveling posteriorly, resect the spine.

 n  Elevate the insertion of the trapezius along with the at-
tached lateral end of the clavicle, the acromioclavicular 
joint, and the acromion and adjoining part of the scapular 
spine. Then free the trapezius from the superior border of 
the remaining part of the scapular spine medially to the 
base of the spine where the inferior fibers of the muscle 
glide over the triangular area of the scapula. Next free 
from the investing layer of deep cervical fascia the ante-
rior border of the trapezius, and raise the muscle from its 
bed for rerouting.

 n  Denude the inferior surfaces of the bones attached to the 
freed trapezius insertion; with forceps, break these bones 
in several places but leave intact the periosteum on their 
superior surfaces. Denude also the area on the lateral as-
pect of the proximal humerus selected for attachment of 
the transfer.

 n  With the shoulder in neutral rotation and 45 degrees 
of abduction, anchor the transfer by two screws passed 
through fragments of bone and into the proximal hu-
merus (Fig. 34.21).

 n  When suitable transfers are unavailable to replace any 
paralyzed external or internal rotators, anchor the muscle 
a little more anteriorly or posteriorly. Transfers for paraly-
sis of the subscapularis, supraspinatus, or infraspinatus 
are discussed later; when indicated, they should be per-
formed at the time of trapezius transfer.

POSTOPERATIVE CARE A spica cast is applied with the 
shoulder abducted 45 degrees, neutrally rotated, and 
flexed in the plane of the scapula. At 10 days, the sutures 
are removed and radiographs are made to be sure that 
the humeral head has not become dislocated inferiorly. 
At 6 to 8 weeks, the cast is removed and active exercises 
are started.
   

 

TRANSFER OF DELTOID ORIGIN FOR 
PARTIAL PARALYSIS

 TECHNIQUE 34.23 

(HARMON)
 n  Make a U-shaped incision 20 cm long extending from the 

middle third of the clavicle laterally and posteriorly around 
the shoulder just distal to the acromion to the middle of 
the spine of the scapula.

 n  Raise flaps of skin and subcutaneous tissue proximally and 
distally.

 n  Detach subperiosteally from its origin the active poste-
rior part of the deltoid, and free it distally from the deep 
structures for about one half its length, being careful not 
to injure the axillary nerve and its branches.

 n  Expose subperiosteally the lateral third of the clavicle, 
transfer the muscle flap anteriorly, and anchor it against 
the clavicle with interrupted nonabsorbable sutures 
through the adjacent soft tissues (Fig. 34.22).

POSTOPERATIVE CARE A shoulder spica cast is applied, 
holding the arm abducted 75 degrees. At 3 weeks, part 
of the cast is removed for massage and active exercise. 
At 6 weeks, the entire cast is removed and an abduction 
humeral splint is fitted to be worn for at least 4 months; 
supervised active exercises are continued during this time.
  

TENDON AND MUSCLE TRANSFERS 
FOR PARALYSIS OF THE SUBSCAPULARIS, 
SUPRASCAPULARIS, SUPRASPINATUS, OR 
INFRASPINATUS
When two of these three muscles are paralyzed, their func-
tions must be restored by suitable transfers; this is just as nec-
essary as the trapezius transfer for paralysis of the deltoid. 
Without the function of these muscles or their substitutes 
the effectiveness of the transferred trapezius in elevating the 
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shoulder would be markedly reduced. Muscles suitable for 
transfer are muscles whose distal ends can be carried to the 
tuberosities of the humerus and whose general directions of 
pull correspond to those of the muscles they are to replace. 
The transfers should be rerouted close to the end of the axis 
of the humeral head and neck, or the desired functions will 
not be restored. The nerve and blood supply to any trans-
ferred muscle must be protected. Currently, the most com-
monly performed transfers are transfer of the latissimus dorsi 
or teres major or both and posterior transfer of the pectora-
lis minor to the scapula. These transfers, when indicated, are 
done at the same time as the Saha trapezius transfer for paral-
ysis of the deltoid. Consequently, in each instance, the saber-
cut incision would have been made, the lateral end of the 
clavicle and the acromion and adjoining part of the scapular 
spine would have been elevated, and the superior and middle 
trapezius would have been mobilized as already described. 

 

TRANSFER OF LATISSIMUS DORSI 
OR TERES MAJOR OR BOTH FOR 
PARALYSIS OF SUBSCAPULARIS OR 
INFRASPINATUS

 TECHNIQUE 34.24 

(SAHA)
 n  Elevate the arm about 130 degrees. Then make an inci-

sion in the posterior axillary fold beginning in the upper 
arm about 6.5 cm inferior to the crease of the axilla and 
extending to the inferior angle of the scapula, crossing 
the crease in a zigzag manner.

 n  Expose and free the insertion of the latissimus dorsi, and 
raise the muscle from its bed, taking care to preserve its 
nerve and blood supply.

 n  If the transfer is to be reinforced by the teres major, free 
and raise both muscles.

 n  Fold the freed insertion on itself and close its margins 
by interrupted sutures; place in its end a strong mattress 
suture.

 n  With a blunt instrument, open the interval between the 
deltoid and long head of the triceps.

 n  Identify the tubercle at the inferior end of the greater 
tuberosity, carry the end of the transfer to this tubercle, 
and while holding the limb in neutral rotation, anchor the 
transfer there by interrupted sutures.
  

ARTHRODESIS
When paralysis around the shoulder is extensive, arthrode-
sis may be the procedure of choice, especially when there is a 
paralytic dislocation, the muscles of the forearm and hand are 
functional, and the serratus anterior and trapezius are strong. 
Motion of the scapula compensates for lack of motion in the 
joint. Normal function of the forearm and hand is a prerequisite.

The position of the shoulder for arthrodesis is similar to 
that recommended for any shoulder fusion (see Chapter 13). 
The angle of abduction should be determined on the basis of 
the clinical presentation of the arm’s position in relation to 
the body. This angle traditionally is obtained by measuring 
the angle between the vertebral border of the scapula and the 
humerus; however, this frequently is difficult to determine on 
radiographs. The position of the arm in shoulder arthrodesis 
should be established with the arm at the side of the body, 
with enough abduction of the arm clinically determined from 
the side of the body to clear the axilla (15 to 20 degrees) and 
enough forward flexion (25 to 30 degrees) and internal rota-
tion (40 to 50 degrees) to bring the hand to the midline of 
the body. An additional 10 degrees of abduction should be 
obtained in children with poliomyelitis when no internal fixa-
tion is used. When both shoulders must be fused, their posi-
tions should allow the patient to bring the hands together. A 
weak or flail shoulder should be fused in only slight abduc-
tion. A study of 11 patients (average age, 15 years) with 13 
shoulder arthrodesis reported great variability in the position 
of fusion, but improved function in all patients. The authors 
concluded that the position of arthrodesis and the resulting 
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FIGURE 34.22 Harmon transfer of origin of deltoid for partial 
paralysis. A, Posterior part of deltoid is functioning; middle and 
anterior parts are paralyzed. B, Transferred posterior part of deltoid 
is overlying atrophic anterior part. When transfer contracts, it 
prevents anterior dislocation of shoulder and exerts more direct 
abduction force than in its previous posterior location. SEE TECH-
NIQUE 34.23.
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arc of motion were less important than stability of the gleno-
humeral joint. Care must be taken to preserve the proximal 
humeral physis in skeletally immature patients. The tech-
niques for shoulder arthrodesis are described in Chapter 13. 

ELBOW
Most operations for paralysis of the muscles acting across the 
elbow are designed to restore active flexion or extension of 
the joint. Operations to correct deformity or operations to 
stabilize the joint, such as posterior bone block or arthrod-
esis, rarely are necessary.

MUSCLE AND TENDON TRANSFERS TO 
RESTORE ELBOW FLEXION
Several methods of restoring active elbow flexion are avail-
able. Here, as elsewhere, the actual and the relative power of 
the remaining muscles must be accurately determined before 
a transfer procedure is chosen. Also, because the function of 
the hand is more important than flexion of the elbow, these 
operations should not be done when the muscles control-
ling the fingers are paralyzed, unless their function has been 
or can be restored by tendon transfers. Several methods of 
restoring elbow flexion have been described: (1) flexor-
plasty (Steindler), (2) anterior transfer of the triceps tendon 
(Bunnell and Carroll), (3) transfer of part of the pectoralis 
major muscle (Clark), (4) transfer of the sternocleidomastoid 
muscle (Bunnell), (5) transfer of the pectoralis minor muscle 
(Spira), (6) transfer of the pectoralis major tendon (Brooks 
and Seddon), and (7) transfer of the latissimus dorsi muscle 
(Hovnanian). 

 

FLEXORPLASTY
Flexorplasty consists of transferring the common origin of 
the pronator teres, the flexor carpi radialis, the palmaris 
longus, the flexor digitorum sublimis, and the flexor carpi 
ulnaris muscles from the medial epicondylar region of the 
humerus proximally about 5 cm. Its chief disadvantage is 
the frequent development of a pronation deformity of the 
forearm.

Flexorplasty is indicated when the biceps brachii and bra-
chialis are paralyzed, and the group of muscles arising from 
the medial epicondyle are fair or better in strength. The 
best results are obtained when the elbow flexors are only 
partially paralyzed and the finger and wrist flexors are nor-
mal. The strength in active flexion and the range of motion 
of the elbow after surgery do not compare favorably with 
that of the normal elbow, but the usefulness of the arm 
is nonetheless increased. When only the flexor digitorum 
sublimis is active, the elbow can be flexed only if the fingers 
are strongly flexed; this interferes with the function of the 
hand, and another method should be used to restore elbow 
flexion. Unsuccessful results from this procedure usually are 
caused by overestimating the strength of the muscles to be 
transferred. A practical way to test them is to hold the pa-
tient’s arm at a right angle to the body, rotate it to eliminate 
the influence of gravity, and determine whether the muscles 
to be transferred can flex the elbow in this position; if not, 
this type of transfer would fail and another should be used.

 TECHNIQUE 34.25 

(BUNNELL)
 n  Make a curved longitudinal incision over the medial side 

of the elbow, beginning 7.5 cm proximal to the medial 
epicondyle and extending distally posterior to the medial 
condyle and thence anteriorly on the volar surface of the 
forearm along the course of the pronator teres muscle.

 n  Locate the ulnar nerve posterior to the medial epicondyle, 
and retract it posteriorly.

 n  Detach en bloc the common origin of the pronator teres, 
flexor carpi radialis, palmaris longus, flexor digitorum sub-
limis, and flexor carpi ulnaris from the medial epicondyle 
close to the periosteum. Free these muscles distally for 4 
cm and prolong the common muscle origin with a free 
graft of fascia lata.

 n  Advance this origin 5 cm up the lateral side rather than 
the medial side of the humerus (Fig. 34.23); this results 
in a moderate, although not complete, correction of the 
tendency of the transfer to pronate the forearm.

 n  Should a pronation deformity persist after this procedure, 
it can be corrected by transferring the tendon of the flexor 
carpi ulnaris around the ulnar margin of the forearm into 
the distal radius.

 n  Apply a cast with the elbow in acute flexion and the fore-
arm midway between pronation and supination.

POSTOPERATIVE CARE At 2 weeks the cast is replaced 
by a splint that holds the arm in this same position for at 
least 6 weeks; physical therapy and active exercises are 
then started and are gradually increased to strengthen the 
transferred muscles.
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FIGURE 34.23 Bunnell modification of Steindler flexorplasty. 
Common muscle origin is transferred laterally on humerus by means 
of fascial transplant. SEE TECHNIQUE 34.25.
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ANTERIOR TRANSFER OF  
THE TRICEPS
Anterior transfer of the triceps tendon can be done to 
regain active elbow flexion. One disadvantage of this trans-
fer is that the triceps tendon would not reach the tuberosity 
of the radius; a short graft of fascia or a tendon graft must 
be used to complete the transfer.

 TECHNIQUE 34.26 

(BUNNELL)
 n  Through a posterolateral incision expose the triceps ten-

don, and divide it at its insertion.
 n  Dissect it from the posterior aspect of the distal fourth of 

the humerus, and transfer it around the lateral aspect.
 n  Make an anterolateral curvilinear incision, and retract the 

brachioradialis and pronator teres muscles to expose the 
tuberosity of the radius.

 n  Prolong the triceps tendon by a graft of fascia lata that is 
4 cm long and wide enough to make a tube.

 n  Attach it to the roughened tuberosity of the radius with a 
steel pull-out suture passed to the dorsum of the forearm 
via a hole drilled through the tuberosity and the neck of 
the radius (Fig. 34.24).

 n  Flex the elbow, gently pull the suture taut to snug the tendon 
against the bone, and tie the suture over a padded button.

 n  Apply a cast with the elbow in acute flexion and the fore-
arm midway between pronation and supination.

 n  Carroll described a similar method of triceps transfer in 
which the tendon is passed superficial to the radial nerve 
and through a longitudinal slit in the biceps tendon and 
is sutured under tension with the elbow in flexion.

POSTOPERATIVE CARE At 2 weeks the cast is replaced 
by a splint that holds the arm in the same position for at 
least 6 weeks. The pull-out wire is removed at 4 weeks. 
Physical therapy and active exercises are begun at 6 weeks 
and are gradually increased.
   

 

TRANSFER OF THE PECTORALIS 
MAJOR TENDON
Brooks and Seddon described an operation to restore elbow 
flexion in which the entire pectoralis major muscle is used 
as the motor and its tendon is prolonged distally by means 
of the long head of the biceps brachii. This transfer is con-
traindicated unless the biceps is completely paralyzed; they 
recommended it when flexorplasty is not applicable, when 
the distal part of the pectoralis major is weak but the proxi-
mal part is strong, or when both parts of the muscle are so 
weak that the entire muscle is needed for transfer. To avoid 
undesirable movements of the shoulder during elbow flex-
ion after this procedure, muscular control of the shoulder 
and scapula must be good, or an arthrodesis of the shoul-
der should be performed.

 TECHNIQUE 34.27 

(BROOKS AND SEDDON)
 n  Make an incision from the distal end of the deltopectoral 

groove distally to the junction of the proximal and middle 
thirds of the arm.

 n  Detach the tendon of insertion of the pectoralis major as 
close to bone as possible and by blunt dissection mobi-
lize the muscle from the chest wall proximally toward the 
clavicle (Fig. 34.25A).

 n  Retract the deltoid laterally and superiorly, and expose the 
tendon of the long head of the biceps as it runs proximally 
into the shoulder joint; sever this tendon at the proximal 
end of the bicipital groove and withdraw it into the wound.

 n  By blunt and sharp dissection, free the belly of the long 
head of the biceps from that of the short head and ligate 
and divide all vessels entering it.

 n  Make an L-shaped incision at the elbow with its transverse 
limb in the flexor crease and its longitudinal limb extending 
proximally along the medial border of the biceps muscle.

 n  Mobilize the long head of the biceps by dividing its remain-
ing neurovascular bundles so that the tendon and muscle 
are completely freed distally to the tuberosity of the radius; 
withdraw the tendon and muscle through the distal inci-
sion (Fig. 34.25B and C). (When the muscle belly is adher-
ent to the overlying fascia, free it by sharp dissection.)

 n  Replace the long head of the biceps in its original position, 
and through the proximal incision pass its tendon and 
muscle belly through two slits in the tendon of the pecto-
ralis major; loop the long head of the biceps on itself so 
that its proximal tendon is brought into the distal incision.

 n  Then, using nonabsorbable sutures, suture the end of 
the proximal tendon through a slit in the distal tendon 

 FIGURE 34.24 Bunnell anterior transfer of triceps for paralysis 
of biceps. Triceps tendon elongated by short graft of fascia or 
tendon, routed laterally, and inserted into tuberosity of radius by 
pull-out suture. SEE TECHNIQUE 34.26.
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(Fig. 34.25D) and suture the tendon of the pectoralis ma-
jor to the long head of the biceps at their junction.

 n  Close the incisions, and apply a posterior plaster splint 
with the elbow in flexion.

POSTOPERATIVE CARE At 3 weeks, the splint is re-
moved and muscle reeducation is started. Care must be 
taken to extend the elbow gradually so that active flexion 
of more than 90 degrees is preserved. It may be 2 or 3 
months before full extension is possible.
   

 

TRANSFER OF THE LATISSIMUS  
DORSI MUSCLE
Hovnanian described a method of restoring active elbow 
flexion by transferring the origin and belly of the latissimus 
dorsi to the arm and anchoring the origin near the radial 
tuberosity. This transfer is possible because the neurovas-
cular bundle of the muscle is long and easily mobilized (Fig. 
34.26A); a similar transfer in which the origin is anchored 
to the olecranon to restore active extension also is possible.

 

A

D E

B C

FIGURE 34.25 Brooks-Seddon transfer of pectoralis major tendon for paralysis of elbow flexors. 
A, Insertion of pectoralis major is detached as close to bone as possible. B, Tendon of long head of 
biceps is exposed and divided at proximal end of bicipital groove. C, Tendon and muscle of long 
head of biceps are completely mobilized distally to tuberosity of radius by dividing all vessels and 
nerves that enter muscle proximal to elbow. D, Long head of biceps is passed through two slits 
in pectoralis major, is looped on itself so that its proximal tendon is brought into distal incision, 
and is sutured through slit in its distal tendon. E, To avoid undesirable movements of shoulder 
during elbow flexion after this transfer, muscular control of shoulder and scapula must be good, 
or shoulder must be fused. Left shoulder shown is flail; right has been fused. When transfer on left 
contracts, some of its force is wasted because of lack of control of shoulder, but, on right, transfer 
moves only elbow. SEE TECHNIQUE 34.27.
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 TECHNIQUE 34.28 

(HOVNANIAN)
 n  Place the patient on his or her side with the affected ex-

tremity upward. Start the skin incision over the loin, and 
extend it superiorly along the lateral border of the latis-
simus dorsi to the posterior axillary fold, distally along the 
medial aspect of the arm, and finally laterally to end in 
the antecubital fossa (Fig. 34.26B). Carefully expose the 
dorsal and lateral aspects of the latissimus dorsi, leaving 
its investing fascia intact.

 n  Free the origin of the muscle by cutting across its muscu-
lofascial junction inferiorly and its muscle fibers superiorly. 
Then gradually free the muscle from the underlying ab-
dominal and flank muscles.

 n  Divide the four slips of the muscle that arise from the in-
ferior four ribs and the few arising from the angle of the 
scapula.

 n  Carefully protect the neurovascular bundle that enters 
the superior third of the muscle. To prevent injury of the 

vessels to the latissimus dorsi, ligate their branches that 
anastomose with the lateral thoracic vessels. Identify and 
gently free the thoracodorsal nerve that supplies the mus-
cle; its trunk is about 15 cm long and runs from the apex 
of the axilla along the deep surface of the muscle belly.

 n  Next prepare a bed in the anteromedial aspect of the arm 
to receive the transfer.

 n  Carefully swing the transfer into this bed without twist-
ing its vessels or nerve. To prevent kinking of the vessels, 
divide the intercostobrachial nerve and the lateral cutane-
ous branches of the third and fourth intercostal nerves; 
also free as necessary any fascial bands.

 n  Now suture the aponeurotic origin of the muscle to the 
biceps tendon and the periosteal tissues about the radial 
tuberosity and then suture the remaining origin to the 
sheaths of the forearm muscles and to the lacertus fibro-
sus (Fig. 34.26C).

 n  Close the wound in layers and bandage the arm against the 
thorax with the elbow flexed and the forearm  pronated.

 

A

B C

Thoracodorsal artery

Thoracodorsal
 artery

Thoracodorsal nerve

Thoracodorsal
nerve

Teres major muscle

Latissimus dorsi muscle

Subscapularis
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FIGURE 34.26 Hovnanian transfer of latissimus dorsi muscle for paralysis of biceps and brachialis 
muscles. A, Normal anatomy of axilla; note that thoracodorsal nerve and artery are long and can 
be easily mobilized. B, Skin incision. C, Origin and belly of latissimus dorsi have been transferred 
to arm, and origin has been sutured to biceps tendon and to other structures distal to elbow joint. 
SEE TECHNIQUE 34.28.
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POSTOPERATIVE CARE Exercises of the fingers are en-
couraged early. At 3 or 4 weeks, the bandage is removed 
and passive and active exercises of the elbow are started.
  

MUSCLE TRANSFERS FOR PARALYSIS OF THE 
TRICEPS
Weakness or paralysis of the triceps muscle usually is con-
sidered of little importance because gravity would extend 
the elbow passively in most positions that the arm assumes. 
A good triceps is essential, however, to crutch walking or to 
shifting the body weight to the hands during such activities 
as moving from a bed to a wheelchair. A functioning triceps 
allows the patient to perform these activities by locking the 
elbow in extension. To place the hand on top of the head 
when the patient is erect, the triceps must be strong enough 
to extend the elbow against gravity; thrusting and pushing 
motions with the forearm also require a functional triceps. In 
other activities, strong active extension of the elbow is rela-
tively unimportant compared with strong active flexion.

POSTERIOR DELTOID TRANSFER  
(MOBERG PROCEDURE)
Moberg described an operation to transfer the posterior third 
of the deltoid muscle to the triceps to restore active elbow 
extension in the quadriplegic patient. Patients with com-
plete quadriplegia at the functioning level of C5 or C6 have 
active elbow flexion, shoulder flexion and abduction, and 
possibly wrist extension. Elbow extension is by gravity only, 
without triceps function (C7). Active extension is impossible. 
Ambulation is not a realistic goal in such patients. Rather, 
improved strength, mobility, and function and improved 
ability to reach overhead, to perform personal hygiene and 
grooming, to relieve ischial pressure from the wheelchair, 
to achieve driving ability and wheelchair use, and to eat and 
control eating utensils are sought.

The Moberg procedure has been modified by the con-
struction of tendinoperiosteal tongues proximally and dis-
tally instead of using the free tendon grafts from the foot. The 
posterior belly of the deltoid muscle is freed, along with the 
most distal insertion of the muscle and including a strip of 
periosteum 1.0 × 3.0 cm, continuous with the muscle and its 
insertion. A tongue of the triceps tendon 1.5 to 2.0 cm wide 
is developed by parallel incisions and including a continuous 
strip of periosteum similar to that for the deltoid, if possible.

The length of the tendinoperiosteal tongues should be 
such that with the elbow extended and the arm adducted 
their deep surfaces should appose when the triceps tendon is 
folded over 180 degrees. The angle of tendinous reflection is 
reinforced by a narrow sheet of Dacron wrapped around the 
grafts and sutured to the tongues and to itself. 

FOREARM
Operations on the forearm after poliomyelitis consist of 
tenotomy, fasciotomy, and osteotomy to correct deformities 
and tendon transfers to restore function.

PRONATION CONTRACTURE
Deformities of the forearm seldom are disabling enough in 
themselves to warrant surgery; the most common exception 
is a fixed pronation contracture from imbalance between the 

supinators and pronators. When the pronator teres is not 
strong enough to transfer to replace the paralyzed supinators, 
correcting the contracture alone is indicated, provided that 
there is active flexion of the elbow. When the pronators of the 
forearm and the flexors of the wrist are active, however, func-
tion can be improved not only by correcting the pronation 
contracture but also by transferring the flexor carpi ulnaris 
(see Chapter 72).

Fixed supination deformity develops from muscle imbal-
ance in which usually the pronators and finger flexors are weak 
and the biceps and wrist extensors are strong. The soft tis-
sues, such as the interosseous membrane, contract; the bones 
become deformed, and eventually the radioulnar joints may 
dislocate. A fixed supination deformity combined with weak 
shoulder abduction markedly limits an otherwise functional 
hand. Recommended procedures for this deformity include 
rerouting of the biceps tendon (Zancolli) and manual osteoc-
lasis of the middle thirds of the radius and ulna (Blount). The 
latter is recommended for children younger than 12 years old 
with insufficient muscle power for tendon transfer. 

 

REROUTING OF BICEPS TENDON  
FOR SUPINATION DEFORMITIES  
OF FOREARM

 TECHNIQUE 34.29 

(ZANCOLLI)
 n  If full passive pronation is already possible before surgery, 

omit the first part of the operation. Otherwise, make a 
longitudinal incision on the dorsum of the forearm over 
the radial shaft (Fig. 34.27A, 1).

 n  By blunt dissection, expose the interosseous membrane 
and retract the dorsal muscles radialward to protect the 
posterior interosseous nerve (Fig. 34.27B).

 n  Divide the interosseous membrane throughout its length 
close to the ulna. If the dorsal ligaments of the distal ra-
dioulnar joint are contracted, extend the incision distally 
and perform a capsulotomy of this joint.

 n  If necessary, release the supinator muscle after identify-
ing and protecting the posterior interosseous nerve in the 
proximal part of the incision. At this point in the operation 
full passive pronation of the forearm should be possible.

 n  Now make a second incision; begin it on the medial as-
pect of the arm proximal to the elbow and extend it dis-
tally to the flexion crease of the joint, then laterally across 
the joint in the crease, and then distally over the anterior 
aspect of the radial head (Fig. 34.27A, 2).

 n  Identify and retract the median nerve and brachial artery.
 n  Divide the lacertus fibrosus and expose the insertion of 

the biceps tendon on the radial tuberosity.
 n  Now divide the biceps tendon by a long Z-plasty (Fig. 

34.27C).
 n  Reroute the distal segment of the tendon around the ra-

dial neck medially, then posteriorly, and then laterally so 
that traction on it will pronate the forearm (Fig. 34.27D).

 n  Place the ends of the biceps tendon side-by-side and su-
ture them together under tension that will maintain full 
pronation and yet allow extension of the elbow.
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 n  If the radial head is subluxated or is dislocated, reduce it 
if possible and hold it in place by capsulorrhaphy of the 
radiohumeral joint; if the radial head cannot be reduced, 
excise it and transfer the proximal segment of the biceps 
tendon to the brachialis tendon.

 n  Close the incisions and apply a cast with the elbow flexed 
90 degrees and the forearm moderately pronated.

POSTOPERATIVE CARE At about 3 weeks, the cast and 
sutures are removed and passive and active exercises are 
begun.
  

WRIST AND HAND
The treatment of disabilities of the wrist and hand caused by 
paralysis is discussed in Chapter 71. 

MYELOMENINGOCELE
EPIDEMIOLOGY
Myelomeningocele is a complex congenital malformation of 
the central nervous system. Advances in medicine, surgery, 
and allied health services have reduced the mortality rates 
in patients born with severe defects of the central nervous 
system. The challenge for orthopaedic surgeons is to assist 
these patients in attaining the best possible function within 
their anatomic and physiologic limitations. With advances in 

technology such as gait analysis, as well as the use of evidence-
based medicine and multispecialty care models, significant 
changes in the management of patients with myelomeningo-
cele are occurring.

Myelomeningocele is the most common of the spectrum 
of conditions described as spina bifida. Myelomeningocele is 
a severe form of spinal dysraphism that also includes menin-
gocele, lipomeningocele, and caudal regression syndrome. 
Neural tube defect is a broader term that includes myelome-
ningocele, anencephaly, and encephalocele. A myelomenin-
gocele is a sac-like structure containing cerebrospinal fluid 
and neural tissue (Fig. 34.28A). The herniation of the spinal 
cord and its meninges through a defect in the vertebral canal 
results in variable neurologic defects depending on the loca-
tion and severity of the lesion. A meningocele is a cystic dis-
tention of the meninges through unfused vertebral arches, 
but the spinal cord remains in the vertebral canal. Most 
lesions are posterior, but rarely an anterior or lateral menin-
gocele may occur. Neurologic deficits are not as common as 
in myelomeningocele. Spina bifida occulta is a term that refers 
to a defect in the posterior vertebral elements that includes 
the spinous process and often part of the lamina, most com-
monly of the fifth lumbar and first sacral vertebrae. Spina 
bifida occulta occurs in approximately 10% of asymptomatic 
adult spines and is often an incidental finding on plain radio-
graphs that is rarely associated with neurologic involvement.

The nervous system develops by the formation of a tubu-
lar structure (neurulation). Closure of this tube is completed 
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FIGURE 34.27 Zancolli rerouting of biceps tendon for supination deformity of forearm. A, 1, 
Dorsal skin incision (dotted line) is extended distally to a when distal radioulnar joint requires capsu-
lotomy. 2, Anterior incision to expose biceps tendon and radial head. B, Exposure of interosseous 
membrane by retracting dorsal muscles radially (see text). C, Line at b shows Z-plasty incision to be 
made in biceps tendon. Interosseous membrane has been divided at a. D, At c, biceps tendon has 
been divided by Z-plasty, distal segment has been rerouted around radial neck medially, and ends 
of tendon are being sutured together. Traction on tendon will now pronate forearm as indicated 
by arrow. SEE TECHNIQUE 34.29.
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by closure of the cranial and caudal neuropores between day 
26 to 28 of gestation. Myelomeningocele and anencephaly 
occur because of abnormalities during this phase of closure 
of the neural tube. Conditions such as meningocele, lipom-
eningocele, and diastematomyelia occur from abnormalities 
during the canalization phase from day 28 to 48 of gestation 
and are referred to as postneurulation defects.

The myelomeningocele is formed by the protrusion of 
dura and arachnoid through the defect in the vertebral arches. 
The spinal cord and nerve roots are carried out through this 
defect (Fig. 34.28B and C). These lesions can occur at any 
level along the spinal column but occur most commonly in 
the lower thoracic and lumbosacral regions. The skin over a 
myelomeningocele is almost always absent. The neural plac-
ode is covered by a thin membrane (arachnoid) that breaks 
down in a couple of days, leaving an ulcerated granulating 
surface. The superficial surface of the neural placode repre-
sents the everted interior of the neural tube. The ventral sur-
face represents what should have been the outside of a closed 
neural tube. Because of this pathologic anatomy, the nerve 
roots arise from the ventral part of the neural placode. The 
pedicles are everted and lie almost horizontal in the coronal 
plane. The affected laminae are hypoplastic and everted, and 
the paraspinal muscles are everted with the pedicles and lie in 
an anterior position. These muscles act as flexors of the spine 
instead of functioning normally as extensors because of their 
anterior position.

The incidence of myelomeningocele in the United States 
is 2.5 to 1.1 per 1000 births. The overall incidence of infants 
born with neural tube defects is decreasing, which is most 
likely related to better prenatal screening and the use of folic 

acid supplementation before conception and during the first 
month of pregnancy; an estimated 23% of pregnancies with 
myelomeningocele are terminated. Testing for elevated lev-
els of maternal serum α-fetoprotein between 16 and 18 weeks 
of gestation can detect 75% to 80% of affected pregnancies. 
If the maternal serum α-fetoprotein is found to be elevated, 
ultrasound examination, ultrafast MRI, and amniocentesis 
for α-fetoprotein and acetylcholinesterase may be needed to 
confirm a possible neural tube defect. Ultrasound is a sen-
sitive and efficient test to determine the presence and loca-
tion of a neural tube defect. If no abnormalities are found on 
ultrasound examination, an amniocentesis is recommended 
to evaluate for α-fetoprotein and acetylcholinesterase. With 
this prenatal screening program, there has been a reported 
decrease in birth prevalence of anencephaly from 100% to 
80% and birth prevalence of myelomeningocele from 80% 
to 60%. Other studies have shown a 60% to 100% reduc-
tion in the risk of neural tube defects when adequate levels 
of folate are taken by pregnant women. The U.S. Food and 
Drug Administration recommends that all women of child-
bearing age receive 0.4 mg folate before conception and dur-
ing early pregnancy. The CDC also recommends that women 
who are at high risk (i.e., women who have given birth to a 
prior affected child or who have a first-degree relative with a 
neural tube defect) receive 4 mg of folate daily.

Genetic factors also play a role in myelomeningocele. 
There is a greater incidence of neural tube defects, includ-
ing myelomeningocele, in siblings of affected children, in 
the range of 2% to 7%. There also is a higher frequency in 
twins than in single births. For a couple who has a child with 
myelomeningocele the chance that a subsequent child will 
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FIGURE 34.28 A, Infant with myelomeningocele. Lesion may be small extension (B) or large 
sessile protrusion (C).
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be affected by a major malformation of the central nervous 
system is approximately 1 in 14. With over 100 known genes 
that affect neurulation and the low frequency of occurrence 
in the population, the determination of the exact molecular 
defect(s) remains difficult. 

ASSOCIATED CONDITIONS
The natural history of myelomeningocele has changed over 
the past several decades because of advances in medical treat-
ment. Patients born with myelomeningocele often died of 
urinary tract infection, renal failure, meningitis, and sepsis. 
With early neurosurgical and urologic intervention, patients 
born with myelomeningocele are surviving into adult life, with 
about 65% having normal intelligence. Myelomeningocele was 
believed to be nonprogressive, but studies have shown progres-
sive neurologic deterioration can occur, manifested by increas-
ing levels of paralysis and decreasing upper extremity function. 
Hydrocephalus and associated hydrosyringomyelia, Arnold-
Chiari malformation, and tethered cord syndrome have been 
associated with progressive neurologic deterioration.

HYDROCEPHALUS
Hydrocephalus is a dilation of the ventricles of the brain from 
excessive cerebrospinal fluid. Before closure of the myelome-
ningocele defect, the ventricles are decompressed by their 
direct communication to the persistently open central canal 
of the cord. Of children with myelomeningocele, 80% to 90% 
have hydrocephalus that requires cerebrospinal shunting. 
Chakarborty et al. described new protocols aimed at reducing 
shunt placement rates in myelomeningocele patients. Using 
these protocols, the shunt rate in infants with myelomeningo-
cele was decreased to 60%.

The incidence of hydrocephalus is related to the neu-
rologic level of the lesion, with patients with thoracic and 
upper lumbar lesions having a higher incidence than those 
with lower lumbar and sacral level lesions. Early treatment 
of hydrocephalus has improved the early mortality rate 
and, more importantly, improved the long-term intellectual 
development of these children. If the hydrocephalus is not 
treated, the increased fluid pressure results in atrophy of the 
brain, hydromyelia, and syringomyelia. Children who do not 
require shunting have a better prognosis for upper extremity 
function and trunk balance than children who require shunt-
ing. Shunt malfunctions, manifested by signs of acute hydro-
cephaly such as nausea, vomiting, and severe headaches, do 
occur. In older children, the diagnosis may be more diffi-
cult because the shunt malfunction may be associated with 
increased irritability, decreased perceptual motor function, 
short attention span, intermittent headaches, increasing sco-
liosis, and increased level of paralysis. 

HYDROSYRINGOMYELIA
Hydrosyringomyelia is an accumulation of fluid in the enlarged 
central canal of the spinal cord. This usually is the result of 
hydrocephalus or an alteration in the normal cerebrospinal 
fluid dynamics. Hydrosyringomyelia can cause three problems 
in patients with myelomeningocele: (1) an increasing level of 
paralysis of the lower extremities, often associated with an 
increase in spasticity of the lower extremity, (2) progressive 
scoliosis, and (3) weakness in the hands and upper extremi-
ties. This condition can be diagnosed with MRI; early treat-
ment may reverse some of the neurologic loss and scoliosis. 

ARNOLD-CHIARI MALFORMATION
Arnold-Chiari malformation (caudal displacement of the 
posterior lobe of the cerebellum) is a consistent finding in 
patients with myelomeningocele. Type II Arnold-Chiari mal-
formation is seen most often in children with myelomenin-
gocele and is characterized by displacement of the medulla 
oblongata into the cervical neural canal through the fora-
men magnum. This malformation causes dysfunction of 
the lower cranial nerves, resulting in weakness or paralysis 
of vocal cords and difficulty in feeding, crying, and breath-
ing. Sometimes, these symptoms are episodic, which makes 
diagnosis difficult. In childhood, symptoms may consist of 
nystagmus, stridor, swallowing difficulties, and a depressed 
cough reflex. Spastic weakness of the upper extremities also 
may be present. Placement of a ventriculoperitoneal shunt to 
control hydrocephalus often resolves brainstem symptoms, 
and surgical decompression of the Arnold-Chiari malforma-
tion is unnecessary unless the neurologic symptoms are not 
relieved by shunting. In these rare cases, the posterior fossa 
and upper cervical spine require surgical decompression. 

TETHERED SPINAL CORD
MRI shows signs of tethering of the spinal cord in most chil-
dren with myelomeningocele, but only 20% to 30% have clinical 
manifestations. Clinical signs vary, but the most consistent are 
(1) loss of motor function, (2) development of spasticity in the 
lower extremities, primarily the medial hamstrings and ankle 
dorsiflexors and evertors, (3) development of scoliosis before 
age 6 years in the absence of congenital anomalies of the verte-
bral bodies, (4) back pain and increased lumbar lordosis in an 
older child, and (5) changes in urologic function. Deterioration 
in somatosensory evoked potentials of the posterior tibial nerve 
has been used to document deterioration of lower extremity 
function and a clinically significant tethered cord. MRI eval-
uation should be performed in any child suspected of hav-
ing a tethered cord syndrome. Because dermal elements are 
left attached during initial closure, a dermal cyst often is seen 
in association with a tethered cord. If clinical signs are docu-
mented, surgical treatment is indicated to prevent further dete-
rioration of the motor function and to diminish the progress of 
spasticity and scoliosis. It is important to make an early diagno-
sis and start treatment because surgical release of the tethered 
cord rarely provides complete return of lost function. 

OTHER SPINAL ABNORMALITIES
Vertebral bone anomalies, such as a defect in segmentation and 
failure of formation of vertebral bodies, may cause congenital 
scoliosis, kyphosis, and kyphoscoliosis. Other spinal anoma-
lies the treating physician should be aware of are duplication 
of the spinal cord and diastematomyelia. Diastematomyelia 
may cause progressive loss of neurologic function. 

UROLOGIC DYSFUNCTION
Almost all children with myelomeningocele have some form 
of bladder dysfunction, with most having bladder paralysis. 
Chronic renal failure and sepsis from urinary tract infections 
were the most common causes of delayed mortality in patients 
with myelomeningocele before modern urologic treatment 
methods. The goal of urologic management is to achieve conti-
nence at an appropriate age, decompress the upper urinary tract 
to prevent renal failure, and prevent urinary tract infections. The 
mainstay of treatment is clean intermittent catheterization to 
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prevent hydronephrosis and maintain bladder compliance and 
capacity. Antibiotic prophylaxis and anticholinergic medication 
to reduce infection and vesicoureteral reflux may be beneficial. 
Screening examinations, consisting of voiding cystometrograms 
and renal sonograms, are routinely done every 6 to 12 months. 
Surgical options for patients in whom medical treatment is 
unsuccessful include vesicostomy, a diversion of the bladder to 
the lower abdominal wall to facilitate catheterization, and blad-
der augmentation in which a segment of the ileum is added to 
the bladder to increase capacity and reduce bladder pressure. 
The orthopaedist must be aware of the effects any orthopaedic 
surgery may have on the need for self-catheterization and any 
possible urinary diversion procedures. 

BOWEL DYSFUNCTION
Most patients with myelomeningocele have innervation of 
the bowel and anus that results in dysmotility, poor sphincter 
control, and often fecal incontinence. Constipation and fecal 
impaction resulting from decreased bowel motility can cause 
increased intraabdominal pressure that leads to ventriculo-
peritoneal shunt malfunction. Oral laxatives, suppositories, 
or enemas can be used to achieve continence and avoid fecal 
impaction by promoting regular fecal elimination. If these 
are unsuccessful, the Malone antegrade continence enema 
(MACE) procedure is an option: the appendix and cecum are 
used to create a stoma through which the colon can be irri-
gated. In one study evaluating the results of the MACE proce-
dure in 108 patients with myelomeningocele, approximately 
85% achieved continence. 

LATEX HYPERSENSITIVITY
Latex hypersensitivity has been noted in children with myelo-
meningocele, with a reported incidence of 3.8% to 38%. The 
hypersensitivity is a type 1 IgE-mediated response to residual 
free protein found in latex products. Tosi et al. reported a sero-
logic prevalence of hypersensitivity in 38% of at-risk patients 
but a clinical prevalence of 10%. A detailed history is the most 
sensitive way to detect individuals at risk for latex reaction. 
It is recommended that all patients with myelomeningocele 
be treated “latex free” during surgery with avoidance of latex 
gloves and latex-containing accessories (catheters, adhesives, 
tourniquets, and anesthesia equipment) (Box 34.1). High-risk 
patients or those with known hypersensitivity reactions can 
be treated prophylactically with corticosteroids and/or anti-
histamines before medical procedures. 

MISCELLANEOUS MEDICAL ISSUES
Depending on the severity of involvement, children with 
myelomeningocele are at risk for depression, as well as cog-
nitive dysfunction and learning difficulties. Obesity also is 
a problem for children with myelomeningocele both medi-
cally and functionally. This is especially true in nonam-
bulatory children in whom it may be difficult to increase 
caloric expenditure. Small changes in body weight can have 
a dramatic impact on ambulation because of the increased 
demands placed on already weak muscles by the additional 
body weight. It is exceptionally rare for an obese nonambula-
tory child to lose weight and regain ambulation. 

CLASSIFICATION
The most commonly used classification of myelomeningo-
cele is based on the neurologic level of the lesion (Fig. 34.29); 

however, there are several difficulties with this classification 
system, including performing isolated muscle testing in young 
children, differences in classification systems, and differences 
in the affected neurologic level compared with the anatomic 
defect. In addition, not all patients have these distinct levels of 
paralysis. Some patients may not have symmetric levels for each 
extremity, and some may be flaccid, whereas others may have 
some associated spasticity in the involved lower extremities.

Despite these limitations, patients with myelomeningo-
cele can be grouped into four distinct levels: thoracic level, 
upper lumbar level, lower lumbar level, and sacral level. This 
classification assists in predicting the patient’s natural his-
tory and expected deformities that may need intervention. 
Patients can be placed into one of four groups according to 
the level of the lesion and resultant muscle function. Patients 
with thoracic level lesions have no active hip flexion and no 
voluntary muscle control in the lower extremities. Patients 
with upper lumbar level lesions have variable power with hip 
flexion and adduction (L1-2) and quadriceps function (L3). 
Patients with lower lumbar level lesions have active knee flex-
ion against gravity (hamstring power), anterior tibial func-
tion (L4), and extensor hallucis longus function (L5). Patients 
with sacral level lesions have weakness of the peroneals and 
intrinsic muscles of the foot but have some active toe flexor 
function and hip extensor and abductor power.

The sensory level has been suggested to be a better way 
to define the level of paralysis because muscles that can 

Steps to Ensure a Latex-Safe Office Visit or 
Surgical Procedure

Prior to the Visit/Surgery
 n  Assess the examination room or surgical suite for latex-

containing products.
 n  Find suitable nonlatex alternatives for use during the proce-

dure, or prepare for modifications that can make the prod-
ucts safe for use with latex-allergic patients. Be sure to 
include proper latex-free resuscitation equipment in the 
preparation for surgery for a latex-sensitive patient.

 n  Schedule latex-sensitive patients for the first procedure of 
the day, which will decrease the risk of contamination from 
powdered latex surgical gloves used in other procedures.

 n  Inform all staff of the patient’s allergy and the precautions 
that must be taken.

 n  Label the room that will be used as a “Latex-Free Room.”
 n  Label the patient’s chart with information on his or her latex 

allergy.
 n  Sterilize equipment for the procedure in a latex-free load. 

During the Visit/Surgery
 n  Closely assess the patient before surgery, noting any skin 

rashes and documenting lung examination and blood 
 pressure.

 n  Place only nonlatex products (e.g., bouffant, mask) on the 
patient.

 n  Monitor the patient closely during the procedure for changes 
in respiratory function, blood pressure, or new skin findings.

 BOX 34.1 

From Accetta D, Kelly KH: Recognition and management of the latex-allergic 
patient in the ambulatory plastic surgical suite, Anesth Surg J 31:560, 2011.
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communicate with the brain through sensory feedback are 
functional but muscles that cannot become flaccid or spastic, 
functioning only by reflex. A sensory level classification also 
may be more reproducible between different observers.

The functional classification described by Swaroop and 
Dias is useful in determining a child’s prognosis for ambula-
tion and bracing. Patients are divided into four groups based 
on lesion level and accompanying functional and ambulatory 
capacity (Table 34.1).

The Functional Mobility Scale (FMS) also has been used to 
evaluate the functional ability of children with neuromuscular 
disorders. This scale is simple and fast, rating the child’s mobility 
on a scale of 1 to 6 (1 = wheelchair, 2 = walker, 3 = two crutches, 
4 = one crutch, 5 = independent on level surfaces, 6 = inde-
pendent on all surfaces) over three different distances: home (5 
m), school (50 m), and community (500 m). Additional advan-
tages of the FMS include the ability to systematically compare 
children affected with different neuromuscular diseases and the 
fact that this is more a true measure of the child’s functional 
abilities than isolated motor or sensory testing.

Hoffer et al. also described a functional five-category clas-
sification of patients with myelomeningocele: normal ambu-
lator, community ambulator, household ambulator, therapy 
ambulatory, and wheelchair ambulator. 

ORTHOPAEDIC EVALUATION
Orthopaedic evaluation of children with myelomeningocele 
should include the following:
 1.  Serial sensory and motor examinations: Evaluate the neu-

rologic level of function; this may be difficult before 4 
years of age.

 2.  Sitting balance: Indicates central nervous system func-
tion; if significant support is required for sitting, the 
probability of ambulation is significantly decreased.

 3.  Upper extremity function: Assesses ability to use assistive 
devices; decreased grip strength and atrophy of the the-
nar musculature are indications of hydromyelia.

 4.  Spine evaluation: Clinical evaluation and yearly radio-
graphs are needed to detect development of scoliosis and/
or kyphosis and lumbar hyperlordosis.

 5.  Hip evaluation: Range of motion, stability, contractures, 
pelvic obliquity

 6.  Knee evaluation: Range of motion, alignment, contrac-
tures, and spasticity

 7.  Rotational evaluation: Including internal/external tibial 
torsion and femoral anteversion and retroversion

 8.  Ankle evaluation: Range of motion, valgus deformity
 9.  Foot evaluation: Foot deformities, skin breakdown
 10.  Mobility and bracing evaluation: Changes in mobility that 

have remained stable; braces fitting properly and in good 
condition

 11.  Miscellaneous: Depression, obesity, school performance 

GAIT EVALUATION
Advances in the quality and use of gait analysis have produced 
useful information about gait function and energy expendi-
ture in patients with myelomeningocele. Most patients with 
myelomeningocele, especially those with higher level involve-
ment, have multilevel three-dimensional deformities. These 
deformities can be difficult to assess on isolated clinical exam-
ination. Gait analysis allows assessment of the patient in real 
time during ambulation, which can be helpful diagnostically 
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and in planning treatment strategies. Gait analysis has shown 
that hip abductor strength is one of the most important deter-
minants of ambulatory kinematics and ability; that pelvic 
obliquity, determined by hip abductor strength, has the stron-
gest correlation to oxygen cost during gait; and that children 
tend to self-select both velocity and dynamics to maintain a 
comfortable level of exertion. Gait studies also have shown 
increased dynamic knee flexion in patients with myelome-
ningocele compared with static examination. Patients with 
low lumbar level lesions have a walking velocity that is 60% 
of normal, and patients with high sacral level lesions have a 
walking velocity approximately 70% of normal. 

PRINCIPLES OF ORTHOPAEDIC 
MANAGEMENT
Orthopaedic management should be tailored to meet specific 
goals during childhood, taking into account the expected 
function in adulthood. The goal for a child with myelomenin-
gocele is to establish a pattern of development for the child that 
is as near normal as possible. Ambulation is not the goal for 
every child. Despite the best medical and surgical care, about 
40% of children with myelomeningocele are unable to walk as 
adults. An evidence-based review found that neurosegmen-
tal level is the primary determinant of walking ability and 
physical function. Other factors believed to play a lesser role 
in the ability to ambulate in children with myelomeningocele 
include cognitive ability, physical therapy, compliant parents, 
clubfoot deformity, scoliosis, increased age, back pain, and 
lack of motivation. Often, the goal of orthopaedic treatment 
is a stable posture in braces or in a wheelchair. Surgery may 
be more detrimental than helpful, causing long-term disabil-
ity. Before aggressive orthopaedic treatment is instituted, the 

lifetime prognosis for the patient should be considered. Only 
30% of all patients with myelomeningocele are functionally 
independent, and only 30% of adults with myelomeningocele 
are employed full time or part time. Almost all patients with 
L2 or higher-level lesions use a wheelchair, and more than 
two thirds of patients with lower-level lesions (L3-5) use a 
wheelchair at least part of the time.

Most children achieve their maximal level of ambulation 
around age 4 to 6 years. If a child with myelomeningocele is 
not standing independently by about age 6 years, walking is 
unlikely. Prerequisites for walking include a spine balanced 
over the pelvis; absence of hip and knee contractures (or only 
mild contractures); and plantigrade, supple, braceable feet with 
the center of gravity centered over them. An extension posture 
at the hip and knee can be maintained with minimal support 
from leg and arm muscles, whereas a flexion posture tends to 
be a collapsing posture (Fig. 34.30). At least 80% of children 
with myelomeningocele have some impairment of their upper 
extremities; effective ambulation with low energy consump-
tion and minimal bracing is possible in only about 50% of 
adult patients. If a child has functioning quadriceps and medial 
hamstring muscles, good sitting balance, and upper extremity 
function, all efforts should be made to achieve ambulation.

NONOPERATIVE MANAGEMENT
Almost all children with myelomeningocele except those 
with low sacral level lesions will require some type of orthotic 
device. Orthotic treatment goals include maintenance of 
motion, prevention of deformity, assistance with ambula-
tion/mobility, and the protection of insensate skin. Bracing 
and splinting vary with the degree of motor deficit and trunk 
balance, and each child should be carefully evaluated using 

 TABLE 34.1 

Functional Classification of Myelomeningocele

GROUP
NEUROLOGIC 
LEVEL OF LESION

PREVALENCE 
(%) FUNCTIONAL CAPACITY AMBULATORY CAPABILITY

FUNCTIONAL 
MOBILITY SCALE

Thoracic/high 
lumbar

L3 or above 30 No functional quadriceps  
(≤grade 2)

During childhood, require 
bracing to level of pelvis for 
ambulation (RGO, HKAFO)
70%-99% require wheelchair 
for mobility in adulthood

1,1,1

Low lumbar L3-L5 30 Quadriceps, medial 
hamstring ≥grade 3
No functional activity 
(≤grade 2) of gluteus 
medius and maximus, 
gastrocsoleus

Require AFOs and crutches 
for ambulation
80%-95% maintain 
community ambulation in 
adulthood

3,3,1

High sacral S1-S3 30 Quadriceps, gluteus  
medius ≥grade 3
No functional activity 
(≤grade 2) of gastrocsoleus

Require AFOs for ambulation
94%-100% maintain 
community ambulation in 
adulthood

6,6,6

Low sacral S3-S5 5-10 Quadriceps, gluteus 
medius, gastrocsoleus 
≥grade 3

Ambulate without braces or 
support
94%-100% maintain 
community ambulation in 
adulthood

6,6,6

AFO, Ankle-foot orthosis; HKAFO, hip-knee-ankle-foot orthosis; RGO, reciprocal gait orthosis.
From Swaroop VT, Dias L: Myelomeningocele. In Weinstein SL, Flynn JM, editors: Lovell and winter’s pediatric orthopaedics, ed 7, Philadelphia, 2014, Wolters Kluwer.
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a team approach. Children 12 to 18 months old may benefit 
from the use of a standing frame for upright positioning, and 
for children older than 2 years, a parapodium that supports 
the spine and allows a swing-to or swing-through gait with 
crutches or a walker may be beneficial. An ankle-foot ortho-
sis is used in children with low lumbar or sacral level lesions 
and fair quadriceps muscle function. The ankle-foot orthosis 
should be rigid enough to provide ankle and foot stabiliza-
tion and to maintain the ankle at 90 degrees. A knee-ankle-
foot orthosis (KAFO) may be indicated for a child with a 
lumbar level lesion and weak quadriceps function to prevent 
abnormal valgus of the knee during the stance phase of gait. 
Children with high-level lesions often have excessive ante-
rior pelvic tilt and lumbar lordosis and require a pelvic band, 
either a conventional HKAFO or a reciprocating gait ortho-
sis. The reciprocating gait orthosis also can be used in patients 
with upper lumbar lesions, allowing them to be upright and 
assisting them in attempts at ambulation. This brace is started 
around the age of 2 and provides the ability to walk in a recip-
rocal fashion by dynamically coupling the flexion of one hip 
to the simultaneous extension of the contralateral hip. For the 
reciprocating orthosis to be effective, the patient should have 
good upper extremity strength, sitting (trunk) balance, and 
active hip flexion. Energy expenditure for children in recipro-
cal gait orthoses and traditional HKAFO are similar; however, 
children with HKAFO have a faster gait velocity. A child can 
be tapered from a reciprocal gait orthosis to a HKAFO if he 
or she develops enough upper body strength to use crutches 
safely.

The use of materials such as carbon fiber may provide an 
alternative to patients who do not benefit from current braces. 

Carbon fiber ankle-foot orthoses have been shown to increase 
energy return and ankle plantarflexion motion, positive work, 
and stride length compared with standard materials. 

OPERATIVE MANAGEMENT
Orthopaedic deformities in children with myelomeningocele 
are caused by (1) muscle imbalance resulting from the neu-
rologic abnormality, (2) habitually assumed posture, and (3) 
associated congenital malformations. Surgical correction of 
deformities may be indicated. Most surgical procedures in 
patients with myelomeningocele are performed during the 
first 15 years of life. When surgical correction is indicated, the 
deformity should be completely and permanently corrected.

Principles of orthopaedic management include:
 1.  Multiple procedures should be done simultaneously 

to minimize repeated anesthetic exposures.
 2.  Cast immobilization, especially in recumbency, 

should be minimized owing to the risk of osteopenia 
and pathologic fracture.

 3.  The orthopaedic treatment program must be inte-
grated with the total treatment program.

 4.  The absence of sensation, osteopenia, and the 
increased risk of infection secondary to urinary tract 
problems must be constantly considered.

 5.  Hospitalization must be kept at a minimum.
 6.  The demands on the family in terms of time, effort, 

expense, and separation must be minimized. 

FOOT
Approximately 75% of children with myelomeningocele 
have foot deformities that can seriously limit function. These 
deformities can take many forms including clubfoot, acquired 
equinovarus, varus, metatarsus adductus, equinus, equinoval-
gus, vertical talus, talipes calcaneus, calcaneovalgus, calca-
neovarus, calcaneocavus, cavus, cavovarus, supination, pes 
planovalgus, and toe deformities.

The goal of orthopaedic treatment of foot deformities 
is a plantigrade, painless, mobile, braceable foot. Muscle-
balancing procedures that remove deforming muscular forces 
are more reliable than tendon transfer procedures. Often 
tendon excision is more reliable than tendon lengthening or 
transfer. Bone deformities should be corrected by appropriate 
osteotomies that preserve joint motion. Arthrodesis should be 
avoided if possible because most feet in patients with myelo-
meningocele are insensate, which can lead to neuropathic 
problems including joint destruction and pressure sores.

Manipulation and casting should be used with caution 
in these patients to avoid pressure sores and iatrogenic frac-
tures. Most foot deformities may eventually require surgical 
correction if correction of the deformity is needed to improve 
function. Despite surgical correction, there is a relatively high 
recurrence rate of the deformity because of the deforming 
neurologic forces present.

EQUINUS DEFORMITY
Equinus usually is an acquired deformity that may be pre-
vented or delayed by bracing and splinting. Depending 
on the ambulatory function of the patient, an Achilles ten-
don lengthening, tenotomy, or resection can be performed. 
Equinus is seen more frequently in children with high lumbar 
or thoracic level lesions. For mild deformities, excision of 2 
cm of the Achilles tendon through a vertical incision usually 

 

A B
FIGURE 34.30 A, Extension posture with hips and knees 

extended, feet plantigrade; posture aimed for regardless of bracing 
necessary. B, Flexion posture at the hips imposes lumbar lordosis 
and patient uses both arms for weight bearing and loses other, 
more valuable function.
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is sufficient. Alternatively, a percutaneous Achilles tendon 
lengthening or tenotomy may be performed. Often the long 
toe flexors must be released to prevent persistent toe flexion 
deformities that can result in pressure sores. For more severe 
deformity, radical posterior release is required, including 
excision of all the tendons contributing to the equinus and 
extensive capsulotomies of the ankle and subtalar joints. In 
rare cases, salvage procedures such as osteotomy or talectomy 
may be required for a symptomatic deformity. 

CLUBFOOT
Clubfoot is present at birth in approximately 30% to 50% of 
children with myelomeningocele. The deformity usually is 
rigid and resembles that of arthrogryposis multiplex con-
genita and differs markedly from idiopathic clubfoot. It is 
characterized by severe rigidity, supination-varus deformity, 
rotational malalignment of the calcaneus and talus, sublux-
ation of the calcaneocuboid and talonavicular joints, and 
often a cavus component. Internal tibial torsion often is pres-
ent. With the increased use of the Ponseti clubfoot casting 
technique, infants with myelomeningocele are being treated 
with this method. Patients can be successfully treated with 
this technique, but the complication and recurrence rates are 
much higher than in idiopathic clubfoot. A 68% early relapse 
rate and a 33% surgical release rate have been reported in 
children with myelomeningocele treated with this method. 
In a series of 24 infants (48 feet), however, only 5 feet (10%) 
failed to show improvement. Even with adequate surgical cor-
rection, recurrence of the clubfoot deformity is frequent.

Surgery can be done between 10 and 12 months of age. 
Radical posteromedial-lateral release through the Cincinnati 
incision (see Chapter 29) is recommended. If there is signifi-
cant equinus, a variety of techniques have been described to 
help prevent posterior soft-tissue and incision breakdown 
including the use of medial and posterior incisions (Carroll), 
a modification of the Cincinnati incision that includes a com-
plete circumferential skin release (Noonan et al.), and a mod-
ified V-Y plasty (Lubicky and Altiok) (Fig. 34.31). Another 
method to avoid undue tension on the incision posteriorly is 
to immobilize the foot postoperatively in an undercorrected 
position until the wound is healed. Two weeks later, when the 
incision has healed, the cast can be changed and the foot can 
be placed in a corrected position safely.

Tenotomies instead of tendon lengthening should be 
done to minimize any recurrence with growth. If the ante-
rior tibial tendon is active, simple tenotomy should be per-
formed to prevent recurrent supination deformity. In older 
children, the imbalance between the medial and lateral col-
umns of the foot may be so severe that it cannot be corrected 
by soft-tissue release alone. Closing wedge osteotomy of the 
cuboid (see Chapter 29), lateral wedge resection of the dis-
tal calcaneus (Lichtblau procedure; see Chapter 29), or calca-
neocuboid arthrodesis (Dillwyn Evans procedure; Fig. 34.2) 
may be required to shorten the lateral column. Talectomy (see 
Chapter 29) is indicated as a salvage procedure for a severely 
deformed rigid clubfoot in an older child. The talus should be 
completely removed because any fragment left behind would 
resume its growth and cause recurrence of the deformity. The 
Achilles tendon may need to be resected after talectomy to 
prevent further equinus. Talectomy would correct the hind-
foot deformity, but any adduction deformity should be cor-
rected by shortening of the lateral column through the same 

incision. Severe forefoot deformities require midtarsal or 
metatarsal osteotomies (see Chapter 29). 

 

V-O PROCEDURE
Verebelyi and Ogston described a decancellation proce-
dure to correct residual clubfoot deformity in patients with 
myelomeningocele. This procedure consists of removing as 
much cancellous bone as possible from the talus and the 
cuboid. This leaves a hollow shell of bone and more space 
for correction. The foot is manipulated into calcaneus and 
valgus, which, because of collapse of the talus and cuboid 
bone, would lead to correction of the residual deformity. 
In selected patients, this procedure may be preferable to 
talectomy for correction of severe rigid clubfoot deformity.

 TECHNIQUE 34.30 

 n  Make an oblique incision on the dorsolateral aspect of the 
foot to expose the cuboid and the talus.

 n  Retract the peroneal tendons and sural nerve plantarly, 
and protect them while retracting the extensor digitorum 
brevis dorsally.

 n  Cut a square window in the cuboid with a ¼-inch osteo-
tome and remove all cancellous bone with a curet.

 n  Along the lateral talus, cut a rectangular window with 
the longer dimension parallel to the long axis of the talus 
and curet the cancellous contents of the body, neck, and 
head.

 n  Confirm the removal of all cancellous bone, with fluoros-
copy or radiography, especially at the posterior aspect of 
the talus.

 n  Obtain correction by collapsing the empty cartilaginous 
shells of the cuboid and talus. If satisfactory correction is 
not obtained, remove lateral wedges from the cuboid or 
the talar neck.

 n  If necessary, perform a percutaneous heel cord  lengthening.
 n  Close the wounds routinely, and apply a short leg cast, 

monovalved for swelling.

POSTOPERATIVE CARE After the swelling has subsided, 
the cast is reinforced and initially changed at 10 days, 
maintaining the foot in a neutral or slightly overcorrected 
position. At 4 weeks after surgery, at the time of the sec-
ond cast change, a mold is made of the foot in a slightly 
overcorrected position for an ankle-foot orthosis. When 
the cast is removed at 6 weeks, the orthosis is worn usually 
until skeletal maturity.
  

VARUS DEFORMITY
Isolated varus deformity of the hindfoot is rare; it is usually 
associated with adduction deformity of the forefoot, cavus 
deformity, or supination deformity. Imbalance between the 
invertors and evertors should be evaluated carefully. For iso-
lated, rigid hindfoot varus deformity, a closing wedge oste-
otomy is indicated. After removal of the lateral wedge (Fig. 
34.32), the calcaneus should be translated laterally, if needed 
to increase correction. 
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CAVOVARUS DEFORMITY
Cavovarus deformities occur mainly in children with sacral 
level lesions. The cavus is the primary deformity that causes 
the hindfoot varus. The Coleman test (see Chapter 35) helps 
to determine the rigidity of the varus deformity. For a supple 
deformity, radical plantar release (see Chapter 35) is indi-
cated to correct the cavus deformity, without hindfoot bone 
surgery. If the varus deformity is rigid despite plantar release 
with or without midtarsal osteotomy, a closing wedge osteot-
omy (see Chapter 87) is indicated. Any muscle balance must 
be corrected before the bony procedures or at the same time. 
Triple arthrodesis (see Technique 34.4) rarely is indicated as a 
salvage procedure and should be used with caution in myelo-
meningocele patients. 

SUPINATION DE0FORMITY
Supination deformity of the forefoot occurs most frequently 
in children with L5 to S1 level lesions and is caused by the 
unopposed action of the anterior tibial muscle when the per-
oneus brevis and peroneus longus are inactive. Adduction 
deformity also can be present. If the muscle imbalance is 
not corrected, the deformity becomes fixed. If the defor-
mity is supple, simple tenotomy of the anterior tibial tendon 
is adequate. Simple tenotomy usually is the preferred treat-
ment method for patients with myelomeningocele, but a ten-
don transfer may be indicated in selective situations. If there 
is some gastrocnemius-soleus activity and no spasticity, the 
anterior tibial tendon can be transferred to the midfoot in line 
with the third metatarsal. Split anterior tibial tendon transfer 
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FIGURE 34.31 Incisions used for clubfoot correction. A, Carroll two-incision technique. 
B,  Modification of the Cincinnati incision by Noonan et al. C, V-Y advancement flap technique of 
Lubicky and Altiok.
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(see Technique 34.9) occasionally can be used, with the lat-
eral half of the tendon inserted in the cuboid. Osteotomy of 
the first cuneiform or the base of the first metatarsal may be 
required for residual bone deformity. 

CALCANEAL DEFORMITY
Approximately one third of children with myelomeningocele 
have calcaneal deformities, most frequently children with 
L4 and L5 lesions. The most common form is a calcaneoval-
gus deformity caused by the active anterior leg muscles and 
inactive posterior muscles. Spasticity of the evertors and dor-
siflexors may cause calcaneal deformity in children with high-
level lesions. Untreated calcaneal deformity produces a bulky, 
prominent heel that is prone to pressure sores and makes shoe 
wear difficult. Patients also lose toe-off power and develop an 
increased crouched gait. If the deformity is supple, as usually 
is the case, manipulation and splinting can bring the foot to a 
neutral position, but this rarely gives permanent correction. 
Muscle imbalance can be corrected early by simple tenotomy 
of all ankle dorsiflexors, as well as the peroneus brevis and 
peroneus longus. After anterolateral release in some patients, 
spasticity develops in the gastrocnemius-soleus muscle, 
causing an equinus deformity that requires tenotomy of the 
Achilles tendon or posterior release. Posterior transfer of the 
anterior tibial tendon has been reported to give good results. 
This often is combined with other soft-tissue and bony proce-
dures to balance the foot. In older children with severe struc-
tural deformities, tendon transfers or tenotomies seldom 
achieve correction, and bone procedures are indicated. 

 

ANTEROLATERAL RELEASE

 TECHNIQUE 34.31 

 n  With the patient supine, apply and inflate a pneumatic 
tourniquet.

 n  Make a transverse incision about 2.5 cm long 2.0 to 3.0 
cm above the ankle joint (Fig. 34.33A). Alternatively, an 

anterior lazy-S incision may be made. With sharp dissec-
tion, divide the superficial fascia to expose the tendons 
of the extensor hallucis longus, extensor digitorum com-
munis, and tibialis anterior.

 n  Divide each tendon, and excise at least 2.0 cm of each 
(Fig. 34.33B).

 n  Locate the peroneus tertius tendon in the lateralmost part 
of the wound, and divide it.

 n  Make a second longitudinal incision above the ankle joint 
lateral and posterior to the fibula (Fig. 34.33A).

 n  Identify and divide the peroneus brevis and longus ten-
dons, and excise a section of each (Fig. 34.33C). Close the 
wounds, and apply a short leg walking cast.

POSTOPERATIVE CARE The cast is worn for 10 days, 
and then an ankle-foot orthosis is fabricated for night 
wear.
   

 

TRANSFER OF THE ANTERIOR TIBIAL 
TENDON TO THE CALCANEUS

 TECHNIQUE 34.32 

 n  With the patient supine, make an incision in the dorsal as-
pect of the foot at the level of the insertion of the anterior 
tibial tendon at the base of the first metatarsal.

 n  Carefully detach the tendon from its insertion and free it 
as far proximally as possible.

 n  Make a second incision on the anterolateral aspect of the 
leg, just lateral to the tibial crest and 3 to 5 cm above the 
ankle joint.

 n  Free the tendon as far distally as possible and bring it up 
into the proximal wound (Fig. 34.34A).

 n  Expose the interosseous membrane and make a wide 
opening in it (Fig. 34.34B).

 FIGURE 34.32 Lateral closing wedge osteotomy of calcaneus 
for isolated varus deformity of hindfoot.

 

CBA
FIGURE 34.33 Anterolateral release for calcaneal deformity (see 

text). A, Transverse and longitudinal incisions. B and C, Excision of 
portion of tendons and tendon sheaths. SEE TECHNIQUE 34.31.
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FIGURE 34.34 A, Anterior tibial tendon is divided distally and passed subcutaneously to the 
proximal incision. B, A 4 × 1.5 cm window is created in the interosseous membrane. C, The anterior 
tibial tendon is transferred posteriorly through the interosseous membrane. D, The transferred 
tendon is fixed to the calcaneus with a Bunnell suture or suture anchor.  (Redrawn from Georgiadis 
GM, Aronson DD: Posterior transfer of the anterior tibial tendon in children who have a myelomeningocele, 
J Bone Joint Surg 72A:392, 1990.) SEE TECHNIQUE 34.32.
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 n  Make a third transverse incision posteriorly at the level of 
the insertion of the Achilles tendon into the calcaneus.

 n  Using a tendon passer, bring the anterior tibial tendon 
through the interosseous membrane, from anterior to 
posterior, down to the level of this incision (Fig. 34.34C).

 n  Drill a large hole in the calcaneus, starting posteriorly and 
medially and exiting laterally and plantarward.

 n  Pass a Bunnell suture through the tendon, and use a Keith 
needle to draw the tendon through the hole. A button 
suture is not recommended because of pressure sores. 
Suture the tendon to the surrounding soft tissues to the 
level of its entrance into the calcaneus and to the Achilles 
tendon (Fig. 34.34D). Alternatively, a suture anchor can 
be used to secure the transferred tendon. The length of 
tendon is often not enough to secure the transfer to the 
calcaneus. When this occurs, the transferred anterior tibial 
tendon can be sutured directly into the Achilles tendon.

 n  Close the wounds and apply a short leg cast.
  

HINDFOOT VALGUS
Valgus deformity at the ankle joint and external rotation defor-
mity of the tibia and fibula frequently can exacerbate a hindfoot 
valgus deformity. Initially, this can be controlled with a well-
fitted orthosis, but as the child becomes taller and heavier, con-
trol of the deformity is more difficult, pressure sores develop 
over the medial malleolus and the head of the talus, and sur-
gical treatment is indicated. Clinical and radiographic mea-
surements of the hindfoot valgus should be obtained; more 
than 10 mm of “lateral shift” of the calcaneus is significant. 
The Grice extraarticular arthrodesis (see Technique 34.2) is 
the classic treatment for this problem, but frequently reported 
complications include resorption of the graft, nonunion, varus 
overcorrection, and residual valgus. A 19-year follow-up of 
35 feet treated with the Grice arthrodesis found significant 
improvement in visual analog scale (VAS) satisfaction scores 
and, although there was some mild increase in ankle valgus, 
83% of patients were satisfied with their outcome. Medial dis-
placement osteotomy has been recommended for correction 
of hindfoot valgus so that arthrodesis of the subtalar joint can 
be avoided (see Chapter 11). Lateral column lengthening also 
can be done if there is significant midfoot breakdown asso-
ciated with the hindfoot valgus. The combination of hindfoot 
and ankle valgus should be considered; if the ankle defor-
mity is more than 10 to 15 degrees, closing wedge osteotomy 
or hemiepiphysiodesis of the distal tibial epiphysis is recom-
mended in addition to the calcaneal osteotomy. 

VERTICAL TALUS
Vertical talus deformities occur in approximately 10% of chil-
dren with myelomeningocele. The deformity is characterized 
by malalignment of the hindfoot and midfoot. The talus is 
almost vertical, the calcaneus is in equinus and valgus, the 
navicular is dislocated dorsally on the talus, and the cuboid 
may be subluxated dorsally in relation to the calcaneus. In 
congenital vertical talus, manipulation and serial casting may 
partially correct the soft-tissue contractures in preparation 
for a complete posteromedial-lateral release (see Chapter 29), 
which should be performed when the child is ready to stand 
in braces, usually between 12 and 18 months old. The anterior 
tibial tendon can be resected or transferred into the neck of 

the talus. Occasionally, an extraarticular subtalar arthrodesis 
is needed to stabilize the subtalar joint. Dobbs et al. described 
a technique for correction of vertical talus in which serial 
manipulation and casting are followed by closed or open 
reduction of the talus and pin fixation. Percutaneous Achilles 
tenotomy is required to correct the equinus deformity. This 
method has been used successfully in children from birth to 
4 years of age; the upper age limit at which this technique can 
be successful has not been defined. 

PES CAVUS DEFORMITY
Cavus deformity, alone or with clawing of the toes or varus of 
the hindfoot, occurs most often in children with sacral level 
lesions. It may cause painful callosities under the metatarsal 
heads and difficulty with shoe wear. Plantarflexion of the first 
ray must be corrected for successful correction of the defor-
mity. Although several procedures have been recommended 
for this deformity, few have been reported in patients with 
myelomeningocele. For an isolated cavus deformity with no 
hindfoot varus, radical plantar release is indicated. When varus 
deformity is present, medial subtalar release (see Chapter 29) 
is indicated. After surgery, a short leg cast is applied, and 1 
to 2 weeks later the deformity is gradually corrected by cast 
changes every week or every other week for 6 weeks. In older 
children with rigid cavus deformities, anterior first metatar-
sal closing wedge osteotomy (see Chapter 87) is indicated in 
addition to radical plantar release. Opening wedge midfoot 
osteotomies also can be performed to correct the cavus. For 
residual varus deformity, a Dwyer closing wedge osteotomy 
of the calcaneus (see Chapter 33) is recommended. 

TOE DEFORMITIES
Claw toe or hammer toe deformities occur more often in 
children with sacral level lesions and can cause problems 
with shoe and orthotic fitting. For flexible claw toe deformi-
ties, simple tenotomy of the flexors at the level of the proxi-
mal phalanx usually is sufficient. Rigid claw toe deformities 
can be treated with partial resection of the interphalangeal 
joint or arthrodesis. The Jones procedure (tendon suspension; 
see Chapter 87) is indicated when clawing of the great toe is 
associated with a cavus deformity. Arthrodesis of the proxi-
mal interphalangeal joint (see Chapter 87) or tenodesis of 
the distal stump of the extensor pollicis longus to the exten-
sor pollicis brevis is recommended with the Jones procedure, 
although arthrodesis would hold up better than a tenodesis. 
The Hibbs transfer (see Chapter 35) can be performed to treat 
clawing of the lesser toes. 

ANKLE
Progressive valgus deformity at the ankle or in combination 
with hindfoot valgus occurs most frequently in children with 
low lumbar level lesions. The strength of the gastrocnemius-
soleus muscle is diminished or absent, and excessive laxity of 
the Achilles tendon allows marked passive ankle dorsiflexion. 
The medial malleolus is bulky, the head of the talus is shifted 
medially, and pressure ulcerations in these areas are common. 
The calcaneovalgus deformity usually appears early, but prob-
lems with orthotic fitting do not arise until the child is about 
6 years old. Fibular shortening is common in children with 
L4, L5, or higher-level lesions. In the paralytic limb, abnor-
mal shortening of the fibula and lateral malleolus causes a 
valgus tilt of the talus, with subsequent valgus deformity at 
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the ankle (Fig. 34.35). Shortening of the fibula alters the nor-
mal distribution of forces on the distal tibial articular surface 
and increases compression forces on the lateral portion of the 
tibial epiphysis, further inhibiting growth, whereas decreased 
compression on the medial portion of the tibial epiphysis 
accelerates growth. This imbalance causes the lateral wedg-
ing that produces a valgus inclination of the talus. The degree 
of lateral wedging of the tibial epiphysis correlates with the 
degree of fibular shortening.

To evaluate valgus ankle deformity in children with 
myelomeningocele accurately, three factors must be deter-
mined: (1) the degree of fibular shortening, (2) the degree 
of valgus tilt of the talus in the ankle mortise, and (3) the 
amount of “lateral shift” of the calcaneus in relation to the 
weight-bearing axis of the tibia. Fibular shortening can be 
evaluated by measuring the distance between the distal fibu-
lar physis and the dome of the talus. In the normal ankle joint, 
the distal fibular physis is 2 to 3 mm proximal to the dome 
of the talus in children 4 years old (Fig. 34.36A). Between 
ages 4 and 8 years, the physis is at the same level as the talar 
dome (Fig. 34.36B), and in children older than 8 years, it is 

2 to 3 mm distal to the talar dome (Fig. 34.36C). Differences 
of more than 10 mm from these values are considered signifi-
cant. The valgus tilt of the talus can be measured accurately 
on anteroposterior, weight-bearing radiographs. The lat-
eral shift of the calcaneus is more difficult to determine, and 
radiographic techniques have been developed for evaluating 
ankle valgus and hindfoot alignment. If the talar tilt exceeds 
10 degrees, the x-ray tube should be tilted appropriately to 
obtain a true lateral weight-bearing view of the foot. On this 
view, the weight-bearing axis of the tibia is drawn and the 
distance from this line to the center of the calcaneus is mea-
sured. On an anteroposterior weight-bearing view, the beam 
should be directed horizontally to preserve the coronal rela-
tionship in both dimensions. The foot is positioned in slight 
dorsiflexion by placing a hard foam wedge under the plantar 
surface, but not under the calcaneus, and by positioning the 
cassette behind the foot and ankle. The normal lateral shift of 
the calcaneus is 5 to 10 mm (Fig. 34.37A); if the center of the 
calcaneus is more than 10 mm lateral to the weight-bearing 
line, excessive valgus is present (Fig. 34.37B). This technique 
is useful to determine before surgery if the valgus deformity 
is at the ankle or subtalar level.

Operative treatment is indicated when the ankle valgus 
deformity causes problems with orthotic fitting and cannot 
be relieved with orthoses. Achilles tenodesis is indicated for 
valgus talar tilt between 10 and 25 degrees in patients 6 to 10 
years old (Fig. 34.1). Other procedures to correct ankle val-
gus caused by bone deformities include hemiepiphysiodesis 
in children with remaining growth and supramalleolar dero-
tation osteotomy for severe angular deformity. Medial slid-
ing osteotomy of the calcaneus may be indicated if the valgus 
deformity is in the subtalar joint and calcaneus.

HEMIEPIPHYSIODESIS OF THE DISTAL TIBIAL 
EPIPHYSIS
Hemiepiphysiodesis of the distal tibial epiphysis is indicated 
in young children with valgus deformities of less than 20 
degrees and mild fibular shortening. Through a medial inci-
sion at the ankle, the medial aspect of the epiphysis is exposed 
and epiphysiodesis is performed by a percutaneous or an 

 

BA
FIGURE 34.35 A, Posterior view of right foot of normal child 

with correct alignment of malleoli and hindfoot. B, In child with 
myelomeningocele, medial malleolus is prominent and lateral 
malleolus is shortened, causing valgus deformity of ankle.

 

A B C

FIGURE 34.36 Normal position of distal fibular physis. A, Proximal to dome of talus in children 
up to 4 years of age. B, Level with dome of talus in children between 4 and 8 years of age. C, Distal 
to dome of talus in children older than 8 years of age.
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open method (Fig. 34.38). The growth arrest of the medial 
physis combined with continued growth of the lateral side 
gradually corrects the lateral wedging of the tibial epiphysis. 
If overcorrection occurs, the epiphysiodesis should be com-
pleted laterally. This procedure does not correct any rota-
tional component of the deformity, and derotation osteotomy 
of the distal tibia and fibula may be required. 

 

SCREW EPIPHYSIODESIS
Good results have been obtained with screw epiphysiode-
sis for correction of ankle valgus, which involves placing 
a vertical 4.5-mm screw across the medial malleolar phy-
sis to slow medial growth, allowing gradual correction of 

ankle valgus (median rate of correction of 0.59 degree per 
month). If the single screw is removed, growth can resume 
and the deformity may recur. This procedure is recom-
mended in children older than 6 years (Fig. 34.39).

 TECHNIQUE 34.33 

 n  Place the patient supine.
 n  Make a 3-mm stab wound over the medial malleolus. Use 

image intensification to properly position the incision.
 n  Insert a guide pin from the 4.5-mm cannulated screw set 

into the medial malleolus and advance it proximally and 
medially across the distal tibial physis. Confirm the posi-
tion of the guide pin by image intensification. The guide 
pin should be as vertical as possible in the medial one 
fourth of the medial distal tibial physis in the anteroposte-
rior plane. In the sagittal plane the guide pin should cross 
the physis through its middle third.

 n  Place a tap over the guide pin and tap the bone across the 
physis. Insert a fully threaded, cannulated screw over the 
guide pin until it is completely seated
   

 

SUPRAMALLEOLAR VARUS 
DEROTATION OSTEOTOMY
Supramalleolar osteotomy is recommended for children 
older than 10 years of age with low lumbar level lesions, 
severe fibular shortening (>10 to 20 mm), valgus tilt of 
more than 20 degrees, and external tibial torsion.

 TECHNIQUE 34.34 

 n  With the patient supine, make an anterior longitudinal 
incision at the distal third of the leg. Expose the distal tibia 
and identify the epiphysis.

 

A B

FIGURE 34.37 Radiographic technique for evaluation of ankle valgus. A, Normal shift of calca-
neus is 5 to 10 mm. B, Lateral shift of 15 to 18 mm indicates excessive valgus.

 FIGURE 34.38 Radiopaque dye shows extent of medial hemiep-
iphysiodesis of distal tibial epiphysis.
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 n  Make a second incision over the distal third of the fibula 
and perform an oblique osteotomy beginning laterally 
and extending distally and medially, depending on the 
degree of valgus to be corrected.

 n  Make the medial-based wedge osteotomy as distal on the 
tibia as possible (Fig. 34.40A).

 n  At the time of correction of the valgus, rotate the distal 
fragment internally to correct external tibial torsion.

 n  Use two Kirschner wires to temporarily hold the fragments 
in place, and obtain radiographs to evaluate correction of 
the valgus deformity. The talus should be horizontal and 
the lateral malleolus lower than the medial malleolus.

 n  Staples or Kirschner wires (Fig. 34.40C) or, in patients 
nearing skeletal maturity, a plate and screws (Fig. 34.40B) 
can be used for internal fixation.

 n  Close the wounds, and apply a long leg cast with the 
ankle and foot in neutral.

POSTOPERATIVE CARE Partial weight bearing with 
crutches is allowed immediately. At 3 weeks, the cast is 
changed to a below-knee cast and full weight-bearing 
is allowed. The Kirschner wires can be removed at 8 to 
12 weeks.
  

Rotational deformities of the lower extremity can cause 
functional problems in patients with myelomeningocele. 
Out-toeing can result either from an external rotation defor-
mity of the hip or from external tibial torsion and can lead 
to abnormal knee stress, primarily valgus, as well as difficul-
ties with brace fitting. Internal rotation osteotomies should 
be considered in children with 20 degrees or more of tibial 
torsion that interferes with gait. In-toeing can cause difficul-
ties with foot clearance during swing phase of gait. In-toeing 
frequently occurs in patients with L4 or L5 lesions because 
of an imbalance between the medial and lateral hamstrings. 
The hamstrings tend to remain active during the stance phase 
of gait and, when the biceps femoris is paralyzed, the muscle 
imbalance produces an in-toeing gait. Another cause for in-
toeing is residual internal tibial torsion.

Rotation deformity of the hip and external and internal 
tibial torsion can be corrected by derotation osteotomies. 
Dynamic in-toeing gait can be corrected by transferring the 
semitendinosus laterally to the biceps tendon.

KNEE
Knee deformities are common in patients with myelomenin-
gocele and can cause significant difficulties in maintaining 
ambulatory function. Deformities of the knee in patients with 
myelomeningocele are of four types: (1) flexion contracture, 
(2) extension contracture, (3) valgus deformity, and (4) varus 
deformity.

FLEXION CONTRACTURE
Flexion contractures are more common than extension con-
tractures. About half of children with thoracic or lumbar 
level lesions have knee flexion contractures. Contractures of 
20 degrees are common at birth, but most correct spontane-
ously. Knee flexion contractures may become fixed because 
of (1) the typical position assumed when supine—hips in 
abduction, flexion, and external rotation; knees in flexion; 
and feet in equinus; (2) gradual contracture of the hamstring 
and biceps muscles, with contracture of the posterior knee 
capsule from quadriceps weakness and prolonged sitting; (3) 
spasticity of the hamstrings that may occur with the tethered 
cord syndrome; and (4) hip flexion contracture or calcaneal 
deformity in the ambulatory patient. Knee flexion contrac-
tures of more than 20 degrees can interfere with an effective 
bracing and standing program and ambulation in an ambu-
latory patient. Patients who are nonambulatory may tolerate 
larger degrees of flexion contractures as long as it does not 
interfere with transfers and sitting balance. Radical flexor 
release usually is required for contractures of 20 to 30 degrees, 
especially in children who walk with below-knee orthoses. 

 

A B

C D

FIGURE 34.39 A, Preoperative standing anteroposterior  
radiographs of ankle in an 8-year, 6-month-old boy with symp-
tomatic flexible pes planus. Note valgus alignment of tibiotalar 
axis (11 degrees valgus), increased fibular station (station 1), and 
distal tibial epiphyseal wedging (index 0.55). Standing antero-
posterior (B) and lateral (C) radiographs 1 year, 3 months after 
placement of transphyseal medial malleolar screw. Tibiotalar axis 
is improved (3 degrees varus), whereas fibular station and epiphy-
seal wedging are unchanged. Note position of screw in both 
planes, subtle distal tibial metaphyseal deformity, and obliquity of 
physis created by screw. D, Standing anteroposterior radiograph 
of ankle 1 year, 4 months after screw removal. With release of 
medial tether and resumption of complete physeal growth, ankle 
valgus recurred (6 degrees valgus).  (From Davids JR, Valadie AL, 
Ferguson RL, et al: Surgical management of ankle valgus in children: 
use of a transphyseal medial malleolar screw, J Pediatr Orthop 17:3, 
1997.) SEE TECHNIQUE 34.33.
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Supracondylar extension osteotomy of the femur (Fig. 34.11) 
generally is required for contractures of more than 30 to 45 
degrees in older children who are community ambulators and 
in whom radical flexor release was unsuccessful. If a hip flex-
ion contracture is present, hip and knee contractures should 
be corrected at the same time. Spiro et al. reported that ante-
rior femoral epiphysiodesis by stapling is an effective and safe 
method for the treatment of fixed knee flexion deformity in 
growing children and adolescents with spina bifida. Guided 
growth with plate and screws also can be used to correct fixed 
flexion deformities. No surgical treatment is indicated in 
older children who are not community ambulators if the con-
tracture does not interfere with mobility and sitting balance. 

 

RADICAL FLEXOR RELEASE

 TECHNIQUE 34.35 

 n  Make a medial and a lateral vertical incision just above 
the flexor crease. Alternatively, a vertical midline incision 
just above the flexor crease can be used. Z- or S-shaped 
incisions that cross the flexor crease should be avoided 
because of difficulty with skin closure after a radical flexor 
release.

 n  In a child with a high-level lesion, identify and divide the 
medial hamstring tendons (semitendinosus, semimem-
branosus, gracilis, and sartorius).

 n  Resect part of each tendon (Fig. 34.41A).
 n  Laterally, identify, divide, and resect the biceps tendon 

and the iliotibial band.
 n  In a child with a low lumbar level lesion, intramuscularly 

lengthen the biceps and semimembranosus to preserve 
some flexor power.

 n  Free the origin of the gastrocnemius from the medial and 
lateral condyles, exposing the posterior knee capsule, and 
perform an extensive capsulectomy (Fig. 34.41B).

 n  If full extension is not obtained, divide the medial and 
lateral collateral ligaments and the posterior cruciate liga-
ment (Fig. 34.41C).

 

A B C
FIGURE 34.40 Supramalleolar varus derotation osteotomy for severe ankle valgus deformity 

in adolescents. A, Removal of medial bone wedge from distal tibial metaphysis. B, Fixation of 
osteotomy with plate and screws. C, Fixation with crossed wires. SEE TECHNIQUE 34.34.
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FIGURE 34.41 Release of flexor tendons for flexion contracture 
of knee. A, Minimal procedure. B, Additional optional procedures 
above joint level. C, Additional optional procedures at joint level. 
SEE TECHNIQUE 34.35.
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 n  Close the wound over a suction drain and apply a long 
leg cast or brace with the knee in full extension. If the 
flexion contracture is greater than 45 degrees, because 
of the possibility of vascular problems the first cast should 
be applied with the knee in 20 to 30 degrees of flexion 
and gradually brought to full extension through serial cast 
changes.

POSTOPERATIVE CARE The cast is removed at 14 days, 
and a long leg splint is used at night. For children with 
low lumbar level lesions, intensive physical therapy for 
strengthening of the quadriceps mechanism is imperative 
after cast removal.
  

EXTENSION CONTRACTURE
Knee extension contractures can occur in patients with myelo-
meningocele. Approximately two thirds have no useful muscle 
function in the lower extremities, one third of which are caused 
by unopposed quadriceps function from paralytic hamstring 
muscles. Extension contractures usually are bilateral and fre-
quently are associated with other congenital anomalies, such as 
dislocation of the ipsilateral hip, external rotation contracture 
of the hip, equinovarus deformity of the foot, and occasionally 
valgus deformity of the knee. Knee extension contracture can 
impair ambulation and make wheelchair sitting and transfers 
difficult. Serial casting, attempting to flex the knee to at least 90 
degrees, is successful in some patients. If this does not correct 
the contracture, lengthening of the quadriceps mechanism is 
indicated. The most common procedure to correct this defor-
mity is a V-Y quadriceps lengthening, capsular release, and 
posterior displacement of the hamstring muscles (Fig. 34.42). 
This usually is done by 1 year of age. Other methods of length-
ening have been described, including “anterior circumcision,” 
in which all of the structures in front and at the side of the 
knee are divided by subcutaneous tenotomy, subcutaneous 
release of quadriceps tendon, Z-plasty of the extensor mecha-
nism combined with anterior capsulotomy, and subcutaneous 
release of the patellar ligament. 

VARUS OR VALGUS DEFORMITY
Varus or valgus deformity of the knee can occur in patients 
with myelomeningocele and can result from abnormal trunk 
mechanics that lead to abnormal knee mechanics or from 
malunion of a supracondylar fracture of the femur or proxi-
mal metaphyseal fracture of the tibia. In ambulatory patients, 
valgus knee instability is more common. This is caused by 
several reasons in ambulatory patients. Weak quadriceps, 
gastrocnemius-soleus muscles, and hip abductors cause the 
knee to go into valgus as the patient displaces the hemipel-
vis laterally during stance phase. The amount of knee val-
gus is proportional to the degree of neurologic impairment. 
This deformity also can be associated with excessive femo-
ral anteversion or excessive external tibial torsion. Both 
increase the valgus or adductor stresses at the knee during 
the stance phase of gait (Fig. 34.43). This eventually leads to 
increased joint laxity and degenerative changes around the 
knee. Nonoperative treatment consists of the use of forearm 
crutches to decrease the Trendelenburg gait. A KAFO can be 
used to stabilize the knee, but often they are too bulky and 
not well accepted by an ambulatory patient. Deformities that 

interfere with bracing and mobility require supracondylar or 
tibial osteotomy with internal fixation to correct the defor-
mity. Hemiepiphysiodesis, stapling, or guided growth with 
plate and screws also can be used for correction if the angular 
deformity is recognized early. 

HIP
Treatment recommendations for deformities and instabil-
ity around the hip in children with myelomeningocele have 
changed owing, in part, to the use of gait analysis. Deformities 
or instability of the hip in children with myelomeningocele 
can be caused by muscle imbalance, congenital dysplasia, 
habitual posture, or a combination of these three. Nearly half 
of children with myelomeningocele have hip subluxation or 
dislocation, which correlates poorly with overall hip function 
and ambulatory potential. Many authors found that the pres-
ence of a concentric reduction did not lead to improvements 
in hip range of motion, ability to ambulate, and decreased 
pain. The goal of current treatment protocols is to maintain 
hip range of motion through contracture prevention and 
release rather than obtaining anatomic concentric reduction.

Abduction or adduction contractures of the hip can cause 
infrapelvic obliquity that can interfere with ambulation and 
bracing. Hip flexion contractures with associated lumbar 

 

BA

FIGURE 34.42 V-Y quadricepsplasty for hyperextension contrac-
ture of the knee. A, Detachment of rectus femoris tendon from 
muscle of rectus femoris, vastus medialis, and vastus lateralis 
muscles; vastus medialis and lateralis muscles are separated from 
iliotibial band, lateral hamstrings, medial hamstrings, and sartorius 
muscles. B, When knee is flexed, hamstring muscles and tensor 
fascia lata slip posterior to knee axis, restoring normal function. 
Quadriceps muscles are repaired in lengthened position.
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lordosis and knee flexion contracture may cause more disabil-
ity than mobile dislocated hips. Because of the different levels 
of paralysis and the combination of mixed and flaccid paral-
ysis, treatment must be individualized for each patient. An 
evidence-based review of hip surgery in patients with myelo-
meningocele found that there was no benefit to surgical treat-
ment of dislocated hips and that walking ability was related 
to the degree of contracture present. The only subgroup that 
might benefit from surgery is children with myelomeningo-
cele below L4 with a unilateral hip dislocation. Children in 
this group may have a worsened Trendelenburg gait secondary 
to leg-length discrepancy; however, this remains controver-
sial. Gait analysis has shown that walking speed is unaffected 
by the presence of a hip dislocation in patients with low-level 
myelomeningocele, and gait symmetry more closely correlates 
to the absence of joint contractures or the presence of sym-
metric contractures rather than the status of the hip itself.

In addition, the complication rate for surgical reduction 
of the hip in patients with myelomeningocele can be very 
high, ranging from 30% to 45%. Complications include loss 
of motion, pathologic fractures, worsening ambulatory func-
tion, and worsening neurologic deficits.

FLEXION CONTRACTURE
Flexion deformity of the hip occurs most frequently in chil-
dren with high lumbar or thoracic level lesions. The proposed 
causes for a hip flexion contracture are unopposed action of 

the hip flexors (iliopsoas, sartorius, and rectus femoris), habit-
ual posture from long periods of lying supine or sitting, and 
spasticity of the hip flexors. Hip flexion contractures must be 
distinguished from the physiologic flexion position, and the 
amount of hip flexion should be determined by the Thomas 
test. Because of a tendency to improve, hip flexion deformi-
ties rarely should be surgically treated before 24 months of 
age. A hip flexion contracture of 20 to 30 degrees usually can 
be accommodated. Increased lumbar lordosis and knee flex-
ion often are associated with hip flexion contractures and may 
make a stable upright posture difficult. Surgical release is indi-
cated for contractures that interfere with bracing, walking, or 
obtaining an upright posture when hip flexion contractures 
are greater than 30 degrees. Knee flexion contractures, which 
commonly occur with the hip contractures, should be cor-
rected at the same time as the hip contracture.

Anterior hip release involves release of the sartorius, rec-
tus femoris, iliopsoas, and tensor fasciae latae muscles; the 
anterior hip capsule; and the iliopsoas tendon. This procedure 
should adequately correct flexion contractures of 60 degrees. 
If deformity remains after release, subtrochanteric extension 
osteotomy is indicated. 

 

ANTERIOR HIP RELEASE

 TECHNIQUE 34.36 

 n  Make a “bikini-line” skin incision slightly distal and par-
allel to the iliac crest, extending it obliquely along the 
inguinal crease.

 n  Identify and protect the neurovascular bundle medially.
 n  Identify the iliopsoas tendon as far distally as possible and 

divide it transversely.
 n  Detach the sartorius muscle from its origin on the superior 

iliac crest.
 n  Identify the rectus insertion in the anterior inferior iliac 

crest and detach it.
 n  Laterally, identify the tensor fasciae latae muscle, and, af-

ter carefully separating it from the fascia, divide the fascia 
transversely completely posterior to the anterior border of 
the gluteal muscles to expose the anterior hip capsule.

 n  If any residual flexion contracture remains, open the joint 
capsule transversely about 2 cm from the acetabular labrum.

 n  Place a suction drain in the wound, suture the subcutane-
ous tissue with interrupted sutures, and approximate the 
skin edges with subcuticular nylon sutures.

 n  Apply a hip spica cast or a total body splint with the hip in full 
extension, 10 degrees of abduction, and neutral rotation.

 n  In children with low lumbar level lesions this release great-
ly reduces hip flexor power and may impair mobility. A 
free tendon graft, using part of the tensor fasciae latae, 
can be used to reattach the sartorius to the anterior supe-
rior iliac crest, and the rectus tendon can be sutured distal 
to the sartorius muscle in the hip capsule.

POSTOPERATIVE CARE Early weight bearing for 2 to 
3 hours a day is encouraged. The spica cast is removed 
at 4 to 6 weeks. If a splint is used, it can be removed for 
range-of-motion exercises after the wounds are healed.
  

 

A B
FIGURE 34.43 A, Maximal coronal plane movement and 

posteromedial position of ground reaction force in relation to knee 
joint center. B, Close-up of ground reaction force during maximal 
coronal plane displacement of trunk.  (From Gupta RT, Vankoski S, 
Novak RA, Dias LS: Trunk kinematics and the influence on valgus knee 
stress in persons with high sacral level myelomeningocele, J Pediatr Orthop 
25:89, 2005.)
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FLEXION-ABDUCTION–EXTERNAL  
ROTATION CONTRACTURE
Flexion-abduction–external rotation contractures are com-
mon in children with thoracic level lesions and complete paral-
ysis of the muscles of the lower extremity. Continuous external 
rotation of the hip in the supine position causes contractures 
of the posterior hip capsule and short external rotator muscles; 
this occurrence may be decreased by the use of night splints 
(total body splints) and range-of-motion exercises. Complete 
hip release (see Technique 34.18) is indicated only when the 
deformity interferes with bracing. If both hips are contracted, 
as is often the case, both should be corrected at the same time. 

EXTERNAL ROTATION CONTRACTURE
Isolated external rotation contracture of the hip occasion-
ally occurs in children with low lumbar level lesions. Initially, 
bracing and physical therapy help improve the external rota-
tion contracture. If the external hip rotation persists after the 
child is 5 or 6 years old, a subtrochanteric medial rotation 
osteotomy (see Chapter 33) is indicated. 

ABDUCTION CONTRACTURE
Isolated unilateral abduction contracture is a common cause 
of pelvic obliquity, scoliosis, and difficulty in sitting and 
ambulation. It generally is caused by contracture of the ten-
sor fasciae latae, but it may occur after iliopsoas transfer. 
It is common in children with high-level lesions, and early 
splinting and physical therapy may decrease the risk of its 
occurrence. Fascial release is indicated when the abduction 
contracture causes pelvic obliquity and scoliosis and inter-
feres with function or bracing. 

 

FASCIAL RELEASE

 TECHNIQUE 34.37 

 n  Incise the skin along the anterior one half or two thirds of 
the iliac crest to the anterior superior iliac spine.

 n  Divide all thigh fascial and tendinous structures around 
the anterolateral aspect of the hip: fascia lata, fascia over 
the gluteus medius and gluteus minimus, and tensor fas-
ciae latae.

 n  Do not divide the muscle tissue, only the enveloping fas-
cial structures.

 n  Fasciotomy of the fascia lata distally, as described by 
Yount (see Technique 34.18), also may be required.

 n  Close the wound over a suction drain, and apply a hip 
spica cast with the operated hip in neutral abduction and 
the opposite hip in 20 degrees of abduction, enough to 
permit perineal care.

POSTOPERATIVE CARE The cast is removed at 2 weeks, 
and a total body splint is fitted.
  

ADDUCTION CONTRACTURE
Adduction contractures are common with dislocation or sub-
luxation of the hip in children with high-level lesions because 
of spasticity and contracture of the adductor muscles. Surgery 

is indicated when the contracture causes pelvic obliquity and 
interferes with sitting or walking. Adductor release may be 
combined with operative treatment of hip subluxation or 
dislocation. 

 

ADDUCTOR RELEASE

 TECHNIQUE 34.38 

 n  Make a transverse inguinal incision 2 to 3 cm long just 
distal to the inguinal crease over the adductor longus ten-
don.

 n  Open the superficial fascia to expose the adductor longus 
tendon.

 n  Using electrocautery, divide the tendon close to its inser-
tion on the pubic ramus.

 n  If necessary, divide the muscle fibers of the gracilis proxi-
mally and completely divide the adductor brevis muscle 
fibers, taking care to protect the anterior branch of the 
obturator nerve. At least 45 degrees of abduction should 
be possible.

 n  Close the wound over a suction drain.

POSTOPERATIVE CARE A brace or cast that holds the 
hip in 25 to 30 degrees of abduction can be used postop-
eratively. If a cast is used, it is removed at 2 weeks, and 
a splint is fitted with the hip in 25 degrees of abduction.
  

HIP SUBLUXATION AND DISLOCATION
True developmental hip dislocation is rare in patients with 
myelomeningocele and occurs in children with sacral level 
lesions without significant muscle imbalance. Treatment 
should follow standard conservative methods (Pavlik harness, 
closed reduction, and spica cast immobilization). Teratologic 
dislocations usually occur in children with high-level lesions. 
Initial radiographs show a dysplastic acetabulum, with the 
head of the femur displaced proximally; these dislocations 
should not be treated initially.

Paralytic subluxation or dislocation is the most common 
type, occurring in 50% to 70% of children with low-level (L3 
or L4) lesions. Dislocation occurs most frequently during the 
first 3 years of life because of an imbalance between abduc-
tion and adduction forces. Dislocations in older children usu-
ally are caused by contractures or spasticity of the unopposed 
adductors and flexors associated with a tethered cord syn-
drome or hydromyelia.

Reduction of hip dislocations in children with myelome-
ningocele is generally not recommended. Maintaining a level 
pelvis and flexible hips seems more important than reduction 
of the hip dislocation. The goal of treatment should be maxi-
mal function, rather than radiographic reduction. Soft-tissue 
release alone is indicated in patients without functional quad-
riceps muscles because only occasionally do they remain com-
munity ambulators as adults. Open reduction is appropriate 
only for rare children with sacral level involvement who have 
strong quadriceps muscles bilaterally, normal trunk balance, 
and normal upper extremity function. Bilateral or unilateral 
hip dislocation or subluxation in children with high-level 
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lesions does not require extensive surgical treatment, but soft-
tissue contractures should be corrected.

If treatment is undertaken for hip subluxation or disloca-
tion in the rare patient who may benefit from it, the principles 
of paralytic hip surgery should be adhered to as follows: (1) 
obtain reduction of the hip into the acetabulum, (2) correct 
any residual bony deformity, and (3) balance the deforming 
muscle forces to prevent recurrence. The two most common 
procedures to balance the deforming muscle forces in an unsta-
ble hip in patients with myelomeningocele have been transfer 
of the iliopsoas muscle (Sharrad or Mustard procedure) and 
transfer of the external oblique muscle. Iliopsoas transfer with 
adductor release, capsulorrhaphy, and acetabuloplasty can be 
done in addition to open reduction. The Sharrad iliopsoas 
transfer through the posterolateral ilium (see Technique 34.21) 
is most often used. Iliopsoas transfer is controversial and is not 
routinely recommended; it has reported success rates rang-
ing from 20% to 95%. Alternative procedures include transfer 
of the external oblique muscle to the greater trochanter (see 
Technique 34.19) in conjunction with femoral osteotomy and 
posterolateral transfer of the tensor fasciae latae with trans-
fer of the adductor and external oblique muscles. This proce-
dure also is controversial. Yildram et al. found no difference in 
functional improvement with external oblique transfer com-
pared with surgery with internal oblique transfer. 

 

TRANSFER OF ADDUCTORS, 
EXTERNAL OBLIQUE, AND TENSOR 
FASCIAE LATAE

 TECHNIQUE 34.39 

(PHILLIPS AND LINDSETH)
 n  Place the patient supine and expose the adductor muscles 

through a transverse incision beginning just anterior to 
the tendon of the adductor longus and extending poste-
riorly to the ischium.

 n  Incise the fascia longitudinally and detach the tendons of 
the gracilis, adductor longus and brevis, and the anterior 
third of the magnus from the pubis.

 n  Carry the dissection posteriorly to the ischial tuberosity 
and suture the detached origins of the adductor muscles 
to the ischium with nonabsorbable sutures. Take care not 
to disrupt the anterior branch of the obturator nerve that 
supplies the adductor muscles.

 n  Transfer the external abdominal oblique muscle to the 
gluteus medius tendon or preferably to the greater tro-
chanter, as described by Thomas, Thompson, and Straub.

 n  Make an oblique skin incision extending from the pos-
terior third of the iliac crest to the anterior superior iliac 
spine (Fig. 34.44A).

 n  Curve the incision distally and posteriorly to the junction 
of the proximal and middle third of the femur.

 n  With sharp and blunt dissection, raise skin flaps to expose 
the fascia of the leg from the lateral border of the sarto-
rius to the level of the greater trochanter.

 n  Expose the external oblique similarly from the iliac crest to 
the posterior superior iliac spine and from its costal origin 
to the pubis (Fig. 34.44B).

 n  Make two incisions approximately 1 cm apart in the apo-
neurosis of the external oblique parallel to the Poupart 
ligament and join them close to the pubis at the external 
ring.

 n  Extend the superior incision proximally along the medi-
al border of the muscle belly until the costal margin is 
reached.

 n  Free the muscle from the underlying internal oblique by 
blunt dissection until the posterior aspect is reached in the 
Petit triangle.

 n  Elevate the muscle fibers from the iliac crest by cutting 
from posterior to anterior along the crest.

 n  Close the defect that remains in the aponeurosis of the 
external oblique beginning at the pubis and extending as 
far laterally as possible.

 n  Fold the cut edges of the muscle and aponeurosis over 
and suture with a single suture at the muscle-tendinous 
junction.

 n  Weave a heavy, nonabsorbable suture through the apo-
neurosis in preparation for transfer (Fig. 34.44C).

 n  Attention is then directed to the tensor fasciae latae.
 n  Detach the origin of the tensor fasciae latae from the 

ilium.
 n  Separate the muscle along its anterior border from the 

sartorius down to its insertion into the iliotibial band.
 n  Divide the iliotibial band transversely to the posterior part 

of the thigh.
 n  Carry the incision in the iliotibial band proximally to the 

insertion of the oblique fibers of the tensor fasciae latae 
and the tendon of the gluteus maximus. Take care to 
preserve the superior gluteal nerve and arteries beneath 
the gluteus medius muscle approximately 1 cm distal and 
posterior to the anterior superior iliac spine (Fig. 34.44D).

 n  Abduct the hip and fold the origin of the tensor fasciae la-
tae back on itself to the limit allowed by the neurovascular 
bundle and then suture it to the ilium with nonabsorbable 
sutures so that its origin overlies the gluteus medius mus-
cle. Do not attach the distal end to the gluteus maximus 
tendon until the end of the procedure.

 n  The hip, proximal femur, and ilium are now easily acces-
sible for indicated corrective procedures such as open re-
duction of the hip, capsular plication, proximal femoral 
osteotomy, and acetabular augmentation. The origins of 
the rectus femoris and the psoas tendon are not routinely 
divided, although they can be released at this time if there 
is a hip flexion contracture.

 n  With the patient maximally relaxed or paralyzed, transfer the 
tendon of the external oblique to the greater trochanter.

 n  Drill a hole in the greater trochanter and pass the tendon 
of the external oblique from posterior to anterior and su-
ture it back on itself. The muscle should reach the greater 
trochanter and should follow a straight line from the rib 
cage to the trochanter; if it does not, the borders of the 
muscle should be inspected to ensure that they are free 
from all attachments (Fig. 34.44D).

 n  Weave the distal end of the tensor fasciae latae through 
the tendon of the gluteus maximus while the hip is ab-
ducted approximately 20 degrees.

POSTOPERATIVE CARE A hip spica cast is applied post-
operatively with the hips in extension and abducted 20 
degrees. The child is encouraged to stand in the cast to 
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prevent osteopenia. The cast is removed 1 month after 
surgery, and physical therapy is started. The patient is 
returned to the braces used before the operation. Any 
modification in bracing is made as indicated on follow-up.
  

For severe acetabular dysplasia, a shelf procedure or 
Chiari pelvic osteotomy (see Chapter 30) can be done at the 
same time as the transfer. If more than 20 to 30 degrees of 
abduction is necessary to maintain concentric reduction of 
the hip, a varus femoral osteotomy is indicated. Even with 
these procedures to correct acetabular dysplasia there is 
a high failure rate if muscle-balancing procedures are not 
included as part of the procedure. 

 

PROXIMAL FEMORAL RESECTION  
AND INTERPOSITION  
ARTHROPLASTY
Severe joint stiffness is one of the most disabling results of 
hip surgery in patients with myelomeningocele. If the hip is 
stiff in extension, the child cannot sit; if it is stiff in flexion, 
the child cannot stand; if it is stiff “in between,” the child 
can neither sit nor stand. Resection of the femoral head 
and neck often is not effective. Proximal femoral resection 
and interposition arthroplasty are recommended in severely 
involved multiply handicapped children with dislocated hips 
and severe adduction contractures of the lower extremity.

 

BA

DC

FIGURE 34.44 Transfer of adductors, external oblique, and tensor fasciae latae. A, Skin inci-
sion. B, Skin flaps are elevated to expose fascia of leg and external oblique muscle. C, Cut edges 
of external oblique muscle and aponeurosis are folded over and sutured. Defect in aponeurosis 
is sutured. Origin of tensor fasciae latae on ilium is detached, with care being taken to preserve 
neurovascular bundle. Remainder of muscle is prepared for transfer. D, Tendon of external oblique 
is transferred to greater trochanter from posterior to anterior. Distal end of tensor fasciae latae is 
woven through tendon of gluteus maximus. SEE TECHNIQUE 34.39.
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 TECHNIQUE 34.40 

(BAXTER AND D’ASTOUS)
 n  Position the patient with a sandbag beneath the affected 

hip.
 n  Make a straight lateral approach beginning 10 cm proxi-

mal to the greater trochanter and extending down to the 
proximal femur.

 n  Split the fascia lata.
 n  Detach the vastus lateralis and gluteus maximus from their 

insertions, and detach them from the greater trochanter.
 n  Identify the psoas tendon, and detach its distal insertion 

on the lesser trochanter to expose extraperiosteally the 
proximal femur.

 n  Incise the periosteum circumferentially just distal to the 
gluteus maximus insertion, and transect the bone at this 
level.

 n  Divide the short external rotators. Incise the capsule cir-
cumferentially at the level of the basal neck.

 n  Cut the ligamentous teres, remove the proximal femur, 
and test the range of motion of the hip. If necessary, per-
form a proximal hamstring tenotomy through the same 
incision after identifying the sciatic nerve.

 n  Adductor release also can be performed through a sepa-
rate groin incision.

 n  Seal the acetabular cavity by oversewing the capsular edges.
 n  Cover the proximal end of the femur with the vastus late-

ralis and rectus femoris muscles.
 n  Interpose the gluteal muscles between the closed acetab-

ulum and the covered end of the proximal femur to act 
as a further soft-tissue cushion.

 n  Close the wound in layers over a suction drain.

POSTOPERATIVE CARE The operated lower extremity 
is placed in Russell traction in abduction until the soft 
tissues have healed, and then gentle range-of-motion 
 exercises are begun. If traction is not tolerated, the pa-
tient can be placed in a cast or brace until the soft tissues 
have healed.
  

PELVIC OBLIQUITY
Pelvic obliquity is common in patients with myelomeningocele. 
In addition to predisposing the hip to dislocation, it interferes 
with sitting, standing, and walking, and it can lead to ulceration 
under the prominent ischial tuberosity. Pelvic obliquity is an 
important determinant of ambulatory function, second only 
to neurologic level of involvement. Gait analysis has shown 
that pelvic obliquity has the strongest correlation with oxygen 
cost in ambulatory patients with myelomeningocele and that 
patients may self-select their walking speed to minimize the 
pelvic shift in the sagittal and coronal planes during gait. Mayer 
described three types of pelvic obliquity: (1) infrapelvic, caused 
by contracture of the abductor and tensor fasciae latae muscles 
of one hip and contracture of the adductors of the opposite hip; 
(2) suprapelvic, caused by uncompensated scoliosis resulting 
from bony deformity of the lumbosacral spine or severe para-
lytic scoliosis; and (3) pelvic, caused by bony deformity of the 
sacrum and sacroiliac joint, such as partial sacral agenesis, 
causing asymmetry of the pelvis. Incidence of infrapelvic obliq-
uity can be decreased by splinting, range-of-motion exercises, 

and positioning, but when hip contractures are well estab-
lished, soft-tissue release is required. Occasionally, more severe 
deformities require proximal femoral osteotomy. Suprapelvic 
obliquity can be corrected by control of the scoliosis by ortho-
ses or spinal fusion. If severe scoliosis cannot be completely 
corrected, bony pelvic obliquity becomes fixed.

Obliquity of 20 degrees is sufficient to interfere with 
walking and to produce ischial decubitus ulcerations; Mayer 
recommended pelvic osteotomy in this instance. Before oste-
otomy, hip contractures should be released and the scoliosis 
should be corrected by spinal fusion. The degree of correction 
of pelvic obliquity is determined preoperatively from appro-
priate radiographs of the pelvis and spine (Fig. 34.45A). The 
maximal correction obtainable with bilateral iliac osteoto-
mies is 40 degrees. 

 

PELVIC OSTEOTOMY

 TECHNIQUE 34.41 

(LINDSETH)
 n  The approach is similar to that described by O’Phelan for 

iliac osteotomy to correct exstrophy of the bladder (see 
Chapter 30).

 n  With the child prone, make bilateral, inverted, L-shaped 
incisions beginning above the iliac crest, proceeding me-
dially to the posterior superior iliac spine, and then curv-
ing downward along each side of the sacrum to the sciatic 
notch.

 n  Detach the iliac apophysis by splitting it longitudinally 
starting at the anterior superior iliac spine and proceed-
ing posteriorly.

 n  Retract the paraspinal muscles, the quadratus lumborum 
muscle, and the iliac muscles medially along the inner half 
of the epiphysis and the inner periosteum of the ilium.

 n  After the sacral origin of the gluteus maximus has been 
detached from the sacrum, divide the outer periosteum 
of the ilium longitudinally just lateral to the posteromedial 
iliac border, extending from the posterior superior iliac 
spine down to the sciatic notch.

 n  Strip the outer periosteum along the gluteus muscles and 
the outer half of the epiphysis from the outer table of the 
ilium, taking care to avoid damaging the superior and 
inferior gluteal vessels and nerves. Retract the soft tissues 
down to the sciatic notch, and protect them by inserting 
malleable retractors. Next, make bilateral osteotomies ap-
proximately 2 cm lateral to each sacroiliac joint. The size 
of the wedge is determined by the amount of the cor-
rection desired and is limited to no more than one third 
of the iliac crest; the base of the wedge usually is about 
2.5 cm long (Fig. 34.45B).

 n  After the wedge of bone has been removed, correct the 
deformity by pulling on the limb on the short side and 
pushing up on the limb on the long side (Fig. 34.45C). 
Usually this closes the osteotomy on the long side. If up-
per migration of the ilium onto the sacrum is severe, trim 
the excess iliac crest.

 n  Close the wedge osteotomy with two threaded pins or 
sutures through drill holes.

    

https://booksmedicos.org


CHAPTER 34  PARALYTIC DISORDERS 1431

 n  Then use a spreader to open the osteotomy on the 
 opposite (short) side sufficiently to receive the graft.

 n  Use two Kirschner wires to hold the graft in place 
(Fig. 34.45C).

 n  Close the wound over suction-irrigation drains, and apply 
a double full-hip spica cast.

POSTOPERATIVE CARE The cast is worn for 2 weeks. 
The Kirschner wires are removed when radiographs show 
sufficient healing of the osteotomy.
  

SPINE
SCOLIOSIS

Paralytic spinal deformities have been reported in 90% of 
patients with myelomeningocele. Scoliosis is the most com-
mon deformity and usually is progressive. The incidence of 
scoliosis is related to the level of the bone defect and the level 
of paralysis: 100% with T12 lesions, 80% with L2 lesions, 70% 
with L3 lesions, 60% with L4 lesions, 25% with L5 lesions, and 
5% with S1 lesions. Glard expanded on this concept by divid-
ing patients into four neurosegmental groups based on the spi-
nal deformities that occur within each group. Group 1 (L5 or 

 

C
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FIGURE 34.45 Pelvic osteotomy for pelvic obliquity, as described by Lindseth. A, Preoperative 
determination of size of iliac wedge to be removed and transferred. B, After bilateral osteotomies 
and removal of wedge from low side, deformity is corrected. C, Transferred iliac wedge is fixed 
with two Kirschner wires. SEE TECHNIQUE 34.41.
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below) had no spinal deformity, group 2 (L3-L4) had variable 
deformities, group 3 (L1-L2) was predictive of spinal deformity, 
and group 4 (T12 and above) was predictive of kyphosis. The 
curves develop gradually until the child reaches age 10 years 
and may increase rapidly with the adolescent growth spurt. 
Raycroft and Curtis differentiated between developmental (no 
vertebral anomalies) and congenital (structural abnormalities 
of the vertebral bodies) scoliosis in patients with myelome-
ningocele. The two types were almost evenly divided in their 
patients. They suggested muscle imbalance and habitual pos-
turing as causes of developmental scoliosis. Developmental 
curves occur later than congenital curves, are more flexible, 
and usually are in the lumbar area with compensatory curves 
above and below. Several authors have suggested that develop-
mental scoliosis can be caused in some patients by hydromy-
elia or a tethered cord syndrome, and an early onset of scoliosis 
(<6 years) frequently occurs in patients with these lesions.

Spinal radiographs should be obtained at least once each 
year, beginning when the child is 5 years old. If any scoliosis is 
detected, further evaluation is indicated. MRI should be per-
formed to determine if hydromyelia or a tethered spinal cord 
is present. The use of a thoracolumbosacral orthosis for day-
time wear when the curve is more than 30 degrees may help 
with sitting balance and may slow curve progression. Bracing 
slows curve progression and delays surgical intervention but 
does not halt the progress of most curves. The use of a brace 
may be challenging because of poor skin and the risk of pres-
sure sores, as well as interference with bowel and bladder care.

Indications for spinal fusion include a progressive 
increase in angular deformity that cannot be controlled by 
bracing and unacceptable deformities that create problems 
with sitting balance. The goals of surgery are to achieve a solid 
fusion with maximal safe correction, minimize pelvic obliq-
uity, and increase sitting tolerance and independence. These 
goals must be weighed against the extremely high complica-
tion rate of spinal surgery in this patient population; com-
plications include nonunion in up to 40%, deep infection, 
hardware irritation and resultant skin breakdown, and loss of 
ambulatory function. In 49 patients who had spinal surgery, 
sitting balance was improved in 70%, but the ability to ambu-
late was negatively affected in 67% of patients who had ante-
rior and posterior surgery. Another study found that sitting 
was the only outcome measure to be improved by spinal sur-
gery, and an evidence-based review concluded that the bene-
fits of spine surgery in this patient population were uncertain. 
Anterior and posterior surgery was found to provide greater 
correction with lower pseudarthrosis rates (Fig. 34.46). 

KYPHOSIS
The most severe spinal deformity in patients with myelome-
ningocele is congenital kyphosis; it occurs in approximately 
10% of patients. The kyphosis usually is present at birth and 
may make sac closure difficult. The curve generally extends 
from the lower thoracic level to the sacral spine, with its apex 
in the midlumbar region. The deformity usually is progressive.

KYPHECTOMY
Congenital kyphosis is unresponsive to bracing and usu-
ally requires surgery for correction. The goal of treatment of 
kyphosis is not to obtain a normal spine but to provide sit-
ting balance without the use of the arms and hands for sup-
port. Other goals are to increase the lumbar height to allow 

room for abdominal contents and provide better mechanics 
for breathing and to prevent pressure sores by reducing the 
kyphotic prominence.

Kyphectomy is very effective in correcting kyphosis; how-
ever, the complication rate is high. Wound and skin break-
down are the most common complications, occurring in up 
to 50% of patients.

Surgical techniques for spinal fusion in scoliosis and cor-
rection of kyphosis are described in Chapter 44. Complications 
of spinal surgery in patients with myelomeningocele are sig-
nificantly greater than in patients with idiopathic scoliosis. 
The most common complication is failure of fusion, which is 
reported to occur in 40% of patients. Infection rates of 43% 
also have been reported. 

ARTHROGRYPOSIS MULTIPLEX 
CONGENITA
Arthrogryposis multiplex congenita (multiple congenital 
contractures) is a physical finding, not a diagnosis, and the 
term represents a group of unrelated disorders with the com-
mon phenotypic characteristic of multiple joint contractures. 
Arthrogryposis multiplex congenita should be considered a 
symptom complex that results in this characteristic phenotype 
that can occur in 400 different disorders that have been linked 
to over 350 genes. Arthrogryposis usually is a nonprogressive 
syndrome characterized by deformed, rigid joints that affect 
two or more areas of the body. The involved muscles or mus-
cle groups are atrophied or absent. The involved extremities 
appear cylindrical, fusiform, or cone-shaped and have dimin-
ished skin creases and subcutaneous tissue. Contracture of the 
joint capsule and periarticular tissues is present. Dislocation 
of the joints is common, especially of the hip and knee (Fig. 
34.47). Sensation and intellect are normal. The incidence of 
arthrogryposis has been reported to be 1 in 3000 live births.

More than 400 specific entities can be associated with 
what has been known as arthrogryposis multiplex congenita; 
because it is no longer considered a discrete clinical entity, the 
term multiple congenital contractures is preferred. Determining 
whether a child has normal neurologic function is essential 
to establish a differential diagnosis. In a child with a normal 
neurologic examination, arthrogryposis is most likely caused 
by amyoplasia, distal arthrogryposis, generalized connective 
tissue disorder, or fetal crowding. An abnormal neurologic 
examination indicates that movement in utero was dimin-
ished as a result of an abnormality of the central or peripheral 
nervous system, the motor endplate, or muscle (Fig. 34.48). 
The deformities may result from neurogenic, myogenic, 
skeletal, or environmental factors. Genetic evaluation is rec-
ommended for patients with arthrogryposis. Limited intra-
uterine movement is common to all types of arthrogryposis. 
Histologic analysis shows a small muscle mass with fibrosis 
and fat between the muscle fibers. Myopathic and neuropathic 
features often are found in the muscle. The periarticular soft-
tissue structures are fibrotic and create a fibrous ankylosis.

Clinical examination is the best modality for establishing 
the diagnosis of arthrogryposis multiplex congenita. Neurologic 
assessment, electromyography and nerve conduction studies, 
serum enzyme tests, DNA testing, and muscle biopsy can help 
to determine the underlying diagnosis. Radiographic examina-
tion assesses the integrity of the skeletal system, especially the 
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presence or absence of dislocated hips or knees, scoliosis, and 
other skeletal anomalies. The most common lower extremity 
deformities are rigid clubfoot and fixed extension or flexion 
contractures of the knees. Major problems in the upper extrem-
ity usually are immobile, adducted, and internally rotated 
shoulders; elbow contractures; severe, fixed palmar flexion and 
ulnar-deviated deformities of the wrist; and contractures of the 

metacarpophalangeal and interphalangeal joints. Involvement 
usually is bilateral but not always symmetric. All four limbs are 
involved in 56% of patients with arthrogryposis, three limbs in 
5%, legs only in 16%, and arms only in 17%. Scoliosis has been 
reported to occur in 10% to 30% of patients.

Classic arthrogryposis or amyoplasia usually involves 
all four extremities. The shoulders are internally rotated and 

 

A

C D

B

FIGURE 34.46   Anteroposterior (A) and lateral (B) radiographs of scoliosis in child with myelo-
meningocele. C and D, After correction with anteroposterior fusion.
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adducted. The elbow usually has an extension contracture, 
and the wrists are palmar flexed and ulnarly deviated. The fin-
gers often are rigidly flexed with the thumbs adducted. There 
often is a midline cutaneous hemangioma on the forehead. 
Patients with distal arthrogryposis have fixed hand and foot 
contractures, but the major large joints of the arms and legs 
are spared. Distal arthrogryposis is divided into type I and 
type II based on the absence or presence of facial abnormali-
ties. In contrast to amyoplasia, which occurs sporadically, 
distal arthrogryposis is inherited in an autosomal dominant 
fashion. Genetic analysis has identified 10 distinct types of 
distal arthrogryposis (Table 34.2).

TREATMENT
Most children with arthrogryposis have a relatively good prog-
nosis; treatment should be focused on obtaining maximal 

function. Some contractures may seem to worsen with age, but 
no new joints become involved. At least 25% of affected patients 
are nonambulatory. An early program of passive stretching exer-
cises for each contracted joint, to be followed by serial splinting 
with custom thermoplastic splints, is recommended. Although 
gains are achieved in extremity function and the need for cor-
rective surgery is reduced, recurrence of the deformity is likely.

The primary long-term goals of treatment are increased 
joint mobility and muscle strength and the development of 
adaptive use patterns that allow walking and independence 
with activities of daily living. To achieve these goals, correcting 
lower extremity alignment to make plantigrade standing and 
walking possible is necessary. Existing joint motion should 
be preserved and placed in the most functional location. 
Treatment should also focus on active motion, and tendon-
muscle transfers should be done when necessary. In addition, 
stiff joints should be positioned for functional advantage. 
Surgical intervention can be divided into early and late treat-
ment. Early treatment should accomplish as much functional 
improvement as possible in the involved extremities by 6 to 
7 years of age. Knee and hip surgery should be done by 6 to 
9 months of age. Treatment of foot deformities has shifted 
from surgery to more of an emphasis on deformity correction 
by casting and limited surgery. If foot surgery is required, it 
should be done close to the time the patient normally begins 
to stand, to decrease the likelihood of recurrence.

LOWER EXTREMITY
The rigid foot deformity in multiple congenital contractures 
usually is a clubfoot or congenital vertical talus. The goal of 
treatment is conversion of the rigid deformed foot into a 
plantigrade foot. If the valgus foot is plantigrade, treatment 
usually is not required. The most common foot deformity is 
clubfoot. The Ponseti method of clubfoot casting has been 
used successfully in patients with arthrogryposis and club-
feet, but a greater number of casts were required than for 
idiopathic clubfeet, and the relapse rate was 27% at 2-year fol-
low-up. Matar et al. reported satisfactory outcomes at 6-year 
follow-up in 11 of 17 arthrogrypotic clubfeet treated with 
Ponseti casting. Three patients with bilateral severe deformi-
ties required operative treatment. If casting fails, an extensive 
posteromedial and posterolateral release (see Chapter 29) is 

 FIGURE 34.47 Newborn with multiple congenital contractures (arthrogryposis) Note ortho-
paedic conditions: congenital dislocation of knees, teratologic clubfeet, internal rotation contrac-
tures of shoulder, extension contractures of elbow, and flexion contractures of wrist.

 

Central nervous
system etiology

Progressive
neurologic

etiology

Isolated
congenital

contractures

Multiple congenital
contractures

(arthrogryposis)

contracturesCongenital

Amyoplasia SyndromicDistal
arthrogryposis

FIGURE 34.48 Types of congenital contractures.  (From Bamshad 
M, Van Heest AE, Pleasure D: Arthrogryposis: a review and update. J Bone 
Joint Surg 91A[Suppl 4]:40, 2009.)
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recommended. If the deformity recurs in a young child or is 
so severe that it cannot be corrected by posteromedial soft-
tissue release, talectomy is indicated. Fusion of the calcaneo-
cuboid joint at the time of talectomy may decrease the risk 
of progressive midfoot adduction. Gross described a tech-
nique, similar to that described by Ogston and Kopits for 
use in myelomeningocele, of decancellation of the talus and 
cuboid in which a window is created in the dorsal cortex of 
the cuboid and lateral cortex of the neck and body of the 
talus (Fig. 34.49). All cancellous bone is carefully curetted, 

and the deformity is corrected by manual manipulation (see 
Technique 34.30). Triple arthrodesis may be performed for 
rigid deformity in adolescents. Gradual correction of the 
deformity with circular-frame external fixators is an alterna-
tive method for obtaining a plantigrade foot but is techni-
cally demanding. If the deformity recurs and is so severe that 
it cannot be corrected by posteromedial soft-tissue release or 
other methods, talectomy can be considered. Fusion of the 
calcaneocuboid joint at the time of talectomy may decrease 
the risk of progressive midfoot adduction. The long-term 

 TABLE 34.2 

Common Causes of Arthrogryposis

DISEASE GENETIC INFLUENCE ADDITIONAL FACTORS/FINDINGS
Amyoplasia Sporadic Usually quadrimelic involvement
Myelomeningocele Multifactorial Folic acid deficiency
Larsen syndrome AD Joint dislocations, spatulate thumbs, flattened nasal bridge
Distal arthrogryposis type I AD Hand, foot involvement
Multiple pterygium syndrome 
(Escobar syndrome)

AR Pterygium of upper and lower extremities, neck

Freeman-Sheldon syndrome 
 (whistling face syndrome)

AD Whistling appearance of face, ulnar deviation of hands, club-
foot, congenital vertical talus

Beal contractural arachnodactyly AD Slender limbs with knee, elbow, and hand contractures
Sacral agenesis Sporadic Maternal diabetes, exposure to organic solvents, retinoic acid
Diastrophic dysplasia AR Clubfoot, hitchhiker’s thumb, short stature, scoliosis, hypertro-

phic pinnae
Metatropic dysplasia AD, AR Platyspondylia, kyphosis, scoliosis
Thrombocytopenia–absent radii  
(TAR) syndrome

AR Absent radii with thumbs present, knee involvement, 
thrombocytopenia

Steinert myotonic dystrophy AD Myotonia, typical facies
Spinal muscular atrophy AR Anterior horn cell degeneration
Congenital muscular dystrophy AR Heterogeneous group of diseases, some with central nervous 

system involvement
Möbius syndrome Sporadic, AD Cranial nerve VI, VII palsy; micrognathia, clubfoot

AD, Autosomal dominant; AR, autosomal recessive.
From Bernstein RM: Arthrogryposis and amyoplasia, J Am Acad Orthop Surg 10:417, 2002.

 

B

A C

FIGURE 34.49 Cancellectomy of talus and cuboid. A, Incision. B, Windows in talus and cuboid 
to expose cancellous bone. C, Closing wedge osteotomy in cuboid.
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satisfaction rate of talectomy has been reported to be between 
45% and 50%.

The two most common deformities around the knee are 
a flexion contracture and an extension contracture. Initial 
treatment of flexion contractures is by serial splinting or 
casting in progressive degrees of extension. Ambulation is 
possible with a residual knee flexion contracture of 15 to 20 
degrees. If complete correction has not been obtained by 6 
to 12 months of age, posterior medial and lateral hamstring 
lengthening and knee capsulotomies are indicated. This 
should be approached through vertical medial and lateral 
posterior incisions or an extensile posterolateral Henry inci-
sion. S-shaped incisions should be avoided because they place 
excessive tension on the skin after correction, causing subse-
quent wound breakdown. After a posterior release has been 
performed, an anterior release of scar tissue may need to be 
done to obtain correction. Supracondylar extension osteot-
omy of the distal femur may be required to correct a contrac-
ture and allow use of orthoses. Extension osteotomies should 
be done when the patient is near skeletal maturity if possible 
to decrease the risk of recurrent deformity with remodeling. 
If osteotomies are done before skeletal maturity, about 50% of 
correction is maintained even if the deformity recurs. Often a 
femoral shortening may need to be combined with an exten-
sion osteotomy to protect neurovascular structures. Gradual 
correction of a knee flexion contracture can be achieved with 
a circular-frame external fixator, with or without an associ-
ated posterior release. This technique is used most often 
when soft-tissue webbing is associated with a knee flexion 
contracture. 

 

CORRECTION OF KNEE FLEXION 
CONTRACTURE WITH CIRCULAR-
FRAME EXTERNAL FIXATION

 TECHNIQUE 34.42 

(VAN BOSSE ET AL.)

APPROXIMATION OF KNEE CENTER OF ROTATION
 n  On a true lateral projection of the knee, with the distal 

and posterior femoral condyles superimposed, the inter-
section of the posterior femoral cortex and the widest an-
terior-posterior dimension of the femoral condyles gives 
the best estimate of the knee axis of motion (Fig. 34.50). 

POSTERIOR KNEE RELEASE
 n  Approach the knee through medial and lateral incisions, 5 

to 8 cm long, centered over the palpable posterior femo-
ral condyle and parallel to the ground when both the hip 
and knee are on the operating table (Fig. 34.51A).

 n  Laterally, incise the iliotibial band in line with the incision, 
and release its posterior half.

 n  After verifying the safety of the common peroneal 
nerve, isolate the biceps femoris tendon and transect it 
 proximally.

 n  With blunt dissection, elevate soft tissues off the knee 
joint capsule posteriorly until a finger can be run along 

the posterior aspect of the joint capsule to at least the 
midpoint.

 n  Identify the lateral head of the gastrocnemius, running 
as a tight band just proximal and posterior to the joint 
capsule; isolate and transect its tendon.

 n  Make a small capsulotomy posterolaterally, and continue 
it anteriorly to incise the posterior half of the lateral col-
lateral ligament (Fig. 34.51B).

 n  Use a Freer elevator to retract the posterior soft tissues, 
and cut the posterior capsule along the joint line with 
Mayo scissors. If the geniculate artery is cut or avulsed, 
obtain hemostasis by packing the wound for approxi-
mately 5 minutes.

 n  Medially, retract the vastus medialis obliquus anteriorly, 
and transect the semitendinosus and gracilis tendons.

 n  Deep to the tendons, transect the fascia of the semimem-
branosus, leaving the muscle belly intact.

 n  Bluntly elevate the soft tissues off the medial aspect of 
the posterior capsule, and transect the medial head of the 
gastrocnemius.

 n  At this point, it should be possible to pass a finger across 
the entire posterior joint line of the knee, even in small 
patients.

 FIGURE 34.50 Estimation of the knee axis of rotation. On a 
true lateral projection of the knee, with the distal and posterior 
femoral condyles superimposed, the intersection of the posterior 
femoral cortex and the widest anteroposterior dimension of the 
femoral condyles gives the best estimate of knee axis of rotation.  
(Redrawn from van Bosse HJP, Feldman DS, Anavian J, Sala DA: Treatment 
of knee flexion contractures in patients with arthrogryposis, J Pediatr 
Orthop 27:930, 2007.) SEE TECHNIQUE 34.42.
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 FIGURE 34.51 A, Placement of lateral and medial incisions 
for complete posterior knee release. B, Lateral exposure: a, 
knee wire axis; b, sectioned iliotibial band; c, transected lateral 
gastrocnemius tendon; d, cut edge of posterior knee capsule; 
e, extension anteriorly to posterior half of the lateral collateral 
ligament; f, common peroneal nerve. C, Medial exposure: a, knee 
wire axis; b, transected semitendinosus and gracilis tendons; c, 
transected medial gastrocnemius tendon; d, cut edge of posterior 
knee capsule; e, extension anterior to posterior half of the medial 
collateral ligament. D, Fixation of the proximal tibial Ilizarov 
ring.  (Redrawn from van Bosse HJP, Feldman DS, Anavian J, Sala DA: 
Treatment of knee flexion contractures in patients with arthrogryposis, 
J Pediatr Orthop 27:930, 2007.) SEE TECHNIQUE 34.42.
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 n  Use scissors to advance a posteromedial corner capsu-
lotomy anteriorly, incising the posterior half of the medial 
collateral ligament, staying cephalad to its attachments to 
the medial meniscus. Complete the capsulotomy with the 
scissors (Fig. 34.51C).

 n  Verify complete release by direct palpation. If the pos-
terior cruciate ligament can be felt as a taut band in the 
intercondylar notch, release it.

 n  Close only the skin with absorbable sutures. 

APPLICATION OF ILIZAROV FIXATOR
 n  Attach a femoral frame with two full rings to the femur 

and position Ilizarov universal joints on either side in line 
with the knee axis wire.

 n  Attach a tibial frame from the two universal joints with 
threaded rods.

 n  Position a transverse transfixation wire in the proximal 
tibial ring so that as it is tensioned it pulls the tibia slight-
ly anterior on the femur. This helps counter forces that 
cause posterior tibial subluxation during contracture cor-
rection (Fig. 34.51D).

 n  Secure the tibial frame to the tibia.
 n  Distract the joint 5 to 10 mm by lengthening between 

the universal joints and the tibial frame; this will avoid 
impingement and crushing of the articular cartilage dur-
ing correction.

 n  A telescopic rod for correction can be placed posteriorly 
or anteriorly; the latter is more convenient for seating 
purposes. Occasionally, the frame is extended to include 
the foot to simultaneously correct a deformity or prevent 
ankle equinus during treatment. 

POSTOPERATIVE CARE Approximately 1 week after 
surgery, correction is begun at 1 to 2 degrees a day, ad-
justed to the patient’s tolerance. Once fully corrected to 
0 degrees, the frame is maintained in full extension for 
an additional 2 to 4 weeks, depending on the ease of 
initial correction. The frame is removed in the operating 
room, and a cast is applied with the knee in full extension; 
the cast is molded to prevent posterior tibial subluxation. 
The cast is worn for 2 weeks and then replaced with a 
KAFO with locking knee hinges. Physical therapy is begun 
for gait training and knee range of motion. The KAFO is 
worn in full extension for 3 months and is removed only 
for bathing and physical therapy. After 3 months, it is 
worn routinely at night and during the day as needed for 
ambulation.
  

Anterior distal femoral guided growth with staples or 
8-plates has been reported by Palocaren et  al. to improve 
flexion deformity and ambulatory capacity in arthrogrypotic 
patients with knee flexion contractures. This technique is 
less invasive than soft-tissue releases, distal femoral osteoto-
mies, or frame distraction and is most beneficial in children 
with flexion contractures of less than 45 degrees. The guided 
growth can be done as an outpatient procedure, depending on 
the patient’s general health, anesthetic tolerance, and need for 
concomitant procedures. The timing of stapling is determined 
by the size of the femoral condyle rather than the chronologic 

age of the child: the condyle must be large enough to accom-
modate the smallest screw in the 8-plate set (16 mm). 

 

CORRECTION OF KNEE FLEXION 
CONTRACTURE WITH ANTERIOR 
STAPLING

 TECHNIQUE 34.43 

(PALOCAREN ET AL.)
 n  Use image intensification to determine the location of the 

distal femoral physis and make two 3-cm incisions on ei-
ther side of the patella centered at the level of the physis.

 n  With image intensifier guidance, place a needle into the 
physis and thread the central hole in the 8-plate over the 
needle so that the plate spans the physis.

 n  Ensure that the plate rests about 2 to 3 mm away from 
the lateral and medial edges of the patella. If the plate 
is fixed too close to the patella, knee movement will be 
restricted and painful.

 n  Insert two 1.6-mm guidewires through the screw holes in 
the plate, and verify their position with fluoroscopy.

 n  Place two self-tapping cannulated screws over the guide-
wires. The screws should be sufficiently long to meet, but 
not penetrate, the opposite cortex. Take care not to vio-
late the physis or the joint.

 n  Close the wound in layers and apply a soft dressing. 
A knee immobilizer can be used for comfort.

POSTOPERATIVE CARE Ambulation is allowed as tol-
erated. Follow-up radiographs are obtained at 4 weeks. 
Patients are followed at 6-month intervals for clinical 
evaluation of the flexion deformity, stance, and gait. The 
plates are left in place until the deformity is corrected 
(Fig. 34.52).
  

Contracture of the quadriceps mechanism can cause 
hyperextension of the knee, which is treated initially by 
serial casting. If the deformity does not respond to conser-
vative treatment by 6 to 12 months of age, surgical correc-
tion by quadricepsplasty (see Chapter 45) is recommended. 
It is important to counsel families that although knee range 
of motion and function improve in the short term, both func-
tion and outcomes decline as the deformities recur with time.

The hip is involved in approximately 80% of patients with 
multiple congenital contractures. In general, hip deformities 
should be treated by passive stretching exercises, beginning 
in infancy. If conservative measures fail, surgical correction 
of the hip deformity should be delayed until deformities of 
the knees have been corrected. Mild hip flexion contrac-
tures may be accommodated by an increase in lumbar lor-
dosis. Flexion contractures of more than 45 degrees should 
have surgical release. Van Bosse described a proximal femoral 
reorientational osteotomy to treat the typical hip contractures 
of abduction, flexion, and external rotation. This osteotomy 
corrects all the deformities at a single level with a posterior, 
medially based, wedge-shaped intertrochanteric osteotomy. 
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In a review of 65 patients with reorientational osteotomies 
(only six of whom were ambulatory), van Bosse and Saldana 
reported that, at a mean follow-up of 40 months, 36 (55%) 
patients were independently ambulatory and 20 (31%) were 
walker dependent. Nine patients were nonambulatory, of 
whom two had the procedure specifically to improve seating. 
There were 10 complications, including four fractures and 
three surgical site infections. 

 

REORIENTATIONAL PROXIMAL 
FEMORAL OSTEOTOMY FOR HIP 
CONTRACTURES IN  
ARTHROGRYPOSIS

 TECHNIQUE 34.44 

(VAN BOSSE)
 n  Determine hip range of motion clinically, and obtain ra-

diographs to confirm that the hips are located and there 
are no unusual structural abnormalities.

 n  Position the patient supine, with a bump at the sacrum, 
and drape to allow access to both hips simultaneously.

 n  For patients with a palpable soft-tissue flexion contracture, 
perform an initial anterior hip release (see Technique 34.36).

 n  Make a standard approach to the lateral aspect of the 
proximal femur (see Chapter 1).

 n  Make two intertrochanteric osteotomy cuts to provide cut 
surfaces that, when joined together, will optimally posi-
tion the lower extremity (Fig. 34.53A-C).

 n  Impact the blade plate into the proximal fragment, and 
secure it to the distal fragment. (Fig. 34.53D)

 n  Close in routine fashion, and apply a Petrie cast.

POSTOPERATIVE MANAGEMENT. The patient is mo-
bilized in a reclining wheelchair with elevated leg rests to 
gradually increase hip flexion. The family is instructed on 
prone positioning of the patient to maintain or increase 
extension. At 3 weeks, an anteroposterior radiograph is 
obtained and, if there is sufficient healing of the oste-
otomy sites, the patient is allowed to begin standing in the 
cast. At 6 weeks, the cast is replaced by a custom KAFO 
and, if radiographs show full healing, weight-bearing 
physical therapy is begun.

At 12 to 18 months after surgery, the blade plate is re-
moved as an outpatient procedure through the smallest 
incision possible.
  

Developmental hip dysplasia and hip dislocation occur in 
about two thirds of patients with arthrogryposis. Traditional 
recommendations are that bilateral teratologic hip dislo-
cations should not be reduced because reduction may not 
improve function. Good results have been reported, however, 
with early (3 to 6 months of age) open reduction through a 
medial approach. If surgical intervention is done between 12 
and 36 months of age, a one-stage open reduction, primary 
femoral shortening, and possible pelvic osteotomy are recom-
mended. Unilateral dislocation of the hip, whether flexible or 
rigid, should be reduced surgically and placed in a functional 
position to avoid potential pelvic obliquity and scoliosis. The 
treatment of bilateral dislocations should be individualized. 
Good results have been reported in bilateral hip dislocations 
treated with a medial or anterior approach. If the dislocated 
hips are treated surgically, postoperative immobilization 
should be limited to 6 to 8 weeks.

Traditional recommendations for treatment of the upper 
extremities in children with arthrogryposis have been to leave 

 

A B C

FIGURE 34.52 A, Preoperative lateral knee radiograph of a 4-year-old boy with arthrogryposis. 
B and C, Two years after anterior stapling of the distal femur with 8-plates. Lateral view shows 
correction of the flexion deformity and divergence of the screws with growth.  (From Palocaren 
T, Thabet AM, Rogers K, et al: Anterior distal femoral stapling for correcting knee flexion contracture in 
children with arthrogryposis—preliminary results, J Pediatr Orthop 30:169, 2010.) SEE TECHNIQUE 34.43.
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the shoulders internally rotated and adducted, the elbows 
extended, and the wrist flexed. Most of these children adapt 
to their disabilities and develop some form of bimanual func-
tion. Correction of upper extremity deformities should be 
delayed until ambulation has been achieved, usually by 3 

to 4 years of age. If surgery is delayed until age 8 years, the 
use patterns are so well established that the child would not 
adapt as well to surgical correction. The goal of treatment of 
upper extremity deformities is to provide optimal function of 
the hand in activities of daily living. In most instances, this 
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FIGURE 34.53 Creation of the proximal and distal bone cuts in the van Bosse reorientational 
proximal femoral osteotomies for correction of hip contractures. A and B, Proximal osteotomy is parallel 
and 5 to 8 mm distal to the seating chisel blade. Distal osteotomy is perpendicular to the shaft of the 
distal fragment so that the two cuts meet medially as the apex of the wedge. C, Second osteotomy cut 
is perpendicular to the shaft of the distal fragment. D, Blade plate fixation.  (A and B from van Bosse HJ, 
Saldana RE: Reorientational proximal femoral osteotomies for arthrogrypotic hip contractures, J Bone Joint Surg 
Am 99:55, 2017. C and D  from van Bosse HJP: Reorientational proximal femoral osteotomies for correction of 
hip contractures in children with arthrogryposis, JBJS Essent Surg Tech 7:e11, 2017.) SEE TECHNIQUE 34.44.
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involves procedures to obtain at least 90 degrees of passive 
elbow function, neutral wrist position, and thumb release. 
Function may be adequate despite severe deformity in chil-
dren with arthrogryposis; the benefits of surgical intervention 
must be carefully weighed against the risk of surgery.

The shoulder usually is adducted and internally rotated. 
Weakness and stiffness around the shoulder do not signifi-
cantly impair function and usually require no treatment, but 
the fixed internal rotation of the shoulder becomes a major 
obstacle for normal elbow and hand function. Proximal 
humeral rotation osteotomy (see Technique 34.49) may be 
indicated to correct this internal rotation deformity.

Deformity of the elbow usually means severe limita-
tion of either flexion or extension. The stiff flexed elbow is 
not a severe impairment, and surgery is not indicated. Fixed 

extension elbow deformity, especially if bilateral, is a severe 
functional impairment. The goals for surgery for a fixed 
extension elbow deformity are to gain functional range of 
motion and achieve active elbow flexion. Surgical options 
available for the fixed extended elbow are release of exten-
sion contractures, tricepsplasty, triceps transfer (Fig. 34.54), 
flexorplasty, and pectoralis major transfer. Lengthening of the 
triceps mechanism and posterior capsulotomy are the most 
reliable and durable of available surgical procedures. This 
procedure is indicated when elbow flexion is limited to 45 
degrees or less, with a goal to gain functional range of motion 
around the elbow. Zlotolow and Kozin combined posterior 
elbow capsular release with external rotation osteotomy of the 
humerus to place the forearm and hand in a better position 
for function and optimize hand-to-mouth activities. 
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FIGURE 34.54 Posterior release of elbow extension contracture and triceps tendon transfer to 
restore flexion.  (Redrawn from Herring JA, editor: Tachdjian’s pediatric orthopaedics, ed 3, Philadelphia, 
2002, Saunders.) SEE TECHNIQUES 34.45 AND 34.46.
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POSTERIOR ELBOW CAPSULOTOMY 
WITH TRICEPS LENGTHENING FOR 
ELBOW EXTENSION CONTRACTURE

 TECHNIQUE 34.45 

(VAN HEEST ET AL.)
 n  For unilateral release, place the patient in a lateral decubitus 

position; for bilateral release, position the patient supine.
 n  Apply a tourniquet, and approach the elbow through a 

curvilinear posterior incision (Fig. 34.54A).
 n  In patients with minimal elbow movement, take care to 

correctly identify the posterior aspect of the olecranon; 
severe internal rotation of the limb may cause the medial 
epicondyle to be mistaken for the olecranon.

 n  Identify the ulnar nerve in the medial intermuscular sep-
tum. Release the cubital tunnel, trace the ulnar nerve to 
the flexor carpi ulnaris innervation, and place a vessel loop 
around it for protection during subsequent dissection.

 n  Once the ulnar nerve has been identified, released, and 
protected, remove the tourniquet.

 n  Isolate, mobilize medially and laterally, and lengthen the 
triceps with either a Z-lengthening or V-Y advancement. 
Most commonly, the triceps is incised in a “V” fashion so 
that the central tongue is based on the olecranon and the 
two lateral limbs include tendon over as great a length as 
possible, from the proximal muscular portion distally to 
the olecranon insertion.

 n  Incise the posterior aspect of the capsule at the tip of the 
olecranon to allow identification of the joint surface.

 n  Extend the arthrotomy medially and laterally to allow 
maximal elbow flexion with a gentle passive stretch. If 
necessary, extend the capsular release around the medial 
and lateral sides to include the posterior edges of the 
medial and lateral collateral ligament.

 n  Flex the elbow as much as possible (more than 90 de-
grees) while allowing contact between the distal ends of 
the lateral triceps limbs and the proximal end of the cen-
tral tongue of triceps.

 n  Repair the triceps in an elongated position with nonre-
sorbable or reinforced suture.

 n  Close the skin, apply a light dressing, and place the arm in 
a long arm cast or a prefabricated custom-hinged elbow 
brace.

POSTOPERATIVE CARE The elbow is immobilized in 90 
degrees of flexion, with passive range of motion allowed 
as soon as tolerated. During the first month after surgery, 
physical therapy is advanced to include hand-to-mouth 
activities; passive flexion is limited to 90 degrees to pro-
tect the triceps lengthening during this time but is then 
advanced to full passive flexion. The splint or cast is worn 
for 4 to 6 weeks.
  

Passive elbow flexion to a right angle is a prerequisite for 
considering a tendon transfer for active elbow flexion. Triceps 
transfer can be done to regain elbow flexion, but over time a 
flexion contracture often occurs. Elbow stability in extension 
should not be sacrificed with this procedure because it can 

make the use of crutches, rising from a sitting position, and 
wheelchair transfers difficult. Procedures to achieve active 
elbow flexion in an arthrogrypotic patient are triceps transfer, 
flexorplasty, pectoralis major transfer, latissimus transfer, and 
free gracilis transfer. These procedures all have been relatively 
ineffective in maintaining long-term elbow flexion and have 
significant donor site morbidity. 

 

POSTERIOR RELEASE OF ELBOW 
EXTENSION CONTRACTURE AND 
TRICEPS TENDON TRANSFER

 TECHNIQUE 34.46 

(TACHDJIAN)
 n  Place the patient laterally.
 n  Make a midline incision on the posterior aspect of the 

arm, beginning in its middle half and extending distally to 
a point lateral to the olecranon process; carry the incision 
over the subcutaneous surface of the shaft of the ulna for 
a distance of 5 cm.

 n  Divide the subcutaneous tissue and mobilize the wound 
flaps (Fig. 34.54A).

 n  Identify the ulnar nerve and mobilize it medially to protect 
it from injury.

 n  Expose the intermuscular septum laterally.
 n  Mobilize the ulnar nerve and transfer it anteriorly.
 n  Lengthen the triceps muscle in a W fashion, leaving a long 

proximal tongue (Fig. 34.54B).
 n  Free the triceps muscle and mobilize it proximally as far 

as its nerve supply permits. The motor branches of the 
radial nerve to the triceps enter the muscle in the interval 
between the lateral and medial heads as the radial nerve 
enters the musculospiral groove.

 n  Suture the distal portion of the detached triceps to itself 
to form a tube (Fig. 34.54C).

 n  Make a curvilinear incision in the antecubital fossa, and 
develop the interval between the brachioradialis and the 
pronator teres (Fig. 34.54D and E).

 n  With a tendon passer, pass the triceps tendon into the 
anterior wound subcutaneously, superficial to the radial 
nerve (Fig. 34.54F).

 n  With the elbow in 90 degrees of flexion and the forearm 
in full supination, either suture the triceps tendon to the 
biceps tendon or anchor it to the radial tuberosity by a 
suture passed through a drill hole (Fig. 34.54G).

 n  Close the wound in the routine fashion.
 n  Apply an above-elbow cast with the elbow in 90 degrees 

of flexion and full supination.

POSTOPERATIVE CARE Four weeks after surgery the 
cast is removed and active exercises are begun to develop 
elbow flexion. Gravity provides extension to the elbow.
  

Steindler flexorplasty produces elbow flexion by transfer-
ring the flexor pronator origin from the medial epicondyle 
to the anterior humerus (Fig. 34.23). For this procedure to 
be beneficial, both active wrist flexors and extensors need 
to be present. This procedure rarely is indicated in children 
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FIGURE 34.55 Carpal wedge osteotomy. Anteroposterior (A) and lateral (B) views of the loca-
tion of the osteotomy, and anteroposterior (C) and lateral (D) views after wedge osteotomy.  
(Redrawn from Foy CA, Mills J, Wheeler L, et al: Long-term outcome following carpal wedge osteotomy in 
the arthrogrypotic patient, J Bone Joint Surg Am 95:e105[1], 2013.) SEE TECHNIQUE 34.47.

with multiple congenital contractures because the wrist flex-
ors usually are inactive and contracted. An active radial wrist 
extensor also needs to be present to prevent unacceptable 
wrist flexion after a flexorplasty. Triceps transfer would allow 
for early improvement in elbow flexion, but over time flex-
ion contractures may occur and function deteriorates, so one 
must be cautious in the use of this transfer. Transfer of the 
long head of the triceps can be used as an alternative (Fig. 
34.24). The long head of the triceps has a separate neurovas-
cular pedicle that can be separated from the rest of the triceps. 
A fascia lata graft often is needed to allow for transfer into the 
proximal ulna. This transfer often allows for adequate elbow 
flexion without loss of active elbow extension. Microsurgical 
transfer of the gracilis muscle to the arm has been reported.

The wrist is usually flexed and in an ulnar-deviated 
position. Wrist stabilization in the optimal functional posi-
tion probably is the most beneficial procedure in patients 
with multiple congenital contractures, but determination 
of the best position for function must be made carefully. 
Neutral or mild ulnar deviation and dorsiflexion between 5 
and 20 degrees proves to be the most satisfactory position. 
Procedures described for the arthrogrypotic wrist are ten-
don transfers, proximal row carpectomy, dorsal radial closing 
wedge osteotomy of the midcarpus, and wrist fusion. Wrist 
palmar flexion contracture can be corrected with flexor carpi 
ulnaris lengthening or transfer to the wrist extensors. This 
transfer acts more like a tenodesis procedure than a dynamic 
transfer. Proximal row carpectomy is not often recommended 
because of the loss of correction and stiffness that occurs with 

this procedure. In younger patients, a closing wedge osteot-
omy through the midcarpus can correct the wrist deformity. 
Foy et al. reported their results with carpal wedge osteotomy 
in 46 patients (75 wrists) (Fig. 34.55). At an average 6-year 
follow-up, correction of the flexion wrist posture was main-
tained; the arc of motion was shifted to a more useful posi-
tion and range of motion was not reduced. When the patient 
is near skeletal maturity, a wrist fusion can be performed by 
traditional methods. 

 

DORSAL CLOSING WEDGE 
OSTEOTOMY OF THE WRIST

 TECHNIQUE 34.47 

(VAN HEEST AND RODRIGUEZ, EZAKI, AND CARTER)
 n  Through a dorsal approach to the wrist, isolate and pro-

tect the digital and wrist extensor tendons, then make a 
dorsal capsulotomy.

 n  At the level of the midcarpus, make a dorsal wedge oste-
otomy sufficient to correct the wrist flexion deformity to 
at least a neutral position, taking care not to violate the 
radiocarpal joint and ensuring that finger flexor tightness 
is not produced by tenodesis.
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 n  Make the proximal cut distal to the radiocarpal joint at the 
level of the capsular attachment of the proximal carpal 
row, perpendicular in two planes to the long axis of the 
forearm.

 n  Make the distal cut through the distal carpal row, perpen-
dicular in both planes to the long axis of the metacarpus.

 n  If ulnar deviation correction also is required, resect more 
bone on the radial side of the dorsal carpal wedge to 
provide biplanar correction.

 n  Insert two crossed Kirschner wires to hold the osteotomy 
closed.

POSTOPERATIVE CARE The wrist is kept elevated for 
the first several days after surgery. The cast or splint is 
changed at 2 to 3 weeks. The wrist is immobilized in a 
cast or splint for an additional 6 weeks or until union is 
apparent on radiographs.
  

Flexion contractures of the fingers are best treated with 
passive stretching and splinting. Surgical procedures have 
not had any functional benefit over nonoperative treatment. 
Thumb-in-palm deformity may be difficult to treat and can 
involve a skin deficit, muscle/fascia contracture, flexor pol-
licis longus contracture, and extensor weakness. The goal is to 
allow the thumb to at least clear the second metacarpal. This 
usually is accomplished with a comprehensive thenar release.

SCOLIOSIS
Scoliosis has been reported to occur in 10% to 30% of patients 
with multiple congenital contractures, generally associated 
with neuromuscular weakness or pelvic obliquity. If the defor-
mity is severe and progressive, early surgical intervention is 
warranted. The indications and techniques for treatment of 
scoliosis in patients with multiple congenital contractures are 
the same as those for patients with other neuromuscular dis-
orders (see Chapter 44). 

BRACHIAL PLEXUS PALSY
Brachial plexus palsy may be seen after injury to the bra-
chial plexus during birth. Reported incidences range from 
0.1% to 0.4% of live births. Despite advances in obstetric 
care, the incidence of brachial plexus palsy was believed to 
be increasing because of the increase in high birth weight 
infants, but DeFrancesco et al. found a drop in the incidence 
of brachial plexus palsy over a 16-year period, from 1.7 to 
0.9 cases per 1000 live births. Numerous risk factors have 
been identified, including large birth weight, prolonged 
labor, difficult delivery, forceps delivery, maternal age, 
maternal obesity, maternal diabetes, and previous births 
with brachial plexopathy, but over half of patients with bra-
chial plexus birth palsy have no identifiable risk factors. 
Brachial plexus palsy is thought to be caused by a mechani-
cal traction injury during the birth process. Delivery by 
cesarean section does not exclude the possibility of brachial 
plexus birth palsy but does decrease the likelihood from 
0.2% to 0.02%. Shoulder dystocia is the mechanical factor 
that results in an upper trunk lesion. A breech delivery often 
results in a stretch of the lower plexus from traction applied 
to the trunk with the arm abducted.

Brachial plexus birth palsy was classified by Narakas 
according to the location of the injury of the brachial plexus 
(Table 34.3). Group I includes upper plexus lesions involving 
C5 and C6, the classic Erb palsy. This is the most common type 
(46% of cases) and has the most favorable prognosis. Group II 
consists of lesions of C5, C6, and C7. This group is the second 
most common (30% of cases) but has a worse prognosis than 
type I. Group III is a total plexus lesion with a flail extremity. 
This occurs in 20% of patients. Group IV is the most severe 
form, characterized by global plexopathy with flail extrem-
ity and Horner syndrome, which indicates involvement of the 
sympathetic chain and a probable avulsion injury. Injuries 
isolated to the C8 and T1 nerve roots (Klumpke palsy) are 
rare and account for less than 1% of cases of brachial plexus 
birth palsy.

The likelihood of recovery also is affected by whether the 
level of nerve injury is preganglionic or postganglionic. The 
degree and type of postganglionic neural injury were defined 
by Sunderland as neurapraxia, axonotmesis, and neurotmesis. 
Neurapraxia is paralysis in the absence of peripheral degener-
ation. Recovery usually is complete in this type. Axonotmesis 
is damage to the nerve fiber with complete peripheral degen-
eration but intact external tissues to provide support for 
regeneration. Recovery depends on the degree of nerve injury 
and is more prolonged. Neurotmesis is disruption of the neu-
ral and supporting tissues, which carries a poor prognosis. 
This includes neuroma in continuity, division of the nerve, 
and anatomic disruption. Preganglionic avulsion injuries 
cannot spontaneously recover motor function because the 
nerve roots are avulsed from the spinal cord. These injuries 

 TABLE 34.3

Classification and Prognosis in Obstetric Palsy

TYPE CLINICAL PICTURE RECOVERY
I C5-6 Complete or almost in 1-8 wk
II C5-6

C7
Elbow flexion: 1-4 wk
Elbow extension: 1-8 wk
Limited shoulder: 6-30 wk

III C5-6
C7
C8-T1 (no Horner 
sign)

Poor shoulder: 10-40 wk
Elbow flexion: 16-40 wk
Elbow extension: 16-20 wk
Wrist: 40-60 wk
Hand complete: 1-3 wk

IV C5-7
C8
T1 (temporary 
Horner sign)

Poor shoulder: 10-40 wk
Elbow flexion: 16-40 wk
Elbow extension incomplete, 
poor: 20-60 wk or nil
Wrist: 40-60 wk
Hand complete: 20-60 wk

V C5-7
C7
C8
T1
C8-T1 (Horner sign 
usually present)

Shoulder and elbow
Wrist poor or only extension; 
poor flexion or none
Very poor hand with no or 
weak flexors and extensors; 
no intrinsic as above

Modified from Narakas AO: Injuries to the brachial plexus. In Bora FW Jr, editor: 
The pediatric upper extremity: diagnosis and management, Philadelphia, 1986, 
Saunders.
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also are associated with loss of motor function of other nerves 
that arise close to the spinal cord, which can aid in early diag-
nosis of these injuries. Loss of the phrenic (elevated hemidia-
phragm), long thoracic, dorsal scapular, suprascapular, and 
thoracodorsal nerves (scapular stabilization) and the sympa-
thetic chain with resultant Horner syndrome are suggestive of 
a preganglionic avulsion injury.

CLINICAL FEATURES
The diagnosis usually is evident at birth. The newborn has 
decreased spontaneous movement and asymmetry of infantile 
reflexes such as Moro reflex or asymmetric tonic neck reflex. 
In upper root involvement, the arm is held in internal rota-
tion and active abduction is limited. The elbow may be slightly 
flexed or in complete extension. The thumb may be flexed, and 
occasionally the fingers do not extend. In complete paralysis, 
the entire arm and hand is flail. Pinching produces no reac-
tion. Vasomotor impairment may be indicated by the relative 
paleness of the involved extremity. An ipsilateral Horner syn-
drome consisting of ptosis and a small pupil indicates injury 
to the T1 cervical sympathetic nerves. This is a major indi-
cation for a poor outcome. Radiographs of the shoulder may 
reveal fracture of the proximal humeral epiphysis or fracture 
of the clavicle. A clavicular fracture occurs in association with 
plexus palsy in 10% to 15% of patients. Pseudoparalysis from a 
clavicular or proximal humeral fracture should resolve within 
10 to 21 days. If limited motion persists after 1 month of age, 
most likely a concomitant brachial plexus palsy is present. A 
septic shoulder in an infant also can cause a pseudoparalysis, 
which can be differentiated from a brachial plexus palsy by 
evidence of systemic illness and resolution of the pseudopa-
ralysis after the infection is treated.

Serial physical examinations of children with brachial 
plexus birth palsy are needed to assessmotor function and 
the development of joint contractures. Treatment will be 
determined by the return or absence of return of motor func-
tion and the development of joint contractures. Passive inter-
nal and external rotation of the shoulder should be measured 
with the arm adducted and also abducted to 90 degrees while 
stabilizing the scapula against the thorax. Assessing motor 
function in infants often is an approximation of function by 
observing spontaneous activity.

Three assessment tools have been described to aid in 
the clinical evaluation of patients with brachial plexus birth 
palsy: the Toronto Test Score, the Hospital for Sick Children 
Active Movement Scale, and the Mallet score (Table 34.4). All 
have been shown to have positive intraobserver and interob-
server reliability with aggregate scores. The Toronto Test 
Score was designed to determine surgical indications and 
provide an assessment tool after nerve reconstruction proce-
dures. The Hospital for Sick Children Active Movement Scale 
is a more comprehensive score that evaluates the entire bra-
chial plexus using 15 different upper extremity movements. 
This scale relies on observation of the degree of movement 
against gravity and with gravity eliminated. The Modified 
Mallet Classification of Shoulder Function is the most com-
monly used outcome measure in patients with neonatal bra-
chial plexus palsy (Fig. 34.56). Because this scale is heavily 
weighted toward external rotation of the shoulder, Abzug 
et al. added a sixth category—hand to belly button or navel—
that adds another assessment of internal rotation. Assessing a 
child’s ability to touch his or her belly button is important to 

understanding whether a child can perform activities of daily 
living, such as perineal care and using zippers and buttons.

Characteristic deformities usually develop promptly. 
The shoulder becomes flexed, internally rotated, and slightly 
abducted; active abduction of the joint decreases; and exter-
nal rotation disappears (abduction contracture and scapular 
winging). Abnormal muscle forces across the shoulder lead to 
early changes in the glenoid. These changes include flattening 
of the posterior glenoid creating a pseudoglenoid (Fig. 34.57). 
As the deformity progresses, the glenohumeral joint center 
becomes more posterior and the glenoid becomes more retro-
verted and flattened or even convex. This leads to progressive 
posterior glenohumeral subluxation and eventual dislocation 
with the humeral head becoming flattened against the gle-
noid. These advanced glenohumeral changes can occur early 
and have been described by the age of 2 years.

Evaluation of the brachial plexus neurologic injury may 
include electrical diagnostic studies, ultrasound, myelogra-
phy, and MRI. Combined use of MRI and electromyography 
is helpful because MRI may correlate better than electromy-
ography with physical examination findings. In addition, MRI 
can help with anatomic localization of the nerve injury and 
help with surgical planning. Large diverticula and meningo-
celes indicate root avulsions. Plain radiography, ultrasound, 
arthrography, CT, and MRI, as well as diagnostic arthroscopy, 
have been used to determine the nature and severity of gle-
nohumeral deformity. Often plain radiographs show delayed 
ossification of the proximal humerus. Bauer et  al. recom-
mended shoulder screening with ultrasound in infants who 
have passive external rotation in adduction of less than 60 
degrees. With ultrasound they found that 29% of the infants 
had a dislocation during their first year of life. The clini-
cal role of ultrasonography is more of a screening tool, and 
MRI remains the gold standard for fully evaluating the gle-
nohumeral joint in patients with brachial plexus birth palsy. 
MRI is more commonly used than CT for evaluation of the 
glenohumeral joint because of its ability to demonstrate the 
cartilaginous anatomy, as well as the bony anatomy and lack 
of exposure of the patient to ionizing radiation. Waters et al. 
measured the glenoscapular angle (the degree of version of the 
glenoid) and the percentage of the humeral head anterior to 
it on CT and MR images (Fig. 34.58) and classified the degree 
of glenohumeral deformity. The degree of deformity noted 
on the imaging studies can help guide the surgical manage-
ment of a child with brachial plexus birth palsy. Diagnostic 
arthrography, although invasive, is the only modality in which 
dynamic assessment of the joint can be obtained. Often it is 
performed as part of the surgical reconstruction. 

TREATMENT
Varying degrees of clinical presentation and recovery cor-
relate with the extent of injury to the brachial plexus. Most 
brachial plexus birth palsies are mild injuries with a good 
prognosis. Spontaneous neurologic recovery occurs in 66% 
to 92% of patients. Most authors report significant recovery 
within the first 3 months, with slower recovery occurring 
within the next 6 to 12 months. If no evidence of deltoid or 
biceps recovery is seen by age 3 to 6 months, surgical explora-
tion should be considered.

The aim of treatment in the initial stages is prevention 
of contractures of muscles and joints. Gentle passive exer-
cises are begun to maintain full range of passive motion of 
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all joints of the upper extremity. Scapular stabilization and 
passive glenohumeral mobilization in all planes are needed to 
prevent contractures about the shoulder. Range of motion of 
the elbow, wrist, and fingers also should be included. Cortical 
recognition and integration of the affected limb are pro-
moted. Several authors have described the injection of botu-
linum toxin-A into the internal rotator muscles as an adjunct 
to surgery to prevent internal rotation contractures and early 
posterior subluxation or dislocation of the shoulder in infants 
with neonatal brachial plexus palsy. Even with the use of these 
injections, there is a high rate of relapse that requires surgery. 
The use of physical therapy with casting and botulism toxin 
injections have been shown to be effective in the treatment of 

elbow flexion contractures; however, recurrence is common. 
Functional bracing may help encourage early hand use.

The role and timing of microsurgical intervention in the 
treatment of brachial plexus birth palsy remain controver-
sial. Microsurgical intervention at approximately 3 months of 
age is recommended in infants with global plexus palsies and 
Horner syndrome. These avulsion injuries have a poor prog-
nosis of recovery. Reconstruction is limited to nerve transfers 
because grafting is not a viable option when the nerve root is 
avulsed from the spinal cord.

More controversy exists over the management of intra-
plexus ruptures in which there are varying degrees of injury 
severity and recovery. Return of antigravity elbow flexion 

 TABLE 34.4 

Clinical Evaluation of Patients with Brachial Plexus Birth Palsy

TORONTO TEST SCORE

Elbow flexion 0-2
Elbow extension 0-2
Wrist extension 0-2
Digital extension 0-2
Thumb extension 0-2
Total score 0-10
Each motor function is tested and allocated a numeric value. A score of 0 indicates no function, and a score of 2 indicates 
normal function. A total score of 3.5 or lower at the age of 3 months or more is considered an indication for microsurgical 
repair.
Adapted from Michelow BJ, Clarke HM, Curtis CG, et al: The natural history of obstetrical brachial plexus palsy, Plast Reconstr 
Surg 93:675, 1994.

HOSPITAL FOR SICK CHILDREN ACTIVE MOVEMENT SCALE

Gravity Eliminated

No contraction 0
Contraction, no motion 1
Motion, <50% range 2
Motion, >50% range 3
Full motion 4

Against Gravity

Motion, <50% range 5
Motion, >50% range 6
Full motion 7
Motor function tested: shoulder flexion, shoulder abduction and adduction, shoulder internal and external rotation, elbow 
flexion and extension, forearm pronation and supination, wrist flexion and extension, finger flexion and extension, thumb 
flexion and extension.
Adapted from Clarke HM, Curtis CG: An approach to obstetrical brachial plexus injuries, Hand Clin 11:563, 1995.

MODIFIED MALLET CLASSIFICATION OF SHOULDER FUNCTION

Grade I Grade II Grade III Grade IV Grade V
Global abduction None <30° 30°-90° >90° Normal
Global external rotation None <0° 0°-20° >20° Normal
Hand to neck None Not possible Difficult Easy Normal
Hand on spine None Not possible S1 T12 Normal
Hand to mouth None Marked trumpet sign Partial trumpet sign <40° of abduction Normal

Patients are asked to actively perform five different shoulder movements, and each movement is graded on a scale of 1 (no movement) to 5 (normal motion sym-
metric to the contralateral unaffected side.)
Adapted from Mallet J: Primaute du traitement de l’épaule—méthod d’expression des résultats, Rev Chir Ortho 58S:166, 1972.
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strength is the key factor in determining the need for brachial 
plexus exploration and nerve reconstruction. Most authors 
recommend microsurgical intervention if antigravity flexion 
has not returned by 3 to 9 months of age. Neuroma resec-
tion and nerve grafting is the most widely used technique 
for restoring function; however, nerve transfers are gaining 
popularity as an addition to or in lieu of nerve grafting. After 
treatment of a group of 34 infants for restoration of both 
elbow flexion and shoulder function, Malessy and Pondaag 
concluded that in neonatal patients with brachial plexus palsy 
lesions with neurotmesis of C5 and avulsion of C6, elbow 
flexion can be restored with supraclavicular intraplexal trans-
fer of C6 to C5; however, recovery of shoulder function fol-
lowing suprascapular nerve reinnervation and additional 
grafting from C5 to the posterior division of the superior is 
less successful. A “triple” nerve transfer—long or lateral head 
of triceps branch of the radial nerve to the axillary nerve, 

ulnar nerve fascicle of the flexor carpi ulnaris to the biceps 
motor nerve, and spinal accessory nerve to the suprascapular 
nerve—has been described for treatment of C5 and C6 root 
injuries (Erb palsy). Improvement in elbow flexion and fore-
arm supination also has been reported with transfer of the 
ulnar or median nerve to the biceps motor branch.

Tendon transfers are most commonly performed about 
the shoulder to improve external rotation and abduction and 
prevent glenohumeral dysplasia and posterior humeral head 
subluxation or dislocation. Indications for surgical interven-
tion involving the shoulder are infantile dislocation, persis-
tent internal rotation contracture refractory to physiotherapy, 
limitation of active abduction and external rotation function 
with plateauing of neural recovery, and progressive glenohu-
meral deformity. The general problems that must be corrected 
are muscle imbalance, soft-tissue contractures, and joint 
deformity. Surgery generally involves one of four soft-tissue 
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procedures, all of which include some form of contracture 
release with or without a muscle transfer to augment external 
rotation: (1) anterior capsular release and Z-plasty lengthening 
of the subscapularis tendon with or without transfer of muscles 
for external rotation, (2) pectoralis major release with transfer 
of the latissimus and teres major as advocated by Hoffer et al., 
(3) subscapularis slide with or without a latissimus transfer, as 
described by Carlioz and Brahimi, or (4) arthroscopic release 
of the internal rotation contracture with or without latissimus 
transfer. For children with extensive glenohumeral deformity, 
external rotation osteotomy of the humerus is recommended 
to place the arm in a more functional position. Dodwell et al. 
described glenoid anteversion osteotomies in conjunction 
with tendon transfers for the treatment of established severe 
glenohumeral dysplasia (see Technique 34.50). They cited the 
procedure as being straightforward, with a low rate of compli-
cations and an infrequent need for revision.

Waters recommended that patients with grade I (normal), 
grade II (mild increase in glenoid retroversion), or mild grade 
III (slight posterior subluxation) glenohumeral deformities 
have an anterior musculotendinous lengthening of the pectora-
lis major and posterior latissimus dorsi and teres major transfer 
to the rotator cuff. Patients with grade V glenohumeral defor-
mities (severe flattening of the humeral head with complete 
posterior dislocation) should have a humeral derotation osteot-
omy. Follow-up studies have shown that both tendon transfers 
alone and open reduction most commonly with tendon trans-
fers improve shoulder range of motion; however, patients who 
have open reduction demonstrate remodeling of the glenoid 
retroversion and improvement of glenohumeral joint, which is 
not seen in patients who have tendon transfer alone.

Elbow flexion and forearm supination deformities can 
occur with a Klumpke palsy (C8-T1) or a mixed brachial plexus 
lesion. Progressive deformities occur because of weak or absent 
triceps, pronator teres, and pronator quadratus muscles with 
an intact biceps muscle. This creates progressive elbow flexion 

and supination deformity from the unopposed biceps muscle. 
Radial head dislocation may occur with associated deformity 
of radius and ulna (Fig. 34.59). The wrist and hand usually 
are held in extreme dorsiflexion because of the unopposed 
wrist dorsiflexors. The biceps tendon can be Z-lengthened and 
rerouted around the radius to convert it from a supinator to a 
pronator (see Technique 34.29); this improves elbow extension 
and forearm pronation. In the presence of a supination con-
tracture, a simultaneous interosseous membrane release may 
be effective. Bony correction of the forearm deformity can be 
performed more predictably. This can be achieved by forearm 
osteoclasis or osteotomy and internal fixation. The forearm 
should be positioned in 20 to 30 degrees of pronation. 

 FIGURE 34.57 T2-weighted three-dimensional gradient-echo 
magnetic resonance image shows a pseudoglenoid. The glenoid 
contour and the scapular center line are enhanced with line trac-
ings.  (From Pearl ML, Edgerton BW, Kazimiroff PA, et al: Arthroscopic 
release and latissimus dorsi transfer for shoulder internal rotation contrac-
tures and glenohumeral deformity secondary to brachial plexus birth palsy, 
J Bone Joint Surg 88A:564, 2006.)
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FIGURE 34.58 Measurement of the glenoscapular angle 
(glenoid version) and the percentage of posterior subluxation of 
the humeral head. To measure the glenoscapular angle, a line is 
drawn parallel to the scapula and a second line is drawn tangential 
to the joint. The second line connects the anterior and posterior 
margins of the glenoid. On MR images, the cartilaginous margins 
are used. On CT scans, the osseous margins are used. The inter-
secting line connects the center point of the first line (approxi-
mately the middle of the glenoid fossa) and the medial aspect of 
the scapula. The angle in the posterior medial quadrant (arrow) is 
measured with a goniometer; 90 degrees is subtracted from this 
measurement to determine glenoid version. The percentage of 
posterior subluxation is measured by defining the percentage of 
the humeral head that is anterior to the same scapular line. The 
greatest circumference of the head is measured as the distance from 
the scapular line to the anterior portion of the head. This ratio (the 
distance to the anterior aspect of the humeral head [AB] divided 
by the circumference of the humeral had [AC], multiplied by 100) 
is the percentage of subluxation.  (Redrawn from Waters PM, Smith 
GR, Jaramillo D: Glenohumeral deformity secondary to brachial plexus 
birth palsy, J Bone Joint Surg 80A:668, 1998.)
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ANTERIOR SHOULDER RELEASE

 TECHNIQUE 34.48 

(FAIRBANK, SEVER)
 n  Make an incision on the anterior aspect of the shoulder in 

the deltopectoral groove distally from the tip of the cora-
coid process to a point distal to the tendinous insertion 
of the pectoralis major muscle; divide this tendon parallel 
to the humerus.

 n  Retract the anterior margin of the deltoid laterally and the 
pectoralis major medially, and expose the coracobrachialis 
muscle.

 n  With the shoulder externally rotated and abducted, trace 
the coracobrachialis superiorly to the coracoid process.

 n  If the coracoid is elongated, resect 0.5 to 1.0 cm of its 
tip together with the insertions of the coracobrachialis, 
the short head of the biceps, and the pectoralis minor 
muscles; this resection increases the range of motion of 
the shoulder in external rotation and abduction.

 n  Now locate the inferior edge of the subscapularis tendon 
at its insertion on the lesser tuberosity of the humerus, 

 elevate it with an elevator (Fig. 34.60), and divide it com-
pletely without incising the capsule. External rotation and 
abduction of the shoulder then should be almost  normal.

 n  A curved elongation of the acromion may interfere with 
abduction and with reduction of any mild posterior sub-
luxation of the joint; in this event, either resect this ob-
structing part or divide the acromion and elevate this part.

POSTOPERATIVE CARE An abduction splint that holds 
the shoulder in abduction and mild external rotation is 
applied and is worn constantly for 2 weeks and intermit-
tently for another 4 weeks. Active exercises are started 
early and are continued until maximal improvement has 
occurred.
   

 

ROTATIONAL OSTEOTOMY OF  
THE HUMERUS

 TECHNIQUE 34.49 

(ROGERS)
 n  Approach the humerus anteriorly between the deltoid 

and pectoralis major muscles.
 n  With the arm abducted, perform an osteotomy 5 cm dis-

tal to the joint.
 n  Under direct vision, externally rotate the distal fragment 

of the humerus the desired amount to correct the inter-
nal rotation deformity and ensure that the fragments are 
then apposed.

 n  Fix the osteotomy with a compression plate and screws.
 n  Close the wound.

POSTOPERATIVE CARE A shoulder immobilizer or a 
sling is used for approximately 6 weeks with restriction of 
activities until radiographic healing.
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FIGURE 34.59 Physiopathology of supination deformity and 
progressive deformity with growth. A, Simple contracture with 
supination of the radius (1) and contracture of the interosseous 
membrane (2). B, Volar dislocation of the distal epiphysis of the 
ulna. C, Volar dislocation of the distal ulnar epiphysis and head of 
the radius.
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FIGURE 34.60 Anterior shoulder release for internal rotation 
contracture in brachial plexus palsy. SEE TECHNIQUE 34.48.
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DEROTATIONAL OSTEOTOMY WITH 
PLATE AND SCREW FIXATION

 TECHNIQUE 34.50 

(ABZUG ET AL.)
As an alternative, Abzug et al. described performing 

the derotational osteotomy and plate and screw fixation 
through a medial approach, which has the advantage of a 
more cosmetic scar.

 n  Make a medial incision overlying the intermuscular sep-
tum and midshaft of the humerus.

 n  Protect the superficial nerves, identify the intermuscular 
septum, and excise it.

 n  Retract the ulnar posteriorly and the median nerve and 
brachial artery anteriorly. Do not use loops around the 
nerves or reverse retractors than can place undue pres-
sure on the nerve.

 n  Expose the humeral diaphysis.
 n  Choose a 6- to 8-hole plate, depending on the girth of 

the humerus, usually 2.7 mm or 3.5 mm. Place the plate 
over the humerus and insert the proximal three to four 
bicortical screws through the plate and humerus.

 n  Incise the periosteum only over the osteotomy site and 
place a Kirschner wire in the distal humerus below the 
intended osteotomy site to mark the amount of desired 
correction. Verify the position of the wire with a goniom-
eter and visual assessment.

 n  With the wire placed in line with a hole in the plate, re-
move the plate and make the humeral osteotomy with an 
oscillating saw.

 n  Rotate the humerus so that the screw holes and Kirschner 
wire are aligned and the wire passes through a hole in the 
plate.

 n  Using the predrilled screw holes, fix the plate to the proximal 
fragment, close the osteotomy, and secure the distal frag-
ment with screws using standard compression  technique.

 n  Close the wound in standard fashion and apply a large 
bulky dressing from the hand to the axilla.

POSTOPERATIVE CARE No splint is used postoperative-
ly; however, a sling must be worn to prevent stress across 
the osteotomy site. The dressings are removed and a hu-
meral brace is fabricated 2 to 3 weeks after surgery. The 
brace is worn for about 1 month until union is confirmed 
radiographically and clinically.
   

 

GLENOID ANTEVERSION  
OSTEOTOMY AND TENDON  
TRANSFER
Dodwell et al. described glenoid anteversion osteotomy as 
an alternative to external rotation humeral osteotomy to 
stabilize the shoulder and improve function in older chil-
dren (>4 years of age) with severe glenohumeral dysplasia 
(Waters type IV or V). All 32 patients in their series had 
improvement in active external rotation.

 TECHNIQUE 34.51 

(DODWELL ET AL.)
 n  Through an L-shaped posterior incision (Fig. 34.61A), 

 elevate the deltoid muscle origin laterally.
 n  Perform a subscapularis slide by elevating the muscle belly 

from the anterior aspect of the scapula in an inferior-to-
superolateral direction.

 n  Translate the humeral head anteriorly in external rota-
tion and progressively externally rotate the shoulder to 
between 70 and 90 degrees in adduction to complete the 
muscular slide.

 n  Release the teres major and latissimus dorsi tendons from 
their insertions on the proximal part of the humerus (Fig. 
34.61B). Release any adhesions to ensure adequate ex-
cursion of these muscles.

 n  Approach the posterior aspect of the glenohumeral joint 
through the infraspinatus and teres minor interval. De-
tach the infraspinatus tendon from its insertion, and clear 
the scapular neck subperiosteally, taking care to protect 
the suprascapular neurovascular bundle.

 n  Make a vertical posterior capsulotomy to visually inspect 
the joint.

 n  If the scapulohumeral angle was diminished on preopera-
tive evaluation, indicating insufficient shoulder elevation, 
recess the tendon of the long head of the triceps origin 
at the glenoid.

 n  If a marked Putti sign (scapular rotation with a prominent 
superomedial corner at the base of the neck) is present, 
indicating a substantial abduction contracture, perform a 
lateral slide of the supraspinatus.

 n  Harvest a tricortical autograft from the medial aspect of 
the scapular spine or from the posterior aspect of the ac-
romion. Based on preoperative templating from MR or CT 
images, determine the length of posterior cortical open-
ing required to correct the glenoid retroversion to neutral, 
with the hinge point being the anterior cortex, and size 
the bone graft appropriately.

 n  Use an osteotome to make a scapular neck osteotomy 
extending from the lateral aspect of the spinoglenoid 
notch to the inferior aspect of the scapular neck, staying 
at least 5 mm medial to the glenoid rim to ensure protec-
tion of the glenoid blood supply and avoid osteonecrosis. 
Deepen the osteotomy to just short of the anterior cortex 
to retain an intact anterior hinge. Align the osteotomy 
parallel to the retroverted glenoid surface under direct 
observation.

 n  Use a narrow osteotome to lever open the osteotomy 
site and insert the bone graft (Fig. 34.61C). Gently tamp 
the graft into place so that it acts as a wedge, opening 
the cortex of the posterior aspect of the neck, and is 
stable.

 n  With the joint in the reduced position, close the capsule 
without capsulorrhaphy to minimize stiffness in internal 
rotation. Repair the infraspinatus anatomically. Suture the 
latissimus dorsi and teres major tendons into a longitu-
dinal bone trough in the region of the greater humeral 
tuberosity, with the teres major in the inferior aspect of 
the trough and the latissimus, given its greater excursion, 
superior. Repair the deltoid to the scapular spine with 
sutures through bone.
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 n  Apply a shoulder spica cast with the shoulder in maximal 
external rotation (70 to 90 degrees) and limited (20 to 30 
degrees) abduction.

POSTOPERATIVE CARE The cast is worn for 5 or 
6 weeks, at which time a supervised physical therapy pro-
gram is begun.
   

 

RELEASE OF THE INTERNAL  
ROTATION CONTRACTURE AND 
TRANSFER OF THE LATISSIMUS  
DORSI AND TERES MAJOR
When performed before age 6 years, the Sever-L’Episcopo 
procedure, as modified by Hoffer, improves external rota-
tion of the shoulder by releasing the internal rotation 
contracture and transferring the latissimus dorsi and teres 
major posteriorly to provide active external rotation.

 TECHNIQUE 34.52 

(SEVER-L’EPISCOPO, GREEN)
 n  Place a sandbag under the upper part of the chest for 

proper exposure. Prepare and drape in the usual manner. 
An adequate amount of whole blood should be available 
for transfusion.

 n  Make an anterior incision beginning over the coracoid 
process and extending distally along the deltopectoral 
groove for 12 cm (Fig. 34.62A).

 n  Identify the cephalic vein and ligate or retract it with a few 
fibers of the deltoid muscle.

 n  With blunt dissection, develop the interval between the 
pectoral and deltoid muscles. Expose the coracobrachia-
lis, the short head of the biceps, the coracoid process, the 
insertion of the tendinous portion of the subscapularis, 
and the insertion of the pectoralis major.

 n  Detach the short head of the biceps and coracobrachia-
lis from their origin on the coracoid process and reflect 
downward.

 n  In the distal part of the wound, expose the insertion of the 
pectoralis major at its humeral attachment (Fig. 34.62B).
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FIGURE 34.61 A, L-shaped posterior incision. B, Release of the teres major and latissimus dorsi 
tendons lateral to the long head of the triceps. C, Cortical wedge inserted in the osteotomy site.  
(From Dodwell E, Calaghan J, Anthony A, et al: Combined glenoid anteversion osteotomy and tendon 
transfers for brachial plexus birth palsy, J Bone Joint Surg 94A:2145, 2012.) SEE TECHNIQUE 34.51.
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FIGURE 34.62 Sever-L’Episcopo and Green procedure. A, Anterior incision. B, Exposure of 
insertion of pectoralis major at humeral attachment. C, Incisions of tendinous insertion of pecto-
ralis major for Z-lengthening. D, Distal half of tendinous insertion of pectoralis major on shaft of 
humerus is divided. E, Subscapularis is divided by oblique cut. F, Incision over deltoid-triceps interval 
(back view). G, Teres major and latissimus dorsi tendons are attached to cleft in lateral humerus. 
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 n  With a periosteal elevator, reflect the muscle fibers of the 
pectoralis major medially to expose the tendinous portion 
of its insertion.

 n  To perform Z-lengthening, divide the distal half of the 
tendinous insertion of the pectoralis major immediately 
on the humeral shaft (Fig. 34.62C).

 n  Divide the upper half of the tendinous portion of the pec-
toralis major as far medially as good aponeurotic tendi-
nous material exists, usually 4 to 5 cm from its insertion 
(Fig. 34.62D). Later, the distal tendon stump will be at-
tached to the proximal tendon left inserted on the hu-
merus, thereby providing further length to the pectoralis 
major. The reattachment of the tendon more proximally 
permits a greater degree of shoulder abduction but still 
allows rotary function.

 n  Apply whip sutures to the tendon still attached to the 
shaft and to the portion of the tendon attached to the 
muscle.

 n  Expose the subscapularis muscle over the head of the hu-
merus. Starting medially with a blunt instrument, sepa-
rate the subscapularis and elevate it from the capsule. Do 
not open the shoulder capsule. With a knife, lengthen the 
subscapularis tendon by an oblique cut (Fig. 34.62E).

 n  Starting medially, split the tendon into anterior and poste-
rior halves, becoming more superficial laterally and com-
pleting the division at the insertion of the subscapularis into 
the humerus. Again, take care not to open the capsule.

 n  Once the subscapularis has been divided, the shoulder 
joint will abduct and externally rotate freely.

 n  If the coracoid process is elongated, hooked downward 
and laterally, and limits external rotation, it should be re-
sected to its base. Likewise, if the acromion process is 
beaked downward and obstructs shoulder abduction, 
partially resect it.

 n  Next, identify the insertions of the latissimus dorsi and 
teres major and expose by separating them from adjacent 
tissues both anteriorly and posteriorly.

 n  The attachment of the latissimus dorsi is superior and ante-
rior to that of the teres major. Divide both tendons imme-
diately on bone and suture each tendon with a whip stitch.

 n  With the patient turned over on the side and with the pa-
tient’s arm adducted across the chest, make a 7- to 8-cm 
incision over the deltoid-triceps interval (Fig. 34.62F).

 n  Retract the deltoid muscle anteriorly and the long head of 
the triceps posteriorly. Be careful not to damage the radial 
and axillary nerves.

 n  Subperiosteally expose the lateral surface of the proximal 
diaphysis of the humerus.

 n  Make a 5-cm longitudinal cleft using drills, an osteotome, 
and a curet.

 n  Drill four holes from the depth of the cleft coming out on 
the medial surface of the humeral shaft at the site of the 
former insertion of the teres major and latissimus dorsi 
muscles.

 n  Identify the tendons of the latissimus dorsi and teres major 
in the anterior wound, and deliver them into the posterior 
incision so that their line of pull is straight from their origins 
to the proposed site of attachment on the lateral humerus.

 n  Draw the latissimus dorsi and teres major tendons into the 
slot in the humerus, and tie securely into position with 1-0 
silk sutures in the front (Fig. 34.62G and H).

 n  Suture the subscapularis tendon, which is lengthened “on 
the flat,” at its divided ends to provide maximal lengthen-
ing. Suture the pectoralis major in a similar way.

 n  Reattach the coracobrachialis and short head of the biceps 
to the base of the coracoid process. If the coracobrachialis 
and short head of the biceps are short, lengthen them at 
their musculotendinous junction (Fig. 34.62I and J).

 n  The lengthened muscles should be of sufficient length to 
permit complete external rotation in abduction without 
undue tension.

 n  Close the wound in the usual manner and immobilize the 
upper limb in a previously prepared, bivalved shoulder spi-
ca cast that holds the shoulder in 90 degrees of abduction, 
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FIGURE 34.62, cont’d H, Back view showing reattachment of muscles. I and J, Front views 
showing reattachment of muscles. SEE TECHNIQUE 34.52.

    

https://booksmedicos.org


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN1454

90 degrees of external rotation, and 20 degrees of forward 
flexion. Position the elbow in 80 to 90 degrees of flexion.

 n  Place the forearm and hand in a functional neutral position.

POSTOPERATIVE CARE Exercises are begun 3 weeks af-
ter surgery to develop abduction and external rotation of 
the shoulder, as well as shoulder adduction and internal 
rotation. Particular emphasis is given to developing the 
function and strength of the transferred muscles. When 
the arm adducts satisfactorily, a sling is used during the 
day and the bivalved shoulder spica cast is worn at night. 
The night support is continued for 3 to 6 more months. 

Exercises are performed for many months or years to pre-
serve functional range of motion of the shoulder and to 
maintain muscle control.
  

The Hoffer modification of the L’Episcopo procedure con-
sists of a release of the pectoralis major and transfer of the 
combined tendons of the latissimus dorsi and teres major 
muscles to the posterior rotator cuff. Transfer of the latissimus 
dorsi and the teres major to the rotator cuff has been reported 
to have a stabilizing effect on the rotator cuff and to increase 
glenohumeral abduction and external rotation (Fig. 34.63).
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FIGURE 34.63 Latissimus dorsi and teres major transfer to the rotator cuff.  (Redrawn from 
Herring JA, editor: Tachdjian’s pediatric orthopaedics, ed 3, Philadelphia, 2002, Saunders.)
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Arthroscopic techniques have been developed for release 
and for release combined with latissimus dorsi transfer (rec-
ommended for older children). These procedures have been 
reported to restore nearly normal passive external rotation 
and a centered glenohumeral joint at the time of surgery; how-
ever, gains in active elevation are minimal and loss of inter-
nal rotation, from moderate to severe, occurs in all children 
after this surgery. Pearl et al. listed the following guidelines 
for arthroscopic treatment of contractures and deformity sec-
ondary to brachial plexus birth palsy:
Arthroscopic release: Children younger than 3 years of age 

with passive external rotation of less than neutral (0 
degrees) with the arm at the side

Arthroscopic release plus latissimus dorsi transfer: Children older 
than 3 years of age with a similar degree of contracture

Arthroscopic latissimus dorsi transfer without release: Children 
older than 3 years of age who have no substantial internal 
rotation contracture but have weakness of external rotation. 

 

ARTHROSCOPIC RELEASE  
AND TRANSFER OF THE  
LATISSIMUS DORSI

 TECHNIQUE 34.53 

(PEARL ET AL.)
 n  With the patient in a lateral decubitus position, establish a 

posterior portal (see Chapter 52). Because of contracture 
and advanced deformity, it may be necessary to abduct 
the arm to approximately 90 degrees to allow passage 
of the scope across the glenohumeral joint. A surgical 
assistant maintains arm position while applying longitu-
dinal traction. Make the posterior portal at the posterior 
glenohumeral joint line about 1 cm below the level of the 
posterior part of the acromion. Take care to avoid making 
the portal too low. A superior position makes it easier to 
insert the arthroscope over the top of the humeral head 
to avoid damage to the articular surface.

 n  Make an anterior portal from outside in, under direct ob-
servation through the posterior portal.

 n  Use an electrocautery device to release the anterior cap-
sular ligaments, including the middle glenohumeral liga-
ment and the anterior portion of the inferior glenohumer-
al ligament, at their attachment to the glenoid labrum. 
Basket forceps also are helpful.

 n  After release of the anterior soft tissues, identify the axil-
lary nerve. Do not release the muscular portion of the 
subscapularis.

 n  Release the contracture by tenotomy of the subscapular 
tendon at its insertion and the overlying joint capsule. In 
younger children, this should allow full external rotation 
(70 to 90 degrees) with the arm at the side. If necessary in 
older children and those with more severe contractures, 
release the rotator interval tissue, exposing the base of 
the coracoid process. Release is not considered complete 
unless external rotation of 45 degrees or more is obtained.

 n  If latissimus dorsi transfer is to be done, make a 6- to 
8-cm curved incision in the skin lines, just medial to the 

 posterior axillary crease toward the midline of the axilla 
(Fig. 34.64). In larger children, extend the incision to in-
clude the posterior arthroscopic portal.

 n  Carefully isolate the latissimus dorsi tendon from the teres 
major (which is left in situ), release it directly from the 
humerus, and transfer it under the posterior aspect of 
the deltoid to the greater tuberosity just adjacent to the 
infraspinatus tendon insertion. Secure the tendon with 
four No. 2 Ethibond sutures.

 n  Apply a shoulder spica cast to hold the arm in adduction 
and full external rotation.

POSTOPERATIVE CARE The shoulder spica cast is worn 
for 6 weeks and then modified to be used as a night splint 
for an additional 6 weeks.
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 NEUROMUSCULAR DISORDERS
William C. Warner Jr., Jeffrey R. Sawyer

CHAPTER 35

Neuromuscular disease in children includes conditions that 
affect the spinal cord, peripheral nerves, neuromuscular junc-
tions, and muscles. Accurate diagnosis is essential because the 
procedures commonly used to treat deformities in patients with 
neuromuscular disease such as poliomyelitis or cerebral palsy 
may not be appropriate for hereditary neuromuscular condi-
tions. The diagnosis is made on the basis of clinical history, 
detailed family history, physical examination, laboratory test-
ing (including serum enzyme studies, especially serum levels 
of creatine kinase and aldolase), genetic testing, electromyog-
raphy, nerve conduction velocity studies, and nerve and muscle 
biopsies. Serum enzyme levels of creatine kinase are generally 
elevated, but the increase varies dramatically from levels of 50 
to 100 times normal in patients with some dystrophic muscle 
conditions (e.g., Duchenne muscular dystrophy) to only slight 
increases (one to two times normal) in some patients with con-
genital myopathy or spinal muscular atrophy (SMA).

A number of advances have been made in the under-
standing of the genetic basis of neuromuscular disorders. 
Through advances in molecular biology, chromosome loca-
tions for various abnormal genes have been identified, 
characterized, and sequenced. In certain diseases, such as 
Duchenne and Becker muscular dystrophy, not only have 
the genes been localized, cloned, and sequenced, but the bio-
chemical basis for these diseases is also now understood. The 
gene responsible for Duchenne and Becker muscular dystro-
phy is located in the Xp21 region of the X chromosome. This 
region is responsible for the coding of the dystrophin protein. 
Dystrophin testing (dystrophin immunoblotting) can be used 
as a biochemical test for muscular dystrophy; it is also use-
ful for the differentiation of Duchenne muscular dystrophy 
from Becker muscular dystrophy. In addition, different types 
of mutations or variations can be used to predict clinical out-
come. For example, Friedrich ataxia is caused by expansion 
of GAA nucleotide repeats in the frataxin gene intron. The 
amount of expansion of the GAA repeats correlates with dis-
ease severity and progression.

Due to DNA testing, nerve or muscle biopsy may not be 
necessary for a diagnosis, but it is often still useful for precise 
diagnosis. The biopsy specimen must be obtained from a muscle 
that is involved but still functioning—usually the deltoid, vastus 
lateralis, or gastrocnemius. The biopsy specimen should not be 
taken from the region of musculotendinous junctions because 
the normal fibrous tissue septa can be confused with the patho-
logic fibrosis. Specimens should be approximately 10 mm long 
and 3 mm deep and should be fixed in glutaraldehyde in prepa-
ration for electron microscopy. The muscle specimen that is to be 
processed for light microscopy should be frozen in liquid nitro-
gen within a few minutes after removal. The specimen should 
not be placed into saline solution or formalin. For nerve biopsy, 
the sural nerve is usually chosen. This nerve can be accessed lat-
erally between the Achilles tendon and the lateral malleolus just 
proximal to the level of the tibiotalar joint. The entire width of the 
nerve should be taken for a length of 3 to 4 cm. Atraumatic tech-
nique is essential in either type of biopsy for meaningful results.

Orthopaedic treatment has been aimed at preventing the 
worsening of deformities and providing stability to the skel-
etal system to improve the quality of life for these children. 
Although a gene therapy cure may be possible in the future, 
orthopaedic treatment is still necessary to improve the qual-
ity of life for most children, no matter how severely impaired. 
Louis et al. reported 34 surgical procedures performed in indi-
viduals with severe multiple impairments to improve sitting 
posture, care, and comfort. Significant improvement was found 
in most patients, and no patient was made worse. The priorities 
of patients with severe neuromuscular diseases are the ability 
to communicate with other people, the ability to perform many 
activities of daily living, mobility, and ambulation. The role 
of the orthopaedic surgeon in achieving these goals includes 
prescribing orthoses for lower extremity control to facilitate 
transfer to and from wheelchairs, preventing or correcting 
joint contractures, and maintaining appropriate standing and 
sitting postures. Treatment must be individualized for each 
patient. The choice and timing of the procedures depend on 
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the particular disorder, the severity of involvement, the ambu-
latory status of the patient, and the experience of the physician. 
This chapter discusses the common neuromuscular disorders 
in children that frequently require surgical intervention.

TREATMENT CONSIDERATIONS
BONE HEALTH—OSTEOPOROSIS AND 
FRACTURE MANAGEMENT
Fractures are common in children with neuromuscular dis-
ease because of disuse osteoporosis and frequent falls. Duchene 
muscular dystrophy patients who are on glucocorticoid therapy 
often develop osteoporosis. Larson and Henderson found a sig-
nificant decrease in bone mineral density on dual-energy x-ray 
absorptiometry scans in boys with Duchenne muscular dystro-
phy, with 44% sustaining fractures. James et al. found that 33% 
of patients with Duchenne or Becker muscular dystrophy had 
sustained at least one fracture; full-time wheelchair use was a 
significant risk factor for fracture. Up to 30% of Duchenne mus-
cular dystrophy patients develop symptomatic vertebral frac-
tures. Most fractures are nondisplaced metaphyseal fractures 
that heal rapidly. Minimally displaced metaphyseal fractures 
of the lower limbs should be splinted so that walking can be 
resumed quickly. If braces are being used, they can be enlarged to 
accommodate the fractured limb and allow progressive weight 
bearing. Displaced diaphyseal fractures often require surgical 
stabilization to allow walking and mobilization during fracture 

healing. McAdam et al. reported fat embolism syndrome fol-
lowing minor trauma in five patients with Duchenne muscular 
dystrophy, four of whom died within 36 hours of injury. The 
treating physician should be aware of and look for this compli-
cation. Medical treatment of disuse and steroid-induced osteo-
penia is beneficial in decreasing the frequency of fractures in 
this patient population. An algorithm for osteoporosis monitor-
ing, diagnosis, and treatment for patients with Duchenne mus-
cular dystrophy has been developed (Fig. 35.1). 

ORTHOSES
Spinal bracing can occasionally be used to assist with sitting 
balance. Bracing may slow, but does not prevent, the progres-
sion of spinal deformity. Bracing is usually not well tolerated 
in patients with neuromuscular scoliosis. Knee-ankle-foot 
orthoses provide stability for patients with proximal muscle 
weakness. A pelvic band with hip and knee locks can be added 
if necessary. Ankle-foot orthoses help position the ankle and 
foot in a plantigrade position in an effort to prevent progres-
sive equinus and equinovarus deformities. 

SEATING SYSTEMS
For most children with severe neuromuscular disease, walking 
is difficult and frustrating, and a wheelchair may eventually be 
required. The chair—whether manual or electric—must be care-
fully contoured. A narrow chair with a firm seat increases pelvic 
support, and a firm back in slight extension supports the spine. 
Lateral spine supports built into the chair may help sitting balance 
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  FIGURE 35.1 Osteoporosis monitoring, diagnosis, and treatment algorithm for patients with 
Duchenne muscular dystrophy. BMD, Bone mineral density; DMD, Duchenne muscular dystrophy; DXA, 
dual-energy x-ray absorptiometry. *Signs of clinically significant bone fragility are low-trauma fractures
of long bones or vertebrae. †Clinical stability refers to absence of nonvertebral fractures, stable healed 
vertebra fractures, absence of new vertebral fractures in previously normal vertebral bodies, absence of 
bone and back pain, and BMD Z score appropriate for height Z score or higher than 2 standard devia- 
tions. (Modified from Birnkrant DJ, Bushby K, Bann CM, et al: Diagnosis and management of Duchenne muscular 
dystrophy, part 2: respiratory, cardiac, bone health, and orthopaedic management, Lancet Neurol 17:347, 2018.)
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but do not usually alter the progression of scoliosis. Specialized 
seating clinics can provide custom-fitted chairs with numerous 
options for daily use. These custom-fitted chairs can accommo-
date most spinal deformities and pelvic obliquity that are present. 

DIFFERENTIATION OF MUSCLE 
DISEASE FROM NERVE DISEASE
In addition to the history, physical examination, and rou-
tine laboratory studies, special tests such as electromyogra-
phy, muscle tissue biopsy, serum enzyme, and molecular and 
genetic studies help differentiate the two diseases.

HEMATOLOGIC STUDIES
Serum enzyme assays are extremely helpful, especially the level 
of serum creatine kinase in the blood. Serum creatine kinase 
is a sensitive test for showing abnormalities of striated muscle 
function. Elevation of this enzyme is extremely important in 
the early stages of diagnosing Duchenne muscular dystrophy. 
Elevation of the creatine kinase parallels the amount of mus-
cle necrosis. There is a significant elevation early in the disease 
process, but the elevation decreases with time as the muscle is 
replaced by fat and fibrous tissue. The creatine kinase levels can 
be elevated 20 to 200 times above normal limits. The level may 
decline in the later stages of the disease, when the greater mus-
cle mass has already deteriorated and there is less breakdown of 
muscle mass than in the earlier stages. The levels are higher in 
Duchenne than in Becker muscular dystrophy; however, there 
is some overlap between the two diseases. This test is beneficial 
in detecting the carrier state of Duchenne and Becker muscular 
dystrophies because creatine kinase is usually elevated in the 
female carrier. A muscle provocation test is also beneficial in 
detecting the female carrier state because elevation of creatine 
kinase levels is greater after strenuous exercise in female car-
riers than in noncarrier females. Urine creatine is excessive in 
dystrophic patients in the active stage of muscle breakdown. 
Any process that causes muscle breakdown, such as excessive 
exercise, diabetes mellitus, and starvation in which carbohy-
drate intake is reduced and in the neuropathies, however, can 
cause an excess of creatine in the urine. In myotonic dystrophy, 
the level of creatine in the blood is decreased because of the 
reduced ability of the liver to produce creatine phosphate.

Aldolase is another enzyme that is elevated in patients 
with muscular dystrophy. Its course is similar to that of cre-
atine kinase enzyme. Aspartate aminotransferase and lac-
tate dehydrogenase values may also be elevated, but these 
enzymes are nonspecific for muscle disease. The diagnosis of 
Duchenne muscular dystrophy should be considered before 
liver biopsy in any male child with increased transaminases.

DNA mutation analysis (polymerase chain reaction 
or DNA blot analysis) can provide a definitive diagnosis of 
Duchenne or Becker muscular dystrophy. These tests can also 
help identify the carrier and may allow prenatal diagnosis in 
some cases. These DNA tests can be done from a small sample 
of blood or amniotic fluid. 

ELECTROMYOGRAPHIC STUDIES
In an electromyogram of normal muscle, resting muscles are 
usually relatively electrosilent; on voluntary contraction of a 
normal muscle, the electromyogram shows a characteristic fre-
quency, duration, and amplitude action potential (Fig. 35.2). In 

a myopathy, the electromyogram shows increased frequency, 
decreased amplitude, and decreased duration of the motor 
action potentials. In a neuropathy, it shows decreased frequency 
and increased amplitude and duration of the action potentials. 
In a neuropathy, nerve conduction velocities are usually slowed; 
in a myopathy, the nerve conduction velocities are usually nor-
mal. Myotonic dystrophy is characterized by an increase in 
frequency, duration, and amplitude of the action potentials 
on needle electrode insertion, which gradually decreases over 
time. When amplified, these action potentials create the “dive 
bomber” sound that is almost universal in this disease. 

MUSCLE TISSUE BIOPSY
Interpretation of the muscle tissue biopsy differentiates not 
only myopathy from neuropathy but also the various types 
of congenital dystrophy from one another. In addition to 
the usual hematoxylin and eosin stain, special stains and 
techniques, such as the Gomori-modified trichrome stain, 
nicotinamide adenine dinucleotide-tetrazolium reductase 
(NADH-TR) stain, and the alizarin red S stain, are helpful. 
Electron microscopy is also beneficial.

Histopathologic study of muscle affected by myopathy 
shows an increased fibrosis in and between muscle spindles, 
with necrosis of the fibers (Fig. 35.3B). Later, deposition of fat 
within the fibers occurs, accompanied by hyaline and granular 
degeneration of the fibers. The number of nuclei is increased 
with migration of some nuclei to the center of the fibers. Some 
small groups of inflammatory cells may also be seen, and inflam-
matory cells are markedly increased in polymyositis. Special 
histochemical stains that can show muscle fiber type show a 
preponderance of type I fibers. In normal skeletal muscle, the 
ratio of type I to type II fibers is 1:2 (Fig. 35.3A). In some dystro-
phies other than the Duchenne type, fiber splitting is apparent. 
Calcium accumulation in muscle fibers has also been shown.

The microscopic picture in neuropathy is quite different 
(Fig. 35.3C). There is little or no increase in fibrous tissue, and 
small, angular, atrophic fibers are present between groups of 
normal-sized muscle fibers. Special stains that highlight fiber 
type show that 80% of the fibers are type II.

An adequate biopsy specimen must be obtained to 
make a correct diagnosis. An open muscle biopsy is usually 

 

A B C
FIGURE 35.2 Motor units seen in electromyography. A, Normal 

triphasic motor unit potential. B, Large polyphasic motor units as 
seen in neurogenic disorders, such as spinal muscular atrophy, in 
which they also are reduced in number. C, Small polyphasic motor 
units as seen in muscular dystrophy. These are usually of normal 
number.  (Courtesy Tulio E. Bertorini, MD.)
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performed but, in some cases, a needle biopsy in small chil-
dren has proved satisfactory. Muscles that are totally involved 
should not be used; biopsy specimens of muscles suspected of 
early involvement are indicated. The muscle bellies of the gas-
trocnemius in a patient with Duchenne muscular dystrophy 
are usually involved early and are a poor site to obtain mate-
rial for a biopsy, whereas the quadriceps (especially the vas-
tus lateralis at midthigh) and rectus abdominis usually show 
early involvement without total replacement of the muscle 
spindles by fibrous tissue or fat. Biopsy specimens of these 
muscles are usually the most reliable.

One must be careful when securing a biopsy specimen 
that the muscle is maintained at its normal length between 
clamps (Fig. 35.4) or sutures (Fig. 35.5) and that the biopsy 
specimen has not been violated by a needle electrode dur-
ing an electromyogram or infiltrated with a local anesthetic 
before the biopsy. Biopsy needles should have a minimal core 
diameter of 3 mm.

 

A B

CC D

FIGURE 35.3 A, Normal muscle biopsy specimen (except for one small angular fiber). Note 
polygonal shape of myofibrils, normal distribution of type I and type II fibers, and normal connective 
tissue of endomysium (nicotinamide adenine dinucleotide-tetrazolium reductase [NADH-TR] stain, 
×125). B, Muscular dystrophy. Fibers are more rounded, some fibers have internalized nuclei, and 
others are atrophic. One muscle fiber is necrotic and is undergoing phagocytosis. Connective tissue 
between fibers is increased (hematoxylin & eosin, ×295). C, Chronic neurogenic atrophy (juvenile 
spinal muscular atrophy). Notice grouping of fibers of same type and some atrophic angular fibers. 
Fat is increased between muscle fascicles (NADH-TR stain, ×125). D, Central core disease. Note pale 
areas of central cores in muscle fibers characteristic of this disease (NADH-TR stain ×200).  (Courtesy 
Tulio E. Bertorini, MD.)

 FIGURE 35.4 Two hemostats bound together to preserve 
length when securing muscle biopsy.  (From Cruess RL, Rennie WRJ: 
Adult orthopaedics, New York, 1984, Churchill Livingstone.) SEE TECH-
NIQUE 35.1.
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A second sample of muscle tissue should be taken at the 
time of biopsy and sent for dystrophin analysis (dystrophin 
immunoblotting). Dystrophin is a muscle protein that has 
been found to be absent, decreased, or modified in certain 
types of dystrophy. The measurement and quantification of 
this protein combined with the clinical picture of certain 
types of muscular dystrophy have added significantly to the 
ability to diagnose various dystrophies.

Regional block anesthesia can be used for the biopsy, but 
a general anesthetic may be necessary. General anesthesia car-
ries the known risk of anesthetic complications, such as acute 
rhabdomyolysis that can resemble malignant hyperthermia. 

 

OPEN MUSCLE BIOPSY

 TECHNIQUE 35.1 

 n  Block the area regionally with 1% lidocaine and make a 1.5 
cm incision through the skin and subcutaneous tissues.

 n  Carefully split the enveloping fascia to clearly expose the 
muscle bundles from which the biopsy specimen is to be 
taken.

 n  Using a special double clamp (Fig. 35.4) or silk sutures 
approximately 2 cm apart (Fig. 35.5), grasp the muscle 
and section around the outside of the arms of the clamp 
or sutures.

 n  Prevent bleeding within the muscle and take only small 
biopsy specimens.
   

Take more than one specimen because different stains 
need different preservative techniques; for example, some his-
tochemical changes are best shown on fresh frozen sections 
that have had special staining. The pathologist should know 
in advance that a muscle biopsy is to be done so that special 
fixative techniques, such as freezing with liquid nitrogen, are 
readily available when the specimen is received.

 

PERCUTANEOUS MUSCLE BIOPSY
Mubarak, Chambers, and Wenger described percutaneous 
muscle biopsy in 379 patients. This procedure can be per-
formed in an outpatient clinic with only local anesthesia.

 TECHNIQUE 35.2 

(MUBARAK, CHAMBERS, AND WENGER)
 n  Prepare the biopsy site with iodophor paint. Place a fe-

nestrated adhesive drape over the site. Infiltrate the skin 

and subcutaneous tissue with 5 to 8 mL of 1% lidocaine 
without epinephrine. When a biopsy specimen of the 
quadriceps is being obtained, also anesthetize the fascia.

 n  Check the Bergström biopsy needle to ensure a smooth 
sliding of the cutter within the trocar. Cut the K-50 tube 
at an angle and place it into the end of the cutting needle, 
with the other end attached to a 10 mL syringe.

 n  Use a No. 11 scalpel blade to make a small stab wound in 
the skin and fascia lata at approximately mid-thigh level.

 n  Insert the Bergström needle into the muscle, preferably 
the rectus femoris, at an oblique angle.

 n  Pull the needle back approximately one half of its length, 
and have an assistant apply suction with the 10 mL syringe. 
This allows muscle to be pulled into the cutting chamber.

 n  Cut by compressing the cutter into the trocar.
 n  Remove the Bergström apparatus from the thigh. Remove 

the muscle sample from the chamber with a fine needle 
and place it on saline-soaked gauze in a Petri dish.

 n  Through the same incision and track, reinsert the Berg-
ström needle and repeat the procedure until five or six 
samples have been obtained.

 n  Close the small wound with ¼ inch adhesive strips.

POSTOPERATIVE CARE Dressing sponges are applied 
and held in place with foam tape to serve as a compres-
sive, but not constricting, bandage for 2 days. The adhe-
sive strips are left in place for 10 days; no perioperative 
antibiotics or narcotic analgesics are necessary.
   

MUSCULAR DYSTROPHY
The muscular dystrophies are a group of hereditary disorders of 
skeletal muscle that produce progressive degeneration of skel-
etal muscle and associated weakness (Table 35.1). The X-linked 
dystrophies are more common and include Duchenne muscu-
lar dystrophy, Becker muscular dystrophy, and Emery-Dreifuss 
muscular dystrophy. Limb-girdle muscular dystrophy and con-
genital muscular dystrophy are the two most common auto-
somal recessive muscular dystrophies. Facioscapulohumeral 
muscular dystrophy is inherited as an autosomal-dominant trait.

DUCHENNE MUSCULAR DYSTROPHY
Duchenne muscular dystrophy, a sex-linked recessive inher-
ited trait, occurs in males and in females with Turner syn-
drome; carriers are female. It is reported to occur in one in 
3500 live births. There is a family history in 70% of patients, 
and the condition occurs as a spontaneous mutation in 
approximately 30% of patients.

Duchenne muscular dystrophy is the result of a mutation 
in the Xp21 region of the X chromosome, which encodes the 
400-kd protein dystrophin. Dystrophin is important to the 
stability of the cell membrane cytoskeleton. In patients with 
Duchenne muscular dystrophy, the total absence of this tran-
scellular protein results in progressive muscle degeneration 
and loss of function.

Children with Duchenne muscular dystrophy usually 
reach early motor milestones at appropriate times, but inde-
pendent ambulation may be delayed, and many are initially 
toe-walkers. The disease usually becomes evident between 
3 and 6 years of age. Clinical features include large, firm calf 

 FIGURE 35.5 Muscle length maintained by muscle biopsy done 
on outer side of previously placed sutures. SEE TECHNIQUE 35.1.
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 TABLE 35.1 

Characteristics of the Muscular Dystrophies

TYPE ONSET SYMPTOMS PROGRESSION INHERITANCE
Duchenne Early childhood (2–6 

years)
Generalized weakness 
and muscle wasting 
first affecting muscles 
of hips, pelvic area, 
thighs, and shoulders. 
Calves often enlarged.

Eventually affects all 
voluntary muscles, 
as well as heart and 
breathing. Survival 
uncommon beyond 
early 30s.

X-linked recessive

Becker Adolescence or early 
adulthood

Similar to Duchenne, 
but less severe.

Progression is slow and 
variable but can affect 
all voluntary muscles. 
Survival usually well 
into mid-to-late 
adulthood.

X-linked recessive

Emery-Dreifuss Childhood, usually by 
10 years

Weakness and wast-
ing of shoulder, upper 
arm, and calf muscles; 
joint stiffening; faint-
ing caused by cardiac 
abnormalities.

Progression is slow; car-
diac complications com-
mon and may require a 
pacemaker.

X-linked recessive
Autosomal dominant
Autosomal recessive

Limb-girdle Childhood to 
adulthood

Weakness and wasting 
first affecting muscles 
around shoulders and 
hips

Progression is slow; 
cardiac complications 
common in later stages 
of disease.

Autosomal dominant
Autosomal recessive

Facioscapulohumeral 
(Landouzy-Dejerine)

Adolescence or early 
adulthood, usually by 
age 20 years

Weakness and wasting 
of muscles around eyes 
and mouth, as well as 
shoulders, upper arms, 
and lower legs initially; 
later affects abdomi-
nal muscles and hip 
muscles

Progression is slow, 
with periods of rapid 
deterioration; may 
span many decades.

Autosomal dominant

Myotonic (Steinert 
disease)

Congenital form at 
birth; more common, 
less severe form in ado-
lescence or adulthood

Weakness and wast-
ing of muscles of face, 
lower legs, forearms, 
hands, and neck with 
delayed relaxation of 
muscles after con-
traction. Can affect 
gastrointestinal system, 
vision, heart, or respira-
tion. Learning disabili-
ties in some.

Progression is slow, 
sometimes spanning 
50–60 years.

Autosomal dominant

Oculopharyngeal Adulthood, usually 40s 
or 50s

Weakness of muscles 
of eyelids and throat, 
later facial and limb 
muscles. Swallowing 
problems and difficulty 
keeping eyes open are 
common.

Progression is slow. Autosomal dominant
Autosomal recessive

Distal Childhood to 
adulthood

Weakness and wasting 
of muscles of hands, 
forearm, lower limbs

Progression is slow, not 
life-threatening.

Autosomal dominant
Autosomal recessive

Congenital At or near birth Generalized muscle 
weakness, possible joint 
stiffness or laxity; may 
involve scoliosis, respi-
ratory insufficiency, 
mental retardation

Progression is variable; 
some forms are slowly 
progressive, some 
shorten life span.

Autosomal recessive
Autosomal dominant
Spontaneous

Data from www.mda.org. Accessed December 30, 2008.
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muscles; the tendency to toe-walk; a widely based, lordotic 
stance; a waddling Trendelenburg gait; and a positive Gower 
test indicative of proximal muscle weakness (Fig. 35.6). The 
diagnosis is usually obvious by the time the child is 5 or 6 years 
old (Fig. 35.7). A dramatically elevated level of creatine kinase 
(50 to 100 times normal) and DNA analysis of blood samples 
confirm the diagnosis. Muscle biopsy shows variations in fiber 
size, internal nuclei, split fibers, degenerating or regenerating 
fibers, and fibrofatty tissue deposition. Dystrophin testing of 
the muscle biopsy specimen will help confirm the type of mus-
cular dystrophy but is not 100% confirmatory.

PHYSICAL EXAMINATION
The degree of muscular weakness depends on the age of the 
patient. Because the proximal musculature weakens before the 
distal muscles, examination of the lower extremities shows an 
early weakness of gluteal muscle strength. The weakness in the 
proximal muscles of the lower extremity can be shown by a 
decrease in the ability to rise from the floor without assistance 
of the upper extremities (Gower sign). The calf pseudohyper-
trophy is caused by infiltration of the muscle by fat and fibrosis, 
giving the calves the feel of hard rubber (Fig. 35.8). The extrin-
sic muscles of the foot and ankle retain their strength longer 
than the proximal muscles of the hip and knee. The posterior 
tibial muscle retains its strength for the longest time. This pat-
tern of weakness causes an equinovarus deformity of the foot. 
Weakness of the shoulder girdle musculature can be shown 
by the Meryon sign, which is elicited by lifting the child with 
one arm encircling the child’s chest. Most children contract the 
muscles around the shoulder to increase shoulder stability and 
facilitate lifting. In children with muscular dystrophy, however, 
the arms abduct because of the lack of adductor muscle tone 
and severe shoulder girdle muscle weakness until the children 
eventually slide through the examiner’s arms unless the chest 
is tightly encircled. Later in the disease process, the Thomas 
test shows hip flexion contracture and the Ober test shows an 
abduction contracture of the hip. 

MEDICAL TREATMENT
The use of prednisone and deflazacort has been shown to pre-
serve or improve strength, prolong ambulation, and slow the 
progression of scoliosis. Steroids help stabilize cell membranes 
and decrease inflammation and, therefore, have the potential to 

 FIGURE 35.6 Gower sign. Child must use hands to rise from 
sitting position.  (Redrawn from Siegel IM: Clinical management of 
muscle disease, London, 1977, William Heinemann.)

 

DMD/BMD

Blood for DNA mutation analysis

No mutation Mutation

DMD or BMD

Muscle biopsy for
dystrophin analysis

Normal Abnormal

Absent Altered

Non-DMD/BMD DMD BMD BMD DMD

Indeterminate In-frame Promoters/
out-of-frame

FIGURE 35.7 Flow chart of process for molecular diagnostic 
evaluation of patients in whom diagnosis of Duchenne muscular 
dystrophy (DMD) or Becker muscular dystrophy (BMD) is suspected.  
(From Shapiro F, Specht L: Current concepts review: the diagnosis and 
orthopaedic treatment of inherited muscular diseases of childhood, J 
Bone Joint Surg 75A:439, 1993.)

 FIGURE 35.8 Calf pseudohypertrophy in muscular dystrophy.
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inhibit myocyte cell death and decrease the secondary effects 
associated with cell death. A group of boys treated with daily 
high-dose deflazacort had a substantially reduced rate of sco-
liosis compared with boys who elected not to take this medica-
tion. Eighty percent of untreated boys developed scoliosis of at 
least 20 degrees by age 18, whereas fewer than 25% of the boys 
in the treatment group developed scoliosis. Daily high-dose 
deflazacort has also been reported to result in long-term main-
tenance of pulmonary function. The age at which boys became 
full-time wheelchair users increased by several years over boys 
who did not use deflazacort. This therapy has significant side 
effects including weight gain, osteopenia, behavioral changes, 
cataracts, and myopathy. The osteopenia may lead to patho-
logic fractures of the spine and extremities and makes instru-
mentation of the spine for scoliosis more difficult. Gordon et al. 
reported that the addition of bisphosphonates to steroid treat-
ment improved survival compared with treatment with steroid 
alone. More recently, Lebel et al. reported that long-term glu-
cocorticoid treatment substantially reduced the need for spinal 
surgery in boys who took deflazacort (20%) compared to those 
who did not (92%). Other medical therapies that have been 
used but have not shown definite benefit are myoblast transfers, 
azathioprine, and aminoglycosides. Gene therapy and stem cell 
therapy may show promise as a treatment for muscular dystro-
phy but are still investigational. Eteplirsen has been shown to 
increase dystrophin in skeletal muscle and is under accelerated 
approval by the US Food and Drug Administration (FDA). 
This drug is indicated for patients who have a confirmed muta-
tion of the DMD gene that is appropriate for exon 51 skipping. 

ORTHOPAEDIC TREATMENT
The goals of orthopaedic treatment are to maintain functional 
ambulation as long as possible and enhance sitting balance in 
a wheelchair. The specific procedures required differ accord-
ing to the age of the child and the stage of disease severity 
(Table 35.2). Between ages 8 and 14 years (median 10 years), 
children with Duchenne muscular dystrophy typically have a 
sensation of locking of the joints. Contractures of the lower 
extremity may require early treatment to prolong the child’s 
ability to ambulate, if even for 1 to 2 years. This requires pre-
vention or retardation of the development of contractures of 
the lower extremity, which would eventually prohibit ambula-
tion. It is easier to keep patients walking than to induce them 
to resume walking after they have stopped. When children 
with Duchenne muscular dystrophy stop walking, they also 
become more susceptible to the development of scoliosis 
and severe contractures of the lower extremities. Scoliosis 
develops in nearly all children with Duchenne muscular dys-
trophy, usually when they require aided mobility or shortly 
after becoming wheelchair bound. The use of steroids has 
decreased the occurrence of scoliosis in these patients.

For surgical correction of lower extremity contractures, 
three approaches have been used, as follows:
 1.  Ambulatory approach. The goal of surgery during the 

late ambulatory phase is to correct any contractures in 
the lower extremity while the patient is still ambulatory. 
Rideau recommended early aggressive surgery. His indi-
cations for surgery were first appearance of contractures 
in lower extremities; a plateau in muscle strength, usu-
ally around 5 to 6 years of age; and difficulty maintaining 
upright posture with the feet together. Rideau recom-
mended that surgery be performed before deterioration 

of the Gower maneuver time or time to rise from the 
floor. Other surgeons have recommended surgery later 
in the ambulatory phase, just before the cessation of 
ambulation.

 2.  Rehabilitative approach. Surgery is performed after the 
patient has lost the ability to walk but with the intention 
that walking will resume. Surgery during this stage usu-
ally allows for only minimal ambulation with braces.

 3.  Palliative approach. The palliative approach treats only 
contractures that interfere with foot wear and comfort-
able positioning in a wheelchair.
A comparison of ambulation and foot position in three 

groups of patients with Duchenne muscular dystrophy (those 
who had surgery to maintain ambulation, those who had sur-
gery to correct and maintain foot position, and those who had 
no surgery) found that the mean age at cessation of ambu-
lation for those who had surgery was 11.2 years, compared 
with 10.3 years in those who did not have surgery. Foot posi-
tion was neutral in 94% of those who had surgery, and none 
had toe flexion deformities; 96% of those who had surgery 
reported being able to wear any type of shoes, compared with 
only 60% of those who had no surgery. In contrast, another 
study of full-time wheelchair users with Duchenne muscular 
dystrophy found no significant differences between patients 
who did and did not have foot surgery with respect to foot 
wear, hypersensitivity, or cosmesis. Hindfoot motion was sig-
nificantly better, but equinus contracture was significantly 
worse in those who had not had surgery.

Currently, the most common approach is to correct con-
tractures just before the patient has a significant decline in 

 TABLE 35.2

Orthopaedic Treatment of Duchenne Muscular 
Dystrophy

STAGE OF MUSCULAR 
DYSTROPHY AGES

ORTHOPAEDIC 
TREATMENT

Stage 1 (Diagnostic 
stage)

Birth to 5 years No orthopaedic 
interventions 
indicated

Stage 2 (Quiescent 
stage)

5–8 years Achilles tendon 
lengthening
Possible hip and 
knee releases
Fracture treatment

Stage 3 (Loss of 
ambulation)

9–12 years Contracture 
releases
Achilles tendon 
lengthening or 
tenotomy
Transfer of poste-
rior tibial muscle 
to dorsum of foot

Stage 4 (Full-time sit-
ting/development of 
spinal deformity)

12–16 years Spinal fusion

Stage 5 (Complete 
dependence and 
development 
of respiratory 
insufficiency)

≥15 years Fracture treatment
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ambulation and before the patient has to use a wheelchair 
(ambulatory approach) (Fig. 35.9).

Mild equinus contractures of the feet can help force the 
knee into extension, which helps prevent the knee buckling 
caused by severe weakness of the quadriceps. Stretching 
exercises and nightly bracing can be used to prevent the 
contractures from becoming severe. Flexion and abduction 
contractures of the hip impede ambulation, however, and 
should be minimized. Exercises to stretch the hip muscles 
and lower extremity braces worn at night to prevent the child 
from sleeping in a frog-leg position are helpful initially.

If surgery is indicated, the foot and hip contractures 
should be released simultaneously, usually through percuta-
neous incisions. Ambulation should be resumed immediately 
after surgery, if possible. Polypropylene braces are preferred 
to long-term casting. Prolonged immobilization must be 
avoided to prevent or limit the progressive muscle weakness 
caused by disuse. 

 

PERCUTANEOUS RELEASE OF 
HIP FLEXION AND ABDUCTION 
CONTRACTURES AND ACHILLES 
TENDON CONTRACTURE

 TECHNIQUE 35.3 

(GREEN)
 n  With the child supine on the operating table, prepare and 

drape both lower extremities from the iliac crests to the 
toes.

 n  First flex and then extend the hip to be released, holding 
the hip in adduction to place tension on the muscles to 
be released; keep the opposite hip in maximal flexion to 
flatten the lumbar spine.

 n  Insert a No. 15 knife blade percutaneously just medial and 
just distal to the anterior superior iliac spine (Fig. 35.10).

 n  Release the sartorius muscle first, and then the tensor fas-
ciae femoris muscle. Push the knife laterally and subcuta-
neously—without cutting the skin—to release the tensor 
fasciae latae completely. Bring the knife to the original 
insertion point and push it deeper to release the rectus 
femoris completely. Avoid the neurovascular structures 
of the anterior thigh.

 n  At 3 to 4 cm proximal to the upper pole of the patella, 
percutaneously release the fascia lata laterally through a 

stab wound in its midportion. Push the knife almost to the 
femur to release the lateral intermuscular septum com-
pletely.

 n  Perform a percutaneous release of the Achilles tendon.
 n  Apply long-leg casts with the feet in neutral position and 

with the heels well padded to prevent pressure ulcers.

POSTOPERATIVE CARE The patient is mobilized imme-
diately after surgery. If tolerated, a few steps are allowed. 
Walker-assisted ambulation commences as soon as pos-
sible and when transfer is achieved, the patient is placed in 
a regular bed and physical therapy is continued. The casts 
are bivalved, and bilateral polypropylene long-leg ortho-
ses are fitted as soon as possible. Patients are discharged 
from the hospital as soon as they can ambulate indepen-
dently with a walker.
  

RIDEAU TECHNIQUE
Rideau et al. described a similar technique, but with an open 
procedure to release the hip flexor contractures and lateral 
thigh contractures. They also excised the iliotibial band and 
the lateral intermuscular septum (Fig. 35.11). 

 

TRANSFER OF THE POSTERIOR TIBIAL 
TENDON TO THE DORSUM OF THE 
FOOT
In patients with marked overpull of the posterior tibial mus-
cle, Greene found that transfer of the posterior tibial tendon 
to the dorsum of the foot combined with other tenotomies 
or tendon lengthening gave better results than posterior 
tibial tendon lengthening alone. Although transfer of the 
posterior tibial tendon is technically more demanding and 
has a higher perioperative complication rate, Greene noted 
that the patients retained the plantigrade posture of their 

 

Wheelchair phaseAmbulatory phase

0                        7               10                                       20  Age (yr)

Normal life Decreased
ambulation

Scoliosis: 80%
Respiratory
decrease: 100%

Terminal
stage

FIGURE 35.9 Graph of natural course of Duchenne muscular 
dystrophy: age-related stages.  (From Rideau Y, Duport G, Delaubier 
A, et al: Early treatment to preserve quality of locomotion for children 
with Duchenne muscular dystrophy, Semin Neurol 15:9, 1995.)

 

4

2, 3

1

FIGURE 35.10 Tenotomy sites for release of hip flexors (1), 
tensor fasciae latae and fascia lata (2, 3), and Achilles tendon (4). 
SEE TECHNIQUE 35.3.

 

21 43

FIGURE 35.11 Surgical sites for musculotendinous releases to 
reduce bilaterally contractures of the hip (1), thigh (2), knee (3), 
and ankle (4).
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feet, even after walking ceased. Despite the more extensive 
surgical procedure, early ambulation of the patients was 
not impeded.

 TECHNIQUE 35.4 

(GREENE)
 n  Place the patient supine; after placing a tourniquet, make 

a 3 cm incision starting medially at the neck of the talus 
and extending to the navicular (Fig. 35.12A).

 n  Open the sheath of the posterior tibial tendon from the 
distal extent of the flexor retinaculum to the navicular.

 n  Release the tendon from its bony insertions, preserving as 
much length as possible.

 n  Make a second incision 6 to 8 cm long vertically between 
the Achilles tendon and the medial distal tibia (Fig. 35.12B). 
The Achilles tendon can be lengthened through the same 
incision if necessary.

 n  Incise the posterior tibial tendon sheath and pull the dis-
tal portion of the tendon through the second operative 
wound.

 n  Make a third incision 6 cm long lateral to the anterior 
crest of the tibia and extend it to the superior extensor 
retinaculum (Fig. 35.12B).

 n  Incise the anterior compartment fascia and retract the an-
terior tibial tendon laterally.

 n  Carefully incise the interosseous membrane on the lateral 
aspect of the tibia adjacent to its tibial insertion for a 
distance of 3 cm. Enlarge the opening by proximal and 
distal horizontal cuts, extending halfway across the inter-
osseous membrane.

 n  Pass a curved clamp close to the tibia from the anterior 
compartment proximally into the second incision. Keep 

the curved clamp on the tibia to prevent injury to the 
peroneal vessels.

 n  After grasping the posterior tibial tendon and pulling it 
into the third incision, inspect the tendon through the 
second incision to ensure that it has neither twisted on 
itself nor ensnared the flexor digitorum longus tendon.

 n  Make a fourth incision 3 cm long on the dorsum of the 
foot in the region of the middle cuneiform.

 n  Incise the periosteum of the middle cuneiform and expose 
the central portion of the bone.

 n  Drill a hole 5 to 8 mm to insert the tendon through the 
middle of the cuneiform.

 n  Pass a Kelly clamp subcutaneously from the third inci-
sion to the fourth incision distally to create a subcutane-
ous track for the posterior tibial tendon. Pull the tendon 
through the subcutaneous track with a tendon passer.

 n  Holding on to the sutures tied to the end of the poste-
rior tibial tendon, pass the tendon into the hole in the 
middle cuneiform, and pass the sutures through the 
dorsum of the foot with the aid of straight needles or it 
can be secured into the middle cuneiform with a suture 
anchor.

 n  Release the tourniquet, and inspect, irrigate, and close 
the wounds.

 n  After the wounds have been closed, tie the suture over 
a felt pad and button on the plantar aspect on the foot, 
with the foot in a neutral position (Fig. 35.12C).

 n  Apply a long-leg cast with the knee extended and the 
ankle in neutral position.

POSTOPERATIVE CARE Standing and walking are al-
lowed 24 to 48 hours after surgery. A long leg cast is 
worn for 4 to 6 weeks, and a knee-ankle-foot orthosis is 
worn permanently.
   

 

3

4

2

1

B CA
FIGURE 35.12 Posterior tibial tendon transfer to foot. A, First and second incisions. B, Third 

and fourth incisions and clamp placement for pulling posterior tibial tendon from posterior to 
anterior compartment of leg. C, Position of transplanted tendon and suture tied over felt pad and 
button on plantar aspect of foot. SEE TECHNIQUE 35.4.
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TRANSFER OF THE POSTERIOR TIBIAL 
TENDON TO THE DORSUM OF THE 
BASE OF THE SECOND METATARSAL
Mubarak described transfer of the posterior tibial tendon 
to the dorsum of the base of the second metatarsal. Com-
pared to the Greene technique, the more distal placement 
of the posterior tibial tendon increases the lever arm in 
dorsiflexion of the ankle and the technique allows easier 
plantar flexion and dorsiflexion balancing of the ankle at 
the time of surgery.

 TECHNIQUE 35.5 

(MUBARAK)
 n  With the patient supine and a tourniquet in place, make 

a 3 cm incision over the insertion of the posterior tibial 
tendon on the navicular.

 n  Open the sheath of the posterior tibial tendon from the 
anterior aspect of the medial malleolus to the navicular.

 n  Release the tendon from the bony insertions, preserving 
as much length as possible.

 n  Make a second incision in the posteromedial calf in the re-
gion of the myotendinous junction of the posterior tibial 
tendon. A gastrocnemius recession can be done through 
this incision if necessary, but excessive lengthening of the 
triceps surae complex should be avoided to prevent the 
development of a crouched gait postoperatively.

 n  Open the posterior tibial tendon sheath and pull the ten-
don through the sheath into the calf wound.

 n  At the myotendinous junction of the posterior tibial ten-
don, incise the tendon transversely halfway through its 
width. Extend this incision distally to within 0.5 cm of the 
cut insertion of the tibial tendon.

 n  Secure the distal aspect of the tendon with a single suture 
to prevent the longitudinal cut from extending out to the 

end of the tendon. This procedure effectively doubles the 
length of the posterior tibial tendon (Fig. 35.13A).

 n  Make a third incision 6 cm long lateral to the anterior 
crest of the tibia, extending it to the superior extensor 
retinaculum.

 n  Perform an anterior compartment fasciotomy and retract 
the anterior tibial tendon laterally.

 n  Incise the interosseous membrane of the lateral aspect of 
the tibia for a distance of 3 cm.

 n  Place a Kelly clamp through the anterior compartment 
wound across the interosseous membrane and into 
the deep posterior compartment. Grasp the end of the 
lengthened posterior tibial tendon and bring it through 
the interosseous membrane into the anterior compart-
ment of the calf (Fig. 35.13B).

 n  Make another incision, 2 to 3 cm long, over the base of 
the second metatarsal. Dissect down to the base of the 
second metatarsal, and subperiosteally dissect around the 
base of the second metatarsal circumferentially.

 n  Take the elongated posterior tibial tendon and tunnel it 
subcutaneously into the incision over the dorsum of the 
second metatarsal. Loop the tendon around the base of 
the second metatarsal as a sling and suture it to itself, 
with the appropriate tension on the ankle to hold it in 
neutral plantar flexion and dorsiflexion (Fig. 35.13C).

 n  Release the tourniquet and inspect the tibial vessels to 
ensure that they are not being kinked by the transferred 
tendon. Irrigate the wounds and close them in a standard 
fashion.

POSTOPERATIVE CARE Postoperative care is the same 
as for transfer of the posterior tibial tendon to the dorsum 
of the foot (see Technique 35.4).
  

Equinus contractures can be corrected by a percutane-
ous Achilles tendon lengthening or an open Achilles tendon 
lengthening (see Chapter 33). If an open procedure is required 
because of severe contractures, lengthening or release of the 

 

A B C
         

 
   
 
   
 
 

   

  FIGURE 35.13 Posterior tibial tendon transfer to dorsum of second metatarsal base. A, Posterior 
tibial tendon removed from insertion. Length can be effectively doubled by splitting at myoten- 
dinous junction to cut end. Secure midpoint at lengthened tendon with suture. B, Lengthened 
tendon is passed through hole in interosseous membrane (posterior to anterior) and subcutaneously 
across anterior aspect of ankle. C, Lengthened tendon is pulled subcutaneously across dorsum of 
midfoot, looped around base of second metatarsal, and sutured to itself with enough tension to 
hold ankle in neutral. SEE TECHNIQUE 35.5.
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posterior tibial, flexor digitorum, and flexor hallucis longus 
tendons may also be required. When these lengthening pro-
cedures or releases are done, the child will need an ankle-foot 
orthosis to continue to stand or ambulate.

Although release of contractures usually allows another 
2 to 3 years of ambulation, by age 12 to 13 years most chil-
dren with Duchenne muscular dystrophy can no longer walk, 
and spinal deformity becomes the primary problem. Scoliosis 
affects almost all children with Duchenne muscular dystro-
phy, and the curve is usually progressive (Fig. 35.14); how-
ever, with the use of steroids in the medical treatment of 
Duchenne muscular dystrophy the frequency of scoliosis has 
decreased. Scoliosis produces pelvic obliquity, which makes 
sitting increasingly difficult. Bracing and wheelchair spinal-
support systems may slow progression of the curve, but spinal 
fusion is ultimately required for most patients.

When a patient becomes nonambulatory, the scoliosis 
almost invariably worsens and significant kyphosis develops. 
Many authors recommend spinal arthrodesis at the onset of 
scoliosis when the curve is only 20 degrees. Given the natu-
ral history of the condition, delaying surgery until the curve 
reaches 40 or 50 degrees has no advantage and can make sur-
gery more complicated because of the worsening of cardiac 
and pulmonary function during the delay. Most authors rec-
ommend that the forced vital capacity of the lungs be 50% 
or more of normal to reduce pulmonary complications to an 
acceptable level, and a forced vital capacity of less than 35% 
has been cited as a relative contraindication to surgery and as 
evidence of significant cardiomyopathy. Surgery can still be 
done when vital capacity is less than 50%, but the risk of pul-
monary and cardiac complications increases.

Posterior spinal fusion (PSF) with segmental instru-
mentation is the operation of choice. The fusion and instru-
mentation should extend to the proximal thoracic spine to 
prevent postoperative kyphosis above the fusion. Facet joint 

arthrodesis should be performed at every level, using autog-
enous or allograft bone graft as required. Most authors have 
recommended that fusion extend to the pelvis. Fusion to L5 
can be considered if the Cobb angle is less than 40 degrees 
and there is less than 10 degrees of pelvic obliquity. Alman 
and Kim found that if the apex of the curve was at L1 or 
below, pelvic obliquity increased after fusion to L5.

OTHER VARIANTS OF MUSCULAR 
DYSTROPHY

BECKER MUSCULAR DYSTROPHY
Becker muscular dystrophy is a sex-linked recessive disorder 
that has a later onset and a slower rate of muscle deterioration 
than Duchenne muscular dystrophy. The prevalence of Becker 
muscular dystrophy based on dystrophin analysis is 2.3 per 
100,000. The affected gene in Becker muscular dystrophy is 
identical to that in Duchenne muscular dystrophy (located at 
the Xp21 locus on the X chromosome), but patients with Becker 
muscular dystrophy show some evidence of a functional intra-
cellular dystrophin. The dystrophin in Becker muscular dystro-
phy, although present, is altered in size or decreased in amount 
or both. The severity of the disease depends on the amount of 
functional dystrophin in the muscles. Genetic studies and dys-
trophin testing now allow the clinician to better define severe 
forms of Becker muscular dystrophy. Serum creatine kinase 
levels are highest before muscle weakness is clinically apparent 
and can be 10 to 20 times normal levels. Onset of symptoms 
usually occurs after age 7 years, and patients may live to their 
mid-40s or later. Cardiac involvement is frequent in patients 
with Becker muscular dystrophy; a high percentage of patients 
with Becker muscular dystrophy have electrocardiographic 
abnormalities and cardiomyopathy.

The orthopaedic treatment of Becker muscular dystrophy 
depends on the severity of the disease. In patients with large 
amounts of functional dystrophin, orthopaedic procedures 

 

A B C D

FIGURE 35.14 A and B, Radiographs of patient with Duchenne muscular dystrophy and scoliosis. 
C and D, Postoperative radiographs after posterior fusion and instrumentation to the pelvis.
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are frequently not required until after childhood, and in 
patients with more severe forms of the disease, treatment con-
sideration is the same as for Duchenne muscular dystrophy. 
Contractures of the foot and overpull of the posterior tibial 
muscle can be treated effectively with Achilles tendon length-
ening and posterior tibial tendon transfers, with good long-
term results. Patients rarely need soft-tissue releases around 
the hip. Scoliosis is not as common in patients with Becker 
muscular dystrophy, and no definitive recommendations 
exist in the literature, so treatment must be individualized. 

EMERY-DREIFUSS MUSCULAR DYSTROPHY
Emery-Dreifuss muscular dystrophy is an X-linked recessive 
disorder, with the fully developed disease seen only in boys, 
although milder disease has been reported in girls. The gene 
locus for the most common form of Emery-Dreifuss mus-
cular dystrophy is in the Xq28 region of the X chromosome. 
This region encodes for a nuclear membrane protein named 
emerin. Muscle biopsy of patients with Emery-Dreifuss mus-
cular dystrophy shows normal levels of dystrophin but an 
absence of emerin.

During the first few years of life, patients have muscle 
weakness, an awkward gait, and a tendency for toe-walking. 
The full syndrome, usually occurring in the teens, is char-
acterized by fixed equinus deformities of the ankles, flexion 
contractures of the elbows, extension contracture of the neck, 
and tightness of the lumbar paravertebral muscles. A signifi-
cant factor in the diagnosis and treatment of Emery-Dreifuss 
muscular dystrophy is the presence of cardiac abnormalities 
consisting of bradycardia and atrial ventricular conduction 
defects that can lead to complete heart block. It is important 
to recognize Emery-Dreifuss muscular dystrophy because of 
the cardiac abnormalities, which, initially, are almost always 
asymptomatic but lead to a high incidence of sudden cardiac 
death, which may be averted by a cardiac pacemaker. Most 
patients are able to ambulate until the fifth or sixth decade 
of life.

Orthopaedic treatment of Emery-Dreifuss muscular dys-
trophy involves release of the heel cord contractures and other 
muscles around the foot. This usually requires an Achilles ten-
don lengthening and a posterior ankle capsulotomy. Anterior 
transfer of the posterior tibial tendon may also be required. 
Elbow flexion contractures do not usually exceed 35 degrees, 
but contractures of 90 degrees have been reported. Full flex-
ion and normal pronation and supination are maintained. 
Successful results of release of elbow contractures have not 
been reported. Contractures around the neck and back should 
be treated conservatively with range of motion, although full 
range of motion should not be expected. Scoliosis can occur 
with this form of muscular dystrophy but has a lower inci-
dence of progression. 

LIMB-GIRDLE DYSTROPHY
Limb-girdle dystrophy has been classified based on inheri-
tance patterns into autosomal dominant, autosomal recessive, 
and X-linked forms. Now, with an expanding list of identified 
genes, there are eight dominant forms and 14 recessive forms. 
The clinical characteristics are sometimes indistinguish-
able from those of Becker muscular dystrophy, but normal 
dystrophin is noted on laboratory examination. The disease 
usually occurs in the first to fourth decades of life. The initial 
muscle weakness involves the pelvic or shoulder girdle (Fig. 

35.15). Lower extremity weakness usually involves the gluteus 
maximus, the iliopsoas, and the quadriceps. Upper extrem-
ity weakness may involve the trapezius, the serratus anterior, 
the rhomboids, the latissimus dorsi, and the pectoralis major. 
Some weakness may also develop in the prime movers of the 
fingers and wrists. There are two major forms of limb-girdle 
dystrophy: the more common pelvic girdle type and a scapu-
lohumeral type. Surgery is seldom required in patients with 
limb-girdle dystrophy. Stabilization of the scapula to the ribs 
may be required for winging of the scapula, and in rare cases 
muscle transfers around the wrist may be required. 

FACIOSCAPULOHUMERAL MUSCULAR 
DYSTROPHY
Facioscapulohumeral muscular dystrophy is an autosomal-
dominant condition with characteristic weakness of the facial 
and shoulder girdle muscles (Fig. 35.16). The affected gene is 
located on chromosome 4q35. Onset of the disease may be 
in early childhood, in which case the disease runs a rapid, 
progressive course, confining most children to a wheelchair 
by age 8 to 9 years; alternatively, onset may occur in patients 
15 to 35 years old, in which case the disease progresses more 
slowly. The most striking clinical manifestation is facial weak-
ness with an inability to whistle, purse the lips, wrinkle the 
brow, or blow out the cheeks. The greatest functional impair-
ments are the inability to abduct and flex the arms at the gle-
nohumeral joints and winging of the scapula, both caused by 
progressive weakness of the muscles that fix the scapula to the 
thoracic wall, whereas the muscles that abduct the glenohu-
meral joint remain strong. As the disease progresses, weak-
ness of the lower extremities, especially in the peroneal and 
the anterior tibial muscles, results in a footdrop that requires 
the use of an ankle-foot orthosis. Sometimes the quadriceps 

 FIGURE 35.15 Pattern of weakness in limb-girdle dystrophy.  
(Redrawn from Siegel IM: Clinical management of muscle disease, London, 
1977, William Heinemann.)
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muscle is involved, requiring expansion of the orthosis to a 
knee-ankle-foot orthosis. Scoliosis is rare, although increased 
lumbar lordosis is common.

The inability to flex and abduct the shoulder functionally 
can be treated by stabilization of the scapula, with scapulo-
thoracic arthrodesis. Scapulothoracic fusion with strut grafts 
or with plates and screws provides a satisfactory fusion of the 
medial border of the scapula to the posterior thoracic ribs 
(Fig. 35.17); however, it is associated with significant compli-
cations, including pneumothorax, pleural effusion, atelecta-
sis, and pseudarthrosis. Techniques using wires for fixation 

have been described by Jakab and Gledhill, Twyman et  al., 
and Diab et al. Copeland et al. described a similar fusion tech-
nique, but instead of wires they used screws to stabilize the 
scapula to the fourth, fifth, and sixth ribs (Fig. 35.18).

Cited indications for scapulothoracic fusion include 
limited shoulder abduction and flexion of more than 90 
degrees, scapular winging, and shoulder discomfort; deltoid 
strength should be at least grade 4 of 5 at the time of sur-
gery. In their 11 procedures in eight patients, the only com-
plication reported by Diab et al. was prominent subcutaneous 
wires that required trimming in two patients. They noted that 
scapulothoracic fusion can relieve shoulder fatigue and pain, 
allow smooth abduction and flexion of the upper extrem-
ity, and improve the appearance of the neck and shoulder. 
Although disease progression affecting the deltoid muscle can 
cause a loss of abduction, other benefits of the procedure are 
maintained long term. 

 

SCAPULOTHORACIC FUSION

 TECHNIQUE 35.6 

(DIAB ET AL.)
 n  Place the patient prone, with the forequarter draped free. 

Abduct the upper limb so that the scapula lies flat against 
the posterior part of the thorax with its vertebral border 
externally rotated at an angle of 25 degrees to the mid-
line.

 n  Make a linear incision over the entire vertebral border of 
the scapula in the reduced position.

 n  Cut the trapezius muscle in line with the cutaneous inci-
sion.

 n  Release the levator scapulae and rhomboid major and mi-
nor muscles from their sites of insertion on the vertebral 
border of the scapula and dissect them medially. These 
muscles are usually atrophic and markedly fibrotic and 
fatty.

 FIGURE 35.16 Pattern of weakness in facioscapulohumeral 
dystrophy.

 FIGURE 35.17 Bilateral scapulothoracic arthrodesis in a patient with fascioscapulohumeral 
dystrophy.
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 n  Reflect the supraspinatus, infraspinatus, and teres major 
muscles 2 to 3 cm laterally from their sites of origin on the 
vertebral border of the scapula.

 n  Expose the posterior surface of the vertebral border of the 
scapula subperiosteally (Fig. 35.19A).

 n  Reflect a 4 to 5 cm segment of the origin of the subscapu-
laris laterally from the anteromedial part of the scapula, 
also in the subperiosteal plane. Excise part of the sub-
scapularis if necessary to expose the deep surface of the 
vertebral border of the scapula and to permit its apposi-
tion against the adjacent ribs.

 n  In the process of clearing the vertebral border of the scap-
ula subperiosteally, free the insertion of the serratus ante-
rior anteriorly from the whole length of the medial border 
of the scapula. This should allow the scapula to be placed 
without tension in a more medial and inferior position 
against the posterior part of the chest wall. It is important 
not to attempt to gain even further medial-inferior cor-
rection by forceful efforts because doing so might stretch 
adjacent neurovascular structures and cause a brachial 
plexus palsy.

 n  Expose subperiosteally, from the neck to the posterior 
angle, five ribs at the fusion site, typically the second to 
the sixth or the third to seventh ribs, taking care to protect 
the parietal pleura and subcostal neurovascular bundles.

 n  Harvest an autogenous cancellous bone graft from the 
posterior iliac crest.

 n  Use a motorized burr to partially decorticate to bleeding 
bone the anterior surface of the scapula and the posterior 
surface of the ribs.

 n  Place the scapula against the posterior part of the chest 
wall and mark the points of wire passage from the ver-
tebral border of the scapula to the immediately adjacent 
ribs. Position the wires with one above the scapular spine, 
one at the level of the spine, and one below it, with the 
lowest at the most distal part of the vertebral border (Fig. 
35.19B).

 n  Bend a doubled 16-gauge wire into a C shape and pass 
it under the rib subperiosteally from superior to inferior; 

twist the two ends once against the posterior surface of 
the rib to prevent impingement against the pleura.

 n  Drill holes along the vertebral border of the scapula, 1.5 
to 2.0 cm from its margin, opposite the selected ribs in 
the supraspinatus and infraspinatus fossae, and through 
the base of the scapular spine (Fig. 35.19B).

 n  Apply screws with washers or preferably a dynamic 
compression plate or a flattened semitubular plate to 
the posteromedial surface of the scapula to reinforce 
the thin scapular bone (Fig. 35.19C). Occasionally, if 
a single contoured plate is too bulky, two plates can 
be used, with one above and one below the scapular 
spine.

 n  Pass one end of each wire from anterior to posterior 
through the adjacent hole in the vertebral border of the 
scapula and through the hole in the overlying plate or 
washers.

 n  Sandwich the cancellous bone graft between the scapular 
and costal surfaces, with adjacent ribs bridged by cancel-
lous strips (Fig. 35.19C).

 n  With the scapula held in its final position, pull the other 
end of each wire over the posterior part of the plate and 
tighten the wires sequentially by twisting in a clockwise 
direction.

 n  Place any remaining bone graft between the posterior 
surfaces of the ribs medially and the vertebral border of 
the scapula (Fig. 35.19D).

 n  Fill the operative field with crystalloid solution and per-
form a Valsalva maneuver to detect any relatively large 
pleural tears.

 n  Cut and twist the wires to lie flat.
 n  Close the posterior muscles over the posterior surface of 

the scapula to provide a tenodesis effect and to cover the 
implants. Close the thoracic and posterior iliac wounds in 
a routine fashion.

 n  In the recovery room, obtain a chest radiograph to check 
for a developing pneumothorax; clinical symptoms may 
be masked by postoperative drowsiness or pain medica-
tions.

 

A B C

FIGURE 35.18 Copeland technique of scapulothoracic fusion. A, Decortication of ribs. B and 
C, Drilling and insertion of rib screws after application of cancellous bone graft.
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POSTOPERATIVE CARE The shoulder and upper limb 
are immobilized in a sling and swathe for 4 weeks. Fol-
lowing this, the sling alone is used, with daily active range-
of-motion exercises of the elbow, forearm, wrist, and 
hand, but no humeral abduction or flexion is allowed for 
4 weeks. Shoulder abduction and flexion are progressed 
to full active range of motion with weaning from the sling 
over the next 4 to 8 weeks. At 3 to 4 months after surgery, 
when the rehabilitation program has led to pain-free clini-
cal abduction and flexion, unrestricted activity is allowed.
  

INFANTILE FACIOSCAPULOHUMERAL 
MUSCULAR DYSTROPHY
An early-onset form of facioscapulohumeral muscular dystro-
phy has been described in which weakness is rapidly progressive 
and the lower extremities are also are affected. Patients become 
wheelchair bound by the second decade of life. Facial weakness 
is seen in infancy, and this is followed by sensorineural hearing 
loss at an average of 5 years of age. A progressive lumbar hyper-
lordosis develops and is almost pathognomonic for infantile 
facioscapulohumeral muscular dystrophy. The hyperlordosis 
leads to fixed hip flexion contractures. Treatment consists of 

 

A B

C D
FIGURE 35.19 Technique of Diab et al. for scapulothoracic fusion (see text). A, Vertebral border 

of scapula and ribs are seen after surrounding muscles, fat, fibrous tissues, and periosteum have 
been cleared. B, Five doubled, 16-gauge wires are passed subperiosteally under the ribs and twisted 
on themselves to prevent impingement on the pleura. Five holes are drilled in medial aspect of 
scapula, adjacent to planned point of attachment to ribs. C, Single plate is bent to conform to shape 
of scapula, and one end of each wire is passed through drill hole and corresponding plate hole. 
Bone graft is placed between anterior border of scapula and posterior surface of ribs. D, Other end 
of each wire is pulled to posterior side of scapula and plate and tightened to firmly press scapula 
against ribs.  (Redrawn from Diab M, Darras BT, Shapiro F: Scapulothoracic fusion for facioscapulohumeral 
muscular dystrophy, J Bone Joint Surg 87A:2267, 2005.) SEE TECHNIQUE 35.6.
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 TABLE 35.3

Classification of Hereditary Motor Sensory 
Neuropathies

TYPE NAME(S) INHERITANCE
I Peroneal atrophy, Charcot-Marie-Tooth 

disease (hypertrophic form), Roussy-
Lévy syndrome (areflexic dystasia)

Autosomal 
dominant

II Charcot-Marie-Tooth disease (neuro-
nal form)

Variable

III Dejerine-Sottas disease Autosomal 
recessive

IV Refsum disease
V Neuropathy with spastic paraplegia
VI Optic atrophy with peroneal muscle 

atrophy
VII Retinitis pigmentosa with distal 

muscle weakness and atrophy

accommodation of the lordosis in the wheelchair. Spinal brac-
ing has been unsuccessful. Spinal fusion may be indicated to 
assist with sitting balance. Scapulothoracic fusion is usually not 
indicated in these patients because of the advanced weakness 
associated with this form of facioscapulohumeral muscular 
dystrophy. 

CONGENITAL DYSTROPHIES
Congenital dystrophies include relatively rare conditions, 
such as nemaline dystrophy, central core myopathy, myotubu-
lar myopathy, congenital fiber disproportion, and multicore 
and minicore disease. Congenital myopathies and congenital 
muscular dystrophies are usually defined by the histological 
appearance of the muscle biopsy specimen, rather than by 
specific clinical or molecular criteria. Electron microscopy 
may be required to differentiate some of the types. Weakness 
and contractures at birth can cause hip dislocation, clubfeet, 
or other deformities. Respiratory weakness and difficulty with 
feeding and swallowing are common. The clinical appearance 
is one of dysmorphism, with kyphoscoliosis, chest deformi-
ties, a long face, and a high palate. Muscle tissue is gradu-
ally replaced with fibrous tissue, and contractures can become 
severe. Treatment is aimed at keeping the patient ambulatory 
and preventing contractures by exercises and orthotic splint-
ing. Equinus and varus deformities of the feet may require 
releases if they interfere with ambulation. Congenital dislo-
cation of the hip and clubfoot deformity are treated conven-
tionally, but recurrence is frequent. Early rigid scoliosis may 
occur and need treatment. 

MYOTONIC DYSTROPHY
Myotonic dystrophy is characterized by an inability of the 
muscles to relax after contraction. It is progressive and is usu-
ally present at birth, although it may develop in childhood. 
Myotonic dystrophy type I is an autosomal-dominant disor-
der. The genetic defect is located on chromosome 19. Myotonic 
dystrophy type 2 shows the typical clinic features but does not 
have a genetic defect on chromosome 19. In addition to the 
inability of the muscles to relax, muscle weakness causes the 
most functional impairment. Other defects include hyper-
ostosis of the skull, frontal and temporal baldness, gonadal 
atrophy, dysphasia, dysarthria, electrocardiographic abnor-
malities, and mental retardation. The characteristic clinical 
appearance is a tent-shaped mouth, facial diplegia, and dull 
expression. Approximately half of children with myotonic 
dystrophy have clubfoot deformities, and hip dysplasia and 
scoliosis may exist. Hip dysplasia is treated conventionally, 
but because of capsular laxity it may not respond as readily 
as in other children. Serial casting can correct equinovarus 
deformity early on, but recurrence is likely, and extensile 
release is usually required; triple arthrodesis may be required 
at skeletal maturity because of recurrence despite extensile 
releases. In patients with marked clubfoot deformity, exten-
sive posteromedial release may be insufficient to correct the 
deformity and a talectomy may be required. An ankle-foot 
orthosis, which is frequently required for weakness in dor-
siflexion, can usually maintain postoperative correction. In 
some adolescent patients, scoliosis develops and should be 
treated with the same principles as the treatment of idiopathic 
scoliosis. The high incidence of cardiac abnormalities and 
decreased pulmonary function increases the risk of surgery 
and may prohibit surgery in these patients. 

HEREDITARY MOTOR AND 
SENSORY NEUROPATHIES
Hereditary motor and sensory neuropathies are a large group 
of inherited neuropathic disorders. The most common dis-
order among these neuropathies is Charcot-Marie-Tooth 
(CMT) disease. The hereditary motor and sensory neuropa-
thies have been classified into seven types; types I, II, and III 
occur most often in children, and types IV, V, VI, and VII 
occur in adults (Table 35.3).

CHARCOT-MARIE-TOOTH DISEASE 
(PERONEAL MUSCULAR ATROPHY)
Charcot-Marie-Tooth (CMT) disease is a genetically and phe-
notypically heterogenous group of degenerative disorders of 
the central and peripheral nervous systems that causes abnor-
mal nerve conduction, muscle atrophy and loss of proprio-
ception due to disruption of peripheral nerve myelin sheath 
and/or axonal structure. It is usually an autosomal-dominant 
trait in type I disease but can be X-linked recessive or auto-
somal recessive. Approximately 10% of cases are believed to 
be caused by spontaneous mutations. The incidence of the 
various forms of CMT disease ranges from 20 per 100,000 
to one per 2500. Clinically, there is tremendous variability, 
with some patients having severe symptoms and deformity at 
a young age and others with only mild symptoms late in life.

Muscle atrophy is slowly and steadily progressive in most 
patients with the autosomal dominant form; less often, the dis-
ease arrests completely or manifests intermittently. The reces-
sive forms have an early onset (first or second decade) and are 
more rapidly progressive. Initial complaints are usually gen-
eral weakness of the foot and an unsteady gait. Foot problems 
include pain under the metatarsal heads, claw toes, foot fatigue, 
and difficulty in wearing regular shoes. Distal loss of proprio-
ception and spinal ataxia are common. CMT disease should be 
suspected in patients with claw toes, high arches, thin legs, poor 
balance, and an unsteady gait. Patients may also have hand dys-
function manifested by difficulties with handwriting because of 
weakness, pain, and altered sensation, all of which may make the 
use of assistive ambulatory devices more difficult. In addition 
to physical examination and family history, electromyograms, 
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which show an increased amplitude in duration of response and 
slow nerve conduction velocity, typically confirm the diagnosis. 
Karakis et al. cited several clinical features that are helpful in 
differentiating CMT disease from idiopathic pes cavus defor-
mities: weakness, unsteady gait, positive family history, sen-
sory deficits, distal atrophy and weakness, absent ankle jerks, 
and gait abnormalities. In a study of 148 children with bilateral 
cavus feet, 78% had CMT disease; the frequency increased to 
91% if there was a positive family history.

Advances in molecular biology have improved the ability 
to confirm the diagnosis of CMT disease and to differentiate 
between variants of the condition. The use of molecular biol-
ogy may allow orthopaedic surgeons to make more specific 
treatment recommendations for patients with the variants 
of CMT disease. For example, patients with the most com-
mon form, CMT1A, which is caused by a duplication of the 
PMP22 gene, rarely require the use of a wheelchair, whereas 
patients with the CMT2A type caused by abnormalities in the 
MFN2 gene usually become nonambulatory in their 20s.

CAVOVARUS FOOT DEFORMITY
Cavovarus foot deformities are the most common ortho-
paedic deformities in all types of CMT disease except type 
II, in which planovalgus foot deformities are most common. 
CMT disease is the most common neuromuscular cause of 
cavovarus foot deformity in children, but other causes should 
be considered when evaluating a child with a cavovarus 
foot deformity. This is a complex deformity of the forefoot 
and hindfoot. Surgery is often required to stabilize the foot. 
Although there is little question that the cavovarus deformity 
is caused by muscle imbalance, theories explaining which 
muscles are involved and how the imbalances produce the 
rigid cavovarus deformity do not completely account for the 
clinical deformity. It has been suggested that the neuropathic 
cavovarus deformity of CMT disease has been caused by a 
combination of intrinsic and extrinsic weakness, beginning 
with weakness of the intrinsic foot muscles and the anterior 
tibial muscle, with normal strength of the posterior tibial and 
peroneus longus muscles. The triceps surae is also weak and 
may be contracted. The forefoot is pulled into equinus rela-
tive to the hindfoot, and the first ray becomes plantarflexed 
(Fig. 35.20). The long toe extensors attempt to assist the weak 

anterior tibial tendon in dorsiflexion but contribute to meta-
tarsal plantarflexion, and the forefoot is pronated into a val-
gus position with mild adduction of the metatarsals. Initially, 
the foot is supple and plantigrade with weightbearing, but 
as the forefoot becomes more rigidly pronated, the hindfoot 
assumes a varus position. Weightbearing becomes a “tripod” 
mechanism, with weight borne on the heel and the first and 
fifth metatarsal heads.

CLINICAL AND RADIOGRAPHIC EVALUATION
Clinical evaluation of the cavovarus deformity includes deter-
mination of the rigidity of the hindfoot varus, usually with 
the Coleman block test (Fig. 35.21), and assessment of indi-
vidual muscle strength and overall balance. Careful examina-
tion of the peripheral and central nervous systems is required, 
including electromyography and nerve conduction velocity 
studies.

Standard anteroposterior, lateral, and oblique radiographs 
are the most useful methods for evaluating the child’s foot; 
however, to determine any significant relationships between 
the bones, it is essential that the anteroposterior and lateral 
views be made with the foot in a weightbearing or simulated 
weightbearing position. Anteroposterior views document the 
degree of forefoot adduction. The degree of cavus can be esti-
mated on the lateral view by determining the Meary angle, 
the angle between the long axis of the first metatarsal and long 
axis of the talus; the normal angle is 0 degrees. Radiographs 
using the Coleman block test show the correction of the varus 
deformity if the hindfoot is flexible. 

ORTHOPAEDIC TREATMENT
The management of foot deformities is important in patients 
with CMT. A study of more than 2700 patients with CMT 
found that 71% of patients had foot deformities, with pes 
cavus and hammer toes being the most common. Thirty per-
cent of patients had some form of operative treatment to their 
feet at a median age of 15 years, and 33% had surgery more 
than once, highlighting the need for long-term postoperative 
follow-up.

Treatment is determined by the age of the patient and the 
cause and severity of the deformity. Medical treatment with 
high-dose ascorbic acid has been found to be ineffective in 

 

A B

FIGURE 35.20 A and B, Left and right weightbearing lateral radiographs of child with Charcot-
Marie-Tooth disease demonstrating high arches, clawing of toes, and plantarflexed first metatarsal. 
Note asymmetry in the two sides.  (From Beals TC, Nickish F: Charcot-Marie-Tooth disease and the 
cavovarus foot, Foot Ankle Clin North Am 13:259, 2008.)
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altering the natural history of this condition. Nonoperative 
treatment of the cavovarus foot, including the use of serial 
casting and botulinum toxin, has generally been unsuccess-
ful. A randomized trial of 4 weeks of night casting found 
increased ankle dorsiflexion compared with no intervention, 
but at 8 weeks there was no significant difference. In a ran-
domized trial of botulinum toxin to prevent pes cavus pro-
gression, although safe and well tolerated, the injections did 
not affect the progression of the deformity.

A multicenter task force from the Netherlands developed 
an expert-based consensus classification of the foot deformi-
ties in CMT to help guide treatment (Table 35.4). Surgical 
procedures are of three types: soft tissue for flexible defor-
mities (plantar fascia release, tendon release or transfer), 
osteotomy for stiffer flexible or rigid deformities (metatarsal, 
midfoot, calcaneal), and joint stabilizing for completely rigid 
deformities (triple arthrodesis).

Experience in the treatment of foot deformities in CMT 
disease has shown that early, aggressive treatment when the 
hindfoot is flexible and early soft-tissue releases can delay 
the need for more extensive reconstructive procedures. Even 

in young patients with a fixed hindfoot deformity, limited 
soft-tissue release, combined with a first metatarsal, midfoot 
osteotomy or calcaneal osteotomy, or both, can provide a sat-
isfactory functional outcome without sacrificing the hindfoot 
and midfoot joint motion that is lost after triple arthrodesis. 
Because of early degenerative changes in the ankle, forefoot, 
and midfoot, triple arthrodesis should serve as a salvage pro-
cedure for patients in whom other procedures were unsuc-
cessful or in patients with untreated fixed deformities (Fig. 
35.22).

Younger patients and patients with flexible hindfeet usu-
ally respond to plantar releases and appropriate tendon trans-
fers. Faldini et al. reported treatment of 24 flexible cavus feet 
in 12 patients (age 14 to 28 years) with CMT, with a combi-
nation of plantar fascia release (Steindler stripping), closed 
superolateral wedge osteotomy of the cuboid and naviculo-
cuneiform arthrodesis with closed superolateral wedge resec-
tion of articular surfaces (midtarsal osteotomy), dorsiflexion 
osteotomy of the first metatarsal (Fig. 35.23), and extensor 
hallucis transfer (Jones procedure). Results were graded as 
excellent in 12 feet, good in 10, and fair in two. These authors 
cited advantages of midtarsal osteotomy correction of the 
main component of the deformity (excess elevation of the 
plantar arch) and preservation of the overall range of motion 
of the foot, which results in a more normal range of motion 
during walking. 

 

PLANTAR FASCIOTOMY, 
OSTEOTOMIES, AND ARTHRODESIS 
FOR CHARCOT-MARIE-TOOTH DISEASE

 TECHNIQUE 35.7 

(FALDINI ET AL.)

PLANTAR FASCIOTOMY
 n  Make a 2 cm skin incision on the medial aspect of the heel 

and identify the plantar fascia.

 

2 cm 2 cmA B C

FIGURE 35.21 Coleman block test. A, Heel of foot and lateral border are placed on wooden 
block, allowing head of first metatarsal to drop into plantarflexion. B, If hindfoot varus is second 
to tripod effect of plantarflexed first ray, hindfoot will correct to neutral or valgus alignment. C, 
If hindfoot varus is rigid, it will not correct.

 TABLE 35.4

Types of Foot Deformities in Charcot-Marie-Tooth 
Disease and Recommended Treatment

TYPE FEATURES PROCEDURES
A. Normal foot Observation
B. Plantarflexed 1st 

metatarsal
Mild cavovarus
Fully flexible hindfoot

Soft-tissue procedures
Possible 1st metatarsal 
osteotomy

C. Increased plantarflexion 
1st metatarsal
Increased supination
Stiffer hindfoot

1st metatarsal osteotomy
Midfoot/hindfoot 
osteotomies
Possible triple arthrodesis

D. Rigid cavovarus Triple arthrodesis

From: Louwerens JWK: Operative treatment algorithm for foot deformities in 
Charcot-Marie-Tooth disease, Oper Orthop Traumatol 30(2):130–146, 2018.

    

https://booksmedicos.org


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN1478

 n  Apply tension by dorsiflexing the metatarsophalangeal joint 
and use a scalpel to completely strip the fascia from its ori-
gin. Take care to avoid damage to the lateral plantar artery 
and nerve and the inferior calcaneal nerve (Fig. 35.24A). 

HINDFOOT CORRECTION AND STABILIZATION
 n  Before correction of the cavus deformity, manually re-

duce heel varus and stabilize the hindfoot with a 2.5 mm 
Kirschner wire inserted from the plantar aspect of the cal-
caneus into the tibia to maintain approximately 5 degrees 
of heel valgus and 20 degrees of ankle plantarflexion. 
This allows planning of the midtarsal osteotomy using the 
stabilized hindfoot as a fixed reference.

 n  Confirm the correct position of the ankle and correct in-
sertion of the wire with fluoroscopy. 

MIDTARSAL OSTEOTOMY
 n  Make a medial approach, approximately 3.5 cm long and 

centered slightly distal to the navicular prominence.
 n  Identify and expose the naviculocuneiform joint, with re-

traction of the marginal medial vein and the anterior tibial 
tendon.

 n  Use an oscillating saw to make a superolateral wedge 
resection of the articular surfaces.

 n  Through a lateral approach, also approximately 3.5 cm 
long, identify the cuboid and retract the extensor digito-
rum brevis dorsally.

 n  Expose the cuboid, sparing the calcaneocuboid and 
cuboid-metatarsal joints.

 n  Make a superolateral wedge resection of the cuboid to 
complete the midtarsal osteotomy (Fig. 35.24B).

 n  Close the naviculocuneiform arthrodesis and the cuboid 
osteotomy and fix them with a 2.5 mm Kirschner wire 
(Fig. 35.24C). 

DORSIFLEXION OSTEOTOMY OF THE FIRST METATARSAL
 n  Through the medial approach, identify the base of the 

first metatarsal and use an oscillating saw to make a com-
plete osteotomy of the meta-diaphysis (Fig. 35.24D).

 n  Displace the distal stump of the osteotomy in a plantar direc-
tion, approximating the dorsal corner of the diaphysis into 
the base of the metatarsal to obtain dorsiflexion of the ray.

 n  Fix the osteotomy with a 2-mm Kirschner wire (Fig. 
35.24E). 

 

A B

C

D

FIGURE 35.22 Cavovarus deformity in Charcot-Marie-Tooth disease. A and B, Preoperative 
radiographs. C and D, After triple arthrodesis, Achilles tendon lengthening, and posterior tibial 
tendon transfer.  (Courtesy Jay Cummings, MD.)

    

https://booksmedicos.org


CHAPTER 35  NEUROMUSCULAR DISORDERS 1479

EXTENSOR HALLUCIS TRANSFER
 n  Through the medial approach, expose the hallux up to 

the interphalangeal joint and identify the extensor hallucis 
longus tendon.

 n  Free the tendon from its retinacular attachment and de-
tach it at the level of the first metatarsophalangeal joint.

 n  Drill a 3.2-mm hole at the metaphysis of the first metatar-
sal and pass the tendon through the hole and suture it to 
itself to form a loop, dorsiflexing the forefoot and applying 
moderate tension on the tendon transfer (Fig. 35.25A–C).

 n  Finally, tenodese the distal stump of the extensor longus 
to the extensor brevis and arthrodese the interphalangeal 
joint of the hallux, fixing it with a percutaneous Kirschner 
wire (Fig. 35.25D and E). 

POSTOPERATIVE CARE A non–weight-bearing boot 
cast is worn for 1 month, then the cast and percutaneous 
Kirschner wires are removed. An ambulatory boot cast 
is worn for another month. After its removal, active and 
passive mobilization of the foot and ankle, proprioceptive 
exercises, and muscle strengthening commence.
  

In older children with rigid hindfoot deformities, radi-
cal plantar-medial release, first metatarsal osteotomy or mid-
foot osteotomy, and a calcaneal osteotomy usually correct the 
deformity. In a fixed hindfoot with a prominent calcaneus, a 
Dwyer lateral closing wedge osteotomy may be preferred to 

shorten the heel (Chapter 33). If the heel is not prominent, 
a sliding calcaneal osteotomy (Chapter 33) gives satisfactory 
results. Mubarak recommended a stepwise approach using 
joint-sparing osteotomies for rigid feet. These include (1) dor-
sal closing wedge osteotomy of the first metatarsal, (2) opening 
plantar wedge osteotomy of the medial cuneiform, (3) cuboid 
closing wedge osteotomy, and (4) accessory procedures as 
required, including second/third metatarsal osteotomy, calca-
neal sliding osteotomy, and peroneus longus to brevis trans-
fer. The Ilizarov method has also been used in small series 
to correct rigid deformities. Although patient satisfaction is 
improved, there was no significant improvement in pain, func-
tion, or range of motion after surgery. Further study is neces-
sary on the use of external fixation in the correction of these 
deformities. Complete navicular excision and cuboid closing 
wedge osteotomy can also be used as a salvage procedure in 
severe rigid deformities where fusion is not appropriate.

Approximately 15% of patients with CMT disease require 
triple arthrodesis (Chapter 34). The Hoke arthrodesis or a 
modification of it is most often recommended. Appropriate 
wedge resections correct the hindfoot varus and midfoot com-
ponent of the cavus deformity; soft-tissue release and muscle 
balancing are required for the forefoot deformity. In the most 
severe deformities, a Lambrinudi triple arthrodesis can pro-
duce a painless plantigrade foot. Restoration of hindfoot sta-
bility with triple arthrodesis and transfer of the posterior tibial 
tendon anteriorly have been recommended to eliminate the 
need for a postoperative footdrop brace, with a reported 88% 

 

B

A

C Postoperative

Preoperative

FIGURE 35.23 First metatarsal dorsiflexion osteotomy (A and B) combined with extensor hallucis 
longus transfer (C) to help correct the plantar flexion deformity of the first ray.  (Modified from 
Louwerens JWK: Operative treatment algorithm for foot deformities in Charcot-Marie-Tooth disease. Oper 
Orthop Traumatol 30:130, 2018.)
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good or excellent result. Achilles tendon lengthening with triple 
arthrodesis is recommended after correction of the forefoot (see 
Fig. 35.22). Even with surgical correction and improvement in 
radiographic parameters, careful examination of the feet post-
operatively is essential because pedobarometric pressures can 
remain abnormal in feet that appear corrected radiographically.

Flexible claw toe deformity is usually corrected without addi-
tional surgery when the midfoot deformity is corrected. For claw-
ing in a young child without severe weakness of the anterior tibial 
muscle, the toe extensors can be transferred to the metatarsal necks 
with tenodesis of the interphalangeal joint of the great toe (Jones 
procedure; Technique 35.9). For adolescents or children with severe 
weakness of the anterior tibial muscle, all the long toe extensors can 

be transferred to the middle cuneiform with fusion of the interpha-
langeal joint (Hibbs procedure; Technique 35.10). For severe defor-
mity, the posterior tibial tendon can be transferred anteriorly to the 
middle cuneiform instead of the long toe extensors.

Surgical procedures are usually staged. The initial proce-
dure is a radical plantar or plantar-medial release, with a dorsal 
closing wedge osteotomy of the first metatarsal base if neces-
sary. Achilles tendon lengthening should not be performed as 
part of the initial procedure because the force used to dorsiflex 
the forefoot would dorsiflex the calcaneus into an unaccept-
able position. If the hindfoot is flexible and a posterior release 
is unnecessary, posterior tibial tendon transfer can be done as 
part of the initial procedure for severe anterior tibial weakness. 

 

D

E

C

A B

FIGURE 35.24 Treatment of cavus foot deformity in Charcot-Marie-Tooth disease. A, Plantar 
fasciotomy. B, Naviculocuneiform wedge resection. C, Fixation of arthrodesis with Kirschner wire. 
D, First metatarsal dorsiflexion osteotomy. E, Fixation with Kirschner wire.  (Redrawn from Faldini 
C, Traina F, Nanni M, et al: Surgical treatment of cavus foot in Charcot-Marie-Tooth disease: a review of 
twenty-four cases, J Bone Joint Surg 97A:e30[1-10], 2015.) SEE TECHNIQUE 35.7.
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RADICAL PLANTAR-MEDIAL RELEASE 
AND DORSAL CLOSING WEDGE 
OSTEOTOMY

 TECHNIQUE 35.8 

(COLEMAN)
 n  Make a curved incision over the medial aspect of the foot, 

extending anteriorly from the calcaneus to the base of the 
first metatarsal (Fig. 35.26A).

 n  Identify the origin of the abductor hallucis and separate it 
from its bony and soft-tissue attachments proximally and 
distally, but leave it attached at its origin and insertion.

 n  Identify the posterior neurovascular bundle as it divides 
into medial and lateral branches and enters the intrinsic 
musculature of the foot.

 n  Identify the tendinous origin of the abductor at its attach-
ment on the calcaneus between the medial and lateral 
plantar branches of the nerve and artery and sever it to 
free the origin of the abductor hallucis.

 n  Identify the long toe flexors as they course along the plan-
tar aspect of the foot and section the retinaculum of the 
tendons.

 n  Sever the origins of the plantar aponeurosis, the abductor 
hallucis, and the short flexors from their attachments to 
the calcaneus (Fig. 35.26B), and gently dissect this entire 

musculotendinous mass distally and extraperiosteally as 
far as the calcaneocuboid joint.

 n  If the first metatarsal remains in plantarflexion after this 
release, make a dorsally based closing wedge osteotomy 
immediately distal to the physis, removing enough bone to 
correct the lateral talo-first metatarsal angle to 0 degrees.

 n  Fix the osteotomy with a smooth Steinmann pin or 
Kirschner wire.

 n  Close the wound in routine fashion and apply a short leg 
cast with the foot in the corrected position.

POSTOPERATIVE CARE If there is excessive tension on 
the wound, the foot can be placed in a cast in slight plan-
tar flexion. A new cast should be applied at 2 weeks with 
the foot in a fully corrected position. The pins and cast are 
removed at 6 to 8 weeks.
   

 

TRANSFER OF THE EXTENSOR 
HALLUCIS LONGUS TENDON FOR 
CLAW TOE DEFORMITY

 TECHNIQUE 35.9 

(JONES)
 n  Expose the interphalangeal joint of the great toe through 

an L-shaped incision (Fig. 35.27).
 n  Retract the flap of skin and subcutaneous tissue medially 

and proximally and expose the tendon of the extensor 
hallucis longus.

 n  Cut the tendon transversely, 1 cm proximal to the joint 
and expose the joint.

 n  Excise the cartilage, approximate the joint surfaces, and 
insert a 5/64-inch intramedullary Kirschner wire or screw 
for fixation. Clip the wire off just outside the skin.

 n  Expose the neck of the first metatarsal through a 2.5 cm 
dorsomedial incision extending distally to the proximal 
extensor skin crease.

 

D E

CA B

FIGURE 35.25 Treatment of cavus foot deformity in Charcot-
Marie-Tooth disease. Extensor hallucis longus transfer (Jones 
procedure). A and B, Tendon detached at level of first metatar-
sophalangeal joint, passed through hole (C) and sutured to itself. 
D and E, Distal stump of extensor hallucis longus is tenodesed to 
extensor hallucis brevis.  (Redrawn from Faldini C, Traina F, Nanni M, 
et al: Surgical treatment of cavus foot in Charcot-Marie-Tooth disease: 
a review of twenty-four cases, J Bone Joint Surg 97A:e30[1-10], 2015.) 
SEE TECHNIQUE 35.7.

 

A B
FIGURE 35.26 Radical plantar-medial release and dorsal closing 

wedge osteotomy for cavovarus deformity. A, Incision. B, Release 
of musculotendinous mass. SEE TECHNIQUE 35.8.
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 n  Dissect free the extensor hallucis longus tendon but pro-
tect the short extensor tendon. Cleanly and carefully ex-
cise the sheath of the long extensor tendon throughout 
the length of the proximal incision.

 n  Beginning on the inferomedial aspect of the first meta-
tarsal neck, drill a hole transverse to the long axis of the 
bone to emerge on the dorsolateral aspect of the neck.

 n  Pass the tendon through the hole and suture it to itself 
with interrupted sutures.

 n  The same procedure can be performed on adjacent toes 
with clawing.

 n  Close the wounds and apply a short-leg walking cast with 
the ankle in neutral position.

POSTOPERATIVE CARE Walking with crutches is al-
lowed in 2 to 3 days. At 3 weeks, the cast and skin sutures 
are removed and a short-leg walking cast is applied. At 6 
weeks, the walking cast and Kirschner wire are removed 
and active exercises are begun.
   

 

TRANSFER OF THE EXTENSOR 
TENDONS TO THE MIDDLE 
CUNEIFORM

 TECHNIQUE 35.10 

(HIBBS)
 n  Make a curved incision 7.5 to 10 cm long on the dorsum 

of the foot lateral to the midline and expose the common 
extensor tendons (Fig. 35.28).

 n  Divide the tendons distally as far as feasible, draw their 
proximal ends through a tunnel in the third cuneiform, 
and fix them with a nonabsorbable suture.

 n  As an alternative, use a plantar button and felt with a 
Bunnell pull-out stitch.

 n  Close the wounds and apply a plaster boot cast with the 
foot in the corrected position.

POSTOPERATIVE CARE The cast and plantar button are 
removed at 6 weeks.
   

 

STEPWISE JOINT-SPARING FOOT 
OSTEOTOMIES

 TECHNIQUE 35.11 

(MUBARAK AND VAN VALIN)

FIRST RAY OSTEOTOMIES (OPENING-WEDGE OSTEOTOMY OF 
THE MEDIAL CUNEIFORM, DORSAL CLOSING-WEDGE OSTE-
OTOMY OF THE FIRST METATARSAL)

 n  Initial attention is focused on the first ray. Place a medial 
incision over the foot at the level of the first metatarsal 
and first cuneiform.

 n  Partially release the anterior tibial tendon insertion on the 
cuneiform.

 n  Place two needles to identify the midportion of the cunei-
form and a position at least 1 cm distal to the first meta-
tarsal physis. Take care not to disrupt the first metatarsal 
physis, which is proximal.

 n  Remove a 20 to 30 degree dorsal wedge from the first 
metatarsal and save it (Fig. 35.29A).

 n  Perform an opening-wedge osteotomy of the medial cu-
neiform (if necessary) (Fig. 35.29B) and place the bone 
wedge from the first metatarsal osteotomy into it and 
secure it with one or two Kirschner wires. 

CUBOID CLOSING-WEDGE OSTEOTOMY
 n  Make a lateral incision over the cuboid and identify 

the calcaneocuboid and cuboid–fifth metatarsal joints  

 

A B
FIGURE 35.27 Transfer of extensor hallucis longus tendon for 

claw toe deformity (Jones procedure). A, Incisions. B, Completed 
procedure. SEE TECHNIQUE 35.9.

 

A B
FIGURE 35.28 Transfer of extensor tendons to middle cunei-

form for claw toe deformity (Hibbs procedure). A, Incisions. B, 
Completed procedure combined with Jones procedure. SEE TECH-
NIQUE 35.10.
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fluoroscopically. Remove a 5 to 10 mm dorsal wedge of 
the cuboid and save the wedge (Fig. 35.29C). Secure the 
osteotomy with a single Kirschner wire. 

METATARSAL OSTEOTOMIES
 n  If the second and third metatarsal heads are now promi-

nent, dorsal closing-wedge osteotomies can be done. 
Place a single incision between the second and third 
metatarsals and remove and save dorsal wedges. These 
osteotomies can each be secured with a single intramed-
ullary Kirschner wire. 

ACCESSORY PROCEDURES
 n  Calcaneal osteotomy, usually a lateral displacement and 

closing wedge, is done if there is a fixed hindfoot defor-
mity (Fig. 35.30).

 n  Plantar fasciotomies are usually done through a small in-
cision if the plantar fascia is tight after osteotomies are 
complete.

 n  Peroneus longus-to-brevis transfer can be done after the 
cuboid closing–wedge osteotomy. Identify the peroneus 
longus on the plantar surface of the cuboid and release 
it. Attach the proximal end to the peroneis brevis using 
nonabsorbable suture. 

POSTOPERATIVE CARE The patient is kept non–weight 
bearing in a short leg cast that is bivalved to allow for 
swelling. The pins are removed at approximately 4 weeks 
after surgery under light sedation, and a walking cast is ap-
plied. Patients can fully bear weight 8 weeks after surgery.
  

In patients with advanced CMT disease, a triple arthrod-
esis may be necessary to establish a plantigrade foot; however, 
triple arthrodesis should not be routinely done in younger 
patients with less severe disease because degenerative changes 
of the ankle may result. In patients who have not had limited 
procedures during early adolescence but have major hindfoot, 
midfoot, and forefoot deformities, a triple arthrodesis may be 
the only treatment option. In severe deformity, a more exten-
sive procedure, such as a Lambrinudi or Hoke triple arthrod-
esis, can be performed. Techniques for triple arthrodesis are 
outlined in Chapter 34.

HIP DYSPLASIA
Hip dysplasia, which usually becomes apparent in the second 
and third decades of life, has been reported in 6% to 8% of 

 

A

B

C
FIGURE 35.29 Stepwise joint-sparing osteotomies for cavus 

foot deformities (see text). A, First metatarsal closing-wedge 
osteotomy; removed piece will be used in cuneiform. B, Medial 
cuneiform opening-wedge osteotomy. C, Cuboid closing-wedge 
osteotomy, with or without second and third metatarsal osteoto-
mies.  (Redrawn from Mubarak SJ, Van Valin SE: Osteotomies of the foot 
for cavus deformities in children, J Pediatr Orthop 29:294, 2009.) SEE 
TECHNIQUE 35.11.

 

A

B C
FIGURE 35.30 Stepwise joint-sparing osteotomies for cavus 

foot deformities (see text). A, Calcaneal osteotomy through lateral 
approach. B, Closing and lateral sliding wedge osteotomy. C, Closing 
and sliding wedge osteotomy.  (Redrawn from Mubarak SJ, Van Valin 
SE: Osteotomies of the foot for cavus deformities in children, J Pediatr 
Orthop 29:294, 2009.) SEE TECHNIQUE 35.11.
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patients with CMT disease. Dysplasia is more likely to occur 
in hereditary motor and sensory neuropathy type I than in 
type II. If hip dysplasia is present, it should be corrected. 
Novais et  al. found that acetabular dysplasia, hip sublux-
ation, acetabular anteversion, coxa valga, and hip osteoar-
thritis were more severe in patients with CMT than in those 
with developmental dysplasia and suggested that this should 
be considered in determining the appropriate surgical strat-
egy. In a series of 19 hips with symptomatic dysplasia in 14 
CMT patients, Bernese periacetabular osteotomy success-
fully corrected radiographic abnormalities, but complications 
were common, including osteonecrosis of the femoral head, 
transient complete bilateral peroneal nerve palsy, inferior 
rami fractures, and heterotopic ossification. Most patients 
reported improved outcomes, although seven showed signs 
of radiographic progression of osteoarthritis. A later com-
parative study by Novais et al. of the Bernese periacetabular 
osteotomy in patients with hip dysplasia secondary to CMT 
disease (27 patients) or developmental dysplasia (54 patients) 
found that the osteotomy obtained improvements in patient-
reported outcomes scores and in redirecting the acetabulum 
in symptomatic CMT dysplasia; complications were much 
more frequent in patients with CMT (33%) than in those with 
developmental dysplasia of the hip (DDH; 13%). 

SPINAL DEFORMITIES
Spinal deformities are present in approximately 25% of all 
patients with CMT disease. Approximately 75% of these patients 
have hereditary motor and sensory neuropathy type I with 
duplication of PMP22 (peripheral myelin protein gene on chro-
mosome 17). Scoliosis is uncommon in association with CMT 
disease, occurring in 10% to 30% of young patients, and the 
curve is usually mild to moderate and often does not require any 
treatment. In patients with CMT disease, nonoperative treat-
ment with a brace is usually well tolerated and successfully con-
trols the curve in many patients. Generally, spinal deformities in 
children with CMT disease can be managed by the same tech-
niques used for idiopathic scoliosis (see Chapter 44). Because of 
the demyelination of the peripheral nerves and degeneration of 
the dorsal root ganglion and dorsal column of the spinal cord, 
somatosensory-evoked potentials may be absent. 

FRIEDREICH ATAXIA
Friedreich ataxia is an autosomal-recessive condition char-
acterized by spinocerebellar degeneration. The prevalence of 
Friedreich ataxia is approximately one in 50,000. The abnor-
mal gene is located on chromosome 9, but the definitive form 
of Friedreich ataxia is caused by a trinucleotide repeat of GAA, 
which causes loss of expression of the frataxin protein. This 
leads to a neuronopathy of the dorsal root ganglion, leading to 
degeneration of peripheral nerve fibers and the dorsal spinal 
columns. An ataxic gait is usually the presenting symptom, 
with onset routinely between 7 and 15 years old. The clinical 
triad of ataxia, areflexia, and positive Babinski reflex suggests 
the diagnosis. A definitive diagnosis can be made with genetic 
testing. Other clinical features besides ataxia include abnor-
mal eye movements (90%), scoliosis (74%), deformities of the 
feet (59%), urinary dysfunction (43%), cardiomyopathy and 
cardiac hypertrophy (40%), decreased visual acuity (37%), 
depression (14%), and diabetes (7%).

The disease is progressive, and almost all patients are 
wheelchair bound by the first or second decade of life. 

Patients typically exhibit progressive dysarthria or weakness, 
decreased vibratory sense in the lower extremities, cardio-
myopathy, pes cavus, and scoliosis. Knee jerk and ankle jerk 
reflexes are lost quite early. Patients usually die in the fourth 
or fifth decades of life as a result of progressive cardiomyopa-
thy, pneumonia, and aspiration.

The primary concern of the orthopaedist is the cor-
rection of foot and spinal deformities. In patients with 
Friedreich ataxia, the plantar reflex is sometimes so great 
that when standing is attempted, the feet and toes imme-
diately plantar flex and the posterior tibial tendon pulls the 
forefoot into equinovarus. If general anesthesia is contrain-
dicated because of myocardial involvement or other medical 
conditions, tenotomies of the Achilles tendon, the posterior 
tibial tendon at the ankle, and the toe flexors at the plantar 
side of the metatarsophalangeal joints can be done with the 
patient under regional or local anesthesia. Surgery should be 
delayed in patients who are able to walk and who have defor-
mities that are supple or can be controlled in braces; how-
ever, the cavovarus deformities tend to worsen and become 
rigid. In patients with rigid cavovarus deformity, primary tri-
ple arthrodesis provides a solid base of support with a fixed 
plantigrade foot. Because most patients become wheelchair 
bound, later development of ankle and midfoot degenerative 
changes is seldom clinically significant. Posterior tibial tenot-
omy, lengthening, or transfer should be combined with the 
triple arthrodesis. Bracing is routinely required after surgery.

In a study of 56 patients with Friedreich ataxia and sco-
liosis, the curve patterns were similar to those of idiopathic 
scoliosis, many curves were not progressive, no relationship 
existed between muscle weakness and the curvature, and the 
onset of the scoliosis before puberty was the major factor in 
progression. As opposed to idiopathic scoliosis, however, 
kyphosis was frequently noted in patients with Friedreich 
ataxia. The authors recommended that curves of less than 
40 degrees should be observed, curves between 40 and 60 
degrees should be treated based on the patient’s age and rate 
of progression, and curves of more than 60 degrees should 
be treated surgically; a single-stage posterior arthrodesis 
with segmental instrumentation is the treatment of choice 
(Chapter 44). Intraoperatively, cardiac arrhythmias are com-
mon and somatosensory-evoked potentials are unreliable, 
and a wake-up test should be considered. The fusion should 
extend from the upper thoracic spine to the lower region of 
the lumbar spine. 

SPINAL MUSCULAR ATROPHY
Spinal muscular atrophy (SMA) is an inherited degenera-
tive disease of the anterior horn cells of the spinal cord that 
occurs in one in 20,000 births. It is generally transmitted by 
an autosomal-recessive gene encoding for the Survival Motor 
Neuron 1 (SMN-1) gene, but other hereditary patterns have 
been described. SMA has been classified into five types (Table 
35.5).

Although awareness of SMA has increased, diagnostic 
delay is common because symptoms can vary widely in onset 
and severity and can resemble other diseases. Early diagno-
sis of SMA is important because it allows early supportive 
care, reduction in patient and caregiver stress, and allows 
for medical management before joint contractures, scoliosis 
and pulmonary decline occur. A systematic literature review 
determined that diagnostic delay averaged 6 months for  
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type I, 21 months for type II, and 50 months for type III. SMA 
should be considered in the differential diagnosis in children 
with any of the clinical characteristics associated with the dis-
ease (see Table 35.1), and these signs should prompt referral to 
a pediatric neurologist as well as for a SMN1 gene deletion test.

In patients with SMA, the blood creatine kinase or aldol-
ase value is normal or mildly elevated. Electromyography 
reveals muscle denervation. Nerve conduction velocities are 
normal. Genetic studies have shown the defective gene to be 
located on chromosome 5. In 98% of patients with SMA, dele-
tions of either exon 7 or exon 8 have been identified in the 
SMN-1 gene. A second disease-modifying gene, SMN2, also 
plays a role in the severity of the disease. Advances in molecu-
lar biology have now made a test for these genes and their 
potential deletions commercially available. The five types of 
SMA seem to result from different mutations of the same 
gene.

Clinical characteristics of SMA include severe weak-
ness and hypotonia, areflexia, fine tremor of the fingers, fas-
ciculation of the tongue, and normal sensation. Proximal 
muscles are affected more than distal ones, and the lower 
extremities are usually weaker than the upper extremities. 
In nonambulatory patients, variable improvement in motor 
function occurs up to 4 to 5 years of age, before functional 
ability (e.g., in upper limbs) declines between 5 and 15 
years. After age 15, a relative stability in function develops 
with subsequent gradual decline over time. Evans, Drennan, 
and Russman proposed a functional classification to aid in 
planning long-term orthopaedic care: group I patients never 
develop the strength to sit independently and have poor 
head control; group II patients develop head control and can 
sit but are unable to walk; group III patients can pull them-
selves up and walk in a limited fashion, frequently with the 
use of orthoses; and group IV patients develop the ability to 
walk and run normally and to climb stairs before onset of 
the weakness.

Recent advances in the medical management of SMA 
include the use of a compound known as nusinersen, 
which was released in 2016 by the FDA. It is an antisense 

oligonucleotide administered intrathecally that modifies the 
splicing of SMN2 and increases the number of full-length 
protein molecules. It has been shown to improve motor func-
tion and motor milestone development in all types of SMA, 
with younger and asymptomatic patients, those who have not 
yet developed joint contractures or scoliosis, having better 
outcomes. Efforts are ongoing to improve drug delivery either 
by implantable pumps or by orally administered medications.

Orthopaedic treatment is generally required for hip and 
spine problems. Fractures are frequent in these patients as 
well, especially nonambulators, with the femur, ankle, and 
humerus the most common sites. Joint contractures can 
also occur, especially in the upper extremities, and tend to 
worsen with age. Children with type I SMA are markedly 
hypotonic and generally die as a result of the disease early 
in life. In these patients, orthopaedic reconstruction is not 
warranted; however, patients with type I SMA may develop 
fractures that heal quickly with appropriate splinting. Many 
children with infantile SMA are never able to walk even with 
braces, but most patients with the juvenile form are able to 
walk for many years. Gentle passive range-of-motion exer-
cises and positioning instructions can be beneficial initially. 
Surgical release of contractures is rarely required. Because 
of the absence of movement and weightbearing, coxa valga 
deformity of the hip is frequent and unilateral or bilateral hip 
subluxation may occur (Fig. 35.31). Because many of these 
children are sitters, a stable and comfortable sitting position is 
essential. Traditionally in nonambulatory patients, proximal 
femoral varus derotational osteotomy (Chapter 33) has been 
used to produce a more stable sitting base. Efforts to maintain 
the reduction of the hips for good sitting balance may pre-
vent pain and pelvic obliquity. Observation instead of surgical 
intervention is generally recommended because of the small 
number of patients having symptoms or seating problems.

Among children with SMA who survive childhood, 
scoliosis becomes the greatest threat during adolescence. 
The prevalence of scoliosis is nearly 100% in children with 
type II SMA and in children with type III muscular atrophy 
who become nonambulatory. Curves typically are long and 

 TABLE 35.5 

Classification and Subtypes of Spinal Muscular Atrophy

TYPE AGE OF ONSET
MAXIMAL MOTOR MILE-
STONE

MOTOR ABILITY AND ADDI-
TIONAL FEATURES PROGNOSISa

SMA 0 Before birth None Severe hypotonia; unable  
to sit or rollb

Respiratory insufficiency at 
birth; death within weeks

SMA I 2 weeks (1a)
3 months (1b)
6 months (1c)

None Severe hypotonia; unable  
to sit or rollc

Death/ventilation by 2 years

SMA II 6–18 months Sitting Proximal weakness; unable 
to walk independently

Survival into adulthood

SMA III <3 years (IIIa)
>3 years (IIIb)
>12 years (IIIc)

Walking May lose ability to walk Normal life span

SMA IV >30 years or 10–30 years Normal Mild motor impairment Normal life span

aPrognosis varies with phenotype and supportive care interventions.
bNeed for respiratory support at birth; contractures and birth; reduced fetal movements.
cIa joint contractures present at birth; Ic may achieve head control.
From Farrar MA, Park SB, Vucic S, et al: Emerging therapies and challenges in spinal muscular atrophy, Ann Neurol 81:335, 2017.

    

https://booksmedicos.org


PART X NERVOUS SYSTEM DISORDERS IN CHILDREN1486

C-shaped and are most common in the thoracolumbar spine, 
occurring in up to 80% of patients. Scoliosis is usually pro-
gressive and severe and can limit daily function and cause 
cardiopulmonary problems. Bracing may be indicated dur-
ing the growing years to slow curve progression, but spinal 
stabilization is ultimately required in almost all adolescent 
patients. Several authors have emphasized the importance of 
early surgery before the curve becomes severe and rigid. An 
inverse relationship between pulmonary function and scolio-
sis severity has been identified: for every 10 degree increase 
in Cobb angle, there is a 5% decrease in predicted vital capac-
ity and a 3% decrease in peak flow. This limits the timeframe 
during which patients with SMA have sufficient lung capacity 
to successfully undergo spinal surgery without tracheostomy 
and mechanical ventilation.

Growing rod constructs have been shown to improve 
spine height, space available for the lungs, and control of 

pelvic obliquity in young patients with progressive scoliosis 
who are too young for definitive spinal fusion. Chandran et al. 
and McElroy et al. reported improvement in Cobb angles, as 
well as in quality of life for patients and caregivers, with few 
complications with the use of growing rods in patients with 
SMA. Use of a vertical expandable prosthetic titanium rib 
(VEPTR; Synthes, Westchester, PA) has been reported in chil-
dren with neuromuscular scoliosis, with varying results (Fig. 
35.32). Livingstone et al. compared the use of growing rods 
(9 children) with VEPTR (11 children) in SMA and found 
that neither improved “parasol rib” deformity (collapse of the 
rib cage), although spinal deformity was better corrected with 
growing rods. At least one complication occurred in 83% of 
those with VEPTR, compared with 41% of those with grow-
ing rods.

For most older patients, long posterior spinal fusion 
(PSF) to the pelvis is the treatment of choice. A 10-year fol-
low-up of 11 patients with SMA who had PSF showed that 
PSF resulted in significant curve correction and an improve-
ment in the rate of decline of forced vital capacity from 5.3%/
year preoperatively to 1.3%/year postoperatively. During PSF, 
it is important to leave a midline “window” centrally in the 
fusion mass, typically at L3-L4, to allow access for intrathecal 
injection or port placement for the administration of nusin-
ersen (Fig. 35.33).

Intraoperative and postoperative complications are fre-
quent in these patients, and thorough preoperative evaluation 
is mandatory. Numerous studies have found the frequency of 
respiratory tract infections before surgery and the vital capac-
ity of the lungs to be good indicators of the patient’s ability to 
tolerate surgery. Tracheostomy should be considered for any 
patient with frequent preoperative respiratory tract infections 
and a vital capacity of less than 35% of normal. Techniques 
of surgery for the treatment of neuromuscular scoliosis are 
described in Chapter 44.

 FIGURE 35.31 Coxa valga deformity and subluxation in 12-year-
old child with spinal muscular atrophy.

 

A B C D

FIGURE 35.32 A and B, Spinal deformity in a young child with spinal muscular atrophy. C and 
D, At the age of 5 years, 2.5 years after implantation of vertical expandable prosthetic titanium 
rib.
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GENERAL PRINCIPLES
Fractures are common in children, occurring at a rate of 12 
to 30 per 1000 children every year. The risk of sustaining a 
fracture between birth and 16 years of age has been reported 
to be 42% to 64% for boys and 27% to 40% for girls. Children 
and adolescents, because of their unique physiologic features, 
such as the presence of physes, increased elasticity of bone 
and other connective tissue structures, as well as decreased 
motor control and greater head-to-body weight ratio in 
younger children, have different patterns of fractures than 
adults. Although most fractures in children heal well without 
long-term complications, certain fractures, especially those 
involving the physis and articular surface, have the potential 
to cause significant morbidity.

Children, unlike adults, can remodel fractures as they 
grow, especially those in the plane of motion of the adjacent 
joint. Fractures that are angulated in the coronal plane have 
some remodeling potential, and those that are rotationally 
displaced have little to none. In the upper extremity, growth 
is more rapid at the proximal humerus and distal radius, 
whereas in the lower extremity it is primarily about the knee, 
at the distal femur and proximal tibia. Fractures that are 
closer to active physes, such as proximal humeral fractures, 
due to rapid growth have tremendous remodeling poten-
tial compared with fractures that occur in less active physes, 
such as radial neck fractures where less remodeling occurs. 
Understanding remodeling is essential in optimizing treat-
ment for each patient. Because of these differences, a basic 
understanding of skeletal growth potential and maturation is 
essential in caring for children with fractures.

This chapter mainly discusses fractures that require oper-
ative management. Lateral condyle and femoral neck frac-
tures have been called “fractures of necessity” because poor 
outcomes are certain without operative treatment. Some frac-
tures, such as those of the proximal humerus, rarely require 
surgery. Nonunion in children is rare and if present is usu-
ally caused by factors such as open fracture, soft-tissue inter-
position at the fracture site, pathologic lesion, or vitamin D 
deficiency. 

GROWTH PLATE INJURIES
It has been estimated that 30% of fractures in children involve 
a physis and most heal without any long-term complications. 
It is important to have knowledge of which fractures have a 
low potential for causing growth disturbance, such as those 
in the proximal humerus, and those that have greater poten-
tial, such as those in the distal femur and tibia. Histologically, 
most physeal fractures occur through the proliferative zone, 
which is the weakest region of the physis (Fig. 36.1); however, 
they can occur through any zone. Some physeal fractures may 
be related to endocrinologic changes that occur around the 
time of puberty.

The most widely used scheme to classify these injuries 
is that of Salter and Harris, which is based on the radio-
graphic appearance of the fracture as it relates to the physis as 
described below (Fig. 36.2).
 n  Type I fractures occur through the physis only, with or 

without displacement.
 n  Type II fractures have a metaphyseal spike attached to 

the separated epiphysis (Thurston-Holland sign) with 
or without displacement.

 n  Type III fractures occur through the physis and epiphy-
sis into the joint with joint incongruity when the frac-
ture is displaced.

 n  Type IV fractures occur in the metaphysis and pass 
through the physis and epiphysis into the joint. Joint 
incongruity occurs with displaced fractures.

 n  Type V fractures, which are usually diagnosed only 
in retrospect, are compression or crush fractures of 
the physis, producing permanent damage and growth 
arrest.

 n  Type VI fractures are caused by a shearing injury to 
the peripheral aspect of the physis (perichondral ring). 
These fractures have been classically described in lawn 
mower accidents when the peripheral aspect of the 
physis is sheared off and have a high rate of angular 
deformity and growth arrest.

Although not completely prognostic, in general, Salter-
Harris types III–VI fractures have a greater risk of complica-
tions than Salter-Harris types I and II injuries. An exception 
might be a completely displaced Salter-Harris type I fracture 
that has a greater potential for growth arrest than a nondis-
placed Salter-Harris type IV fracture of the distal femur.

Although many Salter-Harris types I and II fractures 
can be treated nonoperatively, Salter-Harris types III and 
IV fractures usually require operative intervention, most 
commonly open reduction and internal fixation because of 
the intraarticular nature of the fracture and the potential 
for posttraumatic arthritis with nonanatomic reduction. 
Implants crossing the physis should be avoided when pos-
sible and when used should be smooth and the smallest 
diameter possible, and should be removed as soon as the 
fracture is stable (Fig. 36.3). The treatment of specific frac-
tures and the potential for growth arrest are discussed for 
each specific injury. Regardless of the injury type, parents 
need to be educated as to the possibility of growth distur-
bance and the need for long-term follow-up for any phy-
seal fracture.

When growth arrest occurs, it can result in a shorten-
ing or angular deformity or both of the limb, depending on 
the size and the location of the growth arrest. Growth arrest 
most commonly results from a bony bar that crosses the phy-
sis. Although spontaneous correction of the bar with growth 
resumption has been reported, it is very rare. Central bars 
tend to lead to shortening, and peripheral bars tend to lead 
to angular deformity, but in most cases there are components 
of each. Certain fractures, such as distal femoral and distal 
tibial physeal fractures, have a higher rate of growth arrest 
and deformity than others. Once a bony bar occurs, the 
size and location of the bar can be determined using three-
dimensional imaging such as computed tomography (CT) or 
volumetric magnetic resonance imaging (MRI). Physeal bar 
resection has been tried using a variety of direct and indi-
rect methods, and the results have been unpredictable with 
unsuccessful outcomes occurring in 10% to 40% of patients. 
In general, younger patients with smaller (<30% of the physis) 
peripheral bars have a higher rate of success with bar resec-
tion than older patients with larger central bars. Bar resec-
tion is often combined with osteotomy to correct the resultant 
angular deformity as well. For large bars or those that are dif-
ficult to resect, epiphysiodesis of the remaining physis with 
staged angular correction and/or lengthening may be the best 
option.
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When growth across the physis ceases symmetrically, 
such as with large central bars or with type V fractures, the 
primary problem is limb shortening. In the upper extremity, 
the major growth centers are the proximal humerus (arm) 
and distal radius and ulna (forearm). In contrast, the major 
growth centers in the lower extremity are the distal femur 
(thigh) and proximal tibia and fibula (leg) (Fig. 36.4). Using 
either the Mosley straight-line graph or the Paley modifiers, 
the amount of deformity present at skeletal maturity can be 
predicted. The ultimate shortening that occurs is a result of 
the physis involved and amount of growth remaining. The 
relative contribution of each physis to overall limb segment 
growth is shown in Fig. 36.4. Shortening is much better tol-
erated in the upper extremity than the lower extremity, and 
length equalization procedures are rarely used in the upper 
extremity. In general, patients with a lower extremity leg-
length discrepancy at maturity of up to 2 cm can be treated 
with a shoe lift, those 2 to 5 cm with contralateral epiphys-
iodesis, and those greater than 5 cm with limb lengthening. 
With their improvements and increased use, intramedul-
lary lengthening nails, which are extremely accurate, have 
a lower complication rate and better cosmetic result than 
traditional external fixation-based lengthening techniques, 
and these guidelines, especially those for epiphysiodesis, are 
being questioned. 

OPEN FRACTURES
The general classification and principles associated with the 
treatment of open fractures apply to children as well. The 
most common open fractures in children are in the fore-
arm and tibia followed by the hand, femur, and humerus. It 
is important to remember that factors such as thick active 
periosteum, greater periosteal bone formation potential, and 
lack of comorbidities lead to faster and more reliable bone 
healing in children than in adults. The initial management 
should consist of wound irrigation and debridement, anti-
biotics, and stabilization of the fracture. Treatment should 

be individualized for each patient. Timely administration 
of antibiotics has been shown to decrease infection rates in 
patients with open fractures. A multicenter study comparing 
irrigation and debridement of type I open forearm fractures 
in the emergency room compared to the operating room 
demonstrated no significant difference in overall infection 
rates, but length of stay and costs were decreased in the emer-
gency room group. Larger studies are necessary, however, to 
determine if and which grade I open fractures can be treated 
in the emergency room because of the considerable variabil-
ity in treatment methods among surgeons and the lack of 
quality evidence to guide treatment.

A large multicenter review of 536 children with 554 open 
fractures showed an overall infection rate of 3% with no dif-
ference in infection for all Gustilo and Anderson types com-
paring emergent (<6 hours) with delayed (>6 hours) surgical 
treatment. Grade III fractures in older children and adoles-
cents have complication rates similar to those in adults. A 
recent meta-analysis showed no relationship between late 
debridement and increased infection rates in children with 
open fractures as well. The treatment of specific open frac-
tures is discussed in this chapter. 

BIRTH FRACTURES
Neonates who are diagnosed with a fracture in the first week 
of life without any evidence of trauma are considered to have 
a birth fracture. The incidence is approximately 0.1/1000 
live births and may be related to forced obstetric maneuvers. 
The most commonly fractured bones include the humerus, 
clavicle, and femoral shaft. Risk factors include very large or 
very small fetuses, breech presentation, instrumented deliv-
ery, small uterine incision (cesarean section), twin pregnancy, 
prematurity and prematurity-related osteopenia, and osteo-
genesis imperfecta. Between 60% and 80% of patients do not 
have positive findings on the initial newborn examination. 
Prenatal ultrasound may help to identify high-risk patients, 
such as those with osteogenesis imperfecta before delivery.

 

Epiphyseal
artery

Metaphyseal
artery

Zone of provisional
calcification

Proliferative zone

Germinal zone

Hypertrophic zone

FIGURE 36.1 Physeal anatomy. Most fractures occur through the proliferative zone, which is 
the weakest region of the physis.
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Clinically, patients present with warmth, swelling, pain, 
and irritability with motion. Some children present with pseu-
doparalysis or failure to move a limb, which can be confused 
with differential diagnoses of osteomyelitis, septic arthritis, 
or brachial plexus palsy. Because it may take several days for 
some of these signs to develop, delayed diagnosis of 1 to 2 
days is common. Most birth fractures do not require opera-
tive treatment, heal quickly, and remodel fully. Clavicular or 
humeral shaft fractures can be treated by pinning the baby’s 
sleeve to the front of the shirt for 1 to 2 weeks until healed. 
Femoral shaft fractures can be treated with splinting or a 
Pavlik harness. Spica casting rarely is necessary. Physeal sepa-
rations, especially at the distal femur and distal humerus, are 
rare but can occur with difficult delivery. Advanced imaging 

such as arthrography or ultrasound can be used to make the 
diagnosis. (These specific injuries are discussed later in the 
chapter.) 

NONACCIDENTAL TRAUMA
Musculoskeletal injuries are the second most common type 
of injury after soft-tissue injury, occurring 10% to 70% of the 
time in children with nonaccidental trauma (NAT). Because 
of this, 30% to 50% of these children are seen by an ortho-
paedic surgeon. Because there is no specific test to make the 
diagnosis of NAT, a careful history and physical examination 
must be performed and appropriate use of imaging is nec-
essary. This usually is done using a multidisciplinary team 
approach. Having a high index of suspicion of NAT is essen-
tial because in up to 20% of children with NAT the diagnosis 
is missed on their initial medical visit. Making the diagnosis 
is essential because there is a high rate of reabuse and even 
death in children when the diagnosis is missed. It is impor-
tant to be aware of risk factors for NAT and of certain inju-
ries that are highly suggestive of this mechanism of injury. 
Risk factors for NAT include age younger than 2 years, chil-
dren with multiple medical problems, fractures or injuries in 
different stages of healing, posterior rib fractures, and long 
bone fractures in young patients (Fig. 36.5). Other social fac-
tors, such as parental unemployment or drug abuse, lower 
socioeconomic status, and single parent households, have 
been shown to correlate with a higher risk of NAT as well. 
Common fractures in abused children are in the humerus, 
tibia, and femur. Radiographic features such as soft-tissue 
swelling (1 to 2 days), periosteal reaction (15 to 35 days), soft 
or hard callus (36 days), and bridging and remodeling (after 
45 days) can be used to determine the age of the fracture. 
Other conditions in the differential diagnosis of NAT include 
metabolic bone disease and genetic conditions that can lead 
to bone fragility, such as osteogenesis imperfecta, rickets, 
renal disease, disuse osteopenia, and the use of certain medi-
cations such as corticosteroids.

Humeral shaft fractures in children younger than 3 
years were at one time thought to be associated with NAT, 
but most are not. However, a high index of suspicion must 
remain for NAT in any child younger than 1 year of age with 
a long bone fracture. Humeral shaft fractures, although less 
often than clavicular fractures, can occur at birth. Risk fac-
tors include large babies, shoulder dystocia, and the use of 
assistive devices. These children often present with pseudo-
paralysis that can be confused with a brachial plexus palsy 
and septic arthritis.

When NAT is suspected, a skeletal survey (Box 36.1) 
should be ordered in children up to the age of 3 years accord-
ing to the American Academy of Orthopaedic Surgery 2009 
Clinical Practice Guidelines, especially when the child is 
younger than 1 year of age, when there is no history or an 
inconsistent history of injury, or in those in whom the frac-
ture is attributed to NAT or domestic violence to look for 
secondary injuries. Patients with buckle fractures of the dis-
tal radius and toddlers with a fracture of the tibia do not 
need routine skeletal survey. It should be noted that lower 
extremity long bone fractures in ambulatory children rarely 
are caused by NAT. On skeletal survey, 50% of children have 
one fracture, 21% have two, 12% have three, and 17% have 
more than three. Controversy exists as to which studies are 

 

I

II
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IV

V

VI

Salter-HarrisType

FIGURE 36.2 Classification of physeal injuries by Salter and 
Harris (see text).
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A B

FIGURE 36.3 Fixation of physeal fracture. A, Correct placement of cannulated screws in 
metaphysis and epiphysis avoiding physis. B, Smooth pin crossing physis if necessary to hold  
reduction.
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FIGURE 36.4 A, Approximately 80% of the growth of humerus occurs at prox-
imal physis. B, Approximately 70% of growth of femur occurs at distal physis; in tibia,  
approximately 55% occurs in proximal physis.
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optimal to include in a skeletal survey; however, rib films 
are essential because of the high sensitivity and specificity 
for NAT. Because imaging around active physes is difficult, 
and with improvements in plain radiographic techniques, 
bone scan rarely is used in the evaluation of NAT.

Certain fracture types such as spiral femoral fractures 
and metaphyseal corner fractures were thought to be pathog-
nomonic for NAT. Recent studies have shown that spiral fem-
oral fractures actually are rare in abused children and that 
transverse fractures are more predictive of NAT. A recent 
review has shown that the metaphyseal corner fracture, once 
thought to be pathognomonic for NAT, is very similar to frac-
tures seen with rickets. It is important to remember that frac-
ture morphology gives information about the direction but 
not the etiology of the force applied and that the presence 
or absence of a fracture is probably more important than its 
morphology. 

 

A B

C

D E

FIGURE 36.5 Child abuse. A–C, Six-month old child with multiple fractures at different stages 
of healing. D, Metaphyseal corner fracture. E, Rib fractures.

Standard Skeletal Survey for Suspected Child 
Abuse

Minimum Required Views
 n  Anteroposterior views of entire skeleton
 n  Dedicated views of hands and feet
 n  Lateral views of axial skeleton—skull and spine 

Imaging Also Suggested
 n  Oblique views of ribs
 n  Oblique views of hands and feet 

Optional Useful Images
 n  Lateral views of the joints—wrists, ankles, knees
 n  Orthogonal views of any fractures found

 BOX 36.1 
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CLAVICLE
Fractures of the clavicle are common in children and adoles-
cents, with a peak age for clavicular fractures being 10 to 19 years 
of age. Most fractures heal well with nonoperative treatment, 
especially in young children. Although there has been a dra-
matic increase in the operative treatment of clavicular fractures 
in all age groups, the role of operative treatment of clavicular 
shaft fractures in children and adolescents remains controver-
sial. A review of members of the Pediatric Orthopaedic Society 
of North America showed that the majority preferred nonopera-
tive treatment for all fracture patterns; however, older age (16 to 
19 years), evidence in the adult literature, and physician years of 
experience (<5 years) predicted operative treatment preference. 
Excellent clinical and radiographic outcomes have been reported 
for both nonoperative and operative management of these inju-
ries. Operatively treated patients typically have a faster return 
to activities but also have a higher complication rate in terms of 
symptomatic implants and nonunion. A recent study showed the 
overall complication rate following surgical treatment of 37 frac-
tures in 36 pediatric patients to be 86%, with painful implants 
being the most common complication (59%), and a major com-
plication rate of 43%, including nonunion and refracture around 
the plate and/or screw holes following plate removal. The rate 
of malunion is higher and almost exclusively associated with 
nonoperative treatment; however, patients with established 
malunions have excellent functional outcome scores. Although 
studies have shown good outcomes with both methods of treat-
ment, stronger evidence is needed to determine if one method 
is superior to the other. The indications for operative treatment 
are open fracture, polytrauma, floating shoulder, fractures with 
skin compromise or neurovascular injury, and widely displaced 
or shortened fractures in older adolescents. Operative treatment 
of these injuries is described in Chapter 57. 

STERNOCLAVICULAR FRACTURES 
AND DISLOCATIONS
The medial clavicle is one of the last growth centers to ossify, 
typically around 25 years of age. Fractures of the medial clavicle 
are usually Salter-Harris type I or II fractures, which in most 
cases heal with closed management and without complications 
(Fig. 36.6). It can be difficult to differentiate these injuries from 
true sternoclavicular joint dislocations because clinically they 
appear similar. The use of CT scan is helpful in these situations 
not only to determine the fracture pattern but also to evaluate 
the relationship between the fracture fragments and the medi-
astinal structures such as the brachiocephalic vein, which is the 
most commonly compressed structure, and innominate artery 
with posteriorly displaced fracture dislocation. Although inju-
ries to the great vessels or mediastinal structures are often cited 
as complications of posterior sternoclavicular dislocations, a 
recent multicenter study of 125 such dislocations found no vas-
cular or mediastinal injuries during reduction or fixation that 
required intervention. Anteriorly displaced fractures usually 
heal with a “bump” over the proximal clavicle but rarely are 
symptomatic. Up to 50% of patients with posteriorly displaced 
fractures may remain symptomatic. This, along with the higher 
complication rate in repair of longstanding sternoclavicular 
dislocation, leads most authors to recommend operative treat-
ment of these acute injuries. Closed reduction under anesthesia 
can be attempted, but there is a high redislocation rate. Because 

the epiphyseal (proximal) fragment is small, fixation is usually 
achieved with FiberWire (Arthrex Inc., Naples, FL) or suture 
repair. Care must be taken to protect the adjacent neurovascu-
lar structures and pleura. A recent meta-analysis showed that 
although considerable variability in the literature exists, good 
results can be obtained with both open and closed treatment as 
long as a stable reduction is achieved. It also showed that early 
treatment is better because patients treated less than 48 hours 
after injury had better results than those treated later. Patients 
who undergo late operative treatment for chronic posterior 
fracture-dislocation have been shown to do well with activities 
of daily living but have pain when returning to the same level 
of athletic participation. 

LATERAL (DISTAL) CLAVICULAR 
FRACTURES
Injuries to the distal clavicle in young children are rare. In 
older children and adolescents these injuries appear very 
similar to acromioclavicular joint injuries. These injuries 
are really physeal fractures in which the epiphysis and phy-
sis maintain their normal anatomic relation to the shoulder 
joint, whereas the distal metaphysis is displaced superiorly, 
away from the underlying structures. The periosteal sleeve 
generally is intact inferiorly, and the ligamentous struc-
tures connecting the clavicle to the coracoid usually remain 
attached to the periosteal sleeve (Fig. 36.7). Because the peri-
osteal sleeve is highly osteogenic, these fractures have a tre-
mendous potential to remodel, and most patients do well 
with nonoperative treatment. Operative treatment, consisting 
of open reduction and internal fixation, usually is reserved for 
adolescent patients with significant displacement and limited 
remodeling potential. The operative treatment of lateral cla-
vicular injuries is discussed in Chapter 57. 

ACROMIOCLAVICULAR 
DISLOCATIONS
There are five types of acromioclavicular injuries described in 
children (Fig. 36.8). Type I injury is not sufficient to completely 
rupture the acromioclavicular or the coracoclavicular liga-
ments. Type II injury damages the acromioclavicular ligaments 
but not the coracoclavicular ligaments; a partial periosteal 
sleeve (tube) tear also occurs. In type III injury the acromio-
clavicular ligament is completely ruptured, but the coracocla-
vicular ligaments are intact because they are still attached to the 
periosteum. The clavicle is unstable and is displaced superiorly 
through a rent in the periosteal sleeve (pseudodislocation). 
Type IV injury is identical to type III except that, in addition to 
being displaced superiorly, the clavicle is displaced posteriorly. 
Type V injury is severe; the acromioclavicular ligaments are 
disrupted, and, although the coracoclavicular ligaments are still 
attached to the periosteal sleeve, the clavicle is now unstable 
and its lateral end is buried in the trapezius and deltoid muscles 
or has pierced them and is located under the skin in the poste-
rior aspect of the shoulder.

In many type III, IV, and V dislocations, an unrecog-
nized fracture of the distal end of the clavicle occurs, with 
the acromioclavicular and coracoclavicular ligaments 
remaining intact and attached to the empty periosteal tube 
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or to the most distal fragment. In children and adolescents 
up to age 15 years, types I, II, and III acromioclavicular 
separations, even with fracture of the distal third of the 
clavicle, can be treated by nonoperative means. In patients 

older than age 15 years, type III injuries may require sur-
gery. Open reduction and internal fixation should be con-
sidered for markedly displaced types IV and V fractures 
(see Chapter 57).

 

Normal

Early Healing Remodeled

Periosteal tube

B

A

FIGURE 36.6 A, Stages of healing of Salter-Harris type I physeal separation of lateral clavicle. 
B, Chronic posterior displaced fracture of sternoclavicular joint (medial).

 

Normal

Periosteal tube

FIGURE 36.7 Distal clavicular fracture with coracoclavicular and coracoacromial ligaments still 
intact or at least attached to periosteal tube. Fracture in child remodels satisfactorily without surgery.
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In types IV and V acromioclavicular dislocations, it is 
important to disengage the distal clavicle from the trapezius 
and deltoid muscles. If this is unsuccessful by closed means, 
surgery is indicated to remove the clavicle from the mus-
cles and replace it in the periosteal tube. The periosteal tube 
should be repaired, and the deltoid-trapezius muscle fascia 
should be imbricated superiorly over the clavicle. If the repair 
is unstable, internal fixation is required, as in adults, by acro-
mioclavicular or coracoclavicular fixation, as described in 
Chapter 57. 

SHOULDER DISLOCATIONS
Shoulder dislocations in children are rare, and proximal 
humeral physeal fractures are much more common. In a 
review of 500 glenohumeral dislocations, only eight patients 
were younger than 10 years of age (1.6%). Another study of 
1937 patients aged 10 to 16 years who had closed reduction 
of a glenohumeral dislocation found that children ages 10 to 
12 years composed only 6% of the cohort and had a signif-
icantly lower rate of redislocation than older children. It is 
thought that glenohumeral dislocations in skeletally imma-
ture patients may become more common as the level of sports 
participation increases. A series of 14 skeletally immature 
patients treated with closed reduction found a redislocation 

rate of 21% at a mean of 5 years’ follow-up. Glenohumeral dis-
location has been reported when associated with a proximal 
humeral metaphyseal fracture. The natural history, diagnosis, 
and management of shoulder dislocations for adolescents is 
similar to adults, as described in Chapter 60. 

PROXIMAL HUMERAL FRACTURES
Proximal humeral fractures are relatively rare in the pediatric 
population, accounting for 0.5% of pediatric fractures and 4% 
to 7% of all epiphyseal fractures. Of the physeal fractures, the 
majority are Salter-Harris type II fractures and Salter-Harris 
types III and IV are rare. They are most often classified by the 
Neer-Horowitz classification as shown in Box 36.2. A system-
atic review of the treatment of proximal humeral fractures in 
children found that nonunions did not occur and malunions 
were exceedingly rare, regardless of the method of treatment. 
This is due to the rapid growth and remodeling potential of 
the proximal humerus, especially in young children. In chil-
dren younger than 10 years, it has been shown that angula-
tion of up to 60 degrees can remodel completely, whereas in 
older children and adolescents it is closer to 20 to 30 degrees. 
A recent cohort-matched comparison of operative and non-
operative treatment of 32 proximal humeral fractures showed 
no difference in complications, functional outcome, or patient 
satisfaction. Within the nonoperatively treated group, there 
was a higher rate of dissatisfaction in patients older than 12 
years treated nonoperatively. They found the odds ratio of an 
undesirable outcome increased 3.81 for each year of age with 
nonoperative treatment.

CLOSED TREATMENT
Closed treatment consisting of a sling or hanging arm cast 
remains the primary method of treatment for these injuries 
given the tremendous healing and remodeling potential of the 
proximal humerus. Closed reduction, when necessary, can be 
performed with sedation and by abducting (90 degrees) and 
externally rotating (90 degrees) the arm relative to the shoul-
der. Patients can gradually increase shoulder motion as their 
symptoms allow. Physical therapy rarely is needed in this 
population. 

OPERATIVE TREATMENT
Operative treatment usually is reserved for older children 
and adolescents because of the excellent outcomes with non-
operative treatment seen in children younger than 10 years 
of age. If attempted closed reduction fails, open reduction 
is indicated. Other indications for open reduction using the 
deltopectoral approach include open fracture and skeletal 

 

Type IIType I 

Type III Type IV

Type V

FIGURE 36.8 Five types of acromioclavicular separation occur-
ring in children (see text). Acromioclavicular and coracoclavicular 
ligaments are attached to periosteal tube, although distal end of 
clavicle is significantly displaced in types III, IV, and V.

Neer-Horowitz Classification of Humeral Physeal 
Fractures

I = to 5 mm of displacement
II = to one third humeral shaft
III = to two thirds humeral shaft
IV = more than two thirds humeral shaft/total separation

 BOX 36.2 

Adapted from Neer C II, Horowitz BS: Fractures of the proximal humeral epiphyseal 
plate, Clin Orthop Relat Res 41:24, 1963.
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maturity (or close to skeletal maturity) (Fig. 36.9A,B). The 
most common impediments to obtaining a successful 
closed reduction include the periosteum, biceps tendon, 
deltoid muscle, and comminuted bone fragments. Once a 
satisfactory reduction has been achieved, the fracture can 
be stabilized with Kirschner wires, cannulated screw(s), or 
flexible titanium elastic intramedullary nails (TEIN), all of 
which have been shown to have good outcomes. The use of 
a cannulated screw or screws, which has been shown to be 
biomechanically stronger than multiple Kirschner wire fixa-
tion, has increased because of the soft-tissue irritation and 
need for a return to the operating room for Kirschner wire 
removal. The use of TEIN has been shown to produce good 
radiographic and functional results in several studies; how-
ever, implant removal is occasionally necessary because of 
prominence. A comparison of percutaneous pinning and 
TEIN found that both techniques are effective in fracture 
stabilization in older children. The use of TEIN was shown 
to have a lower complication rate than percutaneous pin-
ning; however, TEIN use was associated with increased 
blood loss, operative time, rate of reoperation for hardware 
removal, and cost. 

 

CLOSED REDUCTION AND 
PERCUTANEOUS PINNING (OR SCREW 
FIXATION) OF PROXIMAL HUMERUS

 TECHNIQUE 36.1 

 n  Position the patient to allow anteroposterior and axillary 
lateral images of the injured shoulder. Prepare and drape 
the patient in a sterile manner.

 n  Manipulate the distal fragment into slight external ro-
tation, 90 degrees of flexion, and 70 degrees of abduc-

tion using image intensification. This brings the frag-
ments together satisfactorily. This maneuver should 
push the upper part of the shaft back through the rent 
in the deltoid muscle and anterior periosteum and cor-
rect the anterior angulation. Have an assistant support 
the proximal fragment to help achieve and maintain 
the reduction.

 n  Drill two terminally threaded Steinmann pins through the 
lateral shaft in a proximal direction into the humeral head 
to maintain the reduction. In older patients with large 
metaphyseal fragments, a cannulated screw can be used. 
The skin incision should be made fairly distal to accom-
modate the pin trajectory.

 n  In younger patients, smooth Kirschner wires can be used 
(Fig. 36.9C).

POSTOPERATIVE CARE Patients are placed in a sling, 
and gentle range-of-motion exercises are started. Pins 
can be irritating to the patient and are removed in 3 to 
4 weeks.
   

 

CLOSED REDUCTION AND 
INTRAMEDULLARY NAILING OF 
PROXIMAL HUMERUS

 TECHNIQUE 36.2 

 n  Position the patient to allow anteroposterior and axillary 
lateral images of the injured shoulder. Prepare and drape 
the patient in a sterile manner.

 n  Make a lateral incision over the supracondylar ridge. Drill 
two holes in the lateral cortex using a drill slightly larger 

 

A B C

FIGURE 36.9 A, Irreducible dislocation-Salter-Harris type II fracture of proximal humerus in 
15-year-old boy. B, After open reduction and screw fixation. C, Smooth Kirschner wires can also 
be used in younger patients. SEE TECHNIQUE 36.1.
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than the diameter nail selected. Alternatively, one medial 
and one lateral hole can be drilled. If a medial nail is used, 
care must be taken to protect the ulnar nerve.

 n  Prebend the nail and pass it retrograde to the fracture 
site. Gently reduce the fracture using fluoroscopic guid-
ance and pass the first nail. Repeat for the second nail 
either through the lateral or second medial incision.

 n  When the fracture reduction is adequate, cut the nails 
beneath the skin for later removal. If acceptable reduc-
tion after two attempts cannot be obtained, proceed with 
open reduction using the deltopectoral interval.

POSTOPERATIVE CARE Place the arm in a soft dressing 
with sling and begin motion. Nails are typically removed 
in 3 to 6 months or sooner if the implant is causing symp-
toms and the fracture is healed.
   

HUMERAL SHAFT FRACTURES
Humeral shaft fractures in children are uncommon, 
accounting for less than 10% of all humeral fractures in chil-
dren. Most occur either in children younger than 3 years 
or older than 12 years, and almost all of these injuries can 
be treated nonoperatively because of the remodeling poten-
tial of the humerus and the ability of the glenohumeral joint 
to accommodate for any residual malalignment. Up to 70 
degrees of angulation in children younger than 5 years and 
30 degrees of angulation in children ages 12 to 13 can be 
accepted. Less angulation in distal fractures, especially those 
in varus, is acceptable because of the undesirable cosmetic 
appearance of the arm. Closed treatment usually consists of 
coaptation splinting, fracture bracing, or the use of a hang-
ing arm cast. Operative treatment, consisting of plating or 
the use of TEIN, has been shown to provide good results. 
External fixation can be used in rare conditions in which 
severe soft-tissue injuries are present. Indications for oper-
ative treatment include patients with polytrauma to speed 
mobilization and upper extremity weight bearing, a float-
ing elbow, a pathologic lesion, and adolescents close to skel-
etal maturity. Radial nerve entrapment can occur, especially 
with distal fractures after closed reduction maneuvers. A 
loss of radial nerve function after closed reduction indicates 
potential entrapment of the nerve between the fracture frag-
ments, and urgent nerve exploration and internal fixation 
are necessary. Plating techniques for children are similar to 
adults as discussed in Chapter 57. 

 

CLOSED/OPEN REDUCTION AND 
INTRAMEDULLARY NAILING OF 
HUMERAL SHAFT

 TECHNIQUE 36.3 

 n  Position the patient to allow anteroposterior and axillary 
lateral images of the injured humerus. This can be done 

on a radiolucent table or hand table. Prepare and drape 
the patient in a sterile manner.

 n  Make a lateral incision over the supracondylar ridge. Drill 
two holes in the lateral cortex using a drill slightly larger 
than the diameter nail selected. Alternatively, one medial 
and one lateral hole can be drilled. If a medial nail is used, 
care must be taken to protect the ulnar nerve.

 n  Place the nail over the skin to radiographically determine 
where the fracture site will be on the nail. Gently bend 
the nail with the apex of the bow at the fracture site. Pass 
both nails retrograde to the fracture site. Gently reduce 
the fracture using fluoroscopic guidance and pass the first 
nail 1 to 2 cm across the fracture site. Repeat for the 
second nail either through the lateral or a second medial 
incision. Once both nails have crossed the fracture site, 
advance them to their final positions.

 n  When the fracture reduction is adequate, cut the nails 
beneath the skin for later removal. If acceptable reduc-
tion cannot be obtained after two attempts, proceed with 
open reduction.

POSTOPERATIVE CARE Place the arm in a soft dressing 
with sling and begin motion. Nails typically are removed 
in 4 to 6 months or sooner if the implant is causing symp-
toms.
   

SUPRACONDYLAR HUMERAL 
FRACTURES
A review of over 63,000 supracondylar humeral fractures 
in the United States over a 5-year period showed the rate of 
injury to be 60 to 70 per 100,000 children. The mean age of 
patients with closed fractures was 5.5 years (52% male), with 
54% of them occurring in children 4 to 6 years of age. Older 
patients (mean age, 9.1 years) were more likely to sustain open 
fractures and neurologic injuries. Almost all (98%) are exten-
sion-type injuries, which usually are caused by a fall onto an 
outstretched hand. Flexion-type fractures, although rarer, are 
more difficult to reduce, have worse outcomes, and are associ-
ated with ulnar nerve injury (Fig. 36.10). Approximately 5% 
to 10% of children have an associated ipsilateral distal radial 
fracture. The most commonly used classification is that by 
Gartland in which type I fractures are nondisplaced, type II 
fractures have an intact posterior hinge, and type III frac-
tures have complete displacement. A type IV injury has been 
described in which there is complete loss of the anterior and 
posterior periosteal hinge, making it unstable in both flex-
ion and extension. Type IV fractures usually are the result of 
high-energy injury. Care must be taken when reducing a type 
III fracture to avoid tearing the periosteal hinge, making it a 
type IV injury. The diagnosis can be made in most cases using 
plain radiographs. Advanced imaging, such as CT, occasion-
ally is used in an adolescent when there are concerns about 
a coronal split in the distal fragment or T-condylar fracture.

A careful neurologic examination is essential because 
10% to 15% of patients have a nerve injury, with the ante-
rior interosseous nerve being the most frequently injured in 
extension-type fractures. The ulnar nerve is most frequently 
injured in flexion-type injuries in 10% of patients. Obese 
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children have been shown to have a higher rate of both pre-
operative and postoperative nerve palsy and higher rate of 
open reduction. A loss of neurologic function after reduction 
is concerning for nerve entrapment at the time of reduction, 
and urgent open exploration of the nerve is necessary. Most 
nerve injuries are a result of neurapraxia and resolve within 
6 to 12 weeks; electromyography is indicated if there is no 
return of nerve function within 3 months. A recent long-term 
follow-up study of patients with neurologic injuries showed 
that at an average follow-up of 8 years most patients had 
excellent function; 100% of patients with radial nerve, 88% 
of patients with median nerve, and only 25% of patients with 
ulnar nerve injuries fully recovered.

Urgent assessment of the vascular status of the limb also 
is essential to minimize complications. A vascular injury, 

typically to the brachial artery, can occur in up to 10% to 
20% of patients with a type III fracture (Fig. 36.11). Because 
of the rich collateral blood supply about the elbow, the hand 
may be well perfused even with complete disruption of the 
brachial artery. The vascular status of the limb can be classi-
fied as normal—pulseless but with a warm pink (perfused) 
hand—or pulseless, pale (nonperfused) hand. Treatment of 
patients with a pulseless warm hand remains controversial in 
terms of the need for brachial artery exploration (Fig. 36.12). 
A supracondylar fracture with a nonperfused hand is a sur-
gical emergency to prevent reperfusion injury and compart-
ment syndrome leading to Volkmann ischemic contracture. 
Compartment syndrome occurs in approximately 0.1% to 
0.3% of patients with supracondylar humeral fractures and 
is more common with concurrent fracture of the forearm or 
wrist. In pediatric patients, the 3 A’s—agitation, anxiety, and 
increasing analgesia requirements—are sensitive and reliable 
indicators of impending compartment syndrome.

In patients with vascular compromise, urgent reduc-
tion in the operating room should be performed and the 
vascular status of the hand assessed. Arteriography should 
not be used unless the level of vascular injury is unclear in 
patients with polytrauma and should never delay closed 
reduction of a supracondylar humeral fracture. If perfusion 
is not restored, urgent exploration of the brachial artery with 
release of entrapping structures and direct repair with vein 
grafting if necessary should be performed by a surgeon with 
experience in the repair of small vessels. Prophylactic fore-
arm and hand fasciotomies are necessary in patients with 
prolonged ischemia time. This is especially important in 
patients with concomitant nerve injuries in which the abil-
ity to detect a compartment syndrome clinically is impaired. 
Most patients in whom perfusion is restored (pink hand) 
even in the absence of a radial pulse have good long-term 
outcomes with observation. FIGURE 36.10 Flexion type supracondylar humeral fracture.

 

A B

FIGURE 36.11 A, Type III supracondylar humeral fracture with vascular injury. B, Brachial artery 
occlusion with supracondylar humeral fracture.
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Treatment of supracondylar humeral fractures is based on 
the Gartland type. Type I fractures are treated with long arm 
cast immobilization for 3 weeks followed by a brief period of 
protected activity. Patients with the presence of a posterior fat 
pad on radiographs should be presumed to have a type I frac-
ture and treated in this fashion.

Treatment of type II injuries is somewhat controver-
sial. Wilkins subdivided type II injuries into A and B with 
type IIA fractures being stable and type IIB fractures having 
some degree of rotation or translation making them unstable. 
Closed reduction and casting can be used in patients with 
type IIA injuries. Closed reduction and percutaneous pinning 
typically with two or three lateral pins has become the main 
form of treatment for type IIB injuries and for those in which 
the stability is in question. Pinning is preferred for most type 
II fractures because of concerns about the ability to maintain 
reduction in a splint or cast, poor patient compliance with 
barriers to timely follow-up, and difficulty in differentiating 
between type IIA and B fractures. Type III and IV fractures 
are treated with closed reduction and pinning (Fig. 36.13).

Complications of percutaneous pinning occur in 
approximately 5% of patients, with pin migration or irri-
tation being the most common followed by infection (1%) 
and elbow stiffness. The ideal pin configuration remains 
controversial; however, although crossed medial and lat-
eral pins are more stable than two lateral pins in vitro, use 
of two or three lateral pins appears to be equal to crossed 
pins in  vivo. A comparison study of medial crossed pins 
and lateral entry pins showed equal maintenance of reduc-
tion in both groups, but the crossed pin group had a 7.7% 
rate of iatrogenic nerve injury. This rate of iatrogenic nerve 
injury with crossed pins has been shown in other studies 
as well. If lateral pinning is used, it is important to engage 
both fragments and have bicortical fixation with at least two 
pins and at least 2 mm of pin separation at the fracture site. 
Most centers use two or three lateral pins for most type III 
fractures and use a medial pin for fractures that are very 
unstable (Figs. 36.14 and 36.15). If a medial pin is used, 
making a small incision and using retractors to protect the 

ulnar nerve, as well as avoiding pinning these fractures in 
maximal elbow flexion, can reduce the rate of ulnar nerve 
injury. It is difficult to maintain reduction of type IV frac-
tures because of the loss of the periosteal hinges. For this 
reason, it may be necessary to hold the arm stable and 
rotate the C-arm for imaging rather than rotating the arm. 
A transolecranon pin placed retrograde from the proxi-
mal ulna into the humeral shaft can be used to provision-
ally control these highly unstable fractures during pinning  
(Fig. 36.16A,B). The indications for open reduction, which 
occurs approximately 10% of the time, include irreducible 
fractures, open fractures, and those with suspected or con-
firmed neurovascular injuries. A direct anterior approach 
can be used in most patients with posterior displaced frac-
ture because it provides the best access to the neurovascular 
structures and fracture site. Because of the muscle stripping 
that occurs with these injuries, the neurovascular structures 
are typically in a subcutaneous position (Fig. 36.17). 

 

CLOSED REDUCTION AND 
PERCUTANEOUS PINNING OF 
SUPRACONDYLAR FRACTURES (TWO 
LATERAL PINS)

 TECHNIQUE 36.4 

 n  Position the patient supine and position the elbow on an 
inverted image intensifier (see Fig. 36.15A).

 n  For the more common extension type of supracondylar 
fracture, with countertraction on the humerus, apply trac-
tion to the forearm and examine the fracture with image 
intensification. With the elbow in extension, correct ro-
tational malalignment and medial and lateral translation. 
Once this is corrected, maintain traction on the elbow 

 

Admission for vascular observation
with elbow in relaxed position
of approximately 45° flexion.

(Do not use hyperflexed position.)

Explore and repair artery via
anterior approach. Monitor
for compartment syndrome

(consider fasciotomy).
Prepare leg for vein graft.

Displaced type III supracondylar
fracture with absent pulse

Reduce fracture and pin
Observe if capillary refill,

temperature, and color indicate
adequate perfusion

Adequate perfusion

Reduce fracture and pin

Pink, pulseless hand Remains dysvascular

Pulseless extremity,
inadequate perfusion

FIGURE 36.12 Management of pulseless supracondylar humeral fracture.  (From Abzug JM, 
Herman MJ: Management of supracondylar humerus fractures in children: current concepts, J Am Acad 
Orthop Surg 20:69, 2012.)
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D

FIGURE 36.13 Fixation of supracondylar fracture. A and B, Severely displaced type III 
 supracondylar fracture. C and D, Closed reduction and percutaneous pinning were performed.

 

BA

FIGURE 36.14 Fixation of supracondylar humeral fractures is most commonly done with  
(A) two lateral pins or (B) two crossed pins.
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and gently flex the elbow to 120 degrees. Use anteriorly 
directed pressure on the olecranon as the elbow is flexed 
to correct extension of the distal fragment. Maximally flex 
the elbow and pronate the forearm to lock the posterior 
and medial soft-tissue hinges. It is important to correct 
rotation and translation before flexing the elbow.

 n  For the rarer flexion-type injury, flexing the elbow will 
further displace the fragment because of the disruption of 
the posterior periosteal hinge. In this case the elbow will 
need to be pinned in extension. This can be difficult, and 
posterior open reduction often is needed. Alternatively, 

a “push-pull” technique (Fig. 36.18) can be used to help 
achieve reduction.

 n  Confirm the anteroposterior reduction with image in-
tensification, aiming the beam through the forearm and 
rotating the humerus from medial to lateral to assess the 
medial and lateral column reduction. Confirm lateral re-
duction by externally rotating the shoulder to obtain a 
lateral view of the elbow.

 n  Maintain reduction while performing closed percutane-
ous pinning with image intensification to verify that the 
two lateral pins engage both fracture fragments (see  

 

A B C

FIGURE 36.15 Pinning of supracondylar humeral fracture. A, Positioning of arm on image 
intensifier. B, Confirm that lateral pins engage fracture fragments. C, Final fluoroscopic imaging. 
SEE TECHNIQUE 36.4.

 

A B

FIGURE 36.16 Transolecranon pin placed retrograde from proximal ulna to humeral shaft can 
be used to provisionally control unstable flexion-type supracondylar fractures during pinning. A, 
Proximal humerus must be manually externally rotated (arrow) to avoid rotational malalignment. 
B, Fluoroscopic image shows transolecranon and laterally based Steinmann pin.  (From Green BM, 
Stone JD, Bruce RW Jr, et al: The use of a transolecranon pin in the treatment of pediatric flexion type 
supracondylar humerus fractures, J Pediatr Orthop 37:e347, 2017.)
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 FIGURE 36.17 Neurovascular structures of supracondylar 
humerus. Medial nerve and brachial artery under Freer elevator. 
SEE TECHNIQUE 36.5.

Fig. 36.15B). The pins should be divergent and not cross 
at the fracture site.

 n  If a medial pin is used, make a 1 cm incision over the 
medial epicondyle. Spread the soft tissues so that the 
epicondyle can be seen and ensure that the ulnar 
nerve is protected. Alternatively, a small soft-tissue 
drill sleeve can be used. It is not necessary to expose 
or explore the ulnar nerve in patients without ulnar 
nerve symptoms. Once the pin is placed, it can be cut 
outside the skin and the incision closed with absorb-
able suture.

 n  After the pins are inserted, extend the elbow as far as 
possible without bending the pins. With the aid of im-

 

A B C

FIGURE 36.18 “Push-pull” reduction method. A, Before attempted reduction rolled towel is 
placed to be used as fulcrum. B, The “push” maneuver is used to over-reduce fracture into exten-
sion. C, Then fracture is “pulled” back to align anterior humeral line with middle of capitellum.  
(Redrawn from Chukwunyerenwa C, Orlik B, El-Hawary R, et al: Treatment of flexion-type supracondylar 
fractures in children: the “push-pull” method for closed reduction and percutaneous K-wire fixation, J 
Pediatr Orthop B 25:412, 2016.) SEE TECHNIQUE 36.4.

age intensification, check the stability of the reduction by 
rotating and stressing the elbow to determine if a third 
(medial or lateral) pin is necessary. Compare the carrying 
angle with that of the normal extremity. Cut and bend the 
pins outside of the skin and check final fluoroscopic im-
ages to ensure no displacement occurred during bending 
(Fig. 36.15C).

POSTOPERATIVE CARE Place the patient in a well-
padded posterior splint or bivalved cast with the elbow 
flexed at 75 degrees to allow for swelling and convert 
to a long arm cast with the elbow flexed 90 degrees at 
1 week. Patients are treated in a cast for 3 to 4 weeks. 
The pins are then removed, and gentle range of motion 
is started.

See also Video 36.1.

   

 

ANTERIOR APPROACH
See Figure 36.17

 TECHNIQUE 36.5 

 n  If an anterior approach is to be used, make a trans-
verse incision over the antecubital space. This can 
be extended proximally and distally if necessary. The 
proximal extension should be performed (medial or 
lateral) over the proximal fragment because this is 
usually the site of neurovascular injury. Note that in 
high-energy injuries the anterior soft tissues may be 
stripped and the neurovascular bundle may be subcu-
taneous.
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 n  Develop a plane between the biceps and brachialis ten-
dons. Release the biceps aponeurosis while protecting the 
brachial artery. Retract the biceps and brachialis muscle 
medially and the brachioradialis laterally. Protect the ra-
dial nerve and posterior interosseous artery.

 n  Observe the supracondylar fragment and note its align-
ment with the proximal fragment. Use a small curet to 
remove any hematoma at the fracture site. Note any in-
terdigitations on the ends of the bone, and by matching 
them reduce the fracture.

 n  Use two or three Steinmann pins in a manner similar to 
that described for percutaneous pinning. Image intensifi-
cation simplifies pin placement. Cut the pins off outside 
the skin for removal later.

POSTOPERATIVE CARE Close the incision and place the 
patient in a well-padded posterior splint with the elbow 
in 60 degrees of flexion to allow for swelling and convert 
to a long arm cast to 90 degrees of flexion in 5 to 7 days. 
The pins are removed in 3 to 4 weeks, and gentle range-
of-motion exercises are begun.
  

The timing of reduction for type III fractures remains 
controversial; however, recent studies have shown no dif-
ference in complication rates between patients treated in an 
urgent (<12 hours) or delayed (later than 12 hours) fashion. 
Delayed treatment requires a conscious, cooperative patient 
without neurovascular compromise and the ability to pro-
ceed with surgery in a timely fashion if their neurovascular 
examination changes with monitoring. Type II fractures can 
be treated safely in a delayed fashion.

Postoperatively, patients are placed either in a long arm 
posterior splint or a bivalved cast with the elbow in 60 degrees 
of flexion to allow for swelling. Follow-up radiographs are 
obtained at 1 week, and the cast or splint is removed and 
changed to a long arm cast with the elbow in 90 degrees for 
an additional 2 to 3 weeks. The pins are removed in the office, 
and most patients regain motion without the need for physi-
cal therapy. Most children, unlike adults, have good mid-term 

and long-term functional outcomes after supracondylar 
humeral fracture.

Cubitus varus is the most common angular deformity that 
results from supracondylar fractures in children (Fig. 36.19). 
Cubitus valgus, although mentioned in the literature as caus-
ing tardy ulnar nerve palsy, rarely occurs and is more often 
caused by nonunion of lateral condylar fractures. Because 
the normal carrying angle increases from childhood to adult-
hood, an increase in valgus is not as cosmetically noticeable 
as a complete reversal to a varus position.

Several causes for cubitus varus have been suggested. 
Medial displacement and rotation of the distal fragment have 
been cited most often, but experimental studies showed that 
varus tilting of the distal fragment was the most important 
cause of change in the carrying angle (Figs. 36.20 and 36.21). 
This can occur with relatively benign-appearing type II frac-
tures, with medial column instability leading to collapse when 
the fracture is treated with cast immobilization. Osteonecrosis 
and delayed growth of the trochlea, with relative overgrowth 
of the normal lateral side of the distal humeral epiphysis, is 
an extremely rare cause of progressive cubitus varus defor-
mity after supracondylar fracture. This progressive growth 
abnormality cannot be prevented by stabilization of the distal 
fragment because it probably is related to injury to the blood 
supply of the trochlea at the time of fracture.

Rotational malalignment may occur but is not a signifi-
cant deformity as malrotation of the distal humerus is com-
pensated for to a large degree by motion of the shoulder 
joint. As a result, the rotational component in cubitus varus 
deformities is of little consequence and all that is usually nec-
essary for correction is a lateral closing wedge osteotomy. 
Occasionally, a hyperextension deformity requires the addi-
tion of a flexion component.

Three basic types of osteotomies have been described: 
a lateral closing wedge osteotomy, a medial opening wedge 
osteotomy with a bone graft, and an oblique osteotomy with 
derotation. Uchida et al. described a three-dimensional oste-
otomy for correction of cubitus varus deformity in which 
medial and posterior tilt and rotation of the distal fragment 
can be corrected if necessary.

A lateral closing wedge osteotomy is the easiest, saf-
est, most stable, and most commonly used osteotomy that 
allows correction in both the sagittal and coronal planes. A 
review of 18 patients who had lateral humeral closing wedge 
osteotomy and ulnar nerve release at a mean age of 8 years 
found improvement in mean elbow flexion from 101 to 126 
degrees. Supracondylar osteotomy for cubitus varus should 

 FIGURE 36.19 Cubitus varus deformity of left elbow.

 

B CA
FIGURE 36.20 Mechanism of coronal tilting. A, Impaction of 

fracture medially. B, Tilting of fragment medially. C, Horizontal 
rotation.
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A B C

FIGURE 36.22 A and B, Cubitus varus deformity of left elbow after cast treatment of supra-
condylar humeral fracture. C, After osteotomy and screw fixation.

 FIGURE 36.21 Three-dimensional osteotomy for correction of cubitus varus deformity. Medial 
and posterior tilt is corrected. After osteotomy, distal fragment is compacted with proximal frag-
ment by adding external rotation using wedge of humeral cortex. Bone graft is added if necessary.  
(From Uchida Y, Ogata K, Sugioka Y: A new three-dimensional osteotomy for cubitus varus deformity after 
supracondylar fracture of the humerus in children, J Pediatr Orthop 11:327, 1991.)

be viewed as a reconstructive procedure and not as fracture 
management. The fixation used can be tailored to the age of 
the child and degree of deformity (Fig. 36.22). A combination 
of screws and Kirschner wires may be needed for younger 
patients, whereas plate-and-screw fixation is more appropri-
ate for adolescents.

DeRosa and Graziano reported good results with a step-
cut osteotomy technique fixed with a single cortical screw  
(Fig. 36.23). While this technique is technically more challeng-
ing, they reported no ulnar or radial nerve injuries, infections, 
nonunions, or hypertrophic scars, and all patients retained 
preoperative ranges of motion. They concluded that this oste-
otomy with single-screw fixation is a safe procedure that can 
correct multiple planes of deformity, but they emphasized the 
importance of careful preoperative planning and special atten-
tion to surgical detail. If a more extensive osteotomy is needed, 

a step-cut translation osteotomy and fixation with a Y-shaped 
humeral plate that allows early movement of the joint may be 
used. 

 

LATERAL CLOSING WEDGE 
OSTEOTOMY FOR CUBITUS VARUS

 TECHNIQUE 36.6 

 n  After standard preparation and draping and inflation of 
the tourniquet, approach the elbow through a lateral in-
cision.
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 n  With fluoroscopic guidance, insert two Kirschner wires 
into the lateral condyle before osteotomy and advance 
them just distal to the planned distal cut. Alternatively, 
guide pins in preparation for cannulated screw placement 
can be used. Be prepared to advance these proximally 
after the closing wedge osteotomy has been made.

 n  Make a closing wedge osteotomy laterally, leaving the 
medial cortex intact. The saw or osteotome cuts can be 
angled in the sagittal plane to correct any flexion defor-
mity as well.

 n  Weaken the medial cortex using drill holes. Apply a val-
gus stress to complete the osteotomy with the forearm in 
pronation and the elbow flexed.

 n  Close the osteotomy and advance the Kirschner wires or 
guidewires from the lateral condyle into the medial cortex 
of the proximal fragment.

 n  Stabilize the osteotomy with either Kirschner wires or can-
nulated screws.

 n  Close the wound in layers and splint the arm in 90 de-
grees of flexion and full pronation. A long arm cast can 
be applied in 5 to 7 days.

POSTOPERATIVE CARE The wires, if used, are removed 
at approximately 6 weeks after surgery, and a range-of-
motion exercise program is started.
   

LATERAL CONDYLAR FRACTURES
Fracture of the lateral condyle is the second most common 
(17%) pediatric elbow fracture after fracture of the supracon-
dylar humerus, usually occurring between the ages of 4 and 
6 years. The most common mechanism of injury is a fall onto 
an outstretched arm with the elbow in varus, which causes 
avulsion of the lateral humeral condyle. Alternatively, these 

injuries can occur, although less commonly, during a fall onto 
a flexed elbow. Unlike supracondylar humeral fractures, lat-
eral condylar fractures are rarely associated with neurovas-
cular injuries.

These injuries can be classified either anatomically or by 
displacement. Historically, the Milch classification was used 
to determine whether the fracture passed through (type I) or 
around (type II) the capitellum. The Milch type II fracture, 
which is really a Salter-Harris type II fracture, is the most 
common type (95%) (Fig. 36.24). More often the fractures 
are classified by displacement because the amount of dis-
placement determines the method of treatment. A recent dis-
placement-based classification system by Weiss et al. has been 
shown to be prognostic for complications. Type I fractures 
are displaced less than 2 mm, type II fractures are displaced 
more than 2 mm with an intact cartilaginous hinge, and type 
III fractures are displaced more than 2 mm without an intact 
cartilaginous hinge (Fig. 36.25). Type III fractures tend to be 
displaced and rotated and, in some cases, if enough troch-
lear stability is lost, a posterolateral subluxation of the radius 
and ulna can occur (Fig. 36.26). This classification also helps 
guide treatment, because type I fractures can be treated with a 
cast, type II fractures with percutaneous pinning, and type III 
fractures with open reduction and internal fixation.

Radiographically, it can be difficult to determine the 
amount of displacement because of the large amount of 
unossified epiphysis present. The presence of a metaphyseal 
fragment on the lateral radiograph is helpful in making the 
diagnosis (Fig. 36.27). The addition of an internal oblique 
radiograph is necessary to assess the true amount of displace-
ment. It can be difficult to determine the stability of the carti-
laginous hinge on plain radiographs, and it may be necessary 
to perform stress radiographs or arthrography under anesthe-
sia for full assessment. Advanced imaging such as MRI can 
be used when the diagnosis is in question or to evaluate the 
stability of the cartilaginous hinge; however, this may require 
sedation to obtain satisfactory high-resolution images in this 
age group.

Nondisplaced or minimally displaced fractures can be 
treated in a long arm cast for 4 to 6 weeks depending on the 
age of the patient. These fractures need to be watched closely 
because late displacement can occur in 5% to 10% of frac-
tures. For type II fractures or fractures in which there is con-
cern about the integrity of the cartilaginous hinge, a stress 
examination under anesthesia with or without arthrography 
may be performed. In patients with a large metaphyseal frag-
ment, percutaneous pinning using smooth Kirschner wires or 
a cannulated screw is performed. Displaced fractures or those 
with unclear reduction require open reduction and internal 

 

A B

Varus

23°

13°

Valgus

10°

FIGURE 36.23 A, Osteotomy designed to correct cubitus varus 
deformity of 13 degrees. Distal fragment can be rotated to correct 
additional deformity. B, After wedge removal and closure, screw is 
used for fixation. SEE TECHNIQUE 36.6.  (Redrawn from DeRosa GP, 
Graziano GP: A new osteotomy for cubitus varus, Clin Orthop Relat Res 
236:160, 1988.)

 

A B
FIGURE 36.24 Lateral humeral condylar fractures. A, Milch type 

I fracture, which is Salter-Harris type IV epiphyseal fracture. B, Milch 
type II fracture, which is Salter-Harris type II epiphyseal fracture.
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fixation (Fig. 36.28). This is done most commonly through 
a lateral approach, taking care to avoid dissection posteri-
orly that may injure the blood supply to the trochlea, which 
enters posteriorly, and cause osteonecrosis. Alternatively, in 
rare cases when a lateral approach is not possible, a poste-
rior approach protecting the posterior blood supply has been 
described. Fixation using smooth Kirschner wires and cannu-
lated screws has been described with good results. The use of 
cannulated screws is becoming more common as they allow 
for fracture-site compression, leading to faster time to union 
and earlier mobilization and avoiding the risk of pin site 
infections with Kirschner wires. If Kirschner wires are used, 
typically in younger patients, they can safely be left outside 
the skin for 3 to 4 weeks to avoid a second surgical procedure 
to remove buried wires.

The most common complication after fracture of the lat-
eral condyle is loss of reduction. Therefore close follow-up is 
necessary for these patients. Even fractures with less than 2 
mm of initial displacement can displace late. 

 

A B C

FIGURE 36.25 Weiss classification of lateral condylar fractures. A, Type 1 fracture, less than 
2 mm displacement. B, Type 2 fracture, 2 mm or more displacement and congruity of articular 
surface. C, Type 3 fracture, 2 mm or more displacement and lack of articular congruity.

 

A

B C

FIGURE 36.26 Fractures of lateral humeral condyle. A, Type I, 
stable fracture with minimal lateral gap (arrow). B, Type II, frac-
ture to epiphyseal cartilage with a lateral gap; displacement risk 
undefined. C, Type III, fracture gap as wide laterally as medially; 
high risk of later displacement.

 FIGURE 36.27 Metaphyseal fragment on lateral radiograph.
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A B

FIGURE 36.28 A and B, Radiographs showing displaced type III lateral condylar fracture.

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF LATERAL CONDYLAR 
FRACTURE

 TECHNIQUE 36.7 

 n  Expose the elbow through a Kocher lateral approach and 
carry the dissection down to the lateral humeral condyle. 
A headlamp often is helpful to improve visualization. 
In some patients, especially with type III fractures, the 
distal fragment is rotated and the articular cartilage is 
subcutaneous, and care is necessary to prevent iatro-
genic articular cartilage injury. The soft-tissue dissection 
is between the brachioradialis and the triceps, although 
often the capsule is already torn. Expose the anterior 
surface of the joint. It is important that no dissection be 
performed posteriorly to prevent injury to the trochlear 
blood supply.

 n  The displacement and the size of the fragment are al-
ways greater than is apparent on radiographs because 
much of the fragment is cartilaginous. The fragment 
usually is rotated and displaced. Irrigate the joint to re-
move blood clots and debris, reduce the articular sur-
face accurately, and confirm the reduction by observ-
ing the articular surface, particularly at the trochlear 
ridge. Because of the plastic deformation that often 
occurs, there may be some metaphyseal displacement, 
even with anatomic articular surface reduction. The 
fracture should be stabilized in the position of ana-
tomic joint reduction regardless of the metaphyseal 
deformity.

 n  Insert two smooth Kirschner wires across it into the me-
dial cortex of the distal humerus in a divergent fashion. 

Alternatively, a cannulated screw, typically 4.5 mm, can 
be used if the metaphyseal fragment is large enough.

 n  Check the reduction and the position of the internal fixa-
tion by stress fluoroscopy before closing the wound. Cut 
off the ends of the wires outside the skin for removal in 
the clinic (Fig. 36.29).

 n  Place the arm in a bivalved long arm cast or splint with the 
elbow flexed 90 degrees.

POSTOPERATIVE CARE Immobilization should continue 
4 weeks with the arm in a cast followed in some cases 
by splinting. At the end of that time the pins can be re-
moved if union is progressing. Gentle active motion of the 
elbow usually is resumed intermittently out of the splint. 
These fractures need to be monitored for late and delayed 
union, and some require immobilization with intermittent 
range-of-motion exercises for more than 6 weeks.
  

COMPLICATIONS AFTER LATERAL 
CONDYLAR FRACTURE
Complications from lateral condylar fractures include phy-
seal arrest, physeal stimulation, osteonecrosis, and nonunion 
with resultant cubitus valgus (Fig. 36.30). Lateral condylar 
overgrowth, radial prominence, and variation in the carrying 
angle of the elbow have been attributed to transient stimula-
tion of the lateral column of the elbow. Osteonecrosis of the 
capitellum (Fig. 36.31) or a small growth arrest in the cen-
tral physis occurs with “fishtail” deformity (deepening of the 
trochlear groove) and rare varus deformity (see Fig. 36.30). 
Because of the lack of cases, data concerning prevention, 
treatment, and long-term follow-up are limited.

Nonunion with resultant cubitus varus probably is the 
most significant complication (Fig. 36.32). The most common 
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risk factors for nonunion include type III fractures and frac-
tures that are more difficult to reduce. Nonunion must be dif-
ferentiated from delayed union. A delay in union may result 
from inadequate external immobilization or internal fixation. 
If union is not achieved at 12 weeks, a small wedge-shaped 
bone graft can be placed across the metaphyseal fragment 
with supplemental smooth pin or screw fixation (Fig. 36.33). 
If the elbow is stable and is not painful and all that is present 
is a lucent line with no motion of the fracture fragment on 
stress views, observation and prolonged immobilization may 
be all that are necessary. If motion is present or a nonunion 
seems to be developing, however, early surgery is indicated. 
Surgery for well-established nonunions is difficult, and the 
goals should be to restore a more anatomic alignment of the 
elbow. Arthrotomy and realignment of the articular surface 
should be avoided because of the high risk of further elbow 
stiffness and osteonecrosis; osteotomy generally is a better 
option (Figs. 36.34 and 36.35). Rigid internal fixation should 
be used to promote early motion. Tardy ulnar nerve palsy 
can accompany lateral condyle nonunions and can be treated 
with ulnar nerve transposition and correction of the cubitus 
valgus. 

 

OSTEOTOMY FOR ESTABLISHED 
CUBITUS VALGUS SECONDARY TO 
NONUNION OR GROWTH ARREST

 TECHNIQUE 36.8 

 n  Place the patient prone with the forearm supported on an 
arm board.

 n  Use a posterior muscle-splitting incision, exposing the dis-
tal humerus, but do not open the elbow joint. Take care 
to protect the radial nerve proximally.

 n  Split the fibers of the triceps muscle, retract them, and 
identify the ulnar nerve. When indicated for treatment 
of tardy ulnar nerve palsy, transpose the nerve anteri-
orly.

 n  As a landmark, note the upper limit of the condylar frag-
ment. Perform a transverse osteotomy at the level of the 
intersection of the forearm axis with the lateral cortex of 
the humerus (Fig. 36.35A,B).

 

A B

C D

FIGURE 36.29 A, Open reduction and internal fixation of lateral condylar fracture shown in 
Fig. 36.28. B, After open reduction and fixation with smooth wires. C, After open reduction with 
Kirschner wires. D, After screw fixation. SEE TECHNIQUE 36.7.
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 n  Notch the inferior surface of the proximal fragment to 
receive the apex of the superior surface of the distal 
fragment, which is moved laterally (Fig. 36.35C,D). 
Adduct the distal fragment until the excessive angle 
of abduction (valgus) has been reduced to the normal 
carrying angle, controlling the amount of correction 
by radiographs made with the extremity and the frag-
ments in extension.

 n  When correction is satisfactory, stabilize the fragments 
by inserting two smooth crossed Kirschner wires or can-
nulated screw(s), carefully flex the elbow to 90 degrees, 
and immobilize it in a long arm cast.

POSTOPERATIVE CARE The cast is left on for 4 to 6 
weeks, depending on the age of the child and evidence of 
bony union. The wires are removed, and motion is encour-
aged at that time.
   

MEDIAL CONDYLAR FRACTURES
Fractures of the medial humeral condyle in children are rare, 
accounting for 1% of pediatric elbow fractures. They usually 
occur in slightly older children than fractures of the lateral 
condyle, around the ages of 3 to 8 years. They are caused by 
a direct fall onto the elbow or a fall onto an outstretched 
hand with the elbow in a varus position. Medial condylar 
fractures in younger children can be associated with nonac-
cidental trauma. Kilfoyle described three types based on dis-
placement: type I, a greenstick or impacted fracture; type II, 
a fracture through the humeral condyle into the joint with 
little or no displacement (Fig. 36.36); and type III, an epiph-
yseal fracture that is intraarticular and involves the medial 
condyle with the fragment displaced and rotated (Fig. 
36.37). Type III fractures, which occur in older children, 
account for 25% of all medial condylar fractures. In type III 
fractures the flexor pronator mass, which is attached to the 
distal fragment, causes the distal fragment to rotate anteri-
orly and medially, causing the articular surface to face poste-
riorly and laterally (Fig. 36.38). This injury often is confused 

 

A B

FIGURE 36.32 A and B, Varus nonunion of lateral condylar 
fracture after closed treatment.

 

A B

FIGURE 36.31 A, Fracture of lateral humeral condyle through 
ossific nucleus. B, Development of osteonecrosis of capitellum with 
subsequent overgrowth.

 

A B

C D

FIGURE 36.30 A, Fracture of lateral humeral condyle in 5-year-old 
boy. B, Established valgus nonunion 1 year after nonoperative treat-
ment (observation only). C, Apparent proximal migration of capitellum 
and condyle at 3 years. D, Severe cubitus valgus 9 years after fracture.
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with medial epicondylar fracture, which is more common 
but occurs in older children. Making a radiographic diagno-
sis can be difficult, especially in younger patients in whom 
the trochlea has not yet ossified, which occurs around the 
age of 8 years. MRI and elbow arthrography can be used to 
make the diagnosis in unclear cases. Medial epicondylar 
fractures often occur with elbow dislocations and, because 
of the intraarticular nature of the medial condyle, patients 
with medial condylar fractures, unlike those with medial 
epicondylar fractures, have fat pad changes evident on 
radiographs.

For nondisplaced fractures treatment consists of 4 to 6 
weeks of cast immobilization. These fractures heal more 
slowly than supracondylar fractures and are more like lateral 
condylar fractures because of the intraarticular nature of the 
fracture site. The treatment for displaced fractures is open 
reduction and internal fixation to ensure joint congruity. This 

is best done through a posteromedial incision, which provides 
excellent exposure of the fracture site and allows for protec-
tion of the ulnar nerve. Care must be taken not to extend the 
dissection posteriorly to avoid injury to the trochlear blood 
supply. Fixation consists typically of two smooth Kirschner 
wires in younger children and screw fixation in older children 
to control rotation and prevent nonunion that can occur with 
inadequate fracture fixation (see Fig. 36.38).

COMPLICATIONS AFTER MEDIAL 
CONDYLAR FRACTURE
The most common complication with this fracture is failing to 
make the correct diagnosis (see Fig. 36.38). Once the correct 
diagnosis is made, nonunion is rare and usually results from 
inadequately stabilized fractures. Complications usually con-
sist of nonunion with resultant cubitus varus, trochlear osteo-
necrosis, and loss of reduction, and the complication rate can 
be as high as 33%. Nonunion can be treated with revision 
open reduction and internal fixation and bone grafting. Many 
patients with osteonecrosis of the trochlea are asymptomatic 
and require only observation. Cubitus varus caused by growth 
delay or arrest of the trochlea and cubitus valgus caused by 
fracture-simulated overgrowth can occur with these injuries. 
Corrective osteotomy can be used to treat these deformities if 
they become painful or interfere with function. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF MEDIAL CONDYLAR 
FRACTURE

 TECHNIQUE 36.9 

 n  Begin a medial incision just distal to the medial condyle 
and extend it proximally parallel to the long axis of the 

 

CA B
FIGURE 36.33 A, Nonunion of lateral condyle with distal fragment in acceptable position for 

bone grafting and internal fixation. B and C, Transfixed, freshened, bone-grafted nonunion; physis 
of condylar fragment is not violated by pin or graft.

 

A B
FIGURE 36.34  Correction of cubitus valgus by osteotomy.  

A, Cubitus valgus secondary to nonunion of lateral humeral condyle. 
B, Opening wedge osteotomy laterally to restore alignment.
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humerus. Carry the dissection down to bone, isolating the 
ulnar nerve, and retract it posteriorly. The capsule usually 
is ruptured and need not be incised for exposure of the 
fracture. The capsule can be released anteriorly if more 
exposure is desired.

 n  Carefully examine the detached condyle and remove all 
hematoma. The fragment is surprisingly large, and often 
a part of the capitellum is included.

 n  Gently reduce the fracture and hold it with a bone 
tenaculum without disturbing the soft-tissue attach-
ments of the fragment. Some metaphyseal plastic de-
formation may occur, so it is essential to restore the 
normal contour of the articular surface rather than the 
medial column.

 n  Insert two smooth Kirschner wires through the condylar 
fragment and into the humerus in a proximal and lateral 
direction. Two wires are necessary to prevent rotation of 
the fragment. Use smooth Kirschner wires rather than 
screws if the child is young and cannulated screw fixation 
in older children. Before closing the incision, verify the 
position of the fragment by stress fluoroscopy. Cut off 
the wires outside the skin, leaving them long enough to 
allow easy removal.

 n  Close the wound and apply a splint or bivalve cast with 
the elbow flexed 90 degrees.
   

MEDIAL EPICONDYLAR 
FRACTURES
Medial epicondylar fractures account for approximately 
10% of pediatric elbow fractures, with a peak age at occur-
rence of 11 to 12 years. Between 30% and 50% occur with 
elbow dislocations, and it is important to ensure that the 

 

A B

C D
FIGURE 36.35 A, Malunion of Milch II fracture. B, Simple oste-

otomy results in unaccetable alignment. C, Osteotomy with lateral 
translation of distal fragment in addition to angulation. D, Final 
acceptable result.  SEE TECHNIQUE 36.8.

 

A B

FIGURE 36.36 Anteroposterior radiograph (A) and CT scan (B) of type II medial condylar fracture.
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medial epicondyle is not entrapped after reduction of the 
dislocation.

The most common mechanism of injury is an avulsion 
that can occur as a result of a valgus stress being placed on 
the extended elbow, usually after a fall. The medial epicon-
dylar apophysis is the origin of the ulnar collateral ligament, 
which, if under valgus stress, avulses it. It can also occur as 
a result of a pure avulsion by the forearm flexors and rarely 
with a direct blow to the elbow. In complete fractures, the 
avulsed apophysis displaces distally from pull of the forearm 
flexor mass originating on it. Standard radiographic studies 
have shown that accurately measuring the true amount of 
displacement in all planes is difficult compared to CT scan-
ning. A newer radiographic view, the distal humerus axis 
(axial) view, has been shown to be more accurate and reli-
able while reducing the need for advanced imaging (Fig. 
36.39).

Nondisplaced fractures can be treated with 2 to 3 weeks 
of immobilization in a long arm cast or brace followed 
by gradual resumption of activity. The absolute indica-
tion for operative treatment is an entrapped intraarticular 
apophyseal fragment in an elbow dislocation, which can 
be performed urgently and not emergently unless ulnar 
nerve injury is present. Other indications include fractures 
associated with elbow dislocations to allow early range of 

motion and fractures displaced more than 1 cm. A rela-
tive indication is a minimally displaced fracture in a high-
demand throwing athlete. Treatment of mildly displaced 
fractures, less than 1 cm, remains controversial because 
of the difficulty in measuring true displacement, the good 
results being reported in small series of patients treated 
both operatively and nonoperatively, and the lack of com-
parison studies.

Surgery can be performed with the patient supine 
or prone in the “hammerlock position,” which provides 
relaxation to the forearm flexor musculature, making 
reduction easier (Fig. 36.40). Careful dissection is neces-
sary if the epicondyle is entrapped to prevent injury to 
the ulnar nerve (Fig. 36.41). Typically a single 4.0- or 4.5-
mm cannulated screw is used for fixation, and a long arm 
cast is worn for 2 to 3 weeks before beginning physical 
therapy. In comminuted fractures, which are rare, smooth 
Kirschner wires, suture anchors, or both can be used to 
stabilize the fragments. Patients are treated with a long 
arm cast or brace for 2 to 3 weeks followed by physical 
therapy.

COMPLICATIONS AFTER MEDIAL 
EPICONDYLAR FRACTURE
Complications associated with medial epicondylar frac-
tures are rare and most often associated either with 
missed incarcerated intraarticular fragments or elbow 
stiffness related to an elbow dislocation and ulnar nerve 
palsy. Nonunion of these fractures is rare and can be 
associated with long-term elbow instability leading to a 
tardy ulnar nerve palsy. Ulnar nerve dysesthesia is com-
mon after operative treatment especially with removal 
of incarcerated intraarticular fragments, which usually 
resolves. Ulnar nerve transposition is reserved for late 
palsies and not for acute ulnar nerve symptoms. Because 
of the subcutaneous location of the medial epicondyle, 
screw prominence and pain can occur and can be treated 
with hardware removal once satisfactory healing has 
occurred. 

 

I II III
FIGURE 36.37 Three types of medial condylar fractures 

described by Kilfoyle: type I, impacted; type II, epiphyseal and 
intraarticular; and type III, displacement of entire medial condyle.

 

A B

FIGURE 36.38 A and B, Screw fixation of displaced  medial condylar fracture.
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OPEN REDUCTION AND INTERNAL 
FIXATION FOR DISPLACED OR 
ENTRAPPED MEDIAL EPICONDYLE

 TECHNIQUE 36.10 

 n  Position the patient prone with a nonsterile tourni-
quet and place the elbow on a sterile-draped image 
intensifier. Mark the course of the ulnar nerve on the 
skin.

 n  Make a medial incision centered on the medial epicondyle 
approximately 5 cm in length.

 n  The ulnar nerve is posterior and should be protected for 
the entire procedure. For displaced fractures without en-
trapment, the fracture site can be viewed directly. Irrigate 
the fracture site thoroughly. Use a small curet to remove 
any remaining apophyseal cartilage on the displaced frag-
ment to promote bony healing.

 n  If the fragment is entrapped within the elbow joint when 
the fracture site is exposed, only the bony surface of the 
condyle is seen; no loose fragment is visible. The medial 
capsule, musculotendinous origin of the long flexor mus-
cles, and epicondyle are folded within the joint, covering 
the lower part of the coronoid fossa and process. With 
a small tenaculum, remove the epicondyle with its soft-
tissue attachments from within the joint.

 n  Reduce the epicondyle and secure it with a screw and 
washer if possible, which allows for early motion. If the 
fracture is comminuted or the patient is very young, 
smooth Kirschner wires and/or a suture anchor(s) can be 
used.

 n  Suture the tear in the capsule and forearm muscles, close 
the wound, and apply a posterior splint or a bivalved cast.

POSTOPERATIVE CARE A splint or cast is worn for 2 
to 3 weeks. Alternatively, if good stability is obtained, a 
hinged elbow brace can be used in compliant patients to 
begin gentle immediate early range-of-motion exercises. 
Early motion is especially important when the fracture is 
associated with an elbow dislocation.
  

CHRONIC MEDIAL EPICONDYLE 
APOPHYSITIS (LITTLE LEAGUE ELBOW)
This chronic injury is related to overuse in young athletes, 
primarily baseball players. Excessive throwing places repeti-
tive tension on the medial epicondylar apophysis. Overuse is a 
major contributor to this as the incidence is relatively low when 
established age-related pitch counts are followed. Patients have 
pain directly over the medial epicondyle, which is increased 
with valgus stress. Some patients have a loss of elbow extension 
as well. Radiographically, the apophysis is widened compared 
with the opposite side, and comparison views can be helpful 
but are not necessary to make the diagnosis.

 

A B

FIGURE 36.39 Distal humeral axial view. A, Position of patient and x-ray beam. B, X-ray beam 
is projected 25 degrees anterior to long axis of humerus (dashed lines).  (From Sounder CD, Farn-
sworth CL, McNeil NR, et al: The distal humerus axial view: assessment of displacement in medial epicondyle 
fractures. J Pediatr Orthop 35:449, 2015.)
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The most important treatment is rest followed by a grad-
ual resumption of activity. Antiinflammatory medications, 
splinting, and ice may be helpful for symptomatic relief. 
Patients, families, and coaches need to be educated about 
the overuse nature of this injury. Once the patient is pain 
free, activity can be gradually progressed, ensuring proper 
throwing mechanics are followed. Although this can be very 
debilitating in terms of sports participation, no long-term 
complications from this have been reported. 

DISTAL HUMERAL FRACTURES
Fracture of the entire distal humeral physis, which occurs 
more distally than a supracondylar fracture (Fig. 36.42), most 
commonly occurs during a fall and most frequently in young 
children (mean age, 5 years). This injury has historically been 
underreported because making the diagnosis was difficult. 
With increased awareness and advanced imaging techniques 
such as MRI, ultrasound, and arthrography, this injury is 
being diagnosed with greater frequency.

The distal humeral epiphysis extends across to include the 
secondary ossification of the medial epicondyle until about 6 
to 7 years of age in girls and 8 to 9 years in boys. Most frac-
tures involving the entire distal humeral physis occur before 

 

E

A B C

D F

FIGURE 36.40 Anteroposterior (A) and lateral (B) radiographs of patient with elbow dislocation 
and associated fracture of medial epicondyle. C, Postreduction CT showing true displacement of 
epicondyle. D, Hammerlock position allows for relaxation of forearm flexors attached to displaced 
fragment. Anteroposterior (E) and lateral (F) radiographs after fixation with cannulated screw and 
washer.

 FIGURE 36.41 Fracture of the medial epicondyle with entrapped 
ulnar nerve. Note the close proximity of the ulnar nerve (vessel loop) 
to the entrapped fragment (arrow).
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the age of 6 or 7 and usually younger. The younger the child, 
the greater the volume of distal humerus occupied by car-
tilaginous epiphysis. As children mature, the volume of the 
epiphysis decreases, which some authors believe is protec-
tive of injury. This may explain the association between distal 
humeral physeal fractures and birth trauma, as well as NAT. 
In addition, the physeal line in infants is near the center of the 
olecranon fossa, making it prone to hyperextension injury. 
Malunion after these injuries is less common because of the 
broad surface area of the distal humerus. Because the blood 
supply to the medial trochlea courses through the physis, 
osteonecrosis of the trochlea can occur.

These fractures are classified into three groups based on 
the degree of ossification of the lateral condylar epiphysis. 
Group A fractures occur in infants up to 12 months of age, 
before the secondary ossification center of the lateral con-
dylar epiphysis appears (and are usually Salter-Harris type I 
physeal injuries) (Fig. 36.43). These often are missed because 
the lateral condylar epiphysis lacks an ossification center. 
Group B fractures occur most often in children 12 months to 
3 years of age in whom there is definite ossification of the lat-
eral condyle. Group C fractures occur in older children, from 
3 to 7 years of age, and result in a large metaphyseal fragment.

In an infant younger than 18 months of age whose elbow 
is swollen secondary to trauma or suspected trauma, a frac-
ture involving the entire distal humeral physis should be 
considered. In a young infant or newborn, swelling may be 
minimal with little crepitus because the fracture fragments 
are covered in cartilage (physis) rather than bone.

Radiographic diagnosis can be difficult, especially if the 
ossification center of the lateral condyle is not visible. The 
only relationship that can be determined is that of the pri-
mary ossification centers of the distal humerus to the prox-
imal radius and ulna (Fig. 36.44). The proximal radius and 
ulna maintain an anatomic relationship to each other but are 
displaced posteriorly and medially in relation to the distal 
humerus. Comparison views of the opposite uninjured elbow 
may be helpful to determine the presence of displacement.

Once the lateral condylar epiphysis becomes ossified, 
displacement of the entire distal epiphysis is much more 
obvious. The anatomic relationship of the lateral condylar 
epiphysis with the radial head is maintained, even though the 

distal humeral epiphysis is displaced posterior and medial in 
relation to the metaphysis of the humerus.

Because they have a large metaphyseal fragment, type C 
fractures may be confused with either a low supracondylar 
fracture or a fracture of the lateral condylar physis. The key 
diagnostic point is the smooth outline of the distal metaphy-
sis in fractures involving the total distal physis. With supra-
condylar fractures, the distal portion of the distal fragment 
has a more irregular border.

A lateral condylar physeal fracture in an infant can be 
differentiated from the rare elbow dislocation by radiograph. 
With a displaced fracture of the lateral condylar physis, the 
relationship between the lateral condylar epiphysis and the 
proximal radius usually is disrupted. If the lateral crista of 
the trochlea is involved, the proximal radius and ulna may be 
displaced posterolaterally. Elbow dislocations are rare in the 
peak age group for fractures of the entire distal humeral phy-
sis. With elbow dislocations, the displacement of the proxi-
mal radius and ulna is almost always posterolateral, and the 
relationship between the proximal radius and lateral condylar 

 FIGURE 36.42 Dashed horizontal lines indicate proximal 
area, where supracondylar fracture occurs, and distal area, where 
physeal fracture-separation occurs in wider part of distal humerus 
in younger age group.

 FIGURE 36.43 Transphyseal dislocation in neonate. Note loss 
of normal relationship between ulna and distal humerus.

 

A B C D
FIGURE 36.44 Elbow injuries that may be confused clinically. 

A, Normal elbow before three centers of ossification appear. B, 
Separation of entire distal humeral epiphysis. C, Dislocation of 
elbow. D, Lateral condylar fracture.
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epiphysis is disrupted. Comparison views are helpful in mak-
ing this diagnosis. Ultrasound can also be used to make the 
diagnosis and avoid the use of general anesthesia in infants.

TREATMENT
Treatment is first directed toward prompt recognition. Because 
this injury may be associated with child abuse, the parents 
may delay seeking treatment and ossification may already be 
present on the initial radiographs. These injuries, when rec-
ognized in a timely fashion, can be treated with closed reduc-
tion and percutaneous pinning (Fig. 36.45). Arthrography 
can be helpful to define the cartilaginous distal fragment  
(Fig. 36.46). Missed untreated fractures may remodel com-
pletely without any residual deformity if the distal fragment 

is only medially translocated and not tilted. In older chil-
dren, these injuries can be stabilized with either percutane-
ous pinning or TEIN. The more proximal the fracture and the 
closer to the metaphyseal-diaphyseal junction, the more dif-
ficult and less biomechanically stable percutaneous pinning 
becomes, making TEIN the better option. 

CAPITELLAR FRACTURES
Fractures of the capitellum, which make up less than 1% of 
pediatric elbow fractures, involve only the true articular surface 
of the lateral condyle, including in some instances the articular 
surface of the lateral crista of the trochlea. Unlike in adults, these 
fractures are rare in children and usually occur in adolescents. 
Murthy et al. classified capitellar fractures into three types: type 
I are anterior shear fractures and are the most common, type 
II are posterior shear fractures, and type III are chondral shear 
fractures (Fig. 36.47). The diagnosis can often be made using 
plain radiographs; MRI can be helpful, especially when the frag-
ment is primarily cartilaginous, and in types II and III injuries, 
which often are missed on plain radiographs (Fig. 36.48).

Excision of the fragment, if small, and open reduction 
and reattachment are the two most common forms of treat-
ment. However, because of the intraarticular nature of the 
injury, closed reduction is not likely to be successful. Many 
small fragments can be excised through either a lateral open 
or arthroscopic approach. This eliminates the need for post-
operative immobilization and accompanying elbow stiffness. 
Open reduction and internal fixation can be performed if the 
fragments are large enough; however, osteonecrosis of the 
attached fragment can occur. Compression screws have been 
shown to provide stable fixation (Fig. 36.49). Alternatively, 
a suture repair can be performed if the fragment is primar-
ily cartilaginous, which allows for follow-up MRI examina-
tion and eliminates the need for implant removal (Fig. 36.50). 
Regardless of the treatment method used, patients and par-
ents should be counseled that elbow motion will be lost after 
this injury, especially in patients with large osteochondral 
fragments that involve the trochlea, and that up to 40% of 
patients require a secondary procedure because of stiffness, 
painful or prominent implants, and osteonecrosis. 

OLECRANON FRACTURES
Isolated physeal fracture of the olecranon in children is 
uncommon due in part to the broad-based insertion of the 
triceps. When it does occur, it typically is the result of an 
avulsion force being applied to the olecranon with the elbow 
flexed. Although rare in the general population, these frac-
tures, especially bilateral ones, are well described in children 
with osteogenesis imperfecta in whom refracture also is com-
mon. Apophyseal stress injuries can occur in high-level ath-
letes, especially gymnasts and throwing athletes, and if left 
untreated can result in a painful nonunion. The most common 
fractures of the olecranon are metaphyseal, either isolated or 
associated with other elbow injuries. The peak age is 5 to 10 
years, and olecranon fractures account for approximately 5% 
of pediatric elbow fractures. Isolated olecranon fractures are 
classified by the mechanism of injury: flexion, extension, or 
shear. Isolated flexion fractures most commonly occur in a 
fall directly onto a flexed elbow. A fall onto a hyperextended 
elbow is the usual mechanism of injury in supracondylar 

 

Extraarticular fracture

Intraarticular fracture

FIGURE 36.45 Two types of olecranon fractures. Regardless of 
type, if displacement is significant, open reduction and internal 
fixation probably are indicated.

 FIGURE 36.46 Arthrogram helps to define cartilaginous distal 
fragment.
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humeral fractures; however, if there is a significant varus or 
valgus stress applied simultaneously, a metaphyseal olecranon 
fracture can occur. Shear injuries, which typically produce an 
oblique fracture line, are rare and can occur either in flexion 

or extension. Associated fractures occur in 50% to 75% of 
children with an olecranon fracture, the most common being 
a proximal radial fracture and type I Monteggia injury.

Treatment for stress fractures includes time away from 
the causative activity followed by gradual resumption of 
activity. Cannulated screw fixation is used for rare patients 
with symptomatic delayed unions or nonunions. Most olec-
ranon fractures are nondisplaced and can be treated for 3 to 4 
weeks in a long arm cast with the elbow in 70 to 80 degrees of 
flexion. Late displacement can occur, so these fractures need 
to be monitored carefully. For fractures that are displaced 
or that had an unsatisfactory closed reduction, open reduc-
tion and internal fixation is indicated. A variety of fixation 
techniques, such as percutaneous pinning, tension banding, 
and screw and plate fixation, have been described with good 
outcomes (Fig. 36.51). Tension banding using bioabsorbable 
suture can be used in younger, smaller children to eliminate 
the need for implant removal. These techniques are discussed 
in Chapter 57. Elbow stiffness is a common complication after 
olecranon fracture in children, and stable fixation is essential 
to start early range of motion to prevent this. 

RADIAL HEAD AND NECK 
FRACTURES
Isolated radial head fractures in children are rare because 
the immature radial head is cartilaginous. When they do 
occur, they usually are Salter-Harris type IV injuries in 

 

Type Ia: Nondisplaced anterior shear Type Ib: Displaced anterior shear

Type IIa: Nondisplaced 
posterolateral shear

Type IIa: Displaced 
posterolateral shear

Type III: Acute chondral shear fracture

FIGURE 36.47 Classification of capitellar fractures.  (From Murthy PG, Vuillerman C, Naqvi MN, 
et al: Capitellar fractures in children and adolescents: classification and early results of treatment. J Bone 
Joint Surg Am 99:1282, 2017.)

 FIGURE 36.48 T2-weighted MRI shows large cartilaginous shear 
fracture.
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A B

FIGURE 36.50 A, Anterior capitellar shear fracture (type 1B) with displaced fragment (arrow). 
B, After reduction and suture repair.

A B

C D

FIGURE 36.49 A and B, Capitellar fracture in adolescent. C and D, After reduction and fixation 
with cannulated screws.
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children 10 to 12 years of age. Patients with true radial head 
fractures are at increased risk of progressive radial head 
subluxation, osteonecrosis, and radiocapitellar arthrosis 
and need to be followed long term (Fig. 36.52). Most chil-
dren sustain fractures of the radial neck, which account for 
approximately 1% of all children’s fractures and 5% of pedi-
atric elbow fractures.

The majority of radial neck injuries occur during a fall 
onto an outstretched upper extremity with the elbow in a 
valgus position. They typically occur in the metaphysis but 
can extend into the proximal radial physis producing a Salter-
Harris type II pattern (Fig. 36.53). Many of these fractures are 
angulated, with the most common direction being lateral, fol-
lowed by anterior, then posterior. Radial neck fractures also 
can occur in conjunction with an elbow dislocation, either at 
the time of dislocation or during reduction (Fig. 36.54). The 
fracture may be completely displaced or intraarticular and 
may block reduction. For this reason the radial neck must be 
thoroughly evaluated before and after reduction of a pediatric 
elbow dislocation.

Making the diagnosis, especially in young children, can 
be difficult because of the unossified radial head. In these 
patients the only sign of a fracture may be a small metaphy-
seal fragment. A radiocapitellar view can be helpful in mak-
ing the diagnosis.

Due to the remodeling potential of the proximal radius, 
fractures with less than 30 degrees of angulation can be 
treated nonoperatively as long as there is no loss of forearm 
rotation. Patients are placed in a long arm cast for 3 weeks and 
then allowed to resume range-of-motion exercises. Patients 
with displaced, significantly angulated or displaced frac-
tures require reduction. This consists of a stepwise approach 
starting with closed reduction, progressing to percutaneous-
assisted reduction, and finally open reduction and internal 

 FIGURE 36.51 Metaphyseal intraarticular olecranon fracture 
that is unstable and requires open reduction and internal fixation, 
here with oblique screw.

 FIGURE 36.52 Posttraumatic radiocapitellar arthritis in 
10-year-old girl after missed Salter-Harris type II fracture of radial 
head.

 FIGURE 36.53 Displaced Salter-Harris type II fracture of the 
radial head and neck.

 

A

B
FIGURE 36.54 A, Fractures occurring at time of elbow disloca-

tion. B, Fracture occurring when elbow dislocation is reduced.
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fixation if satisfactory reduction cannot be obtained. Because 
there is great potential for elbow stiffness after open reduction 
and internal fixation, a closed reduction with slight malalign-
ment is preferable to an open reduction and internal fixation 
with anatomic alignment. The loss of motion in patients with 
open treatment may reflect selection of most displaced frac-
tures for open reduction and internal fixation.

Closed reduction can be performed using a variety of 
techniques based on the direction of displacement of the radial 
neck with the help of image intensification (Fig. 36.55). One 
very useful technique is that described by Patterson. With the 
use of general anesthesia if needed and fluoroscopy (image 
intensification), an assistant stabilizes the radius distal to the 

fractured radial neck. With the elbow in extension and fore-
arm rotated in the position of maximal tilt, the surgeon applies 
a varus stress with one hand on the elbow and lateral pres-
sure directly over the radial head with the thumb of the other 
hand (see Fig. 36.60). Other reduction techniques have been 
described with the elbow in flexion. In addition, the wrapping 
of the arm with an Esmarch bandage has been shown to occa-
sionally improve fracture reduction, and this maneuver should 
be attempted with all radial neck reduction techniques.

A percutaneous-assisted technique is used when closed tech-
niques have failed. The most commonly used technique involves 
the percutaneous manipulation of the fracture with a Kirschner 
wire. The wire is cut, and the blunt end is used to reduce the 
radial neck and head to the shaft (Fig. 36.56). The reduced radial 
neck can be stabilized by percutaneous pinning (Fig. 36.57). 
Alternatively, a flexible intramedullary nail can be introduced 
retrograde from the distal radius using the technique described 

 FIGURE 36.55 Accurate reduction and positions of pins are 
ensured by image intensification.

 

Radial nerve

  Superficial 
radial nerve

Radial head

Posterior
interosseous

nerve

Arcade of
Frohse

Supinator

FIGURE 36.56 Radial neck fracture in relation to radial nerve 
and its branches. During percutaneous reduction, wire should be 
introduced on ulnar side of radius to avoid deep branch of radial 
nerve.

 

A B

FIGURE 36.57 A and B, Anteroposterior and lateral views of radial neck pin.
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by Metaizeau. Using this technique, a flexible intramedullary nail 
is passed retrograde from the radial metaphysis proximally to the 
fracture site. Once engaged in the proximal fragment, the nail is 
rotated until the optimal reduction is obtained (Fig. 36.58). The 
fracture is then stabilized with the nail until healing has occurred.

In open reduction and internal fixation, most surgeons 
use smooth pin fixation in younger children and rigid fixation 

in the form of screws or plates in older children or adoles-
cents (Fig. 36.59). Early rigid fixation allows early motion. 
This should be done through a lateral approach with the fore-
arm in supination to protect the posterior interosseous nerve. 
Impediments to reduction such as capsular flaps or the annu-
lar ligament should be removed or repaired. Screws and plates 
should be placed in the “safe zone,” which is the 100 degrees 
of circumference of the radial head that does not articulate 
with the proximal ulna. These techniques are described in 
Chapter 57. 

 

CLOSED AND OPEN REDUCTION OF 
RADIAL NECK FRACTURES

 TECHNIQUE 36.11 

 n  After administering general anesthesia, place the patient 
supine.

 n  Use the manipulative technique as described by Patter-
son. Have an assistant hold the arm proximally, with one 
hand placed medially against the distal humerus, and 
apply straight longitudinal distal traction. Apply a varus 
force to the forearm and digital pressure directly over the 
tilted radial head to complete the reduction (Fig. 36.60). 
Hold the forearm in 90 degrees of flexion and in prona-
tion. If this manipulation reduction is unsuccessful, have 
the assistant hold the arm with the shoulder abducted to 
90 degrees and the forearm held in supination. With the 
use of an image intensifier and in a sterile operating field, 
introduce a Kirschner wire through the skin on the radial 
side of the elbow down to the angulated and displaced 
radial head and neck. Disimpact and push the radial head 
into anatomic position with the Kirschner wire. Remove 
the wire and flex the elbow to 90 degrees. The fracture 
can be pinned percutaneously from lateral to medial, tak-
ing care to protect the posterior interosseous nerve (see 
Fig. 36.58).
   

 

BA

DC

FIGURE 36.58 A–D, Reduction of radial head by leverage 
method and retrograde intramedullary pinning with Kirschner 
wire. Note slightly bent tip first pointing laterally. After it is placed 
in radial head, it is rotated 180 degrees along its axis.   (Redrawn 
from Stiefel D, Meuli M, Altermatt S: Fractures of the neck of the radius 
in children: early experience with intramedullary pinning. J Bone Joint 
Surg 83B:536, 2001. Copyright British Editorial Society of Bone and Joint 
Surgery.) SEE TECHNIQUE 36.11.

 FIGURE 36.59 Open reduction and internal fixation of radial 
neck fracture.
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PERCUTANEOUS REDUCTION AND 
PINNING

 TECHNIQUE 36.12 

 n  With the patient under general anesthesia, prepare and 
drape the upper limb.

 n  With fluoroscopy in the anteroposterior projection, de-
termine the forearm rotation that exposes the maximal 
amount of deformity of the fracture and mark the level 
of the bicipital tuberosity of the proximal radius.

 n  Make a 1-cm dorsal skin incision at the marked level just 
lateral to the subcutaneous border of the ulna.

 n  Gently insert a periosteal elevator between the ulna and 
the radius, taking care not to disrupt the periosteum of 
the radius or ulna (Fig. 36.61A). The radial shaft usually 
is much more ulnarly displaced than expected, and the 
radial nerve is lateral to the radius at this level.

 n  While counter-pressure is applied against the radi-
al head, lever the distal fragment away from the ulna  
(Fig. 36.61C). An assistant can aid in this maneuver by 
gently applying traction and rotating the forearm back 
and forth to disimpact the fracture fragments.

 n  If necessary to correct angulation, insert a percutaneous 
Kirschner wire into the fracture site, parallel to the radial 
head, and use it to lever the epiphysis perpendicular to 
the radial axis (Fig. 36.61B).

 n  Once adequate reduction has been obtained, insert an 
oblique Kirschner wire to provide fracture fixation.

POSTOPERATIVE CARE A posterior splint or bivalved 
cast is applied and worn for 3 to 4 weeks, and the 
Kirschner wire is removed once fracture callus is present. 

If these maneuvers are unsuccessful, reduction can be 
attempted using a retrograde flexible intramedullary nail. 

 

CLOSED INTRAMEDULLARY NAILING

 TECHNIQUE 36.13 

 n  With the patient under general anesthesia, prepare and 
drape the upper limb.

 FIGURE 36.60 Mechanism of reduction of radial neck fracture. 
SEE TECHNIQUE 36.11.

 

B

A

FIGURE 36.61 Radial head reduction technique. A, Periosteal 
elevator is used to lever distal fragment laterally while thumb 
pushes proximal fragment medially. B, Kirschner wires are used 
to assist reduction if necessary. (Redrawn from Erickson M, Frick S: 
Fractures of the proximal radius and ulna. In Beaty JH, Kasser JR, 
editors: Rockwood and Wilkins’ fractures in children, ed 7, Phila-
delphia, 2010, Wolters Kluwer.) SEE TECHNIQUE 36.12.
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 n  Expose the radial aspect of the distal radial metaphysis 
through a short radial incision 1 cm proximal to the radial 
physis, avoiding injury to the cutaneous branch of the 
radial nerve.

 n  Drill the cortex, starting perpendicular to the radius and 
then in a more proximal direction.

 n  Introduce the nail into the medullary canal. Advance the 
wire using gentle taps of the mallet to avoid perforation 
of the ulnar cortex of the distal radius.

 n  If a lateral displacement of the distal fragment remains, 
rotate the nail 180 degrees around its long axis so that 
its point faces inward. This produces a medial shift of the 
radial head and reduces it. The tension produced in the 
lateral intact periosteum prevents overcorrection medi-
ally.

 n  Cut the lower metaphyseal end of the pin and close the 
skin.

 n  When the epiphysis is impossible to reach, tilting of more 
than 80 degrees by external manipulation or by percuta-
neous pinning makes it possible to obtain at least a partial 
reduction, which is maintained with an intramedullary nail.

POSTOPERATIVE CARE The arm is immobilized in a long 
arm cast for 2 to 3 weeks. The Kirschner wire is removed in 
3 to 4 weeks once callus is present on radiographs.
  

COMPLICATIONS AFTER RADIAL NECK 
FRACTURE
Complications of treatment include loss of motion, which is 
most common in pronation and supination rather than flex-
ion and extension. Malunion and nonunion can occur; how-
ever, this is rare. Patients with asymptomatic nonunions can 
be observed (Fig. 36.62). Radial neck three-dimensional com-
puter-assisted osteotomies have been used on a small number 
of patients with moderate success, and radial head excision is 
reserved for a very select, small group of salvage cases. 

CORONOID FRACTURES
Regan and Morrey classified fractures of the coronoid process 
as type I, a small chip fracture; type II, a fracture involving 
less than 50% of the process; and type III, a fracture involving 
more than 50% of the process (Fig. 36.63). They recommended 
closed treatment for types I and II fractures and open reduction 
and internal fixation for type III fractures if possible. Operative 

treatment of these injuries is more common in adolescent and 
adult patients. This is described in Chapter 57. 

ELBOW DISLOCATIONS
Acute elbow dislocation in children is rare, accounting for 
approximately 5% of all children’s elbow injuries. The most 
common type is posterior but, as in adults, dislocations can be 
anterior, medial, or lateral. In rare cases a proximal radioulnar 

 

A

B

FIGURE 36.62 Radial neck nonunion.

 

I II III

FIGURE 36.63 Classification of coronoid fractures. Type I, small fragment avulsion. Type II, 
involvement of less than 50% of coronoid process. Type III, involvement of more than 50% of 
coronoid process.
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joint disruption can occur (Fig. 36.64). Elbow dislocations 
often occur in conjunction with fractures of the medial epi-
condyle and radial neck.

Most patients can be treated with closed reduction, a brief 
period of immobilization, followed by progressive protected 
range of motion in a splint or brace to prevent redisloca-
tion. Indications for operative treatment include entrapped 
intraarticular fragments (medial epicondyle, radial neck), 
open fracture, or associated elbow injury that will require 
open reduction and internal fixation.

COMPLICATIONS AFTER ELBOW 
DISLOCATION
The most common complications are  elbow stiffness and loss 
of motion, especially extension. Other rare complications 
include redislocation, myositis ossificans after open fractures, 
and neurovascular injuries. It is essential to perform a thor-
ough neurovascular examination before and after closed or 
open reduction to ensure that nerve or vessel entrapment did 
not occur at the time of reduction. 

RADIAL HEAD DISLOCATIONS 
(MONTEGGIA FRACTURE-
DISLOCATIONS)
Monteggia fractures are relatively rare, accounting for less 
than 1% of all pediatric elbow dislocations, with a peak age 
of 4 to 10 years. Although rare, they receive considerable 
interest because they are often missed, resulting in poor out-
comes. Radial nerve injury has been reported to occur in 10% 
to 20% of patients, especially those with anterior and lateral 

dislocations because of the proximity of the radial head to the 
posterior interosseous nerve.

The diagnosis of Monteggia fracture can be made with 
standard anteroposterior and lateral radiographs of the elbow, 
and it is essential that the elbow be viewed in both planes for 
all patients with forearm fractures. A line drawn through 
the center of the radial neck should extend through the cen-
tral portion of the capitellum regardless of elbow position  
(Fig. 36.65). In rare instances when radiographs are equiv-
ocal, advanced imaging, such as CT, MRI, or ultrasound, 
should be used. The absence of trauma and changes such as 
a hypoplastic capitellum and a flattened convex radial head 
(Fig. 36.66) should raise suspicion for a congenital radial head 
dislocation, which often is bilateral.

The most commonly used classification system is that 
of Bado, which is based on the direction of radial head dis-
location (Fig. 36.67). The most common is a fracture of the 
proximal third of the ulna, anterior angulation of the frac-
ture, and anterior dislocation of the radial head (type I). The 
second most common is a fracture of the proximal ulna, pos-
terior angulation of the fracture, and posterior dislocation 
of the radial head (type II). Lateral angulation of a proximal 
ulnar fracture may result in a third type with lateral disloca-
tion of the radial head (type III), and a rare fourth type may 
occur with a proximal both-bone fracture and anterior dis-
location of the radial head (type IV) (Fig. 36.68). Although 
it is descriptive and straightforward, the Bado classification 
is not prognostic. Classification systems by Letts and Ring, 
based on the pattern of ulnar injury, may be more prognostic 
in terms of outcome given the fact that successful reduction 
of the ulna typically provides stability to the radiocapitellar 
joint (Box 36.3). A study of 112 Monteggia fractures at two 

 

A B C

30°

FIGURE 36.64 A and B, Mechanism of injury in a fall on outstretched hand with elbow in 
approximately 30 degrees of flexion. There is separation of all three articulations, with humerus 
acting as wedge between proximal radius and ulna (B). C, Mechanism of reduction aims to reverse 
deforming forces with longitudinal traction and compression of radius and ulna together.  (Redrawn 
from Altuntas AO, Balakumar J, Howells RJ, et al: Posterior divergent dislocation of the elbow in children 
and adolescents: a report of three cases and review of the literature, J Pediatr Orthop 25:317, 2005.)
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 FIGURE 36.65 On lateral radiograph, axis of radial head should 
bisect center of capitellum on all views, regardless of amount of 
elbow flexion.

 

III

I II

IV
FIGURE 36.67 Types of Monteggia fractures. Type I with anterior dislocation of radial head 

and anterior angulation of ulnar fracture. Type II with posterior dislocation of radial head and 
posterior angulation of ulnar fracture. Type III with lateral dislocation of radial head and lateral 
angulation of ulnar fracture. Rare Type IV with fractures of radial and ulnar shafts and dislocation 
of radial head.

 FIGURE 36.66 Congenital radial head dislocation. Note 
convexity of radial head indicative of congenital rather than trau-
matic radial head dislocation.
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high-volume trauma centers found that all treatment failures, 
which affected 19% of patients, occurred when a less rigorous 
strategy than that proposed by Ring was used. In addition, 
there have been numerous reports of “Monteggia equiva-
lents,” including the three most common: (1) isolated radial 
head dislocation (see “Isolated Dislocations of Radial Head”) 
(Fig. 36.69), (2) fracture of the proximal ulna with fracture of 
the radial neck, and (3) both-bone proximal third fractures 
with the radial fracture more proximal than the ulnar fracture 
(Fig. 36.70).

An isolated radial head dislocation is very rare (see  
Fig. 36.69). This is because many children thought to have 
an isolated radial head fracture have subtle plastic deforma-
tion of the ulna, which when corrected leads to stable radial 
head reduction (Fig. 36.71). This must be differentiated from 
nursemaid’s elbow in which the radiographs are completely 
normal.

Successful treatment of a Monteggia fracture is 
dependent on correcting and stabilizing the ulnar defor-
mity, which in turn provides stability for the radiocapitel-
lar joint. Closed reduction and cast treatment is indicated 
for patients with either stable or greenstick fractures of 
the ulna, as well as those with plastic deformation of 
the ulna and satisfactory reduction of the radial head. 

 

A

B

FIGURE 36.68 Type IV Monteggia fracture with fractures of 
radial and ulnar shafts and dislocation of radial head.

 FIGURE 36.69 Monteggia equivalent fracture of anterior third 
of radial head with subsequent dislocation.

 FIGURE 36.70 Monteggia variant: both-bone proximal-third 
fractures with radial fracture more proximal than ulnar fracture.

Classification of Monteggia Fracture-Dislocations 
in Children According to Ulnar Injury

Type of Ulnar Injury Treatment

Plastic deformation Closed reduction of the ulnar 
bow and cast immobiliza-
tion

Incomplete (greenstick or 
buckle) fracture

Closed reduction and cast 
immobilization

Complete transverse or short 
oblique fracture

Closed reduction and intra-
medullary Kirschner wire 
fixation

Long oblique or comminuted 
fracture

Open reduction and internal 
fixation with plate and 
screws

 BOX 36.3 

Modified from Ring D, Jupiter JB, Waters PM: Monteggia fractures in children, 
J Am Acad Orthop Surg 6:215, 1998.
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Patients should be immobilized in a long arm cast in 90 
to 100 degrees of flexion and supination and followed 
closely radiographically for 2 to 3 weeks to ensure main-
tenance of radial head reduction. Operative stabilization 
of the ulna is necessary with either an intramedullary 
nail for transverse or short oblique fractures or a plate 
for long oblique or comminuted fracture to provide ulnar 
length stability (Fig. 36.72). Open reduction of the radial 
head combined with annular ligament reconstruction is 
indicated for patients with irreducible radial head dislo-
cations caused by interposition of the annular ligament. 
Patients need to be followed closely postoperatively for 
redislocation of the radial head (Fig. 36.73). Pinning of 
the radiocapitellar joint should be avoided when possible 
to prevent intraarticular pin breakage. A radiocapitellar 
joint unstable enough to require pinning should raise the 
suspicion of inadequate ulnar reduction or entrapped soft 
tissue.

Controversy exists as to when an acute Monteggia 
fracture becomes chronic. Some patients are asymptom-
atic while others complain of pain, decreased range of 
motion, or deformity. Many authors believe that, although 
treatment of chronic Monteggia fractures is difficult and 
the results unpredictable, it is better than the natural his-
tory of untreated fractures (Fig. 36.74). Generally, opera-
tive treatment is more successful in symptomatic younger 
patients without radial head deformity. Principles of 
surgical reconstruction include correction of the ulnar 
deformity with an ulnar osteotomy and annular ligament 
reconstruction. The ulnar osteotomy should be stabilized 
in the position of maximal stability of the radiocapitel-
lar joint, which often creates a secondary ulnar defor-
mity that is clinically insignificant (Fig. 36.75, Technique 
36.14). Most authors recommend reconstruction of the 
annular ligament, either with the native ligament itself or 
a strip of triceps tendon or fascia as advocated by Boyd, 
Lloyd-Roberts, and Bell-Tawse (Fig. 36.76). Radial head 
resection should be avoided in younger patients because 
of the risk of late deformity and should only be used as a 
salvage procedure. 

 

A

B

C

FIGURE 36.71 Plastic deformation of ulna. A, Anterior bend. 
B, Anterior greenstick. C, Radiographic appearance.

 

A B

FIGURE 36.72 A, Monteggia fracture. B, After open reduction and plate fixation.
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A

A B

C

FIGURE 36.73 A and B, Bado type I Monteggia fracture in 7-year-old boy treated with closed 
reduction and intramedullary nail fixation of ulna. C, At 2-week follow-up, radiograph shows 
redislocation.

 

A B

FIGURE 36.74 Malunion of ulna and anterior dislocation of radial head. A, Before treatment. 
B, At 3 years after surgery, showing maintenance of radial head reduction.
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A B

FIGURE 36.75 A, Deformity after Monteggia fracture. B, After overcorrection osteotomy  
(see text).

 

A B

C D

FIGURE 36.76 Lateral approach to the elbow shows incongruent radiocapitellar joint (A) and 
changes in radial head morphology (B). The triceps fascia has been harvested (C, arrow) and is used 
to reconstruct the annular ligament (D).
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OVERCORRECTION OSTEOTOMY 
AND LIGAMENTOUS REPAIR OR 
RECONSTRUCTION

 TECHNIQUE 36.14 

(SHAH AND WATERS)
 n  Make a curvilinear incision to allow for possible triceps 

tendon harvesting and to perform an ulnar opening 
wedge osteotomy (Fig. 36.77B). Initially, open only the 
proximal portion.

 n  Identify the radial nerve between the brachialis and bra-
chioradialis in the distal humerus. Dissect the nerve distal 
to its motor (posterior interosseous nerve) and sensory 
branches.

 n  Mobilize and protect the nerves throughout the remain-
der of the procedure.

 n  Expose the joint through the anconeus–extensor carpi ul-
naris interval. Carry the dissection proximal and elevate 
the extensor-supinator mass and capsule as a single tissue 
plane off the distal humerus (Fig. 36.77C).

 n  Debride the elbow joint of synovitis and pulvinar. Pay par-
ticular attention to the proximal radioulnar joint so that it 
will fit anatomically into place.

 n  At this point, it must be determined if the native 
annular ligament can be used for reconstruction. 
Identify the central perforation in the capsular wall 
that separates the dislocated radial head from the 
joint. This is the site of opening of the original liga-
ment. Extend the incision from the center outward 
to enlarge this opening. This will allow the native 
annular ligament to be reduced over the radial neck 
(Fig. 36.77D).

 n  Remove capsular adhesions from the radial head for re-
duction back into the joint. Reattach the native ligament 
to the ulna using the large periosteal sleeve.

 n  If the native ligament cannot be used, prepare to harvest 
the triceps fascia for ligament reconstruction.

 n  Attempt radial head reduction, carefully scrutinizing 
congruity between the radial head and capitellum. 
If satisfactory, proceed with ligamentous repair or 
reconstruction. If the radius cannot be reduced, per-
form an ulnar osteotomy at the site of maximal defor-
mity, which will involve a more distal ulnar exposure 
(Fig. 36.77E).

 n  Perform periosteal dissection under fluoroscopic guidance.
 n  Make an opening wedge osteotomy using a laminar 

spreader to allow the radial head to align with the capi-
tellum without pressure. The goal is partial overcorrection 
of the ulnar alignment. Alternatively, temporary anatomic 
pinning of the radiocapitellar joint can be done to allow 
opening of the ulnar osteotomy.

 n  Once reduced, partially fix the ulnar osteotomy proximally 
and distally using a plate and screws. No bone graft is 
necessary.

 n  Remove the temporary pin from the radiocapitellar 
joint. To ascertain radiocapitellar and radioulnar align-
ment, rotate the radial head, testing for a complete 
stable arc.

 n  Repair the periosteum and return attention to the liga-
mentous repair or reconstruction.

 n  If the native annular ligament can be used, repair this 
with mattress sutures through the ulnar periosteal tun-
nels. Do not tighten these sutures until all have been 
placed.

 n  If the annular ligament cannot be used, develop a 6- 
to 8-cm strip of triceps fascia from proximal to distal, 
elevating the periosteum from the proximal ulna to the 
level of the radial neck. Take care not to amputate the 
fascia.

 n  Pass the strip of tendon through the periosteum, around 
the radial neck, bringing it back and suturing it to itself 
and the ulnar periosteum. Passing and securing the ten-
don through the periosteum is similar to the drill holes 
described by Seel and Peterson.

 n  Repair the capsule and extensor supinator origin back to 
the lateral epicondylar area of the humerus.

 n  Before complete closure, obtain final radiographs and 
fluoroscopy to make sure there is a stable arc of mo-
tion in flexion and extension and pronation and supi-
nation.

 n  Prophylactically perform forearm fasciotomies and in-
spect the radial nerve before subcutaneous and skin 
closure.

 n  Apply a long arm, bivalved cast with the forearm in 60 to 
90 degrees of supination and the elbow flexed 80 to 90 
degrees.

POSTOPERATIVE CARE The cast is worn for 4 to 6 
weeks and then changed to a removable bivalved cast to 
allow active pronation and supination. Flexion and exten-
sion of the elbow are usually the first to return, with full 
rotary motion returning over 6 months.
   

GALEAZZI FRACTURES
Galeazzi fractures, or fractures of the radius with disloca-
tion of the distal radioulnar joint (DRUJ), are rare in chil-
dren. Most fractures of the distal forearm are associated 
with anterior displacement of the distal ulna unlike prox-
imal forearm fractures, which are associated with poste-
rior dislocations. True lateral radiographs are essential in 
making the diagnosis. Reduction of the radial fracture will 
reduce the DRUJ in most patients. In patients with irre-
ducible fractures, open reduction and internal fixation of 
the distal radius should be performed and the DRUJ reas-
sessed. If the DRUJ remains dislocated, then open reduc-
tion and internal fixation of the DRUJ should be performed 
to remove interposed structures, most commonly perios-
teum, extensor carpi ulnaris, or extensor digiti quinti ten-
don, and the triangular fibrocartilage complex (TFCC). 
The DRUJ may be pinned with the forearm supinated to 
provide additional stability.

Although this injury usually occurs in adolescents, a 
pediatric variant consisting of a Salter-Harris type II frac-
ture of the distal ulna occurs before rupture of the TFCC can 
occur in a younger child. The treatment principles are the 
same as for adolescents; however, periosteal entrapment may 
block reduction rather than the TFCC. 

Figure 36.77
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NURSEMAID’S ELBOW
Nursemaid’s elbow is a subluxation of the annular ligament 
over the radial head, most commonly occurring in children 
2 to 3 years of age when longitudinal traction is placed on 

the upper extremity with the elbow extended and forearm 
supinated. Despite the well-known mechanism of injury, 30% 
to 40% of patients with nursemaid’s elbow present without 
any history of a traction injury. Radiographs are normal in 
this condition, unlike Monteggia variants in which there is 

 

A B

C D

E

FIGURE 36.77 Reconstruction of late or chronic Monteggia fracture-dislocation. A, Clinical 
deformity of chronic Monteggia lesion with increased cubitus valgus. B, Extensile incision for annular 
ligament reconstruction and ulnar osteotomy. C, Exposure of radiocapitellar and radioulnar joint 
with elevation of extensor-supinator origin from lateral epicondyle, protection of radial nerve, and 
thorough joint debridement. D, Radial head with osteochondral change from chronic dislocation. 
Annular ligament has been reduced around radial neck, and sutures are in place for reconstruction 
to annular ligament. E, Ulnar opening wedge osteotomy at site of maximal deformity. (Redrawn 
from Shah AS, Waters PM: Monteggia fracture-dislocations in children. In Flynn JM, Skaggs DL, Waters 
PM, editors: Rockwood and Wilkins’ fractures in children, ed 8, Philadelphia, 2015, Wolters Kluwer.) SEE 
TECHNIQUE 36.14.

    

https://booksmedicos.org


CHAPTER 36 FRACTURES AND DISLOCATIONS IN CHILDREN 1537

plastic deformation of the ulna. A variety of closed reduction 
techniques have been reported to be successful. A combina-
tion of forearm flexion and supination or forced hyperpro-
nation will reduce most nursemaid’s elbows. Immobilization 
with a sling has been used for several days for symptomatic 
relief. Recurrence is high, and parents need to be counseled 
to avoid traction on the child’s upper limbs. Patients in which 
the diagnosis is unclear should be reexamined in 7 to 10 days 
to ensure the correct diagnosis. This usually resolves around 
the age of 5 years when the ligamentous structures about the 
elbow mature and give it more stability. 

FOREARM FRACTURES
Forearm fractures are the most common fractures in chil-
dren and account for up to 40% of all pediatric fractures 
and, unlike in adult patients, the rate of segmental fracture 
is around 1%. The forearm can be divided into three regions: 
proximal, middle, and distal based on unique physiologic dif-
ferences such as muscle forces and growth potential. Ninety 
percent of the growth of the forearm occurs at the distal third, 
giving it tremendous remodeling capacity, unlike the proxi-
mal third where very little growth and remodeling capacity 
exists.

PROXIMAL THIRD FOREARM FRACTURES
Fractures of the proximal third of the forearm without radial 
head subluxation or dislocation are uncommon. Because of 
the possibility of an associated radial head dislocation, radio-
graphs of the elbow should be obtained in any proximal fore-
arm fracture. Many proximal fractures are unstable in flexion, 
making operative treatment often necessary, especially in 
older children and adolescents. When surgical fixation is 
necessary, good results can be obtained with intramedullary 
nailing or plate fixation. Radioulnar synostosis is rare and can 
occur during forearm fracture at any level but is most com-
mon in proximal third fractures. Risk factors for radioulnar 
synostosis include severe initial injury, displaced fractures at 
the same level, operative treatment, and radial head excision. 

MIDDLE THIRD FOREARM FRACTURES
Diaphyseal fractures of the forearm are the third most com-
mon pediatric fracture, behind the distal radius and supra-
condylar humerus. The most common mechanism of injury 
is a fall onto an outstretched hand. Many of the fractures of 
the midforearm in children can be treated nonoperatively, 
especially in young children because of the remodeling poten-
tial. The unique physiologic characteristics of pediatric bone, 
including its increased elasticity, increases the potential for 
incomplete or greenstick fractures and plastic deformation. 
These fractures have no remodeling potential and reduction 
is necessary.

Despite increased interest in operative treatment of these 
injuries, closed reduction with cast application remains an 
essential method of treatment, especially for minimally dis-
placed fractures in younger children. Meticulous casting tech-
nique, including an intraosseous mold, straight ulnar border, 
three-point molding, and close follow-up to watch for late 
displacement or angulation, is essential for a good outcome. 
The cast index, defined as the sagittal cast width divided by 
the coronal cast width, of less than 0.7 is predictive of success-
ful outcome (Fig. 36.78). Although this was initially described 

for distal radial fractures, it is a good guideline for diaphyseal 
fractures as well.

Indications for operative treatment include open frac-
ture, fracture in older children, loss of reduction in a cast, 
malunion, irreducible fracture caused by soft-tissue interpo-
sition, unstable fracture pattern, shortening more than 1 cm, 
and refracture after cast treatment. The need for operative 
stabilization of the forearm with an ipsilateral supracondylar 
humeral fracture has been called into question by a recent 
report of 17 patients treated with closed reduction and cast-
ing of their forearm fractures and had no loss of reduction. 
A dramatic increase in operative treatment of diaphyseal 
fractures in children between the ages of 5 and 12 years has 
been the result of the use of intramedullary nailing. The most 
common procedures use stable elastic intramedullary nailing 
of the radius and ulna, as described by Metaizeau, or plat-
ing. Studies, including a Cochrane review and meta-analysis 
comparing nailing with plating, showed that there was no 
significant difference in outcomes between the two tech-
niques and outcomes were good in 90% of patients. Patients 
with intramedullary nailing had better cosmetic results but 
did require a second procedure to remove the implant. The 
Metaizeau nailing technique involves prebending of the nails 
to allow for restoration of the radial bow and to facilitate 
optimal reduction. It is important to avoid the distal radial 
physis and insert the nail in the radial side of the distal radius 
proximal to the physis. This approach avoids nail placement 
in Lister’s tubercle, which has been shown to have a high rate 
of extensor pollicis brevis tendon injury. The ulna usually is 
nailed antegrade either through or proximal to the proxi-
mal ulnar physis. Transphyseal nail placement is technically 
easier and has not been shown to cause growth arrest but 
is associated with a higher rate of minor implant irritation. 
The pins are buried below the skin, and most authors rec-
ommend a brief period of immobilization, with nail removal 
between 4 and 12 months after fracture when the bone is 

 

YX

FIGURE 36.78 Cast index is X/Y (sagittal width divided by 
coronal width). Arrows demonstrate that cast index is calculated 
from inner surface of plaster cast on both coronal and sagittal views 
of plain film.  (From Kamat AS, Pierse N, Devane P, et al: Redefining the 
cast index: the optimum technique to reduce redisplacement in pediatric 
distal forearm fractures. J Pediatr Orthop 32:787, 2012.)
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healed radiographically. Other authors have shown good 
results with single-bone fixation of the ulna. The advantages 
of this technique include decreased operative time and ease 
of implant removal. It is not recommended for open frac-
tures because of the higher rate of radial malunion. Repeated 
attempts at closed reduction and nailing increase the risk 
of compartment syndrome; therefore, an open reduction 
should be performed after two or three unsuccessful closed 
attempts. The rate of delayed union primarily in the ulna 
using this technique is 8% to 15% and higher in boys, adoles-
cents, those with increased fracture displacement, and those 
who had open reduction of the ulna. 

 

INTRAMEDULLARY FOREARM 
NAILING

 TECHNIQUE 36.15 

 n  Place the child supine with the affected arm on a radio-
lucent table and apply, but do not inflate, a pneumatic 
tourniquet if open reduction is required.

 n  Identify the distal radial physis and fracture site with fluo-
roscopy and mark these on the skin.

 n  Make a 5-mm longitudinal incision on the lateral (radial) 
side of the distal metaphysis proximal to the distal radial 
physis, taking care to protect the radial sensory nerve.

 n  Drill a hole in the bone 5 to 10 mm proximal to the phy-
sis, first perpendicularly and then obliquely toward the 
elbow.

 n  Depending on the diameter of the bone, choose a titani-
um or stainless steel nail of the appropriate size, which is 
typically 2.0 to 3.0 mm. Introduce the nail into the radius 
proximally, taking care not to pass it out the medial (ulnar) 
cortex of the radius (Fig. 36.79).

 n  Reduce the fracture and pass the nail into the proximal 
diaphysis.

 n  The ulna can be nailed antegrade or retrograde, although 
antegrade nailing is technically straightforward. To do 
this, mark the course of the ulnar nerve as it crosses the 
elbow on the skin for reference. Make a 5-mm longitudi-
nal incision over the posterior olecranon and drill a small 
entry hole, taking care to protect the ulnar nerve. Pass the 
nail across the fracture site in an antegrade fashion. An 
alternative proximal lateral entry portal can be created on 
the lateral side of the olecranon just distal to the olecra-
non apophysis.

 n  Alternatively, retrograde nailing can be done in a fashion 
to that used for the radial nail. To do this, place a small 
drill hole just proximal to the distal ulnar physis. Pass the 
nail retrograde, taking care to prevent cutout of the lateral 
(radial) cortex. Once the fracture is reduced and the nail is 
in good position, cut the nail approximately 5 mm from the 
entry point, irrigate, and close the soft tissues. Avoid multiple 
passes with the nail because this increases the risk of com-
partment syndrome. Open reduction should be performed if 
it is difficult or impossible to pass the nail in a closed fashion.

 n  Close all wounds. Apply a long arm, bivalved cast or 
splint.

POSTOPERATIVE CARE After intramedullary nail fixa-
tion, the cast is removed after 4 to 6 weeks. The nails are 
removed at 6 months after fracture. Participation in sports 
is avoided for 2 months.
  

Patients treated with intramedullary nailing for open 
or closed forearm fractures have been reported to have an 
increased incidence of compartment syndrome compared 
with patients treated with closed reduction and casting. Also, 
patients with longer operative times, increased use of intra-
operative fluoroscopy, and multiple attempts at closed percu-
taneous nailing are at higher risk of developing compartment 
syndrome. Close observation and monitoring of all patients 
with both-bone forearm fractures is recommended, but espe-
cially of those at risk.

Plate fixation is indicated for patients with length 
unstable or comminuted fractures and fractures with 
delayed or nonunion in which the medullary canal may 
be inaccessible to an intramedullary nail (see Chapter 57). 
Although plates provide better length and rotational sta-
bility, as well as restoration of the radial bow, they require 
longer operative time and larger incisions. Single bone 
plating of the radius or ulna has been reported as well, but 
there is a risk of malunion of the unplated bone. Refracture 
after plate removal is well documented in adults, but no 
clear data exist in children. Adolescents at or near skeletal 
maturity need to be counseled as to the risk of refracture 
after implant removal.

PLASTIC DEFORMATION AND GREENSTICK 
FRACTURES
Plastic deformation occurs due to the increased porosity 
and elasticity of a child’s bone. Plastic deformation occurs 
as a result of microfracture along the bow. These fractures 
have little to no remodeling potential, especially in older 
children, and should be reduced to prevent cosmetic and 
functional complications. These can be reduced gradu-
ally under sedation either with direct manipulation or 
over a fulcrum. Outcomes are good as long as the injury 
is recognized.

Greenstick fractures are unique to children and most 
commonly occur in the mid-diaphysis of the radius and 
ulna. Fractures at the same level can be treated with closed 
reduction and cast application. Fractures at different lev-
els indicate a rotational component that needs to be cor-
rected at the time of reduction. Important features of 
greenstick fractures are that they have little remodeling 
potential and a high rate of refracture. For this reason, 
most authors recommend completing the greenstick frac-
ture before casting, which allows for more abundant cal-
lus formation. 

DISTAL THIRD FOREARM FRACTURES
The distal radius is the most commonly fractured bone in 
childhood, with a peak age of 10 years. This is typically caused 
by a fall onto an outstretched upper extremity. Approximately 
half of children with a distal radial fracture have an associ-
ated ulnar fracture. Other associated injuries, although rare, 
can occur and include ipsilateral scaphoid and supracondy-
lar humeral fracture. Isolated ulnar fractures are very rare 
in children. The diagnosis of these injuries usually can be 
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FIGURE 36.79 Intramedullary nailing of both-bone fractures of forearm. A and G, Displaced 
both-bone fractures. B, Pin is introduced into least displaced bone. C, Pin is advanced to fracture 
site. D, Fracture is reduced by external manipulation, and pin is advanced into proximal metaphysis. 
E, Fracture of other bone is reduced and fixed in same manner. F and H, Both pins in place. SEE 
TECHNIQUE 36.15.
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made with plain radiographs alone, and the elbow should be 
included in all imaging of distal third fractures to rule out an 
associated elbow injury. Advanced imaging, such as MRI and 
CT, is not routinely used unless the diagnosis is in question or 
an associated wrist injury such as scaphoid fracture is present. 
Ultrasound can be used to diagnose nondisplaced fractures in 
young children; however, it is user dependent and not readily 
available in all centers.

Because of its frequency, the management of distal radial 
fractures is one of the cornerstones of pediatric orthopaedic 
care. Although there has been an increase in operative treat-
ment of these injuries, especially in older children, closed treat-
ment is still the most common method of treatment. Because 
90% of the growth of the forearm occurs distally, there is tre-
mendous remodeling potential for these fractures, especially 
in young children. An age-based approach in determining 
acceptable alignment and need for operative treatment can be 
used (Table 36.1). Fundamentals of closed treatment include 
reduction using the periosteal hinge, well-molded cast, and 
close early follow-up. It has been shown that the cast index, as 
described by Chess, of less than 0.7 is predictive of successful 
cast treatment. A recent study showed that 80% of fractures 
that lost reduction did so in the first 2 weeks, emphasizing the 
need for close, early follow-up. The optimal time of cast immo-
bilization remains controversial but ranges from 3 to 4 weeks 
for children 5 years of age or younger and from 4 to 6 weeks for 
older children. Buckle (torus) fractures are common, and well-
designed randomized studies show that removable splint treat-
ment without further radiographic follow-up is well tolerated, 
safe, and cost-effective for these injuries. Considerable interest 
exists in minimizing radiation exposure in children in general 
and specifically in those with distal radial fractures. The use of 
routine radiographs for evaluation of buckle and other stable 
fractures is becoming less common; however, radiographs 
are warranted if there is any concern about loss of reduction. 
Risk factors for loss of reduction include open fractures, obese 
patients, residual translation of more than 50% in any plane, 
age greater than 9 years, and angulation of the radius of more 
than 15 degrees on the lateral view and of the ulna more than 
10 degrees on the anteroposterior view.

Physeal fractures are common, accounting for a third of 
all distal radial fractures. Most are Salter-Harris types I and II 
injuries; Salter types III to VI injuries are very rare. The risk of 
growth arrest is 1% to 7%. This can be treated by epiphysiodesis 
of the remaining physis and ulnar shortening osteotomy. Distal 

ulnar growth arrest is rare and can be treated with radial epi-
physiodesis and ulnar lengthening osteotomy.

Closed reduction with percutaneous pinning with single 
or dual pins has been shown to provide good outcomes with 
a low complication rate. In a randomized study of percuta-
neous pinning compared with cast treatment, the authors 
found a higher rate of loss of reduction in the cast group 
than the pinning group. However, 38% of patients in the pin-
ning group had mild complications related to the pin, which 
resolved with removal. The pins can be left outside the skin, 
and pin removal can be performed in the outpatient setting. 
The use of open reduction and internal fixation is reserved for 
older children who are near or at skeletal maturity. 

 

CLOSED REDUCTION AND 
PERCUTANEOUS PINNING OF 
FRACTURES OF THE DISTAL RADIUS

 TECHNIQUE 36.16 

 n  Position the patient on the operating table with the wrist 
over a sterilely draped inverted image intensifier.

 n  Reduce the fracture using traction and gentle manipula-
tion, especially for a physeal fracture.

 n  While holding the wrist in a flexed position to stabilize the 
fracture, use a Kirschner wire and the image intensifier to 
mark the trajectory of the pin on the skin.

 n  Start the pin at the tip of the radial styloid and pass it 
proximally and ulnarly across the fracture site.

 n  Once the fracture is pinned, cut and bend the pin and 
obtain final images. It is important to leave the pin long 
so that it does not become buried under the skin during 
cast treatment.

 n  Place the arm in a well-padded short arm splint or bi-
valved cast.

POSTOPERATIVE CARE The short arm cast is worn for 3 
to 4 weeks, and the pin is then removed. Range-of-motion 
exercises are started, and the patient is placed in a remov-
able splint for an additional 4 weeks.
   

 TABLE 36.1 

Recommended Acceptable Alignment Parameters for Pediatric Forearm Fracture by Age

SOURCE AGE ANGULATION MALROTATION
BAYONETTE APPOSITION/
DISPLACEMENT

Price (2010) <8 yr <15 degrees (MS)
<15 degrees (DS)

<10 degrees (PS)

<30 degrees 100% displacement

Noonan, Price (1998) <9 yr <15 degrees <45 degrees <1 cm short
Tarmuzi et al. (2009) <10 yr <20 degrees No limits
Qairul et al. (2001) <12 yr <20 degrees

DS, Distal shaft; MS, mid-shaft; PS, proximal shaft.
From Vopat ML, Kane PM, Christino MA, et al: Treatment of diaphyseal forearm fractures in children, Orthop Rev (Pavia) 6:5325, 2014.
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WRIST DISLOCATIONS
Because of the proximity of the distal radial and ulnar physes to 
the wrist joint, wrist dislocations are extremely rare in children. 
When they do occur, it is usually in a skeletally mature ado-
lescent. Treatment is similar to that in adults (see Chapter 69). 

SCAPHOID AND CARPAL 
FRACTURES
The carpal bones ossify relatively late in childhood; therefore 
fractures of the carpal bones are rare and when present can 
be overlooked. A recent study of MRI examination of 90 con-
secutive wrist injuries in patients younger than 18 years found 
that of the carpal fractures the most common were scaphoid 
fractures (83%), followed by fractures of the capitate (12%) 
and triquetrum (5%). Scaphoid fractures are the most com-
mon carpal injuries in children and adolescents, with peak 
age of 15 to 19 years. They have become more common as 
more children participate in competitive sports.

The scaphoid is the largest bone in the proximal row of 
the carpus, and ossification begins between age 5 and 6 years 
and is completed between the ages of 13 and 15 years cor-
responding with the peak incidence of fracture. Fractures of 
other carpal bones generally follow their times of ossification: 
triquetrum, 12 to 13 years; trapezium, 13 to 14 years; trape-
zoid, 13 to 14 years; and hamate, 15 years. The most common 
mechanism of injury is a fall onto the outstretched hand with 
the forearm pronated. This usually produces a middle third 
fracture. Distal third fractures usually are caused by direct 
trauma or avulsion and are the most common. Proximal pole 
fractures are the least common.

An age-based classification that is predictive of the type of 
injury has been developed. Type I injuries occur in children 
younger than 8 years and usually are chondral. Type II inju-
ries that occur between 8 and 11 years usually are osteochon-
dral, and type III injuries that occur in children older than 12 
years are more “adult-like” because the scaphoid is ossified. 
Pediatric scaphoid fractures also can be classified by location: 
tuberosity, transverse distal pole, avulsion of the distal pole, 
waist, or proximal pole. In children, fractures of the distal 
third of the scaphoid (transverse distal pole and tuberosity) 
are the most common.

The most common clinical signs of scaphoid fracture are 
dorsal swelling of the wrist, tenderness in the anatomic snuff-
box and over the distal part of the radius, and painful dorsi-
flexion of the wrist or extension of the thumb. Radiographs 
should include anteroposterior, lateral, and scaphoid views 
with the wrist in ulnar deviation; however, normal radio-
graphs do not preclude the presence of a scaphoid fracture. 
Plain radiography is approximately 50% sensitive for the 
detection of a scaphoid fracture and less than 50% for the 
other carpal bones. If a scaphoid fracture is suggested but 
radiographs are negative, the wrist should be immobilized 
and reevaluated in 2 weeks because up to 30% of patients may 
have positive follow-up radiographs. MRI, which is more 
sensitive than CT, is useful in making the diagnosis, and a 
normal study as early as 2 days after injury has a negative pre-
dictive value of 100%.

Fractures of the proximal pole, although rare, seem to 
heal uneventfully when treated by prolonged immobilization. 

Avulsion fractures in the distal third of the scaphoid are com-
mon in children and usually require only cast immobilization, 
with healing rates approaching 95% for nondisplaced fractures. 
Healing times of scaphoid fractures have been described as 
3 to 4 weeks for tuberosity fractures, 4 to 16 weeks for waist 
fractures, 4 to 8 weeks for distal scaphoid fractures, and 3 to 6 
weeks for distal avulsions. Indications for operative treatment 
of scaphoid fractures in pediatric patients at or near skeletal 
maturity are similar to those for scaphoid fractures in adults. 
Smooth wires rather than compression screws have been used 
in young children to prevent growth arrest (see Chapter 69).

A painful nonunion of the proximal scaphoid, which in 
children is extremely rare, may occur after a delay in treat-
ment generally because of an incorrect diagnosis or lack of 
immobilization. An established nonunion in a child may be 
treated operatively as in an adult. A meta-analysis of 176 sur-
gically treated scaphoid nonunions found the healing rate to 
be 95%, with improvement in functional outcomes including 
range of motion and grip strength. A dorsal or volar approach 
can be used. Some authors have speculated that bipartite 
scaphoid may be an ununited waist fracture that has taken 
on the characteristics of a bipartite bone. Bipartite scaphoid 
usually is bilateral, asymptomatic, and not related to trauma.

Fractures of the triquetrum in children often are subtle 
flake avulsion or impingement fractures that require good 
oblique radiographs for recognition. The incidence of these 
fractures probably is much higher than currently known 
because many are misdiagnosed as wrist sprains or type I 
physeal injuries of the distal radius and ulna. Three weeks of 
cast immobilization usually is sufficient treatment. 

METACARPAL FRACTURES
Fractures of the metacarpals can occur at any location; how-
ever, the most common site of metacarpal fractures in chil-
dren is the metacarpal neck (75%), usually in the small and 
ring fingers. The peak incidence is 13 to 16 years of age. The 
most common mechanisms of injury are contact sports and 
striking an object (e.g., boxer’s fracture). Metacarpal shaft 
fractures usually are the result of trauma such as a direct blow.

Most fractures of the metacarpals in children can be 
treated closed with cast immobilization. Metacarpal shaft 
fractures are usually stable because of the presence of inter-
metacarpal ligaments and can be treated with cast immobi-
lization. Percutaneous pinning either intramedullary or to 
adjacent stable metacarpals can be performed for displaced 
or unstable fractures. Occasionally, open reduction and inter-
nal fixation is necessary for long oblique length unstable 
fractures as in adults (see Chapter 67). Metacarpal neck frac-
tures usually can be treated with closed reduction and cast 
immobilization. Because of the mobility of the fourth and 
fifth metacarpals and the excellent remodeling capacity, up 
to 30 to 40 degrees of residual angulation can be accepted 
with closed treatment. Between 10 and 20 degrees of angula-
tion generally is thought to be acceptable in the second and 
third metacarpal necks. Reduction can be done using the 
Jones technique of flexing the metacarpophalangeal joint 90 
degrees and placing a dorsally directed force on the proxi-
mal phalanx with counter pressure on the metacarpal shaft. 
Occasionally, a metacarpal neck fracture in a noncompliant 
patient or an unstable fracture requires treatment with closed 
reduction and percutaneous pinning.
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The most important goal in treatment of these injuries 
is restoration of normal rotation. Normal rotation should be 
confirmed by the ability to flex the fingers into the palm (see 
Chapter 67). Even a small amount (<10 degrees) of rotational 
malalignment can create overlap of the digits during flexion 
and cause functional limitations; corrective osteotomy to 
align the digit often is necessary. If troublesome malrotation 
persists, the fracture will not remodel and either percutane-
ous pinning or open reduction and internal fixation is indi-
cated. A displaced intraarticular metacarpal head fracture, 
which usually is seen in older children or adolescents, may 
also require open reduction and internal fixation.

THUMB METACARPAL FRACTURES
Most thumb metacarpal fractures in children occur proxi-
mally near the physis rather than the distal metacarpal as 
in the other metacarpals (Table 36.2). As a rare variant, the 
thumb metacarpal may have a physis at the proximal and 
distal ends, and comparison views are helpful in making this 
diagnosis. A fracture of the thumb metacarpal base usually 
can be treated for 3 to 4 weeks in an abduction thumb spica 
cast (Fig. 36.80A). The physeal fracture that occurs most 
often in this area is a Salter-Harris type II injury, and it can be 
treated by closed reduction (Fig. 36.80B, C). Pediatric Bennett 
fractures can occur, however, and are Salter-Harris type III 
fractures (Fig. 36.80D). This fracture is intraarticular, and 

in a child it can result in a physeal disturbance if not treated 
properly. Closed reduction and percutaneous pin fixation or 
open reduction and internal fixation with smooth pins, as 
in an adult Bennett fracture, is indicated (see Chapter 67). 
Occasionally, in an older adolescent, a fracture of the base of 
the first metacarpal that does not involve the physis (Rolando 
fracture) can be satisfactorily reduced and pinned percutane-
ously with the aid of image intensification. 

PHALANGEAL FRACTURES
Phalangeal fractures are common in children, with the 
most common mechanism being sports activity. Up to two 
thirds occur in the proximal phalanx at a peak age of 12 
years. They can involve the shaft, physis, neck, and con-
dyles. The majority of proximal and middle phalangeal 
shaft fractures can be treated with cast immobilization for 
3 to 4 weeks with closed reduction being performed for 
displaced fractures. Ensuring proper rotation as described 
previously for metacarpal fractures is essential to ensure 
a good outcome. Many of these fractures are physeal, and 
Salter-Harris type II fractures of the proximal phalanx are 
the most common. Growth arrest, however, is uncommon. 
Salter-Harris type III fractures of the base of the proximal 

 TABLE 36.2 

Fractures of the Thumb Metacarpal Base in Children

TYPE DESCRIPTION TREATMENT
A Between physis and junction of proximal and 

middle thirds of bone
Often transverse or slightly oblique
Often some medial impaction
Angulated in apex lateral direction

Closed reduction + cast
Residual angulation of 20-30 degrees is acceptable depend-
ing on age of child and clinical appearance of thumb
If unstable after reduction, percutaneous pinning required

B Salter-Harris type II physeal fracture with metaphy-
seal fragment on medial side
More common than type C

Mild angulation—no reduction, cast
Moderate angulation—closed reduction + cast
Severe angulation—closed reduction + percutaneous pinning; 
open reduction and fixation if closed reduction unsuccessfulC Salter-Harris type II physeal fracture with metaphy-

seal fragment on lateral side
D Salter-Harris type III or IV fracture

Resembles Bennett fracture in adults
Closed or open reduction and internal fixation

 

Type A Type B Type C Type D

FIGURE 36.80 Classification of thumb metacarpal fractures. 
Type A, metaphyseal fracture. Types B and C, Salter-Harris type II 
physeal fractures with lateral or medial angulation. Type D, Salter-
Harris type III fracture.  

A B
FIGURE 36.81 A, Type III physeal fracture. B, After open reduc-

tion and internal fixation with pins.
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A B

FIGURE 36.82 Extra-octave phalangeal fracture. A, Clinical appearance. B, Radiographic  
appearance.

 FIGURE 36.83  Pinning for phalangeal neck fracture.

or middle phalanx do occur and because of their intraar-
ticular nature often require open reduction and internal 
fixation Fig. 36.81. The “extra-octave fracture,” or an angu-
lated apex radial base of the fifth proximal phalanx fracture  
(Fig. 36.82), can occur and is treated by placing a bolster in 
the fourth web space to act as a fulcrum for reduction fol-
lowed by casting. Irreducible fractures require open reduc-
tion and internal fixation. Fractures of the phalangeal neck 
and condyles usually are unstable and often require opera-
tive treatment. Nondisplaced intraarticular fractures can 
be treated closed with close follow-up. Open reduction and 
internal fixation with small diameter wires is indicated for 
displaced intraarticular fractures (Fig. 36.83). 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF PHYSEAL FRACTURES OF 
PHALANGES AND METACARPALS

 TECHNIQUE 36.17 

 n  Make a straight midlateral incision (see Chapter 64) 
over the involved physis. After soft-tissue dissection 
and retraction, mobilize the neurovascular structures 
and lateral bands. Expose the physis, but take care not 
to damage it or the perichondral ring or periosteum 
overlying it.

 n  Carefully mobilize the fragments; clean out any small 
fragments or hematoma and reduce the fracture ana-
tomically. Ensure that the reduction is satisfactory at the 
physis and joint surface.

 n  With a power drill (low torque, high speed), transfix the 
fracture with two smooth parallel pins, preferably in the 
metaphysis or epiphysis. Crossed pins and pins that cross 
the physis generally should be avoided, but sometimes 
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small fracture fragments cannot be adequately transfixed 
and held otherwise. Cut off the pins beneath the skin 
but leave them long enough to be removed easily as an 
outpatient procedure.

 n  Close the soft tissues appropriately and apply a splint or 
cast.

POSTOPERATIVE CARE The pins are removed at 3 to 4 
weeks, and a range-of-motion exercise program is started 
at that time or shortly thereafter. This program should be 
taught to the parents and the patient and should concen-
trate on active range of motion only. (Passive range-of-
motion exercises in a child will cause the child to withdraw 
or guard against any motion at all.) The parents should 
be warned of the possibility of growth arrest with subse-
quent angular deformity.
  

DISTAL PHALANGEAL FRACTURE
Distal phalangeal fractures, unlike other fractures of the 
hand, occur most commonly in younger children, at a mean 
age of 7.5 years. They can be classified as physeal or extra- 
physeal. Extraphyseal fractures usually are the result of 
crush injuries and heal uneventfully. Meticulous nailbed 
exploration and repair are necessary for severe injuries to 
prevent late nail deformity. Displaced physeal fractures are 
mallet finger equivalents in children because of the attach-
ment of the flexor digitorum profundus (FDP) tendon on 
the distal fragment. The Seymour fracture is a Salter-Harris 
type I or II fracture of the distal phalanx that is associated 
with a nailbed injury. These injuries often are overlooked 
and have a high rate of infection when treatment consist-
ing of irrigation and debridement is initiated more than 24 
hours after injury. They usually are irreducible because of 
the interposed sterile matrix in the physis. Operative sta-
bilization occasionally is necessary and can be done with a 
small smooth Kirschner wire. 

COMPLICATIONS OF PHALANGEAL 
FRACTURES
Complications of pediatric phalangeal fractures are uncom-
mon, but stiffness, nonunion, malunion, infection, osteone-
crosis, and growth disturbance may occur. Fractures at high 
risk for complications include Salter-Harris type IV (100%), 
Seymour (62%), and mallet fractures (52%). Nonunion is rare 
except in severe injuries in which the fracture fragments are 
devascularized. Malunion is more common and can result 
in angulation or rotational deformities and limited motion 
(Fig. 36.84). Although most malunions remodel satisfacto-
rily, especially in young children, considerable deformity may 
require osteotomy for realignment. Waters et al. described a 
percutaneous technique for reduction of malunion of phalan-
geal neck fractures with partial bony healing (Fig. 36.85). An 
obliquely inserted Kirschner wire (0.9 to 1.6 mm, depending 
on the size of the child) is used to break down the callus and 
partially healing bone and lever the dorsally displaced and 
rotated condylar fragment back into the correct anatomic 
position. One or two percutaneous wires (0.7 to 1.1 mm) are 
used to hold the reduction. Growth disturbance can result 
from any injury that involves the physes but is uncommon 
after phalangeal fracture. 

PEDIATRIC SPINE FRACTURES AND 
DISLOCATIONS
Spine fractures and dislocations are relatively uncommon 
in children, accounting for 1% to 3% of pediatric fractures; 
however, they are associated with a high rate of other injuries 
and morbidity and mortality. In older children, they are most 
commonly caused by motor vehicle accidents and sports. A 
recent review of pediatric spine fractures from a high-volume 
center showed that 80% of injuries occurred in older children 
(ages 13 to 19 years) and 60% of all patients had an associ-
ated injury, most often intrathoracic. Multiple spinal-level 
injuries were seen in 45% of patients, of which a third were 

 FIGURE 36.84 Malunion of phalangeal neck fracture producing 
malalignment of fingers.

 

A B C

Healing
callus

Kirschner wire

AP view

Collateral
ligament

FIGURE 36.85 A, Percutaneous reduction of malunion of 
phalangeal neck fracture with partial bony healing. B, Kirschner 
wire is used to break down the callus and partial bony healing and 
lever the fragment into anatomic position. C, One or two percuta-
neous wires are used to hold the reduction.
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in a different region of the spine. Therefore examination of 
the entire spine is essential in a child with a spine injury. NAT 
should always be considered in young children with a cer-
vical spine injury, especially in patients with multiple asso-
ciated injuries, including retinal hemorrhages and subdural 
hematomas and those requiring cardiopulmonary resuscita-
tion (CPR). Children younger than 3 years have a higher rate 
of spinal cord injury and mortality than older children and 
adolescents.

CERVICAL SPINE
Cervical spine fractures are less common in children than in 
adolescents or adults. They may occur at any age as a result 
of trauma, with motor vehicle accident being the most com-
mon mechanism in a recent large series. Because of the large 
head-to-body weight ratio and increased ligamentous lax-
ity in young children, upper cervical spine injuries are more 
common, and lower cervical spine injuries are most often 
seen in adolescents. The initial radiographic examination of a 
child with a suspected cervical spine injury consists of antero-
posterior, lateral, and odontoid radiographs, which have been 
shown to be more sensitive than a cross-table lateral image 
alone. The use of CT is becoming more prevalent, especially 
in the adult population, but does have an increased radiation 
exposure. It is important to note that small children, because 
of their greater relative head size, need to be positioned by 
elevating the torso to avoid inadvertent flexion of the cervi-
cal spine. Supervised flexion-extension radiographs can be 
used in an awake, cooperative patient to assess cervical spine 
stability. The role of MRI continues to evolve; however, it is 
useful in detecting ligamentous injury in patients who cannot 
perform flexion or extension radiographs. It also is useful in 
detecting disc herniation and the status of the spinal cord in 
patients with neurologic deficits.

ATLANTOOCCIPITAL FRACTURES AND 
INSTABILITY
Occipital condyle fractures in children are extremely rare. The 
majority are stable and can be treated with a cervical ortho-
sis. Atlantooccipital dislocation (AOD) was once thought to 
be uniformly fatal; however, with advanced trauma care more 
children are surviving. A recent report of 14 patients found 
that most were injured in automobile accidents, and compli-
cations including spinal cord and brain injury were common 
(Fig. 36.86). Cranial nerve injuries also can be present. At 
our institution over a 20-year period, we had 14 AODs that 
were treated with posterior occipitocervical fusion with inter-
nal fixation. All fusions united, but at the time of the most 
recent follow-up, half of the patients had residual neurologic 
impairment. The most common postoperative complication 
was hydrocephalus, which should be suspected with postop-
erative neurologic decline.

A variety of imaging radiographic measurements has 
been described to aid in making the diagnosis. One help-
ful reproducible measurement is the Wackenheim line. The 
Wackenheim line drawn along the clivus should intersect 
tangentially the tip of the odontoid. A shift in this line either 
anteriorly or posteriorly from the odontoid tip is indicative 
of AOD (Fig. 36.87). MRI, which shows disruption of the 
tectorial membrane, is helpful in making this diagnosis. It 
is also helpful in assessing the degree of soft-tissue disrup-
tion at adjacent caudal levels. Operative stabilization, in most 

instances, is an occiput-to-C2 fusion using wires or screws 
depending on the size and anatomy of the patient. Acute 
hydrocephalus related to changes in cerebrospinal fluid flow 
is common in the early postoperative period. 

UPPER CERVICAL SPINE (C1–C2) INJURIES
C1 fractures are extremely uncommon in children. Often the 
normal synchondrosis is mistakenly identified as a fracture 
(Fig. 36.88)—fractures are relatively common cervical spine 
fractures in children, with a peak incidence at 4 years. These 
fractures usually result from high-energy trauma such as a 
motor vehicle accident or fall. They typically occur through 
the odontoid synchondrosis at the base of the odontoid and 
displace anteriorly. Because of this, the diagnosis usually can 
be made on plain radiographs, especially the lateral view. 
CT with sagittal reconstruction also is helpful in confirming 

 FIGURE 36.86 Atlantooccipital dislocation.

 FIGURE 36.87 Wackenheim line.  (Redrawn from Astur N, Sawyer 
JR, Klimo P Jr, et al: Traumatic atlantooccipital dislocation in children. J 
Am Acad Orthop Surg 22:274, 2014.)
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A B

FIGURE 36.88 A, Normal C1 synchondrosis. B, Left C1 fracture. Note widening of normal 
synchondrosis on right compared to left and normal individual in A.

the diagnosis and evaluating for other associated injuries  
(Fig. 36.89). Physician-supervised flexion-extension radio-
graphs can be performed in an awake, cooperative patient to 
assess stability. Patients with more than 50% opposition of the 
odontoid can be treated with an extension Minerva cast or 
halo for 6 to 8 weeks followed by an orthosis. Many patients 
cannot comply with or tolerate this, and operative treatment 
is necessary. In patients with C1–C2 fracture, posterior fusion 
with instrumentation may be necessary, and a wide variety of 
techniques using screws or wires has been reported.

An os odontoideum describes a range of deficiencies 
of the odontoid from complete absence to mild hypoplasia. 
It most commonly consists of an accessory ossicle that is 
separated from the body of C2, rendering it unstable (Fig. 
36.90). Although most authors believe this is a congenital 
deformity, some have suggested this may occur as a result 
of a minor traumatic event to the odontoid. Presentation 
can range from an incidental finding to a displaced injury 
after a traumatic event. The diagnosis usually can be made 
on a lateral radiograph because the ossicle usually is smaller 
and more sclerotic than the normal odontoid. Supervised 
flexion-extension radiographs can be performed to assess 
the stability of the os, which correlates to the likelihood of 
developing neurologic symptoms from spinal cord compres-
sion. CT with sagittal reconstruction can aid in confirming 
the diagnosis and in operative planning. It can detect the 
presence of other associated cervical spine abnormalities 
such as a hypoplastic ring of C1. Indications for surgery 
include progressive or significant instability, pain, or neu-
rologic compromise, and there is no role for nonoperative 
treatment in these patients. C1–C2 fusion can be performed 
using a variety of techniques including wiring or transar-
ticular screw fixation depending on the surgeon’s ability and 
patient’s anatomy. 

ROTATORY SUBLUXATION
Rotatory subluxation between C1 and C2 occurs most 
frequently after an acute upper respiratory tract infection 

 

A

B

FIGURE 36.89 Lateral radiograph (A) and sagittal CT scan (B) of 
displaced odontoid fracture (white arrows). Note widening of the 
posterior elements consistent with significant injury and widening 
of the posterior ligamentous structures (black arrow).
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or after low-grade trauma. It is thought that the inflam-
mation associated with an upper respiratory tract infec-
tion increases the blood supply to the region, inducing 
laxity of the capsular and ligamentous structures. Patients 
typically present with a torticollis or “cock robin” posi-
tion to their neck (Fig. 36.91A). Pain is common in the 
acute stage and is usually associated with sternocleido-
mastoid spasm as the child attempts to stabilize the head. 
In late cases the pain subsides and fixed deformity per-
sists. Diagnosis can be made on plain films, especially 
the odontoid view, which shows asymmetry of the dis-
tance between the odontoid and lateral masses. CT, either 
dynamic or with three-dimensional reconstruction, can 
be used to confirm the diagnosis (Fig. 36.91B,C). Rotatory 
subluxation has been classified by Fielding and Hawkins: 
type I is a unilateral facet subluxation and an intact trans-
verse ligament, type II is a unilateral facet subluxation 
with transverse ligament involvement resulting in 3 to 5 
mm of anterior displacement, type III is a bilateral facet 
subluxation with greater than 5 mm anterior displace-
ment, and type IV is displacement of the atlas posteri-
orly rather than anteriorly. Types III and IV injuries are 

exceedingly rare but are associated with a high rate of 
neurologic injury.

Most acute subluxations can be treated nonoperatively. 
Patients can be placed in a soft collar and given antiinflam-
matory medication and diazepam for muscle spasm. If it does 
not resolve within a week, hospitalization and halter traction 
are indicated. Halo traction also can be used in severe cases. 
Operative treatment consisting of reduction and C1–C2 

 

A

B

FIGURE 36.90 A, Os odontoideum, preoperative sagittal CT 
reconstruction. B, After C1-C2 wiring and arthrodesis.

 

A

B

C

FIGURE 36.91 Torticollis. A, Typical “cock-robin” clinical 
appearance. B, Axial CT shows asymmetry of C1-C2 facets. C, 3-D 
reconstruction shows subluxed C1-C2 facet.
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fusion is reserved for the rare acute cases that do not resolve 
with nonoperative treatment or those with neurologic deficits. 
Often it is necessary in patients with chronic subluxations to 
correct the head and neck deformity operatively with poste-
rior spinal fusion and instrumentation. 

LOWER CERVICAL SPINE (C3–C7) INJURIES
Subaxial cervical spine injuries occur more commonly in 
older children and adolescents and are usually the result of 
high-energy injuries and sporting accidents. Both clinical 
and radiographic evaluation of the entire spine is necessary in 
these patients because of the high rate of secondary spine inju-
ries that frequently occur at noncontiguous levels. Subaxial 
cervical spine injury can be a pure ligamentous disruption, 
facet dislocation(s), or fracture; it is similar to an adult injury. 
An understanding of normal developmental anatomy is help-
ful, as pseudosubluxation or apparent anterior translation, 
most commonly of C2 on C3, is a normal finding in children 
and adolescents. In addition, anterior wedging of the verte-
bral bodies is also a normal finding related to the ossification 
pattern of the vertebral body.

Plain radiographs are the standard initial step in the 
radiographic evaluation of the pediatric cervical spine. The 
anterior and posterior vertebral and spinolaminar lines  
(Fig. 36.92) are helpful in assessing the normal and pathologic 
anatomic relationships. CT has been shown to have improved 
sensitivity in making the diagnosis of cervical spine fracture 
but does have a higher radiation exposure. MRI is helpful in 
assessing the amount of ligamentous and soft-tissue disrup-
tion and detecting subtle compression fractures that may be 
missed on plain radiographs or CT.

One unique injury in pediatric patients is spinal cord 
injury without radiographic abnormality (SCIWORA), first 
described by Pang  and Wilberger. This condition is character-
ized by a spinal cord injury, either complete or incomplete, in 

the absence of any radiographic abnormalities. A meta-anal-
ysis found that in half the patients, MRI was normal, which 
carries a better long-term prognosis as well. It is hypothesized 
to be related to a severe flexion distraction injury of the cervi-
cal spine. Cadaver studies have shown that, due to ligamen-
tous laxity, the spinal column in children can undergo 4 to 5 
cm of distraction before disruption compared with 4 mm to 
5 mm for the spinal cord. A stretch-related vascular mecha-
nism has also been proposed. Delayed neurologic compro-
mise can occur in 50% of patients, and some demonstrate 
transient warning signs. Recovery is unpredictable, and there 
is no treatment available when this occurs.

The operative techniques for treatment of these specific 
injuries are similar to adults and are discussed in Chapter 
41. It should be noted that the use of intraoperative neuro-
monitoring including transcranial motor-evoked potentials 
(tcMEP), when possible, is essential. In a series of 77 pediatric 
patients undergoing surgical treatment of spine injuries, 10% 
had significant loss of tcMEP during the procedures, despite 
somatosensory-evoked potentials (SSEP) remaining normal. 

THORACOLUMBAR SPINE
Thoracolumbar fractures are rare in young children and 
can be the result of NAT in neonates. They are more com-
mon in older children and adolescents and are usually the 
result of motor vehicle accidents, sports injuries, and falls. 
Thoracolumbar spine fractures in the absence of trauma can 
be associated with infection and osteopenia in conditions 
such as juvenile osteoporosis, corticosteroid use, and certain 
genetic syndromes. Associated injuries, both spine and non-
spine, are common and a thorough examination of the entire 
patient is necessary to evaluate and treat these appropriately. 
One such injury is the lap belt injury, in which a child receives 
a hyperflexion injury from the lap belt causing anterior spinal 
compression, posterior spinal distraction, and compression 
of the intraabdominal structures between the lap belt and 
the spine. This often is diagnosed by the presence of seat belt 
abrasions on the patient’s skin. The risk of intraabdominal 
injury is 42% with this injury. The role of corticosteroids in 
children with thoracolumbar fractures and spinal cord inju-
ries remains controversial.

Initial radiographic evaluation should consist of antero-
posterior and lateral radiographs of the entire spine and 
odontoid views. CT with sagittal and coronal reconstructions 
is helpful in making the diagnosis and evaluating spinal canal 
compromise (axial view) and posterior element injuries. MRI 
has been shown to be beneficial in assessing soft-tissue struc-
tures including the disc, spinal cord, and posterior ligamen-
tous structures. The assessment of the posterior ligamentous 
structures is essential in assessing spinal stability and guid-
ing treatment. These fractures are typically classified similarly 
to adult fractures based on mechanism: compression, burst, 
flexion distraction, and ligamentous disruption (Fig. 36.93). 
The Thoracolumbar Injury Classification and Severity Score 
(TLICS), which has been used in adults, has been shown to 
have good intra- and inter-observer reliability and may help 
guide treatment in pediatric patients. Using this scoring sys-
tem, a score of 1 to 3 suggests nonoperative treatment is best, 
a score of 4 indicates either operative or nonoperative treat-
ment, and a score of more than 5 indicates that operative 
treatment is best. It should be noted that this system is based 
on CT scan findings and that the use of MRI, which is more 

 

1 2 3 4

FIGURE 36.92 Spinal lines. Normal relationships in the lateral 
cervical spine: 1, spinous processes; 2, spinolaminar line; 3, poste-
rior vertebral body line; 4, anterior vertebral body line.  (Redrawn 
from Copley LA and Dormans JP: Cervical spine disorders in infants and 
children. J Am Acad Orthop Surg 6:204, 1998.)
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prone to false-positive diagnosis of PCL injuries, may pro-
duce falsely elevated TLICS scores, leading to a greater rate 
of operative treatment. Treatment usually is similar to adults, 
which is described in Chapter 41.

The Chance, or flexion distraction, fracture commonly is 
seen in children and is a result of a flexion distraction force 
usually applied by a lap belt (Fig. 36.94). In children these can 
be bony, usually through the endplate, ligamentous, or both. 
Historically, some of these fractures, especially the isolated 
bony injury, were treated in braces. Several outcome studies 
have shown that operative treatment is superior in terms of 
return to function and better long-term sagittal alignment 
than nonoperative treatment, especially in those with abdom-
inal injuries or significant posterior ligamentous disruption 
as seen on MRI (Fig. 36.95). In a multicenter study, Arkader 
et  al. reported better clinical outcomes in patients treated 
operatively for Chance fractures.

Another fracture unique to pediatric patients is the end-
plate fracture, which is a flexion-type injury that usually 
occurs in an older child. A displaced fragment of a lumbar 

vertebral ring epiphysis in adolescents may simulate disc rup-
ture (Fig. 36.96). The finding at surgery usually is a displaced 
bony fragment from the apophyseal ring, which is deficient 
posteriorly. This fragment can occasionally be seen on plain 
radiographs and can readily be seen on CT. MRI is the diag-
nostic imaging procedure of choice and has been reported to 
be able to differentiate endplate physeal fractures from her-
niated discs in children. In symptomatic patients, treatment 
consists of removal of the avulsed bony fragment. 

PELVIC FRACTURES
Fractures of the pelvis in children are uncommon. Surgical fix-
ation rarely is necessary for these fractures. Generally, the long-
term results of conservative treatment are satisfactory because 
of the remodeling potential of the pelvis in children. However, 
recent literature has questioned the true remodeling potential 
of the immature pelvis, leading to an increase in surgical stabili-
zation of pelvic fractures in this age group. Pelvic fractures may 
be associated with high-energy mechanisms, and soft-tissue 

 

Lossy
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FIGURE 36.93 Burst fracture. A, Coronal CT. B, Sagittal CT. C, Axial MRI. D and E, Postoperative 
anteroposterior and lateral radiographs.
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A B

FIGURE 36.94 Chance fracture. A, Preoperative sagittal CT. B, MRI. Note significant intraspinous 
ligament edema and disruption (arrow).

injuries occurring in conjunction with pelvic fractures may be 
severe and require emergency treatment. Associated injuries 
include skull, cervical, facial, and long bone fractures; subdural 
hematomas, cerebral contusions, and concussions; lung contu-
sions; hemothorax; hemopneumothorax; ruptured diaphragm; 

and lacerations of the spleen, liver, and kidney. Injuries that 
may be associated with and adjacent to pelvic fractures include 
damage to major blood vessels, retroperitoneal bleeding, rectal 
tears, and rupture or laceration of the urethra or bladder. The 
location and number of pelvic fractures are strongly associated 
with the probability of abdominal injury: 1% for isolated pubic 
fractures, 15% for iliac or sacral fractures, and 60% for mul-
tiple fractures of the pelvic ring. Because of these other inju-
ries, mortality in children is high (9% to 18%). In a study of 54 
patients with major pelvic fractures, 87% had associated pelvic 
or extrapelvic (soft-tissue) injuries; 14.8% died. Most patients 
(70.4%) were treated conservatively. This suggests that the 
principles of management in children should not differ greatly 
from those in adults. Serious associated pelvic or extrapelvic 
injuries may pose more treatment problems than the actual 
pelvic fractures. The death rate from pelvic fractures alone is 
quite low (0% to 2.3%). Torode and Zieg reported 11 deaths 
in 141 patients with pelvic fractures, and 40% of patients with 
type IV injuries required laparotomy because of other injuries. 
Frequently, a child who has what radiographically appears to 
be a minor pelvic fracture also has had significant and possibly 
life-threatening soft-tissue injuries around the pelvis.

The initial evaluation of pelvic fractures usually is dic-
tated by the mechanism of injury and associated injuries, 
and if a high-energy mechanism was the cause, the pediat-
ric advanced life support protocol should be followed. This 
should include a thorough history, careful physical exami-
nation, laboratory tests when indicated, and appropriate 
imaging. If there is a high suspicion of pelvic trauma, an 
anteroposterior radiograph of the pelvis should be obtained. 
Additional radiographs, such as inlet and outlet views and 
Judet views of the pelvis, also may be of benefit. CT should 
be obtained in any patient suspected of having pelvic insta-
bility, anterior disruption, or posterior ring involvement. If 
a patient with a pelvic fracture becomes hemodynamically 
unstable, a pelvic binder should be placed. If the patient 
remains unstable, angiography or surgical packing should 
be considered based on institutional guidelines. For patients 

 FIGURE 36.95 Chance fracture after spinal fixation.
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with a vertically unstable pelvis or hip joint instability, skeletal 
traction should be placed.

The pelvis in children differs from that in adults in that 
(1) more malleability is present because of the nature of the 
bone itself, the increased elasticity of joints, and the ability of 
the cartilaginous structures to absorb energy; (2) the elastic-
ity of the joints around the pelvis is greater, which may allow 
for significant displacement and result in fracture of only one 
area rather than the traditional double break in the pelvic 
ring seen in adults; (3) the cartilage at the apophyses is inher-
ently weak compared with bone, so avulsion fractures occur 
more frequently in children and adolescents than in adults; 
and (4) fractures into the triradiate cartilage can occur, caus-
ing growth arrest, which results in leg-length inequality and 
faulty development of the acetabulum.

In children and adolescents with pelvic fractures, isolated 
pubic rami and iliac wing fractures occur more often in an 
immature pelvis (open triradiate cartilage), whereas acetabu-
lar fractures and pubic or sacroiliac diastasis occur more often 
in a mature pelvis (closed triradiate cartilage). In patients 
with an immature pelvis, treatment of pelvic fractures should 
focus on associated injuries (e.g., head, abdominal) that often 
are the cause of mortality.

Numerous classification systems have been devised for 
pelvic fractures in children. The most widely used classifica-
tion was proposed by Torode and Zieg and describes a four-
part classification of pelvic fractures: type I, avulsion of the 
bony elements of the pelvis; type II, iliac wing fractures; type 
III, simple ring fractures, including fractures involving the 
pubic rami or disruptions of the pubic symphysis; and type IV, 
including unstable injuries such as ring disruption fractures, 
hip dislocations, disruption of the sacroiliac joint, and frac-
tures involving the acetabular portion of the pelvic ring. More 
recently, Shore et al. proposed a modification of the Torode 
and Zeig classification that subdivided type III injuries into 

type III-A (simple, stable anterior ring fractures) and type 
III-B (stable pelvic fractures involving the anterior and pos-
terior ring). Shore et al. demonstrated that type III-B injuries 
were associated with increased blood product use, intensive 
care requirement, and length of hospital stay (Fig. 36.97).

This classification does not subdivide acetabular frac-
tures. Quinby and Rang classified pelvic fractures into three 
categories: uncomplicated fractures, fractures with visceral 
injuries requiring surgical exploration, and fractures asso-
ciated with immediate massive hemorrhage. Although this 
classification is useful concerning the patient’s ultimate out-
come, its emphasis is on associated soft-tissue injuries, rather 
than on the pelvic fracture itself. Moreno et al. described four 
types of “fracture geometry” based on radiographic appear-
ance and used to identify patients at risk for severe hemor-
rhage. Adult classifications such as the AO/ASIF group and 
the Young and Burgess should be applied to a pelvis with 
a closed triradiate cartilage and emphasize fracture stabil-
ity and direction of force: lateral compression, anteroposte-
rior compression, vertical shear, and combined mechanisms  
(Fig. 36.98). Key and Conwell’s classification of pelvic frac-
tures in adults is based on the number of breaks in the pelvic 
ring. Their system, which includes acetabular fractures, also 
is applicable in children. We have evaluated 134 pelvic frac-
tures in children; the percentages of the individual bones and 
types of fractures are given in Table 36.3. The Orthopaedic 
Trauma Association devised a classification scheme that 
consists of three main types and numerous subtypes: A, 
lesion sparing (or with no displacement of) posterior arch; 
B, incomplete disruption of posterior arch, partially stable; 
and C, complete disruption of posterior arch, unstable.

Comparison among studies using different systems is 
difficult. The most useful information is whether a frac-
ture is stable or unstable. Most pelvic fractures in children 
are stable.

 

A
B

FIGURE 36.96 A, Posterior physeal injury that can mimic ruptured disc. B, Avulsion of ring 
apophysis has produced displaced fracture (arrow)  that has pressed on nerve root.
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Three physical signs are commonly associated with pel-
vic fractures: (1) Destot sign, a large superficial hematoma 
formation beneath the inguinal ligament or in the scrotum; 
(2) Roux sign, a decrease in the distance of the greater tro-
chanter to the pubic spine on the affected side in lateral com-
pression fractures; and (3) Earle sign, a bony prominence or 
large hematoma and tenderness on rectal examination, indi-
cating a significant pelvic fracture. Posterior pressure on the 
iliac crest causes pain at the fracture site as the pelvic ring is 
opened, and compression of the pelvic ring at the iliac crest 
from lateral to medial causes pain and possibly crepitation. 
Downward pressure on the symphysis pubis and posteriorly 

on the sacroiliac joints causes pain and motion if a break in 
the pelvic ring is present. Pain in the inguinal area can be elic-
ited by flexion and extension of the hips.

As already noted, most pelvic fractures in children can 
be treated closed, usually with protected weight bearing 
and activity restriction. Minor residual deformity usually is 
inconsequential and may remodel with growth. However, sig-
nificant displacement or an unstable fracture pattern should 
be treated operatively. Occasionally, if the child is young and 
has significant diastasis of the symphysis, a spica cast alone 
may be used to maintain a reduced position during healing. 
In older children or those with unstable fracture patterns, the 

 

Torode I Torode II

Torode IIIA

Torode IV

Torode IIIB

FIGURE 36.97 Shore et al. modification of Torode classification. Torode I, avulsion of bony 
elements of pelvis and separation through or adjacent to cartilaginous physis. Torode II, iliac wing 
fracture resulting from direct lateral force against pelvis causing disruption of iliac apophysis or 
infolding fracture of wing of ilium. Torode IIIA, simple stable anterior ring fracture involving 
pubic rami or pubic symphysis. Torode IIIB, stable anterior and posterior ring fracture. Torode IV, 
unstable ring disruption fracture, including ring disruptions, hip dislocations, and combined pelvic 
and acetabular fractures.  (Redrawn from Shore BJ, Palmer CS, Bevin C, et al: Pediatric pelvic fracture: a 
modification of a preexisting classification. J Pediatr Orthop 32:162, 2012.)
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management of pelvic fractures should closely follow adult 
principles with surgical fixation that does not disrupt or alter 
the growth of the triradiate cartilage. If the triradiate cartilage 
is closed, operative techniques are the same as in adults (see 
Chapter 56).

AVULSION FRACTURES
Avulsion fractures occur most commonly in adolescent ath-
letes. These fractures occur due to rapid and forceful con-
traction of muscles that attach to apophyses of a developing 
pelvis. The force required to disrupt the cartilaginous apoph-
ysis is typically less than that required for musculotendinous 
disruption; therefore apophyseal fractures occur more often 
than musculotendinous injury in the adolescent population. 
The most common injuries as reported in a recent meta-anal-
ysis are the anterior inferior iliac spine (AIIS) from the pull 
of the rectus femoris, the ischial tuberosity (IT) from the pull 
of the hamstrings, the anterior superior iliac spine (ASIS) 
from the pull of the sartorius, the iliac crest from the pull of 
the tensor fasciae latae, the lesser trochanter from the pull of 
the iliopsoas, and the superior corner of the pubic symphysis 

from the pull of the rectus abdominis (Fig. 36.99). CT scans 
are rarely required in this subset of pelvic injuries. Operative 
treatment of these injuries is rarely indicated, regardless of the 
amount of displacement; however, recent studies have sug-
gested that operative results may lead to slightly improved 
results particularly with displacement of 2 cm or more. Sundar 
and Carty described 32 avulsion fractures of the pelvis in ado-
lescents (average age 13.8 years) seen at an average 44-month 
follow-up; 10 patients had disability persisting into adulthood 
and limitation of sports activity, and six patients continued to 
have persistent symptoms. Although they advocated surgical 
exploration and removal of ununited fragments, Sundar and 
Carty cautioned that operative treatment does not guarantee 

 

Triradiate
Acetabular
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FIGURE 36.98 Small acetabular rim fracture and triradiate 
cartilage compression fracture.
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FIGURE 36.99 Iliac crest, 1; anterior superior iliac spine, 2; ante-
rior inferior iliac spine, 3; lesser trochanter, 4; ischium or ischial 
apophysis, 5.

 TABLE 36.3 

Distribution of Pelvic Fractures in Children, Campbell Clinic Series (134 Patients)

I—INDIVIDUAL BONES 66.5% II—SINGLE BREAK 11.9% III—DOUBLE BREAK 11.9% IV—ACETABULUM 9.7%

A B C D A B C A B C A B C D
13.4% 33.6% 18% 1.5% 8.2% 3% 0.7% 3% 8.2% 0.7% 0.7% 6% 0 3%

COMPARISON WITH OTHER SERIES

DUNN* (115 
PATIENTS)

PELTIER* (186 
PATIENTS) REED* (84 PATIENTS)

HALL, KLASSEN, 
ILSTRUP† (204 
PATIENTS)

CAMPBELL CLINIC† 
(134 PATIENTS)

I—Individual bones 10% 60.5% 24.5% 66.5%
II—Single break 70% 39% 2.5% 18.6% 11.9%
III—Double break 30% 27% 32% 31.9% 11.9%
IV—Acetabulum Not included 24% 5% 7.8% (17.2% 

acetabulum and 
pelvis)

9.7%

Classification of Key and Conwell.
*Adult series.
†Children’s series.
From Rockwood CA Jr, Wilkins KD, King RE, editors: Fractures in children, ed 3, Philadelphia, 1991, Lippincott.
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the return of the athlete to the same standard as before the 
injury.

Rarely, excessive callus formation or myositis ossificans 
occurs after a displaced IT fracture. In two of our patients it 
was necessary to excise the fragment and the callus, rather 
than reattach the fragment. Recurrence of some excessive 
callus or myositis ossificans occurred, but these two patients 
continued their athletic activity. Any of these avulsion inju-
ries, especially in the area of the ischium, can be confused 
with infection, myositis ossificans, and sarcoma. If there is 
any question of diagnosis, appropriate imaging and labora-
tory workup should be performed. 

ACETABULAR FRACTURES
Acetabular fracture-dislocations in children make up 4% to 
20% of pelvic fractures in the pediatric population. Damage to 
the triradiate cartilage in a child may cause growth arrest and 
a shallow, dysplastic acetabulum (Fig. 36.100). CT may help 
determine the extent of acetabular involvement and femoral 
head stability. However, in an immature pelvis, radiographs 
and CT may underestimate the extent of the injury; there-
fore, MRI should be considered to evaluate the cartilaginous 
portion of the acetabulum, labrum, and triradiate cartilage. 
The Watts classification of acetabular fractures is based on the 
extent of acetabular involvement: (1) small fragments most 
often associated with dislocation of the hip (see Fig. 36.98), 
(2) linear fractures associated with pelvic fractures without 
displacement, (3) large linear fractures with hip joint instabil-
ity, and (4) central fracture-dislocations.

Initial treatment should focus on a reduced hip joint. 
Hip reduction requires optimal sedation and muscle relax-
ation. Although this can be performed safely in the emer-
gency department, many institutions prefer this maneuver 
to be done in the operating room to avoid femoral head dis-
placement. It is important, however, for a dislocated hip to be 
reduced immediately to minimize further vascular insult to 
the femoral head. Hip stability should be assessed at the time 
of reduction, and radiographs of the contralateral hip should 
be obtained for comparison of joint congruency. Radiographs 
before reduction may reveal an occult fragment more read-
ily than films taken after the reduction. If an incongruence is 
found or suspected, a CT or MRI should be obtained to evalu-
ate the cause and for operative planning purposes.

The treatment of many pediatric acetabular fractures is 
nonoperative. Stable linear fractures with less than 1 mm of 
displacement and a negative stress test require only conserva-
tive treatment with a minimum of 6 to 8 weeks of non–weight 
bearing. Linear fractures producing hip joint instability often 
require a period of skeletal traction followed by definitive 
fixation to ensure an accurate reduction. This injury usually 
occurs in older children, and treatment should be the same 
as for adults. A review of 38 adolescents with acetabular frac-
tures demonstrated open reduction and fixation to be safe and 
effective at obtaining bony union with low complication rates. 
As expected, articular involvement was predictive of higher 
rates of degenerative arthritis. Central fracture-dislocations 
in children should be reduced promptly because the triradiate 
cartilage may be involved. Because injury to the triradiate car-
tilage is easily missed on initial radiographs, all patients with 
pelvic trauma should be followed clinically and radiographi-
cally for at least 1 year. Two main patterns of physeal disrup-
tion have been identified in patients with triradiate cartilage 

injuries: a Salter-Harris type I or II injury, which has a favor-
able prognosis for continued normal acetabular growth, and 
a Salter-Harris type V crushing injury, which has a poor 
prognosis because of premature closure of the triradiate phy-
ses secondary to formation of a medial osseous bridge (Fig. 
36.101). In both patterns, the prognosis depends on the age of 
the patient at the time of injury. In young children, especially 
those younger than 10 years, abnormal acetabular growth can 
result in a shallow acetabulum. By skeletal maturity, disparate 
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FIGURE 36.100 Premature closure of triradiate cartilage. A, Frac-
ture of right ilium is visible. Fracture on left was not identified. B, 
At 4 months, fracture on right is seen again. At left, acetabulum 
shows increased sclerosis caused by ischial fracture into acetabulum. 
C, At 5 years, premature closure of left triradiate cartilage. D, At 6 
years, premature closure of left triradiate cartilage and subluxation 
of femoral head caused by shallow acetabulum.
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growth may increase the incongruity of the hip joint and lead 
to progressive subluxation. Acetabular reconstruction may 
be indicated for correction of the gradual subluxation of the 
femoral head with associated dysplasia. 

HIP FRACTURES
Hip fractures include fractures of the head, neck, and inter-
trochanteric region of the femur and account for less than 1% 
of all pediatric and adolescent fractures. Different hip mor-
phology and the presence of a physis produce hip fracture 
patterns that are different in children from those in adults. 
Complications of both the injury and treatment are frequent 
and should be considered during the treatment course. Late 
complications include osteonecrosis, coxa vara, nonunion, 
and premature physeal closure. Appropriate treatment of 
hip fractures in children is necessary to minimize these 
late complications. Diagnosis of a hip fracture is based on 
history, physical examination, and radiographs. Hip frac-
tures in children most commonly result from a high-energy 
mechanism followed by pathologic fracture. As in adults, the 
index of suspicion for hip fracture should be high to facili-
tate urgent management. A standard anteroposterior radio-
graph of the pelvis and lateral of the hip should be obtained, 
as well as imaging of the entire femur. Advanced imaging 

may be helpful to rule out an occult injury or to evaluate the 
extent of the fracture.

The most widely used classification for hip fractures in 
the pediatric population was proposed by Delbet. This clas-
sification groups fractures according to their location: type 
I, transepiphyseal separations with or without dislocation of 
the femoral head from the acetabulum; type II, transcervical 
fractures, displaced and nondisplaced; type III, cervicotro-
chanteric fractures, displaced and nondisplaced; and type IV, 
intertrochanteric fractures (Fig. 36.102). The Delbet classifi-
cation has proved to have prognostic value in regard to risk of 
osteonecrosis, healing rates, and malunion.

TYPE I, TRANSEPIPHYSEAL SEPARATIONS
Type I fractures occur when the epiphysis separates from 
the metaphysis. They are further subdivided into type IA, 
in which the epiphysis remains in the acetabulum, and type 
IB, in which the epiphysis is dislocated from the acetabulum. 
In our experience, the outcomes after type IB fractures have 
been the worst of any of the fracture types, with an incidence 
of osteonecrosis of 100% in some series. Type 1A fractures 
may be difficult to differentiate from an unstable slipped 
capital femoral epiphysis (SCFE). Fractures tend to occur in 
younger children as the result of high-energy mechanisms, 
whereas SCFE is mostly seen in patients between the ages of 

 

B C DA
FIGURE 36.101 Types of injuries to the pelvis and triradiate cartilage. A, Normal hemipelvis. B, 

Salter-Harris type I fracture. C, Salter-Harris type II fracture. D, Salter-Harris type V fracture.

 

I II III IV

FIGURE 36.102 Delbet classification of hip fractures in children. Type I, transepiphyseal, with 
or without dislocation from acetabulum. Type II, transcervical. Type III, cervicotrochanteric (basi-
cervical). Type IV, intertrochanteric.
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10 to 16 years after minor or no trauma. The presence of pos-
terior medial callus on imaging or at the time of surgical fixa-
tion suggests that the transphyseal separation is the result of 
SCFE and is present in most patients with SCFE even in the 
absence of prodromal symptoms.

In newborns, an entity called proximal femoral epiphys-
iolysis occasionally occurs in which the physis separates 
probably at birth. If not considered, it may be confused with 
congenital dislocation or infection of the hip. Ultrasound, 
arthrography, or MRI is generally necessary to make the diag-
nosis early. At approximately 2 weeks after the separation, cal-
lus may be seen along the medial border of the femoral neck. 
Operative treatment with internal fixation is not needed for 
this separation. Clinical signs, such as pseudoparalysis of the 
lower extremity, and laboratory studies should aid in differen-
tiating proximal femoral epiphysiolysis from infection.

The management of transepiphyseal separations depends 
on the age of the patient, displacement of the fracture, and 
presence of a dislocated epiphysis. All type I fractures should 
be managed urgently to minimize the vascular insult sus-
tained by the injury (Fig. 36.103). In children younger than 
2 years with a nondisplaced or minimally displaced fracture, 
spica cast application alone may be sufficient. If the fracture 
is displaced at any age and the epiphysis is located within the 
acetabulum, we advocate a gentle closed reduction attempt 
with fixation. Smooth pins are used in young patients and 
cannulated screws in older patients. An arthrogram may 
help evaluate the quality of the reduction in young patients. 
We routinely perform a capsulotomy to evacuate the hemar-
throsis, although evidence is inconclusive that this decreases 
the incidence of osteonecrosis. If a gentle closed reduc-
tion does not yield a satisfactory reduction, then an open 
reduction should be performed through a Watson-Jones or 
Smith-Peterson approach (see Techniques 1.62 and 1.63), 
Alternatively, a surgical dislocation approach may be used; 
however, we have used this technique only in the setting of 
delayed fixation with the presence of early callus formation 
or in the presence of femoral head fracture (Fig. 36.104). If 

the epiphysis is displaced from the acetabulum, a posterior 
approach (modified Gibson, Technique 1.80) is preferred for 
posterior displacement and an anterior approach (Watson-
Jones or Smith-Peterson) for anterior displacement. Fixation 
typically is obtained with two or three cannulated screws. 
Again, smooth pins should be used in very young children to 
minimize the risk of premature physeal closure. 

TYPE II, TRANSCERVICAL FRACTURES
Transcervical fractures are the most common hip fractures 
in children. Most of these are displaced, and the amount of 
displacement seems to be directly related to the development 
of osteonecrosis. We believe that displacement of the fracture 
is the leading variable in vascular insufficiency and that the 
maximal amount of displacement probably occurs at the time 
of injury. Capsular distention and subsequent tamponade 
of the vessels have been suggested to increase the incidence 
of osteonecrosis, and evacuation of the hematoma early by 
aspiration or capsular release and early internal fixation have 
been recommended to decrease the rate of osteonecrosis. In 
one report of 70 femoral neck fractures in children, however, 
early ORIF of type II fractures still resulted in an incidence 
of osteonecrosis of 35%. Type II fractures have an increased 
risk of varus malunion, hardware failure, and physeal arrest 
than more distal fractures. Internal fixation is recommended 
for all transcervical and basicervical fractures because of their 
inherent instability. A gentle closed reduction, similar to that 
for adult femoral neck fractures, should be done with longi-
tudinal traction, abduction, and internal rotation, followed 
by fixation with pins or cannulated hip screws. Multiple 
closed reduction attempts should be avoided. For unsatisfac-
tory closed reductions, open reduction through an anterior 
Watson-Jones approach or Smith-Peterson approach is used. 
Percutaneous screw placement can be done with the use of 
an image intensifier, and a capsulotomy should be performed. 
The head and neck of a child’s femur are extremely hard, and 
the use of triflanged nails or other similar devices should be 
avoided for fear of distraction of the fracture and possible 

 

A B

FIGURE 36.103 A, Type I, transepiphyseal separation with dislocation of the femoral head. B, 
Development of osteonecrosis after open reduction and fixation.
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separation of the capital femoral epiphysis. In small children, 
two or three pins may suffice but should be backed up with a 
spica cast. We routinely use two or three cannulated screws 
with the largest diameter that the femoral neck will accom-
modate. Alternatively, a pediatric or an adolescent hip screw 
or proximal femoral locking plate may be used for basicer-
vical fractures. Swiontkowski and Winquist recommended 
4.5-mm AO cortical screws inserted short of the physis and 
overdrilled in the proximal fragment for a lag effect. In young 
children, we try to avoid crossing the physis with fixation; 
however, in older children or when additional  stability is 
required, fixation is advanced across the physis (Figs. 36.105  
and 36.106). Postfixation SCFE has been reported when 
fixation abuts the proximal femoral physis. The priority of 

treatment should be achieving stable fixation instead of pres-
ervation of growth because the sequelae of failed fixation or 
osteonecrosis are more challenging problems than subse-
quent growth arrest. A spica cast with the hip in abduction 
is used for 6 weeks for patients with questionable fixation, 
young age, or questionable compliance. 

TYPE III, CERVICOTROCHANTERIC 
FRACTURES
Type III fractures (cervicotrochanteric) are similar to frac-
tures occurring at the base of the femoral neck in adults, 
although osteonecrosis after this fracture in children is more 
common than in adults. A fracture in this location often 
allows for more stable fixation without crossing the physis; 

 

A B

FIGURE 36.105 A, Displaced type III (cervicotrochanteric) fracture in 6-year-old child. B, After 
closed reduction, capsular decompression, and fixation across physis for additional stability.

 

A B

FIGURE 36.104 Surgical fixation in setting of late presenting femoral neck fracture with pres-
ence of early callus formation with  modified Dunn approach.
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however, nonunion, malunion, premature physeal closure, 
and hardware failure can still occur in this subset of patients. 
Treatment is recommended as for type II fractures with the 
goal of anatomic reduction and stable fixation. 

TYPE IV, INTERTROCHANTERIC FRACTURES
In our experience, type IV fractures (intertrochanteric) result 
in fewer complications than the other types. Because of the 
child’s osteogenic potential in the trochanteric area, rapid 
union almost always occurs, usually within 6 to 8 weeks  
(Fig. 36.107). These fractures are generally extracapsular, 
making osteonecrosis less common, with a reported inci-
dence of 0% to 10%.

Because intertrochanteric fractures are extracapsular, 
they are not treated with the same sense of urgency. However, 
the quality of the fracture reduction and stability of the fixa-
tion are still important to preserve the biomechanics of the hip 
and optimize healing. In children 3 years of age and younger, 
nondisplaced fractures may be treated with spica cast applica-
tion alone. In the presence of displacement or age older than 3 
years, internal fixation is recommended. Reduction and fixa-
tion are achieved through a lateral approach to the hip and 
placement of a pediatric or adolescent compressive hip screw 
or proximal femoral locking plate. Fixation does not need 
to cross the physis, and a capsulotomy does not need to be 
routinely performed. Stronger implants often allow for early 
motion without cast immobilization; however, a spica cast is 
recommended if noncompliance is a concern. 

COMPLICATIONS
Complications after femoral neck fractures are frequent. 
The most serious complication of hip fractures in children is 
osteonecrosis. As Trueta described, the blood supply to the 
femoral head transitions from metaphyseal during infancy 
toward the lateral epiphyseal vessels during childhood 
with the formation of the physis, which acts as a barrier for 
metaphyseal blood supply. During preadolescence the artery 
of the ligamentum teres anastomoses to the lateral epiphyseal 
vessels, and finally in late adolescence and into adulthood, 
the metaphyseal blood supply is restored. Osteonecrosis has 
been demonstrated to directly correlate with worse outcomes 
after femoral neck fractures. Spence et al. reviewed 70 femo-
ral neck fractures at a single institution and found an over-
all incidence of osteonecrosis of 29%. The only independent 
predictors of osteonecrosis were displacement and fracture 
location. Yeranosian et  al. reviewed 30 studies and found 
an overall incidence of 23%, with the fracture location and 
timing of reduction being the only predictors. Moon and 
Mehlman reviewed 390 patients as part of a meta-analysis 

 FIGURE 36.106 Displaced type III cervicotrochanteric fracture. 
Same pattern as in Figure 36.105 after screw removal.

 

A B

FIGURE 36.107 A, Type IV (intertrochanteric) fracture in 5-year-old child. B, After fixation with 
proximal femoral locking plate. SEE TECHNIQUE 36.22.

    

https://booksmedicos.org


CHAPTER 36 FRACTURES AND DISLOCATIONS IN CHILDREN 1559

and found fracture type and patient age to be the strongest 
predictors of osteonecrosis, with rates of osteonecrosis of 38% 
for type I fractures, 28% for type II fractures, 18% for type III 
fractures, and 5% for type IV fractures.

Ratliff described three types of osteonecrosis: type I, 
whole head involvement; type II, partial head involvement; 
and type III, an area of osteonecrosis from the fracture line 
to the physis (Fig. 36.108). Although osteonecrosis usually 
is diagnosed radiographically within 12 months of injury, it 
may not be clinically evident for several years. The prognosis 
and treatment options for osteonecrosis depend on the extent 
of the osteonecrosis, the degree of deformity and collapse, 
and the age at which symptoms begin (Fig. 36.109). In gen-
eral, restricted weight bearing has not produced acceptable 
results in the treatment of osteonecrosis; reports in the litera-
ture indicate that it is successful in fewer than 25% of patients. 
Operative treatment options include core decompression, 
with or without cancellous bone grafting; nonvascularized 
and vascularized bone grafting (see Chapter 63); various 
osteotomies to rotate the necrotic segment of the femoral 
head out of the weight-bearing area; and even resurfacing or 

total hip arthroplasty in older adolescents. Some preliminary 
reports indicate that the addition of osteoinductive or angio-
genic factors may improve the results of core decompression.

Coxa vara occurs less often when internal fixation is 
used. In our experience, if the neck-shaft angle is more than 
120 degrees in a young child, remodeling will occur to some 
degree, and even if not the deformity causes little disability. 
If the neck-shaft angle is between 100 and 110 degrees, how-
ever, the coxa vara deformity generally does not remodel. 
Significant coxa vara causes a shortened extremity and an 
abductor or gluteal lurch and delayed degenerative joint 
changes. For these reasons we have routinely used a subtro-
chanteric valgus osteotomy for persistent coxa vara deformity 
and for nonunion (Fig. 36.110). A closing wedge osteotomy 
just distal to the greater trochanter, using a pediatric lag screw 

 

I II III
FIGURE 36.108 Three types of osteonecrosis described by Ratliff. 

Type I, total head involvement. Type II, segmental involvement. 
Type III, involvement from fracture line to physis.

 

A B

FIGURE 36.109 A, Osteonecrosis after type III fracture in an 11-year-old girl. The fracture was 
treated with urgent open reduction and internal fixation and capsular decompression. B, One year 
after vascularized fibular grafting.

 FIGURE 36.110 Coxa vara deformity after type III fracture. Fixed-
angle locking plates can be used to minimize the risk of coxa vara.
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with a side plate or proximal femoral locking plate for inter-
nal fixation, is preferred. Although nonunion of the osteot-
omy is rare, a one and one-half spica cast may be applied if 
there are concerns about the quality of the fixation or compli-
ance of the patient.

Internal fixation also decreases the rate of nonunion, 
but when nonunion occurs, operative treatment should be 
undertaken as soon as possible. We have used a valgus sub-
trochanteric osteotomy to make the nonunion more horizon-
tal and allow compressive vertical forces to aid in union. This 
osteotomy can be augmented, if necessary, with bone grafts. 
Internal fixation is routinely used across the nonunion site, 
with or without the use of a spica cast. A modification of the 
Pauwels intertrochanteric osteotomy using a 120-degree dou-
ble-angle osteotomy plate has been described for the treat-
ment of nonunion or coxa vara or both (see Technique 36.21).

Although premature physeal closure can occur, because the 
capital femoral physis contributes 15% of the growth of the entire 
lower extremity and normally closes earlier than most of the 
other lower extremity physes, shortening generally is less than 
2 cm. The discrepancy usually is more than 2 cm only in chil-
dren in whom osteonecrosis also develops. Nevertheless, we try 

to avoid penetrating the physis, especially in a young child. Leg-
length inequality should be determined with scanograms and 
correlated with bone age and carefully recorded. Epiphysiodesis 
in the opposite extremity can be done if necessary.

Infection is uncommon after hip fractures in children. 
Chondrolysis after hip fractures in children has been reported, 
but most investigators have not found this complication.

Stress fractures of the femoral neck can occur in children, 
especially in adolescents. Devas noted two types: (1) a trans-
verse type in the superior portion of the femoral neck, which 
may become displaced and cause severe morbidity, and (2) 
a compression stress fracture in the inferior portion of the 
femoral neck, which rarely becomes displaced, although mild 
varus deformity has occurred in young patients (Fig. 36.111). 
Internal fixation with a screw or pin is recommended for the 
transverse type, whereas the compression type may be treated 
by non–weight bearing and limitation of the child’s activity; 
however, a stress fracture can progress to a complete fracture 
if proper treatment is not begun and the child is allowed to 
continue the same activity. The technique for closed reduc-
tion and percutaneous pin or screw fixation is described in 
the section on SCFE (see Technique 36.23). 

 

A

B C

FIGURE 36.111 Stress fracture of femoral neck. A, Radiograph showing possible faint inferior 
femoral neck fracture. B, Radiograph made 3 weeks later revealing callus formation in inferior 
neck at stress fracture. C, MR image shows stress fracture.
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CLOSED REDUCTION AND INTERNAL 
FIXATION

 TECHNIQUE 36.18 

 n  Place the child supine on a fracture table and place the 
appropriately padded feet in the traction stirrups.

 n  Perform a gentle closed reduction by applying longitudi-
nal traction, abduction, and internal rotation. Check the 
reduction with anteroposterior and lateral radiographs or 
with an image intensifier.

 n  With the use of an image intensifier, make a stab wound 
percutaneously or a small incision just distal to the greater 
trochanter and dissect through the fascia lata. Reflect the 
vastus lateralis anteriorly, exposing the proximal femoral 
shaft. Elevate the periosteum and place reverse retractors 
around the proximal femur to aid in exposure.

 n  With an image intensifier, determine the correct place-
ment for a guide pin in the lateral shaft of the femur. Drill 
a guide pin across the fracture site and proximally into the 
femoral neck. In young children, avoid penetrating the 
physis, if possible. Verify the correct position of the guide 
pin with the image intensifier.

 n  Measure the exact length of the portion of the guide pin 
in the bone. Drill a pin or a cannulated hip screw the same 
length as the measured length of the guide pin parallel to 
or over it across the fracture site.

 n  Remove the guide pin and place a second pin or cannu-
lated screw parallel to the first through the guide pin hole. 
Use a minimum of two pins or one 6.5-mm cannulated 
screw. We generally use three pins or two 6.5-mm can-
nulated screws, depending on the size of the child and 
the femoral neck. Place the pins or screws parallel and in 
a “cluster” or inverted triangle formation.

 n  Close the incision and, if there is concern about the stabil-
ity of fixation or compliance with weight-bearing restric-
tions, apply a long leg cast with pelvic band.

POSTOPERATIVE CARE If required, the cast is worn 
for 6 weeks. If a cast is not required, the patient should 
remain touch-down weight bearing for 6 weeks. The pa-
tient progresses to weight bearing on crutches during the 
next 6 weeks. The pins or screws can be removed at 1 year 
when the fracture has united or when there is evidence of 
osteonecrosis. Implant removal is generally recommended 
in young patients with significant growth remaining or if 
the screws cross an open physis.
   

 

OPEN REDUCTION AND INTERNAL 
FIXATION

 TECHNIQUE 36.19 

(WEBER ET AL., BOITZY)
 n  Place the patient supine and drape the limb so that it can 

be moved freely during the operation.

 n  Use a Watson-Jones approach to the hip joint (see Tech-
nique 1.63).

 n  Incise the hip joint capsule longitudinally and evacuate 
and flush out the hematoma, which usually is under pres-
sure.

 n  Reduce the fracture with a periosteal elevator. This can be 
made easier by appropriate traction and internal rotation 
of the extremity.

 n  Temporarily stabilize the fracture with Kirschner wires and 
check the reduction in the region of the calcar. Fix the 
fracture permanently with cancellous screws fitted with 
washers. The screw threads should be in the proximal 
fragment only and not across the physis of the femoral 
head unless needed for fixation.

 n  Confirm the reduction radiographically and close the hip 
capsule.
An anterior approach, such as the Watson-Jones, can 

be used for displaced types II and III fractures and for type I 
transepiphyseal separations when the femoral head is dis-
located from the acetabulum anteriorly. If the femoral head 
is dislocated posteriorly, a modified Gibson approach (see 
Technique 1.68) is used. The femoral head may be devoid 
of all blood supply. It should be replaced in the acetabu-
lum, however, ensuring there are no cartilaginous or osse-
ous fragments in the joint, and fixed to the femoral neck 
with cancellous screws.

POSTOPERATIVE CARE If internal fixation is stable, 
touch-down weight bearing on crutches is maintained for 
6 weeks. If stability is questionable, a spica cast or a long 
leg cast with a pelvic band should be used for 6 weeks.
   

 

VALGUS SUBTROCHANTERIC 
OSTEOTOMY FOR ACQUIRED COXA 
VARA OR NONUNION

 TECHNIQUE 36.20 

 n  Place the patient on a fracture table with an image inten-
sifier or radiographic equipment in place to obtain an-
teroposterior and lateral radiographs. Prepare and drape 
the hip in the usual fashion. If bone grafts are to be used, 
prepare and drape the iliac crest also.

 n  Make a straight lateral longitudinal incision beginning at 
the greater trochanter and extending distally for 8 to 10 
cm. Carry the dissection down to the lateral aspect of 
the femur. Elevate the periosteum and insert reverse re-
tractors around the femur subperiosteally to expose the 
lateral aspect of the bone.

 n  Determine preoperatively the amount of valgus necessary 
to align the hip properly by comparing radiographs with 
those of the contralateral hip. We have used trigonomet-
ric functions to evaluate the effect of proximal femoral 
osteotomy. If a varus or a valgus osteotomy is performed 
in the subtrochanteric or trochanteric area, the length of 
the femoral head and neck fragment does not change; 
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only the angles and the leg length change (Fig. 36.112). 
The amount of change in leg length can be computed by 
determining the change in the two angles. The change in 
leg length (ΔH) is equal to the length of the point from the 
middle of the osteotomy site to the middle of the femoral 
head (L) times the cosine of one angle minus the cosine 
of the new angle:

 ΔH= L (cos θ1 − cos θ)  
   Going from a varus position to a valgus position increases the 

leg length and, conversely, going from a valgus position 
to a varus position decreases the leg length, or ΔH. The 
original angle is given for femoral head-neck segments 
of 2, 3, and 4 cm. The estimated increase or decrease in 
leg length is given for the “desired angle” obtained by a 
varus or valgus osteotomy.

 n  When the angle of correction is determined, the appropri-
ate laterally based closing wedge osteotomy can be deter-
mined. First determine the diameter of the bone by drilling 
a guide pin transversely through the femur. Determine the 
correct size of the wedge by using a template, tangent tables  
(W = tangent of the angle × the diameter), or the formula  
W = 0.02 × diameter × angle. Outline the appropriate clos-
ing wedge osteotomy in the subtrochanteric area.

 n  After preparation of the osteotomy site, attention should 
be turned to placement of an intermediate hip compres-
sion screw or proximal femoral locking plate. Drill a hole 
just distal to the greater trochanter and check its place-
ment with the image intensifier. Place an appropriate 
guide pin of the proper length in the femoral neck with 
the aid of an adjustable angle guide (Fig. 36.113A,B). If 
the child is young, avoid crossing the physis if possible. 
If the nonunion is proximal, crossing the physis may be 
necessary to gain union. The proximal femoral physis con-
tributes 30% to the growth of the femur and only 15% 
to the entire lower extremity. Often it is preferable to ob-
tain union of the femoral neck and manage about minor 
to moderate leg-length inequality afterward. Check the 
placement of the guide pin with image intensification.

 n  After the guide pin is placed, use a percutaneous direct 
measuring gauge to determine the lag screw length. Set 

the adjustable positive stop on the combination reamer 
for the lag screw length determined by a percutaneous 
direct measuring gauge. Place the reamer over the guide 
pin and ream until the positive stop reaches the lateral 
cortex (Fig. 36.113C). It is prudent to check the fluoro-
scopic image periodically during reaming to ensure that 
the guide pin is not inadvertently advancing proximally 
into the epiphysis.

 n  Set the adjustable positive stop on the lag screw tap to 
the same length that was reamed. Tap until the posi-
tive stop reaches the lateral cortex. Screw the appropri-
ate intermediate compression screw over the guide pin  
(Fig. 36.113D,E).

 n  Take the plate chosen during preoperative planning and 
insert its barrel over the barrel guide and onto the back 
of the lag screw. The plate angle ultimately determines 
the final hip angle. Remove the barrel guide and insert 
a compression screw to prevent the plate from disen-
gaging during the reduction maneuver. Use the slotted 
screwdriver for the pediatric compression screw or the 
hex screwdriver for the intermediate compression screw. 
If the plate obscures the osteotomy site, loosen the screw 
and rotate the side plate.

 n  Make the appropriate angled osteotomy using a power 
saw, remove the wedge, and align the two fragments.

 n  Reduce the osteotomy and secure the plate to the femur 
using the plate clamp. Check the rotational position of 
the lower extremity in extension.

 n  To achieve compression, insert a drill or tap guide into 
the distal portion of the most distal compression slot. Drill 
through the medial cortex. If less compression is required, 
follow the same steps detailed previously in the distal por-
tion of the second or third distal slots for 2.5 mm of com-
pression.

 n  Select the appropriate-length bone screw and insert it us-
ing the hex screwdriver. Use the self-holding sleeve to 
keep the screw from disengaging from the screwdriver 
(Fig. 36.113F). Finally, in the most proximal slot, the in-
termediate combination drill/tap guide can be angled 
proximally so that the drill and, ultimately, the bone screw 
cross the osteotomy line. Positioning the proximal bone 
screw in this way can provide additional stability at the 
osteotomy site. Insert screws into any remaining screw 
holes.

 n  The lag screw can be inserted farther to apply com-
pression across the nonunion. To insert the lag screw 
for approximately 5 mm of compression, stop when 
the lateral cortex is midway between the two depth 
calibrations (Fig. 36.113G). To insert the lag screw 
for approximately 10 mm of compression, stop when 
the second depth calibration meets the lateral cortex  
(Fig. 36.113H).

 n  Close the wound in layers. Insert a suction drainage tube 
and apply a one and one-half spica cast with the hip in 30 
to 40 degrees of abduction.

 n  For fixation of a nonunion, the intermediate compres-
sion hip screw should cross the nonunion site. The non-
union seems to heal better if it is made more horizontal 
by placing the hip in a valgus position at the subtrochan-
teric osteotomy site. The fibrous tissue need not be re-
moved from the nonunion. A cancellous or cortical bone 
graft placed across the nonunion site may be helpful in 
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FIGURE 36.112 Illustration of constant head-neck length L, 
change in angles θ to θ1, and ultimately change in height, ΔH. 
Formula is used to determine change in height; H = head-neck 
segment; H1 = L cos θ1; ΔH = L(cos θ1 − cos θ). SEE TECHNIQUE 36.20.
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FIGURE 36.113 A–H, Technique for insertion of intermediate compression screw. SEE TECHNIQUE 
36.20.
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FIGURE 36.114 A–D, Modified Pauwels intertrochanteric osteotomy for acquired coxa vara or 
nonunion. (Redrawn from Magu NK, Rohilla R, Singh R, et al: Modified Pauwels’ intertrochanteric osteotomy 
in neglected femoral neck fracture. Clin Orthop Relat Res 467:1064, 2009.) SEE TECHNIQUE 36.21.

older children. The graft is inserted by drilling a hole the 
size of the graft up through the femoral neck adjacent 
and parallel to the fixation device. Care should be taken 
not to loosen the device. A cortical graft from the tibia or 
fibula can be used, but we prefer cancellous bone from 
the iliac crest. We have not used bone graft routinely in 
this procedure. In younger children with good internal 
fixation, making the nonunion more horizontal has been 
all that is necessary. A smaller version of the compres-
sion hip screw is available for younger patients.

POSTOPERATIVE CARE The spica cast should be worn 
for approximately 12 weeks, depending on the age of 
the child. When the cast is removed, touch-down weight 
bearing on crutches is begun.
   

 

MODIFIED PAUWELS 
INTERTROCHANTERIC OSTEOTOMY 
FOR ACQUIRED COXA VARA OR 
NONUNION

 TECHNIQUE 36.21 

(MAGU ET AL.)
 n  On a tracing of a radiograph of the normal hip, determine 

the correct point of entry of the chisel for seating of the 
blade in the femoral neck, the appropriate blade length, 
the osteotomy line, and the appropriate intertrochanteric 
wedge (Fig. 36.114A,B). In a patient with open physes, 
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make sure the blade length chosen avoids penetration of 
the proximal femoral physis.

 n  Contour a semi-tubular plate into a 120-degree double-
angle plate (Fig. 36.114C).

 n  Attempt closed reduction through skeletal traction (if a 
proximal tibial pin is already in place) or manual traction.

 n  With image intensifier guidance, make a standard lateral 
approach to the hip joint and provisionally stabilize the 
hip with two 2-mm Kirschner wires to prevent rotation of 
the femoral head when the seating chisel is used to create 
a track for the implant blade.

 n  Make the two osteotomy cuts as determined on the nor-
mal hip radiograph to create a laterally based 15- to 30-de-
gree intertrochanteric wedge of bone (Fig. 36.114B). Re-
move this wedge of bone to place the femoral head into 
a valgus position as defined by preoperative planning.

 n  Insert the seating chisel through the previously deter-
mined entry point, keeping the flap of the chisel parallel 
to the femoral shaft. Advance the chisel into the inferior 
half of the femoral neck for a length equal to that of the 
blade length of a 120-degree contoured osteotomy plate 
(usually 65 mm).

 n  Remove the chisel and insert the blade portion of the 
osteotomy plate into its track (Fig. 36.114C).

 n  Abduct the distal fragment to close the osteotomy and 
stabilize the plate to the femur with screws (Fig. 36.114D).

POSTOPERATIVE CARE A hip spica cast is worn for 6 
to 10 weeks, depending on the healing of the osteotomy. 
The cast is removed, and touch-down weight bearing on 
crutches is begun, followed by graduated partial and full 
weight bearing between 12 and 20 weeks.
   

TRAUMATIC HIP DISLOCATIONS
Traumatic hip dislocations in children are more common 
than hip fractures, although they are also rare. Trivial injury 
may cause a hip dislocation in young children primarily 
because their immature cartilage is pliable and their liga-
ments are lax. The reported age distribution of traumatic hip 
dislocations has varied among authors, with some suggesting 
that over half occur between the ages of 12 and 15 years, some 
reporting no peak age group, and some identifying two dis-
tinct groups: children 2 to 5 years old and children 11 to 15 
years old. As in adults, posterior dislocations are more com-
mon than anterior ones. Factors that influence the ultimate 
result after dislocations of the hip are (1) the severity of the 
injury, (2) the interval between injury and reduction, (3) the 
type of treatment, (4) the period of non–weight bearing, (5) 
whether recurrent dislocation develops, (6) whether osteone-
crosis develops, and (7) whether reduction was incomplete 
because of the interposition of an object in the joint. Hip dis-
location with spontaneous incomplete reduction probably 
occurs more often than previously thought, and the diagnosis 
of hip subluxation may be missed initially.

Hips left unreduced for more than 24 hours usually have 
poor results, and osteonecrosis of the femoral head develops 
more frequently than in hips reduced promptly. Closed reduc-
tion often is successful if a congruous joint is obtained. Open 
reduction may be necessary, however, for more severe injuries 

or to remove any entrapped structures. Contrary to previous 
reports, the period of non–weight bearing does not appear to 
influence the development of osteonecrosis of the femoral head.

Recurrent dislocation also is more common in children 
than in adults because of cartilaginous pliability and ligamen-
tous laxity. Recurrent dislocations are more frequent in children 
with hyperlaxity syndromes, especially Down syndrome, and 
may require posterior plication of the capsule and bony inter-
vention, such as an innominate or varus osteotomy. Recurrent 
dislocations may be involuntary and posttraumatic and should 
be differentiated from voluntary dislocations, which may be 
habitual or nonhabitual. Additionally, Manner et al. suggested 
a possible association between femoroacetabular impingement 
(FAI) and recurrent hip dislocation and advocated operative 
treatment of underlying FAI to optimize outcomes.

Osteonecrosis of the femoral head occurs after simple dis-
location of the hip in an estimated 10% to 26% of adults and 
8% to 10% of children (Fig. 36.115). Delays in reduction and 
the severity of the injury probably influence the development 
of osteonecrosis. Sciatic nerve palsy, heterotopic ossification, 
and coxa magna also have been reported as complications of 
hip dislocation in children.

Complete reduction may be prevented by interposition 
of the capsule, labrum, other soft tissue, or an osteocartilag-
inous fragment. An anteroposterior radiograph of the pelvis 
and a lateral radiograph of both hips should be made after 
closed reduction to compare the width of the joint spaces. If 
the involved joint space is wider or the Shenton line is broken, 
an incongruous reduction should be suspected (Fig. 36.116). 
If an incongruous joint is suspected, then advanced imaging 
with CT or MRI is obtained; however, a recent study con-
cluded that MRI is more sensitive than CT at detecting injury, 
particularly posterior labral entrapment and posterior unos-
sified acetabular fractures. If interposed structures are found, 
we recommend open reduction and removal of the offend-
ing material. For posterior dislocations, a posterior approach, 
such as a modified Gibson (see Technique 1.68) or Moore (see 
Technique 1.70) approach, should be used. For anterior dis-
locations, an anterior approach, such as the Smith-Petersen 
or Watson-Jones (see Techniques 1.60 and 1.63) approach, 
is used. If the direction of dislocation cannot be determined, 
MRI is helpful in localizing a soft-tissue injury. A posterior 
approach is frequently used because this is the more common 
direction of dislocation. A surgical dislocation approach may 
be used if more extensive work is required as in the case of a 
femoral head fracture. At open reduction, the hip should be 
distracted and the acetabulum should be checked for loose 
bony fragments or an inverted labrum or other soft tissue. 
Reduction should be confirmed under direct inspection and 
radiographically in the operating room, ensuring that the 
width of the joint space has returned to normal. The technique 
for open reduction of an incongruous closed reduction is the 
same as for irreducible hip dislocation and is described in 
Chapter 55. For late complications, such as persistent mechan-
ical symptoms or pain, hip arthroscopy may be useful with the 
most common findings being loose bodies, chondral damage, 
labral tears, and ligamentum teres injuries. Hip arthroscopy 
technique and indication are discussed further in Chapter 51.

Rarely, a neglected traumatic dislocation may require open 
reduction in a child or adolescent. In a report of eight chronic 
dislocations, traction failed to obtain reduction in all eight and 
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open reduction was required because of pain and gait distur-
bances. At an average follow-up of almost 8 years, six of the hips 
remained reduced; all had evidence of osteonecrosis. Although 

these results are not particularly good, they are, according to 
the authors, preferable to those obtained with other treatment 
methods or with no treatment. Other authors have recom-
mended open reduction of neglected dislocations, even with 
the likelihood of osteonecrosis, because an anatomically placed 
femoral head maintains the stimulus for growth of the pelvis 
and femur, prevents deformity, and maintains limb length.

Occasionally, an ipsilateral femoral fracture occurs at the 
time of hip dislocation. The treatment of this combination of 
injuries is described in Chapter 55. 

SLIPPED CAPITAL FEMORAL 
EPIPHYSIS
A type I transepiphyseal fracture-separation and SCFE are 
epiphyseal separations, but controversy over their natu-
ral histories and pathogenesis separates the two disorders. 
Type I transepiphyseal separations generally are caused by 
high-energy trauma, whereas SCFE can occur insidiously 
and minor trauma can cause acute separation or a chronic 
slip. Type I transepiphyseal separations are most common 

 

A
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FIGURE 36.115 Osteonecrosis of femoral head after hip dislocation. A, Traumatic dislocation in 
older child. B, After satisfactory closed reduction. C, At 1 year after reduction, suggestion of early 
osteonecrosis. D, At 8 years after reduction, cystic appearance of osteonecrosis.

 FIGURE 36.116 Incongruous reduction of hip. Radiograph of both hips 
after what was thought to be successful closed reduction of traumatic dislo-
cation of the right hip in adolescent. Reduction is incongruous, however, 
as shown by break in Shenton line and increase in width of joint space.
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in young children, whereas SCFE occurs in a distinct older 
age group (age 10 to 16 years); 78% of patients with SCFE 
are adolescents in the rapid growth phase. SCFE occurs more 
frequently in obese children and is almost twice as common 
in boys as in girls. It occurs approximately twice as often in 
children of African descent than in children of European 
descent. The left hip is affected twice as often as the right, and 
bilateral involvement is reported to occur in 25% to 40% of 
children. When bilateral slips occur, the second slip usually 
occurs within 12 to 18 months of the initial slip. Patients with 
open triradiate cartilage are at higher risk.

Several etiologic factors have been suggested for SCFE, 
including local trauma, mechanical factors (especially obe-
sity, growth spurts, and puberty), inflammatory conditions, 
endocrine disorders (e.g., hypothyroidism, hypopituitarism, 
and chronic renal disease), genetic factors, Down syndrome, 
and seasonal variations. Although shear forces generally are 
cited as causative factors, torsional forces also play a role in 
SCFE. Sankar et  al. also demonstrated increased acetabular 
retroversion and overcoverage in the unaffected hip with 
SCFE. Moreover, in the proximal femur throughout child-
hood and culminating in adolescence, several pathophysi-
ologic changes occur that increase the vulnerability of the 
physis, including a decrease in the neck-shaft angle, increase 
in the obliquity of the physis, thinning of the perichondrial 
ring, and change in the cellular anatomy of the physis. Liu 
et al. also noted that the epiphyseal tubercle may be protective 
at an early age until it decreases in size during adolescence. 
Physeal widening at this age may then allow the epiphysis to 
internally rotate around the tubercle. The reliable orientation 
of the lateral epiphyseal vessels adjacent to the tubercle might 
explain the low rate of osteonecrosis in chronic, stable slips. 
The true cause of SCFE, however, is likely multifactorial: a 
physis that is weakened by some underlying condition fails 
when it is subjected to more than normal stress, resulting in 
slipping of the proximal femoral epiphysis.

The clinical symptoms and radiographic signs of SCFE 
vary according to the type of slip, but usually include pain 
in the groin, hip, medial thigh, or knee and limitation of hip 
motion, especially internal rotation. Georgiadis and Zaltz 
described the medial thigh pain in SCFE as being referred by 
a reflex arc involving somatic sensory nerves ending at the 
same spinal level as opposed to being caused by irritation of 
the obturator nerve branches. Often when the hip is flexed 
the leg externally rotates in a frog-leg position because of the 
abnormal contact between the displaced femoral neck and 
the acetabular rim. SCFE should be suspected in patients age 
10 to 16 years who complain of vague knee pain, which may 
be referred pain from the hip. Patients with chronic slips may 
have mild or moderate shortening of the affected extremity, 
the leg may be in fixed external rotation leading to an out-
ward foot progression angle compared with the uninvolved 
side, and a Trendelenburg gait may be present. Unfortunately, 
the diagnosis is frequently delayed, which may result in more 
severe deformity and worse long-term outcomes. Kocher 
reported that delays in diagnosis occur primarily in patients 
with knee or distal thigh pain, patients with Medicaid cover-
age, and patients with stable slips.

The diagnosis of SCFE usually is apparent from antero-
posterior and frog-leg pelvic radiographs, but special views 
may be helpful. The Klein line is a line along the superior 
aspect of the femoral neck that normally is intersected by the 

epiphysis. In early slips, the epiphysis is flush with or below 
this line (Fig. 36.117). A modification of this measurement 
considered a slip to have occurred if the maximal width of 
the epiphysis lateral to the Klein line differed 2 mm or more 
from the contralateral hip. This modification was reported to 
improve sensitivity from 40% to almost 80%. Often a dou-
ble density is seen at the metaphysis on the anteroposterior 
radiograph as compared with the contralateral hip when the 
metaphysis is translated anteriorly and externally rotated 
relative to the epiphysis; this has been called a metaphyseal 
blanch sign (Fig. 36.118). Although not routinely used in our 
practice, advanced imaging may add benefit in some cases. 
MRI can be used for diagnosis of a subtle or “preslip” condi-
tion suggested by edema around the physis on T2-weighted 
images, which should be a sign that a slip is present. It also 
is useful in ruling out additional hip pathology or assessing 
femoral head perfusion. CT is helpful in determining if the 
physis is closed or for preoperative planning before complex 
osteotomies.

SCFE traditionally has been classified according to the 
duration of symptoms and the stability of the slip. Acute SCFE 
presents within 3 weeks of the onset of symptoms, whereas 
a chronic SCFE has a more gradual onset of symptoms of 
more than 3 weeks’ duration. A third subset of patients may 
be symptomatic from a longer period and then develop 
more acute symptoms resulting in acute-on-chronic SCFE. 
Radiographs of a chronic SCFE usually show the epiphyseal 
displacement with evidence of bone healing or remodeling 
with possible secondary changes to the acetabulum and femo-
ral neck, depending on the duration of symptoms and degree 
of the slip. This temporal classification of SCFE is descriptive 

 

BA
FIGURE 36.117 The Klein line: in early slips, the epiphysis is flush 

with or below this line. A, Normal hip. B, Slipped capital femoral 
epiphysis.

 FIGURE 36.118 “Blanch” sign in slipped capital femoral epiph-
ysis. Double density can be seen at the metaphysis of the left hip.  
(From Steel HH: The metaphyseal blanch sign of slipped capital femoral 
epiphysis, J Bone Joint Surg 68A:920, 1986.)
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but has little prognostic value. The most widely accepted clas-
sification of SCFE was introduced by Loder et al. and is based 
on the stability of the physis. A slip is classified as unstable if 
severe pain prevents walking, even with crutches, regardless 
of the duration of symptoms. With a stable slip, walking is 
possible, with or without crutches. Satisfactory results were 
obtained in 96% of stable slips compared with 47% of unsta-
ble slips. In addition, the osteonecrosis rate for the stable slips 
was 0% compared with 47% in the unstable group with opera-
tive intervention.

SCFE can be graded based on the severity of the slip. A 
preslip condition is present if there is symptomatic weak-
ening of the physis without loss of the normal epiphyseal-
metaphyseal orientation. Radiographs may demonstrate 
irregularity, widening, and indistinctness of the physis, and 
MRI demonstrates abnormal edema surrounding the physis. 
Mild slipping (grade I) exists when the neck is displaced less 
than one third of the diameter of the femoral head or when 
the head-shaft angle deviates from normal by 30 degrees 
or less on either projection as described by Southwick  
(Fig. 36.119). In moderate slipping (grade II), the neck is dis-
placed between one third and one half of the diameter of the 
femoral head or the head-shaft angle deviates between 30 and 
60 degrees from normal on either view. Severe slipping (grade 

III) is characterized by neck displacement of more than half 
the diameter of the head or deviation of the head-shaft angle 
of more than 60 degrees. In most large series of SCFE, 60% to 
90% of slips are classified as chronic and more than half are 
classified as mild slips.

SCFE also can be idiopathic or atypical (associated with 
renal failure, radiation therapy, hypogonadism, Down syn-
drome, and various endocrine disorders). Children younger 
than 10 years old or older than 16 have been reported to be 
4.2 times more likely to have atypical SFCE and 8.4 times 
more likely if their weight was below the 50th percentile. 
Slips occurring in children with underlying endocrinopa-
thies or other risk factors may be susceptible to failure of 
screw fixation, progressive slipping, or contralateral slipping. 
When symptoms of pain continue (average 5 months) in such 
patients, close follow-up with radiographs or prophylactic 
pinning is necessary. Some authors have advocated treatment 
with pins that are smooth proximally and threaded distally to 
engage the anterolateral femoral cortex with no threads cross-
ing the physis to allow continued growth in younger patients 
with renal osteodystrophy. A single cannulated 7-mm diam-
eter screw with 10-mm threads also can be used. The screw 
should be placed in the centerline of the femoral head so that 
all screw threads are within the femoral head and not in the 
joint. The screw is left protruding 15 to 20 mm to allow fur-
ther physeal growth (Fig. 36.120).

TREATMENT
The ideal treatment of SCFE would restore the biomechan-
ics of the hip, prevent additional slipping of the epiphysis, 
and stimulate early physeal closure while avoiding the com-
plications of osteonecrosis, chondrolysis, and osteoarthritis. 
Stabilization of the slip and closure of the physis are relatively 
easy to obtain by a variety of methods; however, restoration 
of hip biomechanics and prevention of complications has 
proved more difficult.

Methods of operative treatment of SCFE have included 
percutaneous and open in situ pinning, ORIF, epiphysiode-
sis, osteotomy, and reconstruction by arthroplasty, arthrod-
esis, or cheilectomy. Each technique has its proponents and 
opponents, and the choice of treatment must be individual-
ized for each child, depending on age, type of slip, and sever-
ity of displacement.
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FIGURE 36.119 A and B, Measurement of head-shaft angle on 
anteroposterior and lateral radiographs. Line A connects peripheral 
portions of physis. Line B is perpendicular to line A, and line C is 
in long axis of femoral shaft. Intersection of lines B and C forms 
head-shaft angle in both views.

 FIGURE 36.120 Principle of dynamic screw fixation. Short screw 
thread (10 mm) in epiphysis only, and screw and washer are left 
long for continued growth.
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FIGURE 36.121 Screw positions in proximal femur. Position 1, 
central axis of screw is located over center line of femoral head or 
within distance equal to one-half diameter of screw (ideal posi-
tion). Position 2, distance between axis of screw and center line of 
femoral head is between one half and one screw diameter. Posi-
tion 3, axis of screw is more than one screw diameter from center 
line. Position is given as two numbers: first for position of screw 
on anteroposterior radiograph and second for position as seen on 
lateral view. Ideal position is 1.

 FIGURE 36.122 Patient positioning and C-arm placement for 
fluoroscopy. SEE TECHNIQUE 36.22.

IN SITU PIN OR SCREW FIXATION
Percutaneous in situ screw fixation currently is the most 
commonly used treatment for both stable and unstable SCFE 
regardless of the severity of the slip. Modern cannulated 
screw systems allow more accurate placement of screws and 
have become the implant of choice for fixation. Although ear-
lier reports indicated that two or three pins were necessary for 
stability, several studies have failed to demonstrate a clinical 
or biomechanical advantage to multiple pins and advocate the 
use of a single, larger-diameter screw inserted into the cen-
ter-center position of the epiphysis. Occasionally, a second 
screw is used at our institution if a high-grade slip is present 
and a single screw does not achieve adequate stability in the 
unstable SCFE. Alternatively, an open procedure may be per-
formed to restore the epiphyseal alignment and achieve stabil-
ity. For unstable slips, a gentle or “incidental” reduction may 
be applied by simply positioning the patient in the appropri-
ate position on the operative table, but forceful manipulation 
of the hip should be avoided because of the high association 
between a manipulative reduction and osteonecrosis.

Our techniques for determining the entry point for 
screw fixation and placement of the cannulated screw into 
the epiphysis are described in Techniques 36.22 and 36.23, 
respectively. Obtaining the appropriate starting point to 
allow passage of the screw perpendicular to the physis and 
into the center-center position is important; however, Merz 
et  al. noted that a screw passed obliquely across the physis 
into the center-center position does not significantly alter the 
biomechanical stability of the construct. This may be helpful 
when trying to avoid screw placement that results in dynamic 
impingement of the screw head.

Persistent screw penetration has been the most serious 
disadvantage of in situ fixation. Adverse effects attributed 
to unrecognized implant penetration include joint sepsis, 
localized acetabular erosion, synovitis, postoperative hip 
pain, chondrolysis, and late degenerative osteoarthritis. As 
a practical clinical guide, placing the screw in the center of 
the femoral head no closer than 4 mm from the subchondral 
bone helps to decrease the prevalence of screw penetration  
(Fig. 36.121). Additionally, multiple radiographic views 
should be obtained to ensure persistent penetration has not 
occurred. Other methods such as the passage of the blunt end 
of the guidewire or injection of contrast dye through the can-
nulated screw have been described. 

 

DETERMINING THE ENTRY POINT FOR 
CANNULATED SCREW FIXATION OF A 
SLIPPED EPIPHYSIS

 TECHNIQUE 36.22 

(CANALE ET AL.)
 n  Place the patient supine so that anteroposterior and 

lateral fluoroscopic views can be obtained without 
repositioning the patient or the extremity; a fracture 
table, or alternatively a radiolucent flat top table, can 
be used. The entire proximal femoral epiphysis and hip 

joint space should be clearly visible on both views. Pre-
pare and drape the extremity to allow free access to the 
entire anterior surface of the thigh and as far medially 
as the pubis in the inguinal area. A fluoroscopic C-arm 
is used for an anteroposterior and an exact lateral im-
age (Fig. 36.122). On the lateral view, the femoral neck 
should be parallel to the femoral shaft.

 n  Place a guidewire on the anterior aspect of the thigh so 
that the anteroposterior image shows it in the desired 
varus-valgus position and mark the position of the guide-
wire on the anterior surface of the thigh with a marking 
pen.
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 n  Place the guidewire along the lateral aspect of the thigh 
so that it is in the correct anteroposterior position on 
fluoroscopic image and mark the position of the wire on 
the skin. In SCFE, the epiphysis is displaced posteriorly 
relative to the femoral neck, and this lateral guidewire 
angles from anterior to posterior and appears on the 
fluoroscopic image to enter at the anterior femoral neck. 
The two skin lines should intersect on the anterolateral 
aspect of the thigh. The greater the degree of the slip 
(the more posterior the epiphysis), the more anterior the 
intersection.

 n  Place a guidewire, drill, or pin through a small lateral in-
cision at the intersection of the two skin lines. Monitor 
proper alignment, position, and depth of insertion in the 
proximal femoral epiphysis on anteroposterior and lateral 
fluoroscopic images. Take care not to bend, kink, or notch 
the guidewire for fear of interosseous breakage.

 n  Insert the cannulated screw in the routine manner; the 
threads of the screw at the tip should traverse the physis 
(see Fig. 36.107F).
   

 

DETERMINING THE ENTRY POINT FOR 
CANNULATED SCREW FIXATION OF A 
SLIPPED EPIPHYSIS

 TECHNIQUE 36.23 

(MORRISSY)
 n  Place the patient on the fracture table with the affected 

leg abducted 10 to 15 degrees and internally rotated 
as far as possible without force. This brings the femoral 
neck as close as possible to parallel to the floor to as-
sist in obtaining true anterior and lateral image views. 
Position the image intensifier between the legs so that 
anteroposterior and lateral views can be obtained 
by moving the tube around the arc of the machine  
(Fig. 36.123).

 n  After standard preparation and draping and under image 
control, insert a Kirschner wire percutaneously through 
the anterolateral area of the thigh down to the femoral 
neck (Fig. 36.124), adjusting the guidewire on the antero-
posterior projection to determine the axis of the femoral 
neck. Obtain a lateral view to determine the amount of 
posterior inclination necessary.

 n  When the starting point on the femoral neck and amount 
of posterior inclination have been estimated, insert the 
guide assembly through a small puncture wound. Ad-
vance the guide assembly to the physis and confirm place-
ment in the central axis of the femoral head by image in-
tensification. If the position is correct, advance the guide 
assembly across the plate. (If positioning is incorrect, 
insert a second guide assembly using the first to deter-
mine what correction in the starting point or angulation 
is necessary.) When the proper depth is reached (at least 
0.5 cm from subchondral bone), remove the cannula and 
leave the guidewire in the bone.

 n  Determine the correct screw length by passing a guide-
wire of identical length along the one in the bone and 
measuring the difference. Advance the correct-length 
screw over the guide pin and remove the pin.

 n  Remove the leg from the traction device and move it 
in multiple directions, using anteroposterior and lateral 
views to confirm that the screw does not penetrate the 
joint. If two screws are deemed necessary for an acute, 
unstable slip, the first screw should lie in the central axis 
of the femoral head and the second below it, avoiding the 

 FIGURE 36.123 Percutaneous in situ fixation of slipped capital 
femoral epiphysis. Positioning of image intensifier to allow rota-
tion necessary to obtain lateral and anteroposterior views. (From 
Morrissy RT: Slipped capital femoral epiphysis: technique of percuta-
neous in site fixation, J Pediatr Orthop 10:347, 1990.) SEE TECHNIQUE 
36.23.

 FIGURE 36.124 Kirschner wire passed percutaneously to esti-
mated starting point on the femur. SEE TECHNIQUE 36.23.
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superolateral quadrant. The second screw should stop at 
least 5 mm from the subchondral bone.

 n  Close the stab wound with a single subcuticular suture.

See also Video 36.2.

POSTOPERATIVE CARE Range-of-motion exercises are 
begun the day after surgery. For stable slips, patients are 
allowed to bear weight as tolerated with an assistive device 
the first day after surgery and are discharged the same day. 
Crutches are used until all signs of synovitis are gone and 
motion is free and painless (usually 2 to 3 weeks). For unsta-
ble slips, partial weight bearing is maintained with crutches 
for 6 to 8 weeks. All rigorous sports and other activities 
are limited until the physes have closed. Screw removal is 
not necessary, but the screws can be removed after phy-
seal closure has been shown radiographically. The easiest 
method of removal is to pass a guidewire into the cannula 
of the screw under image control to allow the screwdriver 
to be guided into the head of the screw over the guidewire. 
However, we routinely do not remove the screws.
  

CONTRALATERAL SLIPS
Bilateral slips are present in 20% to 30% of patients at initial 
presentation; the reported frequency of a subsequent, contra-
lateral slip during the remaining growth period has ranged 
from 20% to 40%. Castro et al. estimated that patients with 
unilateral SCFE are 2335 times more likely to develop a con-
tralateral slip than those who have never had SCFE are to have 
an initial slip. Even with this very high prevalence of bilateral 
slips, prophylactic pinning of the contralateral hip in a patient 
with a unilateral slip remains controversial. Because of the 
risks associated with prophylactic pinning of a radiographi-
cally and clinically normal hip, emphasis has been placed on 
trying to predict which patients with a unilateral slip will ulti-
mately develop a second, contralateral slip.

Age appears to be one predictive factor. Females younger 
than 10 years of age and males younger than 12 years of age 
have a substantially increased incidence of contralateral SCFE, 
and prophylactic in situ fixation probably is indicated for these 
patients to prevent problems with leg-length inequality and long-
term degenerative joint disease. Prophylactic fixation also may 
be indicated in patients with endocrine abnormalities or other 
processes related to their SCFE, those for whom reliable follow-
up is not feasible, and those who have high risk factors for devel-
oping osteonecrosis or chondrolysis, such as obesity in younger 
children. A “posterior sloping” angle of more than 12 degrees  
(Fig. 36.125) has been described as predictive of the devel-
opment of a contralateral slip. The use of a cannulated screw 
with a shorter threaded length that does not engage the physis 
has been recommended in young children to maintain stabil-
ity without causing physeal closure and extremity shortening. 
Kocher et al. in a decision analysis found the optimal decision 
to be observation but advocated for contralateral fixation in 
patients with added risk factors or in patients in whom reliable 
follow-up was not feasible. Other recent studies have advocated 
for more routine fixation of the contralateral hip when a unilat-
eral slip is present, especially in younger children with an open 
triradiate cartilage.

OPEN TECHNIQUES
Several modern open techniques for the treatment of SCFE 
have been developed in an attempt to improve on the high 
rates of complications seen with in situ fixation by addressing 
the acquired deformity of a slipped epiphysis and minimizing 
the vascular insult. The ideal treatment of a slip remains con-
troversial but should take into account the degree of deformity, 
stability of the slip, risk of osteonecrosis, and an honest assess-
ment of the skill set of the surgeon. For mild or stable slips 
that result in impingement or functional loss, limited open, 
surgical dislocation, and arthroscopic osteochondroplasty 
have been reported after in situ fixation with good results and 
are described in Chapter 6 (femoroacetabular impingement). 
For acute, unstable slips, some advocate an open approach to 
the hip through a Smith-Peterson or Watson-Jones approach 
with wide capsulotomy, gentle “finger” reduction, and fixation 
with cannulated screws. Alternatively, in moderate-grade or 
high-grade slips, where posterior callus formation and a con-
tracted retinaculum may result in a block to anatomic reduc-
tion or an increase in the tension on the epiphysis vessels, a 
subcapital wedge resection of the femoral neck with reduc-
tion of the epiphysis may be performed with the modified 
Dunn technique (Technique 36.25). Ziebarth et al. reported 
40 patients from two centers with moderate or severe SCFE 
who underwent capital realignment with the modified Dunn 
procedure. In their series, there were no cases of osteonecro-
sis at short-term follow-up, and the anatomy was restored to 
a slip angle of 4 to 8 degrees. The average alpha angle in their 
series was 40.6 degrees, and the incidence of cartilage dam-
age, especially in stable slips, was very high. Navais et al. ret-
rospectively compared 15 patients with severe, stable SCFE 
treated with the modified Dunn technique to 15 patients with 
severe, stable SCFE treated with in situ fixation. They found 
that the modified Dunn procedure resulted in better morpho-
logic features of the femur, a higher rate of good and excellent 

 

A
B

C
a

FIGURE 36.125 Posterior sloping angle of more than 12 degrees 
is described as predictive of development of contralateral slip. Line 
A is drawn along femoral neck (diaphyseal axis). Line B is drawn 
along plane of the physis. Line C is drawn perpendicular to line A. 
a is posterior sloping angle.  (From Park S, Hsu JE, Rendon N, et al: 
The utility of posterior sloping angle in predicting contralateral slipped 
capital femoral epiphysis, J Pediatr Orthop 30:683, 2010.)
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A
B

C

FIGURE 36.126 Osteotomies for slipped capital femoral epiph-
ysis. A, Through neck near epiphysis. B, Through base of neck. C, 
Through trochanteric region.

Heyman and Herndon clinical outcome, a lower reopera-
tion rate, and a similar occurrence of complications, which 
included an osteonecrosis risk of 7%. Alternatively, Sankar 
et al. reported 27 patients who had restoration of their capi-
tal alignment with the modified Dunn technique, but had a 
15% incidence of implant failure requiring revision and 26% 
incidence of osteonecrosis at 22-month follow-up. Additional 
studies are needed to accurately assess the outcomes of this 
procedure for both unstable and stable slips.

Historically, several other corrective osteotomies have 
been described and can be divided into femoral neck and 
intertrochanteric osteotomies. Because moderately or 
severely displaced slips produce permanent irregularities in 
the femoral head and acetabulum, some form of realignment 
procedure often is indicated to restore the normal relation-
ship of the femoral head and neck and possibly delay the 
onset of degenerative joint disease; however, in long-term fol-
low-up, patients with osteotomies have been reported to have 
worse scores on the Iowa hip rating with each passing decade 
than patients without hip realignment procedures. Suggested 
indications for osteotomy have included problems with gait, 
sitting, pain, or cosmetic appearance. Often these procedures 
were performed more than 1 year after stabilization because 
of the belief that the femoral head may have the capacity to 
remodel. More recent data and a better understanding of 
SCFE-induced impingement call into question the ability 
of a significant deformity to remodel and raise concern that 
any “remodeling” may come at the cost of repetitive trauma 
to the labrum, chondrolabral junction, and weight-bearing 
acetabular cartilage. Historically, poor results with osteotomy 
techniques may have been partially related to a poor under-
standing of the blood supply to the head and intervention 
after irreparable damage has occurred to the articular surface.

The two basic types of corrective osteotomy are closing 
wedge osteotomy through the femoral neck, usually near the 
physis to correct the deformity, and compensatory osteotomy 
through the trochanteric region to produce a deformity in the 
opposite direction (Fig. 36.126). The advantage of osteotomy 
through the femoral neck is that the deformity itself is cor-
rected, but incidences of osteonecrosis ranging from 2% to 
100% and of chondrolysis from 3% to 37% have been asso-
ciated with this procedure. Advocates of the modified Dunn 
procedure have proposed this technique as a viable option for 
patients with moderate or severe deformity; however, it does 
introduce a risk of osteonecrosis, and long-term results are 
needed before it should be widely adopted. With the excep-
tion of the modified Dunn technique, femoral neck osteoto-
mies have been abandoned at our institution.

Trochanteric osteotomies can produce an oppo-
site deformity to correct the coxa vara, hyperextension, 
and external rotation produced by a slipped epiphysis. 
Southwick described a biplanar osteotomy at the level of the 
lesser trochanter to correct the varus and hyperextension 
and dynamically correct the external rotation. Alternatively, 
the Imhaüser osteotomy can be used to primarily correct 
the hyperextension and secondarily to correct the varus and 
external rotation, as described in Technique 36.28. If the 
physis is not yet fused, then fixation of the physis should be 
achieved with a screw before the osteotomy. Trochanteric 
osteotomies have the advantage of low osteonecrosis rates 
but the disadvantage of incomplete correction of the defor-
mity. Outcomes of trochanteric osteotomies are largely 

dependent on the degree of correction achieved and the 
extent of the underlying articular damage. Trochanteric 
osteotomies also have been combined at our institution with 
femoral neck osteochondroplasty through a surgical dislo-
cation or limited anterior approach. 

 

POSITIONAL REDUCTION AND 
FIXATION FOR SCFE

 TECHNIQUE 36.24 

(CHEN, SCHOENECKER, DOBBS ET AL.)
 n  After induction of general endotracheal anesthesia, place 

the patient on a fracture table with the involved extremity 
in gentle traction and the hip in extension, neutral rota-
tion, and neutral abduction.

 n  Flex the uninvolved hip into the lithotomy position to 
allow an image intensifier to adequately access the 
pelvis. Obtain anteroposterior and lateral fluoroscopic 
images before making the incision. Often simple posi-
tioning results in reduction and can be determined by 
the remodeling of the femoral neck, particularly on the 
lateral view.

 n  If reduction is not obtained by positioning, apply mini-
mal internal rotation (generally no more than 10 degrees) 
with slightly more traction; make no attempt at forceful 
reduction past the preacute position. This reduction re-
establishes the preacute length of the retinacular vessels 
that supply the femoral head.

 n  If decompression of an intraarticular hematoma is need-
ed, perform a capsulotomy through an anterior iliofemo-
ral approach between the tensor fascia lata and sartorius 
muscles, taking care not to sacrifice the ascending branch 
of the lateral femoral circumflex artery.

    

https://booksmedicos.org


CHAPTER 36 FRACTURES AND DISLOCATIONS IN CHILDREN 1573

 n  Once the hip joint is exposed, apply gentle flexion and 
internal rotation to confirm reduction under direct obser-
vation.

 n  Use a triangulation technique with a guidewire under 
fluoroscopic vision to determine the skin entry point on 
the anterolateral aspect of the hip.

 n  Advance the guidewire through the anterior aspect of 
the femoral neck and direct it perpendicular to the phy-
sis, slightly superiorly and anteriorly to the center of the 
physis.

 n  Place a second guidewire parallel to the first and slightly 
inferior and posterior to the center of the physis.

 n  Advance a cannulated drill over each guidewire and insert 
two appropriate-sized cannulated screws over the guide-
wires. When position of the screws is confirmed, remove 
the guidewires.

PERCUTANEOUS CAPSULOTOMY TO DECOMPRESS  
THE INTRAARTICULAR HEMATOMA 

 n  Place long Metzenbaum scissors on the anterior femoral 
neck just distal to the physis under fluoroscopic confirma-
tion.

 n  Use tactile confirmation to locate the generally tough hip 
capsule overlying the anterior femoral neck and carefully 
advance the scissors to perforate the capsule. Confirm 
this with fluoroscopy.

 n  Alternatively, advance a drill bit through the capsule and 
into the epiphysis under image intensifier guidance. 

POSTOPERATIVE CARE Patients are restricted to non–
weight bearing on crutches or in a wheelchair for approxi-
mately 2 months.
   

 

SUBCAPITAL REALIGNMENT OF THE 
EPIPHYSIS (MODIFIED DUNN) FOR 
SCFE
Leunig, Slongo, and Ganz described a subcapital realign-
ment procedure in which the femoral head is dislocated, 
an osteotomy of the greater trochanter is made, and the 
capital epiphysis is realigned and internally fixed. The ratio-
nale behind this technique is that the blood supply to the 
femoral head is preserved with the dislocation technique, 
thus avoiding osteonecrosis of the femoral head and avoid-
ing FAI by aligning the physis to the femoral neck. This is 
a complex procedure that should be done only by experi-
enced hip surgeons.

 TECHNIQUE 36.25 

(LEUNIG, SLONGO, AND GANZ)
 n  Place the patient in the lateral decubitus position, with the 

leg draped free and placed on a sterile bag fixed to the 
front of the operating table.

 n  Make a Gibson approach (see Technique 1.68), posteri-
orly retracting the gluteus maximus. This approach allows 

exposure similar to that obtained with a Kocher-Langen-
beck approach but produces a more acceptable cosmetic 
result.

 n  Retract the fascial layer between the gluteus maximus and 
medius along with the gluteus maximus to preserve opti-
mal innervation and blood supply to the muscle.

 n  Internally rotate the leg and identify the posterior border 
of the gluteus medius by dissecting the overlying adipose 
tissue.

 n  Mark the level and direction of the trochanteric osteoto-
my with a knife, creating a line from the posterosuperior 
edge to the posterior border of the vastus lateralis. Place 
this line anterior to the trochanteric crest to avoid injury 
to the insertion of the external rotators. After the oste-
otomy, the gluteus medius, the vastus lateralis, and the 
long tendon of the gluteus minimus will remain attached 
to the trochanteric fragment. The maximal thickness of 
the trochanteric fragment should not exceed 1.5 cm, and 
the osteotomy should exit proximally just anterior to the 
most posterior inserting fibers of the gluteus medius to 
keep most of the piriformis insertion on the femur and 
not on the fragment.

 n  Expose the hip joint capsule by further dissection be-
tween the piriformis tendon and gluteus minimus, an 
interval that offers the best protection for the blood sup-
ply to the femoral head and allows preservation of the 
constant anastomosis between the inferior gluteal artery 
and the deep branch of the medial femoral circumflex 
artery.

 n  Flip the greater trochanteric fragment anteriorly by elevat-
ing the vastus lateralis along its posterior border to the 
middle of the gluteus maximus tendon insertion on the 
femoral shaft.

 n  Proximally, cut the few gluteus medius fibers remaining 
on the stable trochanter to allow further anterior mobili-
zation of the trochanteric fragment.

 n  Flex and externally rotate the leg to increase exposure of 
the capsule within the gap between the piriformis and the 
gluteus minimus.

 n  Release the anterosuperior capsular insertion of the glu-
teus minimus muscle while preserving the long tendon 
of the gluteus minimus that inserts anterior on the tro-
chanteric fragment. Up to this point in the procedure, all 
external rotators remain attached to the stable trochanter 
and protect the medial femoral circumflex artery.

 n  Incise the capsule close to the anterosuperior edge of the 
stable trochanter in a direction axial to the neck. Make a 
perpendicular extension along the anterior neck insertion 
to create a flap that can be lifted to create an inside-out 
capsulotomy that provides protection from cutting into 
cartilage and labrum.

 n  Extend the Z-shaped capsulotomy (for the right side) 
along the posterior border of the acetabulum. Direct the 
anteroinferior extension of the capsulotomy toward the 
anteroinferior border of the acetabulum. This extension 
must remain anterior to the lesser trochanter to avoid 
damage to the main branch of the medial femoral circum-
flex artery, which is located in the vicinity of the femur just 
superior and posterior to the lesser trochanter.

 n  Retract the anteromedial capsular flap with a small, spiked 
Hohmann retractor that is driven into the supraacetabular 
bone just lateral to the anterior inferior iliac spine.
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 n  Use two additional Langenbeck retractors to provide ex-
posure for inspection of the joint for synovitis, color and 
quantity of synovial fluid, degree of femoral head tilt, and 
stability of the epiphysis on the metaphysis. If the epiphy-
sis is mobile or stability is questionable, prophylactic pin-
ning is recommended; however, any attempt at reducing 
a mobile epiphysis anatomically should be avoided at this 
time because there is a high risk of pathologic stretching 
of the retinaculum before removal of the posterior callus.

 n  Before surgical dislocation, drill a 2-mm hole in the fem-
oral head to document blood perfusion. Laser Doppler 
flowmetry can provide dynamic control of the perfusion 
throughout the operation.

 n  Flex and externally rotate the hip and place the leg into 
a sterile bag over the anterior side of the table to sublux 
the femoral head. Use a bone hook around the femoral 
calcar to improve exposure of the joint.

 n  Document the damage pattern to the labrum and carti-
lage of the acetabulum and recreate the damage by the 
anterior metaphysis above the level of the epiphyseal con-
tour by reducing the femoral head and moving it through 
flexion and internal rotation. If the epiphyseal tilt is small 
(<30 degrees) in a stable situation, and if trimming of the 
anterior metaphysis would be sufficient without creating 
a too thin femoral neck, full dislocation is not necessary. 
Create a normal offset by trimming the metaphyseal con-
tour and pinning the epiphysis in situ.

 n  If slippage is more severe, dislocate the femoral head. 
With the head subluxed, section the round ligament 

with curved scissors. With manipulation of the leg and 
the use of special retractors on the acetabular rim and 
teardrop area, inspect the entire acetabulum (360 de-
grees).

 n  Rotate the leg to make visible the difference in surfaces 
of the femoral head and record the actual amount of 
epiphyseal slip. The retinaculum protecting the terminal 
branches of the medial femoral circumflex artery to the 
femoral epiphysis is clearly visible on the posterosuperior 
contour of the femoral neck as a somewhat mobile layer 
of connective tissue. Constantly moisten the femoral 
head cartilage during exposure.

 n  Reduce the femoral head into the acetabulum for cre-
ation of the soft-tissue flap consisting of the retinaculum 
and external rotators and containing the blood supply for 
the epiphysis.

 n  With an osteotome, carefully mobilize the area of the sta-
ble trochanter proximal to the visible physis (Fig. 36.127A) 
and then excise this fragment subperiosteally in an inside-
out fashion.

 n  Incise the periosteum of the neck anterior to the visible 
retinaculum from the anterosuperior edge of the trochan-
ter physis toward the femoral head. Elevate the perioste-
um from the posterior neck with a knife and sharp perios-
teal elevators, taking care to avoid suture of the anterior 
insertion of the retinaculum near the femoral epiphysis.

 n  Extend the periosteal release distally to the base of the 
lesser trochanter and level the remaining osseous ledge 
of the trochanteric base.

 

A B

C D

FIGURE 36.127 A–D, Subcapital realignment of epiphysis. Redrawn from Leunig M, Slongo T, 
Ganz R: Subcapital realignment in slipped capital femoral epiphysis: surgical hip dislocation and trimming 
of the stable trochanter to protect the perfusion of the epiphysis, Instr Course Lect 57:499, 2008.) SEE 
TECHNIQUE 36.25.
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 n  In a similar manner, free the anteromedial periosteum 
(this is easier with the head dislocated), taking care to 
prevent disruption of the periosteal tube from the epiphy-
sis (Fig. 36.127B).

 n  With the femoral head dislocated, use two blunt retrac-
tors to expose the femoral neck medially and laterally, 
avoiding any stretching of the retinaculum.

 n  Mobilize the epiphysis in a stepwise fashion with a curved 
10-mm osteotome placed anteriorly into the physis.

 n  The physis is located proximal to the distal border of the 
epiphyseal joint cartilage. Normally, no wedge resection 
is necessary. With simultaneous levering with the osteo-
tome and controlled external rotation of the leg, deliver 
the metaphyseal stump from the periosteal tube while the 
epiphysis remains in the posteromedial position. Removal 
of a posteromedial callus bridge in flexion-external rota-
tion may facilitate this step.

 n  Spontaneous reduction of the isolated epiphysis into the ac-
etabulum may occur at this time. Redislocation is difficult even 
with Kirschner wires inserted into the epiphysis. To help avoid 
this complication, place a small swab in the acetabulum.

 n  Remove visible or palpable callus formation on the poste-
rior and posteromedial aspect of the neck. To provide a 
large contact area with the epiphysis, carefully round the 
front surface of the metaphyseal stump. Use controlled 
rotational maneuvers of the shaped femoral neck to allow 
manual fixation of the epiphysis while curettage of the 
remainder of the physis is performed (Fig. 36.127C). Nor-
mally, the exposed epiphyseal bone shows clear bleeding 
as a sign of intact perfusion.

 n  After removal of all callus particles, reduce the epiphysis onto 
the neck under visual control of the retinacular tension; reduc-
tion is easier with internal rotation of the leg. If any tension 
in the retinaculum occurs during this maneuver, immediately 
stop the reduction. Check to see that parts of the posterior 
soft-tissue flap are not inverted and need to be unfolded. The 
height of the metaphysis rarely requires reduction.

 n  Carefully determine the correct spatial orientation of 
the epiphysis. Use a palpating instrument or fluoroscopy 
to ensure that the border of the epiphysis has an equal 
distance to the neck in all planes. Visually check correct 
rotation relative to the location of the retinaculum and 
the fovea capitis. Use fluoroscopy to obtain the correct 
varus-valgus position.

 n  When the correct position is obtained, temporarily fix the 
epiphysis in place with a fully threaded Kirschner wire in-
serted in a retrograde direction through the fovea capitis, 
perforating the lateral cortex of the femur just distal to the 
vastus lateralis.

 n  Pull this wire back so far that its tip is level with the 
articular head cartilage and reduce the head into the 
acetabulum to allow final control of alignment with 
fluoroscopy. If perfect alignment of the epiphysis is 
achieved, insert one or two additional fully threaded 
Kirschner wires from the lateral cortex of the subtro-
chanteric bone. Check the correct wire length visually 
or with fluoroscopy. The wires should be optimally dis-
tributed within the epiphysis.

 n  Close the periosteal tube with a few stitches, avoiding any 
tension. Close the capsule, also without any tension. If the 
tendon of the piriformis muscle is producing tension on 
the capsule, release it.

 n  Fix the trochanteric fragment with two 3.5-mm screws 
(Fig. 36.127D).

 n  Carefully close the subcutaneous adipose tissue in several 
layers; suction drainage usually is not necessary.

POSTOPERATIVE CARE Continuous passive motion is 
used during the postoperative hospital stay. Crutches are 
used for toe-touch walking. Deep venous thrombosis pro-
phylaxis with low-dose heparin is administered to obese 
patients only. Full weight bearing is allowed at 8 to 10 
weeks if radiographs show healing of the trochanteric os-
teotomy. Strengthening of the gluteus medius is begun at 
6 to 8 weeks, and full muscle strength should be achieved 
at 10 to 12 weeks. If implant removal is required, it should 
not be done until at least 1 year after surgery.
   

 

COMPENSATORY BASILAR 
OSTEOTOMY OF THE FEMORAL NECK
A compensatory osteotomy of the base of the femoral 
neck that corrects the varus and retroversion components 
of moderate or severe chronic SCFE has been suggested 
to be safer than an osteotomy made near or at the physis 
because the line of the osteotomy is distal to the major 
blood supply in the posterior retinaculum. Threaded pins 
are used for fixation of the osteotomy and the epiphysis. 
Not only is the anatomic relationship of the proximal femur 
restored, but also further slipping is prevented.

 TECHNIQUE 36.26 

(KRAMER ET AL.)
 n  Determine preoperatively the size of wedge to be re-

moved by measuring the degree of the slip. Determine 
on anteroposterior radiographs the head and neck angle. 
Use paper tracings of the anteroposterior and lateral ra-
diographs and cut with scissors the wedge on the tracing 
paper to determine the amount of bone to be removed 
and the results to be obtained.

 n  Approach the hip laterally. Begin the skin incision 2 cm 
distal and lateral to the ASIS and curve it distally and pos-
teriorly over the greater trochanter and then distally along 
the lateral surface of the femoral shaft to a point 10 cm 
distal to the base of the trochanter. Incise longitudinally 
the fascia lata. Develop the interval between the gluteus 
medius and tensor fasciae latae. Carry the dissection proxi-
mally to the inferior branch of the superior gluteal nerve, 
which innervates the latter muscle. Incise the capsule of the 
hip joint longitudinally along the anterosuperior surface of 
the femoral neck. Release widely the capsular attachment 
along the anterior intertrochanteric line. Reflect distally the 
vastus lateralis to expose the base of the greater trochanter 
and the proximal part of the femoral shaft.

 n  With the capsule of the hip joint open, identify the junc-
tion between the articular cartilage of the femoral head 
and the callus and the junction of the callus with the nor-
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mal cortex of the femoral neck. Compare the distance 
between these two junctions with the calculations made 
from the paper cutouts of the radiographs. The wid-
est part of the wedge is in line with the widest part of 
the slip, in the anterior and superior aspects of the neck  
(Fig. 36.128A,B).

 n  Make the more distal osteotomy cut first, perpendicular to 
the femoral neck and following the anterior intertrochan-
teric line from proximal to distal. Extend this osteotomy cut 
to the posterior cortex but leave this cortex intact. Make 
the second osteotomy cut with the blade of the osteotome 
directed obliquely so that its cutting edge stays distal to 
the posterior retinacular blood supply. The capsule with 
the blood supply reaches to the intertrochanteric line ante-
riorly, but posteriorly the lateral third of the neck is extra-
capsular. According to Kramer et al., an osteotomy made 
through the region of the anterior intertrochanteric line lies 
distal to the posterior retinacular vessels.

 n  Drill one or two 5-mm threaded Steinmann pins into the 
femoral neck proximally to ensure that the proximal por-
tion of the femur is kept under control before completing 
the osteotomy (Fig. 36.128A,B). During the osteotomy, 
ensure that the osteotome does not fully penetrate the 
posterior cortex. Insert several 5-mm threaded Steinmann 
pins from the outer cortex of the femoral shaft through 
the femoral neck. Complete the osteotomy by green-
sticking the posterior cortex and removing the wedge of 
bone. Advance the threaded Steinmann pins across the 
osteotomy site and the physis to prevent further slipping  
(Fig. 36.128C,D).

 n  Close the capsule of the hip with interrupted sutures. 
Clip off the pins close to the femoral shaft and close the 
wound in layers. If epiphysiodesis of the greater trochan-
ter is necessary, do it at this time.

POSTOPERATIVE CARE Bed rest is prescribed for 2 to 
3 weeks, followed by non–weight bearing. Partial weight 
bearing is allowed depending on the stability of the oste-
otomy and the weight of the patient. The threaded Stein-
mann pins should be removed only after the physis has 
fused.
   

 

EXTRACAPSULAR BASE-OF-NECK 
OSTEOTOMY
Extracapsular base-of-neck osteotomy has been recom-
mended as safe and effective in preventing further slipping 
and improving hip range of motion in patients with severe 
chronic slips; however, it does not affect limb-length dis-
crepancy. With severe slips the amount of correction of 
varus and posterior tilt of the femoral head is limited, and 
complete restoration of a normal head-shaft angle may 
not be possible or necessary. Removal of a wedge larger 
than 20 mm compromises femoral neck length and may 
increase greatly femoral anteversion. Also, pinning across 
the osteotomy site becomes more difficult when correction 
of more than 55 degrees of varus or valgus is attempted. 
These same restrictions also are applicable to intracapsular 
base-of-neck osteotomies and to the Southwick procedure 
(trochanteric osteotomy).

 TECHNIQUE 36.27 

(ABRAHAM ET AL.)
 n  Before surgery, the head-shaft angle is determined on 

lateral radiographs by measuring the angle formed by the 
epiphyseal line and the femoral shaft in the affected limb 
(Fig. 36.129) and comparing it with the contralateral side 
(or to 145 degrees). The head-shaft angle for posterior 
tilt or retroversion is determined on a frog-leg view and 
compared with the contralateral side (or to 10 degrees). 
The differences between the abnormal and normal angles 
are used to determine the size of the wedges removed 
during osteotomy.

 n  Secure the anesthetized patient on a fracture table and 
maximally internally rotate the involved limb by gently 
moving the footplate. Widely abduct the contralateral 
leg to make placement of fluoroscopic equipment easier. 
Obtain permanent anteroposterior and “shoot-through” 
lateral radiographs to confirm the chronicity of the slip 
and to outline the femoral head better. Prepare and drape 
the hip and patellar areas appropriately.

 

A B C D
FIGURE 36.128 A and B, Widest part of wedge (at base of neck) is in line with widest part of slip, 

correcting varus and retroversion components, and Steinmann pin is inserted into femoral neck to 
control proximal fragment. If wedge is too wide anteriorly, retroversion is overly corrected. Most 
common mistake is to make wedge too narrow superiorly, resulting in incomplete correction of 
varus. C and D, Osteotomy is closed, and 5-mm threaded Steinmann pins are inserted from outer 
cortex of femoral shaft through femoral neck, across osteotomy site, and into femoral head. Pins 
fix osteotomy; because they cross the physis, they prevent any further slip. SEE TECHNIQUE 36.26.
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 n  Make a standard anterolateral approach and place a 
Charnley retractor deep to the iliotibial band. Locate the 
anterior joint tissue or intertrochanteric line between the 
gluteus medius and the vastus lateralis muscles. With a 
periosteal elevator, carefully elevate the anterior iliofemo-
ral ligament. Place a narrow-tipped Hohmann retractor 
around the femoral neck superiorly and deep to the is-
chiofemoral ligament. Place another retractor deep to the 
iliofemoral ligament proximal to the lesser trochanter.

 n  Delineate a triangle on the anterior surface of the femoral 
neck to indicate the two-plane wedge osteotomy. Locate 
the proximal cut by placing a 3-cm long Kirschner wire 
on the anterior surface of the femur from the lesser to 
the greater trochanter at the base of the neck along the 
edge of the capsule (Fig. 36.130A). Confirm this position 
by fluoroscopy.

 n  Use a wide osteotome to mark the bone along the wire. 
Externally rotate the leg and drill a second Kirschner wire 
in the anteroposterior plane just distal to the guidewire 
(Fig. 36.130B). Place this wire vertical to the anterior sur-
face of the femoral neck. Rotate the limb internally and 
obtain a lateral fluoroscopic view to confirm correct wire 
placement.

 n  Begin the second distal osteotomy line from the lesser tro-
chanter to the growth plate of the greater trochanter. The 
angle at which this line is made from the first osteotomy 
line depends on the amount of correction needed. Usually 

a 15-mm-wide wedge, measured superiorly to the base-
line of the triangle, is needed. Make the osteotomy cuts 
with a saw, converging them posteriorly to make a single 
osteotomy along the posterior cortex. Completely remove 
the wedge of bone, especially superiorly, for maximal cor-
rection (Fig. 36.130C).

 n  While maintaining traction to prevent proximal migration 
of the femur, internally rotate the leg until the wedge 
closes completely. Abducting the leg also helps to close 
the osteotomy. When the patella can be internally rotated 
15 degrees, adequate correction has been achieved. Re-
move additional bone from the metaphyseal side if nec-
essary but remove a maximum of 20 mm in the bony 
wedge.

 n  Fix the osteotomy with three or four cannulated screws 
(Fig. 36.130D). Use the first guidewire to hold the oste-
otomy temporarily in the desired position. Use only one 
screw to span the physis of the femoral head, avoiding 
the superolateral quadrant.

 n  Check alignment and screw placement on permanent ra-
diographs before closing the wound. Usually the iliofemo-
ral ligament and capsule are not reattached, but if they 

 

A B

C D
FIGURE 36.129 Extracapsular base-of-neck osteotomy: measure-

ment of head-shaft angles on radiograph. A, Normal anteroposte-
rior angle compared with slipped capital femoral epiphysis (SCFE). 
B, Moderate SCFE shows decrease in anteroposterior head-shaft 
angle. C, Normal acute angle. D, Severe slip shows increase in frog-
leg lateral head-shaft angle.   (From Abraham E, Garst J, Barmada R: 
Treatment of moderate to severe slipped capital femoral epiphysis with 
extracapsular base-of-neck osteotomy, J Pediatr Orthop 13:294, 1993.) 
SEE TECHNIQUE 36.27.

 

A

B

C D
FIGURE 36.130 Extracapsular base-of-neck osteotomy (see text). 

A, Determination of proximal osteotomy cut. B, Osteotomy cuts. C, 
Removal of bony wedge. D, Fixation with cannulated screws.   (From 
Abraham E, Garst J, Barmada R: Treatment of moderate to severe slipped 
capital femoral epiphysis with extracapsular base-of-neck osteotomy, J 
Pediatr Orthop 13:294, 1993.) SEE TECHNIQUE 36.27.
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FIGURE 36.131 Intertrochanteric osteotomy (Imhäuser). A, 

Seating chisel is inserted into neck at right angles to shaft axis. B, 
Femoral osteotomy removes ventral wedge. C, Chisel is exchanged 
for blade plate, and femur is derotated. D, Blade plate is fixed to 
femur with screws.  (Redrawn from Parsch K, Zehender H, Bühl T, Weller 
S: Intertrochanteric corrective osteotomy for moderate and severe chronic 
slipped capital femoral epiphysis, J Pediatr Orthop B 8:223, 1999.) SEE 
TECHNIQUE 36.28.

are excessively elevated from the bone, suture or staple 
them back to the anterior femur to preserve anterior joint 
stability.

 n  Close the wound in routine fashion and apply a sterile 
dressing.

POSTOPERATIVE CARE Partial weight bearing with 
crutches is allowed for 6 to 8 weeks, and then full weight 
bearing is allowed. Weight bearing as tolerated is permit-
ted after bilateral osteotomies.
   

 

INTERTROCHANTERIC OSTEOTOMY 
(IMHÄUSER)
The Imhäuser osteotomy is similar to the Southwick oste-
otomy but is technically easier. This trochanteric osteotomy 
primarily corrects posterior angulation with secondary cor-
rection of external rotation and varus; thus, the osteotomy 
wedge is simply a closing wedge anteriorly. In theory, this 
reduces the varus and external rotation and allows more 
flexion while avoiding anterior impingement with the ace-
tabulum. The results of intertrochanteric osteotomies have 
been variable, but they do appear to lessen the chance of 
chondrolysis and osteonecrosis that occur with osteotomies 
at other locations, and they do correct impending FAI. A 
study of 47 hips in 39 patients demonstrated a cumulative 
39 years’ survivorship free from total hip arthroplasty of 
68.5%, but the age at surgery, presence of osteonecrosis, 
and presence of chondrolysis negatively affected the out-
come.

 TECHNIQUE 36.28 

 n  Through a straight lateral approach to the hip, stabilize 
the SCFE with a 7.3-mm cannulated, terminally threaded 
cancellous screw placed centrally and perpendicular to 
the proximal femoral physis or with Kirschner wires.

 n  Make the angle of insertion equal to the angle of poste-
rior inclination of the capital epiphysis; this angle is equal 
to the degree of flexion of the femoral shaft that is neces-
sary to position the epiphysis to the long axis of the femur 
and serves as a guide for the slotted chisel.

 n  Place the slotted chisel for a 90-degree angled blade plate 
at the base of the greater trochanter and rotate it until the 
anticipated anterior inclination of the side plate matches 
the desired degree of flexion (Fig. 36.131A). Alternatively, 
a proximal femoral locking plate may be used.

 n  Make a transverse osteotomy 2 cm distal to the chis-
el entry site and proximal to the lesser trochanter  
(Fig. 36.131B).

 n  Flex the distal fragment and fix it to the side plate.
 n  If the posterior periosteum prevents flexion of the dis-

tal fragment, release it. With increasing slip severity, 
increasing flexion is necessary. The flexion is accompa-
nied by anterior translation to bring the femoral shaft 
in line with the proximal femoral epiphysis. This combi-

nation of movements counteracts the secondary zigzag 
deformity produced by a compensatory osteotomy at 
a site other than the primary site of deformity (the site 
of the slip).

 n  Perform an anterior capsulotomy to allow full extension 
of the hip after fixation of the distal fragment.

 n  Rotate the distal fragment medially to balance internal 
and external rotation of the hip and to match the un-
involved hip as determined by preoperative examination 
(Fig. 36.131C).

 n  Fix the osteotomy with a 90-degree angled and 10-mm 
recessed blade plate (Fig. 36.131D).

POSTOPERATIVE CARE A spica cast is applied with the 
hip in appropriate flexion, slight abduction, and inter-
nal rotation and worn for 8 to 12 weeks. Depending on 
the amount of healing of the osteotomy on radiograph, 
weight bearing is slowly increased on the operated leg. 
The blade plate usually is removed approximately 1 year 
after surgery.
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COMPLICATIONS
OSTEONECROSIS

Osteonecrosis has been reported to occur in 10% to 40% of 
patients with acute unstable SCFE, although more recent 
reports of in situ pinning with cannulated screws generally 
report lower incidences (0% to 5%). Osteonecrosis is rare in 
chronic, stable slips and probably results from interruption of 
the retrograde blood supply by the original injury and is more 
common in acute, unstable slips. Further insult to the blood 
supply may result from forceful manipulations, delay in treat-
ment in unstable slips, tamponade of the vessels, or technical 
errors during open procedures.

Superolateral placement of pins also has been associated 
with the development of osteonecrosis or at least with exacer-
bation of the process.

Herman et al. and Loder et al. suggested that instability 
may be the best predictor of osteonecrosis after acute slips, 
and others have confirmed that unstable slips are more likely 
to result in osteonecrosis than stable slips. It has been esti-
mated that up to 50% of patients with unstable SCFE will 
develop osteonecrosis.

Controversy exists in the recent literature not only about 
the natural history of osteonecrosis after SCFE but also about 
treatment to alter the natural history. Although the natural his-
tory is not known for certain, treatment plans are based on 
these theories of cause. Those who believe that osteonecrosis 
occurs at the time of maximal instability recommend urgent 
reduction, whereas those who believe osteonecrosis is caused 
by a tamponade effect advocate capsulotomy, especially if 
manipulation is done. Hip pressures in the affected side have 
been shown to be double those in the unaffected side and to be 
higher than those of compartment syndromes after manipula-
tion. If a significant effusion is suspected, ultrasound can be 
used to determine the amount of fluid and the necessity of a 
capsulotomy. If immediate (within 24 hours) stabilization of 
an acute slip cannot be accomplished because of delayed pre-
sentation, a delay of at least 7 days has been recommended by 
some authors to avoid the “unsafe window” during which sur-
gical intervention may increase the risk of osteonecrosis. At our 
institution, however, we advocate urgent reduction, stable fixa-
tion, and routine capsulotomy for all acute, unstable slips.

Ballard and Cosgrove coined the term physeal separation, 
which is defined as the amount of separation of the anterior 
lip of the epiphysis from the metaphysis on a frog-leg lateral 
radiograph (Fig. 36.132). Of the eight hips that developed 
osteonecrosis in their study of 110 hips, seven had anterior 
physeal separation. It was concluded that anterior physeal 
separation is associated with a high incidence of subsequent 
osteonecrosis after SCFE.

The role of early detection of osteonecrosis with advanced 
imaging also remains controversial. A recent study by Napora 
et  al. suggests that early MRI detection followed by closed 
bone graft epiphysiodesis may improve outcomes in patients 
who have developed osteonecrosis following an unstable 
SCFE. Further research is needed in this area to determine 
optimal screening methods and the role of early surgical 
intervention. 

CHONDROLYSIS
The diagnosis of chondrolysis requires a joint space less than 3 
mm wide (normal 4 to 6 mm) and a decreased range of motion 
of the hip joint (Fig. 36.133). Persistent pin penetration into 

the joint has been the most frequently cited cause of chon-
drolysis, but it has been suggested that some other factor is 
necessary to produce chondrolysis, such as slip or an immune 
response.

Although fibrous ankylosis of the hip joint often occurs 
after chondrolysis, spontaneous partial cartilage recovery has 
been reported. Bed rest, traction, salicylates, nonsteroidal anti-
inflammatory drugs, steroids, and physical therapy have not 
modified the course of chondrolysis. We have had some success 
with intraarticular cortisone injection and operative manipula-
tion, followed by a vigorous physical therapy program. If severe 
joint space narrowing persists with limitation of joint motion, 
arthrodesis or arthroplasty should be considered. 

FEMORAL NECK FRACTURE
Femoral fractures have been reported infrequently as a com-
plication of in situ fixation of SCFE, although several authors 
have reported subtrochanteric fractures. We have treated a 
few patients with subtrochanteric fractures through unused 
drill holes below screw fixation (Fig. 36.134). After trying 
various methods of treatment for the subtrochanteric frac-
ture, we now recommend immediate open reduction of the 
fracture and internal fixation with a hip screw and a long side 
plate while maintaining the reduction of SCFE.

Femoral neck fracture after in situ pinning of SCFE is even 
less common. We have treated two patients with displaced 
femoral neck fractures after in situ fixation of SCFE. In both 
patients, treatment of the femoral neck fractures was opera-
tive and difficult and the results were less than satisfactory.

As more reports are accumulated, femoral fractures after 
in situ fixation of SCFE may be found to be more frequent 
than currently appreciated. The likelihood of this complica-
tion perhaps can be decreased by avoiding drilling unnec-
essary holes in the bone during surgery and by avoiding 
overzealous reaming of the femoral neck.

The necessity of pin removal after fixation of SCFE 
remains an area of controversy. Pin removal is not without 
costs and risks, and the question of whether a pin must be 
removed at the end of treatment remains unanswered. We 
currently are leaving pins and screws in place after treatment 
of SCFE. 

CONTINUED SLIPPING
Continued slipping (Fig. 36.135) has occurred in patients 

who refused treatment, were not compliant with postop-
erative restrictions, and in whom stable fixation was not 

 FIGURE 36.132 Anterior physeal separation.
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achieved. Progressive slipping may also occur if osteonecrosis 
develops and fixation is lost before physeal closure. 

FEMOROACETABULAR IMPINGEMENT
Recent interest in FAI, which has become a frequently 
reported and described entity that causes pain, decreased 
range of motion, and early osteoarthritis of the hip joint, 
has led to a better understanding of SCFE-induced impinge-
ment. Anterolateral displacement of the femoral neck in 
relation to the femoral epiphysis produces a reduced head-
neck offset, elevated alpha angle (Fig. 36.136), and cam type 
lesion. One study reported a high proportion (32% to 38%) of 
young adults with signs of clinical impingement after SCFE. 
Although extreme posterior angulation (slippage) obvi-
ously may cause impingement, the real question is how little 
angular deformity will cause impingement. This is key to in 
situ pinning, after which generally good early results can be 
expected. The literature is unclear about how much poste-
rior angulation can be accepted during initial treatment or 
even how much angulation later will cause symptomatic FAI. 

According to most series, the grade of slip in adolescence can-
not be used as a predictor of the development of symptomatic 
FAI and ultimately osteoarthritis in adulthood.

The cam effect in which the femoral head or screw head 
abuts the acetabular labrum (Fig. 36.137) and the pincer effect 
in which the acetabular rim impinges on the femoral neck  
(Fig. 36.138) have both been described in adults who had 
treatment of SCFE as adolescents. FAI can be identified by 
arthroscopy and MRI; plain cross-table lateral radiographs dra-
matically demonstrate cam and pincer impingement described 
by Nötzli as “jamming rim” impingement (Fig. 36.139).

Femoral osteochondroplasty, valgus osteotomy, or the 
Imhaüser procedure (see Technique 36.28) has been recom-
mended after in situ pinning to avoid acetabular impingement. 

FEMORAL FRACTURES
Femoral fracture is a common injury. The annual rate of fem-
oral shaft fractures in children is 20 per 100,000. With regard 
to age, the distribution appears to be bimodal, with peaks at 
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FIGURE 36.133 A–E, Chondrolysis 24 months after flexion internal rotation osteotomy for severe 
slipped capital femoral epiphysis.
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2 and 17 years. Boys have higher rates of fracture than girls at 
all ages. The primary mechanisms of fracture are age depen-
dent and include falls for children younger than 6 years old, 
motor vehicle–pedestrian accidents for children 6 to 9 years 
old, and motor vehicle accidents for teenagers.

Fractures of the femur usually are classified accord-
ing to location as subtrochanteric, shaft (proximal, middle, 
and distal thirds), supracondylar, and distal femoral physeal. 
Additionally, femoral fractures are classified by being open 
or closed, comminuted or noncomminuted, and by fracture 
pattern (transverse, spiral, or oblique). Fractures occur most 
commonly in the middle third of the shaft as a closed, non-
comminuted, transverse fracture.

Historically, most femoral fractures in children are closed 
injuries and traditionally have been treated by closed meth-
ods. However, management of pediatric femoral fractures has 

evolved toward operative approaches because of a desire for 
more rapid recovery and reintegration of the patients, with 
the recognition that prolonged immobilization can have neg-
ative effects even in children. External fixation, submuscular 
plating, and intramedullary nailing all have been advocated.

Besides the usual mechanisms of injury, femoral fractures 
can occur at birth, can be caused by child abuse, or can be patho-
logic. In children younger than 1 year of age, 70% of femoral 
fractures are abuse related. Abuse should be suspected if any 
of the following are present: (1) unreasonable history; (2) inap-
propriate delay in coming to the hospital; (3) previous history of 
abuse; (4) evidence of other fractures in various stages of healing; 
(5) multiple acute fractures; and (6) characteristic fracture pat-
terns. A recent study from our institution demonstrated that a 
transverse fracture pattern is more closely associated with abuse 
and should raise the index of suspicion for abuse.
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FIGURE 36.134 A and B, Slipped capital femoral epiphysis. C, After pin fixation, several unneces-
sary drill holes remain distal to last pin. D, After pathologic fracture through drill hole. E, One year 
after open reduction and internal fixation with compression hip screw; note evidence of union 
of subtrochanteric fracture. Cannulated hip screw was left in place to prevent further slipping of 
capital femoral epiphysis at the time of hip screw insertion.
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A B C

FIGURE 36.135 A, Slipped capital femoral epiphysis fixed with partially threaded cannulated 
screw. B and C, One month after return to sports, broken screw is seen; no lucency or “windshield 
wiping” visible.  (From Murphy RE, Beaty JH, Kelly DM, et al: Implant failure in slipped capital femoral 
epiphysis: a report of two cases, JBJS Case Connect 3:e138, 2013.)
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FIGURE 36.136 Anterior head-neck offset (Nötzli) angle. Point A, anterior point where distance 
from center of the head (hc) exceeds radius (r) of subchondral surface of femoral head. α is then 
measured as angle between A-hc and hc-nc, with nc being center of neck at narrowest point. A, 
Hip in normal individual. B, Typical deformation. The greater anterior head-neck offset angle, the 
smaller arc of motion required to cause cam-type impingement on acetabular rim.

 

A B

FIGURE 36.137 A, Cam-type impingement. B, Radiographic appearance.
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In the setting of a femoral fracture, a thorough evaluation 
should be performed and concomitant injury ruled out. If a 
child sustains enough trauma to fracture the largest bone in 
his or her body, the child may have occult abdominal or other 
injuries. A careful secondary survey should be performed. 
Ipsilateral knee instability has been reported to occur in 4% of 

children with femoral fractures and may be difficult to assess 
at the time of injury.

FEMORAL SHAFT FRACTURES 
(DIAPHYSEAL FEMORAL FRACTURES)
Understanding the deforming forces applied by various struc-
tures around the femur helps in selecting the appropriate 
treatment of a femoral fracture. In proximal shaft and sub-
trochanteric fractures, the proximal fragment usually is in a 
position of flexion, abduction, and external rotation because 
of the unopposed pull of the iliopsoas, abductor, and short 
external rotator muscles. The adductors and extensors are 
intact in midshaft fractures, and the distal fragment usually 
is in satisfactory alignment except for some external rotation. 
In supracondylar fractures, the distal fragment is in a posi-
tion of hyperextension because of the overpull of the gastroc-
nemius. The muscle imbalances are important when aligning 
the distal fragment to the proximal fragment whether closed 
or open treatment strategies are selected.

Staheli defined the ideal treatment of femoral shaft frac-
tures in children as one that controls alignment and length, 
is comfortable for the child and convenient for the family, 
and causes the least negative psychologic impact possible. 
Determining the ideal treatment for each child depends on 
the age of the child, the location and type of fracture, the fam-
ily environment, the knowledge and ability of the surgeon, 
and, to a lesser degree, financial considerations. Heyworth 
et al. reviewed femoral fractures in children 6 to 17 years old 
from a national database of pediatric inpatient admissions 
from 1997 to 2000 in about half of the United States. The fre-
quency of operative treatment, most often consisting of inter-
nal fixation, increased significantly over this period, whereas 
the use of spica casting declined. This change in practice 
was significantly greater at pediatric hospitals than general 
hospitals. Sanders et  al. surveyed members of the Pediatric 
Orthopedic Society of North America to determine their 
current preferences in treating femoral fractures in four age 
groups. For each fracture pattern, operative treatment was 
increasingly preferred over nonoperative treatment as patient 
age increased and the preferred treatments within operative 
and nonoperative categories changed significantly as patient 
age increased. There was a trend by pediatric orthopaedists to 

 

A B

FIGURE 36.138 A, Pincer-type impingement. B, Radiographic appearance.
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FIGURE 36.139 “Jamming rim” impingement. A, Mild to 
moderate slipped capital femoral epiphysis (SCFE) causes jamming 
of femoral metaphysis against acetabular cartilage in flexion. B, 
Severe SCFE causes impingement of femoral neck against acetabular 
rim in flexion.
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treat femoral fractures operatively in older children and non-
operatively in younger children. The consensus on treatment 
was that it is age dependent (Fig. 36.140).

The AAOS, after extensive review of the literature, made 
14 evidence-based recommendations concerning fracture 
of the femur in children. Five of the recommendations with 
enough evidence to support a grade of recommendation 
(grade A or B, supported by good evidence; grade C, sup-
ported by poor evidence) are listed in Box 36.4.

Our general treatment recommendations are listed in 
Table 36.4.

Several authors have evaluated the comparative econom-
ics of nonoperative and operative treatment. The charges or 
cost included hospital and physician charges (orthopaedists, 
radiologists, and anesthesiologists). Table 36.5 gives the cost 
or charges in different series of patients. The differences seen 
among series are not comparable because of many variables. 
On average, however, immediate or early spica casting (trac-
tion spica) cost less than prolonged traction with spica cast-
ing, intramedullary rods, or external fixation. Prolonged 
skeletal traction and spica casting, intramedullary rods, and 
external fixation frequently cost the same. The cost of reoper-
ations for malrotation or removal of implants also was similar 
for the three groups.

In a very young child (birth to 6 months), a Pavlik har-
ness can be used instead of a spica cast with cited advantages 
of ease of application without anesthesia; minimal hospital-
ization (<24 hours); easy reduction; ability to adjust the har-
ness; minimal costs; and ease in diaper changing, nursing, 
and bonding. Our institution investigated the use of a Pavlik 
harness for femoral fractures in children under 6 months of 
age and found excellent clinical results with minimal com-
plication rates. Parent reliability and compliance, however, 
must be carefully considered before using this method of 
treatment.

Immediate spica casting of femoral shaft fractures in 
children has been recommended by several authors; best 
results with this method seem to be obtained in infants 
and young children with low-energy, length-stable frac-
ture. Although rare, a compartment syndrome secondary 
to spica casting also can occur. The primary problems with 
immediate spica casting are shortening and angulation of 
the fracture in high-energy femoral shaft fractures. In young 
children, a higher degree of angulation and shortening is 
accepted; these parameters become stricter with increasing 
age (Table 36.6).

SPICA CASTING
Early spica casting in the 90-90 position has been recom-
mended to avoid shortening and angulation in children 
younger than 6 years old with a closed femoral shaft fracture 
stemming from low-energy trauma. Alternatively, for low-
energy femoral fractures, a walking spica or single leg spica 
can be applied with the hip and knee flexed to 45 degrees and 
the cast ending above the ankle. Flynn et al. performed a pro-
spective study comparing a walking spica with a traditional 
spica cast and found similar outcomes with significantly 
lower burden of care to the family. The walking spica group 
did, however, have a higher early loss of reduction requiring 
cast wedging in the outpatient setting.

Good results also have been reported with 90-90 skeletal 
traction and spica casting, although the current indication for 
this technique at our institution is for length-unstable frac-
tures or concomitant injuries that prevent the patient from 
having a spica cast in place or from being safely sedated. 
If this treatment course is selected, pins for skeletal trac-
tion should be placed parallel to the axis of the knee joint  
(Fig. 36.141).

Adolescents do not tolerate prolonged immobilization 
as well as younger children, and knee pain, angulation at 

Treatment Recommendations for Diaphyseal 
Femoral Fractures

 n  We recommend that children younger than 36 months with 
a diaphyseal femoral fracture be evaluated for child abuse 
(A).

 n  Treatment with a Pavlik harness or spica cast is an option 
for infants 6 months and younger with a diaphyseal femoral 
fracture (C).

 n  We suggest early spica casting or traction with delayed spica 
casting for children age 6 months to 5 years with a diaphy-
seal femoral fracture with less than 2 cm of shortening (B).

 n  Flexible intramedullary nailing is an option to treat diaphy-
seal femoral fractures in children 5-11 years of age (C).

 n  Rigid trochanteric entry nailing, submuscular plating, and 
flexible intramedullary nailing are treatment options for 
diaphyseal femoral fractures in children age 11 years to 
skeletal maturity, but piriformis or near piriformis entry rigid 
nailing is not a treatment option (C).

 BOX 36.4 

 

0 - 6 months

Pavlik harness

6 months - 5 years

Immediate spica
casting

• Traction with
  delayed spica
• Elastic IM nailing

• Locked IM nailing
• External fixation
• Submuscular
  bridge plating

• External fixation
• Submuscular
  bridge plating

Recommended
treatment for

uncomplicated cases

Recommended
alternative

considerations

5 - 10 years

Elastic IM
nailing

>10 years

Locked IM
nailing

Age

FIGURE 36.140 Algorithm for treatment of femoral fractures in children. IM, Intramedullary.
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the fracture, and difficulty in maintaining length have been 
reported when 90-90 traction was used in children older than 
10 years, as well as limb shortening and leg-length discrep-
ancy, malunion, pin track infection, loss of joint motion, and 
muscle atrophy. As a result, internal fixation is preferred in 
this age group.

At our institution, if skeletal or skin traction is applied 
in children younger than 6 years old, longitudinal traction or 
traction at a 45-degree angle with up to 5 lb of weight is rec-
ommended. Overhead skin traction should not be used for 
femoral fractures in this age group because of the increased 
risk of neurovascular compromise. Neurovascular status and 

skin condition should be monitored carefully while the child 
is in traction. When length and alignment are achieved, the 
patient is medically stable; once appropriate callus formation 
is noted, a spica cast is applied.

In older or larger children who require traction because 
they are too unstable for more definitive treatment, a 5/64-
inch Steinmann pin can be inserted into the distal femur 
or proximal tibia. If a tibial pin is used, it should be placed 
distal to the tibial tubercle and the proximal tibial physis to 
minimize the risk of growth disturbance and genu recurva-
tum deformity. A distal femoral traction pin may be neces-
sary for a distal supracondylar fracture because of posterior 

 TABLE 36.5 

Cost of Treatment of Femoral Shaft Fractures

SERIES IMMEDIATE (EARLY SPICA) TRACTION SPICA INTRAMEDULLARY ROD EXTERNAL FIXATION
Newton and Mubarak — $5494 $21,093 $21,359
Clinkscales and Peterson $5490 $16,273 $16,056 $16,394
Stans et al. $5264 $15,980 $15,495 $14,478
Yandow et al. $1867 $11,171 — —
Nork and Hoffinger $22,396 $11,520 — —
Coyte et al. $5970* $7626* — —

*Canadian $.

 TABLE 36.4 

General Treatment Guidelines in Children With Femoral Shaft Fractures

AGE <6 MO 6 MO TO 5 YR 5 TO 11 YR 11 YR TO ADULT
PREFERRED TREATMENT Pavlik harness Early spica casting

Traction and spica 
casting

Elastic intramedullary nail
Traction and spica casting
Submuscular plating
Antegrade locked  
intramedullary nail

Antegrade locked 
intramedullary nail
Submuscular plating

Alternate treatment because of:
Head injury
High velocity (comminuted)
Floating knee
Difficult location (proximal  

third and distal third)
Obesity
Surgical risk (multiple trauma)

OPEN FRACTURES External fixation External fixation External fixation

 TABLE 36.6 

Acceptable Angulation in Femoral Shaft Fractures

AGE VARUS/VALGUS (DEGREES)
ANTERIOR/POSTERIOR 
(DEGREES) SHORTENING (MM)

Birth to 2 years 30 30 15
2-5 years 15 20 20
2-10 years 10 15 15
11 years to maturity 5 10 10

From Flynn JM, Skaggs DL: Femoral shaft fractures. In Flynn JM, Skaggs DL, Waters PM, editors: Rockwood and Wilkins’ fractures in children, ed 8, Philadelphia, 
2015, Wolters Kluwer.

    

https://booksmedicos.org


PART XI FRACTURES AND DISLOCATIONS IN CHILDREN1586

angulation or for 90-90-degree traction in a proximal fem-
oral fracture with anterior displacement of the proximal 
fragment. A femoral pin generally should not be used if 
intramedullary nailing is being contemplated in the course 
of treatment.

Peroneal nerve palsy is a rare complication of skin or skel-
etal traction and casting. Two of our patients younger than 
2 years old developed peroneal nerve palsies after skin trac-
tion and spica casting. Spontaneous recovery occurs in most 
patients.

Mubarak et al. described the development of a compart-
ment syndrome in the lower leg after application of a short 
leg cast used for traction to reduce femoral fractures during 
the application of a 90-90 spica cast. They cited as pathogenic 
factors traction, elevation, and pressure (Fig. 36.142). Because 
of the possibility of this potentially devastating complication, 
the use of a short leg cast for applying traction should be 

avoided during application of a 90-90 spica cast and alterna-
tive cast application methods should be used. 

 

SPICA CAST APPLICATION

 TECHNIQUE 36.29 

 n  After general anesthesia, remove the skeletal traction pin 
and sterilely clean the wound sites if traction was used.

 n  Apply a well-padded long leg cast with the knee flexed 
45 or 90 degrees, depending on whether a traditional or 
walking spica is being applied. Mold the proximal part to 
help avoid angulation with a strong valgus mold. To avoid 
compartment syndrome, do not apply traction through a 
short leg cast to effect reduction.

 FIGURE 36.141 Position of pin in traction is either horizontal (optimal) or oblique. Oblique pins 
are either “to varus” or “to valgus,” reflecting resultant pull of traction bow.

 

A B C

Cast
completed

FIGURE 36.142 Pathogenic factors of traction, elevation, and pressure during application of 
short leg cast used for traction can cause compartment syndrome. A, Below-knee cast is applied 
while patient is on spica frame. B, Traction is applied to short leg cast to produce distraction at 
fracture site. The remainder of cast is applied, fixing relative distance between leg and torso. C, 
After child awakens from general anesthesia, there is shortening of femur from muscular contrac-
tion, which causes thigh and leg to slip somewhat back into spica. This causes pressure at corners of 
cast (arrows).  (Redrawn from Mubarak SJ, Frick S, Sink E, et al: Volkmann contracture and compartment 
syndromes after femur fractures in children treated with 90/90 spica casts, J Pediatr Orthop 26:567, 2006.)
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 n  Place the child on a “spica table” or fracture table, de-
pending on the size of the child, and check the reduction. 
Apply a one and one-half spica cast or full spica cast with 
the hip or hips flexed at 45 or 90 degrees (Fig. 36.143), 
with approximately 15 degrees of external rotation and 
30 degrees of hip abduction. Children younger than 3 
years tolerate the 90-90-degree spica cast well. This po-
sition helps prevent shortening and aids in transporting 
the child. (According to Flynn, automobile restraint laws 
in many states make it difficult or impossible to legally 
transport a child casted in full extension.) Knee flexion of 
less than 50 degrees may result in a 20% incidence of loss 
of reduction.

 n  Apply the spica to a level between the umbilicus and 
nipple line with a ¼ to ½ inch thick towel over the tho-
rax and under the Webril (Kendall Healthcare, Mansfield, 
MA), which is to be removed later to allow for chest and 
abdominal expansion.

 n  Reinforce the groin, inguinal, and buttocks areas with 
splints to avoid breakage.

 n  After trimming the cast and after satisfactory radiographs 
are obtained, apply a wooden bar spanning the extremi-
ties and incorporate it in the cast if additional cast stability 
is required.
  

EXTERNAL FIXATION
External fixation with both monolateral and circular frames 
has been recommended for treatment of femoral shaft frac-
tures in children and adolescents, with good results reported 
by a number of authors in patients ranging in age from 3 years 
to skeletal maturity. Complications, however, also have been 
frequent with this method of fixation. Ramseier et  al., in a 

comparison of four fixation methods (elastic stable intra-
medullary nail, rigid intramedullary nail, plate, and external 
fixator), found that external fixation was associated with the 
highest number of complications. Major complications asso-
ciated with external fixation of femoral fractures in children 
and adolescents include loss of reduction, refracture, and deep 
infection. The most common minor complication is pin site 
or pin track infection. Refracture has been reported in 2% to 
33% of patients treated with external fixation. Refracture has 
been suggested to occur because of the detrimental effect of 
prolonged rigidity imposed by the external fixator. An associ-
ation has been noted between the number of cortices showing 
bridging callus (on anteroposterior and lateral views) at the 
time of fixator removal and the rate of refracture. Kesemenli 
et al. reported a refracture rate of only 1.8% in closed femoral 
fractures and a 20% rate of refracture in open fractures or in 
patients who had ORIF. They concluded that external fixa-
tion itself was not a risk factor for refracture. Other suggested 
risk factors include open fractures and bilateral fractures with 
the increase of time in the fixator. Factors that appear to have 
an inconclusive effect on refracture include fracture pattern, 
dynamization status, fixator type, pin size, and number of 
pins.

Open fractures of the femur have traditionally been sta-
bilized with external fixation. A comparison of the results of 
external fixation and intramedullary nailing (both rigid and 
flexible nails) found that intramedullary nailing was associ-
ated with fewer complications, especially varus malunion 
and refracture. Infection rates appeared to be the same. 
Intramedullary fixation should be considered, especially for 
grade I open fractures. If external fixation is chosen as the 
method of treatment for pediatric femoral fractures, careful 
attention must be paid to operative technique and postopera-
tive treatment to minimize complications.

 

A B

DC
FIGURE 36.143 Technique of spica cast application. A, Patient is placed on child’s fracture spica 

table. Leg is held in about 45 degrees of flexion at hip and knee, with traction applied to proximal 
calf. B, One and one-half spica cast is applied down to proximal calf. Molding of thigh is done 
during this phase. C, Radiographs of femur are obtained, and any necessary wedging of cast can 
be done at this time. D, Leg portion of cast and cross-bar are applied. Belly portion of spica cast 
is trimmed to umbilicus.  (Redrawn from Mubarak SJ, Frick S, Sink E, et al: Volkmann contracture and 
compartment syndromes after femur fractures in children treated with 90/90 spica casts, J Pediatr Orthop 
26:567, 2006.)  SEE TECHNIQUE 36.29.
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At our institution, in a young child with polytrauma, open 
fracture with significant soft-tissue injury, pathologic frac-
ture, metadiaphyseal fracture, or severe head injury, exter-
nal fixation is considered as a fixation option. The technique 
of external fixation of fractures of the femur is described in 
Chapter 54. 

INTRAMEDULLARY NAILING
Good results using flexible stainless steel or titanium intra-
medullary rods have been reported with suggested advan-
tages of less disruption of family life, shorter hospitalization, 
earlier independent ambulation, and earlier return to school 
(Fig. 36.144). With the overall trend to more frequent inter-
nal fixation of femoral fractures, it is not surprising that 
the indications have expanded to include younger children. 
The lower age limit for flexible intramedullary nailing has 
not been definitively established (see AAOS Guidelines,  
Box 36.4), but certainly there is an age at which any type of 
immobilization (e.g., Pavlik harness, spica cast) will pro-
duce a good result without the risk of surgical complications. 
Several reports have documented good results with few com-
plications in preschool (18 months to 6 years of age) children 
treated with flexible intramedullary nailing. Heffernan et al. 
reviewed 215 patients between the ages of 2 and 6 years who 
were treated with either elastic nails or a spica cast and found 
similar complication and healing rates, with an earlier return 
to independent ambulation and full activities in the elastic 
nail group. They concluded that elastic nails were a reason-
able treatment option in this age group and should be consid-
ered, especially when high-energy mechanisms are present. 
Long-term follow-up (at least 24 months) is recommended to 
monitor overgrowth, and the child’s activity must be closely 
monitored. Malalignment and leg-length discrepancy are 
frequently reported complications of flexible intramedul-
lary nailing of femoral fractures in children, but these seldom 
cause functional problems. Increased complication rates have 
been reported in unstable fractures, older patients, and over-
weight patients treated with titanium elastic nails. One study 
found that the complication rate was improved from 52% to 
23% when the use of titanium elastic nailing was limited to 

stable fractures. Additional studies have found that the use of 
stainless steel nails can significantly lower the malunion rate, 
major complication rate, and overall cost when compared 
with titanium nails.

Rigid intramedullary fixation of femoral shaft fractures 
in adolescents has been reported to result in high rates of 
union with short hospital stays and brief periods of immo-
bilization that may have psychologic, social, educational, and 
some economic advantages over conservative treatment. In 
a review of our early results of intramedullary nailing of 31 
femoral fractures in 30 adolescents, ranging in age from 10 
to 15 years (average 12.3 years), we found that all 31 frac-
tures united without evidence of trochanteric overgrowth, 
coxa valga deformity, or narrowing of the femoral neck. Two 
patients had bony overgrowth of more than 2 cm (2.5 and 
2.8 cm). Other complications included one superficial distal 
wound infection that resolved after intravenous antibiotic 
therapy and decreased sensation in the distribution of the 
deep peroneal nerve in one patient and in the distribution 
of the pudendal nerve in another; both neurologic problems 
resolved spontaneously. Mild heterotopic ossification over the 
nail proximally was found in three patients. Asymptomatic 
segmental osteonecrosis developed in one patient when a pir-
iformis entry site was used and was not visible on radiographs 
until 15 months after fracture. A subsequent study of femoral 
shaft fractures in children 12 years and under treated with 
a rigid, locked, antegrade nailing inserted from a trochan-
teric entry point was conducted at our institution and dem-
onstrated no malunion, leg-length difference, osteonecrosis, 
or hardware failure at final follow-up. A subsequent report 
by Crosby et  al. on a 20-year experience with trochanteric 
rigid intramedullary nails in pediatric and adolescent femo-
ral fractures demonstrated acceptable complication rates with 
no cases of osteonecrosis. Because of the few complications 
and high rate of union in our patients and other reports, we 
believe trochanteric rigid intramedullary nailing is the treat-
ment of choice for femoral shaft fractures in older adolescents 
(12 to 16 years old) and is a reasonable option for children 
with risk factors for malunion, such as obesity or unstable 
fracture patterns.

 

A B C D

FIGURE 36.144 A and B, Femoral shaft fracture. C and D, After fixation with flexible intramed-
ullary nails, avoiding proximal and distal physes.
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To minimize the risk of osteonecrosis, it is important 
that the dissection during placement and removal not 
extend medial to the greater trochanter, with care to avoid 
extension to the capsule or the piriformis fossa. The tip of 
the greater trochanter in adolescents or a more lateral start-
ing point in younger children should be used for the entry 
site. Only one instance of osteonecrosis has been reported 
when the tip of the trochanter has been used as the entry 
point, and no cases of osteonecrosis have been reported to 
our knowledge with a lateral entry point. This prevents dis-
section near the piriformis fossa and the origin of the lateral 
ascending cervical artery, which is medial to the piriformis 
fossa (Fig. 36.145). The proximal end of the nail should be 
left long (≤1 cm) to make later removal easier (Fig. 36.146). 
Nails can be removed 9 to 18 months after radiographic 
union to prevent bony overgrowth over the proximal tip of 
the nail.

The length and diameter of the intramedullary nail may 
limit the use of this technique, but the development of a 
smaller (7 mm diameter) pediatric nail expands its applica-
tion. We use a pediatric nail that has a transverse proximal 
interlocking screw that can be dynamized and avoids the 
greater trochanter and has more distal screw holes in the nail 
to avoid the physis (Fig. 36.147). Most small-diameter nails 
are solid, making passage through the fracture site a chal-
lenge. The technique of locked intramedullary nailing of the 
femur is described in Chapter 54.

Although mechanical studies have demonstrated equal 
or superior fixation with titanium nails compared with stain-
less steel nails, and the biomechanical properties of titanium 
have been suggested to be superior to those of stainless steel 
for intramedullary fixation, a comparison of the two devices 
found a malunion rate nearly four times higher with the use 
of titanium nails (23%) than with stainless steel nails (6%). 
Overall, major complications were more frequent with the 
titanium nails (36%) than with stainless steel nails (17%). 

 

FLEXIBLE INTRAMEDULLARY NAIL 
FIXATION
Biomechanical testing of flexible intramedullary nails using 
synthetic bone models has shown that (1) retrograde nail 
fixation has significantly less axial range of motion and 
more torsional stiffness than antegrade fixation in com-
minuted and transverse fracture models; (2) there is no 
significant difference between the mechanical proper-
ties of three different retrograde nail constructions (two 
C-shaped and two S-shaped and two straight flexible nails 
were tested), suggesting that any of the three constructs 
could be used to treat femoral fractures in children; and 
(3) length and rotation control with two divergent flex-
ible nails of comminuted midshaft femur fractures may 
be sufficient for early mobilization (Fig. 36.148). Most 
femoral shaft fractures in children can be stabilized using 
retrograde fixation. Usually, medial and lateral insertion 
sites are used, but a single insertion site, either medial or 
lateral, can be used in the distal femoral metaphysis. Two 
divergent C-configuration nails or one C-configuration 
and one S-configuration nail (bent by the surgeon at a 
point approximately 5 cm distal to the eyelet) are rou-
tine; additional nails can be added if necessary. Special 
expertise is needed to stabilize subtrochanteric fractures 
and fractures of the distal third of the femur; antegrade 
insertion commonly is used for the latter. Most agree that 
fixation of some proximal and distal long spiral fractures 
may lack stability as far as rotation and angulation, and 
testing for stability after nailing at surgery is indicated. 
If instability is present, a long leg cast with a pelvic band 
is used short term. A prospective comparison of titanium 
elastic nail fixation and spica casting for treatment of fem-
oral shaft fractures in children found that children treated 
with flexible nails achieved recovery milestones signifi-
cantly faster than those treated with traction and spica 
casting. Hospital charges for the two methods were simi-
lar, and the complication rate after flexible nailing (21%) 
was lower than after traction and spica casting (34%).

 

A B

Piriformis
fossa

Greater
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Greater
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FIGURE 36.145 A and B, Proximal femoral anatomy.  (Redrawn 
from Keeler KA, Dart B, Luhmann SJ, et al: Antegrade intramedullary 
nailing of pediatric femoral fractures using an interlocking pediatric 
femoral nail and a lateral trochanteric entry point, J Pediatr Orthop 29:345, 
2009.)

 FIGURE 36.146 Proximal end of nail is left long (≤1 cm) to make 
later removal easier.
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 TECHNIQUE 36.30 

 n  Place the patient on an orthopaedic table and reduce 
the fracture partially by traction guided by fluoroscopy  
(Fig. 36.149A,B).

 n  Use blunt-ended nails of quality steel (cold-hammered at 
140 degrees) or titanium. The nails should be 45 cm long 

with diameters of 2.5, 3.0, 3.5, or 4.0 mm, depending on 
the child’s weight and age.

 n  Prepare the nails preoperatively by angling them at 45 
degrees about 2 cm from one end to facilitate penetration 
of the medullary canal and bend them into an even curve 
over their entire length.

 

B

E FD

G

CA

FIGURE 36.147 Pediatric TriGen intramedullary nailing. A, Midshaft femoral fracture in a 15-year-
old. B, Entry at tip of greater trochanter (inset shows approach). C, Channel reamer and guide 
placement. D, A 9-mm nail placed across fracture site. E, Locking of proximal screw. F and G, 
Concentric circle technique for distal locking.
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 n  With the help of a T-handle and by rotation movements 
of the wrist, introduce the nails through a longitudinal 
drill hole made in the distal femoral metaphysis just above 
the physis. Use two nails, one lateral and one medial, to 
stabilize the fracture. Carefully impact both up the medul-
lary canal to the fracture site. After touching the opposite 
internal cortex, the nails bend themselves in the direction 
of the long bone’s axis. The nails should cross distal to the 
fracture site (normally 4 to 6 cm distal) (Fig. 36.149C).

 n  With the fracture held reduced, rotate the T-handle or 
manipulate the limb to direct the pins into the opposite 
fragment. If the first is impeded, try the second with the 
aid of an image intensifier. Ensure both nails are in the 

canal across the fracture site. When they pass the frac-
ture level, release traction, pushing the nails farther and 
fixing their tips in the spongy tissue of the metaphysis, 
without their passing through the physis (Fig. 36.149D). 
Small distractions can be corrected by rotation of the 
pins. Avoid residual angulation by ensuring that the nails 
are introduced at the same level and that the tips of the 
nail oppose each other in both planes so that they have 
identical curvatures (Fig. 36.149E). Leave the distal por-
tion of the nails slightly protruding for ease of removal  
(Fig. 36.149F).

 n  If the technique is performed correctly, the fracture is fi-
nally stabilized by two nails, each with three points of 
fixation. The fixation is elastic but sufficiently stable to al-
low automatic small position corrections by limited move-
ments during the limb’s loading.

POSTOPERATIVE CARE Postoperatively, the limb is rest-
ed on a pillow. A knee immobilizer may give more com-
fort. Mobilization using crutches without weight bearing 
is allowed as soon as the fracture causes no pain. A spica 
cast can be used if rotation or angulation is evident after 
the procedure. At the beginning of the third week, partial 
weight bearing is allowed. After the appearance of calci-
fied external callus, full weight bearing is allowed. Nails 
are removed when the surgeon is positive that healing has 
occurred, usually 6 to 12 months postoperatively.
  

PLATING
Plating of femoral fractures in children and adolescents has 
been reported by several authors, primarily for patients with 
severe head injury, multiple trauma, proximal or distal frac-
tures, or length-unstable fractures (Fig. 36.150). Although 
open plating techniques have been used in the past, a less 

 

A B C
FIGURE 36.148 A, Midshaft diaphyseal fracture model stabilized 

with two C-shaped nails. B and C, Midshaft diaphyseal fracture 
stabilized with S-shaped and C-shaped nails (B) and two straight 
nails (C).

 

A B C D E F

FIGURE 36.149 Flexible intramedullary nail technique. A and B, Radiographs of femoral fracture 
before (A) and after (B) reduction on fracture table. C, Both nails are placed (medial and lateral) to 
cross well below fracture site and stopped temporarily at fracture site for ease of passage. D, Both 
nails are driven past fracture site by manipulating distal fragment, hugging wall of intramedullary 
canal as necessary. E, Nails are driven into greater trochanteric and cervical area. F, Distal portions 
of nails are left slightly protruding for ease of removal but not too long to prevent knee motion. 
SEE TECHNIQUE 36.30.
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invasive submuscular technique has been advocated by many 
to decrease operative time, blood loss, unsightly scars, and 
disruption of fracture biology. Several studies demonstrated 
equal or superior results of submuscular plating to elastic 
nails in the management of subtrochanteric, distal femoral, or 
length-unstable femoral fractures in regard to healing time, 
major or minor complication rates, and time to return to 
activity. Reported complications include leg-length discrep-
ancy, refracture, hardware breakage, hypertrophic scarring, 
and rotational malalignment. Additionally, in a review of 85 
skeletally immature diaphyseal femoral fractures treated with 
submuscular plate fixation, 30% of distal fractures and 12% of 
all fractures developed a late distal femoral valgus deformity. 
The authors advocated close follow-up and routine hardware 
removal once fracture union has occurred. 

COMPLICATIONS
The most common complication after femoral shaft frac-
tures in children is leg-length discrepancy, usually resulting 
from “overgrowth” of the injured femur. The exact cause of 
this overgrowth is unknown, but it has been attributed to age, 
gender, fracture type, fracture level, handedness, and amount 
of overriding of the fracture fragments. Age seems to be the 
most constant factor, but fractures in the proximal third of the 
femur and oblique comminuted fractures also have been asso-
ciated with relatively greater growth acceleration. According 
to Staheli, shortening is more likely in patients older than 10 
years of age and overgrowth is more likely in patients 2 to 10 
years old, especially if traction has been used. Treatment with 
a spica cast with or without traction can result in significant 
shortening. This occurs when more than 2 cm of shortening 
is accepted and if “traction time” has not been long enough at 
the time of casting when excessive shortening is present at the 
time of initial presentation.

Although some angular deformity occurs after femoral 
shaft fractures in children, it usually remodels with growth. 
The acceptable amount of angular deformity is controver-
sial; Table 36.6 presents our general guideline of acceptable 
angulation based on age. Genu recurvatum deformity of the 
proximal tibia has been reported after traction pin or wire 

placement through or near the anterior aspect of the proxi-
mal tibial physis, excessive traction, pin track infection, and 
prolonged cast immobilization. Occasionally, a significant 
angular deformity requires corrective osteotomy, but this 
should be delayed at least a year unless function is impaired. 
Torsional deformities have been reported to occur in one 
third to two thirds of children with femoral shaft fractures; 
however, most of these are mild (<10 degrees) and asymp-
tomatic, rarely requiring treatment.

Delayed union and nonunion of femoral shaft fractures 
are rare in children and occur most often after open fractures, 
fractures with segmental bone loss or soft tissue interposed 
between the fragments, and subtrochanteric fractures that have 
been poorly aligned with inadequate stabilization. Delayed 
union in a young child whose femoral fracture has been treated 
with casting probably should be treated by continuing cast 
immobilization until bridging callus forms. Rarely, bone graft-
ing and internal fixation may be required for nonunion in an 
older child; an interlocking intramedullary nail usually is pre-
ferred for fixation in children older than 10 to 12 years of age. 
With the increased use of flexible intramedullary nails, we have 
noted, as expected, an increase in complications. Besides the 
usual complications of delayed or malunion and leg-length dis-
crepancy, operative complications include implant failure with 
resulting varus deformity, protruding nails with and without 
skin erosion, knee stiffness, and septic arthritis. Narayanan 
et al. reported complications in 45 (58%) of 78 fractures treated 
with flexible intramedullary nailing (Box 36.5); most were 
minor and caused no serious sequelae.

Risk factors suggested to be associated with complica-
tions of flexible nailing include:
 n  Age older than 10 or 11 years and weight exceeding 49 

kg
 n  Obesity, related to wound site complications or fail-

ure at the fracture site (40% complication rate in obese 
children)

 n  Titanium nails, compared with stainless steel nails; mal-
unions are more frequent with flexible titanium nails

 n  Subtrochanteric fractures
 n  Comminution, more than 25% of shaft
 n  Open fracture
 n  Multiple injuries

 FIGURE 36.150 Submuscular bridge plating of severely commi-
nuted segmental femoral fracture.

 BOX 36.5 

Reported Complications After Flexible 
Intramedullary Nail Fixation of Pediatric Femoral 
Fractures

 n  Pain or irritation at nail insertion site
 n  Malunion
 n  Loss of reduction (leading to reoperation or malunion)
 n  Refracture
 n  Neurologic deficit (transient pudendal nerve palsy, sciatic 

neurapraxia)
 n  Superficial wound infection
 n  Reoperation before union
 n  Nail migration/skin perforation
 n  Loss of reduction
 n  Refracture
 n  Neurologic deficit
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Many of the complications associated with flexible intra-
medullary nailing can be prevented by careful attention to 
operative technique and careful follow-up.
 n  Pain at the insertion site can be avoided by not bending the 

nails at the insertion site (Fig. 36.151). Nails should be cut 
close to the bone, leaving less than 10 mm protruding but 
with enough length left to allow nail retrieval. If prominent 
nail migration distally occurs, it can be managed by either 
removing the nail at union or impacting the nail farther 
into the bone at reoperation.

 n  Malunion can be minimized by using stainless steel nails 
and avoiding nails that are mismatched in terms of size, 
determining that comminution is less than 25% of the 
shaft, using postoperative immobilization if necessary, and 
paying careful attention to the location of the fracture and 
final position of the nails (nails can be placed farther prox-
imally in subtrochanteric fractures).

 n  Loss of reduction is a serious complication requiring reop-
eration and consideration of another fixation method.

 n  Neurologic deficits can be prevented by careful attention 
to traction, especially with the use of a fracture table.

 n  Superficial wound infections can be minimized by using 
perioperative antibiotics and avoiding prominent nails at 
the insertion site. 

FRACTURES OF THE DISTAL FEMORAL 
PHYSIS
Fractures of the distal femoral physis are not as common 
as physeal injuries elsewhere, accounting for only 7% of 
physeal injuries of the lower extremity. At the distal femur, 
Salter-Harris type II physeal fractures cause more severe 
physeal arrests than in other parts of the skeleton. Occult 

Salter-Harris type V compression fractures with prema-
ture closure of the physis also occur more frequently in this 
location.

Salter-Harris type I fractures of the distal femoral phy-
sis rarely need operative treatment unless they are displaced. 
These fractures are caused more often by motor vehicle acci-
dents or by a varus or valgus force encountered in athletic 
activities, and many are undisplaced (Fig. 36.152). Gentle 
stress radiographs may be helpful in differentiating a tear 
of a collateral ligament from a type I epiphyseal separation. 
Salter-Harris type II fractures are most common and occur in 
older children. Displacement usually is in the coronal plane, 
although it can be in the anteroposterior plane. Physeal arrest 
is more frequent after this fracture than after type II fractures 
in many other locations.

 

BA

18 mm

FIGURE 36.151 A, Bending of the nails at insertion site can lead to postoperative irritation 
and pain, which may require reoperation to advance, trim, or remove nails. B, Optimal position of 
distal nail ends against supracondylar flare of metaphysis leaves nails sufficiently out of cortical 
entry site for subsequent retrieval if necessary.  (From Narayanan UG, Hyman JE, Wainwright AM, et al: 
Complications of elastic stable intramedullary nail fixation of pediatric femoral fractures, and how to avoid 
them, J Pediatr Orthop 24:363, 2004.)

 FIGURE 36.152 Various angulations of distal femoral physeal 
fractures, including posterior angulation, varus angulation, and 
valgus angulation.
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In an experimental study in rabbits, Mäkelä et al. found 
that destruction of 7% of the cross-sectional area of the dis-
tal femoral physis caused permanent growth disturbance and 
shortening of the femur. The portion of the physis beneath the 
metaphyseal fracture spike (Thurston-Holland sign) usually 
is spared. If the metaphyseal spike is medial, valgus deformity 
may occur because of lateral closure of the physis. If the spike 
is lateral, varus angulation may follow.

Salter-Harris type III fractures rarely occur. The amount 
of displacement is important because joint incongruity results 
if anatomic alignment is not restored and a bony bridge 
develops if the physis is not realigned exactly (Fig. 36.153A). 
A Salter-Harris type IV fracture is even more uncommon. It 
likewise requires accurate reduction. The metaphyseal spike 
of bone that occurs with this type of fracture is worrisome 
because of the increased possibility of physeal arrest from 
bony bridge formation (Fig. 36.153B).

When late premature physeal closure occurs, a retrospec-
tive diagnosis of a Salter-Harris type V compression injury is 
made. Whether this is a true compression injury, with pre-
mature closure uniformly across the distal femoral physis, 
was questioned by Peterson and Burkhart, who speculated 
whether this uniform premature physeal closure could be 
caused by some other mechanism, such as prolonged immo-
bilization or an undiscovered mechanism.

An avulsion injury can occur at the edge of the physis, 
especially on the medial side. A small fragment, including a 
portion of the perichondrium and underlying bone, may be 
torn off the femur when the proximal attachment of a collateral 
ligament is avulsed. This uncommon injury, although assumed 
to be benign, can lead to localized premature physeal arrest. If 
physeal arrest from a bony bridge is located at the most periph-
eral edge of a physis, severe angular deformity can occur.

The value of the Salter-Harris classification as an indica-
tor of the mechanism of injury and the prognosis of distal 

femoral physeal injuries is debatable, with some authors not-
ing that most types I and II fractures do well, whereas others 
have reported unsatisfactory results and frequent measurable 
growth disturbances in types I and II fractures. In a study of 
73 patients with distal femoral physeal fractures, Arkader 
et al. found that both the Salter-Harris classification and dis-
placement of the fractures were significant predictors of the 
final outcome.

Types I and II fractures usually are reduced with the 
patient under general anesthesia, and the reduction is main-
tained in a long leg cast with a pelvic band and pin or screw 
fixation in unstable fractures. These fractures are noted for 
redisplacement, especially if they are initially displaced ante-
riorly (Fig. 36.154). Closed reduction can be made easier by 
the use of a traction bow on a Kirschner wire in the proxi-
mal tibia. Reduction should be 90% by traction or distrac-
tion and only 10% by leverage or manipulation. Most types 
I and II physeal fractures do not require anatomic reduction 
because the fracture occurs through the zone of provisional 
calcification of the physis, leaving the cells responsible for 
growth with the ossified epiphysis, although Salter-Harris 
types I and II fractures in the distal femur may be an excep-
tion. If a less than anatomic reduction results, but accept-
able general alignment and position are obtained, union 
and satisfactory growth and remodeling can be expected, 
especially in children younger than 10 years old in whom 
20 degrees of posterior angulation would remodel. In older 
patients nearer skeletal maturity, only slight anteroposterior 
displacement and no more than 5 degrees of varus-valgus 
angulation are acceptable. According to Salter, it is better to 
accept a less than anatomic reduction with the possibility of 
an osteotomy later than to use forceful or repeated manipu-
lation. In older children, a closed reduction can be done, but 
because of inherent instability, percutaneous cross-wire fix-
ation with the aid of image intensification may be necessary 

 

A

B
FIGURE 36.153 A, Salter-Harris type III distal femoral physeal fracture that requires anatomic 

reduction. B, Various types of Salter-Harris type III and IV fracture-separations, including unicon-
dylar, bicondylar, and combination of types III and IV, which is triplane fracture.
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to maintain reduction (Fig. 36.155). The pins should cross 
the metaphysis to prevent rotation of the epiphysis. Rarely, 
a Salter-Harris type I or II fracture cannot be satisfactorily 
reduced closed because of interposition of soft tissue, and 
ORIF becomes necessary.

In adolescents, a large metaphyseal spike (Thurston-
Holland fragment) can be stabilized with two cannulated 
screws. Salter-Harris types III and IV fractures require 
anatomic reduction. If this cannot be achieved by closed 
methods, ORIF is indicated. The amount of displacement 
that is acceptable in type III fractures has not been deter-
mined conclusively, but most authors report 2 mm or less 
as acceptable for closed reduction. We believe that if the 
surgeon thinks realistically that the amount of displace-
ment can be decreased by performing an open reduction, 
this should be done. CT or MRI may be helpful when there 
is suspicion of injury without radiographic abnormality for 
evaluating articular displacement and for operative plan-
ning purposes. 

 

CLOSED OR OPEN REDUCTION

 TECHNIQUE 36.31 

CLOSED REDUCTION OF SALTER-HARRIS TYPES I  
AND II FRACTURES 

 n  Perform closed reduction for Salter-Harris types I and II 
fractures.

 n  If the reduction is satisfactory, apply a single spica or long 
leg cast, depending on the direction of the original dis-
placement. 

OPEN REDUCTION OF SALTER-HARRIS TYPES I AND  
II FRACTURES 

 n  If reduction cannot be maintained, insert crossed, smooth 
2.4-mm ({3/32}-inch) Steinmann pins through the me-
dial and lateral condyles and into the metaphysis (see  
Fig. 36.155). If a large metaphyseal spike (Salter-Harris 
type II) is present after closed reduction, horizontal percu-
taneous pins or cannulated screws can be used.

 n  If the Salter-Harris type I or II fracture cannot be reduced 
closed, expose the epiphysis through a lateral or medial 
longitudinal incision, as described in Chapter 1 for inter-
condylar fractures.

 n  Reduce the separation as gently and completely as pos-
sible by manual traction and minimal leverage. If the use 
of instruments is necessary, avoid injury to the physis. Re-
move any interposed soft tissue and gently maneuver the 
epiphysis into position.

 n  After reduction is achieved, drill 2.4-mm unthreaded pins 
through the medial and lateral condyles so that they cross 
near the center of the physis and enter the metaphysis. 
Cut the pins off beneath the skin.

 n  If the pins are inserted as described and removed at 4 to 6 
weeks, they are unlikely to cause any growth disturbance. 
If a type II or IV fracture has a large metaphyseal spike, 
rather than using smooth crossed pins, drill two 2.4-mm 
threaded pins or a cancellous screw (Fig. 36.156) through 
the metaphysis of the spike into the proximal metaphy-
seal portion of the fracture. This should provide good sta-
bility and avoids crossing the physis. If the fragment is too 
small, cross the physis with smooth crossed pins. 

OPEN REDUCTION OF SALTER-HARRIS TYPE III  
FRACTURES 

 n  If the injury is a displaced Salter-Harris type III fracture, ex-
pose the displaced condyle through an anteromedial or an-
terolateral incision, depending on which condyle is involved.

 

A B C

FIGURE 36.154 A, Displaced Salter-Harris type II fracture of distal femoral physis. B and C, Fixa-
tion with cannulated screws.

 FIGURE 36.155 Cross wire fixation with aid of image intensifier. 
Smooth pins should be used and should penetrate opposite cortex. 
SEE TECHNIQUE 36.31.
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 n  An arthrotomy is necessary to ensure an anatomic reduc-
tion of the articular surface.

 n  Drill a large smooth pin, a cancellous screw, or a guide pin for 
cannulated cancellous screws into the displaced condyle to 
manipulate it. Gently and carefully reduce the displaced con-
dyle into position with the pin or screw. Insert the pin or screw 
transversely into the intact opposite condyle without crossing 
the physis. Confirm the reduction by radiographs. Threaded 
or cancellous screws can be used across the epiphysis, as long 
as they do not involve, penetrate, or cross the physis. 

OPEN REDUCTION OF SALTER-HARRIS TYPE IV  
FRACTURES 

 n  Growth disturbance occurs frequently after type IV frac-
tures if an anatomic reduction is not achieved and fixation 
is not secure. Arthrotomy usually is required to ensure 
anatomic reduction at the articular surface.

 n  Approach the fracture anteromedially or anterolaterally, 
depending on which condyle is involved or on which side 
the metaphyseal spike is present.

 n  Reduce the articular surface and the physis precisely with 
smooth pins or cancellous screws. Secure the fragment to 
the intact condyle with transverse fixation, without cross-
ing the physis if possible.

 n  If, as in type II fractures, a large displaced metaphyseal 
spike is present, reduce the fracture anatomically with 
traction and secure the metaphyseal spike to the proxi-
mal metaphyseal fragment with threaded pins, screws, or 
cancellous bone screws (Fig. 36.157). If the metaphyseal 
spike is not large enough to ensure rigid fixation, or if 
transverse fixation of the epiphysis cannot be secured, 
smooth pins can be inserted across the physis. 

POSTOPERATIVE CARE When the initial displacement is 
anterior, a long leg or single spica cast, depending on the 
stability, is applied with the knee in 45 degrees of flexion. 
These fractures are comparable to supracondylar fractures 
of the humerus in that the quadriceps and flexed knee are 
comparable to the triceps and flexed elbow in the mainte-
nance of reduction. If the initial displacement is posterior, 
the knee should be immobilized in extension. Union usual-
ly occurs at 4 to 6 weeks. The cast and any temporary pins 
can be removed and an exercise program begun. Weight 
bearing can be permitted at 8 to 10 weeks.
  

COMPLICATIONS
The immediate complications of closed or open reduc-
tion include vascular impairment, peroneal nerve palsy, 
and recurrent displacement and angulation. Late compli-
cations include joint stiffness and physeal arrest. A meta-
analysis that included 564 distal femoral physeal fractures 
found that 52% had growth disturbances, 36% in type I 
fractures, 58% in type II fractures, 49% in type III frac-
tures, and 64% in type IV fractures. Leg-length discrep-
ancies of more than 1.5 cm developed in 52%. Although 
growth disturbance was more frequent in those treated 
with fixation than those without fixation, clinically sig-
nificant leg-length discrepancy was less frequent with fix-
ation (27%) than without fixation (37%). Children with 
fractures of the distal femoral physis should be observed 
periodically until skeletal maturity. Epiphysiodesis of 
the contralateral extremity may be necessary because of 
premature physeal arrest with shortening or angulation 
or both. Angular deformity caused by bony bridge for-
mation is common in distal femoral physeal fractures. 
Bony bridge resection and epiphysiodesis of the opposite 
extremity and osteotomy may be necessary to equalize leg 
lengths and correct angular deformity (Fig. 36.158; see 
Chapter 29). 

KNEE FRACTURES AND 
DISLOCATIONS
PATELLAR DISLOCATIONS
Acute traumatic patellar dislocations usually occur in ado-
lescents involved in athletic activities. Patients often report a 
twisting injury and seeing or feeling the patella dislocate and 
then spontaneously reduce with knee flexion. In younger chil-
dren, patellofemoral dysplasia generally is an underlying cause. 
Less commonly, a direct blow to the medial aspect of the patella 
results in patellar dislocation. Factors associated with patellar 
dislocation include patella alta, trochlear dysplasia, hyperlaxity, 
an increased Q angle from torsional deformities of the femur or 
tibia, female sex, and a positive family history.

Diagnosis of patellar dislocation, even with spontaneous 
reduction, generally is easily made by clinical symptoms: dif-
fuse tenderness and swelling around the patella, worse on the 
medial side; positive apprehension test with lateral transla-
tion of the patella; and hemarthrosis. Radiographs should be 
obtained to detect an osteochondral fracture; MRI or CT also 
may be valuable for evaluation of an osteochondral fracture. 
Stress radiographs may be needed if physeal fracture or liga-
ment injury is suspected.

Treatment of first-time patellar dislocations usually is 
nonoperative, consisting of a short period of immobiliza-
tion, followed by bracing and rehabilitation with return to 
sports activities at 6 to 12 weeks. Nonoperative manage-
ment of patellar dislocations is further outlined in Chapter 
60. Operative treatment is most often needed for an associ-
ated osteochondral fracture but has been recommended to 
reduce the risk of redislocation, which has been reported in 
15% to 75% of patients. Risk factors for redislocation include 
young age (<15 years of age), presence of trochlear dysplasia, 
elevated tibial tuberosity–trochlear groove (TT-TG) distance, 
and patella alta.

Operative treatment is most often indicated for recur-
rent patellar dislocations that cause functional disability 

 FIGURE 36.156 Salter-Harris type IV fracture. Metaphyseal spike 
is secured transversely with cancellous screws. SEE TECHNIQUE 36.31.
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and patellar dislocations with large femoral osteochondral 
fractures that require fixation. Operative stabilization may 
occasionally be considered for high-demand athletes with 
a primary patellar dislocation, particularly if multiple risk 
factors are present.

Chronic recurrent subluxation or dislocation is a dif-
ficult problem. For management in a skeletally mature 
patient, see Chapter 45. Additional challenges are encoun-
tered in children with open physes because bony procedures 
at the tibial tubercle and medial patellofemoral ligament 
reconstruction techniques that encroach on the distal fem-
oral physis should be avoided so as not to cause growth 
arrest. With this in mind, procedures have been described 
to correct patellar instability using soft-tissue advancement 
(vastus medialis), lateral release, and when needed some 
soft-tissue restraining procedure, such as transfer of the 
medial or lateral third of the patellar tendon to the medial 
collateral ligament (Fig. 36.159), reconstruction of the 
medial patellofemoral ligament, and transfer of the semi-
tendinosus tendon through a patellar tendon (Galeazzi). 
Nietosvaara et  al. compared operative treatment (direct 
repair of damaged medial structures and lateral release) 

to nonoperative treatment in a randomized trial involving 
74 dislocations without large loose bodies in 71 patients 
younger than 16 years of age. Initial operative repair of the 
medial structures combined with lateral release did not 
improve the long-term outcome. Subjective results were 
good or excellent in 75% of those treated nonoperatively 
compared with 66% in those treated operatively; rates of 
recurrent dislocation were 71% after nonoperative treat-
ment and 67% after operative treatment. A positive family 
history was identified as a risk factor for recurrence and for 
contralateral patellar instability.

If medial patellofemoral ligament reconstruction is 
selected as part of the proximal realignment, then care must 
be taken to avoid damage to the distal femoral physis. This 
can be accomplished with careful placement of the femoral 
tunnel distal to the physis in older adolescents or alterna-
tively with suture or suture anchor fixation distal to the phy-
sis in younger patients. The selection of a graft is similar to 
that for skeletally mature patients and includes a hamstring 
autograft, allograft, or partial quadriceps graft. For medial 
patellofemoral ligament reconstruction techniques, refer to 
Chapter 45. 

 

B CA

D E

FIGURE 36.157 A and B, Salter-Harris type II fracture of distal femoral physis with small metaphy-
seal spike. C and D, After closed reduction and percutaneous pinning. E, Two weeks after surgery, 
loss of reduction occurred because of inadequate fixation through metaphyseal spike only. SEE 
TECHNIQUE 36.31.
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RECONSTRUCTION OF THE 
PATELLOFEMORAL AND 
PATELLOTIBIAL LIGAMENTS WITH A 
SEMITENDINOSUS TENDON GRAFT

 TECHNIQUE 36.32 

(NIETOSVAARA ET AL.)
 n  Place the patient supine on a standard operating room ta-

ble. After induction of general anesthesia, examine both 
knees, including patellofemoral tracking, before sterile 
preparation and draping of the limb. Apply and inflate a 
thigh tourniquet (pressure of 250 mm Hg).

 n  Through standard portals (see Chapter 51), arthroscopi-
cally examine the knee to evaluate patellar tracking, 
depth of the femoral trochlea, and condition of the patel-
lofemoral joint surfaces. Remove any loose bodies.

 n  Make a longitudinal 4-cm skin incision medial to the tibial 
tubercle.

 n  Identify the semitendinosus and harvest its tendon with a 
tendon stripper, leaving the distal insertion intact.

 n  Place a running 2-0 Vicryl crisscross suture (Ethicon, Som-
merville, NJ) in the proximal end of the tendon.

 n  Make two additional 2-cm incisions at the inferomedial 
and superomedial borders of the patella.

 n  With a 3.2-mm cannulated drill, create a longitudinal in-
traosseous tunnel in the medial quadrant of the patella; 
enlarge the tunnel with a 4-mm drill.

 n  Create a subfascial tunnel between the semitendinosus 
insertion and the inferomedial patellar incision.

 n  Pass the tendon graft through this tunnel and through the 
patella from distal to proximal, exiting at the superome-
dial pole.

 n  From its exit at the superior aspect of the patella, tunnel 
the graft in a subfascial plane to the adductor tubercle 
and make a 3-cm incision.

 n  Tension the graft with the knee in 30 to 45 degrees of flex-
ion, making sure that the patella is well seated in the troch-
lea. Check the tension with the knee fully extended (the 
graft should allow little lateral movement of the patella, only 
up to one-fourth of patellar width). Proper graft tension also 
allows congruent smooth tracking of the patella.

 n  Test patellar tracking and stability throughout the range 
of knee motion.

 n  Drill a 7-mm hole at the adductor tubercle and secure the 
graft with an absorbable 8 × 23-mm Biotenodesis screw 
(Arthrex, Naples, FL).

 n  In skeletally immature patients, do not use a Biotenodesis 
screw; instead, pass the graft around the adductor magnus 
tendon and suture it to this tendon and to itself with 0 Vicryl.

 n  If tightness of the lateral retinaculum does not allow con-
gruent patellar tracking, perform a lateral retinacular release 
through an extended anterolateral arthroscopic portal to al-
low 45 degrees of rotation of the patella above the horizontal.

 n  In skeletally mature patients with a Q angle of more than 
20 degrees, transfer the tibial tubercle 8 to 12 mm medi-
ally and fix it with two 6.5-mm lag screws.

 n  Release the tourniquet and close the incisions in the stan-
dard manner.

 

1

2

3

FIGURE 36.159 Schematic view of 3-in-1 procedure: 1, lateral 
release; 2, vastus medialis muscle advancement; 3, transfer of 
medial third of patellar tendon to medial collateral ligament, 
sutured using two metal anchor sutures.   (Redrawn from Oliva F, 
Ronga M, Longo UG, et al: The 3-in-1 procedure for recurrent disloca-
tion of the patella in skeletally immature children and adolescents, Am J 
Sports Med 37:1814, 2009.) SEE TECHNIQUE 36.33.

 

BA

FIGURE 36.158 A, Distal femoral physeal fracture. B, After open 
reduction and fixation.
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 FIGURE 36.160 Substantial sleeve of avulsed cartilage when seen 
on radiograph appears as only “fleck” of bone and looks benign.

POSTOPERATIVE CARE Weight bearing and active 
range-of-motion exercises are allowed immediately. Pa-
tients with tibial tubercle transfer are allowed only partial 
weight bearing on crutches for the first 6 weeks. Return to 
participation in sports is allowed after 4 to 6 months after 
completion of a return-to-sport program.
   

 

3-IN-1 PROCEDURE FOR RECURRENT 
DISLOCATION OF THE PATELLA: 
LATERAL RELEASE, VASTUS MEDIALIS 
OBLIQUUS MUSCLE ADVANCEMENT, 
AND TRANSFER OF THE MEDIAL 
THIRD OF THE PATELLAR TENDON TO 
THE MEDIAL COLLATERAL LIGAMENT

 TECHNIQUE 36.33 

(OLIVA ET AL.)
 n  Place the patient supine on a standard operating-room 

table and apply a tourniquet to the thigh.
 n  After induction of general anesthesia, examine the knee 

clinically and arthroscopically.
 n  Make a 10-cm incision from the midpoint of the patella 

inferiorly to the medial aspect of the tibial tuberosity (see 
Fig. 36.159) to expose the lateral and medial retinacu-
la, the patellar tendon, and the superomedial aspect of 
the patella in the area of insertion of the vastus medialis 
obliquus (VMO) tendon.

 n  Section the lateral retinaculum proximal to the superior 
pole of the patella (lateral release), taking care not to 
breach the synovium.

 n  Expose the medial patellar tendon by division of the me-
dial retinaculum and expose and release the vastus medialis 
obliquus (VMO) insertion.

 n  Prepare the medial third of the patellar tendon by detach-
ing it as distally as possible from its tibial insertion; leave 
it attached to the patella proximally. Alternatively, detach 
the lateral third to half of the patella tendon and pass it 
underneath the intact medial portion.

 n  With the knee flexed 30 degrees, transfer the patellar ten-
don medially with an angle of 45 degrees with the main 
body of the patellar tendon. Incise the periosteum, insert 
two suture anchors, and suture the patellar tendon to 
the medial aspect of the proximal tibia and to the medial 
collateral ligament.

 n  Advance the VMO insertion 10 mm distally and laterally and 
secure it with continuous no. 1 Vicryl suture on the surface 
of the patella, which has been gently scarified with a burr.

 n  Close the wound in layers and apply routine dressings, 
bandages, and a straight-knee splint.

POSTOPERATIVE CARE Partial weight bearing is al-
lowed in a controlled-motion brace, progressing to full 
weight bearing after 2 weeks. Range of motion is slowly 

increased in increments with the goal of 90 degrees of 
flexion at 6 weeks. Gentle concentric training and pro-
prioception training also are begun. At 12 weeks, sport-
specific rehabilitation is begun. Progressive return to daily 
activities is allowed over the next 3 months, with return to 
sports activities usually possible at 6 months.
  

PATELLAR FRACTURES
It is estimated that only 1% of all fractures occur in the patella 
and that only 1% of these occur in the immature skeleton, 
so fractures of the patella in children are rare. They usually 
occur in older children. Some fractures, especially osteo-
chondral and small peripheral fractures and sleeve-type frac-
tures, can be caused by acute dislocation of the patella, which 
is common in children. In adolescents, “jumper’s knee” and 
Sinding-Larsen-Johansson syndrome occur frequently. These 
are avulsion injuries of the proximal and distal poles of the 
patella and should be considered chronic repetitive ligamen-
tous injuries. Bipartite patella should not be confused with a 
patellar fracture, although it can be misleading because bipar-
tite patella occasionally is painful in adolescent athletes. In 
bipartite patella, the edges of the defect usually are rounded, 
the condition is bilateral in approximately 50% of children, 
and it is almost always in the superolateral quadrant of the 
bone. Congenital absence of the patella or congenital hypo-
plasia may be seen in onychoosteodysplasia or nail-patella 
syndrome. Fractures of the distal pole of the patella and even 
transverse fractures of the patella occur often in children with 
cerebral palsy and spasticity of the quadriceps muscle.

A sleeve type of fracture of the distal pole of the patella 
has been described. Often only a fleck of bone is seen on the 
radiograph, giving a falsely benign appearance; however, a 
large, cartilaginous “sleeve” is often attached to the patellar 
tendon that, if not replaced properly, when healed and ossi-
fied becomes malaligned and produces an abnormally elon-
gated patella and patellar mechanism (Fig. 36.160). If this 
fracture occurs in conjunction with dislocation or sublux-
ation of the patella, the elongation of the patellar mechanism 
makes the dislocation more unstable. MRI is helpful for eval-
uating the extent of the sleeve fracture and ruling out con-
comitant injury (Fig. 36.161).

Patellar fractures should be classified according to 
location, type, and amount of displacement (Fig. 36.162). 
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B

FIGURE 36.161 A, Apparent minor inferior pole patellar frac-
ture. B, MRI reveals extent of sleeve fracture.

 

A B C D
FIGURE 36.162 Types of patellar fracture. A, Inferior pole. B, Superior pole. C, Transverse undis-

placed midsubstance. D, Transverse displaced midsubstance.

A review of 67 patellar fractures in 66 children (average 
age of 12.4 years) at our institution determined that 19 
fractures were comminuted, 18 were transverse fractures, 
15 were chip fractures, 6 were vertical fractures, and 2 were 
sleeve fractures; 7 fractures could not be classified from the 
available radiographs. Treatment followed guidelines gen-
erally accepted for patellar fractures in adults, but numer-
ous ipsilateral lower extremity fractures often dictated 
that treatment be determined according to the associated 
injury. Overall results were good in only 50% of patients. 

Some general trends were evident: (1) restoration of the 
extensor mechanism is essential, and results were less than 
optimal when this was not accomplished; (2) ORIF pro-
duced good results with no growth disturbance after the 
use of cerclage wires in patients near skeletal maturity; and 
(3) displaced, comminuted fractures and fractures asso-
ciated with ipsilateral tibial or femoral fractures had the 
poorest results.

Because of the possibility of growth disturbance, and 
because of frequent breakage of wires in children, we rou-
tinely remove wires, pins, and screws, preferably before they 
break. If the fracture occurs in conjunction with an acute or 
recurrent dislocation of the patella, a limited lateral release 
and medial reefing of the retinaculum may be indicated. An 
osteochondral fracture of the patella or lateral femoral con-
dyle should be suspected when acute patellar dislocation 
occurs.

Because in a sleeve fracture a large cartilaginous fragment 
usually is attached to the fleck of bone, anatomic reduction is 
required with displaced fractures. Malunion of the fracture 
may be painful and require excision of the distal fragment. 
If the sleeve fracture was caused by dislocation of the patella, 
healing in an elongated position may contribute to chronic 
recurrent dislocation.

The technique for ORIF of patellar fractures in children 
is the same as in adults (see Chapter 54). Because the sleeve 
fracture of the patella is unique to children, however, the 
technique of reduction and fixation is described here. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF SLEEVE FRACTURE

 TECHNIQUE 36.34 

(HOUGHTON AND ACKROYD)
 n  Place the patient supine on the operating table and pre-

pare the leg in the usual fashion; use a tourniquet.
 n  Approach the inferior pole of the patella through a medial 

parapatellar or direct anterior incision. Expose the distal 
pole patellar fracture.
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 n  Irrigate the fracture copiously with saline and with a small 
curet remove any clots and loose cancellous bone. Reduce 
the fragment with a small bone holder. Observe the frac-
ture fragments anteriorly and try to observe the reduction 
posteriorly on the articular surface. If this is impossible, 
use a gloved finger to feel for any angulation or offset on 
the articular surface. Perform a tension band wiring with 
two Kirschner wires or cannulated screws (see Chapter 
54).

 n  After reduction of the fracture, place two parallel lon-
gitudinal Steinmann pins across the fracture site. Leave 
them protruding approximately ¼ inch (0.5 cm) distally 
for easy removal. Place a tension band wire from the su-
perior to the inferior pole of the patella, crossing itself and 
incorporating the parallel pins (Fig. 36.163). Tighten the 
wire sufficiently but not enough to overly compress and 
angulate the fracture fragments.

 n  Alternatively, a suture repair can be done through vertical 
tunnels in the patella in a manner similar to repair of a 
proximal patellar tendon rupture.

 n  A careful retinacular closure adds additional stability to 
the repair and may improve patellar tracking after healing 
is achieved.

 n  Close the wound in layers and apply an appropriate cast 
with the knee in slight flexion. Alternatively, if a gravity 
stress test demonstrates sufficient stability, a controlled-
motion brace can be used to allow early motion.

POSTOPERATIVE CARE At 3 to 4 weeks, the cast is re-
moved and range-of-motion exercises are started.
  

FRACTURES OF THE INTERCONDYLAR 
EMINENCE OF THE TIBIA
Tibial intercondylar eminence fractures account for 2% to 
5% of knee injuries associated with knee effusion in chil-
dren and adolescents. Tibial eminence fractures are most 
commonly classified according to the modified Meyers and 
McKeever system, which describes four types: type I, little or 

no displacement of the fragment; type II, fragment elevated 
anteriorly and proximally, with some displacement but with a 
cartilaginous hinge posteriorly; and type III (intact fragment) 
and type IV (comminuted fragment), with complete displace-
ment of the fragment (Fig. 36.164). The goal of treatment is to 
achieve near-anatomic reduction to restore appropriate ten-
sion of the attached anterior cruciate ligament. This has been 
done traditionally by closed treatment with knee extension 
for types I and II and by open or arthroscopic reduction and 
fixation for types III and IV.

The mechanism of action for tibial eminence fractures is 
similar to that of an anterior cruciate ligament injury, with 
many occurring in low-energy, noncontact activities. This 
injury has also been reported with higher energy mecha-
nisms such as motor vehicle accidents, pedestrian–motor 
vehicle accidents, or falls from bicycles. The workup includes 
a careful physical examination and routine knee radiographs. 
Although the injury usually is detected with plain radio-
graphs, CT and MRI may be used to better evaluate the extent 
of the injury, rule out associated injury, and for preopera-
tive planning purposes. At our institution, we routinely use 
MRI to evaluate the degree of displacement, assess barriers 
to reduction, and evaluate associated injuries. Nonoperative 
management often is adequate for type I and many type II 
fractures if adequate reduction is achieved. If adequate reduc-
tion of the fracture is noted or restored with extension of the 
knee, then a cylinder or long leg cast should be applied with 
the knee in slight flexion. Some authors advocate the aspira-
tion of the hemarthrosis before cast application. The fracture 
should be closely followed with serial radiographs. Typically, 
the cast can be removed by 6 weeks and the patient transi-
tioned into a control-motion brace with progression of range 
of motion to full by 10 to 12 weeks.

Operative intervention is reserved for type II or III frac-
tures that do not reduce with closed manipulation and for 
type IV fractures (Fig. 36.165). Kocher et al. demonstrated 
that meniscal or intermeniscal ligament entrapment with 
block to reduction is present in 26% of type II and 65% 
of type III fractures, necessitating open or arthroscopic 
reduction. Several open and arthroscopic techniques have 

 

B CA

FIGURE 36.163 A, Patellar “sleeve” fracture. B and C, After reduction and fixation with Kirschner 
wires and tension band wiring. SEE TECHNIQUE 36.34.
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been described for surgical repair of a displaced tibial emi-
nence fracture. Regardless of technique, the knee should 
be systematically evaluated for concomitant injury, the 
fracture bed debrided, the fracture reduced under direct 
vision, and stable fixation achieved. A systematic review 
failed to show which of the many described techniques is 
superior. Whether open or arthroscopic, fixation is com-
monly achieved with suture fixation or screw placement. 
If suture fixation is selected, the suture is passed through 
the distal attachment of the anterior cruciate ligament and 
passed through drill tunnels placed in the proximal tibia 
and tied over a bony bridge. For screw fixation, the frag-
ment is held reduced and a screw or bioabsorbable screw is 
passed across the fracture with care not to cross the physis. 
If additional fixation is required, some authors advocate 
crossing the physis with a metallic screw and then remov-
ing the screw once union has been achieved. Potential com-
plications include nonunion, malunion, persistent laxity of 
the anterior cruciate ligament, loss of motion, and arthro-
fibrosis. Nonunion is uncommon but may be a challenge 
to treat, especially in very young patients in whom further 
growth has occurred, preventing adequate reduction of the 
fragment. Nonunion is more commonly encountered with 
nonoperative management. Malunion is a more common 

problem and is more commonly seen when there is a 
delay in diagnosis until healing has occurred. Malunion 
may result in a block to extension and can be treated with 
debridement of the elevated fragment or femoral notch-
plasty. A significant malunion also may result in ligamen-
tous laxity and knee instability. If this occurs, then revision 
surgery or anterior cruciate ligament reconstruction should 
be considered. Laxity also may occur in spite of union in 
good position because of injury of the anterior cruciate 
ligament at the time of initial injury. This is encountered 
more frequently in types III and IV fractures, likely as a 
result of higher forces applied to the anterior cruciate liga-
ment at the time of injury. Intraoperatively, the fracture 
bed may be gently recessed to increase the tension applied 
to the anterior cruciate ligament. In addition to malunion, 
loss of motion may occur as a result of postoperative mus-
cle tightness or arthrofibrosis. Patel et al. found that early 
posttreatment range-of-motion rehabilitation significantly 
improved time of return to full activity independent of age, 
fracture type, and operative or nonoperative management. 
In operatively treated fractures, arthrofibrosis occurred in 
36% of knees if range of motion was initiated after 4 weeks 
compared with 0% in knees when early range of motion 
was initiated. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF TIBIAL EMINENCE 
FRACTURE

 TECHNIQUE 36.35 

 n  Expose the knee through the distal portion of an antero-
medial parapatellar incision (see Technique 1.38). Open 
the capsule medially to expose the fracture fragments and 
the defect in the proximal tibia.

 n  Examine the menisci and intermeniscal ligament to en-
sure that they are not impeding the reduction. Place the 
knee in less than 30 degrees of flexion and reduce the 
fragment after any clots and cancellous bone have been 
removed from the defect.

 

 Type I  Type II  Type III  Type III with rotation

FIGURE 36.164 Meyers and McKeever classification of tibial eminence fractures.

 

A B

FIGURE 36.165 A, Type III tibial eminence fracture that could 
not be reduced closed. B, Lateral radiograph after open reduction 
and fixation with nonabsorbable sutures. Entrapped meniscus that 
prevented closed reduction was found at the time of surgery.
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 FIGURE 36.167 Arthroscopic reduction of tibial eminence frac-
ture.   (From Liljeros K, Werner S, Janarv PM: Arthroscopic fixation of 
anterior tibial spine fractures with bioabsorbable nails in skeletally imma-
ture patients, Am J Sports Med 37:923, 2009.) SEE TECHNIQUE 36.36.

 FIGURE 36.166 Repair of intercondylar eminence fracture with 
absorbable suture.   (Redrawn from Owens BD, Crane GK, Plante T, et al: 
Treatment of type III tibial intercondylar eminence fractures in skeletally 
immature athletes, Am J Orthop 2:103, 2003.) SEE TECHNIQUE 36.35.

Alternatively, the inspection and reduction can be done 
with arthroscopic assistance.

 n  Drill two holes from distal to proximal through the tibial 
epiphysis. Take care to drill the holes proximal to the phy-
sis. The holes should enter the joint (1) just medial and 
lateral to the fracture fragments or (2) into the defect 
and into the fragment itself if it is large enough. Pass a 
1-0 nonabsorbable suture through the most distal por-
tion of the anterior cruciate ligament just proximal to the 
fracture fragment (Fig. 36.166). With suture carriers, pass 
the ends of the suture through the drill holes and tie them 
onto themselves after the reduction is satisfactory.

 n  Flex and extend the knee to ensure the reduction is stable. 
Irrigate and close the wound.

POSTOPERATIVE CARE If stable fixation is achieved, the leg 
is placed in a controlled-motion brace with gradual increase 
in range of motion to full by 6 to 8 weeks. If a cast is used for 
additional stability, it should be discontinued by 4 weeks to 
initiate range-of-motion exercises. The patient is released to 
full activity only after healing has occurred and full, painless 
range of motion has been achieved with good strength.

   

 

ARTHROSCOPIC REDUCTION OF TIBIAL 
EMINENCE FRACTURE AND INTERNAL 
FIXATION WITH BIOABSORBABLE 
NAILS

 TECHNIQUE 36.36 

(LILJEROS ET AL.)
 n  With a thigh tourniquet applied and inflated, perform 

standard knee arthroscopic examination through antero-
medial and anterolateral portals (see Chapter 51).

 n  Remove the ligamentum mucosum and part of the in-
frapatellar fat pad to better expose the injured area.

 n  Remove fibrin clots and small fracture fragments from 
underneath the anterior tibial spine fragment and from 
the tibial crater.

 n  If the intermeniscal ligament is trapped in the fracture, 
interfering with reduction, free it with a probe.

 n  With the knee flexed to 45 degrees, reduce the fragment 
with a probe and temporarily fix it with a 1.6-mm AO wire 
introduced through a midpatellar entrance close to the 
medial margin of the patella (Fig. 36.167).

 n  Keeping as close as possible to the patella and slightly 
proximal to the AO wire, insert the drill guide into the 
joint and secure the fragment.

 n  Close the portals in standard fashion and apply a cast or 
brace with the knee in slight flexion.

POSTOPERATIVE CARE If stable fixation is achieved, the 
leg is placed in a controlled-motion brace with gradual in-
crease in range of motion to full by 6 to 8 weeks. If a cast 
is used for additional stability, it should be discontinued by 
4 weeks to initiate range-of-motion exercises. The patient 
is released to full activity only after healing has occurred 
and full, painless range of motion has been achieved with 
good strength.
  

TIBIAL TUBEROSITY FRACTURES
Fractures of the tibial tuberosity usually occur in older 
children, often during jumping sports such as basketball  
(Fig. 36.168). These fractures were classified by Watson-
Jones as type I, a small fragment that is displaced superiorly; 
type II, a larger fragment involving the secondary center of 
ossification and the proximal tibial physis, which is hinged 
upward; and type III, a fracture that passes proximally and 
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posteriorly across the physis and proximal articular surface of 
the tibia (Salter-Harris type III physeal fracture) (Fig. 36.169). 
Ogden et al. classified type III fractures further as to whether 
there is a rotational, comminuted, or epiphyseal component. 
This classification is important because type III fractures in 
younger children, if not anatomically reduced and held, can 
result in bony bridge formation, causing anterior growth 
arrest and hyperextension deformity; however, this complica-
tion is unlikely because these fractures usually occur in older 
adolescents (Fig. 36.170). Frankl described a type I-C injury 
as a tibial tuberosity avulsion fracture with a patellar tendon 
rupture from its proximal insertion. Further modifications to 
the classification scheme were added to include injuries to the 
entire proximal tibial physis. Ryu and Debenham suggested 
the addition of a type IV injury, in which the anterior tubercle 
fracture line extends completely across the tibial physis in a 

Salter-Harris type I pattern. Donahue et al. subdivided type 
IV injuries into type IV-A injuries, a strictly physeal injury, 
and type IV-B injuries, those with a posterior metaphy-
seal fragment, consistent with a Salter-Harris type II injury. 
Finally, a type V injury was described by Curtis and later clas-
sified by McKoy et al. with an intraarticular Salter-Harris type 
III extension and an associated type IV fracture, giving the 
fracture a Y configuration (Fig. 36.171). We have seen a num-
ber of patients, all adolescent males, with anterior tuberosity 
fractures combined with a posterior metaphyseal fragment 
(Fig. 36.172).

Differentiating between Osgood-Schlatter disease and 
tibial tuberosity fractures can be difficult because they both 
present with pain over the tibial tuberosity in jumping ath-
letes. Osgood-Schlatter disease is a chronic traction injury 
at the distal attachment of the patellar tendon that results in 
insidious onset of inflammation along the anterior aspect of 
the tuberosity. A tibial tuberosity fracture, however, is an acute 
failure of the underlying physis. Although Osgood-Schlatter 
disease has been known to precede tibial tuberosity fractures, 
this is likely related to the strong correlation between the 
age and activities that result in these injuries. With Osgood-
Schlatter disease, symptomatic and supportive treatment is all 
that is necessary, the prognosis is good, and only occasionally 
are symptoms prolonged by a persistent ossicle. Conversely, 
tibial tuberosity fractures result in an incompetent extensor 
mechanism and require urgent treatment to restore function.

Imaging workup consists of standard radiographs of the 
knee. Historically, the incidence of concomitant knee injury 
or intraarticular pathology was thought to be low because of 
the mechanism of action; however, several more recent studies 
that used preoperative MRI demonstrated a higher incidence 
of intraarticular findings, commonly meniscal pathology and 
osteochondral injury, than previously reported. As a result, 
some authors advocate routine use of MRI as part of the pre-
operative workup, whereas others conclude that a careful 
inspection of the joint at time of surgery through an arthrot-
omy or arthroscopic assessment is sufficient.

The role of nonoperative management of tibial tuberosity 
fractures is limited to nondisplaced type I or type II fractures 
with little to no displacement. Closed treatment consists of 
cast immobilization in near full extension for 4 to 6 weeks 
followed by progressive range of motion and strengthening. 
Serial lateral radiographs are obtained to ensure that proxi-
mal displacement does not occur because of the pull of the 
quadriceps. For displacement of more than 3 mm, or for 
type III or greater fractures, surgical stabilization is recom-
mended. If the fracture is reducible by closed manipulation, 
percutaneous fixation can be placed to maintain the reduc-
tion and allow early range of motion. If acceptable reduc-
tion is not obtained, then formal open reduction and fixation 
should be performed. Fixation typically is with cannulated 
screws; however, if the tuberosity fragment is comminuted or 
small, alternative methods of fixation may be used including 
suture, wires, suture anchors, or even plate fixation. Typically 
a large periosteal flap is present and, if repaired, provides 
addition stability to the fracture. It is hoped that with heal-
ing, fusion occurs across the traction apophysis only. We have 
found anterior tuberosity fractures combined with a posterior 
metaphyseal fragment to have a high risk of refracture after 
conservative treatment, and we treat these with ORIF that 
includes both anterior and posterior fragments (Fig. 36.173).

 

I II III
FIGURE 36.169 Types of avulsion fracture of tibial tuberosity. 

Type I, through secondary ossification center. Type II, at junction of 
primary and secondary ossification centers. Type III, across primary 
ossification center (Salter-Harris type III) with physis near closing 
posteriorly.  (Redrawn from Roberts JM: Fractures and dislocations of 
the knee. In Rockwood CA Jr, Wilkins KE, King RE, editors: Fractures in 
children, Philadelphia, 1984, Lippincott.)

 FIGURE 36.168 Mechanism of injury of flexion-avulsion injuries. 
These injuries are most common in adolescent boys and most often 
occur when attempting to push off for a jump in basketball.
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Complications related to tibial tuberosity fractures 
are uncommon. Acute compartment syndrome has been 
reported and often attributed to disruption of the anterior 
tibial recurrent vessels. We routinely admit patients with 
displaced tuberosity fractures overnight for observation 
regardless of treatment. Growth disturbance can occur 
but is rare because this fracture occurs most often toward 

the end of growth. If growth arrest does occur, then it may 
result in genu recurvatum and require surgical correc-
tion. Implant prominence is the most common complica-
tion and can be minimized by avoiding washers or using 
smaller, low profile implants. Our preference, however, is 
to use appropriate fixation to achieve a stable construct 
and to remove the implants once healing has occurred only 

 

IA IB IIA IIB

IIIA IIIB IV V

FIGURE 36.171 Classification of tibial tuberosity fractures (see text).

 

A B

FIGURE 36.170 Tibial tuberosity fracture. A, Watson-Jones type III fracture (Salter-Harris type 
III) extending into knee joint. B, After open reduction and screw fixation.
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if implant-related pain persists. Finally, loss of motion has 
been reported, but similar to tibial eminence fractures it 
can be minimized with stable fixation and early range of 
motion. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION

 TECHNIQUE 36.37 

 n  Make an anterior, midline incision adjacent to the tibial 
tuberosity and parallel to the patellar tendon. Carry the 
dissection laterally over the tibial tuberosity and the inser-
tion of the patellar tendon.

 n  Identify any large periosteal flap, which may be 
avulsed medially, laterally, bilaterally, or distally. If it 
is frayed, resect some of it. If it is not frayed, retain it 
for stability.

 n  Expose the fracture and clean its base with a curet. Do 
not dissect completely free the attachments of the tibial 
tuberosity.

 n  Reduce the fracture with the knee in full extension.
 n  Insert guidewires for cannulated screws across the 

fracture. Once placed, confirm the reduction and 
guidewire position. If satisfactory, then place the can-
nulated screws in standard fashion. If the fragment 
is comminuted or small, tension band, suture repair, 
or suture anchors can  be placed to achieve fixa-
tion. Confirm the final reduction with radiographs. 
Suture any periosteal flap and close the wound in  
layers.

 

A

C

B

FIGURE 36.172 Anterior tibial tuberosity fracture combined with posterior metaphyseal  
fracture in adolescent male. A, Radiograph. B, MRI. C, CT scan.
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POSTOPERATIVE CARE A cylinder cast or long leg cast 
has historically been applied with the knee in full exten-
sion for 4 to 6 weeks. If stable fixation is achieved, how-
ever, a controlled-motion brace can be used to allow for 
early range of motion.
  

OSTEOCHONDRAL FRACTURES
Osteochondral fractures of the knee occur primarily on the 
cartilaginous surfaces of the medial or lateral femoral con-
dyle or the patella (Fig. 36.174). They may be caused by direct 
forces applied against the femur or patella or by dislocation 
of the patella itself (Fig. 36.175). Osteochondral fractures 
have been reported in over half of acute patellar disloca-
tions, with equal numbers of capsular avulsions of the medial 
patellar margin and loose intraarticular fragments detached 
from the patella or the lateral femoral condyles (Fig. 36.176). 
Intraarticular fragments may be identified only after spon-
taneous relocation of the patella. Femoral fractures usually 
involve the edge of the articular surface and the middle third 
of the condylar arc. Usually a significant hemarthrosis follows 
the traumatic episode. If ligamentous instability is not present 
and the aspirate of the knee is sanguineous (hemarthrosis), an 
osteochondral fracture should be suspected, although often 
the fragment is not bony and cannot be seen on standard 
radiographs. Occasionally, just a faint density or fleck of sub-
chondral bone can be identified. This small osseous fragment 

usually is part of an osteocartilaginous loose body that at sur-
gery is surprisingly large. Additional views, such as the tun-
nel view, may improve exposure, but one study demonstrated 
that standard radiographs failed to identify an osteochondral 
fragment in 36% of children who had a loose body found at 

 

A B

FIGURE 36.173 A, Anterior tibial tuberosity combined with a posterior metaphyseal fracture. 
B, Fixation with screws that includes anterior and posterior fragments.

 FIGURE 36.175 Osteochondral loose body from lateral femoral 
condyle secondary to acute patellar dislocation.

 

A B C
FIGURE 36.174 Three locations of osteochondral fractures 

caused by dislocation of patella. A, Inferior surface of patella. B, 
Femoral condyle. C, Medial surface of patella.

 

A B C
FIGURE 36.176 Most common types of osteochondral fractures 

in acute patellar dislocations. A, Medial marginal patellar avulsions. 
B, Inferomedial patellar facet. C, Lateral femoral condyle.
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time of surgery. MRI is indicated if there is a high suspicion 
of osteochondral fracture. Arthroscopy is indicated to locate, 
identify, and remove the loose body. The defect in the patella 
or femur also should be identified. Small fragments or carti-
laginous loose bodies can be excised, but larger fragments, 
particularly in weight-bearing portions of the joint, should 
be repaired when possible. For a more thorough discussion of 
osteochondral fractures, refer to Chapter 32. 

FLOATING KNEE INJURIES
Although not an injury of the knee joint, “floating knee” 
describes the flail knee joint segment resulting from a fracture 
of the shafts or adjacent metaphyses of the ipsilateral femur and 
tibia. This is an uncommon injury in children; it most often 
results from motor vehicle accidents and usually is associated 
with major soft-tissue damage, open fractures, and head inju-
ries. Letts et al. proposed a five-part classification of these inju-
ries (Fig. 36.177): type A, femoral and tibial fractures are closed 
diaphyseal fractures; type B, one fracture is diaphyseal, one is 
metaphyseal, and both are closed; type C, one fracture is diaph-
yseal, and the other is an epiphyseal displacement; type D, one 
fracture is open with major soft-tissue injury; and type E, both 
fractures are open with major soft-tissue injury. Their basic rec-
ommendation for treatment of these injuries is that at least one 
fracture (usually the tibial) must be rigidly fixed by ORIF. If 
mobilization of the child is essential, internal fixation of both 
fractures is indicated in most patients. In older children, intra-
medullary nailing may be more appropriate than plate fixation. 
Open fractures with major soft-tissue injury should be left open 
and stabilized with external fixation (Fig. 36.178). Outcomes of 
these fractures appear to be age related, with successful closed 

treatment of children younger than 10 years, but frequent com-
plications and concomitant ligamentous injuries have been 
reported in children older than 10 years treated with reduc-
tion and fixation (intramedullary rods, plates, external fixator) 
of the femoral fracture. Poor results have been reported to be 

 

Type A
Diaphyseal
closed

Type B
Metaphyseal
and
diaphyseal
closed

Type C
Epiphyseal
and
diaphyseal

Open Open

Open
Type D
One fracture
open

Type E
Both open
with major
soft-tissue
injury

FIGURE 36.177 Classification of floating knee injuries in children (see text).

 

B CCA

FIGURE 36.178 A and B, Severe floating knee injury with 
midshaft fracture of femur, Salter-Harris type I fracture of distal 
femoral physis, and comminuted fracture of tibial shaft. C, After 
internal fixation of distal femoral physeal fracture with crossed 
pins and external fixation of fractures of femoral and tibial shafts.
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as high as 50% of older children because of limb-length dis-
crepancy, angular deformity, or instability of the knee, particu-
larly ligamentous instability. A multicenter study evaluated 130 
patients with an average age of 10.2 years who had floating knee 
injuries and found that, with modern fixation techniques, 93% 
of patients had good to excellent results with shorter length of 
stays than previously reported. 

TIBIAL AND FIBULAR FRACTURES
Fractures of the tibia and fibula are common across all age 
groups and represent the third most common long bone 
injury in children and adolescents. They are more common in 
males and occur from many different mechanisms. The most 
common location of fracture is in the distal third of the tibia 
followed by the middle and then proximal thirds. Sheffer et al. 
reported a 4.3% incidence of concurrent ipsilateral tibial shaft 
and distal tibial fractures, so care must be taken to image the 
entire bone appropriately when evaluating a tibial fracture. 
Many tibial and fibular fractures can be managed nonoper-
atively; however, these fractures require careful monitoring 
and management to avoid complications. Fracture patterns 
and potential complications vary according to location, so 
each anatomic site will be discussed separately. Otherwise, 
fractures of the tibia and fibula can be treated closed. A wor-
risome fracture is incomplete metaphyseal fracture of the 
proximal tibia. Fractures of the distal tibial and fibular phy-
ses also are of special concern because, if not treated prop-
erly, varus and valgus angulation may occur in older children 
and a bony bridge may form causing angular deformity in 
younger children.

PROXIMAL TIBIAL PHYSEAL FRACTURES
Fractures of the proximal tibial physis are uncommon frac-
tures largely because of the anatomic stability at this location 
and the energy required to produce such an injury. The proxi-
mal tibial physis is partially protected by the ligamentous 

attachments around the knee, the fibula laterally, and the 
tibial tuberosity anteriorly. There also are fewer ligamentous 
attachments directly to the epiphysis when compared with the 
distal femoral epiphysis. Fractures of the epiphysis, however, 
deserve special attention because of the proximity to the pop-
liteal artery, which is tethered to the proximal tibia and may 
be injured when the tibial metaphysis is posteriorly displaced 
(Fig. 36.179). There are few dedicated studies about injuries 
at this location because many authors have included tibial 
tuberosity fractures in their series. We believe that, although 
there are many correlations between these two injuries, they 
ought to be considered separately because of some inherent 
differences. For type IV tibial tuberosity fractures, the proxi-
mal tibial physis also is disrupted and should be considered a 
true physeal injury.

Proximal tibial physeal fractures are commonly classi-
fied by the Salter-Harris classification. They can be further 
classified by the amount of displacement and the direction 
of displacement. Mubarak et al. found that by grouping frac-
tures of the proximal tibia, including the eminence, tuber-
osity, and metaphyseal fractures, by direction of force and 
fracture pattern, there were several age-related correlations. 
In early childhood (ages 3 to 6 years), metaphyseal fractures 
were most common. In prepubescent children (ages 4 to 9 
years), varus and valgus forces were the predominate mecha-
nisms of fracture. During preadolescence (around ages 10 to 
12 years), a fracture mechanism involving extension forces 
predominated. During adolescence (after age 13 years), the 
flexion-avulsion pattern consisting primarily of tibial tuber-
osity fracture was most common. Furthermore, tibial spine 
fractures occurred at age 10 years, Salter-Harris types I and 
II fractures at age 12 years, and Salter-Harris types III and 
IV physeal injuries at around age 14 years as tibial plateau 
equivalents.

Management of proximal tibial physeal fractures closely 
follows the Salter-Harris recommendations discussed earlier. 
Most types I and II injuries can be managed closed with cast 

 

Popliteal
artery

BA C

FIGURE 36.179 A, Salter-Harris types I and II fractures with posterior displacement of tibial shaft 
may injure popliteal artery. B, Salter-Harris type III fracture of proximal tibia. Analogous to a tibial 
plateau fracture. C, Fracture through tibial tuberosity and across epiphysis into knee joint similar 
to avulsion of epiphysis of tibial tuberosity.
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immobilization if an adequate reduction is obtained. Gentle 
reduction with adequate sedation should be performed to 
minimize additional trauma to the physis. If the reduction 
is unsuccessful and there is persistent instability after reduc-
tion, vascular compromise, or impending compartment syn-
drome, then we prefer surgical stabilization with smooth pins 
across the physis or cannulated screws across the metaphy-
seal component. For types III or IV injuries, we accept only 
minimal articular displacement and have a low threshold for 
surgical stabilization (Fig. 36.180). Many of these fractures 
occur near the end of skeletal maturity and can be managed 
with adult techniques and implants to optimize stability and 
facilitate early range of motion. There is a high association 
between types III and IV fractures and associated intraarticu-
lar pathology. Advanced imaging with CT or MRI is helpful 
in determining displacement, identifying intraarticular inju-
ries, and for preoperative planning.

Variants of Salter-Harris types III and IV fractures have 
been described as “triplane fractures of the proximal tibial 
epiphysis.” These are similar to fractures that occur in the 
ankle in adolescent patients. Generally, these are two-part 
fractures that are type IV fractures and three-part frac-
tures that are type III (Tillaux component) or type II frac-
ture combinations. If displaced, both variants require ORIF  
(Fig. 36.181).

In a review of 39 proximal tibial physeal injuries at our 
institution, several complications occurred, including ante-
rior compartment syndrome, transient and permanent pero-
neal nerve palsy, arterial thrombosis, angular deformity, and 
leg-length inequality. Any suggestion of ischemic changes, a 
compartment syndrome (see Chapter 48), or peroneal nerve 

palsy requires that immediate action be taken in the emer-
gency department. Leg-length inequality of more than 1 inch 
(2.5 cm) occurred in 2 of the 39 children requiring additional 
treatment. Two children had joint incongruity and angular 
deformity. 

PROXIMAL TIBIAL METAPHYSEAL 
FRACTURES
Fractures of the proximal tibial metaphysis occur most com-
monly between the ages of 3 and 8 years. The most common 
fracture pattern is a minimally displaced fracture created by 
a valgus moment to the leg from a medially directed force. 
Another common fracture pattern is an impaction fracture 
of the proximal metaphysis classically created by a trampo-
line injury with a young child bouncing with an older child 
or adult. Displaced fractures of the proximal tibial metaphy-
sis are uncommon and are usually caused by a high-energy 
mechanism. Displaced fractures in this location are of con-
cern because of their proximity to the posterior tibial artery 
and the possibility of damaging the vasculature of the leg.

Children with minimally displaced, low-energy frac-
tures often present with the inability to walk. Children may 
describe pain in their knee or leg and have tenderness and 
swelling along the metaphysis. With high-energy trauma, the 
location of the fracture is more obvious, and careful atten-
tion should be placed on the neurovascular examination and 
serial compartment checks. An ankle-brachial index (ABI) 
test should be performed and compared with the contralat-
eral side to rule out arterial injury if significant displacement 
is present.

For minimally displaced fractures, a long leg cast should 
be applied with the knee in slight flexion and a slight varus 
mold applied at the level of the fracture. For significantly 
angulated fractures, a reduction under sedation should be 
performed at the time of cast application. Displaced, high-
energy fractures should be urgently reduced and surgically 
stabilized with age-appropriate techniques.

An uncommon but well-described complication of a 
proximal tibial metaphyseal fracture is a late valgus defor-
mity. Initially described by Cozen, this phenomenon occurs 
in fractures of the proximal tibial metaphysis, even when 
nondisplaced. Radiographs often reveal a benign “greenstick” 

 

A B

C D

FIGURE 36.180 A and B, Salter-Harris type III fracture of proximal 
tibial physis. C and D, After open reduction and internal fixation.

 FIGURE 36.181 Sagittal view of knee depicting epiphyseal frac-
ture pattern. Anterior and posterior fracture fragments are shown.
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 FIGURE 36.182 Opening of fracture gap medially showing that 
periosteum or pes anserinus could be interposed.

nondisplaced fracture pattern in a young child. Frequently, 
the fracture is treated in a straight or bent-knee cast and heals 
uneventfully with apparently satisfactory alignment. Later 
the tibia is noted to have a significant valgus angulation com-
pared with the opposite tibia. This excess valgus may not have 
been preventable, and for this reason, parents should be told 
at the beginning of treatment about the possibility of this 
complication.

At what point the valgus angulation occurs and why it 
occurs are unknown. Numerous explanations have been 
advanced, however, including the following:
 1.  Asymmetric growth stimulation of the proximal tibial 

physis has been suggested. Houghton and Rooker surgi-
cally lacerated the proximal tibial periosteum medially in 
animals and noted a resultant valgus angulation.

 2.  Asymmetric growth stimulation of the medial proxi-
mal metaphysis from asymmetric vascular response has 
been suggested by several authors who postulated that an 
unbalanced vascular healing response occurs after injury 
to the metaphysis, causing the medial side of the tibia to 
outgrow the lateral side.

 3.  The tibial physis is stimulated more or for a longer period 
than the fibular physis, which may or may not have been 
fractured. This would cause a tethering effect, with the 
tibia overgrowing more medially than the fibula laterally, 
pulling the extremity into a valgus position.

 4.  Valgus angulation occurs at the time of fracture. Too often, 
radiographs of these fractures are taken in a cast with the 
knee flexed and the valgus angulation is not apparent. 
Radiographs of the contralateral extremity are not taken 
for comparison, and the amount of valgus is not appreci-
ated. Weight bearing before solid union of the fracture also 
has been suggested to produce the valgus angulation.

 5.  Soft tissue, such as the pes anserinus, is interposed 
between the fragments, preventing an adequate reduc-
tion and complete healing of the fracture, which causes an 
exaggerated stimulation of the physis on the medial side 
of the tibia, resulting in overgrowth and valgus deformity 
(Fig. 36.182). Open reduction is recommended, especially 
when the fracture fragments are mildly to moderately sep-
arated medially, as is removal of the interposed material.

 6.  A physeal injury occurs, causing premature closure of 
the physis laterally, leaving the physis open medially with 
resultant valgus angulation.
Because the incidence, etiology, and prognosis of this defor-

mity are uncertain, prevention and treatment are controversial. 
The fractures usually occur between age 3 and 8 years, when the 
normal physiologic valgus is at its maximum. In a retrospective 
study of 181 patients between 1 and 8 years of age with proxi-
mal tibial fractures, Yang et al. found that 14% of patients who 
initially had less than 4 degrees of angulation developed angu-
lation of more than 4 degrees at some point during follow-up. 
Of the 120 patients who developed progressive angulation, only 
four had persistent valgus at final follow-up; none required sur-
gical correction. A review of patients with this fracture at our 
institution revealed similar findings. Like others, we are uncer-
tain of the exact cause of the deformity or how to prevent it. 
The fracture should be treated precisely, however. First, parents 
should be warned before treatment is begun of the possibility of 
valgus deformity both during treatment and after healing has 
occurred. Second, a long leg cast in 5 to 10 degrees of flexion 
should be applied and radiographs of the fractured tibia and the 

opposite tibia should be taken frequently and compared. If any 
valgus angulation does occur, the cast should be wedged into a 
corrected position. Reduction, with the patient under general 
anesthesia, is recommended of any fracture with a break in the 
medial cortex and even minimal valgus deformity. Third, we 
have tried, when appropriate, to put the fractured tibia in slightly 
less valgus than the opposite tibia.

Of the children we reviewed at our institution, the defor-
mity increased in some children 12 months after treatment. In 
some, the deformity improved spontaneously for 3 years after 
injury (Fig. 36.183). This improvement may have been caused 
by the normal correction of physiologic valgus seen in children 
2 to 9 years old. Proximal tibial osteotomy or guided growth for 
significant deformity should be delayed because the deformity 
may correct spontaneously. Osteotomy corrects the deformity, 
but it also can stimulate the medial side of the tibia and cause 
the deformity to recur later, as noted in some of our children. 
Guided growth with compression of the medial physis may 
be the best treatment option in the rare patient who does not 
obtain spontaneous correction with growth. 

 

OPEN REDUCTION AND REMOVAL OF 
INTERPOSED TISSUE
If interposition of soft tissue is strongly suspected or is con-
firmed by appropriate valgus stress radiographs with gapping 
of the fracture, and if the fracture is not a stress fracture, 
operative removal of the tissues, including the periosteum 
and pes anserinus, from the fracture may be necessary.

 TECHNIQUE 36.38 

(WEBER ET AL.)
 n  Place the patient supine on the operating table and pre-

pare and drape the involved area in the usual fashion. Ap-
proach the fracture site medially through a 6-cm vertical 
incision.
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 n  Carry the soft-tissue dissection down to the medial sur-
face of the tibia and identify the fracture. Notice if the 
periosteum is stripped away from the medial surface of 
the tibia and, together with the pes anserinus, is trapped 
in the transverse fracture gap (Fig. 36.184A,B). Clean all 
debris away from the fracture, including the hematoma.

 n  Slide a periosteal elevator under the interposed tissues and 
extract them from the fracture. Hold the periosteum back 
with forceps (Fig. 36.184C,D) and irrigate the fracture.

 n  Suture the periosteum and the pes anserinus in their origi-
nal positions if possible.

 n  Observe the fracture before closing to ensure that the gap 
is closed and that no further interposition of periosteum 
has occurred.

 n  Close the wound in layers and apply a long straight-leg 
cast.

POSTOPERATIVE CARE Radiographs of both lower ex-
tremities in full extension should be made to ensure that 
no increased valgus is present in the injured tibia com-
pared with the opposite tibia.
  

MIDDLE AND DISTAL TIBIAL SHAFT 
FRACTURES
Fractures of the shaft of the tibia, with or without associated 
fibular fractures, usually can be treated by closed reduction 
and casting. This also applies to distal tibial metaphyseal 
fractures. In a large series of tibial shaft fractures treated 
with above-knee casts, (1) initial shortening of 10 mm was 
compensated wholly or partially by growth acceleration; (2) 
mild varus deformities corrected spontaneously; (3) valgus 
deformity and posterior angulation persisted to some degree; 
and (4) rotational deformities persisted, especially internal 
rotation.

In general, transverse isolated fractures are less likely 
to displace early or late while in a cast, but spiral and 
oblique fractures are prone to displacement into varus 
or valgus for 2 to 3 weeks after injury and require care-
ful follow-up. Fractures manipulated at 2 weeks have been 
found to be still mildly malleable, but fractures left for 3 
weeks may not. With fractures that involve both the tibial 
and fibular shafts, valgus angulation is common because 
of the pull of the anterior and lateral compartment muscu-
lature. If the fibula is intact, the pull of the anterior com-
partment musculature tends to result in varus angulation 
as the fibula maintains the length of the lateral cortex. 
Posterior angulation (recurvatum) of distal tibial metaph-
yseal fractures can occur, especially when the ankle is held 
in dorsiflexion.

Spontaneous correction of angular deformity after tibial 
fractures has been reported to occur in boys up to age 10 
years and in girls up to age 8 years; however, other reports 
indicate that little spontaneous correction occurs regardless 
of the age of the child.

Because of the possibility of compartment syndromes, 
long bone fractures of the lower extremity should not be 
treated casually. A retrospective review of 515 patients with 
tibial shaft fractures from our institution demonstrated a 1.7% 
incidence of acute compartment syndrome, with age greater 
than 14 years, elevated BMI, high-energy mechanisms, and 
associated injuries all being risk factors. A careful clinical 
examination should be performed and documented followed 
by serial examinations to monitor for signs of impending 
compartment syndrome. If vascular injury is suspected, an 
ABI or arteriogram should be obtained at the direction of a 
vascular surgeon. If there is high suspicion or risk of compart-
ment syndrome based on a thorough workup, a splint with 
soft-tissue dressing should be applied instead of a circular 
cast, and the extremity should be monitored with a suitable 
compartment-pressure measuring device. If compartment 
syndrome is anticipated or developing, surgical stabilization 
of the fracture should be considered and a very low threshold 
for compartment releases should be maintained. The treat-
ment of impending and established compartment syndromes 
is described elsewhere (see Chapter 48).

Although most tibial fractures can be managed with 
closed treatment, there has been a trend toward expanding 
the indications for operative intervention of tibial fractures. 
The indications for operative treatment of tibial and fibular 
fractures in a child are:
 1.  Unstable fractures that cannot be adequately aligned 

or maintained by closed methods.
 2.  Open tibial fractures, which should be treated as 

emergencies with irrigation and debridement. If 

 

A B

C D

FIGURE 36.183 Spontaneous correction of valgus deformity. 
A, Proximal metaphyseal fracture at time of injury with no valgus 
angulation while standing. B, At 8 months, valgus angulation of 15 
degrees is present. C, At 16 months, some spontaneous correction 
of angulation has occurred. D, At 2-year follow-up, valgus angula-
tion has almost disappeared.
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soft-tissue damage is extensive, an external fixator is 
used as in adults. Care should be taken not to cross 
the physis with pins when applying the fixator.

 3.  Fractures in which surgical stabilization facilitates 
mobilization or nursing care, such as floating knees, 
polytrauma, or multiple long bone injuries.

 4.  Nonunions of tibial fractures, which are rare in chil-
dren and are probably more serious and more diffi-
cult to manage than in adults. We have treated several 
children with obvious nonunions of the tibia with 
no other pathologic or congenital anomaly in whom 
internal fixation and bone grafting were required to 
achieve union (Fig. 36.185).

The general assumption that even grades II and III open 
diaphyseal fractures in children heal readily was refuted in a 
large series of these fractures: 55% healed primarily, 30% had 
delayed unions, 7.5% were classified as nonunions, and 7.5% 
(all with Gustilo grade IIIC fractures) required early amputa-
tion. The same factors that predispose to these complications 
in adults (degree of displacement, comminution, soft-tissue 
damage, and periosteal stripping) also contribute to delayed 
union and nonunion in children. Reported incidences of 
compartment syndrome, vascular injury, infection, and 
delayed union are similar to those in adults. Two complica-
tions are unique to children: late angular deformities and tib-
ial overgrowth. Laine et al. reported eight patients with open 
(type IIIB or IIIC) tibial fractures who all required soft-tissue 

flaps and had an average bone loss of 5.4 cm. They found that 
with the use of a circular external fixator and the application 
of an algorithm based on bone loss and the ability to acutely 
shorten the construct, seven out of eight limbs could be sal-
vaged, and of the seven in whom the fracture healed, all were 
ambulatory without assistive devices at time of final follow-
up in spite of a high rate of secondary procedures.

Intramedullary nailing may be indicated because of an 
inability to obtain or maintain reduction in an older or larger 
child with an unstable fracture pattern that is at high risk of 
displacement or for multiple pathologic fractures in a young 
child, such as occur in osteogenesis imperfecta or congenital 
pseudarthrosis of the tibia. The ever-expanding indications 
for femoral intramedullary nailing in children have been 
extrapolated to tibial nailing, and tibial fractures in children 
as young as 4 years of age have been treated with flexible 
intramedullary nailing. A retrospective review of tibial frac-
tures in 31 patients with open physes found shorter times to 
union and better functional outcomes in those treated with 
intramedullary nailing than in those treated with external 
fixation.

If intramedullary nailing is done, the proximal and dis-
tal physes should be avoided. Intramedullary nailing has 
been reported to be successful in stabilizing severely com-
minuted tibial fractures so that union is obtained without 
angular deformity. If possible, closed techniques of nail inser-
tion should be used, with a small incision over the fracture 

 

A B

DC
FIGURE 36.184 Weber technique for removing soft tissue from proximal metaphyseal fracture. A, 

Exposure of fracture. B–D, Removal of pes anserinus and periosteum from fracture with periosteal 
elevator and forceps. SEE TECHNIQUE 36.38.
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A B C D E

FIGURE 36.185 Nonunion of tibia and fibula in child. A and B, Nonunion before treatment. 
C, Stress radiograph showing motion at fracture. D and E, Early union after bone grafting and 
compression plate fixation.

if necessary for adequate reduction of the fracture. Titanium 
or stainless elastic intramedullary nails can be used, but the 
medullary canal of the tibia must be measured carefully and 
the appropriate-sized elastic nail selected based on the criteria 
described for femurs. Complications reported after intramed-
ullary nailing of tibial fractures in children include neurovas-
cular complications (8%), infection (8%), malunion (8%), 
and leg-length discrepancy (4%). In another review of tibial 
fractures treated with elastic intramedullary nails, delayed 
union occurred at a rate of 18%. 

 

ELASTIC STABLE INTRAMEDULLARY 
NAILING OF TIBIAL FRACTURE

 TECHNIQUE 36.39 

(O’BRIEN ET AL.)
 n  After induction of general anesthesia and placement of 

a well-padded tourniquet on the proximal thigh, prepare 
and drape the affected leg. The tourniquet usually is not 
inflated.

 n  With the use of fluoroscopy, mark on the skin the fracture 
site, the proximal tibial physis, and the starting points for 
nail entry. The starting point for the nail entry hole is 1.5 
to 2.0 cm distal to the physis.

 n  Make lateral longitudinal 2-cm incisions over the proximal 
tibial metaphysis just proximal to the starting points.

 n  Select two appropriately sized nails (2, 3, or 4 mm) based 
on the width of the medullary canal, choosing the largest 
possible diameter nails that will fit the medullary canal; 
for example, if the canal measured 6 mm, use two 3-mm 
nails.

 n  The nails come with a beveled blunt tip. Bend the very tip 
of the nail to 45 degrees to facilitate passage along the 
opposite cortex and aid in fracture reduction.

 n  Contour the entire length of the nail to a gentle curve such 
that the apex will rest at or near the fracture site after re-
duction. The depth of the curve should be approximately 
three times the diameter of the canal to achieve the opti-
mal balance between ease of insertion and stability.

 n  Use a drill 0.5 cm larger than the nail in a soft-tissue 
sleeve to create the entry hole, confirming the entry hole 
with fluoroscopy in both the anteroposterior and lateral 
planes. Take care to avoid the tibial tubercle apophysis.

 n  Drill the hole in the midpoint of the anteroposterior di-
mension, starting perpendicular to the physis. Under 
fluoroscopic guidance, angle the drill caudad until it is 45 
degrees from the long axis of the tibia, taking care not to 
drill out the far cortex or migrate toward the physis.

 n  Place the prebent nail on an inserter and insert it from 
the side opposite the distal displacement in an antegrade 
fashion.

 n  Under fluoroscopic guidance, slide the nail along the op-
posite cortex until the fracture is reached.

 n  Reduce the fracture and advance the nail across the frac-
ture. Embed the nail in the distal tibial metaphysis without 
violating the cortex or the physis.

 n  Place the second nail from the other side in a similar fashion.
 n  If necessary, rotate the bent tips of the nails after passing 

the fracture site to effect an anatomic reduction, taking 
care not to distract the fracture site.

 n  Bend the proximal nail ends and cut them 1 cm from 
the cortical surface so that the nail ends will sit deep to 
the compartment fascia but be proud enough for easy 
retrieval.

 n  Close the wounds with an absorbable fascial and subcu-
ticular stitch and apply a short leg cast.

POSTOPERATIVE CARE Weight bearing is begun when 
evidence of bridging callus is present, usually at about 5 
weeks. Nails are removed at 6 to 12 months after frac-
ture; no immobilization is required after nail removal  
(Fig. 36.186).
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DISTAL TIBIAL AND FIBULAR EPIPHYSEAL 
FRACTURES
Carothers and Crenshaw described the mechanism of injury 
of distal tibial physeal fractures using a classification of abduc-
tion, external rotation, and plantarflexion; adduction; and axial 
compression. Abduction, external rotation, and plantarflex-
ion frequently produce Salter-Harris type I or II physeal frac-
tures (Fig. 36.187); adduction produces type III or IV fractures  
(Fig. 36.188); and axial compression produces type V fractures. 
Since this original study, we have reviewed 100 ankle frac-
tures in children. The most common were Salter-Harris type 
II fractures (26). Type III fractures were more common than 
anticipated (19), and type I fractures (9) and type IV fractures 
(6) were relatively rare. Also studied were six triplane and six 
Tillaux fractures. The remaining were distal fibular fractures, 
and all were Salter-Harris type I or II fractures except for one 
Salter-Harris type IV fracture. Most fractures of the fibular 
physis occur in conjunction with distal tibial fractures; Salter-
Harris type III fractures usually are isolated injuries.

Fibular physeal fractures are treated for 3 to 6 weeks in a 
short leg cast. Salter-Harris types I and II fractures of the dis-
tal tibial physis usually are treated by closed reduction and the 
application of a bent-knee, long leg cast. In young children, 
moderate displacement after closed reduction, especially in 
the anteroposterior plane, can be accepted. Varus or valgus 
angulation in older children with type I or II fractures does 
not correct spontaneously, however, and excessive angulation 
should not be accepted (Fig. 36.189). Because the foot toler-
ates these positions poorly, the result is unacceptable. Two of 
our patients had open reduction because such a deformity 
could not be reduced closed. Residual gaps in the physis after 
closed reduction of Salter-Harris types I and II fractures may 
represent entrapped periosteum, which can lead to premature 

physeal closure. Open reduction and removal of the entrapped 
periosteum may be beneficial in a younger child.

In a series of 91 types I and II distal tibial physeal frac-
tures, Rohmiller et al. reported premature physeal closure in 
40%. They found a difference in the rates of premature phy-
seal closure between fractures caused by a supination-external 
rotation mechanism (35%) and those caused by a pronation-
abduction mechanism (54%). The most significant predictor 
of premature physeal closure was not initial fracture displace-
ment but postreduction displacement. Anatomic reduction is 
recommended, regardless of treatment method, to decrease 
the risk of premature physeal closure (Fig. 36.190). In spite 
of treatment methods, the rate of premature physeal closure 
after distal tibial physeal fractures remains quite high.

Most Salter-Harris type III and IV fractures, including 
triplane and Tillaux fractures, require ORIF. Internal fixation 
methods include smooth pins or wires if the physis must be 
crossed, cannulated cancellous screws, and, more recently, 
bioabsorbable screws. Bioabsorbable screws have the advan-
tage of not requiring second surgery for removal, but care 
must be taken not to damage the physis during their insertion. 
The amount of displacement acceptable for closed treatment 
has not been defined. If after a closed reduction the surgeon 
believes that the amount of displacement can be reduced oper-
atively, ORIF is justified (Fig. 36.191). Surgery traditionally has 
been recommended for 2 to 3 mm or more of displacement. 
For the most part, standards for acceptable displacement using 
CT techniques have not been refined or defined. The amount 
of displacement, the extent of comminution, and proper place-
ment of screw fixation (at right angle to the fracture fragments) 
can be determined, however (Fig. 36.192).

 FIGURE 36.187 Salter-Harris type II physeal fractures are 
produced by external rotation, abduction, and plantarflexion 
forces.

 

A B

FIGURE 36.186 Grade II open fracture in 7-year-old boy. A and 
B, Postoperative anteroposterior and lateral radiographs of tibia 
and fibula.  (From O’Brien T, Weisman DS, Ronchetti P, et al: Flexible 
titanium nailing for the treatment of the unstable pediatric tibial fracture, 
J Pediatr Orthop 24:601, 2004.) SEE TECHNIQUE 36.39.

 FIGURE 36.188 Salter-Harris types III and IV fractures are 
produced by adduction forces (supination-inversion).
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Salter-Harris types III and IV fractures are almost always 
medial and occur at the plafond, with the exception of Tillaux 
and triplane fractures. Often a tiny triangular piece of bone 
is present on the metaphyseal side in a type IV fracture  
(Fig. 36.193). At the time of open reduction, this piece of 
bone can be removed to better expose the physis and to try 
to prevent the formation of a peripheral bony bridge in this 
area. Symptomatic ossification centers in the medial malleo-
lus should not be mistaken for Salter-Harris type III fractures.

It is best not to cross the physis with any kind of pin 
unless absolutely necessary for fixation to minimize the risk 

 

A B

DC

FIGURE 36.189 Open reduction of Salter-Harris type I fracture. A, Before treatment. B, After 
closed reduction, residual angulation is 17 degrees in this older child. C, After open reduction and 
internal fixation with smooth pins, flap of periosteum was found caught in fracture. D, At early 
follow-up, no evidence of bony bridge is seen.

 

A B

DC

FIGURE 36.191 A and B, Anteroposterior radiographs of 
displaced Salter-Harris type III fracture of medial malleolus and 
Salter-Harris type I fracture of lateral malleolus. C and D, After 
open reduction and internal fixation of medial malleolar fracture 
with threaded screw through epiphysis.

 FIGURE 36.190 Cancellous screw fixing large metaphyseal spike 
of Salter-Harris type II fracture.
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of a bony bridge developing where the pins cross the physis. 
The perichondral ring can be avulsed in this area, just as from 
the distal femoral physis, from a minor fracture or ligamen-
tous or other injury and may cause peripheral growth arrest 
with resultant angular deformity.

Of our 100 ankle fractures, the result was poor in four 
type III tibial injuries and one type IV tibial injury because of 
varus or valgus deformity secondary to growth arrest and in 
one type II tibial injury because of refracture. Supramalleolar 
osteotomy was necessary in two injuries.

The development of a sclerotic line of growth disturbance 
(Park or Harris line) that appears 6 to 12 weeks after frac-
ture has been suggested to predict the likelihood of growth 
arrest from the presence and displacement of the line. If the 
line extends across the whole width of the metaphysis in both 
planes, and if the line continues to grow away from the physis 
remaining parallel to it, growth disturbance is not likely to 
occur. An absence of this formation and displacement of the 
line may indicate abnormal growth that will result in varus 
or valgus angulation. Letts et al. proposed a classification of 

pediatric pilon fractures similar to the adult classification but 
amended it to include articular surface displacement of more 
than 5 mm and physeal displacement (Table 36.7). These 
types II and III fractures seem to be more severe and involve 
comminution of the articular surface and should be consid-
ered more complex than Salter-Harris types II, III, and IV 
fractures and triplane fractures.

High-velocity motor vehicle accidents or lawn mower 
injuries often produce severe open ankle fractures. These 
injuries may involve the distal tibial physis; a shearing 
fracture of the body of the talus also can be present. The 
result is physeal arrest and joint roughening. After an open 
fracture, infection can develop. External fixators can be 
used in the initial management until the wound is clean. 
Bony bridge resection and osteotomy for angular defor-
mity may be necessary later. If infection develops or joint 
involvement is severe, ankle fusion may be necessary (Fig. 
36.194). At the time of fusion, the physis should be pre-
served, and compression clamps should be used to has-
ten fusion. An interposed iliac bone graft can be used (see 
Chapter 11). 

 

OPEN REDUCTION AND INTERNAL 
FIXATION

 TECHNIQUE 36.40 

 n  Place the patient supine on the operating table; prepare 
and drape the involved area in the usual fashion and use 
a tourniquet.

 n  Make a straight longitudinal incision over the medial mal-
leolus, anteriorly and slightly laterally, for approximately 4 
cm. Carry the soft-tissue dissection down to the fracture. 
Clear all soft tissue from the area but preserve the perios-
teum if possible. Gently expose the fracture. Remove any 
interposed soft tissue from within the fracture, especially 
periosteum and small bony fragments.

 

A

B

FIGURE 36.192 Distal tibial physeal fractures. Difference in 
entry point and direction of screw between ideal position (A) and 
observed position (B).  (Redrawn from Cutler L, Molloy A, Dhukuram 
V, et al: Do CT scans aid assessment of distal tibial physeal fractures? 
J Bone Joint Surg 86B:239, 2004. Copyright British Editorial Society of 
Bone and Joint Surgery.)

 

A B

FIGURE 36.193 A, Salter-Harris type IV fracture of medial malleolus. B, After open reduction 
and internal fixation with threaded cancellous screws in metaphysis and epiphysis, avoiding physis.
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 n  Expose the ankle joint anteriorly and, with the aid of a 
bone holder, reduce the fracture anatomically. If the frac-
ture is a Salter-Harris type IV with a small metaphyseal 
spike, remove the spike to see the reduction better and 
prevent a later bony bridge at the periphery.

 n  Insert small, parallel, smooth Steinmann pins horizontally 
across the fracture. Do not cross the physis unless necessary. 
Use a cannulated or cancellous screw if desired, ensuring, 
however, that the threads do not damage the physis and the 
screw is horizontal across the fracture (Fig. 36.195). Check 
the reduction and pin or screw placement with radiographs.

 n  Reduce manually any fibular fracture.
 n  Close the wound and apply a long leg, bent-knee cast 

with the ankle in neutral position.

POSTOPERATIVE CARE Weight bearing is not permit-
ted for 4 to 6 weeks, depending on the age of the patient. 
A short leg, weight-bearing cast is worn for 3 weeks.
  

TRIPLANE FRACTURES
Triplane fractures are caused by an external rotational force 
and are considered a combination of Salter-Harris types II and 
III fractures. Marmor first coined the term triplane fracture of 
the distal part of the tibia in 1970 in his description of lesions 
consisting of three fragments: (1) the anterolateral portion of 
the distal tibial epiphysis; (2) the remainder of the epiphysis 
(anteromedial and posterior portions) with an attached pos-
terolateral spike of the distal tibial metaphysis; and (3) the 
remainder of the distal tibial metaphysis and tibial shaft.

The triplane fracture has been reported to be a two-part 
rather than a three-part fracture. This fracture is caused by an 
external rotational force, and if it is a three-part fracture, it is con-
sidered a combination of Salter-Harris types II and III fractures. 
If it is a two-part fracture, it is a Salter-Harris type IV fracture  
(Figs. 36.196 and 36.197). CT evaluation has been recommended 
as an adjunct to radiographs to better classify the fracture, assess 
displacement, and formulate a treatment plan. Usually, closed 
reduction can be achieved by internal rotation of the foot and 
immobilization in a long leg cast. If a closed reduction cannot 
be achieved, ORIF is indicated. When adequate reduction (<2 
mm displacement) is not achieved, degenerative changes are 
likely to occur. If it is a three-part fracture, open reduction of the 
Salter-Harris type II and type III components may be necessary 
and adequate exposure is required. Triplane fractures frequently 
occur in older children, and although physeal arrest and angular 
deformity can occur, they are rare.

The operative technique for triplane fractures depends on 
whether it is a two-part or a three-part fracture. Most two-frag-
ment triplane fractures can be treated by closed reduction. The 
closed reduction should be satisfactory because this is a Salter-
Harris type IV fracture with possible joint incongruity and phy-
seal arrest. When an open reduction of this intraarticular fracture 
is necessary, it usually is a three-part fracture. We approach the 
Salter-Harris type III component laterally first. If adequate open 
reduction can be achieved, the Salter-Harris type II component 
(medially) can be treated closed; if not, both components require 
open reduction. The trend has been for limited incisions and 
cannulated screw fixation of intraarticular fragments. 

TILLAUX FRACTURES
A special fracture occurring in older adolescents originally 
was described by Tillaux. The mechanism of injury is an exter-
nal rotational force with stress placed on the anterior tibio-
fibular ligament, causing avulsion of the distal tibial physis 
anterolaterally (Fig. 36.198). This occurs after the medial part 
of the physis has closed (Fig. 36.199) but before the lateral part 
closes. The resultant fracture through the physis runs across 
the epiphysis and distally into the joint, creating a Salter-
Harris type III or IV fracture. If nondisplaced, these fractures 
can be treated conservatively with close observation to ensure 
a nonunion or delayed union does not occur. If there is any 
doubt, however, a CT is recommended to evaluate the extent 
of articular displacement. ORIF is indicated if the fracture is 
displaced (Fig. 36.200). Fracture displacement of more than 2 
mm generally is considered an indication for fracture reduc-
tion and fixation.

The fracture fragment, because it is pulled off by the ante-
rior tibiofibular ligament, is almost always anterior. Generally, 
Tillaux fractures occur in adolescents just before the entire phy-
sis (not just the medial part) closes, and there is little worry about 
using fixation across the physis as in Fig. 36.201. If the child is 
young or there is any doubt, either smooth pins or a transverse 
screw across the epiphysis should be used (see Fig. 36.195). 

 

OPEN REDUCTION AND INTERNAL 
FIXATION

 TECHNIQUE 36.41 

 n  Expose the type III or IV fracture anterolaterally through a 
3-cm anterolateral incision.

 TABLE 36.7 

Pediatric Classification of Pilon Fracture

TYPE
ARTICULAR SURFACE 
DISPLACEMENT (MM)

PHYSEAL DISPLACEMENT 
(MM) COMMINUTION ADJACENT INJURIES

I >5 None None None
II >5 <5 2-3 fragments None
III >5 >5 Multiple fragments Ipsilateral tibial shaft 

fracture and/or ankle 
dislocation

From Letts M, Davidson D, McCaffrey M: The adolescent pilon fracture: management and outcome, J Pediatr Orthop 21:20, 2001.
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 n  Gently clean and observe the fracture fragments. Take 
care not to disrupt the periosteum but to remove it from 
within the fracture.

 n  Use a bone holder to reduce the fracture gently. Check the 
reduction by examining the fragment in the ankle joint.

 n  Insert a small cancellous screw transversely or obliquely 
across the fracture but not penetrating the physis in a 
young child.

 n  Check the reduction with radiographs.
 n  Close the wound and apply a short leg cast.

POSTOPERATIVE CARE Weight bearing is prohibited 
for 3 to 4 weeks.
   

FOOT FRACTURES
TALAR FRACTURES

TALAR NECK FRACTURES
Fractures of the talus have three basic types: (1) fractures of 
the talar neck, (2) fractures of the talar body and dome, and 
(3) transchondral (osteochondral) fractures.

Be aware of the retrograde blood supply, which is present 
in a sling fashion around the talar head and neck. This blood 
supply enters the bone through three primary arteries: (1) 
artery of the tarsal sinus, (2) artery of the tarsal canal, and (3) 
the deltoid artery. We use the fracture classification proposed 
by Hawkins, which is based on the amount of disruption of 
the blood supply to the talus. A type I lesion is a fracture 
through the neck of the talus with minimal displacement and 
minimal damage to the blood supply of the talus, theoreti-
cally damaging only one vessel, the one entering through the 
talar neck. In type II lesions, the subtalar joint is subluxated or 
dislocated and at least two of the three sources of blood sup-
ply may be disrupted through the talar neck and entering the 
tarsal canal and sinus tarsi. In type III lesions, the body of the 
talus is dislocated from the tibia and from the calcaneus and 
all three of the sources of blood supply may be disrupted. The 
incidence of osteonecrosis is high in type III fractures.

We have described a type IV fracture that is not related to 
the blood supply, in which the body of the talus is dislocated 
or subluxated at the subtalar joint, the body of the talus is dis-
located at the ankle joint, the talar neck is fractured, and the 
head of the talus is dislocated at the talonavicular joint. Most 
of the fractures in our series were types I, II, or III.

We use the treatment recommended by Boyd and Knight. 
Closed reduction followed by non–weight bearing is the pre-
ferred treatment for type I mildly or nondisplaced fractures. 
If an adequate reduction cannot be obtained or maintained, 
ORIF is recommended. A reduction of less than 3 mm of dis-
placement and less than 5 degrees of malalignment is consid-
ered adequate. Most of the closed reductions are done on type 
I fractures. In types II, III, and IV fractures, open reduction 
with or without internal fixation is used frequently because of 
the difficulty of maintaining an adequate reduction by closed 
methods in significantly displaced fractures. Open fractures 
require a thorough irrigation and debridement, and internal 
fixation is done only if required for stability of reduction. If 
the soft-tissue envelope is compromised, temporary stabiliza-
tion may be achieved with a spanning external fixator until 
definitive fixation can be performed.

Varus malalignment is a frequent problem. A special 
radiographic technique is used to determine the amount of 
varus angulation in the anteroposterior plane. A cassette is 
placed directly under the foot, and the ankle is placed in max-
imal equinus position, the usual position after reduction of 
the fracture of the talar neck. This position can be maintained 
more easily by maximal flexion of the hip and knee. The foot 
is pronated 15 degrees, and the x-ray tube is directed ceph-
alad at a 75-degree angle from the horizontal tabletop. This 
technique has enabled us to detect any offset or varus defor-
mity of the head and neck of the talus.

For open reduction, an anteromedial approach is 
often used, retracting the neurovascular bundle laterally. 
Alternatively, a dual approach can be performed. Fixation is 
usually performed with cannulated screws from a medial to 
a lateral direction or small modular plates. As an alternative, 
cancellous lag screws can be inserted percutaneously from 
posterior to anterior. Techniques for talar fracture fixation are 
discussed further in Chapter 89.

Complications include osteonecrosis of the talar body, 
malunion, traumatic arthritis of the ankle and subtalar joint, 
and infection. Subchondral lucency present 12 weeks after 
injury (Hawkins line) is an indication that osteonecrosis 

 

A B

FIGURE 36.194 Severe physeal injury caused by lawn mower. A, 
Severe injury with loss of talar dome and part of distal tibia and 
separation of distal tibial physis. B, Solid fusion with physis still 
open.

 FIGURE 36.195 Salter-Harris type III or IV fracture should be 
fixed by horizontal pins or cancellous bone screws not involving 
the physis. SEE TECHNIQUE 36.40.
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will not occur, but this is not an absolute prognosticator. 
Conversely, lack of a subchondral lucency at 3 months sug-
gests that osteonecrosis has occurred (Fig. 36.202), and 
advanced imaging with MRI or bone scan may confirm the 
diagnosis (Fig. 36.203).

We evaluated a series of pediatric and adult patients for 
a Hawkins line to determine early if osteonecrosis was pres-
ent. Osteonecrosis did not occur in any patient in whom a 

Hawkins line was present. A large percentage of patients 
in whom a Hawkins line was absent at 12 weeks developed 
osteonecrosis. A few patients who were immobilized for only 
a short time did not have a Hawkins line, however, and did 
not develop osteonecrosis. Not all the patients who devel-
oped osteonecrosis required operative treatment. Some did 
satisfactorily with patellar tendon-bearing braces. Of the 12 
children, osteonecrosis developed in five, and all five healed 

 

A

C D E

B

FIGURE 36.196 Distal tibial triplane fracture. A, Anteroposterior view showing triplane fracture. 
B, Lateral view of fracture, Salter-Harris type IV (two parts of three-part fracture, type II plus type 
III). C, Preoperative coronal CT. D and E, After open reduction and internal fixation.

 

A B
FIGURE 36.197 A, Example of two-fragment triplane fracture, which is Salter-Harris type IV fracture. B, Example of three-fragment 

triplane fracture, consisting of Salter-Harris types II and III fractures.
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uneventfully. The osteonecrosis process in these children was 
different from that in adults. They developed a sclerotic lesion 
in the dome and body of the talus that became a cystic lesion 
on radiographs; over a 2- to 3-year period, the area resolved 
and all but one at long-term follow-up were asymptomatic 
(Fig. 36.204). Most children with osteonecrosis do not require 
surgery, and consequently, a prolonged period of non–weight 
bearing or the use of a patellar tendon-bearing, weight-
relieving brace should be tried before surgery is considered. 
According to several reports, children younger than 12 years 
of age have better results and osteonecrosis has a more favor-
able outcome than in older children.

Malunions of talar fractures were frequent in adults; 
however, only 2 of the 12 children reviewed in our series had 
malunion. Malunion usually occurs with the distal fragment 
dorsiflexed or in a varus position and with the fibula rotated 
more anteriorly than normal. Most of our adult patients bore 
an excessive amount of weight on the lateral side of the foot, 
and many developed traumatic arthritis in the ankle and sub-
talar joint. The only infection in our series occurred after 
an open talar neck fracture. Because the talus is composed 
almost entirely of cancellous bone, and because fracture 
through the neck may seriously disrupt the blood supply, an 
established osteomyelitis of the talus may be resistant to treat-
ment. Repeated sequestrectomy or attempted excision and 
drainage of the sinus track are not indicated in established 
osteomyelitis of the talus. The results of talectomy without 
fusion have been poor. The preferred treatment for fractures 
of the talus complicated by infection is excision of the affected 
bone followed by arthrodesis, even in children. Operations, 
when necessary for osteonecrosis, malunion, or infection, 
include triple arthrodesis (see Chapter 34), ankle fusion (see 

Chapter 11), and talocalcaneal fusion (see Chapter 11), all of 
which produce better results than talectomy alone. 

FRACTURES OF THE DOME AND LATERAL 
PROCESS OF THE TALUS
Fractures of the dome and body of the talus are rare in chil-
dren but do occur in shearing injuries, especially lawn mower, 
bicycle spoke, and “degloving” injuries. Often severe, open 
shearing injuries from lawn mowers and other power equip-
ment require excision of a portion of the talus. The wound 
should be irrigated, debrided, and left open; delayed closure 
and skin grafting, if necessary, can be performed later. The 
primary goal of treatment is to salvage as much length and 
function of the foot and ankle as possible. A large, nondis-
placed, closed talar dome or body fracture can be treated 
satisfactorily by closed methods, especially in a child, and 
good results can be expected. If the fracture is significantly 
displaced, is intraarticular, and has cancellous bone attached 
to the fragment, ORIF through an anterior approach (see 
Technique 1.19) usually is necessary. Only rarely is osteotomy 
of the medial malleolus necessary for exposure. Care should 
be taken to avoid the physis in this area. Oblique or transverse 
cancellous screws inserted across the body of the talus, usu-
ally without medial malleolar osteotomy, are all that is neces-
sary. Smaller displaced fragments often can be removed and 
handled in much the same manner as osteochondral frag-
ments. A CT scan may be necessary to make the diagnosis 
when persistent lateral subtalar pain is present. Nondisplaced 
fragments can be treated closed. Large displaced fragments 
may need ORIF, whereas small displaced fragments can be 
excised to prevent subtalar arthritis (Fig. 36.205). 

OSTEOCHONDRAL FRACTURES OF THE TALUS
In our experience, symptoms of osteochondral talar fractures 
most often begin in the second decade of life, suggesting that 
this is a lesion of adolescence progressing into early adult-
hood. We use the classification of Berndt and Harty: stage I, 
a small area of subchondral compression; stage II, a partially 
detached fragment; stage III, a completely detached frag-
ment remaining in the crater; and stage IV, a fragment that 
is detached and loose in the joint (Fig. 36.206). Medial and 
lateral lesions appear to occur with almost equal frequency, 
whereas central lesions are rare.

Most lateral lesions are caused by trauma. Morphologically, 
lateral lesions are thin and wafer shaped and resemble 
osteochondral fractures. Most medial lesions are deep and 
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FIGURE 36.198 Mechanism of injury in Tillaux fracture. A, Physis in older child closing medially 
but still open laterally. B, External rotational force causes anterior tibiofibular ligament to avulse 
physis anterolaterally. C, Avulsion produces Salter-Harris type III fracture because medial part of 
physis is closed.

 FIGURE 36.199 Tillaux fracture. See Figure 36.198 for mechanism 
of injury.

    

https://booksmedicos.org


PART XI FRACTURES AND DISLOCATIONS IN CHILDREN1622

morphologically cup shaped, not resembling a traumatic 
fracture (Fig. 36.207).

Surgery usually is required because of persistent symp-
toms or a loose body in the ankle joint, most often in lateral 
stage III or IV lesions. Stage I and II lesions generally can be 

 

A B C
FIGURE 36.201 Percutaneous reduction and fixation of displaced Tillaux fracture. A, Skin inci-

sion. B, Steinmann pin used to reduce fracture. C, While fracture is held reduced with Steinmann 
pin, Kirschner wire is inserted in fragment and across fracture.

 

A B C

FIGURE 36.200 Tillaux fracture. A and B, Seemingly undisplaced Tillaux type of Salter-Harris 
type III fracture. C, CT scan revealing significant displacement.

 FIGURE 36.202 Hawkins line is not visible in sclerotic (latent 
osteonecrosis) talar dome 3 months after injury.

 FIGURE 36.203 Bone scan 8 days after open reduction of type IV 
talar neck fracture with talonavicular dislocation shows decreased 
uptake indicating area of osteonecrosis.
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FIGURE 36.204 A and B, Type III talar neck fracture with posteromedial displacement in 9-year-
old child. C, After closed reduction and cast immobilization. D and E, At 9 months after injury, 
there is evidence of healing but osteonecrosis of talus with sclerotic and cystic changes is evident. 
F and G, At 6 years after injury, physes are still open and some healing of osteonecrosis of talus 
has occurred; patient has no symptoms.

    

https://booksmedicos.org


PART XI FRACTURES AND DISLOCATIONS IN CHILDREN1624

treated successfully without operation. Nonoperative treat-
ment of stage III medial lesions compares favorably with the 
results of operative treatment; most are asymptomatic after 
conservative treatment. Conversely, lateral stage III lesions 
generally have better results after surgical excision than after 
conservative treatment. We recommend operative treatment 
of stage III lateral lesions and all stage IV lesions; all stage I 
and II lesions and stage III medial lesions can be observed for 
healing, especially in young children and adolescents.

Histologic analysis has shown that, although morphologi-
cally the lesions were wafer shaped on the lateral side and cup 
shaped on the medial side, histologically they were the same. 
We cannot say definitely that lateral lesions are osteochondral 
fractures and that medial lesions are true osteochondritis dis-
secans. In our experience, lateral lesions have more persistent 
symptoms and degenerative changes than the medial lesions 
and require surgery more often.

Three technical operative points should be made:
 1.  If the osteochondral fragment appears on radio-

graphs to be floating in its crater and riding high, with 
a flake of bone proximally that appears to be in the 
joint, the fragment probably is inverted in the crater. 
This means that the subchondral bone is proximal in 
the ankle joint and the cartilaginous portion is in the 
crater (Fig. 36.208). In this position, the cartilaginous 

fragment would not heal to the bone in the crater, and 
excision is indicated. This elevated, apparently “float-
ing” fragment is pathognomonic of an inverted frag-
ment within the crater.

 2.  Advanced imaging with CT is helpful in identifying 
the exact location and extent of the bony lesion and is 
important for operative planning (Fig. 36.209).

 3.  Because the fibula is more posterior than the medial 
malleolus, osteotomy rarely is needed to reach the lat-
eral lesions. If a CT scan shows the medial lesion to 
be in the middle or posterior part of the talus, how-
ever, a medial malleolar osteotomy often is neces-
sary in skeletally mature patients. We osteotomize 
the medial malleolus at the plafond horizontally 
or obliquely. The malleolus should be predrilled to 
accept a cancellous screw. The malleolar fragment 
can be displaced with a towel clip, and the lesion is 
seen quite readily.

We have replaced several large fragments and held them 
with subchondral pins (Fig. 36.210), similar to the technique 
described for osteochondritis dissecans of the knee (see 
Chapter 32). The short-term results have been variable.

The lesions in types I, II, and III are often difficult to see 
at surgery and can only be palpated or “ballotted” to deter-
mine their location. Using a Keith needle or a hemostat to 
“ballotte” helps outline the extent of the lesion. Good results 
have been reported with arthroscopic excision of osteochon-
dral lesions of the talus, but it is sometimes difficult to find 
and define the margins of occult lesions. With newer arthros-
copy techniques and equipment, posterior and especially 
posteromedial lesions can be seen more easily. Often, type III 
lesions, if not completely detached, can be drilled, especially 
in children. The drilling can be done arthroscopically, percu-
taneously, or transmalleolarly (through the malleolus). Large 
fragments can be reattached, and osteochondral grafts can be 
inserted. Concomitant use of an image intensifier, although 
complex, may be of benefit. Also, computer-assisted mini-
mally invasive treatment has been described. See the discus-
sion of arthroscopy of the ankle joint in Chapter 50. 

 FIGURE 36.205 Coronal CT reconstruction highlighting intraar-
ticular nature of talar lateral process fracture.  (From Leibner ED, 
Simanovsky N, Abu-Sneinah K, et al: Fractures of the lateral process of 
the talus in children, J Pediatr Orthop 10B:68, 2001.)

 

I IVII III

FIGURE 36.206 Four types or stages of osteochondral fractures (osteochondritis dissecans of 
talus). Stage I, “blister”; stage II, elevated fragment but attached; stage III, fragment detached but 
still in crater; stage IV, displaced fragment.
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EXCISION OF OSTEOCHONDRAL 
FRAGMENT OF THE TALUS
If osteotomy of the medial malleolus is necessary, surgery 
on the medial side should be delayed until after closure of 
the physis.

 TECHNIQUE 36.42 

 n  Place the patient supine.
 n  Make a longitudinal incision 7 cm long over the antero-

medial aspect of the ankle. Place the incision far enough 
medially to allow an osteotomy of the medial malleolus 
to be made if necessary and to allow inspection of the 
medial aspect of the joint. Carry the soft-tissue dissec-
tion down to the ankle joint; retract the neurovascular 
bundle, the anterior tibial tendon, and the common ex-
tensor tendons. Incise the capsule and expose the ankle 
joint. Plantarflex the foot as much as possible to try to see 
the lesion. If the lesion is posterior, an osteotomy usually 
is necessary.

 n  Predrill for a cancellous screw from distal to proximal 
through the medial malleolus into the distal tibia and re-
move the screw.

 n  Make an osteotomy obliquely across the medial malleolus 
at the ankle joint level perpendicular to the predrilled hole 
for the cancellous screw.

 n  With a towel clip, turn the medial malleolus distally. Evert 
the ankle until the medial and posterior aspects of the 
talar dome can be seen.

 n  Ballotte for any occult lesion with a Keith needle; with 
a small curet, remove the central necrotic area and de-
termine the margins of the lesion. The fragment often is 
loose, and the subchondral bone is yellowish and hard. 
Remove the crater and the fragment and copiously ir-
rigate the joint.

 n  With a small drill, make four or five holes in the subchon-
dral crater for vascular ingrowth.

 FIGURE 36.207 Morphology of medial and lateral lesions (see 
text).

 FIGURE 36.208 “Floating” fragment in reality is loose fragment 
turned upside down in crater.

 

A B

FIGURE 36.209 Osteochondral lesion in anteromedial dome of talus. A, CT scan in axial plane 
shows crater and fragments. B, Coronal CT scan locates lesion whether anterior, middle, or posterior, 
which often is difficult to determine on radiograph.
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 n  Realign the medial malleolar osteotomy and insert a 
cancellous bone screw in the predrilled hole. Take radio-
graphs to check for anatomic alignment of the screw and 
the osteotomy.

 n  Close the wound in layers and apply a short leg cast.

POSTOPERATIVE CARE The patient should wear a cast 
or patellar tendon-bearing brace for 6 to 8 weeks, prefera-
bly non–weight bearing for a total of 8 to 12 weeks, while 
fibrocartilaginous tissue in the crater fills in the defect.
  

CALCANEAL FRACTURES
Calcaneal fractures are rare in children. They differ from cal-
caneal fractures in adults because (1) they occur much less 
frequently; (2) they do not exhibit the same fracture patterns, 
having less intraarticular involvement; (3) they are less seri-
ous because of the elasticity of structures in children; and (4) 
they remodel (Fig. 36.211). Schmidt and Weiner reported 62 
calcaneal fractures in children, which they classified using a 
system similar to that of Essex-Lopresti (see Chapter 89). They 
included physeal fractures at the tuberosity and a fracture 
almost unique to children that involves the posterior aspect of 
the calcaneus with significant loss of bone that occurs in lawn 
mower injuries. Of the fractures, 63% were extraarticular and 
only 37% were intraarticular, which is the reverse of the adult 
fracture pattern. Displacement of the intraarticular fractures 
was minimal compared with adult fractures, and only two 
required ORIF. In several older children, the subtalar joint 
was obviously involved and incongruous, however, similar to 
the Essex-Lopresti type II fracture, with a decreased “crucial” 
angle and the presence of a joint compression fracture. Open 
fractures of the calcaneus occur more often in children than 
in adults, probably because of the increased incidence of lawn 
mower injuries.

Because displacement is uncommon in extraarticular 
and intraarticular fractures, most calcaneal fractures in chil-
dren are expected to heal without any functional loss. The 

prognosis of calcaneal fractures in children is good unless a 
lawn mower injury results in loss of bone and soft tissue from 
the heel.

Harris views (ski-jump views) of the heel should be 
obtained, and a CT scan can be helpful because the diag-
nosis can be obscure secondary to minimal disturbance in 
the bony architecture and the high percentage of cartilage in 
the calcaneus of children compared with adults. Operative 
treatment of calcaneal fractures in children is not indicated 
unless subtalar joint disruption is significant. A CT scan is 
mandatory in operative planning. Good clinical outcomes 
have been reported in patients with displaced intraarticular 
calcaneal fractures treated with ORIF. Stress fractures of the 
calcaneus have been reported in children, and a bone scan 
may be helpful in making the diagnosis. Trott noted that 
cysts in the triangular space of the calcaneus become large 
enough for ordinary activities to produce stress or patho-
logic fractures. 

TARSAL FRACTURES
Fractures of the tarsal bones are uncommon in children 
because of the flexibility of the foot. Fractures, especially of 
the navicular, cuboid, or cuneiform bones, usually are part 
of a severe injury to the foot, such as a wringer, severe com-
pression, or lawn mower injury. The second metatarsal has 
been described as the cornerstone of the foot, and strong lig-
amentous attachments are present between the metatarsals 
themselves and between the cuneiforms. The most relevant 
anatomic features are the fixed mortise position of the base 
of the second metatarsal and the ligamentous attachments 
at this base. If there is a fracture of the base of the second 
metatarsal, with or without a “buckle” fracture of the cuboid, 
significant tarsometatarsal joint injury, although occult, has 
occurred. Treatment recommendations include closed reduc-
tion for gross displacement or instability, with open reduc-
tion if needed to restore anatomic relationships. Because of 
inherent instability, however, percutaneous Kirschner wire 
or screw fixation can be used to maintain the reduction 
and the alignment after open or closed reduction. The wires 

 

A B C

FIGURE 36.210 A, Large osteochondral fragment in lateral talus. B, After retrograde pinning 
of fragment; osteotomy of lateral malleolus was performed for better exposure. C, Healed lesion 
after removal of syndesmosis screw.
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  FIGURE 36.211 A and B, Lateral radiographs of bilateral severe calcaneal fractures with depression 
of crucial angle in child who also had T12 compression fracture resulting from a fall. C and D, CT scan at 
two different levels, revealing severe comminution and displacement. E, Three-dimensional reconstruc- 
tion of lateral calcaneal fractures. F and G, Lateral radiographs after open reduction and internal fixation 
with contoured plates and screws. H–J, Bilateral oblique and anteroposterior radiographs at follow-up.
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are removed after approximately 4 weeks and the screws at 
around 16 weeks.

In our experience, a persistent dorsal dislocation, even 
in a child, produces a painful hypertrophic osseous area on 
the dorsum of the foot. Also, varus angulation often is pres-
ent. With the patient under general anesthesia, any dislocated 
tarsometatarsal joints should be reduced. If this cannot be 
accomplished closed, ORIF of the dislocation is indicated 
(Fig. 36.212). Care should be taken not to violate the proxi-
mal physis of the first metatarsal.

Pediatric Lisfranc injuries consist of a fracture or liga-
mentous injury involving the first and second tarsometa-
tarsal area. This injury may produce a subtle deformity that 
can be overlooked, and the soft-tissue injury often is more 
severe than is indicated by the bony injury seen on the radio-
graphs. Often a fracture-dislocation or a fracture-subluxation 
of the first tarsometatarsal joint occurs or the first and second 

metatarsals may be involved (Fig. 36.213). A study of 56 chil-
dren with Lisfranc injuries demonstrated that most were 
sports-related, and, unlike adults, only 34% required ORIF, 
with few (4%) complications noted.

Cuboid “nutcracker” fractures have been described in four 
children, all of whom were injured while horseback riding. The 
mechanism of injury is forced abduction of the forefoot, usu-
ally in combination with an axial force. Compression cuboid 
fractures rarely are isolated injuries, usually occurring with 
other midfoot fractures or dislocations. The identification of 
a cuboid nutcracker fracture on radiograph should prompt 
CT evaluation to rule out or identify other injuries. Minimally 
displaced isolated cuboid nutcracker fractures can be treated 
conservatively, but poor results are common after nonopera-
tive treatment of displaced fractures, and operative treatment 
is recommended to avoid alterations in foot mechanics and 
function, leading to foot stiffness and pain. 

 

B

DC

A

FIGURE 36.212 A, Anteroposterior radiograph appears normal. B, Oblique radiograph reveals 
subtle subluxation of metatarsocuneiform joint. C, At surgery, image intensification reveals extent 
of involvement. D, Open and percutaneous reduction and fixation of Lisfranc dislocation. Physis 
of first metatarsal is closed.
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FIGURE 36.213 Anteroposterior and stress radiographs of foot with subtle Lisfranc dislocation. 
A, Radiograph appears normal. B, With stress into everted position, metatarsals sublux laterally. 
C, Postreduction radiograph reveals satisfactory reduction and internal fixation. D, Reduction 
maintained on eversion stress radiograph.

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF CUBOID COMPRESSION 
(NUTCRACKER) FRACTURE

 TECHNIQUE 36.43 

(CERONI ET AL.)
 n  Make a lateral incision along the axis from the tip of the 

fibula to the tip of the fifth metatarsal.
 n  Retract the peroneus tendons plantarly and partially el-

evate the extensor digitorum brevis muscle.
 n  Elevate the extruded lateral wall of the cuboid and inspect 

the fracture and adjacent joint.
 n  Elevate depressed fragments with a laminar spreader until 

the adjacent joint surfaces are congruent.
 n  When the shape of the cuboid is restored, fill the large 

corticocancellous defect with a large allograft bone block 
to provide stable bony support. Cut the allograft bone 
block overly large so that it fits into the defect with some 
resistance.

 n  This construct is stable enough that no fixation is required.
 n  Obtain an oblique radiograph to confirm the articular 

reconstruction and reestablishment of lateral column 
length.

 n  Close the wound in layers and apply a short leg cast.

POSTOPERATIVE CARE The non–weight bearing cast is 
worn for 6 weeks, followed by a walking cast for another 
6 weeks. Unprotected full weight bearing is allowed at 12 
weeks after surgery.
  

METATARSAL AND PHALANGEAL 
FRACTURES
Although metatarsal and phalangeal fractures in children are 
common, little has been written about these fractures. Perhaps 
this is because they usually heal uneventfully and rarely need 
operative treatment. Because of their strong interosseous liga-
ments, fractures of the proximal metatarsals usually do not 
become displaced significantly. Displaced fractures usually 
are produced by severe trauma. In addition to the fractures, 
the soft tissues usually are damaged considerably and swell-
ing may be excessive. These severe injuries should be treated 
by elevation and observation and not by a circumferential 
cast. When the swelling has resolved, a displaced fracture can 
be reduced closed, if necessary, by longitudinal traction. For 
severe trauma producing multiple fractures with significant 
displacement, when the swelling has subsided, open reduc-
tion and smooth pin fixation are performed if necessary. This 
is occasionally needed in the first metatarsal of older children, 
where little remodeling can be expected (Fig. 36.214). Most 
displaced fractures of the metatarsal neck heal and usually 
remodel nicely in young children; however, if displacement 
and deformity are significant, especially in the anteroposterior 
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plane, and multiple neck fractures are present, occasionally 
ORIF with longitudinal wires is necessary, especially in older 
children.

Stress fractures of the metatarsal shaft or neck occur 
in children. MRI may be helpful in diagnosis, and these 
fractures should be treated expectantly. We have seen a 
10-year-old child with a metatarsal stress fracture, and 
although these fractures occur less frequently in children 
than in adults, they can be produced by chronic repeti-
tive, stressful activity. Nonoperative treatment is usually 
appropriate combined with vitamin D supplementation. 
Fractures of the base of the fifth metatarsal in children 
and adults traditionally have been called Jones fractures, 
although Jones’ original description from 1896 appears 
to be that of a diaphyseal fracture rather than an avul-
sion fracture of the base of the fifth metatarsal caused by 
overpull of the peroneus brevis muscle. Several studies 
have noted the uncertainty of healing of this diaphyseal 
fracture and recommended ORIF with a medullary screw 
in high-performance athletes, recreational athletes, and 
nonathletes with delayed union. A more recent study also 
suggested that fixation of Jones fractures in active adoles-
cents should be considered to allow faster return to regu-
lar activities and prevent refracture. Avulsions of the most 
proximal base of the fifth metatarsal also occur in children 
and heal uneventfully except for some bony hypertrophy at 
the fracture site. This injury should be differentiated from 
a secondary ossification center seen on oblique views in a 
10- to 13-year-old child that when painful is termed Iselin 
disease (see Chapter 32).

Fractures of the phalanges are caused primarily by hit-
ting a hard object or compressing the toe with a heavy weight. 

Open fractures of the great toe distal phalanx (stubbed toe) 
can be worrisome. Dislocations of the phalanges usually 
are dorsal and can be reduced easily. Certain developmen-
tal disorders of the phalanges should not be confused with 
fractures. Fragmentation of the proximal epiphysis of the 
hallux occurs frequently (Fig. 36.215). The epiphysis may be 
fissured, compressed, or fragmented. Usually the physis is 
not fractured.

Fractures and dislocations of the phalanges should be 
reduced by longitudinal traction and held by “buddy” taping 
to the next toe. ORIF is only rarely indicated. If fracture of 
a phalanx is caused by a penetrating wound, as in stepping 
on a nail, Pseudomonas infection should be suspected. If the 
wound becomes infected, it should be irrigated and debrided 
and intravenous antibiotic therapy should be administered. 
For infected phalangeal fractures, debridement, wet dressing, 
intravenous administration of antibiotics, and delayed clo-
sure save some toes, especially the great toe, when impending 
infection or gangrene has suggested amputation. Severe open 
fractures occur in the forefoot and the phalanges, primarily 
in bicycle spoke or rotary lawn mower injuries. Treatment 
consists of adequate debridement of the wounds, leaving the 
wounds open, and delayed closure. The operative treatment 
of these injuries is similar to that for the digits of adults (see 
Chapter 89).
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ANATOMIC APPROACHES TO THE SPINE 
Raymond J. Gardocki

CHAPTER 37

ANATOMY OF VERTEBRAL COLUMN
The vertebral column comprises 33 vertebrae divided into five 
sections (7 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 4 coc-
cygeal) (Fig. 37.1). The sacral and coccygeal vertebrae are fused, 
which typically allows for 24 mobile segments. Congenital 
anomalies and variations in segmentation are common. The cer-
vical and lumbar segments develop lordosis as an erect posture 
is acquired. The thoracic and sacral segments maintain kyphotic 
postures, which are found in utero, and serve as attachment 
points for the rib cage and pelvic girdle. In general, each mobile 
vertebral body increases in size when moving from cranial to 
caudal. A typical vertebra comprises an anterior body and a pos-
terior arch that enclose the vertebral canal. The neural arch is 
composed of two pedicles laterally and two laminae posteriorly 
that are united to form the spinous process. To either side of the 
arch of the vertebral body is a transverse process and superior 
and inferior articular processes. The articular processes articu-
late with adjacent vertebrae to form synovial joints. The relative 
orientation of the articular processes accounts for the degree of 
flexion, extension, or rotation possible in each segment of the 
vertebral column. The spinous and transverse processes serve as 
levers for the numerous muscles attached to them. The length of 
the vertebral column averages 72 cm in men and 7 to 10 cm less 
in women. The vertebral canal extends throughout the length of 
the column and provides protection for the spinal cord, conus 
medullaris, and cauda equina. 

ANATOMY OF SPINAL JOINTS
The individual vertebrae are connected by joints between the 
neural arches and between the bodies. The joints between the 
neural arches are the zygapophyseal joints or facet joints. They 
exist between the inferior articular process of one vertebra and 
the superior articular process of the vertebra immediately cau-
dal. These are synovial joints with surfaces covered by artic-
ular cartilage, a synovial membrane bridging the margins of 
the articular cartilage, and a joint capsule enclosing them. The 
branches of the posterior primary rami innervate these joints.

The interbody joints contain specialized structures called 
intervertebral discs. These discs are found throughout the ver-
tebral column except between the first and second cervical 
vertebrae. The discs are designed to accommodate move-
ment, weight bearing, and shock by being strong but deform-
able. Each disc contains a pair of vertebral endplates with a 
central nucleus pulposus and a peripheral ring of annulus 
fibrosus sandwiched between them. They form a secondary 
cartilaginous joint or symphysis at each vertebral level.

The vertebral endplates are 1-mm thick sheets of cartilage-
fibrocartilage and hyaline cartilage with an increased ratio of 
fibrocartilage with increasing age. The nucleus pulposus is a 
semifluid mass of mucoid material, 70% to 90% water, with 
proteoglycan constituting 65% and collagen constituting 15% 
to 20% of the dry weight. The annulus fibrosus consists of 12 
concentric lamellae, with alternating orientation of collagen 
fibers in successive lamellae to withstand multidirectional 
strain. The annulus is 60% to 70% water, with collagen con-
stituting 50% to 60% and proteoglycan about 20% of the dry 
weight. With age, the proportions of proteoglycan and water 
decrease. The annulus and nucleus merge in a junctional zone 
without a strict demarcation. The discs are the largest avas-
cular structures in the body and depend on diffusion from a 
specialized network of endplate blood vessels for nutrition. 

ANATOMY OF SPINAL CORD AND 
NERVES
The spinal cord is shorter than the vertebral column and termi-
nates as the conus medullaris at the second lumbar vertebra in 
adults and the third lumbar vertebra in neonates. From the conus, 
a fibrous cord called the filum terminale extends to the dorsum of 
the first coccygeal segment. The spinal cord is enclosed in three 
protective membranes—the pia, arachnoid, and dura mater. The 
pia and arachnoid membranes are separated by the subarachnoid 
space, which contains the cerebrospinal fluid. The spinal cord has 
enlargements in the cervical and lumbar regions that correlate 
with the brachial plexus and lumbar plexus. Within the spinal 
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cord are tracts of ascending (sensory) and descending (motor) 
nerve fibers. These pathways typically are arranged with cervi-
cal tracts located centrally and thoracic, lumbar, and sacral tracts 
located progressively peripheral. This accounts for the clinical 
findings of central cord syndrome and syrinx. Understanding 
the location of these tracts aids in understanding different spinal 
cord syndromes (Figs. 37.2 and 37.3; Table 37.1).

Spinal nerves exit the canal at each level. Spinal nerves 
C2-7 exit above the pedicle for which they are named (the C6 
nerve root exits the foramen between the C5 and C6 pedicles). 
The C8 nerve root exits the foramen between the C7 and T1 
pedicles. All spinal nerves caudal to C8 exit the foramen below 
the pedicle for which they are named (the L4 nerve root exits 
the foramen between the L4 and L5 pedicles). The final der-
matomal and sensory nerve distributions are shown in Figure 
37.2. Because the spinal cord is shorter than the vertebral col-
umn, the spinal nerves course more vertically as one moves 
caudally. Each level gives off a dorsal (sensory) root and a ven-
tral (mostly motor) root, which combine to form the mixed 
spinal nerve. The dorsal root of each spinal nerve has a gan-
glion located near the exit zone of each foramen. This dorsal 
root ganglion is the synapse point for the ascending sensory 
cell bodies. This structure is sensitive to pressure and heat and 
can cause a dysesthetic pain response if manipulated. 

ANATOMY OF CERVICAL, 
THORACIC, AND LUMBAR PEDICLES
Numerous studies have documented the anatomic morphol-
ogy of the cervical, thoracic, and lumbar vertebrae. Advanced 
internal fixation techniques, including pedicle screws, have 
been developed and used extensively in spine surgery, not 

only for traumatic injuries but also for degenerative condi-
tions. As the role for anterior and posterior spinal instrumen-
tation continues to evolve, understanding the morphologic 
characteristics of the human vertebrae is crucial in avoiding 
complications during fixation.

Placement of screws in the cervical pedicles is controversial 
and carries more risk than anterior plate or lateral mass fixa-
tion. Although cervical pedicles can be suitable for screw fixa-
tion, uniformly sized cervical pedicle screws cannot be used at 
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L1– L5

Sacrum
and
coccyx

Occipital – C2

FIGURE 37.1 Vertebral column: upper cervical vertebrae 
(occiput to C2), lower cervical vertebrae (C3-7), thoracic vertebrae 
(T1-12), lumbar vertebrae (L1-5), sacrum, and coccyx.
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every level. Screw placement in the pedicles at C3, C4, and C5 
requires smaller screws (<4.5 mm) and more care in placement 
than those of the other cervical vertebrae. CT measurements of 
cervical pedicle morphology found that C2 and C7 pedicles had 
larger mean interdiameters than all other cervical vertebrae, and 
that C3 had the smallest mean interdiameter. The outer pedi-
cle width-to-height ratio increased from C2 to C7, indicating 
that pedicles in the upper cervical spine (C2-4) are elongated, 
whereas pedicles in the lower cervical spine (C6-7) are rounded. 
It also is crucial to know that cervical pedicles angle medially at 
all levels, with the most medial angulation at C5 and the least at 
C2 and C7. The pedicles slope upward at C2 and C3, are parallel 
at C4 and C5, and are angled downward at C6 and C7.

The vertebral artery from C3 to C6 is at significant risk for 
iatrogenic injury during pedicle screw placement. The pedicle 
cortex is not uniformly thick. The thinnest portion of the cor-
tex (the lateral cortex) protects the vertebral artery, and the 
medial cortex toward the spinal cord is almost twice as thick 
as the lateral cortex. Variations in the course of the vertebral 
artery also place it at risk during placement of pedicle screws. 
At the C2 and C7-T1 levels, the vertebral artery is less at risk 
during pedicle screw fixation. The vertebral artery follows a 
more posterior and lateral course at C2, whereas at C7-T1 it 
is outside the transverse foramen.

Pedicle dimensions and angles change progressively 
from the upper thoracic spine distally. A thorough knowl-
edge of these relationships is important when considering 
the use of the pedicle as a screw purchase site. A study of 
2905 pedicle measurements made from T1 to L5 found that 
pedicles were widest at L5 and narrowest at T5 in the hori-
zontal plane (Fig. 37.4). The widest pedicles in the sagittal 
plane were at T11, and the narrowest were at T1. Because 
of the oval shape of the pedicle, the sagittal plane width was 
generally larger than the horizontal plane width. The larg-
est pedicle angle in the horizontal plane was at L5. In the 
sagittal plane, the pedicles angle caudal at L5 and cephalad 
at L3-T1. The depth to the anterior cortex was significantly 
longer along the pedicle axis than along a line parallel to the 
midline of the vertebral body at all levels except T12 and L1.

The thoracic pedicle is a convoluted, three-dimensional 
structure that is filled mostly with cancellous bone (62% to 
79%). Panjabi et al. showed that the cortical shell is of variable 
density throughout its perimeter and that the lateral wall is 

significantly thinner than the medial wall. This seemed to be 
true for all levels of thoracic vertebrae.

The locations for screw insertion have been identified 
and described in several studies. The respective facet joint 
space and the middle of the transverse process are the most 
important reference points. An opening is made in the ped-
icle with a drill or handheld curet, after which a self-tapping 
screw is passed through the pedicle into the vertebral body. 
The pedicles of the thoracic and lumbar vertebrae are tube-
like bony structures that connect the anterior and posterior 
columns of the spine. Medial to the medial wall of the pedicle 
lies the dural sac. Inferior to the medial wall of the pedicle is 
the nerve root in the neural foramen. The lumbar roots usu-
ally are situated in the upper third of the foramen; it is more 
dangerous to penetrate the pedicle medially or inferiorly as 
opposed to laterally or superiorly.

We use three techniques for open localization of the pedi-
cle: (1) the intersection technique, (2) the pars interarticularis 
technique, and (3) the mammillary process technique. It is 
important in preoperative planning to assess individual spinal 
anatomy with the use of high-quality anteroposterior and lat-
eral radiographs of the lumbar and thoracic spine and axial CT 
or MRI at the level of the pedicle. In the lumbar spine, coaxial 
fluoroscopy images are a reliable guide to the true bony cortex 
of the pedicle. The intersection technique is perhaps the most 
commonly used method of localizing the pedicle. It involves 
dropping a line from the lateral aspect of the facet joint, which 
intersects a line that bisects the transverse process at a spot 
overlying the pedicle (Fig. 37.5). The pars interarticularis is the 
area of bone where the pedicle connects to the lamina. Because 
the laminae and the pars interarticularis can be identified easily 
at surgery, they provide landmarks by which a pedicular drill 
starting point can be made. The mammillary process technique 
is based on a small prominence of bone at the base of the trans-
verse process. This mammillary process can be used as a start-
ing point for transpedicular drilling. Usually, the mammillary 
process is more lateral than the intersection technique starting 
point, which also is more lateral than the pars interarticularis 
starting point. Thus, different angles must be used when drill-
ing from these sites. With the help of preoperative CT scanning 
or MRI at the level of the pedicle and intraoperative fluoros-
copy, the angle of the pedicle to the sagittal and horizontal 
planes can be determined.

 TABLE 37.1 

Ascending and Descending (Motor) Tracts

NUMBER (FIG. 37.3) PATH FUNCTION SIDE OF BODY
1 Anterior corticospinal tract Skilled movement Opposite
2 Vestibulospinal tract Facilitates extensor muscle tone Same
3 Lateral corticospinal (pyramidal tract) Skilled movement Same
4 Dorsolateral fasciculus Pain and temperature Bidirectional
5 Fasciculus proprius Short spinal connections Bidirectional
6 Fasciculus gracilis Position/fine touch Same
7 Fasciculus cuneatus Position/fine touch Same
8 Lateral spinothalamic tract Pain and temperature Opposite
9 Anterior spinothalamic tract Light touch Opposite

Modified from Patton HD, Sundsten JW, Crill WE, Swanson PD, editors: Introduction to basic neurology, Philadelphia, 1976, WB Saunders.
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FIGURE 37.4 Pedicle dimensions of T3 (A), T8 (B), and L4 (C) vertebrae. Vertical diameter (c) 
increases from 0.7 to 1.5 cm, horizontal diameter (d) increases from 0.7 to 1.6 cm with minimum of 0.5 
cm in T5. Direction is almost sagittal from T4 to L4. Angle (e) seldom extends beyond 10 degrees. More 
proximally, direction is more oblique: T1 = 36 degrees, T2 = 34 degrees, T3 = 23 degrees. L5 is oblique 
(30 degrees) but is large and easy to drill.  (Redrawn from Roy-Camille R, Saillant G, Mazel CH: Plating of 
thoracic, thoracolumbar, and lumbar injuries with pedicle screw plates, Orthop Clin North Am 17:147, 1986.)

 

A B C D

FIGURE 37.5 A and B, Anteroposterior and lateral views of pedicle  entrance point in 
thoracic spine at intersection of lines drawn through middle of inferior articular facets and 
middle of insertion of transverse processes (1 mm below facet joint). C and D, Anteropos-
terior and lateral views of pedicle  entrance point in lumbar spine at intersection of two 
lines. On typical bony crest, it is 1 mm below articular joint.  (Redrawn from Roy-Camille R, 
Saillant G, Mazel CH: Plating of thoracic, thoracolumbar, and lumbar injuries with pedicle screw 
plates, Orthop Clin North Am 17:147, 1986).
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For percutaneous pedicle screw placement, we use fluoros-
copy that is orthogonal to the target vertebral body in the antero-
posterior and lateral planes and allows clear visualization of the 
medial wall of the pedicle and pedicle/vertebral body junction. 
A Jamshidi needle typically is docked on the pedicle of inter-
est at the lamina/pedicle junction on the anteroposterior view (9 
o’clock position for left pedicles and 3 o’clock position for right 
pedicles). For the most cephalad screw of a construct in the lum-
bar spine, we prefer to place the starting point slightly below 
midline on the anteroposterior view (8 o’clock for left pedicles 
and 4 o’clock for right pedicles) to limit encroachment of the next 
cephalad facet joint. Under anteroposterior imaging, the needle 
is then advanced down the pedicle 20 to 25 mm at a trajectory 
that will allow the tip of the needle to be placed at the pedicle/
vertebral body junction without violating the medial wall of the 
pedicle. When seated, the needle should pass obliquely across 
the pedicle with the tip just lateral to the medial wall on the 
anteroposterior view and just deep to the base of the pedicle 
on the lateral view. This will allow passage of a guidewire into 
the vertebral body and placement of a cannulated percutaneous 
pedicle screw using a Seldinger technique. The technique of con-
necting rod passage depends on the implant manufacturer.

Midline cortical screw placement is another technique that 
can be used as a slightly less invasive means of fixation in con-
junction with a spinous process splitting or limited midline 
approach and with a posterior lumbar interbody fusion when a 
posterolateral fusion is not performed. The initial screw start-
ing point is at the medial caudal border of the target pedicle 
on true anteroposterior view of the target vertebrae (Fig. 37.6). 
A burr is used to dimple the cortical bone at the entry site. A 
pedicle awl is then used to traverse the pedicle in a medial-to-
lateral and caudal-to-cranial trajectory, taking care not to vio-
late the cortical wall of the pedicle as seen on anteroposterior 
and lateral fluoroscopy. Once the track is formed, it should be 
tapped to the size of the screw that will be inserted to prevent 
fracture of the thick cortical bone of the pars. A sound is used 
to confirm bony continuity along the screw path, and markers 
can be inserted to confirm position with imaging. The desired 
decompression and interbody fusion is then performed and 
cortical bone screws placed at the end of the case. 

CIRCULATION OF SPINAL CORD
The arterial supply to the spinal cord has been determined from 
gross anatomic dissection, latex arterial injections, and intercos-
tal arteriography. Dommisse contributed significantly to knowl-
edge of the blood supply, stating that the principles that govern 
the blood supply of the cord are constant, whereas the patterns 
vary with the individual. He emphasized the following factors:
 1.  Dependence on three vessels. These are the anterior median 

longitudinal arterial trunk and a pair of posterolateral 
trunks near the posterior nerve rootlets.

 2.  Relative demands of gray matter and white matter. The lon-
gitudinal arterial trunks are largest in the cervical and lum-
bar regions near the ganglionic enlargements and are much 
smaller in the thoracic region. This is because the metabolic 
demands of the gray matter are greater than those of the 
white matter, which contains fewer capillary networks.

 3.  Medullary feeder (radicular) arteries of the cord. These arter-
ies reinforce the longitudinal arterial channels. There are 2 
to 17 anteriorly and 6 to 25 posteriorly. The vertebral arter-
ies supply 80% of the radicular arteries in the neck; arteries 
in the thoracic and lumbar areas arise from the aorta. The 

lateral sacral, the fifth lumbar, the iliolumbar, and the mid-
dle sacral arteries are important in the sacral region.

 4.  Supplementary source of blood supply to the spinal cord. 
The vertebral and posterior inferior cerebellar arteries 
are important sources of arterial supply. Sacral medullary 
feeders arise from the lateral sacral arteries and accom-
pany the distal roots of the cauda equina. The flow in 
these vessels seems reversible and the volume adjustable 
in response to the metabolic demands.

 5.  Segmental arteries of the spine. At every vertebral level, a 
pair of segmental arteries supplies the extraspinal and 
intraspinal structures. The thoracic and lumbar segmental 
arteries arise from the aorta; the cervical segmental arter-
ies arise from the vertebral arteries and the costocervical 
and thyrocervical trunks. In 60% of individuals, an addi-
tional source arises from the ascending pharyngeal branch 
of the external carotid artery. The lateral sacral arteries and, 
to a lesser extent, the fifth lumbar, iliolumbar, and middle 
sacral arteries supply segmental vessels in the sacral region.

 6.  “Distribution point” of the segmental arteries. The seg-
mental arteries divide into numerous branches at the 
intervertebral foramen, which has been termed the dis-
tribution point (Fig. 37.7). A second anastomotic network 
lies within the spinal canal in the loose connective tissue 
of the extradural space. This occurs at all levels, with the 
greatest concentration in the cervical and lumbar regions. 
The presence of the rich anastomotic channels offers alter-
native pathways for arterial flow, preserving spinal cord 
circulation after the ligation of segmental arteries.

 7.  Artery of Adamkiewicz. The artery of Adamkiewicz is the 
largest of the feeders of the lumbar cord; it is located on 
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FIGURE 37.6 Midline cortical screw placement. A, Incision. B, 
Starting point at intersection of medial and caudal aspect of pedicle. 
C, Cortical bone trajectory. D, Proper positioning of marker pins. (From 
Mizuno M, Kuraishi K, Umeda Y, et al: Midline lumbar fusion with 
cortical bone trajectory screw, Neurol Med Chir [Tokyo] 54:716, 2014.)
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the left side, usually at the level of T9-11 (in 80% of indi-
viduals). The anterior longitudinal arterial channel of the 
cord rather than any single medullary feeder is crucial. The 
preservation of this large feeder does not ensure continued 
satisfactory circulation for the spinal cord. In principle, it 
would seem of practical value to protect and preserve each 
contributing artery as far as is surgically possible.

 8.  Variability of patterns of supply of the spinal cord. The vari-
ability of blood supply is a striking feature, yet there is 
absolute conformity with a principle of a rich supply for the 
cervical and lumbar cord enlargements. The supply for the 
thoracic cord from approximately T4 to T9 is much poorer.

 9.  Direction of flow in the blood vessels of the spinal cord. The 
three longitudinal arterial channels of the spinal cord 
can be compared with the circle of Willis at the base of 
the brain, but it is more extensive and more complicated, 
although it functions with identical principles. These 
channels permit reversal of flow and alterations in the 
volume of blood flow in response to metabolic demands. 
This internal arterial circle of the cord is surrounded by at 
least two outer arterial circles, the first of which is situated 
in the extradural space and the second in the extraverte-
bral tissue planes. By virtue of the latter, the spinal cord 
enjoys reserve sources of blood supply through a degree 
of anastomosis lacking in the inner circle. The “outlet 
points” are limited, however, to the perforating sulcal 
arteries and the pial arteries of the cord.
The blood supply to the spinal cord is rich, but the spinal 

canal is narrowest and the blood supply is poorest at T4-9. 
T4-9 should be considered the critical vascular zone of the 
spinal cord, a zone in which interference with the circulation 
is most likely to result in paraplegia.

The dominance of the anterior spinal artery system has 
been challenged by the fact that many anterior spinal surger-
ies have been performed in recent years with no increase in 
the incidence of paralysis. This would seem to indicate that a 
rich anastomotic supply does exist and that it protects the spi-
nal cord. The evidence suggests that the posterior spinal arteries 
may be as important as the anterior system but are as yet poorly 
understood. Venous drainage of the spinal cord is more difficult 

to define clearly than is the arterial supply (Fig. 37.8). It is well 
known that the venous system is highly variable. Dommisse 
pointed out that there are two sets of veins: veins of the spinal 
cord and veins that fall within the plexiform network of Batson. 
The veins of the spinal cord are a small component of the entire 
system and drain into the plexus of Batson. The Batson plexus is 
a large and complex venous channel extending from the base of 
the skull to the coccyx. It communicates directly with the supe-
rior and inferior vena cava system and the azygos system. The 
longitudinal venous trunks of the spinal cord are the anterior 
and posterior venous channels, which are the counterparts of 
the arterial trunks. The three components of the Batson plexus 
are the extradural vertebral venous plexus; the extravertebral 
venous plexus, which includes the segmental veins of the neck, 
the intercostal veins, the azygos communications in the thorax 
and pelvis, the lumbar veins, and the communications with the 
inferior vena caval system; and the veins of the bony structures 
of the spinal column. The venous system plays no specific role 
in the metabolism of the spinal cord; it communicates directly 
with the venous system draining the head, chest, and abdomen. 
This interconnection allows metastatic spread of neoplastic or 
infectious disease from the pelvis to the vertebral column.

During anterior spinal surgery, we empirically follow these 
principles: (1) ligate segmental spinal arteries only as necessary 
to gain exposure; (2) ligate segmental spinal arteries near the 
aorta rather than near the vertebral foramina; (3) ligate seg-
mental spinal arteries on one side only when possible, leaving 
the circulation intact on the opposite side; and (4) limit dissec-
tion in the vertebral foramina to a single level when possible so 
that collateral circulation is disturbed as little as possible. 

SURGICAL APPROACHES
ANTERIOR APPROACHES
With the posterior approach for correction of spinal deformi-
ties well established, more attention has been placed on the 
anterior approach to the spinal column. Many pioneers in the 
field of anterior spinal surgery recognized that anterior spinal 
cord decompression was necessary in spinal tuberculosis and 
that laminectomy not only failed to relieve anterior pressure 
but also removed important posterior stability and produced 
worsening of kyphosis. Advances in major surgical procedures, 
including anesthesia and intensive care, have made it possible 
to perform anterior spinal surgery with acceptable safety.
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FIGURE 37.7 Vertebral blood supply. A, Posterior view; 
laminae removed to show anastomosing spinal branches of 
segmental arteries. B, Cross-sectional view; anastomosing arte-
rial supply of vertebral body, spinal canal, and posterior elements.  
(Redrawn from Bullough PG, Oheneba BA: Atlas of spinal diseases, Phila-
delphia, 1988, JB Lippincott.)
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FIGURE 37.8 Venous drainage of vertebral bodies and forma-
tion of internal and external vertebral venous plexuses.  (Redrawn 
from Bullough PG, Oheneba BA: Atlas of spinal diseases, Philadelphia, 
1988, JB Lippincott.)
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In general, anterior approaches to the spine are indicated 
for decompression of the neural elements (spinal cord, conus 
medullaris, cauda equina, or nerve roots) when anterior neural 
compression has been documented by myelography, postmyelo-
gram CT, or MRI. Many pathologic entities can cause significant 
compression of the neural elements, including traumatic, neo-
plastic, inflammatory, degenerative, and congenital lesions. In 
the lumbar spine, this indication has been expanded to include 
anterior interbody fusions for discogenic pain and instability.

In many centers, a team approach is preferred to employ the 
skills of an orthopaedic surgeon, neurosurgeon, thoracic sur-
geon, or head and neck surgeon. The orthopaedic surgeon still 
must have a working knowledge of the underlying viscera, fluid 
balance, physiology, and other elements of intensive care. These 
approaches should be used with care and only in appropriate 
circumstances. Potential dangers include iatrogenic injury to 
vascular, visceral, or neurologic structures. Complications of 
anterior spine surgery are rare; however, there is a high risk 
of significant morbidity, and these approaches should be used 
with care and only in appropriate circumstances.

The choice of approach depends on the preference and 
experience of the surgeon, the patient’s age and medical 
condition, the segment of the spine involved, the underly-
ing pathologic process, and the presence or absence of signs 
of neural compression. Commonly accepted indications for 
anterior approaches are listed in Box 37.1.

ANTERIOR APPROACH, OCCIPUT TO C3
The anterior approach to the upper cervical spine (occiput to 
C3) can be transoral or retropharyngeal, depending on the 
pathologic process present and the experience of the surgeon. 

  

ANTERIOR TRANSORAL APPROACH

 TECHNIQUE 37.1  Figure 37.9

(SPETZLER)
 n  Position the patient supine using a Mayfield head-holding 

device or with skeletal traction through Gardner-Wells 
tongs. Monitoring of the spinal cord through somatosen-
sory evoked potentials is recommended. The surgeon may 
sit directly over the patient’s head.

 n  Pass a red rubber catheter down each nostril and suture it to 
the uvula. Apply traction to the catheters to pull the uvula 
and soft palate out of the operative field, taking care not to 
cause necrosis of the septal cartilage by excessive pressure.

 n  Insert a McGarver retractor into the open mouth and use 
it to retract and hold the endotracheal tube out of the 
way. The operating microscope is useful to improve the 
limited exposure.

 n  Prepare the oropharynx with hexachlorophene (pHiso-
Hex) and povidone-iodine (Betadine).

 n  Palpate the anterior ring of C1 beneath the posterior 
pharynx and make an incision in the wall of the posterior 
pharynx from the superior aspect of C1 to the top of C3.

 n  Obtain hemostasis with bipolar electrocautery, taking 
care not to overcauterize, producing thermal necrosis of 
tissue and increased risk of infection.

 n  With a periosteal elevator, subperiosteally dissect the 
edges of the pharyngeal incision from the anterior ring of 
C1 and the anterior aspect of C2. Use traction stitches to 
maintain the flaps out of the way.

 n  Under direct vision, with the operating microscope or 
with magnification loupes and headlights, perform a me-
ticulous debridement of C1 and C2 with a high-speed air 
drill, rongeur, or curet. When approaching the posterior 
longitudinal ligament, a diamond burr is safer to use in 
removing the last remnant of bone.

 n  When adequate debridement of infected bone and ne-
crotic tissue has been accomplished, decompress the up-
per cervical spinal cord.

 FIGURE 37.9 Anterior transoral approach (see text). (Redrawn 
from Spetzler RF: Transoral approach to the upper cervical spine. In Evarts 
CM, editor: Surgery of the musculoskeletal system, New York, 1983, 
Churchill Livingstone.) SEE TECHNIQUE 37.1.

 BOX 37.1 

Relative Indications for Anterior Spinal 
Approaches

 1.  Traumatic
 a.  Fractures with documented neurocompression 

secondary to bone or disc fragments anterior to dura
 b.  Incomplete spinal cord injury (for cord recovery) with 

anterior extradural compression
 c.  Complete spinal cord injury (for root recovery) with 

anterior extradural compression
 d.  Late pain or paralysis after remote injuries with anterior 

extradural compression
 e.  Herniated intervertebral disc
 2.  Infectious
 a.  Open biopsy for diagnosis
 b.  Debridement and anterior strut grafting
 3.  Degenerative
 a.  Cervical spondylitic radiculopathy
 b.  Cervical spondylitic myelopathy
 c.  Thoracic disc herniation
 d.  Cervical, thoracic, and lumbar interbody fusions
 4.  Neoplastic
 a.  Extradural metastatic disease
 b.  Primary vertebral body tumor
 5.  Deformity
 a.  Kyphosis—congenital or acquired
 b.  Scoliosis—congenital, acquired, or idiopathic
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 n  If the cervical spine is to be fused anteriorly, harvest a cor-
ticocancellous graft from the patient’s iliac crest, fashion 
it to fit, and insert it.

 n  Irrigate the operative site with antibiotic solution and 
close the posterior pharynx in layers.

POSTOPERATIVE CARE An endotracheal tube is left in 
place overnight to maintain an adequate airway. A halo 
vest can be applied, or skeletal traction may be maintained 
before mobilization.
   

  

ANTERIOR RETROPHARYNGEAL 
APPROACH
The anterior retropharyngeal approach to the upper cer-
vical spine, as described by McAfee et al., is excellent for 
anterior debridement of the upper cervical spine and allows 
placement of bone grafts for stabilization if necessary. In 
contrast to the transoral approach, it is entirely extramuco-
sal and is reported to have fewer complications of wound 
infection and neurologic deficit.

 TECHNIQUE 37.2 

(MCAFEE ET AL.)
 n  Position the patient supine, preferably on a turning frame 

with skeletal traction through tongs or a halo ring. So-
matosensory evoked potential monitoring of cord func-
tion is suggested during the procedure.

 n  Perform fiberoptic nasotracheal intubation to prevent ex-
cessive motion of the neck and to keep the oropharynx 
free of tubes that could depress the mandible and inter-
fere with subsequent exposure.

 n  Make a right-sided transverse skin incision in the subman-
dibular region with a vertical extension as long as required 
to provide adequate exposure (Fig. 37.10A). If the ap-
proach does not have to be extended below the level of 
the fifth cervical vertebra, there is no increased risk of 
damage to the recurrent laryngeal nerve.

 n  Carry the dissection through the platysma muscle with 
the enveloping superficial fascia of the neck and mobilize 
flaps from this area.

 n  Identify the marginal mandibular branch of the seventh 
nerve with the help of a nerve stimulator and ligate the 
retromandibular veins superiorly.

 n  Keep the dissection deep to the retromandibular vein 
to prevent injury to the superficial branches of the facial 
nerve.

 n  Ligate the retromandibular vein as it joins the internal 
jugular vein.

 n  Mobilize the anterior border of the sternocleidomastoid 
muscle by longitudinally dividing the superficial layer of 
the deep cervical fascia. Feel for the pulsations of the ca-
rotid artery and protect the contents of the carotid sheath.

 n  Resect the submandibular gland (Fig. 37.10B) and ligate 
the duct to prevent formation of a salivary fistula.

 n  Identify the digastric and stylohyoid muscles and tag and 
divide the tendon of the former. The facial nerve can be 
injured by superior retraction on the stylohyoid muscle; 
however, by dividing the digastric and stylohyoid muscles, 
the hyoid bone and hypopharynx can be mobilized medi-
ally, preventing exposure of the esophagus, hypopharynx, 
and nasopharynx.

 n  Identify the hypoglossal nerve and retract it superiorly.
 n  Continue dissection to the retropharyngeal space be-

tween the carotid sheath laterally and the larynx and 
pharynx medially. Increase exposure by ligating branches 
of the carotid artery and internal jugular vein, which pre-
vent retraction of the carotid sheath laterally (Fig. 37.10C 
and D).

 n  Identify and mobilize the superior laryngeal nerve.
 n  Following adequate retraction of the carotid sheath later-

ally, divide the alar and prevertebral fascial layers longi-
tudinally to expose the longus colli muscles. Take care to 
maintain the head in a neutral position and identify the 
midline accurately.

 n  Remove the longus colli muscles subperiosteally from the 
anterior aspect of the arch of C1 and the body of C2, 
avoiding injury to the vertebral arteries.

 n  Meticulously debride the involved osseous structures (Fig. 
37.10E); if needed, perform bone grafting with autog-
enous iliac or fibular bone.

 n  Close the wound over suction drains and repair the 
digastric tendon. Close the platysma and skin flaps in 
layers.

POSTOPERATIVE CARE The patient is maintained in 
skeletal traction with the head of the bed elevated to re-
duce swelling. Intubation is continued until pharyngeal 
edema has resolved, usually by 48 hours. The patient can 
be extubated and mobilized in a halo vest, or, if indicated, 
a posterior stabilization procedure can be done before 
mobilization.
  

EXTENDED MAXILLOTOMY AND SUBTOTAL 
MAXILLECTOMY
Cocke et al. described an extended maxillotomy and subto-
tal maxillectomy as an alternative to the transoral approach 
for exposure and removal of tumor or bone anteriorly at the 
base of the skull and cervical spine to C5. This procedure is 
technically demanding and requires a thorough knowledge of 
head and neck anatomy. It should be performed by a team of 
surgeons, including an otolaryngologist, a neurosurgeon, and 
an orthopaedist.

Before surgery, the size, position, and extent of the 
tumor or bone to be removed should be determined 
using the appropriate imaging techniques. Three to 5 days 
before the surgery, nasal, oral, and pharyngeal secretions 
are cultured to determine the proper antibiotics needed. 
Cephalosporin and aminoglycoside antibiotics are given 
before and after surgery if the floral cultures are normal 
and are adjusted if the flora is abnormal or resistant to these 
drugs. 
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FIGURE 37.10 A-E, Anterior retropharyngeal approach (see text). (Redrawn from McAfee PC, 
Bohlman HH, Riley LH Jr, et al: The anterior retropharyngeal approach to the upper part of the cervical spine, 
J Bone Joint Surg 69A:1371, 1987.) SEE TECHNIQUE 37.2.
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SUBTOTAL MAXILLECTOMY

 TECHNIQUE 37.3 

(COCKE ET AL.)
 n  Position the patient on the operating table with the head 

elevated 25 degrees. Intubate the patient orally and move 
the tube to the contralateral side of the mouth.

 n  Perform a percutaneous endoscopic gastrostomy if the 
wound is to be left open or if problems are anticipated.

 n  Perform a tracheostomy if the exposure may be limited or 
if there are severe pulmonary problems. This step usually 
is unnecessary.

 n  Insert a Foley catheter and suture the eyelids closed with 
6-0 nylon.

 n  Infiltrate the soft tissues of the upper lip, cheek, gingiva, 
palate, pterygoid fossa, nasopharynx, nasal septum, na-
sal floor, and lateral nasal wall with 1% lidocaine and 
1:100,000 epinephrine.

 n  Pack each nasal cavity with cottonoid strips saturated with 
4% cocaine and 1% phenylephrine.

 n  Prepare the skin with povidone-iodine and then alcohol. 
Drape the operative site with cloth drapes held in place 

with sutures or surgical clips and covered with a transpar-
ent surgical drape.

 n  Expose the superior maxilla through a modified Weber-Fer-
guson skin incision (Fig. 37.11A). Make a vertical incision 
through the upper lip in the philtrum from the nasolabial 
groove to the vermilion border. Extend the lower end to 
the midline and vertically in the midline through the buc-
cal mucosa to the gingivobuccal gutter. Divide the upper 
lip and ligate the labial arteries. Extend the external skin 
incision transversely from the upper end of the lip incision 
in the nasolabial groove to beyond the nasal ala and supe-
riorly along the nasofacial groove to the lower eyelid.

 n  Extract the central incisor tooth.
 n  Make a vertical midline incision through the mucoperioste-

um of the anterior maxilla from the gingivobuccal gutter to 
the central incisor defect and transversely through the buc-
cal gingiva adjacent to the teeth to the retromolar region.

 n  Elevate the skin, subcutaneous tissues, periosteum, and 
mucoperiosteum of the maxilla to expose the anterior and 
lateral walls of the maxilla, nasal bone, piriform aperture 
of the nose, inferior orbital nerve, malar bone, and mas-
seter muscle (Fig. 37.11D).

 n  Divide the anterior margin of the masseter muscle at its 
malar attachment and remove a wedge of malar bone. 
Use this wedge to accommodate the Gigli saw as it di-
vides the maxilla (Fig. 37.11E and F).
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FIGURE 37.11 A-G, Extended maxillotomy and subtotal maxillectomy (see text). (Redrawn from 
Cocke EW Jr, Robertson JH, Robertson JR, et al: The extended maxillotomy and subtotal maxillectomy for 
excision of skull base tumors, Arch Otolaryngol Head Neck Surg 116:92, 1990.) SEE TECHNIQUE 37.3.
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 n  Make an incision in the lingual, hard palate mucoperios-
teum adjacent to the teeth from the central incisor defect 
to join the retromolar incision.

 n  Extend the retromolar incision medial to the mandible 
lateral to the tonsil and to the retropharyngeal space to 
the level of the hyoid bone or lower pharynx, if necessary.

 n  Elevate the mucoperiosteum of the hard palate from the 
central incisor defect and alveolar ridge to and beyond the 
midline of the hard palate.

 n  Detach the soft palate with its nasal lining from the pos-
terior margin of the hard palate.

 n  Divide and electrocoagulate the greater palatine vessels 
and nerves. Pack the palatine foramen with bone wax.

 n  Retract the mucoperiosteum of the hard palate, soft pal-
ate, anterior tonsillar pillar, tonsil, and pharynx medially 
from the prevertebral fascia. It is usually unnecessary to 
detach and retract the soft palate from the posterior or 
lateral pharyngeal walls.

 n  Expose the nasal cavity by detaching the nasal soft tissues 
from the lateral margin and base of the nasal piriform 
aperture (Fig. 37.11B).

 n  Remove a bony wedge of the ascending process of the 
maxilla to accommodate the upper Gigli saw (Fig. 37.11E).

 n  Remove the coronoid process of the mandible above the 
level of entrance of the inferior alveolar vessels and nerves, 
after dividing its temporalis muscle attachment, to expose 
the lateral pterygoid plate and the internal maxillary artery.

 n  Divide the pterygoid muscles with a Shaw knife or the cut-
ting current of the Bovie cautery until the sharp, posterior 
bone edge of the lateral pterygoid plate is seen or palpated.

 n  Mobilize, clip, ligate, and divide the internal maxillary ar-
tery near the pterygoid plate.

 n  Direct the suture behind the lateral pterygoid plate into 
the nasopharynx and behind the posterior margin of the 
hard palate into the oropharynx (Fig. 37.11F).

 n  Pass a Kelly forceps through the nose to behind the hard 
palate to retrieve the medial end of the silk suture in the 
ligature carrier.

 n  Attach a Gigli saw to the lateral end of the suture and 
thread the saw into position to divide the upper maxilla.

 n  Position the upper Gigli saw (Fig. 37.11E and F) using a 
sharp-pointed, medium-size, curved, right-angle ligature 
carrier threaded with No. 2 black silk suture.

 n  Engage the medial arm of the saw into the ascending pro-
cess wedge and its lateral arm into the malar wedge. Take 
care to position the saw as high as possible behind the 
pterygoid plate. Use a broad periosteal elevator beneath 
the saw on the pterygoid plate to maintain the elevated 
position (Fig. 37.11F).

 n  Position the lower Gigli saw by passing a Kelly forceps (Fig. 
37.11E) through the nose into the nasopharynx behind the 
posterior nares of the hard palate. Engage the saw between 
the blades of the clamp and thread it through the nose into 
position for division of the hard palate (Fig. 37.11C).

 n  Divide the bony walls of the maxilla (Fig. 37.11C). First di-
vide the hard palate and then the upper maxilla. Avoid en-
tangling the saws and protect the soft tissues from injury.

 n  Remove the maxilla after division of its muscle attachments.
 n  Ligate the distal end of the internal maxillary artery.
 n  Place traction sutures in the soft tissues of the lip on either 

side of the initial lip incision and in the mucoperiosteum 
of the hard and soft palates. The posterior pharynx is now 
fully exposed.

 n  Infiltrate the mucous membrane covering the posterior 
wall of the nasopharynx, oropharynx, and the tonsillar 
area to the level of the hyoid bone with 1% lidocaine and 
epinephrine 1:100,000.

 n  Make a vertical midline incision through the soft tissues 
of the posterior wall of the nasopharynx extending from 
the sphenoidal sinus to the foramen magnum. Another 
option is to make a transverse incision from the sphe-
noidal sinus to the lateral nasopharyngeal wall posterior 
to the eustachian tube along the lateral pharyngeal wall 
inferiorly, posterior to the posterior tonsillar pillar behind 
the soft palate (Fig. 37.11B).

 n  Duplicate this incision on the opposite side, producing an 
inferiorly based pharyngeal flap (Fig. 37.11B).

 n  Make a more extensive exposure by extending the lateral 
pharyngeal wall incision through the anterior tonsillar pil-
lar to join the retromolar incision. Extend this incision into 
the retropharyngeal space and retract the anterior tonsil-
lar pillar, tonsil, and soft palate toward the midline with 
a traction suture. It is unnecessary to separate the soft 
palate completely from the pharyngeal wall.

 n  Extend the pharyngeal wall incision inferiorly to the level 
of the hyoid bone or beyond.

 n  Elevate, divide, and separate the superior constrictor 
muscle, prevertebral fascia, longus capitis muscle, and 
anterior longitudinal ligaments from the bony skull base 
and upper cervical spine ventrally.

 n  Expose the amount of bone to be operated on from the 
foramen magnum to C5. Use an operating microscope or 
loupe magnification for improved vision.

 n  Remove the offending bone with a high-speed burr, 
avoiding penetration of the dura.

 n  Close the nasopharyngeal mucous membrane and the 
subcutaneous tissue in one layer with interrupted sutures.

 n  Use a split-thickness skin or dermal graft from the thigh to 
resurface the buccal mucosa and any defects in the nasal 
surface of the hard palate.

 n  Use a quilting stitch to hold the graft in place without packing.
 n  Replace the zygoma and stabilize it with wire if it was 

mobilized.
 n  Return the maxilla to its original position and hold it in 

place with wire or compression plates.
 n  Place a nylon sack impregnated with antibiotic into the 

nasal cavity.
 n  Close the oral cavity incision with vertical interrupted mat-

tress 3-0 polyglycolic acid sutures (Fig. 37.11G).
 n  Close the facial wound with 5-0 chromic and 6-0 nylon 

sutures.
   

  

EXTENDED MAXILLOTOMY

 TECHNIQUE 37.4 

 n  Expose the base of the skull and upper cervical spine as 
by the maxillectomy technique but omit the extraction of 
the central incisor and the gingivolingual incision.

 n  Use a degloving procedure for elevation of the facial skin 
over the maxilla and nose to avoid facial scars.
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FIGURE 37.12 Anterior approach to C3-7 (see text). A, Incision. B, Thyroid gland, trachea, and 
esophagus have been retracted medially, and carotid sheath and its contents have been retracted 
laterally in opposite direction. SEE TECHNIQUE 37.5.

 n  Divide the fibromuscular attachment of the soft palate to the 
pterygoid plate and hard palate, exposing the nasopharynx.

 n  Place the upper Gigli saw with the aid of a ligature carrier 
for division of the maxilla beneath the infraorbital nerve.

 n  Elevate the mucoperiosteum of the adjacent floor of the 
nose from the piriform aperture to the soft palate. Extend 
this elevation medially to the nasal septum and laterally to 
the inferior turbinate.

 n  Divide the bone of the nasal floor with a Stryker saw with-
out lacerating the underlying hard palate periosteum.

 n  Hinge the maxilla on the hard palate, nasal mucoperios-
teum, and soft palate, and rotate it medially.

POSTOPERATIVE CARE Continuous spinal fluid drain-
age is maintained, and the head is elevated 45 degrees 
if the dura was repaired or replaced. These procedures 
are omitted if there was no dural tear or defect. An ice 
cap is used on the cheek and temple to reduce edema. 
Antibiotic therapy is continued until the risk of infection 
is minimized. Half-strength hydrogen peroxide is used for 
mouth irrigation to help keep the oral cavity clean. The 
endotracheal tube is removed when the risk of occlusion 
by swelling is minimized. The nasopharyngeal cavity is 
cleaned with saline twice daily for 2 months after pack 
removal. Facial sutures are removed at 4 to 6 days, and 
oral sutures are removed at 2 weeks.
  

ANTERIOR APPROACH, C3 TO C7
Exposure of the middle and lower cervical region of the spine is 
most commonly done through an anterior approach medial to 
the carotid sheath. A thorough knowledge of anatomic fascial 
planes allows a safe, direct approach to this area. The most fre-
quent complication of the anterior approach is vocal cord paral-
ysis caused by injury to the recurrent laryngeal nerve. Injury to 
the recurrent laryngeal nerve may be less common on the left 
side because the nerve has a more vertical course and lies in a 
protected position within the esophagotracheal groove. On the 
right, the nerve leaves the main trunk of the vagus nerve and 

passes anterior to and under the subclavian artery, whereas on 
the left it passes under and posterior to the aorta at the site of 
origin of the ligamentum arteriosum. The nerve runs upward, 
having a variable relationship with the inferior thyroid artery, 
making the recurrent laryngeal nerve on the right side highly 
vulnerable to injury if the inferior thyroid vessels are not ligated 
as laterally as possible or if the midline structures along with 
the recurrent laryngeal nerve are not retracted intermittently.

The shorter, more lateral position of the right recurrent laryn-
geal nerve places it at risk for injury from direct trauma or from 
the retraction that is necessary to expose the anterior cervical 
vertebrae. A left-sided exposure medial to the carotid artery and 
internal jugular vein can be used to minimize the risk of injury. 
Although many spine surgeons use the right-sided approach 
with a low incidence of symptomatic paralysis of the recurrent 
laryngeal nerve, the incidence of temporary, partial, or asymp-
tomatic paralysis may be underestimated. We believe that using 
the left-sided approach may reduce the risk of such injuries. 

  

ANTERIOR APPROACH, C3 TO C7

 TECHNIQUE 37.5 

(SOUTHWICK AND ROBINSON)
As with other approaches to the cervical spine, skeletal 
traction is suggested, and spinal cord monitoring can be 
used at the surgeon’s discretion. Exposure can be carried 
out through either a transverse or a longitudinal incision, 
depending on the surgeon’s preference (Fig. 37.12A). We 
generally use a transverse incision for one- and two-lev-
el approaches and a longitudinal incision for approaches 
involving three levels or more. A left-sided skin incision is 
preferred because of the more constant anatomy of the 
recurrent laryngeal nerve and the lower risk of inadvertent 
injury to the nerve. In general, an incision three to four fin-
gerbreadths above the clavicle is needed to expose C3-5; 
an incision two to three fingerbreadths above the clavicle 
allows exposure of C5-7. On rare occasions, this approach 

    

https://booksmedicos.org


PART XII THE SPINE1654

can be used to access C2-3 in individuals with long, thin 
necks when a line drawn through the C2-3 disc space 
passes below the mandibular angle on lateral preoperative 
radiographs (Fig. 37.13).

 n  Center a transverse incision over the medial border of the 
sternocleidomastoid muscle. Infiltration of the skin and 
subcutaneous tissue with a 1:500,000 epinephrine solu-
tion assists with hemostasis.

 n  Incise the platysma muscle in line with the skin incision or 
open it vertically for more exposure.

 n  Identify the anterior border of the sternocleidomastoid 
muscle and longitudinally incise the superficial layer of the 
deep cervical fascia; localize the carotid pulse by palpation.

 n  Carefully divide the middle layer of deep cervical fascia 
that encloses the omohyoid medial to the carotid sheath.

 n  As the sternomastoid and carotid sheath are retracted 
laterally, the anterior aspect of the cervical spine can be 
palpated. Identify the esophagus lying posterior to the 

trachea and retract the trachea, esophagus, and thyroid 
medially (Fig. 37.12B).

 n  Bluntly divide the deep layers of the deep cervical fascia, 
consisting of the pretracheal and prevertebral fascia over-
lying the longus colli muscles.

 n  Subperiosteally reflect the longus colli from the an-
terior aspect of the spine out laterally to the level of 
the uncovertebral joints. The resulting exposure is suf-
ficient for wide debridement and bone grafting.

 n  Close the wound over a drain to prevent hematoma for-
mation and possible airway obstruction.

 n  Approximate the platysma and skin edges in routine fashion.
  

ANTEROLATERAL APPROACH, C2 TO C7
Chibbaro et  al. and Bruneau et  al. described an anterolateral 
approach to the cervical spine that allows decompression of the 
body and roots that are affected with unilateral myelopathy and/
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C D

FIGURE 37.13 Lateral extension radiograph (A) and T2-weighted magnetic resonance image (B). 
A line based on the C3 upper endplate is drawn on a lateral extension radiograph of the cervical 
spine. Candidates for the subaxial anterior approach should have a mandibular angle higher than 
the line. Lateral extension radiograph (C) and T2-weighted magnetic resonance image (D). A large 
chin with a mandibular angle that extends over the line may make it difficult to reach C2 with the 
subaxial anterior approach.  (From Zhang Y, Zhang J, Wang X, et al: Application of the cervical subaxial 
anterior approach at C2 in select patients, Orthopedics 36:e554, 2013.)
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or radiculopathy. This technique allows the removal of a wedge 
of cervical vertebra without the need for grafting or instrumen-
tation. This technique also allows the direct exposure of the 
vertebral artery and veins by direct exposure of the vertebral 
foramen. It is recommended for elderly patients and smokers 
with unilateral anterior or lateral bony compression without 
instability. Cited advantages of this technique include wide 
decompression at a single level or multiple levels while providing 
direct vision of the vertebral artery and nerve roots. A disadvan-
tage is the difficulty of the dissection with the potential injury to 
the vertebral artery, veins, XI cranial nerve, and the sympathetic 
chain, which can result in Horner syndrome (ptosis, ipsilateral 
miosis, and anhidrosis). In 459 procedures done since 1992, 
Chibbaro et al. noted no vertebral artery injury, cerebrospinal 
fluid leaks, dysphagia, or nerve root palsy; however, 14 patients 
(3%) developed Horner syndrome, which became permanent 
in four, and three had infections. The frequency of Horner syn-
drome reported in the literature is as high as 4%. The authors 
stressed that there is a steep learning curve with this procedure. 
From anatomic studies, Civelek et al. determined that the cervi-
cal sympathetic chain was on average 11.6 mm from the medial 
border of the longus coli muscle (Fig. 37.14). The superior gan-
glion was always at the level of C4, whereas the intermediate 
ganglion varied at its level of the cervical spine. The greatest risk 
to the sympathetic chain is during sectioning of the longus coli 
muscle transversely and dissection of the prevertebral fascia.

We have no experience with this procedure. 

  

ANTEROLATERAL APPROACH, C2 TO C7

 TECHNIQUE 37.6 

(BRUNEAU ET AL., CHIBBARO ET AL.)
 n  Place the patient supine with the head rotated to the side 

opposite the incision and the neck in extension. Prepare 

and drape the neck as for any usual anterior cervical disc 
surgery.

 n  Identify the involved level radiographically.
 n  Make a longitudinal incision along the medial border of the 

sternocleidomastoid muscle. (At the C2-3 level, the incision 
extends to the tip of the mastoid process superiorly and to 
the sternal notch for exposure of C7-T1 inferiorly.)

 n  Incise the platysma muscle along the plane of the skin 
incision.

 n  Open the space between the sternocleidomastoid muscle 
and the internal jugular vein with sharp dissection. Retract 
the sternocleidomastoid muscle laterally and the undissected 
great vessels, trachea, and esophagus medially (Fig. 37.15A).

 n  Identify the fatty sheath surrounding cranial nerve XI and 
expose the nerve from C2 to C4.

 n  Identify the transverse processes with a finger.
 n  Divide the aponeurosis of the longus coli longitudinally to 

identify the sympathetic chain, which lies on top of the 
longus coli.

 n  Retract the aponeurosis and the sympathetic chain laterally.
 n  Divide the longus coli longitudinally at the interval of the 

junction of the vertebral body and the transverse processes.
 n  Take care to be sure the vertebral artery is not entering at 

an abnormally high level such as C3, C4, or C5.
 n  Clear the transverse processes and the lateral aspect of 

the vertebral body. Confirm the level of dissection radio-
graphically.

 n  Subperiosteally dissect the lateral aspect of the uncover-
tebral joint and medial border of the vertebral artery.

 n  Open the vertebral foramen laterally by removing the an-
terior portion of the transverse foramen with a Kerrison 
rongeur. This frees the cervical root from the dural root 
to the vertebral artery margin.

 n  Confirm the level of decompression again radiographically.
 n  Make an oblique corpectomy in the vertebra using a burr 

for longitudinal removal of bone from upper to lower disc 
spaces (Fig. 37.15B to D).

 n  Start with a longitudinal trench just medial to the verte-
bral artery and continue the bone removal medially. Pre-
serve the posterior cortex until the wedge is completed.

 n  Resect the posterior cortex and the posterior longitudinal 
ligament to decompress the cord.

 n  Recheck the decompression radiographically.
 n  Obtain good hemostasis, irrigate the wound, and remove 

the retractors. The tissues will fall into place.
 n  Close the subcutaneous tissue and skin as desired.
 n  A drain can be used if necessary.
 n  Immobilization with a collar may be desired for soft-tissue 

healing.
  

ANTERIOR APPROACH TO CERVICOTHORACIC 
JUNCTION, C7 TO T1
There is no ready anterior access to the cervicothoracic junc-
tion. The rapid transition from cervical lordosis to thoracic 
kyphosis results in an abrupt change in the depth of the 
wound. Also, this is a confluent area of vital structures that 
are not readily retracted. The three approaches to this area are 
(1) the low anterior cervical approach, (2) the high transtho-
racic approach, and (3) the transsternal approach.

The low anterior cervical approach provides access to 
T1 at the inferior extent and the lower cervical spine at the 
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FIGURE 37.14 Anatomic dissection showing the relation of the 
cervical sympathetic chain (sc) to the longus coli muscle (Lc). Also shown 
are the sternocleidomastoid muscle (SCM), the anterior longitudinal 
ligament (ALL), the longus capitis muscle (LC), the inferior thyroidal 
artery (ita), and the superior ganglion of the sympathetic trunk (sg). 
(Left side is cranial and right side is caudal.)  (From Civelek E, Karasu A, 
Cansever T, et al: Surgical anatomy of the cervical sympathetic trunk during 
anterolateral approach to the cervical spine, Eur Spine J 17:991, 2008.)
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FIGURE 37.15 A, Anterolateral approach to the cervical spine through the interval between the 
sternocleidomastoid laterally and along the internal jugular vein medially with the other vascular 
structures including the internal carotid and external carotid. The XI cranial nerve is identified at 
C2 to 4 (CN XI). The longus coli aponeurosis is longitudinally opened and the sympathetic chain is 
identified and carefully protected while exposing the uncovertebral joints and the anterior surface 
of the transverse process. The foramen is opened over the vertebral artery. B, Bony exposure 
through wedge-shaped lateral decompression. C, CT after wedge decompression. D, Postoperative 
MRI showing decompression. (From Chibbaro S, Mirone G, Bresson D, George B: Cervical spine lateral 
approach for myeloradiculopathy: technique and pitfalls, Surg Neurol 72:318, 2009.) SEE TECHNIQUE 37.6.
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superior extent of the dissection. Exposure is limited at the 
upper thoracic region but generally is adequate for place-
ment of a strut graft if needed. Individual anatomic structure 
should be considered carefully in preoperative planning. This 
approach can be used if the lowest instrumented vertebra can 
be seen on a lateral radiograph and a line passing from the 
planned skin incision site to this level on the spine lies cepha-
lad to the manubrium (Fig. 37.16). 

  

LOW ANTERIOR CERVICAL APPROACH

 TECHNIQUE 37.7 

 n  Enter on the left side by a transverse incision placed one 
fingerbreadth above the clavicle.

 n  Extend it well across the midline, taking particular care 
when dissecting around the carotid sheath in the area of 
entry of the thoracic duct. The latter approaches the jugu-
lar vein from its lateral side, but variations are common.

 n  Further steps in exposure follow those of the conventional 
anterior cervical approach.
   

  

HIGH TRANSTHORACIC APPROACH

 TECHNIQUE 37.8 

 n  A kyphotic deformity of the thoracic spine tends to force 
the cervical spine into the chest, in which instance a high 
transthoracic approach is a logical choice.

 n  Make a periscapular incision (Fig. 37.17) and remove the 
second or third rib; removing the latter is necessary to 
provide sufficient working space in a child or if a kyphotic 
deformity is present. This exposes the interval between 
C6 and T4. Excision of the first or second rib is adequate 
in adults or in the absence of an exaggerated kyphosis.
  

For equal exposure of the thoracic and cervical spine from 
C4 to T4, the sternal splitting approach is recommended; it is 
commonly used in cardiac surgery. 

  

TRANSSTERNAL APPROACH

 TECHNIQUE 37.9 

 n  Make a Y-shaped or straight incision with the vertical 
segment passing along the midsternal area from the su-
prasternal notch to just below the xiphoid process (Fig. 
37.18A).

 

A T2 B

FIGURE 37.16 Criterion of Cho et al. for use of the standard Smith-Robinson approach for 
upper thoracic anterior fusion. A, On a preoperative lateral radiograph, a line drawn from the 
intended skin incision to the top of the manubrium (at the suprasternal notch) to the level of the 
disc space (T1-2) indicated that this trajectory would allow adequate exposure of the cervicothoracic 
junction. B, Fusion done through standard Smith-Robinson approach.  (From Cho W, Buchowski JM, 
Park Y, et al: Surgical approach to the cervicothoracic junction. Can a standard Smith-Robinson approach 
be utilized? J Spinal Disord Tech 25:264, 2012.)

 FIGURE 37.17 Patient positioning and periscapular incision for 
high transthoracic approach. SEE TECHNIQUE 37.8.
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 n  Extend the proximal end diagonally to the right and left 
along the base of the neck for a short distance. To avoid 
entering the abdominal cavity, take care to keep the dis-
section beneath the periosteum while exposing the distal 
end of the sternum. At the proximal end of the sternal 
notch, avoid the inferior thyroid vein.

 n  By blunt dissection, reflect the parietal pleura from the 
posterior surfaces of the sternum and costal cartilages 
and develop a space. Pass one finger or an instrument 
above and below the suprasternal space, insert a Gigli 
saw, and split the sternum. Spread the split sternum and 
gain access to the center of the chest (Fig. 37.18B). In 
children, the upper portion of the exposure is posterior to 
the thymus and bounded by the innominate and carotid 
arteries and their venous counterparts.

 n  Develop the left side of this area bluntly.
 n  In patients with kyphotic deformity, the innominate vein 

now may be divided as it crosses the field; it may be very 
tense and subject to rupture. Fang et al. recommended 
this division. A disadvantage of ligation is that it leaves 
a slight postoperative enlargement of the left upper ex-
tremity that is not apparent unless carefully assessed.

 n  This approach provides limited access, and its success de-
pends on accuracy in preoperative interpretation of the 
deformity and a high degree of surgical precision.
   

  

MODIFIED ANTERIOR APPROACH TO 
CERVICOTHORACIC JUNCTION
Several authors have described an anterior approach to 
the cervical thoracic junction using a combined full median 

sternotomy and a cervical incision. Others have combined 
this approach with osteotomy of the clavicle or resection 
of the left sternoclavicular joint. The approach described 
by Darling et al. provides excellent exposure from C3 to T4 
without the associated morbidity related to the division of 
the manubrium or the innominate vein. This procedure is 
technically simple and avoids the risk of injury to the sub-
clavian vessels that can occur with resection of the clavicle 
or sternoclavicular junction. Mai et al. developed an MRI-
based algorithm to evaluate the accessibility of a vertebral 
disc space with this approach and identified patient factors 
that may affect accessibility. Caudal disc space accessibil-
ity was first evaluated on radiographs: a straight line was 
drawn through and parallel to the disc space that passes 
just above the suprasternal notch. The mid-sagittal T2 MRI 
image was used to identify the most caudal accessible disc 
space (Fig. 37.19A). If the suprasternal notch could not be 
adequately identified, the MR scout midline image was 
used (Fig. 37.19B). In 93% of 180 patients, the algorithm 
successfully identified the most caudal accessible disc. Age 
and body mass index were major determinants of acces-
sibility.

 TECHNIQUE 37.10 

(DARLING ET AL.)
 n  Place the patient supine. If the neck is stable, place a sand-

bag transversely behind the shoulders to extend the neck 
and position the head in a head ring turned to the right. The 
left side is used to protect the left recurrent laryngeal nerve.

 n  Make an incision along the anterior border of the left ster-
nocleidomastoid muscle to the sternal notch and continue 
in the midline to the level of the third costal cartilage.
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FIGURE 37.18 Transsternal approach to cervicothoracic spine (see text). A, Incision. B, Approach 
completed. (Redrawn from Pierce DS, Nickel VH, editors: The total care of spinal cord injuries, Boston, 
1977, Little, Brown.) SEE TECHNIQUE 37.9.
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 n  Divide the platysma in the line of the incision, retract the 
sternocleidomastoid laterally, and divide the omohyoid 
muscle.

 n  Retract the carotid sheath laterally, enter the prevertebral 
space, and develop a plane of dissection.

 n  Gently retract the esophagus, trachea, and adjacent re-
current laryngeal nerve to the right and elevate them 
away from the vertebral column.

 n  Incise the sternal fascia and divide the sternum in the 
midline from the sternal notch to the level of the second 
intercostal space.

 n  Retract the sternum laterally to the left through the synos-
tosis between the manubrium and body of the sternum.

 n  Divide the strap muscles near their origin from the sternum 
to permit reconstruction, connecting the two portions of 
the incision. Do not divide the sternocleidomastoid muscle.

 n  Place a small chest retractor and open the partial ster-
notomy.

 n  Ligate and divide the inferior thyroid artery and middle 
and inferior thyroid veins. Take care not to injure the re-
current laryngeal nerve or the superior laryngeal nerve 
through pressure or traction.

 n  Dissect the thymus and mediastinal fat away from the left 
innominate vein.

 n  If exposure to T3-4 is required, divide the thymic and left 
innominate veins, if necessary, to expose the level of the 
aortic arch anteriorly and T4-5 posteriorly (Fig. 37.20). 
In completing the dissection, avoid injuring the thoracic 
duct as it ascends to the left of the esophagus from the 
level of T4 to its junction with the left internal jugular and 
subclavian veins.

 n  After spinal decompression and stabilization are completed, 
close the wound by approximating the manubrium with two 

or three heavy-gauge stainless steel wires using standard 
techniques.

 n  Reattach the strap muscles to the sternum and close the 
presternal fascia.

 n  Drain the prevertebral space with a soft Silastic drain 
through a separate stab wound and attach the drain to 
closed suction.

 n  Close the platysma and skin.
   

  

ANTERIOR APPROACH TO THE 
CERVICOTHORACIC JUNCTION 
WITHOUT STERNOTOMY
Pointillart et al. reported that exposure of the cervico-
thoracic junction can be achieved with the usual anterior 
approach without a sternotomy. They noted that exposure 
of T3 and T4 may require a median manubrial resection.

 TECHNIQUE 37.11 

(POINTILLART ET AL.)
 n  Incise the skin along the medial border of the sternoclei-

domastoid muscle and extend it distally over the manu-
brium (Fig. 37.21A).

 n  Begin the dissection as in a standard anterior cervical ap-
proach, then extend it caudally by following the vessel-
free area anterior to the vertebrae along the deep cervical 
fascia.
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FIGURE 37.19 A, Mid-sagittal T2 MRI demonstrating a line drawn parallel to the intervertebral 
space parallel above the most caudal accessible spinal level (C7-T1) as determined by the supra-
sternal notch (SSN). B, Mid-sagittal SCOUT MRI demonstrating the T1-T2 space as the most caudal 
accessible level.  (From Mai HT, Mitchell SM, Jenkins TJ, et al: Accessibility of the cervicothoracic junction 
through an anterior approach. An MRI-based algorithm, Spine 41:69, 2016.)
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 n  Identify and cut the sternal ends of the sternocleidomas-
toid muscle and infrahyoid muscles 2 cm from their ster-
nal insertions.

 n  Expose the manubrium to the medial portion of the ster-
noclavicular joint.

 n  Use finger dissection to free the posterior aspect of the 
manubrium for resection.

 n  With a high-speed drill, resect the manubrium down to 
the posterior cortex to allow the exposure desired (Fig. 
37.21B). Excise the remaining bone with a Kerrison ron-
geur to complete the exposure.

 n  Cut the sternoclavicular ligament with scissors.
 n  Retract the retrosternal fat and large vessels caudally and 

anteriorly to expose the upper thoracic vertebrae.
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FIGURE 37.20 Modified anterior approach to cervicothoracic junction. (Redrawn from Darling 
GE, McBroom R, Perrin R: Modified anterior approach to the cervicothoracic junction, Spine 20:1519, 1995.) 
SEE TECHNIQUE 37.10.
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FIGURE 37.21 Anterior approach to cervicothoracic junction without sternotomy. A, Incision 
for exposure at cervicothoracic junction. B, Sagittal section of the chest reflecting the thoracic 
spine exposure possible with upper manubrium resection and retraction. (Redrawn from Pointillart 
V, Aurouer N, Gangnet N, Vital JM: Anterior approach to the cervicothoracic junction without sternotomy: 
a report of 37 cases, Spine 32:2875, 2009.) SEE TECHNIQUE 37.11.
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ANTERIOR APPROACH TO THE THORACIC SPINE
The transthoracic approach to the thoracic spine provides 
direct access to the vertebral bodies T2-12. The midthoracic 
vertebral bodies are best exposed by this approach, whereas 
views of the upper and lower extremes of the spine are more 
limited. In general, a left-sided thoracotomy incision is pre-
ferred, although some surgeons favor a right-sided thoracot-
omy for approaching the upper thoracic spine to avoid the 
subclavian and carotid arteries in the left superior mediasti-
num. In a left-sided thoracotomy approach, the heart may be 
retracted anteriorly, whereas in a right-sided approach, the 
liver may present a significant obstacle to exposure. The level of 
the incision should be positioned to meet the level of exposure 
required. Ordinarily, an intercostal space is selected at or just 
above the involved segment. If only one vertebral segment is 
involved, the rib at that level can be removed; however, if multi-
ple levels are involved, the rib at the upper level of the proposed 
dissection should be removed. Because of the normal thoracic 
kyphosis, dissection is easier from proximal to distal. Exposure 
is improved by resection of a rib, and the rib provides a sat-
isfactory bone graft, but resection is unnecessary if a limited 
exposure is adequate for biopsy, decompression, or fusion. The 
transthoracic approach adds a significant operative risk and is 
more hazardous than the more commonly used posterior or 
posterolateral approaches. The increased risk of thoracotomy 
must be weighed against the more limited exposure provided 
by alternative posterior approaches. 

  

ANTERIOR APPROACH TO THE 
THORACIC SPINE

 TECHNIQUE 37.12 

 n  Place the patient in the lateral decubitus position with 
the right side down; an inflatable beanbag is helpful in 
maintaining the patient’s position, and the table can be 
flexed to increase exposure (Fig. 37.22A).

 n  Make an incision over the rib corresponding to the in-
volved vertebra and expose it subperiosteally. Use elec-
trocautery to maintain hemostasis during the exposure.

 n  Disarticulate the rib from the transverse process and the 
hemifacets of the vertebral body. Identify and preserve 
the intercostal nerve lying along the inferior aspect of 
the rib as it localizes the neural foramen leading into the 
spinal canal. Incise the parietal pleura and reflect it off 
of the spine, usually one vertebra above and one below 
the involved segment, to allow adequate exposure for 
debridement and grafting (Fig. 37.22B).

 n  Identify the segmental vessels that cross the midportion 
of each vertebral body and ligate and divide these (Fig. 
37.22C).

 n  Carefully reflect the periosteum overlying the spine with 
elevators to expose the involved vertebrae.

 n  Use a small elevator to delineate the pedicle of the verte-
bra and a Kerrison rongeur to remove the pedicle, expos-
ing the dural sac.

 n  Identify the disc spaces above and below the vertebrae 
and incise the annulus. Remove disc material using ron-
geurs and curets.

 n  An entire cross-section of the vertebral body is developed, 
and the anterior margin of the neural canal is identified 
with the posterior longitudinal ligament lying in the slight 
concavity on the back of the vertebral body.

 n  Expose sufficient segmental vessels and disc spaces to ac-
complish the intended procedure—usually corpectomy 
and strut grafting.
  

VIDEO-ASSISTED THORACIC SURGERY
Video-assisted thoracic surgery (VATS) has been used suc-
cessfully in the anterior thoracic and thoracolumbar spine for 
treatment of scoliosis, kyphosis, tumors, and fractures and 
seems to have less morbidity than the standard thoracotomy, 
which can result in respiratory problems or pain after thora-
cotomy. Thoracoscopy has evolved rapidly and is capable of 
providing adequate exposure to all levels of the thoracic spine 
from T2 to L1; however, the learning curve is significant, and 
the surgical team always should include a thoracic surgeon 
who is competent in thoracoscopy and a spine surgeon who is 
well trained in endoscopic techniques.

Reported complications include intercostal neuralgia, 
atelectasis, excessive epidural blood loss (2500 mL), and tem-
porary paraparesis related to operative positioning.

Although the indications for the thoracoscopic approach 
apparently remain the same as for open thoracotomy, some 
procedures require extensive internal fixation and may not be 
suitable for VATS. Also, patients should be informed before 
surgery that the thoracoscopic procedure may have to be 
abandoned in favor of an open procedure. Relative contra-
indications include preexisting pleural disease from previous 
surgeries. 

  

VIDEO-ASSISTED THORACIC SURGERY

 TECHNIQUE 37.13 

(MACK ET AL.)
 n  Routine intraoperative monitoring for thoracic proce-

dures is used, including an arterial pressure line, pulse 
oximeter, and end-tidal carbon dioxide measurement. 
Somatosensory evoked potentials should be monitored 
routinely for patients undergoing spinal deformity correc-
tion or corpectomy.

 n  Place the initial trocar in the seventh intercostal space in 
the posterior axillary line. Place a 10-mm, 30-degree angled 
rigid telescope through the 10-mm trocar. Use a 0-degree 
end-viewing scope and a 30-degree scope for direct vision 
of the intervertebral disc space to avoid impeding surgi-
cal instrumentation or obscuring the operative field. Mack 
et al. recommended placing the viewing port in the pos-
terior axillary line directly over the spine and two or three 
access sites for working ports in the anterior axillary line to 
allow better access to the spine. This “reverse L” arrange-
ment can be moved cephalad or caudad, depending on the 
level of the thoracic spine to be approached.

 n  Use the portals for placement of surgical instruments (Fig. 
37.23).
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 n  Rotate the patient anteriorly and place the patient in a 
Trendelenburg position for the lower thoracic spine or 
reverse Trendelenburg for the upper thoracic spine.

 n  The lung usually falls away from the operative field when 
completely collapsed, obviating the need for retraction 
instruments.

 n  A departure from the standard VATS approach is the posi-
tioning of the operative team. Operative procedures rou-
tinely are performed by a spine surgeon and thoracic sur-
geon. In contrast to other VATS procedures in which the 
surgeon and assistant are positioned on opposite sides of 
the operating table, both surgeons are positioned on the 
anterior side of the patient viewing a monitor on the op-
posite side. In addition, the camera and the viewing field 
are rotated 90 degrees from the standard VATS approach 
so that the spine is viewed horizontally.

 n  Perform an initial exploratory thoracoscopy to determine 
the correct spinal level for operative intervention.

 n  Count the ribs by “palpation” with a blunt grasping in-
strument.

 n  When the target level has been defined, place a 20-gauge 
long needle percutaneously into the disc space from the 
lateral aspect and confirm radiographically.

 n  When the correct level is ascertained, perform the specific 
spinal procedure.
  

ANTERIOR APPROACH TO THE 
THORACOLUMBAR JUNCTION
Occasionally, it may be necessary to expose simultaneously the 
lower thoracic and upper lumbar vertebral bodies. Technically, 
this is a more difficult exposure because of the diaphragm and 
the increased risk involved in simultaneous exposure of the 
thoracic cavity and the retroperitoneal space. In most instances, 
thoracic lesions should be exposed through the chest, whereas 
lesions predominantly involving the upper lumbar spine can 
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FIGURE 37.22 Transthoracic approach (see text). A, Positioning of patient and incision. B, Rib 
removal and division of pleura, exposing lung. C, Exposure of spine and division of segmental 
vessels over one vertebral body SEE TECHNIQUE 37.12.
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be exposed through an anterior retroperitoneal incision. The 
diaphragm is a dome-shaped organ that is muscular in the 
periphery and tendinous in the center. Posteriorly, it originates 
from the upper lumbar vertebrae through crura, the arcuate 
ligaments, and the 12th ribs. Anteriorly and laterally, it attaches 
to the cartilaginous ends of the lower six ribs and xiphoid. The 
diaphragm is innervated by the phrenic nerve, which descends 
through the thoracic cavity on the pericardium. The phrenic 
nerve joins the diaphragm adjacent to the fibrous pericardium, 
dividing into three major branches that extend peripherally in 
anterolateral and posterior directions. Division of these major 
branches may interfere with diaphragmatic function. It is best 
to make an incision around the periphery of the diaphragm 
to minimize interference with function when making a tho-
racoabdominal approach to the spine. We recommend a left-
sided approach at the thoracolumbar junction because the vena 
cava on the right is less tolerant of dissection and may result in 
troublesome hemorrhage, and the liver may be hard to retract. 

  

ANTERIOR APPROACH TO THE 
THORACOLUMBAR JUNCTION

 TECHNIQUE 37.14 

 n  Place the patient in the right lateral decubitus position 
and place supports beneath the buttock and shoulder.

 n  Make the incision curvilinear with ability to extend the 
cephalad or the caudal end (Fig. 37.24A).

 n  To gain the best access to the interval of T12-L1, resect 
the 10th rib, which allows exposure between T10 and 

L2. The only difficulty is in identifying the diaphragm as 
a separate structure; it tends to approximate closely the 
wall of the thoracic cage, allowing the edge of the lung to 
penetrate into the space beneath the knife as the pleura 
is divided (Fig. 37.24B).

 n  Take care in entering the abdominal cavity. Because the 
transversalis fascia and the peritoneum do not diverge, 
dissect with caution and identify the two cavities on either 
side of the diaphragm. To achieve confluence of the two 
cavities, reflect the diaphragm from the lower ribs and the 
crus from the side of the spine (Fig. 37.24C).

 n  Alternatively, incise the diaphragm 2.5 cm away from its 
insertion and tag it with sutures for later accurate closure.

 n  Incise the prevertebral fascia.
 n  Identify the segmental arteries and veins over the midpor-

tion of each vertebral body. Isolate these, ligate them in 
the midline, and expose the bone as previously described.
   

  

MINIMALLY INVASIVE APPROACH TO 
THE THORACOLUMBAR JUNCTION
Although a variant of the lateral retropleural thoracotomy, 
the minimally invasive lateral extracelomic (retroperitoneal/
retropleural) approach can provide adequate exposure of 
the thoracolumbar junction to allow vertebrectomy and 
canal decompression from T10 to L2 without the need 
to enter the pleural or peritoneal cavities and avoid the 
morbidities associated with retropleural thoracotomy. It 
combines the positive attributes of both the anterolat-
eral transthoracic approach and the lateral extra-cavitary 
approach and is particularly useful for centrally located 
pathologies such as central thoracic disc herniation.

 TECHNIQUE 37.15 

 n  With the patient in a lateral decubitus position and under 
fluoroscopic guidance, make a 6-cm oblique incision (fol-
lowing the trajectory of the rib at the index level) at the 
midaxillary line.

 n  The side of the approach is chosen according to the ver-
tebral level and the location of the abnormality, but the 
left-sided approach is preferred to avoid retraction of the 
liver and vena cava on the right.

 n  Dissect subperiosteally approximately 5 cm of the rib im-
mediately overlying the target level from the underlying 
pleura and neurovascular bundle and remove it. Set aside 
the portion of resected rib for use as autograft.

 n  Once the parietal pleura is exposed, develop the plane be-
tween the endothoracic fascia and the pleura, taking care 
not to enter the pleural or peritoneal cavities (Fig. 37.25A).

 n  Use a sponge stick or finger dissection to bluntly mobilize 
the pleura anteriorly along with the diaphragm until the 
lateral side of the vertebral body and adjacent discs are 
exposed.

 n  If the target levels include L1, divide the medial and lateral 
arcuate ligaments off the costal and lumbar attachments 

FIGURE 37.23 Thoracoscopic instrument placement for thoracic 
spine procedures. (Redrawn from Regan JJ, McAfee PC, Mack MJ, 
editors: Atlas of endoscopic spine surgery, St. Louis, 1995, Quality Medical 
Publishing.) SEE TECHNIQUE 37.13.
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to adequately mobilize the diaphragm. If more anterior 
access or exposure of L2 is needed, fully transect the crus 
of the diaphragm connecting the retropleural and retro-
peritoneal spaces.

 n  Retract the aorta and hemiazygos vein anteriorly. Insert 
sequential tubular dilators and place a tube retractor sys-
tem over the largest dilator and secure it with a flexible 
table-mounted arm assembly (Fig. 37.25B).

 n  Under magnification, remove the rib head and the costo-
vertebral ligaments at the corresponding level and com-
plete the desired procedure with direct observation of the 
dura laterally and ventrally.

 n  If the pleural cavity is not violated, there is no need for 
a chest tube, and postoperative mobilization can begin 
immediately.
  

ANTERIOR RETROPERITONEAL APPROACH, 
 L1 TO L5
The anterior retroperitoneal approach to the lumbar verte-
bral bodies is a modification of the anterolateral approach 
commonly used by general surgeons for sympathectomy. It 
is an excellent approach that should be considered for exten-
sive resection, debridement, or grafting at multiple levels in 
the lumbar spine. Depending on which portion of the lum-
bar spine is to be approached, the incision may be varied in 
placement between the 12th rib and the superior aspect of the 
iliac crest. The major dissection in this approach is behind 
the kidney in the potential space between the renal fascia and  
the quadratus lumborum and psoas muscles. 

  

ANTERIOR RETROPERITONEAL 
APPROACH, L1 TO L5

 TECHNIQUE 37.16 

 n  Position the patient in the lateral decubitus position, gener-
ally with the right side down. The approach is made most 
often from the left side to avoid the liver and the inferior 
vena cava, which is more difficult to repair than the aorta 
if vascular injury occurs during the approach to the spine.

 n  Flex the table to increase exposure between the 12th rib 
and the iliac crest. Flex the hips slightly to release tension 
on the psoas muscle.

 n  Make an oblique incision over the 12th rib from the lateral 
border of the quadratus lumborum to the lateral border 
of the rectus abdominis muscle to allow exposure of the 
first and second lumbar vertebrae (Fig. 37.26A).

 n  Alternatively, place the incision several fingerbreadths be-
low and parallel to the costal margin when exposure of 
the lower lumbar vertebrae (L3-5) is necessary.

 n  Use electrocautery to divide the subcutaneous tissue, fas-
cia, and muscle of the external oblique, internal oblique, 
transversus abdominis, and transversalis fascia in line with 
the skin incision (Fig. 37.26B and C).

 n  Carefully protect the peritoneum and reflect it anteriorly 
by blunt dissection. If the peritoneum is entered during 
the approach, it must be repaired.
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A

FIGURE 37.24 Thoracolumbar approach (see text). A, Skin incision. B, Transthoracic detachment 
of diaphragm. C, Retroperitoneal detachment of diaphragm. SEE TECHNIQUE 37.14.
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FIGURE 37.25 Minimally invasive lateral extracelomic approach. A, Diaphragm looking from 
caudal to cranial demonstrating blunt dissection with the aid of a finger to develop the extrace-
lomic space (left). The diaphragm is retracted anteriorly once the costal and lumbar attachments 
have been mobilized (right). B, Cadaver specimen in the right lateral decubitus position (inset) 
demonstrating the view through the tubular retractor when placed in the extracelomic space. (A 
from NuVasive, Inc. B from Dakwar E, Ahmadian A, Uribe JS: The anatomical relationship of the diaphragm 
to the thoracolumbar junction during minimally invasive lateral extracelomic (retropleural/retroperitoneal) 
approach. Laboratory investigation, J Neurosurg Spine 16:359, 2012.) SEE TECHNIQUE 37.15.

    

https://booksmedicos.org


PART XII THE SPINE1666

 n  Identify the psoas muscle in the retroperitoneal space and 
allow the ureter to fall anteriorly with the retroperitoneal 
fat.

 n  The sympathetic chain is found between the vertebral 
bodies and the psoas muscle laterally, whereas the geni-
tofemoral nerve lies on the anterior aspect of the psoas 
muscle.

 n  Place a Finochietto rib retractor between the costal mar-
gin and the iliac crest to aid exposure.

 n  Palpate the vertebral bodies from T12 to L5 and identify 
and protect with a Deaver retractor the great vessels lying 
anterior to the spine. The lumbar segmental vessels lie in 
the midportion of the vertebral bodies, and the relatively 
avascular discs are prominent on each adjacent side of the 
vessels (Fig. 37.26D).

 n  When the appropriate involved vertebra is identified, el-
evate the psoas muscle bluntly off the lumbar vertebrae 
and retract it laterally to the level of the transverse process 
with a Richardson retractor. Sometimes, removal of the 
transverse process with a rongeur is helpful in allowing 
adequate retraction of the psoas muscle.

 n  Ligate and divide the lumbar segmental vessel overlying 
the involved vertebra.

 n  Delineate the pedicle of the involved vertebra with a small 
elevator and locate the neural foramen with the exiting 
nerve root. Bipolar coagulation of vessels around the neu-
ral foramen is recommended.

 n  Remove the pedicle with an angled Kerrison rongeur and 
expose the dura.

 n  After completion of the spinal procedure, obtain meticu-
lous hemostasis and close the wound in layers over a drain 
in the retroperitoneal space.
  

PERCUTANEOUS LATERAL APPROACH TO 
LUMBAR SPINE, L1 TO L4-5 (DLIF OR XLIF)
Ozgur et al. first described the technique of extreme lateral 
interbody fusion (XLIF) as a refinement of the laparoscopic 
lateral approach. The primary use for this approach has been 
the placement of an anterior lumbar interbody graft for degen-
erative disc disease without central canal stenosis, scoliosis, 
or spondylolisthesis. Park et al. analyzed the distance from a 
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FIGURE 37.26 Anterior retroperitoneal approach (see text). A, Skin incisions for lumbar verte-
brae. B, Incision of fibers of external oblique muscle. C, Incision into fibers of internal oblique 
muscle. D, Exposure of spine before ligation of segmental vessels SEE TECHNIQUE 37.16.
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guidewire placed in 10 human cadavers using the usual lat-
eral approach and concluded that the intrapsoas nerves are a 
safe distance from the radiographic center of the disc in most 
cases. Because of the risk of nerve injury in a small number 
of individuals, neural monitoring is recommended while tra-
versing the psoas. MRI studies have been analyzed to deter-
mine the safe zones for a minimally invasive lateral approach 
in both normal and abnormal spines. Most levels evaluated 
(247) were normal, 18 were degenerative, and 19 were sco-
liotic. On the MR images, the overlap between the adjacent 
neurovascular structures and the vertebral body endplate 
gradually increased from L1-2 to L4-5, resulting in a very nar-
row safe zone at L4-5. Alteration in the anatomic location of 
the nerve root and the retroperitoneal vessels in patients with 
scoliosis further decreases this safe zone.

Knight et  al. reported that 13 (22%) of 58 patients had 
complications after a minimally invasive direct lateral ante-
rior lumbar fusion (DLIF) and XLIF. Approach-related com-
plications included ipsilateral L4 nerve root injury in two 
patients, irritation of the lateral femoral cutaneous nerve in six 
patients, significant psoas spasm that lengthened the hospital 
stay in one patient, and less significant psoas irritation in five. 
Major complications occurred in five (8.6%) patients, includ-
ing reoperation for implant subsidence in one patient and 
persistence of the L4 root injury at 1 year in two patients. No 
significant differences in complications were noted between 
the XLIF and DLIF procedures. Nayar et al. compared 1292 
patients with minimally invasive lateral approaches to 768 
patients with standard open posterior approaches and found 
that the lateral approach was associated with a significantly 
lower rate of reoperation than the posterior approach at 30 
days and at 2 years.

Using MR images of the lumbar spine with the vertebral 
body divided into four zones, each being 25% of the vertebral 
diameter (Fig. 37.27), Hu et al. identified the safe zones for 
approach using the minimally invasive lateral lumbar inter-
body fusion to be zones II-III at L1-2 and L2-3, zone II at L3-4, 
and zones I-II on the left at L4-5, and zone II on the right at 
L4-5 (Fig. 37.28A and B). Benglis et al. evaluated the position 
of the lumbar plexus in the psoas muscle of three fresh frozen 

human cadavers and noted that the lumbar plexus rests on 
the dorsal surface of the psoas muscle in a cleft created by the 
transverse process/vertebral body junction. The plexus pro-
gressed in a dorsal fashion from near the posterior aspect of 
the vertebral body at L1-2 to 0.28 of the vertebral diameter at 
L4-5 (Fig. 37.29). The plexus was at the greatest risk of injury 
at the L4-5 level. 

  

PERCUTANEOUS LATERAL APPROACH, 
L1 TO L4-5

 TECHNIQUE 37.17 

(OZGUR ET AL.)
 n  After the induction of a general endotracheal anesthesia, 

place the patient in a right lateral decubitus position on a 
radiolucent operating table.

 n  Adjust the patient so a true 90-degree lateral image can 
be obtained with image intensification.

 n  Secure the patient in this position with taping and a bean 
bag or similar device.

 n  Adjust the table to allow maximal distance between the 
left rib cage and the iliac crest.

 n  Prepare and drape the patient for a direct lateral lumbar 
approach.

 n  Identify the midlateral position of the disc space to be 
entered using a Kirschner wire marker and fluoroscopic 
imaging (Fig. 37.30). Mark this point on the skin.

 n  Make a second mark posterior to the first mark at the border 
of the erector spinae and the abdominal oblique muscles.

 n  Make a 2-cm skin incision at this second mark and use 
blunt dissection with the index finger through the muscle 
layers to the retroperitoneal space; avoid entering the 
peritoneum (Fig. 37.31A).

 n  Sweep the retroperitoneal space anteriorly and palpate 
the psoas muscle (Fig. 37.31B).

 n  Turn the index finger up in a direct lateral position toward 
the lateral skin mark and make an incision at this mark.

 n  Insert the initial dilator and use the index finger to safely 
direct the dilator to the psoas muscle (Fig. 37.31C); con-
firm the position of the dilator with fluoroscopy.

 n  Gently separate the psoas with the initial dilator, using 
blunt dissection at the level determined to be in the safe 
zone for the level to be accessed.

 n  Monitor the progress of the dilator in the psoas muscle using 
electromyography. The stimulus necessary to elicit an elec-
tromyography response will vary with the distance from the 
nerve. Threshold values of more than 10 mA indicate a dis-
tance that is safe for the nerves and adequate for working.

 n  Take care to minimize trauma to the psoas muscle.
 n  Observe the progress of the dilator directly to check for 

nerves that may lie in the safe zone.
 n  Continue the dissection by spreading the midpsoas fibers 

laterally (Fig. 37.31D).
 n  Avoid the genitofemoral nerve by observing it directly un-

til the disc is reached.
 n  Reconfirm placement of the initial dilator with fluoroscopy.
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FIGURE 37.27 Zones of the lumbar vertebral body.  (Redrawn 
from Hu WK, He SS, Zhang SC, et al: An MRI study of psoas major and 
abdominal large vessels with respect to the X/DLIF approach, Eur Spine 
J 20:557–562, 2011.)

    

https://booksmedicos.org


PART XII THE SPINE1668

 n  Introduce subsequent dilators until the retractor can be 
inserted (Fig. 37.32). (This instrument varies with the sys-
tem used.) Expand the retractor blades to minimize nerve 
pressure and maximize disc exposure.

 n  Confirm the final position with anteroposterior and lateral 
fluoroscopy before excising the disc.
  

ANTERIOR TRANSPERITONEAL APPROACH TO 
THE LUMBOSACRAL JUNCTION, L5 TO S1
Transperitoneal exposure of the lumbar spine is an alternative 
to the retroperitoneal approach. The advantage of the trans-
peritoneal route is a more extensive exposure, especially at 
the L5-S1 level. A disadvantage is that the great vessels and 

hypogastric nerve plexus must be mobilized before the spine 
is exposed. The superior hypogastric plexus contains the sym-
pathetic function for the urogenital systems, and damage of 
this structure in men can cause complications such as ret-
rograde ejaculation; however, damage to the superior hypo-
gastric plexus should not produce impotence or failure of 
erection. Injury to the hypogastric plexus can be avoided by 
careful opening of the posterior peritoneum and blunt dis-
section of the prevertebral tissue from left to right and by 
opening the posterior peritoneum higher over the bifurca-
tion of the aorta and extending the opening down over the 
sacral promontory. In addition, electrocautery should be kept 
to a minimum when dissecting within the aortic bifurcation, 
and until the annulus of the L5-S1 disc is clearly exposed, no 
transverse scalpel cuts on the front of the disc should be made. 
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FIGURE 37.28 A, Right-sided XLIF approach as related to anatomic structure: i, vena cava 
distribution; ii, neural distribution; iii, safe zone. B, Left-sided extreme lateral interbody fusion 
(XLIF) approach associated with anatomic structures: i, distribution of abdominal aorta; ii, neural 
distribution; iii, safe zone.  (From Hu WK, He SS, Zhang SC, et al: An MRI study of psoas major and 
abdominal large vessels with respect to the X/DLIF approach, Eur Spine J 20:557–562, 2011.)

    

https://booksmedicos.org


CHAPTER 37 ANATOMIC APPROACHES TO THE SPINE 1669

  

ANTERIOR TRANSPERITONEAL 
APPROACH, L5 TO S1

 TECHNIQUE 37.18 

 n  Position the patient supine on the operating table and make 
a vertical midline or a transverse incision (Fig. 37.33A).  

The transverse incision is cosmetically superior and gives 
excellent exposure; it requires transection of the rectus ab-
dominis sheath.

 n  Identify and open the sheath and transect the rectus ab-
dominis muscle. The posterior rectus sheath, abdominal 
fascia, and peritoneum are conjoined in this area.

 n  Open the posterior rectus sheath and abdominal fascia to 
the peritoneum.

 n  Carefully open the peritoneum to avoid damage to bowel 
content.

 n  Carefully pack off the abdominal contents and identify 
the posterior peritoneum over the sacral promontory.

 n  Palpate the aorta and the common iliac vessels through 
the posterior peritoneum.

 n  Make a longitudinal incision in the posterior peritoneum 
in the midline around the aortic bifurcation.

 n  Extend the incision distally and to the right along the right 
common iliac artery to its bifurcation at the external and 
internal iliac arteries.

 n  Identify the right ureter, crossing the right iliac artery, and 
curve the incision medially to avoid this structure.

 n  Avoid the use of electrocautery anterior to the L5-S1 disc 
space to prevent damage to the superior hypogastric 
plexus.

 n  The left common iliac vein often lies as a flat structure 
across the L5-S1 disc within the aortic bifurcation. After 
identification of the left common iliac artery and vein, use 
blunt dissection to the right of the artery and hypogastric 
plexus and mobilize the soft tissue from left to right.

 n  Carefully dissect the middle sacral artery and vein from 
left to right (Fig. 37.33B). Longitudinal blunt dissection 
allows better mobilization of these vascular structures.

 n  If bleeding is encountered, use direct finger and sponge 
pressure rather than electrocautery. If electrocautery is 
used in this area, we recommend the bipolar rather than 
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FIGURE 37.29 White lines show the ratio measurements: plexus 
to posterior endplate (short white line) to total length of the disc 
(long white line). Longitudinal dark line is the course of the lumbar 
plexus as seen in the lateral view of a frozen human cadaver spine.  
(From Benglis DM Jr, Vanni S, Levi AD: An anatomical study of the lumbo-
sacral plexus as related to the minimally invasive transpsoas approach to 
the lumbar spine, J Neurosurg Spine 10:139, 2009.)
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  FIGURE 37.30 Percutaneous lateral approach to L1 to L4-5. A, Patient positioning and place- 
ment of Kirschner wires. B, Fluoroscopic image showing wire placement. (Redrawn from Ozgur BM, 
Aryan JE, Pimenta L, Taylor WR: Extreme lateral interbody fusion (XLIF): a novel surgical technique for anterior 
lumbar interbody fusion, Spine J 6:435, 2006.) SEE TECHNIQUE 37.17.

 

https://booksmedicos.org


PART XII THE SPINE1670

the unipolar machine because there is less likelihood of 
injuring the hypogastric plexus with a thermal burn.

 n  After adequate exposure of the L5-S1 disc, obtain a ra-
diograph after inserting a 22-gauge spinal needle into the 
disc space. Because the L5-S1 disc and the sacrum often 
are angled horizontally, the body of L5 may be mistaken 
for the sacrum.

 n  Further development of the exposure proceeds as in other 
anterior approaches to the lumbar vertebrae.
   

  

OBLIQUE APPROACH FOR  
LUMBAR INTERBODY FUSION,  
L1-L5 AND L5-S1
The approach for oblique lumbar interbody fusion (OLIF) 
accesses the spine between the anterior vessels and the 
psoas muscles, avoiding both sets of structures to allow 
efficient clearance of disc space and application of a large 
interbody device to provide distraction for foraminal decom-
pression and endplate preparation (Fig. 37.34). Advocates 
of the OLIF approach cite two shortcomings of anterior 
lumbar interbody fusion (ALIF) and posterior lumbar inter-
body fusion (XLIF) that are avoided by OLIF: iliac vessel and 
peritoneal injury with ALIF and psoas muscle splitting and 
limited lower lumbar spine access with XLIF. A study of 812 
patients with this approach reported a 4% intraoperative/in-
hospital complication rate, no abdominal or urologic injuries, 
and three each vascular and neurologic injuries. Woods et al. 
reported an overall complication rate of 12% in 137 patients 
who had OLIF at L1-L5, L5-S1, or both. The most common 

 

DBA C

FIGURE 37.31 Percutaneous lateral approach to L1 to L4-5. A, Surgeon’s index finger inserted 
into paraspinal incision site. B, Identification of retroperitoneal space. C, Guidance of the initial 
dilator into position. D, Retractor inserted into retroperitoneal space, penetrating the psoas major, 
positioned directly on the lateral intervertebral disc space. (Redrawn from Ozgur BM, Aryan JE, Pimenta 
L, Taylor WR: Extreme lateral interbody fusion (XLIF): a novel surgical technique for anterior lumbar interbody 
fusion, Spine J 6:435, 2006.) SEE TECHNIQUE 37.17.

 FIGURE 37.32 Operative photograph of laterally inserted 
dilators. With patient in lateral decubitus position, sequentially 
larger dilators are shown inserted, penetrating the psoas major, 
and resting on the desired disc space. (From Ozgur BM, Aryan JE, 
Pimenta L, Taylor WR: Extreme lateral interbody fusion (XLIF): a novel 
surgical technique for anterior lumbar interbody fusion, Spine J 6:435, 
2006.) SEE TECHNIQUE 37.17.
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complications were subsidence (4.4%), postoperative ileus 
(2.9%), and vascular injury (2.9%). Fusion was successful in 
98% of patients. Another cited advantage of this approach 
is that it can be done without costly neuromonitoring or an 
additional surgeon.

 TECHNIQUE 37.19 

(MEHREN ET AL.)
 n  Place the patient in a right-sided lateral decubitus position 

that is tilted slightly backward, depending on the target 
level, to get access to the physiologic corridor between 
the psoas muscle and vena cava anteriorly (Fig. 37.35).

 n  Under fluoroscopy, mark the center of the disc on the 
skin.

 n  Make a 4-cm skin incision centered in the projection of 
the target segment, parallel to the external oblique mus-
cle fibers.

 n  Dissect the external and internal oblique muscles and the 
transverse abdominal muscle along the direction of the 
fibers with a blunt, muscle-splitting technique.

 n  Access the retroperitoneal space by blunt dissection along 
the retroperitoneal fat tissue.

 n  Mobilize the peritoneal sac anteriorly.
 n  With the anterior longitudinal ligament as a medial land-

mark, identify the border of the psoas muscle as a lateral 
landmark; retract the psoas muscle at the disc space level 
(Fig. 37.36).

 n  Take care to protect the genitofemoral nerve, which 
courses on top of the psoas muscle, and the sympathetic 
chain in the anterior third of the vertebral body. If neces-
sary, mobilize the sympathetic chain anteriorly.

 n  For multilevel fusions, enlarge the incision up to 6 cm or 
use the same 4-cm incision in a “sliding window” tech-
nique that takes advantage of the mobility of the abdomi-
nal wall.

 n  Use Langenbeck hooks or self-retaining retractors for fur-
ther exposure and preparation of the target area.

 n  Confirm the correct level with fluoroscopy.

 

Common
iliac artery
and vein

B

Middle 
sacral
artery

L5

A

FIGURE 37.33 Transperitoneal approach to lumbar and lumbosacral spine (see text). A, Median 
longitudinal or transverse Pfannenstiel incision. B, Dissection of middle sacral artery and vein SEE 
TECHNIQUE 37.18.
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vena cava
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FIGURE 37.34 Zones of approach for lumbar interbody fusion. 
ALIF, Anterior lumbar interbody fusion; ATP, anterior to psoas; LLIF, 
lateral lumbar interbody fusion; OLIF, oblique lumbar interbody 
fusion; PLIF, posterior lumbar interbody fusion; XLIF, extreme lateral 
interbody fusion.  (From Phan K, Maharaj M Assem Y, et al: Review of 
early clinical results and complications associated with oblique lumbar 
interbody fusion (OLIF), J Clin Neurosci 31:23, 2016.)
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L5-S1 EXPOSURE—KIM ET AL.
 n  If L5-S1 interbody fusion is planned, tilt the operating 

table to place the patient supine.
 n  Check to be sure that a line drawn parallel to the L5-S1 

disc passes above the pubic symphysis on a lateral pelvic 

radiograph to ensure adequate access to the back of the 
disc space.

 n  When the left common iliac vessel is exposed in the me-
dial side of the psoas muscle in the retroperitoneal space, 
check the location of the left iliac artery with the fingers; 
check the sacral promontory with the index finger and 
apply dissection with a sponge stick.

 n  When the L5-S1 disc is exposed, check the level with a 
guide pin and the C-arm.

 n  If the level is correct, discectomy, endplate preparation, 
and interbody fusion are done as usual.
  

VIDEO-ASSISTED LUMBAR SURGERY
Standard anterior approaches to the lower lumbar and lumbo-
sacral spine include the anterior transperitoneal, anterolateral 
extraperitoneal, and anterior retroperitoneal approaches. As 
with thoracoscopy, the endoscopic technique is evolving rapidly 
in terms of its role in procedures involving the anterior aspect 
of the lumbar spine. Transperitoneal laparoscopic approaches, 
which have been used for discectomy or fusion, are true endo-
scopic procedures that are performed with carbon dioxide 
insufflation and may be impeded by abdominal wall adhesions. 
Complications include vascular and peritoneal injuries. McAfee 
et  al. described a minimally invasive anterior retroperitoneal 
approach to the lumbar spine using an endoscopic technique, 
and Onimus et al. described a less invasive, standard midline, 
extraperitoneal approach that fully preserves the abdominal 
innervation and is optimized with video assistance. This proce-
dure avoids peritoneal complications, and it is anterior and mid-
line oriented, giving direct access to the anterior aspect of the 

 FIGURE 37.35 Patient positioning and exposure for the oblique 
lateral lumbar fusion.  (From Phan K, Maharaj M Assem Y, et al: Review 
of early clinical results and complications associated with oblique lumbar 
interbody fusion (OLIF), J Clin Neurosci 31:23, 2016.)
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FIGURE 37.36 Oblique anterolateral approach to the lumbar spine. Psoas muscle is retracted 
by a Langenbeck hook to expose the anterolateral aspect of the disc space.  (From Mehren C, Mayer 
HM, Zandanell C, et al: The oblique anterolateral approach to the lumbar spine provides access to the lumbar 
spine with few early complications, Clin Orthop Relat Res 474:2020, 2016.)
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disc. Video assistance allows for a smaller incision, improved 
lighting, and easier presacral dissection. In addition, good 
exposure of the vertebral endplates is achieved, allowing a bet-
ter resection and perhaps, although not reported, an improved 
fusion rate. In addition, surgical assistants can observe the oper-
ation despite the small incision and, if necessary, the incision 
can be extended cephalad or caudad if conversion to a laparot-
omy is necessary. 

  

VIDEO-ASSISTED LUMBAR SURGERY

 TECHNIQUE 37.20 

(ONIMUS ET AL.)
 n  Place the patient supine and angulate the operative table 

to place the lumbar spine in slight extension.
 n  Make a 4-cm vertical incision on the midline at the umbi-

licus for the L4-5 approach and halfway between the um-
bilicus and the pubic symphysis for the L5-S1 approach. In 
women, a more cosmetic horizontal suprapubic incision is 
available for the L5-S1 approach.

 n  After division of the linea alba, dissect on the left side 
between the posterior sheath of the rectus abdominis and 
posterior aspect of this muscle.

 n  Divide the posterior sheath at the lateral edge of the 
rectus returning to the subperitoneal fascia. The division 
begins at the linea arcuata. Use blunt dissection with a 
finger and dissecting swabs.

 n  The next landmark is the prominence of the psoas muscle 
and the iliac vessels. Reflect the ureter and peritoneum 
together. The lateral cleavage of the peritoneum can be 
increased by use of an inflatable balloon.

 n  Introduce a 10-mm endoscope through a lateral portal 
between the umbilicus and anterior superior iliac spine 
for exposure of L5-S1 and at the level of the umbilicus for 
exposure of L4-5. Introduction of the endoscope gives 
good exposure of the prevertebral area and allows the 
operation to be continued under endoscopic and direct 
vision.

 n  Expose the anterior aspect of the intervertebral disc by 
blunt dissection through the midline incision.

 n  For exposure of L5-S1, hemoclip the middle sacral vessels 
and divide them. Retract the common iliac vessels crani-
ally with a specially designed retractor that is introduced 
through the midline incision and held in position by two 
Steinmann pins inserted in L5 and S1.

 n  For exposure of L4-5, retract the iliac vessels caudally. Di-
vide the iliolumbar vein to allow caudal retraction of the 
left iliac vein.

 n  More acute endoscopic exposure of the vertebral plates is 
possible by using a 30-degree angulated arthroscope.

 n  Intervertebral distraction allows iliac autogenous graft in-
sertion. The procedure can be completed with disc and 
vertebral plate resection.

 n  Close the wound on a retroperitoneal suction tube in-
serted through the endoscope’s lateral port.

POSTOPERATIVE CARE Standing and ambulation are 
allowed 2 to 3 days after surgery. A body jacket orthosis 
is worn for 3 months.
  

POSTERIOR APPROACHES
The posterior approach through a midline longitudinal inci-
sion provides access to the posterior elements of the spine 
at all levels, including cervical, thoracic, and lumbosacral. It 
is the most direct access to the spinous processes, laminae, 
and facets. In addition, the spinal canal can be explored and 
decompressed over a large area after laminectomy. Under 
most circumstances, the choice of approach to the spine 
should be dictated by the site of the primary pathologic con-
dition. Posterior approaches to the spine rarely are indicated 
when the anterior spinal column is the site of an infectious 
process or a metastatic disease. The posterior elements usually 
are not involved in the pathologic process and provide stabi-
lization for the uninvolved structures of the spinal column. 
Removal of the uninvolved posterior elements, as in laminec-
tomy, may result in subluxation, dislocation, or severe angula-
tion of the spine, causing increased compression of the neural 
elements and worsening of any neurologic deficit. Posterior 
approaches to the spine commonly are used for degenerative 
or traumatic spinal disorders and allow excellent exposure to 
perform a wide variety of fusion techniques, with or with-
out internal stabilization. Gupta measured the distance from 
the midline of C1 to the vertebral artery groove in 55 adult 
vertebrae and found that at least 1.5 cm of the posterior arch 
could be safely exposed without mobilization of the vertebral 
artery (Fig. 37.37). With mobilization of the vertebral artery, 
another 10 mm of arch could be exposed in either direction. 

  

POSTERIOR APPROACH TO THE 
CERVICAL SPINE, OCCIPUT TO C2

 TECHNIQUE 37.21 

 n  Position the patient prone on a turning frame with skel-
etal traction through tongs, avoiding excessive pressure 
on the eyes. Alternatively, a three-point head rest can be 

 

A

C
B

FIGURE 37.37 Distance between the posterior midline and the 
medial end of the vertebral artery groove at outer (A) and inner 
(B) cortex and the length of vertebral artery groove (C).  (Redrawn 
from Gupta T: Quantitative anatomy of vertebral artery groove on the 
posterior arch of atlas in relation to spinal surgical procedures, Surg Radiol 
Anat 30:239, 2008.)
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used to provide rigid immobilization of the cervical spine 
during surgery.

 n  After routine skin preparation, attach the drapes to the 
neck with stay sutures or staples.

 n  Make a midline longitudinal skin incision from the occiput 
to C2 (Fig. 37.38). Infiltration of the skin and subcutane-
ous tissue with a dilute 1:500,000 epinephrine solution 
helps to provide hemostasis.

 n  Using electrocautery and elevators, expose the posterior el-
ements subperiosteally and insert self-retaining retractors.

 n  It is important to deepen the incision in the midline 
through the thin white median raphe and avoid cutting 
muscle tissue. The median raphe of the cervical spine is 
a wandering avascular ligament and does not follow a 
straight midline incision. In children, do not expose any 
spinal levels unnecessarily to avoid spontaneous fusion at 
adjacent levels, including the occiput.

 n  When exposing the upper cervical spine, do not carry the 
dissection farther than 1.5 cm laterally on either side to 
avoid the vertebral arteries.

 n  When necessary, expose the occiput with elevators and 
insert the self-retaining retractors to expose the base of 
the skull and the dorsal spine of C2. The area in between 
contains the ring of C1; this is often deep compared with 
the spinous process of C2.

 n  While maintaining lateral retraction of the soft tissues, iden-
tify the posterior tubercle of C1 longitudinally in the midline 
and begin subperiosteal dissection to the bone. Often the 
ring of C1 is thin, and direct pressure can fracture it or 
cause the instrument to slip off the ring and penetrate the 
atlantooccipital membrane. The dura may be vulnerable on 
the superior and the inferior edges of the ring of C1.

 n  The second cervical ganglion is an important landmark on 
the ring of C1 laterally. It lies approximately 1.5 cm later-
ally on the lamina of C1 in the groove for the vertebral 
artery. There is little, if any, indication for dissection lateral 
to this groove.

 n  The vertebral artery may be damaged by penetration of 
the atlantooccipital membrane off the superior border of 
the ring of C1 more lateral than the usually safe 1.5 cm 
from the midline.

 n  Below C2, the lateral margins of the facet joints are the 
safe lateral extent of dissection.

 n  After exposure of the posterior occiput, the ring of C1, 
and the posterior elements of C2, the intended surgical 
procedure may be performed.

 n  After this, the wound is closed in layers over a drain.
   

  

POSTERIOR APPROACH TO THE 
CERVICAL SPINE, C3 TO C7

 TECHNIQUE 37.22 

 n  Position the patient prone on a turning frame with skel-
etal traction through tongs or with the head positioned 
in the three-point head fixation device that is attached to 
the table.

 n  The large spinous processes of C2 and C7 are prominent 
and can be identified by palpation. It is important to note 
on preoperative radiographs any posterior element defi-
ciencies, such as an occult spina bifida, before exposure 
of the posterior elements.

 n  Make a midline skin incision over the appropriate verte-
brae (Fig. 37.39) and inject the skin and subcutaneous 
tissues with a 1:500,000 epinephrine solution to aid in 
hemostasis.

 n  Deepen the dissection in the midline using the electrocau-
tery knife and staying within the thin white median raphe 
to avoid cutting the vascular muscle tissue (Fig. 37.40). It 
is helpful to maintain tension on the soft tissue by insert-
ing self-retaining retractors.

 n  Using electrocautery and elevators, detach the ligamen-
tous attachments to the spinous processes and expose 
the posterior elements subperiosteally to the lateral edge 

 

Occiput

Vertebral
artery

C1

C2

FIGURE 37.38 Posterior approach to upper cervical spine (see 
text). SEE TECHNIQUE 37.21.

C3

C7

FIGURE 37.39 Posterior approach to lower cervical spine (see 
text). SEE TECHNIQUE 37.22.
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of the facet joints, which is the extent of dissection on 
either side of the midline.

 n  After identifying the lateral edge of the facet joint, pack each 
level with a taped sponge to keep blood loss to a minimum.

 n  It is helpful to expose the spinous processes distal to 
proximal because the muscles can be stripped from the 
spinous processes in the acute angle between their inser-
tions and the bone. If exposure in the opposite direction 
is attempted, the knife blade or periosteal elevator would 
tend to follow the direction of the fibers into the muscle 
and divide the vessels, increasing hemorrhage.
   

  

POSTERIOR APPROACH TO THE 
THORACIC SPINE, T1 TO T12
The posterior approach to the thoracic spine can be made 
through a standard midline longitudinal exposure with 
reflection of the erector spinae muscle laterally to the tips of 
the transverse processes. Alternatively, the thoracic vertebrae 
can be approached through a costotransversectomy when 
direct access to the transverse processes and pedicles of the 
thoracic spine and limited access to the vertebral bodies are 
indicated. Costotransversectomy should be considered for 
simple biopsy or local debridement. This approach does not 
provide the working operative area or length of exposure to 
the thoracic vertebral bodies that is afforded by a transtho-
racic approach or the mid-longitudinal posterior approach.

 TECHNIQUE 37.23 

 n  Position the patient prone on a padded spinal operating 
frame.

 n  Make a long midline incision over the area to be exposed 
(Fig. 37.41). Infiltration of the skin, subcutaneous tis-
sue, and erector spinae to the level of the laminae with 
1:500,000 epinephrine solution helps provide hemostasis.

 n  Deepen the dissection in the midline using a scalpel or 
the electrocautery knife through the superficial and lum-
bodorsal fasciae to the tips of the spinous processes.

 n  Expose subperiosteally the posterior elements by reflecting 
the erector spinae muscle laterally to the tips of the trans-
verse processes distal to proximal, using periosteal elevators.

 n  Repeat the procedure until the desired number of ver-
tebrae is exposed; where both sides of the spine require 
exposure, use the same technique on each side.

 n  Pack each segment with a taped sponge immediately af-
ter exposure to lessen bleeding.

 n  After satisfactory exposure of the posterior elements, ob-
tain a radiograph to confirm proper localization of the 
intended level.

 n  After completion of the spinal procedure, close the 
wound in layers over a suction drain.
  

MINIMALLY INVASIVE APPROACHES TO THE 
POSTERIOR SPINE
All the posterior approaches to the spine can be made in a 
minimally invasive fashion when only a limited area of dis-
section is needed within the lateral recess, canal, or lumbar 
intervertebral foramen. The adaptation typically involves 
dilating through the posterior overlying fascia (thoracolum-
bar) and musculature, followed by inserting down to the 
spine a fixed or adjustable tubular retractor that is attached 
to a table-mounted retractor arm. The location of the inci-
sion is critical in a minimally invasive approach and depends 
on the exact procedure since the smaller field of view and 
working portal limit the surgical corridor. A 2-cm error in 
placement of the incision when using a 20-mm retractor is 
a 100% error. Planning the location of the incision based 

Nuchal ligament

FIGURE 37.40 Posterior approach to lower cervical spine. 
Nuchal ligament is irregular. To maintain dry field, surgeon must 
stay within ligament. SEE TECHNIQUE 37.22.

T1

T12 

FIGURE 37.41 Posterior approach to thoracic spine (see text). 
SEE TECHNIQUE 37.23.
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on preoperative imaging (MRI and/or CT) and fluoroscopic 
localization of the incision is mandatory for minimally inva-
sive posterior approaches. 

  

COSTOTRANSVERSECTOMY

 TECHNIQUE 37.24 

 n  Place the patient prone on a padded spinal operating 
frame.

 n  Make a straight longitudinal incision about 2.5 inches 
(6.3 cm) lateral to the spinous processes centered over 
the level of the desired vertebral dissection (Fig. 37.42A). 
(Alternatively, make a curved incision with its apex lateral 
to the midline.)

 n  Palpate the slight depression between the dorsal paraspi-
nal muscle mass and the prominent posterior angle of the 
rib and center the incision over this groove lateral to the 
spinous processes.

 n  Deepen the dissection through the subcutaneous tissues 
and the trapezius and latissimus dorsi muscles and the 
lumbodorsal fasciae, which are divided longitudinally.

 n  Dissect the paraspinal muscles sharply from their inser-
tions on the ribs and transverse processes and retract 
them medially.

 n  Expose the transverse process and posterior aspects of 
the associated rib subperiosteally and remove a section of 
rib 5 to 7.5 cm long at the level of involvement. The rib 

generally is transected with rib cutters about 3.5 inches 
(∼9 cm) lateral to the vertebra at its prominent posterior 
angle. The costotransverse ligament and joint capsule are 
strong and increase the inherent stability of the thoracic 
spine.

 n  Remain subperiosteal and extrapleural during this part of 
the exposure and protect the intercostal neurovascular 
bundle. Anterior to the transverse process is the vertebral 
pedicle, and above and below the pedicle lie the neu-
ral foramina. The nerve roots emerge from the superior 
portion of the foramina, giving off a dorsal and ventral 
ramus. The ventral ramus becomes the intercostal nerve 
and is joined by the intercostal vessels.

 n  When the pedicles, neural foramina, and neurovascular 
structures have been identified, proceed with dissection 
directly anteriorly on the pedicle to the vertebral body 
along a path that is relatively free of major vessels or 
nerves (Fig. 37.42B).

 n  Carefully dissect the parietal pleura with elevators ante-
riorly to expose the anterolateral aspect of the vertebral 
body, raising the sympathetic trunk and parietal pleura.

 n  Exposure can be increased by removal of the transverse 
process, pedicle, and facet joints as necessary.

 n  After completion of the spinal procedure, fill the wound 
with saline and inflate the lungs to check for air leaks.

 n  Close the wound in layers over a drain to prevent hema-
toma collection.

 n  Obtain a chest radiograph to document the absence of 
air in the pleural space, which may occur if the pleura is 
inadvertently entered during the exposure.
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FIGURE 37.42 Costotransversectomy. A, Straight longitudinal incision about 2.5 inches (6.3 cm) 
lateral to spinous processes, centered over level of vertebral dissection. Alternative curved incision 
also shown. B, Resection of costotransverse articulation. SEE TECHNIQUE 37.24.
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POSTERIOR APPROACH TO THE 
LUMBAR SPINE, L1 TO L5
The posterior approach to the lumbar spine provides access 
directly to the spinous processes, laminae, and facet joints 
at all levels. In addition, the transverse processes and 
pedicles can be reached through this approach. Wiltse 
and Spencer refined the paraspinal approach to the lum-
bar spine, which involves a longitudinal separation of the 
sacrospinalis muscle group to expose the posterolateral 
aspect of the lumbar spine. This approach is especially use-
ful in removing far-lateral disc herniation, decompressing a 
“far out” syndrome, and inserting pedicle screws.

 TECHNIQUE 37.25 

 n  Position the patient prone or in the kneeling position on 
a padded spinal frame. By allowing the abdomen to hang 
free, intravenous pressure is decreased and blood loss is 
decreased as a result of collapse of the epidural venous 
plexus.

 n  Make a midline skin incision centered over the involved lum-
bar segment (Fig. 37.43). Infiltrating the skin and subcuta-
neous tissue with 1:500,000 epinephrine aids hemostasis.

 n  Carry the dissection down in the midline through the skin, 
subcutaneous tissue, and lumbodorsal fascia to the tips 
of the spinous processes. Use self-retaining retractors to 
maintain tension on soft tissues during exposure.

 n  Subperiosteally expose the posterior elements from distal 
to proximal using electrocautery and periosteal elevators 
to detach the muscles from the posterior elements.

 n  Pack each segment with a taped sponge immediately af-
ter exposure to lessen bleeding.

 n  If the procedure requires exposure of both sides of the 
spine, use the same technique on each side.

 n  We recommend accurate localization of the involved seg-
ment with a permanent radiograph in the operating room.

 n  After completion of the spinal procedure, close the 
wound in layers over a drain.
   

  

PARASPINAL APPROACH TO LUMBAR 
SPINE

 TECHNIQUE 37.26 

(WILTSE AND SPENCER)
 n  Position the patient prone or in the kneeling position on a 

spinal frame. By allowing the abdomen to hang free, intra-
venous pressure is decreased and blood loss is decreased 
as a result of collapse of the epidural venous plexus.

 n  Make a midline skin incision centered over the involved 
lower lumbar segment (Fig. 37.44A). Infiltration with 
1:500,000 epinephrine helps to provide hemostasis.

 n  Carry dissection down to the lumbodorsal fascia and retract 
the skin and subcutaneous tissue laterally on either side.

 n  Make a fascial incision approximately 2 cm lateral to the 
midline (Fig. 37.44B and C).

 n  After the fascial layers have been divided, a natural cleav-
age plane is entered lying between the multifidus and 
longissimus muscles. Using blunt finger dissection be-
tween the muscle groups (Fig. 37.44D and E), palpate the 
facet joints at L4-5. Place self-retaining Gelpi retractors 
between the two muscle groups.

 n  Using electrocautery or an elevator, separate the trans-
verse fibers of the multifidus from their heavy fascial at-
tachments.

 n  Expose the lumbar transverse processes, facet joints, and 
laminae subperiosteally and denude them of soft tissue. 
Avoid carrying the dissection anterior to the transverse 
processes because the exiting spinal nerves lie just in front 
of the transverse processes and can be injured.

 n  Use bipolar cautery to control bleeding from the lumbar 
arteries and veins coursing above the base of the trans-
verse processes.

 n  Perform unilateral or bilateral decompression and fusion 
of the lumbosacral spine.

 n  Close the wound over a suction drain and suture the skin 
flaps down to the fascia to remove dead space.
   

  

POSTERIOR APPROACH TO THE 
LUMBOSACRAL SPINE, L1 TO SACRUM

 TECHNIQUE 37.27 

(WAGONER)
 n  Make a longitudinal incision over the spinous processes of 

the appropriate vertebrae and incise the superficial fascia, 

L1

L5

Sacrum

FIGURE 37.43 Posterior approach to lumbar spine (see text). 
SEE TECHNIQUE 37.25.
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the lumbodorsal fascia, and the supraspinous ligament 
longitudinally, precisely over the tips of the processes.

 n  With a scalpel, divide longitudinally the ligament between 
the two spinous processes in the most distal part of the 
wound.

 n  Insert a small, blunt periosteal elevator through this open-
ing so that its end rests on the junction of the spinous 
process with the lamina of the more proximal vertebra 
(Fig. 37.45A). Move the handle of the elevator proximally 
and laterally to place under tension the muscles attached 
to this spinous process.

 n  With a scalpel moving from distal to proximal, strip the 
muscles subperiosteally from the lateral surface of the 
process.

 n  Place the end of the elevator in the wound so that its 
end rests on the junction of the spinous process with the 

lamina of the next most proximal vertebra and repeat the 
procedure as described.

 n  Repeat the procedure until the desired number of verte-
brae have been exposed (Fig. 37.45B).

 n  For operations requiring exposure of both sides of the 
spine, use the same technique on each side.

 n  This approach exposes the spinous processes and medial 
part of the laminae.

 n  Increase the exposure, if desired, by further subperiosteal 
reflection along the laminae; expose the posterior surface 
of the laminae and the articular facets.

 n  Pack each segment with a tape sponge immediately after 
exposure to lessen bleeding.

 n  Divide the supraspinous ligament precisely over the tip 
of the spinous processes and denude subperiosteally the 
sides of the processes because this route leads through a 
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FIGURE 37.44 Paraspinal approach to lumbar spine (see text). A, Midline skin incision. B and 
C, Fascial incisions. D and E, Blunt finger dissection between muscle groups to palpate facet joints. 
(Redrawn from Wiltse LL, Spencer CW: New uses and refinements of the paraspinal approach of the lumbar 
spine, Spine 13:696, 1988.) SEE TECHNIQUE 37.26.
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relatively avascular field; otherwise, the arterial supply to 
the muscles is encountered (Fig. 37.45C).

 n  Blood loss can be decreased further by using electrocau-
tery and a suction apparatus. Replace blood as it is lost.

 n  Expose the spinous processes from distal to proximal as 
just described because the muscles can then be stripped 
from the spinous processes in the acute angle between 
their insertions and the bone.

 n  If exposure in the opposite direction is attempted, the 
knife blade or periosteal elevator tends to follow the di-
rection of the fibers into the muscle and divides the ves-
sels, increasing hemorrhage.
   

  

POSTERIOR APPROACH TO THE 
SACRUM AND SACROILIAC JOINT
The posterior sacrum and sacroiliac joint are approached 
most commonly through a standard posterior exposure; 
however, the access to the sacroiliac joint is limited. Ebra-
heim et al. described a transosseous approach to the 
sacroiliac joint that they suggested improves access for 
debridement and arthrodesis with only minimal soft-tis-
sue dissection and iliac bone resection. Indications include 
trauma, infection, degenerative disease, and inflammatory 
processes. This approach allows direct exposure of the cor-
responding sacral articular surfaces.

 TECHNIQUE 37.28 

(EBRAHEIM ET AL.)
 n  Place the patient prone on padded bolsters or a spinal 

frame.
 n  Make an incision beginning at the level of the posterior 

superior iliac spine and extending distal to the midpoint 
between the posterior superior iliac spine and the poste-
rior inferior iliac spine.

 n  Extend the incision laterally and distally approximately 5 
cm (Fig. 37.46A).

 n  Divide the superficial fascia and incise the gluteus medius 
muscle along the line of the skin incision.

 n  Sharply dissect the origin of the gluteus maximus from the 
posterior ilium.

 n  Subperiosteally elevate the gluteal musculature laterally 
and identify the superior border of the greater sciatic 
notch.

 n  Insert one or two Steinmann pins into the ilium to assist in 
retracting the gluteus maximus laterally and distally. It is 
important not to injure the superior gluteal neurovascular 
bundle.

 n  Expose the posterior external surface of the ilium between 
the posterior superior iliac spine above and the superior 
border of the greater sciatic notch below.

 n  Elevate a right-angle triangular bone window from the 
posterior ilium using an osteotome or power saw and 
remove the articular cartilage from the sacrum and ilium 
(Fig. 37.46B). Debride the joint with curets.

 n  After removal of the articular cartilage, place the previ-
ously elevated bone window into its original position and 
carefully tamp it back into place.

 n  Accurate localization of the bone window in the iliac crest 
is important to avoid laceration to the superior gluteal 
artery, which may retract into the pelvis, making hemo-
stasis difficult. Injury to the superior gluteal nerve may 
denervate the gluteus medius, leading to dysfunction in 
hip abduction. The dimensions of the right-angle triangle 
in the outer table of the posterior ilium are illustrated in 
Fig. 37.46B.
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FIGURE 37.45 Approach to posterior aspect of spine. A, 
Muscle insertions are freed subperiosteally from lateral side of 
spinous processes and interspinous ligaments; dissection proceeds 
proximally, with periosteal elevator being held against bases of 
spinous processes. B, Spinous processes, laminae, and articular 
facets exposed. C, Courses of arteries supplying posterior spinal 
muscles, showing proximity of internal muscular branches to 
spinous processes. (Modified from Wagoner G: A technique for less-
ening hemorrhage in operations on the spine, J Bone Joint Surg 19:469, 
1937.) SEE TECHNIQUE 37.27.
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FIGURE 37.46 Posterior approach to sacroiliac joint. A, Skin incision. B, Right triangle on 
outer table of posterior ilium. PIIS, Posterior inferior iliac spine; PSIS, posterior superior iliac spine. 
(Redrawn from Ebraheim NA, Lu J, Biyani A, et al: Anatomic considerations for posterior approach to the 
sacroiliac joint, Spine 21:2709, 1996.) SEE TECHNIQUE 37.28.
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DEGENERATIVE DISORDERS OF THE 
CERVICAL SPINE
Raymond J. Gardocki, Ashley L. Park

CHAPTER 38

OVERVIEW OF DISC 
DEGENERATION AND HERNIATION 
IN THE CERVICAL SPINE
Cervical degenerative disc disease (DDD) is not a specific 
diagnosis but a pathophysiologic process that incorporates a 
spectrum of disease states. Manifestations of cervical DDD 
can range from neck pain and headache to cervical radicu-
lopathy and/or myelopathy. Fortunately, most of these pathol-
ogies can be managed nonoperatively; they may require 
surgical intervention if the symptoms and signs are found to 
be persistent or progressive. The clinician’s job is to determine 
the most specific diagnosis that explains the symptoms so that 
the optimal treatment can be applied.

Axial spine pain, which should be distinguished from 
disc degeneration, is the most frequent musculoskeletal 
complaint. Axial spine pain—whether cervical, thoracic, or 
lumbar—often is attributed to disc degeneration. Disc degen-
eration does not always cause pain, but it can lead to internal 
disc derangement or disc herniation. Each of these diagnoses 
has unique clinical findings and treatments.

The genetic influence on disc degeneration may be attrib-
uted to a small effect from each of multiple genes or possi-
bly a relatively large effect of a smaller number of genes. To 
date, several specific gene loci have been identified that are 
associated with disc degeneration. This association of a spe-
cific gene with degenerative disc changes has been confirmed. 
Other variations in the aggrecan gene, metalloproteinase-3 
gene, collagen type IX, and alpha 2 and 3 gene forms also have 
been associated with disc pathology and symptoms.

Nonspecific axial pain is an international health issue of 
major significance and should be discriminated from pain 
associated with a disc herniation. Approximately 80% of 

individuals are affected by this symptom at some time in their 
lives. Impairments of the back and spine are ranked as the 
most frequent cause of limitation of activity in individuals 
younger than 45 years old by the National Center for Health 
Statistics (www.cdc.gov/nchs). Axial pain typically described 
as discogenic pain may not even arise from the disc itself.

Nonanatomic factors, specifically work perception and 
psychosocial factors, are intimately intertwined with physi-
cal complaints. Compounding the diagnostic and treatment 
difficulties is the high incidence of significant abnormalities 
shown by imaging studies, which in asymptomatic matched 
controls is 76%. Optimal outcome primarily depends on 
“proper patient selection”; such patients can be difficult to 
identify. Until the pathologic process is better described and 
reliable criteria for the diagnosis are determined, improve-
ment in treatment outcomes will change slowly. 

DISC AND SPINE ANATOMY
The intervertebral disc has a complex structure; the nucleus 
pulposus has an organized matrix, which is laid down by 
relatively few cells. The central gelatinous nucleus is con-
tained around the periphery by the collagenous anulus, the 
cartilaginous anulus, and the cartilage endplates cephalad 
and caudad. Collagen fibers continue from the anulus to the 
surrounding tissues, tying into the vertebral body along its 
rim and into the anterior and posterior longitudinal liga-
ments and the hyaline cartilage endplates superiorly and 
inferiorly. The cartilage endplates are secured to the osse-
ous endplate by the calcified cartilage. Few, if any, collagen 
fibers cross this boundary. The anulus has a lamellar struc-
ture with interconnections between adjacent layers of col-
lagen fibrils (Fig. 38.1).
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At birth, the disc has some direct blood supply contained 
within the cartilaginous endplates and the anulus. These ves-
sels recede in the first years of life, and by adulthood there is 
no appreciable blood supply to the disc. Over time, for rea-
sons not well understood, the water content of the gelatinous 
nucleus matrix decreases, with a decreased and altered pro-
teoglycan composition. These changes lead to a more fibrous 
consistency of the nucleus, which ultimately fissures. Blood 
vessels grow into the disc through these outer fissures, with 
an increase in cellular proliferation and formation of cell clus-
ters. Also, there is an increase in cell death, the mechanism of 
which is unknown. The cartilage endplates become thinned, 
with fissuring occurring with subsequent sclerosis of the sub-
chondral endplates. The above-enumerated changes are quite 
similar if not identical to the changes of disc degeneration. 
Herniated discs have a greater number of senescent cells than 
nonherniated discs and have higher concentrations of matrix 
metalloproteinases.

The normal adult disc has a large amount of extracellular 
matrix and a few cells that account for about 1% by volume. 
These cells are of two phenotypes: anulus cells and nucleus 
cells. The anulus cells are more elongated and appear more 
like fibroblasts, whereas nucleus cells are oval and resemble 
chondrocytes. These two cell types behave differently and 
may be able to sense mechanical stresses. In culture, they 
respond differently to loads and produce different matrix 
proteins. The anulus cells produce predominantly type I col-
lagen, whereas nucleus cells synthesize type II collagen. The 
characteristics of these cell types under normal and abnormal 
circumstances are beginning to be determined, and much is 
known, but this is beyond the scope of this chapter; however, 
this information is necessary to understand and subsequently 
treat disc disorders.

The cells within the disc are sustained by diffusion of 
nutrients into the disc through the porous central concavity of 
the vertebral endplate. Histologic studies have shown regions 
where the marrow spaces are in direct contact with the carti-
lage and that the central portion of the endplate is permeable 
to dye. Motion and weight bearing are believed to be help-
ful in maintaining this diffusion. The metabolic turnover of 
the disc is relatively high when its avascularity is considered 

but slow compared with other tissues. The glycosaminoglycan 
turnover in the disc is quite slow, requiring 500 days.

NEURAL ELEMENTS
The organization of the neural elements is strictly maintained 
throughout the entire neural system, even within the conus 
medullaris and cauda equina distally. The orientation of the 
nerve roots in the dural sac and at the conus medullaris fol-
lows a highly organized pattern, with the most cephalad roots 
lying lateral and the most caudad lying centrally. The motor 
roots are ventral to the sensory roots at all levels. The arach-
noid mater holds the roots in these positions.

The pedicle is the key to understanding surgical spinal 
anatomy. The relation of the pedicle to the neural elements var-
ies by region within the spinal column. In the cervical region, 
there are seven vertebrae but eight cervical roots. Accepted 
nomenclature allows each cervical root to exit cephalad to 
the pedicle of the vertebra for which it is named (e.g., the C6 
nerve root exits above, or cephalad to, the C6 pedicle). This 
relationship changes in the thoracic spine because the C8 root 
exits between the C7 and T1 pedicles, requiring the T1 root to 
exit caudal (or below) the pedicle for which it is named. This 
relationship is maintained throughout the remaining more 
caudal segments. The naming of the disc levels is different, in 
that all levels where discs are present are named for the ver-
tebral level immediately cephalad (i.e., the C6 disc is imme-
diately caudal to the C6 vertebra, and disc pathology at that 
level typically would involve the C7 nerve root). 

NATURAL HISTORY OF DISC 
DISEASE
One theory of spinal degeneration assumes that all spines 
degenerate and that current methods of treatment are for 
symptomatic relief, not for a cure. The degenerative process 
has been divided into three separate stages with relatively 
distinct findings. The first stage is dysfunction, which is seen 
in individuals 15 to 45 years old. It is characterized by cir-
cumferential and radial tears in the disc anulus and localized 
synovitis of the facet joints. The next stage is instability. This 

 

A B

*

*

FIGURE 38.1 Histologic findings of human intervertebral discs. A, Specimen from 30-month-old 
child shows how regular concentric lamellae can be seen when specimen is viewed with polarized 
light. B, Specimen from neonate shows how outer aspect of anulus fibrosus and cartilage endplate 
are vascularized with blood vessels (arrows) and vascular channels (asterisks).  (A and B stained with 
hematoxylin and eosin; original magnification, ×10 [A] and ×30 [B]. From Roberts S, Evans H, Trivedi J, 
et al: Histology and pathology of the human intervertebral disc, J Bone Joint Surg 88A[Suppl 2]:10, 2006.)
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stage, found in 35- to 70-year-old patients, is characterized 
by internal disruption of the disc, progressive disc resorption, 
degeneration of the facet joints with capsular laxity, sublux-
ation, and joint erosion. The final stage, present in patients 
older than 60 years, is stabilization. In this stage, the progres-
sive development of hypertrophic bone around the disc and 
facet joints leads to segmental stiffening or frank ankylosis 
(Table 38.1).

Each spinal segment degenerates at a different rate. As 
one level is in the dysfunction stage, another may be entering 
the stabilization stage. Disc herniation in this scheme is con-
sidered a complication of disc degeneration in the dysfunc-
tion and instability stages. Spinal stenosis from degenerative 
arthritis in this scheme is a complication of bony overgrowth 
compromising neural tissue in the late instability and early 
stabilization stages.

In general, the literature supports an active care approach, 
minimizing centrally acting medications. The judicious use of 
epidural steroids also is supported for short-term relief but 
does not have effect on long-term outcomes. Nonprogressive 
neurologic deficits can be treated nonoperatively with 
expected improvement clinically. If surgery is necessary, 
it usually can be delayed 6 to 12 weeks to allow adequate 
opportunity for improvement. The important exceptions are 
patients with cervical myelopathy or progressive neurologic 
deficits, who are best treated surgically.

The natural history of DDD is one of recurrent episodes 
of pain followed by periods of significant or complete relief. 
The frequency and intensity of symptoms helps determine the 
aggressiveness of intervention.

Before a discussion of diagnostic studies, axial spine pain 
with radiation of radicular pain to one or more extremities 
must be considered. Understanding certain symptoms must 
be juxtaposed to a rudimentary understanding of certain 
pathophysiologic entities. It is doubtful if there is any other 
area of orthopaedics in which accurate diagnosis is as difficult 
or the proper treatment as challenging as in patients with per-
sistent neck and arm or low back and leg pain. Although many 
patients have a clear diagnosis properly arrived at by careful 
history and physical examination with confirmatory imaging 
studies, more patients with pain have absent neurologic find-
ings other than sensory changes and have normal imaging 
studies or studies that do not support the clinical complaints 

and findings. Inability to easily determine an appropriate 
diagnosis in a patient does not relieve the physician of the 
obligation to recommend treatment or to direct the patient 
to a setting where such treatment is available. Careful assess-
ment of these patients to determine if they have problems that 
can be successfully treated (operatively or nonoperatively) is 
imperative to avoid overtreatment and undertreatment.

Operative treatment can benefit a patient if it corrects a 
deformity, corrects instability, relieves neural compression, 
or treats a combination of these problems. Obtaining a his-
tory and completing a physical examination to determine a 
diagnosis that should be supported by other diagnostic stud-
ies is a useful approach; conversely, matching the diagnosis 
and treatment to the results of diagnostic studies, as can often 
be done in other subspecialties of orthopaedics (e.g., treating 
extremity pain based on a radiograph that shows a fracture), 
is risky because numerous studies have documented abnor-
mal imaging in asymptomatic populations. 

DIAGNOSTIC STUDIES
RADIOGRAPHY
The simplest and most readily available diagnostic tests for 
cervical pain are anteroposterior and lateral radiographs 
of the involved spinal region. On lateral radiographs bony 
abnormalities, such as subluxation, congenital narrowing, or 
fracture, can be identified. Soft-tissue swelling may be visible. 
Anteroposterior radiographs can reveal uncovertebral arthri-
tis; potential abnormalities can be identified by looking at the 
relationships between pedicles and the spinous processes. 
Obtaining other views, such as flexion and extension radio-
graphs, can reveal if instability is present. Oblique views show 
the foramen. These simple radiographs show a relatively high 
incidence of abnormal findings. 

MYELOGRAPHY
The value of myelography is the ability to check all spinal 
regions for abnormality and to define intraspinal lesions; it 
may be unnecessary if clinical and CT or MRI findings are 
in complete agreement. The primary indications for myelog-
raphy are inability to get an MRI, suspicion of an intraspinal 
lesion, patients with spinal instrumentation causing artifact, 
or questionable diagnosis resulting from conflicting clinical 

 TABLE 38.1 

Spectrum of Pathologic Changes in Facet Joints and Discs and Interaction of These Changes

PHASES OF SPINAL 
DEGENERATION FACET JOINTS PATHOLOGIC RESULT INTERVERTEBRAL DISC
Dysfunction Synovitis → Dysfunction ← Circumferential tears

Hypermobility ↓ ↖
Continuing degeneration ↗ Herniation ← Radial tears

Instability Capsular laxity → Instability ← Internal disruption
Subluxation → Lateral nerve entrapment ← Disc resorption

Stabilization Enlargement of articular 
processes

→ One-level stenosis ← Osteophytes

↘ Multilevel spondylosis and 
stenosis

↙

Modified from Kirkaldy-Willis WH, editor: Managing low back pain, New York, 1983, Churchill Livingstone.
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findings and other studies (Fig. 38.2). In addition, myelogra-
phy is valuable in a previously operated spine and in patients 
with marked bony degenerative change that may be under-
estimated on MRI. Myelography is improved by the use of 
postmyelography CT, in this setting and in evaluating spinal 
stenosis.

Several contrast agents have been used for myelography: 
air, oil contrast, and water-soluble (absorbable) contrast agents, 
including metrizamide (Amipaque), iohexol (Omnipaque), 
and iopamidol (Isovue-M). Because these nonionic agents are 
absorbable, the discomforts of removing them and the sever-
ity of the postmyelography headache have decreased. 

COMPUTED TOMOGRAPHY
Most clinicians now agree that CT is an extremely useful diag-
nostic tool in the evaluation of spinal disease. The current tech-
nology and computer software have made possible the ability 
to reformat the standard axial cuts in almost any direction 
and magnify the images so that exact measurements of vari-
ous structures can be made. Software is available to evaluate the 
density of a selected vertebra and compare it with vertebrae of 
the normal population to give a numerically reproducible esti-
mate of vertebral density to quantitate osteopenia.

Numerous types of CT studies for the spine are available. 
One must be careful in ordering the study to ensure that the 

areas of clinical concern are included. Sagittal, axial, and cor-
onal cuts allow a three-dimensional view of the cervical spine. 
Location markers allow finer scrutiny of the area of pathology. 

MAGNETIC RESONANCE IMAGING
MRI is currently the standard for advanced imaging of the 
spine and is superior to CT in most circumstances, in par-
ticular, identification of infections, tumors, and degenerative 
changes within the discs. More importantly, MRI is superior 
for imaging the disc and directly imaging neural structures. 
Also, MRI typically shows the entire region of study (i.e., cer-
vical, thoracic, or lumbar). Of particular value is the  ability 
to image the nerve root in the foramen (especially with fora-
men specific oblique cuts), which is difficult even with post-
myelography CT because the subarachnoid space and the 
contrast agent do not extend fully through the foramen. 
Despite this superiority, there are circumstances in which 
MRI and CT, with or without myelography, can be used in a 
complementary fashion.

One of the difficulties with MRI is showing anatomy that 
is abnormal but which may be asymptomatic. MRI evidence 
of disc degeneration has been reported in the cervical spine in 
25% of patients younger than 40 years and in 60% of patients 
60 years and older. The demonstrated findings must be care-
fully correlated with the clinical impression. The importance 
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FIGURE 38.2 Forty-five-year-old patient with right C7 radiculopathy clinically. A and B, MRI 
was inconclusive for disc herniation. C-E, Postmyelogram CT clearly reveals right intraforaminal 
disc herniation.
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of this concept cannot be overstated. The best way to obtain 
meaningful clinical information from MRI of the spine is 
to have a specific question before the study. This question 
is derived from a patient’s history and a careful physical 
examination, and is posed using the parameters of (1) neu-
ral compression, (2) instability, and (3) deformity. In each 
case, the specific location of the abnormality should be sus-
pected before MRI and confirmed with the study. Ideally an 
advanced imaging study should be used for confirmation, not 
reevaluation. Only abnormalities in one or a combination of 
these categories are important, because operative techniques 
can treat only these problems. Failure to interpret an imaging 
study in this way, especially MRI, which is sensitive to ana-
tomic abnormalities, would inevitably lead to poor clinical 
choices and outcomes.

A newer MRI imaging technique—diffusion tensor imag-
ing—is based on the diffusion rate of water in tissue and has 
been reported to demonstrate spinal cord impairment in 
patients with early stage cervical spondylosis before it is visi-
ble on plain MRI scans (see discussion of cervical spondylotic 
myelopathy). The information it provides can be helpful in 
early identification of patients in whom operative treatment 
is indicated. 

OTHER DIAGNOSTIC TESTS
Numerous diagnostic tests, in addition to radiography, 
myelography, CT, and MRI, have been used in the diagnosis 
of intervertebral disc disease. The primary advantage of these 
tests is to rule out diseases other than primary disc hernia-
tion, spinal stenosis, and spinal arthritis.

Electromyography and nerve conduction velocity can be 
helpful if a patient has a history and physical examination 
suggestive of radiculopathy at either the cervical or the lum-
bar level with inconclusive imaging studies. One advantage of 
electromyography is in the identification of peripheral nerve 
dysfunction and diffuse neurologic involvement indicating 
higher or lower lesions. Paraspinal muscles in a patient with a 
previous posterior open surgical approach usually are abnor-
mal and are not a reliable diagnostic finding.

Bone scans are another procedure in which positive find-
ings usually are not indicative of intervertebral disc disease—
but they can confirm neoplastic, traumatic, and arthritic 
problems in the spine. Various laboratory tests, such as a 
complete blood cell count, differential white blood cell count, 
C-reactive protein, biochemical profile, urinalysis, serum pro-
tein electrophoresis, and erythrocyte sedimentation rate, are 
extremely good screening procedures for other causes of pain 
in the spine. Rheumatoid screening studies, such as rheuma-
toid arthritis, antinuclear antibody, lupus erythematosus cell 
preparation, and HLA-B27, also are useful when indicated by 
the clinical picture. 

INJECTION STUDIES
Whenever a diagnosis is in doubt, and the complaints seem 
real or the pathologic condition is diffuse, identification 
of the source of pain is problematic. The use of local anes-
thetics or contrast media in various specific anatomic areas 
can be helpful. These agents are relatively simple, safe, and 
minimally painful. Contrast media such as diatrizoate meglu-
mine (Hypaque), iothalamate meglumine (Conray), iohexol 
(Omnipaque), iopamidol, and metrizamide (Amipaque) 
have been used for discography and blocks with no reported 

ill effects. Reports of neurologic complications with contrast 
media used for discography and subsequent chymopapain 
injection are well documented. The best choice of a contrast 
medium for documenting structures outside the subarachnoid 
space is an absorbable medium with low reactivity because it 
might be injected inadvertently into the subarachnoid space. 
Iohexol and metrizamide are the least reactive, most widely 
accepted, and best tolerated of the currently available contrast 
media. Local anesthetics, such as lidocaine (Xylocaine), tet-
racaine (Pontocaine), and bupivacaine (Marcaine), are used 
frequently epidurally and intradurally. The use of bupivacaine 
should be limited to low concentrations and low volumes 
because of reports of death after epidural anesthesia using 
concentrations of 0.75% or higher.

Spinal arachnoiditis was associated in past years with the 
use of epidural methylprednisolone acetate (Depo-Medrol). 
This complication was thought to be caused by the use of the 
suspending agent, polyethylene glycol, which has since been 
eliminated from the Depo-Medrol preparation. For epidural 
injections, we prefer the use of Celestone Soluspan, which is a 
mixture of betamethasone sodium phosphate and betameth-
asone acetate. Celestone Soluspan provides immediate and 
long-term duration of action, is highly soluble, and contains 
no harmful preservatives. Celestone should not be mixed with 
local anesthetics containing preservatives such as parabens or 
phenol because flocculation and clogging of the suspension 
can occur. If Celestone is not available, other commonly used 
preparations for spinal injections include methylprednisolone 
(Depo-Medrol) and triamcinolone acetonide (Kenalog), all of 
which are particulate corticosteroids (Table 38.2). Isotonic 
saline is the only other injectable medium used frequently 
around the spine with no reported adverse reactions.

When discrete, well-controlled injection techniques 
directed at specific targets in and around the spine are used, 
grading the degree of pain before and after a spinal injection 
is helpful in determining the location of the pain generator. 
The patient is asked to grade the degree of pain on a 0-to-10 
scale before and at various intervals after the spinal injection 
(Box 38.1). If a spinal injection done under fluoroscopic con-
trol results in an 80% or more decrease in the level of pain, 
which corresponds to the duration of action of the anesthetic 
agent used, we presume the target area injected to be the pain 
generator. Less pain reduction, 50% to 65%, does not consti-
tute a positive response.

EPIDURAL STEROID INJECTIONS
Epidural injections in the spine were developed to diagnose 
and treat spinal pain. Information obtained from epidural 
injections can be helpful in confirming pain generators that are 
responsible for a patient’s discomfort. Structural abnormalities 
do not always cause pain, and diagnostic injections can help to 
correlate abnormalities seen on imaging studies with associated 
pain complaints. In addition, epidural injections can provide 
pain relief during the recovery of disc or nerve root injuries and 
allow patients to increase their level of physical activity. Epidural 
steroid injections in the treatment of disc herniation and radic-
ulitis are performed based on the pathophysiologic mechanism 
of reducing inflammation; however, the evidence suggests that 
local anesthetics with or without steroids are equally as effective 
as steroids alone in many settings. Because severe pain from an 
acute disc injury with or without radiculopathy often is time 
limited, therapeutic injections help to manage pain and may 
alleviate or decrease the need for oral analgesics.
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Steroids prepared for intramuscular injection also have 
been used frequently in the epidural space with few and usu-
ally transient complications. There are conflicting reports on 
the short- and long-term quality-of-life outcomes and the 
cost-effectiveness of cervical epidural steroid injections. A 
cost-effectiveness analysis of steroid injection compared to 
conservative management for patients with radiculopathy or 
neck pain found that at short-term follow-up (3 months) ste-
roid injections produced greater improvement in quality-of-
life scores at a lower cost. Epstein, however, warned against 
cervical epidural steroid injections, citing several serious com-
plications, including epidural hematomas, infection, inadver-
tent intramedullary cord injections, and cord, brainstem, and 
cerebellar strokes. Other cited adverse reactions include pro-
cedural-related pain, steroid side effects, and vasovagal reac-
tions, which are relatively minor and self-limited. We have 
found these complications and reactions to be rare.

The most adverse immediate reaction during an epidural 
injection is a vasovagal reaction. Dural puncture has been 
estimated to occur in 0.5% to 5% of patients having cervical or 
lumbar epidural steroid injections. The anesthesiology litera-
ture reported a 7.5% to 75% incidence of postdural puncture 

(positional) headaches, with the highest estimates associated 
with the use of 16- and 18-gauge needles. Headache without 
dural puncture has been estimated to occur in 2% of patients 
and is attributed to air injected into the epidural space, 
increased intrathecal pressure from fluid around the dural sac, 
and possibly an undetected dural puncture. Some minor com-
mon complaints caused by corticosteroids injected into the 
epidural space include nonpositional headaches, facial flush-
ing, insomnia, low-grade fever, and transient increased back 
or lower extremity pain. Epidural corticosteroid injections are 
contraindicated in the presence of infection at the injection 
site, systemic infection, bleeding diathesis, uncontrolled dia-
betes mellitus, and congestive heart failure.

We perform epidural corticosteroid injections in a fluo-
roscopy suite equipped with resuscitative and monitoring 
equipment. Intravenous access is established in all patients 
with a minimum of a 20-gauge angiocatheter placed in the 
upper extremity. Mild sedation is achieved through intrave-
nous access with the patient remaining alert and responsive. 
We recommend the use of fluoroscopy for diagnostic and 
therapeutic epidural injections for several reasons. Epidural 
injections performed without fluoroscopic guidance are not 
always made into the epidural space or the intended inter-
space. Even in experienced hands, needle misplacement 
occurs in 40% of epidural injections when done without 
fluoroscopic guidance. Accidental intravascular injections 
also can occur, and the absence of blood return with needle 
aspiration before injection is an unreliable indicator of this 
complication. In the presence of anatomic anomalies, such 
as a midline epidural septum or multiple separate epidural 
compartments, the desired flow of epidural injectants to the 
presumed pain generator is restricted and remains unde-
tected without fluoroscopy. In addition, if an injection fails 
to relieve pain, it would be impossible without fluoroscopy to 
determine whether the failure was caused by a genuine poor 
response or by improper needle placement.

CERVICAL EPIDURAL INJECTION
Cervical epidural steroid injections have been used with some 
success to treat cervical spondylosis associated with acute disc 
disruption and radiculopathies, cervical strain syndromes with 
associated myofascial pain, postlaminectomy cervical pain, 
reflex sympathetic dystrophy, postherpetic neuralgia, acute 

 TABLE 38.2 

Common Corticosteroids Used in Spinal Interventions Compared With Hydrocortisone

HYDROCORTISONE
METHYLPREDNISOLONE 
(DEPO-MEDROL)

TRIAMCINOLONE 
ACETONIDE (KENALOG)

BETAMETHASONE SODIUM 
PHOSPHATE AND ACETATE 
(CELESTONE SOLUSPAN)

Relative antiinflammatory 
potency

1 5 5 25

pH 5.0-7.0 7.0-8.0 4.5-6.5 6.8-7.2
Onset Fast Slow Moderate Fast
Duration of action Short Intermediate Intermediate Long
Concentration (mg/mL) 50 40-80 20 6
Relative mineralocorticoid 
activity

2+ 0 0 0

From el Abd O: Steroids in spine interventions. In Slipman CW, Derby D, Simeone FA, Mayer TG, editors: Interventional spine: an algorithmic approach, Philadelphia, 
2008, Elsevier.

Pain Scale and Diary

0 No pain
1 Mild pain that you are aware of but not bothered by
2 Moderate pain that you can tolerate without medication
3 Moderate pain that is discomforting and requires medication
4-5 More severe pain and you begin to feel antisocial
6 Severe pain
7-9 Intensely severe pain
10 Most severe pain (you might contemplate suicide because 

of it)

Activity Comments Location of Pain Time
Severity of Pain 
(0-10)

 BOX 38.1 
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viral brachial plexitis, and muscle contraction headaches. The 
best results with cervical epidural steroid injections have been 
in patients with acute disc herniations or well-defined radic-
ular symptoms and in patients with limited myofascial pain. 
In a group of 70 patients with herniated cervical discs with-
out myelopathy for which conservative management failed 
to relieve symptoms, cervical epidural steroid injections pro-
vided significant pain relief and avoided surgery in 63%. Better 
outcomes were noted in patients older than 50 years and those 
who received the injections earlier (<100 days from diagnosis). 
Preoperative opioid use has been suggested to be associated 
with worse patient-reported outcomes. Wei et al. found that 
pre-injection opioid use was associated with slightly higher 
odds of worse disability and leg/arm pain; however, increased 
pre-injection opioid use did not affect long-term outcomes.

At this time, extreme caution is needed when performing  
cervical transforaminal injections because of the increasing 
number of reports of catastrophic neurologic complications 
involving injury to the spinal cord and brainstem after such 
injections. These injuries are the result of intraarterial injec-
tion into either a reinforcing radicular artery or the vertebral 
artery, as well as intra-arterial corticosteroid injection with 
distal embolization. Injection into a radicular artery is an 
unavoidable complication but one that can be recognized by 
using real-time monitoring of a test dose of contrast medium. 
In the case of intraarterial injection, the procedure should be 
aborted to avoid injury to the spinal cord. 

More recent research demonstrated an alternative mech-
anism of injury. In a mouse model, several particulate steroids 
had an immediate and massive effect on microvascular per-
fusion because of the formation of red blood cell aggregates 
associated with the transformation of red blood cells into 
spiculated red blood cells.

 

INTERLAMINAR CERVICAL EPIDURAL 
INJECTION

 TECHNIQUE 38.1 

 n  Place the patient prone on a pain management table. We 
use a low-attenuated carbon fiber tabletop that allows 
better imaging and permits unobstructed C-arm viewing. 
For optimal placement and comfort, place the patient’s 
face in a cervical prone cutout cushion.

 n  Cervical epidural injections using a paramedian approach 
should be done routinely at the C7-T1 interspace unless 
previous surgery of the posterior cervical spine has been 
done at that level, in which case the C6-7 or T1-2 level 
is injected. Aseptically prepare the skin area with isopro-
pyl alcohol and povidone-iodine several segments above 
and below the laminar interspace to be injected. If the 
patient is allergic to povidone-iodine, use chlorhexidine 
gluconate (Hibiclens).

 n  Drape the area in sterile fashion.
 n  Using anteroposterior fluoroscopic imaging, identify the 

target laminar interspace. With the use of a 27-gauge, 
¼-inch needle, anesthetize the skin so that a skin wheal 
is raised over the target interspace on the side of the 
patient’s pain with 1 to 2 mL of 1% preservative-free 

lidocaine without epinephrine. To diminish the burning 
discomfort of the anesthetic, mix 3 mL of 8.4% sodium 
bicarbonate in a 30-mL bottle of 1% preservative-free 
lidocaine without epinephrine. Nick the skin with an 
18-gauge hypodermic needle. Under fluoroscopic control, 
insert and advance a 22-gauge, 3½-inch spinal needle in a 
vertical fashion until contact is made with the upper edge 
of the T1 lamina 1 to 2 mm lateral to the midline.

 n  Anesthetize the lamina with 1 to 2 mL of 1% preserva-
tive-free lidocaine without epinephrine. Anesthetize the 
soft tissues with 2 mL of 1% preservative-free lidocaine 
without epinephrine as the spinal needle is withdrawn.

 n  Insert an 18-gauge, 3½-inch Tuohy epidural needle and ad-
vance it vertically within the anesthetized soft-tissue track 
until contact is made with the T1 lamina under fluoroscopy.

 n  “Walk off” the lamina with the Tuohy needle onto the 
ligamentum flavum. Remove the stylet from the Tuohy 
needle, and attach a 10-mL syringe filled halfway with air 
and sterile saline. Advance the Tuohy needle into the epi-
dural space using the loss-of-resistance technique. When 
loss of resistance has been achieved, aspirate to check 
for blood or cerebrospinal fluid (CSF). If neither blood nor 
CSF is evident, remove the syringe from the Tuohy needle 
and attach a 5-mL syringe containing 1.5 mL of nonionic 
contrast dye.

 n  Confirm epidural placement by producing an epiduro-
gram with the nonionic contrast agent (Fig. 38.3). To con-
firm proper placement further, adjust the C-arm to view 
the area from a lateral perspective. A spot radiograph can 
be obtained to document placement.

 n  Inject a test dose of 1 to 2 mL of 1% preservative-free 
lidocaine without epinephrine and wait 3 minutes. If the 
patient does not complain of warmth, burning, or signifi-
cant paresthesias or show signs of apnea, place a 10-mL 
syringe on the Tuohy needle and slowly inject 2 mL of 1% 
preservative-free lidocaine without epinephrine and 2 mL 
of 6 mg/mL Celestone Soluspan slowly into the epidural 
space. If Celestone Soluspan cannot be obtained, 40 mg/
mL of triamcinolone is a good substitute.
  

ZYGAPOPHYSEAL (FACET) JOINT 
INJECTIONS
The facet joint can be a source of back or neck pain; the exact 
cause of the pain is unknown. Theories include meniscoid 
entrapment and extrapment, synovial impingement, chon-
dromalacia facetae, capsular and synovial inflammation, 
and mechanical injury to the joint capsule. Osteoarthritis is 
another cause of facet joint pain; however, the incidence of 
facet joint arthropathy is equal in symptomatic and asymp-
tomatic patients. As with other osteoarthritic joints, radio-
graphic changes correlate poorly with pain.

Although the history and physical examination may sug-
gest that the facet joint is the cause of spine pain, no noninva-
sive pathognomonic findings distinguish facet joint–mediated 
pain from other sources of spine pain. Fluoroscopically 
guided facet joint injections are commonly considered the 
“gold standard” for isolating or excluding the facet joint as a 
source of spine or extremity pain.
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Clinical suspicion of facet joint pain by a spine special-
ist remains the major indicator for diagnostic injection, 
which should be done only in patients who have had pain for 
more than 4 weeks and only after appropriate conservative 
measures have failed to provide relief. Facet joint injection 
procedures may help to focus treatment on a specific spi-
nal segment and provide adequate pain relief to allow pro-
gression in therapy. Either intraarticular or medial branch 
blocks can be used for diagnostic purposes. Although injec-
tion of cortisone into the facet joint was a popular procedure 
through most of the 1970s and 1980s, many investigators 
have found no evidence that this effectively treats low back 
pain caused by a facet joint. The only controlled study on 
the use of intraarticular corticosteroids in the cervical spine 
found no added benefit from intraarticular betamethasone 
over bupivacaine. 

 

CERVICAL MEDIAL BRANCH BLOCK 
INJECTION

 TECHNIQUE 38.2 

 n  Place the patient prone on the pain management table. 
Rotate the patient’s neck so that the symptomatic side is 
down. This allows the vertebral artery to be positioned 
further beneath the articular pillar, creates greater accen-
tuation of the cervical waists, and prevents the jaw from 
being superimposed. Aseptically prepare and drape the 
side to be injected.

 n  Identify the target location using anteroposteriorly 
 directed fluoroscopy. Each cervical facet joint from 
C3-4 to C7-T1 is supplied from the medial nerve branch 
above and below the joint that curves consistently 
around the “waist” of the articular pillar of the same 
numbered vertebrae (Fig. 38.4). To block the C6 facet 
joint nerve supply, anesthetize the C6 and C7 medial 
branches.

 n  Insert a 22- or 25-gauge, 3½-inch spinal needle per-
pendicular to the pain management table and advance 
it under fluoroscopic control ventrally and medially until 
contact is made with periosteum. Direct the spinal needle 
laterally until the needle tip reaches the lateral margin of 
the waist of the articular pillar and then direct the needle 
until it rests at the deepest point of the articular pillar’s 
concavity under fluoroscopy.

 n  Remove the stylet. If there is a negative aspirate, inject 0.5 
mL of 0.75% preservative-free bupivacaine.
  

CERVICAL DISCOGRAPHY
The approach to the cervical spine differs from the approaches 
used for discography of the lumbar and thoracic spine. The 
cervical spine is approached anteriorly rather than posteriorly. 

 

A B
FIGURE 38.3 A, Posteroanterior view of cervical interlaminar epidurogram showing charac-

teristic C7-T1 epidural contrast flow pattern. B, Lateral radiograph of cervical epidurogram. SEE 
TECHNIQUE 38.1.
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FIGURE 38.4 Proper needle placement for posterior approach 
to C4 and C6 medial branch blocks. Second cervical ganglion (g), 
third occipital nerve (ton), C2 ventral ramus (C2vr), and lateral 
atlantoaxial joint (laaj) are noted. a, Articular facet; mb, medial 
branch. SEE TECHNIQUE 38.2.
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Complications associated with cervical discography because 
of the surrounding anatomy include injury to the trachea, 
esophagus, carotid artery, and jugular veins and spinal cord 
injury and pneumothorax. Discitis is a concern in the cervical 
spine; disc infection often originates from the gram-negative 
and anaerobic flora of the esophagus.

Traditionally, the approach to the cervical intervertebral 
discs has been via a paralaryngeal route that requires displace-
ment of the trachea and esophagus away from the site of entry. 
A more lateral approach that is gaining popularity bypasses 
these structures and does not require such displacement. 

 

CERVICAL DISCOGRAPHY

 TECHNIQUE 38.3 

(FALCO)
 n  Place the patient supine on the procedure table.
 n  Insert an angiocatheter into the upper extremity and be-

gin intravenous antibiotic infusion. Alternatively, intradis-
cal antibiotics can be given during surgery.

 n  Sedate the patient, and prepare and drape the skin ster-
ilely, including the anterolateral aspect of the neck.

 n  Under fluoroscopic imaging, identify the intervertebral 
discs with aligned endplates and sharp margins of the in-
tervertebral discs. Approach the paralaryngeal area from 
the right, using a finger to displace the esophagus and 
trachea to the left and the carotid artery to the right. With 
the other hand, insert a 2- or 3½-inch spinal needle over 
the finger through the skin and into the outer anulus of 
the disc. Advance the needle into the center of the disc, 
using anteroposterior and lateral fluoroscopic guidance.

 n  An alternative method is a more lateral approach to the 
cervical spine using a single needle. This approach may 
reduce the incidence of infection by passing the needle 
posterior to the trachea and esophagus en route to the 
disc space. Position the patient or the C-arm to place the 
cervical spine in an oblique position for optimal foraminal 
exposure and continue adjusting until the endplates, disc 
space, and uncovertebral process are in sharp focus (Fig. 
38.5).

 n  Insert a 2- or 3½-inch needle into the skin and advance 
it until the tip makes contact with the subjacent unco-
vertebral process. “Walk off” the needle just anterior to 
the uncovertebral process. Advance the needle into the 
center of the disc, using anteroposterior and lateral fluo-
roscopic guidance.

 n  After needle placement with either technique, the rest of 
the procedure is essentially the same as that described for 
thoracic or lumbar discography (Chapter 39).

 n  Inject either saline or a nonionic contrast dye into each 
disc.

 n  Record any pain response as none, dissimilar, similar, or 
exact in relationship to the patient’s typical pain. Record 
intradiscal pressures to assist in determining if the disc is 
the cause of the pain.

 n  Perform radiography and CT of the cervical spine on com-
pletion of the study.
   

CERVICAL DISC DISEASE
Herniation of the cervical intervertebral disc with spinal cord 
compression has been identified since Key detailed the patho-
logic findings of two cases of cord compression by “interver-
tebral substance” in 1838. Cervical disc disease is slightly 
more common in men. Factors associated with the injury are 
frequent heavy lifting on the job, cigarette smoking, and fre-
quent diving from a board. Patients with cervical disc disease 
also are likely to have lumbar disc disease. MRI has shown 
increasing cervical disc degeneration with age.

The pathophysiology of cervical disc disease is the same 
as DDD in other areas of the spine as described by Kirkaldy-
Willis. Physiologic changes in the nucleus are followed by 
progressive annular degeneration. Frank extrusion of nuclear 
material can occur as a complication of this normal degen-
erative process. As the disc degeneration proceeds, hypermo-
bility of the segment can result in instability or degenerative 
arthritic changes or both. In contrast to those in the lum-
bar spine, these hypertrophic changes are predominantly 
at the uncovertebral joint (uncinate process) (Fig. 38.6). 
Hypertrophic changes eventually develop around the facet 
joints and vertebral bodies. Progressive stiffening of the cer-
vical spine and loss of motion are the usual result in the end 
stages. Hypertrophic spurring anteriorly occasionally results 
in dysphagia. Increased amounts of matrix metalloprotein-
ases, nitric oxide, prostaglandin E2, and interleukin-6 have 
been identified in disc material removed from cervical disc 
hernias, suggesting that these products are involved in the 
biochemistry of disc degeneration. These substances also are 
implicated in pain production.

The classic approach to discs in this region has been pos-
teriorly with laminectomy. Anterior cervical discectomy with 
fusion is still the most commonly performed procedure when 
the disc is removed anteriorly to avoid disc space collapse, 
but the reported results of disc arthroplasty have it challeng-
ing the gold standard of ACDF. Foraminotomy is the classic 
procedure of choice when the disc fragment is lateral and can 
be removed posteriorly but fully endoscopic foraminotomy is 
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FIGURE 38.5 Foraminal position for performing cervical 
discography with anterolateral approach. d, Intervertebral disc; f, 
foramen; v, vertebral body.  (Courtesy of Frank J. E. Falco, MD.) SEE 
TECHNIQUE 38.3.
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showing promise to be the procedure that provides the least 
immediate morbidity and quickest recovery.

SIGNS AND SYMPTOMS
The signs and symptoms of cervical intervertebral disc disease 
are best separated into symptoms related to the spine itself, 
symptoms related to nerve root compression, and symptoms 
of myelopathy. Several authors reported that when the disc 
is punctured anteriorly for the purpose of discography, pain 
is noted in the neck and shoulder. Complaints of neck pain, 
medial scapular pain, and shoulder pain are probably related 
to primary pain around the disc and spine. Anatomic stud-
ies have indicated cervical disc and ligamentous innervations. 
This has been inferred to be similar in the cervical spine to 
that of the lumbar spine, with its sinuvertebral nerve.

Symptoms of root compression usually are associated 
with pain radiating into the arm or chest with numbness in 
the fingers and motor weakness. Cervical disc disease also 
can mimic cardiac disease with chest and arm pain. Usually 
the radicular symptoms are intermittent and combined with 
more frequent neck and shoulder pain.

The signs of midline cervical spinal cord compression 
(myelopathy) are unique and varied. The pain is poorly 
localized and aching and may be only a minor complaint. 
Occasional sharp pain or generalized tingling may be 
described with neck extension. This is similar to the Lhermitte 
sign in multiple sclerosis. The pain can be in the shoulder and 
pelvic girdles; it is occasionally associated with a generalized 
feeling of weakness in the lower extremities and a feeling of 
instability. Global numbness in the upper extremities and dif-
ficulty with fine motor coordination are common findings. 
Gait disturbances and difficulty with tandem gait may be the 
first symptoms.

In patients with predominant cervical spondylosis, symp-
toms of vertebral artery compression also may be found, 
including dizziness, tinnitus, intermittent blurring of vision, 
and occasional episodes of retroocular pain. The signs of lat-
eral root pressure from a disc or osteophytes are predomi-
nantly neurologic (Boxes 38.2 to 38.6). By evaluating multiple 
motor groups, multiple levels of deep tendon reflexes, and 
sensory abnormalities, the level of the lesion can be localized 
as accurately as any other lesion in the nervous system. The 
multiple innervation of muscles sometimes can lead to confu-
sion in determining the exact root involved. For this reason, 
MRI or other studies done for imaging confirmation of the 
clinical impression usually are helpful.

Rupture of the C4-5 disc with compression of the C5 
nerve root should result in weakness in the deltoid and biceps 
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FIGURE 38.6 A, Comparison of points at which nerve roots 
emerge from cervical and lumbar spine. B, Cross-sectional view of 
cervical spine at level of disc (D). Uncinate process (U) forms ventral 
wall of foramen. Root (N) exits dorsal to vertebral artery (A).

C5 Nerve Root Compression

Sensory Deficit
Upper lateral arm and elbow 

Motor Weakness
Deltoid
Biceps (variable) 

Reflex Change
Biceps (variable)

 BOX 38.2 

Indicative of C4-5 disc rupture or other pathologic condition at that level.

C6 Nerve Root Compression

Sensory Deficit
Lateral forearm, thumb, and index finger 

Motor Weakness
Biceps
Extensor carpi radialis longus and brevis 

Reflex Change
Biceps
Brachioradialis

 BOX 38.3 

Indicative of C5-6 disc herniation or other local pathologic condition at that level.

C7 Nerve Root Compression

Sensory Deficit
Middle finger (variable because of overlap) 

Motor Weakness
Triceps
Wrist flexors (flexor carpi radialis)
Finger extensors (variable) 

Reflex Change
Triceps

 BOX 38.4 

Indicative of C6-7 disc rupture or other pathologic condition at that level.
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muscles. The deltoid is almost entirely innervated by C5, but 
the biceps has dual innervation. The biceps reflex may be 
diminished with injury to this nerve root, although it also has 
a C6 component, and this must be considered. Sensory test-
ing should show a patch on the lateral aspect of the proximal 
arm to be diminished (Fig. 38.7).

Rupture of the C5-6 disc with compression of the C6 root 
can be confused with other root levels because of dual inner-
vation of structures. Weakness may be noted in the biceps 
and extensor carpi radialis longus and brevis. As mentioned 
earlier, the biceps is dually innervated by C5 and C6, whereas 
the long extensors are dually innervated by C6 and C7. The 
brachioradialis and biceps reflexes also may be diminished at 
this level. Sensory testing usually indicates a decreased sen-
sibility over the lateral proximal forearm, thumb, and index 
finger.

Rupture of the C6-7 disc with compression of the C7 
root frequently results in weakness of the triceps. Weakness 
of the wrist flexors, especially the flexor carpi radialis, also 
is more indicative of C7 root problems. Extensor digitorum 
communis weakness also can indicate C7 root involvement 
and may be more readily apparent because of the normal 
relative weakness of this muscle compared with the triceps. 
Weakness of the flexor carpi ulnaris usually is caused more 
by C8 lesions. As mentioned earlier, finger extensors also may 
be weakened in that they have C7 and C8 innervation. The 
triceps reflex may be diminished. Sensation is diminished in 
the middle finger. C7 sensibility varies because it is so narrow, 
and overlap is prominent. Definite sensibility change can be 
difficult to document.

Rupture between C7 and T1 with compression of the 
C8 nerve root results in no reflex changes. Weakness may be 

noted in the finger flexors and in the interossei of the hand. 
Sensibility is lost on the ulnar border of the palm, including 
the ring and little fingers. Compression of the T1 nerve root 
produces weakness of the interosseous muscles, decreased 
sensibility around the medial aspect of the elbow, and no 
reflex changes.

Care should be taken in the examination of the extremity 
when radicular problems are encountered, to rule out more 
distal compression syndromes in the upper extremities, such 
as thoracic outlet syndrome, carpal tunnel syndrome, and 
cubital tunnel syndrome. The lower extremities should be 
examined with special attention to long tract signs indicating 
myelopathy.

Although no tests for movement of the upper extremity 
correspond with straight-leg raising tests in the lower extrem-
ity, the Spurling test is a maneuver that is 95% sensitive and 
94% specific for diagnosing cervical nerve root pathology. A 
positive Spurling sign occurs when pain radiates in a derma-
tomal distribution ipsilaterally when the examiner turns the 
patient’s head to the affected side while extending the neck 
and applying downward pressure on the head.

The shoulder abduction relief sign is another clinical sign 
that can be helpful in diagnosing cervical root compression 
syndromes. The test consists of shoulder abduction and elbow 
flexion with placement of the hand on the top of the head. 
This maneuver should relieve the arm pain caused by radicu-
lar compression. If this position is allowed to persist for 1 or 2 
minutes and pain is increased, more distal compressive neu-
ropathies, such as a tardy ulnar nerve syndrome (cubital tun-
nel syndrome) or primary shoulder pathologic conditions, 
often are the cause. This is a very good test for distinguishing 
cervical pathology from shoulder pathology.

Cervical paraspinal spasm and limitation of neck motion 
are frequent findings of cervical spine disease but do not indi-
cate a specific pathologic process. Special maneuvers involv-
ing neck motion can be helpful in the selection of conservative 
treatment and identification of pathologic processes. The dis-
traction test, which involves the examiner placing the hands 
on the occiput and jaw and distracting the cervical spine in 
the neutral position, can relieve root compression pain, but 
also can increase pain caused by ligamentous injury. Neck 
extension and flexion with or without traction can be helpful 
in selecting conservative therapies.

Patients relieved of pain with the neck extended, with 
or without traction, usually have hyperextension syndromes 
with ligamentous injury posteriorly, whereas patients relieved 
of pain with distraction and neck flexion are more likely to 
have nerve root compression caused by a soft ruptured disc or 
(more likely) hypertrophic spurs in the neural foramina. Pain 
usually is increased in any condition with compression. One 
must be careful before applying compression or distraction to 
ensure no cervical instability or fracture is present. One also 
must be careful in interpreting the distraction test to ensure 
the temporomandibular joint is not diseased or injured, 
because distraction also would increase the pain in this area.

The signs of midline disc herniation are those of spinal 
cord compression. If the lesion is high in the cervical region, 
paresthesias, weakness, atrophy, and occasionally fascicula-
tions may occur in the hands. A Hoffman sign (upper cervical 
spinal cord) or the inverted radial reflex also may be pres-
ent when the pathology is at or above the C5/6 level. Most 
commonly, however, the first and most prominent symptoms 

C8 Nerve Root Compression

Sensory Deficit
Ring finger, little finger, and ulnar border of palm 

Motor Weakness
Interossei
Finger flexors (variable)
Flexor carpi ulnaris (variable) 

Reflex Change
None

 BOX 38.5 

Indicative of C7-T1 disc rupture or other pathologic condition at that level.

T1 Nerve Root Compression

Sensory Deficit
Medial aspect of elbow 

Motor Weakness
Interossei 

Reflex Change
None

 BOX 38.6 

Indicative of T1-2 disc rupture or other pathologic condition at that level.
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are those of involvement of the corticospinal tract; less com-
monly, the posterior columns are affected. The primary signs 
are sustained clonus, hyperactive reflexes, and the Babinski 
reflex. Less significant findings are varying degrees of spastic-
ity, weakness in the legs, and impairment of proprioception. 
Equilibrium may be grossly disturbed, but sense of pain and 
temperature sense rarely are lost and usually are of little local-
izing value. 

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of cervical disc disease is best sepa-
rated into extrinsic and intrinsic factors. Extrinsic factors gen-
erally include disease processes extrinsic to the neck resulting 
in symptoms similar to primary neck problems. Included in 
this group are tumors of the chest; nerve compression syn-
dromes distal to the spine; degenerative processes, such as 
shoulder and upper extremity arthritis; temporomandibular 
joint syndrome; and lesions around the shoulder, such as acute 
and chronic rotator cuff tears and impingement syndromes. 
Intrinsic problems primarily consist of lesions directly associ-
ated with the cervical spine, the most common being cervical 
disc degeneration with concomitant disc herniation or later 
development of hypertrophic arthritis. Congenital factors, 
such as spinal stenosis in the cervical region, also may pro-
duce symptoms. Primary and secondary tumors of the cervi-
cal spine and fractures of the cervical vertebrae also should be 
considered as intrinsic lesions.

Odom et  al. categorized cervical disc disease into four 
groups: (1) unilateral soft disc protrusion with nerve root 

compression; (2) foraminal spur, or hard disc, with nerve root 
compression; (3) medial soft disc protrusion with spinal cord 
compression; and (4) transverse ridge or cervical spondylosis 
with spinal cord compression. Soft disc herniations usually 
affect one level, whereas hard disc herniations can affect mul-
tiple levels. Central lesions usually result in cord compres-
sion symptoms, and lateral lesions usually result in radicular 
symptoms.

Most of the soft disc herniations in the series of Odom 
et al. occurred at the C6 interspace (70%) and C5 interspace 
(24%). Only six occurred at the C7 interspace. Foraminal 
spurs also were found predominantly at the C6 interspace 
(48%). The C5 interspace (39%) and C7 interspace (13%) 
accounted for the remaining levels where foraminal spurs 
were found. These investigators also noted the incidence of 
medial soft disc protrusion with myelopathy to be rare (14 of 
246 patients). 

CONFIRMATORY IMAGING
Radiographic evaluation of the cervical spine frequently 
shows loss of normal cervical lordosis. Disc space narrow-
ing and hypertrophic changes frequently increase with age 
but are not indicative of cervical disc rupture. Usually radio-
graphs are most helpful to rule out other problems. Oblique 
radiographs of the cervical spine may reveal foraminal 
encroachment.

MRI of the cervical spine has rapidly become the major 
diagnostic procedure for neck, arm, and shoulder symp-
toms. MRI should confirm the objective clinical findings. 
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FIGURE 38.7 Anterior and posterior cervical dermatomes.
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Asymptomatic findings should be expected to increase with 
the age of the patient. Cervical myelography usually is indi-
cated only after noninvasive evaluation by MRI fails to reveal 
the cause or level of the lesion or the patient is unable to 
obtain an MRI. If MRI is inconclusive, electromyography or 
nerve conduction velocity may be indicated to show active 
radiculopathy before proceeding with myelography, espe-
cially if the history and physical examination are not strongly 
supportive of the presence of radiculopathy.

Cervical discography is a controversial technique with 
limited benefits. It is not indicated in frank disc rupture, 
spondylosis, or spinal stenosis. The primary use is in patients 
with persistent neck pain without localized neurologic find-
ings in whom standard MRI, myelography, and CT scan are 
inconclusive. Some investigators maintain that isolated pain-
ful discs can be identified in some patients by discography. 
A degenerative disc without pain on injection is not likely to 
be the source of the patient’s complaint. Cervical discogra-
phy requires considerable care and caution. It should be con-
sidered a preoperative test in patients in whom an anterior 
disc excision and interbody fusion are considered for primary 
neck and shoulder pain. Assessing the psychosocial well-
being of a patient is recommended before proceeding with 
operative treatment. Great care is required in the technique 
and in the interpretation if reproducible results are desired. 
Cervical root blocks also have been suggested for the local-
ization and confirmation of symptomatic root compression 
when used in conjunction with cervical discography. Facet 
joint injections also should be considered before fusion as a 
therapeutic and diagnostic procedure. These procedures were 
described earlier in this chapter.

When a component of dynamic cord compression is pres-
ent, myelography remains a valuable tool, although dynamic 
MRI has reduced the role of myelography. Myelography is 
performed for ruptured cervical discs. Considerable attention 
must be paid to the flow of the column of contrast medium 
with the neck in hyperextended, neutral, and flexed positions. 
One cannot conclude that spinal cord compression is not pres-
ent until one is certain that the cephalad flow of the medium 
is not obstructed with the neck acutely hyperextended. The 
neck should be hyperextended carefully because of the dan-
ger of further damage to the spinal cord. Cervical dynamic 
instability can be shown because the cephalad flow of contrast 
material is blocked between the lamina of the cephalad level 
and the disc or body of the caudal level. 

NONOPERATIVE TREATMENT
As discussed earlier, most patients with symptomatic cervi-
cal disc herniations respond well to nonoperative treatment, 
including some patients with nonprogressive radicular weak-
ness (between 70% and 80%). Reasonably good evidence 
shows that acute disc herniations decrease in size over time 
in the cervical region. Many conservative treatment methods 
for neck pain are used for multiple diagnoses. The primary 
purpose of the cervical spine and associated musculature is to 
support and mobilize the head while providing a conduit for 
the nervous system. The forces on the cervical spine are much 
smaller than on the lower spinal levels. The cervical spine is 
vulnerable to muscular tension forces, postural fatigue, and 
excessive motion. Most nonoperative treatments focus on one 
or more of these factors. The best primary treatment is short 
periods of rest, massage, ice, and antiinflammatory agents 

(glucocorticoids or nonsteroidal antiinflammatory) with 
active mobilization as soon as possible. The position of the 
neck for comfort is essential for relief of pain. The position of 
greatest relief may suggest the offending pathologic process 
or mechanism of injury. Patients with hyperflexion injuries 
usually are more comfortable with the neck in extension over 
a small roll under the neck. No specific position indicates 
 lateral disc herniation, although most patients tolerate the 
neutral position best. Patients with spondylosis (hard disc) 
are most comfortable with the neck in flexion.

Cervical traction can be helpful in selected patients. 
Care must be exercised in instructing the patient in the 
proper use of traction. It should be applied to the head in 
the position of maximal pain relief. Traction never should 
be continued if it increases pain. The weights should rarely 
exceed 10 lb (weight of the head). The proper head halter 
and duration of traction sessions should be chosen to pre-
vent irritation of the temporomandibular joint. Traction 
applied by a patient-controlled pneumatic force, which is 
more mobile than halter-type units, avoids irritation of the 
temporomandibular joint. Traction also should allow gen-
eral relaxation of the patient. “Poor man’s” traction is a sim-
ple method of evaluating the efficacy of cervical traction. 
It uses the weight of the unsupported head for the traction 
weight (about 10 lb). For extension traction, the patient 
is supine and the head is allowed to extend gently off the 
examining table or bed. For flexion, the same procedure is 
repeated in the prone position. The patient continues the 
exercise in the position that is most comfortable for 5 to 10 
minutes several times daily.

The postural aspects of neck pain can be treated with 
more frequent changes in position and ergonomic changes in 
the work area to prevent fatigue and encourage good posture. 
Techniques to minimize or relieve tension also are helpful.

Cervical braces usually limit excessive motion. Similar to 
traction, they should be tailored to the most comfortable neck 
position. Except in cases of trauma, use of an orthosis should 
be limited to prevent atrophy of the musculature. They may 
be most helpful for patients who are very active.

Neck and shoulder exercises are most beneficial as the 
acute pain subsides. Isometric exercises are helpful in the 
acute phase. Occasionally, shoulder problems, such as adhe-
sive capsulitis, may be found concomitantly with cervical 
spondylosis; complete immobilization of the painful extrem-
ity should be avoided. Physical therapy should be initiated. 

OPERATIVE TREATMENT
The primary indications for operative treatment of cervi-
cal disc disease are (1) failure of nonoperative pain man-
agement; (2) increasing and significant neurologic deficit; 
and (3) cervical myelopathy, which predictably progresses, 
based on natural history studies. In most patients, the per-
sistence of pain is the primary indication. The intensity of 
the persistent pain should be severe enough to interfere con-
sistently with the patient’s desired activity and greater than 
would reasonably be expected after operative treatment. 
The approach chosen should be determined by the location 
and type of lesion. Soft lateral discs are easily removed with 
the posterior approach, whereas soft central or hard discs 
(central or lateral) probably are best treated with an ante-
rior approach. Any controversy that existed relative to the 
need for fusion with anterior discectomy essentially has been 
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resolved with long-term follow-up studies of patients with-
out fusion, such as that by Yamamoto et al. Osteophytes that 
were not removed at surgery frequently have been shown to 
be reabsorbed at the level of fusion. The use of a graft also 
prevents the collapse of the disc space and maintains ade-
quate foraminal size. 

 

REMOVAL OF POSTEROLATERAL 
HERNIATIONS BY POSTERIOR 
APPROACH (POSTERIOR CERVICAL 
FORAMINOTOMY)

 TECHNIQUE 38.4 

 n  With the patient under general endotracheal anesthesia 
in the prone position and the head in a Mayfield position-
er, flex the neck to decrease the cervical lordosis as much 
as possible. The upright position for surgery decreases 
venous bleeding, but we are reluctant to  recommend 

its use because of concern regarding the possibility of 
air embolism and cerebral hypoxia in the event of a sig-
nificant decline in blood pressure. Usually a slight reverse 
Trendelenburg position works well in posterior cervical 
surgery, coupled with careful dissection to minimize 
bleeding. The shoulders are retracted inferiorly with tape 
if imaging of the lower cervical levels is contemplated. 
This imaging is needed if a microsurgical technique using 
tubular retractors is chosen (see Technique 38.5).

 n  Appropriately prepare and drape the operative field.
 n  Make a midline incision centered on the spinous process 

tip of the cephalad level involved (Fig. 38.8A) and 2 cm 
in length. Retract the edges of this incision and the skin 
withdraws in a cephalad direction so that the wound be-
comes properly placed.

 n  Divide the ligamentum nuchae longitudinally to expose 
the tips of the spinous processes above and below the 
designated area. The correct position is reasonably well 
ensured by palpation of the last bifid spinous process, 
which usually is C6. It must be verified intraoperatively, 
however, by a marker attached to the spinous process 
and documented on the lateral cervical spine radiograph.
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FIGURE 38.8 Technique of removal of disc between fifth and sixth cervical vertebrae. A, 
Midline incision extending from spinous process of C5 to that of C6. B, Paraspinal muscles have 
been dissected from laminae and retracted laterally. Hole is to be drilled with high-speed burr 
(see text). C, Ligamentum flavum is being dissected. D, Defect measuring about 1.3 cm has been 
made (see text) to expose nerve root and lateral aspect of dura. E, Nerve root has been separated 
from nucleus and retracted superiorly to expose herniated disc. F, Longitudinal ligament has been 
incised, and loose fragment of nucleus is being removed. SEE TECHNIQUE 38.4.
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 n  Dissect subperiosteally the paravertebral muscles from the 
laminae on the side of the lesion and retract them with 
a self-retaining retractor or with the help of an assistant 
using a hand-held retractor (Fig. 38.8B).

 n  With a small high-speed burr, drill away the caudal edge 
of the lateral portion of the lamina cephalad to the in-
terspace (see Fig. 38.8B). Usually minimal bone removal 
from the cephalad edge of the lateral portion of the cau-
dal lamina is needed. Only a small amount of the medial 
portion of the facet needs to be removed in most pa-
tients. A small Kerrison rongeur (1 to 2 mm) can be used 
to enlarge this keyhole as needed.

 n  Sharply excise the ligamentum flavum with a small Ker-
rison rongeur and identify the nerve root, which is com-
monly displaced posteriorly and flattened by pressure 
from the underlying disc fragments (Fig. 38.8C). Removal 
of additional bone along the dorsal aspect of the foramen 
and immediately above and below the nerve root often is 
beneficial at this point (Fig. 38.8D).

 n  When the bony removal has been completed, we pre-
fer to use the operative microscope for the remainder of 
the procedure. This allows more delicate work around 
the neural elements, while minimizing additional bone 
removal, and allows better hemostasis.

 n  The herniated nucleus pulposus most often lies slightly 
caudal to the center of the nerve root but occasionally 
is cephalad. Gently retract the nerve root superiorly to 
expose the extruded nuclear fragments or a distended 
posterior longitudinal ligament (Fig. 38.8E). The nerve 
root should not be retracted in a caudal direction. If addi-
tional exposure is needed, remove more bone rather than 
risk nerve root or spinal cord injury from traction on the 
root. To control troublesome venous oozing at this point, 
use bipolar cautery if possible. Otherwise, place tiny pled-
gets of cotton and thrombin-soaked absorbable gelatin 
sponge (Gelfoam) above and below the nerve root. Do 
not pack the pledgets tightly around the nerve. The nerve 
root can be retracted slightly in a cephalad direction to 
allow incision of the posterior longitudinal ligament over 
the herniated nucleus pulposus in a cruciate manner to 
permit the removal of the disc fragments (Fig. 38.8F).

 n  After removal of all visible loose fragments, it is impera-
tive to search thoroughly for additional fragments later-
ally and medially. Ensure that the nerve root is thoroughly 
decompressed by inserting a probe in the intervertebral 
foramen. If the nerve root still seems to be tight, remove 
more bone from the articular facets until the nerve root 
is completely free. Because recurrence is so rare, do not 
curet the intervertebral space.

 n  Remove any cotton pledgets and Gelfoam after meticu-
lous hemostasis has been achieved. Hemostasis must be 
complete because postoperative hemorrhage can pro-
duce cord compression and quadriplegia.

 n  Close the wound by suturing the fascia to the supraspi-
nous ligament with interrupted sutures and then suturing 
the subcutaneous layers and skin.

POSTOPERATIVE CARE Neurologic function is closely 
monitored after surgery. Discharge is permitted when 
the patient is ambulatory, which usually is the same day 
as surgery. Pain should be controlled with oral medica-
tion. Radicular pain relief usually is dramatic and prompt, 

although hypesthesia can persist for weeks or months. 
The patient is allowed to return to clerical work when 
comfortable and to manual labor after 6 weeks. As a rule, 
neither support nor physical therapy is necessary, and the 
patient’s future activity is not restricted. Isometric neck 
exercises, upper extremity range-of-motion exercises, 
and posterior shoulder girdle exercises can be useful for 
patients in whom atrophy or inactivity has been consid-
erable. A soft cervical collar can help relieve immediate 
postoperative pain.
  

MINIMALLY INVASIVE POSTERIOR 
APPROACHES TO THE CERVICAL SPINE
Because of the extensive subperiosteal stripping of the paraspi-
nal musculature required for open posterior approaches, which 
can result in significant postoperative pain, muscle spasm, and 
dysfunction, less invasive procedures have been developed. 
Cited advantages of these “minimally invasive” techniques 
include shorter operative time, fewer operative risks, less blood 
loss, less postoperative pain, and earlier return to activity. 
The advent of muscle-splitting tubular retractor systems and 
improvements in endoscopic technology have led to the devel-
opment of microendoscopic and full-endoscopic techniques 
for posterior cervical foraminotomy and fusion. Indications for 
minimally invasive posterior cervical procedures include radic-
ulopathy caused by lateral disc herniation or foraminal stenosis, 
persistent or recurrent nerve root symptoms after anterior cer-
vical discectomy, and cervical disc disease in patients for whom 
anterior approaches are contraindicated (e.g., those with ante-
rior neck infection, tracheostomy, prior irradiation, previous 
radical neck surgery or neoplasm). Contraindications are much 
the same as those for open treatment and include pure axial 
neck pain without neurologic symptoms, gross cervical insta-
bility, symptomatic central disc herniation, and kyphotic defor-
mity that would make posterior decompression ineffective.

A number of studies have reported the efficacy and safety of 
minimally invasive cervical procedures. In a systematic review 
and meta-analysis including 14 studies and 1216 patients, Sahai 
et al. found that minimally invasive posterior cervical forami-
notomy resulted in significantly greater improvement in visual 
analog scale (VAS) scores compared to anterior cervical dis-
cectomy and fusion (ACDF), while rates of complications and 
reoperations were similar. In a comparison of microendoscopic 
laminotomy with  conventional laminoplasty for cervical spon-
dylotic myelopathy, neurologic outcomes were similar at 5-year 
follow-up, but patients with microendoscopic laminotomy had 
significantly less postoperative axial pain and improved subax-
ial cervical lordosis. In a comparison of microendoscopic selec-
tive laminectomy (46 patients) to conventional laminoplasty 
(41 patients) in patients with degenerative cervical myelopa-
thy, Oshima et al. reported that microendoscopic laminectomy 
resulted in better outcomes in terms of postoperative range of 
motion, axial pain, and quality of life, although both proce-
dures showed good neurologic improvement.

One cited disadvantage of minimally invasive techniques is 
the learning curve required to become proficient. Reported num-
bers of cases required range from 0 to 50. In a study at our institu-
tion, the mean operative time steadily decreased over the first 50 
procedures to approximately 60% of the initial times, where it pla-
teaued for both the transforaminal and interlaminar approaches 
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(mean time 65 minutes), but there was no difference in the fre-
quency of reoperation over the length of the learning curve. 

 

MINIMALLY INVASIVE POSTERIOR 
CERVICAL FORAMINOTOMY WITH 
TUBULAR DISTRACTORS

 TECHNIQUE 38.5 

(GALA, O’TOOLE, VOYADZIS, AND FESSLER)
 n  After induction of general anesthesia, place the patient in 

Mayfield three-point head fixation. Progressively flex the 
operating table to bring the patient into a semi-sitting 
position so that the head is flexed but not rotated and the 
long axis of the cervical spine is perpendicular to the floor. 
The seated position allows decreased blood accumulation 
in the operative field, reduces blood loss and operative 
times, and improves lateral fluoroscopic images because 
of the gravity-dependent positioning of the shoulders.

 n  Secure the Mayfield frame to a table-mounted crossbar 
and fold the patient’s arms across the lap or chest, de-
pending on body habitus. Pad the legs, hands, and arms 
to prevent positional neural injury.

 n  Confirm the operative level on lateral fluoroscopy while 
holding a long Kirschner wire or Steinmann pin over the 
lateral side of the patient’s neck.

 n  Mark an 18-mm longitudinal incision approximately 1.5 
cm off the midline on the operative side and inject it with 
local anesthesia.

 n  Through a stab incision, advance a Kirschner wire slowly 
through the musculature under fluoroscopic guidance and 
dock it at the inferomedial edge of the rostral lateral mass 
of the level of interest (Fig. 38.9A). Be sure to identify and 
palpate bone and do not penetrate the interlaminar space 
where the laterally thinned ligamentum flavum may not 
protect against iatrogenic dural or spinal cord injury.

 n  Complete the incision approximately 1 cm rostral and 
caudal to the wire entry point and remove the wire.

 n  Incise the cervical fascia equal to the length of the incision 
with monopolar cautery or scissors so that muscle dilation 
can be done in a safe and controlled fashion.

 n  Reinsert the Kirschner wire under fluoroscopy and serially 
place the muscle dilators or, as an alternative, place the 
first dilator instead of the wire (Fig. 38.9B).

 n  After dilation is complete, place a 16- or 18-mm tubular 
retractor over the dilators and fix it over the laminofacet 
junction with a table-mounted flexible retractor arm (Fig. 
38.9C); remove the dilators.

 n  Attach a 25-degree angled glass-rod endoscope to the 
camera, insert it, and attach it to the tube with a cylindri-
cal plastic friction couple.

 n  Use monopolar cautery and pituitary rongeurs to clear 
the remaining soft tissue off the lateral mass and lamina, 
taking care to start the dissection over solid bone laterally.

 n  Use a small up-angled curet to gently detach the ligamen-
tum flavum from the undersurface of the inferior edge of 
the lamina and use a Kerrison punch with a small foot-
plate to begin the laminotomy (Fig. 38.9D,E).

 n  Subsequent steps differ little from the open procedure. 
Depending on the degree of facet hypertrophy, use the 
Kerrison punch to complete most of the laminotomy and 
early foraminotomy or use a drill if required. Using a fine-
cutting bit and adjustable guard sleeve makes drilling 
around critical neural structures easier.

 n  After the laminotomy, remove the ligamentum flavum 
medially to identify the lateral edge of the dura and 
proximal portion of the nerve root. Bony resection should 
follow the nerve root into the foramen through a partial 
medial facetectomy. To maintain biomechanical integrity, 
preserve at least 50% of the facet.

 n  Carefully coagulate and incise the venous plexus overlying 
the nerve root.

 n  Use a fine-angled dissector to palpate the space ventral to 
the nerve root for osteophytes or disc fragments. If an os-
teophyte is present, use a down-angled curet to tamp the 
material farther ventrally into the disc space or fragment 
it for subsequent removal. For a soft disc herniation, use 
a nerve hook passed ventrally and inferiorly to the root to 
gently tease the fragment away from the nerve; remove 
it with a pituitary rongeur (Fig. 38.9F,G).

 n  Inspect the foramen a final time for any further signs of 
compression and irrigate the field with antibiotic-impreg-
nated solution. Obtain hemostasis with bipolar cautery, 
bone wax, or commercial hemostatic agent.

 n  Remove the tube and inject local anesthetic into the fascia 
and muscles surrounding the incision.

 n  Close the wound with one or two absorbable stitches for 
the fascia, two or three inverted stitches for the subcu-
taneous layer, and a running subcuticular stitch and skin 
adhesive for the final skin closure.

 n  Place the patient supine and remove the Mayfield frame.

POSTOPERATIVE CARE The patient is mobilized as soon as 
possible. No cervical collar of any type is necessary. If medical-
ly stable, patients are typically discharged after 2 to 3 hours.
  

Ruetten et al. described an all-endoscopic technique for 
posterior cervical foraminotomy using a 25-degree angled 
5.9-mm arthroscope, with a working canal of 3.1-mm diam-
eter. They reported no serious complications in 91 patients, of 
whom only three had recurrence of symptoms. Postoperative 
pain was significantly reduced compared with a similar group 
of patients with open foraminotomy, and return to work was 
significantly quicker (19 days compared with 34 days). 

 

FULL-ENDOSCOPIC POSTERIOR 
CERVICAL FORAMINOTOMY

 TECHNIQUE 38.6 

(RUETTEN ET AL.)
 n  With the patient prone and after induction of general an-

esthesia, mark the line of spinal joints under radiographic 
control, as for a conventional open foraminotomy.

 n  Determine the location of the correct segment, make the 
skin incision, and insert a dilator onto the facet joint.
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 n  Insert the operating sheath over the dilator and remove 
the dilator.

 n  Prepare the joint segment and ligamentum flavum with bipo-
lar electrocautery and pituitary rongeurs. Begin the foraminot-
omy by bone resection at the medial joint segments, resection 

of the lateral ligamentum flavum, and identification of the 
lateral edge of the dura and branching of the spinal nerve. It 
is helpful to start just medial to the facet joint and identify the 
insertion of the ligamentum flavum to delineate the cephalad 
and caudal extent of drill work and then work laterally.
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FIGURE 38.9 Minimally invasive posterior cervical foraminotomy with tubular distractors. A, 
Kirschner wire identification of area of interest. B, Placement of serial dilators. C, Placement of 
tubular retractor. D and E, Laminotomy and foraminotomy. F and G, Disc removal and nerve root 
decompression.  (From Fessler RG, Khoo LT: Minimally invasive cervical microendoscopic foraminotomy: 
an initial clinical experience, Neurosurgery 51[Suppl 2]:37, 2002.) SEE TECHNIQUE 38.5.
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 n  Use 3-mm drills and bone punches inserted through the 
endoscopic working canal for bone resection.

 n  Use bipolar radiofrequency to coagulate the venous plex-
us.

 n  Depending on the particular pathology, extend the fo-
raminotomy laterally or craniocaudally as needed. Take 
care to prevent excessive resection of the articular pro-
cess.

 n  After completion of the foraminotomy, remove all instru-
ments and close the skin. No drainage is required.

POSTOPERATIVE CARE A soft brace is worn for 5 days.
   

 

TISSUE-SPARING POSTERIOR 
CERVICAL FUSION
McCormack and Dhawan described a technique for tissue-
sparing posterior cervical fusion, for which they developed 
a simple, disposable instrument set. The instruments and 
technique minimize soft-tissue disruption and facilitate 
access for cervical facet joint cartilage decortication. A 
small incision is used to insert an elongated access chisel 
into the appropriate facet, which, confined by facet anat-
omy, serves as a post extending out through a minimal skin 
incision. The surgeon uses the post to apply rotatory decor-
ticators to the medial lamina and rostral and caudal lateral 
mass. A guide tube inserted after the chisel facilitates 
rasping of the facet cartilaginous endplates, a task which 
is difficult with open posterior fusion techniques. Most 
soft-tissue dissection of the lamina and spinous process 
required with lateral mass fixation or interspinous wiring is 
avoided. This technique is proposed for select patients who 
do not require laminectomy. The facet access and decorti-
cation instruments also can be used with other posterior 
spine approaches to improve facet cartilage decortication.

 TECHNIQUE 38.7 

(MCCORMACK AND DHAWAN)
 n  Make an incision just off midline and typically two to 

three levels below the target level, depending on facet 
anatomy (Fig. 38.10A). An externally placed Steinmann 
pin aligned with the intended facet under fluoroscopy can 
guide the rostral to caudal placement of the skin incision.

 n  Carry the incision through the subcutaneous tissue and 
ligamentum nuchae.

 n  Insert the access chisel through the incision into the facet 
at the target level and advance it until it abuts the pedicle 
of the rostral vertebra (Fig. 38.10B,C).

 n  Advance the decortication trephine over the access 
 chisel to dissect fascia and muscle attachments off of 
the  lateral lamina and lateral mass under visual guidance 
(Fig. 38.10D).

 n  Decorticate the lateral mass and lamina above and below 
the facet.

 n  Place the guide tube over the access chisel and advance 
it into the facet joint (see Fig. 38.10A). The guide tube 

maintains facet distraction, provides visualization, and 
serves as a working channel.

 n  Remove the access chisel and decorticate the facet articu-
lar surfaces with the rasps and burrs. Insert bone graft 
material through the guide tube and place it into the de-
corticated bed.

 n  Withdraw all instruments.
 n  Multiple levels can be treated using one small incision, 

depending on facet joint trajectory (Figs. 38.10A,E).
 n  Repeat the procedure on the contralateral side.

  

RESULTS
In few, if any, operations in orthopaedic surgery are the 
results better than after the removal of a lateral herniated cer-
vical disc. With either open or minimally invasive techniques, 
approximately 90% of patients have good results with rela-
tively few complications. 

ANTERIOR CERVICAL ARTHRODESIS
Anterior cervical discectomy with interbody fusion has 
gained wide acceptance by both orthopaedic surgeons and 
neurosurgeons in the management of refractory symptoms 
of cervical disc disease. The literature attests to a low inci-
dence of major complications and postoperative morbidity 
and a high degree of success in relieving these symptoms. The 
fundamental difference in the many techniques is whether 
surgery is limited to simple discectomy and interbody fusion 
or whether an attempt is made to enter the spinal canal to 
remove osteophytes or otherwise decompress the spinal cord 
and nerve roots.

Extreme care must be exercised in anterior fusion of the 
cervical spine because of significant potential complications, 
including injury to the cervical viscera and neurologic and 
vascular injury. Dysphagia is one of the most common post-
operative complications of anterior fusion, with nearly 90% 
occurrence in one retrospective study; however, rates of dys-
phagia lasting longer than 3 months appear to be low. Yee 
et al., in a systematic review of the literature, found a pooled 
incidence of less than 1%. Reported causes of complications 
related to fusion by the drill and dowel method include oper-
ation of a drill without the protection of the drill guard, which 
allowed the drill to enter the spinal canal; displacement of a 
dowel bone graft into the spinal canal, either during surgery 
or postoperatively, which damaged the cervical cord; and the 
use of electrocoagulation on the posterior longitudinal liga-
ment. The use of a tricortical iliac graft is recommended for 
interbody fusions.

Anterior discectomy and interbody fusion has a wide 
application, producing excellent results in virtually all 
forms of cervical disc disease and spondylosis, regardless 
of the objective neurologic signs. Despite subtle differences 
in surgical technique, the intent of the procedure is dis-
cectomy and interbody fusion with no attempt to remove 
osteophytes. The extent to which the posterior and pos-
terolateral osteophytes with spondylosis contribute to the 
symptoms of cervical disc disease and the indications for 
removing them have not been completely defined. Often 
the discrepancy between the degree of bony spurring or 
other radiographic changes and the symptoms present is 
striking. Also, the level of neurologic involvement does 
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FIGURE 38.10 Tissue-sparing posterior cervical fusion. A, Midline minimally invasive incision at 
C7-T1 with superior two-level access. Posteroanterior view shows guide tube over decortication rasp. 
Facets are decorticated with medial-to-lateral angulation, avoiding medial nerve. Intraoperative 
anteroposterior (B) and lateral (C) fluoroscopy images showing facet chisel properly positioned in 
C5-6 facet. On lateral view, radiolucent hole is at posterior facet border. D, Lateral cervical view with 
decortication trephine over access chisel to decorticate superior and inferior lateral masses at C5-6. E, 
Lateral cervical view of guide tube at lower level C5-6 with access to several superior levels through 
one minimally invasive incision.  (From McCormack BM, Dhawan R: Novel instrumentation and technique 
for tissue sparing posterior cervical fusion, J Clin Neurosci 34:299, 2016.) SEE TECHNIQUE 38.7.

not always coincide with the site of the greatest radio-
graphic findings. Because plain radiographs cannot pro-
vide the necessary information for identifying the level or 
levels of neural compression, either MRI or CT myelogra-
phy when indicated is strongly recommended in operative 
planning; both provide the detailed diagnostic informa-
tion necessary. In descending order of frequency, the disc 
levels involved with degenerative changes are C5, C6, and 

C4. Correlation of the patient’s symptoms with diagnos-
tic studies is crucial because 14% of asymptomatic patients 
younger than 40 years of age and 28% of those older than 
40 years have significant abnormalities, as shown on MRI 
studies. The symptoms of the degenerative processes are 
related to the interplay of multiple aspects of the disease 
process and not solely to the amount of bony spurs present. 
Observation of patients who have had fusions shows that 
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a significant percentage of osteophytes but not all will be 
spontaneously resorbed postoperatively in the presence of 
a stable interbody fusion.

In our experience, simple discectomy and interbody 
fusion without removal of the posterior longitudinal liga-
ment or osteophytes has been adequate in the treatment of 
neural compression caused by soft disc material. If the com-
pression of neural tissue, especially the spinal cord, is caused 
by large osteophytes or an ossified posterior longitudinal liga-
ment, direct decompression by removal of the compressing 
structures has given superior results and is recommended 
(Fig. 38.11). This is especially true if the T2 sequences on 
MRI demonstrate cord signal abnormality. In the hands of 
skilled surgeons, with the use of an operating microscope, a 
high-speed burr, small angled curets, and small Kerrison ron-
geurs, safe anterior excision of osteophytes and other offend-
ing structures from the spinal canal can be completed before 
grafting and stabilization. In selected instances, monitoring 
of somatosensory and motor evoked potentials is useful, 
primarily in patients with myelopathy or spinal cord signal 

abnormality, to minimize the risk of spinal cord injury from 
positioning or hypotension while the exposure and initial 
phase of decompression is being completed.

GENERAL COMPLICATIONS
For every anatomic structure present in the neck there is a 
possibility of a surgical error; however, poor results also occur 
because of poor indications and surgical technique.

The wrong patient may be operated on because the neck 
is a common target for psychogenic pain. Careful preopera-
tive evaluation is essential to rule out a hysterical personality 
or a chronic anxiety state. In the absence of significant neu-
rologic findings to localize the level of pathologic condition, 
great care in evaluating the patient’s pain is essential. The rela-
tively high incidence of imaging abnormalities in asymptom-
atic volunteers should be kept in mind. Adjunctive studies, 
including discography, may be of benefit. Disc degeneration 
may be a multifocal disease in the cervical spine; therefore, 
even if an examination seems to point to a single level, it is 
possible that within a short time other segments will become 
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FIGURE 38.11 A, Typical nonunion with fibrocartilage compromising canal. B, Collapse of graft 
leads to sharp angular kyphosis, which, combined with nonunion, causes compression of cord. C, 
Decompression through anterior approach. Hemicorporectomy performed cephalad and caudad 
to disc space with high-speed burr to create parallel surfaces of cancellous bone. Decompression 
completed with angled curets. D, Anterior bone grafting performed with tricortical Smith-Robinson 
bone graft countersunk into position.
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symptomatic and surgery will be of no long-term benefit. 
With multiple-level disc degeneration, results have not been 
gratifying. The best results are obtained with a single segment 
discectomy and fusion for definite nerve root impairment, 
spinal cord compression, or, less commonly, localized disc 
disease without root compression. Fusions of more than two 
segments performed for pain relief alone produce fair or poor 
results; improvement, not cure, is the best possible result.

The operation can be done at the wrong level if an incor-
rect vertebral count is made at surgery. Use of a localization 
film with a metal marker is mandatory, and the first or second 
cervical vertebra should always be shown on this check film. 
The marker needle should be directed cranially so that the tip 
butts the vertebra above and avoids the theca. Additionally, 
by placing two right-angle bends, beginning 1 cm proximal to 
the tip of the spinal needle, penetration of the needle beyond 
a depth of 1 cm is prevented.

The operation may be done in the wrong way; for exam-
ple, the recurrent laryngeal nerve, esophagus, or pharynx can 
be injured by retractors. Sympathetic nervous system injuries 
are avoided by dissecting in the correct planes. Keeping the 
dissection medial to the carotid avoids the sympathetic ner-
vous system. An approach from the left was thought to be less 
likely to damage the recurrent laryngeal nerve. However, this 
has not been proved in more recent studies. A cadaver study 
showed that a right-sided approach involves retraction and 
manipulation of the nerve for optimal exposure, while on the 
left the nerve is already in the tracheoesophageal groove and 
out of the surgical field, which requires minimal direct mobi-
lization of the nerve. One large series suggested that compres-
sion of the recurrent laryngeal nerve may well be caused by 
endotracheal tube position combined with tracheal retraction 
and may be decreased by deflating and reinflating the endo-
tracheal tube cuff after retractor placement to allow the tube 
to reposition itself within the trachea. Instruments can tear 
the dura or compress neural tissue and must be used with 
extreme caution in removing the posterior disc fragments 
and osteophytes. Small, angled curets and Kerrison rongeurs 
should be sharp to prevent the need for excessive force and 
loss of control of the instruments. Grafts must be accurately 
measured and tightly fitted under compression.

The operation may be done at the wrong time. Timing of 
an operation is important; surgery should not be delayed if 
root conduction is significantly impaired. In patients in whom 
the clinical findings are purely subjective, consideration usu-
ally is given to delaying surgery until any possible litigation is 
settled. However, this can lead to chronic pain patterns that 
are difficult to eradicate. We rarely treat surgically patients 
who do not have objectively demonstrated neural compres-
sion or neurologic deficits. Otherwise results seem, at best, 
unpredictable. 

POSTOPERATIVE COMPLICATIONS
All anterior surgical wounds are best drained to decrease the 
risks of a retropharyngeal hematoma, which can produce 
obstruction of the airway with its subsequent complications. 
A soft, closed-suction drainage system usually is inserted 
deep into the wound. Airway obstruction, although rare, typ-
ically occurs 12 to 36 hours postoperatively. Maximal swelling 
occurs 24 to 48 hours after the procedure.

Extrusion of a graft is most commonly seen in the treat-
ment of fracture-dislocations of the neck with posterior 

instability. This is not common in fusions for disc degenera-
tion when posterior stability of the ligamentous structures is 
not impaired. At this clinic, anterior plate stabilization and 
cervical orthosis for 6 to 8 weeks or posterior internal fixation 
is a routine adjunct when posterior ligamentous stability is 
lost for any reason and the anterior approach for arthrodesis 
is necessary. At times anterior stabilization combined with 
external fixation with a halo vest is used. Use of the halo vest 
may preclude the need for posterior internal fixation.

A rectangular graft provides the best stability when com-
pared with other graft types. Unless the graft extrudes more 
than 50% of its depth, or unless it causes dysphagia, revision 
surgery usually is not indicated. The extruded portion will 
be resorbed, and the graft will ossify as the arthrodesis heals. 
If healing time is protracted, external immobilization time 
should be adjusted accordingly.

Complications related to anterior instrumentation have 
been reported. Locking-type plate devices minimize the risk 
of screws backing out and esophageal or tracheal perforation. 
This type of device also precludes the need for bicortical drill-
ing and thereby decreases the risk for spinal cord injury dur-
ing drilling or screw placement.

Nonunion of an anterior cervical fusion is unusual. With 
multiple-level interbody fusions, however, the pseudarthrosis 
rate increases in a nonlinear fashion. For single-level fusions 
the literature reports a 3% to 7% nonunion rate even with 
autograft bone. Similar pseudarthrosis rates are noted with 
single-level fusions using allograft. With autogenous iliac 
tricortical grafts, the nonunion rate in two-level interbody 
fusions without anterior instrumentation ranges from 12% to 
18%. However, the addition of stable internal fixation reduces 
this significantly. This also is true for three or more level 
fusions. Allograft bone should not be used for multiple-level 
interbody fusions without anterior plating because of a high 
nonunion rate. Multiple-level anterior fusions using adjunc-
tive anterior plate fixation with allograft bone can provide sat-
isfactory fusion rates, although the results are not as good as 
with autograft. When nonunions occur, typically they occur 
at the caudalmost segment.

If a cervical pseudarthrosis is determined to be symptom-
atic, usually it is best managed by posterior cervical fusion. 
If a significant anterior pathologic condition persists, satis-
factory revision anterior surgery can be performed (see Fig. 
38.11).

When anterior cervical arthrodesis is being done for trau-
matic disorders with resultant instability from ligamentous 
tears or posterior element fractures, postoperative treatment 
must be planned to accommodate this added factor. The post-
operative care described here usually applies to arthrodesis 
for “stable” degenerative or other nontraumatic conditions. If 
cervical instability is present, or if two or more disc levels are 
fused, such as with corpectomy, anterior internal fixation and 
immobilization are routinely used.

Three basic techniques have been used for anterior cervi-
cal disc excision and fusion. The Cloward technique involves 
making a round hole centered at the disc space. A slightly 
larger, round iliac crest plug is inserted into the disc space 
hole. The Smith-Robinson technique involves inserting a tri-
cortical strut of iliac crest into the disc space after removing 
the disc and cartilaginous endplate. The graft is inserted with 
the cancellous side facing the cord (posterior). This tech-
nique has been modified by fashioning the tricortical graft 
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to be thicker in its midportion and inserting the graft with 
the cancellous portion facing anteriorly. The Bailey-Badgley 
technique involves the creation of a slot in the superior and 
inferior vertebral bodies. This technique is most applicable to 
reconstruction when one or more vertebral bodies are excised 
for tumor, stenosis, or other extensive pathologic conditions. 
This technique has been modified by using a keystone graft 
that increases the surface area of the graft by 30% and allows 
more complete locking of the graft. Biomechanically, the 
Smith-Robinson technique provides the greatest stability and 
least risk of extrusion compared with the Cloward and Bailey-
Badgley types of fusions.

A left-sided approach was recommended for years to 
avoid recurrent laryngeal nerve injury. More recent stud-
ies, however, have shown no difference in injury rate to this 
nerve when comparing approaches. Approach side should 
be chosen based on the surgeon’s comfort. Patients who have 
dysphagia, dysphonia, or a history of prior neck surgery on 
preoperative examination should undergo an evaluation of 
vocal cords and swallowing. If a paralyzed vocal cord is iden-
tified, the approach should be on the ipsilateral side of vocal 
cord paralysis. 

 

SMITH-ROBINSON ANTERIOR 
CERVICAL FUSION

 TECHNIQUE 38.8 

(SMITH-ROBINSON ET AL.)
 n  Place the patient supine on the operating table with a 

small roll in the interscapular area.
 n  Apply a head halter if anterior plate fixation is to be used. 

Apply 5 to 10 pounds of traction to the head halter if so 
desired. Otherwise, the halter is not necessary because 
the distraction pins and the retraction set can be used to 
open the disc space and allow exposure.

 n  Rotate the patient’s head slightly to the side opposite the 
planned approach.

 n  Mark the anterior cervical skin, preferably using an ex-
isting curved skin crease, before placing the adhesive 
surgical field drape. The hyoid (C3), thyroid cartilage 
(C4-5), and cricoid cartilage (C6) are useful landmarks. 
The transverse-type skin incision can be used, even for 
three-level corpectomies if it is well placed; otherwise, an 
incision along the sternocleidomastoid border is useful. 
Throughout the exposure, meticulous hemostasis should 
be maintained to allow better identification of dissection 
planes and important anatomic structures.

 n  After sharply dividing the skin, sharply dissect the subcu-
taneous layer off the anterior fascia of the platysma to 
allow mobility of the wound to the desired level.

 n  Divide the platysma vertically near the midline by lifting 
it between two pairs of forceps and dividing it sharply in 
the cephalad and caudal directions. This allows exposure 
of the sternocleidomastoid border.

 n  Develop the interval just medial to the sternocleidomas-
toid to allow palpation and exposure of the carotid sheath 
and the overlying omohyoid muscle.

 n  Mobilize the omohyoid and retract caudally for access 
cephalad to C5 or mobilize cranially for access to C5 or 
caudal levels.

 n  Sharply divide the pretracheal fascia medial to the carotid 
sheath. Take care to avoid any dissection lateral to the 
carotid sheath that would place the sympathetic chain at 
risk.

 n  Once the pretracheal fascia has been incised, adequately 
develop the prevertebral space using blunt finger dissec-
tion directed medially and posteriorly.

 n  Place blunt hand-held retractors medially to view the 
paired longus colli muscles. To avoid injury to the midline 
structures, use bipolar cautery and small key-type eleva-
tors to subperiosteally elevate the longus colli so that 
self-retaining retractors can be placed deep to the medial 
borders of these muscles.

 n  Obtain a localization radiograph using a prebent spinal 
needle to mark the disc space before proceeding with disc 
excision or corpectomy.

 n  If the superior or inferior thyroid vessels limit exposure, 
ligate and divide the vessels.

 n  When elevating the longus colli muscles, do not extend 
laterally to the transverse processes to avoid the sympa-
thetic chain and the vertebral artery. This dissection, how-
ever, must extend laterally enough to expose the anterior 
aspect of the uncovertebral joints bilaterally.

 n  Place self-retaining retractor blades deep to the longus 
colli bilaterally and attach to the self-retaining retractor.

 n  For single-level discectomy, distraction pins can be in-
serted. For multiple-level procedures or if screw fixation is 
planned, the distraction pins are best avoided because of 
potential microfracture at the pin sites that will compro-
mise screw purchase.

 n  Once all levels are adequately exposed, use a No. 11 blade 
scalpel to remove the anterior anulus at each level, cutting 
toward the midline from each uncovertebral joint.

 n  Remove the anulus with pituitary rongeurs and curets to 
allow exposure of each uncinate process, which appears 
as a slight upward curve of the endplate of the caudal 
segment. This marks the safe extent of lateral dissection 
to avoid the vertebral artery. Remove the anterior one half 
to two thirds of the disc at each level in this way.

 n  Use an operating microscope for safe removal of the 
posterior disc, osteophytes, or posterior longitudinal liga-
ment as needed.

 n  With a high-speed burr, remove the anterior lip of the 
cephalad vertebra to a level matching the subchondral 
bone at midbody level (Fig. 38.12). This forms a complete-
ly flat surface and enhances visibility for removing the 
remaining disc material and the cartilaginous endplates 
to the level of the posterior longitudinal ligament.

 n  If preoperative imaging demonstrates a soft disc fragment 
and this is found without violation of the posterior lon-
gitudinal ligament, further exploration of the canal is not 
warranted.

 n  If necessary, perform foraminotomy to remove unco-
vertebral tissue with small Kerrison rongeurs. If a defect 
through the posterior longitudinal ligament is found, en-
large it and explore the canal for additional fragments.

 n  If the surgical plan calls for complete removal of the pos-
terior longitudinal ligament, complete all corpectomies 
first.
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 n  To perform the corpectomies, use a high-speed burr to 
create a lateral gutter at the level of the uncinate process 
bilaterally that extends from one disc space to the next.

 n  Remove the midline bone to the same depth as the gut-
ters and continue posteriorly until the brisk bleeding of 
cancellous bone gives way to cortical bone. Usually there 
will be significant bleeding from the posterior midpoint of 
the body that can be easily controlled with bipolar cautery 
once the cortical bone has been drilled away. Do not use 
unipolar cautery in close proximity to neural tissue.

 n  Thin the cortical bone with the high-speed burr and re-
move with angled curets, or remove carefully with the 
burr. If necessary, remove the posterior longitudinal liga-
ment by lifting it anteriorly with a small blunt hook and 
opening the epidural space with a 1-mm Kerrison ron-
geur. This must be done with excellent visualization and 
care to avoid dural injury.

 n  After the epidural space is entered, remove the posterior 
longitudinal ligament entirely if needed. If the canal is 
significantly compromised, carefully free it from the un-
derlying dura with blunt dissection.

 n  Perform foraminotomies at this time and remove osteo-
phytes if necessary. A small blunt probe should pass eas-
ily anterolaterally after foraminotomy. When possible, 
preserve the posterior longitudinal ligament to enhance 
construct stability.

 n  Carefully prepare the adjacent endplates so that all carti-
lage is removed, subchondral bone is preserved, the en-
tire decompression is the width of the endplate between 
the uncinate processes, and the endplates are parallel to 
one another.

 n  Carefully measure the anterior to posterior dimension at 
each endplate. The graft depth should be 3 to 4 mm less 
than the shorter of the two to allow the graft to be re-
cessed 2 mm anteriorly and not compromise the spinal 
canal posteriorly. Also, carefully measure the length of 
graft needed in the cephalad to caudal dimension. Re-
member to measure with and without traction being 

 applied through the head halter so that the graft will be 
under proper compression. Also, make sure at this point 
that endplates are parallel to one another.

 n  Remove the disc laterally to allow visualization of the un-
cinate process bilaterally, which will appear as a slight 
upturning of the endplate and marks the safe extent of 
lateral decompression.

 n  Obtain a tricortical iliac graft using a small oscillating saw 
(Fig. 38.13), as described in Technique 1.8.

 n  During preparation of the endplate, take care to preserve 
the anterior cortex of the cephalad and caudal vertebrae.

 n  Fashion the bone graft to the appropriate depth. Position 
the graft with the cancellous surface directed posteriorly 
and bevel the cephalad and caudal posterior margins 
slightly to facilitate impaction. With traction applied, im-
pact the graft into place so that the cortical portion is 
recessed 1 to 2 mm posterior to the anterior cortex of 
the vertebral bodies. There should be 2 mm of free space 
between the posterior margin of the graft and the spinal 
canal. The graft should fit snugly even when traction is 
being applied.

 n  Release traction and check the fit of the graft using a 
Kocher clamp to grasp it. Repeat this procedure for each 
additional disc space.

 n  Apply anterior cervical plate instrumentation if necessary 
with all traction released. Various systems are available 
and should be placed according to the manufacturer’s 
recommendations.

 n  Obtain intraoperative radiographs to verify graft and 
hardware position.

 n  Close the platysmal layer over a soft, closed-suction drain 
and close the skin and subcutaneous layers. Apply a thin 
dressing. Place the patient in a cervical orthosis before 
extubation.

 FIGURE 38.12 Diagram of bone removal with high-speed burr 
of anterior lip of cephalad vertebra to level matching subchondral 
bone at midbody level. SEE TECHNIQUE 38.8.
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FIGURE 38.13 Technique of Robinson et al. for anterior fusion 
of cervical spine. SEE TECHNIQUE 38.8.
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POSTOPERATIVE CARE The patient is allowed to be out 
of bed later on the day of surgery. If a drain is used, it 
should be removed on the first postoperative day. The cer-
vical orthosis is continued 4 to 6 weeks after  discectomy 
patients and 8 to 12 weeks after corpectomy, depending 
on patient compliance and radiographic appearance of 
the graft. Occasionally a soft collar is helpful for an addi-
tional 1 or 2 weeks. Flexion and extension lateral cervical 
spine radiographs should reveal no evidence of motion 
at the fusion site, and trabeculation should be present 
before discontinuation of the rigid cervical orthosis.
   

 

ANTERIOR OCCIPITOCERVICAL 
ARTHRODESIS BY EXTRAPHARYNGEAL 
EXPOSURE
Rarely, an anterior occipitocervical fusion is required for 
a grossly unstable cervical spine when posterior fusion 
is not feasible, such as in patients who have had exten-
sive laminectomies and for rheumatoid arthritis, traumatic 
quadriparesis, neoplastic metastasis to the spine, and con-
genital abnormalities. This operation is a cranial extension 
of the approach described by Robinson and Smith and by 
Bailey and Badgley; it permits access to the base of the 
occiput and the anterior aspect of all the cervical vertebrae. 
We have no experience with this procedure.

 TECHNIQUE 38.9 

(DE ANDRADE AND MACNAB)
 n  Maintain initial spinal stability by applying a cranial halo 

device with the patient on a turning frame. Keep the pa-
tient on the frame and maintain the traction throughout 
the operation.

 n  Make the exposure from the right side with an incision 
coursing along the anterior border of the sternocleido-
mastoid muscle from above the angle of the mandible to 
below the cricoid cartilage (Fig. 38.14A).

 n  Divide the platysma and deep cervical fascia in line with 
the incision and expose the anterior border of the sterno-
cleidomastoid. Take care not to injure the spinal accessory 
nerve as it enters the anterior aspect of the sternocleido-
mastoid at the level of the transverse process of the atlas 
(Fig. 38.14B).

 n  Retract the sternocleidomastoid laterally and the pretra-
cheal strap muscles anteriorly and palpate the carotid ar-
tery in its sheath. Expose the latter.

 n  Divide the omohyoid muscle as it crosses at the level of 
the cricoid cartilage (see Fig. 38.14B).

 n  Identify the digastric muscle and hypoglossal nerve at the 
cranial end of the wound (see Fig. 38.14B). Bluntly dissect 
the retropharyngeal space and enter it at the level of the 
thyroid cartilage.

 n  Divide the superior thyroid, lingual, and facial arteries and 
veins to gain access to the retropharyngeal space in the 
upper part of the wound.

 n  Continue blunt dissection in the retropharyngeal space 
and palpate the anterior arch of the atlas and the anterior 
tubercle in the midline. Continue above this area with 
the exploring finger and enter the hollow at the base of 
the occiput. Dissection cannot be carried farther cephalad 
because of the pharyngeal tubercle, to which the pharynx 
is attached (Fig. 38.14C).

 n  Insert a broad right-angled retractor under the pharynx 
and displace it anterosuperiorly. Use intermittent trac-
tion on the pharyngeal and laryngeal branches of the 
vagus nerve during this maneuver to minimize the risk 
of hoarseness. The anterior aspect of the upper cervical 
spine and the base of the occiput are now exposed.

 n  Coagulate the profuse plexus of veins under the anterior 
border of the longus colli. Separate the muscles from the 
anterior aspect of the spine by incising the anterior longi-
tudinal ligament vertically and transversely and expose the 
anterior arch of C1 and the bodies of C2 and C3. The work-
ing space is approximately 4 cm because the hypoglossal 
nerve exits from the skull through the anterior condyloid 
foramen about 2 cm lateral to the midline (Fig. 38.14D).

 n  Roughen the anterior surface of the base of the occiput 
and upper cervical vertebrae with a curet.

 n  Obtain from the iliac crest slivers of fresh autogenous can-
cellous bone and place them on the anterior surface of 
the vertebrae to be fused. Make the slivers no thicker than 
4.2 mm to prevent excessive bulging into the pharynx.

 n  Close the wound by suturing the platysma and skin only 
with a suction drain left in the retropharyngeal space for 
48 hours.

POSTOPERATIVE CARE The patient is kept on a turning 
frame, and traction is maintained for 6 weeks. A trache-
ostomy set must be kept by the bedside in case upper 
airway obstruction occurs. For earlier ambulation a halo 
vest can be applied; the halo vest is removed 16 weeks 
after the operation. Consolidation of the graft should oc-
cur by this time.
   

 

FIBULAR STRUT GRAFT IN CERVICAL 
SPINE ARTHRODESIS WITH 
CORPECTOMY
When performing a corpectomy, it is important to evalu-
ate the vertebral arteries on axial images of the MRI or CT. 
An anomalous vertebral artery can course medially into the 
body, putting it at risk during removal of the vertebral body.

 TECHNIQUE 38.10 

(WHITECLOUD AND LAROCCA)
 n  Use the surgical approach of Robinson et al. (see Tech-

nique 38.8). As described in that technique, self-retaining 
retractors are helpful. These can be placed for cepha-
lad and caudal retraction, as well as midline retraction 
achieved by placing the blades deep to the longus colli 
muscles that have been elevated.
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FIGURE 38.14 Technique of de Andrade and Macnab for anterior occipitocervical arthrodesis. 
SEE TECHNIQUE 38.9.

 n  Remove a rectangular segment of the anterior longitudi-
nal ligament and remove the anterior anulus at each disc 
level that is to be excised.

 n  Remove the anterior half to two thirds of the disc with a 
curet and pituitary rongeurs and identify the uncoverte-
bral joints at each level laterally.

 n  With the uncovertebral joints clearly identified with the 
operating microscope, use a high-speed burr, small cu-
rets, and small Kerrison rongeurs to remove the remaining 
disc material back to the posterior longitudinal ligament 
at each disc level and remove the intervening vertebral 
bodies as described in Technique 38.8.

 n  The width of the trough should be maintained at the 
width between the uncinate processes. The medial por-
tion of the uncinate process can be removed, but removal 
should not be carried lateral to the uncinate process be-
cause this endangers the vertebral artery.

 n  Carry the dissection through the vertebral body until the 
posterior cortex is encountered. The bleeding pattern of 

the bone will change from a cancellous pattern to a corti-
cal pattern at this point.

 n  Perform the vertebrectomy and the posterior discectomy 
at each level with the aid of the operating microscope or 
loupe magnification with the use of a headlight.

 n  Maintain meticulous hemostasis and use bipolar cautery 
on the posterior soft-tissue structures, such as the poste-
rior longitudinal ligament.

 n  Apply bone wax to the cancellous surfaces laterally on the 
edges of the trough.

 n  Maintain the sides of the trough in a parasagittal plane.
 n  When the posterior cortex has been reached and 

thinned to paper thickness, use a small curet to pull 
the bone anteriorly, detaching it from the posterior 
longitudinal ligament. In this fashion, the posterior 
longitudinal ligament can be thinned and pathologic 
processes, such as ossification of the posterior longitu-
dinal ligament where spinal cord compression occurs, 
can be treated.
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 TABLE 38.3

United States Food and Drug Administration–
Approved Cervical Disc Replacement Devices

ActivL Artificial Disc B. Braun Aesculap Implant 
Systems, LLC, Center Valley, PA

Bryan Cervical Disc 
Medtronic

Sofamor Danek, Memphis, TN

Mobi-C Cervical Disc 
Prosthesis

LDR Spine USA, Inc, Austin, TX

PCM Cervical Disc NuVasive, Inc San, Diego, CA
Prestige Cervical Disc 
System

Medtronic Sofamor Danek, 
Memphis, TN

Prodisc-C Synthes Spine, Westchester, PA
Secure-C Artificial 
Cervical Disc

Globus Medical, Inc, Audubon, PA

 n  Remove the posterior longitudinal ligament by thinning 
it and developing a plane just ventral to the dura. The 
dura can be quite attenuated in some circumstances and 
is easily torn. Exercise great caution during this portion 
of the procedure. Small curets, small Kerrison rongeurs, 
and micro blunt hook and micro blunt dissector are quite 
 useful in removing the posterior longitudinal ligament 
and osteophytes at the posterior aspect of the uncover-
tebral joints.

 n  On completion of the decompression, use a full segment 
of fibula for strut graft placement.

 n  Place the fibular graft into prepared notches in the verte-
bra at both ends of the segment to be spanned.

 n  Notch the fibular graft at each end so that it will key into 
the prepared notch in each endplate. Place the endplate 
recess at the cephalad endplate slightly more posterior 
than the recess through the endplate at the caudal end 
to make graft insertion easier.

 n  Prepare the superior and inferior endplates to accept the 
graft by removing the cartilaginous endplate and prepar-
ing the notches. Preserve the anterior portion of the ver-
tebral cortex to prevent graft dislodgment anteriorly.

 n  After the fibular graft has been cut and shaped to ap-
propriate dimensions, increase the traction on the head 
and insert the graft into the superior vertebra, using an 
impactor to sink the inferior portion of the graft into the 
endplate recess, and pull distally, locking it into place. 
Two thirds of the graft then comes to lie posterior to the 
anterior aspect of the vertebral column.

 n  Anterior cervical plate fixation is added for stability. Take 
care in selecting proper plate length so that the screws 
will not be too close to the graft-recipient site interface.

 n  Check the graft position with radiographs and close the 
wound over soft, closed-suction drains in layers.

 n  Plating provides adequate stability so that only a cervical 
orthosis is needed after surgery. However, if screw pur-
chase is not acceptable, halo vest immobilization should 
be used with the uninstrumented fibular technique or a 
posterior stabilizing procedure with mass screws should 
be considered.

POSTOPERATIVE CARE Depending on the type of in-
ternal fixation, initial immobilization is continued with an 
orthosis for 6 to 8 weeks, depending on healing demon-
strated on radiograph. The time required for fusion will 
understandably be longer with cortical bone than with 
a corticocancellous bone graft. Prolonged immobilization 
may be necessary.
  

POSTERIOR CERVICAL ARTHRODESIS
The techniques of posterior arthrodesis of the cervical spine 
are discussed in the section on fractures, dislocations, and 
fracture-dislocations of the cervical spine (see Chapter 41). 

CERVICAL DISC ARTHROPLASTY
Several cervical arthroplasty devices have been approved by 
the US Food and Drug Administration (FDA) and more are 
in the approval process (Table 38.3; Fig. 38.15). The primary 
argument favoring these devices is that, by avoiding anterior 
fusion, adjacent segment degeneration can be minimized, 

reducing the need for reoperation. This benefit of cervical disc 
arthroplasty appears to be supported by a number of random-
ized, controlled comparisons of arthroplasty and standard 
ACDF. Most of these studies also noted better maintenance of 
motion with arthroplasty than with arthrodesis. Other stud-
ies have reported a quicker return to work (approximately 2 
weeks earlier) by patients with arthroplasty. The indications 
for cervical disc arthroplasty appear to be similar to those 
for ACDF (see Chapter 41). Using the published contrain-
dications and indications listed in the trials of four different 
cervical disc arthroplasty devices (Box 38.7), a review of 167 
consecutive patients who had cervical spine surgery identi-
fied 95 (57%) who had absolute contraindications to this pro-
cedure. Kani and Chew listed anterior compressive pathology 
at the vertebral body level (such as ossification of the pos-
terior longitudinal ligament), coexistent posterior compres-
sive pathology (such as from facet arthrosis), and segmental 
instability (43.5 mm sagittal plane translation on dynamic 
cervical spine radiographs) as contraindications to cervical 
disc arthroplasty. Osteopenia and concurrent lumbar degen-
erative disease have been reported to increase the risk of 
development of adjacent segment disease after cervical disc 
arthroplasty. Reported complications include implant migra-
tion, heterotopic ossification, and recurrent radiculopathy. 
Metal-on-metal disc replacements also have been found to 
result in a lymphocytic reaction, similar to that with metal-
on-metal hip prostheses, in a few patients.

There are several additional considerations if cervical 
arthroplasty is to be recommended. The patient should be 
informed of the current expected or possible benefits and the 
current uncertainties involved with the procedure. Also, from 
an anatomic standpoint, the condition of the facets should be 
essentially normal because arthroplasty treats only one of the 
three joints at each motion segment. If there is significant disc 
space narrowing with facet overload and facet degeneration 
noted on CT, then cervical arthroplasty at this time cannot be 
recommended. Also, as with virtually any spine implant, the 
quality of the patient’s bone may preclude disc replacement if 
osteoporosis is present.

Proper implant position and size are crucial to the func-
tion and potential failure of each device. As described by Kani 
and Chew, an ideal cervical disc (Fig. 38.16A,B) should have 
a height similar to adjacent normal discs, provide as much 
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FIGURE 38.15 Cervical total disc replacements. A, Prodisc-C (Johnson and Johnson). B, Bryan 
Cervical Disc (Medtronic). C, PCM Cervical Disc (Medtronic). D, Mobi-C Cervical Disc (Zimmer Biomet). 
E, Prestige LP (Medtronic). F, SimplifyDisc (Simplify Medical). G, M6-C Artifical Cervical Disc (Spinal 
Kinetics.).  (From Nunley PD, Coric D, Frank KA, et al: Cervical disc arthroplasty: current evidence and real-
world application, Neurosurgery 83:1087, 2018.)

    

https://booksmedicos.org


CHAPTER 38 DEGENERATIVE DISORDERS OF THE CERVICAL SPINE 1709

surface coverage of the opposing endplates as possible, and be 
centrally positioned in both the sagittal and coronal planes. 
Prostheses that are undersized (Fig. 38.16C,D) increase stress 
concentrations per unit area and may increase the risk of sub-
sidence. Inadequate coverage of the endplates by an undersized 
prosthesis may predispose to heterotopic ossification and pos-
terior osteophyte formation, which ultimately restrict cervical 
segmental motion. Prostheses that are not centrally positioned 
on anteroposterior and lateral radiographs can lead to adja-
cent segment degeneration and scoliosis. Malpositioning of 
the implant in the coronal plane (see Fig. 38.16C) may cause 
unilateral neural foraminal narrowing with resultant radicu-
lopathy. Overstuffing the disc space with an oversized implant 
(Fig. 38.16E) results in distraction of the facet joints, which can 
cause axial neck pain and referred scapular pain and decrease 

cervical spine segmental motion. The reader is referred to the 
specific technique guides for these parameters. Our experience 
with these devices is limited at this time, and their ultimate 
value for patient care has not been determined. 

RHEUMATOID ARTHRITIS OF THE 
SPINE
Rheumatoid arthritis is a systemic inflammatory disorder 
caused by lymphoproliferative disease within synovium, 
which results in cartilaginous destruction, periarticular ero-
sions, and attenuation of ligaments and tendons. The latter 
along with pannus formation in the spine may cause spinal 
cord compression. This entity occurs twice as often in young 
women, with the age at diagnosis typically 30 to 50 years old. 
Cervical instability is the most serious and potentially lethal 
manifestation of rheumatoid arthritis, with radiographic 
changes or instability present in 19% to 88% of patients. 
Lumbar or thoracic pathology rarely is present in patients 
with rheumatoid arthritis. Risk factors for developing cervi-
cal involvement are an older age at onset, more active syno-
vitis, higher levels of C-reactive protein, rapidly progressive 
erosive peripheral joint disease, and early joint subluxation. 
Three basic types of cervical instability are present in this dis-
ease. Atlantoaxial instability is most common, affecting 19% 
to 70% of patients; basilar impression or atlantoaxial impac-
tion occurs in 38%; and subaxial subluxation occurs in 7% to 
29%. These pathologies are less frequent today with the use of 
modern rheumatologic medical treatments.

CLINICAL EVALUATION
Pain, neurologic sequelae, and instability often are the pre-
senting symptoms. Approximately 61% of patients undergo-
ing total joint replacement were reported to have instability 
in the cervical spine; 50% of these patients had no symptoms 
attributable to the neck preoperatively. Neck pain is reported 
by 40% to 88% of patients with rheumatoid arthritis of the 
spine, and 7% to 58% have neurologic findings. Axial neck 
pain usually is occipital and may be associated with headaches. 
Myelopathic symptoms include early weakness and gait dis-
turbance, with frequent tripping or clumsiness. Hand func-
tion may be impaired, with coordination disturbances that 
cause difficulty differentiating coins or buttoning clothing. 
Sensory changes and bowel and bladder incontinence are late 
myelopathic symptoms. In patients with atlantoaxial insta-
bility, vertebrobasilar insufficiency resulting from kinking of 
the vertebral arteries can cause vertigo, tinnitus, or visual dis-
turbances that lead to loss of equilibrium. Neurologic evalu-
ation in patients with rheumatoid arthritis can be difficult. 
Tendon ruptures, severe joint disturbances, and previous sur-
gery can make it difficult to distinguish radicular and myelo-
pathic symptoms from peripheral disease involvement. Any 
findings consistent with myelopathy should stimulate further 
investigation. 

DIAGNOSTIC IMAGING
RADIOGRAPHY

Radiographs should include anteroposterior, lateral, odon-
toid, and lateral flexion and extension views. Instability and 
potential for neurologic sequelae are correlated best with 
the posterior atlantodens interval, which is determined by 

Indications and Contraindications for Cervical 
Disc Replacement

Indications
Symptomatic cervical disc disease at one or two vertebral 

levels between C3-T1 confirmed by imaging (MRI, CT, 
or myelography) showing herniated nucleus pulposus, 
spondylosis, or loss of disc height

Failed ≥ 6 weeks of conservative therapy
Between 20 and 70 years of age
No contraindications 

Contraindications
≥3 vertebral levels requiring treatment
Cervical instability (translation >3 mm and/or >11-degree 

rotational difference to that or either adjacent level)
Known allergy to implant materials (titanium, polyethylene, 

cobalt, chromium, and molybdenum)
Cervical fusion adjacent to the level to be treated
Posttraumatic vertebral body deficiency/deformity
Facet joint degeneration
Neck or arm pain of unknown etiology
Axial neck pain as the solitary presenting symptom
Severe spondylosis (bridging osteophytes, disc height loss 

>50%, and absence of motion <2 degrees)
Osteoporosis/osteopenia
Prior surgery at the level to be treated
Active malignancy; history of invasive malignancy, unless 

treated and asymptomatic for at least 5 years
Systemic disease (acquired immune deficiency syndrome, 

human immunodeficiency virus, hepatitis B or C, and 
insulin-dependent diabetes)

Other metabolic bone disease (i.e., Paget disease and osteo-
malacia)

Morbid obesity (body mass index [BMI] >40 or weight >100 
lb over ideal body weight)

Pregnant or trying to become pregnant in next 3 years
Active local/systemic infection
Presently on medications that can interfere with bone/soft-

tissue healing (i.e., corticosteroids)
Autoimmune spondyloarthropathies (rheumatoid arthritis)

 BOX 38.7 

From Auerbach JD, Jones KJ, Fras CI, et al: The prevalence of indications and 
contraindications to cervical total disc replacement, Spine J 8:711, 2008.
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measuring the distance between the ventral surface of the 
lamina of C1 and the dorsal aspect of the odontoid; the inter-
val should be more than 14 mm. This measurement is 97% 
sensitive for the presence of paralysis. In patients with pre-
operative paralysis caused by atlantoaxial subluxation, recov-
ery is not expected if the spinal canal diameter is less than 10 
mm. If basilar impression is coexistent, significant recovery 
occurs only if the space available for the cord is at least 13 
mm. Therefore when patients have a posterior atlantodens 
interval of 14 mm or less, decompression must be consid-
ered because of the risk of paralysis from their atlantoaxial 
instability. Remember that the posterior atlantodens interval 
measured on a radiograph does not represent the actual space 
available for the cord because the soft tissues are not included 
in the measurement.

The atlantodens interval is determined by measuring the 
distance between the posterior edge of the anterior ring of C1 
and the anterior edge of the odontoid. Normally this distance 
should be 3.5 mm or less in an adult. An atlantodens inter-
val of more than 10 mm is clinically significant and suggests 
transverse ligament disruption; however, this measurement 
is not useful in predicting neurologic sequelae caused by 
instability, possibly because of the natural history of atlanto-
axial instability. As atlantoaxial instability progresses, subse-
quent vertical instability develops. As this superior migration 
occurs, the atlantodens interval decreases. Despite significant 
progression of instability and potential neurologic deficit, the 
atlantodens interval does not increase further. Posterior sub-
luxation is best determined by acute angulation of the cord 
and upper cervical spine as identified by sagittal reformat-
ted CT, lateral air contrast tomography, or preferably MRI. 
Lateral subluxation implies some rotation of the atlas and is 
present when the lateral masses of C1 are 2 mm or more later-
ally than those of C2.

Atlantoaxial impaction is measured using the McGregor 
line (Fig. 38.17). This line is constructed from the base of the 
hard palate to the outer cortical table of the occiput. The tip of 
the odontoid is measured perpendicular to this line. Superior 
migration is considered present in men if the tip of the odon-
toid is 4.5 mm above this line. Ranawat et  al. described a 
method of determining the degree of settling on the lateral 
radiograph using the minimal distance between a line drawn 

from the center of the anterior arch to the center of the poste-
rior arch of the atlas and a vertical line drawn along the pos-
terior aspect of the odontoid from the center of the pedicles 
of C2. They reported that the normal value was 15 mm for 
women and 17 mm for men, with less than 13 mm consid-
ered abnormal (Fig. 38.18). To determine vertebral settling, 
Redlund-Johnell and Pettersson used the minimal distance 
between the McGregor line and the midpoint of the inferior 
margin of the body of the axis on the lateral radiograph in the 
neutral position (Fig. 38.19). They noted the normal value to 
be 34 mm or more for men and 29 mm or more for women 
(100 patients each). In a comparative study of these two 
screening methods, the Redlund-Johnell method was found 
to be better for diagnosing basilar impression.

Subaxial subluxations produce a cascading, or “staircase,” 
appearance of the spine. Any slippage of 4 mm or more, or 
20% of the adjacent vertebral body, is considered significant. 
Measurement of sagittal spinal canal diameter is most useful 
and should be more than 13 mm. The risk of spinal cord com-
pression and injury is higher in patients with smaller canal 
diameters. 

COMPUTED TOMOGRAPHIC MYELOGRAPHY 
AND MAGNETIC RESONANCE IMAGING
Three-dimensional imaging is useful in patients who have a 
neurologic deficit or radiographic evidence of instability. MRI 

 

A B C D E

FIGURE 38.16 A and B, Ideal size and positioning of cervical disc prosthesis. C and D, Undersized and 
eccentrically positioned prosthesis. E, Oversized implant. (From Kani KK, Chew FS: Cervical disc arthroplasty: 
review and update for radiologists, Semin Roentgenol 54:113, 2019.)

 

McRae

Chamberlain

McGregor

FIGURE 38.17 Drawing of base of skull and upper spine 
showing McGregor, McRae, and Chamberlain lines.

    

https://booksmedicos.org


CHAPTER 38 DEGENERATIVE DISORDERS OF THE CERVICAL SPINE 1711

or CT myelography helps delineate the true space available 
for the cord. MRI is excellent for viewing soft tissues and the 
neural elements, but myelography followed by CT gives simi-
lar information. In addition to bony compression, pannus 
further decreases the space available for the cord by 3 mm 
or more in approximately 66% of patients. Determining the 
cervicomedullary angle is helpful in identifying vertical insta-
bility. A line drawn along the dorsal surface of the odontoid 
intersects a line drawn ventral and parallel to the medulla. 
This angle normally should be 135 to 175 degrees, with angles 
less than 135 degrees suggesting atlantoaxial impaction and 
correlating with the presence of myelopathy. MRI has been 
shown to be 100% accurate in identifying vertical settling, 
and it is currently the most definitive, least invasive test for 
cord compression. Flexion and extension MRI also has been 
used to determine dynamic compression of the spinal cord. 
Data from anatomic studies indicate that the space available 
for the cord should be 14 mm at the foramen magnum, 13 
mm at the atlantoaxial articulation, and 12 mm in the sub-
axial cervical spine. 

CERVICAL INSTABILITY
Cervical disease has an early onset and is correlated with 
appendicular disease activity. Other factors that predict more 
severe spinal involvement include longer duration of disease, 
positive rheumatoid factor, use of steroids, and male sex. 
Patients with rheumatoid arthritis have a shorter life expec-
tancy than the normal population. When cervical myelopathy 
is established, mortality is common if this condition remains 
untreated. Of 21 patients refusing surgery for cervical insta-
bility, all 21 died within 7 years of the onset of myelopathy. 
The incidence of sudden death from the combination of basi-
lar impression and atlantoaxial instability is about 10%.

Atlantoaxial subluxation is the most common instability, 
with a reported incidence of 11% to 46% of cases at necropsy. 
Atlantoaxial subluxation can be anterior, posterior, or lateral, 
with anterior instability predominating. Posterior instability may 
occur in 20% and lateral instability in 7% of patients. This insta-
bility results from erosive synovitis of the atlantoaxial, atlanto-
odontoid, and atlantooccipital joints. Basilar impression, vertical 

 

A B CFlexion Extension

First cervical
vertebra

Center of
pedicle of
second cervical
vertebra

FIGURE 38.18 Ranawat et al. measurement of superior migration in rheumatoid arthritis. A, 
Diameter of ring of first cervical vertebra and distance from center of pedicle of second cervical 
vertebra to this diameter are measured. B and C, Measurement of superior migration is unchanged 
in flexion or extension of spine.

 

McGregor
line

Base of
hard palate

Inferior border of
occipital bone

Odontoid process

External auditory
meatus

FIGURE 38.19 Redlund-Johnell determination of vertebral settling in rheumatoid arthritis. 
Distance is measured between McGregor line and midpoint of base of C2.
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settling, or atlantoaxial impaction is the settling of the skull onto 
the atlas and the atlas onto the axis as a result of erosive arthri-
tis and bone loss. This settling can result in vertebral arterial 
thrombosis. According to Ranawat et al., atlantoaxial instability 
is present in 38% of patients with rheumatoid arthritis; however, 
its frequency increases with disease severity (0% in mild dis-
ease, 52% in moderate disease, and 88% in severe disease in a 
report by Oda et al.). Subaxial subluxations are more subtle and 
frequently multiple, affecting 10% to 20% of patients with rheu-
matoid arthritis. They are believed to result from synovitis of the 
facet joints and uncovertebral joints, accompanied by erosion of 
the ventral endplates. They may result in root compression from 
foraminal narrowing. Myelography, postmyelography reformat-
ted CT, and MRI all show root cutoff and partial or complete 
block. Postmyelography reformatted CT and MRI are clearly 
superior in identifying soft-tissue obstructions and cord com-
pression. Absolute subluxation distances of clinical significance 
are unknown for this problem.

The signs and symptoms of these instability patterns 
include pain, stiffness, pyramidal tract involvement, verte-
brobasilar insufficiency, root findings, and symptoms simi-
lar to the Lhermitte sign in multiple sclerosis. Early clinical 
manifestations include Hoffmann and Babinski signs and 
hyperreflexia.

NONOPERATIVE TREATMENT
Disease-modifying antirheumatic medications are changing 
the course of this disease. Early use of nonbiologic or bio-
logic antirheumatic drugs can be beneficial in avoiding irre-
versible injury. The use of a combination of these medications 
has been shown to prevent or retard the development of ante-
rior atlantoaxial subluxation and other cervical spine lesions 
in patients with an early diagnosis of rheumatoid arthritis. 
Patients should be under the care of a rheumatologist once 
the diagnosis is made.

Goals of nonoperative treatment include preventing neu-
rologic injury, avoiding sudden death, minimizing pain, and 
maximizing function. Many patients, despite radiographic 
abnormalities, remain asymptomatic, and supportive treat-
ment and close observation are necessary. Medical manage-
ment during disease flares is important for patient comfort 
and should be coordinated with a rheumatologist. A cervical 
orthosis is helpful in some patients if pain persists. Isometric 
exercises help stabilize the neck without excessive motion 
and may help alleviate mechanical symptoms. Yearly follow-
up with five-view radiographs is indicated to detect instabil-
ity so that stabilization can be done before neurologic deficits 
develop. 

OPERATIVE TREATMENT
The indications for operative treatment are neurologic 
impairment, instability, and pain. Fusion is recommended for 
patients, with or without neurologic deficits, who have atlan-
toaxial subluxation and a posterior atlantoodontoid interval 
of 14 mm or less, atlantoaxial subluxation with at least 5 mm 
of basilar invagination, or subaxial subluxation with a sagit-
tal spinal canal diameter of 14 mm or less. Axial imaging that 
shows compression of the spinal cord to a diameter of less 
than 6 mm also is an indication for surgery.

Atlantoaxial subluxation is best treated by posterior C1 
and C2 fusion. When the subluxation is reducible, fusion may 
be accomplished by a posterior wiring technique (Gallie or 

Brooks wiring, see Technique 41.12), Magerl transarticular 
screws (see Technique 41.11), or Harms C1-2 lateral mass 
fixation (see Technique 41.9). When the atlantoaxial sublux-
ation is not reducible, posterior wiring techniques are contra-
indicated and screw fixation as described by Magerl or Harms 
should be used in combination with a C1 laminectomy if 
decompression is needed. Occipitocervical fusion also may 
be considered when adequate fixation cannot be achieved in 
C1. The need for a halo vest postoperatively should be based 
on the stability of the surgical fixation, bone quality, and com-
pliance of the patient.

Preoperative planning for transarticular screws or C1 
lateral mass fixation must include CT with sagittal and axial 
reconstructions to determine if ample lateral masses are 
present for fixation and to see if there are anomalies of the 
vertebral arteries. Stabilization alone should result in some 
decrease of pannus, and odontoid excision is unnecessary, 
unless anterior compression persists after fusion or if com-
pression is purely bony.

In patients with basilar impression, a trial of halo or tong 
traction for reduction is an option, if tolerated. If reduction 
is accomplished, a posterior occipitocervical fusion is done. 
If reduction is impossible, posterior fusion is done after 
anterior transoral decompression or posterior decompres-
sion that includes decompression of the foramen magnum. 
Posterior stabilization can be obtained with wiring and can-
cellous struts, Luque rods, lateral mass plates, Y-plates, and 
newer rod-screw or rod-hook systems. The prognosis is 
guarded in patients with preoperative neurologic deficits, and 
basilar impression is associated with poorer recovery of func-
tion. As a result, aggressive treatment is indicated to prevent 
neurologic deficits when progressive atlantoaxial impaction 
is identified.

Symptomatic subaxial subluxation is best treated by sur-
gical stabilization anteriorly or posteriorly. Anteriorly, stabi-
lization can be achieved by discectomy or corpectomy and 
fusion using a cage and autograft or allograft, structural 
allograft, or tricortical autogenous bone graft, depending on 
the pathology. In their comparative analysis of anterior fusion 
with allograft or intervertebral cage involving 6130 patients, 
Pirkle et al. found that the nonunion rate with cages (5%) was 
higher than that with allografts (2%) and concluded that the 
increased rate of nonunion with intervertebral cages suggests 
the superiority of allograft over cages in ACDF. Posteriorly, 
fusion is done using wires, plates, or mass screws and rods 
and autogenous bone grafting. Halo traction can be used 
to reduce subluxations preoperatively, especially in patients 
with myelopathy or paraplegia. Anterior decompression 
and fusion are preferred for irreducible subluxations and in 
patients who require a decompression. Supplementation with 
posterior instrumentation should be considered for patients 
who require multilevel anterior procedures and in patients 
with poor bone quality.

The mortality associated with surgery for rheumatoid 
arthritis patients is between 5% and 10% and is higher in 
patients with cardiovascular disease or atlantoaxial impac-
tion. The complication rate also is high; 25% of patients will 
have wound complications.

Boden and Clark developed a treatment algorithm for 
atlantoaxial subluxation (Fig. 38.20). The techniques for 
occipitocervical, atlantoaxial, and subaxial posterior cervical 
fusion are described in Chapter 41.
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Pain is decreased after surgery in 90% to 97% of patients. 
Peppelman et al. reported that neurologic function improved 
in 95% of patients with atlantoaxial subluxations, in 76% of 
patients with combined atlantoaxial subluxation and atlanto-
axial impaction, and in 94% of patients with subaxial sublux-
ations. Atlantoaxial subluxations have a poor prognosis for 
neurologic recovery, with several studies reporting improve-
ment of function of one Ranawat class in only 40% to 50% of 
patients. The severity of the preoperative neurologic deficit 
also influenced results. 

ANKYLOSING SPONDYLITIS OF 
THE CERVICAL SPINE
Ankylosing spondylitis is a chronic inflammatory disease of 
unknown etiology. It is a seronegative spondyloarthropathy that 
primarily affects the axial skeleton, sacroiliac joints, and pelvis. 
Less commonly, involvement of peripheral joints, eyes (iritis or 
uveitis), heart, and lungs can occur. Inflammation of the spinal 
joints and enthesopathies cause chronic pain and stiffness and 
can lead to progressive ankylosis of the spine in patients with 
long-standing disease. Ankylosing spondylitis typically affects 
young adults between the ages 20 and 40 years, with a male to 
female ratio of 1:3. The average onset of symptoms occurs at 23 
years of age; there can be an 8.5- to 11.4-year delay from initial 

symptoms to diagnosis. There is a known association with the 
HLA-B27 antigen. Of patients who have ankylosing spondyli-
tis, 88% to 96% are HLA-B27 positive, but only 5% of the HLA-
B27 population develops ankylosing spondylitis.

In the cervical spine, ankylosing spondylitis can lead to 
progressive deformity, causing disabling functional deficits. 
In addition, fused sections of the spine make it more suscep-
tible to fracture, pseudarthrosis, or spondylodiscitis. Long 
stiff segments of autofused spine can also provoke accelerated 
degeneration in adjacent mobile segments.

To aid in surgical planning for the sites and levels of oste-
otomies in the treatment of ankylosing spondylitis, Wang 
et al. proposed a classification system based on radiographic 
findings. They described four types according to the location 
of the apex: type I (lumbar), type II (thoracolumbar), type III 
(thoracic), and type IV (cervical or cervicothoracic junction). 
This classification has not been validated at this time.

DIAGNOSIS
In the vertebral bodies, inflammatory resorption of bone at 
the enthesis causes periarticular osteopenia. This resorption 
initially is seen as a “squaring off ” of the corners of the ver-
tebral bodies. Subsequent ossification occurs in the anulus 
fibrosis, sparing the anterior longitudinal ligament and disc 
and giving the “bamboo spine” appearance on radiographs. 
The posterior elements are similarly affected, with ossification 
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FIGURE 38.20 Algorithm for evaluation and management of rheumatoid arthritis of cervical 
spine. AAS, Atlantoaxial subluxation; CMA, cervicomedullary angle; PADI, posterior atlantodental 
interval; SAC, space available for cord; SAS, subaxial subluxation; VMO, vertical migration of odon-
toid.  (From Boden SD, Clark CR: Rheumatoid arthritis of the cervical spine. In The Cervical Spine Research 
Society, Editorial Committee: The cervical spine, ed 3, Philadelphia, 1998, Lippincott-Raven.)

    

https://booksmedicos.org


PART XII THE SPINE1714

of the facet joints, interspinous and supraspinous ligaments, 
and ligamentum flavum. Atlantoaxial instability must be 
identified, especially in any patient having surgery for con-
ditions associated with ankylosing spondylitis. Because of 
the stiff subaxial spine, instability occurs in 25% to 90% of 
patients with ankylosing spondylitis.

Distorted anatomy from disc ossification, ectopic bone, 
and sclerosis can make the spinal fractures difficult to see on 
plain radiographs, and these injuries often are missed. A wid-
ened anterior disc space, which creates an unstable configu-
ration that is prone to translation, late neurologic loss, and 
slow healing, may be the only obvious radiographic finding. 
Imaging with MRI, CT, or bone scan may be helpful in mak-
ing the diagnosis. Ankylosing spondylitis patients diagnosed 
with spine fractures should have the entire spine imaged to 
rule out associated fractures at other levels.

Characteristic MRI findings suggestive of cervical spon-
dylotic myelopathy, such as increased signal intensity of the 
spinal cord on T2-weighted imaging, typically occur late in 
the course of the disease and are predictive of poor neurologic 
outcome even with decompression surgery. Clinical studies 
have shown that conventional MRI for the evaluation of cer-
vical spine myelopathy has a poor correlation with the symp-
toms and prognosis, with a diagnostic sensitivity between 
15% and 65% in patients with major signs and symptoms. A 
newer imaging technique—diffusion tensor imaging—had 
been reported to demonstrate spinal cord impairment in 
patients with early stage cervical spondylosis before it is vis-
ible on plain MRI scans. Diffusion tensor imaging is based 
on the diffusion rate of water in tissue, making it sensitive to 
disease processes altering the water movement in the cervical 
spinal cord at a microscopic level beyond conventional MRI. 
The information it provides can be helpful in early identifica-
tion of patients in whom operative treatment is indicated. 

TREATMENT
Treatment is directed at maintaining flexibility and main-
taining spinal alignment with exercises and posture. Sleeping 
supine on a firm mattress with one pillow may help maintain 
sagittal alignment. Medications used in the treatment of anky-
losing spondylitis fall into three categories. The first includes 
nonsteroidal antiinflammatory drugs that relieve pain by 
decreasing joint inflammation. The second group comprises 
disease-modifying antirheumatic drugs such as minocycline, 
sulfasalazine, and methotrexate. This is an unrelated group 
of drugs found to slow the disease process, but they do not 
provide a cure. Finally, tumor necrosis factor-α blockers have 
been shown to be effective.

Operative management in patients with ankylosing spon-
dylitis is indicated to decrease pain and improve function. 
Total hip arthroplasties are the most common surgical inter-
ventions performed in this population, followed by spinal 
osteotomies to correct sagittal imbalances.

Spinal fractures in patients with ankylosing spondylitis 
are always serious and frequently are life-threatening injuries. 
In patients with ankylosing spondylitis, cervical spine frac-
ture is a leading cause of in-hospital mortality. Spine osteope-
nia that is common in this population combined with fused 
segments make patients more vulnerable to fractures, espe-
cially from minor trauma. It should be up to the treating phy-
sician to prove that the patient with ankylosis does not have a 
fracture after trauma. Spinal precautions and immobilization 

in a position accommodating the patient’s posture is very 
important. Fractures usually occur in the lower cervical 
spine, frequently are unstable, and usually are discovered late. 
Persistent pain may be the only finding until late neurologic 
loss occurs. In patients with established kyphosis, the defor-
mity may suddenly improve. The patient’s previous defor-
mity may be unknown to individuals providing emergency 
care. Any perceived change in spinal alignment, even if the 
result of trivial trauma, should be considered a fracture in a 
patient with ankylosing spondylitis. The standard procedure 
is to immobilize the patient in the position in which he or she 
is found because extension may result in sudden neurologic 
loss.

Surgical stabilization of fractures in patients with anky-
losing spondylitis is associated with a high complication rate 
but has been shown to improve survival in this population. 
For stabilization of cervical fractures, combined anterior 
and posterior or long posterior constructs are recommended 
because of the poor bone quality. Yan et al. reported success-
ful fusion of lower cervical spine fractures in 35 patients after 
pedicle screw fixation and autologous bone grafting through 
a single posterior approach. Anterior-only stabilization pro-
cedures are prone to failure; we recommend that they be 
avoided. The morbidity and mortality associated with these 
procedures in patients with ankylosing spondylitis are very 
high because of the comorbidities many of these patients 
have. Guo et al., however, reported successful fusion in nine 
of 10 patients treated with a single anterior approach followed 
by postoperative immobilization with a cervical collar and 
suggested that this technique can yield acceptable results in 
properly selected patients. 

OSTEOTOMY OF THE CERVICAL SPINE
In patients with chin-on-chest deformity, often the man-
dible is so near the sternum that opening the mouth and 
chewing properly are difficult. Cervicodorsal kyphosis usu-
ally can be treated satisfactorily by lumbar osteotomy, which 
provides a compensatory lumbar lordosis and results in an 
erect posture. Cervical osteotomy may be indicated, how-
ever, (1) to elevate the chin from the sternum, improving the 
appearance, the ability to eat, and the ability to see ahead; 
(2) to prevent atlantoaxial and cervical subluxations and 
dislocations, which result from the weight of the head being 
carried forward by gravity; (3) to relieve tracheal and esoph-
ageal distortion, which causes dyspnea and dysphagia; and 
(4) to prevent irritation of the spinal cord tracts or exces-
sive traction on the nerve roots, which causes neurologic 
disturbances.

The appropriate level for osteotomy is determined by the 
deformity and the degree of ossification of the anterior lon-
gitudinal ligament. Law successfully performed osteotomies 
at the levels of C3-4, C5-6, and C6-7, fixing the spine inter-
nally with the plates devised by Wilson and Straub for use in 
lumbosacral arthrodesis. Wiring of the spinal processes (see 
Chapter 41), or use of a halo alone, also should be effective. In 
the osteotomy technique described by Simmons (Fig. 38.21), 
decompression is done first and is extended into the neural 
foramina. After decompression and resection of the inferior 
aspect of the pedicles, extension manipulation is done. The 
operation is done with the patient sitting on a stool or in a 
dental chair and inclined forward with the arms resting on an 
operating table (Fig. 38.22). Overcorrection of the deformity 
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must be avoided because otherwise the trachea and esopha-
gus could be overstretched and become obstructed. If halo 
stabilization alone is used, postoperative neurologic symp-
toms are treated by lessening correction; if internal fixation is 
used for more postoperative stability, reoperation is required 
for adjustment of correction. The halo is worn for 3 months, 
and a Philadelphia collar or similar orthosis is worn an addi-
tional 6 to 8 weeks.
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OVERVIEW OF LUMBAR AND 
THORACIC DISC DEGENERATION 
AND HERNIATION
Despite an improving understanding of degenerative disc 
disease on the basis of its natural history and basic science, 
treatment results of this entity vary greatly. There is no lack of 
treatment options for degenerative discs; what we tend to lack 
is understanding of the specific cause(s) of the patient’s chief 
complaint. Despite the fact that William Kirkaldy-Willis has 
described the spectrum of disc degeneration and its pathologic 
progression, the clinical correlation of history, physical exami-
nation, and imaging that yields a specific diagnosis remains 
the greatest challenge. Over the past several decades, studies 
of patients with back and/or leg pain have led to improved 
treatment of the patients in whom a specific diagnosis was 
possible. This group remains the minority of patients who 
are evaluated for low back or leg pain. Complex psychosocial 
issues, depression, and secondary gain are a few of the non-
anatomic problems that must be considered when evaluating 
these patients. In addition, the number of anatomic causes for 
these symptoms, whether real or perceived, has increased as 
understanding and diagnostic capabilities have increased.

Axial spine pain, which should be distinguished from 
disc degeneration, is the most frequent musculoskeletal 
complaint. Axial spine pain—whether cervical, thoracic, or 
lumbar—often is attributed to disc degeneration. This degen-
erative process does not always cause pain, but it can lead 
to internal disc derangement, disc herniation, facet arthro-
sis, degenerative spondylolisthesis, and stenosis that can be 
seen on imaging. Each of these pathologic processes has 
unique clinical findings and treatments. Outcomes of treat-
ment for each of these specific pathologic entities also vary 
greatly despite their being from the same etiologic spectrum. 
The understanding of disc degeneration and the associated 
pathologies has changed markedly over the past several years.

The genetic influence on disc degeneration may be caused 
by a small effect from each of multiple genes or possibly a rela-
tively large effect from a smaller number of genes. To date, sev-
eral specific gene loci have been identified that are associated 
with disc degeneration. This association of a specific gene with 
degenerative disc changes has been confirmed. Other varia-
tions in the aggrecan gene, metalloproteinase-3 gene, collagen 
type IX, and alpha 2 and 3 gene forms also have been associ-
ated with disc pathology and symptoms. The understanding 
of symptoms and treatment success for disc herniations has 
surpassed those related to disc degeneration alone.

Nonspecific axial pain is an international health issue of 
major significance and should be discriminated from pain 
associated with a disc herniation. Approximately 80% of indi-
viduals are affected by this symptom at some time in their lives. 
Impairments of the back and spine are ranked as the most fre-
quent cause of limitation of activity in individuals younger 
than 45 years old by the National Center for Health Statistics 
(www.cdc.gov/nchs). Physicians who treat patients with spinal 
disorders and spine-related complaints must distinguish the 
complaint of back pain, which several epidemiologic studies 
reveal to be relatively constant, from disability attributed to 
back pain. Although back pain as a presenting complaint may 
account for only 2% of the patients seen by a general practi-
tioner, the cost to society and the patient in terms of lost work 
time, compensation, and treatment is staggering.

The total cost of low back pain in the United States is 
greater than $100 billion per year; one third are direct costs 
for care, with the remaining costs resulting from decreased 
productivity, lost wages, and absenteeism. Also, only about 
5% of patients accounted for 75% of the costs. Typically, about 
90% of patients return to work by 3 months, with most return-
ing to work by 1 month. Patients off work for 6 months have 
only a 50/50 probability of ever returning to work, whereas at 
1 year this probability decreases to 25%.

Nonanatomic factors, specifically work perception and 
psychosocial factors, are intimately intertwined with physical 
complaints. Compounding the diagnostic and treatment diffi-
culties is the high incidence of significant abnormalities shown 
by imaging studies, which in asymptomatic matched controls 
is 76%. Identified risk factors for radiographically apparent 
disc disorders of the lumbar spine include genetic factors, age, 
gender, smoking, increased intra-abdominal fat, metabolic 
syndrome, and, to a minimal degree, occupational exposure, 
but not socioeconomic factors. In contrast is the importance 
of socioeconomic factors for the development of low back pain 
and disability. Job dissatisfaction, physically strenuous work, 
psychologically stressful work, low educational attainment, 
and workers’ compensation insurance all are associated with 
low back pain or disability. These data suggest that aggres-
sive treatment between 4 weeks and 6 months is necessary for 
patients with low back pain. Consideration of socioeconomic 
factors is an important component of appropriate patient eval-
uation because there is an inextricable link between an indi-
vidual’s socioeconomic status and his or her health.

Optimal outcome primarily depends on “proper patient 
selection,” which so far has defied satisfactory definition. 
Until the pathologic process is better described and reliable 
criteria for the diagnosis are determined, improvement in 
treatment outcomes will change slowly. 

DISC AND SPINE ANATOMY
The anatomy of the spine and discs is discussed in detail in 
Chapter 37.

NEURAL ELEMENTS
The organization of the neural elements is strictly maintained 
throughout the entire neural system, even within the conus 
medullaris and cauda equina distally. The orientation of the 
nerve roots in the dural sac and at the conus medullaris fol-
lows a highly organized pattern, with the most cephalad roots 
lying lateral and the most caudad lying centrally. The motor 
roots are ventral to the sensory roots at all levels. The arach-
noid mater holds the roots in these positions.

The pedicle is the key to understanding surgical spinal 
anatomy. The relation of the pedicle to the neural elements 
varies by region within the spinal column. In the thoracic and 
lumbar spine, the named root exits below the named pedicle. 
Discs are formally named for the vertebral bodies between 
which they lie (e.g., the L4-5 disc is between the L4 and L5 
vertebral bodies). This allows slightly more specificity in 
describing the discs if there is an anatomic variant (e.g., L4- 
S1) and less confusion than having the vertebral body, nerve 
root, and disc sharing the same name. Despite being less 
specific, the disc often is informally named for the vertebral 
level immediately cephalad (e.g., the L4 disc is immediately 
caudal to the L4 vertebra). In the lumbar spine, lateral recess 
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pathology, such as lateral recess stenosis or posterolateral disc 
herniation, typically involves the next nerve root exiting cau-
dal to that disc; for example, an L4-5 posterolateral disc her-
niation would be expected to cause L5 nerve root symptoms.

At the level of the intervertebral foramen is the dorsal 
root ganglion (DRG). The DRG lies within the outer con-
fines of the foramen. Distal to the ganglion, three distinct 
branches arise; the most prominent and important is the 
ventral ramus, which supplies all structures ventral to the 
neural canal. The second branch, the sinuvertebral nerve, is 
a small filamentous nerve that originates from the ventral 
ramus and progresses medially over the posterior aspect of 
the disc and vertebral bodies, innervating these structures 
and the posterior longitudinal ligament. The third branch 
is the dorsal ramus. This branch courses dorsally, piercing 
the intertransverse ligament near the pars interarticularis. 
Three branches from the dorsal ramus innervate the struc-
tures dorsal to the neural canal. The lateral and intermediate 
branches provide innervation to the posterior musculature 
and skin. The medial branch separates into three branches to 
innervate the facet joint at that level and the adjacent levels 
above and below (Fig. 39.1).

Disc innervation is through afferent axons with cell bod-
ies within the DRG. Nociceptive signals are transmitted to the 
spinal cord by neurons from the DRG. Animal studies have 
revealed two paths between the annulus and the DRG: one 
from the sinuvertebral nerve and another along the paraver-
tebral sympathetic trunk. The sinuvertebral nerve is a recur-
rent branch of the ventral ramus that connects back to the 
posterior disc at each level. The paired ganglia chains of the 
sympathetic trunks have axons that course through the gray 

rami communicantes to the spinal nerve. The disc is inner-
vated by fibers from multiple levels. In animal models, the 
lateral annulus was found to be innervated by fibers cours-
ing from the index level and two additional superior levels 
through the sinuvertebral nerves. Also, there was innervation 
through the sympathetic trunk by the DRG from the three 
levels even more superior than the sinuvertebral innerva-
tions. Contralateral DRG involvement also occurs through 
both pathways. Similar nonsegmental, multilevel innervation 
patterns also have been reported for the ventral disc surface. 
These complex multilevel innervations would help explain 
the pain patterns encountered clinically if similar patterns 
are present in humans. Also, innervations of the disc from 
the vertebral endplate have been shown. Intraosseous nerves 
follow the osseous vasculature. This endplate innervation is 
through a branch of the sinuvertebral nerve, the basiverte-
bral nerve. This nerve enters the foramen, and the nerve fibers 
enter the vertebral margin with the vessels. The density of 
innervation is similar to that seen in the outer annulus, which 
suggests that the endplates are as important to pain genera-
tion as is the annulus. 

NATURAL HISTORY OF DISC 
DISEASE
One theory of spinal degeneration assumes that all spines 
degenerate and that current methods of treatment are for 
symptomatic relief, not for cure. The degenerative process 
has been divided into three separate stages with relatively dis-
tinct findings. The first stage is dysfunction, which is seen in 
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FIGURE 39.1 A, Dorsal view of lumbar spinal segment with lamina and facets removed. On 
left side, dura and root exiting at that level remain. On right side, dura has been resected and root 
is elevated. Sinuvertebral nerve with its course and innervation of posterior longitudinal ligament 
is usually obscured by nerve root and dura. B, Cross-sectional view of spine at level of endplate 
and disc. Note that sinuvertebral nerve innervates dorsal surface of disc and posterior longitudinal 
ligament. Additional nerve branches from ventral ramus innervate more ventral surface of disc and 
anterior longitudinal ligament. Dorsal ramus arises from root immediately on leaving foramen. 
This ramus divides into lateral, intermediate, and medial branches. Medial branch supplies primary 
innervation to facet joints dorsally.
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individuals 15 to 45 years old. It is characterized by circumfer-
ential and radial tears in the disc annulus and localized syno-
vitis of the facet joints. The next stage is instability. This stage, 
found in 35- to 70-year-old individuals, is characterized by 
internal disruption of the disc, progressive disc resorption, and 
degeneration of the facet joints with capsular laxity, sublux-
ation, and joint erosion. The final stage, present in individuals 
older than 60 years, is stabilization. In this stage, the progres-
sive development of hypertrophic bone around the disc and 
facet joints leads to segmental stiffening or frank ankylosis.

Each spinal segment degenerates at a different rate. As 
one level is in the dysfunction stage, another may be entering 
the stabilization stage. Disc herniation in this scheme is con-
sidered a complication of disc degeneration in the dysfunc-
tion and instability stages. Spinal stenosis from degenerative 
arthritis in this scheme is a complication of bony overgrowth 
compromising neural tissue in the late instability and early 
stabilization stages.

Long-term follow-up studies of lumbar disc herniations 
have documented several principles, the foremost being that 
generally symptomatic lumbar disc herniation (which is only 
one of the consequences of disc degeneration) has a favorable 
outcome in most patients. The primary benefit of surgery has 
been noted to occur early on in the first year after surgery, 
but with time the statistical significance of the improvement 
appears to be lost. In general, the literature supports an active 
care approach, minimizing centrally acting medications. The 
judicious use of epidural steroids also is supported, but long-
term results and repeated use is questionable. Nonprogressive 
neurologic deficits originating from the lumbar spine (except 
cauda equina syndrome) can be treated nonoperatively with 
expected clinical improvement. If surgery is necessary, it usu-
ally can be delayed 6 to 12 weeks to allow adequate oppor-
tunity for improvement. Some patients are best treated 
surgically, and this is discussed in the section dealing specifi-
cally with operative treatment of lumbar disc herniation.

The natural history of degenerative disc disease is one of 
recurrent episodes of pain followed by periods of significant 
or complete relief.

Before a discussion of diagnostic studies, axial spine pain 
with radiation to one or more extremities must be considered. 
Also, understanding certain pathophysiologic entities must 
be juxtaposed to other entities of which only a rudimentary 
understanding exists. It is doubtful there is any other area of 
orthopaedics in which accurate diagnosis is as difficult or the 
proper treatment as challenging as in patients with persis-
tent neck and arm or low back and leg pain. Although many 
patients have clear diagnoses properly arrived at by careful 
history and physical examination with confirmatory imaging 
studies, many patients with pain have absent neurologic find-
ings other than sensory changes and have normal imaging 
studies or studies that do not support the clinical complaints 
and findings. Inability to easily determine an appropriate 
diagnosis does not relieve the physician of the obligation to 
recommend treatment or to direct the patient to a setting 
where such treatment is available. Careful assessment of these 
patients to determine if they have problems that can be ortho-
paedically treated (operatively or nonoperatively) is impera-
tive to avoid both overtreatment and undertreatment.

Operative treatment can benefit a patient if it corrects a 
deformity, corrects instability, relieves neural compression, or 
treats a combination of these problems directly attributable to 

the patient’s complaint. Obtaining a history and completing a 
physical examination to determine a diagnosis that should be 
supported by other diagnostic studies is fundamental; con-
versely, matching the diagnosis and treatment to the results of 
diagnostic studies, as often can be done in other subspecial-
ties of orthopaedics (e.g., treating extremity pain based on a 
radiograph that shows a fracture), is more complex and dif-
ficult. The history, physical examination, and imaging studies 
must all confirm the same pathologic process as the source 
of symptoms if surgical intervention is to be reproducibly 
successful.

AXIAL LUMBAR PAIN
Axial lumbar pain occurs at some point in the lives of most 
people. Appropriate treatment for what can be at times excru-
ciating pain generally should begin with evaluation for a sig-
nificant spinal pathologic process. This pathologic process 
being absent, a brief (1 to 3 days) period of bed rest with insti-
tution of an antiinflammatory regimen and rapid progression 
to an active exercise regimen with an anticipated return to 
full activity should be expected and encouraged. Generally, 
patients treated in this manner improve significantly in 4 to 
8 weeks. Diagnostic studies, including radiographs, often are 
not helpful because they add little information. More sophis-
ticated imaging with CT and MRI or other studies have even 
less utility initially. An overdependence on the diagnosis of 
disc herniation can occur with early use of these diagnostic 
studies, which show disc herniations in 20% to 36% of normal 
volunteers. General imaging guidelines have been developed 
to help identify patients for whom radiography is indicated 
(Box 39.1).

Patients should understand that persistence of some pain 
does not indicate treatment failure, necessitating further 
measures; however, it is important for treating physicians to 
recognize that the longer a patient is limited by pain, the less 
likely he or she is to return to full activity.

For patients who do not respond to treatment regimens, 
early recognition that other issues may be involved is essen-
tial. Careful reassessment of complaints and reexamination 
for new information or findings and inconsistencies are nec-
essary. Many studies of occupational back pain have revealed 
that depression, occupational mental stress, job satisfaction, 
intensity of concentration, anxiety, and marital status can be 

Selective Indications for Radiography in Acute 
Low Back Pain

 n  Age >50 years
 n  Significant trauma
 n  Neuromuscular deficits
 n  Unexplained weight loss (10 lb in 6 months)
 n  Suspicion of ankylosing spondylitis
 n  Drug or alcohol abuse
 n  History of cancer
 n  Use of corticosteroids
 n  Temperature ≥37.8°C (≥100°F)
 n  Recent visit (≤1 month) for same problem and no 

 improvement
 n  Patient seeking compensation for back pain

 BOX 39.1 

    

https://booksmedicos.org


CHAPTER 39 DEGENERATIVE DISORDERS OF THE THORACIC AND LUMBAR SPINE 1723

related to complaints of pain and disability. The role of these 
factors as causal or consequential of the symptoms remains an 
area of continued study; however, there is some evidence that 
the psychologic stresses occur before complaints of pain in 
some patients. Another finding that is evident from the litera-
ture is the inability of physicians to detect psychosocial fac-
tors adequately without using specific instruments designed 
for this purpose in patients with back pain. In one study, 
experienced spinal surgeons were able to identify distressed 
patients only 26% of the time based on patient interviews. 
Given the difficulty of identifying patients with psychoso-
cial distress, being aware of the high incidence of inciden-
tal abnormal findings on imaging studies underscores the 
need for critical individual review of these studies by treating 
physicians. Severe nerve compression shown by MRI or CT 
correlates with symptoms of distal leg pain; however, mild-to-
moderate nerve compression (Table 39.1), disc degeneration 
or bulging, and central stenosis do not correlate significantly 
with specific pain patterns. 

DIAGNOSTIC STUDIES
RADIOGRAPHY
The simplest and most readily available diagnostic tests for 
lumbar pain are anteroposterior and lateral radiographs of the 
involved spinal region. These simple radiographs show a rela-
tively high incidence of abnormal findings; however, spinal 
radiographs on the initial visit for acute low back pain may 
not contribute to patient care and are not always cost effective. 

Plain radiographs may be considered only after the initial 
therapy fails, especially in patients younger than 45 years old.

There is insignificant correlation between back pain and 
the radiographic findings of lumbar lordosis, transitional ver-
tebra, disc space narrowing, disc vacuum sign, and claw spurs. 
In addition, the entity of disc space narrowing is extremely 
difficult to quantify in all but operated backs or in obviously 
abnormal circumstances. A study of 321 patients found that 
only when traction spurs or obvious disc space narrowing or 
both were present did the incidence of severe back and leg 
pain, leg weakness, and numbness increase. These positive 
findings had no relationship to heavy lifting, vehicular expo-
sure, or exposure to vibrating equipment. Other studies have 
shown some relationship between back pain and the findings 
of spondylolysis, spondylolisthesis, and adult scoliosis, but 
these findings also can be observed in spine radiographs of 
asymptomatic patients.

Special radiographic views can be helpful in further defin-
ing the initial clinical radiographic impression. Oblique views 
are useful in defining further spondylolisthesis and spondylol-
ysis but are of limited use in facet syndrome and hypertrophic 
arthritis of the lumbar spine. Lateral flexion and extension 
radiographs may reveal segmental instability. The interpreta-
tion of these views depends on patient cooperation, patient 
positioning, and reproducible technique. Lateral lumbar flex-
ion views are valid only if done in the seated position, which 
maximizes lumbar kyphosis. The Ferguson view (20-degree 
caudocephalic anteroposterior radiograph) has been shown 
to be of value in the diagnosis of the “far out syndrome,” that 
is, fifth root compression produced by a large transverse pro-
cess of the fifth lumbar vertebra against the ala of the sacrum. 
Angled caudal views localized to areas of concern may show 
evidence of facet or laminar pathologic conditions. 

MYELOGRAPHY
The value of myelography is the ability to check all spinal 
regions for abnormality and to define intraspinal lesions; it 
may be unnecessary if clinical and CT or MRI findings are in 
complete agreement. The primary indications for myelogra-
phy are suspicion of an intraspinal lesion, patients with spi-
nal instrumentation, or questionable diagnosis resulting from 
conflicting clinical findings and other studies. In addition, 
myelography is valuable in a previously operated spine and 
in patients with marked bony degenerative change that may 
be underestimated on MRI. Myelography is improved by the 
use of postmyelography CT in this setting and in evaluating 
spinal stenosis.

Several contrast agents have been used for myelography: 
air, oil contrast, and water-soluble (absorbable) contrast agents, 
including metrizamide (Amipaque), iohexol (Omnipaque), 
and iopamidol (Isovue-M). Because these nonionic agents are 
absorbable, the discomfort of removing them and the severity 
of the postmyelography headache have decreased.

Arachnoiditis is a severe complication that has been 
attributed occasionally to the combination of iophendylate 
and blood in the cerebrospinal fluid (CSF). This diagnosis 
usually is confirmed only by repeat myelography. Attempts 
at surgical neurolysis have resulted in only short-term relief 
and a return of symptoms within 6 to 12 months after the 
procedure. Time may decrease the effects of this serious 
problem in some patients, but progressive paralysis has been 
reported in rare instances. Arachnoiditis also can be caused 

 TABLE 39.1

Classification for Spinal Nerve and Thecal Sac 
Deformation on Magnetic Resonance Imaging

SPINAL NERVE DEFORMATION IN LATERAL RECESS OR 
INTERVERTEBRAL FORAMEN

0—absent No visible disc material contacting or 
deforming nerve

I—minimal Contact with disc material deforming 
nerve but displacement <2 mm

II—moderate Contact with disc material displacing 
≥2 mm; nerve is still visible and not 
obscured by disc material

III—severe Contact with disc material completely 
obscuring nerve

THECAL SAC DEFORMATION IN VERTEBRAL CANAL

0—absent No visible disc material contacting or 
deforming thecal sac

I—minimal Disc material in contact with thecal sac
II—moderate Disc material deforming thecal sac; 

anteroposterior distance of thecal sac 
≥7 mm

III—severe Disc material deforming thecal sac; 
anteroposterior distance of thecal sac 
<7 mm

From Beattie PF, Myers SP, Stratford P, et al: Associations between patient 
report of symptoms and anatomical impairment visible on lumbar magnetic 
resonance imaging, Spine 25:819–828, 2000.
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by tuberculosis and other types of meningitis. Arachnoiditis 
has not been noted to be related to the use of a water-soluble 
contrast agent, with or without injection, in the presence of a 
bloody tap.

Water-soluble contrast media are now the standard agents 
for myelography. Their advantages include absorption by the 
body, enhanced definition of structures, tolerance, and the 
ability to vary the dosage for different contrasts. Similar to 
iophendylate, they are meningeal irritants, but they have not 
been associated with arachnoiditis. The complications of these 
agents include nausea, vomiting, confusion, and seizures. Rare 
complications include stroke, paralysis, and death. Iohexol and 
iopamidol have significantly lower complication rates than 
metrizamide. The more common complications seem to be 
related to patient hydration, phenothiazines, tricyclic antide-
pressants, and migration of contrast material into the cranial 
vault. Many reported complications can be prevented or mini-
mized by using the lowest possible dose to achieve the desired 
degree of contrast. Adequate hydration and discontinuation 
of phenothiazines and tricyclic antidepressants before, during, 
and after the procedure also should minimize the incidence of 
the more common reactions. Likewise, maintenance of at least 
a 30-degree elevation of the patient’s head until the contrast 
material is absorbed should help prevent reactions. Complete 
information about these agents and the dosages required is 
found in their package inserts.

Iohexol is a nonionic contrast medium approved for tho-
racic and lumbar myelography. The incidence of reactions to 
this medium is low. The most common reactions are headache 
(<20%), pain (8%), nausea (6%), and vomiting (3%). Serious 
reactions are rare and include mental disturbances and aseptic 
meningitis (0.01%). Good hydration is essential to minimize the 
common reactions. The use of phenothiazine antinauseants is 
contraindicated when this medium is employed. Management 
before and after the procedure is the same as for metrizamide.

Air contrast is used rarely and probably should be used 
only in situations in which myelography is mandatory and the 
patient is extremely allergic to iodized materials. The reso-
lution from such a procedure is poor. Air epidurography in 
conjunction with CT has been suggested in patients in whom 
further definition between postoperative scar and recurrent 
disc material is required.

Myelographic technique begins with a careful expla-
nation of the procedure to the patient before its initiation. 
Hydration of the patient before the procedure may mini-
mize postmyelographic complaints. Heavy sedation rarely is 
needed. Proper equipment, including a fluoroscopic unit with 
a spot film device, image intensification, tilt table, and televi-
sion monitoring, is useful. The type of needle selected also 
influences the risk of postdural puncture headaches, which 
can be severe. Smaller gauge needles (22- or 25-gauge) have 
been found to result in a lower incidence of postdural punc-
ture headaches. Also, use of a Whitacre-type needle with a 
blunter tip and side port opening results in fewer postdural 
puncture headache complaints.

The most common technical complications of myelography 
are significant retention of contrast medium (oil contrast only), 
persistent headache from a dural leak, and epidural injection. 
These problems usually are minor. Persistent dural leaks usu-
ally are responsive to a blood patch. With the use of a water-
soluble contrast medium, the persistent abnormalities caused 
by retained medium and epidural injection are eliminated. 

 

MYELOGRAPHY

 TECHNIQUE 39.1 

 n  Place the patient prone on the fluoroscopic table. Use of 
an abdominal pillow is optional. Prepare the back in the 
usual surgical fashion.

 n  Determine needle placement by the suspected pathologic 
level. Placement of the needle cephalad to L2-3 is more 
dangerous because of the risk of damaging the conus 
medullaris.

 n  Infiltrate the selected area of injection with a local anes-
thetic. Use the smallest gauge needle that can be well 
placed. If a Whitacre-type needle is used, a 19-gauge 
needle may be placed through the skin, subcutaneous 
tissue, and fascia to form a track because this relatively 
blunt needle cannot penetrate these structures well. Mid-
line needle placement usually minimizes lateral nerve root 
irritation and epidural injection. Advance the needle with 
the bevel parallel to the long axis of the body. Subarach-
noid placement can be enhanced by tilting the patient up 
to increase intraspinal pressure and minimize the epidural 
space.

 n  When the dura and arachnoid have been punctured, turn 
the bevel of the needle cephalad. A clear continuous flow 
of CSF should continue with the patient prone. Manomet-
ric studies can be done at this time if desired or indicated. 
Remove a volume of CSF equal to the planned injection 
volume for laboratory evaluation as indicated by the clini-
cal suspicions. In most patients, a cell count, differential 
white blood cell count, and protein analysis are performed.

 n  Inject a test dose of the contrast material under fluo-
roscopic control to confirm a subarachnoid injection. If 
a mixed subdural-subarachnoid injection is suspected, 
change the needle depth; occasionally, a lateral radio-
graph may be required to confirm the proper depth. If 
flow is good, inject the contrast material slowly.

 n  Ensure continued subarachnoid injection by occasionally 
aspirating as the injection continues. The usual dose of 
iohexol for lumbar myelography in an adult is 10 to 15 
mL with a concentration of 170 to 190 mg/mL. Higher 
concentrations of water-soluble contrast are required if 
higher areas of the spine are to be demonstrated. Con-
sult the package insert of the contrast agent used. The 
needle can be removed if a water-soluble contrast agent 
(iohexol) is used.

 n  Allow the contrast material to flow caudally for the best 
views of the lumbar roots and distal sac. Make spot films 
in the anteroposterior, lateral, and oblique projections. A 
full lumbar examination should include thoracic evalua-
tion to about the level of T7 because lesions at the tho-
racic level may mimic lumbar disc disease. Take additional 
spot films as the contrast proceeds cranially.

 n  If a total or cervical myelogram is desired, allow the con-
trast to proceed cranially. Extend the neck and head maxi-
mally to prevent or minimize intracranial migration of the 
contrast medium.

 n  If blood is present in the initial tap, aborting the pro-
cedure if the CSF does not clear rapidly is best. It can 
be attempted again in several days if the patient has no 
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 symptoms related to the first tap and is well hydrated. 
If the proper needle position is confirmed in the antero-
posterior and lateral views, and CSF flow is minimal or 
absent, suspect a neoplastic process. Place the needle at 
a higher or lower level as indicated by the circumstances. 
If attempts to obtain CSF continue to fail, abandon the 
procedure and reevaluate the clinical situation.
  

COMPUTED TOMOGRAPHY
CT can be a useful diagnostic tool in the evaluation of spinal 
disease (Fig. 39.2). The current technology and computer soft-
ware have made possible the ability to reformat the standard 
axial cuts in almost any direction and magnify the images so 
that exact measurements of various structures can be made. 
Software is available to evaluate the density of a selected ver-
tebra and compare it with vertebrae of the normal population 
to give a numerically reproducible estimate of vertebral den-
sity to quantitate osteopenia.

Numerous types of CT studies for the spine are available. 
One must be careful when ordering the study to ensure that 
the areas of clinical concern are included. The most common 
routine for lumbar disc herniations consists of making serial 
cuts through the last three lumbar intervertebral discs. If the 

equipment has a tilting gantry, an attempt is made to keep the 
axis of the cuts parallel with the discs. Frequently, the gantry 
cannot tilt enough, however, to allow a parallel beam through 
the lowest disc space. This technique does not allow demon-
stration of the canal at the pedicles. Another method involves 
making cuts through the discs without tilting the gantry. The 
entire canal is not shown, and the lower cuts frequently have 
the lower and upper endplates of adjacent vertebrae superim-
posed in the same view.

The most complex method consists of making multiple 
parallel cuts at equal intervals. This allows computer recon-
struction of the images in different planes, usually sagittal 
and coronal. These reformatted views allow an almost three-
dimensional view of the spine and most of its structures. The 
greatest benefit of this technique is the ability to see beyond 
the limits of the dural sac and root sleeves. The diagnosis of 
foraminal encroachment by bone or disc material can be made 
in the face of a normal myelogram. The proper procedure can 
be chosen that fits all of the pathologic conditions involved.

Optimal reformatted CT should include enlarged axial and 
sagittal views with clear notation as to laterality and sequence of 
cuts. Several sections of the axial cuts should include the local 
soft tissue and contiguous abdominal contents. Finally, a set of 
images adjusted for improved bony detail should be included 
for evaluation of the facet joints and the lateral recesses. This 
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FIGURE 39.2 A, CT scan scout view of lumbar disc herniation at lumbar disc level showing 
angled gantry technique. B, CT scan scout view of straight gantry technique. C, CT scan of lumbar 
disc herniation at L4-5 disc level showing cross-sectional anatomy with gantry straight. D, CT scan 
of L4-5 disc herniation at lumbar disc level showing cross-sectional, sagittal, and coronal anatomy 
using computerized reformatted technique. E, CT scan of L4-5 disc herniation at lumbar disc level 
showing cross-sectional anatomy 2 hours after metrizamide myelography. F, CT scan of lumbar 
disc herniation at L4-5 disc level showing cross-sectional anatomy after intravenous injection for 
greater soft-tissue contrast.
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study should be centered on the level of greatest clinical con-
cern. The study can be enhanced further if done after water 
contrast myelography or with intravenous injection of a con-
trast medium. Enhancement techniques are especially useful 
if the spine being evaluated has been operated on previously.

This noninvasive, painless outpatient procedure can sup-
ply more information about spinal disease than was previously 
available with a battery of invasive and noninvasive tests usually 
requiring hospitalization. CT does not show intraspinal tumors 
or arachnoiditis and is unable to differentiate scar from recur-
rent disc herniation. The use of intravenous contrast medium 
(Fig. 39.2F) followed by CT can improve the definition between 
scar and disc herniation. Myelography is still required to show 
intraspinal tumors and to “run” the spine to detect occult or 
unsuspected lesions. The development of low-dose metriza-
mide or iohexol myelography with reformatted CT done as 
an outpatient procedure allows maximal information to be 
obtained with minimal time, risk, discomfort, and cost. 

MAGNETIC RESONANCE IMAGING
MRI is currently the standard for advanced imaging of the 
spine and is superior to CT in most circumstances, in par-
ticular identification of infections, tumors, and degenerative 
changes within the discs (Fig. 39.3). More important, MRI 
is superior for imaging the disc and directly images neural 
structures. Also, MRI typically shows the entire region of 
study (cervical, thoracic, or lumbar). Of particular value is the 
ability to image the nerve root in the foramen, which is dif-
ficult even with postmyelography CT because the subarach-
noid space and the contrast agent do not extend fully through 
the foramen. Despite this superiority, there are circumstances 
in which MRI and CT, with or without myelography, can be 
used in a complementary fashion.

One of the difficulties with MRI is showing anatomy that 
is abnormal but may be asymptomatic. MRI evidence of disc 
degeneration has been reported in the cervical spine in 25% of 
patients younger than 40 years and in 60% of patients 60 years 
and older, and lumbar disc degeneration was found in 35% 
of patients 20 to 39 years old and in 100% of patients older 

than 50. The demonstrated findings must be carefully cor-
related with the clinical impression. The importance of this 
concept cannot be overstated. The best way to obtain mean-
ingful clinical information from MRI of the spine is to have 
a specific question before the study. This question is derived 
from the patient’s history and careful physical examination 
and is posed using the parameters of (1) neural compression, 
(2) instability, and (3) deformity. In each case the specific 
location of the abnormality should be suspected before MRI 
and confirmed with the study. Only abnormalities in one or a 
combination of these categories are important, and operative 
techniques can treat only these problems. Failure to interpret 
an imaging study in this way, especially MRI, which is sensi-
tive to anatomic abnormalities, would inevitably lead to poor 
clinical choices and outcomes. 

OTHER DIAGNOSTIC TESTS
Numerous diagnostic tests have been used in the diagno-
sis of intervertebral disc disease in addition to radiography, 
myelography, CT, and MRI. The primary advantage of these 
tests is to rule out diseases other than primary disc hernia-
tion, spinal stenosis, and spinal arthritis.

Electromyography is the most notable of these tests. One 
advantage of electromyography is in the identification of periph-
eral neuropathy and diffuse neurologic involvement indicating 
higher or lower lesions. Electromyography and nerve conduc-
tion velocity can be helpful if a patient has a history and physical 
examination suggestive of radiculopathy at either the cervical 
or lumbar level with inconclusive imaging studies. Paraspinal 
muscles in a patient with a previous posterior operation usually 
are abnormal and are not a reliable diagnostic finding.

Bone scans are another procedure in which positive find-
ings usually are not indicative of intervertebral disc disease, 
but they can confirm neoplastic, traumatic, and arthritic 
problems in the spine. Various laboratory tests, such as a 
complete blood cell count, differential white blood cell count, 
C-reactive protein, biochemical profile, urinalysis, serum 
protein electrophoresis, and erythrocyte sedimentation rate, 
are extremely good screening procedures for other causes 
of pain in the spine. Rheumatoid screening studies, such as 
those for rheumatoid arthritis, antinuclear antibody, lupus 
erythematosus cell preparation, and HLA-B27, also are useful 
when indicated by the clinical picture.

Some tests that were developed to enhance the diagno-
sis of intervertebral disc disease have been surpassed by more 
advanced technology. Lumbar venography and ultrasonographic 
measurement of the intervertebral canal are two examples. 

INJECTION STUDIES
Whenever a diagnosis is in doubt and the complaints seem 
real or the pathologic condition is diffuse, identification 
of the source of pain is problematic. The use of local anes-
thetics or contrast media in various specific anatomic areas 
can be helpful. These agents are relatively simple, safe, and 
minimally painful. Contrast media such as diatrizoate meglu-
mine (Hypaque), iothalamate meglumine (Conray), iohexol 
(Omnipaque), iopamidol, and metrizamide (Amipaque) 
have been used for discography and blocks with no reported 
ill effects. Reports of neurologic complications with contrast 
media used for discography and subsequent chymopapain 
injection are well documented. The best choice of a contrast 
medium for documenting structures outside the subarachnoid 
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FIGURE 39.3 MRI of lumbar spine. A, Normal T2-weighted 
image. B, T2-weighted image showing degenerative bulging or 
herniated discs, or both, at L3-4, L4-5, and L5-S1.
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space is an absorbable medium with low reactivity, because it 
might be injected inadvertently into the subarachnoid space. 
Iohexol and metrizamide are the least reactive, most widely 
accepted, and best tolerated of the currently available contrast 
media. Local anesthetics, such as lidocaine (Xylocaine), tet-
racaine (Pontocaine), and bupivacaine (Marcaine), are used 
frequently epidurally and intradurally. The use of bupivacaine 
should be limited to low concentrations and low volumes 
because of reports of death after epidural anesthesia using 
concentrations of 0.75% or higher.

Steroids prepared for intramuscular injection also have 
been used frequently in the epidural space with few and usu-
ally transient complications. Spinal arachnoiditis in past years 
was associated with the use of epidural methylprednisolone 
acetate (Depo-Medrol). This complication was thought to be 
caused by the use of the suspending agent, polyethylene glycol, 
which has since been eliminated from the Depo-Medrol prep-
aration. For epidural injections, we prefer the use of Celestone 
Soluspan, which is a mixture of betamethasone sodium phos-
phate and betamethasone acetate. Celestone Soluspan pro-
vides immediate and long-term duration of action, is highly 
soluble, and contains no harmful preservatives. Celestone 
should not be mixed with local anesthetics containing pre-
servatives such as parabens or phenol because flocculation 
and clogging of the suspension can occur. If Celestone is not 
available, other commonly used preparations for spinal injec-
tions include methylprednisolone (Depo-Medrol) and triam-
cinolone acetonide (Kenalog). Isotonic saline is the only other 
injectable medium used frequently around the spine with no 
reported adverse reactions. All substrates injected into the 
epidural space should be preservative free.

Steroids and local anesthesia are generally used in combina-
tion for antiinflammatory and analgesic effects. It is theorized 
that the lipophilic characteristic of the steroid permits sus-
tained release from the abundant epidural fat, which is where 
the steroid is injected. Cells exposed to the steroid synthesize a 
phospholipase A2-inhibitory glycoprotein (termed lipomodu-
lin) and inhibit the inflammatory pathway. Phospholipase A2, 
which is an inflammatory enzyme, converts membrane phos-
pholipids into arachidonic acid and subsequently controls 
lipoxygenase, leading to the formation of leukotrienes. The ste-
roid also reduces nerve swelling and upregulates the transcrip-
tion of antiinflammatory genes, in contrast to local analgesics, 
which are responsible for immediate pain relief.

When discrete, well-controlled injection techniques 
directed at specific targets in and around the spine are used, 
grading the degree of pain before and after a spinal injection 
is helpful in determining the location of the pain generator. 
The patient is asked to grade the degree of pain on a 0-to-10 
scale before and at various intervals after the spinal injection 
(see Box 38.1). If a spinal injection done under fluoroscopic 
control results in an 80% or more decrease in the level of pain, 
which corresponds to the duration of action of the anesthetic 
agent used, we presume the target area injected to be the pain 
generator. Less pain reduction, 50% to 65%, does not consti-
tute a positive response.

EPIDURAL CORTISONE INJECTIONS
Epidural injections in the cervical, thoracic, and lumbosa-
cral spine were developed to diagnose and treat spinal pain. 
Information obtained from epidural injections can be helpful 
in confirming pain generators that are responsible for a patient’s 

discomfort. Structural abnormalities do not always cause pain, 
and diagnostic injections can help to correlate abnormalities 
seen on imaging studies with associated pain complaints. In 
addition, epidural injections can provide pain relief during 
the recovery of disc or nerve root injuries and allow patients 
to increase their level of physical activity. Because severe pain 
from an acute disc injury, with or without radiculopathy, often 
is time limited, therapeutic injections can help to manage pain 
and may alleviate or decrease the need for oral analgesics.

A retrospective study comparing interlaminar to transfo-
raminal epidural injections for symptomatic lumbar interver-
tebral disc herniations found that transforaminal injections 
resulted in better short-term pain improvement and fewer 
long-term operative interventions.

A number of randomized, double-blind, controlled studies 
have been done to evaluate the effectiveness of lumbar inter-
laminar injections, as well as caudal epidural injections, in the 
treatment of chronic discogenic pain with and without radicu-
litis. Overall these studies indicate that a high percentage of 
patients receiving the injections have significant pain relief and 
functional improvement. The question still remains whether 
there is any significant long-term benefit to these injections.

Few serious complications occur in patients receiving 
epidural corticosteroid injections; however, epidural abscess, 
epidural hematoma, durocutaneous fistula, and Cushing syn-
drome have been reported as individual case reports. The 
most adverse immediate reaction during an epidural injec-
tion is a vasovagal reaction, although this is much more 
common with cervical injections. Dural puncture has been 
estimated to occur in 0.5% to 5% of patients having cervi-
cal or lumbar epidural steroid injections. Some minor, com-
mon complaints caused by corticosteroid injected into the 
epidural space include nonpositional headaches, facial flush-
ing, insomnia, low-grade fever, and transient increased back 
or lower extremity pain. Major adverse events can occur with 
epidural injections, but these are rare, their true incidence is 
unknown, and they have been described only in case reports. 
Several large series involving nearly 5000 patients with over 
8000 transforaminal lumbar epidural injections reported no 
major adverse events and a less than 1% incidence of postin-
jection headache; the most frequent sequela was increased leg 
or back pain, which also occurred in less than 1% of patients.

Epidural corticosteroid injections are contraindicated in 
the presence of infection at the injection site, systemic infec-
tion, bleeding diathesis, uncontrolled diabetes mellitus, and 
congestive heart failure.

When considering epidural steroid injections, several 
preexisting conditions should be checked to avoid complica-
tions. These conditions include coagulopathy or concurrent 
anticoagulation therapy, systemic infection, local skin infec-
tion at the puncture site, hypersensitivity to administered 
agents, and pregnancy. According to a consensus statement 
by the Society of Interventional Radiology, epidural steroid 
injection is classified as a category 2 procedure, that is, a mod-
erate risk for bleeding (between a low-bleeding-risk proce-
dure, in which bleeding is easily detected and controllable, 
and a significant-bleeding-risk procedure, in which bleeding 
is difficult to detect or control). For category 2 procedures, 
the international normalized ratio (INR) and platelet count 
should be adjusted to less than 1.5 and more than 50,000/μL, 
respectively. If a patient is taking anticoagulants, the medica-
tion should be withheld in consultation with the prescribing 
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physician. Warfarin should be withheld 5 days before epidural 
steroid injection, and the patient’s INR should be rechecked 
before the procedure. Low-molecular-weight heparin therapy 
should be stopped 24 hours before epidural steroid injection, 
whereas heparin does not need to be withheld because it is 
a short-acting agent (the half-life of heparin is 23 minutes 
to 2.48 hours). Fondaparinux (Arixtra, Glaxo Smith Kline, 
London) should be withheld for 2 to 5 days before the pro-
cedure, clopidogrel (Plavix, Handok, Seoul) for 5 days, and 
ticlopidine (Ticlid, Roche, Basel, Switzerland) for 5 days. 
Nonsteroidal antiinflammatory drugs, including aspirin, do 
not have to be stopped before epidural steroid injections.

We perform epidural corticosteroid injections in a fluo-
roscopy suite equipped with resuscitative and monitoring 
equipment. Intravenous access is established in all patients 
with a 20-gauge angiocatheter placed in the upper extrem-
ity. Mild sedation is achieved through intravenous access. We 
recommend the use of fluoroscopy for diagnostic and thera-
peutic epidural injections for several reasons. Epidural injec-
tions performed without fluoroscopic guidance are not always 
made into the epidural space or the intended interspace. 
Even in experienced hands, needle misplacement occurs in 
40% of caudal and 30% of lumbar epidural injections when 
done without fluoroscopic guidance. Accidental intravascular 
injections also can occur, and the absence of blood return with 
needle aspiration before injection is an unreliable indicator 
of this complication. In the presence of anatomic anomalies, 
such as a midline epidural septum or multiple separate epi-
dural compartments, the desired flow of epidural injectants to 
the presumed pain generator is restricted and remains unde-
tected without fluoroscopy. In addition, if an injection fails to 
relieve pain, it would be impossible without fluoroscopy to 
determine whether the failure was caused by a genuine poor 
response or by improper needle placement. 

THORACIC EPIDURAL INJECTION
Epidural steroid injections in the thoracic spine have been 
shown to provide relief from thoracic radicular pain second-
ary to disc herniations, trauma, diabetic neuropathy, herpes 
zoster, and idiopathic thoracic neuralgia, although reports in 
the literature are few. 

 

INTERLAMINAR THORACIC  
EPIDURAL INJECTION

 TECHNIQUE 39.2 

 n  A paramedian rather than a midline approach is used be-
cause of the angulation of the spinous processes.

 n  Place the patient prone on a pain management table. The 
preparation of the patient and equipment are identical to 
that used for interlaminar cervical epidural injections (see 
Technique 38.1). Aseptically prepare the skin area several 
segments above and below the interspace to be injected. 
Drape the area in sterile fashion.

 n  Identify the target laminar interspace using anteroposte-
rior fluoroscopic guidance.

 n  Anesthetize the skin over the target interspace on the side 
of the patient’s pain. Under fluoroscopic control, insert 
and advance a 22-gauge, 3½-inch spinal needle to the su-
perior edge of the target lamina. Anesthetize the lamina 
and the soft tissues as the spinal needle is withdrawn.

 n  Mark the skin with an 18-gauge hypodermic needle and 
insert an 18-gauge, 3½-inch Tuohy epidural needle, and 
advance it at a 50- to 60-degree angle to the axis of the 
spine and a 15- to 30-degree angle toward the midline 
until contact with the lamina is made. To view the thoracic 
interspace better, position the C-arm so that the fluoros-
copy beam is in the same plane as the Tuohy epidural 
needle.

 n  “Walk off” the lamina with the Tuohy needle into the 
ligamentum flavum. Remove the stylet from the Tuohy 
needle and, using the loss-of-resistance technique, ad-
vance it into the epidural space. When loss of resistance 
has been achieved, aspirate to check for blood or CSF. If 
neither blood nor CSF is evident, inject 1.5 mL of nonionic 
contrast dye to confirm epidural placement.

 n  To confirm proper placement further, adjust the C-arm 
to view the area from a lateral projection (Fig. 39.4). A 
spot radiograph or epidurogram can be obtained. Inject 

 

BA BA

FIGURE 39.4 A, Posteroanterior view of thoracic interlaminar epidurogram showing charac-
teristic contrast flow pattern. B, Lateral radiograph of thoracic epidurogram. SEE TECHNIQUE 39.2.
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2 mL of 1% preservative-free lidocaine without epineph-
rine and 2 mL of 6 mg/mL Celestone Soluspan slowly into 
the epidural space.
  

LUMBAR EPIDURAL INJECTION
Certain clinical trends are apparent with lumbar epidural ste-
roid injections. When nerve root injury is associated with a 
disc herniation or lateral bony stenosis, most patients who 
received substantial relief of leg pain from a well-placed trans-
foraminal injection, even if temporary, benefit from surgery 
for the radicular pain. Patients who do not respond and who 
have had radicular pain for at least 12 months are unlikely to 
benefit from surgery. Patients with back and leg pain of an 
acute nature (<3 months) respond better to epidural cortico-
steroids. Unless a significant reinjury results in an acute disc 
or nerve root injury, postsurgical patients tend to respond 
poorly to epidural corticosteroids. 

 

INTERLAMINAR LUMBAR  
EPIDURAL INJECTION

 TECHNIQUE 39.3 

 n  Place the patient prone on a pain management table. 
Aseptically prepare the skin area with isopropyl alcohol 
and povidone-iodine several segments above and below 
the laminar interspace to be injected. Drape the area in a 
sterile fashion.

 n  Under anteroposterior fluoroscopy guidance, identify 
the target laminar interspace. Using a 27-gauge, ¼-inch 
needle, anesthetize the skin over the target interspace 

on the side of the patient’s pain with 1 to 2 mL of 1% 
preservative-free lidocaine without epinephrine.

 n  Insert a 22-gauge, 3½-inch spinal needle vertically un-
til contact is made with the upper edge of the inferior 
lamina at the target interspace, 1 to 2 cm lateral to the 
caudal tip of the inferior spinous process under fluorosco-
py. Anesthetize the lamina with 2 mL of 1% preservative-
free lidocaine without epinephrine. Anesthetize the soft 
tissue with 2 mL of 1% lidocaine as the spinal needle is 
 withdrawn.

 n  Nick the skin with an 18-gauge hypodermic needle and 
insert a 17-gauge, 3½-inch Tuohy epidural needle and 
advance it vertically within the anesthetized soft-tissue 
track until contact with the lamina has been made under 
fluoroscopy.

 n  “Walk off” the lamina with the Tuohy needle onto the 
ligamentum flavum. Remove the stylet from the Tuohy 
needle and attach a 10-mL syringe filled halfway with 
air and sterile saline to the Tuohy needle. Advance the 
Tuohy needle into the epidural space using the loss-of- 
resistance technique. Avoid lateral needle placement to 
decrease the likelihood of encountering an epidural vein 
or adjacent nerve root. Remove the stylet when loss of 
resistance has been achieved. Aspirate to check for blood 
or CSF. If neither blood nor CSF is present, remove the 
syringe from the Tuohy needle and attach a 5-mL syringe 
containing 2 mL of nonionic contrast dye.

 n  Confirm epidural placement by producing an epiduro-
gram with the nonionic contrast agent (Fig. 39.5). A spot 
radiograph can be taken to document placement.

 n  Remove the 5-mL syringe and place on the Tuohy needle 
a 10-mL syringe containing 2 mL of 1% preservative-free 
lidocaine and 2 mL of 6 mg/mL Celestone Soluspan. In-
ject the corticosteroid preparation slowly into the epidural 
space.
   

 

A B

FIGURE 39.5 A, Posteroanterior view of lumbar interlaminar epidurogram showing charac-
teristic contrast flow pattern. B, Lateral radiograph of lumbar epidurogram. SEE TECHNIQUE 39.3.
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TRANSFORAMINAL LUMBAR AND 
SACRAL EPIDURAL INJECTION

 TECHNIQUE 39.4 

 n  Place the patient prone on a pain management table. 
Aseptically prepare the skin area with isopropyl alcohol 
and povidone-iodine several segments above and below 
the interspace to be injected. Drape the area in sterile 
fashion.

 n  Under anteroposterior fluoroscopic guidance, identify 
the target interspace. Anesthetize the soft tissues over 
the lateral border and midway between the two adjacent 
transverse processes at the target interspace.

 n  Insert a 22-gauge, 4¾ inch spinal needle and advance it 
within the anesthetized soft-tissue track under fluoros-
copy until contact is made with the lower edge of the 
superior transverse process near its junction with the su-
perior articular process.

 n  Retract the spinal needle 2 to 3 mm, redirect it toward the 
base of the appropriate pedicle, and advance it slowly to 
the 6-o’clock position of the pedicle under fluoroscopy. 
Adjust the C-arm to a lateral projection to confirm the 
position and then return the C-arm to the anteroposterior 
view.

 n  Remove the stylet. Inject 1 mL of nonionic contrast agent 
slowly to produce a perineurosheathogram (Fig. 39.6). 
After an adequate dye pattern is observed, inject slowly a 
2-mL volume containing 1 mL of 0.75% preservative-free 
bupivacaine and 1 mL of 6 mg/mL Celestone Soluspan.

 n  The S1 nerve root also can be injected using the transfo-
raminal approach.

 n  With the patient prone on the pain management table 
and after appropriate aseptic preparation, direct the C-
arm so that the fluoroscopy beam is in a cephalocaudad 
and lateral-to-medial direction so that the anterior and 
posterior S1 foramina are aligned.

 n  Anesthetize the soft tissues and the dorsal aspect of the 
sacrum with 2 to 3 mL of 1% preservative-free lidocaine 
without epinephrine. Insert a 22-gauge, 3½-inch spinal 
needle, and advance it within the anesthetized soft-tissue 
track under fluoroscopy until contact is made with pos-
terior sacral bone slightly lateral and inferior to the S1 
pedicle. “Walk” the spinal needle off the sacrum into the 
posterior S1 foramen to the medial edge of the pedicle.

 n  Adjust the C-arm to a lateral projection to confirm the 
position and return it to the anteroposterior view.

 n  Remove the stylet. Inject 1 mL of nonionic contrast slowly 
to produce a perineurosheathogram (Fig. 39.7). After an 
adequate dye pattern of the S1 nerve root is obtained, in-
sert a 2-mL volume containing 1 mL of 0.75% preservative-
free bupivacaine and 1 mL of 6 mg/mL Celestone Soluspan.
   

 

CAUDAL SACRAL EPIDURAL 
INJECTION

 TECHNIQUE 39.5 

 n  Place the patient prone on a pain management table. 
Aseptically prepare the skin area from the lumbosacral 
junction to the coccyx with isopropyl alcohol and povi-
done-iodine. Drape the area in sterile fashion.

 n  Try to identify by palpation the sacral hiatus, which is lo-
cated between the two horns of the sacral cornua. The 
sacral hiatus can be best observed by directing the fluo-
roscopic beam laterally.

 n  Anesthetize the soft tissues and the dorsal aspect of the 
sacrum with 2 to 3 mL of 1% preservative-free lidocaine 
without epinephrine. Keep the C-arm positioned so that 
the fluoroscopic beam remains lateral.

 n  Insert a 22-gauge, 3½-inch spinal needle between the 
sacral cornua at about 45 degrees, with the bevel of 

 

BA

FIGURE 39.6 A, Right L5 selective nerve root injection contrast pattern. B, Lateral radiograph 
of L5 selective nerve block contrast flow pattern in anterior epidural space. SEE TECHNIQUE 39.4.
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the spinal needle facing ventrally until contact with the 
sacrum is made. Using fluoroscopic guidance, redirect 
the spinal needle more cephalad, horizontal, and parallel 
to the table, advancing it into the sacral canal through 
the sacrococcygeal ligament and into the epidural space 
(Fig. 39.8).

 n  Remove the stylet. Aspirate to check for blood or CSF. If 
neither blood nor CSF is evident, inject 2 mL of nonionic 
contrast dye to confirm placement. Move the C-arm into 
the anteroposterior position and look for the characteris-
tic “Christmas tree” pattern of epidural flow. If a vascular 
pattern is seen, reposition the spinal needle and confirm 
epidural placement with nonionic contrast dye.

 n  When the correct contrast pattern is obtained, slowly in-
ject a 10-mL volume containing 3 mL of 1% preservative-
free lidocaine without epinephrine, 3 mL of 6 mg/mL Ce-
lestone Soluspan, and 4 mL of sterile normal saline.
  

ZYGAPOPHYSEAL (FACET) JOINT INJECTIONS
The facet joint can be a source of back pain; the exact cause of 
the pain is unknown. Theories include meniscoid entrapment 
and extrapment, synovial impingement, chondromalacia fac-
etae, capsular and synovial inflammation, and mechanical 
injury to the joint capsule. Osteoarthritis is another cause of 
facet joint pain; however, the incidence of facet joint arthrop-
athy is equal in symptomatic and asymptomatic patients. As 
with other osteoarthritic joints, radiographic changes cor-
relate poorly with pain. Although the history and physical 
examination may suggest that the facet joint is the cause of 
spine pain, no noninvasive pathognomonic findings distin-
guish facet joint–mediated pain from other sources of spine 
pain. Fluoroscopically guided facet joint injections are com-
monly considered the “gold standard” for isolating or exclud-
ing the facet joint as a source of spine or extremity pain.

Clinical suspicion of facet joint pain by a spine specialist 
remains the major indicator for diagnostic injection, which 

 

BA

FIGURE 39.7 A, Right S1 selective nerve root injection contrast pattern with perineurosheatho-
gram. B, Lateral radiograph of S1 contrast flow in sacral epidural space. SEE TECHNIQUE 39.4.
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FIGURE 39.8 Fluoroscopic view (caudal approach) of lumbar epidural injection. SEE TECHNIQUE 39.5.
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should be done only in patients who have had pain for more 
than 4 weeks and only after appropriate conservative measures 
have failed to provide relief. Facet joint injection procedures 
may help to focus treatment on a specific spinal segment and 
provide adequate pain relief to allow progression in therapy. 
Either intraarticular or medial branch blocks can be used for 
diagnostic purposes. Although injection of cortisone into the 
facet joint was a popular procedure through most of the 1970s 
and 1980s, many investigators have found no evidence that 
this effectively treats low back pain caused by a facet joint. 
The only controlled study on the use of intraarticular corti-
costeroids in the cervical spine found no added benefit from 
intraarticular betamethasone over bupivacaine.

LUMBAR FACET JOINT

 

LUMBAR INTRAARTICULAR  
INJECTION

 TECHNIQUE 39.6 

 n  Place the patient prone on a pain management table. 
Aseptically prepare and drape the patient.

 n  Under fluoroscopic guidance, identify the target segment 
to be injected. Upper lumbar facet joints are oriented 
in the sagittal (vertical) plane and often can be seen on 
direct anteroposterior views, whereas the lower lumbar 
facet joints, especially at L5-S1, are obliquely oriented and 
require an ipsilateral oblique rotation of the C-arm to be 
seen.

 n  Position the C-arm under fluoroscopy until the joint silhou-
ette first appears. Insert and advance a 22- or 25-gauge, 
3½-inch spinal needle toward the target joint along the 
axis of the fluoroscopy beam until contact is made with 
the articular processes of the joint. Enter the joint cavity 
through the softer capsule and advance the needle only 
a few millimeters. Capsular penetration is perceived as 
a subtle change of resistance. If midpoint needle entry 
is difficult, redirect the spinal needle to the superior or 
inferior joint recesses.

 n  Confirm placement with less than 0.1 mL of nonionic 
contrast dye with a 3-mL syringe to minimize injection 
pressure under fluoroscopic guidance. When intraarticu-
lar placement has been verified, inject a total volume of 1 
mL of injectant (local anesthetic with or without cortico-
steroids) into the joint.
   

 

LUMBAR MEDIAL BRANCH BLOCK 
INJECTION

 TECHNIQUE 39.7 

 n  Place the patient prone on a pain management table. 
Aseptically prepare and drape the area to be injected.

 n  Because there is dual innervation of each lumbar facet 
joint, two medial branch blocks are required. The me-
dial branches cross the transverse processes below their 
origin (Fig. 39.9). The L4-5 facet joint is anesthetized by 
blocking the L3 medial branch at the transverse process 
of L4 and the L4 medial branch at the transverse process 
of L5. In the case of the L5-S1 facet joint, anesthetize 
the L4 medial branch as it passes over the L5 transverse 
process and the L5 medial branch as it passes across the 
sacral ala.

 n  Using anteroposterior fluoroscopic imaging, identify 
the target transverse process. For L1 through L4 medial 
branch blocks, penetrate the skin using a 22- or 25-gauge, 
3½-inch spinal needle lateral and superior to the target 
 location.

 n  Under fluoroscopic guidance, advance the spinal needle 
until contact is made with the dorsal superior and medial 
aspects of the base of the transverse process so that the 
needle rests against the periosteum. To ensure optimal 
spinal needle placement, reposition the C-arm so that the 
fluoroscopy beam is ipsilateral oblique and the “Scotty 
dog” is seen. Position the spinal needle in the middle of 
the “eye” of the Scotty dog. Slowly inject (over 30 sec-
onds) 0.5 mL of 0.75% bupivacaine.

 n  To inject the L5 medial branch (more correctly, the L5 
dorsal ramus), position the patient prone on the pain 
management table with the fluoroscopic beam in the an-
teroposterior projection (Fig. 39.10).

 

mb

mb

a

a

FIGURE 39.9 Posterior view of lumbar spine showing loca-
tion of medial branches (mb) of dorsal rami, which innervate 
lumbar facet joints (a). Needle position for L3 and L4 medial 
branch. Blocks shown on left half of diagram would be used to 
anesthetize L4-5 facet joint. Right half of diagram shows L3-4, 
L4-5, and L5-S1 intraarticular facet joint injection positions. SEE 
TECHNIQUE 39.7.

    

https://booksmedicos.org


CHAPTER 39 DEGENERATIVE DISORDERS OF THE THORACIC AND LUMBAR SPINE 1733

 n  Identify the sacral ala. Rotate the C-arm 15 to 20 degrees 
ipsilateral obliquely to maximize exposure between the 
junction of the sacral ala and the superior process of S1. 
Insert a 22- or 25-gauge, 3½-inch spinal needle directly 
into the osseous landmarks approximately 5 mm below 
the superior junction of the sacral ala with the superior ar-
ticular process of the sacrum under fluoroscopy. Rest the 
spinal needle on the periosteum and position the bevel of 
the spinal needle medial and away from the foramen to 
minimize flow through the L5 or S1 foramen. Slowly inject 
0.5 mL of 0.75% bupivacaine.
  

SACROILIAC JOINT
The sacroiliac joint remains a controversial source of primary 
low back pain despite validated scientific studies. It often is 
overlooked as a source of low back pain because its anatomic 
location makes it difficult to examine in isolation and many 
provocative tests place mechanical stresses on contiguous 
structures. In addition, several other structures may refer 
pain to the sacroiliac joint.

Similar to other synovial joints, the sacroiliac joint moves; 
however, sacroiliac joint movement is involuntary and is 
caused by shear, compression, and other indirect forces. 
Muscles involved with secondary sacroiliac joint motion 
include the erectae spinae, quadratus lumborum, psoas major 
and minor, piriformis, latissimus dorsi, obliquus abdominis, 
and gluteal. Imbalances in any of these muscles as a result of 
central facilitation may cause them to function in a short-
ened state that tends to inhibit their antagonists reflexively. 
Theoretically, dysfunctional movement patterns may result. 
Postural changes and body weight also can create motion 
through the sacroiliac joint.

Because of the wide range of segmental innervation 
(L2-S2) of the sacroiliac joint, there are myriad referral zone 

patterns. In studies of asymptomatic subjects, the most con-
stant referral zone was localized to a 3- × 10-cm area just infe-
rior to the ipsilateral posterior superior iliac spine (PSIS) (Fig. 
39.11); however, pain may be referred to the buttocks, groin, 
posterior thigh, calf, and foot.

Sacroiliac dysfunction, also called sacroiliac joint mechan-
ical pain or sacroiliac joint syndrome, is the most common 
painful condition of this joint. The true prevalence of medi-
ated pain from sacroiliac joint dysfunction is unknown; how-
ever, several studies indicated that it is more common than 
expected. Because no specific or pathognomonic historical 
facts or physical examination tests accurately identify the 
sacroiliac joint as a source of pain, diagnosis is one of exclu-
sion. Sacroiliac joint dysfunction should be considered, how-
ever, if an injury was caused by a direct fall on the buttocks, 
a rear-end motor vehicle accident with the ipsilateral foot on 
the brake at the moment of impact, a broadside motor vehicle 
accident with a blow to the lateral aspect of the pelvic ring, or 
a fall in a hole with one leg in the hole and the other extended 
outside. Lumbar rotation and axial loading that can occur 
during ballet or ice skating is another common mechanism of 
injury. Although controversial, the risk of sacroiliac joint dys-
function may be increased in individuals with lumbar fusion 
or hip pathology. Other causes include insufficiency stress 
fractures; fatigue stress fractures; metabolic processes, such 
as deposition diseases; degenerative joint disease; infection; 
and inflammatory conditions, such as ankylosing spondylitis, 
psoriatic arthritis, and Reiter disease. The diagnosis of sacro-
iliac joint pain can be confirmed if symptoms are reproduced 
on distention of the joint capsule by provocative injection and 
subsequently abated with an analgesic block. 

 FIGURE 39.10 Posteroanterior view of needles in place for L3 
and L4 medial branch blocks, and L5 dorsal rami block to anesthe-
tize the L4-L5 and L5-S1 zygapophyseal joints.

 

BA
FIGURE 39.11 Pain diagram. A, Patient-reported pain diagram 

consistent with sacroiliac joint dysfunction. B, Patient-reported 
diagram inconsistent with sacroiliac joint dysfunction.  (From Fortin 
JD, Dwyer AP, West S, et al: Sacroiliac joint: pain referral maps upon 
applying a new injection/arthrography technique, part I: asymptomatic 
volunteers, Spine 19:1475–1482, 1994.)

    

https://booksmedicos.org


PART XII THE SPINE 1734

 

SACROILIAC JOINT INJECTION

 TECHNIQUE 39.8 

 n  Place the patient prone on a pain management table. 
Aseptically prepare and drape the side to be injected. 
Rotate the C-arm until the medial (posterior) joint line 
is seen.

 n  Use a 27-gauge, ¼-inch needle to anesthetize the skin 
of the buttock 1 to 3 cm inferior to the lowest aspect of 
the joint. Using fluoroscopy, insert a 22-gauge, 3½-inch 
spinal needle until the needle rests 1 cm above the most 
posteroinferior aspect of the joint (Fig. 39.12). Rarely, a 
larger spinal needle is required in obese patients. Advance 
the spinal needle into the sacroiliac joint until capsular 
penetration occurs.

 n  Confirm intraarticular placement under fluoroscopy with 
0.5 mL of nonionic contrast dye (Fig. 39.13). A spot ra-
diograph can be taken to document placement. Inject a 
2-mL volume containing 1 mL of 0.75% preservative-free 
bupivacaine and 1 mL of 6 mg/mL Celestone Soluspan 
into the joint.
  

DISCOGRAPHY
Discography has been used since the late 1940s for the experi-
mental and clinical evaluation of disc disease in the cervical 
and lumbar regions of the spine. Since that time, discography 
has had a limited but important role in the evaluation of sus-
pected disc pathology.

The clinical usefulness of the data obtained from discog-
raphy is controversial. Although early studies concluded that 
lumbar discography was an unreliable diagnostic tool, with a 
37% false-positive rate, later studies found a 0% false-positive 
rate for discography and concluded that, with current tech-
nique and a standardized protocol, discography was a highly 
reliable test.

The most important aspect of discography is provocative 
testing for concordant pain (i.e., pain that corresponds to a 
patient’s usual pain) to provide information regarding the 
clinical significance of the disc abnormality. Although dif-
ficult to standardize, this testing distinguishes discography 
from other anatomic imaging techniques. If the patient is 
unable to distinguish customary pain from any other pain, 
the procedure is of no value. In patients who have a con-
cordant response without evidence of a radial annular fis-
sure on discography, CT should be considered because some 
discs that appear normal on discography show disruption 
on a CT scan.

Indications for lumbar discography include operative 
planning of spinal fusion, testing of the structural integrity 
of an adjacent disc to a known abnormality such as spondy-
lolisthesis or fusion, identifying a painful disc among mul-
tiple degenerative discs, ruling out secondary internal disc 
disruption or suspected lateral or recurrent disc herniation, 
and determining the primary symptom-producing level 
when chemonucleolysis is being considered. Lumbar discog-
raphy is most useful as a test to exclude levels from operative 
intervention rather than as a primary indication for opera-
tive fusion in patients with axial back pain. Thoracic discog-
raphy can be a useful tool in the investigation of thoracic, 
chest, and upper abdominal pain. Degenerative thoracic disc 
disease, with or without herniation, has a highly variable 
clinical presentation, frequently mimicking visceral condi-
tions and causing back or musculoskeletal pain. Discography 
also may be justified in medicolegal situations to establish a 
more definitive diagnosis even though treatment may not be 
planned on that disc.

Compression of the spinal cord, stenosis of the roots, 
bleeding disorders, allergy to the injectable material, and 
active infection are contraindications to diagnostic discog-
raphy procedures. Although the risk of complications from 
discography is low, potential problems include discitis, nerve 
root injury, subarachnoid puncture, chemical meningitis, 
bleeding, and allergic reactions. In addition, in the cervi-
cal region, retropharyngeal and epidural abscess can occur. 
Pneumothorax is a risk in the cervical and thoracic regions. 

 

A
B

FIGURE 39.12 Sacroiliac joint injection showing medial (A) and 
lateral (B) joint planes (silhouettes). Entry into joint is achieved 
above most posteroinferior aspect of joint. SEE TECHNIQUE 39.8.

 FIGURE 39.13   Left sacroiliac joint contrast pattern.  
SEE TECHNIQUE 39.8.
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LUMBAR DISCOGRAPHY
Lumbar discography originally was done using a transdural 
technique in a manner similar to myelography with a lum-
bar puncture. The difference between lumbar myelography 
and discography was that the needle used for the latter 
was advanced through the thecal sac. The technique later 
was modified, consisting of an extradural, extralaminar 
approach that avoided the thecal sac, and it was refined 
further to enable entry into the L5-S1 disc using a two-
needle technique to maneuver around the iliac crest.

A patient’s response during the procedure is the most 
important aspect of the study. Pain alone does not deter-
mine if a disc is the cause of the back pain. The concor-
dance of the pain in regard to the quality and location are 
paramount in determining whether the disc is a true pain 
generator. A control disc is necessary to validate a positive 
finding on discography.

 TECHNIQUE 39.9 

(FALCO)
 n  Place the patient on a procedure or fluoroscopic table.
 n  Insert an angiocatheter into the upper extremity and infuse 

intravenous antibiotics to prevent discitis. Some physicians 
prefer to give antibiotics intradiscally during the procedure.

 n  Place the patient in a modified lateral decubitus position 
with the symptomatic side down to avoid having the pa-
tient confuse the pain caused by the needle with the ac-
tual pain on that same side. This position also allows for 
easier fluoroscopic imaging of the intervertebral discs and 
mobilizes the bowel away from the needle path.

 n  Sedate the patient with a short-acting agent. It is best to 
avoid analgesic agents that may alter the pain response.

 n  Prepare and drape the skin sterilely, including the lumbo-
sacral region.

 n  Under fluoroscopic control, identify the intervertebral 
discs. Adjust the patient’s position or the C-arm so that 
the lumbar spine is in an oblique position with the supe-
rior articular process dividing the intervertebral space in 
half (Fig. 39.14).

 n  Anesthetize the skin overlying the superior articular pro-
cess with 1 to 2 mL of 1% lidocaine if necessary.

 n  Advance a single 6-inch spinal needle (or longer, depend-
ing on the patient’s size) through the skin and deeper soft 
tissues to the outer annulus of the disc. The disc entry 
point is just anterior to the base of the superior articular 
process and just above the superior endplate of the ver-
tebral body, which allows the needle to pass safely by the 
exiting nerve root (Fig. 39.15). Advance the needle into 
the central third of the disc, using anteroposterior and 
lateral fluoroscopic imaging.

 n  Confirm the position of the needle tip within the central 
third of the disc with anteroposterior and lateral fluoro-
scopic imaging. Inject either saline or nonionic contrast 
dye into each disc.

 n  Record any pain that the patient experiences during the 
injection as none, dissimilar, similar, or exact in relation-
ship to the patient’s typical low back pain. Record intra-
discal pressures to assist in determining if the disc is the 
cause of the pain.

 n  Obtain radiographs of the lumbar spine on completion 
of the study, paying particular attention to the contrast-
enhanced disc. Obtain a CT scan if necessary to assess disc 
anatomy further.

 n  An alternative method is a two-needle technique in which 
a 6- or 8-inch spinal needle is passed through a shorter 
introducer needle (typically 3½ inches) into the disc in 
the same manner as a single needle. This approach may 
reduce the incidence of infection by allowing the proce-
dure needle to pass into the disc space without ever pen-
etrating the skin. The introducer needle also may assist 
in more accurate needle placement, reducing the risk of 
injuring the exiting nerve root. The two-needle approach 
may require more time than the single-needle technique, 
and the larger introducer needle could cause more pain 
to the patient.

 

d

FIGURE 39.14 Lumbar spine in oblique position with superior 
articular process (arrow) dividing disc space (d) in half.  (Courtesy 
Frank J. E. Falco, MD.) SEE TECHNIQUE 39.9.

 

s

FIGURE 39.15 Disc entry point is just anterior (arrow) to base 
of superior articular process (s) and just above superior endplate of 
vertebral body.  (Courtesy Frank J. E. Falco, MD.) SEE TECHNIQUE 39.9.
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 n  The two-needle technique often is used to enter the L5-S1 
disc space with one modification. The procedure needle 
typically is curved (Fig. 39.16). To bypass the iliac crest, 
the introducer needle is advanced at an angle that places 
the needle tip in a position that does not line up with the 
L5-S1 disc space, which makes it difficult, if not impos-
sible, for a straight procedure needle to advance into the 
L5-S1 disc. A curved procedure needle allows the needle 
tip to align with the L5-S1 disc as it is advanced toward 
and into the disc adjusting for malalignment.
   

 

THORACIC DISCOGRAPHY
Thoracic discography has been refined to provide a tech-
nique that is reproducible and safe. A posterolateral 
extralaminar approach similar to lumbar discography is 
used with a single-needle technique. The significant dif-
ference between thoracic and lumbar discography is the 
potential for complications because of the surrounding 
anatomy of the thoracic spine. In contrast to lumbar dis-
cography, which typically is performed in the mid to lower 
lumbar spine below the spinal cord and lungs, thoracic dis-
cography has the inherent risk of pneumothorax and direct 
spinal cord trauma; other complications include discitis and 
bleeding. Essentially the same protocol is used for thoracic 
discography as for lumbar discography.

 TECHNIQUE 39.10 

(FALCO)
 n  Place the patient in a modified lateral decubitus position 

on the procedure table with the symptomatic side down.
 n  Begin antibiotics through the intravenous catheter. Alter-

natively, intradiscal antibiotics may be given during the 
procedure.

 n  Sedate the patient and prepare and drape the skin in a 
sterile manner.

Using fluoroscopic imaging, identify the interverte-
bral thoracic discs. Move the patient or adjust the C-arm 
obliquely to position the superior articular process so that 
it divides the intervertebral space in half (Fig. 39.17). At 
this point, the intervertebral discs and endplates, sub-
jacent superior articular process, and adjacent rib head 
should be in clear view. The endplates, the superior ar-
ticular process, and the rib head form a “box” (Fig. 39.18) 
that delineates a safe pathway into the disc, avoiding the 
spinal cord and lung. Keep the needle tip within the con-
fines of this “box” while advancing it into the annulus.

 n  After proper positioning and exposure, anesthetize the 
skin overlying the superior articular process with 1 to 2 mL 
of 1% lidocaine if necessary.

 

n

c

FIGURE 39.16 Curved procedure needle (c) passing through 
straight introducer needle (n).  (Courtesy Frank J. E. Falco, MD.) SEE 
TECHNIQUE 39.9.

 

pp
rr

FIGURE 39.17 Oblique position with superior articular process 
(arrow) dividing thoracic intervertebral space in half. p, Pedicle; r, 
rib head.  (Courtesy Frank J. E. Falco, MD.) SEE TECHNIQUE 39.10.
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FIGURE 39.18 Thoracic endplates (e), superior articular process 
(s), and rib head (r) form box.  (Courtesy Frank J. E. Falco, MD.)
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 n  Advance a single 6-inch spinal needle (a shorter or lon-
ger needle can be used, depending on the patient’s size) 
through the skin and the deeper soft tissues into the outer 
annulus within the “box” just anterior to the base of the 
superior articular process and just above the superior end-
plate. Continue into the central third of the disc, using 
anteroposterior and lateral fluoroscopic guidance.

 n  Inject either saline or a nonionic contrast dye into each 
disc in the same manner as for lumbar discography.

 n  Record any pain response and analyze for reproduction of 
concordant pain using the same protocol as for lumbar 
discography.

 n  Obtain radiographs and CT scan of the thoracic spine on 
completion of the study.
   

THORACIC DISC DISEASE
The thoracic spine is the least common location for disc 
pathology. Since the 1960s, many approaches have been 
described and validated through clinical experience. It is 
apparent that posterior laminectomy has no role in the opera-
tive treatment of this problem. Other posterior approaches, 
such as costotransversectomy, have good indications.

Symptomatic thoracic disc herniations remain rare, with 
an estimated incidence of one in 1 million individuals per 
year. They represent 0.25% to 0.75% of the total incidence 
of symptomatic disc herniations. The most common age at 
onset is between the fourth and sixth decades. As with the 
other areas of the spine, the incidence of asymptomatic disc 
herniations is high; an estimated 37% of thoracic disc hernia-
tions are asymptomatic. Operative treatment of thoracic disc 
herniations is indicated in rare patients with acute disc her-
niation with myelopathic findings attributable to the lesion, 
especially progressive neurologic symptoms.

SIGNS AND SYMPTOMS
The natural history of symptomatic thoracic disc disease is 
similar to that in other areas, in that symptoms and function 
typically improve with conservative treatment and time. The 
clinical course can vary, however, and a high index of sus-
picion must be maintained to make the correct diagnosis. 
The differential diagnosis for the symptoms of thoracic disc 
herniations is fairly extensive and includes nonspinal causes 
occurring with the cardiopulmonary, gastrointestinal, and 
musculoskeletal systems. Spinal causes of similar symptoms 
can occur with infectious, neoplastic, degenerative, and meta-
bolic problems within the spinal column and the spinal cord.

Two general patient populations have been documented in 
the literature. The smaller group of patients is younger and has 
a relatively short history of symptoms, often with a history of 
trauma. Typically, an acute soft disc herniation with either acute 
spinal cord compression or radiculopathy is present. Outcome 
generally is favorable with operative or nonoperative treatment. 
The larger group of patients has a longer history, often more 
than 6 to 12 months of symptoms, which result from chronic 
spinal cord or root compression. Disc degeneration, often with 
calcification of the disc, is the underlying process.

Pain is the most common presenting feature of thoracic 
disc herniations. Two patterns of pain are apparent: one 
is axial, and the other is bandlike radicular pain along the 

course of the intercostal nerve. The T10 dermatomal level 
is the most commonly reported distribution, regardless of 
the level of involvement. This is a band extending around 
the lower lateral thorax and caudad to the level of the umbi-
licus. This radicular pattern is more common with upper 
thoracic and lateral disc herniations. Some axial pain often 
occurs with this pattern as well. Associated sensory changes 
of paresthesias and dysesthesia in a dermatomal distribution 
also occur (Fig. 39.19). High thoracic discs (T2 to T5) can 
manifest similarly to cervical disc disease with upper arm 
pain, paresthesias, radiculopathy, and Horner syndrome. 
Myelopathy also may occur. Complaints of weakness, which 
may be generalized by the patient, typically involving both 
lower extremities occur in the form of mild paraparesis. 
Sustained clonus, a positive Babinski sign, and wide-based 
and spastic gait all are signs of myelopathy. Bowel and blad-
der dysfunction occur in only 15% to 20% of these patients. 
The neurologic evaluation of patients with thoracic disc her-
niations must be meticulous because there are few localizing 
findings. Abdominal reflexes, cremasteric reflex, dermato-
mal sensory evaluation, rectus abdominis contraction sym-
metry, lower extremity reflexes and strength and sensory 
examinations, and determination of long tract findings all 
are important. 

CONFIRMATORY IMAGING
Plain radiographs are helpful to evaluate traumatic injuries 
and to determine potential osseous morphologic variations 
that may help to localize findings, especially on intraoperative 
films, if these become necessary. MRI is the most important 
and useful imaging method to show thoracic disc herniations. 
In addition to the disc herniation, neoplastic or infectious 
pathology can be seen. The presence of intradural pathol-
ogy, including disc fragments, also usually is shown on MRI. 
The spinal cord signal may indicate the presence of inflam-
mation or myelomalacia as well. Despite all of these advan-
tages, MRI may underestimate the thoracic disc herniation, 
which often is calcified and has low signal intensity on T1- 
and T2-weighted sequences.
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FIGURE 39.19   Sensory dermatomes of trunk region.
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Myelography followed by CT also can be useful in eval-
uating the bony anatomy and more accurately assessing the 
calcified portion of the herniated thoracic disc. Regardless of 
the imaging methods used, the appearance and presence of 
a thoracic disc herniation must be carefully considered and 
correlated with the patient’s complaints and detailed exami-
nation findings. Relief of pain with thoracic transforaminal 
epidural can confirm the source of pain and is a good predic-
tor of improvement with surgical intervention. 

TREATMENT RESULTS
As mentioned previously, nonoperative treatment usually is 
effective. A specific regimen cannot be recommended for all 
patients; however, the principles of short-term rest, pain relief, 
antiinflammatory agents, and progressive directed activity resto-
ration seem most appropriate. These measures generally should 
be continued at least 6 to 12 weeks if feasible. If neurologic defi-
cits progress or manifest as myelopathy, or if pain remains at an 
intolerable level, surgery should be recommended. The initial 
procedure recommended for this lesion was posterior thoracic 
laminectomy and disc excision. At least half of the lesions have 
been identified as being central, making the excision from this 
approach extremely difficult, and the results were dishearten-
ing. Most series reported fewer than half of the patients improv-
ing, with some becoming worse after posterior laminectomy 
and discectomy. Recent studies suggest that lateral rachiotomy 
(modified costotransversectomy) or an anterior transthoracic 
approach for discectomy produces considerably better results 
with no evidence of worsening after the procedure.

Video-assisted thoracic surgery (VATS) has been used in 
several series to remove central thoracic disc herniations suc-
cessfully without the need for a thoracotomy or fusion.

The most promising and least invasive technique for sur-
gical treatment of thoracic disc herniation is awake trans-
foraminal endoscopic discectomy. It can be used to treat 
thoracic herniations of the midline without the morbidity of 
chest surgery, fusion, or even general anesthesia. 

OPERATIVE TREATMENT
The best operative approach for these lesions depends on the 
specific characteristics of the disc herniation and on the par-
ticular experience of the surgeon. Simple laminectomy has no 
role in the treatment of thoracic disc herniations. Posterior 
approaches, including costotransversectomy, transpedicu-
lar, transfacet pedicle-sparing, transdural, and lateral extra-
cavitary approaches, all have been used successfully. Anterior 
approaches via thoracotomy, a transsternal approach, retro-
pleural approach, or VATS also have been used successfully 
(Fig. 39.20). More recently, a number of minimally inva-
sive posterior and anterior techniques have been developed, 
most using a series of muscle dilators, tubular retractors, and 
microscope visualization. The surgical intervention with the 
least morbidity is awake transforaminal endoscopic discec-
tomy when used for herniations accessible by that approach.

COSTOTRANSVERSECTOMY
Costotransversectomy is probably best suited for thoracic 
disc herniations that are predominantly lateral or herniations 
that are suspected to be extruded or sequestered. Central disc 
herniations are probably best approached transthoracically. 
Some surgeons have recommended subsequent fusion after 
disc removal anteriorly or laterally. 

 

THORACIC  
COSTOTRANSVERSECTOMY

 TECHNIQUE 39.11 

 n  The operation usually is done with the patient under gen-
eral anesthesia with a double-lumen endotracheal tube or a 
Carlen tube to allow lung deflation on the side of approach.

 n  Place the patient prone and make a long midline incision 
or a curved incision convex to the midline centered over 
the side of involvement.

 n  Expose the spine in the usual manner out to the ribs.
 n  Remove a section of rib 5.0 to 7.5 cm long at the level 

of involvement, avoiding damage to the intercostal nerve 
and artery.

 n  Carry the resection into the lateral side of the disc, exposing 
it for removal. Additional exposure can be made by lami-
nectomy and excision of the pedicle and facet joint. Fusion 
is unnecessary unless more than one facet joint is removed.

 n  Close the wound in layers.

POSTOPERATIVE CARE Postoperative care is similar to 
that for lumbar disc excision without fusion (see Tech-
nique 39.16).
  

THORACIC DISC EXCISION
Because of the relative age of patients with thoracic disc rup-
tures, special care must be taken to identify patients with pul-
monary problems. In these patients, the anterior approach can 
be detrimental medically, making a posterolateral approach 
safer. Patients with midline protrusions probably are best 
treated with the transthoracic approach to ensure complete 
disc removal. 

 

THORACIC DISCECTOMY— 
ANTERIOR APPROACH

 TECHNIQUE 39.12 

 n  The operation is done with the patient under general 
anesthesia, using a double-lumen endotracheal tube for 
lung deflation on the side of the approach.

 n  Place the patient in a lateral decubitus position. A left-
sided anterior approach usually is preferred, making the 
operative procedure easier, if the herniation is central.

 n  Make a skin incision along the line of the rib that corre-
sponds to the second thoracic vertebra above the involved 
intervertebral disc except for approaches to the upper five 
thoracic segments, where the approach is through the 
third rib. The skin incision is best determined by correlat-
ing preoperative imaging with intraoperative fluoroscopy.

 n  Cut the rib subperiosteally at its posterior and anterior 
ends and insert a rib retractor. Save the rib for grafting 
later in the procedure. One can decide on an extrapleu-
ral or transpleural approach depending on familiarity and 
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ease. Exposure of the thoracic vertebrae should give ad-
equate access to the front and opposite side.

 n  Dissect the great vessels free of the spine.
 n  Ligate the intersegmental vessels near the great vessels 

and not near the foramen. One should be able to insert 
the tip of a finger against the opposite side of the disc 
when the vascular mobilization is complete. Exposure of 
the intervertebral disc without disturbing more than three 
segmental vessels is preferable to avoid ischemic prob-
lems in the spinal cord.

 n  In the thoracolumbar region, strip the diaphragm from the 
11th and 12th ribs. The anterior longitudinal ligament usu-
ally is sectioned to allow spreading of the  intervertebral disc 

space. Remove the disc as completely as possible if fusion 
is planned. The use of an operating microscope or loupe 
magnification eases the removal of the disc near the poste-
rior longitudinal ligament. Use curets and Kerrison rongeurs 
to remove the disc back to the posterior longitudinal liga-
ment. When using this technique with fusion, removal of 
most of the disc is straightforward. As the posterior portion 
of the disc, including the herniation, is removed, however, 
the technique becomes more difficult. As mentioned previ-
ously, the herniation and surrounding disc usually are calci-
fied and must be removed either piecemeal or with a high-
speed drill. Careful dissection to develop a plane between 
tissue to be removed and the ventral dura is required. This 
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Laminectomy

Transpedicular

Lateral extracavitaryCostotransversectomy

Transthoracic

FIGURE 39.20 A to E, Exposure of thoracic disc provided by standard laminectomy (A), trans-
pedicular approach (B), costotransversectomy approach (C), lateral extracavitary approach (D), and 
transthoracic approach (E).
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is best done with blunt Penfield-type dissectors and small 
curets of various designs and orientations. Even if a drill is 
used, the removal of the posteriormost tissue should be 
done with hand instruments, not powered instruments. 
Expect significant bleeding from the epidural veins, which 
usually are congested at the level of herniation.

 n  After removal of the disc, strip the endplates of their 
 cartilage.

 n  Make a slot on the margin of the superior endplate to 
accept the graft material. Preserve the subchondral bone 
on both sides of the disc space. Insert iliac, tibial, or rib 
grafts into the disc space. If multiple short rib grafts are 
used, they can be tied together with heavy suture material 
when the maximal number of grafts has been inserted. 
This helps maintain vertical alignment for all such grafts.

 n  Close the wound in the usual manner and use standard 
chest drainage.

 n  Alternatively, if fusion is not desired, a more limited resec-
tion using an operating microscope can be done.

 n  Also, the minimally invasive lateral retroperitoneal/retro-
pleural approach as described in Chapter 37 can be used 
for herniations from T10-11 to L1-2.

 n  After the vascular mobilization, resect the rib head to allow 
observation of the pedicle and foramen caudal to the disc 
space. The cephalad portion of the pedicle can be removed 
with a high-speed burr and Kerrison rongeurs, exposing 
the posterolateral aspect of the disc. This allows for careful, 
blunt development of the plane ventral to the dura with re-
moval of the disc herniation and preservation of the anterior 
majority of the disc and limits the need for fusion. A similar 
technique using VATS is described in Technique 39.13

 n  The transthoracic approach removing a rib two levels 
above the level of the lesion can be used up to T5. The 
transthoracic approach from T2 to T5 is best made by exci-
sion of the third or fourth rib and elevation of the scapula 
by sectioning of attachments of the serratus anterior and 
trapezius from the scapula. The approach to the T1-2 disc is 
best made from the neck with a sternum-splitting incision.

POSTOPERATIVE CARE Postoperative care is the same as 
for a thoracotomy. The patient is allowed to walk after the 
chest tubes are removed. Extension in any position is prohib-
ited. A brace or body cast that limits extension should be used 
if the stability of the graft is questionable. The graft usually 
is stable without support if only one disc space is removed. 
Postoperative care is the same as for anterior corpectomy and 
fusion if more than one disc level is removed. If no fusion is 
done, the patient is mobilized as pain permits without a brace.
  

THORACOSCOPIC DISC EXCISION
In the fields of general surgery and thoracic surgery, the devel-
opment of laparoscopic surgical techniques and VATS has 
allowed significant improvements to be made with respect 
to decreasing pain, duration of hospitalization, and recovery 
times for a variety of procedures (Fig. 39.21). Microsurgical 
and endoscopic operative techniques are highly technical, and 
they should be performed by a surgeon who is proficient in this 
technique and in the use of thoracoscopic equipment and with 
the assistance of an experienced thoracic surgeon. Ideally, the 
procedure should first be done on cadavers or live animals. 

 

THORACOSCOPIC THORACIC 
DISCECTOMY

 TECHNIQUE 39.13 

(ROSENTHAL ET AL.)
 n  Place the patient in the left lateral decubitus position to al-

low a right-sided approach and displacement of the aorta 
and heart to the left.

 n  Insert four trocars in a triangular fashion along the middle 
axillary line converging on the disc space. Introduce a rigid 
endoscope with a 30-degree optic angle attached to a 
video camera into one of the trocars, leaving the other 
three as working channels.

 n  Deflate the lung using a Carlen tube or similar method.
 n  Split the parietal pleura starting at the medial part of the 

intervertebral space and extending up to the costoverte-
bral process.

 n  Preserve and mobilize the segmental arteries and sympa-
thetic nerve out of the operating field.

 n  Drill away the rib head and lateral portion of the pedicle. 
Remove the remaining pedicle with Kerrison rongeurs to 
improve exposure to the spinal canal. Removing the su-
perior posterior portion of the vertebra caudal to the disc 
space allows safer removal of the disc material, which 
can be pulled anteriorly and inferiorly away from the spi-
nal canal to be removed. Use endoscopic instruments for 
surgery in the portals.

 n  Remove the disc posteriorly and the posterior longitudinal 
ligament, restricting bone and disc removal to the poste-
rior third of the intervertebral space and costovertebral 
area to maintain stability.

 n  Insert chest tubes in the standard fashion and set them to 
water suction; close the portals.

POSTOPERATIVE CARE The patient is rapidly mobilized 
as tolerated by the chest tubes. Discharge is possible after 
the chest tubes have been removed and the patient is 
ambulating well.
   

 

MINIMALLY INVASIVE THORACIC 
DISCECTOMY

 TECHNIQUE 39.14 

 n  Place the patient in the lateral decubitus position with the 
affected side up.

 n  Localize an incision over the disc space of interest. A 5-cm 
portion of rib can be resected if it is overlying the disc, or 
the approach can sometimes be performed without rib re-
section. Using blunt finger dissection, make a retropleural 
approach down to the spine and dock a minimally invasive 
retractor system on the disc space and rib head of interest. 
Sometimes the pleura must be opened, but this does not 
change the exposure significantly because the retractor 
can safely retract the lung while being insufflated.
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 n  Complete the procedure as in an open discectomy 
through a thoracotomy using the self-retaining retractor 
(many different styles are available).

 n  Once the procedure is finished there is no need for a chest 
tube if the pleura is not violated.

 n  Close the rib base and subcutaneous tissues in layers.
This approach can be extended down to L1-2 by mo-

bilizing the diaphragm off the rib and transverse process 
attachments.

POSTOPERATIVE CARE The patient is mobilized the day 
of surgery and is discharged when ambulating well.
  

THORACIC ENDOSCOPIC DISC EXCISION
 

TRANSFORAMINAL ENDOSCOPIC 
THORACIC DISCECTOMY
The awake transforaminal endoscopic approach using the 
outside-in technique to the thoracic spine allows resection 
of disc material that can begin midline and be extended 
laterally to either side. This approach typically can reach 
herniations from T4 to L4 in most people, does not require 
violation of the chest cavity, usually does not require fusion, 
and does not even require general anesthesia, making it 
the least invasive approach for removal of a thoracic disc 
herniation.

A diagnostic transforaminal epidural injection at the 
site of the herniation can confirm the diagnosis and en-
sure enough space between the rib, transverse process, 
and facet joint for the endoscopic approach. If the patient 
gets profound relief from the transforaminal epidural, it 
is a good predictor of surgical outcome, and endoscopic 
surgery can be planned if the pain from the thoracic disc 
herniation returns.

 TECHNIQUE 39.15 

 n  Plan the approach to the appropriate thoracic foramen on 
preoperative axial imaging.

 n  Place the patient prone on a radiolucent table.
 n  Advance an 18- to 20-gauge needle into the foramen 

at the level of the herniation based on the preoperative 
imaging plan.

 n  Place a guide wire through the needle and remove the 
needle.

 n  Anesthetize the skin and subcutaneous tissue with 8 mL 
1% lidocaine with epinephrine and use a no. 11 blade to 
make a 1-cm incision.

 n  Place dilators over the guidewire and advance them into 
the foramen under fluoroscopic guidance.

 n  Some systems allow reaming of the foramen with percuta-
neous reamers under fluoroscopic guidance. Alternatively, 
advance the operative cannula into the foramen and open 
the foramen with a diamond burr under direct light-based 
endoscopic visualization. This technique is best for sur-
geons who are more comfortable with bony resection un-
der direct visualization, and it is our preferred technique.

 n  Remove bone vigorously to allow space to work and avoid 
tension on the dura. Remove a significant amount of su-
perior articular process, pedicle, and posterior end plates 
as needed.

 n  Adjust fluid flow through the endoscope to control epi-
dural bleeding.

 n  After the bony anatomy of the arch formed by the inferior 
pedicle and superior articular process is visualized, identify 
the herniation.

 n  Use instruments to remove disc material from the suban-
nular space and push disc material away from the dura 
into the cavity created by the drilling.

 n  Decompression is complete when the undersurface of 
the thoracic dura is seen pulsating to heartbeat and the 
patient notes resolution of his or her typical thoracic ra-
dicular pain.

 n  Suction excess fluid from the wound and infiltrate the 
epidural space with 1 mL of steroid and 2 mL of 0.25% 
Marcaine.

 n  Remove the operative cannula, close the skin with a single 
subcuticular stitch, and close the wound with a dab of 
skin glue. Ask the patient to transfer himself or herself to 
the gurney.

POSTOPERATIVE CARE The patient is limited in bend-
ing, lifting, and twisting, but may shower the day of the 
procedure. Patients are typically discharged from the sur-
gery center as soon as they can ambulate independently 
and void. Driving is delayed until postoperative day 2 or 
until narcotics are discontinued, but this procedure is 
commonly done with only nonsteroidal antiinflammatory 
medications for postoperative pain control. Patients are 
allowed to begin a trunk stabilization therapy program at 
2 weeks after surgery and advance as tolerated.
   

LUMBAR DISC DISEASE
SIGNS AND SYMPTOMS
Although back pain is common from the second decade of 
life on, intervertebral disc disease and disc herniation are 
most prominent in otherwise healthy people in the third 
and fourth decades of life. Most people relate their back 
and leg pain to a traumatic incident, but close questioning 
frequently reveals that the patient has had intermittent epi-
sodes of back pain for many months or even years before the 
onset of severe leg pain. In many instances, the back pain 
is relatively fleeting and is relieved by rest. Heavy exertion, 
repetitive bending, twisting, or heavy lifting often brings on 
axial back pain. In other instances, an inciting event can-
not be elicited. The pain usually begins in the lower back, 
radiating to the sacroiliac region and buttocks. The pain 
can radiate down the posterior thigh. Back and posterior 
thigh pain of this type can be elicited from many areas of the 
spine, including the facet joints, longitudinal ligaments, and 
periosteum of the vertebra. Radicular pain usually extends 
below the knee and follows the dermatome of the involved 
nerve root (Fig. 39.22).

The usual history of lumbar disc herniation is of repeti-
tive lower back and buttock pain, relieved by a short period 
of rest. This pain is suddenly exacerbated, often by a flexion 
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episode, with the appearance of leg pain. Most radicular pain 
from nerve root compression caused by a herniated nucleus 
pulposus is evidenced by leg pain equal to, or in many cases 
greater than, the degree of back pain. Whenever leg pain is 
minimal and back pain is predominant, great care should be 
taken before making the diagnosis of a symptomatic herni-
ated intervertebral disc. The pain from disc herniation usually 
varies, increasing with activity, especially sitting and driving.

The pain can be decreased by rest, especially in the semi-
Fowler position, and can be exacerbated by straining, sneez-
ing, or coughing. Whenever the pattern of pain is bizarre or 
the pain is uniform in intensity, a diagnosis of symptomatic 
herniated disc should be viewed with some skepticism.

Other symptoms of disc herniation include weakness and 
paresthesias. In most patients, the weakness is intermittent, 
varies with activity, and is localized to the neurologic level 
of involvement. Paresthesias also vary and are limited to the 
dermatome of the involved nerve root. Whenever these com-
plaints are generalized, the diagnosis of a simple unilateral 
disc herniation should be questioned.

Numbness and weakness in the involved leg and occa-
sionally pain in the groin or testis can be associated with a 
high or midline lumbar disc herniation. If a fragment is large 
or the herniation is high, symptoms of pressure on the entire 
cauda equina can occur with development of cauda equina 
syndrome. These symptoms include numbness and weak-
ness in both legs, rectal pain, numbness in the perineum, and 
paralysis of the sphincters. This diagnosis should be the pri-
mary consideration in patients who complain of sudden loss 
of bowel or bladder control. Whenever the diagnosis of cauda 
equina syndrome is caused by an acute midline herniation, 
evaluation and treatment should be aggressive.

The physical findings with disc disease vary because of 
the time intervals involved. Usually patients with acute pain 
show evidence of marked paraspinal spasm that is sustained 

during walking or motion. A scoliosis or a list in the lumbar 
spine may be present, and in many patients the normal lum-
bar lordosis is lost. As the acute episode subsides, the degree 
of spasm diminishes remarkably, and the loss of normal lum-
bar lordosis may be the only telltale sign. Point tenderness 
may be present over the spinous process at the level of the 
disc involved, and pain may extend laterally in some patients.

If there is nerve root irritation, it centers over the length 
of the sciatic nerve, in the sciatic notch, and more distally in 
the popliteal space. In addition, stretch of the sciatic nerve at 
the knee should reproduce buttock, thigh, and leg pain (i.e., 
pain distal to the knee). A Lasègue sign usually is positive 
on the involved side. A positive Lasègue sign or straight-leg 
raising should elicit buttock and leg pain distal to the knee. 
Occasionally, if leg pain is significant, the patient leans back 
from an upright sitting position and assumes the tripod posi-
tion to relieve the pain. This is referred to as the “flip sign.” 
Contralateral leg pain produced by straight-leg raising should 
be regarded as pathognomonic of a herniated intervertebral 
disc. The absence of a positive Lasègue sign should make one 
skeptical of the diagnosis, although older individuals may not 
have a positive Lasègue sign and tend toward more claudica-
tory symptoms. Likewise, inappropriate findings and incon-
sistencies in the examination usually are nonorganic in origin 
(see discussion of nonspecific axial pain). If the leg pain has 
persisted for any length of time, atrophy of the involved limb 
may be present, as shown by asymmetric girth of the thigh or 
calf. The neurologic examination varies as determined by the 
level of root involvement (Boxes 39.2 to 39.4).

Unilateral disc herniation at L3-4 usually compresses 
the L4 root as it crosses the disc before exiting at the L4-5 
intervertebral foramen below the L4 pedicle. Pain may be 
localized around the medial side of the leg. Numbness may 
be present over the anteromedial aspect of the leg. The ante-
rior tibial muscle may be weak, as evidenced by inability 
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FIGURE 39.21 Video-assisted thoracic surgery. A, Patient positioned in left lateral decubitus 
position and portal positions marked. B, Portals.
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L4 Root Compression*

Sensory Deficit
Posterolateral thigh, anterior knee, and medial leg 

Motor Weakness
Quadriceps (variable)
Hip adductors (variable) 

Anterior Tibial Weakness
Reflex change
Patellar tendon
Anterior tibial tendon (variable)

 BOX 39.2 

* Indicative of L3-4 disc herniation or pathologic condition localized to L4 foramen.

L5 Root Compression*

Sensory Deficit
Anterolateral leg, dorsum of the foot, and great toe 

Motor Weakness
Extensor hallucis longus
Gluteus medius
Extensor digitorum longus and brevis 

Reflex Change
Usually none
Posterior tibial (difficult to elicit)

 BOX 39.3 

* Indicative of L4-5 disc herniation or pathologic condition localized to L5 foramen.

to heel walk. The quadriceps and hip adductor group, both 
innervated from L2, L3, and L4, also may be weak and, in 
extended ruptures, atrophic. Reflex testing may reveal a 
diminished or absent patellar tendon reflex (L2, L3, and L4) 
or anterior tibial tendon reflex (L4). Sensory testing may 
show diminished sensibility over the L4 dermatome, the iso-
lated portion of which is the medial leg (see Fig. 39.22) and 
the autonomous zone of which is at the level of the medial 
malleolus.

Unilateral disc herniation at L4-5 results in compression 
of the L5 root. L5 root radiculopathy should produce pain 
in the dermatomal pattern. Numbness, when present, fol-
lows the L5 dermatome along the anterolateral aspect of the 
leg and the dorsum of the foot, including the great toe. The 

autonomous zone for this nerve is the dorsal first web of the 
foot and the dorsum of the third toe. Weakness may involve 
the extensor hallucis longus (L5), gluteus medius (L5), or 
extensor digitorum longus and brevis (L5). Reflex change 
usually is not found. A diminished posterior tibial reflex is 
possible but difficult to elicit.

With unilateral rupture of the disc at L5-S1, the findings 
of an S1 radiculopathy are noted. Pain and numbness involve 
the dermatome of S1. The S1 dermatome includes the lat-
eral malleolus and the lateral and plantar surface of the foot, 
occasionally including the heel. There is numbness over the 
lateral aspect of the leg and, more important, over the lat-
eral aspect of the foot, including the lateral three toes. The 
autonomous zone for this root is the dorsum of the fifth toe. 
Weakness may be shown in the peroneus longus and brevis 
(S1), gastrocnemius-soleus (S1), or gluteus maximus (S1). In 
general, weakness is not a usual finding in S1 radiculopathy. 
Occasionally, mild weakness may be shown by asymmetric 
fatigue with exercise of these motor groups. The ankle jerk 
usually is reduced or absent.

Massive extrusion of a disc involving the entire diameter 
of the lumbar canal or a large midline extrusion can produce 
pain in the back, legs, and occasionally perineum. Both legs 
may be paralyzed, the sphincters may be incontinent, and the 
ankle jerks may be absent.

More than 95% of the ruptures of the lumbar interver-
tebral discs occur at L4-5 or L5-S1. Ruptures at higher levels 
in many patients are not associated with a positive straight-
leg raising test. In these instances, a positive femoral stretch 
test can be helpful. This test is done by placing the patient 
prone and acutely flexing the knee while placing the hand in 
the popliteal fossa. When this procedure results in anterior 
thigh pain, the result is positive and a high lesion should be 
suspected. In addition, these lesions may occur with a more 
diffuse neurologic complaint without significant localizing 
neurologic signs.

Often the neurologic signs associated with disc disease 
vary over time. If the patient has been up and walking for a 
period of time, the neurologic findings may be much more 
pronounced than if he or she has been at bed rest for several 
days, decreasing the pressure on the nerve root and allowing 
the nerve to resume its normal function. In addition, various 
conservative treatments can change the physical signs of disc 
disease.

Comparative bilateral examination of a patient with back 
and leg pain is essential in finding a clear-cut pattern of signs 
and symptoms. The evaluation commonly may change. Adverse 
changes in the examination may warrant more aggressive ther-
apy, whereas improvement of the symptoms or signs should 
signal a resolution of the problem. Early symptoms or signs sug-
gesting cauda equina syndrome or severe or progressive neuro-
logic deficit should be treated aggressively from the onset. 

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of back and leg pain is extremely 
lengthy and complex. It includes diseases intrinsic to the 
spine and diseases involving adjacent organs but causing pain 
referred to the back or leg. For simplicity, lesions can be cat-
egorized as being extrinsic or intrinsic to the spine. Extrinsic 
lesions include diseases of the urogenital system, gastrointes-
tinal system, vascular system, endocrine system, nervous sys-
tem not localized to the spine, and extrinsic musculoskeletal 

S1 Root Compression*

Sensory Deficit
Lateral malleolus, lateral foot, heel, and web of fourth and 

fifth toes 

Motor Weakness
Peroneus longus and brevis
Gastrocnemius-soleus complex
Gluteus maximus 

Reflex Change
Achilles tendon (gastrocnemius-soleus complex)

 BOX 39.4 

* Indicative of L5-S1 disc herniation or pathologic condition localized to S1 foramen.
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system. These lesions include infections, tumors, metabolic 
disturbances, congenital abnormalities, and associated dis-
eases of aging. Intrinsic lesions involve diseases that arise 
primarily in the spine. They include diseases of the spinal 
musculoskeletal system, the local hematopoietic system, and 
the local neurologic system. These conditions include trauma, 
tumors, infections, diseases of aging, and immune diseases 
affecting the spine or spinal nerves.

Although the predominant cause of back and leg pain 
in healthy individuals usually is lumbar disc disease, one 
must be extremely cautious to avoid a misdiagnosis, particu-
larly given the high incidence of disc herniations present in 
asymptomatic patients as discussed previously. A full physical 
examination must be completed before making a presump-
tive diagnosis of herniated disc disease. Common diseases 
that can mimic disc disease include ankylosing spondylitis, 
multiple myeloma, vascular insufficiency, arthritis of the hip, 
osteoporosis with stress fractures, extradural tumors, periph-
eral neuropathy, and herpes zoster. Infrequent but reported 
causes of sciatica not related to disc herniation include syno-
vial cysts, rupture of the medial head of the gastrocnemius, 
sacroiliac joint dysfunction, lesions in the sacrum and pelvis, 
and fracture of the ischial tuberosity. 

CONFIRMATORY IMAGING
Although the diagnosis of a herniated lumbar disc should be 
suspected from the history and physical examination, imag-
ing studies are necessary to rule out other causes, such as a 
tumor or infection. Plain radiographs are of limited use in the 

diagnosis because they do not show disc herniations or other 
intraspinal lesions, but they can show infection, tumors, or 
other anomalies and should be obtained, especially if surgery 
is planned. Currently, the most useful test for diagnosing a 
herniated lumbar disc is MRI (Figs. 39.23 and 39.24). Since 
the advent of MRI, myelography is used much less frequently, 
although in some situations it may help to show subtle lesions. 
When myelography is used, it should be followed by CT. 

NONOPERATIVE TREATMENT
The number and variety of nonoperative therapies for back 
and leg pain are diverse and overwhelming. Treatments range 
from simple rest to expensive traction apparatus. All of these 
therapies are reported with glowing accounts of miraculous 
“cures”; few have been evaluated scientifically. In addition, 
the natural history of lumbar disc herniation is characterized 
by exacerbations and remissions with eventual improvement 
of extremity complaints in most cases, which can make any 
intervention appear successful to the patient. Finally, several 
distinct symptom complexes seem to be associated with disc 
disease. Few, if any, studies have isolated the response to spe-
cific and anatomically distinct diagnoses.

The simplest treatment for acute back pain is rest; generally 
2 days of bed rest are better than a longer period. Biomechanical 
studies indicate that lying in a semi-Fowler position (i.e., on the 
side with the hips and knees flexed) with a pillow between the 
legs should relieve most pressure on the disc and nerve roots. 
Muscle spasm can be controlled by the application of ice, pref-
erably with a massage over the muscles in spasm. Pain relief 
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FIGURE 39.22   Diagram indicating dermatomal regions for T10-S5 nerves.
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and antiinflammatory effect can be achieved with NSAIDs. 
Most acute exacerbations of back pain respond quickly to this 
therapy. As the pain diminishes, the patient should be encour-
aged to begin isometric abdominal and lower extremity exer-
cises. Walking within the limits of comfort also is encouraged. 
Sitting, especially riding in a car, is discouraged. Continuation 
of ordinary activities within the limits permitted by pain has 
been shown to lead to a quicker recovery.

Education in proper posture and body mechanics is help-
ful in returning the patient to the usual level of activity after 
the acute exacerbation has improved. This education can take 
many forms, from individual instruction to group instruc-
tion. Back education of this type is now usually referred to as 
“back school.” Although the concept is excellent, the quality 
and quantity of information provided may vary widely. The 
work of Bergquist-Ullman and Larsson and others indicates 
that patient education of this type is extremely beneficial in 
decreasing the amount of time lost from work initially but 
does little to decrease the incidence of recurrence of symp-
toms or length of time lost from work during recurrences. 
The combination of back education and combined physical 
therapy is superior to placebo treatment. Physical therapy can 
help improve activity level and physical function but should 
be discontinued if it aggravates the radiculopathy.

Numerous medications have been used with various results 
in subacute and chronic back and leg pain syndromes. The cur-
rent trend seems to be moving away from the use of strong nar-
cotics and muscle relaxants in the outpatient treatment of these 
syndromes. This is especially true in the instances of chronic 
back and leg pain where drug habituation and increased depres-
sion are frequent. Oral steroids used briefly can be beneficial as 
potent antiinflammatory agents. The many types of NSAIDs 
also are helpful when aspirin is not tolerated or is of little help. 
Numerous NSAIDs are available for the treatment of low back 
pain. When depression is prominent, mood elevators such as 
nortriptyline can be beneficial in reducing sleep disturbance 
and anxiety without increasing depression. Nortriptyline also 
decreases the need for narcotic medication.

Physical therapy should be used judiciously. The exercises 
should be fitted to the symptoms and not forced as an abso-
lute group of activities. Patients with acute back and thigh pain 
eased by passive extension of the spine in the prone position 
can benefit from extension exercises rather than flexion exer-
cises. Improvement in symptoms with extension indicates a 
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FIGURE 39.23 Types of disc herniation. A, Normal bulge. B, 

Protrusion. C, Extrusion. D, Sequestration.
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FIGURE 39.24 Sixty-one-year-old patient with right L5 radicu-
lopathy. A, T2 sagittal MR image reveals sequestered L4 herniated 
disc fragment. B, T2 axial MR image shows the fragment between 
L5 pedicles. C, This patient also had asymptomatic left L5 disc 
 extrusion.
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good prognosis with conservative care. Patients whose pain 
is increased by passive extension may be improved by flexion 
exercises. These exercises should not be forced in the face of 
increased pain. This may avoid further disc extrusion. Any 
exercise that increases pain should be discontinued. Lower 
extremity exercises can increase strength and relieve stress on 
the back, but they also can exacerbate lower extremity arthritis. 
The true benefit of such treatments may be in the promotion 
of good posture and body mechanics rather than of strength. 
Numerous treatment methods have been advanced for the 
treatment of back pain. Some patients respond to the use of 
transcutaneous electrical nerve stimulation. Others do well 
with traction varying from skin traction in bed with 5 to 8 lb to 
body inversion with forces of more than 100 lb. Back braces or 
corsets may be helpful to other patients. Ultrasound and dia-
thermy are other treatments used in acute back pain. The scien-
tific efficacy of many of these treatments has not been proved.

As discussed earlier, the natural history of lumbar disc 
disease generally is favorable. Although low-back pain can 
result in significant disability, approximately 95% of patients 
return to their previous employment within 3 months of 
symptom onset. Failure to return to work within 3 months 
has been identified as a poor prognostic sign. Longer periods 
of disability equate to lower probability of returning to work: 
in patients with total disability lasting a year, the likelihood of 
returning to work is 21%, and in those with disability lasting 
2 years the likelihood is less than 2%. Obesity and smoking 
have been shown to correlate unfavorably with low back pain 
and may adversely affect the progression of symptoms. 

OPERATIVE TREATMENT
If nonoperative treatment for lumbar disc disease fails, the 
next consideration is operative treatment. Before this step is 
taken, the surgeon must be sure of the diagnosis. The patient 
must be certain that the degree of pain and impairment war-
rants such a step. The surgeon and the patient must realize that 
disc surgery is not a cure but may provide symptomatic relief. 
It neither stops the pathologic processes that allowed the her-
niation to occur nor restores the disc to a normal state. The 
patient still must practice good posture and body mechanics 
after surgery. Activities involving repetitive bending, twisting, 
and lifting with the spine in flexion may have to be curtailed 
or eliminated. If prolonged relief is to be expected, some per-
manent modification in the patient’s lifestyle may be neces-
sary, although often no specific limitations are applied.

The key to good results in disc surgery is appropriate 
patient selection. The optimal patient is one with predomi-
nant (if not only) unilateral leg pain extending below the knee 
that has been present for at least 6 weeks. The pain should have 
been decreased by rest, antiinflammatory medication, or even 
epidural steroids but should have returned to the initial levels 
after a minimum of 6 to 8 weeks of conservative care. Physical 
examination should reveal signs of sciatic irritation and pos-
sibly objective evidence of localizing neurologic impairment. 
CT, lumbar MRI, or myelography should confirm the level of 
involvement consistent with the patient’s examination.

Operative disc removal is mandatory and urgent only in 
patients with cauda equina syndrome; other disc excisions 
should be considered elective. The elective status of surgery 
should allow a thorough evaluation to confirm the diagno-
sis, level of involvement, and physical and psychologic status 
of the patient. Frequently, if there is a rush to the operating 

room to relieve pain without proper investigation, the patient 
and the physician later regret the decision.

Regardless of the method chosen to treat a disc rupture 
surgically, the patient should be aware that the procedure is 
predominantly for the symptomatic relief of leg pain. Patients 
with predominantly back pain may not experience relief.

MICRODISCECTOMY
Most disc surgery is performed with the patient under general 
endotracheal anesthesia, although local anesthesia has been 
used with minimal complications. Patient positioning var-
ies with the operative technique and surgeon. To position the 
patient in a modified kneeling position, a specialized frame or 
custom frame is popular. Positioning the patient in this man-
ner allows the abdomen to hang free, minimizing epidural 
venous dilation and bleeding (Fig. 39.25). A headlamp allows 
the surgeon to direct light into the lateral recesses where a 
large proportion of the surgery may be required. The addi-
tion of loupe magnification also greatly improves the iden-
tification and exposure of various structures. Most surgeons 
also use an operative microscope to improve visibility further. 
The primary benefit of an operating microscope compared 
with loupes is the narrowed interocular distance while main-
taining binocular vision and the view afforded the assistant. 
Radiographic confirmation of the proper level is necessary. 
Care should be taken to protect neural structures. Epidural 
bleeding should be controlled with bipolar electrocautery. 
Any sponge, pack, or cottonoid patty placed in the wound 
should extend to the outside. Pituitary rongeurs should be 
marked at a point equal to the maximal allowable disc depth 
to prevent injury of viscera or great vessels.

MICROSCOPIC LUMBAR DISC EXCISION
Microscopic lumbar disc excision has replaced the standard 
open laminectomy as the procedure of choice for herniated 
lumbar disc. This procedure can be done on an outpatient 
basis and allows better lighting, magnification, and angle of 
view with a much smaller exposure. Because of the limited 
dissection required, there is less postoperative pain and a 
shorter postoperative stay.

Microscopic lumbar discectomy requires an operating 
microscope with a 400-mm lens, a variety of small-angled 
Kerrison rongeurs of appropriate length, microinstruments, 
and preferably a combination suction/nerve root retractor. 
The procedure is performed with the patient prone. A special-
ized frame (see Fig. 39.25) previously described can be used, 
or the patient can be positioned on chest rolls. There are sev-
eral advantages to using a specialized table, such as an Andrews 
table: (1) it allows the belly to hang free where venous blood 
will pool, which results in decreased venous epidural bleed-
ing intraoperatively; (2) the knee-chest position maximizes the 
lumbar kyphosis, placing the ligamentum flavum on slight ten-
sion that allows for easier removal but also opens the interlam-
inar space, which may provide greater canal access with less 
bone removal; and (3) the small footprint of the bed enables 
the operating microscope to be placed at the foot, which not 
only makes access to the ocular lens easier for both the sur-
geon and assistant standing on opposite sides of the table but 
also allows the fluoroscope to be moved into the surgical field 
for imaging without having to move the microscope base itself.

The microscope can be used from skin incision to clo-
sure. The initial dissection can be done under direct vision, 
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however. A lateral radiograph is taken to confirm the level, 
but fluoroscopy is much quicker when used for localization. 
Fluoroscopy is essential for localization when using tubular 
retractors because the field of view is smaller, making the 
available margin for error in placing the skin incision less. 

TUBULAR TECHNIQUES
Tubular techniques have been developed with the purported 
advantage of shortened hospital stay, faster return to activ-
ity, and fewer wound issues. These techniques generally are 
variations of the microdiscectomy technique using a tubu-
lar retractor rather than the McCulloch and different types 
of bayoneted instruments. This remains another alterna-
tive technique. The basic principles remain the same as with 
microdiscectomy. The less-invasive tubular retractors have 
been used in a transmuscular fashion, allowing disc exci-
sion with less soft-tissue damage because of the more precise 
exposure; however, better objective clinical results have not 
been shown with this technique. 

 

MICROSCOPIC LUMBAR  
DISCECTOMY

 TECHNIQUE 39.16 

APPROACH FOR USE OF MCCULLOCH RETRACTOR
 n  Infiltrate the operative field (paraspinous muscle, subcuta-

neous tissue, and skin) with 10 mL of 0.25% bupivacaine 
with epinephrine for preemptive analgesia and hemostasis.

 n  Make the incision from the midspinous process of the up-
per vertebra to the superior margin of the spinous process 
of the lower vertebra at the involved level. This usually re-
sults in a 1-inch (25- to 30-mm) skin incision. This incision 
may need to be moved slightly higher for higher lumbar 
levels (Fig. 39.26).

 n  Maintain meticulous hemostasis with electrocautery as 
the dissection is carried to the fascia.

 n  Incise the fascia at the midline using electrocautery. Insert 
a periosteal elevator in the midline incision. Using gentle 
lateral movements, elevate the deep fascia and muscle 
subperiosteally from the spinous processes and lamina on 
the involved side only.

 n  Obtain a lateral radiograph with a metal clamp attached 
to the spinous process to verify the level.

 n  With a Cobb elevator, gently sweep the remaining mus-
cular attachments off in a lateral direction to expose the 
interlaminar space and the edge of each lamina. A sharp 
elevator makes this task easier. Meticulously cauterize all 
bleeding points.

 n  Insert the appropriate length McCulloch-type retractor 
into the wound with the shorter spike medial and the flat 
blade lateral and adjust the microscope. Shaving down 
the flat blades of the retractor to produce a narrower 
retractor can help minimize the incision size and collateral 
soft-tissue damage but increase pressure on soft tissues at 
the edge of the blades. 

APPROACH FOR USE OF TUBULAR RETRACTOR
 n  Alternatively, the approach can be made using a tubular 

retractor, which further minimizes damage to the paraspi-
nal muscles and prevents detachment of the lumbodorsal 
fascia from the supraspinous ligament. A curved drill is re-
quired for visualization when drilling bone through the tu-
bular retractor because of the narrower operating  corridor.

 n  With fluoroscopic guidance, place an 18-gauge needle 
through the skin and into the paraspinous muscles with 
a trajectory toward the target disc space, approximately 
the radius of the final retractor diameter away from the 
edge of the spinous process (e.g., 8 mm off the edge 
of the spinous process if the ultimate tubular retractor 
diameter will be 16 mm) to prevent conflict between the 
spinous process and tubular retractor. It is essential that 
the needle be orthogonal with the target disc because it 

 FIGURE 39.25 Knee-chest position for lumbar disc excision 
allows abdomen to be completely free of external pressure.

 FIGURE 39.26 Incision for microscopic lumbar disc excision. (From 
Gardocki RG: Microscopic lumbar discectomy. In Canale ST, Beaty JH, Azar 
FM, editors: Campbell’s core procedures, Philadelphia, Elsevier, 2016.)  
SEE TECHNIQUE 39.16.
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will be used to define the center of the tubular approach. 
Typically it is best to place the needle in line with the 
superior endplate of the caudal vertebral body, but that 
depends on the type of herniation and its location.

 n  Infiltrate the operative field (paraspinous muscle, sub-
cutaneous tissue, and skin) with 10 mL of 0.25% bupi-
vacaine with epinephrine for preemptive analgesia and 
hemostasis.

 n  Make a 20-mm long incision centered on the needle stick 
and place the blunt end of the guidewire just through the 
lumbodorsal fascia. The younger and more fit the patient, 
the more force necessary to pop the blunt end of the 
guidewire through the fascia. Do not use the sharp end 
of the guidewire or advance the guidewire down to bone 
because it is very easy to pierce the interlaminar space and 
dural sac with the guidewire.

 n  Once the guidewire is through the fascia, advance the first 
pencil-shaped dilator through the fascia over the guide-
wire and use it to gently probe for the trailing edge of the 
cephalad lamina, which should feel like a bump at the end 
of the dilator. The guidewire can be removed as soon as 
the lumbodorsal fascia is pierced with the first dilator.

 n  Sequentially dilate down to bone with enlarging tubular 
retractors to expose the interlaminar space. Each dilator 
can be used as a curet to remove soft-tissue attachments 
from the interlaminar space.

 n  Mount the final tubular retractor to a stationary arm at-
tached to the table and obtain a final fluoroscopic image 
to confirm the location of the retractor orthogonal with 
the target disc space before bringing in the microscope 
and adjusting the field of view. We prefer 14- to 16-mm 
diameter tubular retractors for this approach, depending 
on the size of the patient and the level of surgical experi-
ence with this technique. Tubular retractors in the 18- to 
24-mm diameter range can be used when first becoming 
familiar with this approach. From this point on, the surgi-
cal technique is essentially the same for both approaches.

 n  Identify the ligamentum flavum and lamina. Use a curet 
to elevate the superficial leaf of the ligamentum flavum 
from the leading edge of the caudal lamina.

 n  Use a Kerrison rongeur to resect the superficial leaf of the 
ligamentum flavum to allow identification of the critical 

angle, which is junction of the leading edge of the caudal 
lamina and the medial edge of the superior articular pro-
cess. Identifying the critical angle is essential in primary 
microlumbar discectomy because it has a constant rela-
tionship to the corresponding pedicle, traversing nerve 
root, and target disc. The pedicle is always just lateral 
to the critical angle, the traversing nerve is always just 
medial to the pedicle, and the disc of interest is always 
just cephalad to the critical angle and pedicle. It some-
times is necessary to drill the medial aspect of the inferior 
 articular process to allow adequate visualization of the 
critical angle.

 n  Use a high-speed drill to remove the trailing edge of the 
cephalad lamina up to the insertion of the ligamentum 
flavum to allow easier and more complete removal of the 
ligament, keeping in mind that the ligament attaches to 
the lamina as you move medially. This makes initially de-
taching the ligament from the undersurface of the cepha-
lad lamina with an angled curet much easier toward the 
midline.

 n  After the lateral portion of the ligamentum flavum has 
been detached from the caudal edge of the superior 
lamina and the cephalad edge of the inferior lamina with 
a curet, use a blunt dissector to lift the edge of the liga-
mentum flavum so that it can be excised with a Kerrison 
rongeur. Take care to orient the rongeur parallel to the 
nerve root as much as possible. The goal when resecting 
the ligamentum flavum should be removal in one piece, 
which prevents nibbling away at it while trying to grab 
and mop end with the rongeur. En bloc removal is made 
easier by using the rongeur to remove some bone along 
with the lateral edge of the ligamentum flavum from cau-
dal to cephalad, starting at the critical angle and work-
ing up the medial edge of the superior articular process 
where the ligamentum flavum attaches (Fig. 39.27).

 n  Once the ligamentum flavum is removed, the medial wall 
of the corresponding pedicle should be palpable with a 
nerve hook or angled dissector. If not, more bone may 
need to be removed lateral to the critical angle. Once the 
medial wall of the corresponding pedicle is identified, the 
traversing nerve can be found just medial to it and the 
target disc can be found just cephalad to it.
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FIGURE 39.27 Entrance to epidural space by detachment of ligamentum flavum. (From Gardocki 
RG: Microscopic lumbar discectomy. In Canale ST, Beaty JH, Azar FM, editors: Campbell’s Core procedures, 
Philadelphia, Elsevier, 2016.) SEE TECHNIQUE 39.16.
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FIGURE 39.28 Dilation of annular defect to facilitate disc fragment removal. (From Gardocki 
RG: Microscopic lumbar discectomy. HNP, herniated nucleus pulposus. In Canale ST, Beaty JH, Azar FM, 
editors: Campbell’s core procedures, Philadelphia, Elsevier, 2016.) SEE TECHNIQUE 39.16.

 n  When the nerve root is identified, carefully mobilize the 
root medially. Gently dissect the nerve free from the disc 
fragment to avoid excessive traction on the root. Bipolar 
cautery for hemostasis is helpful. When mobilized, retract 
the root medially. If the root is difficult to mobilize, con-
sider that a conjoined root may be present.

 n  Make a gentle extradural exploration beneath the nerve 
with a 90-degree blunt hook, taking care not to tear the 
dura. The small opening and magnification can make the 
edge of the dural sac appear to be the nerve root.

 n  When using bipolar cautery, ensure that only one side is 
in contact with the nerve root to avoid thermal injury to 
the nerve. Epidural fat is not removed in this procedure.

 n  Insert the suction/nerve root retractor with its tip turned 
medially under the nerve root and hold the manifold be-
tween the thumb and index finger. With the nerve root 
retracted, the disc is now visible as a white, fibrous, avas-
cular structure. Under magnification, small tears may be 
visible in the annulus.

 n  Enlarge the annular tear with a Penfield no. 4 dissector 
and remove the disc material with the appropriate-sized 
pituitary rongeur. Do not insert the instrument into the 
disc space beyond the angle of the jaws, usually about 
15 mm, to minimize the risk of anterior perforation and 
vascular injury. Downward pressure on the adjacent intact 
annulus can sometimes help express loose disc fragments 
from the subannular space (Fig. 39.28).

 n  Remove the exposed disc material. Remove additional loose 
disc or cartilage fragments. Inspect the root and adjacent 
dura for disc fragments. Forcefully irrigate the disc space 
using a Luer-Lok syringe and an unused no. 8 suction tip in-
serted into the disc space. Maintain meticulous hemostasis.

 n  The discectomy is complete when (1) the lateral recess is 
adequately decompressed; (2) the 90-degree dissection 
can be probed to the back of the cephalad vertebral 
body, the disc space, and the back of the caudal ver-
tebral body out to the midline without any protrusions 
into the canal; (3) the 90-degree dissector can be spun 
(helicopter maneuver) beneath the traversing nerve root 
without any restrictions; and (4) the traversing nerve 
root is freely retractable both medially and laterally. It 
is comforting to see the dura pulsate with the heart-

beat and expand and contract with respiration, but these 
findings alone do not indicate an adequate discectomy 
and decompression.

 n  If the expected pathologic process is not found, review 
preoperative imaging studies for the correct level and 
side. Also obtain a repeat radiograph or fluoroscopic im-
age with a metallic marker at the disc level to verify the 
level. Be aware of bony anomalies that may alter the num-
bering of the vertebrae on imaging studies.

 n  Close the fascia and the skin in the usual fashion using ab-
sorbable sutures if using the McCulloch retractor. When 
using a tubular retraction, it can simply be removed and 
the skin closed subcutaneously because the lumbodorsal 
fascia will seal itself like Chinese finger cuffs when the 
paraspinous muscles contract, because the lumbodorsal 
fascia was only dilated between its fibers and not incised. 

POSTOPERATIVE CARE Postoperative care is similar to 
that after standard open disc surgery. Typically this proce-
dure is done on an outpatient basis. Injecting the paraspinal 
muscles on the involved side with bupivacaine 0.25% with 
epinephrine at the beginning of the procedure and addition-
al bupivacaine at the conclusion aids patient mobilization 
immediately postoperatively. We prefer to use a skin glue 
product for final skin closure without the use of dressing 
and allow the patient to shower the day of surgery. Activity 
can be allowed as tolerated once the skin incision is healed.
  

ENDOSCOPIC TECHNIQUES
TRANSFORAMINAL AND INTERLAMINAR 

ENDOSCOPIC LUMBAR DISCECTOMY
A combination of transforaminal and interlaminar endo-
scopic approaches to the lumbar spine allows access to any 
disc herniation from L1 to S1 without significant bone resec-
tion while maintaining direct light-based visualization of 
the anatomy and pathology. Iatrogenic instability is mini-
mized because the zygapophyseal joint is not violated. These 
approaches can be used with the patient prone or in the 
lateral decubitus position and without the need for general 
anesthesia. The transforaminal approach requires a uniportal 
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technique with a single working channel within the endo-
scope, while the interlaminar technique can be performed 
with uniportal or biportal approaches. One study has shown 
lower levels of C-reactive protein and interleukin 6 in the 
postoperative period after endoscopic lumbar discectomy 
when compared to traditional microdiscectomy, confirming 
the less invasive nature of the endoscopic technique. With 
endoscopic lumbar discectomy, the underlying degenerative 
pathology is what limits recovery, not the surgical approach. 

 

TRANSFORAMINAL ENDOSCOPIC 
LUMBAR DISCECTOMY

 TECHNIQUE 39.17 

 n  This technique can be used for any herniation that is cen-
tral, posterolateral, foraminal, or extraforaminal from L1-
L4 and sometimes at L5-S1 if anatomy allows.

 n  We prefer patients in the prone position for uniformity 
of room setup and orientation of anatomy, but this can 
be done with the patient in the lateral decubitus position 
with the affected side up, which allows intraoperative 
straight-leg-raise testing.

 n  Use monitored anesthesia care with intermittent doses 
of propofol for painful portions of the procedure. The 
patient should be able to respond to questions and com-
municate throughout most of the procedure.

 n  The angulation of the approach depends on the offend-
ing pathology. It is critical that the pathology be targeted 
with the angle of approach.

 n  Place a diagnostic transforaminal epidural injection into 
Kambin’s triangle at the site of the herniation to confirm 
the diagnosis and the space available in the foramen for 
the endoscopic approach. If the patient gets profound re-
lief from the transforaminal epidural, it is a good predic-
tor of surgical outcome, and endoscopic surgery can be 
planned if the pain from the lumbar disc herniation returns.

 n  Plan the approach to the appropriate foramen on preop-
erative imaging.

 n  Place the patient prone on a radiolucent table.
 n  Advance an 18- to 20-gauge needle into the foramen 

obliquely at the level of the herniation based on the pre-
operative imaging plan.

 n  Place a guidewire through the needle and remove the 
needle.

 n  Anesthetize the skin, subcutaneous tissue, and lumbar 
fascia with 10 mL of 1% lidocaine with epinephrine and 
use a no. 11 blade to make a 1-cm incision.

 n  Place dilators over the guidewire and advance them into 
the foramen under fluoroscopic guidance.

 n  Some systems allow reaming of the foramen with per-
cutaneous reamers under fluoroscopic guidance. Alter-
natively, the operative cannula can be advanced into the 
foramen and the foramen opened with a diamond burr 
under direct light-based endoscopic visualization for sur-
geons who are more comfortable with bone resection 
under direct visualization (author’s preferred technique). 

Enough room must be created in the foramen for the 
working cannula to pass through the full excursion re-
quired by the herniation.

 n  Adjust fluid pressure and flow through the endoscope by 
the fluid pump to control epidural bleeding, but not to 
exceed diastolic blood pressure.

 n  After the bony anatomy of the arch formed by the inferior 
pedicle and superior articular process is visualized (Wag-
ner arch), identify the herniation.

 n  Use instruments to remove disc material from under the 
nerve root using direct light-based visualization through 
the endoscope; probes can be used to feel for central 
fragments ventral to the dura.

 n  Decompression is complete once the affected nerve root 
is seen pulsating to heartbeat without deformity and the 
patient notes resolution of the typical radicular pain.

 n  Suction excess fluid from the wound and infiltrate the 
epidural space with 1 mL of steroid and 2 mL 0.25% 
 Marcaine.

 n  Remove the operative cannula, close the skin with a single 
subcuticular stitch, and close the wound with a dab of 
skin glue.

 n  Ask the patient to transfer himself or herself to the  gurney.

POSTOPERATIVE CARE The patient is limited in bend-
ing, lifting, and twisting but may shower the day of the 
procedure. Patients typically are discharged from the sur-
gery center as soon as they can ambulate independently 
and empty their bladder. Driving is delayed until postop-
erative day 2 or until narcotics are discontinued, but this 
procedure typically is done with only NSAIDS for postop-
erative pain control. Patients are allowed to begin a trunk 
stabilization therapy program and advance to activities as 
tolerated 2 weeks after surgery.
   

 

INTERLAMINAR ENDOSCOPIC 
LUMBAR DISCECTOMY
This technique typically is used for posterolateral her-
niations at L5-S1 but can be used at higher levels if the 
interlaminar window is wide enough to accommodate the 
operative cannula. This is the facet-sparing technique used 
when there is no need for lateral recess decompression.

 TECHNIQUE 39.18 

 n  Place the patient prone on the operating room table. Be-
cause of our anesthesiologist’s preference, we perform 
this procedure with the patient under general anesthesia 
on an open-top frame (abdomen hanging free), but it 
can be done under monitored anesthesia care with local 
anesthetic.

 n  Mark the laminae, medial pedicular line, and midline on 
the skin with fluoroscopy to aid in placing the incision 
targeting the pathology.

 n  Place an 18-gauge needle to the trailing edge of the L5 
lamina at the desired trajectory based on preoperative 
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imaging plans. Use a more medial-to-lateral approach for 
more lateral herniations and a more lateral-to-medial ap-
proach for more central herniations.

 n  Inject 8 mL of 1% lidocaine with epinephrine at the trail-
ing edge of the L5 lamina to allow easier dissection of the 
soft tissue overlying the ligamentum flavum.

 n  Make a 1-cm incision with a no. 11 blade at the needle 
insertion site.

 n  Place a guidewire through the needle and remove the 
needle, taking great care not to puncture the ligamentum 
flavum.

 n  Advance dilators over the wire and dock them on the 
trailing edge of the L5 lamina.

 n  Dock the working cannula on the trailing edge of the L5 
lamina and remove the dilators.

 n  A 15-degree or 30-degree scope can be used based on 
surgeon preference, but the cannula should be no larger 
than 8 mm to prevent undue tension on the nerve root 
while retracting.

 n  Clear soft tissue off the trailing edge of the L5 lamina and 
superficial ligamentum flavum.

 n  Use an endoscopic punch to fenestrate the ligamentum 
flavum just medial to the superior articular process of S1. 
Do not violate the L5-S1 facet joint. The fenestration in 
the ligamentum needs to be only 3 to 4 mm in length. 
The tang on the operative cannula can be used to stretch 
the pliable ligamentum and advance the cannula into the 
spinal canal.

 n  Use a pituitary rongeur to carefully remove epidural fat 
and the Hoffman epidural ligaments.

 n  Turn the tang of the cannula laterally and advance it into 
the canal lateral to traversing S1 nerve root for a postero-
lateral herniation. Advance it to the floor of the canal in 
the axilla of the S1 nerve root between the root and dural 
sac in the case of an axillary herniation.

 n  Once the tang on the working cannula is docked on the 
floor of the canal or the disc herniation, release the ven-
tral Trolard epidural ligaments with a pituitary rongeur to 
allow retraction of the affected nerve root with the tang 
of the cannula.

 n  With the root retracted behind the tang of the working 
cannula, there is a safe working zone to remove the disc 
herniation within the working cannula.

 n  Once the disc is decompressed, the nerve should be freely 
retractable medially and laterally; it should be round and 
plump, the dura should pulsate to heartbeat, and there 
should be no protrusions into the canal when probing 
under the root and dural sac to the midline.

 n  Suction excess fluid from the wound and infiltrate the 
epidural space with 1 mL of steroid and 2 mL of 0.25% 
Marcaine.

 n  Remove the operative cannula, close the skin with a single 
subcuticular stitch, and close the wound with a dab of 
skin glue.

POSTOPERATIVE CARE The patient is limited in bend-
ing, lifting, and twisting but may shower the day of the 
procedure. Patients typically are discharged from the sur-
gery center as soon as they can ambulate independently 
and empty their bladder. Driving is delayed until postop-
erative day 2 or until narcotics are discontinued, but this 
procedure typically is done with only NSAIDS for postop-

erative pain control. Patients are allowed to begin a trunk 
stabilization therapy program and advance to activities as 
tolerated 2 weeks postoperatively.
  

ADDITIONAL EXPOSURE TECHNIQUES
A large disc herniation or other pathologic condition, such 
as lateral recess stenosis or foraminal stenosis, may require 
a greater exposure of the nerve root. The additional patho-
logic condition usually can be identified before surgery. If 
the extent of the lesion is known before surgery, the proper 
approach can be planned. Additional exposure includes 
hemilaminectomy, total laminectomy, and facetectomy. 
Hemilaminectomy usually is required when identifying the 
root as a problem. This may occur with a conjoined root. 
Total laminectomy usually is reserved for patients with spi-
nal stenoses that are central, which occur typically in cauda 
equina syndrome. Facetectomy usually is reserved for forami-
nal stenosis or severe lateral recess stenosis. If more than one 
facet is removed, a fusion should be considered in addition. 
This is especially true in the removal of facets and the disc at 
the same interspace in a young, active individual with a nor-
mal disc height at that level.

Rarely, disc herniation has been reported to be intradu-
ral. An extremely large disc that cannot be dissected from 
the dura or the persistence of an intradural mass after dis-
section of the disc should alert one to this potential prob-
lem. Excision of an intradural disc may require a transdural 
approach, which increases the risk of complications from CSF 
leak and intradural scarring.

A disc that is far lateral may require exposure outside 
the spinal canal (Fig. 39.29). This area is approached by 
removing the intertransverse ligament between the superior 
and inferior transverse processes lateral to the spinal canal. 
The disc hernia usually is anterior to the nerve root that is 
found in a mass of fat below the intertransverse ligament. A 
microsurgical approach is a good method for dealing with 
this problem. A long tubular retractor is especially useful for 
the far lateral approach if the tube is inserted at the proper 
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FIGURE 39.29 Lateral approach for discectomy. L4 forami-
notomy allows exposure of root.
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trajectory to treat pathology in or lateral to the foramen. If 
the facet is not hypertrophic and the plane between the facet 
joint capsule and intertransverse ligament can be identified, 
foraminal and far lateral disc herniations can sometimes be 
removed without bony resection above the L5 level. The least 
invasive approach to a far lateral lumbar disc herniation is a 
transforaminal endoscopic approach with a slightly steeper 
angle than would be used for pathology inside the spinal 
canal. This minimizes bleeding and eliminates the need for 
bony resection but is a more advanced endoscopic technique 
because of the lack of bony anatomy in the extraforaminal 
zone. 

LUMBAR ROOT ANOMALIES
Several different types of nerve root anomalies are relatively 
common in anatomic studies but less common with imaging 
studies, which suggest they are underrecognized clinically. 
These congenital anomalies may account for a portion of the 
poor results from lumbar disc surgery because the abnormal 
and unrecognized roots may be injured. This is of even more 
concern with some minimally invasive techniques with less 
direct nerve visualization.

Conjoined nerve roots are the most common type of 
anomaly. Various anatomic studies show some type of con-
joined root in 14% to 17% of cadavers. Clinical studies using 
advanced imaging, such as myelography or MRI, show con-
joined roots in only 2% to 5% of patients. Conjoined roots 
have been classified anatomically (Figs. 39.30 to 39.33). There 
are three classes, the first two of which are subdivided. Type 1 
occurs when two roots exit the dura with one common sheath. 
With type 1A anomalies, the cephalad root departs the con-
joined stalk at an acute angle to exit below the appropriate 
pedicle, and the caudal root travels within the canal to exit also 
below the appropriate pedicle. If the cephalad root exits at 90 
degrees from the conjoined portion, this is a type 1B anomaly. 
Type 2 anomalies occur when two roots exit through a single 
foramen. Type 2A anomalies have one vacant foramen; type 
2B anomalies have a portion of one of the roots exiting via the 
other foramen, which may be cephalad to the foramen occu-
pied by the two nerve roots. Type 3 anomalies occur when 
there is an anastomosing branch between two adjacent nerve 
roots. This branch crosses the disc space and can easily be 
injured during discectomy.

These root anomalies can cause false-positive interpreta-
tions of imaging studies and can be confused with disc bulges 
or herniations. Particularly if the herniation appears in an 
atypical location, such as near the pedicle, or if the signal inten-
sity is different from disc material, a diagnosis of a conjoined 
root should be considered. Also, if a patient presents with a 
history of failed disc surgery, this diagnosis should be consid-
ered. The anomalous roots not only can be divided inadver-
tently but also can be injured by excessive tension because the 
conjoined roots usually are less mobile than normal roots. The 
most common location for conjoined roots involves the L5 and 
S1 levels. A second type of anomaly that may be as common as 
conjoined roots is a furcal nerve root (Fig. 39.32); this refers to 
a bifurcation of a single nerve root. Often furcal roots are bilat-
eral and can occur at multiple levels. Increased awareness of 
these anomalies is important to reduce the risk of nerve injury 
and to avoid surgery with an incorrect diagnosis of disc her-
niations. Surgical outcomes in patients with conjoined roots 
tend to be significantly worse than in the general population. 

 

A B
FIGURE 39.31 A, Type 2A conjoined nerve root. B, Type 2B 

conjoined nerve root.

 FIGURE 39.32   Type 3 conjoined nerve root.

 

A B
FIGURE 39.30 A, Type 1A conjoined nerve root. B, Type 1B 

conjoined nerve root.
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RESULTS OF SURGERY FOR DISC 
HERNIATION
Numerous retrospective and some prospective reviews of 
open disc surgery are available. The results of these series vary 
greatly with respect to patient selection, treatment method, 
evaluation method, length of follow-up, and conclusions. 
Good results range from 46% to 97%. Complications range 
from none to more than 10%. The reoperation rate ranges 
from 4% to more than 20%. A comparison between tech-
niques also reveals similar results. There is no particular tech-
nique of discectomy that yields consistently superior results. 
Technical procedural differences are of minimal importance 
with regard to outcome.

Several points stand out in the analysis of the results of 
lumbar disc surgery. Patient selection seems to be crucial. 
Several studies noted that a low educational level is signifi-
cantly correlated to poor results of surgery. Valid results of 
the Minnesota Multiphasic Personality Inventory (MMPI) 
(hysteria and hypochondriasis T-scores) appear to be good 
indicators of surgical outcome regardless of the degree of the 
pathologic condition. The duration of the current episode, 
the age of the patient, the presence or absence of predomi-
nant back pain, the number of previous hospitalizations, and 
the presence or absence of compensation for a work injury 
have been identified as factors affecting final outcome. In the 
latest report on lumbar disc herniation (2008) from the mul-
ticenter Spine Patient Outcomes Research Trial (SPORT), 
operative was compared with nonoperative treatment in 501 
patients and additional observational cohorts (743 partici-
pants). The results were overwhelmingly in favor of surgery: 
patients treated operatively had far less pain, better physical 
function, and less disability than patients who did not have 
surgery. The validity of the conclusions generated by SPORT 
has been questioned because of the high crossover rates in 
the randomized intent-to-treat studies and the variability of 
the patient population, nonoperative treatments, and opera-
tive procedures. The finding of durability of operative results 
(4-year follow-up), however, is important. In a later study of 
patients with degenerative spondylolisthesis and spinal ste-
nosis who had operative treatment, those with predominant 
leg pain had a better prognosis than those with predominant 
back pain.

COMPLICATIONS OF DISC EXCISION
The complications associated with standard disc excision and 
micro lumbar disc excision are similar. One large series (Table 
39.2) of 2503 open disc excisions listed a postoperative mor-
tality of 0.1%, a thromboembolism rate of 1%, a postoperative 
infection rate of 3.2%, and a deep disc space infection rate 
of 1.1%. Postoperative cauda equina lesions developed in five 
patients. Laceration of the major vascular structures also has 
been described as a rare complication of this operation. Dural 
tears with CSF leaks, pseudomeningocele formation, CSF fis-
tula formation, and meningitis also are possible but are more 
likely after reoperation. The complications of micro lumbar 
disc excision seem to be less than with standard laminectomy.

In a retrospective review of 1326 patients who had spi-
nal surgery, 51 dural tears (4%) were identified; 48 of these 
occurred with a posterior thoracolumbar approach. The pres-
ence of a dural tear or leak results in the potentially serious 
problems of pseudomeningocele, CSF leak, and meningitis. 
Eismont, Wiesel, and Rothman suggested five basic principles 
in the repair of these leaks (Fig. 39.34):
 1.  The operative field must be unobstructed, dry, and well 

exposed.
 2.  Dural suture of a 4-0 or 6-0 gauge with a tapered or 

reverse cutting needle is used in a simple or a running 
locking stitch. If the leak is large or inaccessible, a free 
fat graft or fascial graft can be sutured to the dura. Fibrin 
glue applied to the repair also is helpful but used alone 
does not seal a significant leak.

 3.  All repairs should be tested by using the reverse 
Trendelenburg position and Valsalva maneuvers.

 4.  Paraspinous muscles and overlying fascia should be 
closed in two layers with nonabsorbable suture used in a 
watertight fashion. Drains should not be used.

 5.  Bed rest in the supine position should be maintained for 4 
to 7 days after the repair of lumbar dural defects. A lumbar 
drain should be placed if the integrity of the closure is ques-
tionable. The development of headaches on standing and a 
stormy postoperative period should alert one to the possibil-
ity of an undetected CSF leak. This can be confirmed by MRI.

 

A B
FIGURE 39.33   A and B, Furcal nerve root.

 TABLE 39.2

Complications of Lumbar Disc Surgery

COMPLICATION INCIDENCE (%)
Cauda equina syndrome 0.2
Thrombophlebitis 1
Pulmonary embolism 0.4
Wound infection 2.2
Pyogenic spondylitis 0.07
Postoperative discitis 2 (1122 patients)
Dural tears 1.6
Nerve root injury 0.5
Cerebrospinal fluid fistula *
Laceration of abdominal vessels *
Injury to abdominal viscera *

*Rare occurrence (nos. 10 and 11 not identified in Spangfort’s study, but 
reported elsewhere).
Modified from Spangfort EV: The lumbar disc herniation: a computer-aided 
analysis of 2504 operations, Acta Orthop Scand Suppl 142:1–99, 1972.
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The presence of glucose in drainage fluid is an unreliable 
diagnostic test. Rarely, a pseudomeningocele has been impli-
cated as a cause of persistent pain from pressure on a nerve root 
by the cystic mass. In our experience, these principles are valid 
with the exception of maintaining bed rest. With good closure, 
patients can be mobilized the day after surgery. If closure is not 
watertight, extended bed rest with a drain may be helpful.

One of the advantages of endoscopic lumbar discectomy 
and tubular lumbar discectomy with an 18-mm or smaller 
diameter tube is in the treatment of small dural tears. Because 
the dead space is so small, these tears usually can be treated 
simply with fibrin glue when there is no root herniation. We 
follow the usual postoperative course in patients who have 
endoscopic or tubular discectomy with dural repair using 
fibrin glue as long as there are no postoperative headaches or 
symptoms of meningeal irritation. A 3-day course of acetazol-
amide (Diamox) is prescribed, which acts as a chemical drain 
by decreasing CSF production in the choroid plexus by inhib-
iting carbonic anhydrase. This is the same course of Diamox 
prescribed for acute mountain (altitude) sickness. Patients are 
advised to lie flat for 72 hours after surgery only if they have 
positional headaches. If the spinal headache does not respond, 
it usually can be immediately resolved with a blood patch. 

 

DURAL REPAIR AUGMENTED WITH 
FIBRIN GLUE
Dural repair can be augmented with fibrin glue. Pressure 
testing of a dural repair without fibrin glue reveals that the 
dura is able to withstand 10 mm of pressure on day 1 and 

28 mm on day 7. With fibrin glue, the dura is able to with-
stand 28 mm on day 1 and 31 mm on day 7. Fibrin glue 
also can be used in areas of troublesome bleeding or dif-
ficult access for closure, such as the ventral aspect of the 
dura. Fibrin glue is an adjunct for closure, and every effort 
should be made for primary closure, even if fibrin glue is to 
be used. However, fibrin glue tends to be sufficient in the 
setting of a transmuscular approach using a tubular retrac-
tor or fully endoscopic technique because the amount of 
dead space is significantly limited and dural leaks can be 
tamponaded with fibrin glue alone.

 TECHNIQUE 39.19 

 n  Mix 20,000 U of topical thrombin and 10 mL of calcium 
chloride and draw the mixture up into a syringe.

 n  In another syringe, draw 5 U of cryoprecipitate, and simul-
taneously inject equal quantities of each onto the dural 
repair or tear.

 n  Allow the glue to set to the consistency of “Jell-O” (Box 
39.5). Commercially available kits also are available.
  

FREE FAT GRAFTING
Fat grafting for the prevention of postoperative epidural scar-
ring has been shown to be superior to Gelfoam in the preven-
tion of postoperative scarring. The current rationale for free 
fat grafting seems to be the possibility of making any reop-
eration easier. Neither the benefit of reduced scarring and its 
relationship to the prevention of postoperative pain nor the 
increased ease of reoperation in patients in whom fat grafting 

 

A B C

FIGURE 39.34 A, Dural repair using running-locking dural suture on taper or reverse-cutting, 
one-half-circle needle. Smaller-sized suture should be used. Use of suction with sucker and small 
cotton pledgets is essential to protect nerve roots while operative field is kept dry of cerebrospinal 
fluid. B, Single dural stitches can be used to achieve closure, each suture end being left long. Second 
needle is attached to free suture end, and ends of suture are passed through piece of muscle or fat, 
which is tied down over repaired tear to help achieve watertight closure. Whenever dural material 
is inadequate to allow closure without placing excessive pressure on underlying neural tissues, free 
graft of fascia or fascia lata or freeze-dried dural graft should be secured to margins of dural tear 
using simple sutures of appropriate size. C, For small dural defects in relatively inaccessible areas, 
transdural approach can be used to pull small piece of muscle or fat into defect from inside out, 
sealing cerebrospinal fluid leak. Central durotomy should be large enough to expose defect from 
dural sac. Durotomy is closed in standard watertight fashion.
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was performed has been established. Caution should be taken 
in applying a fat graft to a large laminar defect because this has 
been reported to result in an acute cauda equina syndrome in 
the early postoperative period. We currently reserve the use 
of a fat graft (or fascial grafts) for dural repairs and small lam-
inar defects where the graft is supported by the bone. A study 
by Jensen et al. found that fat grafts decreased dural scarring 
but not radicular scar formation. The clinical outcome was 
not improved.

The technique of free fat grafting is straightforward. At 
the end of the procedure, just before the incision is closed, 
a large piece of subcutaneous fat is inserted over the lami-
nectomy defect. If the patient is thin, a separate incision 
over the buttock may be required to obtain sufficient fat to 
fill the defect. 

REPEAT LUMBAR DISC SURGERY
Making the diagnosis of recurrent disc herniation is sig-
nificantly more difficult than that of primary disc hernia-
tion. The clinical presentation may be identical to that of 
primary herniation but usually has a larger component of 
axial pain. Most recurrences happen in the relatively early 
postoperative period, primarily the first 6 months after 
surgery. To date, no operative technique has been shown to 
reduce the incidence of recurrent disc herniations, which is 
reported in 3% to 7% of patients. Specifically, more aggres-
sive disc removal does not reduce this complication and 
may be detrimental to the function of the motion segment. 
MRI with intravascular contrast material has been helpful 
in identifying recurrent herniations. It is difficult, how-
ever, to distinguish a peridural scar from a small recurrent 
herniation. For patients with a history of no or minimal 
improvement after disc excision, the diagnostic difficulties 
are even greater. A possible incorrect original diagnosis, 
incorrect level, root anomaly, root injury, CSF leak, and 
infection must be considered in addition to recurrent disc 
herniation.

With regard to surgery for recurrent herniation, the prin-
ciples of identifying and protecting the nerve root and then 
removing the herniation are the same as for a primary dis-
cectomy. The area of exposure generally should be larger, 
although usually the procedure still can be done on an out-
patient basis.

Treatment of recurrent disc herniation is one of the 
advantages of the transforaminal endoscopic approach. 
The technique can be used for recurrence after a traditional 
microdiscectomy. The surgery is very similar to a primary 
transforaminal endoscopic approach. If both the primary and 
recurrence approaches are transforaminal, the total level of 
invasiveness typically is still less than a primary microscopic 
approach, since there is no violation of the facet joint. 

 

REPEAT LUMBAR DISC EXCISION

 TECHNIQUE 39.20 

This procedure is most often used for recurrent herniation 
but can be used in primary disc excisions.

 n  After thoroughly preparing the back, identify the spinous 
processes of L3, L4, L5, and S1 by palpation. Inject 25 mL 
of 0.25% bupivacaine with epinephrine into the paraspi-
nal muscles on the involved side.

 n  Make a midline incision 4 cm long, centered over the in-
terspace where the disc herniation is located. Incise the 
supraspinous ligament; by subperiosteal dissection, strip 
the muscles from the spinous processes and laminae of 
these vertebrae on the side of the lesion.

 n  Retract the muscles with a self-retaining retractor, or with 
the help of an assistant, and expose one interspace at a time.

 n  Verify the location with a radiograph so that no mistake 
is made regarding the interspaces explored.

 n  Secure hemostasis with electrocautery, bone wax, and 
packs. Leave a portion of each pack completely outside 
the wound for ready identification.

 n  Identify normal tissue first. Use a curet to remove scar 
from the edges of the laminae carefully. Remove addi-
tional bone as necessary to expose normal dura.

 n  Identify the pedicles superiorly and inferiorly if there is 
any question of position and status of the root. Carry the 
dissection from the pedicles to identify each root; this may 
allow the development of a normal plane between the 
dura and scar. This requires patience, and small curets or 
Penfield dissectors work best. Maintain meticulous hemo-
stasis with bipolar cautery.

 n  Once the lateral edge of the root is identified, it is often 
helpful to mobilize the root and epidural scar as a single 
mass off the floor of the canal using a curet, which will 
sometimes uncover the underlying disc herniation.

 n  Remove the disc herniation and explore the axilla of the 
root and the subligamentous space for retained frag-
ments. Also, ensure that the nerve root is well decom-
pressed in the lateral recess.

 n  Spinal fusion is not done unless an unstable spine is cre-
ated by the dissection or was identified preoperatively as 
a correctable and symptomatic problem.

 n  If the initial procedure was done using the tubular retrac-
tor technique (see Technique 39.16), a tubular retractor 
is used for recurrent disc herniations.

POSTOPERATIVE CARE Postoperative care is the same 
as after disc excision (see Technique 39.16).
  

Fibrin Glue

Ingredients
Two vials of topical thrombin, 10,000 U each
10 mL of calcium chloride
5 U of cryoprecipitate
Two 5-mL syringes
Two 22-gauge spinal needles 

Instructions
 1.  Do not use saline that comes with thrombin.
 2.  Mix thrombin and calcium chloride.
 3.  Draw mixture into syringe.
 4.  Draw cryoprecipitate into second syringe.
 5.  Apply equal amounts to area of need.
 6.  Allow to set to a “Jell-O” consistency.

 BOX 39.5 
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DISC EXCISION AND FUSION
The necessity of lumbar fusion at the same time as disc 
excision was first suggested by Mixter and Barr. In the first 
20 years after their discovery the combination of disc exci-
sion and lumbar fusion was common. More recent data 
comparing disc excision alone with the combination of 
disc excision and fusion indicate that there is little, if any, 
advantage to the addition of a spinal fusion to the treat-
ment of simple disc herniation. These studies indicate that 
spinal fusion increases the complication rate and length-
ens recovery. The indications for lumbar fusion should 
be independent of the indications for disc excision for 
radiculopathy. 

THORACIC AND LUMBAR  
SPINE ARTHRODESIS
Arthrodesis of the lumbosacral region is done for degen-
erative, traumatic, and congenital lesions. Indications for 
and techniques of spinal fusion and care after surgery vary 
from one orthopaedic center to another. Many orthopae-
dists prefer posterior arthrodesis, usually some modifica-
tion of the intertransverse process type fusion, using a large 
quantity of autogenous iliac bone. Internal fixation can be 
used with posterior arthrodesis. Before the use of instru-
mentation, the current status of the implant—its risks and 
indications and approval by the FDA—should be reviewed 
carefully and completely with the patient. Posterolateral or 
intertransverse process fusions are used most frequently, 
either alone or occasionally in combination with an ante-
rior fusion and with or without posterior internal fixation. 
Interbody fusions from posterior, anterior, retroperitoneal, 
or transperitoneal approaches are preferred by other ortho-
paedic surgeons.

For lumbar fusion, the best technique for a particular 
patient remains controversial. The decision should be based 
on the pathologic entity being treated, expected applicable 
biomechanics and healing potential of different constructs, 
and the surgeon’s experience. With regard to the pathologic 
entity, consideration must be given to the spinal column 
and the neural elements. In this way the proper balance can 
be obtained between the need for possible increased insta-
bility from neural decompression and strategies to increase 
stability to promote fusion. After determining the optimal 
operative plan for a particular patient, additional contro-
versy exists regarding the best technique to execute the 
plan, that is, an open technique versus a minimally invasive 
approach.

ANTERIOR ARTHRODESIS
 

TRANSTHORACIC APPROACH TO  
THE THORACIC SPINE
For anterior arthrodesis of the thoracic spine, a transthorac-
ic approach provides direct access to the vertebral bodies T2 
to T12. The midthoracic vertebral bodies are best exposed 
by this approach, whereas views of the upper and lower 
extremes of the spine are more limited.

 TECHNIQUE 39.21 

 n  Approach the involved vertebra as described in 
 Chapter 37.

 n  Remove the disc material at the confirmed level with 
sharp dissection in the outer two thirds of the disc.

 n  Carefully remove the remaining disc material with Ker-
rison rongeurs and curets using magnification.

 n  With the disc removed and the canal free of all obstruc-
tions, prepare the endplates by removing the cartilage 
without penetrating the cortical bone.

 n  Insert tricortical bone graft, prepared structural allograft, 
or a bone cage as desired.

 n  Internal fixation may be added as necessary.
 n  Close the chest cavity in layers over a chest tube.

POSTOPERATIVE CARE The patient is allowed to ambu-
late rapidly after the procedure. The chest tube is removed 
once drainage is minimal and there is no air leak. Initially a 
removable brace such as a Jewett brace or thoracolumbo-
sacral orthosis can be used for ambulation. The brace can 
be discontinued as pain relief improves and radiographic 
union is noted.
   

Numerous indications for anterior arthrodesis of the 
lumbar spine are reported in the literature. At this clinic the 
indications include debridement of infection, tuberculosis, 
excision of tumors, correction of kyphosis, scoliosis, neu-
ral decompression after fracture, and to achieve stability 
when posterior arthrodesis is not feasible. Less frequently, 
we have used this technique in the treatment of spondylo-
listhesis or internal intervertebral disc derangements. The 
surgical approach used in tuberculosis by Hodgson and 
Stock should be applicable in most instances (see Chapter 
42).

ANTERIOR DISC EXCISION AND INTERBODY 
FUSION OF THE LUMBAR SPINE
The rationale of management of lower back pain must be 
based on an accurate diagnosis. The pain syndromes in 
this area are many, and diagnostic pitfalls are ever present. 
Treatment varies according to the physical and emotional 
profile of the patient and the experience of the surgeon 
involved. Hemilaminectomy and decompression of nerve 
roots still constitute the most widely used surgical pro-
cedure for unremitting lower back pain. With continued 
instability of the anterior and posterior elements, supple-
mental posterior or posterolateral fusion usually proves 
satisfactory.

There is a group of patients for whom standard surgical 
procedures are unsuccessful. The following causes of persis-
tent symptoms after disc surgery have been identified:
 n  Mistaken original diagnosis
 n  Recurrent herniation of disc material (also incomplete 

removal)
 n  Herniation of disc at another level
 n  Bony compression of nerve root
 n  Perineural adhesions
 n  Instability of vertebral segments
 n  Psychoneurosis
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In this group, improved diagnostic accuracy currently 
can be obtained with the use of electromyography, a psycho-
logic profile assessment, postmyelographic CT, MRI with 
and without gadolinium contrast, and possibly discography. 
Finally, differential spinal anesthesia is helpful in discriminat-
ing between the various pain types.

As a rule, failure of the usual posterior methods of fusion 
to relieve pain in the presence of a solid arthrodesis and in the 
absence of other pathology as listed earlier dictates consider-
ation of anterior intervertebral disc excision and interbody spi-
nal fusion. The reported outcomes of anterior interbody fusion 
have been variable, with success rates ranging from 36% to 
90%. Although reports of long-term results are inconclusive, 
pain relief appears to be obtained in 80% to 90% of patients.

Suggested indications include (1) instability causing 
backache and sciatica, (2) spondylolisthesis of all types, (3) 
pain after multiple posterior explorations, and (4) failed pos-
terior fusions. Good results have been reported with the use 
of three iliac wedge grafts for degenerative disease and a block 
graft for spondylolisthesis (Fig. 39.35). 

 

ANTERIOR INTERBODY FUSION OF  
THE LUMBAR SPINE

 TECHNIQUE 39.22 

(GOLDNER ET AL.)
 n  Administer general anesthesia and place the patient in 

the Trendelenburg position.
 n  Develop the retroperitoneal approach to the vertebral 

bodies and identify the psoas muscle, the iliac artery and 
vein, and the left ureter. If more than three interspaces 
are to be fused, retract the ureter toward the left.

 n  Identify the sacral promontory by palpation.
 n  Inject saline solution under the prevertebral fascia over 

the lumbar vertebra and lift the sympathetic chain for 
easier dissection.

 n  Expose the lumbosacral disc space by retracting the left 
iliac artery and vein to the left.

 n  In exposing the fourth lumbar interspace, displace the left 
artery and vein and ureter to the right side.

 n  Elevate the anterior longitudinal ligament as a flap with 
the base toward the left.

 n  Tag the flap with sutures and retract it to give additional 
protection to the vessels.

 n  Separate the intervertebral disc and annulus from the 
 cartilaginous endplates of the vertebrae with a thin 
 osteotome and remove them with pituitary rongeurs and 
large curets.

 n  Clean the space thoroughly back to the posterior longi-
tudinal ligament without removing bone, thereby keep-
ing bleeding to a minimum until the site is ready for 
grafting.

 n  Remove the cartilaginous endplates from the verte-
bral bodies with an osteotome until bleeding bone is 
 encountered.

 n  Cut shallow notches in the opposing surfaces of the verte-
brae and measure the dimensions of the notches carefully 
with a caliper.

 n  Cut grafts from the iliac wing, making them larger than 
the notches for later firm impaction (Fig. 39.36).

 n  Hyperextend the spine, insert multiple grafts, and relieve 
the hyperextension.

 n  Bipolar electrocautery is useful in obtaining hemostasis, 
but take care not to coagulate the sympathetic fibers over 
the anterior aspect of the lumbosacral joint. Use of silver 
clips in this area is preferred.

 n  After completion of the fusion, close all layers with ab-
sorbable sutures.

POSTOPERATIVE CARE Nasogastric suction may be 
necessary for gastric decompression for about 36 hours. 
Attention must be paid to mobilization of the lower ex-
tremities to prevent dependency and blood pooling. 

 FIGURE 39.35 Anterior interbody fusion in lower lumbar spine.
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FIGURE 39.36 Technique of Goldner et al. for anterior inter-
body fusion of lumbosacral joint. SEE TECHNIQUE 39.22.
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Thigh-length hose for prevention of thromboembolic dis-
ease, intermittent compression boots, and low-molecu-
lar-weight heparin all are used for deep vein thrombosis 
prophylaxis. In-bed exercises with straight-leg raising are 
started on the first postoperative day and continued in-
definitely. The patient is allowed to sit and walk with a 
low back corset used for postoperative immobilization as 
tolerated. Postoperative radiographs are made before dis-
charge from the hospital to serve as a baseline for judging 
graft appearance. Three months later, side-bending and 
flexion and extension radiographs are made in the stand-
ing position to provide information about the success of 
arthrodesis. Radiographs are then repeated at 6 and 12 
months after surgery, with the solid fusion not confirmed 
until 1 year after surgery. Tomograms may be useful in 
evaluating suspected pseudarthrosis.

We have used a retroperitoneal approach to L2, L3, L4, 
and L5 discs. For the L5 or lumbosacral disc, some prefer a 
transperitoneal approach if good anterior access is needed. 
The incidence of deep venous thrombosis after these ap-
proaches, especially the midline transperitoneal approach, 
is much higher than after ordinary spinal surgery. Suitable 
prophylaxis is indicated, even though it may not be success-
ful in preventing this complication.

  

MINIMALLY INVASIVE ANTERIOR FUSION OF 
THE LUMBAR SPINE
Laparoscopic and VATS techniques have been applied to 
anterior spine surgery with significant improvements in 
these same areas. We have limited experience with this tech-
nique; currently it is seldom used because of the risk of cata-
strophic complications.

Laparoscopic transperitoneal lumbar instrumentation 
and fusion also has been developed, and several systems 
are currently available. These systems allow disc removal 
and insertion of threaded cylindrical devices, as well as 
trapezoidal cages packed with autogenous bone into the 
disc spaces, typically at the L5-S1 and the L4-L5 levels. 
Although these techniques provide an effective means of 
achieving anterior interbody fusion with maintenance of 
disc space distraction, they appear to require a significant 
learning curve. Both the VATS and laparoscopic tech-
niques should be performed by surgeons experienced in 
these techniques to minimize potentially catastrophic 
complications. The ultimate success of the procedure 
depends on the proper diagnosis and patient selection. 
Each device has a technique guide specific to it, and the 
reader is referred to these guides for specific device use. 

 

PERCUTANEOUS ANTERIOR LUMBAR 
ARTHRODESIS—LATERAL  
APPROACH TO L1 TO L4-5
Direct lateral anterior lumbar fusion and extreme lateral 
interbody fusion can be done through a minimally inva-
sive direct lateral approach (see Technique 37.15); how-
ever, there is a definite learning curve for disc excision 

and fusion techniques done through the small access 
provided by the dilating retractor systems. Complica-
tions, primarily related to nerve root injury or irritation, 
have been reported in 22% of patients after a minimally 
invasive direct lateral anterior lumbar fusion and extreme 
lateral interbody fusion. Knowledge of “safe zones” for 
this approach and familiarity with the dilating retractor 
systems are essential for avoiding these complications.

 TECHNIQUE 39.23 

 n  After confirmation of the correct position of the retractor 
(see Technique 37.19) with anteroposterior and lateral 
fluoroscopy, center the anterior annulotomy window in 
the anterior half of the disc.

 n  Make the window opening wide enough to accommo-
date the implant.

 n  Remove the disc with standard instruments.
 n  Leave the posterior annulus intact.
 n  Release the contralateral annulus using a Cobb dissector 

to allow distraction of the disc space to insert the implant.
 n  Insert an implant that will rest on both lateral margins of 

the epiphyseal ring.
 n  Irrigate the cavity copiously.
 n  Carefully remove the retractor while observing the psoas 

muscle covering the defect and watching for bleeding.
 n  Close the fascial and subcutaneous layers.
 n  The skin can be closed with a subcuticular method.
 n  Supplementary posterior instrumentation must be used 

to maintain stability.
  

POSTERIOR ARTHRODESIS
Posterior arthrodeses of the lumbar and thoracic spine gen-
erally are based on the principles originated by Hibbs in 
1911. In the Hibbs operation, fusion of the neural arches is 
induced by overlapping numerous small osseous flaps from 
contiguous laminae, spinous processes, and articular facets. 
In the thoracic spine, the arthrodesis is generally extended 
laterally out to the tips of the transverse processes so that 
the posterior cortex and cancellous bone of these portions 
of the vertebrae are used to widen the fusion mass. Accurate 
visual identification of a specific vertebral level is always dif-
ficult except when the sacrum can be exposed and thus iden-
tified. At any other level, despite the fact that identification 
of a given vertebra may be possible because of the anatomic 
peculiarities of spinous processes, laminae, and articular 
facets, it is always advisable to make marker radiographs at 
surgery. Marker films occasionally are made before surgery, 
using a metal marker on the skin with a scratch on the skin 
to identify the level. We recommend a method consisting of 
the radiographic identification of a marker of adequate size 
clamped to a spinous process within the operative field. The 
closer to the base of the spinous process the marker can be 
inserted, the more accurate and easier the identification. 
Cross-table lateral or anteroposterior radiographs taken on 
the operating table to compare with good-quality preop-
erative radiographs usually are sufficient for accurate iden-
tification of the vertebral level, although the quality of the 
portable radiographs may at times make this difficult. Patient 
positioning to maintain lumbar lordosis also is important.
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HIBBS FUSION
With the Hibbs technique, fusion is attempted at four dif-
ferent points—the laminae and articular processes on each 
side. The procedure has been modified slightly over the 
years.

 TECHNIQUE 39.24 

(HIBBS, AS DESCRIBED BY HOWORTH)
 n  Incise the skin and subcutaneous tissues in the midline 

along the spinous processes and attach towels to the skin 
edges with clips or use an adhesive plastic drape. Divide 
the deep fascia and supraspinous ligament in line with the 
skin incision. With a Kirmisson or Cobb elevator, remove 
the supraspinous ligament from the tips of the spines.

 n  Strip the periosteum from the sides of the spines and 
the dorsal surface of the laminae with a curved  elevator. 
 Control bleeding with long thin sponge packs (Hibbs 
sponges).

 n  Incise the interspinous ligaments in the direction of their 
length, making a continuous longitudinal exposure.

 n  Elevate the muscles from the ligamentum flavum and 
expose the fossa distal to the lateral articulation overly-
ing the pars interarticularis and transverse process base. 
Excise the fat pad in the fossa with a scalpel or curet.

 n  Thoroughly denude the spinous processes of periosteum 
and ligament with an elevator and curet, split them longi-
tudinally and transversely with an osteotome, and remove 
them with the Hibbs biting forceps.

 n  Using a thick chisel elevator, strip away the capsules of 
the lateral articulations.

 n  Free with a curet the posterior layer (about two thirds) of 
the ligamentum flavum from the margins of the distal and 
proximal laminae in succession and peel it off the anterior 
layer; leave the latter to cover the dura.

 n  Excise the articular cartilage and cortical bone from the 
lateral articulations with special thin osteotomes, either 
straight or angled at 30, 45, or 60 degrees as required. 
A.D. Smith emphasized that the lateral articulations of 
the vertebra above the area of fusion must not be dis-
turbed, because this may cause pain later. However, it is 
important to include the lateral articulations within the 
fusion area, because if they are not obliterated, the entire 
fusion is jeopardized. After curetting the lateral articu-
lations in the fusion area, he narrowed the remaining 
defect by making small cuts into the articular processes 
parallel with the joint line so that these thin slices of bone 
separate slightly and fill the space. This, he believed, is 
preferable to packing the joint spaces with cancellous 
bone chips.

 n  Using a gouge, cut chips from the fossa below each lat-
eral articulation and turn them into the gap left by the 
removal of the articular cartilage or insert a fragment of 
spinous process into the gap.

 n  Denude the fossa of cortical bone and pack it fully with 
chips.

 n  Also with a gouge, remove chips from the laminae and 
place them in the interlaminar space in contact with raw 
bone on each side. Use fragments from the spinous pro-
cesses to bridge the laminae. Also use additional bone 

from the ilium near the posterosuperior spine or from the 
spinous processes beyond the fusion area.

 n  When large or extensive grafts are taken from the pos-
terior ilium, postoperative pain or sensitivity of the area 
may be marked. Care should be taken to avoid injury 
to the cluneal nerves with subsequent neuroma forma-
tion. Bone from the bone bank can be used, especially 
if the bone available locally is scant because of spina 
bifida.

 n  The bone grafts should not extend beyond the laminae 
of the end vertebrae because the projecting ends of the 
grafts can cause irritation and pain.

 n  If the nucleus pulposus is to be removed, the chips are cut 
before exposure of the nucleus and are kept until needed. 
The remaining layer of the ligamentum flavum is freed as 
a flap with its base at the midline, is retracted for exposure 
of the nerve root and nucleus, and after removal of the 
nucleus is replaced to protect the dura.

 n  Suture the periosteum, ligaments, and muscles snugly 
over the chips with interrupted sutures. Then suture the 
subcutaneous tissue carefully to eliminate dead space and 
close the skin either with a subcuticular suture or nonab-
sorbable skin suture technique.
At this clinic we routinely use an adhesive plastic film 

material to isolate the skin surface from the wound rather 
than attaching towels to skin edges with clips, because clips 
have an unfortunate tendency to become displaced and can 
get lost within the wound. We routinely use modified Cobb 
elevators, which when sharp are efficient in stripping away 
the capsules of the lateral articulations. The most important 
single project at the time of surgery is preparing an exten-
sive fresh cancellous bed to receive the grafts. This means 
denuding the facet joints, articular processes, pars inter-
articularis, laminae, and spinous processes. Subcuticular 
wound closure is used routinely to improve patient comfort.

POSTOPERATIVE CARE We routinely use closed-wound 
suction for 12 to 36 hours, with removal of the suction 
device mandatory by 48 hours. Depending on the level of 
the arthrodesis, the age of the patient, and the presence 
or absence of internal fixation, walking is allowed in 24 to 
48 hours when pain permits. For obese patients, all types 
of external fixation or support likely will be inadequate 
and limitation of activity may be the only reasonable al-
ternative. The appropriateness of bracing remains contro-
versial. Generally, for fusions with marked preoperative 
instability (e.g., burst fractures), rigid bracing is continued 
for 12 weeks. For fusions without marked instability (e.g., 
degenerative spondylolisthesis), bracing generally, if used, 
is less rigid and of shorter duration.
   

POSTEROLATERAL OR INTERTRANSVERSE 
FUSIONS
In 1948 Cleveland, Bosworth, and Thompson described a 
technique for repair of pseudarthrosis after spinal fusion 
in which grafts are placed posteriorly on one side over the 
laminae, lateral margins of the articular facets, and base of 
the transverse processes. Watkins described what he called a 
posterolateral fusion of the lumbar and lumbosacral spine in 
which the facets, pars interarticularis, and bases of the trans-
verse processes are fused with chip grafts and a large graft 
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is placed posteriorly on the transverse processes. When the 
lumbosacral joint is included, the grafts extend to the poste-
rior aspect of the first sacral segment.

We, like many others, use this operation and its modifi-
cations for primary lumbar and lumbosacral fusions and in 
patients with pseudarthrosis, laminar defects either congeni-
tal or surgical, or spondylolisthesis with chronic pain from 
instability. The operation may be unilateral or bilateral but 
usually is bilateral, covering one or more joints depending 
on the stability of the area to be fused. The retraction instru-
ments designed by McElroy and others are useful. However, 
one should be mindful of the ischemia caused by retractors, 
and they should be periodically released to allow perfusion 
of the paraspinal musculature. When placing the retractors, 
minimal retractor bulk and tension should be used. The tech-
nique described by Watkins allows exposure for a posterolat-
eral fusion without much need for soft-tissue retraction. 

 

POSTEROLATERAL LUMBAR FUSION

 TECHNIQUE 39.25 

(WATKINS)
 n  Make a longitudinal skin incision along the lateral border 

of the paraspinal muscles, curving it medially at the distal 
end across the posterior crest of the ilium (Fig. 39.37A). 
Alternatively, a single midline skin incision can be used 
with bilateral fascial incisions.

 n  Divide the lumbodorsal fascia and establish the plane of 
cleavage between the border of the paraspinal muscles 
and the fascia overlying the transversus abdominis mus-
cle. The tips of the transverse processes can now be pal-
pated in the depths of the wound (Fig. 39.37B).

 n  Release the iliac attachment of the muscles with an osteo-
tome, taking a thin layer of ilium.

 n  Continue the exposure of the posterior crest of the ilium 
by subperiosteal dissection and remove the crest almost 
flush with the sacroiliac joint, taking enough bone to pro-
vide one or two grafts. Removal of the iliac crest increases 
exposure of the spine.

 n  Retract the sacrospinalis muscle toward the midline and 
denude the transverse processes of the dorsal muscle and 
ligamentous attachments; expose the articular facets by 
excising the joint capsule.

 n  Remove the cartilage from the facets with an osteotome 
and level the area down to allow the graft to fit snugly 
against the facets, pars interarticularis, and base of the 
transverse process at each level.

 n  Comminute the facets with a small gouge or osteotome 
and turn bone chips up and down from the facet area, 
upper sacral area, and transverse processes.

 n  Split the resected iliac crest longitudinally into two grafts. 
Shape one to fit into the prepared bed and impact it firmly 
in place with its cut surface against the spine (Fig. 39.37B). 
Preserve the remaining graft for use on the opposite side 
with or without additional bone from the other iliac crest.

 n  Pack additional ribbons and chips of cancellous bone 
from the ilium about the graft.

 n  Allow the paraspinal muscles to fall in position over the 
fusion area and close the wound.

POSTOPERATIVE CARE Postoperative care is the same 
as that described for posterior arthrodesis (see Technique 
39.24). Modifications of the Watkins technique include 
splitting of the sacrospinalis muscle longitudinally; inclusion 
of the laminae, as well as the articular facets and transverse 
processes, in the fusion (Figs. 39.38 and 39.39); and com-
bining posterolateral fusion using a midline approach with 
a modified Hibbs type fusion in routine lumbar and lumbo-
sacral fusions (Fig. 39.40). Adkins used an intertransverse or 
alar transverse fusion in which tibial grafts are inserted be-
tween the transverse processes of L4 and L5 and between 
that of L5 and the ala of the sacrum on one or both sides.
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FIGURE 39.37 Watkins posterolateral fusion. A, Incision. B, Lumbothoracic fascia has been 
incised, paraspinal muscles have been retracted medially, and tips of transverse processes are now 
palpable. Split iliac crest and smaller grafts have been placed against spine. SEE TECHNIQUE 39.25.
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INTERTRANSVERSE LUMBAR FUSION

 TECHNIQUE 39.26 

(ADKINS)
 n  Dissect the erector spinae muscles laterally from the ped-

icles, exposing the transverse processes and ala of the sa-
crum. This is easier when the facets have been removed, 
but if these are intact, exposure can be obtained without 
disturbing them.

 n  Cut a groove in the upper or lower border of each trans-
verse process with a sharp gouge or forceps. Take care 
not to fracture the transverse process.

 n  In the ala of the sacrum, first make parallel cuts in its 
posterosuperior border with an osteotome. Then drive a 
gouge across the ends of these cuts and lever the inter-
vening bone out of the slot so made.

 n  For fusions of the fourth to the fifth lumbar vertebra, cut 
a tibial graft with V-shaped ends; insert it obliquely be-
tween the transverse processes and then rotate it into po-
sition so that it causes slight distraction of the processes 
and becomes firmly impacted between them.

 n  For the lumbosacral joint, cut the graft so that it is V-
shaped at its upper end and straight but slightly oblique 
at its lower end. Insert one arm of the V in front of the 
transverse process and punch the lower end into the slot 
in the sacrum. If only one side is grafted, arrange the 
patient so that there is a slight convex curve of the spine 
on the operated side; thus, firm impaction occurs when 
the spine is straightened. Bilateral grafts are preferred. 
The grafts should be placed as far laterally as possible to 
avoid the nerve roots and to gain maximal stability.

 n  Alternatively, strips of iliac wing cortex no more than 2 to 
3 mm thick are placed anterior to the transverse processes 

of L4 and L5 to bridge the gap and lie on the intertrans-
verse fascia. Similarly, another strip is placed between the 
ala of the sacrum and L5 by wedging it into the space 
after the ala has been slotted and decorticated. Care must 
be taken that these grafts do not protrude too far anterior 
to the plane of the transverse processes. This modification 
does not require a tibial graft and is recommended.

POSTOPERATIVE CARE Postoperative care is the same 
as that described for posterior arthrodesis (see Technique 
39.24).
  

 

Sacrospinalis
muscle

L5

Psoas major
muscle

FIGURE 39.38 Technique of posterolateral fusion in which 
sacrospinalis muscle is split longitudinally and laminae, articular 
facets, and transverse processes are all included in fusion.

  
   

   

FIGURE 39.39 Bilateral posterolateral fusion for spondylolisthesis in adult. Anteroposterior
(A) and lateral (B) radiographs 6 months after surgery.
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 FIGURE 39.40 Slocum technique combining posterior (modified 
Hibbs) and posterolateral fusions. Midline incision is used. Inset, 
All bone posterior to blue line is removed.

 

MINIMALLY INVASIVE 
TRANSFORAMINAL LUMBAR 
INTERBODY FUSION
A microscope and tubular retractors allow minimally in-
vasive transforaminal lumbar interbody fusions to achieve 
decompression and stabilization while safely performing 
the procedure with less collateral damage to surrounding 
structures and the posterior dynamic stabilizers of the spine 
than with open procedures. Because the surgical corridor 
required is minimal, tubular retractors eliminate the need 
for traditional muscle-stripping techniques and preserve the 
form and function of the paraspinous musculature, which 
allows more normal physiologic function of the spine and 
sparing of the dynamic posterior stabilizers. Other advan-
tages include reduced blood loss, less postoperative back 
pain, shorter time to ambulation, shorter hospital stay, 
and shorter duration of narcotic usage postoperatively 
compared with open approaches as well as lower infec-
tion rates. Minimally invasive techniques also have been 
reported to result in significant reductions in total hospital 
costs compared with standard open techniques, and there 
is early evidence that adjacent segment degeneration may 
be decreased compared with open surgery.

 TECHNIQUE 39.27 

(GARDOCKI)
 n  After induction of general endotracheal anesthesia, posi-

tion the patient prone on a radiolucent table.
 n  Obtain lateral and anteroposterior C-arm fluoroscopic 

images to ensure that the pedicles can be adequately 
 imaged.

 n  Insert a spinal needle into the paraspinal musculature at 
the interspace of interest, 40 to 60 mm lateral to the mid-
line depending on patient depth and confirm its position 
with lateral fluoroscopy.

 n  The trajectory should approach the anterior and middle 
third of the disc space.

 n  Remove the needle and make a 20-mm vertical incision at 
the puncture site.

 n  Insert the blunt end of a guidewire through the incision 
and direct it toward the appropriate anatomy under fluoro-
scopic guidance. Advance the guidewire only through the 
lumbodorsal fascia, taking care not to penetrate the liga-
mentum flavum and to avoid inadvertent dural puncture.

 n  Insert the cannulated soft-tissue dilator over the guide-
wire with a twisting motion.

 n  Once the fascia is penetrated, remove the guidewire and 
use progressively larger dilators to create a muscle-spar-
ing surgical corridor down to the appropriate interlaminar 
space while remaining orthogonal to the disc.

 n  Dock the appropriate-length 16- or 18-mm tubular re-
tractor on the facet joint complex and interlaminar space.

 n  With the use of an operating microscope or loupe magni-
fication, carry out a total facetectomy with a high-speed 
drill (preferred) or osteotomes. The osteotomy is L-shaped 
and should connect the interlaminar space at the base 
of the spinous process with the pars interarticularis just 
above the disc space but below the pedicle.

 n  Denude all removed bone of soft tissue and morcellize it 
for later use as interbody graft material.

 n  Perform a conventional discectomy by incising the annu-
lus with a no. 15 scalpel blade lateral to the dural sac 
while retracting the traversing nerve root. There is no 
need to retract the exiting root. All cartilage should be 
removed from the disc space up to the outer anulus.

 n  Sequentially distract the disc space until the original disc 
space height is obtained and the normal foraminal open-
ing is restored. This can be done with shavers, trials, or 
mechanical distractors depending on the system being 
used.

 n  Remove soft tissue and the cartilaginous endplate cover-
ing with scraping or curettage. Scrape medially under the 
midline and gradually work laterally in a sweeping motion 
until both caudal and cephalad endplates are cleared of 
soft tissue, exposing the compressed cancellous endplate 
of both vertebrae.

 n  Insert an appropriately sized graft based on the distrac-
tors or trials. The graft material can be bone, polymer, or 
metal. Do not place a graft that is too long because it may 
increase the risk of later posterior displacement.

 n  Countersink the graft until it is 4 to 5 mm below the 
posterior margin of the disc space.

 n  Probe the extradural space and foramina to ensure ad-
equate decompression of the neural elements.

 n  Once the graft is in place, confirm positioning on antero-
posterior and lateral fluoroscopic images. If positioned 
adequately with adequate restoration of disc height and 
lordosis, place bilateral percutaneous pedicle screws to 
allow a stable environment for fusion across the disc 
space.

 n  Use anteroposterior and lateral images of the pedicle for 
cannulation with an appropriately sized Jamshidi needle 
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using a “pencil-in-cup” technique. The remaining tech-
nique varies depending on the implant manufacturer.

 n  Once all implants have been adequately placed, close 
the incisions subcutaneously with 2-0 Vicryl and use skin 
glue (e.g., Dermabond or Histoacryl) for final skin closure. 
When a 20-mm or smaller tube is used there is no need 
for fascial closure.

POSTOPERATIVE CARE Patients are encouraged to walk 
as much as possible immediately after surgery. Bending, 
lifting, and twisting are restricted for a period of 3 months. 
All restrictions are lifted at 3 months if radiographs show 
appropriate progression of fusion. Hospital stay is seldom 
longer than 24 hours, and this procedure can sometimes 
be done in the outpatient setting in  carefully selected 
patients. When there is no contraindication, we suggest 
supplementation with calcium and vitamin D for 2 weeks 
before and 3 months after fusion surgery to encourage 
bone healing.
   

INTERNAL FIXATION IN LUMBAR SPINAL 
FUSION
Various types of internal fixation have been used in lumbar 
spinal fusion. The object is to immobilize the joints during 
fusion and thus hasten consolidation and reduce pain and 
disability after surgery. Additionally, the instrumentation 
maintains correction of deformity and normal contours dur-
ing the consolidation of the fusion mass. For many years, sur-
geons fixed the spinous processes of the lumbar spine with 
heavy wire loops, as described by Rogers for fracture- disloca-
tion of the cervical spine.

Early methods of fixing the articular facets used bone 
blocks or cylindrical bone grafts to transfix the facets, par-
ticularly at the lumbosacral joint. In one bone grafting tech-
nique (McBride), soft-tissue attachments to the spinous 
processes and laminae were elevated, the spinous processes 
of L4, L5, and S1 were removed at their bases, and special tre-
phine cutting tools were used to cut mortise bone grafts from 
them. The laminae were then spread forcibly with laminae 
distractors, and, again with the use of special trephine cut-
ting tools, a round hole was made across each facet joint into 
the underlying pedicle. The bone grafts were then impacted 
firmly across each joint into the pedicle, and the distractors 
were removed. H-shaped grafts between the spinous pro-
cesses also have been described for articular facet fixation.

Internal fixation (such as pedicle screws and plates) is 
described in Chapter 41. Again, however, before using these 
techniques the indications and current status of the use of 
these implants as approved by the FDA should be reviewed 
carefully with the patient. A special consent form should be 
signed by the patient if these devices are being used for any-
thing other than the strictly approved indications. 

TREATMENT AFTER POSTERIOR 
ARTHRODESIS
Opinions vary as to the proper treatment after spinal fusion. 
Usually the patient is placed on bed rest for a period of 12 to 24 
hours; mobilization is then begun. No clear consensus exists 
on the duration of bed rest or the type of external support that 
should be used or even whether external support should be 

used. This depends on the pathologic condition being treated 
and on the location and extent of the fusion. Surgeon pref-
erence also is important in this decision and often is based 
more on the patient’s comfort rather than immobilization for 
promotion of fusion, especially if instrumentation has been 
used for a degenerative process rather than for treatment of 
traumatic instability. Immobilization is continued until the 
patient is comfortable or until consolidation of the fusion 
mass occurs as seen on radiographs. Anteroposterior radio-
graphs are made with the patient supine and in right and 
left bending positions, and a lateral radiograph is made with 
the patient in flexion and extension between 3 and 4 months 
postoperatively to confirm consolidation of the fusion mass. 
A longer period may be needed, especially in uninstrumented 
fusions. However, even with instrumentation, the fusion mass 
may require a year or more to mature. With newer, less inva-
sive techniques, postoperative immobilization usually is not 
needed and patients are encouraged to gradually return to 
normal activities as much as possible, avoiding bending, lift-
ing, and twisting for 3 months. 

PSEUDARTHROSIS AFTER SPINAL FUSION
The possibility of pseudarthrosis after spinal arthrodesis 
should be remembered from the time the operation is pro-
posed until the fusion mass is solid. A frank discussion of this 
problem with each patient before operation is important. The 
reported pseudarthrosis rate ranges from 9% to 30%. Some 
authors have correlated higher pseudarthrosis rates with a 
greater number of levels fused, but multiple studies have 
reported single-level pseudarthrosis rates as high as 30%. A 
critical analysis of the literature determined that instrumen-
tation, fusion location, graft type, and brace type all affected 
lumbar fusion rates (Table 39.3). Careful patient selection and 
meticulous surgical technique in preparing the recipient site 
and in harvesting and preparing bone grafts are required to 
optimize fusion rates regardless of any other techniques that 
may be used.

It has been estimated that 50% of patients with pseudar-
throsis have no symptoms. Persistent pain after spinal fusion 
with no other identifiable cause is presumed to be caused by 
pseudarthrosis when this condition is present. Yet, in some 
patients pain continues after a successful repair. Although 
pain can persist, repair of a pseudarthrosis is indicated when 
disabling pain persists; repair is contraindicated when pain is 
slight or absent.

The following findings are helpful in making a diagnosis 
of pseudarthrosis: (1) discretely localized pain and tender-
ness over the fusion area, (2) progression of the deformity or 
disease, (3) localized motion in the fusion mass, as found in 
biplane bending radiographs, and (4) motion in the fusion 
mass found on exploration. The amount of motion on flex-
ion-extension radiographs that is consistent with solid fusion 
is controversial, ranging from no motion to 5 degrees of 
motion. When rigid instrumentation has been used, lack of 
motion does not necessarily indicate solid fusion; the pres-
ence of broken spinal implants does imply pseudarthrosis. 
Thin-cut CT scans appear to be more reliable than radio-
graphs in evaluating fusion: a prospective study comparing 
imaging findings to intraoperative findings showed that CT 
most closely agreed with intraoperative findings compared 
with plain radiographs and MRI. The expense of MRI and 
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 TABLE 39.3

Factors Affecting Fusion Rates in Lumbar Spine Surgery

SUCCESSFUL 
FUSION (%)

INSTRUMENTATION TYPE

None 84
Any 89
Semirigid 91
Rigid 88

FUSION LOCATION

Posterolateral 85
Posterior interbody 89
Anterior interbody 86
Circumferential (360 degrees) 91

GRAFT TYPE

Autogenous bone alone 87
Allograft alone 86
Autogenous bone + interbody cage 90
Allograft/autogenous bone mix 86

BRACE TYPE

None 89
Any 88
Semirigid or nonrigid 87
Rigid 88

From Raizman NM, O’Brien JR, Poehling-Monaghan KL, et al: Pseudarthrosis of 
the spine, J Am Acad Orthop Surg 17:494–503, 2009.

its susceptibility to metallic artifact from instrumentation 
remain disadvantages to its routine use in the assessment of 
spinal fusion. Unfortunately exploration is the only way to be 
absolutely certain that a fusion mass is completely solid.

Treatment of a patient with a painful pseudarthrosis 
involves a second attempt at fusion and may require a differ-
ent approach from that used in the original fusion surgery, as 
well as the use of additional instrumentation, bone graft, and 
osteobiologic agents. 

 

PSEUDARTHROSIS REPAIR

 TECHNIQUE 39.28 

(RALSTON AND THOMPSON)
 n  Expose the entire fusion plate subperiosteally through the 

old incision; if the defect is wide and filled with dense 
fibrous tissue, subperiosteal stripping in that area can 
be difficult. A narrow defect often is difficult to locate 
because the surface of the plate usually is irregular and 
the line of pseudarthrosis may be sinuous in the coronal 
and sagittal planes. In our experience, adherence of the 
overlying fibrous tissue has been the key factor that aids 

in identifying a pseudarthrosis. The characteristic smooth 
cortical surface and easily stripped fibrous “periosteum” 
of a solid, mature fusion mass are quite different from the 
adherent fibrous tissue overlying a pseudarthrosis. Metic-
ulous inspection of the region of the facet joint is needed. 
Often a mature and solid fusion mass extends across the 
transverse processes, but motion is detectable at the facet 
joint, indicating the fusion mass did not incorporate to the 
fusion bed (i.e., the transverse processes).

 n  Thoroughly clean the fibrous tissue from the fusion mass 
in the vicinity of the pseudarthrosis. The adjacent supe-
rior and inferior borders of the fusion mass on either side 
of the pseudarthrosis usually will be seen to move when 
pressure is applied with a blunt instrument, such as a 
 curet.

 n  As the defect is followed across the fusion mass, it will 
be found to extend into the lateral articulations on each 
side. Carefully explore these articulations and excise all 
fibrous tissue and any remaining articular cartilage down 
to bleeding bone.

 n  If the defect is wide, excise the fibrous tissue that fills it to 
a depth of 3 to 6 mm across the entire mass and protect 
the underlying spinal dura.

 n  Thoroughly freshen the exposed edges of the defect.
 n  When the defect is narrow and motion is minimal, limit 

the excision of the interposed soft tissue to avoid loss of 
fixation.

 n  Fashion a trough 6 mm wide and 6 mm deep on each side 
of the midline, extending longitudinally both well above 
and well below the defect.

 n  “Fish scale” the entire fusion mass on both sides of the 
defect, with the bases of the bone chips raised being 
away from the defect.

 n  Obtain both strip and chip bone grafts either from the 
fusion mass above or below or from the ilium, preferably 
the latter.

 n  Pack these grafts tightly into the lateral articulations, into the 
pseudarthrosis defect, and into the longitudinal troughs.

 n  Place small grafts across the pseudarthrosis line and 
wedge the edge of each transplant beneath the fish-
scaled cortical bone chips. Use all remaining graft material 
to pack neatly in and about the grafts.

 n  Internal fixation (see Chapter 41) can be used to improve 
the rate of healing after pseudarthrosis repair but often 
is not necessary, and removal of loose implants improves 
postoperative imaging capability.
   

DEGENERATIVE DISC 
DISEASE AND INTERNAL DISC 
DERANGEMENT
As has already been discussed, the degenerative process is 
fundamental to the development of disc herniations. Current 
research shows that genetic factors are more important than 
the mechanical stresses that have long been emphasized. The 
development of a disc herniation is only one of the pathways 
that the degenerative disc may follow. Alternatively, the disc 
may become the primary source of pain, rather than the nerve 
root, as is the case with herniations. This discogenic type of 
pain is most attributable to the internal disc derangement 
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(IDD) that accompanies the degenerative process. Correct 
diagnosis and treatment of painful degenerative discs are dif-
ficult and controversial.

There are many different treatment options for this diag-
nosis, including fusions, disc arthroplasty, nucleoplasty, and 
dynamic stabilization procedures. The number of fusion 
operations in the United States has consistently increased 
since the 1970s and is significantly higher than in other devel-
oped countries. The indication for most of these procedures is 
IDD. Currently there are three lumbar disc replacement pros-
theses approved by the FDA, but several designs are under 
investigation. The sole indication for these devices currently is 
to treat symptomatic degenerative disc disease. Likewise, the 
implants currently in development for nucleoplasty also are 
ultimately for treatment of the same process. There are multi-
ple devices and models for “dynamic stabilization,” only some 
of which are for the treatment of IDD. There is no shortage 
of treatment options. Treatment is controversial because no 
consensus of diagnostic criteria exists with regard to symptom 
type or severity, physical examination, or diagnostic imaging 
criteria. In addition to lack of consensus with regard to diag-
nosis, few prospective randomized data exist on outcomes for 
the numerous operative or nonoperative treatment options.

More recent research has helped considerably in under-
standing the anatomic basis for discogenic pain with noci-
ceptive receptors and the innervation of the disc by the 
sinuvertebral nerves and basivertebral nerves being shown, 
as discussed earlier. Anatomic studies also are beginning to 

give insight into the complexities of normal disc structure 
and function. The understanding of pain and mechanisms 
that lead to inflammatory and mechanical pain is continu-
ally improving. These studies focus on the molecular struc-
ture of the matrix, the mechanical properties of the matrix, 
the cellular activities within the matrix, and the complexities 
of pain modulation (Fig. 39.41). Understanding the interplay 
between these processes and the complex psychosocial issues 
involved and instruments necessary for diagnosis allows for 
much more precise and rational treatment.

Current understanding of IDD defines this as a patho-
logic condition resulting in axial spine pain with no or mini-
mal deformation of spinal alignment or disc contour. This is 
to be distinguished from measurable instability as can occur 
with fractures, traumatic ligamentous disruptions, degenera-
tive listhesis, scoliosis, or other conditions. Although these 
conditions can be a source of pain, they are fundamentally 
different in that there are definite defined anatomic alterations 
and imaging abnormalities associated with each of these cir-
cumstances. There are no defined criteria for IDD, however.

Because there are no pathognomonic findings for IDD, 
the diagnosis requires a compilation of findings consistent 
with IDD and elimination of other diagnostic possibili-
ties. Foremost among the consistent findings is the history. 
Patients usually are relatively young, in the third to sixth 
decades of life. Pain usually is chronic with symptoms present 
for several years, although the pain may have become con-
stant or very frequent only in the previous several months. 
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FIGURE 39.41 Main anatomic areas of pain modulation. (Redrawn from DeLeo JA: Basic science 
of pain, J Bone Joint Surg 88A:58–62, 2006.)
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The pain is axial primarily, often with buttock and posterior 
thigh (sclerotomal) pain. Pain distal to the knee indicates 
either different or coexistent pathology. Positions and activi-
ties that increase intradiscal pressure, such as sitting or flex-
ion, should exacerbate the symptoms. Likewise, recumbency, 
especially in the fetal position, often decreases the pain. This 
pattern of variable pain intensity is constant. Pain that is con-
stant but has little or no variation in intensity or only random 
fluctuations probably is not caused by IDD.

Examination reveals no weakness or reflex changes if IDD 
is the only diagnosis. Lumbar range of motion is mildly lim-
ited, especially in flexion, and limitation is caused by lumbosa-
cral pain or tightness. Straight-leg raising typically causes back 
and buttock pain but no pain distal to the knee. There is no 
spasm in the paraspinal musculature, and extension usually 
gives some relief temporarily. The patient often has a depressed 
mood and should be questioned about changes or stresses at 
work and at home. If the patient has identified significant 
stresses, anger, or anxiety, the diagnosis of IDD is in ques-
tion. Also, examination for Waddell signs should be included 
(Table 39.4), and if three or more are present, an alternative 
diagnosis is more likely. The examination must include the hip 
joints as a possible cause of buttock and thigh pain.

Imaging studies should include a lumbar spine series and 
dynamic films to assess deformities, measurable instability, or 
destructive lesions. Additional diagnostic studies should be 
obtained to evaluate abdominal or intrapelvic pathology that 
may have been suggested by the patient’s history and physical 
examination. Additionally, MRI of the lumbar spine should 
show diminished water content in the nucleus of one or more 
lumbar discs (Fig. 39.42). This may or may not be associated with 
a loss of disc height and broad-based disc bulging. Decreased 
water content leads to decreased signal intensity best seen on 
T2-weighted sagittal images. This finding alone has no diagnos-
tic value unless the appropriate history and physical examina-
tion also are present and there is no other discernible diagnosis.

The clinical diagnosis of IDD requires a careful and 
methodical assessment of many different factors. When the 
diagnosis is established, treatment options can be considered. 
Most patients can be treated without operative intervention, 
especially if they are educated as to the nature of the process 
causing their pain, specifically that it is not relentlessly pro-
gressive generally and that continued pain does not equate 
with progressive deterioration or disability. Often this under-
standing and instruction on moderate activity modifica-
tion, aerobic conditioning such as walking, and core muscle 
strengthening allow these patients to manage their symptoms 
long term without undue worry or resource consumption.

A small group of patients with persistent and debilitating 
symptoms may benefit from operative intervention. Before 
proceeding with any operative treatment, the patient should 
be informed that surgery leads to improvement in only 65%, 
leaving about 35% no better or possibly worse with respect 
to axial spine pain. Also, patients should understand that 
those who improve still have some activity limitations caused 
by pain or stiffness. This discussion must be very frank. For 
patients who still are considering surgery, a consistent and 
comprehensive assessment leads to the best overall outcomes. 
This approach is used for treating IDD, which is a diagnosis 
of exclusion and is separate from the treatment of measurable 
instability, spinal stenosis, disc herniations, spondylolisthesis, 
fractures, and other more objective diagnoses. The question 

becomes: of patients who have severe and debilitating axial 
spine pain that is not adequately improved with nonopera-
tive methods and who have no objective diagnosis to explain 
their symptoms, which are likely to improve with surgery? 
Treatment of the other diagnoses is covered elsewhere.

PATIENT SELECTION PROCESS
Given that any other objective diagnosis has already been 
ruled out, the primary consideration in patient selection 
revolves around nonanatomic or psychosocial causes for dis-
abling axial spine pain. For many years, patients with work-
ers’ compensation claims have been considered high risk for 
psychosocial causes of their pain, but more recent studies that 
independently assess this variable do not support this asser-
tion. It has been found by several studies independently that 
being off work more than 8 weeks before surgery is an inde-
pendent predictor of poorer outcome.

Many authors have tried to develop instruments to mea-
sure “abnormal illness behaviors.” Waddell et al. defined this 
as “maladaptive overt illness related behavior, which is out 
of proportion to the underlying physical disease (includ-
ing IDD) and more readily attributable to associated cogni-
tive and affective disturbances.” Waddell et al. also developed 
clinical tools designed to detect the presence of abnormal ill-
ness behavior by identifying physical signs or symptoms and 
descriptions that were nonorganic. Five nonorganic signs and 
seven nonorganic symptom descriptions have been identified 
(see Table 39.4). This group initially described these for use in 
patients with chronic pain and suggested that the presence of 
three or more was required to show abnormal illness behav-
ior. Although these signs and symptoms cannot be used to 
predict return to work, the presence of multiple Waddell signs 
correlates with poor operative outcome and may temper the 
decision to offer a particular patient operative consideration.

 FIGURE 39.42 A 51-year-old patient with chronic axial spine 
pain without neurologic deficits that did not respond to nonopera-
tive treatments.
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The first formal step in patient selection for operative 
treatment for IDD is the Minnesota Multiphasic Personality 
Inventory (MMPI). This study is done before any invasive 
studies to assess specifically for IDD. This instrument has been 
used in many studies and has been shown to be a predictor of 
operative outcomes, regardless of the spinal pathologic condi-
tion that is present. Riley et al. investigated the MMPI-2 and 
found that the results replicated the older MMPI. Patients with 
MMPI and MMPI-2 findings of depressed-pathologic pro-
file and a conversion V profile reported greater dissatisfaction 
with operative outcomes. The MMPI is lengthy and difficult to 
administer in an orthopaedic clinical setting. An independent 
assessment by an experienced psychologist or psychiatrist who 
also administers the MMPI is best. By comparison, the Distress 
and Risk Assessment Method (DRAM) is relatively easily 
administered and scored and has been validated in clinical set-
tings with regard to patients with back pain. The DRAM con-
sists of the Modified Somatic Perception Questionnaire and the 
Zung Depression Index. With this simplified method, patients 
identified as psychologically distressed are three to four times 
more likely to have a poor outcome after any form of treatment.

We recommend that patients being considered for opera-
tive treatment with the working diagnosis of IDD have formal 
psychologic testing, which at our clinic consists of the MMPI. 
The current version of this test has predictive value for failure 
of operative treatment but has no predictive value for success-
ful operative treatment. If the scoring and assessment from 
the psychologist administering the MMPI do not indicate the 
patient is at increased risk for failure, the second step in the 
assessment is taken. 

DIFFERENTIAL SPINAL ANESTHETIC
The second formal step is the administration of a differen-
tial spinal anesthetic. This technique has been well reviewed 
by Raj, and the reader is referred to that work for a more 
complete description. Briefly, this technique, which is based 
anatomically on the relationship between nerve fiber size, 
conduction velocity, and fiber function, is shown in Table 
39.5. The fiber diameter is the most critical physical dimen-
sion. The type A fibers are myelinated and subdivided into 
alpha, beta, gamma, and delta subtypes, each with different 
functions. Also, the unmyelinated B and C fibers serve dif-
ferent functions. The basic concept of the differential spinal is 
that by sequentially administering a local anesthetic agent, a 
predictable sequence of functional loss, beginning with sym-
pathetic, then sensory, and finally motor blockade, is seen. 
The conventional technique (Table 39.6) is administered as a 
series of four solutions, each given in an identical fashion. The 
patient is questioned regarding his or her pain, and a series 
of observations is made by the physician to evaluate strength 
by dermatome, light touch, sharp and dull discrimination by 
dermatome, and reflexes (Table 39.7). The solutions should be 
referred to as “A” through “D” to avoid the term “placebo” in 
front of the patient. Also, the patient is not told ahead of time 
of the expected sequential changes to avoid bias. The four 
solutions are given as follows:

Solution A: contains no local anesthetic and serves as 
placebo.

Solution B: contains 0.25% procaine, which is known to 
represent the mean sympatholytic concentration of 
procaine in the subarachnoid space that is the con-
centration sufficient to block B fibers but usually 
insufficient to block A delta and C fibers

Solution C: contains 0.5% procaine, the mean sensory 
blocking concentration of procaine, that is, the con-
centration that usually is sufficient to block (in addi-
tion to B fibers) A delta and C fibers, but insufficient 
to block A alpha, A beta, and A gamma fibers

Solution D: contains 5% procaine and is used to provide 
complete blockade of all fibers. Each solution is given 
at 5-minute intervals for appropriate patient examina-
tion with documentation of findings. The interpreta-
tion of this differential spinal anesthetic is as follows.

PSYCHOGENIC PAIN
If solution A relieves the patient’s pain, the pain should ten-
tatively be considered as “psychogenic.” Between 30% and 
35% of all patients with true organic pain obtain relief from 
an inactive agent. Relief after the normal saline solution may 
represent a “placebo reaction,” but it also may represent a true 
psychogenic mechanism that is subserving the patient’s pain. 
Clinically, these two usually can be differentiated because the 
placebo reaction is short lived and self-limiting, whereas pain 

 TABLE 39.4

Signs and Symptoms for Diagnosis of Abnormal 
Illness Behavior

NONORGANIC 
SIGNS DESCRIPTION
Regional 
disturbances

Widespread region of sensory changes or 
weakness that is divergent from accepted 
neuroanatomy

Superficial/
nonanatomic 
tenderness

Tenderness of skin to light touch (superfi-
cial) or depth tenderness felt over a wide-
spread area not localized to one structure 
(nonanatomic)

SIMULATION

Axial loading Low back pain reported with pressure on 
the patient’s head while standing

Rotation Low back pain reported when shoulders 
and pelvis are rotated in the same plane as 
the patient stands

DISTRACTION

Straight-leg 
raising

Inconsistent limitation of straight-leg rais-
ing in supine and seated positions

Overreaction Disproportionate verbalization, facial 
expression, muscle tension, collapsing, 
sweating during examination

NONORGANIC SYMPTOM DESCRIPTORS

Do you get pain in your tailbone?
Do you have numbness in your entire leg (front, side, and 

back of leg at the same time)? Do you have pain in your 
entire leg (front, side, and back of leg at the same time)? 
Does your whole leg ever give way?

Have you had to go to the emergency department because 
of back pain?

Has all treatment for your back made your pain worse?

From Fritz JM, Wainner RS, Hicks GE: The use of nonorganic signs and symp-
toms as a screening tool for return-to-work in patients with acute low back 
pain, Spine 25:1925–1931, 2000.
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relief provided by an inactive agent in a patient with true psy-
chogenic pain usually is long lasting, if not permanent. 

SYMPATHETIC PAIN
If the patient does not obtain relief with the placebo dose but 
does obtain relief from solution B, the mechanism causing pain 
tentatively is classified as sympathetic, provided that concomi-
tant with the onset of pain relief there are signs of sympathetic 
blockade, without signs of sensory block. Although this is the 
mean sympatholytic dose, in some patients (who may have an 

increased sensitivity for A delta and C fibers) relief may be a 
result of the production of hypoalgesia, analgesia, or anesthe-
sia. The diagnosis of a sympathetic mechanism is fortunate 
for the patient because it may be treatable with sympathetic 
blocks, especially if diagnosis and treatment are started early. 

SOMATIC PAIN
If 0.25% procaine (solution B) does not produce pain relief, 
but the 0.5% concentration (solution C) does, this usually 
indicates the pain is subserved by A delta and C type fibers, 
and the pain is classified as somatic, provided that the patient 
did show signs of sympathetic blockade with the previous 
0.25% concentration, and the onset of pain relief is accompa-
nied by the onset of analgesia and anesthesia. This is impor-
tant because if the patient had a decreased sensitivity for B 
fibers, pain relief at the 0.5% concentration is from delayed 
sympathetic block rather than sensory block. 

CENTRAL PAIN
If pain relief is not obtained by any of the preceding injec-
tions, the 5% procaine (solution D) is injected to block all 
fiber types. If the 5% dose gives pain relief, the mechanism is 
still considered somatic and it is presumed that the patient has 
a decreased sensitivity for A delta and C fibers. If the patient 
fails to obtain relief despite complete blockade, the pain is 
classified as “central” in origin. This is not a specific diagnosis 
and may indicate one of four possibilities, including (1) a cen-
tral lesion, (2) psychogenic pain, (3) encephalization, or (4) 
malingering (see Table 39.8 for more complete information). 

 TABLE 39.6 

Preparation of Solutions for Conventional Sequential Differential Spinal Blockade

SOLUTION PREPARATION OF SOLUTION YIELD BLOCKADE
D To 2 mL of 10% procaine, add 2 mL of normal saline 4 mL of 5% procaine Motor
C To 1 mL of 5% procaine, add 9 mL of normal saline 10 mL of 0.5% procaine Sensory
B To 5 mL of 0.5% procaine, add 5 mL of normal saline 10 mL of 0.25% procaine Sympathetic
A Draw up 10 mL of normal saline 10 mL of normal saline

From Raj PP, editor: Practical management of pain, ed 3, St. Louis, 2000, Mosby.

 TABLE 39.7

Observations after Each Injection

SEQUENCE OBSERVATION
1 Blood pressure and pulse rate
2 Patient’s subjective evaluation of the pain at 

rest
3 Reproduction of patient’s pain by movement
4 Signs of sympathetic block (temperature 

change, psychogalvanic reflex)
5 Signs of sensory block (response to pin prick)
6 Signs of motor block (inability to move toes, 

feet, legs)

From Raj PP, editor: Practical management of pain, ed 3, St. Louis, 2000, Mosby.

 TABLE 39.5 

Classification of Nerve Fibers on the Basis of Fiber Size (Relating Fiber Size to Fiber Function and 
Sensitivity to Local Anesthetics)

FIBER GROUP/
SUBGROUP DIAMETER (μM)

CONDUCTION 
VELOCITY (M/S) MODALITY SUBSERVED

SENSITIVITY TO LOCAL 
ANESTHETICS (%)

A (MYELINATED)

A alpha 15-20 80-120 Large motor, proprioception 1
A beta 8-15 30-70 Small motor, touch, and pressure ↓
A gamma 4-8 30-70 Muscle spindle, reflex
A delta 3-4 10-30 Temperature, sharp pain, nociception 0.5
B (unmyelinated) 3-4 10-15 Preganglionic autonomic 0.25
C (unmyelinated) 1-2 1-2 Dull pain, temperature, nociception 0.5

↓ Indicates intermediate values in descending order.
From Raj PP, editor: Practical management of pain, ed 3, St. Louis, 2000, Mosby.
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Although this technique was used for many years, more 
recently, a “modified” technique has been used. This modi-
fied technique allows more rapid recovery of the patient and 
eliminates some ambiguities. Also, the spinal needle can be 
removed after a shorter time, which may reduce infection 
risk, and patient position can be changed more easily to re-
create better the usual painful position for the patient. 

MODIFIED TECHNIQUE
The modified technique requires only two solutions: normal 
saline and 5% procaine (Table 39.9). As with the conventional 
technique after informed consent (but being careful to avoid 
bias), a small-bore needle is placed into the subarachnoid 
space. At that time, 2 mL of normal saline is injected and the 
same observations are made. If the patient has no or only par-
tial relief from the placebo injection, 2 mL of 5% procaine is 
injected, the needle is withdrawn, and the patient is placed 
supine. The same observations are made at 5-minute inter-
vals, as outlined earlier (see Table 39.7).

INTERPRETATION
If the pain is relieved with the saline injection, the interpre-
tation is the same as described earlier (i.e., consider the pain 
psychogenic). If the patient does not obtain relief with the 5% 
procaine, the diagnosis is considered the same as when no 
pain relief occurs in the conventional technique (i.e., mech-
anism is central). If the patient obtains complete pain relief 
after the 5% procaine, the pain is considered organic. If the 
pain returns when the patient again appreciates pinprick as 
sharp (recovered from analgesia), the mechanism is consid-
ered somatic (i.e., subserved by A delta or C fibers or both). 
If pain relief persists for a prolonged time after recovery from 
analgesia, the mechanism is considered sympathetic.

In our experience, the primary benefit of this procedure 
is to distinguish patients with psychogenic or central pain 
mechanisms from the group with somatic pain. It is unusual 

to find a sympathetic etiology in this group of patients who 
have had extensive evaluations and trial therapies before the 
current evaluation was undertaken. Identification of a patient 
with true psychogenic or central mechanism of pain and 
avoiding any further operative interventions is very advanta-
geous to a patient who is highly likely to have a poor outcome 
and to the conscientious surgeon who is treating this patient. 
If a patient has a somatic mechanism responsible for pain, the 
third component to the evaluation is discography.

Discography was described earlier in this chapter, and the 
reader is referred there for the details of the procedure (see 
Techniques 39.9 and 39.10). Although the technique of dis-
cography generates some controversy, the interpretation and 
utility of the procedure generate even more controversy. In 
our practice, low-pressure discography is used. To be consid-
ered positive, there must be concordant pain above a minimal 
threshold that is similar, if not identical, to a patient’s usual 
axial pain. Also, there must be radiographic abnormalities 
with annular disruption. If the examiner determines that the 
patient has one or more positive discogram levels and at least 
one normal control level, operative treatment is offered. The 
type of operative treatment can be subdivided into arthrodesis 

 TABLE 39.8 

Diagnostic Possibilities of Central Mechanism

DIAGNOSIS EXPLANATION/BASIS OF DIAGNOSIS
Central lesion The patient may have a lesion in the central nervous system that is above the level of the subarachnoid 

sensory block. We have seen two patients who had a metastatic lesion in the precentral gyrus, which 
was the central origin of the patient’s peripheral pain.

Psychogenic pain The patient may have true psychogenic pain, and it is not going to respond to any level of block. This 
is an even more uncommon response in patients with psychogenic pain than a positive response to 
placebo.

Encephalization The patient’s pain may have undergone “encephalization,” a poorly understood phenomenon in which 
persistent, severe, agonizing pain, originally of peripheral origin, becomes self-sustaining at a central 
level. This usually does not occur until severe pain has been endured for a prolonged period; when it 
has occurred, removal or blockade of the original peripheral mechanism fails to provide relief.

Malingering The patient may be malingering. One cannot prove or disprove this with differential blocks. If a patient 
is involved in litigation concerning the cause of pain and anticipates financial benefit, it is unlikely 
that any therapeutic modality would relieve the pain. Empirically, however, we believe that a previous 
placebo reaction from solution A followed by no relief from solution D strongly suggests that a patient 
who ultimately appears to have a central mechanism is not malingering because the placebo reaction, 
depending as it does on a positive motivation to obtain relief, is unlikely in a malingerer. There is no 
way to document the validity of this theory, but it does suggest a greater motivation to obtain pain 
relief than to obtain financial gain.

From Raj PP, editor: Practical management of pain, ed 3, St. Louis, 2000, Mosby.

 TABLE 39.9

Preparation of Solutions for Modified Differential 
Spinal Blockade

SOLUTION PREPARATION YIELD
D To 1 mL of 10% 

 procaine, add 1 mL  
of cerebrospinal fluid

2 mL of 5% procaine 
(hyperbaric)

A Draw up 2 mL of 
 normal saline

2 mL of normal saline

From Raj PP, editor: Practical management of pain, ed 3, St. Louis, 2000, Mosby.
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or disc replacement, but even with confirmatory imaging and 
specific concordant discogram results, the results of surgery 
for axial back pain are mediocre at best. The specific procedure 
that best fits each patient requires careful consideration of each 
available option and must involve the patient substantially in 
the decision-making process. With regard to arthrodesis, there 
are multiple options, including anterior lumbar interbody, 
direct lateral interbody, oblique lateral interbody, posterolat-
eral, posterior interbody, and combined anterior and posterior 
fusion techniques. There are a variety of stabilization alterna-
tives involving interbody devices, pedicle screw fixation, and 
combinations of these strategies. The ultimate goal in each type 
of surgery is a solid arthrodesis. Also, the arthrodesis may use 
autologous iliac bone graft, which is considered the standard, 
although bone morphogenetic proteins (BMPs) seem to have 
a role. At this time, no particular approach and no particular 
technique of stabilization have been shown to be superior to 
others, and there are several good studies that show statistical 
equivalency between anterior lumbar interbody fusion (ALIF), 
posterior lumbar interbody fusion (PLIF), and posterolat-
eral fusion with instrumentation (Fig. 39.43). Also, there has 
been no superiority proved for the various minimally invasive 
options. Likewise, there is no study showing BMP superior to 
autogenous bone when used posteriorly in this setting. When 
used with ALIF, BMP-2 has been shown to be equal to autolo-
gous bone. Long-term questions remain, however, about use 
of BMP-2 in women of reproductive age. The use of BMP in 
anterior cervical fusions has been associated with an increased 
incidence of complications, especially wound infections; its 
use in thoracolumbar and posterior cervical fusions does not 
seem to be associated with more complications.

At this time, there is no commercially available prosthesis 
for nucleoplasty, so this remains only a potential treatment. 
Multiple dynamic stabilization-type devices are available. 
There are, however, no biomechanical or clinical data to sup-
port the use of this strategy for treatment of IDD. 

THORACIC/LUMBAR DISC 
ARTHROPLASTY (TOTAL DISC 
REPLACEMENT)
A technique that has garnered greater attention in the past is 
lumbar total disc replacement (TDR) (Fig. 39.44). The reason 
for the interest is the belief by many experts that this motion-
preserving technique reduces adjacent motion segment 
degeneration, which remains problematic. There is some evi-
dence that genetics may be more important than mechani-
cal factors in IDD. Serious questions remain in regard to this 
technology, however:
 1.  Is motion preserved over long periods of time with TDR?
 2.  Does motion preservation decrease adjacent segment dis-

ease, or is this primarily determined by genetic factors?
 3.  What are the long-term results for TDR with issues such 

as wear, subsidence, or aseptic loosening?
 4.  What are the optimal revision strategies for TDR?

At this time, there are only three lumbar disc prostheses 
with FDA approval: the INMOTION, which is a modification 
of the Charité (DePuy Spine, Raynham, MA), the ProDisc-L 
(DePuy Synthes), and the activL (Aesculap, Center Valley, 
PA). All are approved only for single-level disc replacement. 

Several other lumbar disc prostheses are currently in the 
approval process.

The patient should be informed of the current expected 
or possible benefits and the current uncertainties involved 
with TDR. Also, from an anatomic standpoint, the condition 
of the facets should be essentially normal because TDR treats 
only one of the three joints at each motion segment. If there is 
significant disc space narrowing with facet overload and facet 
degeneration noted on CT, then TDR at this time cannot be 
recommended. Also, as with virtually any spine implant, the 
quality of the patient’s bone may preclude TDR if osteoporosis 
is present. The specific technique for TDR is similar to ALIF 
in principle. The mobilization of vascular structures needs to 
be slightly greater, especially at the L4 disc level. Also, proper 
sizing of the implant to optimize surface area of contact has 
been shown to reduce the risk for subsidence. Proper implant 
position is crucial to the function and possible catastrophic 
failure of each device. The reader is referred to the specific 
technique guides for these parameters. Our experience with 
these devices is limited at this time, and their ultimate value 
for patient care has not been determined.

FAILED SPINE SURGERY
One of the greatest problems in orthopaedic surgery and neu-
rosurgery is the treatment of failed spine surgery. Numerous 
reasons for the failures have been advanced. Results from 
repeat surgery for disc problems seem to be best with the dis-
covery of a new problem or identification of a previously undi-
agnosed or untreated problem. The best results from repeat 
surgery have been reported to occur in patients who have 
experienced 6 months or more of complete pain relief after the 
first procedure, when leg pain exceeds back pain, and when 
a definite recurrent disc can be identified. Adverse factors 
include scarring, previous infection, repair of pseudarthro-
sis, and adverse psychologic factors. Satisfactory results from 
reoperation have been reported to be 31% to 80%, and com-
plications have been reported to be three to five times higher 
than for primary surgeries. Patients should expect improve-
ment in the severity of symptoms rather than complete relief 
of pain. As the frequency of repeat back surgeries increases, 
the chance of a satisfactory result decreases precipitously.

The recurrence or intensification of pain in the subacute 
or late period after disc surgery should be treated with the 
usual conservative methods initially. If these methods fail to 
relieve the pain, the patient should be completely reevaluated. 
Frequently, a repeat history and physical examination give 
some indication of the problem. Additional testing should 
include psychologic testing, myelography, MRI to check for 
tumors or a higher disc herniation, and reformatted CT scans 
to check for areas of foraminal stenosis or for lateral her-
niation. The use of the differential spinal, root blocks, facet 
blocks, and discograms also can help identify the source of 
pain. The presence of abnormal psychologic test results or 
an abnormal differential spinal should serve as a modifier 
to any suggested treatment indicated by the other testing. 
Satisfactory nonoperative treatment of this problem should 
be attempted before additional surgery is performed. A dis-
tinct, operatively correctable, anatomic problem should be 
identified before surgery is contemplated. Pseudarthrosis, 
instability, and recurrent herniations are the diagnoses most 
likely to respond to further operative intervention after failed 
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FIGURE 39.43 A and B, Solid arthrodesis after anterior lumbar antibody fusion with radiolucent 
threaded cages with bone morphogenetic protein type 2. C and D, Pedicle screw instrumentation 
with posterolateral autologous bone and transforaminal lumbar interbody fusion with allograft 
bone. E and F, Posterolateral fusion with autologous bone and pedicle screw instrumentation 
extending previous fusion.
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spine surgery. The operative procedure should be tailored 
specifically to the anatomic problem identified. 

STENOSIS OF THE THORACIC AND 
LUMBAR SPINE
Degenerative spinal stenosis is a progressive disorder that 
involves the entire spinal motion segment as described by 
Kirkaldy-Willis. Degeneration of the intervertebral disc 
results in initial relative instability and hypermobility of the 
facet joints. An increase in pressure on the facet joints with 
disc space narrowing and increasing angles of extension 
occurs and can lead to hypertrophy of the facet joint, par-
ticularly the superior articular process. As joint destruction 
progresses, the hypertrophic process ultimately may result 
in local ankylosis. Calcification and hypertrophy of the liga-
mentum flavum commonly are contributing factors. The end 
result anatomically is reduced spinal canal dimensions and 
compression of the neural elements. The resultant venous 
congestion and hypertension likely are responsible for the 
symptom-complex known as intermittent neurogenic claudi-
cation. Mild trauma and occupational activity do not seem to 
affect significantly the development of this disease, but they 
may exacerbate a preexisting condition.

ANATOMY
Spinal stenosis can be categorized according to the anatomic 
area of the spine affected, the region of each vertebral segment 
affected, and the specific pathologic entity involved (Table 
39.10). Stenosis can be generalized or localized to specific ana-
tomic areas of the cervical, thoracic, or lumbar spine. It is most 
common in the lumbar region, but cervical stenosis also occurs 
frequently. It has been rarely reported in the thoracic spine. 
Spinal stenosis can be localized or diffuse, affecting multiple 
levels, as in congenital stenosis. Degeneration of the disc occurs 
with disc narrowing and subsequent ligamentous redundancy, 
which compromises the spinal canal area. Instability may 
ensue. This relative hypermobility precipitates the formation of 
facet overgrowth and ligamentous hypertrophy. The ligamen-
tum flavum may be markedly thickened into the lateral recess 

where it attaches to the facet capsule, causing nerve root com-
pression. These phenomena occur alone or in combination to 
create the symptom-complex characteristic of spinal stenosis.

A description of spinal stenosis requires an understanding 
of the anatomy affected and the use of consistent terminol-
ogy (Fig. 39.45). Central spinal stenosis denotes involvement 
of the area between the facet joints, which is occupied by the 
dura and its contents. Stenosis in this region usually is caused 
by protrusion of a disc, bulging anulus, osteophyte formation, 
or buckled or thickened ligamentum flavum. Symptomatic 
central spinal stenosis results in neurogenic claudication 
with generalized leg pain. Lateral to the dura is the lateral 
canal, which contains the nerve roots; compression in this 
region results in radiculopathy. The lateral recess, also known 
as “Lee’s entrance zone,” begins at the medial border of the 
superior articular process and extends to the medial border 
of the pedicle. This is where the nerve root exits the dura and 
courses distally and laterally under the superior articular facet 
(Fig. 39.46). The borders of the lateral recess are the pedicle 
laterally, the superior articular facet dorsally, the posterior 
ligamentous complex to disc and floor of the canal, and the 
central canal medially. Facet arthritis most frequently causes 
stenosis in this zone, along with vertebral body spurring and 
disc or anulus pathology. “Lee’s midzone” describes the foram-
inal region, which lies ventral to the pars. Its borders are the 
lateral recess medially, the posterior vertebral body and disc 
ventrally, the pars and intertransverse ligament dorsally, and 
the lateral border of the pedicle laterally. The foramen is essen-
tially the area between the cephalad and caudal pedicles. The 
dorsal root ganglion and ventral motor root occupy 30% of 
this space. This also is the point where the dura becomes con-
fluent with the nerve root as epineurium. Causes of stenosis 
in this area are pars fracture with proliferative fibrocartilage 
or a lateral disc herniation. Thickening of the ligamentum fla-
vum sometimes extends into the foramen and can be associ-
ated with a spur from the undersurface of the pars, especially 
if foraminal height is less than 15 mm and posterior interver-
tebral disc height is less than 4 mm. The exit zone is identified 
as the area lateral to the facet joint. The nerve root is present 
in this location and can be compressed by a “far lateral” disc, 
spondylolisthesis and associated subluxation, or facet arthritis.

 

BA

FIGURE 39.44 A and B, Anteroposterior and lateral views of patient with internal disc derange-
ment treated with Charité total disc replacement.
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The most common type of spinal stenosis is caused by 
degenerative arthritis of the spine, including Forestier dis-
ease, and is characterized by hyperostosis and spinal rigid-
ity in elderly patients. Other processes, such as Paget disease, 
fluorosis, kyphosis, scoliosis, and fracture with canal narrow-
ing, may result in spinal stenosis. Hypertrophy and ossifica-
tion of the posterior longitudinal ligament, which usually are 
confined to the cervical spine, and diffuse idiopathic skeletal 
hyperostosis (DISH) syndrome also may result in an acquired 
form of spinal stenosis. Congenital forms caused by disorders 
such as achondroplasia and dysplastic spondylolisthesis are 
much less common.

Congenital spinal stenosis usually is central and is evi-
dent on imaging studies. Idiopathic congenital narrowing 
usually involves the anteroposterior dimension of the canal 
secondary to short pedicles; the patient otherwise is normal. 
In contrast, in achondroplasia the canal is narrowed in the 
anteroposterior plane owing to shortened pedicles and in lat-
eral diameter because of diminished interpedicular distance. 
These findings occur in addition to the other characteristic 
features of achondroplasia.

Acquired forms of spinal stenosis usually are degenera-
tive (Box 39.6). This process is most commonly localized to 
the facet joints and ligamentum flavum, with the resultant 
arthritic changes in the joints visible on radiographic stud-
ies. Frequently, these abnormalities are symmetric bilater-
ally. The L4-5 level is the most commonly involved, followed 
by L5-S1 and L3-4. Disc herniation and spondylolisthesis 
may exacerbate the narrowing further. Spondylolisthesis 
and spondylolysis rarely cause spinal stenosis in young 
patients. The combination of degenerative change, aging, and 

spondylolisthesis or spondylolysis in patients 50 years old or 
older frequently results in lateral recess or foraminal steno-
sis. Paget disease and fluorosis have been reported to result in 
central or lateral spinal stenosis. Paget disease is one form of 
spinal stenosis that responds well to medical treatment with 
calcitonin. 

NATURAL HISTORY
Although symptoms may arise from narrowing of the spinal 
canal, not all patients with narrowing develop symptoms. One 
study found no significant association between clinical symp-
toms and anteroposterior spinal canal diameter. In general, the 
natural history of most forms of spinal stenosis is the insidi-
ous development of symptoms. Occasionally, there can be 
an acute onset of symptoms precipitated by trauma or heavy 
activity. Many patients have significant radiographic findings 

 TABLE 39.10

Classification of Spinal Stenosis

ANATOMIC ANATOMIC REGION (LOCAL SEGMENT)
Cervical Central

Foraminal
Thoracic Central

Lateral recess
Foraminal
Extraforaminal (far-out)

PATHOLOGIC TYPE
Congenital Achondroplastic (dwarfism)

Congenital forms of 
spondylolisthesis
Scoliosis
Kyphosis

Idiopathic
Degenerative and 
inflammatory

Osteoarthritis
Inflammatory arthritis
Diffuse idiopathic skeletal 
hyperostosis
Scoliosis
Kyphosis
Degenerative forms of 
spondylolisthesis

Metabolic Paget disease
Fluorosis

 

1

3
2

FIGURE 39.45 Zones of lateral canal as described by Lee. 
Entrance zone (1) is composed of cephalad and medial aspects 
of lateral recess, which begins at lateral aspect of thecal sac and 
runs obliquely down and laterally toward intervertebral foramen. 
Midzone (2) is located beneath pars interarticularis and just inferior 
to pedicle and is bound anteriorly by posterior aspect of vertebral 
body and posteriorly by pars; medial boundary is open to central 
spinal canal. Exit zone (3) is formed by intervertebral foramen.

 

Central canal

Extraforaminal
Foraminal
Subarticular

FIGURE 39.46 Central and lateral canal zones showing subar-
ticular, foraminal, and extraforaminal divisions.
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with minimal complaints or physical findings. About 50% of 
patients treated nonoperatively report improved back and 
leg pain after 8 to 10 years, although functional ability after 
decompressive surgery has been shown in multiple studies to 
surpass that obtained after nonoperative treatment. A prospec-
tive, randomized study of 100 patients with symptomatic spi-
nal stenosis treated operatively or nonoperatively found that 
pain relief occurred after 3 months in most patients regard-
less of treatment, although it took 12 months in a few patients. 
Results in patients treated nonoperatively deteriorated over 
time; however, at 4 years they were excellent or fair in 50%; 
80% of patients treated operatively had good results at 4 years.

Reported studies suggest that for most patients with spi-
nal stenosis, a stable course can be predicted, with 15% to 
50% showing some improvement with nonoperative treat-
ment. Worsening of symptoms despite adequate conservative 
treatment is an indication for operative treatment. Weinstein 
et al. showed significantly more improvement in all primary 
outcomes in patients treated operatively compared with those 
treated nonoperatively. 

CLINICAL EVALUATION
In patients with spinal stenosis, symptoms include back pain 
(95%), sciatica (91%), sensory disturbance in the legs (70%), 
motor weakness (33%), and urinary disturbance (12%). In 
patients with central spinal stenosis, symptoms usually are 
bilateral and involve the buttocks and posterior thighs in a 
nondermatomal distribution. With lateral recess stenosis, 
symptoms usually are dermatomal because they are related to 
a specific nerve being compressed. Patients with lateral recess 
stenosis may have more pain during rest and at night but 
more walking tolerance than patients with central stenosis.

Differentiation of symptoms of vascular claudication from 
symptoms of neurogenic claudication is important (Table 
39.11). Vascular symptoms typically are felt in the upper calf, 
are relieved after a short rest (5 minutes) while still standing, 
do not require sitting or bending, and worsen despite walking 
uphill or riding a stationary bicycle. Neurogenic claudication 
improves with trunk flexion, stooping, or lying but may require 
20 minutes to improve. Patients often report better endurance 
walking uphill or up steps and tolerate riding a bicycle better 
than walking on a treadmill because of the flexed posture that 
occurs. Pushing a grocery cart also allows spinal flexion, which 
enhances endurance and decreases discomfort in most patients 
with neurogenic claudication (positive “shopping cart” sign).

Generally, physical findings with all forms of spinal ste-
nosis are inconsistent. Distal pulses should be felt and con-
firmed to be strong, and internal and external rotation of 
the hips in extension should be full, symmetric, and pain-
less. Straight-leg raising and sciatic tension tests usually are 
normal. The neurologic examination usually is normal, but 
some abnormality may be detected if the patient is allowed 
to walk to the limit of pain and is then reexamined. The gait 
and posture after walking may reveal a positive “stoop test.” 
This test is done by asking the patient to walk briskly. As the 
pain intensifies, the patient may complain of sensory symp-
toms followed by motor symptoms. If the patient is asked to 
continue to walk, he or she may assume a stooped posture 
and the symptoms may be eased, or if the patient sits in a 
chair bent forward, the same resolution of symptoms occurs. 

DIAGNOSTIC IMAGING
RADIOGRAPHY

Although plain radiography cannot confirm spinal stenosis, 
findings such as short pedicles on the lateral view, narrowing 
between the pedicles on the anteroposterior view, ligament 
ossification, narrowing of the foramen, and hypertrophy of 
the posterior articular facets can be helpful hints. Leroux et al. 
outlined hypertrophic radiographic changes associated with 
hyperostosis on plain tomography and CT (Box 39.7).

The radiographic identification and confirmation of lum-
bar spinal stenosis have improved with the development of 
new imaging techniques. Initially, only central spinal stenosis 
was recognized, with canal narrowing to 10 mm considered 
absolute stenosis. This could be measured using radiographs 
or, preferably, myelography. Schönström, Bolender, and 
Spengler compared two methods of identifying central spi-
nal stenosis: (1) anteroposterior canal measurement by CT 
and (2) measurement of the dural sac with myelography in 
patients undergoing surgery for spinal stenosis. They found 
no correlation between the transverse area of the bony canal 
in normal patients and patients with spinal stenosis. A dural 
sac transverse area of 100 mm2 or less correlated with symp-
tomatic spinal stenosis. This method allows the inclusion of 
soft tissue in the determination of spinal stenosis. The analy-
sis of this area can be calculated relatively easily using stan-
dard CT software.

Currently, axial imaging has supplanted standard radio-
graphs in the diagnosis of spinal stenosis, although radio-
graphs are important in the initial evaluation of patients with 
persistent pain of more than 6 weeks’ duration or of patients 
with “red flags” of other disease, including recent trauma, his-
tory of cancer, immunosuppression, age older than 50 years or 
younger than 20 years, neurologic deficit, or previous surgery. 

Types of Spinal Stenosis

Congenital
Idiopathic
Achondroplastic 

Acquired
Degenerative
 n  Central canal
 n  Lateral recess, foramen
 n  Degenerative spondylolisthesis
 n  Degenerative scoliosis
 n  Combination of congenital and degenerative stenosis
Iatrogenic
 n  Postlaminectomy
 n  Postfusion
 n  Postchemonucleolysis
 n  Spondylolytic
 n  Posttraumatic
Miscellaneous
 n  Paget disease
 n  Fluorosis
 n  Diffuse idiopathic skeletal hyperostosis syndrome
 n  Hyperostotic lumbar spinal stenosis
 n  Oxalosis
 n  Pseudogout

 BOX 39.6 
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Flexion and extension views are useful to identify preexisting 
instability before laminectomy and may be useful in deter-
mining the need for subsequent fusion. Translation of 4 mm 
or more or rotation of more than 10 to 15 degrees indicates 
instability. A reversal of the normal trapezoidal disc geometry 
with widening posteriorly and narrowing anteriorly also may 
indicate instability. 

MAGNETIC RESONANCE IMAGING
MRI is helpful in identifying disease processes, such as tumors 
and infections, and is a good noninvasive study for patients 
with persistent lower extremity complaints after radiographic 
screening evaluation. MRI should be confirmatory in patients 
with a consistent history of neurogenic claudication or radic-
ulopathy, but it should not be used as a screening exami-
nation because of the high rate of asymptomatic disease. 
Morphologic changes have been correlated with preoperative 
findings, such as pain and function, however, only to a lim-
ited extent. Sagittal T2-weighted MR images are a good start-
ing point because they give a myelogram-like image. Sagittal 
T1-weighted images are evaluated with particular attention 
focused on the foramen. An absence of normal fat around 
the root indicates foraminal stenosis. Axial images provide 
a good view of the central spinal canal and its contents on 
T1- and T2-weighted images. Far lateral disc protrusions are 
identified on axial T1-weighted images by obliteration of the 
normal interval of fat between the disc and nerve root (Fig. 
39.47). The foraminal zone is better evaluated with sagittal 
T1-weighted sequences, which illustrates the presence of fat 
around the nerve root. Foraminal disc herniations should be 
confirmed on both sagittal and axial MRI images. Absolute 
anatomic measures also can be used, as previously discussed. 
Spinal deformity, including scoliosis and significant spon-
dylolisthesis, can result in suboptimal imaging by MRI. This 
is secondary to the curvature of the spine in and out of the 
plane of the scanner on sagittal sequences and difficulty 
obtaining true axial cuts. Another disadvantage of MRI is 

the cost; nonetheless, MRI has become a useful, noninvasive 
diagnostic tool for the evaluation of patients with extremity 
complaints. 

COMPUTED TOMOGRAPHIC MYELOGRAPHY
Despite the prevalence of MRI, myelography followed by 
CT is still accepted and widely used for operative planning 
in patients with spinal stenosis; it has a diagnostic accuracy 
of 91% but also involves significant radiation exposure. The 
addition of CT after a myelogram allows detection of 30% 
more abnormalities than with myelography alone. Because 
of the dynamic nature of the study, stenosis not visible on 
MRI with the patient recumbent may be identified on stand-
ing flexion and extension lateral views. CT after myelography 

 TABLE 39.11

Differentiation of Symptoms of Vascular Claudication 
From Symptoms of Neurogenic Claudication

EVALUATION VASCULAR NEUROGENIC
Walking distance Fixed Variable
Palliative factors Standing Sitting/bending
Provocative 
factors

Walking Walking/standing

Walking uphill Painful Painless
Bicycle test Positive (painful) Negative
Pulses Absent Present
Skin Loss of hair; shiny Normal
Weakness Rarely Occasionally
Back pain Occasionally Commonly
Back motion Normal Limited
Pain character Cramping—distal 

to proximal
Numbness, 
 aching—proximal 
to distal

Atrophy Uncommon Occasional

Hypertrophic Radiographic Changes Associated 
With Hyperostosis

Plain Radiographs
Dorsal Level
 1.  Intervertebral osseous bridge
 2.  “Lobster claw” 

Cervical Level
 1.  Exuberant osteophytosis
 2.  Narrow cervical canal 

Lumbar Level
 1.  Marginal somatic osseous proliferation
 2.  “Candle flame”
 3.  “Lobster claw”
 4.  Intervertebral osseous bridge
 5.  Disc arthrosis
 6.  Acquired vertebral block
 7.  Hypertrophy of posterior articular processes
 8.  “Bulb” appearance of posterior articular hypertrophy
 9.  Anterior subluxation
 10.  Posterior subluxation 

Lumbar Computed Tomography
 1.  Herniated disc
 2.  Disc protrusion
 3.  Vacuum disc sign
 4.  Hypertrophy of posterior articular processes
 5.  Osteoarthritis of apophyseal joints
 6.  Osseous proliferations of nonarticular aspects of superior 

apophyseal joint
 7.  Osseous proliferations of nonarticular aspects of inferior 

apophyseal joint
 8.  C/O of posterior longitudinal ligament
 9.  C/O of yellow ligament
 10.  C/O of supraspinal ligament
 11.  Anterior C/O of posterior articular capsule
 12.  Posterior C/O of posterior articular capsule
 13.  Anteroposterior diameter of spinal canal
 14.  Transverse diameters of spinal canal

 BOX 39.7 

C/O, Calcification or ossification or both.
Modified from Leroux JL, Legeron P, Moulinier L, et al: Stenosis of the lumbar 
spinal canal in vertebral ankylosing hyperostosis, Spine 17:1213–1218, 1992.
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characterizes the bony anatomy better than MRI, which helps 
the surgeon plan decompression surgery. However, imaging 
of the nerve roots in the foraminal region lateral to the ped-
icle is impossible because of the confluence of the dura with 
the epineurium at this point. There also is additional morbid-
ity associated with the lumbar puncture required for myelog-
raphy as well as radiation exposure. Myelography followed by 
CT is best suited for patients with dynamic stenosis, postop-
erative leg pain, severe scoliosis or spondylolisthesis, metal-
lic implants, contraindications to MRI, and lower extremity 
symptoms in the absence of findings on MRI.

Abnormal findings occur in 24% to 34% of asymptomatic 
individuals evaluated with CT myelography, just as with MRI, 
so clinical correlation is a must.

CT has been used to further define lateral recess steno-
sis and foraminal stenosis. These types of stenosis rarely are 
identified with myelography. The lateral recess is anatomically 
the area bordered laterally by the pedicle, posteriorly by the 
superior articular facet, and anteriorly by the posterolateral 
surface of the vertebral body and the adjacent intervertebral 
disc. The superior border of the corresponding pedicle is the 
narrowest portion of the lateral recess. Measurement of the 
recess in this area using the tomographic cross-section usu-
ally is 5 mm or greater in normal patients, but in symptom-
atic patients the diagnosis is confirmed if the height is 2 mm 
or less. The foramen is the area of the spine bordered by the 
inferior edge of the pedicle cephalad, the pars interarticularis 
with the associated inferior articular facet and the superior 
articular facet from the lower segment posteriorly, the supe-
rior edge of the pedicle of the next lower vertebra caudally, 
and the vertebral body and disc anteriorly. This area rarely 
can be seen with myelography. A standard CT in the cross-
sectional mode suggests narrowing if the foraminal space 
immediately after the pedicle cut is present for only one or 
two more cuts (provided that the cuts are close together). The 
best way to appreciate foraminal narrowing is to reformat the 

lumbar scan, which can create sagittal views through the ped-
icles and structures situated laterally.

Wiltse et al. described a far-out compression of the root 
that occurs predominantly in spondylolisthesis when the root 
is compressed by a large L5 transverse process subluxed below 
the root and pressing the root against the ala of the sacrum. 
This “far our syndrome” is best confirmed with a reformatted 
CT scan with coronal cuts (Fig. 39.48).

Some studies have attempted to correlate clinical out-
comes with pathologic findings on myelography and CT. A 
retrospective review found that patients who had a block 
on myelogram had a better chance of obtaining a good out-
come. Another study confirmed postoperative stenosis in 
64% of 191 patients at 4-year follow-up. Slight differences 
were noted in the Oswestry questionnaire between patients 
with and without stenosis but not in walking distances, and 
instability was present in 21% without demonstrable clinical 
effect. The degree of decompression on CT myelography did 
not correlate at all with outcomes, and regardless of the num-
ber of levels that had decompression, the results were similar. 
Nonetheless, decompression of all symptomatic levels with 
evidence of compression is recommended to enhance neural 
circulation and function and to avoid reoperation for recur-
rent spinal stenosis. 

OTHER DIAGNOSTIC STUDIES
Electrodiagnostic studies should be used if the diagnosis of 
neuropathy is uncertain, especially in patients with diabetes 
mellitus. Needle electromyographic study was shown to have 
a lower false-positive rate than MRI in asymptomatic patients. 
The diagnostic use of such studies, including somatosensory 
evoked potentials, is limited by the lack of prospective stud-
ies to determine sensitivity or specificity. Vascular Doppler 
examinations are useful to identify inflow problems into the 
lower extremities and should be accompanied by a vascular 
surgery consultation when indicated. Differential diagnosis 
also can be aided by the use of exercise testing. Tenhula et al. 
described a bicycle-treadmill test that stresses the patient in 
an upright position on an exercise treadmill and subsequently 
in a seated position on an exercise bicycle that allows spinal 
flexion. Earlier onset of leg symptoms with level walking and 
delayed onset of symptoms with inclined treadmill walking 
were significantly associated with stenosis. Exercise tread-
mill testing also is useful to help determine baseline function 
for quantitative evaluation of functional status after surgery. 
This study showed significant postoperative improvement in 
treadmill walking and bicycling duration (88% preoperatively 
and 9% postoperatively for walking; 41% preoperatively and 
17% postoperatively for bicycling), lower visual analogue 
scale pain scores, and a later onset of pain. 

NONOPERATIVE TREATMENT
Symptoms of spinal stenosis usually respond favorably to non-
operative management (satisfactory results in 69% at 3 years 
according to Simotas et al.). Despite symptoms of back pain, 
radiculopathy, or neurogenic claudication, conservative man-
agement is successful in most patients. Patients with radicular 
type pain respond well to nonoperative treatment, but those 
with scoliosis tend to have worse results. Conservative mea-
sures should include rest not exceeding 2 days, pain manage-
ment with antiinflammatory medications or acetaminophen, 
and participation in a trunk-stabilization exercise program, 

 FIGURE 39.47 T1-weighted MR image showing far-lateral disc 
protrusion. Note obliteration of normal interval of fat between 
disc and root.
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along with good aerobic fitness. Other methods should be 
reserved for patients who are limited by pain and should 
be used to maximize participation in the exercise program. 
Traction has no proven benefit in the adult lumbar spine. For 
a patient with unremitting symptoms of radiculopathy or 
neurogenic claudication, epidural steroid injections may be 
useful in alleviating symptoms to allow better participation in 
physical therapy. Epidural steroids can give significant symp-
tomatic relief, although no scientific study has documented 
long-term efficacy.

Manchikanti et al. reported significant pain relief in 76% 
of 25 patients who had percutaneous adhesiolysis with injec-
tion of lidocaine, hypertonic sodium chloride solution, and 
nonparticulate betamethasone. If spinal stenosis is present 
with coexistent degenerative arthritis in the hips or knees, 
some permanent limitation in activity may be necessary 
regardless of treatment.

EPIDURAL STEROID INJECTION
Spinal stenosis and the resultant mechanical compression of 
neural elements can cause structural and chemical injury to the 
nerve roots. Edema and venous congestion of the nerve roots 
can lead to further compression and ischemic neuritis. This 
may result in the leakage of neurotoxins, such as phospholipase 
and leukotriene B, which can lead to increased inflammation 
and edema. Steroids are potent antiinflammatory medications 
and result in a decrease in leukocyte migration, the inhibi-
tion of cytokines, and membrane stabilization. These actions 
coupled with their ability to reduce edema provide the ratio-
nale for the use of epidural steroid injections in spinal stenosis. 
Epidural steroid injections have been used in the treatment of 
spinal stenosis for many years, and no validated long-term out-
comes have been reported to substantiate their use. Significant 

improvement in pain scores, however, has been reported at 3 
months. Patients with a healthier emotional status and those 
with a higher body mass index reportedly experience more 
pain relief. A prospective, randomized study found caudal epi-
dural injections (lidocaine 0.5%) with or without steroids to be 
effective in approximately 60% of patients in the short term.

The technique of placement—caudal, translaminar, or trans-
foraminal—also is debated, as is whether fluoroscopy should be 
used. Lee et al. reported improvement in 87.5% of 216 patients 
using fluoroscopically guided caudal epidural steroid injection; 
however, they included minimal improvement in these results. 
Although one study reported no difference between interlami-
nar and transforaminal injection, Lee et al. noted that bilateral 
transforaminal epidural injection allowed delivery of a higher 
concentration of injectate. Using anatomic landmarks for cau-
dal injections, Stitz et al. reported accurate placement in 65% to 
74% of patients, with intravascular placement in 4%. Accurate 
placement of translaminar injections seems to be equally diffi-
cult, with successful placement reported in 70%.

Spinal canal dimension has not been shown to be pre-
dictive of success or failure of epidural steroid injection. 
Complications are infrequent but can occur and include 
hypercorticism, epidural hematoma, temporary paralysis, ret-
inal hemorrhage, epidural abscess, chemical meningitis, and 
intracranial air. A 5% incidence of dural puncture has been 
reported, and, if it occurs, subarachnoid injection of steroids 
or local anesthetic should be avoided to prevent mechanical 
or chemical nerve root irritation. Headaches occur in 1% to 
5% of patients and are related to dural puncture or the use of 
the caudal injection route. In patients with headaches asso-
ciated with caudal injections, the cause has not been deter-
mined because dural puncture should not occur at this level, 
because the dural sleeve has terminated at midsacrum.
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FIGURE 39.48 A, Coronal view of CT scan showing impingement of transverse process of L5 on 
sacrum. B, Coronal section showing right transverse process. C, Drawing of coronal section. (From 
Wiltse LL, Guyer RD, Spencer CW, et al: Alar transverse process impingement of the L5 spinal nerve: the 
far-out syndrome, Spine 9:31–41, 1984.)
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The ideal candidate for epidural steroid injection seems to 
be a patient who has acute radicular symptoms or neurogenic 
claudication unresponsive to traditional analgesics and rest, 
with significant impairment in activities of daily living. We have 
used this technique successfully in our treatment algorithm for 
neurogenic claudication and radiculopathy both as a diagnos-
tic and therapeutic procedure. The authors prefer transforam-
inal injections because they allow more ventral placement of 
injectate in the foramen and lateral recess and also seem to rea-
sonably predict surgical outcomes at the same anatomic level. 

OPERATIVE TREATMENT
The primary indication for surgery in patients with spinal ste-
nosis is increasing pain that is resistant to conservative mea-
sures. Because the primary complaint often is back pain and 
some leg pain, pain relief after surgery may not be complete. 
Operative intervention should be expected to give good relief 
of claudicatory leg pain with variable response to back pain. 
Most series report a 64% to 91% rate of improvement, with 
42% in patients with diabetes, but most patients still have some 
minor complaints, usually referable to the preexisting degen-
erative arthritis of the spine. Neurologic findings, if present, 
improve inconsistently after surgery. Pearson et al. noted that 
patients whose predominant complaint was leg pain improved 
significantly more with operative treatment than those whose 
predominant complaint was low back pain. Both, however, 
improved significantly with operative treatment compared 
with conservative treatment. Reoperation rates vary from 6% 
to 23%. Prognostic factors include better results with a disc her-
niation, stenosis at a single level, weakness of less than 6 weeks’ 
duration, monoradiculopathy, and age younger than 65 years. 
Depression, psychiatric disease, cardiovascular disease, higher 
body mass index, scoliosis, and disorders affecting ambulation 
have been associated with a poorer prognosis. Reversal of neu-
rologic consequences of spinal stenosis seems to be a relative 
indication for surgery unless the symptoms are acute.

Radiographic findings alone are never an indication for 
surgery. Factors predicting outcome vary, and correlation of 
imaging with symptoms seems to be the best guarantee of 
improvement after surgery. Localized lesions on radiograph 
without general involvement respond best. Ganz reported a 
96% success rate in patients whose preoperative symptoms 
were relieved by postural change.

A patient’s inability to tolerate the restricted lifestyle 
necessitated by the disease and the failure of a good conser-
vative treatment regimen should be the primary determin-
ing factors for surgery in a well-informed patient. The patient 
should understand the potential for the operation to fail to 
relieve pain or to worsen it, especially in regard to the axial 
component of the symptoms. In addition to the general risks 
of spinal surgery, the severity of symptoms and lifestyle modi-
fications should be considered. Lumbar spinal stenosis does 
not result in paralysis, only decreased ambulatory capac-
ity, and conservative management is warranted indefinitely 
in a patient with good function and manageable symptoms. 
Delaying surgical treatment for a trial of nonoperative treat-
ment has not been shown to affect outcome; however, one 
study reported less favorable results in patients who had 
symptoms for more than 33 months.

Cervical and thoracic spinal stenoses are associated with 
painless paralysis in the form of cervical and thoracic myelop-
athy and require closer attention and follow-up.

PRINCIPLES OF SPINAL STENOSIS SURGERY
Decompression by laminectomy or a fenestration proce-
dure is the treatment of choice for lumbar spinal stenosis 
(Fig. 39.49). Fusion is required if excessive bony resection 
compromises stability or if isthmic or degenerative spondy-
lolisthesis, scoliosis, or kyphosis is present. Other important 
indications for fusion include adjacent segment degenera-
tion after prior fusion and recurrent stenosis or herniated 
disc after decompression. Laminectomy may be preferable in 
older patients with severe, multilevel stenosis, whereas fenes-
tration procedures, consisting of bilateral laminotomies and 
partial facetectomies that preserve the midline structures, are 
an alternative in younger patients with intact discs. This is an 
especially attractive procedure when performed through a 
minimally invasive approach because injury to the dynamic 
spinal stabilizers is minimized. In one study, fewer compli-
cations and less postoperative instability were reported after 
bilateral laminotomies than after laminectomy.

Whenever possible, the source of pain should be localized 
with selective root blocks preoperatively to allow a more focal 
decompression. At surgery, specific attention should be directed 
to the symptomatic area, which may result in less extensive 
decompression than would normally be done with the pain 
source unconfirmed. If radical decompression of only one root 
is necessary, additional stabilization by fusion with or without 
instrumentation is usually unnecessary. The removal of more 
than one complete facet joint may require instrumented fusion. 
It is advisable to prepare the patient for fusion in case the find-
ings at surgery require a more radical approach than anticipated. 
When both an ipsilateral lateral recess decompression and 
foraminal decompressions are necessary, a transforaminal lum-
bar interbody fusion (TLIF) can be used without risking sub-
sequent instability at the level. Positioning the patient with the 
abdomen hanging free minimizes bleeding. If fusion is likely, the 
hips should remain extended to prevent positional kyphosis. We 
do not recommend the use of a kyphosing frame when a fusion 
is performed. As in disc surgery, a microscope or magnifying 
loupes and a headlamp are helpful. The microscope allows for a 
smaller incision with less damage while maintaining binocular 
vision and depth perception caused by the smaller interocular 
distance of the microscope. When proceeding with the decom-
pression, care should be taken to watch for adhesions that can 
result in dural tears, even if no previous surgery has been done. 
Frequently, the narrowing in the lateral recess and foramen is 
so great that a Kerrison rongeur cannot be used without dam-
aging the root. Alternatively, dissection in the lateral recess and 
foramen may require a small, sharp osteotome or a high-speed 
burr, which allows the surgeon to thin the bone sufficiently to 
allow removal with angled curets. In contrast to disc surgery, for 
decompression the lateral recess is best seen from the opposite 
side of the table. During open procedures, the operating sur-
geon may find it necessary to switch sides during the operation 
to view the pathology and nerve roots better. Blunt probes with 
increasing diameters also are useful for determining adequate 
foraminal enlargement. Disc herniation should be treated at the 
same time as the spinal stenosis. A good approach is to start the 
decompression at a point of lesser stenosis and work toward the 
area of most severe stenosis. This often frees the neural structures 
enough to make the final decompression simpler and decreases 
the risk of damage to dura or nerve roots. This approach is espe-
cially useful when a minimally invasive undercutting lamino-
plasty technique is used to operatively treat spinal stenosis. 
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ADJACENT SEGMENT DEGENERATION
Adjacent disc degeneration and stenosis, or the transition syn-
drome, deserves special mention. It is known that disc degen-
eration occurs adjacent to a fusion in 35% to 45% of patients 
because of the ensuing hypermobility of the unfused joint, usu-
ally above the fusion mass. Adjacent segment stenosis below 
the fusion mass, although less frequent, always occurred along 
with stenosis above the fusion in a study by Lehmann et al.

Adjacent segment breakdown may cause symptoms that 
require surgery in 30% of patients. Pathology, including spi-
nal stenosis, herniated nucleus pulposus, and instability, may 
require treatment years after successful surgery. Breakdown is 
possible one or two levels above lumbosacral fusions and above 
or below thoracolumbar and “floating” lumbar fusions. Schlegel 
et al. reported 58 patients who developed spinal stenosis, disc 
herniation, or instability at a segment adjacent to a previously 
asymptomatic fusion that was done an average of 13.1 years ear-
lier, although 70% had good or excellent results. These clinical 
findings have been substantiated by subsequent biomechani-
cal studies that confirmed kinematic changes in segments adja-
cent to spinal fusions. Simple malalignment that occurs during 
patient positioning when the hips are not extended may result 
in hypolordosis and increase the load across implants and 
increase posterior shear and laminar strain at adjacent levels. 

These changes may help to explain the cause of adjacent seg-
ment breakdown. Posterior lumbar interbody fusion (PLIF) also 
resulted in adjacent segment changes in all patients, but this did 
not affect results at 5 years in the series of Miyakoshi et al. In 
a study comparing patients with spondylolytic spondylolisthe-
sis, degenerative spondylolisthesis, and spinal stenosis, Yu et al. 
found no significant differences in superior adjacent segment 
degeneration, instability, or clinical outcome after partial or total 
laminectomy and single-level PLIF.

Rigidity of instrumentation has been hypothesized to cor-
relate with motion at adjacent segments. Studies have fueled 
interest in less rigid and dynamic stabilization constructs. In 
a prospective study with 4-year radiographic follow-up com-
paring rigid, semirigid, and dynamic instrumentation devices, 
Korovessis et  al. found no differences in adjacent segment 
degeneration among the three groups. It is undetermined 
whether more rigid fusion increases the likelihood of adjacent 
segment changes. There is some evidence that maintaining 
the function of the posterior dynamic stabilizing paraspinous 
musculature, including the multifidus, may lead to decreased 
rates of adjacent segment degeneration after lumbar fusion.

Fusion is more difficult as the number of levels fused 
increases, with L4-5 being the most frequent site of pseud-
arthrosis. The addition of a second level of fusion should 
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be avoided if possible, and fusing a degenerative disc as a 
prophylactic measure does not seem to be supported by the 
data available. The actual source of transition syndromes is 
unknown; however, postoperative hypolordosis and rigid-
ity of the fused segment probably contribute to the problem 
along with disruption of the posterior dynamic muscular 
stabilizers damaged during open posterior approaches. 
Surgery should attempt to maintain normal segmental 
lordosis and global sagittal balance, in addition to fusing 
the fewest segments possible while minimizing collateral 
damage to the paraspinous musculature and lumbodorsal 
fascia.

Complications are relatively infrequent after decom-
pression for spinal stenosis and occur more often in 
patients with multiple comorbid conditions, especially dia-
betes. Comorbidities also contribute to poorer patient sat-
isfaction and increased operative complications. Previous 
reports have cited increased morbidity and mortality asso-
ciated with stenosis surgery in the elderly, although one 
study found that advanced age did not decrease patient sat-
isfaction or return to activities, and there was no increase 
in morbidity associated with surgery for stenosis in the 
elderly.

Deep venous thrombosis also must be considered in 
patients after decompression. The incidence of this compli-
cation varies but is likely higher than reported. Pulmonary 
emboli are exceedingly rare, however. Prophylaxis is best 
limited to pneumatic compression devices of the foot or calf 
and early ambulation because the risk of epidural hema-
toma from pharmacologic agents is greater than the risk of 
a significant pulmonary event or deep venous thrombosis. 
Reoperation is necessary in 9% to 23% of patients with spi-
nal stenosis. 

DECOMPRESSION
There are no universal indicators of outcome after decom-
pression. The number of levels requiring decompression 
have not been shown to affect the surgical results. Factors 
associated with poorer outcomes have included questionable 
radiographic confirmation of stenosis, female sex, litigation, 
previous failed surgery, and the presence of spondylolisthesis. 
A patient’s self- assessment of health may be the best predictor 
of satisfaction. Cardiac comorbidity also may be predictive. 
Yukawa et al. found that the severity of central canal narrow-
ing at a single level did not affect postoperative improvement 
in either functional ability, as determined by treadmill and 
bicycle testing, or patient self-assessment. Patients with mul-
tilevel stenosis had similar improvements in postoperative 
assessment scores.

Jönsson reported successful results after operative treatment 
in 62% to 67% of patients, although they noted deterioration at 
5 years, with 18% requiring reoperation. Patients with a 6-mm 
or less anteroposterior canal diameter preoperatively had bet-
ter results. Patients with hip arthritis, diabetes mellitus, previ-
ous surgery, vertebral fracture, or a postoperative complication 
had worse results. Although most are satisfied with the results 
of decompression, continued severe back pain and the inability 
to walk a distance have been reported. The Maine Lumbar Spine 
Group found that long-term (8 to 10 years) results were better 
after operative than nonoperative treatment. However, approxi-
mately half of the patients reported improvement in their back 

pain, leg pain, or both and were satisfied with their current 
status regardless of whether they were treated operatively or 
nonoperatively.

The cost of spinal stenosis surgery (decompressive lami-
nectomy) at 2 years compared favorably with other treatment 
modalities in one SPORT study.

Progressive instability after decompression does not predict 
poor results. It appears that normal walking, sensory deficits, 
and ability to perform activities of daily living improved despite 
instability. Some further anterolisthesis is tolerated well after 
decompression, and it is appropriate to observe these patients 
for further symptoms before recommending fusion because 
30% of patients develop anterolisthesis after decompression. 

 

MIDLINE DECOMPRESSION  
(NEURAL ARCH RESECTION)

 TECHNIQUE 39.29 

 n  Perform the procedure with the patient under general 
endotracheal anesthesia. Position the patient prone using 
the frame of choice.

 n  Make the incision in the midline centered over the level of 
stenosis. Localizing radiographs should be taken to verify 
the level of surgery. Carry the incision in the midline to 
the fascia.

 n  Strip the fascia and muscle subperiosteally from the spi-
nous processes and laminae to the facet joints to expose 
the pars interarticularis. Avoid damaging facet joints that 
are not involved in the bony dissection.

 n  Identify and remove the spinous processes of the levels to 
be decompressed. Clear the soft tissue with a sharp curet.

 n  Remove the lamina with a Kerrison rongeur or high-speed 
burr up to the insertion of the ligamentum flavum. If the 
lamina is extremely thick, a high-speed drill with a dia-
mond or side-cutting burr can be used to thin the outer 
cortex to allow easier removal of the inner portion with a 
Kerrison rongeur. The lamina can be removed with impu-
nity up to the insertion of the ligamentum flavum. Once 
the ligamentum insertion is identified, the ligamentum 
can be detached from the lamina with a curet. Take spe-
cial care in removal of the lamina after the ligamentum 
flavum is released. The neural structures will be found 
compressed, and the usual space for instrument insertion 
may be unavailable. Remove the lamina until the pedicles 
can be felt. It can be helpful to begin the lateral recess 
decompression with the high-speed burr before removal 
of the ligamentum flavum to avoid having to place a ron-
geur into an already stenotic canal.

 n  Using the pedicle as a guide, identify the nerve root and 
trace it out to the foramen.

 n  With a chisel or rongeur, carefully remove the medial portion 
of the superior facet that forms the upper portion of the 
lateral recess (Fig. 39.50). Check the foramen for patency 
with an angled dural elevator or graduated probes. If there is 
further restriction, carry the dissection laterally and open the 
foramen; do not remove more than half of the pars. Under-
cutting into the foramen is especially helpful in this regard.
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L3

L4

L5

FIGURE 39.50 Typical midline decompression for spinal stenosis. 
Note medial facetectomy and foraminotomy with preservation of 
the pars. Decompression is from inferior border of L3 pedicle to 
superior border of L5 pedicle, exposing both lateral borders of dura 
in lateral recess. SEE TECHNIQUE 39.29.

 n  Inspect the disc and remove gross herniations unilater-
ally, but try to avoid bilateral annulotomy because this 
compromises stability. Usually the disc is bulging, and the 
anulus is firm. Remove the anulus and bony ridge ventrally 
if it is kinking the nerve. This procedure involves some risk 
of nerve injury and requires a bloodless field. If safety is a 
concern, a complete facetectomy may be better.

 n  Complete the dissection at all symptomatic levels. Decom-
pression should be from the caudal aspect of the most 
proximal pedicle to the cephalad aspect of the most distal 
pedicle, allowing observation of the lateral margins of the 
dura in the lateral recesses. This can be done with preserva-
tion of the proximal portion of the lamina and the interven-
ing ligamentum flavum at the level above and below. Many 
failed decompressions are the result of inadequate decom-
pression of the foraminal region, so probing the foramen is 
mandatory to determine if the decompression is adequate.

 n  If no obstructions are noted and all areas have been de-
compressed adequately, ensure hemostasis with bipolar 
cautery and the temporary use of thrombin-soaked ab-
sorbable gelatin sponge (Gelfoam). Inspect for cerebro-
spinal fluid (CSF) leakage. If desired, take a large fat graft 
from the incision or buttock and place it over the laminec-
tomy defect. A ⅛-inch diameter drain can be placed deep 
in the wound, exiting through a separate stab incision. 
Close the wound in layers.
  

LESS-INVASIVE DECOMPRESSION
The consequences of bone and ligament removal must be 
considered when performing decompression for spinal steno-
sis. Removal of the spinous processes, laminae, variable por-
tions of the facets and pars, supraspinous and interspinous 
ligaments, ligamentum flavum, and portions of facet capsules 
is routine during these operative procedures. Denervation 
of the paraspinal musculature occurs with wide exposures, 
which results in altered muscle function. A minimally inva-
sive technique allows decompression of the significant com-
pressing anatomy while preserving paraspinal muscles, the 
spinous processes, and intervening supraspinous and inter-
spinous ligaments. Results with full-endoscopic techniques 
have been shown to be equal to those of conventional proce-
dures, with the advantages of fewer complications. Although 
Kelleher et al. noted that minimally invasive decompression is 
effective in most patients, including those with degenerative 
spondylolisthesis, patients with scoliosis, especially with lis-
thesis, have a significantly higher revision rate, and this must 
be considered when making treatment decisions. 

 

SPINOUS PROCESS OSTEOTOMY 
(DECOMPRESSION)
Weiner et al. reported a 47% improvement in the Low Back 
Outcome Score and a 66% improvement in average pain 
level in 46 of 50 patients evaluated 9 months after surgery. 
Spinous process osteotomy was done at one to four levels; 
the only complications were dural tears in four patients. 
Although three patients died of unrelated causes, 38 of the 

46 remaining patients were satisfied or very satisfied with 
their operative results. On reexploration or postoperative 
CT scans, spinous processes usually united with the remain-
ing lamina in patients with short decompressions, although 
nonunion did not correlate with poor results. Complete 
laminectomy may be necessary if adequate decompression 
is impossible through the limited laminotomy in patients 
with severe involvement.

 TECHNIQUE 39.30 

(WEINER ET AL.)
 n  Patient positioning and localization of spinal levels are as 

described in Technique 39.29.
 n  Make a midline incision to expose the dorsolumbar fascia. 

Make a paramedian incision in the fascia, preserving the 
supraspinous and interspinous ligaments with subperios-
teal dissection of the paraspinal muscles from the spinous 
process and laminae. Avoid lifting the multifidus muscles 
beyond the medial aspect of the facet joint to preserve 
their innervation.

 n  With a curved osteotome, free each spinous process from 
the lamina at its base. Release only the levels shown to be 
affected on preoperative imaging.

 n  When the spinous process is freed, retract it to one side 
with the paraspinal muscles beneath the retractor and 
the other blade of the retractor beneath the multifidus 
muscles to expose the midline (Fig. 39.51A). Resect ap-
proximately half of the cephalad lamina and one fourth of 
the caudal lamina along with the underlying ligamentum 
flavum.
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 n  Using a loupe or microscope for magnification, under-
cut the lateral recess and open the foraminal zone (Fig. 
39.51B). Complete laminectomy is recommended for se-
vere stenosis or congenital stenosis involving all anatomic 
zones (central, lateral recess, and foraminal zones).

 n  Close the incision in routine fashion, allowing the spinous 
process to return to its normal position with suture of the 
fascia (Fig. 39.51C).
   

 

MICRODECOMPRESSION
Microdecompression can be done in patients without disc 
herniations or instability, including degenerative spon-
dylolisthesis with a risk of worsening instability. This is a 
technically demanding procedure and is not recommended 
for patients with severe stenosis or congenital stenosis, 
which require complete laminectomy. McCulloch reported 
that decompressions were done at one to five levels with-
out intraoperative complications in 30 patients treated 
for neurogenic claudication unresponsive to nonopera-
tive measures. One superficial wound infection occurred. 
Of the 30 patients, 26 were very satisfied or fairly satisfied 
with their results; all but one stated that they would rec-
ommend the procedure to a friend with a similar problem. 
Good to excellent results also have been reported (Orpen 
et al.) in 82 of 100 patients using a slightly modified micro-
decompression technique that allows decompression on 
both sides of the spine through a unilateral approach with 
bilateral decompression.

 TECHNIQUE 39.31 

(MCCULLOCH)
 n  Place the patient in a kneeling position to increase inter-

laminar distance and identify the operative level on stan-
dard radiographs.

 n  Make a midline incision centered over the affected lev-
els documented on preoperative imaging studies. Make 
a paramedian fascial incision on the most symptomatic 
side 1 cm from the midline.

 n  Elevate the multifidus muscles subperiosteally from the 
spinous process and laminae, but do not retract them 
beyond the medial aspect of the facet joint. Obtain uni-
lateral interlaminar exposure and maintain it with a dis-
cectomy retractor.

 n  Under microscopic magnification, perform laminotomy 
cephalad until the origin of the ligamentum flavum is 
 encountered. Use undercutting to preserve as much dorsal 
bone as possible; angle the microscope to accomplish this.

 n  In a similar fashion, resect the proximal one fourth of the 
caudal lamina, completing removal of the ligamentum 
flavum from origin to insertion. Angling of the micro-
scope into the lateral recess allows further decompression 
of the cephalad and caudal nerve roots and lateral dura.

 n  When decompression is completed on one side, angle 
the microscope toward the midline for contralateral de-
compression (Fig. 39.52A). Rotation of the operative table 
allows better viewing of the contralateral structures (Fig. 
39.52B).

 n  Use a no. 4 Penfield elevator or similar instrument to re-
lease adhesions between the dura and opposite ligamen-
tum flavum, which is resected in a similar fashion.

 n  Remove the bone at the base of the spinous processes of 
the cephalad and caudal levels to provide adequate vision 
of the opposite side (Fig. 39.52C). Some removal of the 
deepest portions of the interspinous ligament also is neces-
sary to view the structures across the midline adequately.

 n  For surgeons comfortable with minimally invasive tech-
niques, the same laminoplasty procedure can be per-
formed through a fixed tubular retractor using a trans-
muscular approach with less damage to the paraspinous 
musculature. This minimizes the need to dissect the mul-
tifidus attachment from the spinous process and lamina. 
Maintaining the dynamic stabilizers may lead to decreased 
rates of adjacent segment instability.

 n  The same procedure can be done through a spinal endo-
scope with a working channel using a uniportal or bipor-
tal approach.

 

A B C

FIGURE 39.51 Spinous process osteotomy described by Weiner et al. A, Muscle is taken down 
on only one side and only to medial facet border. B, Decompression is performed under microscopic 
magnification. C, After closure, spine returns to normal position. SEE TECHNIQUE 39.30.

    

https://booksmedicos.org


CHAPTER 39 DEGENERATIVE DISORDERS OF THE THORACIC AND LUMBAR SPINE 1783

POSTOPERATIVE CARE There are no special consider-
ations after a simple decompression. The patient should 
be examined carefully for the first few days for new neu-
rologic changes that may indicate the formation of an 
epidural hematoma. The patient is encouraged to walk 
on the first day. Sutures are removed at 14 days if non-
absorbable sutures have been used. We prefer the use of 
absorbable subcutaneous sutures with a glue-type prod-
uct for the final skin closure. The same limitations as after 
disc surgery apply to decompressions without fusion. For 
patients engaged in heavy manual labor, a permanent job 
change may be required. Return to work also is similar to 
return after disc surgery.
  

DECOMPRESSION WITH FUSION
The indications for spinal fusion with decompression for spi-
nal stenosis are becoming more clearly defined. Preoperative 
and intraoperative factors must be carefully considered when 
decompression and fusion surgery are contemplated. Serious 
thought should be given to performing arthrodesis in addition 
to decompression in patients with preoperative degenerative 
spondylolisthesis, scoliosis, kyphosis, stenosis at a previously 
decompressed level, or stenosis adjacent to a previously fused 
lumbar segment. The finding of a synovial facet joint cyst 
radiographically or intraoperatively is important because these 
have been associated with development or progression of slip-
ping postoperatively. Because cysts reflect derangement of the 
facet joint, fusion should at least be considered after decom-
pression and excision of synovial cysts in patients with spinal 
stenosis with and possibly without preoperative instability.

The prevalence of postoperative problems related to insta-
bility varies, possibly because of the great variations in the 
extent of the operative decompression, but the likelihood of 
iatrogenic instability remains low if established principles of 
decompression are followed. White and Wiltse noted sublux-
ation after decompression in 66% of patients with degenerative 
spondylolisthesis. They suggested that a fusion be done in con-
junction with decompression in (1) patients younger than 60 

years old with instability caused by the loss of an articular pro-
cess on one side, (2) patients younger than 55 years old with a 
midline decompression for degenerative spondylolisthesis that 
preserves the facets, and (3) patients younger than 50 years old 
with isthmic spondylolisthesis. The complete removal of one 
facet, or more than 50% resection of both facets, may result in 
instability. In addition, generalized spinal stenosis that requires 
extensive decompression with the loss of multiple articular pro-
cesses may require fusion. When complete bilateral facetec-
tomies are necessary, the addition of a lateral fusion may be 
difficult and the bone graft may impinge on the exposed nerve 
roots. In this instance, an anterior interbody fusion is warranted 
to prevent postoperative instability. Posterior segmental instru-
mentation for posterior spinal fusion has decreased the high 
incidence of pseudarthrosis after long lumbar fusions.

The complications of this procedure are similar to the 
complications of disc surgery; however, the risk of nerve root 
damage and dural laceration is greater. The rates of infection, 
thrombophlebitis, and pulmonary embolism also are slightly 
higher. When a facet has been partially resected, later facet 
or pars fracture may account for a recurrence of symptoms, 
although the most important cause of failure to relieve symp-
toms has been found to be inadequate decompression. Bone 
regrowth has been noted in 88% of patients after total lami-
nectomy and in all patients with associated spondylolisthesis. 

INTERSPINOUS DISTRACTION
A distraction technique has been described as an alternative to 
decompression surgery. A spacer is inserted into the interspi-
nous space as far anteriorly and as close to the posterior aspect of 
the lamina as possible. This procedure requires no ligamentous 
or bony resection, and the spinal canal is not breached, elimi-
nating the risk of neural damage. Symptomatic benefit has been 
reported in 54% at 1 year in one study and in 78% at 4.2 years 
in another for degenerative spinal stenosis. Verhoof et al., how-
ever, did not recommend its use for the treatment of spinal ste-
nosis in the presence of degenerative spondylolisthesis because 
of the unacceptably high failure rate. Fifty-eight percent of their 
patients required decompression and posterolateral fusion 
within 24 months. Long-term follow-up data are still lacking. 

 

A B C
FIGURE 39.52 Microdecompression. A, Muscle is taken down on only one side, and ipsilateral 

decompressive hemilaminotomy is done; contralateral side is accessed under midline structures. 
B, Sac and root are gently retracted for contralateral decompression. C, End result is complete 
decompression with preservation of paraspinal musculature and interspinous and supraspinous 
ligaments, limited dead space, and excellent cosmetic result. SEE TECHNIQUE 39.31.
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ANKYLOSING SPONDYLITIS
Ankylosing spondylitis is a chronic inflammatory disease of 
unknown etiology. It is a seronegative spondyloarthropathy 
that primarily affects the axial skeleton, sacroiliac joints, and 
pelvis. Less commonly, involvement of peripheral joints, eyes 
(iritis or uveitis), heart, and lungs can occur. Inflammation of 
the spinal joints and enthesopathies cause chronic pain and 
stiffness and can lead to progressive ankylosis of the spine 
in patients with long-standing disease. Ankylosing spondy-
litis typically affects young adults between the ages 20 and 40 
years, with a male to female ratio of 3 : 1. The average onset 
of symptoms occurs at 23 years of age; there can be an 8.5- 
to 11.4-year delay from initial symptoms to diagnosis. There 
is a known association with the HLA-B27 antigen. Between 
88% and 96% of patients who have ankylosing spondylitis are 
HLA-B27 positive, but only 5% of the HLA-B27 population 
develops ankylosing spondylitis.

Initially, morning stiffness is the primary symptom. Other 
early symptoms usually are chronic pain and stiffness in the 
middle and lower spine, as well as buttock pain from the sac-
roiliac joint. The symptoms are nonspecific for ankylosing 
spondylitis. As the disease progresses, ankylosis of the sacro-
iliac joints and spine can occur. Ankylosis usually progresses 
from caudal to cephalad. After ankylosis, however, pain 
symptoms often improve. Other symptoms may be related to 
hip arthritis, which occasionally progresses to spontaneous 
arthrodesis. Pulmonary cavitary lesions with fibrosis occur, 
as do aortic insufficiency and conduction defects. Amyloid 
deposition can cause renal failure. Uveitis requires special 
ophthalmologic care and follow-up to prevent permanent 
vision changes. Breathing may be restricted because of fusion 
of the costochondral and costovertebral articulations.

In the spine, ankylosis can lead to a loss of lumbar spinal 
lordosis and progressive kyphosis of the cervical and thoracic 
spine. This combined with hip flexion deformities can result 
in a loss of sagittal balance and disabling functional deficits, 
such as an inability to look above the horizon or to lie in bed. 
Furthermore, fused sections of the spine make it more sus-
ceptible to fracture, pseudarthrosis, or spondylodiscitis.

Radiographs initially show fusion of the sacroiliac joints, 
which characteristically occurs bilaterally. In the verte-
bral bodies, inflammatory resorption of bone at the enthe-
sis causes periarticular osteopenia. This resorption initially is 
seen as a “squaring off” of the corners of the vertebral bodies. 
Subsequent ossification occurs in the anulus fibrosis, spar-
ing the anterior longitudinal ligament and disc and giving the 
“bamboo spine” appearance on radiographs. The posterior ele-
ments are similarly affected, with ossification of the facet joints, 
interspinous and supraspinous ligaments, and ligamentum fla-
vum. Atlantoaxial instability must be identified, especially in 
any patient having surgery for conditions associated with anky-
losing spondylitis. Because of the stiff subaxial spine, instability 
occurs in 25% to 90% of patients with ankylosing spondylitis.

Treatment is directed at maintaining flexibility with 
stretching of the hip flexors and hamstrings and maintaining 
spinal alignment with exercises and posture. Sleeping supine 
on a firm mattress with one pillow may help maintain sagittal 
alignment and prevent hip flexion contractures. Medications 
used in the treatment of ankylosing spondylitis fall into three 
categories. The first includes NSAIDs that relieve pain by 
decreasing joint inflammation. The second group comprises 
disease-modifying antirheumatic drugs such as minocycline, 

sulfasalazine, and methotrexate. This is an unrelated group 
of drugs found to slow the disease process, but they do not 
provide a cure. Finally, tumor necrosis factor-α blockers have 
been shown to be effective.

Operative management in patients with ankylosing spon-
dylitis is indicated to decrease pain and improve function. 
Total hip arthroplasties are the most common surgical inter-
ventions performed in this population followed by spinal 
osteotomies to correct sagittal imbalances.

Spinal fractures in patients with ankylosing spondylitis 
are always serious and frequently are life-threatening injuries. 
Spine osteopenia that is common in this population combined 
with fused segments make patients more vulnerable to frac-
tures, especially from minor trauma. Furthermore, distorted 
anatomy from disc ossification, ectopic bone, and sclerosis can 
make the spinal fractures difficult to see on plain radiographs, 
and these injuries often are missed. It should be up to the treat-
ing physician to prove that the patient with ankylosis does not 
have a fracture after trauma. Spinal precautions and immobi-
lization in a position accommodating the patient’s posture is 
very important. Often CT or MRI studies are needed. Fractures 
usually occur in the lower cervical spine, frequently are unsta-
ble, and usually are discovered late. Persistent pain may be the 
only finding until late neurologic loss occurs. In patients with 
established kyphosis, the deformity may suddenly improve. 
The patient’s previous deformity may be unknown to individu-
als providing emergency care. Any perceived change in spinal 
alignment, even if the result of trivial trauma, should be con-
sidered a fracture in a patient with ankylosing spondylitis. The 
standard procedure is to immobilize the patient in the posi-
tion in which he or she is found because extension may result 
in sudden neurologic loss. A widened anterior disc space, 
which may be the only obvious radiographic finding, creates 
an unstable configuration that is prone to translation, late neu-
rologic loss, and slow healing. Imaging with MRI, CT, or bone 
scan may be helpful in making the diagnosis.

Surgical stabilization of fractures in patients with anky-
losing spondylitis can be challenging. For cervical fractures, 
anterior and posterior or long posterior constructs are rec-
ommended because of the poor bone quality. Thoracolumbar 
fractures can be stabilized with a long posterior construct 
across the fractured level. More recently, percutaneous tech-
niques of long-segment stabilization are being used. The 
morbidity and mortality associated with these procedures in 
patients with ankylosing spondylitis are very high because of 
the comorbidities many of these patients have.

OSTEOTOMY OF THE LUMBAR SPINE
Smith-Petersen, Larson, and Aufranc in 1945 described an 
osteotomy of the spine to correct the flexion deformity that 
often develops in ankylosing spondylitis and sometimes in 
rheumatoid arthritis. Since then, others have reported similar 
procedures. The technique described by Smith-Petersen et al. 
is done in one stage. Others have described surgery done in 
two stages, consisting of division of the anterior longitudinal 
ligament under direct vision instead of allowing it to rupture 
when the deformity is corrected by gentle manipulation, as in 
the method of Smith-Petersen et al.

If the flexion deformity is severe, the patient’s field of 
vision is limited to a small area near the feet and walking is 
extremely difficult. This is evident by looking at the chin-brow 
to vertical angle (Fig. 39.53). Respiration becomes almost 

    

https://booksmedicos.org


CHAPTER 39 DEGENERATIVE DISORDERS OF THE THORACIC AND LUMBAR SPINE 1785

completely diaphragmatic. Gastrointestinal symptoms result-
ing from pressure of the costal margin on the contents of 
the upper abdomen are common; dysphagia or choking may 
occur. In addition to improvement in function, the improve-
ment in appearance made by correcting the deformity is 
important to the patient. If extreme, the deformity should be 
corrected in two or more stages because of contracture of soft 
tissues and the danger of damaging the aorta, the inferior vena 
cava, and the major nerves to the lower extremities. According 
to Law, 25 to 45 degrees of correction usually can be obtained, 
resulting in marked improvement functionally and cosmeti-
cally. Initially, mortality was about 10% with operative treat-
ment; however, a later series reported no deaths or serious 
complications.

The safest and most efficient position for this proce-
dure is with the patient lying on his or her side. This lateral 
position has several advantages: (1) it is easier to place the 
grossly deformed patient on the table; (2) the danger of injur-
ing the ankylosed cervical spine by pressure of the forehead 
against the table is eliminated; (3) the anesthesia is easier to 
manage because maintaining a clear airway and free respira-
tory exchange is less difficult; and (4) the operation is eas-
ier because any blood would flow out from the depth of the 
wound rather than into it. Adams described hyperextending 
the spine with an ingenious three-point pressure apparatus, 
and Simmons described surgery with the patient on his or 
her side and under local anesthesia. When the osteotomy is 
complete, the patient is turned prone, carefully fracturing the 
anterior longitudinal ligament with the patient briefly under 
nitrous oxide and fentanyl anesthesia.

The osteotomy usually is made at the upper lumbar level 
because the spinal canal here is large, and the osteotomy is 
distal to the end of the cord. A lumbar lordosis is created to 
compensate for the thoracic kyphosis; motion of the spine is 
not increased. Osteotomy methods include resection of the 
spinous processes from the laminae to the pedicles, simple 
wedge resection of the spinous processes into the neural 
foramina (Fig. 39.54A and B), chevron excision of the lami-
nae and spinous processes (Fig. 39.54C and D), and combined 
anterior opening wedge osteotomy after posterior resection of 
the spinous processes and laminae.

An average correction from 80 to 44 degrees has been 
reported after upper lumbar osteotomy, with correction 
maintained by internal fixation. Manual osteoclasis worked 
best in patients with calcified ligaments. Complications from 
this procedure include hypertension, gastrointestinal prob-
lems, neurologic defects, urinary tract infections, psychologic 
problems, dural tears with leakage, retrograde ejaculation, 
and, rarely, rupture of the aorta.

Spinal osteotomy is a demanding procedure for which 
proper training and experience are mandatory. The surgeon 
should be familiar with the several options available.

SMITH-PETERSEN OSTEOTOMY
The Smith-Petersen osteotomy is an excellent option for cor-
rection of smaller degrees of spinal deformity. Bone is removed 
through the pars and facet joints (Fig. 39.54C and D). If a pre-
vious fusion has been done, care should be taken to thin the 
fusion mass gradually until the ligamentum flavum or dura is 
exposed. Symmetric resection is necessary to prevent creat-
ing a coronal deformity. Removal of the underlying ligament 
also is helpful in preventing buckling of the dura or iatrogenic 

spinal stenosis. Approximately 10 degrees of correction can 
be obtained with each 10 mm of resection. Excessive resec-
tion should be avoided because it may result in foraminal ste-
nosis. In patients with degenerative discs, decreased flexibility 
may limit the amount of correction that can be obtained. The 
osteotomy is closed with compression or with in situ rod con-
touring, and bone graft is applied. 

PEDICLE SUBTRACTION OSTEOTOMY
Pedicle subtraction osteotomy (Fig. 39.54A and B) is best 
suited for patients who have significant sagittal imbal-
ance of 4 cm or more and immobile or fused discs. Pedicle 
subtraction osteotomy is inherently safer than the Smith-
Petersen osteotomy because it avoids multiple osteotomies. 
Typically, 30 degrees or more of correction can be obtained 
with a single posterior osteotomy, preferably at the level of 
the deformity. If the deformity is at the spinal cord level, 
pedicle subtraction osteotomy can be used, but manipula-
tion of the cord must be avoided. Thomasen and Thiranont 
and Netrawichien described the use of this osteotomy after 
laminectomy and pedicle resection. In their technique, com-
pression instrumentation was used, along with simultane-
ous flexion of the head and foot of the operating table (Fig. 
39.55). Care must be taken to avoid compression of the dura 
or creation of a coronal deformity. A wake-up test is done 
after correction and cancellous bone grafting have been 
completed. 

EGGSHELL OSTEOTOMY
The eggshell osteotomy requires anterior and posterior 
approaches and usually is reserved for severe sagittal or cor-
onal imbalance of more than 10 cm from the midline (Fig. 
39.56). This is a spinal shortening procedure with anterior 
decancellization followed by removal of posterior elements, 
instrumentation, deformity correction, and fusion. 

 FIGURE 39.53 Chin-brow to vertical angle is measured from 
brow to chin to vertical while patient stands with hips and knees 
extended and neck in fixed or neutral position.
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ADULT SPINAL DEFORMITY
Although nearly 60% of the adult population has some form 
of spinal deformity, only approximately 6% are symptom-
atic. Most patients with symptoms from their spinal defor-
mity are 70 years of age or older, and most report pain and 
impaired health-related quality of life. Approximately 60% 
of patients with late-onset degenerative scoliosis are female. 
Degenerative curves tend to be short segment, usually 
lumbar, and less severe than the curves in idiopathic sco-
liosis. Symptoms of spinal stenosis are more common in 
patients with degenerative scoliosis. The goal of treatment of 

degenerative scoliosis is to relieve back pain and the symp-
toms of spinal stenosis, whereas the treatment goals for adult 
idiopathic scoliosis usually are pain control and deformity 
correction. Treatment of adult idiopathic and degenerative 
scoliosis requires a different approach from that used for 
typical adolescent idiopathic scoliosis (AIS), is more chal-
lenging, and is more likely to have complications such as 
dural tears, nonunion, implant breakage, and wound infec-
tion. Adult spinal deformity curves tend to be more rigid 
than those in adolescents, and surgery is further complicated 
by the prevalence of medical comorbidities and osteopenia 
in these older patients.

 

D E

A B C

Osteotomies
closed and cortical
flaps raised
from laminae

FIGURE 39.55 A, Total laminectomy. B, Rather than osteotomy with opening of disc in front, 
Thomasen used resection of posterior wedge and resection of pedicles (C). Patient’s position on 
operating table before (D) and after (E) reduction of osteotomy. Osteotomy gap is closed when 
table is brought from flexed to straight position.
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FIGURE 39.54 Methods of high lumbar spinal osteotomy. A and B, Simple wedge resection of 
spinous processes into neural foramina. C and D, Chevron excision of laminae and spinous processes.
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INCIDENCE AND PROGRESSION OF 
DEFORMITY
Adult idiopathic scoliosis is defined as a coronal deformity of 
more than 10 degrees with associated structural changes in a 
patient older than 20 years at time of diagnosis, most com-
monly in patients in their late 30s. Women are affected much 
more frequently than men, similar to the incidence of adoles-
cent scoliosis. Studies have shown a prevalence of 2% to 4% 
for curves of more than 10 degrees. According to Weinstein 
and Ponseti, thoracic curves of more than 50 degrees prog-
ress approximately 1 degree per year up to 75 degrees, when 
progression slows to about 0.3 degrees per year, finally stop-
ping at about 90 degrees. Lumbar curves progress at a rate of 
0.4 degrees per year after reaching only 30 degrees; a more 
aggressive approach is warranted for lumbar curves, espe-
cially after progression is documented. Predictors of lumbar 
curve progression include L5 above the intercristal line, apical 
rotation of more than 30%, an unbalanced or decompensated 
curve, a thoracic curve of more than 50 degrees, and a tho-
racolumbar or lumbar curve of more than 30 degrees. Sixty-
eight percent of adult curves progress more than 5 degrees 
over time.

Patients with idiopathic scoliosis rarely develop signifi-
cant pulmonary complications, even with curves exceeding 
100 degrees. In the absence of overt thoracic lordosis, surgery 
generally is not warranted to maintain or improve pulmonary 
function in adults.

Degenerative scoliosis develops in patients with previ-
ously straight spines after age 40 years, typically affecting the 
lumbar spine with an associated lumbar hypolordosis, lateral 
olisthesis, and spinal stenosis. Men and women are affected 
more equally than patients with idiopathic curves, with 60% 
to 70% of those affected being women. Degenerative scolio-
sis occurs in 6% to 30% of the elderly population, with most 
curves being minor, affecting fewer segments (two to five 
segments) than in adult idiopathic scoliosis (seven to 11 seg-
ments), with an equal distribution of right and left lumbar 
curves. Rotary subluxation varies and seems to be worse after 
decompression surgery without fusion. Curves can be progres-
sive, but the natural history has not been elucidated conclu-
sively. Progression of 1 to 6 degrees a year has been reported. 
Symptoms of spinal stenosis occur most often in degenera-
tive curves that have defects in the convexity and concavity, 
possibly because significant degenerative changes preceded 
the development of the scoliosis. As a result, treatment of 

degenerative scoliosis often is necessary to relieve spinal ste-
nosis by decompression, with instrumented fusion to prevent 
instability and further progression of deformity. 

CLASSIFICATION
In general, adult scoliosis can be broadly divided into two cat-
egories: deformity due to progression of untreated or inad-
equately treated AIS or de novo scoliosis, which is primary 
degenerative scoliosis that results from asymmetric disc and 
facet joint degeneration. Deformity as a result of progression 
of AIS typically manifests as long, gradually progressive tho-
racic or thoracolumbar curves, whereas de novo deformity 
presents as sharp lumbar or thoracolumbar curves with an 
apex at L2-3 or L3-4. A third type of adult spinal deformity 
can be caused by an adjacent idiopathic curve or metabolic 
bone disease. More recently, the Scoliosis Research Society 
(SRS)-Schwab classification system has been developed. 
This system takes into account the coronal curve type, pelvic 
parameters, and sagittal balance (Fig. 39.57). It has been vali-
dated in a number of studies and has shown excellent interob-
server and intraobserver reliability.

SAGITTAL AND CORONAL BALANCE
In the treatment of adult spinal deformities, whether idio-
pathic or degenerative in origin, it is important to under-
stand the normal sagittal relationships. In a normal spine, the 
primary curvature is kyphosis of the thoracic spine, which 
develops first in infants. Subsequent to upright posture, the 
secondary lordotic curvatures in the cervical and lumbar 
spine develop between 5 and 15 years old. Curves in men and 
women are similar at the cessation of growth, although the 
curves develop more quickly in women.

Sagittal balance is the alignment that is necessary to cen-
ter the head over the pelvis or hips in the sagittal and coronal 
planes. A plumb line dropped from the center of the C7 ver-
tebral body is referred to as the sagittal vertical axis (SVA). On 
the standing lateral long-cassette view, the plumb line nor-
mally falls through or behind the sacrum. Normal values for 
the SVA in adults are from +48 mm to −48 mm, with negative 
values indicating a position behind the sacral promontory. 
An alternative means of measuring sagittal balance is the T1 
spinopelvic inclination angle (T1SPI), which is measured as 
the angle between a vertical plumb line from T1 and a line 
drawn from T1 to the center of the bicoxofemoral axis (Fig. 
39.57). The advantage of using T1SPI over the SVA is that it 
is not vulnerable to radiographic calibration errors. Another 
method of assessing sagittal balance is the T1 pelvic angle 
(TPA). Similar to the T1SPI, TPA is the angle formed by a 
line drawn from the center of T1 to the bicoxofemoral axis 
and then to the center of the S1 endplate. The two distinct 
advantages of TPA are that it does not require radiographic 
calibration and it integrates both T1SPI and pelvic tilt, both 
of which have been shown to correlate with outcome scores.

Coronal balance is quantified globally by the amount of 
offset between the C7 plumb line and the center-sacral ver-
tical line (CSVL) and the offset between the apical vertebra 
from the CSVL. Any translation of the coronal vertical axis 
to either side of the midline is considered decompensation.

Sagittal and coronal vertical axes are used to evaluate and 
estimate global balance. Global balance is the result of seg-
mental alignment of the functional spinal unit and regional 
alignment of the cervical, thoracic, and lumbar segments. 

 FIGURE 39.56 Heinig eggshell procedure. After posterior 
elements have been removed and pedicles have been collapsed 
outward, long, sharp curet is used to collapse “eggshell.”
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Bernhardt and Bridwell measured 102 radiographs of nor-
mal spines to determine normal sagittal plane alignment (Fig. 
39.58). By convention, kyphosis is represented as a positive 
measurement and lordosis is represented as a negative value. 
In a normal adult spine, there is a small amount of kypho-
sis segmentally at each end of the thoracic kyphosis, reaching 
a maximum at the apical region (T6-7) of about +5 degrees. 
Apical discs or vertebrae are identified in the sagittal plane as 
those that are parallel to the floor. Considered independently, 
the thoracolumbar junction is a transition zone of force trans-
mission and alignment. In this region, a shift occurs from the 
thoracic kyphosis to lumbar lordosis. The first lordotic disc 
is typically at L1-2, and normal thoracolumbar alignment as 
measured from the cephalad T12 endplate to the caudal L2 
endplate is 0 to −10 degrees. The lumbar spine is a region of 
lordosis, reaching a maximal segmental lordosis at L4-5 and 
L5-S1. The sagittal apex of the lumbar spine usually is L3. 
Greater than 60% of lumbar lordosis is created by the discs 
at L4-5 and L5-S1, which contribute −20 degrees and −28 
degrees to the regional lordotic measurement.

Because most lordosis is present in the distal lumbar 
spine, it is important to maintain normal segmental and 
regional interrelationships so that global balance is preserved. 
As a rule of thumb, on a lateral radiograph taken with the 
patient facing the surgeon’s right, there is a “sagittal clock,” 
as described by Bridwell. In a normal, standing patient, the 
apical L3 disc or endplate points at the 3-o’clock position, L4 
points at the 4-o’clock position, and L5 points at the 5-o’clock 
position. If this regional alignment is maintained, the likeli-
hood of a postoperative flatback deformity is minimized.

Achieving appropriate sagittal balance in adult spinal 
deformity correction is essential. The relationship between 

balanced SVA and health-related quality of life scores has 
been well established in the literature. Sagittal malalignment 
results in compensatory pelvic retroversion (increased pel-
vic tilt), which helps the patient maintain an upright pos-
ture; however, pelvic retroversion has been shown to increase 
energy expenditure and negatively affect ambulation. Some 
patients are limited in their ability to compensate with pelvic 
retroversion because of hip flexion contractures or stiffness. 
Schwab et al. listed as goals of surgical correction (1) SVA less 
than 50 mm, (2) T1SPI less than 0 degrees, (3) pelvic inci-
dence–lumbar lordosis mismatch less than 9 degrees, and (4) 
pelvic tilt less than 20 degrees. 

SPINOPELVIC ALIGNMENT
Research has established the importance of spinopelvic 
parameters—pelvic incidence, pelvic tilt, and sacral slope—
in the evaluation of adult patients with spinal deformity (Fig. 
39.59). Pelvic incidence is defined as the angle between a line 
perpendicular to the center of the sacral endplate and a line 
drawn from the center of the sacral endplate to the center of 
the bicoxofemoral axis (Fig. 39.59A). It is important to under-
stand that pelvic incidence is a fixed morphologic parameter 
that does not change after skeletal maturity. Pelvic incidence 
can be considered the “take-off ” degree of the lumbar spine; 
the higher this angle, the more lumbar lordosis required to 
maintain an upright posture. Average pelvic incidence in 
adults is 52 ± 10 degrees. Pelvic tilt, on the other hand, is a 
variable angle that represents the amount of compensatory 
pelvic retroversion the patient is using to maintain an upright 
posture (Fig. 39.59B). It is defined as the angle between a ver-
tical reference line through the bicoxofemoral axis and a line 
from the center of the bicoxofemoral axis to the center of the 
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FIGURE 39.57 Measurement of the T1 spinopelvic inclination 
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sacral endplate. A pelvic tilt of less than 20 degrees is consid-
ered normal, and values of more than 30 degrees are consid-
ered markedly increased. Finally, sacral slope is defined by the 
angle between a horizontal reference line and a line parallel to 
the superior sacral endplate (Fig. 39.59C). 

CLINICAL EVALUATION
Back pain occurs in 60% to 80% of patients with idiopathic 
scoliosis, which is similar to the occurrence in the general 
population. Pain is the chief presenting complaint in 25% 
to 80% of patients with adult idiopathic curvatures. This can 
include mechanical back pain, buttock pain, and, occasion-
ally, radiculopathy or neurogenic claudication. Neurogenic 
claudication occurs in 13% as a result of degenerative changes 
within or, more commonly, distal to the lumbar curve. 
Radiculopathy occurs in only 4%, with entrapment of nerve 
roots within the foramina of the concavity. In contrast to 
degenerative scoliosis, most adult patients with idiopathic 
scoliosis have more mechanical symptoms than neurologic 
complaints. Patients may relate symptoms of curve progres-
sion, such as a progressive lean or list to one side, changes in 
waistline symmetry, hip prominence, protuberant or flaccid 
abdomen, hemline changes, or a loss in height in the absence 
of fracture. Neurologic symptoms may include radiculopathy 
or neurogenic claudication, which usually is a result of degen-
erative changes in the distal fractional curve. Diminished 
pulmonary function in patients with curves of more than 60 
degrees or cor pulmonale in patients with curves of more than 
100 degrees occasionally is caused by the scoliosis and should 
be evaluated carefully to rule out other causes. Predictors of 
pain include curves of more than 45 degrees, lumbar curves, 
and thoracolumbar and lumbar curves of more than 45 
degrees with apical rotation and coronal decompensation.

Physical examination findings usually are negative except 
for the spinal deformity. The skin should be examined for 
evidence of pathologic lesions and hair patches that sug-
gest underlying intraspinal anomalies. If spinal cord anoma-
lies exist, atrophy may be evident in the lower extremities or 
intrinsic atrophy of the foot may be present with pes cavus and 
clawing of the toes. Reflexes should be documented, as should 
the results of a comprehensive neurologic examination.

The deformity should be evaluated by looking for struc-
tural features of the rib and lumbar paraspinal prominence 
on forward bending while also recording flexibility. This test 
also helps to determine which curve is primary because more 

rotation and subsequent prominence is found in the more 
structural primary curve. If rib prominence exceeds 3 cm, 
thoracoplasty should be considered if surgery is performed. 
Trunk shift is identified by dropping an imaginary line per-
pendicular to the floor from the lateral ribs. This line should 
symmetrically intersect the pelvis. Plumb lines should be 
dropped to evaluate for coronal decompensation and to help 
in estimating sagittal balance. Special attention should be paid 
to the left shoulder because instrumentation of a curve with 
a structural upper thoracic curve must include this segment 
to avoid a high left shoulder postoperatively. Waistline asym-
metry should be noted, and any limb-length inequality must 
be considered. Equalizing limb length with ¼-inch blocks 
sometimes is helpful if limb-length discrepancy is more than 
1 inch. Placing the patient prone on the examination table 
often gives information regarding curve flexibility and the 
extent of deformity that will be found during intraoperative 
positioning. Some surgeons find traction and bending films 
useful to evaluate curve flexibility.

In degenerative scoliosis, symptoms of neurogenic claudi-
cation are present in 71% to 90% of patients and usually cause 
them to seek medical attention, with deformity incidentally 
noted. These symptoms often do not improve with forward 
bending, and to obtain relief patients support the trunk with 
the arms or assume a supine position. This is in contrast to 
the usual patient with spinal stenosis and neurogenic claudi-
cation. Radiculopathy from facet overgrowth, foraminal ste-
nosis within the concavity of curvature, or nerve root tension 
along the curve convexity can occur, although neurologic defi-
cits are rare, and back pain is ubiquitous. Primary treatment 
is directed at decompression of spinal stenosis, with fusion or 
instrumentation indicated based on the potential for increased 
instability.

Physical findings are nonspecific in most patients. Motion 
usually is preserved, but patients guard against hyperexten-
sion. Symptoms may be reproduced by this maneuver in the 
presence of spinal stenosis. Neurologic examination rarely 
identifies significant motor, sensory, or reflex deficits; however, 
any abnormal findings should be documented. Evaluation 
of distal pulses is necessary to help rule out peripheral vas-
cular disease and vascular claudication. Bilateral absence of 
Achilles tendon reflexes may be an indicator of peripheral 
neuropathy. Flattening of the lumbar spine represents degen-
erative change, and a lumbar prominence on forward bend-
ing accentuates the convexity of a coronal deformity. Sagittal 
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FIGURE 39.59 Measurement of pelvic incidence (A), pelvic tilt (B), and sacral slope (C).
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and coronal balance should be estimated clinically. When 
contemplating any decompressive or stabilizing procedure, 
correction of the entire degenerative scoliotic segment must 
be considered because of sagittal or coronal decompensation. 

ANATOMY AND BIOMECHANICS
Adult scoliosis shares most of the anatomic features of idio-
pathic adolescent scoliosis. Unique to adult patients with 
scoliosis are the diminished elasticity of the ligamentous 
structures and the narrowing of disc spaces that combine 
to stiffen primary and secondary or compensatory curves. 
Osteopenia also must be considered in older patients, espe-
cially in patients with risk factors for osteoporosis, such as 
glucoid use, postmenopausal status, and a personal or family 
history of fragility fractures.

The biomechanics of the bone-implant interface must 
be considered if long instrumentation constructs are used, 
especially when extended to the sacrum. Because of the long 
lever arm produced in long deformity constructs and the rela-
tively poor fixation obtained in the sacrum, S1 screws have a 
high likelihood of biomechanical failure if not protected. To 
obtain purchase anterior to the biomechanical pivot point at 
the anterior sacrum, many surgeons choose iliac instrumen-
tation. The two most commonly used modern instrumenta-
tion options for protecting the S1 screws are iliac screws and 
S2-alar-iliac (SAI) screws. Iliac screws provide strong fixation 
and ease of insertion with the potential risk of implant prom-
inence and the theoretical technical difficulty of rod align-
ment with the S1 screws. SAI screws somewhat mitigate the 
implant prominence and rod alignment issues of traditional 
iliac screws. Fixation can be augmented with a load-sharing 
structural interbody fusion device. The most significant bio-
mechanical increase in posterior instrumentation strength is 
with the addition of the iliac screws. The superiority of any of 
these techniques has not been established, and the surgeon’s 
experience and preference determine the choice.

Finally, osteoporosis is a significant consideration in the 
treatment of these patients. Although there is no cause-and-
effect relationship between bone density and degenerative sco-
liosis, these patients usually are older and more predisposed to 
osteoporosis. Compression fractures and compromised oper-
ative fixation may complicate the treatment of patients with 
concomitant disease. Attention should be paid to the optimi-
zation of bone metabolism and bone density before any major 
spinal deformity surgery. If indicated, supplementary vitamin 
D and calcium should be started before surgery and continued 
afterward throughout the phases of bone healing. 

DIAGNOSTIC IMAGING
RADIOGRAPHY

For both idiopathic and degenerative scoliosis, standing radio-
graphs on 36-inch cassettes must be obtained and scrutinized 
for coronal and, more important, sagittal balance. It is criti-
cal for this to be conducted in a standardized fashion. Patients 
should be instructed to stand in a neutral upright position with 
the hips and knees comfortably extended and the fingers on 
the clavicles (shoulders at 45 degrees of forward elevation). 
Lateral bending radiographs over a foam fulcrum are ideal for 
assessing flexibility, although standard maximal effort bend-
ing films often suffice. Often, simple prone radiographs give 
a good estimate of sagittal and coronal alignment that can be 
found intraoperatively. For sagittal deformities, appropriate 

fulcrum bending films can be obtained to determine flex-
ibility. Push prone views, as described by Kleinman et al. and 
Vedantam et al., are useful in determining the response of the 
lowest instrumented vertebra to instrumentation. With degen-
erative scoliosis, degenerative disc changes and flattening of 
the normal lumbar lordosis are present. With both degenera-
tive and idiopathic scoliosis, rotary subluxation may be evi-
dent in some patients, with lateral olisthesis of varying degrees. 

COMPUTED TOMOGRAPHIC MYELOGRAPHY 
AND MAGNETIC RESONANCE IMAGING
By providing information regarding central, lateral recess, 
and foraminal stenosis, MRI is very useful in the preoperative 
evaluation of adult patients with spinal deformity. In addi-
tion, disc hydration and excessive facet degeneration are use-
ful pieces of information provided by T2-weighted sequences 
that may influence whether surgery stops at or includes a 
lower degenerative segment. The degree of desiccation of 
the L5-S1 disc should prompt extra consideration to end at 
the adjacent disc above or include the degenerative segment. 
Adjacent segment pathology is common, and in older patients 
it may be prudent to include such diseased discs.

CT myelogram can be used instead of MRI in patients 
with contraindications (such as a pacemaker); however, it 
is an invasive procedure and should not be used routinely. 
Nonmyelogram CT scans can be useful in patients with 
extreme deformity or prior surgery. Finally, DICOM images 
from CT scans can be used by 3D printers to create life-size, 
three-dimensional models, which occasionally can be useful 
for surgical planning in severe deformities. 

NONOPERATIVE TREATMENT
Several studies have called into question the value of non-
operative care in adult scoliosis, given the high cost and lack 
of improvement in outcome measures. However, given the 
potential morbidity of surgical treatment, we believe that 
attempting traditional methods of nonoperative treatment of 
back and leg pain are appropriate in patients with adult sco-
liosis. Orthoses may be helpful for the relief of axial degenera-
tive symptoms. Intermittent use of a soft thoracolumbosacral 
orthosis (TLSO) is better tolerated than use of a rigid TLSO 
by older, often endomorphic, patients. The orthosis should be 
worn during symptomatic periods and kept to a minimum 
otherwise. Correction of deformity or prevention of progres-
sion of these curves is impossible, and an orthosis is used 
only for the management of symptoms; the patient should be 
aware of the treatment goals. Physical therapy should be con-
tinued in addition to bracing, with the ultimate goal of para-
spinal strengthening and subsequent core stabilization that 
allow the brace to be discarded. Cognitive behavioral therapy 
is another key aspect of the patient with chronic pain that 
should not be overlooked. 

OPERATIVE TREATMENT
When adequate nonoperative treatment has failed in a patient 
with unremitting symptoms or radiographic progression, sur-
gery should be considered. Curves of more than 50 degrees 
with documented progression, loss of pulmonary function 
(believed to be caused by the scoliosis when curves exceed 
60 degrees), progressive neurologic changes, and significant 
coronal or sagittal decompensation are relative indications for 
surgery. Cosmetic considerations are a genuine concern for 

    

https://booksmedicos.org


CHAPTER 39 DEGENERATIVE DISORDERS OF THE THORACIC AND LUMBAR SPINE 1791

patients as well and may play a small role in operative deci-
sion-making. The goal of surgery is to maintain a balanced 
spine, with the head centered over the pelvis, while fusing the 
minimum number of segments possible.

Although improvement radiographically and clinically 
can be expected with operative treatment, the overall inci-
dence of complications has been reported to be from 13% 
to 40% and the incidence of pseudarthrosis is 13% to 17%. 
Several authors have noted that although elderly patients have 
the greatest risk of complications, they show greater improve-
ment in pain and disability compared with younger patients. 
Revision rates are relatively low.

A spinal implant should be used that allows segmen-
tal placement of screws and allows iliac fixation. If fusion 
of the lumbosacral joint is anticipated, interbody fusion has 
traditionally been obtained with allograft or fusion cages 
that are cut to maintain the normal segmental lordotic disc 
alignment. The use of cell-saver autotransfusion is encour-
aged. Spinal cord monitoring should include somatosensory 
and transcranial motor evoked potentials. If useful data are 
obtained and maintained with somatosensory and motor 
evoked potentials, wake-up testing is unnecessary until the 
conclusion of the surgery. If pedicle screws are used below 
T8, pedicle screw stimulation can be useful to confirm proper 
placement. Although we find free-hand pedicle screw tech-
nique to be safe and to reduce patient and surgical team radia-
tion exposure, some surgeons may not be comfortable with 
this. Fluoroscopy or computer-aided navigation enhances 
the use of anatomic landmarks and is helpful for some sur-
geons, especially in the setting of deformity and prior fusion. 
Regardless, this surgery is complex and has an extended 
recuperation period, with a significant risk of complications, 
which the patient must understand when operative treatment 
is chosen.

DECOMPRESSION IN DEGENERATIVE SCOLIOSIS
Decompression alone is a viable option for a patient with 
symptomatic spinal stenosis and minimal kyphosis, a neu-
tral SVA, and no instability on dynamic imaging. Attempts 
should be made to avoid destabilizing the spine during 
decompression, and fusion should be done if more than 50% 
of either facets or an entire facet is resected. Degenerative 
scoliosis should be considered the coronal variant of spon-
dylolisthesis; if the ligamentous structures are violated and 
facet and disc resections are necessary, fusion should be con-
sidered. Decompression alone is inadequate if claudicatory 
leg symptoms originate from foraminal stenosis within the 
concavity of a degenerative curve. Transfeldt et  al. found a 
higher complication rate in patients with full curve fusion 
and less improvement in the Oswestry Disability Index than 
in patients with decompression alone. 

POSTERIOR INSTRUMENTATION AND FUSION
IDIOPATHIC SCOLIOSIS

Patients with flexible idiopathic curves of less than 70 degrees 
and no significant kyphosis or decompensation are candi-
dates for posterior instrumentation and fusion alone. This can 
be done with numerous instrumentation systems and tech-
niques (see Chapter 44). The ideal candidate for a posterior 
procedure has a smaller, flexible curve; hypokyphosis; and 
a flexible compensatory lumbar curve. Posterior procedures 
also are an appropriate choice for a King type V or Lenke 

subclass 2 or 4 structural upper thoracic curve. Similar cor-
rection clinically and radiographically has been reported with 
posterior-only approaches compared with combined anterior 
and posterior procedures, with the advantages of decreased 
blood loss, anesthesia, and operative time.

Standard posterior approaches are used, and instrumen-
tation may include hooks, wires, or screws for curve correc-
tion. The current trend involves the use of all-pedicle screw 
constructs for deformity correction because of the segmen-
tal fixation that is obtained and the three-column control 
that is provided by a pedicle screw placed into the vertebral 
body. With this fixation, derotation may be possible to some 
extent during the correction maneuver. Another benefit of 
the use of pedicle screws is the extraspinal placement of 
implants, which avoids the space-occupying phenomenon 
created by hooks or wires placed within the spinal canal. 
Finally, the cortical fixation of a screw through the pedicle 
is superior biomechanically to hook fixation, which makes 
this technique appealing for an osteoporotic adult spine. 
These benefits are not without risks, however, and the pri-
mary concern is pedicle screw malposition that affects the 
great vessels or the spinal cord, dura, or nerve roots. When 
done by surgeons with proper training, pedicle screw place-
ment so far has been safe and effective for the treatment of 
adult scoliosis; however, it is wise to discuss procedures in 
detail with patients before surgery and to explain the inher-
ent risks involved.

Selection of fusion levels is similar to that in adolescent 
scoliosis patients. The goal of surgery is a balanced spine with 
the head centered over the pelvis in the sagittal and coro-
nal planes. Fusion should be from stable vertebra to stable 
vertebra, unless pedicle screw instrumentation is used, and 
fusion can safely be stopped short of the stable vertebra. For 
curves with features similar to King types II and V curves 
without severe kyphosis, pedicle screw fixation seems ideal. 
This technique allows fusion of the curve from end verte-
bra to end vertebra, which can save one to three fusion lev-
els distally in some patients compared with typical hook 
constructs. In adults, flexibility of the compensatory curve 
must be considered more than in adolescents with scoliosis 
because overcorrection of the thoracic curve in a spine with a 
relatively inflexible lumbar curve results in decompensation 
and an unsatisfactory result. It is prudent to apply only a con-
servative amount of correction that can be accommodated by 
the compensatory curve so that normal balance is restored 
and further progression is halted. The amount of correction 
that can be obtained is estimated from preoperative bending 
films.

Avoiding a flatback deformity during posterior distrac-
tion is mandatory because this deformity is much easier to 
prevent than to treat. Nonetheless, because of pseudarthro-
sis, implant failure, transition syndromes, adjacent level frac-
ture, patient positioning, and other technical reasons, flatback 
deformity can occur in some patients under the best of cir-
cumstances. Concave distraction of the lumbar spine, espe-
cially beyond L2, should be avoided because this maneuver 
is kyphogenic. Segmental instrumentation allows differential 
correction along the same rod, which is helpful in preventing 
flatback deformity and shoulder decompensation. Avoiding 
distraction, or even applying some convex compression, along 
with precontouring the rods into lordosis helps to maintain 
normal lumbar alignment. 
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DEGENERATIVE SCOLIOSIS
In a patient with a flexible spine and mild-to-moderate sco-
liosis, symptomatic spinal stenosis is treated with traditional 
decompression. Occasionally, facetectomy or partial pedicle 
resection is necessary to decompress symptomatic nerve roots. 
In this situation, posterior intertransverse fusion is recom-
mended. If laxity is present, instrumentation should extend 
from neutral and stable vertebrae at each end of the construct. 
Ending the instrumented fusion at a level of kyphosis potenti-
ates adjacent segment changes and may result in a proximal 
junctional kyphosis, which remains a particularly vexing prob-
lem for deformity surgeons. Rotary subluxation also can occur 
after decompression alone in the presence of unstable degen-
erative scoliosis. The fusion should end at a neutrally rotated, 
level, and stable end vertebra and should restore sagittal and 
coronal balance. Care should be taken to avoid stopping instru-
mentation and fusion at any apical segments or at the apex of a 
kyphosis or scoliosis because this creates deformity later. 

ANTERIOR SPINAL INSTRUMENTATION AND 
FUSION
Deformity correction through an anterior approach is described 
in Chapter 44, but it warrants mention here because anterior 
instrumentation and fusion with third-generation implants 
have given excellent deformity correction in adults and have 
not caused significant problems with kyphosis as did the early 
Zielke and Dwyer implants. With single-rod or double-rod 
implant systems and structural grafts, anterior deformity cor-
rection is a viable alternative for lumbar and thoracolumbar 
curves because it allows short segment correction of flexible 
curves. Primary thoracic curves with flexible and compensa-
tory lumbar curves in adults also can be treated effectively with 
anterior fusion. Correction must be appropriate, however, for 
the ability of the lumbar curve to compensate; overcorrection 
in adults results in more decompensation than in the flexible 
spines of children with scoliosis. Also, as in pediatric deformi-
ties, strict attention must be paid to the upper thoracic spinal 
segment from T1 or T2 to T6 to prevent shoulder asymmetry 
owing to a structural upper thoracic curve. An upper thoracic 
curve is a relative contraindication for anterior spinal instru-
mentation and fusion unless measures are taken to allow per-
sistent tilt of the cephalad end vertebra, which would allow the 
upper thoracic curve to remain balanced. Anterior interbody 
fusion, either from a direct anterior or far lateral approach, 
can be especially helpful in restoring lordosis and indirectly 
decompressing foraminal stenosis in degenerative scoliosis but 
usually requires additional posterior stabilization. 

POSTOPERATIVE MANAGEMENT
Patients are commonly monitored overnight in the intensive 
care unit with frequent neurologic evaluations and obser-
vation to prevent complications associated with fluid shifts, 
which occur after such long procedures. Sitting is encouraged 
the day after surgery, and formal physical therapy is initi-
ated. Walking as tolerated is encouraged with assistance until 
independent ambulation is achieved. With modern pedicle 
screw constructs, a thoracolumbar orthosis generally is not 
necessary. The Foley catheter is removed when the patient is 
able to get to a bedside commode with minimal assistance. 
Antibiotics can be discontinued when drains are pulled or at 
24 hours postoperatively, depending on surgeon preference, 

and oral narcotic analgesics usually are well tolerated by the 
third day after surgery. Pneumatic leg compression devices are 
used as prophylaxis against deep vein thrombosis because of 
the possible risk of epidural hematoma associated with phar-
macologic agents. These are discontinued when the patient is 
fully independent with ambulation. Nonsteroidal antiinflam-
matory medications are avoided for 3 months postoperatively 
because of their potential inhibitory effect on fusion. 

COMBINED ANTERIOR AND POSTERIOR 
FUSIONS
For a rigid curve of more than 70 degrees or a curve that is 
decompensated sagittally or coronally, or for instrumentation 
that crosses the lumbosacral joint, a combined approach can 
be more powerful. For severe rigid thoracic deformities of 
more than 100 degrees, which often are associated with trans-
lation of the trunk of more than 4 to 6 cm anterior or lateral 
to the pelvis, Boachie-Adjei and Bradford showed that verte-
brectomy, as a combined or staged procedure, was effective in 
achieving spinal balance. It is preferable to complete combined 
procedures, if possible, under a single anesthesia because this 
results in fewer complications and a shorter hospitalization; 
however, if any portion of the procedure is unexpectedly long, 
blood loss is excessive, or a patient is unable to tolerate contin-
uation of the procedure, it is prudent to postpone the second 
stage of the procedure. Parenteral nutrition between stages is 
recommended because patients often develop a postoperative 
ileus and do not tolerate enteral nutrition.

When a combined procedure is used, the first stage usually 
includes anterior release, discectomy, and fusion of the primary 
curve. If instrumentation is extended to the lumbosacral joint, 
interbody fusion is advisable at L4-5 and L5-S1, with structural 
grafting of these discs to maintain lordosis, improve fusion rates, 
and decrease stresses on the posterior implants. Morselized 
bone graft is placed in the thoracic disc spaces and usually con-
sists of the rib excised for the exposure. Supplemental bone 
graft can be obtained from the inner table of the anterior iliac 
crest if the rib is small or osteoporotic. Instrumentation may or 
may not be necessary during the anterior portion of the proce-
dure and is placed at the surgeon’s discretion.

After anterior release and fusion, posterior instrumenta-
tion and fusion are done, with segmental fixation from stable 
vertebra to stable vertebra. Care is taken to avoid ending an 
instrumentation construct at the apex of a curve in either the 
coronal or the sagittal plane because of the risk of later decom-
pensation. It also is prudent to include any disc level with severe 
degenerative changes, especially in degenerative deformities.

Boachie-Adjei and Cunningham reported the use of a 
hybrid approach consisting of limited anterior and overlap-
ping posterior instrumentation for adult thoracolumbar and 
lumbar scoliosis. They noted 59% and 68% correction in tho-
racolumbar and lumbar curves, respectively. 

 

PEDICLE SUBTRACTION OSTEOTOMY
This is a very useful technique for correction of sagittal 
imbalance when performed below the level of the conus. 
It can achieve greater correction than Smith-Petersen type 
osteotomies alone and may be necessary in the setting of 
sagittal imbalance in a previously fused spine.
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 TECHNIQUE 39.32 

(BRIDWELL ET AL.)
 n  Pedicle screws should be placed as the first step. We prefer 

using a freehand technique whenever possible to reduce 
radiation exposure to the operative team and  patient.

 n  Extend the central laminectomy to include all posterior 
elements, using Leksell and Kerrison rongeurs and osteo-
tomes as much as possible to save bone graft material. 
This posterior element resection is, in essence, a Smith-
Petersen osteotomy above and below the pedicles that 
are to be resected (Fig. 39.60A).

 n  Use an osteotome to create the transverse process 
 osteotomy.

 n  Resect the pedicle itself with a Leksell rongeur, high-
speed burr, or both.

 n  Carefully dissect along the vertebral wall with a small 
Cobb or Penfield elevator to avoid injuring the segmental 
vessels. Place specialized spoon retractors along the lat-
eral aspect of the vertebral body.

 n  To make the osteotomy, a decancellation or sharp oste-
otomy technique can be used. Using an osteotome pro-
vides better control of the geometry of the osteotomy, 
thereby affording more precise and greater correction. 
Commercial osteotomy guides can guide the amount of 
resection required to achieve the desired angular correc-
tion. It is critical during this step to avoid iatrogenic injury, 
via stretch or direct sharp injury, to the dural sac and nerve 
roots. This is best accomplished with a nerve root retrac-
tor and a no. 4 Penfield elevator.

 n  Before the osteotomy is completed, a temporary rod can 
be placed to allow for controlled closure.

 n  Once the posterior vertebral wall is sufficiently thinned, 
use specialized impactors to impact the posterior body 
wall into the defect. It is critical to ensure that the dural 
sac is free of adhesions at this point.

 n  With a high-speed drill, resect the lateral vertebral wall, 
taking care to avoid injury to the nerve roots and dural 
sac. Alternatively, a thin Leksell rongeur can be used.

 n  Close the osteotomy by applying compression or cantile-
ver bending maneuvers to the spine. During this process, 
it is critical to make sure that the decompression is wide 
enough above and below to avoid injury or iatrogenic 
stenosis to the dural sac.
  

OTHER TECHNIQUES
The newest generation of implants can be used to treat most 
deformities, allowing instrumentation of all thoracic levels 
down to the sacrum and pelvis. Approaches and techniques 
generally have remained the same, however. Pedicle screw 
instrumentation has been used in all levels in the treatment 
of spinal deformities, with excellent clinical and radiographic 
results. For lumbar curves, pedicle screw instrumentation is 
applied to the convexity and compressed to create lordosis; 
for typical thoracic curves, the pedicle screws are applied 
to the concavity of the deformity and distracted to restore 
kyphosis. Any compensatory curves must be treated appro-
priately with compression where lordosis is required and with 
distraction where kyphosis is desired. Upper thoracic curves 
are controlled by compression of the convexity because most 
of these curves also are kyphotic.

Computer-navigation and robotic devices can be helpful 
in the placement of pedicle screws; however, given the addi-
tional setup time required and the safety and ease of free-
hand techniques, we typically reserve navigation or robotics 
for placement of pedicle screws across a fusion mass that has 
lost all anatomic landmarks or in severe deformities where 
anatomy is difficult to identify. These technologies can con-
firm anatomic relationships and, although expensive, are 
being used more frequently. Image guidance and robotics can 
facilitate instrumentation placement and correction while 
reducing radiation exposure to the surgeon and patient in 
less-invasive decompression and fusion procedures.

For skilled endoscopic spinal surgeons, VATS surgery 
provides excellent visualization through relatively small 
incisions with the potential to decrease blood loss, post-
operative pain, periscapular winging, and pulmonary dys-
function. The learning curve is very steep, however, with 
initial procedures taking a good deal longer than a typical 
thoracotomy. This technique requires double lumen intuba-
tion and places increased demands on the anesthesia staff. 
Although VATS surgery continues to develop, the options 
for its use in anterior instrumentation are still limited. In 
adult patients with spinal deformity, in whom osteoporosis 
and osteopenia are prevalent, structural grafts may be more 
difficult to place endoscopically, limiting the application of 
VATS.

Direct lateral or far lateral approaches to the interbody 
space in the lumbar spine are especially useful for degen-
erative scoliosis. These techniques allow for complete disc 

 

A B
FIGURE 39.60 A, Smith-Petersen osteotomy. B, Pedicle subtraction osteotomy. SEE TECHNIQUE 39.32.
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resection with a bony bed for fusion, excellent correction of 
coronal deformities, and very good indirect decompression of 
foraminal stenosis caused by degenerative changes and sco-
liotic foraminal compression. These are not typically done 
as stand-alone procedures and deformity corrections benefit 
from the addition of posterior pedicle screw instrumenta-
tion, which can be done posteriorly if the posterior fusion is 
omitted.

Anand et al. reported that minimally invasive multilevel 
percutaneous correction and fusion through a direct lat-
eral transpsoas approach allowed multisegment correction 
with less blood loss and morbidity than an open approach. 
Reported complications of combined transpsoas extreme 
lateral interbody fusion and posterior pedicle screw instru-
mentation have included intraoperative bowel injury, motor 
radiculopathy, and postoperative thigh paresthesias or dys-
esthesias. The rate of major complications after a far lateral 
approach in one study, however, compared favorably to that of 
other procedures (12%). For these reasons, we commonly per-
form multilevel lateral interbody fusion and/or anterior inter-
body fusion as the first stage of adult deformity fusion surgery. 

ILIAC FIXATION
Modern instrumentation techniques for correction of spinal 
deformity in adult patients often include iliac fixation. These 
large (>8.0 mm diameter) and very long (>80 mm) screws 
obtain purchase anterior to the lumbosacral pivot point. This 
creates a more rigid construct and unloads the S1 screws, 
which, even with tricortical purchase, can be prone to loos-
ening and even fracture. Iliac fixation should be considered 
when fusion constructs extend proximally to L3 or beyond 
and when there is insufficient sacral fixation, significant sag-
ittal or coronal imbalance that requires correction, L5 or S1 
defects from tumor or infection, or an L5-S1 pseudarthrosis.

Although many iliac fixation techniques have been devel-
oped, currently the two most popular choices are iliac screws 
and S2-alar-iliac screws (S2AI). Traditional iliac screws involve 
placing a screw from the posterior superior iliac spine (PSIS) 
toward the anterior superior iliac spine (ASIS). This screw can 
be safely placed freehand or with the use of intraoperative fluo-
roscopy. However, there are two distinct disadvantages of this 
technique: (1) symptomatic screw prominence and (2) diffi-
culty with aligning the iliac screw tulip with the S1 tulip with-
out the use of an offset connector. Alternatively, the S2AI screw 
obviates both of these issues by starting more medially and dis-
tally, between the S1 and S2 foramen, extending through the 
SI joint, and obtaining purchase in the ilium. Early experience 
with the S2AI screws suggests they cause fewer symptomatic 
implant issues requiring removal. Adult deformity surgeons 
should be able to place both types of iliac fixation in case ana-
tomic or implant issues preclude one option. 

COCCYGEAL PAIN
Pain in the region of the coccyx is referred to as coccydynia 
or coccygodynia. Although the literature indicates that this 
is a rare disorder, physicians in our group who specialize in 
spine care evaluate and treat several cases of coccygeal pain 
every year.

The most common causes of coccydynia that we have 
observed in our practice are a single direct axial trauma, 
such as falling directly on the coccyx, and a subtle form of 

cumulative trauma that occurs as a result of long periods of 
sitting awkwardly. As with other musculoskeletal disorders, 
however, other causes need to be considered (Box 39.8). In 
the absence of any obvious pathologic changes involving the 
coccyx, coccygeal pain is classified as idiopathic and may 
actually be the result of spasticity or abnormalities affecting 
the musculature of the pelvic floor.

Body mass index appears to correlate with different coc-
cygeal configurations (Table 39.12) and different coccygeal 
lesions. Obese patients have mainly posterior subluxation, 
normal- weight patients have mainly a hypermobile or radio-
graphically normal coccyx, and thin patients have mainly 
anterior subluxation and spicules.

The most common presenting complaint is pain in and 
around the coccyx without significant low-back pain or radia-
tion or referral of pain. Typically, the pain is associated with 
sitting and is exacerbated when rising from a seated position. 
Palpation in the region of the coccyx may reveal localized 
tenderness and swelling. Although coccydynia is a clini-
cal diagnosis, imaging studies are helpful in the evaluation. 
Radiographs obtained with the patient sitting and standing 
are most useful because they allow measurement of the sagit-
tal rotation of the pelvis and the coccygeal angle of incidence 
(Fig. 39.61). Advanced imaging studies, such as MRI and 
technetium-99 m bone scans, may demonstrate inflamma-
tion of the sacrococcygeal area, indicating coccygeal hyper-
mobility, and are helpful to rule out some forms of underlying 
pathology such as chordoma.

Classification of Coccydynia

Based on Etiology
 n  Idiopathic
 n  Traumatic 

Based on Pathology
 n  Degeneration of the sacrococcygeal and intercoccygeal disc 

and joints
 n  Morphology of the coccyx: types II, III, IV, presence of a 

bony spicule and coccygeal retroversion
 n  Mobility of the coccyx: hypermobile or posterior subluxation
 n  Referred pain: lumbar pathology or arachnoiditis of the 

sacral nerve roots, spasm of the pelvic floor muscles, inflam-
mation of the pericoccygeal soft tissues

 n  Other: neoplasm, crystal deposits, infection, somatization 
or neurosis 

Based on Coccygeal Morphology
 n  Type I—curved gently forward
 n  Type II—marked curve with apex pointing straight forward
 n  Type III—angled forward sharply between the first and 

second or second and third segments
 n  Type IV—anteriorly subluxed at the level of the sacrococ-

cygeal joint or first or second intercoccygeal joint
 n  Type V—coccygeal retroversion with spicule
 n  Type VI—scoliotic deformity

 BOX 39.8 

Modified from Nathan ST, Fisher BE, Roberts CS: Coccydynia: a review of patho-
anatomy, aetiology, treatment and outcome, J Bone Joint Surg 92B:1622–1627, 
2010. Copyright British Editorial Society of Bone and Joint Surgery.
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Nonsurgical methods such as NSAIDs and use of a donut 
cushion remain the standard initial treatment for coccy-
dynia and are successful in approximately 90% of patients. 
When these methods fail to relieve pain, we have had success 
in reducing or eliminating coccygeal pain with the injection 
of a local anesthetic and corticosteroids under fluoroscopic 
guidance. Although there is no clear consensus in the litera-
ture regarding the exact site of injection, we generally target 
the vestigial disc at the point of maximal tenderness over the 
coccyx. 

 

COCCYGEAL INJECTION

 TECHNIQUE 39.33 

 n  Place the patient prone on a pain management table, with 
the legs slightly abducted and the feet “pigeon-toed” in.

 n  Aseptically prepare the skin area from the lumbosacral 
junction to the coccyx with isopropyl alcohol and povi-
done-iodine. Drape the area in sterile fashion.

 n  Adjust the C-arm to an anteroposterior projection to visu-
alize the coccyx. Insert a 22-gauge, 3.5-inch spinal needle 
with the bevel facing ventrally in the midline.

 n  A lateral fluoroscopic image can be used to confirm the 
depth of the needle. Great care must be taken to prevent 

overinsertion because of the proximity of the rectum to 
the ventral surface of the coccyx.

 n  The needle should be inserted down to the point of maxi-
mal tenderness on the coccyx, which will radiographically 
correlate with a vestigial disc segment. The goal is to dock 
the needle on the painful vestigial disc in the midline 
(Fig. 39.62).

 n  Once the needle is docked, remove the stylet and aspi-
rate to check for blood. If blood is not evident, inject 0.5 
mL of nonionic contract dye to confirm placement. When 
the correct contrast pattern is obtained, slowly inject a 
5-mL volume consisting of 2 mL of 1 : 1 preservative-free 
lidocaine without epinephrine and 3 mL of 6 mg/mL Ce-
lestone Soluspan.
  

Excision of the mobile segment or total coccygectomy 
may be indicated for patients in whom conservative man-
agement fails, especially those with radiographic evidence 
of hypermobility or subluxation; success rates ranging from 
60% to 91% have been reported in this group of patients. 
Outcomes of surgery are not as good in patients with normal 
coccygeal mobility. Excision is considered only if the patient 
gets relief of the coccygeal pain that corresponds to the dura-
tion of the local anesthetic at a minimum. If the local anes-
thetic yields no relief, then resection of the coccyx is unlikely 
to as well.

 TABLE 39.12 

Frequency of Different Coccygeal Lesions Correlated With Patient Body Mass Index

POSTERIOR LUXATION ANTERIOR LUXATION HYPERMOBILITY SPICULE NORMAL COCCYX
Obese patients BMI >27.4 51% 4% 27% 2% 16%
Normal—weight patients BMI 
19.5 to ≤27.4

15% 6% 30% 16% 33%

Thin patients BMI <19.5 4% 4% 15% 29% 48%

BMI, Body mass index.

 

1

233

A BB C
FIGURE 39.61 Evaluation of coccygeal mobility. A, Standing radiograph. B, Sitting radiograph 

shows flexion of the coccyx. C, Superimposition of sitting radiograph on standing radiograph, 
matching the sacrum by pivoting the sitting film through an angle representing sagittal pelvic 
rotation (angle 1= angle of rotation). Coccygeal mobility is indicated by angle 2 (angle of mobility). 
Angle 3 is the angle at which the coccyx strikes the seat surface (angle of incidence).
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SPONDYLOLISTHESIS
Keith D. Williams

CHAPTER 40

GENERAL INFORMATION
Spondylolisthesis is a descriptive term derived from the 
Greek spondylo (spine) and olisthesis (slip) and was first 
described by Herbinaux, an obstetrician, in 1782. The 
varied etiologies of spondylolisthesis were first classified 
by Wiltse, with other classifications of subtypes of spon-
dylolisthesis added over the years. The common feature 
of the various types is anterior translation of the cephalad 
vertebra relative to the adjacent caudal segment. The bio-
mechanical force causing this translation is the anteriorly 
directed vector created by the contraction of the poste-
riorly located erector spinae muscles, coupled with the 
force of gravity acting on the upper body mass through 
the lordotic lumbar spine and lumbosacral junction, 
which explains why this deformity is not seen in chil-
dren before they are ambulatory. For spondylolisthesis 
of any type to occur there must be a failure of anatomic 
structure(s) that normally resist this anteriorly directed 
force. These structures include the facets, annulus fibro-
sus, posterior bony arch, and pedicles. Symptoms of 
spondylolisthesis include axial pain, neurogenic claudi-
cation, radiculopathy, and even cauda equina syndrome. 
In addition, the deformity associated with spondylolis-
thesis can range from not clinically apparent to severe 
with significant sagittal imbalance and associated truncal 
shortening. More recent literature has focused on the role 
that spinopelvic radiographic parameters may play in the 
development and progression of spondylolisthesis. Better 
understanding of the biomechanical forces and the radio-
graphic parameters will result in better treatment deci-
sions for spondylolisthesis.

DIAGNOSIS
In young patients with high-grade spondylolisthesis, trun-
cal shortening and lumbar hyperlordosis may suggest the 
diagnosis. With less significant grades of listhesis a pal-
pable step-off may be present associated with local ten-
derness. Axial pain associated with hyperextension of the 
lumbar spine is the most common complaint reported in 
young athletes.

In patients with degenerative spondylolisthesis, axial pain 
and a history of neurogenic claudication with reduced walk-
ing and standing tolerance are the most common features. 
Initial radiographic evaluation includes standing antero-
posterior, lateral, and spot lateral images. Flexion/extension 
seated or standing lateral radiographs are helpful in identify-
ing those with a dynamic component once the spondylolis-
thesis has been identified. 

ETIOLOGY
Wiltse initially described five different etiologies of spon-
dylolisthesis and later added iatrogenic instability as a sixth 
type. The most common types are dysplastic, isthmic, and 
degenerative. In a radiographic study over a 25-year period, 
Fredrickson et al. found that 92% of children with spondy-
lolysis also had dysplastic features of the lumbar spine, spe-
cifically spina bifida occulta, which persisted into adulthood 
in 70%.

Congenital malformations of the posterior elements, 
especially elongation of the pars interarticularis and spina 
bifida occulta, can significantly compromise the ability of 
the posterior bony elements to resist the anteriorly directed 
forces applied to the spine that can lead to spondylolisthesis. 
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Even though these anomalies are present at birth the spon-
dylolisthesis does not occur until after the child is able to 
ambulate, which causes the anteriorly directed force to be 
generated. As the forces increase with growth, the annulus 
is unable to restrain the caudal-ventral force, which leads 
to the development of the spondylolisthesis. As the anterior 
translation occurs progressively severe spinal stenosis can 
result with variable neurologic sequelae.

Fracture of the pars interarticularis results in an isth-
mic type of spondylolisthesis. Development of a pars 

interarticularis stress fracture is the most common reason for 
a spondylolysis. Less commonly, fatigue fracture with healing 
and resultant elongation of the pars or acute traumatic pars 
fracture can result in an isthmic spondylolisthesis. The inci-
dence of spondylolysis is 0% at birth and increases to 7% by 
age 18. Most people with spondylolysis will develop a grade 1 
slip over time. Longitudinal studies to evaluate the risk factors 
for developing a high-grade (greater than 50%) slip have iden-
tified several radiographic factors of importance, including 
disc degeneration, high slip angle, and increased pelvic inci-
dence. It remains unclear which, if any, of these findings may 
actually cause slip progression and which may result from it.

Degenerative spondylolisthesis occurs as a result of the 
degenerative cascade as described by Kirkaldy-Willis. The loss 
of disc height allows the cephalad vertebra to translate anteri-
orly. The associated hypertrophic facet and ligamentous changes 
result in spinal stenosis centrally and in the lateral recess more 
so than in other types of spondylolisthesis (Fig. 40.1). 

CLASSIFICATION
Two classification systems are most commonly used to describe 
spondylolisthesis. The Wiltse classification describes six types of 
spondylolisthesis based on the location of the deficiency of the 
posterior elements that allows the listhesis to occur (Box 40.1). 
The other classification system in common usage was developed 
by Marchetti and Bartolozzi and divides spondylolisthesis types 
into dysplastic and acquired types. In addition to classification 
systems based primarily on etiology, Meyerding devised a widely 
used grading system based on the amount of translation at the 
affected level that provides an easily determined metric for the 
severity of the slip. This grading system divides the superior end-
plate of the caudal vertebra into four equal portions. This allows 
for five possible grades, based on the position of the posterior infe-
rior corner of the cephalad vertebral body relative to the four seg-
ments of the superior endplate below (Table 40.1 and Fig. 40.2).

 

A B

FIGURE 40.1 Degenerative spondylolisthesis with spinal stenosis. A, Sagittal CT. B, On axial 
view, note hypertrophic facet and ligamentum flavum (right arrow) and facet effusions (left arrow) 
indicating dynamic instability.

Classification of Spondylolisthesis by Wiltse et al.

Type I, dysplastic—Congenital abnormalities of the upper 
sacral facets or inferior facets of the fifth lumbar vertebra 
that allow slipping of L5-S1. No pars interarticularis defect 
is present in this type.

Type II, isthmic—Defect in pars interarticularis allows forward 
slipping of L5 on S1. Three types of isthmic spondylolistheses 
are recognized:

 n  Stress fracture of pars interarticularis (lytic)
 n  Elongated but intact pars interarticularis
 n  Acute fracture of pars interarticularis
Type III, degenerative—Intersegmental instability of long 

duration with subsequent remodeling of the articular 
processes at the level of involvement

Type IV, traumatic—Fractures in the area of the bony hook 
other than the pars interarticularis, such as the pedicle, 
lamina, or facet

Type V, pathologic—Generalized or localized bone disease 
and structural weakness of the bone, such as osteogenesis 
imperfecta

 BOX 40.1 
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WILTSE CLASSIFICATION OF 
SPONDYLOLISTHESIS

TYPE 1 DYSPLASTIC
Malformation or dysplasia of the posterior elements, particu-
larly the pars or inferior facet of the cephalad vertebra or the 
superior facet of the caudal vertebra (or both), results in a 
loss of the normal buttressing effect to resist the anterior and 
caudally directed forces on the cephalad vertebra as a result 
of gravity and contraction of the erector spinae muscles. This 
dysplasia most often occurs at the lumbopelvic junction and 
affects the geometry of the sacrum and L5. In addition, con-
genital defects such as spina bifida or elongation of the pars 
can result in instability and resultant progressive slippage. 

TYPE 2 ISTHMIC
The hallmark of this type is a defect in the pars interarticu-
laris. This defect can be lytic, the result of a stress fracture 
(most common), or attributed to bone remodeling of micro-
fractures resulting in an elongated pars, or an acute pars 
fracture. Isthmic spondylolisthesis often occurs in children, 
adolescents, and young adults but can occur into the fifth 
decade. Because of the cortical nature of the bone of the pars 
interarticularis, fracture healing potential is relatively poor. 

TYPE 3 DEGENERATIVE
Degenerative spondylolisthesis is the most common type. It 
results from segmental instability as a result of disc degenera-
tion and facet remodeling and thus occurs later in life. Patients 
with degenerative spondylolisthesis are more likely to have a 
dynamic component to their deformity, meaning the amount 
of translation is affected by their body position. This type of 
listhesis is most common at the L4-L5 level, usually in women 
over 50 years of age, particularly those of African descent. For 
patients with a dynamic component, it is important to obtain 
upright films, because the spondylolisthesis may not be vis-
ible on supine imaging such as MRI. 

TYPE 4 TRAUMATIC
This is an uncommon type of spondylolisthesis. Unlike the 
isthmic type, the fracture is not through the pars. Rather, it 
is through any other part of the posterior elements, usually 
involving the pedicles or facets. These tend to be high-energy 
injuries. 

TYPE 5 PATHOLOGIC
This also is an uncommon etiology involving a pathologic 
process that affects the posterior arch, such as infection or 
Paget disease, leading to instability at the affected segment. 

TYPE 6 IATROGENIC
This type was added after the original description of the clas-
sification. Iatrogenic spondylolisthesis occurs when there 
has been surgical treatment at the involved segment and the 
instability is the result of the surgical intervention. Most com-
monly this is as a result of transection of the pars with facetec-
tomy or excessive pars thinning and subsequent fracture of 
the pars leading to instability. 

MARCHETTI-BARTOLOZZI CLASSIFICATION OF 
SPONDYLOLISTHESIS
Marchetti and Bartolozzi developed a classification based 
on etiology with acquired types and developmental types. 
Acquired types include traumatic (acute or stress fractures), 

 TABLE 40.1

Meyerding Classification of Spondylolisthesis

GRADE DISPLACEMENT*
I 0%-25%
II 26%-50%
III 51%-75%
IV 76%-100%
V (spondyloptosis) >100%

*As measured on lateral radiograph, distance from the posterior edge of the supe-
rior vertebral body to the posterior edge of the adjacent inferior vertebral body; 
distance is reported as a percentage of the total superior vertebral body length.

 

33333
444444444444444

222222
111111111111

3
4

2
1

X

Y

X

Y

X

Y

X

Y

X

Y

Normal

Grade III Grade IV Grade V

Grade I Grade II

FIGURE 40.2 Meyerding grading of severity of slip in spondylolisthesis (see text).
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postsurgical (direct or indirect), pathologic (local or systemic), 
and degenerative (primary or secondary). Developmental 
types were subclassified into high dysplasia and low dysplasia 
(Box 40.2). In the low dysplasia type, the S1 endplate and the 
L5 vertebral body maintain a normal anatomic shape. In the 
high dysplasia type, the S1 endplate becomes rounded and the 
L5 body becomes more trapezoidal shaped. This system was 
first described in 1982 with a subsequent revision in 1994. The 
purpose of the classification was to determine what factors may 
predict progression of the spondylolisthesis and thereby direct 
treatment. This classification divides the presumed etiologies 
of spondylolisthesis into two categories: developmental, in 
which there is a morphologic abnormality of the anatomy, or 
acquired, in which the anatomy is normal and the deformity 
results from trauma, degeneration, or pathologic causes.

DEVELOPMENTAL SPONDYLOLISTHESIS
The cardinal feature of this group is that there is some degree 
of dysplasia of the posterior elements present. This category 
is further divided into low dysplasia and high dysplasia based 
on the severity of the anomalies present, as indicated by the 
degree of kyphosis at the affected level and the slip angle.

Developmental high dysplastic spondylolisthesis is charac-
terized by major deficiencies of the posterior arches, interver-
tebral discs, upper endplate of S1 (which often is rounded), 
and the body of L5, which is trapezoidal. The pars is either 
elongated or lytic. In adolescents, the L5-S1 level is most com-
monly affected. Patients with this type of spondylolisthesis 
often have progression of the spondylolisthesis before adult-
hood. The risk of progression is directly proportional to the 
severity of dysplasia.

In developmental low dysplastic spondylolisthesis, the 
L4 and L5 bodies remain rectangular and the S1 endplate 
remains flat. Also there is no hyperlordosis and verticaliza-
tion of the sacrum. Progression is less common and when 
present is a small increase in translation and not an increase 
in kyphosis and slip angle. 

ACQUIRED SPONDYLOLISTHESIS
ACQUIRED TRAUMATIC SPONDYLOLISTHESIS

The acute type is rare and results from significant trauma 
with fracture of the pars or other portions of the posterior 
elements. 

ACQUIRED POSTSURGICAL SPONDYLOLISTHESIS
This type is subdivided into direct and indirect types. In the 
direct type, the instability is at the level of surgical interven-
tion because of fracture or bony resection such as facetec-
tomy. The indirect type occurs at a level adjacent to prior 
surgery such as a fusion. 

ACQUIRED PATHOLOGIC SPONDYLOLISTHESIS
This type results from pathologic processes affecting the 
integrity of the posterior elements such as infection or Paget 
disease. 

ACQUIRED DEGENERATIVE SPONDYLOLISTHESIS
This occurs as a result of degenerative changes in the disc and 
facets without any disruption of the pars and occurs without 
a history of prior surgery.

The classification of Marchetti and Bartolozzi is most 
useful in evaluating patients who have developmental, high 
dysplastic spondylolisthesis. In this group, the relationship 
between pelvic incidence, sacral slope, and pelvic tilt is most 
relevant (see next section). The pelvis is either “balanced” 
or “unbalanced” (Fig. 40.3), and Hresko et  al. developed a 
nomogram (Fig. 40.4) to help define each group based on the 
relation between pelvic tilt and sacral slope. 

RADIOGRAPHIC PELVIC PARAMETERS AND 
SPINOPELVIC ALIGNMENT
In recent years numerous studies have demonstrated that 
spinopelvic alignment is important to maintain an energy-
efficient posture. An understanding of the relationship 
between sacropelvic morphology and spinopelvic balance 
is particularly important in evaluating developmental dys-
plastic spondylolisthesis in adolescents and young adults. As 
understanding of this relationship improves, the ability to 
determine optimal treatment regimens should also increase. 
Patients with developmental dysplastic spondylolisthesis 
have abnormal sacropelvic morphology, which can result in 
abnormal sacropelvic orientation.

One of the most important radiographic parameters is 
pelvic incidence (PI). Other parameters remain under evalu-
ation, as does the optimal method to measure each param-
eter. Pelvic incidence is significantly increased in patients 
with degenerative spondylolisthesis and dysplastic spondy-
lolisthesis, and the relative increase in pelvic incidence cor-
relates directly with the severity of the slip. Pelvic incidence is 
defined as the angle between a line perpendicular to the sacral 
endplate at its midpoint extending caudally and a line join-
ing the midpoint of the sacral endplate to the hip axis (Fig. 
40.5). It is important to understand that pelvic incidence is a 

Classification of Spondylolisthesis by Marchetti 
and Bartolozzi

Developmental
High Dysplastic
 n  With lysis
 n  With elongation 

Low Dysplastic
 n  With lysis
 n  With elongation 
Acquired
Traumatic
 n  Acute fracture
 n  Stress fracture 

Post-Surgery
 n  Direct surgery
 n  Indirect surgery 

Pathologic
 n  Local pathology
 n  Systemic pathology 

Degenerative
 n  Primary
 n  Secondary

 BOX 40.2 

From deWald RL: Spondylolisthesis. In Bridwell KH, DeWald RL, editors: The text-
book of spinal surgery, ed 3, Philadelphia, 2011, Lippincott Williams & Wilkins.
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morphologic measurement, meaning it is determined by the 
individual anatomy and it is not affected by the position of 
the sacropelvis in space. The pelvic incidence does increase 
slightly with growth before stabilizing in adulthood. Patients 
with spondylolisthesis have higher than normal values and 
the higher the grade of the spondylolisthesis the higher the 
pelvic incidence. Huang et  al. found, however, that pelvic 
incidence does not predict the probability of spondylolisthe-
sis progression. This finding is in contrast to the findings of 
Enyo et al., who found that increased pelvic incidence was a 
relative risk factor for the development of degenerative spon-
dylolisthesis in a 15-year longitudinal study of 200 patients.

Two other important radiographic parameters are the 
sacral slope (SS) and pelvic tilt (PT) (Fig. 40.6). Both of these 
measurements are determined by pelvic orientation on a 

 

Balanced pelvis

High grade spondylolisthesis

Unbalanced pelvis

FIGURE 40.3 Balanced and unbalanced pelvis as described by Hresko et al. Balanced pelvis 
has a high sacral slope and low pelvic tilt. Unbalanced pelvis has a low sacral slope and high pelvic 
tilt.  (Redrawn from Hresko MT, LaBelle H, Roussouly P, et al: Classification of high-grade spondylolistheses 
based on pelvic version and spine balance: Possible rational for reduction, Spine 32:2208, 2007.)
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FIGURE 40.4 Nomogram defining groups based on relation 
between pelvic tilt and sacral slope.  (From Hresko MT, Labelle H, 
Roussouly P, et al: Classification of high-grade spondylolistheses based 
on pelvic version and spine balance: Possible rational for reduction, Spine 
32:2208, 2007.)
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FIGURE 40.5 Pelvic incidence (PI) is defined as an angle 
subtended by line oα, which is drawn from the center of the 
femoral head to the midpoint of the sacral endplate and a line 
perpendicular to the central of the sacral endplate (α). The sacral 
endplate is defined by the line segment bc constructed between the 
posterior superior corner of the sacrum and the anterior tip of the 
S1 endplate at the sacral promontory.  (Redrawn from Berthonnaud 
E, Dimnet J, Labelle H, et al: Spondylolisthesis. In O’Brien MF, Kuklo TR, 
Blanke KM, et al, editors: Spinal Deformity Study Group radiographic 
measurement manual, Memphis, TN, 2004, Medtronic Sofamor Danek.)
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standing lateral radiograph; their values are dependent on 
the position of the sacropelvis in space. Sacral slope is the 
angle formed by a line parallel to the sacral endplate and a 
horizontal line, and pelvic tilt is the angle formed by a verti-
cal line passing through the hip axis and a line from the hip 
axis to the mid-point of the sacral endplate. The equation SS 
+PT=PI is true for a given individual in the standing posi-
tion. Labelle et  al. concluded that because pelvic incidence 
is a constant anatomic pelvic variable specific to each indi-
vidual and strongly determines sacral slope, pelvic tilt, and 
lumbar lordosis, which are position-dependent variables, pel-
vic anatomy has a direct influence on the development of a 
spondylolisthesis.

The slip angle is a measure of the local kyphosis at the 
L5-S1 level (Fig. 40.7A). It is defined as the angle formed 
between a line perpendicular to the posterior aspect of the 
upper sacrum and a line parallel to the L5 inferior endplate. 
The slip angle has been found to have some predictive value 
for slip progression when it is larger than 30 degrees.

The lumbosacral angle is defined as the angle formed by 
the intersection of a line perpendicular to the upper sacrum 
and a line parallel to the upper endplate of the L5 vertebra 
(Fig. 40.7B and C). It has been found to have some predictive 
value for progression when it is larger than 10 degrees.

The relationship between spinopelvic alignment and 
spondylolisthesis has been an area of intense evaluation in 
recent years. This is true for dysplastic spondylolisthesis as 

well as other types of spondylolisthesis. Ferrero et  al. com-
pared 654 patients with degenerative spondylolisthesis with 
709 asymptomatic matched volunteers and concluded that 
those with degenerative spondylolisthesis had increased pel-
vic incidence and that there were several subgroups based on 
C7 tilt, emphasizing the need to evaluate overall spinopel-
vic balance in patients with degenerative spondylolisthesis. 
Radovanovic et al. found that a sagittal vertical axis (SVA) of 
over 50 mm was associated with worse patient reported out-
comes following decompression and fusion for degenerative 
spondylolisthesis. 

NATURAL HISTORY
The few natural history studies that are available provide lim-
ited information in light of our current understanding of the 
different types of spondylolisthesis. It is clear that the natural 
history of developmental spondylolisthesis is different from that 
of acquired spondylolisthesis because of a lytic defect in an oth-
erwise normal pars, and degenerative spondylolisthesis is dif-
ferent from both of these. Also, the association of spondylolysis 
and spondylolisthesis with clinically relevant low back pain is 
not clear. A recent systematic review by Andrade et al. failed to 
establish this link and suggested careful evaluation of the cause 
of low back pain even in patients with isthmic spondylolisthesis.

With spondylolytic spondylolisthesis there appears to be a 
familial association: approximately 26% of those with isthmic 
spondylolisthesis have a first-degree relative who also had an 
isthmic spondylolisthesis. A long-term follow-up study (45 
years) by Beutler et al. found the risk of progression to be very 
small, and no children with a unilateral lytic defect had a slip 
that progressed. Clinically there was no difference between the 
general population and those with a grade I or II slip regard-
ing the development of back pain. Most children (approxi-
mately 90%) with a lytic defect have been found to have spina 
bifida occulta, suggesting a dysplastic etiology. The incidence 
of lytic defects increases with age, from 4.4% at age 6 to 6.0% 
in adults. Risk factors for progression remain unclear. Some 
authors have found that females, those with higher grade slips 
(>50%) at the time of diagnosis, and those diagnosed before 
adolescent growth have a greater probability of progression. 
In a recent study by Eroglu et al., facet tropism was identified 
as a risk factor for isthmic spondylolisthesis in males.

Developmental spondylolisthesis with dysplasia is more likely 
to progress than the spondylolytic type. Dysplasia of the anterior 
sacrum correlates best with progression in the dysplastic group. 
Long-term follow-up of Meyerding types III and IV spondy-
lolisthesis treated both operatively and nonoperatively found 
that most patients had done relatively well. None had severe 
neurologic sequelae, and only 45% had even mild neurologic 
symptoms. At 18-year follow-up, 36% of patients treated nonop-
eratively were asymptomatic. Yue et al. studied 27 patients with 
spondyloptosis and found pars defects in 89% and also spina 
bifida occulta in 89%. All of these patients had an abnormality 
of the proximal sacrum with rounding, suggesting that a phy-
seal injury may have contributed to the deformity of the sacral 
endplate. In patients with doming or rounding of the S1 end-
plate the measurement of pelvic incidence is unreliable. Sebaaly 
et al. showed that a similar measurement using the L5 superior 
endplate rather than the S1 endplate, which is termed L5 inci-
dence, was more reliable. In addition, they found that a value of 
60 degrees was a threshold to define spinopelvic balance versus 
unbalance in high-grade developmental spondylolisthesis.
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FIGURE 40.6 Mathematical relationship between pelvic inci-
dence (PI), sacral slope (SS), and pelvic tilt (PT). HRL, Horizontal 
reference line; VRL, vertical reference line.  (Redrawn from Berthon-
naud E, Dimnet J, Labelle H, et al: Spondylolisthesis. In O’Brien MF, Kuklo 
TR, Blanke KM, et al, editors: Spinal Deformity Study Group radiographic 
measurement manual, Memphis, TN, 2004, Medtronic Sofamor Danek.)
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Degenerative spondylolisthesis usually occurs at the 
L4-L5 level, primarily affects females over the age of 50, 
and is more frequent in people of African descent. Slip pro-
gression has been found to occur in about 30% of patients, 
but there usually is only mild progression. If neurologic 
symptoms are present, operative treatment is superior to 
nonoperative treatment. Matsunaga et al. found that 76% 
of patients without neurologic symptoms remained stable 
over long-term follow-up (10 to 18 years). A more recent 
study of 200 individuals by Enyo et  al. found a baseline 
incidence of degenerative spondylolisthesis of 10% in those 
between the ages of 40 and 75 years. When the same group 
was radiographically re-examined 15 years later, the inci-
dence had increased to 22.5%, with 14% of the previously 
normal population having developed a new degenerative 
spondylolisthesis. The presence of facet joint effusions at 
the listhetic level has been quantified as a risk factor for 
dynamic instability. Snoddy et  al. were able to show that 
for each 1 mm of effusion on T2 MRI axial images there 
was a 42% probability of dynamic instability. However, 
the presence of an effusion was not diagnostic of instabil-
ity, and 15% of patients with dynamic instability did not 
have facet effusions present on MRI. Factors associated 
with risk of progression were L4-L5 degenerative spon-
dylolisthesis present before age 60, female sex, and facet 
sagittalization. Additional risk factors for progression of 
degenerative spondylolisthesis identified by Enyo et  al. 
were increased pelvic incidence, smaller vertebral size, and 
increased L4 vertebral angle. Correction of pelvic balance 
defined by the relation between sacral slope and pelvic tilt 
described by Hresko (Fig. 40.4) has not been correlated 
with improved patient reported outcomes as shown by 
Maciejczak et al.

LUMBOSACRAL DYSPLASIA
The primary areas of posterior dysplasia include the facet 
joints, pars interarticularis, and spina bifida occulta. These 
dysplastic posterior changes lead to an inability of the L5 ver-
tebra to resist the anterior and ventral forces created by the 
upright posture on the lordotic spine. This increases the ante-
rior column stresses and can lead to growth related abnor-
malities and bone remodeling abnormalities that combine to 
cause anterior column dysplasia that can exacerbate the pos-
terior deficiencies. As a result of these changes a progressive 
deformity consisting of kyphosis at the lumbosacral junction 
and translation of L5 on the rounded S1 endplate can occur, 
resulting in an unbalanced spinopelvic alignment. Evaluation 
of sacral “doming” is important because this has been identi-
fied as a risk factor for slip progression. The Spinal Deformity 
Study Group (SDSG) index (Fig. 40.8) has excellent intraob-
server and interobserver reliability. An SDSG index of 25% 
has been suggested to be the threshold of significant sacral 
deformity.

As the L5 disc becomes more vertical on the standing 
lateral radiograph, the ability of the dysplastic posterior ele-
ments to resist the shear stresses progressively decreases. To 
correct the inability of the dysplastic L5 posterior elements to 
resist this shear force at the lumbosacral junction, the poste-
rior tension band needs to be restored and anterior column 
support needs to be reestablished. 

SPONDYLOLYSIS
PATIENT PRESENTATION
Spondylolysis without any spondylolisthesis is present in 2% 
to 5% of the population, but only a portion become symp-
tomatic. An even smaller portion potentially require surgical 

 

A B C
FIGURE 40.7 A, Slip angle. B, Lumbosacral angle (Dubousset). C, Lumbosacral angle (Spinal 

Deformity Study Group).  (Redrawn from Glavas P, Mac-Thiong JM, Parent S, et al: Assessment of lumbo-
sacral kyphosis in spondylolisthesis: A computer-assisted reliability study of six measurement techniques, 
Eur Spine J 18:212, 2009.)
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treatment (Fig. 40.9). Typically the patient is an athletically 
active teenager with back pain and sometimes with leg pain as 
well. Often the back pain is presumed to be muscular in ori-
gin, which can delay the diagnosis substantially. Examination 
reveals localized pain, most commonly in the midline at the 
lumbosacral junction. Palpation with the patient prone to 
relax the extensor musculature is helpful to determine the 
level of involvement. For those with leg pain, nerve tension 
signs are present but somewhat muted relative to patients with 
radiculopathy caused by disc herniation. No reliable physical 

examination findings specific for spondylolisthesis have been 
identified. In a study by Selhorst et al. of teenage nonelite ath-
letes, males were 1.5 times more likely than females to develop 
spondylolisthesis. The sports implicated in this group are 
somewhat different than the sports for elite athletes. For male 
athletes in the study cohort of 1025, baseball had the highest 
risk, followed by hockey and soccer. For female athletes, gym-
nastics had the highest risk followed by marching band and 
softball. Many other sports have been associated with spon-
dylolysis and regional variations may occur. Selhorst et al. did 
not find an increased risk for spondylolisthesis for athletes 
participating in multiple sports, even if the sports were con-
sidered high risk. Spondylolysis is bilateral in 80% of cases. 

DIAGNOSTIC EVALUATION
In addition to plain radiographs, the imaging evaluation of 
spondylolysis includes CT, MRI, and single-photon emission 
computed tomography (SPECT). Each has relative advan-
tages and disadvantages. Differences in sensitivity/specificity, 
radiation dose to the young patient, and cost are all relevant. 
In a review by Tofte et al., plain films, including standing lat-
eral and oblique views, often were cited as the initial imag-
ing. They found that SPECT had the highest sensitivity but 
also had more false-positives, requiring a confirmatory CT to 
distinguish stress reactions from true fractures. Also, SPECT 
may not detect chronic defects. CT was the second most sen-
sitive and considered the gold standard for fracture recogni-
tion. MRI is less sensitive than SPECT and CT for fracture but 
can show stress reactions. A study by Miller et al. found that, 
relative to two plain radiographs, the radiation dose of a CT 
scan of four views was doubled. The radiation from a bone 
scan with SPECT was seven to nine times that of two plain 
radiographs. In a cost analysis, MRI was most expensive, fol-
lowed by CT, SPECT, then plain radiographs. Tofte et al. rec-
ommended two radiographic views as the initial evaluation. 

 

h

b

SDSG index (%) = h/b x 100

FIGURE 40.8 Spinal Deformity Study Group (SDSG) index for 
assessment of sacral doming.  (Redrawn from Berthonnaud E, Dimnet 
J, Labelle H, et al: Spondylolisthesis. In O’Brien MF, Kuklo TR, Blanke KM, 
et al, editors: Spinal Deformity Study Group radiographic measurement 
manual, Memphis, TN, 2004, Medtronic Sofamor Danek.)

 

A B

FIGURE 40.9 Anteroposterior (A) and spot lateral (B) views of direct pars repair in an adoles-
cent patient.
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If a patient fails to improve, CT is ordered for those with sub-
acute to more chronic presentations, and MRI is obtained for 
more acute presentations. They did not recommend SPECT, 
despite the high sensitivity, because of the high radiation 
dose. Our preference is to establish the presence or absence 
of a fracture defect with the least radiation possible, as this 
determines treatment. For patients without a defect, a 6-week 
period of relative rest and sport avoidance usually is adequate. 
If a fracture line is present, a rigid orthosis for 6 to 10 weeks or 
until symptoms resolve is recommended.

There is no high-level evidence in the literature support-
ing the use of a rigid orthosis. In both those with healed frac-
tures and those with fibrous unions a program of trunk and 
pelvic stabilization is initiated with a gradual return to full 
activities. Patients are allowed to return to full activity based 
on clinical outcome, not necessarily radiographic evidence of 
bony healing. Patients who remain symptomatic longer than 
3 months with this treatment regimen require either more 
significant activity modifications or consideration for opera-
tive treatment depending on the severity of symptoms. Sakai 
et al. reported 63 consecutive pediatric patients with spondy-
lolysis who were treated nonoperatively with rest, avoidance 
of sports, and a thoracolumbosacral orthosis (TLSO). MRI 
was repeated monthly until resolution of edema, and then 
CT was done to judge fracture healing. Fractures were cat-
egorized by age. Healing rates were 100% for the most acute 
and 80% for more chronic defects. Patients with recurrences 
typically healed as well with extended treatment.

Athletes treated with rest were found to be 16 times more 
likely to have a positive long-term outcome than those treated 
with surgery. It also has been shown that adolescents who 
have more than 30 consecutive days of low back pain are four 
times more likely to have chronic low back pain as adults than 
those with shorter durations of pain. 

EVALUATION FOR OPERATIVE TREATMENT
For patients being considered for operative treatment, 
upright lateral flexion/extension radiographs are obtained. 
We prefer seated films, although others prefer standing lat-
eral bending radiographs. This is necessary to detect the 
presence of a significant spondylolisthesis, which may not 
be evident even on an upright standing lateral radiograph. 
To be a candidate for repair of the pars interarticularis 
several radiographic criteria must be met: (1) absence of 
spondylolisthesis, (2) absence of degenerative change at the 
involved disc level (best determined by MRI), (3) absence 
of degenerative facet changes (best determined by high-
resolution CT scan), and (4) absence of dysplastic changes 
such as spina bifida occulta, elongation of the pars inter-
articularis, or dysplastic facet morphology, which are all 
contraindications for direct pars repair (best evaluated by 
CT scan). In addition to these radiographic evaluations, it 
sometimes is helpful to use a diagnostic pars injection with 
a very small volume of local anesthetic. Typically, we use 
this when more than one level of spondylolysis is present 
or in other circumstances when the etiology of symptoms is 
not completely clear. 

OPERATIVE TREATMENT
The original papers on posterior spinal fusion by Albee and 
Hibbs independently described the procedure for the treat-
ment of spondylolysis and spondylolisthesis over 100 years 

ago. Later came descriptions of posterolateral fusions (PLFs) 
and still later the use of autogenous iliac bone graft for fusion. 
Buck described direct osteosynthesis of the pars fracture with 
a screw technique in 1970. Subsequently several different 
techniques have been described that use pedicle screw fixa-
tion at the involved level and various rod or hook constructs. 
Each construct is intended to allow compression across the 
lytic defect. No one technique has been shown to be superior. 
It is likely that the bone graft source and grafting technique 
are the most critical aspect of the procedure. We have used 
iliac crest bone graft in this setting, which can be harvested 
with minimal morbidity or risk of complication in this group 
of young patients.

In addition to direct fracture repair, single-level fusion is 
an accepted treatment option for patients in whom nonopera-
tive treatment fails. The recommendation for direct fracture 
repair rather than fusion is based on several clinical factors. 
These criteria include a normal MRI appearance of the disc at 
the involved level, no abnormal motion at the involved level 
on upright flexion/extension radiographs, and normal facet 
morphology. Patients who do not meet these criteria tend to 
be older, and fusion typically is recommended. Validation 
of these or other criteria in a controlled trial is not currently 
available.

Translaminar screw fixation across the defect into the 
ipsilateral pedicle or a pedicle screw and rod construct, 
both with autologous iliac bone grafting, are well described. 
Both techniques have proven effective with equivalent 
positive patient reported outcomes, as shown in a study 
by Karatas et al. The V-rod technique has been shown to 
have good patient outcomes and is our preferred method. 
Various fusion techniques have been retrospectively com-
pared as well and found to be equivalent in this patient 
population. Instrumented techniques that were found to 
be equivalent in a study by Gala et  al. included transfo-
raminal lumbar interbody fusion (TLIF), posterior spine 
fusion (PSF), anterior lumbar interbody fusion (ALIF), 
and 360-degree fusions. This study did not describe the 
bone graft source used. Fusion techniques are described in 
later sections. 

 

REPAIR OF PARS INTERARTICULARIS 
DEFECT WITH V-ROD TECHNIQUE

 TECHNIQUE 40.1 

GILLET AND PETIT
PATIENT POSITIONING

 n  Position the patient prone on a Jackson table after in-
duction of anesthesia. Proper positioning is important to 
avoid complications.

 n  Make sure the chest pad is just above the nipple line, with 
the hip pads centered at the anterior superior iliac spine.

 n  Support the face without pressure on the eyes and align 
the cervical spine in neutral to a flexed position.

 n  Cervical extension can be caused by some commercially avail-
able pillows for the Jackson frame and should be avoided.
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 n  Place the hips in extension or in only slight flexion and flex 
the knees using pillows to decrease nerve tension.

 n  Confirm pedal pulses to ensure the femoral artery is not 
compressed by the anterior superior iliac spine pad.

 n  Position the upper extremities with the elbows at the 
level of the shoulders, placing the arm forward about 
30 degrees and the elbow flexed less than 90 degrees 
to minimize ulnar nerve tension. Ensure that the elbows 
are well padded, as are all bony prominences. Adminis-
ter prophylactic antibiotics and, after sterile preparation 
and draping are completed, complete the intraoperative 
“Time Out.” 

EXPOSURE AND GRAFT HARVEST
 n  Localize the involved level radiographically and make a 

midline incision overlying this location.
 n  Carry dissection down to the fascia and obtain a localiza-

tion image with a clamp affixed to the spinous process, 
which is then marked with a rongeur confirming the level.

 n  Use Cobb elevators and electrocautery to expose the en-
tire spinous process of the lytic level and the caudal por-
tion of the spinous process cephalad to the lytic level.

 n  Expose the lamina at each level, taking care not to dam-
age the capsule. Expose the L4-L5 facet capsule and lateral 
superior articular mass of L5 for repair of an L5 pars defect 
because the pedicle screw will be placed at the L5 level.

 n  Meticulously expose the pars at the involved level and 
expose the entire lamina of the lytic level bilaterally.

 n  Carefully curet the fibrocartilage out of the lytic defect to 
expose bone on both sides of the defect.

 n  Expose the base of the transverse process at the involved 
level.

 n  Use an awl to penetrate the cortex and advance a pedicle 
probe into the vertebral body, using fluoroscopy to assist 
in screw hole preparation.

 n  Take a slightly cranial orientation with the probe to move 
the ultimate position of the screw head away from the 
facet.

 n  Make a separate incision overlying the posterior superior 
iliac spine and carry dissection down to the fascia, which 
is divided along the lateral margin of the posterior supe-
rior iliac spine.

 n  Carefully elevate the fascia as a single layer to expose the 
iliac crest. There is no need to expose the outer table or 
inner table.

 n  Use an osteotome to reflect the cortex of the crest and 
expose the cancellous bone of the ilium between the cor-
tices.

 n  Use a narrow gouge and a large curet to harvest multiple 
strips of cancellous bone. After harvesting the available 
bone, repair the fascia well and close the wound in layers. 

PEDICLE SCREW INSERTION
 n  Use a high-speed burr to decorticate to bleeding bone the 

base of the transverse process, lateral superior articular 
mass, and the pars interarticularis on both sides of the 
defect. Carefully place the strips of cancellous bone onto 
the decorticated surfaces.

 n  Place a polyaxial pedicle screw at the appropriate level 
(e.g., L5). The screw chosen usually is a smaller diameter 
than would be chosen for a fusion as the stresses are less 
and a smaller screw is less likely to impinge on the facet 
capsule.

 n  Repeat pedicle screw placement on the contralateral side.
 n  With both defects grafted and both screws in place, use 

a sterile intubating stylet as a template to form a V shape 
with the caudal aspect of the L5 spinous process at the 
apex of the V and the upper ends engaging each of the 
pedicle screws (Fig. 40.10). Tubular benders will likely be 
needed to get the desired amount of rod contouring. It 
may be necessary to contour lordosis into the V-shaped 
rod to improve rod position relative to the lamina.

 n  Leave the rod long until after contouring is complete, be-
cause it is difficult to contour a short rod to the degree 
necessary. Cut the rod and place it caudal to the L5 spi-
nous process at its base. Apply compression to the rod 

 FIGURE 40.10 In situ posterolateral instrumented fusion. SEE TECHNIQUE 40.1.
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and secure it with set screws. Torque the set screws to 
the manufacturer’s specifications.

 n  Close the lumbodorsal fascia to bone to restore the nor-
mal resting length of the paraspinal musculature and 
close the subcutaneous and subcuticular layers. 

POSTOPERATIVE CARE Postoperatively the patient re-
ceives analgesics and muscle relaxants and begins mobili-
zation immediately. Typically these patients are indepen-
dent and able to be discharged home within 2 days.
   

ADULT ISTHMIC 
SPONDYLOLISTHESIS
Patients with isthmic spondylolisthesis are the second larg-
est group of patients with spondylolisthesis presenting to the 
spine surgeon. Only degenerative spondylolisthesis is more 
common. Most patients with isthmic spondylolisthesis (some 
prefer the term “acquired lytic spondylolisthesis”) present 
with low-grade deformities (less than a 50% slip); 90% to 95% 
involve the L5-S1 level, with 5% to 8% at L4-L5, and very few 
at the more cephalad levels. Low-grade slips are much more 
common than those of more than 50% by a ratio of 10:1; how-
ever, the severity can range from spondylolysis (no slip) all the 
way to grade V. Fortunately, most cases of low-grade isthmic 
spondylolisthesis are not associated with significant kyphosis 
or spinal imbalance. The typical presentation is a patient with 
axial low-back pain that tends to be mechanical and radicu-
lar pain in an L5 distribution. Initial radiographic evaluation 
should consist of standing anteroposterior and lateral views, 
as well as a spot view at the L5-S1 level (Fig. 40.11). The spon-
dylolisthesis generally is easily diagnosed, and upright lateral 
flexion/extension films are useful to diagnose dynamic insta-
bility, which is common at the L4-L5 level but less so at the 

L5-S1 level. The radiographic assessment must also include 
an evaluation of the regional and, if needed, global spinal bal-
ance. If significant imbalance is present, the treatment plan 
must correct this if surgery is indicated.

PATHOPHYSIOLOGY
The presence of an isthmic spondylolisthesis is not sufficient 
to identify the cause of the patient’s symptoms because 7% 
of the population has spondylolysis, with or without spon-
dylolisthesis, and most are asymptomatic. From retrospec-
tive long-term studies it has been found that about 80% of 
acquired lytic defects occur between the ages of 5 and 10 
years, with the remaining 20% of fractures occurring before 
the age of 20 years. In most patients, spondylolisthesis is 
asymptomatic. Determining whether spondylolisthesis is the 
source of back pain requires a careful evaluation of the com-
plaints. Mechanical back pain can originate from the pars 
defect but also from the disc, which often is more degenera-
tive than would be expected for the patient’s age because of 
the abnormal stresses applied to the disc as a result of the lack 
of stability. Adult isthmic spondylolisthesis at the L5 level can 
cause radicular complaints involving the L5 root; symptoms 
can be generated by several different pathologic processes. As 
the disc degenerates and loses height, the foraminal cross-
sectional area is diminished, leaving less space available for 
the nerve root. The annulus remains attached to the inferior 
endplate of the cephalad vertebra. As this vertebra trans-
lates anteriorly, the annulus becomes located posterior to the 
vertebra (pseudoherniation) and occupies space within the 
foramen. In addition, the pseudarthrosis that forms at the 
pars defect consists of cartilage, bone, and fibrous tissue, all 
of which occupy space within the foramen. Thus, the cross-
sectional area of the foramen is decreased in a cephalocau-
dal direction by the loss of disc height. The pseudoherniation 
and the fibrocartilage decrease the foramen in the anterior 
to posterior dimension. If there is translational instability at 
the involved level, this can cause traction on the nerve root 

 

A B C

FIGURE 40.11 Initial radiographic evaluation of isthmic spondylolisthesis. A, Standing antero-
posterior view. B, Standing lateral view. C, Spot view at L5-S1 level (arrow shows pars defect).
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and produce radicular symptoms as well. In addition to these 
possibilities at the L5-S1 level, the L5 root can be compro-
mised by lateral recess stenosis at the L4-L5 level or less com-
monly by a disc herniation at the L4 disc level. Determination 
of the patient’s primary complaint (mechanical back pain or 
radicular pain) will have a significant impact on the type of 
treatment, including surgery that will be most appropriate if 
conservative treatment is not successful. 

NONOPERATIVE TREATMENT
If an adolescent patient has a spondylolisthesis of more than 2 
mm at presentation, an orthosis is not recommended, because 
fracture healing is unlikely with significant displacement. Most 
patients presenting with a spondylolisthesis are in the 20- to 
45-year-old age range. In the absence of significant neurologic 
deficits, patients are initially treated with a brief period of rest, 
antiinflammatory medications, and muscle relaxers. Narcotics 
are used very sparingly, if at all, and the patient is mobilized as 
early as possible. Once the acute symptoms begin to subside, 
a program of low-impact aerobic exercise, trunk stabilization 
avoiding extension, and hamstring stretching is instituted. This 
often is successful in allowing the patient to return to full activ-
ity over a period of 8 to 12 weeks. Even with good resolution 
of mechanical symptoms, the patient needs to understand that 
trunk stabilization exercises will be necessary indefinitely to 
manage the expected episodic back pain.

Patients with a lytic defect of the pars have abnormal load 
sharing. Normally 20% of the axial load of the lumbar spine 
is transmitted through the posterior column, with 80% trans-
mitted anteriorly. When a pars fracture is present, no load 
is carried posteriorly at the involved level and all the load is 
transferred to the anterior column, which leads to prema-
ture disc degeneration and potentially episodic back pain; 
however, with proper exercise and relatively minor activity 
modifications, most patients can be managed nonoperatively 
throughout their lives.

Neurologic symptoms are less common in younger 
patients and often develop as the patient enters the third to 
fourth decades. The presence of significant neurologic deficits 
is an indication that operative treatment may soon become 
necessary because the chronic changes causing the neuro-
logic symptoms will not resolve, although they often can be 
mitigated in the short-to-intermediate (months) term but 
generally not the long term. For patients with significant neu-
rologic symptoms or more than 6 months of persistent back 
pain not adequately controlled with the above treatment regi-
men, operative treatment is recommended. 

OPERATIVE TREATMENT
SURGICAL OPTIONS

Patients with isthmic spondylolisthesis can be appropriately 
managed using a number of techniques; however, some surgical 
procedures generally should not be considered in this patient 
group. Because patients with spondylolisthesis have instabil-
ity at the involved segment, by definition, a total laminectomy 
(Gill procedure) in isolation is contraindicated. Inserting a 
posterior device designed to apply a distractive force at the 
level of an isthmic spondylolisthesis is contraindicated because 
distraction cannot be applied through the lytic defect. Pars 
repair can be a good procedure in the right patient popula-
tion (see Technique 40.1); however, adult patients with isthmic 
spondylolisthesis symptoms generally are not good candidates 

because of the associated disc degeneration and facet arthrosis 
that are almost always present in this older group of patients. 

EVALUATION FOR OPERATIVE TREATMENT
To appropriately plan operative treatment, additional imaging 
is needed. Standing lateral and posteroanterior scoliosis radio-
graphs should be obtained to adequately assess the patient’s 
global balance and pelvic parameters. These images should 
include the skull and both proximal femoral heads so the hip 
axis can be determined. The slip angle is not likely to be signifi-
cantly positive in patients with low-grade acquired lytic spon-
dylolisthesis; however, when it is positive (kyphotic), anterior 
column support generally will be needed. Usually the sacral 
endplate morphology is relatively normal, indicating that the 
sacral buttress is maintained. The sacral table angle can be used 
to assess the sacral buttress (Fig. 40.12). Each L5 transverse pro-
cess should have at least 2 cm2 of surface area if PLF is con-
sidered. Given the high incidence of dysplastic changes in this 
group of patients, we obtain a high-resolution CT scan to eval-
uate pedicle morphology, adequacy of the L5 transverse pro-
cess, sacral morphology, facet arthritis at adjacent levels, and 
the bony foraminal dimensions when more thorough anatomic 
evaluation is needed. If the patient has significant radicular 
symptoms, an MRI usually is obtained to determine the specific 
location and etiology of the nerve root symptoms, which usually 
are caused by nerve compression but traction on the nerve root 
caused by instability also is possible. Although a pseudohernia-
tion is common and can be readily seen on the MRI and may 
explain L5 root symptoms, the L4 disc must also be assessed. 
Occasionally, a patient may have an L4 disc herniation caus-
ing the L5 root symptoms, and this generally can be managed 
more simply with a microdiscectomy at the L4 level rather than 
operative stabilization at the L5-S1 level if the patient has only 
mild axial back-pain complaints. Also the health of the adjacent 
disc levels can be assessed on MRI, which will influence how 
many levels may need to be fused and the method of fusion. 
Some authors have recommended provocative discography to 
evaluate adjacent levels, but we have not found this to be reli-
able. We have found that a pars injection with a small volume of 
long-acting local anesthetic is helpful as a diagnostic tool when 
evaluating patients with extensive degenerative changes at mul-
tiple levels in addition to isthmic spondylolisthesis. 
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FIGURE 40.12 The sacral table angle is measured between a 
line along the sacral endplate and a line drawn along the posterior 
aspect of the S1 vertebral body.
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OUTCOMES OF OPERATIVE TREATMENT
Seuk et  al. evaluated improvement in patient-reported out-
comes in patients with low-grade isthmic spondylolisthe-
sis treated operatively. They defined the minimum clinically 
important difference (MCID) for VAS as 3 points and the 
MCID for Oswestry Disability Index (ODI) as a 12-point 
improvement over baseline. They included patients with ALIF 
and pedicle screw instrumentation and patients with TLIF for 
low-grade isthmic spondylolisthesis at L4-L5 and L5-S1. In a 
consecutive series of 105 patients followed for a minimum of 
36 months and average follow-up of 77 months, the overall 
achievement of MCID for VAS back was 80% and for VAS leg, 
73%; ODI MCID was obtained in 83%. They also evaluated 
radiographic parameters of pelvic incidence, lumbar lordosis, 
pelvic tilt, and sacral slope. These authors found that resto-
ration of foraminal height was more important than overall 
lordosis and that patients with L4-L5 pathology responded 
better than those with L5-S1 spondylolisthesis.

Kwon and Albert showed in their literature review that 
using rigid pedicle screw constructs improved fusion rates in 
patients with acquired lytic spondylolisthesis. They found a 
90% fusion rate with the use of rigid pedicle screw instrumen-
tation and a 77% fusion rate in uninstrumented cases. A sys-
tematic review by Noorian et al. evaluating clinical outcomes 
in patients with low-grade spondylolisthesis treated with PLF, 
with or without pedicle screws; interbody fusions, including 
ALIF with pedicle screws; and circumferential fusions with 
pedicle screws did not find a clear advantage of any one tech-
nique over the others. The analysis included six randomized 
controlled trials and nine observational studies. Interbody 
fusions techniques tended to produce better outcomes with 
longer follow-up than did PLF with or without pedicle 
screws. Levin et al. had similar findings also in their system-
atic review, identifying a trend toward more improvement in 
back pain, ODI, and fusion rates with TLIF than with PLF; 
however, these differences did not reach significance. The PSF 
group had shorter operative times. There were no differences 
in blood loss, infection rate, leg pain improvement, or health-
related quality of life (HRQOL) improvement.

High-quality studies comparing minimally invasive tech-
niques to open techniques for operative treatment of low-
grade isthmic spondylolisthesis are lacking. A systematic 
review of studies comparing minimally invasive and open 
procedures identified only 10 such studies, and all were either 
low or very low quality. The review by Lu et al. found no sig-
nificant difference between minimally invasive and open sur-
gery with regard to pain or functional outcomes. Subgroup 
analysis of the prospective studies revealed that minimally 
invasive techniques had longer operative times and slightly 
better final ODI scores (13.8 vs 16.1).

Open posterior fusions can be done using a midline 
approach or the muscle-splitting approach described by 
Wiltse and Spencer (see Technique 37.26), which uses the 
intermuscular plane between the multifidus and longissimus 
muscles. The latter approach is considered by most to have 
the advantage of being less traumatic to the musculature and 
producing less “fusion disease” attributable to muscle fibrosis 
postoperatively. The muscle-splitting approach is not recom-
mended if a direct decompression is planned. Current min-
imally invasive techniques are an extension of this concept 
and are less traumatic to the soft tissues; however, so far it 
remains unclear if they will prove superior or equivalent with 

respect to fusion rates and clinical outcomes. For patients 
requiring direct decompression and interbody support, an 
open or minimally invasive TLIF is preferred. Steps are taken 
to minimize the muscle ischemia associated with this open 
approach in an effort to minimize the potential for persistent 
pain related to soft-tissue trauma.

Another finding by Kwon and Albert was that patients 
who had a laminectomy had a slightly lower fusion rate and 
slightly lower outcome scores than those without laminec-
tomy, but neither of these reached statistical significance. 
These authors did find a statistically significant difference in 
fusion rates between circumferential fusions (anterior lumbar 
interbody or combined posterior lumbar interbody fusion or 
TLIF with posterior spinal fusion) and either anterior only 
or posterior only fusions. Patients with an interbody fusion 
and a posterior fusion had the highest fusion rate (98%) 
compared with anterior-only (75%) or posterior-only fusion 
(83%). Clinical success rates were similar: 86% for circumfer-
ential fusion, 79% for anterior fusion only, and 75% for pos-
terior only fusion. An economic evaluation by Bydon et  al. 
found that adding an interbody device increased the cost per 
quality-adjusted life-year (QALY) compared with a PLF alone 
initially; however, when the costs of reoperations were fac-
tored in, the addition of interbody fusion resulted in a mod-
est cost savings compared with PLF alone. Lee et  al. found 
that complication rates and fusion rates were similar in adult 
patients with PLF alone and those with posterolateral inter-
body fusion for isthmic spondylolisthesis. A more recent 
economic study by Fischer et al. found surgical treatment for 
spondylolisthesis to be cost-effective at 2 years with a cost/
QALY of $89,065. 

OPERATIVE PLANNING
It is important to realize that adult patients with low-grade 
isthmic spondylolisthesis and progressive complaints of lower 
back and hip pain may well have hip or knee pathology con-
tributing to their symptoms. Before embarking on operative 
management of the spinal pathology, evaluation of these two 
areas is worthwhile. If the patient has significant degenerative 
changes of the hip, an intraarticular hip injection can be con-
firmatory as to whether the hip is the primary pathology. In 
patients with significant hip or knee degeneration, correction 
of these problems usually is recommended before spinal sur-
gery. The mechanical lumbar complaints often improve with 
improvement in gait and aerobic activities made possible by 
pain reduction. When neurologic symptoms predominate, 
spinal surgery generally should be done first.

After clinical and imaging evaluations are complete, spe-
cific surgical procedures can be recommended based on the 
findings. For patients without significant neurologic com-
plaints and with good spinal alignment, instrumented PLF 
can be recommended if there is sufficient surface area for 
fusion. In many patients, the L5 transverse process is hypo-
plastic and may be inadequate (less than 2 cm2 of surface 
area). For patients with inadequate area for PLF, a poste-
rior-only approach with circumferential fusion (posterior or 
TLIF) or an ALIF with posterior supplemental fixation pro-
vides a good alternative. An uninstrumented posterior-only 
fusion rarely is recommended in this patient population.

For patients with nerve root symptoms, direct or 
indirect decompression is a necessary part of the proce-
dure. Indirect decompression is accomplished through 
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realignment and reestablishment of the disc height using an 
interbody spacer device including allograft bone. Currently, 
a variety of devices are available for this purpose, including 
femoral cortical allografts, polyetheretherketone (PEEK) 
cages, titanium mesh cages, expandable cages, and carbon 
fiber devices. These devices are used in conjunction with 
autograft bone, allograft bone, and bone morphogenetic 
proteins (BMPs) in an off-label application. A recent ran-
domized, controlled, multicenter trial showed that BMP-7 
(OP-1) with a collagen carrier was not as effective as autolo-
gous iliac crest bone for obtaining fusion. Because of the 
higher fusion rate with autologous iliac crest grafts (74%) 
than with BMP (54%), these authors did not recommend the 
use of BMP in instrumented posterior lumbar fusion proce-
dures. Wang et  al. recently published a study using struc-
tural autografts from resected facets as interbody grafts. 
Results were equivalent to PEEK cages and local autograft.

Indirect reduction can be accomplished with a TLIF, 
which can be combined with an instrumented PLF. For 
patients who need a direct decompression in addition to 
the realignment and reduction, we generally prefer a TLIF 
coupled with an instrumented PLF. Minimally invasive tech-
niques are described in Chapter 39. Bai et al. performed a sys-
tematic review evaluating reduction of spondylolisthesis and 
found that reduction of a low-grade spondylolisthesis did not 
improve patient outcomes compared with fusion in situ. 

 

IN SITU POSTEROLATERAL 
INSTRUMENTED FUSION: WILTSE AND 
SPENCER APPROACH

 TECHNIQUE 40.2 

 n  After induction of anesthesia, position the patient as de-
scribed in Technique 40.1. Montgomery et al. demon-
strated that proper positioning allows some reduction of 
the spondylolisthesis.

 n  Apply pneumatic compression devices and initiate neuro-
monitoring (see Chapter 44) if it is to be used.

 n  Administer prophylactic antibiotics and tranexamic acid 
loading dose and begin continuous infusion. After sterile 
preparation and draping are completed, complete the in-
traoperative “Time Out.”

 n  Make a midline skin incision at the L5-S1 level down to 
the fascia. Sharply dissect superficial to the fascia on both 
sides about 4 cm from the midline, for the length of the 
skin incision (see Technique 37.26).

 n  On each side of the midline make a 4 cm to 5 cm long 
fascial incision 3 cm off the midline at the approximate 
interval between the multifidus and longissimus muscles, 
curving the incisions slightly medially at the inferior end.

 n  Use blunt dissection to develop the plane down to the 
L5-S1 facet joint.

 n  Expose the L5 transverse process and the sacral ala sub-
periosteally.

 n  Verify the level radiographically with a metal instrument 
resting on the transverse process. Once the correct level 
is confirmed, make a generous facetectomy.

 n  Prepare the pedicle screw holes at the L5 level and the 
S1 level bilaterally, using fluoroscopy to assist in pedicle 
location and orientation.

 n  Prepare the S1 screw holes for a bicortical technique for 
enhanced screw purchase. Penetrate the sacral cortex 
medially at the promontory just caudal to the endplate.

 n  Sound each screw hole to ensure there are no cortical 
breaches and place a cottonoid for hemostasis.

 n  Removal of hypertrophic bone from the lateral aspect of 
the L5 superior articular mass may be needed to allow 
placement of the L5 screw, which also enlarges the area 
for bone graft incorporation.

 n  Place polyaxial pedicle screws bilaterally at L5 and S1 af-
ter thorough decortication and placement of bone graft 
under direct vision. Generally, a separate autologous iliac 
graft is harvested or local autograft is combined with al-
lograft cancellous bone soaked in antibiotic solution at 
least 30 minutes before implantation. Some have recom-
mended off-label use of BMP or demineralized bone ma-
trix to augment local autograft.

 n  Contour the rods and affix them with the set screws, 
which are torqued according to the manufacturer’s rec-
ommendation.

 n  Thoroughly irrigate the wound throughout the procedure 
and again before closure. Note that if BMP is used irriga-
tion should not be done after BMP has been placed into 
the wound.

 n  Close the fascial wounds with interrupted sutures and 
place two subcutaneous drains. Minimize dead space by 
tacking the subcutaneous layer to the fascia bilaterally. 
Complete subcutaneous and subcuticular closure.

 n  This procedure can be done through a midline fascial incision 
(see Technique 37.25) rather than the Wiltse and Spencer 
approach (see Technique 37.26). If a midline incision is used, 
close the fascia over a drain and to the spinous processes to 
maintain proper muscle resting length in the lordotic spine.

POSTOPERATIVE CARE The patient is mobilized with-
out a brace beginning the morning after surgery. Paren-
teral and oral analgesics and muscle relaxers are given 
to facilitate rest and mobilization. Generally patients are 
independent with activity and can be discharged the sec-
ond or third postoperative day.
   

 

POSTERIOR INSTRUMENTED FUSION 
WITH INTERBODY FUSION (PLIF AND 
TLIF)
TLIF is the procedure we most commonly used for adult 
patients with low-grade isthmic spondylolisthesis. It is 
preferred because of the ability to better restore normal 
lumbosacral alignment parameters when necessary and 
restore disc height. Posterior and TLIF techniques are very 
similar and are described together. Each is combined with 
a PLF if done open to achieve a circumferential arthrodesis. 
Minimally invasive TLIF is described in Chapter 39. A TLIF 
is preferred, and a complete laminectomy (Gill procedure) 
usually is done for direct decompression in these patients.
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 TECHNIQUE 40.3 

 n  Position the patient as described in Technique 40.1 and 
complete sterile preparation and draping, followed by the 
intraoperative “Time Out.”

 n  Administer prophylactic antibiotics. Initiate continuous 
infusion of tranexamic acid after a loading dose. Typical 
loading dose is 20 mg/kg, and the infusion is 2 mg/kg/hr.

 n  Make a midline incision centered at the L5-S1 level (Fig. 
40.13A).

 n  Release the fascia and obtain a localization image with 
a clamp on the spinous process to confirm the operative 
level. Use a rongeur to mark the spinous process that had 
the clamp applied as a reference.

 n  Carry subperiosteal dissection laterally over the lamina at 
the L4, L5, and S1 levels.

 n  Remove the joint capsule at the L5-S1 level bilaterally, but 
preserve the capsule at the L4-L5 facet.

 n  Expose the transverse process of L5 and the sacral ala 
bilaterally and prepare pedicle screw holes at the L5 level 
and the S1 level bilaterally, using fluoroscopy to assist in 
pedicle location and orientation.

 n  Prepare the S1 screw holes for a bicortical technique for 
enhanced screw purchase. Penetrate the sacral cortex 
medially at the promontory just caudal to the endplate. 
Sound each screw hole to ensure there are no cortical 
breaches and place a cottonoid for hemostasis.

 n  Remove the posterior elements of the L5 vertebra (Gill 
fragment) piecemeal or en bloc. For en bloc removal, de-
tach the ligamentum flavum from the caudal and cepha-
lad margins using small angled curets. As the fragment is 
mobilized, advance the curet down to the pseudarthrosis 
site to release the fibrocartilaginous tissue around the 
L5 nerve root. Careful dissection is necessary here as the 
nerve root usually is already quite compressed and ag-
gressive curetting may damage the root (Fig. 40.14).

 n  Once the lamina has been removed, remove additional 
fibrocartilage from around the nerve root with a Kerrison 
rongeur. The exiting L5 root should be visible all the way 
to the lateral aspect of the foramen. The operating micro-
scope is very helpful during this dissection.

 n  Through the S1 foraminotomy identify the traversing S1 
root. Remove the ligamentum attached to the L4 lamina 
to adequately decompress the L5 root in the L4-L5 lateral 
recess as well. Removal of the osteophyte from the medial 
aspect of the L5 facet may also be needed to decompress 
the S1 root.

 n  After the decompression is completed, decorticate the 
transverse processes and sacral alae and pack the lateral 
gutter with a local autograft from the Gill fragment and 
allograft cancellous bone.

 n  Insert the pedicle screws to allow distraction (if necessary) 
across the disc space to facilitate disc removal and reduc-
tion of the spondylolisthesis. Standard polyaxial screws 
and rod reduction tools usually can be used at L5 if the 
amount of translation desired is less than 1.5 cm. If more 
translation is needed, reduction screws with extended 
threaded portions are quite helpful. This is only necessary 
for high-grade spondylolisthesis.

 n  Insert standard polyaxial screws at the S1 level (Fig. 
40.13B). Typically with sufficient decompression, the 
pedicles can be directly inspected for cortical breaches at 
the L5 and S1 locations. If neuromonitoring is used, screw 
resistance can be determined. We use an impedance of 
10 mA as a threshold for a safe screw. Neuromonitoring 
is most useful to detect deficits caused by tension during 
reduction of the spondylolisthesis, which is not routine.

 n  If more than 15 mm of reduction is planned, cut a work-
ing rod and contour it to allow rod placement if tempo-
rary distraction will be used. Secure this working rod to 
the S1 screw and then gradually reduce it into the L5 
screw while maintaining a distractive force between the 
two screws (Fig. 40.13C). Reduce the rods bilaterally in 
a gradual alternating fashion, taking care not to apply 
so much force that the L5 screw pulls out. Monitor the 
translation of the L5 vertebra fluoroscopically. This type 

 

B
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Midline
cutaway

Posterior view

FIGURE 40.13 Posterior instrumented fusion with interbody 
fusion. A, Incision. B, Polyaxial screws inserted at S1 and expand-
able cage device placed. C, Rods inserted. SEE TECHNIQUE 40.3.
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of formal reduction is not commonly needed; usually the 
spondylolisthesis adequately reduces with positioning 
and exposure.

 n  Release of the posterior annulus and disc space preparation 
are the next phase of the procedure. Often there is a leash of 
epidural veins in the axilla of the L5 nerve root that cross the 
disc. Coagulate these vessels with bipolar cautery, if possible, 
before annulotomy. They can be difficult to control other-
wise, but Gelfoam and thrombin usually are effective.

 n  Make a wide annulotomy by gently retracting the thecal 
sac medially. Extend the annulotomy into the foramen if 
the nerve position allows. This can be done bilaterally if 
two cages are planned or unilaterally if one of the elon-
gated designs is to be used. In either case, the posterior 
osteophyte extending from L5 may need to be removed 
with a Kerrison rongeur to adequately open the annu-
lotomy and access the disc space. Remove the cephalad 
half of the S1 facet to allow access to the disc space.

 n  Use intervertebral reamers/sizers and curets to prepare 
the endplates, with fluoroscopic monitoring of instru-
ment position within the disc space to avoid anterior an-
nulus violation and potential vascular injury.

 n  Once the endplates are prepared and the reduction is sat-
isfactory, thoroughly irrigate the disc space to remove any 
residual soft tissue.

 n  Pack allograft cancellous bone against the anterior annulus 
and morselized local autograft bone in behind this. Sub-
merge the allograft cancellous bone in antibiotic irrigation 
solution at the beginning of the case and maintain it there 
until implantation. This has decreased postoperative deep 
wound infections associated with allograft bone usage. 
Take care to leave adequate space to allow placement of 
the interbody device no more posteriorly than the anterior 
20% of the disc space so lordosis can be achieved.

 n  The goals of cage placement are to restore disc height 
and improve alignment with sufficient lordosis through 
the segment. Biomechanically, coverage of 35% of the 
endplate is desirable for stability. This can be achieved 
with two or more smaller devices, such as mesh cages 
packed with bone, or a larger footprint single device. We 
prefer a lordotic, titanium cage device packed with local 
autograft placed just anterior to the midbody. The sub-

chondral bone is strongest around the perimeter of the 
endplate and weakest centrally, increasing the risk of cage 
subsidence if the device is too small or only centrally lo-
cated.

 n  Place the device as transversely as possible.
 n  Release the distraction from the working rods, which may 

need to be cut or exchanged because they likely will be 
too long and may impinge on the L4-L5 facet joint.

 n  If temporary distraction is not required, complete decorti-
cation and grafting before screw insertion.

 n  Place the final rods and apply mild compression for lordo-
sis, being mindful of the L5 foramina dimensions.

 n  Torque the set screws to specifications of the manufac-
turer.

 n  Irrigate the wound throughout the procedure and thor-
oughly at the conclusion of the instrumentation. If BMP 
has been used, irrigation should not be done after it is 
placed into the wound.

 n  Place a fluted drain (because of the exposed dura) and 
close the fascia to the remaining spinous processes with 
interrupted sutures to restore the normal resting length 
of the muscle. Close the subcutaneous and subcuticular 
layers individually. The procedure for a TLIF is very similar 
to the PLIF as just described when done through a mid-
line approach. When indirect decompression through 
the spinal implants is sufficient, TLIF may be preferred 
and can be done without the need for the Gill laminec-
tomy. The discectomy and annulus removal are not as 
complete with this approach and the ability to translate 
the vertebra is more limited. Indirect decompression can 
be accomplished through a Wiltse approach or with 
minimally invasive techniques in patients with less severe 
pathology.

POSTOPERATIVE CARE The patient is mobilized with-
out a brace beginning the morning after surgery. Paren-
teral and oral analgesics and muscle relaxers are given 
to facilitate rest and mobilization. Generally patients are 
independent with activity and can be discharged the sec-
ond or third postoperative day with open techniques and 
somewhat sooner with minimally invasive methods.
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FIGURE 40.14 Gill-Manning-White laminectomy for decompression. SEE TECHNIQUE 40.3.
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L5-S1 ANTERIOR LUMBAR INTERBODY 
FUSION
There are certain advantages to ALIF, particularly for 
high-grade spondylolisthesis, because of the soft-tis-
sue release than can be obtained to allow reduction; 
however, this usually is not the first choice for treat-
ment of low-grade isthmic spondylolisthesis. The two 
general circumstances in which this technique is most 
commonly used are (1) patients appropriate for postero-
lateral in situ fusion with prohibitively small transverse 
processes and (2) as a salvage procedure in patients 
who had an in situ PLF but developed a nonunion. In 
the first instance, supplemental posterior instrumenta-
tion normally is used, as well as the anterior surgery, to 
restore the posterior tension band. In the second case, 
the anterior procedure should be done before the previ-
ously placed posterior instrumentation has failed. This 
approach is often done with the assistance of an expe-
rienced approach surgeon. The risks of the approach 
need to be clearly discussed with the patient, particu-
larly the risk of retrograde ejaculation in young male 
patients, as well as other risks. 

 TECHNIQUE 40.4 

 n  Position the patient supine on a radiolucent table, such 
as the OSI flat top. After induction of anesthesia, fold 
the patient’s arms across the chest on pillows and secure 
them in place. Place a pillow behind the knees to flex the 
hips and knees slightly.

 n  Apply pneumatic compressive devices and affix an O2 
saturation monitor to the left great toe.

 n  Place a bolster under the patient at the lumbosacral junc-
tion; this can be an inflatable pressure bag or rolled tow-
els.

 n  Sterilely prepare and drape the infraumbilical area and 
administer prophylactic antibiotics. Complete the intra-
operative “Time Out.”

 n  Image the operative level fluoroscopically and determine 
the level of the incision.

 n  Make a low transverse incision down to the rectus sheath. 
Open the rectus sheath and mobilize the left rectus mus-
cle toward the midline.

 n  Open the posterior sheath distal to the arcuate line and 
enter the preperitoneal space. Mobilize the peritoneal 
contents to the patient’s right.

 n  After the ureter has been positively identified, set 
up a table-mounted retractor with several retractor 
blades.

 n  Identify the aortic bifurcation and carefully expose the 
anterior spine. Usually the aortic bifurcation is located 
at the L4 disc level, but this is variable and a fluoro-
scopic lateral view is used to definitively confirm the 
level.

 n  When the L5 disc level is located caudal to the bifurcation, 
divide the middle lumbar vessels and mobilize the left iliac 
vein and artery to the left.

 n  The dissection at the level of the disc space should be 
done gently and without the use of electrocautery, only 
bipolar cautery. The oxygen sensor on the hallux allows 
monitoring of the level of retraction on the artery.

 n  Once the disc is sufficiently exposed, make a wide an-
nulotomy and carry out the disc excision with curets and 
Kerrison rongeurs.

 n  Use lateral image intensifier views as the posterior disc 
preparation is completed, which can be taken back all 
the way to the posterior longitudinal ligament. The most 
common error is inadequate posterior release.

 n  If the sacrum is rounded, use an osteotome to reshape it 
to provide a flat surface for the interbody device. A variety 
of cage devices are available, including titanium cages 
and mesh cylinders, PEEK devices with fixation capabili-
ties, femoral allograft bone, and carbon fiber implants. 
The commercially available systems have trial sizes with 
varying degrees of lordosis. Determine the optimal size 
and footprint. Usually by this point the spondylolisthesis 
has been substantially if not completely reduced.

 n  To obtain a fusion, harvest autograft bone or use BMP 
to fill the chamber within the implant. Take care if BMP 
is placed posteriorly and the annulus has been violated 
because bone can form in the canal or BMP-induced ra-
diculitis may affect the nerve root.

 n  Once the interbody device is implanted (Fig. 40.15), close 
the wound in the usual fashion.

This same technique can be used at the L4 disc level 
or L3. Exposure at the L4 level is often difficult and usu-
ally requires sacrifice of the iliolumbar vein, which ascends 
from the left common iliac vein and must be identified 
and divided before the vein can be sufficiently mobilized. 
Excess traction on the iliac veins also can lead to deep 
venous thrombosis in the postoperative period.

POSTOPERATIVE CARE The patient is allowed a clear 
liquid diet the next day, and mobilization is started on 
the first postoperative day, usually without a brace. Pa-
tients usually can be discharged home the second or third 
postoperative day. If aggressive disc space mobilization 
was needed, these patients usually complain of significant 
lumbar pain when ambulation is initiated.
   

DEGENERATIVE 
SPONDYLOLISTHESIS
Degenerative spondylolisthesis is the most common form 
of spondylolisthesis seen in adults. It is more homoge-
neous with respect to pathoanatomy than the acquired 
lytic type because there usually is no contributory con-
genital or developmental dysplasia. Degenerative spon-
dylolisthesis is most frequent in women over the age of 
50 years, especially those of African descent, and typically 
occurs at the L4-L5 level. It is believed to result from the 
degenerative cascade, as originally described by Kirkaldy-
Willis. The L4-L5 level is affected six times more often 
than other levels, and spondylolisthesis is four times more 
likely above a sacralized L5 segment. Degenerative spon-
dylolisthesis is present in 10% of women over 60 years of 
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age, many of whom are asymptomatic. Diabetes has been 
present in a disproportionate number of study patients, 
and Imada et al. found that patients who had undergone 
oophorectomy had a three times greater rate of degen-
erative spondylolisthesis than did patients who had not 
undergone oophorectomy.

PATHOPHYSIOLOGY
Degenerative spondylolisthesis is differentiated from isth-
mic spondylolisthesis by the presence of an intact pars 

(Fig. 40.16). Because the arch is intact and moves for-
ward with the L4 vertebral body, progressive spinal steno-
sis occurs in addition to facet degenerative changes. The 
true deformity of degenerative spondylolisthesis does not 
seem to be pure translation, but rather a rotary deformity 
that may distort the dura and its contents and exagger-
ate the appearance of spinal stenosis. Existing theories to 
explain the development of degenerative spondylolisthesis 
include the primary occurrence of sagittal facets and disc 
degeneration, with secondary facet changes accounting 

 

A B

FIGURE 40.15 Ferguson (A) and lateral spot view (B) of anterior lumbar interbody fusion. SEE 
TECHNIQUE 40.4.
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FIGURE 40.16 Degenerative spondylolisthesis at L4-L5. Degenerative spondylolisthesis can be 
differentiated from isthmic spondylolisthesis by the presence of an intact pars.
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for anterolisthesis. The sagittal facet theory suggests a 
predilection for slippage because of facet orientation that 
does not resist anterior translation forces and, over time, 
results in degenerative spondylolisthesis. The disc degen-
erative theory proposes that the disc narrows first, and 
subsequent overloading of the facets results in accelerated 
arthritic changes, secondary remodeling, and anterolisthe-
sis. Facet arthritic changes seem to be more severe than 
disc space narrowing, with the most advanced anterolis-
thesis present when disc narrowing is more pronounced. 
A continuum seems to exist as degeneration progresses. 
In addition, facets that are aligned in a more sagittal ori-
entation provide less stability at the involved level, but 
whether these changes result from chronic instability or 
from a primary anatomic variant is debatable. Boden et al. 
showed that sagittal facet angles of more than 45 degrees 
at L4-L5 predicted a 25 times greater likelihood of degen-
erative spondylolisthesis. Despite the increased frequency 
of degenerative spondylolisthesis in women, there seems 
to be no sex-specific difference in facet orientation, which 
calls into question the theory that sagittal facet joints are 
a primary cause of degenerative spondylolisthesis. Sagittal 
facet orientation has been correlated with disc space nar-
rowing, suggesting that disc narrowing increases load-
ing of the facet, resulting in secondary facet changes. 
Regardless of the exact nature of the first inciting event, 
this instability causes facet arthritis, disc degeneration, 
and ligamentous hypertrophy, which all contribute to pro-
duce symptoms. Facet orientation may be part of the con-
sideration of potential instability when evaluating a patient 
for surgery, especially decompression alone.

Most of the literature describing natural history concerns 
spinal stenosis rather than degenerative spondylolisthesis. 
Matsunaga et al. reported that in 145 patients examined annu-
ally for a minimum of 10 years, progressive spondylolisthesis 
occurred in 34% and further disc space narrowing continued 
in the patients without further slip. Patients with disc space 
narrowing, spur formation, and ligamentous ossification did 
not develop an increased amount of slip. There was no cor-
relation between radiographic findings and a patient’s clinical 
picture. Low back pain improved in patients with continued 
disc space narrowing, which may imply autostabilization. Of 
the 145 patients, 76% remained without neurologic deficits; 
however, 83% of patients with neurologic symptoms, includ-
ing claudication and vesicorectal disorder, experienced a 
deterioration in their disorder and had a poor prognosis. This 
finding is in agreement with an earlier study by Matsunaga 
et al., which showed that, over 60 to 176 months, progressive 
slipping occurred in 30% of patients without significant effect 
on clinical outcome. A more recent prospective study with 
a cohort of 160 patients by Cushnie et al. found that over 5 
years only 32% had slip progression. Many patients improved 
over a 5-year period with regard to ODI and SF-12 Physical 
Health Composite scores, even in those with slip progression. 
However, back pain improved only in the group without slip 
progression. 

NONOPERATIVE TREATMENT
The symptoms attributed to degenerative spondylolisthe-
sis tend to be stable over time or progress rather slowly. The 
typical complaints related to degenerative spondylolisthe-
sis include lower back pain and lower extremity pain and 

weakness that are claudicatory in nature, meaning they prog-
ress in severity and distribution in a dermatomal pattern 
with ambulation and standing. The neurologic symptoms are 
related to spinal stenosis, which may exist not only at the level 
of the spondylolisthesis but at other degenerative levels.

The back pain may respond to physical therapy for 
core strengthening with avoidance of extension exercises, 
although there is no clear optimal regimen. Aerobic condi-
tioning also has a role in reducing symptoms and maintaining 
cardiac fitness. Activities such as stationary bike, swimming, 
elliptical machines, and walking as tolerated are all reason-
able to try. Antiinflammatory drugs also are helpful for some 
patients. All of these measures must be used over the long 
term because of the chronic nature of this problem. Due to 
the chronic nature of this process opioids should be used 
judiciously if at all. Most patients remain stable with regard 
to symptoms over long periods, with intermittent periods of 
exacerbation and do not need surgery.

Adogwa et  al. reviewed a large insurance database to 
evaluate the costs of nonoperative care in a group of 4133 
patients who ultimately had spinal fusion for degenera-
tive spondylolisthesis. They did not include an analysis of 
these costs for patients with degenerative spondylolisthesis 
who did not have subsequent surgery. They found that 67% 
used nonsteroidal antiinflammatory drugs (NSAIDs), 84% 
used opioids, 66% had lumbar epidural steroid injections, 
67% had at least one physical therapy session, 21% had 
emergency department visit, and 25% received chiroprac-
tic care. The average cost of care per patient in the study 
was $2177. The use of opioids doubled relative to a similar 
earlier study by the same authors.

For patients with worsening symptoms, 12 weeks of 
directed treatment is reasonable before recommending 
operative intervention unless the patient develops a progres-
sive neurologic deficit. Patients with neurologic symptoms, 
particularly radiculopathy or neurogenic claudication, may 
benefit from epidural steroid injections, although the ben-
efit may only be temporary. No literature exists to support 
the use of a series of two or three epidural steroid injections 
unless symptoms improve partially after the first injection. 
If the first injection is done without fluoroscopy and is inef-
fective, a second injection can be done with fluoroscopy 
to ensure proper placement and dispersion of the steroid. 
Further injections are not warranted if there is not a favorable 
response after a single well-placed injection. There is some 
evidence that response to injections can be used to diagnos-
tically confirm the anatomic origin of the symptoms (when 
done under fluoroscopy) and that the short-term response to 
injections may correlate well with operative outcomes. If epi-
dural steroid injection is successful, physical therapy should 
be instituted.

A level II study by Passias et al. evaluated patient cross-
over from the nonoperative arm to the operative arm of the 
Spine Patient Outcomes Research Trial (SPORT) study for 
degenerative spondylolisthesis and stenosis. They found that 
the decision by patients to cross over and have surgery was 
influenced by the severity of their symptoms measured by 
ODI, but also by their age, attitude toward surgery, marital 
status, and absence of other major joint pathology. Factors 
that did not correlate with choosing surgery included levels 
of stenosis, radiographic severity of stenosis, and neurologic 
deficits. 
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OPERATIVE TREATMENT AND OUTCOMES
The decision to consider operative treatment is based pri-
marily on the degree of disability and the severity of pain 
experienced by the patient. If the symptoms significantly 
limit the patient’s necessary activities or those the patient 
enjoys, even after a reasonable trial of nonoperative care, 
operative treatment should be considered. Only 10% to 
15% of patients with degenerative spondylolisthesis require 
surgery. In general, patients complaining primarily of neu-
rogenic claudication or radiculopathy tend to have more 
improvement than those experiencing primarily axial low 
back pain. This is because many of the patients with primar-
ily axial pain have degenerative levels other than the spondy-
lolisthetic level contributing to their symptoms. The SPORT 
study demonstrated a significant benefit for patients with 
degenerative spondylolisthesis treated with decompression 
and fusion (type of fusion was not controlled) at the 2- and 
4-year time frame compared with nonoperatively treated 
patients. This prospective, randomized, multicenter study 
has provided the highest level of evidence to date supporting 
the benefit of operative treatment in this group of patients. 
In a study by Golinvaux et  al., the SPORT findings were 
determined to be generalizable to a larger group of patients 
in the National Surgical Quality Improvement Program 
(NSQIP) database. Additional economic studies have found 
the cost per QALY for operative treatment of degenerative 
spondylolisthesis to be $64,000 per QALY at 4 years, which 
is substantially less than the cost at 2 years. Multiple studies 
have found patient satisfaction rates of 85% to 90% in the 
operatively treated patients, with successful fusion being a 
key factor. In addition, Schulte et al. found “good” evidence 
in a literature review that operative treatment for degenera-
tive spondylolisthesis is superior to nonoperative treatment 
in appropriately selected patients.

Hendrickson et  al., in a literature review of operative 
treatment for degenerative spondylolisthesis, found that there 
is level II evidence showing sustained superior outcomes after 
decompressive surgical procedures with regard to pain, physi-
cal function, and disability compared with nonoperative treat-
ment. Almost 95% of patients in the United States have spinal 
fusion at the time of decompression for degenerative spondy-
lolisthesis, most with instrumentation. Numerous studies have 
documented improved outcomes with fusion, beginning with 
Herkowitz and Kurz. Instrumentation increases fusion rates, 
which have been correlated with better patient outcomes. 
Instrumentation also increases costs and length of hospital 
stay. There is no high-level evidence indicating which patients 
should or should not have fusion at the time of decompres-
sion. Likewise, there is no high-level evidence indicating an 
optimal technique of arthrodesis. An 8-year subgroup analy-
sis of the SPORT study by Gerling et al. found that patients 
who had reoperations were significantly more likely to have 
had an uninstrumented fusion rather than with instrumen-
tation. A study by Ikuta et al. suggests that improvement in 
lumbopelvic parameters, such as pelvic incidence and lumbar 
lordosis mismatch and SVA may be important in relieving 
back pain symptoms in these patients.

A more recent classification for degenerative spondy-
lolisthesis has been proposed to replace the Meyerding sys-
tem. The rationale for the new system, termed the Clinical 
and Radiographic Degenerative Spondylolisthesis classi-
fication (CARDS), has to do with varied and sometimes 
conflicting results of studies of this group of patients. Most 
patients with degenerative spondylolisthesis are Meyerding 
class I or II, and further description of these patients is 
not possible with the Meyerding system. The CARDS 
system classifies patients into four categories based on 
degree of slip, disc height, and kyphosis (Fig. 40.17). Type 

 

Type A: Collapse of disc space
with bony apposition. Lumbar
lordosis is preserved

Type B: Partial preservation
of disc space with ≤ 5mm of
translation

Type C: Partial preservation
of disc space with > 5mm of
translation

Type D: Kyphotic alignment
of L4-5

FIGURE 40.17 Clinical and Radiographic Degenerative Spondylolisthesis (CARDS) classification. 
(From Sobol GL, Hilibrand A, Davis A, et al: Reliability and clinical utility of the CARDS classification 
for degenerative spondylolisthesis, Clin Spine Surg 31:E69, 2018.)
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A is “bone-on-bone” apposition, which can be symmetric 
through the disc space or just the posterior endplates in 
contact. Type B is defined as partial disc space preserva-
tion with less than 5 mm of translation on all lateral views, 
including flexion/extension views. Type C has partial disc 
preservation with more than 5 mm of translation on any 
lateral view, and type D has kyphotic alignment on at least 
one lateral view. The description of the system by Sobol 
et al. showed clinical differences in the different types and 
reasonable interobserver reliability of the classification. 
The clinical utility remains to be determined. 

OPERATIVE PLANNING
There should be an awareness that other pathologies can 
mimic or overlap the signs and symptoms of degenerative 
spondylolisthesis and the associated spinal stenosis. Primary 
among these conditions are vascular claudication, degen-
erative hip arthritis, and peripheral neuropathy. If the his-
tory and physical examination findings are inconsistent with 
degenerative spondylolisthesis, evaluation for these problems 
should be considered. At a minimum hip range of motion and 
irritability should be evaluated as well as peripheral pulses in 
the feet and proprioception.

Once the decision to recommend operative treatment 
has been made, a determination as to what type of opera-
tion is most appropriate for an individual patient also must 
be made. Given the findings of Hendrickson et al. just cited, a 
least aggressive surgical approach is appropriate, with regard 
to the type of surgery selected. This determination is based 
on the patient’s primary complaints and imaging findings. 
Standing lateral, seated or standing flexion/extension laterals, 
and anteroposterior radiographs are imperative because 15% 
of deformities spontaneously reduce on supine imaging such 

as an MRI (Fig. 40.18). Instability is considered to be present 
when 4 mm of translation or 10 degrees of sagittal rotation 
greater than the adjacent level is identified. Disc space nar-
rowing indicates degenerative changes. Upright flexion-exten-
sion lateral views may reveal translational motion, indicating 
a more unstable motion segment. The Ferguson anteropos-
terior view shows any significant degenerative changes in 
the lumbosacral joint and allows a better view of the trans-
verse processes of L5. Hypoplastic transverse processes also 
should prompt consideration for interbody fusion because of 
the paucity of bony substrate for fusion, especially for lum-
bosacral fusions. Dynamically unstable spondylolisthesis also 
may benefit from interbody fusions that improve stability 
through annular tension and decrease shear stress on poste-
rior instrumentation by sharing load through the disc space. 
The presence of retrolisthesis, scoliosis, or lateral listhesis also 
should be noted. In addition to plain radiographs, advanced 
neuroimaging is necessary to appropriately evaluate these 
patients. MRI generally is satisfactory, but a significant subset 
of patients cannot have an MRI because of the presence of a 
pacemaker or cardiac stents for example. In this case, lum-
bar myelography and post-myelogram high-resolution CT 
scans are quite satisfactory and often demonstrate the bony 
pathology better than MRI. Post-myelogram CT scans do not 
show pathology as well in the mid and lateral foramen because 
the subarachnoid space is not present out to the dorsal root 
ganglion and, thus, there is no contrast present in this area. 
Intraforaminal stenosis is relatively common, affecting the L4 
nerve root, which is compressed against the inferior aspect of 
the L4 pedicle by annulus from a pseudoherniation due to the 
spondylolisthesis. The most severe stenosis usually is located 
at the level of the spondylolisthesis, but the entire course of 
each symptomatic nerve root must be thoroughly assessed. 

 

A B

FIGURE 40.18 Evaluation of instability in degenerative spondylolisthesis. A, L3-L4 spondylo-
listhesis appears reduced on supine MRI. B, L3-L4 spondylolisthesis is visible on standing lateral 
radiographic spot view.
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Usually the L5 root is compressed in the L4-L5 lateral recess, 
but there may be other pathology, such as a synovial cyst or 
disc herniation, affecting the same root or a different root 
level. The presence of a facet joint effusion more than 2 mm in 
width is highly suggestive of instability at that level and should 
prompt close inspection of the upright dynamic radiographs. 
As noted previously Snoddy et al. found a 42% probability of 
dynamic instability for each 1 mm of facet join effusion.

The most common procedure performed for degenerative 
spondylolisthesis is bilateral decompression and fusion. We typi-
cally use an interbody technique with instrumentation. A meta-
analysis evaluating patients with degenerative spondylolisthesis 
treated with decompression alone or decompression with PLF, 
with or without instrumentation, found similar fusion rates (93% 
and 86%) and satisfaction rates (86% and 90%) with or without 
instrumentation. The nonfused group had a 69% satisfaction 
rate and 31% had slip progression. Other studies have found that 
patients with a solid fusion have better clinical outcomes than 
those who develop nonunions. Instrumentation and interbody 
stabilization both have been found to improve fusion rates but 
also to increase cost and potential risk. In a longitudinal study 
with minimum 10-year follow-up after PLIF, Okuda et al. found 
the rates of radiographic adjacent segment degeneration (ASD), 
symptomatic ASD, and operative ASD to be 75%, 31%, and 15%, 
respectively. Conversely, several studies, including a random-
ized controlled trial by Ghogawala et  al. comparing laminec-
tomy to PLF with instrumentation, found that 34% of patients 
with decompression only required reoperation within 4 years 
compared with 14% of those with fusion. They also found more 
improvement in the SF-36 physical component score at each 
time interval in the fusion group compared with the laminec-
tomy group. A systematic review of articles comparing interbody 
fusion and instrumented PLF by McAnany et al. found no sig-
nificant differences in outcomes, fusion rates, or other measures. 
Only length of hospital stay was different between the groups, 
with PLF being favored. Other studies with longer follow-up 
showed a slight benefit for interbody fusion, but patient numbers 
are too small to make any definitive conclusions.

The operative procedure chosen should aim to correct 
the identified sources of symptoms, not merely radiographic 
abnormalities. Fusion generally is recommended at the level of 
the spondylolisthesis but usually is not necessary at other ste-
notic levels without instability. These levels can be treated with 
decompression without fusion. Many patients with degenera-
tive spondylolisthesis at the L4-L5 level have some degenera-
tive disc changes at the L5-S1 disc level as well. There remains 
some controversy of how best to manage the L5 degenerative 
disc changes in the absence of instability at that level. Choi 
et al. in a retrospective study found that the presence of L5 disc 
degeneration which was not treated at the time of L4-L5 ante-
rior fusion with posterior instrumentation did not affect the 
clinical or radiographic outcome. Although fusion for axial pain 
attributable only to degenerative change is very controversial 
and not well supported in the literature, fusion in the setting of 
instability is much more accepted and there is substantial lit-
erature support. The fusion can be done posterolaterally, with 
or without instrumentation. Fusions with interbody implants 
(PLIF or TLIF) are commonly used to treat patients with degen-
erative spondylolisthesis. Less commonly, anterior fusions are 
performed in this patient population. There is, however, also 
evidence to support decompression alone for the treatment of 
degenerative spondylolisthesis. Decompression alone can be the 

most appropriate procedure in some elderly patients or those 
with significant comorbidities who may not tolerate the added 
morbidity of a fusion, especially with instrumentation. Kim and 
Mortaz showed that decompression alone in patients with leg 
pain predominantly and no dynamic instability is significantly 
more cost-effective than instrumented fusion. Minimally inva-
sive decompression does not appear inferior to open decom-
pression in most studies. There are no recent high-level studies 
comparing minimally invasive decompression to open laminec-
tomy in degenerative spondylolisthesis.

The procedure we use most often for degenerative spon-
dylolisthesis is posterior decompression and fusion with inter-
body support and instrumentation which can be combined 
with a PLF. The primary advantage of this approach is that it 
allows optimal decompression and has a higher fusion rate 
than posterolateral instrumented fusion or interbody fusion 
alone. Higher fusion rates in general correlate with better 
patient outcomes. One potential drawback of this approach 
is that biomechanically the interbody fusion increases the 
stiffness of the fused segment and this may increase the rate 
of ASD. Minimally invasive posterior decompression and 
fusion techniques are described in Chapter 39. ALIF is less 
commonly used as a first choice in treating degenerative 
spondylolisthesis because of the need for direct decompres-
sion in almost all of these patients. For patients with previous 
adequate decompression and persistent instability or failed 
PLF, ALIF can be a reasonable option (see Technique 40.4). 

 

LUMBAR DECOMPRESSION

 TECHNIQUE 40.5 

 n  Position the patient, prepare and drape the operative 
area, and administer prophylactic antibiotics as described 
in Technique 40.1. Keeping the hips relatively extended is 
important to simulate the anatomy in the standing posi-
tion to allow adequate assessment of the decompression. 
If a frame is used that flexes the lumbar spine to open the 
interlaminar space, this must be taken into account to 
avoid an inadequate decompression. Complete the intra-
operative “Time Out.”

 n  Make a midline incision centered at the level to be decom-
pressed.

 n  Carry dissection down to the fascia and obtain a localiza-
tion image with a clamp affixed to the spinous process 
to confirm the level. Mark this spinous process with a 
rongeur.

 n  Use Cobb elevators and electrocautery to subperiosteally 
expose the spinous processes and laminae of the levels to 
be decompressed bilaterally, taking care to preserve the 
facet capsule at each level.

 n  Expose the pars interarticularis so it is fully visible to avoid 
inadvertent excessive thinning of the pars, predisposing 
to pars fracture in the postoperative period.

 n  For a complete laminectomy, use a rongeur to remove the 
entire spinous process of the laminectomy level and the 
caudal one third of the cephalad level. For L4-L5 decom-
pression this would mean removal of the caudal portion 
of L3 and the entire spinous process of L4. This will allow 
adequate access to the L4 and the L5 nerve roots.
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L3

L4

L5

FIGURE 40.19 Typical midline decompression for spinal stenosis. 
Note medial facetectomy and foraminotomy with preservation of 
the pars. Decompression is from inferior border of L3 pedicle to 
superior border of L5 pedicle, exposing both lateral borders of dura 
in lateral recess. SEE TECHNIQUE 40.5.

 FIGURE 40.20 Decompression completed under microscopic 
magnification. SEE TECHNIQUE 40.5.

 n  Once the bone at the base of the spinous process has 
been thinned with the rongeur or with the use of a high-
speed burr, identify the midline cleft in the ligamentum 
flavum.

 n  Use a small curet to detach the ligamentum flavum from 
the caudal margin of the cephalad (L4) level. Use of the 
operating microscope or loupe magnification is very help-
ful.

 n  Remove the thinned lamina with a Kerrison rongeur pro-
ceeding from caudal to cephalad to have better protec-
tion of the dura by the ligamentum flavum.

 n  Carry the decompression up to the caudal margin of the 
L3 lamina, focusing initially on the central canal stenosis.

 n  Once the central decompression is complete, turn atten-
tion to the lateral recess and foraminal stenosis as demon-
strated by the imaging studies. It generally is easier for the 
surgeon to work on the side of the patient opposite the 
side on which he or she is standing. This allows Kerrison 
placement parallel with the course of the nerve root.

 n  With the dura gently retracted with a Penfield #4 dissec-
tor, undercut the medial portion of the L3 inferior facet 
with a Kerrison rongeur. Identify the L4 nerve root and 
follow it into the foramen.

 n  Complete the foraminotomy with curets and Kerrison 
rongeurs such that a Murphy ball hook can pass easily 
between the root and the inferior aspect of the pedicle 
(ensuring an adequate cephalocaudal dimension) and 
posterior to the root ventral to the L4 pars (ensuring an 
adequate anteroposterior dimension) (Fig. 40.19).

 n  Pay careful attention to the amount of bony removal from 
the L4 pars so as not to risk fracture.

 n  After the L3 medial facetectomy and L4 foraminotomy are 
complete, decompress the L5 root in the L4-L5 lateral re-
cess. Again, gently retract the dura and remove the osteo-
phyte extending from the medial aspect of the L5 superior 
articular mass and ligamentum flavum. Remove the bone 
to the level of the medial aspect of the L5 pedicle, which 
marks the lateral extent of the canal. Complete the forami-
notomy at the L5 level as described above for the L4 root.

 n  At this point the decompression is complete. If it was nec-
essary to perform a complete facetectomy or if extensive 
bone removal was needed to adequately decompress the 
L4 nerve root, a fusion should be added.

 n  An alternative technique is a laminoforaminotomy (Fig. 
40.20), which can be unilateral or bilateral. Achieving an 
adequate decompression is the primary goal, and usually 
this can be accomplished without a complete laminectomy.

 n  After achieving thorough hemostasis, irrigate the wound 
and close it over a fluted drain because of the exposed 
dura. Close the fascia to the spinous process where pos-
sible to better restore the normal resting length of the 
paraspinal musculature. Close the subcutaneous and sub-
cuticular layers.

POSTOPERATIVE CARE Patients are started on oral 
analgesics and scheduled muscle relaxers. Mobilization is 
started either the evening of surgery or the next morning. 
Most patients are independent with mobility and can be 
discharged home the same day or at least by the second 
postoperative day.
   

 

LUMBAR DECOMPRESSION AND 
POSTEROLATERAL FUSION WITH OR 
WITHOUT INSTRUMENTATION

 TECHNIQUE 40.6 

 n  Position the patient, prepare and drape the operative 
area, and carry out preoperative tasks as described in 
Technique 40.1.
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 n  Make a midline incision centered at the level to be decom-
pressed.

 n  Carry dissection down to the fascia and obtain a localiza-
tion image with a clamp affixed to the spinous process 
to confirm the level. Mark this spinous process with a 
rongeur.

 n  Use Cobb elevators and electrocautery to subperiosteally 
expose the spinous processes and laminae of the levels to 
be decompressed bilaterally, taking care to preserve the 
facet capsule at the cephalad level (L3-L4) level that is not 
to be fused.

 n  Use a Cobb elevator to sweep the musculature off the 
capsule and carry the exposure down the lateral aspect 
of the superior articular mass onto the transverse process 
which is fully exposed subperiosteally.

 n  At the caudal facet (L4-L5) level, remove the capsule and 
expose the transverse process.

 n  Expose the intertransverse membrane, taking care not to 
violate this membrane to avoid a hematoma or nerve in-
jury.

 n  Completely expose the transverse processes at both levels 
bilaterally.

 n  At this point, prepare the screw holes in the following 
manner if pedicle screw instrumentation is to be used. 
Use a bone awl to penetrate the cortex at the junction 
of the transverse process and the superior articular mass. 
It is often necessary to remove the laterally overhanging 
bone particularly at the caudal screw level in order to 
start medially enough. Advance a pedicle probe into the 
pedicle using fluoroscopic control. Use a sound to ensure 
there are no cortical breaches, although after the lami-
nectomy the pedicles can be inspected visually as well. 
After the screw holes are prepared, place cottonoids 
for hemostasis while the decompression is completed. 
Use fluoroscopy to facilitate advancement of the pedicle 
probe.

 n  Complete the laminectomy and foraminotomy as de-
scribed in Technique 40.5 and proceed with fusion.

 n  Decorticate the transverse process of L4 and L5, the lat-
eral surface of the articular masses, and the pars with a 
high-speed drill, and carefully pack bone graft into the 
lateral gutter. Use the local bone from the decompression 
to augment other graft material.

 n  In addition, decorticate the L4-L5 facet joint and pack it 
with bone.

 n  If instrumentation is to be used, insert the screws at each 
level after the bone graft is placed. Otherwise the screws 
make decortication and graft placement more difficult.

 n  Cut and contour the rods and secure them with set screws 
which are tightened to the manufacturer’s recommended 
torque. Take care to make sure the rods do not impinge 
on the cephalad joint.

 n  After achieving thorough hemostasis, irrigate the wound 
and close it over a fluted drain because of the exposed 
dura. Close the fascia to the spinous process where pos-
sible to better restore the normal resting length of the 
paraspinal musculature. Close the subcutaneous and sub-
cuticular layers.

POSTOPERATIVE CARE Patients are started on oral an-
algesics and scheduled muscle relaxers. A single dose of 
5 mg epidural preservative-free morphine gives excellent 

postoperative pain relief but does require close monitoring 
for respiratory depression postoperatively. Mobilization is 
started the next morning. Most patients are independent 
with mobility and can be discharged home by the third 
postoperative day.
   

 

LUMBAR DECOMPRESSION AND 
COMBINED POSTEROLATERAL AND 
INTERBODY FUSION (TLIF OR PLIF)
The preferred procedure for treating degenerative spondy-
lolisthesis is PLF combined with TLIF.

 TECHNIQUE 40.7 

 n  Patient positioning, approach, decompression, and place-
ment of screw holes are as described in Technique 40.6. 
Complete the tranexamic acid loading dose and begin 
the infusion. The usual loading dose is 20 mg/kg, and the 
infusion is 2 mg/kg/hr.

 n  Place the interbody device from the side with the most 
severe nerve root compression and patient complaints. 
Thin the inferior facet on the selected side with a rongeur 
and keep the bone for later use.

 n  Use a small curet to detach the ligamentum flavum from 
the caudal lamina and remove the remaining inferior facet 
(of L4) and pars unilaterally with a Kerrison rongeur; pre-
serve the bone for later use.

 n  Using the operating microscope, identify the exiting L4 root 
and decompress it to the lateral aspect of the foramen.

 n  Use a large rongeur to remove the cephalad 50% of the 
L5 superior articular mass to allow the desired transfo-
raminal trajectory for insertion of the interbody device.

 n  Decompress the L5 nerve root to the medial border of 
the L5 pedicle and into the L5 foramen so that a Murphy 
ball hook will pass cephalad and posterior to the L5 root, 
indicating satisfactory decompression.

 n  Contralateral decompression is done at this point if de-
sired. In some patients the indirect decompression from 
the interbody device placement will be sufficient.

 n  Next, prepare the disc space. Coagulate the epidural veins 
crossing the disc space with bipolar cautery. Once they 
begin to bleed they are harder to control.

 n  Incise the annulus in the axilla of the L4 nerve root and ex-
tending into the foramen, retracting the thecal sac slightly 
medially and the L4 root laterally. Extend the annulotomy 
laterally to the lateral edge of the pedicle.

 n  Introduce disc reamer distractors into the disc space, 
monitoring the depth of penetration on lateral fluoro-
scopic views.

 n  Use ring and cup curets to scrape the endplates after the de-
sired implant height is determined with the reamer distractor.

 n  Complete careful disc removal to prepare the disc space 
and to mobilize the segment.

 n  Once the endplates are prepared, thoroughly irrigate the 
disc space to remove any residual soft tissue.

 n  Pack allograft cancellous bone against the anterior annu-
lus and morselized local autograft bone behind this. This 
allograft cancellous bone is submerged in antibiotic irriga-
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tion solution at the beginning of the case and maintained 
there until implantation. This has decreased deep wound 
infections postoperatively associated with allograft bone 
usage.

 n  Take care to leave adequate space to allow placement of 
the interbody device no more posteriorly than the anterior 
25% of the disc space so lordosis can be achieved. The 
goals of interbody spacer device placement are to restore 
disc height and improve alignment with sufficient lordosis 
through the segment. Biomechanically coverage of 35% 
of the endplate is desirable for stability. We prefer a single 
cage device packed with local autograft placed just ante-
rior to the midbody. The subchondral bone is strongest 
around the perimeter of the endplate and weakest cen-
trally, increasing the risk of cage subsidence if the device 
is too small or only centrally located.

 n  Once the device is transversely positioned, expand it to 
the predetermined height if an expandable device is used; 
verify device position with orthogonal fluoroscopic views.

 n  To proceed with the fusion, decorticate the transverse 
process of L4 and L5, the lateral surface of the articular 
mass, and the pars opposite the TLIF with a high-speed 
drill, and carefully pack bone graft into the lateral gutter.

 n  Decorticate the remaining L4-L5 facet joint and pack with 
bone.

 n  Insert pedicle screws at each level after the bone graft 
is placed. Otherwise the screws make decortication and 
graft placement more difficult. Verify the position of each 
screw fluoroscopically.

 n  Cut and contour the rods and secure them with set screws 
which are tightened to the manufacturer’s recommended 
torque. Take care to make sure the rods do not impinge 
on the cephalad joint.

 n  After achieving thorough hemostasis, irrigate the wound 
and close it over a fluted drain because of the exposed 
dura. Close the fascia to the spinous process where pos-
sible to better restore the normal resting length of the 
paraspinal musculature. Close the subcutaneous and sub-
cuticular layers. Administer a second dose of tranexamic 
acid as wound closure is begun.

POSTOPERATIVE CARE Postoperative management is 
the same as after Technique 40.6.
  

PERIOPERATIVE MANAGEMENT 
AND COMPLICATIONS
PREOPERATIVE MANAGEMENT
The best way to manage complications is to avoid them wher-
ever possible. This begins with an understanding of the risks 
associated with a particular surgical technique and the particu-
lar needs and pathology of a given patient. Having a candid 
preoperative discussion with the patient and his or her fam-
ily about the specific and relative risks of different treatment 
options is an important step in limiting the risks of compli-
cations that are most unacceptable to that patient. A detailed 
description of potential procedures should be provided to the 
patient in lay terms. Additionally, printed material or a list of 
web sites, such as those sponsored by the American Academy 

of Orthopaedic Surgeons, the Scoliosis Research Society, and 
the Pediatric Orthopaedic Society of North America, with reli-
able patient information is helpful. The surgeon should discuss 
any planned “off label” uses of implants and disclose any finan-
cial benefit from industry that may be derived from the proce-
dure. In this way, the patient can make an informed decision as 
to his or her choice of procedure.

The surgeon also should carefully evaluate the patient 
and document any medical conditions or circumstances that 
may increase the risk of complications. A careful neurologic 
examination to detect even subtle abnormalities that may 
indicate a greater risk of nerve root injury during or after sur-
gery should be documented. If the patient has a history of 
diabetes, prior deep vein thrombosis, previous surgical infec-
tion, or osteoporosis, or is a current nicotine user, this should 
be documented and addressed preoperatively to enhance 
postoperative results. In adult patients, particularly those 
with degenerative spondylolisthesis, assessment of vitamin 
D levels preoperatively and correction where indicated are 
warranted. Diabetic patients should have HgA1c corrected 
to less than 0.4. All nicotine exposure should be eliminated 
before any fusion procedure. Baseline information should 
be obtained from the patient using the patient-reported out-
come instrument to be used at follow-up. 

INTRAOPERATIVE MANAGEMENT
The surgical treatment of spondylolisthesis is complex, ranging 
from a single-level decompression to a combined anterior and 
posterior procedure involving direct deformity correction and 
instrumentation involving multiple levels. Intraoperatively, the 
surgeon can affect the risk of infection, excessive hemorrhage, 
deep vein thrombosis (DVT), neurologic deficits both in and 
out of the surgical field, and development of pseudarthrosis by 
the choices that are made and techniques used.

Some actions should be routine, such as careful patient 
positioning to decrease neurologic risk, administration of 
prophylactic antibiotics, administration of agents to decrease 
excessive bleeding, and use of appropriate neuromonitoring 
in selected cases. The use of careful and precise surgical tech-
niques also is important, including careful soft-tissue man-
agement, particularly in patients with significant dysplasia; 
bone graft bed preparation; type of bone graft selected; choice 
of implants; accurate instrumentation placement; and careful 
manipulations of the spine with the instrumentation.

The list of possible complications and the management 
of each is beyond the scope of this chapter. The most com-
mon complications after surgery for spondylolisthesis (of any 
etiology) are pseudarthrosis, instrumentation failure, neuro-
logic deficits, thromboembolism, and infection.

PSEUDARTHROSIS
The most frequent serious complication after surgery for 
spondylolisthesis in most series is pseudarthrosis, although 
infection is more common in some series. The development 
of pseudarthrosis is linked to other complications, such as 
progression of deformity and instrumentation failure as well. 
Eliminating nicotine use and correcting vitamin D defi-
ciency preoperatively have been shown to reduce the risk of 
pseudarthrosis in spinal fusion in general although not spe-
cifically in fusion for spondylolisthesis. Much of the spondy-
lolisthesis literature deals with children and adolescents, and 
these issues are likely most relevant to older patients with 
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degenerative spondylolisthesis. For large slip angles with 
sagittal imbalance and high-grade translational deformities, 
several studies have shown that correcting the segmental 
kyphosis appears to reduce the risk of pseudarthrosis more 
than reducing the translation. A finite analysis study by Chen 
et al. found that increased sacral slope caused higher loads 
on the posterior portion of the S1 screw. They also found that 
the S1 screw loads were higher in PLF than in PLIF. Careful 
preparation of the fusion bed (posteriorly and anteriorly) is 
important. The transverse processes should each have a sur-
face area of at least 2 cm2, and decorticating the pars (when 
present) and the lateral superior articular mass is necessary. 
There is good evidence that having adequate anterior column 
support is an important factor to reduce the risk of pseudar-
throsis, and usually this is accomplished with the use of an 
anteriorly placed graft or device, but this is not universally 
required.

The diagnosis of pseudarthrosis often is difficult unless 
there is obvious and rapid loss of fixation or progression 
of deformity, both of which necessitate early surgical cor-
rection. Persistent complaints of back pain beyond 4 to 6 
months, return of pain after initial resolution of back pain, 
worsening or new neurologic complaints, or persistent gait 
abnormality should prompt consideration of the diagno-
sis of pseudarthrosis. Evaluation involves standing plain 
radiographs, upright dynamic radiographs, and usually CT 
scans to try to detect the nonunion (Fig. 40.21). Generally, 
a pseudarthrosis is not diagnosed until a year after sur-
gery because of the slow nature of fusion consolidation and 
incorporation. Findings such as a persistent lucent line at 
the fusion site (best seen on sagittal and coronal CT recon-
structions) and visible motion on dynamic radiographs 
are most diagnostic. Findings such as broken hardware 
or lucencies around screws are suggestive but not always 

A

D E F

B C

FIGURE 40.21 Pseudarthrosis at L4-L5. A to C, Plain radiographs. D and E, Upright dynamic 
radiographs. F, CT scan.
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conclusive evidence of nonunion. In addition, it is impor-
tant to realize that the mere presence of a pseudarthrosis, 
even when diagnostically not in doubt, is not an indication 
for revision surgery. If symptoms warrant revision surgery, 
a careful assessment of the potential reason for failure of the 
index procedure is important. Making the effort to deter-
mine if the failure is, for example, host related, is a biome-
chanical failure caused by the construct chosen, or resulted 
from poor execution of an appropriate construct is war-
ranted to avoid the same outcome. 

NEUROLOGIC DEFICITS
The avoidance of neurologic deficits begins with patient posi-
tioning. Taking care to pad all bony prominences, particu-
larly the ulnar nerve at the elbow and the peroneal nerve at 
the knee, avoids palsies at these sites indirectly related to the 
surgery. In addition, keeping the knees flexed can decrease 
tension, particularly on the L5 root which is most at risk. The 
selective use of neuromonitoring, including motor evoked 
potentials, electromyography, somatosensory evoked poten-
tials, impedance testing of pedicle screws, and even direct 
nerve stimulation of the L5 root, can all be useful techniques. 
Any intraoperative change in neuromonitoring parameters 
should be promptly evaluated. Technical issues and those 
related to anesthesia should be assessed, and if no clear cause 
is evident, the surgeon should suspect an actual neurologic 
injury. The anatomy and applied forces should be evaluated, 
and distractive or translational forces should be decreased 
until there is no tension on any of the neural structures. 
Caution should be used when applying corrective forces, par-
ticularly if the maneuver will cause tension on the L5 root. A 
cadaver study demonstrated that in spondylolisthesis reduc-
tion only 21% of the nerve strain occurs with the first 50% 
of the reduction and the remaining 79% of the measured 
nerve strain occurs when the final 50% of the reduction is 
accomplished.

Neurologic deficits also can occur from dissection 
around compromised neural structures. Decompression of 
the L5 root in particular should be cautiously undertaken 
to remove the fibrocartilaginous tissue in the foramen. If a 
developmental dysplastic spondylolisthesis is being reduced, 
careful dissection to release the nerve all the way out to the 
ala is necessary.

Malpositioned hardware is another potential cause for 
neurologic deficits. The anatomy can be quite abnormal with 
dysplastic type deformities, and careful preoperative plan-
ning and intraoperative fluoroscopy, and potentially image 
guided navigation, can be helpful in achieving proper and 
safe implant placement.

With anterior exposures of the lower lumbar spine, 
there is a small risk of retrograde ejaculation attributed to 
autonomic nerve injury. If this approach is selected, some 
patients may want to use a sperm bank preoperatively. 
Intraoperatively, limiting the use of electrocautery and gen-
tly dissecting only the area needed to access the disc space 
reduces this risk.

Cauda equina syndrome can occur in the immediate 
postoperative period. This may be attributed to a hematoma, 
which should be immediately decompressed, and if the seg-
ment was not instrumented initially, it should be at that time. 

VASCULAR COMPLICATIONS
Preoperative positioning is important to decrease the risk of 
certain vascular complications. Postoperative blindness is a 
rare (1/60,000 to 1/100,000) post-anesthetic complication 
that occurs more often in spine surgery than in other types 
of orthopaedic surgery, particularly if the patient is prone. 
It seems to be related to hypotension with ischemia in the 
distribution of the central retinal artery. There is some evi-
dence that external pressure on the globe in the prone posi-
tion may contribute, but the evidence is unclear. In any case 
attention to the eyes in a prone patient is warranted.

Pressure can also be placed on the femoral artery by the 
pad at the level of the anterior superior iliac spine of a prone 
patient. Verifying the presence of the pedal pulses once the 
patient is prone will mitigate this risk.

Direct vascular injury can occur with anterior or pos-
terior spinal surgery. With anterior surgery, exposing and 
gaining control of the vascular injury are more direct. A vas-
cular injury occurring from a posterior procedure may not 
be immediately apparent if it is a venous or a small arterial 
injury. The type of injury may not be immediately apparent. 
After a period of time, the patient may show signs of hypovo-
lemia, and attention should move to urgent vascular repair.

Postoperative vascular complications occur primarily in the 
form of DVT and very rarely pulmonary embolism. In patients 
undergoing postoperative venography without mechanical pro-
phylaxis, some studies have reported a DVT rate of 10% to 15%, 
but this is decreased in similar studies using mechanical pro-
phylaxis to 0.3% to 2%. However, in a study by Yoshioka et al., 
patients undergoing posterior single-level interbody fusion had 
a 10% rate of DVT even with mechanical prophylaxis. 

INFECTION
An infection in a patient with spinal instrumentation in place 
is always a serious concern. Postoperative infections can man-
ifest in the first few days after surgery or months later. Several 
factors are associated with infections, such as blood loss and 
operative time, which can be surrogates for the complexity of 
the procedure. However, it is incumbent on the surgeon to 
have a well-conceived operative plan and execute it efficiently. 
Adequate control of serum glucose preoperatively (HgbA1c 
less than 7.4) and perioperatively has been shown to improve 
infection rates. If a patient develops a pseudarthrosis, the 
possibility of infection should be considered and appropri-
ately evaluated. In the immediate postoperative period, the 
presence of increasing pain, fever, wound drainage, wound 
erythema, or elevated C-reactive protein levels should raise 
suspicion of infection. The incidence of infection in the lit-
erature in instrumented lumbar spinal fusions is as high as 
21%. In our experience, the infection rate for one- and two-
level lumbar fusions with instrumentation should be less than 
1%. The most common organisms include Staphylococcus, 
both coagulase negative and positive, including methicillin-
resistant Staphylococcus aureus (MRSA), Escherichia coli, 
Pseudomonas, and Enterobacter. In the presence of wound 
drainage, it is prudent to presume infection and to wash out 
the wound to determine if the infection is deep to the fascia or 
not. Appropriate antibiotic therapy should be administered. 
Factors shown to increase infection risk include smoking, 
diabetes, and obesity.
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FRACTURES, DISLOCATIONS, AND 
FRACTURE-DISLOCATIONS OF THE SPINE
Keith D. Williams

CHAPTER 41

Many factors make assessing and treating patients with inju-
ries to the spinal column and spinal cord demanding. The 
most critical responsibilities are early recognition of the inju-
ries, prevention of neurologic deterioration, optimization of 
initial medical management, correct interpretation of all the 
diagnostic evaluations, and delivery of the most appropriate 
definitive care.

The cervical spine is functionally the most important 
region of the spine. The complex anatomy, spinal biomechan-
ics, and the common traumatic mechanisms involved make 
the cervical spine also the most difficult to assess. Careful 
evaluation of each region is necessary. No definitive level I or 
II evidence studies exist to guide clinicians through much of 
this process, and errors can have devastating consequences 
for patients. The process is made even more difficult by coex-
isting injuries and comorbidities that often are present in 
severely traumatized patients who are at risk for a significant 
spinal injury. An orderly and thoughtful approach that is 
based on the best available evidence gives patients the highest 
probability for an optimal outcome.

The scope of the problem is demonstrated by informa-
tion from the National Spinal Cord Injury Statistical Center 
in Birmingham, Alabama (www.nscisc.uab.edu). The esti-
mated annual incidence of spinal cord injury is approxi-
mately 17,730 new cases per year. Significant spinal column 
injuries are about twice as common as those causing spinal 
cord injury. Additionally, an estimated 249,000 to 363,000 
people in the United States are living with the sequelae of spi-
nal cord injury. The most common causes of these injuries 

are motor vehicle accidents (38%), falls (30%), violence (14%, 
primarily gunshot wounds), and sports mishaps (9%). Over 
the past few decades the average age at the time of injury has 
increased from 28.7 to 40.7 years, and the causes have shifted 
slightly toward falls and away from motor vehicle accidents 
and violence. Most patients with spinal cord injuries are men 
(80.7%). African-Americans are overrepresented based on 
general population trends and represent 24% of all spinal cord 
injuries, although 63% of patients are Caucasian. The most 
common neurologic category since 2005 has been incomplete 
tetraplegia (45%), followed by incomplete paraplegia (21%), 
complete paraplegia (20%), and, least commonly, complete 
tetraplegia (14%). Complete injuries have decreased slightly 
in recent years.

INITIAL MANAGEMENT OF SPINAL 
INJURY
Evaluation and management of the patient begin at the 
scene of the injury, and proper transport of the patient is 
very important. A retrospective review has shown that as 
many as 26% of spinal cord injuries occurred during trans-
port or the early stages of evaluation at the primary medi-
cal facility. The deterioration was attributed primarily to poor 
immobilization and improper initial handling of the patients. 
Standardized protocols among emergency medical personnel 
have improved the safety of transport, but some controversy 
still remains. Total spine immobilization is recommended for 

INITIAL MANAGEMENT OF 
SPINAL INJURY 1832

Initial spine assessment 1833
Spine precautions 1834
Diagnostic imaging 1834
Additional imaging 1838
Neurologic assessment 1838

SPINAL CORD INJURY 1841
Neurogenic and spinal shock 1841
Immediate cervical spinal 

reduction 1842
Spinal cord injury treatment 1843
Spinal cord syndromes 1844

CERVICAL SPINE INJURIES 1846
Radiographic evaluation protocol 1846
Halo vest immobilization and  

cervical orthoses 1846
Occipitocervical dissociation injury 

patterns 1848
Occipital condyle fractures 1850

Transverse atlantal ligament  
rupture 1850

Atlas fractures 1855
Treatment of “stable”C1 

fractures 1855
Treatment of “unstable” C1 

fractures 1856
Axis fractures 1857

Odontoid fractures 1857
Treatment 1857
Posterior C1-C2 fusion techniques 1859
Traumatic spondylolisthesis  

of the axis (hangman fracture) 1865
Subaxial cervical spine injury (C3-T1) 1866

Classification 1866
Treatment 1868
Extension injuries 1871
Burst fractures 1872
Facet dislocations 1872
Facet fracture with subluxation 1873

Fracture-dislocations 1873
Ankylosing spondylitis 1878
Vertebral artery injuries 1878

THORACIC AND LUMBAR 
INJURIES 1880

Classification 1880
Treatment 1883
Compression fractures 1884
Burst fractures 1884
Distraction injuries 1885
Extension injuries 1886
Fracture-dislocations 1886
Decompression 1886

Posterior stabilization  1888
Anterior stabilization 1890

SACRAL FRACTURES AND 
SPINOPELVIC  
DISSOCIATION INJURIES 1892

Classification 1893
Treatment 1893

   

1832
 

https://booksmedicos.org
http://www.nscisc.uab.edu


CHAPTER 41 FRACTURES, DISLOCATIONS, AND FRACTURE-DISLOCATIONS OF THE SPINE 1833

all patients with a potential spinal injury. For patients who 
meet the NEXUS criteria (see below), cervical immobiliza-
tion is not recommended. For all other patients, a hard collar 
with block supports (not sandbags) on a spine board appro-
priately sized for the age of the patient is used. This allows the 
patient to be moved and tilted as needed for transport. A 2- to 
3-cm occipital pad is used in adults to avoid relative exten-
sion. In children, a spine board with an occipital recess is 
used to avoid relative flexion. Several studies have questioned 
whether all patients with potential injury need this form of 
immobilization because of the risk of pressure sores from the 
backboard. Also, studies have revealed that intracranial pres-
sure can be elevated by an average of 25 mm of water by the 
use of a rigid cervical collar. The clinical importance of this in 
a patient with a head injury has not been determined. At the 
present time, this type of immobilization with the head taped 
to the board and the torso secured remains the most accepted 
method for patient transport. This recommendation is based 
on level III evidence, and it is unlikely there will be better 
evidence developed because of ethical limitations and practi-
cal issues of moving injured patients. The patient should be 
moved from a spine board and have the cervical spine cleared 
as soon as is safely possible. This is best done after the patient 
reaches a facility able to fully assess and treat all injuries that 
are present.

INITIAL SPINE ASSESSMENT
After the ABC (airway, breathing, and circulation) of the 
Advanced Trauma Life Support (ATLS) protocol has been 
completed, a thorough orthopaedic history should be 
obtained and full physical examination should be done. 
Important information includes the injury mechanism, 
preinjury functional level of the patient, patient report of 

weakness or sensory changes, signs of blunt head trauma, 
spine tenderness, spinal step offs, and interspinous widen-
ing. Findings of flaccidity in the extremities, incontinence, 
or penile erection may indicate spinal cord injury. A detailed 
neurologic examination, which includes motor function, sen-
sory function, and rectal tone, recorded on the American 
Spinal Injury Association (ASIA) form and an assessment 
of mental status are part of this examination. The diagnostic 
imaging of a patient is inextricably linked to the neurologic 
examination. The initial spinal assessment of a trauma patient 
is to determine if the patient has a spinal cord injury. If an 
injury is found, all initial CT imaging, including that of the 
spine, is completed as rapidly as possible and treatment initi-
ated. If a patient does not have a spinal cord injury, it should 
be determined if he or she meets the criteria to be considered 
asymptomatic with respect to the cervical spine. If the patient 
is found to be asymptomatic, then the cervical spine can be 
cleared clinically without the need for radiography. There 
are five specific criteria described in the National Emergency 
X-Radiography Utilization Study (NEXUS) that must be ful-
filled to classify a patient as asymptomatic. The purpose of 
the study was to develop a decision rule that would reduce 
the number of radiographic examinations in trauma patients 
without missing significant injuries. The five specific criteria 
are noted in Table 41.1.

Using these criteria, one third of the trauma patients 
evaluated in the 21 community emergency departments or 
level 1 trauma centers were found to be asymptomatic (range 
14% to 58%). The determination of a patient’s level of alert-
ness is the first step in the workup specifically for a spinal 
injury, which should begin immediately after the ABCs have 
been evaluated. If the patient is asymptomatic by the crite-
ria of the NEXUS trial, no radiographs of the cervical spine 

 TABLE 41.1 

National Emergency X-Radiography Utilization Study (NEXUS) Low-Risk Criteria

CRITERION COMMENT
No posterior midline cervical 
spine tenderness

Midline posterior tenderness is deemed to be present if the patient reports pain on palpa-
tion of the posterior midline neck from the nuchal ridge to the prominence of the T1 ver-
tebra, or if the patient evinces pain with direct palpation of any cervical spinous process.

No evidence of intoxication Patients should be considered intoxicated if they have either of the following: a recent his-
tory provided by the patient or an observer of intoxication or intoxicant ingestion or evi-
dence of intoxication on physical examination such as an odor of alcohol, slurred speech, 
ataxia, dysmetria, or other cerebellar findings or any behavior consistent with intoxication. 
Patients also may be considered to be intoxicated if tests of body fluids are positive for 
alcohol above 0.08 mg/dL or other drugs that affect the level of alertness.

A normal level of alertness An altered level of alertness can include any of the following: a Glasgow Coma Scale score of 
14 or less; disorientation to person, place, time, or events; inability to remember three objects 
at 5 minutes; a delayed or inappropriate response to external stimuli; or other findings.

No focal neurologic deficit A focal neurologic deficit is any focal neurologic finding on motor or sensory examination.
No painful distracting injuries No precise definition of painful distracting injury is possible. This category includes any 

condition thought by the clinician to be producing pain sufficient to distract the patient 
from a second cervical injury. Such injuries may include, but are not limited to, any long-
bone fracture; visceral injury requiring surgical consultation; large laceration; degloving 
injury; crush injury; large burns; or any other injury causing acute functional impairment. 
Physicians may also classify any injury as distracting if it is thought to have the potential to 
impair the patient’s ability to appreciate other injuries.

Adapted from Stiell IG, Clement CM, McKnight RD: The Canadian C-spine rule versus the NEXUS low-risk criteria in patients with trauma, N Engl J Med 349:2510, 
2003.
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are needed and the cervical spine may be “cleared” on clini-
cal grounds, which significantly expedites care. Patients who 
are not alert or who do not meet the NEXUS trial criteria for 
other reasons require radiographic evaluation. The patient’s 
motor and sensory examination should be documented thor-
oughly; the International Spinal Cord Society (ISCoS) form is 
the accepted instrument that best serves this important func-
tion. For patients who are found to have a neurologic deficit, 
serial neurologic examinations are recorded using this form, 
which has proven to be useful in detecting clinical deterio-
ration and guiding decisions on additional imaging or other 
interventions that may become necessary. For patients with 
neurologic deficits, ISCoS forms are completed every 4 to 6 
hours usually for the first 24 hours after arrival, but this var-
ies based on the patient’s course. If a patient is found to have 
a cervical spinal cord injury, then medical management and 
imaging workup will need to address this injury as the first 
priority in all but the most critically injured patients. In some 
patients immediate reduction of fractures or dislocations may 
be most appropriate, whereas other patients may benefit from 
MRI before proceeding with treatment.

Controversy persists about the optimal diagnostic imag-
ing protocol for trauma patients as it relates to the spine. Our 
protocol is outlined in Figure 41.1. There are several objec-
tives for which there is general consensus among trauma 
surgeons and spine surgeons. First is the detection of any 
significant spinal injury that places the patient at risk for 
neurologic deterioration. This may be an osseous injury, a 
soft-tissue injury, including posterior ligament complex inju-
ries and other important injuries such as disc disruptions, or 
a combination of the two. Second, make a determination that 
there is no significant injury as early as possible to allow dis-
continuation of cervical immobilization and lifting of spine 
precautions. This will help avoid the recognized morbidi-
ties of immobilization and to facilitate other aspects of the 
patient’s care. Rose et  al. found that patients meeting the 
NEXUS criteria who had a “distracting injury” were correctly 
assessed on clinical grounds alone with 99% sensitivity and 
99% negative predictive value. They concluded that the num-
ber of CT scans in this cohort of patients could be reduced by 
61% and suggested that radiographic evaluation is unneces-
sary for safe clearance of the asymptomatic cervical spine in 
awake and alert blunt trauma patients with “distracting inju-
ries.” Additionally, the imaging should assess for associated 
injuries, including vertebral artery injuries in the cervical 
region or visceral injuries involving the chest, abdomen, and 
pelvic areas when evaluating the thoracic, lumbar, and sacral 
spine regions. The initial evaluation of the noncervical spine 
(thoracic to sacrum) is best done using multidetector com-
puted tomography (MDCT) with both sagittal and coronal 
reformatted images. 

SPINE PRECAUTIONS
Spinal precautions often are mentioned but rarely described 
in publications regarding trauma to the spine. The following 
protocol is derived from our experience. Spinal immobiliza-
tion has already been described as it pertains to transport of 
an injured patient, but, as mentioned, one of the goals of the 
initial assessment is to be able to remove the patient from 
the backboard quickly once hemodynamic stability has been 
obtained and CT evaluation completed. Even if a significant 
spinal injury at any level is found, the patient can be moved to 

a bed but maintained with a cervical collar in place on a pil-
low as needed to avoid cervical extension. Patients with anky-
losing spondylitis may require several pillows to keep them 
more upright because of their rigid cervicothoracic kypho-
sis (see Chapter 38). If a patient is to be placed in cervical 
traction, the crossmember for the traction pulley is fixed to 
the bed frame such that the traction vector maintains neu-
tral alignment and adjusts if the bed position is altered. With 
this level of precaution, a patient can be placed head up using 
the reverse Trendelenburg function of the bed. If the cervi-
cal CT is negative for injury and cervical immobilization is to 
be continued pending further evaluation, then the patient is 
allowed to be fully upright in a properly fitted rigid cervical 
orthosis until spinal clearance is possible unless other injuries 
prevent this. Prasarn et al. demonstrated in a cadaver study 
that a kinetic bed caused less cervical displacement through 
an injured segment than the traditional log roll maneuver.

Patients with unstable thoracic or lumbar injuries, such 
as fracture-dislocation or other injuries that will be treated 
with internal stabilization, are maintained flat in bed (using 
the reverse-Trendelenburg position to elevate the head) and 
log-rolled side-back-side every 2 hours while awake until the 
spine is stabilized. For patients with spinal cord injuries in 
whom operative stabilization will be delayed more than 24 
to 48 hours a Roto-Rest (KCI, San Antonio, TX) type bed is 
preferred (also used in patients with cervical injuries). Once 
the thoracolumbar fracture is stabilized, or for those patients 
being treated in an orthosis, elevating the head of the bed 0 
to 30 degrees is allowed without donning the orthosis. The 
orthosis is required when the head of the bed is above 30 
degrees.

Keeping the head of the bed elevated is strongly encour-
aged if blood pressure, intracranial pressure, and other vital 
parameters permit, to reduce the risk of aspiration and to 
assist with pulmonary toilet. Once spinal stability is achieved, 
continued frequent turning of the patient or the use of a ther-
apeutic air mattress is preferred as long as mobility is severely 
limited for any reason. 

DIAGNOSTIC IMAGING
Injuries that involve the thoracic, lumbar, or sacral regions 
of the spine generally can be diagnosed using CT, which has 
been established as the diagnostic imaging modality of choice 
in these areas. It usually is obtained as part of the primary 
workup by the trauma surgeons or the physicians in the emer-
gency department. Additional evaluation with MRI in these 
areas or use of other modalities typically is not necessary, 
although there are circumstances in which obtaining an MRI 
is appropriate. Because CT studies are obtained routinely for 
other reasons, the specific indications for radiographic evalu-
ations of the thoracic and lumbar spines and the sacrum have 
not been extensively studied. Additional attention is given to 
this topic in later sections dealing specifically with injuries to 
these areas.

Patients who have cervical spine symptoms require imag-
ing evaluation, and the recommendations for this process 
have changed in recent years. The standard radiographic eval-
uation of the cervical spine for trauma patients until relatively 
recently has been anteroposterior, lateral, and open-mouth 
odontoid radiographs. This three-view protocol has proven 
reliable when technically adequate images are obtained 
but has been documented to fail in demonstrating a small 
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number of significant cervical injuries. Because the incidence 
of cervical injury in trauma patients is between 2% and 6%, a 
very high sensitivity is required to optimally evaluate symp-
tomatic patients. In a series of 32,117 patients, Davis found 34 
missed injuries. As has also been documented in numerous 
other studies, the most common reason the injury was missed 
in Davis’ series was failure to obtain adequate radiographs of 
the injured level (23 patients). Eight patients in the series had 
incorrect readings of adequate films, and only one patient 

was documented to have adequate radiographs that did not 
demonstrate the injury even in retrospect. Most studies on 
this topic have found that the occipitocervical junction and 
the cervicothoracic junction are the areas where injuries are 
most likely to be missed. Several studies have provided level 
I evidence that the negative predictive value of an adequate 
three-view series is from 93% to 98%; however, in these same 
studies the sensitivity was only 62% to 84%. Assuming a series 
of 100 patients, 6% of whom have cervical injury, five of six 
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FIGURE 41.1 Cervical spine imaging protocol in patients without spinal cord injury.

    

https://booksmedicos.org


PART XII THE SPINE1836

cervical injuries could be detected as abnormal on a three-
view radiographic series and one truly injured patient would 
not be distinguished radiographically from the 94 correctly 
identified true negative series. This deficiency of plain radio-
graphs is not improved with the addition of oblique films for 
a five-view series.

With greater availability of MDCT there has been a tran-
sition to using this modality for the primary evaluation of 
the cervical spine in trauma patients. In a large multicenter, 
level II study of patients failing to meet NEXUS criteria, Inaba 
et al. found that the sensitivity of CT was 98.5%, specificity 
was 91.0%, and negative predictive value was 99.97% for clin-
ically significant injury. They also found that, for patients with 
neurologic injuries, CT alone missed a small number of clini-
cally significant injuries and therefore recommended MRI in 
this group. Combining the cervical CT scan with the head-
chest, abdomen, and pelvic scan, which often is ordered for 
these patients, has resulted in a lower cost than if the cervical 
study is done separately. Also, because the patient is already in 
the scanner and the scan times are much faster with MDCT 
compared with conventional CT, it actually takes less time to 
obtain an MDCT than it would for a three-view series of plain 
radiographs. When the relatively high proportions of techni-
cally inadequate studies that require CT are factored in, the 
MDCT has been found to be cost effective relative to plain 
radiographs. Despite these advantages, the higher radiation 
dose to the patient remains a concern with MDCT. Although 
comparisons between MDCT with coronal plane and sagit-
tal plane reconstructions and plain radiographs have found 
higher sensitivity in detecting injuries with MDCT, several 
studies comparing autopsy findings with injuries noted on 
CT before death found that not all injuries present at autopsy 
were demonstrated by CT. Molina et al. found significant inju-
ries in a small number of patients that were not demonstrated 
on the CT images. This indicates that CT may not be the “gold 
standard” by which to judge all other diagnostic imaging tech-
niques. The role of MRI in the evaluation of the cervical spine 
in symptomatic patients to supplement MDCT continues to 
develop as the deficiencies of MDCT are better understood. A 
significant number of studies demonstrate improved diagnos-
tic sensitivity with the use of MRI. Sarani et al. retrospectively 
found injuries on MRI in 42 of 164 (26%) trauma patients. All 
164 patients had negative CT scans, and treatment was altered 
in 74% of these patients either with surgery or continuation 
of immobilization. In the subset of patients who could not be 
examined because of altered mental status, Sarani et al. found 
injuries on MRI in 5 of 46 (11%) patients who had negative CT 
scans, and 80% of these patients required surgery. Pourtaheri 
et al. found in a subset of patients with cervical fractures and 
altered mental status that MRI was very useful; MRI found 
additional injuries in 48% that changed treatment for 39%. 
This treatment change was from nonoperative to operative 
treatment 24% of the time. The clearest indication for MRI 
in a trauma patient is for the evaluation of an unexplained 
neurologic deficit at any spinal level. MRI has a higher sen-
sitivity for detecting soft-tissue injuries, which are not well 
demonstrated on CT. MRI can detect a missed spinal column 
injury or neural compressive pathologic processes, such as 
disc fragments, epidural hematoma, or the presence of sig-
nificant canal stenosis from other causes. For patients with a 
demonstrated injury and neurologic deficit at a correspond-
ing level, MRI usually offers little additional information for 

that injury. However, noncontiguous injuries occur in up to 
15% of patients. Because of this high rate of additional inju-
ries, patients with cervical injuries demonstrated on MDCT 
at our institution are evaluated with MRI primarily to assess 
for soft-tissue injuries. This practice has resulted in alteration 
of the treatment plan for a significant percentage of patients 
when additional injuries are detected. Using MRI to assist in 
the “clearance” of the cervical spine remains controversial at 
this time. Although many of these additional injuries are sig-
nificant and do alter treatment, some of the injuries are not 
clinically significant, so specific indications for obtaining MRI 
need to be defined. Determining which MRI findings corre-
late with clinical instability also needs to be better defined. 
Schoenfeld et al. found in a propensity-matched cohort that 
the addition of MRI to CT identified 8% more injuries than 
CT alone. Only 1% required surgery. The number needed to 
treat (NNT) in order to change patient management was 50 
and the NNT for surgery was 167. Clearly MRI is not needed 
as a routine imaging modality. If a patient has abnormal find-
ings on CT suggesting soft-tissue injury, such as soft-tissue 
density anterior to the midbody of C3 greater than 5 mm, a 
widened disc space (>1 to 2 mm) at one level relative to adja-
cent disc levels particularly if there is an anterior osteophyte 
avulsion at that level (Fig. 41.2), or excessive widening of the 
interspinous distance posteriorly, MRI should be obtained. 
An additional confounding issue is the timing of the MRI. 
Because MRI is most effective for evaluating soft-tissue 
injury, either by showing discontinuity of anatomic struc-
tures such as the ligamentum flavum and annulus fibrosus or 
hemorrhage and edema associated with tissue disruption, the 
timing of the study is very important. If the MRI is obtained 
within the first 48 hours after injury, the sensitivity for hem-
orrhage and edema is optimal. The ability of MRI to identify 
injury after 48 hours is dependent on the direct demonstra-
tion of tissue disruption or subluxation of the spine. Emery 
et al. found that MRI done an average of 11 days from injury 
failed to demonstrate known soft-tissue injuries in 2 of 19 
patients. Evaluation of the available literature revealed level 
III evidence to support the “clearance” of the cervical spine in 
a symptomatic patient if CT and MRI done within 48 hours 
of injury are found to be normal. Our process is to obtain an 
MRI in the obtunded patient within this 48-hour window if 
the patient is stable enough to undergo the study. A patient is 
not considered obtunded if the mental status is altered because 
of the presence of substances that will only transiently impair 
the patient. In this case the patient has CT examination and 
remains in a rigid orthosis with repeat examinations until 
the impairment has resolved and a determination is made to 
either “clear” the cervical spine on clinical grounds or proceed 
with MRI within 48 hours. If the condition of the patient does 
not allow the MRI to be completed within 48 hours and the 
patient remains obtunded, an MRI is obtained as soon as the 
patient can safely undergo the study and any identified inju-
ries are treated. However, if the delayed MRI does not directly 
demonstrate an injury, the patient is kept in a rigid orthosis 
for up to 6 weeks as treatment for presumed soft-tissue injury 
or until his or her mental status improves and he or she can 
be cleared on clinical grounds by meeting the NEXUS crite-
ria. This protocol has been effective in avoiding neurologic 
deterioration because of missed injuries. Although there has 
been occasional morbidity such as decubitus ulcers attribut-
able to the orthosis, this is very rare. Skin breakdown on the 
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FIGURE 41.2 A, Disruption of C6 osteophyte suggesting disruption through disc (arrow).  
B, Increased signal through C6 disc indicates disruption of disc (arrow). C, Retropharyngeal soft 
tissue more than 5 mm on midsagittal image (arrow). D, Arrow a indicates hemorrhage causing 
widening of soft-tissue density at C3 level. Arrow b indicates anterior annulus disruption. Arrow c 
indicates disruption of ligamentum flavum. Also note cord edema and swelling. E, Arrow a indicates 
more than 5 mm of soft-tissue density at C3 level. Arrow b indicates subtle angulation through 
C5 disc level. F, Arrow a indicates hemorrhage at C3 level. Arrow b indicates disruption through 
anterior annulus and through disc space.
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posterior scalp above the orthosis results from improper fit of 
the orthosis, not keeping the patient upright, and not turn-
ing the patient adequately. No more serious morbidities from 
immobilization have occurred, although nursing care, espe-
cially tracheostomy care, is somewhat more difficult. Thus, 
the primary indications for cervical MRI are unexplained 
neurologic deficit, identified cervical injury, CT findings sug-
gestive of soft-tissue injury, or a patient with altered mental 
status after intoxicants are metabolized. When possible, MRI 
is performed within 48 hours. 

ADDITIONAL IMAGING
It is unusual for additional imaging to be required beyond 
that described. We have not found dynamic studies to be use-
ful acutely to evaluate the cervical spine. There is a high rate 
of inadequate studies for a variety of reasons, foremost of 
which is inadequate range of motion. In obtunded patients, 
there have been reports of major neurologic injury caused by 
obtaining dynamic images. If a nonobtunded patient has ade-
quate motion for flexion and extension lateral radiographs, 
typically clearance can be done on clinical grounds using the 
NEXUS criteria without further imaging.

On rare occasions a patient may have findings on MDCT 
suggestive but not definitive of a soft-tissue injury. Typically, 
an MRI study would be obtained, but in certain patients this is 
contraindicated (e.g., if the patient has a pacemaker). In these 
instances a “stretch test” as described by White, Southwick, 
and Panjabi is done to more completely assess the stability of 
the spine. This test allows measurement of the displacement 
within a motion segment under controlled conditions to 
identify soft-tissue injuries. Gardner-Wells tongs are applied 
before this test is performed. A head halter can be used but is 
less desirable because of the amount of weight that potentially 
may be used. The possible end points for the test are a change 
in neurologic status, an increase of 1.7 mm between adjacent 
vertebrae at any level, an angulatory change of 7.5 degrees 
at any disc level, or reaching one third of body weight or 65 
lb, whichever is less. A prerequisite to performing a “stretch 
test” is that the patient must be alert and able to provide a 
consistent feedback for neurologic examination (Box 41.1). 
Resuscitation should be complete, and the patient should be 
hemodynamically stable. Head CT should confirm no frac-
ture near the planned cranial pin sites. 

 

STRETCH TEST
This test must always be done with direct supervision by 
the attending orthopaedic surgeon.

 TECHNIQUE 41.1 

 n  Apply traction through secured cranial skeletal traction 
(see Technique 41.2). Use of a head halter may be con-
sidered only if a small amount of weight is expected to be 
used. If a head halter is used, place a small piece of gauze 
sponge between the molars for patient comfort. Carefully 
place a rolled towel or sheet under the patient’s head or 
neck as needed to maintain neutral alignment.

 n  Place the radiographic film as close as possible to the pa-
tient’s neck, position the x-ray tube 72 inches from the 
film, and make a lateral exposure. This will serve as the 
baseline image.

 n  Begin with 10 lb of weight and increase traction in 3- to 
5-lb increments. Complete a full neurologic examination 
and obtain a lateral radiograph before adding the next 
weight increment.

 n  The test is considered positive and should be discontinued 
and traction removed if any neurologic changes occur or 
if any abnormal separation or angulation occurs. The ra-
diographic criterion is an increase of 1.7 mm between 
adjacent vertebrae or a change of 7.5 degrees at an in-
tervertebral disc level relative to the baseline image that 
was obtained.

 n  By completing a neurologic examination and allowing the 
radiographic image to be processed, an adequate time of 
at least 5 minutes elapses between weight increases to 
overcome any muscle spasm that may occur.

 n  Be certain to compare measurements on each new radio-
graph to the baseline image, not the previous image.

 n  The test is considered negative for instability if traction 
equal to one third of body weight or 65 lb is reached 
without radiographic or neurologic change.
  

NEUROLOGIC ASSESSMENT
To properly direct the diagnostic imaging necessary for a 
patient, the neurologic examination findings play a key role. 
Assessment of mental status using the Glasgow Coma Scale 
(GCS) (Table 41.2) determines the level of consciousness. 
If the GCS score is not 15, then imaging will be required as 
outlined earlier. Clearly document the motor and sensory 
examination, including the function of the rectal sphincter 
and the presence of perianal sensation. We have used the 
ASIA form from ISCoS. Using the ISCoS form, sensation is 
recorded for light touch and pinprick in 28 dermatomal dis-
tributions on each side of the body (Fig. 41.3). Pinprick test-
ing is done using a sterile needle rather than a pinwheel. A 
score of 2 (normal), 1 (altered), or 0 (absent) is determined 
for each dermatome, and specific “key” areas are identified 
on the diagram within each dermatome as optimal test loca-
tions. In addition, the presence of sensation for deep anal 
pressure is made to help determine if a spinal cord injury 
is complete or incomplete. Important dermatomal land-
marks are the nipple line (T4), xiphoid process (T7), umbi-
licus (T10), inguinal region (T12, L1), and perianal region 
(S4 and S5). Motor function is scored 0/5 to 5/5 in each of 
10 specific myotomes per side (Table 41.3). Also, the pres-
ence or absence of voluntary anal sphincter contraction is 

End Points for Stretch Test

 n  Change in neurologic status
 n  Increase of 1.7 mm between adjacent vertebrae at any level
 n  Angulatory change of 7.5 degrees at any disc level
 n  Reaching one third of body weight or weight limit for tongs, 

whichever is less

 BOX 41.1 
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recorded. In some circumstances, the designation of “NT” 
for not testable or 5*/5 (weakness as expected, considered 
normal strength because of inhibiting factors such as frac-
tures) are most appropriate. Before making a definitive 
determination of injury type the patient must be out of spi-
nal shock. This usually occurs within 24 to 48 hours but can 
take substantially longer and is indicated by the return of the 
bulbocavernosus reflex and anal wink (Figs. 41.4 and 41.5). 
The ISCoS document lists the requirements for each motor 
grade along with the definitions of the ASIA Impairment 
Scale and a flow chart to properly interpret it. Using the AIS, 
a neurologic level of injury (NLI) determination is made to 
classify the spinal cord–injured patient.

The NLS is defined by the most caudal myotome with at 
least 3/5 function and 5/5 function at all higher levels that 
also has normal sensory function and normal sensation at 
all higher levels. At levels without key myotomes, the level is 
determined by the sensory level. Type A patients are motor 
complete and sensory complete, with no motor or sensory 
function more than three segments caudal to the named 
injury level. Function within the zone of partial preserva-
tion should be recorded because a change by even a single 
level can be very significant, especially in the cervical region. 
Type B patients are motor complete but sensory incom-
plete (incomplete sensory loss but complete motor loss with 
no motor function more than three segments caudal to the 
named injury level); sensory sparing may be only light touch, 
pinprick in the perianal segments, or deep anal pressure. Type 
C patients have either voluntary sphincter contraction or vol-
untary motor function more than three segments below the 
named injury level with sacral sensory sparing. This motor 

sparing can be in non-key myotomes according to the stan-
dard at this time. More than half of functioning key myotomes 
are graded less than 3/5. Type D patients have at least half 
of functioning key myotomes greater than or equal to grade 
3/5. Type E patients have a spinal cord injury that improves 
to normal. This type is not used to describe a patient without 
a spinal cord injury initially. This examination should allow 
the clinician to distinguish spinal cord injuries from isolated 
nerve root or nerve plexus type injuries.

The initial neurologic examination should be completed 
as soon as possible after the arrival of the patient to establish 
the correct baseline for the patient to which all subsequent 
examinations will be compared. It is our practice to complete 
serial neurologic assessments on patients with spinal cord 
injuries or unstable spinal column injuries every 4 to 6 hours 
for at least the first 24 hours and continue less frequent reas-
sessments thereafter based on the patient’s clinical course. 
This regimen is derived from experience in a busy level I 
trauma center but is not evidence based, and it is unlikely 
that evidence-based practices could be used to examine how 
frequently optimal evaluations should be done. In addition 
to the motor and sensory examinations, it is important to 
include examination of the deep tendon reflexes. Acute spinal 
cord injury results in flaccid paralysis and areflexia. The pres-
ence of pathologic reflexes such as a Babinski or Hoffmann 
reflex or clonus indicates a more chronic process, which 
may be acutely worsened by trauma such as a central cord 
injury in the setting of chronic cervical stenosis. The purpose 
for serial examinations is to detect any neurologic change 
and institute management changes to improve the patient’s 
ultimate neurologic outcome. Deterioration of neurologic 

 TABLE 41.2 

Glasgow Coma Scale

RESPONSE SCORE SIGNIFICANCE

EYE OPENING

Spontaneously 4 Reticular activating system intact; patient may not be aware
To verbal command 3 Opens eyes when told to do so
To pain 2 Opens eyes in response to pain
No eye opening 1 Does not open eyes to any stimuli

VERBAL STIMULI

Oriented, converses 5 Relatively intact CNS, aware of self and environment
Disoriented, converses 4 Well-articulated, organized, but disoriented
Inappropriate words 3 Random exclamatory words
Incomprehensible 2 Moaning, no recognizable words
No verbal response 1 No response or intubated

MOTOR RESPONSE

Obeys verbal commands 6 Readily moves limbs when told to
Localizes to painful stimuli 5 Moves limb in an effort to remove painful stimuli
Flexion withdrawal 4 Pulls away from pain in flexion
Abnormal flexion 3 Decorticate rigidity
Extension 2 Decerebrate rigidity
No motor response 1 Hypotonia, flaccid—suggests loss of medullary function or concomitant spinal cord injury

CNS, Central nervous system.
From Papa L, Goldberg SA: Rosen’s emergency medicine: concepts and clinical practice, ed 9, Philadelphia, PA, 2018, Elsevier, Table 34.2.
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  FIGURE 41.3 Standard neurologic classification of spinal cord injury from the American Spinal 
Injury Association (ASIA). For information on the use of the ASIA impairment scale, including 
grading of muscle and sensory function, testing of non-key muscles, and determining the steps
in classification, download the full form at https://asia-spinalinjury.org/international-standards- 
neurological-classification-sci-isncsci-worksheet/.
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function can be caused by intracranial processes such as 
hemorrhage, metabolic processes such as acidosis, or spi-
nal pathologic processes. Bony malalignment causing spinal 
cord compression, hypotension, expanding epidural hema-
toma, spinal cord infarction, inadequate immobilization, or 

improper movement of a patient are some of the reasons for 
deterioration that must be considered by the orthopaedic 
surgeon in collaboration with other consultants so treatment 
can be adjusted appropriately. Likewise, if a patient is noted 
to improve, management may need to be altered as well with 
regard to planning of spinal stabilization or nonoperative spi-
nal interventions. 

SPINAL CORD INJURY
NEUROGENIC AND SPINAL SHOCK
Neurogenic shock refers to hemodynamic instability that 
occurs with rostral cord injuries related to the loss of sym-
pathetic tone to the peripheral vasculature and heart, the 
consequences of which are bradycardia, hypotension, and 
hypothermia caused by absent thermoregulation. The 
combination of hypotension and bradycardia should alert 
the clinician to this cause of shock rather than hemor-
rhagic shock, which may coexist, particularly in patients 
with other injuries. Aggressive treatment of hypotension of 
any cause is a priority in patients with spinal cord injury. 
Spinal shock refers to a temporary dysfunction of the spi-
nal cord, with a loss of reflexes and sensorimotor function 
caudal to the level of injury. It is manifested by absence 
of anal wink and bulbocavernosus reflexes and by flaccid 
paralysis. It is a temporary phenomenon and recovers usu-
ally in 24 to 48 hours even in severe injuries but can persist 
for weeks or rarely, months. There is no specific treatment 
for spinal shock.

For patients with a spinal cord injury, rapid diagnosis 
and institution of measures to minimize secondary spinal 
cord injury may be the most important interventions pos-
sible to improve ultimate neurologic and functional recov-
ery. The controversy concerning the timing of surgery 
is centered on the concept of minimizing the secondary 
injury. Numerous studies such as the Surgical Timing in 
Acute Spinal Cord Injury Study (STACIS) have attempted 
to determine the optimal timing of surgical decompression 
and stabilization. At present, this remains somewhat of an 
open question, but evidence is mounting in favor of early 
decompression to enhance neurologic outcomes. Often 
this decompression is most rapidly accomplished by plac-
ing the patient in skeletal traction. This maneuver can be 
done much more quickly than operative treatment in most 
circumstances. In addition, multiple studies provide level 
III evidence that earlier decompression and stabilization 
are associated with shorter hospital stays and lower overall 
treatment costs for these patients. In a clinical study with 
direct measurements of spinal cord pressure and spinal cord 
perfusion, Werndle et al. found that spinal realignment and 
stabilization did not lead to improved spinal cord perfusion. 
This was attributed to spinal cord swelling within the inelas-
tic dura mater.

The secondary injury cascade refers to the additional 
neurologic injury that results from cord ischemia, leading to 
electrolyte shifts with cell membrane alterations and accu-
mulation of neurotransmitters and inflammatory media-
tors including free radicals that further injure neural tissue. 
A detailed discussion of these mechanisms is beyond the 
scope of this text; however, it must be recognized that proper 
medical management of a patient with a spinal cord injury 

 TABLE 41.3

Key Muscle Groups Used in Motor Source 
Evaluation of Spinal Cord Injury

LEVEL MUSCLE GROUP
C5 Elbow flexors (biceps, brachialis)
C6 Wrist extensors (extensor carpi radialis longus 

and brevis)
C7 Elbow extensors (triceps)
C8 Finger flexors (flexor digitorum profundus to 

the middle finger)
T1 Small finger abductors (abductor digiti minimi)
L2 Hip flexors (iliopsoas)
L3 Knee extensors (quadriceps)
L4 Ankle dorsiflexors (tibialis anterior)
L5 Long toe extensors (extensor hallucis longus)
S1 Ankle plantar flexors (gastrocnemius, soleus)

From Beaty JH, editor: Orthopaedic knowledge update, home study syllabus 6, 
Rosemont, IL, 1999, American Academy of Orthopaedic Surgeons, p 654.

 

 Glans penis
compression

Anal sphincter
  contraction

Spinal cord
 S2 and S3

FIGURE 41.4 Bulbocavernosus reflex.

 FIGURE 41.5 Anal wink. Contracture of external sphincter 
caused by pin prick.
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is an important component in the overall care. The second-
ary mechanisms follow the initial or primary mechanical 
injury caused by compression, distraction, shear, or lacera-
tion of the spinal cord. The secondary injury cascade occurs 
over a period of hours to days, depending on the severity 
of injury and other injuries that may be present. Based on a 
number of animal models and level III evidence, it appears 
that the injury caused by ischemia of the spinal cord is the 
central feature of this secondary injury process. Avoiding or 
minimizing ischemia of the spinal cord appears to improve 
neurologic outcome. Spinal cord ischemia results in changes 
locally, with loss of autoregulation of spinal cord blood flow 
and changes to the systemic vasculature. These systemic 
alterations include cardiac rhythm irregularities, bradycardia, 
decreased mean arterial pressure (MAP), decreased cardiac 
output, and decreased peripheral vascular resistance. All of 
these abnormalities have the effect of a positive feedback loop 
to worsen the cord ischemia and thus worsen hemodynamic 
parameters. All of these hemodynamic parameters tend to be 
worse with more severe and more rostral injuries. Respiratory 
insufficiency or failure often accompanies spinal cord injury 
because of weakness of the respiratory muscles resulting in 
hypoxemia, which, in turn, worsens the spinal cord ischemia. 
Early detection and treatment of cardiopulmonary dysfunc-
tion does reduce the morbidity and mortality caused by these 
mechanisms. The goal for optimal blood pressure manage-
ment is a MAP of 85 to 90 mm Hg with maintenance of 100% 
oxygen saturation. This is based on clinical observations and 
level III evidence, which remains the best guidance available 
to date. To properly treat these patients, arterial lines and 
central venous access or even Swan-Ganz catheters may be 
needed. Initially, hypotension should be treated as hemor-
rhagic in origin and fluid resuscitation should be with a bal-
anced solution (e.g., lactated Ringer solution). After adequate 
crystalloid volume replacement, blood transfusion may be 
needed. If hypotension has not responded after fluid resusci-
tation and transfusion with normal central venous pressure, 
pressor agents should be administered to maintain the MAP 
in the desired range. Agents such as dobutamine, dopamine, 
or norepinephrine, with both alpha- and beta-agonist prop-
erties, are preferred over pure alpha agonists such as phenyl-
ephrine that can lead to reflex bradycardia. The duration of 
pressure support to maintain the median arterial pressure has 
been somewhat arbitrarily stated to be 7 days, but there is no 
evidence to support either a longer or shorter period of time. 
Supplemental oxygen should be administered and ventilator 
settings adjusted to keep oxygenation at or near 100% during 
this period as well. 

IMMEDIATE CERVICAL SPINAL REDUCTION
The primary objective for rapid cervical reduction and sta-
bilization is to improve spinal cord blood flow and thus 
minimize the harmful effects of ischemia. In animal models, 
rapidly relieving spinal cord compression has been shown 
to be beneficial. The short period of time from injury to 
decompression determined in these studies to be optimal 
has not been clinically achievable. One intervention that 
can be accomplished in some patients to relieve spinal cord 
compression and improve cord blood flow is to reduce frac-
tures and dislocations using skeletal traction. If the injury 
is recognized and the patient is emergently taken to the 

radiology suite, often the reduction can be achieved within 
the first 1 to 2 hours after the patient arrives at the hospi-
tal. To be effective this must be done absolutely as soon as 
possible even if the initial workup has not been completed. 
However, limited evidence exists as to how beneficial this 
may be, and there is some risk from other undetected inju-
ries in this setting. Closed reduction usually can be accom-
plished significantly faster than can be achieved by operative 
means, and completion of the evaluation in a hemodynami-
cally stable patient can usually safely follow the reduction. 
Closed reduction is not always possible and is not appropri-
ate to attempt, for example, in patients with distraction type 
injuries at other levels, in obtunded patients, in patients with 
certain cranial fractures, or if the patient becomes hemody-
namically unstable.

A great deal of controversy exists regarding timing of 
cervical reductions and the need for cervical MRI, particu-
larly in the context of a patient with unilateral or bilateral 
facet fractures or dislocations. The controversy has been cen-
tered on whether there is a need to obtain prereduction MRI 
to determine if there is a disc herniation. The value of this 
information compared with the risk of the increased time to 
reduction has not been established. Consideration must be 
given to several pieces of information when treating these 
patients. The first is that dislocation of the spine with spi-
nal cord compression is definitely associated with neuro-
logic injury. Rizzolo et  al. reported that in 55% of patients 
with facet injuries, disc herniations or disruptions occurred 
and that often the disc material displaced into the canal. The 
importance of this is not clear as it relates to spinal reduction. 
Vaccaro et al. documented by MRI that more disc herniations 
were present after reduction than before reduction, but disc 
displacement did not correlate with neurologic deterioration 
in a small series of patients. Grauer et al. noted the significant 
variability of using MRI in the setting of cervical dislocations 
among spine surgeons based on their primary specialty. The 
second important fact is that only rarely has closed spinal 
reduction been associated with neurologic worsening if the 
patient is awake and alert at the time of reduction. Although 
there is no level I evidence on this topic, it appears that the 
important issue is whether the patient is awake and alert at 
the time of reduction, not the presence of a disc injury. Many 
clinical series that were reported over a period of decades 
found only 11 of 1200 awake patients (<1%) who developed 
permanent neurologic worsening after closed reduction. At 
least two were root level injuries. Additionally, one or two 
patients had transient worsening that returned to baseline. 
Reduction was accomplished in 80% of patients, which 
should allow for better spinal cord perfusion. Thus, the risk 
of causing additional harm in an awake and alert patient with 
a cervical facet fracture or dislocation and a significant neu-
rologic deficit is very low. In an awake and alert patient with 
a cervical fracture or dislocation with a significant neuro-
logic deficit, we recommend expeditious reduction without 
obtaining an MRI.

Significant neurologic injury in our protocol has been 
determined to mean less than grade 3/5 in more than one 
half of the key myotomes caudal to the level of injury (ASIA 
Impairment Scale A, B, or C). By using this regimen, most 
awake and alert patients have reductions before obtaining an 
MRI. These patients do have MRI after reduction but before 
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definitive treatment to assist in surgical planning. For the rare 
patient with a bilateral facet injury, or more likely a unilateral 
facet injury, and more than half of the key myotomes caudal 
to the injury level grade 3/5 or higher, an MRI is obtained 
before reduction even if the patient is awake and alert. The 
rationale is that if a patient’s neurologic function is grade 
3/5 or higher initially, there is more potential for harm with 
immediate reduction and less benefit. If during the process of 
reduction worsening of neurologic deficit occurs, the attempt 
at reduction is terminated. Immediate MRI is obtained, and 
operative treatment is undertaken, depending on the patho-
logic process present. If the patient is obtunded, closed reduc-
tion cannot be undertaken safely and immediate reduction 
is not attempted. For patients in whom closed reduction is 
attempted but not successful, MRI is completed to help guide 
the surgical approach. 

 

APPLICATION OF GARDNER-WELLS 
TONGS

 TECHNIQUE 41.2 

 n  Stabilize the patient’s neck with a rigid cervical orthosis. A 
small bolster may be needed under the occiput or shoul-
ders to maintain neutral cervical alignment.

 n  Identify a point 1 to 2 cm above the top of the ear and 0 
to 2 cm posterior to the auditory meatus bilaterally. Pull 
the hair back over this area. If necessary, remove a small 
amount of hair to expose the skin.

 n  If slight extension is desired, place the pins in line with 
the auditory meatus but no farther forward to avoid in-
jury to the temporal artery. Placing the pins more poste-
riorly will result in slight flexion. Flexion or extension also 
can be accomplished by adjusting the level of the trac-
tion pulley or by placing a bolster under the shoulders as 
needed.

 n  Clean the pin sites with an antiseptic soap and antiseptic 
solution.

 n  Infiltrate the pin sites with 1% or 2% lidocaine down to 
the periosteum.

 n  Check the tongs to ensure that the central pin is recessed, 
the pin points are not damaged, and the S hook is in place 
to attach the weight.

 n  Gently place the tongs over the patient’s head and ad-
vance the pins toward the skin. Put the pins in a symmet-
ric position.

 n  To avoid rotation, center the tongs by observing the pa-
tient’s nose in the middle of the tongs.

 n  Advance the pins until the central pin protrudes by 1 mm. 
This will occur on one side only. Tighten the locking nuts 
securely after the pins are seated.

 n  The tongs are now set and traction can be applied. 
The other restraints can be removed. No dressing is 
needed.

 n  Place the pulley for the traction rope at a level to achieve 
in-line traction for the cervical spine (Fig. 41.6).
   

 

CLOSED REDUCTION OF THE CERVICAL 
SPINE

 TECHNIQUE 41.3 

 n  Before adding weight, configure the bed and traction so 
that the head of the bed is elevated 30 to 40 degrees and 
obtain a baseline radiograph.

 n  Apply initial weight equal to 8 to 10 lb. for the head and 
3 to 5 lb per cervical level above the injury level, based on 
body habitus.

 n  Complete and document a neurologic examination.
 n  Administer medication for analgesia and muscle relax-

ation without decreasing patient’s level of consciousness 
or cooperation.

 n  Obtain a lateral radiograph and assess for reduction of 
fracture or dislocation.

 n  Continue to incrementally add weight, assess neurologic 
examination, and repeat lateral radiograph until reduc-
tion is achieved or reduction must be terminated. By fol-
lowing this process, there should be 5 minutes between 
each weight addition to allow the traction to overcome 
any muscle spasm before adding more weight.

 n  The reasons closed reduction can fail are maximal weight 
reached, neurologic examination deterioration, and ra-
diographic distraction of injury level more than 2 mm 
relative to normal adjacent disc. Be sure to compare most 
recent radiograph to the initial radiograph to determine 
if excessive distraction has occurred.

 n  After reduction is achieved or terminated, decrease trac-
tion to 10 to 15 lb based on body habitus.

 n  Repeat radiographs and examination. Further reduce weight 
if neurologic examination has not returned to baseline.

 n  Maintain patient in traction until definitive stabilization is 
done.
  

As noted previously, a small bolster may be needed under 
the patient’s head or shoulders to achieve a neutral alignment 
in traction. Closed reduction should be successful in approxi-
mately 80% of patients. Further treatment after successful or 
failed reduction is discussed in the section regarding subaxial 
injuries.

SPINAL CORD INJURY TREATMENT
At this time there remains no effective treatment to reverse spi-
nal cord injury that has been established by level I evidence. 
Many patients do improve neurologically, and in some the 
improvement is very dramatic. The measures that have been 
established to date are those detailed earlier that reduce the 
secondary injury. These include rapid realignment of the spine 
when appropriate, maintaining MAP at 85 to 90 mm Hg, and 
maintaining 100% oxygen saturation. The use of maintaining 
MAP in the range of 85 to 90 mm Hg continues to be evalu-
ated. Hawryluk et  al. evaluated minute-by-minute data on 
100 patients with spinal cord injuries and found a correlation 
between maintaining a MAP of 85 to 90 mm Hg and better 
neurologic outcomes; intermittent lapses below the target 
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range negatively affected outcomes. Also, the effect appeared 
most important during the first 3 days after injury. An exten-
sive literature review of cervical spinal cord injuries by the 
Congress of Neurological Surgeons also recommends main-
taining MAP between 85 and 90 mm Hg during the first 7 days 
after injury. There has been extensive research into various 
interventions to discover any possible clinical benefit that may 
aid patients with spinal cord injury. One such intervention that 
initially gained clinical acceptance was the use of high-dose 
methylprednisolone using the National Acute Spinal Cord 
Injury Study (NASCIS) II and then the NASCIS III protocols. 
Subsequent evaluations of these studies found significant flaws 
in the data analysis, and the claimed benefits of corticosteroid 
use have not been realized. There is now level I and level II evi-
dence showing that these high-dose protocols do not improve 
SCI recovery and are associated with significant harm. These 
protocols are generally not recommended as treatment options 
to patients because significant complications are associated 
with these very high corticosteroid doses, which outweigh any 
benefit.  

SPINAL CORD SYNDROMES
When evaluating patients with spinal cord injuries, incom-
plete injuries must be distinguished from those that are 
complete because treatment decisions are based in part on 
this determination. If a complete spinal cord injury exists, 
the patient may regain some function within the zone of 
partial preservation but needs to understand that func-
tional recovery at a more caudal level is not to be expected. 
This determination cannot be made until spinal shock has 
resolved and a reliable detailed neurologic examination is 
possible. In the case of an incomplete spinal cord injury, 
there are several recognized syndromes. If the injury 
can be categorized as one of these syndromes, prognos-
tic information can be provided to the patient in general 
terms, but determination of specific functional recovery 
remains impossible at this time. There are, however, some 
generalizations that help inform the patient: (1) the greater 
the sparing of motor and sensory function is caudal to the 
injury, the greater is the expected recovery; (2) the earlier 
that recovery appears and the more rapidly it progresses, 
the greater is the expected recovery; (3) patients younger 
than 50 years have a better prognosis than older patients 
with the same deficit; and (4) recovery can occur over 12 

to 15 months, but once progress ceases further recovery 
should not be expected. The most recognized syndromes 
are central cord syndrome, Brown-Séquard syndrome, 
anterior cord syndrome, posterior cord syndrome, conus 
medullaris syndrome, and cauda equina syndrome. There 
are some injuries that do not fit well into these described 
syndromes, and prognostic information cannot be given 
for these mixed syndromes.

Central cord syndrome is the most common. It con-
sists of injury to the central area of the spinal cord, includ-
ing gray and white matter (Fig. 41.7B). The centrally located 
upper extremity motor neurons in the corticospinal tracts 
are the most severely affected, and the lower extremity tracts 
are affected to a lesser extent. Generally, patients have a tet-
raparesis involving the upper extremities to a greater degree 
than the lower extremities with greater dysfunction distally in 
the extremities than proximally. Sensory sparing varies, but 
usually sacral pinprick sensation is preserved. These patients 
frequently show early partial recovery and may have preex-
isting cord compression and may not have spinal instability. 
Prognosis varies, but more than 50% of patients have return 
of bowel and bladder control, become ambulatory, and have 
improved hand function. This syndrome usually results from 
a hyperextension injury in an older individual with preex-
isting osteoarthritis of the spine. The spinal cord is pinched 
between the vertebral body anteriorly and the buckling liga-
mentum flavum and lamina posteriorly (Fig. 41.7A). It also 
may occur in younger patients with flexion injuries.

Management of acute traumatic central cord syndrome 
(ATCCS) remains controversial with regard to operative 
or nonoperative treatment superiority. A recent systematic 
review by the Spinal Cord Society and the Spine Trauma 
Study Group found important questions have not been 
answered. The study by Karthik Yelamarthy et  al. did find 
evidence indicating that for ATCCS patients with instabil-
ity caused by fractures, disc disruptions, or dislocations 
and persistent cord compression, outcomes are improved 
with early surgery (within 24 hours). For ATCCS patients 
without instability, there is no clear evidence that surgery 
or conservative treatment is superior. Both groups generally 
improve, and 70% to 80% of patients can expect to regain 
bladder control and the ability to ambulate with improve-
ment in hand function relative to immediately after injury, 
although full recovery is not common. Because of the clini-
cal ambiguity, our approach in these patients is initially to 
manage the spinal cord injury medically and monitor neu-
rologic improvement. Once improvement plateaus after sev-
eral weeks, a decision is made regarding surgery based on 
the functional level of the patient. For patients with insta-
bility, early surgery to achieve stability and relieve residual 
compression is recommended.

Brown-Séquard syndrome is an injury to either side of the 
spinal cord (Fig. 41.7C) and usually is the result of a unilateral 
laminar or pedicle fracture, penetrating injury, or rotational 
injury resulting in a subluxation. It is characterized by motor 
weakness with loss of proprioception on the side of the lesion 
and the contralateral loss of pain and temperature sensation. 
Prognosis for recovery is good, with significant neurologic 
improvement often occurring. Most of the recovery occurs in 
the first few months after injury, but improvement can occur 
over 2 years. Gait usually recovers within 6 months. Pollard 
and Apple noted that only central cord and Brown-Séquard 

 FIGURE 41.6 Gardner-Wells tongs placed just above ears, 
below greatest diameter of skull. SEE TECHNIQUE 41.2.
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syndromes were statistically associated with improved recov-
ery at 2 years after injury. In carefully selected patients, nerve 
transfers may be of benefit.

Anterior cord syndrome usually is caused by a hyper-
flexion injury in which bone or disc fragments compress the 
anterior spinal artery and cord. It is characterized by com-
plete motor loss and loss of pain and temperature discrimi-
nation below the level of injury. The posterior columns are 
spared to varying degrees (Fig. 41.7D), resulting in preser-
vation of deep touch, position sense, and vibratory sensa-
tion. Prognosis for significant recovery in this injury is poor. 
Posterior cord syndrome involves the dorsal columns of the 
spinal cord and produces loss of proprioception and vibra-
tory sense while preserving other sensory and motor func-
tions. This syndrome is rare and usually is caused by tumors 
but can occur with an extension injury.

Conus medullaris syndrome, or injury of the sacral cord 
(conus) and lumbar nerve roots within the spinal canal, usu-
ally results in areflexic bladder, with urinary retention with 
overflow incontinence, areflexic bowel with fecal inconti-
nence, and lower extremity weakness with increased tone 
that initially may be flaccid. Most of these injuries occur 
between T11 and L2 and result in flaccid paralysis in the 
lower extremities and loss of all bladder and perianal muscle 
control. The irreversible nature of this injury to the sacral 
segments is evidenced by the persistent absence of the bul-
bocavernosus reflex and the perianal wink. Motor function 
in the lower extremities between L1 and L4 may be present 
if nerve root sparing occurs.

Cauda equina syndrome, or injury between the conus 
and the lumbosacral nerve roots within the spinal canal, also 
can result in an areflexic bladder, bowel, and lower limbs. 
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FIGURE 41.7 Spinal cord lesions. A and B, Central cord syndrome: spinal cord is pinned between 
vertebral body and buckling ligamentum flavum. C, Brown-Séquard syndrome. D, Anterior cervical 
cord syndrome.
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With a complete cauda equina injury, all peripheral nerves 
to the bowel, bladder, perianal area, and lower extremities are 
lost and the bulbocavernosus reflex, anal wink, and all reflex 
activity in the lower extremities are absent, indicating absence 
of any function in the cauda equina. The cauda equina inju-
ries are lower motor neuron injuries, and there is a possibil-
ity of return of function of the nerve rootlets if they have not 
been completely transected or destroyed. Most often, cauda 
equina syndrome manifests as a neurologically incomplete 
lesion. 

CERVICAL SPINE INJURIES
RADIOGRAPHIC EVALUATION PROTOCOL
The helical CT scan is the imaging modality of choice for 
the diagnosis of cervical fractures and dislocations. Axial 
images, sagittal reconstructions, and coronal plane recon-
structions each provide optimal visualization for particular 
injuries. Having a systematic and methodical routine for 
viewing these series is required to detect injuries. Beginning 
with the sagittal reconstructions, three images are of par-
ticular value. These are the midline image and each of the 
parasagittal plane images through the occipital condyle-
C1 joint and the facet joints on each side. These parasagit-
tal images should be evaluated specifically for (1) congruity 
of the occipital condyle-C1 joint, which should be concen-
tric and should not be more than 2 mm wide laterally, (2) 
intact isthmus at the C2 level, and (3) a normal relation-
ship at each facet joint and intact lateral masses. The mid-
line image should be evaluated specifically for (1) relation of 
Wackenheim’s line to the dens (normally tangential to the 
posterior aspect of the dens), (2) widening of the atlanto-
dens interval (normal <3 mm; abnormal >5 mm), (3) soft-
tissue swelling at the C3 midbody (normal <5 mm), (4) bony 
integrity of the dens, (5) anterior vertebral body alignment; 
(6) posterior vertebral body alignment, (7) alignment of the 

spinolaminar line, and (8) assessment for excess angulation 
or widening of each disc space.

The coronal reconstructions are best for evaluating the 
occiput-C1 joints, the C1-C2 joints, and the bony integrity 
of the dens.

The continuity of the posterior bony arch at each cervical 
level and the occiput is best determined on the axial images. 
Fractures involving the body, pedicle, foramen transversar-
ium, lateral mass, lamina, and spinous process can be seen at 
individual levels (Fig. 41.8). 

HALO VEST IMMOBILIZATION AND 
CERVICAL ORTHOSES
Cervical immobilization is a mainstay of treatment for many 
cervical injuries. There is extensive clinical experience cov-
ered in the orthopaedic literature over many years regard-
ing cervical immobilization. This literature base is mostly 
level III and level IV evidence studies. Unfortunately, con-
trolled randomized prospectively collected data on specific 
means of immobilization for specific injuries are not avail-
able. It is unlikely such data will become available given the 
difficulty of devising an ethical study that could appropriately 
collect this information. A cadaver study of various spinal 
orthoses, including rigid collar, sternal occipital mandibu-
lar immobilizer (SOMI), and halo vest, by Holla et al. found 
that generally the reduction in flexion/extension occurred at 
C0-C1 level and the reduction in rotation occurred at C1-C2. 
Additionally, they found that restriction in motion was pro-
gressively increased in order from rigid collar to SOMI to 
halo vest.

The first modern halo vest was developed at Ranchos 
Los Amigos and described by Perry and Nickel in 1959. 
Numerous modifications have been made to the halo vest, 
and other orthoses for the cervical spine have been devel-
oped. These orthoses generally have been designed to serve 
one of two purposes: immobilization during extrication and 
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FIGURE 41.8 A, Arrow a indicates normal occiput-C1 joint congruity. Arrow b indicates intact 
C2 isthmus. Bracket c indicates normal facet relationships throughout cervical spine. B, Arrow a 
indicates Wackenheim’s line with normal relationship between clivus and posterior dens. Arrow 
b indicates atlantodens interval, which is normal in width. Arrow c indicates normal soft-tissue 
density width less than 5 mm at C3 midbody.
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transport procedures or adjunctive or definitive treatment for 
unstable cervical injuries. The adjunctive role is either as tem-
porary immobilization preoperatively or to provide immobi-
lization after surgical stabilization. The goals of stable fixation 
and early mobilization are appropriate with spinal injuries, 
but often a short period of external support is recommended 
after surgery.

Extrication-type collars are not appropriate for treat-
ment because they are too restrictive and would cause skin 
breakdown with prolonged use. They should be exchanged or 
removed if immobilization is not needed after initial assess-
ment of the patient. The most commonly used types of ortho-
ses for the cervical spine include a soft collar, a two-piece 
“rigid” collar, a SOMI, a Minerva (similar to a SOMI with 
some forehead control), and a halo vest. Several authors have 
compared the relative ability of these devices to limit motion 
in the cervical spine. Studies comparing limitation of motion 
in normal volunteers using devices of the same basic type 
usually have not found statistically significant differences 
between devices within the same class. These studies gener-
ally have shown progressively more limitation of motion by 
the orthosis type in the sequence they are listed above. These 
studies usually measure global motion of the cervical region 
and are limited in that the study participants do not have cer-
vical injuries and as such their spinal biomechanics may be 
different than patients. Other authors have used cadaver mod-
els to assess the effectiveness of different orthoses in limiting 
motion after instability is created at a specific cervical level. 
Richter et al. studied an odontoid fracture model and found 
the halo vest to be more effective than a two-piece collar or 
a Minerva type brace. In another cadaver study, Horodyski 
et al. found that a two-piece rigid collar did not limit motion 
effectively after severe C5-C6 instability was created. Other 
studies have found atypical motion, such as “snaking,” at indi-
vidual levels that is caused by orthoses, especially the more 
restrictive types, during activities of daily living. Further 
studies are needed to evaluate the effect of these devices with 
mastication, swallowing, and oral hygiene, although these 
devices have been shown to affect these activities.

The halo vest has been studied more than other types of 
braces, and several findings have been determined. The halo 
vest is the most effective brace for limiting motion within the 
cervical spine. This appears true for the craniocervical junc-
tion, subaxial region, and cervicothoracic junction. Motion 
is allowed to a greater extent in the junctional areas than in 
the midcervical region in the halo vest. However, it is clear 
that motion remains throughout the cervical spine even with 
a halo vest properly applied. Despite this persistent motion, 
the halo vest has proven effective in the management of many 
types of cervical injuries, especially bony injuries involv-
ing the craniocervical junction. As surgical methods have 
improved, the halo vest has remained useful in part because 
for many upper cervical injuries normal motion can be pre-
served after fracture union. This region is responsible for a 
large portion of the normal cervical spine, and this motion 
is often permanently sacrificed with operative stabilization.

The use of halo vest immobilization does have signifi-
cant associated complications. Recently, several studies have 
examined the morbidity and mortality associated with immo-
bilization in a halo vest in elderly blunt trauma victims; how-
ever, no high-quality studies have prospectively evaluated 
this subgroup of patients. Retrospective studies in the trauma 

literature have noted an increased mortality rate in elderly 
trauma patients with cervical fractures treated with immobi-
lization with a halo vest compared with those treated opera-
tively or with a collar.

In institutions with higher death rates in patients with 
cervical spine injuries, higher rates of respiratory complica-
tions and deep vein thrombosis also were noted, suggesting 
that this group may not have been mobilized as well as the 
other subgroups evaluated. In a more thorough but still retro-
spective evaluation, Bransford et al. did not find an increased 
death rate associated with use of a halo vest. This study, which 
was a retrospective review of all patients at a level I trauma 
center for 8 years, evaluated treatment outcomes, complica-
tions, injury type, and patient age. Successful treatment was 
reported in 85% of patients treated with halo vest immobili-
zation, although 11% of patients had the time in a halo vest 
shortened because of complications such as pin site infec-
tions. Treatment success was defined as healing of the injury 
in satisfactory alignment without additional intervention 
or secondary neurologic deterioration. The adverse events 
encountered in this study included death, pin site problems, 
pulmonary deterioration, skin breakdown, dysphagia, neuro-
logic deterioration, and other miscellaneous complications. 
Twenty-two of 311 patients died after halo vest immobiliza-
tion was initiated, and 19 of these deaths were within 21 days 
of starting halo vest immobilization. Review by a seven-mem-
ber panel as to the cause of death, contributing comorbidities, 
and specifically whether the halo vest immobilization was 
a contributing cause of death was done in each case. It was 
determined that all 22 patients died for reasons that were not 
attributable to halo vest immobilization. The most common 
region treated with halo vest immobilization was the occiput 
to C2, especially odontoid fractures, although about a third of 
patients had subaxial injuries. Also, there were a significant 
proportion of study patients with more than one injury.

Complications of halo vest immobilization are frequent, 
with some studies having complication rates as high as 59%, 
although most studies identify complications in about 35% 
of patients. The most common type of complication involves 
pin site infection or loosening, which accounts for about 40% 
of all complications. Most pin site infections respond well to 
oral antibiotics if started early. Local pin cleaning daily and 
close follow-up of these patients allow early detection of 
these problems. Occasionally, infections are more serious and 
require pin site change or early discontinuation of halo vest 
immobilization. The most serious infections, which rarely 
occur, can lead to intracranial abscess requiring debride-
ment and possibly result in death. Other less common pin-
related complications include dural penetration, loosening 
without infection, or even skull fracture at or near the pin 
site. Another common complication of halo vest immobili-
zation is failure to maintain adequate fracture reduction and 
spinal alignment. Rates of persistent instability with halo 
vest immobilization are 30% to 35% in most series. Most of 
these complications are detected in the first 7 to 10 days if 
radiographic imaging at the time halo vest immobilization 
is started is compared with imaging obtained after mobili-
zation has been accomplished. Conversion to an alternative 
treatment may be necessary if alignment is not maintained 
because of the increased probability of nonunion. Nonunion 
detected after adequate halo vest immobilization for 12 to 
16 weeks also may require surgical stabilization. Neurologic 
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deterioration secondary to persistent instability also is a con-
cern, although this is not common with halo vest immobi-
lization. More serious complications, such as pneumonia or 
respiratory insufficiency, can occur but most often are related 
to inadequate mobilization of the patient. If a determination 
is made that adequate stability will not be attained with halo 
vest immobilization to allow mobilization to the full extent 
that the patient’s other injuries would allow, then other treat-
ment should be undertaken if possible. In this way, most of 
the serious complications can be avoided. Most of the later 
but less serious complications related to the pins are avoided 
by using care in applying the halo vest immobilization and by 
having appropriate follow-up. 

 

HALO VEST APPLICATION
There are a variety of halo vest designs available. We typi-
cally have used a carbon-graphite composite horseshoe ring 
and four titanium pins. In patients younger than the age of 
10 years, either six or eight pins may be used (see Chapter 
43). Proper sizing and location of the ring are important to 
reduce pin loosening or ring migration. The ring selected 
should be the smallest diameter that can be placed below 
the equator of the cranium and allow at least 1 cm of clear-
ance circumferentially. A larger ring that is farther from 
the bone will increase motion at the pin-bone interface, 
as occurs with other external fixation components when 
placed farther from the bone. Planned pin locations also 
must be carefully evaluated on CT for possible fracture.

 TECHNIQUE 41.4 

 n  Select the smallest ring that allows at least 1 cm skin clear-
ance when placed below the largest diameter of the skull.

 n  The anterior pins should be above the lateral third of the 
eyebrow. This position avoids the supraorbital and supra-
trochlear nerves and the temporalis muscle. The posterior 
pins usually are slightly lower than the anterior pins and 
posterior to the ear (Fig. 41.9).

 n  Position the posterior piece of the vest under the patient 
so that the shoulder strap is properly located.

 n  Shave hair if needed and cleanse each pin site with anti-
septic solution three times.

 n  Using the ring positioning pins, set the ring position and 
have an assistant hold the ring in this position.

 n  Place a needle through the pin location in the ring to be 
used and inject 0.5 mL of local anesthetic subperiosteally. 
Avoid raising a large skin wheal when injecting because 
this leads to traction on the skin after pin placement.

 n  Have the patient gently close his eyes and maintain this 
during ring placement to make sure the upper lids can be 
closed after placement of the pins.

 n  Place each pin down to the skin surface.
 n  Tighten by hand one opposing pair of pins (e.g., right 

anterior with left posterior) one full turn and then tighten 
the other pair; repeat until all pins are as tight as possible 
by hand. This avoids translating the ring in one direction 
while tightening the pins.

 n  Using a torque-limiting screwdriver set at 8 in/lb, tighten 
the pins in a figure-of-eight sequence one full rotation 
each until all four are at 8 in/lb. Lower torque will increase 
pin loosening, and higher torque increases the risk of skull 
penetration.

 n  Securely tighten the locking nut on each pin.
 n  Apply the anterior vest piece and secure the shoulder and 

abdominal straps.
 n  Engage the four supports from the vest into the ring and 

adjust the position to allow unrestricted movement of the 
xiphoid hinge if necessary. Tighten all set screws to the 
manufacturer’s suggested torque.

 n  Radiographically verify that the fracture reduction and 
spinal alignment are acceptable.

 n  In 24 hours, retighten the pins to 8 in/lb of torque.
 n  Begin daily pin cleaning with H2O2 or povidone-iodine 

solution.

POSTOPERATIVE CARE Daily pin cleaning is continued 
and, depending on how active the patient is, the super-
structure of the halo vest is tightened every 2 to 4 weeks. 
The patient is mobilized as completely as the noncervical 
injuries will allow, and the cervical spine is imaged to verify 
that fracture reduction and overall alignment are stable. 
After the period of halo vest immobilization is completed 
and the pins are removed, the pin sites should be cleaned. 
Manually mobilizing the skin to prevent scar tethering to 
the periosteum allows for more normal facial expression 
and less noticeable scars.
  

OCCIPITOCERVICAL DISSOCIATION INJURY 
PATTERNS
Injuries to the craniocervical junction can occur at a variety 
of locations. Atlantooccipital dislocations, C1-C2 dislocations, 
or combinations of fractures and dislocations involving the 
occiput, atlas, and the axis also can disrupt soft tissues, such 
as the tectorial membrane, alar and apical ligaments, trans-
verse atlantal ligament (TAL), and joint capsules at occiput-C1 
or C1-C2 joints. Some injuries such as fracture of the occipi-
tal condyle or isolated joint capsule injuries may be stable. 
However, these injuries may occur as components of a more 
complex injury with occipital cervical instability, which can be 
fatal if not treated. Often these injuries result in fatalities before 
the patient is transported. The diagnosis of craniocervical 
junction injuries requires awareness of and suspicion for the 
expected injury patterns. The presence of cranial nerve (CN) 
VI, CN X, or CN XII palsies, subarachnoid hemorrhage at the 
craniocervical junction, or soft-tissue swelling anterior to the 
upper cervical spine should increase suspicion of a cranio-
cervical injury. More severe deficits, including monoparesis, 
hemiparesis, tetraparesis, apnea, or other high cord symptoms, 
also have been reported with these injuries. Careful evaluation 
of the CT images, particularly the reconstruction images, is 
needed because these injuries often are dislocations and only 
the relative position of one bony structure to another may be 
abnormal without the presence of a fracture. Atlantooccipital 
dislocation has become recognized more frequently as aware-
ness of the injury has increased and initial patient care has 
improved. The best method for the diagnosis of atlantooccipi-
tal dislocation has not been definitively determined.
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Older methods based on lateral radiographs such as the 
Power’s ratio (basion to posterior arch distance/opisthion 
to anterior arch distance) have been described. Harris et al. 
described measuring the basion atlas interval and the basion 
dens interval (BAI-BDI), both of which should be less than 
12 mm (Fig. 41.10). The BAI-BDI method as described by 
Harris et al. is the most reliable method using lateral radio-
graphs. With the use of helical CT scans, more detailed anal-
ysis of the bony relationships is possible. The method that 
we have used to diagnose the presence of atlantooccipital 

dislocation is the Harris method, and we evaluate each of 
the occipital condyle-C1 joints for congruity and concen-
tricity. Normally, these joints measure 0.5 to 1 mm and 
should be concentric. In a radiographic study by Martinez 
del Campo et al., a joint space of 1.5 mm or more was highly 
sensitive for atlantooccipital dislocation type of injury. If 
both joints are normal, there is no atlantooccipital dislo-
cation. In addition, the relationship of Wackenheim’s line 
to the dens is evaluated. If this relationship also is normal, 
there is no distraction injury between C1 and C2. The most 
commonly used classification system for atlantooccipital 
dislocation is the Traynelis system, which is described by 
direction of displacement, but it lacks treatment guidance. 
The Traynelis classification includes type I (anterior); type 
II (longitudinal); type III (posterior); and “other,” which 
includes lateral or multidirectional displacement. Review 
of the literature revealed that patients with occipitocervical 
displacement who were not initially diagnosed had neuro-
logic worsening 73% of the time before the diagnosis was 
recognized and about half did not improve even to their 
baseline neurologic examination after treatment. Ten per-
cent of patients placed in traction had neurologic worsening 
in a small number of reported cases. Also, patients treated 
definitively with external immobilization excluding traction 
had a 40% rate of neurologic worsening that necessitated 
stabilization. Another 27% who did not worsen neurologi-
cally failed to achieve stability even after up to 22 weeks of 
immobilization. Patients treated with halo vest immobiliza-
tion temporarily while awaiting operative stabilization had 
0% neurologic worsening preoperatively. This evidence is 
level III but has led us to recommend operative stabilization 
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FIGURE 41.9 When applying halo ring, pin sites should be 1 cm above lateral one third of 
eyebrows and same distance above tops of ears in occipital area (mastoid area). SEE TECHNIQUE 41.4.
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FIGURE 41.10 Measurement technique for basion dens interval 
and basion-axial interval described by Harris et al.
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for all patients with unstable occipitocervical dislocations. 
Initial management is in a halo vest to provide provisional 
stabilization until the patient can undergo posterior occipi-
tocervical fusion. Traction is not used under usual circum-
stances. Typically, fusion is from the occiput to C2 or C3, 
with multiple points of skull fixation and C1 lateral mass 
screws, C2 isthmus screws, and, when needed, C3 or lower 
lateral mass screws with autologous bone grafting. Some 
injuries to individual craniocervical structures without dis-
location can be treated without operative stabilization. 

OCCIPITAL CONDYLE FRACTURES
Fractures of the occipital condyle are recognized more often 
now with increased use of screening CT with reformatted 
images (Fig. 41.11). They occur in association with traumatic 
brain injuries in over half the cases, and frequently patients 
have additional cervical fractures. Dysfunction of cranial 
nerves is uncommon, but involvement of CN VI, CN IX, CN 
X, CN XI, and CN XII has been reported. Cranial nerve pal-
sies most often are reported when fractures of the occipital 
condyle are untreated. These fractures do occur as isolated 
injuries but are most significant when they occur as part of 
a more severe craniocervical injury, such as occipital cervi-
cal dislocation. The occipital condyles articulate with the 
C1 lateral masses and are attached to the dens by the paired 
alar ligaments. The alar ligaments function to limit rotation 
of the occiput and atlas with respect to C2. The mechanisms 
for fractures of the occipital condyle usually are axial load-
ing and lateral bending. Anderson and Montesano described 
the classification that is most commonly used: type I, impac-
tion; type II, basilar skull fracture; and type III, avulsion frac-
ture. Type I and type II fractures are usually stable and can 
be treated with a rigid orthosis for 6 to 12 weeks. About 6 to 
8 weeks of immobilization in a rigid orthosis is usually rec-
ommended; there is no good evidence to support a specific 

treatment period. If instability is detected after a period of 
adequate immobilization, occiput to C2 fusion may be indi-
cated. Type III fractures are potentially unstable, especially if 
displaced more than 2 mm, because of the avulsion of the alar 
ligament, which may be bilateral. Treatment in a halo vest for 
12 weeks or surgical management may be needed for the rare 
unstable occipital condyle fracture. Occipital condyle frac-
tures are most significant as indicators of high-energy blunt 
trauma to the head and neck. A large retrospective study by 
West et al. found the incidence to be 0.3% of the study popu-
lation, but 30% of patients had associated intracranial injuries 
and 43.5% had significant other cervical injuries. Most were 
treated in a rigid orthosis, some with observation, and none 
required surgery. 

TRANSVERSE ATLANTAL LIGAMENT 
RUPTURE
Rupture of the TAL or cruciform ligament usually occurs 
from a force applied to the back of the head, such as occurs 
in a fall. Thus, injuries involving the TAL can be a purely liga-
mentous midsubstance tear of the ligament or can occur as 
the result of an avulsion of the insertion into the C1 lateral 
mass. Dickman et al. classified these injuries as type I, disrup-
tions of the substance of the ligament, and type II, fractures 
and avulsions involving the tubercle insertion of the TAL on 
the lateral mass of C1. Treatment is based on classification 
type. According to Dickman et  al., type I injuries are inca-
pable of healing without internal fixation and they should be 
treated with early surgery. Type II injuries, which render the 
transverse ligament physiologically incompetent even if the 
ligament substance is not torn, should be treated initially with 
a rigid cervical orthosis. Dickman et  al. had a 74% success 
rate with nonoperative treatment of type II injuries, reserv-
ing surgery for patients who had a nonunion and persistent 
instability after 3 to 4 months of immobilization. Conversely, 

 

A B

a

b

FIGURE 41.11 A and B, Right occipital condyle fracture (arrows).
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26% of type II injuries in this study failed to heal after immo-
bilization, suggesting that close follow-up is needed to deter-
mine which patients require delayed operative intervention. 
Usually the anterior subluxation of the ring of C1 can be 
detected on flexion films and the instability can be reduced in 
extension (Fig. 41.12). Sagittal midline reformatted CT views 
should be checked carefully for retropharyngeal swelling, 
which suggests an acute injury, and for small flecks of bone 
avulsed off the lateral masses of C1, which may indicate avul-
sion of the ligament. These avulsed fragments are best seen 
on coronal reformatted views. The primary indication of this 
injury is instability at C1-C2 on flexion and extension films. 
Anterior widening of the atlantodens interval of more than 3 
mm on the midsagittal CT reconstruction or on a flexion view 
suggests that the transverse ligament is incompetent. MRI has 
become the standard imaging modality to evaluate the integ-
rity of the TAL. Flexion and extension views should be made 
under the supervision of the physician, and the patient must 
be monitored closely for alterations in neurologic or respira-
tory function. As described by Dickman et al., mid-substance 
injury of the TAL will not heal with immobilization, and oper-
ative treatment is indicated. Posterior C1-C2 fusion using the 
fixation technique described by Harms with autologous bone 
graft is preferred. This technique is more rigid than wiring 
and has an advantage over wiring methods in that it can be 
used in the presence of fractures of the posterior ring of C1. 
An alternative fixation method is the Gallie method of wir-
ing that creates a posteriorly directed force on C1 to reduce 
any atlantodens interval widening (see Fig. 41.12C). An intact 
dens will prevent over-reduction of C1. A Brooks-Jenkins 
bone block technique should not be used because it cannot 
maintain the reduction as well. In 12 patients with ruptures of 
the transverse ligament, Levine and Edwards found an aver-
age loss of correction of 4 mm after bone block techniques 
and 1 mm after Gallie wiring. Isolated TAL injuries without 
associated atlas fractures are rare. 

 

OCCIPITOCERVICAL FUSION 
USING MODULAR PLATE AND ROD 
CONSTRUCT, SEGMENTAL FIXATION 
WITH OCCIPITAL PLATING, C1 
LATERAL MASS SCREW, C2 ISTHMIC 
(PARS) SCREWS, AND LATERAL MASS 
FIXATION
The preferred method of occiput to cervical fusion uses a 
modular plate and rod system that incorporates multiple 
skull fixation points and multiple fixation points to the 
upper cervical spine. If the injury is soft tissue only at the 
occiput-C1 level, the construct usually can stop at the C2 
level. If fixation is compromised by injury at the C1 or C2 
level, fixation should be extended caudally to C3 or lower 
depending on the injury pattern.

The awake patient is moved to the turning frame and 
placed supine. After induction of anesthesia, the patient 
is secured between the two operating room tabletops and 
the entire bed is rotated to position the patient prone on 
the open frame. Typically, the patient will be in a halo vest 
on arrival to the operating room. A Mayfield head posi-
tioner is directly attached to the halo ring, and the anterior 
vest and supports are removed. If the patient is not in a halo 
vest, the Mayfield pinion head holder is used. After turn-
ing the bed, the posterior portion of the vest is removed. 
Fluoroscopic images are obtained to verify reduction of the 
injury and to make sure the position of the head is satisfac-
tory for fusion. A position of slight occipitocervical flexion 
is preferred to allow the patient to potentially ambulate 
and perform daily activities with less difficulty (Fig. 41.13).

 

CBA

FIGURE 41.12 Patient sustained severe blow to back of head, resulting in instability of C1-C2 
complex because of torn transverse ligament. A and B, Note widening of atlantodens interval in 
flexion (A) and reduction in extension (B). C, After Gallie wiring.
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 TECHNIQUE 41.5 

 n  Position the patient prone on the rotating frame as de-
scribed above.

 n  Shave the head several centimeters above the inion (pos-
terior occipital protuberance).

 n  Prepare and drape the posterior head and neck, as well as 
the posterior iliac crest donor site.

 n  Score the skin sharply from the inion to the planned cau-
dal level and inject dilute epinephrine solution (1 mg in 
500 mL normal saline) through the score incision into the 
dermis and paraspinal musculature.

 n  Complete the skin incision sharply and then use electro-
cautery to dissect to the skull and spinous processes to at 
least the C3 level (if construct is planned to C2 level).

 n  Using Cobb elevators and electrocautery, subperiosteally ex-
pose the occiput from the inion to the foramen magnum.

 n  Expose the posterior ring of C1 laterally a distance of 15 
mm from the midline or to the vertebral artery sulcus, 
whichever is less. Take care to keep the electrocautery on 
the ring of C1 and do not cauterize the atlantooccipital 
membrane, which is thin.

 n  Expose the bifid portion of the C2 spinous process and 
elevate the muscular attachments subperiosteally so that 
at closure the two sides can be sutured through bone to 
the spinous process of C2.

 n  Expose the spinous process, laminae, and entire lateral 
mass bilaterally at each level as needed, preserving the 
facet capsule at levels not to be included in the fusion.

 n  The C2 spinal nerve (greater occipital nerve) crosses pos-
terior to the C2 isthmus in a dense venous plexus. Using 
bipolar cautery and a Penfield No. 4 elevator, gently mo-
bilize this plexus cephalad, beginning at the upper lateral 
margin of the C2 lamina until the medial border of the 
C2 isthmus is visible. Expect bleeding during this step and 
control it with bipolar cautery, Gelfoam or Surgicel, and 
cottonoids. Placing the patient in a reverse Trendelenburg 
position helps control this bleeding.

 n  In a similar fashion, expose only the caudal edge of the 
ring of C1 laterally to a point even with the C2 isthmus 
and mobilize the venous plexus and C2 nerve caudally 
to allow exposure of the C1 lateral mass inferior to the 
posterior ring and vertebral artery.

 n  Using an image intensifier, verify that cervical alignment 
and injury reduction are satisfactory.

 n  The C1 screw is placed as described by Goel and subse-
quently refined by Harms and Melcher. Using a hand drill 
placed just caudal to the ring of C1 and 3 to 4 mm lateral to 
the medial edge of the lateral mass, advance the drill at an 
angle of 10 degrees medially and slightly cephalad to a point 
just posterior to the anterior margin of the dens on a lat-
eral image intensifier view. This allows for unicortical screw 
placement and lowers the risk of injury to the internal carotid 
artery and hypoglossal nerve anterior to the C1 lateral mass.

 n  Place a polyaxial screw with a 10-mm smooth shank ex-
tension to the drilled depth.

 n  Place the C2 isthmic screw in a method similar to that 
described by Magerl and Seeman (see Technique 41.9). 
Place a Penfield No. 4 elevator to palpate and, if possible, 
view the isthmus medial cortex and determine the line 
of entry points on the inferior facet of C2 that will allow 
the medially directed drill to enter the isthmus. Using the 

lateral image intensifier view, select the point on this line 
that will orient the drill up the center of the isthmus. Use a 
high-speed burr to penetrate only the cortex at that point. 
Typically, the drill will be directed 25 degrees medially and 
20 to 30 degrees cephalad, but anatomy varies consider-
ably, and careful review of the CT scan is required. Direct 
the hand drill up the isthmus under fluoroscopic control to 
a point at the posterior margin of the C2 foramen trans-
versarium as seen on the lateral image intensifier view.

 n  Place the appropriate length polyaxial screw to stop at the 
posterior foramen transversarium. In our experience this 
provides excellent fixation without placing the vertebral 
artery at risk by crossing the foramen transversarium into 
the C2 body.

 n  If additional lateral mass screws are to be used, they are 
placed using Anderson’s modification of the technique of 
Magerl. Identify the four boundaries of the lateral mass 
and determine the geometric center of the rectangle de-
fined by these boundaries. Penetrate the cortex 1 mm 
medial to the center point using a high-speed burr. Us-
ing this starting point, orient the hand drill laterally and 
cephalad by resting the drill sleeve at the margin of the tip 
of the spinous process of the next most caudal level (C4 
spinous process for a C3 screw). Advance the drill in 2-mm 
increments until the far cortex is breached. Use a depth 
gauge to palpate for bone penetration after each 2 mm 
of drill advancement. Place the appropriate length screw 
bicortically. Unicortical 14-mm screws have been shown 
to provide satisfactory fixation and can be used if desired.

 n  After placement of these screws, the rod position at the 
skull can be determined. Some modular systems allow for 
either a single midline plate or two unilateral plates to be 
used. The occipital bone is thicker along the midline ridge, 
and screw purchase is enhanced if this bone can be used. 
However, if the midline plate does not align well with 
the screws as placed, bilateral plates are preferred. If two 
plates will be used, contour and place them to engage the 
thickest bone possible.

 n  For each occipital screw placed through the plate, use 
a hand drill for bicortical screw placement. Advance the 
hand drill in 2-mm increments, taking particular care dur-
ing drilling of the occipital bone if the plate position re-
quires drilling outside of the safe zone described above. 
The sagittal sinus and the transverse sinus are deep to the 
inner cortex of the occipital bone in this area. Unicortical 
screws can be placed in the thicker midline bone.

 n  After affixing the plate component to the occiput, con-
tour, cut, and connect the rod to the cervical screws and 
plate on each side. If two plates are used, it is often eas-
ier to attach the contoured rod to the plate. Engage the 
rod into the cervical screws and then place the screws 
through the plate after it is in position.

 n  Tighten all connections securely.
 n  Harvest iliac bone graft as described in Technique 1.7.
 n  Decorticate the occipital bone and the posterior elements 

of the exposed levels using a high-speed burr.
 n  Carefully place morselized autologous bone graft over the 

decorticated areas. Avoid packing the bone over the at-
lantooccipital membrane because compression here may 
result in apnea from brainstem compression. For this rea-
son, final hemostasis should be meticulous.

 n  Check final alignment and reduction.
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 n  Close the fascial layer over a drain back to bone when 
possible with particular attention to the C2 level.

 n  Close the wound in layers with a subcuticular skin closure.

ALTERNATIVE C2 PEDICLE SCREW TECHNIQUE A 
C2 pedicle screw is placed using a very similar technique 
to that described earlier for the isthmic screw. The primary 
difference is that the pedicle screw is longer and passes 
into the C2 body. In so doing, the course of the vertebral 
artery is traversed and therefore the artery is at higher risk 
for injury. The other difference is that with pedicle screws 
the trajectory is less medially oriented. Careful preopera-
tive planning is needed because at least 8% to 10% of pa-
tients do not have anatomy that allows safe pedicle screw 
placement. This is especially true in women. The biome-
chanical advantage of the longer pedicle screw does not 
seem clinically important, and in general little is gained for 
the patient for the added risk. The isthmic screw technique 
is our preferred method. Several studies recently evaluated 
the safety and accuracy of C2 pedicle screw placement us-
ing either intraoperative CT or navigation systems, both of 
which were found to improve screw placement. 

POSTOPERATIVE CARE The patient is maintained in a 
cervical collar for 8 to 12 weeks postoperatively until heal-
ing of the fusion has progressed satisfactorily. The drain is 
removed on the first postoperative day.
   

 

OCCIPITOCERVICAL FUSION USING 
WIRES AND BONE GRAFT

 TECHNIQUE 41.6 

(WERTHEIM AND BOHLMAN)
 n  The initial positioning, induction of anesthesia, prepara-

tion, neuromonitoring, and exposure are as described in 
Technique 41.5.

 

A B C

ED

FIGURE 41.13 A, Arrow indicates fracture of right occipital condyle in patient with occipital-
cervical dissociation injury. B, Arrow indicates widened and incongruous occipital condyle-C1 joint. C, 
Arrow indicates the right occipital condyle fracture has been reduced. Arrow indicates left occipital 
condyle-C1 joint is congruous. D, Anatomic alignment with fixation to skull, C1 lateral mass, and C2 
isthmus. E, Lateral radiograph of occipitocervical plate-rod construct. SEE TECHNIQUE 41.5.
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 n  Use a high-speed burr to penetrate the cortex on each 
side of the midline ridge of bone that extends from the 
inion to the foramen magnum (Fig. 41.14A). The thickest 
area of bone is an inverted triangle that extends 2 cm 
to either side of the inion and caudally 2 cm from the 
center of the inion. Use a towel clip to form a connection 
between the two openings in the cortex. Take care not to 
penetrate the inner cortex of the occipital bone.

 n  Make a hole through the base of the spinous process of 
C2 using a towel clip or bone tenaculum.

 n  Pass a 20-gauge wire through, around, and back through 
the hole in the spinous process of C2 to encircle the cau-
dal portion of the C2 process and a second wire through 
the channel in the occipital bone in similar fashion.

 n  Use a small angled curet to dissect the ventral side of the 
C1 lamina bilaterally to allow for midline sublaminar wire 
passage.

 n  Cut a 24-inch length of 20-gauge wire and bend it tightly 
back on itself at its midpoint to create a loop. Contour the 
loop of wire into a “C” shape.

 n  Pass the loop of 20-gauge wire from caudal to rostral 
sublaminarly at the C1 level. Flatten the curve in the wire 
as needed to minimize intrusion of the wire into the spinal 
canal. A small blunt hook passed from the rostral side can 
be used to engage the loop of wire and pull the wire so 
that intrusion of the wire is minimized as it is advanced 
rostrally (Fig. 41.14B). Alternatively, pass a suture to tie to 
the wire and use this to pull the wire rostrally.

 n  Pass the free ends of the sublaminar wire through the 
looped portion and tighten the wire around the C1 lami-
na in the midline.

 n  Measure the distance from the occipital wire to the wire 
through the C2 spinous process and harvest a corticocan-
cellous bone graft from the ilium outer table that can be 
divided into two 1.5-cm wide grafts that are long enough 
to span this distance with all wires passing through the 
graft.

 n  Decorticate the occiput and the laminae at C1 and C2 
with a high-speed burr.

 n  Drill through each slab of bone graft to allow the wire to 
come through at each level (Fig. 41.14C).

 n  Tighten the occipital wire ends in the midline until the 
luster of the wire dulls slightly and turn down the cut end 
of the wires between the two grafts.

 n  Tighten the C1 and C2 wires together over the bone graft 
in a similar way. The grafts should be very secure (Fig. 
41.14D).

 n  Close the fascial layer over a drain back to bone where 
possible with particular attention to the C2 level.

 n  Close the remaining wound in layers and the skin with a 
subcuticular closure. Reapply the halo vest.

POSTOPERATIVE CARE Halo vest immobilization is con-
tinued until graft consolidation, which usually occurs in 12 
to 16 weeks. The drain is removed on the first postopera-
tive day.
  

 

C D

A B

FIGURE 41.14 Wertheim and Bohlman method of occipitocervical fusion. A, Burr is used to 
create ridge in external occipital protuberance, and hole is made in ridge. B, Wires are passed 
through outer table of occiput, under arch of atlas, and through spinous process of axis. C, Grafts 
are placed on wires. D, Wires are tightened to secure grafts in place. SEE TECHNIQUE 41.6.
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ATLAS FRACTURES
The first description of a C1 fracture was by Cooper in 1822, 
and Jefferson published his case review adding four new 
cases in 1920. This paper contained his classification system, 
which has subsequently been revised by multiple authors, 
but his description of a burst fracture of the ring of C1 con-
tinues to carry the label of a “Jefferson fracture” (Fig. 41.15). 
Spence et al. published their work in 1970 on injuries to the 
transverse ligament in association with C1 fractures in 10 
cadaver specimens. They found that if the total lateral dis-
placement of the lateral masses was 6.9 mm or more, then 
the transverse ligament was likely incompetent (Fig. 41.16). 
This determination based on plain radiographs is referred 
to as the rule of Spence. Later, this was revised to 8.1 mm to 
account for magnification on plain radiographs. Dickman 
et al. studied 39 patients with injuries to the TAL with plain 
radiographs, thin-cut CT, and high-resolution MRI. MRI 
was found to be very sensitive in detecting rupture of the 
transverse ligament, and their classification of these injuries 
was described previously. These authors found that applying 
the rule of Spence would have missed 61% of the transverse 
ligament injuries.

Biomechanical studies by Panjabi et  al. and Oda et  al. 
have shown that axial loading is the primary force that leads 
to C1 fractures. Because the C1 lateral masses are wedge 
shaped, axial loading creates a hoop stress and bone fail-
ure occurs at the weakest points that are just anterior and 
posterior to the lateral masses. Less force is required if the 
head is in extension when force is applied. Even when the 
TAL is injured, the alar ligaments, joint capsules, and tecto-
rial membrane are spared with axial-loading injuries. This is 
an important difference for TAL injuries associated with C1 
fractures and those associated with more complex injuries 

of the craniocervical junction. Landells and Van Peteghem 
modified Jefferson’s classification into three fracture types, 
which is useful for treatment. Type I injuries include iso-
lated anterior or posterior arch fractures, type II injuries 
involve the anterior and posterior portion of the ring, and 
type III injuries involve the lateral mass with or without a 
fracture of the ring. Gehweiler et al. also described a clas-
sification system that is perhaps the most useful. Type I is 
an isolated anterior arch fracture, type II is an isolated pos-
terior arch fracture, type III is a combined anterior and pos-
terior arch fracture, type IV is a fracture involving only the 
lateral mass usually with a sagittally oriented fracture, and 
a type V fracture is through the foramen transversarium of 
C1 (Fig. 41.17).

TREATMENT OF “STABLE” C1 FRACTURES
Treatment of atlas fractures is determined primarily by the 
presence or absence of associated cervical injuries. Fractures 
at other cervical levels occur in 30% to 70% of patients with 
C1 fractures. By far, odontoid fractures and C2 isthmic 
(hangman) fractures are the most common injuries associ-
ated with C1 fractures. Landells and Van Peteghem found 
that type I injuries were the most common and were not asso-
ciated with neurologic injuries. Our treatment regimen for 
isolated C1 fractures is to use a rigid collar for nondisplaced 
type I fractures, type II fractures with 0 to 7 mm combined 
lateral mass displacement, and type III fractures of the lateral 
mass with less than 2 mm of displacement. Immobilization 
is maintained for 6 to 8 weeks if the ring is intact (some type 
III) and for 10 to 12 weeks if the ring is disrupted. Halo vest 
immobilization usually is reserved for C1 fractures with the 
associated injuries. It is rare to operatively stabilize isolated 
atlas fractures even if the transverse atlantal ligament (TAL) 
is disrupted. Stability after immobilization is demonstrated 
on flexion-extension radiographs if the atlantodens interval 
is maintained at less than 3 mm. If this distance is greater 
than 5 mm, posterior C1-C2 fusion is recommended. If a 
wiring technique is planned, the posterior C1 ring must be 
healed. Some authors recommend the use of a crosslink with 
the screw and rod method to help maintain the C1 reduc-
tion. Appropriate external immobilization has been shown in 
many level III and IV studies to result in stable unions in a 
high percentage of patients, but outcome measures for range 
of motion and persistent pain have not been widely studied. 
In their literature review, Lewkonia et al. found that after non-
operative management of isolated C1 fractures, 8% to 20% of 
patients had stiffness, 14% to 80% had mild pain, and 34% 
had limitation of activities.

Treatment of atlas fractures that occur with TAL inju-
ries or other fractures is based primarily on the concomi-
tant injuries. The additional fractures increase the level of 
instability, but external immobilization with a halo vest for 
12 to 16 weeks has proven sufficient in the vast majority of 
cases that usually involve the axis. If the halo vest does not 
maintain alignment sufficiently when the patient is mobi-
lized, operative stabilization is indicated. Traction can be 
used to reduce the lateral mass displacement before halo 
vest treatment, but the halo cannot maintain the distrac-
tive force, and 3 weeks of traction may be needed to allow 
healing adequate to prevent loss of reduction once halo vest 
immobilization is initiated. 

 

A B
FIGURE 41.15 A, Axial view of stable Jefferson fracture (trans-

verse ligament intact). B, Axial view of unstable Jefferson fracture 
(transverse ligament ruptured).

 

x y

FIGURE 41.16 Displaced fractures with widening of more than 
6.9 mm overhang on open-mouth odontoid views suggests injury 
of the transverse atlantal ligament (rule of Spence).
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TREATMENT OF “UNSTABLE” C1 FRACTURES
Hein defined an unstable fracture of C1 as a fracture of the 
anterior and posterior arches of the atlas associated with 
rupture of the TAL and an incongruence of the atlantooccip-
ital and atlantoaxial facet joints. While this definition has 
been accepted for decades, it has been reexamined recently. 
Injuries causing failure of the TAL without a C1 fracture are 
caused by flexion with distraction. C1 fractures can have 
TAL injuries, but these are caused by axial loading mecha-
nisms, as shown by Oda et al. TAL injuries from axial load 
mechanisms have been shown to have preservation of the 
joint capsules and alar ligaments, which is an important dif-
ference from TAL injuries caused by flexion as described by 
Dickman (see above) in which the alar ligaments, C0-C1 
facet capsules, and other ligaments also are disrupted. This 
explains why lateral mass displacement reduces with trac-
tion and why external immobilization can be successful in 
achieving stability when TAL injuries are present by MRI in 
association with Jefferson fractures. The characterization of 
C1 fractures as “unstable” based on the presence of TAL dis-
ruption is based on an oversimplification of the anatomy and 
may not be an adequate criterion for operative intervention. 
Studies by Shatsky et al. and Kandziora et al. describe their 
experience with primary C1 osteosynthesis in patients with 
wide displacement of the C1 lateral mass with or without 
associated TAL failure. Ruf et al. described a transoral tech-
nique for primary fracture stabilization without fusion, but 
the indication for this technique remains to be determined 
at this time given reliable outcomes with immobilization. 
For the rare patient who requires operative stabilization as 
primary treatment or after failed immobilization, posterior 
C1-C2 fusion is done (see Technique 41.6); however, pri-
mary C1 osteosynthesis also is used. 

 

POSTERIOR PRIMARY 
OSTEOSYNTHESIS OF C1

 TECHNIQUE 41.7 

SHATSKY ET AL.
 n  Move the awake patient to the rotating frame table and 

place him or her supine for induction of general anes-
thesia. Use a Mayfield pinion head holder to avoid pres-
sure on the eyes, and rotate the patient prone. Open the 
mouth widely with dressing sponges to allow an open-
mouth anteroposterior view and rotate the table.

 n  Shave the head to the level of the inion (posterior occipital 
protuberance).

 n  Place the table in a reverse Trendelenburg position and 
tape the patient’s shoulders to apply traction to the frac-
ture and reduce it by ligamentotaxis.

 n  Prepare and drape the posterior head and neck.
 n  Score the skin sharply from foramen magnum to the C2 

level and inject dilute epinephrine solution (1 mg in 500 
mL injectable saline) through the score incision into the 
dermis and paraspinal musculature.

 n  Complete the skin incision sharply and then use electro-
cautery to dissect to the spinous processes of the C1 level.

 n  Expose the posterior ring of C1 laterally a distance of 15 
mm from the midline or to the vertebral artery sulcus, 
whichever is less. Take care to keep the electrocautery on 
the ring of C1 and do not cauterize the atlantooccipital 
membrane, which is thin.

 

1 2

3A 3B

4 5

FIGURE 41.17 Gehweiler classification of atlas fractures. A type 1 atlas fracture is isolated frac-
ture of the anterior arch; type 2 fracture is isolated, predominately bilateral, fracture of posterior 
atlas ring; type 3 fracture is combined injury of anterior and posterior arch of the atlas, the “classic 
Jefferson-fracture.” In stable injuries, the transverse atlantal ligament is intact (type 3a); in type 
3b these fractures are associated with lesion of  transverse atlantal ligament and are classified as 
unstable (type 3b). Type 4 fractures are fractures of lateral mass, and type 5 fractures are isolated 
fractures of C1 transverse process.
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 n  Expose only the caudal edge of the ring of C1 laterally to 
the point where the posterior arch meets the lateral mass. 
Then gently mobilize the venous plexus and C2 nerve cau-
dally to allow exposure of the C1 lateral mass inferior to 
the posterior ring and vertebral artery.

 n  Using an image intensifier, verify that injury reduction is 
satisfactory on the open mouth and lateral views.

 n  Place the C1 screw as described by Goel and subsequently 
refined by Harms and Melcher. Using a hand drill placed 
just caudal to the ring of C1 and 3 to 4 mm lateral to the 
medial edge of the lateral mass, advance the drill at an 
angle of 10 degrees medially and slightly cephalad to a 
point just anterior to the anterior margin of the dens on a 
lateral image intensifier view. This allows bicortical screw 
placement. Careful preoperative planning is needed to 
lower the risk of injury to the internal carotid artery and 
hypoglossal nerve anterior to the C1 lateral mass.

 n  Place a polyaxial screw with a 10-mm smooth shank exten-
sion to the drilled depth. A monoaxial screw can be used 
and aids the reduction. Repeat on the contralateral side.

 n  Cut a rod and contour a slight bow into the rod. Place the 
rod between the 2 screws and tighten the blockers slightly. 
Compress the screws on the rod to better reduce the frac-
ture if needed. Direct pressure to the neck by an unscrubbed 
assistant may also be helpful to reduce the fracture.

 n  Check final alignment and reduction on the open mouth and 
lateral views and complete final tightening of the blockers.

 n  Close the fascial layer over a drain.
 n  Close the wound in layers with a subcuticular skin closure.

POSTOPERATIVE CARE The patient is maintained in a 
rigid cervical orthosis for 8 to 12 weeks. The patient’s clinical 
course and flexion and extension radiographs are used to 
verify stability and fusion progression. The drain is removed 
on the first postoperative day. Postoperative CT is used to 
evaluate adequacy of the reduction and screw placement.
  

AXIS FRACTURES
The most common fractures of the axis are those involv-
ing the odontoid process. The remaining fractures are those 
involving the isthmus (hangman fracture), which are the next 
most common fracture patterns of the axis body. Although 
any of these fracture types can occur with concomitant cervi-
cal injuries, they frequently occur as isolated fractures and are 
discussed separately. Odontoid fractures are especially com-
mon in the elderly, and in this patient group the most com-
mon mechanism is a low-energy fall.

ODONTOID FRACTURES
The classification of odontoid fractures described by Anderson 
and D’Alonzo in 1974 remains the most widely used system. 
Their scheme has three fracture types: type I, avulsion of the 
tip of the odontoid; type II, fracture through the base or waist 
of the odontoid process; and type III, originally described as 
fractures of the body below the base of the odontoid (Fig. 
41.18). Additional fracture characteristics have been studied 
in numerous publications, including degree of initial fracture 
displacement, angulation through the fracture, patient age, 
fracture orientation, and smoking history of the patient. With 
respect to treatment outcomes, the primary factors that have 
been shown to be significant are fracture type, initial fracture 

displacement of 6 mm, and age (progressively worse out-
comes are noted when patients are stratified by age). 

TREATMENT
Many methods of treatment have been described for odon-
toid fractures, including no treatment, traction to reduce, fol-
lowed by a collar, halo vest immobilization, anterior primary 
osteosynthesis, and posterior fusion of the C1-C2 joint. A 
multicenter review that included patients who did not receive 
treatment found that none of these patients went on to frac-
ture union. Older literature described delayed myelopathy and 
death in patients with a history of untreated or nonunited odon-
toid fractures, indicating the importance of achieving fracture 
union. No level I evidence is available to make treatment rec-
ommendations; however, there is level III evidence on which 
treatment options can be based. Julien et al. found that type I 
and III fractures can be treated with rigid external immobiliza-
tion such as a halo vest. One hundred percent union rates were 
reported for type I fractures, 65% for type II fractures, and 84% 
for type III fractures. Greene et al. noted an 80% union rate 
in type II fractures with immobilization, although in a small 
number the immobilization was extended beyond 13 weeks. 
The higher rate of success with immobilization in Greene et al.’s 
study may be because of early surgical treatment in 20 patients 
who had greater than 6 mm of displacement or more commi-
nuted fractures that were not stable after initial halo placement. 
Again, this study found 100% union rates for type I fractures 
and 98.5% union rates for type III fractures treated with immo-
bilization. Type III fractures treated with collars had substan-
tially lower healing rates of 50% to 65% compared with union 
rates using halo vest immobilization. Collar immobilization 
has been found effective in type I fractures in several small 
series because this pattern is very infrequent.

There has been a clear trend in the United States away 
from use of the halo vest and toward surgical treatment of 
type II fractures, especially if they are displaced more than 5 
mm and in elderly patients. There are conflicting reports as 
to whether surgical treatment improves or worsens outcomes, 
particularly in the elderly. In a multicenter retrospective study 
of 147 patients comparing nonoperative with various operative 
treatment options, De Bonis et al. found that surgery did not 
improve functional outcomes. Charles et al. found that age and 
comorbidities were the determinates of outcomes rather than 
treatment type. Robinson et al. reviewed registry information 
and found improved survival in surgically treated patients.

Our treatment regimen has been to use rigid immobiliza-
tion for isolated type I and type III fractures. Most often halo 
vest immobilization is used, but rigid collars are an option 
especially for the rare type I fractures. For treatment of type II 
fractures that are minimally displaced, immobilization is rec-
ommended because it preserves motion at the highly mobile 
C1-C2 joint. If anatomic reduction is achieved and there is 
no loss of reduction after mobilization, fracture healing with 
preservation of motion can be expected in 80%. All patients 
treated with halo vest immobilization should be aggressively 
mobilized and made ambulatory if at all possible, especially 
elderly patients. Mortality rates as high as 42% have been 
reported in patients with halo vest immobilization who are 
nonambulatory and not mobilized. Schoenfeld et  al. found 
that the mortality was the same at various time points whether 
patients were treated in a collar or with halo vest immobiliza-
tion, suggesting that factors other than simply treatment with 
halo vest immobilization result in the high mortality rates 
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seen in elderly patients. More recently, DePasse et al. reported 
similar findings. In their study, Schoenfeld et al. found that 
patients with type II fractures treated operatively had lower 
mortality than those treated nonoperatively. Schoenfeld et al. 
did find a progressively higher mortality in both the operative 
and nonoperative treatment groups with age, and the benefits 
of surgery were in those age 74 years and younger. Wood et al. 
also found that operative benefits were greater in those under 
the age of 75 years. They also found that aspiration pneumo-
nia was the most common cause of death in both operatively 
(55%) and nonoperatively (64%) treated patients. Vaccaro 
et al. showed in a level II study that neither operatively nor 
nonoperatively treated geriatric patients returned to their 
preinjury functional levels. The surgically treated patients had 
a smaller loss than those treated nonoperatively, but the study 
was not randomized. Graffeo et al. found no survival advan-
tage for operative over nonoperative care at any time point. 
They reported a 41% 1-year mortality in 111 patients with an 
average age of 87 years.

We generally reserve operative treatment for type II frac-
tures in patients in whom anatomic reduction cannot be 
achieved in traction or is not maintained with a rigid col-
lar or halo vest after the patient is fully mobilized. Operative 
treatment also is recommended if initial fracture translation 
is 6 mm or more and in patients who are not expected to be 
able to mobilize because of other injuries and comorbidities. 
Several studies have noted a trend toward operative treatment 
of type II fractures in the elderly in particular. This recom-
mendation is based on level III evidence. In these patients, 

posterior C1-C2 fusion or anterior primary osteosynthesis 
may be recommended. The primary advantage of anterior 
fracture fixation is maintenance of motion at C1-C2, which 
accounts for 50% of cervical rotation, and expected acute 
fracture union rates of 80% to 95%. Posterior fusion of C1-C2 
sacrifices this motion but can reliably achieve stability in 85% 
to 98% of patients and is preferred by some authors. Anterior 
screw fixation is not appropriate for nonunions that are 
treated with posterior fusion. Ni et al. described a technique 
of posterior instrumentation without fusion as a salvage 
method when anterior osteosynthesis is not possible; instru-
mentation is removed once fracture healing is complete. The 
Neck Disability Index (NDI) scores were improved, as was 
range of motion after hardware removal. The C1 screw was 
placed using the Resnick modification for screw entry point. 

 

ANTERIOR ODONTOID SCREW 
FIXATION
Anterior screw fixation can be accomplished with a single-
screw or two-screw technique. Comparable union rates of 
81% and 85% for the single-screw and two-screw tech-
niques, respectively, have been reported. More important 
than the number of screws used is the orientation of the 
fracture and proper technique to achieve a lag-screw effect 
with compression across the fracture. Fractures that are 
transverse or oblique from anterosuperior to posteroinferior 
are best suited for this technique because the compression 
from the screw(s) will be applied perpendicular to the frac-
ture line. This technique is challenging because obtaining 
an anatomic reduction requires visualization on antero-
posterior and lateral dual image intensifiers that are both 
draped into the operative field simultaneously (Fig. 41.19).

 TECHNIQUE 41.8 

(ETTER)
 n  Position the patient supine on the operating table and 

induce general anesthesia.
 n  Use an adjustable or a removable head support to allow 

cervical extension in traction. This usually will reduce even 
posteriorly displaced fractures. Apply traction with either 
a head halter, Gardner-Wells tongs, or a halo ring.

 n  Anatomic reduction must be obtained before internal 
fixation with the cannulated screw system.

 n  A nasogastric tube can be inserted to allow localization of 
the esophagus to help prevent perforation.

 n  Use a padded occipital ring attached to the operating 
table to stabilize the patient’s head. The head and neck 
must be positioned to allow maximal access to the an-
terior cervical spine. A large vertical mandibular-sternal 
distance is required because of the size of the instrumen-
tation and the steep inferior angle of approach necessary 
for screw placement. With traction applied even poste-
riorly displaced fractures will usually reduce in maximal 
cervical extension. This position improves access to the 
C2 level. High-resolution fluoroscopic image intensifica-
tion in the anteroposterior and lateral planes using two 
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FIGURE 41.18 A to C, Three types of odontoid process fractures 
as seen in anteroposterior and lateral planes. Type I is oblique frac-
ture through upper part of odontoid process. Type II is fracture at 
junction of odontoid process and body of second cervical vertebra. 
Type III is fracture through upper body of vertebra.
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machines is necessary for insertion of the screws. Place 
cotton sponges in the mouth to maximally open the jaw 
for an adequate open-mouth view (Fig. 41.19A).

 n  Before beginning the surgical procedure, confirm a free 
working path for the instrumentation by placing a long 
Kirschner wire along the side of the neck in the direction 
of the intended screw placement and confirm safe trajec-
tory on the lateral image intensifier view. If clearance of 
the sternum is inadequate, modify the patient’s position 
(Fig. 41.19B–D).

 n  Prepare and drape the operative field in a sterile fashion, 
with sterile draping of both the image intensifiers into the 
field.

 n  Make an anteromedial approach to the cervical spine 
through a transverse skin incision 6 to 7 cm long at the 
level of the C5-C6 disc space as determined using the 
Kirschner wire.

 n  Because of the steep angle of inclination required relative 
to the anterior plane of the neck, undermine the subcu-
taneous fat superficial to the platysma 1 to 2 cm cephalad 
to the skin incision. Divide the platysma muscle vertically 
in line with its fibers 2 to 3 cm lateral to the midline.

 n  Bluntly dissect the pretracheal fascia and develop an in-
terval between the carotid sheath laterally and the strap 
muscles overlying the trachea and esophagus medially.

 n  Bluntly develop the prevertebral space anteriorly along 
the front of the cervical spine until the anteroinferior mar-
gin of the C2 body is reached.

 n  Place a radiolucent retractor on the anterior body of C2, 
gently retracting the trachea and esophagus to allow 
direct visualization of the C2 disc. Delineate the C2-C3 
intervertebral disc space and vertically incise the anterior 
longitudinal ligament at this level, confirming the desired 
entry point on the anteroposterior view for the screw(s). 
Ligation of the superior thyroid artery may be necessary 
for exposure of the C2-C3 level.

 n  Identify with lateral image intensification the entry site 
through the C2 endplate and not through the body at 
the anterior margin just proximal to the endplate (Fig. 
41.19E).

 n  Using a long drill sleeve, insert one or two 1.2-mm 
Kirschner wires. If one screw is planned it should be 
placed midline on the anteroposterior view. If using two 
screws, the guidewires should converge slightly but re-
main separated enough to allow both to fully penetrate 
the tip of the odontoid. On the lateral view, wire entry is 
at the anterior edge of the endplate and oriented to exit 
just posterior to the tip of the odontoid. Check advance-
ment of the wire frequently to confirm proper trajectory. 
Redirecting these wires after incorrect placement is dif-
ficult.

 n  Verify penetration of the dens cortex and appropriate 
wire alignment by image intensification in two planes.

 n  Measure directly the guidewire insertion depth. Insert 
the cannulated drill bit for the cannulated 3.5-mm screw 
over each guidewire and drill the length of the wire to 
penetrate the tip of the odontoid. Monitor frequently on 
image intensifier views to avoid advancing the guidewire 
toward the brainstem. Also make certain the drill is per-
fectly aligned in both planes with the wire to avoid wire 
fracture attributed to binding with the drill bit.

 n  Insert self-tapping, partially threaded 3.5-mm screws of 
appropriate length over each guidewire and advance 
them with the cannulated screwdriver until the oppos-
ing apical cortical bone is secured again, using image in-
tensifier views to make sure not to advance the wire as 
the screw advances, which occurs easily after drilling (Fig. 
41.19F).

 n  The screw heads tend to encroach on the anterior mar-
gin of the C2-C3 intervertebral disc, frequently requiring 
removal of a small amount of annulus to create a recess. 
Ideally, the screw heads are recessed into the disc space 
just inferior to the endplate.

 n  Always use tissue protection guards during drilling to 
avoid damage to soft-tissue structures.

 n  Close the platysma and remaining layers over a fluted 
style drain, which is removed the following day.

POSTOPERATIVE CARE The patient is observed closely 
for respiratory status in the intensive care unit for the first 
24 hours after surgery. A rigid cervical orthosis is applied 
and is worn for 6 to 8 weeks. The orthosis may be re-
moved for eating. Clinical and radiographic evaluations 
are performed at 6, 12, and 24 weeks.
  

POSTERIOR C1-C2 FUSION TECHNIQUES
The preferred method for C1-C2 fusion for most injuries is to 
use a polyaxial screw placed in the C1 lateral mass and an isth-
mic screw placed at C2 with autologous iliac bone graft (Fig. 
41.20). This is a stable construct and can be used in the pres-
ence of a posterior ring fracture of C1. Wiring techniques are 
less rigid but have proven effective for many years when done 
properly and in the appropriate setting. The Gallie technique 
creates a posteriorly directed force on C1 and can be used 
with TAL injuries and other injuries that require a posterior 
force vector to maintain the reduction. The Gallie technique 
does not resist rotational forces well because the fixation is 
midline. The Brooks bone-block technique does resist rota-
tion forces but does not create the posteriorly directed vector. 

 

POSTERIOR C1-C2 FUSION USING ROD 
AND SCREW CONSTRUCT WITH C1 
LATERAL MASS SCREWS

 TECHNIQUE 41.9 

(HARMS)
 n  Move the awake supine patient to the rotating frame ta-

ble and induce general anesthesia. Use a Mayfield pinion 
head holder to avoid pressure on the eyes and rotate the 
patient prone.

 n  Shave the head to the level of the inion (posterior occipital 
protuberance).

 n  Prepare and drape the posterior head and neck, as well as 
the posterior iliac crest donor site.
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 n  Score the skin sharply from the foramen magnum to the 
C3 level and inject dilute epinephrine solution (1 mg in 
500 mL normal saline) through the score incision into the 
dermis and paraspinal musculature.

 n  Complete the skin incision sharply and then use electrocautery 
to dissect to the skull and spinous processes to the C3 level.

 n  Using Cobb elevators and electrocautery subperiosteally, ex-
pose the occiput just above the foramen magnum bilaterally.

 

A B

C D

FE

FIGURE 41.19 Odontoid fracture. A, Patient positioned with traction applied and image intensi-
fiers for open-mouth and lateral images in position. B, Wire held in place while lateral view is obtained 
to indicate level of incision placement. C, Image with wire held in place. D, Open-mouth view. E, 
Lateral view after placement of first guidewire. F, Bicortical screw placement. SEE TECHNIQUE 41.8.
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 n  Expose the posterior ring of C1 laterally a distance of 15 
mm from the midline or to the vertebral artery sulcus, 
whichever is less. Take care to keep the electrocautery on 
the ring of C1 and do not cauterize the atlantooccipital 
membrane, which is thin.

 n  Expose the bifid portion of the C2 spinous process and 
elevate the muscular attachments subperiosteally so that 
at closure the two sides can be sutured through bone to 
the spinous process of C2.

 n  Expose the C2 spinous process, laminae, and entire lateral 
mass bilaterally, preserving the facet capsule at C2-C3.

 n  The C2 spinal nerve (greater occipital nerve) crosses pos-
terior to the C2 isthmus in a dense venous plexus. Using 
bipolar cautery and a small angled curet, gently mobilize 
this plexus cephalad beginning at the upper lateral mar-
gin of the C2 lamina until the medial border of the C2 
isthmus is visible. Expect bleeding during this step, which 
can be significant and can be controlled with Gelfoam or 

Surgicel and cottonoids. Positioning the patient in a re-
verse Trendelenburg also helps reduce this venous bleed-
ing. Some authors advocate sacrificing the nerve, but in 
our experience this is unnecessary.

 n  In similar fashion, expose only the caudal edge of the ring 
of C1 laterally to a point even with the C2 isthmus and 
then mobilize the venous plexus and C2 nerve caudally 
to allow exposure of the C1 lateral mass inferior to the 
posterior ring and vertebral artery.

 n  Using an image intensifier, verify that injury reduction is 
satisfactory.

 n  The C1 screw is placed as described by Goel and subse-
quently refined by Harms and Melcher. Using a hand drill 
placed just caudal to the ring of C1 and 3 to 4 mm lateral 
to the medial edge of the lateral mass, advance the drill 
at an angle of 10 degrees medially and slightly cephalad 
to a point just posterior to the anterior margin of the dens 
on a lateral image intensifier view. This allows for unicorti-

 

A

C

B

FIGURE 41.20 A, Anterior displaced odontoid fracture. B, Anatomic reduction achieved. C, C1 
lateral mass screw and C2 isthmus screw in good position.
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cal screw placement and lowers the risk of injury to the 
internal carotid artery and hypoglossal nerve anterior to 
the C1 lateral mass.

 n  Place a polyaxial screw with a 10-mm smooth shank ex-
tension to the drilled depth.

 n  The C2 isthmic screw is placed in a method similar to that 
described by Magerl. Place a Penfield No. 4 elevator to 
allow a view of the isthmus medial cortex and determine 
the line of entry points on the inferior facet of C2 that 
will allow the medially directed drill to enter the isthmus. 
Using the lateral image intensifier view, select the point 
on this line that will orient the drill up the center of the 
isthmus. A high-speed burr is used to penetrate only the 
cortex at that point. Typically, the drill will be directed 
25 degrees medially and 20 to 30 degrees cephalad, but 
anatomy varies considerably and careful review of the CT 
scan is required. Direct the hand drill up the isthmus un-
der fluoroscopic control to a point at the posterior margin 
of the C2 foramen transversarium as seen on the lateral 
image intensifier view (see Technique 41.4).

 n  Place the appropriate length polyaxial screw to stop at 
the posterior foramen transversarium. In our experience, 
this gives excellent fixation without placing the vertebral 
artery at risk by crossing the foramen transversarium into 
the C2 body.

 n  Cut and contour the rod as desired. Place the rod and 
tighten the blocker screws securely.

 n  Harvest iliac bone graft as described in Technique 1.7.
 n  Decorticate the laminae of C1 and C2 using a high-speed 

burr.
 n  Carefully place morselized autologous bone graft over 

the decorticated areas. Avoid packing the bone over the 
atlantooccipital membrane because compression here 
may result in apnea from brainstem compression. For this 
same reason, final hemostasis should be meticulous. De-
corticating and packing the facet significantly increases 
bleeding risk and with autograft usually is not necessary.

 n  Check final alignment and reduction.
 n  Close the fascial layer over a drain, securely incorporating 

bone at the C2 spinous process level.
 n  Close the wound in layers with a subcuticular skin closure.

POSTOPERATIVE CARE The patient is maintained in 
a rigid cervical orthosis for 8 to 12 weeks. The patient’s 
clinical course and flexion and extension radiographs are 
used to verify stability and fusion progression. The drain is 
removed on the first postoperative day.
   

 

POSTERIOR C1-C2 FUSION WITH C2 
TRANSLAMINAR SCREWS
This technique was described in 2004 as an alterna-
tive technique with less risk for vertebral artery injury, 
although there are other risks such as dural or spinal cord 
injuries. When the procedure is done properly, these are 

small risks. The technique employs two crossing screws 
inserted through the base of the C2 spinous process and 
contained within the lamina on the contralateral side. The 
screws must be placed with one slightly more caudal on 
one side and directed cephalad at a steeper angle than 
the other screw. The translaminar screws are then con-
nected to the C1 lateral mass screws. Biomechanically, 
this method has equivalence to the Harms technique 
for C1-C2 fusion but not for occiput-C2 fusion. If the 
construct is to extend below C2, rod contouring can be 
problematic because the translaminar screws are not as 
well aligned with the lateral mass screws. Generally, this 
method is used if anatomic constraints preclude C2 isth-
mic screw placement, such as with known vertebral artery 
injuries preoperatively.

 TECHNIQUE 41.10 

(WRIGHT)
 n  Patient preparation, positioning, and administration of 

anesthesia are as described in Technique 41.7.
 n  Use lateral image intensification to check the reduction of 

the C1-C2 complex.
 n  Perform posterior midline exposure of the cervical spine 

from the occiput to C2 as described in Technique 41.7.
 n  Place the C1 lateral mass screws as described in Tech-

nique 41.6.
 n  Fully expose the caudal edge of the C2 lamina at the mid-

line and extend it laterally.
 n  Use an angled curet to detach the ligamentum flavum 

from the ventral surface and the cephalad and caudal 
margin of C2 so that a Penfield No. 4 dissector or other 
blunt instrument can be used to palpate the anterior C2 
lamina during screw placement.

 n  With a Penfield No. 4 dissector or blunt hook ventral 
to the lamina, use the drill to penetrate the cortex at 
the base of the C2 spinous process contralateral to the 
Penfield dissector at the location determined preopera-
tively to allow room for both screws. Using the Penfield 
dissector as a guide, maintain the drill posterior to the 
canal and advance it laterally into the C2 inferior articu-
lar mass. The drill should not penetrate the posterior or 
anterior cortex as it is advanced. Screw lengths usually 
are 25 to 35 mm.

 n  Place the contralateral screw similarly.
 n  Contour the rod to engage the C1 lateral mass screws 

and secure the connections.
 n  Decorticate and place autologous bone graft as described 

in Technique 41.6.
 n  Close the wound in layers over a drain, taking care to reat-

tach the fascia to bone at the C2 level. Use a subcuticular 
skin closure.

POSTOPERATIVE CARE Postoperative immobilization 
with a halo vest usually is unnecessary. A cervical collar 
may be worn for 8 to 12 weeks. The drain is removed on 
the first postoperative day.
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POSTERIOR C1-C2 TRANSARTICULAR 
SCREWS
The use of C1-C2 transarticular screw fixation as described 
by Magerl and Seemann preceded the Harms method and 
provides more rigid fixation than traditional posterior wiring 
methods, such as the Gallie or Brooks-Jenkins method. Tran-
sarticular screw placement is technically difficult, and there 
are clearly some patients who cannot be treated with this 
method because of anatomic constraints that are present 
in as many as 23% of patients. A properly placed transar-
ticular screw passes through the C2 isthmus and crosses the 
C1-C2 facet joint and into the anterior portion of the C1 
lateral mass (Fig. 41.21). Careful review of the C2 anatomy 
is required because in some people the vertebral artery is 
too medial to allow screw placement or the isthmus is too 
small to accept the screw. Other structures at risk include the 
internal carotid artery and hypoglossal nerve, which typically 
lie less than 3 mm anterior to the C1 lateral mass and can 
be injured if the screw is too long. Additionally, the patient’s 
body habitus can make the necessary approach angle diffi-
cult if there is excessive cervicothoracic kyphosis.

 TECHNIQUE 41.11 

(MAGERL AND SEEMANN)
 n  Careful preoperative planning is needed to assess safety 

of screw placement.
 n  Patient preparation, positioning, and administration of 

anesthesia are as described in Technique 41.6.
 n  Use lateral image intensification to check the reduction of 

the C1-C2 complex and fracture reduction.
 n  Perform midline posterior cervical exposure from oc-

ciput to C3 as described in Technique 41.6. The exposure 
should be to the lateral edge of the C2 lateral mass.

 n  Expose the medial wall of the isthmus up to the C1-C2 
joint. If possible, curet or burr the joint. The area around 
the greater occipital nerve is highly vascular.

 n  Place intraarticular bone graft if desired; however, expect 
significant venous bleeding. With posterior autograft, the 
intraarticular graft is not required.

 n  Identify the landmarks for the entry portal of the transarticu-
lar screw at the lower medial edge of the inferior articular 
process of C2 (Fig. 41.21A). Determine the proper trajectory 
of the screw and make a stab incision in the skin if needed 
to attain the correct trajectory, which may be at C7.

 n  Using a 2-mm bit, incrementally drill through the isth-
mus near its posteromedial surface, exiting from the 
articular surface of C2 at the posterior aspect of the 
superior articular surface and entering the lateral mass 
of the atlas through the articular surface. If the isthmus 
is oriented too medially, the exiting drill will miss the C1 
lateral mass or the drill will exit the isthmus laterally and 
risk injuring the vertebral artery. The drill bit should just 
perforate the anterior cortex of the lateral mass of C1 
(Fig. 41.21B).

 n  Determine the appropriate screw length (Fig. 41.21C). Use 
a 3.5-mm cortical tap to cut threads in the drill hole and 
insert the appropriate 3.5-mm cortical screw across the C1-

C2 joint. Typically, screws are 34 to 43 mm in length. Take 
care not to extend more than 1 mm anterior to the C1 
lateral mass to reduce the risk to the internal carotid artery 
and hypoglossal nerve. Cannulated screws can be used.

 n  After placing the C1-C2 transarticular screws, perform a 
traditional posterior C1-C2 fusion using either the Gallie 
or the Brooks technique if intraarticular grafting was not 
possible (Fig. 41.21D).

 n  Close the wound in layers over a drain, taking care to reat-
tach the fascia to bone at the C2 level. Use a subcuticular 
skin closure.

POSTOPERATIVE CARE Because this technique provides 
excellent rotational stability, postoperative immobilization 
with a halo vest usually is unnecessary. A cervical collar 
may be worn for 8 to 12 weeks. The drain is removed on 
the first postoperative day.
   

 

POSTERIOR C1-C2 FUSION USING THE 
MODIFIED GALLIE POSTERIOR WIRING 
TECHNIQUE

 TECHNIQUE 41.12 

(GALLIE, MODIFIED)
 n  Patient positioning, administration of anesthesia, prepa-

ration, and exposure are as described in Technique 41.6.
 n  After exposing the C2 spinous process, laminae, and en-

tire lateral mass bilaterally, and preserving the facet cap-
sule at C2-C3, use a small angled curet to dissect the ven-
tral side of the C1 lamina to allow for midline sublaminar 
wire passage.

 n  Cut a 24-inch length of 20-gauge wire and bend it tightly 
back onto itself at its midpoint to create a loop. Contour 
the loop of wire into a “C” shape.

 n  Pass the loop of 20-gauge wire from caudal to rostral 
sublaminarly at the C1 level. Flatten the curve in the wire 
as needed to minimize intrusion of the wire into the spinal 
canal. A small blunt hook passed from the rostral side can 
be used to engage the loop of wire and pull the wire so 
that intrusion of the wire is minimized as it is advanced 
rostrally. Alternatively, pass a suture to tie to the wire and 
use this to pull the wire rostrally.

 n  Pass the free ends of the sublaminar wire through the 
looped portion and tighten the wire around the C1 lami-
na in the midline at the rostral margin of the C1 ring.

 n  Make a hole through the base of the spinous process of 
C2 using a towel clip or bone tenaculum.

 n  Harvest a corticocancellous bone graft and notch it on 
one side to fit over the rostral edge of the C2 spinous 
process. Decorticate the C1 and C2 laminae and place the 
graft as an onlay type graft.

 n  There are a number of variations described for using a sin-
gle wire or two wires to secure the only graft (Fig 41.22). 
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With any of the wiring techniques, use a wire twister and 
tighten until the wire just begins to change luster.

 n  Check final alignment and reduction.
 n  Close the fascial layer securely over a drain, incorporating 

bone at the C2 spinous process level.
 n  Close the wound in layers with a subcuticular skin closure.

POSTOPERATIVE CARE The patient is maintained in a 
halo vest for 10 to 12 weeks. The patient’s clinical course 
and flexion and extension radiographs are used to verify 
stability and fusion progression. The drain is removed on 
the first postoperative day.
   

 

POSTERIOR C1-C2 WIRING
Wiring techniques are seldom used as the primary method 
of stabilization, but they remain useful for adjunctive 
stabilization and to maintain corticocancellous grafts in 
position. The Brooks and Jenkins method provides a bone 
block between the arch of C1 and the C2 lamina. The wires 

are located laterally and provide more rotational stability 
than is provided by the midline Gallie wiring.

 TECHNIQUE 41.13 

(BROOKS AND JENKINS)
 n  Patient preparation, positioning, and administration of 

anesthesia are as described in Technique 41.7.
 n  Expose the C1-C2 level through a midline incision.
 n  Use a small-angled curet to clear the ventral surface of the 

C1 and C2 lamina.
 n  Use an aneurysm needle to pass a No. 2 Mersilene su-

ture on each side of the midline in a cephalad to caudal 
direction, first under the arch of the atlas and then un-
der the lamina of the axis (Fig. 41.23A). These sutures 
serve tethers to pull two doubled 20-gauge stainless 
steel wires into place. Cut the wire to a 24-inch length 
and fold it back on itself at the midpoint to create a 
loop. Alternatively, braided cables can be passed in 
place of the wires to increase flexibility and strength 
significantly. The suture is tied to the wire or cable, 
which is then pulled, using the suture to maintain ten-
sion on the wire or cable to minimize canal intrusion as 
it is passed.

 

DC

BA
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FIGURE 41.21 C1-C2 transarticular screw fixation (Magerl and Seemann). A, Landmarks 
for entry point of transarticular screw. B, Wires are brought around arch of C1 and spinous 
process of C2 to manipulate these two vertebrae. Screw holes are drilled through isthmus 
near its posterior and medial surface of C2 and outer lateral mass of atlas. C, Measuring screw 
length and tapping with 3.5-mm cortical tap. D, Proper screw placement for C1-C2 fusion. SEE 
TECHNIQUE 41.11.
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 n  Obtain a thick corticocancellous rectangular bone graft 
approximately 1.5 × 4.0 cm from the iliac crest. Divide 
the graft in half along the short axis. Bevel the grafts to fit 
snugly into the interval between the arch of the atlas and 
each lamina of the axis with the cancellous portion of the 
graft in contact with the decorticated portion of the ring 
of C1 and the lamina of C2 (Fig. 41.23B).

 n  While holding the grafts in position on each side of the 
midline and maintaining the width of the interlaminar 

space, tighten the doubled wires over them and twist and 
tie the wires to secure the grafts (Fig. 41.23C and D).

 n  Irrigate and close the wound in layers over suction drain.

POSTOPERATIVE CARE When used as a primary fusion 
method, halo vest immobilization is continued for 10 to 
12 weeks. If wiring is adjunctive, immobilization is based 
on the primary stabilization method.
  

TRAUMATIC SPONDYLOLISTHESIS OF THE AXIS 
(HANGMAN FRACTURE)
Fractures of the posterior elements of the axis through the 
isthmic portion or pars interarticularis are relatively com-
mon. The usual mechanism causing this fracture pattern is 
hyperextension and axial loading, although some injury pat-
terns involve flexion as well. Effendi et al. classified the injury 
into three types based on the apparent mechanism of injury 
and the radiographic characteristics. Type I injury is caused 
by hyperextension and is minimally displaced (0 to 2 mm of 
translation of the C2 body relative to C3) with no kyphosis 
through the disc space. Type II injury is caused by hyperex-
tension and axial loading followed by flexion. The fracture line 
is relatively vertical in orientation with at least 3 mm of trans-
lation through the C2 disc. Levine and Edwards modified the 
Effendi type II fracture to include a flexion-distraction injury 
that has a relatively horizontal fracture line and significant 
kyphosis through the C2 disc with posterior annulus disrup-
tion but minimal translation of C2 on C3 (Fig. 41.24). Type 
III fractures are flexion-compression injuries, and in addition 
to the traumatic spondylolisthesis, dislocation of the C2-C3 

 

A

B

C

D
FIGURE 41.22 Modified Gallie method of using wires to hold 

graft in place. A, Wire passes under lamina of atlas and axis and is 
tied over graft. B, Wire passes under lamina of atlas and through 
the spinous process of axis and is tied over graft. C, Wire passes 
through holes drilled in lamina of atlas and through spine of axis; 
holes are drilled through graft. D, Wire passes under lamina of 
atlas and through spine of axis; holes are drilled through graft. 
SEE TECHNIQUE 41.12.

 

C D

A B

FIGURE 41.23 Brooks and Jenkins technique of atlantoaxial 
fusion. A, Insertion of wires under atlas and axis. B, Wires in place 
with graft being inserted. C and D, Bone grafts secured by wires 
(anteroposterior and lateral views). SEE TECHNIQUE 41.23.
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facet joints occurs. One additional fracture pattern of note, 
reported by Starr and Eismont, occurs when the fracture 
extends into the posterior body of the axis on one or both 
sides. This variant is important because it is associated with a 
higher rate of neurologic injury (Fig. 41.25).

TREATMENT
Treatment of traumatic spondylolisthesis of the axis is based 
on fracture type, and immobilization of the fracture usually is 
adequate. Francis et al. reported that 95 of 123 patients healed 
satisfactorily with immobilization. In most series, opera-
tive treatment was performed for patients with radiographic 
instability despite appropriate external bracing, for patients 
with type III injuries, and for patients demonstrating insta-
bility after immobilization. A recent systematic review by 
Murphy et al. concluded that union rates were slightly higher 
(99% vs. 94%) with a variety of surgical treatments compared 
to a variety of nonoperative treatments. Mortality was not sig-
nificantly different between the two groups. No specific rec-
ommendations could be made.

Type I injuries generally do not have associated liga-
mentous injuries, given the mechanism, and can be treated 
with a rigid collar. Type II and IIa injuries must be distin-
guished from one another because treatment is quite dif-
ferent. Type II injury usually can be reduced with traction 

if necessary, and then the patient is placed in a halo vest 
for 12 weeks. The patient with a type IIa fracture should 
not be placed in traction because of the posterior discal 
disruption, which allows for overdistraction and potential 
neurologic injury. Type IIa injuries should be reduced with 
gentle manual extension and slight compression, and the 
patient is maintained in a halo vest for 12 weeks. Type III 
fracture-dislocations require open reduction of the disloca-
tion because the arch fragment cannot be controlled with 
traction because of the fracture. In some patients, direct sta-
bilization of the fracture with C2 pedicle screws placed as 
described earlier is possible as definitive treatment. More 
commonly, these screws are combined with C3 lateral mass 
screws and a rod construct to accomplish fusion at the 
C2-C3 level. If the C2 level cannot be stabilized with screw 
placement, a C1-C3 fusion with lateral mass screws at each 
level is recommended. Anterior C2-C3 stabilization is an 
option. The Starr and Eismont variant is treated in traction 
initially and then halo vest immobilization for 12 weeks. If 
reduction cannot be maintained, posterior fusion using C2 
isthmic or pedicle screws and C3 lateral mass screws with 
a rod construct is most appropriate. This posterior fixation 
is biomechanically more stable than anterior C2-C3 sta-
bilization. Placement of this instrumentation is described 
in Technique 41.9 and placement of lateral mass screws is 
described below. 

SUBAXIAL CERVICAL SPINE INJURY (C3-T1)
CLASSIFICATION

Although the axis is the individual vertebra most commonly 
injured, the subaxial region of the cervical spine accounts 
for about 65% of all cervical spine injuries and most cervical 
spinal cord injuries. Despite the relatively high incidence of 
subaxial injuries (C3-T1), the optimal management often is 
not clear from existing medical literature. There are several 
reasons for this, including development of improved surgi-
cal methods and options with improved outcomes and lower 
morbidities. Also, no ideal classification system exists that 
allows reproducible and valid characterization of specific 
injuries that are required to compare treatments and out-
comes. There have been many efforts to classify these inju-
ries, and improvements continue to be made. Central to any 
classification is the concept of spinal stability, which classi-
cally has been defined by White and Panjabi as “the ability 

 

Type TI ype II Type IIa Type III

FIGURE 41.24 Hangman fracture (see text).

 FIGURE 41.25 Atypical hangman fracture with cord impinge-
ment described by Starr and Eismont.
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of the spine under physiologic loads to maintain an associa-
tion between vertebral segments in such a way that there is 
neither damage nor subsequent irritation of the spinal cord 
or nerve roots, and, in addition, there is no development 
of incapacitating deformity or pain because of structural 
changes.” The ability to make a determination of current and 
future stability is dependent on a complete understanding of 
spinal biomechanics and the ability to definitively determine 
the presence of injury to all the various anatomic compo-
nents of the spinal column. Acute instability is caused by 
bone or soft-tissue injury that places the neural elements 
at risk of injury with any subsequent loading or deformity. 
Chronic instability is the result of progressive deformity 
that may cause neurologic deterioration, prevent recovery 
of injured neural tissue, or cause increasing pain or decreas-
ing function.

In a series of cadaver studies, White and Panjabi system-
atically cut the various supporting structures and noted the 
resulting instabilities of the spine. The supporting structures 
of the subaxial spine can be divided into two groups: anterior 
and posterior (Fig. 41.26). A motion segment is made up of 
two adjacent vertebrae and the intervening soft tissues con-
nected directly to each vertebra. If a motion segment has all 
the anterior elements and one posterior element, or all the 
posterior elements and one anterior element, it remains sta-
ble under physiologic loads. White, Southwick, and Panjabi 
developed a checklist for the diagnosis of clinical instability of 
the subaxial cervical spine (Box 41.2). This checklist includes 
radiographic criteria to consider in determination of clinical 
instability. Each criterion is assigned a point value, and if a 
total of 5 points is reached, clinical instability is likely. These 
criteria include sagittal translation of 3.5 mm on a lateral view 
(Fig. 41.27). An additional criterion is more than 11 degrees 
of difference in sagittal rotation between two adjacent motion 
segments (2 points) as measured on a lateral radiograph (Fig. 
41.28).

This body of information and imaging capabilities con-
tinue to improve. The classification system described by Allen 
and Ferguson remains the most widely used, although sev-
eral alternative systems have been described. The Allen and 
Ferguson system is based on a mechanistic description of the 
injury based on the radiographic appearance of the cervical 
spine. These authors reviewed 165 subaxial injuries and cat-
egorized them into six common patterns and then further 
subdivided each pattern into stages of severity of osseous and 
ligamentous injury (Table 41.4).

The terminology of this system has become famil-
iar to spine surgeons and is accepted to describe inju-
ries, but precise definitions of each stage are lacking, 
and the number of stages in the system make it difficult 
to use precisely in clinical practice. An alternative classi-
fication system was proposed by Moore et  al. and subse-
quently modified by Vaccaro et  al. and presented as the 
Subaxial Injury Classification (SLIC) scoring system. This 
particular system has three categories that are scored and 
summed. The authors proposed that the numerical value 
obtained can then be used to determine whether nonoper-
ative or operative treatment should be performed. The cat-
egories that are scored are morphology, discoligamentous 
complex integrity, and neurologic status of the patient. 
An increasing score within each category is intended to 

reflect increasingly severe injury (Table 41.5). The primary 
improvement of this severity scoring system is the reincor-
poration of the neurologic status of the patient, which is 
integral to the determination of spinal stability. This sever-
ity score was compared with the Allen and Ferguson sys-
tem among a group of experienced spine surgeons, and the 
two systems had similar reliability for treatment recom-
mendations. With continued improvements in imaging, 
particularly of the soft-tissue components of the spine, 
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Checklist for Diagnosis of Clinical Instability in 
Lower Cervical Spine*

Element Point value

Anterior elements destroyed or unable to  
function

2

Posterior elements destroyed or unable to  
function

2

Relative sagittal plane translation >3.5 mm 2
Relative sagittal plane rotation >11 degrees 2
Positive stretch test 2
Medullary (cord) damage 2
Root damage 1
Abnormal disc narrowing 1
Dangerous loading anticipated 1

 BOX 41.2 

* Total of 5 or more = unstable.
From White AA, Southwick WO, Panjabi MM: Clinical instability in the lower 
cervical spine: a review of past and current concepts, Spine 1:15, 1976.
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determination of the optimal classification of or treatment 
for a particular injury can be decided with certainty. A third 
classification system has been developed by the AO Spine 
Group. This system has three main injury types based on 
the type of primary injuring force, with subtypes based on 
progressive severity with a separate rating for facet inju-
ries. The most recent version also includes a grading of 
neurologic injury and modifiers for comorbidities such as 
ankylosing spondylitis or vertebral artery injuries. 

TREATMENT
Until there is a validated classification system that substan-
tially improves on the available systems, spine surgeons will 
continue to use the best information available coupled with 
experience to determine treatments. A systematic approach 
as discussed earlier in this chapter is necessary when deter-
mining treatment. After the imaging has been obtained and 
any emergent closed reduction attempt completed, a decision 
for definitive treatment is necessary.

Most cervical injuries do not disrupt the structural integ-
rity of the spine sufficiently to require operative intervention. 
Evaluation of individual injuries based on the injury patterns 
of the Ferguson-Allen system and the patient’s neurologic 
examination has been the basis for our treatment rationale 
in each region of the spine. This mechanistic description 
is considered using the three-column model described by 
Denis to determine which structures are injured and make 
a determination of stability. The anterior column consists of 
the anterior longitudinal ligament and the anterior half of the 
vertebral body and disc, the middle column consists of the 
posterior half of the body and disc and the posterior longitu-
dinal ligament, and the posterior column includes the pedi-
cles and all posterior osseous and ligamentous structures. The 
controlling principle is that single-column injuries without 
neurologic deficit will, in general, be stable without progres-
sive deformity, neurologic injury, or postinjury pain, although 
care must be taken to evaluate ligamentous structures, includ-
ing discal disruption, which often accompany facet fractures. 
This has been consistent with our practice experience, and 
these patients do well with immobilization. In contrast, inju-
ries that involve three columns are considered unstable even 
when there is no neurologic deficit (rare) and typically require 
operative stabilization. This, of course, leaves the two-column 
injuries, which are considered unstable. These tend to be 
treated operatively, but some of these injuries can be treated 
with immobilization. In our experience, immobilization has 
a low morbidity when the patient is able to mobilize imme-
diately. In patients with two-column injuries, the neurologic 
status often is the determining factor as to whether operative 
treatment is recommended. Patients with incomplete injuries 
or complete injuries generally are treated operatively, whereas 
those with normal results of examination or possibly isolated 
root injuries may be treated with immobilization. Other inju-
ries, comorbidities, congenital anomalies, and degenerative 
conditions can influence the treatment decision.

The goals of stabilization are to realign the spine, pre-
vent further loss of neurologic function, enhance neuro-
logic recovery, restore biomechanical integrity to the spine, 
and promote early functional recovery. Operative treatment 
for subaxial spine injuries can be from an anterior, posterior, 
or combined (360-degree) approach. There are a variety of 
acceptable treatment options that can achieve these goals in a 
given patient. The simplest and most direct strategy is to base 
the approach on the area of greatest structural injury: inju-
ries to the anterior or middle columns usually are approached 
anteriorly, and three-column injuries and those requiring 
direct reduction usually are approached posteriorly.

The primary advantages of anterior surgery include 
decompression of the neural elements and restoration of the 
axial load-bearing support function with use of a strut graft 
and anterior plating, particularly over one to two motion 
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FIGURE 41.27 Sagittal plane translation of more than 3.5 mm 
suggests clinical instability.  (Redrawn from White AA, Johnson RM, 
Panjabi MM: Biomechanical analysis of clinical stability in the cervical 
spine, Clin Orthop Relat Res 109:85, 1975.)
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 TABLE 41.4 

Allen and Ferguson Classification of Subaxial Cervical Spine Fractures

COMPRESSIVE FLEXION—FIVE STAGES

Compressive flexion stage 1 Blunting of the anterosuperior vertebral margin to a rounded contour, with no evi-
dence of failure of the posterior ligamentous complex

Compressive flexion stage 2 In addition to the changes seen in stage 1, obliquity of the anterior vertebral body 
with loss of some anterior height of the centrum. The anteroinferior vertebral body 
has a “beak” appearance, concavity of the inferior endplate may be increased, and 
the vertebral body may have a vertical fracture.

Compressive flexion stage 3 In addition to the characteristics of a stage 2 injury, fracture line passing obliquely 
from the anterior surface of the vertebra through the centrum and extending 
through the inferior subchondral plate and a fracture of the beak.

Compressive flexion stage 4 Deformation of the centrum and fracture of the beak with mild (<3 mm) displace-
ment of the inferoposterior vertebral margin into the spinal canal

Compressive flexion stage 5 Bony injuries as in stage 3 but with more than 3 mm of displacement of the posterior 
portion of the vertebral body posteriorly into the spinal canal. The vertebral arch 
remains intact, the articular facets are separated, and the interspinous process space 
is increased at the level of injury, suggesting a posterior ligamentous disruption in a 
tension mode.

VERTICAL COMPRESSION—THREE STAGES

Vertical compression stage 1 Fracture of the superior or inferior endplate with a “cupping” deformity. Failure of 
the endplate is central rather than anterior, and posterior ligamentous failure is not 
evident.

Vertical compression stage 2 Fracture of both vertebral endplates with cupping deformities. Fracture lines through 
the centrum may be present, but displacement is minimal.

Vertical compression stage 3 Progression of the vertebral body damage described in stage 2. The centrum is frag-
mented, and the displacement is peripheral in multiple directions. Most commonly, 
the centrum fails, with significant impaction and fragmentation. The posterior aspect 
of the vertebral body is fractured and may be displaced into the spinal canal. The 
vertebral arch may be intact with no evidence of ligamentous failure, or it may be 
comminuted with significant failure of the posterior ligamentous complex; the liga-
mentous disruption is between the fractured vertebra and the one below it.

DISTRACTIVE FLEXION—FOUR STAGES

Distractive flexion stage 1 Failure of the posterior ligamentous complex, as evidenced by facet subluxation in 
flexion, with abnormal divergence of the spinous process.

Distractive flexion stage 2 Unilateral facet dislocation (the degree of posterior ligamentous failure ranges 
from partial failure sufficient only to permit the abnormal displacement to com-
plete failure of the anterior and posterior ligamentous complexes, which is uncom-
mon). Subluxation of the facet on the side opposite the dislocation suggests severe 
ligamentous injury. In addition, a small fleck of bone may be displaced from the 
posterior surface of the articular process, which is displaced anteriorly. Widening of 
the uncovertebral joint on the side of the dislocation and displacement of the tip of 
the spinous process toward the side of the dislocation may be seen. Beatson seri-
ally divided the posterior interspinous ligaments, facet capsule, posterior longitudi-
nal ligament, annulus fibrosus, and anterior longitudinal ligament and found that 
unilateral facet dislocation can occur with rupture of only the posterior interspinous 
ligament and the facet capsule.

Distractive flexion stage 3 Bilateral facet dislocations, with approximately 50% anterior subluxation of the verte-
bral body. Blunting of the anterosuperior margin of the inferior vertebra to a rounded 
corner may or may not be present. Beatson showed that rupture of the interspinous 
ligament, the capsules of both facet joints, the posterior longitudinal ligament, and 
the annulus fibrosus of the intervertebral disc was necessary to create this lesion.

Distractive flexion stage 4 Full vertebral body width displacement anteriorly or a grossly unstable motion seg-
ment, giving the appearance of a “floating” vertebra

COMPRESSIVE EXTENSION—FIVE STAGES

Compressive extension stage 1 Unilateral vertebral arch fracture with or without anterior rotatory vertebral 
displacement. Posterior element failure may consist of a linear fracture through 
the articular process, impaction of the articular process, and ipsilateral pedicle and 
lamina fractures, resulting in the “transverse facet” appearance on anteroposterior 
radiographs, or a combination of ipsilateral pedicle and articular process fractures.
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Compressive extension stage 2 Bilaminar fractures without evidence of other tissue failure. Typically, the laminar 
fractures occur at multiple contiguous levels.

Compressive extension stage 3 Bilateral vertebral arch fractures with fracture of the articular processes, pedicles, 
lamina, or some bilateral combination, without vertebral body displacement

Compressive extension stage 4 Bilateral vertebral arch fractures with partial vertebral body width displacement 
anteriorly

Compressive extension stage 5 Bilateral vertebral arch fracture with full vertebral body width displacement anteri-
orly. The posterior portion of the vertebral arch of the fractured vertebra does not 
displace, and the anterior portion of the arch remains with the centrum. Ligament 
failure occurs at two levels: posteriorly between the fractured vertebra and the 
one above it and anteriorly between the fractured vertebra and the one below it. 
Characteristically, the anterosuperior portion of the vertebra below is sheared off by 
the anteriorly displaced centrum.

DISTRACTIVE EXTENSION—TWO STAGES

Distractive extension stage 1 Either failure of the anterior ligamentous complex or a transverse fracture of the 
centrum. The injury usually is ligamentous, and there may be a fracture of the 
adjacent anterior vertebral margin. The radiographic clue to this injury is abnormal 
widening of the disc space.

Distractive extension stage 2 Evidence of failure of the posterior ligamentous complex, with displacement of the 
upper vertebral body posteriorly into the spinal canal, in addition to the changes 
seen in stage 1 injuries. Because displacement of this type tends to reduce spontane-
ously when the head is placed in a neutral position, radiographic evidence of the 
displacement may be minimal, rarely greater than 3 mm on initial films with the 
patient supine.

LATERAL FLEXION—TWO STAGES

Lateral flexion stage 1 Asymmetric compression fracture of the centrum and ipsilateral vertebral arch frac-
ture, without displacement of the arch on the anteroposterior view. Compression 
of the articular process or comminution of the corner of the vertebral arch may be 
present.

Lateral flexion stage 2 Lateral asymmetric compression of the centrum and either ipsilateral displaced ver-
tebral arch fracture or ligamentous failure on the contralateral side with separation 
of the articular processes. Ipsilateral and compressive and contralateral disruptive 
vertebral arch injuries may be present.

segments. Maintaining the patient supine rather than prone 
during surgery also is an advantage if the patient has signifi-
cant pulmonary dysfunction from blunt trauma or infec-
tion. Wound complications are infrequent with anterior 
surgery, although dysphagia has been recognized more fre-
quently in recent years. Access to any level from the C2 disc 
to the C7 disc is possible in most patients but can be quite 
challenging in obese patients or those with short necks. 
Adequate decompression often can be accomplished with 
a discectomy. In a trauma setting, this is preferred to a cor-
pectomy, which is inherently less stable. At times, such as 
with a burst fracture, a corpectomy is needed, and adequate 
stability is achieved with careful fitting and placement of the 
strut graft or cage and use of unicortical screws and a fixed-
angle locking type plate. The dynamic type plates are of 
questionable benefit in degenerative indications but really 
do not have a place in the management of trauma patients 
because of the greater level of instability. Preservation of 
intact endplates and careful sizing of the strut graft without 

overdistracting the facets posteriorly also are critical to 
achieving enough stability to allow primary bone healing 
at the graft-host interface. There are multiple series in the 
literature demonstrating good outcomes with this type of 
anterior-only construct even with posterior ligamentous 
injuries. Postoperative immobilization in an orthosis gen-
erally is adequate with satisfactory plating. If fixation is 
compromised because of the injury pattern or bone qual-
ity, consideration should be given to posterior fixation or 
halo vest immobilization that may be advantageous for the 
patient rather than additional surgery. Anterior reconstruc-
tion and plating has been shown by Johnson et al. to have a 
high failure rate if the endplates are not intact, especially if 
there are associated facet fractures at the level treated with 
discectomy and reconstruction. Corpectomies at more than 
two levels are rare for trauma indications but if required 
may need to be supplemented with posterior instrumen-
tation. Combined approaches rarely are needed for a good 
outcome except as discussed.

 TABLE 41.4 

Allen and Ferguson Classification of Subaxial Cervical Spine Fractures—cont’d
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Posterior fixation with current segmental fixation systems 
allows treatment of the most unstable injuries, even those that 
extend across the craniocervical or cervicothoracic junctions. 
These constructs use rods with lateral mass fixation from C3-C6 
and pedicle screw placement at C2 to C7, and in the upper tho-
racic region. Pedicle screws can be placed at C7 and are biome-
chanically superior to C7 lateral mass screws. Pedicle screws 
are technically more difficult to place than lateral mass screws 
at C3 to C6 and usually offer no significant benefit. When nec-
essary, fixation can be extended above C3 as has already been 
discussed. Because posterior fixation restores the posterior ten-
sion band and segmental fixation is possible, these constructs 
are stiffer than anterior constructs in flexion and torsion, so 
fusion rates are superior for multilevel fusions treated posteri-
orly than for similar length anterior constructs. Decompression 
done posteriorly is not associated with quite the same level of 
neurologic improvement in some studies, probably because of 
less effective restoration of blood flow to the anterior cord as 
was shown by Brodke et al. If posterior decompression is done, 
it should always be accompanied by stabilization and fusion in 
the setting of trauma. Because of the more extensive dissection 
required posteriorly, there has been a higher incidence of wound 
infection and greater blood loss relative to anterior procedures. 
However, for limited posterior approaches, such as for direct 
reduction of facet dislocations and fusion, wound-related com-
plications are rare. Patients who are designated as poor hosts are 
more likely to be osteoporotic, and, in general, posterior meth-
ods are preferred because segmental fixation is possible. 

EXTENSION INJURIES
An extension injury is the result of hyperextension of the cer-
vical spine (Fig. 41.29). Often the patient is older and had a 

relatively low-energy mechanism of injury such as a same 
level fall. The injury occurs in part from a loss of motion in 
the cervical spine, which is unable to dissipate the energy 
without failure. The patient may have diffuse idiopathic 
skeletal hyperostosis (DISH) or ankylosing spondylitis that 
predisposes to this injury pattern. Patients with ankylosing 

 TABLE 41.5 

Subaxial Injury Classification Scale

MORPHOLOGY POINTS
No abnormality 0
Compression + burst 1 + 1 = 2
Distraction (e.g., facet perch, hyperextension) 3
Rotation or translation (e.g., facet dislocation, unstable  
teardrop, or advanced stage flexion compression injury)

4

DISCOLIGAMENTOUS COMPLEX

Intact 0
Indeterminate (e.g., isolated interspinous widening, magnetic  
resonance imaging signal change only)

1

Disrupted (e.g., widening of anterior disc space, facet perch,  
or dislocation)

2

NEUROLOGIC STATUS

Intact 0
Root injury 1
Complete cord injury 2
Incomplete cord injury 3
Continuous cord compression (neuro-modifier in the setting  
of a neurologic deficit)

+1

From Dorak M, Fisher CG, Fehlings MG, et al: The surgical approach to subaxial cervical spine injuries, Spine 32:2620, 2007.

 FIGURE 41.29 Extension fracture through C3 disc level in 
patient with diffuse idiopathic skeletal hyperostosis.
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spondylitis actually have a fracture through the disc space and 
are treated somewhat differently (see later section). Patients 
with an incomplete disc disruption determined by acute MRI 
usually can be treated with immobilization. Patients with an 
annulus disruption that extends through the anterior and 
posterior margins of the annulus fibrosus are treated with 
anterior discectomy and fusion with bone graft and an ante-
rior locking plate. 

BURST FRACTURES
This injury is exemplified by shortening of the vertebral body, 
with comminution and retropulsion of the vertebral body 
into the canal (Fig. 41.30). Burst fractures with comminu-
tion extending to both endplates usually are treated with cor-
pectomy and anterior reconstruction with a tricortical iliac 
bone graft, fibular allograft, or cylindrical mesh cage packed 
with the resected vertebral body and anterior plating. The 
endplates are prepared to maintain intact subchondral bone 
as a secure footing for the chosen strut type. Usually, these 
patients are relatively young and do not have preexisting 
disease of the posterior longitudinal ligament, which is not 

injured by axial loading. The posterior longitudinal ligament 
should be preserved and will provide a counterforce for the 
implanted strut unless decompression cannot be satisfactorily 
accomplished without posterior longitudinal ligament resec-
tion. An anterior locking plate is then applied. 

FACET DISLOCATIONS
Facet dislocations should be distinguished from facet frac-
tures with subluxation. Bilateral facet dislocations are severe 
pure soft-tissue injuries with disruption of the facet cap-
sules, which are the most important posterior ligamentous 
stabilizers. Additional injury occurs to the interspinous 
ligaments, ligamentum flavum, and posterior longitudinal 
ligament, and there is discal disruption with possible hernia-
tion. Anterior translation of up to 50% of the vertebral body 
dimension occurs. The algorithm for imaging and reduction 
as previously described should be followed. After failed or 
successful closed reduction, MRI is obtained. If there is a 
significant disc herniation present, anterior cervical discec-
tomy with fusion and bone graft is done. If reduction was 
accomplished preoperatively or at the time of discectomy 

 

BA

EDC
FIGURE 41.30 A, Typical burst fracture at C5 with retropulsed bone and disc fragments in spinal 

canal compressing neural elements. B, Disc material above and below fractured vertebra has been 
removed, and high-speed power burr is used to remove bone back to level of posterior longitudinal 
ligament. C, Residual posterior vertebral margin is removed with small curet to decompress neural 
elements. D, Extent of anterior cervical corpectomy. E, Placement of tricortical iliac crest graft or 
fibular allograft after adequate cervical decompression. SEE TECHNIQUE 41.14.
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and fusion, an anterior locking plate is applied. This con-
struct is stable with a reduced facet dislocation that has no 
bony injury. If reduction cannot be accomplished at the time 
of discectomy, the graft is placed and the anterior wound 
is closed, followed by open posterior reduction and fusion 
with instrumentation. If the closed reduction fails and MRI 
demonstrates no significant disc herniation, open posterior 
reduction with stabilization is the treatment of choice. Open 
reduction in an anesthetized patient is associated with a 
higher rate of spinal cord injury than closed reduction in 
an awake patient, as previously discussed. Unilateral facet 
dislocations usually have only about 25% translation, but 
the management scheme is similar. In some patients with 
unilateral facet dislocations with successful closed reduc-
tion, consideration to closed treatment is reasonable if there 
is no persistent neural compression, but close radiographic 
follow-up is essential because subluxation can recur even 
weeks later. 

FACET FRACTURE WITH SUBLUXATION
Assessment of stability of facet fractures remains diffi-
cult. The AO Spine classification considers facet fractures 
in addition to the primary fracture pattern. Specter et al. 
studied a group of patients with isolated facet fractures and 
found that if the fracture measured more than 1 cm and 
more than 40% of the lateral mass length of the contra-
lateral side, there was a significant probability of instabil-
ity and failure of nonoperative treatment. More recently 
these parameters were confirmed by Pehler. When there 
is a facet fracture associated with subluxation, this injury 
usually will reduce easily with traction but may not remain 
reduced as the patient mobilizes. If there is no fracture 
of either endplate, anterior discectomy with fusion, bone 
grafting, and anterior locking plate application is an option 
but should be undertaken with caution. This construct is 
subject to shear forces because of the incompetent facet(s), 
and displacement can occur. Although neurologic wors-
ening is unusual, it has certainly been reported. Loss of 
fixation will require revision. Careful follow-up is recom-
mended, and the patient must be compliant with orthosis 
usage. Alternatively, posterior instrumentation and fusion 
provide more stability and will maintain alignment more 
consistently, but an additional level of fusion generally is 
needed because fixation usually is not possible at the frac-
tured level. 

FRACTURE-DISLOCATIONS
These are the most severe injuries usually with combined 
soft-tissue and osseous injuries, translational displacement in 
one or more planes, and often associated spinal cord injury. 
Closed reduction must be undertaken with caution to avoid 
overdistracting the injured segment and potentially worsen-
ing the spinal cord injury. In this injury group, combined 
anterior and posterior surgery may be the more conserva-
tive approach, although a combined approach is not always 
needed. The principle of treating the most severely injured 
area first is followed to reestablish spinal alignment and 
decompress the spinal cord. This usually is accomplished 
anteriorly first, and if necessary posterior supplemental sta-
bilization and fusion are added at a second stage and may 
be delayed depending on the overall condition of the patient 
(Fig. 41.31). 

 

ANTERIOR CERVICAL DISCECTOMY 
AND FUSION WITH PLATING

 TECHNIQUE 41.14 

 n  If the patient is already in traction, maintain traction and 
alignment. Coordinate with the anesthesiologist for an 
awake intubation or manually maintain head position 
and use a GlideScope (Verathon Inc., Bothell, WA). If the 
patient has a spinal cord injury, maintain a mean arterial 
pressure of 85 to 90 mm Hg during the procedure.

 n  Expose the spine through either a transverse or a longitu-
dinal incision, depending on the surgeon’s preference. We 
usually prefer a left-sided transverse incision (Fig. 41.32) 
because of the more constant anatomy of the recurrent 
laryngeal nerve and the lower risk of inadvertent injury.

 n  Make a 3-cm incision at the cricoid level for the C5 disc or 
adjust accordingly depending on the injury level. A trans-
verse incision can be used even for an extensile exposure. 
Locate the skin incision with the midpoint on the lateral 
border of the trachea on the side of the approach.

 n  Incise the skin and dissect through the subcutaneous layer 
to the platysma. Sharply dissect the fat off the platysma 
fascia at least 10 mm in all directions from the skin inci-
sion to mobilize the incision and improve exposure.

 n  Incise the platysma muscle vertically in line with its fibers.
 n  In the lateral portion of the wound, identify the medial 

border of the sternocleidomastoid muscle and bluntly de-
velop the plane to the carotid sheath. At the C5 disc level 
it will be covered by the omohyoid muscle.

 n  Sweep the omohyoid superiorly or inferiorly (at the C5 disc 
level) as needed and sharply incise the pretracheal fascia 
along the medial border of the carotid sheath. Open the 
pretracheal fascia generously with blunt dissection.

 n  With blunt finger dissection, develop the plane of the pre-
vertebral space. Use a Kittner dissector to better define 
the anterior spine that is visible between the longus colli 
muscles.

 n  Radiographically identify the injured level with a metallic 
marker (22-gauge spinal needle) within the injured disc 
or bone and permanently store the image. Mark the con-
firmed level using a No. 11 blade scalpel to remove a small 
amount of anterior annulus that is easily visible.

 n  Using blunt retractors, mobilize the trachea and esophagus 
just enough to safely elevate the longus colli muscles bilat-
erally from the midbody of the superior end vertebra to the 
midbody of the inferior end vertebra but avoid unnecessary 
exposure that may lead to adjacent segment degeneration.

 n  Place a self-retaining retractor with the blade deep to the 
medial border of the longus colli on each side of the spine 
at the affected level.

 n  Incise the annulus at the injured disc level widely to the 
level of the uncinate process bilaterally. Use curets to re-
move most of the disc and clearly view the uncinate pro-
cess bilaterally.

 n  Under the operating microscope, use a high-speed burr 
to remove the anteriormost portion of the inferior body 
of the cephalad vertebra. This bone removal is only to the 
level of the highest point of the concavity of the inferior 
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endplate. This allows the endplate to be flat, and it forms 
a right angle with the anterior and posterior body walls 
and preserves the subchondral bone (Fig. 41.30).

 n  Remove any anterior osteophyte as well. With this an-
terior bone resection, visibility is enhanced and the pos-
terior disc material, posterior longitudinal ligament, and 
posterior osteophytes can be removed as needed. If the 
foramina are tight, perform foraminotomies.

 n  Contour the superior endplate of the inferior vertebra with 
a burr, preserving the subchondral bone and creating a flat 
surface parallel with the inferior endplate of the cephalad 
vertebra, anterior to posterior and side to side. The medial 
portion of the uncinates may need to be burred away so 
the defect is wide enough to accept the graft.

 n  Carefully measure the height of the disc space both with 
traction applied and without traction. Do not size the 
graft to maintain the traction interval if there is more than 
1 mm difference between the measurements. The graft 
size should allow stable fit without being excessively tight.

 n  Either harvest tricortical iliac graft or select a composite 
corticocancellous allograft product. The graft typically is 

12 to 13 mm in anterior to posterior dimension so it can 
be countersunk 2 mm and not intrude into the canal. 
Tamp the graft into place and verify radiographically or 
by direct vision that the posterior graft does not enter the 
canal. With traction removed the graft should be stable 
enough to resist being pulled easily from the disc space. 
Avoid making the fit excessively tight.

 n  Select the shortest locking plate possible to avoid 
impingement injury to the adjacent discs. The pre-
pared endplates should be just visible through the 
screw holes of the plate when it is properly positioned  
(Fig. 41.33).

 n  Drill and place unicortical screws most commonly 14 
mm in length, but this should be individualized. Make 
sure screws are placed at the correct angle to opti-
mize locking of the screw and plate. Engage the anti-
backout mechanism of the plate after placing all four 
screws.

 n  Achieve meticulous hemostasis and close the pla-
tysma over a fluted style drain; close the remaining 
layers.

 

A

C

B

FIGURE 41.31 A, Fracture-dislocation involving C6 and C7 levels. Note C2 fracture. B, Align-
ment has been improved with skeletal traction. C, MR image after traction reveals severe spinal 
cord swelling and increased signal.
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POSTOPERATIVE CARE A rigid orthosis is worn for 4 to 
6 weeks until there is radiographic evidence of healing at 
the graft interfaces. Flexion and extension radiographs are 
obtained to verify stability and to determine if the orthosis 
can be discontinued.
   

 

CERVICAL CORPECTOMY AND 
RECONSTRUCTION WITH PLATING

 TECHNIQUE 41.15 

 n  Preparation, positioning, and exposure are as described 
in Technique 41.14 with the exception being that a 4-cm 
incision is made at the cricoid level for C5 (see Fig. 41.32).

 n  Incise the disc widely to the level of the uncinate process 
bilaterally above and below the fractured vertebra. Use 
curets to remove most of the disc and clearly view the 
uncinate process bilaterally at each level. If a metal cage 
or fibular allograft is to be used, remove the injured body 
piecemeal and save it to fill the cage or graft. If structural 
autograft will be used, remove the body with a high-
speed burr. This is our preferred method.

 n  Under the operating microscope, use a high-speed burr 
to make a vertical groove on each side of the body to be 
removed that begins above the uncinate process of the 
normal vertebra caudally to the uncinate process of the 
injured segment. These grooves define the area of bone to 
be removed. Using the burr, remove all the bone between 
the two grooves, deepening each groove as needed. This 
can be done very rapidly until the cancellous bone of the 
body gives way to cortical bone, indicating the posterior 
cortex has been reached. By staying medial to the unci-
nate the vertebral artery can be avoided, although rarely a 
tortuous artery can erode medial to the uncinate, and this 
should be detected on the CT during preoperative plan-
ning. Remove the posterior cortex with the burr as well.
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FIGURE 41.32 A, Anterior approach to middle and lower cervical spine through left-sided 
transverse incision is carried medially to carotid sheath and laterally to trachea and esophagus. 
B, Deep dissection to middle and lower cervical spine. Thorough knowledge of anatomic fascial 
planes is mandatory to gain adequate exposure of the anterior aspect of the cervical spine. SEE 
TECHNIQUES 41.14 AND 41.15.
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FIGURE 41.33 Anterior cervical discectomy and plating. SEE TECHNIQUE 41.14.

 n  Remove the posterior longitudinal ligament and posterior 
osteophytes as needed and perform foraminotomies as 
needed. Normally, the corpectomy defect is at least 17 
mm in width. Remove the anterior portion of the cepha-
lad end vertebra to leave a flat surface with preservation 
of the subchondral bone. Similarly, contour the superior 
endplate of the caudal end vertebra. The two endplates 
should each be flat and parallel to one another.

 n  Carefully measure the distance between the endplates 
with and without traction applied. When there is little to 
no movement when traction is discontinued, very careful 
sizing of the graft is required to avoid graft subsidence 

or displacement. This length can be easily measured by 
using a sterile cotton applicator stick cut to the desired 
length; this cut piece serves as a template for the cage 
or graft.

 n  Create an appropriate length autograft, fibular allograft, 
or cage filled with local bone.

 n  Reapply traction and increase slightly if needed to insert 
the strut and carefully tamp the strut into place. Because 
of the inclination of the endplates the graft will be more 
posterior at the caudal end than it is rostrally when it is 
resting squarely on each endplate. Verify radiographically 
or by direct vision that the strut does not extend into the 
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canal. With traction removed, the strut should be stable 
enough to resist being pulled easily from the corpectomy 
defect. Proper fit is critical for stability and bony union.

 n  Select the shortest locking plate possible to avoid impinge-
ment injury to the adjacent discs. The prepared endplates 
should be just visible through the screw holes of the plate 
when it is properly positioned. Drill and place unicorti-
cal screws most commonly 14 mm in length. Make sure 
screws are placed at the correct angle to optimize locking 
of the screw and plate. Engage the anti-backout mecha-
nism of the plate after placing all four screws. Screws are 
not placed into the strut.

 n  Achieve meticulous hemostasis and close the platysma 
over a fluted drain; close the remaining layers.

POSTOPERATIVE CARE A rigid orthosis is worn for 6 to 
8 weeks depending on the stability of the final construct 
and radiographic evidence of graft incorporation. Flexion 
and extension radiographs are obtained to verify stability 
and discontinue the orthosis.
   

 

POSTERIOR SUBAXIAL FIXATION AND 
FUSION
The instrumentation systems for posterior fixation are poly-
axial screws that can be placed in the lateral mass with 
unicortical or bicortical purchase, or they can be placed in 
the pedicle. Lateral mass fixation has been shown to be 
effective and safe and is the preferred method in most 
instances. The primary exception is the lateral mass of C7, 
which is smaller, and where fixation is biomechanically 
inferior to other levels. If the construct is to be continued 
into the thoracic region, which is typically the case if C7 
is included in the fusion, then C7 fixation usually is not 
included because there is insufficient space for the screw 
head of the T1 screw and a C7 screw on the rod because 
of the different orientation of the two screws. If C7 fixation 
is desirable, pedicle screw placement usually is preferred 
over lateral mass fixation at this level. The technique for 
lateral mass screw placement is that of Magerl, as modified 
by Anderson. 

 

LATERAL MASS SCREW AND ROD 
FIXATION

 TECHNIQUE 41.16 

(MAGERL)
 n  If the patient is already in traction, maintain traction 

and alignment. Coordinate with the anesthesiologist 
for an awake intubation or manually maintain head po-

sition and use a GlideScope. If the patient has a spinal 
cord injury, maintain a mean arterial pressure of 85 to 
90 mm Hg throughout the procedure. Use a turning 
frame such as the Jackson table to position the patient 
prone.

 n  Radiographically verify injury reduction; if pedicle screws 
are to be used, make sure imaging can adequately be ac-
complished before preparation and draping.

 n  Incise the skin over the area of exposure. Infiltrate the 
subcutaneous tissue and muscle with 1 mg epinephrine 
in 500 mL normal saline.

 n  Expose the posterior cervical spine subperiosteally to the 
lateral border of the lateral masses after verifying levels.

 n  If an unreduced dislocation is present, use a Penfield 
No. 4 dissector or Freer elevator to gently unlock the 
joint(s). Make a hole in the base of the spinous process 
of each of the involved vertebrae. Using a tenaculum 
through each spinous process, carefully distract and 
posteriorly translate the dislocated vertebra to reduce 
both facets while an assistant simultaneously uses a 
Penfield No. 4 dissector to guide the inferior facet into 
the reduced position. If this cannot be accomplished, 
remove a small amount of bone from the superior 
margin of the inferior facet and repeat the process. 
Postreduction stability is decreased as more bone is 
resected.

 n  Remove any facet capsules in the area to be fused and 
identify the boundaries of the lateral mass, which consist 
of the superior joint line, the inferior joint line, the lateral 
border, and the medial sulcus at the junction with the 
lamina (Fig. 41.34A).

 n  If a laminectomy or laminoplasty is planned, do not per-
form it until the screw holes are completed so the bony 
landmarks can be used for drilling screw holes.

 n  Select an entry portal 1 mm medial to the center of the 
lateral mass and penetrate only the cortex with a burr.

 n  Drilling of the lateral mass should be directed 25 to 
35 degrees laterally and 25 degrees cephalad (paral-
lel to the plane of the facet joint) for C3 to C6 (Fig. 
41.34B). This trajectory can reliably be accomplished 
by placing the drill guide against the inferior aspect of 
the posterior tip (remove large osteophytes if present) 
of the spinous process of the vertebra caudal to the 
level being drilled. Use a hand drill set to a depth of 
14 mm that will provide unicortical fixation in most 
patients. For example, rest the drill guide against the 
inferior C4 spinous process if drilling the C3 lateral 
mass.

 n  If bicortical fixation is planned, use a drill of preset length 
and drill in 2-mm increments. Use a ball-tipped wire or 
depth gauge to sound the drill hole after each advance 
of the drill and feel the far cortex. Ideally, the drill will exit 
just lateral to the vertebral artery, but the artery is at risk 
if the drill is too medially directed.

 n  If a cervical pedicle screw is to be placed, carefully review 
the CT preoperatively to measure the size and orientation 
of the pedicle. The entry point into the pedicle as de-
scribed by Abumi and Kaneda is just lateral to the center 
point of the lateral mass. Penetrate the cortex and ad-
vance a probe into the pedicle. The direction of the probe 
is 30 to 40 degrees medially relative to the sagittal plane, 
which also has been found to be 90 degrees relative to 
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the ipsilateral lamina. With regard to orientation in the 
cephalad to caudal direction, this varies by level and usu-
ally is slightly caudal at the C7 level and can be identified 
using image intensification. Ludwig et al. recommended 
making a laminoforaminotomy and directly palpating 
the superomedial pedicle to help orient the probe (Fig. 
41.35).

 n  If a thoracic pedicle screw is to be placed, the technique 
described for all thoracic pedicle screws is used (see Tech-
nique 41.17).

 n  Place each screw. Decorticate the lateral mass and lamina 
and burr each joint. Cut and contour the rod and secure 
the rod to the screws with the blockers.

 n  Pack the bone graft into place.
 n  Close the wound in layers over a drain.

POSTOPERATIVE CARE A rigid orthosis is used for 6 
weeks and is removed if reduction has been maintained 
and flexion and extension films indicate there is no motion 
at the stabilized level(s) after the immobilization period.
  

ANKYLOSING SPONDYLITIS
Patients with ankylosing spondylitis form a subgroup of 
patients who merit special consideration with regard to spi-
nal injuries in general and cervical spine injuries in particu-
lar. These patients can present with injury from high-energy 
mechanisms, but often there is a relatively low-energy mecha-
nism such as a same-level fall. If there is no neurologic deficit 
or obvious fracture, a high level of clinical suspicion must be 
maintained to avoid potentially serious harm to the patient. A 
systematic review by Rustagi et al. found a delay in diagnosis 
in up to 41% of patients. The injury mechanism is most often 
extension such as a blow to the face or head while falling. 

Because of the ossification of the outer portions of the disc, 
the spine is unable to absorb the energy imparted and a frac-
ture occurs. The radiographic findings can be very subtle and 
often require CT or MRI to be appreciated. These fractures 
are most common in the C5 to T1 region, and noncontigu-
ous injuries are reported in 10% of patients. Mortality in this 
patient group is 6% to 10% within the first 7 to 10 days of 
injury. Patients with a history of ankylosing spondylitis or 
those who have a characteristic kyphotic deformity at the 
cervicothoracic junction should be supported to maintain 
the kyphosis during the evaluation process and should not be 
laid flat. Instead, the head of the bed should be elevated and 
maintained at 30 to 40 degrees at all times. Even in this posi-
tion, a bolster to support the head may be needed. If a fracture 
is identified, these patients almost always require operative 
treatment with posterior segmental fixation over relatively 
long spans because osteoporotic bone typically coexists 
with ankylosing spondylitis. Before stabilization, the patient 
should be moved as infrequently as possible to minimize 
risk of neurologic worsening. A rigid collar is not adequate 
for immobilization, and halo vest immobilization should be 
instituted early as a temporary measure. Halo vest immobi-
lization also is helpful when moving the patient for surgery. 
Turning the patient into the prone position requires planning 
and considerable care. These patients are at risk for significant 
epidural bleeding; a decline in neurologic function requires 
immediate investigation and early decompression to optimize 
outcomes. Careful assessment of the entire spine is necessary 
because of the high incidence of noncontiguous injuries. 

VERTEBRAL ARTERY INJURIES
Considerable controversy still remains regarding the optimal 
screening criteria and treatment of vertebral artery injuries 
associated with cervical fractures (Table 41.6)— 60 years after 
this relationship was first described by Carpenter in 1961. 
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FIGURE 41.34 Posterior cervical plating. A, Landmarks used for identifying center of lateral 
mass and point for drilling. B, Relationship of facet joints, nerve root, and drill angle. C, Superior 
view of cervical vertebra showing relationship of drill angle, foramen transversarium, and vertebral 
artery. SEE TECHNIQUE 41.15.
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There have been numerous studies with prospectively col-
lected data primarily to establish the incidence and evaluate 
treatment options. Based on a literature review, Fassett et al. 
found a 0.5% incidence of vertebral artery injuries in trauma 
patients; however, 70% had associated cervical fractures. The 
fractures most commonly associated with vertebral artery 
injury are those involving the foramen transversarium, the 
C1 to C3 levels, and displaced fractures or dislocations. Other 
studies have found an association with type III occipital con-
dyle fractures. The injury patterns associated with vertebral 

artery injury have been further characterized by Lebl et al., 
who showed an association of vertebral artery injury with 
foramen transversarium fractures displaced >1 mm, basilar 
skull fractures, ankylosing spondylitis, DISH, occipitocer-
vical dislocations, and facet subluxations and dislocations. 
The clinical presentation of vertebral artery injury is highly 
variable. Patients can remain asymptomatic or develop signs 
of posterior circulation stroke with a reported mortality in 
some series as high as 33%, although in the study of Lebl 
et al. mortality was 4.8%. Foramen transversarium fractures 

 FIGURE 41.35 Orientation of the probe for lateral mass screw insertion. SEE TECHNIQUE 41.16.

 TABLE 41.6 

Screening Criteria for Blunt Cerebrovascular Injury (BCVI)

SCREENING 
CRITERIA

PATIENTS TO BE SCREENED

Signs and Symptoms of BCVI Risk Factors of BCVI

Modified Denver 
Criteria

Arterial hemorrhage (from neck, nose, or mouth)
Cervical bruit in patients <50 yr of age
Expanding cervical hematoma
Focal neurologic defect (transient ischemic 
attack, hemiparesis, vertebrobasilar symptoms, 
Horner syndrome)
Stroke on CT or MRI
Neurologic deficit inconsistent with head CT

High-energy transfer mechanism with the following:
	•	 	Le	Fort	II	or	III	fracture
	•	 	Basilar	skull	fracture	involving	carotid	canal
	•	 	Cervical	vertebral	body	or	transverse	foramen	frac-

ture, subluxation, or ligamentous injury at any level; 
any fracture at C1-C3

	•	 	Closed	head	injury	consistent	with	diffuse	axonal	
injury and with Glasgow Coma Scale score <6

	•	 	Near-hanging	with	anoxia
	•	 	Clothesline-type	injury	or	seat	belt	abrasion	with	

significant swelling, pain, or altered mental status
Memphis Criteria Cervical spine fracture

Neurologic exam not explained by brain 
imaging
Horner syndrome
Le Fort II or III facial fractures
Skull base fractures involving the foramen 
lacerum
Neck soft-tissue injury (e.g., seat belt injury, 
hanging)
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at the level of entry of the vertebral artery are probably more 
significant than other levels, and although this usually is C6, 
in 5% of people the artery enters the C7 foramen transver-
sarium. To date, the most reliable diagnostic method has 
been catheter cerebral angiography, although CT angiogra-
phy and MR angiography continue to improve. Roberts et al. 
demonstrated the diagnostic accuracy of CT angiography 
in detecting vertebral artery injury. Diagnostic-associated 
complications do occur, which in some series include an iat-
rogenic stroke incidence of 1% related to cerebral angiogra-
phy; thus, four-vessel angiography is limited to symptomatic 
vertebral artery injury and not screening. Treatment is anti-
coagulation with heparin acutely and may be maintained for 
3 to 6 months; in some series, observation is recommended. 
Because no level I evidence guides treatment, careful coor-
dinated treatment for each individual patient is indicated 
because it is not yet clear if current treatment improves 
patient outcomes. Other treatment protocols, including aspi-
rin therapy, have been adopted depending on the severity of 
the vertebral artery injury.

Another important aspect of vertebral artery injury is the 
influence it may have on operative planning with regard to the 
cervical spine. Because the vertebral artery is at risk with cer-
tain instrumentation techniques, the presence of a vertebral 
artery injury must be factored into the treatment plan, as well 
as the effects of anticoagulation therapy if this is instituted. 

THORACIC AND LUMBAR INJURIES
Thoracolumbar injuries usually are the result of high-energy 
trauma, and often associated visceral injuries are present in 
patients who have sustained significant injuries in this region. 
As was discussed for cervical injuries, patients with a sus-
pected thoracolumbar injury need rapid evaluation in the 
trauma assessment area. This should follow the ATLS pro-
tocol with a secondary survey that includes inspection and 
palpation of the entire spine, noting skin condition, tender-
ness, step offs, mental status, motor and sensory examination 
in the extremities, and a rectal examination for tone and the 
presence or absence of the bulbocavernosus reflex. The ISCoS 
form is used to record the neurologic findings. The radio-
graphic assessment should be completed as expeditiously as 
possible to allow the spine to be cleared and to remove the 
patient from the spine board or, if injury is present, to identify 
the injury so prompt treatment can be undertaken. To this 
end, CT has become the standard method for evaluation of 
the thoracic and lumbar regions. CT of the chest, abdomen, 
and pelvis with contrast enhancement is routinely obtained 
in the same population at risk for thoracic or lumbar spine 
fractures to assess for visceral injury. Several authors have 
shown that CT of the chest, abdomen, and pelvis has supe-
rior specificity and sensitivity for detecting injuries compared 
with plain radiographs. Additionally, CT of the chest, abdo-
men, and pelvis allows completion of the evaluation more 
quickly and with fewer transfers of the patient. Hauser et al. 
found that neither CT of the chest, abdomen, and pelvis nor 
plain radiographs failed to demonstrate any unstable thoracic 
or lumbar injuries in the 222 patients studied. Identification 
of additional injuries considered minor by CT of the chest, 
abdomen, and pelvis compared with plain radiographs was 
shown to change treatment with respect to pain manage-
ment and how patients were mobilized. These minor injuries 

included spinous process and transverse process fractures 
without displacement.

CLASSIFICATION
The classification of thoracic and lumbar spine injuries 
is still evolving more than 80 years after the first pub-
lished report of Böhler. The classification of these injuries 
remains difficult in part because the goals of classification, 
anatomic structures to consider, and definitions have not 
been agreed upon by the community of spine surgeons. 
Thus, some systems have been developed to direct treat-
ment, whereas others are not intended for this purpose. 
Terminology, particularly relating to “stability” of the 
spine, does not have a universally agreed upon defini-
tion, which introduces conflicting meanings in different 
schemes (Box 41.3). Additionally, the concept of “instabil-
ity” has progressed to include immediate instability and 
delayed instability, as described by Abbasi Fard et al. Nicoll 
et al. were the first to focus on patient outcomes and found 
that anatomic reduction was not crucial to good outcomes 
in a population of miners who were the basis of their stud-
ies. They also classified fractures as stable or unstable 
based on the probability of increasing deformity and spinal 
cord injury. Other systems use “instability” as a surrogate 
term for neurologic injury and consider injuries unstable if 
a neurologic injury is present without considering the frac-
ture pattern. To classify fractures it is necessary to image 
the spine, but imaging has changed significantly over time; 
CT is now the modality of choice in most centers. The 

Factors Related to Spinal Instability

Neurologic Function
 n  Degree of neurologic deficit
 n  Potential for additional neurologic injury 

Structural Disruption
 n  Severity of overall structural damage
 n  Comminution of the vertebral body
 n  Degree of canal compromise
 n  Disruption of spinal ligaments
 n  Disruption of the facet joints, lamina, and pedicles
 n  Disruption of the intervertebral disc
 n  Presence of multiple contiguous injuries
 n  Effect of previous destabilizing procedures 

Deformity
 n  Severity of deformity (kyphosis or scoliosis)
 n  Buckling of the spinal column (loss of height)
 n  Potential for progression of deformity
 n  Redisplacement after reduction
 n  Potential for late collapse 

Anticipated Function
 n  Loss of stiffness
 n  Expected future physical exertion
 n  Potential for developing chronic pain
 n  Potential impact on future employment

 BOX 41.3 

From Mirza SK, Mirza MJ, Chapman JR, Anderson PA: Classifications of thoracic 
and lumbar fractures: rationale and supporting data, J Am Acad Orthop Surg 
10:364, 2002.
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use of MRI remains controversial and has a limited role 
in the thoracic and lumbar regions. Khoury et  al. found 
that MRI added very little to the management of patients 
with CT-proven thoracic and lumbar injuries. It was help-
ful only in a small group of patients with planned surgery 
based on the CT. Several recent studies have shown that 
the CT findings can be well correlated with MRI findings, 
negating the need for MRI in most thoracolumbar injuries.

Classification systems have followed treatment options 
that have become more diverse as instrumentation for poste-
rior segmental fixation, anterior reconstruction and fixation, 
intraosseous techniques, and minimally invasive systems 
have been used in the trauma setting.

Most of the various classification systems currently in 
use are either based on a presumed mechanism of injury 
with specific injury patterns recognized or they are based 
on fracture morphology. The Denis classification, based on 
a three-column model of the spine (Fig. 41.36), is an exam-
ple of a mechanistic system that remains in widespread use. 
The AO system (Fig. 41.37) is based on fracture morphology 
with more severe injuries progressing from type A to type C 
with subtypes 1 to 3 within each type of injury. These sub-
types are further subdivided into 53 possible patterns. In 
2005, a collaborative effort of the Spine Trauma Study Group 
produced the Thoracolumbar Injury Severity Score (TLISS) 
system. This system incorporates the neurologic examina-
tion of the patient in a more direct way than previous sys-
tems and uses this information with the fracture morphology 

and the integrity of the posterior ligamentous complex to 
derive a numeric score for a given injury. The numeric value 
is then used to guide treatment options, and these treat-
ment options are based on consensus opinions. This system 
was subsequently modified to become the Thoracolumbar 
Injury Classification and Severity Score (TLICS) by the origi-
nal author in an effort to improve the reliability of classify-
ing injuries (Table 41.7). There have been numerous articles 
evaluating the reliability of various classification systems and 
comparing one system to another or comparing the results of 
the same surgeons classifying the same cases at different time 
points. Generally, these studies have not shown one classifi-
cation system to be superior to another. The TLICS system 
is appealing because it incorporates the neurologic function 
of the patient, which is the single most important determi-
nant of functional outcome for a patient with spine injury. 
Although the reliability of the system has been found to be 
equivalent to other systems, the validity of the criteria has not 
been demonstrated, which also is the case for the other clas-
sifications. Also, the treatment recommendations are level IV 
evidence as consensus opinion.

Denis developed the three-column model as an extension 
of the work of several other authors based on his review of 
412 thoracolumbar injuries, only 53 of which had CT scans. 
His goal was to highlight the injury patterns resulting from 
specific injury mechanisms, and this system did not con-
sider treatment or functional outcomes that have become 
increasingly important to demonstrate. Denis introduced the 
abstract idea of the “middle column,” which is not a distinct 
anatomic structure but rather the posterior half of the ver-
tebral body, posterior half of the intervertebral disc, and the 
posterior longitudinal ligament. The mode of failure of the 
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FIGURE 41.36 Three-column classification of spinal instability. 
Illustrations of anterior, middle, and posterior columns (see text).
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FIGURE 41.37 AO/Magerl classification of spinal injuries. A, 

Compression injuries: A1, impaction; A2, split; A3, burst. B, Distrac-
tion injuries: B1, posterior ligamentous; B2, posterior osseous; B3, 
anterior through disc. C, Torsion injuries: C1, type A with torsion; 
C2, type B with torsion; C3, torsion shear.
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middle column was used to determine the injury type and 
the risk of neurologic injury. His description did not include 
a definition of stability. Injuries were designated as minor 
(e.g., transverse process, pars interarticularis, spinous pro-
cess) or as major. The major injuries were divided into four 
categories based on the presumed mechanism of compres-
sion, burst, seat belt (Chance injury), or fracture-dislocation. 
In a CT study of 100 consecutive patients with potentially 
unstable fractures and fracture-dislocations, McAfee et  al. 
determined the mechanisms of failure of the middle osteo-
ligamentous complex and developed a new system based on 
these mechanisms. McAfee et al. categorized the failure of the 
middle osteoligamentous complex into one of three modes: 
axial compression, axial distraction, or translation. We have 
found their simplified system useful in classifying injuries of 
the thoracolumbar spine.

Wedge compression fractures cause isolated failure of the 
anterior column and result from forward flexion. They rarely 
are associated with neurologic deficit except when multiple 
adjacent vertebral levels are affected.

In stable burst fractures, the anterior and middle columns 
fail because of a compressive load, with no loss of integrity of 
the posterior elements.

In unstable burst fractures, the anterior and middle col-
umns fail in compression and the posterior column is dis-
rupted. The posterior column can fail in compression, lateral 
flexion, or rotation. There is a tendency for posttraumatic 
kyphosis and progressive neural symptoms because of insta-
bility. If the anterior and middle columns fail in compression, 
the posterior column cannot fail in distraction.

Chance fractures are flexion-distraction injuries and 
are horizontally oriented distraction injuries of a single 
vertebra or the osteoligamentous structures of a single 
motion segment caused by distraction and flexion around 
an axis of rotation anterior to the anterior longitudinal lig-
ament. The entire vertebra is pulled apart by a strong ten-
sile force. As a result, there is no comminution with these 
fractures.

In flexion-compression injuries, the flexion axis of rota-
tion is posterior to the anterior longitudinal ligament. The 
anterior column fails in compression with comminution and 
shortening, whereas the middle and posterior columns fail 
in tension. This injury is unstable because the ligamentum 
flavum, interspinous ligaments, and supraspinous ligaments 
usually are disrupted.

Translational injuries are characterized by malalignment 
of the neural canal, which has been totally disrupted. Usually 
all three columns have failed in shear. At the affected level, 
one part of the spinal canal has been displaced in the trans-
verse plane.

The AO system (see Fig. 41.37) is based on fracture 
morphology with more severe injuries progressing from 
type A to type C with subtypes 1 to 3 within each type of 
injury. These subtypes are further subdivided into 53 pos-
sible patterns. In 2005, a collaborative effort of the Spine 
Trauma Study Group produced the Thoracolumbar Injury 
Severity Score (TLISS) system. This system incorporates 
the neurologic examination of the patient in a more direct 
way than previous systems and uses this information with 
the fracture morphology and the integrity of the posterior 
ligamentous complex to derive a numeric score for a given 
injury. The numeric value is then used to guide treatment 
options, and these treatment options are based on con-
sensus opinions. This system was subsequently modified 
to become the TLICS by the original author in an effort 
to improve the reliability of classifying injuries (see Table 
41.7). There have been numerous articles evaluating the 
reliability of various classification systems and comparing 
one system to another or comparing the results of the same 
surgeons classifying the same cases at different time points. 
Generally, these studies have not shown one classification 
system to be superior to another. The TLICS system is 
appealing because it incorporates the neurologic function 
of the patient, which is the single most important determi-
nant of functional outcome for a patient with spine injury. 
Although the reliability of the system has been found to 
be equivalent to other systems, the validity of the crite-
ria has not been demonstrated, which also is the case for 
the other classifications. Also, the treatment recommenda-
tions are level IV evidence as consensus opinion. Schnake 
et al. reviewed the most current version of the AO Spine 
system based on the TLICS and AO/Magerl systems. This 
iteration has type A (compression) fractures with five sub-
types, type B (anterior or posterior tension band failure) 
with three subtypes, and type C (fracture dislocations with 
translational displacement), which are not subdivided. In 
addition, there are five subtypes of neurologic examina-
tions, from intact to indeterminate, as well as two subtypes 
of patient-specific modifiers. They found generally sub-
stantial reliability among surgeons in classifying injuries. 
Treatment recommendations remain based on expert con-
sensus. Several studies have found the AO Spine system to 

 TABLE 41.7

Thoracolumbar Injury Classification and Severity 
Score

FRACTURE MECHANISM POINTS
Compression fracture 1
Burst fracture 1
Translation/rotation 3
Distraction 4

NEUROLOGIC INVOLVEMENT

Intact 0
Nerve root 2
Cord, conus medullaris, incomplete 3
Cord, conus medullaris, complete 2
Cauda equina 3

POSTERIOR LIGAMENTOUS COMPLEX INTEGRITY

Intact 0
Injury suspected/indeterminate 2
Injured 3

Score of ≤3: nonoperative treatment; score of ≥5: operative treatment; score of 
4: either nonoperative or operative treatment, depending on qualifiers such as 
comorbid medical conditions and other injuries.
From Vaccaro AR, Zeiller SC, Hulbert RJ, et al: The thoracolumbar injury severity 
score: a proposed treatment algorithm, J Spinal Disord Tech 18:209, 2005.
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have higher reliability than the TLICS system with regard 
to determining fracture morphology. 

TREATMENT
The treatment of fractures that involve the thoracic and lum-
bar spine remains controversial for several reasons. The first is 
the determination of which injuries are truly best treated oper-
atively and which are best treated nonoperatively; the second 
is the optimal approach for patients who will be treated oper-
atively; and the third is whether operative treatment should 
include a direct decompression or if indirect decompression 
is sufficient. The optimal nonoperative treatment likewise 
is not settled with respect to whether a postural reduction 
should be performed, whether initial casting or a thoraco-
lumbosacral orthosis (TLSO) should be used for the duration, 
or whether treatment should include a period of recumbency 
or if mobilization should be started quickly. To date, there are 
only two randomized controlled trials comparing operative 
with nonoperative treatment of thoracolumbar fractures. In 
the study of Wood et al. of 53 patients, there were no signifi-
cant radiographic or functional outcome advantages to oper-
ative treatment. In addition, patients treated operatively had 
a much higher cost of care and higher complication rate than 
those treated nonoperatively. In a second study, however, 
Siebenga et al. did report outcome advantages of short-seg-
ment posterior fixation compared with nonoperative treat-
ment. A larger series of patients was reported more recently 
with a novel methodology based on surgeon equipoise as an 
inclusion criterion to limit bias without the severe limitations 
of a prospective randomized controlled study. This study, 
by Stadhouder et  al., retrospectively compared 190 patients 
treated at two different centers either operatively or nonop-
eratively for thoracolumbar injuries regardless of neurologic 
status, with the 190 patients selected from 636 total patients 
on the basis of discordant treatment recommendations from 
the two centers. The follow-up averaged 6.2 years with a 
2-year minimum. Functional outcomes with respect to pain 
and return to work were determined for 137 of these patients. 
The authors concluded that with regard to functional recovery 
and return to work there was no significant difference in the 
two groups. The operative group had more patients with neu-
rologic deficits and showed a trend toward more neurologic 
improvement, but this did not reach statistical significance. A 
systematic literature review by Bakhsheshian et al. confirmed 
these earlier findings in that functional outcomes after non-
operative treatment were equal to those after operative treat-
ment in patients without neurologic deficits. They also noted 
that the optimal conservative management method has not 
been determined. In a review of 5748 patients, Verlaan et al. 
found that the admission AIS grade is the best predictor of 
neurologic recovery and that neurologic recovery is not pre-
dicted by operative or nonoperative care. To date, no clear 
benefit for neurologic recovery has been noted after opera-
tive treatment. Multiple studies have demonstrated that neu-
rologic recovery does occur in patients with thoracolumbar 
fractures treated nonoperatively. Typically, incomplete inju-
ries (ASIA B-D) will improve one grade with either form 
of treatment; several studies, including that of Wood et  al., 
showed no benefit to surgery with respect to correcting spi-
nal canal stenosis caused by retropulsion of bony fragments. 
Daniels et al., in a retrospective series of 24,098 patients with 
thoracolumbar injuries from 25 U.S. hospitals, found that 

91.7% of patients had no neurologic injury. Nine percent of 
patients without a neurologic injury were treated operatively 
compared with 61.4% of patients who had a neurologic defi-
cit. The type of hospital setting where treatment was rendered 
was a significant determinant of whether a patient received 
operative or nonoperative care. Patients, with or without 
neurologic injury, treated at an urban teaching hospital or a 
high-volume hospital were more likely to have surgery than 
at a nonteaching hospital. These numbers were significantly 
different. A Cochrane report on operative compared to non-
operative treatment of thoracolumbar fractures without 
neurologic deficits did not find enough data to make a deter-
mination, in part because of the heterogenous groups of frac-
tures included in most studies without detailed classification 
of injuries. Numerous relatively small series have described 
percutaneous instrumentation, often in neurologically intact 
patients who have been found to do well with nonoperative 
treatment, and do not contain relevant patient-reported out-
comes. The technique appears to be safe, but clinical benefit 
remains to be determined. Several reports have indicated that 
patients with instrumented thoracolumbar fractures without 
fusion have similar kyphosis progression over long-term fol-
low-up as patients with instrumentation and fusion. Several 
recent studies have shown that implant removal after healing 
can restore some regional mobility.

The issues of approach and the need for decompression 
often are linked. Although there is no definitive literature 
proving the benefits of operative decompression in thora-
columbar fractures, most spine surgeons would not recom-
mend allowing persistent neural compression in the presence 
of a neurologic deficit. This is based on numerous animal 
studies dating back several decades that have shown a cor-
relation between neurologic recovery and decompression of 
neural tissue, which allows for restoration of regional blood 
flow. Also, a study done by Bohlman et  al. demonstrated 
neurologic recovery occurring after a recovery plateau was 
reached when a late decompression was done. There is no 
absolute value for canal compromise that has been found to 
correlate with neurologic deficit. Panjabi et al. demonstrated 
with a dynamic injury model that the canal encroachment 
at the time of injury was 85% greater than was evident on 
static postinjury images. This explains why there is no corre-
lation between canal compromise on static postinjury imag-
ing studies and neurologic deficit. Direct decompression is 
not indicated if the patient has no neurologic deficit even 
with significant canal encroachment at presentation, because 
this is not related to the development of a subsequent defi-
cit. An indirect decompression often is accomplished dur-
ing operative stabilization for thoracolumbar injuries. The 
approach that affords the best opportunity for decompression 
is selected when a direct decompression is deemed warranted 
because fixation options have become more versatile, and 
stable fixation usually is possible with either anterior or pos-
terior fixation, and rarely combined anterior and posterior 
fixation is necessary depending on which anatomic structures 
are injured.

In our practice, the treatment of thoracic and lumbar 
fractures is determined primarily by the neurologic status of a 
patient, a determination of spinal column functional integrity 
based on which specific structures are injured, and the type 
and magnitude of deformity present. Most patients with tho-
racic or lumbar injuries do not have neurologic compromise, 
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and most of these patients are treated nonoperatively. A rela-
tively small portion of these patients have injury patterns that 
necessitate operative treatment, and some patient factors, 
such as ankylosing spondylitis, may require surgical stabiliza-
tion. Progressive neurologic deficit is one circumstance that 
results in a change to operative treatment. This occurs infre-
quently; in most studies the incidence is between 0% and 2% 
of patients, which is consistent with our experience. Patients 
who develop significant worsening of their deformity with 
global imbalance in the sagittal or coronal plane rather than 
regional deformity are treated operatively. There is poor cor-
relation between regional kyphosis at the injured level and 
functional outcome, although injury to the posterior liga-
mentous complex is considered structurally important. To 
detect changes in overall alignment, upright radiographs are 
obtained after the patient has begun to mobilize, rather than 
relying on MRI to evaluate the posterior ligamentous com-
plex to predict deformity progression in most patients.

Patients who have spinal cord, conus medullaris, or cauda 
equina injuries are most often treated operatively to facilitate 
rehabilitation, especially if the deficits are complete neu-
rologic injuries. Short-segment posterior instrumentation 
is the most common construct used, but specific construct 
design is dictated by the injury pattern and the neurology of 
the patient. Anatomic fracture reduction, although desirable, 
has not been the primary treatment objective. The accept-
able limits of residual deformity in the sagittal and coronal 
planes before functional outcome is compromised have not 
been determined. In his original series of patients, Nicoll 
et al. found that of the 50 patients who returned to full func-
tion, working as miners for at least 2 years, 24 (48%) had 
some residual deformity. What is not clear is whether these 
same patients would have reached functional recovery more 
quickly and with less difficulty had the deformity not been 
present.

Nonoperative treatment consists of a TLSO for most 
patients with injuries at or caudal to T7 to help control lat-
eral bending, although Jewett-type braces also are used fairly 
frequently if lateral bending is less of a concern and if dic-
tated by body habitus. Injuries that are rostral to T7 are diffi-
cult to brace, especially if there are rib fractures at the injured 
level. Many compression fractures and burst fractures with 
only partial vertebral body involvement are treated without 
an orthosis and close radiographic follow-up to monitor for 
deformity development. Comorbidities, concomitant inju-
ries, and anticipated activity level of the patient are some of 
the individual factors considered when determining whether 
brace treatment is a reasonable option for a particular patient. 
Brace treatment is initiated as soon as possible to begin mobi-
lization, and a postural reduction usually is not done. After 
the patient has mobilized sufficiently, upright radiographs 
centered at the injury level are reviewed to confirm adequate 
maintenance of alignment and full-length radiographs are 
obtained as soon as feasible. The orthosis is worn at all times 
when the patient is upright beyond 30 degrees from horizon-
tal for 12 weeks or longer if clinical progress is not as rapid 
as expected. Progression of deformity is a reason to change 
treatment to operative stabilization. 

COMPRESSION FRACTURES
Compression fractures are characterized by loss of verte-
bral height anteriorly, with no loss of posterior vertebral 

height and no posterior ligamentous or bony injury. MRI 
is not routinely indicated unless ligamentous injury is sus-
pected because of more than 25 degrees of segmental kypho-
sis. Radiographs obtained after mobilization can be used 
to determine spinal stability rather than MRI assessment 
of posterior ligamentous structures. Compression fracture 
treatment is with a TLSO for 12 weeks with medical man-
agement of pain, which is significant, and graduated return 
to activity. The most severe pain usually improves after 3 to 
6 weeks. Upright radiographs must be reviewed after mobi-
lization to verify that there is no worsening of deformity. If 
the patient has a posterior ligamentous injury and an anterior 
body fracture, operative treatment is a consideration. Short-
segment posterior tension band reconstruction that can be 
percutaneously placed has shown promise in this setting, but 
longer-term study is needed. Intraosseous procedures such 
as kyphoplasty should be reserved for low-energy pathologic 
fractures. Higher-energy fractures can have fracture lines not 
visible on CT scan that may extend through the posterior cor-
tex, allowing ingress of bone cement into the spinal canal. 

BURST FRACTURES
The key features of this injury are posterior vertebral body 
cortex fracture with retropulsion of bone into the canal and 
widening of the interpedicular distance relative to the adja-
cent levels. Multiple studies have shown that there is no reli-
able correlation between degree of canal compromise and 
neurologic function, so the percentage of canal compromise 
is not used as a stand-alone indication for surgery. It is very 
uncommon for a patient to develop a neurologic deficit with 
proper immobilization for a burst fracture even in the setting 
of severe canal compromise. Fractures of the laminae that 
are nondisplaced and vertically oriented do not significantly 
affect the ability of the spine to bear axial load forces, and the 
mere presence of such a fracture line does not require opera-
tive intervention. Such fractures can, however, entrap nerve 
rootlets, and if neurologic deficits necessitate decompression, 
then stabilization will be necessary after decompression. If 
the patient has a neurologic deficit involving more than a sin-
gle root level, operative decompression and stabilization are 
recommended. The decompression can be indirect using dis-
traction and ligamentotaxis through the intact posterior lon-
gitudinal ligament or a direct decompression that can be done 
either anteriorly or posteriorly. If there is a horizontally ori-
ented injury posteriorly in the pars interarticularis, laminae, 
or a facet disruption, this would suggest a distractive force and 
not an axial load injury, and the posterior longitudinal liga-
ment is likely to be disrupted, so ligamentotaxis should not 
be employed. For patients without neurologic deficit who are 
treated operatively, posterior indirect reduction is used. The 
terms stable burst and unstable burst are ambiguous and in 
our opinion should be avoided in favor of a structural assess-
ment of each specific portion of vertebrae. This allows an 
overall assessment of the structural integrity of the spine and 
forms the most logical basis for treatment. If operative treat-
ment is chosen, it also can help direct the anatomic approach 
and the extent of stabilization that is needed. If operative sta-
bilization is undertaken, short-segment constructs to pre-
serve motion segments are desirable, particularly in the mid 
and lower lumbar levels. The load-bearing fracture classifica-
tion of McCormack et al. is helpful in determining if a short 
construct is likely to fail based on fracture characteristics  
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(Fig. 41.38). For injuries that cannot be stabilized using short 
constructs, a longer construct can be used in the thoracic 
spine without sacrificing clinically important motion. In the 
lumbar spine, anterior decompression and reconstruction 
usually allow preservation of motion segments and rarely 
need supplemental posterior stabilization at the same levels. 
The patient’s neurologic status and coexisting injuries must be 
considered in operative planning. Achieving adequate stabil-
ity to allow fracture and fusion healing to progress to defini-
tive stability is the objective. For patients requiring the most 
complete decompression of the spinal cord, direct anterior 
decompression is favored. 

DISTRACTION INJURIES
The cardinal feature of this type of injury is lengthening of 
the posterior spine that extends into the middle column and 
anterior columns of the spine. Distractive forces are indi-
cated on spine radiographs by a lack of comminution. It is 
important to distinguish between flexion-distraction injuries 
and flexion-compression injuries. Both injuries have poste-
rior lengthening, indicating injury to the posterior osteoliga-
mentous complex. The difference is where the instantaneous 
center of rotation is located at the time of injury. Flexion-
distraction injuries are best represented by the “Chance” 
injury, described in 1948. This injury classically is located in 
the upper lumbar spine in people involved in motor vehicle 
collisions who were using two-point restraints across the lap. 
Upon impact, the lumbar spine flexes around the lap belt, 
and the injury occurs as the osseous structures, ligamentous 

structures, or both fail in tension around the center of rotation 
created by the seat belt, compressing the abdominal contents 
against the anterior spine. Because the rotation occurs around 
a point anterior to the spine, the lengthening occurs even 
though the anterior longitudinal ligament fails in tension, so 
there is no structure left intact. It is important to recognize 
this if operative treatment is to be undertaken. Posterior com-
pression constructs are used to stabilize these injuries, and 
distraction should be avoided because there is no intact struc-
ture to prevent excessive lengthening of the spine and neural 
elements. Flexion-compression injuries occur when the cen-
ter of rotation is located within the spine such that posterior 
structures fail in tension and anterior structures fail in com-
pression. Compression is a failure mode for bone but not for 
ligamentous structures, so in this instance the anterior longi-
tudinal ligament is preserved and can be used as a hinge point 
during operative stabilization. Operative stabilization can be 
achieved posteriorly, using careful and monitored distraction 
and a rod with slightly overcontoured lordosis. This allows 
better correction of the kyphosis that is present with this type 
of injury than a compression construct. Because the posterior 
bone injury occurs in distraction and there is minimal com-
minution once reduction is achieved, the injuries are able to 
withstand some axial loading, so short constructs generally 
are sufficient. Distraction injuries often are associated with 
neurologic deficits, and these injuries are treated operatively 
with short constructs and removal of the torn ligamentum 
flavum that can enfold into the canal, especially if a compres-
sion construct is used. If the injury is a true Chance bone 

 

Grade 1
<30% comminution

Grade 2
30% – 60% comminution

Grade 3
>60% comminution

Grade 1
Minimal displacement

axial CT

Grade 2
At least 2 mm

displacement of <50%
cross section of body

Grade 3
At least 2 mm

displacement of >50%
cross section of body

Grade 1
Kyphotic correction

<3° lateral radiograph

Grade 2
Kyphotic correction

of 4–9° lateral radiograph

Grade 3
Kyphotic correction

>10° lateral radiograph

Comminution

Apposition

Kyphosis

FIGURE 41.38 Fracture severity values assigned by McCormack et al.
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injury with no neurologic deficit, satisfactory reduction can 
be obtained with a hyperextension TLSO for 12 weeks. 

EXTENSION INJURIES
Extension injuries are identified by anterior spinal lengthen-
ing and most commonly occur in the thoracic spine. Unlike 
the cervical extension injuries, which can be purely ligamen-
tous or include fractures, the injuries in the thoracic and 
lumbar regions are almost always fractures in patients with 
ankylosing spondylitis or disseminated idiopathic skeletal 
hyperostosis. For patients with a minimal neurologic deficit 
on presentation, the early recognition of this injury pattern 
is crucial to avoid iatrogenic injury associated with moving 
the patient for further evaluation or treatment of other inju-
ries. These injuries can be very unstable, and translation, usu-
ally retrolisthesis, can cause spinal cord injury. It is critical 
to avoid placing the patient in a horizontal supine position 
if they have a significant kyphotic deformity. Early stabiliza-
tion with a long posterior construct using segmental fixation 
is the recommended treatment for three-column injuries. In 
addition to neurologic deficits from translation of the spi-
nal column, patients are at risk for development of epidural 
hematomas. If a patient has neurologic worsening, emergent 
MRI is indicated to assess the spinal canal alignment and for 
a hematoma. During the evaluation, the patient is supported 
in his or her native kyphosis. 

FRACTURE-DISLOCATIONS
The pathognomonic feature for this type of injury is transla-
tional displacement in the axial plane. The displacement may 
be most evident on either the sagittal or the coronal recon-
struction but may not be well demonstrated on the axial 
images unless two vertebral bodies happen to be imaged on 
the same axial slice. There also can be a rotational component 
(either flexion or extension) present; some injuries have dis-
traction as a major component, but the translational displace-
ment identifies the fracture-dislocation. This injury pattern 
is the most severe and is usually associated with a significant 
neurologic injury. These injuries are unstable in shear and 
require long constructs with segmental fixation. Fracture 
reduction and proper spinal alignment are more important 
goals in these injuries than decompression because many 
have complete neurologic injuries that will not be improved 
by decompression. Achieving spinal stability is dependent on 
achieving a solid fusion. 

DECOMPRESSION
The role of surgical decompression is controversial. There 
are regional differences in cord blood flow and differences in 
susceptibility to neural injury by anatomic region, progress-
ing from spinal cord to conus medullaris and cauda equina. 
The spinal canal in the thoracic area is small, and the cord 
blood supply is sparse; significant neurologic injury is com-
mon with severe fractures and dislocations in the thoracic 
spine. Fractures or fracture-dislocations in the lumbar region 
may result in marked displacement and still cause little or no 
neurologic deficit. Not only is the canal larger in this area, 
but also the spinal cord ends at approximately the first lum-
bar vertebra, and the cauda equina is less vulnerable than the 
cord to injury. Wilcox et  al. in an in  vitro dynamic model 
showed that maximal compression of the cord and narrowing 
of the spinal canal occur at the time of impact; both improved 

after recoil of the spine. The degree of final narrowing of 
the canal was poorly related to the CT obtained after injury. 
Krompinger et al. reported that late CT analysis of patients 
with burst fractures treated conservatively showed significant 
resolution of bony canal compromise. This finding also was 
demonstrated by Wood et al. The remodeling process seems 
to be age and time dependent and follows expected principles 
of bone remodeling to applied stress. Fontijne et al. showed 
that remodeling and reconstitution of the spinal canal occurs 
within the first 12 months after injury (50% of normal diam-
eter at injury and 75% at 1-year follow-up). These authors 
concluded that conservative management of thoracolumbar 
burst fractures is followed by a marked degree of spontaneous 
redevelopment of the deformed spinal canal, which supports 
conservative management of thoracolumbar burst fractures 
in selected patients. Neurologic deficits have not developed 
in these patients. The treatment of thoracic and lumbar burst 
fractures must be individualized, and canal compromise from 
retropulsed bone fragments is not in itself an absolute indica-
tion for surgical decompression.

Canal compromise without ongoing residual neural tissue 
compression, which does not correlate with neurologic defi-
cit, must be distinguished from ongoing neural compression, 
which does correlate with neurologic deficit. Compression 
of the neural elements by retropulsed bone fragments can 
be relieved indirectly by the application of distractive forces 
through posterior instrumentation or directly by explora-
tion of the spinal canal through a posterolateral or anterior 
approach. There is no universal agreement as to indications 
for each of these. The indirect approach to decompression of 
the spinal canal using ligamentotaxis is a technique that uses 
the posterior instrumentation and a distraction force applied 
to the intact posterior longitudinal ligament to reduce the 
retropulsed bone from the spinal canal by tensioning the 
posterior longitudinal ligament. Numerous authors have 
documented excellent results with this technique, and it is a 
familiar technique to most orthopaedic surgeons. Problems 
with this technique occur if surgery is delayed for more than 
10 to 14 days because indirect reduction of the spinal canal 
cannot be achieved after fracture healing begins. In addition, 
severely comminuted fractures with multiple pieces of bone 
pushed into the spinal canal may not be completely reduced 
by distraction instrumentation. If the reverse cortical sign is 
present, the posterior longitudinal ligament is likely not intact 
and ligamentotaxis will not occur.

The posterolateral technique for decompression of the 
spinal canal is effective at the thoracolumbar junction and in 
the lumbar spine. This procedure involves hemilaminectomy 
and removal of a pedicle with a high-speed burr to allow pos-
terolateral decompression of the dura along its anterior aspect 
(Fig. 41.39). In the thoracic spine, where less room is available 
for the cord, this technique involves increased risk to the neu-
ral elements. The anterior approach allows direct decompres-
sion of the thecal sac but is a less familiar approach to many 
surgeons. Visceral and vascular structures may be injured, 
and this approach carries the greatest risk of potential mor-
bidity. In addition, anterior decompression and placement of 
a strut graft or cage provides modest immediate stability to 
the fracture if the anterior longitudinal ligament is preserved. 
To have adequate stability, anterior fixation is needed if ante-
rior decompression is done. The role of anterior internal fix-
ation devices has evolved in recent years, and these devices 
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have proven to be safe and beneficial in achieving spinal 
stabilization. The need for additional posterior stabilization 
procedures has been eliminated in some patients. When ante-
rior decompression and strut grafting or cage placement are 
performed in the presence of posterior instability, posterior 
instrumentation and fusion can be done to improve stabil-
ity. This combined posterior and anterior fixation allows for 
shorter constructs.

At this time, we favor early posterior instrumentation 
with indirect or posterolateral direct decompression in most 
patients requiring operative treatment. If significant residual 
neural compression (not mere canal compromise) exists post-
operatively in a patient with an incomplete spinal cord injury, 
an anterior decompression and reconstruction are done if no 
significant clinical improvement over a reasonable period 
of time is noted. Posterior decompression must be carefully 
considered in all patients with posterior vertical laminar 
fractures because of the increased frequency of dural tears 
with exposed nerve roots and the possibility of severe post-
traumatic arachnoiditis. Careful neurologic examination is 
required to detect some deficits; however, in severely injured 
or obtunded patients, reliable neurologic examination may 
not be possible. Ozturk et al. found dural tears in 25% of 25 

patients with thoracic and lumbar burst fractures in conjunc-
tion with vertical lamina fractures. They were more common 
at L2 to L4. For patients with severe but incomplete spinal 
cord injuries at the T12 to L3 levels, anterior decompression 
and reconstruction is the favored treatment. A minimally 
invasive approach is used when possible.

Postoperatively, a CT scan of the spine with sagittal 
reconstruction is obtained through the injured segment to 
evaluate further the adequacy of spinal cord decompression. 
In a retrospective review of 49 nonparaplegic patients who 
sustained an acute, unstable, thoracolumbar burst fracture, 
Danisa et  al. concluded that patients treated with posterior 
surgery had a statistically significant lower operative time 
and blood loss. They noted no significant intergroup differ-
ences between those treated with anterior decompression and 
fusion, posterior decompression and fusion, and combined 
anteroposterior surgery when considering postoperative 
kyphotic correction, neurologic function, pain assessment, 
or the ability to return to work. Posterior surgery was found 
to be as effective as anterior or anteroposterior surgery when 
treating unstable thoracolumbar burst fractures. Of the three 
procedures, posterior surgery takes the least time, causes the 
least blood loss, and is the least expensive.
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FIGURE 41.39 Posterolateral decompression technique. A, L1 burst fracture. B, Pedicle, trans-

verse process, and lateral portions of T12-L1 facet are removed after L1 root has been isolated. C, 
After fragments have been undercut, they are reduced into vertebral body.
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POSTERIOR STABILIZATION 

 

THORACIC AND LUMBAR SEGMENTAL 
FIXATION WITH PEDICLE SCREWS
Pedicle screw and rod constructs have continued to increase 
in use for both thoracic and lumbar fractures over the past 
decade. By using segmental fixation, rod contouring, and 
compression and distraction forces as indicated on an indi-
vidual rod, excellent fracture reduction is possible. Most 
current systems offer a variety of screw size options and a 
choice of rod material for the surgeon to tailor stabilization 
to the specific patient need. Minimally invasive techniques 
currently are not quite as versatile but do allow for correc-
tive force application such as compression or distraction. 
The role of minimally invasive stabilization is not well estab-
lished, and at this time we rarely use these techniques. We 
believe spinal implants should be used only by experienced 
spinal surgeons who have a thorough knowledge of spinal 
anatomy to reduce the incidence of complications, includ-
ing pedicle fracture, dural tear, nerve root injury, spinal 
cord injury, and vascular injuries. Image intensification is 
routinely used to assist in screw placement; image-guided 
navigation has not been found useful except in unusual 
cases.

 TECHNIQUE 41.17 

 n  A fully radiolucent table is used. Position the patient to 
allow for postural reduction when placed prone using a 
four-post frame or chest rolls placed transversely or longi-
tudinally, depending on the extent of postural support de-
sired. If the patient is neurologically intact or incomplete, 
neuromonitoring is used if the spinal canal dimensions 
will be manipulated (e.g., distraction for ligamentotaxis 
and indirect fracture reduction) during the operation.

 n  Obtain images of the spine to confirm the degree of pos-
tural spinal reduction after positioning and determine the 
limits of the incision.

 n  Prepare and drape the thoracolumbar spine to be instru-
mented and the iliac crest if desired.

 n  Harvest morselized cancellous bone graft from the iliac 
crest.

 n  Make a score incision from one spinous process above the 
area to be instrumented to one spinous process below the 
area to be instrumented.

 n  Infiltrate the incision, subcutaneous tissue, and muscle 
with epinephrine solution (1 mg in 500 mL of injectable 
saline) and then complete the incision sharply.

 n  Continue the dissection with electrocautery to the fas-
cia. Delineate the fascia for later closure. Continue the 
dissection through the fascia and subperiosteally expose 
the necessary levels after radiographically confirming the 
level.

 n  Use electrocautery to release the muscle from the bone 
carefully at the level of the fracture. Watch for evidence 
of a cerebrospinal fluid leak or the presence of free nerve 
roots.

 n  Continue to widen the dissection to the tips of the trans-
verse processes in the thoracic and lumbar spine.

 n  Use image intensification to identify the upper level to be 
instrumented.

THORACIC PEDICLE SCREW PLACEMENT 
 n  Obtain a true anteroposterior view of the vertebra. On 

this view the superior endplate should appear as a sharply 
defined line with the superiormost portion of the pedicle 
just rostral to the endplate. The pedicles should be sym-
metric with one another, and the tip of the spinous pro-
cess should be superimposed in the midline of the verte-
bra. It is critical to adjust the image until such a view is 
acquired.

 n  Position a burr near the superior medial base of the 
transverse process such that it is superimposed at 
the 2 o’clock position on the right pedicle or the 10 
o’clock position on the left pedicle on the anteropos-
terior view. Use the burr to penetrate the cortex in this 
location. Use this as the starting point for a pedicle 
probe.

 n  Advance the pedicle probe, monitoring the anteroposte-
rior image and directing the probe medially such that it 
crosses from the lateral cortex of the pedicle to the me-
dial cortex of the pedicle as it penetrates deeper into the 
pedicle. The trajectory of the probe should be chosen 
such that the tip of the probe rests at the medial bor-
der of the pedicle image after advancing to a depth of 
18 mm. This will allow the probe to traverse the length 
of the pedicle and enter the posterior vertebral body 
in most patients before becoming medial to the medial 
margin of the pedicle. This can be confirmed on lateral 
image intensifier views if the anatomy is atypical. As the 
probe is advanced, direct it slightly caudally within the 
pedicle.

 n  With the probe confirmed in the vertebral body, advance 
it to the desired depth. It is not necessary to advance into 
the anterior third of the body.

 n  Use a small ball-tipped probe to sound the pedicle for 
cortical breaches in all four quadrants and to confirm the 
vertebral body was not penetrated anteriorly.

 n  Place the largest diameter screw that the pedicle will ac-
cept. This can be determined from the anteroposterior 
view of the pedicle. The most narrow pedicles are typi-
cally at the T4 to T6 levels. If the bone is very dense or the 
screw is very large in relation to the pedicle, a tap is used 
before screw placement.

 n  If the pedicle is too narrow to accept even the smallest 
diameter screw, this same technique will allow for safe 
screw placement with an “in-out-in” path of the pedicle 
probe. It will enter the bone and then exit the bone into 
the costovertebral joint and reenter through the lateral 
pedicle wall to enter the vertebral body. This allows for 
safe screw placement, although screw purchase is less 
than with an intact pedicle.

 n  Most commonly, polyaxial screws are used, although 
monoaxial screws are occasionally used if more rigidity is 
needed.

 n  Place all thoracic screws in a similar fashion (Fig. 41.40).
(Details of rod placement follow lumbar screw tech-
nique.) 
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LUMBAR PEDICLE SCREW PLACEMENT 
 n  In the upper lumbar segments, the same technique de-

scribed for the thoracic spine is useful because these 
pedicles can be quite narrow, especially at L1 and L2. For 
the lower levels with larger pedicles, we usually prefer to 
place the lumbar screws using a lateral image of the ver-
tebra being instrumented to help guide screw placement.

 n  Obtain a true lateral view of the vertebra as indicated by 
sharply defined endplates with perfectly superimposed 
pedicles. Adjust the image intensifier until this image is 
obtained.

 n  Place the burr just posterior to the junction of the trans-
verse process and the superior articular mass in line with 
the bisector of the pedicle on the lateral image intensifier 

 

C

18 mm

Entry point at the
10 o’clock and

2 o’clock position
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B

FIGURE 41.40 Axial (A) and sagittal (B) reformatted images in patient with T12-L1 fracture-
dislocation. C, Pedicles are drilled to depth of 18 mm from entry points at 10 o’clock and 2 o’clock 
positions. D and E, Pedicle screws in place with restoration of anatomic alignment. SEE TECHNIQUE 
37.17.
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view. Penetrate the cortex at this location, which is near 
the junction of the pars interarticularis and the superior 
articular mass. Decorticating the transverse process be-
fore screw insertion improves the effectiveness of decor-
tication and enhances the fusion bed.

 n  Use the cortical opening as the starting point and advance 
a pedicle probe into the pedicle. The probe is advanced 
anteriorly and medially simultaneously. Direct the probe 
more medially at the lower lumbar levels (usually 20 to 
30 degrees at L5 and 0 to 10 degrees at the L1 level). The 
cephalad to caudal orientation is guided by the image 
intensifier view. Advance the probe to the anterior third 
of the body.

 n  Use a small ball-tipped probe to sound the pedicle in all 
four quadrants and to palpate the vertebral body laterally 
and anteriorly to make sure there are no cortical breaches.

 n  The largest diameter screw the pedicle will accept (up to 
a 6.5-mm screw) is typically placed. Larger screws can be 
placed but little is usually gained, and the larger screws 
are more likely to cause pedicle fracture and loss of screw 
purchase. Polyaxial screws are most commonly used, but 
monoaxial screws can be useful when short constructs 
with a single level of fixation above or below the fracture 
is used. Using a tap will lower the risk of pedicle fracture 
in sclerotic bone.

 n  Place the screw after placing the bone graft onto the de-
corticated surface.

 n  Adjust the image intensifier to obtain an “end on” view 
of the screw to verify radiographically that the screw is 
within the pedicle.

 n  Place the remaining screws in the same fashion. 

ROD PLACEMENT 
 n  Direct decompression, if needed, is completed before 

rod placement. Costotransversectomy is not used as fre-
quently as transpedicular decompression, but both are 
useful techniques.

 n  Cut the rod, allowing some excess length if distraction will 
be applied.

 n  Contour the rod to assist in achieving reduction. This usu-
ally means undercontouring the kyphosis to help reduce 
the kyphotic deformity as the rod is reduced into the 
screw “tulip.”

 n  Reduce the rod to the screws, using multiple reduction 
instruments if needed to avoid excessive pull on any indi-
vidual screw, and insert the blockers into the screw “tu-
lip” loosely at each level.

 n  Apply distraction or compression as the injury dictates 
and complete in situ rod contouring if necessary to re-
duce the fracture. Apply final tightening to the blockers 
and place crosslinks if necessary.

 n  Confirm adequacy of the reduction on anteroposterior 
and lateral views.

 n  Decorticate the posterior elements and transverse pro-
cesses at each instrumented level and place the bone 
graft onto the decorticated surface. In the lumbar spine, 
decortication and graft placement are best done before 
screw placement. Cancellous allograft can be used if ad-
ditional bone is needed.

 n  Close the fascia over a drain with suture passed through 
the spinous processes.

 n  Close remaining layers using a subcuticular skin closure 
for fewer wound problems. 

POSTOPERATIVE CARE Postoperatively a CT scan can 
be obtained to verify screw position and to determine if 
there is any residual neural compression in a patient with 
a neurologic deficit. The patient is mobilized on the first 
postoperative day with an orthosis unless other injuries 
preclude this. The orthosis is continued 8 to 12 weeks, 
depending on resolution of pain and radiographic follow-
up for evidence of healing and maintenance of spinal 
alignment.
  

ANTERIOR STABILIZATION
Anterior reconstruction can provide satisfactory stability 
without necessarily requiring a posterior procedure. Sasso 
et  al. reviewed a series of 40 patients with three-column 
injuries who were treated with anterior reconstruction and 
found that 91% of those with incomplete neurologic deficits 
improved one modified Frankel grade and 95% of patients 
had satisfactory healing with maintenance of alignment. The 
study was retrospective but included multiple surgeons and 
two sites.

The approach for anterior reconstruction varies consid-
erably by level of injury (T4 to L3), and many centers have a 
joint approach using either a cardiovascular surgeon or gen-
eral surgeon along with a spine surgeon. The primary advan-
tages of an anterior approach are direct decompression and 
restoration of the axial load-bearing portion of the spine with 
a strut device. With restoration of some load bearing through 
the anterior spine, shorter constructs are possible that can 
allow preservation of more normal motion segments in some 
clinical settings. Correction of kyphosis also is enhanced 
with a direct anterior approach. The anterior construct can 
consist of bone graft or a metallic cage that may be adjust-
able with respect to length in conjunction with a plate or rod 
device with screw fixation. Additionally, with a direct anterior 
decompression of the spinal canal, it is possible to completely 
remove retropulsed fragments of bone or disc material. The 
morbidity of the standard thoracotomy and retroperitoneal 
approaches prohibits their use in many patients, making 
these advantages less attractive relative to the more common 
posterior approach. However, with advances in retractor sys-
tems and fixation devices, the approach is less morbid and 
adjunctive posterior fixation often is not necessary, so a larger 
proportion of injuries can now be operatively treated ante-
riorly. Also, the dimensions of the implants have decreased 
somewhat, allowing for safer implantation of the devices. 
Even with these advances, injuries with posterior ligamen-
tous complex disruption should be considered very carefully 
before recommending anterior-only stabilization. Injuries 
with translational displacement usually are treated with pos-
terior constructs. Anterior fixation devices consist of a plate 
or paired rods secured to the spine with bone screws or bolts 
that have a threaded portion extending through the plate and 
accepting a nut to capture the plate. Most systems have two 
fixation points at each vertebral level to better resist flexion. 
Construct stability is most dependent on the fit of the strut 
(bone or cage), followed by the integrity of the endplates the 
strut is in contact with, native bone quality, and the inherent 
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fixation device properties that can be decreased with techni-
cal errors in placement. 

 

ANTERIOR PLATING

 TECHNIQUE 41.18 

 n  After induction of anesthesia, place the patient in a right 
lateral decubitus position, with appropriate padding to al-
low for a left-sided thoracic or retroperitoneal approach. 
Only rarely is a right-sided approach indicated. Secure 
the patient to the table to prevent him or her from roll-
ing forward or backward during the procedure, which if 
undetected can lead to increased risk for neurologic or 
vascular injury. It is important that the patient remain in 
a true lateral position so screw trajectory can be correctly 
determined (Fig. 41.41A). Neuromonitoring generally is 
used when anterior thoracic or lumbar decompression is 
planned.

 n  Complete routine skin preparation including the iliac crest 
if this will be used as a graft.

 n  Use the image intensifier to locate the intended incision 
directly lateral to the injured segment. In the thoracic 
spine this is typically through the rib that is two levels 
above the injured level. For lumbar injuries a retroperi-
toneal approach through the 10th or 11th rib usually is 
used.

 n  Make an incision overlying the rib and dissect down to 
the rib periosteum with electrocautery. Elevate the peri-
osteum circumferentially around the rib and elevate the 
neurovascular bundle from the inferior rib margin. Resect 
the portion of the rib necessary for access to the spine. 
Make sure to remove enough rib posteriorly. The rib can 
be used along with the resected vertebral body for bone 
graft and should be maintained.

 n  For a transthoracic approach (T4 to T10), enter the pleural 
space and retract the lung with a wet laparotomy sponge. 
Shape a malleable retractor to maintain the operative 
field. Some prefer to deflate the lung and use a double-lu-
men endotracheal tube, but we have not routinely found 
this to be necessary to maintain the lung out of the field. 
Identify the aorta by palpation and ligate the segmental 
vessels 1 cm from the aorta. Divide between ligatures at 
the injured level. It may be necessary to similarly divide 
the segmental arteries at the level and below the injured 
vertebra. Vascular clips can be used to supplement the 
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FIGURE 41.41 Anterior stabilization technique. SEE TECHNIQUE 41.18.
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ligatures. Ligating the artery of Adamkiewicz, which has 
a variable location, is an inherent risk of this procedure.

 n  For a retroperitoneal approach (T11 to L3), maintain the 
pleura intact if possible and enter the retroperitoneal 
space, dissecting bluntly down to the iliopsoas. Use a wet 
laparotomy sponge and a malleable retractor to maintain 
the operative field. Ligate the segmental arteries at the 
injured level and the level above and below 1 cm from 
the aorta. It may be necessary to similarly divide the seg-
mental arteries at the level above and below the injured 
segment. Divide between ligatures with supplemental 
vascular clips if needed. The artery of Adamkiewicz can 
be as low as L2. The crus of the diaphragm is taken down 
as needed, depending on the level of injury. Elevate the 
iliopsoas from the spine from the anterior margin, taking 
care to avoid the genitofemoral nerve and ureter.

 n  Incise the discs above and below the injured segment 
and remove most of the disc, leaving the anteriormost 
disc and anterior longitudinal ligament intact. Protect the 
aorta from sharp instruments with a malleable retractor 
placed gently between the aorta and the anterior spine.

 n  Using the space created by removing the discs, remove 
the vertebral body in its midportion with a rongeur, again 
leaving the anterior longitudinal ligament and anterior-
most bone in place. An osteotome is useful to remove 
the posterior bone, which is preserved for graft. During 
bone removal ensure that the patient position has not 
changed to avoid inadvertent entry into the spinal canal 
(Fig. 41.41B).

 n  After creating a cavity in the midportion of the body, re-
move the posterior bone by progressively thinning the re-
maining bone and pulling it into the created defect across 
the canal to the level of the far pedicle medial wall to 
achieve a satisfactory decompression. If decompression of 
the posterior cortex is begun on the far side of the canal, 
troublesome bulging of the dura into the space created 
by removing the vertebral body is minimized and the sur-
geon’s view is less obstructed.

 n  Take care throughout not to violate the endplates of the 
intact vertebra that will support the strut.

 n  Meticulously clean the two endplates of all cartilage and 
soft tissue. A surgical assistant should apply firm, anteri-
orly directed pressure over the spine to correct kyphosis. 
Measure the corpectomy defect for length of the strut 
in the corrected position. Additional anterior distraction 
with a lamina spreader can be applied but must not in-
jure the endplates. Release of the anterior longitudinal 
ligament seldom is necessary in acute injuries. Modular 
expandable cage devices are well suited for this applica-
tion and can be constructed to accommodate kyphosis if 
necessary.

 n  Obtain a bone graft or cage device of the desired length. 
Fill allograft humeral shaft or a metallic cage with the 
available bone from the operative field. With kyphosis 
correction maintained, impact the strut into place. The 
strut should be secure once it is in position, but avoid ex-
cessive length because it increases the risk of mechanical 
failure through subsidence. Image intensification views 
are used to verify spinal alignment and satisfactory place-
ment of the strut (Fig. 41.41C and D).

 n  Determine the appropriate plate length and position the 
plate.

 n  Determine the transverse dimension of the intact vertebra 
so appropriate-length screws or bolts can be used for bi-
cortical fixation, depending on the device used.

 n  Identify the entry points of screws as shown (Fig. 41.41E).
 n  Place the first screw or bolt in the posterior position of the 

caudal vertebra. Take care when determining placement 
of this screw to drill and place the screw parallel to the 
end plate and directed away from the spinal canal.

 n  Place the adjacent screw again parallel to the endplate 
and angled slightly posteriorly.

 n  Place the screws at the cephalad level similarly. Some de-
vices allow for additional compression to be applied if 
desired.

 n  Once all screws are secured, obtain hemostasis and close 
the wound in a routine manner over suction drains or 
chest tube as appropriate.

POSTOPERATIVE CARE The patient is kept at bed rest 
until the chest tube is removed. The patient is then mobi-
lized in a TLSO that is worn at all times when the spine is 
more vertical than 30 degrees from the horizontal plane. 
The TLSO is used for 12 to 16 weeks, depending on the 
clinical course.
   

SACRAL FRACTURES AND 
SPINOPELVIC DISSOCIATION 
INJURIES
The sacrum plays a central role in the stability of both the 
pelvis and the spinal column. The complex of ligaments that 
invest the sacrum anteriorly and posteriorly, the ligaments of 
the pelvic floor, and the osseous structure of the sacrum and 
pelvis all contribute to lumbopelvic stability and help pre-
vent injury to the neurovascular structures in the region. The 
important neurologic structures at risk with sacral injuries 
include not only the L5 and S1 roots but also the lower sacral 
roots and autonomic nerves that are important for continence 
of the bowel and bladder and sexual function. Injuries to the 
sacrum are frequently missed at presentation because these 
patients often are involved in high-energy trauma and present 
with multiple injuries and may be hemodynamically unstable 
on arrival to the treating facility. Denis reported a large series 
of patients with sacral fractures, and 30% were identified late. 
This indicates how important a careful examination and a 
high index of suspicion are for detection of these injuries. As 
discussed earlier, the ATLS protocol should be followed for 
trauma patients, including palpation and inspection of the 
spine and posterior pelvis. Soft-tissue injuries are common 
in patients with sacral fractures, including Morel-Lavallée 
lesions that can significantly complicate the ultimate care for 
the patient. The neurologic evaluation must include a rectal 
examination to assess rectal tone and maximal contraction 
of the anal sphincter and rectal tears and anterior perineal 
lacerations. The ISCoS neurologic examination form should 
be completed to document possible L5 or S1 root injuries. 
The usual presence of a Foley catheter prevents assessment 
of bladder continence. Likewise, there is no clinical examina-
tion to detect injury to the anterior rami of S2 to S5, which 
contribute to the parasympathetic system and are important 
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for sexual function and normal bladder and rectal function. 
Injuries to the sacrum also can damage the sympathetic gan-
glia of the inferior hypogastric plexus that are medial to the S2 
to S4 foramina anteriorly. The L5 nerve is at risk at the ante-
rior junction of the ala and the sacral promontory, and the 
S1 nerve root can be injured within the foramen. Extremity 
motor and sensory testing and rectal examination with pin-
prick and light touch examination in the perianal concentric 
dermatomes should be done to evaluate S2 to S5 function, 
as well as eliciting the anal wink and bulbocavernosus and 
cremasteric reflexes.

Plain radiographs have not proven sensitive in demon-
strating injuries to the sacrum and lumbosacral region. CT 
of the chest, abdomen, and pelvis is the imaging modality 
of choice to screen for injuries to the pelvis and sacrum. If 
injuries are identified, a dedicated CT scan of the pelvis with 
2-mm slices and sagittal and coronal reformatted images 
should be obtained. When there are associated neurologic 
deficits with displaced fractures, MRI also may be of value, 
but the best indications for MRI presently have not been fully 
delineated.

CLASSIFICATION
A discussion of all pelvic fractures is beyond the scope of this 
section; only the relatively rare injuries with subluxation or 
dislocation of the L5-S1 joint and fractures of the sacrum that 
are associated with lumbopelvic instability are covered.

Multiple classification schemes have been devised for 
these injuries over the past several decades, but there is no 
single system that encompasses sacral and lumbopelvic inju-
ries. Denis et  al. categorized 236 sacral fractures into three 
types based on three zones (Fig. 41.42). Zone 1 fractures are 
lateral to the neuroforamina and were the most common in 
the series, accounting for 50% of injuries with a 6% incidence 
of L5 and S1 injuries. Zone 2 injuries are through the neuro-
foramina and accounted for 34% of the injuries, and 28% of 
these patients had neurologic deficits unilaterally at the L5, 
S1, or S2 levels. Some zone 2 injuries have a shear component 
that increases the instability of the injury and increases the 
risk of nonunion. Zone 3 injuries are medial to the foramen 
and involve the spinal canal, comprising the remaining 16% 
of injuries. In the original study by Denis, 60% of patients had 
neurologic symptoms that involved bowel and bladder dys-
function, and 76% had sexual dysfunction. In a more recent 
study, Khan et al. reviewed a series of 683 consecutive patients 
and found much lower rates of neurologic injury and lower 
rates of the higher-level injuries. Their study revealed 453 
(66%) zone I, 172 (25%) zone II, and 58 (9%) zone III inju-
ries. Associated neurologic deficits occurred in only 3.5% of 
patients with 1.9% zone I, 6% zone II, and 9% of zone III inju-
ries. They also found that patients with neurologic injuries 
were more likely to have displaced or comminuted fractures. 
Patients with spinopelvic dissociation (SPD) injuries had a 
17% chance of neurologic injury.

Roy-Camille et  al. and Strange-Vognsen and Lebech 
subclassified the Denis zone 3 injuries that have a transverse 
component that connects the zone 3 fracture to another frac-
ture on the contralateral side in zone 1 or 2, which defines 
the SPD injury (Fig. 41.43). Isler developed a classification to 
describe injuries at the lumbosacral joint level with increasing 
probability of lumbosacral subluxation progressing from type 
1 to type 3 injuries (Fig. 41.44). 

TREATMENT
Many sacral fractures can be treated nonoperatively as well 
as some pelvic fractures, and a more complete discussion of 
these injuries is presented in other chapters. Fractures of the 
sacrum that are displaced and unstable or are associated with 
pelvic instability or spinal instability require operative treat-
ment. Disruptions of the sacroiliac joint and some vertically 
unstable sacral fractures can be treated with percutaneous 
iliosacral screws (see p. 1895). The best trajectory is horizon-
tal with purchase in the S1 body. For Denis zone 2 injuries, 
compression should be avoided to reduce risk of injury to the 
L5 root, which is at risk of being iatrogenically compressed 
within the fracture. If compression is not achieved, fracture 
stability is compromised.

Injuries with subluxation or dislocation at the lumbo-
sacral joint or that involve spinopelvic dissociation can be 
treated with iliosacral or lumbopelvic fixation constructs. 
Nonoperative treatment of these injuries generally is not 
recommended because of the high nonunion rates, severe 
chronic pain, and neurologic worsening that can occur and 
can be very difficult to treat late (Table 41.8).

The operative approach we use to stabilize these inju-
ries is similar to that described by Schildhauer et al. The 
goals of treatment are to decompress the sacral nerves, 
restore stability, and improve alignment. Lindahl et  al. 
reviewed 36 cases to determine factors associated with neu-
rologic recovery and late pain. The severity of translation 
through the fracture correlated with neurologic recovery, 
and the quality of reduction correlated with pelvic pain. 
The patients are initially resuscitated and stabilized with 
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FIGURE 41.42 Three zones of sacrum described by Denis et al.: 
region of ala, region of sacral foramina, and region of central sacral 
canal.
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respect to other injuries, and definitive spinopelvic fixa-
tion is completed as soon as the patient is able to tolerate 
the surgery. Ruatti et al. described a reduction maneuver 
that is done closed and as early as possible, even if defini-
tive stabilization will be delayed. The technique involves 
strong and rapidly applied traction through femoral trac-
tion and countertraction applied to the torso with exten-
sion of the lumbosacral spine over a bolster. The average 
time to surgery reported by Schildhauer et al. was 6 days. 
If the patient has anterior pelvic instability, this is recon-
structed first. Posterior stabilization is then done when 
the soft tissues are thought to be satisfactory. This stabi-
lization is done through a midline approach, using pedi-
cle screw fixation in the lower lumbar and S1 segments if 
possible and iliac screws. Because of the large forces being 

 

Type T1 ype T2 ype T3 ype 4

FIGURE 41.43 Roy-Camille and Strange-Vognsen and Lebech subclassifications of Denis zone 
3 fractures. Type 1, angulation with no translation; type 2, angulation and translation; type 3, 
complete displacement of cephalad and caudal sacrum; type 4, segmental comminution.  (Repro-
duced from Vaccaro AR, Kim DH, Brodke DS, et al: Diagnosis and management of sacral spine fractures, 
Instr Course Lect 53:375, 2004.)

 

Type I Type II Type III

FIGURE 41.44 Isler classification for fractures of sacrum and lumbosacral junction. Type I, 
injury lateral to L5-S1 facet joint affecting pelvic ring stability; type II, injury through L5-S1 facet 
joint associated with displacement and neurologic symptoms; type III, injury involving spinal canal 
that is unstable.  (From Vaccaro AR, Kim DH, Brodke DS, et al: Diagnosis and management of sacral spine 
fractures, Instr Course Lect 53:375, 2004.)

 TABLE 41.8

Gibbons Classification of Cauda Equina 
Impairment

TYPE NEUROLOGIC DEFICIT
1 None
2 Paresthesias only
3 Lower extremity motor deficit
4 Bowel/bladder dysfunction

From Shildhauer TA, Bellabarba C, Nork SE, et al: Decompression and lumbo-
pelvic fixation for sacral fracture-dislocations with spino-pelvic dissociation, J 
Orthop Trauma 20:447, 2006.
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neutralized by the pedicle screws, we have used at least 
four points of fixation in the lumbar spine, and this was 
also the recommendation by Schildhauer et  al. Typically, 
the construct begins at L4 with bilateral screws at this level 
and the L5 level. The S1 pedicles often are fractured and 
not available for screw placement, but if they are intact, 
L4 can be left out of the construct. Fusion is done across 
all instrumented spine levels. The sacroiliac joints are not 
fused. Iliac fixation consists of iliac screws inserted at the 
posterior superior iliac spine and directed through the sci-
atic buttress toward the anterior superior iliac spine and, 
when possible, iliosacral screws are placed. We have typi-
cally used a single iliac screw on each side (8.5 mm × 100 
to 120 mm) and supplemented with iliosacral screws if 
reduction allows. Schildhauer et al. recommended two iliac 
screws per side or one iliosacral screw and one iliac screw 
per side. In either case, biomechanical data are not avail-
able. The prominence of the implants is an issue to con-
sider because of the high wound complication rate. When 
placing the iliac screws, every effort is made not to elevate 
soft tissue unnecessarily, and the posterior superior iliac 
spine is instrumented using the “teardrop” (obturator out-
let) view on image intensification with very minimal direct 
visualization. The iliac screw is started on the ventral por-
tion of the posterior superior iliac spine near the sacroiliac 
joint to minimize the prominence of the screw head (Fig. 
41.45). This also helps in connecting the rod. This usu-
ally can be done without a separate connecting rod and 
minimizes the hardware profile. A wide decompression of 
the sacral nerve roots is completed with removal of bone, 
which can be used for bone grafting at the L4 to S1 seg-
ments. Dural lacerations are directly repaired when possi-
ble and patched with dural graft and fibrin glue if primary 
closure cannot be obtained. Reduction often is difficult 
and using Schanz pins inserted into the S1 body to assist in 
disimpacting the fracture and restoring length is helpful, as 
is the use of a femoral distractor attached to a Schanz pin 
in the L5 pedicle and a pin in the ilium. Femoral traction 
also is useful. Once reduction is achieved, bilateral rods are 
contoured and secured to the screws. Contouring the rods 
before determining the site for the iliac screws is very help-
ful. After placing the rods bilaterally, they are compressed 
toward one another and a crosslink is applied (Fig. 41.46). 
Another reduction technique described by Starantzis 
involves a temporary rod on one side from L4 to the pelvis 
with a reduction screw placed at L4. A rod reduction tool 
is placed at L4, and distraction is applied to the reduction 
tower (persuader) until length has been restored. With 
the fracture out to length, the rod is reduced into the L4 
screw and provisionally fixed. Fixation does allow mobi-
lization without bracing, but persistent pain, neurologic 
dysfunction in the lower extremities, sexual dysfunction, 
and incontinence often remain problematic, and treatment 
recommendations must be individualized (Fig. 41.47).

For injuries that involve lumbosacral subluxation or dis-
location without pelvic ring or vertical sacral fracture, stabi-
lization is accomplished with pedicle screw fixation at L4 and 
L5 on the cephalic side of the injury and S1 and S2 fixation 
on the caudal side of the injury. Bone grafting is used posteri-
orly. If S1 fixation is not possible because of the injury pattern, 
fixation to the pelvis is used without fusion of the sacroiliac 
joint. 

 

LUMBOPELVIC FIXATION 
(TRIANGULAR OSTEOSYNTHESIS)

 TECHNIQUE 41.19 

(SHILDHAUER)
 n  Bowel preparation is completed preoperatively. After in-

duction of anesthesia, position the patient prone on a 
radiolucent four-poster frame that can accommodate an 
anterior pelvic fixator if needed, such as a Jackson frame. 
Femoral traction also may be helpful in fracture reduction. 
Somatosensory evoked potentials and electromyographic 
monitoring are initiated. Use image intensification to ob-
tain a lateral view of the sacrum.

 n  After routine skin preparation and draping, make 
a midline incision extending caudally far enough to  
allow adequate decompression, without unnecessary skin  
tension.

 n  Divide tissue down to fascia with electrocautery and 
carefully elevate the soft tissue subperiosteally to expose 
the necessary lumbar segments and sacrum. Expose the 
transverse processes at each lumbar level and the inter-
transverse ligament. Subperiosteally expose the sacral ala 
at least 1.5 cm lateral to the lateral face of the sacral facet. 
Expose the posterior sacrum caudally to the fracture site 
and laterally as wide as the spinal canal. The posterior 
superior iliac spine will overhang this area, but it is not 
necessary to elevate the soft tissue from the sacroiliac 
joint and the posterior superior iliac spine, and this tissue 
should be left attached to the maximal extent possible. 
Only a small area of the ventral portion of the posterior 
superior iliac spine must be visible.

 n  Using Kerrison rongeurs and small curets, unroof the 
spinal canal and expect the nerves to be compressed or 
impaled by the bone. Repair the dural injury if possible. 
Mobilize the sacral roots and push the ventral bone ante-
riorly if needed to relieve tension on the roots.

 n  Reducing the fracture is difficult. Place a Schanz pin in 
the posterior body of S1 between the S1 and S2 foramen 
to manipulate the spine in relation to the pelvis. Femoral 
traction and a femoral distractor between the spine and 
ilium can be used to disimpact the fracture. Hyperextend-
ing the hips by raising the femoral traction outrigger can 
help reduce the kyphosis. If reduction can be adequately 
achieved, iliosacral screws can sometimes be placed as 
transfixation screws, taking care not to compress through 
the vertical foramina fractures. Individual anatomy and 
incomplete reduction may preclude safe placement of il-
iosacral screws.

 n  Correction of the angulation and some shortening 
through the fracture site improve the decompression.

 n  Decorticate the sacral ala and transverse processes and 
pack the lateral gutter for hemostasis. Decortication after 
pedicle screw placement is less effective and may limit 
fusion.

 n  Obtain a true lateral view of the vertebra, as indicated 
by sharply defined endplates with perfectly superimposed 
pedicles. Adjust the image intensifier until this image is 
obtained.
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FIGURE 41.45 Obturator-outlet and obturator-inlet views and iliac oblique intraoperative 
views guide accurate screw insertion. A, Bone corridor between posterior superior iliac spine 
and anterior inferior iliac spine, in which iliac screws are ideally placed, projects as teardrop on 
combination obturator-outlet oblique image. B, Screw is extraosseous if it extends beyond cortical 
boundary of radiographic teardrop. Intraosseous screw placement between inner and outer tables 
of ilium can also be guided and confirmed with obturator-inlet oblique view. C, Iliac oblique image 
ensures accurate screw length and appropriate location above greater sciatic notch. D, Two iliac 
screws positioned parallel or more cephalad (E) can be used for placement of second iliac screw, 
yielding triangular configuration.  (From Shildhauer TA, Bellabara C, Nork SE, et al: Decompression and 
lumbopelvic fixation for sacral fracture-dislocations with spino-pelvic dissociation, J Orthop Trauma 20:447, 
2006.). SEE TECHNIQUE 41.19.
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 n  Place the burr just posterior to the junction of the trans-
verse process and the superior articular mass in line with 
the bisector of the pedicle on the lateral image intensifier 
view. Penetrate the cortex at this location, which will also 
be near the junction of the pars interarticularis and the 
superior articular mass.

 n  Use the cortical opening as the starting point and advance 
a pedicle awl into the pedicle. Advance the awl anteriorly 

and medially simultaneously. The pedicle awl must be ad-
vanced carefully owing to the mobility of the spine. If S1 
screws will be placed, bicortical purchase is optimal with 
screws exiting the anterior promontory just caudal to the 
S1 endplate. The S1 screws should be medialized so the 
screw tips are at or near the midline.

 n  Use a small ball-tipped probe to sound the pedicle in all 
four quadrants and to palpate the vertebral body laterally 
and anteriorly to make sure there are no cortical breaches. 
The probe should exit anteriorly at S1 just below the end-
plate.

 n  The largest-diameter screw that the pedicle will accept 
(up to 6.5 mm) is typically placed. Larger screws can be 
placed, but little is usually gained, and the larger screws 
are more likely to cause pedicle fracture and loss of screw 
purchase. Polyaxial screws are used. Using a tap for the 
anterior S1 cortex and the pedicle will lower the risk of 
pedicle fracture in sclerotic bone. Place the bone graft 
onto the decorticated surface before screw insertion.

 n  Adjust the image intensifier to obtain an “end on” view 
of the screw to verify radiographically that the screw is 
within the pedicle.

 n  Place the remaining screws in the same fashion.
 n  Contour rods so they will be adjacent to the posterior 

superior iliac spine when connected to the lumbar screws. 
Adjust the image intensifier for the “teardrop” view after 
verifying that a true lateral view of the pelvis with super-
imposition of the sciatic notches can be obtained (see Fig. 
41.45). Select the entry point into the posterior superior 
iliac spine on the teardrop view and advance the straight 
pedicle awl or 3.2-mm drill to a depth of 80 to 100 mm 

 

A

B

C

FIGURE 41.47 A, Sagittal CT scan of transverse fracture through S3 resulting in transection 
of sacral nerve roots (arrowhead). B, MR image of sacral fracture resulting in complete canal 
compromise. C, Postoperative CT scan shows decompression of sacral spinal canal after laminectomy 
(arrowheads).

 FIGURE 41.46 Lumbopelvic fixation for sacral fracture with 
spinopelvic dissociation. SEE TECHNIQUE 41.19.
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remaining within the confines of the teardrop. Sound the 
hole for cortical defects and place a large caliber screw. 
We have used a single 8.5-mm screw even if iliosacral 
screws cannot be placed. Schildhauer et al. recommends 
two iliac screws that may need to be somewhat smaller 
depending on the teardrop size.

 n  Confirm that the iliac screws are intraosseous bilaterally, 
using obturator-outlet oblique and obturator-inlet oblique 
views, and confirm their length on the iliac oblique views.

 n  Secure the rods to the screws.
 n  Compress the rods toward one another and crosslink at 

the lumbosacral level to minimize hardware prominence.
 n  Decorticate the facet joints and pack with additional 

bone.
 n  Carefully close the fascia back to bone where possible 

over a suction drain.
 n  Close the thin subcutaneous layer and then the skin with 

subcuticular suture.

POSTOPERATIVE CARE The patient is maintained off 
the wound as much as possible for the first several days. 
The drain usually is removed on the first postoperative 
day, and mobilization without a brace is allowed. Full 
weight bearing is allowed unless precluded by pelvic or 
other injuries.
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INFECTIONS AND TUMORS OF THE SPINE 
Keith D. Williams

CHAPTER 42

INFECTIONS OF THE SPINE
Spinal infections are relatively uncommon but serious con-
ditions, accounting for 3% to 5% of all osteomyelitis cases. 
Unfortunately, delays in diagnosis and treatment are com-
mon due to the manner in which these infections present. 
Symptoms may be vague, and there are no pathognomonic 
clinical signs or definitive laboratory tests to make the diagno-
sis. Spinal infections can be categorized into different groups 
based on location of infection, mode of transmission, and 
infecting pathogen. The location can be in the vertebral body, 
disc space, paraspinal region, or epidural space. Transmission 
of the infection can occur by hematogenous seeding, con-
tiguous spread, or direct inoculation. Pathogens can be gram 
positive, with Staphylococcus aureus being the most common, 
gram negative, fungal, or acid-fast.

SPINAL ANATOMY
Knowledge of the structure and composition of the spinal 
elements is essential to understanding spinal infections. The 
nucleus pulposus is avascular in adults, receiving nutrients 
through perforations in the cartilaginous end plates of the 
intervertebral discs. Coventry et al. in 1945, in a microscopic 
study, found that in adults older than 30 years of age there 
is no direct vascular supply to the disc. They noted multiple 
openings in the end plates of the vertebral bodies. These allow 
for the transport of nutrients through the end plates into the 
central portion of the adult disc.

The microvasculature of the vertebral bony end plates 
contains vessels oriented obliquely. These were found to orig-
inate from the circumferential vessels fed from the arterial 
plexus outside the perichondrium and from nearby metaphy-
seal marrow vessels. The bony end plate, which is vascular, 
seems to be the anatomic area in which the arterial supply 
ends. The perforations in the cartilaginous end plates of the 

disc may allow the ingress of bacterial or fungal pathogens 
into the disc. Hematogenous spread of infection is more com-
monly arterial than venous. 

PYOGENIC VERTEBRAL OSTEOMYELITIS 
AND DISCITIS
Pyogenic vertebral osteomyelitis and discitis represent 3% to 
5% of all cases of pyogenic osteomyelitis. There is a bimodal 
age distribution with a small peak in childhood and then a 
larger spike in adulthood around the age of 50. Males are 
affected more frequently than females. Pyogenic osteomyeli-
tis and discitis are most common in the lumbar spine (50% 
to 60%), followed by thoracic (30% to 40%) and cervical 
spine (10%). Seventeen percent of infected patients present 
with neurologic deficits. Infections higher in the spine are 
more likely to present with neurologic deficit. Infections in 
the cervical and thoracic regions are also more likely to be 
multifocal with noncontiguous foci of infection. The reported 
incidence of distant foci of infection ranges from 10% to 35% 
and requires imaging of the entire spine. The most common 
organism reported is S. aureus (65%). Drug abusers have been 
noted to more likely have Pseudomonas aeruginosa infec-
tions. Infections caused by Enterococci and Streptococci spe-
cies are associated with endocarditis as the primary source 
of infection.

Pyogenic vertebral osteomyelitis and discitis usually 
result from the hematogenous spread of pyogenic bacteria. 
The bacteria may originate from an infection in the uri-
nary tract, respiratory tract, soft tissue, or elsewhere. The 
arterial spread of infection originates in the endplate of the 
vertebra. The highly vascular end plate is an area with high 
volume and slow blood flow—an environment that pro-
vides conditions conducive for microorganism seeding and 
growth. Blood borne organisms sludging in these low-flow 
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anastomoses can lead to a local suppurative infection. This 
infection can cause tissue necrosis, bony collapse, and spread 
of the infection into the adjacent intervertebral disc spaces, 
the epidural space, or into paravertebral structures. In addi-
tion, the insertion of fibers of the anterior longitudinal liga-
ment described by Coventry appears to serve as conduits for 
infection of the intervertebral disc, particularly tuberculosis. 
The course of the infection varies with the infecting organ-
ism and the patient’s immune status. The infection itself 
may create a malnourished condition that compromises the 
immune system.

Neurologic deficit from spinal infection may occur early 
or late. Early-onset deficits frequently suggest epidural exten-
sion of an abscess. Late-onset deficits may be caused by the 
development of significant kyphosis, vertebral collapse with 
retropulsion of bone and debris, late abscess formation in 
more indolent infections, or delay in diagnosis. A recent lon-
gitudinal hospital database study by Issa et al. found that the 
incidence of vertebral osteomyelitis was 4.8/100,000 admis-
sions and has been increasing over recent decades. Mortality 
was found to be 2.1% and was higher for males, older patients, 
and those with a higher comorbidity score. In particular, con-
gestive heart failure, cerebrovascular disease, liver disease, 
hepatitis C, and renal disease were associated with higher 
mortality risks.

CLINICAL PRESENTATION
The most common presenting symptom of spinal infec-
tion is back pain or neck pain. No pathognomonic features 
of the pain occur with vertebral osteomyelitis or discitis, 
which can lead to a delay in diagnosis. Pain often is worse 
at night and can occur with changes in position, ambula-
tion, and other forms of activity. The intensity of the pain 
varies from mild to extreme. Constitutional symptoms 
include anorexia, malaise, night sweats, intermittent fever, 
and weight loss. Spinal deformity may be a late presentation 
of the disease. Neurologic deficits are a serious complica-
tion but rarely are the presenting complaint. A history of an 
immune-suppressing disease or a recent infection, or both, 
is common.

Temperature elevation, if present, usually is minimal. 
Localized tenderness over the involved area is the most com-
mon physical sign. Sustained paraspinal spasm also is indica-
tive of the acute process. Limitation of motion of the involved 
spinal segments because of pain is frequent. Torticollis may 
result from infection in the cervical spine, and bizarre postur-
ing and physical positions that could be considered psycho-
genic in origin are possible. Other possible findings include 
the Kernig sign (severe tightness of the hamstring) and gener-
alized weakness. Clinical findings in elderly and immunosup-
pressed individuals may be minimal.

Because of the depth of the spine, abscess formation is 
difficult to identify unless it points superficially. Frequently, 
these areas of abscess pointing are some distance from the 
primary process. A paraspinal abscess commonly pres-
ents as a swelling in the groin below the Poupart ligament 
(inguinal ligament) because of extension along the psoas 
muscle.

The development of neurologic signs should suggest the 
possibility of neural compression from abscess formation, 
bone collapse, or direct neural infection. Neurologic findings 

rarely are radicular and more frequently involve multiple 
myotomes and dermatomes. As might be expected, neuro-
logic symptoms become more frequent at higher spinal lev-
els; they are most frequent with infections in the cervical and 
thoracic areas and are least common with infections in the 
lumbar region. When neurologic symptoms appear, they can 
progress rapidly unless active decompression or drainage is 
undertaken. 

LABORATORY STUDIES
The erythrocyte sedimentation rate (ESR) is used to help iden-
tify and clinically monitor spinal infections. The ESR is not diag-
nostic and indicates only an inflammatory process. The ESR is 
elevated in 71% to 97% of children with vertebral osteomyeli-
tis. In 37% of adults with osteomyelitis, the rate is greater than 
100 mm/h, and in 67%, rates greater than 50 mm/h are noted. 
The ESR normally is elevated after surgery (approximately 25 
mm/h), peaking at 5 days but may stay elevated for 4 weeks. 
Persistent elevation of the ESR 4 weeks after surgery, with asso-
ciated clinical findings, indicates the presence of infection.

C-reactive protein (CRP) has proven to be a more sensi-
tive marker for early detection of postoperative spine infec-
tions when compared with ESR. CRP levels tend to peak 
within the first 2 postoperative days and then decline rap-
idly. A continued elevation of the CRP in the immediate 
postoperative period (4 to 7 days) or a second rise is a strong 
indicator of an infection. Thelander and Larsson compared 
the CRP with the ESR as an indicator of infection after sur-
gery on the spine, including microscopic and conventional 
disc excision and anterior and posterior spinal fusion. They 
noted in all patients that results of both tests were elevated 
initially after the surgery, but in all the patients the CRP 
value had returned to normal by 14 days whereas the ESR 
took much longer to return to normal. The CRP also can 
be used to monitor the antibiotic treatment of an infection 
because of its rapid return to normal with resolution of the 
infection. The ESR may be elevated for weeks in a treated 
infection.

More recently, procalcitonin (PCT) has been found to 
be a useful marker for infection generally. Aljabi et al. found 
PCT to be a more sensitive and specific infection marker than 
CRP in 200 postoperative patients. In addition, the biokinet-
ics of PCT were not affected by the surgical procedure. Other 
biomarkers such as presepsin are also being evaluated to help 
identify infection.

Leukocytosis is not especially helpful in diagnosing spi-
nal infection. White blood cell counts may decrease in infants 
and debilitated patients. High white blood cell counts may 
indicate areas of infection other than the spine. Blood cul-
tures are helpful if positive, which usually occurs in times of 
active sepsis with a febrile illness, and may be adequate for 
the diagnosis and treatment of osteomyelitis, but this occur-
rence is rare. 

IMAGING TECHNIQUES
The purpose of diagnostic techniques is confirmation of the 
clinical impression. Because clinical findings are nonspecific, 
imaging findings play a key role in the diagnosis of spinal 
infection. In spinal infection, no single diagnostic technique 
is 100% effective as a confirmatory test. Culture of the organ-
ism from the infected tissue is the most definitive test, but 
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results may be falsely negative even under the most optimal 
conditions. Likewise, all imaging and laboratory studies may 
be inconclusive, depending on the time at which they are 
done relative to the onset of infection.

RADIOGRAPHY
Plain radiographs of the involved area are the most common 
initial study in patients with spinal infection. Radiographic 
findings, which appear 2 weeks to 3 months after the onset 
of the infection, include disc space narrowing, vertebral end 
plate irregularity or loss of the normal contour of the end 
plate, defects in the subchondral portion of the end plate, 
and hypertrophic (sclerotic) bone formation (Fig. 42.1). 
Occasionally, paravertebral soft-tissue masses may be noted 
with involvement of nearby areas of the spine. Late radio-
graphic findings may include vertebral collapse, segmental 
kyphosis, and bony ankylosis. The sequence of events may 
range from 2 to 8 weeks for early findings to more than 2 
years for later findings. The only definable abnormality on 
plain radiographs and CT scans related specifically to tuber-
culosis is fine calcification in the paravertebral soft-tissue 
space. 

COMPUTED TOMOGRAPHY
CT adds another dimension to the plain radiographs. CT 
identifies paravertebral soft-tissue swelling and abscesses 
much more readily and can monitor changes in the size of 
the spinal canal. Some clinicians prefer CT to radiography 
for determining clinical progress. Findings with CT are 
similar to findings with plain radiographs, including lytic 
defects in the subchondral bone, destruction of the end plate 
with irregularity or multiple holes visible in the cross-sec-
tional views, sclerosis near the lytic irregularities, hypoden-
sity of the disc, flattening of the disc itself, disruption of the 
circumferential bone near the periphery of the disc, and 
soft-tissue density in the epidural and paraspinal regions. 
Postmyelogram CT more clearly defines compression of the 
neural elements by abscess or bone impingement and helps 

determine whether the infection extends to the neural struc-
tures themselves, but there is a risk of seeding the subarach-
noid space. 

MAGNETIC RESONANCE IMAGING
MRI with and without contrast is the imaging modality of 
choice for identifying spinal infection. MRI has a reported 
sensitivity of 96% and specificity of 93% for spinal infections. 
The entire spine should be imaged because of the frequency 
of noncontiguous infection. MRI (T1 hypointense and T2 
hyperintense) identifies infected and normal tissues and best 
determines the full extent of the infection. MRI does not dif-
ferentiate between pyogenic and non-pyogenic infections and 
cannot eliminate the need for diagnostic biopsy. To detect 
infection, T1- and T2-weighted views in the sagittal plane 
should be obtained. T1-weighted images have a decreased 
signal intensity in the vertebral bodies and disc spaces in 
patients with vertebral osteomyelitis. The margin between the 
disc and the adjacent vertebral body cannot be differentiated. 
In T2-weighted images, the signal intensity is increased in 
the vertebral disc and is markedly increased in the vertebral 
body. Abscesses in the paravertebral soft tissue around the 
thecal sac can be readily identified as areas of increased signal 
intensity on T2-weighted sequences. Fat-suppression tech-
niques improve the sensitivity of T2 and postgadolinium T1 
sequences. In recent years, the addition of diffusion-weighted 
imaging (DWI) has been used to characterize fluid collec-
tions to differentiate spondylodiscitis from benign reactive 
marrow changes. MRI also is useful to identify primary spinal 
cord infections (myelitis) without epidural or bone involve-
ment. The addition of gadolinium enhances the delineation 
of epidural abscesses and to delineate further the extent of 
spinal infection.

Using serial MRI to follow the response to treatment of 
spine infections may not be clinically useful depending on 
what is being evaluated. Follow-up MRI has shown that bony 
findings of vertebral body enhancement, marrow edema, 
and compression fractures often appeared unchanged or 
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FIGURE 42.1 Radiographic appearance of spinal osteomyelitis. A, Minimal disc space narrowing 
but normal end plate and subchondral region. B, Reduction of disc height associated with destruc-
tion of endplate and development of subchondral lytic defects. C, After successful treatment, note 
sclerotic vertebra and large osteophyte.  (From Acker JD, Wood GW II, Moinuddin M, et al: Radiologic 
manifestations of spinal infection, State Art Rev Spine 3:403, 1989.)
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worse in the setting of clinical improvement. Soft-tissue find-
ings of paraspinal abscesses, epidural abscesses, and T2 disc 
space abnormalities tended to improve on follow-up MRI. 
Therefore, serial MRI should be used to monitor soft-tissue 
findings not bony findings. Furthermore, the clinical find-
ings, such as decreased pain and improved neurologic func-
tion, seem to be better indicators than an improvement seen 
on MRI. 

RADIONUCLIDE SCANNING
Radionuclide studies are relatively effective in identifying spi-
nal infection and can be used as an adjunct to MRI. These 
techniques include technetium-99m (99mTc) bone scan, gal-
lium-67 (67Ga) scan, and indium-111–labeled leukocyte 
(111In WBC) scan. The 99mTc bone scan has three basic phases: 
angiogram, blood pool images, and delayed static images. 
In infection, diffuse increased activity is seen on the blood 
pool images; the diffuse activity becomes focally increased on 
delayed views. This marked reactivity may persist for months. 
Bone scans are generally positive in patients with infection, 
but they are not specifically diagnostic of infection and false-
negatives do occur. The 67Ga scan is a good adjunct to 99mTc 
scanning for the detection of osteomyelitis, especially the 
soft-tissue infection that accompanies spondylodiscitis. A 
sensitivity of 90%, specificity of 100%, and accuracy of 94% in 
patients having combined 99mTc and 67Ga scanning for infec-
tion have been reported. 67Ga scans alone are not as accurate 
as the combination of 99mTc scan and a 67Ga scan for identi-
fying infection. They also do not identify the type of organ-
ism involved. Because the 67Ga scan changes rapidly with the 
resolution of the acute active infection, it may be useful to 
document clinical improvement.

The 111In WBC scan is useful in detecting abscesses 
but it is not reliable in acute infections. False-negative 111In 
WBC scans have been reported in chronic infections also. 
Neoplastic noninfectious inflammatory lesions may lead to 
similar false-positive results with all scanning techniques. 
One major advantage of 111In WBC scanning is that it dif-
ferentiates between noninfectious lesions, such as hemato-
mas or seromas and true infection, all which may appear as a 
mass or an abscess-like cavity on MRI or CT. Differentiation 
is important in the postoperative evaluation of potential 
infections. 

DIAGNOSTIC BIOPSY
Biopsy of the suspected lesion is the best method of deter-
mining infection and identifying the causative agent so that 
appropriate antibiotics can be administered. Current guide-
lines from the Infectious Disease Society of America recom-
mend direct tissue biopsy with image guidance when clinical 
and imaging findings suggest spinal infection and blood cul-
tures are negative. These same guidelines recommend with-
holding antibiotics in hemodynamically stable patients 
without neurologic deficits until after biopsy is done. Biopsy 
may be obtained percutaneously through a CT-guided needle 
procedure or by an open procedure. Biopsy, however, may not 
yield a pathogen. Administration of antibiotics before biopsy, 
inadequate biopsy, or the elapse of a long period between 
the onset of the disease and the biopsy may result in a nega-
tive biopsy. A systematic review by McNamara et  al. found 
an average yield of 48% for the diagnosis of spondylodisci-
tis using CT-guided biopsy. Open surgical biopsy results are 

reported positive in 76% of patients. Obtaining core biopsies 
of subchondral bone may improve diagnostic yield. Often 
abscess fluid is sterile and should not be sought for biopsy.

Negative results from percutaneous biopsy should not 
preclude open biopsy if there is good clinical evidence of 
infection. Razak, Kamari, and Roohi reported only 22% posi-
tive results with percutaneous biopsy and 93% positive results 
with open biopsy. Marschall et al. likewise demonstrated that 
open biopsy had a higher microbiologic yield than needle 
biopsies. 

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of spinal osteomyelitis should 
include primary and metastatic malignancies, metabolic 
bone diseases with pathologic fractures, and infections in 
contiguous and related structures, including the psoas mus-
cle, hip joint, abdominal cavity, and genitourinary system. 
Rheumatoid arthritis and ankylosing spondylitis and Charcot 
spinal arthropathy may also cause findings resembling osteo-
myelitis of the spine. Acquired immunodeficiency syndrome 
may be another underlying factor in these infections. Myelitis 
from bacterial infection also has similar findings and distinc-
tive MRI findings. 

NONOPERATIVE TREATMENT
Antibiotic treatment for vertebral osteomyelitis and discitis 
infections in adults is the primary therapy. Surgery is reserved 
for disease progression despite appropriate antimicrobial 
therapy, spinal instability with spinal cord or cauda equina 
compression or impending significant neural compression, 
and drainage of an epidural abscess. The antibiotic is chosen 
according to the positive stains, cultures, and sensitivities of 
the organism. Response to treatment is evaluated by observ-
ing clinical symptoms and serially following CRP levels and 
PCT levels. Failure of antibiotic therapy suggests the pres-
ence of a multiorganism infection, and repeat biopsy, includ-
ing open biopsy, should be considered. Consideration should 
also be given to surgical debridement of sequestered bone 
and abscess drainage if there is no clinical improvement with 
antibiotic therapy.

The time for discontinuing antibiotic therapy also varies. 
Collert suggested that antibiotic therapy should be continued 
until the ESR returns to normal. Unfortunately the ESR can 
stay elevated for a prolonged period even in a treated infec-
tion. CRP values decline more rapidly and may be a better 
gauge to base discontinuance of antibiotics, but currently this 
factor is still being studied. Intravenous antibiotics usually are 
continued for about 6 weeks and are followed by oral antibiot-
ics as indicated by the CRP, ESR, and clinical response.

With an adequate biopsy and a reliable patient who 
responds rapidly to antibiotics, hospitalization and bed rest 
usually are required only for the primary symptoms. Home-
administered intravenous antibiotics allow the patient to 
complete treatment out of the hospital. A major risk with this 
technique is late pathologic fracture of the infected bone. In 
patients who are at risk for fracture or are in pain, a brace 
is used. If ambulatory therapy is chosen, thorough education 
and close monitoring of the patient are mandatory. 

PROGNOSIS
Even if an absolute diagnosis is not made, most spinal infec-
tions resolve symptomatically and radiographically within 9 
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to 24 months of onset. Recurrence of infection and periods 
of decreased immune response are always possible, as are 
delayed complications of kyphosis, paralysis, and myelopa-
thy. These risks are greatest during the period when the infec-
tion is controlled but the bone is still soft, when the healing 
process has not advanced to the point where solid bone has 
formed around the infected tissue. Bracing is strongly recom-
mended in these patients. 

OPERATIVE TREATMENT
Surgical intervention is indicated when medical management 
has failed, when there is a neurologic deficit from either an 
abscess, or instability with deformity, or when a diagnosis is 
not otherwise possible. The location of the infection, extent of 
bony destruction, and presence of neurologic involvement dic-
tate the surgical approach and the surgical objectives. Several 
recent studies have reported endoscopic procedures to obtain 
biopsy material for culture and abscess drainage with results 
similar to open biopsy. Posterior-only surgery is generally not 
indicated in patients with spondylodiscitis, although some 
with a significant epidural abscess component may be appro-
priate for posterior decompression only. Because vertebral 
osteomyelitis and discitis typically affect the vertebral bod-
ies and discs, an approach that allows thorough debridement 
of this area and reconstruction is usually necessary. Surgical 
planning is nuanced, and the need for posterior stabilization 
is determined primarily by the stability and length of the ante-
rior construct. In the cervical spine, an anterior-only approach 
often is adequate; however, supplemental posterior instru-
mentation may also be required, as shown by Ackshota et al. 
in a study of 56 patients with multilevel cervical corpectomy. 
The vertebral body can be accessed from an anterior or pos-
terior approach in the thoracic or lumbar spine. Whether an 
anterior, posterior, or combined approach is used, the objec-
tive of surgery is to perform a thorough debridement with 
decompression of the neural elements and stabilization of the 
spine with correction of the deformity. Often this requires a 
corpectomy and the need for anterior reconstruction with an 
interbody graft or cage. The interbody graft can be an allograft 
or autograft bone strut, and a mesh or expandable cage can be 
packed with allograft or autograft. Various studies have shown 
that all these interbody devices are acceptable. Often supple-
mentation with anterior and/or posterior instrumentation is 
needed for added stability and to correct deformity. 

SPECIFIC INFECTIONS
INFECTIONS IN CHILDREN

Primary pyogenic spinal infections are uncommon in children. 
These infections have been divided into three clinical presen-
tations based on the age of the child. Neonatal spondylodiscitis 
is rare, but the most serious form occurs between birth and 6 
months and usually is due to S. aureus. This infection often 
is multifocal and associated with septicemia, causing some to 
consider it differently from spondylodiscitis in older children. 
The second group is infantile spondylodiscitis, which occurs 
from 6 months to 4 years of age. About 50% to 60% of all cases 
occur in this age group. Dayer et al. found that these infections 
are more often caused by Kingella kingae. The juvenile/adoles-
cent group of children are those between 4 and 16 years of age. 
In this group S. aureus again is the most common pathogen. 
In children who are old enough, the syndrome frequently is 
associated with difficulty in walking, irritability, and sudden 

inability to stand or walk comfortably. Most reports indicate 
that the cause is hematogenous spread of a bacterial infec-
tion, although trauma also has been implicated, and males are 
more commonly afflicted. When positive, most blood culture 
reports are positive for S. aureus. Unfortunately, blood cultures 
are positive in only about 10% of cases. Even needle aspira-
tions provide negative cultures in over 50% of patients, making 
it difficult to recommend due to the associated risks.

The average age at onset is 4 to 5 years, although the age 
group most commonly affected are 6 months to 4 years of 
age. Symptoms usually are present for 4 weeks before hospi-
talization, and the lumbar spine is most commonly affected. 
Physical findings are limited. The child may refuse to walk 
or may cry when walking, and spinal flexion may be lim-
ited and so painful that the child holds himself or herself 
erect. Physical findings directly related to the spine are rare. 
Neurologic findings are uncommon but are ominous when 
present. In older children, abdominal pain may be a present-
ing symptom. Other, less frequent symptoms include ham-
string tightness and spinal tenderness.

Diagnosing disc space infection (vertebral osteomyelitis) 
in children is difficult early, and plain radiographs usually are 
negative. There may be a mild febrile reaction, but patients 
do not appear systemically ill. Laboratory investigation often 
reveals only a mildly elevated CRP and ESR in most patients, 
and patients usually are afebrile. The ESR has been found to be 
elevated more often than the CRP, and elevated platelet counts 
also are common. Polymerase chain reaction tests have become 
a very useful tool in the past decade, especially in diagnosing 
K. kingae using a throat swab. Older children are more likely 
to present with fever and laboratory findings of acute illness. 
The best test to identify the infection is MRI with and with-
out gadolinium, or a combination of bone scanning and 67Ga 
scanning, although there is a significant radiation dose with 
nuclear medicine studies. These scans are not always diagnos-
tic, and other possibilities, including inflammatory processes 
and tumors, may give false-positive results. Spondylodiscitis 
represents a continuum of disease. Most commonly the disc 
and the vertebrae on both sides of the disc space are affected; 
however, in a small portion of patients, discitis affects only the 
disc, and in others only vertebral osteomyelitis occurs. The 
treatment of discitis in children is organism-specific intra-
venous antibiotics and bed rest without immobilization until 
the child can walk and move around comfortably and then 
oral antibiotics for an additional period of time. Most patients 
are symptom free within several months. Spontaneous fusion 
occurs in about 25% of patients. Surgical procedures rarely are 
required, and persistent back pain rarely is a problem in chil-
dren. Cast or brace immobilization has been recommended 
if pain or difficulty in walking persists; most frequently this 
is necessary in older children. Surgical treatment rarely is 
needed in children except in tuberculosis and other caseat-
ing diseases that have not responded well to antibiotics alone.

Special situations involving patients with immune sup-
pression, suspected drug use, tumorous conditions, or poor 
response to conservative treatment require more vigorous 
evaluation by needle aspiration biopsy for culture and sensi-
tivity. CT-guided percutaneous biopsy, with the patient under 
sedation, makes this a relatively safe procedure, but rates of 
positive culture are disappointingly low. Definitive diagno-
sis and organism-specific antibiotic treatment constitute the 
most efficient method of dealing with these infections. 
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SPINAL EPIDURAL ABSCESS (SEA)
Epidural infections have a low reported incidence of 2 to 
10 cases per 10,000 hospital admissions per year and have 
increased with an aging population. The incidence of this 
infection is increased in immunosuppressed patients and 
intravenous drug users. Morbidity and mortality can be high 
with epidural infections when significant neurologic deficits 
are present and when the diagnosis is delayed. The neuro-
logic risk is highest in the cervical spine and lowest in the 
lumbar spine below the conus. Fortunately, most SEAs occur 
in the lower lumbar region. The causes of infection are the 
same as those for osteomyelitis and discitis: direct extension 
from infected adjacent structures, which is by far the most 
common; hematogenous spread; and iatrogenic inoculation. 
Epidural abscess usually spans three to five vertebral seg-
ments. Longitudinal and circumferential extension of epi-
dural infections is believed to be limited by the spinal canal 
anatomy. Using cryomicrotome sectioning, Hogan showed 
that the epidural space is discontinuous circumferentially and 
longitudinally. A SEA caused by direct extension from a ver-
tebral osteomyelitis usually is on the ventral side of the canal 
anterior to the thecal sac, and extension from an infected facet 
joint often presents with an abscess posterior to the thecal sac.

The clinical findings are similar to those of osteomyelitis 
but with several distinct differences: (1) a more rapid devel-
opment of neurologic symptoms (days instead of weeks), (2) 
a more acute febrile illness, and (3) signs of meningeal irri-
tation, including radicular pain with a positive straight-leg 
raising test and neck rigidity. The classic progression of the 
disease is generalized spinal ache, nerve root pain, weakness, 
and finally paralysis, which can occur within 7 to 10 days. 
The diagnosis of SEA is based primarily on MRI with gad-
olinium. This study can determine the presence of contigu-
ous spondylodiscitis or facet infection, whether the SEA is 
anterior or posterior to the thecal sac, and the spinal levels 
of involvement. Diagnosing a SEA quickly after presentation 
of the patient may allow medical management if there is no 
neurologic involvement. SEA without neurologic involve-
ment and a known organism usually can be managed with 
antibiotic therapy alone, which in recent years has led to a 
trend away from surgical management. Medical management 
does require close clinical follow-up, as cases that progress to 
neurologic deficit have a worse prognosis. The clinical course 
is more important than follow-up imaging in determining a 
change to operative management.

There is controversy over the etiology of neurologic 
impairment. Some authors believe that it is the result of 
mechanical compression, whereas others implicate vascu-
lar changes. At least the initial neurologic deficits appear to 
be mechanical and usually can be reversed with decompres-
sion within 36 hours. Although progression of the process 
is usually slow enough to allow evaluation and preparation 
without endangering the patient, failure to provide prompt 
drainage in the cervical and thoracic spine can result in seri-
ous neurologic deficit and possibly death. Purported inde-
pendent predictors of failure of nonoperative management 
of SEAs include age over 65 years, diabetes, methicillin-resis-
tant S. aureus, elevated CRP, and WBC counts; however, to 
date these have not been validated. Nonoperative medical 
management demands close observation and more active 
intervention if necessary. Medical management should be 
avoided in patients with cervical SEA. Alton et al. reported 

a 75% failure rate and unacceptably poor motor score out-
comes with medical management of cervical SEA when com-
pared with surgical management. They recommended that all 
patients with cervical SEA have early decompression to opti-
mize motor function. In addition management of contiguous 
infection is important. SEA resulting from spondylodiscitis 
with spinal instability and collapse with neurologic compro-
mise is more likely than SEA caused by spinal instability from 
posterior element infection.

The primary methods of treatment are appropriate anti-
biotic therapy and surgical drainage. Antibiotic treatment 
should be based on culture results whenever possible. Blood 
cultures and CT-guided biopsy of the infected adjacent 
structures and aspiration of paraspinal abscesses are appro-
priate. While there are reports of SEA decompression by 
CT-guided aspiration, this is not our recommendation and 
has significant technical limitations. Antibiotics should be 
held until cultures are obtained in patients who are hemo-
dynamically and neurologically stable. Most cases of SEA are 
caused by gram-positive bacteria, S. aureus, Staphylococcus 
sp., enterococci, coagulase-negative staphylococci, and strep-
tococci. Empiric therapy should provide coverage for these 
organisms.

The method of surgical treatment requires an accurate 
assessment of the location of the abscess and the presence of 
an associated osteomyelitis. Acute or chronic isolated dorsal 
(posterior), lateral, and some ventral (anterior) infections are 
best treated with total laminectomy for drainage, with clo-
sure over drains or secondary closure at a later date. Epidural 
infections associated with osteomyelitis are best exposed by 
anterior or posterolateral exposures that allow treatment of 
the osteomyelitis and the epidural infection. Laminectomy 
in patients with ventral (anterior) osteomyelitis results in late 
deformity and collapse, so posterior instrumentation should 
be used.

Other intraspinal infections include subdural spinal 
abscess and spinal cord abscess. These infections are rare. 
Subdural spinal abscesses progress at a slower pace than epi-
dural abscesses and can be confused with tumors. Treatment 
requires durotomy without opening the arachnoid mater, 
thorough debridement, and dural closure if possible. Spinal 
cord abscesses cause pronounced incontinence and long 
tract signs. They frequently are confused with intramedullary 
tumors and transverse myelitis. In both of these conditions, 
the bone scan is normal, but the 67Ga scan should be posi-
tive. MRI, preferably with gadolinium contrast, is extremely 
helpful in defining the extent of the abscess. Some spinal cord 
abscesses can be treated successfully with antibiotics alone. 
Tung et al. noted that weakness at follow-up was associated 
with 50% or more narrowing of the central canal, periph-
eral contrast enhancement, and abnormal spinal cord signal 
intensity. Incomplete recovery was associated with abscess 
size and the severity of canal narrowing. 

SURGICAL SITE INFECTIONS
Postoperative infections are usually pyogenic and occur 
shortly after an operation. Preventive measures should be 
taken to decrease the risk of infection. The most common 
source for surgical site infection (SSI) is contamination of 
the surgical wound by the patient’s endogenous skin flora, 
most often S. aureus. A consistent and systematic approach 
is necessary to minimize the risk of SSI. Patient selection 
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criteria and medical optimization including glycemic control 
(hemoglobin A1c <7%), cessation of nicotine at least 4 weeks 
preoperatively, decreased preoperative skin bacterial burden, 
appropriate antibiotic prophylaxis, antiseptic skin prepara-
tion, aseptic surgical techniques, and perioperative man-
agement are among other important measures (Table 42.1). 
Patients with instrumentation have been found to have sig-
nificantly higher ESR and CRP values than patients without 
instrumentation, but these parameters normally decrease 
after surgery unless infection is present. Patients with post-
operative infection usually have a renewed elevation of these 
parameters. Wound drainage occurs commonly at an average 
of 3 to 5 days after surgery; however, fever is less common. 
There usually is back pain and tenderness to palpation with 
wound erythema. Deep wound infections can occur up to 90 
days postoperatively.

The Spine Patient Outcome Research Trial study of lum-
bar degenerative conditions showed the overall incidence of 
infection to be 2% after procedures for disc herniation, 2.5% 
after spinal stenosis surgery, and 4% after surgery for degen-
erative spondylolisthesis. Other studies have put the rate of 
infection after all spinal infections at 1.9% to 4.4%. Although 
this number is small, postoperative spinal infections are costly 
and, more important, can have a significant effect on a patient’s 
clinical outcome. There are conflicting data on the association 
of preoperative lumbar epidural steroid administration and 

SSI. A retrospective study by Hartveldt et al. of 5311 patients 
did not find an increased risk of SSI in their cohorts after lum-
bar epidural steroid injection (LESI). In a Medicare database 
review, however, Yang et al. did find an increased risk of SSI if 
LESI occurred within 90 days of surgery.

Procedure-related risk factors associated with postop-
erative infection include duration of the surgical procedure, 
patient hypothermia, number of people in the operating 
room, dural tear, blood loss, transfusion of packed red blood 
cells, retained wound drain, and instrumentation.

Use of topical intrawound vancomycin powder has been 
shown in most studies to decrease the risk of SSI. A recent 
meta-analysis showed that vancomycin powder is protective 
against SSI. Edin et al. reported no signs of tissue toxicity with 
vancomycin use and that it had little or no effect on osteo-
blasts at doses used in the surgical wound, which is usually 
1 g. A systematic review by Lemans et al. found that intra-
wound povidone iodine irrigation led to a similar reduction 
in SSI and intrawound antibiotics.

Surgical treatment of wound infection involves obtaining 
cultures followed by initial debridement and wound irriga-
tion, with primary closure done in layers over a drain if the 
wound is deemed “clean” after the procedure. The patient is 
started on broad-spectrum intravenous antibiotics until cul-
tures yield a pathogen. Once the organism is obtained with 
sensitivities, the antibiotic may be changed. The patient stays 

 TABLE 42.1 

Recommendations for Minimizing Spinal Wound Infections

PREOPERATIVE RECOMMENDATIONS
 n  Whenever possible, identify and treat all infections remote to the surgical site before the elective procedure.
 n  Postpone elective operations on patients with remote site infections until the infection has resolved.
 n  Have patient use 2% chlorhexidine gluconate disposable cloth wipes the night before surgery and again in the holding 

area before the procedure.
 n  Do not remove hair preoperatively unless it will interfere with the operation.
 n  If hair is removed, remove immediately before the operation, preferably with electric clippers.
 n  Control serum blood glucose such that preoperative hemoglobin A1c is 7% or lower in in all diabetic patients. Avoid 

hyperglycemia perioperatively.
 n  Encourage tobacco cessation; at a minimum, instruct patients to abstain from smoking cigarettes, cigars, or pipes or from 

any other form of tobacco consumption (e.g., chewing/dipping) for at least 30 days before elective operation.

OPERATING ROOM

 n  Prophylactic antibiotics should be given 30 min prior to the incision and redose after 3-4 h or 1500 mL blood loss.
 n  Do not use flash sterilization for instruments or equipment.
 n  Reduce traffic in and out of the operating room.
 n  Release soft-tissue retraction regularly.
 n  Irrigate regularly.
 n  Irrigate wound with dilute povidone-iodine solution (35 mL aqueous Betadine 10% solution/1000 mL saline) before wound 

closure.
 n  Consider adding 1 g of vancomycin powder to bone graft before implantation and placing 1 g of vancomycin powder in 

the wound after fascial closure.
 n  Maintain strict aseptic techniques.
 n  Close and seal wounds.
 n  Maintain sterile dressings in the immediate postoperative period unless the wound is chemically sealed.

POSTOPERATIVE MANAGEMENT

 n  Concomitant infections (e.g., urinary tract infections, pneumonia) should be aggressively evaluated and treated.
 n  Sterile dressings should be maintained for 48 h.
 n  Nutritional status of the patient should be carefully maintained, particularly during the postoperative period.

Modified from Singh K, Heller JG: Postoperative spinal infections, Contemp Spine Surg 6:61, 2005.
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on intravenous antibiotics usually for 6 weeks, and if there is 
clinical improvement and normalization of the ESR and CRP, 
intravenous antibiotics will be switched to oral antibiotics for 
roughly another 4 weeks. It is important to consult an infec-
tious disease specialist for these patients.

Repeat irrigation and debridement of the wound with 
cultures and layered closure over drains is done at 48-hour 
intervals until the wound is without drainage and the patient 
is improving. Instrumentation should be assessed at the 
time of debridement in patients with early SSI. Well-fixed 
implants should be left in place. If repeat debridement is 
required, MRI is used to evaluate for osteomyelitis or intra-
discal abscess formation. Kanayama et al. suggested that, if 
MRI evidence of vertebral osteomyelitis or spondylodiscitis 
was present, the implants should be removed. They found 
that with implant removal in this circumstance the infec-
tion could be better treated. Implant retention led to fre-
quent implant failure, which made salvage more difficult 
because of increased bone loss and deformity from persis-
tent infection.

Numerous authors have shown that most infections 
can be treated without removal of the instrumentation. 
Instrumentation can be removed when the fusion is solid 
to avoid chronic suppressive antibiotics. Bone graft pieces 
that are not attached to soft tissue should be removed at the 
time of the initial debridement. This is also our method of 
treatment of acute postoperative infections. Recalcitrant 
wounds may require negative pressure wound therapy, 
V-Y flaps, or free flaps when bone or implants are exposed. 
Recent literature has shown negative pressure wound ther-
apy to be useful in treating postoperative spinal infections. 
The technique involves packing a debrided wound with 
gauze or foam dressing. A drain is placed over the dressing, 
and then the wound is sealed with a drape. The end of the 
drain is attached to a vacuum to produce negative pressure. 
The dressing is changed sterilely every 2 to 3 days until the 
wound can be closed. 

BRUCELLOSIS
Brucellosis results in a noncaseating, acid-fast–negative 
granuloma caused by a gram-negative capnophilic coccoba-
cillus. This infection occurs most frequently in individuals 
involved in animal husbandry and meat processing (workers 
in abattoirs). Pasteurization of milk and antibiotic treatment 
of animals have led to a significant decrease in the incidence 
of this disease. Symptoms include polyarthralgia, fever, mal-
aise, afternoon or night sweats, anorexia, and headache. 
Psoas abscesses are found in 12% of patients. Bone involve-
ment, most frequently of the spine, occurs in 2% to 30% of 
patients. The lumbar spine is the most frequently involved 
spinal region.

Radiographic changes of steplike erosions of the margin 
of the vertebral body require 2 months or more to develop. 
Disc space thinning and vertebral segment ankylosis by 
bridging are similar to changes in other forms of osteomy-
elitis (Fig. 42.2). CT and MRI may show soft-tissue involve-
ment. Moehring noted that 67Ga scanning is not helpful in 
sacroiliac infections. MRI may be helpful in the early identi-
fication of the disease but has not been reported for this spe-
cific infection. The diagnosis usually is indicated by Brucella 
titers of 1 : 80 or greater; confirmatory cultures also should be 
done, if possible, using special techniques. Treatment usually 
consists of antibiotic therapy for 4 months and close moni-
toring of the Brucella titers. Persistence of a titer of 1 : 160 or 
greater after 4 months of treatment may indicate recurrence 
or resistance of the infection. Indications for surgical treat-
ment are the same as for tubercular spinal infections. Because 
of the indolent nature of this disease, it can be mistaken for 
a degenerative process. Nas et al. recommended 6 months of 
antibiotic therapy (rifampicin and doxycycline) with surgery 
for spinal cord compression, instability, or radiculopathy. 

FUNGAL INFECTIONS
Fungal infections generally are noncaseating, acid-fast–
negative infections. They usually occur as opportunistic 

 FIGURE 42.2 Brucellosis of lumbar spine. Note vertebral sclerosis, spondylolisthesis, steplike 
irregularity in anterior vertebral body, and anterior osteophytes.  (From Lifeso RM, Harder E, McCorkell 
SJ: Spinal brucellosis, J Bone Joint Surg 67B:345, 1985.)
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infections in immunocompromised patients. Difficulty 
in diagnosis often leads to delayed treatment. Symptoms 
usually develop slowly. Pain is less prominent as a physi-
cal symptom than in other forms of spinal osteomyelitis. 
Laboratory and radiographic findings are similar to those 
of pyogenic infections. Tubercular infection and tumors are 
the primary differential diagnoses. Direct culture by biopsy 
is the only method of absolute determination of the infect-
ing organism.

Aspergillus and Candida infections were the most 
common fungal pathogens in a review by Ganesh et  al. 
Aspergillus is an opportunistic infection and the most com-
mon fungus affecting the spine. Pain, tenderness, and an 
elevated ESR and CRP are the most common symptoms, 
but white blood cell elevations are rare. Ganesh et al. found 
that half of patients with spinal aspergillosis had under-
gone a recent surgery and 71% had lung infection with 
Aspergillus. In addition, 75% of patients with candidiasis 
had undergone recent surgery and almost a quarter had a 
malignancy. The lumbar spine is the area most commonly 
involved with fungal infection. Mortality is quite high with 
these opportunistic infections. With aspergillosis, there 
was 26% mortality with surgical and medical manage-
ment, while mortality was 60% with medical management 
alone. With Candida infections they reported no mortality 
with combined treatment and 29% mortality with medical 
management alone. About 37% of patients presented with 
neurologic deficits; half of these recovered completely and 
most of the remaining patients had a residual deficit. Some 
of the case reports did not specify neurologic recovery 
status. Medical management is complex in these patients 
and infectious disease consultation is needed. The opera-
tive indications are significant neurologic deficit, spinal 
instability, and failure to respond to medical management. 
Imaging with MRI is crucial, and CT is helpful to best char-
acterize bone destruction. 

TUBERCULOSIS
Despite spinal tuberculosis being one of the oldest diseases 
known, dating back to 3400 BCE and being described by Pott 
in 1779, it remains a relevant problem throughout the world. 
The worldwide incidence is over 10 million cases/year. Before 
the advent of effective chemotherapy, time and surgery for 
paralysis were the only treatment options. Laminectomy ini-
tially was performed for paralysis, but the results were dis-
appointing until Ménard accidentally opened an abscess and 
the patient improved. Many patients treated in this manner 
died as a result of a secondary bacterial infection, and the 
practice was abandoned. Posterior spinal fusion, as described 
by Hibbs and Albee, was the preferred operation to prevent 
deformity and promote healing by internal immobilization. 
The first radical debridement and bone grafting procedure for 
abscess formation was reported in 1934. After the develop-
ment of satisfactory chemotherapeutic agents, more aggres-
sive surgery was attempted, including costotransversectomy 
with bone grafting and radical debridement as popularized 
by Hodgson.

Tubercular bone and joint infections currently account 
for 2% to 3% of all reported cases of Mycobacterium tuber-
culosis. Spinal tubercular infections account for one third 
to one half of the bone and joint infections. The thora-
columbar spine is the most commonly infected area. The 

incidence of infection seems to increase with age, but males 
and females are almost equally infected. With current 
medical management, surgical treatment is not commonly 
needed, outcomes are generally good, and neurologic defi-
cits often improve.

Pathologically, the infection is characterized by acid-
fast–positive, caseating granulomas with or without puru-
lence. Tubercles composed of monocytes and epithelioid 
cells, forming minute masses with central caseation in 
the presence of Langerhans-type giant cells, are typical on 
microscopic examination. Abscesses expand, following the 
path of least resistance, and contain necrotic debris. Skin 
sinuses form, drain, and heal spontaneously. Bone reaction 
to the infection varies from intense reaction to no reaction. 
In the spine the infection spares the intervertebral discs and 
spreads beneath the anterior and posterior longitudinal liga-
ments. Epidural infection is more likely to result in perma-
nent neurologic damage. Spinal tuberculosis involves the 
anterior vertebral body initially. Progressive bone destruc-
tion leads to the characteristic gibbus deformity. Spread 
occurs under the anterior longitudinal ligament, initially 
sparing the discs of adults but not of children because of disc 
vascularity in young children.

Slowly progressive constitutional symptoms are pre-
dominant in the early stages of the disease, including weak-
ness, malaise, night sweats, fever, and weight loss. Back pain 
is present in 70% at presentation. Progressive pain is a late 
symptom associated with bone collapse and paralysis. About 
30% of patients present with neurologic deficits in less devel-
oped countries but less commonly in the United States and 
other developed countries. Cervical involvement can cause 
hoarseness because of recurrent laryngeal nerve paralysis, 
dysphagia, and respiratory stridor (known as Millar asthma). 
These symptoms may result from anterior abscess formation 
in the neck. Sudden death has been reported with cervical 
disease after erosion into the great vessels. Neurologic signs 
usually occur late and may wax and wane. Motor function 
and rectal tone are good prognostic predictors.

Laboratory studies suggest chronic disease. Findings 
include anemia, hypoproteinemia, and mild elevation of ESR 
and CRP. ESR has been found to be normal in over 50% of 
patients. Skin testing may be helpful but is not diagnostic. 
The test is contraindicated in patients with prior tuberculous 
infection because of the risk of skin slough from an intense 
reaction and is not useful in patients with suspected reacti-
vation of the disease. Early radiographic findings include a 
subtle decrease in one or more disc spaces and localized 
osteopenia. Later findings include vertebral collapse, called 
“concertina collapse” by Seddon because of its resemblance 
to an accordion. CT and MRI show bone involvement and 
paraspinal abscess formation. MRI is preferred because it can 
demonstrate epidural abscess formation.

Definitive diagnosis depends on culture of the organ-
ism and requires biopsy of the lesion. Percutaneous tech-
niques with radiographic or CT control usually are adequate. 
Percutaneous thoracoscopic, laparoscopic, or endoscopic 
biopsy are other reported options. Open biopsy may be 
required if needle biopsy is dangerous or nonproductive or if 
other open procedures are required.

Delayed diagnosis and missed diagnosis are common. 
Differential diagnoses include pyogenic and fungal infec-
tions, secondary metastatic disease, primary tumors of bone 
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(e.g., osteosarcoma, chondrosarcoma, myeloma, eosinophilic 
granuloma, and aneurysmal bone cyst [ABC]), sarcoidosis, 
giant cell tumors (GCTs) of bone, and bone deformities such 
as Scheuermann disease.

TREATMENT OF THORACIC AND LUMBAR 
TUBERCULAR SPINAL INFECTION
With early diagnosis and medical treatment, the prognosis 
is generally good, and fusion of the involved level occurs 
80% of the time. Definitive diagnosis by culture of a biopsy 
specimen is important because of the toxicity of the che-
motherapeutic agents and the length of treatment required. 
Multidrug therapy is the primary treatment, using a com-
bination of isoniazid, rifampicin, pyrazinamide, ethambu-
tol, and streptomycin. Patients with normal immune system 
function may require only 6 months of therapy, whereas 
others may require 18 to 24 months of therapy. Reasons for 
extended treatment include HIV infection or other cause of 
immune compromise and infection by drug-resistant organ-
isms. The most common surgical indications cited in the lit-
erature include neurologic deficit, severe kyphosis, pain due 
to spinal instability, failure of medical therapy, large paraspi-
nal or epidural abscess, and more than four levels of verte-
bral involvement.

If surgical treatment is planned, multidrug therapy 
should be instituted at least 3 to 6 weeks before surgery to 
suppress the infection in most patients. During this time of 
medical treatment, nutritional support should be initiated 
to correct hypoproteinemia and manage other comorbidi-
ties such as hypertension or diabetes. MRI and upright plain 
radiographs should be obtained to determine all involved lev-
els because skip lesions are common. In addition, the location 
and extent of abscesses and neurologic compression should 
be determined. Plain radiographs are important to determine 
the severity of spinal deformity and instability.

The surgical approach and technique have continued 
to evolve, and medical management has improved. The 
optimal approach and technique depend on a number 
of patient-specific factors. The development of posterior 
spondylectomy techniques, expandable titanium cages, 
and pedicle screw instrumentation systems are some of 
the most impactful surgical changes over recent decades. 
Wang et al. retrospectively reviewed a series of 184 patients 
who were treated with posterior-only, anterior-only, or 
combined anterior and posterior debridement and recon-
struction. Their findings are consistent with those from 
a number of other authors and demonstrated that poste-
rior-only patients had fewer perioperative complications 
and slightly better outcomes at long-term follow-up. It is 
important to note that most authors with similar studies 
have included an anterior debridement through a costo-
transversectomy or transpedicular approach. In addition, 
the use of longer constructs extending two levels above 
and below the affected levels in the thoracic and lumbar 
spine allows better kyphosis correction and maintenance 
of correction. Correction of kyphosis is achieved by using 
temporary rods during debridement and progressively 
using rod contouring, altering table position, and apply-
ing compression along the rods. These same techniques 
can be used with shorter constructs to achieve satisfactory 
results, especially when the initial kyphosis is less severe 
and involves fewer infected vertebrae, as shown recently 

by Liu et  al. in a series of 66 patients with a minimum 
5-year follow-up. Some authors have described place-
ment of anterior load-sharing constructs of allograft or 
structural autograft in addition to titanium cages of vari-
ous designs, whereas others add only posterior morsell-
ized autograft or allograft all from a posterior approach. 
Neurologic improvement also is equivalent regardless of 
the approach that is used as demonstrated by Wang et al. 
Anterior surgery is most helpful when more direct visual-
ization is needed for neural decompression or when a large 
abscess is more anteriorly located around the great vessel 
or other vital structures. 

TREATMENT OF CERVICAL TUBERCULAR SPINAL 
INFECTIONS
Cervical tuberculosis is a rare disease with a high com-
plication rate. Hsu and Leong reported a 42.5% spinal 
cord compression rate in 40 patients. Children younger 
than 10 years old were more likely to develop abscesses, 
whereas older children were more likely to develop tet-
raparesis. Drainage and chemotherapy were adequate for 
the younger children. For older patients, these research-
ers recommended radical anterior debridement and strut 
grafting followed by chemotherapy. Cervical laminectomy 
resulted in increased kyphosis, subluxation, and neuro-
logic deficits. A more recent retrospective study by Yin 
et al. showed that cervical tuberculosis infections could be 
treated with anterior-only, posterior-only and combined 
anterior and posterior approaches. In the subaxial spine, 
one- or two-level involvement was treated with anterior 
debridement and anterior grafting and instrumentation. 
Patients with more than two levels of involvement had 
anterior debridement and grafting followed by posterior 
stabilization. Posterior stabilization was reserved for upper 
cervical infections where anterior reconstruction was not 
feasible and posterior occipital cervical fusion was used. In 
a small case series, Xing et al. had good results with com-
bined anterior decompression and posterior occipitocer-
vical fixation. Preoperative traction has been reported to 
improve kyphosis prior to surgery. 

ATYPICAL TUBERCULAR INFECTIONS
Reports of atypical tubercular infections are limited to isolated 
case reports, usually in individuals who are elderly or immuno-
compromised by disease or medication. These atypical infec-
tions require more aggressive surgical intervention because 
of the lack of antibiotic sensitivity and the risk of progression 
with standard tubercular therapy. The clinical manifestations 
and aggressive surgical treatment of atypical tubercular spinal 
infections and mycobacterial infections are similar. 

ABSCESS DRAINAGE BY ANATOMIC LEVEL
Any abscess cavity around the spine and pelvis can be drained 
as summarized in the following techniques. Reconstructive 
techniques are covered in other sections.

CERVICAL SPINE
If the cervical spine is involved, the abscess may be present 
retropharyngeally, in the posterior triangle of the neck, or 
supraclavicular area. The tuberculous detritus may also gravi-
tate downward under the prevertebral fascia to form a medi-
astinal abscess. 
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DRAINAGE OF RETROPHARYNGEAL 
ABSCESS THROUGH POSTERIOR 
TRIANGLE OF THE NECK
Drainage of a retropharyngeal abscess through an incision 
in the posterior wall of the pharynx is warranted only in 
an emergency, as indicated by cyanosis and respiratory dif-
ficulty. This approach can be used if only abscess drainage 
is planned, without spinal reconstruction. Usually drainage 
should be through an extraoral approach (Fig. 42.3).

 TECHNIQUE 42.1 

 n  Make a 5- to 6-cm incision along the posterior border of 
the sternocleidomastoid muscle, centered at the junction 
of its middle and upper thirds.

 n  Incise the superficial layer of cervical fascia and protect 
the spinal accessory nerve that pierces the sternocleido-
mastoid muscle and runs obliquely across the posterior 
triangle deep to the sternocleidomastoid.

 n  Retract the sternocleidomastoid muscle anteriorly.
 n  Using blunt dissection, expose the levator scapulae and 

scalenus muscles.
 n  Staying anterior to the levator scapulae and anterior sca-

lene, displace the carotid sheath containing the carotid ar-
tery, internal jugular vein, and vagus nerve anteriorly. The 
brachial plexus exits between the scalenus anterior and the 
scalenus medius. Palpate the abscess in front of the trans-
verse processes and bodies of the vertebrae. Be aware that 
the sympathetic chain is superficial to the longus capitis.

 n  Puncture the abscess wall with a hemostat, enlarge the 
opening, and gently but thoroughly evacuate the abscess.

 n  If the abscess is unusually large and symptoms are se-
vere, do not close the wound; if the abscess is not large 
and symptoms are not severe, close the wound in lay-
ers.

 n  A tracheostomy set should be available postoperatively at 
the bedside in case the patient develops respiratory dif-
ficulty from edema of the larynx.
   

 

ANTERIOR CERVICAL APPROACH TO 
DRAINAGE OF RETROPHARYNGEAL 
ABSCESS
The  anterior aspect of the cervical vertebrae is exposed as 
for standard anterior disc excision. This technique allows 
exposure from C2 to C7. A transverse incision is possible 
if only two or three vertebrae are involved. A longitudinal 
incision is made along the medial border of the sterno-
cleidomastoid muscle if longer exposure is necessary. This 
approach allows bony reconstruction to be done at the 
time of abscess drainage.

 TECHNIQUE 42.2 

 n  Place the patient supine on the operating table with en-
dotracheal anesthesia administered through a noncol-
lapsible tube. The insertion of a small nasogastric tube 
may facilitate the positive identification of the esopha-
gus.

 n  Place a small roll between the scapulas; the shoulders can 
be pulled downward with tape to allow easy radiography.

 

Splenius capitis muscle

Sternocleidomastoid muscle

Levator scapulae muscle

Scalenus muscles
posterior

medius
anterior

Brachial plexus

Trapezius muscle

Omohyoid muscle

Phrenic
nerve

Common
carotid
artery

Internal
jugular
vein

FIGURE 42.3 Drainage of tuberculous abscess of cervical spine. The green line indicates inci-
sion for extraoral approach (inset). SEE TECHNIQUE 42.1.
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FIGURE 42.4 Costotransversectomy to drain tuberculous 
abscess of dorsal spine. SEE TECHNIQUE 42.3.

 n  Slightly extend the neck over a small roll placed beneath 
it. Place a head halter on the mandible and occiput and 
apply several pounds of traction if bony reconstruction is 
planned.

 n  Prepare and drape the area from the mandible to the up-
per chest.

 n  Place the incision at the appropriate level based on sur-
face anatomy; the cricoid is usually at C5-C6 level.

 n  Undermine the subcutaneous tissue superficial to the pla-
tysma fascia cephalad and caudally to allow expansion of 
the exposure. Divide the platysma muscle longitudinally in 
the direction of its fibers.

 n  Open the cervical fascia along the medial border of the 
sternocleidomastoid muscle.

 n  Develop a plane between the sternocleidomastoid later-
ally and the omohyoid and sternohyoid medially.

 n  Palpate the carotid artery in this plane and gently retract 
it laterally with a finger.

 n  With combined blunt and sharp dissection divide the pre-
tracheal fascia attachment to the carotid sheath, develop a 
relatively avascular plane between the carotid sheath later-
ally and the thyroid, trachea, and esophagus medially.

 n  Insert handheld retractors initially.
 n  Dissect free the filmy connective tissue on the postero-

lateral aspect of the esophagus along the entire exposed 
wound to prevent ballooning of the esophagus above 
and below the retractor.

 n  Expose the prevertebral fascia and open the abscess cav-
ity. Thoroughly debride and irrigate the abscess cavity.

 n  Insert a hypodermic needle into this material and obtain 
a lateral radiograph to confirm the proper level. Proceed 
with reconstruction if planned.

 n  Drain the wound in a standard fashion.
 n  Do not close the neck fascia, but let it fall together. The 

skin can be loosely closed or left open for delayed closure.
  

DORSAL SPINE 
 

COSTOTRANSVERSECTOMY FOR 
DRAINAGE OF DORSAL SPINE 
ABSCESS
Most abscesses caused by disease of the dorsal spine can 
be evacuated by costotransversectomy (Fig. 42.4). This pro-
cedure, originally performed by Haidenhaim, was described 
by Ménard in 1894.

 TECHNIQUE 42.3 

 n  Make a midline incision over three spinous processes. Reflect 
the periosteum and soft tissues laterally from the spinous 
processes and laminae on the side containing the abscess.

 n  Expose fully the middle transverse process and resect it at 
its base. Hemilaminectomy or laminectomy can be added 
if there is an epidural component to drain.

 n  After reflecting the periosteum from the contiguous rib, 
resect its medial end by division 5 cm from the tip of the 
transverse process.

 n  Bevel and smooth the end of the rib; avoid puncturing the 
pleura.

 n  After resecting the rib(s), doubly ligate and divide the neu-
rovascular bundle.

 n  Open the abscess by blunt dissection close to the verte-
bral body. An elevator can be used to detach the rib head 
from vertebral body. Usually pus will pour into the wound 
when the rib head is removed. The opening should be large 
enough to permit thorough exploration and evacuation of 
the cavity and removal of all debris. If resection of more than 
one rib is necessary, enlarge the initial incision accordingly.

 n  Close the wound in layers. The wound can be dusted with 
streptomycin powder before closure if desired.
  

LUMBAR SPINE 
 

DRAINAGE OF PARAVERTEBRAL 
ABSCESS

 TECHNIQUE 42.4 

 n  Make a 7.5- to 10-cm longitudinal incision 3-5 cm lateral 
to the midline parallel to the spinous processes.

 n  Divide the lumbodorsal fascia in line with the incision and pass a 
hemostat bluntly around the lateral and anterior borders of the 
erector spinae muscles to the transverse processes (Fig. 42.5).

 n  Usually the abscess is encountered immediately; if it is 
not, puncture the layer of lumbodorsal fascia that sepa-
rates the quadratus lumborum muscle from the erector 
spinae group and force the hemostat along the anterior 
border of the transverse processes.

 n  After thorough evacuation of the abscess, close the inci-
sion in layers.
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Abscess

FIGURE 42.5 Drainage of paravertebral abscess. SEE TECH-
NIQUE 42.4.

 FIGURE 42.6 Drainage of psoas abscess. Hemostat in adductor 
region is pointed toward inferior edge of acetabulum; abscess 
usually is located near junction of femoral head and neck.

PELVIS
PSOAS ABSCESS

Psoas abscesses are entirely extraperitoneal and follow the 
course of the iliopsoas muscle. Drainage can be done poste-
riorly through the Petit triangle, by a lateral incision along 
the crest of the ilium, or anteriorly under the Poupart liga-
ment, depending on the size of the abscess and the area in 
which it appears. Occasionally, an abscess burrows beneath 
the Poupart ligament and is seen subcutaneously in the proxi-
mal third of the thigh in the adductor region (Fig. 42.6). 

 

DRAINAGE THROUGH THE PETIT 
TRIANGLE
The sides of the Petit triangle are formed by the lateral mar-
gin of the latissimus dorsi muscle and the medial border of 
the obliquus externus abdominis muscle and its base by the 
crest of the ilium. The floor of the triangle is the obliquus 
internus abdominis muscle.

 TECHNIQUE 42.5 

 n  Make a 7.5-cm incision 2.5 cm proximal to and parallel 
with the posterior crest of the ilium, beginning lateral to 
the erector spinae group of muscles (Fig. 42.7).

 n  After exposure of the Petit triangle, bluntly dissect through 
the obliquus internus abdominis muscle directly into the 
abscess.

 n  After thorough evacuation of the abscess, close the inci-
sion in layers.

POSTOPERATIVE CARE Because flexion contracture of 
the hip usually accompanies a psoas abscess, Buck trac-
tion should be used to correct the deformity and relax the 
spastic muscles until the hip is fully extended.
   

 

DRAINAGE BY LATERAL INCISION

 TECHNIQUE 42.6 

 n  Make a 10-cm incision along the middle third of the crest 
of the ilium and free the attachments of the internal and 
external obliquus abdominis muscles.

 n  With a hemostat, puncture the abscess, which can be 
palpated as a fluctuant extraperitoneal mass on the inner 
surface of the wing of the ilium.

 n  Avoid rupture of the peritoneum.
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DRAINAGE BY ANTERIOR INCISION

 TECHNIQUE 42.7 

 n  Begin a longitudinal skin incision at the anterior superior 
spine and continue it distally for 5-7.5 cm on the anterior 
aspect of the thigh.

 n  Identify the sartorius muscle and carry the dissection deep 
to its medial border to the level of the anterior inferior 
spine. Protect the femoral nerve, which lies just medial to 
this area.

 n  Insert a long hemostat along the medial surface of the 
wing of the ilium under the Poupart ligament and punc-
ture the abscess.

 n  Separate the blades of the hemostat to enlarge the open-
ing and permit complete evacuation.

 n  Close the incision in layers.
  

Drainage by Ludloff Incision. When a psoas abscess 
points subcutaneously in the adductor region of the thigh, 
drainage is accomplished by a Ludloff incision, as described in 
Chapter 1. Weinberg described a method of excising a psoas 
abscess when simpler treatment has failed or is likely to fail 
because of the size of the abscess, its chronicity, or involve-
ment with mixed bacterial infection. He removed the abscess 
and any bony or cartilaginous sequestra lodged in the tract or 
in the diseased vertebrae. 

 

COCCYGECTOMY FOR DRAINAGE OF A 
PELVIC ABSCESS
Lougheed and White noted that when tuberculosis 
involves the lower lumbar and lumbosacral areas, soft-
tissue abscesses may gravitate into the pelvis, forming 
a large abscess anterior to the sacrum. These soft-tissue 
abscesses may point to the skin on the anterior surface of 
the thigh or above the iliac crest, but drainage at these sites 

alone is insufficient, resulting only in a chronically drain-
ing sinus despite antibacterial therapy. The pelvic abscess 
usually can be seen radiographically by retrograde injec-
tion of an opaque contrast medium. Lougheed and White 
devised a method of establishing dependent drainage pos-
teriorly by coccygectomy. Their results in treatment of 10 
patients by this method were uniformly good. The wound 
usually healed within 6 to 8 weeks, and the spinal lesions 
all became inactive.

 TECHNIQUE 42.8 

(LOUGHEED AND WHITE)
 n  Make a 15-cm elliptical incision over the coccyx, removing 

a strip of skin.
 n  After freeing the coccyx from soft tissues, disarticulate it 

from the sacrum.
 n  With careful hemostasis, carry the dissection upward, 

staying close to the sacrum until the resulting pyramidal 
tunnel communicates with the abscess cavity.

 n  After evacuating the purulent matter, insert an irrigating 
catheter to the top of the cavity and pack the wound with 
iodoform gauze.

POSTOPERATIVE CARE For 2-3 weeks, the wound is 
irrigated through the catheter several times daily with a 
solution of streptomycin. The packing is changed at in-
tervals until the wound has healed by granulation tissue 
from within.
   

 

RADICAL DEBRIDEMENT AND 
ARTHRODESIS–DORSOLATERAL  
APPROACH

 TECHNIQUE 42.9 

(ROAF ET AL.)
 n  Expose the dorsal spine through a dorsolateral approach. 

Maintain careful hemostasis throughout.
 n  Select the side with the larger abscess shadow, or, in the 

absence of an abscess, use the left side; make a curved 
incision. Begin posteriorly 3.8 cm from the midline and 
7.5 cm proximal to the center of the lesion and curve 
distally and laterally to a point 12.5 cm from the midline 
at the center of the lesion; continue medially and distally, 
ending 3.8 cm from the midline and 7.5 cm distal to the 
center of the lesion (Fig. 42.8).

 n  Divide the superficial and deep fascia and the underlying 
muscles down to the ribs in the line of the incision. Retract 
the flap of the skin and muscle medially. Now locate the 
rib opposite the center of the focus and remove 7.5-10 
cm of this rib and the one proximal and distal in the fol-
lowing manner.

 FIGURE 42.7 Drainage of pelvic abscess through Petit triangle. 
SEE TECHNIQUE 42.5.
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 n  Free the ribs with a periosteal elevator and divide them 
with rib shears 7.5-10 cm from the tips of the transverse 
processes.

 n  Resect each at the tip of the transverse process.
 n  Divide under direct vision the ligaments and muscles at-

tached to the rib heads and transverse processes and re-
sect these bony parts.

 n  Identify two and preferably three intercostal nerves and 
trace them medially to the intervertebral foramina. These 
nerves, as they pass into the foramina, indicate the level 
of the cord in the spinal canal.

 n  Expose the intercostal vessels near the spinal column and 
cut them between clamps.

 n  Divide the intercostal muscles near the vertebral column.
 n  Separate the pleura from the spinal column by blunt dis-

section, exposing the lateral and anterolateral aspects of 
the vertebral bodies. Avoid perforating the pleura be-
cause it is often adherent and thickened; if a perforation 
occurs, suture it at once.

 n  Locate the center of the lesion by passing a finger into the 
wound anterior to the vertebral bodies. Remove all pus, 
granulation tissue, and necrotic matter.

 n  Occasionally, one or more vertebral bodies may be se-
questrated and lying free in the abscess cavity. Usually 
two or three small bony sequestra and pieces of necrotic 

disc material are found. If the paravertebral shadow, 
thought to be an abscess, is found to be mainly fibrous 
tissue, it is more difficult to find the lesion. Under these 
circumstances, using radiographic control, explore the 
bone with a fine gouge, burr, and rongeur.

 n  After thorough debridement, decide whether bone grafts 
are advisable. The simplest method of grafting is to pack 
the cavity with bone chips.

 n  A more extensive procedure may be undertaken. With a 
chisel or gouge, roughen the lateral and anterolateral as-
pects of the diseased vertebral bodies and, if possible, of 
one healthy vertebra above and below and cut a groove in 
them, passing from healthy bone above to healthy bone 
below.

 n  Wedge a full-thickness rib graft into the groove and sink 
it deeply within the vertebral bodies.

 n  Place cancellous bone chips obtained from the remaining 
portion of the resected ribs into the groove and laterally 
along the roughened surface of the vertebral bodies.

 n  If the pleura has been accidentally opened, drain the pleu-
ral cavity with a chest tube inserted through a small stab 
incision in the eighth intercostal space in the midaxillary 
line and connected to an underwater seal for 48 hours 
after surgery.
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TUMORS OF THE SPINE
BENIGN TUMORS
Of all primary benign bone tumors, 8% occur in the spine 
or sacrum. Benign lesions have a predilection for younger 
patients, usually occurring in the first three decades of life, 
with 60% of benign lesions identified in the second and third 
decades (Box 42.1). The location of the lesion along the spi-
nal column and its topographic location on the vertebra itself 
can provide information regarding diagnosis (Figs. 42.9 and 
42.10). Typically, benign lesions are in the posterior elements, 
anteriorly located lesions tend to be malignant (76%).

During operative treatment of tumors, certain funda-
mentals must be followed to maintain function and anatomy 
and to minimize the risk of recurrence or instability. These 
principles are most important in the region of the spinal 
cord. For cervical and thoracic lesions, the spinal cord must 
of course be preserved. However, nerve roots vary in impor-
tance depending on anatomic location and can be resected 
if long-term benefit is to be gained. Some paired vascular 
structures, including the vertebral arteries, also can be sin-
gly resected. In the thoracic spine, laminectomy alone does 
not provide safe access to the anterior column. The risk of 
paralysis is significant, and alternative approaches must be 
used. For patients who are unable to tolerate a thoracotomy, 
a costotransversectomy is a reasonable and safe approach to 
the anterior column. With aggressive lesions, the spinal canal 
may be contaminated. Nerve roots serve only the intercos-
tal muscles, so sacrifice of some of the thoracic nerve roots 
does not severely affect function, unless numerous roots are 
taken. As more thoracic roots are sacrificed, there is some 
effect on chest cage function and respiration because of inter-
ference with intercostal innervation. Sacral tumors requiring 
wide excision are rare. Combined approaches often are neces-
sary for wide excision and require complex reconstruction to 
stabilize the ilia to the distal lumbar spine. Resection of the 
sacrum and its associated nerve roots also affects continence. 
If both S1 nerve roots and a single S2 nerve root are pre-
served, 50% of patients retain continence. If only a single S3 
root is taken, with S1 and S2 undisturbed, bowel and bladder 
function are retained. The nature of the tumor to be resected 
often dictates the anatomic level of resection.

STABILITY
Stability considerations after resection are different in adult and 
pediatric patients. In the cervical and thoracic regions, lami-
nectomy creates instability in an immature spine, so arthrodesis 
should be done. The adult spine seems to tolerate laminectomy 
better, and some biomechanical considerations are useful when 
choosing instrumentation and fusion procedures. Instability 
created by anterior resection increases as more vertebral body 
is resected. As a rule of thumb, fusion should be done when any 
significant amount of vertebral body is resected. The exception 
to this is curettage; if adequate bone graft is placed after curet-
tage, fusion usually is unnecessary. After anterior fusion, with 
or without instrumentation, immobilization with a thoracic 
lumbar sacral orthosis (TLSO) generally is recommended. 
When incorporation of fusion bone is identified, usually 3 to 6 
months postoperatively, the orthosis is discontinued.

Determination of instability after posterior spinal resec-
tions is not as straightforward as after anterior procedures. 
Important bony and ligamentous structures posteriorly con-
tribute individually to overall stability in the intact spine. 
Soft-tissue restraints include the supraspinous, interspinous, 
and posterior longitudinal ligaments, the ligamentum fla-
vum, and the facet capsules. The spinous processes, lami-
nae, pars interarticularis, facet joints individually on the left 
and right, and posterior vertebral wall provide bony stability. 
Point systems have been created to assist in the determina-
tion of stability. Bridwell assigned 25% of posterior vertebral 
stability for each stabilizing structure, including the midline 
osteoligamentous complex (laminae, spinous processes, and 
intervening ligaments); each of the two facet joint complexes 
(left and right); and the posterior vertebral wall, disc, and 

Radiographic Diagnosis of Spine Tumors 
According to Age and Location

Diagnosis According to Age
10 to 30 Years Old
Aneurysmal bone cyst
Ewing sarcoma
Giant cell carcinoma
Histiocytosis X
Osteoblastoma
Osteoid osteoma
Osteochondroma
Osteosarcoma 

30 to 50 Years Old
Chondrosarcoma
Chordoma
Hodgkin disease
Hemangioma 

Older Than 50 Years
Metastatic
Myeloma 

Diagnosis According to Location
Vertebral Body
Chordoma
Giant cell carcinoma
Hemangioma
Histiocytosis X
Metastatic disease
Multiple myeloma 

Posterior Elements
Aneurysmal bone cyst
Osteoblastoma
Osteoid osteoma
Osteochondroma 

Adjacent Vertebrae
Aneurysmal bone cyst
Chondrosarcoma
Chordoma 

Multiple Vertebrae
Histiocytosis X
Metastatic
Myeloma

 BOX 42.1 

From Chabot M, Herkowitz HN: Spine tumors: patient evaluation, Semin Spine 
Surg 7:260, 1995.
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annulus. Violation of two of the four complexes, or disrup-
tion of 50% of the stabilizing structures, is an indication for 
instrumentation and fusion. Bony involvement by tumors 
also contributes to impending pathologic fracture and insta-
bility. Considerations for impending instability or for deter-
mining stability after fracture include more than 50% collapse 
of the vertebral body, translation, segmental kyphosis of more 
than 20 degrees above normal, and involvement of anterior 
and posterior columns. 

CLASSIFICATION AND ADJUVANT TREATMENTS
As with tumors in other locations, the Enneking classification 
is useful in determining treatment of spinal tumors (Fig. 42.11). 
Stage 1 tumors (e.g., osteoid osteoma, eosinophilic granuloma, 
osteochondroma, and hemangioma) are latent and typically 
require no treatment. If surgery is necessary, often intrale-
sional excision is all that is required, with or without adjuvants 
such as liquid nitrogen, phenol, or polymethylmethacrylate 
(PMMA). Stage 2 lesions are active, become symptomatic, and 
usually require en bloc excision (i.e., removal of the tumor as 
a whole, as opposed to piecemeal). Examples of stage 2 lesions 
include osteoid osteoma, osteoblastoma, eosinophilic granu-
loma, more aggressive hemangiomas, osteochondroma, and 

ABCs. Aggressive lesions are characterized as stage 3. Despite 
being classified as benign tumors, lesions such as GCTs and 
osteoblastomas are locally aggressive and have a tendency to 
recur. Wide excision is indicated for these lesions and consists 
of removal of the tumor with a cuff of normal tissue if pos-
sible. A marginal excision would result in a biopsy specimen 
that includes the reactive zone around the tumor. The exact 
type of excisional biopsy often is dictated by the anatomy of 
the spine and the location of the tumor.

A number of adjuvant treatments have been developed 
in recent years to help manage benign spine tumors of vari-
ous types. These include denosumab, bisphosphonates, doxy-
cycline, selective arterial embolization, and thermal ablation. 
Denosumab is a monoclonal antibody that targets the recep-
tor of activator nuclear factor kappa-B ligand (RANKL). This 
receptor is important for the mediation of osteolysis by the 
multinucleated giant cells of GCT. Targeting RANKL with 
denosumab has shown efficacy in myeloma and metastatic 
disease and more recently by Branstetter et al. in GCT. Because 
of concerns about disease progression with discontinuation 
and reports of sarcomatous change during denosumab ther-
apy, the indications remain unclear. Selective arterial emboli-
zation is recommended in the treatment of GCT and ABC of 
the spine. Care must be taken, especially in the lower thoracic 
spine, to identify the anterior spinal artery of Adamkiewicz; 
paralysis has been reported due to selective arterial emboli-
zation. Doxycycline is an antibiotic that has been shown to 
have certain antitumor properties, including inhibition of 
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FIGURE 42.9 Distribution of the most common locations 
for primary osseous lesions in the pediatric spinal column.  (From 
Ravindra VM, Eli IM, Schmidt MH, et al: Primary osseous tumors of the 
pediatric spinal column: review of pathology and surgical decision making, 
Neurosurg Focus 41:E3, 2016.)
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FIGURE 42.10 Most common topographical locations for the 

occurrence of each of the possible primary osseous lesions in the 
pediatric spinal column. A, Lesions that occur along the facet joint, 
laminar arch, and spinous process. B, Lesions that can occur at the 
facet joint or pedicle or along the laminar arches or pars inter-
articularis. C, Lesions that occur along the vertebral body.  (From 
Ravindra VM, Eli IM, Schmidt MH, et al: Primary osseous tumors of the 
pediatric spinal column: review of pathology and surgical decision making, 
Neurosurg Focus 41:E3, 2016.)
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osteoblastic cell function and possibly osteoclast apoptosis 
and inhibition of matrix metalloproteinase. Thermal ablation 
has been used primarily in treating osteoid osteoma. 

POSTERIOR ELEMENT TUMORS
OSTEOID OSTEOMA

Osteoid osteoma is a lesion of bony origin that was first 
described by Jaffe in 1935. These lesions are most common 
in the spine (42%), affect men more often than women, and 
occur most often in the second decade of life. The lumbar 
spine is the most common location, the cervical next, and 
the thoracic last, and the lesion is almost invariably located 
in the posterior elements. A few cases of osteoid osteomas of 
vertebral bodies have been reported. This lesion is not locally 
aggressive and is defined by a size of less than 2 cm; larger 
lesions are classified as osteoblastomas.

Pain is the primary complaint in 83% of patients, is worse 
at night with awakening in nearly 30%, and is relieved by aspi-
rin in 27%. Because of the location in the posterior elements, 
radiculopathy occurs in 28% of patients. A painful scoliosis 
may result, with the lesion usually present at the apex of the 
curve in the concavity. Although various curve types may 
result, the usual structural features of vertebral rotation nor-
mally present in idiopathic scoliosis are absent. The resultant 
scoliosis is rigid and rapidly progressive. Saifuddin et al., in a 
meta-analysis of spinal osteoid osteoma and osteoblastoma, 
determined that (1) 63% of patients had scoliosis, (2) scoliosis 
was significantly more common with osteoid osteomas than 
with osteoblastomas, (3) lesions were more common in the 
thoracic and lumbar regions than in the cervical region and 
more common in the lower cervical region than in the upper 
cervical region, and (4) lesions were more commonly located 
to one side of the midline. They concluded that these findings 
support the concept that in patients with spinal osteoid oste-
oma or osteoblastoma, scoliosis is secondary to asymmetric 
muscle spasm.

Diagnosis can be difficult because early radiographs may 
appear normal. Frequently, a sclerotic lesion of the posterior 
elements is all that is apparent, and even this may be a subtle 
asymmetry. Later, the usual configuration of a central nidus 
with surrounding sclerosis may be found, but it is typical 

in appearance in only half of patients. Oblique radiographs 
can be helpful when the pedicle, facet, and pars interarticu-
laris are studied. A radioisotopic bone scan is most helpful in 
accurate localization, and CT often shows the nidus which is 
less than 1.5 cm in size.

Treatment consists of observation for small lesions which 
may involute, thermal ablation in some cases, or more com-
monly surgical excision of the lesion if symptoms fail to improve 
or the scoliosis is progressive. Thermal ablation is not indicated 
if the lesion is less than 10 mm from the neural elements. Nidus 
excision requires careful preoperative planning and can be con-
firmed by specimen CT. Several studies have shown benefit 
from intraoperative CT and three-dimensional (3D) navigation 
to accurately locate the lesion and excise it. If the spine is consid-
ered unstable because of facet or pedicle removal, a single-level 
fusion is done simultaneously. Complete excision should result 
in improvement in the angular degree of the scoliosis, although 
resolution is less likely in patients 9 to 13.5 years old. Scoliosis 
persists in 20% to 30% of patients after successful resection. 
Curves that persist for more than 18 months after resection 
may require treatment. Brace management may be necessary 
in immature patients, and regular follow-up is advised. Surgery 
for spinal deformity usually is deferred until after treatment and 
resection of the osteoid osteoma and follows the same princi-
ples as for idiopathic scoliosis. Prompt relief of pain is the best 
postoperative indicator of successful removal of the tumor. 

OSTEOBLASTOMA
Osteoblastoma accounts for 10% of all spinal tumors, and 32% 
appear in the spine. Similar to osteoid osteoma, osteoblastoma 
occurs most commonly in the second and third decades, with a 
male-to-female ratio of 2 : 1. These lesions almost always involve 
the pedicle or posterior elements or both, although contiguous 
levels may be affected. The predominant spinal region affected 
is the cervical region (40%), followed by the lumbar (23%), tho-
racic (21%), and sacral regions (17%). Osteoblastoma may be 
misdiagnosed as an osteosarcoma, Ewing sarcoma, lymphoma, 
or ABC, which all are high on the list of differential diagnoses. 
Differentiation from osteoid osteoma is based on size—these 
lesions exceed 2 cm. Neurologic deficits are relatively common 
because of the large size of osteoblastomas.
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FIGURE 42.11 Enneking staging of benign spinal tumors. Capsule of tumor is indicated by 1, 
and reactive pseudocapsule is indicated by 2. Stage 3 aggressive benign tumors can expand through 
posterior vertebral wall and compress cord. Pseudocapsule is vascularized reactive tissue and can 
adhere to dura.
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Radiographic evaluation reveals a destructive, expansile 
lesion with a thin rim of cortical bone. Lytic features are pre-
dominant and occur in 50%, with purely blastic changes in 
20%. Bone scanning always is positive and is helpful in iden-
tification. Although MRI is useful in identifying a soft-tissue 
mass, it may confuse the picture. A “flare” reaction may occur, 
suggesting extracompartmental extension and confusing the 
diagnosis of a benign lesion. As with other bony lesions, CT 
is best for definition of the extent of the tumor and for identi-
fication of the nidus.

Wide excision, if possible, is the treatment of choice. The 
tumor recurs 9 years after resection in 10% to 20% of patients 
with intralesional excision. The best indication of successful 
removal is relief of preoperative pain. Because of the possi-
bility of recurrence and malignant transformation, however, 
long-term CT follow-up is mandatory. Operative treatment is 
necessary for recurrences because these lesions are not radio-
sensitive. A case report by Reynolds et al. found that a pre-
operative course of denosumab caused tumor regression and 
simplified surgical management. 

OSTEOCHONDROMA
Although rarely symptomatic, osteochondroma is the most 
common benign primary bone tumor. Half of patients with 
symptomatic tumors are younger than 20 years old, which 
is consistent with the growing cartilaginous cap. Males are 
affected three times more often than females, with most 
lesions protruding eccentrically from the neural arch. 
Because the spinal canal is occupied by spinal cord in the 
thoracic and cervical spine, lesions here are more frequently 
symptomatic. Ninety-one percent of spinal osteochondromas 
occur in the cervical and upper thoracic spine, although the 
lumbar spine and sacrum also are affected. The lack of symp-
toms may result in underdiagnosis of lesions in the lumbar 
and sacral regions.

Radiographic evaluation often is diagnostic, with the 
lesions found most often in the posterior elements. Because of 
the radiolucent cartilaginous cap, however, MRI or myelog-
raphy may be necessary to determine if impingement of the 
neural structures is present. These lesions are slow growing 
and require excision only if symptomatic. Malignant trans-
formation occurs in less than 1% of tumors and is suspected 
when symptoms are rapid in onset with growth of a previ-
ously stable osteochondroma. A cartilaginous cap larger than 
1 cm also is suspect. En bloc excision including all of the 
cartilaginous cap is done, with neurologic recovery the rule 
and recurrence the exception. If there is recurrence, however, 
reoperation is recommended because malignant transforma-
tion has occurred in 10% of patients. 

ANEURYSMAL BONE CYST
ABCs are relatively uncommon, accounting for only 1% to 
2% of benign bone tumors. Although predominantly a poste-
rior element lesion, an ABC may expand to include the pedi-
cle and vertebral body. Of all ABCs, 11% to 30% occur in the 
spine and are most frequent in patients younger than 20 years 
old. There does not seem to be a gender preference. Back pain 
is the predominant symptom in 95% of patients, although 
muscle spasms causing spinal rigidity or scoliosis also may 
be present. The differential diagnosis includes GCTs, tuber-
culosis, fibrous dysplasia, eosinophilic granuloma, Ewing sar-
coma, and osteoblastoma.

The characteristic radiographic finding with ABCs is an 
expansile lesion with a reactive rim of cortical bone outlining 
the lesion as it expands from the cortex, although this may 
be absent in 30%. Another characteristic feature is that these 
lesions may affect contiguous levels. Arteriography may show 
a lesion with multiple septa and blood-filled spaces. MRI with 
gadolinium enhancement also shows the fluid levels within 
the septations.

Selective arterial embolization may be successful, 
although some may require repeated embolizations. Low-
dose irradiation has had limited success, with few side effects 
when dosages are less than 30 Gy. Radiation alone is suc-
cessful, however, in only approximately 50%. Surgery has 
remained the standard of care for ABCs. After embolization 
to decrease intraoperative blood loss, en bloc excision is pre-
ferred when possible because recurrence rates are low with 
this technique. Embolization must be undertaken with cau-
tion, especially in the lower thoracic spine to avoid paraple-
gia. Intralesional resection by curettage and bone grafting is 
done if en bloc resection is not possible. With intralesional 
curettage, the recurrence ranges from 13% to 60%. Any insta-
bility created must be treated at the time of surgery and often 
requires a single-level fusion in skeletally immature patients. 
Shiels et  al. reported a series of ABCs treated with intrale-
sional doxycycline with radiographic improvement in 18 of 
21. Only five patients had spinal ABCs. 

VERTEBRAL BODY TUMORS
Typical benign lesions found in the vertebral bodies 
include hemangiomas, eosinophilic granulomas, and GCTs. 
Historically, lesions such as these were considered surgi-
cally inaccessible when in the vertebrae. The older literature 
recommended irradiation or chemotherapy. Although this 
still may be appropriate in special circumstances, such as in 
highly radiosensitive malignant tumors, angular deformity 
with potential paraplegia may result because of subsequent 
spinal instability. Benign tumors are best treated without 
irradiation to avoid secondary sarcomatous change. Optimal 
treatment of aggressive benign or solitary malignant tumors 
usually is anterior resection of the tumor for cure or for tumor 
debulking.

HEMANGIOMA
Hemangioma is a common hamartomatous lesion, present in 
10% to 12% of autopsy specimens. Most of these lesions are 
clinically silent and are detected only incidentally during eval-
uation for other problems. Occurrence may be single or mul-
tiple with contiguous levels affected, but the vertebral body 
is the most common location, especially in the lumbar and 
lower thoracic regions. The posterior elements are involved in 
10% to 15% of patients; however, this is atypical and indica-
tive of an aggressive lesion. Patients with symptomatic hem-
angiomas most commonly have pain (60%), neurologic 
compromise (30%), or symptomatic fracture (10%). Epidural 
cavernous hemangiomas are rare. Several case reports can be 
found in the recent literature. Differentiation from metastatic 
lesions can be clinically difficult, but dynamic contrast MRI 
can be helpful.

Radiographs detect larger lesions, which have vertical 
striations and coarse, thick trabeculae, described as a “cordu-
roy” vertebra. Expansion may be noted in aggressive heman-
giomas, with expansion of the vertebral body. Axial CT shows 
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a classic “polka dot” appearance. Bone scanning is not partic-
ularly helpful because lesions may be either hot or cold. MRI 
has become the standard for diagnosing these lesions. Typical 
hemangiomas are identified by increased intensity on T1- and 
T2-weighted sequences and can be differentiated from Paget 
disease because pagetic bone has more cortical thickening 
and affects the entire vertebral body. Aggressive hemangio-
mas can involve the entire vertebral body, may be expansile, 
and may have a soft-tissue component, which is differentiated 
from typical hemangioma by hypointensity on T1-weighted 
images and hyperintensity on T2-weighted images.

Most hemangiomas do not require treatment, and other 
causes of pain must be excluded. For rare symptomatic lesions, 
radiation is successful in 50% to 80%. Embolization also is 
useful, especially in patients with progressive neurologic defi-
cits, and may provide temporary relief of pain. Vertebroplasty 
has been used successfully for treatment of aggressive hem-
angiomas by stabilizing pathologic bone with an injection of 
bone cement into the vertebral body. Use of inflatable bone 
tamps has had similarly good short-term results. Direct intral-
esional injection of ethanol has been reported to be effective in 
obliterating symptomatic vertebral hemangiomas. CT angiog-
raphy is required before injection to identify functional vascu-
lar spaces of the hemangioma and to direct needle placement. 
Less than 15 mL of ethanol should be used because pathologic 
fractures of the involved vertebrae have been reported in two 
patients who received 42 mL and 50 mL. For progressive neu-
rologic deficit, radiation alone may be successful in arresting 
progression. With neurologic deficit and fracture, however, 
surgery with en bloc resection is necessary to remove an 
aggressive hemangioma, and embolization should be done 
preoperatively to minimize bleeding intraoperatively. 

EOSINOPHILIC GRANULOMA
Eosinophilic granuloma is most common in patients younger 
than 10 years old, but it can occur well into adulthood, with 
reported cases in the eighth decade. It typically is a solitary 
lesion of bone, with 7% to 15% occurring in the spine, and has 
a predilection for the cervical or thoracic region. Symptoms 
usually include pain, muscular rigidity, and neurologic defi-
cits; systemic symptoms may occur. The classic radiographic 
finding is vertebra plana seen as a complete collapse of the 
vertebral body on the lateral view. Bone scans are cold, and 
MRI often reveals a flare reaction on T2-weighted images, 
which can be mistaken for a malignant lesion. Differential 
diagnoses include Ewing sarcoma, ABC, infection, tuberculo-
sis, leukemia, and neuroblastoma. Because radiographic find-
ings are not pathognomonic, biopsy is necessary.

When the diagnosis is made, immobilization and obser-
vation alone often are sufficient treatment unless there is 
significant neurologic deficit. These lesions typically regress 
spontaneously over time with some, although incomplete, 
restoration of vertebral deformity. Follow-up is important 
to detect instability. Operative intervention, including curet-
tage and grafting, may speed healing. There presently is no 
role for radiation in the treatment of eosinophilic granuloma. 
Recurrence is unusual, and resolution of neurologic deficits 
usually occurs as the tumor regresses. 

GIANT CELL TUMOR
GCT is the most prevalent benign tumor of the sacrum, rarely 
affecting other spinal sites, and is second only to hemangioma 

as the most common benign spinal neoplasm. These benign 
tumors can be locally aggressive. GCTs account for 4% to 5% 
of all primary bone tumors, occurring most often between 
the third and fifth decades. Females are affected twice as fre-
quently as males, and 1% to 18% of GCTs occur in the spine. 
Because of its lytic appearance, differential diagnoses include 
ABCs, osteoblastoma, and metastasis.

Pain is the most common complaint and often has been 
present a long time before diagnosis. Neurologic deficits 
occur in 20% to 80% of patients with GCTs of the spine. 
Radiographs show the lesions as lytic, septated, and expansile, 
often with cortical breakthrough and an associated soft-tissue 
mass. More than 50% of these lesions involve the vertebral 
body only. When present in the sacrum, the lesion is in the 
proximal aspect and eccentrically located. The cervical spine 
is the second most common location in the spine behind the 
sacrum.

Because of the aggressive nature of these lesions, en bloc 
resection with wide margins is necessary. The addition of 
denosumab has been beneficial in treating unresectable GCT. 
Despite aggressive operative treatment, a 10% to 80% recur-
rence rate has been reported. Preoperative embolization is 
recommended. Embolization, denosumab, and radiation are 
reserved for lesions that cannot be resected or excised com-
pletely or in which surgery would result in significant func-
tional morbidity. Doses ranging from 3500 to 4500 cGy are 
safe and effective in controlling GCT. If intralesional exci-
sion is done, adjuvant cryotherapy should be considered. 
Metastases occur in 1% to 11% of patients, with a 10% inci-
dence of sarcomatous change. 

PRIMARY MALIGNANT TUMORS
Almost all patients with malignancies of the spine have pain. 
More than 95% seek medical care for pain, with radiculopa-
thy occurring in about 20% of these patients.

CLASSIFICATION
The Enneking classification of malignant tumors also is use-
ful for spinal tumors: stage I, low grade; stage II, high grade; 
and stage III, regional or distant metastases (Fig. 42.12). The 
site of the tumor is indicated by A, intracompartmental, or 
B, extracompartmental. This classification scheme is useful in 
determining if marginal or wide excision is best. Radical exci-
sion is impossible in the spine. 

OSTEOSARCOMA
Primary osteosarcoma of the spine is rare, accounting for 
only 3% of all osteosarcomas, and frequently is fatal. Pain 
is the most common presenting complaint, but neurologic 
symptoms also are present in 70% of patients. These tumors 
are anterior column tumors, and 95% affect the vertebral 
body. Men and women are equally affected. Secondary osteo-
sarcomas, which occur most commonly after irradiation or 
develop in patients with Paget disease, affect patients in their 
60s. Soft-tissue extension, or extracompartmental disease, is 
the rule at the time of diagnosis, which is evident on MRI or 
at surgery.

Radiographs may show a lytic, blastic, or mixed picture 
affecting the vertebral body. Bone scanning is useful in iden-
tifying multicentric or metastatic disease, and axial CT scans 
are useful in delineating the bony anatomy. Intensive radia-
tion therapy and chemotherapy are the primary treatments. 
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Surgery is recommended when wide resection is possible 
with adjuvant radiation therapy. The risk of local recur-
rence has been shown to be five times greater in patients with 
positive resection margins than in patients with tumor-free 
resection margins. Wide or marginal excision of the tumors 
improves survival; therefore, chemotherapy and at least mar-
ginal excision should be done if possible. Patients with metas-
tases, large tumors, and sacral tumors have a poor prognosis. 
No association, however, has been found between the affected 
spinal region and outcome. Total sacrectomy and reconstruc-
tion with PMMA, plate-and-screw devices, and custom-
made prostheses have been reported to be successful in the 
treatment of sacral osteosarcoma. Pombo et al. in a systematic 
review that included 108 cases confirmed that patients with 
Enneking-appropriate resections (wide or marginal) had lon-
ger survival and fewer recurrences or metastases than those 
with intralesional or contaminated margins. 

EWING SARCOMA
Another anterior column primary bone tumor, Ewing sar-
coma, is a permeative lesion that affects the spine only 3.5% to 
8% of the time, with half of these tumors found in the sacrum. 
Neurologic deficits are present in many patients because of 
soft-tissue extension, and constitutional symptoms are com-
mon. Radiographic findings are confusing, with vertebra 

plana apparent in some patients, which may be confused with 
eosinophilic granuloma. Generally, these tumors are lytic, 
with a soft-tissue mass identified on MRI. Surgical resection 
and reconstruction and decompression may be indicated for 
tumors causing neurologic compromise and for potential 
instability to preserve neurologic function. Long-term sur-
vival is possible with this tumor. Systematic review by Berger 
et al. identified 28 cases of spinal Ewing sarcoma treated sur-
gically. The 1-, 2-, and 5-year survival rates were 82%, 75%, 
and 57%, respectively. Patients younger than 14 and older 
than 20 years had substantially better prognoses than those 
aged 14 to 20 years; however, other studies have shown that 
multiagent chemotherapy without surgery may have similar 
results. There is a predilection for Ewing sarcoma to involve 
the sacrum and pelvis more so than other areas of the spine, 
often with large soft-tissue components. Radiation therapy 
is often also recommended for sacral lesions. The AO Spine 
Knowledge Forum Tumor has recommended surgery for spi-
nal Ewing sarcoma when a wide or marginal excision is possi-
ble, along with neoadjuvant and postoperative chemotherapy. 

CHORDOMA
Primarily a tumor of adults, chordoma is an uncommon 
tumor that can occur at all spine levels but most often affects 
the sacrum and coccyx followed by the cervical spine. It 
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originates embryologically from the notochord remnants 
and, as such, usually is a midline tumor. It is relatively slow 
growing but relentless in progression with high recurrence 
rates when a wide excision is not obtained. Symptoms usu-
ally are indolent with a palpable mass in the sacrum anteri-
orly on rectal examination. Men are affected twice as often as 
women, and the tumor affects an older population, with peak 
incidences during the fifth and seventh decades.

Radiographs reveal a lytic lesion in the midline of the 
sacrum with variable calcification. Bone scans often are nega-
tive because of the indolent biologic behavior of these tumors. 
MRI provides excellent delineation of the anterior soft-tissue 
extension that typically occurs with these tumors. Treatment 
involves a wide en bloc excision where feasible, which may be 
impossible in the craniocervical junction and in the proxi-
mal sacrum without sacrifice of the S2 nerve roots. Radiation 
therapy may be the primary treatment modality in these areas. 
The 5-year survival for chordomas is reported to be 45% to 
67%. Bowel and bladder continence are retained only if both 
the S2 roots and one of the S3 roots are preserved. If for any 
reason the tumor is incised during excision, recurrence may 
be as high as 64%. As a result, great care is needed in resection 
of these tumors and radiation should be used for tumors with 
incisional margins. Long-term survival may approach 50% to 
75% if marginal resection or better is achieved. A large data-
base study of 1598 patients by Lee et al. found the disease-
specific survival to be 71% at 5 years and 57% at 10 years. 

MULTIPLE MYELOMA
Plasmacytoma is the single-lesion variety of multiple myeloma 
and is rare, accounting for only 3% of plasma cell dyscrasias. 
This diagnosis carries a 60% 5-year survival rate. Thereafter, 
gradual progression to multiple myeloma occurs, although 
extended survival has been reported. Multiple myeloma, 
in contrast, accounts for 1% of newly diagnosed malignan-
cies and is uniformly fatal within 4 years of diagnosis in all 
patients when spinal disease is diagnosed. Men and women 
are equally affected during the sixth to eighth decades. These 
tumors result from unregulated proliferation of plasma cells, 
causing systemic manifestations. Diagnosis is confirmed by 
the presence of at least 10% abnormal plasma cells, lytic bone 
lesions, and monoclonal gammopathy diagnosed on serum 
protein electrophoresis or urine protein electrophoresis. 
Anemia and elevation of sedimentation rate also are charac-
teristic on laboratory studies. Protein electrophoresis may be 
negative in 3% of patients with myeloma, which requires a 
low threshold for bone marrow aspiration in patients at risk. 
Treatment of plasmacytoma and multiple myeloma is irradia-
tion, with operative intervention reserved for patients with 
neurologic deficits or progression despite maximal chemo-
therapy and irradiation. A Cochrane review in 2017 found 
that some bisphosphonates reduced vertebral but not other 
fractures and did not improve overall survival or disease pro-
gression-free survival. In addition, the risk of osteonecrosis of 
the jaw was 1/1000 patients. 

METASTATIC TUMORS
Metastatic tumors are the most common malignant lesions 
found in bone, present 40 times more often than all pri-
mary malignant bone tumors combined. Metastatic disease 
involves the spine in 50% to 85% of patients. The spine is the 
most common site of skeletal metastasis. Metastatic spread 

to the spine favors the thoracic region (70%), followed by 
the lumbar spine (20%), the cervical spine, and the sacrum. 
The vertebral body is the most common site of metastasis, 
followed by the pedicle and then the posterior elements. 
Ninety percent of tumors are extradural, 5% are intradural, 
and 1% are intramedullary. Breast, lung, and prostate are the 
most frequent tumors to metastasize to the spine, followed 
by thyroid, renal, and gastrointestinal cancer. Lymphoma is 
another tumor that commonly affects the spine and must 
be considered. Advances in chemotherapy, radiation ther-
apy, and other cancer therapies have resulted in a significant 
improvement in survival for many of these types of cancer. 
With the improved survival, previously silent spinal metasta-
ses are becoming clinically apparent and significantly impair 
quality of life. The management of metastatic spinal lesions 
has been significantly impacted by stereotactic body radio-
therapy and other advanced radiation delivery methods. This 
technique can allow durable local tumor control with many 
different tumor histologic types. Surgery is most useful for 
significant neurologic compression and deficit and significant 
spinal instability. The goals of decompression and restoration 
of stability can be accomplished with less radical surgery in 
some cases.

The chief complaint in most patients is pain, although 36% 
of spinal metastases do not cause symptoms. Pain usually is 
progressive and unremitting, and often no relief occurs even 
with rest or at night. A previous history of cancer, regardless 
of how remote, must prompt a search for metastatic disease 
in patients with progressive pain. Neurologic symptoms or 
signs may be present but are less frequent, occurring in 5% to 
20% of patients with spinal metastases. For patients with tho-
racic metastasis, however, the rate of neurologic symptoms 
increases to 37%, probably because less space is available for 
the spinal cord available at this level compared with compres-
sion of the nerve roots in the lumbar spine. In patients who 
develop neurologic deterioration and paraparesis, only 25% 
to 35% regain lost motor function. According to a systematic 
review by Kumar et al., patients who present with significant 
neurologic deficits or incontinence benefit from a loading 
dose of IV dexamethasone 10 mg and 16 mg/day orally, with 
a rapid taper. Patients who are paraplegic or have complete 
bowel or bladder dysfunction are not likely to regain function 
regardless of treatment, especially if the deficit has persisted 
more than 12 hours. Rapid onset of symptoms over less than 
24 hours also indicates a poor prognosis for neurologic recov-
ery, in contrast to a lesion with a slower onset of symptoms. 
With aggressive treatment, 60% of patients who retain the 
ability to walk before treatment of spinal metastasis maintain 
this function after treatment. In a study comparing radiation 
with surgery for patients with metastatic cord compression 
and neurologic symptoms, those who received surgery had 
greater benefits in terms of ambulation ability than those 
who had radiation. Imaging often is inconclusive and non-
diagnostic in these patients. Plain radiographs of the spine 
are inconclusive in many with metastatic disease. The most 
useful skeletal screening study is bone scanning, which iden-
tifies most lesions larger than 2 mm, although false-negative 
studies occur in 5%. Multiple myeloma, breast, nasopharyn-
geal, lung, and renal tumors are the most likely neoplasms to 
appear falsely negative on bone scans. Use of CT is helpful 
in delineating soft-tissue extension from the bone or into the 
bone from extrinsic sources. Also, certain features of the CT 
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scan are useful in determining whether a compression frac-
ture is a result of osteoporosis or metastasis. Osteoporotic 
compression fractures reveal no evidence of cortical destruc-
tion, homogeneous involvement of the vertebral body, local-
ized pathology, and the absence of a soft-tissue mass. MRI is 
the imaging modality of choice and is more useful in eval-
uating soft-tissue masses, neural elements, and vertebral 
body lesions. Characteristic features of metastatic lesions are 
hypointensity on T1-weighted images, with enhancement on 
T2-weighted images and gadolinium-enhanced T1-weighted 
images. The STIR sequences are the most sensitive, dem-
onstrating hyperintense tumor and suppressed marrow fat 
signal.

Myelography occasionally is necessary for tumors not 
well defined by other, less invasive, procedures but should be 
used cautiously because it can precipitate neurologic deteri-
oration in 16% to 24% of patients, necessitating immediate 
decompression.

CLASSIFICATION
Dewald et al. developed a classification of spinal metastases 
that incorporates the extent of bony involvement, the pres-
ence of deformity, and the immune status of the patient. 
These factors were used to recommend surgical treatment 
for metastatic spinal disease. Other researchers have contrib-
uted newer classification schemes, including the Weinstein-
Boriani-Biagini surgical staging system (Fig. 42.13). This 
system incorporates a radially oriented division of the verte-
bra into 12 equal sections, like the face of a clock. The center is 
in the spinal canal. It also includes five layers extending from 
extraosseous to intradural. Tomita et  al. developed a prog-
nostic scoring system incorporating tumor characteristics 
and presence and type of visceral and bony metastases. The 
prognostic score can be used to determine treatment goals 
and surgical strategy (Fig. 42.14 and Table 42.2).

The newest framework is the Neurologic, Oncologic, 
Mechanical stability, and Systemic (NOMS) (Table 42.3), 

which was developed to provide a comprehensive assess-
ment of spinal metastatic disease. This system allows com-
plex decision-making and improves communication among 
all members of the treating team. The neurologic consider-
ations assess the presence of radiculopathy/myelopathy and 
the degree of neural compression passed on the Epidural 
Spinal Cord Compression scale (Fig. 42.15). The oncologic 
assessment evaluates the predicted local tumor control from 
radiation, chemotherapy, or surgery. The mechanical stabil-
ity assesses spinal instability caused by pathologic fracture 
and serves as an independent indication for procedure-based 
interventions such as percutaneous cement augmentation. 
The systemic assessment is to evaluate the disease status and 
comorbidities of the patient, which help predict the ability 
of the patient to tolerate any proposed intervention and the 
overall survival. 

OPERATIVE TREATMENT
Indications for surgical decompression can include the 
requirement of tissue for diagnosis; treatment of an isolated 
lesion; treatment of a fracture causing instability, pain, or 
spinal canal compromise; radioresistant tumors, which usu-
ally include gastrointestinal and kidney metastases; recurrent 
tumor in a previously irradiated field; neurologic symptoms 
that are progressive despite adjuvant measures; and potential 
instability. The development of stereotactic body radiother-
apy has impacted these indications, but this modality is not 
universally available. Operative procedures can be extensive 
and involve significant blood loss; the patient must be in a 
physical state that allows for survival of the proposed pro-
cedure. Expected survival of more than 6 weeks is a relative 
indication for surgery in the presence of unremitting or pro-
gressive symptoms, although general physical condition also 
is important in operative decision-making (see Table 42.3). 
In patients with a reasonable long-term survival, bone graft-
ing is recommended rather than PMMA because of the likely 
failure of such materials. Adjunctive radiation therapy must 
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be planned carefully, however, to allow for incorporation 
of grafts when used. This is best accomplished by perform-
ing the irradiation preoperatively or delaying it until at least 
3 weeks postoperatively if possible to improve fusion rates. 
Because of the hypercoagulable state of malignancy, espe-
cially in patients with paraplegia, the use of a preoperative 
inferior vena cava filter also should be considered as should 
anticoagulation therapy perioperatively.

Laminectomy has been shown to be of little value in the 
treatment of progressive paralysis caused by malignant spi-
nal tumors in the anterior column. Successful results using 
this approach have been reported in only 30% to 40% of 
patients and are inferior to the results obtained with radia-
tion alone. Radical laminectomy for tumor resection is of 
value, however, and should be considered when compression 
is caused by lesions in the posterior elements compressing the 
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FIGURE 42.14 Tomita et al. surgical classification of spinal tumors.  (From Ciftdemir M, Kaya M, 
Selcuk E, et al: Tumors of the spine, World J Orthop 7:109, 2016.)

 TABLE 42.2 

Surgical Strategy for Spinal Metastases

POINT SCORING SYSTEM
PROGNOSTIC 
SCORE TREATMENT GOAL

SURGICAL 
STRATEGY

PROGNOSTIC FACTORS

PRIMARY TUMOR
VISCERAL  
METASTASES

BONE  
METASTASES*

1 Slow growth (breast, 
thyroid, etc.)

Solitary or 
isolated

2 Long-term local control Wide or marginal 
excision

3
2 Moderate growth 

(kidney, uterus, etc.)
Treatable Multiple 4 Middle-term local control Marginal or intra- 

lesional excision
5

4 Rapid growth (lung, 
stomach, etc.)

Untreatable 6 Short-term palliation Palliative surgery

7
8 Terminal care Supportive care
9
10

No visceral metastases = 0 points.
*Bone metastases: including spinal metastases.
From Ciftdemir M, Kaya M, Selcuk E, et al: Tumors of the spine, World J Orthop 7:109, 2016.
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dura. Careful evaluation of diagnostic images is necessary for 
appropriate preoperative planning of the operative approach 
and subsequent procedures.

Because of the predominant vertebral body location of 
malignant tumors, anterior decompression is most often nec-
essary to remove the pathologic process responsible for neu-
rologic deterioration and pain. Other indications for anterior 
surgery include pathologic kyphosis with an intact posterior 
osteoligamentous complex. Improvement in pain is possible 
in 80% to 95% of patients, with restoration of neurologic 
function in 75%. Decompression often creates instability that 

requires reconstruction with instrumentation, allografts, and 
occasionally structural bone cement. Although circumfer-
ential instrumentation is definitely superior in stabilization, 
anterior instrumentation alone often suffices if the posterior 
osteoligamentous complex is intact and resection is less than 
a complete spondylectomy. Additional posterior decom-
pression and stabilization in a combined approach often are 
necessary if the spinal canal is compressed anteriorly and pos-
teriorly or if the posterior column is attenuated. If exposure 
of anterior and posterior columns is necessary, a two-stage 
approach combined under one anesthesia or a simultaneous 

 TABLE 42.3 

Current Neurologic, Oncologic, Mechanical, and Systemic (NOMS) Decision Framework

NEUROLOGIC ONCOLOGIC MECHANICAL SYSTEMIC DECISION
Low-grade ESCC + no 
myelopathy

Radiosensitive Stable cEBRT
Radiosensitive Unstable Stabilization followed by cEBRT
Radiosensitive Stable SRS
Radiosensitive Unstable Stabilization followed by SRS

High-grade ESCC ± no 
myelopathy

Radiosensitive Stable cEBRT
Radiosensitive Unstable Stabilization followed by cEBRT
Radiosensitive Stable Able to tolerate surgery Decompression/stabilization fol-

lowed by SRS
Radiosensitive Stable Able to tolerate surgery cEBRT
Radiosensitive Unstable Able to tolerate surgery Decompression/stabilization fol-

lowed by SRS
Radiosensitive Unstable Able to tolerate surgery Stabilization followed by cEBRT

cEBRT, Conventional external beam radiation; ESCC, epidural spinal cord compression; SRS, stereotactic radiosurgery.
Low-grade ESCC is defined as grade 0 or 1 on Spine Oncology Study Group scoring system. High-grade ESCC is defined as grade 2 or 3 on the ESCC scale.
From Barzilai O, Fisher CG, Bilsky MH: State of the art treatment of spinal metastatic disease, Neurosurgery 82:757, 2018.
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FIGURE 42.15 Schematic representation of the six-point epidural spinal cord compression scale 
(ESCC) grading scale. A grade of 0 indicates bone-only disease; 1a, epidural impingement, without 
deformation of the thecal sac; 1b, deformation of the thecal sac, with spinal cord abutment; 1c, 
deformation of the thecal sac with spinal cord abutment, but without cord compression. 2, Spinal 
cord compression, but with CSF visible around the cord. 3, Spinal cord compression, with cerebral 
spinal fluid (CSF) visible around the cord.  (From Bilsky MH, Laufer I, Fourney DR, et al: Reliability analysis 
of the epidural spinal cord compression scale, J Neurosurg Spine 13:324, 2010.)
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approach can be used. High-grade instability, contiguous ver-
tebral involvement, destruction of anterior and posterior col-
umns, and need for en bloc resection are indications for these 
approaches. Stable fixation is possible with structural grafting 
anteriorly and anterior instrumentation. Segmental instru-
mentation can be applied posteriorly if necessary to provide 
the most rigid surgical constructs.

For patients with anterior column involvement who are 
unable to tolerate a thoracotomy or for patients with circum-
ferential spinal cord or neural constriction, a costotrans-
versectomy is useful in the thoracic spine and a posterior 
approach is useful in the lumbar spine. Excision is often intra-
lesional, but decompression often is acceptable with the ability 
to restore stability using structural grafts or devices anteriorly 
with segmental instrumentation posteriorly. Techniques are 
available that allow en bloc resection or total spondylectomy 
from posterior approaches. The morbidity of a thoracotomy 
is avoided, which is a necessity in some patients, especially 
patients with symptomatic metastasis from lung cancer. By 
excising the rib head, intercostal neurovascular bundle, and 
transverse process on the side of the lesion, the anterior and 
middle columns are accessible to about the midline using 
special curets. If the pedicle is uninvolved, this medial wall is 
preserved to avoid contamination of the spinal canal or dam-
age to the spinal cord. Bilateral approaches occasionally are 
necessary for extensive posterior vertebral body involvement 
to allow access to both sides of the middle column. Care must 
be taken with soft-tissue extension to avoid inadvertent entry 
into the great vessels anteriorly. These procedures should be 
followed by instrumentation and fusion, and structural inter-
body grafting should be used if significant bony resection is 
done anteriorly to decrease tension stresses on the posterior 
implants.

There have been numerous reports on the efficacy of 
PMMA as an adjunct to internal fixation and bone graft-
ing. Bone cement functions well in compression; however, 
results have been disappointing on the tension side of spi-
nal reconstructions. Failure has been noted at a mean of 200 
days after treatment, and its use has been recommended 
for patients with a short life expectancy or in salvage cases. 
Generally, if life expectancy is more than 3 to 6 months, 
bone graft incorporation is possible. Fear of neural injury 
from the use of PMMA has been a frequent concern. Wang 
et  al. showed that, although the temperature of the curing 
cement may reach 176°F to 194°F, the temperature measured 
beneath an intact lamina and under Gelfoam covering the 
dura at a laminar defect was significantly less (45°C). Later 
examination of the spinal cord in test animals did not show 
evidence of neural injury. Injury from the use of the mate-
rial near the spinal cord has not been reported. PMMA can 
be used to augment existing internal fixation devices; how-
ever, loosening is to be expected. If long-term survival is 
expected, provision for bone grafting and graft incorpora-
tion must be made.

Percutaneous vertebroplasty has been reported to be 
effective treatment for osteolytic spinal metastases and 
multiple myelomas. Cortet et al. reported decreased pain 
within 48 hours of vertebroplasty in 97% of patients with 
beneficial effects maintained in 89% at 3 months and 75% 
at 6 months. Although leakage of the cement outside the 
vertebral body occurred in 29, only two patients devel-
oped severe nerve root pain, owing to leakage into a neural 

foramen. Vertebroplasty should be done only in centers 
with experienced neurosurgeons or orthopaedic surgeons 
because of the possibility of severe complications. It impor-
tant to determine if the pain is caused by pathologic frac-
ture, which will respond to cement augmentation, or by 
pathologic destruction by tumor, which may not respond 
to augmentation. 

 

ANTERIOR EXCISION OF SPINAL TUMOR

 TECHNIQUE 42.10 

 n  Approach the diseased spine using the standard anterior 
approach for that spinal segment from the side of the 
most prominent tumor mass, but choose an approach 
that allows for more radical or extensive exposure if nec-
essary.

 n  Identify normal bone and disc cranially and caudally.
 n  Ligate segmental vessels first to allow discectomy, which 

is carried to the posterior longitudinal ligament. Ligation 
of the segmental vessel at the level of vertebral body in-
volvement may be difficult because of encasement by 
soft-tissue extension.

 n  En bloc resection of tumor is possible if lesions are ante-
riorly situated. If intralesional decompression is planned, 
create an access portal within the vertebral body anterior 
to the tumor and use curets to pull tumor tissue anteriorly 
away from the spinal canal into the void. This allows de-
compression without forcing material against the already 
compressed dura.

 n  Piecemeal resection commonly is done for metastatic le-
sions; however, for en bloc resection, the tumor must not 
be violated. In these cases, osteotomize the pedicles after 
discectomy to allow en bloc resection. Be prepared for a 
cerebrospinal fluid leak because adherence of the tumor 
to the dura is possible.

 n  If any extension of tumor is present into the posterior 
elements, a staged posterior procedure for completion of 
vertebrectomy is done.

 n  When resection of tumor is complete, prepare for fixa-
tion. For patients with expected long-term survival of 
more than 6 months, place allograft or autograft for 
structural support. These grafts include allograft femur, 
humerus, fibula, and iliac crest. Autograft fibula and iliac 
crest are the best autograft options unless a structural 
spacer, such as a mesh cage, is applied.

 n  Bone cement is a consideration in patients with a poor 
expected survival and allows for irradiation and imme-
diate compressive strength when combined with ante-
rior instrumentation. Cover the exposed dura or pos-
terior longitudinal ligament or both with Gelfoam and 
use small brain spatulas to isolate the spinal cord from 
PMMA.

 n  Insert PMMA in a semiliquid or doughy state. Use of a 
reinforcement device is recommended before placing 
PMMA; this may include Harrington or other hook-rod 
implants used as a distraction device, Steinmann pins, or 
a mesh titanium cage that engages the vertebral bodies 
and will be covered with PMMA to provide a smooth ex-
ternal surface.
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 n  Remove excess cement prior to polymerization, which is 
especially important in the cervical spine where a large 
mass of cement can cause dysphagia. Avoid allowing the 
cement to contact the dura. As soon as the cement has 
been trimmed, begin continuous irrigation of the wound 
with normal saline. This theoretically keeps perineural 
temperatures at a minimum; although owing to cerebro-
spinal fluid convection, this may be unnecessary.

 n  Anterior instrumentation is added to provide maximal 
fixation. Numerous implants that are of low profile and 
provide at least four fixation points are available. For op-
timal fixation, place vertebral body screws in a bicortical 
fashion. If a later posterior instrumentation construct is 
planned, slight modification of screw placement is nec-
essary to allow for placement of pedicle screws if these 
are to be used. Under these circumstances, identify the 
pedicle, and simply keep the vertebral body screws just 
inferior to these structures.

 n  When fixation is complete and compression of the inter-
body construct is maintained, test the construct for stabil-
ity before closing. Remove and replace the cement and 
metal fixation if it is loose.

 n  Close the wound in the standard fashion.
 n  If corpectomy of more than a single level is done or if 

posterior column involvement is present, a combined ap-
proach with posterior instrumentation is preferred.

POSTOPERATIVE CARE Rigid immobilization is prefer-
able after these procedures, especially when the bone 
quality is in question because of osteoporosis or other 
metabolic causes. A TLSO is typically worn when getting 
out of bed and while up; however, it is unnecessary for the 
patient to wear this during sleep. When the graft incorpo-
rates over the next 3-6 months, the TLSO is discontinued. 
Radiation is deferred for 3 weeks if possible if grafting is 
used. Great attention is paid to nutrition during the peri-
operative period, and parenteral or enteral supplementa-
tion may be required.
   

 

COSTOTRANSVERSECTOMY FOR 
INTRALESIONAL EXCISION OF SPINAL 
TUMOR

 TECHNIQUE 42.11 

 n  Using a standard posterior incision or a paramedian inci-
sion, expose the spinous processes and transverse pro-
cesses bilaterally over the levels of anticipated instrumen-
tation (see Chapter 37).

 n  When radiographic localization is complete, identify and 
expose the rib at the level and side of the pathologic pro-
cess.

 n  To perform corpectomy, usually it is necessary to expose 
three ribs subperiosteally and disarticulate them at the 
costotransverse articulation and to excise the medial 8-10 
cm of the ribs. Removal of the transverse processes aids in 
vertebral body exposure.

 n  When the ribs are removed, use peanut dissectors to el-
evate the pleura bluntly from the vertebral bodies.

 n  Create working portals between the intercostal neurovas-
cular bundles for placement of retractors and instruments. 
During this step of the procedure, headlight illumination or 
microscope is mandatory to see into the retropleural space.

 n  Laminectomy or facetectomy can be done if necessary 
for posterior decompression. Ligation of the segmental 
vessels is possible, if necessary, under direct observation.

 n  Retention of the intercostal nerves is preferable; however, 
these can be sacrificed if they interfere with proper decom-
pression. The tradeoff is chest wall anesthesia, intercostal 
paralysis, and potentially upper abdominal muscle paralysis 
below T7.

 n  Perform discectomy above and below the affected verte-
bral body in the standard fashion.

 n  For intralesional resection, remove the tumor with curets 
and rongeurs to the level of the posterior longitudinal 
ligament or dura as necessary. Brisk bleeding as the tumor 
is curetted is to be expected but is minimized by preopera-
tive embolization. Intermittent packing of the tumor also 
helps to control bleeding, with continuation of the proce-
dure after bleeding subsides. When the tumor is excised, 
hemostasis usually occurs without much difficulty.

 n  This approach can be useful in patients unable to tolerate 
thoracotomy when an anterior pathologic process is pre-
dominant and stabilization is necessary. Instrumentation is 
necessary for stabilization and can be used posteriorly at 
any time during the procedure. Early placement of implants 
also can be helpful to distract the ligamentous structures 
and disc during the decompression and allow provisional 
rod placement if substantial anterior bone will be removed.

 n  Before closure, maintain positive-pressure ventilation mo-
mentarily while irrigation is allowed to cover the pleura. 
This is done to inspect the pleura for leaks that usually 
would necessitate placement of a chest tube.

 n  After bone grafting, standard closure is done over drains.
   

 

TRANSPEDICULAR INTRALESIONAL 
EXCISION FOR TUMOR OF THE SPINE
Posterolateral excision is indicated for patients with tumors 
that involve the anterior, middle, and posterior columns 
simultaneously. This is done without the risks or the exten-
sive exposure required for a simultaneous approach.

 TECHNIQUE 42.12 

 n  If a transpedicular approach is to be used, make a midline 
incision to expose the pathologic level.

 n  When identification of the correct level is confirmed, 
decompression can be done or posterior instrumenta-
tion can be placed. Because of the destabilization that 
occurs with laminectomy and pedicle resection, place 
posterior instrumentation before completion of the 
procedure. By placing instrumentation initially, a tem-
porary rod can be placed if aggressive vertebral body 
removal is planned to provide stability during vertebral 
body removal.
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 n  Begin decompression as the pedicle that leads into the 
tumor is sounded and use sequentially larger curets to 
remove bone through this access site. Leave the medial 
pedicle wall as a barrier for tumor to the spinal canal if 
the pedicle itself is not involved with tumor.

 n  Hemilaminectomy is helpful to expose the medial bor-
der of the pedicle to avoid medial penetration, unless 
adequate decompression requires laminectomy, in which 
case this is done before the transpedicular decompres-
sion.

 n  Resect the lateral wall of the pedicle with a Leksell ron-
geur, which allows medialization of the curets.

 n  If the posterior vertebral body wall is retropulsed, resect 
the medial pedicle border as well.

 n  If compression is bilateral, a bilateral transpedicular ap-
proach is necessary.

 n  When the pedicle is resected, a reverse-angle curet or 
even a posterior lumbar interbody fusion (PLIF) tamp can 
be placed ventral to the dura, against the tumor or ret-
ropulsed posterior vertebral wall so that it is tamped or 
pushed back into the vertebral body. Decancellation of 
the middle column often is necessary before this maneu-
ver to create a space for the bone that is reduced.

 n  When the retropulsed material is pushed anteriorly, resect 
it with curets and pituitary rongeurs.

 n  Anterior column grafting depends on the procedure per-
formed.

 n  Take care that morcellized graft is not retropulsed into the 
spinal canal after placement, creating the same problem 
the procedure was intended to correct.

 n  Perform appropriate bone grafting and instrumentation. 
If a large anterior vertebral body was resected, a structural 
device should be placed in addition to posterior segmen-
tal spinal instrumentation.

POSTOPERATIVE CARE Patients are fitted for a TLSO, 
and immobilization is continued after the procedure for 
3-6 months. Mobilization is started on the first postopera-
tive day. Anticoagulants are not used in partial vertebrec-
tomy patients immediately postoperatively because of the 
inherent risk of epidural hematoma, so lower extremity 
antiembolism stockings and compression foot devices are 
used until the patient is ambulatory. A vena cava filter 
should be considered for high-risk patients. Radiation is 
deferred, if possible, for at least 3 weeks when autog-
enous or allograft bone is used.
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 PEDIATRIC CERVICAL SPINE
William C. Warner Jr.

CHAPTER 43

A variety of diseases and congenital anomalies may affect the 
pediatric cervical spine and increase the risk for neurologic 
compromise from instability or encroachment of the spinal 
cord. Multiple anomalies of the upper cervical spine are com-
mon within a single patient, so when a single anomaly is seen 
in a patient, others should be sought. An average of 3.4 cer-
vical spine osseous anomalies per patient has been reported.

NORMAL EMBRYOLOGY AND 
GROWTH AND DEVELOPMENT
Most disorders of the spine are the result of aberrant growth 
and developmental processes. Knowledge of the normal 
embryology, growth, and development of the pediatric cer-
vical spine is necessary to aid in the understanding of these 
conditions. In embryonic development of the spine, 42 to 44 
pairs of somites (4 occipital, 8 cervical, 12 thoracic, 5 lum-
bar, 5 sacral, and 8 to 10 coccygeal) will form craniocaudally 
from the mesoderm on either side of the notochord. Each 
somite differentiates into either sclerotomes or dermomyo-
tomes. Sclerotomes, precursors of the vertebral arch and 
body, collect at the embryonic midline, surrounding the neu-
ral tube and notochord, and proceed to separate into cranial 
and caudal portions. The cranial portion of each sclerotome 
then recombines with the caudal portion of the direct supe-
rior sclerotome, eventually forming vertebrae. In the cervical 
spine, eight pairs of embryonic somites create seven cervical 
vertebrae, with the cranial portion of the first cervical sclero-
tome contributing to the development of the occiput and the 
caudal portion of the eighth cervical sclerotome contributing 
to the formation of the T1 vertebrae.

The mechanism in the formation of the occiput-cervical 
junction is different and more complex. The first four spinal 
sclerotomes fuse to form the occiput and posterior foramen 
magnum. The cranial portion of the first cervical sclerotome 
remains as half a segment, eventually becoming part of the 
occipital condyle and tip of the odontoid (proatlas). The atlas 
is formed by cell contributions from the first cervical sclero-
tome and the fourth occipital sclerotome. However, unlike the 
other sclerotomes, the vertebral arch of the first sclerotome 
separates from the centrum to become the ring of C1 and 
fuses with the proatlas above and the centrum of C2, becom-
ing the odontoid process and body of C2. Thus, the axis is 
created by cell contributions from the cranial half of the first 
cervical sclerotome (tip of the odontoid), the second cervi-
cal sclerotome, and the centrum, which become the body of 
the odontoid. The inferior portion of the axis body is formed 
from the second cervical sclerotome.

The HOX and PAX regulatory genes are believed to have 
a role in embryonic differentiation. HOX genes specify the 
vertebral morphology phenotype along the embryonic axis. 
The PAX genes are also integral in vertebral development and 
are thought to establish the intervertebral boundaries of the 
sclerotomes. Abnormalities of the PAX1 sequence in humans 
are associated with Klippel-Feil syndrome.

At birth, the atlas has three ossification centers, one for 
the body and one for each neural arch. Although the posterior 
arches usually fuse by 3 years of age, occasionally the poste-
rior synchondrosis between the two fails to fuse, resulting in 
a bifid arch. The neurocentral synchondroses that connect the 
neural arches to the body close by 7 years of age.

The axis has four separate ossification centers: one for the 
dens, one for the body, and two for the neural arches. The 
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neurocentral synchondroses connect the body to the adja-
cent lateral masses, and the dentocentral synchondrosis con-
nects it to the dens. The dentocentral synchondrosis closes 
by 6 to 7 years of age; it may persist as a sclerotic line until 
11 years. The neural arches of C2 fuse at 3 to 6 years of age. 
Occasionally, the tip of the odontoid is V shaped (dens bicor-
num), or a small separate summit ossification center may be 
present at the tip of the odontoid (ossiculum terminale).

Ossification of the third through seventh cervical verte-
brae is similar: a single ossification center for the vertebral 
body and one for each neural arch. Between the ages of 2 and 
3 years, the neural arch fuses posteriorly, and by 3 to 6 years 
the neurocentral synchondroses between the neural arches 
and the vertebral body fuse. Until 7 to 8 years of age, these 
vertebrae are normally wedge-shaped.

The clinical presentations of patients with pediatric cer-
vical spine disorders are variable; however, most common 
presentations are deformity, pain, limited motion, and neu-
rologic compromise. 

ANOMALIES OF THE ODONTOID
Although congenital anomalies of the odontoid are rare, they 
can cause significant atlantoaxial instability. These anoma-
lies usually are detected as incidental findings after trauma 
or when symptoms occur. Atlantoaxial instability can cause 
a compressive myelopathy, vertebral artery compression, or 
both.

Congenital anomalies of the odontoid can be divided into 
three groups: aplasia, hypoplasia, and os odontoideum (Fig. 
43.1). Aplasia or agenesis is complete absence of the odon-
toid. Hypoplasia is partial development of the odontoid, and 
the bone varies from a small, peg-like projection to almost 
normal size. Odontoid hypoplasia and aplasia have been asso-
ciated with spondyloepiphyseal dysplasia and mucopolysac-
charidosis (Hunter, Hurler, Morquio, and Maroteaux-Lamy 
syndromes). In os odontoideum, the odontoid is an oval or 
round ossicle with a smooth, sclerotic border. It is separated 

from the axis by a transverse gap, leaving the apical segment 
without support (Fig. 43.1D). The ossicle is of variable size 
and usually is in the position of the normal odontoid (ortho-
topic), although occasionally it appears near the occiput in 
the area of the foramen magnum (dystopic). Because this 
lesion is frequently asymptomatic and remains undiscovered 
until it is brought to the physician’s attention by trauma or the 
onset of symptoms, the exact incidence of os odontoideum is 
unknown, but it is probably more common than appreciated. 
Odontoid anomalies have been reported to be more common 
in patients with Down syndrome, Klippel-Feil syndrome, 
Morquio syndrome, and spondyloepiphyseal dysplasia.

Knowledge of the embryology and vasculature of the 
odontoid is essential to understanding the etiologic theo-
ries of congenital anomalies of the odontoid. The odontoid 
is derived from mesenchyme of the first cervical vertebra. 
During development, it becomes separated from the atlas and 
fuses with the axis. A vestigial disc space between C1 and C2 
forms a synchondrosis within the body of the axis. The apex, 
or tip, of the odontoid is derived from the most caudal occipi-
tal sclerotome, or proatlas. This separate ossification center, 
called ossiculum terminale, appears at age 3 and fuses by age 
12. Anomalies of this terminal portion are rarely of clinical 
significance (Figs. 43.1C and 43.2).

The arterial blood supply to the odontoid is derived 
from the vertebral and carotid arteries (Fig. 43.3). The ver-
tebral artery gives off an anterior ascending artery and a 
posterior ascending artery that begin at the level of C3 and 
ascend anterior and posterior to the odontoid, meeting supe-
riorly to form an apical arcade. The most rostral portion of 
the extracranial internal carotid artery gives off “cleft perfora-
tors,” which supply the superior portion of the odontoid. This 
peculiar arrangement of blood supply is necessary because of 
the embryologic development and anatomic function of the 
odontoid. The synchondrosis prevents direct vascularization 
of the odontoid from C2, and vascularization from the blood 
supply of C1 cannot occur because of the synovial joint cavity 
surrounding the odontoid.

 

A B C

D E

FIGURE 43.1 Types of odontoid anomalies. A, Normal odontoid. B, Hypoplastic odontoid.  
C, Ossiculum terminale. D, Os odontoideum. E, Aplasia of odontoid.
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Congenital and acquired causes (posttraumatic) of 
odontoid anomalies have been suggested. Trauma has been 
reported in up to 50% of patients. Congenital causes include 
failure of fusion of the apex or ossiculum terminale and failure 
of fusion of the odontoid to the axis, neither of which explains 
all the findings in os odontoideum. The ossiculum terminale 
is usually too small to influence stability significantly, and the 
theory of failure of fusion of the odontoid to the axis does 
not explain the fact that the space between the ossicle and 
the axis is at the level of the articulating facets of C2, rather 
than below the level of the articulating facets where the syn-
chondrosis occurs during development. A congenital etiology 

is supported by the increased incidence among patients with 
Down syndrome, Klippel-Feil malformation, multiple epiph-
yseal dysplasia, and other skeletal dysplasias compared with 
the general population. Os odontoideum can be acquired after 
infection or trauma or can result from osteonecrosis. Several 
authors have suggested that an unrecognized fracture at the 
base of the odontoid is the most common cause. A distraction 
force by the alar ligament pulls the tip of the fractured odon-
toid away from its base to produce a nonunion. Osteonecrosis 
after halo-pelvic traction has been reported.

DIAGNOSIS
The presentation of os odontoideum varies. Signs and symp-
toms can range from minor to frank compressive myelopathy 
or vertebral artery compression. Presenting symptoms may 
include neck pain, torticollis, or headache caused by local 
irritation of the atlantoaxial joint. Neurologic symptoms vary 
from transient episodes of paresis after trauma to complete 
myelopathy caused by cord compression. Symptoms may 
consist of weakness and loss of balance with upper motor 
neuron signs, although upper motor neuron signs may be 
completely absent. Proprioceptive and sphincter disturbances 
are common findings. Vertebral artery compression causes 
cervical and brainstem ischemia, resulting in seizures, syn-
cope, vertigo, and visual disturbances. Lack of cranial nerve 
involvement helps differentiate os odontoideum from other 
occipitovertebral anomalies because the spinal cord impinge-
ment occurs below the foramen magnum. 

RADIOGRAPHIC FINDINGS
Odontoid anomalies can be diagnosed on routine cervical 
spine radiographs that include an open-mouth odontoid view 
(Fig. 43.4). CT scans with reconstruction views and MRI are 
helpful in making the initial diagnosis of os odontoideum. 
Lateral flexion and extension radiographs can detect any 
instability. Odontoid aplasia appears as a slight depression 
between the superior articulating facets on the open-mouth 
odontoid view. Odontoid hypoplasia is seen as a short, bony 
remnant. With os odontoideum, a space is present between 
the body of the axis and a bony ossicle. The free ossicle of 
os odontoideum is usually half the size of a normal odontoid 
and is oval or round with smooth, sclerotic borders. The space 
differs from that of an acute fracture, in which the space is 
thin and irregular instead of wide and smooth. This space 
should not be confused with the neurocentral synchondrosis 
in children younger than 6 to 7 years of age.

The amount of instability can be documented by lateral 
flexion and extension plain films that allow measurement of 
the amount of anterior and posterior displacement of the atlas 
on the axis. In children, motion between the odontoid and 
the body of the axis must be shown before instability with os 
odontoideum can be diagnosed because the ossicle is fixed 
to the anterior arch of C1 and moves with it during flexion 
and extension. Measurement of the relation of C1 to the free 
ossicle is of little value because this moves as one unit. A more 
significant measurement is made by projecting a line superi-
orly from the body of the axis to a line projected inferiorly 
from the posterior border of the anterior arch of the atlas. 
Measurements of more than 4 to 5 mm in children indicate 
significant instability.

The space available for the spinal cord also is a helpful 
measurement. This space is determined by measuring the 

 FIGURE 43.2 Anteroposterior open-mouth odontoid view 
showing V-shaped dens bicornis and ossiculum terminale.
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FIGURE 43.3 Blood supply to odontoid: posterior and anterior 
ascending arteries and apical arcade.
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distance from the posterior aspect of the odontoid or axis to 
the nearest posterior structure. Fielding reported that most 
symptomatic patients in his study had an average of 1 cm of 
movement. Cineradiography can also be helpful in determin-
ing motion around the C1-2 articulation.

Watanabe, Toyama, and Fujimura described two radio-
graphic measurements that correlate with neurologic signs 
and symptoms. They found that if there is a sagittal plane 
rotation angle of more than 20 degrees or an instability index 
of more than 40%, a patient is likely to have neurologic signs 
and symptoms. The instability index is measured from lateral 
flexion and extension radiographs. Minimal and maximal 
distances are measured from the posterior border of the C2 
body to the posterior arc of the atlas. The instability index is 
calculated by the following equation:

 

Instability index distance distance
d

= − +maximal minimal
minimal iistance

distance
+
×maximal 100 (%)  

The sagittal plane rotation angle is measured by the 
change in the atlantoaxial angle between flexion and exten-
sion (Fig. 43.5). MRI can be useful in identifying reactive ret-
rodental lesions that can occur with chronic instability. This 
reactive tissue is not seen on routine radiographs but can be 
responsible for a decrease in the space available for the spinal 

cord and compressive myelopathy. The prognosis of os odon-
toideum depends on the clinical presentation. The progno-
sis is good if only mechanical symptoms (torticollis or neck 
pain) or transient neurologic symptoms exist. It is poor if 
neurologic deficits slowly progress. 

TREATMENT
The primary concern in congenital anomalies of the odontoid 
is that an already abnormal atlantoaxial joint can subluxate or 
dislocate with minor trauma and cause permanent neurologic 
damage or even death. Patients with local symptoms usually 
improve with conservative treatment and immobilization. 
The indications for operative stabilization are: (1) neurologic 
involvement (even if this is transient), (2) instability of more 
than 5 mm anteriorly or posteriorly, (3) progressive instabil-
ity, and (4) persistent neck complaints associated with atlan-
toaxial instability and not relieved by conservative treatment 
(Box 43.1).

Prophylactic operative stabilization of odontoid instability 
of less than 5 mm in asymptomatic patients is controversial. 
Because it may be difficult or impossible to restrict a child’s 
activities, the safety of stability without restriction of activity 
must be weighed against the possible complications of surgery. 

 

B

A

FIGURE 43.4 Lateral radiograph (A) and open-mouth odon-
toid radiograph (B) showing os odontoideum.

 

A

B

C

a

FIGURE 43.5 Radiographic parameters. Minimal (A) and 
maximal (B) distance from posterior border of body of C2 to poste-
rior atlantal arch. C, Change of atlantoaxial angle between flexion 
and extension position. a, sagittal plane rotation.

Indications for Operative Stabilization of Os 
Odontoideum

 n  Neurologic involvement (even transient)
 n  Instability of greater than 5 mm posteriorly or anteriorly
 n  Progressive instability
 n  Persistent neck complaints

 BOX 43.1 
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The decision concerning prophylactic arthrodesis must be 
made after discussion with the patient and family concern-
ing potential risks of operative and nonoperative treatment. 
Delayed neurologic injury has been reported in three patients 
who initially received conservative treatment. We, therefore, 
recommend prophylactic stabilization of os odontoideum.

In patients with neurologic deficits, skull traction can 
be used before surgery to achieve reduction. Achieving and 
maintaining reduction are probably the most important 
aspects in the treatment of this anomaly. Dlouhy et al. found 
that the transverse ligament anterior and inferior to the ossi-
cle was the most common factor preventing reduction of an 
os odontoideum.

Before C1-2 fusion, the integrity of the posterior arch 
of C1 must be documented. Incomplete development of the 
posterior ring of C1 is uncommon (3 cases in 1000) but is 
reported to occur with increased frequency in patients with 
os odontoideum.

POSTERIOR CERVICAL APPROACHES 

 

ATLANTOAXIAL FUSION
Many variations of two basic techniques of atlantoaxial fusion 
exist (Box 43.2). The Gallie and the Brooks and Jenkins tech-
niques have been the most frequently used for posterior 
atlantoaxial fusion (Figs. 43.6 to 43.8). The Gallie technique 
has the advantage of using only one wire passed beneath the 
lamina of C1, but tightening the wire can cause the unstable 
C1 vertebra to displace posteriorly and fuse in a dislocated 
position (Fig. 43.6). The Brooks and Jenkins technique has the 
disadvantage of requiring sublaminar wires at C1 and C2 but 
gives greater resistance to rotational movement, lateral bend-
ing, and extension. The wire varies in size from 22 gauge to 
18 gauge, depending on the age of the patient and the size 
of the spinal canal. Songer cables may also be used instead of 
wires for the Brooks and Jenkins fusion. In a very young child, 
wire fixation may be unnecessary; instead, the graft is placed 
along the decorticated fusion site, and a halo or Minerva cast 
is used for postoperative immobilization. With the use of fluo-
roscopy and image-guided systems, C1-2 transarticular screws 
or C1-2 screw and rod fixation can be used for stabilization in 
appropriately sized children and is often the preferred fixation 
method. 

  

 

POSTERIOR ATLANTOAXIAL FUSION

 TECHNIQUE 43.1 

(GALLIE)
 n  Carefully intubate the patient in the supine position while 

the patient is on a stretcher. Place the patient prone on 
the operating table with the head supported by traction, 
maintaining the head-thorax relationship at all times dur-
ing turning. Obtain a lateral cervical spine radiograph to 
ensure proper alignment before surgery.

Posterior Fusion Techniques

Atlantoaxial Fusion
Gallie
Advantage: One wire passed beneath lamina of C1.
Disadvantage: Wire may cause unstable C1 vertebra to displace 

posteriorly and fuse in dislocated position; need for post-
operative halo immobilization. 

Brooks and Jenkins
Advantage: Greater resistance to rotational movement, lateral 

bending, and extension.
Disadvantage: Requires sublaminar wires at C1 and C2. 

Harms and Melcher
Advantage: Individual placement of polyaxial screws simplifies 

technique and involves less risk to C1-C2 facet joint and 
vertebral artery.

Disadvantages: Possible irritation of the C2 ganglion from 
instrumentation. Technique is not possible in patients with 
aberrant course of the vertebral artery (20%). 

Magerl and Seeman
Advantage: Significant improvement in fusion rates over 

traditional posterior wire stabilization and bone grafting 
techniques.

Disadvantage: Technically demanding and must be combined 
with Gallie or Brooks fusion for maximum stability. 

Occipitocervical Fusion
Occipital Rod and Screw Fusion

Cone and Turner; Willard and Nicholson; Rogers
Required when other bony anomalies occur at occipitocervical 

junction. 

Wertheim and Bohlman
Wires passed through outer table of skull at occipital protu-

berance instead of through inner and outer tables near 
foramen magnum.

Lessens risk of danger to superior sagittal and transverse 
sinuses (which are cephalad to occipital protuberance). 

Koop, Winter, Lonstein
No internal fixation used.
Autogenous corticocancellous iliac bone graft. 

Dormans et al.
Stable fixation is achieved by exact fit of autogenous iliac 

crest bone graft and fixation of the spinous process with 
button wire and fixation of the occiput with wires through 
burr holes.

Can be used in high-risk patients (Down syndrome) with 
increased stabilization and shorter immobilization time. 

Contoured Rod, Screw, or Contoured Plate Fixation
Has the advantage of achieving immediate stability of the 

occipitocervical junction.

 BOX 43.2 
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 FIGURE 43.6 Posterior translation of atlas after C1-2 posterior 
Gallie fusion.

 

A

B

C

D
FIGURE 43.7 Fielding’s modifications of wire techniques for 

holding graft in place. A, Wire passes under laminae of atlas and 
axis and is tied over graft. B, Wire passes through holes drilled in 
laminae of atlas and through spine of axis; holes are drilled through 
graft. C, Wire passes under laminae of atlas and through spine of 
axis and is tied over graft. This method is used most frequently. 
D, Wire passes under laminae of atlas and through spine of axis; 
holes are drilled through graft. SEE TECHNIQUE 43.1.

 n  Prepare and drape the skin in a sterile fashion and inject 
a solution of epinephrine (1:500,000) intradermally to aid 
hemostasis.

 n  Make a midline incision from the lower occiput to the 
level of the lower end of the fusion, extending it deeply 
within the relatively avascular midline structures, the in-
termuscular septum, or ligamentum nuchae. Do not ex-
pose any more than the area to be fused to decrease the 
chance of spontaneous extension of the fusion.

 n  By subperiosteal dissection, expose the posterior arch of 
the atlas and the laminae of C2.

 n  Remove the muscular and ligamentous attachments from 
C2 with a curet or periosteal elevator; dissect laterally 
along the atlas to prevent injury to the vertebral arteries 
and vertebral venous plexus that lie on the superior aspect 
of the ring of C1, less than 2 cm lateral to the midline.

 n  Expose the upper surface of C1 no farther laterally than 
1.5 cm from the midline in adults and 1 cm in children. 
Decortication of C1 and C2 is generally unnecessary.

 n  From below, pass a wire loop of appropriate size upward 
under the arch of the atlas directly or with the aid of a 
nonabsorbable suture, which can be passed with an an-
eurysm needle.

 n  Pass the free ends of the wire through the loop, grasping 
the arch of C1 in the loop.

 n  Take a corticocancellous graft from the iliac crest and 
place it against the laminae of C2 and the arch of C1 
beneath the wire.

 n  Pass one end of the wire through the spinous process of 
C2 and twist the wire on itself to secure the graft in place.

 n  Irrigate the wound and close it in layers with suction 
drainage tubes.

Fielding described several modifications of the Gallie  
fusion, as shown in Figure 43.7.

POSTOPERATIVE CARE The patient is immobilized in a 
Minerva cast, halo cast or halo vest, or a cervicothoracic 
orthosis. Immobilization usually is continued for 12 weeks.
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POSTERIOR ATLANTOAXIAL FUSION 
USING LAMINAR WIRING

 TECHNIQUE 43.2 

(BROOKS AND JENKINS)
 n  Intubate and turn the patient onto the operating table 

as for the Gallie technique (Technique 43.1). Prepare and 
drape the operative site as described.

 n  Expose C1 and C2 through a midline incision.
 n  Using an aneurysm needle, pass a Mersilene suture from 

cephalad to caudad on each side of the midline under the 
arch of the atlas and then beneath the laminae of C2 (Fig. 
43.8A). These sutures serve as guides to introduce two 
doubled 20-gauge wires. The size of the wire used varies 
depending on the size and age of the patient.

 n  Obtain two full-thickness bone grafts 1.25 to 3.5 cm from 
the iliac crest and bevel them so that the apex of the graft 
fits in the interval between the arch of the atlas and the 
lamina of the axis (Fig. 43.8B).

 n  Fashion notches in the upper and lower cortical surfaces 
to hold the circumferential wires and prevent them from 
slipping.

 n  Tighten the doubled wires over the graft and twist them 
on each side (Fig. 43.8C and D).

 n  Irrigate and close the wound in layers over suction drains.

POSTOPERATIVE CARE The postoperative care is the 
same as that for the Gallie technique.
   

 

C1-2 FIXATION WITH 
TRANSARTICULAR SCREWS AND 
WITH SCREW AND RODS (HARMS 
TECHNIQUE)
Adult instrumentation and fusion techniques may be used in 
the pediatric cervical spine. The use of this instrumentation 
is dependent on the preoperative anatomy that would allow 
appropriate size screws to be placed safely. Adult instrumen-
tation of the cervical spine usually can be used in adolescents 
and preteens. For smaller children, the use of these adult 
instrumentation techniques becomes more difficult but can 
be used safely in certain patients. Wang et al. reported good 
results in the management of pediatric atlantoaxial insta-
bility with C1-2 transarticular screw fixation and fusion, 
using a 3.5-mm screw in children of 4 years of age. Origi-
nally described for adult patients, it is technically demanding 
and requires fluoroscopic or stereotactic assistance for the 
proper placement of the transarticular screw (Fig. 43.9). 
Harms and Melcher reported posterior C1-C2 fusion using 
polyaxial screw and rod fixation in adults and children with 
good results. They cited the following advantages: individual 
placement of polyaxial screws in C1 and C2 allows direct 
manipulation of C1 and C2, simplifying reduction and fixa-
tion; superior and medial placement of the C2 screw carries 
less risk to the vertebral artery; the integrity of the posterior 
arch of C1 is not necessary for stable fixation (Fig. 43.10). 
Please refer to Chapter 41 for transarticular screw fixation 
technique in adults. 

   

C D

A B

FIGURE 43.8 Brooks-Jenkins technique of atlantoaxial fusion. A, Insertion of wires under 
atlas and axis. B, Wires in place with graft being inserted. C and D, Bone grafts secured by wires 
(anteroposterior and lateral views). SEE TECHNIQUE 43.2.
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TRANSLAMINAR SCREW FIXATION  
OF C2
Translaminar screw fixation can be used as an alternative 
to polyaxial screw and rod fixation when the C2 isthmus 
or pedicle cannot be instrumented. Approximately 20% 
of patients have an abnormal path of the vertebral artery 
that will prevent placement of the C2 screw in Harms and 
Melcher’s technique. Translaminar screw fixation may also 
be used in the lower cervical spine if needed.

 TECHNIQUE 43.3 

 n  Place the patient prone with the head in a neutral position 
in a Mayfield head holder.

 n  Expose the posterior arch of C1 and the spinous process, 
laminae, and medial and lateral masses of C2.

 n  Create a small cortical window at the junction of the C2 
spinous process and the lamina on the left, close to the 
rostral margin of the C2 lamina (Fig. 43.11A).

 n  Using a hand drill, carefully drill along the length of the 
contralateral (right) lamina, with the drill visually aligned 
along the angle of the exposed contralateral laminar sur-
face.

 n  Palpate the length of the drill hole with a small ball probe 
to verify that no cortical breakthrough into the spinal ca-
nal has occurred.

 n  Insert a 4-mm diameter polyaxial screw along the same 
trajectory. In the final position, the screw head is at the 
junction of the spinous process and lamina on the left, 
with the length of the screw within the right lamina.

 n  Create a small cortical window at the junction of the spi-
nous process and lamina of C2 on the right, close to the 
caudal aspect of the lamina.

 n  Using the same technique as above, insert a 4-mm di-
ameter screw into the left lamina, with the screw head 
remaining on the right side of the spinous process.

 n  Place appropriate rods into the screw heads and attach to 
C1 screws or lateral mass screws below C2 (Fig. 43.11B).

POSTOPERATIVE CARE The patient is immobilized in a 
cervical or cervicothoracic orthosis for 8 to 12 weeks.
   

 

OCCIPITOCERVICAL FUSION
When other bony anomalies occur at the occipitocervi-
cal junction, such as absence of the posterior arch of C1, 
the fusion can extend up to the occiput. The following 
technique for occipitocervical fusion includes features of 
techniques described by Cone and Turner, Rogers, Willard 
and Nicholson, and Robinson and Southwick.

 TECHNIQUE 43.4 

 n  Approach the base of the occiput and the spinous process-
es of the upper cervical vertebrae through a longitudinal 

 

2 mm

3 mm

CBA

FIGURE 43.9 Magerl technique for atlantoaxial fusion.

 FIGURE 43.10 Harms and Melcher technique. Upper cervical 
spine after C1-C2 fixation by polyaxial screw and rod fixation.
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midline incision, extending it deeply within the relatively 
avascular intermuscular septum.

 n  Expose the entire field subperiosteally.
 n  Dissect the posterior occiput laterally to the level of the 

external occipital protuberance.
 n  Make two burr holes in the posterior occiput about 7 

mm from the foramen magnum and 10 mm lateral to the 
midline (Fig. 43.12).

 n  Separate the dura from the inner table of the skull by 
blunt dissection with a right-angle dissector.

 n  Pass short lengths of wire through the holes in the occiput 
and through the foramen magnum.

 n  Pass wires beneath the posterior arch of C1 on either side 
if the arch is intact.

 n  Drill holes in the outer table of the spinous processes 
of C2 and C3, completing them with a towel clip or 
Lewin clamp, and pass short lengths of wire through 
the holes.

 n  Obtain a corticocancellous graft from the iliac crest and 
make holes at appropriate intervals to accept the ends of 
the wires.

 n  Pass the wires through the holes in the graft and lay 
the graft against the occiput and the laminae of C2 and 
C3.

 n  Tighten the wires to hold the graft firmly in place (Fig. 
43.12, inset).

 n  Lay thin strips of cancellous bone around the cortical 
grafts to aid in fusion.

 

B

A

FIGURE 43.11 A, C2 translaminar screw placement. B, Lateral and anteroposterior views of 
completed C1-C2 fixation with C1 lateral mass screws connected to C2 laminar screws. SEE TECH-
NIQUE 43.3.
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 n  Inspect the graft and wires to ensure that they do not im-
pinge on the dura or vertebral arteries. Irrigate and close 
the wound in layers over suction drains.

Robinson and Southwick passed individual wires be-
neath the laminae of C2 and C3 instead of through the 
spinous processes (Fig. 43.12).

POSTOPERATIVE CARE Some form of external support 
is recommended. This support may vary from a Minerva 
cast or halo vest or halo cast to a cervicothoracic brace, 
depending on the degree of preoperative instability and 
the stability of fixation.
   

 

OCCIPITOCERVICAL FUSION PASSING 
WIRES THROUGH TABLE OF SKULL
Wertheim and Bohlman described a technique of occipito-
cervical fusion similar to that described by Grantham et al. 
in which wires are passed through the outer table of the 
skull at the occipital protuberance instead of through the 
inner and outer tables of the skull near the foramen mag-
num. Superior to the foramen magnum the occipital bone 
is very thin, but at the external occipital protuberance, it is 
thick and allows passage of wires without passing through 
both tables. The transverse and superior sagittal sinuses are 
cephalad to the protuberance and are out of danger.

 TECHNIQUE 43.5 

(WERTHEIM AND BOHLMAN)
 n  Stabilize the spine preoperatively with cranial skeletal 

traction with the patient on a turning frame or cerebellar 
headrest.

 n  Place the patient prone and obtain a lateral radiograph to 
document proper alignment.

 n  Prepare the skin and inject the subcutaneous tissue with 
a solution of epinephrine (1:500,000).

 n  Make a midline incision extending from the external oc-
cipital protuberance to the spine of the third cervical ver-
tebra.

 n  Sharply dissect the paraspinous muscles subperiosteally 
with a scalpel and a periosteal elevator to expose the oc-
ciput and cervical laminae, taking care to stay in the mid-
line to avoid the paramedian venous plexus.

 n  At a point 2 cm above the rim of the foramen magnum, 
use a high-speed diamond burr to create a trough on 
either side of the protuberance, making a ridge in the 
center (Fig. 43.13A). With a towel clip, make a hole in this 
ridge through only the outer table of bone.

 n  Loop a 20-gauge wire through the hole and around the 
ridge and loop another 20-gauge wire around the arch of 
the atlas.

 n  Pass a third wire through a drill hole in the base of the spi-
nous process of the axis and around this structure; three 
separate wires are used to secure the bone grafts on each 
side of the spine (Fig. 43.13B).

 n  Expose the posterior iliac crest and obtain a thick, slightly 
curved graft of corticocancellous bone of premeasured 
length and width.

 n  Divide this horizontally into two pieces and place three 
drill holes in each graft (Fig. 43.13C).

 n  Decorticate the occiput and anchor the grafts in place 
with the wires on both sides of the spine (Fig. 43.13D). 
Pack additional cancellous bone around and between the 
two grafts.

 n  Close the wound in layers over suction drains.

POSTOPERATIVE CARE A rigid cervical orthosis or a 
halo cast is worn for 6 to 16 weeks, followed by a soft 
collar that is worn for an additional 6 weeks.
   

 

OCCIPITOCERVICAL FUSION WITHOUT 
INTERNAL FIXATION
Koop, Winter, and Lonstein described a technique of occipi-
tocervical fusion without internal fixation for use in children. 
The spine is decorticated, and autogenous corticocancellous 
iliac bone is placed over the area to be fused. In children with 
vertebral arch defects, an occipital periosteal flap is reflected 
over the bone defect to provide an osteogenic tissue layer 
for the bone grafts. A halo cast is used for postoperative 
stability.

 TECHNIQUE 43.6 

(KOOP ET AL.)
 n  After the administration of endotracheal anesthesia, ap-

ply a halo frame with the child supine.
 n  Turn the child prone and secure the head with the neck in 

slight extension by securing the halo frame to a traction 
frame.

 

Foramen
magnum

Bone
graft

FIGURE 43.12 Robinson and Southwick method of occipito-
cervical fusion. SEE TECHNIQUE 43.4.
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 n  Make a midline incision. In patients with intact posterior 
elements, expose the vertebrae by sharp dissection.

 n  Decorticate the exposed vertebral elements and lay strips 
of autogenous cancellous iliac bone over the decorticated 
bone. Expose only the vertebrae to be included in the fu-
sion. In patients with defects in the posterior elements, do 
not expose the dura, if possible.

 n  At the level of the occiput, dissect the nuchal tissue from 
the periosteum and retract it laterally (Fig. 43.14A).

 n  Elevate the occipital periosteum in a triangular-based flap 
attached near the margin of the foramen magnum.

 n  Reflect this flap caudally to cover the defects in the poste-
rior vertebral elements and suture it in place (Fig. 43.14B).

 n  Decorticate the occiput and the remaining exposed verte-
bral elements with an air drill (Fig. 43.14C).

 n  Lay strips of autogenous cancellous bone in place over the 
entire area (Fig. 43.14D).

 n  Close the wound in layers over a suction drain.
 n  Turn the child supine and apply a halo cast.

POSTOPERATIVE CARE The halo cast is worn un-
til union is radiographically evident, usually at about 5 
months. When union is documented by lateral flexion and 
extension radiographs, the halo cast is removed, and a 
soft collar is worn for 1 month.
   

 

OCCIPITOCERVICAL FUSION USING 
CROSSED WIRING
Dormans et al. described occipitocervical fusion using a dif-
ferent wiring technique in 16 children with an average age 
of 9.6 years (range 2.5 to 19.3 years). Fusion was achieved in 
15 patients. Complications included pin track infection (four 
patients), pneumonia (one patient), additional level of fusion 
(one patient), and graft fracture and nonunion (one patient). 
The use of wire fixation, combined with inherent stability of 
the bone-graft construct, allowed for removal of the halo 
device relatively early (6 to 12 weeks).

 TECHNIQUE 43.7 

(DORMANS ET AL.)
 n  After halo ring application, place the patient prone and 

secure the halo frame to the operating table. Confirm 
alignment of the occiput and cervical spine with lateral 
radiographs.

 n  Expose the midline from the occiput to the second or 
third cervical vertebra. Limit the lateral dissection to avoid 
damaging the vertebral arteries.

 

C D

A B

FIGURE 43.13 Wertheim and Bohlman method of occipitocervical fusion. A, Burr is used to 
create a ridge in external occipital protuberance; hole is made in the ridge. B, Wires are passed 
through outer table of occiput, under arch of atlas, and through spinous process of axis. C, Grafts 
are placed on wires. D, Wires are tightened to secure grafts in place. SEE TECHNIQUE 43.5.
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 n  In patients who require decompression because of cervi-
cal stenosis or for removal of a tumor, remove the arch 
of the first or second cervical vertebra, or both, with or 
without removal of a portion of occipital bone to enlarge 
the foramen magnum.

 n  Use a high-speed drill to make four holes through both 
cortices of the occiput, aligning them transversely with 

two on each side of the midline and leaving a 1-cm osse-
ous bridge between the two holes of each pair. Place the 
holes caudad to the transverse sinuses (Fig. 43.15A).

 n  Fashion a trough into the base of the occiput to accept 
the cephalad end of the bone graft.

 n  Obtain a corticocancellous graft from the iliac crest and 
shape it into a rectangle, with a notch created in the  

 

C DA B
FIGURE 43.14 Koop, Winter, and Lonstein method of occipitocervical fusion used when poste-

rior arch of C1 is absent. A, Exposure of occiput, atlas, and axis. B, Reflection of periosteal flap to 
cover defect in atlas. C, Decortication of exposed vertebral elements. D, Placement of autogenous 
cancellous iliac bone grafts. SEE TECHNIQUE 43.6.

 

A B

C D
FIGURE 43.15 Occipitocervical fusion as described by Dormans et al. A, Placement of burr 

holes. B, Corticocancellous graft obtained from iliac crest. C, Looped 16- or 18-gauge wires passed 
through burr holes and looped on themselves. Graft positioned into occipital trough and around 
spinous process of cervical vertebra at caudal extent of fusion and locked into place by precise 
contouring of bone. D, Wires crossed, twisted, and cut. SEE TECHNIQUE 43.7.
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inferior base to fit around the spinous process of the sec-
ond or third cervical vertebra (Fig. 43.15B). The caudal 
extent of the intended fusion (the second or third cervical 
vertebra) is determined by the presence or absence of a 
previous laminectomy, congenital anomalies, or level of 
instability.

 n  Pass a looped 16- or 18-gauge Luque wire through the 
burr holes on each side and loop it onto itself.

 n  Pass Wisconsin button wires (Zimmer, Warsaw, IN) 
through the base of the spinous process of either the 
second or the third cervical vertebra (Fig. 43.15C). Pass 
the wire that is going into the left arm of the graft 
through the spinous process from right to left. Place the 
graft into the occipital trough superiorly and around the 
spinous process of the vertebra that is to be at the cau-
dal level of the arthrodesis (the second or third cervical 
vertebra).

 n  Contour the graft precisely so that it fits securely into the 
occipital trough and around the inferior spinous process 
before the wires are tightened.

 n  Cross the wires, twist, and cut (Fig. 43.15D).
 n  Obtain a radiograph at this point to assess the position 

of the graft and wires and the alignment of the occiput 
and cephalad cervical vertebrae. Extension of the cervical 
spine can be controlled by positioning of the head with 
the halo frame, by adjustment of the size and shape of the 
graft, and, to a lesser extent, by appropriate tightening of 
the wires.

 n  For patients who have not had a decompression, pass the 
sublaminar wire caudally to the ring of the first cervical 
vertebra to secure additional fixation. In young children, 
this may be difficult or undesirable because of the small 
size of the ring of the first cervical vertebra or the failure 
of formation of the posterior arch of the first cervical ver-
tebra.

POSTOPERATIVE CARE A custom halo orthosis or halo 
cast is worn until a solid fusion is obtained; thereafter, a 
cervical collar is worn for 1 month.
   

 

OCCIPITOCERVICAL FUSION USING 
CONTOURED ROD AND SEGMENTAL 
ROD FIXATION
Occipitocervical fusion using a contoured rod and segmental 
wire or cable fixation, which has been described by several 
authors, has the advantage of achieving immediate stabil-
ity of the occipitocervical junction. This stability allows the 
patient to move in a cervical collar after surgery, avoiding 
the need for halo cast immobilization. Smith et al. described 
occipitocervical arthrodesis using a contoured plate instead 
of a rod for fixation.

 TECHNIQUE 43.8 Figure 43.16

 n  Approach the base of the occiput and the spinous pro-
cesses of the upper cervical vertebrae through a longi-
tudinal midline incision, extending it deeply within the 
relatively avascular intermuscular septum.

 n  Expose the entire field subperiosteally.
 n  Carry the dissection proximally above the inion and later-

ally to the level of the external occipital protuberance.
 n  Make a template of the intended shape of the stainless-

steel rod with the appropriate length of Luque wire.
 n  Make two burr holes on each side, about 2 cm lateral 

to the midline and 2.5 cm above the foramen magnum. 
Avoid the transverse and sigmoid sinus when making 
these burr holes. Leave at least 10 mm of intact cortical 
bone between the burr holes to ensure solid fixation.

 n  Pass Luque wires or Songer cables in an extradural plane 
through the two burr holes on each side of the midline. 
Pass the wires or cables sublaminar in the upper cervical 
spine.

 n  Bend the rod to match the template; this usually has a 
head-neck angle of about 135 degrees and slight cervical 
lordosis. A Bend Meister (Sofamor/Danek, Memphis) may 
be helpful in bending the rod.

 

Foramen
magnum

Inion

Inion

Burr holes

Atlas

Axis

Sigmoid
sinus

A B
FIGURE 43.16 A and B, Occipitocervical fusion using contoured rod and segmental wire or 

cable fixation. SEE TECHNIQUE 43.8.
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 n  Secure the wires or cables to the rod.
 n  Decorticate the spine and occiput and perform autog-

enous cancellous bone grafting.

POSTOPERATIVE CARE A Philadelphia collar or an oc-
cipitocervical orthosis is worn until the fusion is stable.
   

 

OCCIPITOCERVICAL FUSION USING 
A CONTOURED OCCIPITAL PLATE, 
SCREW, AND ROD FIXATION
This technique uses an adjustable-angle rod and a con-
toured occipital plate (Vertex Select, Medtronic, Memphis, 
TN) for fixation.

 TECHNIQUE 43.9 Figure 43.17

 n  Expose the spine posteriorly as described in Technique 
43.8.

 n  Adjust the angle of each rod for the most preferable align-
ment; tighten the internal set screws to lock the angle. 
Further bend the rods to best fit the patient’s anatomy. 
Cut both ends of the rods to the required lengths.

 n  Position the rods in the previously placed cervical implants 
to determine the proper occipital plate size and make ad-
justments, if necessary, to align the rod.

 n  Position the occipital plate in the midline (occipital keel) 
between the external occipital protuberance and the pos-
terior border of the foramen magnum. Contour the plate 
for an anatomic fit against the occiput. Avoid repeated 
bending of the plate because this may compromise its 
integrity. It may be necessary to contour the bone of the 
occiput.

 n  With an appropriate-size drill bit and guide that match the 
screw diameter, drill a hole in the occiput to the desired 
predetermined depth. Drilling must be done through the 
occipital plate to ensure proper drilling depth.

 n  Tap the hole, using a gauge to verify the depth. The oc-
cipital bone is very dense, and each hole should be com-
pletely tapped.

 n  Insert the appropriate size occipital screw and provision-
ally tighten it. Insert the rest of the screws as above and 
hand-tighten each.

 n  Place the rods into the implants and stabilize them by 
tightening the set screws. Perform final tightening of the 
occipital plate set screws and recheck all connections of 
the final construct before wound closure.

POSTOPERATIVE CARE Immobilize the cervical spine in 
an orthosis for 8 to 12 weeks.
  

ANTERIOR CERVICAL APPROACHES
C1-2 subluxation or dislocation sometimes cannot be reduced 
with traction. If a patient has no neurologic deficits, a simple 
in situ posterior fusion can be done with little increase in risk. 
Posterior decompression by laminectomy has been associated 
with increased morbidity and mortality. Posterior decompres-
sion increases C1-2 instability unless accompanied by fusion 
from the occiput to C2 or C3. If posterior stabilization cannot 
be performed because of the clinical situation or anterior sub-
luxation associated with cord compression is present, then an 
anterior approach should be considered. A subtotal maxillec-
tomy, lateral retropharyngeal approach, or transoral approach 
can be used. The retropharyngeal approach usually is preferred 
because of the increased incidence of wound complications 
and infection associated with the transoral and maxillectomy 
approaches (Box 43.3). 

 

TRANSORAL APPROACH
Fang and Ong achieved fusion by placing rectangular grafts 
into similarly shaped graft beds extending from the lateral 
mass of the atlas to the lateral mass and body of the axis. 
If only an anterior decompression is performed, a posterior 
fusion and stabilization should also be done. Most authors 
recommend posterior fusion for stabilization before decom-
pression, but it can be done after decompression depending 
on stability.

 TECHNIQUE 43.10 

(FANG AND ONG)
 n  Parenteral prophylactic antibiotics are given based on pre-

operative nasopharyngeal cultures. Endotracheal intuba-
tion is achieved using a noncollapsible tube and cuff. If 
extensive dissection is anticipated, a tracheostomy should 
be performed.

 n  Place the patient in the Trendelenburg position and insert 
a mouth gag to provide retraction. Identify the vertebral 
bodies by palpation.

 n  The ring of the first vertebra has a midline anterior tu-
bercle, and the disc between the second and third verte-
brae is prominent, providing another localizing landmark. 
Make a longitudinal incision in the midline of the poste-
rior pharynx (Fig. 43.18A). The soft palate can be divided 

 FIGURE 43.17 Occipitocervical fusion using contoured occipital 
plate, screw, and rod fixation (Vertex Select, Medtronic, Memphis). 
SEE TECHNIQUE 43.9.
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in the midline, making paresis after retraction less likely, 
or it can be folded back on itself.

 n  Continue the midline dissection down to bone and re-
flect the tissue laterally to the outer margin of the lateral 
masses of the axis (Fig. 43.18B). Beyond these margins 
are the vertebral arteries, and care should be taken not 
to harm them. The soft-tissue flap can be retracted using 
long stay sutures.

 n  After the procedure is complete, irrigate and close the 
wound loosely with interrupted absorbable sutures. Con-
tinue antibiotics for at least 3 days after surgery.
   

 

TRANSORAL MANDIBLE-SPLITTING 
AND TONGUE-SPLITTING APPROACH
Hall, Denis, and Murray described a mandible-splitting and 
tongue-splitting transoral approach to the cervical spine that 
gives more extensive exposure of the upper cervical spine 
than the approach of Fang and Ong.

 TECHNIQUE 43.11 

(HALL, DENIS, AND MURRAY)
 n  Apply a halo cast preoperatively and perform a tracheos-

tomy through the fourth tracheal ring.
 n  With the patient under general anesthesia, prepare the 

operative field with povidone-iodine (Betadine) and 
drape it to exclude the halo cast and tracheostomy 
tube.

 n  Make an incision from the anterior gum margin through 
both surfaces of the lower lip and down over the middle 
of the mandible to the hyoid cartilage (Fig. 43.19A).

 n  Divide the tongue in the midline with electrocautery.
 n  Place traction sutures to allow better exposure of the mid-

line raphe.
 n  Remove the lower incisor and make a step-cut with an 

oscillating saw in the mandible.
 n  Split the tongue longitudinally to the epiglottis through 

its central raphe (Fig. 43.19B).
 n  Fold the uvula on itself and suture it to the roof of the soft 

palate; retract the mandible and tongue down on each 
side to improve exposure.

 n  Open the mucosa over the posterior wall of the oral phar-
ynx to expose the anterior cervical spine from the first 
cervical vertebra to the upper portion of the fifth cervical 
vertebra (Fig. 43.19C).

 n  Divide the anterior longitudinal ligament in the midline 
and reflect it laterally to allow enough exposure for re-
moval of the anterior portion of the cervical spine and 
placement of bone grafts for fusion.

 n  Fix the posterior pharyngeal flap with 3-0 chromic suture.
 n  Thread a suction drain through the nose and insert it deep 

into the pharyngeal flap.

Anterior Cervical Approaches

Transoral (Fang et al.)
High incidence of wound complications and infection 

Transoral Mandible-Splitting and Tongue- 
Splitting (Hall, Denis, and Murray)
More extensive exposure of upper cervical spine 

Subtotal Maxillectomy (Cocke et al.)
Extended maxillotomy and subtotal maxillectomy are used 

when exposure of base of skull is necessary and cannot be 
obtained by other approaches 

Lateral Retropharyngeal (Whitesides and Kelly)
Extension of classic Henry approach to vertebral artery
Sternocleidomastoid muscle everted and retracted posteriorly
Dissection in plane posterior to carotid sheath
Potential for postoperative edema and airway obstruction 

Modifications of Robinson and Southwick 
Approach (Deandrade and Macnab)
Anterior to sternocleidomastoid muscle
Dissection anterior to carotid sheath
Risk of injury to superior laryngeal nerve 

Mcafee et al.
Exposure from atlas to body of C3
No posterior dissection of carotid sheath
No entrance into oral cavity
Adequate for insertion of iliac or fibular strut grafts

 BOX 43.3 
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FIGURE 43.18 A and B, Transoral approach to upper cervical spine for exposure of anterior 
aspect of atlas and axis. SEE TECHNIQUE 43.10.
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 n  Repair the tongue with 2-0 and 3-0 chromic sutures and 
fix the mandible with wires inserted through drill holes on 
each side of the osteotomy.

 n  Close the infralingual mucosa with 3-0 chromic sutures 
and close the subcutaneous tissue and skin.

 n  Preoperative and postoperative antibiotics are recom-
mended.

POSTOPERATIVE CARE A halo cast is worn until fusion 
is evident on radiographs. The halo cast is removed, and 
a soft collar is worn for 1 month.
   

 

SUBTOTAL MAXILLECTOMY
Cocke et al. described an extended maxillotomy with sub-
total maxillectomy to be used when exposure of the base 
of the skull is needed and cannot be obtained by other 
approaches. This approach is technically demanding and 
requires a thorough knowledge of head and neck anatomy. 
A team of surgeons, including an otolaryngologist, a neuro-
surgeon, and an orthopaedist, should perform this surgery. 
Please refer to older editions of Campbell’s Operative Ortho-
paedics for the complete description.

Endoscopic approaches have also been described for  
anterior resection of the odontoid. The endoscopic 
approaches to the odontoid and anterior ring of C1 may be 
sublabial, transoral, or transcervical (Fig. 43.20). 

   

 

LATERAL RETROPHARYNGEAL 
APPROACH
The lateral retropharyngeal approach described by White-
sides and Kelly is an extension of the classic approach of 
Henry to the vertebral artery. In this approach, the sterno-
cleidomastoid muscle is everted and retracted posteriorly. 
The remainder of the dissection follows a plane posterior to 
the carotid sheath.

 TECHNIQUE 43.12 

(WHITESIDES AND KELLY)
 n  Make a longitudinal incision along the anterior margin of 

the sternocleidomastoid muscle. At the superior end of 
the muscle, carry the incision posteriorly across the base 
of the temporal bone.

 n  Divide the muscle at its mastoid origin.
 n  Partially divide the splenius capitis muscle at its insertion 

in the same area.
 n  At the superior pole of the incision is the external jugular 

vein, which crosses the anterior margin of the sternoclei-
domastoid; ligate and divide this vein. Branches of the 
auricular nerve also may be encountered and may require 
division.

 n  Evert the sternocleidomastoid muscle and identify the spi-
nal accessory nerve as it approaches and passes into the 
muscle.

 n  Divide and ligate the vascular structures that accompany 
the nerve.
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FIGURE 43.19 A-C, Mandible-splitting and tongue-splitting transoral approach. SEE TECHNIQUE 
43.11.
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 n  Develop the approach posterior to the carotid sheath and 
anterior to the sternocleidomastoid muscle (Fig. 43.21A). 
The transverse processes of all the exposed cervical verte-
brae are palpable in this interval.

 n  Using sharp and blunt dissection, develop the plane be-
tween the alar and prevertebral fascia along the anterior 
aspect of the transverse processes of the vertebral bod-
ies. The dissection plane is anterior to the longus colli and 
capitis muscles and the overlying sympathetic trunk and 
superior cervical ganglion. (An alternative approach is to 
elevate the longus colli and capitis muscles from their bony 
insertion on the transverse processes and retract the mus-
cles anteriorly, but this approach can disrupt the sympa-
thetic rami communicantes and cause Horner syndrome.)

 n  When the vertebral level is identified, make a longitudinal 
incision to bone through the anterior longitudinal ligament.

 n  Dissect the ligament and soft tissues subperiosteally to 
expose the vertebral bodies.

 n  For fusion, place corticocancellous strips in a longitudinal 
trough made in the vertebral bodies.

 n  Irrigate and close the wound in layers over a suction drain 
in the retropharyngeal space.

POSTOPERATIVE CARE Because of the potential for 
postoperative edema and airway obstruction, the patient 
should be monitored closely. Traction may be required for 
1 to 2 days after surgery. When the traction is removed, 
the patient is immobilized in a cervicothoracic brace or 
halo vest or halo cast.
    

deAndrade and Macnab described an approach to the 
upper cervical spine that is an extension of the approach 
described by Robinson and Southwick and Bailey and 
Badgley. This approach is anterior to the sternocleidomas-
toid muscle (Fig. 43.21B), but the dissection is anterior to 
the carotid sheath rather than posterior. This approach car-
ries an increased risk of injury to the superior laryngeal 
nerve.
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FIGURE 43.20 Endoscopic approaches to the cervical spine: relevant anatomy and operative 
angles for sublabial, transoral, and transcervical approaches to the cervical spine.  (From Bettegowda 
C, Shajari M, Suk I, et al: Sublabial approach for the treatment of symptomatic basilar impression in a patient 
with Klippel-Feil syndrome, Neurosurgery 69[ONS Suppl 1]:ons77, 2011.)
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ANTERIOR RETROPHARYNGEAL 
APPROACH
McAfee et al. used a superior extension of the anterior 
approach of Robinson and Smith to the cervical spine. This 
approach provides exposure from the atlas to the body of 
the third cervical vertebra without the need for posterior 
dissection of the carotid sheath or entrance into the oral 
cavity and gives adequate exposure for insertion of iliac or 
fibular strut grafts.

 TECHNIQUE 43.13 

(MCAFEE ET AL.)
 n  Place the patient supine on an operative wedge turning 

frame and perform a neurologic examination. Monitor 
the spinal cord during the operation using cortically re-
corded somatosensory-evoked potentials.

 n  Apply Gardner-Wells tongs with 4.5 kg of traction, if not 
already in place. Carefully extend the neck with the pa-
tient awake. Mark the maximal point of safe extension 
and do not exceed this at any time during the operative 
procedure.

 n  Perform fiberoptic nasotracheal intubation with the pa-
tient under local anesthesia. When the airway has been 
secured, place the patient under general anesthesia. Keep 
the patient’s mouth free of all tubes to prevent any de-
pression of the mandible inferiorly that may compromise 
the operative exposure.

 n  Make a modified transverse submandibular incision (the 
incision can be made on the right or left side depending 
on the surgeon’s preference) (Fig. 43.22A). Provided the 

dissection does not extend caudally to the fifth cervical 
vertebra, this exposure is sufficiently superior to the right 
recurrent laryngeal nerve to prevent damage to this struc-
ture.

 n  Carry the incision through the platysma muscle and mo-
bilize the skin and superficial fascia in the subplatysmal 
plane of the superficial fascia.

 n  Locate the marginal mandibular branch of the facial nerve 
with the aid of a nerve stimulator and by ligating and dis-
secting the retromandibular veins superiorly. Branches of 
the mandibular nerves usually cross the retromandibular 
vein superficially and superiorly. By ligating this vein as 
it joins the internal jugular vein and by keeping the dis-
section deep and inferior to the vein as the exposure is 
extended superiorly, the superficial branches of the facial 
nerve are protected.

 n  Free the anterior border of the sternocleidomastoid mus-
cle by longitudinally transecting the superficial layer of 
deep cervical fascia.

 n  Locate the carotid sheath by palpation.
 n  Resect the submandibular salivary gland and suture its 

duct to prevent a salivary fistula. Identify the posterior 
belly of the digastric muscle and the stylohyoid muscle.

 n  Divide and tag the digastric tendon for later repair. Divi-
sion of the digastric and stylohyoid muscles allows mobi-
lization of the hyoid bone and the hypopharynx medially 
(Fig. 43.22B).

 n  Free the hypoglossal nerve from the base of the skull to 
the anterior border of the hypoglossal muscle and retract 
it superiorly throughout the remainder of the procedure 
(Fig. 43.22C).

 n  Continue the dissection between the carotid sheath later-
ally and the larynx and pharynx anteromedially.

 n  Beginning inferiorly and progressing superiorly, the fol-
lowing arteries and veins may need to be ligated for expo-
sure: the superior thyroid artery and vein, the lingual ar-
tery and vein, and the facial artery and vein (Fig. 43.22C).

 n  Free the superior laryngeal nerve from its origin near 
the nodose ganglion to its entrance into the larynx (Fig. 
43.22D).

 n  Transect the alar and prevertebral fascia longitudinally to 
expose the longus colli muscles (Fig. 43.22E).

 n  Ensure orientation to the midline by noting the attach-
ment of the right and left longus colli muscles as they 
converge toward the anterior tubercle of the atlas. De-
tach the longus colli muscles from the anterior surface of 
the atlas and axis.

 n  Divide the anterior longitudinal ligament and expose 
the anterior surface of the atlas and axis. Do not carry 
the dissection too far laterally and damage the vertebral 
artery.

 n  McAfee et al. used a fibular or bicortical iliac strut graft 
contoured into the shape of a clothespin. The anterior 
body of C2 and the discs of C2 and C3 can be removed. 
Place the two prongs of the clothespin superiorly to strad-
dle the anterior arch of the atlas. Tamp the inferior edge 
of the graft into the superior aspect of the body of C3, 
which is undercut to receive the graft. If the anterior as-
pect of the atlas must be removed, the superior aspect of 
the graft can be secured to the clivus.

 n  Begin closure by approximation of the digastric tendon.
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FIGURE 43.21 Lateral retropharyngeal approach to cervical 

spine. A, Whitesides and Kelly approach anterior to sternoclei-
domastoid muscle and posterior to carotid sheath. B, DeAndrade 
and Macnab approach anterior to sternocleidomastoid muscle and 
anteromedial to carotid sheath. SEE TECHNIQUE 43.12.
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FIGURE 43.22 Anterior retropharyngeal approach to upper cervical spine described by McAfee 
et al. A, Submandibular incision. Lower limb of incision is used only if midcervical vertebrae must 
be exposed. B and C, Submandibular gland is resected, and digastric tendon is divided. Superior 
thyroid artery and vein also are divided. D, Hypoglossal nerve and superior laryngeal nerve are 
mobilized. Contents of carotid sheath are mobilized laterally, and hypopharynx is mobilized medi-
ally. E, Longus colli muscle is dissected laterally to expose anterior aspect of atlas and axis. SEE 
TECHNIQUE 43.13.
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 n  Place suction drains in the retropharyngeal space and the 
subcutaneous space.

 n  Suture the platysma and skin in the standard fashion.
 n  If the spine has been made unstable by the anterior de-

compression, perform a posterior cervical or occipitocervi-
cal fusion.

 n  If the hypopharynx has been inadvertently entered, have 
the anesthesiologist insert a nasogastric tube intraopera-
tively.

 n  Close the hole in two layers with absorbable sutures.

POSTOPERATIVE CARE Parenteral antibiotics effective 
against anaerobic organisms should be added to the rou-
tine postoperative prophylactic antibiotics. The nasogas-
tric tube is left in place for 7 to 10 days. Skull traction is 
maintained with the head elevated 30 degrees to reduce 
hypopharyngeal edema. Nasal intubation is maintained 
for 48 hours. If extubation is not possible in 48 to 72 
hours, a tracheostomy can be performed. The Gardner-
Wells tongs are removed 2 to 4 days after surgery, and a 
halo vest is applied and is worn for about 3 months. When 
the halo vest is removed, a cervical collar is worn for an 
additional month.
  

HALO VEST IMMOBILIZATION
The halo device, introduced by Perry and Nickel in 1959, 
provides immobilization for an unstable cervical spine and 
can be used for preoperative traction in certain situations. 
Successful use of the halo has been shown in infants and 
children with instabilities caused by injuries or by cervical 
malformations, although complications are more frequent in 
children than adults.

Most authors agree that the halo device provides the best 
immobilization of the cervical spine of all external immobiliza-
tion methods, but reports have shown increased spinal motion 
(up to 70% of normal) and loss of reduction while in the halo. 
The halo vest has been well accepted by adult patients, and the 
vest can usually be easily fitted; in children, however, proper fit 
is rarely achieved with a prefabricated halo vest, and the use of 
a halo cast or custom-molded halo vest is a better choice.

Mubarak et  al. recommended the following steps in the 
fabrication of a custom halo for a child: (1) the size and con-
figuration of the head are obtained with the use of a flexible 
lead wire placed around the head; (2) the halo ring is fabri-
cated by constructing a ring 2 cm larger in diameter than the 
wire model; (3) a plaster mold of the trunk is obtained for the 
manufacture of a custom bivalved polypropylene vest; and (4) 
linear measurements are made to ensure appropriate length of 
the superstructure. CT helps determine bone structure to plan 
pin sites to avoid suture lines or congenital malformations.

Skull thickness in children varies greatly up to age 6 years; 
it increases between ages 10 and 16 years, after which it is 
similar to that in adults. One study found that a 2-mm skull 
could be completely penetrated with a 160-lb load, which is 
below the recommended torque pressure for adult skulls.

Mubarak et al. described a technique for the application 
of a halo device in children younger than 2 years old. This 
multiple-pin technique differs from previously accepted rec-
ommendations in older children regarding pin number, pin 
placement, and torque. With multiple pins, significantly less 

torque can be used, allowing a greater range of pin place-
ment sites in areas where the skull might otherwise be con-
sidered too thin. Perpendicular halo pin insertion has been 
recommended in an immature skull because this configura-
tion results in increased load at the pin-bone interface and 
increases stability. Skull development is important to consider 
in halo device application in patients younger than 2 years 
old. Cranial suture interdigitation may be incomplete, and 
fontanels may be open anteriorly in patients younger than 
18 months old and posteriorly in patients younger than 6 
months. Because of this, the halo device probably should not 
be used in children younger than 18 months old. 

 

APPLICATION OF HALO DEVICE
Halo device applications for children in this age group 
require a custom-made halo ring and plastic jacket. Ten 
to twelve standard halo skull pins can be used. When con-
structed, the halo ring is applied with the patient under 
general anesthesia. In older children and adolescents, local 
anesthesia can be used.

 TECHNIQUE 43.14 

(MUBARAK ET AL.)
 n  Place the patient supine, with the head supported by an 

assistant or a cupped metal extension that cradles the 
head. If a metal extension is used, do not place the neck 
in flexion; a child’s head is relatively large in proportion to 
the body.

 n  Shave the immediate areas of pin insertion and prepare 
the skin with antiseptic solution.

 n  Infiltrate the skin and the periosteum in the selected areas 
with local anesthetic.

 n  Support the halo ring around the patient’s head with the 
application device or the help of an assistant. Hold it be-
low the area of greatest diameter of the skull, just above 
the eyebrows, and about 1 cm above the tips of the ears.

 n  Select the pin sites carefully so that the pins enter the skull 
as nearly perpendicular as possible. The best position for 
the anterior pins is in the anterolateral aspect of the skull, 
above the lateral two thirds of the orbit, and below the 
greatest circumference of the skull; this area is a relatively 
safe zone. Avoid the temporalis muscle because penetra-
tion of this muscle by the halo pin can be painful and may 
impede mandibular motion during mastication or talking; 
the bone in this area also is very thin, and pin loosening 
is likely.

 n  Place the posterior pins directly diagonal from the anterior 
pins, if possible, and inferior to the equator of the skull. 
Introduce the pins through the halo frame and tighten 
two diagonally opposed pins simultaneously.

 n  Ensure that the patient’s eyes are closed while the pins 
are tightened to ensure that the forehead skin is not an-
chored in such a way as to prevent the eyelids from clos-
ing after application of the halo ring.

 n  In an infant or young child, insert 10 pins to finger 
tightness or 2 in-lb anterolaterally and posteriorly (Fig. 
43.23A). If the skull thickness is of great concern, use 
finger tightness only to prevent penetrating the skull.
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 n  In slightly older children, use 2 in-lb of torque (for halo 
device application in adults, see Chapter 41).

 n  In adolescents near skeletal maturity whose skull thick-
ness is nearly that of an adult (as determined by CT), 
torque pressure can be increased to 6 to 8 in-lb.

 n  Secure the pins to the halo device with the appropriate 
lock nuts or set screws.

 n  Apply the polypropylene vest and superstructure after the 
halo ring and pins are in place (Fig. 43.23B).

POSTOPERATIVE CARE The pins are cleansed daily 
at the skin interface with hydrogen peroxide or a small 
amount of povidone-iodine solution. The pins are retight-
ened once at 48 hours after application.
   

 

COMPLICATIONS
Complications include pin loosening, infection, pin site bleed-
ing, and dural puncture. If a pin becomes loose, it can be 
retightened, provided the resistance is met. If no resistance 
is met, the pin should be removed, and another pin inserted 
in an alternative site. If drainage develops around a pin, oral 
antibiotics and local skin care are begun. If the drainage does 
not respond to these measures or if cellulitis or an abscess 
develops, the pin should be removed, and another pin should 
be inserted at an alternative site. If dural puncture occurs, the 
pin should be removed, and another pin inserted at an alter-
native site; the patient should receive prophylactic antibiotic 
therapy. The dural tear usually heals in 4 or 5 days, at which 
time antibiotics can be discontinued. 

   

BASILAR IMPRESSION
Basilar impression (basilar invagination) is a rare deformity 
in which there is an indention of the skull floor by the upper 
cervical spine. The tip of the odontoid is more cephalad 
than normal. The odontoid may protrude into the foramen 

magnum and encroach on the brainstem, causing neurologic 
symptoms because of the limited space available for the brain-
stem and spinal cord. Neurologic damage can be caused by 
direct pressure from the odontoid or from other constricting 
structures around the foramen magnum, circulatory compro-
mise of the vertebral arteries, or impairment of cerebrospi-
nal fluid flow. It is important that the orthopaedist be familiar 
with basilar impression and its presentation because this spi-
nal deformity often goes unrecognized or is misdiagnosed as 
a posterior fossa tumor, bulbar palsy of polio, syringomyelia, 
amyotrophic lateral sclerosis, spinal cord tumor, or multiple 
sclerosis.

Basilar impression can be primary (congenital) or sec-
ondary (acquired). Primary basilar impression is a congeni-
tal structural abnormality of the craniocervical junction that 
often is associated with other vertebral defects (atlantooccipital 
fusion, Klippel-Feil syndrome, Arnold-Chiari malformation, 
syringomyelia, odontoid anomalies, hypoplasia of the atlas, 
and bifid posterior arch of the atlas); these associated condi-
tions can cause the predominant symptoms. The incidence of 
primary basilar impression in the general population is 1%. 
Secondary basilar impression is an acquired deformity of the 
skull resulting from systemic disease that causes softening of 
the osseous structures at the base of the skull, such as Paget 
disease, osteomalacia, rickets, osteogenesis imperfecta, rheu-
matoid arthritis, neurofibromatosis, and ankylosing spondy-
litis. Secondary basilar impression occurs more commonly in 
types III and IV than in type I osteogenesis imperfecta.

Basilar impression causes neurologic symptoms because 
of crowding of the neural structures as they pass through the 
foramen magnum. Clinical presentation varies, and patients 
with severe basilar impression may be totally asymptom-
atic. Symptoms usually appear during the second and third 
decades of life, probably because of increased ligamentous 
laxity and instability with age and decreased tolerance to 
compression of the spinal cord and vertebral arteries.

Most patients with basilar impression have short necks, 
asymmetry of the face or skull, and torticollis, but these findings 
are not specific for basilar impression and can be seen in patients 
with other congenital vertebral anomalies. Headache in the dis-
tribution of the greater occipital nerve is a frequent complaint. 
DeBarros et al. divided the signs and symptoms into two catego-
ries: those caused by pure basilar impression and those caused 
by the Arnold-Chiari malformation. They found that symp-
toms caused by pure basilar impression were primarily motor 
and sensory disturbances, such as weakness and paresthesia in 
the limbs, whereas patients with Arnold-Chiari malformation 
had symptoms of cerebellar and vestibular disturbances, such 
as ataxia, dizziness, and nystagmus. Involvement of the lower 
cranial nerves also occurs in basilar impression. The trigeminal, 
vagus, glossopharyngeal, and hypoglossal nerves may be com-
pressed as they emerge from the medulla oblongata. DeBarros 
et  al. also noted sexual disturbances, such as impotence and 
reduced libido in 27% of their patients.

Compression of the vertebral arteries as they pass through 
the foramen magnum is another source of symptoms. Bernini 
et al. found a significantly higher incidence of vertebral artery 
anomalies in patients with basilar impression and atlantooc-
cipital fusion. Symptoms caused by vertebral artery insuffi-
ciency, such as dizziness, seizures, mental deterioration, and 
syncope, can occur alone or in combination with other symp-
toms of basilar impression. Children with occipitocervical 

 

A B

FIGURE 43.23 A, Ten pin placement sites for infant halo ring 
attachment using multiple-pin, low-torque technique. Usually, four 
pins are placed anteriorly, avoiding temporal area, and remaining 
six pins are placed in occipital area. B, Custom halo vest and light 
superstructure. SEE TECHNIQUE 43.14.
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anomalies may be more susceptible to vertebral artery injury 
and brainstem ischemia if skull traction is applied (Fig. 43.24).

RADIOGRAPHIC FINDINGS
Numerous measurements have been suggested for diagnos-
ing basilar impression (Box 43.4), reflecting the difficulty of 
evaluating this area of the spine radiographically, and several 
methods of evaluation (plain radiography, CT, and MRI) may 
be needed to confirm the diagnosis. The most commonly 
used measurements are the lines of Chamberlain, McGregor, 
McRae, and Fischgold and Metzger. The Chamberlain, 
McGregor, and McRae lines are made on lateral radiographs 
of the skull (Fig. 43.25); the Fischgold and Metzger lines are 
made on an anteroposterior view (Fig. 43.26).

The Chamberlain line is drawn from the posterior edge 
of the hard palate to the posterior border of the foramen 
magnum. Symptomatic basilar impression can occur when 
the odontoid tip extends above this line. There are two dis-
advantages to the Chamberlain line: the posterior tip of the 
foramen magnum is difficult to define on the standard lateral 
view, and the posterior tip of the foramen magnum is often 
invaginated. McGregor modified the Chamberlain line by 
drawing a line from the upper surface of the posterior edge of 
the hard palate to the most caudal point of the occipital curve, 
which is much easier to identify on a standard lateral radio-
graph. The position of the tip of the odontoid is measured 
in relation to the McGregor line, and a point 4.5 mm above 

this line is considered the upper limit of normal. The McRae 
line determines the anteroposterior dimension of the fora-
men magnum and is formed by drawing a line from the ante-
rior tip of the foramen magnum to the posterior tip. McRae 
observed that if the tip of the odontoid is below this line, then 
the patient usually is asymptomatic.

The lateral lines of McGregor and Chamberlain have 
been criticized because the anterior reference point (the 
hard palate) is not part of the skull, and measurements 
can be distorted by an abnormal facial configuration or a 
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FIGURE 43.24 Schematic diagram showing cranial settling and possible vertebral artery inju-
ries resulting from traction. A, Normal position of vertebral artery. Aa and Ab, Normal vertebral 
alignment. B, Position of vertebral artery after cranial settling. Ba and Bb, Vertebral alignment in 
cranial settling. C, Effect of traction on vertebral arteries. Ca and Cb, Effect of vertebral alignment.
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FIGURE 43.25 Base of skull and upper cervical spine showing 
location of McRae, McGregor, Chamberlain, and Wackenheim lines.
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high-arched palate. To resolve these problems, Fischgold and 
Metzger described a method of assessing basilar impression 
that uses an anteroposterior tomogram or CT with antero-
posterior reconstruction views (Fig. 43.26). This assessment 
is based on a line drawn between the two digastric grooves 
(the junction of the medial aspect of the mastoid process 
at the base of the skull). Normally, the digastric line passes 
above the odontoid tip (10.7 mm) and the atlantooccipital 
joint (11.6 mm).

The Clark station, Redlund-Johnell criterion, and 
Ranawat criterion have been found useful to measure basi-
lar impression in adults with rheumatoid arthritis. The Clark 
station is determined by dividing the odontoid process into 
three equal parts in the sagittal plane (Fig. 43.27). If the ante-
rior ring of the atlas is level with the middle third (station 
II) or the caudal third (station III) of the odontoid process, 
basilar invagination is present. The Redlund-Johnell criterion 
is the distance between the McGregor line and the midpoint 
of the caudal margin of the second cervical vertebral body. 
Basilar invagination is present if the measurement is less than 
34 mm in men and less than 29 mm in women. The Ranawat 
criterion is the distance between the center of the second 
cervical pedicle and the transverse axis of the atlas. Basilar 
invagination is present if this distance is less than 15 mm in 
men and less than 13 mm in women. The Redlund-Johnell 
and Ranawat criteria may not be applicable in small children.

The McGregor line is used as a routine screening test 
because the landmarks for this line can be defined easily on 
a standard lateral radiograph. If more information is needed, 
an MRI of the craniovertebral junction is used to confirm 
the diagnosis of basilar impression. CT and MRI are recom-
mended; CT provides better osseous detail and MRI provides 
superior soft-tissue resolution. “Functional” MRI obtained 
with the cervical spine in flexion and then extension shows 
the dynamics of spinal cord compression caused by vertebral 
instability or anomaly. 

TREATMENT
Conservative treatment of symptomatic patients with a collar 
or cervical orthosis has not been successful. Many patients 
with basilar impression have no neurologic symptoms, and 
some have minimal symptoms with no sign of progressive 
neurologic damage. These patients can be observed and 
examined periodically; surgery is indicated if the clinical pic-
ture becomes worse. The indications for surgery are based 
on the clinical symptoms and not on the degree of basilar 
impression. When a patient becomes symptomatic, progres-
sion of the disease and symptoms is likely.

If symptoms are caused by anterior impingement from 
the odontoid, stabilization in extension by an occipital C1-2 

Measurements for Diagnosing Basilar 
Impression: Lateral Radiograph

Chamberlain Line
Extends from posterior edge of hard palate to posterior border 

of foramen magnum
Symptomatic basilar impression may occur if tip of odontoid 

is above this line 

McGregor Line
Extends from upper surface of posterior edge of hard palate 

to most caudal point of occipital curve
Easier to identify on standard lateral view
Odontoid tip greater than 4.5 mm above this line considered 

an abnormal finding
Routine screening test; landmarks easily identified 

McRae Line
Anteroposterior dimension of foramen magnum; line extends 

from anterior tip of foramen magnum to posterior tip
Patient usually asymptomatic if tip of odontoid is below this 

line
Helpful to determine clinical significance 

Fischgold and Metzger (Digastric) Line
Extends between two digastric grooves (junction of medial 

aspect of mastoid process at base of skull)
Line normally passes 10.7 mm above odontoid tip and 11.6 

mm above atlantooccipital joint
Confirms diagnosis

 BOX 43.4 
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FIGURE 43.26 Fischgold and Metzger lines. Line was originally 
drawn from lower pole of mastoid process B, but because of vari-
ability in size of mastoid processes, these researchers recommended 
drawing the line between digastric grooves A.

 

I
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III

FIGURE 43.27 Clark stations of first cervical vertebra are deter-
mined by dividing odontoid process into three equal parts in sagittal 
plane. If anterior ring of atlas is level with middle third (station II) 
or caudal third (station III) of odontoid process, basilar impression 
is present.
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fusion is indicated. If symptoms and impingement persist, 
anterior excision of the odontoid can be done after poste-
rior stabilization. Posterior impingement requires suboccipi-
tal craniectomy and laminectomy of C1 and possibly C2 to 
decompress the brainstem and spinal cord. The dura may need 
to be opened during this procedure to check for a tight poste-
rior dural band that may be causing the symptoms instead of 
the bony abnormalities. Posterior fusion is recommended in 
addition to decompression if stability is in question. 

ATLANTOOCCIPITAL FUSION
Atlantooccipital fusion (occipitalization) is a partial or com-
plete congenital fusion between the atlas and the base of the 
occiput ranging from a complete bony fusion to a bony bridge 
or even a fibrous band uniting one small area of the atlas and 
occiput. Occipitalization is a failure of segmentation between 
the fourth occipital sclerotome and the first spinal sclero-
tome. This condition can lead to chronic atlantoaxial insta-
bility or basilar invagination and can produce a wide range of 
symptoms because of spinal cord impingement and vascular 
compromise of the vertebral arteries. The incidence of atlanto-
occipital fusion has been reported to be 1.4 to 2.5 per 1000 chil-
dren, affecting males and females equally. Symptoms usually 
appear in the third and fourth decades of life. Atlantooccipital 
fusion frequently is associated with congenital fusion between 
C2 and C3 (reportedly in 70% of patients). Kyphosis and sco-
liosis are also frequently associated with this deformity. Other 
associated congenital anomalies, such as anomalies of the jaw, 
incomplete cleft of the nasal cartilage, cleft palate, external ear 
deformities, cervical ribs, and urinary tract anomalies, occur in 
20% of patients with atlantooccipital fusion.

Patients with atlantooccipital fusion commonly have low 
hairlines, torticollis, short necks, and restricted neck move-
ment. Many patients complain of a dull, aching pain in the 
posterior occiput and the neck, with episodic neck stiffness, 
but symptoms vary depending on the area of spinal cord 
impingement. If the impingement is anterior, pyramidal tract 
signs and symptoms predominate; if the impingement is pos-
terior, posterior column signs and symptoms predominate.

The shape and position of the odontoid are the keys to 
neurologic symptoms. When the odontoid lies above the 
foramen magnum, a relative or actual basilar impression is 
present. If the odontoid lies below the foramen magnum, 
the patient usually is asymptomatic. In this condition, the 
odontoid may be excessively long and angulated posteriorly, 
decreasing the anteroposterior diameter of the spinal canal. 
Autopsy findings have shown the brainstem indented by 
the abnormal odontoid. Anterior spinal cord compression 
with pyramidal tract irritation causes muscle weakness and 
wasting, ataxia, spasticity, pathologic reflexes (Babinski and 
Hoffman), and hyperreflexia. Posterior compression causes 
loss of deep pain, light touch, proprioception, and vibratory 
sensation. Nystagmus is a common finding. Cranial nerve 
involvement can cause diplopia, dysphagia, and auditory dis-
turbances. Disturbances of the vertebral artery result in syn-
cope, seizures, vertigo, and an unsteady gait.

Neurologic symptoms generally begin in the third and 
fourth decades of life, possibly because the older patient’s spi-
nal cord and vertebral arteries become less resistant to com-
pression. Symptoms may be initiated by trauma or infection 
in the pharynx or nasopharynx.

RADIOGRAPHIC FINDINGS
Because this anomaly ranges from complete incorporation 
of the atlas into the occiput to a small fibrous band connect-
ing part of the atlas to the occiput, routine radiographs usu-
ally are difficult to interpret, and CT or MRI may be needed 
to show the occipitocervical fusion (Fig. 43.28). Most com-
monly, the anterior arch of the atlas is assimilated into the 
occiput and displaced posteriorly relative to the occiput. 
About half of patients have a relative basilar impression 
caused by loss of height of the atlas. Posterior fusion usually 
is a small bony fringe or a fibrous band that frequently is not 
evident on a radiograph. This fringe is directed downward 
and into the spinal canal and can cause neurologic symptoms. 
Gholve et al. classified fusion of C1 to the occiput into four 
zones. Zone 1 is a fused anterior arch, zone 2 a fusion of the 
lateral masses, zone 3 a fused posterior arch, and zone 4 a 
combination of the zones (Fig. 43.29F). In their 30 patients, 
zone 4 (a combination of zones) was the most common, 
and patients with zone 2 fusion had the highest prevalence 

 FIGURE 43.28 Lateral radiograph of patient with occipital 
cervical synostosis.

 

Lateral
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FIGURE 43.29 Morphologic classification of fusion of C1 to 
the occiput according to the anatomic site of occipitalization: Z1, 
a fused anterior arch; Z2, fused lateral masses; Z3, a fused posterior 
arch; and Z4, a combination of fused zones.  (Redrawn from Gholve 
PA, Hosalkar HS, Ricchetti ET, et al: Occipitalization of the atlas in children. 
Morphologic classification, associations, and clinical relevance, J Bone 
Joint Surg Am 89:571, 2007.)
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of spinal canal encroachment. Flexion and extension lateral 
cervical spine views should be part of the initial evaluation 
because of the frequency of atlantoaxial instability. McRae 
and Barnum measured the distance from the posterior aspect 
of the odontoid to the posterior arch of the atlas or the poste-
rior lip of the foramen magnum, whichever was closer. When 
the distance was 19 mm or less, a neurologic deficit usually 
was present in their series. A sagittal diameter of 13 mm has 
been associated with neurologic symptoms. This measure-
ment should be made on a flexion view because maximal nar-
rowing of the canal usually occurs in flexion. Myelography or 
MRI can detect areas of encroachment on the spinal cord or 
medulla and is especially useful when a constricting fibrous 
band occurs posteriorly. Flexion and extension MRI often is 
needed to identify the pathology. 

TREATMENT
Patients who have minor symptoms or become symptomatic 
after minor trauma or infection can be treated nonoperatively 
with immobilization in cervical orthosis. When neurologic 
symptoms occur, cervical spine fusion or decompression is 
indicated. Anterior symptoms usually are caused by a hyper-
mobile odontoid; preliminary reduction of the odontoid with 
traction, followed by fusion from the occiput to C2, usually 
relieves the symptoms. If the odontoid is irreducible, the 
appropriateness of either in situ fusion without reduction or 
fusion with excision of the odontoid, with its associated risks 
and complications, must be determined. Posterior signs and 
symptoms usually are caused by bony compression or com-
pression from a dural band. When this is documented by MRI 
or myelography, suboccipital craniectomy, excision of the pos-
terior arch of the atlas, and removal of the dural band are indi-
cated. This may need to be combined with a posterior fusion 
to prevent instability. Surgical results have been variable. 

IDIOPATHIC ATLANTOOCCIPITAL 
INSTABILITY
Idiopathic atlantooccipital instability has been reported in 
five patients in one study. Neurologic signs included vertigo, 
syncope, and projectile vomiting, presumably caused by ver-
tebral artery insufficiency from the mobility at the occipital-
C1 junction. Posterior atlantooccipital fusion was successful 
in these patients. 

KLIPPEL-FEIL SYNDROME
Klippel-Feil syndrome is a congenital fusion of the cervi-
cal vertebrae that may involve two segments, a congenital 
block vertebra, or the entire cervical spine. Congenital cervi-
cal fusion is a result of failure of normal segmentation of the 
cervical somites during the third to eighth week of gestation. 
The skeletal system may not be the only system affected dur-
ing this time; cardiorespiratory, genitourinary, and auditory 
systems frequently are involved. In most patients, the exact 
cause is unknown. One proposed cause is a primary vascu-
lar disruption during embryonic development that results in 
fusion of the cervical vertebrae and other associated anoma-
lies. Studies have suggested that this may be an inherited con-
dition in some patients and have found autosomal dominant 
inheritance in those with C2-3 fusion. Evidence of a familial 

Klippel-Feil syndrome gene locus has been identified on the 
long arm of chromosome 8. Maternal alcoholism has also 
been suggested as a causative factor; a 50% incidence of cervi-
cal vertebral fusions has been found on radiographs of infants 
with fetal alcohol syndrome.

Occipitalization of the atlas, hemivertebrae, and basilar 
impression occur frequently in patients with Klippel-Feil syn-
drome, but their isolated occurrence is not considered part of 
this syndrome. The classic features of Klippel-Feil syndrome 
are a short neck, low posterior hairline, and limited range of 
neck motion. Patients may consult an orthopaedist because 
of neurologic problems, because of signs of instability of the 
cervical spine, or for cosmetic reasons. Because many patients 
are asymptomatic, the actual incidence of this condition 
is unknown, but estimates in the literature range from 1 in 
42,400 births to 3 in 700. There is a slight male predominance 
(1.5:1). Feil classified the syndrome into three types: type I, 
block fusion of all cervical and upper thoracic vertebrae; type 
II, fusion of one or two pairs of cervical vertebrae; and type 
III, cervical fusion in combination with lower thoracic or 
lumbar fusion. Minimally involved patients with Klippel-Feil 
syndrome lead normal, active lives with no significant restric-
tions or symptoms. More severely involved patients have a 
good prognosis if genitourinary, cardiopulmonary, and audi-
tory problems are treated early. Samartzis et al. developed the 
following radiographic classification: type I, a single congeni-
tally fused cervical segment; type II multiple noncontiguous, 
congenitally fused segments; and type III multiple contigu-
ous, congenitally fused cervical segments. Patients with type 
I have more long-term axial neck pain, and those with type II 
and III are more likely to have radiculopathy and myelopathy.

In patients with Klippel-Feil syndrome, neurologic com-
promise, ranging from radiculopathy to quadriplegia to 
death, can occur. The neurologic symptoms are caused by 
occipitocervical anomalies, instability, or degenerative joint 
and disc disease. Instability and degenerative joint disease 
are common when two fused areas are separated by a single 
open interspace. Patients with multiple short areas of fusion 
(three or more vertebrae) separated by more than one open 
interspace do not develop instability or degenerative joint dis-
ease as frequently, possibly because of a more equal distribu-
tion of stress in the cervical spine. Three patterns of cervical 
spine fusion with a potentially poor prognosis because of late 
instability or degenerative joint disease have been identified. 
Pattern 1 is fusion of C1-2 with occipitalization of the atlas. 
This pattern concentrates the motion of flexion and extension 
at the atlantoaxial joint; the odontoid becomes hypermobile 
and may dislocate posteriorly, narrowing the spinal canal and 
causing neurologic compromise. Pattern 2 is a long fusion 
with an abnormal occipitocervical junction, concentrating the 
forces of flexion, extension, and rotation through an abnor-
mal odontoid or poorly developed C1 ring; with time, this 
abnormal articulation becomes unstable. This pattern should 
be differentiated from a long fusion with a normal C1-2 artic-
ulation and occipitocervical junction. Patients with pattern 2 
are at high risk for instability and neurologic problems and 
have a normal life expectancy. Pattern 3 is a single open inter-
space between two fused segments with cervical spine motion 
concentrated at the single open interspace, which becomes 
hypermobile and causes instability and degenerative joint 
disease. On a lateral radiograph, the cervical spine with this 
pattern appears to hinge at an open segment.
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ASSOCIATED CONDITIONS
Several congenital problems have been associated with con-
genital fusion of the cervical vertebrae, most commonly 
scoliosis, renal abnormalities, Sprengel deformity, deafness, 
synkinesis, and congenital heart defects (Box 43.5).

SCOLIOSIS
The most common orthopaedic anomaly is scoliosis. Studies 
have shown that 60% to 70% of patients with Klippel-Feil 
syndrome have scoliosis (curves >15 degrees), kyphosis, or 
both. Xue found that patients with congenital scoliosis have a 
5.4% incidence of Klippel-Feil syndrome. These patients may 
require treatment and should be followed closely until growth 
is complete. Two types of scoliosis have been identified. The 
first is congenital scoliosis caused by vertebral anomalies. The 
second occurs in a normal-appearing spine below an area 
of congenital scoliosis or cervical fusion; this type of curve 
tends to be progressive. Progression may be controlled with 
a brace. Surgery may be required to prevent progression in 
both types of scoliosis associated with Klippel-Feil syndrome. 
Radiographs of the entire spine should be obtained because 
a progressive curve may not be appreciated until significant 
deformity has occurred if attention is focused just on the con-
genital scoliosis or cervical fusion. 

RENAL ANOMALIES
About one third of patients with Klippel-Feil syndrome have 
urogenital anomalies. Because the cervical vertebrae and geni-
tourinary tract differentiate at the same time in the embryo, 
fetal maldevelopment between 4 and 8 weeks of develop-
ment may produce genitourinary anomalies and Klippel-Feil 
syndrome. These renal anomalies usually are asymptomatic, 
and children with Klippel-Feil syndrome should be evaluated 
with an ultrasound, intravenous pyelogram, or MRI because 
the renal problems can be life threatening. The most common 
renal anomaly is unilateral absence of the kidney. Other anom-
alies include malrotation of kidneys, ectopic kidney, horseshoe 
kidney, and hydronephrosis from ureteropelvic obstruction. 

CARDIOVASCULAR ANOMALIES
The reported incidence of cardiovascular anomalies in children 
with Klippel-Feil syndrome ranges from 4.2% to 29%. Ventricular 
septal defects, alone or in combination, are the most common 
anomaly. Patients may have significant dyspnea and cyanosis. 
Other reported cardiovascular anomalies include mitral valve 
insufficiency, coarctation of the aorta, right-sided aorta, patent 
ductus arteriosus, pulmonic stenosis, dextrocardia, atrial septal 
defect, aplasia of the pericardium, patent foramen ovale, single 
atrium, single ventricle, and bicuspid pulmonic valve. 

DEAFNESS
Approximately 30% of children with Klippel-Feil syndrome 
have some degree of hearing loss. McGaughran, Kuna, and 
Das reported that 80% of the 44 patients they studied had some 
type of audiologic abnormalities. Several reports document 
conduction defects with ankylosis of the ossicles, footplate fix-
ation, or absence of the external auditory canal. Other reports 
suggest a sensorineural defect. There is no common anatomic 
lesion, and the hearing loss may be conductive, sensorineu-
ral, or mixed. All patients with Klippel-Feil syndrome should 
have audiometric testing. Early detection of hearing defects in 
a young child may improve speech and language development 
by permitting early initiation of speech and language training. 

SYNKINESIS
Synkinesis (mirror movements) is involuntary paired move-
ments of the hands and occasionally of the arms. One hand 
is unable to move without a similar reciprocal motion of the 
opposite hand. Synkinesis can be observed in normal children 
younger than 5 years old and is present in 20% of patients 
with Klippel-Feil syndrome. Synkinesis may be so severe as to 
restrict bimanual activities. The mirror movements become 
less obvious with increasing age and usually are not clinically 
obvious after the second decade of life.

In autopsy studies, incomplete decussation of the pyrami-
dal tract in the upper cervical spinal cord has been observed, 
suggesting that an alternative extrapyramidal path is required 
to control motion in the upper extremity. Clinically normal 
patients with Klippel-Feil syndrome have been shown to have 
electrically detectable paired motion in the opposite extrem-
ity. These patients may be clumsier in two-handed activities. 
Occupational therapy can help the child disassociate the mir-
ror movements and improve bimanual dexterity. 

RESPIRATORY ANOMALIES
Pulmonary complications involving failure of lobe forma-
tion, ectopic lungs, or restrictive lung disease resulting from 

Conditions Commonly Associated With Klippel-
Feil Syndrome

Scoliosis
Most frequent orthopaedic complication (60%)
Obtain radiographs of entire spine 

Renal Abnormalities
Occur in approximately 30%
Usually asymptomatic
Obtain ultrasound or intravenous pyelogram 

Cardiovascular Anomalies
Found in 4%–14%
Ventricular septal defects most common 

Deafness
Occurs in approximately 30%
Obtain audiometric testing 

Synkinesis (Mirror Movements)
Occurs in approximately 20%
May restrict bimanual activities
Usually decreases with age 

Respiratory Anomalies
Failure of lobe formation
Ectopic lungs
Restriction of lung function by shortened trunk, scoliosis, rib 

fusion, or deformed costovertebral joints 

Sprengel Deformity
Occurs in approximately 20%
Unilateral or bilateral
Increases unsightly appearance
May affect shoulder motion

 BOX 43.5 
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a shortened trunk, scoliosis, rib fusion, and deformed costo-
vertebral joints have been reported. 

SPRENGEL DEFORMITY
Sprengel deformity occurs in about 20% of patients with 
Klippel-Feil syndrome and can be unilateral or bilateral. 
Descent of the scapula coincides with the period of develop-
ment of Klippel-Feil anomalies, and maldevelopment during 
this time (3 to 8 weeks of gestation) can cause both anomalies. 
Sprengel deformity increases the unsightly appearance of an 
already short neck and can affect the range of shoulder motion. 

CERVICAL RIBS
Cervical ribs occur in 12% to 15% of patients with Klippel-
Feil syndrome. When evaluating a patient with neurologic 

symptoms, the presence of a cervical rib and associated tho-
racic outlet syndrome should be investigated. 

CLINICAL FINDINGS
The classic clinical presentation of Klippel-Feil syndrome is 
the triad of a low posterior hairline, a short neck, and limited 
neck motion (Fig. 43.30). This triad indicates almost complete 
cervical involvement and may be clinically evident at birth; 
however, fewer than half of patients with Klippel-Feil syn-
drome have all parts of the triad. Many patients with Klippel-
Feil syndrome have a normal appearance, and the syndrome 
is diagnosed through incidental radiographs. Shortening of 
the neck and a low posterior hairline are not constant find-
ings and may be overlooked; webbing of the neck (pteryg-
ium colli) is seen in severe involvement. The most constant 

 

A

C D

B

FIGURE 43.30 Clinical (A and B) and radiographic (C and D) features of Klippel-Feil syndrome 
in young boy.
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clinical finding is limitation of neck motion. Rotation and lat-
eral bending are affected more than flexion and extension. If 
fewer than three vertebrae are fused or if the lower cervical 
vertebrae are fused, motion is only slightly limited. Hensinger 
reported that some of his patients had almost full flexion and 
extension through only one open (unfused) interspace.

Symptoms usually are not caused by the fused cervical 
vertebrae but by open segments adjacent to areas of synosto-
sis that become hypermobile in response to increased stress 
placed on the area. Symptoms can be caused by mechanical 
or neurologic problems. Mechanical problems are caused by 
stretching of the capsular and ligamentous structures near 
the hypermobile segment, resulting in early degenerative 
arthritis with pain localized to the neck. Neurologic problems 
result from direct irritation of or impingement on a nerve 
root or from compression of the spinal cord. Involvement of 
the nerve root alone causes radicular symptoms; spinal cord 
compression can cause spasticity, hyperreflexia, muscle weak-
ness, and even complete paralysis. 

RADIOGRAPHIC FINDINGS
Routine radiographs, CT scans, and MR images may be useful 
in the evaluation of Klippel-Feil syndrome. Adequate radio-
graphs can be difficult to obtain in severely involved children, 
but initial examination should include anteroposterior, odon-
toid, and lateral flexion and extension views of the cervical 
spine. Lateral flexion-extension views are the most important 

to identify atlantoaxial instability or instability near an open 
segment between two congenitally fused areas (Fig. 43.31). 
Spinal canal narrowing can occur from degenerative osteo-
phytes or from congenital spinal stenosis. If enlargement of 
the spinal canal is evident on radiographs, syringomyelia, 
hydromyelia, or Arnold-Chiari malformation should be sus-
pected. In young patients with Klippel-Feil syndrome, serial 
lateral flexion-extension views should be obtained to evaluate 
instability at the atlantoaxial joint or at an open interspace 
between fused areas. Development of congenital or idiopathic 
scoliosis should be documented by radiographic examination 
of the entire spine. Besides vertebral fusion, flattening and 
widening of involved vertebral bodies and absent disc spaces 
are common findings. In young children, the spine may 
appear normal because of the lack of ossification. The pos-
terior elements usually are the first to ossify and fuse, which 
aids in early diagnosis of Klippel-Feil syndrome. CT and MRI 
are helpful in diagnosing nerve root and spinal cord impinge-
ment by osteophyte formation. To evaluate instability and the 
risk of neurologic compromise, a flexion and extension MRI 
may be needed to give the soft-tissue definition necessary to 
show instability or spinal cord compromise. 

TREATMENT
Mechanical symptoms caused by degenerative joint disease 
usually respond to a cervical collar and analgesics. Neurologic 
symptoms should be evaluated carefully to locate the exact 

 

B

A
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FIGURE 43.31 Radiographic features of Klippel-Feil syndrome in adolescent. A, Posteroanterior 
view shows congenital anomalies of cervical spine and left Sprengel deformity. B, Open-mouth 
odontoid view shows bony anomalies of cervical spine. C, Extension view shows odontoid in normal 
position. D, Flexion view shows increased atlantodens interval.
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 FIGURE 43.32 Modified Rogers wiring of cervical spine for posterior fusion. SEE TECHNIQUE 
43.15.

pathologic condition; surgical stabilization with or with-
out decompression may be required. Prophylactic fusion of a 
hypermobile segment is controversial. The risk of neurologic 
compromise must be weighed against the further reduction in 
neck motion, and this decision must be made for each patient 
individually. Depending on the type of anatomic deformity 
and location of instability, a posterior fusion, anterior fusion, 
or a combined anterior and posterior fusion may be needed. 
If anterior decompression and fusion are needed, this can be 
done with an anterior approach. Anterior decompression and 
interbody fusion can be performed with plate and screw fixa-
tion similar to adults if the anatomy allows for this (see Chapter 
41). Cosmetic improvement after surgery has been limited, 
but surgical correction of Sprengel deformity can significantly 
improve appearance, and occasionally soft-tissue procedures 
such as Z-plasty and muscle resection improve cosmesis. 
Bonola described a method of rib resection to obtain an appar-
ent increase in neck length and motion, but this is an exten-
sive procedure with significant risk. Partial thoracoplasty is 
performed as a two-stage procedure: removal of the upper four 
ribs on one side and, after the patient has recovered from the 
first surgery, removal of the upper four ribs on the other side. 

 

POSTERIOR FUSION OF C3-7
 TECHNIQUE 43.15 Figure 43.32

 n  Administer general anesthesia with the patient su-
pine.

 n  Turn the patient prone on the operating table, maintain-
ing traction and proper alignment of the head and neck. 
The head can be positioned in a headrest or maintained 
in skeletal traction.

 n  Obtain radiographs to confirm adequate alignment of the 
vertebrae and to localize the vertebrae to be exposed. 
There is a high incidence of extension of the fusion mass 
when extra vertebrae or spinous processes are exposed in 
the cervical spine.

 n  Make a midline incision over the chosen spinous process-
es and expose the spinous process and laminae subperi-
osteally to the facet joints.

 n  If the spinous process is large enough, make a hole in the 
base of the spinous process with a towel clip or Lewin 
clamp.

 n  Pass an 18-gauge wire through this hole, loop it over the 
spinous process, and pass it through the hole again.

 n  Make a similar hole in the base of the spinous process of 
the inferior vertebra to be fused.

 n  Pass the wire through this hole, loop it under the inferior 
aspect of the spinous process, and pass it back through 
the same hole.

 n  Tighten the wire and place corticocancellous bone grafts 
along the exposed lamina and spinous processes.

 n  Close the wound in layers.
 n  If the spinous process is too small to pass wires, an in situ 

fusion can be performed and external immobilization can 
be used.

POSTOPERATIVE CARE The patient should wear a rigid 
cervical orthosis until a solid fusion is documented radio-
graphically.
   

 

POSTERIOR FUSION OF C3 TO 
C7 USING 16-GAUGE WIRE AND 
THREADED KIRSCHNER WIRES

 TECHNIQUE 43.16 

(HALL)
 n  Pass the threaded Kirschner wires through the bases of 

the spinous processes of the vertebrae to be fused, fol-
lowed by a figure-of-eight wiring with a 16-gauge wire.

 n  After the 16-gauge wire has been tightened around the 
threaded Kirschner wires, pack strips of corticocancellous 
and cancellous bone over the posterior arches of the ver-
tebrae to be fused (Fig. 43.33).

 n  Exposure and postoperative care are similar to those de-
scribed for a Rogers posterior fusion and wiring.

Posterior instrumentation techniques (see Chapter 41) 
that are used in the adult spine (plate or rods and lateral 
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mass screws) can be used in the pediatric cervical spine. 
Before the techniques are used, the size of the lateral 
masses must be evaluated to ensure there would be ad-
equate room to place these screws.
   

 

POSTERIOR FUSION WITH LATERAL 
MASS SCREW FIXATION
Lateral mass screw fixation of the lower cervical spine can 
be used in older children or adolescents. The instrumenta-
tion should be matched to the size of the child. Techniques 
described differ primarily in the entry points and screw tra-
jectories.

 TECHNIQUE 43.17 

(ROY-CAMILLE)
 n  Create an entry point for the screw 5 mm medial to the 

lateral edge and midway between the facet joint or at the 
center of the rectangular posterior face of the lateral mass 
(Fig. 43.34A).

 n  Direct the drill perpendicular to the posterior wall of 
the vertebral body with a 10-degree lateral angle (Fig. 
43.34B). This trajectory takes the exit slightly lateral to 
the vertebral artery and below the existing nerve root. Use 
lateral fluoroscopic imaging to avoid penetration of the 
subadjacent facet.

 n  Set the depth guide to 10 to 12 mm to avoid penetra-
tion beyond the anterior cortex. For men the lateral mass 
depth from C3 to C6 ranges from 6 to 14 mm (average 
8.7 mm) and in women 6 to 11 mm (average 7.9 mm). 
The depth can be increased if the local anatomy permits. 
If additional 20% of pullout strength with bicortical fixa-
tion is desired, place the screw to exit at the junction of 
the lateral mass and transverse process (Fig. 43.34C).
   

 

POSTERIOR FUSION WITH LATERAL 
MASS SCREW AND ROD FIXATION

 TECHNIQUE 43.18 

 n  Select an entry portal 1 mm medial to the center of the 
lateral mass.

 n  Drill the lateral mass 25 to 35 degrees laterally and 15 
degrees cephalad (parallel to the plane of the facet joint) 
for C3 to C6 (Fig. 43.35). The drilling should be 10 to 25 
degrees medially and 25 degrees superiorly at C2 to avoid 
injuring the vertebral artery. Use a hand drill with a stop 

 FIGURE 43.33 Hall technique of fixation for posterior arthrod-
esis of cervical spine. SEE TECHNIQUE 43.16.

 

A B C

10°

FIGURE 43.34 Roy-Camille technique of lateral mass screw insertion. A, Screw entry point. B, 
Drill directed perpendicular to posterior wall of vertebral body at 10-degree angle. C, Final screw 
position. SEE TECHNIQUE 43.17.

 FIGURE 43.35 Posterior lateral mass screw and rod fixation. 
Drilling lateral mass for screw insertion. SEE TECHNIQUE 43.18.
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guide to prevent drilling of the opposite cortex. Tap the 
drill hole if necessary.

 n  Insert the proper length polyaxial screw into each lateral 
mass to be instrumented and check the position of the 
screws with posteroanterior and lateral C-arm images. 
Make adjustments as necessary.

 n  Insert the prebent rods into the screw head fixtures. Tight-
en the rods to the screws.

POSTOPERATIVE CARE A cervical orthosis (cervical col-
lar) is applied and worn for 6 to 8 weeks. Halo device 
immobilization may be considered if there is suboptimal 
fixation.
   

 

RIB RESECTION

 TECHNIQUE 43.19 

(BONOLA)
 n  Bonola described partial thoracoplasty with the use of lo-

cal anesthesia, but general anesthesia can be used.
 n  Through a right paravertebral incision midway between 

the spinous processes and the medial margin of the scap-
ula, divide the trapezius and rhomboid muscles to expose 
the posterior aspect of the first four ribs (Fig. 43.36A).

 n  Cut these ribs with a rib cutter a few centimeters from the 
costovertebral joint.

 n  Continue the dissection anteriorly along the ribs, dividing 
and removing the ribs as far anteriorly as the dissection 
allows (Fig. 43.36B).

 n  Close the wound in layers.

POSTOPERATIVE CARE A cervical collar is fitted to help 
mold the resected area. The second stage of the proce-
dure is performed on the opposite side after the patient 
has recovered from the initial surgery.
   

ATLANTOAXIAL ROTATORY 
SUBLUXATION
Atlantoaxial rotatory subluxation is a common cause of child-
hood torticollis, but the subluxation and torticollis usually are 
temporary. Rarely do they persist and become what is best 
described as atlantoaxial rotatory “fixation.” Atlantoaxial 
rotatory subluxation occurs when normal motion between 
the atlas and axis becomes limited or fixed, and it can occur 
spontaneously, can be associated with minor trauma, or can 
follow an upper respiratory tract infection. The cause of this 
subluxation is not completely understood. Various causes that 
have been proposed include hyperemic decalcification of the 
arch of the atlas, causing inadequate attachment of the trans-
verse ligaments; inflammation of the synovial fringes that act 
as an obstruction to reduction of subluxation; and disruption 
of one or both of the alar ligaments with an intact transverse 
ligament. A meniscus-like synovial fold in the C1-2 facet 
joints, which is primarily noted in children, caused sublux-
ation in one study. Most authors now agree that the sublux-
ation is related to increased laxity of ligaments and capsular 
structures caused by inflammation or trauma.

Fielding and Hawkins classified atlantoaxial rotatory sub-
luxation into four types (Fig. 43.37): type I, simple rotatory 
displacement without anterior shift of C1; type II, rotatory 
displacement with an anterior shift of C1 on C2 of 5 mm or 
less; type III, rotatory displacement with an anterior shift of C1 
on C2 greater than 5 mm; and type IV, rotatory displacement 
with a posterior shift. Type I displacement is the most com-
mon and occurs primarily in children. Type II is less common 
but has greater potential for neurologic damage. Types III and 
IV are rare but have high potential for neurologic damage.

Atlantoaxial rotatory subluxation usually occurs in chil-
dren after an upper respiratory tract infection or minor or 
major trauma. The head is tilted to one side and rotated to the 
opposite side with the neck slightly flexed (the “cock robin” 
position). The sternocleidomastoid muscle on the long side is 
often in spasm in an attempt to correct this deformity. When 
the subluxation is acute, attempts to move the head cause pain. 
Patients can increase the deformity but cannot correct the 
deformity past the midline. With time, muscle spasms sub-
side and the torticollis becomes less painful but the deformity 
persists. A careful neurologic examination should determine 
any neurologic compression or vertebral artery compromise.

RADIOGRAPHIC FINDINGS
Adequate radiographs of the cervical spine can be difficult 
to obtain in children with torticollis. Initial examination 
should include anteroposterior and odontoid views of the 
cervical spine. On the open-mouth odontoid view, the lateral 
mass that is rotated forward appears wider and closer to the 
midline and the opposite lateral mass appears narrower and 
farther away from the midline (Fig. 43.38). Apparent over-
lapping may obscure one of the facet joints of the atlas and 
axis. On the lateral view, the anteriorly rotated lateral mass 
appears wedge-shaped in front of the odontoid. The posterior 
arch of the atlas may appear to be assimilated into the occiput 
because of the head tilt. A lateral radiograph of the skull may 
show the relative position of C1 and C2 more clearly than a 
lateral radiograph of the cervical spine. Lateral flexion and 
extension views should be obtained to document any atlan-
toaxial instability. Cineradiography confirms the diagnosis by 

 

A B
FIGURE 43.36 A and B, Bonola partial thoracoplasty for treat-

ment of short neck in Klippel-Feil syndrome. SEE TECHNIQUE 43.19.
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showing the movement of atlas and axis as a single unit but 
is difficult to perform during the acute stage because move-
ment of the neck is painful. Cineradiography is not routinely 
used because of the increased radiation exposure. CT with 
the head rotated as far to the left and right as possible dur-
ing scanning to confirm the loss of normal rotation at the 
atlantoaxial joint confirms the diagnosis of rotatory sublux-
ation. McGuire et al. classified the findings on dynamic CT 
scans (DCTS) into three stages: stage 0, torticollis but normal 
DCTS; stage 1, limitation of motion (<15 degrees difference 
between C1 and C2, but C1 crosses the midline of C2); and 
stage 2, fixed (C1 does not cross midline of C2). They found 
a significant trend between increasing intensity of treatment 
and stage of DCTS findings. The usefulness of DCTS, how-
ever, for the diagnosis of atlantoaxial rotatory subluxation has 
been questioned. MRI may be beneficial for the evaluation of 
ligamentous pathology or spinal cord compression. 

TREATMENT
The treatment plan should be based on the duration of the 
subluxation (Box 43.6). If rotatory subluxation has existed 
less than 1 week, immobilization in a soft collar, analgesics, 
and bed rest for 1 week are recommended. If reduction does 
not occur spontaneously, hospitalization and traction are 
indicated. If rotatory subluxation is present for longer than 
1 week, but less than 1 month, hospitalization and cervical 

traction are indicated. Head-halter traction generally is used, 
but when torticollis persists longer than 1 month, halo trac-
tion may be required. Traction is maintained until the defor-
mity corrects, then a cervical collar is worn for 4 to 6 weeks. 
Nonoperative treatment should be used only if no significant 
anterior displacement or instability is seen on radiographic 
evaluation.

Fielding listed the following as indications for operative 
treatment: (1) neurologic involvement, (2) anterior displace-
ment, (3) failure to achieve and maintain correction if the 
deformity exists for longer than 3 months, and (4) recurrence 
of the deformity after an adequate trial of conservative man-
agement consisting of at least 6 weeks of immobilization. If 
operative treatment is indicated, a C1-2 posterior fusion is 
performed (Fig. 43.39). Fielding and Hawkins recommended 
preoperative traction for 2 to 3 weeks to correct the defor-
mity as much as possible. Fusion is performed with the head 
in a neutral position. Halo immobilization is continued for 6 
weeks after surgery to maintain correction while the fusion 
becomes solid. This can be accomplished with a halo cast or 
halo vest. Immobilization is continued until there is radio-
graphic evidence of fusion. C1-C2 fusion with the Harms 
technique may assist in reduction and can avoid the use of a 
halo immobilization (Fig. 43.40). 

 

B C DA

FIGURE 43.37 Fielding and Hawkins classification of rotatory displacement. A, Type I, simple 
rotatory displacement without anterior shift; odontoid acts as pivot. B, Type II, rotatory displacement 
with anterior displacement of 3-5 mm; lateral articular process acts as pivot. C, Type III, rotatory 
displacement with anterior displacement of more than 5 mm. D, Type IV, rotatory displacement 
with posterior displacement.
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FIGURE 43.38 Atlantoaxial rotatory subluxation. Note lateral 
masses (1 and 2).

Treatment Plan for Rotatory Subluxation

Nonoperative Treatment
Present less than 1 week: immobilization in soft collar, anal-

gesics, bed rest for 1 week; if no spontaneous reduction: 
hospitalization, halo traction

Present more than 1 week but less than 1 month: hospitaliza-
tion, head halter, cervical collar 4-6 weeks

Present more than 1 month: hospitalization, halo traction, 
cervical collar 4-6 weeks 

Indications for Operative Treatment
Neurologic involvement
Anterior displacement
Failure to achieve and maintain correction of deformity that 

exists longer than 3 months
Recurrence of deformity after an adequate trial of conservative 

management consisting of at least 6 weeks of immobilization

 BOX 43.6 
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CERVICAL INSTABILITY IN DOWN 
SYNDROME
In children with Down syndrome, generalized ligamentous 
laxity caused by the underlying collagen defect can result in 
atlantoaxial and atlantooccipital instability. Pizzutillo and 
Herman made a distinction between cervical instability and 
hypermobility in patients with Down syndrome. Instability 
implies pathologic intersegmental motion that jeopardizes 
neurologic integrity. Hypermobility refers to increased excur-
sions that occur in the cervical spine of patients with Down 
syndrome compared with normal controls but do not result in 
loss of structural integrity of the anatomic restraints that pro-
tect neural tissues. Atlantoaxial instability, first described by 
Spitzer, Rabinowitch, and Wybar in 1961, occurs in 10% to 20% 
of children with Down syndrome. Instability can occur at more 
than one level and in more than one plane. Atlantooccipital 
instability also can occur in patients with Down syndrome; the 
incidence has been reported to be 60%. Despite these reports 
of atlantoaxial and atlantooccipital instability in patients with 
Down syndrome, the exact natural history related to this insta-
bility is unknown. In patients with Down syndrome, differ-
entiating those with hypermobility and those with clinically 
significant instability may be difficult.

The cervical spine in children with Down syndrome may 
be associated with congenital anomalies of the upper cervical 
spine, but whether the cervical anomalies are the cause or the 
result of ligamentous laxity is still controversial.

NEUROLOGIC FINDINGS
Neurologic symptoms are present in 1% to 2.6% of patients 
with cervical instability. Instability is usually discovered on 
routine screening examinations or on cervical radiographs 
obtained for other reasons. Progressive instability leading to 
neurologic symptoms is most common in boys older than 
10.5 years of age. Involvement of the pyramidal tract usually 
results in gait abnormalities, hyperreflexia, and motor weak-
ness. Other neurologic symptoms include neck pain, occipital 
headaches, and torticollis. Detailed neurologic examination is 
often difficult in patients with Down syndrome, and somato-
sensory-evoked potentials may be beneficial in documenting 
neurologic involvement. 

RADIOGRAPHIC FINDINGS
Radiographic screening for atlantoaxial instability in Down 
syndrome patients is controversial. Routine screening in pre-
school patients and re-screening every decade had been rec-
ommended in the past but the present AAP guidelines stress 
the inability for screening radiographs to predict any future 
risk of developing atlantoaxial instability. The emphasis now 
for screening is based on symptoms or positive physical exam 
findings during annual well-child checks to obtain screening 
radiographs.

Radiographic examination should include anteropos-
terior, flexion and extension lateral, and odontoid views. 
CT scans in flexion and extension or cineradiography in 
flexion and extension also may be needed to evaluate the 
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FIGURE 43.39 Atlantoaxial rotatory fixation. A, Lateral radiograph shows wedge-shaped mass 
anterior to odontoid. B, Open-mouth odontoid view. C, CT scan. D, After C1-2 in situ fusion.
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  FIGURE 43.40 A, Child with rotary subluxation of C1 on C2. Note the direction of head tilt and 
rotation of the neck. B and C, CT posteroanterior and anteroposterior reconstructions documenting 
rotary subluxation. D, CT showing subluxation. E and F, After posterior C1-C2 fusion. (From Warner 
WC, Hedequist DJ: Cervical spine injuries in children. In Waters PM, Skaggs DL, Flynn JM, editors: Rockwood 
and Wilkins’ fractures in children, ed 9, Philadelphia, Wolters Kluwer, 2020, p 800.)
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occipitoatlantal joint and the atlantoaxial joint for instabil-
ity. MRI is useful in detecting any spinal cord signal changes 
in suspected instability and neurologic compromise in these 
patients in whom it is often difficult to obtain a detailed neu-
rologic examination. Radiographic evidence of atlantooccip-
ital instability is not as well defined as that for atlantoaxial 
instability, but the measurements described by Wackenheim 
(Fig. 43.41), Wiesel and Rothman (Fig. 43.42), Powers (Fig. 
43.43), and Tredwell et al. are helpful. A Powers ratio of more 
than 1.0 is indicative of abnormal anterior translation of the 
occiput, and, according to Parfenchuck et al., a ratio of less 
than 0.55 indicates posterior translation. However, some 

studies have reported the poor reproducibility and reliability 
of these measurement techniques in children with Down syn-
drome, hindering the physician in providing well-supported 
treatment recommendations. CT scans in flexion and exten-
sion or cineradiography may be needed to give better detail 
and information about possible atlantooccipital instability.

An atlantodens interval (ADI) of 4.5 to 5 mm indicates 
instability in normal pediatric patients. Increased ADI in 
patients with Down syndrome has not been directly correlated 
with an increase in neurologic compromise. This suggests that 
radiographs of the cervical spine in Down syndrome must be 
evaluated by standards specific to that population and not by 
traditional standards for general pediatric patients because this 
may result in overdiagnosis of a pathologic process. Neurologic 
compromise occurs with a similar incidence in individuals with 
Down syndrome who have a normal ADI and those with an 
ADI from 4 to 10 mm. In Down syndrome, an ADI of less than 
4.5 mm is normal; an ADI of 4.5 to 10 mm is considered hyper-
mobile but not unstable unless neurologic findings are present; 
and an ADI of more than 10 mm is considered unstable, and 
the patient is at risk for neurologic compromise because of the 
decrease in the space available for the spinal cord.

Nakamura et  al. described two diagnostic radiographic 
measurements for atlantoaxial instability in Down syndrome 
patients: the C1/4 space available for cord (SAC) ratio and the 
C1 inclination angle. The C1/4 SAC ratio was defined as the 
ratio of the anteroposterior diameter of the spinal canal at the 
C1 level to the anteroposterior diameter of the spinal canal at 
the C4 level. A normal ratio is 1.2; a ratio of <0.86 was at risk 
of symptomatic instability. The C1 inclination angle is defined 
as the angle formed between a line perpendicular to the tan-
gent at the posterior surface of the body of C2 and the line 
connecting the centers of the anterior and posterior arches of 
C1. A normal value is 15 degrees; values less than 10 degrees 
were likely to have symptomatic instability. 

TREATMENT
Hypermobility of the occipitoatlantal junction has been 
observed in more than 60% of patients with Down syn-
drome, but this usually is not associated with neurologic risk. 
If hypermobility of this joint is documented and the patient 
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Odontoid

C1

FIGURE 43.41 Drawing of Wackenheim clivus-canal line. This 
line is drawn along the clivus into the cervical spinal canal and 
should pass just posterior to the tip of the odontoid.
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FIGURE 43.43 Powers ratio is determined by drawing a line 
from the basion (B) to the posterior arch of the atlas (C) and a 
second line from the opisthion (O) to the anterior arch of the atlas 
(A). The length of line BC is divided by the length of line OA. A ratio 
greater than 1 is diagnostic of anterior atlantooccipital translation, 
and a ratio less than 0.55 is diagnostic of posterior translation.
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FIGURE 43.42 Method of measuring atlantooccipital insta-
bility according to Wiesel and Rothman. These lines are drawn on 
flexion and extension lateral radiographs, and translation should 
be no more than 1 mm. Atlantal line joins points 1 and 2. Line 
drawn perpendicular to atlantal line at posterior margin of ante-
rior arch of atlas. Point 3 is basion. x is distance from point 3 to 
perpendicular line measured in flexion and extension. Difference 
represents anteroposterior translation.
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is neurologically normal, then restriction of high-risk activi-
ties is recommended. If there is hypermobility and a neuro-
logic deficit or an abnormal signal change in the spinal cord 
on MRI, then an occiput to C2 or 3 fusion is recommended.

When the ADI is less than 4.5 mm, no restriction of activ-
ities is necessary. In those who have an ADI of 4.5 to 10 mm 
with no neurologic symptoms, high-risk activities are limited. 
If there is a neurologic deficit or spinal cord changes on MRI, 
a C1-2 fusion is indicated. If the ADI is 10 mm or more, pos-
terior fusion and instrumentation are recommended. Before 
fusion and instrumentation, the unstable C1-2 joint should 
be reduced by traction. If reduction cannot be obtained, an in 
situ fusion reduces the risk of neurologic compromise.

Complications are relatively common after cervical 
fusions in children with Down syndrome. Segal et al. reported 
frequent graft resorption after 10 posterior fusions and sug-
gested as causes inadequate inflammatory response and colla-
gen defects. Msall et al. reported the frequent development of 
instability above and below C1-2 fusion in patients with Down 
syndrome. Postoperative immobilization in a halo cast or halo 
vest should be continued for as long as possible because graft 
resorption 6 months after fusion has been reported. More sta-
ble fixation may decrease this complication.

C1-C2 transarticular screw fixation (Figs. 43.9 and 
43.10) or occiput to C2 instrumentation with plates or rods 
(Techniques 43.8 and 43.9) can be used successfully and give 
greater stability than wire fixation. 

FAMILIAL CERVICAL DYSPLASIA
Saltzman et  al. described a familial cervical dysplasia that 
affects the first cervical vertebra. Nine of 12 family members 
from three generations were affected by this inherited form of 
cervical vertebral dysplasia. The mode of transmission of this 
disorder is autosomal dominant, with apparently complete pen-
etrance and variable expressivity. Most patients are asymptom-
atic, and clinical presentation varies from an incidental finding 
on radiographic examination to a passively correctable head 
tilt. Symptoms such as suboccipital headaches or decreased cer-
vical motion may be present. CT scan and three-dimensional 
reconstructions best delineate the anatomic pathology. MRI is 
useful in identifying the potential for neurologic compromise 
and the need for surgical stabilization. If surgery is required for 
stabilization, an occiput-to-C2 fusion is usually needed. 

CONGENITAL ANOMALIES OF THE 
ATLAS
Dubousset and Winter et al. described congenital hemiatlas 
or hypoplasia of the atlas that can cause marked torticollis if 
left untreated. Dubousset reported 17 patients with absence 
of the facet of C1 that led to severe, progressive, fixed torticol-
lis. Initially, the deformity or torticollis was flexible, but with 
time it became fixed.

In most patients, the deformity is noted at birth as a lateral 
translation of the head on the trunk, with some degree of lateral 
tilt and rotation. The sternocleidomastoid muscle is not tight 
and there is often aplasia of the muscles in the nuchal concavity 
of the tilted side. Neurologic signs such as headaches, vertigo, 
or myelopathy occur in about 25% of patients. Plain radio-
graphs are often difficult to interpret, and the diagnosis usually 

is made by CT. Other spinal cord anomalies may be detected 
by MRI, such as Arnold-Chiari malformations and stenosis of 
the foramen magnum. Angiography should be obtained pre-
operatively because vertebral arterial anomalies may occur on 
the aplastic side. This disorder has been classified into three 
types: type I is an isolated hemiatlas, type II is a partial or com-
plete aplasia of one hemiatlas with other associated anomalies 
of the cervical spine, and type III is a partial or complete atlan-
tooccipital fusion and symmetric or asymmetric hemiatlas 
aplasia, with or without anomalies of the odontoid and lower 
cervical spine. Initially, the patient should be observed for pro-
gression of the deformity. Bracing will not stop progression of 
the deformity. Dubousset recommended using a halo cast to 
gradually correct the torticollis and obtain an acceptable posi-
tion of the head and neck, followed by posterior fusion from 
occiput to C2. Seven of his 17 patients required surgical cor-
rection. Although the age at which the torticollis could be cor-
rected was not specified, Dubousset obtained good results in 
patients 13 and 15 years of age. 

LARSEN SYNDROME
Larsen syndrome is a rare disorder that may have vertebral 
anomalies such as spina bifida, hypoplastic vertebrae, cervi-
cal kyphosis, and anteroposterior dissociation. Patients with 
cervical kyphosis that may eventually lead to anteroposterior 
dissociation are difficult to treat. This is potentially the most 
serious manifestation of Larsen syndrome because of the risk 
of paralysis. The natural history of cervical kyphosis is variable. 
Both static and dynamic flexion and extension radiographs 
should be obtained to document the degree of deformity and 
any instability. Treatment is also variable and is based on the 
age of the patient, amount and flexibility of the kyphosis, and 
the presence of any neurologic deficits. Johnston et al. advo-
cated early posterior fusion in patients with Larsen syndrome 
and cervical kyphosis. They found gradual improvement 
of the cervical kyphosis from continued anterior vertebral 
body growth when a solid posterior fusion was obtained. In 
one patient, excessive lordosis occurred after posterior-only 
fusion. Sakaura et  al. recommended posterior spinal fusion 
for patients with mild and flexible cervical kyphosis and ante-
rior decompression and circumferential arthrodesis for those 
with severe kyphotic deformity or in patients with neurologic 
deficits. The potential for dural ectasia should be considered 
in patients with Larsen syndrome. Jain et al. listed CT or MRI 
findings of enlargement of the dural sac, vertebral body scal-
loping, narrowing of the pedicles, and an enlarged spinal 
canal as highly indicative of dural ectasia. 

 

POSTERIOR SPINAL FUSION FOR 
CERVICAL KYPHOSIS THROUGH A 
LATERAL APPROACH

 TECHNIQUE 43.20 

(SAKAURA ET AL.)
 n  Place the patient in the right decubitus position.
 n  Make an incision along the posterior margin of the ster-

nocleidomastoid muscle (Fig. 43.44A) and bluntly dissect 
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fascia of the posterior triangle of the neck to identify the 
levator scapulae muscle.

 n  Retract the carotid sheath and sternocleidomastoid mus-
cle ventrally and the levator scapulae muscle dorsally to 
expose the scalene muscles.

 n  Identify the phrenic nerve and carefully dissect the inser-
tions of the anterior scalene muscles from the anterior 
tubercles of the transverse processes from the C3 to C6 
vertebrae. Also, dissect the longus colli and capitis mus-
cles from the anterior tubercles to identify the anterior 
aspect of the cervical spine.

 n  Identify the vertebral artery and C4 to C6 nerve roots 
lying posterior to the vertebral artery (Fig. 43.44A and 
B). Retract the vertebral artery anteriorly and resect the 
transverse process from C3 to C6 (Fig. 43.44C).

 n  Release and cut the tight cartilaginous tissue and anterior 
longitudinal ligaments attaching to the cervical vertebrae 
ventrally.

 n  Using a surgical microscope, expose the lateral aspect 
of the dura from C4 to C5 by removing the left lateral 

masses and pedicles of the C4 and C5 vertebrae with a 
rongeur and a diamond-headed airtome. This allows re-
moval of the vertebral bodies of the C4 and C5 vertebrae 
including the discs between C3 and C4 and C5 and C6 
with clear exposure of the nerve roots and dura.

 n  Remove the vertebral bodies and discs starting at the 
middle of the bodies and discs. Using a diamond burr, 
thin the dorsal cortices of the bodies to the width of the 
spinal canal.

 n  If the kyphosis cannot be manually corrected, then insert 
a thin spatula between the posterior longitudinal liga-
ment and dura to avoid dural injury and cut the posterior 
longitudinal ligament at the middle of the exposed area 
(Fig. 43.44D). The vertebrae become slightly mobile, and 
the dura shifts ventrally. Under manual correction, insert 
an appropriate size strut from the tibia.

 n  Immobilize the patient in a halo device.

POSTOPERATIVE CARE The patient is immobilized in a 
halo cast or vest or a cervicothoracic orthosis for 12 weeks.
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FIGURE 43.44 Sakaura et al. anterior decompression and arthrodesis through a lateral approach. 
A, Axial image of lateral approach to cervical spine. B, Vertebral artery and C4-C6 nerve roots 
posterior to the vertebral artery. C, Vertebral artery anteriorly dislocated by resecting transverse 
processes from C3 to C6. D, Subtotal removal of C4 and C5 bodies and cutting of posterior longi-
tudinal ligament. (A from Sakaura H, Matsuoka T, Iwasaki M, et al: Surgical treatment of cervical kyphosis 
in Larsen syndrome, Spine 32:E39-44, 2007.) SEE TECHNIQUE 43.20.
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STERNAL-SPLITTING APPROACH TO 
THE CERVICOTHORACIC JUNCTION
Mulpuri et al. described a sternal splitting approach to the 
cervicothoracic junction in children that is useful for com-
plex spinal deformities around the cervicothoracic junction. 
The approach requires the assistance of a cardiothoracic 
surgeon.

 TECHNIQUE 43.21 

(MULPURI ET AL.)
 n  Make a standard extensile anterior cervical spine approach, 

incorporating an anterior sternal extension (Fig. 43.45A).
 n  Complete the neck dissection in a standard fashion.
 n  Make an incision along the medial border of the sterno-

mastoid muscle, extending down to the sternal notch.
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FIGURE 43.45 Mulpuri et al. sternal-split approach to cervicothoracic junction. A, Incision for 
right-sided approach. B, Sternum is opened, thymus gland is resected, and brachiocephalic trunk 
is mobilized to allow contiguous access to anterior cervical spine and upper thoracic spine. C, 
Retraction of trachea, esophagus, and innominate artery provides access to lower cervical spine 
and upper thoracic spine. D, Medial displacement of brachiocephalic trunk allows more distal access 
to thoracic spine. SEE TECHNIQUE 43.21.

    

https://booksmedicos.org


CHAPTER 43 PEDIATRIC CERVICAL SPINE 1995

 n  Retract the sternomastoid muscle laterally with the neu-
rovascular sheath, including the carotid artery, the jugular 
vein, and the vagus nerve. Division of the omohyoid, ster-
nohyoid, and sternothyroid muscles facilitates extensile 
exposure.

 n  Extend the incision as a midline sternotomy approach.
 n  Use blunt digital dissection to mobilize the retrosternal 

soft tissues.
 n  Split the sternum using a sternal saw in a standard fash-

ion.
 n  After opening the sternum, resect the thymus gland to 

provide exposure as well as mobilize and control the bra-
chiocephalic trunk with a vessel loop.

 n  At this point, the anterior cervical spine and upper tho-
racic spine can be accessed contiguously (Fig. 43.45B).

 n  If necessary, the pericardium can be opened to increase 
mobility of the brachiocephalic trunk; however, the dis-
section of the brachiocephalic trunk can be done down 
to the pericardial reflection without opening the pericar-
dium.

 n  Retract the trachea and esophagus slightly away from the 
midline with a right-angle retractor.

 n  Place a deep right-angle retractor under the innominate 
artery and pull it forward and downward as necessary to 
provide access to the lower cervical and upper thoracic 
spine (Fig. 43.45C).

 n  The distal extent of the exposure at this point depends on 
the patient’s anatomy and deformity; in most patients, 
T4 can now be accessed and disc removal and instru-
mentation can be done safely. Aggressive distal exposure 
places the recurrent laryngeal nerve under traction and 
must be done carefully. Although left-sided anterior cer-
vical approaches typically are preferred because of the 
distal course of the recurrent laryngeal nerve on that side, 
Mulpuri et al. used a right-sided approach with mobili-
zation of the brachiocephalic trunk because medial dis-
placement of the trunk exposes more segments of the 
thoracic spine on the right side (Fig. 43.45D).

 n  After completion of the orthopaedic procedure, obtain 
hemostasis and approximate the sternum with wires or 
sutures depending on the age of the child.

 n  Reattach the sternothyroid and omohyoid muscles.
 n  Close the neck incision in usual fashion. A small Silastic 

drain may be required under the sternothyroid muscle if 
hemostasis is a problem in the cervical portion of the ap-
proach.

 n  Place a mediastinal tube as in cardiac surgical procedures.
   

INTERVERTEBRAL DISC 
CALCIFICATION
Intervertebral disc calcification is uncommon in children 
but does occur. This syndrome is characterized by an acute 
onset of cervical pain associated with torticollis and limited 
motion of the cervical spine. Although no definite cause has 
been identified, suggested causes include metabolic disease, 
local infection, and trauma. Most children with vertebral disc 
calcification are 5 months to 11 years old, and boys are more 
frequently affected than girls. Symptomatic disc calcification 
occurs most commonly in the lower cervical spine, usually at 
the C6-7 level, and approximately one third of patients have 
multiple levels involved. In children, calcification involves the 
nucleus pulposus, in contrast to the process in adults, which 
involves the annulus fibrosus (Fig. 43.46).

The most common symptoms of intervertebral disc cal-
cification are neck pain, limitation of motion, and torticollis. 
Radicular pain or signs of nerve root compression are rare. 
Approximately 25% of patients have fever, 30% of patients 
have a history of trauma, and 15% have a history of upper 
respiratory tract infection. Pain usually begins suddenly and 
persists for 2 to 3 weeks; 75% of children are asymptomatic 
by 3 weeks, and 95% are asymptomatic within 6 months. Dai 
et al. found that the average time for symptoms to resolve was 
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FIGURE 43.46 Intervertebral disc calcification in an 8-year-old boy.
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34 days, and resolution of the calcifications was seen on radio-
graphs by 15 months. Neurologic deficits, if present, improve 
in 90% of patients. Disc herniation is rare, but posterior her-
niations can cause spinal cord compression, and anterior her-
niations may result in dysphagia.

Appropriate treatment consists of rest, cervical immo-
bilization, and analgesics. Rarely, symptomatic nerve root 
or spinal cord impingement requires anterior discectomy 
and fusion. The long-term effects of intervertebral disc cal-
cification are unknown, but permanent changes around the 
adjacent vertebral bodies that may be associated with early 
degenerative changes have been reported in young adults.
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SCOLIOSIS
The word scoliosis is derived from the Greek word meaning 
“crooked.” Scoliosis is defined as a lateral deviation of the nor-
mal vertical line of the spine. The lateral curvature of the spine 
also is associated with rotation of the vertebrae. This produces 
a three-dimensional deformity of the spine that occurs in the 
sagittal, frontal, and coronal planes.

The Scoliosis Research Society (SRS) recommends that 
idiopathic scoliosis be classified according to the age of the 
patient when the diagnosis is made. Infantile scoliosis occurs 
from birth to 3 years of age; juvenile idiopathic scoliosis, 
between the ages of 4 and 10 years; and adolescent idiopathic 
scoliosis, between 10 years of age and skeletal maturity. This 
traditional chronologic definition of scoliosis is impor-
tant because major differences exist between the subtypes  
(Table 44.1).

Scoliosis also can be classified based on the cause and 
associated conditions. Idiopathic scoliosis is the most com-
mon type, but the exact cause of this type of scoliosis is not 
known. Congenital scoliosis is caused by a failure in vertebral 
formation or segmentation of the involved vertebrae. Scoliosis 
also can be classified based on associated conditions, such as 
neuromuscular disorders (cerebral palsy, muscular dystrophy, 
or other neuromuscular disorders), associated syndromes, or 
generalized disease (neurofibromatosis, Marfan syndrome, 
bone dysplasia, tumors, or as a result of irradiation).

A distinction should be made between early-onset and 
late-onset scoliosis because the deformity may affect cardio-
pulmonary development. During childhood, not only do the 
lungs grow in size, but also the alveoli and arteries multiply 
and the pattern of vascularity changes. The alveoli in the 
pulmonary tree increase by about 10-fold between infancy 
and 4 years of age and are not completely developed until 8 
years of age. Scoliotic deformity limits the space available for 
lung growth, and children who develop significant scoliosis 
before the age of 5 years generally have disabling dyspnea or 

cardiorespiratory failure. Currently, according to the classifi-
cation as it relates to treatment, some infantile and early juve-
nile curves are being identified as early-onset scoliosis. 

INFANTILE IDIOPATHIC SCOLIOSIS
Infantile idiopathic scoliosis is a structural, lateral curvature 
of the spine occurring in patients younger than age 3 years. 
James, who first used the term infantile idiopathic scoliosis, 
noted that these curves occurred before 3 years of age, were 
more frequent in boys than in girls, and were primarily tho-
racic and convex to the left.

Wynne-Davies noted plagiocephaly in 97 children in 
whom curves developed in the first 6 months of life; the flat 
side of the head was on the convex side of the curve. Other 
associated conditions that she found were intellectual impair-
ment in 13%, inguinal hernias in 7.4% of boys with progres-
sive scoliosis, developmental dislocation of the hip in 3.5%, 
and congenital heart disease in 2.5% of all patients. This led 
her to believe that the etiologic factors of infantile idiopathic 
scoliosis are multiple, with a genetic tendency that is either 
“triggered” or prevented by external factors.

Infantile idiopathic scoliosis is more common in Europe 
than in North America. In the early 1970s, infantile scoliosis 
was seen in 41% of patients with idiopathic scoliosis in Great 
Britain compared with less than 1% in the United States. 
This difference was believed to be from infant positioning  
(Fig. 44.1). Supine positioning was recommended in Europe, 
and prone positioning was recommended in the United 
States. Since the change to prone positioning, the incidence 
of infantile idiopathic scoliosis has declined in Great Britain 
from 41% to 4%.

Most curves in infantile idiopathic scoliosis are self-
limiting and spontaneously resolve (70% to 90%); however, 
some curves may be progressive, usually increasing rapidly, 
are often difficult to manage, and may result in significant 
deformity and pulmonary impairment. Unfortunately, when 
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a curve is mild, no absolute criteria are available for differen-
tiating the two types and predicting progression. James et al. 
found that those with resolving scoliosis generally had a defor-
mity that was noted before 1 year of age; most had smaller 
curves at presentation, and none had compensatory curves. 

Lloyd-Roberts and Pilcher found that curves associated with 
plagiocephaly or other molding abnormalities were more 
likely to be resolving, indicating an intrauterine positioning 
cause of this scoliosis. According to James, when compensa-
tory or secondary curves develop or when the curve measures 
more than 37 degrees by the Cobb method when first seen, 
the scoliosis probably will be progressive.

Mehta developed a method to differentiate resolving 
from progressive curves in infantile idiopathic scoliosis 
based on measurement of the rib-vertebral angle (RVA). She 
evaluated the relationship of the convex rib head and verte-
bral body of the apical vertebra by drawing one line perpen-
dicular to the apical vertebral endplate and another from 
the midneck to the midhead of the corresponding rib; the 
angle formed by the intersection of these lines is the RVA 
(Fig. 44.2). The RVA difference (RVAD) is the difference  
between the values of the RVAs on the concave and convex 
sides of the curve. Mehta reported that 83% of the curves 

 FIGURE 44.1 Diagram illustrates postural molding of thorax 
when infant is laid supine and partly turned toward the side.

 TABLE 44.1 

Classification of Idiopathic Scoliosis by Age

PARAMETER INFANTILE JUVENILE ADOLESCENT
Age at presentation Birth to 3 yr 4-9 yr 10-20 yr
Male:female 1:1 to 2:1 <6 yr: 1:3

>6 yr: 1:6
1:6

Incidence United States: 2%-3%
Great Britain: 30%

United States: 12%-15%
Great Britain: 12%-15%

United States: 85%
Great Britain: 55%

Curve types Left thoracic
L:R (2:1)
Left thoracic/right lumbar

Right thoracic
R:L (6:1)

Right thoracic
R:L (8:1)

Associated findings Mental deficiency, congenital hip dys-
plasia, plagiocephaly, congenital heart 
defects

None None

Risk of cardiopulmo-
nary compromise

High Intermediate Low

Risk of curve 
progression

<6 mo: low
>1 yr: high

67% 23%

Rate of curve 
progression

Gradual progression: 2-3 degrees/yr
Malignant progression: 10 degrees/yr

Progression at puberty: 6 
degrees/yr
Malignant progression: 10 
degrees/yr

1-2 degrees/mo during 
puberty

Curve resolution <1 yr: 90%
>1 yr: 20%

20% Rare

Curve magnitude and 
maturity

Gradual progression: 70-90 degrees
Malignant progression: >90 degrees

Progression at puberty: 50-90 
degrees
Malignant progression: >90 
degrees

Curves >90 degrees are 
rare

Orthotic management Effective at delaying and slowing rate of 
progression
Ultimate progression: 100%

Decreases rate of progression 
until puberty (failure rate: 
30%-80%)

Effectively controls 
curves <40 degrees (suc-
cess rate: 75%-80%)

Surgical treatment Instrumentation without fusion <8 yr
After 8 yr: ASF-PSF
After 11 yr: PSF

Instrumentation without 
fusion <8 yr
After 8 yr: ASF-PSF
After 1 yr: PSF

PSF with instrumentation
ASF if younger than 11 
yr with open triradiate 
cartilage

Risk of crankshaft High High Low

ASF, Anterior spinal fusion; PSF, posterior spinal fusion.
Modified from Mardjetko SM: Infantile and juvenile scoliosis. In Bridwell KH, DeWald RL, editors: The textbook of spinal surgery, ed 2, Philadelphia, 1997, 
Lippincott-Raven.
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resolved if the RVAD measured less than 20 degrees and 
that 84% of the curves progressed if the RVAD was greater 
than 20 degrees. She described a two-phase radiographic 
appearance based on the relationship of the apical ribs with 
the apical vertebra. In phase 1, the rib head on each side of 
the apical vertebra does not overlap the vertebral body. In 
phase 2, the rib head overlaps the convex side of the ver-
tebral body. Phase 2 curves are progressive, and therefore 
the measurement of RVAD is unnecessary. These measure-
ments are helpful in predicting curve progression, but the 
curves must be monitored closely to prevent severe pro-
gression with the resultant risk of restricted pulmonary dis-
ease. These measurements are helpful in predicting curve 
progression, but Corona et  al. noted that these measure-
ments should be used with care because of some variability 

of more than 10 degrees in 18% of paired observations. This 
highlights the necessity of closely monitoring curves both 
clinically and radiographically to prevent severe progres-
sion with the resultant risk of restricted pulmonary disease 
(Fig. 44.3).

An increased incidence of neural axis abnormalities 
(Chiari malformation, syrinx, low-lying conus, and brain-
stem tumor) has been noted on magnetic resonance imaging 
(MRI) in patients with infantile idiopathic scoliosis (21.7%). 
MRI evaluation is now recommended for infantile scoliosis 
for curves measuring more than 20 degrees. These patients 
usually require sedation for MRI. Pahys found a smaller per-
centage (13%) of patients with infantile scoliosis and intra-
spinal anomalies. Because of the need for sedation to obtain 
the MRI, close observation may be a reasonable alternative.

TREATMENT
Because of the favorable natural history in 70% to 90% of 
patients with infantile idiopathic scoliosis, active treatment 
often is not required. If the initial curve is less than 25 degrees 
and the RVAD is less than 20 degrees, observation with radio-
graphic follow-up every 6 months is recommended. Most 
resolving curves correct by 3 years of age (Fig. 44.4); however, 
follow-up should continue even after resolution because sco-
liosis may recur in adolescence.

CASTING
Treatment options for children with progressive infantile 
idiopathic scoliosis curves include serial casting, bracing, 
and later fusion; preoperative traction to correct the curve 
followed by fusion; and growing rod or vertical expandable 
prosthetic titanium rib (VEPTR) instrumentation without 
fusion (Synthes, West Chester, PA). Once the diagnosis of a 
progressive curve is made based on either a progressive Cobb 
angle or an RVAD of more than 20 degrees, rib phase 2, or a 
double curve, treatment is recommended. An orthotist can 
make a satisfactory thoracolumbosacral orthosis (TLSO) or 
cervicothoracolumbosacral orthosis (CTLSO) for curves that 
are not too large. Progression of many infantile curves can be 
prevented and significant improvement can be obtained with 
the use of a well-fitting orthosis during the early period of 
skeletal growth. In a very young child, serial casting with gen-
eral anesthesia may be required until the child is large enough 
for a satisfactory orthosis. The interval between cast changes 
is determined by the rate of the child’s growth, but a cast 
change usually is required every 2 to 3 months. Brace wear 
is continued full time until the curve stability has been main-
tained for at least 2 years. At that point, brace wear can be 
gradually reduced. McMaster reported control of the curves 
in 22 children with infantile scoliosis with an average brace 
time of more than 6 years.

Sanders et  al. reported good results with early cast-
ing for progressive infantile idiopathic scoliosis using the 
technique of Cotrel and Morel (extension, derotation, flex-
ion) cast correction. Best results were achieved if casting 
was started before 20 months of age and in curves less than 
60 degrees. Cast correction in older patients with curves 
of more than 60 degrees frequently resulted in curve 
improvement (Fig. 44.5). Casts were changed every 2 to 4 
months based on age and growth of the child. Once curves 
were corrected to less than 10 degrees, a custom-molded 
brace was used. 

 

Phase 1

Phase 2

FIGURE 44.3 Two phases in progression of infantile scoliosis as 
seen on posteroanterior radiographs. Phase 1: rib head on convex 
side does not overlap vertebral body. Phase 2: rib head on convex 
side overlaps vertebral body.  (Redrawn from Herring JA, editor: Tachd-
jian’s pediatric orthopaedics, ed 4, Philadelphia, 2008, Elsevier, p 337.)
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FIGURE 44.2 Construction of rib-vertebral angle (RVA) and 
rib–vertebral angle difference (RVAD). (1) Draw line parallel to 
bottom of apical vertebra (apical vertebral endplate). (2) Draw line 
perpendicular to line drawn in Step 1. (3) Find midpoint of head of 
rib. Find midpoint of neck of rib. These landmarks are estimated 
and mental note is taken. (4) Draw line from midpoint of head 
of rib to midpoint of neck of rib to line from Step 2. (5) Resulting 
angle is RVA for one side. (6) To calculate RVAD, calculate RVA for 
other side. Use lines created in Steps 1 and 2, and repeat Steps 3-5 
for other side.  (From Corna J, Sanders JO, Luhmann SJ, et al: Reliability 
of radiographic measures for infantile idiopathic scoliosis, J Bone Joint 
Surg 94A:e86, 2012.)
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CASTING FOR IDIOPATHIC SCOLIOSIS
A proper casting table is crucial for this procedure. Although 
a standard Risser frame will suffice, it is quite large for small 
children. Sanders et al. have designed a table that leaves 
the head, arms, and legs supported but the body free for 
cast application.

 TECHNIQUE 44.1 

 n  Intubate the patient; thoracic pressure during cast mold-
ing can make ventilation temporarily difficult.

 n  Use a silver-impregnated shirt as the innermost layer. 
Head halter and pelvic traction also are used to assist in 
stabilizing the patient and in narrowing the body (Fig. 
44.6A).

 n  A mirror slanted under the table is useful for viewing rib 
prominence, the posterior cast, and molds.

 n  Apply a thin layer of Webril with occasional felt on bony 
prominences.

 n  If there is a lumbar curve, flex the hips slightly to decrease 
lumbar lordosis and facilitate curve correction.

 n  Plaster is usually preferred over fiberglass because it is 
more moldable. The pelvic portion is the foundation of 
the cast and should be well molded.

 

A B

C D E

FIGURE 44.4 A, Infantile scoliosis in 3-year-old child. B, At 4 years of age. C, At 6 years of 
age, curve has greatly improved and by 10 years of age (D) has resolved. E, At follow-up at age 
16, there is no curve progression.
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 n  Apply pressure to the posteriorly rotated ribs with an 
attempt to anteriorly rotate these ribs to create a more 
normal chest configuration with counterrotation ap-
plied through the pelvic mold and upper torso. This is 
a derotation maneuver and should not push the ribs 
toward the spine in an attempt to correct the curve  
(Fig. 44.6B).

 n  If the apex is T9 or below, an underarm cast can be used, 
but the original technique used an over-the-shoulder cast.

 n  Create an anterior window to relieve the chest and ab-
domen while preventing the lower ribs from rotating. 
Create a posterior window on the concave side to allow 
the depressed concave ribs and spine to move posteriorly  
(Fig. 44.6C).
  

OPERATIVE TREATMENT
If a curve is severe or increases despite the use of an orthosis or 
casting, surgical stabilization is needed. Ideally, surgery should 
not only stop progression of the curve but also allow continued 
growth of the thorax and development of the pulmonary tree. 
Growing rods can be used to control curve progression and still 
allow for growth of the spine (Video 44.1). This usually requires 
surgery every 6 months to lengthen the rods (see Technique 
44.2 and Video 44.2). The use of magnetically controlled grow-
ing rods (MCGR), such as the MAGEC Spinal Bracing and 
Distraction System (NuVasive, Aliso Viejo, CA), may help 
avoid a return for surgical lengthening every 6 months; how-
ever, these should be used in carefully selected patients because 
of the size and stiffness of the magnetic implants. Rib-based 
instrumentation, such as VEPTR, has been reported as another 
alternative to correct the curve and allow for continued growth 

 

A B

C D

FIGURE 44.5 A and B, Mehta cast. C, Before cast wear. D, After 9 months of cast wear.
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of the spine, potentially decreasing the rate of autofusion seen 
with standard growing rods (see Technique 44.45). Schulz et al. 
reported this to be a safe and effective treatment of progres-
sive curves in this patient population. When surgical fusion is 
necessary, a relatively short anterior and posterior arthrodesis 
should be considered, including only the structural or primary 

curve. Combined anterior and posterior arthrodesis is neces-
sary to prevent the “crankshaft” phenomenon. The problem 
with this approach is that it leaves the child with a straight, 
shortened spine rather than a deformed spine of near-normal 
length. Karol reported that, despite early fusion surgery, revi-
sion surgery was required in 24% to 39% of patients. Restrictive 
pulmonary disease, defined as forced vital capacity less than 
50% of normal, occurs in 43% to 64% of patients who have 
early fusion surgery. Thoracic growth after early surgery is an 
average of 50% of that seen in children with scoliosis who did 
not have early surgery. Because of the deleterious effect on the 
developing thoracic cage and lung function, fusionless instru-
mentation techniques are preferred. 

JUVENILE IDIOPATHIC SCOLIOSIS
Juvenile idiopathic scoliosis appears between the ages of 4 and 
10 years. Multiple patterns can occur, but the convexity of the 
thoracic curve usually is to the right. Juvenile idiopathic scolio-
sis accounts for 12% to 21% of idiopathic scoliosis cases. The 
female-to-male ratio is 1:1 in children between 3 and 6 years 
of age. This ratio increases with age, with the ratio of 4:1 from 
6 to 10 years of age, and reaches a female-to-male ratio of 8:1 
by the time the children are 10 years of age. The natural history 
of juvenile idiopathic scoliosis is usually slow to moderate pro-
gression until the pubertal growth spurt. Lonstein found that 
67% of patients younger than age 10 years showed curve pro-
gression and that the risk of progression was 100% in patients 
younger than 10 years who had curves of more than 20 degrees. 
Robinson and McMaster reported curve progression in 95% of 
children with juvenile idiopathic scoliosis. Of those patients 
followed to maturity, 86% required spinal fusion. Most juvenile 
curves are convex right thoracic curve or double thoracic curve 
patterns and closely resemble those of adolescent idiopathic 
scoliosis. Few patients with juvenile idiopathic scoliosis have 
thoracolumbar or lumbar curves. Dobbs et  al. modified the 
adolescent idiopathic scoliosis classification system of Lenke 
for juvenile idiopathic scoliosis (see Fig. 44.33). (There are the 
same six curve types, but instead of using side-bending radio-
graphs to distinguish structural from nonstructural minor 
curves the authors used the deviation from the midline of the 
apex of the curve from the C7 plumb line for thoracic curves 
and the center sacral vertical line (CSVL) for thoracolumbar 
and lumbar curves. If the apex of the curve is completely off the 
line, a structural minor curve is present; if the apex is not off 
the line, a nonstructural minor curve is present.)

As in infantile idiopathic scoliosis, a high incidence of 
neural axis abnormalities has been found on MRI in children 
younger than 11 years with scoliosis (26.7%). Some may argue 
about the need for MRI in a routine preoperative workup, but 
most would agree that specific factors indicating a need for fur-
ther MRI evaluation include pain, rapid progression, left tho-
racic deformity, neurologic abnormalities (alterations in the 
superficial abdominal reflex), and other neurologic findings, 
such as loss of bowel or bladder control. If operative intervention 
is planned, then preoperative MRI evaluation is recommended.

TREATMENT
Although it is likely to progress and often requires surgery, 
juvenile idiopathic scoliosis is treated according to guidelines 
similar to those for adolescent idiopathic scoliosis. For curves 
of less than 20 degrees, observation is indicated, with exami-
nation and standing posteroanterior radiographs every 4 to 6 

 

A

B

C
FIGURE 44.6 A, Position on table with traction applied to 

halter and pelvis. B, Example of correction maneuver for derotation 
of left thoracic curve. C, Underarm cast with windows. (Redrawn 
from Sanders JO, D’Astous J, Fitzgerald M, et al: Derotational 
casting for progressive infantile scoliosis, J Pediatr Orthop 29:581, 
2009.) SEE TECHNIQUE 44.1.
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months. Evidence of progression on the radiographs as indi-
cated by a change of at least 5 to 7 degrees warrants brace 
treatment. If the curve is not progressing, observation is con-
tinued until skeletal maturity.

Although much of the earlier literature concerning orthotic 
treatment of juvenile idiopathic scoliosis had emphasized the 
Milwaukee brace, a TLSO is used for thoracic curves with the 
apex at T8 or below. Initially, the brace is worn full time (22 
of 24 hours). If the curve improves after at least 1 year of full-
time bracing, the hours per day of brace wear can be decreased 
gradually to a nighttime-only bracing program, which is much 
more tolerable, especially when the child reaches puberty. 
However, the patient is carefully observed for any sign of curve 
progression during this weaning process. If curve progression 
is noted, a full-time bracing program is resumed.

The success of nonoperative treatment is variable; 27% to 
56% require spinal fusion for progressive curves. It often is 
not possible to predict which curves will increase from the 
curve pattern, the degree of curvature, or the patient’s age at 
the time of diagnosis. Serial RVAD measurements have been 
useful to evaluate brace treatment; several guidelines can be 
formulated for evaluating brace treatment (Box 44.1).

Evidence of progression should be obtained before a 
brace is applied, unless the curve is greater than 30 degrees 
when the juvenile patient is first seen. Some curves, even 
in the range of 20 to 30 degrees, did not progress during a 
period of several months in one study; Mannherz et al. found 
progressive RVAD of more than 10 degrees over time to be 
associated with curve progression, and more frequent curve 
progression was noted in patients with less than 20 degrees 
of thoracic kyphosis. Double major curves tended to prog-
ress most often. Charles et  al. reported that juvenile curves 
of more than 30 degrees had a 100% risk of progression to 
a surgical range, underscoring the importance of beginning 
treatment in curves of more than 30 degrees.

Kahanovitz, Levine, and Lardone found that patients who 
wore a Milwaukee brace part time (after school and at night) had 
good outcomes with curves of less than 35 degrees and RVADs 
of less than 20 degrees. Patients with curvatures of greater than 
45 degrees at the onset of bracing and whose RVADs exceeded 
20 degrees all eventually underwent spinal fusion. Patients with 
curvatures from 35 to 45 degrees at the onset of bracing had 
much less predictable prognoses. The part-time brace program 
consisted of wearing the brace after school and all night for 
approximately a year. The patients were then kept in the brace 
at night only for another 2.5 years. The brace was at that point 
worn every other night for an average of 1.2 years. Bracing gen-
erally was discontinued completely at an average of about 14 
years of age. Individually, however, the number of hours spent 
wearing the brace depended on the amount of improvement and 
stability of the curvature. Part-time brace treatment may afford 
these children the social and psychologic benefits not provided 
by a full-time brace program. Jarvis et al. reported the successful 
management (prevention of surgery) with part-time bracing in 
patients with juvenile idiopathic scoliosis. The Milwaukee brace 
may be preferred because it does not cause chest wall compres-
sion in these young patients. A total-contact TLSO often is pre-
scribed, but rib cage distortion is possible because of the lengthy 
time the child must wear the brace. Robinson and McMaster 
found that the level of the most rotated vertebra at the apex of 
the primary curve was the most useful factor in determining the 
prognosis of patients with juvenile idiopathic scoliosis. Patients 
who had a curve apex at T8, T9, or T10 had an 80% chance of 

requiring spinal arthrodesis by 15 years of age. Khoshbin et al. 
reported that 50% of their patients progressed to surgery despite 
brace treatment. The operative rate was higher for patients with 
curves of more than 30 degrees at the start of brace treatment.

Even if the curve progresses, bracing may slow progres-
sion and delay surgery until the child is older, which may 
avoid a short trunk and lessen the possibility of a crankshaft 
phenomenon. If orthotic treatment fails, operative manage-
ment of the curve should be considered. Important consid-
erations in the operative treatment of patients with juvenile 
idiopathic scoliosis are the expected loss of spinal height and 
the limited chest wall growth and lung development after spi-
nal fusion. Another important consideration is the crankshaft 
phenomenon. With a solid posterior fusion, continued ante-
rior growth of the vertebral bodies causes the vertebral body 
and discs to bulge laterally toward the convexity and to pivot 
on the posterior fusion, causing loss of correction, increase in 
vertebral rotation, and recurrence of the rib hump. Dimeglio 
found that during the first 5 years of life the spine from T1 to 
S1 grows more than 2 cm a year. Between the ages of 5 and 10 
years, it grows 0.9 cm per year, and then it grows 1.8 cm per 
year during puberty (Fig. 44.7). A solid spinal fusion stops the 

Evaluation of Brace Treatment of Juvenile 
Idiopathic Scoliosis by the Rib–Vertebral Angle 
Difference

 n  If the RVAD values progress above 10 degrees during brace 
wear, progression can be expected.

 n  If the RVAD values decline as treatment continues, part-time 
brace wear should be adequate.

 n  Those patients with curves with RVAD values near or below 
0 degrees at the time of diagnosis generally will require only 
a short period of full-time brace wear before part-time brace 
wear is begun.

RVAD, Rib–vertebral angle difference.

 BOX 44.1 
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FIGURE 44.7 Growth velocity of T1-L5 segment, thoracic 
segment T1-12, and lumbar segment L1-L5.  (From Dimeglio A: Growth 
of the spine before age 5 years, J Pediatr Orthop B 1:102, 1993.)
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longitudinal growth in the posterior elements, but the verte-
bral bodies continue to grow anteriorly.

There is no full agreement about the exact parameters for 
which a child requires anterior and posterior fusions to prevent 
crankshaft deformity (Figs. 44.8 and 44.9). Shufflebarger and 
Clark recommended that patients with a Risser sign of grade 
0 or 1, a Tanner grade of less than 2, and a significant three-
dimensional deformity have a preliminary anterior periapical 
fusion before posterior instrumentation and fusion. Sanders 
et  al. noted that 10 of 43 patients with triradiate cartilage 
developed a crankshaft deformity after posterior-only fusion. 
An open triradiate physis in the pelvis indicates the need for 
supplementary anterior fusion. With superior correction and 

rotational control available with pedicle screw instrumenta-
tion, perhaps the need for anterior fusions could be lessened.

If the child is younger than 8 years, is small, and has a 
curve that cannot be controlled by nonoperative means, the 
ideal treatment is a growing rod system without fusion or 
growth modulation techniques. If the child is 9 or 10 years 
of age or large, growing rods or growth modulation may still 
be used but instrumentation and fusion may be appropriate. 
A combined anterior and posterior spinal fusion to avoid the 
crankshaft phenomenon may be needed, but with the use of 
pedicle screws to allow better correction and derotation of the 
spine, an anterior fusion may not be necessary.

GROWING ROD INSTRUMENTATION
Growing rod instrumentation is a technique of posterior 
instrumentation that is sequentially lengthened to allow lon-
gitudinal growth while still attempting to control progressive 
spinal deformity.

Currently, growing rod techniques include the use of (1) 
a single growing rod, (2) dual growing rods, (3) VEPTR rods, 
(4) Luque trolley, and (5) Shilla technique. MCGR can help 
decrease the rate of surgical lengthening and can be used in 
a single- or dual-rod configuration, although a higher rate of 
rod failure occurs with single-rod instrumentation.

The growing rod techniques should be considered in a 
patient with significant growth remaining and a reliable fam-
ily that will follow-up during treatment. This procedure usu-
ally is considered for patients younger than 10 years of age 
who have a curve of 60 degrees or more. Surgery typically is 
required every 6 months to lengthen the construct. A TLSO 
often is necessary for at least the first 3 to 6 months to protect 
the upper and lower levels of the instrumentation. Dual grow-
ing rods have been found to be effective in controlling severe 
spinal deformities and allowing spinal growth. With the use 
of dual rods, an apical fusion does not appear to be necessary 
during the course of treatment. Dual-rod techniques have been 
associated with a lower rate of complications than single-rod 
techniques, most commonly rod breakage and anchor failure. 

 

A B
FIGURE 44.8 Crankshaft phenomenon. A, Spine with scoliosis. 

B, Despite solid posterior fusion, continued anterior growth causes 
increase in deformity.
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  FIGURE 44.9 Fifty-seven-degree curve (A) was corrected to 39 degrees with posterior fusion 
and instrumentation (B). C, Three years after surgery, deformity has recurred because of crankshaft 
phenomenon.
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DUAL GROWING ROD 
INSTRUMENTATION WITHOUT FUSION
A spinal instrumentation system that is appropriate for the 
child’s size is used and should include both pedicle screws and 
hooks for fixation. If the child weighs less than 30 lb, an infant 
spinal set may be necessary. If the infant set is used, the rod is 
quite flexible, and therefore some additional protection in the 
form of external immobilization is necessary until the system can 
be converted to a pediatric rod system of a larger diameter.

 TECHNIQUE 44.2 

 n  Place the patient prone on the operating table or frame; 
prepare and drape the back in the routine sterile fashion.

 n  Take care to select the stable vertebrae at both ends of the 
curve and make a single, long, straight incision into the 
subcutaneous tissue from the upper to the lower neutral 
vertebrae. Alternatively, cranial and caudal incisions can be 
made over the end vertebrae and the rods can be tunneled 
between them. Dede et al. described preservation of motion 
segments by using the “stable-to-be vertebra” on bending 
or traction films as the lowest instrumented vertebra. The 
stable-to-be vertebra is the vertebra that is transected by the 
center sacral line on traction or bending films (Fig. 44.10).

 n  Confirm appropriate levels with a radiograph.
 n  Carry the dissection down to the lamina and spinous pro-

cess of the end vertebrae.
 n  Strip the periosteum from the concave and convex lamina 

out to the facet joint of the two vertebrae selected for 
instrumentation at each end of the curve.

 n  The upper and lower foundations for the growth rods can 
be done with either pedicle screws or hooks. If pedicle 
screws are used, especially in the upper thoracic spine, the 
use of a sublaminar wire or tape at the same level can be 
helpful in preventing axial pullout of the screws. If hooks 
are used to form the upper claw, insert a pedicle hook 

onto the lower of the two upper vertebrae and another 
superior transverse process hook on the upper of the two 
vertebrae on both the concave and convex sides.

 n  Form the lower claw by placing a supralaminar hook on 
the upper vertebra and the infralaminar hook on the lower 
vertebra. If it is anatomically feasible, pedicle screw fixa-
tion can be used in both the upper and lower foundations.

 n  Use two rods on the concave side and two rods on the 
convex side.

 n  Contour the rods to the natural contours of thoracic  
kyphosis and lordosis.

 n  Insert the rods under direct vision and use the appropriate 
set screws to hold the rods in the hooks or pedicle screws. 
Alternatively, tunnel the rods between the two incisions us-
ing a chest tube for guidance and to prevent intrathoracic 
penetration of the rod.

 n  Join the rods together with a low-profile growth rod con-
nector (Fig. 44.11).

 n  Use local autograft and allograft bone to pack around the 
upper and lower foundation sites.

 n  Do not attempt subperiosteal dissection between the 
hook sites to minimize the risk of autofusion.

POSTOPERATIVE CARE The child is placed in an orthosis 
for the first 6 months depending on the quality of the anchor 
fixation. At that time, the orthosis can be discontinued if the 
anchor sites are solidly fused. The rods routinely are length-
ened every 6 months depending on the growth rate of the 
child. Lengthening is performed by exposing the connector 
and loosening the set screws. Distraction is applied, and the 
set screws are retightened. Lengthenings are stopped when 
no further distraction can be achieved. Sankar et al. found 
that with successive lengthenings, there is a law of diminish-
ing returns: repeated lengthenings had decreased gains in 
length with each subsequent lengthening over time. When 
no further distraction can be achieved, patients have typi-
cally undergone “final arthrodesis.” This usually necessitates 
removal of the rods, and in our experience, if the proximal 
and distal anchors are still solidly fixed and well fused, they 
can be used as part of the final construct (Figs. 44.12 and 
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  FIGURE 44.10 The “stable-to-be vertebra” (StbV) is vertebra most closely bisected by central 
sacral vertical (SV) line. A, In this patient, stable-to-be vertebra is at L5. B, On traction radiograph, 
it is at L3. C, The patient was treated with growing rod instrumentation extending to L3. D, At 
6-year follow-up, correction is well maintained with no evidence of distal adding on. (From Dede 
O, Demirkiran G, Bekmez S, et al: Utilizing the “stable-to-be vertebra” saves motion segments in growing 
rods treatment of early-onset scoliosis, J Pediatr Orthop 36:336, 2016.)
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A B
FIGURE 44.11 Technique of dual-rod instrumentation. A, Antero-

posterior view. B, Lateral view showing construct contoured to main-
tain sagittal alignment. Extended tandem connectors are placed in 
thoracolumbar spine to minimize profile. SEE TECHNIQUE 44.2.

 

A B

FIGURE 44.12 A, Posteroanterior radiograph of child with infantile scoliosis treated with dual 
growing rods (B).

44.13). “Final arthrodesis” in this setting has been associ-
ated with very little curve correction and a high complication 
rate. For this reason, patients with good deformity correc-
tion, sagittal and coronal balance, and well-fixed implants 
may be able to be observed with implants in place.
  

Other growing rod constructs include the Luque trolley 
and the Shilla technique. These techniques allow apical con-
trol while guiding the growth of the spine along the rod sys-
tem. The Luque trolley consists of sublaminar wires and rods 
without fusion. The Shilla technique consists of a nonlocking 
pedicle screw implant. The apex of the deformity is fixed and 
fused with pedicle screws while the ends of the construct are 
instrumented with screws that are not locked to the rod. This 
theoretically allows for apical control of the deformity and 
continued axial lengthening of the spine with growth. While 
techniques such as that of Shilla have been shown to decrease 
the number of surgical episodes for patients, concerns exist 
about wear debris and implant prominence. 

 

SHILLA GUIDED GROWTH SYSTEM

 TECHNIQUE 44.3 

(MCCARTHY ET AL.)
 n  Careful assessment of upright coronal and sagittal films, 

along with analysis of the flexibility of the curve by bend-
ing or traction films, is necessary to determine the lo-
cation of the apical vertebral segments (Fig. 44.14). The 
apical three or four vertebral segments that are least cor-
rected through flexibility testing are the apical levels for 
fusion and maximal correction.

 n  Place small needle markers in the spinous processes and 
obtain a radiograph to identify spinal levels.

 n  Make a single midline incision and perform subperiosteal 
dissection to only the apical levels.

 n  Incise the fascia 1 cm off the midline on both sides of 
the spinous processes from cephalad to caudad, merging 
with the subperiosteal dissection at the apex.

 n  Place bilateral fixed-head pedicle screws throughout the 
apical levels.
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 n  Perform Ponte osteotomies (see Technique 44.24) 
between the apical segments if needed to enhance  
correction in all planes. Apical decortication is necessary 
for fusion of these levels.

 n  Place the growth guidance screws through the muscular 
layer with fluoroscopic visualization of bone. Use a can-
nulated polyaxial screw of sufficient diameter to fill the 
pedicle. A Jamshidi trocar system is helpful in placing the 
screw in the center of the pedicle.

 n  The location of the guidance screws depends on the 
curve; the screw should extend far enough into the lum-
bar spine to maintain the lordosis and coronal correction. 

 FIGURE 44.13 Growing rods. SEE TECHNIQUE 44.2.
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Avoid stopping the caudal instrumentation at the thora-
columbar junction because this may lead to prominence 
with flexion.

 n  Place the guidance screws at bilateral locations or stag-
gered, making sure that they are separated by enough 
distance on the rod to allow for easy sliding.

 n  Because the guidance screws at the top of the construct 
are subjected to pull-out forces from kyphosis, place a 
sublaminar or transverse process cable or FiberWire (3 
mm) one level above the upper screws to protect them.

 n  Choose a rod of the appropriate diameter for the size of 
the child, generally 4.5 mm, and contour it into normal 
sagittal curves, leaving the rod one vertebral level long at 
each length for growth.

 n  Before placement of the permanent rods, place a tem-
porary (provisional) rod on the convex side and attach 
it loosely at the apex and one growing screw above and 
below the apex.

 n  Roll the provisional rod into a neutral position in the coro-
nal and sagittal positions, translate it toward the concav-
ity of the curve with coronal benders, and hold it there by 
tightening the apical plugs.

 n  Attach the permanent concave rod to the screws and re-
move the provisional rod.

 n  Derotate the apical levels with tube derotation devices or 
a vertebral column derotation device while holding the 
rods in place with vise grips to prevent rod rotation.

 n  The fixed-head screws lock the rods at the apical screws 
through the locking set screws that fix to the rods. The 
guidance screw caps capture the rods in the guidance 
screw head, leaving room for movement of the rod within 
the screw head.

 n  If needed to help maintain rod rotation, use a crosslink 
just below the apical fixation. If the child is younger than 
5 years old, use a sliding type of crosslink to allow for 
growth in the canal diameter.

 n  Use the torque/countertorque device to snap off the caps 
at a preset torque pressure.

 n  Place bone graft at the apex only.
 n  Close the wound in routine fashion, using a small drain if 

necessary.

      
     
 

   

  FIGURE 44.14 A, Preoperative standing radiograph of a 3-year-old child with infantile idio- 
pathic scoliosis. B, Three-month postoperative radiographs after insertion of Shilla rods. C, Five-year 
postoperative radiographs. (From Medtronic: Shilla Growth Guidance System, 2012, Memphis, TN.)
SEE TECHNIQUE 44.3.
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POSTOPERATIVE CARE The child is immobilized for 3 
months. A bivalved form-fitting turtle-shell brace is used 
during daytime until the apical fusion is solid. A protective 
brace is not necessary after this period of immobilization 
unless excessively vigorous activities are expected.
  

Growing rods do have potential complications, and compli-
cations are common. Bess et al. found at least one complication 
in 58% of patients with early-onset scoliosis who were treated 
with growing rods; submuscular placement of the rod resulted in 
fewer complications than subfascial placement. The most com-
mon complications are (1) rod breakage, (2) hook displacement 
or failure of proximal or distal fixation points, (3) infection, (4) 
skin breakdown over prominent rods, and (5) autofusion of the 
spine. Cahill et al. reported autofusion in 89% of children treated 
with growing rods. Arthrodesis after growing rod treatment has 
been associated with minimal curve correction in the coronal 
and sagittal planes, minimal gain in thoracic height, and a com-
plication rate approaching 30% due primarily to spine stiffness, 
osteopenia from stress shielding, and infection from multiple 
previous surgical lengthenings. For these reasons, it may be rea-
sonable for patients with well-balanced curves to be observed 
long term with their implants left in place, avoiding the risks of 
arthrodesis. A follow-up study of 100 patients treated with grow-
ing rods found that at 4-year follow-up, there was a 20% rate of 
unplanned return to the operating room, primarily for infection, 
device problems, and curve progression, highlighting the fact 
that “final arthrodesis” may not be final.

Rib-based instrumentation systems such as VEPTR can be 
used as a growing rod system (see Technique 44.45). The con-
structs can be rib-to-rib, rib-to-spine, or rib-to-pelvis. This has 
the advantage of minimal exposure of the spine and a theoreti-
cal decreased risk of spontaneous fusion of the spine. Another 
technique is to use a claw construct around ribs to act as the 
proximal attachment for dual growing rods. The advantage to 
using ribs as anchors instead of the spine is the preservation of 
motion between vertebrae, thereby preventing or delaying spon-
taneous fusion. The procedure is contraindicated in patients 
with kyphosis (upper thoracic kyphosis is poorly controlled with 
rib anchors) and patients who cannot tolerate repeated surgical 
procedures. This technique uses traditional spine implants with 
hooks that fit around the ribs. It is important to place the hook 
as close as possible to the transverse process to prevent the hook 
from sliding laterally (Fig. 44.15A,B). The rate of proximal (rib) 
anchor failure is inversely related to the number of rib anchor 
points, and ideally six to eight rib anchors (three or four on each 
side) should be used. Outriggers often can be used to increase 
the number of anchor points as well (Fig. 44.16). 

 

GROWING ROD ATTACHMENT USING 
RIB ANCHORS

 TECHNIQUE 44.4 

(SANKAR AND SKAGGS)
 n  Position the patient prone, taking care to pad all bony 

prominences. Neuromonitoring is essential when per-
forming this procedure and should include both the  

upper and lower extremities because of the proximity of 
the upper instrumentation to the brachial plexus when 
the second and third ribs are used. Fixation to the first rib 
should be avoided.

 n  Make a midline skin incision or two separate incisions at 
the top and bottom of the construct, depending on the 
surgery.

 n  Dissect through the subcutaneous tissues and elevate a 
flap superficial to the paraspinal muscles laterally past the 
transverse processes. Confirm the location fluoroscopi-
cally.

 n  Alternatively, if the patient has multiple fused ribs and an 
open thoracostomy is planned, place the patient in the 
lateral decubitus position. Make a curvilinear J-shaped 
incision, starting halfway between the medial edge of 
the scapula and the posterior spinous process of T1-T2. 
Carry the incision distally and laterally across the 10th rib. 
Transect the muscle layers in line with the skin incision 
down to the level of the ribs and elevate an anterior flap 
to the costochondral junction. The paraspinal muscles 
are elevated from lateral to medial to the tips of the 
transverse process. In patients with multiple rib fusions 
and stiff chest walls, an opening wedge thoracostomy is 
indicated.

 n  For most patients, a thoracostomy usually is not necessary 
and has been shown to disrupt pulmonary function. The 
use of distraction-based rib implants is effective in open-
ing up the rib spaces. Standard spine hooks can be used. 
Make a 5-mm transverse incision just distal to the neu-
rovascular bundle using cautery (lateral to the transverse 
process). Make sure that the dissection on the top of the 
rib is immediately adjacent to the transverse process only 
(see Fig. 44.15A). If the soft tissues are dissected too far 
laterally, hooks tend to slide down. Use a Freer elevator to 
dissect the soft tissue anterior to the rib (see Fig. 44.15B). 
Preserve the periosteum around the rib to allow the rib to 
hypertrophy in response to stress.

 n  If a specialized device cradle is necessary, use a similar 
insertion technique, except stay subperiosteal with the rib 
dissection. Use a Freer elevator in both a superior and infe-
rior direction around the rib to create a channel. Insert the 
rib cradle cap into the superior end of the channel and the 
rib cradle into the inferior end of the channel. Align the 
two devices and connect them with the cradle cap lock.

 n  Place a conventional upgoing spinal hook into the inter-
val between the periosteum and pleura using a standard 
hook inserter or partial rod. Usually a second upgoing 
hook is placed around an adjacent rib to share the load.

 n  After proximal fixation, attention is turned to placement 
of the distal anchor. Through the same incision, subperi-
osteally dissect the lamina of the intended vertebrae. Ei-
ther single-level fixation with a downgoing supralaminar 
hook or, more commonly, two-level fixation with pedicle 
screws can be used. If single-level fixation is used, preserve 
the interspinous ligament to avoid progressive kyphosis of 
the distal segment with distraction. If pedicle screws are 
used, place them at two adjacent levels because plowing 
of the implants could injure nerve roots.

 n  If two-level distal anchoring is chosen, use a narrow 
rongeur to destroy the facet joint and place cancellous 
crushed allograft into the joint. Decorticate the exposed 
bone and place bone graft before the rod to maximize 
bony contact.
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 n  If one incision was used and if separate upper and lower 
rods were used, they can be connected with a longitudi-
nal growing rod connector or side-to-side connector with 
the rods overlapping. It is prudent to use more than one 
connector. If two separate incisions were used for expo-
sure, a soft-tissue tunnel should be made between the 
two anchor sites for passage of the rods using a chest 
tube to facilitate safe passage of the rod.

 n  Although unilateral rods are less invasive, there are fewer 
anchor points to share the load, and balancing the curve 
can be problematic. Dual rods are more stable and less 
prone to breakage and loss of fixation and make balancing  
the spine easier. When dual rods are used, a crosslink 
should be avoided because, although biomechanically 
more stable, use of a crosslink has been associated with 
catastrophic spinal cord injury when screw pull-out occurs. 

 

BA

FIGURE 44.15 A, Model of thoracic spine with ribs. Correct placement of rib anchors (white 
arrows) lateral to tips of transverse processes (black arrows). B, Dissection of soft tissue anterior to 
rib. (From Sankar WN, Skaggs DL: Rib anchors in distraction-based growing spine implants. In Wang 
JC, editor: Advanced reconstruction spine, Rosemont, IL, 2011, American Academy of Orthopaedic 
Surgeons.) SEE TECHNIQUE 44.4.

 

BA

FIGURE 44.16 Anterior-posterior and lateral radiographs of 8-year-old girl with neuromuscular 
scoliosis and rib-based fixation with outriggers. A, Note that outriggers allow increased number of 
rib anchor points. B, Use of specialized rib cradles allows fixation of multiple ribs in same cradle, 
increasing strength of anchor.
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Screw pull-out with a crosslink typically occurs posteriorly 
along the axis of the pedicle, avoiding the spinal cord. The 
crosslink will not allow the screw to pull out along the 
trajectory of the pedicle and can pull out directly into the 
spinal cord.

 n  If an opening wedge thoracostomy was performed, a sec-
ond rib-to-rib device can be used laterally to assist in cor-
rection and to reduce the load on the medial rib-to-spine 
device. Place the superior cradle around the same ribs that 
have the medial hybrid device and place the inferior cradle 
on a stable rib no lower than the 10th rib.

 n  Before wound closure, fill the upper anchor site with 
warm saline and perform a Valsalva maneuver to look for 
a pleural leak. If bubbles are present, place a Hemovac 
(Zimmer, Inc., Warsaw, IN) or chest tube into the pleural 
space for a few days.

 n  Close the wound in layers using 1-0 braided absorbable 
suture for the musculocutaneous flap, a 2-0 suture for 
the dermis, and a running 3-0 monofilament absorbable 
suture for the final subcuticular layer.

See also Videos 44.1 and 44.2 

POSTOPERATIVE CARE Physical therapy is started on 
the first day after surgery. A TLSO should be used for 3 
months if the arthrodesis was at a distal anchor site. Pa-
tients may return to sports at 3 months. Lengthenings are 
planned for every 6 months after the initial surgery.
  

GUIDED GROWTH AND PHYSEAL STAPLING
Growth modulation is an attempt to apply the principles of 
guided growth in the lower extremities with physeal stapling. 
Intervertebral stapling is used to produce a tethering effect on the 
convex side of the spine. This tether theoretically will allow for 
continued growth on the concave side of the spine deformity and 
gradual correction of the deformity with growth. Devices that 
have been used for this growth modulation are a flexible titanium 
clip, a nitinol staple, and, more recently, an anterior spinal tether 
using anterior vertebral body screws and a polypropylene cord. 

 

ANTERIOR VERTEBRAL TETHERING
With the development and FDA approval of anterior verte-
bral tethering, the use of vertebral body stapling has dropped 
dramatically. Purported advantages of anterior vertebral 
tethering over posterior spinal fusion include that it allows 
the spine to grow and remain flexible, it is one-time surgery, 
and a later fusion can be done if needed. The indications for 
this technique have not been well established, but it is most 
likely beneficial for patients with enough growth remain-
ing to substantially alter the shape of the spine and is most 
suited for primary thoracic curves with typical hypokyphotic 
apices (Fig. 44.17). Suggested contraindications include 
patients with no remaining growth, patients younger than 8 
years of age, patients with curves of less than 40 degrees or 
more than 65 degrees, and patients with left-sided curves, 
pulmonary disease limiting single-lung ventilation, previous 
ipsilateral chest surgery, or poor bone quality.

 TECHNIQUE 44.5 

 n  With the use of single-lung ventilation and the patient in the 
lateral decubitus position, make a thoracoscopic approach.

 n  With fluoroscopy, mark the screw trajectories in the coro-
nal plane, planning for three posterior axillary line 15-mm 
portals for screw placement. Use an 11-mm anterior axil-
lary line portal for endoscopic placement.

 n  Open the pleura longitudinally 1 cm anterior to the rib 
heads.

 n  Coagulate and divide the segmental vessels and retract 
them anteriorly with sponges placed between the spine 
and the great vessels.

 n  Place bicortical transverse vertebral body screws through 
pronged washers using fluoroscopy to guide the screw 
trajectory.

 n  Introduce the tethering cord through a portal and capture 
it with a set screw into the proximal vertebral body screw. 
Adjust the portals to the appropriate interspace used to 
place the adjacent screws, and remove the long end of 
the tether from the chest through that portal, allowing 
a tensioning device to take slack out of the tether as the 
next set screw is tightened.

 n  Repeat this sequence for each screw, with more or less 
compression applied as indicated based on the deformity 
(generally more compression at the apex and less to none 
at the ends).

 n  Cut the tether distally and close the pleura over the de-
vice with the endoscopic suturing technique. Place a chest 
tube and reinflate the lungs.

POSTOPERATIVE CARE The patient recovers in the 
hospital for 4 to 5 days. A thoracolumbosacral orthosis 
is recommended for 3 months after surgery. Noncontact 
activities can be resumed after 3 months.
  

INSTRUMENTATION WITH FUSION
If a child is older than 9 or 10 years or is unable to cooper-
ate with the demands of growth rods, instrumentation and 
spinal fusion should be considered. A combined anterior and 
posterior procedure should be considered if the patient is 
deemed at risk for the crankshaft phenomenon (see Figs. 44.7  
and 44.8). However, with the use of pedicle screw fixation and 
the ability to get better correction of vertebral body rotation 
and the Cobb angle, an anterior fusion rarely is used.

Preferably, if an anterior procedure is performed, the 
anterior release and fusion are done without sacrificing the 
segmental vessels. Anterior instrumentation is not used if 
posterior instrumentation is scheduled as a second proce-
dure. Posteriorly, a multiple-hook or pedicle screw segmen-
tal system is most commonly used. Many of these systems 
have a variety of different size hooks, pedicle screws, and 
rods, depending on the size of the child. Karol et  al., how-
ever, found that patients with proximal thoracic deformity 
who required fusion of more than four segments, especially 
the upper thoracic, were at higher risk for the development 
of restrictive pulmonary disease. There was a significant cor-
relation between poor pulmonary function and the proximal 
level of the thoracic fusion and the percentage of thoracic ver-
tebrae fused. 
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ADOLESCENT IDIOPATHIC 
SCOLIOSIS
Adolescent idiopathic scoliosis is present when the spinal 
deformity is recognized after the child is 10 years of age but 
before skeletal maturity. This is the most common type of 
idiopathic scoliosis. The characteristics of adolescent idio-
pathic scoliosis include a three-dimensional deformity of the 
spine with lateral curvature plus rotation of the vertebral bod-
ies. Most idiopathic curves are lordotic or hypokyphotic in 
the thoracic region, and this may represent an important fac-
tor in the etiology of idiopathic scoliosis.

ETIOLOGY
The exact cause of idiopathic scoliosis remains unknown. The 
consensus is that there is a hereditary predisposition and its 
actual cause is multifactorial. There are many proposed etio-
logic factors, but these can be divided into six general cat-
egories: (1) genetic factors, (2) neurologic disorders, (3) 
hormonal and metabolic dysfunctions, (4) skeletal growth, 
(5) biomechanical factors, and (6) environmental and lifestyle 
factors. The role of a genetic component in the cause of scolio-
sis is supported by several studies demonstrating an increased 
incidence of scoliosis in family members. Riseborough and 
Wynne-Davies found scoliosis in 11% of first-degree relatives 
of 207 patients with scoliosis. Genetic studies of families in 
which multiple members are affected have suggested several 
sites within the genome that appear to be linked to scoliosis. 
Currently genetic testing is being evaluated as a prognostic 
test for the risk of curve progression. Abnormalities in the 
central nervous system also have been thought to play a role 
in causing scoliosis. These neurologic factors can be divided 
into two major groups: neuroanatomic and neurophysiologic 
dysfunction. Studies have reported anatomic abnormali-
ties in the midbrain, pons, and medulla and the vestibular 
system in scoliosis patients. Hindbrain abnormalities with 

cervicothoracic syrinx and low-lying cerebellar tonsils, with 
or without an abnormal cerebrospinal fluid dynamic, have 
been reported in patients with adolescent idiopathic scoliosis. 
Abnormalities of equilibrium and vestibular function have 
been noted as a possible cause. Differential growth between 
the right and left sides of the spine and a relative overgrowth 
of the anterior spinal column compared with the posterior 
column, resulting in a relative thoracic lordosis, have been 
postulated to cause scoliosis. Hormone abnormalities that 
have been proposed as causes are abnormalities in growth 
hormone, estrogen, melatonin, calmodulin, and leptin. 
Biomechanical causes are thought to be a result of asymmet-
ric loading of the immature spine, which in turn causes asym-
metric growth, resulting in a progressive deformity. Possible 
environmental or lifestyle factors include nutrition, diet, cal-
cium and vitamin D intake, and exercise level. In summary, 
the exact cause of scoliosis remains unknown and may be 
multifactorial. Current research continues to try to better 
define these proposed causes. 

NATURAL HISTORY
A knowledge of the natural history and prevalence of idio-
pathic scoliosis is essential to determine if treatment is neces-
sary. Three important questions need to be answered:
What is the prevalence of idiopathic scoliosis in the general 

population?
What is the likelihood of curve progression necessitating 

treatment in a child with scoliosis?
What problems may occur in adult life if scoliosis is left 

untreated and the curve progresses?
Idiopathic scoliotic curves of more than 10 degrees are 

estimated to occur in 2% to 3% of children younger than 
16 years of age. Larger curves of more than 30 degrees are 
estimated to occur in 0.15% to 0.3% of children. Weinstein 
created a table of calculations that show decreasing preva-
lence with increasing curve magnitude (Table 44.2). The 

 

A B C

FIGURE 44.17 A, Anterior vertebral body tethering. B, Before tethering. C, After tethering. 
(From Shriners Hospital for Children Philadelphia Newsletter, June 18, 2014.) SEE TECHNIQUE 44.5.
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importance of these prevalence studies is that small degrees of 
scoliosis are common but larger curves occur much less fre-
quently. Fewer than 10% of children with curves of 10 degrees 
or more require treatment.

Once scoliosis has been discovered in a child, the curve 
must be evaluated for the probability of progression, defined 
as an increase of 5 degrees or more measured by the Cobb 
measurement over two or more visits. What is unknown is 
whether this progression will continue and what the final 
curve will be. Spontaneous improvement is rare, occurring 
in 3% of adolescents with idiopathic scoliosis, most of whom 
have curves of less than 11 degrees. Certain factors have 
been found to be related to curve progression (Box 44.2). 
Progression is more likely in girls than in boys. The time of 
curve progression in adolescent idiopathic scoliosis gener-
ally is during the rapid adolescent growth known as the peak 
height velocity (PHV), which usually occurs before menses 
in females and is about 8 cm per year for girls and 9.5 cm 
per year for boys. The incidence of progression decreases as 
the child gets older and approaches skeletal maturity. The 
incidence of progression also has been found to be related to 
curve patterns. In general, double curves are more likely to 
progress than single curves and single thoracic curves tend 
to be more progressive than single lumbar curves. The inci-
dence of progression also increases with the curve magnitude. 
Bunnell estimated that the risk of progression for a 20-degree 
curve is approximately 20% and the risk for a 50-degree curve 
is 90%, and Sanders developed a chart to predict progression 
of a curve when a patient is first seen (Fig. 44.18). Historically, 
the Risser staging based on the ossification of the iliac crest 
was used to assess skeletal maturity and subsequent risk of 
curve progression. While simple and readily available on 
routine spine radiographs, its reliability has been questioned 
because of the variability of ossification of the iliac crest 
apophysis and the fact that Risser staging correlates poorly 

to predicting PHV. Sanders et al. developed a simplified clas-
sification of skeletal maturity based on hand radiographs 
that has been shown to correlate highly with curve behavior  
(Fig. 44.19). The natural history of adolescent idiopathic 
 scoliosis in adulthood is difficult to study because of the 
 challenges in obtaining long-term follow-up data. In general, 
patients with smaller curves, less than 30 degrees, will do well 
in adulthood with little or no associated morbidity.

The incidence of back pain in the general population is 
between 60% and 80%, and the incidence in patients with 
idiopathic scoliosis is comparable. Patients with lumbar or 
thoracolumbar curves, especially those with translatory shifts 
at the lower end of the curves, have a slightly greater inci-
dence of backache than patients with other curve patterns, 
but this is rarely disabling and is unrelated to the presence of 
osteoarthritic changes on radiographic examination.

In a 50-year follow-up study, the incidence of back pain 
in scoliosis patients was 77% compared with 37% in control 
subjects. Chronic back pain was reported by 61% of the sco-
liosis group and 35% of the control subjects. However, the 
ability of scoliosis patients to perform activities of daily liv-
ing and work was similar to that of the control subjects. The 
location of pain has been variable in studies and generally 
unrelated to the location or magnitude of the curve. In con-
trast, lumbar and thoracolumbar curves may arise in adult life 
and cause severe pain and discomfort. This degenerative type 
of scoliosis should not be confused with the natural history 
of untreated adolescent idiopathic scoliosis. Ultimately, it is 
important to determine whether the pain is related to scolio-
sis before treatment determinations are made.

A direct correlation has been noted between decreasing 
vital capacity and increasing curve severity due to restrictive 
lung disease and is seen in large thoracic curves, greater than 
100 degrees. One study found significant respiratory impair-
ment (pulmonary function <65% predicted) in 19% of their 
preoperative patients with adolescent idiopathic scoliosis. The 
decrease in pulmonary function correlated with the severity 

 TABLE 44.2

Adolescent Idiopathic Scoliosis Prevalence

COBB ANGLE (DEGREES) FEMALE:MALE PREVALENCE (%)
>10 1.4-2:1 2-3
>20 5.4:1 0.3-0.5
>30 10:1 0.1-0.3
>40 <0.1

From Weinstein SL: Adolescent idiopathic scoliosis: prevalence and natural his-
tory. In Weinstein SL, editor: The pediatric spine: principles and practice, New 
York, 2001, Raven.

Factors Related to Progression of Adolescent 
Idiopathic Scoliosis

 n  Girls > boys
 n  Premenarchal
 n  Risser sign of 0
 n  Double curves > single curves
 n  Thoracic curves > lumbar curves
 n  More severe curves

 BOX 44.2 
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FIGURE 44.18 Logistic projection of probability of Lenke type 
I and type 3 curves progressing to surgery assuming greater than 
50-degree threshold.  (From Sanders JO, Khoury JG, Kishan S, et al: 
Predicting scoliosis progression from skeletal maturity: a simplified clas-
sification during adolescence, J Bone Joint Surg Am 90:551, 2008.)
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Stage 1

Juvenile
slow

Preadolescent
(Tanner 2)

Stage 2 Stage 3

Adolescent
(Tanner 2-3,

Risser 0)

Stage 4

Adolescent
rapid-late
(Tanner 3,
Risser 0)

Stage 5

Adolescent
steady-early
(Risser 0)

Stage 6

Adolescent
steady-late
(Risser 0)

Stage 7

Early
mature

Stage 8

Mature
(Risser 5)

FIGURE 44.19 Sanders classification of skeletal maturity.  (From Crawford AH, et al: Clinical and 
radiographic evaluation of the scoliotic patient. In Newton PO, O’Brien MF, Shufflebarger HL, et al, editors: 
Idiopathic scoliosis: the Harms Study Group treatment guide, New York, 2010, Thieme, p 60.)

of the main thoracic curve and sagittal plane hypokypho-
sis and was seen in patients with curves of 70 to 80 degrees. 
Death in patients with adult idiopathic scoliosis also seems to 
be related to thoracic curves greater than 100 degrees, with 
resultant cor pulmonale. With modern surgical techniques, 
death from cor pulmonale from adolescent idiopathic scolio-
sis is extremely rare.

The psychologic effect of scoliosis has been studied by 
numerous authors. Unhappiness with the appearance often is 
correlated with the size of the rib prominence. Middle-aged 
patients tolerate the psychologic effects of scoliosis better 
than teenagers; however, many adult patients seeking treat-
ment for untreated adolescent idiopathic scoliosis are most 
concerned with the cosmetic aspects of the disorder.

Curves may continue to progress throughout adult life. 
Weinstein et  al. identified multiple factors that predict the 
likelihood of curve progression after maturity (Table 44.3). In 
general, curves in any area of less than 30 degrees at skeletal 
maturity did not tend to progress in adult life. Larger curves 
were more likely to progress throughout adult life, especially 
thoracic curves between 50 and 75 degrees. Lumbar curves 
also tend to progress in adulthood in curves less than 50 
degrees if they are accompanied by a transitory shift between 
the lower vertebrae. 

PATIENT EVALUATION
The initial evaluation of the patient should include a thor-
ough history, physical and neurologic examinations, and 
spine radiographs.

Most patients with scoliosis present for evaluation because 
of the appearance of their spine deformity. The prevalence of 

back pain for most adolescent idiopathic scoliosis patients 
is similar to that in the general population. Further workup 
may be needed if the patient’s back pain is persistent, inter-
feres with daily activities, occurs at night, or is associated with 
any abnormal neurologic findings. Menarchal status, patient 
and parental height, and family history of scoliosis should be 
determined. Scoliosis occurs three times more frequently in 
children whose parents are affected and seven times more fre-
quently if a sibling is affected. Also, if the parents or siblings 
have been treated for scoliosis, this may suggest a greater like-
lihood of curve progression in the patient. Surgical history is 
important in identifying scoliosis associated with congenital 
heart disease or with a prior thoracotomy.

 TABLE 44.3

Progression Factors in Curves More Than 30 
Degrees at Skeletal Maturity

THORACIC LUMBAR THORACOLUMBAR
Cobb >50 
degrees

Cobb >30 degrees Cobb >30 degrees

Apical vertical 
rotation >30 
degrees

Apical vertical rota-
tion >30 degrees

Apical vertical 
rotation >30%

Mehta angle >30 
degrees

Curve direction
Relation L5 to inter-
crest line
Translatory shifts

Translatory shifts

From Weinstein SL: Natural history, Spine 24:2592, 1999.
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On physical examination, the height of the patient should 
be measured. Serial measurement of height will detect when 
PHV is occurring associated with an increase in progression of 
the curve. The best clinical test for evaluating spinal curvature 
is the Adams forward bending test (Fig. 44.20). As the patient 
bends forward at the waist until the spine is horizontal, the trunk 
is observed for rotation from behind (to assess midthoracic 
and lumbar rotation) and from the front (to assess upper tho-
racic rotation). The knees should be straight, the feet together, 
the arms dependent, and the palms in opposition. Because of 
vertebral rotation, this will produce a rib prominence in the 
thoracic region or a paraspinal fullness in the lumbar region. 
An angle of more than 7 degrees is considered abnormal and 
usually correlates with a curve of 15 to 20 degrees. The sagittal 
plane should also be examined for excessive kyphosis or lor-
dosis. Limb lengths should be evaluated because a discrepancy 
may cause a pelvic tilt and a compensatory scoliosis.

On inspection of the spine, the examiner should look for 
any dimpling (Fig. 44.21), hair patches, or skin abnormalities, 
such as hemangiomas or café au lait spots. Asymmetry of the 
shoulder, scapula, ribs, and waistline should be noted. Spinal 
balance can be determined by the alignment of the head over 
the pelvis. The head should be positioned directly above the 
gluteal crease. This can be assessed by dropping a plumb line 
from the base of the skull or from the spinous process of C7. 
The plumb line should not deviate from the center of the glu-
teal crease by more than 1 to 2 cm. In the sagittal plane, the 
spine is usually hypokyphotic. If hypokyphosis is absent clini-
cally and radiographically, then a syrinx should be ruled out by 
MRI. A thorough neurologic examination should be done to 
determine if an intraspinal neoplasm or a neurologic disorder 
is the cause of scoliosis. Particular attention should be given to 
the abdominal reflexes because often they are the only neuro-
logic abnormality found with some intraspinal disorders. 

RADIOGRAPHIC EVALUATION
Posteroanterior and lateral radiographs of the spine, includ-
ing the iliac crest distally and most of the cervical spine proxi-
mally, should be made with the patient standing. Inclusion 

of the iliac crest and the cervical spine generally requires 14 
× 36-inch cassettes or digital equipment that allows accurate 
splicing of images. Patients should stand with their knees 
locked, with feet shoulder width apart, and looking straight 
ahead. The patient’s shoulders are flexed forward, the elbows 
are fully flexed, and the fists should rest on the clavicles. The 
organs most at risk from radiation are the maturing breasts, 
and radiation is decreased by a factor of 5 to 11 by use of the 
posteroanterior view. Faster radiographic film and rare-earth 
screens also reduce the patient’s exposure to radiation. New 
low-dose, digital slot-scanning techniques require approxi-
mately one eighth the radiation of standard radiographs and 
allow the creation of three-dimensional models to aid with 
surgical planning when necessary.

Although no absolutely accurate method is available for 
determining skeletal maturity as an adolescent progresses 
through puberty, various radiographic parameters can be 
used to assess maturity. The most common method is assess-
ment of bone age at the hand and wrist and development of 
the iliac apophysis (Risser sign), triradiate cartilage, olecra-
non apophysis ossification, and digital ossification.

The Risser sign is a measurement based on the ossifica-
tion of the iliac apophysis, which is divided into four quad-
rants. The Risser sign proceeds from grade 0, no ossification, 
to grade 4, in which all four quadrants of the apophysis have 
ossification. Risser grade 5 is when the apophysis has fused 
completely to the ilium when the patient is skeletally mature. 
The Risser sign may not be as useful for predicting curve pro-
gression because of variations in the normal ossification pat-
terns and because grade 1 has been found to begin after the 
period of rapid adolescent growth or PHV.

The PHV has been reported by several authors to be a bet-
ter maturity indicator than the Risser sign, chronologic age, 
or menarchal age. PHV is calculated from serial height mea-
surements and is expressed as centimeters of growth per year. 
Average values of PHV are 8 cm per year in girls and 9.5 cm 
per year in boys. Little et al., in a study of 120 girls with scolio-
sis, found that PHV reliably predicted cessation of growth (3.6 
years after PHV in 90%) and likelihood of curve progression. 

 FIGURE 44.20 Adams forward bending test. Note right thoracic 
rib prominence and left lumbar prominence in patient with thora-
columbar curve.  FIGURE 44.21 Sacral dimple may be sign of congenital scoliosis.
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Of 60 patients with curves of more than 30 degrees at PHV, 50 
(83%) had curve progression to 45 degrees or more; of 28 with 
curves of 30 degrees or less at PHV, only one (4%) progressed 
to 45 degrees or more. Little et al. found similar results in boys 
with scoliosis and reported a 91% accuracy rate for predict-
ing progression to 45 degrees or more. In both girls and boys, 
they found the PHV to be superior to the Risser sign, chrono-
logic age, and menarchal age as a maturity indicator.

The triradiate cartilage begins to ossify in the early stages 
of puberty. In girls it is completely ossified after the period of 
PHV and before Risser grade 1 and menarche. In boys it is in 
the early stages of ossification when puberty begins. Sanders 
et al. found a higher rate of crankshaft phenomenon after pos-
terior spinal fusion in patients at or before PHV as indicated 
by an open triradiate cartilage. These findings, however, may 
not be as common with modern pedicle screw fixation, which 
is more rigid and provides three-column fixation that may be 
more resistant to crankshaft than posterior hooks, which con-
trol only the posterior column of the spine (Fig. 44.22).

Other methods for evaluating maturity and the risk 
of curve progression are based on hand and wrist or elbow 
radiographs. The Sauvegrain method determines skeletal 
age from anteroposterior and lateral radiographs of the left 
elbow. It is a 27-point system based on four anatomic struc-
tures about the elbow: lateral condyle, trochlea, olecranon 
apophysis, and the proximal radial epiphysis. Skeletal age is 
determined from this score. Charles et al. reported a simple 
but reliable method to assess maturity based on the olecranon 
apophysis and allowed skeletal age to be determined at regu-
lar 6-month intervals from the age of 11 to 13 years in girls 
and from 13 to 15 years in boys. They found that this informa-
tion complemented the Risser grade 0 and triradiate cartilage 
closure information (Figs. 44.23 and 44.24).

Both the Tanner-Whitehouse-III Radius-Ulna-Short Bones 
(RUS) score, based on the radiographic appearance of the epiphy-
ses of the distal radius, ulna, and small bones of the hands, and the 
digital skeletal age maturity scoring system, based on the meta-
carpals and phalanges, highly correlate with PHV and curve pro-
gression. However, these systems are cumbersome and not very 
practical to use in a busy clinical setting. Because of this, Sanders 
et al. reported a simplified classification based on the epiphyses of 
the phalanx, metacarpal, and distal radius. They were able to dem-
onstrate that this method reliably predicted maturity and prob-
ability of progression to surgery (see Fig. 44.19 and Table 44.4).

Approximately 10% of patients with presumed adolescent 
idiopathic scoliosis have a neurologic abnormality. An MRI 
should be used when there is a concern for a neurologic etiol-
ogy, such as a Chiari malformation, syringomyelia, or intra-
spinal tumor, for the scoliosis and is most commonly used 
when curves are left thoracic, rapidly progressing, or pain-
ful, or the physical examination is unreliable or concerning. 
Another valuable sign is lack of thoracic apical lordosis or 
hyperkyphosis.

MEASUREMENT OF CURVES
The Cobb method of measurement recommended by the 
Terminology Committee of the SRS (Fig. 44.25) consists of 
three steps: (1) locating the superior end vertebra, (2) locat-
ing the inferior end vertebra, and (3) drawing intersecting 
perpendicular lines from the superior surface of the supe-
rior end vertebra and from the inferior surface of the inferior 
end vertebra. The angle of deviation of these perpendicular 
lines from a straight line is the angle of the curve. If the end-
plates are obscured, the pedicles can be used instead. The 
end vertebra of the curve is the one that tilts the most into 
the concavity of the curve being measured. In general, on 
moving away from the apex of the curve, the next interver-
tebral space below the inferior end vertebra or above the 
superior end vertebra is wider on the concave side of the 
curve. Within the curve, the intervertebral spaces usually are 
wider on the convex side and narrower on the concave side. 
When significantly wedged, the vertebrae themselves, rather 
than the intervertebral disc spaces, may be wider on the 
convex side of the curve and narrower on the concave side. 
The reported interobserver and intraobserver variations in 
Cobb measurements average 5 to 7 degrees. The same levels 
should be measured between visits and variability should be 
taken into account in determining whether a curve is truly 
progressing. 

 

PHV

TRC closure

Height velocity
Risser 1 and menarche

Risser 2

Crankshaft No crankshaft

Age

FIGURE 44.22 Height velocity. Triradiate cartilage (TRC) closure 
occurs after period of peak height velocity (PHV) and before Risser 
grade 1 and menarche.  (Modified from Sanders JO, Little DG, Richards 
BS: Prediction of the crankshaft phenomenon by peak height velocity, 
Spine 22:1352, 1997.)
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Triradiate
cartilage
Closed

Pubertal diagram

Greater
trochanter
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Zone 1: Risser 0, triradiate open
Zone 2: Risser 0, triradiate closed
Zone 3: Risser I–II, greater trochanter open
Zone 4: Risser III–IV, greater trochanter closed

FIGURE 44.23 Pubertal diagram divided into four zones. Zone 
1, ascending side, triradiate cartilage open, bone age between 
11 and 13 years in girls and boys (Risser 0). Zone 2, ascending 
side, triradiate cartilage closed, bone age between 11 and 13 years 
in girls and between 13 and 15 years in boys (Risser 0). Zone 3, 
descending side, elbow closed but greater trochanter not fused, 
bone age between 13 and 16 years in girls and between 15 and 18 
years in boys (Risser 1 to 2). Zone 4, descending side, elbow closed 
and greater trochanter fused, bone age between 13 and 16 years in 
girls and between 15 and 18 years in boys (Risser 3 to 4).  (Redrawn 
from Dimeglio A, Canavese F, Charles P: Growth and adolescent idiopathic 
scoliosis: when and how much? J Pediatr Orthop 31:S28, 2011.)
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FIGURE 44.24 Simplified skeletal age assessment with olecranon method during accelerating 
pubertal growth phase of peak height velocity and Risser grade 0 from ages of 11 to 13 years in girls 
and from 13 to 15 years in boys, with a decelerating growth phase after elbow fusion. Y-cartilage 
closure = triradiate cartilage closure.  (Redrawn from Charles YP, Dimeglio A, Canavese F, Dauers JP: Skeletal 
age assessment from the olecranon for idiopathic scoliosis at Risser grade 0, J Bone Joint Surg 89A:737, 2007.)

 TABLE 44.4 

Logistic Projection of the Probability of Lenke Type 1 and Type 3 Curves Progressing to Surgery Assuming 
a Threshold of More Than 50 Degrees*,†

CURVE 
(DEGREES) STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5 STAGE 6

STAGES 7 
AND 8

10 2% (0%-40%) 0% (0%-15%) 0% (0%-0%) 0% (0%-0%) 0% (0%-0%) 0% (0%-0%) 0% (0%-1%)
15 23% (4%-69%) 11% (1%-58%) 0% (0%-2%) 0% (0%-0%) 0% (0%-0%) 0% (0%-0%) 0% (0%-7%)
20 84% (40%-98%) 92% 

(56%-99%)
0% (0%-14%) 0% (0%-1%) 0% (0%-1%) 0% (0%-1%) 0% (0%-26%)

25 99% 
(68%-100%)

100% 
(92%-100%)

29% 
(3%-84%)

0% (0%-5%) 0% (0%-5%) 0% (0%-2%) 0% (0%-64%)

30 100% 
(83%-100%)

100% 
(98%-100%)

100% 
(47%-100%)

0% (0%-27%) 0% (0%-22%) 0% (0%-11%) 0% (0%-91%)

35 100% 
(91%-100%)

100% 
(100%-100%)

100% 
(89%-100%)

0% (0%-79%) 0% (0%-65%) 0% (0%-41%) 0% (0%-98%)

40 100% 
(95%-100%)

100% 
(100%-100%)

100% 
(98%-100%)

15% 
(0%-99%)

0% (0%-94%) 0% (0%-83%) 0% (0%-100%)

45 100% 
(98%-100%)

100% 
(100%-100%)

100% 
(100%-100%)

88% 
(2%-100%)

1% (0%-99%) 0% (0%-98%) 0% (0%-100%)

*Unshaded cells correspond with combinations of curve size and maturity stage for which surgery would be a plausible treatment if more than 50 degrees at matu-
rity is accepted as the threshold for surgical treatment. Shaded cells correspond with combinations for which surgery would not be a plausible treatment.
†Cells with wide 95% confidence intervals (shown in parentheses) correspond with groups that had too few patients for accurate estimates (or groups that had no 
patients) and should be interpreted with caution.
Reproduced from Sanders JO, Khoury JG, Kishan S, et al: Predicting scoliosis progression from skeletal maturity: a simplified classification during adolescence, J Bone 
Joint Surg 90A:540, 2008.

VERTEBRAL ROTATION
Because of the three-dimensional nature of adolescent idio-
pathic scoliosis, accurate assessment of vertebral rotation 
both preoperatively and postoperatively is important. The two 
most commonly used methods of determining vertebral rota-
tion from plain radiographs are those of Nash and Moe and 

of Perdriolle and Vidal. In the method of Nash and Moe, if the 
pedicles are equidistant from the sides of the vertebral bod-
ies, no vertebral rotation is present (0 rotation). The grades 
progress to grade IV rotation, in which the pedicle is past the 
center of the vertebral body (Fig. 44.26). It may be difficult to 
assess postoperative rotation because of the instrumentation 
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75°

FIGURE 44.25 Diagram of Cobb method (see text).

obscuring the measurement landmarks. Kuklo et  al. evalu-
ated the utility of alternative radiographic measures of verte-
bral rotation. They found that the rib hump as measured on 
the lateral radiograph (Fig. 44.27A) and the apical vertebral 
body-rib ratio (Fig. 44.27B) showed a strong correlation with 
vertebral rotation and can be used when CT is not feasible 
or when instrumentation obscures the landmarks necessary 
for rotation to be evaluated by the other techniques. New slot 
digital scanning imaging techniques (EOS Imaging, Paris, 
France) provide fast and accurate three-dimensional recon-
structions of the spine that can better determine vertebral 
body rotation without the radiation exposure from a CT scan. 

SAGITTAL BALANCE
The importance of normal sagittal alignment has become rec-
ognized in the management of patients with spinal deformity. 
Sagittal alignment can be considered on a segmental (two 
vertebral bodies and intervening disc), regional (cervical, 
thoracic, thoracolumbar junction, lumbar, lumbosacral), or 
global basis. Global spinal alignment generally is considered 
to be an indication of overall sagittal balance.

Overall spinal sagittal balance is determined by a plumb 
line dropped from the dens, which should fall anterior to the 
thoracic spine, posterior to the lumbar spine, and through the 
posterior superior corner of S1 (Fig. 44.28). Because the dens 
is difficult to evaluate on long scoliosis films, the plumb line 
usually is dropped from the middle of the C7 vertebral body. 
This plumb line is called the sagittal vertebral axis. A positive 
sagittal vertebral axis is considered present when the plumb 
line is anterior to the anterior aspect of S1. A negative sagit-
tal vertebral axis occurs when this plumb line passes poste-
rior to the anterior body of S1 (Fig. 44.29). The overall sagittal 
balance is probably a more important measurement than 
regional and segmental measurements. In general, for sagit-
tal balance to be maintained, lumbar lordosis should measure 
20 to 30 degrees more than the kyphosis. If overall sagittal 
balance is not considered, correction to the normal range of 
lordosis without similar correction of the kyphotic thoracic 
spine can lead to significant sagittal imbalance (Fig. 44.30).

In the thoracic spine, the normal sagittal curvature is 
kyphotic and typically is 30 to 40 degrees in adolescents. The 
kyphosis begins at the first thoracic vertebra and reaches its maxi-
mal segmental kyphosis at T6 or T7. Ranges of thoracic kyphosis 
in normal patients, both adults and children, have been reported. 
Although the kyphosis begins at T1, this vertebra often cannot be 
seen on standing long-cassette lateral films. The T4 or T5 vertebra 
is more easily seen and measured. Gelb et al. found that the upper 
thoracic kyphosis from T1 to T5 in 100 adults averaged 14 ± 8 
degrees. Adding this number to the kyphosis measured from T5 
to T12 provides a reasonable estimate of overall regional kyphosis.

The normal regional lumbar sagittal alignment is lor-
dotic. The normal apex of this lordosis is at the vertebral body 
of L3 or L4 or the disc space itself. The segments at L4-L5 
and L5-S1 account for 60% of the overall lumbar lordosis. It is 
important to remember that the lumbar discs account for 47 
degrees of the lordosis (78%); the vertebral bodies themselves 
account for only12 degrees. This emphasizes the importance 
of preserving disc height during anterior procedures for the 
treatment of spinal deformities. Because 40% of the total 
lumbar lordosis is in the L5-S1 segment, it is important to be 
able to measure to the top of the sacrum, although this can 
be difficult on standing lateral images. The lumbar lordosis is 
a dependent variable based on the amount of kyphosis. For 

 

Grade: Neutral

Grade: + + + +

Grade: + + + 

Grade: + +  

Grade: +   

Grade: +   

Pedicle

Pedicle
disappearing

Pedicle
disappears

Grade: Neutral No asymmetry No asymmetry

Migrates within
first segment

May start
disappearing

Early distortion Early distortion

Migrates to
second segment

Gradually
disappears

Migrates to
middle segment

Not visible

Migrates past
midline to
concave side of
vertebral body

Not visible

Grade: + +  

Grade: + + + 

Grade: + + + +

 Convex                                                       Concave

 Pedicle                Convex                      Concave

FIGURE 44.26 Pedicle method of determining vertebral rota-
tion. Vertebral body is divided into six segments and grades 0 to 4+ 
are assigned, depending on location of pedicle within segments. 
Because pedicle on concave side disappears early in rotation, pedicle 
on convex side, easily visible through wide range of rotation, is 
used as standard.
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sagittal balance to be maintained, lordosis generally is 20 to 
30 degrees larger than thoracic kyphosis.

The orientation of the sacrum, the sacral slope, and the pelvic 
incidence are closely associated with the characteristics of lumbar 
lordosis and location of the apex of lumbar lordosis (Fig. 44.31).  
A sacral slope of less than 35 degrees and a low pelvic incidence 
are associated with a relatively flat, short lumbar lordosis. A 
sacral slope of more than 45 degrees and a high pelvic incidence 
are associated with a long, curved lumbar lordosis.

The thoracolumbar junction is the transition area 
from a relatively rigid kyphotic thoracic spine to a 

relatively mobile lordotic lumbar spine. Bernhardt and 
Bridwell showed that the thoracolumbar junction is 
nearly straight. This relationship must be maintained 
during reconstructive procedures to prevent a junctional 
kyphosis. 

 

A B

RH

A B

AVB-R Ratio = A/B

FIGURE 44.27 A, Diagram of measurement technique for assessing rib hump (RH) deformity. 
RH is linear distance between left and right posterior rib prominences at apex of rib deformity 
on lateral radiograph. B, Diagram of measurement technique for apical vertebral body/rib ratio 
(AVB-R). AVB-R is ratio of linear measurements from lateral borders of apical thoracic vertebrae to 
chest wall on anteroposterior radiographs.  (Redrawn from Kuklo TR, Potter BK, Lenke WG: Vertebral 
rotation and thoracic torsion in adolescent idiopathic scoliosis: what is the best radiographic correlate? J 
Spinal Disord Tech 18:139, 2005.)
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FIGURE 44.28 C7 sagittal plumb line is useful measurement of 
sagittal balance. Plumb line dropped from middle of C7 vertebral 
body falls close to posterosuperior corner of S1 vertebral body.  

Positive 0
SVA

Negative

δ

β

FIGURE 44.29 Method of measurement of various parameters 
of sagittal spinal alignment. Sagittal vertical axis (SVA) is horizontal 
distance from C7 plumb line to front corner of sacrum. Positive 
values indicate position anterior to sacrum; negative values are 
through or behind sacrum. β, Angle of sacral inclination, is angle 
subtended by tangent to posterior border of S1 and vertical axis. 
δ, Cobb angle between two vertebrae.
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CURVE PATTERNS
Idiopathic scoliosis curves were first descriptively classified 
by Ponseti and Friedman and later by King. These classifica-
tion systems have been replaced by the Lenke classification, 
which uses the coronal and sagittal planes to help guide treat-
ment decisions including fusion levels.

LENKE CLASSIFICATION
Measurements are obtained from standard posteroanterior, 
lateral, and right and left bending radiographs. The three 
steps in this classification system are (1) identification of the 
primary curve, (2) assignment of the lumbar modifier, and (3) 
assignment of the thoracic sagittal modifier. The first step is 
to identify the primary curve. These curves should be divided 
by region: proximal thoracic, main thoracic, and thoracolum-
bar or lumbar. Curves are considered to be structural curves 
if they are more than 25 degrees on posteroanterior radio-
graphs and do not bend to less than 25 degrees on side-bend-
ing radiographs. Based on these measurements the curve can 
be classified into six types (Fig. 44.32). The second step is to 
determine the lumbar spine modifier. This is determined by 
drawing a vertical line upward from the center of the sacrum 
(CSVL). The lumbar spine modifier is then determined by the 
relationship of the CSVL to the concave pedicle of the apical 
lumbar vertebra and can be assigned into A, B, or C. In type A, 
the CSVL is between the pedicles; in type B, it is between the 
medial pedicle wall and the lateral vertebra; and in type C, it 
is medial to the entire vertebra. The third step is to determine 
the thoracic sagittal modifier. The sagittal modifier is hypoky-
photic (<10 degrees), normal (10 to 40 degrees), or hyperky-
photic (>40 degrees). Using this technique, fusion levels can 
be chosen so that the major and structural minor curves are 
included in the instrumentation and the nonstructural curves 

 

A B C

FIGURE 44.30 A, Preoperative standing lateral radiograph in patient with neuromuscular 
scoliosis. B, Standing lateral view 1 month later indicates imbalance between kyphosis and lordosis 
correction with signs of early increasing thoracic kyphosis. C, Further follow-up of same patient 
shows increasing falling off of thoracic kyphosis above instrumentation.
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b
a

c
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FIGURE 44.31 Sacral slope (SS) is angle subtended by hori-
zontal reference line (HRL) and sacral endplate line (bc). SS shares 
common reference line (bc) with pelvic incidence (PI) and pelvic 
tilt (PT). PI is measured from static anatomic structures. PT and SS 
depend on angular position of sacrum/pelvis in relation to femoral 
heads, which changes with standing, sitting, and lying down. Rela-
tionship of PT and SS is affected by lumbosacropelvic flexion and 
extension. VRL, Vertical reference line.  (From Jackson R, Kanemura 
T, Kawakami N, Hales C: Lumbopelvic lordosis and pelvic balance on 
repeated standing lateral radiographs of adult volunteers and untreated 
patients with constant low back pain, Spine 25:575–586, 2000.)
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excluded. In addition, this classification allows better organi-
zation of similar curve patterns and provides comparisons of 
various treatment methods. 

NONOPERATIVE TREATMENT
Various methods have been used to treat adolescent idio-
pathic scoliosis over the years, including physical therapy, 
manipulation, and electrical stimulation, but there is no sci-
entific evidence supporting their effectiveness. The two most 
widely accepted nonoperative techniques for idiopathic sco-
liosis are observation and bracing, often in conjunction with 
Schroth-based physical therapy.

OBSERVATION
Because mild scoliosis is frequent in the general population 
and few individuals have curves that require treatment, no 

method is reliable for accurately predicting at the initial 
evaluation which curves will progress. For these reasons, 
observation, except in patients with large curves, should 
be the initial form of treatment. Attempts have been made 
to monitor external contours with measurement of the 
rib hump, measurement of the trunk rotation angle with 
a “scoliometer,” and use of contour devices such as sur-
face topography scanning; however, these techniques have 
very limited, if any, clinical application. For this reason, 
radiographic evaluation remains the mainstay of obser-
vation. Because of intraobserver and interobserver vari-
ability in radiographic measurement, an increase of 5 or 
more degrees is considered progression. In general, the 
frequency of radiographic follow-up is driven by where 
the patient is in their development relative to their PHV 
(Table 44.5).

 

Curve type

Type Proximal
thoracic

Main
thoracic

Thoracolumbar/
lumbar

Curve
description

Main thoracic (MT)1 Nonstructural Structural (major) Nonstructural

Double thoracic (DT)2 Structural Structural (major) Nonstructural

Double major (DM)3 Nonstructural Structural (major) Structural

Triple major (TM)4 Structural Structural (major) Structural

Thoracolumbar/lumbar (TL/L)5 Nonstructural Nonstructural Structural (major)

Thoracolumbar/lumbar—
structural MT

(Lumbar curve > thoracic by ≥ 10°)

6 Nonstructural Structural

Structural Criteria Location of Apex
(SRS definition)

Structural (major)

Proximal thoracic: Side-bending Cobb ≥ 25°
T2-T5 kyphosis ≥ 120°

Thoracolumbar/lumbar: Side-bending Cobb ≥ 25°
T10-L2 kyphosis ≥ +20°

Main thoracic: Side-bending Cobb ≥ 25°

Curve Apex

Thoracolumbar T12-L1

T2-T11-12 DiscThoracic

Lumbar L1-2 Disc-L4

Modifiers

Lumbar
Spine

Modifier

A CSVL between pedicles

B CSVL touches apical
body(ies)

C CSVL completely medial

Center Sacral Vertical Line
(CSVL)

to Lumbar Apex

Thoracic Sagittal
Profile
T5-T12

A B

−

N (Normal)

(Hypo)

+C (Hyper)

10°–40°

< 10°

> 40°

Curve type (1–6) + Lumbar spine modifier (A, B, or C) + Thoracic sagittal modifier (−, N, or +)
Classification (e.g., 1 B +):

FIGURE 44.32 Curve types and criteria for structural curves and location of apex.  (From Lenke 
LG, Betz RR, Harms J, et al: Adolescent idiopathic scoliosis: a new classification to determine extent of spinal 
arthrodesis, J Bone Joint Surg 83A:1169, 2001.)
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Curves of 30 to 40 degrees in skeletally mature patients 
generally do not require treatment, but because studies indi-
cate a potential for progression in adult life, these patients 
should be observed with yearly standing posteroanterior 
radiographs for 2 to 3 years after skeletal maturity and then 
every 5 years. 

ORTHOTIC TREATMENT
The goal of brace treatment is to limit further curve pro-
gression and avoid surgery. A small amount of correction 
may occur while in the brace, but the curve will gener-
ally settle to its pretreatment degree of curvature once the 
brace is discontinued. Brace correction of spinal curves is 
thought to occur through molding of the spine, trunk, and 
rib cage during growth, specifically through transverse 
loading of the spine through the use of corrective pads. 
The efficacy of brace treatment for patients with adoles-
cent idiopathic scoliosis remains controversial. Numerous 
studies in the literature support the effectiveness of an 
orthosis in preventing curve progression and the need 
for surgical intervention. However, there are other stud-
ies that suggest bracing may not be effective. A large brac-
ing study showed successful treatment in 72% of braced 
patients compared with 48% success with observation and 
concluded that bracing significantly decreased progres-
sion of high-risk curves to the threshold of surgery and 
that the benefit of bracing increased with longer hours of 
brace wear.

The SRS Committee on Bracing and Nonoperative 
Management has recommended standardization of crite-
ria for adolescent idiopathic scoliosis brace studies so that 
valid and reliable comparisons can be made. The optimal 
inclusion criteria consist of age 10 years or older when a 
brace is prescribed, Risser grades 0 to 2, primary curve 
angles of 25 to 40 degrees, no prior treatment, and, if 
female, either premenarchal or less than 1 year postmen-
archal. Bracing is recommended for a flexible curve of 25 
degrees or more in a growing child with documented pro-
gression. Although surgery usually is indicated for curves 
in the 40- to 50-degree range in growing children, orthotic 
treatment may be considered for some curves in an effort 
to delay surgery to allow further maturation and spinal 
growth. Orthotic treatment is not used in patients with 
curves of more than 50 degrees.

Underarm braces (Boston, Wilmington, and Miami) have 
replaced the Milwaukee brace in most centers. However, these 
low-profile braces work best in patients whose curve apex is at 
T7 or lower. The Charleston and Providence nighttime bend-
ing braces hold the patient in maximal side-bending correc-
tion and are worn only at night for 8 to 10 hours. These braces 
are best suited for single thoracolumbar or lumbar curves.

The orthoses were originally intended to be worn 23 
hours a day, but concern about compliance has led to part-
time bracing regimens. Most part-time bracing protocols 
call for approximately 16 hours or less of brace wear each 
day. A meta-analysis of the literature found a relationship 
between the duration of brace wear per day and prevention 
of curve progression, suggesting that the more time that is 
spent in a brace, the less likely it will be for the curve to pro- 
gress. Another study found that the total number of hours 
of brace wear correlated with the lack of curve progression 
and inversely correlated with the need for surgical treatment. 
This effect was most significant in patients who were at Risser 
grade 0 or 1 or with an open triradiate cartilage at the begin-
ning of treatment. Curves did not progress in 82% of patients 
who wore the brace more than 12 hours per day compared 
with only 31% of those who wore the brace less than 7 hours 
per day.

The SpineCor brace (Biorthex Inc., Boucherville, Quebec, 
Canada) is an adjustable, flexible, dynamic brace with the cited 
advantages of simplicity of use, comfort, increased mobility, 
high patient compliance, and effectiveness. Outcomes of clin-
ical studies indicate that prevention of curve progression is 
better with the brace than with no treatment, but comparative 
studies have shown it to be less effective than rigid orthoses in 
preventing curve progression. It appears to provide the great-
est benefit for children between the juvenile and early adoles-
cent stages, generally between the ages of 6 and 11 years, with 
Cobb angles of less than 30 degrees in whom other forms of 
bracing have failed. 

OPERATIVE TREATMENT
Operative treatment is considered if the curve is likely to 
reach a magnitude that can be expected to become trouble-
some in adulthood. Although most authors recommend sur-
gery when the curve reaches 50 degrees, other factors need 
to be considered. Smaller lumbar and thoracolumbar curves 
may cause significant trunk shift, coronal decompensation, 
and cosmetic deformity. Double 50-degree curves are not as 
cosmetically unacceptable as single curves, and if progression 
occurs in skeletally mature patients, it is likely to be gradual. 
In an immature patient, surgery may be considered for curves 
between 40 and 50 degrees, because of the high likelihood 
of growth-dependent progression. Surgery is more likely to 
be required in a patient with a curve that progresses despite 
brace treatment. Patients with significant back pain should 
have further evaluation before surgery for neurologic abnor-
malities. Thoracic lordosis also should be considered because 
it has a detrimental effect on pulmonary function, and brac-
ing worsens thoracic lordosis. The general indications for 
operative treatment are summarized in Box 44.3.

PREOPERATIVE PREPARATION
Preoperative preparation is essential for an optimal surgi-
cal outcome. Aspirin-containing products or nonsteroidal 

 TABLE 44.5 

Suggested Follow-up Frequency for Adolescent 
Idiopathic Scoliosis

AGE
PEAK HEIGHT 
VELOCITY

CURVE 
MAGNITUDE FREQUENCY

Young Before <20 degrees 6 mo
Young Before >20 degrees 4 mo
Mid In All 4 mo
Older After <20 degrees None
Older After >30 degrees Annually to 

maturity*

*Should be followed every 5 years after skeletal maturity.
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antiinflammatory agents should be discontinued before 
surgery because these medications may increase surgical 
blood loss and oral contraceptives should be discontinued 
because of the risk of deep venous thrombosis postopera-
tively. Preoperative radiographic evaluation with postero-
anterior, lateral, and side-bending films of the thoracic 
and lumbar spine are necessary to determine fusion levels. 
Advanced imaging, most commonly MRI but also CT and 
myelography, occasionally are needed to rule out condi-
tions such as syringomyelia, diastematomyelia, and teth-
ered cord.

Patients with adolescent idiopathic scoliosis should 
have preoperative pulmonary function studies if they 
have a history of poor exercise tolerance, a curve of more 
than 60 degrees associated with a history of reactive air-
way disease, or a curve of more than 80 degrees. Patients 
with larger thoracic curves, thoracic lordosis, and coronal 
imbalance may be at higher risk of pulmonary impairment, 
but some patients with smaller curves may have clinically 
relevant pulmonary impairment. In fact, in some patients 
the pulmonary impairment may be out of proportion to 
the severity of the scoliosis. In rare cases with very large 
curves, a tracheostomy should be considered with a vital 
capacity of less than 30% of predicted normal. Ideally this 
should be done preoperatively to allow healing and pulmo-
nary optimization.

With advances in perioperative anesthetic techniques, 
such as the use of hypotensive anesthesia during surgical 
exposure and the use of antifibrinolytic agents, most com-
monly tranexamic acid, the need for transfusion following 
surgical treatment for scoliosis has decreased dramatically. 
The use of tranexamic acid has been shown in large multi-
center studies, as well as randomized studies, to correlate 
with decreased blood loss, decreased cell-saver volume, and 
need for postoperative transfusion. In rare cases, preoperative 
autologous blood donations and/or preoperative erythropoi-
etin can be used in patients who qualify to decrease the risk of 
homologous blood transfusions. 

INTRAOPERATIVE CONSIDERATIONS
Because spinal surgery has the potential for significant blood 
loss, two large-bore intravenous lines are needed, and an 
arterial line is necessary for continuous blood pressure moni-
toring. An indwelling urinary catheter is used to monitor uri-
nary output. Electrocardiographic leads, blood pressure cuff, 
and a pulse oximeter also are necessary.

Spinal cord monitoring using both spinal somato-
sensory-evoked potentials and motor-evoked potentials 

has become the standard of care during scoliosis surgery 
because it facilitates timely diagnosis of neurologic injury, 
allowing the surgeon time to correct the etiology before 
permanent neurologic harm occurs. A large series of sur-
gically treated scoliosis patients found that the use of elec-
trophysiology had a sensitivity of 100% and specificity of 
87% and all events had an identifiable episode that led to 
the change.

Cervical and cortical leads to the surgical area can 
record stimulation of the distal sensory nerves and can 
alert the surgeon to possible alteration of spinal cord 
transmission. Preoperative monitoring for a “baseline” 
is helpful for comparison during the operative proce-
dure. When somatosensory-evoked potentials are used, 
multiple recording sites must be used, including corti-
cal, subcortical, and peripheral sites, and certain inha-
lation agents, such as halothane and isoflurane, should 
be avoided, as should diazepam and droperidol. The 
somatosensory-evoked potential is a useful adjunct for 
monitoring spinal cord function, but it is not infallible, 
and false-positive and false-negative results have been 
reported. An important limitation of the somatosensory-
evoked potential is that it measures only the integrity of 
the sensory system.

The use of motor-evoked potentials will monitor the 
spinal cord motor tracts. The combination of motor-evoked 
potentials and somatosensory-evoked potentials can sig-
nificantly decrease the chance of unrecognized injury to 
the spinal cord. Transcranial electrical stimulation of the 
motor cortex generates an electrical impulse that descends 
the corticospinal tract and enters the peripheral muscle, 
where this electrical impulse can be recorded. This allows 
monitoring of the ventral spinal cord, which is vulnerable 
to cord ischemia. For this reason, motor-evoked potentials 
are more sensitive to mean arterial pressure and hypotensive 
anesthesia, and changes in motor-evoked potentials occur 
more rapidly than in somatosensory-evoked potentials after 
a neurologic injury.

Triggered electromyographic monitoring is useful to 
detect a possible breach in the pedicle wall by a pedicle screw. 
A threshold of less than 6 mA should alert the surgeon to a 
possible breach.

The first available spinal cord monitoring technique was 
the Stagnara wake-up test, described by Vauzelle, Stagnara, 
and Jouvinroux in 1973. In this test, the anesthesia is 
decreased or reversed after correction of the spinal deformity. 
The patient is brought to a conscious level and asked to move 
both lower extremities. Once voluntary movement is noted, 
anesthesia is returned to the appropriate level and the surgical 
procedure is completed. With the widespread use of somato-
sensory and motor-evoked potentials, this technique is rarely 
used because of the risk of awaking a prone, intubated patient 
but is useful if concerns about the quality of the motor and 
somatosensory-evoked potentials exists or a spinal cord 
injury is suspected. The ankle clonus test has been reported as 
an alternative to the wake-up test. Clonus should be present 
for a brief period on emergence from anesthesia. The absence 
of clonus during this time is abnormal.

Hypotensive anesthesia, in which mean arterial blood 
pressure is kept at 65 mm Hg, is an effective way to decrease 
intraoperative blood loss. An arterial line is essential during 

Indications for Operative Treatment of Idiopathic 
Scoliosis

 n  Increasing curve in growing child
 n  Severe deformity (>50 degrees) with asymmetry of trunk in 

adolescent
 n  Pain uncontrolled by nonoperative treatment
 n  Thoracic lordosis
 n  Significant cosmetic deformity

 BOX 44.3 
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 FIGURE 44.33 Patient positioning on Jackson table with hips 
in extension to maintain lumbar lordosis. SEE TECHNIQUE 44.6.

this type of anesthesia. Care also must be taken in reducing 
blood pressure so that it does not lead to ischemia of the spi-
nal cord. Hypotensive anesthesia should not be considered 
in patients with a heart condition or in patients with spinal 
cord compression in whom a decrease in arterial blood sup-
ply might restrict an already compromised spinal cord blood 
flow. Antifibrinolytics have been shown to reduce intraoper-
ative blood loss, percent blood loss, and the need for post-
operative transfusion, with the most commonly used being 
tranexamic acid. They are typically used in conjunction with 
other techniques such as hypotensive anesthesia, judicious 
use of crystalloids, and a cell saver to decrease surgical blood 
loss and rate of transfusion.

The cell saver is used in most institutions and has been 
shown to save approximately 50% of the red cell mass, thereby 
reducing the need for intraoperative blood transfusions. The 
cell saver is contraindicated in patients with malignant dis-
ease or infection. Care must be taken when using microfibril-
lar products such as Gelfoam and topical clotting agents such 
as thrombin to avoid direct aspiration of these, which can 
lead to microclot embolization. Thorough irrigation of the 
wound after the use of these products is recommended before 
resuming cell saver use. Certain substances such as antibiotics 
including bacitracin, as well as betadine and hydrogen per-
oxide, can cause red cell lysis. The surgeon should try to esti-
mate preoperatively if enough blood will be salvaged to make 
the cell saver cost-effective. 

SURGICAL GOALS
The goals of surgery for spinal deformity are to correct 
or improve the deformity, to maintain sagittal balance, 
to preserve or improve pulmonary function, to minimize 
morbidity or pain, to maximize postoperative function, 
and to improve or at least not to harm the function of 
the lumbar spine. To accomplish these goals in patients 
with idiopathic scoliosis, surgical techniques may include 
anterior, posterior, or combined anterior and poste-
rior procedures. The surgical indications, techniques, 
and procedures are divided into anterior and posterior 
sections. 

 

POSTERIOR SURGERIES FOR 
IDIOPATHIC SCOLIOSIS

The posterior approach to the spinal column is the most 
commonly used. It is familiar to all orthopaedic surgeons 
and offers a safe and extensile approach that exposes the 
entire vertebral column.

 TECHNIQUE 44.6 

 n  Position the patient prone on a Jackson table (Mizuho 
OSI, Union City, CA) with the arms carefully supported 
and the elbows padded. The Jackson table eliminates 
intraabdominal pressure and helps reduce blood loss  
(Fig. 44.33).

 n  Do not abduct the shoulders more than 90 degrees to 
prevent pressure or stretch on the brachial plexus.

 n  The Jackson table maintains the hips in extension, which 
will maintain the lumbar lordosis, which is extremely 
important in obtaining proper sagittal alignment of the 
spine with instrumentation. The knees are well padded 
and slightly flexed to relieve some pressure from the ham-
string muscles.

 n  Carefully pad the pressure points. The upper pads of the 
frame should rest on the chest and not in the axilla to 
avoid pressure on any nerves from the brachial plexus.

 n  When the patient is positioned on the frame with the hips 
flexed, lumbar lordosis is partially eliminated. If the fusion 
is to be extended into the lower lumbar spine, elevate the 
knees and thighs so that the patient lies with the hip joints 
extended to maintain normal lumbar lordosis.

 n  Scrub the patient’s back with a surgical soap solution 
for 5 to 10 minutes and prepare the skin with an anti-
septic solution. Drape the area of the operative site and 
use a plastic Steri-Drape (3M, St. Paul, MN) to seal off 
the skin.

 n  Make the skin incision in a straight line from one verte-
bra superior to the proposed fusion area to one vertebra 
inferior to it. A straight scar improves the postoperative 
appearance of the back (Fig. 44.34A). Make the initial 
incision through the dermal layer only. Infiltrate the in-
tradermal and subcutaneous areas with an epinephrine 
solution (1:500,000).

 n  Deepen the incision to the level of the spinous processes 
and use self-retaining Weitlaner retractors to retract the 
skin margins. Control bleeding with an electrocautery. 
Identify the interspinous ligament between the spinous 
processes; this often appears as a white line. As the in-
cision is deepened, keep the Weitlaner retractors tight 
to help with exposure and to minimize bleeding. Now 
incise the cartilaginous cap overlying the spinous pro-
cesses as close to the midline as possible (Fig. 44.34B). 
This midline may vary because of rotation of the spinous 
processes.

 n  With use of a Cobb elevator and electrocautery, expose 
the spinous processes subperiosteally after the cartilagi-
nous caps have been moved to either side.
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 n  After several of the spinous processes have been exposed, 
move the Weitlaner retractors to a deeper level and main-
tain tension for retraction and hemostasis.

 n  After exposure of all spinous processes, a localizing radio-
graph can be obtained (Fig. 44.35). Alternatively, the T12 
rib and the L1 transverse process can be used to localize 
the levels. Continue the subperiosteal exposure of the 
entire area to be fused, keeping the retractors tight at all 
times (Fig. 44.34C). It is easier to dissect from caudad to 
cephalad because of the oblique attachments of the short 
rotator muscles and ligaments of the spine.

 n  Extend the subperiosteal dissection first to the facet joints 
on one side and then the other side, deepening the re-
tractors as necessary. Continue the dissection laterally to 
the ends of the transverse processes on both sides.

 n  Coagulate the branch of the segmental vessel just lateral 
to each facet.

 n  Place the self-retaining retractors deeper to hold the en-
tire incision open and exposed.

 n  Sponges soaked in the 1:500,000 epinephrine solution 
can be used to maintain hemostasis.

 n  Use a curet and pituitary rongeur to completely clean the 
interspinous ligaments and the facets of all ligamentous 
attachments and capsule, proceeding from the midline 
laterally (Fig. 44.36) to decrease the possibility of the cu-
ret’s slipping and penetrating the spinal canal.

 n  The entire spine is now exposed from one transverse pro-
cess to another, all soft tissue has been removed, and 
the spine is ready for instrumentation and arthrodesis as 
indicated by the procedure chosen.
  

 

A B C
FIGURE 44.34 A, Skin incisions for posterior fusion and autogenous bone graft. B, Incisions 

over spinous processes and interspinous ligaments. C, Weitlaner retractors used to maintain tension 
and exposure of spine during dissection. SEE TECHNIQUE 44.6.

 FIGURE 44.35 Intraoperative fluoroscopy showing towel clip 
in the spinous process of T11, which lies over the body of T12. See 
text. SEE TECHNIQUE 44.6.

 

A B
FIGURE 44.36 A and B, Cobb curets used to clean facets of 

ligament attachments. SEE TECHNIQUE 44.6.
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A B
FIGURE 44.37 A and B, Moe technique of thoracic facet fusion. 

SEE TECHNIQUE 44.7.

POSTERIOR ARTHRODESIS
The long-term success of any operative procedure for scolio-
sis depends on a solid arthrodesis. The classic extraarticular 
Hibbs technique has been replaced by intraarticular fusion 
techniques that include the facet joints. The success of spi-
nal arthrodesis depends on surgical preparation of the fusion 
site, systemic and local factors, ability of the graft material to 
stimulate a healing process, and biomechanical features of 
the graft positioning. To obtain the best field for the fusion, 
soft-tissue trauma should be minimal and avascular tissue 
should be removed from the graft bed. The surface of the 
bone and the facets should be decorticated to provide a large, 
maximally exposed surface area for vascular ingrowth and 
to allow delivery of more osteoprogenitor cells. The patient’s 
condition should be optimized through nutrition and control 
of associated medical problems. Smoking has been found to 
inhibit fusion significantly and should be discontinued before 
surgery.

While autogenous bone graft from the iliac crest remains 
the “gold standard” for graft material, combining osteogenic, 
osteoconductive, and osteoinductive properties, it rarely 
is used in routine adolescent idiopathic scoliosis surgery 
because of concerns about donor-site morbidity. Another 
excellent source of autogenous bone is rib obtained from a 
thoracoplasty. Allografts, which avoid donor site morbidity, 
are most commonly used, provide osteoconductive proper-
ties, and have been shown to produce results equal to those 
of autogenous iliac crest graft in young patients. Several alter-
native graft materials include tricalcium phosphate, hydroxy-
apatite, and demineralized bone matrix. Bone morphogenetic 
protein can supply osteoinductive properties but has not been 
routinely used in multilevel fusions required in adolescent 
patients.

With improvements in surgical techniques and the inclu-
sion of intraarticular fusion, together with meticulous dis-
section around the transverse processes, the pseudarthrosis 
rate has been decreased to 2% or less in adolescents with idio-
pathic scoliosis. 

 

FACET FUSION

 TECHNIQUE 44.7 

(MOE)
 n  Expose the spine to the tips of the transverse processes as 

previously described (see Technique 44.6).
 n  Begin a cut over the cephalad articular processes at the 

base of the lamina and carry it along the transverse pro-
cess almost to its tip. Bend this fragment laterally to lie 
between the transverse processes, leaving it hinged if 
possible.

 n  Thoroughly remove the cartilage from the superior articu-
lar process.

 n  Make another cut in the area of the superior articular fac-
et with the Cobb gouge, beginning medially and working 
laterally to produce another hinged fragment. Alterna-
tively, an ultrasonic bone scalpel (Misonix, Farmingdale, 
NY) can be used to decrease blood loss and the risk of 
spinal cord injury.

 n  Place cancellous bone graft in the defect created  
(Fig. 44.37).

 n  In the lumbar spine, the facet joints are oriented in a 
more sagittal direction and a facet fusion is best ac-
complished by removal of the adjoining joint surface 
with a small osteotome or a needle-nose rongeur. This 
creates a defect that is packed with cancellous bone 
(Fig. 44.38).

 n  Decorticate the entire exposed spine with Cobb gouges 
from the midline, progressing laterally so that if the gouge 
were to slip it would be moving away from the spinal 
canal. Alternatively, a high-speed burr can be used to 
decorticate the spine, decreasing the risk of spinal cord 
penetration.
   

 

FACET FUSION

 TECHNIQUE 44.8 

(HALL)
 n  First, sharply cut the inferior facet with a gouge, remove 

this bone fragment to expose the superior facet cartilage, 
and remove this cartilage with a sharp curet. Alternatively, 
an ultrasonic bone scalpel (Misonix, Farmingdale, NY) can 
be used to decrease blood loss and the risk of spinal cord 
injury.

 n  Create a trough by removing the outer cortex of the su-
perior facet and add cancellous bone grafts (Fig. 44.39).

 n  Proceed with decortication as described in the Moe tech-
nique.
  

BONE GRAFTING
Autogenous iliac crest bone graft has been considered the 
gold standard. The harvest of autogenous bone graft from the 
ilium adds to surgical time and can introduce the potential for 
intraoperative and postoperative morbidity associated with 
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A B
FIGURE 44.38 A and B, Moe technique of lumbar facet fusion. SEE TECHNIQUE 44.7.

 

A B C
FIGURE 44.39 A-C, Hall technique of thoracic facet fusion. SEE TECHNIQUE 44.8.

 

A B
FIGURE 44.40 A, Superior gluteal artery as it emerges from 

area of sciatic notch. B, Cortical and cancellous strips removed from 
outer table of ilium for autogenous bone graft. SEE TECHNIQUE 44.9.

the procedure. With the use of modern-day rigid segmental 
instrumentation, the rate of pseudarthrosis with allograft is 
extremely low and equal to that with the use of autogenous 
graft. For these reasons, autogenous iliac crest bone graft is 
rarely if ever used in routine adolescent idiopathic scoliosis 
surgery. The time saved by using allograft in many cases off-
sets the additional cost. In rare revision settings or poor heal-
ing environments, the use of iliac crest autogenous graft can 
be helpful. 

 

AUTOGENOUS ILIAC CREST BONE 
GRAFT

 TECHNIQUE 44.9 

 n  Make an incision over the iliac crest to be used  
(Fig. 44.40A). If the original incision extends far enough 
distally into the lumbar spine, the iliac crest can be ex-
posed through the same incision by subcutaneous dis-
section.

 n  Infiltrate the intradermal and subcutaneous areas with 
1:500,000 epinephrine solution.

 n  Expose the cartilaginous apophysis overlying the posterior 
iliac crest and split it in the middle.

   

 n  The superior gluteal artery emerges from the area of the 
sciatic notch (see Fig. 44.40A) and should be carefully 
avoided during the bone grafting procedure.

 n  If bicortical grafts are desired, expose the posterior crest 
of the ilium on the inner side and obtain two or three 
strips of bicortical graft with a large gouge. Otherwise, 
take cortical and cancellous strips from the outer table of 
the ilium (Fig. 44.40B).

 n  Place these bone grafts in a kidney basin and cover them 
with a sponge soaked in saline or blood.

 n  Control bleeding from the iliac crest with bone wax or 
  

   

n With a Cobb elevator, expose the ilium subperiosteally. Gelfoam.
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 n  Approximate the cartilaginous cap of the posterior iliac 
crest with an absorbable stitch.

 n  Place a suction drain at the donor site and connect it to a 
separate reservoir to monitor postoperative bleeding here 
separately from the spinal fusion site.
  

COMPLICATIONS OF BONE GRAFTING
The most common complication associated with bone graft 
harvesting from the posterior iliac crest is transient or perma-
nent numbness over the skin of the buttock caused by injury of 
the superior cluneal nerves (Fig. 44.41A). The superior cluneal 
nerves supply sensation to a large area of the buttocks and pierce 
the lumbodorsal fascia and cross the posterior iliac crest begin-
ning 8 cm lateral to the posterior superior iliac spine. A limited 
incision, staying within 8 cm of the posterior superior iliac spine, 
which will avoid the superior cluneal nerves, is recommended.

The superior gluteal artery exits the pelvis, enters the glu-
teal region through the superiormost portion of the sciatic 
notch, and sends extensive branches to the gluteal muscles. 
Care should be taken when a retractor is inserted into the sci-
atic notch. Injury to the superior gluteal artery will cause mas-
sive hemorrhage, and the artery generally retracts proximally 
into the pelvis. Control of the bleeding frequently requires 
bone removal from the sciatic notch to obtain sufficient expo-
sure. It may be necessary to pack the wound, turn the patient, 
and have a general surgeon locate and ligate the hypogastric 
artery. Ureteral injury also can occur in the sciatic notch from 
the sharp tip of a retractor.

Most of the stability of the sacroiliac joint is provided 
by the posterior ligamentous complex (Fig. 44.41B). Injury 
to the sacroiliac joint from removal of these ligaments can 
range from clinical symptoms of instability to dislocation. 
Dislocation of the sacroiliac joint as a complication of full-
thickness graft removal from the posterior ilium has been 
reported. If a full-thickness graft is obtained, it should not be 
obtained too close to the sacroiliac joint (Fig. 44.42). 

POSTERIOR SPINAL INSTRUMENTATION
The goals of instrumentation in scoliosis surgery are to cor-
rect the deformity as much as possible and to stabilize the 
spine in the corrected position while the fusion mass becomes 
solid. The fusion mass in a well-corrected spine is subjected to 
much lower bending moments and tensile forces than is the 
fusion mass in an uncorrected spine.

In 1962, Harrington introduced the first effective instru-
mentation system for scoliosis. For more than 30 years, use 
of the Harrington distraction rod, combined with a thor-
ough posterior arthrodesis and immobilization in a cast or 
brace for 6 to 9 months, was the standard surgical treatment 
of adolescent idiopathic scoliosis. Despite its success, the 
Harrington instrumentation system had several disadvan-
tages. Correction with this system is achieved with distrac-
tion, leading to loss of normal sagittal balance and creating a 
flatback deformity (Fig. 44.43). Because this rod was anchored 
only at the ends of the construct, minimal rotational correc-
tion was obtained and anchor failure due to lamina failure 
was common. While transformative at its time, Harrington 
instrumentation has been replaced by more modern seg-
mental instrumentation systems using multiple anchors, 
most commonly pedicle screws and hooks, which allow more 

 

A B
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FIGURE 44.41 A, Superior cluneal nerve may be injured during harvest of bone graft from 
iliac crest. Limited incision (green line), staying within 8 cm of posterior superior iliac spine, avoids 
nerve. B, Posterior ligament complex provides most of stability of sacroiliac joint.
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FIGURE 44.42 Axial view of sacroiliac joint. Full-thickness graft 
should not be obtained too close to sacroiliac joint to avoid damage 
to posterior ligamentous complex.
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powerful correction, rotational control, and better correction 
of sagittal plane deformity.

Posterior segmental spinal instrumentation systems pro-
vide multiple points of fixation to the spine and apply com-
pression, distraction, and rotation forces through the same 
rod. These systems generally do not require any postopera-
tive immobilization. They provide better coronal plane cor-
rection and better control in the sagittal plane. Hypokyphosis 
in the thoracic spine can be reduced and lumbar lordosis pre-
served when the instrumentation extends to the lower lumbar 
spine. With the use of pedicle screws there appears to be bet-
ter transverse plane correction (vertebral rotation). These sys-
tems generally have implant failure and pseudarthrosis rates 
lower than those of Harrington instrumentation (Video 44.3).

Three kinds of devices are available for fixation of poste-
rior segmental instrumentation: pedicle screws, sublaminar 
wires/tapes, and hooks.

CORRECTION MANEUVERS
A variety of techniques and maneuvers can be used to achieve 
correction of spinal deformity, and the specific technique 
used should be customized to each patient and his or her 
curve characteristics, making a thorough knowledge of each 
of these techniques essential. Correction of a scoliotic curve 
also can be obtained by translating the apex of the curve into 
a more normal position. Translation can be achieved by a rod 
derotation maneuver described by Cotrel and Dubousset; this 
is accomplished by connecting the precontoured concave rod 
to each fixation site and then rotating the rod approximately 
90 degrees into the sagittal plane. This essentially converts 
the pre-existing scoliosis to kyphosis. This en bloc derotation 
maneuver results in a lateral translation of the apical verte-
brae or an in situ relocation of the apex of the treated curve.

Pure translation is another method for correcting curves. 
This can be achieved with sublaminar wires or a reduction 
screw on the concave side. The rod is contoured into the 

desired amount of coronal and sagittal plane correction and 
placed into the proximal and distal fixation sites. The spine is 
then slowly and sequentially pulled to the precontoured rods 
using sublaminar wires or reduction screws.

In situ contouring is another correction technique. With 
the use of appropriate bending tools, in situ contouring in 
both the coronal and sagittal planes can improve spinal align-
ment in scoliosis. A cantilever technique can be used to reduce 
spinal deformity. With this technique the precontoured rod 
is inserted and fixed either proximally or distally and then 
sequentially reduced into each fixation site with a cantilever 
maneuver. This is usually followed by appropriate compres-
sion and distraction to finalize the correction. With the use 
of monoaxial and uniplanar pedicle screws, correction can be 
obtained by en bloc vertebral derotation over three or four 
apical vertebral segments or by direct segmental vertebral 
rotation in which the derotation maneuver is applied to indi-
vidual vertebral segments.

Finally, distraction on the concave side of a thoracic curve 
will decrease scoliosis and thoracic kyphosis. Compression 
applied on the convex side of a lumbar curve will correct sco-
liosis and allow for restoration or maintenance of lumbar lor-
dosis. Distraction and compression are the primary modes of 
correction when hooks are used due to their limited ability to 
rotate or translate the spine. 

SEGMENTAL INSTRUMENTATION: PEDICLE 
SCREWS

PEDICLE FIXATION
Pedicle screw fixation from the posterior approach into the 
vertebral body has become the most popular form of spi-
nal fixation because of the ability to facilitate greater three-
dimensional curve correction (Fig. 44.44). While commonly 
used, there is still no evidence on the optimal number and 
placement of screws. Larson observed that early adopters of 
pedicle screw placement recommended higher screw densi-
ties, with two screws at every level. A recent expert consen-
sus panel recommended an intermediate density (1.6 screws/
level) with higher densities at the ends of the construct and at 
the apex. Several studies have shown no significant difference 
in curve correction between high- and low-density screw 
constructs. Because screw density correlates with intraopera-
tive blood loss and surgical time, the screw density and the 
purpose of each screw in the construct should be carefully 
considered. In addition, implants make up 30% to 50% of the 
total surgical cost, so small changes in screw density can lead 
to cost savings that equal or exceed those of accelerated dis-
charge pathways.

In studies comparing hook fixation with thoracic pedicle 
screw fixation, thoracic posterior-only pedicle screw con-
structs were found to provide better correction than hook 
constructs. For each screw used there also is a risk of screw 
malposition. With a freehand technique, the rate of screw 
malposition is between 5% and 15%, which is experience 
dependent. The highest risk for malplacement is in the upper 
thoracic spine because of the smaller pedicle diameter at 
these levels. A recent meta-analysis comparing freehand to 
navigation-assisted pedicle screw techniques found the over-
all breach rate to be lower using navigation (7.9% vs. 9% to 
17%); there were no screw-related complications in the navi-
gation group, but there were 0 to 1.7% in the non-navigation 
group. The disadvantages of CT-based navigation are the cost, 

 FIGURE 44.43 Effects of distraction rod in lumbar spine. If 
contouring for lordosis is inadequate, lumbar spine can be flattened 
by distracting force. Also note kyphotic deformity just superior to 
distraction rod.
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time, and radiation exposure. Newer techniques, such as the 
use of three-dimensional models, robotic-assisted drill hole 
placement, and patient-specific custom drill jigs, are under 
investigation. There is no consensus on the optimal treatment 
of a malplaced screw because most are asymptomatic; how-
ever, because of the potential for severe complications includ-
ing aortic or esophageal erosion (Fig. 44.45) and the relatively 
low risk of screw removal, a low threshold should exist for 
removal of malplaced screws.

A thorough knowledge of the pedicle anatomy is nec-
essary for the use of pedicle fixation. The pedicle connects 
the posterior elements to the vertebral body. Medial to the 
pedicle are the epidural space, nerve root, and dural sac. The 
exiting nerve root at the level of the pedicle is close to the 
medial and caudal cortex of the pedicle (Fig. 44.46). Close 
to the lateral and superior aspects of the pedicle cortex is the 
nerve root from the level above. At the L3 and L4 vertebral 
bodies, the common iliac artery and veins lie directly ante-
rior to the pedicles (Fig. 44.47). In the sacral region, the great 
vessels and their branches lie laterally along the sacral ala. In 
the midline of the sacrum, a variable middle sacral artery can 
lie directly anterior to the S1 vertebral body. Anterior pen-
etration of a vertebral body can occur without being apparent 
on the radiograph unless a “near-approach” view is obtained 
(Fig. 44.48).

In a study of the size of pedicles in mature and immature 
spines, the transverse pedicle width at the L5 and L4 levels 
reached 8 mm or more in children 6 to 8 years of age, but 
transverse width at L3 approaching 8 mm was not seen until 
9 to 11 years of age (Fig. 44.49). The distance to the anterior 
cortex increased dramatically from the youngest age group 
until adulthood at all levels (Fig. 44.50). In patients with spi-
nal deformities, the pedicles, especially the concave pedicles, 
often are deformed, and care must be taken in insertion of any 
pedicle fixation.

Four anatomic types of pedicles exist (Fig. 44.51): type A 
has a large cancellous channel in which the pedicle probe can 
be smoothly inserted without difficulty; type B has a small 
cancellous channel in which the probe fits snugly; type C is 
a cortical channel in which the probe must be tapped with 

 

A B C D

FIGURE 44.44 A and B, Preoperative anteroposterior and lateral radiographs of patient with 
idiopathic scoliosis treated with lumbar and thoracic pedicle screws. C and D, Postoperative postero-
anterior and lateral radiographs.

 

A B

FIGURE 44.45 A, Axial CT showing far lateral penetration and 
aortic impingement of thoracic pedicle screw. B, Sagittal reconstruc-
tion. Note aortic arch and heart.
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a mallet to enter the body; and type D is an absent pedicle 
channel that requires a juxtapedicular screw position. Type 
A and B pedicles do not require special techniques for probe 
insertion, whereas type C and especially type D pedicles do 
require special methods. Pedicles located on the concave 
(compression) side of the curves were found to be signifi-
cantly smaller than those on the convex side, regardless of 
whether they were cancellous or cortical. Of 1021 pedicles in 
which pedicle screws were placed, 61% were type A, 29.2% 

were type B, 6.8% were type C, and 3% were type D. CT vali-
dated the morphologic evaluation and description of the four 
pedicle types.

Various methods have been described for identifying the 
pedicle and placing the pedicle screw, but basic steps include 
(1) clearing the soft tissue, (2) exposing the cancellous bone 
of the pedicle canal by decortication at the intersection of the 

 

A B
FIGURE 44.46 A, and B, Pedicle screw placed too caudally causing nerve root impingement.

 FIGURE 44.47 Vascular damage by insertion of screw beyond 
anterior cortex.
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FIGURE 44.48 Near-approach radiographic view to decrease 
likelihood of anterior screw penetration. When drill (or screw or 
probe) tip is actually at anterior cortex, lateral view (0 degrees) 
misleadingly shows tip still to be some distance (A) away from 
cortex. When angle of view is too oblique (60 degrees), tip appears 
to be some distance (B) from cortex. Only when view is tangent 
to point of penetration (30 degrees in this illustration) does tip 
appear most nearly to approach actual breakthrough.
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FIGURE 44.49 Transverse pedicle isthmus widths.
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base of the facet and the middle of the transverse process, (3) 
probing the pedicle, (4) verifying the four walls of the pedicle 
canal by probing or obtaining radiographic confirmation, (5) 
tapping the pedicle, and (6) placing the screw.

In the lumbar spine, pedicle screws are commonly 
inserted with use of anatomic landmarks, and confirmatory 
radiographs are obtained. Because of the deformed pedicles 
associated with scoliosis, many surgeons use fluoroscopic 
guidance. Freehand pedicle screw placement in the thoracic 
spine, which reduces patient and surgeon radiographic expo-
sure, may be safe in experienced hands and evidence suggests 
that lower medial breach rates are associated with surgeon 
experience. The technique significantly reduces exposure of 
both the surgeon and the patient to radiation. Because of the 
tight confines of the pedicle in the thoracic spine and the fre-
quently altered normal anatomy, we still use fluoroscopy to 

identify the entry site into the thoracic pedicle and to confirm 
screw placement (Figs 44.52 and 44.53). Frameless stereo-
tactic technology allows three-dimensional navigation and 
is more commonly being used to guide and confirm pedicle 
screw placement. It has been shown to have a greater accu-
racy rate than other techniques but is associated with higher 
radiation exposure. It is important to have knowledge of and 
proficiency with multiple techniques to optimize the tech-
nique used based on the patient’s diagnosis and anatomy, as 
well as resources available. 

INSERTION OF LUMBAR PEDICLE SCREWS
Zindrick described a “pedicle approach zone” (Fig. 44.54) 
that is decorticated before the pedicle is cannulated with 
either a probe or pedicle awl. The awl is carefully advanced 
until resistance is felt. An intraoperative radiograph or 

 

A B C D
FIGURE 44.51 Pedicle channel classification (see text). (From Watanabe K, Lenke KG, Matsumoto 

M, et al: A novel pedicle channel classification describing osseous anatomy, Spine 35:1836, 2010.)

 FIGURE 44.52 Pedicle screw starting point shown on bone  
model. Note starting point is at lateral pedicle wall and centered 
in cranio-caudal axis.

 FIGURE 44.53 Pedicle screw starting point using fluoroscopic 
assistance.
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C-arm image can be used to verify correct position. The 
pedicle awl should pass relatively easily and should not be 
forced into the pedicle. In addition to radiographs or image 
intensification, laminotomy and medial pedicle wall expo-
sure can be done to help confirm the intrapedicular passage 
of the instrument. Once satisfactory entry into the pedicle 
has been achieved and palpation from within the pedicle 
finds solid bone margins along the pedicle wall through-
out 360 degrees, the screw can be inserted. If the screws 
are self-tapping, the screw itself is inserted. If the screws 
require tapping, the tap is inserted first and then the screw. 
The common entry points in the lumbar spine are shown in  
Figure 44.55. The position of the pedicle in the sacrum 
is shown in Figure 44.56. In the lumbar spine, a medially 
directed screw allows the use of a longer screw and spares 
the facet joint, with less chance of injury to the common 
iliac vessels. Similarly, a medially directed sacral screw 
reduces the possibility of injury to anterior structures if the 
screw penetrates the anterior cortex.

When pedicle screws are used in the lumbar spine, 
screws usually are placed at every level on both the convex 
and concave sides. Each individual vertebra can be better 
derotated if it is instrumented on both sides (see defor-
mity correction by direct vertebral rotation in Technique 
44.10). In choosing the lowest instrumented vertebra, the 

standing posteroanterior films and the bending films must 
be considered. Bending films should be used in choosing 
the lowest instrumented lumbar vertebra. Instrumentation 
is stopped at the vertebra just above the first disc space that 
opens in the concavity of the lumbar curve on the bend-
ing film away from the concavity. Unless the curve is very 
flexible, the lower instrumented vertebra should at least 
touch the center sacral line on the standing posteroanterior 
radiograph. 

INSERTION OF THORACIC PEDICLE SCREWS
The routine use of thoracic pedicle screws in adolescent idio-
pathic scoliosis has become more common. The advantages 
and disadvantages of thoracic screws are given in Box 44.4. 

 

A B
FIGURE 44.54 A, Funnel-shaped pedicle approach zone in 

upper lumbar region (L1). B, Funnel-shaped pedicle approach zone 
in lower lumbar region (L5). With increased pedicle size, pedicle 
approach zone funnel increases, especially in lower lumbar spine, 
allowing more latitude in pedicle screw insertion than in smaller 
upper lumbar and thoracic pedicles.  (From Zindrick MR: Clinical pedicle 
anatomy, Spine: State of the Art Reviews 6:11, 1992.)

 

A B
FIGURE 44.55 Entrance points for pedicle screw placement 

in lumbar spine as described by Roy-Camille (X) and Weinstein 
(•). A, Lateral view. B, Posterior view. Weinstein approach reduces 
interference with upper uninvolved lumbar motion segment.

 FIGURE 44.56 Coronal posterior view of contribution of sacrum 
and posterior element to pedicle approach zone.

Advantages and Disadvantages of Thoracic 
Pedicle Screws

Advantages
 n  When they are optimally placed, the screws are completely 

external to the spinal canal (supralaminar and infralaminar 
hooks, in contrast, are within the canal itself).

 n  Stronger fixation is possible than with hook implants.
 n  The screws are attached to all three columns, providing a 

rigid triangular crosslinked construct with a posterior-only 
implant.

 n  Facet joints, laminae, and transverse processes are free of 
implants; therefore, theoretically, there is more surface area 
for decortication.

 n  There is superior coronal correction and axial derotation.
 n  Most studies have shown slightly shorter fusion lengths than 

with hook constructs. With improved correction, there is a 
decreased need for anterior procedures and thoracoplasties. 

Disadvantages
 n  The implants add significantly to the cost of the procedure.
 n  The potential complications in insertion of thoracic pedicle 

screws include injury to the spinal cord, nerve roots, pleural 
cavity, and aorta.

 n  Radiation exposure is significant to the surgeon and patient 
if routine fluoroscopy is used.

 BOX 44.4 
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THORACIC PEDICLE SCREW INSERTION 
TECHNIQUES

 TECHNIQUE 44.10 

 n  Clean the facet joints of all capsular tissue. Perform a 
partial inferior articular process facetectomy to enhance 
fusion and to improve exposure of the entry site for the 
thoracic pedicle screws (Fig. 44.57A). Seeing the trans-
verse processes, the lateral portion of the pars interar-
ticularis, and the base of the superior articular process 
helps identify the starting points (Fig. 44.58). In general, 
start the screw insertion from the neutrally rotated, most 
distal vertebra to be instrumented. Anatomic landmarks 

can be used as a guide for starting points and screw tra-
jectory (Fig. 44.57B). Fixed-angle screws provide superior 
rotation in the thoracic spine and lumbar spine. Multiaxial 
screws can be used if needed.

 n  Perform a posterior cortical breach with a high-speed 
burr. A pedicle “blush” suggests entrance into the can-
cellous bone at the base of the pedicle, but this may not 
be seen in smaller pedicles because of the limited intra-
pedicular cancellous bone. Alternatively, screw starting 
points can be confirmed fluoroscopically (Fig. 44.59).

 n  Use a thoracic gearshift probe to find the cancellous soft 
spot indicating entrance into the pedicle.

 n  Point the tip first laterally to avoid perforation of the me-
dial cortex (Fig. 44.57C).

 n  Advance the tip 20 to 25 mm until the tip is anterior to 
(past) the spinal canal (Fig. 44.57D).
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FIGURE 44.57 A-T, Thoracic pedicle screw insertion technique with use of CD Horizon Legacy 
spinal deformity system. See text for description.  (Medtronic Sofamor Danek.) SEE TECHNIQUE 44.10.
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FIGURE 44.58  Superior facet rule. See text.
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FIGURE 44.59  Pedicle starting point. See text.

 n  Remove the gearshift probe to reorient it so that the tip 
points medially and then place the probe carefully back 
into the base of the prior hole and advance it to the de-
sired depth (Fig. 44.57E). The average depth is 30 to 40 
mm in the lower thoracic region, 20 to 30 mm in the 
midthoracic region, and 20 to 30 mm in the proximal 
thoracic region in adolescents.

 n  Rotate the probe in a 180-degree arc to ensure ade-
quate room for the screw. Probing of the pedicle with 
the gearshift should proceed in a smooth and consistent 
manner with a snug feel. Any sudden advancement of 
the gearshift or loss of resistance suggests penetration 
into soft tissue and pedicle wall or vertebral body viola-
tion.

 n  Once the gearshift probe is removed, view the track to 
make sure that only blood is coming out and not cere-
brospinal fluid.

 n  With use of a flexible ball-tipped probe, advance the feel-
er probe to the base (floor) of the hole to confirm five 
distinct bony borders: the floor and four walls (medial, 
lateral, superior, and inferior) (Fig. 44.57F). Take special 
care in feeling the walls to the first 10 to 15 mm of the 
track, as breaches here are at the depth of the spinal 
canal.

 n  If a soft-tissue breach is palpated, consider leaving the 
screw out. If it is a critical screw, redirect it. With the feeler 
probe at the base of the pedicle track, mark the length of 
the track with a hemostat and measure it (Fig. 44.57G).

 n  Undertap the pedicle track by 0.5 to 1 mm of the final 
screw diameter (Fig. 44.57H). After tapping, always pal-

pate the tapped pedicle track again with the flexible feeler 
probe. This second palpation will allow identification of 
distinct bony ridges, confirming the intraosseous position 
of the track.

 n  Select the appropriate screw diameter and length by the 
preoperative radiographs, as well as by intraoperative 
measurement.

 n  Slowly advance the screw down the pedicle to ensure 
proper tracking while allowing viscoelastic expansion (Fig. 
44.57I-T). This can be done safely using power or manual 
drivers.

 n  Confirm intraosseous screw placement.
 n  On the anteroposterior image intensification, make sure 

the screws are positioned correctly relative to each other. 
Screws should not go past the midline on the true antero-
posterior image. For any screw that needs to be removed, 
re-probe the screw hole to ensure that there is no me-
dial breach. Use the lateral image primarily to gauge the 
length of the screws. No screw should extend past the 
anterior border of the vertebral body.

 n  Use electromyographic stimulation with real-time moni-
toring of the appropriate thoracic nerve root, recording 
from the intercostal and/or rectus abdominis musculature. 
Below T12, the lumbar pedicle screws are tested by mon-
itoring the appropriate lumbar nerve root. A triggered 
electromyographic threshold of less than 6 mA or a sig-
nificant decrease from the average of all other screws may 
indicate a pedicle wall breach by the screw. If this is the 
case, remove the screw and palpate the pedicle wall be-
fore deciding whether to replace or to discard the screw.

See Video 44.3

  

FUSION LEVELS AND SCREW PLACEMENT
The most widely used classification and guide for fusion levels 
is the Lenke classification. A review of this classification gave 
the following recommendations to aid in selecting fusion 
levels:
 1.  All Lenke structural curves should be included in the 

fusion and instrumentation.
 2.  The upper instrumented vertebra should not end at a 

kyphotic disc.
 3.  T2 is selected as the upper instrumented vertebra when 

the left shoulder is elevated, T1 tilt is more than 5 degrees, 
and/or significant rotational prominences or trapezial 
fullness accompanies the proximal thoracic curve.

 4.  In lumbar modifier A curves, the lower instrumented verte-
bra is the vertebra touching the center sacral vertebral line; 
however, the spine is fused one or two levels farther distal 
when L4 is tilted in the direction of the thoracic curve.
In lumbar modifier B and C curves, the thoracolumbar 

stable vertebra is selected as the lower instrumented vertebra.
The lower instrumented vertebra in lumbar structural 

curves is influenced by curve flexibility (proposed by the 
lower instrumented vertebra translation) and rotation and 
correction on bending radiographs.

Even with these guidelines and using Lenke’s classifica-
tion, selection of fusion and instrumentation levels must be 
individualized for each patient. 
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HOOK SITE PREPARATION AND PLACEMENT
Before the widespread use of pedicle screw fixation, hook fixa-
tion was the most common method of spinal fixation. Hook fixa-
tion is still a useful technique in situations where pedicle screw 
fixation is not safe, possible, or available. There are basically 
three types of hooks: pedicle, transverse process, and laminar. 
The pedicle hooks are designed for secure fixation in the tho-
racic spine by insertion into the facet with impingement on the 
thoracic pedicle. Pedicle hooks are used in an upgoing direction 
at T10 or higher. The laminar hooks can be used in the thoracic 
and lumbar spine. These can be placed around either the supe-
rior or inferior edge of the lamina according to the desired direc-
tion and point of application of forces. Transverse process hooks 
typically are used at the cranial end of a construct to provide a 
“soft landing” or more flexible transition between the mobile 
spine cranially and the rigid instrumented spine caudally. These 
are placed around the superior aspect of the transverse process 
and can provide only compression and not distraction. 

 

PEDICLE HOOK IMPLANTATION

 TECHNIQUE 44.11 

 n  The pedicle hook is inserted in an upgoing direction from 
T1 to T10.

 n  The facet capsule is removed, and a portion of the inferior 
facet process is removed to facilitate insertion of the hook 
(Fig. 44.60A).

 n  After removal of the portion of the inferior fac-
et process, use a curet to decorticate the facet  
joint.

 n  Introduce the pedicle finder into the facet joint and 
push gently against the pedicle (Fig. 44.60B). Take care 
in using this instrument that it is introduced into the 
intraarticular space and not into the bone of the inferior 
articular facet. It must find its way, sliding along the 
superior articular facet.

 n  Once the pedicle finder is in place, check the position 
by a laterally directed force applied to the finder. If 
the vertebra moves laterally when the pedicle find-
er is translated, the pedicle finder is in the correct  
place.

 n  Insert the pedicle hook with a hook inserter and hold-
er if needed. Again, be certain that the horns of the 
bifid hook remain within the facet joint and do not 
hook into the remaining bone of the inferior facet  
(Fig. 44.61).
   

 

A

B
FIGURE 44.60 Pedicle hook implantation. A and B, Hook site 

preparation and placement. SEE TECHNIQUE 44.11.

 

A

B
FIGURE 44.61 Pedicle hook implantation. A, Correct place-

ment of the hook. B, Incorrect placement of the hook. SEE  
TECHNIQUE 44.11.

    

https://booksmedicos.org


PART XII THE SPINE2040

 

A B
FIGURE 44.62 Area along superior edge of transverse process 

prepared using transverse process elevator. (Redrawn from Winter 
RB, Lonstein JW, Denis F, Smith MD, editors: Atlas of spine surgery, 
Philadelphia, 1995, WB Saunders, p 263.) SEE TECHNIQUE 44.12.

 FIGURE 44.63 Laminar hook should be chosen carefully to 
match shape of lamina and to obtain closest possible fit to prevent 
hook impingement on spinal canal. SEE TECHNIQUE 44.13.

 

TRANSVERSE PROCESS HOOK 
IMPLANTATION

 TECHNIQUE 44.12 

 n  Prepare the area along the superior edge of the transverse 
process, using a transverse process elevator to separate 
the ligamentous attachment between the undersurface 
of the transverse process and the posterior arch of the rib 
medial to the rib transverse joint (Fig. 44.62).

 n  With use of a transverse process hook holder, insert the 
hook around the superior edge of the transverse process.
   

 

LAMINAR HOOK IMPLANTATION

 TECHNIQUE 44.13 

 n  Place laminar hooks around either the superior or inferior 
edge of the lamina, according to the desired direction of 
applied force. Carefully match the type of laminar hook to 
the shape of the lamina and obtain the closest possible fit 
to avoid the possibility of hook impingement on the spinal 
canal (Fig. 44.63).

 n  To insert the supralaminar hook, remove the ligamentum 
flavum with Kerrison rongeurs and curets (Fig. 44.64A). In 
the lumbar area, enough room generally exists between 
the vertebrae to allow implantation of the hook without 
removal of bone. In the thoracic area, however, the spinous 
process of the superior vertebra must be removed first.

 n  After the canal is open, obtain lateral extension of the 
area by excising the medial portion of the inferior articular 

facet of the superior vertebra. This will allow sufficient 
room for insertion of the thoracic laminar hook.

 n  When the infralaminar hook is inserted, partially remove 
the ligamentum flavum or separate it from the inferior 
surface of the lamina. If necessary, remove a piece of the 
inferior border of the lamina to allow proper seating of 
the hook on the lamina (Fig. 44.64B). Take care to pre-
serve the lateral wall of the inferior facet to avoid lateral 
dislodgment of the hook.

 n  When the inferiormost laminar hook is inserted, preserve 
the interspinous ligament and facet capsule to prevent 
kyphosis distal to the rods.
   

 

SUBLAMINAR WIRES
Sublaminar wires generally are not used alone as anchors 
at the upper or lower instrumented vertebrae because they 
provide no axial stability. They are useful, however, in and 
around the apex of curves to aid in the translation maneu-
ver, in which the spine can be pulled to a precontoured 
rod, thus minimizing the need for derotational maneuvers. 
The more rigid the curve is, the more helpful these sublami-
nar wires or cables are (Fig. 44.65). While sublaminar wires 
are simple and cost-effective, they have been replaced in 
many centers with sublaminar cables or tape because of 
increased safety, better load distribution, and the ability in 
some cases to attach directly to the rod and provide some 
measure of axial stability.

 TECHNIQUE 44.14 

 n  Expose the spine as described in Technique 44.6.
 n  With a needle-nose rongeur, gradually thin the ligamen-

tum flavum until the midline cleavage plane is visible. In 
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the thoracic spine, the spinous processes slant distally and 
must be removed before the ligamentum flavum can be 
adequately seen (Fig. 44.66). Once the midline cleavage 
is visible, carefully sweep a Penfield No. 4 dissector across 
the deep surface of the ligamentum flavum on the right 
and left sides (Fig. 44.67). Use a Kerrison punch to remove 
the remainder of the ligamentum flavum (Fig. 44.68). 
Take care during this step to avoid damaging the dura or 
epidural vessels.

 n  Johnston et al. showed that wire penetration into the 
neural canal during wire passage is substantial (up to 
1 cm). Because the depth of penetration is less when 

a semicircular wire is used, shape the wire as shown in 
Figure 44.69. The largest diameter of the bend should 
be slightly larger than the lamina. Always pass the wire 
in the midline and not laterally and remove the spinous 
processes before wire passage. It is important that both 
the surgeon and the assistant be completely prepared for 
each step before passage of the wire and that they are 
careful about sudden movements and inadvertent touch-
ing or hitting of the wires that have already been passed.

 n  Passing of the wire is divided into four steps: (1) intro-
duction, (2) advancement, (3) roll-through, and (4) pull-
through. Pass the more cephalad wires first and progress 
caudally.

 n  Gently place the tip of the wire into the neural canal at 
the inferior edge of the lamina in the midline. Hold the 
long end of the doubled wire in one hand and advance 
the tip with the other. Rest the hand that is advancing the 
tip firmly on the patient’s back. Lift the tails of the wire 
slightly, pulling them to keep the wire snugly against the 
undersurface of the lamina (Fig. 44.70A).

 n  Once the wire has been introduced, advance it 5 to 6 mm. 
Beginning roll-through too soon will cause the tip of the 
wire to strike the inferior portion of the vertebral arch, 
and the wire can be pushed more deeply into the neural 
canal (Fig. 44.70B).

 n  After advancement, roll the tip of the wire so that it 
emerges on the upper end of the lamina (Fig. 44.70C). 
As the tip of the wire emerges, use a nerve hook to pull 
the end farther up from the lamina to allow enough room 
for a needle holder, wire holder, or Kocher clamp to be 
placed into the loop of the wire by the assistant. Take 
the clamp from the assistant and pull the wire with the 
clamp until it is positioned beneath the lamina, with half 
its length protruding above and half below the lamina. As 
the clamp is pulled, gently feed the wire superiorly from 
the long end. This must be a coordinated maneuver and 
must be done by the surgeon.

 n  Once the wire has been pulled through, cut off the tip of 
the wire and place one length of the wire on the right side 
and the other length on the left side of the lamina.

 n  As an alternative, leave double wires on one side and pass 
another wire so that double wires are present on both 
sides.

 n  Crimp each wire into the surface of the lamina to prevent 
any wire from being pushed accidentally into the neural 
canal (Fig. 44.71).

 n  As more wires are passed, it becomes more likely that 
the other wires will be accidentally hit, and care must be 
taken to prevent this.
  

SUBLAMINAR CABLES/BANDS
The use of sublaminar cables or bands instead of monofila-
ment stainless steel wire has become more popular because of 
wire breakage and migration, which have been serious com-
plications of sublaminar wiring. The flexibility of sublaminar 
cables/bands, which are inserted in a similar fashion, prevents 
repeated contusions to the spinal cord that can occur during 
insertion of the rod and tightening of the wire. Sublaminar 
banding systems (OrthoPediatrics, Warsaw, IN) offer the 
advantage of a wider surface area for load sharing and the 

 

A

B

FIGURE 44.64 A, Supralaminar hook insertion. This insertion 
applies to lower two concave hooks in single thoracic curve instru-
mentation. Laminotomy is kept as small as possible to minimize 
risk of deep penetration into spinal canal during rod insertion. 
Tight fit is necessary, and thoracic laminar hook is used if laminar 
thickness is too small to allow lumbar laminar hook to be stable 
in anteroposterior plane. B, Infralaminar hook insertion. Lower 
convex hook in right thoracic curve is inserted in this manner. Liga-
mentum flavum is dissected off underside of lamina. Small inferior 
laminotomy provides horizontal purchase site for hook. Adjacent 
facet capsule should be spared because it is not included in fusion. 
SEE TECHNIQUE 44.13.
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A B C D

FIGURE 44.65 A and B, Preoperative anteroposterior and lateral standing scoliosis films. Thora-
columbar curve measures 77 degrees. C and D, Postoperative correction by hooks with sublaminar 
cables, correcting thoracolumbar curve to 22 degrees. SEE TECHNIQUE 44.13.

 

A B C

FIGURE 44.66 A-C, Removal of caudally slanting spinous processes to expose ligamentum 
flavum. SEE TECHNIQUE 44.14.

 FIGURE 44.67 Penfield No. 4 dissector for freeing deep surfaces 
of ligamentum flavum. SEE TECHNIQUE 44.14.

 FIGURE 44.68 Spinous processes removed. Kerrison rongeur 
used for removal of remainder of ligamentum flavum. SEE TECH-
NIQUE 44.14.
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180°

90°

FIGURE 44.69 Shape of double wire before it passes under 
lamina.

 

A

B C
FIGURE 44.70 A-C, Passage of segmental wire beneath lamina. 

SEE TECHNIQUE 44.14

FIGURE 44.71 After division, wire placed on laminar surface 
of each side of spinous process.

ability to directly connect to the rod providing some axial sta-
bility (Fig. 44.72). 

 

INSTRUMENTATION SEQUENCE IN 
TYPICAL LENKE 1A CURVE
The following is a typical instrumentation sequence for a Lenke 
1A curve. Multiple systems are available to accomplish this, and 
readers are referred to the system-specific technique manual for 
further details of the system that best fits their practice.

 TECHNIQUE 44.15 

 n  Place instrumentation at the appropriate levels based on 
the patient’s anatomy and the desired arthrodesis levels. 

At this point, cut the correction rod that will be placed on 
the concave side to the appropriate length, which gener-
ally is 2 to 3 cm longer than the overall cranial-to-caudal 
anchor length.

 n  Bend the rod to achieve correct sagittal plane contour. In 
some cases, a slight “over-bend” is helpful in restoring 
the sagittal plane from hypokyphosis to normal kyphosis. 
This is accomplished with small, incremental steps by use 
of the French bender. The use of pre-contoured rods can 
also be helpful.

 n  Place the contoured rod into the implants. This can be 
started from either the superior or inferior anchors. Place 
the set screws into the first hooks where the rod seats 
perfectly. After the rod is inserted into the first one or two 
anchors, it then becomes necessary to use one of several 
methods to facilitate rod reduction and fully seat the rod 
into the saddle of the implants.

 n  The “forceps rocker” method is effective for seating the 
rod into the implant when there is only a slight height 
difference between the rod and the implant saddle. To 
use the rocker, grasp the sides of the implant with a 
rocker cam above the rod and the forceps tips facing 
the same direction as the hook blade. Lever the rocker 
backward over the rod to seat the rod into the saddle 
of the implant. The set screw is then inserted into the 
hook.

 n  In situations in which the difference between the hook 
and rod is such that the rocker cannot be used, a rod 
reducer can be used. Slowly close the reducer by squeez-
ing the handles together, allowing the attached sleeve 
to slide down and seat the rod into the saddle of the 
implant.

 n  Place a set screw through the set screw tube of the re-
ducer, using the provisional driver.

 n  Once the contoured rod and all of the set screws have 
been placed, perform the rod rotation maneuver. Be-
cause of the corrective forces placed on the spine, a 
mean arterial pressure of at least 70 mm Hg is essential 
to maintain spinal cord perfusion. It also is helpful to 
obtain a baseline motor-evoked potential measurement 
before any reduction maneuver for comparison once the 
maneuvers have been performed. This is done slowly, 
and it is essential to watch all of the anchors because 
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they can sometimes be dislodged during this rotational 
maneuver. The anchors at the curve apex are those most 
likely to back out during rod rotation. Using two rod 
holders, rotate the rod to translate the apex of the curve 
toward the midline. If the hooks begin to dislodge, place 
one of the rod grippers next to the hook and reseat the 
hook by use of a distractor. Once the rod rotation is 
complete, tighten the set screws.

 n  In situ benders are then used for correction and final ad-
justment of the rod in the sagittal plane. Bend the rod in 
small, incremental steps by use of the two bender tips 
positioned near each other on the rod.

 n  Once the contouring has been completed, if hook 
fixation has been used, perform distraction or com-
pression to seat the hooks in their final positions. It 
is recommended to use a rod gripper as a stop for 
distraction maneuvers rather than any portion of the 
implant. Compression maneuvers generally are carried 
out on two hooks. Take care that these instruments 
are placed against the implant body and not against 
the set screw.

 n  Rod derotation maneuvers can now be performed if axial 
rotational correction is desired.

 n  After these maneuvers are complete, tighten the set 
screws further. Place the convex stabilizing rod, mea-
sure the length, and cut the rod to length. With use of 
the French bender, contour the rod according to the 
curvature of the spine in the residual position of align-
ment from the correction rod. Place the contoured rod 
into the hooks and provisionally secure the rods with 
set screws.

 n  Once the rod is secured to the implants, apply distraction 
and compression as necessary at the cranial and caudal 
ends of the construct to balance the spine and level the 
shoulders.

 n  Place the countertorque instrument over the implant and 
rod. Place the break-off driver through the cannulated 
countertorque.

 n  Perform decortication with either a power burr or Cobb 
gouge.

 n  Apply bone graft.
 n  Close the wound in the routine manner.

POSTOPERATIVE CARE There has been consider-
able interest in accelerated discharge protocols using 
multimodal pain management with early feeding and 
Foley catheter and drain removal, as well as aggressive 
mobilization. Fletcher et al. published their results with 
an accelerated discharge pathway that was associated 
with a 31% decrease in hospital days (2.9 vs. 4.3), 33% 
decrease in hospital room charges, and 11% decrease 
in physical therapy costs. With modern rigid segmental 
instrumentation systems, patients are allowed to am-
bulate immediately after surgery, and bracing rarely is 
used. A recent consensus best practice guideline re-
garding postoperative management of adolescent idio-
pathic scoliosis patients made 19 recommendations for 
the postoperative management of patients following 
posterior spinal fusion for adolescent idiopathic scolio-
sis (Fig. 44.73).
   

 

DEFORMITY CORRECTION BY DIRECT 
VERTEBRAL ROTATION

 TECHNIQUE 44.16 

 n  In this technique, bilateral pedicle screws are inserted at 
every level to be fused in the thoracic spine. The direct 
vertebral rotation is opposite to that of the vertebral rota-
tion in the thoracic curve; apical and juxtaapical vertebrae 
are rotated clockwise for right thoracic curves in the trans-
verse plane.

 n  Because of the corrective forces placed on the spine, a 
mean arterial pressure of at least 70 mm Hg is essential to 
maintain spinal cord perfusion. It is also helpful to obtain 
a baseline motor-evoked potential measurement before 
any reduction maneuver for comparison once the maneu-
vers have been completed.

 

A B

FIGURE 44.72 Polyester sublaminar tape with hook (A) that allows direct fixation to rod and 
axial control (B).
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 n  Insert screw derotators onto the pedicle screws of the jux-
taapical vertebrae on both the concave and convex sides 
and derotate the vertebrae as much as possible. This can 
be done most commonly in an en bloc fashion with mul-
tiple levels rotated simultaneously or in some cases each 
level at a time (Fig. 44.74).

 n  During rod derotation, push down on the convex screws 
and pull up on the concave screws simultaneously. An 
assistant should apply downward pressure on the convex 
apical ribs to aid in derotation as well.

 n  After completion of the derotation, lock the rod into position 
by tightening the set screws fully. This process can be repeat-
ed multiple times until the desired correction is obtained.

 n  If the curve is rigid, we have found that often little rod 
derotation is possible, and other techniques, such as rod 
bending, should be considered.
  

COMPLICATIONS AND PITFALLS IN 
SEGMENTAL INSTRUMENTATION SYSTEMS
In addition to the complications inherent in any spinal 
arthrodesis, segmental instrumentation systems have sev-
eral potential pitfalls, most of which can be avoided by 
choosing the appropriate arthrodesis levels using criteria 
such as the Lenke classification, which helps determine 
which curve(s) to instrument and avoid ending instru-
mentation in the middle of a structural curve. One coro-
nal plane problem that can occur is decompensation with 
selective fusion of the thoracic curve (Fig. 44.75). If the 
curve is severely rotated clinically, it probably will need to 
be incorporated in the fusion. If a selective thoracic fusion 
is performed, the lower instrumented vertebra should at 
least touch the center sacral line on the standing postero-
anterior preoperative radiograph.

In addition, there has been considerable interest 
recently in sagittal plane abnormalities, most commonly 
hypokyphosis, in adolescent idiopathic scoliosis. With the 
use of rigid posterior fixation, it is important to avoid end-
ing instrumentation at the apex of the sagittal plane abnor-
mality, which can lead to a proximal or distal junctional 
kyphosis (Fig. 44.76).

Another common strategic mistake is failure to rec-
ognize the significance of the upper thoracic curve pre-
operatively. If the upper thoracic curve does not correct 
on supine bending films to the predicted correction of the 
lower thoracic curve, elevation of the left shoulder and an 
unsightly deformity will occur (Fig. 44.77). This mistake is 
prevented by carefully evaluating the clinical appearance 

 

1. Patients may be admitted to a general floor rather than
the PICU.

2. A PCA pump should be used postoperatively.

3.  An epidural is not necessary for management of postoperative
pain.

4. Primary transition to oral narcotics should occur on a target
date (i.e., POD#1) rather than based on a clinical threshold
(i.e., passing flatus).

5. Muscle spasm, medications (i.e., diazepam) should be used
postoperatively.

6. Gabapentin should be used in the perioperative period.

7. Ketorolac should be used to minimize narcotic needs.

8. Clear liquids can be started as tolerated postoperatively.

9. A bowel regimen should be used beginning on POD#1.

10.  Antiemetics should be given postoperatively.

11.  A drain should be used postoperatively.

12. The patient may begin sitting on the side of the bed on
POD#1.

13. The patient may begin ambulating on POD#1.

14. Physical therapy should see the patient twice daily beginning
POD#1.

15. Chewing gum may be used to increase gastric motility.

16. Intraoperative, without postoperative radiographs, may
suffice to evaluate implant placement and location.

17. Patients may be discharged before having a bowel movement.

18. Hospital discharge may occur on postoperative 2 or 3
assuming that pain is controlled on oral medications, the
patient has cleared PT, and is tolerating a regular diet,
regardless of whether the patient has had a bowel movement.

19. The patient should be contacted about their progress in the
first week after surgery.

FIGURE 44.73 Best Practice Consensus Guidelines for postop-
erative care after posterior spinal fusion for adolescent scoliosis.  
(From Fletcher ND, Glotzbecker MP, Marks M, et al: Development of 
consensus-based best practice guidelines for postoperative care following 
posterior spinal fusion for adolescent idiopathic scoliosis, Spine (Phila Pa 
1976) 42:ES47, 2017.)

 

Convex Concave

FIGURE 44.74 Direct vertebral rotation. (Redrawn from Newton 
PO, O’Brien MF, Sufflebarger HL, et al, editors: Idiopathic scoliosis: 
the Harms Study Group treatment guide, New York, 2010, Thieme.) 
SEE TECHNIQUE 44.16.
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of the shoulders and the bending films, as well as the 
standing radiographs, with special attention to this upper 
curve. Useful measurements from standing radiographs 
are the T1 tilt angle, the clavicle angle, and the radio-
graphic shoulder height. The T1 tilt angle is measured 
by the intersection of a line drawn along the T1 cepha-
lad endplate and a line parallel to the horizontal reference 
line (Fig. 44.78). The clavicular angle is measured by the 
intersection of a line touching the two highest points of the 
clavicle and a line parallel to the horizontal reference line 
(Fig. 44.79). The radiographic shoulder height is deter-
mined by the difference in the soft-tissue shadow directly 
superior to each acromioclavicular joint on a standing pos-
teroanterior radiograph (Fig. 44.80). A proximal thoracic 
curve should be considered structural if (1) the curve size 
is more than 30 degrees and remains more than 20 degrees 
on side-bending radiographs; (2) there is more than 1 cm 
of apical translation from the C7 plumb line; (3) there is a 
positive T1 tilt; and (4) clinical elevation of either shoul-
der (most commonly the left for right thoracic curves) is 
noted, depending on the curve type. 

MANAGEMENT OF RIGID CURVES
 

HALO-GRAVITY TRACTION
Rigid curves of the spine in adolescents have historically 
been treated with halo traction as an adjunct to surgery. This 
allows gradual correction of up to 35% of large spinal defor-
mities and allows preoperative nutritional and pulmonary 
optimization. Often, posterior releases and instrumentation 
can be done at the time of halo placement to improve cor-
rection in traction. Gradual weight progression to 30% to 

 

25

33

4 cm

FIGURE 44.75 Decompensated lumbar curve after fusion of 
thoracic curve only.
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FIGURE 44.76 Proximal junctional kyphosis. Preoperative (A) 
and postoperative (B) images of 13-year-old girl who had poste-
rior spinal fusion for adolescent idiopathic scoliosis. Postoperative 
proximal junctional kyphosis is +9 degrees, and the patient remains 
asymptomatic.

 FIGURE 44.77 Elevation of shoulder caused by undercorrection 
of upper thoracic curve.
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50% of the patient’s body weight is recommended, with 
at least daily neurologic assessments including the cranial 
nerves. Most commonly, hospitalization is required for 
this, with most correction being obtained in 3 to 4 weeks  
(Fig. 44.81).

 TECHNIQUE 44.17 

(SPONSELLER AND TAKENAGA)
 n  Sedation and local anesthesia should be used for this pro-

cedure.
 n  Place the halo just below the equator of the skull, above 

the eyebrows and pinnae of the ears.
 n  Six to eight pins are used in children younger than 6 years 

of age and tightened to 4 in-lb of torque. In older chil-
dren or adults (if there is normal bone density), the pins 
are tightened to 8 in-lb. Place the anterior pins lateral to 
the midportion of the eyebrows to avoid the supraorbital 
nerves and ensure that the patient’s eyes will close after 
pin placement. Place the posterior pins diametrically op-
posite the anterior pins. Retighten the pins after 24 to 48 
hours. If there is loosening after this, the pin should be 
relocated.

 n  Begin traction immediately with 5 lb of weight for young 
children and 10 lb for children close to maturity.

 n  Gradually increase the traction weight by 2 to 3 lb/day as 
tolerated, with the goal being a weight of 33% to 50% 
of the patient’s body weight. Incline the bed downward 
caudally.
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FIGURE 44.78 When right edge of vertebral body is up, tilt 
angle is defined as negative. When left edge of vertebral body is up, 
tilt angle is defined as positive.  (Redrawn from O’Brien MF, Kuklo TR, 
Blanke KM, Lenke LG, editors: Spinal deformity study group radiographic 
measurement manual, Memphis, TN, 2004, Medtronic Sofamor Danek, 
p 55.)
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FIGURE 44.79 Clavicular angle. CHRL, Clavicle horizontal refer-

ence line; CRL, clavicle reference line.  (Redrawn from O’Brien MF, 
Kuklo TR, Blanke KM, Lenke LG, editors: Spinal deformity study group 
radiographic measurement manual, Memphis, TN, 2004, Medtronic 
Sofamor Danek, p 56.)
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FIGURE 44.80 Radiographic shoulder height. IHRL, Inferior 
horizontal reference line; SHRL, superior horizontal reference line.  
(Redrawn from O’Brien MF, Kuklo TR, Blanke KM, Lenke LG, editors: Spinal 
deformity study group radiographic measurement manual, Memphis, TN, 
2004, Medtronic Sofamor Danek, p 57.)

 FIGURE 44.81 Child in halo-gravity traction. SEE  
TECHNIQUE 44.17.
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 n  Inspect the patient’s skin regularly because pressure sores 
from bony prominences are common, especially in pa-
tients who have trouble turning themselves.

 n  Continue traction throughout the day. Patients should 
be upright in a halo wheelchair or walker for part of 
the day. The goal is to suspend the patient’s trunk as 
much as possible. Traction also can be applied when 
the patient is standing in a specially designed walk-
er. Decrease the traction weight when the patient is 
sleeping, especially when the weight is near its maxi-
mum.

 n  Check the patient’s neurologic status including cra-
nial nerve function in the upper and lower extremities. 
If changes occur, immediately decrease or remove the 
weight and reassess the patient.

 n  The duration of preoperative halo-gravity traction may 
range from 2 to 12 weeks depending on the severity of 
the curve, its response to traction, and the overall condi-
tion of the patient.

 n  Obtain radiographs approximately every week to assess 
the improvement obtained.

 n  Longer periods of traction may help to optimize nutrition 
and minimize pulmonary problems in those with border-
line pulmonary or nutritional reserve.
   

 

TEMPORARY DISTRACTION ROD
The use of temporary internal distraction rods in advance 
of the corrective surgical procedure has been described 
as an alternative to halo traction for severe rigid curves. 
Improved curve correction and restoration of sagittal and 
coronal contours have been cited as advantages to this 
technique. Placement of one or two temporary rods, soft-
tissue releases, and osteotomies are performed usually 1 
week before the permanent final implants are placed and 
fusion performed. The time between procedures can be 
longer than 1 week if necessary.
Before surgery, standard anteroposterior and lateral 
plain radiographs of the spine should be obtained with 
the patient standing or sitting, depending on the neu-
rologic status. Traction films are helpful in predicting 
the amount of correction that can be obtained with a 
temporary rod. In addition, MRI and CT of the cervical, 
thoracic, and lumbar spine should be obtained to evalu-
ate the precise spinal anatomy. Preoperative antibiotics 
should be administered.

 TECHNIQUE 44.18 

(BUCHOWSKI ET AL.)
 n  Position the patient on a Jackson table in routine fashion; 

Gardner-Wells tongs can be helpful to provide additional 
traction. The goal when positioning the patient on the 
table is to obtain as much correction of body alignment 
as possible to lessen the force required to achieve intra-

operative correction, and neuromonitoring is essential 
because a distraction force will be placed on the spine.

 n  Place pedicle screws in a standard fashion in the one or 
two vertebral bodies that are not intended to be the final 
cephalad fixation due to loosening that may occur. Alter-
natively, spinal hooks or ribs can be used as temporary 
cephalad anchor points.

 n  For placement of the caudal anchors, use standard lumbar 
pedicle screws, placing two screws (or more, depending 
on bone quality) at adjacent vertebrae. Alternatively, sub-
laminar hooks can be used. Again, the vertebrae cepha-
lad to the end vertebrae of the final construct should be 
chosen because some loosening of the temporary anchor 
points is expected to occur with distraction.

 n  If the pelvis is used for anchoring points, expose the iliac 
spine. Place an iliac screw in the posterior superior iliac 
crest close to (but not entering) the sciatic notch. It should 
be placed parallel and at least 2 cm lateral to where the 
permanent iliac screw will be placed. Alternatively, an S-
shaped hook may be used, and this may be easier to con-
nect to the distraction rod with a side-to-side connector.

 n  Although there are several possibilities for placement of 
internal distraction rod constructs (Fig. 44.82A-C), the sim-
plest is to attach one distraction rod to the cephalad anchor 
points and a second rod to the caudal anchor points, con-
necting them in a side-to-side connector with overlap of 
the rods (Fig. 44.82B). In some patients with extreme de-
formity, it may be necessary to attach two short rods (one 
attached cephalad and one caudal) to a third distraction 
rod using multiaxial crosslink connectors (Fig. 44.82A).

 n  Apply distraction across these two rods serially by loos-
ening and tightening the side-to-side connector. Careful 
attention should be given to spinal cord function during 
the distraction process. If a depression in the spinal cord 
signal is noticed, the amount of correction should be de-
creased and a wake-up test performed.

 n  Once the temporary rod or rods have been placed, expose 
the rest of the spine subperiosteally. Perform releases and 
osteotomies as necessary to allow additional correction of 
the spine. Although technically more difficult, additional 
anchor points can be placed after releases and osteoto-
mies if necessary.

 n  Small amounts of distraction should be performed 
throughout the procedure to allow maximal correction 
with minimal stress. With time, soft-tissue release, fac-
etectomies, and osteotomies, additional correction can 
be obtained with the goal at the end of surgery to have 
correction greater than that shown on the supine trac-
tion film with 50% or more correction in the Cobb angle. 
Bone graft is not used at this time but can be stored in a 
paraspinal muscle pouch for the final procedure.

 n  Closure may be difficult because substantial soft-tissue 
lengthening occurs with distraction and the rods usually 
are lateral to the transverse processes. If necessary, raise 
thick local flaps including the paraspinal muscles to make 
closure possible. Use closed suction drains in the space 
created during the closure.

STAGE II DEFINITIVE SURGERY
 n  Reexpose the spine. Leaving the temporary rod(s) in place 

if feasible, create the anchor points for the final construct. 
There should be a substantial increase in the ability to cor-
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  FIGURE 44.82 A, Two short rods (one at cephalad end, the other at caudad end, of construct) are 
connected to third distraction rod with multiaxial crosslink connectors. Distraction is applied across third 
rod, length of which spans deformity. B, Single temporary distraction rod is attached to spine with rib 
anchor points at cephalad end and lumbar pedicle screws and temporary iliac at caudal end. Permanent 
rod is then attached with pedicle screws and permanent iliac screw. C, Single temporary distraction 
rod, attached to spine with thoracic hook at cephalad end and temporary iliac screw at caudal end, 
is used to allow distraction between thoracic hook and rod holder to correct coronal deformity and 
pelvic obliquity. (From Buchowski JM, Skaggs DL, Sponseller PD: Temporary internal distraction as an aid to 
correction of severe scoliosis. Surgical technique, J Bone Joint Surg Am 89 [Suppl 2, Part 2]:297, 2007.)
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rect the spine at this point, and it may be possible to gain 
additional distraction.

 n  Remove the temporary instrumentation and insert the fi-
nal implants.

 n  Perform repeat pulsed irrigation and drainage and close 
the wound. 

POSTOPERATIVE CARE Between the first and second 
stages, parenteral nutrition is recommended until the 
patient can optimize oral intake. Sitting, standing, and 
walking are encouraged to avoid pulmonary complica-
tions. Casting or bracing is not required.
   

 

ANTERIOR RELEASE
Complete anterior release of the thoracic or lumbar 
spine, or both, allows improved mobilization of a curve 
and correction of deformity; however, the benefits of 
this must be weighed against increased surgical time and 
potential complications. Anterior release can be done 
through an open thoracotomy, thoracoscopically, or 
in conjunction with anterior instrumentation. With the 
increased correction seen with posterior instrumentation 
systems, the use of anterior release alone continues to 
decrease. It is still useful in patients with large and/or 
stiff deformities.

 TECHNIQUE 44.19 

(LETKO ET AL.)
 n  In the thoracic spine, resect the convex rib heads and at-

tempt to rupture the concave costovertebral joints.
 n  In both the thoracic and lumbar spine, remove the disc 

and posterior annulus. Release the posterior longitudinal 
ligament.

 n  Resect the convex inferior endplate with or without resec-
tion of the convex superior endplate to allow mobilization 
and correction in the coronal plane. By shortening the an-
terior column, hypokyphosis in the thoracic sagittal profile 
can be corrected to normal.

 n  Anterior structural support of the lumbar spine and thora-
columbar junction is recommended to prevent kyphosis.

 n  After complete anterior release, anterior instrumentation 
can be performed if the curve is not too rigid or large.
   

 

OSTEOTOMY IN COMPLEX SPINAL 
DEFORMITY
Spinal osteotomy should be considered for patients 
with large, stiff curves for whom instrumentation alone 
cannot correct the deformity or restore balance. The 
Smith-Petersen and Ponte osteotomies are the most 

straightforward, with the Ponte osteotomy being the 
most used dorsal column shortening osteotomy. The 
difference between the Smith-Petersen osteotomy and 
the Ponte osteotomy is that, while both shorten the 
dorsal column, the Smith-Petersen osteotomy opens the 
anterior column, placing stretch on the great vessels, 
where the Ponte osteotomy does not. The classic indica-
tion for Ponte osteotomies, which allows the posterior 
column of the spine to shorten, was a long rounded 
kyphosis as in Scheuermann kyphosis; however, it is a 
versatile procedure that can be performed safely to aid 
in the gradual correction of rigid scoliotic curves. If soft-
tissue releases are insufficient in obtaining correction, 
proceeding to osteotomy is the next step. The Ponte 
osteotomy is performed for scoliosis of more than 70 
to 75 degrees that does not bend down to less than 40 
degrees or for kyphosis that corrects to greater than 40 
to 50 degrees in hyperextension. The use of Ponte oste-
otomies in patients with adolescent idiopathic scoliosis 
is associated with high rates of blood loss and neuro-
monitoring events. A multicenter study of 2210 patients 
found the rate of neurologic complications (0.37% vs. 
0.17%) and neuromonitoring events (7.6% vs. 4.2%) 
were higher in patients who had Ponte osteotomies 
compared to those who did not. The cause of this is 
multifactorial but should be kept in mind when consid-
ering the use of Ponte osteotomies. In general, 1 mm of 
resection equals 1 degree of correction, with a possible 
correction of 5 to 10 degrees per level. Multiple levels 
can be resected to obtain more correction. A collapsed 
or immobile disc may be a contraindication to this tech-
nique. The choice of osteotomy depends on the apex of 
the deformity.

 TECHNIQUE 44.20 Figure 44.83

(PONTE OSTEOTOMY)
 n  After exposing the spine as described in Technique 44.6, 

perform complete facetectomies for complete exposure.
 n  Develop the screw tracks for subsequent pedicle screw 

placement (without placing the screws) to help guide the 
osteotomy.

 n  Remove the lamina, ligamentum flavum, and superior 
and inferior articular processes bilaterally, and resect the 
spinous process of the vertebra just cephalad to the oste-
otomy site.

 n  Create a wedge-shaped osteotomy 7 to 10 mm in 
width and carry it laterally to the intervertebral notch 
with small Kerrison rongeurs. An ultrasound bone scal-
pel, which provides excellent hemostasis and safety, 
can also be used. The point should be oriented distally. 
Both limbs of the wedge should be symmetric unless 
some coronal plane correction is desired. Take care to 
avoid the pedicles above and below the osteotomy and 
the nerve roots. If there is significant rotational defor-
mity, open the osteotomy to a larger degree on the 
convex side.

 n  Remove the more superior facet to help prevent impinge-
ment of the superior nerve root.

 n  At this point, instrumentation can be added as indicated 
to achieve necessary correction.
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CBA D
FIGURE 44.83 Ponte osteotomies for correction of kyphosis. A and B, Wedge-shaped osteotomies. 

C and D, Placement of rod for correction. (Redrawn from Geck MJ, Macagno A, Ponte A, Shufflebarger 
HL: Posterior only treatment of Scheuermann’s kyphosis using segmental posterior shortening and 
pedicle screw instrumentation, J Spinal Disord Tech 20:586, 2007.) SEE TECHNIQUE 44.20.

 

POSTERIOR THORACIC VERTEBRAL 
COLUMN RESECTION
Vertebral column resection is indicated for patients with 
complex, rigid, spinal deformities that cannot be corrected 
by less aggressive osteotomies. Circumferential access is 
provided to the vertebral column and neural elements for 
decompression and stabilization. This procedure is quite 
challenging and should be done by surgeons with special-
ized training and experience. It entails resection of one or 
more entire vertebral segments, including the posterior ele-
ments, vertebral body, and adjacent discs. Patients with 
cardiopulmonary comorbidities may not be suitable candi-
dates.

 TECHNIQUE 44.21 

(POWERS ET AL.)
 n  Position the patient on a Jackson table with adjustable 

pads. Intraoperative halo-gravity traction can be used. 
Neuromonitoring is essential for this procedure.

 n  Subperiosteally expose the spine out to the tips of the 
transverse process (Fig. 44.84A).

 n  Place pedicle screws using a freehand technique at the 
preplanned levels of fusion, a minimum of three levels 
above and three below the vertebral column resection 
(Fig. 44.84C). The spine is considered unstable from the 
time resection begins until final correction is achieved. A 
minimum of six points of fixation, both cephalad and cau-
dal to the resection, is recommended. Multiaxial reduc-
tion screws can be placed at the apical concave regions 
of severe scoliosis or at the proximal or distal regions of 
severe kyphoscoliosis or kyphosis. In the lumbar spine, 

they should be placed in the concavity of the lumbar re-
gion.

 n  Expose 4 to 5 cm of the medial ribs corresponding with 
the level of resection. Remove the ribs by cutting each 
laterally and then disarticulating the costovertebral 
joints, or resect the transverse process at the level of the 
resection bilaterally to weaken the attachment of the 
rib head. The removal of the ribs and transverse process 
allows access to the lateral pedicle wall and vertebral 
body and can be used as a graft to fill the laminectomy 
defect later.

 n  After bilateral costotransversectomy, dissect the vertebral 
body wall anteriorly until the anterior vertebral body is 
exposed. Protect the thoracic sympathetic chain, anterior 
and posterior vessels, and pleura with a retractor.

 n  Perform bilateral laminectomies and facetectomies at the 
levels to be resected and complete the posterior decom-
pression by removing the lamina cephalad to the pedicles 
above the resection and caudal to the pedicles below the 
resection (Fig. 44.85A). Posterior column exposure should 
be 5 to 6 cm to allow access to the spinal cord and to 
prevent dural buckling or impingement. Ligate the cor-
responding nerve roots medial and dorsal to the root gan-
glion.

 n  Once the osteotomies are complete, insert a temporary 
stabilizing rod and fix with two or three pedicle screws 
above and below the vertebral column resection (Fig. 
44.85B,C). Depending on the deformity, one or two rods 
can be used to prevent subluxation of the spine.

 n  Identify the pedicles to be resected and enter through their 
lateral wall to gain access to the vertebral body. Complete 
the corpectomy by curetting the cancellous bone out of 
the vertebral body. Save this bone for later bone grafting. 
Most of the vertebral body removed should be from the 
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FIGURE 44.84 A, Posterior thoracic vertebral column resection. Spine exposed to tips of trans-
verse processes. B, Medial 4 to 5 cm of ribs attached to vertebra excised to base of vertebral body. 
C, Pedicle screws placed segmentally, periadjacent to planned vertebrectomy site. (Redrawn from 
Powers AK, O’Shaughnessy BA, Lemke LG: Posterior thoracic vertebral column resection. In Wang 
JC, editor: Advanced reconstruction: spine, Rosemont, IL, 2011, American Academy of Orthopaedic 
Surgeons, p 265.) SEE TECHNIQUE 44.21.
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FIGURE 44.85 A, Complete laminectomy performed from inferior pedicles of level above to 
superior pedicles of level below planned resection. B, Temporary rod placed either unilaterally or 
bilaterally, depending on amount of instability anticipated. C, Vertebral body exposed superperi-
osteally or subperiosteally laterally and then anteriorly. Spoon retractor placed anterior to body. 
(Redrawn from Powers AK, O’Shaughnessy BA, Lemke LG: Posterior thoracic vertebral column resec-
tion. In Wang JC, editor: Advanced reconstruction: spine, Rosemont, IL, 2011, American Academy 
of Orthopaedic Surgeons, p 265.) SEE TECHNIQUE 44.21.

    

https://booksmedicos.org


CHAPTER 44  SCOLIOSIS AND KYPHOSIS 2053

convexity of the deformity. Powers preferred to perform 
resection from the concave side before the convex side 
removal to minimize bleeding and to remove some ten-
sion from the concave side before proceeding. Except for 
the anterior shell, remove the entire vertebral body. Keep 
a thin rim of bone intact on the anterior longitudinal liga-
ment for fusion. Thin the anterior bone if it is thick and 
cortical.

 n  Perform discectomies above and below the resected body 
to expose the adjacent vertebral body endplates; how-
ever, avoid violating these because this can lead to inter-
body cage subsidence (Fig. 44.86).

 n  For removal of the posterior wall, inspect the dura and free 
it of any attachments, such as the anterior epidural venous 
plexus, the posterior longitudinal ligament, or osteophytes. 

Control epidural bleeding, which can be significant, with 
bipolar electrocautery. Once the dura is freed, the thin pos-
terior vertebral body can be tamped away from the spinal 
cord into the corpectomy defect (Fig. 44.87A). Inspect the 
dura after posterior vertebral body removal and remove 
any points of attachment or compression.

 n  Once the resection is complete, closure of the defect and 
deformity correction are performed. In this procedure, the 
spinal column is always shortened, not lengthened, with 
compression. Obtain correction with pedicle screws or us-
ing a construct-to-construct closure method performed 
by placing a construct rod above and one below to distrib-
ute forces of correction over several pedicle screw levels. 
Compression should proceed slowly because subluxation 
or dural impingement may occur (Fig. 44.87B).

 n  In any deformity with a degree of kyphosis, Powers et al. 
recommend using an anterior structural cage to prevent 
overshortening and to help provide extra kyphosis correc-
tion.

 n  Once the vertebral column resection has been complet-
ed, place a permanent contralateral rod and remove 
the temporary rod. Then place a second permanent 
rod on the ipsilateral side and perform appropriate  
correction compression or distraction maneuvers as 
necessary.

 n  Confirm alignment by intraoperative radiographs (Fig. 44.88) 
and perform a final circumferential dural inspection.

 n  Place split-thickness rib autograft over the laminectomy 
defect and secure it to the rods using sutures or a cross-
link.

 n  Irrigate the wound with saline. Decorticate the posterior 
spine and facet joints with a high-speed burr and place 
copious amounts of bone graft.

 n  Place subfascial and suprafascial Hemovac drains through 
separate stab incisions and close the wound in layers with 
interrupted absorbable sutures.
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FIGURE 44.86 Vertebral body corpectomy and discectomy. 
(Redrawn from Powers AK, O’Shaughnessy BA, Lemke LG: Posterior 
thoracic vertebral column resection. In Wang JC, editor: Advanced 
reconstruction: spine, Rosemont, IL, 2011, American Academy of 
Orthopaedic Surgeons, p 265.) SEE TECHNIQUE 44.21.
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  FIGURE 44.87 A, Impaction of posterior wall of vertebral body into defect created. B, Correc- 
tion of deformity using compression. (Redrawn from Powers AK, O’Shaughnessy BA, Lemke LG:
Posterior thoracic vertebral column resection. In Wang JC, editor: Advanced reconstruction: spine, 
Rosemont, IL, 2011, American Academy of Orthopaedic Surgeons, p 265.) SEE TECHNIQUE 44.21.
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POSTOPERATIVE CARE The suction drain is removed once 
the drainage is less than 50 mL per 8-hour shift or at 48 hours 
postoperatively. Most patients will develop a postoperative 
ileus. Food or liquids are begun slowly and advanced as toler-
ated. Most patients also develop a postoperative atelectasis 
and temperature elevation. This is managed with routine 
“pulmonary toilet” and incentive spirometer. Intravenous 
antibiotics are administered for 24 hours. If the patient is 
old enough, a patient-controlled pain medication pump is 
used. Postoperative continuous epidural analgesia using lo-
cal anesthetic agents or opioids, or both, can be used in ap-
propriate situations. The patient is gradually gotten out of 
bed as allowed by pain tolerance. A postoperative brace or 
no immobilization may be used depending on the stability of 
the instrumentation construct. When the temperature has 
subsided and the patient is relatively independently ambu-
latory and tolerating food and liquid intake, the patient is 
discharged. At the 6-month checkup, if the fusion appears 
solid, most limitations are lifted. We generally advise against 
contact sports after this type of spinal surgery.
  

COMPLICATIONS OF POSTERIOR SCOLIOSIS 
SURGERY

EARLY COMPLICATIONS
The Scoliosis Research Society morbidity and mortality data-
base showed that for scoliosis surgery the overall complication 

rate was 10%, with a 0.7% new neurologic deficit rate for pedi-
cle screw instrumentation and a 0.02% mortality rate for idio-
pathic scoliosis. A review of 2005 patients from the National 
Surgical Quality Improvement Program (NSQIP) database 
found a 10% complication rate at 30 days, which was higher 
in neuromuscular patients than in adolescent idiopathic sco-
liosis patients. Risk factors for readmission include cognitive 
delays, increased ASA class, and longer surgical time. The 
frequency of 2-year unplanned return to surgery for modern 
pedicle screw constructs is 3.5%, which increases to 7.5% at 5 
years. The most common causes of reoperation include infec-
tion, symptomatic implants, and misplaced pedicle screws.

NEUROLOGIC INJURY
The most feared and unpredictable complication in scoliosis 
surgery remains neurologic injury. For patients undergoing 
spinal fusion for adolescent idiopathic scoliosis, the incidence 
of neurologic injury is relatively low, between 0.32% and 
0.69%. Causative factors include unrecognized spinal cord 
tethers, ischemia secondary to spinal cord stretch, and direct 
injury from surgical instruments, often combined with intra-
operative hypotension. Ponte osteotomies have been associ-
ated with increased rates of neuromonitoring alerts.

Management of an intraoperative neurologic defi-
cit begins with a series of corrective actions that should be 
planned for by the surgical team, including nursing and anes-
thesia personnel, well in advance of the event. A recent expert 
consensus-based best practice guideline for neuromonitoring 
changes has been published (Fig. 44.89) and should be placed 
on the wall of the operating room and followed if neurologic 
changes occur. (Spinal cord monitoring and the wake-up test 
are discussed in the section on intraoperative considerations 
for operative treatment of adolescent idiopathic scoliosis.) 

INFECTION
Perioperative wound infection is the most common cause 
of readmission for adolescent idiopathic surgical patients, 
with a rate of approximately 1%, although there is variabil-
ity between centers. The rarity of postoperative infections in 
adolescent idiopathic scoliosis patients makes randomized 
clinical trials difficult, if not impossible. Best practice guide-
lines from high-risk patients, including neuromuscular and 
early-onset scoliosis patients, can be extrapolated to adoles-
cent idiopathic patients. In neuromuscular patients, the most 
important factor was timely dosing of antibiotics within 1 
hour of the start of the procedure. The use of vancomycin 
powder and dilute betadine irrigation at the end of the pro-
cedure were also believed to be helpful. A recent multicenter 
report found that obesity was the only factor that predicted 
a sevenfold increased infection rate in adolescent idiopathic 
scoliosis patients in high-volume centers.

There are two types of infections: immediate periopera-
tive and delayed. The first is obvious because a high fever 
develops, usually within 2 to 5 days after surgery, and the 
wound almost always appears infected. In the second type, 
the temperature is elevated only slightly or moderately and 
the wound appears relatively normal. Diagnosis of this latter 
type of wound infection may be difficult. Patients often have 
postoperative temperature elevation of up to 102°F, which 
should decline gradually during the first 4 postoperative days. 
Any spike of temperature above 102°F should strongly sug-
gest a deep wound infection, especially if the patient’s gen-
eral condition does not steadily improve. The appearance of 

 

Rib bridge graft

FIGURE 44.88 Permanent rods with rib bridge graft. (Redrawn 
from Powers AK, O’Shaughnessy BA, Lemke LG: Posterior thoracic 
vertebral column resection. In Wang JC, editor: Advanced recon-
struction: spine, Rosemont, IL, 2011, American Academy of Ortho-
paedic Surgeons, p 265.) SEE TECHNIQUE 44.21.
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the wound can be deceiving, with no significant erythema or 
tenderness. Prompt aspiration of the wound in several sites is 
recommended. Urgent thorough irrigation and debridement 
with retention of implants, if possible, should be performed 
in conjunction with consultation with infectious disease 
experts for long-term antibiotic therapy. A recent multicenter 
review found that with aggressive treatment, patients with 
early postoperative infections can retain their implants 76% 
of the time. Delayed wound infections (>6 months after index 
procedure) are more common than acute deep wound infec-
tions and usually are caused by indolent skin flora organisms 
such as Propionibacterium acnes or Staphylococcus epidermi-
dis. The rate of late infection may be decreasing due to the fact 
that the risk of delayed infection is higher with stainless steel 
implants than with other metals now in use. In these infec-
tions, implant removal usually is necessary to eradicate the 
infection. 

ILEUS
Ileus is a common complication after both anterior and pos-
terior spinal fusion. Oral feedings are resumed slowly after 
surgery. A multimodal approach to decreasing the rate of 
gastrointestinal complications, including early mobiliza-
tion, decreased narcotic usage, epidural catheters, and early 

feeding, have been helpful. Malnutrition is uncommon in 
teenagers with idiopathic scoliosis, but patients requiring a 
two-stage corrective procedure may become malnourished as 
a result of the limited oral calorie intake and increased caloric 
requirements associated with closely spaced surgical pro-
cedures, and nutritional consultation and supplementation 
including parenteral nutrition should be considered. 

SUPERIOR MESENTERIC ARTERY SYNDROME
Superior mesenteric artery syndrome can present 1 to 2 weeks 
after surgery as abdominal pain and distention and vomit-
ing. It is due to compression of the duodenum between the 
superior mesenteric artery and the aorta that can occur after 
spinal deformity correction (Fig. 44.90). Risk factors include 
thin habitus and spinal lengthening that occurs during sco-
liosis correction. Prompt recognition, bowel rest and intrave-
nous hydration, and gradual post-pyloric feeding are essential 
for a good outcome, which can take several weeks. General 
surgical and nutritional consultation are helpful. 

ATELECTASIS
Atelectasis is a common cause of fever after scoliosis sur-
gery. Frequent turning of the patient and the use of incen-
tive spirometry and deep breathing and coughing usually 

 

Checklist for the response to intraoperative neuromonitoring changes in patients with a stable spine

Gain control of room Anesthetic/systemic

Ongoing considerations

Technical/neurophysiologic Surgical

lntraoperative pause:
stop case and announce
to the room

Optimize mean arterial
pressure (MAP)

Optimize hematocrit

Discuss status of
anesthetic agents

Discuss events and
actions just prior to signal
loss and consider
reversing actions:

Remove traction
(if applicable)

Decrease/remove
distraction or other
corrective forces

Remove rods

Remove screws
and probe for
breach

Evaluate for spinal cord
compression, examine
osteotomy and
laminotomy sites

lntraoperative and/or
perioperative imaging
(e.g. O-arm, fluoroscopy,
x-ray) to evaluate implant
placement

Check extent of
neuromuscular blockade
and degree of paralysis

Check electrodes and
connections

Determine pattern and
timing of signal changes

Check neck and limb
positioning; check limb
position on table
especially if unilateral loss

Optimize blood pH and
pCO2

Seek normothermia

Discuss POTENTIAL
need for wake-up test with
ATTENDING
anesthesiologist

Eliminate extraneous
stimuli (e.g. music ,
conversations, etc.)

Summon ATTENDING
anesthesiologist, SENIOR
neurologist or
neurophysiologist, and
EXPERIENCED nurse

Anticipate need for
intraoperative and/or
perioperative imaging if
not readily available

REVISIT anesthetic/systemic considerations and confirm that they are optimized

Wake-up test

Consultation with a colleague

Continue surgical procedure versus staging procedure

IV steroid protocol: Methylprednisolone 30 mg/kg in first hr, then 5.4 mg/kg/hr for next 23 hrs

FIGURE 44.89 Checklist for the response to intraoperative neuromonitoring changes in patients 
with a stable spine.  (From Vitale MG, Skaggs DL, Pace GI, et al: Best practices in intraoperative neuro-
monitoring in spine deformity surgery: development of an intraoperative checklist to optimize response, 
Spine Deform 2:333, 2014.)
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control or prevent serious atelectasis. Inhalation therapy 
with intermittent positive-pressure breathing may be benefi-
cial in cooperative patients. With current emphasis on early 
patient rehabilitation, significant atelectasis has become less 
common. 

PNEUMOTHORAX
At the time of subperiosteal posterior spine exposure, 
the pleura may be entered inadvertently, most commonly 
between the transverse processes on the concave side of the 
scoliosis. If a thoracoplasty is done at the same time, a pneu-
mothorax is more likely to occur. Observation of the pneu-
mothorax is probably appropriate if it is less than 20%, but 
chest tube insertion is needed for larger pneumothoraces. A 
Valsalva maneuver in conjunction with the anesthesia team 
should be performed intraoperatively if a pneumothorax is 
suspected so that a chest tube can be placed. 

DURAL TEAR
If a dural tear occurs during removal of the ligamentum 
flavum or insertion of a hook or wire, repair should be 
attempted. The laminotomy often must be enlarged to allow 
access to the ends of the dural tear. If repair is not done, drain-
age of the cerebrospinal fluid through the wound can cause 
problems postoperatively. Larger or non-repairable tears can 
be managed with soft-tissue, usually muscle or fascia, patches. 
When large tears are repaired or patched, the patient should 
be left supine for 24 hours before gradual sitting to decrease 
intraspinal pressure. 

WRONG LEVELS
Care should be taken in the operating room to identify the 
correct vertebral levels as there are normal variants in the 
number of ribs and segmentation at the lumbosacral junc-
tion. In most instances, an intraoperative radiograph with use 
of a marker on the vertebra is the best way to accurately iden-
tify the appropriate spinal level. 

URINARY COMPLICATIONS
The syndrome of inappropriate antidiuretic hormone secre-
tion develops in the immediate postoperative period in up to 
one third of patients undergoing spinal fusion. This causes 
a decline in urinary output and is maximal 36 hours after 
surgery. If the serum osmolality is diminished and the urine 
osmolality is elevated, this syndrome should be considered 
and fluid overload should be avoided. The urinary output 
gradually increases in the next 2 to 3 days after surgery. 

VISION LOSS
Postoperative loss of vision has an incidence of 0.02% to 0.2%. 
In a review of a nationwide database including over 40,000 
patients under the age of 18 who had surgery for idiopathic 
scoliosis, De la Garza-Ramos et al. found that vision loss was 
reported in 0.16%. Prone positioning, particularly in the 
Trendelenburg position, has been noted to increase intraocu-
lar pressure. This is thought to be a risk factor for postopera-
tive loss of vision as the result of decreased perfusion of the 
optic nerve. Other suggested risk factors include a younger 
age, a history of iron deficiency anemia, and long-segment 
fusions. The loss of vision manifests itself during the first 2 
postoperative days. Most deficits are permanent. 

LATE COMPLICATIONS
PSEUDARTHROSIS

In adolescents with idiopathic scoliosis, the pseudarthrosis 
rate is approximately 1%, which is lower than that in patients 
with neuromuscular scoliosis. The most common areas of 
pseudarthrosis are at the thoracolumbar junction and at 
the distally fused segment. With more rigid and stronger 
implants, the pseudarthrosis may not be apparent for years. 
In a review of cases of nonunion with segmental instrumen-
tation, the average time to presentation of nonunion was 
3.5 years. In 23% of patients with nonunion, implant failure 
was detected 5 to 10 years postoperatively. The diagnosis of 
pseudarthrosis usually is made by oblique radiographs, a bro-
ken implant, tomograms, CT, or bone scanning (Fig. 44.91). 
After successful posterior fusion, the disc height anteriorly 
should diminish as the vertebral body continues to grow at 
the expense of the disc space. A large disc space anteriorly 
may indicate a posterior pseudarthrosis. Often, however, 
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FIGURE 44.90 Superior mesenteric artery syndrome. Relation-
ship between superior mesenteric artery and duodenum.  (From Lam, 
DJ, Lee JZ, Chua JH, et al: Superior mesenteric artery syndrome following 
surgery for adolescent idiopathic scoliosis: a case series, review of the 
literature, and algorithm for management, J Pediatr Orthop B 23:312, 
2014.)

    

https://booksmedicos.org


CHAPTER 44  SCOLIOSIS AND KYPHOSIS 2057

the pseudarthrosis cannot be confirmed even with the most 
sophisticated radiographic evaluation and can be detected 
only by surgical exploration.

If a pseudarthrosis does not cause pain or loss of correc-
tion, surgery may not be necessary. Asymptomatic pseud-
arthrosis is more common in the distally fused segments. A 
pseudarthrosis at the thoracolumbar junction is more likely 
to cause loss of correction and pain.

During surgical exploration, the cortex is smooth and 
firm over the mature and intact areas of the fusion mass and 
the soft tissues strip away easily. Conversely, at a pseudar-
throsis, the soft tissues usually are adherent and continu-
ous into the defect; however, a narrow pseudarthrosis may 
be difficult to locate, especially if motion is slight. In this 
instance, decortication of the fusion mass in suspicious 
areas is indicated and a search always should be made 
for several pseudarthroses. An extremely difficult type of 
pseudarthrosis to determine is a solid fusion mass poste-
riorly that is not well adherent to the underlying spine and 
lamina. Once the pseudarthrosis has been identified, it is 
cleared of fibrous tissue, and the curve is reinstrumented by 
the application of compression over the pseudarthrosis. If 
this is not done, kyphotic deformity may worsen because 
of incompetent spinal extensor muscles from the previous 
surgical exposure. The pseudarthroses are treated as ordi-
nary joints to be fused: their edges are freshened and decor-
ticated, and autogenous bone graft is applied in addition to 
the instrumentation. 

CRANKSHAFT PHENOMENON
If posterior fusion alone is done in patients with a significant 
amount of anterior growth remaining, a crankshaft phenome-
non can occur (see section on treatment of juvenile idiopathic 

scoliosis). Combined anterior and posterior arthrodesis with 
posterior wire and hook constructs were recommended to 
eliminate anterior growth. More recent reports in the litera-
ture indicate that the use of posterior segmental pedicle screw 
instrumentation with three-column fixation may obviate 
the need for combined fusions. A report of 46 patients with 
interval or continuous pedicle screw instrumentation found 
that none had experienced crankshaft phenomenon at 3-year 
follow-up. 

POSTERIOR THORACOPLASTY
Of all the deformities caused by idiopathic scoliosis, the pos-
terior rib prominence generally is the patient’s main concern. 
With thoracic pedicle instrumentation and derotation tech-
niques, we now rarely find it necessary to perform a thora-
coplasty. Chen et al. found that posterior instrumentation in 
combination with thoracoplasty led to a significant decrease 
in pulmonary function at 3 months. Eventually, the function 
returned to normal at 1 year postoperatively. Approximately 
75% of patients have a pleural effusion on chest radiograph. 
If necessary for cosmetic reasons, resection of the convex ribs 
can improve the postoperative cosmetic result of this surgery. 
With the advances in posterior correction techniques and 
convex rib resection at the time of spinal fusion, the use of 
delayed thoracoplasty has fallen out of favor. 

CONCAVE RIB OSTEOTOMIES
Concave rib osteotomies can be used to help increase flex-
ibility for very stiff curves. Cadaver studies have shown an 
average increase in deflection of 53%. Flexibility increased 
most when five or six ribs were resected. The addition of con-
cave rib osteotomies to instrumentation and fusion proce-
dures increases the risk of pulmonary morbidity and should 

 FIGURE 44.91 Pseudarthrosis with rod fracture (arrows) 4 years after posterior spinal fusion 
in 18-year-old male.
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A B
FIGURE 44.92 Rib osteotomy. A, Rib is exposed subperiosteally 1 cm lateral to transverse 

process. Osteotomy is completed with microsagittal saw. B, Overlap of lateral rib segment.  
SEE TECHNIQUE 44.22.

be used sparingly because of the increased power of modern 
instrumentation systems and high complication rate associ-
ated with their use. 

 

OSTEOTOMY OF THE RIBS

 TECHNIQUE 44.22 

(MANN ET AL.)
 n  Approach the concave ribs through the midline incision 

used for the instrumentation and spinal fusion.
 n  Retract the paraspinous muscles lateral to the tips of the 

concave transverse processes. When needed, use electro-
cautery to incise overlying tissue along the rib axis.

 n  Incise the periosteum along the rib axis for 1.5 cm lateral 
to the transverse process and use small elevators to ex-
pose the rib periosteally.

 n  Protect the pleura with the elevators and use a rib cutter 
to section the rib approximately 1 cm lateral to the trans-
verse process (Fig. 44.92A).

 n  Lift the lateral rib segment with a Kocher clamp and allow 
it to posteriorly overlap the medial segment (Fig. 44.92B).

 n  Rongeur any jagged ends and place a small piece of 
thrombin-soaked Gelfoam between the rib and pleura 
for protection and hemostasis.

 n  Make four to six osteotomies over the apical concave ver-
tebrae.

 n  Approximate the paraspinous muscles with an absorbable 
suture.

 n  Complete the instrumentation and fusion and insert a 
chest tube.
  

ANTERIOR INSTRUMENTATION FOR 
IDIOPATHIC SCOLIOSIS
Anterior instrumentation and fusion for idiopathic scoliosis 
is a well-accepted procedure for certain thoracolumbar and 
lumbar curves, although with newer segmental posterior 
instrumentation systems, the use of anterior arthrodesis and 

instrumentation has declined dramatically. A Lenke type 4 
curve pattern in which the thoracolumbar or lumbar curve is 
the structural component and the main thoracic or proximal 
thoracic curves are nonstructural is the ideal situation for this 
type of procedure. Anterior instrumentation can provide de- 
rotation and correction of the curve in the coronal plane. The 
child must be old enough for the vertebrae to be large enough 
to allow screw fixation, and caution is advised in using these 
systems in children younger than 9 years. In general, the low-
est instrumented vertebra is the lower end vertebra of the 
Cobb measurement. The proximal level usually is the neutral 
vertebra. The fusion should not extend into the compensatory 
thoracic curve above. On the convex bending film, the disc 
below the lowest instrumented vertebra should open up on 
both sides. This indicates that the lower vertebra selected can 
be made horizontal with the anterior approach.

The anterior approach for thoracolumbar and lumbar 
curves has several potential disadvantages: chylothorax; 
injury to the ureter, spleen, or great vessels; retroperitoneal 
fibrosis; and prominent instrumentation that must be care-
fully isolated from the great vessels. Without careful attention 
to detail, a kyphosing effect can occur even with solid-rod 
and dual-rod anterior instrumentation systems. The attach-
ment to the spine is through relatively cancellous vertebral 
bodies, and proximal screw dislodgement also is a risk. Many 
orthopaedic surgeons require the assistance of a thoracic or 
general surgeon with anterior approaches.

Anterior instrumentation and fusion can also be used 
in the treatment of thoracic curves but has generally been 
replaced by posterior techniques because of the potential dis-
advantages of this approach, including chest cage disruption, 
need for a chest tube, effects on pulmonary function, the need 
for the assistance of a thoracic surgeon, an increased risk of 
progressive kyphosis because of posterior spinal growth in 
skeletally immature patients (Risser grade 0), and smaller 
vertebrae and less secure fixation, especially of the proximal 
screw (Fig. 44.93). The aorta can be very close to the screw 
tips if bicortical fixation is achieved (Fig. 44.94). A compari-
son of curve correction by posterior spinal fusion and tho-
racic pedicle screws with anterior spinal fusion by single-rod 
instrumentation in Lenke type 1 curves found that posterior 
spinal fusion by thoracic pedicle screw instrumentation pro-
vided superior instrumented correction of the main thoracic 
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curves and spontaneous correction of the thoracolumbar and 
lumbar curves, as well as improved correction of thoracic tor-
sion and rotation.

If the curve to be instrumented is a thoracolumbar curve, 
a thoracoabdominal approach is required. If the curve is purely 
lumbar, a lumbar extraperitoneal approach can be used. 

 

THORACOABDOMINAL APPROACH

 TECHNIQUE 44.23 

 n  Place the patient in the lateral decubitus position with the 
convex side of the curve elevated.

 n  Make a curvilinear incision along the rib that is one level 
higher than the most proximal level to be instrumented. 
This generally is the ninth rib in most thoracolumbar 
curves. Make the incision along the rib and extend it dis-
tally along the anterolateral abdominal wall just lateral to 
the rectus abdominis muscle.

 n  Expose and excise the rib.
 n  Enter the chest and retract the lung.
 n  Identify the diaphragm as a separate structure; it tends 

to closely approximate the wall of the thoracic cage. 
The diaphragm can be removed in two ways. We pre-
fer to remove it from the chest cavity and then continue 
with retroperitoneal dissection distally. Alternatively, the 
retroperitoneum can be entered below the diaphragm, 
and then the diaphragm can be divided. To remove the 
diaphragm from the chest cavity, enter the chest cavity 
transpleurally through the bed of the rib. Then use elec-

trocautery to divide the diaphragm close to the chest wall. 
Leave a small tag of diaphragm for reattachment.

 n  Once the diaphragm has been reflected, expose the ret-
roperitoneal space.

 n  Dissect the peritoneal cavity from underneath the internal 
oblique muscle and the abdominal musculature.

 n  Split the internal oblique and the transverse abdominal 
muscles in line with the skin incisions and extend the ex-
posure distally as far as necessary.

 n  Identify the vertebral bodies and carefully dissect the pso-
as muscle laterally off the vertebral disc spaces. The psoas 
origin usually is at about L1.

 n  Divide the prevertebral fascia in the direction of the spine.
 n  Identify the segmental arteries over the waist of each ver-

tebral body and isolate and ligate them in the midline.
 n  Expose the bone extraperiosteally.
 n  The exposure from T10 to L2 or L3 with this approach is 

simple; but more distally the iliac vessels overlie the L4 
and L5 vertebrae, and exposure in this area requires more 
meticulous dissection and displacement of these vessels.
   

 

LUMBAR EXTRAPERITONEAL 
APPROACH

TECHNIQUE 44.24

 n  Place the patient in the lateral decubitus position with the 
convex side up.

 

A B C

FIGURE 44.93 A, Standing posteroanterior radiograph of patient with idiopathic scoliosis. With 
posterior approach, this patient would require fusion well down into the lumbar spine. B and C, 
Postoperative posteroanterior and lateral radiographs after anterior instrumentation. Although 
some loss of fixation of proximal screw is noted, patient achieved satisfactory correction and 
well-balanced spine in both coronal and sagittal planes by instrumentation of only thoracic spine 
deformity.
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FIGURE 44.94 A, CT image at T5 showing good screw posi-
tion. B, With descending aorta at 2-o’clock position, 26% of distal 
screw was thought to be adjacent to aorta at 2 mm or less.  (From 
Kuklo TR, Lehman RA Jr, Lenke LG: Structures at risk following anterior 
instrumented spinal fusion for thoracic adolescent idiopathic scoliosis, J 
Spinal Disord Tech 18:S58, 2005.)

 n  Make a midflank incision from the midline anteriorly to 
the midline posteriorly (Fig. 44.95A).

 n  Divide the abdominal oblique muscles in line with the inci-
sion (Fig. 44.95B,C).

 n  As the dissection leads laterally, identify the latissimus 
dorsi muscle as it adds another layer: the transversalis fas-
cia and the peritoneum. The transversalis fascia and the 
peritoneum diverge posteriorly as the transversalis fascia 
lines the trunk wall, and the peritoneum turns anteriorly 
to encase the viscera. Posterior dissection in this plane al-
lows access to the spine without entering the abdominal 
cavity.

 n  Repair any inadvertent entry into the peritoneum imme-
diately because it may not be identifiable later.

 n  Reflect all the fat-containing areolar tissue back to the 
transverse fascia and the lumbar fascia, reflecting the ure-
ter along with the peritoneum (Fig. 44.95D).

 n  Locate the major vessels in the midline, divide the lumbar 
fascia, and carefully retract the great vessels.

 n  Divide the segmental arteries and veins as they cross the 
waist of the vertebra in the midline and ligate them to 
control hemorrhage.

 n  The skin incision must be placed carefully to ensure that 
the most cephalad vertebra to be instrumented can be 
easily seen.
   

 

DISC EXCISION

 TECHNIQUE 44.25 

 n  Once the anterior portion of the spine has been exposed, 
the discs can be felt as soft, rounded, protuberant areas 
of the spine compared with the concave surface of the 
vertebral body.

 n  Divide the annulus sharply with a long-handled scalpel 
(Fig. 44.96) and remove it.

 n  Remove the nucleus pulposus with rongeurs and curets. 
It is not necessary to remove the anterior or posterior lon-
gitudinal ligaments.

 n  Once the disc excision has been completed, remove the 
cartilaginous endplates with use of either ring curets or 
an osteotome. The posterior aspects of the cartilaginous 
endplates often are more easily removed with angled cu-
rets.

 n  Obtain hemostasis with Gelfoam soaked in thrombin un-
less a cell saver is in use.

 n  Significant correction of the curve usually occurs during 
the discectomies, and it becomes more flexible and more 
easily correctable.
   

 

ANTERIOR INSTRUMENTATION OF A 
THORACOLUMBAR CURVE

 TECHNIQUE 44.26 

 n  After exposure of the spine and removal of the discs, 
staples and screws are inserted into each vertebral body, 
beginning proximally and working distally.

 n  Place an appropriate-sized staple on the lateral as-
pect of the vertebral body, being sure to be poste-
rior enough to allow placement of the anterior screw. 
Various staple lengths are available to accommodate 
different-sized patients. Normally, in the lower tho-
racic spine, the staple is placed just anterior to the rib 
head.

 n  Impact the staple into the vertebral body (Fig. 44.97A,B). 
Make a pilot hole with an awl in the vertebral body, which 
eliminates the need to tap the screws.
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 n  In the posterior hole, insert a screw of appropriate diam-
eter and length angled approximately 10 degrees poste-
rior to anterior, perpendicular to the base of the staple. 
Leave the screw slightly elevated off the staple surface 
until the anterior screw is fully seated to prevent tilting of 
the staple (Fig. 44.97C).

 n  Place the anterior screws in a neutral but slightly anterior 
to posterior angular position. Once again, the goal is to 
place the screw perpendicular to the base of the staple 

(Fig. 44.97D). Bicortical purchase is required at the ends 
of the construct and is suggested in the intermediate lev-
els as well. Figure 44.97E shows the staples and screws 
inserted from T11 to L3 before rod insertion.

 n  Decorticate the endplates before graft placement.
 n  Place intervertebral structural grafts beginning in the 

most caudal disc and working in a proximal direction. 
Structural grafts are placed in the anterior aspect of the 
disc to facilitate lordosis (Fig. 44.97F). Posteriorly, autog-
enous morselized rib graft is placed against the decorti-
cated endplates.

 n  Perform appropriate biplanar bending of the posterior 
rod.

 n  Engage the posterior rod proximally and cantilever it into the 
distal screws. Capture the rod at each level with set screws 
(Fig. 44.97G). The orientation of the posterior rod is shown 
in Figure 44.97H prior to the rod rotation maneuver.

 n  Place the rod grippers onto the rod and rotate it 90 de-
grees from posterior to anterior. This will facilitate both 
scoliosis correction and the production of sagittal lordosis 
(Fig. 44.97I).

 n  Perform intervertebral compression across the posterior 
screws after locking the apical screw and compressing 
from the apex to both ends (Fig. 44.97J).

 n  Place the anterior rod sequentially into the screws and 
seat and lock it with mild compression forces. This is just 
a stabilizing rod, and no further correction is attempted. 
Correction in the coronal and sagittal planes can be de-
termined on intraoperative anteroposterior radiographs.

 

A B

C D
FIGURE 44.95 A, Skin incision for extraperitoneal approach to lumbar and lumbosacral spine. 

B, Incision of fibers of external oblique muscle. C, Incision into fibers of internal oblique muscle. 
D, Exposure of spine before ligation of segmental vessels. SEE TECHNIQUE 44.24.

 FIGURE 44.96 Disc excision. Annulus is divided with long-
handled scalpel and removed. SEE TECHNIQUE 44.25.
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FIGURE 44.97 A-Q, Anterior instrumentation of thoracolumbar curve with dual-rod instru-
mentation. See text for description. (Medtronic Sofamor Danek.) SEE TECHNIQUE 44.26.
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 n  Once the final position is confirmed, break off the set 
screws with the counterforce device (Fig. 44.97K).

 n  Place one or two crosslink plates to create a rectangular 
construct, which increases rigidity of the system. Use the 
crosslink plate measuring tools to determine the required 
implant size (Fig. 44.97L) and then grasp the appropriate-
sized crosslink and place it on the rods (Fig. 44.97M and 
N).

 n  The lower profile of this anterior instrumentation  
(Fig. 44.97O,P) allows the closure of the pleura distally to 
the junction of the pleura and the diaphragm.

 n  Complete the closure procedure. Close the diaphragm, 
deep abdominal layers, chest wall (after chest tube place-
ment), muscle layers, subcutaneous tissues, and skin.

POSTOPERATIVE CARE The patient is allowed up on 
the first postoperative day. The chest tube usually is left 
in place for 48 to 72 hours and is removed when the 
drainage decreases to less than 50 mL for two consecutive 
8-hour periods. A TLSO can be used for immobilization, 
but if the screws have good purchase, no postoperative 
immobilization is used. A Foley catheter is necessary to 
monitor urine output because urinary retention is com-
mon. An ileus is to be expected after anterior surgery and 
usually lasts 2 to 3 days. Temperature elevation consistent 
with atelectasis is common and usually responds to pul-
monary therapy and ambulation as soon as the patient is 
capable (Fig. 44.98).
  

I

K

M

O P Q

N

L

J

FIGURE 44.97, cont’d
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A B

FIGURE 44.98 A, Preoperative clinical and radiographic views of 12-year-old, skeletally imma-
ture patient. B, Clinical and radiographic views after anterior spinal fusion and instrumentation from 
T11 to L3. (From Lenke LG: CD Horizon Legacy Spinal System anterior dual-rod surgical technique 
manual, Memphis, TN, 2002, Medtronic Sofamor Danek.) SEE TECHNIQUE 44.26.

COMPLICATIONS AND PITFALLS OF ANTERIOR 
INSTRUMENTATION
Pitfalls and complications may be related to poor patient 
selection, poor level selection, or instrument technical diffi-
culties. A common technical problem is failure of the most 
proximal screw (see Fig. 44.93), which can be prevented by 
watching this screw carefully during the derotation maneu-
ver. At any sign of screw loosening, the correction maneuver 
should be stopped. Another technical problem is encountered 
if the screw heads are not aligned properly and one screw 
head is offset from the others. If one screw is off just slightly, 
rod placement can be difficult. Variable-angle screws or poly-
axial screws allow some adjustment to account for this offset.

A number of studies have emphasized the potential com-
plications associated with an anterior approach to the spine, 
including respiratory insufficiency requiring ventilatory sup-
port, pneumonia, atelectasis, pneumothorax, pleural effusion, 
urinary tract infection, prolonged ileus, hemothorax, splenic 
injury, retroperitoneal fibrosis, and partial sympathectomy.

Neurologic injury can occur during discectomy or screw 
insertion. The screws should be placed parallel to the vertebral 

endplates. When the segmental vessels are ligated, the anas-
tomosis at the intervertebral foramina should be avoided to 
minimize the chance of injury to the vascular supply of the 
spinal cord. A scoliotic deformity is approached from the 
convex side of the curve, and because the great vessels are 
inevitably on the concave side of the curve, the risk of injury 
to them is low. To increase purchase of the screws, however, 
the opposite cortex of the vertebra should be engaged by the 
screw, and care must be taken to be certain that the screw is 
not too prominent on the concave side. 

VIDEO-ASSISTED THORACOSCOPY
Video-assisted thoracoscopic surgery in the treatment of 
pediatric spinal deformity can be used for anterior release 
and instrumentation; however, it rarely is used due to similar 
issues related to anterior arthrodesis, a steep learning curve, 
and advances in posterior arthrodesis and instrumentation. 
Advantages of thoracoscopic surgery over open thoracotomy, 
in addition to better illumination and magnification at the 
site of surgery, include less injury to the latissimus muscle 
and chest wall with less long-term pain, decreased blood loss, 
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FIGURE 44.99 A, Conventional setup for video-assisted thoracoscopic spinal surgery. B, Setup 
with surgeon working away from spine. SEE TECHNIQUE 44.27.

better cosmesis, shorter recovery time, improved postopera-
tive pulmonary function, and potentially shorter hospital 
stays. The primary disadvantages of thoracoscopy are related 
to a steep learning curve and the technical demands of the 
procedure. Specialized equipment is required for these proce-
dures. A general, pediatric, or thoracic surgeon familiar with 
thoracoscopy and open thoracotomies should be present, and 
the anesthesiologist should be skilled in the use of double-
lumen tubes and one-lung ventilation.

With the introduction of vertebral body tethering and 
spinal growth modulation, there has been renewed interest 
in thoracoscopic spinal approaches, although the exact indi-
cations and expected outcomes for vertebral body tethering 
remain unknown; they are a topic of active investigation.

Contraindications to the thoracoscopic spinal procedure 
include the inability to tolerate single-lung ventilation, severe 
or acute respiratory insufficiency, high airway pressures with 
positive-pressure ventilation, emphysema, and previous 
thoracotomy. 

 

VIDEO-ASSISTED THORACOSCOPIC 
DISCECTOMY
Some surgeons prefer to work facing the patient with 
the patient in a lateral decubitus position (Fig. 44.99A), 
whereas others prefer to work from behind the patient, 
therefore working away from the spinal cord (Fig. 44.99B). 
Two monitors are positioned so that they can be seen from 
each side of the table. Because the traditional setup for 
most endoscopic procedures requires members of the 
surgical team to be on opposite sides of the patient, and 
because working opposite the camera image can lead to 
disorientation, Horton described turning the assistant’s 
monitor upside down. The monitor on the posterior aspect 
of the patient is inverted, and once the visualization port 
for the camera is established, the scope is inserted into the 

camera and rotated 180 degrees on the scope mount so 
that the camera is upside down. The assistant holding the 
inverted camera views the inverted monitor, which projects 
a normal monitor image as would be seen in an open tho-
racotomy (Fig. 44.100).

 TECHNIQUE 44.27 

(CRAWFORD)
 n  After general anesthesia is obtained by either a double-

lumen endotracheal tube or a bronchial blocker for 
single-lung ventilation, turn the patient into the lateral 
decubitus position. Prepare and drape the operative field 
as the anesthesiologist deflates the lung. About 20 min-
utes is required for complete resorption atelectasis to be 
obtained.

 n  Place the upper arm on a stand with the shoulder slight-
ly abducted and flexed more than 90 degrees to allow 
placement of portals higher into the axilla. Use an axillary 
roll to take pressure off the axillary structures.

 n  Identify the scapular borders, 12th rib, and iliac crest, and 
outline them with a marker.

 n  Place the first portal at or around the T6 or T7 interspace 
in the posterior axillary line (Fig. 44.101A).

 n  Make a skin incision with a scalpel and then continue with 
electrocautery through the intercostal muscle to enter the 
chest cavity. To avoid damage to the intercostal vessels 
and nerves, make the incision over the top of the rib. 
Insert a finger to be sure the lung is deflated and that it 
is away from the chest wall so it will not be injured when 
the trocar is inserted.

 n  Insert flexible portals through the intercostal spaces with 
a trocar (Fig. 44.101B,C).

 n  Insert a 30-degree angled, 10-mm rigid thoracoscope. 
Prevent fogging of the endoscope by prewarming it 
with warm irrigation solution and wiping the lens with 
a sterile fog-reduction solution. Wipe the endoscope 
lens intermittently with this solution to optimize visibil-
ity. Some endoscopes have incorporated irrigating and 
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windshield-like cleaning mechanisms to further simplify 
the procedure.

 n  Evaluate the intrathoracic space to determine anatomy, as 
well as possible sites for other portals. The superior tho-
racic spine usually can be seen without retraction of the 
lung once the lung is completely deflated; however, some 
retraction usually is necessary below T9-T10 because the 
diaphragm blocks the view.

 n  Once the spinal anatomy has been identified, continue 
to identify levels. The first rib usually cannot be seen, and 
the first visually identifiable rib is the second rib. Count 
the ribs sequentially to identify the levels to be released. 
Insert a long, blunt-tipped needle into the disc space and 
obtain a radiograph to confirm the levels intraoperatively.

 n  Select other portal sites after viewing from within. View 
the trocars with the endoscope as they are inserted. Take 
care on inserting the inferior portal to avoid perforation 

of the diaphragm. Use a fan retractor to retract the dia-
phragm, but take care not to lacerate the lung.

 n  Divide the parietal pleura with an endoscopic cautery 
hook.

 n  Place the hook in the parietal pleura in the region of the 
disc, midway between the head of the rib and the anterior 
spine.

 n  Pull the pleura up and cauterize in successive movements 
proximally and distally, avoiding the segmental vessels.

 n  Identify the intervertebral discs as elevations on the spinal 
column and the vertebral bodies as depressions.

 n  For a simple anterior release, do not ligate the segmental ves-
sels because of the risk of tearing. Bleeding can be difficult to 
control endoscopically. Crawford recommended coagulation 
of any vessels that appear to be at risk for bleeding.

 n  Vertebral body tethering instrumentation can be placed 
at this time.
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FIGURE 44.100 A, Thoracoscopic traditional technique. B, Thoracoscopic inversion technique. 
SEE TECHNIQUE 44.27.
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FIGURE 44.101 A, First portal for anterior thoracoscopic release of spine created along posterior 
axillary line between T6 and T8 intercostal spaces. Subsequent portals are created along anterior 
axillary line. B, Technique of portal insertion. Fifteen- to 20-mm incision is made parallel to superior 
surface of rib. Flexible portal is inserted with trocar. C, Trocar is removed, leaving flexible portal 
in place. SEE TECHNIQUE 44.27.
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 n  The pleura can be closed or left open.
 n  Place a chest tube through the most posterior inferior 

portal. Use the endoscope to observe the chest tube as it 
is placed along the vertebral column. Connect the chest 
tube to a water seal.

 n  Once the anesthesiologist has inflated the lung to de-
termine whether an air leak exists, close the portals in 
routine fashion.
  

PITFALLS AND COMPLICATIONS
Bleeding can be difficult to control with endoscopic sur-
gery. A radiopaque sponge with a heavy suture attached and 
loaded on a sponge stick should be available at all times to 
apply pressure. The suture allows later retrieval of the sponge. 
After application of direct pressure, electrocautery should be 
used for hemostasis. If necessary, endoscopic clip appliers or 
another hemostatic agent should be used. Instrumentation 
for open thoracotomy should be set up on a sterile back table 
to avoid delays or confusion if an immediate thoracotomy is 
needed to control bleeding.

Lung tissue can be damaged during the procedure. If an 
air leak occurs, it can be repaired with an endoscopic stapler. 
Cloudy fluid in the intervertebral disc space after irrigation 
and suctioning may indicate a lymphatic injury, which can be 
closed with an endoscopic clip applier. The thoracic duct is 
especially vulnerable to injury at the level of the diaphragm. 
If a chylothorax is discovered after closure, it is treated with 
a low-fat diet.

A dural tear can be recognized by leakage of clear cere-
brospinal fluid from the disc space. Hemostatic agents can 
sometimes seal small cerebrospinal fluid leaks. If a dural tear 
continues to leak cerebrospinal fluid, a thoracotomy and ver-
tebrectomy with dural repair may be required.

The sympathetic nerve chain on the operative side often 
is transected. This causes little or no morbidity; however, the 
surgeon needs to inform the patient and family members of 
the possibility of temperature and skin color changes below 
the level of the surgery.

Postoperative pulmonary problems often involve the 
downside lung, in which mucous plugs can form. The anes-
thesiologist should suction both lungs before extubation. 

ENDOSCOPIC ANTERIOR 
INSTRUMENTATION OF IDIOPATHIC 
SCOLIOSIS
As experience with video-assisted thoracoscopy has 
increased, techniques have been developed for anterior 
instrumentation of the thoracic spine through a thoraco-
scopic approach. While the initial goal was to allow thora-
coscopic anterior discectomy, fusion, and instrumentation, 
the most common use is now for the placement of verte-
bral body tethers. 

 

THORACOSCOPIC VERTEBRAL BODY 
INSTRUMENTATION FOR VERTEBRAL 
BODY TETHER

 TECHNIQUE 44.28 

(PICETTI)
 n  Obtain appropriate preoperative radiographs and deter-

mine the fusion levels by Cobb angles.
 n  After general anesthesia is obtained by a double-lumen 

intubation technique (children weighing less than 45 kg 
may require selective intubation of the ventilated lung) 
and one-lung ventilation has been achieved, place the 
patient into the direct lateral decubitus position, with the 
arms at 90/90 and the concave side of the curve down. 
It is imperative to have the lung completely collapsed in 
this procedure. If the patient’s oxygen saturation drops 
on placement into the lateral decubitus position, have the 
anesthesiologist readjust the tube.

 n  Tape the patient’s hips and the shoulders to the operating 
table. Have a general or thoracic surgeon assist in the first 
part of the procedure if necessary.

 n  With the use of C-arm intensification, identify the ver-
tebral levels and portal sites. A straight metallic object is 
used as a marker to identify the vertebral levels and portal 
sites. The superior and inferior access incisions are the 
most critical because the vertebrae at these levels are at 
the greatest angle in relation to the apex of the curve.

 n  View the planes with a C-arm in the posteroanterior plane 
and make sure the endplates are parallel and well de-
fined. Rotate the C-arm until it is parallel to the vertebral 
body endplates, not perpendicular to the table.

 n  Position the marker posterior to the patient and align with 
every other vertebral body.

 n  Obtain a C-arm image at each level.
 n  Once the marker is centered and parallel to the endplates, 

make a line on the patient at each portal site in line with 
the marker. Marks should be two interspaces apart to al-
low placement of portals above and below the rib at each 
level and to provide access to two levels through a single 
skin incision. Use three to five incisions, depending on the 
number of levels to be instrumented.

 n  Once marks are made at all portal sites, rotate the C-
arm to the lateral position. Place the marker end on each 
line and adjust the marker position until the C-arm image 
shows the end of the marker at the level of the rib head 
on the vertebrae. Place a cross mark on the previous line. 
This is the location of the center of the portals and will 
show the degree of rotation of the spine.

 n  The spine surgeon’s position at the patient’s back allows all 
of the instruments to be directed away from the spinal cord.

EXPOSURE AND DISCECTOMY
 n  Prepare and drape the patient, including the axilla and 

scapula.
 n  Check positioning to confirm that the patient has re-

mained in the direct lateral decubitus position. This orien-
tation provides a reference to gauge the anteroposterior 
and lateral direction of the guidewires and the screws.

 n  Make a modified thoracotomy incision at the central 
mark. The incision can be smaller because it is used only 
for the central discectomies, screw placement, and view-
ing. The other discectomies and screw placements are 
done through the access portals because they provide 
better alignment to the end disc spaces and vertebral 
bodies.
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 n  After the lung has been deflated completely, make the 
initial portal in the sixth or seventh interspace by use of 
the alignment marks made previously. Make sure that the 
portal is in line with the spine and positioned according to 
the amount of spinal rotation. Insertion of the first portal 
at this level will avoid injury to the diaphragm, which nor-
mally is more caudal.

 n  Once the portal is made, use a finger to confirm that the 
lung is deflated and make sure there are no adhesions.

 n  Place 10.5- to 12-mm access portals under direct obser-
vation at the predetermined positions. Count the ribs to 
ensure that the correct levels are identified on the basis 
of preoperative plans.

 n  Incise the pleura longitudinally along the entire length of 
the spine to be instrumented.

 n  Place a Bovie hook on the pleura over a disc and make an 
opening. Insert the hook under the pleura and elevate it 
and incise along the entire length. Use suction to evacu-
ate the smoke from the chest cavity.

 n  Dissect the pleura off the vertebral bodies and discs. Con-
tinue pleural dissection anteriorly off the anterior longitu-
dinal ligament and posteriorly off the rib heads by use of 
a peanut or endoscopic grasper.

 n  Place a Kirschner wire into the disc space and confirm the 
level with C-arm intensification.

 n  With electrocautery, incise the disc annulus.
 n  Remove the disc in standard fashion with use of various 

endoscopic curets and pituitary, Cobb, and Kerrison ron-
geurs. If necessary, use endoscopic shavers and rasps to 
assist in discectomy.

 n  Once the disc is completely removed, thin the anterior 
longitudinal ligament from within the disc space with a 
pituitary rongeur. Thin the ligament to a flexible remnant 
that is no longer structural but will contain the bone graft.

 n  Remove the disc and annulus posteriorly back to at least 
the rib head. Use a Kerrison rongeur to remove the annulus 
posterior to the rib heads. Leave the rib head intact at this 
point because it will be used to guide screw placement.

 n  Once the disc has been evacuated, remove the endplate 
completely and inspect the disc space directly with the 
scope. Pack the disc space with Surgicel to control end-
plate bleeding. 

GRAFT HARVEST (IF NECESSARY)
 n  Use an Army-Navy retractor to stabilize the rib.
 n  With a rib cutter, make two vertical cuts through the su-

perior aspect of the rib and perpendicular to the rib ex-
tending halfway across it. Use an osteotome to connect 
the two cuts while the retractor supports the rib.

 n  Remove and morselize the rib section.
 n  Remove three or four other rib sections in a similar fashion 

until enough bone graft has been obtained.
 n  If a rib is removed through an access incision, retract the 

portal anteriorly as far as possible. Dissect the rib sub-
periosteally and carry posterior dissection as far as the 
portal can be retracted. This technique yields an adequate 
amount of graft and preserves the integrity of the rib, 
thus protecting the intercostal nerve and decreasing post-
operative pain.

 n  If the patient has a large chest wall deformity, perform 
thoracoplasties and use rib sections for grafting.

 n  Do not remove the rib heads at this time because they 
function as landmarks for screw placement. 

SCREW PLACEMENT
 n  Position the C-arm at the most superior vertebral body to 

be instrumented. It is imperative to have the C-arm paral-
lel to the spine to give an accurate image.

 n  The vessels are located in the depression or middle of the 
vertebral body and serve as an anatomic guide for screw 
placement.

 n  Grasp the segmental vessels and coagulate at the mid–
vertebral body level with the electrocautery. Hemoclip 
and cut larger segmental vessels if necessary.

 n  Check positioning again to ensure that the patient is still 
in the direct lateral decubitus position.

 n  Place the Kirschner guidewire onto the vertebral body just 
anterior to the rib head. Check this position with the C-
arm to verify that the wire will be parallel to the endplates 
and in the center of the body.

 n  Check the inclination of the guide in the lateral plane 
by examining the chest wall and the rotation. The guide 
should be in a slight posterior to anterior inclination, di-
recting the wire away from the canal. If there is any doubt 
or concern about the anterior inclination, obtain a lateral 
C-arm image to verify position.

 n  Once the correct alignment of the guide has been at-
tained, insert the Kirschner wire into the cannula of the 
Kirschner guide that is positioned centrally on the verte-
bral body.

 n  Drill the guidewire to the opposite cortex, ensuring that it 
is parallel to the vertebral body.

 n  Confirm the position with the C-arm as the wire is insert-
ed. Take care not to drill the wire through the opposite 
cortex because this can injure the segmental vessels and 
the lung on the opposite side.

 n  The most superior mark on the guidewire represents a 
length of 50 mm, and the etched lines are at 5-mm incre-
ments. The length of the Kirschner wire in the vertebral 
body can be determined by these marks. Start at the 50-
mm mark and subtract 5 mm for each additional mark 
that is showing. For example, if there are four marks in 
addition to the 50-mm mark, the length of the Kirschner 
wire would be 30 mm.

 n  Remove the guide and place the tap over the Kirschner 
wire onto the vertebral body. To maximize fixation 
strength, use the largest-diameter tap that will fit in the 
vertebral bodies, based on the preoperative radiographs. 
Grasp the distal end of the wire with a clamp and hold 
it as the tap is inserted so that the wire will not advance. 
This is important to avoid a pneumothorax in the opposite 
chest cavity. Tap only the near cortex. Use the C-arm to 
monitor tap depth and Kirschner wire position.

 n  Place the appropriate-sized screw, based on the Kirschner 
wire measurement and tap diameter, over the wire with 
the Eclipse screwdriver and advance it. To ensure bicor-
tical fixation, select a screw that is 5 mm longer than 
the width of the vertebral body as measured with the 
Kirschner wire. Grasp the wire again to avoid advance-
ment while the screw is inserted.

 n  Remove the wire when the screw is approximately half-
way across the vertebral body.
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 n  Check the screw direction with the C-arm as it is advanced 
and seated against the vertebral body. The screw should 
penetrate the opposite cortex for bicortical fixation.

 n  Instrument all Cobb levels.
 n  Use each rib head as a reference for subsequent screw 

placement to help ensure that the screws are in line and 
will produce proper spinal rotation when the rod is in-
serted. With the screws properly aligned, the screw heads 
form an arc that can be verified with a lateral image.

 n  Adjust the side walls of the screws (saddles) to be in line 
for insertion of the rod. If a screw is sunk more than a few 
millimeters deeper than the rest of the screws, reduction 
of the rod into the screw head may be difficult. The C-
arm image can confirm depth of screw placement as the 
screws are inserted.

 n  Once all the screws have been placed, remove the Sur-
gicel and use the graft funnel and plunger to deliver the 
graft into the disc spaces. Fill each disc space all the way 
across to the opposite side. 

ROD MEASUREMENT AND PLACEMENT
 n  Determine the rod length with the rod length gauge. 

Place the fixed ball at the end of the measuring device 
into the saddle of the inferior screw. Then guide the ball 
at the end of the cable through all of the screws with a 
pituitary rongeur to the most superior screw and insert it 
into the saddle. Pull the wire tight and take a reading from 
the scale. The scale is in centimeters.

 n  Cut the 4.5-mm-diameter rod to length and insert it into 
the chest cavity through the thoracotomy. The rod has 
slight flexibility, so do not bend it before insertion.

 n  Apply anterior compression to obtain kyphosis in the tho-
racic spine.

 n  Do not cut the rod longer than measured because the 
total distance between the screws will be reduced with 
compression.

 n  Manipulate the rod into the inferior screw with the rod 
holder. The end of the rod should be flush with the saddle 
of the screw to prevent the rod from protruding and ir-
ritating or puncturing the diaphragm.

 n  Once the rod is in place, remove the portal and place the 
plug introduction guide over the screw to guide the plug 
and to hold the rod in position.

 n  Place the obturator in the tube to assist in the insertion 
through the incision if necessary.

 n  Load a plug onto the plug-capturing T25 driver. Insert the 
plug with the flat side and the laser etching up.

 n  Once the plug is placed on the driver, turn the sleeve 
clockwise to engage the plug with the sleeve.

 n  Place the plug through the plug introduction guide and 
insert it into the screw. Do not place the plug without 
using the introduction guide and the plug inserter.

 n  To ensure proper threading, turn the sleeve once counter-
clockwise before advancing the plug.

 n  Once the plug has been correctly started, hold the locking 
sleeve to prevent any further rotation. This will disengage 
the plug from the inserter as the plug is placed into the 
screw.

 n  Remove the driver and introduction guide and torque the 
screw with the torque-limiting wrench. This is the only 
plug that is tightened completely at this time.

 n  Sequentially insert the rod into the remaining screws with 
use of the rod pusher. Place the rod pusher on the rod 
several screws above the screw into which the rod is being 
placed.

 n  Apply the plugs through the plug introduction guide as 
described. To allow compression, do not fully tighten the 
plugs at this time.

 n  Once the rod has been seated and all the plugs are in-
serted into the screws, apply compression between the 
screws. 

COMPRESSION: RACK AND PINION
 n  Insert the compressor through the thoracotomy incision. 

Once it is in the thoracic cavity, manipulate it by holding 
the ball-shaped attachment with the compressor holder. 
The rack and pinion compressor fits over two screw heads 
on the rod; turning the compressor driver clockwise com-
presses the two screws. Start compression at the inferior 
end of the construct with the most inferior screw’s plug 
fully tightened.

 n  Once satisfactory compression has been obtained on 
a level, tighten the superior plug with the plug driver 
through the plug introduction guide.

 n  Apply compression sequentially superiorly until all levels 
have been compressed, then torque each plug to 75 in-lb 
with the torque-limiting wrench. The construct is com-
plete at this point. 

COMPRESSION: CABLE COMPRESSOR
 n  Insert each end of the cable through one of the distal 

holes on the side of the guide (not the larger central hole). 
The actuator should be in the position closest to the com-
pressor body.

 n  Form a 3-inch loop at the end of the guide, with the two 
cable ends passing through the actuator body.

 n  Engage the lever arm by use of one of the plug drivers 
through the cam mechanism.

 n  Place the end of the compressor through the distal portal. 
With the portal removed, place a plug introduction guide 
through the adjacent incision, through the loop, and over 
the next screw to be compressed.

 n  Place the foot of the compressor over the rod and against 
the inferior side of the end screw.

 n  Fully tighten the plug in the end screw. Squeeze the han-
dle of the compressor several times to compress.

 n  Once satisfactory compression has been obtained at a lev-
el, tighten the superior plug with the plug driver through 
the plug introduction guide.

 n  To disengage the compressor, tilt it toward the superior 
screw until the foot disengages from the inferior screw.

 n  Turn the actuator mechanism 90 degrees to disengage 
the ratchet.

 n  With the cable loop still around the plug introduction 
guide that is on the superior screw, pull the compressor 
until the actuator is next to the compressor body.

 n  Repeat the steps described on subsequent screws. Apply com-
pression sequentially until all levels have been compressed 
and then torque each plug to 75 in-lb with the torque-limiting 
wrench. The construct is complete at this point.

 n  Place a 20-French chest tube through the inferior portal 
and close the incisions. Obtain anteroposterior and lateral 
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radiographs before the patient is transferred to the recov-
ery room. 

POSTOPERATIVE CARE The chest tube is left in until 
drainage is less than 100 mL every 8 hours. Patients can be 
ambulatory after the first postoperative day, and they can 
be discharged from the hospital the day after the chest 
tube is removed. A brace should be worn for 3 months.
   

NEUROMUSCULAR SCOLIOSIS
The specific causes of neuromuscular scoliosis are unknown, 
but several contributing factors are well known. Loss of mus-
cle strength or voluntary muscle control and loss of sensory 
abilities, such as proprioception, in the flexible and rapidly 
growing spinal column of a juvenile patient are believed to 
be factors in development of these curves. As the spine col-
lapses, increased pressure on the concave side of the curve 
results in decreased growth of that side of the vertebral body 
and wedging of the vertebral body itself. The vertebrae also 
can be structurally compromised by malnutrition or disuse 
osteopenia.

The SRS has established a classification for neuromuscu-
lar scoliosis (Box 44.5).

Neuromuscular curves develop at a younger age than do 
idiopathic curves, and a larger percentage of neuromuscular 
curves are progressive. Unlike idiopathic curves, even small 
neuromuscular curves may continue to progress beyond skel-
etal maturity. Many neuromuscular curves are long, C-shaped 
curves that include the sacrum, and pelvic obliquity is com-
mon. Hip subluxation or dislocation often is associated with 
the pelvic obliquity. Patients with neuromuscular scoliosis 
also may have pelvic obliquity from other sources, such as hip 
joint and other lower extremity contractures, all of which can 
affect the lumbar spine. Progressing neurologic or muscular 
disease also can interfere with trunk stability. These patients 
generally are less tolerant of orthotic management than are 
patients with idiopathic scoliosis, and brace treatment often 
is ineffective in preventing curve progression. Spinal surgery 
in this group is associated with increased bleeding and less 
satisfactory bone stock; longer fusions, often to the pelvis, are 
needed.

Many neuromuscular spinal deformities require opera-
tive intervention. The goal of treatment is to maintain a spine 
balanced in the coronal and sagittal planes over a level pel-
vis. The basic treatment methods are similar to those for idio-
pathic scoliosis: observation, orthotic treatment, and surgery.

NONOPERATIVE TREATMENT
OBSERVATION

Not all neuromuscular spinal deformities require immediate 
treatment. Small curves of less than 20 to 25 degrees can be 
observed carefully for progression before treatment is begun. 
Similarly, large curves in severely involved patients in whom 
the curve is not causing any functional disability or hinder-
ing nursing care can be observed. If progression of a small 
curve is noted, orthotic management may be considered if 
the patient can tolerate this form of treatment. If the func-
tional ability of severely impaired patients is compromised by 
increasing curvature, treatment may be instituted. 

ORTHOTIC TREATMENT
Progressive neuromuscular scoliosis in a very young patient 
can be treated with an orthosis. The scoliosis often contin-
ues to progress despite orthotic treatment, but the rate of pro-
gression can be slowed, and further spinal growth can occur 
before definitive spinal fusion. The brace also can provide 
patients with trunk support, allowing the use of the upper 
extremities.

A custom-molded TLSO usually is required for these 
children because their trunk contours do not accommodate 
standard braces. Most patients with neuromuscular scolio-
sis lack voluntary muscle control, normal righting reflexes, 
and the ability to cooperate with an active brace program; 
therefore, passive-type orthotics have been more successful 
in our experience in managing these neuromuscular curves. 
Patients with severe involvement and no head control fre-
quently require custom-fabricated seating devices combined 
with orthoses or head-control devices.

A more malleable type of spinal brace, the soft Boston 
orthosis, is fabricated from a soft material that is well toler-
ated by patients, yet it is strong enough to provide good trunk 
support. The major complaint with the use of this brace has 
been heat retention.

 BOX 44.5 

Scoliosis Research Society Classification of 
Neuromuscular Spinal Deformity

 n  Primary neuropathies
 n  Upper motor neuron neuropathies

Cerebral palsy
Spinocerebellar degeneration

Friedreich ataxia
Roussy-Levy disease
Spinocerebellar ataxia

Syringomyelia
Spinal cord tumor
Spinal cord trauma

 n  Lower motor neuron pathologies
Poliomyelitis
Other viral myelitides
Traumatic
Charcot-Marie-Tooth disease
Spinal muscular atrophy

Werdnig-Hoffmann disease (SMA type 1)
Kugelberg-Welander disease (SMA type 3)

Dysautonomia
Riley-Day syndrome

Combined upper and lower pathologies
Amyotrophic lateral sclerosis
Myelomeningocele
Tethered cord

 n  Primary myopathies
Muscular dystrophy

Duchenne muscular dystrophy
Limb-girdle dystrophy
Facioscapulohumeral dystrophy

Arthrogryposis
Congenital hypotonia
Myotonia dystrophica
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Because of problems with brace treatment of neuromus-
cular patients, growing rods and rib-based techniques have 
been successfully used to control progressive neuromuscular 
curves. Several authors have reported improvement in the 
Cobb angle and pelvic obliquity with these techniques, but 
a deep wound infection rate of 30% also has been reported. 

OPERATIVE TREATMENT
The goal of surgery in patients with neuromuscular scolio-
sis is to produce solid arthrodesis of the spine, balanced in 
both the coronal and sagittal planes and over a level pelvis. In 
doing so, the surgery should maximize function and improve 
the quality of life. To achieve this goal, a much longer fusion 
is necessary than usually is indicated for idiopathic scoliosis. 
Because of a tendency for cephalad progression of the defor-
mity when fusion ends at or below the fourth thoracic ver-
tebra, fusion should extend to T4 or above. The decision on 
the distal extent of the fusion generally is whether to fuse to 
the sacrum or to attempt to stop short of it. On occasion, the 
fusion can exclude the sacrum if the patient is an ambulator 
who requires lumbosacral motion, has no significant pelvic 
obliquity, and has a horizontal L5 vertebral body. Many of 
these patients, unfortunately, are nonambulators with a fixed 
spinopelvic obliquity. If the spinopelvic obliquity is fixed on 
bending or traction films (>10 to 15 degrees of L4 or L5 tilt 
relative to the interiliac crest line), the caudal extent of the 
fusion usually is the sacrum or the pelvis. Maintaining physi-
ologic lordosis in the lumbar spine is important in insensate 
patients who require fusion to the pelvis. This permits body 
weight to be distributed more equally beneath the ischial 
tuberosities and the posterior region of the thigh, reducing 
the risk of pressure sores over the coccyx and ischium. Bone-
bank allograft usually is used to obtain a fusion.

PREOPERATIVE CONSIDERATIONS
Patients with neuromuscular scoliosis must have complete 
medical evaluations, including cardiac, pulmonary, and 
nutritional status. In a literature review, Legg et al. reported 
that the complication rate after scoliosis surgery in neuro-
muscular patients varied from 10% to as high as 70%, with a 
mortality rate between 2.18% and 19%; when only the most 
recent studies were included, the mortality rate was 5%. The 
respiratory complication rate ranged from 26% to 57% and 
the infection rate from 2.5% to 56%. McCarthy et al. cited an 
overall complication rate between 44% and 80%, a mortality 
rate between 0 and 7%, major pulmonary complication rate 
of 21%, and wound problem rate of 8.7%. They also noted 
significant gastrointestinal and instrument or pseudarthrosis 
problems. Watanabe et al. reported three intraoperative car-
diac arrests in their series of 84 patients, highlighting the fra-
gility of these patients.

The treating surgeon also should assess hospital services 
and support services that are available during and after sur-
gery. Toovey et al. reported that the mean ICU stay after neu-
romuscular scoliosis surgery was 4.4 days (range, 1.7 to 6.7) 
and mean hospital stay was 16.9 days (range, 8.7 to 24.5). 
To improve the complication rate to an acceptable rate less 
than 10%, ICU stay of less than 24 hours, and hospital stay 
less than 7 days, a care team is needed to assess risk factors 
and take steps to decrease them before any surgery, includ-
ing discussions with the medical providers, treating surgeon, 
patient, and caregivers. Shrader et  al. reported decreased 

complication rates, surgical time, and length of hospitaliza-
tion if an experienced second surgeon was present during the 
surgery.

Most patients with neuromuscular scoliosis, especially 
those with cerebral palsy, have diminished pulmonary func-
tion, and careful preoperative evaluation is essential. Nickel 
et al. found that patients with vital capacities of less than 30% 
of predicted normal required respiratory support postopera-
tively, and those with a similar decrease of vital capacity and 
without a voluntary cough reflex required tracheostomy. The 
pulmonary service should be actively involved in preopera-
tive and postoperative care to minimize the risk of pulmonary 
complications. Khirani et al. reported that noninvasive pul-
monary techniques and coaching before surgery decreased 
respiratory complications and decreased the need for pro-
longed intubation.

Patients often are malnourished, and their nutritional sta-
tus should be improved preoperatively. Jevsevar and Karlin 
found an increase in complications if albumin was less than 
35 g/L and total blood lymphocyte count was less than 1.5 
g/L. The endocrine service should be involved to ensure opti-
mized bone health in patients who often have significantly 
decreased bone mineral because of non–weight bearing and 
poor nutritional support. Optimizing bone health preopera-
tively will allow better fixation of the implants used to correct 
scoliosis and potentially less implant failure.

Many neurologic conditions, such as Duchenne muscu-
lar dystrophy and Friedreich ataxia, are associated with car-
diac involvement, and the patient’s cardiac status should be 
evaluated. Gastrointestinal and general surgery consultation 
may be needed for possible gastrostomy-tube placement and 
management and evaluation of the need for a gastric fundo-
plication to prevent or decrease the risk of reflux and aspira-
tion. Otolaryngology evaluation for management of excessive 
drooling also may decrease the risk of aspiration.

Neurology specialists should be involved for seizure man-
agement. Valproic acid has been shown to increase bleeding 
times and interfere with clotting, and an alternative seizure 
medication may be needed before surgery. Having the assis-
tance of a plastic surgeon to aid in wound closure has been 
shown to decrease wound complications. Ambulatory status 
should be evaluated carefully before surgery. Often a patient 
with marginal ambulation capabilities and progressive scolio-
sis may not walk again after spinal surgery. The patient and 
parents must understand this before surgery.

Techniques to minimize blood loss intraoperatively 
should be available, including electrocautery, hypotensive 
anesthesia, hemodilution techniques, and a cell saver. Use 
of antifibrinolytics has been shown to decrease intraopera-
tive blood loss during posterior spinal fusion and instru-
mentation in neuromuscular scoliosis surgery. Dhawale 
et al. reported that tranexamic acid was more effective than 
epsilon-aminocaproic acid in decreasing blood loss in neuro-
muscular patients. Most patients with neuromuscular disease 
have insufficient autogenous bone; allograft bone usually is 
used to obtain fusion and is an acceptable alternative.

As in other types of scoliosis surgery, the fusion levels 
and instrumentation must be determined preoperatively. The 
source of pelvic obliquity must be determined (Fig. 44.102). 
Several methods have been described for radiographic mea-
surement of pelvic obliquity, including those devised by 
Maloney (Fig. 44.103A), O’Brien (Fig. 44.103B), Osebold  
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(Fig. 44.103C), Lindseth (Fig. 44.103D), and Allen and 
Ferguson (Fig. 44.103E). Shrader et  al. compared these 
measurement techniques and determined that the Maloney 
method was the most reliable method of measuring pelvic 
obliquity on a frontal view radiograph.

Ko et  al. reported that more than half of cerebral palsy 
patients had more than 10 degrees of asymmetry in the 
transaxial plane between right and left sides of the pelvis. 
There was greater asymmetry in patients with windswept 
hips. Combined anterior and posterior arthrodeses may be 
required for severe pelvic obliquity. Other indications for a 
combined anterior and posterior approach include neces-
sity for an anterior release for further correction of severe 
kyphosis, severe and rigid scoliosis that cannot be corrected 
by bending or traction to less than 60 degrees, and deficient 
posterior elements, such as those in patients with myelome-
ningocele. With the use of pedicle screws the need for ante-
rior surgery has decreased. Most neuromuscular deformities 
can be treated with a posterior surgery with segmental instru-
mentation using pedicle screw fixation and supplemented 
with sublaminar cables as needed. Several authors have com-
pared results of posterior-only surgery with those of anterior 
and posterior surgery and found similar correction, less sur-
gical time, shorter hospitalizations, and fewer complications.

Finally, the patient’s family should be clearly informed 
of the potential benefits and risks of any surgical procedure. 
With good preoperative planning and medical management, 
good results from scoliosis surgery in neuromuscular patients 
and improved quality of life for the patient with an acceptable 
risk of complications can be expected. 

OPERATIVE CONSIDERATIONS
The potential for intraoperative complications in patients 
with neuromuscular scoliosis is great. Death can result from 
anesthesia problems, although more frequently it occurs from 

postoperative pulmonary deterioration. Relative hypother-
mia can easily occur in a lengthy spinal operation in which 
a large area of tissue is exposed and can cause myocardial 
depression and arrhythmias. Spinal surgery is associated with 
greater blood loss in patients with neuromuscular disease 
than in patients with idiopathic scoliosis. The anesthesiolo-
gist should be aware of both of these potential problems and 
should be prepared for them with an arterial line, a central 
venous pressure line, temperature probes, and careful man-
agement of urine output. Because the curves generally are 
larger, more rigid, and more difficult to instrument, neuro-
logic complications can occur during surgery. Many patients 
with neuromuscular scoliosis are unable to cooperate with 
an intraoperative wake-up test. Spinal cord monitoring can 
be a valuable technique in these patients. Schwartz et al. and 
Salem et al. evaluated the safety of using transcranial motor-
evoked potentials in neuromuscular patients. There were no 
episodes of seizures in any neuromuscular patients, including 
those with a history of epilepsy. The decision to use neuro-
monitoring for patients with a history of seizures should be a 
joint decision between the surgeon and the neuromonitoring 
team.

The surgical technique must include meticulous debride-
ment of the soft tissue off the posterior elements of the spine. 
Ablation of the facet joints and a large amount of bone graft 
are necessary. The bone frequently is osteopenic, and appropri-
ate stable segmental instrumentation should be used. Anterior 
release and fusion can be considered in patients with large curves 
with a fixed spinal pelvic obliquity or in patients with posterior 
element deficiencies. Anterior instrumentation in neuromuscu-
lar curves may be used if needed, but it is rarely used. A 29% fail-
ure rate has been reported with pelvic fixation in neuromuscular 
patients. Myung et  al. recommended placing bilateral pedicle 
screws at L5 and S1, in addition to two iliac screws, to decrease 
the failure rate of pelvic fixation in neuromuscular patients. Lee 

 

A B C
FIGURE 44.102 A, Pelvic obliquity. B, If pelvic obliquity is eliminated by abduction or adduc-

tion of hips, pelvic-femoral muscle contracture is cause. C, If obliquity persists despite abduc-
tion or adduction of hips, fixed spinal-pelvic deformity exists.  (From Shook JE, Lubicky JP: Paralytic 
scoliosis. In Bridwell KH, DeWald RL, editors: The textbook of spinal surgery, ed 2, Philadelphia, 1997,  
Lippincott-Raven.)
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et al. and Shabtai et  al. reported better results with the use of 
sacral alar screws than with traditional iliac screws. 

POSTOPERATIVE CONSIDERATIONS
Pulmonary problems are the most likely complications in the 
immediate postoperative period, and the assistance of a pul-
monary specialist is invaluable. Ventilatory support may be 
necessary, and such techniques as suctioning, spirometers, 
and intermittent positive-pressure breathing may be appro-
priate. Possibly the best measure to prevent postoperative 

pulmonary problems is a spinal construct strong enough to 
allow early mobilization.

Fluid balance must be monitored carefully. After spinal sur-
gery, especially in patients with neuromuscular scoliosis, antidi-
uretic hormone levels may be increased, leading to oliguria. If 
fluids are increased to overcome the oliguria, fluid overload may 
occur. This is especially disastrous in patients with impaired 
renal function, pulmonary compromise, and cardiac difficulties.

The necessity for postoperative orthotic support must 
be determined for each patient. If a complication, such as 
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FIGURE 44.103  Radiographic measurement of pelvic obliquity. A, Maloney method. B, O’Brien method. 
C,  Osebold method.  D,  Lindseth method.  E, Allen and Ferguson method.
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extremely osteopenic bone, compromises spinal fixation, or if 
less than ideal instrumentation is used, the use of postopera-
tive external support may be wise.

Infection is a frequent problem in patients with neuro-
muscular scoliosis, probably because of the metabolically 
compromised host and the lengthy spinal fusions necessary. 
Patients with myelomeningocele and cerebral palsy have the 
highest infection rates. A major source of postoperative infec-
tion is the urinary tract. Spinal infection is treated in the same 
manner as in patients with idiopathic scoliosis (see section on 
complications of posterior scoliosis surgery).

Pseudarthrosis with subsequent instrumentation failure 
is a potential late problem. If the pseudarthrosis causes pain 
or loss of correction, repair probably will be necessary, but 
asymptomatic pseudarthrosis without curve progression or 
pain can be observed. 

LUQUE ROD INSTRUMENTATION WITH 
SUBLAMINAR WIRING
Eduardo Luque is credited with popularizing the use of long 
L-shaped rods and sublaminar wires in the surgical treatment 
of spinal deformity. The rods can be contoured, and the spine 
is corrected as the wires are tightened.

Wilber et al. noted neurologic changes in 17% of their 
patients with idiopathic scoliosis, but since surgeons have 
become more proficient with the technique, the incidence 
of neurologic injury has been much lower. The neurologic 
complications from sublaminar wires are of three types: 
cord injury, root injury, and dural tears. Root injuries are 
the most common and lead to hyperesthesia, but these 
generally resolve within 2 weeks. Although sublaminar 
wires or cables have potential risks, we have found that 
for neuromuscular curves, the advantages of this type 
of segmental instrumentation far outweigh the potential 
risks.

The original Luque rods were L-shaped rods that were 
contoured to appropriate sagittal contours. Appropriately 
sized alloy rods are contoured to the appropriate sagittal con-
tours and are connected proximally and distally with cross-
links. Originally, stainless-steel wires in diameters of 16- and 
18-gauge were used. We now usually use sublaminar cables as 
opposed to the wire (see Technique 44.17). 

 

LUQUE ROD INSTRUMENTATION AND 
SUBLAMINAR WIRES WITHOUT PELVIC 
FIXATION

 TECHNIQUE 44.29 

 n  The spine is exposed posteriorly as described in Technique 
44.6.

 n  Wires or cables are passed as described in Technique 
44.14.

 n  Two rods are used for most scoliosis corrections, with 
the first rod applied either to the convex or concave 
side of the curve. Lumbar scoliosis generally is more 
easily corrected by the concave rod technique. And be-
cause most neuromuscular curves include the lumbar 

spine and pelvis, the concave rod technique is most 
frequently used.

 n  Bend the appropriate amount of lordosis and kyphosis 
into the rods with the rod benders.

 n  Place the initial rod with its short limb passing transversely 
across the lamina of the lowermost vertebra to undergo 
instrumentation on the concave side.

 n  Pass it through the hole at the base of the spinous process 
if possible.

 n  Tighten the inferior double wire or cable on the concave 
side to supply firm fixation at the distal level. Now tighten 
the wires or cables to the lamina of the vertebra above the 
curve.

 n  Loosely attach the convex rod proximally after the short 
end has been placed loosely under the long limb of the 
concave rod. Once the concave rod has been completely 
tightened, it often is difficult to pass this short limb under 
the long limb of the concave rod.

 n  Reduce the spine to the rod by manual correction and a 
wire or cable tightener. An assistant can apply appropri-
ate manual correction by pressure on the trunk as the 
wires or cables are tightened beneath the apex of the 
curvature (Fig. 44.104).

 n  As each wire or cable is tightened, more correction is ob-
tained, and the twisting maneuver must be repeated two 
or three times on each wire to ensure a tight fit.

 n  Securely fasten the convex rod, tightening wires or cables 
from cephalad to caudad.

 n  Once in position, both rods usually can be brought into 
firm contact with the lamina by squeezing them together 
with the rod approximator. As this is done, the concave 
wires or cables will again loosen and must be tightened.

 n  Trim the wires to about ½ inch in length and bend them 
toward the midline.

 n  With the internal fixation device in place, very little bone 
is exposed for decortication and facet excision. We prefer 
to excise the facets if at all possible.

 n  A large volume of bone graft is necessary, and cancel-
lous bone is harvested from the posterior iliac crest. Be-
cause the instrumentation often includes the iliac crest 
(see Technique 44.36), allograft bone usually is necessary. 
Place the graft lateral to the rods on both sides of the 
spine and out to the tips of the transverse processes. If 
possible, place bone graft between the wires, along the 
laminae.
  

SACROPELVIC FIXATION
Many patients with neuromuscular problems require instru-
mentation and fusion to the sacrum. O’Brien described three 
fixation zones for sacropelvic fixation (Fig. 44.105). Examples 
of zone I fixation include S1 sacral screws and a McCarthy 
S-rod. Zone II fixation includes S2 screws and the Jackson 
intrasacral rod technique (see later section on combined 
anterior and posterior fusion for scoliosis in patients with 
myelomeningocele). Zone III fixation includes the Galveston 
L-rod technique and sacroiliac screws.

If fixation to the pelvis is necessary, an S-rod technique 
as described by McCarthy et al. can be useful (Fig. 44.106). 
The two rods are crosslinked at the lumbosacral junction and 
then fixed with a combination of hooks, pedicle screws, and 
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sublaminar wires or cables bilaterally throughout the lumbar 
and thoracic spine. The rods generally are crosslinked below 
the upper fixation to provide further stability against migra-
tion or rotation of the rods. We have found that if hooks or 
screws are not used at the upper end, wires alone provide no 
support against axial loading.

The advantages of the S-rod are that firm fixation is 
provided around the sacral ala without crossing the sacro-
iliac joint and that harvesting of bone graft from the ilium 

is not a problem because the ilium is not violated as it is 
when the Galveston technique is used. Prebent S-rods are 
available; complex bends cannot be done effectively at the 
time of surgery. The rods can be further contoured with a 
rod bender at the time of surgery to accommodate the size 
of the sacrum and to provide the appropriate sagittal plane 
correction. 

 

SACROPELVIC FIXATION

 TECHNIQUE 44.30 

(MCCARTHY)
 n  Expose the spine posteriorly as described in Technique 

44.8.
 n  Perform careful dissection of the sacral ala, using a curet 

to clean the superior edge. Use finger dissection ventrally.
 n  The rods come in different sizes and contours. In most 

instances, a 5.5-mm rod provides satisfactory fit to the 
sacral ala.

 n  Contour the rods to appropriate sagittal contours.
 n  Place the S-rod over the sacral ala from posterior to an-

terior in a position adjacent to the anterior border of the 
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FIGURE 44.104 A and B, Concave rod technique for correction of lumbar scoliosis. (From 
Segmental spinal fixation and correction using Richards’ L-rod instrumentation, Memphis, TN, 
Smith & Nephew Richards.) SEE TECHNIQUE 44.29.
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FIGURE 44.105  Sacropelvic fixation zones.
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sacroiliac joint. It lies posterior to the L5 nerve root and 
roughly parallel to it.

 n  Seat the S-portion of the rod firmly against the sacral 
ala by distraction between an L4-level hook or pedicle 
screw. The rods then can be used as a firm fixation point 
for translation or correction of scoliotic deformities or by 
placing the right and left rods simultaneously and cross-
linking them, applying a strong cantilever corrective force 
for correction of pelvic obliquity. Crosslinking the two S-
rods provides stability and eliminates the increased time 
and difficulty of insertion of rods into the ilium.

 n  Elevate the medial aspect of the iliac apophysis and rotate 
it over the top of the S-rod on the sacral ala.

 n  Provide bone graft to encase the S-rod into the sacrum.
   

 

GALVESTON SACROPELVIC FIXATION
Another popular method for achieving sacropelvic fixation 
is the Galveston technique described by Allen and Fergu-
son in which the pelvis is stabilized by driving a segment of 
the L-rod into each ilium (Fig. 44.107). The rod is inserted 
into the posterior iliac crest and rests between the cortices 
above the sciatic notch. This fixation provides immediate 
firm stability and is biomechanically a stable construct. 
There are potential disadvantages, however, because the 
rod crosses the sacroiliac joint. It is postulated that motion 
in the sacroiliac joint is responsible for a “halo” that is often 
seen around the end of the Galveston rod in the iliac wing. 
Whether this radiographic phenomenon actually results in 
clinical problems is unknown.

 TECHNIQUE 44.31 

(ALLEN AND FERGUSON)
 n  Expose both iliac crests from the midline incision at the 

level of the posterior superior iliac spine. Expose the iliac 
crest to the sciatic notch. The area just proximal to the 
sciatic notch provides the most satisfactory fixation.

 n  Use a large, smooth Steinmann pin corresponding to the 
size of the rod diameter or a pedicle awl to create a tunnel 

for the rod. The insertion site is just posterior to the sacro-
iliac joint at the level of the posterior inferior iliac spine, dis-
tal to the posterior superior iliac spine, along the transverse 
bar of the ilium. The area for insertion often is difficult to 
identify, and the rod may be inserted too superiorly.

 n  Carefully identify the area for insertion and use a rongeur 
to carefully remove soft tissue and bone to expose the 
inner and outer tables of the ilium.

 n  Drill the Steinmann pin to a depth of 6 to 9 cm.
 n  Asher et al. described use of a pedicle awl for pin inser-

tion. This allows tactile perception to determine whether 
the awl is perforating the cortex of the ilium.

 n  Use a rongeur to remove enough cartilage and cortical 
bone to create a 1 × 1-cm entry site into the inferior por-
tion of the posterior superior iliac spine. This exposes the 
intramedullary space.

 n  Introduce a blunt-tipped pedicle awl into the intracortical 
space and advance it by gentle oscillating pressure on the 
handle of the awl.

 

A B C
FIGURE 44.106 A-C, S-rods are manufactured as a pair to fit over the right and left sacral alae 

for fixation to the sacrum without crossing the sacroiliac joint. They are available in 3⁄16-inch and 
¼-inch rods.

 

A B

FIGURE 44.107 A and B, Stabilization of pelvis with Galveston 
technique. Segment of rod is driven into each ilium. SEE  
TECHNIQUE 44.31.
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 n  Direct the awl to 2 cm above the sciatic notch and ad-
vance it to the appropriate depth of the rod in the ilium 
(Fig. 44.108).

 n  Now use a flexible ball-tipped pedicle probe to ensure 
that the hole made by the blunt-tipped probe is com-
pletely intracortical. Place the smooth Steinmann pin into 
the iliac hole.

ROD CONTOURING (ASHER)
 n  Preparation of the rod is made easier by the use of a 

variable-radius bender set. To prepare the rod for iliac 
(Galveston) placement, four measurements are needed: 
(1) the length of the intrailiac portion of the rod (Fig. 
44.109A), (2) the transverse plane angle of the iliac fixa-
tion site to the midsagittal plane (Fig. 44.109B), (3) the 
medial-lateral distance from the iliac entry site to the in-
tended line of longitudinal passage of the rod along the 
spine (Fig. 44.109C), and (4) the length of the rod needed 
from the sacrum to the most cephalad instrumentation 
site.

 n  Lay suture along the spine line from the sacrum to the 
facet above the last instrumented vertebra; its length plus 
1 cm is the usual length for this portion of the rod. FIGURE 44.108 Intracortical passage of pedicle probe in ilium. 

SEE TECHNIQUE 44.31.
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FIGURE 44.109 Technique of Asher. A, Length of intrailiac portion of rod. B, Transverse angle of 

iliac fixation site in midsagittal plane. C, Coronal plane distance from iliac entry site to intended line 
of longitudinal passage along spine. D, Right-angle bend. E, Iliosacral axial plane bend. F, Placement 
of long- and short-radius lordosis. G, Placement of long and short thoracic kyphosis. H, Sagittal 
plane iliac angle adjustment. (Redrawn from Boachie-Adjei O, Asher MA: Isola instrumentation 
for scoliosis. In McCarthy R, editor: Spinal instrumentation techniques, vol. 2, Rosemont, IL, 1998, 
Scoliosis Research Society.) SEE TECHNIQUE 44.31.
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 n  Add the first and third measurements. A right-angle bend 
is placed at this distance from one end (Fig. 44.109D); this 
is the iliosacral portion of the rod.

 n  The medial-lateral distance (measurement 3) minus ap-
proximately 3 mm to allow for the bend is from the mid-
dle of the right-angle bend. Mark this at the iliosacral 
portion of the rod.

 n  After the right-left orientation is verified, place an angle 
identical to that of the iliac fixation site to the midsagittal 
plane at this second mark (Fig. 44.109E). This separates 
the iliosacral portion of the rod into the iliac and sacral 
portions.

 n  Add sagittal plane bends, beginning at L5-S1, thus leav-
ing a straight portion over the sacrum. Because lordosis is 
not uniform but is greater in the lower lumbar spine, two 
contours are necessary. The contour for the entire lumbar 
spine is a long radius, whereas that for the lower lumbar 
spine is shorter (Fig. 44.109F).

 n  Add thoracic kyphosis, again by use of the flat benders 
(Fig. 44.109G).

 n  Attempt a trial placement to check whether the sagittal 
plane bend of the sacroiliac bend is correct. This can be 
determined by measuring the distance from the rod to the 
spine at the cephalad and caudal levels of the rod.

 n  Make final sagittal plane iliac angle adjustments with flat 
bender posts and a tube bender (Fig. 44.109H).

 n  The Galveston technique can be combined with a multi-
ple-hook or pedicle screw segmental system with cross-
links if desired.
   

 

UNIT ROD INSTRUMENTATION WITH 
PELVIC FIXATION
When two unlinked L-rods are used, the rods may trans-
late with respect to one another and compromise control 
of pelvic obliquity. In addition, twisting within the laminar 
wires can result in rotation of one rod relative to another. 
The ¼-inch rods generally used in neuromuscular patients 
are difficult to bend so that they can conform to the com-
plex three-dimensional curves of the spine. In response 
to these problems, Bell et al. developed the unit rod. The 
unit rod is a single, continuous ¼-inch stainless-steel rod 
with a U bend at the top and “bullet-ended” pelvic legs 
for implantation into the pelvis. The three-dimensional 
preshaped kyphosis, lordosis, and pelvic legs were devised 
from a database of patients without spinal deformity. Eight 
lengths of rod are available, increasing in 20-cm increments 
from 310 to 450 cm. Right and left iliac guides facilitate 
drilling into the posterior ilia and subsequent introduction 
of the pelvic legs. The length of the iliac legs decreases pro-
portionally as the rod shortens. The unit rod attempts to 
normalize body alignment in both the sagittal and coro-
nal planes by establishing normal lordosis and kyphosis 
and correcting pelvic obliquity. We have not found the unit 
rod satisfactory for extremely rigid curves unless an ante-
rior release or osteotomies are done to reduce the spinal 
stiffness. If, however, the curves seem relatively flexible on 

bending films or physical examination, correcting to less 
than 40 degrees, we have had excellent results with the 
use of the unit rod.

 TECHNIQUE 44.32 

 n  Expose the spine as described in Technique 44.6. Expose 
both iliac crests to the posterior superior iliac spine and 
down to the sciatic notch.

 n  Mark a ¼-inch drill with a marking pen at 15 mm longer 
than the sciatic notch if the child weighs more than 45 kg 
and at 10 mm if the child weighs less than 45 kg.

 n  Place the appropriate right or left drill guide into the sci-
atic notch. Keep the lateral handle of the drill guide paral-
lel to the pelvis (Fig. 44.110A) and the axial handle of the 
drill guide parallel to the body axis (Fig. 44.110B).

 n  Start the drill hole as far inferiorly on the posterior supe-
rior iliac crest as possible (Fig. 44.110C).

 n  Drill a hole in the ilium to the marked depth and check the 
hole with a wire to make certain the cortex has not been 
penetrated.

 n  Use a similar technique on the opposite iliac crest.
 n  Pass the sublaminar wires.
 n  Measure the length of the rod by placing the rod upside 

down, with the corner of the rod at the drilled hole on the 
elevated side of the pelvis. If kyphosis is severe, choose 
one length shorter because the kyphotic spine shortens as 
it corrects. If pelvic obliquity is severe, test the length from 
both the high and low sides and choose an intermediate 
length. If the rod is placed and turns out to be too long, 
it may be necessary to cut off the superior end; the upper 
end then can be connected with a crosslink.

 n  Cross the legs of the appropriate-length rod and insert 
them first into the hole on the low side of the pelvic obliq-
uity (Fig. 44.111A). Cross the rod so that the leg going 
into the low side is underneath the other leg.

 n  Insert approximately one half to three fourths of the leg 
length into the hole. Then insert the next leg by holding it 
with a rod holder and guiding it into the correct direction 
of the hole.

 n  Use the impactor and drive the rod leg in by alternately 
impacting each leg (Fig. 44.111B). Be certain that each 
rod leg is impacted in the exact direction of the hole or 
the cortex may be penetrated.

 n  Once the rod is firmly seated, use the proximal end of the 
rod as a “rudder” to bring the distal end of the rod to the 
spine (Fig. 44.111C).

 n  Do not push the rod down completely into the wound in 
one move because this may pull the legs out of the pelvis 
or fracture the ilium. Instead, push the rod to line it up 
with the L5 lamina only and tie these wires down with a 
jet wire twister.

 n  Now push the rod to the L4 vertebra, twist the wires, and 
cut them off.

 n  Tighten the wires from caudad to cephalad one level at a 
time. Do not relax the push on the rod between the levels 
of the major curve or too much load may be applied to 
the end vertebra. Do not use the wires themselves to pull 
the rod down to the lamina or the wires will cut through 
the lamina.

 n  After all the wires have been tightened, go back and 
verify that all previously tightened wires are well seated.
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A B C
FIGURE 44.110 A and B, Unit rod for neuromuscular scoliosis developed by Bell, Moseley, and 

Koreska. Single, continuous ¼ -inch stainless steel rod has U-shaped bend at top and bullet-shaped 
ends for insertion into pelvis. SEE TECHNIQUE 44.32.

 n  Cut the wires at 10- to 15-mm lengths.
 n  Bend all wires into the midline of the rod and direct them 

caudally (Fig. 44.111D).
 n  Apply bone graft. Bank bone usually is needed because 

the iliac crest is used for pelvic fixation.
   

 

ILIAC FIXATION WITH ILIAC SCREWS
Iliac screws provide secure and rigid pelvic fixation, which 
has the advantage of not having prefixed angles for pelvic 
fixation. The disadvantage is the need for a lateral connec-
tor for attachment to the rod.

 TECHNIQUE 44.33 

 n  After the spine is exposed, dissect laterally underneath 
the spinal fascia to reach the medial aspect of the iliac 
wing at its very distal aspect.

 n  Identify the posterior superior iliac spine. The starting 
point for screw placement is 1 cm inferior to the poste-
rior superior iliac spine and 1 cm proximal to the distal 
edge of the posterior superior iliac spine (Fig. 44.112A). 
If required, expose the lateral aspect of the iliac wing to 
help with the trajectory of the pathway down the iliac 
bone (Fig. 44.112B).

 n  With a 4-mm burr, create a medial cortical defect at the 
appropriate starting point.

 n  By use of an iliac probe or pedicle probe with the tip fac-
ing medially and the trajectory 45 degrees caudal and 
lateral, tunnel down between the cortices of the ilium  
(Fig. 44.112C). It is more likely to exit laterally than medially. 
That is the reason for the probe to face medially. The ideal 
placement of the screw will be just cephalad to the superior 
gluteal notch, which is the thickest part of the ilium.

 n  Once the tunnel has been formed with the probe, use a 
flexible ball-tip sounding probe to palpate the intraosse-
ous borders of the ilium to confirm intraosseous place-
ment of the screw. Tap the tunnel if necessary.

 n  Various angles are available on the screw heads to allow 
easier placement of the connector rods. Screw trials are 
used to determine which type of screw best fits the pa-
tient’s anatomy. Select an appropriate-sized screw.

 n  Insert the screw with the screwdriver. If angled screw 
heads are used, each angle screw has its own screwdriver. 
Once the screw is placed snuggly into the ilium, it is im-
portant that the top of the screw head rest below the top 
of the posterior superior iliac spine (Fig. 44.112D). This 
ensures that the screw will not be prominent postopera-
tively.

 n  Position the screw head facing directly medial to allow the 
lateral connector to engage and thus keep the rod vertical 
in its orientation.

 n  Determine the length of the lateral connector after plac-
ing and aligning the more cephalad spinal instrumenta-
tion; the goal is a vertical rod with only sagittal plane and 
minimal coronal plane bending.

 n  Once the offset is determined, cut the lateral connector to 
length and insert it into the screw head and provisionally 
tighten the screw.
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 n  Insert the rod into the lateral connector and cantile-
ver it down into the cephalad spinal instrumentation  
(Fig. 44.112E).

 n  Place the set screw for the lateral connector and provi-
sionally tighten it.

 n  When all implants are securely in place, perform final 
tightening and break off the set screw head (Fig. 44.112F).

POSTOPERATIVE CARE Postoperative immobilization 
is not recommended after L-rod or unit-rod instrumenta-
tion. However, because neuromuscular curves frequently 
are associated with osteoporosis, spasticity, inability of the 

patient to cooperate, and severe curves, postoperative im-
mobilization in a TLSO for 3 to 6 months may be needed 
if there is any question about stability of the instrumenta-
tion construct.
  

S2 ILIAC LUMBOPELVIC SCREW PLACEMENT
The screws in this technique do not require a separate skin 
or fascial incision, and average lengths of 70 to 100 mm 
are attainable. Additionally, this fixation does not inter-
fere with aggressive iliac crest harvest. The advantages of 

A B

C D

  FIGURE 44.111  Unit rod instrumentation. A, 
Lateral handle of drill guide is kept parallel to 
pelvis. B, Axial handle is kept parallel to body axis. 
C, Drill hole started inferiorly on posterior supe-
rior iliac crest. (C redrawn from Miller F, Dabney 
KW: Unit rod procedure for neuromuscular scoli-
osis. In McCarthy R, editor: Spinal instrumentation 
techniques, vol. 2, Rosemont, IL, 1998, Scoliosis 
Research Society.) SEE TECHNIQUE 44.32.
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this technique are reduced implant prominence and place-
ment of the iliac screw in line with other spinal anchors, 
thus avoiding acute bends in the rod to obtain pelvic fixa-
tion. Ramchandran et al. described the use of an alternate 
starting portal to the S2 alar iliac portal using an ana-
tomic trajectory described by Vaccaro and Harrop et  al. 
This starting portal is on medial wall of the iliac crest (Fig. 
44.113). 

 

ILIAC AND LUMBOSACRAL FIXATION 
WITH SACRAL-ALAR-ILIAC SCREWS

 TECHNIQUE 44.34 

 n  Place the patient prone on a radiolucent table, ensuring 
that the pelvis is as neutral as possible with minimal rota-
tion.

 n  Extend a midline skin incision to expose the dorsal fo-
ramina of the sacrum, specifically the S1 and S2 foram-
ina. Additional lateral dissection to the iliac crest is not 
needed.

 n  Stand on the contralateral side of the patient to identify 
the starting point. Find the midpoint between the S1 and 

S2 dorsal foramina and the lateral border of the fora-
men; the starting point is where these two lines intersect  
(Fig. 44.114A). This starting point should be in line with 
the S1 pedicle screw.

 n  Be aware that the entry point may vary with the local 
anatomy of the patient. If the pelvis is asymmetric in the 

 

A B C

D E F
FIGURE 44.112 Unit rod instrumentation, continued. A, One leg of rod is placed into low side of 

pelvic obliquity first. B, Impactor is used to drive rod legs into pelvis. C, Once rod is firmly seated, 
proximal end can be used as rudder to bring distal end to spine. D, Wires are bent into midline of 
rod and directed caudally. SEE TECHNIQUE 44.32.

 

S1 Screw

Anatomic
portal

PSIS start

SAI

FIGURE 44.113 Model of pelvis and sacrum showing entry points 
for various iliac fixation methods: traditional iliac PSIS entry; SAI 
(S2-alar-iliac) screw entry; S1 pedicle screw entry; and anatomic 
trajectory portal for iliac screw.  (Redrawn from Ramchandran S, 
George S, Asghar J, et al: Anatomic trajectory for iliac screw placement 
in pediatric scoliosis and spondylolisthesis: an alternative to S2-alar-iliac 
portal, Spine Deform 7:286, 2019.)

    

https://booksmedicos.org


PART XII THE SPINE2082

 

A

D

40–50º

B

C

20–30º

E

F
FIGURE 44.114 Iliac and lumbosacral fixation with sacral-alar-iliac screws. A, Starting point for 

screw insertion. B, Screw trajectory. C and D, Fluoroscopic confirmation of appropriate trajectory.
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H

G

I

FIGURE 44. 114, cont’d   E, With proper trajectory, iliac teardrop should be visible on anteropos-
terior image. F, Path of probe or drill within 20 mm of the greater sciatic notch and aimed toward 
the anterior inferior iliac spine. G, Guidewire placed through drilled hole. H-J, Fluoroscopic teardrop 
view to confirm screw placement. K, Final position of rods. (Courtesy DePuy Synthes Companies of 
Johnson & & Johnson.) SEE TECHNIQUE 44.34.

KJ
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transverse plane, as is common in patients with genetic 
or neuromuscular disorders, the starting point may need 
to vary in the mediolateral plane.

 n  Determine the proper trajectory of the sacral-alar-iliac 
fixation. Aim for the anterior inferior iliac spine, which 
can be found by palpating the top of the greater trochan-
ter (Fig. 44.114B). The trajectory should pass immediately 
above the sciatic notch.

 n  To use fluoroscopy to identify the appropriate trajectory, 
orient the C-arm in the intended trajectory and position 
it above the starting point. Then angle the C-arm 20 to 
30 degrees caudal (Fig. 44.114C) and 40 to 50 degrees to 
the vertical plane (Fig. 44.114D), aiming for the anterior 
inferior iliac spine. With this trajectory, the iliac teardrop 
should be visible on the anteroposterior fluoroscopic im-
age (Fig. 44.114E).

 n  Use an awl and probe or pelvic 2.5-mm drill bit to verify 
the correct trajectory. The path of the probe or drill should 
be within 20 mm of the greater sciatic notch and aiming 
toward the anterior inferior iliac spine (Fig. 44.114F). This 
trajectory may vary with pelvic obliquity and lumbar lor-
dosis.

 n  If using a drill, feel for the bony end point after each ad-
vancement of the drill. Once the drill crosses the sacroiliac 
joint, use a 3.2-mm drill bit to avoid breaking the smaller 
bit in the ilium. Alternatively, an awl can be used in a 
dysplastic pelvis.

 n  Obtain a teardrop fluoroscopic image to ensure that the 
anterior-posterior trajectory is within the thickest part of 
the ilium, without a cortical breach.

 n  Use a ball-tipped probe to palpate the course of the screw 
and confirm the bony end point. Note the appropriate 
screw length as shown on the ball-tipped probe or on the 
tap.

 n  Place a guidewire through the probed or drilled hole to 
preserve the trajectory (Fig. 44.114G) and confirm its po-
sition with fluoroscopy.

 n  Tap the hole using the same-size pedicle tap as the in-
tended screw diameter. Make sure that the guidewire 
does not advance during advancement of the tap.

 n  Insert the screw, aiming for the anterior inferior iliac spine 
with the trajectory within 20 mm above the greater sciatic 
notch. Before the screw is fully seated, remove the guide-
wire to prevent bending or breakage.

 n  Using the teardrop fluoroscopy view, confirm screw 
placement (Fig. 44.114H-J).

 n  Choose a rod length that will span the full length of  
the construct. Sagittally contour the rod before im-
planting it.

 n  Check to ensure that the sacral-alar-iliac screws are in line 
with the S1 screws and proximal screws in the construct. 
Rods can be inserted from caudal to cranial (most com-
monly) or from cranial to caudal in the case of severe 
proximal deformity.

 n  Insert the set screw to capture the rod. Tighten the rod 
to fix the rod to the distal screw and continue in a ceph-
alad direction, capturing the rod with the rest of the 
screws in the construct (Fig. 44.115), and tighten the 
set screws.

  

CEREBRAL PALSY
Neuromuscular spinal deformities are most common in 
patients with cerebral palsy, and their risk of developing sco-
liosis has been related to disease severity. Children with severe 
spasticity and quadriplegic limb involvement have the high-
est risk of developing scoliosis. The Gross Motor Function 
Classification System (GMFCS) has been helpful in assessing 
the risk of developing scoliosis in patients with cerebral palsy 
(see Chapter 33). GMFCS I and II levels have almost no risk of 
developing scoliosis, while GMFCS levels IV and V have a 50% 
risk of developing moderate to severe spine deformity. Patients 
with GMFCS level IV and V classifications often have signifi-
cant comorbidities that can make surgical correction of their 
scoliosis challenging; however, surgical correction of scoliosis 
has been reported to improve the quality of life in these patients, 
and patients and caregivers report high satisfaction rates after 
surgical correction of scoliosis, despite high complication rates. 
Although quality of life is improved and patient/caregiver satis-
faction is high, it is the responsibility of the treating surgeon to 
accurately access the risks and benefits of surgery.

The greatest progression has been noted in patients 
who are unable to walk and have thoracolumbar or lumbar 
curves (average progression 0.8 degree per year in curves 
less than 50 and 1.4 degrees per year in curves more than 
50 degrees).

Scoliosis in patients with cerebral palsy is best man-
aged by early recognition and control of the curve before 
the deformity becomes severe. If the scoliosis is left 
untreated, function may be lost. If the patient is ambu-
latory, the trunk may become so distorted that standing 
erect becomes impossible. Sitting may become more diffi-
cult with increasing pelvic obliquity. If supplemental sup-
port by the hands is needed to sit, the patient will lose the 
ability to perform activities that require use of the upper 
extremity.

Bonnett et al. listed the following seven goals of scoliosis 
treatment in patients with cerebral palsy:
 •  Improvement in assisted sitting to make positioning and 

transfer easier for nursing attendants and family
 •  Relief of pain in the hips and back
•  Increased independence because of a decreased need for 

assistance, both for the positioning required to relieve pain 
and to prevent pressure areas and for feeding

 •  Improvement in upper extremity function and table-top 
activities by eliminating the need to use the upper extremi-
ties for trunk support

 •  Reduction of the equipment needed, making possible the 
use of other equipment

 •  Placement of the patient in a different facility, one in which 
less care is provided

 •  Improved eating ability made possible by a change in 
position
Each patient must be evaluated individually to determine 

the potential for achieving these rehabilitation goals.

CLASSIFICATION
Lonstein and Akbarnia classified cerebral palsy curves into 
two groups (Fig. 44.116). Group I curves—double curves 
with both thoracic and lumbar components—occurred in 
40% of their patients. These curves, which are similar to 
curves of idiopathic scoliosis, occurred more commonly 
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in patients who were ambulatory and lived at home. Group 
II curves were present in 58% of patients. These curves 
were more severe lumbar or thoracolumbar curves that 
extended into the sacrum, with marked pelvic obliquity. 
Patients with these curves usually were nonambulatory 
with spastic quadriplegia, generally were not cared for at 

home, and were more likely to have the classic form of 
cerebral palsy. 

NONOPERATIVE TREATMENT
If the curve is small, careful observation is indicated. If the 
curve progresses or is more than 30 degrees in a growing 
child who is an independent ambulator or sitter, treatment 
should be instituted. If a child is skeletally mature, bracing is 
not likely to be effective and surgery is indicated if the curve 
is 50 degrees or more.

Most nonambulatory patients with cerebral palsy do 
not have head or neck control during the first years of life. 
Custom seating may be effective in providing these patients 
with a straight spine and a level pelvis. Custom seating also 
can effectively accommodate severe spinal deformities  
and allow an upright posture in severely involved 
individuals.

If the curve is progressive, an orthotic device may be help-
ful as a temporizing device but will not provide permanent 
control of the curve. Orthoses generally are used for curve 
control during growth in a child who is ambulatory or who 
has independent sitting ability. The orthosis often provides 
enough trunk support to free the upper extremities for func-
tional use. The orthosis of choice is a custom-molded total-
contact TLSO. 

OPERATIVE TREATMENT
The operative treatment of scoliosis in cerebral palsy is 
complex. Determining which type of surgery is needed, 
and even whether any surgical procedure is warranted, is 
difficult.

The surgical techniques available for scoliosis in 
patients with cerebral palsy have improved significantly. A 
pseudarthrosis rate of 20% has been reported in patients 
with posterior spinal fusion and Harrington instrumen-
tation. Combined anterior and posterior procedures with 
anterior and posterior instrumentation result in adequate 
correction with a low incidence of pseudarthrosis. With 
pedicle screw instrumentation and posterior-only surgery, 
results are reported to be similar to those of anterior and 
posterior surgery. There probably is no one ideal tech-
nique for managing these complex curves. In general, we 
use pedicle screws, and pelvic fixation is preferred when 
possible. The rods can be crosslinked to increase stabil-
ity. Our preference at this time for pelvic fixation is the 
iliac screw technique or S2 iliac screw technique (see 
Techniques 44.29 and 44.30). If the pelvis is too small to 
accept screw fixation, we use the McCarthy S-rod tech-
nique (see Technique 44.30) with crosslinking for pelvic 
fixation.

The type of surgery also depends on the type of scoliosis. 
According to Lonstein and Akbarnia, patients with group I 
curves usually require only a posterior fusion, with fusion to 
the sacrum rarely needed. Group II curves usually require a 
long fusion to the sacrum because the sacrum is part of the 
curve and pelvic obliquity is present. Traction radiographs 
should be obtained. If a level pelvis and balanced spine can 
be obtained, a one-stage posterior approach is indicated. 
However, if the traction radiograph shows significant resid-
ual pelvic obliquity, or if the torso is not balanced over the 
pelvis, a two-stage approach may be indicated, although with 

 

A

R

B

FIGURE 44.115 Alar-S2-iliac pedicle screw fixation. SEE TECH-
NIQUE 44.35.

    

https://booksmedicos.org


PART XII THE SPINE2086

current segmental instrumentation with pedicle screws, 
anterior and posterior procedures usually are not needed. 
Jackson et  al. and LaMothe et  al. reported that the use of 
intraoperative traction may decrease the need for anterior 
surgery and allow adequate correction with a posterior-only 
procedure.

Radiographic evaluation of patients with contrac-
tures around the hips can lead to erroneous conclusions. 
The radiograph often is made with the patient supine and 
the hips extended. If one hip has an adduction contrac-
ture and the opposite hip has an abduction contracture, it 
may appear that pelvic obliquity is present. An appropri-
ate radiographic evaluation should include a supine view 
obtained with the hips in a relaxed position, whatever the 
contractures dictate. This allows the spine and pelvis to 
assume a neutral alignment without the influence of hip 
contractures. Kyphosis can be caused by tight hamstrings 
and should be evaluated carefully because if the ham-
strings are not released, increased stress will be placed on 
the instrumentation.

Several technical points should be considered in instru-
mentation of patients with cerebral palsy. The most proximal 
level of the fusion should be above T4 to prevent junctional 
kyphosis above the instrumentation. Only small portions of 
the ligamentum flavum on either side of the superior inter-
spinous space to be instrumented should be removed. If pos-
sible, the supraspinous and interspinous ligaments at the 
superior level should be preserved to prevent an increase in 
kyphosis above instrumentation. Pedicle hooks or screws are 
used for fixation at the most proximal level to add axial load 
support to the system.

With current instrumentation techniques, postoperative 
immobilization usually is not needed. If the bone is obviously 
osteopenic or instrumentation is less than ideal, postopera-
tive external support may be necessary. 

COMPLICATIONS
Improved techniques of instrumentation and preopera-
tive and postoperative management have decreased com-
plications, but a much higher complication rate should be 
expected after surgery for this type of scoliosis than after that 
for idiopathic curves. Complications in patients with cerebral 
palsy have been reported in up to 81%, including infection 
in 15% to 19%. Patients with cerebral palsy are believed to 
be at an increased risk for infection. Deep infections can be 
treated by irrigation and debridement, administration of sys-
temic antibiotics, and delayed primary closure or closure over 
a suction drain.

Pulmonary complications often develop in these patients 
because they cannot cooperate in deep breathing and cough-
ing exercises, and appropriate prophylactic pulmonary mea-
sures are needed.

If the upper limit of the fusion is not selected carefully 
(above T4), kyphosis cephalad to the upper limit of the fusion 
can occur. Pseudarthrosis is less frequent with newer instru-
mentation systems, but it still occurs and often results in 
implant failure. Other possible complications are those inher-
ent in any spinal operation, such as urinary tract infection, 
ileus, and blood loss.

Although the complications can be significant in these 
patients, the functional improvement or prevention of dete-
rioration of function may be worth the effort and the risks of 
surgery. Complications should be expected and planned for; 
prompt treatment will lessen their severity. 

FRIEDREICH ATAXIA
Friedreich ataxia is a recessively inherited condition charac-
terized by spinocerebellar degeneration. The genetic cause 
has been found to be a flaw within the frataxin gene on 
chromosome 9q13. The clinical onset takes place between 
the ages of 6 and 20 years. Primary symptoms include 

 

A B C D
FIGURE 44.116 A and B, Group I double curves with thoracic and lumbar component and little 

pelvic obliquity. C and D, Group II large lumbar or thoracolumbar curves with marked pelvic  
obliquity.
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progressive ataxic gait, dysarthria, decreased proprioception 
or vibratory sense, muscle weakness, and lack of deep ten-
don reflexes. Secondary symptoms include pes cavus, sco-
liosis, and cardiomyopathy. Affected children frequently are 
wheelchair bound in the first or second decade of life. The 
cardiomyopathy often leads to death in the third or fourth 
decade of life.

Labelle et  al. evaluated 56 patients with a diagnosis of 
Friedreich ataxia and found that all 56 patients had scoliosis. 
The most common pattern was double structural thoracic 
and lumbar curves (57%). The typical neuromuscular tho-
racolumbar curve with pelvic obliquity was found in only 
14%. Milbrandt et  al. reported that 63% of their patients 
developed scoliosis. Because no significant correlation could 
be established between overall muscle weakness and curve 
progression, as would be expected in neuromuscular scoli-
osis, Cady and Bobechko postulated that the pathogenesis 
of scoliosis in patients with Friedreich ataxia may be a dis-
turbance of equilibrium and postural reflexes rather than 
muscle weakness. Not all curves in patients with Friedreich 
ataxia are progressive (49% are progressive); the onset of the 
disease at an early age and the presence of scoliosis before 
puberty have been found to be major factors in progression. 
Scoliosis appearing in the late teens or early 20s is less likely 
to be progressive.

Most authors have not found bracing to be useful for pro-
gressive curves in patients with Friedreich ataxia. The orthosis 
fails to control the curve, and by the time scoliosis develops, 
the patients often have a significant degree of ataxia and the 
restriction of a spinal orthosis makes ambulation more dif-
ficult. Curves of less than 40 degrees should be observed, 
curves of more than 60 degrees should be treated operatively, 
and curves of between 40 and 60 degrees should be observed 
or treated operatively, depending on the age of the patient, the 
onset of the disease, and such characteristics of the scoliosis 
as the patient’s age when it is recognized and evidence of pro-
gression of the curve. If the curve is observed too long, car-
diomyopathy may have progressed to the point that surgery 
is risky, if not impossible; early surgical treatment is therefore 
recommended for progressive curves.

Cardiology evaluation is mandatory before any surgery is 
considered in these patients. Prolonged bed rest postopera-
tively must be kept to a minimum, or weakness can increase 
rapidly. For these reasons, the ideal instrumentation for these 
patients is segmental spinal instrumentation with multiple 
fixation devices, such as hooks, sublaminar cables, or pedicle 
screws, that do not require external support postoperatively. 
In general, these patients require a long fusion with attention 
to sagittal contours to prevent later problems with thoracic 
kyphosis. Milbrandt recommended segmental instrumenta-
tion and fusion from T2 to the sacrum. The pelvis usually is 
not included in these fusions unless pelvic obliquity is signifi-
cant. Spinal cord monitoring usually is not effective in these 
patients and plans for a wake-up test should be made preop-
eratively to evaluate the neurologic status after instrumenta-
tion and correction. 

CHARCOT-MARIE-TOOTH DISEASE
Classic Charcot-Marie-Tooth disease is a demyelinating 
neuropathy. The condition is dominantly inherited, with 
considerable variation in severity. The reported incidence 
of spinal deformity in Charcot-Marie-Tooth disease varies 

from 10% to 26%. Some authors have found brace treat-
ment to be well tolerated, whereas others have had little suc-
cess, with curve progression reported in 71% and with 33% 
requiring instrumentation and fusion. The sagittal plane 
deformity accompanying this scoliosis most frequently is 
kyphosis, and fusion to the pelvis generally is not necessary 
unless pelvic obliquity exists. Intraoperative monitoring 
rarely is possible in patients with Charcot-Marie-Tooth dis-
ease; therefore, preoperative plans for intraoperative assess-
ment of possible neurologic compromise with a wake-up 
test should be considered. 

SYRINGOMYELIA
Syringomyelia is a cystic, fluid-filled cavitation within the 
spinal cord. Scoliosis may be the first manifestation of a 
syringomyelia. Syringomyelia can exist with or without 
Chiari I malformations. The proposed cause of syringo-
myelia associated with Chiari I malformation is disturbed 
or obstructed cerebrospinal fluid flow. Syringomyelia 
without associated Chiari I malformation is described as a 
noncommunicating syrinx. Scoliosis has been reported in 
63% to 73% of children with syringomyelia. Physical find-
ings that may indicate syringomyelia include neurologic 
deficits and pain associated with the scoliosis, intrinsic 
muscle wasting of the hands, cavus deformity, asymmetric 
muscle bulk, occipital and upper cervical headaches, and 
loss of superficial abdominal reflexes. Radiographic fea-
tures suggestive of syringomyelia include Charcot changes 
in joints and a left thoracic curvature. Patients with syrin-
gomyelia and scoliosis have been found to have thoracic 
kyphosis (>40 degrees) instead of thoracic hypokypho-
sis seen with idiopathic scoliosis. Cervical lordosis also 
is increased in this patient population. If the diagnosis 
of syringomyelia is suspected, MRI should be done (Fig. 
44.117). In obtaining the MRI study, care must be taken 
to include the craniocervical junction to rule out the pres-
ence of an Arnold-Chiari malformation.

The association of syringomyelia with scoliosis may have 
a significant influence on treatment. Paraplegia and rup-
ture of a large cyst in the cord resulting in death have been 
reported in patients with syringomyelia who had instrumen-
tation and fusion. Because of the possibility of these compli-
cations, surgery for scoliosis in patients with syringomyelia 
should be approached cautiously. The rate of progression of 
the neurologic deficit and the prognosis of the curve should 
be considered carefully before any extensive surgery is con-
sidered. Drainage of the cyst, followed by observation to 
determine if the subsequent curve stabilizes, has been rec-
ommended as initial treatment. In one study, improvement 
was noted in three of 15 patients, and progression did not 
occur in any patient. Another study showed that drainage 
of the syrinx delayed but did not prevent curve progression 
in immature patients; however, drainage of the syrinx did 
allow use of distraction-type instrumentation without com-
plications. At our institution, the pediatric neurosurgeons 
believe that the syrinx usually is associated with Chiari I 
malformations. Their preferred management is decompres-
sion of the posterior fossa. If the curve continues to prog-
ress after posterior fossa decompression, surgery may be 
indicated. If instrumentation is necessary in these patients, 
distraction should be limited. This can be accomplished by 
either anterior instrumentation or posterior thoracic pedicle 
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instrumentation with a direct vertebral rotation technique. 
Direct communication with the neurosurgeon always is 
indicated preoperatively in these patients to minimize the 
possibility of spinal cord injury. 

SPINAL CORD INJURY
Several series in the literature have reported an incidence 
of spinal deformity in 99% of children with spinal cord 
injuries before the adolescent growth spurt. Spinal defor-
mity is much more common and the rate of curve progres-
sion much greater in preadolescents than in older patients.

Increasing curvature with pelvic obliquity in a child with 
a spinal cord injury can lead to a loss of sitting balance that 
requires the use of the upper extremities for trunk support 
rather than for functional tasks. Pressure sores may occur on 
the downside of the ischium, and hip subluxation can occur 
on the high side of the pelvic obliquity.

ORTHOTIC TREATMENT
Although some authors believe that alteration of the natural 
progression of scoliosis in these patients is impossible with 
devices such as braces and corsets, other authors indicated 
that orthotic treatment does have a place in the management 
of scoliosis in preadolescent patients with spinal cord injuries. 
Orthotic treatment is difficult because of potential skin prob-
lems, but effective slowing of progression has been noted. The 
use of an orthosis may delay the need for surgery in preado-
lescent patients until longitudinal growth of the spine is more 
complete. Orthotic treatment requires close cooperation 
among the physician, the family, and the patient. A custom-
fitted, well-padded, plastic total-contact TLSO generally is 
used. Close attention must be paid to any evidence of pres-
sure changes on the skin. The brace can be removed at night 
and used only during sitting. 

OPERATIVE TREATMENT
Most preadolescent children with spinal cord injuries ulti-
mately require surgical stabilization of their scoliosis (50% 
to 60%). If the curve progresses despite orthotic treatment, 
operative intervention is indicated. If the curve is more than 
60 degrees when the child is first seen, surgery should be 
considered. Curves treated with an orthosis are considered 
for surgery if they progress beyond 40 degrees, and curves 
between 40 and 60 degrees are considered individually. In 
young children, growing constructs can be used to control 
the spinal deformity during growth.

The prevalence of pseudarthrosis in these patients 
reported in the literature ranges from 27% to 53%. Dearolf 
et al. found pseudarthrosis in 26% of their patients, and they 
attributed the lower figure to the use of segmental fixation 
in recent years. Segmental instrumentation allows more rigid 
fixation, and postoperative immobilization can be avoided 
(Fig. 44.118). Complete urinary tract evaluation should be 
done before surgery because urinary tract infections are com-
mon in patients with spinal cord injuries. Rapidly progressive 
curves in patients with spinal cord injury should be evaluated 
with MRI for the possibility of a posttraumatic syrinx.

If possible, surgery should be delayed until the patient 
weighs more than 100 lb. This allows the use of larger rods 
and more stable fixation. With the increased use of thoracic 
pedicle screws and lumbar pedicle screws, anterior release is 
becoming less necessary. For patients younger than 10 years 
with progressive curves of more than 50 degrees, growing 
rods can be used to control the curve during growth. If a 
definitive fusion is required in a young child at risk for future 
crankshaft problems, a first-stage anterior release and fusion 
should be considered, followed by posterior segmental spi-
nal instrumentation and fusion. With the better correction in 
the coronal, sagittal, and axial planes provided by posterior 
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FIGURE 44.117 Progressive curve in patient with syringomyelia. A, Initial curve. B, One year 
later. C, MRI shows syrinx at C7 (arrow).
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pedicle screw instrumentation, anterior fusion may not be 
necessary even in these young children.

Dearolf et  al. reported pseudarthroses in 3 of 10 pre-
adolescent patients and in 1 mature patient who had fusion 
to the sacrum. They believed that if there was little residual 
pelvic obliquity, fusion to L4 or L5 would be sufficient. If, on 
the other hand, the pelvis was significantly involved in the 
curve, fusion probably should include the sacrum with pel-
vic instrumentation. For patients who are ambulators and in 
whom adequate correction can be obtained without involv-
ing the pelvis, an effort should be made to end the instru-
mentation above the pelvis. In carefully selected patients, 
Shook and Lubicky used short anterior spinal fusion with 
instrumentation alone. They reported that this provided 
excellent curve correction over a short segment and allowed 
a number of open disc spaces below the fused segment  
(Fig. 44.119).

If laminectomy was used to treat the initial spinal  
cord injury, an increased incidence of kyphosis can be 
expected. 

POLIOMYELITIS
Because the Salk and Sabin vaccines have made poliomyelitis 
in children rare in the United States, most recent experience 
in treating postpolio spinal deformities is in adult patients. 
The basic principles of treatment, however, are no differ-
ent from those of treatment of spinal deformities resulting 
from other neuromuscular diseases. Bonnett et  al. outlined 
the indications for correction and posterior spine fusion in 
patients with poliomyelitis (Box 44.6).

As in any other neuromuscular curve, the length of 
fusion is much greater in patients with poliomyelitis than in 
those with idiopathic scoliosis. Segmental instrumentation 

is recommended. In evaluation of the distal extent of the 
fusion in a patient with poliomyelitis, it must be deter-
mined whether the pelvic obliquity is caused by the spinal 
curvature itself or by other factors, such as iliotibial band 
contractures. 

SPINAL MUSCULAR ATROPHY
Spinal muscular atrophy is an autosomal recessive condi-
tion in which the anterior horn cells of the spinal cord, and 
occasionally the bulbar nuclei, atrophy. Spinal muscular atro-
phy can be classified into four types based on the severity 
of disease and the age of the patient at the time of clinical 
onset. Type I, or acute infantile Werdnig-Hoffmann disease, 
is the most severe form and is usually diagnosed within the 
first 6 months of life. The course of the disease is progres-
sive, with most of these children dying within the first 2 to 
3 years of life. Children with type 2 spinal muscular atro-
phy (chronic or intermediate form) manage to achieve nor-
mal motor milestones until 6 to 8 months of age. They often 
are very weak but can usually sit without support. Patients 
usually survive into the third or fourth decade. Type III, or 
Kugelberg-Welander disease, usually is seen after 2 years of 
age. It is more slowly progressive, and most patients are able 
to ambulate independently. Type IV presents in adolescence 
or early adulthood.

On clinical examination, children with spinal muscular 
atrophy have severe weakness of the trunk and limb mus-
cles. Fasciculations of the tongue and tremors of the extrem-
ities are frequent. Reflexes are diminished. Most patients 
have normal intelligence, and the heart is unaffected by the 
disease process. Motor and sensory nerve conduction veloc-
ities are normal, but electromyography demonstrates dener-
vation with fibrillation potentials. The cause of death usually 

 

A B C

FIGURE 44.118 Progressive paralytic scoliosis after gunshot wound. A, Initial curve of 30 degrees. 
B, Seven years later, curve is 110 degrees. C, After fusion and segmental instrumentation, correction 
to 53 degrees.
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is pulmonary insufficiency. Ninety percent of these patients 
have scoliosis, and it is the most severe problem in those 
who survive childhood. Once patients with spinal muscu-
lar atrophy are wheelchair bound, their scoliosis develops 
rapidly. Aprin et al. noted that scoliosis usually is diagnosed 
between 6 and 8 years of age, and the more severe the dis-
ease, the more likely the curve is to be progressive. The scoli-
osis is a typical neuromuscular spinal deformity with a long 
C-shaped curve pattern. Thoracolumbar curves are seen in 

80% of patients, and thoracic curves are noted in only 20% 
of patients.

Repeated injections of nusinersen have improved sur-
vival and motor development in infants with severe SMA. 
Nusinersen is administered intrathecally, so allowances must 
be made for continued injections if treatment of progressive 
scoliosis is planned.

ORTHOTIC TREATMENT
Bracing has been reported to slow progression of the curve 
and allows sitting for longer periods. However, patients treated 
in braces have been found to be less functional because of 
decreased flexibility of the spine and therefore tend to be non-
compliant. When the scoliosis in a skeletally immature patient 
reaches 20 degrees in the sitting position, orthotic treatment 
can be considered, usually with a total-contact TLSO. This is 
used only during sitting to minimize progression of the curve 
and to provide an extremely weak child with a stable sitting 
support. Severe chest wall deformities can occur from brac-
ing, and developing chest wall deformities are a contraindica-
tion to brace treatment. Although bracing may not eliminate 
the need for surgical stabilization, it may delay surgery until 
the child is closer to the end of growth. The use of a growing 
rod construct as an effective option in the treatment of scolio-
sis in patients with spinal muscular atrophy has been reported 
by several authors. This is the preferred option until a defini-
tive posterior fusion can be done. 

 

A B C

FIGURE 44.119 Fourteen-year-old boy who was paraplegic as result of gunshot wound to spine. 
A and B, Anteroposterior and lateral sitting thoracolumbar spine views showing 45-degree right 
lumbar curve with minimal pelvic obliquity. Lateral view shows thoracolumbar junction to be fairly 
straight. Because patient wanted to continue walking with braces, preservation of as many mobile 
segments below fusion was thought advantageous. Because of behavior of lumbar curve on side 
bending, it was thought that anterior fusion alone with instrumentation would provide correction 
of scoliosis and maintain sagittal contour. C, Anteroposterior sitting thoracolumbar spine view 
postoperatively shows excellent correction of scoliosis and preservation of sagittal contour. Anterior 
procedure was done with subperiosteal stripping of spine, and fusion healed rapidly within a few 
months.  (From Shook JE, Lubicky JP: Paralytic scoliosis. In Bridwell KH, DeWald RL, editors: The textbook 
of spinal surgery, ed 2, Philadelphia, 1997, Lippincott-Raven.)

Indications for Correction and Posterior Spine 
Fusion in Patients with Poliomyelitis

 n  Collapsing spinal deformity because of marked paralysis
 n  Progressive spinal deformity that does not respond to 

nonoperative treatment
 n  Reduction of cardiorespiratory function associated with 

progressive restrictive lung disease
 n  Decreasing independence in functional activities because of 

spinal instability that necessitates use of the upper extremi-
ties for trunk support rather than for tabletop activities

 n  Back pain and loss of sitting balance associated with pelvic 
obliquity, which frequently causes ischial pain and pressure 
necrosis on the downside of the gluteal region

 BOX 44.6 
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OPERATIVE TREATMENT
Surgical treatment of the spinal deformity is posterior spi-
nal fusion with posterior segmental instrumentation and 
adequate bone grafting. Because fusion to the sacrum is 
needed for many of these patients, fixation to the pelvis 
can be obtained by the Galveston, iliac screw, or S2 alar 
screw technique (see Techniques 44.31, 44.33, and 44.35). 
Augmentation of the fusion with bone-bank allograft bone 
usually is necessary. For a severe fixed lumbar curve with 
pelvic obliquity, anterior release and fusion may be needed 
in addition to posterior instrumentation. It should be under-
stood, however, that anterior surgery in patients with severe 
pulmonary compromise carries a great risk, and this risk 
must be evaluated carefully before surgery. With posterior 
pedicle screw instrumentation, which provides better correc-
tion in the coronal, sagittal, and axial planes, anterior fusion 
usually is not necessary. Preoperative traction can offer an 
excellent method to improve the flexibility of the spine and 
also improves pulmonary function before posterior fusion 
and instrumentation.

Complications should be expected in this group of 
patients (45%). Pseudarthrosis, atelectasis, pneumonitis, and 
death have been reported. Brown et  al. reduced their com-
plication rate from 35% to 15% with the use of Luque seg-
mental instrumentation and the elimination of postoperative 
immobilization.

Frequent pulmonary complications in patients with spi-
nal muscular atrophy require respiratory support for a lon-
ger than normal period after surgery and rapid mobilization 
when possible. Patients with spinal muscular atrophy may be 
especially sensitive to medications that depress the respira-
tory centers, and the use of these drugs in the postoperative 
period should be minimal. Lonstein and Renshaw found that 
patients with forced vital capacity of less than 20% of that pre-
dicted are at great risk for postoperative death. A vigorous 
preoperative and postoperative physical therapy program is 
mandatory.

The patient and the family should be warned of the 
possibility of some loss of function after spinal instrumen-
tation and fusion. A flexible spine allows a weak trunk to 
collapse forward to increase the reach of the upper extrem-
ity. Also, flexibility of the spine and extremities allows the 
center of gravity to be placed where weak muscles have the 
best mechanical advantage. Spinal fusion creates a longer 
lever arm that weak hip muscles are unable to control. Gross 
motor activities, such as transfers, rolling, bathing, dressing, 
and toileting, have been noted to decline after spinal fusion. 
This loss of function, however, must be weighed against the 
predicted functional loss and pulmonary compromise from 
severe, untreated spinal deformity. During the long, progres-
sive course of this disease, the advantages of a stable trunk far 
outweigh the disadvantages. 

FAMILIAL DYSAUTONOMIA
Familial dysautonomia (Riley-Day syndrome), first described 
in 1949, is a rare autosomal recessive disorder found mostly 
in Jewish children of Eastern European extraction. Its clini-
cal features include absence of overflow tears and sweat-
ing, vasomotor instability that often leads to hyperthermia, 
and relative indifference to pain. Other frequent findings 
include episodic hypertension, postural hypotension, tran-
sient blotching of the skin, hyperhidrosis, episodic vomiting, 

disordered swallowing, dysarthria, and motor incoordi-
nation. Death is caused most often by pulmonary disease. 
Scoliosis is the major orthopaedic problem in patients with 
this disease. The scoliosis may be progressive and may be 
large enough to contribute to early death because of kypho-
scoliotic cardiopulmonary decompensation. Kyphosis also is 
a frequent sagittal plane deformity in these patients. If sur-
gery for the scoliosis is considered, however, features of the 
syndrome such as vasomotor and thermal instability can 
cause troublesome and sometimes fatal operative or postop-
erative complications. Brace treatment, although beneficial 
in some patients, often is complicated by the tendency for 
pressure ulcers to develop.

Posterior spinal fusion with instrumentation was required 
in 13 of 51 patients in the Israeli series of Kaplan et al. All chil-
dren undergoing surgery had severe pulmonary problems. 
Intraoperative and postoperative respiratory and dysauto-
nomic complications were frequent. Because of osteopenic 
bone, only minor improvement of the spinal deformity was 
possible, and a small loss of correction was common; how-
ever, those surviving noted a marked decrease in the fre-
quency of pneumonia and, for some reason, an improvement 
in the degree of ataxia.

One technical problem in instrumenting these curves is 
the frequent occurrence of severe kyphosis combined with 
weak bone. Anterior procedures should be approached with 
caution because of the frequency of respiratory problems. 
Despite the significant dangers and high complication rates 
in patients with familial dysautonomia, surgery can be done 
successfully with proper precautions and can improve the 
quality of life. 

ARTHROGRYPOSIS MULTIPLEX CONGENITA
Arthrogryposis multiplex congenita is a syndrome of persis-
tent joint contractures that are present at birth. A myopathic 
subtype is characterized by muscle changes similar to those 
found in progressive muscular dystrophy. In the neuropathic 
subtype, anterior horn cells are reduced or absent in the cer-
vical, thoracic, and lumbosacral segments of the spinal cord. 
In the third subtype, joint fibrosis and contractures alone are 
the main problems.

Scoliosis is common in patients with arthrogryposis 
multiplex congenita (20% to 66%). A single thoracolumbar 
curve is the predominant curve pattern. The scoliosis usu-
ally is detected at birth or within the first few years of life. 
Brace treatment rarely is successful and should be used only 
with small, flexible curves (<30 degrees) in patients who were 
ambulators. In patients who are nonambulatory or have a 
curve of more than 30 degrees, the brace is ineffective in con-
trolling the curve. Rib-based distraction using the VEPTR 
has been reported to be effective in controlling scoliosis and 
kyphosis and maintaining thoracic growth in patients with 
arthrogryposis.

The onset of pelvic obliquity is a serious problem. If 
treatment of the pelvic obliquity by release of the contrac-
tures in the hip area does not halt progression of the curve, 
spinal fusion to the sacrum may be necessary. The onset of 
thoracic lordosis also requires prompt treatment. Because 
of the severity and rigidity of the curves, postoperative 
complications are frequent. The connective tissue is tough, 
and the bones are osteoporotic. An average blood loss of 
2000 mL has been reported, and Herron et  al. obtained a 
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maximal correction of only about 25% with Harrington 
instrumentation and posterior fusion. Combined ante-
rior and posterior spinal arthrodesis can be considered for 
these patients to allow better correction and circumferen-
tial arthrodesis, but posterior segmental instrumentation is 
preferred. If patients have less than 90 degrees of passive 
flexion of the hip, caution should be exercised in extending 
spinal arthrodesis to the pelvis because this is likely to make 
sitting difficult. 

DUCHENNE MUSCULAR DYSTROPHY
Duchenne muscular dystrophy is an inherited X-linked 
recessive condition caused by a frameshift mutation in the 
dystrophin gene at the Xp21.2 locus of the X chromosome. 
The clinical course is one of progressive weakness, loss of the 
ability to walk at 10 to 14 years of age, and eventual wheel-
chair dependence. Death from pulmonary or cardiac com-
promise usually occurs in the second or third decade of life. 
Scoliosis develops in most patients with Duchenne muscular 
dystrophy, although the use of corticosteroids may decrease 
the development of spinal deformity in these patients. Before 
steroids were used in Duchenne patients, scoliosis developed 
in more than 90%; since steroid use began, the rate has fallen 
to only 10% to 20% (Fig. 44.120). A review of the Nationwide 
Inpatient Sample from 2001 to 2012 demonstrated a signifi-
cant decrease in the rate of scoliosis surgery in patients with 
Duchenne muscular dystrophy. Lebel et al. reported that only 
20% of their patients receiving steroids went on to undergo 
spinal fusion, but 90% of patients not receiving steroids had 
spinal fusions.

Spinal deformity usually occurs after the patient becomes 
confined to a wheelchair, although very early scoliosis has 
been detected in some ambulatory patients. The curves 
are predominantly long thoracolumbar curves with pelvic 
obliquity, the collapse of which is caused by absence of mus-
cles and not by asymmetric muscle activity or contracture. 
Once a curve develops, it generally is progressive and can-
not be controlled by braces or wheelchair seating systems. 

In patients with Duchenne muscular dystrophy, pulmonary 
function deteriorates approximately 4% each year after the 
age of 12 years. When the forced vital capacity decreases to 
less than 35%, surgery may result in significant pulmonary 
problems postoperatively. Patients with Duchenne muscular 
dystrophy have reduced cardiac function that may alter the 
anesthetic management. Hypotensive anesthesia to mini-
mize blood loss may not be possible. Increased intraopera-
tive blood loss is commonly seen in patients with Duchenne 
muscular dystrophy. This may be due to having to dissect 
through dystrophic and fibrotic muscle, loss of vasoconstric-
tion of blood vessels from the absence of dystrophin, and 
altered platelet function.

Lonstein and Renshaw’s indications for spinal fusion in 
patients with Duchenne muscular dystrophy are curves of 
more than 30 degrees, forced vital capacity of more than 30% 
of normal, and prognosis of at least 2 years of life remain-
ing. Because the scoliosis invariably increases, many authors 
recommended spinal fusion at the onset of the deformity 
in patients who use a wheelchair full time even when the 
curves are as small as 20 degrees or less. In decision making, 
the patient’s pulmonary function probably is just as impor-
tant as the size of the curve. The vital capacity should be 40% 
to 50% of normal. If the curve is allowed to progress beyond 
30 to 40 degrees, the forced vital capacity can be less than 
40% of predicted normal. Most patients with Duchenne 
muscular dystrophy generally have a forced vital capacity of 
50% to 70% of normal when they begin to use a wheelchair 
full time. Surgery is recommended during the first few years 
of full-time wheelchair use, when the patient almost always 
has a small, flexible curve and little or no pelvic obliquity 
but still has a forced vital capacity of 40% or more. Suk et al. 
found that surgery in patients who had Duchenne muscular 
dystrophy with scoliosis improved function and decreased 
the deterioration of forced vital capacity compared with 
patients treated conservatively; however, the muscle power 
and forced vital capacity continued to decrease in both 
groups.

 

A B C D

FIGURE 44.120 A and B, Progressive scoliosis in patient with Duchenne muscular dystrophy.  
C and D, After fusion with Luque rod instrumentation.

    

https://booksmedicos.org


CHAPTER 44  SCOLIOSIS AND KYPHOSIS 2093

Treatment of scoliosis in patients with Duchenne muscu-
lar dystrophy consists of segmental instrumentation with sub-
laminar wires or cables, hooks, or pedicle screws and fusion 
from T2 to the pelvis. In patients with smaller curves and no 
fixed pelvic obliquity, the fusion and instrumentation can end 
at L5. If fixed pelvic obliquity is more than 15 degrees, fusion 
to the pelvis with iliac screw or S-rod pelvic fixation is indi-
cated. Correction of pelvic obliquity is reported to be more 
certain with instrumentation and fusion to the sacrum in 
larger curves (average, 61 degrees), and better maintenance 
of correction of pelvic obliquity has been reported in patients 
who had fusions that extended to the pelvis than in patients 
in whom the distal extent of fusion was in the lumbar spine. 
The fusion should extend to the high upper thoracic spine 
(T2), to prevent proximal or junctional kyphosis. The sagit-
tal contours of the spine, especially lumbar lordosis, should 
be maintained for sitting balance and pressure distribution. 
Bone-bank allograft is needed because a large amount of 
bone graft will be necessary to obtain a solid fusion. Because 
of the pulmonary compromise in these patients, rapid post-
operative mobilization is important. When segmental spinal 
instrumentation is used, postoperative bracing usually is not 
necessary.

Lonstein and Renshaw listed the following benefits of 
spinal fusion in patients with Duchenne muscular dystrophy: 
preserves sitting balance, prevents back pain, improves spinal 
decompensation, frees the arms of the necessity of trunk sup-
port, improves body image, and possibly slows the deteriora-
tion of pulmonary function. However, the rate of decline of 
forced vital capacity is not changed by preventing scoliosis 
with spinal fusion. The use of corticosteroids in patients with 
Duchenne muscular dystrophy has been shown to prolong 
the time that patients are able to walk. The use of cortico-
steroids also has a positive effect on the prevention of spinal 
deformity. 

VARIANTS OF MUSCULAR DYSTROPHY 
OTHER THAN DUCHENNE TYPE
Spinal curvature in association with non–Duchenne muscu-
lar dystrophy is uncommon. The occurrence of scoliosis in 
patients with non–Duchenne muscular dystrophy depends 
on the specific type of dystrophic disease, and the prognosis 
is related to the severity of the primary problem. For instance, 
Siegel found that childhood dystrophia myotonica is not 
associated with spinal curvature. Facioscapulohumeral dys-
trophy is more rapidly progressive when the onset occurs in 
childhood. Frequently, it also is asymmetric in distribution, 
and structural scoliosis can occur. None of the 11 patients 
described by Daher et al. had pelvic obliquity. Thoracic lor-
dosis was present in 36% of their patients, all of whom devel-
oped poor vital capacity and shortness of breath. The use of 
an orthosis during the juvenile years controlled the curve 
until the pubertal growth spurt, when progression occurred. 
The brace should not be used, however, when a thoracic lor-
dosis exists. Spinal fusion is effective in maintaining correc-
tion and preventing curve progression in these patients. 

CONGENITAL SCOLIOSIS
Congenital scoliosis is a lateral curvature of the spine 
caused by the presence of vertebral anomalies that result 
in an imbalance of the longitudinal growth of the spine. 

The prevalence rate of congenital scoliosis is thought to 
be approximately 1 in 1000 live births. The critical time in 
the development of the spine embryologically is the fifth 
to sixth week—the time of segmentation processes—and 
congenital anomalies of the spine develop during the first 
6 weeks of intrauterine life. Some type of anomaly must be 
visible on the radiographs of the spine before a diagnosis of 
congenital scoliosis can be made. Because congenital scoli-
osis often is rigid and correction can be difficult, it is impor-
tant to detect these curves early and to institute appropriate 
treatment while the curve is small rather than to attempt 
salvage-type procedures that are necessary when the defor-
mity is severe.

A specific cause for congenital scoliosis has not been 
identified. Evidence suggests a role for both genetic and 
environmental factors such as hypoxia, alcohol use, val-
proic acid, and hyperthermia during the prenatal period. 
Researchers hypothesize that environmental factors affect 
the delivery of genetic instructions during the critical stages 
of development of the spine, resulting in vertebral anoma-
lies. A family of genes referred to as the homeobox, or HOX, 
genes have been shown to direct and regulate the processes 
of embryonic differentiation and segmentation of the axial 
skeleton. Loder et al. suggested that environmental factors, 
such as low oxygen tension, may modulate the expression 
of the sonic hedgehog or homeobox genes that are involved 
in normal vertebral segmentation. However, the etiology of 
most congenital scoliosis cases cannot be determined by a 
history.

CLASSIFICATION
Classification of congenital scoliosis is based on the abnor-
mal embryologic development of the spine and the type of 
vertebral anomaly. Then it is further classified by the site 
at which the anomaly occurs. The classification proposed 
by MacEwen et al. and later modified by Winter, Moe, and 
Eilers is the one most uniformly accepted (Box 44.7; Figs. 
44.121 and 44.122). The vertebral anomalies may be caused 
by a failure of formation or a failure of segmentation, or by a 
combination of these two factors, resulting in a mixed defor-
mity. The congenital curve also should be classified accord-
ing to the area of the spine involved because this is indicative 
of the prognosis of the specific deformity. The areas generally 
distinguished are the cervicothoracic spine, thoracic spine, 
thoracolumbar spine, lumbar spine, and lumbosacral spine. 
The purpose of this classification is to distinguish curves 
with a poor prognosis that may require early intervention 

Classification of Congenital Scoliosis

 n  Failure of formation
Partial failure of formation (wedge vertebra)
Complete failure of formation (hemivertebra)

 n  Failure of segmentation
Unilateral failure of segmentation (unilateral unsegmented 

bar)
Bilateral failure of segmentation (block vertebra)

 n  Miscellaneous

 BOX 44.7 
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from curves that have a more benign natural history that 
may be observed. Kawakami et  al. recommended a three-
dimensional classification based on three-dimensional CT 
images. They found that congenital spinal deformity could 
be classified into four types: type I, solitary simple; type 2, 
multiple simple; type 3, complex; and type 4, segmentation 
failure (Table 44.6). 

PATIENT EVALUATION
In addition to the routine spinal evaluation, some specific 
physical findings should be sought in patients with congenital 
scoliosis. The skin of the back should be carefully examined 
for signs such as hair patches, lipomas, dimples, and scars, 
which may indicate an underlying anomalous vertebra or spi-
nal cord anomalies. The neurologic evaluation should be thor-
ough. Evidence of neurologic involvement, such as clubfoot, 
calf atrophy, absent reflexes, and atrophy of one lower extrem-
ity compared with the other, should be noted carefully. Many 
children with congenital scoliosis have other anomalies.

Neural axis abnormalities are present in up to 35% of 
patients. Congenital heart disease has been reported to be 
present in 25% to 54% of patients with congenital scoliosis. 
Patients who are undergoing surgery for congenital scoliosis 
should have a screening echocardiogram and evaluation by 
a cardiologist. Genitourinary anomalies have been reported 
in 20% to 40% of patients with congenital scoliosis. A renal 

ultrasound remains the standard for urologic screening in 
these patients, but also may be evaluated on MRI if this is 
being obtained for other reasons. MacEwen, Winter, and 
Hardy emphasized the importance of a complete evaluation 
of the genitourinary system: 18% of their patients had uro-
logic anomalies, including 2.5% who had obstructive dis-
ease that could be life-threatening. Other musculoskeletal 
anomalies also occur frequently in association with con-
genital spine anomalies (Figs. 44.123 and 44.124).

A high-quality series of routine radiographs is essential to 
evaluate the deformity. The congenital curve should be clas-
sified as a failure of segmentation or a failure of formation, 
and the radiographs should be examined carefully for any evi-
dence of widening of the pedicles or midline bony defects that 
may indicate an underlying cord anomaly.

Probably more important than classification of the curve 
is an analysis of the growth potential of the curve to bet-
ter determine the possibility of curve progression. All con-
genital curves should be carefully measured with the Cobb 
technique, including compensatory or secondary curves in 
seemingly normal parts of the spine. Measurements should 
include each end of the anomalous area, as well as each end of 
the entire curve generally considered for treatment. CT and 
MRI have allowed us to better study the spinal anatomy and 
to screen for spinal dysraphism (Fig. 44.124). There is a high 
risk of congenital intraspinal anomalies in patients with con-
genital scoliosis and a lack of cutaneous manifestations in a 
significant number of patients. MRI during infancy may help 
delineate the anatomic deformity, which may not be visible 
on plain radiographs, and also better delineates the physis. 
The prevalence rate of spinal dysraphism on MRI exami-
nation approaches 43% in patients with congenital spinal 
deformities. 

NATURAL HISTORY
Progression of congenital scoliosis is dependent on the type 
and location of the vertebral anomaly. Curve progression 
occurs more rapidly during the first 5 years of life and during 
the adolescent growth spurt. These two periods represent the 
most rapid stages of spinal growth. Analysis of the growth sta-
tus is the most important factor in predicting the possibility of 
progression of these congenital deformities. Dubousset et  al. 

 

A B C D E
FIGURE 44.121 Defects of formation. A, Anterior central defect. B, Incarcerated hemiver-

tebra. C, Free hemivertebra. D, Wedge vertebra. E, Multiple hemivertebrae.

 FIGURE 44.122  Block vertebra.
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emphasized the importance of considering growth of the spinal 
canal in three dimensions (Fig. 44.125). Analysis of the poten-
tial growth on both sides of the curve will help with the prog-
nosis. For example, if normal convex growth is expected and 
deficient concave growth is likely, major deformity will occur 
(Fig. 44.126); however, if growth is deficient on both the convex 
and concave sides, progressive lateral deformity may not occur. 
If both sides are deficient in growth potential over many levels, 
shortening of the trunk may occur without lateral curvature.

The deformity produced by a failure of formation is 
much more difficult to predict than that caused by fail-
ure of segmentation. A hemivertebra produces scolio-
sis through an enlarging wedge on the affected side of 
the spine, whereas a unilateral unsegmented bar retards 
growth on the affected side. The growth imbalance in 
patients with hemivertebrae is not as severe as in those 
with unilateral unsegmented bars. A hemivertebra can 
exist tucked into the spine between adjacent normal ver-
tebrae without causing a corresponding deformity. Winter 
called this an “incarcerated hemivertebra.” When the 
hemivertebra is separated from either of the adjacent ver-
tebrae by a disc, it is a segmented hemivertebra with two 
functioning physes on either side and is likely to cause a 
slowly progressive curve (Fig. 44.127). If the hemiverte-
bra has only one adjacent disc and is fused to an adjacent 
vertebra, this is called a semisegmented hemivertebra, and 

if there are no adjacent discs associated with a hemiver-
tebra, this is termed a nonsegmented hemivertebra and it 
has little growth potential.

Several excellent studies have outlined the natural history 
of congenital scoliosis and have found that the rate of deteriora-
tion and the ultimate severity of the curve depend on both the 
type of anomaly and the site at which it occurs. The most pro-
gressive of all anomalies is a concave, unilateral unsegmented 
bar with a convex hemivertebra (Fig. 44.128). The mean rate of 
curve progression is 6 to 7 degrees per year before 10 years of 
age. The majority of curves will exceed 50 degrees by 2 years 
of age. Second in severity is a unilateral unsegmented bar. A 

 TABLE 44.6 

Algorithm for Evaluating Congenital Spinal Deformities

Step 1 Count the number of vertebral anomalies Solitary or multiple
Step 2 Detect the abnormal formation (+), (−), or (±)
Step 3 Determine the site of abnormal formation Anterior or posterior, or both
Step 4 Determine the type of abnormal formation Anterior: hemivertebra, anterior wedge, lateral wedge, 

butterfly
Posterior: bilamina (wedged), incomplete bilamina, 
hemilamina
Spina bifida

Step 5 Detect the mismatched formation (+) or (−)
Step 6 Detect the abnormal formation (+), (−), or (±)
Step 7 Determine the type of segmentation Anterior: fully segmented, semisegmented, 

nonsegmented
Posterior: fully segmented, semisegmented, 
nonsegmented

Step 8 Determine the site of abnormal segmentation Anterior, unilateral, or posterior, or all
Step 9 Detect the discordant segmentation (+) or (−)

 

Septum Spicule

FIGURE 44.123 Diastematomyelia spicule invaginates dura and 
divides spinal cord, either partially or completely.

 

A B

FIGURE 44.124 A, Congenital scoliosis with hemivertebrae. B, 
MRI shows occult syrinx extending from C4 to the conus.  (From 
Prahinski JR, Polly DW Jr, McHale K, Ellenbogen RG: Occult intraspinal 
anomalies in congenital scoliosis, J Pediatr Orthop 20:59, 2000.)
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mean of three vertebrae usually are affected. The mean rate of 
curve progression is 5 degrees per year, with the curve exceed-
ing 50 degrees by 10 years of age and 70 degrees by skeletal 
maturity. Next in severity of risk of progression is a double 
convex hemivertebra. These curves usually progress at 3 to 4 
degrees per year, with most exceeding 50 degrees by 10 years 
of age and exceeding 70 degrees by skeletal maturity. A fully 
segmented hemivertebra will progress relatively slowly, at 1 or 

2 degrees per year. For each type of anomaly, the rate of dete-
rioration usually is less severe if the abnormality is in the upper 
thoracic region, more severe in the thoracic region, and most 
severe in the thoracolumbar region (Fig. 44.129). The rate of 
deterioration of the curve is not constant, but if the curve is 
present before the patient is 10 years of age, it usually increases, 
especially during the adolescent growth spurt. The least severe 
scoliosis is caused by a block vertebra. 
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FIGURE 44.125 Vertebral growth. A, Body endplates (superior and inferior; labeled as A). B, 
Neurocentral cartilage (bipolar) fusion at age 7 or 8 years (labeled as B). C, Posterior elements 
cartilage (labeled as C). L, Ring apophysis (begins at age 7 to 9 years, closed at age 14 to 24 years); 
P, periosteum.  (Redrawn from Dubousset J, Katti E, Seringe R: Epiphysiodesis of the spine in young children 
for congenital spinal deformations, J Pediatr Orthop B 1:123, 1993.)

 

A B

FIGURE 44.126 A, Eight-year-old boy with congenital scoliosis. Deficient concave growth has 
resulted in major deformity. B, After insertion of MAGEC growing rods.
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NONOPERATIVE TREATMENT
Nonoperative treatment is of limited value in patients with 
congenital scoliosis. Nonprogressive curves require regular 
observation during periods of rapid growth (0 to 5 years of 
age and 10 to 15 years of age) with quality radiographs twice 
a year. Observation also is helpful in patients with multiple 
anomalies in whom the prognosis is difficult to determine.

Bracing sometimes can be used to control secondary 
curves when the primary congenital curve is being treated 
nonoperatively. Also, bracing may prevent progression of a 
secondary curve that is causing balance problems. If orthotic 
treatment is elected, careful measurement and comparison 
of spine radiographs at 6-month intervals must be made. 
Because of the slow progression of some curves, it is impor-
tant to compare current radiographs with all previous films, 
including the original films, to detect curve progression. 
Demirkiran et  al. reported that serial derotational casting 

was a safe and effective time-buying strategy to delay surgi-
cal intervention in patients with congenital spine deformities. 

OPERATIVE TREATMENT
Because 75% of congenital curves are progressive, surgery 
remains the fundamental treatment. Congenital spinal defor-
mity can be treated by procedures that prevent further defor-
mity or procedures that correct the present deformity. If 
treatment is aimed at correcting the present deformity, the 
curve can be corrected gradually or immediately. The surgi-
cal methods available for treatment of congenital scoliosis are 
outlined in Box 44.8.

Whether or not to treat any associated diastematomy-
elia is controversial. Winter et  al. advocated resection of 
the osseous spicule first and reoperation in 3 to 6 months 
for deformity correction. Ayvaz et al. and Shen et al. ques-
tioned whether a diastematomyelic abnormality needs 
to be treated. Feng et  al. reported that an osseous spur at 
the apex of the scoliosis may be related to a higher risk of 
developing a neurologic deficit, especially in patients with 
kyphotic deformity. When neurosurgical intervention is 
needed, the deformity correction can be safely performed 
simultaneously.

POSTERIOR FUSION WITHOUT 
INSTRUMENTATION
In situ fusion allows for stabilization of a curve that has 
shown documented progression or is predicted to progress. 
It is ideally done early for small curves to prevent the curve 
from becoming unacceptably large. A controversy with in 
situ fusion is whether a combined anterior and posterior 
fusion is required. Posterior fusion alone can control curve 
progression, but if there is significant anterior growth in the 
involved vertebra, progression of the deformity may occur in 
some young children owing to the crankshaft phenomenon. If 
anterior fusion is needed, then this may be performed either 
through an anterior open technique, thoracoscopically, or 
with a posterior approach through the pedicles. In situ fusion 
for unilateral unsegmented bars usually only includes the 
involved vertebra. One level cephalad and one level caudad to 
the involved vertebrae are included in the fusion.

The basic posterior spinal fusion technique is described 
in Technique 44.6. Postoperatively, a corrective cast or brace 
is used for immobilization. Smaller-sized implants that are 
appropriate for the patient’s size can be used for stabilization 
of in situ fusion and decrease the time needed for a cast or 
brace. 

POSTERIOR FUSION WITH INSTRUMENTATION
The advantages of instrumentation in congenital scoliosis 
are that slightly more correction can be obtained, the rate of 
pseudarthrosis can be reduced somewhat, and the need for 
a postoperative cast or brace is less. Congenital scoliosis is 
the condition in which paraplegia occurs most often after 
instrumentation. The risk of neurologic injury can be low-
ered but not eliminated with careful preoperative evaluation 
by myelography or MRI, by intraoperative spinal cord moni-
toring with somatosensory-evoked potentials and motor-
evoked potentials, and by the routine use of the wake-up test. 
Instrumentation does not alter the length of the fusion or the 
necessity for facet fusion, decortications, or abundant bone 
graft (Box 44.9). 

 FIGURE 44.127 Progression of deformity in a 5-year-old girl with 
arthrogryposis and a large unsegmented bar treated with rib-based 
distraction.

 FIGURE 44.128 Unilateral and unsegmented bar with contra-
lateral hemivertebra.
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COMBINED ANTERIOR AND POSTERIOR 
FUSIONS
The main indications for anterior and posterior fusions 
instead of isolated posterior fusion are to treat sagittal plane 
problems, to increase the flexibility of the scoliosis by discec-
tomy, to eliminate the anterior physis to prevent bending or 
torsion of the fusion mass with further growth (crankshaft 
phenomenon), and to treat curves with a significant potential 
for progression. The anterior procedure consists of removal 
of the disc, cartilage endplates, and bony endplates. Bone 
graft in the form of bone chips is placed into the disc space 
for fusion. Anterior instrumentation usually is not used. The 
spine is exposed on the convex side, but the approach is dic-
tated by the level of the curve. The anterior fusion can be done 
through an open anterior approach or thoracoscopically. 
After the anterior fusion, a posterior procedure is done, with 
or without instrumentation. The postoperative management 

is the same as after posterior fusion with or without instru-
mentation. Dubousset et al. recommended anterior and pos-
terior fusions in young patients who are fused at the lumbar 
level before Risser grade 0 and who have significant resid-
ual deformity of 30 and 10 degrees of rotation. For thoracic 
curves, the amount of crankshaft effect that can be tolerated 
is weighed against the risks of the thoracotomy necessary to 
perform the anterior epiphysiodesis. 

 

TRANSPEDICULAR CONVEX 
ANTERIOR HEMIEPIPHYSIODESIS AND 
POSTERIOR ARTHRODESIS
King et al. described a technique of transpedicular con-
vex anterior hemiepiphysiodesis combined with posterior 

 

No treatment required
May require spinal fusion
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Lumbosacral

  Block
vertebra

  Wedged
  vertebra Single Double

    Unilateral
unsegmented
        bar

      Unilateral
unsegmented bar
 and contralateral
   hemivertebrae

* Too few or no curves

< 1° – 1° 

< 1° – 1° 

< 1° – 1° 

< 1° – *  < 1° – * < 1° – 1° 

< 1° – 1.5° 

2° – 3.5°

2° – 2.5°

1° – 2°* – 2°

1° – 2°

1.5° – 2°

2° – 2.5° 2° – 4° 5° – 6°

6° – 7°5° – 6.5°

6° – 9°

2° – 3°

5° – *

> 5° – *

> 10° – *

** ** *

**

FIGURE 44.129 Median yearly rate of deterioration without treatment for each type of single 
congenital scoliosis in each region of spine. Numbers on left in each column refer to patients seen 
before 10 years of age; numbers on right refer to patients seen at age 10 years or older.

Treatment of Congenital Scoliosis

 n  Prevention of future deformity
In situ fusion

 n  Correction of deformity—gradual
Hemiepiphysiodesis and hemiarthrodesis
Growing rod nonfusion
Vertical expandable prosthetic titanium rib

 n  Correction of deformity—acute
Instrumentation and fusion
Hemivertebra excision
Vertebral column resection
Osteotomy

 BOX 44.8 

Common Errors in Instrumentation in Patients 
with Congenital Scoliosis

 n  Use of rods in small children in whom the bone structure 
is not strong enough to add any stability

 n  Excessive distraction leading to paralysis
 n  Failure to preoperatively evaluate for a tethered cord or 

other intraspinal abnormalities
 n  Failure to do a wake-up test after rod insertion
 n  Failure to perform adequate fusion because of reliance on 

internal stability
 n  Failure to supplement the instrumentation with adequate 

external immobilization

 BOX 44.9 
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arthrodesis for treatment of progressive congenital sco-
liosis. In effect, a combined anterior and posterior fusion 
can be done through a single posterior approach. These 
authors reported arrest of curve progression in all nine 
of their patients after this procedure. The average age of 
patients at surgery was 9 years. Their technique is based 
on the work of Michel and Krueger, who described a trans-
pedicular approach to the vertebral body, and Heinig, who 
described the “eggshell” procedure, so called because the 
vertebral body is hollowed out until it is eggshell thin before 
it is collapsed. King et al. found the pedicle dimensions to 
be adequate for this technique even in infants; however, 
they recommended preoperative CT through the center of 
each pedicle to be included in the epiphysiodesis.

 TECHNIQUE 44.35 

(KING)
 n  Position the patient prone on a radiolucent operating 

table, with a frame or chest rolls. After preparation and 
draping, obtain a radiograph over a skin marker to iden-
tify the appropriate level for the incision.

 n  Make a single midline posterior incision and retract the 
paraspinous muscles on both sides of the curve as far as 
the tips of the costotransverse processes in the thoracic 
spine and lateral to the facet joints in the lumbar spine.

 n  Remove the cortical bone in the area of the pedicle to be 
mined caudad to the facet joint and at the base of the 
costotransverse process in the thoracic spine.

 n  Use the curet to remove the cancellous bone. The med-
ullary cavity of the pedicle can now be seen. The cor-
tex medially indicates the boundary of the spinal canal, 
and caudally and cranially it indicates the margins of the 
intervertebral neural foramina. Use progressively larger 
curets until only the cortical rim of the pedicle remains 
(Fig. 44.130A). The pedicle margins then expand into the 
vertebral body.

 n  Remove cancellous bone, creating a hole in the lateral half 
of the vertebral body, and use curved curets to remove 
cancellous bone from the vertebral body in the cephalad 
and caudal directions until the endplate bone, the physis, 
and the intervertebral disc are encountered. Brisk bleed-
ing may occur, and the surgeon should be prepared for it.

 n  For a single hemivertebra, mine the pedicle of the hemi-
vertebra itself, along with that of the adjacent vertebrae 
in the cephalad and caudal directions (Fig. 44.130B). 
Communication with each pedicle hole across the physis 
and disc space is readily achieved (Fig. 44.130C).

 n  Pack autogenous bone from the iliac crest down the ped-
icles and across the vertebral endplates and discs.

 n  Posteriorly, excise the convex and concave facet joints and 
pack with cancellous bone. Carry out decortication bilat-
erally.

 n  Use autologous iliac crest bone graft or allograft bone 
graft.

 n  If internal fixation is needed, a wire, compression device, 
or pedicle screw device can be used.

POSTOPERATIVE CARE The patient is placed in a TLSO 
for 4 to 6 months. After that, no further immobilization 
is used.
  

COMBINED ANTERIOR AND POSTERIOR 
CONVEX HEMIEPIPHYSIODESIS (GROWTH 
ARREST)
Gradual correction of congenital scoliosis may be obtained 
through the use of a convex hemiepiphysiodesis. This tech-
nique is used for curves that are the result of failure of for-
mation. There is no role for this technique in failures of 
segmentation. Correction of deformity relies on the future 
growth of the spine on the concave side. In deformities 
caused by failure of segmentation, there is really no growth 
potential on the concave side. This technique is best for 
treating a single hemivertebra that has not resulted in a large 
curve at the time of surgery. This technique is appropriate 
in children younger than 5 years who meet certain crite-
ria: a documented progressive curve, a curve of less than 50 
degrees, a curve of six segments or fewer, concave growth 
potential, and no pathologic congenital kyphosis or lordo-
sis. Even if the concave side ceases to grow, the anterior and 
posterior fusions obtain a good result as far as stabilizing the 
curve. Epiphysiodesis of the entire curve, not merely the api-
cal segment, should be done. Rigid spinal immobilization 
is used until the fusions are solid, usually at least 6 months 
after surgery.

Preoperative planning is important. Each vertebra should 
be considered a cube divided into four quadrants, with each 
quadrant growing symmetrically around the spinal canal 
(Fig. 44.131). When growth is unbalanced, the zones that 
must be fused to reestablish balanced growth are determined 
preoperatively. King et al. noted a true epiphysiodesis effect 
after transpedicular convex anterior hemiepiphysiodesis 
(see Technique 44.37) in four of their nine patients, all four 
of whom had a single hemivertebra. On the basis of these 
results, they recommended transpedicular hemiepiphysiode-
sis with posterior hemiarthrodesis in selected patients with 
a single hemivertebra. Demirkiran et al. reported that a con-
vex growth arrest could be obtained with a posterior fusion 
and pedicle screw instrumentation at each involved level, 
with results similar to those of an anteroposterior convex 
hemiepiphysiodesis. 

 

CONVEX ANTERIOR AND POSTERIOR 
HEMIEPIPHYSIODESES AND FUSION

 TECHNIQUE 44.36 

(WINTER)
 n  Place the patient in a straight lateral position with the 

convexity of the curve upward. Prepare and drape the 
back and side in the same field. The anterior approach 
technique varies according to the level to be fused (see 
Techniques 44.23 and 44.24). The posterior approach 
is a standard subperiosteal exposure (see Technique 
44.6) but is always only on the convex side of the 
curve.

 n  Once the curve has been exposed, insert needles or oth-
er markers both anteriorly and posteriorly so that both 
are visible on one cross-table radiograph. Failure to place 
the fusion precisely in the proper area can lead to a poor 
result.
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 n  Once the proper area has been identified, incise the perios-
teum of the anterior vertebral bodies and peel it forward to 
the lateral edge of the anterior longitudinal ligament and 
backward to the base of the pedicle (Fig. 44.132A).

 n  Incise the annulus of the disc at its superior and inferior 
margins and remove the superficial portion of the nucleus 
pulposus.

 n  Carefully remove the cartilaginous endplates, which are 
thick in children, taking at least one third of the physes 
but never more than half.

 n  Once the cartilaginous endplates have been removed, re-
move the cortical bony endplate with a curet.

 n  Make a trough in the lateral side of the vertebral bodies (Fig. 
44.132B) and lay the autogenous rib graft in the trough. 
Use cancellous bone to augment the autogenous rib graft. If 
autogenous rib is not available, use iliac or bone-bank bone.

 n  The posterior procedure consists of a standard, uni-
lateral, subperiosteal exposure of the area to be fused  
(Fig. 44.132C).

 n  Excise the facet joints, remove any facet cartilage, decor-
ticate the entire area, and apply a bone graft.

 n  Apply a corrective Risser cast while the child is still under 
anesthesia to avoid having to use a second anesthetic.

POSTOPERATIVE CARE Casting is continued for 6 
months, and the cast is changed as frequently as nec-
essary. Follow-up must be continued until the end of 
growth. Results may appear excellent for years but can 
deteriorate during the adolescent growth spurt.

  

 

B C

A

FIGURE 44.130 A, How pedicles are curetted. B, Anterior view of bone removed during “eggshell” 
procedure. C, Bone is almost completely hollowed out, and endplates and discs have been removed. 
SEE TECHNIQUE 44.35.
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AL         AR

PL       PR

FIGURE 44.131 A, Vertebral growth on horizontal plane, four 
segments: AL, Anterior left; AR, anterior right; PL, posterior left; 
and PR, posterior right. B, Congenital posterior bar involving PL 
and PR; level of epiphysiodesis must be AL and AR. C, Anterior 
defect involving AL and AR; epiphysiodesis must involve PL and 
PR. D, Anterior excess of growth potential involving both AR and 
AL; epiphysiodesis must involve both AR and AL above and below. 
E, Congenital posterolateral bar involving PL only; epiphysiodesis 
must involve only AR. F, Excess (hemivertebra) growth involving 
only AR and part of PR; hemiepiphysiodesis must involve AR and 
PR.  (Modified from Dubousset J, Katti E, Seringe R: Epiphysiodesis of 
spine in young children for congenital spinal deformation, J Pediatr 
Orthop B 1:23, 1992.)
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Growing rods and VEPTR instrumentations that have 
been used to treat early-onset scoliosis also have been used for 
gradual correction and stabilization of progressive congenital 
curves. Several authors have reported good results with these 
techniques, with acceptable complication rates. The growing 
rod technique is suggested for patients with primary vertebral 
anomalies (Fig. 44.133); patients with rib fusion or associated 
thoracic insufficiency syndrome with congenital scoliosis 
usually are treated with a VEPTR.

HEMIVERTEBRA EXCISION
Hemivertebra excision can produce immediate correction 
of a congenital spine deformity. This technique will remove 
the cause of and prevent further worsening of the deformity. 
Hemivertebra excision usually is reserved for patients with 
pelvic obliquity or with fixed, lateral translation of the thorax 
that cannot be corrected by other means. At the lumbosacral 
area, excision of the hemivertebra can improve trunk imbal-
ance. The L3, L4, or lumbosacral level, below the level of the 

conus medullaris, is the safest level at which to excise a hemi-
vertebra. Hemivertebra excision in the thoracic area has more 
risk because this area of the spinal canal is the narrowest and 
has the least blood supply, but with spinal cord monitoring 
(somatosensory-evoked potentials and motor-evoked poten-
tials) the excision can still be performed.

The curves best managed by hemivertebra excision are 
angular curves in which the hemivertebra is the apex. This 
technique has been reported mostly in lumbosacral hemiver-
tebrae that produce lateral spinal decompensation in patients 
for whom curve-stabilizing techniques cannot achieve ade-
quate alignment. Hemivertebra resection can be done at any 
age, but the optimal indication of hemivertebra resection is a 
patient younger than 5 years with a thoracolumbar, lumbar, 
or lumbosacral hemivertebra that is associated with truncal 
imbalance or a progressive curve. Chang et al. recommended 
early resection before structural changes occur above and 
below the hemivertebra. They also found that if resection was 
done before 6 years of age, the patients had significantly better 

A B

C

 FIGURE 44.132 Combined anterior and posterior convex hemiepi-
physiodesis. A, Periosteum of anterior vertebral bodies incised and 
peeled forward and backward. B, Trough created in lateral side of 
vertebral bodies. Autogenous rib graft placed in trough. C, Area to be 
fused exposed through standard, unilateral, subperiosteal exposure. 
Area is decorticated, and bone graft is applied. SEE TECHNIQUE 44.36.
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A B

FIGURE 44.133 A, Eight-year-old boy with congenital scoliosis. B, After correction and insertion 
of MAGEC growing rods. SEE TECHNIQUE 44.36.

deformity correction and did not have any negative effects on 
the growth of the vertebral body or spinal canal compared 
with patients treated after 6 years of age. Yaszay et al. found 
that while hemivertebra resection had a higher complication 
rate than either hemiepiphysiodesis/in situ fusion or instru-
mented fusion without resection, posterior hemivertebra 
resection in younger patients resulted in a better percentage 
of correction than the other two techniques.

Hemivertebra excision should be considered a convex 
osteotomy at the apex of the curve. The entire curve front and 
back must be fused. Neurologic risk is inherent in hemiver-
tebra excision because the spinal canal is entered both anteri-
orly and posteriorly.

Leatherman and Dickson recommended a two-stage pro-
cedure in which the vertebral body is removed through an ante-
rior exposure; then, in a second stage, the posterior elements 
are removed and fusion is done. Other authors have reported 
acceptable results with one-stage anterior and posterior hemi-
vertebra resection. The hemivertebra can be excised from a 
posterior-only technique as described by Ruf and Harms or 
through a costotransversectomy as described by Smith. In gen-
eral, postoperative cast or brace immobilization is prescribed 
for 6 months. The use of instrumentation will give adequate 
fixation and may permit a brace to be worn rather than a cast, 
but the bone stock must be adequate to accept the instrumenta-
tion or a postoperative cast will be needed.

Heinig described a decancellation procedure done with 
curets through the pedicle. Lubicky recommended both inter-
nal fixation and external immobilization with this technique. 
He found that the amount of immediate correction from this 
technique was unpredictable, but it did generally lead to a 
hemiepiphysiodesis when it was combined with a convex pos-
terior fusion at the same level. He recommended that the tech-
nique be done with C-arm control (Figs. 44.134A, B). Heinig 
and Lubicky advised leaving the hemilamina in place until 
the vertebral body resection is complete to protect the neural 

tube while the curet is used. This technique can be useful if the 
hemivertebra is located posteriorly next to the spinal canal, 
where seeing the hemivertebra from anteriorly can be difficult.

Hedequist, Emans, and Proctor described hemiverte-
bra excision through a posterior approach (see Technique 
44.6). With a discrete hemivertebra, the spinal cord or 
lumbar nerve roots are toward the concavity of the curve, 
while the hemivertebra is toward the convexity, placing the 
majority of the operation at a distance from the neural ele-
ments. Pedicle screw fixation may be tenuous in the tho-
racic spine of young children, and standard lumbar hooks 
should be placed on the rib above and below the excised 
hemivertebra, just lateral to the transverse process. These 
hooks are then attached with a rod and compressed across 
the ribs to achieve closure of the osteotomy while avoiding 
any compromise of the pedicle screws. The final rod can 
then be placed across the pedicle screws, and the tempo-
rary rib-to-rib rod removed. 

 

HEMIVERTEBRA EXCISION: 
ANTEROPOSTERIOR APPROACH

 TECHNIQUE 44.37 

(HEDEQUIST AND EMANS)
 n  Place the patient in the lateral decubitus position for the 

simultaneous anteroposterior approach. The anterior ap-
proach is on the convex side and should be marked before 
surgery (Fig. 44.135A).

 n  For the anterior procedure, approach the spine through 
a standard transthoracic, transthoracic-retroperitoneal, 
or retroperitoneal approach, depending on the location 
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of the hemivertebra. The only exposure needed is of the 
hemivertebra and the discs above and below it.

 n  For the posterior approach, make a standard posterior 
midline incision and carry the dissection out to the tips of 
the transverse process, taking care when dissecting over 
the areas of laminar deficiency.

 n  After the dissection is complete, obtain a spot radiograph 
or fluoroscopic view to confirm the appropriate level.

HEMIVERTEBRA EXCISION
 n  Begin the excision by dissecting over the edge of the 

transverse process and down the lateral wall of the body 
with a Cobb elevator and a curve-tipped device. Place 
a curved retractor. If the hemivertebra is in the thoracic 
region, resect the rib head first to obtain access.

 n  Resect the cartilaginous surfaces of the concave facet to 
encourage fusion.

 n  With a Kerrison rongeur, begin resection in the midline 
with the ligamentum flavum followed by resection of the 
hemilamina (Fig. 44.135B). Extend the resection over to 
the facet, protecting the nerve roots above and below the 
hemivertebra. Resect the transverse process and cortical 
bone over the pedicle until cancellous bone of the pedicle 
and cortical outlines of its walls are seen. Once again, take 
care to avoid nerve roots. Gelfoam and cottonoids can be 
used to protect the dura during resection.

 n  Develop the subperiosteal plane down the lateral wall of 
the pedicle and body with the use of a Cobb elevator to 
facilitate retraction and protection. The dural contents 
can be protected with a nerve root retractor. Blood loss 
can be controlled by bipolar sealing of the epidural ves-
sels. Use a diamond-tipped burr to continue resection 
to the pedicle and into the hemivertebral body to pro-
tect against unwanted injury to the soft tissues. Work 
stepwise within the walls of the pedicle and confines of 
the body to make removal of the cortical shells easier  

(Fig. 44.135C). Resect the walls of the pedicle and the 
remaining walls of the hemivertebral body. Generally, 
the dorsal cortex of the vertebral body is removed last. 
The resection is wedge shaped and includes the discs 
above and below, as well as the concave area of the 
disc.

 n  While protecting the dura and its contents, remove the 
disc material with a pituitary rongeur and curet. Do not 
remove the disc material above or below or correction will 
be limited. Proceed with wedge closure and deformity 
correction. 

CLOSURE OF WEDGE RESECTION
 n  Place resected vertebral cancellous bone and allograft 

chips into the wedge resection site anteriorly.
 n  Closure of the wedge resection is achieved with the use 

of laminar hooks and external three-point pressure on the 
body.

 n  Place a downgoing supralaminar hook at the superior 
level and an upgoing infralaminar hook on the inferior 
level.

 n  To close the resection site, insert the rod, using compres-
sion to obtain correction. Using the rod avoids having to 
place large compression forces across the pedicle screws 
and allows the screws to maintain correction without 
plowing of the screws into the immature bone. The com-
pression should be slow and controlled. Observe the dura 
to make sure it does not get caught in the closure of the 
posterior elements (Fig. 44.135D). If insufficient correc-
tion is obtained, resect further along the edges of the 
laminae.

 n  Place two additional rods on either side of the spine con-
nected to the corresponding screws. Apply a crosslink if 
possible.

 n  Decorticate the spine and place vertebral corticocancel-
lous allograft. 

 

A B

FIGURE 44.134 A, Congenital scoliosis in a 7-year-old boy. B, After hemivertebra excision and 
fusion with short-segment rods and pedicle screws.
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ANTEROPOSTERIOR EXCISION
 n  If anteroposterior excision is performed, place the pos-

terior implant anchors before resection. Once complete 
exposure has been performed, place the posterior screws.

 n  Create a full-thickness subperiosteal flap over the hemi-
vertebra after localization is confirmed (Fig. 44.135E).

 n  Starting at the inferior endplate of the adjacent superior 
body and the superior endplate of the adjacent inferior 

body, create longitudinal full-thickness cuts in the perios-
teum, working anteriorly to the contralateral side. Then 
move posteriorly until the hemivertebral pedicle is seen.

 n  Resect the discs above and below the hemivertebra all the 
way posterior to the posterior longitudinal ligament.

 n  Resect the hemivertebral body back to the posterior corti-
cal wall of the body with rongeurs and a diamond-tipped 
burr. The posterior wall can be resected off the posterior 
longitudinal ligament starting at the level of the disc re-
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FIGURE 44.135 Hemivertebra excision. A, Patient positioning for anteroposterior excision. B and 
C, Resection of posterior hemilamina with Kerrison rongeur. D, Compression of laminar hooks with 
closure of excision site. E, Anterior resection. F, Resection carried back to pedicle. (From Hedequist DJ, 
Emans JB: Hemivertebra excision. In Wiesel SW, editor: Operative techniques in orthopaedic surgery, 
Philadelphia, 2011, Wolters Kluwer/Lippincott Williams & Wilkins, p 1466.) SEE TECHNIQUE 44.37.
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 FIGURE 44.136 Lateral-posterior approach for hemivertebra 
resection. (Redrawn from Li X, Luo Z, Li X, et al: Hemivertebra 
resection for the treatment of congenital lumbar spinal scoli-
osis with lateral-posterior approach, Spine 33:2001, 2008.) SEE  
TECHNIQUE 44.38.

sections. The part of the pedicle that can be seen can be 
resected.

 n  For posterior resection, start with the hemilamina and 
proceed to the pedicle (Fig. 44.135F). With both incisions 
open and fields exposed, the pedicle can be resected 
though both incisions.

 n  Once the hemivertebra has been resected, wedge closure 
and correction of the deformity can proceed as described 
earlier. 

POSTOPERATIVE CARE Postoperative care is similar to 
that for other spinal correction procedures. If fixation is 
adequate, patients can be placed in a custom-molded 
TLSO for 3 months. In children younger than 2 years or if 
fixation is not adequate, a Risser type cast is recommend-
ed for 2 months followed by brace wear for 6 months. It 
may be necessary to remove the implants after a year if 
prominence is a problem.
   

 

HEMIVERTEBRA EXCISION: LATERAL-
POSTERIOR APPROACH
Li et al. described a lateral-posterior approach for hemi-
vertebra resection that gave a safe and stable resection 
through a single incision (Fig. 44.136).

 TECHNIQUE 44.38 

(LI ET AL.)
 n  After administration of general anesthesia, place the pa-

tient in a lateral decubitus position, with the convex side 
of the curve up. Prepare and drape the flank in routine 
fashion.

 n  Use an L-shaped lateral-posterior approach to expose the 
hemivertebra (Fig. 44.137A). Make a straight longitudinal 
incision about 3.5 cm lateral to the spinous process from 

one segment cephalad to one segment caudad to the 
hemivertebra, and then turn to the lateral.

 n  Carry the dissection down to the lumbodorsal fascia and 
retract the skin and subcutaneous tissue on either side.

 n  Make a fascial incision and pull the sacrospinal muscle 
medially.

 n  Expose the lumbar transverse processes, facet joints, lam-
ina, and spinous process subperiosteally.

 n  After pulling the psoas major laterally, proceed with dis-
section directly anteriorly on the pedicle to the vertebral 
body.

 n  After segmental vessels have been ligated, the hemiver-
tebra and the appendage, which have been identified 
radiographically, are exposed (Fig. 44.137B).

 n  Remove the lamina of the hemivertebra with its attached 
transverse process, facet joint, and the remaining portion 
of the pedicle and spinous process.

 n  Completely excise the disc material on both sides of the 
hemivertebra.

 n  Remove the vertebral physes.
 n  Remove the hemivertebra, starting dissection from the 

convex aspect to the concave aspect. If the dura has been 
exposed, place a Gelfoam sponge over it.

 n  Cut the removed hemivertebral body into morsels and 
carefully lay it as a graft in the gap that was created by 
the resection.

 n  Carry out compression and stabilization on the convex side 
with short-segmental instrumentation (Cotrel-Dubousset 
Horizon, Medtronic Sofamor Danek, Memphis, TN), in-
cluding vertebrae cephalad and caudad to the hemiverte-
bra to correct the scoliosis deformity (Fig. 44.137D).

 n  Decorticate the facets and the laminae cephalad and 
caudad to the hemivertebra on the convex side of the 
curve.

 n  Cut any bone that is removed during the laminectomy 
into morsels and place it as graft material through the 
area extending from one vertebra cephalad to one verte-
bra caudad to the hemivertebra (Fig. 44.137E).

 n  Control bleeding with thrombin-soaked Gelfoam and 
place thrombin-soaked Gelfoam over the dural sac. Close 
the wound in a routine manner.

 n  Obtain radiographs to confirm curve correction.

POSTOPERATIVE CARE A rigid brace is worn full time or 
part time for an average of 4 months, depending on when 
the fusion appears solid on radiographs.

   

 

HEMIVERTEBRA EXCISION: 
POSTERIOR APPROACH

 TECHNIQUE 44.39 

(HEDEQUIST, EMANS, PROCTOR)
 n  Place the patient prone with good fluoroscopic imaging 

of the hemivertebra verified.
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 n  Remove the hemilamina and surrounding ligamentum 
flavum.

 n  Place pedicle screws in the vertebrae above and below 
the hemivertebra that is to be removed. Enter the pedicle 
with a pedicle probe and expand this track with a series 
of enlarging curets (Fig. 44.138A).

 n  In the thoracic region, remove about 4 cm of the attached 
rib and remove the transverse process. The rib head can 

be removed or left in place and later pushed out laterally 
during closure of the osteotomy.

 n  Using a series of straight and downgoing curets, remove 
the cancellous portion of the vertebral body in its entire-
ty. Frequent use of bone wax on cancellous bone limits 
bleeding and improves visualization.

 n  In young children, a layer of cartilage and/or periosteum re-
mains intact and separates the excised vertebra from struc-

A

B

C

D

E

 FIGURE 44.137 Hemivertebra excision through lateral-
posterior approach. A, Patient positioning. B, Exposure of 
hemivertebra. C, Resection of hemivertebra. D, Compression 
and stabilization. E, Fusion. (Redrawn from Li X, Luo Z, Li X, et al: 
Hemivertebra resection for the treatment of congenital lumbar 
spinal scoliosis with lateral-posterior approach, Spine 33:2001, 
2008.) SEE TECHNIQUE 44.38.

    

https://booksmedicos.org


CHAPTER 44  SCOLIOSIS AND KYPHOSIS 2107

tures anterior and lateral to the vertebral body. Take care to 
leave the medial wall of the pedicle and the posterior wall of 
the vertebra intact (Fig. 44.138B). This is key from a safety 
standpoint: as long as the medial pedicle wall and posterior 
vertebral cortex are intact, the neural structures are protected.

 n  Remove the discs above and below the isolated hemiver-
tebra, including the physes.

 n  If needed to maximize correction, remove bone above 
and below the vertebra (Fig. 44.138C). At this stage, it 
is not unusual to encounter threads of the pedicle screw 
in the inferior vertebral body, confirming that more than 
enough tissue has been removed.

 n  The challenge at this point usually is to dissect sufficiently 
medially across the midline of the spine; fluoroscopy with 
the curet in place may help confirm the medial extent of 
dissection. Remove tissue up to, but not including, the 
concave annulus.

 n  During this part of the dissection, the lateral wall of the 
pedicle usually breaks open, allowing the curet to be di-
rected more medially and providing a good view into the 
cavity with a headlamp.

 n  With a pituitary rongeur or curet, remove the medial wall 
of the pedicle, while gently retracting nerve root and dura 
from this area. Bipolar cautery is helpful to separate the 
dural sac from the bone to be removed.

 n  Push the thinned-out posterior cortex of the vertebral 
body anteriorly to complete hemivertebra excision.

 n  Close the opening wedge, making certain that no bone 
or tissue buckle into the spinal canal.

 n  Fill any gaps with bone graft.

POSTOPERATIVE CARE If fixation is secure, a TLSO can 
be used for 3 months. If there is trunk imbalance or a 
substantial curve above or below the resection, bracing 
should be extended for as long as needed until the spine 
seems balanced.
   

 

TRANSPEDICULAR EGGSHELL 
OSTEOTOMIES WITH FRAMELESS 
STEREOTACTIC GUIDANCE
Mikles et al. described a technique for transpedicular eggshell 
osteotomies for congenital scoliosis with frameless stereotac-
tic guidance. This technique is recommended in older patients 
who have congenital scoliosis with multiplanar spinal abnor-
malities. The guidance system was used to locate the pedicles 
intraoperatively for accurate screw placement. They thought 
that screw placement was difficult because of the abnormal 
anatomy, and they found the use of the guidance system to 
be helpful in obtaining screw placement proximally and dis-
tally and, therefore, a rigid instrumentation construct.

 TECHNIQUE 44.40 

(MIKLES ET AL.)
 n  Obtain an operative CT scan with 1-mm cuts from one 

level above to one level below the spinal deformity, with 
use of the appropriate protocol for the frameless stereo-

tactic guidance system. Three-dimensional reconstruc-
tions are assimilated. With newer fluoroscopic image 
guidance systems, CT may not be necessary.

 n  Determine the level of the osteotomy before surgery. This 
usually corresponds with an eggshell osteotomy of the 
hemivertebra but is individualized for each patient.

 n  Monitor spinal cord and cauda equina function by so-
matosensory-evoked potentials.

 n  Position the patient prone on a Jackson spinal table. Care-
fully pad bony prominences.

 n  Make a midline posterior incision and subperiosteally dis-
sect to the deformity.

 n  Confirm the location and identification of the vertebral 
elements by plain radiographs.

 n  Place an appropriate reference arc on the upper thoracic 
spinous processes.

 n  Register numerous skeletal sites by paired-point and sur-
face-matching techniques. Registration points are deter-
mined for only two levels above and below the osteotomy 
site.

 n  By use of the guidance system, locate the pedicles with 
the digitized probe, a digitized drill guide, or a digitized 
pedicle tap.

 n  Probe the pedicle with a pedicle probe to the appropriate 
depth and angle. Insert a digitized ball-tipped probe into 
the pedicle hole to check the length of the hole and to 
verify the intrapedicular position.

 n  Place the screws approximately two levels above and be-
low the chosen osteotomy site.

 n  After screw placement, identify the transverse processes 
at the osteotomy level bilaterally; identify the foramina 
above and below the pedicle and check with fluoroscopy.

 n  Trim the midline region down carefully with a burr until a 
thin layer of lamina is left.

 n  Perform a central laminectomy at the chosen level, in-
cluding any overhanging lamina from the levels above or 
below.

 n  Start the posterior decancellation osteotomy on the side 
of the most accurately detailed anatomy. Identify the 
pedicle circumferentially and remove it with its transverse 
process while visual protection of the nerve root is main-
tained.

 n  Identify the pedicle opposite the proposed osteotomy and 
perform a similar exposure.

 n  After pedicle removal, expose the vertebral body and in-
ferior floor of the spinal canal.

 n  Elevate the dura off the posterior wall of the vertebral 
body and begin the decancellation of the body through 
the pedicle remnants. Use angled curets to remove the 
cancellous bone from the vertebral body. Remove the 
disc spaces if necessary. Push the floor of the canal into 
the created space with reverse curets and subsequently 
remove it. Complete vertebrectomy is attempted but not 
always achieved. This allows the best correction of the 
curve.

 n  After completion of the osteotomy, apply gentle pressure 
to the posterior spine with extension of the hips to close 
the osteotomy site. Spinal cord monitoring is followed 
carefully during this time. The dura and nerve roots are 
continuously viewed to prevent entrapment. Titanium 
instrumentation is used. Some additional coronal correc-
tion is obtained with compression and distraction of the 
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osteotomy site. Additional lordosis can be obtained with 
in situ contouring.

 n  Place two crosslinks and local autogenous bone graft, 
which was harvested from the vertebral body, laterally 
along the decorticated transverse processes of the instru-
mented segment.

 n  Close the deep fascial layer and place a suction drain sub-
cutaneously.

 n  Perform a Stagnara wake-up test in the operating room.

POSTOPERATIVE CARE The patient is fitted with a well-
molded TLSO, which is worn for 12 weeks, starting on the 
second postoperative day.
  

THORACIC INSUFFICIENCY SYNDROME
Growing rod techniques can be used to treat congenital 
deformities involving long sections of the spine or deformi-
ties with large compensatory curves in normally segmented 
regions above and below a congenital deformity. Thoracic 
insufficiency syndrome may be associated with congenital 
scoliosis and fused ribs. When this occurs, it is best managed 
during growth by expansion thoracostomy and insertion of 
expandable VEPTR devices.

Campbell defined thoracic insufficiency syndrome as 
the inability of the thorax to support normal respiration or 
lung growth. This condition occurs in patients with hypo-
plastic thorax syndromes, such as Jeune and Jarcho-Levin 
syndromes, progressive infantile scoliosis with reductive dis-
tortion of the thoracic volume from spinal rotation, and con-
genital scoliosis associated with fused ribs on the concave side 

of the curve. In a hypoplastic thorax associated with congeni-
tal scoliosis, “extrinsic” restrictive lung disease can be caused 
by volume restriction of the underlying growing lungs and 
motion restriction of the ribs with reduction of the second-
ary breathing mechanism, as well as altered diaphragmatic 
mechanics. Thoracic and, therefore, lung volume increases to 
30% of adult size by the age of 5 and to 50% of adult size by 
the age of 10.

Lung growth is limited to the anatomic boundaries of the 
thorax, so any spine or rib cage malformation that reduces the 
thoracic volume early in life may adversely affect the size of 
the lungs at skeletal maturity (Fig. 44.139). Maximizing tho-
racic height and volume is especially important in very young 
patients because lung growth between birth and the age of 8 
years is related to increases in alveolar number and size and 
because growth of the lung between 8 years and maturity is 
primarily a result of increases in alveolar size.

Patients with early-onset scoliosis have been shown to 
have a higher mortality rate from respiratory failure than 
those with adolescent idiopathic scoliosis. A review of the 
literature found that young patients treated with thoracic 
fusions had a high rate of revision surgery (24% to 39%) and 

 

A B

FIGURE 44.138 Hemivertebra excision. A, Pedicle is entered with 
standard pedicle probe and expanded with series of increasing 
sized curets; this often creates a hole large enough to see into.  
B, Cross-section of hemivertebra. Medial wall of pedicle (black 
arrow) is second-to-last thing to be removed. Posterior wall of 
vertebral body is last thing to be removed by pushing anteriorly, 
away from neural elements (white arrow). In this case, not only are 
inferior disc and endplate removed, but also some of vertebral 
body is removed to maximize correction. (From Hedequist DJ, Emans 
JB: Hemivertebra excision. In Rhee J, Wiesel SW, Boden SD, et al, 
editors: Operative techniques in spine surgery, Philadelphia, 2013, 
Lippincott Williams & Wilkins, pp 367-375.) SEE TECHNIQUE 44.39.  
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FIGURE 44.139 A, Birth radiograph of girl with 50-degree 
congenital scoliosis due to multiple vertebral anomalies. B, Curve 
had increased to 83 degrees by age 3 years. She underwent ante-
rior convex spinal fusion and developed respiratory insufficiency 
6 months after surgery, requiring supplemental nasal oxygen.  
C, “False” lateral decubitus view, better showing changes in dimen-
sions of thorax in addition to spinal curvature. D, CT scan shows 
extreme hypoplasia of chest and underlying lungs.  (From Campbell 
RM: Congenital scoliosis due to multiple vertebral anomalies associated 
with thoracic insufficiency syndrome, Spine: State of the Art Reviews 
14:210, 2000.)
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restrictive lung disease (43% to 64%), with those patients hav-
ing upper thoracic fusions being at the highest risk. Long tho-
racic fusions by limiting thoracic and lung growth in young 
patients should be avoided to prevent the development of iat-
rogenic thoracic insufficiency.

Because of the inability of traditional spinal correc-
tion techniques to increase the dimensions of the thorax, 
Campbell developed a technique to directly treat chest wall 
deformity with indirect correction of the congenital scoliosis. 
This procedure treats the total global deformity of the tho-
rax, allowing the spine to grow undisturbed by surgical inter-
vention, with increased height of the thoracic spine and the 
thorax.

Gruca described a technique of operative compression of 
the ribs to obtain correction of idiopathic scoliosis on the con-
vex side of the curve; however, concerns exist about this limit-
ing thoracic and therefore lung growth. Campbell developed 
rib distraction instrumentation techniques for treatment of 
primary hemithorax constriction in severe spinal deformity 
in young children. He postulated that indirect correction of 
scoliosis could be obtained by surgical expansion of the chest 
through rib distraction on the concave side of the curve. He 
compared this technique with an opening wedge osteotomy 
of a malunion of a long bone. In this technique, the thoracic 
deformity is corrected by an “opening wedge thoracostomy” 
in the center of the deformity of the concave constricted 
hemithorax. Once the constricted hemithorax is lengthened, 
the thorax is equilibrated, with indirect correction of the sco-
liosis. Correction is maintained with an expandable titanium 
rib prosthesis. A substantial correction of the hemithorax 
deformity, an average curve correction of approximately 20 
degrees, and the continued growth of the spine were noted 
as well. Elongation of unilateral unsegmented bars over time 
in patients treated with chest wall distraction techniques also 

has been noted (Fig. 44.140). The advantages of this tech-
nique are that it directly treats the anatomic causes of tho-
racic insufficiency syndrome and does not interfere with any 
subsequent spinal procedures that may be needed later in life.

Campbell treated 34 patients who had progressive con-
genital scoliosis associated with fused ribs of the concave 
hemithorax with expansion thoracoplasty and a titanium rib 
prosthesis. He recommended consideration of spinal growth-
sparing techniques, such as growth rods and expansion tho-
racoplasty, for patients with multiple levels of malformation 
in the thoracic spine (jumbled spine) with associated areas 
of either rib deletion or fusion (jumbled thorax). Patients 
treated with rib-based distraction have been shown to have 
improvement in their coronal and sagittal spine deformities, 
pulmonary status, hemoglobin levels, and nutritional status. 
Although Cobb angle correction with this technique is well 
described, it has been shown to correlate poorly with pul-
monary function and so the exact method(s) of physiologic 
improvement remain unknown.

Since the initial reports, rib-based distraction has now 
been used in the treatment of thoracic insufficiency and 
scoliosis in other conditions such as neuromuscular sco-
liosis and myelomeningocele. Because this is a posterior-
based distraction technique, there is a potential for the 
development of increased kyphosis, especially in patients 
with increased preoperative kyphosis. Increased kyphosis 
may also play a role in proximal rib anchor failure. Longer 
constructs from the pelvis to ribs have been used to pre-
vent excessive kyphosis; however, these should be avoided 
in ambulatory patients because of the increased incidence 
of postoperative crouch gait caused by changes in the lum-
bosacral mechanics. Intraoperative neuromonitoring is rec-
ommended for all initial insertions and in lengthening in 
which patients have neurologic changes at the time of their 

 

A B

FIGURE 44.140 A, Multiple congenital anomalies of thoracic spine, including hemivertebra on 
convex side of curve and long unilateral unsegmented bar on concave side (arrows), in 2½-year-old 
girl with 87-degree scoliosis. B, At 6-year follow-up, curve is corrected to 65 degrees. Length of 
large central, unilateral segmented bar from T5 to T11 on concave side of curve (arrows) compared 
preoperatively and postoperatively suggests growth on concave side of curve. (From Campbell 
RM: Congenital scoliosis due to multiple vertebral anomalies associated with thoracic insufficiency 
syndrome, Spine: State of the Art Reviews 14:210, 2000.)
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 FIGURE 44.141 Expandable prosthetic rib device. (Redrawn from 
Campbell RM, personal communication.) SEE TECHNIQUE 44.41.

initial insertion. The role of its use in routine lengthenings 
in neurologically normal patients remains controversial. 
A large multicenter study found a rate of eight neurologic 
injuries in 1736 consecutive procedures (0.5%) of which 
five were at the time of initial implantation. When used, it 
should include monitoring of the upper extremities because 
the upper extremity was involved in six of eight cases, which 
may have been related to brachial plexus injury. 

 

EXPANSION THORACOPLASTY
The VEPTR device comes in two forms. The device with a 
radius of 220 mm is most commonly used in the treatment 
of fused ribs and scoliosis. The titanium alloy permits the 
use of MRI postoperatively. There are three anchors avail-
able: rib, spine, and pelvis. The rib anchor consists of two 
C-shaped clamps that, when locked, form a loose encir-
clement around the rib to avoid vascular compromise of 
the underlying rib. Lateral stability is provided by the sur-
rounding soft tissues. The spine anchor consists of a 
low-profile closed laminar hook. The pelvic anchor consists 
of an S-shaped modified McCarthy hook that is placed over 
the iliac crest. The central portion of the device consists of 
two sliding rib sleeves. The superior sleeve is attached to 
the cranial anchor, which is usually a rib, and the inferior 
sleeve is attached to the caudal anchor, which can be a rib, 
the spine, or the pelvis. The device is locked inferiorly by a 
peg-type lock through one of two holes, 5 mm apart in the 
distal rib sleeve, into partial-thickness holes in the inferior 
rib cradle post. This provides variable expandability for the 
device in increments of 5 mm. It is important to insert the 
device with the sleeves completely overlapped to maximize 
the excursion of the construct before revision is necessary 
(Fig. 44.141).

 TECHNIQUE 44.41 

(CAMPBELL)
 n  Place the patient in a lateral decubitus position with the 

concave side of the hemithorax upward. A small padded 
bolster can be placed at the apex of the curve to help with 
correction.

 n  Intraoperative spinal monitoring of both upper and lower 
extremities is used. Begin prophylactic intravenous antibi-
otics.

 n  Make a thoracotomy incision around the tip of the scapu-
la and carry it anteriorly. Often in patients with fused ribs, 
the scapula is both hypoplastic and elevated proximally. In 
these patients, the skin incision may need to be brought 
more distal as it courses around the scapula.

 n  If a hybrid device is to be used, make a second incision 1 
cm lateral to the midline over the proximal lumbar spine 
(Fig. 44.142A).

 n  Through the thoracotomy incision, elevate the muscle 
flaps and proximally identify the middle scalene muscle. 
Place devices on the second rib posterior to the scalene 
muscle. Anterior to the middle scalene muscle device, at-
tachment is not done proximally because of the risk of 
impingement on the neurovascular bundle (Fig. 44.142B).

 n  Once exposure has been completed, identify the central 
rib fusion mass by the absence of intercostal muscles. 
This is the center of the apex of thoracic deformity where 
the concave hemithorax is most tightly constricted by rib 
fusion and is best seen on preoperative bending radio-
graphs.

 n  Before the opening wedge thoracostomy is performed, 
prepare the rib prosthesis cradle sites proximally and dis-
tally. Make 1-cm incisions by use of an electrocautery in 
the intercostal muscles under the second rib, with a sec-
ond 5-mm incision above it in the muscle.

 n  Use an elevator to carefully strip off only the anterior por-
tion of the rib periosteum without violating the pleura 
(Fig. 44.142C).

 n  Insert a second elevator into the proximal intercostal mus-
cle incision to encircle the rib.

 n  Prepare the inferior rib cradle site in the same fashion.
 n  Insert the rib cradle cap into the proximal intercostal mus-

cle incision sideways and then turn it distally to encircle 
the rib, similar to insertion of a spinal laminar hook.

 n  Pass the superior rib cradle into the inferior intercostal 
muscle incision (Fig. 44.142D), mate it with the cradle 
cap, and lock it into place with pliers (Fig. 44.142E).

 n  The sites for the cradles should be just lateral to the 
transverse processes of the spine. The superior cradle 
site should be at the top of the area of the constricted 
hemithorax. If that site does not allow enough distance 
between the cradle sites for a device of sufficient length 
to have reasonable expansion capability, the site can be 
moved superiorly. In very flexible spines, however, care 
must be taken not to induce a large compensatory curve 
in the spine above the primary hemithorax constriction 
by placing the rib cradle too far superiorly. The inferior 
cradle site should be in a stable base of the area of the 
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FIGURE 44.142 A–J, Campbell technique of expansion thoracoplasty. See text for description. 
(Redrawn from Campbell RM, personal communication, 2000.) SEE TECHNIQUE 44.41.
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constricted hemithorax, below the line of the opening 
wedge thoracostomy, and usually encircling two fused 
ribs.

 n  Select the inferior rib cradle site by picking a rib of attach-
ment that is clinically stable, as horizontal as possible, and 
at the inferior edge of the thoracic constriction. Avoid 
unstable rib attachments distally (vestigial rib) because of 
the high loads placed on the device in the expansion of a 
fused chest wall.

 n  Insert the superior cradle before the opening wedge tho-
racostomy is made. The inferior cradle is not placed at this 
point because the size of the device required to hold acute 
hemithorax correction is not known until the hemithorax 
is lengthened by the opening wedge thoracostomy.

 n  The deformity of the concave hemithorax is corrected by 
an opening wedge thoracostomy (Fig. 44.142F). This cor-
rects the “angulated thorax,” similar to the use of an 

opening wedge osteotomy to correct malunion of a long 
bone.

 n  Place the thoracostomy in the apex of the thoracic con-
striction where it can best correct the concave hemitho-
rax, lengthen the constricted segment, and flare out the 
superior ribs laterally to increase thoracic volume. In most 
patients, this line of correction passes not through the 
apex of the scoliosis but above it.

 n  To confirm the correct position, place metal markers on 
the chest wall and verify the location with C-arm radio-
graphs and then compare with the preoperative plan.

 n  The line of cleavage for the primary opening wedge tho-
racostomy may be through a mass of fused ribs, an area 
of fibrous adhesions between two ribs, or vestigial in-
tercostal muscle. If the chosen interval is osseous, use a 
rongeur and Kerrison punches to make the thoracostomy. 
Be careful not to reflect periosteum from the rib incision 

G H

I J
FIGURE 44.142, cont’d
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site, which will devascularize the rib. Strip away the un-
derlying periosteum with a No. 4 Penfield elevator. The 
line of the thoracostomy extends from the sternum, along 
the contours of the ribs, to the transverse processes of the 
spine posteriorly.

 n  Reflect the paraspinous muscles from lateral to medial. 
Take care not to expose the spine to minimize the risk of 
inadvertent fusion.

 n  Once exposure is completed, gently spread the thoracos-
tomy interval apart with two vein retractors to allow a 
lamina spreader to be inserted between the ribs in the 
midaxillary line of the thorax. Then complete the opening 
wedge thoracostomy by gradually widening the lamina 
spreader about 5 mm every 3 minutes (Fig. 44.142G) until 
the thoracic interval is widened to approximately 1 cm.

 n  If the ribs are easily distracted and there is at least 0.5 cm 
of soft tissue between the ribs as they articulate with the 
spine medially, no further resection is necessary.

 n  If rib distraction is difficult, additional rib fusion mass 
probably requires resection medially. If further resection 
is needed, cut a 1-cm wide channel medially at the poste-
rior apex of the opening wedge thoracostomy, resecting 
the remaining fused rib anterior to the transverse process 
and following it down to the vertebral body for complete 
removal.

 n  Expose the bone to be removed a few millimeters at a 
time by subperiosteal dissection with a Freer elevator.

 n  Use a rongeur to remove the exposed bone. Take care 
to resect only visible bone, avoiding the spinal canal pos-
teriorly and the esophagus and great vessels anteriorly. 
Preserve anomalous segmental vessels.

 n  Disarticulate the last 5 mm of fused rib from the spine 
with an angled curet, avoiding the neuroforamen, until 
the cartilage articular disc is visible.

 n  Secure hemostasis with bipolar cautery.
 n  Place bone wax over any raw bone surfaces.
 n  If the maximal thoracostomy interval distraction is 2 cm or 

less, the underlying pleura generally stretches and remains 
intact. If distraction is more than 2 cm, the pleura may begin 
to tear. Small tears in the pleura require no treatment, but 
substantial defects are treated with a Gore-Tex sheet (WL 
Gore and Assoc., Newark, DE) sutured to the edges of the 
intact pleura. Avoid attaching it to rib, muscle, or periosteum 
because it will become a tether. A Gore-Tex sheet of 0.6-mm 
thickness is used for small defects, and a 2-mm sheet is used 
for larger defects. The Gore-Tex sheet usually is placed after 
the device has been implanted to allow accurate sizing of 
the sheet needed for maximal thoracic volume. The surface 
of the sheet is brought outward to maximize volume.

 n  After the chest is expanded by the lamina spreader, mea-
sure the distance between the superior and inferior cradle 
sites to determine the size of the device needed. The infe-
rior rib cradle and the rib sleeve should be of compatible 
sizes. An inferior rib cradle that is substantially shorter 
than the rib sleeve will reduce the device’s ability for later 
expansion and require more frequent change-outs.

 n  Assess the orientation of the device and cradle after acute 
thoracostomy expansion so that they conform best to the 
corrected anatomy.

 n  After the device is sized and the orientation for the in-
ferior cradle is chosen, relax the lamina spreader to ease 
access to the cradle sites.

 n  Insert the cradle cap inferiorly, implant the inferior cradle, 
and lock the components together with a cradle lock.

 n  If a hybrid device is used to span down to the lumbar 
spine, place this in a supralaminar position by resecting 
the intraspinous ligament and ligamentum flavum using 
a Kerrison rongeur.

 n  Place a bone graft on the lamina down to the hook to fur-
ther stabilize a construct with a one-level fusion. Alterna-
tively, a two-level claw construct can be used to increase 
stability, especially in older patients.

 n  If the superior cradle has not been previously inserted, 
implant it now.

 n  Reinsert the lamina spreader between medial ribs at the 
apex of the opening wedge thoracostomy. Reexpand 
the interval, expanding the thorax by bringing the device 
components out to length.

 n  Assemble the device by threading the rib sleeve over the 
inferior cradle and levering the rib sleeve in line with the 
superior rib cradle by the device wrenches. The acute cor-
rection obtained by the opening wedge thoracostomy is 
now stabilized by the rib device (Fig. 44.142H).

 n  For primary thoracic scoliosis in children younger than 18 
months, only a single thoracic device is placed posteriorly, 
adjacent to the transverse processes of the spine. If a pa-
tient is older than 18 months and has adequate lumbar 
canal size and laminae, more support of the thoracos-
tomy can be provided by a hybrid device and a second 
thoracic prosthesis added posterolaterally.

 n  Place the thoracic prosthesis in the posterior axillary line to 
further expand the constricted hemithorax, with proximal 
attachment just posterior to the middle scalene muscle 
with at least 0.5 cm between the superior rib cradles.

 n  Once assembled, tension both devices by expanding them 
0.5 cm to fit snugly without excessive distraction pressure 
and then place two distraction locks on the rib sleeve.

 n  If the chest wall defect created by the opening wedge 
thoracostomy is larger than 2 cm, potential chest wall 
instability will need to be considered. A chest wall de-
fect up to 3 cm wide is well tolerated proximally because 
of the splinting effect of the scapula posteriorly and the 
pectoralis muscle anteriorly. A distal chest wall defect of 
more than 2 cm and a proximal defect of more than 3 
cm may need augmentation to provide chest wall stabil-
ity by centralization of surgically created “pseudoribs” in 
the defect, addition of more devices, or implantation of a 
Gore-Tex sheet (2 mm thick) over the defect.

 n  In the first technique, called transport centralization, sep-
arate a single rib or pseudorib of two or three fused ribs 
away from the superior border of the opening wedge 
thoracostomy and rotate it downward, like a “bucket 
handle,” to lie centrally in the chest wall defect. The goal 
of this technique is to divide the chest wall defect into a 
series of smaller defects, none larger than 2 cm. If the 
defect is too large for a single rib, separate another rib 
or pseudorib from the inferior border of the open wedge 
thoracostomy and bring it into the defect, dividing the 
larger defect into three smaller ones. Take care to pre-
serve all soft-tissue attachments to avoid devasculariza-
tion of the rib.

 n  The second method of augmentation is to add additional 
devices if transport centralization is not feasible or bone 
stock is inadequate. This method is practical only in larger 

    

https://booksmedicos.org


PART XII THE SPINE2114

patients with adequate soft tissue for device coverage, 
and usually three devices are the maximum that can be 
used safely.

 n  Finally, a 2-mm Gore-Tex sheet can be used to supple-
ment either of the other two methods. When the scoliosis 
extends from the thorax into the lumbar spine, use a lum-
bar hybrid rod extension. This lumbar extension can be 
used only in patients with adequate lumbar spinal canal 
size for hook placement, and generally the patient should 
be at least 18 months of age. Preoperatively assess the 
width of the canal by CT. The usual site of distal insertion 
is at either L1 or L2; but if the scoliosis extends well distally 
into the lumbar spine, L3 can be used. Avoid more distal 
insertion sites on the spine if possible.

 n  Spinal dysraphism of the proximal lumbar spine may re-
quire that the laminar hook be placed in the distal lumbar 
spine or that a modified McCarthy hook for the pelvis be 
coupled to the hybrid lumbar extension.

 n  Through a separate skin incision over the lumbar spine, 
insert the hybrid distraction device and pass it percuta-
neously from proximal to distal through the paraspinal 
muscles. Because of the kyphosis of the thorax, if the 
device is passed in a proximal direction, it may inadver-
tently penetrate the chest. Size the device similar to the 
all-thoracic technique and complete the opening wedge 
thoracostomy.

 n  Implant the superior cradle with an empty rib sleeve sized 
to extend to the inferior border of the thorax at the 12th 
rib.

 n  Size a hybrid rod lumbar extension to match the rib sleeve 
and select for implantation.

 n  Insert the inferior hook sublaminar. Size a hybrid rod lum-
bar extension to match the rib sleeve.

 n  With a lamina spreader in place to maintain the correction 
obtained with the opening wedge thoracostomy, use in 
situ benders to bend the hybrid rod into a slight kyphosis 
proximally and slight valgus and lordosis distally to best 
fit the lamina hook. The length of the rod should allow it 
to extend 1 cm distal to the hook.

 n  With a Kelly clamp, create a tunnel from the proximal inci-
sion through the paraspinal muscles, moving proximally 
to distally, with a finger in the lumbar incision to palpate 
the tip of the clamp as it exits the muscle. Use the Kelly 
clamp to grasp a small chest tube and pull it into the 
proximal incision.

 n  Attach the hybrid device to the tube and, by use of the 
tube, thread it proximally to engage the rib cradle and 
then into the hook.

 n  Distract the rib and tighten the hook.
 n  Place bone graft over the laminae.
 n  A large amount of correction may push the anterior por-

tion of the proximal fused ribs proximally into the brachial 
plexus. To check for acute thoracic outlet syndrome, bring 
the scapula back into position while the anesthesiologist 
monitors pulses and ulnar nerve function is monitored by 
somatosensory potentials. If both are normal, close the 
muscle flaps with absorbable suture and close the skin in 
standard fashion with absorbable subcutaneous sutures.

 n  If either the pulse or ulnar nerve function is abnormal, 
retract the scapula and subperiosteally resect 2 cm of the 
proximal two ribs that are anterior under the brachial 
plexus.

 n  Bring the scapula back into position and check somato-
sensory potentials again. If they are normal, close the inci-
sion.

POSTOPERATIVE CARE The patient is placed in the in-
tensive care unit until extubation, which will depend on 
the severity of the preoperative pulmonary compromise. 
In general, we leave our uncomplicated thoracostomy pa-
tients intubated overnight and wean respiratory support 
as tolerated. No bracing is used postoperatively to avoid 
constriction of chest wall growth. At intervals of approxi-
mately 6 months after the initial implantation, the device 
is expanded in an outpatient procedure. Prophylactic in-
travenous antibiotics are administered, and the distal end 
of the device is exposed with an incision through the tho-
racostomy incision if possible. Once the underlying muscle 
is exposed, it is split along its fibers or cut vertically either 
on the medial or lateral side of the device to form a thick 
muscle flap. Incisions directly over the device(s) should be 
avoided owing to the potential for skin breakdown and 
implant infection. The distraction lock over the device is 
removed, and distractor pliers are inserted to lengthen the 
device (Fig. 44.142I,J). The prosthesis is lengthened slow-
ly, approximately 2 mm every 3 minutes, to avoid fracture. 
Once maximal reactive pressure is reached, the device is 
locked in place with a new distraction lock. Lengthening 
usually is a minimum of 0.5 cm and up to 1.5 cm. Once the 
device has exhausted its expandability, a change-out oper-
ative procedure is done through small proximal and distal 
transverse incisions. The sleeves are removed and replaced 
with larger components (implants). Devices that extend 
well under the scapula may be difficult to exchange and 
often require opening of a large portion of the old thora-
cotomy incision to change the components.
   

KYPHOSIS
In the sagittal plane, the normal spine has four balanced 
curves: the cervical spine is lordotic; the thoracic spine is 
kyphotic (20 to 50 degrees), with the curve extending from 
T2 or T3 to T12; the lumbar region is lordotic (31 to 79 
degrees); and the sacral curve is kyphotic. On standing, the 
thoracic kyphosis and lumbar lordosis are balanced. Normal 
sagittal balance is defined as a plumb line dropped from C7 
and intersecting the posterosuperior corner of the S1 vertebra 
(Fig. 44.143). Positive sagittal balance occurs when the plumb 
line falls in front of the sacrum, and negative sagittal balance 
occurs when the plumb line falls behind the sacrum.

In the upright position, the spine is subjected to the forces 
of gravity, and several structures maintain its stability: the 
disc complex (nucleus pulposus and annulus), the ligaments 
(anterior longitudinal ligament, posterior longitudinal liga-
ment, ligamentum flavum, apophyseal joint ligaments, and 
intraspinous ligament), and the muscles (the long spinal mus-
cles, short intrinsic spinal muscles, and abdominal muscles). 
Kyphosis of 50 degrees or more in the thoracic spine usually 
is considered abnormal. Kyphotic deformity may occur if the 
anterior spinal column is unable to withstand compression, 
causing shortening of the anterior column. Disruption of the 
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posterior column and inability to resist tension can lead to 
relative lengthening of the posterior column and kyphosis 
(Fig. 44.144). 

SCHEUERMANN DISEASE
Scheuermann originally described a rigid juvenile kypho-
sis in 1920. Scheuermann disease is a structural kypho-
sis of the thoracic or thoracolumbar spine that occurs in 
0.4% to 8.3% of the general population. It occurs slightly 
more often in males. The age at onset usually is during 
the prepubertal growth spurt, between 10 and 12 years 
of age.

CLASSIFICATION
Scheuermann disease is divided into two distinct groups: 
a typical form and an atypical form. These two types are 
determined by the location and natural history of the 
kyphosis, including symptoms occurring during adoles-
cence and after growth is completed. Typical Scheuermann 
disease usually involves the thoracic spine. This classic 
form of Scheuermann kyphosis has three or more consecu-
tive vertebrae, each wedged 5 degrees or more, producing 
a structural kyphosis. In contrast, atypical Scheuermann 
disease usually is located in the thoracolumbar junction 
or the lumbar spine. It is characterized by vertebral end-
plate changes, disc space narrowing, and anterior Schmorl 
nodes but does not necessarily have three consecutively 
wedged vertebrae of 5 degrees. Thoracic Scheuermann dis-
ease is the most common form. 

ETIOLOGY
The cause of Scheuermann disease is probably multifactorial. 
Scheuermann thought that the kyphosis resulted from osteo-
necrosis of the ring apophysis of the vertebral body. However, 
the ring apophysis lies outside the true cartilaginous physis 
and contributes nothing to the longitudinal growth of the 
body; therefore, a disturbance in the ring apophysis should 
not affect growth of the vertebra or cause vertebral wedg-
ing. In 1930, Schmorl suggested that the vertebral wedging 
is caused by herniation of disc material into the vertebral 
body; these herniations now are known as Schmorl nodes. 
Schmorl theorized that as the disc material is extruded into 
the vertebral body the height of the intervertebral disc is 
diminished, which causes increased pressure anteriorly and 
disturbances of enchondral growth of the vertebral body and 
subsequent wedging. However, Schmorl nodes are relatively 
common and frequently occur in patients with no evidence 
of Scheuermann disease. Ferguson implicated the persistence 
of anterior vascular grooves in the vertebral bodies during 
preadolescence and adolescence. He suggested that these vas-
cular defects create a point of structural weakness in the ver-
tebral body, which leads to wedging and kyphosis.

Bradford and Moe and Lopez et al. found that osteoporo-
sis may be responsible for the development of Scheuermann 
disease. However, a study of bone density in a group of 
trauma patients and teenagers with Scheuermann disease, as 
well as a cadaver study, found no evidence of osteoporosis in 
the vertebrae.

Mechanical factors are a likely cause of Scheuermann dis-
ease. Lambrinudi and others suggested that the upright pos-
ture and the tightness of the anterior longitudinal ligament of 
the spine contribute to the deformity. Scheuermann kyphosis 
is more common in patients who do heavy lifting or man-
ual labor. The fact that some correction of the kyphosis can 
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FIGURE 44.143 Plumb line is dropped from middle of C7 verte-
bral body to posterosuperior corner of S1 vertebral body.  (Redrawn 
from Bernhardt M: Normal spinal anatomy: normal sagittal plane align-
ment. In Bridwell KH, DeWald RL, editors: The textbook of spinal surgery, 
ed 2, Philadelphia, 1997, Lippincott-Raven.)

 FIGURE 44.144 Forces that contribute to kyphotic deformity of 
thoracic spine. Anterior vertebral bodies are in compression, and 
posterior vertebral elements are in tension.
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be obtained by bracing that relieves pressure on the anterior 
vertebral regions also indicates that mechanical factors are 
important. The kyphosis probably increases pressure on the 
vertebral endplates anteriorly, causing uneven growth of the 
vertebral bodies as a response to the law of Wolff.

A biochemical abnormality of the collagen and matrix of 
the vertebral endplate cartilage also has been suggested as an 
important factor in the cause. Abnormal collagen fibers and a 
decrease in the ratio between collagen and proteoglycan have 
been found in the matrix of the endplate cartilage in patients 
with Scheuermann disease.

Several authors have found support for a genetic basis 
for Scheuermann disease. A high familial predilection has 
been noted in several studies. The disease may be inher-
ited in an autosomal dominant fashion. Additional support 
for a genetic basis is provided by Carr et  al. in a report of 
Scheuermann disease occurring in identical twins. In sum-
mary, many causes have been suggested but none has been 
proved. Further research is required to better investigate the 
ultimate causes of Scheuermann disease. 

CLINICAL FINDINGS
Scheuermann disease usually appears around the adolescent 
growth spurt. The presenting complaint is either pain in the 
middle or lower back or concern about posture. Frequently, 
the parents believe that the kyphosis is postural, so diagno-
sis and treatment are delayed. Pain usually is located in the 
area of the deformity or in the lower back, is made worse by 
activity, and typically improves with the cessation of growth. 
If pain is present in the lumbar area and the deformity is in 
the thoracic region, the possibility of spondylolysis should be 
considered.

Physical examination shows an angular thoracic or tho-
racolumbar kyphosis with compensatory hyperlordosis of the 
lumbar spine. The kyphosis is sharply angular and does not 
correct with the prone extension test (Fig. 44.145). The lum-
bar lordosis below the kyphosis usually is flexible and cor-
rects with forward bending. Tight hamstrings and pectoral 
muscles are common. On forward bending, a small structural 
scoliosis may be present in as many as 30% of patients.

Physical findings in patients with atypical (lumbar) 
Scheuermann disease may differ from those in patients with 
thoracic deformity. These patients usually have low back 
pain, but, unlike patients with the more common form of 
Scheuermann disease, they may not have as noticeable a 
deformity. Pain with spinal movement is the primary symp-
tom. The condition is especially common in males involved 
in competitive athletics and in farm laborers, suggesting that 
it represents an injury to the vertebral physes from repeated 
trauma rather than true Scheuermann disease.

Abnormal neurologic findings have been reported in 9% 
to 15% of patients with Scheuermann kyphosis; such findings 
emphasize the importance of a detailed neurologic examina-
tion. Spinal cord compression from kyphosis, thoracic disc 
herniation, epidural cysts, and epidural lipomatosis have 
been reported. If lower extremity weakness, hyperreflexia, 
sensory changes, or other neurologic findings are detected, 
MRI of the kyphotic area should be done. 

RADIOGRAPHIC FINDINGS
Standing anteroposterior and lateral radiographs of the spine 
should be obtained. The amount of kyphosis is determined 

by the Cobb method on a lateral radiograph of the spine. 
The cranial and most caudal tilted vertebrae in the kyphotic 
deformity are selected. A line is drawn along the superior 
endplate of the cranial vertebra and the inferior endplate of 
the most caudal vertebra. Lines are drawn perpendicular to 
the line along the endplates, and the angle they form is the 
degree of kyphosis. The criteria for the diagnosis of typical 
Scheuermann disease are more than 5 degrees of wedging of 
at least three adjacent vertebrae at the apex of the kyphosis 
and vertebral endplate irregularities with a thoracic kypho-
sis of more than 50 degrees (Fig. 44.146). Bradford suggested 
that three wedged vertebrae are not necessary for the diag-
nosis but rather an abnormal, rigid kyphosis is indicative of 
Scheuermann disease. Flexibility and the structural nature of 
the deformity are determined by taking a lateral radiograph 
with the patient lying over a bolster placed at the apex of the 
deformity to hyperextend the spine. On a lateral radiograph, 
most patients will be in negative sagittal balance measured 
by dropping a plumb line from the center of the C7 verte-
bral body and measuring the distance from this line to the 
posterosuperior corner of the S1 vertebra. Scoliosis is evident 
on posteroanterior radiographs in approximately a third of 
patients. A lateral radiograph should be made with the patient 
in the hyperextended position over a bolster to determine the 
structural nature of the deformity.

Atypical Scheuermann disease of the lumbar spine is char-
acterized by irregularity of the vertebral endplates, the pres-
ence of Schmorl nodes, and narrowing of the intervertebral 
discs, without wedging of the vertebral bodies or kyphosis. 
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FIGURE 44.145 A, Scheuermann kyphosis. B, Postural kyphosis.  
(From Warner WC: Kyphosis. In Morrissy RT, Weinstein SL, editors: Lovell 
and Winters pediatric orthopaedics, ed 6, Philadelphia, 2006, Lippincott 
Williams & Wilkins, p 797.)
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NATURAL HISTORY
In most cases, Scheuermann disease results in minimal defor-
mity and few symptoms. The kyphotic deformity can prog-
ress rapidly during the adolescent growth spurt. Back pain 
and fatigue are common complaints during adolescence but 
usually disappear with skeletal maturity. Factors that contrib-
ute to the risk of continued progression of kyphosis include 
the number of years of growth remaining and the number of 
wedged vertebrae. Neurologic symptoms have occasionally 
been reported in adolescents because of herniation of a tho-
racic disc, an epidural cyst, or the severe kyphotic deformity 
alone with subsequent compression of the cord.

The true natural history of untreated Scheuermann dis-
ease in adulthood is not well established. Travaglini and Conte 
found that the kyphosis increased during adulthood in 80% 
of their patients, although few developed severe deformity. 
During middle age, degenerative spondylosis is common, but 
radiographic findings do not always correlate with the pres-
ence or absence of back pain. If the kyphosis is less than 60 
degrees, these changes usually do not occur in adulthood.

Patients with Scheuermann kyphosis were found in one 
study to have more intense back pain, jobs that tend to have 
lower requirements for activity, loss of extension of the trunk, 
and different localization of pain. However, the level of educa-
tion, number of days absent from work because of back pain, 
pain that interfered with activities of daily living, self-esteem, 
social limitations, use of medication for back pain, or level 
of recreational activities were not significantly different from 
those without Scheuermann disease. Most patients reported 
little preoccupation with their physical appearances. Normal 
or above-normal averages of pulmonary function were found 
in patients in whom the kyphosis was less than 100 degrees. 
Patients who have Scheuermann kyphosis may have some 
functional limitation, but it does not significantly affect their 
lives. Patients who have not had surgery for the kyphosis 
adapt reasonably well to their condition.

Lumbar Scheuermann disease, which usually is associated 
with strenuous physical activity, generally becomes asymp-
tomatic within several months after restriction of activities. 

ASSOCIATED CONDITIONS
Mild-to-moderate scoliosis is present in about one third 
of patients with Scheuermann disease, but the curves tend 
to be small (10 to 20 degrees). Scoliosis associated with 
Scheuermann disease usually has a benign natural his-
tory. Deacon et al. divided scoliotic curves in patients with 
Scheuermann disease into two types on the basis of the 
location of the curve and the rotation of the vertebrae into 
or away from the concavity of the scoliotic curve. In the 
first type of curve, the apices of the scoliosis and kyphosis 
are the same and the curve is rotated toward the convex-
ity. The rotation of the scoliotic curve is opposite to that 
normally seen in idiopathic scoliosis. They suggested that 
the difference in direction of rotation is caused by scoliosis 
occurring in a kyphotic spine, instead of the hypokyphotic 
or lordotic spine that is common in idiopathic scoliosis. 
In the second type of curve, the apex of the scoliosis is 
above or below the apex of the kyphosis and the scoliotic 
curve is rotated into the concavity of the scoliosis, more 
like idiopathic scoliosis. This type of scoliosis seen with 
Scheuermann kyphosis is the more common, and it rarely 
progresses or requires treatment.

Lumbar spondylolysis is frequently found in patients with 
Scheuermann kyphosis (Fig. 44.147). The suggested reason 
for the increased incidence of spondylolysis (50% to 54%) 
is that increased stress is placed on the pars interarticularis 
because of the associated compensatory hyperlordosis of the 
lumbar spine. This increased stress causes a fatigue fracture 
at the pars interarticularis, resulting in spondylolysis. Other 
conditions reported in patients with Scheuermann disease 
include endocrine abnormalities, hypovitaminosis, inflam-
matory disorders, and dural cysts. 

DIFFERENTIAL DIAGNOSIS
The most common entity to be differentiated from 
Scheuermann disease is postural round-back deformity. 
This deformity characteristically produces a slight increase 
in thoracic kyphosis, which is mobile clinically and is easily 
correctable on the prone extension test. Radiographs show 
normal vertebral body contours without vertebral wedging. 
The kyphosis is more gradual than the angular kyphosis com-
monly seen in Scheuermann disease. A normal radiograph, 
however, may not rule out Scheuermann disease because 
radiographic changes may not be apparent until a child is 10 
to 12 years of age.

If pain is a presenting symptom, infectious spondyli-
tis must be considered. This usually can be excluded, how-
ever, by clinical and laboratory studies and by MRI, CT, or 
bone scan of the spine. On occasion, traumatic injuries can 
confuse the differential diagnosis, but usually the wedg-
ing caused by a compression fracture involves only a single 
vertebra rather than the three or more vertebrae involved 
in true Scheuermann kyphosis. Osteochondrodystrophies, 
such as Morquio and Hurler syndromes, as well as tumors 
and congenital deformities, especially congenital kyphosis, 
also must be considered. In young men, ankylosing spon-
dylitis must be ruled out, and this may require an HLA-B27 
blood test. 

 FIGURE 44.146 Scheuermann kyphosis. Kyphotic deformity of 
81 degrees and Schmorl nodes.
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TREATMENT
The indications for treatment of patients with Scheuermann 
kyphosis can be grouped into five general categories: pain, 
progression of deformity, neurologic compromise, cardio-
pulmonary compromise, and cosmesis. Treatment options 
include observation, conservative methods, and surgery.

NONOPERATIVE TREATMENT
OBSERVATION

Adolescents with mildly increased kyphosis of less than 50 
degrees without evidence of progression can be evaluated with 
repeated standing lateral radiographs every 4 to 6 months. 
Exercises alone have not been shown to provide any correc-
tion of the deformity in patients with Scheuermann disease. 
An exercise program, however, can help maintain flexibility, 
correct lumbar lordosis, and strengthen the extensor muscles 
of the spine and may improve any postural component of 
the deformity. Stretching exercises should be prescribed for 
patients with associated tightness of the hamstring or pecto-
ralis muscles. Patients with lumbar Scheuermann disease and 
back pain should avoid heavy lifting and should be prescribed 
an exercise program for the lower back. 

ORTHOTIC TREATMENT
The Milwaukee brace has been recommended for the treat-
ment of Scheuermann disease but has been replaced with 
more low-profile braces. The brace acts as a dynamic three-
point orthosis that promotes extension of the thoracic spine. 
Indications for brace treatment are at least 1 year of growth 
remaining in the spine, some flexibility of curve (40% to 
50%), and kyphosis of more than 50 degrees. The brace is 
worn full time for the first 12 to 18 months. If the curve has 
stabilized and no progression is noted, then a part-time brace 

program can be used until skeletal maturity. An improvement 
in lumbar lordosis of 35% and in thoracic kyphosis of 49% 
has been reported in teenagers with Scheuermann kypho-
sis treated in this manner. Overall, at long-term follow-up, 
some loss of correction had occurred, but 69% of patients had 
improvement from the initial kyphosis. Others have reported 
less correction (30% initially), with the final kyphosis correc-
tion averaging only 10%.

Although the Milwaukee brace has been shown to effec-
tively prevent kyphosis progression and offers some modest 
permanent correction, full-time brace wear often is resisted 
by adolescents. Gutowski and Renshaw found that the Boston 
lumbar kyphosis orthosis was satisfactory for correction of 
curves of less than 70 degrees and had better compliance. They 
recommended the Boston lumbar orthosis as an acceptable 
alternative to the Milwaukee brace in patients with flexible 
kyphotic curves of less than 70 degrees and in whom compli-
ance may be a problem. The rationale for the Boston lumbar 
orthosis is that reduction of the lumbar lordosis will cause 
the patient to dynamically straighten the thoracic kyphosis 
to maintain an upright posture. This presupposes a flexible 
kyphosis, a normal neurovestibular axis, and the absence of 
hip flexion contractures.

Lowe used a modified underarm TLSO with padded 
anterior, infraclavicular outriggers for patients with thoraco-
lumbar-pattern Scheuermann disease (apex T9 and below) 
and found that it was as effective as the Milwaukee brace and 
was cosmetically more acceptable to patients. This is now the 
more popular bracing method.

Hyperextension casting has been used with excellent 
results in Europe, but this method is associated with frequent 
problems with the skin, restrictions of physical activity, and 
the need for frequent cast changes. 

 

A

B

FIGURE 44.147  Spondylolisthesis with kyphosis.
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OPERATIVE TREATMENT
The indications for surgery in patients with Scheuermann 
kyphosis are a progressive kyphosis of more than 70 degrees and 
significant kyphosis associated with pain that is not alleviated by 
conservative treatment methods. The biomechanical principles 
of correction of kyphosis include lengthening the anterior col-
umn (anterior release), providing anterior support (interbody 
fusion), and shortening and stabilizing the posterior column 
(compression instrumentation and arthrodesis). Surgical cor-
rection can be achieved by a posterior approach, an anterior 
approach, or a combined anterior and posterior approach. The 
combined anterior and posterior approach has been the most 
frequently recommended, but with the development of pedicle 
screw fixation and posterior spinal osteotomy techniques, such 
as the Ponte procedure, posterior-only surgery has become the 
preferred approach. A posterior procedure without osteotomy 
can be considered if the kyphosis is flexible and can be corrected 
to, and maintained at, less than 50 degrees while a posterior 
fusion occurs (Fig. 44.148). Historically, the use of Harrington 
compression rods was common, but these have been replaced by 
segmental hook and pedicle screw instrumentation.

When a combined anterior and posterior procedure is 
used for Scheuermann disease, the anterior release and fusion 
are done first. The anterior release can be done through an 
open anterior procedure or by thoracoscopy. Herrera-Soto 
et al. showed good sagittal correction, with no loss of correc-
tion or junctional kyphosis, with a thoracoscopic technique. 
Interbody cages have been used in an effort to improve sag-
ittal correction; however, Arun et al. found no difference in 
outcomes between patients with anterior fusion using inter-
body cages and those with anterior fusion using autogenous 
rib grafting. The posterior fusion and instrumentation can be 
done on the same day as the anterior release and fusion or as 
a staged procedure. Segmental instrumentation systems using 
multiple hooks or pedicle screws are used for the posterior 
spinal fusion.

Other instrumentation techniques have been used for 
correction of Scheuermann kyphosis. Sturm, Dobson, and 
Armstrong reported good results with posterior fusion alone 
by use of large, threaded Harrington compression rods rather 
than small ones.

The use of posterior spinal osteotomies such as the 
Ponte osteotomy allows for relative shortening of the poste-
rior column and greater correction of the kyphosis. Several 
studies have shown similar sagittal correction with com-
bined anterior and posterior procedures and posterior-
only procedures with Ponte osteotomies. Posterior fusion 
and instrumentation should include the proximal vertebra 
in the measured kyphotic deformity and the first lordotic 
disc distally. If the fusion and instrumentation end in the 
kyphotic deformity, a junctional kyphosis at the end of the 
instrumentation may occur. Cho et al. reported the occur-
rence of distal junctional kyphosis despite inclusion of the 
first lordotic disc. They recommended inclusion of the lum-
bar vertebral body bisected by a vertical line drawn from 
the posterosuperior corner of the sacrum to prevent distal 
junctional kyphosis.

Junctional decompensation has been reported to occur in 
as many as 30% of patients. Overcorrection of the deformity 
should be avoided to prevent junctional kyphosis. No more 
than 50% of the preoperative kyphosis should be corrected, 
and the final kyphosis should not be less than 40 degrees. 
Lowe found that patients with Scheuermann disease tend 
to be in negative sagittal balance and become further nega-
tively balanced after surgery, which may predispose them to 
develop a junctional kyphosis. Lonner et  al. found that the 
pelvic incidence may be related to the amount of proximal 
junctional kyphosis and that distal junctional kyphosis was 
related to fusion that ended cranial to the neutral sagittal ver-
tebra. Denis et  al. suggested that the incidence of proximal 
junctional kyphosis can be minimized by the appropriate 
selection of the upper end vertebra and avoiding disruption 

 

A B C D

FIGURE 44.148 A and B, Scheuermann kyphosis. C and D, After correction and posterior fusion.
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BA
FIGURE 44.149 Reduction of kyphosis, standard method.  

A, Insertion of hooks. Note three sets of pedicle-transverse claws 
above apex of kyphosis. B, Rod passed through hooks of proximal 
segment and distal end of rod pushed to lower spine with rod 
pusher. Note that lower tip bend in rod facilitates hook insertion 
under distal lamina. SEE TECHNIQUE 44.43.

of the junctional ligamentum flavum. They also recom-
mended incorporation of the first lordotic disc into the fusion 
construct. 

 

ANTERIOR RELEASE AND FUSION

 TECHNIQUE 44.42 

 n  The levels of the anterior release are those with the most 
wedging and the least flexibility on hyperextension lateral 
views. This region generally includes seven or eight inter-
spaces centered on the apex of the kyphosis.

 n  Select the appropriate anterior approach for the levels 
to be fused. If there is no associated scoliosis, make the 
approach through the left side. If there is a concomitant 
scoliosis, approach the spine on the convexity of the sco-
liosis.

 n  Release the anterior longitudinal ligament and excise the 
entire disc and cartilaginous endplate, leaving only the 
posterior portion of the annulus and the posterior longi-
tudinal ligament.

 n  Curet the bony endplates but do not remove them com-
pletely.

 n  Use a laminar spreader to loosen or to mobilize each joint.
 n  Pack each disc space temporarily with Gelfoam or Surgicel 

to minimize blood loss.
 n  Perform an interbody fusion with use of the morselized 

rib graft.
 n  Anterior instrumentation can be used to aid in correction 

of the deformity and stabilization until a solid fusion oc-
curs.
   

 

POSTERIOR MULTIPLE HOOK 
AND SCREW SEGMENTAL 
INSTRUMENTATION
With multiple hook and screw segmental instrumentation 
systems, several techniques are available for reduction of 
kyphosis. The cantilever method (Fig. 44.149) consists of 
inserting the precontoured rod into the pedicle–transverse 
process claws or thoracic pedicle screws above the apex of 
the kyphosis. With the apex of the deformity as a fulcrum, 
the distal end of the rod is pushed into the lower hood or 
pedicle screws at the caudal end of the deformity by a can-
tilever maneuver. The disadvantage of this method is that 
the correction is a three-point cantilever maneuver and the 
correction is therefore somewhat abrupt and forces are con-
centrated at the ends of the construct. Reduction pedicle 
screws and instruments can be used to make this reduction 
maneuver more gradual. Another method for correction 
is an apical compression technique using multisegmental 
hooks or pedicle screw constructs on either side of the apex. 
A combination of the cantilever and compression techniques 

also can be used. These two techniques often are combined 
with a posterior column shortening procedure, allowing 
gradual correction of the kyphosis. Rigid posterior instru-
mentation systems can be combined with posterior column 
shortening (Ponte osteotomies) to correct the kyphosis with-
out the need for anterior release and fusion.

 TECHNIQUE 44.43 

(CRANDALL)
 n  Place the patient prone on a Jackson frame. The spine is 

approached posteriorly. The instrumentation frequently 
extends proximally to T2 to T3.

 n  Determine the apex of the kyphosis on preoperative ra-
diographs.

 n  Use at least two sets of pedicular-transverse process claws 
or thoracic pedicle screws above the apex if the curve is 
flexible. In very large patients with rigid curves, extra fixa-
tion sites may be needed. A third set of fixation points 
may be used. Below the apex, reduction pedicle screws 
are used. At least three sets of screws are recommended.

 n  Debride the facet joints at each level to allow posterior 
column compression and to provide a bony surface for 
fusion.

 n  Perform osteotomies if necessary.
 n  Bend both rods above the kyphosis to approximate the 

normal spinal contour. Proper rod contouring is impor-
tant. Leave the distal rods uncontoured.

 n  Insert the upper end of both rods into the proximal points. 
If hooks are being used, compress each claw construct to 
ensure that each hook claw remains seated. Tighten the 
threaded plugs to hold the upper hooks or pedicle screws 
securely in the rod.
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 n  After all the rods are in the proximal fixation points, place 
a crosslink plate on the rods. Attach the distal ends of 
both rods into the reduction screws (Fig. 44.150A).

 n  Begin the incremental reduction process with all reduc-
tion screws to pull the spine up to the rod (Fig. 44.150B).

 n  Cut the distal ends of the rods to the appropriate length 
(Fig. 44.150C).

 n  As the intermediate points of fixation come in contact 
with the rod, lock them to the rod and compress them 
to the proximal points of fixation. Gradual, repeated 

tightening, a few turns at a time with “two-finger” 
force on the driver, will bring the spine up in a safe 
and controlled fashion (Fig. 44.151). The spine is di-
rectly translated to the rod from any direction, achiev-
ing simultaneous correction in both the coronal and 
sagittal plane. Importantly, this correction should not 
proceed too quickly. A gradual reduction allows the 
spine to stretch the soft-tissue structures contracted in 
the kyphosis and allows the least amount of stress on 
the construct and spinal cord.

 

A B

C

FIGURE 44.150 Posterior multiple-hook and screw segmental 
instrumentation. A, Reduction crimps are attached. B, Incremental 
reduction. C, Distal end of rod cut to appropriate length. SEE TECH-
NIQUE 44.43.
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A B C

FIGURE 44.151 A, Beginning of correction, 70 degrees of kyphosis. B, Midpoint of correction, 
47 degrees of kyphosis. C, Final construct, 40 degrees of kyphosis. SEE TECHNIQUE 44.43.

 n  After full kyphosis correction, fully compress the posterior 
column and lock it into position. Place a crosslink plate 
distally and proximally (Fig. 44.152).

 n  During tightening of the reduction crimps (every 3 to 5 
minutes), harvest bone graft and decorticate the spine 
and facets.

 n  At the completion of the instrumentation, add abundant 
autogenous bone graft.

POSTOPERATIVE CARE Unless the bone quality is poor 
and fixation is tenuous, postoperative bracing is not re-
quired. If there is any concern about fixation, an exten-
sion orthosis, such as a Jewett brace, can be used until 
the fusion begins to consolidate, usually in 3 to 6 months. 
Ambulation is started as soon as possible. All patients start 
isometric and isotonic back exercise programs when the 
fusion appears solid. In adolescents, the fusion generally 
is solid in approximately 6 months. The patient generally is 
allowed to sit up on the second or third day postoperatively.
   

 

POSTERIOR COLUMN SHORTENING 
PROCEDURE FOR SCHEUERMANN 
KYPHOSIS
Ponte, Gebbia, and Eliseo described a posterior column 
shortening technique for the correction of Scheuermann 
kyphosis. The potential advantages of this technique 
include that it is a single-stage posterior procedure; the 
posterior spine is shortened rather than the anterior 
spine lengthened, thereby increasing safety; a gradual 
correction is obtained; there are no complications from 
a thoracotomy or thoracoscopy; and there is no surgi-
cal interference with anterior blood supply to the spinal 
cord.

 TECHNIQUE 44.44 

(PONTE ET AL.)
 n  A posterior midline approach is performed.

 n  Expose the spine subperiosteally to include one verte-
bra above and one vertebra below the fusion levels. The 
proximal extent of the fusion may need to include T1 to 
minimize the risk of cranial junctional kyphosis. The cau-
dal limit must always be included and is determined by 
the first lordotic disc (open anteriorly) on lateral standing 
films.

 n  Resect the spinous processes and perform wide facetec-
tomies and partial laminectomies of both the inferior and 
superior laminar borders at every intersegmental level of 
the fusion area. Ideally, gaps of 4 to 6 mm should be ob-
tained (Fig. 44.153A). A generous resection of the facet 
joints as far as the pedicles is an essential step of this 
technique.

 n  Remove the ligamentum flavum entirely at all levels. The 
gaps extend uniformly over the entire width of the poste-
rior spine (Fig. 44.153B-D).

 n  Insert the rods into the supralaminar hooks. If closed 
hooks are used, preload the hooks onto the rod and insert 
it as a unit. Pass the rod through the hooks just proximal 
to the apex. If open hooks are used, use appropriate set 
screws to hold the rod in the hooks or screws above the 
apex of the kyphosis.

 n  Leave the apical vertebra uninstrumented (Fig. 44.153D-I).
 n  Apply minimal compression force to keep the hooks in 

place. Any corrective tightening at this point would nar-
row the gaps and make placement of the hooks for the 
second rod difficult.

 n  Repeat the same sequence for the second rod. Apply 
compressive forces, beginning with the two opposing 
hooks facing the apex and then continuing sequentially 
to the cranial and caudal ends (see Fig. 44.153G).

 n  Repeat these maneuvers alternately on both sides and 
several times, always beginning at the apex. As compres-
sion proceeds, the rods will gradually straighten out and 
the intersegmental gaps will close. Creating small notches 
for the hook blades will prevent their interference with 
the closure of the gaps.

 n  Obtain an intraoperative radiograph to assess the magni-
tude of the correction. Fine-tuning is performed as need-
ed to obtain a harmonious distribution of intersegmental 
correction.

 n  Secure two transverse connectors if they are needed for 
additional stability.
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 n  Perform decortication and add morselized bone graft.
 n  The same principle, with Ponte osteotomies, can be used 

with different instrumentation, including pedicle screws. 
Pedicle screws provide secure fixation without the prob-
lem of multiple hooks within the spinal canal and without 
the problem of the hooks potentially blocking the clo-
sure of the osteotomies. Gradual reduction-type pedicle 
screws can be used distally to allow a more gradual cor-
rection of the kyphosis.

POSTOPERATIVE CARE The patient is allowed to sit out 
of bed on the first postoperative day. There is no need for 
external support, such as bracing. Physical activities, such 
as sports or lifting of more than 5 or 10 lb, are restricted 
for 3 to 6 months. Radiographic assessment of the fusion 
at 6 months is performed, and if the fusion appears solid, 
gradual return to full activities is then allowed. Patients 
with an osteopenic spine or who are overweight or non-
compliant may require a brace until the fusion is solid.
  

COMPLICATIONS
Complications are more frequent after the operative treatment 
of Scheuermann kyphosis than adolescent idiopathic scoliosis; 
in the case of major complications, Lonner et al. reported that 
they were four times more likely in Scheuermann kyphosis. 
Proximal junctional kyphosis has been reported to be present in 
as many as 30% and distal junctional kyphosis in 12% of surgi-
cally treated patients. To decrease the risk of junctional kypho-
sis, Denis et  al. suggested that the fusion should include all 
vertebrae involved in the kyphosis, disruption of the ligamen-
tous complex at the ends of the fusion should be avoided, and 
the fusion should extend distally to include the vertebra below 
the first lordotic disc. Distal and proximal implant failure is 
caused by the increased stresses placed on the instrumentation. 

CONGENITAL KYPHOSIS
Congenital kyphosis is an uncommon deformity, but neu-
rologic deficits resulting from this deformity are fre-
quent. Congenital kyphosis occurs because of abnormal 

 

E F HG

A B DC

FIGURE 44.152 A-C, Preoperative radiographs of patient with Scheuermann kyphosis. D, Preop-
erative clinical photograph. E-G, Postoperative radiographs. H, Postoperative photograph. SEE 
TECHNIQUE 44.43.
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  FIGURE 44.153 Posterior column shortening for Scheuermann kyphosis. A, Broad posterior 
resection (shaded parts) at every intersegmental level of entire area of fusion and instrumenta- 
tion. B, Posterior view showing levels of completed resections. C, Lateral view showing gaps from 
osteotomies. Correction is achieved by closing gaps. D, Oblique view showing three apical verte- 
brae after completion of bone resections. Apical vertebra is left uninstrumented. E-H, Schematic 
representation of reduction of kyphosis. (Redrawn from Ponte A: Posterior column shortening 
for Scheuermann’s kyphosis. An innovative one-stage technique. In Haher TR, Merola AA, editors:
Surgical techniques for the spine, New York, 2003, Thieme.) SEE TECHNIQUE 44.44.
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development of the vertebrae consisting of a failure of forma-
tion or failure of segmentation of the developing segments. 
The spine may be either stable or unstable, or it may become 
unstable with growth. Spinal deformity in congenital kypho-
sis usually will progress with growth, and the amount of 
progression is directly proportional to the number of verte-
brae involved, the type of involvement, and the amount of 
remaining normal growth in the affected vertebrae. Winter 
et  al. described 130 patients with congenital kyphosis of 
three types. Type I is congenital failure of vertebral body 
formation. Type II is failure of vertebral body segmentation  
(Fig. 44.154). Type III is a combination of both of these condi-
tions. McMaster and Singh further subdivided type I congen-
ital kyphosis into posterolateral quadrant vertebrae, posterior 
hemivertebrae, butterfly (sagittal cleft) vertebrae, and ante-
rior or anterolateral wedged vertebrae (Fig. 44.155). This 

classification is important in predicting the natural history of 
these congenital kyphotic deformities. Dubousset and Zeller 
et al. added a rotatory dislocation of the spine, and Shapiro 
and Herring further divided type III displacement into type A 
(sagittal plane only) and type B (rotatory, transverse, and sag-
ittal planes). Any classification can be further subdivided into 
deformities with or without neurologic compromise.

The natural history of congenital kyphosis is well known 
and based on the type of kyphosis. Type I deformities are 
more common than type II deformities and occur more com-
monly in the thoracic spine and at the thoracolumbar junc-
tion. They are extremely rare in the cervical spine. In the 
series of McMaster and Singh, progression was most rapid 
in type III kyphosis, followed by type I. Kyphosis caused by 
two adjacent type I vertebral anomalies progressed more rap-
idly and produced a more severe deformity than did a single 

 

A B C

FIGURE 44.154 Classification of congenital kyphosis. A and B, Type I. C, Type II. (Type III is not 
shown.)

 

Anterior and median aplasia

Butterfly vertebra
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Complete
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and contralateral
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Effects of Vertebral
Body Segmentation Defects of Vertebral Body Formation Mixed Anomalies

FIGURE 44.155 Different types of vertebral anomalies that produce congenital kyphosis or 
kyphoscoliosis.  (From McMaster MJ, Singh H: Natural history of congenital kyphosis in kyphoscoliosis: a 
study of 112 patients, J Bone Joint Surg 81A:1367, 1999.)
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anomaly. Approximately 25% of patients with type I deformi-
ties had neurologic deficits, and deformities in the upper tho-
racic spine were more likely to be associated with neurologic 
problems. No patient in whom the apex of the kyphosis was at 
or caudad to the 12th thoracic vertebra had neurologic abnor-
malities. However, type I kyphosis progressed relentlessly 
during growth and usually accelerated during the adolescent 
growth spurt before stabilizing at skeletal maturity. An ante-
rior failure of vertebral body formation produces a sharply 
angular kyphosis that is much more deforming and poten-
tially dangerous neurologically than a curve with a similar 
Cobb measurement, owing to an anterior failure of segmen-
tation that affects several adjacent vertebrae and produces a 
smooth, less obvious deformity.

Type II deformities (failure of segmentation) are less 
common. An absence of physes and discs anteriorly in one 
or more vertebrae results in the development of an anterior 
unsegmented bar. The amount of kyphosis produced is pro-
portional to the discrepancy between the amounts of growth 
in the anterior and posterior portions of the defective verte-
bral segments. Mayfield et al. reported that these deformities 
progress at an average rate of 5 degrees a year and are not as 
severe as type I deformities. Paraplegia usually is not reported 
in patients with type II kyphosis; however, low back pain and 
cosmetic deformities are significant and early treatment is 
warranted.

CLINICAL AND RADIOGRAPHIC 
EVALUATION
The diagnosis of a congenital spine problem usually is made 
by a pediatrician before the patient is seen by an orthopae-
dist. The deformity may be detected before birth on a prenatal 
ultrasound examination or noted as a clinical deformity in a 
neonate. If the deformity is mild, congenital kyphosis can be 
overlooked until a rapid growth spurt makes the condition 
more obvious. Some mild deformities are found by chance 
on radiographs that are obtained for other reasons. Clinical 
deformities seen in the neonate tend to have a worse prog-
nosis than those discovered as an incidental finding on plain 
radiographs.

Physical examination usually reveals a kyphotic defor-
mity at the thoracolumbar junction or in the lower tho-
racic spine. A detailed neurologic examination should be 
done to look for any subtle signs of neurologic compromise. 
Associated musculoskeletal and nonmusculoskeletal anoma-
lies should be sought on physical examination. High-quality, 
detailed anteroposterior and lateral radiographs provide the 
most information in the evaluation of congenital kyphosis 
(Fig. 44.156). Failure of segmentation and the true extent of 
failure of formation may be difficult to detect on early films 
because of incomplete ossification. Flexion and extension 
lateral radiographs are helpful in determining the rigidity of 
the kyphosis and possible instability of the spine. CT with 
three-dimensional reconstructions can identify the amount 
of vertebral body involvement and can determine whether 
more kyphosis or scoliosis might be expected (Fig. 44.157). 
CT can only identify the nature of the bony deformity and 
the size of the cartilage anlage; it does not show the amount 
of growth potential in the cartilage anlage and therefore only 
estimates the possible progression. An MRI study should be 
obtained in most patients because of the significant incidence 
of intraspinal abnormalities. In addition, the location of the 

spinal cord and any areas of spinal cord compression caused 
by the kyphosis can be seen on MRI. The cartilage anlage will 
be well defined by MRI in patients with failure of formation 
(Fig. 44.158).

Genitourinary abnormalities, cardiac abnormalities, 
Klippel-Feil syndrome, and intraspinal abnormalities are fre-
quent in these patients. Cardiac evaluation and renal ultra-
sonography should be done. Myelograms have been used for 
documenting spinal cord compression but generally have 
been replaced by MRI. 

OPERATIVE TREATMENT
The natural history of this condition usually is one of contin-
ued progression and an increased risk of neurologic compro-
mise. Therefore surgery is the preferred method of treatment. 
If the diagnosis is uncertain or the deformity is mild, close 
observation may be an option. Unless compensatory curves 
are being treated above or below the congenital kyphosis, 
bracing has no role in the treatment of congenital kyphosis 
because it neither corrects the deformity nor stops the pro-
gression of kyphosis.

Surgery is recommended for congenital kyphosis. The 
type of surgery depends on the type and size of the deformity, 
the age of the patient, and the presence of neurologic deficits. 
Procedures include posterior fusion, anterior fusion, com-
bined anterior and posterior fusion, anterior osteotomy with 
posterior fusion, posterior column shortening and fusion, 
and vertebral body resection. Fusion can be done with or 
without instrumentation.

 FIGURE 44.156 Two-year-old child with type I congenital 
kyphosis measuring 40 degrees. Radiograph shows failure of forma-
tion of anterior portion of first lumbar vertebra.  (From Warner 
WC: Kyphosis. In Morrissy RT, Weinstein SL, editors: Lovell and Winter’s 
pediatric orthopaedics, ed 6, Philadelphia, 2006, Lippincott Williams & 
Wilkins.)
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TREATMENT OF TYPE I DEFORMITY
The treatment of type I deformity depends on the stage of 
the disease. For type I deformity, the best treatment is early 
posterior fusion. In a patient younger than 5 years old with 
a deformity of less than 50 or 55 degrees, posterior fusion 
alone, extending from one level above the kyphotic deformity 
to one level below, is recommended. This allows for some 
improvement because growth continues anteriorly from the 
anterior endplates of the vertebrae one level above and below 
the kyphotic vertebrae that are included in the posterior 
fusion. Although McMaster and Singh reported 15 degrees 
of correction in most patients treated with this technique, 
Kim et al. reported that correction of kyphosis occurred with 
growth only in patients younger than 3 years of age with type 
II and type III deformities. In curves of more than 60 degrees, 
anterior and posterior spinal fusions at least one level above 
and one level below the kyphosis are indicated. This halts the 

progression of the kyphotic deformity, but because the ante-
rior physes are ablated, there is no possibility of correction 
with growth.

Posterior fusion alone may be successful if the kypho-
sis is less than 50 to 55 degrees in older patients with type I 
kyphotic deformity. If the deformity is more than 55 degrees, 
anterior and posterior fusion produces more reliable results. 
Anterior fusion alone will not correct the deformity, and ante-
rior strut grafting with temporary distraction and posterior 
fusion, with or without posterior compression instrumen-
tation, is necessary for deformity correction (Fig. 44.159). 
Posterior instrumentation may allow for some correction of 
the kyphosis but should be regarded more as an internal sta-
bilizer than as a correction device. Although instrumentation 
has been reported to decrease the occurrence of pseudarthro-
sis, it should be used with caution in rigid, angular curves 
because of the high incidence of neurologic complications. 
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FIGURE 44.157 Congenital kyphosis. A and B, Anteroposterior and lateral radiographs. Note 
inadequate detail of kyphosis on lateral radiograph of spine. C-E, CT three-dimensional reconstruc-
tion views that clearly show bony anatomy of congenital kyphosis.  (From Warner WC: Kyphosis. In 
Morrissy RT, Weinstein SL, editors: Lovell and Winter’s pediatric orthopaedics, ed 6, Philadelphia, 2006, 
Lippincott Williams & Wilkins.)
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If anterior strut grafting is done, the strut graft should be 
placed anteriorly under compression. If the goal of surgery 
is to stop the progression of deformity without correction, an 
anterior interbody fusion with a posterior fusion can be done. 
Simultaneous anterior and posterior approaches through a 
costotransversectomy that allows resection of the posterior 
hemivertebra and correction of the kyphosis with posterior 
compression instrumentation have been described. After 
removal of the hemivertebra, correction can be obtained 
safely and the thecal sac observed during correction. Use of 
skeletal traction (halo-pelvic, halo-femoral, or halo-gravity) 
to correct the deformity is tempting but is not recommended 
because there is a risk of paraplegia (Fig. 44.160). Traction 
pulls the spinal cord against the apex of the rigid kyphosis, 
which can lead to neurologic compromise in a patient with a 
rigid gibbus deformity.

Late treatment of a severe congenital kyphotic deformity 
that is accompanied by spinal cord compression is difficult; 
laminectomy has no role in the treatment of this condition. 
If there is an associated scoliosis, the anterior approach for 
decompression may need to be on the concavity of the sco-
liosis to allow the spinal cord to move both forward and into 
the midline after decompression. After adequate decompres-
sion, the involved vertebrae are fused with an anterior strut 
graft. Posterior fusion, with or without posterior stabilizing 
instrumentation, is then performed. Postoperative support 
using a cast, brace, or halo cast may be required. Posterior 
vertebral column resection or decompression and subtrac-
tion osteotomy, followed by stabilizing instrumentation, also 
can be used. Chang et al. described circumferential decom-
pression and cantilever bending correction with posterior 
instrumentation. 

TREATMENT OF TYPE II DEFORMITY
If a type II kyphosis is mild (<50 degrees) and detected early, 
posterior fusion using compression instrumentation can 
be done. All the involved vertebrae plus one vertebra above 

 FIGURE 44.158 MRI of type I congenital kyphosis. Failure of 
formation of anterior vertebral body is shown, but growth poten-
tial of involved vertebra cannot be determined. Note pressure on 
dural sac.  (From Warner WC: Kyphosis. In Morrissy RT, Weinstein SL, 
editors: Lovell and Winter’s pediatric orthopaedics, ed 6, Philadelphia, 
2006, Lippincott Williams & Wilkins.)

 

A

B
FIGURE 44.159 A, Preparation of tunnels for strut grafts.  

B, Insertion of strut grafts into prepared tunnels with cancellous 
bone graft in disc spaces.

 

A B
FIGURE 44.160 Effect of traction on rigid congenital kyphosis. 

A, Apical area does not change with traction, but adjacent spine is 
lengthened. B, As spine lengthens, so does spinal cord, producing 
increased tension in cord and aggravating existing neurologic defi-
cits.

    

https://booksmedicos.org


CHAPTER 44  SCOLIOSIS AND KYPHOSIS 2129

and one vertebra below the congenital kyphosis should be 
included in the posterior fusion.

Because the kyphosis is rounded and affects several seg-
ments in type II deformity, instead of being sharply angular 
as in type I, compression instrumentation can be safely used. 
If the deformity is severe and detected late, correction can be 
obtained only with anterior osteotomies and fusion, followed 
by posterior fusion and compression instrumentation. 

 

ANTERIOR OSTEOTOMY AND FUSION

 TECHNIQUE 44.45 

(WINTER ET AL.)
 n  Expose the spine through an appropriate anterior ap-

proach (see Chapter 37).
 n  Ligate the segmental vessels and expose the spine by sub-

periosteal stripping (Fig. 44.161A). The anterior longitu-
dinal ligament usually is thickened and must be divided 
at one or more levels. Make sure that a circumferential 
exposure is made all the way to the opposite foramen 
before beginning the osteotomy.

 n  Divide the bony bar with a sharp osteotome or high-speed 
burr. Start the division anteriorly and work posteriorly un-
til the remaining disc material is entered.

 n  Once the remaining disc material is seen, use a laminar 
spreader and excise the disc material back to the level of 
the posterior longitudinal ligament (Fig. 44.161B). If the 
bony bar is complete, make the osteotomy all the way 
through the posterior cortex at the level of the foramina. 
Take care in the area of the posterior longitudinal liga-
ment because the ligament may be absent.

 n  Once the osteotomies have been completed, insert strut 
grafts, slotting them into bodies above and below the 
area of the kyphos. Hollow out the cancellous bone of 
each body with a curet. With rib, fibula, or iliac crest grafts 
of sufficient length, insert the upper end of the graft into 
the slot first. As manual pressure is applied posteriorly 
against the kyphos, use an impactor to tap the lower end 
of the graft into place. Place additional grafts in the disc 
space defects and close the pleura over them if possible. 
More than one strut graft may be necessary, depending 
on the severity of the curve. The grafts should be placed 
as far anterior to the axis of the flexion deformity as pos-
sible.

 n  Winter et al. found that failures of anterior fusion in their 
patients generally were associated with strut grafts that 
were too short or placed too close to the apex of the 
kyphosis or with inadequate removal of the intervertebral 
discs in the fusion area.
   

 

ANTERIOR CORD DECOMPRESSION 
AND FUSION

 TECHNIQUE 44.46 

(WINTER AND LONSTEIN)
 n  Expose the spine through an appropriate anterior ap-

proach.
 n  Identify the apical vertebra and the site of compression 

and remove the intervertebral disc completely on each 
side of the vertebral body or bodies.

 

A B

FIGURE 44.161 A, Anterolateral exposure of spine in preparation for anterior osteotomy.  
B, Completion of osteotomy with osteotome. SEE TECHNIQUE 44.45.
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 n  Remove the vertebral body laterally at the apex of the 
kyphosis with curets, rongeurs, or high-speed burrs.

 n  Remove the cancellous bone back to the posterior cortex 
of the vertebral body from pedicle to pedicle, removing a 
wedge-shaped area of bone (Fig. 44.162A).

 n  Beginning on the side away from the surgeon, use angled 
curets to remove the posterior cortical shell. Removal of 
the bone farthest away first prevents the spinal cord from 
falling into the defect and blocking vision on the far side 
(Fig. 44.162B).

 n  Next, remove the closest bony shell, working toward the 
apex. Control epidural bleeding with thrombin-soaked 
Gelfoam.

 n  Once the cord has been decompressed, perform an ante-
rior strut graft fusion (Fig. 44.162C).

 n  Close and drain the incision in the routine manner.
 n  At a second stage, a posterior fusion with or without in-

strumentation is done.
   

 

ANTERIOR VASCULAR RIB BONE 
GRAFTING
Bradford et al. noted frequent fracture of strut grafts when 
the grafts were not in contact with the vertebral bodies 
and simply spanned an open area between vertebrae. A 
rib or fibular graft may take up to 2 years for replacement, 
and it is weakest approximately 6 months after surgery. 
To prevent graft fracture, Bradford developed a technique 
of vascular pedicle bone graft for the treatment of severe 
kyphosis when the strut must be placed more than 4 cm 
from the spine. He credited Rose et al. with first describing 
the technique in 1975.

 TECHNIQUE 44.47 

(BRADFORD)
 n  Plan the thoracotomy to remove enough rib to bridge 

the kyphosis. For a severe kyphotic deformity from T6 to 
T12, a vascularized fifth rib would be used to strut the 
deformity.

 n  Make a skin incision as in the routine transthoracic expo-
sure. Take care to identify the appropriate rib and avoid 
the use of electrocautery over the rib periosteum.

 n  Divide the intercostal muscles sharply off the cranial por-
tion of the rib. This rib dissection is always extraperiosteal. 
Divide the rib distally to provide enough length to span 
the area of deformity.

 n  At the level of the distal rib osteotomy, ligate the inter-
costal vessels and sharply cut the intercostal nerve and 
allow it to retract. The intercostal muscles attached to 
the caudal portion of the rib should remain attached to 
provide protection for the intercostal vessels that will 
perfuse the rib.

 n  At the level for the proximal rib osteotomy, mobilize the 
periosteum away from the rib.

 n  Once the osteotomy is completed, the rib is connected 
only to the caudal intercostal muscle and its intercostal 
vascular pedicle. Carefully divide the intercostal vessels 
below the rib in the direction of the costovertebral joint, 
retaining the muscle around the intercostal pedicle. Do 
not dissect out the intercostal artery and vein.

 n  If the rib and muscle are poorly perfused, dissect the 
vascular pedicle away from the intercostal vessels  
(Fig. 44.163).

 n  Mobilize the rib with its intact intercostal musculature and 
artery and vein complex (Fig. 44.164A).

 n  Carefully peel back the periosteum on the rib graft for 2 
or 3 mm on each end to provide bone-to-bone contact 
without soft-tissue intervention when the graft is rotated 
into position.

 

A CB
FIGURE 44.162 A, Anterolateral exposure of spine and partial removal of apex of kyphosis.  

B, Posterior cortex is removed, allowing decompression of spinal cord. C, Cord is decompressed 
and strut grafts are in place. SEE TECHNIQUE 44.45.
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A B

Cranial surface of
rib free of excess
intercostal muscle

Vascularized
rib

Caudal surface of
rib with retained
intercostal muscle
to protect pedicle

Intercostal vascular
pedicle freely dissected
with balloon background

C D

Vascularized
rib

Intercostal muscle
enveloping

vascular pedicle

FIGURE 44.163 A and B, Background balloon placed behind intercostal vascular pedicle. Ordi-
narily, it is not necessary to dissect out vascular pedicle. C and D, Retaining portion of intercostal 
muscle with vessel as shown here reduces likelihood of pedicle injury during harvest. (From Shaffer 
JW, Bradford DS: The use of and techniques for vascularized rib pedicle grafts. In Bridwell KH, 
DeWald RL, editors: The textbook of spinal surgery, ed 2, Philadelphia, 1997, Lippincott-Raven.) 
SEE TECHNIQUE 44.47.

 

A B

Superior vena 
cava
Azygos
vein

5th rib
strut

Azygos
vein

Intercostal nerve,
artery, and vein,
ligated

Distal (IV)
intercostal

vein and artery
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Intercostal
vein

5

5

7

6

T3

A

B

A

B

T5

T6

FIGURE 44.164 Thoracotomy. A, Wide margin of intercostal muscle left attached to rib to ensure 
intact blood supply. B, Rib graft rotated 90 degrees on its axis and keyed into vertebral bodies over 
length of kyphosis to be fused. SEE TECHNIQUE 44.47.
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A B C D E

Bender

Bending
moment

FIGURE 44.165 Hinge technique for correction of severe, rigid kyphotic deformity. A, Severe 
angular kyphosis. B, Laminectomy, pediculectomy, and rods placed on same plane as the cord.  
C, Complete circumferential decompression and placement of rod benders. D, Cantilever bending 
to correct kyphosis. E, Insertion of mesh cage to provide anterior support. (Redrawn from Chang 
KW, Cheng CW, Chen HC, Chen TC: Correction hinge in the compromised cord for severe and rigid 
angular kyphosis with neurologic deficits, Spine 34:1040, 2009.) SEE TECHNIQUE 44.48.

 n  Identify the vertebral bodies proximally and distally to be 
included in the fusion.

 n  Make a hole in the anterior aspect of the vertebral body 
above and below to accept the ends of the rib graft.

 n  Trim the rib so that the ends will match the length of the 
spine to be fused.

 n  Rotate the rib on its axis approximately 90 degrees 
and wedge it into the vertebrae above and below  
(Fig. 44.164B).

 n  Close the chest in a routine fashion over chest tubes.
 n  Immobilization of the spine after vascular grafting is the 

same as after nonvascular graft procedures.

   

 

CIRCUMFERENTIAL DECOMPRESSION 
AND CANTILEVER BENDING

 TECHNIQUE 44.48 

(CHANG ET AL.)
 n  With the patient prone and somatosensory-evoked po-

tential monitoring initiated, make a straight posterior 
midline incision.

 n  After subperiosteal dissection, expose three to five verte-
brae (depending on the bone quality) above and below 
the apex to the tips of the transverse process.

 n  Insert pedicle screws segmentally except at the levels of 
circumferential decompression, where at least three seg-
ments of fixation are made at either end of the decom-
pression.

 n  Carry dissection out laterally, exposing the ribs corre-
sponding to the levels of circumferential neurologic de-
compression as determined by preoperative radiographic 

analysis (most often at the apex of the kyphotic defor-
mity).

 n  Remove the transverse process and the corresponding 
ribs on both sides of the neurologic decompression to 
expose the lateral wall of the pedicle.

 n  Deepen the subperiosteal dissection, following the lateral 
wall of the vertebral body, until a comfortable working 
space for neurologic decompression is evident beneath 
the compromised cord.

 n  Take care to avoid damaging segmental vessels during the 
exposure. Injured segmental vessels should be clamped, 
ligated, and cut under spinal cord monitoring to ensure 
that there are no changes in somatosensory-evoked po-
tentials.

 n  Carry out total laminectomy and facetectomy at the apex 
to expose the compromised neural tissue. In thoracic ver-
tebrae, cut the nerve roots to facilitate thorough neuro-
logic decompression; in the lumbar vertebrae, keep the 
nerve roots intact.

 n  Remove the pedicle to expose the lateral portion of the 
compromised dural tube.

 n  Connect pedicle screws on both sides by two rods con-
toured to the shape of the deformity to facilitate rigid 
fixation.

 n  Because of the marked angular change in segments 
around the apex, the rods can be situated nearly on the 
same coronal plane as the compromised cord by adjusting 
the protruding height of the screw heads at the levels im-
mediately cephalad and caudad to the apex (the level of 
circumferential neurologic decompression) and properly 
precontouring the rods (Fig. 44.165A).

 n  Create a tunnel beneath the compromised cord by pen-
etrating a blunt-end cage trial from one side of the apical 
vertebral body to the other. Enlarge the tunnel and use 
rongeurs, curets, and pituitary forceps to remove the por-
tion of the apical vertebral body above the tunnel and 
adjacent to the anterior compromised dural tube (includ-
ing the posterior vertebral wall).
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 n  After completion of this neurologic decompression, check 
to ensure that the canal is clear of any residual compres-
sion at the resection margins. Use a curet to remove can-
cellous bone within the portion of the apical vertebral 
body; deepen the tunnel to the depth of the anterior ver-
tebral cortex. Weaken the cortex at several points by pen-
etration with a blunt-end cage trial to facilitate its fracture 
while applying cantilever bending for correction.

 n  Connect one pair of in situ benders to each contoured 
rod at the levels immediately cephalad and caudad to the 
apex (Fig. 44.165B). Fix the position of the benders by 
using wire to tie the free ends at the desired location (Fig. 
44.165C).

 n  Fracture the apical vertebral body anterior to the cord and 
open it with the correction hinge in the compromised 
cord.

 n  Slowly increase the bending force. If resistance is felt, stop 
the correction and fix.

 n  After correction, perform a wake-up test.
 n  Measure the height of the anterior interbody gap. Fill a 

titanium mesh with bone chips and insert it into the ante-
rior gap, and place an autogenous iliac bone graft around 
the titanium mesh. Insert the mesh cage from the lateral 
side to fit on the cephalad and caudal bone base.

 n  Confirm proper cage position by direct observation and 
fluoroscopy. Make sure there is ample space between the 
cage and the cord before releasing the benders and lock-
ing the cage in place (Fig. 44.165D).

 n  Connect two transverse links to the rods at the cephalad 
and caudad levels to the level of neurologic decompres-
sion.

 n  Perform posterior fusion at all instrumented levels.
 n  Close the wound in the usual fashion over suction drains.

POSTOPERATIVE CARE Patients are fitted with a cus-
tom-made, plastic thoracolumbosacral orthosis and are 
allowed out of bed 72 hours after surgery. The orthosis is 
worn for 6 months.
   

 

POSTERIOR HEMIVERTEBRA 
RESECTION WITH TRANSPEDICULAR 
INSTRUMENTATION

 TECHNIQUE 44.49 

(RUF AND HARMS)
 n  Carefully expose the posterior elements of the spine at 

the affected levels, including the lamina, transverse pro-
cesses, and facet joints, and, in the thoracic spine, the 
surplus rib head on the convex side.

 n  Mark the entry points for the pedicle screws with a fine 
needle and check their position with image intensifica-
tion in an anteroposterior view. In the lumbar region, the 
entry point is the base of the transverse process at the 
lateral border of the superior articular facet. In the tho-

racic region, the entry point is at the superior margin of 
the transverse process, slightly lateral to the lower lateral 
edge of the articular facet. On image intensification, the 
tips of the cannulas should project onto the oval of the 
pedicles, ideally slightly lateral to the center.

 n  Open the bone at the entry point with a sharp awl or 
small burr and advance a 2-mm drill through the pedicle 
into the vertebral body. Mark the drill holes with Kirschner 
wires and check their correct position with fluoroscopy. 
After tapping, insert the screws.

 n  Remove the posterior elements of the hemivertebra, in-
cluding the lamina, facet joints, transverse process, and 
posterior part of the pedicle. Identify the spinal cord and 
the nerve roots above and below the pedicle of the hemi-
vertebra. In the thoracic spine, resect the rib head and the 
proximal part of the surplus rib at the convex side also.

 n  After resection of the transverse process and the rib head, 
expose the lateral-anterior part of the hemivertebra by 
blunt dissection; this exposure is retroperitoneal in the 
lumbar spine and extrapleural in the thoracic spine.

 n  Remove the remnants of the pedicle and expose the pos-
terior aspect of the vertebral body of the hemivertebra; 
this is made easier by the fact that the hemivertebra lies 
far laterally on the convex side, whereas the spinal cord 
usually is shifted to the concave side.

 n  Cut the discs adjacent to the hemivertebra and mobilize 
and remove the body of the hemivertebra, using a blunt 
spatula to protect the anterior structures.

 n  Completely remove the remaining disc material of the 
upper and lower disc spaces and debride the endplates 
down to bleeding bone. Make sure that disc removal 
reaches the contralateral side.

 n  Complete the instrumentation and apply compression 
on the convex side until the gap left after resection is 
closed completely. If a void remains, fill it with cancellous 
bone.

 n  When kyphosis is present, anterior column support can be 
added to create a fulcrum to achieve lordosis. The neural 
structures must be controlled and protected at all times 
during the resection and during the corrective maneuver.

 n  If there is a single hemivertebra without bars, rib synosto-
sis, or other major structural changes of the neighboring 
vertebrae, only the two vertebrae adjacent to the resected 
hemivertebra are fused. If major structural changes are 
present in the adjacent vertebrae or there is a more severe 
kyphotic deformity, one or two additional segments may 
be included in the fusion.

 n  For contralateral bar formation and rib synostosis, the 
synostosed rib heads on the concave side are removed 
and the bar is cut. The fusion is extended with segmental 
instrumentation over the whole length of the bar forma-
tion to the adjacent vertebrae.

POSTOPERATIVE CARE Postoperative management is 
as described for Technique 44.48.
  

Zeng et  al. described pedicle subtraction osteotomy 
and posterior vertebral column resection (Fig. 44.166) in 
23 patients with kyphosis or kyphoscoliosis. Overall, sat-
isfactory correction was obtained in 91%, with comparable 
complications.
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COMPLICATIONS OF OPERATIVE TREATMENT
Some of the more frequent complications of treatment of con-
genital kyphosis are pseudarthrosis, progression of kyphosis, 
and paralysis. Pseudarthrosis and progression of the kyphotic 
deformity can be minimized by performing anterior and pos-
terior fusions for deformities of more than 50 degrees. The 
posterior fusion should extend from one level above to one 
level below the involved vertebra.

Paralysis is perhaps the most feared complication of spinal 
surgery. The risk of this complication can be lessened by not 
attempting to maximally correct the deformity with instrumen-
tation. Instrumentation should be used more for stabilization of 
rigid deformities rather than correction unless there has been 
an anterior decompression or vertebral column resection. Halo 
traction in rigid congenital kyphotic deformities has been associ-
ated with an increased risk of neurologic compromise. Another 
long-term problem, occurring in approximately 38% of patients 
with kyphosis, is low back pain caused by increased lumbar lor-
dosis that is needed to compensate for the kyphotic deformity. 

PROGRESSIVE ANTERIOR 
VERTEBRAL FUSION
Progressive anterior vertebral fusion is an uncommon cause 
of kyphosis in children that may be confused with type II 
congenital kyphosis if it is discovered late. However, it is 

distinguishable from type II congenital kyphosis in that the 
disc spaces and vertebral bodies are normal at birth and later 
become anteriorly fused. Knutsson first described progressive 
anterior vertebral fusion in 1949, and fewer than 100 cases 
have since been reported. The cause is unknown, and it is 
probably a distinct clinical condition; however, it may pos-
sibly represent a delayed type II congenital kyphosis.

Certain forms of type II congenital kyphosis (failure of seg-
mentation) can be inherited with failure of segmentation and 
delayed fusion of the anterior vertebral elements, which are not 
visible on radiographs until 8 or 10 years of age. Familial occur-
rence has been reported by several authors. Associated anoma-
lies, including hearing defects, tibial agenesis, foot deformities, 
Klippel-Feil syndrome, Ito syndrome, pulmonary artery steno-
sis, and hemisacralization of L5, also have been reported.

Neurologic deficits usually do not occur in patients with 
progressive anterior vertebral fusion, but spinal cord com-
pression resulting from an acutely angled kyphosis has been 
reported.

Van Buskirk et  al. described five stages of progressive 
anterior vertebral fusion: stage 1, disc space narrowing that 
occurs to a greater extent anteriorly than posteriorly; stage 2, 
increased sclerosis of the vertebral endplates of the anterior 
and middle columns; stage 3, fragmentation of the anterior 
vertebral endplates; stage 4, fusion of the anterior and some-
times the middle columns; and stage 5, development of a 
kyphotic deformity.

 

A

B
FIGURE 44.166 Pedicle subtraction osteotomy and posterior vertebral column resection for 

congenital kyphosis. A, Pedicle subtraction osteotomy. B, Posterior vertebral column resection. 
(Redrawn from Zeng Y, Chen Z, Qi Q, et al: The posterior surgical correction of congenital kyphosis 
and kyphoscoliosis: 23 cases with minimum 2 years follow-up, Eur Spine J 22:372, 2013.) SEE  
TECHNIQUE 44.49.

    

https://booksmedicos.org


CHAPTER 44  SCOLIOSIS AND KYPHOSIS 2135

Kyphosis that occurs in the last stage of progressive 
anterior vertebral fusion is the result of the anterior disc 
space fusing while the posterior disc space remains open. 
Growth continues in the posterior disc space and the pos-
terior column. Patients with thoracic progressive anterior 
vertebral fusion have a better prognosis than those with 
lumbar involvement. This is probably because of the nor-
mal kyphotic posture of the thoracic spine. Nonoperative 
treatment is recommended for most thoracic progressive 
anterior vertebral fusion deformities. If it occurs in the lum-
bar spine, a posterior spinal fusion is indicated for stage 1 
through stage 3 deformity. For stages 4 and 5, the kyphotic 
deformity has already occurred in a normal lordotic lum-
bar spine and posterior fusion will only stop progression of 
the deformity. An anterior osteotomy with posterior fusion 

and instrumentation is necessary to obtain normal sagittal 
alignment. 

INFANTILE LUMBAR HYPOPLASIA
Thoracolumbar kyphosis secondary to lumbar hypoplasia was 
reported by Campos et al. in seven normal infants in whom 
the thoracolumbar kyphosis resolved spontaneously with 
growth. It began improving with walking age and corrected 
to normal by 6 years of age. The average initial kyphosis was 
34 degrees. The patients had a clinically apparent kyphotic 
deformity during the first year of life, and on radiographs 
they had a relatively sharply angled kyphosis, with the apex 
at the affected vertebra (Fig. 44.167A). The affected vertebra 
was wedge shaped with an anterosuperior indentation, giving 

 

A

43°

C

B

FIGURE 44.167 A and B, L2 hypoplasia in patient with spontaneous resolution. Note beaked 
vertebra at L2. C, Three-dimensional CT showing beaked L2 vertebra.  (From Campos MA, Fernandes 
P, Dolan LA, Weinstein SL: Infantile thoracolumbar kyphosis secondary to lumbar hypoplasia, J Bone Joint 
Surg 90A:1726, 2008.)
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it the appearance of a beak (Fig. 44.167B,C). Only one verte-
bra was involved in all seven infants, either L1 or L2. Campos 
et al. recommended an initial period of observation to get a 
better assessment of the deformity as ossification progresses 
and to avoid overtreatment of lumbar hypoplasia that will 
improve with growth. 

SPONDYLOLYSIS AND 
SPONDYLOLISTHESIS
Herbiniaux, a Belgian obstetrician, noted a bone promi-
nence in front of the sacrum that caused problems in deliv-
ery. He generally is credited with having first described 
spondylolisthesis. The term spondylolisthesis was used by 
Kilian in 1854 and is derived from the Greek spondylos, 
meaning “vertebra,” and olisthenein, meaning “to slip.” 
Spondylolisthesis is defined as anterior or posterior slip-
ping of one segment of the spine on the next lower seg-
ment. Spondylolysis is a unilateral or bilateral defect of the 
pars interarticularis.

CLASSIFICATION
Wiltse, Newman, and Macnab’s classification of spondylolis-
thesis is illustrated in Figure 44.168 and Box 44.10. Marchetti 
and Bartolozzi suggested that the classification of Wiltse 
et al. is based on a mixture of etiologic and topographic cri-
teria, that it is difficult to predict progression or response 

to surgery with this classification, and that it also is diffi-
cult to identify the type of spondylolisthesis precisely. They 
therefore attempted to further classify spondylolisthesis by 

 

I

IV V

II III

FIGURE 44.168 Five types of spondylolisthesis: type I, dysplastic; type II, isthmic; type III, degen-
erative; type IV, traumatic; type V, pathologic.  (Redrawn from Hensinger RN: Spondylolysis and spon-
dylolisthesis in children, Instr Course Lect 32:132, 1983.)

Classification of Spondylolisthesis (Wiltse et al.)

 n  Type I, dysplastic—Congenital abnormalities of the upper 
sacral facets or inferior facets of the fifth lumbar vertebra 
that allow slipping of L5 on S1. No pars interarticularis defect 
is present in this type.

 n  Type II, isthmic—Defect in the pars interarticularis that 
allows forward slipping of L5 on S1. Three types of isthmic 
spondylolistheses are recognized:
Lytic—a stress fracture of the pars interarticularis
An elongated but intact pars interarticularis
An acute fracture of the pars interarticularis

 n  Type III, degenerative—This lesion results from interseg-
mental instability of a long duration with subsequent remod-
eling of the articular processes at the level of involvement.

 n  Type IV, traumatic—This type results from fractures in the 
area of the bony hook other than the pars interarticularis, 
such as the pedicle, lamina, or facet.

 n  Type V, pathologic—This type results from generalized or 
localized bone disease and structural weakness of the bone, 
such as osteogenesis imperfecta.

 BOX 44.10 
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dividing the condition into developmental and acquired forms  
(Box 44.11). Their classification removes the isthmic or lysis 
part of spondylolisthesis from the primary role in causation 
and emphasizes the developmental and dysplastic aspects. In 
analyzing the spondylolisthesis, the surgeon must first decide 
if the condition is developmental or acquired. If it is develop-
mental, the degree of dysplasia must be determined as high 
(severe) or low (mild) by evaluation of the quality of the pos-
terior bony hook (Fig. 44.169). The degree of lordosis and 
the position of the gravity line also are important; the farther 
anterior the gravity line is, the more likely the spondylolisthe-
sis is to increase. The competency of the disc at the level of the 
spondylolisthesis also is important; MRI may be required to 
determine this. Indications of an unstable situation include 
a significant localized kyphosis (high slip angle) of the slip. 
Bony changes, such as a trapezoid-shaped L5 vertebral body 
and a dome-shaped sacrum, also are indicative of instability 
and significant dysplasia. The implications of the classifica-
tion system are that the more dysplastic and unstable the situ-
ation is, the more aggressive the surgical procedure should be 
to solve the problem.

Herman and Pizzutillo proposed a new classification for 
spondylolysis and spondylolisthesis in children and adoles-
cents that uses pertinent elements of the Wiltse et al. and the 
Marchetti and Bartolozzi classifications. This four-part clas-
sification was based on clinical presentation and morphology 
of the spinal abnormality. Type I is a dysplastic spondyloly-
sis and spondylolisthesis similar to the Wiltse et al. dysplastic 
category. Type II is referred to as developmental spondyloly-
sis and spondylolisthesis. This type usually is an incidental 

finding. Type III refers to traumatic spondylolysis and spon-
dylolisthesis and is subdivided into acute and chronic types. 
The chronic type is further subdivided into (1) stress reaction, 
(2) stress fracture, and (3) spondylolytic defect or nonunion 
of pars. Type IV is pathologic spondylolysis and spondylolis-
thesis (Box 44.12).

Hollenberg et  al. described an MRI classification sys-
tem for spondylolysis: grade 0, normal; grade 1, bone edema 
and intact cortices compatible with stress reaction; grade 2, 
incomplete fracture; grade 3, complete active fracture with 
accompanying bone edema; and grade 4, complete fracture 
without accompanying bone marrow edema.

Developmental spondylolisthesis and the acquired stress 
fracture type of spondylolysis are the focus of this section. 
Acquired degenerative spondylolisthesis is discussed in 
Chapter 40. 

ETIOLOGY AND NATURAL HISTORY
The prevalence of spondylolisthesis in the general population 
is 5% to 8%. The male-to-female ratio for this condition is 2:1. 
Developmental spondylolisthesis with lysis is considered to be 
the result of a fatigue fracture caused by repetitive mechanical 
stresses on the lower lumbar spine in children with a genetic 
predisposition for the defect. During flexion and extension, 

Classification of Spondylolisthesis (Marchetti 
and Bartolozzi)

Developmental
 n  High dysplastic

With lysis
With elongation

 n  Low dysplastic
With lysis
With elongation 

Acquired
 n  Traumatic

Acute fracture
Stress fracture

 n  Postsurgery
Direct surgery
Indirect surgery

 n  Pathologic
Local pathology
Systemic pathology

 n  Degenerative
Primary
Secondary

From DeWald RL: Spondylolisthesis. In Bridwell KH, DeWald RL, editors: The 
textbook of spinal surgery, ed 3, Philadelphia, 2011, Lippincott Williams 
& Wilkins.

 BOX 44.11 

 

A B
FIGURE 44.169 A, Pedicle, pars interarticularis, inferior facets of 

L5, and sacral facets all form bony hook that prevents L5 vertebra 
from sliding forward along slope of sacral endplate. B, Difference 
between normal bony hook and dysplastic bony hook that is inca-
pable of providing resistance to forward slippage of the L5 vertebra 
under weight-bearing stresses in upright spine.

Classification of Spondylolisthesis and 
Spondylolysis (Herman and Pizzutillo)

 n  Type I—Dysplastic
 n  Type II—Developmental
 n  Type III—Traumatic

Acute
Chronic

Stress reaction
Stress fracture
Spondylolytic defect
Nonunion of pars

 n  Type IV—Pathologic

From Herman MJ, Pizzutillo PD: Spondylolysis and spondylolisthesis in the 
child and adolescent, Clin Orthop Relat Res 434:46, 2005.

 BOX 44.12 
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the load on the posterior bony arch increases considerably 
from L1 to L5, with the highest mechanical stress concentrated 
at the pars interarticularis of L5. The defect has not been noted 
at birth or in chronically bedridden patients. Wiltse et al. pos-
tulated that lumbar lordosis is accentuated by the normal flex-
ion contractures of the hip in childhood and that this posture 
places the weight-bearing forces on the pars interarticularis. 
Letts et al. suggested that shear stresses are greater on the pars 
interarticularis when the lumbar spine is extended. Cyron and 
Hutton found that the pars interarticularis is thinner and the 
vertebral disc is less resistant to shear in children and adoles-
cents than in adults. It also is more common in certain types 
of sporting activities with repetitive hyperextension and rota-
tional loads applied to the lumbar spine. Adequate separa-
tion between the adjacent articular facets allows the posterior 
elements to overlap one another during hyperextension. As 
reported by Ward et  al., a lack of sufficient interfacetal dis-
tance in the cranial to caudal direction is likely to pinch the L5 
lamina between the inferior facets of L4 and the superior fac-
ets of S1 during repetitive hyperextension of the lumbar spine, 
leading to the development of a spondylolytic defect. The 
prevalence of spondylolysis and spondylolisthesis increases in 
children and adolescents who are active in sports that involve 
repetitive hyperextension of the lumbar spine, such as gym-
nastics, weightlifting, swimming, wrestling, and rowing. The 
incidence can vary from 11% to 30% but has been reported 
to be as high as 47% in elite athletes who participate in high-
risk sports such as diving and gymnastics. These observations 
indicate that the condition is acquired rather than congenital. 
However, as many as 50% of the Inuit population are reported 
to have spondylolisthesis, whereas only 6% to 7% of white 
males and 1.1% of adult black women have the condition, 
indicating a definite genetic predisposition.

Beutler et al. followed up on a prospective study started 
in the early 1950s by Dr. Daniel Baker to determine the inci-
dence and natural history of spondylolysis and spondylo-
listhesis. From 1955 to 1957, radiographs were taken of all 
first-grade children in a northern Pennsylvania town, a study 
population of 500 children. A lytic defect of the pars interar-
ticularis was found in 4.4%. By adulthood, lumbar lytic lesions 
had developed in additional subjects, bringing the total inci-
dence to 6%. Four decades later, all subjects with a pars defect 
were observed. Subjects with unilateral defects never expe-
rienced slippage during the course of the study. Progression 
of spondylolisthesis slowed with each decade. There was no 
association of slip progression and low back pain. There was 
no statistically significant difference between the SF-36 scores 
of the study population and those of the general population of 
the same age. Their findings indicated a benign course for the 
first 50 years of life. Only a small percentage of subjects devel-
oped symptomatic slippage progression in long-term follow-
up studies. Their findings confirm that there is no justification 
for advising children and adolescents with spondylolysis and 
low-grade spondylolisthesis not to participate in competitive 
sports.

Progression of spondylolisthesis is uncommon if it is 
less than 30%. If increased slipping occurs, it usually occurs 
between the ages of 9 and 15 years and seldom after the age 
of 20 years. Harris and Weinstein, in a long-term follow-up 
of untreated patients with grade III and grade IV spondylo-
listheses, found that 36% of patients were asymptomatic, 55% 
had mild symptoms, and only one patient had significant 

symptoms. All patients led active lives, and all had required 
only minor adjustments in their lifestyles. None of the 
patients was dissatisfied with his or her appearance, and none 
stated that it had interfered with social or business relation-
ships. In a similar group of patients treated with in situ pos-
terior interlaminar arthrodeses, 57% were asymptomatic and 
38% had mild symptoms. 

CLINICAL FINDINGS
Patients with spondylolysis and spondylolisthesis usually 
present with symptoms of mechanical low back pain that is 
aggravated by high activity levels or competitive sports. Pain 
is diminished with activity restriction and rest. Often no 
symptoms will be present and the patient seeks medical eval-
uation because of a postural deformity or gait abnormality. 
Pain most often occurs during the adolescent growth spurt 
and is predominantly backache, with only occasional leg pain. 
Symptoms are aggravated by high activity levels or competi-
tive sports and are diminished by activity restriction and rest. 
The back pain probably results from instability of the affected 
segment, and the leg pain usually is related to irritation of the 
L5 nerve root.

Back pain on lumbar hyperextension is a common clini-
cal finding. Pain can be reproduced by performing the one-leg 
hyperextension test or “stork test.” This usually reproduces pain 
on the affected side. Buttock pain radiating into the posterior 
thighs is common during walking or standing. A neurologic 
deficit affecting the L5 or S1 nerve root is present in 15% of 
patients. With a significant slip, a step-off at the lumbosacral 
junction is palpable, motion of the lumbar spine is restricted, 
and hamstring tightness is evident on straight-leg raising. 
Tightness of the hamstrings is present in 80% of symptom-
atic patients. As the vertebral body is displaced anteriorly, the 
patient assumes a lordotic posture above the level of the slip to 
compensate for the displacement. The sacrum becomes more 
vertical, and the buttocks appear heart shaped because of the 
sacral prominence. With more severe slips, the trunk becomes 
shortened and often leads to complete absence of the waistline. 
These children walk with a peculiar gait, described as a “pelvic 
waddle” by Newman, because of the hamstring tightness and 
the lumbosacral kyphosis. Children, unlike adults, seldom have 
objective signs of nerve root compression, such as motor weak-
ness, reflex change, or sensory deficit. Tight hamstrings often 
are the only positive physical finding.

Scoliosis is relatively common in younger patients with 
spondylolisthesis and is of three types: (1) sciatic, (2) olis-
thetic, or (3) idiopathic. Sciatic scoliosis is a lumbar curve 
caused by muscle spasm. Usually, this is not a structural 
curve, and it resolves with recumbency or relief of symptoms. 
Olisthetic scoliosis is a torsional lumbar curve with rotation 
that blends with the spondylolytic defect and results from 
asymmetric slipping of the vertebra. These lumbar curves gen-
erally resolve after treatment of the spondylolisthesis. Severe 
curves, however, may become structural, and treatment is 
more complicated. Fusion of the lumbosacral area has been 
found to have no corrective effect on thoracic or thoracolum-
bar curves. When idiopathic scoliosis and spondylolisthesis 
occur together, they should be treated as separate problems. 

RADIOGRAPHIC FINDINGS
The key to diagnosis of spondylolysis and spondylolisthe-
sis lies in routine radiographs. The initial evaluation should 
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include anteroposterior views, standing lateral views, and 
a Ferguson coronal view. The lateral view should be taken 
with the patient standing because a 26% increase in slipping 
has been noted on standing films compared with recum-
bent films. In spondylolysis without slippage, the pars inter-
articularis defect often is difficult to see. Oblique views of 
the lumbar spine can put the pars area in relief apart from 
the underlying bony elements, making viewing of the defect 
easier. A recent study has called into question whether 
routine oblique radiographs are useful and needed in the 
evaluation of a patient with spondylolysis or spondylolis-
thesis. A bone scan may be indicated in children in whom 
an acquired pars defect is believed to be present but can-
not be confirmed by plain films. The bone scan may detect 
the stress reaction stage before the fracture occurs. Isotope 
imaging with single-photon emission computed tomogra-
phy (SPECT) is considered an extremely sensitive technique 
for early diagnosis of acute spondylolysis. Unfortunately, 
SPECT is nonspecific, detects only 17% of chronic lesions, 
and cannot distinguish between stress reactions and com-
plete fractures.

CT has long been considered the gold standard for detect-
ing pars interarticularis fractures. Limitations of CT, how-
ever, include low accuracy in distinguishing between a recent 
active fracture or a stress reaction and a chronic nonunion. 
Another drawback is the increased radiation exposure associ-
ated with CT scanning.

MRI can identify stress reactions and fractures in the 
pars; however, it is technique dependent, and T2-weighted 
fat-suppressed images in the oblique and sagittal planes are 
needed to evaluate bone marrow edema in acute lesions. MRI 
is useful for evaluation of disc pathology and any nerve root 
compression. Disadvantages are cost, availability, and need for 
an experienced radiologist in reading the image. Hollenberg 
et al. described an MRI classification system for spondyloly-
sis: grade 0, normal; grade 1, bone edema and intact cortices 
compatible with a stress reaction; grade 2, incomplete frac-
ture; grade 3, complete active fracture with accompanying 
bone edema; and grade 4, complete fracture without accom-
panying bone marrow edema.

The most commonly used radiographic grading system 
for spondylolisthesis is that of Meyerding. In this system, the 
slip grade is calculated by determining the ratio between the 
anteroposterior diameter of the top of the first sacral verte-
bra and the distance the L5 vertebra has slipped anteriorly  
(Fig. 44.170). Grade I spondylolisthesis is displacement of 25% 
or less; grade II, between 25% and 50%; grade III, between 
50% and 75%; and grade IV, more than 75%. A grade V spon-
dylolisthesis represents the position of L5 completely below 
the top of the sacrum. This also is termed spondyloptosis.

Bourassa-Moreau et  al. emphasized the importance of 
standardizing the measurement techniques for determining 
slip severity in spondylolisthesis. They used two measure-
ment techniques: technique 1 used a line drawn from the pos-
teroinferior corner of the L5 vertebra that is perpendicular to 
the S1 vertebral endplate, and technique 2 used a line tangen-
tial to the posterior wall of the L5 vertebra that intersects the 
S1 vertebral endplate (Fig. 44.171). They found a significant 
difference between the two measurement techniques, high-
lighting the need to standardize and specify the measurement 
techniques used to plan and assess any intervention in spon-
dylolisthesis (Fig. 44.172).

DeWald recommended a modification of the Newman 
system to better define the amount of anterior roll of L5  
(Fig. 44.173). The dome and the anterior surface of the sacrum 
are divided into 10 equal parts. The scoring is based on the 
position of the posterior inferior corner of the body of the 
fifth lumbar vertebra with respect to the dome of the sacrum. 
The second number indicates the position of the anterior 

 

3822

A BB
% of Slippage

Slippage = 58%

FIGURE 44.170 A and B, Percentage of slipping calculated by 
measurement of distance from line parallel to posterior portion 
of first sacral vertebral body to line parallel to posterior portion 
of body of L5; anteroposterior dimension of L5 inferiorly is used 
to calculate percentage of slipping.

 

Technique 1 Technique 2

a
b

c

d

e

f

a
b

c

d

e

f

FIGURE 44.171 Two techniques for spondylolisthesis measure-
ment. Technique 1 uses b-f line perpendicular to S1 endplate (line 
e-d); technique 2 uses tangent to L5 posterior wall, line a-b. These 
lines indicate position of L5 on S1 in point f.  (Redrawn from Bourassa-
Moreau E, Mac-Thiong JM, LaBelle H: Redefining the technique for the 
radiologic measurement of slip in spondylolisthesis, Spine 35:1401, 2010.)
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inferior corner of the body of the L5 vertebra with respect to 
the anterior surface of the first sacral segment.

The angular relationships are the best predictors of insta-
bility or progression of the spondylolisthesis deformity. These 
relationships are expressed as the slip angle, which is formed 
by the intersection of a line drawn parallel to the inferior or 
superior aspect of the L5 vertebra and a line drawn perpen-
dicular to the posterior aspect of the body of the S1 verte-
bra (Fig. 44.174). The normal slip angle in a patient without 
spondylolisthesis should be lordotic. With a high-grade spon-
dylolisthesis, the angle is commonly kyphotic. The degree of 
kyphosis may become large, representing a severe form of 
segmental kyphosis at L5-S1. Boxall et al. found an associa-
tion between a high slip angle (>55 degrees) and progression 
of the deformity.

Restoration of spinopelvic balance is important in the 
treatment of spondylolisthesis. Hresko et  al. described two 
patterns of deformity in patients with a high-grade spondy-
lolisthesis, based on the alignment of the sacrum and pelvis. 
The first group was classified as balanced, and the sacral slope 

and pelvic tilt were similar to those of patients without spon-
dylolisthesis in this balanced group. The second group was 
classified as unbalanced and had marked retroversion of the 
sacropelvic complex. The balanced group is characterized by 
a high sacral slope and low pelvic tilt. The unbalanced group 
has a vertical sacrum, a low sacral slope, and a high pelvic tilt 
(Fig. 44.175). 

TREATMENT OF ACQUIRED 
SPONDYLOLYSIS
Treatment of acquired spondylolysis from a stress fracture in 
children and adolescents depends on whether the spondylol-
ysis is acute or chronic. Micheli, Jackson et al., and Rabushka 
et  al. described children and adolescents in whom acute 
spondylolytic defects healed with cast or brace immobiliza-
tion. Typically, these children have an acute onset of symp-
toms and the episode of injury is clearly documented. Often 
they are participating in a sport, such as gymnastics, that 
causes repetitive hyperextension of the spine. A SPECT scan 
or MRI can be helpful in determining whether the process is 
acute or chronic. If the SPECT scan detects an abnormality or 
MRI shows edema in the pedicle, a CT scan of the suspected 
area can be obtained to distinguish between a stress reaction 
and an acute stress fracture. CT scanning is the most help-
ful radiographic technique for determining the presence or 
absence of healing.

Nonoperative treatment will return most adolescents 
to normal activities. The spectrum of nonoperative treat-
ment recommendations ranges from rest and restriction 
of activities to bracing and a structured rehabilitation 
program. Treatment begins with rest and restriction of 
activities; however, El Rassi et  al. found that there was 
only a 42% compliance rate with restriction of activities. 
This finding highlights the need for participation by the 
patient, parents, and coaches in the treatment plan. Brace 
treatment has been controversial because of the inability 
of a standard TLSO to completely immobilize the lumbo-
sacral junction. A brace will give some global restriction of 

 

A B

FIGURE 44.172 Two clinical cases illustrating how differences between technique 2 and technique 
1 (see Fig. 44.171) vary with respect to orientation of L5 over S1. A, In kyphotic alignment (high 
LSA), technique 2 underestimates value obtained. B, In lordotic alignment (low LSA), technique 
2 overestimates technique 1 value. These cases illustrate negative correlation between LSA and 
technique 2 difference. LSA, Lumbosacral angle.  (From Bourassa-Moreau E, Mac-Thiong JM, LaBelle H: 
Redefining the technique for the radiologic measurement of slip in spondylolisthesis, Spine 35:1401, 2010.)

 

A

B

C

FIGURE 44.173 Modified Newman spondylolisthesis grading 
system. Degree of slip is measured by two numbers, one along 
sacral endplate and second along anterior portion of sacrum: A = 
3 + 0; B = 8 + 6; and C = 10 + 10.
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motion of the lumbar spine but is probably most effective 
in forcing restriction of activities. Electrical stimulation 
has been used with varied results in attempts to heal an 
acute pars fracture.

A structured rehabilitation program is essential to return 
the patient to sports. This program has four phases: (1) acute, 
(2) subacute, (3) pre-sport, and (4) sport-conditioning. The 
acute phase focuses on relief of pain and inflammation and 
rehabilitation of the lumbopelvic stabilizers. The subacute 
phase emphasizes core strengthening and restoration of trunk 
range of motion. Nonimpact cardio activities can be begun 
during this stage. The therapist initiates sports-simulated 
movements to increase the patient’s strength and endurance 
during the pre-sport phase. In the final sports-conditioning 
phase, sport-specific drills and impact cardio training are 
begun with the goal of returning the patient to his or her 
desired sport. The nonoperative treatment and structured 
rehabilitation program usually requires 12 weeks to complete. 
Patients with a stress reaction may progress faster, but some 

patients may require 4 to 5 months of rehabilitation before 
they are ready to return to sports.

Children and adolescents in whom the spondylolysis is 
of long duration are treated with routine nonoperative mea-
sures. Activities are restricted, and back, abdominal, and 
core-strengthening exercises are prescribed. If the symp-
toms are more severe, a brief period of brace immobilization 
may be required. Once the pain has improved and the ham-
string tightness has lessened, the child is allowed progres-
sive activities. Yearly examinations with standing spot lateral 
radiographs of the lumbosacral spine are advised to rule out 
the development of spondylolisthesis. If the patient remains 
asymptomatic, limitation of activities or contact sports is 
not necessary. Most children with spondylolysis have excel-
lent relief of symptoms or only minimal discomfort at long-
term follow-up. If a child does not respond to conservative 
measures, other causes of back pain, such as infection, tumor, 
osteoid osteoma, and herniated disc, should be ruled out. 
Special attention should be paid to children whose symptoms 
do not respond to bed rest or who have objective neurologic 
findings. A very small percentage of children with spondy-
lolysis who do not respond to conservative measures and in 
whom the other possible causes of back pain have been elimi-
nated may require operative treatment.

REPAIR OF SPONDYLOLYTIC DEFECT
The primary indication for operative treatment of spondylol-
ysis is failure of a 6-month conservative treatment program. 
The principles of pseudarthrosis repair are the same as for any 
long bone: debridement, grafting of the site with autogenous 
bone graft, and compression across the fracture. The type of 
surgery is based on the location of the spondylolysis and any 
associated disc pathology or associated vertebral dysplasia.

The surgical treatment of spondylolysis can be either an 
intervertebral fusion or a repair of the pars defect. When the 
lesion is at L5, direct repair of the pars defect and an L5 to 
S1 fusion will give similar results. If there is associated disc 
pathology at L5 or S1 or any associated dysplasia, fusion is 
the preferred treatment. When the pars lesion is at L4 or L3, 
direct repair is recommended. Four repair techniques have 
been described: (1) Scott wiring, (2) Buck screw, (3) pedicle 
screw and hook, and (4) V-rod or U-rod technique. With all 
techniques, the rate of return to sports is reported to be 80% 
to 90%. The Scott technique places wires around the trans-
verse process on each side and through the spinous process to 
compress the pars defect. This is the least rigid of all the fixa-
tion methods, but it nonetheless has a healing rate of nearly 
80%. Direct intralaminar screw fixation of a pars defect, 
described by Buck in 1970 with good outcomes in 93%, offers 
a minimally invasive and motion-preserving technique. The 
use of pedicle screws and infralaminar hoods attached to a 
short rod allows compression of the pars defect along the 
rod to stabilize the defect. This is the most rigid construct. A 
similar technique uses a U-shaped rod placed inferior to the 
spinous process for stabilization and compression of the pars 
defect. Sairyo et  al. described restoration of disc stresses to 
normal at the cranial and caudal levels of the pars defect after 
direct intralaminar screw fixation using the Buck technique. 
Several other studies also have shown a superior biomechani-
cal advantage of the Buck technique relative to other common 
fixation techniques; however, according to a biomechanical 
study of the four different techniques, all of which restored 

 

B

A

FIGURE 44.174 Schematic representation of slip angle or 
kyphotic malalignment of lumbosacral junction present in high-
grade isthmic dysplastic spondylolisthesis. A, Standard method of 
measurement. B, Method used when inferior L5 endplate is irregu-
larly shaped.
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normal intervertebral rotation, the Scott and Buck constructs 
were found to be less stable than the screw-hook or U-rod 
constructs. Mihara et al. found that the Buck screw technique 
restored more normal motion at the involved level and adja-
cent level.

Kakiuchi reported successful union of pars defects 
with the use of a pedicle screw, laminar hook, and rod sys-
tem. A pedicle screw is placed in the pedicle above the pars 
defect. The pars defect is bone grafted. A rod is placed in 
the pedicle screw and then into the caudal laminar hook, 
and compression is applied. This gives a more stable con-
struct than that afforded by wire techniques. A second sur-
gery for removal of prominent implants after healing may 
be necessary. 

 

SPONDYLOLYSIS REPAIR

 TECHNIQUE 44.50 

(KAKIUCHI)
 n  Place the patient prone on a Hall frame.
 n  Expose the involved vertebra, including the defect of the 

pars interarticularis, through a midline posterior incision. 
Remove the fibrous tissue in and behind the defect with a 
Cobb elevator, rongeur, or curet. To maintain the length 
of the pars interarticularis, do not remove the sclerotic 
bone on both sides of the defect.

 n  Clean the lateral aspect of the inferior half of the supe-
rior articular process and the medial third of the posterior 
aspect of the transverse process of soft tissue without 
interfering with the capsule of the facet.

 n  Decorticate the posterior aspect of the pars interarticularis 
and adjoining portion of the lamina with use of a small 
chisel (Fig. 44.176A). Do not decorticate the lateral and 
inferior aspects of the superior articular process to main-
tain the strength of the osseous structures for pedicle 
screw placement.

 n  If nerve root decompression is indicated, remove the bone 
spurs over the nerve root with an osteotome (Fig. 44.176B). 
Bury free fat tissue in the defect created above the nerve 
root to prevent bone graft from falling onto the nerve root.

 n  To achieve a wider area for bone grafting, make the start-
ing point for the insertion of the pedicle screw is near the 
intersection of a vertical line through the center axis of the 
pedicle and a horizontal line at the superior border of the 
pedicle (Fig. 44.176C).

 n  Direct the screw slightly caudally so that it enters the ver-
tebral body at the center axis of the pedicle.

 n  After insertion of the pedicle screw, take strips of cancel-
lous bone from the posterior aspect of the ilium through 
the same incision in the skin.

 n  Pack the cancellous bone as an onlay graft from the me-
dial third of the transverse process to the decorticated 
portion of the lamina to form a sheet of bone about 1 cm 
thick (see Fig. 44.176C).

 n  If the multifidus muscle is too tight for pedicle screw inser-
tion through this midline approach (which is more com-
mon at L5 than more cephalad levels), the starting point 
for insertion of the pedicle screw on the superior articular 
process should be exposed through the paraspinal ap-
proach over the pedicle through the same midline incision 
in the skin and additional small fascial incisions made 2 to 
3 cm lateral to the midline (Fig. 44.176D). Insert a finger 
through the natural cleavage plane between the multifi-
dus and longissimus muscles to the insertion point over 
the pedicle.

 

Balanced pelvis

High-Grade Spondylolisthesis

Unbalanced pelvis

FIGURE 44.175 Sagittal view of spinopelvic alignment in high-grade spondylolisthesis.  (From 
Hresko MT, LaBelle H, Roussouly P, Berthonnaud E: Classification of high-grade spondylolistheses based on 
pelvic version and spine balance, Spine 32:2208, 2007.)
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 n  Cut the rod to the appropriate length and attach it to the 
head of the variable-angle screw. Insert a laminar hook 
to the inferior edge of the lamina and attach it to the rod 
(Fig. 44.176E).

 n  To reduce the size of the defect of the pars interarticularis, 
apply a mild compression force between the hook and 
the head of the screw with the hook compressor before 
tightening the locknut in the eyebolt.

 n  Repeat the procedure on the contralateral side. 

POSTOPERATIVE CARE Usually patients are allowed to 
stand and walk on the second or third postoperative day. 
A hard lumbosacral corset is worn for 2 months, but its use 
should be determined on an individual basis. Patients are al-
lowed unrestricted activity after 6 months.
   

 

MODIFIED SCOTT REPAIR TECHNIQUE
Van Dam reported success in 16 patients with a modifica-
tion of the Scott repair technique. In 26 direct pars repairs, 
union was achieved in 22.

 TECHNIQUE 44.51 

(VAN DAM)
 n  Approach the lumbar spine posteriorly.

 n  Identify and debride the area of the pars pseudarthro-
sis.

 n  Place a 6.5-mm cancellous screw approximately two 
thirds of the way into the ipsilateral pedicle.

 n  Loop an 18-gauge wire around the screw head and pass 
the wire through a hole at the base of the spinous pro-
cess.

 n  Pass the ends of the wire through a metal button and 
tighten the wire loop around the screw head.

 n  Twist the wire ends tightly against the metal button and 
cut the excess wire away.

 n  Place autogenous cancellous bone in and around the de-
brided pars defect.

 n  Fully seat the screw to accomplish final tightening of the 
wire (Fig. 44.177).

 n  Taddonio described the use of pedicle screws attached 
to Cotrel-Dubousset rods and offset laminar hooks to 
accomplish the same mechanical stability as in the Buck 
technique and Bradford technique. Roca et al. described 
the use of a titanium variable-angle pedicular-laminar 
hook-screw especially designed for direct spondylolysis 
repair.

POSTOPERATIVE CARE The patient should use a lum-
bosacral orthosis for a minimum of 3 months and up to 
6 months after surgery. Healing of the pars is ascertained 
by follow-up CT scan.
   

 

A B

C D E

Area of soft-tissue
removal without
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of pedicle
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screw insertion
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FIGURE 44.176 A, Recipient bed prepared for autogenous cancellous bone graft. B, Posterior 
elements overlying affected nerve root are excised. C, Variable-angle pedicle screw and bone graft 
inserted. D, Paraspinal  approach can be used when the multifidus muscle is too tight for pedicle 
screw insertion through the midline. E, Rod attached to head of screw with variable-angle eyebolt. 
Laminar hook attached to rod. (From Kakiuci M: Repair of the defect in spondylolysis, J Bone Joint 
Surg 79A:818, 1997.) SEE TECHNIQUE 44.50.
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 FIGURE 44.177 Scott wiring technique. (Redrawn from 
Rechtine G II: Spondylolysis repair. In Vaccaro A, Albert TJ, editors: 
Spine surgery tricks of the trade, New York, 2003, Thieme.) SEE  
TECHNIQUE 44.51.

 FIGURE 44.178 Technique of Buck screw fixation of pars defect. 
SEE TECHNIQUE 44.52.

 

INTRALAMINAR SCREW FIXATION 
OF PARS DEFECT (BUCK SCREW 
TECHNIQUE)

 TECHNIQUE 44.52 

PARS SCREW FIXATION
 n  With the patient prone in a position to minimize lor-

dosis, use fluoroscopy to localize the level of the de-
fect.

 n  Make a midline incision approximately 5 cm long lateral to 
the corresponding spinous process to expose the lamina 
and the defect.

 n  Use a curet to clean the defect.
 n  Under fluoroscopy, and alternating between anteropos-

terior and lateral views, make a percutaneous stab wound 
with a 4.5-mm cannulated screw guidewire.

 n  Drill the wire through the caudal laminar surface, bisect-
ing the pedicle to the superior cortex of the pedicle and 
traversing the pars defect (Fig. 44.178).

 n  Use a 3.2-mm cannulated drill to drill over the guidewire.

 n  Remove the wire and use a ball-tipped probe to feel the 
cortices.

 n  Measure and tap the screw length.
 n  If the lamina is large enough, overdrill it distally.
 n  Insert a solid (rather than cannulated) 4.5-mm screw of 

the appropriate size, with compression as needed.
 n  Through the same incision, harvest a posterior iliac crest 

bone graft and place the cancellous graft in the defect. 
Overlay a corticocancellous strip from the lamina to the 
transverse process.
   

 

SPONDYLOLYSIS REPAIR WITH U-ROD 
OR V-ROD

 TECHNIQUE 44.53 

(SUMITA ET AL.)
 n  With the patient prone, make a midline incision and el-

evate the paraspinal musculature laterally to expose the 
lamina, pars, and base of the transverse process. Take 
care not to injure the capsule of the facet joint.

 n  Expose the defect in the pars and use a curet to remove 
the fibrocartilage.

 n  Use a burr to decorticate the defect and the correspond-
ing lamina and transverse process.

 n  Using anatomic landmarks and fluoroscopy, determine 
the starting point for the pedicle screw.

 n  Create the starting hole with a burr and use a pedicle 
finder to enter the pedicle.

 n  Assess the walls and floor with a ball-tipped probe and 
tap the hole for a 5-mm pedicle screw.

 n  Harvest bone graft from the iliac crest, place it in the de-
fect, and impact it before insertion of the screw.

 n  After the screws are placed, contour a rod into a U shape 
or V shape (Fig. 44.179) and place it just caudal to the 
interspinous ligament of the affected level; attach the rod 
to each pedicle screw, and tighten the screws to compress 
the defect.

 n  Confirm correct placement of the screw and rod with 
fluoroscopic imaging.

POSTOPERATIVE CARE Intravenous antibiotics are ad-
ministered until the wound is dry. The patient is mobilized 
without a brace.
  

POSTEROLATERAL FUSION
Posterolateral fusion is the conventional operative treatment 
of symptomatic spondylolysis at L5 unresponsive to conser-
vative treatment. Pedicle instrumentation and fusion often 
are done to avoid the necessity of postoperative bracing. If no 
internal fixation is used, the patient is immobilized in a TLSO. 
A pantaloon cast or a TLSO with a thigh extension also may 
be used for greater immobilization. Fusion rates of approxi-
mately 90% have been reported with similar percentages of 
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relief of symptoms after fusion of L5 to the sacrum. Extension 
of the fusion to L4 is not necessary. The Gill procedure or a 
wide laminectomy in a child is not necessary. 

TREATMENT OF DEVELOPMENTAL 
SPONDYLOLISTHESIS

NONOPERATIVE TREATMENT
Surgery is not always necessary for spondylolisthesis. 
Restriction of the patient’s activities, muscle rehabilitation 
(spinal, abdominal, and trunk), and other nonoperative mea-
sures, including the intermittent use of a rigid back brace, 
often are sufficient if the symptoms are minimal and the slip-
page is mild. If symptoms improve, progressive increases in 
activity are permitted. Activity restrictions are unnecessary 
for patients with mild degrees of spondylolisthesis. For symp-
tom-free patients with slips of more than 25% but less than 
50%, contact sports and activities that carry a high probability 
of back injury should be avoided. Standing spot lateral radio-
graphs of the lumbosacral junction are made every 6 to 12 
months until the completion of growth. 

OPERATIVE TREATMENT
Indications for surgery include persistent symptoms despite 
conservative treatment for 6 months to 1 year, persistent 
tight hamstrings, abnormal gait, and pelvic-trunk defor-
mity. Development of a neurologic deficit is an indication for 
operative intervention, as is progression of the slip, which is 
indicative of a severe dysplasia. Early surgery may prevent 
more difficult or risky surgeries at a later time. If a patient is 
asymptomatic and has a slip of more than 50%, severe dyspla-
sia (high dysplastic spondylolisthesis) is likely and surgery is 
indicated.

A posterolateral fusion between L5 and the sacrum 
is recommended for slips of less than 50% in children and 
adolescents whose symptoms persist despite conservative 
treatment. This degree of slippage has a mild dysplasia (low 
dysplastic type), usually without a significant slip angle. These 
patients usually do well with a posterolateral fusion in situ 
or with a partial reduction. Unless there is significant lum-
bosacral kyphosis, there is no need for anatomic reduction. 
Instrumentation with pedicle screw fixation will avoid the 
need for postoperative immobilization. Extremely tight ham-
strings, decreased Achilles tendon reflexes, and even foot-
drop may improve after a solid arthrodesis. Laminectomy as 

an isolated technique in a growing child is contraindicated 
because further slipping will occur. 

TREATMENT OF SEVERE (HIGH 
DYSPLASTIC) SPONDYLOLISTHESIS
Operative treatment of high dysplastic spondylolisthe-
sis is more controversial. Most authors agree that slippage 
of more than 50% requires fusion. The operative options, 
however, are many and may include posterior fusion with 
or without reduction and instrumentation, with or with-
out decompression, and with or without anterior interbody 
fusion. For patients with a grade V spondyloptosis, Gaines 
and Nichols described an L5 spondylectomy with fusion of 
L4 to the sacrum.

Lenke et al. found that 21% of 56 in situ bilateral trans-
verse process fusions for spondylolisthesis were definitely 
not fused, but despite this low fusion rate, overall clinical 
improvement was noted in more than 80% of patients. Other 
authors recommended combined anterior fusion and reduc-
tion with posterior spinal instrumentation for high dysplas-
tic slips because of problems with the healing of a posterior 
arthrodesis alone. In addition to improving the appear-
ance, the reduction of spondylolisthesis with instrumenta-
tion improves the chance of fusion (Fig. 44.180). Johnson 
and Kirwan and Wiltse et  al. reported excellent results in 
patients with slips of more than 50% treated with bilateral 
lateral fusions. Freeman and Donati found similar results 
after in situ fusion in patients observed for an average of 12 
years (Fig. 44.181). Poussa et  al. compared the results of in 
situ fusion of spondylolisthesis of more than 50% with results 
of reduction by a transpedicular system and found no differ-
ences between the groups in functional improvement or pain 
relief. In situ fusion gave a satisfactory cosmetic appearance; 
reduction procedures were associated with increased opera-
tive time, complications, and reoperations. Other reports 
have recorded an increased rate of nonunion and delayed 
neurologic complications when posterolateral fusion in situ 
has been performed in high-grade slips.

Instrumentation with pedicle screws has been used in an 
attempt to prevent further deterioration of the spondylolis-
thesis with in situ fusion. The goal of surgical treatment in 
patients with a high-grade spondylolisthesis is to restore the 
global sagittal balance of the spinopelvic complex. The degree 
of reduction of the translatory displacement in high-grade 

 

BA
FIGURE 44.179 Sagittal (A) and axial (B) position of the pedicle screw instrumentation for V-rod 

fixation. SEE TECHNIQUE 44.53.
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slips is less important than improving the lumbosacral 
kyphosis and restoring sagittal imbalance. In severe cases, 
the fusion may need to be extended to L4. The advantages of 
reduction of high-grade spondylolisthesis include reduction 
of the slip angle (lumbosacral kyphosis), which improves the 
sagittal lumbosacral orientation and places the fusion mass 
in more compression, and improves the global sagittal bal-
ance and the cosmetic appearance. Direct neural decompres-
sion also is allowed with this procedure. Disadvantages are 
that more extensive surgery is required, an additional anterior 
procedure often is needed, and there is an increased risk for 
neurologic injury.

Cauda equina injuries may occur after in situ fusions. In 
severe spondylolisthesis, the sacral roots are stretched over 
the back of the body of S1 and are sensitive to any movement 
of L5 on S1. It has been postulated that muscle relaxation 
after general anesthesia and the surgical dissection may 
lead to additional slippage that further stretches these sacral 
roots. Patients most at risk have an initial slip angle of more 
than 45 degrees. Thorough neurologic evaluation before and 
after in situ arthrodesis is recommended in all patients with 
grade III or grade IV spondylolisthesis. Examination should 
include clinical assessment of perineal sensation, function 
of the bladder, and rectal tone. If a patient has a detect-
able neurologic deficit preoperatively, decompression of the 

cauda equina at the time of the arthrodesis with removal of 
the posterior superior lip of the sacrum (Fig. 44.182) can be 
done. Because this decompression causes additional insta-
bility, segmental instrumentation with pedicle screws is 
required. Alternatively, decompression of the cauda equina 
can be combined with reduction of the forward slip with 
posterior pedicle segmental instrumentation. If injury to 
the cauda equina is evident after an otherwise uneventful 
in situ arthrodesis, prompt decompression with removal of 
the posterior aspect of S1 is recommended. In situ pedicle 
segmental instrumentation should be considered to further 
stabilize the area.

There are no definite guidelines regarding the appropriate 
surgical treatment of children and adolescents with high dys-
plastic spondylolisthesis. Intuitively, it seems that the more 
dysplastic and unstable the spine is, the more justifiable is 
some type of reduction and instrumentation. Boachie-Adjei 
et al. proposed a technique of partial reduction of the lumbo-
sacral kyphosis, decompression of the nerve roots, postero-
lateral fusion, and pedicle screw transvertebral fixation of the 
lumbosacral junction. This technique has the advantage of 
providing three-column fixation by the lumbosacral transfix-
ation, yet it is performed through a single posterior approach. 
It also allows interbody grafting to be done if necessary with-
out a formal anterior procedure. Lenke and Bridwell also 

 

A B C

FIGURE 44.180 A, Severe spondylolisthesis. B, MR image shows slip. C, After anterior and  
posterior reduction and fusion with posterior instrumentation.

 

A B C

FIGURE 44.181 A, Severe spondylolisthesis. B and C, After in situ fusion.
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found that this approach provided the best fusion rates and 
clinical outcomes with acceptable complication rates. 

 

POSTEROLATERAL FUSION AND 
PEDICLE SCREW FIXATION

 TECHNIQUE 44.54 

(LENKE AND BRIDWELL)
 n  Place the patient prone on a radiolucent table. Initially, 

the patient can be positioned with the knees and hips 
flexed to facilitate decompression.

 n  Approach the spine through a standard posterior midline 
lumbosacral incision.

 n  Perform a Gill laminectomy and bilateral L5 and S1 nerve 
root decompressions. It is extremely important to decom-
press the L5 nerve roots widely past the tips of the L5 
transverse processes.

 n  Place pedicle screws at L5 and S1. For additional sacro- 
pelvic fixation points, use bilateral distal iliac wing screws. 
In high-grade slips, instrumentation to L4 may be needed.

 n  Apply mild distraction to the L5-S1 segment and perform 
a sacroplasty to shorten the sacrum and decrease the 
stretch of the L5 nerve roots.

 n  At this point, if the hips and knees are flexed, extend them 
to flex the pelvis to meet the L5 segment.

 n  Attempt to access the L5-S1 disc space from the posterior 
approach. If this can be done, remove the disc and use mor-
selized bone graft or place structural cages in the L5 disc.

 n  Contour the rod and place it into the distal fixation seg-
ment; flex the sacrum with the rod to meet the L5 seg-
ment.

 n  Place the graft anterior just before locking the instrumen-
tation into place.

 n  Review the intraoperative anteroposterior and lateral ra-
diographs.

 n  Perform a formal wake-up test to assess bilateral foot and 
ankle movement.

 n  Place iliac crest bone graft harvested proximal to the iliac 
screw site over the decorticated transverse process and 
sacral ala bilaterally (Fig. 44.183).

 n  If an adequate anterior spinal fusion could not be per-
formed posteriorly, the patient is brought back 5 to 7 days 
later for an anterior procedure.

 n  Depending on the degree of reduction obtained, a formal 
discectomy with structural grafts or metallic cages is used 
with the anterior iliac crest graft for fusion.

 n  If the slip angle and translation correction have not been 
enough to allow access to the L5 disc anteriorly, ream 
over a Kirschner wire that is placed from the midportion 
of the L5 through the L5-S1 disc and into the proximal 
sacrum and insert the fibular allograft. 

POSTOPERATIVE CARE Depending on the security of 
the fixation obtained, a single pantaloon brace or TLSO 
may be needed. The brace can be discontinued when it 
appears that the fusion is solid enough to safely do so, 
usually at 3 to 4 months postoperatively.
   

 

INSTRUMENTED REDUCTION
In high dysplastic spondylolisthesis, reduction and fusion 
with internal fixation and a sagittally aligned spine can 
eliminate the complication of progression of the defor-
mity that can occur after in situ fusion. Lumbar root 
pain or deficit may require decompression of the L5 
symptomatic roots and internal fixation. Internal fixa-
tion makes it possible to decompress these roots fully 
without fear of residual instability or progressive slipping 
(Fig. 44.184). Sacral radiculopathy caused by stretch-
ing of the sacral roots over the posterosuperior corner 
of the sacrum theoretically can be relieved by restoring 
the lumbar spine to its proper position over the sacrum. 
This relieves the anterior pressure from the sacral roots, 
shortens their course, and relaxes the cauda equina. Cor-
rection of the slip angle (kyphosis) greatly reduces the 
bending moment and tensile stress that works against 
the posterior lumbosacral graft. When normal biome-
chanics are restored by correction of the deformity, it 
may be possible to fuse fewer lumbosacral segments. 
Theoretically, restoring body posture and mechanics to 
normal may lessen future problems in the proximal areas 
of the spine. Physical appearance is a concern of adoles-

 

A B C D
FIGURE 44.182 A, Severe spondylolisthesis. B, Increase that may occur intraoperatively. C, Opera-

tive decompression of cauda equina with sacroplasty. D, Appearance of sacrum after excision of 
posterior superior aspect.
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FIGURE 44.183 Radiographs of 12-year-old girl with high-grade IV isthmic dysplastic spondylo-
listhesis. Patient has small amount of sciatic scoliosis on coronal view (A and B). Sacrum is vertical 
on sagittal radiograph (C), and she is positioned with her trunk anterior to her pelvis, showing 
anterior sagittal imbalance. Patient had posterior decompression, partial reduction, sacral dome 
osteotomy, and posterolateral fusion with instrumentation from L5 to sacrum. One week later, she 
had anterior fibular dowel graft placement from L5 to sacrum. Radiographs D to F show improved 
position of L5 on sacrum and excellent alignment in overall coronal (D) and sagittal (E) radiographs. 
F, Arrow points to anterior edge of fibular graft. (From Lenke LG, Bridwell KH: Evaluation and 
surgical treatment of high-grade isthmic dysplastic spondylolisthesis, Instr Course Lect 52:525, 
2003.) SEE TECHNIQUE 44.54.
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FIGURE 44.184 In high dysplastic spondylolisthesis (A and B), lumbar root pain or deficit may 
require decompression of the L5 symptomatic roots and internal fixation. C and D, Internal fixation 
makes it possible to decompress these roots fully without fear of residual instability or progressive 
slipping.
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cents with high-grade spondylolisthesis, and this can be 
improved with reduction of the deformity.
These advantages, however, should be weighed against the 
potential risks of the surgery. These procedures are techni-
cally demanding and carry with them a significant risk of 
nerve root injury. As techniques are evolving, these risks are 
decreasing but are still present. Numerous techniques to 
obtain complete reduction of high-grade dysplastic spon-
dylolisthesis have been described. The following technique 
is just one of those described.

 TECHNIQUE 44.55 

(CRANDALL)
 n  After general anesthesia is obtained, place the patient 

prone on a radiolucent table.
 n  Use a routine midline approach to the lumbosacral spine.
 n  Perform a full L5 laminectomy, inferior facetectomy, and 

nerve root decompression. A discectomy at L5-S1 will also 
make L5 more mobile for reduction.

 n  Prepare and tap the pedicles at L5-S1 and insert long post 
screws bilaterally at L5.

 n  Screws also should be placed bilaterally at S1.
 n  For high-grade spondylolisthesis, a distal point of fixation 

is needed to form a strong and stable base from which L5 
can be pulled into position. Options include iliac screws 
(Fig. 44.185A) and S2 alar screws (Fig. 44.185B,C).

 n  Aim the S2 multiaxial screws laterally into the beak of the 
sacral ala.

 n  After all screws are placed, select a rod of the appropriate 
length and diameter, along with the corresponding three-
dimensional connectors, and preassemble the construct.

 n  Place screw extenders on the post of the S1 screws to ease 
insertion.

 n  Slide the preassembled construct down the screw extend-
ers at S1 and the threaded post of the long post screw at 
L5 and into the multiaxial screw heads at S2.

 n  Repeat the same process on the contralateral side of the 
spine.

 n  Once the connectors are in place, temporarily secure 
them at S1 with a lock screw. When the construct 
is in place, each rod creates a “diving board” over L5  
(Fig. 44.185D).

 n  Place a low-profile crosslink plate between the S1 and S2 
levels of the construct. If iliac screws are used, this is not 
necessary.

 n  Place the provisional reduction crimps on both the long 
post three-dimensional screws at L5 (Fig. 44.185E). Place 
the crimp driver on the threaded posts of the screws. Ad-
vance the driver down the threaded post to the provisional 
reduction crimp. Sequentially tighten the driver by rotat-
ing clockwise and pushing down on the reduction crimps 
(Fig. 44.185F). By use of the provisional reduction crimps, 
the spine is brought into its correct anatomic position in 
a gradual and highly controlled way (Fig. 44.185G,H).

 n  If the L5 connector “bottoms out” onto the screw head 
before full reduction is achieved (Fig. 44.185I), there are 
two options for getting the last few millimeters of correc-
tion.

 n  Contour the rod with more lordosis at L5 to increase the 
reduction distance for L5 to be pulled back (Fig. 44.185J), 

or place the connector at S1 at the very top of the post, 
which creates more reduction distance (Fig. 44.185K).

 n  Once the spondylolisthesis is fully corrected, compress L5 
to S1 with the compressor to make the alignment as sta-
ble as possible. The correction is more likely to be main-
tained if bone or a small cage is placed into the disc space 
through a posterior lumbar interbody fusion or transfo-
raminal lumbar interbody fusion before L5 is compressed 
to S1.

 n  Place lock screws in the three-dimensional connectors at 
L5 and S1 (Fig. 44.185L) and tighten all four lock screws. 
As the tightening occurs, the break-off portion of the set 
screw will shear off and remain in the sleeve of the driver.

 n  Use a “cutter” to cut the long post flush with the assem-
bly (Fig. 44.185M,N).
   

 

REDUCTION AND INTERBODY FUSION
Satisfactory results have been reported with reduction and 
posterior interbody fusion for the management of high-
grade spondylolisthesis in pediatric and adult patients. 
Reduction can be augmented with an anterior fusion using 
morselized bone graft or a structural cage in the L5 disc. 
Placement of a transsacral fibular graft or direct placement 
of sacral screws across the L5 disc into the L5 vertebral 
body also can be used to augment a partial reduction and 
fusion, as described by Smith et al.

 TECHNIQUE 44.56 

(SMITH ET AL.)
 n  Place the patient prone on a four-poster frame. Neuro-

monitoring is strongly recommended for this technique, 
including an intraoperative wake-up test in adult patients.

 n  Perform standard subperiosteal dissection of the posterior 
elements from L2 to the sacrum. Perform decompression 
and sacral laminectomies of S1 and S2.

 n  Place a temporary distracting rod from the inferior aspect 
of the lamina of L2 to the sacral ala, allowing distraction 
with concomitant extension moment applied by exten-
sion of the thighs. If distraction prevents reduction of the 
slip angle, the primary reduction maneuver is extension of 
the hip joints.

 n  If the sacral dome is thought to cause significant ante-
rior impingement of the dural sac, perform partial sacral 
dome resection to decompress the neural elements fur-
ther.

 n  Sweep the dural sac toward the midline in the vicinity of 
the S1-S2 disc.

 n  While protecting the neural elements under fluoroscopic 
control, advance a guidewire through the body of S1, 
across the L5-S1 disc space, and up to the anterior cortex 
of L5.

 n  Overream the guidewire under fluoroscopic guidance, 
beginning at 6 mm and increasing by 2 mm increments, 
usually up to 12 mm.
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FIGURE 44.185 A-N, Reduction and fusion in high dysplastic spondylolisthesis with internal fixa-

tion. See text for description. (Redrawn from Crandall D: TSRH-3D Plus MPA spinal instrumentation-
deformity and degenerative, surgical technique manual, Memphis, TN, 2005, Medtronic Sofamor 
Danek.) SEE TECHNIQUE 44.55.
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FIGURE 44.185, cont’d
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FIGURE 44.185, cont’d

 n  Measure a single fibular allograft. Cut it and impact it into 
position. Remove the temporary distraction rod.

 n  To augment the transsacral fibula, place pedicle screw 
fixation in L4 and transsacral pedicle screws capturing L5. 
Direct the sacral screws along the same sagittal trajectory 
as the fibula to capture L5 with subsequent placement of 
rods connecting the pedicle screws (Fig. 44.186).

 n  Perform a posterolateral fusion from L4 to the sacral ala 
after harvest of iliac crest bone graft.

POSTOPERATIVE CARE Postoperative care is the same 
as that after the one-stage decompression and postero-
lateral interbody fusion.
   

 

ONE-STAGE DECOMPRESSION AND 
POSTEROLATERAL INTERBODY FUSION

 TECHNIQUE 44.57 

(BOHLMAN AND COOK)
 n  Place the patient prone, with the right leg draped free as 

the graft donor site.
 n  Approach the spine through a standard midline incision 

from the third lumbar level to the second sacral level. 
Subperiosteally strip muscle to the tip of the transverse 
process and sacral ala on each side.
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 n  Remove the posterior elements of the fifth lumbar and first 
sacral vertebrae (and fourth lumbar vertebra if necessary).

 n  Perform a wide foraminotomy to decompress the fifth 
lumbar and first sacral nerve roots.

 n  Gently free the dura from the posterosuperior promi-
nence of the first sacral vertebral body with a Penfield el-
evator. Osteotomize the sacral prominence with a curved 
osteotome to create a ventral trough for the dura and to 
eliminate all pressure on the dura (Fig. 44.187A).

 n  Introduce a guide pin between the fifth lumbar and first 
sacral nerve roots on each side. Each pin is approximately 
1 cm lateral to the midline and is directed through the 
first sacral vertebral body anteriorly. Confirm the proper 
position of each guidewire with radiographs.

 n  Drill a 3⁄8-inch epiphysiodesis bit over each guide pin to 
the appropriate depth, being careful not to violate the 
anterior cortex of the fifth lumbar vertebra (≈5 cm).

 n  Obtain a fibular graft from the right leg and divide it lon-
gitudinally. Insert one half of the graft into each hole and 

countersink it 2 mm so as not to impinge on the dura  
(Fig. 44.187B).

 n  Perform a standard bilateral, posterolateral transverse 
process fusion from the third or fourth lumbar vertebra 
to the sacral ala using iliac crest grafts (Fig. 44.187B,C).

 n  Close the wound over a drain.

POSTOPERATIVE CARE The patient is kept at bed rest 
for 7 to 10 days and then is mobilized in a lumbosacral 
orthosis. The drain is removed in 48 hours.
   

 

UNINSTRUMENTED CIRCUMFERENTIAL 
IN SITU FUSION
Circumferential in situ fusion has been used for the 
treatment of high-grade spondylolisthesis in chil-
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FIGURE 44.186 To augment the transsacral fibula, place pedicle screw fixation in L4 and trans-
sacral pedicle screws capturing L5. Direct the sacral screws along the same sagittal trajectory as 
the fibula to capture L5 with subsequent placement of rods connecting the pedicle screws.
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A B C
FIGURE 44.187 A, Amount of first sacral vertebral body resected to decompress dura (blue line). 

B, Insertion of interbody fibular graft and posterior decompression. C, After posterior decompression 
and fusion. Colored area represents posterolateral fusions. Ends of two fibular grafts are shown 
just above first sacral nerve roots. (From Bohlman HH, Cook SS: One-stage decompression and 
posterolateral and interbody fusion for lumbosacral spondyloptosis through a posterior approach, 
J Bone Joint Surg 64A:415, 1982.) SEE TECHNIQUE 44.57.

dren with better long-term results reported than after 
posterolateral or anterior fusion alone. The SRS recom-
mends that if reduction is performed, circumferential 
fusion with instrumentation should be done at the time 
of reduction.

 TECHNIQUE 44.58 

(HELENIUS ET AL.)
 n  Place the patient prone on a four-poster Relton frame.
 n  Make a posterior midline skin incision and develop the 

space bilaterally through the erector spinae muscles, 3 cm 
from the midline. Identify the L5 transverse process, the 
L5-S1 facet joint, and the sacral ala.

 n  Expose the posterior iliac wing through the same incision 
and obtain corticocancellous bone graft material.

 n  Open the L5-S1 facet joint with an osteotome and decor-
ticate and curet the L5 transverse process and sacral ala. 
Place autogenous graft over the decorticated bone and 
impact it into the L5-S1 facet joint space.

 n  Close the fasciae on both sides as well as the subcutane-
ous tissues and skin with running absorbable suture.

 n  Place the patient supine, with both hips extended and the 
lower extremities spread apart. Place a small bolster under 
the lumbar spine to obtain lumbar lordosis. A Trendelen-
burg position of the table helps to keep the abdominal 
contents cephalad to the operating area.

 n  Make a longitudinal midline incision from just caudal to 
the umbilicus to just cephalad to the symphysis pubis.

 n  Open the fascia over the rectus abdominis muscle and 
develop the internervous plane between the abdominal 
muscles.

 n  After opening the peritoneum, extend the approach 
cephalad by cutting through the linea alba and packing 
the abdominal contents superiorly. Take care not to enter 
the dome of the bladder caudally.

 n  Open the posterior peritoneum (Fig. 44.188A) and assess 
the anatomy of the iliac vessels. Usually, the presacral in-
tervertebral disc can be approached between the great 
vessels. Protect the left iliac vein across the L5 vertebral 
body and caudal to the aortic bifurcation.

 n  With forceps, use blunt dissection to expose the L5-S1 
disc.

 n  Identify the anterior longitudinal ligament and ligate the 
middle sacral artery. To help retract the iliac vessels, two 
Steinmann pins can be inserted on either side of the L5 
vertebral body. Try to preserve all the parasympathetic 
nerve fibers in this area by approaching the disc space in 
the midline.

 n  Open the anterior longitudinal ligament horizontally, just 
cephalad to the L5-S1 disc space (Fig. 44.188B). The lower 
anterior lip of the L5 vertebra can be resected along the an-
terior longitudinal ligament to better expose the disc space.

 n  Carefully remove all intervertebral disc material up to 
the posterior longitudinal ligament, as well as the ring 
apophysis on both sides. Prepare the endplates with cu-
rettage.

 n  Obtain two to three tricortical wedge-shaped bone grafts 
(15 mm anterior and 10 mm posterior dimension) from 
either anterior iliac wing. The length of this graft is ap-
proximately 20 mm but may vary some. The grafts must fit 
into the disc space as prepared (Fig. 44.188C). A moder-
ate increase in disc height and proper patient positioning 
reduce the spondylolisthesis and lumbosacral kyphosis. 
Using three structural autogenous grafts provides the 
best stability.

 n  In slips of nearly 100%, it may be necessary to increase 
the area for anterior spinal fusion. In these cases, an os-
teotomy of the sacrum may be necessary. Continue the 
release of the anterior ligament inferiorly, producing an 
osteoperiosteal flap over the S1 vertebral body. Apply cor-
ticocancellous bone grafts beneath this flap to increase 
the area for anterior intervertebral fusion.
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 n  Reattach the anterior longitudinal ligament with absorb-
able sutures through osseous channels in the L5 vertebra.

 n  Close the posterior peritoneal and laparotomy incision 
(Fig. 44.188D).

POSTOPERATIVE CARE A postoperative custom-mold-
ed TLSO is worn, and the patient is allowed to mobilize 2 
to 3 days after surgery. Bending, lifting, and sports are re-
stricted for 3 to 6 months or until a solid fusion is obtained.
  

TREATMENT OF SPONDYLOPTOSIS
 

L5 VERTEBRECTOMY
Spondyloptosis exists when the entire body of L5 on a lateral 
standing radiograph is totally below the top of S1. Gaines 

popularized a two-stage L5 vertebrectomy procedure for 
this difficult problem (Fig. 44.189). The objective is to restore 
sagittal plane balance to avoid nerve root damage from 
cauda equina and nerve root stretching during reduction. 
This is a challenging procedure and should be done only by 
surgeons experienced in the surgical treatment of patients 
with high-grade isthmic dysplastic spondylolisthesis.

 TECHNIQUE 44.59 

(GAINES)
 n  This technique is performed in two stages, during either a 

single anesthetic or two separate anesthetic procedures.
 n  In the first stage, perform an L5 vertebrectomy and totally 

remove the L4-L5 and L5-S1 discs through a transverse 
abdominal incision (Fig. 44.190A).

 

A B

C D
FIGURE 44.188 A, Posterior peritoneum opened and middle sacral artery ligated. B, Anterior 

longitudinal ligament opened, and small piece of bone removed from lower lip of L5. C, After 
discectomy, structural autogenous grafts placed. D, Anterior longitudinal ligament reattached 
through osseous channels and posterior peritoneal and laparotomy incisions are subsequently 
closed. (From Helenius I, Remes V, Poussa M: Uninstrumented in situ fusion for high-grade child-
hood and adolescent isthmic spondylolisthesis: long-term outcome, J Bone Joint Surg 90A:145, 
2008.) SEE TECHNIQUE 44.58.
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FIGURE 44.189 A-C, Diagram of two-stage L5 vertebrectomy for spondyloptosis. SEE  
TECHNIQUE 44.59.
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  FIGURE 44.190 A, Anterior approach for resection of L4-L5 disc, vertebral body of L5, and 
L5-S1 disc is made through incision extending transversely across both rectus abdominis muscles. 
Great vessels are mobilized laterally after being carefully identified, and structures to be resected 
are seen between bifurcation of vena cava and aorta. B, Preoperative and postoperative lateral 
radiograph. C, Radiographs of same patient 7 years later. Solid intertransverse fusion and interbody 
fusion are shown. Reconstructed L4-S1 intervertebral foramen is wide open on lateral radiograph. 
(A redrawn from and B and C from Gaines RW Jr: The L5 vertebrectomy approach for the treat- 
ment of spondyloptosis. In Bridwell KH, DeWald RL, editors: The textbook of spinal surgery, ed 2, 
Philadelphia, 1997, Lippincott-Raven.) SEE TECHNIQUE 44.59.
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 n  Excise the L5 body back to the base of the pedicles and 
control epidural bleeding with Gelfoam.

 n  Do not attempt reduction of the deformity at this time.
 n  Remove the caudal cartilage endplate of L4 after the L5 

vertebrectomy is completed.
 n  For the second stage, place the patient prone.
 n  Through a posterior approach, remove the L5 pedicles, 

facets, and laminar arch bilaterally.
 n  Place the pedicle screws into L4 and S1.
 n  Clean the upper surface of the sacrum of the cartilage 

endplate but preserve the cortical endplate for docking 
with the inferior endplate of L4. Bone from the vertebrec-
tomy is left between the L4 and S1 screws posterolaterally 
(Fig. 44.190B,C). L4 must touch S1 directly after the re-
duction, and the L5 and S1 nerve roots must both be free. 
Direct exposure of the L5 nerve roots and dural tube is the 
most important way to avoid serious iatrogenic injury to 
the cauda equina.
   

KYPHOSCOLIOSIS
MYELOMENINGOCELE
Treatment of patients with myelomeningocele spinal deformi-
ties is the most challenging in spine surgery. It requires a team 
effort, with cooperation of consultants in several subspecial-
ties. These children often have multiple system dysfunctions 
that influence the treatment of their spinal deformity.

INCIDENCE AND NATURAL HISTORY
Scoliosis and kyphosis with secondary adaptive changes are 
common in patients with myelomeningocele. Spinal defor-
mity may be the result of developmental deformities that 
are acquired and related to the level of paralysis or congeni-
tal deformities that are the result of vertebral malformation. 
Developmental and congenital forms of spinal deformity 
may exist concurrently in patients with myelomeningocele. 
These deformities often are progressive and can lead to sig-
nificant disabilities. The incidence of scoliosis increases with 
increasing age and neurologic level. Trivedi et al. found the 

prevalence of scoliosis to be 93%, 72%, 43%, and less than 
1%, respectively, in patients with thoracic, upper lumbar, 
lower lumbar, and sacral motor levels. Congenital scoliosis in 
myelomeningocele is associated with structural disorganiza-
tion of the vertebrae with asymmetric growth and includes all 
of the congenital anomalies associated with scoliosis: hemi-
vertebrae, unilateral unsegmented bars, and various com-
binations of the two. Congenital scoliosis occurs in 15% to 
20% of patients with myelomeningocele, and most curves in 
myelomeningocele patients are paralytic. In these patients, 
the spine is straight at birth and gradually develops a pro-
gressive curvature because of the neuromuscular problems. 
These generally are long, C-shaped curves with the apex in 
the thoracolumbar or lumbar spine (Fig. 44.191). These para-
lytic curves often extend into the lumbosacral junction and 
often are associated with pelvic obliquity. In these children, 
spinal curvatures often develop at a younger age than in 
children with idiopathic scoliosis, beginning at 3 to 4 years 
of age, and can become severe before the patient is 10 years 
old. Future trunk growth and final trunk height are consid-
erations in treatment, although Lindseth noted that children 
with myelomeningocele have slow growth because of growth 
hormone deficiency and mature earlier than usual, often by 9 
to 10 years in girls and 11 to 12 years in boys. 

CLINICAL EVALUATION
Thorough evaluation is critical for determining the appro-
priate management of patients with myelomeningocele and 
spinal deformity. The following areas are closely investigated: 
presence of hydrocephalus, any operative procedures for 
shunting, bowel and bladder function, frequency of urinary 
tract infections, use of an indwelling catheter or intermittent 
catheterization, possible latex allergies, current medications, 
mental status, method of ambulation, level of the defect, any 
noticeable progression of the curve, and any lower extrem-
ity contractures. The spine is examined to determine the type 
and flexibility of the deformity and to detect any evidence 
of pressure sores or lack of sitting balance. In patients with 
progressive paralytic scoliosis, hydromyelia, disturbed ven-
tricular shunts, syringomyelia, tethered cord, or compres-
sion from an Arnold-Chiari syndrome may contribute to the 

 

A B C D

FIGURE 44.191 A and B, Scoliosis in patient with myelomeningocele; note C-shaped curve.  
C and D, After posterior fusion and instrumentation.
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progression of scoliosis. Most patients with myelomenin-
gocele have radiographic tethering of the spinal cord at the 
site of the sac closure, but the mere presence of radiographic 
tethering does not necessarily imply traction on the cord. 
Other clinical signs and symptoms of cord tethering should 
be observed, including back pain, new or increased spastic-
ity, changes in muscle strength, difficulty with gait, changes 
in bowel or bladder function, and the appearance of lower 
extremity deformities.

Careful evaluation of any pelvic obliquity is necessary. 
Because patients with myelomeningocele are prone to devel-
opment of contractures around the hips, careful physical 
examination of the hip adductors, extensors, and flexors is 
important in evaluating the cause of pelvic obliquity. Lubicky 
noted a difficult but unusual problem in some patients with 
myelomeningocele and extension contractures of the hips. In 
these patients, flexion through the thoracolumbar spine was 
needed for them to sit upright. Spinal fusion would make 
sitting impossible and would place significant mechani-
cal stresses on the instrumentation. Physiologic hip flexion 
should be restored in these patients before spinal instrumen-
tation and fusion are undertaken. 

RADIOGRAPHIC FINDINGS
Radiographs should be taken with the patient upright and 
supine. If the patient can ambulate, standing films should be 
made. If the patient is nonambulatory, sitting films should be 
made. The upright films allow better evaluation of the actual 
deformity of the spine and will demonstrate the contribution 
of the paralytic component to the spine deformity. Supine 
films show better detail of various associated spinal deformi-
ties. The flexibility of the curves is determined with traction 
or bending films.

Radiographic evaluation of the pelvic obliquity should 
include a supine view obtained with the hips in the “relaxed” 
position. In this view, the hips are flexed and abducted or 
adducted as dictated by the contractures. Alternatively, radio-
graphs can be made with the patient prone and the hips off 
the edge of the radiographic table and placed in abduction or 
adduction.

Various specialized radiographs are helpful. Myelography 
and MRI are useful for evaluating such conditions as hydro-
myelia, tethered cord (Fig. 44.192), diastematomyelia, and 
Arnold-Chiari malformation. CT with reconstruction views 
will give better bone detail for associated congenital spine 
anomalies. Renal ultrasound or intravenous pyelography 
should be done at regular intervals, according to the urolo-
gist’s recommendation. 

SCOLIOSIS AND LORDOSIS IN 
MYELOMENINGOCELE

ORTHOTIC TREATMENT
Although the natural history of paralytic curves in patients 
with myelomeningocele is not changed by orthotic treatment, 
bracing may be useful to delay spinal fusion until adequate 
spinal growth has occurred. Bracing may accomplish this in 
paralytic curves but does not affect congenital curves. The 
brace also can improve sitting balance and free the hands for 
other activities. Custom-fitted braces are used but require 
close and frequent observation by the parents. The skin must 
be examined frequently for pressure areas; any sign of pres-
sure requires immediate brace adjustment. Bracing usually is 

not instituted until the curve is beginning to cause clinical 
problems, and generally it is worn only when the patient is 
upright. If the curve fails to respond to bracing or if bracing 
becomes impossible because of pressure sores or noncompli-
ance, surgery is indicated. The patient and the parents need 
to understand that the brace is not the definitive treatment of 
these curves.

Flynn et  al. reported that VEPTR is a reasonable treat-
ment option for spinal deformity in immature, nonam-
bulatory myelomeningocele patients for correcting spinal 
deformity, allowing spinal growth, and maintaining adequate 
respiratory function until definitive fusion is needed. 

OPERATIVE TREATMENT
Several authors have indicated that surgery on the myelo-
meningocele spine is accompanied by potentially serious 
complications. Although the operative procedures varied 
considerably in these reports, some observations could be 
made. Because of densely scarred and adherent soft tissue, 
spinal exposure often is lengthy and hemorrhagic. The defor-
mity often is rigid, and correction may be limited. The quality 
of the bone often provides poor fixation for instrumentation 
systems, and the inadequacy of the posterior bone mass pro-
vides a poor bed for bone grafting. The lack of normal poste-
rior vertebral elements makes instrumentation and achieving 
a solid fusion difficult. The abnormal placement of the para-
spinal muscles results in the lack of usual soft-tissue coverage 
of the spine and instrumentation systems. Newer techniques 
of surgery and instrumentation, bank bone, and prophylactic 
antibiotics have lessened but not eliminated these problems. 
The parents must be aware of these potential problems before 
surgery and must accept these as inherent in the operative 
treatment.

Emans et  al. called attention to the problem of latex 
allergy in patients with myelomeningocele. Repeated expo-
sures to latex during daily catheterization and multiple opera-
tions most likely accounts for sensitization of these patients 
to natural latex. The allergy is to the residual plant proteins 
in natural latex products and is an immunoglobulin E–medi-
ated, immediate type of hypersensitivity. Anaphylaxis may 

 

3

FIGURE 44.192 MRI shows tethered cord at L3 in patient with 
kyphoscoliosis.
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occur intraoperatively and easily can be confused with other 
intraoperative emergencies. Patients with myelomeningocele 
should be closely questioned about any preoperative reac-
tions to latex. Latex allergy testing can now be performed. We 
routinely treat all patients with myelomeningocele as if they 
have a latex allergy.

Congenital abnormalities that cause scoliosis in patients 
with myelomeningocele are treated in the same manner as in 
other patients with congenital scoliosis with early operative 
intervention. Paralytic scoliosis is more common than con-
genital scoliosis, and lordoscoliosis is the most common type. 
The combined anterior and posterior fusion method provides 
the best chance to achieve a durable fusion. Stella et al. also 
reported that the best correction was obtained in patients 
who had instrumented anterior and posterior fusions. High 
pseudarthrosis rates have been reported in patients with 
myelomeningocele and are related to the surgical approach, 
type, and presence of instrumentation or the use of a poste-
rior-only approach. The reported pseudarthrosis rates are 0% 
to 50% for anterior fusion, 26% to 76% for isolated posterior 
fusion, and 5% to 23% for combined anterior and posterior 
fusions. Infection rates have approached 43% and are high-
est when surgery is performed with concurrent urinary tract 
infections. Preoperative urinary cultures are mandatory, as is 
treatment with antibiotics preoperatively and postoperatively. 
Prophylactic antibiotic use has reduced the infection rate to 
8%.

Selection of Fusion Levels. The levels of fusion depend 
on the age of the child, location of the curve, level of paralysis, 
ambulatory status, and presence or absence of pelvic obliq-
uity. Spinal fusion generally should extend from neutral ver-
tebra to neutral vertebra, with the end vertebra of the scoliotic 
curve located within the stable zone. Paralytic curves often 
tend to be fused too short, especially proximally. In deciding 
whether to stop the fusion short or long, the longer fusion 
usually is safer. In the past, instrumentation was extended to 
the pelvis because deficient posterior elements of the lum-
bar spine made adequate fixation impossible. With pedicle 
screw fixation, fusion and instrumentation sometimes can 
be stopped short of the pelvis. Mazur et al. and Müller et al. 
showed that spinal fusion to the pelvis in ambulatory patients 
diminished their ambulatory status. They therefore recom-
mended fusion short of the pelvis, if possible, in ambulatory 
patients. Ending the fusion above the pelvis eliminates the 
stresses on the instrumentation and fusion areas at the lum-
bosacral junction and allows some motion for adjustment of 
lordosis in those who have mild hip flexion contractures. In 
nonambulatory patients, unless the lumbar curve can be cor-
rected to less than 20 degrees and the pelvic obliquity to less 
than 10 to 15 degrees, the scoliosis will continue to progress if 
the lumbosacral junction is not fused.

Attention to the sagittal contour is extremely important. 
Even in a nonambulatory patient, maintenance of lumbar lor-
dosis is important. If the lumbar lordosis is flattened, the pel-
vis rotates and much of the sitting weight is placed directly on 
the ischial tuberosities; this can result in the development of 
pressure sores. 

Anterior-Only Fusion. Sponseller et  al. recommended 
anterior fusion and instrumentation alone in selected patients 
with myelomeningocele and paralytic scoliosis. Their indica-
tions for this procedure include thoracolumbar curves of less 
than 75 degrees, compensatory proximal curves of less than 

40 degrees, no significant kyphosis in the primary curve, and 
no evidence of syrinx. Fourteen patients were treated with 
this technique. A rod and vertebral body screw construct was 
used most frequently anteriorly. 

 

POSTERIOR INSTRUMENTATION AND 
FUSION
Posterior instrumentation and fusion alone has been 
reserved for flexible curves with most of the posterior ele-
ments intact so that adequate fixation can be obtained 
with pedicle screws. However, the curve must be flexible 
and correction must allow almost normal coronal and sag-
ittal balance. Posterior-only instrumentation and fusion has 
been associated with the highest pseudarthrosis rates.

 TECHNIQUE 44.60 

 n  Place the patient prone on a radiolucent frame.
 n  Prepare and drape the back in a sterile manner.
 n  Make a midline incision from the area of the superior 

vertebra to be instrumented down to the sacrum.
 n  In the area of the normal spine, carry out subperiosteal 

dissection. An inverted-Y incision has been described to 
prevent exposure of the sac in the midline, but we have 
had difficulty with skin necrosis with use of this technique 
and have had better results with a midline incision that 
follows the scarred area of the skin posteriorly and careful 
dissection around the sac in the midline area.

 n  Make the skin incision carefully because the dural sac is 
just beneath the skin. If a dural leak is noted, repair it im-
mediately.

 n  Carry the dissection laterally over the convex and concave 
facet areas and down to the ala of the sacrum to expose 
the area of normal spine to be fused and the bony ele-
ments in the region of the abnormal sac area.

 n  Hooks, pedicle screws, or sublaminar wires can be used 
to instrument the normal vertebra above the sac area.

 n  In the area of the defect, attempt to achieve segmental 
fixation. Pass a wire around a pedicle and twist it on itself 
to secure fixation. Pass wires on both the concave and the 
convex sides of the curve. Because these pedicles often 
are osteoporotic, take care in tightening the wires so that 
they do not “cut through.”

 n  On the concave side of the curve, distraction can help 
correct pelvic obliquity.

 n  If the iliac wing is large enough to accept the Galveston 
fixation, make a Galveston bend in short rods and in-
sert the short rods in the iliac crests. Alternatively, an iliac 
screw and/or an S2 alar screw can be used.

 n  An iliac screw with connectors can be used.
 n  Connect two longer rods to the spine with the segmental 

wires and connect the long rods to the Galveston-type 
rods with domino-type crosslinks (see Technique 44.31).

 n  Alternatively, if the iliac wings are too small, use the  
McCarthy technique (see Technique 44.30). Take care to 
preserve normal lumbar lordosis and secure the rods in 
place by tightening the segmental wires.
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 n  Apply copious bone-bank allograft to any areas of bony 
structures posteriorly.

 n  It is important to link the two rods with a crosslink system.
  

COMBINED ANTERIOR AND POSTERIOR FUSION
The most commonly required procedure for progressive 
scoliosis in patients with myelomeningocele combines ante-
rior and posterior fusions with posterior instrumentation. 
Posterior instrumentation consists of a standard rod with 
hooks, pedicle screws, sublaminar wires, or cables, or a com-
bination of these in the areas of normal posterior elements. 
The hooks and pedicle screws allow distraction or compres-
sive forces to be applied, and the wires or cables allow a trans-
lational force to be applied.

The absence of posterior elements in the dysraphic 
portion of the spine makes fixation more of a problem, 
so various instrumentation systems need to be available  
(Fig. 44.193). Rodgers et al. noted that pedicle screws greatly 
improved fixation and correction of the dysraphic portion 
of the spine. In widely dysraphic vertebrae, the orientation 
and landmarks of the pedicle are altered (Fig. 44.194), and 
direct viewing of the pedicle is necessary to insert pedicle 
screws in these areas. The pedicle is exposed either by resec-
tion of a sufficient amount of facet or by dissection along the 
medial wall of the spinal canal and retraction of the menin-
gocele sac to identify the medial wall of the pedicle. During 
probing of the pedicle, remaining within the cortices of the 
pedicle is imperative. The pedicle screws do not necessarily 
need to penetrate the anterior vertebral cortex. In the dys-
raphic spine, the pedicle screws often have to be inserted at 
an angle from lateral to medial (Fig. 44.195). This requires 
special attention to rod contouring to attach the rod to the 
screw because of the lateral position of the screw head. The 
small vertebral bodies and osteopenic bone often make the 
purchase of pedicle screws questionable.

Two other techniques for fixation of the dysraphic spine 
can be used. Drummond spinous process button wires can be 
passed through laminar remnants (Fig. 44.196), or segmental 
wires can be looped around each pedicle. When Drummond 

button wires are used, the dysraphic laminae are exposed and 
dissection is done between the sac and the adjacent laminae 
while the sac is carefully retracted medially. A hole is placed 
through the strongest available portion of the laminar rem-
nant, and the wire is passed from medial to lateral, leaving the 
button on the inner surface of the lamina. Segmental wires 
can be looped around each pedicle by passing from one fora-
men around the pedicle and other posterior remnants medial 
to the pedicle and then back through the next foramen and 
back to the original wire. The passage of these wires usually is 
blind. The wires then attach to the rod. The wire also can be 
looped around a pedicle bone screw if it is difficult to contour 
the rod to easily fit in the screw.

 FIGURE 44.193 CT scan shows abnormal pedicle orientation in 
dysraphic vertebra.  (From Rodgers WB, Frim DM, Emans JB: Surgery of 
the spine in myelodysplasia: an overview, Clin Orthop Relat Res 338:19, 
1997.)

 

Normal pedicle

Myelopedicle

FIGURE 44.194 Diagram shows alteration in anatomic relation-
ship of pedicle-transverse process.

 FIGURE 44.195 Pedicle screw insertion.

 FIGURE 44.196 Diagram of Wisconsin button wire fixation of 
dysraphic vertebra.
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Instrumentation to the pelvis frequently is necessary to 
correct associated pelvic obliquity in nonambulatory chil-
dren. Fixation to the pelvis and sacrum is especially difficult 
in children with myelomeningocele because the bone often 
is osteoporotic and the pelvis is small, making secure instru-
mentation difficult. The stresses placed on distal fixation in 
scoliosis tend to displace sacral or sacropelvic instrumenta-
tion laterally. If there is associated kyphosis, these forces tend 
to displace sacral or pelvic instrumentation dorsally.

Several techniques have been described for extending 
fixation to the pelvis, including Galveston, Dunn-McCarthy, 
Jackson, Fackler, sacral bar, and pedicle screws. Our preferred 
technique for pelvic fixation in patients with paralytic sco-
liosis is the Galveston technique (see Technique 44.31). We 
believe this provides the most secure pelvic fixation for sco-
liotic curves. However, many patients with myelomeningo-
cele have hypoplastic iliac crests, and in these patients, rods 
are fixed to the sacrum with the technique described by 
McCarthy (see Technique 44.30). This technique does not 
restrict lateral displacement as well as the Galveston intrapel-
vic fixation does, but crosslinking of the two rods may help 
decrease lateral displacement. Once the two rods are cross-
linked, pelvic obliquity can be corrected by cantilevering the 
crosslinked rods. The Jackson intrasacral rod technique con-
sists of inserting the rods through the lateral sacral mass and 
into the sacrum. The rod then penetrates the anterolateral 
cortex and usually is attached to a sacral screw, providing fix-
ation in flexion and extension. The anatomy of the sacrum in 
patients with myelomeningocele makes this technique quite 
difficult. Widmann et al. described a technique using a sacral 
bar connected to standard Cotrel-Dubousset–like rods in 10 
patients and found it to be effective (Fig. 44.197). Pelvic fix-
ation by sacral pedicle screws is not reliable in these small 
osteopenic patients.

In patients who are treated with combined anterior and 
posterior fusion, the necessity for anterior instrumentation 
is controversial. One study found no statistical differences 
in fusion rate, curve correction, or change in pelvic obliquity 
with anterior and posterior instrumentation and fusion com-
pared with anterior arthrodesis with only posterior instru-
mentation and fusion. However, other studies have reported 
better correction and a decrease in the rate of implant failure 
and postoperative loss of correction with instrumented ante-
rior and posterior fusions. If anterior instrumentation is used, 

care must be taken to not cause a kyphotic deformity in the 
instrumented spine. 

KYPHOSIS IN MYELOMENINGOCELE
INCIDENCE AND NATURAL HISTORY

Kyphosis in patients with myelomeningocele may be either 
developmental or congenital. Developmental kyphosis is 
not present at birth and progresses slowly. It is a paralytic 
kyphosis that is aggravated by the lack of posterior stability. 
Congenital kyphosis, which is a much more difficult prob-
lem, usually measures 80 degrees or more at birth. The level 
of the lesion usually is T12 with total paraplegia. The kyphosis 
is rigid and progresses rapidly during infancy. Children with 
severe kyphosis are unable to wear braces and often have dif-
ficulty sitting in wheelchairs because the center of gravity is 
displaced forward. An ulceration may develop over the prom-
inent kyphosis and make skin coverage difficult. Progression 
of the kyphosis may lead to respiratory difficulty because of 
incompetence of the inspiratory muscles, crowding of the 
abdominal contents, and upward pressure on the diaphragm. 
Increased flexion of the trunk can interfere with urinary 
drainage and also may cause problems if urinary diversion or 
ileostomy becomes necessary.

Hoppenfeld described the anatomy of this condition and 
noted that the pedicles are widely spread and the rudimen-
tary laminae actually are everted. The anterior longitudinal 
ligament is short and thick. The paraspinal muscles are pres-
ent but are displaced far anterolaterally (Fig. 44.198); thus, all 
muscles act anterior to the axis of rotation, which tends to 
worsen the kyphosis. 

OPERATIVE TREATMENT
Apical vertebral ostectomy, as proposed by Sharrard, makes 
closure of the skin easier in neonates but provides only short-
term improvement, and the kyphotic deformity invariably 
recurs. Crawford et al. reported kyphectomies performed at 
the time of dural sac closure in the neonate. They found this to 
be a safe procedure with excellent initial correction. Eventual 
recurrence is expected despite the procedure. The recurrence, 
however, is a longer, more rounded deformity that is techni-
cally less demanding to correct. Lindseth and Selzer reported 
vertebral excision for kyphosis in children with myelomenin-
gocele. Their most consistent results were obtained with par-
tial resection of the apical vertebra and the proximal lordotic 

 

A B
FIGURE 44.197 A, Correct passage of sacral bar through body of sacrum, posterior to great 

vessels and anterior to spinal canal. B, Connection between sacral bar and vertical rods.
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FIGURE 44.198 A, Sagittal diagram showing deforming effect 
of psoas muscle on kyphosis. B, Transverse section of lumbar spine 
and attached muscles in region of kyphosis. Pedicles and laminae 
of vertebrae are splayed laterally; erector spinae muscles enclosed 
in thoracolumbar fascia lie lateral to vertebral bodies and act as 
flexors.

curve. Others have found that the Warner and Fackler type of 
sacral anchoring (see Fig. 44.200) provides a rigid construct, 
good correction, and low-profile instrumentation. That has 
also been our experience and is our preferred method of 
sacral anchoring in kyphectomies. Other techniques using a 
Dunn-McCarthy technique, intrasacral fixation, and pedicle 
screws also have been described.

Although all severe congenital kyphoses in patients with 
myelomeningocele progress, not all patients require surgery. 
Kyphectomy is indicated to improve sitting balance or when 
skin problems occur over the apex. The trend is to delay sur-
gery until the patient is 7 or 8 years of age, if possible. The 
surgery should be done before skeletal maturity, however. 
Delaying the surgery allows more secure internal fixation 
with less postoperative loss of correction.

Sarwark reported a subtraction osteotomy of multiple 
vertebrae at the apex, which creates lordosing osteotomies at 
each level. The vertebral body is entered and subtracted via 
the pedicles with a curet, distal to proximal. A closing oste-
otomy is done posteriorly to obtain correction. The spine is 
instrumented from the midthoracic level to the sacrum. The 
reported advantages include less blood loss, decreased mor-
bidity, no need for cordotomy, and continued growth because 
the endplates are not violated.

Smith reported good results in the management of 
congenital gibbus deformity in the growing child with 
myelomeningocele using bilateral rib-based distraction 

instrumentation to the pelvis. He recommended intervening 
early while the gibbus was still flexible and before skin break-
down over the deformity. This technique effectively improved 
the gibbus deformity and avoided early vertebral column 
resection and fusion. 

 

VERTEBRAL EXCISION AND 
REDUCTION OF KYPHOSIS

 TECHNIQUE 44.61 

(LINDSETH AND SELZER)
 n  Use a midline posterior incision (Fig. 44.199A), which 

can be varied somewhat, depending on local skin condi-
tions.

 n  Expose subperiosteally the more normal vertebrae supe-
riorly and the area of the abnormality, continuing the ex-
posure past the lateral bony ridges.

 n  At this point, remove the sac.
 n  Dissect inside the lamina until the foramina are exposed 

on each side of the spine.
 n  Expose, divide, and coagulate the nerve, artery, and vein 

within each foramen, exposing the sac distally where it is 
scarred down and thin.

 n  At its distal level, cross-clamp the sac with Kelly clamps 
and divide it between the clamps (Fig. 44.199B).

 n  Close the scarred ends with a running stitch. Dissect the 
sac proximally.

 n  As this proximal dissection is done, large venous chan-
nels connecting the sac to the posterior vertebral body 
will be encountered; control the bleeding from the bone 
with bone wax and from the soft tissue with electrocau-
tery.

 n  Dissect the sac up to the level of the dura that appears 
more normal (Fig. 44.199C).

 n  The sac can be transected at this point. If this is done, 
close the dura with a purse-string suture. Do not suture 
the cord itself shut but leave it open so that the spinal 
fluid can escape from the central canal of the cord into 
the arachnoid space.

 n  If the sac is not removed, it can be used at the completion 
of the procedure to further cover the area of the resected 
vertebra.

 n  Once the sac has been reflected proximally, continue dis-
section around the vertebral bodies, exposing only the 
area to be removed. If the entire kyphotic area of the 
spine is exposed subperiosteally, osteonecrosis of these 
vertebral bodies may occur.

 n  Remove the vertebrae between the apex of the lordosis 
and the apex of the kyphosis (Fig. 44.199D). Remove the 
vertebra at the apex of the kyphosis first by removing the 
intervertebral disc with a Cobb elevator and curets. Take 
care to leave the anterior longitudinal ligament intact to 
act as a stabilizing hinge.

 n  Once this vertebra has been removed, temporarily cor-
rect the spine to determine how many cephalad vertebrae 
should be removed. Remove enough vertebrae to correct 
the kyphosis as much as possible but not so many that 
approximation is impossible (Fig. 44.199E).
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 n  Morselization of these vertebral bodies provides addition-
al bone graft.

 n  Many techniques have been described for fixation of the 
kyphotic deformity, but L-rod instrumentation to the pelvis 
with segmental wires is our preferred method (Fig. 44.199F). 
The distal end of the rod can be contoured. We prefer to use 
a prebent, right-angled rod and pass the bend through the 
S1 foramen rather than around the ala of the sacrum. This 
is the method of Warner and Fackler (Fig. 44.200).

 n  Move the distal segment to the proximal segment and 
tighten the segmental wires.

POSTOPERATIVE CARE If fixation is secure, the patient 
can be mobilized in a wheelchair as tolerated. Some pa-
tients in whom the bone is too osteoporotic and the stabil-
ity of internal fixation is in doubt may be kept at bed rest 
or may require postoperative custom bracing. The fusion 
usually is solid in 6 to 9 months.

The postoperative care of these patients requires close 
observation by all subspecialty consultants involved. Post-
operative infections, urinary tract problems, skin problems, 
and pseudarthrosis are frequent. The improved function, 
however, and the prevention of progression of the kyphosis 
make surgery worth the risks.

  

Paralytic kyphosis is treated with more standard tech-
niques. When surgery becomes necessary, anterior fusion 
over the area of the apex and all levels of deficient posterior 
elements is done. This is followed by posterior fusion and 
instrumentation.

SACRAL AGENESIS
Sacral agenesis is a rare lesion that often is associated with 
maternal diabetes mellitus. Renshaw postulated that the con-
dition is teratogenically induced or is a spontaneous genetic 

 

A

B C

D E F
FIGURE 44.199 Technique of vertebral excision (Lindseth and Selzer). A, Patient positioning. 

B, Exposure of area of kyphosis and dural sac. C, Sac is divided distally and dissected proximally. 
D, Vertebrae between apex of lordosis and apex of kyphosis are removed. E, Kyphosis is reduced. 
F, Reduction is maintained with stable internal fixation (in this instance, with Luque rods and 
segmental wires). SEE TECHNIQUE 44.61.
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mutation that predisposes to or causes failure of embryonic 
induction of the caudal notochord sheath and ventral spinal 
cord. The dorsal ganglia and the dorsal (sensory) portion of 
the spinal cord continue to develop. The vertebrae and motor 
nerves are not subsequently induced, and the sacral agenesis 
results. Sensation remains relatively intact because the dor-
sal ganglia and the dorsal portion of the spinal cord have 
been derived from the neural crest tissue. This disturbance 
in the normal sequence of development explains the observa-
tion that the lowest vertebral body with pedicles corresponds 

closely to the motor level, whereas the sensory level is distal 
to the motor level.

Renshaw proposed the following classification: type I, 
either total or partial unilateral sacral agenesis (Fig. 44.201A); 
type II, partial sacral agenesis with partial but bilaterally 
symmetric defects and a stable articulation between the 
ilia and a normal or hypoplastic S1 vertebra (Fig. 44.201B); 
type III, variable lumbar and total sacral agenesis with the 
ilia articulating with the sides of the lowest vertebra pres-
ent (Fig. 44.201C); and type IV, variable lumbar and total 

 

A B

C D

FIGURE 44.200 A-D, Anterior fixation of kyphotic deformity in patients with myelomeningocele. 
(From Warner WC Jr, Fackler CD: Comparison of two instrumentation techniques in treatment of 
lumbar kyphosis in myelodysplasia, J Pediatr Orthop 13:704, 1993.) SEE TECHNIQUE 44.61.
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sacral agenesis with the caudal endplate of the lowest verte-
bra resting above either fused ilia or an iliac amphiarthrosis  
(Fig. 44.201D). Type II defects are most common, and type 
I are least common. Types I and II usually have a stable ver-
tebral-pelvic articulation, whereas types III and IV produce 
instability and possibly a progressive kyphosis.

The clinical appearance of a child with sacral agenesis 
ranges from one of severe deformities of the pelvis and 
lower extremities to no deformity or weakness whatso-
ever. Those with partial sacral or coccygeal agenesis may 
have no symptoms. Those with lumbar or complete sacral 
agenesis may be severely deformed, with multiple mus-
culoskeletal abnormalities, including foot deformities, 
knee flexion contractures with popliteal webbing, hip 
flexion contractures, dislocated hips, spinal-pelvic insta-
bility, and scoliosis. The posture of the lower extremities 
has been compared with a “sitting Buddha” (Fig. 44.202). 
Anomalies of the viscera, especially in the genitourinary 
system and the rectal area, are common. Inspection of the 
back reveals a bone prominence representing the last ver-
tebral segment, often with gross motion between this ver-
tebral prominence and the pelvis. Flexion and extension 
may occur at the junction of the spine and pelvis rather 
than at the hips.

Neurologic examination usually reveals intact motor 
power down to the level of the lowest vertebral body that has 
pedicles. Sensation, however, is present down to more caudal 
levels. Even patients with the most severe involvement may 
have sensation to the knees and spotty hypesthesia distally. 
Bladder and bowel control often is impaired.

TREATMENT
Phillips et al. reviewed the orthopaedic management of lum-
bosacral agenesis and concluded that patients with partial 
absence of the sacrum only (types I and II) have an excellent 
chance of becoming community ambulators. Management 
of more severe deformities (types III and IV) is more 
controversial.

Scoliosis is the most common spinal anomaly associated 
with sacral agenesis. No correlation has been found between 
the type of defect and the likelihood of scoliosis. Scoliosis may 
be associated with congenital anomalies, such as hemiverte-
bra, or with no obvious spinal abnormality above the level 
of the vertebral agenesis. Progressive scoliosis or kyphosis 
requires operative stabilization as for similar scoliosis with-
out sacral agenesis.

The treatment of spinal-pelvic instability is more con-
troversial. Perry et al. noted that the key to rehabilitation of 
a patient with an unstable spinal-pelvic junction is estab-
lishment of a stable vertebral-pelvic complex around which 
lower extremity contractures can be stretched or opera-
tively released. Renshaw also emphasized that patients with 
type III or type IV defects must be observed closely for 
signs of progressive kyphosis. If progressive deformity is 
noted, he recommended lumbopelvic arthrodesis as early 
as is consistent with successful fusion. In his series, fusion 
was done in patients 4 years of age or older. Ferland et al. 
reported successful spinopelvic fusion using vascularized 
rib grafts, with good outcomes in their patients. Phillips 
et al., however, found that spinal-pelvic instability was not 
a problem in 18 of the 20 surviving patients at long-term 

 

A B C D
FIGURE 44.201 Types of sacral agenesis. A, Type I, total or partial unilateral sacral agenesis.  

B, Type II, partial sacral agenesis with partial, bilateral symmetric defects in stable articulation 
between ilia and normal or hypoplastic S1 vertebra. C, Type III, variable lumbar and total sacral 
agenesis; ilia articulate with lowest vertebra. D, Type IV, variable lumbar and total sacral agenesis; 
caudal endplate of lowest vertebra rests above fused ilia or iliac amphiarthrosis.

    

https://booksmedicos.org


CHAPTER 44  SCOLIOSIS AND KYPHOSIS 2167

follow-up. Others noted an actual decrease in the ability 
to sit after stabilization of the lumbopelvic area. Proper 
care of patients with sacral agenesis is best provided by a 
treatment team, including an orthopaedic surgeon, urolo-
gist, neurosurgeon, pediatrician, physical therapist, and 
orthotist-prosthetist. 

UNUSUAL CAUSES OF SCOLIOSIS
NEUROFIBROMATOSIS
Neurofibromatosis is a hereditary hamartomatous disorder 
of neural crest derivation. These hamartomatous tissues may 
appear in any organ system of the body. The most widely 
described clinical forms of neurofibromatosis are the periph-
eral (NF1) and central (NF2) types.

The classic neurofibromatosis (NF1) described by von 
Recklinghausen is an autosomal dominant disorder that 
affects approximately 1 in 4000 people. Patients with NF1 
develop Schwann cell tumors and pigmentation abnormali-
ties. Orthopaedic problems are frequent in patients with this 
type of neurofibromatosis, with spinal deformity being the 
most common.

Central neurofibromatosis (NF2) also is an autosomal 
dominant disorder; however, it is much less common. It 
is characterized by bilateral acoustic neuromas. NF2 usu-
ally does not have any bone involvement or orthopaedic 
manifestations.

The diagnosis of NF1 is based on clinical criteria  
(Box 44.13). Scoliosis is the most common osseous defect asso-
ciated with neurofibromatosis. Studies have reported spinal 
disorders in 10% to 60% of patients with neurofibromatosis.

The spinal deformities of neurofibromatosis are of two 
basic forms: nondystrophic and dystrophic. Nondystrophic 
deformities mimic idiopathic scoliosis and behave accord-
ingly; the neurofibromatosis seems to have little influence 
on the curve or its treatment. Scoliosis may also develop due 
to a leg-length discrepancy resulting from lower extremity 
hypertrophy or dysplasia of the long bones. Dystrophic sco-
liosis characteristically is a short-segment, sharply angulated 
curve with wedging of the vertebral bodies, rotation of the 
vertebrae, scalloping of the vertebral bodies, spindling of the 

transverse processes, foraminal enlargement, and rotation 
of the ribs 90 degrees in the anteroposterior direction that 
makes them appear abnormally thin. Rib penetration into 
the spinal canal has even been reported. Curves with signifi-
cant sagittal plane deformity are common in dystrophic sco-
liosis. Dystrophic curves usually progress without treatment 
in patients with neurofibromatosis. Lykissas et al. found that 
the presence of three or more dystrophic features was highly 
predictive of curve progression and the need for operative 
stabilization (Fig. 44.203). Neurofibromatosis kyphoscolio-
sis is characterized by acute angulation in the sagittal plane 
and striking deformity of the vertebral bodies near the apex. 
Paraplegia has been reported in patients with this type of 
kyphoscoliosis. Severe thoracic lordoscoliosis also has been 
described in patients with neurofibromatosis.

MANAGEMENT OF NONDYSTROPHIC CURVES
Nondystrophic curves have the same prognosis and evolu-
tion as do idiopathic curves, except for a higher risk of pseud-
arthrosis after operative fusion. Dystrophic vertebral body 
changes may develop over time in nondystrophic curves. A 
spinal deformity that develops before 7 years of age should 

 FIGURE 44.202 Severe knee flexion contractures with popliteal wedging and hip flexion deformi-
ties or contractures in children with lumbosacral agenesis result in the “sitting Buddha” position.

Clinical Criteria for Diagnosis of 
Neurofibromatosis

For the diagnosis of neurofibromatosis to be made, two of 
the following features are necessary:
 n  A minimum of six café au lait spots larger than 1.5 cm in 

diameter in a postpubertal patient and larger than 5 mm 
in diameter in prepubertal patients

 n  Two or more neurofibromas of any type or one plexiform 
neurofibroma

 n  Freckling in the inguinal or axillary regions
 n  Optic glioma
 n  Two or more iris Lisch nodules by slit-lamp examination
 n  A distinctive osseous lesion
 n  A first-degree relative with a definitive diagnosis of neuro-

fibromatosis

 BOX 44.13 
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be observed closely for potential evolving dystrophic features 
(modulation). If the curve then acquires either three penciled 
ribs or a combination of three dystrophic features, clinical 
progression is almost a certainty. The general guidelines for 
treating nondystrophic curves are the same as for idiopathic 
curves other than monitoring closely for any signs of mod-
ulation. Curves of less than 20 to 25 degrees are observed; 
if no dystrophic changes occur, a brace is prescribed when 
the deformity progresses to 30 degrees. If the deformity 
exceeds 40 to 45 degrees, a posterior spinal fusion with seg-
mental instrumentation will produce results similar to those 
obtained in patients with idiopathic scoliosis. Also common 
in these patients are spinal canal neurofibromas, which may 
grow and cause pressure-induced dysplasia of the canal. MRI 
should be done before surgery to rule out the presence of any 
intraspinal canal neurofibroma. 

MANAGEMENT OF DYSTROPHIC SCOLIOSIS
Brace treatment is probably not indicated for the typical 
dystrophic curve of neurofibromatosis. Appropriate opera-
tive treatment is determined by the presence or absence of a 
kyphotic deformity and by the presence or absence of neuro-
logic deficits.

Before operative treatment of dystrophic curves in 
patients with neurofibromatosis, the presence of an intraspi-
nal lesion, such as pseudomeningocele, dural ectasia, or intra-
spinal neurofibroma (dumbbell tumor), should be ruled out. 
Impingement of these lesions against the spinal cord has been 
reported to cause paraplegia after instrumentation of these 
curves. Routine neural axis MRI evaluation in patients with 
NF1 and spinal deformity should be performed, particularly 
if surgical intervention is planned. 

SCOLIOSIS WITHOUT KYPHOSIS
Patients with dystrophic scoliosis without kyphosis should 
be observed at 6-month intervals if the curve is less than 20 
degrees. As soon as the progression of the curve is noted, a 
posterior spinal fusion should be done. If this fusion is done 
before the curve becomes too large, anterior fusion may not 
be necessary. Traditionally, combined anterior and posterior 
fusion has been recommended unless there are contraindi-
cations to the anterior approach (e.g., patients with anterior 
neurofibromas, excessive venous channels, poor medical 

condition, or thrombocytopenia caused by splenic obstruc-
tion by a fibroma or peculiar anatomic configurations). 
However, more recent studies have suggested that poste-
rior fusion alone can stabilize curves less than 90 degrees. 
Curves with kyphosis or with the apex below T8 should be 
considered for combined anterior and posterior fusion to 
decrease the rate of pseudarthrosis and curve progression. 
Segmental hook or screw instrumentation systems provide 
correction and permit ambulation with or without postop-
erative bracing. Sublaminar wires can be used to augment 
the instrumentation, particularly at the proximal end of the 
construction and across the apex of the curve. The fusion 
mass must be followed carefully. If there is any question as to 
the status of the fusion mass, the surgical area is explored 6 
to 12 months after surgery and additional autogenous bone 
grafting is done. Similarly, if progression of more than 10 
degrees occurs, the fusion mass is explored and reinforced. 
In younger patients, growing rods can be used to control 
the curve until definitive instrumentation and fusion can be 
done. 

KYPHOSCOLIOSIS
Patients with dystrophic scoliosis and angular kyphosis have 
been shown to respond poorly to posterior fusion alone. 
Good results are obtained by combined anterior and poste-
rior fusion. Reasons for fusion failure may include too little 
bone and too limited an area for fusion; therefore, the entire 
structural area of the deformity should be fused anteriorly. 
Ideally, all anterior grafts should be in contact throughout 
with other grafts or with the spine. Grafts surrounded by soft 
tissue tend to be resorbed in the midportion. Early diagno-
sis and treatment by combined anterior and posterior fusion 
with internal fixation, if possible, is recommended. If ante-
rior fusion is necessary for kyphoscoliotic deformities, vas-
cularized rib graft augmentation as described by Bradford  
(Fig. 44.204) may be considered.

However, some authors have questioned the necessity of 
an anterior approach in all dystrophic kyphoscoliotic curves. 
For smaller dystrophic scoliosis with kyphosis of less than 40 
degrees, posterior spinal instrumentation with arthrodesis 
is considered as soon as possible. The fusion mass should be 
explored at 6 to 12 months after surgery or sooner if progres-
sion of more than 10 degrees occurs. 

 

A B C D

FIGURE 44.203 A and B, Dystrophic scoliosis. C and D, After posterior thoracic fusion and  
instrumentation.
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KYPHOSCOLIOSIS WITH SPINAL CORD 
COMPRESSION
Spinal cord or cauda equina compression caused by spinal 
angulation, rib penetration, or tumor has been described. 
Cord compression caused by an intraspinal lesion must be 
distinguished from kyphotic angular cord compression by 
MRI. Patients with severe scoliosis without significant kypho-
sis and with evidence of paraplegia should be assumed to have 
an intraspinal lesion until proved otherwise. If cord compres-
sion is caused by kyphoscoliotic deformity, laminectomy is 
contraindicated. Removal of the posterior elements adds to 
the kyphosis and also removes valuable bone surface for a 
posterior fusion. If spinal cord compression is minor and no 
intraspinal tumor is present, halo-gravity traction can be used. 
The patient’s neurologic status must be monitored carefully 
even if the kyphosis is mobile. As the alignment of the spinal 
canal improves and the compression is eliminated, anterior 
and posterior fusions can be done without direct observation 
of the cord. However, significant cord compression in patients 
with severe structural kyphoscoliosis requires anterior cord 
decompression. If a tumor causes spinal cord compression 
anteriorly, anterior excision, spinal cord decompression, and 
fusion are indicated. If the lesion is posterior, a hemilaminec-
tomy with tumor excision may be necessary. Instrumentation 
and fusion should be done at the time of decompression to 
prevent a rapidly increasing kyphotic deformity and neuro-
logic injury. 

POSTOPERATIVE MANAGEMENT
Patients with nondystrophic curves are managed the same as 
those with idiopathic curves. If, however, the instrumentation 
is tenuous, casting or bracing is used. However, patients with 
dystrophic scoliosis should be considered for immobilization 
in a cast or brace until fusion is evident on anteroposterior, 

lateral, and oblique radiographs. Exploration of the fusion 
mass at 6 to 12 months after surgery may be necessary in 
dystrophic curves, and prolonged immobilization often is 
needed. Even after the fusion is solid, the patient should be 
observed annually to be certain that no erosion of the fusion 
mass is occurring. 

COMPLICATIONS OF SURGERY
In addition to the complications inherent in any major spi-
nal surgery, several complications are related to the neuro-
fibromatosis. Plexiform venous anomalies can be present in 
the soft tissues surrounding the spine and can impede the 
operative approach to the vertebral bodies, leading to exces-
sive bleeding. The increased vascularity of the neurofibro-
matous tissue itself also may increase blood loss. The apical 
bodies may have subluxed into bayonet apposition or be so 
rotated that they no longer are in alignment with the rest of 
the spine. Anterior strut grafts are no longer commonly used. 
Pheochromocytoma, a tumor arising from chromaffin cells, 
can be associated with neurofibromatosis and can create an 
anesthetic challenge. Patients with neurofibromatosis have 
a general tendency for decreased bone mineral density and 
osteopenia, possibly increasing the challenge of obtaining sta-
ble implant fixation to the spine.

Many patients with neurofibromatosis and scoliosis have 
cervical spine abnormalities (Fig. 44.205). Deformities of 
the cervical spine that cause cord compression and paraple-
gia have been reported in patients with neurofibromatosis. 
Cervical lesions associated with scoliosis or kyphoscoliosis 
have been classified into two groups: abnormalities of bone 
structure and abnormalities of vertebral alignment. Cervical 
anomalies are most common in patients with short kyphotic 
curves or thoracic or lumbar curves that measure more than 65 
degrees. These patients are more likely to require anesthesia, 

 

A B

FIGURE 44.204 A and B, After anterior fusion with vascularized rib graft in patient with  
dystrophic kyphoscoliosis.
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traction, and operative stabilization of the spine. Routine 
radiographic evaluation of the cervical spine is recommended 
in all patients with neurofibromatosis before anesthesia for 
any reason and before traction for treatment of the scoliosis. 
High-grade spondylolisthesis of the lower lumbar spine also 
has been reported in association with neurofibromatosis. The 
entire spinal column must be carefully assessed for cervical 
and lumbosacral abnormalities.

Postoperative paralysis caused by contusion of the spi-
nal cord by the periosteal elevator during exposure has been 
reported in two patients with unsuspected areas of laminar 
erosion because of dural ectasia. A total-spine MRI study can 
alert the surgeon to this before surgery. The most dangerous 
situation for neurologically intact patients with neurofibro-
matosis is instrumentation and distraction of the spine in the 
presence of unrecognized intraspinal lesions. 

MARFAN SYNDROME
Marfan syndrome is a disorder of connective tissue inherited 
as an autosomal dominant trait. It occurs in 1 to 2 per 10,000 
persons and affects males and females equally. Sporadic 
occurrences reportedly account for 25% of patients. In most 
cases, a mutation in the fibrillin-1 (FBN1) gene has been 
implicated, resulting in abnormalities in a protein essential to 
proper formatting of elastic fibers found in connective tissue.

DIAGNOSIS
In addition to genetic testing, the diagnosis of Marfan syn-
drome relies on physical findings, which have traditionally 
been divided into two categories: major and minor signs. 
Major signs include ectopia lentis, aortic dilation, severe 
kyphoscoliosis, and pectus deformity. Minor signs include 
myopia, tall stature, mitral valve prolapse, ligamentous laxity, 
and arachnodactyly. Newer diagnostic criteria place greater 
weight on cardiovascular manifestations; therefore, in the 
absence of a family history, the presence of both aortic root 
aneurysm and ectopia lentis is sufficient for the unequivocal 
diagnosis of Marfan syndrome. Screening tests for the Marfan 
phenotype in the orthopaedic examination include the 
thumb sign (the thumb extends well beyond the ulnar bor-
der of the hand when it is overlapped by the fingers) and the 

wrist sign (the thumb overlaps the fifth finger as the patient 
grasps the opposite wrist). The diagnosis of Marfan syndrome 
frequently is delayed because cardiovascular involvement is 
a major diagnostic criterion and may not be evident until 
adolescence or adulthood. Scoliosis is reported to occur in 
40% to 60% of patients with Marfan syndrome. These curves 
develop in patients with multiple major signs (definite diag-
nosis of Marfan), as well as those with only minor signs 
(Marfan phenotype). Marfan curves of less than 40 degrees in 
adults tend not to progress, whereas curves of more than 40 
degrees progress (an average of 2.8 degrees a year in a study 
by Sponseller et al.); the curve patterns of scoliosis in Marfan 
syndrome are similar to those in idiopathic scoliosis. Double 
major curves are more frequent, and the scoliosis progresses 
more frequently in younger patients. Disabling back pain is 
more frequently a presenting complaint in patients with sco-
liosis associated with Marfan syndrome than in patients with 
idiopathic scoliosis. Sagittal plane deformities are common  
(Fig. 44.206). A thoracolumbar kyphosis can be found in 
patients with Marfan syndrome (Fig. 44.207). Characteristic 
vertebral anomalies also are found in these patients, includ-
ing narrow pedicles, wide transverse processes, and vertebral 
scalloping. Spondylolisthesis associated with Marfan syn-
drome also has been reported in one study. Cervical spine 
abnormalities also are common in patients with Marfan syn-
drome, but clinical problems from these abnormalities are 
rare. Basilar impression and focal cervical kyphosis are the 
most commonly reported cervical spine abnormalities. The 
focal cervical kyphosis usually is associated with a lordotic 
thoracic spine. 

NONOPERATIVE TREATMENT
OBSERVATION

For young patients with small curves of less than 25 degrees, 
observation every 3 to 4 months is indicated. The family 
should be made aware, however, that many of these curves 
progress. 

ORTHOTIC TREATMENT
Brace treatment is less successful in patients with Marfan syn-
drome than in those with idiopathic scoliosis. Sponseller et al. 

 

A B

FIGURE 44.205 A and B, Cervical spine deformity in patient with neurofibromatosis.
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A B

FIGURE 44.206 A and B, Thoracic lordosis in patient with Marfan syndrome.

 

A B C

FIGURE 44.207 A and B, Lateral radiographs of 17-year-old child with Marfan syndrome and 
40-degree progressive thoracolumbar kyphosis. C, Lateral radiograph of same patient 3 years later 
shows that thoracolumbar kyphosis has progressed to 110 degrees.  (From Warner WC: Kyphosis. 
In Morrissy RT, Weinstein SL, editors: Lovell and Winter’s pediatric orthopaedics, ed 6, Philadelphia, 2006, 
Lippincott Williams & Wilkins.)
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reported successful brace treatment in 4 of 22 patients. Chest 
wall deformity, with narrowing of the inferior portion of the 
thoracic cage, also has been noted with the use of an under-
arm TLSO. Bracing should be considered for patients with 
flexible progressive curves between 25 and 40 degrees who 
do not have associated thoracic lordosis or lumbar kyphosis. 
Bracing is not indicated for large, rigid curves or curves asso-
ciated with thoracic lordosis. 

OPERATIVE TREATMENT
If progression occurs despite bracing or if the curve exceeds 
40 degrees, spinal fusion is recommended. If nonoperative 
treatment is continued too long, cardiovascular involvement 
may progress to the point of making surgery dangerous, if 
not impossible. Before operative intervention is considered, a 
complete cardiovascular evaluation is mandatory. Aortic dila-
tion can develop in these patients at any time from childhood 
to late adolescence or adulthood. Echocardiography is rec-
ommended to evaluate for aortic root dilation. Any evidence 
of aortic dilation should be treated medically or operatively 
before treatment of the spinal deformity.

Scoliosis in patients with Marfan syndrome can be corrected 
similar to the way it is corrected in idiopathic scoliosis, and solid 
fusion and maintenance of correction can be anticipated; how-
ever, Jones et al. and Gjolaj et al. found that the number of surgi-
cal complications was higher in patients with Marfan syndrome. 
Complications included increased blood loss, pseudarthroses 
(10%), dural tears (8%), infection (10%), and failure of fixation 
(21%). The development of scoliosis or kyphosis at the upper or 
lower fusion levels (adding on) can occur after surgery. Jones 
et al. found this complication to occur in the coronal plane in 8% 
of their patients and in the sagittal plane in 21%.

Large bone grafts, secure segmental internal fixation, 
and careful postoperative observation for pseudarthrosis are 
required in these patients. In general, the technique of instru-
mentation and selection of hook or screw levels are the same 
as for idiopathic scoliosis, but selection of the lowest instru-
mented vertebrae is ideally the neutral and stable vertebra 
in both the coronal and sagittal planes. Jones et  al. recom-
mended that any curve of more than 30 degrees should be 
included in the arthrodesis. As with all scoliotic deformity 
correction, care must be taken in determining the distal 
extent of the fusion to avoid junctional kyphosis.

Thoracic lordosis is relatively common in patients with 
Marfan syndrome and spinal deformity, and sagittal plane 
balance must be obtained in addition to improvement of the 
coronal plane deformity. Segmental instrumentation systems 
using hooks and pedicle screws or all pedicle screws are effec-
tive in correcting this problem. Surgical treatment should 
provide a more normal anteroposterior diameter of the chest, 
because this frequently is narrow.

Growing rod constructs have been used with success for 
patients with Marfan syndrome with early-onset scoliosis 
for which definitive spinal fusion is not possible because of 
skeletal immaturity. Dual rod constructs are recommended. 
Because these children will require multiple lengthening pro-
cedures, careful monitoring of the cardiovascular manifesta-
tions of Marfan syndrome is essential.

Severe spondylolisthesis associated with Marfan syn-
drome has been reported. It has been postulated that the 
spondylolisthesis may be more likely to progress because of 
poor musculoligamentous tissues. 

VERTEBRAL COLUMN TUMORS
Because of their variable presentation, tumors of the vertebral 
column often present diagnostic problems. A team composed 
of a surgeon, a diagnostic radiologist, a pathologist, and often 
a medical oncologist and radiotherapist is necessary for treat-
ment of the spectrum of tumors that involve the spine. The 
discussion in this section is on the most common primary 
tumors of the vertebral column in children.

CLINICAL FINDINGS
A complete history is the first step in the evaluation of any 
patient with a tumor. The initial complaint of patients with 
tumors involving the spine generally is pain. The exact type 
and distribution of pain vary with the anatomic location of 
the pathologic process. In general, pain caused by a neoplasm 
is not relieved by rest and often is worse at night. On occasion, 
constitutional symptoms such as anorexia, weight loss, and 
fever may be present. The age and sex of the patient may be 
important in the differential diagnosis.

Physical examination should include a general evaluation 
in addition to careful examination of the spine. The tumor 
may produce local tenderness, muscle spasm, scoliosis, and 
limited spine motion. Painful scoliosis can be the result of a 
spinal tumor. In such cases, the tumor is usually located at 
the concavity of the curve. Spine deformity also may be sec-
ondary to vertebral collapse or muscular spasms caused by 
pain. More than 50% of patients with malignant tumors of 
the spine present with neurologic symptoms. A careful neu-
rologic examination is essential.

Laboratory studies should include a complete blood cell 
count, urinalysis, and sedimentation rate, as well as determi-
nation of serum calcium, phosphorus, and alkaline phospha-
tase concentrations. Alkaline phosphatase may be elevated 
two to three times normal in patients with osteosarcoma. 
Lactate dehydrogenase is a reliable indicator of the tumor 
burden in patients with Ewing sarcoma. An elevated white 
blood cell count with thrombocytopenia is characteristic of 
leukemia. Further laboratory studies may be indicated based 
on the clinical course. 

RADIOGRAPHIC EVALUATION AND TREATMENT
Radiographs of the spine should be made in at least two 
planes at 90-degree angles. The radiographs should be eval-
uated for the presence of scoliosis, kyphosis, loss of lumbar 
lordosis, destruction of pedicles, congenital vertebral anom-
alies, lytic lesions, altered size of neural foramina, abnormal 
calcifications, and soft-tissue masses. If a scoliotic curve is 
present, the curve usually shows significant coronal decom-
pensation. There is an absence of the usual compensatory 
balancing curve above or below the curve containing the 
lesion. The scoliosis lacks the usual structural characteristics 
associated with idiopathic scoliosis, such as vertebral rota-
tion and wedging. Curves with these characteristics should 
raise the index of suspicion for an underlying cause of the 
scoliosis.

Bone scanning is helpful in certain tumors of the spine, 
especially osteoid osteoma. CT has greatly improved evalua-
tion of the extent of the lesion and the presence of any spinal 
canal compromise; sagittal and coronal reformatted images 
are necessary to define the exact anatomic location and extent 
of the lesion. MRI is useful in evaluating the extent of soft-
tissue involvement of the tumor and for determining the level 
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FIGURE 44.208 A, Weinstein-Boriani-Biagini tumor classification system. Vertebra is divided 
into 12 radiating zones that are numbered clockwise, beginning at one half of spinous process. 
Concentric layers are lettered sequentially from extraosseous soft tissues to intradural space. B, The 
Spine Oncology Study Group modified classification by numbering radial zones in counterclock-
wise fashion, beginning at left half of spinous process to allow for more anatomic orientation of 
diagram for ease of use. Circled letters: A, extraosseous soft tissues; B, intraosseous (superficial); 
C, intraosseous (deep); D, extraosseous (extradural); E, extraosseous (intradural).  (A redrawn from 
Boriani S, Weinstein JN, Biagini R: Primary bone tumors of the spine: terminology and surgical staging, Spine 
22:1036, 1997. B redrawn from Chan P, Boriani S, Fourney DR, et al: An assessment of the reliability of 
the Enneking and Weinstein-Boriani-Biagini classifications for staging of primary spinal tumors by the Spine 
Oncology Study Group, Spine 34:384, 2009.)

and extent of neurologic compromise in patients with a neu-
rologic deficit.

Arteriography may be indicated to evaluate the extent of 
the tumor and to localize major feeder vessels.

Surgical staging classification systems specific to spine 
tumors have been designed to guide treatment and aid in 
defining the prognosis. The surgical staging systems proposed 
by Boriani et al. and Tomita et al. were devised to aid in sur-
gical planning and are used to delineate the margins of the 
tumor. The Weinstein-Boriani-Biagini (WBB) classification 
is an alphanumeric system that can be used to evaluate the 
extent of a lesion in the axial plane by dividing the vertebrae 
into 12 radial zones and five concentric layers with a designa-
tion for the presence of metastasis (Fig. 44.208). The Spine 
Oncology Study Group modified this system by orienting the 
diagram to correspond to the orientation of the vertebrae on 
axial tomograms. The tumor is reported according to the spi-
nal level or levels affected in the cephalocaudal dimension. 
The method of surgical excision is based on the zone or zones 
that the tumor occupies. Tomita et al. classified tumors based 
on their anatomic location in the axial and sagittal planes 
using a numeric system that reflects the most common pro-
gression of tumor growth (Figs. 44.209 and 44.210); this clas-
sification is used to guide surgical management. 

BIOPSY
Certain tumors, such as osteochondroma and osteoid oste-
oma, generally can be diagnosed by their clinical presentation 
and radiographic appearance. Other benign tumors, such as 
osteoblastoma, aneurysmal bone cyst, and giant cell tumors, 
often are difficult to diagnose preoperatively. Biopsy is the 
ultimate diagnostic technique for evaluating neoplasms. The 

biopsy may be incisional (removal of a small portion of the 
tumor) or excisional (removal of the entire tumor).

Percutaneous CT-guided needle biopsy is an excellent 
diagnostic tool. Ghelman et  al. obtained histologic diag-
noses in 85% of 76 biopsy specimens, and Kattapuram, 
Khurana, and Rosenthal obtained accurate diagnoses in 
92%. Metastatic diseases were most often diagnosed accu-
rately (95%), and benign primary tumors were diagnosed 
least often (82%). Fine-needle cytologic aspirates are satis-
factory for diagnosis of metastatic disease and most infec-
tions, but large-core biopsy specimens are preferable for 
primary bone tumors. 

 

OPEN BIOPSY OF THORACIC 
VERTEBRA
If the needle biopsy is not diagnostic, an open biopsy or 
transpedicular biopsy will yield more tissue. Care must be 
taken that the open biopsy does not interfere with the 
definitive surgery if total resection is anticipated.

 TECHNIQUE 44.62 

(MICHELE AND KRUEGER)
 n  With the patient prone, make an incision over the side of 

the spinous process of the involved vertebra.
 n  Retract the muscles and expose the transverse process.
 n  Perform an osteotomy at the base of the transverse pro-

cess at its junction with the lamina (Fig. 44.211A).

    

https://booksmedicos.org


PART XII THE SPINE2174

 n  By depressing or retracting the transverse process, expose 
the isthmus of the vertebra, revealing the cancellous na-
ture of its bone structure. Radiographic verification of the 
level is important.

 n  Insert a 3/16-inch trephine with ¼-inch markings through 
the fenestra and guide it downward with slight pressure 
so that a mere twisting action leads the trephine into the 
pedicle and finally into the body (Fig. 44.211B). Remove 
the trephine repeatedly and in each instance check that 
the contents consist of cancellous bone, which indicates 
that the trephine is in the medullary substance of the 
pedicle and has created a channel from the posterior ele-
ments directly into the vertebral body.

 n  Remove the pathologic tissue with a small blunt curet.
 n  Alternatively, after the osteotomy of the base of the trans-

verse process, expose the vertebral body by retracting the 
transverse process and depressing the adjacent rib to ex-
pose the junction of the pedicle and the body.

 n  Use the trephine to penetrate this junction at an angle of 
45 degrees toward the midline and remove the material 
with a curet (Fig. 44.211C).
  

BENIGN TUMORS OF THE VERTEBRAL COLUMN
The most common benign tumors of the vertebral column 
in children are osteoid osteoma, osteoblastoma, aneurysmal 
bone cyst, eosinophilic granuloma, and hemangioma.

OSTEOID OSTEOMA
Osteoid osteoma is a benign growth that consists of a dis-
crete osteoid nidus and reactive sclerotic bone thickening 
around the nidus. No malignant change of these tumors has 
ever been documented. The lesion occurs more frequently in 
males than in females. Spinal lesions occur predominantly in 
the posterior elements of the spine, especially the lamina and 
the pedicles. Osteoid osteoma of the vertebral body has been 
reported but is rare. The lumbar spine is the most frequently 
involved area.

Typically, patients with spinal osteoid osteoma have 
pain that is worse at night and relieved by aspirin. The pain 
increases with activity and often is localized to the site of 
the lesion. Radicular symptoms are especially common with 
lesions of the lumbar spine. Lesions in the cervical spine can 
produce radicular-type symptoms in the shoulders and arms, 
but the results of the neurologic examination usually are 
normal.

Physical examination reveals muscle spasm in the 
involved area of the spine. The patient’s gait may be abnormal 
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FIGURE 44.209 Axial (A) and lateral (B) illustrations of Tomita 
anatomic classification of primary spinal malignant tumors. Lesions 
are classified by their location on vertebra using numeric scheme 
that reflects most common progression of tumor growth: 1, 
vertebral body; 2, pedicle; 3, lamina and transverse and spinous 
processes; 4, spinal canal and epidural space; and 5, paravertebral 
space.  (Redrawn from Tomita K, Kewahara N, Baba H, et al: Total en 
bloc spondylectomy: a new surgical technique for primary malignant 
vertebral tumors, Spine 22:324, 1997.)
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FIGURE 44.212 Bone scan (A) and CT scan (B) of patient with spinal osteoid osteoma.
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FIGURE 44.211 A, Transverse osteotomy at base of thoracic 

transverse process. B, Trephine through fenestra of isthmus, into 
pedicle and body. C, Trephine inserted into body at junction of 
pedicle. SEE TECHNIQUE 44.62.

because of pain, and localized tenderness over the tumor may 
be moderate to severe.

Osteoid osteoma is the most common cause of painful 
scoliosis in adolescents. The scoliosis associated with osteoid 
osteoma usually is described as a C-shaped curve, but only 
23% to 33% of patients have this classic curve pattern. The 

osteoid osteoma usually is located on the concave side of the 
curve and in the area of the apical vertebra.

When the osteoid osteoma is visible on plain radiographs, 
its appearance is diagnostic—a central radiolucency with 
a surrounding sclerotic bony reaction; however, the lesion 
often is not visible on plain films. Technetium bone scanning 
should be considered in any adolescent with painful scolio-
sis (Fig. 44.212A). False-negative bone scans have not been 
reported in patients with osteoid osteoma of the spine. MRI 
scans will show increased signal changes. CT with very nar-
row cuts will precisely define the location of the tumor and 
the extent of the osseous involvement (Fig. 44.212B).

Patients with spinal tumors and scoliosis reach a criti-
cal point after which the continuation of a painful stimulus 
results in structural changes in the spine. Pettine and Klassen 
found that 15 months is the critical duration of symptoms if 
antalgic scoliosis is to undergo spontaneous correction after 
excision of the tumor. Although the natural course of many 
osteoid osteomas is spontaneous remission, spinal lesions in 
children or adolescents should be removed when they are 
diagnosed to prevent the development of structural scoliosis. 
The operative treatment of an osteoid osteoma is complete 
removal; recurrence is likely after incomplete removal. If pain 
and deformity persist after removal of the lesion, incomplete 
removal or perhaps a multifocal lesion should be suspected. 
Exact localization of the tumor is imperative. The O-arm or 
intraoperative navigation will allow intraoperative localiza-
tion of the lesion.

Excision of these lesions usually does not require spinal 
fusion, but if removal of a significant portion of the facet joints 
and pedicles makes the spine unstable, spinal fusion can be 
done at the time of tumor removal. Surgical navigation sys-
tems such as the O-arm can be used intraoperatively to evalu-
ate the adequacy of resection. This is the preferred method if 
it is available in the treating institution. Radiofrequency abla-
tion of osteoid osteoma of the spine is not recommended. 

OSTEOBLASTOMA
Most authors believe that osteoid osteoma and osteoblastoma 
are variant manifestations of a benign osteoblastic process, 
resulting in an osteoid nidus surrounded by sclerotic bone. 
The lesions are histologically similar. The primary difference 
is the tendency of the osteoblastoma to form a less sclerotic 
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but more expansile mass. Lesions larger than 1.5 cm in diam-
eter are defined as osteoblastomas and those less than 1.5 cm 
as osteoid osteomas.

Benign osteoblastoma is an uncommon primary bone 
tumor that accounts for less than 1% of all bone tumors. Of 
these reported tumors, however, 40% have been located in the 
spine and more than one half were associated with scoliosis. 
The presenting symptom for most patients is pain; however, 
often the nonspecificity of symptoms may contribute to a 
delay in diagnosis. In one study, pain was present for an aver-
age of 16 months before the diagnosis was made, and scoliosis 
was present in 50% of patients with osteoblastomas involving 
the thoracic or lumbar spine. The osteoblastomas were always 
located in the concavity of the curve, near its apex.

In contrast to osteoid osteoma, plain radiographs often 
are sufficient to confirm the diagnosis of osteoblastoma. CT 
scans, MRI, and bone scans (Fig. 44.213), however, can be 
helpful for a cross-sectional evaluation and localization of the 
tumor before operative excision. Osteoblastoma of the spine 
involves predominantly the posterior elements (66%) or the 
posterior elements and vertebral bodies (31%). A neoplasm 
involving only a vertebral body is unlikely to be an osteo-
blastoma. Spinal osteoblastomas are typically expansile with 
a scalloped or lobulated contour, well-defined margins, and 
frequently a sclerotic rim.

The treatment of osteoblastoma of the spine is complete 
operative excision. Recurrences after incomplete curettage 
are not rare, and malignant change has been reported after 
incomplete curettage; complete excision is therefore advised 
whenever possible. Because of the possibility of late sarcoma-
tous changes, irradiation of this lesion is not recommended. 
The scoliosis associated with vertebral column osteoblastoma 
usually is reversible after excision if the diagnosis is made 
early and treatment is undertaken at that time. 

ANEURYSMAL BONE CYSTS
An aneurysmal bone cyst is a nonneoplastic, vasocystic 
tumor originating on either a previously normal bone or a 
preexisting lesion. It is most common in children and young 
adults, and vertebral involvement is common. Its radio-
graphic appearance is characteristic—an expansile lesion 
confined by a thin rim of reactive bone. The lesion can occur 
in the vertebral body but is more commonly seen in the pos-
terior elements of the spine. An aneurysmal bone cyst is the 
only benign tumor that can cross the disc and involve more 
than one spinal level. Pain is the most common symptom, and 
radicular symptoms may be caused by cord compression.

Treatment is operative excision whenever possible. The 
tumors can be quite vascular, and if operative resection is 
contemplated, preoperative embolization should be consid-
ered. Embolization should be done in addition to the opera-
tive excision, and vessels supplying important segments of the 
spinal cord or brain should not be embolized. The indications 
for embolization are benign vascular tumors in central loca-
tions. In one study, three of the four tumors that were embo-
lized were aneurysmal bone cysts. Contraindications include 
avascular tumors and tumors supplied by vessels that also 
supply important segments of the spinal cord because embo-
lization of these vessels may infarct the spinal cord. Good 
clinical results have been reported after arterial embolization; 
however, the major disadvantage is the need for repeated pro-
cedures and repeated CT scans and angiography. Radiation 

therapy should be used only in those lesions that cannot be 
operatively excised.

Many patients with aneurysmal bone cysts of the ver-
tebral column have neurologic symptoms (30%), including 
complete or incomplete paraplegia or root signs or symp-
toms. When these neurologic symptoms occur, complete 
excision of the aneurysmal bone cyst with decompression of 
the spinal canal is indicated. The approach, whether anterior, 
posterior, or combined anterior and posterior, is dictated by 
the location of the lesion. 

EOSINOPHILIC GRANULOMA
Eosinophilic granuloma in childhood usually is a solitary 
lesion. The cause of this lesion, which may not represent a 
true neoplasm, is unknown. Approximately 10% involve the 
spine. Eosinophilic granuloma may produce varying degrees 
of vertebral collapse, including the classic picture of a verte-
bra plana (Fig. 44.214). Considerable collapse of the verte-
bral body may occur without neurologic compromise, and 
significant reconstitution in height may occur after treat-
ment (Fig. 44.215). Bone scan may show increased uptake. A 
lytic radiographic image without vertebra plana with normal 
bone scan uptake probably is a benign lesion, but biopsy must 
still be done. The differential diagnoses include aneurysmal 
bone cyst, acute leukemia, metastatic neuroblastoma, Ewing 
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FIGURE 44.213 Radiograph (A) and CT scan (B) of patient with 
osteoblastoma on right side of spine that caused left thoracic curve.
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sarcoma, or multifocal osteomyelitis. MRI can be helpful in 
distinguishing eosinophilic granuloma from a malignant 
neoplasm. Eosinophilic granuloma will most often not have 
a prominent soft-tissue mass associated with the vertebral 
collapse. A malignant tumor, such as Ewing sarcoma, often 
has extensive soft-tissue involvement. The treatment of verte-
bra plana generally focuses on relief of symptoms. The usual 
result is spontaneous healing. Spinal deformity may be mini-
mized by the use of an appropriate orthosis. Other reported 
treatment alternatives include curettage and bone grafting, 
radiotherapy, and interlesional instillation of corticosteroids, 
but they rarely are needed. 

HEMANGIOMA
Hemangioma is the most common benign vascular tumor 
of bone. Most hemangiomas involve the vertebral bodies 
or skull, and involvement of other bones is rare. Vertebral 
involvement usually is an incidental finding and requires 
surgery only when neurologic function is compromised  
(Fig. 44.215C). Hemangioma has been reported in as many 

as 12% of spines studied by autopsy. The lesion usually pro-
duces a characteristic, vertical, striated appearance (Fig. 
44.216A,B). Laredo et al. divided vertebral hemangiomas into 
three subcategories. The most common is the asymptomatic 
vertebral hemangioma; the second is a compressive verte-
bral hemangioma that compresses the cord or cauda equina; 
and the third is the rare vertebral hemangioma that causes 
clinical symptoms (symptomatic vertebral hemangioma). Six 
radiographic criteria were noted that were indicative of verte-
bral hemangioma leading to compressive problems: thoracic 
location (from T3 to T9), entire vertebral body involvement, 
neural arch (particularly pedicles) involvement, irregular 
honeycomb appearance, expanded and poorly defined cor-
tex, and swelling of the soft tissue. It was suggested in patients 
with vertebral hemangioma and back pain of uncertain origin 
that the presence of three or more of these signs may indicate 
a potentially symptomatic vertebral hemangioma. Laredo 
et  al. also compared MRI findings in asymptomatic and 
symptomatic vertebral hemangiomas. They found that verte-
bral hemangiomas with low-signal intensity on T1-weighted 
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FIGURE 44.214 Eosinophilic granuloma in a 10-year-old child resulting in vertebra plana at T4. 
A and B, Radiographic appearance. C, Appearance on sagittal MRI.
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FIGURE 44.215 A, Eosinophilic granuloma of spine in 3½-year-old patient. B, Sudden collapse 
of T12 3 weeks later, in addition to vertebra plana at L2. C, Collapse of T12 and L2. D and E, 
Considerable reconstitution of the vertebral height of T12 and L2 16 months later.  (From Seiman 
LP: Eosinophilic granuloma of the spine, J Pediatr Orthop 1:371, 1981.)

    

https://booksmedicos.org


PART XII THE SPINE2178

 

A B

FIGURE 44.217 A, Osteogenic sarcoma in a 14-year-old child.  
B, After tumor resection and stabilization.
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FIGURE 44.216 Radiograph (A), CT scan (B), and MRI (C) of patient with spinal hemangioma 
with canal compromise.

images had a significant vascular component, which might 
have been a major contributing factor to the patient’s symp-
toms. Most vertebral hemangiomas contained predominant 
fat attenuation values on CT and showed high-signal inten-
sity on T1-weighted imaging, indicating a predominantly 
fatty content. These researchers emphasized, however, as has 
been our experience, that most vertebral hemangiomas are 
not symptomatic and are an incidental finding. If neurologic 
dysfunction and anterior collapse occur, operative excision of 
the lesion, perhaps with adjuvant embolization as described 
by Dick et al., is recommended. 

PRIMARY MALIGNANT TUMORS OF THE 
VERTEBRAL COLUMN
Primary malignant tumors of the vertebral column are 
uncommon. In children, the most common are Ewing sar-
coma and osteogenic sarcoma.

EWING SARCOMA
Ewing sarcoma is a relatively rare, primary malignant tumor 
of bone. The tumor occurs most frequently in males in the 
second decade of life. All bones, including the spine, may 
be affected. The tumor most commonly begins in the pel-
vis or long bones and rapidly metastasizes to other skeletal 
sites, including the spine, especially the vertebral bodies and 
pedicles.

The currently recommended treatment of Ewing sar-
coma is radiotherapy and adjuvant chemotherapy. On occa-
sion, surgery may be necessary to stabilize the spine because 
of compression of the neural elements and bony instability. If 
decompression of the neural elements is necessary, stabiliza-
tion usually is needed at the same time. 

OSTEOGENIC SARCOMA
Osteogenic sarcoma is the most common primary malig-
nant bone tumor, excluding multiple myeloma, but less than 
2% originate in the spine. It is a malignant tumor of bone in 
which tumor cells form neoplastic osteoid or bone, or both. 
Classic osteogenic sarcoma is more common in boys 10 to 15 
years of age. This is a rapidly progressive malignant neoplasm, 
and multiple metastatic lesions to the vertebral column are 
more common than primary involvement (Fig. 44.217). The 
role of surgery for vertebral involvement is based on whether 
the spinal lesion is solitary, primary, or metastatic. If decom-
pression of the spinal cord becomes necessary, or if structural 

integrity of the vertebral column is compromised, stabiliz-
ing procedures usually are required. If aggressive operative 
debridement is required, the neural structures limit the mar-
gin of the resection, making it impossible to achieve as wide a 
margin of resection as in the extremities. 

POSTIRRADIATION SPINAL DEFORMITY
Perthes in 1903 first described inhibition of osseous develop-
ment by irradiation. Later studies indicated that the physis is 
particularly sensitive to radiation. A physis exposed to 600 
rad or more showed some growth retardation, and complete 
inhibition of growth was produced by doses of more than 
1200 rad. The longitudinal growth of a vertebral body takes 
place by means of true physeal cartilage, similar to the longi-
tudinal growth of the metaphysis of the long bones. The three 
most common solid tumors of childhood for which radiation 
therapy is part of the treatment regimen and in which the ver-
tebral column is included in the radiation fields are neuro-
blastoma, Wilms tumor, and medulloblastoma.
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 FIGURE 44.218 “Bone-in-bone” appearance of irradiated spine, 
equivalent of growth arrest line in long bone.  (From Katzman H, 
Waugh T, Berdon W: Skeletal changes following irradiation of childhood 
tumors, J Bone Joint Surg 51A:825, 1969.)

INCIDENCE
Mayfield et  al. studied spinal deformity in children treated 
for neuroblastoma, and Riseborough et  al. studied spinal 
deformity in children treated for Wilms tumor. Several prin-
ciples can be summarized from these studies. A direct rela-
tionship seems to exist between the amount of radiation and 
the severity of the spinal deformity. In general, a dose of less 
than 2000 rad is not associated with significant deformity, a 
dose between 2000 and 3000 rad is associated with mild sco-
liosis, and a dose of more than 3000 rad is associated with 
more severe scoliosis. Irradiation in younger children, espe-
cially those 2 years of age or younger, produces the most seri-
ous disturbance in vertebral growth. Radiation treatment 
in children older than 4 years is less frequently associated 
with spinal deformity. Asymmetric irradiation is associated 
with significant spinal deformity. Progression usually occurs 
during the adolescent growth spurt. Scoliosis is a common 
deformity, and the direction of the curve usually is concave 
toward the side of the irradiation. Kyphosis may occur in 
association with the scoliosis, or kyphosis alone may be pres-
ent, most frequently at the thoracolumbar junction. Children 
who require a laminectomy because of epidural spread of 
tumor are especially prone to the development of moderate-
to-severe spinal deformity. Similarly, those children whose 
disease causes paraplegia also are prone to rapid progression 
of the deformity. Without these two complicating features, 
most radiation-induced scoliotic deformities remain small 
and do not require treatment. Because progression of these 
curves generally occurs during the adolescent growth spurt, 
any child undergoing radiation therapy to the spine should 
have orthopaedic consultation and regular follow-up until 
skeletal maturity. 

RADIOGRAPHIC FINDINGS
Neuhauser et al. described the radiographic changes in pre-
viously irradiated spines, and Riseborough et al. divided the 
radiographic findings into four groups. The earliest noted 
changes were alterations in the vertebral bodies within the 
irradiated section of the spine, which are expressions of irra-
diation impairment of physeal enchondral growth at the ver-
tebral endplates. The most obvious features of these lesions 
were growth arrest lines that subsequently led to the bone-in-
bone picture (28%) (Fig. 44.218). Endplate irregularity with 
an altered trabecular pattern and decreased vertebral body 
height were seen most frequently (83% of patients). Contour 
abnormalities, causing anterior narrowing and beaking of 
the vertebral bodies, such as those seen in Morquio disease  
(Fig. 44.219), were present in 20% of patients. Asymmetric 
or symmetric failure of vertebral body development was 
apparent on the anteroposterior radiographs of all 81 patients 
studied. The second group of radiographic changes included 
alterations in spinal alignment. Scoliosis was present in 70% 
of patients and kyphosis in 25%. The third group of radio-
graphic findings included skeletal alterations in bones other 
than the vertebral column, the most common of which were 
iliac wing hypoplasia (68%) and osteochondroma (6%). The 
fourth group consisted of patients with no evidence of defor-
mity of the axial skeleton (27%). 

TREATMENT
Most studies indicate that the curves usually remain slight 
until the adolescent growth spurt, when progression can be 
severe and rapid. Orthoses for treatment of postirradiation 

spinal deformity may or may not (50%) improve or stop pro-
gression of the deformity, especially if severe changes in the 
architecture of the vertebrae and excessive soft-tissue scarring 
are present. The indications for operative treatment are a sco-
liosis of more than 40 degrees and a thoracolumbar kypho-
sis of more than 50 degrees. Patients with progression despite 
brace treatment also are considered candidates for opera-
tive intervention. Riseborough et al. outlined the difficulties 
in obtaining adequate correction and fusion of these curves, 

 FIGURE 44.219 Contour abnormalities of vertebral bodies 
after radiotherapy for Wilms tumor in 8-month-old patient.  (From 
Katzman H, Waugh T, Berdon W: Skeletal changes following irradiation 
of childhood tumors, J Bone Joint Surg 51A:825, 1969.)
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which frequently are rigid. Extensive soft-tissue scarring may 
further complicate the surgery. Many patients requiring oper-
ative treatment have a kyphoscoliotic deformity, and many 
also have had previous laminectomies, which will inhibit 
solid fusion. Healing can be prolonged, and pseudarthrosis 
is common.

Combined anterior and posterior fusions with an ante-
rior strut graft or anterior interbody fusion and posterior 
instrumentation should be considered for patients with 
kyphotic deformities of more than 40 degrees. Because of the 
unpredictable nature of the irradiated anterior bone stock, 
anterior instrumentation may not be possible. Segmental 
hook or screw instrumentation systems, with their ability to 
apply both compression and distraction, are ideal for poste-
rior instrumentation in these patients. If irradiation was for 
a tumorous process, consideration should be given to tita-
nium implants, which would allow better follow-up MRI, 
if necessary. The fusion area is selected by the same criteria 
as for idiopathic curves (see earlier section on fusion levels 
and hook site placement). A large quantity of bone from the 
nonirradiated iliac crest should be used. Ogilvie suggested 
exploration of the fusion 6 months after surgery for repeated 
bone grafting of any developing pseudarthrosis. Because of 
problems with bone stock, postoperative immobilization in 
a TLSO often is indicated until complete fusion is obtained. 

COMPLICATIONS AND PITFALLS
Pseudarthrosis, infection, and neurologic injury are more 
frequent after spinal fusion for radiation-induced deformity 
than for other spinal deformities. The increase in pseudar-
throsis is attributed to poor bone quality, decreased bone vas-
cularity, kyphotic deformity, and absence of posterior bone 
elements after laminectomy. Poor vascularity and skin quality 
have been associated with an increased infection rate. Severe 
scarring sometimes is present in the retroperitoneal space, 
making the anterior exposure more difficult. Because viscera 
can be damaged by radiation, bowel obstruction, perforation, 
and fistula formation may occur after spinal fusion. This can 
be difficult to differentiate from postoperative cast syndrome. 
Paraplegia also has been reported in patients who had radia-
tion treatment for neuroblastoma and surgical correction. 
It is believed that they had a subclinical form of radiation 
myelopathy and that spinal correction compromised what lit-
tle vascular supply there was to the cord. The surgeon should 
be aware of this possibility and avoid overcorrection of these 
kyphotic deformities. 

OSTEOCHONDRODYSTROPHY
DIASTROPHIC DWARFISM

Diastrophic dwarfism is inherited as an autosomal reces-
sive disease. The diagnosis usually can be made at birth on 
the basis of clinical features and, for families at risk, before 
birth by ultrasound examination and molecular genetic test-
ing. Clinical and radiographic findings are short limbs, short 
stature, multiple joint contractures, and early degeneration of 
joints. Spinal deformities, including cervical kyphosis, scolio-
sis, and exaggerated lumbar lordosis, often are seen. Remes 
et  al. found scoliosis in 88% of patients with diastrophic 
dwarfism. They subdivided the scoliotic curves into three 
subtypes: early progressive, idiopathic-like, and mild nonpro-
gressive. The early progressive type resembled the progres-
sive form of infantile idiopathic scoliosis, with early onset, 

rapid progression, and severe outcome. Patients with the 
idiopathic-like scoliosis had features similar to patients with 
adolescent idiopathic scoliosis.

The indications for treatment of scoliosis in diastrophic 
dwarfism have not been fully established. Patients with dia-
strophic dwarfism already have many abnormalities in their 
appearance. The benefits of surgical treatment should there-
fore be evaluated critically. Brace treatment has been found 
to be useful only for small curves in these patients. If the 
curve cannot be braced successfully, the spinal deformity 
can progress to a severe scoliosis causing imbalance of the 
trunk. This can lead to difficulties in gait and a reduction in 
the already short standing height. The most important fac-
tors to be considered are the rate of progression and the time 
at onset: the earlier the time at onset, the more rapid and 
severe the progression and curve type. The early progres-
sive type of scoliosis virtually always develops into a severe 
deformity unless surgery is performed. In very young chil-
dren, growth rod–type instrumentation can be considered. 
However, because growth is limited, repeated surgeries to 
lengthen the rods are done at 15- to 18-month intervals 
instead of the usual 4- to 6-month interval. If a significantly 
progressive curve is noted in a very young child not appro-
priate for growing rods, combined anterior and posterior 
fusion should be considered. If a growth rod can be success-
fully used, by the age of 10 years, most of the spinal growth 
in a diastrophic dysplastic patient is complete and definitive 
fusion is then done.

Cervical kyphosis occurs commonly, and although 
it usually resolves with age, it can cause quadriplegia. 
Radiographic evaluation of the cervical spine is mandatory 
in these patients. If the cervical kyphosis worsens, surgi-
cal treatment is necessary. If the kyphosis is mild, posterior 
fusion alone, combined with a halo brace, should be consid-
ered. In an older child with a more severe kyphosis, com-
bined anterior and posterior fusion should be considered. 
If the kyphosis is causing neurologic problems, decompres-
sion anteriorly at the apex of the kyphosis is needed along 
with anterior and posterior fusion. 

SPONDYLOEPIPHYSEAL DYSPLASIA
Orthopaedic aspects of spondyloepiphyseal dysplasia are dis-
cussed in Chapter 32.

The spinal problems most commonly associated with this 
condition are scoliosis, kyphoscoliosis, and odontoid hypo-
plasia with atlantoaxial instability (Fig. 44.220). If the sco-
liosis and kyphoscoliosis are progressive, orthotic treatment 
sometimes is useful for delaying the fusion until the patient 
is older. Kopits found a 30% to 40% incidence of atlanto-
axial instability in patients with spondyloepiphyseal dyspla-
sia. In children with this condition who are not walking by 
2 to 3 years of age, the most likely explanation is spinal cord 
compression at the upper cervical region. Flexion-extension 
lateral cervical spine radiographs should be obtained. If ossi-
fication delay in vertebral bodies makes accurate determina-
tion of movement at this level impossible, a flexion-extension 
lateral MRI study is indicated. Once the instability is diag-
nosed, the treatment is surgical fusion.

If the scoliotic curve continues to progress despite brac-
ing, surgical fusion is considered. Unlike in achondroplasia, 
spinal stenosis generally is not present in patients with spon-
dyloepiphyseal dysplasia. 
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OSTEOGENESIS IMPERFECTA
Patients with osteogenesis imperfecta have abnormal colla-
gen production that results in defective bone and connective 
tissue. Other orthopaedic aspects of osteogenesis imperfecta 
are described in Chapter 32.

The reported incidence of spinal deformity in patients 
with osteogenesis imperfecta ranges from 40% to 90%. 
Hanscom et al. developed a classification system based on the 
degree of bone involvement and the likelihood of development 
of a spinal deformity. Patients with type A disease have mild 
bony abnormalities with normal vertebral contours. Patients 
with type B disease have bowed long bones and wide cortices 
with biconcave vertebral bodies and a normal pelvic contour. 
Patients with type C disease have thin, bowed long bones and 
protrusio acetabuli, which develop around the age of 10 years. 
Patients with type D disease have deformities similar to type 
C, with the addition of cystic changes around the knee by the 
age of 5 years. Patients with type E disease are totally depen-
dent functionally. Scoliosis occurred in 46% of their patients 
with type A disease and in all patients with types C and D. 
Benson et  al., in a review of 100 patients with osteogenesis 
imperfecta, also concluded that the severity of the disease 
correlates with the risk of development and the severity of the 
scoliosis. Anissipour et al. reviewed 157 patients with osteo-
genesis imperfecta and scoliosis. Using the modified Sillence 
classification, they were able to follow patients having mild 
(type I), intermediate (type IV), and severe (type III) disease. 
There were high rates of scoliosis progression in types II and 
IV osteogenesis imperfecta, with a benign course in type I 
patients. Ishikawa et  al. described biconcave vertebrae as a 
predictive factor for development of future scoliotic defor-
mity. Patients with 6 or more biconcave vertebral fractures 

had a 93% prevalence of severe scoliosis (curve larger than 
50 degrees). Patients with fewer than six biconcave vertebrae 
were not at risk to develop severe scoliosis. The age at which a 
child achieves motor milestones is associated with later devel-
opment of spinal deformities. Bisphosphonate therapy has 
been shown to reduce and prevent vertebral deformity, but 
its effect on scoliosis and curve progression remains unclear. 
Bisphosphonates should be stopped 6 months before spinal 
fusion and not resumed until 6 months following surgery.

The natural history of scoliosis in patients with osteogen-
esis imperfecta is continued progression. Scoliosis present at a 
young age almost always is progressive, and progression may 
continue into adulthood. Severe and disabling spinal defor-
mities have been found in many adults with osteogenesis 
imperfecta.

ANESTHESIA PROBLEMS
There are several areas of concern in the administration of 
anesthesia for a patient with osteogenesis imperfecta. The 
primary concern is the risk of fractures. Extreme care must 
be taken in handling these patients, including positioning on 
the operating table with adequate padding and care in trans-
fer. Care also should be taken in establishment of the intra-
venous line or application of a blood pressure cuff because 
both can result in fracture. Intubation and airway control also 
can be problematic because these patients have large heads 
and short necks, as well as tongues that often are dispropor-
tionately large. Extension of the head to facilitate intubation 
could cause a cervical spine fracture or a mandibular frac-
ture. Because many patients with osteogenesis imperfecta 
have thoracic deformities, poor respiratory function should 
be expected.

A tendency for hyperthermia to develop in patients 
with osteogenesis imperfecta also has been noted. This does 
not appear to be a malignant type, however, and it may be 
related to elevated thyroid hormone levels, which are found 
in at least half of the patients with osteogenesis imperfecta. 
Hyperthermia can be induced by various anesthetic agents, as 
well as by atropine, and atropine should be avoided in these 
patients. If hyperthermia occurs, it is controlled with cooling, 
supplemental oxygen, sodium bicarbonate, cardiovascular 
stimulants, and dantrolene sodium. Libman suggested preop-
erative treatment with dantrolene sodium to perhaps prevent 
hyperthermia. He also recommended minimizing fascicula-
tions associated with succinylcholine chloride. If possible, 
other agents should be used. If succinylcholine chloride is 
necessary, the fasciculations may be minimized by prior 
administration of a nondepolarizing muscle relaxant. 

ORTHOTIC TREATMENT
Most authors agree that bracing does not control progres-
sive scoliosis in patients with severe osteogenesis imperfecta. 
Brace treatment has been found to be ineffective in stopping 
progression of scoliosis in patients with osteogenesis imper-
fecta even if the curves are small, although Hanscom et  al. 
suggested that orthotic treatment under carefully controlled 
circumstances may be a reasonable alternative to operative 
intervention in patients with type A or type B osteogenesis 
imperfecta. It is doubtful whether any effective forces from an 
orthosis can be transmitted to the spine of a patient with pre-
existing deformity of the chest wall, fragile ribs, and deformed 
vertebral bodies. 

 FIGURE 44.220 Spinal deformity in patient with spondyloep-
iphyseal dysplasia.
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OPERATIVE TREATMENT
Spinal fusion is recommended for curves of more than 50 degrees 
in patients with osteogenesis imperfecta, regardless of the age 
of the patient, provided there are no medical contraindications 
(Fig. 44.221). The decision to fuse the spine should depend on 
the extent of the curvature and the presence of progression rather 
than on the age of the patient. The upper instrumented level usu-
ally is T2 to reduce the risk of proximal junctional kyphosis. The 
lower instrumented level usually is between L3 and L5, with the 
goal of leveling the inferior endplate to the pelvis.

Segmental hook or screw instrumentation systems can be 
considered in patients with type A osteogenesis imperfecta. 
Patients with the milder form of the disease can be treated in 
the same manner as patients with idiopathic scoliosis, although 
significant correction of the curve should not be attempted. 
Bone graft should be obtained from the iliac crest, but often the 
amount of bone available is inadequate and allograft is required 
for a supplement. If the patient is small, pediatric instrumenta-
tion may be needed. The rod must be bent carefully to conform 
to the contours of the spine in both the coronal and sagittal 
planes to prevent excessive pull-out forces on the hooks.

In patients with more severe disease (type C or type D), 
segmental instrumentation with hooks and screws can be used. 
Segmental wires also can be used for fixation. Great care in tight-
ening these wires should be taken to prevent a wire from pulling 
through the lamina posteriorly. An alternative is to use Mersilene 
tapes. Cement augmentation for pedicle screw fixation has been 
described by Yilmaz et al., who used cement augmentation at the 
3 to 4 vertebral levels at the cranial and caudal ends of the spine 
to establish strong foundations at either end of the construct. For 
severe deformity, preoperative halo traction can be used to obtain 
preoperative correction instead of relying on fixation in poor qual-
ity bone. Anterior procedures should not be necessary if spinal 
deformities are stabilized before they become too severe.

Because of poor bone quality, immobilization in a two-
piece TLSO often is necessary for 6 to 9 months after surgery 
until the fusion is solid. 

UNUSUAL CAUSES OF KYPHOSIS
POSTLAMINECTOMY SPINAL DEFORMITY
Laminectomies most often are done in children for the diag-
nosis and treatment of spinal cord tumors, although they also 

may be needed in other conditions, such as neurofibromato-
sis and syringomyelia. Several authors reported the frequency 
of spinal deformities after laminectomy in children. The inci-
dence of spinal deformity ranged from 33% to 100%.

Kyphosis is the most common deformity that occurs after 
multiple-level laminectomies (Fig. 44.222). Spinal deformity 
after laminectomy has been found to be more frequent in 
children younger than 15 years; also noted was the higher 
the level of the laminectomy, the greater the likelihood of spi-
nal deformity or instability. All cervical or cervicothoracic 
laminectomies were followed by deformity in two studies. 
Lonstein et al. described two basic types of kyphosis, depend-
ing on the status of the facet joints posteriorly: sharp and 
angular or long and gradually rounding.

Scoliosis also may occur after laminectomy and gener-
ally is in the area of the laminectomy and associated with 
the kyphotic deformity. Scoliosis may occur at levels below 
the laminectomy, but this is usually caused by the paraly-
sis from the cord tumor or its treatment rather than by the 
laminectomy.

The causes of instability of the spine after multiple 
laminectomies include skeletal and ligamentous deficien-
cies, neuromuscular imbalance, progressive osseous defor-
mity, and radiation therapy. Increased wedging or excessive 
motion has been noted in children rather than subluxation 
as occurs in adults, possibly because, after laminectomy, 
pressure is increased on the cartilaginous endplates of the 
vertebral bodies anteriorly and, with time, cartilage growth 
is decreased and vertebral wedging occurs (Fig. 44.223). 
Panjabi et  al. showed that the loss of posterior stability 
caused by removal of interspinous ligaments, spinous pro-
cesses, and laminae allows the normal flexion forces to 
produce a kyphosis. Lonstein et al. emphasized the impor-
tance of the facet joints posteriorly in these deformities. 
They showed that when the facet joints are completely 
removed at one level, gross instability results, with maximal 
angulation at that level causing a sharp, angular kyphos, 
enlargement of the intervertebral foramen, and open-
ing of the disc space posteriorly (Fig. 44.224). If complete 
removal is on one side only, the angular kyphosis is accom-
panied by a sharp scoliosis with the apex at the same level. 
If all the facets are preserved, a gradual rounding kyphos 
results in the area of the laminectomy. Many authors have 

 

A B C D

FIGURE 44.221 A and B, Spinal deformity in patient with osteogenesis imperfecta. C and D, 
Postoperative radiographs after posterior fusion and instrumentation.
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FIGURE 44.222 Postlaminectomy kyphosis. A and B, Clinical appearance. C and D, Radiographic 
appearance. E and F, After posterior fusion with pedicle screw instrumentation.

reported extremely high incidences of spinal deformity in 
children younger than 10 years with complete paralysis. 
Children with extensive laminectomies and paralysis as a 
result of spinal cord tumors or their treatment are likely 
to have increasing spinal deformities. Radiation therapy, 
used to treat many spinal tumors, has been associated with 
injury to the vertebral physis and subsequent spinal defor-
mity (see Postirradiation Spinal Deformity, earlier). The 
cause of postlaminectomy spinal deformity is therefore 
multifactorial.

TREATMENT
The treatment of postlaminectomy kyphosis is difficult, and, 
if at all possible, it is best to prevent the deformity from 

occurring. When laminectomy is necessary, the facet joints 
should be preserved whenever possible. Localized fusion 
at the time of facetectomy or laminectomy may help pre-
vent progression of the deformity, but because of the loss 
of bone mass posteriorly, localized fusion may not produce 
a large enough fusion mass to prevent kyphosis. The surgi-
cal technique of laminoplasty to expose the spinal cord may 
lessen the chance of progressive deformity. This approach 
involves suturing the laminae back into place after removal 
or removing just one side of the laminae and allowing them 
to hinge open like a book to expose the spinal cord and then 
suturing that side of the lamina back in place. This proce-
dure may provide a fibrous tether connecting the laminae 
to the spine, and Mimatsu has shown a decreased incidence 
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A B
FIGURE 44.223 Drawings of thoracic spine before and after 

repeated laminectomy show effects on growth of vertebral bodies. 
A, Before laminectomy, anterior vertebral bodies are rectangular 
in configuration. B, Spine that has had multiple laminectomies will 
have increased compression anteriorly because of loss of posterior 
supporting structures. This compression results in less growth in ante-
rior portion of vertebral body than in posterior portion. In time, this 
will result in wedging of vertebral bodies, causing kyphotic deformity.

of postlaminectomy kyphosis when it has been used. After 
surgery in which the laminae have been removed, the child 
should be examined regularly by an orthopaedic surgeon. If 
a spinal deformity is detected, brace treatment can be con-
sidered. The patient’s long-term prognosis, however, should 
be considered before definitive treatment plans are made. If 
the prognosis for survival is poor, spinal fusion may not be 
appropriate. With modern treatment protocols and improved 
survival rates for tumors, fusion usually is indicated for pro-
gressive deformity.

Most authors recommend combined anterior and 
posterior fusions for this condition because of the small 
amount of bone surface posteriorly after a wide laminec-
tomy. Also, many of these deformities have a kyphotic 
component and anterior spinal fusion is more success-
ful biomechanically than posterior fusion. Anteriorly, 
the fusion mass is under compression rather than dis-
traction forces. Of 45 patients treated for postlaminec-
tomy scoliosis, Lonstein reported pseudarthroses in 33% 
with posterior fusion alone, in 22% with anterior fusion 
alone, and in 9.5% with combined anterior and poste-
rior fusion. At the first stage, anterior fusion is done by 
removal of all of the disc material, taking special care to 
remove the entire disc back to the posterior longitudinal 
ligament to prevent growth in the posterior aspect of the 
vertebral endplate with increasing kyphotic deformity. 
Additional bone obtained locally from the vertebral bod-
ies or ilium or remaining rib should be packed into the 
open disc spaces. Posterior fusion and instrumentation 

A

B

C

 FIGURE 44.224 A, Lateral radiograph of 16-year-
old with postlaminectomy kyphosis secondary to treat-
ment of spinal cord tumor. B, Lateral radiograph shows 
progression of postlaminectomy kyphosis. C, Lateral 
radiograph after anterior and posterior spine fusion 
and instrumentation.
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are done either immediately or a week after the anterior 
fusion. Because of the absence of the posterior elements, 
instrumentation of the involved spine is desirable but not 
always possible. Pedicle screw fixation has been help-
ful in allowing the use of posterior instrumentation for 
postlaminectomy kyphosis and scoliosis. This procedure 
provides secure fixation while the spinal fusion is matur-
ing. The use of titanium rod instrumentation has been 
recommended at the time of laminectomy. The instru-
mentation provides stability postoperatively, and the tita-
nium rods allow postoperative MRI to evaluate spinal 
cord tumors. Often, the extent of the deformity and the 
absence of the posterior elements make instrumentation 
impossible, and a halo cast or vest may be necessary in 
these patients after surgery. 

SKELETAL DYSPLASIAS
ACHONDROPLASIA

Achondroplasia, the most common of the bony dysplasias, 
is caused by a mutation of fibroblast growth factor receptor 
3. The most frequent spinal deformity associated with this 
condition is thoracolumbar kyphosis that is present at birth  
(Fig. 44.225). The frequency of kyphosis in achondroplasia is 
87% from age 1 to 2 years, 39% from age 2 to 5 years, and 11% 
from age 5 to 10 years. As muscle tone develops and walking 
begins, the kyphotic deformity usually resolves, although per-
sistent kyphosis has been reported and can become severe in 
some patients. This kyphosis is poorly tolerated by the patient 
with achondroplasia because of the decreased size of the spi-
nal canal related to a marked decrease in the interpedicular 
distance in the lower lumbar region and to shortened pedi-
cles, which cause a reduction in the anteroposterior dimen-
sions of the spinal canal.

It is important to be aware of the possibility of persis-
tent or progressive thoracolumbar kyphosis in these patients. 
Early bracing to prevent progression and correction of any 
associated hip flexion contractures to prevent hyperlordosis 
below the kyphosis are recommended. Pauli et  al. showed 
the efficacy of early prohibition of unsupported sitting and 
bracing in a series of 66 infants with achondroplasia. The par-
ents were advised to prevent unsupported sitting and to keep 
young children from sitting up more than 60 degrees even 
with support. If the kyphosis developed and became greater 
than 30 degrees (as measured on prone lateral radiographs), 
TLSO bracing was begun and continued until the child was 
walking independently and there was evidence of improve-
ment in vertebral body wedging and kyphosis. With this form 
of early intervention, they reported no recurrences of pro-
gressive kyphosis.

If the kyphosis progresses despite conservative treat-
ment, operative stabilization is indicated. The indications 
for surgery include a documented progression of a kyphotic 
deformity, kyphosis of more than 50 degrees, and neurologic 
deficits relating to the spinal deformity. Unless the kyphosis is 
rapidly progressive or there are neurologic deficits, surgery is 
delayed until 4 years of age. Neurologic deficits can occur as 
a direct result of the kyphotic deformity and also as a result 
of the lumbar stenosis. Neurologic deficits in infants with 
achondroplasia may indicate narrowing of the foramen mag-
num and basilar impression. Evaluation of neurologic deficits 
therefore should include appropriate imaging studies of the 
foramen magnum and the occipitocervical junction. A thor-
ough physical examination and diagnostic study, including a 
CT scan or MRI, may be necessary to determine the source of 
neurologic deficits.

Patients with progressive thoracolumbar kyphosis 
require combined anterior and posterior fusion. The tra-
ditional approach has been to avoid posterior instrumen-
tation because of the small canal, but if pedicle screws 
can be placed and the kyphosis is flexible, then posterior 
instrumentation and fusion can be used to treat progres-
sive kyphosis. Ain and Browne recommended an anterior 
approach when the pedicle was too small to accommodate 
screw instrumentation. Corpectomy to relieve anterior 
impingement was needed when hyperextension over a bol-
ster failed to correct the kyphosis to less than 50 degrees. 
Patients in whom no instrumentation was used posteriorly 
had repeated posterior bone grafting 4 months after the 
original procedure. If pedicle screw instrumentation was 
used, the pedicle screws were placed under fluoroscopic 
guidance. In patients with achondroplasia, the pedicles 
are directed cranially at all levels, and the average pedicle 
length is nearly 10 mm shorter than in individuals without 
achondroplasia. In Ain and Browne’s patients, all kyphotic 
segments were included in the fusion. If a concomitant 
decompression was done, the fusion was ended at least one 
level cephalad to the most superior level of laminectomy 
to avoid development of junctional kyphosis (Fig. 44.226). 
They found that pedicle instrumentation of the pediatric 
achondroplastic spine did not cause intraoperative neuro-
logic monitoring difficulties or lead to postoperative neu-
rologic deficits. Posterior column shortening with pedicle 
screws and posterior instrumentation also has been used 
to successfully treat neurologic deficits secondary to tho-
racolumbar kyphosis.

 FIGURE 44.225  Kyphosis in infant with achondroplasia.
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Symptomatic spinal stenosis usually does not occur until 
the third or fourth decade of life, but it may develop before 
adolescence. The reported incidence of symptomatic spinal 
stenosis ranges from 37% to 89%. The interpedicular distance 
typically decreases from L1 to L5 and the pedicle diameter 
increases in the same direction, resulting in a 40% reduction 
in size of the sagittal and coronal diameter of the spinal canal. 
Approximately one fourth of all patients with achondroplasia 
will require surgery for spinal stenosis. Surgical indications 
are progressive symptoms, urinary retention, severe claudica-
tion (symptoms after walking less than two city blocks), and 
neurologic symptoms at rest. Surgical management of spinal 
stenosis is a decompressive laminectomy. Laminectomy alone 
is not always sufficient for decompression, and the nerve root 
recesses on both sides should be explored because lateral ste-
nosis usually is present. Because of the high risk of developing 
a postlaminectomy kyphosis, concurrent posterior instru-
mentation and fusion are recommended. 

MUCOPOLYSACCHARIDOSES
Of the many types of mucopolysaccharidoses, Morquio, 
Hurler, and Maroteaux-Lamy syndromes are the types most 
commonly associated with structural changes of the spine. 
The spinal deformity commonly seen in children with 
these conditions is kyphosis, usually in the thoracolumbar 
junction (Figs. 44.227 and 44.228). The vertebral bodies 
of these patients are deficient anteriorly and are flattened, 
beaked, or notched. The intervertebral discs are thick and 
bulging, often larger than the bodies. Thus, in time, the 
thoracolumbar spine collapses into kyphosis. The kypho-
sis is flexible in childhood but with progression becomes 
increasingly rigid. Treatment of the condition depends on 
the degree of the deformity, as well as the child’s prognosis 
(Fig. 44.229).

Morquio syndrome is the most common of the muco-
polysaccharidoses. Children with this condition may 

well live into adult life and have normal mentality. Many 
authors, including Blaw and Langer, Kopits, Langer, and 
Lipson, have emphasized the frequent occurrence of atlan-
toaxial instability in patients with Morquio syndrome. The 
most common presenting symptom is reduced exercise tol-
erance, followed by progressive upper motor neuron defi-
cits. Blaw and Langer stated that neurologic problems in 
the first two decades of life usually are related to odontoid 
abnormalities or atlantoaxial instability; later, symptoms 
primarily are caused by the kyphosis or gibbus. Posterior 
fusion of C1 to C2 is the recommended treatment of atlan-
toaxial instability as soon as any signs of a myelopathy are 
identified. Blaw and Langer recommended that the devel-
oping gibbus during childhood be treated with an appro-
priate spinal orthosis to prevent neurologic deficits. Dalvie 
et  al. described the use of anterior discectomy and ante-
rior instrumentation to correct the thoracolumbar gibbus 
in these patients. The advantages of this technique are the 
opportunity for anterior decompression by excision of the 
bulging disc before correction of the kyphosis; the number 
of levels included in the fusion is less than required pos-
teriorly; the posterior elements in these children are not 
strong enough to hold instrumentation, and, furthermore, 
associated canal stenosis, because of soft-tissue deposition, 
makes intracanal instrumentation unsafe; the interbody 
fusion obtained is of excellent quality; and anterior surgery 
can be performed, dissecting fewer muscle planes. The pri-
mary difficulty with this technique is technical in nature. 
The vertebral bodies are very small, and great care must 
be taken to ensure central placement of the screws. If the 
correction maneuver places excess stress on the implants, 
they may cut through the bone. The corrective maneuver 
must therefore include an external corrective force. Good 
correction of the kyphosis was obtained and maintained 
throughout the follow-up period (Fig. 44.230).
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A B C

FIGURE 44.227 Spinal deformity in Morquio syndrome. A, Hook-shaped bodies in young child. 
B, Further anterior ossification in older child. C, Flattened, rectangular vertebral bodies in adult.  
(From Langer LO, Carey LS: The radiographic features of the KS mucopolysaccharidosis of Morquio, Am J 
Roentgenol 97:1, 1966.)

 

A B C

FIGURE 44.226 Spinal arthrodesis with instrumentation in pediatric achondroplasia. A, Preop-
erative lateral radiograph. B, Postoperative anteroposterior radiograph. C, Postoperative lateral 
radiograph.  (From Ain MC, Browne JA: Spinal arthrodesis with instrumentation for thoracolumbar kyphosis 
in pediatric achondroplasia, Spine 29:2075, 2004.)
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C D

FIGURE 44.228 Kyphotic deformity in patient with mucopolysaccharidosis. A, Clinical appear-
ance. B and C, Radiographic appearance. D, MRI.
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A

B

C

FIGURE 44.230 Anterior fusion for thoracolumbar kyphosis in mucopolysaccharidosis. A, Preop-
erative radiograph. B, Anteroposterior radiograph showing instrumentation in place. C, Radiograph 
at 3 years shows correction of gibbus with instrumentation and solid bony fusion.  (From Dalvie SS, 
Noordeen MH, Vellodi A: Anterior instrumented fusion for thoracolumbar kyphosis in mucopolysaccharidosis, 
Spine 26:E539, 2001.)

 FIGURE 44.229 Kyphosis at thoracolumbar junction in patient 
with Hurler syndrome.
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ANATOMY
The knee is one of the most frequently injured joints because 
of its anatomic structure, its exposure to external forces, and 
the functional demands placed on it. Basic to an understand-
ing of knee injuries is an understanding of the normal knee 
anatomy. Although much emphasis has been placed on the 
ligaments of the knee, without the supporting action of the 
associated muscles and tendons, the ligaments are not enough 
to maintain knee stability. The structures around the knee have 
been classified into three broad categories: osseous structures, 
extraarticular structures, and intraarticular structures.

OSSEOUS STRUCTURES
The osseous structures of the knee consist of three compo-
nents: the patella, the distal femoral condyles, and the proximal 
tibial plateaus, or condyles. The knee is called a hinge joint, but 
actually it is more complicated than that, because in addition 
to flexion and extension its motion has a rotary component. 
The femoral condyles are two rounded prominences that are 
eccentrically curved. Anteriorly, the condyles are somewhat 
flattened, which creates a larger surface for contact and weight 
transmission. The condyles project very little in front of the 
femoral shaft but markedly so behind. The groove found ante-
riorly between the condyles is the patellofemoral groove, or 
trochlea. Posteriorly, the condyles are separated by the inter-
condylar notch. The articular surface of the medial condyle is 
longer than that of the lateral condyle, but the lateral condyle 
is wider. The long axis of the lateral condyle is oriented essen-
tially along the sagittal plane, whereas the medial condyle usu-
ally is at about a 22-degree angle to the sagittal plane.

The expanded proximal end of the tibia forms two rather 
flat surfaces, condyles or plateaus, that articulate with the 
femoral condyles. They are separated in the midline by the 
intercondylar eminence with its medial and lateral intercon-
dylar tubercles. Anterior and posterior to the intercondylar 
eminence are the areas that serve as attachment sites for the 
cruciate ligaments and menisci. The posterior lip of the lateral 
tibial condyle is rounded off where the lateral meniscus slides 
posteriorly during flexion of the knee.

The articular surfaces of the knee are not congruent. On 
the medial side, the femur meets the tibia like a wheel on a 
flat surface, whereas on the lateral side, it is like a wheel on 
a dome. Only the ligaments acting in concert with the other 
soft-tissue structures provide the knee with the necessary 
stability.

The patella is a somewhat triangular sesamoid bone that 
is wider at the proximal pole than at the distal pole. The artic-
ular surface of the patella is divided by a vertical ridge, result-
ing in a smaller medial and a larger lateral articular facet, or 
surface. With the knee in extension, the patella rides above 
the superior articular margin of the femoral groove. In exten-
sion, the distal portion of the lateral patellar facet articulates 
with the lateral femoral condyle, but the medial patellar facet 
barely articulates with the medial femoral condyle until com-
plete flexion is approached. At 45 degrees of flexion, contact 
moves proximally to the midportion of the articular surfaces. 
In complete flexion, the proximal portions of both facets are 
in contact with the femur; and during flexion and extension, 
the patella moves 7 to 8 cm in relation to the femoral con-
dyles. With complete flexion, more pressure is applied to the 
medial facet.

Trauma that affects these osseous structures and their 
relationship with each other frequently causes derangement 
of the joint. Restoration of these structures is essential to res-
toration of the function of the knee. 

EXTRAARTICULAR TENDINOUS 
STRUCTURES
The important extraarticular structures supporting and influ-
encing the function of this joint are the synovium, capsule, 
collateral ligaments, and musculotendinous units that span 
the joint. The musculotendinous units are principally the 
quadriceps mechanism, the gastrocnemius, the medial and 
lateral hamstring groups, the popliteus, and the iliotibial 
band.

The four components of the quadriceps mechanism 
form a three-layered quadriceps tendon that inserts into the 
patella. The tendon of the rectus femoris flattens immedi-
ately above the patella and becomes the anterior layer, which 
inserts at the anterior edge of the proximal pole. The tendon 
of the vastus intermedius continues downward as the deepest 
layer of the quadriceps tendon and inserts into the posterior 
edge of the proximal pole. The middle lamina is formed by 
the confluent edges of the vastus lateralis and vastus medialis. 
The fibers of the medial retinaculum formed from the apo-
neurosis of the vastus medialis insert directly into the side of 
the patella to help prevent lateral displacement of the patella 
during flexion. The patellar tendon takes its origin from the 
apex or distal pole of the patella and inserts distally into the 
tibial tuberosity.

The gastrocnemius, the most powerful calf muscle, spans 
the posterior aspect of the knee in intimate relationship with 
the posterior capsule to insert on the posterior aspect of the 
medial and lateral femoral condyles.

Pes anserinus is the term for the conjoined insertion of 
the sartorius, gracilis, and semitendinosus muscles along the 
proximal medial aspect to the tibia. These primary flexors of 
the knee have a secondary internal rotational influence on 
the tibia and help protect the knee against rotary and valgus 
stress. Their counterpart on the lateral side of the knee is the 
strong biceps femoris insertion into the fibular head, lateral 
tibia, and posterolateral capsular structures. This muscle is 
a strong flexor of the knee that also produces simultaneous 
strong external rotation of the tibia. It provides rotary stabil-
ity by preventing forward dislocation of the tibia on the femur 
during flexion. Its contributions to the arcuate ligament com-
plex at the posterolateral corner of the knee also provide varus 
and rotary stability. The iliotibial tract, the posterior third of 
the iliotibial band, inserts proximally into the lateral epicon-
dyle of the femur and distally into the lateral tibial tubercle 
(Gerdy’s tubercle). It thus forms an additional ligament that is 
contiguous anteriorly with the vastus lateralis and posteriorly 
with the biceps. The iliotibial band moves forward in exten-
sion and backward in flexion but is tense in both positions. 
During flexion, the iliotibial band, the popliteal tendon, and 
the lateral collateral ligament (LCL) cross each other, whereas 
the iliotibial band and biceps tendon remain parallel to each 
other as in extension, all serving to enhance lateral stability 
(Fig. 45.1).

The popliteus muscle has three origins, the strongest of 
which is from the lateral femoral condyle. Other important 
origins are from the fibula (popliteofibular ligament) and 
from the posterior horn of the lateral meniscus. The femoral 
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and fibular origins form the arms of an oblique Y-shaped liga-
ment, the arcuate. The arms are joined together by the capsule 
and meniscal origin. The arcuate ligament is not a separate 
ligament but is a condensation of the fibers of the origin of 
the popliteus (Fig. 45.2). With electromyographic studies, 
Basmajian and Lovejoy found that the popliteus muscle is a 
prime medial rotator of the tibia during the initial stages of 

flexion and also acts to withdraw the meniscus during flex-
ion. In addition, it supplies rotary stability to the femur on the 
tibia and aids the posterior cruciate ligament (PCL) in pre-
venting forward dislocation of the femur on the tibia.

The semimembranosus muscle is especially important as 
a stabilizing structure around the posterior and posteromedial 
aspects of the knee. It has five distal expansions (Fig. 45.3). 
The first is the oblique popliteal ligament (OPL), which passes 
from the insertion of the semimembranosus on the pos-
teromedial aspect of the tibia obliquely and laterally upward 
toward the insertion of the lateral gastrocnemius head (Fig. 
45.4A). It acts as an important stabilizing structure on the pos-
terior aspect of the knee. The semimembranosus helps tighten 
this ligament with contraction (Fig. 45.4B). When the OPL is 
pulled medially and forward, it tightens the posterior capsule 
of the knee. This maneuver can be used to tighten the poste-
rior capsule in the posteromedial corner of the knee in surgi-
cal repair. A second tendinous attachment is to the posterior 
capsule and posterior horn of the medial meniscus. This ten-
dinous slip helps tighten the posterior capsule and pulls the 
medial meniscus posteriorly during knee flexion. The anterior 
or deep head continues medially along the flare of the tibial 
condyle and inserts beneath the superficial medial collateral 
ligament (MCL) just distal to the joint line. The direct head 
of the semimembranosus attaches to the tubercle on the pos-
terior aspect of the medial condyle of the tibia just below the 
joint line. This tendinous attachment provides a firm point 
in which sutures can be anchored for posteromedial capsu-
lar repair. The distal portion of the semimembranosus tendon 
continues distally to form a fibrous expansion over the pop-
liteus and fuses with the periosteum of the medial tibia. The 
semimembranosus, through its muscle contraction, tenses the 
posterior capsule and posteromedial capsular structures, pro-
viding significant stability. Functionally, it acts as a flexor of 
the knee and internal rotator of the tibia.
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FIGURE 45.1 Tendinous and neurovascular structures of 
lateral side of knee.
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FIGURE 45.2 Popliteus muscle with its tripartite origin. Main 
tendon attached to lateral condyle of femur (A). Attachment to poste-
rior horn of lateral meniscus (B). Attachment to fibular head (C).
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FIGURE 45.3 Medial supporting structures of knee. 1, Oblique 
popliteal ligament; 2, posterior capsule and posterior horn of 
medial meniscus; 3, anterior or medial tendon of semimembra-
nosus; 4, direct head of semimembranosus; 5, distal portion of 
semimembranosus tendon (see text).
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The medial extensor expansion, or medial retinaculum, 
is a distal expansion of the vastus medialis aponeurosis. It 
attaches along the medial border of the patella and patellar 
tendon and distally inserts into the tibia. It functions as the 
medial tracking support of the patella in the patellofemoral 
groove. It covers and may blend into the anteromedial capsu-
lar ligament. Contraction of the vastus medialis helps tighten 
the anterior portion of the medial capsular ligament.

The lateral extensor expansion, or lateral retinaculum, is 
an extension of the vastus lateralis attaching to the iliotibial 
band, which helps tense this band as the knee extends and the 
iliotibial band moves forward. Imbalance between the lateral 
and medial retinacular structures often is present in patellar 
subluxations and dislocations.

In addition to these musculotendinous units that directly 
span the knee, abnormalities in the orientation and alignment 
of the foot, as well as deficiencies in the hip flexors and abduc-
tors, can influence the alignment and function of the knee 
and must be considered in evaluation and rehabilitation of 
this joint. 

EXTRAARTICULAR LIGAMENTOUS 
STRUCTURES
The joint capsule and the collateral ligaments are the prin-
cipal extraarticular static stabilizing structures. The capsule 
is a sleeve of fibrous tissue extending from the patella and 
patellar tendon anteriorly to the medial, lateral, and poste-
rior expanses of the joint. The menisci are attached firmly 
at the periphery to this capsule, especially so medially and 
less so laterally. Laterally, the passage of the popliteal tendon 

through the popliteal hiatus to its origin on the femoral con-
dyle produces a less secure meniscal attachment than is pres-
ent medially. The medial capsule is more distinct and well 
defined than its lateral counterpart. The capsular structures, 
along with the medial and lateral extensor expansions of the 
powerful quadriceps musculature, are the principal stabiliz-
ing structures anterior to the transverse axis of the joint. The 
capsule is especially reinforced by the collateral ligaments 
and the medial and lateral hamstring muscles, as well as by 
the popliteus muscle and the iliotibial band posterior to the 
transverse axis.

The anteromedial and anterolateral portions of the cap-
sule are relatively thin structures but are reinforced by the 
medial and lateral patellar retinacular expansions and also 
laterally by the iliotibial band and medially by reinforc-
ing bands extending from the patella as the medial patello-
femoral ligament and the medial patellotibial ligament. The 
medial patellofemoral ligament is more important for patellar 
stability and runs from the patella near the junction of the 
middle and superior thirds to the medial femoral epicondyle. 
Laterally, there are corresponding lateral patellofemoral and 
lateral patellotibial ligaments supporting the tracking of the 
patella.

The anteromedial and anterolateral portions of the cap-
sule are significant in protecting the anteromedial and antero-
lateral aspects of the knee against subluxation and rotational 
excesses.

In their classic study of knee anatomy, Warren and 
Marshall divided the knee into three layers. Layer I includes 
the deep fascia or crural fascia; layer II is composed of the 
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superficial MCL, various structures anterior to this ligament, 
and the ligaments of the posteromedial corner; and layer III is 
made up of the capsule of the knee joint and the deep MCL.

MEDIAL SIDE ANATOMY
Robinson et al. performed a cadaver study of the medial side 
of the knee, dividing the anatomy into thirds extending cir-
cumferentially from the medial edge of the patellar tendon 
to the medial edge of the medial head of the gastrocnemius 
posteriorly. They identified three distinct ligamentous com-
ponents that cross the joint line: the superficial MCL, the 
deep MCL, and the posteromedial capsule. The anterior 
third reaches from the medial edge of the patella tendon 
to the anterior edge of the superficial MCL. The superfi-
cial MCL composes the middle third. The posterior third 
extends from the posterior edge of the superficial MCL to 
the medial head of the gastrocnemius and makes up the pos-
terior medial corner.

MEDIAL COLLATERAL LIGAMENT
The MCL is a long, rather narrow, well-delineated structure 
lying superficial to the medial capsule and capsular liga-
ments, originating on the medial epicondyle and inserting 
7 to 10 cm below the joint line on the posterior half of the 
medial surface of the tibial metaphysis deep to the pes anse-
rinus tendons. It has been referred to as the superficial tibial 
collateral ligament or the superficial portion of the MCL. 
Biomechanical studies have shown that it provides the prin-
cipal stability to valgus stresses. It glides forward over the 
side of the femoral condyle in extension and posteriorly in 
flexion (Fig. 45.5). The long fibers of the MCL are the pri-
mary stabilizers of the medial side of the knee against valgus 
and external rotary stress. The anterior fibers of the liga-
ment tighten as the knee flexes, with fibers more posteriorly 
becoming slack (Fig. 45.6). 

MIDMEDIAL CAPSULE
The midmedial capsule is reinforced and thickened by ver-
tically oriented fibers and has often been referred to as the 
deep layer of the MCL. It originates from the femoral condyle 
and epicondyle and inserts just below the tibial articular mar-
gin. It is divided into a meniscofemoral portion, extending 
from the meniscal attachment to the femoral origin, and the 
meniscotibial portion, extending as the coronary ligament of 
the meniscus to its tibial insertion. The meniscofemoral por-
tion is the much longer and stronger of these two divisions. 
The midmedial capsule resists valgus and rotary stresses. 

POSTEROMEDIAL CORNER
The posteromedial corner of the knee has five major com-
ponents: the posterior oblique ligament (POL), the semi-
membranosus tendon and its expansions, the OPL, the 
posteromedial joint capsule, and the posterior horn of the 
medial meniscus.

Hughston described this POL as a thickening of the 
medial capsular ligament attached proximally to the adductor 
tubercle of the femur and distally to the tibia and posterior 
aspect of the capsule. The distal attachment is composed of 
three arms: (1) the prominent central, or tibial, arm, which 
attaches to the edge of the posterior surface of the tibia close 
to the margin of the articular surface and central to the upper 
edge of the semimembranosus tendon; (2) the superior, or 
capsular, arm, which is continuous with the posterior cap-
sule and the proximal part of the OPL; and (3) the poorly 
defined inferior, or distal, arm, which attaches distally both to 
the sheath covering the semimembranosus tendon and to the 
tibia just distal to the direct insertion of the semimembrano-
sus tendon (Figs. 45.7 to 45.10).

The central portion is the thickest and probably the most 
important arm of the ligament, originating in the region of 
the adductor tubercle (the origin has also been described 
as being posterior and distal to the adductor tubercle) and 
coursing posteriorly and obliquely to insert at the posterome-
dial corner of the tibia near the insertion of the direct head of 
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FIGURE 45.5 Joint stripped to reveal medial collateral liga-
ment. A, Anterior, posterosuperior, and posteroinferior portions of 
ligament are tense with joint in extension. B, On flexion and exten-
sion, ligament glides backward and forward on tibia; in flexion, 
posterior oblique portions are relaxed. Note that ligament attaches 
4 to 5 cm distal to joint.
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FIGURE 45.6 A and B, Fibers of medial collateral ligament. 
Points A and B are at anterior border of long fibers. C is 5 mm 
posterior to B (see text).
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the semimembranosus tendon. The superior, or more prox-
imal, arm of the POL passes posteriorly, blending with the 
posterior capsule and the OPL as it separates from the semi-
membranosus tendon. The inferior and distal groups of fibers 
pass superficially over the insertion of the semimembranosus 
tendon, attach to the tibia and fascia inferiorly, and probably 
have little functional importance.

As previously described, the semimembranosus tendon 
has five expansions: (1) the direct arm, (2) the anterior or 
deep arm, (3) the arm to the POL or capsular arm, (4) the 

arm to the OPL, and (5) the expansion to the popliteus apo-
neurosis or the inferior arm.

The OPL is a broad fascial band originating from the 
capsular arm of the POL and the lateral expansion of the 
semimembranosus to cross the posterior aspect of the knee. 
It passes laterally and proximally toward the lateral femoral 
condyle. Laterally it attaches to the meniscofemoral portion 
of the posterior capsule and to the fabella.

The posteromedial capsule begins posterior to the super-
ficial and deep MCL. Posteriorly, the deep MCL blends with 
and becomes inseparable from the central arm of the POL. 
The central arm forms a thick fascial reinforcement of both 
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FIGURE 45.7 Posteromedial corner of the knee. A, Superior 
or capsular arm of posterior oblique ligament (POL); AT, Adductor 
tubercle; B, central or tibial arm of posterior oblique ligament; C, 
superficial arm of posterior oblique ligament; G, gastrocnemius 
muscle; J, common ligament of origin of posterior oblique liga-
ment; MCL, medial collateral ligament; ME, medial epicondyle; OP, 
oblique popliteal ligament; PA, pes anserinus; S, common tendon of 
semimembranosus; SP, portion of semimembranosus tendon that 
becomes oblique popliteal ligament; ST, portion of semimembra-
nosus tendon that goes to posteromedial corner of tibia.
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FIGURE 45.8 Common origin of posterior oblique ligament 
has been dissected from adductor tubercle (AT). Capsular arm (A) is 
retracted posteriorly and tibial arm (B) distalward. P, Intraarticular 
portion of femoral condyle; Q, attachment of tibial arm of posterior 
oblique ligament to posteromedial corner of medial meniscus (MM).
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FIGURE 45.9 Posteromedial aspect of knee. Femoral attach-
ment of posterior oblique ligament is divided and ligament is 
retracted posteriorly. Capsular arm (A) forms portion of posterior 
capsule (see text and previous illustrations).
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FIGURE 45.10 By pulling central or tibial arm (B) of posterior 
oblique ligament proximally toward its insertion on adductor 
tubercle (AT) while tibial arm of semimembranosus tendon (ST) is 
retracted posteriorly and inferiorly, firm broad attachment (H) of 
central arm of posterior oblique ligament to tibia is visible beneath 
and deep to semimembranosus tendon (see text and previous illus-
trations).
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the meniscofemoral and meniscotibial portions of the pos-
teromedial capsule with an additional attachment to the 
medial meniscus.

The posterior horn of the medial meniscus is the last 
component of the posteromedial corner. It is linked to the 
posteromedial capsule, the deep MCL, the POL, and the 
semimembranosus expansion. The contributions to knee sta-
bility are well known, serving as a chock block on the tibial 
plateau. Absence of the posterior horn increases instability 
in both anterior cruciate ligament (ACL) and PCL deficient 
knees.

The posteromedial portion of the medial capsular liga-
mentous complex is especially important for valgus and rota-
tional stability to the knee. The posteromedial capsule and 
POL become progressively relaxed as the knee flexes; how-
ever, with active contraction of the semimembranosus mus-
cle, each of the three arms of the POL is tense. Therefore, both 
kinetic and static stabilizing effects are obtained from this 
portion of the medial capsular ligament, even with the knee 
flexed. In knee ligament reconstruction, this important part of 
the posteromedial complex is as essential as any other struc-
tures requiring attention if stability is to be restored. A precise 
understanding of anatomy and function is required for repair 
or reconstruction of this posteromedial complex. The central 
arm of the POL must be tightened in surgical repair or recon-
struction, or passive stability cannot be attained regardless of 
any other surgical procedures.

LATERAL COLLATERAL LIGAMENT
The LCL attaches to the lateral femoral epicondyle proximally 
and to the fibular head distally. The LCL has an average femo-
ral attachment slightly proximal (1.4 mm) and posterior (3.1 
mm) to the lateral epicondyle. In a cadaver study, Kamath 
et al. identified the origin of the LCL as 58% across the width 
of the condyle and 2.3 mm distal to the Blumensaat line, with 
less than 5 mm variance from the mean in all specimens. 
Distally, it is attached 8.2 mm posterior to the anterior aspect 
of the fibular head. It is more of a tendinous structure than a 
wide ligamentous band. It is of prime importance in stabiliz-
ing the knee against varus stress with the knee in extension. 
As the knee goes into flexion, the LCL becomes less influen-
tial as a varus-stabilizing structure. 

ILIOTIBIAL BAND
In addition to the lateral ligaments and lateral capsular 
structures, stability depends on the iliotibial band, the biceps 
tendon, and the popliteal tendon. The iliotibial band inserts 
into the lateral epicondyle of the femur and then passes in 
its broad expansion between the lateral aspect of the patella 
and the more posterior location of the biceps femoris to 
insert into the lateral tibial (Gerdy’s) tubercle. Thus it acts 
as a supplemental ligament across the lateral aspect of the 
joint. This band moves anteriorly as the knee extends and 
slides posteriorly as the knee flexes but remains tense in all 
knee positions. With flexion, the iliotibial band, the popli-
teal tendon, and the LCL cross each other, thereby greatly 
enhancing lateral stability. The biceps tendon functions as 
a lateral stabilizer by contributing to the arcuate complex 
and by being a powerful flexor and external rotator of the 
tibia on the femur. The popliteal tendon courses from the 
posterior aspect of the tibia through the popliteal hiatus 
and attaches deep to, and somewhat anterior to, the femoral 
insertion of the LCL. 

POPLITEAL TENDON
Warren et al. identified a strong direct attachment of the pop-
liteal tendon to the fibula, which has been called the popliteal 
fibular fascicle and the fibular origin of the popliteus muscle. 
These researchers called this structure the popliteofibular lig-
ament because it connects the fibula to the femur through the 
popliteal tendon (Fig. 45.11). This ligament is located deep 
to the lateral limb of the arcuate ligament; it originates from 
the posterior part of the fibula and posterior to the biceps 
insertion and joins the popliteal tendon just proximal to its 
musculotendinous junction. Thus the popliteus muscle-ten-
don unit is a Y-shaped structure with a muscle origin from 
the posterior part of the tibia, a ligamentous origin from the 
fibula, and a united insertion on the femur. The popliteal ten-
don has a constant, broad-based femoral attachment at the 
most proximal and anterior fifth of the popliteal sulcus. The 
popliteal tendon attachment on the femur is always anterior 
to the LCL. The average distance between the femoral attach-
ments of the popliteal tendon and the LCL is 18.5 mm. The 
popliteofibular ligament has two divisions, anterior and pos-
terior. The average attachment of the posterior division is 1.6 
mm distal to the posteromedial aspect of the tip of the fibular 
styloid process, and the anterior division attaches 2.8 mm dis-
tal to the anteromedial aspect of the tip of the fibular styloid 
process. Selective cutting studies confirmed that the popliteal 
tendon attachments to the tibia and the popliteofibular liga-
ment are important in resisting posterior translation, varus 
rotation, and external rotation. 

LATERAL SIDE ANATOMY
Seebacher, Inglis, Marshall, and Warren defined three distinct 
layers of the lateral structures of the knee. The most superfi-
cial layer, or layer I, has two parts: (1) the iliotibial tract and 
its expansion anteriorly and (2) the superficial portion of the 
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FIGURE 45.11 Popliteofibular ligament arises from posterior 
part of fibula to join popliteal tendon just above musculotendinous 
junction.
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biceps femoris and its expansion posteriorly (Figs. 45.12 and 
45.13). The peroneal nerve lies on the deep side of layer I, just 
posterior to the biceps tendon. Layer II is formed by the reti-
naculum of the quadriceps, most of which descends antero-
laterally and adjacent to the patella.

ANTEROLATERAL LIGAMENT
Although Segond identified the anterolateral ligament (ALL) 
in 1879, it was believed to be a variant of the LCL and of little 
importance. More recently, however, a number of cadaver, 
radiographic, and biomechanical studies have established it 
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FIGURE 45.12 View of right knee joint from above after removal of right femur. Note three 
layers of lateral side and division of posterolateral part of capsule (layer III) into deep and superficial 
laminae, which are separated by lateral inferior genicular vessels.
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FIGURE 45.13 Layers I and II of structures of lateral side of knee. A, Major constituents of 
layer I: iliotibial tract and superficial portion of expansion of biceps. B, Layer I has been incised 
and peeled back from lateral margin of patella, showing layer II. Layer II includes vastus lateralis 
and its expansions, as well as patellofemoral and patellomeniscal ligaments.
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as a distinct ligament important to knee stability. One study 
identified a network of peripheral nerves, suggesting a pro-
prioception function of the ALL. Claes et al., in 2013, iden-
tified the ALL in 40 of 41 cadaver knees, finding that the 
ligament had consistent origin and insertion sites in 97% of 
specimens. Despite the number of studies devoted to inves-
tigation of the ALL, its exact structure and function are not 
clearly defined. Although most studies agree on the location 
of the ALL tibial insertion halfway between Gerdy’s tubercle 
(average 18 to 25 mm posterior to it) and the fibular head 
(average 17 to 24 mm anterior to it), the femoral insertion site 
is not firmly established. Two anatomic variations have been 
described: posterior and proximal to the insertion of the LCL 
and anterior and distal to it. The position of the ALL relative 
to the popliteus tendon also is controversial. Claes et al. and 
Cavaignac et  al. described the ALL origin as proximal and 
posterior to the popliteus tendon; Vincent et al. described it 
as being anterior to the tendon. In a systematic review of the 
literature, Van der Watt et al. concluded that the ALL is an 
extraarticular structure with a clear course from the lateral 
femoral epicondylar region, running anteroinferiorly to the 
proximal tibia at a site midway between Gerdy’s tubercle and 
the head of the fibula (Table 45.1 and Fig. 45.14). The mean 
width of the ALL at the lateral joint was found to be 6.7 mm, 
with a thickness of about 2 mm.

The location and appearance of the ALL have been delin-
eated on radiographs (Fig. 45.15), MRI (Fig. 45.16), and 
ultrasound, as well as intraoperative observation. Reported 
sensitivity of MRI ranges from 51% to 98%. In their cadaver 
ultrasound study, Cavaignac et al. found that the entire ALL 
was visible from its proximal insertion to its distal insertion, 
with excellent agreement between ultrasound and anatomic 
findings.

Several studies have suggested that the primary function 
of the ALL is to provide anterolateral stability, preventing the 
proximal-lateral tibia from subluxation anteriorly relative to 
the distal femur, with the stabilizing force most significant at 
30 and 90 degrees of knee flexion. It also has been implicated 
in lateral meniscal tears and Segond fractures.

In numerous articles detailing the anatomy of the lateral 
side of the knee, LaPrade and co-investigators described the 
structures from superficial to deep. The first structure encoun-
tered is the iliotibial band, a thick fascial sheath inserting on 
the anterolateral aspect of the lateral tibial plateau at Gerdy’s 
tubercle. The iliotibial band has three layers. The superficial 
layer appears first and, after splitting this layer, deeper fibers 
adhere to the lateral supracondylar tubercle of the femur and 
blend into the lateral intramuscular septum. These layers are 
called the deep and capsule-osseous layers or “Kaplan fibers.” 
An anterior band, the iliopatellar band, curves anteriorly and 
inserts onto the lateral aspect of the patella.

The deep layer begins 6 cm proximal to the lateral femo-
ral epicondyle, at the termination of the lateral intermuscu-
lar septum, and connects the medial border of the superficial 
iliotibial layer to the distal termination of the lateral inter-
muscular septum of the distal femur. Medial and distal to 
the deep layer, the capsule-osseous layer originates from the 
region of the lateral intermuscular septum and the fascia over 
the lateral gastrocnemius and plantaris muscles, creating a 
sling over the lateral femoral condyle. This structure blends 
with the short head of the biceps femoris in a region known 
as the confluence of the short head of the biceps femoris and 

the capsule-osseous layer. Distally, it inserts onto the lateral 
tibial tuberosity, just posterior and proximal to Gerdy’s tuber-
cle. This lateral sling is the structure most surgeons attempt to 
reconstruct in extraarticular ACL reconstructions.

The biceps femoris has two insertions: the long and short 
heads. The long head has five major insertions at the knee, 
two tendinous and three fascial. The tendinous components 
are the direct arm, which inserts onto the lateral aspect of 
the fibula styloid, and the anterior arm, which courses lateral 
to the lateral collateral ligament (LCL) and inserts onto the 
lateral tibial plateau. A small biceps femoris bursa separates 
this arm from the LCL. The three fascial components are the 
reflected arm and the anterior and lateral aponeurotic expan-
sions. The latter connects the long and short heads of the 
biceps femoris to the posterolateral aspect of the LCL.

The short head divides into six components consisting 
of direct, capsular, and anterior tendinous arms and three 
nontendinous attachments. The three tendinous arms are the 
most important. The direct arm attaches to the posterolateral 
aspect of the fibular styloid. The capsular arm attaches to the 
posterolateral aspect of the capsule and just lateral to the tip 
of the fibular styloid, providing a stout attachment between 
the posterolateral capsule, the lateral gastrocnemius tendon, 
and the capsule-osseous layer of the iliotibial band. The most 
distal edge of the capsular arm is the fabellofibular ligament, 
which spans from the lateral edge of the fabella, distally and 
laterally, to attach to the fibular head just posterior to the pos-
terior division of the popliteofibular ligament. The anterior 
arm passes medial to the LCL and inserts with the menisco-
tibial portion of the midthird lateral capsular ligament onto 
the proximal-lateral tibia. This insertion site is the location 
of the Segond fracture seen in association with ACL injuries.

The surgeon should be mindful that the peroneal nerve 
lies deep and posterior to the biceps femoris tendon, passing 
1.5 to 2 cm distal to the fibular styloid as it travels along the 
lateral aspect of the fibular head.

The LCL is the primary static stabilizer to varus stress of 
the knee between 0 and 30 degrees of flexion. It also provides 
resistance to external rotation of the tibia, primarily near 
extension. The femoral attachment is extracapsular and lies 
1.4 mm proximal and 3.1 mm posterior to the lateral epicon-
dyle. The LCL is approximately 70 mm long and inserts on 
the lateral aspect of the fibular head 8.2 mm posterior to the 
anterior border of the fibula and 28.4 mm antero-inferior to 
the proximal tip of the fibular styloid. At surgery, the LCL can 
be identified by making an incision parallel to the fibers of 
the long head of the biceps tendon superficial to the proximal 
aspect of the fibular head exposing the biceps bursa which 
encompasses the LCL. 

POPLITEUS MUSCLE AND LIGAMENT
The popliteus muscle is obliquely oriented, originating from 
the posteromedial aspect of the proximal tibia. The tendon 
passes proximally through the popliteal hiatus in the coro-
nary ligament where it becomes intraarticular and inserts 
into the popliteal sulcus of the lateral femoral condyle. It is 
usually found in the most anterior one fifth and proximal half 
of the sulcus. It has also been located 18.5 mm distal and ante-
rior to the femoral insertion of the LCL and 15.8 mm distal 
and anterior to the lateral femoral epicondyle. The popliteus 
has multiple other insertion sites. The ligamentous inser-
tion on the fibula is composed of the anterior and posterior 
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 TABLE 45.1 

Structure of Anterolateral Ligament

STUDY ORIGIN COURSE INSERTION CHARACTERISTICS
Claes et al. Lateral femoral 

epicondyle
Depth of lateral tibial 
synovial recess mea-
sured 6.5 ± 1.5 mm

Anterolateral proximal 
tibia
Gerdy’s tubercle to ALL: 
22 mm
Fibular head to ALL: 21.3 
mm

Gerdy’s tubercle to 
Segond fracture: 22.4 mm
Insertion width: 11.3 mm

Helito et al. 1.9 ± 1.4 mm anterior 
and 4.1 ± 1.1 mm distal 
to LCL
Lateral radiograph: 47% 
from anterior condyle 
and 3.7 mm inferior to 
Blumensaat line
AP radiograph: 15.8 mm 
from posterior bicondy-
lar line

Not stated 4.4 ± 0.8 mm distal to 
anterolateral proximal 
tibia, at a point 42% of 
the way from the fibular 
head to Gerdy’s tubercle
Lateral radiograph: 53% 
from anterior tibial 
plateau
AP radiograph: 7.0 mm 
from tibial joint line

Not stated

Helito et al. Lateral femoral condyle, 
immediately anterior 
to LCL

Anteroinferior, superfi-
cial to popliteal tendon
Bifurcation 3.0 mm 
proximal to lateral 
meniscus

7.0 mm distal to lateral 
tibial plateau

Thin linear structure with 
thickness between 1 and 
3 mm

Rezansoff et al. Near lateral femoral epi-
condyle, at a point on 
a line drawn from the 
posterior femoral corti-
cal line and just inferior 
to the Blumensaat line

Not stated 24.7 mm from Gerdy’s 
tubercle and 11.5 mm 
distal to lateral tibial pla-
teau, at a point between 
a line along the posterior 
tibial cortex and a parallel 
line from the apex of the 
tibial spine, intersecting 
a perpendicular line from 
the apex of the posterior 
tibial condyles

Not stated

Caterine et al. Two variations: (1) prox-
imal and posterior to 
lateral epicondyle and 
(2) anterior and distal to 
lateral epicondyle

Obliquely within cap-
sule to insert on tibia. 
Deep attachment to 
lateral meniscus

Midway between head of 
fibula and Gerdy’s tubercle

Intracapsular ligamentous 
thickening of anterolat-
eral capsule

Dodds et al. 8 mm proximal and 4.3 
mm posterior to lateral 
femoral epicondyle

Superficial to LCL and 
capsule with branch-
ing attachments to 
meniscus

Midway between head of 
fibula and Gerdy’s tubercle

Extracapsular ligamentous 
structure

Cianca et al. Not stated Over lateral meniscus, 
traveling obliquely and 
parallel to ITT

Inferior to proximal lateral 
edge of tibia, posterior 
and proximal to Gerdy’s 
tubercle

Easiest to identify with 
90 degrees of flexion and 
internal rotation of knee, 
resulting in ligament 
being taut

Helito et al. 2.2 ± 1.5 mm anterior 
and 3.5 ± 2.1 mm distal 
to LCL

Bifurcation present 
at 52.5% of its length 
(proximal to distal), 
attaching to lateral 
meniscus

4.4 ± 1.1 mm distal to 
lateral tibial plateau, at 
a point 38% of way from 
fibular head to Gerdy’s 
tubercle

Length: 37.3 ± 4.0 mm
Width: 7.4 ± 1.7 mm
Thickness: 2.7 ± 0.6 mm 
Histology: dense connec-
tive tissue with arranged 
fibers and little cellular 
material

Claes et al. Lateral femoral epicon-
dyle, anterior to LCL, 
proximal and posterior 
to insertion of popliteus

Oblique anteroin-
ferior to proximal 
tibia Attachment to 
meniscus

In middle of a line con-
necting Gerdy’s tubercle 
and tip of fibular head

Length: 41.5 mm (flexion), 
38.5 mm (extension)
Width: 8.3 mm (origin), 
6.7 mm (joint line), 11.2 
mm (insertion)
Thickness: 1.3 mm (joint 
line)

   
Continued
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popliteofibular ligaments, which arise from the popliteus ten-
don at its musculotendinous junction, forming a “Y” configu-
ration also known as the arcuate ligament. These ligaments 
provide a strong connection between the popliteus tendon 
and the fibula. The more important posterior division (and 
the one typically reconstructed in posterolateral corner inju-
ries) inserts 1.6 mm distal to the tip of the fibular styloid pro-
cess on its posterior medial downslope. The anterior division 
inserts anterior to the posterior arm and medial to the FCL 
typically 2.8 mm distal to the anteromedial aspect of the fibu-
lar styloid process. The popliteus also has attachments to the 
lateral meniscus known as the three popliteomeniscal fasci-
cles, which contribute to the dynamic stability of the lateral 
meniscus.

The popliteus is a dynamic internal rotator of the tibia 
and provides dynamic and static stability to the knee primar-
ily in response to external tibial rotation. The popliteofibular 
ligament is a static stabilizer of the lateral and posterolateral 
knee resisting varus, external rotation, and posterior tibial 

translation. The popliteus and popliteofibular ligament are 
vital components of any posterolateral reconstruction.

The deepest layer is the joint capsule, which is divided 
into superficial and deep laminae. The superficial layer is 
the original capsule embryologically; it encompasses the 
LCL and ends posteriorly at the fabellofibular ligament. The 
deep capsular layer is phylogenetically younger and results 
from the fibula receding from the lateral femur during early 
embryonic development. It extends posterolaterally and 
forms the coronary ligament and the hiatus for the poplit-
eus tendon. It travels along the lateral meniscus and spans 
from the junction of the popliteus muscle and tendon to its 
termination at the popliteofibular ligament. The capsule can 
be divided into three sections: anterior, lateral, and poste-
rior. The anterior section extends from the patellar tendon 
to the anterior border of the popliteus tendon insertion on 
the femur. The lateral capsule extends from the anterior 
border of the popliteus tendon to the lateral gastrocnemius 
attachment. The posterior capsule attaches to the femur 

Structure of Anterolateral Ligament—cont’d

STUDY ORIGIN COURSE INSERTION CHARACTERISTICS
Vincent et al. Lateral femoral 

epicondyle
Obliquely anteroinfe-
riorly toward lateral 
meniscus and tibial 
plateau

Proximal anterolateral 
tibia, 5 mm from articu-
lar cartilage, posterior to 
Gerdy’s tubercle

Collagenous fibers with 
dense core and parallel 
orientation
Width: 8.2 mm
Thickness: 2 to 3 mm
Length: 34.1 mm

Vieira et al. Lateral supraepicondy-
lar region bordering 
lateral edge of lateral 
epicondyle

Oblique course toward 
proximal tibia

Laterally to Gerdy’s 
tubercle

Well-defined ligamentous 
structure

Patella et al. 1.5 cm anterior and 
superior to lateral 
epicondyle

Oblique anteroinferior 
course

1.5 cm posteriorly to 
Gerdy’s tubercle

Ligamentous structure 
composed of a superficial 
and deep bundle

Campos et al. Lateral femoral 
epicondyle

Oblique anteroinferior 
course

Lateral midportion of 
proximal tibia

Thick band of tissue 
between ITT and LCL 
at level of lateral tibial 
plateau

Irvine et al. Not stated Not stated Midway between Gerdy’s 
tubercle and head of 
fibula

Ligamentous structure, 
strong enough to cause 
avulsion fracture off 
proximal tibia

Terry et al. Near lateral epicondyle Oblique course toward 
proximal tibia

Just posterior to Gerdy’s 
tubercle on lateral tibial 
tuberosity

Distinct ligamentous 
structure

Dietz et al. Not stated Not stated A point between Gerdy’s 
tubercle and fibular head

Can cause avulsion off 
tibial condyle (optimal 
radiograph is straight AP 
radiograph)

Fulkerson and 
Gossling

Lateral epicondyle, just 
anterior to origin of 
gastrocnemius

Anteroinferior course Proximal tibia immediately 
anterior to fibular head

Not stated

Johnson Lateral femoral 
epicondyle

Not stated Proximal tibia Strong ligamentous 
structure

Hughston et al. Lateral femoral 
epicondyle

Not stated Tibial joint margin Technically strong 
ligament

ALL, Anterolateral ligament; AP, anteroposterior; LCL, lateral collateral ligament; ITT, iliotibial tract.
From Van der Watt L, Khan M, Rothrauff BB, et al: The structure and function of the anterolateral ligament of the knee: a systematic review, Arthroscopy 31:569, 2015.

 TABLE 45.1 
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proximal to the articular margin of the lateral femoral con-
dyle. It is covered by the muscular origins of the plantaris 
and lateral gastrocnemius muscle and tendon. Distally, it 
blends with the musculotendinous junction of the popliteus 
and the posterior division of the popliteofibular ligament. 
The midthird capsular ligament is a thickening of the lateral 
capsule of the knee and is divided into the meniscofemoral 
and meniscotibial components similar to the deep MCL on 
the medial side of the knee. It is thought to be an important 
secondary stabilizer to varus instability, and the menisco-
tibial portion helps stabilize the lateral meniscus anterior to 
the popliteal hiatus. 

INTRAARTICULAR STRUCTURES
The principal intraarticular structures of importance are 
the medial and lateral menisci and the anterior and PCLs. 
Numerous functions have been assigned to the menisci, some 
known and some hypothetical. Among these functions are 
distribution of joint fluid, nutrition, shock absorption, deep-
ening of the joint, stabilization of the joint, and a load-bearing 
or weight-bearing function. The cruciate ligaments func-
tion as stabilizers of the joint and axes around which rotary 
motion, both normal and abnormal, occurs. They restrict the 
backward and forward motion of the tibia on the femur and 
assist in the control of both medial and lateral rotation of the 

 

ALL femoral
attachment

LE

LCL femoral
attachment

Gerdy’s tubercleLateral
gastrocnemius

Biceps
femoris

Anterior arm of
biceps femoris

ALL tibial attachment

LCL attachment
to fibular head

Popliteus tendon

FIGURE 45.14 Lateral view, right knee: osseous landmarks and attachment sites of main struc-
tures of lateral knee (iliotibial band and non-anterolateral-ligament related capsule removed). 
Femoral attachment of anterolateral ligament is located posterior and proximal to lateral collateral 
ligament; it courses anterodistally to its anterolateral tibial attachment approximately midway 
between center of Gerdy’s tubercle and the anterior margin of fibular head. ALL, Anterolateral 
ligament; LCL, lateral collateral ligament; LE, lateral epicondyle.  (Redrawn from Kennedy MI, Claes 
S, Fuso FA, et al: The anterolateral ligament: an anatomic, radiographic, and biomechanical analysis, Am J 
Sports Med 43:1606, 2015.)
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tibia on the femur. External rotation of the tibia produces an 
unwinding of the ligaments, and internal rotation produces a 
winding up of the cruciate ligaments (Fig. 45.17). Further dis-
cussion of their specific functions is presented in the section 
on cruciate ligament injuries. 

MECHANICS
Both menisci are displaced slightly forward in full extension 
and move backward as flexion proceeds. The anchorage of 
the medial meniscus permits less mobility than of the lateral 
meniscus, possibly explaining why injuries are more com-
mon to the medial meniscus than to the lateral meniscus. The 
action of the popliteus muscle laterally and the semimembra-
nosus muscle medially retracting the menisci posteriorly also 
helps prevent the menisci from becoming entrapped during 
movements of the knee. The menisci are described as mov-
ing with the femoral condyles with flexion and extension but 
moving with the tibia with rotary movements.

The mechanical axis of the femur does not coincide with 
its anatomic axis because a line traversing the center of the 
hip joint and the center of the knee forms an angle of 6 to 9 
degrees with the axis of the shaft of the femur. The mechani-
cal axis generally passes near the center of the normal knee 
joint. Significant deviations from this mechanical axis may 
be present with genu varum or genu valgum deformity. The 
medial and lateral femoral condyles have different configu-
rations. The lateral condyle is broader in the anteroposterior 
and the transverse planes than the medial condyle, and the 
medial condyle projects distally to a level slightly lower than 
the lateral condyle. This distal projection helps compensate 
for the inclination of the mechanical axis in the erect position 
so that the transverse axis lies near the horizontal.

Since the medial femoral condyle articular surface is 
smaller than the lateral, during rotary movements it describes 
a smaller arc than the lateral condyle, thereby producing 

 

LCL

ALL

FIGURE 45.16 Coronal magnetic resonance images of right 
knee demonstrating the anatomic location of lateral collateral 
ligament (LCL) on left and anterolateral ligament (ALL) on right, 
located more anteriorly to lateral collateral ligament. (From Van 
der Watt L, Khan M, Routhrauff BB, et al: The structure and function of 
the anterolateral ligament of the knee: a systematic review, Arthroscopy 
31:569, 2015.)

 

A B CExternal rotation Neutral rotation Internal rotation

PCL

ACL

MCL

LCL

FIGURE 45.17 In addition to their synergistic functions, cruciate and collateral ligaments exercise 
basic antagonistic function during rotation. A, In external rotation, it is collateral ligaments that 
tighten and inhibit excessive rotation by becoming crossed in space. B, In neutral rotation, none 
of four ligaments is under unusual tension. C, In internal rotation, collateral ligaments become 
more vertical and are more lax, whereas cruciate ligaments become coiled around each other and 
come under strong tension. ACL, Anterior cruciate ligament; LCL, lateral collateral ligament; MCL, 
medial collateral ligament; PCL, posterior cruciate ligament.
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two types of motion during flexion and extension. The knee 
thus possesses features characteristic of both a ginglymus 
(hinge joint) and a trochoid (pivot joint) articulation. The 
joint permits flexion and extension in the sagittal plane and 
some degree of internal and external rotation when the joint 
is flexed. No rotation is possible when the knee is in full 
extension.

The complex flexion-extension motion is a combination 
of rocking and gliding. The rocking motion is demonstra-
ble in the first 20 degrees of flexion, after which the motion 
becomes predominantly of the gliding type. This transition 
from one form of motion to the other is gradual but progres-
sive. The rocking motion in the first 20 degrees of flexion 
better meets the requirements for stability of the knee in the 
relatively extended position, whereas the gliding motion as 
the joint unwinds permits more freedom for rotation.

The articular surface of the medial condyle is prolonged 
anteriorly, and as the knee comes into the fully extended posi-
tion, the femur internally rotates until the remaining articular 
surface on the medial condyle is in contact. The posterior por-
tion of the lateral condyle rotates forward laterally, thus pro-
ducing a “screwing home” movement, locking the knee in the 
fully extended position. When flexion is initiated, unscrewing 
of the joint occurs by external rotation of the femur on the 
tibia. As previously mentioned, the rotary movement respon-
sible for screwing and unscrewing of the knee joint occurs 
around an axis that passes near the medial condyle of the 
femur and is greatly influenced by the PCL.

Normal flexion and extension are from 0 to 140 degrees, 
but 5 to 10 degrees of hyperextension is often possible. With 
the knee flexed to 90 degrees, passive rotation of the tibia on 
the femur can be demonstrated up to 25 or 30 degrees; this 
passive rotation varies with each individual. The extent of 
internal rotation always exceeds that of external rotation, and 
no rotation is possible with the knee fully extended. Sagittal 
displacement of the tibia on the fixed femur is detectable in 

both the anterior and posterior directions when the knee is 
flexed. Under normal conditions, the extent of the excursion 
should not exceed 3 to 5 mm. When the knee is extended, lat-
eral (abduction–adduction) motion at the knee joint occurs 
to a limited extent; this motion varies with individual char-
acteristics but should not exceed 6 to 8 degrees. In the hyper-
extended position, no lateral motion is present. In the flexed 
position, more lateral motion is possible but should never 
exceed 15 degrees. 

MENISCI
FUNCTION AND ANATOMY
Meniscal function is essential to the normal function of the 
knee joint. As stated in the previous section on anatomy, vari-
ous functions have been attributed to the menisci, some of 
which are known or proved and others that are theorized. 
The menisci act as a joint filler, compensating for gross incon-
gruity between femoral and tibial articulating surfaces (Figs. 
45.18 and 45.19). So located, the menisci prevent capsular and 
synovial impingement during flexion-extension movements. 
The menisci are believed to have a joint lubrication function, 
helping to distribute synovial fluid throughout the joint and 
aiding the nutrition of the articular cartilage. They contribute 
to stability in all planes but are especially important rotary 
stabilizers and are probably essential for the smooth transi-
tion from a pure hinge to a gliding or rotary motion as the 
knee moves from flexion to extension.

Radiographic changes, as described by Fairbank, appear 
after meniscectomy and include narrowing of the joint space, 
flattening of the femoral condyle, and formation of osteo-
phytes. Narrowing of the joint space initially is caused by 
removal of the spacer effect of the meniscus (approximately 1 
mm); it is further narrowed by a reduction in the contact area 
in the absence of the meniscus. When the medial meniscus is 
removed, the contact area is reduced by approximately 40%; 
in other words, the contact area is 2.5 times greater when the 
meniscus is present. The larger contact area provided by the 
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FIGURE 45.18 Superior view of tibial condyles after removal 
of femur. Lateral meniscus is smaller in diameter, thicker around 
its periphery, wider in body, and more mobile; posteriorly, it is 
attached to medial femoral condyle by either anterior or posterior 
meniscofemoral ligament, depending on which is present, and to 
popliteus muscle.
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FIGURE 45.19 Posterior view of knee after removal of femur. 
Posteriorly, lateral meniscus is attached to either anterior or poste-
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meniscus reduces the average contact stress acting between 
the bones. The menisci are thus important in reducing the 
stress on the articular cartilage; they prevent mechanical dam-
age to both the chondrocytes and the extracellular matrix. 
Increased contact stress resulting from decreased contact 
area may produce bone remodeling, producing a flattened 
femoral condyle. Softening of the joint cartilage also results 
in increased joint space narrowing and osteophyte formation.

The menisci have long been assumed to have shock- or 
energy-absorbing functions. Significant weight-bearing or 
load-transmitting forces are carried by the menisci, from 
40% to 60% of the superimposed weight in the standing posi-
tion. Thus, if normal and intact menisci spare the articular 
cartilage from compressive loads, then perhaps this partly 
explains the high incidence of osteoarthritis after removal of 
the meniscus.

The effects of meniscectomy on joint laxity have been 
studied for anteroposterior and varus-valgus motions and 
rotation. These studies indicated that the effect on joint lax-
ity depends on whether the ligaments of the knee are intact 
and whether the joint is bearing weight. In the presence of 
intact ligamentous structures, excision of the menisci pro-
duces small increases in joint laxity. When combined with 

ligamentous insufficiency, these increased instabilities caused 
by meniscectomy are greatly exaggerated. In an ACL-deficient 
knee, medial meniscectomy has been shown to increase tibial 
translation by 58% at 90 degrees, whereas primary anterior 
and posterior translations were not affected by lateral menis-
cectomy. Anatomically, the capsular components that attach 
the lateral meniscus to the tibia do not affix the lateral menis-
cus as firmly as they do the medial meniscus. These results 
indicate that in contrast to the medial meniscus, the lateral 
meniscus does not act as an efficient posterior wedge to resist 
anterior translation of the tibia on the femur. Therefore, in 
knees that lack an ACL, the lateral meniscus is subjected 
to forces different from those that occur on the medial 
side; forces in the medial meniscus increase significantly in 
response to an anterior tibial load after transection of the 
ACL. This may account for the different patterns of injury of 
the lateral and medial menisci in knees with ACL deficiency.

Biomechanical studies have shown that under loads of 
up to 150 kg, the lateral meniscus appears to carry 70% of 
the load on that side of the joint; whereas on the medial 
side, the load is shared approximately equally by the menis-
cus and the exposed articular cartilage. Medial meniscec-
tomy decreases contact area by 50% to 70% and increases 
contact stress by 100%. Lateral meniscectomy decreases 
contact area by 40% to 50% but dramatically increases con-
tact stress by 200% to 300% because of the relative convex 
surface of the lateral tibial plateau.

The menisci are crescents, roughly triangular in cross sec-
tion, that cover one half to two thirds of the articular sur-
face of the corresponding tibial plateau. They are composed 
of dense, tightly woven collagen fibers arranged in a pattern 
providing great elasticity and ability to withstand compres-
sion. The major orientation of collagen fibers in the meniscus 
is circumferential; radial fibers and perforating fibers also are 
present. The arrangement of these collagen fibers determines 
to some extent the characteristic patterns of meniscal tears 
(Figs. 45.20 to 45.22). When meniscal samples are tested by 
application of a force perpendicular to the fiber direction, 
the strength is decreased to less than 10% because collagen 
fibers function primarily to resist tensile forces along the 
direction of the fibers. The circumferential fibers act in much 
the same way as metal hoops placed around a pressurized 
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FIGURE 45.20 Pattern of collagen fibers within meniscus. Radial 
fibers (A). Circumferential fibers (B). Perforating fibers (C).
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cleavage split.
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FIGURE 45.22 Cross section of meniscus showing direction of 
longitudinal tear. Note that direction of tear usually is oblique 
rather than vertical.
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wooden barrel. The tension in the hoops keeps the wooden 
staves in place (Figs. 45.23 and 45.24). The compression of the 
menisci by the tibia and the femur generates outward forces 
that push the menisci out from between the bones. The cir-
cumferential tension in the menisci counteracts this outward 
or radial force. These hoop forces are transmitted to the tibia 
through the strong anterior and posterior attachments of the 
menisci. Hoop tension is lost when a single radial cut or tear 
extends to the capsular margin; in terms of load bearing, a 
single radial cut through the meniscus may be equivalent to 
meniscectomy.

The peripheral edges of the menisci are convex, fixed, and 
attached to the inner surface of the knee joint capsule, except 
where the popliteus is interposed laterally; these peripheral 
edges also are attached loosely to the borders of the tibial 
plateaus by the coronary ligaments. The inner edges are con-
cave, thin, and unattached. The menisci are largely avascular 
except near their peripheral attachment to the coronary liga-
ments. The inferior surface of each meniscus is flat, whereas 
the superior surface is concave, corresponding to the contour 
of the underlying tibial plateau and superimposed femoral 
condyle.

The medial meniscus is a C-shaped structure larger in 
radius than the lateral meniscus, with the posterior horn 
being wider than the anterior. The anterior horn is attached 
firmly to the tibia anterior to the intercondylar eminence and 
to the ACL. Most of the weight is borne on the posterior por-
tion of the meniscus. The posterior horn is anchored imme-
diately in front of the attachments of the PCL posterior to the 
intercondylar eminence. Its entire peripheral border is firmly 
attached to the medial capsule and through the coronary liga-
ment to the upper border of the tibia.

The lateral meniscus is more circular in form, cover-
ing up to two thirds of the articular surface of the underly-
ing tibial plateau. The anterior horn is attached to the tibia 
medially in front of the intercondylar eminence, whereas the 
posterior horn inserts into the posterior aspect of the inter-
condylar eminence and in front of the posterior attachment 
of the medial meniscus. The posterior horn often receives 
anchorage also to the femur by the ligament of Wrisberg 
and the ligament of Humphry and from fascia covering the 
popliteus muscle and the arcuate complex at the postero-
lateral corner of the knee. The inner border, like that of the 
medial meniscus, is thin, concave, and free. The tendon of 
the popliteus muscle separates the posterolateral periphery 
of the lateral meniscus from the joint capsule and the FCL. 
The tendon of the popliteus is enveloped in a synovial mem-
brane and forms an oblique groove on the lateral border of 
the meniscus.

The lateral meniscus is smaller in diameter, thicker in 
periphery, wider in body, and more mobile than the medial 
meniscus. It is attached to both cruciate ligaments and poste-
riorly to the medial femoral condyle by either the ligament of 
Humphry or the ligament of Wrisberg, depending on which is 
present; it is also attached posteriorly to the popliteus muscle 
(see Figs. 45.18 and 45.19). It is separated from the LCL by the 
popliteal tendon. In contrast, the medial meniscus is much 
larger in diameter, is thinner in its periphery and narrower 
in body, and does not attach to either cruciate ligament. It is 
loosely attached to the medial capsular ligaments.

The menisci follow the tibial condyles during flexion 
and extension, but during rotation they follow the femur 
and move on the tibia; consequently, the medial meniscus 
becomes distorted. Its anterior and posterior attachments fol-
low the tibia, but its intervening part follows the femur; thus 
it is likely to be injured during rotation. However, the lateral 
meniscus, because it is firmly attached to the popliteus mus-
cle and to the ligament of Wrisberg or of Humphry, follows 
the lateral femoral condyle during rotation and therefore is 
less likely to be injured. In addition, when the tibia is rotated 
internally and the knee flexed, the popliteus muscle, by way 
of the arcuate ligament, draws the posterior segment of the 
lateral meniscus backward, thereby preventing the meniscus 
from being caught between the condyle of the femur and the 
plateau of the tibia.

The vascular supply to the medial and lateral menisci 
originates predominantly from the lateral and medial genicu-
late vessels (both inferior and superior). Branches from these 
vessels give rise to a perimeniscal capillary plexus within the 
synovial and capsular tissue. The plexus is an arboroid net-
work of vessels that supplies the peripheral border of the 
meniscus throughout its attachment to the joint capsule (Fig. 
45.25). These vessels are oriented in a predominantly circum-
ferential pattern with radial branches directed toward the 
center of the joint (Fig. 45.26). Microinjection techniques 
have shown that the depth of peripheral vascular penetration 
is 10% to 30% of the width of the medial meniscus and 10% 
to 25% of the width of the lateral meniscus. The medial and 
lateral geniculate arteries, along with their branches, supply 
vessels to the menisci through the vascular synovial cover-
ing of the anterior and posterior horn attachments. A small 
reflection of vascular synovial tissue also is present through-
out the periphery of the menisci at both the femoral and tibial 
attachments and extends for a short distance (1 to 3 mm).

The meniscus is a relatively acellular structure with pre-
dominately fibroblast-like cells in the peripheral vascular 
zone and chondrocyte-like cells in the avascular zone. Knees 

 

Joint load

FIGURE 45.23 Role of hoop tension in menisci. Hoop tension 
developed in menisci acts to keep them between bones.  

Joint load

FIGURE 45.24 Role of hoop tension in menisci. Single cut to 
radial edge eliminates hoop tension and allows menisci to move 
out from between bones.
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with traumatic or degenerative meniscal tears have synovial 
fluid that contains degradative enzymes, including metallo-
proteinases and aggrecanases, which contribute to meniscal 
degeneration through proteoglycan and collagen degrada-
tion. Biologic augmentation strategies are designed to pro-
mote a healing environment and disrupt the degradative 
cascade. 

MENISCAL HEALING AND REPAIR
The vascular supply to the meniscus determines its potential 
for repair. The peripheral meniscal blood supply is capable 
of producing a reparative response similar to that observed 
in other connective tissues because of a perimeniscal capil-
lary plexus that supplies the peripheral 10% to 25% of the 
menisci. Meniscal tears have been classified on the basis of 

their location in three zones of vascularity—red (fully within 
the vascular area), red-white (at the border of the vascular 
area), and white (within the avascular area)—and this classifi-
cation indicates the potential for healing after repair (see Fig. 
45.21 and section on surgical repair of torn menisci).

After injury within the peripheral vascular zone, a fibrin 
clot that is rich in inflammatory cells forms. Vessels from 
the perimeniscal capillary plexus proliferate throughout this 
fibrin scaffold and are accompanied by the proliferations of 
differentiated mesenchymal cells. The lesion is eventually 
filled with cellular fibrovascular scar tissue that glues the 
wound edges together and appears continuous with the adja-
cent normal meniscal fibrocartilage. Vessels from the peri-
meniscal capillary plexus as well as the proliferative vascular 
pannus from the synovial fringe penetrate the fibrous scar 
to provide a marked inflammatory response. Experimental 
studies in animals have shown that complete radial lesions 
of the meniscus are completely healed with a young fibro-
cartilaginous scar by 10 weeks, although several months are 
required for maturation to fibrocartilage that appears normal.

Several reports described excellent results after primary 
repair of lesions at the periphery of the meniscus; because 
results of repair of tears in partially vascular or avascular 
areas are not as predictable, techniques have been devel-
oped to improve vascularity in meniscal repair. Techniques 
for open suture of peripheral tears of the meniscus are pre-
sented in this chapter, and those for arthroscopic suture are 
described in Chapter 51.

Controversy exists about the ability of a meniscus or a 
meniscus-like tissue to regenerate after meniscectomy. It is 
now generally accepted that for a meniscus to regenerate to 
any extent, the entire structure must be resected to expose the 
vascular synovial tissue; or, in subtotal meniscectomy, the exci-
sion must extend to the peripheral vasculature of the meniscus. 
Subtotal excisions of the meniscus within the avascular central 
half of the meniscus do not show any regeneration potential. 
The frequency and degree of regeneration of the meniscus have 
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FIGURE 45.25 Superior aspect of medial (A) and lateral (B) menisci after vascular perfusion 
with India ink and tissue clearing by modified Spalteholz technique. Note vascularity at periphery 
of meniscus, as well as at anterior and posterior horn attachments. Absence of peripheral vascu-
lature at posterolateral corner of lateral meniscus (arrow) represents area of passage of popliteal 
tendon.
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FIGURE 45.26 Frontal section of medial compartment of knee. 
Branching radial vessels from perimeniscal capillary plexus (PCP) 
can be seen penetrating peripheral border of medial meniscus. F, 
Femur; T, tibia. Three zones of meniscal vascularity are shown: 1 RR, 
red-red is fully within vascular area; 2 RW, red-white is at border 
of vascular area; and 3 WW, white-white is within avascular area.  
(From Arnoczky SP, Warren RF: Microvasculature of the human meniscus, 
Am J Sports Med 10:90, 1982.)
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not been determined precisely. Many surgeons believe that 
only the peripheral rim regenerates after total meniscectomy 
and that the quality of regenerated meniscus does not compare 
with that of original meniscus (see discussion of regeneration 
of menisci after excision).

MECHANISM OF TEAR
Traumatic lesions of the menisci are produced most com-
monly by rotation as the flexed knee moves toward an 
extended position. The medial meniscus, being far less mobile 
on the tibia, can become entrapped between the condyles, 
and injury can result. The most common location for injury 
is the posterior horn of the meniscus, and longitudinal tears 
are the most common type of injury. During vigorous inter-
nal rotation of the femur on the tibia with the knee in flexion, 
the femur tends to force the medial meniscus posteriorly and 
toward the center of the joint. A strong peripheral attachment 
posteriorly may prevent the meniscus from being injured, but 
if this attachment stretches or tears, the posterior part of the 
meniscus is forced toward the center of the joint, is caught 
between the femur and the tibia, and is torn longitudinally 
when the joint is suddenly extended. The length, depth, and 
position of the tear depend on the position of the posterior 
horn in relation to the femoral and tibial condyles at the time 
of injury. If this longitudinal tear extends anteriorly beyond 
the MCL, the inner segment of the meniscus is caught in the 
intercondylar notch and cannot return to its former position; 
thus a classic bucket-handle tear with locking of the joint is 
produced (Fig. 45.27).

The same mechanism can produce a posterior peripheral 
or a longitudinal tear of the lateral meniscus; the lateral femo-
ral condyle forces the anterior half of the meniscus anteri-
orly and toward the center of the joint, and this strain in turn 
may tear the posterior half of the meniscus from its periph-
eral attachment. When the joint is extended, a longitudinal 
tear results. Because of its mobility and structure, the lateral 
meniscus is not as susceptible to bucket-handle tears; how-
ever, because it is more sharply curved and is neither attached 
to, nor controlled by, the LCL, the lateral meniscus sustains 
incomplete transverse tears more often than does the medial 
meniscus.

Menisci with peripheral cystic formation or menisci that 
have been rendered less mobile from previous injury or dis-
ease may sustain tears from less trauma. Congenital anoma-
lies of the menisci, especially discoid lateral meniscus, may 

predispose to either degeneration or traumatic laceration. 
Likewise, areas of degeneration that develop as a result of 
aging cannot withstand as much trauma as healthy fibrocarti-
lage. Abnormal mechanical axes in a joint with incongruities 
or ligamentous disruptions expose the menisci to abnor-
mal mechanics and thus can lead to a greater incidence of 
injury. Congenitally relaxed joints and those with inadequate 
musculature, especially the quadriceps, probably are at sig-
nificantly greater risk of meniscal injuries, as well as other 
internal derangements. 

CLASSIFICATION OF MENISCAL TEARS
Numerous classifications of tears of the menisci have been 
proposed on the basis of location or type of tear, etiology, 
and other factors; most of the commonly used classifications 
are based on the type of tear found at surgery. These are (1) 
longitudinal tears, (2) radial and oblique tears, (3) horizontal 
cleavage tears, (4) complex tears which are a combination of 
longitudinal and cleavage tears, (5) tears associated with cys-
tic menisci, and (6) tears associated with discoid menisci.

More recently, investigators have focused on two versions 
of the previously described tear patterns: the posterior root 
tear, which is a type of radial tear at the posterior root attach-
ment of the meniscus, and the ramp lesion, which is a form 
of longitudinal tear at the menisco-capsular junction or the 
menisco-tibial attachment of the meniscus. Both tear types 
are thought to lead to increased anterior instability in ACL-
deficient knees, as well as increased contact forces and early 
arthritis with posterior root tears.

The most common type of tear is the longitudinal tear, 
usually involving the posterior segment of either the medial 
or the lateral meniscus. Before the extensive use of arthros-
copy for diagnosis and treatment of meniscal injuries, tears of 
the medial meniscus in most series were approximately five to 
seven times more common than those of the lateral meniscus. 
However, as use of the arthroscope has increased, allowing 
more thorough inspection of both menisci, more lateral menis-
cal tears have been diagnosed. The two types are believed to 
occur with almost equal frequency. Tears within the meniscus 
itself can be complete or incomplete. Most involve the inferior 
rather than the superior surface of the meniscus. Small tears 
limited to the posterior horn are not capable of producing 
locking but will cause pain, recurrent swelling, and a feeling of 
instability in the joint. Extensive longitudinal tears can cause 
mechanical locking if the central portion of the meniscus is 
displaced into the intercondylar notch. A pedunculated frag-
ment may result if either the posterior or anterior attachment 
of the bucket-handle fragment becomes detached.

Transverse, radial, or oblique tears can occur in either 
meniscus but more commonly involve the lateral meniscus. 
These usually are located at the junction of the anterior and 
middle thirds and, as previously pointed out, tend to occur 
when forces separate the anterior and posterior segments of 
the meniscus, stretching the inner concave border and result-
ing in a transverse tear. Because the lateral meniscus is more 
of a circle and has a shorter radius, the inner free edge is more 
easily torn radially than its medial counterpart. Radial tears 
also can result from degenerative changes within the menis-
cus itself or from injury or conditions such as cystic changes 
at the periphery that render the meniscus less mobile. Both 
radial and longitudinal complex tears may be found and may 
follow degeneration or repeated traumatic episodes.

 FIGURE 45.27 Two tears of medial meniscus: classic bucket-
handle tear and tear of posterior peripheral part.
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Cysts of the menisci are frequently associated with tears 
and are nine times more common on the lateral than on the 
medial side. The most common cause is trauma that produces 
degeneration and secondary mucinous and cystic changes in 
the periphery of the meniscus; when inflammatory changes 
follow, the meniscus may become less mobile during flexion, 
extension, and rotary motions and thus more susceptible to 
additional longitudinal or radial tearing.

Discoid menisci are abnormal and, because of hypermo-
bility and the bulk of the tissue between the articular sur-
faces, they are vulnerable to compression and rotary stresses. 
Degeneration within the discoid meniscus, as well as tears, 
may develop. The diagnosis often is made incidentally on MRI 
and occasionally at the time of arthroscopy, since the discoid 
meniscus may not produce significant symptoms until some 
derangement of the meniscus occurs. 

DIAGNOSIS
The diagnosis of a meniscal tear can be difficult even for an 
experienced orthopaedic surgeon. Use of a careful history 
and physical examination and supplementation of standard 
radiographs in specific instances with special imaging tech-
niques and arthroscopy can keep errors in diagnosis of tears 
of the menisci to less than 5%.

When a meniscus has been injured, capsular and liga-
mentous structures and the articular surfaces also often have 
been injured. For simplicity, tears of the menisci are discussed 
here as though they always are isolated injuries, but evidence 
of other injuries always must be sought. Disorders that can 
produce symptoms similar to those of a torn meniscus must 
be kept in mind and, to avoid error, a detailed, careful, sys-
temic history and physical examination supplemented with 
appropriate imaging studies are indicated, especially if symp-
toms and findings are not quite typical of a torn meniscus.

A history of specific injury may not be obtained, especially 
when tears of abnormal or degenerative menisci have occurred. 
This scenario is noted most often in a middle-aged person 
who sustains a weight-bearing twist on the knee or who has 
pain after squatting. Occasionally, an overweight middle-aged 
patient with mild-to-moderate knee arthritis describes a pain-
ful pop in the back of the knee when loading the knee, such as 
stepping up. In this scenario, the pop represents failure of the 
posterior root of the meniscus. Tears of normal menisci usually 
are associated with more significant trauma or injury but are 
produced by a similar mechanism: the meniscus is entrapped 
between the femoral and tibial condyles in flexion, tearing as 
the knee is extended. Patients with tears in degenerative menisci 
may recall symptoms of mild catching, snapping, or clicking, as 
well as occasional pain and mild swelling in the joint. Once the 
tear in the meniscus becomes of significant size, more obvious 
symptoms of giving way and locking may develop.

The syndromes caused by tears of the menisci can be divided 
into two groups: those in which there is locking and the diag-
nosis is clear and those in which locking is absent and the diag-
nosis is more difficult. The first group requires little discussion 
because the symptoms and findings have been described many 
times elsewhere. However, locking may not be recognized unless 
the injured knee is compared with the opposite knee, which 
should exhibit the 5 to 10 degrees of recurvatum that normally 
is present. The injured knee can be locked and still extend to 
neutral position. This presentation may be seen with a chronic 
bucket-handle tear when the tear has elongated sufficiently to 

allow the meniscal fragment to displace far enough into the 
notch so that knee extension is no longer impaired. Locking usu-
ally occurs only with longitudinal tears and is much more com-
mon with bucket-handle tears, usually of the medial meniscus. 
A very peripheral tear of the lateral meniscus may cause locking, 
even though the MRI appears normal. The patient will describe 
an episode when the knee locks in more flexion (sometimes 
approaching 70 degrees) and is associated with lateral-side knee 
pain. Often this is preceded by the patient having placed the knee 
in a highly flexed position, such as sitting on the knee, sitting tai-
lor fashion, kneeling, or squatting. When the patient is able to 
unlock the knee, it usually occurs with an audible clunk and a 
visible jerk to the knee. The pain will lessen but soreness along 
the lateral joint line persists. When the MRI appears normal, 
the history may be the only clue to the diagnosis. Locking of the 
knee must not be considered pathognomonic of a bucket-handle 
tear of a meniscus; an intraarticular tumor, an osteocartilaginous 
loose body, and other conditions can cause locking. Regardless of 
its cause, locking that is unrelieved after aspiration of the hemar-
throsis and a period of conservative treatment may require sur-
gical treatment. A serious error is failure to distinguish locking 
from false locking. False locking occurs most often soon after 
an injury in which hemorrhage around the posterior part of the 
capsule or a collateral ligament with associated hamstring spasm 
prevents complete extension of the knee. Aspiration and a short 
period of rest until the reaction has partially subsided usually dif-
ferentiates locking from false locking of the joint.

If a patient does not have locking, the diagnosis of a torn 
meniscus is more difficult even for the most astute surgeon. 
Degenerative tears often present in this fashion. These tears 
result from repetitive physiologic forces leading to gradual 
wear of the meniscus, commonly resulting in horizontal cleav-
age or complex tears accompanied by osteoarthritic changes of 
the joint. A patient typically gives a history of several episodes 
of trouble referable to the knee, often resulting in effusion and a 
brief period of disability but no definite locking. A sensation of 
“giving way” or snaps, clicks, catches, or jerks in the knee may 
be described, or the history may be even more indefinite, with 
recurrent episodes of pain and mild effusion in the knee and 
tenderness along the joint line after excessive activity. The cli-
nician should also be mindful that mechanical symptoms may 
result from osteoarthritis when rough, incongruous surfaces 
catch on each other instead of gliding smoothly. When they are 
well understood, the following clues can be important in the 
differential diagnosis in this second group: a sensation of giv-
ing way, effusion, atrophy of the quadriceps, tenderness over 
the joint line (or the meniscus), and reproduction of a click 
by manipulative maneuvers during the physical examination.

A sensation of giving way is in itself of little help in diagno-
sis because it can occur in other disturbances of the knee, espe-
cially loose bodies, chondromalacia of the patella, instability of 
the joint resulting from injury to the ligaments or from weak-
ness of the supporting musculature, especially the quadriceps, 
or any painful stimulus. When this symptom results from a tear 
in the posterior part of a meniscus, the patient usually notices 
this on rotary movements of the knee and often associates it 
with a feeling of subluxation or “the joint jumping out of place.” 
When giving way is a result of other causes, such as quadriceps 
weakness, it usually is noticeable during simple flexion of the 
knee against resistance, such as in walking down stairs.

Effusion indicates that something is irritating the 
synovium; therefore, it has limited specific diagnostic value. 
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The sudden onset of effusion after an injury usually denotes a 
hemarthrosis, and it can occur when the vascularized periph-
ery of a meniscus is torn. Tears occurring within the body of 
a meniscus or in degenerative areas may not produce a hem-
arthrosis. Repeated displacement of a pedunculated or torn 
portion of a meniscus can cause sufficient synovial irritation 
to produce a chronic synovitis with an effusion of a non-
bloody nature. Thus, the time at onset and the characteris-
tics of the effusion are of value in assessing the knee, but the 
absence of an effusion or hemarthrosis does not rule out a 
tear of the meniscus.

Atrophy of the musculature around the knee, especially 
of the vastus medialis component of the quadriceps mecha-
nism, suggests a recurring disability of the knee but does not 
indicate its cause.

Probably the most important physical finding is localized 
tenderness along the medial or lateral joint line or over the 
periphery of the meniscus. This most often is located pos-
teromedially or posterolaterally, because most meniscal tears 
are in the posterior horn areas. The meniscus itself is without 
nerve fibers except at its periphery; therefore, the tenderness 
or pain is related to synovitis in the adjacent capsular and 
synovial tissues. 

DIAGNOSTIC TESTS
Clicks, snaps, or catches, either audible or detected by palpa-
tion during flexion, extension, and rotary motions of the joint, 
can be valuable diagnostically, and efforts should be made 
to reproduce and accurately locate them. If these noises are 
localized to the joint line, the meniscus most likely contains 
a tear. Similar noises originating from the patella, the quadri-
ceps mechanism, the patellofemoral groove, or arthritic joint 
surfaces must be differentiated. Numerous manipulative tests 
have been described, but the McMurray test and the Apley 

grinding test probably are most commonly used. All basically 
involve attempts to locate and to reproduce crepitation that 
results as the knee is manipulated.

The McMurray test (Fig. 45.28) is probably best known 
and is carried out as follows. With the patient supine and the 
knee acutely and forcibly flexed, the examiner can check the 
medial meniscus by palpating the posteromedial margin of 
the joint with one hand while grasping the foot with the other 
hand. Keeping the knee completely flexed, the leg is externally 
rotated as far as possible and then the knee is slowly extended. 
As the femur passes over a tear in the meniscus, a click may 
be heard or felt. The lateral meniscus is checked by palpat-
ing the posterolateral margin of the joint, internally rotat-
ing the leg as far as possible, and slowly extending the knee 
while listening and feeling for a click. A click produced by 
the McMurray test usually is caused by a posterior peripheral 
tear of the meniscus and occurs between complete flexion of 
the knee and 90 degrees. Popping, which occurs with greater 
degrees of extension when it is definitely localized to the joint 
line, suggests a tear of the middle and anterior portions of the 
meniscus. The position of the knee when the click occurs thus 
may help locate the lesion. A McMurray click localized to the 
joint line is additional evidence that the meniscus is torn; a 
negative result of the McMurray test does not rule out a tear.

The grinding test, as described by Apley, is carried out 
as follows. With the patient prone, the knee is flexed to 90 
degrees and the anterior thigh is fixed against the examining 
table. The foot and leg are then pulled upward to distract the 
joint and rotated to place rotational strain on the ligaments 
(Fig. 45.29A); when ligaments have been torn, this part of the 
test usually is painful. Next, with the knee in the same posi-
tion, the foot and leg are pressed downward and rotated as 
the joint is slowly flexed and extended (Fig. 45.29B); when 
a meniscus has been torn, popping and pain localized to the 
joint line may be noted. Although the McMurray, Apley, and 
other tests cannot be considered diagnostic, they are useful 
enough to be included in the routine examination of the knee.

Tears of one meniscus can produce pain in the opposite 
compartment of the knee. This is most commonly seen with 
posterior tears of the lateral meniscus. This phenomenon is 
not understood. The use of MRI has minimized initial explo-
ration of the wrong compartment.

 FIGURE 45.28 McMurray test for meniscal injury (see text).  
(From Tria AJ Jr: Clinical examination of the knee. In Scott WN, editor: 
Insall & Scott surgery of the knee, ed 4, Philadelphia, 2006, Churchill 
Livingstone Elsevier.)

 

A B
FIGURE 45.29 A and B, Apley grinding test for meniscal injury 

(see text).  (From Tria AJ Jr: Clinical examination of the knee. In Scott 
WN, editor: Insall & Scott surgery of the knee, ed 4, Philadelphia, 2006, 
Churchill Livingstone.)
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Another useful test, the squat test, consists of several rep-
etitions of a full squat with the feet and legs alternately fully 
internally and externally rotated as the squat is performed. 
Pain usually is produced on either the medial or lateral side of 
the knee, corresponding to the side of the torn meniscus. Pain 
in the internally rotated position suggests injury to the lateral 
meniscus, whereas pain in the external rotation suggests injury 
to the medial meniscus. However, the localization of the pain 
to either the medial joint line or the lateral joint line is a much 
more dependable localizing sign than the position of rotation.

Karachalios et  al. described a test for early detection of 
meniscal tears (Thessaly test) for which they reported diag-
nostic accuracy rates of 94% in detecting tears of the medial 
meniscus and 96% in the detection of tears of the lateral 
meniscus. The examiner supports the patient by holding 
his or her outstretched hands while the patient stands flat-
footed on the floor on just the affected leg. The patient then 
rotates his or her knee and body, internally and externally, 
three times with the knee in slight flexion (5 degrees). The 
same procedure is carried out with the knee flexed 20 degrees. 
Patients with suspected meniscal tears experience medial or 
lateral joint-line discomfort and may have a sense of locking 
or catching. The test is always done on the normal knee first 
to teach the patient how to keep the knee in 5 and 20 degrees 
of flexion and how to recognize a possible positive result in 
the symptomatic knee. The Thessaly test at 20 degrees of knee 
flexion was suggested to be effective as a first-line clinical 
screening test for meniscal tears.

Two meta-analyses of the literature attempted to deter-
mine the relative accuracy of these clinical tests, but both 
found problems with methodology of studies and small 
sample sizes, as well as with differences in how the tests were 
defined, performed, and interpreted. One analysis deter-
mined that joint line tenderness is the best “common” test, 
while the other found sensitivities and specificities similar 
among the three tests: McMurray, 70% and 71%; Apley, 60% 
and 70%; and joint line tenderness, 63% and 77%. Combined 
testing will improve the accuracy. 

IMAGING STUDIES
RADIOGRAPHY

Anteroposterior, lateral, and intercondylar notch views with 
a tangential view of the inferior surface of the patella should 
be routine. Ordinary radiographs will not confirm the diag-
nosis of a torn meniscus but are essential to exclude osteo-
cartilaginous loose bodies, osteochondritis dissecans, and 
other pathologic processes that can mimic a torn meniscus. 
Occasionally, a relatively widened lateral joint space may sug-
gest the presence of a discoid lateral meniscus. 

ARTHROGRAPHY
The usefulness of arthrography in diagnosis of pathologic con-
ditions of the meniscus usually is directly proportional to the 
interest and experience of the arthrographer (Fig. 45.30). To 
never use arthrography is to eliminate an extremely valuable 
diagnostic procedure, but to use it routinely on every injured 
knee is just as unfortunate. With the improvements in CT and 
MRI scanning, we rarely use arthrography for knee examination. 

OTHER DIAGNOSTIC STUDIES
Other diagnostic studies, such as ultrasonography, bone scan-
ning, CT, and MRI, have been shown to improve diagnostic 
accuracy in many knee disorders (see Chapter 2). Their prin-
cipal attractiveness over arthrography or arthroscopy is that 
they are noninvasive procedures. Compared with arthros-
copy, MRI has been shown to have 98% accuracy for medial 
meniscal tears and 90% for lateral meniscal tears. Others have 
reported that MRI had a positive predictive value of 75%, a 
negative predictive value of 90%, a sensitivity of 83%, and a 
specificity of 84% for pathologic changes in the menisci. More 
recently, a study of acute and chronic meniscal tears in 122 
young adults found a sensitivity of 67%, specificity of 93%, 
and diagnostic accuracy of 88% in the detection of acute tears; 
sensitivity was 64%, specificity was 91%, and diagnostic accu-
racy was 86% for chronic tears. Menisco-capsular tears such 
as ramp lesions are not as easily detected by MRI and there-
fore should be evaluated at the time of arthroscopy. Although 
MRI appears to be efficient in detecting meniscal tears, it has 
not been shown to be effective in predicting the reparability 
of such tears. Motamedi reported that two experienced mus-
culoskeletal radiologists, using established arthroscopic cri-
teria to grade 119 meniscal tears, agreed on reparable or not 
reparable classifications 74% of the time but came to identical 
scores only 38% of the time.

High-resolution CT has been reported to have a sensitiv-
ity of 96%, specificity of 81%, and accuracy of 91%. We most 
often use CT for examining the patellofemoral joint because 
it allows evaluation of the normal and abnormal relation of 
the articulation at various degrees of knee flexion, with and 
without quadriceps contraction. CT arthrography is used 
when MRI is contra-indicated as in patients with pacemak-
ers or other similar implants. It also is useful for delineating 
synovial cysts and other soft-tissue tumors around the knee. 

ARTHROSCOPY
Details about equipment, principles, and diagnostic and sur-
gical arthroscopic techniques are presented in Chapter 51. 

NONOPERATIVE MANAGEMENT
Arthroscopy has made the diagnosis of acute meniscal injuries 
more precise, which aids in the treatment planning. Incomplete 

 FIGURE 45.30 Arthrogram of knee showing tear of meniscus.
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tears or small peripheral tears (displaced <3 mm) are difficult 
to confirm without arthroscopy. An incomplete meniscal tear 
or a small (10 mm) stable peripheral tear with no other patho-
logic condition, such as a torn ACL, can be treated nonopera-
tively with predictably good results. Many incomplete tears will 
not progress to complete tears if the knee is stable. Small stable 
peripheral tears have been observed to heal after 3 to 6 weeks of 
protection. Many undiagnosed small peripheral tears probably 
occur with other knee injuries, such as sprains or patellar dislo-
cations, and if they are in the vascularized zone (see section on 
surgical repair of torn menisci), these tears heal without surgical 
treatment. Weiss et al. reported healing of 17 of 26 vertical longi-
tudinal tears with nonoperative treatment, compared with only 
four of 10 radial tears. Vertical longitudinal tears involving the 
body of the meniscus were classified as stable when the portion 
of the meniscus that was central to the tear could not be displaced 
more than 3 mm from the intact peripheral rim. Most tears were 
1 cm long or less, and all partial-thickness tears were classified 
as stable. Duchman et  al. from the Multicenter Orthopaedic 
Outcomes Network (MOON) Knee Group reported the results 
of meniscal tears left in situ at the time of ACL reconstruction. 
They identified 194 patients with 208 meniscal tears (71 medial 
and 137 lateral). At a minimum of 6 years of follow-up, 97.8% 
of lateral and 94.4% of medial tears did not require reoperation. 
Younger patient age and tear size of more than 10 mm were 
associated with reoperation. However, in a multicenter study of 
more than 400 patients aged 50 to 79 years, untreated meniscal 
tears, even minor radial tears, were strongly associated with the 
development of osteoarthritis: 63% of patients with untreated 
meniscal tears had evidence of osteoarthritis, compared with 
only 19% of those with no meniscal damage.

Nonoperative treatment is never appropriate in a patient 
with a locked knee caused by a bucket-handle tear of the 
meniscus. An attempt can be made to reduce the displaced 
meniscal fragment using gentle manipulation after intraar-
ticular injection of a local anesthetic, but forceful repeated 
manipulations of such displaced tears is never justified, and 
most do not heal without surgery even if they are reduced.

Chronic tears even within the vascularized zone will not 
heal without surgery. However, chronic tears have been shown 
to heal when the synovial bed of the meniscus has been fresh-
ened and the torn edges have been apposed and sutured.

Tears associated with ligamentous instabilities can be 
treated nonoperatively if the patient defers ligament recon-
struction or if reconstruction is contraindicated. Removal of 
the menisci, especially the medial meniscus, in such knees 
may make the instability even more severe. Nonoperative 
or delayed operative treatment of ligamentous injuries also 
increases the risk of medial meniscal tear; Yoo et  al. found 
that further medial meniscal damage is common if surgery is 
delayed by 6 months or more.

Nonsurgical management for a meniscal tear with the 
potential to heal consists of a long leg motion-controlled 
brace worn for 4 to 6 weeks. Crutch walking with touch-down 
weight bearing is permitted when the patient gains active 
control of the extremity in the brace. The patient is instructed 
in a progressive isometric exercise program during the time 
the leg is in the brace to strengthen the quadriceps, the ham-
strings, and the gastrocnemius and soleus muscles around the 
knee, as well as the flexors, abductors, adductors, and exten-
sors around the hip. At 4 to 6 weeks, the immobilization is 
discontinued and the rehabilitative exercise program for the 

muscles around the hip and knee is intensified. The patient 
must be informed that any tear in the meniscus may not have 
healed despite this period of immobilization. If symptoms 
recur after a period of nonoperative treatment, surgical repair 
or removal of the damaged meniscus may be necessary.

Meniscal tears that cause infrequent and minimal symp-
toms can be treated with rehabilitation and restricted activity. 
Numerous studies have compared nonoperative treatment to 
arthroscopic partial meniscectomy in patients older than 40 years 
old. Lee et al. published a meta-analysis that found no difference 
in clinical outcomes, such as relief of pain and improved knee 
function, between the treatment methods. Another meta-analy-
sis of randomized controlled trials by van de Graaf et al. found no 
significant difference between arthroscopic partial meniscectomy 
and conservative treatment for nonobstructive meniscal tears at 
12 and 24 months after surgery. In a randomized controlled trial, 
Yim et  al. compared outcomes of arthroscopic meniscectomy 
and nonoperative treatment in 102 patients with degenerative 
horizontal tears of the posterior horn of the medial meniscus and 
found no significant differences in pain relief, knee function, or 
patient satisfaction at 2-year follow-up. Monk et al. reviewed nine 
randomized controlled trials and eight systematic reviews and 
found no difference between arthroscopic meniscal debridement 
and nonoperative management as a first-line treatment strategy 
for patients with knee pain and a degenerative meniscal tear. 
Some evidence was found to indicate that patients with resistant 
mechanical symptoms in whom nonoperative management ini-
tially failed may benefit from meniscal debridement.

The most important aspect of nonoperative treatment, 
once the acute pain and effusion have subsided, is restoration 
of the power of the muscles around the injured knee to a level 
comparable to that of the opposite knee. As much motion 
of the joint as possible should be encouraged. This can be 
accomplished through a regular program of progressive exer-
cises, not only for the quadriceps and hamstrings but also for 
the hip flexors and abductors. 

OPERATIVE MANAGEMENT
Historically, the indications and surgical techniques for exci-
sion of torn menisci have been controversial; noted ortho-
paedic surgeons have advocated total excision of the torn 
meniscus, whereas others have proposed subtotal excision. 
Justification for total excision often was based on short-term, 
functional recovery criteria. With longer follow-up, increas-
ing degenerative changes were noted, especially after total 
meniscectomy. Removal of even one third of the meniscus 
was shown to increase joint contact forces by up to 350%.

The greatest degenerative changes occur after total rather 
than subtotal meniscectomy. After subtotal excision of the 
meniscus, there is less articular cartilage degeneration, and it 
is localized principally to the area previously covered by the 
meniscus. The amount of degenerative change in the articular 
cartilage appears to be directly proportional to the amount of 
meniscus removed. In our experience, if the derangement pro-
duces almost daily symptoms, frequent locking, or repeated 
or chronic effusions, the pathologic portion of the meniscus, 
when determined to be irreparable, should be removed because 
the problems caused by the present disability far outweigh the 
probability or significance of future degenerative arthritis. If 
a significant portion of the peripheral rim can be retained by 
subtotal meniscal excision, the long-term result is improved. A 
study of 312 patients found that, despite joint space narrowing, 

    

https://booksmedicos.org


PART XIII SPORTS MEDICINE2220

decreases in meniscal thickness after partial meniscectomy 
with complete resection of the unstable leaf of horizontal tears 
had no additional adverse effect on functional and radiographic 
outcomes compared with conventional partial meniscectomy 
that preserved the whole meniscal thickness at 5-year follow-up.

Complete removal of the meniscus is justified only when 
it is irreparably torn, and the meniscal rim should be pre-
served if at all possible. Total meniscectomy is no longer con-
sidered the treatment of choice in young athletes or other 
people whose daily activities require vigorous use of the knee.

LATE CHANGES AFTER MENISCECTOMY
The knee can function well without the meniscus, but consid-
erable evidence indicates that meniscectomy often is followed 
by degenerative changes within the joint; whether the injury, 
the damaged meniscus itself, or its excision led to the degen-
erative changes cannot be determined with certainty in most 
of these studies. More recent studies have found low percent-
ages of joint narrowing of more than 50% 10 to 15 years after 
partial medial meniscectomy. One 12-year follow-up study 
showed that 88% of patients with partial medial meniscectomy 
had joint space narrowing of less than 2 mm and none had 
narrowing of more than 2 mm. Subjective results after partial 
medial meniscectomy generally are favorable, with 88% to 95% 
of patients reporting good to excellent results. A meta-analy-
sis comparing meniscal repair with meniscectomy, however, 
found better long-term patient-reported outcomes and better 
activity levels with meniscal repair than with meniscectomy. 
In their systematic review of clinical outcomes of meniscec-
tomy, Salata et al. identified several preoperative and intraop-
erative predictors of poor clinical or radiographic outcomes: 
total meniscectomy or removal of the peripheral meniscal rim, 
lateral meniscectomy, degenerative meniscal tears, chondral 
damage, hand osteoarthritis suggestive of genetic predisposi-
tion, and increased body mass index (BMI). Meniscal tear pat-
tern, patient age or sex, mechanical alignment, activity level, 
and association with ACL reconstruction were not predictive 
of outcome, were inconclusive, or had mixed results.

Krych et al., in a retrospective study, compared nonopera-
tive treatment to arthroscopic partial medial meniscectomy for 
isolated, complete degenerative medial meniscus posterior root 
tears. The patient cohorts were matched for age, sex, and BMI 
and followed for a minimum of 2 years. Partial meniscectomy 
provided no benefit in halting arthritic progression. Female sex, 
increased BMI, and meniscal extrusion were associated with 
worse outcomes. Conversely, Lee et  al. reported 288 patients 
(24 male and 264 female) followed for at least 5 years after 
arthroscopic meniscectomy for degenerative medial meniscal 
posterior root tears. Well-aligned nonarthritic knees survived 
significantly longer before requiring total knee arthroplasty 
(TKA). The 5- and 10-year survival rates in these low-risk 
groups were 97.7% and 89.1%, respectively. Age, BMI, varus 
alignment, and Kellgren-Lawrence grade II or higher were sig-
nificant risk factors for end-stage arthritis requiring TKA. 

SURGICAL REPAIR OF TORN MENISCI
Clinical studies with long-term follow-up have shown that many 
acute or chronic tears in the periphery and in this outer vascu-
larized zone heal when sutured and protected. Reports of repairs 
of chronic and acute tears, by either open or arthroscopically 
aided techniques, cited confirmation of healing by arthrogra-
phy or arthroscopy in as many as 90% of patients. Healing rates 

of 90% have been reported in conjunction with ACL reconstruc-
tion. Preserving the menisci, especially the medial meniscus, has 
been shown to improve knee stability when associated with ACL 
reconstruction. Cristiani et al. reported patients undergoing ham-
string ACL reconstruction, comparing isolated ACL reconstruc-
tion or ACL reconstruction with medial meniscal meniscectomy, 
medial meniscal repair, lateral meniscectomy, lateral menis-
cal repair, or medial and lateral meniscectomy. Medial menis-
cectomy increased knee laxity, whereas medial meniscal repair 
preserved stability compared to ACL reconstruction with intact 
menisci. Isolated meniscal repairs have a reported healing rate 
of 50%. Hagmeijer et al. described 33 isolated meniscal repairs 
(without concomitant ACL reconstruction) at a mean follow-
up of 17.6 years. At early follow-up, the overall failure rate was 
14 of 33 (42%). Complex tears (80%) and bucket-handle tears 
(47%) had higher overall failure rates than simple tears (18.2%). 
No further failures occurred after mid-term follow-up with any 
tear type. The lower healing rate has been attributed to the release 
of growth factors and pluripotent cells after bone-tunnel drilling 
that results in biologic augmentation at the repair site. An alterna-
tive theory is that the meniscus is otherwise normal but tears as 
a result of the tibiofemoral subluxation in these traumatic cases, 
whereas menisci that tear in isolation are inherently susceptible 
or diseased. A 21-year follow-up of 18 patients with isolated open 
meniscal repair found good to excellent results in 17, with an aver-
age Lysholm score of 97.8 and International Knee Documentation 
Committee (IKDC) score of 93%. Degenerative joint changes in 
the operated knee were similar to those in the contralateral knee. 
A re-rupture rate of approximately 30%, however, is of concern. 
The ideal indication for meniscal repair is an acute, 1- to 2-cm, 
longitudinal, peripheral tear that is repaired in conjunction with 
ACL reconstruction in a young individual. Indications for repair 
in other situations are less clear-cut. Miller, Warner, and Harner 
categorized meniscal tears according to their location in three 
zones of vascularity (Fig. 45.31): red-red, fully within the vascu-
lar area; red-white, at the border of the vascular area; and white-
white, within the avascular area. They recommended repair of 
red-red and red-white tears. The “reparability,” or likelihood of 
healing, depends on several other factors in addition to vascular-
ity, specifically, type of tear, chronicity, and size (Table 45.2). At an 
average 3-year follow-up, Choi et al. reported complete or par-
tial healing of 93% of radial tears of the midbody of the lateral 

 

Red–red
Red–white

White

FIGURE 45.31 Zones of potential meniscal healing (see text).  
(From Miller MD, Warner JJP, Harner CD: Meniscal repair. In Fu FH, Harner 
CD, Vince KG, editors: Knee surgery, Baltimore, 1994, Williams & Wilkins.)
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meniscus after arthroscopic repair. Pujol et al. reported that clini-
cal outcomes were slightly improved by the addition of platelet-
rich plasma (PRP) to open repair of horizontal tears extending 
into the avascular zone. However, Griffin et al. found no differ-
ence in functional outcome measures with or without the use of 
PRP after arthroscopic meniscal repair. Extensive research cur-
rently is underway studying methods to improve healing rates 
using mechanical stimulation, marrow venting procedures, the 
use of fibrin clots, PRP injections, and stem-cell-based therapies.

Ramp lesions are unique variants of injuries of the periph-
eral posterior horn medial meniscus that are almost always 
seen in association with an ACL rupture. The term origi-
nally described a separation of the posterior meniscocapsular 
junction but has also been used to describe disruption of the 
meniscotibial ligament and tears in the red-red zone of the 
posterior horn. In most reports the incidence varies between 
3% and 13%, although more recent studies have reported fre-
quencies as high as 24% to 42%. DePhillipo et al. diagnosed 
medial meniscal ramp lesions in 17% of 301 patients under-
going ACL reconstruction and fewer than half were diag-
nosed on the preoperative MRI. A posteromedial tibial bone 
bruise was found to be a secondary sign of a ramp lesion in 
72% of patients. The authors emphasized the need to carefully 
look for these lesions at the time of surgery. Most authors cite 
younger age as a possible risk factor; in one study those with 
ramp lesions were 7.5 years younger than those with meniscal 
body lesions.

Edgar et  al. biomechanically tested eight cadaver knees 
to determine anterior tibial displacement and anteromedial 
bundle (AMB) ACL strain in the intact, posterior medial 
meniscocapsular junction (PMJC) lesion, and PMJC repair 
states at 0, 30, 60, and 90 degrees of flexion. Specimens with 
PMJC tears had statistically increased anterior tibial transla-
tion at 30 degrees (1.2 mm; P < .01) and statistically increased 
ACL strain at 30 degrees (24%; P < .01) and 90 degrees (50%; P 
< .01). With PMJC repair, translation was reduced (P > .05) by 
12%, 18%, and 10% at 0, 30, and 90 degrees of flexion, respec-
tively. PMJC repair reduced (P < .05) ACL strain by 40%, 39%, 
43%, and 31% at 0, 30, 60, and 90 degrees of flexion, respec-
tively. In a biomechanical study using 12 matched pairs of 
human cadaver knees, DePhillipo et al. evaluated the effects 
of meniscocapsular and meniscotibial lesions of the posterior 
medial meniscus in ACL-deficient and ACL-reconstructed 
knees and the effect of the repair of ramp lesions. Cutting the 
meniscocapsular and meniscotibial attachments of the poste-
rior horn of the medial meniscus significantly increased ante-
rior tibial translation in ACL-deficient knees at 30 degrees (P 
< .020) and 90 degrees (P < .005). Cutting both the menisco-
capsular and meniscotibial attachments increased tibial inter-
nal (all P > .004) and external (all P < .001) rotation at all 
flexion angles in ACL-reconstructed knees. Reconstruction 
of the ACL in the presence of meniscocapsular and menis-
cotibial tears restored anterior tibial translation (P > 0.053) 
but did not restore internal rotation (P < .002), external rota-
tion (P < .002), or the pivot shift (P < .05). To restore the 
pivot shift, an ACL reconstruction and a concurrent repair 
of the meniscocapsular and meniscotibial lesions were both 
necessary. Repairing the meniscocapsular and meniscotibial 
lesions after ACL reconstruction did not restore internal rota-
tion and external rotation at angles of more than 30 degrees.

Research and understanding of meniscal root injuries 
have evolved since 2010. In cadaver studies, root tears of 
the medial meniscus have been shown to increase transla-
tional and rotational instability in both ACL-intact and ACL-
deficient knees. Lateral root injury was found to reduce the 
stability of the ACL-deficient knee in rotational loading. Tang 
et al. studied 13 cadaver knees with a robotic testing system. 
In the ACL-reconstructed knee, a tear of the lateral menis-
cal posterior root significantly increased knee laxity under 
loading by as much as 1 mm. The transosseous pullout suture 
root repair improved knee stability under anterior tibial and 
simulated pivot shift loading. Root repair improved ACL graft 
force closer to that of the native ACL under anterior tibial 
loading. Another study by Allaire et al. analyzed loading and 
kinematics in intact knees, knees with a posterior root tear 
of the medial meniscus, knees with a repaired posterior root 
tear, and knees with a total meniscectomy. They found that 
a root tear resulted in increased tibiofemoral contact pres-
sure equal to that following a total meniscectomy, whereas 
repair restored contact pressure to that of the uninjured 
knee. Repairs are recommended for active patients (typically 
younger than 50 years) following acute or chronic injury with 
no significant osteoarthritis (Outerbridge grade 3 or 4), joint-
space narrowing, or malalignment. Repairs usually are done 
either by transtibial pullout or suture anchor and the results 
are reported to be equivalent. Reports of repair are somewhat 
controversial, with some showing inability to restore ultimate 
failure loads or prevent displacement of the root attachment, 
while others demonstrated improvements in clinical outcome 

 TABLE 45.2

Reparability of Meniscal Tears

ZONE TEAR TYPE CHRONICITY
SIZE 
(CM) REPARABILITY

Red-red Longitudinal Acute 1.5–4.0
Red-red Longitudinal Chronic 1.5–4.0
Red-
white

Longitudinal Acute 1.5–4.0

Red-
white

Longitudinal Chronic 1.5–4.0

Red-
white

Radial/flap Acute 1.5–4.0

Red-
white

Radial/flap Chronic 1.5–4.0

Red-
white

Radial/flap Damaged 1.5–4.0

Red-
white

Radial/flap Damaged 1.0–4.0

White-
white

Longitudinal Acute 1.5–4.0

White-
white

Radial/flap Acute 1.5–4.0

White-
white

Longitudinal Chronic 1.5–4.0

White-
white

Radial/flap Chronic 1.5–4.0

White-
white

Radial/flap Damaged 1.5–4.0

From Miller MD, Warner JJP, Harner CD: Meniscal repair. In Fu FH, Harner CD, 
Vince KG, editors: Knee surgery, Baltimore, 1994, Williams & Wilkins.

    

https://booksmedicos.org


PART XIII SPORTS MEDICINE2222

scores compared to the preoperative baseline values. Lee et al. 
evaluated 56 patients who had pullout sutures for medial 
meniscal root repair using the Lysholm score, Hospital for 
Special Surgery score, IKDC subjective score, medial joint 
space height, and Kellgren-Lawrence grade. Thirty-three 
patients had second-look arthroscopy and were divided into 
a “stable healed group” (23 patients, 69.7%) and an “unhealed 
group” (10 patients, 30.3%). Medial joint space became sig-
nificantly narrower (P < .001), and 23 patients showed pro-
gression of their Kellgren-Lawrence grade. All other clinical 
outcomes improved. The stable-healed group had higher HSS 
scores, IKDC subjective scores, and less progression of medial 
joint space narrowing. Two studies by Cho and Song and Seo 
et al. reported second-look arthroscopy in 24 patients; four 
were completely healed, nine healed in a lax position, eight 
healed with scar tissue, and three failed to heal. In spite of the 
controversy, given the known poor results of posterior root 
meniscal tears treated nonoperatively, an attempt at repair 
should be considered in appropriate patients.

Tears of the menisci can be sutured by open or 
arthroscopic techniques, which are described in Chapter 51. 
Open suturing of the meniscus has been successful in stable 
knees. In unstable knees, the sutured meniscus can tear again 
unless reconstruction stabilizes the knee or the patient alters 
physical activities. A cadaver study showed that anterior knee 
laxity significantly increased gapping of repaired and unre-
paired posterior horn medial meniscal tears.

If the meniscal tear involves the periphery of the poste-
rior horn, exposure through a posteromedial or posterolateral 
arthrotomy is relatively easy, the latter being more difficult. In 
such tears, the meniscal rim and the synoviocapsular junc-
tion can be prepared, and multiple sutures can be accurately 
placed. Because of the collagen arrangement within the menis-
cus, vertically oriented sutures can be used. We still prefer to 
repair posterior horn peripheral tears by open arthrotomy if 
posteromedial or posterolateral capsular reconstructions are 
being done concurrently. Arthroscopic techniques of sutur-
ing are necessary for tears at or near the junction of the vas-
cular and avascular zones. A long tear at or near this junction 
is almost impossible to expose and to suture through a pos-
teromedial or posterolateral arthrotomy. Medial tears that 
extend deep to the collateral ligament are difficult to expose 
by open techniques without risking injury to the ligament. 
Tears of the posterior horn of the lateral meniscus are difficult 
to expose and to suture because the posterolateral capsule is 
not nearly as well defined. These can be more easily repaired 
by arthroscopic techniques.

Meniscal repair sutures can approximate tissue and pro-
vide vascular access channels for ingrowth of healing tissue. 
The ideal suture material has not been determined. Most early 
reports of meniscal repair advocated the use of an absorb-
able suture, such as polyglycolic acid (Dexon), polyglac-
tin-910 (Vicryl), or polydioxanone (PDS). The mechanical 
effects of normal joint motion probably cause failure of even 
nonabsorbable sutures over time. Because the human menis-
cus requires several months to heal completely, the suture 
selected for meniscal repair should be capable of providing 
adequate support for this period.

Significant instability adds tension to the meniscal repair, 
and the chance of another tear is greatly increased. We have 
repaired the meniscus without ligamentous stabilization but 
only when a patient is willing to seriously curtail activities and 

is fully aware that a second tear is more likely in an unstable 
joint. For younger, active patients, ligamentous stabilization 
should accompany meniscal suture because of the decreased 
likelihood of healing and increased risk of re-rupture in a 
knee with ligamentous laxity. 

 

OPEN MENISCAL REPAIR

 TECHNIQUE 45.1 

 n  Systematically examine the entire knee arthroscopically to 
rule out additional pathologic conditions. The technique 
for repair is essentially the same for medial and lateral 
meniscal tears.

 n  Medial meniscal tears most commonly extend for 2 to 3 
cm along the posterior horn anteriorly to the posterior 
edge of the MCL. The tear sometimes extends farther 
anteriorly, or a bucket-handle displacement occurs. Some 
bucket-handle tears and longitudinal tears in the outer 
third of the meniscus can be sutured.

 n  If the medial meniscus is torn, position the knee in 60 
degrees of flexion.

 n  Then make a vertical posteromedial arthrotomy incision from 
the medial epicondylar area of the femur distally toward the 
semimembranosus tendon in line with the fibers of the POL.

 n  Use a right-angle retractor to retract the posterior cap-
sule posteriorly and then explore the extent of the tear. 
Such tears usually are 2 to 3 mm from the periphery of 
the meniscus, well within the vascular zone. If the tear 
is 5 mm or more from the peripheral attachment, it can 
be difficult to see and to repair through the arthrotomy 
approach.

 n  Debride the edges of the tear with a small curet or scalpel. 
As a rule, do not remove any intact peripheral meniscal 
tissue. Removal of this tissue and pulling of the meniscal 
rim to the capsule with sutures narrow the meniscus and 
reduce its weight-bearing function.

 n  With a small rasp, abrade the debrided edges of the tear 
and also the parameniscal synovial tissue to evoke an in-
creased inflammatory healing response.

 n  Once the tear has been prepared for suturing, identify 
the interval between the posterior capsule and the medial 
head of the gastrocnemius and retract the latter posteri-
orly.

 n  Free the posterior capsule from the overlying gastrocne-
mius head along the entire length of the meniscal tear to 
make accurate suture placement easier.

 n  Place interrupted sutures of Mersilene or other nonab-
sorbable surgical suture material every 3 to 4 mm. Be-
ginning outside the posterior capsule, pass the sutures 
through the capsule, then vertically from inferior to su-
perior through the meniscus, and then back out through 
the capsule, but do not tie them (Fig. 45.32). Each suture 
should be oriented vertically rather than horizontally to 
achieve maximal purchase on the meniscus.

 n  Before the arthrotomy incision is closed, gather the ends of 
the meniscal sutures and exert tension on them. Check to 
see that the approximation of the meniscal tear is accurate.
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 n  Maintain tension on the sutures, watch the tear, and 
slowly extend the knee to be sure the approximation is 
not pulled apart as the knee extends. If the sutures are 
placed too far superiorly in the posterior capsule, the 
edges of the tear will part as the knee extends. If the 
approximation involves a meniscal rim fragment, the frag-
ment orients the proper placement of the sutures. If repair 
is of a peripheral attachment, pull the meniscus back to as 
near the original meniscocapsular junction as possible.

 n  If the medial meniscal tear extends anteriorly deep to the 
MCL and thus makes inspection and repair through the 
posteromedial arthrotomy difficult, the sutures are best 
placed with arthroscopic techniques (see Chapter 51). 
If one is not skilled in arthroscopic techniques, careful 
longitudinal incisions through the MCL and capsule may 
permit inspection and repair. Great care must be taken to 
avoid injury to the collateral ligament.

 n  If the arthrotomy has extended through the coronary liga-
ment, be sure it is accurately approximated to restore pe-
ripheral stability. With the knee in 45 degrees of flexion, 
close the arthrotomy with multiple interrupted, nonab-
sorbable sutures, advancing and tightening the POL.

 n  Once the arthrotomy has been closed, tie the meniscal su-
tures individually, beginning with the most lateral suture 
and progressing to the most medial.

Tears of the lateral meniscus are treated by techniques 
similar to those described for medial meniscal tears, but 
lateral meniscal tears are more difficult to repair. The pos-
terior horn of the lateral meniscus is exposed through a 
posterolateral capsular incision above the popliteal tendon, 
as described by Henderson (see Chapter 1). The coursing of 
the popliteal tendon through a hiatus in the periphery of the 
lateral meniscus adds to the difficulty. Because of this more 
difficult exposure and suturing, we prefer to repair all lateral 
meniscal tears by arthroscopic techniques.

POSTOPERATIVE CARE Postoperative care is deter-
mined by the size or extent of the tear, whether it is stable 
(not displaceable into the joint) or unstable (displaceable 

into the joint), and whether the repair is combined with a 
ligament reconstruction or other procedure. If the repair 
is not combined with another procedure and the tear is 
small and stable, the knee is placed in a hinged brace 
and immediate range of motion from 0 to 90 degrees is 
permitted. Touch-down weight bearing is permitted im-
mediately, and full weight bearing is permitted at 6 weeks 
when the brace and crutches are discarded. No sports are 
allowed for 3 months. If the repair is not combined with 
other procedures but the tear is sufficiently large to allow 
displacement into the joint, the knee is placed in a hinged 
brace that is locked in full extension for 3 to 4 weeks. Only 
touch-down weight bearing with crutches is permitted. 
At 4 weeks, the hinge mechanism of the brace is adjusted 
and motion from 0 to 90 degrees is begun. The brace is 
worn for 6 weeks and then removed. Weight bearing to 
50% is reached at this point. Crutches can be discon-
tinued at 8 weeks. No sports are allowed for 6 months, 
depending on the success of rehabilitation. If the meniscal 
repair is combined with a reconstructive procedure, such 
as reconstruction of the ACL, motion, brace wear, and 
weight bearing are determined by the postoperative care 
required for the reconstructive procedure.
  

MENISCAL AUTOGRAFTS AND ALLOGRAFTS
Despite the best of efforts, not all meniscal tears can be repaired 
and arthritic changes may develop in the involved knee compart-
ment. Perhaps one of the greatest dilemmas facing orthopaedists 
is the treatment of a young, active, healthy individual with an 
arthritic knee who is not a candidate for a total knee replacement. 
In response to this problem, investigators have studied the use 
of meniscal allografts, autograft fascial material, and synthetic 
menisci scaffolds. Reported results of meniscal allografts are 
mixed, and most studies report only short-term and medium-
term follow-up (Fig. 45.33). Success usually is defined by pain 
relief, improved function, lack of meniscal symptoms, lack of 
rejection, and peripheral healing of the graft. True success will be 

 

A B C
FIGURE 45.32 A, Through posteromedial arthrotomy, multiple interrupted sutures placed 

vertically through periphery of meniscus are spaced every few millimeters and tied outside joint 
capsule. B, Looking down on top of longitudinal tear of meniscus with multiple approximating 
sutures. C, Sutures tied outside capsule, approximating capsule or peripheral meniscal rim to body 
of meniscus. SEE TECHNIQUE 45.1.
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determined by the prevention of arthritis, which will be proved 
only with long-term follow-up. A systematic review of the litera-
ture found that meniscal extrusion was present in most patients 
with meniscal allografts but was not associated with clinical or 
radiographic outcomes. The authors concluded that there is 
some evidence to suggest that meniscal allograft transplantation 
reduces the progression of osteoarthritis; however, the quality of 
the studies was low, with a high risk for bias. A few studies have 
examined the histology and biochemistry of transplants, but this 
research needs further investigation. Long-term success requires 
that the meniscal allografts be histologically, biochemically, and 
biomechanically similar to the native meniscus.

Because of the difficulty in locating, harvesting, and dis-
tributing fresh donor allografts to a size-matched recipient, as 
well as the possibility of disease transmission, fresh menisci 
suitable for allograft implantation have given way to bank-
preserved meniscal allografts. Currently, meniscal allografts 
are preserved in one of four ways: fresh, fresh frozen (deep-
freezing), freeze-dried (lyophilization), and cryopreserved. 
Of these four methods, only cryopreservation has been shown 
to reproducibly maintain a substantially viable cell popula-
tion (10% to 40%). The necessity of preserving viable cells in 
the allograft has been questioned because of animal studies 
showing that allograft is repopulated with host cells.

Preservation techniques also affect the immunogenicity of 
the allograft meniscus. Deep-freezing or freeze-drying of menis-
cal tissue tends to decrease immunogenicity. Cryopreservation 
maintains the content of donor human leukocyte antigen–
encoded antigens and is more sensitizing to the host. Studies 
have demonstrated an immunologic response of the host to the 
transplant, but the clinical significance of this is unknown.

The potential for disease transmission also is affected 
by preservation techniques. Cryopreservation is not consid-
ered a process through which sterilization can be ensured, 
but freeze-drying and gamma irradiation have been shown 
to effectively eliminate the risk of viral transmission. 
Unfortunately, these techniques appear to have the deleteri-
ous effect of graft shrinkage. To eliminate human immuno-
deficiency virus DNA, allograft tissue must be irradiated with 
more than 3 Mrad of gamma irradiation, but exposure to more 
than 2.5 Mrad of irradiation negatively affects the mechanical 

properties of collagen-containing tissues. Consequently, sec-
ondary sterilization with gamma irradiation is not currently 
recommended.

The appropriate candidate for meniscal allograft trans-
plantation should be skeletally mature but too young for TKA 
and have significant knee pain and limited function. All other 
options for medical management of pain, including a thor-
ough trial of conservative therapy and bracing techniques, 
should be exhausted. The cause of meniscal damage must be 
mechanical, not degenerative, and the meniscal damage must 
not be caused by synovial disease. If a nonmechanical dis-
ease state exists, the allograft will fail. The ideal candidate is a 
patient younger than 40 years with an absent or nonfunction-
ing meniscus. On occasion, patients up to 50 years old may 
benefit from transplantation if they are highly active with only 
limited arthritis and are not good candidates for arthroplasty. 
The pain should be localized to the affected compartment 
with activities of daily living or sports. In addition, the patient 
should have normal mechanical alignment, a stable knee, 
and only Outerbridge grade I or grade II articular cartilage 
changes. Contraindications include knee instability or varus-
valgus malalignment, unless these can be corrected. Varus-
valgus malalignment is defined as asymmetry of 2 to 4 degrees 
or more compared with the contralateral knee. Malalignment 
also exists if the weight-bearing line on long-leg alignment 
radiographs falls into the affected meniscus-deficient compart-
ment. ACL reconstructions and osteotomies can be performed 
simultaneously or as staged procedures. Most investigators 
believe that advanced osteoarthritis is an absolute contrain-
dication because of questionable graft survival. Poorer results 
have been reported when meniscal allografts have been used 
in association with osteochondral allograft transplantations, 
ACL reconstructions, and realignment procedures.

Because mostly short-term and medium-term results 
of transplantation of meniscal allografts are available, ques-
tions remain about their survivorship and function. In one 
study the beneficial effects of pain relief and improved func-
tion remained in approximately 70% of the patients at 10 
years after surgery; another study with follow-up of 14 years 
found deterioration of clinical results during follow-up. Bin 
et al. reported a meta-analysis that assessed survival rates in 
patients who had medial or lateral meniscal allograft trans-
plantation with more than 5 years of follow-up. They found 
that 85.8% of medial and 89.2% of lateral meniscal allograft 
transplants survived at midterm (5 to 10 years), while 52.6% 
of medial and 56.6% of lateral transplants survived long term 
(>10 years). Patients with lateral meniscal allograft trans-
plantation demonstrated greater pain relief and functional 
improvement than patients with medial transplantation. A 
more recent meta-analysis found that, regardless of the fol-
low-up period and the scoring system used, patients showed 
continuous clinical improvement, and a systematic review 
of the literature reported patient satisfaction ranging from 
62% to 100% at follow-ups ranging from 3 to almost 12 years. 
Extrusion of the meniscal transplant has been a concern, but 
Lee et al. found no significant differences in clinical outcomes 
in 45 medial and lateral meniscal transplants at a minimum of 
8 years of follow-up. They divided the patients into two groups: 
extrusion (≥3 mm) and nonextrusion (<3 mm) and com-
pared loss of joint space width. They found a greater decrease 
in joint space width in the extrusion group than in the nonex-
trusion group. In a meta-analysis analyzing fixation methods 

 FIGURE 45.33 Meniscal allograft.
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for the meniscal allograft root, Jauregui et al. compared two 
groups: fixation that preserved the graft’s root insertions on 
the allograft bone (bone fixation) and suture fixation of the 
root soft tissue without the allograft bone (soft-tissue suture 
group). No significant differences were found between the 
groups in terms of meniscal allograft tear rates, failure rates, 
Lysholm scores, meniscal extrusion, and visual analogue scale 
pain scores. Van Der Straeten et  al. reported 276 meniscal 
allograft transplants done between 1989 and 2013 in patients 
with a mean age of 33 years, 60% of whom were male. Absent 
to mild cartilage damage was found in 156 cases and mod-
erate to severe in 130. Simultaneous procedures were done 
in 118 patients, including cartilage procedures, osteotomy, or 
ACL reconstruction. At a mean follow-up of 6.8 years, 56.5% 
were in situ, while 27.4% had been removed, including 19.2% 
converted to TKA. At 24.0 years, cumulative allograft survival 
was 15.1%. In patients younger than 35 years at surgery, sur-
vival was significantly better (24.1%) than in those older than 
35 years (8.0%) (p=0.017). Consecutive radiographs showed 
significant osteoarthritis progression at a mean of 3.8 years 
(p<0.0001). Incremental Kellgren-Lawrence grade was +1.1 
grade per 1000 days (2.7 years). Noyes and Barber-Westin 
reported long-term function and survival rates of 69 consecu-
tive medial and lateral bone-meniscus-bone transplants. For 
all transplants, the estimated probability of survival was 85% 
at 2 years, 77% at 5 years, 69% at 7 years, 45% at 10 years, 
and 19% at 15 years. Knees that had a concurrent osteochon-
dral autograft transfer had significantly lower survival rates 
beginning at the seventh year. The factors of articular carti-
lage damage (grade 2B/3 vs. none), patient age (<30 years vs. 
39 to 49 years), and tibiofemoral compartment (medial vs. 
lateral) had no significant effect on the survival, symptom, or 
functional analyses.

Meniscal allografts have not been shown to have a sig-
nificant long-term effect on progressive joint destruction, 
and the patient should have realistic expectations. However, 
pain relief and improvement in function, even if only tempo-
rary, are reasonable expectations. The technique for meniscal 
transplantation is described in Chapter 51. 

OTHER CONDITIONS OF MENISCI
CYSTS OF MENISCI

Meniscal cysts are relatively uncommon, with a reported fre-
quency of approximately 1.5%. Cysts of the lateral meniscus 
(Fig. 45.34) have been estimated to be 3 to 10 times more 
common than cysts of the medial meniscus. Several theo-
ries have been advanced to explain the etiology of meniscal 
cysts, including (1) trauma, which results in contusion and 
hemorrhage within the substance of the meniscus, leading 
to mucoid degeneration; (2) degeneration with age, which 
results in local necrosis and mucoid degeneration into a cyst; 
(3) developmental inclusion of synovial cells within the sub-
stance of the meniscus, or a metaplastic event in which the 
cells secrete mucin and result in cyst formation; and (4) dis-
placement of synovial cells into the substance of the meniscus 
through microscopic tears in the fibrocartilage, which results 
in secretion of acid mucopolysaccharides to form the con-
tents of meniscal cysts. More recently, formation of meniscal 
cysts has been suggested to be related to the influx of syno-
vial fluid through microscopic and macroscopic tears in the 
substance of the meniscus. A number of authors have noted 
a close correlation (nearly 100%) between cyst formation and 
meniscal pathologic conditions, most commonly tears of the 
peripheral portion of the middle third of the lateral menis-
cus. An analysis of 1571 menisci identified 112 with menis-
cal cysts, all of which were associated with a horizontal or 
bucket-handle tear with a peripheral horizontal component.

When located laterally, meniscal cysts usually are palpable 
immediately anterior and proximal to the head of the fibula 
and anterior to the LCL. They usually are firm and apparently 
fixed to the capsular tissue. They contain a clear, gelatinous 
material and usually are multilocular. When of average size, 
they are characteristically more prominent when the knee is 
extended and less prominent when the knee is flexed; small 
cysts may disappear within the joint on flexion (Pisani sign). 
A large, untreated cyst of the lateral meniscus may erode the 
tibial condyle just inferior to the lateral margin of the articu-
lar cartilage and produce a defect visible both radiographi-
cally and at surgery. MRI most clearly defines the cyst and any 
associated meniscal pathologic conditions.

Pain usually is the most prominent symptom and is 
accentuated by activity. The patient may note a mass along 
the lateral joint line, and the mass can vary in size according 
to the degree of activity. If the cyst is associated with a menis-
cal tear, the classic signs are present, such as catching, pop-
ping, snapping, and giving way. In rare cases, larger cysts that 
manifest posteriorly into the popliteal space can be confused 
with popliteal (Baker) cysts.

Treatment of cysts of the meniscus usually requires 
surgery. Rarely will conservative measures—consisting 
of injections or antiinflammatory medications—result 
in more than temporary relief of symptoms. Currently, 
the recommended treatment is arthroscopic partial men-
iscectomy and decompression of the cyst. As such a tear 
is resected, the cyst often is decompressed, which can 

 FIGURE 45.34 Meniscal cyst. Fat-suppressed coronal T2- 
weighted MR sequence shows high-signal intensity meniscal cyst 
(large white arrow) with an associated oblique tear (small white 
arrow) in the body of the lateral meniscus. (From Miller TT: Magnetic 
resonance imaging of the knee. In Scott WN, editor: Insall & Scott surgery 
of the knee, ed 4, Philadelphia, 2006, Churchill Livingstone.) SEE TECH-
NIQUE 45.5.
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be noted by exudation of a gelatinous material into the 
arthroscopic field. If the cyst does not spontaneously 
decompress, the shaver can be passed through the body 
of the meniscus (often through the mid-portion of a hori-
zontal cleavage tear) into the cyst decompressing the cyst 
internally. 

 

ARTHROSCOPIC PARTIAL 
MENISCECTOMY AND 
DECOMPRESSION OF MENISCAL CYST

 TECHNIQUE 45.2 

 n  General or regional anesthesia is used, and standard ar-
throscopy portals are established, with inflow through a 
superomedial parapatellar portal. Inferomedial and infer-
olateral portals are used to pass instruments (see Chapter 
51 for a description of arthroscopic portals).

 n  Carefully probe the meniscus to identify the extent of the 
meniscal tear.

 n  If a radial tear is found, trim it to a stable peripheral rim 
(Fig. 45.35A,B).

 n  If the tear is a stable horizontal tear, resect only the infe-
rior leaf after gently trimming the superior leaf.

 n  Palpate the cyst externally; this may push the cyst material 
into the joint and decompress the cyst, allowing identifi-
cation of the cyst communication.

 n  If this is not successful, introduce a spinal needle percuta-
neously through the cystic mass to help locate the track 
between the cyst and the meniscus. Punch forceps passed 
through the tear and track into the cyst may widen the 
track enough for the contents of the cyst to be evacuated 
into the joint (Fig. 45.35C, inset).

 n  If necessary, insert a small, motorized shaver into the cyst 
to break up loculations, to assist in cystic decompression, 
and to stimulate inflammation and scarring of the cyst and 
its track (Fig. 45.35B, inset). Tesner et al. recommended 
suturing the remnants of the track within the meniscus, 
but Lonner and Parisien did not find this necessary.

 

C

B

A

FIGURE 45.35 A and B, Excision of tears associated with meniscal cysts (see text). C, Decompres-
sion of meniscal cyst with basket-punch forceps.  (A and B from Parisien JS: Techniques in therapeutic 
arthroscopy, New York, 1993, Lippincott-Raven.) SEE TECHNIQUE 45.2.
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A B

Normal site of 
posterior meniscal 

attachment

Lateral meniscofemoral
ligament (Wrisberg)

FIGURE 45.36 A, Wrisberg ligament-type discoid lateral meniscus with knee in flexion. Poste-
rior meniscal tibial attachment is absent. Meniscus is not subluxated. B, With knee in extension, 
meniscus is displaced into intercondylar notch by its attached Wrisberg ligament.

 n  If a peripheral margin of meniscus is left that appears un-
stable, the meniscus can be repaired to the joint capsule 
with an arthroscopically aided technique. The knee is ir-
rigated, and the arthroscopy portals are sutured.

POSTOPERATIVE CARE Immediate full weight bearing 
is allowed, with crutches if necessary, and early isometric 
quadriceps exercises are encouraged.
   

 

EXCISION OF MENISCAL CYST

 TECHNIQUE 45.3 

 n  Examine the knee arthroscopically and carefully inspect 
the meniscus for a tear and the extent of the degenera-
tion.

 n  If the symptoms are of relatively short duration, the sur-
faces of the meniscus and the capsular attachment may 
appear fairly normal. If so, make a small lateral incision 
directly over the cyst and excise the peripheral cyst by 
careful dissection.

 n  A pedicle of the cyst can occasionally be traced into the 
periphery of the degenerated area of the meniscus. Excise 
and freshen the peripheral bed of the meniscus, expose 
the degenerated area to a vascular access channel, and 
suture the peripheral edge of the meniscus carefully to 
the meniscosynovial junction of the capsule with multiple 
interrupted, absorbable sutures.

 n  Immobilize the knee in extension for 4 weeks.

POSTOPERATIVE CARE Postoperative care is as de-
scribed in the section on meniscal suturing (see Technique 
45.1).
  

DISCOID MENISCUS
Discoid meniscus is an uncommon meniscal anomaly that 
occurs more frequently laterally than medially. The reported 
incidence of discoid lateral meniscus has ranged from 26% in 
Japanese and Korean patients to less than 1% in other popu-
lations of patients; the incidence of discoid medial meniscus 
has varied from 0% to 0.3%.

Discoid lateral menisci generally are categorized, accord-
ing to the system of Watanabe et al., as complete, incomplete, 
and Wrisberg type, on the basis of the degree of coverage of 
the lateral tibial plateau and the presence or absence of the 
normal posterior meniscotibial attachment. Complete and 
incomplete types are more common, are disc shaped, and 
have a posterior meniscal attachment. These types usually 
are asymptomatic, with no abnormal motion of the menis-
cus during knee flexion or extension. If an incomplete or 
complete discoid meniscus is torn, symptoms are similar to 
those of any other meniscal tear: lateral joint line tenderness, 
clicking, and effusion. Wrisberg-type discoid menisci can be 
nearly normal in size and shape and have no posterior attach-
ment except the ligament of Wrisberg (Fig. 45.36). When this 
type is not disc shaped, Neuschwander et al. described it as a 
“lateral meniscal variant with absence of the posterior coro-
nary ligament” to distinguish it from a truly discoid menis-
cus. Wrisberg-type discoid menisci often occur at a younger 
age than complete or incomplete types and are unassoci-
ated with trauma. Abnormal motion of this type of discoid 
meniscus results in a popping sound during knee flexion and 
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extension (“snapping knee syndrome”). Instability patterns in 
discoid menisci have recently been recognized in the anterior 
and middle sections.

Discoid medial menisci are much less common than 
discoid lateral menisci, are disc shaped, and are more often 
associated with trauma, usually meniscal tears. Most patients 
with discoid medial menisci have symptoms consistent with 
a medial meniscal tear. Radiographic evidence of discoid 
meniscus usually is absent unless suggested by squaring of 
the lateral femoral condyle, cupping of the lateral tibial pla-
teau, widening of the lateral joint space up to 11 mm, and 
a hypoplastic lateral tibial spine. The diagnosis may not be 
made before surgery unless MRI is used.

TREATMENT
An intact, complete or incomplete discoid meniscus seen 
as an incidental finding at arthroscopy or arthrotomy does 
not necessarily require treatment. However, it is unknown 
how many patients left untreated eventually develop tears or 
degeneration within the meniscus. The proper treatment must 
be selected for each patient, and unless a stable, complete or 
incomplete discoid meniscus has caused grooving, chondro-
malacia changes, or other pathologic conditions within the 
compartment, treatment probably should be deferred.

Tears of complete or incomplete discoid menisci that 
cause pain, popping, and snapping within the knee and that 
show a hypermobile medial segment but intact peripheral 
attachments are best treated by subtotal meniscectomy or a 
so-called saucerization of the mobile fragment. This can be 
done either by arthroscopic techniques (see Chapter 51) or 
through an arthrotomy. If a symptomatic meniscus is sau-
cerized in a young child, the increased vascularity in the 
immature meniscus has been suggested to result in adap-
tive changes within the remaining peripheral rim as growth 
and joint function continue, and a stable, healthy, and use-
ful meniscal rim may develop. Attempts should be made to 
preserve intact a 6- to 8-mm rim of meniscal tissue. Short-
term results are favorable, but Ahn et al. reported that in 38 
children (48 knees) with a mean age of 9.9 years, degener-
ative changes had occurred in 23% of those managed with 
saucerization alone, in 39% of those managed with partial 
meniscectomy with repair, and in 88% of those managed with 
subtotal meniscectomy at 10-year follow-up. Patient age has 
been shown to be an important prognostic factor; patient-ori-
ented outcomes worsen with increasing age.

For a Wrisberg-type discoid meniscus, which lacks an ade-
quate posterior tibial attachment, the treatment generally is total 
meniscectomy, either open or arthroscopic. With this lesion, 
subtotal meniscectomy alone leaves an unstable rim of menis-
cus that is certain to cause future problems. Although total 
meniscectomy of a nondiscoid lateral meniscus may lead to 
progressive osteoarthrosis in children and adults, children with 
discoid menisci seem less prone to these degenerative changes. 

ACUTE TRAUMATIC LESIONS OF 
LIGAMENTS
GENERAL CONSIDERATIONS
Biomechanical loading, scanning electron microscopy, and 
high-speed photography have shown that ligaments fail by a 
progressive, serial, and sequential mechanism of microfiber 

failure. Single collagen fibers are not extensible and begin to 
fail at 7% to 8% elongation. The number of disrupted collagen 
fibers in the ligament determines whether it is functionally 
or morphologically disrupted. Investigators have shown that 
gross morphologic continuity may exist in a ligament after the 
yield point, the indicator of complete failure, has occurred. 
Complete disruption with loss of continuity requires extreme 
joint displacement. Visual observation of ligament integrity 
at the time of surgery is an inadequate indicator of (1) extent 
of the failure, (2) damage to the blood supply to the ligament, 
(3) residual elongation, or (4) future functional capabilities. 
Complete rupture of isolated ligaments is rare without dam-
age to other structures because the extreme joint displace-
ment required to disrupt a ligament completely must produce 
at least some disruption in the other supporting structures. 

ETIOLOGY
Knee ligaments often are injured in athletic activities, espe-
cially those involving contact, such as American football. 
Skiing, ice hockey, gymnastics, and other sports also can pro-
duce enough sudden stress to disrupt knee ligaments. Motor 
vehicle accidents, especially those involving motorcycles, are 
common causes of knee ligament disruptions (e.g., a passen-
ger’s flexed knee strikes the automobile dashboard on impact, 
tearing the PCL). Ligament disruption can occur without a 
fall or direct contact when sudden, severe loading or tension 
is placed on the ligaments, such as when a running athlete 
plants a foot to suddenly decelerate or change directions. 

MECHANISM
Four mechanisms have been described as capable of disrupt-
ing the ligamentous structures around the knee: (1) abduc-
tion, flexion, and internal rotation of the femur on the tibia; (2) 
adduction, flexion, and external rotation of the femur on the 
tibia; (3) hyperextension; and (4) anteroposterior displacement.

By far the most common mechanism is abduction, flex-
ion, and internal rotation of the femur on the tibia when the 
weight-bearing leg of an athlete is struck from the lateral 
aspect by an opponent. This mechanism results in an abduc-
tion and flexion force on the knee, and the femur is rotated 
internally by the shift of the body weight on the fixed tibia. 
This mechanism produces injury on the medial side of the 
knee, the severity of which depends on the magnitude and 
dissipation of the applied force. When abduction, flexion, 
and internal rotation of the femur on the tibia occur, the 
medial supporting structures—the MCL and the medial cap-
sular ligament—are the initial structures injured. If the force 
is of sufficient magnitude, the ACL also can be torn. The 
medial meniscus may be trapped between the condyles of the 
femur and the tibia, and it may be torn at its periphery as the 
medial structures tear, thus producing “the unhappy triad” 
of O’Donoghue. The mechanism of adduction, flexion, and 
external rotation of the femur on the tibia is much less com-
mon and produces the primary disruption laterally. Again, 
the severity of the disruption depends on the magnitude and 
dissipation of the force applied. The LCL usually is disrupted 
initially, and, depending on the magnitude of the trauma and 
displacement, the capsular ligaments, the arcuate ligament 
complex, the popliteus, the iliotibial band, the biceps femo-
ris, the common peroneal nerve, and one or both cruciate 
ligaments may be disrupted. Force directed to the anterior 
aspect of the extended knee, a hyperextension mechanism, 
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usually injures the ACL, and if the force continues or is 
severe, stretching and disruption of the posterior capsule and 
PCL may result. Anteroposterior forces applied to either the 
femur or the tibia, such as the tibia striking a car dashboard, 
can cause injuries to either the ACL or the PCL, depending on 
the direction of the tibial displacement.

The incidence and mechanism of so-called isolated liga-
ment disruption continue to be debated. As previously stated, all 
the supporting structures around the knee function in concert, 
and probably no single ligament can be disrupted without some 
degree of injury being sustained to other supporting structures. 
Injury to the other structures may be minimal and thus may heal 
with conservative measures, leaving what is apparently an isolated 
injury to clinical examination. This is most common with the 
ACL. Mechanisms reported as possibly able to disrupt the ACL 
with minimal injury of other supporting structures are hyperex-
tension, marked internal rotation of the tibia on the femur, and 
pure deceleration. Isolated posterior cruciate disruption can result 
from a direct blow to the front of the tibia with the knee flexed. 

LIGAMENT HEALING
The ability of a torn ligament to heal depends on a variety 
of factors, including anatomic location, presence of associ-
ated injuries, and selected treatment modality, as well as vari-
ous systemic and local factors. Clinically, a grade I or grade 
II MCL injury will heal within 11 to 20 days, but a grade III 
MCL tear may take years to heal.

The healing process can be roughly divided into four overlap-
ping phases: hemorrhage, inflammation, repair, and remodeling. 
The process can be described on the basis of histologic, biochem-
ical, and biomechanical events. After a midsubstance tear of the 
MCL, the hemorrhage phase begins with blood flowing into the 
space created by the retracting ligament ends, forming a hema-
toma. The inflammatory phase follows when inflammatory and 
monocytic cells migrate into the injury site, converting the clot 
into granulation tissue and phagocytosing the necrotic tissue. 
Within 2 weeks, a network of immature, parallel collagen fibers 
replaces the granulation tissue. The inflammatory phase ends 
with the reparative phase and begins with the formation of extra-
cellular matrix in a random pattern. This phase begins within 5 
to 7 days after injury and lasts for several weeks. New blood ves-
sels begin to form, and fibroblasts continue to produce extracel-
lular matrix. The final phase, remodeling, overlaps the reparative 
phase; it begins several weeks after injury and lasts months or 
even years. Collagen fibers align along the long axis of the liga-
ment, resulting in increased maturation of the collagen matrix. 
The progressive alignment of the fibers has been shown to cor-
relate directly with an improvement in the biomechanical prop-
erties of the ligament. Although the healing ligament appears to 
grossly resemble the normal original ligament, long-term animal 
studies have demonstrated that the histologic and morphologic 
appearance is different. Compared with the noninjured ligament, 
the healing tissue has an increased number of collagen fibrils, and 
their diameter and masses are smaller. Furthermore, the “crimp-
ing” patterns within the healing ligament remain abnormal for 
up to 1 year, and the collagen alignment remains poor.

Biochemical analysis of the healing process reveals changes 
in collagen fiber type and distribution. Early in the process 
there is a greater proportion of type III fibers, but the ratio 
returns to normal after 1 year. Although the healing ligament 
shows an increased number of collagen fibers, the number of 
mature collagen crosslinks is only 45% of the normal value after 

1 year. Ligament healing also can be studied biomechanically. 
Functional testing determines the contribution of the ligament 
to knee kinematics, as well as the in situ forces in the ligament in 
response to external loads. Tensile testing assesses the structural 
and mechanical properties of the ligament. Weiss et al. showed 
that the biomechanical properties of a healing MCL remain 
inferior to those of an intact ligament for as long as 1 year after 
injury. Although the stiffness approaches normal levels, the 
ultimate load to failure is still significantly lower than normal. 

CLASSIFICATION
According to the American Medical Association handbook, 
Standard Nomenclature of Athletic Injuries, a sprain is defined as 
an injury limited to ligaments (connective tissue attaching bone 
to bone) and a strain as a stretching injury of muscle or its tendi-
nous attachment to bone. Sprains are classified into three degrees 
of severity. A first-degree sprain of a ligament is defined as a tear 
of a minimal number of fibers of the ligament with localized 
tenderness but no instability; a second-degree sprain, as a dis-
ruption of more ligamentous fibers with more loss of function 
and more joint reaction with mild-to-moderate instability; and 
a third-degree sprain, as a complete disruption of the ligament 
with resultant marked instability. These often are classified as 
mild, moderate, and severe for first-, second-, and third-degree 
sprains, respectively. Third-degree sprains, that is, those demon-
strating marked instability, can be further graded by the degree 
of instability demonstrated during stress testing. With 1+ insta-
bility, the joint surfaces separate 5 mm or less; with 2+ instability, 
they separate 5 to 10 mm; and with 3+ instability, they separate 
10 mm or more. A standardized classification is important for 
accurate communication, and although it obviously is not always 
precise, it does provide a workable scale for clinical purposes.

The treatment of first-degree sprains is symptomatic only; a 
person with a first-degree sprain usually can return to full activ-
ity within a few days. Second-degree sprains with moderate 
local injury and joint reaction but without pronounced insta-
bility can be treated conservatively, but the ligament needs pro-
tection. A return to vigorous activity must be delayed until the 
inflammatory reaction has subsided and rehabilitation has been 
completed. A functional brace that restricts motion through 
certain arcs can provide protection. Third-degree sprains with 
complete disruption of the ligament may require surgical repair 
unless there is a specific contraindication. The restoration of 
both anatomic structure and normal tension should be the goal 
of ligament repair. Surgical results, as a rule, are superior to 
conservative results in third-degree sprains, especially on the 
lateral side. Isolated third-degree sprains of collateral ligaments 
can be treated nonsurgically in specific circumstances with 
results comparable to those of surgical repair. These indications 
are discussed in the section on treatment of acute MCL injuries. 

DIAGNOSIS
HISTORY AND PHYSICAL EXAMINATION

With a careful history and physical examination, an acute 
injury to a knee ligament usually can be localized and clas-
sified and graded according to its severity. The history of the 
mechanism of injury is always important and usually can be 
obtained through careful questioning. Information about pre-
vious difficulty or injury assists in the evaluation. The position 
of the knee at the time of the injury, the weight-supporting 
status, the force applied (either direct and external or indirect 
and generated by the patient’s momentum), and the position 
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of the extremity after the injury are all important. The patient’s 
description of the experience at the time of injury may be 
valuable as the following are described: the knee’s buckling or 
jumping out of place; an audible pop; the location, severity, 
and relative time at onset of pain; the ability to walk after the 
injury occurred; the sensation of stability or instability once 
walking was attempted; the freedom of motion, both active 
and passive, of the knee after the injury; and the rapidity and 
localization of swelling. In regard to the last point, intraarticu-
lar swelling or effusion within the first 2 hours after trauma 
suggests hemarthrosis, whereas swelling that occurs overnight 
usually is an indication of acute traumatic synovitis.

The physical examination should be complete, precise, 
systematic, and carried out as soon after the injury as possible 
to minimize problems of severe swelling, tense effusion, and 
involuntary muscle spasm.

Both lower extremities should be undressed completely for 
examination to allow comparison of the position or attitude 
assumed by the injured extremity and to detect deformity, includ-
ing a variation in the position of the patella. Areas of ecchymosis 
and large effusions are readily noted, although smaller effusions 
may require careful palpation. Hemarthrosis suggests rupture of 
a cruciate ligament, an osteochondral fracture, a peripheral tear 
in the vascular portion of a meniscus, or a tear in the deep por-
tion of the joint capsule. A nonbloody effusion suggests an irrita-
tive synovitis that may be caused by a degenerative meniscus or a 
chronic process with no superimposed acute injury. The absence 
of a hemarthrosis does not necessarily indicate a less severe liga-
ment injury because severe disruptions often cause only mini-
mal joint distention. The disruption may be so complete that the 
blood escapes into the soft tissues of the popliteal space rather 
than distending the joint. The presence of muscle atrophy is espe-
cially important when the examination is done several days after 
injury. The circumference of the distal thigh near the middle of 
the vastus medialis should be compared with the normal thigh, 
because the musculature, especially the quadriceps, undergoes a 
rapid reflex atrophy after a significant disorder around the knee. 
The range of motion of the joint, especially full extension, should 
be compared with that of the opposite, uninjured knee. A tense 
hemarthrosis or effusion can prevent full extension and should 
be evacuated; this leaves an entrapped meniscus as the most 
common cause of incomplete extension after injury.

Palpation of the collateral ligaments and their bony attach-
ments should locate tenderness at the point of ligament injury. 
A defect in the ligament occasionally is palpable if the exami-
nation is carried out immediately after the injury. A palpable 
defect is most likely when the tibial insertion of the MCL or 
the LCL is torn. On occasion, an area of crepitation can be pal-
pated from localized hematoma at the site of ligament disrup-
tion. Finally, after the neurovascular status has been assessed, 
stability should be determined by stress testing.

Evaluation for stability of the knee usually is easy when the 
examination is done immediately after the injury and before the 
onset of the protective involuntary muscle spasm. When it is 
performed at a much later time, evaluation is much more dif-
ficult and under some circumstances may require anesthesia. 
When anesthesia is required to evaluate joint stability, we prefer 
general anesthesia unless it is contraindicated. Other investiga-
tors have infiltrated the areas of injury with a local anesthetic 
or used the Bier intravenous block technique, but we have had 
little experience with these methods. Successful stress testing 
sometimes is possible even several hours or several days after 

injury if the examiner explains the test and reassures the patient 
that the pain will be minimal so that the patient can at least par-
tially relax and cooperate. The uninjured knee is best examined 
first to evaluate the normal laxity for a baseline. Beginning with 
the nonpainful, normal knee also tends to instill confidence in 
the patient if the examination is unhurried and gentle but firm. 
If adequate evaluation of stability is not possible, it is prefera-
ble to proceed with MRI rather than further traumatizing the 
patient. We believe that an MRI should be obtained with all 
suspected ligamentous injuries or hemarthroses. Examination 
under anesthesia also should be performed at the time of sur-
gery to establish the degree of instability and guide the repair or 
reconstruction.

Commercially available stress-testing arthrometers are 
available and can measure the varus or valgus opening of the 
joint or its anterior or posterior translation. These devices are 
no substitute for careful clinical examination but are useful in 
measuring the degree of instability. They are most helpful in a 
chronically unstable joint. Muscle spasm and guarding in an 
acutely injured knee can mask instability the same as during 
clinical examination.

STANDARD STRESS TESTS
In stress testing for disruptions of ligaments around the knee, 
the quality of the “end point” of the test varies from “hard,” 
implying a firm, definite stop, to “soft or mushy,” a less distinct 
and less sudden stop. This aspect of stress testing is subjective, 
and its usefulness depends on the experience and knowledge 
of the examiner.

Abduction (Valgus) Stress Test. The abduction, or val-
gus, stress test is done with the patient supine on the exam-
ining table. Again, the opposite, normal extremity should 
be examined initially to gain the patient’s confidence and to 
establish a baseline of the patient’s normal ligamentous tight-
ness. The knee to be examined is placed on the side of the table 
next to the examiner. The extremity is abducted off the side of 
the table, and the knee flexed approximately 30 degrees (Fig. 
45.37A). One of the examiner’s hands is placed around the 
lateral aspect of the knee, with the other hand supporting the 
ankle. Gentle abduction or valgus stress is applied to the knee 
while the hand at the ankle externally rotates the leg slightly. 
Stability with the knee flexed to 30 degrees is observed. The test 
is repeated several times in this position up to the point of pro-
ducing mild pain. The knee is brought into full extension, and 
the gentle rocking or valgus stressing is repeated with a gentle 
swinging motion. It is a mistake to grasp the leg and forcibly 
abduct it enough to be markedly painful; rarely will the patient 
cooperate or relax for subsequent examinations. As an alterna-
tive, the patient’s ankle can be placed in the examiner’s axilla, 
with the examiner then placing one hand on each side of the 
knee near the joint line and gently producing a rocking motion 
as described previously; the available hand is used to palpate 
the medial ligaments and joint line to help assess the degree of 
instability. Opening on valgus stress at full extension suggests 
concomitant injury to the POL and either the ACL or PCL. 

Adduction (Varus) Stress Test. The adduction, or varus, 
stress test is performed in a manner similar to the valgus stress 
test, and this test also is done after the normal knee has been 
examined. Adduction stress is applied by changing the hand to 
the medial side of the knee and applying an adduction force (Fig. 
45.37B). The examination should be done with the knee both 
in full extension and in 30 degrees of flexion. In addition, with 
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the patient’s hip abducted and externally rotated and the knee 
flexed, the heel of the injured leg is placed on the opposite knee 
in a figure 4 position and the lateral aspect of the knee is palpated 
for a taut, narrow band consisting of the LCL. When the LCL is 
torn, this band is not as prominent as on the uninjured side.

The degree of instability depends on the structure or 
structures torn, the severity of the tears, and whether the knee 
is stressed in flexion or extension. When a collateral ligament 
is torn and the knee is tested in extension, the intact cruci-
ate ligaments and posterior capsule are taut and little abduc-
tion or adduction instability is detectable. When the knee 
is tested in flexion, which relaxes the posterior capsule, the 

same ligamentous laxity results in a much greater degree of 
instability. Abduction or adduction stress testing in extension 
that reveals significant varus and valgus instability suggests 
cruciate ligament disruption in addition to collateral ligament 
disruption (Fig. 45.37C). 

Anterior Drawer Test. With the patient supine on the 
examining table, the hip is flexed to 45 degrees and the knee 
to 90 degrees, with the foot placed on the tabletop. The dor-
sum of the patient’s foot is sat on to stabilize it, and both hands 
are placed behind the knee to feel for relaxation of the ham-
string muscles (Fig. 45.38). The proximal part of the leg then 
is gently and repeatedly pulled and pushed anteriorly and 

 

A

B

C

FIGURE 45.37 A to C, Abduction and adduction stress testing (see text).

 

A

Hamstring
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B

FIGURE 45.38 A and B, Anterior drawer test (see text).
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posteriorly, noting the movement of the tibia on the femur. 
The test is done in three positions of rotation, initially with 
the tibia in neutral rotation and then in 30 degrees of exter-
nal rotation and finally 30 degrees of internal rotation. The 
examiner should be aware that internal rotation to 30 degrees 
may tighten the posterior cruciate enough to obliterate an 
otherwise positive anterior drawer test result (Figs. 45.39 and 
45.40). The degree of displacement in each position of rota-
tion is recorded and compared with the normal knee.

An anterior drawer sign 6 to 8 mm greater than that of the 
opposite knee indicates a torn ACL. However, before applying 
anterior drawer stress, the examiner must make sure that the 
tibia is not sagging posteriorly as a result of laxity of the PCL. 
In such knees, an apparent sign of anterior drawer instability 
simply may be the return of the tibia to the neutral starting 
point; posterior instability frequently is misdiagnosed because 
of this fact. Perceived anterior translation may be the move-
ment of the tibia from a posteriorly subluxated position back 
to neutral rather than true anterior displacement. The rela-
tionship of the anterior medial femoral condyle to the ante-
rior medial tibia should be noted. When the PCL is intact, the 
medial tibia should extend 5 to 10 mm anterior to the medial 
femoral condyle. Even if an anterior drawer sign is not accom-
panied by a pivot shift phenomenon, a PCL insufficiency exists 
until proved otherwise. Any tendency of one tibial plateau to 
rotate abnormally should be noted as the test is carried out.

In an acutely painful knee, it may not be possible to carry 
out the anterior drawer test in the conventional 90-degree 
flexed position. Small degrees of anterior translation of the 
tibia on the femur may be detected better in the relatively 
extended position, in which the “doorstop” effect of the pos-
terior horn of the menisci is negated (Fig. 45.41). 

Lachman Test. The Lachman test can be useful if the 
knee is swollen and painful and is the preferred test for ACL 
injury. The patient is placed supine on the examining table 
with the involved extremity to the examiner’s side (Fig. 45.42). 
The involved extremity is positioned in slight external rota-
tion with the knee between 15 and 20 degrees of flexion; the 
femur is stabilized with one hand, and firm pressure is applied 
to the posterior aspect of the proximal tibia, which is lifted for-
ward in an attempt to translate it anteriorly. A positive grade 1 
Lachman test produces 1 to 5 mm of anterior translation com-
pared to the uninjured knee. A grade 2 moves 6 to 10 mm, and 
grade 3 is more than 10 mm of displacement compared to the 
opposite knee. Further subclassification adds an “A” for a firm 
or hard endpoint and a “B” for soft endpoint. The position of 
the examiner’s hands is important in doing the test properly. 
One hand should firmly stabilize the femur while the other 
grips the proximal tibia in such a manner that the thumb lies 
on the anteromedial joint margin. When an anteriorly directed 
lifting force is applied by the palm and the fingers, anterior 
translation of the tibia in relation to the femur can be palpated 
by the thumb. Anterior translation of the tibia associated with 
a soft or a mushy end point indicates a positive test result.

The hamstrings must be relaxed (any tension in them will 
prevent anterior translation of the tibia). The patient must be 
supine and relaxed because the sitting position rotates the 
pelvis and places the hamstrings on stretch. The fingers of the 
examiner’s hand on the femur should palpate the tension in 
the hamstrings so that he or she can feel when the hamstrings 
relax and the fingers “sink” into the posterior thigh. The hand 
on the tibia should rapidly accelerate the tibia anteriorly and 
feel for the ACL snapping tight much like a short 30-mm sec-
tion of rope might feel when snapped tight with rapid distrac-
tion. This is a short, rapid acceleration. The examiner should 
feel for the firm, hard endpoint rather than looking only for 
excursion. The displacement may be only 5 mm, which is dif-
ficult to appreciate visually in a large knee.

When viewed from the lateral aspect, a silhouette of the 
inferior pole of the patella, patellar tendon, and proximal tibia 
shows slight concavity. With disruption of the ACL, anterior 
translation of the tibia obliterates the patellar tendon slope.

Other tests for anterior instability combined with a rotary 
element are discussed later. 

Posterior Drawer Test. The posterior drawer test is done 
with the patient supine and the knee flexed to 90 degrees; 
the foot is secured to the table by sitting on it. A posterior 
force is applied on the proximal tibia, which is opposite 
but similar to the force applied in the anterior drawer test. 
Posterior movement of the tibia on the femur shows posterior 
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FIGURE 45.39 Anterior drawer test. A, In resting position, tibial plateau is held in normal posi-
tion by intact posterior cruciate ligament. B and C, With anterior cruciate insufficiency, tibia can 
be pulled forward against force of gravity and tone of flexors. ER, external rotation; IR, internal 
rotation; NR, neutral rotation.

 FIGURE 45.40 Anterior drawer test.
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instability compared with the normal tibia. It is sometimes 
difficult to interpret whether the tibia is abnormally moving 
too far anteriorly or too far posteriorly. Careful attention to 
the neutral position or unstressed reduction point prevents 
misinterpretation. Both knees are placed in the position to 
perform a posterior drawer test, and a thumb is placed on 
each anteromedial joint line (Fig. 45.43). Loss of the normal 
1-cm anterior stepoff of the medial tibial plateau with respect 
to the medial femoral condyle indicates a torn PCL. As with 
the anterior drawer test, any abnormal rotation of the tibial 
condyles is noted as the posterior drawer is tested (Fig. 45.44). 
To further evaluate stability, the patient’s hips are positioned 
90 degrees in the supine position and the knees are flexed to 
90 degrees while the heels of each extremity are supported in 
the examiner’s hands. If posterior instability is present, the 
examiner, by sighting across the horizon of the flexed knees, 
will note that the tibia sags visibly posteriorly from the effects 
of gravity (Fig. 45.45). This test also should be done with the 
patient prone and the knee flexed to 90 degrees. The examiner 
should observe for presence of the posterior drawer sign and 

for rotation of the foot, which would indicate a rotary com-
ponent as well.

Frequently, when an anterior or a posterior drawer test is 
performed, increased excursion in the anteroposterior direc-
tion is misinterpreted as presence of the anterior drawer sign 
when in fact the PCL has been torn. The examiner does not 
recognize that the anterior movement arises from a position 
of posterior subluxation to neutral instead of from neutral 
to anterior displacement. This misinterpretation can be pre-
vented by careful palpation of the relationship between the 
femur and tibia of both knees simultaneously. Both knees 
are placed in the position for a posterior drawer test, with 
the patient supine, the hips flexed 45 degrees, and the knees 
flexed 90 degrees. A thumb is placed on the anteromedial 
joint line of each knee. Normally, the anterior aspect of the 
tibia can be palpated as a 10-mm anterior stepoff in relation 
to the anterior aspect of the medial femoral condyle. A poste-
rior drop back with decreased prominence of the tibial mar-
gin compared with the opposite knee indicates injury to the 
PCL. When the anteromedial tibia is flush with the medial 
femoral condyle, there is approximately 10 mm of posterior 
drop back, indicating a grade II laxity.

The presence of a relatively hard endpoint on both the 
anterior and posterior drawer tests may be a result of the pos-
terior capsule snapping tight, and the examiner should always 
consider the amount of excursion that has occurred relative 
to the normal knee. Some clinicians believe that the poste-
rior horn of the medial meniscus also may be responsible for 
an endpoint on the anterior drawer acting much like a chock 
block. 

Quadriceps Active Test. With the patient supine, the 
relaxed limb is supported with the knee flexed to 90 degrees 
in the drawer test position (Fig. 45.46). Adequate support of 
the thigh is important so that the patient’s muscles are com-
pletely relaxed. The patient makes a gentle quadriceps con-
traction to shift the tibia without extending the knee. At this 
90-degree angle, the patellar ligament in the normal knee is 
oriented slightly posterior and contraction of the quadriceps 
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FIGURE 45.41 A, With knee flexed to 90 degrees for classic anterior drawer sign, medial 
meniscus, being attached to tibia, abuts against acutely convexed surface of medial femoral condyle 
and has “doorstop” effect, preventing or hindering anterior translation of tibia. B, With knee 
extended, relationships are changed. Comparatively flat weight-bearing surface of femur does 
not obstruct forward motion of meniscus and tibia when anterior stress is applied.

 FIGURE 45.42 Lachman test for anterior cruciate instability.
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does not result in an anterior shift. If the PCL has ruptured, 
the tibia sags into posterior subluxation and the patellar lig-
ament is then directed anteriorly. Contraction of the quad-
riceps muscle in a knee with a PCL deficiency results in an 
anterior shift of the tibia of 2 mm or more. 

ROTARY TESTS
Slocum Anterior Rotary Drawer Test. As described in 

the discussion of the anterior drawer test, Slocum demonstrated 
that varying the rotation of the tibia on the femur as the ante-
rior drawer test is done is valuable in determining rotational 
instability of the knee. The degree of anterior displacement of 
the tibia on the femur is noted and recorded as the test is done 
in 15 degrees of internal rotation, 30 degrees of external rota-
tion, and neutral rotation (see Fig. 45.40). A positive anterior 
drawer test result in neutral tibial rotation that is accentuated 
when the test is repeated in 30 degrees of external tibial rotation 
and reduced when it is performed with the tibia in 15 degrees of 
internal rotation indicates anteromedial rotary instability. The 
opposite indicates anterolateral rotary instability. 

Jerk Test of Hughston and Losee. Several methods of 
this test have been described. In Hughston’s method, with 
the patient supine, the lower extremity is supported by the 
examiner while the knee is flexed to 90 degrees and the tibia 
is rotated internally. When the right knee is being examined, 
the foot is grasped with the right hand and the tibia is inter-
nally rotated while valgus stress is exerted with the left hand 
over the proximal end of the tibia and fibula. The knee is then 
extended gradually, maintaining the internal rotation and 
valgus stress (Fig. 45.47). When the test result is positive, the 
lateral tibia spontaneously subluxes forward in the form of a 
sudden jerk at approximately 30 degrees of flexion. 

Lateral Pivot Shift Test of Macintosh. With the knee 
extended, the foot is lifted and the leg internally rotated, 
and a valgus stress is applied to the lateral side of the leg in 
the region of the fibular neck with the opposite hand. The 
knee is flexed slowly while valgus and internal rotations are 
maintained. With the knee extended and internally rotated, 
the tibia is subluxed anteriorly. As the knee is flexed past 
approximately 30 degrees, the iliotibial band passes posterior 
to the center of rotation of the knee and provides the force 
that reduces the lateral tibial plateau on the lateral femoral 
condyle.

An isolated tear of the ACL produces only a small sub-
luxation; greater subluxation occurs when the lateral capsular 
complex or semimembranosus corner also is deficient. Severe 

valgus instability may make this test difficult to do because of 
lack of medial support.

The pivot shift is tested while the knee is moved from 
extension to flexion, and the jerk test is elicited while the knee 
is moved from flexion to extension.

All of the forces applied to the knee by the examiner’s 
hands should be gentle but firm. Forceful gripping of an 
acutely injured knee and application of vigorous stress usually 
causes apprehension and guarding on the part of the patient, 
negating the exam. If one successful subluxation is accom-
plished in this scenario, it usually is painful, and the patient 
will not relax for a second attempt.

Slocum reported that more subtle degrees of rotary instabil-
ity can be detected if the test is carried out as follows. The patient 
is placed in a lateral decubitus position with the affected side up 
(Fig. 45.48). The patient’s pelvis is placed 30 degrees posteriorly, 
and the medial side of the foot is placed on the firm examining 
table with the knee in full extension. This position eliminates 
the rotational effects of the hip, allows the knee to fall into a 
valgus position, and internally rotates the tibia on the femur.  

 FIGURE 45.43 Posterior drawer testing (see text).
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FIGURE 45.44 Transverse section of knee joint showing rota-
tional movement of tibia on femur during posterolateral and poste-
rior drawer tests. A, With posterolateral instability, tibia rotates 
posteriorly and laterally around axis in intact posterior cruciate 
ligament. B, With combined posterior cruciate and posterolateral 
instability, tibia subluxates posteriorly and knee joint shows increase 
in posterolateral subluxation.
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A thumb is placed on each of the femoral and tibial sides of the 
joint posteriorly, and an index finger is placed across the joint 
anteriorly. The knee is then pressed gently forward into flexion. 
A test result is positive if reduction occurs as the knee passes 
the 25- to 45-degree range of flexion. This may occur smoothly 
or as a sudden palpable and occasionally audible repositioning. 
In our experience, lesser degrees of instability are detected by 
Slocum’s method, which also is not as likely to be painful. 

Flexion-Rotation Drawer Test. Noyes described a flex-
ion-rotation drawer test that in his opinion is more reliable 
than the anterior drawer test in detecting anterior cruciate 
insufficiency. It tests anterior cruciate function in two planes, 
the anteroposterior and femoral rotation, and the result is 
positive when other test results for anterior cruciate function 
are negative (e.g., pivot shift). It combines the features of the 
Lachman test and the Hughston pivot shift test.

The test is carried out in the following manner (Fig. 45.49). 
With the patient supine and the knee at 0 degrees (not hyper-
extended), the leg is lifted upward, with the femur allowed to 
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FIGURE 45.45 “Posterior drawer” often is mistaken for “anterior drawer” because tibia sags posteri-
orly and appears to move abnormal distance forward when examiner tests for anterior drawer phenom-
enon. A, “Posterior sag” of right tibia is obvious compared with normal silhouette of healthy knee joint. 
B, Tibial sag in resting position. If patient starts to raise the foot from this position, pull of quadriceps 
first displaces tibia anteriorly into neutral position until anterior cruciate ligament is tight (C). Only then 
is foot raised from table (D). ER, External rotation; IR, internal rotation; NR, neutral rotation.  (A, C, and 
D from Müller W: The knee: form, function, and ligamentous reconstruction, New York, 1983, Springer-Verlag.)

 FIGURE 45.46 Quadriceps active test for posterior cruciate ligament deficiency (see text).  (From Veltri 
DM, Warren RF: Isolated and combined posterior cruciate ligament injuries, J Am Acad Orthop Surg 1:67, 1993.)

 FIGURE 45.47 Jerk test, or lateral pivot shift test.  (Courtesy J. 
C. Hughston, MD; redrawn.)
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fall back and to rotate externally. This results in anterolateral 
tibial subluxation as the starting position for the test. While 
the knee is flexed, the tibia moves backward and the femur 
rotates internally, causing the joint to reduce when the test 
result is positive. Mild valgus stress and anterior pressure on 
the upper calf applied by the examiner’s hand can be done to 
elicit a positive test result. This test often can be performed 
gently without significant pain and subsequent guarding. 

External Rotation-Recurvatum Test. In addition to the 
ordinary evaluation of recurvatum in an injured and unin-
jured knee, the external rotation-recurvatum test can be done 
as follows to detect abnormal external rotation of the tibia on 
the femur associated with or in combination with excessive 
recurvatum. This test is done with the patient supine, and the 
result is compared with the normal knee. The knee is moved 
from about 10 degrees of flexion to maximal extension while 
external rotation of the proximal end of the tibia, as well as the 
amount of recurvatum, is observed and palpated. The test result 
is positive if excessive rotation and recurvatum with a subtle 
apparent varus deformity occur. A markedly positive test result 
indicates that the PCL, posterolateral corner, and LCL are torn. 
Hughston described doing this test by simultaneously lifting 
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FIGURE 45.49 A and B, Flexion-rotation drawer test for anterior 

cruciate ligament insufficiency (see text).  (Courtesy F. R. Noyes, MD.)

 

A

C

B

FIGURE 45.48 Lateral pivot shift test. A, Position of patient for test on right knee. Weight of 
right lower extremity is borne on right heel. B, Same position viewed from above. Right thumb of 
examiner is placed behind fibular head, and index finger palpates anterior aspect of subluxated 
lateral tibial plateau. Left thumb is placed behind lateral femoral condyle (see text). C, With knee 
unsupported in valgus and tibia internally rotated on femur, knee is flexed by pushing anteriorly 
with both thumbs. Tibia is reduced from its anteriorly subluxated position by tension of iliotibial 
band as knee reaches 25 to 45 degrees of flexion. Reduction should be readily palpable.
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FIGURE 45.50 A and B, External rotation-recurvatum test (see text).  (Courtesy J.C. Hughston, 
MD.)

each extremity by the great toe and noting the degree of recur-
vatum and rotation of the tibia that occur on the normal and 
the abnormal side as the maneuver is performed (Fig. 45.50). 

Reverse Pivot Shift Sign of Jakob, Hassler, and 
Stäubli. This sign is present in patients with acute or chronic 
posterolateral instability of the knee. The lateral tibial plateau 
shifts from a position of posterior subluxation to a position of 
reduction as the flexed knee is extended under valgus stress 
and with the foot held in external rotation. The plateau sub-
luxates again as the knee is flexed in the opposite manner. The 
maneuver produces discomfort and simulates the feeling of 
giving way to the patient. Although similar to the true pivot 
shift on first inspection, it can be clearly distinguished from 

it by the position of the foot (external rotation) and by other 
definite signs of posterolateral instability. Because it describes 
a shift of the lateral tibial plateau in the opposite direction 
from the true joint shift, it is called the reverse pivot shift. A 
significantly positive reverse pivot shift suggests that the PCL, 
the arcuate complex, and the LCL are all torn. In the position 
of tibial internal rotation, the sign disappears.

The patient is positioned supine on the examining table. 
To test the right knee, with the examiner facing the patient, 
the foot and ankle are lifted with the right hand and allowed 
to rest on the right side of the examiner’s pelvis (Fig. 45.51). 
The lateral side of the calf is supported with the palm of the 
left hand on the proximal fibula. The knee is moved several 

 FIGURE 45.51 Reverse pivot shift sign (see text).  (From Jakob RP, Hassler H, Stäubli HU: Observa-
tions on rotatory instability of the lateral compartment of the knee: experimental studies on the functional 
anatomy and the pathomechanism of the true and the reversed pivot shift sign, Acta Orthop Scand Suppl 
191:1, 1981.)

    

https://booksmedicos.org


PART XIII SPORTS MEDICINE2238

times through a full range of motion to reduce muscle resis-
tance. Then the knee is bent to 70 to 80 degrees of flexion. 
At this position, the foot and the leg are externally rotated to 
cause the lateral tibial plateau to subluxate posteriorly in rela-
tion to the lateral femoral condyle. This is seen as a posterior 
sag of the proximal tibia. The knee is allowed to straighten 
through nothing more than the weight of the leg. An axial 
load is transmitted through the leg while the foot is leaned on 
slightly. A valgus stress is applied to the knee, with the exam-
iner’s iliac crest used as a fulcrum. As the knee approaches 20 
degrees short of full extension, the lateral tibial plateau is felt 
and is observed moving anteriorly in a jerklike shift from a 
position of posterior subluxation and external rotation into a 
position of reduction and neutral rotation.

Reverse pivot shift also can be tested with the tibia initially 
in the reduced position of full extension. In neutral rotation, 
the knee is quickly bent under continuous valgus stress, and 
the foot is allowed to rotate externally. At about 10 degrees of 
flexion, the same jolt will occur as the tibia falls into posterior 
subluxation. In this way, the two phases, posterior subluxation 
and reduction, can be repeated from flexion to extension and 
back to flexion. The test is even more pertinent if it reproduces 
the patient’s symptoms. The intensity of the findings of sub-
luxation and reduction and the patient’s reaction to it depend 
on the degree of instability, the skill with which the examiner 
performs the test, and the patient’s ability to relax the muscles. 

Tibial External Rotation (Dial) Test. When an injured 
knee is tested for posterolateral instability, external rotation of 
the tibia on the femur is measured at both 30 and 90 degrees 
of knee flexion. The test can be done with the patient supine 
or prone (Fig. 45.52A,B). The medial border of the foot in 
its neutral position is used as a reference point for external 
rotation. At the chosen knee flexion angle, the foot is exter-
nally rotated with force. The degree of external rotation of the 
foot is measured relative to the axis of the femur and is com-
pared with the opposite leg. External rotation is measured by 
noting the foot–thigh angle (Fig. 45.52C). In addition, the 
tibial plateaus are palpated to determine their relative posi-
tions compared with the femoral condyles. This determines 
whether the external rotation is caused by the lateral tibial 
plateau moving posteriorly (posterolateral instability) or by 
the medial plateau moving anteriorly (anteromedial insta-
bility). A 10-degree difference between knees in the amount 
of external rotation is considered pathologic. More than a 
10-degree increase in external rotation compared with that 
of the contralateral side at 30 degrees of knee flexion, but not 
at 90 degrees, indicates an isolated injury to the posterolat-
eral corner. If pathologic external rotation exists at 30 degrees 
of knee flexion and the external rotation increases when the 
knee is flexed to 90 degrees, this test indicates injury to both 
the posterior cruciate as well as the posterior lateral cornet. 
A cadaver study found that after transection of the MCL the 
results of the dial test were similar to those from a solitary 
injury to the posterolateral corner; the authors suggested that 
the dial test probably is not reliable in the presence of medial 
instability. Jung et al. reported that reducing the tibia with an 
anterior force increased the ability of the examiner to detect 
posterolateral rotary instability combined with PCL injuries. 

Posterolateral Drawer Test. The posterolateral drawer 
test is done with the patient supine and the hip flexed 45 
degrees, the knee flexed 90 degrees, and the tibia in 15 degrees 
of external rotation. With the foot fixed, a posterior drawer 
test is done. The test result is positive for posterolateral insta-
bility if the lateral tibial condyle externally rotates relative 
to the lateral femoral condyle. The sensitivity of this test for 
detecting isolated injury to the posterolateral structures of the 
knee is questionable. The quality of the end point felt dur-
ing external rotation in normal knees can vary considerably. 
Because external rotation is coupled with posterior transla-
tion, a grossly positive result of the posterolateral drawer test 
may indicate injury to the PCL and the posterolateral corner. 

RADIOGRAPHIC EXAMINATION
Standard anteroposterior and lateral radiographs, as well as a 
tangential view of the patella as described by Hughston, are 
routine. The tangential view is necessary because of the fre-
quent association of acute patelloquadriceps instability with 
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FIGURE 45.52 A–C, Prone external rotation test. Increased 

external rotation at 30 degrees that decreases at 90 degrees indi-
cates isolated injury to posterolateral corner; increased external 
rotation at both 30 and 90 degrees indicates injury to both posterior 
cruciate ligament and posterolateral corner.
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acute medial ligamentous disruptions. Tunnel views through 
the intercondylar notch and weight-bearing views are desir-
able if the patient can tolerate the positioning. In children, 
avulsions of osteocartilaginous portions of the intercondy-
lar eminences are more common than cruciate ligament dis-
ruptions. In adults, pieces of bone occasionally are avulsed 
from the femoral condyle or from the tip of the fibula where 
the collateral ligament inserts. Routine radiographs in an 
acutely traumatized adult knee more often are normal, and 
rarely is the anterior intercondylar eminence avulsed as an 
isolated finding. On occasion, a fragment off the back of 
the tibia can be seen in a PCL disruption. Small fragments 
along the medial or lateral tibial joint line suggest avulsion 
of the capsular ligament at that location. On the lateral side, 
a small avulsion fragment off the lateral tibial plateau joint 
line is called a Segond fracture or lateral capsular sign and is 
pathognomonic for an ACL injury. Also on the lateral side, a 
bony impaction fracture of the lateral femoral condyle at the 
sulcus terminalis (also called the lateral femoral notch sign) 
has been associated with ACL injuries. Recently, interest has 
focused on the anterior and posterior slopes of the tibial artic-
ular surface along, with the depth of the medial tibial plateau, 
as risk factors for ACL and PCL injuries.

Stress radiographs rarely should be required if stress 
tests are gently performed; exceptions are injuries to children 
before physeal closure and in tibial plateau fractures, in which 
apparent instability may instead be caused by the bony rather 
than ligamentous disruption. As a rule, stress radiographs 
should be obtained in all apparent ligamentous disruptions 
of the knee in patients whose distal femoral and proximal 
tibial physes are still open. In these patients, the instabil-
ity frequently is from a physeal separation rather than from 
ligamentous disruption. The relationship of the tibial spine 
with the intercondylar notch of the femur should be noted. 
On abduction stress radiographs showing opening of the 
joint medially, a lateral shift of the tibial spine in the inter-
condylar notch suggests PCL disruption, and a medial shift 
suggests ACL disruption. LaPrade et al., in a cadaver study, 
determined that an isolated LCL injury should be suspected 
if lateral compartment opening with varus stress increases by 

approximately 2.7 mm and a grade III posterolateral corner 
injury is suggested if values increase by approximately 4 mm.

Remarkably clear images of the soft tissues can be 
obtained with MRI, and with increasing experience with this 
noninvasive method, investigators have advocated its use in 
patients instead of diagnostic arthroscopy (Fig. 45.53). A high 
degree of accuracy has been reported for detection of ACL 
and PCL injuries (see Chapter 2). The course of the PCL is 
more vertical and more in the midline plane than that of the 
ACL, making it easier to include the entire PCL in the MRI 
cut. MRI cuts obtained with the tibia externally rotated 15 
degrees (so-called nonorthogonal) usually provide a complete 
image of the ACL in at least one frame. MRI may be useful 
in acute collateral ligament disruptions combined with ACL 
tears. Some authors suggest surgical repair or reconstruction 
of the ACL combined with a limited incision to expose the 
collateral ligament disruption if it is precisely localized on 
preoperative MRI. 

CLASSIFICATION OF KNEE INSTABILITY
In the past, instability from ligamentous injury was classified 
as medial, lateral, posterior, anterior, and rotary on the basis 
of the direction in which the tibia was displaced. Although 
useful, this classification was an oversimplification and did 
not include multiplane instabilities, which commonly occur. 
Traumatic disruption of knee ligaments often results in com-
plex, multiplane instabilities; if these instabilities are not cor-
rected, normal mechanics cannot be restored to the knee. 
There is some confusion over terminology, pathomechanics, 
and the principal pathologic condition responsible for pro-
ducing each type of instability.

The vertical axis of the knee joint normally passes near 
the center of the joint. The tibial plateau is divided into four 
quadrants that serve as the reference points in the definition of 
knee instability. Any disruption of the complex of supporting 
structures around the knee can permit a shift in this vertical 
axis away from the center of the tibia into one of the lateral 
quadrants as the tibia shifts excessively and abnormally in rela-
tion to the femur. The specific classification of each instability 
depends on the movement of the tibia in relation to the femur 

 

A B

FIGURE 45.53 MR images demonstrating superficial and deep layers of iliotibial band (arrows). 
A, Normal superficial and deep layers (coronal view, right knee). B, Tear of superficial layer off 
Gerdy’s tubercle (coronal view, left knee).  (From LaPrade RF, Gilbert TJ, Bollom TS, et al: The magnetic 
resonance imaging appearance of individual structures of the posterolateral knee: a prospective study of 
normal knees and knees with surgically verified grade III injuries, Am J Sports Med 28:191, 2000.)
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during stress testing (Fig. 45.54). This may not be precise and 
completely accurate for acute injuries unless the examination is 
done with the patient under general anesthesia. The classifica-
tion probably has its greatest usefulness in chronic instabilities.

Box 45.1 outlines the classification of knee instability 
proposed by the Committee on Research and Education of 
the American Orthopaedic Society for Sports Medicine. It 
was developed by pooling resources from major knee cen-
ters throughout North America. This classification attempts 
to describe the instability by the direction of the tibial dis-
placement and, when possible, by structural deficits. It refers 
to instability occurring from joint trauma or to acute instabil-
ity progressing to a chronic state and ignores congenital and 
acquired instability from other causes, such as tibial plateau 
fractures and congenital hyperextension. This is an anatomic 
classification in that one-plane medial instability means that 
the tibia moves abnormally away from the femur on the 
medial side and that anteromedial rotary instability means 
that the tibia rotates anteriorly and externally and moves 
away from the femur on the medial side. It is understandable 
that the classification becomes more complex as attempts are 
made to include anatomic or structural deficits.

ONE-PLANE INSTABILITY
One-plane medial instability with the knee in full extension is 
apparent, as the abduction or valgus stress test is performed, 

when the knee joint opens on the medial side; that is, the tibia 
moves away from the femur. This is a major instability and 
indicates disruption of the MCL, the medial capsular liga-
ment, the ACL, the POL, and the medial portion of the pos-
terior capsule. It strongly suggests disruption of the PCL, but 
it is not totally confirmatory in most investigators’ opinion. 
One-plane medial instability detected only when the knee is 
tested in 30 degrees of flexion indicates a tear limited to the 
medial compartment ligaments.

One-plane lateral instability with the knee in extension 
is apparent on adduction or varus stress testing when the 
knee opens on the lateral side; that is, the tibia moves away 
from the femur. This indicates disruption of the lateral capsu-
lar ligament, the LCL, the biceps tendon, the iliotibial band, 
the arcuate-popliteus complex, the popliteofibular ligament, 
the ACL, and, often, the PCL. One-plane lateral instabil-
ity detected only with the knee in 30 degrees of flexion may 
be present in minor lateral complex tears or may be normal 
compared with the opposite knee.

One-plane posterior instability is apparent when the tibia 
moves posteriorly on the femur during the posterior drawer 
test. This indicates disruption of the PCL, the arcuate liga-
ment complex (partial or complete), and the POL complex 
(partial or complete). A grade 1 or 2 posterior drawer sug-
gests an isolated PCL injury. Most clinicians believe that a 
grade 3 or greater posterior drawer indicates additional injury 
to either the posterolateral or posteromedial corner.

One-plane anterior instability is present when the tibia 
moves forward on the femur during the anterior drawer test 
in neutral rotation. This instability is difficult to comprehend 
fully. It indicates that disrupted structures include the ACL, 
the lateral capsular ligament (partial or complete), and the 
medial capsular ligament (partial or complete). The anterior 
drawer sign is present in neutral rotation when the ACL is 
disrupted with immediate or subsequent stretching of the 
medial and lateral capsular ligaments. Although laboratory 
studies suggest that loss of only a portion of the ACL can pro-
duce an anterior drawer sign, the instability clinically suggests 
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FIGURE 45.54 Demonstration of shift in vertical axis away from 
center of tibia as tibia shifts excessively and abnormally in relation 
to femur. Position of femur is designated by shaded area.

Classification of Knee Joint Instability Resulting 
From Ligament Injury

One-Plane Instability (Simple or Straight)
One-plane medial
One-plane lateral
One-plane posterior
One-plane anterior 

Rotary Instability
Anteromedial
Anterolateral

Flexion
Approaching extension

Posterolateral
Posteromedial 

Combined Instability
Anterolateral-anteromedial rotary
Anterolateral-posterolateral rotary
Anteromedial-posteromedial rotary

 BOX 45.1
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loss of functional integrity of the entire ligament. In this type 
of instability, the test result becomes negative as the tibia is 
internally rotated because the PCL becomes taut in this posi-
tion. When the anterior drawer test with the tibia in neutral 
rotation shows equal displacement of both condyles and this 
displacement is eliminated by internal rotation of the tibia, 
both anteromedial and anterolateral rotary instability may be 
present. This can be confirmed by the jerk test (see Fig. 45.49).

Severe grades of instability (i.e., severe varus, valgus, ante-
rior, or posterior instability) are accompanied by additional 
central or peripheral ligamentous deficiencies, and therefore 
most are accompanied by rotary instabilities as well. 

ROTARY INSTABILITY
Anteromedial rotary instability is apparent with stress test-
ing when the medial plateau of the tibia rotates anteriorly and 
externally as the joint opens on the medial side. This implies 
disruption of the medial capsular ligament, the MCL, the 
POL, and the ACL.

Anterolateral rotary instability detected at 90 degrees of 
flexion has little relation to the anterior drawer sign or major 
anterior displacement of the tibia. The lateral tibial plateau 
rotates forward in relation to the femur at 90 degrees of flex-
ion with excessive lateral opening of the joint. There is then 
excessive internal rotation of the tibia on the femur with the 
knee in flexion. This implies disruption of the lateral cap-
sular ligament, the arcuate ligament complex (partial), and 
the ACL (partial or complete). Anterolateral rotary insta-
bility detected as full extension of the knee is approached is 
more common. With a specific test (jerk test, anterolateral 
rotary instability test of Slocum, or lateral pivot shift test of 
MacIntosh), the lateral tibial plateau subluxates forward on 
the femur as the knee approaches extension. This implies dis-
ruption of the ACL and possible involvement of the lateral 
capsular ligament. Clinically, as the knee comes into exten-
sion while weight bearing, the anterior subluxation of the lat-
eral tibial plateau is dramatic.

Posterolateral rotary instability is apparent, with stress 
testing, when the lateral tibial plateau rotates posteriorly in 
relation to the femur, with lateral opening of the joint. This 
implies disruption of the popliteal tendon, the arcuate liga-
ment complex (partial or complete), and the lateral capsu-
lar ligament and at times stretching or loss of integrity of 
the PCL. It is important to distinguish this type of instability 
from one-plane posterior instability resulting from a tear of 
the PCL. In posterolateral rotary instability, the posterolateral 
corner of the tibia drops off the back of the femur and the 
lateral opening of the joint is detected when the external rota-
tion-recurvatum and reverse pivot shift tests are performed.

Posteromedial rotary instability is apparent with stress 
testing when the medial tibial plateau rotates posteriorly in 
reference to the femur, with medial opening of the joint. This 
implies disruption of the MCL, the medial capsular ligament, 
the POL, the PCL, and the medial portion of the posterior 
capsule, plus stretching or major injury to the semimembra-
nosus insertions. The ACL also may be injured. 

COMBINED INSTABILITIES
One-plane and rotary instabilities usually are understand-
able, although some of the implied structural deficits are still 
debatable. However, combined instabilities rarely are either 
clearly defined or consensual, and each orthopaedic surgeon 

will have to satisfy personal suspicions as to which structures 
are specifically damaged and their relative degree of involve-
ment in the instability. When a severe rotary instability is 
noted in one quadrant, rotary, varus, or valgus instability in 
another quadrant must be sought. Most severe rotary insta-
bilities are accompanied by some degree of varus or valgus 
instability as well.

Combined anterolateral-anteromedial rotary instability is 
the most common combined instability. The result of the ante-
rior drawer test with the tibia in neutral rotation is markedly 
positive, with both tibial condyles being displaced anteriorly. 
The displacement is exaggerated when the tibia is externally 
rotated and diminished but usually not obliterated when the 
test is done with the tibia internally rotated. The test results 
for anterolateral rotary instability are positive. Varus and val-
gus stress tests often show instability of varying degrees.

Combined anterolateral-posterolateral rotary instability 
is apparent when the lateral tibial plateau rotates in a pos-
terior direction as the external rotation-recurvatum test is 
performed, and there is excessive forward displacement of 
the lateral tibial plateau on the femur when the anterolateral 
rotary instability tests are performed. Lateral (varus) instabil-
ity is great with disruption of most of the structures on the lat-
eral side of the knee, as well as the ACL, and with occasional 
stretching of the PCL.

Combined anteromedial-posteromedial rotary instabil-
ity is apparent when medial and posteromedial structures 
are severely disrupted. The knee opens on the medial side, 
and the tibia may rotate anteriorly when tested; in addition, 
with further testing, the tibia rotates posteriorly, dropping off 
the posteromedial corner of the joint. All medial structures, 
including the semimembranosus complex, are disrupted in 
combination with the anterior and most likely the PCLs. 

TREATMENT CONSIDERATIONS
Treatment of first-degree sprains is entirely symptomatic, 
and the patient usually can return to normal function and 
activities within a few days. Rest, ice, and a compression ban-
dage are usually all that are required. Second-degree sprains 
require protection. In these injuries, a part of the ligament 
has been torn, and although the remaining untorn portion 
may stabilize the knee to routine stress testing, the strength of 
the ligament has been significantly impaired. If these patients 
are permitted to return promptly to full activity, especially in 
sports, complete disruption of the ligament is a real possibil-
ity. These patients are best treated with a controlled motion 
brace, allowing full, protected motion for 4 to 6 weeks. 
Recovery usually can be expected with no residual laxity once 
the rehabilitation program has been completed. Third-degree 
sprains may require operative treatment, depending on fac-
tors such as age, general health, associated injuries, and activ-
ity demands.

NONOPERATIVE TREATMENT
Isolated third-degree sprains of the MCL can be treated suc-
cessfully by nonoperative means. MRI or stress testing with 
the patient under general anesthesia and an arthroscopic 
examination usually are required to rule out any associ-
ated articular surface, meniscus, or cruciate ligament injury. 
Nonoperative treatment of third-degree sprains of the MCL 
is more predictable and successful if the tear is at the proxi-
mal attachment and there is no evidence of other ligamentous 
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damage. Equally severe tears of the distal end of the MCL do 
not heal as well as those at the proximal end. The distal end 
of the ligament may be pulled proximally and occasionally is 
displaced superficial to the pes anserinus insertion; therefore, 
with conservative treatment, healing at the distal end is not as 
predictable as it is at the proximal end. Furthermore, elderly 
patients who do not expect to return to vigorous activities or 
to place great demands on the knee can be treated adequately 
without surgery, but they often have mild residual laxity.

Nonoperative treatment is reasonable for all second-
degree sprains and for some third-degree collateral ligament 
sprains. Third-degree sprains of 2+ to 3+ severity that occur 
in conjunction with meniscal injury are best treated by sur-
gical repair. After stress testing has been performed and the 
grade and severity of the injury have been determined, the 
extremity is placed in a hinged knee brace for 4 to 6 weeks. 
We may lock the brace for the first 2 weeks in 30 degrees of 
flexion. Crutch walking is permitted with toe-touch weight 
bearing as soon as the leg can be controlled. After 2 weeks, as 
the inflammation subsides and the healing begins, the brace 
is adjusted to provide full flexion and the extension block is 
reduced by 15 degrees. Full extension is obtained by 6 weeks. 
Numerous investigators have documented the deleterious 
effects of immobilization on the muscles, ligaments, and 
articular surfaces.

Because the biomechanical and biochemical properties of 
the healing ligament fail to return to normal, researchers are 
exploring new modalities to improve the quality of healing 
tissues and to accelerate the rate of healing. Tissue engineer-
ing with use of growth factors, gene transfer, and cell thera-
pies are being studied. The results with growth factors may 
be species, dosage, and treatment specific, demonstrating 
the complex nature of ligament healing. Growth factors have 
half-life periods of a few days in  vivo, and their use would 
require repetitive applications to maintain potency, which is 
inconvenient and perhaps unfeasible in the clinical setting. 
Gene transfer has the potential to overcome this problem by 
providing the ability to control expression and regulation of 
proteins in a host cell. Transplantation of genetically altered 
tissues through a retroviral vector has resulted in the expres-
sion of the lacZ marker gene for as long as 6 weeks in the 
anterior cruciate and MCLs of animals. Studies of gene trans-
fer have shown positive effects on collagen fibril diameter 
and distribution, as well as significant increases in mechan-
ical properties. Cell therapy involves the implantation of 
genetically manipulated cells to enhance the repair of liga-
ments as those cells become constituents of the healing tis-
sue. Nucleated cells, including mesenchymal stem cells, from 
bone marrow have been transplanted into a pocket around 
the transected MCL of inbred rats; donor cells could be iden-
tified in the midsubstance of the ligament after 7 days, dem-
onstrating the potential for migration of transplanted cells.

Many investigators recommend nonoperative treatment 
of the MCL in combined injuries of the ACL and MCLs. The 
medial side is treated with a motion-control brace for 2 to 3 
weeks while motion in the knee is regained. Once the inflam-
matory process has diminished, the ACL is reconstructed 
arthroscopically. The delay allows initiation of the healing 
process in the MCL, which also seals the capsular rent and 
prevents extravasation of fluid. Fewer problems with postop-
erative arthrofibrosis occur when motion is restored preop-
eratively. However, Nakamura et al., in a study of the use of 

MRI in determining a treatment regimen for acute grade III 
MCL injuries associated with ACL tears, found that restora-
tion of valgus stability was significantly correlated with the 
location of superficial MCL fiber damage. When damage was 
evident over the whole length of the superficial layer and not 
confined to either the proximal or distal attachment sites, pre-
operative bracing did not restore valgus stability, and those 
patients required surgery for the MCL injury along with ACL 
reconstruction. Narvani et al. identified a subgroup of deep 
MCL injuries at the femoral origin that caused persistent 
symptoms after conservative treatment in high-level athletes. 
After operative repair, all athletes returned to their sports and 
remained asymptomatic 1 year later.

Reconstruction of the ACL appears to be important for 
adequate healing of the MCL when there are combined inju-
ries. Biomechanical evaluation of the effects of ACL defi-
ciency on the healing of the injured MCL in rabbit and canine 
models demonstrated that knees with untreated combined 
anterior cruciate and MCL injuries showed significantly 
increased valgus laxity and a reduction in tissue quality of the 
healed MCL. In addition, considerable joint degeneration was 
observed.

Several studies have reported good results with nonop-
erative treatment of MCL injuries combined with reconstruc-
tion of the ACL. A randomized, controlled trial comparing 
operative with nonoperative treatment of MCL injuries in 
47 patients with combined ACL and grade III MCL injuries 
found no statistically significant differences between the two 
groups. Subjective outcomes and Lysholm scores were good 
and anteroposterior knee stability was excellent in both. A 
later study comparing outcomes in patients with isolated ACL 
injuries and those with combined ACL and chronic grade II 
MCL injuries found that residual valgus laxity did not sig-
nificantly affect anteroposterior laxity at minimum follow-up 
of 3 years, suggesting that no additional surgical procedure 
is needed for the MCL in combined lesions. Not all medial-
sided knee injuries heal with nonoperative treatment. As 
Tibor et al. emphasized, injury to the posteromedial corner of 
the knee differs anatomically and biomechanically from iso-
lated injury of the MCL. Valgus instability places additional 
strain on a reconstructed ACL or PCL, which can contribute 
to late graft failure, and in patients with multiligament inju-
ries, operative reconstruction of the posteromedial corner, 
including the MCL, may be indicated.

The rehabilitation protocol must be individualized on the 
basis of the patient’s age, the degree of instability, and other 
factors. The patient is prescribed a program of quadriceps 
and hamstring isometric exercises and leg lifts for the hip 
flexors and hip abductors while in the brace. When the brace 
is removed, motion in the knee is advanced, and a vigorous 
rehabilitative exercise program is instituted. A reinforced 
elastic knee support usually is applied, and the patient is not 
permitted to return to normal activities, especially sports, 
until the range of motion is normal and the strength in all 
muscle groups has returned to 90% of that in the uninjured 
extremity. When the patient returns to athletics, the injured 
ligament usually is protected by a functional brace for 3 or 
4 months. This is the minimal time necessary for stress ori-
entation of the collagen fibers to be regained in the healing 
ligament.

Healing of the LCL has not been as well researched as that 
of the MCL, but reports in the literature indicate that grade 
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A B
FIGURE 45.55 Reattachment of avulsed ligaments with AO screw and toothed washer. A, Fixa-

tion of avulsed ligament, with or without bony fragment. B, Washer is designed so that it grips 
ligament and bone over broad area with its peripherally arranged teeth, compressing and fixing 
them within limits designed by a stop on each tooth. Little pressure is exerted on tissue next to 
and between teeth. Microcirculation in these areas of ligament is normal; it is compromised only 
in compressed area represented by solid trapezoids.  (From Müller W: The knee: form, function, and 
ligamentous reconstruction, New York, 1983, Springer-Verlag.)

I and II LCL injuries can be successfully treated nonopera-
tively, whereas good results seldom are obtained with nonop-
erative treatment of grade III injuries. 

OPERATIVE TREATMENT
Although most authors recommend nonoperative treatment 
of isolated MCL injuries, some prefer to repair the medial 
side when the injury is associated with an ACL disruption. 
Indelicato recommended reconstruction of the ACL and 
reassessment of the medial laxity. If the knee continues to be 
unstable in full extension or slight flexion (grade II or grade 
III), the MCL and the POL are repaired.

By definition, repair of ligaments of the knee refers to 
surgical treatment of acute injuries, and reconstruction usu-
ally refers to surgical treatment of ligamentous laxity several 
months after injury. Skillful repair or reconstruction depends 
on a thorough knowledge of anatomy. The best possible repair 
restores the anatomic integrity and tension of a torn ligament 
and should be done without unnecessary delay. Optimal 
surgical dissection and repair become increasingly difficult 
beyond 10 to 14 days after injury.

Absolute rules as to when it is too late to repair a ligament 
cannot be given. In addition to the time since injury, the sever-
ity of the disruption, the location of the principal pathologic 
condition, and the patient’s age and activity needs must all be 
considered. Although surgical repair should proceed as soon 
as possible, conditions for surgery must be optimal. Surgery 
should proceed only after a definite diagnosis has been made 
and a specific plan of repair has been formulated. The type of 
repair selected must depend on the experience and skill of the 
surgeon, the location of the injury, and the condition of the 
tissues. The search for additional abnormality must be dili-
gent before a diagnosis of isolated injury is accepted.

Major tears indicate a marked initial displacement of 
the joint surfaces and the probability of injury to other 

supporting structures. Incisions must be planned properly, 
and exposure usually must be extensive, often from the mid-
line of the limb anteriorly to the midline posteriorly, because 
the principal pathologic condition usually is in the posterior 
two thirds of the medial and lateral compartments. Without 
sufficient exposure to reach these areas, incomplete repair is 
likely. Repairs always are performed with use of a pneumatic 
tourniquet for hemostasis. The tourniquet is removed before 
closure to control bleeding and to prevent severe hemarthro-
sis or hematoma. Joint stability may be impaired by a few mil-
limeters of capsular stretching from a tense hemarthrosis. 
Although the anatomic integrity of the ligament is restored 
under proper tension, the repair procedure must not destroy 
the blood supply of the ligament. Dissection should be limited 
to only that necessary to identify and to correct the pathologic 
condition. Skin flaps developed during the approach should 
be deep to the fascia, when possible, to reduce the vascular 
and cutaneous nerve injury inherent in superficial subcutane-
ous dissection.

Whenever possible, ligaments should be anchored into 
freshened bone with nonabsorbable sutures, suture anchors, 
screws with toothed or spiked washers (Fig. 45.55), or staples. 
This can be accomplished by passing sutures through multiple 
holes drilled in cortical bone at the site of attachment or prefer-
ably through parallel holes drilled through to the opposite side 
of the bone. Staples, preferably with barbs to prevent extrusion, 
must be placed a sufficient distance from the articular margin 
so that joint function is unimpaired. Suture anchors, staples, 
and screws with toothed washers are intended for use at sites 
of ligamentous attachments to bone, and again at a sufficient 
distance from the joint not to interfere with joint or ligament 
function. Neither the screw with toothed washer nor the staple 
should be overly tightened or countersunk because of the pos-
sibility of pressure necrosis of the ligamentous tissue beneath 
the crown of the staple or beneath the toothed washer. Staples, 
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screws, or other forms of internal fixation should not be used 
in areas where normal gliding of the ligament is required dur-
ing flexion and extension. If they are placed in these areas, 
such as near the articular margin of the medial femoral or 
tibial condyle, anteroposterior excursion of the tibial collateral 
ligament will be limited during flexion and extension move-
ments. Thus, either it will be difficult to regain joint motion 
or the ligament will have to tear or stretch to permit motion.

Numerous studies have identified radiographic landmarks 
of ligament attachment sites, and these landmarks are being used 
more frequently for ligament reconstructions. Nonabsorbable 
sutures should be used for strength where tension is the great-
est. Absorbable sutures can be used where approximation with-
out appreciable tension is required. Approximating sutures 
apposing the dissected torn edges of the ligament should be 
reinforced with tension sutures of nonabsorbable material. A 
square or rectangular pattern is used in the manner of a mat-
tress suture to secure the tension sutures. These sutures restore 
the normal length of the ligament while protecting the area 
of repair. Careful alignment of the tension sutures along the 
course of the ligament fibers is necessary if they are to perform 
their intended function. Tension sutures can be tested for func-
tional placement and isometry during flexion and extension of 
the knee before being tied definitively. Sutures properly placed 
will not pull out or interfere with normal joint motion.

The menisci should be salvaged if at all possible, and 
peripheral tears should be repaired. However, multiple tears 
within the substance of the meniscus may require that the 
meniscus be excised. If so, attempts should be made to leave a 
peripheral meniscus cuff or rim. Fragile areas of the ligament 
repair should be reinforced with fascia or other local tissue or 
supported by a muscle-tendon unit.

After ligamentous repair, the knee should be briefly 
immobilized initially in a hinged brace in 30 degrees of flex-
ion. The length of immobilization, if any, should be selected 
for each patient; it depends on the severity of the tear, the 
structures torn, the accuracy of repair, the method of liga-
ment fixation, the age of the patient, and the health of the 
articular surfaces. At least theoretically, early motion is fea-
sible if the ligamentous repair and attachment sites are truly 
isometric. Under such circumstances, normal unstressed 
motion of the knee should not place undue tension on the 
fixation points. Full extension should be achieved as soon as 
possible to prevent the development of a flexion contracture.

The success of repair depends on the proper analysis of the 
instability by clinical examination; during surgery, it depends 
on the quality of the tissue involved directly by injury and the 
quality of the tissue available to reinforce lax or ruptured struc-
tures, the exacting performance of the surgical procedure, the 
postoperative care, the motivation of the patient, and the thor-
oughness of rehabilitation. The long-range prognosis for func-
tion depends on the amount of initial laxity and the presence of 
any associated internal derangement or posttraumatic degen-
erative arthritis. The objective of treatment is to attain maxi-
mal function and to minimize or prevent degenerative changes 
within the joint. Hanley et  al. compared their long-term 
patient-reported outcomes in 34 patients with multiligamen-
tous knee injuries after MCL repair or MCL reconstruction. 
They identified time to surgery, patient age, and MCL recon-
struction as risk factors for poorer results. At a mean 6-year 
follow-up, patients with repair generally had higher patient-
reported outcomes than those with reconstruction. 

MEDIAL COMPARTMENT (COLLATERAL) 
DISRUPTIONS

REPAIR
If surgical repair of the torn medial support of the knee is 
planned, arthroscopic examination of the knee to rule out 
other intraarticular pathologic conditions is done before 
open surgical exploration (see Chapter 51). The surgeon must 
be aware of the capsular disruption that may allow signifi-
cant extravasation of irrigation fluid during arthroscopy of an 
acutely unstable knee. A synovial or capsular rent ordinar-
ily will seal sufficiently to prevent dangerous extravasation 
of irrigation fluid if the arthroscopic examination is delayed 
for 5 to 7 days and the surgeon is skilled and expedites the 
examination. The arthroscopic pump pressure should be low 
or only gravity pressure and valgus stress on the knee should 
be avoided. A lengthy examination of an acutely injured knee 
is not justified, and massive extravasation of irrigation fluid 
may occur in such instances. Once arthroscopic examination 
has been completed, or if such examination is not carried out, 
the following open technique is used. 

 

REPAIR OF MEDIAL COMPARTMENT 
DISRUPTIONS

 TECHNIQUE 45.4 

 n  Place the patient supine on the operating table with a 
pneumatic tourniquet inflated on the upper thigh.

 n  Flex the hip approximately 45 degrees, flex the knee ap-
proximately 60 degrees, and allow the lower extremity to 
lie with gravity in abduction at the hip.

 n  For positioning of the extremity, a special bolster poste-
rior to the midthigh that permits the knee to flex to 90 
degrees may be preferred.

 n  Begin a midmedial incision 2 cm proximal to the adduc-
tor tubercle, curving it gently distally over the adductor 
tubercle parallel to the medial aspect of the patella and 
patellar tendon and approximately 3 cm medial to these 
structures. Carry it distally along the anteromedial aspect 
of the tibia to end 5 to 6 cm below the joint line.

 n  Dissect the skin, subcutaneous tissues, and superficial fas-
cia as a single layer from the midline anteriorly to the pos-
teromedial corner. Wide exposure is necessary to identify 
and to correct all of the pathologic conditions.

 n  Take care during the dissection and retraction not to 
injure the large saphenous vein, which is in the sub-
cutaneous tissue at the posteromedial aspect of the 
dissection.

 n  The infrapatellar branches of the saphenous nerve cannot 
always be preserved with this incision, although the sarto-
rial branch of the saphenous nerve should be identified 
and protected as it exits between the sartorius and gracilis 
to supply sensation over the entire medial aspect of the 
leg to the ankle.

 n  A hematoma in the posteromedial area of the exposure 
may identify the site of principal damage.

 n  Stress test the knee again for ligamentous and patellar 
instability.
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 n  Incise the medial longitudinal extensor retinaculum along 
the anterior edge of the sartorius from its tibial insertion 
posteriorly to the posteromedial corner. Take care not to 
incise the tibial insertion of the tibial collateral ligament 
immediately beneath.

 n  With the knee in the flexed position, retract the sartorius 
and other components of the pes anserinus to allow inspec-
tion of the tibial insertion of the tibial collateral ligament, 
which is deep and distal to the anterior edge of the sartorius.

 n  An alternative to incising the longitudinal extensor reti-
naculum along the anterior border of the sartorius is to 
detach the bony insertion of the pes anserinus from the 
tibia and reflect these tendons upward. This uncovers the 
MCL, the POL area, and the semimembranosus complex 
at the posteromedial corner of the knee. The first step in 
surgical identification of the pathologic condition should 
be the assessment of the integrity of this tibial insertion. 
We do not release the pes anserinus tendon.

 n  Make a medial parapatellar fascial incision extending from 
the edge of the vastus medialis muscle distally to join the 
incision along the anterior edge of the pes anserinus.

 n  Dissect this medial longitudinal patellar retinaculum off 
the anteromedial capsule and the MCL and reflect it prox-
imally and posteriorly to the margin of the vastus medialis. 
This can be done without undue difficulty when surgery 
is performed within a few days after injury. This exposes 
the MCL and the medial capsular structures.

 n  Deepen the medial parapatellar capsular incision into the 
joint and thoroughly inspect it.

 n  If arthroscopy has not been done to evaluate the intraar-
ticular structures, systematically inspect the undersurface of 
the patella, the articular surfaces of the femur and the tibia, 
the medial and lateral menisci, and the ACL and PCL.

 n  With the knee flexed, place the heel on the opposite knee 
and retract the patellar fat pad to see the entire lateral me-
niscus through the medial parapatellar capsular incision.

 n  Inspect the cruciate ligaments and palpate them with the 
finger and with ligament hooks.

 n  If the menisci are torn within their substance, excise areas 
that cannot be repaired. Attempt to preserve a meniscus 
rim or cuff even if most of the meniscus must be excised.

 n  When a cruciate ligament is torn, it should be reconstruct-
ed (see Techniques 45.19 and 45.20).

 n  Again, stress test the joint to better identify the area of medial 
ligament injury. Throughout the dissection, take care not to 
make the ligamentous pathologic condition unidentifiable.

 n  If the MCL is avulsed from the tibia beneath the pes, re-
flect it proximally, exposing the underlying midcapsular 
portion of the medial capsular ligament. A definite in-
terval is present between the MCL and the midcapsular 
portion of the medial capsular ligament anteriorly so that 
proximal retraction of the MCL is possible and the antero-
medial, the midmedial, and the posteromedial capsular 
structures can be readily identified and inspected.

 n  Expose the posterior capsule by locating the interval be-
tween the medial head of the gastrocnemius and the 
semimembranosus and incising the sheath of the semi-
membranosus. Dissect the posterior capsule off the me-
dial head of the gastrocnemius muscle. With the knee 
maintained in flexion, the posterior capsule can be easily 
exposed to the midline. Carefully retract the popliteal ves-
sels during this exposure.

 n  Expose the medial capsular ligament further by using an in-
traarticular retractor deep to the medial capsular ligament. 
This may reveal a bare area on the femoral condyle from which 
the capsular ligament and synovium have been avulsed.

 n  When the capsular tear cannot be identified easily, a verti-
cal incision splitting the fibers of the MCL often will reveal 
tears in its meniscofemoral portion. Medial capsular tears 
often begin near the medial condylar origin and proceed 
in an L- or Z-shaped path toward the posteromedial cor-
ner. Tears in the meniscofemoral portion of the deep cap-
sular ligament may leave the peripheral attachment of the 
medial meniscus undisturbed, and the medial meniscus 
can be retained. Tears of the weaker meniscotibial por-
tion of the medial capsular ligament frequently accom-
pany tears of the meniscus or its peripheral attachment.

 n  Repair all tears in the peripheral attachment as the cap-
sular ligament is repaired; tears within the outer 25% of 
the substance of the meniscus should be repaired.

 n  Tears of the midmedial capsular ligament and that por-
tion designated by Hughston as the POL often extend 
for variable distances into the posterior capsule, and the 
extent must be determined. The posteromedial capsular 
tear often extends well around the posteromedial corner 
to involve the posterior capsule and its tibial insertion.

 n  If a major tear is not present in the posteromedial capsular 
structures, incise in line with the fibers of the POL, creat-
ing an arthrotomy for examination of the posterior horn 
of the medial meniscus.

 n  Do not remove an untorn medial meniscus or one that can 
be repaired to make reattachment of the posterior capsule 
easier. This is not necessary, and sacrifice of the meniscus 
with its protective and stabilizing function should be avoided.

 n  Begin the procedures of repair with the intraarticular 
abnormality (meniscectomy, meniscal suture, or cruciate 
reconstruction) as indicated.

 n  Place multiple interrupted sutures in the meniscus if repair 
is needed and pass them out through appropriate capsular 
sites. Do not tie these sutures until the medial repair is 
complete. Manipulation of the knee in the course of me-
dial repair may disrupt such sutures if they are tied initially.

 n  Proceed with repair of other ligaments as follows. Repair 
first the posteromedial capsule if it is torn, maintaining 
the knee at 60 to 90 degrees of flexion at all times. If the 
posterior capsule has been torn from its tibial attachment, 
pull it down to the back of the tibia (see later).

 n  If the posteromedial capsule has been torn in its mid-
portion, approximate it with multiple interrupted, nonab-
sorbable sutures, placing the knots extraarticularly as the 
medial head of the gastrocnemius is retracted and the 
knee is maintained in 90 degrees of flexion.

 n  If the posteromedial capsule has been torn from its femo-
ral attachment, reattach the capsule to the femur with 
suture anchors.

 n  Alternatively, drill holes from the anteromedial epicondy-
lar area to exit posteriorly in the area of insertion of the 
medial head of the gastrocnemius muscle. Use sutures 
to bring the upper edge of the posterior capsule to its 
normal insertion, pass the sutures through the bone, and 
tie them over the bone anteromedially.

 n  If the posterior capsule has been torn from its tibial at-
tachment, reattach the freshened edge to the posterior 
surface of the tibia using suture anchors.
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 n  Roughen or freshen the posterior rim of the tibia with an 
osteotome to aid in reattachment of the posterior capsule.

 n  Alternatively, drill three parallel holes beginning on the 
anteromedial surface of the tibial condyle and exiting just 
below its posterior articular margin.

 n  Place sutures through the freshened edge of the capsule 
and pass the ends of the sutures through these holes to 
the anterior aspect of the tibia with a suture passer, pass-
ing two sutures through the center hole.

 n  With the knee in 60 degrees of flexion, bring the edge of 
the posterior capsule to its insertion by tying the sutures an-
teriorly (technique of O’Donoghue) (Figs. 45.56 and 45.57).

 n  If the posterior horn of the medial meniscus is salvageable, 
do not advance the tibial attachment too far distally or the 
meniscus will be displaced off the back of the tibial plateau. 
With the knee held in a flexed position as the advancement 
is made, anchoring the attachment too far distally is a pos-
sibility. Before the sutures are tied, extend the knee to be 
sure that the reattachment is in the correct location.

 n  When the posterior capsule has been reattached, return 
to the anteromedial aspect of the exposure.

 n  Repair the medial extensor retinaculum and the vastus 
medialis muscle if they are torn and then close the ante-
rior arthrotomy incision with multiple interrupted sutures. 
Failure to close the anteromedial arthrotomy incision be-
fore repairing the other medial and posteromedial struc-
tures may result in inability to close this anterior incision 
once those structures have been shortened and tight-
ened.

 n  Close the synovium with a continuous 3-0 absorbable su-
ture and the anteromedial capsular incision with multiple 
interrupted no. 0 absorbable sutures.

 n  Return to the posteromedial corner.

 n  Repair of the tear in the medial capsular ligament complex 
and the POL or semimembranosus complex is determined 
mainly by the pattern of the tear. The objective is to anatomi-
cally approximate the torn ligament ends with multiple inter-
rupted sutures and then to reinforce it with tension sutures 
in the manner of mattress sutures. These suture patterns 
should be square or rectangular in orientation. The purposes 
of the tension sutures are to restore normal length and ten-
sion to the collagen fibers and to prevent stress on the su-
ture line. The placement and direction of pull of the tension 
sutures must be precise and in line with the ligament fibers. 
Similar to other sutures, they must be tested for correct func-
tional placement and isometry during flexion and extension 
of the knee before they are tied definitively. The approximat-
ing sutures are usually absorbable (0 Vicryl), and the tension 
sutures are nonabsorbable (0 Mersilene) (Fig. 45.58).

 n  If the posteromedial corner (POL complex) has been pulled 
from its femoral attachment, Hughston recommended 
placing two or three nonabsorbable mattress sutures well 
anchored distally in the ligament at the posterior corner of 
the tibia (Fig. 45.59A) and anchoring them proximally at 
the attachment of the ligament to the adductor tubercle 
of the femur (Fig. 45.59A-C).

 n  If the capsular arm of the POL has been torn from its femo-
ral attachment, it produces a fold in the posterior part of 
the capsule that is continuous with the OPL. If such a tear 
is found, draw the torn end of the capsular arm forward 
and suture it to the portion of the ligament still attached 
to the adductor tubercle (Fig. 45.59A-D); when the at-
tachment of the ligament to bone has been avulsed, leav-
ing a bare bony surface, drill holes in the bone, elevate a 
small bone flap near the adductor tubercle, and attach the 
ligament with sutures, a screw with a toothed washer, or 
a staple (Fig. 45.60A,B). Suture anchors also can be used 
to attach the ligament to a roughened bone surface.

 n  When this POL portion of the medial capsular complex 
has been secured, a gentle abduction stress should show 
medial stability.

 n  If the tibial arm of the posterior oblique portion of the 
medial capsular complex has been torn from the tibia and 
insufficient stump of the ligament or periosteum remains 
on the tibia to hold sutures, repair with sutures anchors. 
Alternatively, drill holes through the tibia as shown in Figure 
45.61A, B. With a suture passer, pass long sutures from the 

 FIGURE 45.56 Repair or reconstruction of posteromedial corner 
of knee; sutures are placed in periphery but not tied.  (Redrawn from 
Dohrmann [copyright 1988]. In Feagin JA Jr, editor: The crucial ligaments: 
diagnosis and treatment of ligamentous injuries about the knee, New 
York, 1988, Churchill Livingstone.) SEE TECHNIQUE 45.4.

 

Posterior capsule

Semimembranosus Suture
threader

FIGURE 45.57 Reattachment of capsule to posterior tibia. SEE 
TECHNIQUE 45.4.
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ligament through anteriorly directed holes and tie them over 
the bone anteriorly to approximate the ligament to the pos-
teromedial corner of the tibia. Additional sutures to secure 
the tibial arm to the direct and deep heads of the semimem-
branosus provide reinforcement of this important structure.

 n  When the posterior oblique portion of the medial capsular 
complex has been reattached, repair the medial capsu-
lar ligament anterior to the point already repaired. Reat-
tach the avulsed ligament to bone or approximate torn 
ligament ends with multiple interrupted, nonabsorbable  

 

A B

C D
FIGURE 45.58 A, Common tear pattern, medial compartment, superficial or medial collateral 

ligament torn distally near its tibial attachment with oblique tear in midmedial and posteromedial 
capsular ligament. B, Repair of midmedial and posteromedial deep ligament with interrupted 
approximating sutures; nonabsorbable tensioning sutures inserted to relieve tension on suture 
line. C, Superficial medial collateral ligament fixed to tibial metaphysis. D, If tear in superficial 
medial collateral ligament is near or just below joint line, it is repaired with interrupted sutures, 
with tensioning suture bridging tear to relieve tension along suture line. SEE TECHNIQUE 45.4.
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FIGURE 45.59 Repair of ligaments of medial compartment of knee. A, Sutures are inserted 
into stump at original attachment of posterior oblique ligament (POL) and periosteum on adductor 
tubercle (AT) and through capsule (A) and tibial portions (B) of posterior oblique ligament (see text). 
B, Posterior oblique ligament is pulled forward and fixed and tied as tightly as possible to adductor 
tubercle with knee at 60 degrees of flexion when sutures are tied (see text). C, Advancement of 
tibial end of POL, with suturing to periosteum of tibia and to repaired medial collateral ligament 
(MCL) (see text). D, Anterior border of POL advanced and sutured over posterior border of MCL. 
X and Y, Sutures attaching POL to repaired medial collateral ligament.  (Redrawn from Hughston JC, 
Eilers AF: The role of the posterior oblique ligament in repairs of acute medial [collateral] ligament tears of 
the knee, J Bone Joint Surg 55A:923, 1973.) SEE TECHNIQUE 45.4.
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sutures (Fig. 45.62A,B). This should complete the repair of 
the medial capsular structures.

 n  If the MCL, the midportion of the medial capsular liga-
ment, and the femoral attachment of the POL are avulsed 
with a piece of bone from the femur, a relatively rare oc-
currence, all can be reattached in continuity with a staple 
or screw with a toothed washer. This is an optimal tear 
pattern to encounter.

 n  Repair any vertical or oblique tears with multiple inter-
rupted sutures (Fig. 45.63). Then repair the superficial 
portion of the MCL. Krackow et al. designed a locking 
stitch that is ideal for grasping flat structures such as this 

ligament (Fig. 45.64). It allows tension to be applied to 
the ligament without causing it to bunch up.

 n  If the femoral attachment has been torn, reattach it 
to the adductor tubercle area with a staple, a screw 
with a toothed washer, suture anchors, or interrupted 
sutures.

 n  If the midportion is torn, use interrupted absorbable su-
tures to approximate the ends. Supplement the repair 
with tension, box, or mattress nonabsorbable sutures.

 n  If the ligament has avulsed from its tibial insertion, re-
attach it distal to the joint line with interrupted sutures 
through holes drilled in the bone, by a staple or suture 

 

A B
FIGURE 45.60 Repair of ligaments of medial compartment of knee. A, Isometric fixation 

of medial ligaments secured with screw and washer. B, Medial collateral and posterior oblique  
ligaments are repaired individually with AO screws and washers. SEE TECHNIQUE 45.4.

 

A B

A

B

A

B

FIGURE 45.61 A, Repair of posterior oblique ligament torn from tibia. B, Sutures tied and liga-
ment reattached. A, Point of original ligament attachment; B, torn ligament; attachment of ligament.  
(Redrawn from Hughston JC, Eilers AF: The role of the posterior oblique ligament in repairs of acute medial 
[collateral] ligament tears of the knee, J Bone Joint Surg 55A:923, 1973.) SEE TECHNIQUE 45.4.
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anchors to roughened bone, or by elevation of a bone 
flap, placing the ligament beneath it and securing the 
flap with a table staple. Then pull the tibial portion of the 
POL anteriorly and suture it to the periosteum of the tibia 
and the meniscotibial ligament distally and to the repaired 
posterior edge of the MCL proximally (see Fig. 45.59C). 
Advance the entire anterior border of the POL and suture 
it in a pants-over-vest fashion to the posterior border of 
the MCL (Fig. 45.59D).

 n  If the medial capsular ligament has been torn through the 
meniscotibial portion, the coronary ligament attachment 
of the medial meniscus also may be torn. If so, carefully 
repair it. In such tear patterns, the undersurface of the 
meniscus is visible as the tear is retracted superiorly. De-
termine the method of repair for this type of tear by the 
length of the meniscotibial stumps.

 n  If the tear is in the midsubstance of the meniscotibial 
ligament, use multiple approximating, interrupted non-
absorbable sutures. Two box-shaped tension sutures also 
are usually inserted (Fig. 45.65A).

 n  If the meniscotibial attachment of the medial capsular 
complex has been pulled off the tibia near its bony inser-
tion, we prefer to reattach it using suture anchors after 
freshening the side of the tibia near its articular margin to 
cancellous bone with a burr or osteotome. Alternatively, 
insert multiple interrupted nonabsorbable no. 0 sutures 
through the torn meniscotibial capsular edge and test 
for good purchase. Drill multiple holes horizontally across 
the tibia. Expose the exit of the drill through the lateral 
tibia via a lateral incision and clear the soft tissues. Pass 
the sutures through the transosseous tunnels with suture 
passers to the lateral side, beginning with the most pos-
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FIGURE 45.62 Primary repairs of tears within medial capsular ligament. A, Tears. B, Repairs. 
SEE TECHNIQUE 45.4.
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terior suture. Tie each suture, proceeding from the most 
posterior to the most anterior. Be careful not to pull the 
meniscus down over the medial articular rim as shown in 
Figure 45.65B.

 n  If the tears have been extensive and support is fragile, 
after repair has been completed, special procedures can 
be added to provide reinforcement or dynamic support. 
For example, suturing of the semimembranosus tendon 
to the posteromedial corner reinforces the POL. Other 
procedures include suturing of the semimembranosus 
into the posterior aspect of the MCL, advancement of 
the sartorius and gracilis, a pes plasty, and advance-
ment of the vastus medialis muscle. These and other 
procedures are described in subsequent sections of this 
chapter.

 n  Bring the medial longitudinal patellar retinacular flap to 
its normal position and reattach it to the anterior border 
of the sartorius. Close the anteromedial capsular incision 
with multiple interrupted sutures.

 n  Release the tourniquet and obtain hemostasis.
 n  Close the wound over suction drainage tubes.
 n  Place the leg in a long-leg cast or controlled motion brace 

from groin to toes with the knee flexed 45 to 60 degrees 
and the tibia internally rotated but not forcibly.

POSTOPERATIVE CARE We have found that the addi-
tion of a preoperative adductor canal or saphenous nerve 
block aids in pain control for the first 24 hours, often al-
lowing these procedures to be done in the out-patient 
setting. We no longer use femoral nerve blocks, which 
might give somewhat better pain relief but sometimes 
result in significantly delayed recovery of quadriceps func-
tion. The extremity is elevated to reduce swelling. The 
patient is instructed in active quadriceps and hamstring 

exercises beginning the day after surgery. Ideally, these 
exercises are practiced before surgery. Quadriceps and 
hamstring isometric exercises are performed on a regular 
basis each hour, and leg lifts for strengthening of the hip 
flexors and abductors are instituted as soon as possible. 
In selected patients, epidural analgesia and a continuous 
passive motion machine can be used. Crutch walking with 
touch-down weight bearing is begun as soon as possible. 
Drainage tubes are removed at 12 to 24 hours. The pa-
tient usually is released from the surgical facility ambula-
tory with crutches the day of or the day after surgery. 
The patient is encouraged to continue quadriceps- and 
hamstring-setting exercises on a regular basis in addition 
to leg lifts. Transcutaneous muscle stimulation has not 
been proved to reduce atrophy or to aid in rehabilitation. 
If a motion brace is used, motion between 30 and 90 de-
grees is encouraged. The sutures are removed at 2 weeks. 
If a cast is used, it is changed at 2 weeks, maintaining the 
30-degree flexed position. The protective cast or brace is 
changed every 2 weeks and is worn for a total of 4 to 6 
weeks. Usually 4 weeks of complete immobilization is the 
maximum. A long-leg, restricted motion brace or a femo-
ral cast brace that will permit freedom of flexion but will 
block extension, usually at 30 degrees, is worn. Total im-
mobilization usually is unnecessary for acute MCL repairs, 
and immobilization often has deleterious effects on the 
articular surfaces, especially of the patellofemoral joint. 
The flexible brace usually is worn until 6 to 8 weeks after 
surgery. If the brace has an adjustable dial lock mecha-
nism in the knee hinge, the amount of extension can be 
increased (e.g., from 30 to 15 to 0 degrees) during the 6 
to 8 weeks after surgery.
  

 FIGURE 45.63 Superficial and deep medial ligaments avulsed 
from femoral attachment reattached and vertical and oblique tears 
closed with interrupted sutures. SEE TECHNIQUE 45.4.

 FIGURE 45.64 Krackow locking stitch allows application of 
tension to ligament without bunching up.  (Redrawn from Krackow 
KA, Thomas SC, Jones LC: Ligament-tendon fixation: analysis of a new 
stitch and comparison with standard techniques, Orthopedics 11:909, 
1988.) SEE TECHNIQUE 45.4.
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On removal of the cast or other appliance, a reinforced knee 
brace is applied. Partial weight bearing on crutches contin-
ues until at least 60 degrees of motion is present in the knee 
and the patient is lifting 7 kg, 50 repetitions, with the quadri-
ceps. Agility and proprioceptive retraining are emphasized as 
late components of the rehabilitation program. Rehabilitation 
proceeds similarly to that prescribed after meniscectomy, but 
it is more intense and more prolonged. Also, extension to 
within 5 degrees of the opposite extremity must be present 
before the crutches can be discontinued. With early motion 
in a controlled motion brace, the patient often has full exten-
sion by 8 weeks, and full weight bearing can be permitted. The 
patient should understand that maximal strength and func-
tion in the repaired ligaments probably are not attained for 12 
months after surgery.

RECONSTRUCTION
Chronic medial compartment instability is rarely a single-
plane valgus laxity. Medial instabilities sufficient to justify 
reconstruction are more often combined with other instabili-
ties, such as anterior cruciate insufficiency, that also must be 
taken into consideration. However, for simplification, recon-
structions in the following sections are described as medial 
reconstruction, lateral reconstruction, and so on, but the 
reader must realize that combinations of procedures and fre-
quent modifications often are necessary. Simultaneous recon-
struction of chronic ACL and MCL lesions has been shown to 
be effective in improving medial, sagittal, and rotatory stabil-
ity of the knee.

The principles of reconstruction of the medial side are (1) 
repair and retention of the medial meniscus, if possible; (2) 
reconstruction of the capsular structures, especially the pos-
terior capsule; (3) restoration of the meniscotibial connection 

of the semimembranosus complex; (4) reconstruction of the 
POL at the deep posterior corner; (5) reestablishment of the 
influence of the semimembranosus unit to the POL, medial 
meniscus, and posterior capsule; and (6) reconstruction of 
the MCL. Severe valgus laxity generally requires tightening 
of the MCL in addition to the posterior capsule, the posterior 
oblique area of the posteromedial capsule, and the midmedial 
capsular ligament. 

 

RECONSTRUCTION OF MEDIAL 
COMPARTMENT

 TECHNIQUE 45.5 

(SLOCUM)
 n  Place the patient on the operating table supine so that 

the lower end of the table can be dropped beyond a right 
angle to flex the knee. A bolster can be used to support 
the distal aspect of the thigh and to flex the knee with 
the table flat. Most of the surgical exposure, exploration, 
and reconstruction is carried out with the knee flexed; 
the method is the choice of the surgeon. We prefer the 
bolster and leave the foot on the table, but either method 
permits the knee to flex to 90 degrees and allows access 
to the posterior joint.

 n  Carefully prepare the skin, drape the extremity, and in-
flate a pneumatic tourniquet. If arthroscopic examina-
tion immediately precedes the planned reconstruction, it 
should be done without inflation of the tourniquet.

 

A B
FIGURE 45.65 A, Horizontal tear in meniscotibial ligament approximated with multiple inter-

rupted sutures. Two tensioning sutures to relieve tension on approximated tear are placed vertically. 
B, Horizontal tear in meniscotibial ligament near its insertion on tibia. Repair is accomplished by 
multiple interrupted sutures through transosseous tunnels (inset). SEE TECHNIQUE 45.4.
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 n  Begin a medial skin incision 4 to 5 cm proximal to the me-
dial femoral epicondyle and curve it forward and down-
ward, paralleling the lower fibers of the vastus medialis 
muscle, to the midpoint of the medial edge of the patella.

 n  Continue the incision distally, paralleling the patellar ten-
don across the joint line to the level of the lower border of 
the pes anserinus, as with the standard medial parapatel-
lar incision.

 n  Reflect the skin and subcutaneous fat flap posteriorly to 
the medial popliteal space to expose the deep fascia cov-
ering the medial compartment and anteriorly to expose 
the musculotendinous structures around the medial side 
of the patella, patellar tendon, and tibial tuberosity (Fig. 
45.66).

 n  With the extensor retinaculum and deep fascia still over-
lying the medial ligaments and with the posteromedial 
corner of the knee exposed, check the knee for stability 
by the abduction stress test and Slocum’s anteromedial 
rotary test. Note points of greatest laxity and scarring dur-
ing the testing to determine which will require special 
reinforcement during the surgical repair.

 n  Check the lateral stability of the patella by attempting to 
force it laterally over the lateral femoral condyle with the 
knee in several different degrees of flexion. When the 
patella can be subluxated or dislocated from the patel-
lofemoral groove, laxity of the extensor retinaculum and 
the vastus medialis muscle insertion is present and re-
quires repair. Patellar stability must be tested at this stage 
because it is extremely difficult to evaluate after capsular 
arthrotomy incisions have been made.

 n  Make a medial parapatellar arthrotomy incision and ex-
plore the joint by a definite routine as follows.

 n  Inspect the medial meniscus for tears or tears of its attach-
ment. If the medial meniscus and the synovium over the 
peripheral attachment are both intact on the upper sur-
face and the meniscus is held tightly to the femur by the 
meniscofemoral portion of the medial capsule while ab-
duction stress is applied, the meniscotibial portion of the 
ligament is lax; when the meniscus remains fixed to the 
tibia during abduction stress testing, the meniscofemoral 
portion of the capsule is the principal site of laxity. Use a 

meniscus hook or a blunt ligament hook to detect poste-
rior peripheral or inferior surface tears not detectable by 
inspection from above.

 n  Then inspect the lateral meniscus by placing the foot on 
the opposite knee and allowing the flexed knee to be 
stressed into varus as the hip falls into external rotation.

 n  Retract the ligamentum mucosum and the patellar fat 
pad to see most of the lateral meniscus.

 n  Inspect the articular surfaces of the patella, the femoral 
condyles, and the tibial plateaus for chondral or osteo-
chondral defects (treat them appropriately by chondro-
plasty or excision of loose fragments).

 n  Test the anterior and PCLs for laxity by inspection, palpa-
tion with a gloved finger, and tension testing with a liga-
ment hook.

 n  If a cruciate ligament feels “soft” as it is stressed with 
a finger or a ligament hook but the overlying synovium 
appears intact, carefully incise the synovium to determine 
whether an intrasynovial rupture of the cruciate ligament 
has occurred.

 n  When reconstruction of medial compartment structures 
is necessary and the laxity seems to be principally me-
niscofemoral rather than meniscotibial, tightening of the 
medial capsular ligament by proximal advancement with 
an intact meniscotibial portion or medial and anterior ad-
vancement of the posterior capsule sufficient to correct 
mild-to-moderate posterior capsular laxity will not suf-
ficiently disturb an intact medial meniscus to justify its 
excision.

 n  If the meniscotibial (coronary) ligament portion of the 
capsule is markedly lax and the peripheral attachment of 
the meniscus is intact, distal advancement of the poste-
rior and medial capsule may be more difficult. In such 
instances, instead of excising the meniscus, we prefer to 
detach the posterior and posteromedial attachment of 
the meniscus along its meniscocapsular attachment, ad-
vance the capsule distally, and suture the meniscus to the 
tightened capsule.

 n  If the posterior periphery of the meniscus is already de-
tached, the capsule is advanced distally and the periphery 
of the meniscus is sutured.
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FIGURE 45.66 Exposure for repair of posteromedial capsule. Medial skin incision is represented 
by green line. SEE TECHNIQUE 45.5.
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 n  Incise the deep fascia overlying the posteromedial corner of 
the knee from the level of the vastus medialis anteriorly to the 
sartorius posteriorly to expose the posterior part of the me-
dial capsule and the semimembranosus tendon (Fig. 45.67A-
C). We prefer to join the anterior parapatellar incision and 
the incision in the deep fascia of the posteromedial corner 
with an incision along the anterior border of the sartorius, 
thus reflecting a deep fascial flap proximally to the origin of 
the vastus medialis. This allows inspection of the tibial inser-
tion of the MCL in addition to better defining areas of maxi-
mal laxity of the medial supporting structures. Reflection of 
this deep fascial flap proximally may be difficult because of 
scarring, but with care it usually can be accomplished.

 n  Now enter the posterior joint through the relatively thin 
part of the capsule lying between the medial and pos-
terior capsular ligaments. This capsular incision lies just 
posterior and parallel to the strong ligamentous band 
forming the posterior margin of the medial capsule that 
extends from the medial femoral epicondyle to the poste-
rior capsule and direct tendon of the semimembranosus.

 n  Expose the semimembranosus complex at the posterome-
dial corner of the knee by incising its tendon sheath from 
the posterior edge of the tibial collateral ligament to its 
muscle fibers proximally.

 n  Locate the interval between the posterior capsule and the 
medial head of the gastrocnemius muscle and retract the 

gastrocnemius off the posterior capsule over to the mid-
line of the tibia.

 n  Because the tendon of the semimembranosus is lax with 
the knee in flexion, release it from its sheath and retract it 
distally from the groove on the tibia to provide easy access 
to the interval between the semimembranosus and the 
posteromedial aspect of the joint where the fibers of the 
posterior capsule, the oblique fibers of the posteromedial 
capsule, and the direct head of the semimembranosus 
and the OPL intermingle.

 n  Release the ligamentous band between the semimembra-
nosus and the gastrocnemius tendon sheath to further 
mobilize the semimembranosus complex; however, do 
not incise the popliteal oblique ligament from the semi-
membranosus.

 n  Expose the posterior joint, excise remnants of the medial 
meniscus or loose bodies, and correct other joint disor-
ders, such as a torn meniscus, as indicated.

 n  Grasp the conjoined tendons of the semimembranosus 
with a heavy clamp and draw them forward, upward, and 
medially.

 n  Expose the interval between the medial head of the 
gastrocnemius and the semimembranosus tendon with 
finger dissection posteriorly to the point where the OPL 
inserts into the back of the femur and the posterior cap-
sule of the lateral compartment of the knee.
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FIGURE 45.67 A–C, Deep complete posteromedial exposure into joint. SEE TECHNIQUE 45.5.
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 n  Palpate the direct insertion of the semimembranosus at 
its tibial attachment.

 n  Protect the popliteal vessels while exposing the posterior 
capsule.

 n  The objectives of repair at the posteromedial corner of the 
knee are to reattach the posterior capsule to the tibia, to 
suture the meniscus if possible, to restore tension in the 
posterior and medial capsular structures, and to reestab-
lish the semimembranosus tendon complex, restoring its 
dynamic influence, especially on the OPL. Slocum carried 
this out in the following manner.

 n  If the medial meniscus has previously been removed and 
when significant laxity exists, dissect the posterior capsule 
off the back of the tibia to unscarred ligamentous tissue. 
Use an osteotome to freshen or roughen the bone on the 
posterior aspect of the tibia for distal advancement of 
the edge of the posterior capsule using suture anchors to 
secure the capsule to the tibia (Fig. 45.68).

 n  Alternatively, drill two or three holes from the anterior to 
the posterior aspect of the tibia into the freshened area, 
place sutures in the distal edge of the posterior capsule, 
and pass them through these drill holes to reattach the 
capsule to the posterior tibia from the intercondylar area 
to the medial edge of the insertion of the direct head of 
the semimembranosus.

 n  In advancing the tibial attachment of the posterior cap-
sule, place the sutures in the distal posterior capsule so 
that when the sutures are passed anteriorly through the 

parallel drill holes the posterior capsule is pulled down-
ward (Fig. 45.69).

 n  Extend the knee with the capsule pulled downward be-
fore the sutures are tied to be sure that extension is not 
markedly limited. The joint should begin to feel “tight” 
as the last 15 or 20 degrees of extension is reached.  
This restores the tension to the lateral half of the posterior 
capsule. Posterior capsular advancement obviously is not 
necessary when avulsion of this portion of the capsule 
has not occurred.

 n  If the medial meniscus has not been removed previously, 
it should be retained, if possible, as already described. 
The technique for open meniscal suturing is described in 
Technique 45.1.

 n  Now close the anteromedial arthrotomy incision; failure 
to do so at this point may result in difficulty in approxi-
mating the edges once the posteromedial capsular and 
medial collateral ligamentous reconstructions have been 
completed.

 n  Next, pull the heavy oblique band at the posterior margin 
of the medial capsule distally and posteriorly to reattach it 
to the posterior capsule, the posterior margin of the tibia, 
the direct head of the semimembranosus, and the OPL 
while at the same time pulling the inferior medial margin 
of the posterior capsule forward.

 n  Finally, advance medially and anteriorly the anterome-
dial edge of the direct head of the semimembranosus 
tendon.
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FIGURE 45.68 Repair of posterior capsule torn from posterior tibia. SEE TECHNIQUE 45.5.

    

https://booksmedicos.org


PART XIII SPORTS MEDICINE2256

 

Suture in strong
posterior margin
of medial capsule

First suture

Arrow (suture) emerges
in interval between
gastrocnemius muscle
and direct head

Slack heavy oblique band
at posterior margin of
the medial capsule

Posterior
capsule

Medial head
gastrocnemius muscle

Suture pulls medial capsule down
and backward to junction of
posterior capsule and direct
head of semimembranosus muscle

FIGURE 45.69 Reattachment of posterior third of medial capsule. SEE TECHNIQUE 45.5.

 

REPAIR OF POSTEROMEDIAL CORNER

 TECHNIQUE 45.6 

 n  The insertion of the direct head of the semimembranosus 
tendon into the posterior tubercle of the tibia is the stron-
gest soft-tissue anchor point at the posteromedial corner 
(Fig. 45.70). Place a mattress suture through the direct 
tendon near the bone to emerge at the confluence of 
the direct tendon, the posterior capsule, and the medial 
capsule.

 n  Then return anteriorly to the posteromedial capsule for 
the posteromedial capsular ligament, or that portion re-
ferred to by Hughston as the POL.

 n  Place a suture through the inferior corner of this cap-
sular ligament near the tibial articular margin and then 
back through the direct tendon of the semimembra-
nosus and tie it securely. Placement of this suture is 
crucial to restoration of tension within the POL or 
medial capsule. The posterior fibers of the ligament 
should lie in juxtaposition with the direct head of the 
semimembranosus and the tibial insertion of the pos-
terior capsule. This should eliminate valgus and rotary 
instability.

 n  The posteroinferior corner of the medial capsule can be 
attached to a prepared site at the posteromedial tibial 
margin with suture anchors; or sutures can be passed 
through holes drilled through the bone when the direct 
head of the semimembranosus appears to be of insuf-
ficient strength.

 n  Advance the posterior capsule medially and anteriorly 
around the corner so that it overlies the posterior portion 
of the medial capsule.

 n  With the knee flexed, imbricate the medial capsular and 
posterior capsular edges 1 to 2 cm if possible and se-
cure them with multiple interrupted sutures. Secure also 
the inferior aspect of the medial edge of the posterior 
capsule to the direct head of the semimembranosus and 
then to the medial capsule so that any remaining laxity of 
the posteromedial capsule is eliminated as the posterior 
joint is closed. Thus a double-thickness imbricated layer 
of capsular tissue fixed either to bone or to the direct 
head of the semimembranosus distally and to the medial 
epicondyle proximally restores ligamentous tension with 
good-quality tissue at this most vulnerable point.

 n  Reinforce the repair by advancement of the semimembra-
nosus tendon, using the direct head as a pivot point.

 n  Draw the conjoined tendon anteriorly, medially, and prox-
imally to snugly cover the repaired medial and posterior 
capsule. With two or three interrupted sutures, secure 
this serpentine course of the semimembranosus complex.

 n  Slocum released the anteromedial tendon of the semi-
membranosus from its tibial insertion beneath the longi-
tudinal fibers of the MCL and freed it from its distal at-
tachment to its tendon sheath and the tibial metaphysis. 
He fixed this freed tendon to the posterior edge of the 
MCL without disturbing its overlying fascia. Securing it 
to the posterior edge of the MCL as well as to the reefed 
posterior capsular ligament above the joint line provides 
dynamic tightening of the important posterior oblique 
portion of the medial capsular ligament and of the MCL. 
We prefer not to detach the anteromedial head of the 
semimembranosus because significant stabilizing func-
tion is lost if the suture line pulls loose. We recognize that 
bringing it in a serpentine manner over the posteromedial 
corner may not direct its pull in the line of its fibers, but 
we prefer this to detachment.
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RECONSTRUCTION OF 
POSTEROMEDIAL CORNER

 TECHNIQUE 45.7 

(HUGHSTON)
 n  Use a standard medial incision with the knee held in 60 

degrees of flexion, the thigh resting on the operating 
table, and the hip in external rotation.

 n  Incise the capsule in the soft spot interval behind the MCL 
and anterior to the POL. This interval provides access to 
the posteromedial aspect of the joint and exposure of the 
medial meniscus.

 n  Determine the site of the original injury by use of a probe 
to assess the laxity of the femoral and tibial attachments.

 n  If the MCL is markedly unstable, especially off the femoral 
attachment, advance it superiorly and reattach it at the end 
of the tubercle with suture anchors or sutures to the perios-

teum. Avoid reattaching it below the femoral epicondyle, 
which would shorten the ligament and restrict flexion.

 n  Next, advance the POL anteriorly and superiorly onto the 
femur in the region of the adductor tubercle and the me-
dial epicondyle (Fig. 45.71A). Suture it to the periosteum 
under moderate tension.

 n  Then advance the POL inferiorly and distally, anchoring 
it through holes drilled in the tibia, or through the use 
of suture anchors, or to adequate soft tissue. Reinforce 
the midportion of the POL by advancing it over the MCL 
with mattress sutures in a vest-over-pants fashion (Fig. 
45.71B).

 n  In the final step of the reconstruction, determine the sta-
tus of the capsular arm of the semimembranosus tendon. 
If it is lax, advance the tendon distally and superiorly onto 
the site of reconstruction of the POL with mattress su-
tures (Fig. 45.71C). This restores the direct line and pull 
of the semimembranosus muscle and contributes to the 
dynamic stability.

 

A B

C

Femur

Tibia

Anterior

Posterior

Anterior

Posterior

Anterior

Posterior

FIGURE 45.70 Direct suture method of reconstruction of posteromedial corner of knee.  
A, Suture through direct head of semimembranosus tendon. B, Suture through drill holes.  
C, Posterior capsule sutured over posteromedial capsule. SEE TECHNIQUE 45.6.
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B C

Tibial arm,
posterior oblique
ligament 

Capsular arm,
posterior oblique
ligament        

Medial head,
gastrocnemius muscle   

Capsular arm,
semimembranosus
muscle

Tibial arm,
semimembranosus muscle

Medial collateral
ligament

Superficial arm,
posterior oblique

ligament

Capsular arm,
semimembranosus
muscle

FIGURE 45.71 Repair of posterior oblique ligament. A, Medial collateral ligament is sutured 
to medial femoral epicondyle; loose posterior oblique ligament is pulled anteriorly and proximally 
onto femur, where it is sutured to periosteum. B, Proximal part of torn posterior oblique ligament 
is sutured to medial collateral ligament, and two ligaments are sutured together in pants-over-vest 
fashion. C, Lax capsular arm of semimembranosus tendon is pulled anteriorly onto site of repair 
of posterior oblique ligament and sutured in position. SEE TECHNIQUE 45.7.

 n  If the anteromedial capsule is lax or of poor quality, two 
procedures have been described for reinforcing this area: 
shifting the patellar tendon medially (Elmslie-Trillat tech-
nique) and using the medial half of the patellar tendon 
to reinforce the repair of the anteromedial capsule. We 
have not found these necessary. For descriptions of these 
techniques, the reader is referred to earlier editions of this 
text.

POSTOPERATIVE CARE The knee is protected for a 
total of 3 to 6 weeks, depending on the type of recon-
struction, the age of the patient, and other factors. As 
soon as full extension is achieved, partial weight bearing 
is begun. The rate of progression to full weight bearing 
depends on quadriceps strength and the integrity of the 
reconstruction. Isometric exercises are instituted as soon 
after surgery as tolerated and are progressed with increas-

ing weights during the protected mobilization. When the 
brace is discontinued, at about 6 weeks, isotonic and iso-
kinetic exercises are begun, along with active full range 
of motion.
  

RECONSTRUCTION WITH ALLOGRAFT TENDONS
An alternative method for reconstruction of the MCL involves 
the use of allograft tendons. Commonly used graft sources are the 
semitendinosus tendon, the posterior tibial tendon, and the ante-
rior tibial tendon. These tissues can be doubled on themselves to 
provide sufficient strength and yet still maintain adequate length 
to span the distance required. The tendon is placed in a drill hole 
at the femoral epicondyle and secured there with a biodegradable 
interference screw. The graft is attached on the tibial side at the 
distal end of the tibial insertion site beneath the pes anserinus 
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tendons. It is secured to roughened bone with a screw and spiked 
soft-tissue washer or staple. The knee can be taken through a 
range of motion to determine proper isometric placement of this 
graft before final fixation. Alternatively, the graft can be placed 
into a drill hole at the tibial site with this technique. Sutures are 
placed in the free ends of the graft and brought through the tibial 
drill hole and across the knee to the lateral surface of the tibia to 
apply tension. The graft is fixed in the tibial tunnel with a biode-
gradable interference screw. Zhang et al. described a tibial inlay 
reconstruction of the MCL using Achilles tendon allograft. The 
bone block was fixed with a cancellous screw and washer into a 
cancellous trough created on the medial surface of the tibia, and 
the tendinous portion was fixed with a bioabsorbable interfer-
ence screw into the femoral insertion site of the superficial MCL. 
According to the authors, this technique reproduces the native 
anatomy and orientation of the MCL.

Although fascia lata and the semitendinosus tendon have 
been recommended as a graft, we prefer allograft tissue to 
the use of the autogenous tissue from the medial side of the 
knee when chronic medial instability is present. We believe 
that the intact medial structures may provide some stability to 
the medial side of the knee and that their integrity should be 
maintained. Sacrifice of the semitendinosus or other medial 
structure may contribute to medial instability. 

LATERAL COMPARTMENT (COLLATERAL) 
DISRUPTIONS
On the lateral side of the knee, a distinction should be made 
between isolated LCL injuries and posterolateral corner inju-
ries, which include the LCL, the popliteus complex, and the pos-
terolateral capsule. As with medial-side injuries, isolated grade I 
and II tears of the LCL can be managed with nonsurgical treat-
ment and early rehabilitation. This was demonstrated in clinical 
studies by Krukhaug et al. and Kannus, but nonsurgical man-
agement of grade III injuries produced poor results. However, 
Bushnell et al. reported on nonsurgically treated isolated grade 
III LCL injuries in a cohort of National Football League players. 
They found that those managed nonoperatively were as likely to 
return to play as those managed surgically and they did so more 
quickly. In spite of their controversial results, the authors still 
recommended surgical treatment for most grade III injuries.

For acute lateral compartment disruptions, as for medial 
tears, the knee is examined for instability classification and 
grading after the patient has been anesthetized, and systematic 
arthroscopic examination is usually carried out to assess and 
rule out other intraarticular pathologic conditions before pro-
ceeding with open repair of the lateral complex. Investigators 
have demonstrated that failure to repair or to reconstruct the 
posterolateral corner can lead to increased forces and subse-
quent failure of reconstructed ACL and PCL. Biomechanical 
studies have shown a significantly higher graft force during 
varus loading at 0 and 30 degrees of knee flexion after tran-
section of the LCL than with intact posterolateral structures, 
leading to recommendations that in knees with grade III pos-
terolateral injuries and evidence of varus or coupled posterior-
external rotation instability, repair or reconstruction of the 
posterolateral structures should be performed at the time of 
PCL reconstruction to decrease the chance of later graft fail-
ure. Posteromedial corner injuries also have been implicated in 
anteromedial rotary instability and failed ACL reconstructions.

In recent years, as a result of residual laxity experienced in 
some ACL reconstructions, researchers have shown a renewed 

interest in the ALL of the knee. Its existence is still somewhat 
debated because it has been identified as a distinct structure in 
12% to 100% of human specimens. The ALL is not an isometric 
ligament; its length increases with knee flexion as well as internal 
rotation. It usually is reported as originating on the femur, pos-
terior and proximal to the lateral femoral epicondyle, although 
some have located it either directly on the lateral epicondyle or 
anterior and distal to the attachment site of the LCL. The tibial 
attachment site has more agreement, residing halfway between 
the center of Gerdy’s tubercle and the anterior margin of the fibu-
lar head and 1 cm distal to the joint line. Biomechanically, the 
ALL has a mean ultimate load to failure between 50N and 205N, 
a mean stiffness of 20 to 42 N/mm, and a mean ultimate strain 
of 36%. Cadaver and biomechanical studies have shown the 
importance of the ALL as a restraint to internal tibial rotation and 
anterior tibial translation and in preventing the knee pivot shift 
phenomenon. Experimental sectioning of the ALL was found to 
invariably induce high-grade pivot shifts in ACL-deficient cadaver 
knees, unlike isolated ACL injury, suggesting that reconstruction 
of the ALL may play a major role in improving results of isolated 
ACL reconstruction by providing better rotational control of the 
knee. Several studies have shown that the ALL has an effect of 
rotational stability when its reconstruction is done in conjunction 
with a standard intraarticular reconstruction of the ACL.

Currently, there is no consensus regarding the proper angle 
of knee flexion at which fixation of ALL reconstruction should 
occur. All flexion angles have been described, but the ligament 
is not isometric and lengthens with flexion. In a cadaver study, 
Schon et al. assessed the effect of ALL reconstruction graft fixa-
tion angle on knee joint kinematics in the setting of concomitant 
ACL reconstruction to determine the optimal ALL reconstruc-
tion graft fixation angle. They found that anatomic ALL recon-
struction at all graft fixation angles significantly overconstrained 
internal rotation of the knee joint beyond 30 degrees of flexion 
and at 45 and 60 degrees during the pivot shift test. Furthermore, 
there were no significant kinematic differences between any 
tested graft fixation angles during anterior drawer, pivot shift, 
and internal rotation tests. Consequently, most authors report 
fixing the graft at 30 degrees of flexion to avoid overconstraint. 
Sonnery-Cottet et al. reported full range of motion in 83 patients 
at a minimum 2-year follow-up after combined reconstructions 
of the ACL and ALL; 76 patients had a negative pivot shift and 
seven had a grade 1. They also reported significant improve-
ments in Lysholm scores, subjective IKDC scores, and objective 
IKDC scores. In another study, Sonnery-Cottet et al. found that 
ALL reconstruction protected the repaired medial meniscus. 
Their indications for combined reconstructions were an associ-
ated Segond fracture, a chronic ACL lesion, grade 3 pivot shift, 
high level of sports activity, participation in pivoting sports, 
and lateral femoral notch sign on radiographs. Other surgeons 
have included revision ACL reconstruction as an indication for 
ALL reconstruction. Conversely, in a study of 552 patients who 
had primary ACL reconstruction, Gaunder et al. identified 47 
patients who required revision ACL reconstruction. The inci-
dence of Segond fractures was 6% in the primary reconstruction 
group. After ACL reconstruction, the Segond fracture healed in 
90% of patients. No patient with revision surgery had a Segond 
fracture, and no patient with a Segond fracture had graft failure. 
Lee et al. reviewed 87 patients who had revision ACL reconstruc-
tion and divided them into two groups: isolated revision ACL 
reconstruction group (group I, n = 45) and revision ACL recon-
struction in combination with ALL reconstruction (group C, 
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n = 42). The IKDC subjective score, the Tegner score, and the 
ACL-return to sport after injury (RSI) score were significantly 
better in group C. Pivot shift test and return to the same level 
of sports activity were significantly better in group C, but there 
were no significant differences between the groups for KT-2000 
arthrometer, isokinetic extensor strength, single-legged hop for 
distance, co-contraction test, or carioca test. In a meta-analysis of 
clinical outcomes after combined ACL and ALL reconstruction 
compared to isolated ACL reconstruction, Delaloye et al. found 
that the overall graft failure rate was less than 3% at 2 years after 
surgery. Comparison analysis in a high-risk population dem-
onstrated that the graft failure rate in combined ACL and ALL 
reconstruction was 2.5 times lower than with isolated bone–
patellar tendon–bone graft and 3.1 times lower than with iso-
lated hamstring graft. The medial meniscal repair failure rate was 
also two times lower in the combined ACL and ALL reconstruc-
tions group compared to isolated ACL reconstruction group. 
However, return to sport and functional outcomes did not show 
any significant difference between groups. Further research with 
long-term follow-up is needed to determine if ALL reconstruc-
tion impacts the natural history of ACL reconstruction. 

 

RECONSTRUCTION OF THE 
ANTEROLATERAL LIGAMENT

 TECHNIQUE 45.8 

 n  Harvest a gracilis tendon autograft with a tendon stripper 
as described in Technique 45.23, and whipstitch the end 
of the graft.

 n  Make a femoral stab incision slightly proximal and poste-
rior to the lateral epicondyle and a tibial stab incision 22 
mm posterior to Gerdy’s tubercle (approximately halfway 
between the tubercle and the center of the fibular head) 
(Fig. 45.72A).

 n  Through the femoral stab wound, insert a 2.4-mm guide 
pin 8 mm proximal and 4.3 mm posterior to the lateral 
epicondyle. When drilling this guide pin, aim slightly ante-
rior and proximal to avoid drilling into the femoral socket 
of the ACL reconstruction.

 n  After the pin is drilled, split the iliotibial band around it 
with a scalpel to facilitate insertion of a suture anchor (Fig. 
45.72B).

 n  Through the fibular stab wound, drill a 2.4-mm guide pin 
22 mm posterior to Gerdy’s tubercle and 10 mm distal to 
the joint line (Fig. 45.72C).

 n  Test the isometry of the graft by wrapping a Fiber-
Wire (Arthrex, Naples, FL) around the pins and moving 
the knee through a range of motion (Fig. 45.72D). 
When the FiberWire is held taut at extension, the graft 
should be isometric or become slightly shorter by no 
more than 5 mm as it moves to 90 degrees of flexion. 
If it becomes shorter by more than 5 mm, adjust the 
femoral pin.

 n  Overdrill the femoral guide pin with a 4.5-mm cannulated 
drill to a depth of 20 mm.

 n  Load the whipstitched sutures of the gracilis graft through the 
eyelet of a 4.75-mm SwiveLock anchor (Arthrex, Naples, FL).

 n  Insert the SwiveLock into the drilled hole. Make sure the 
eyelet is fully seated so that the threads of the anchor 
have started to touch the bone. Hold the paddle of the 
SwiveLock and turn the knob to insert the anchor (Fig. 
45.72E). The SwiveLock sutures can be removed.

 n  Overdrill the tibial guide pin with a 7-mm cannulated drill 
to a depth of 20 mm.

 n  Use a curved hemostat to dissect underneath the iliotibial 
band to create a plane from the femoral incision to the 
tibial incision (Fig. 45.72F). Place a passing suture from 
distal to proximal with the hemostat. Use the passing su-
ture to pass the graft to the tibial side (Fig. 45.72G).

 n  Hold the graft to the drilled hole and mark it at that lo-
cation. Whipstitch 20 mm of the graft distally from the 
mark, using a no. 2 FiberLoop suture (Arthrex, Naples, 
FL) (Fig. 45.72H). This allows the whipstitched section to 
enter the drilled socket with the SwiveLock and increases 
the pull-out strength of the graft.

 n  Place the 7-mm forked Tenodesis SwiveLock anchor over 
the graft. Push the forked end into the tunnel and adjust 
tension by pulling on the graft (Fig. 45.72I). It is important 
not to overconstrain the ALL.

 n  Fix the anchor with the knee in extension and neutral 
rotation. Once the anchor is in place, the sutures can be 
removed. Cut the end of the graft exiting the tibial socket 
(Fig. 45.72J).

POSTOPERATIVE CARE Patients are allowed to begin 
a standard ACL rehabilitation program, with full weight 
bearing, without a brace, and progressive range-of-
motion exercises. A gradual return to sports activities is 
allowed starting at 4 months for nonpivoting sports, at 
6 months for pivoting noncontact sports, and at 8 to 9 
months for pivoting contact sports.
   

If repair of acute lateral side injuries is anticipated, the sur-
gery should be done within 2 to 3 weeks of the injury before 
tissue quality deteriorates and loses the ability to hold sutures 
and identification of structures becomes difficult. The sur-
geon should also be prepared to augment the repairs because 
many of them may be tenuous.

 

REPAIR OF LATERAL COMPARTMENT 
DISRUPTIONS

 TECHNIQUE 45.9 

 n  Place the patient supine with a sandbag beneath the 
ipsilateral hip to slightly tilt the patient to the opposite 
side. A bolster beneath the thigh to hold the knee near 
90 degrees of flexion may be preferred. Apply a pneu-
matic tourniquet and inflate it. Keep the knee flexed 
for the skin incision, surgical approach, exposure, and 
repair.

 n  Begin a midlateral incision 2 cm proximal to the level of 
the patella, directly over and in line with the fibers of the 
iliotibial band (Fig. 45.73A), 3 cm lateral to the patella and 

    

https://booksmedicos.org


CHAPTER 45  KNEE INJURIES 2261

 

A B

C D

E
F

FIGURE 45.72 Reconstruction of the anterolateral ligament. A, Incisions. B, Splitting of the 
iliotibial band. C, Guide pin inserted 22 mm posterior to Gerdy’s tubercle and 10 mm distal to joint 
line. D, Testing of graft isometry. E, Insertion of the SwiveLock. F, Overdrilling of the tibial guide 
pin with a 7-mm cannulated drill to a depth of 20 mm.

Continued
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patellar tendon and parallel to these structures. Proceed 
with the incision distally over the region of the tubercle of 
insertion of the iliotibial band (Gerdy’s tubercle), ending it 
approximately 4 cm distal to the joint.

 n  Dissect the skin, subcutaneous tissue, and superficial fas-
cia as a single layer off the deep fascia to expose the entire 
lateral aspect of the knee from the midpatella anteriorly 
to the posterolateral corner.

 n  Inspect the deep structures for hematoma that may indi-
cate the site of significant pathologic changes.

 n  Identify the common peroneal nerve deep to the biceps ten-
don and around the neck of the fibula and carefully protect 
it. With severe lateral compartment disruptions, stretching 
or disruption of the common peroneal nerve may occur. 
The preoperative functional status of the nerve should have 

been noted and recorded. Towne et al. and Novich and 
Newark recommended early exploration of a nonfunction-
ing peroneal nerve with definitive repair as indicated. We 
advocate tagging the ends of the nerve when complete dis-
ruption exists to make them easy to locate for later repair.

 n  The nerve occasionally sustains a stretching type of in-
jury with intrafascicular disruption at numerous levels and 
therefore is not suitable for a successful repair. Even then, 
when repair is indicated, microscopic technique at a later, 
more optimal time is preferred.

 n  With severe lateral disruptions, the biceps femoris inser-
tion into the fibula may be avulsed with a small piece of 
bone and the iliotibial band also may be torn.

 n  Once wide exposure has been achieved and the iliotibial 
band, biceps femoris, and common peroneal nerve have 

 

G
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J
FIGURE 45.72 Cont’d G, Placement of a passing suture from femoral to tibial incision. H, 

Whipstitching of the graft. I, Placement of a SwiveLock anchor over graft. J, Fixation of the anchor.  
(Redrawn from Arthrex Surgical Technique Guide, Arthrex Inc., Naples, FL, 2016.) SEE TECHNIQUE 45.8.
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FIGURE 45.73 Repair of acute lateral compartment (collateral ligament) disruption. A, Skin 
incision (see text). B, Entering between posterior edge of iliotibial band and anterior edge of biceps 
femoris. C, Exposure of midlateral and posterolateral capsular structures and lateral collateral liga-
ment. D, Reattachment of lateral collateral ligament and popliteal tendon to femur after repair 
of lateral capsule. E, Advancing lateral edge of posterolateral capsule anteriorly and suturing to 
midlateral capsule and posterior edge of lateral collateral ligament. Lateral edge of lateral head of 
gastrocnemius muscle is sutured as far anteriorly as possible over reconstructed ligament complex. 
SEE TECHNIQUE 45.9.

been inspected, stress test the knee for localization of 
ligamentous and capsular instability. This usually will cor-
respond with the areas of hemorrhage.

 n  Make an anterolateral parapatellar capsular incision and 
explore the interior of the joint.

 n  If arthroscopy has not been carried out, carefully inspect 
and palpate the lateral meniscus, the cruciate ligaments, 
and the anterior two thirds of the medial meniscus. Place-
ment of the knee in the figure-four position (hip flexed 
and externally rotated and the heel on the opposite knee) 

often permits sufficient varus opening of the joint to al-
low complete visibility of the lateral meniscus and lateral 
compartment.

 n  If the lateral meniscus is irreparably torn, excise it com-
pletely or subtotally at this time. Retain as much of its 
peripheral rim as possible.

 n  If the periphery of the meniscus can be sutured, delay 
this until further lateral and posterolateral exposure is ac-
complished.

 n  If the ACL is torn, it should be reconstructed.
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 n  If the ACL is avulsed from its tibial attachment and no medi-
al compartment abnormality is noted, sutures can be placed 
in the ligament through the lateral arthrotomy incision.

 n  Treat any PCL tears in a similar manner, usually through 
an additional medial approach.

 n  If the iliotibial band and biceps femoris are intact, locate 
the interval between the posterior edge of the iliotibial 
band and the anterior edge of the biceps femoris (Fig. 
45.73B). Separate them sharply and retract the iliotibial 
band anteriorly and the biceps with the common perone-
al nerve posteriorly. This exposes the midlateral and pos-
terolateral capsular structures and the LCL (Fig. 45.73C).

 n  It is often impossible to achieve adequate exposure of the 
area of the tears through this interval between the anterior 
edge of the biceps and the posterior edge of the iliotibial tract.

 n  If exposure of this deeper layer (layer II in the classification 
of Warren and Marshall) of the lateral compartment is not 
adequate, reflect the insertion of the iliotibial tract and its 
anterior expansion from Gerdy’s tubercle with a button 
of bone; be careful not to cut into the articular surface of 
the tibia as the osteotomy detaches it. Reflect this layer 
proximally to the level of the lateral femoral epicondyle 
and the lateral intermuscular septum.

 n  If the posterior third of the iliotibial tract is released from 
its attachment at the epicondyle, or if it is torn as is com-
monly found, it must be anchored to this site at the 
completion of the repair when the insertion is secured to 
Gerdy’s tubercle. This proximal reflection of the iliotibial 
tract and the lateral patellar extensor retinaculum uncov-
ers the deepest layer (layer III) of the lateral compartment 
and allows careful identification of the important stabiliz-
ing structures of the posterolateral corner. Dissection and 
identification of these structures are critical in the repair.

 n  The posterolateral corner often sustains the most severe in-
jury in lateral compartment disruptions. The interior of the 
posterior compartment can be explored through tears of 
the posterolateral capsule, but an anterolateral arthrotomy 
is usually needed for thorough exploration of the joint.

 n  If the capsular tear is not large enough to allow thorough 
inspection of the posterior horn of the lateral meniscus 
and the tibial insertion of the PCL, make a vertical incision 
in the capsule between the LCL and the popliteal tendon. 
Take care not to cut the popliteal tendon as it courses 
from its posterior origin through the capsular hiatus and 
attaches deep to and anterior to the LCL.

 n  With the knee flexed to 90 degrees to relax the posterior cap-
sule for retraction, inspect the posterior horn of the lateral me-
niscus and the tibial insertion of the PCL. This incision also per-
mits determination of the extent of tear in the posterolateral 
capsule. As with tears in the posteromedial corner, they may 
extend from the corner all the way to the midline posteriorly.

 n  The posterior capsule is not as distinctly identifiable laterally 
as it is medially because of the passage of the popliteus from 
its attachment to the back of the tibia through a hiatus in 
the coronary ligament to its attachment on the lateral femo-
ral condyle just anterior to the LCL. Repair of this posterior 
capsule medial to the posterolateral corner is therefore dif-
ficult and probably not required. Far more important is the 
careful repair of the arcuate and fabellofibular complexes, 
the midlateral capsule, the LCL, the popliteus, the popliteo-
fibular ligament, and the iliotibial tract.

 n  If the posterolateral capsule requires repair, it should be 
repaired in a manner similar to that described for the pos-

teromedial capsule, preferably pulling it below the articular 
surface of the tibia and securing it to the tibia with suture 
anchors or sutures placed through the edge of the capsule 
and passed to the anterior surface of the tibia through holes 
drilled from anterior to posterior (Fig. 45.73E). Freshen or 
roughen the back of the tibia at the site of reattachment 
with an osteotome before securing the capsule in place.

 n  Identify the LCL and determine where it is torn. It may be 
avulsed from its femoral origin, torn in its midportion, or 
avulsed from its fibular attachment (Fig. 45.73D). If the tip 
of the fibula has been avulsed, often the biceps tendon, the 
fibular attachment of the LCL, and the fibular styloid attach-
ment of the arcuate ligament, popliteofibular ligament, and 
fabellofibular ligament have come off together. This is the 
optimal situation for repair of the posterolateral structures.

 n  Next determine whether the popliteal tendon and the pop-
liteofibular ligament have been torn. The popliteal tendon 
comes through the hiatus in the coronary ligament at the 
posterolateral aspect of the meniscus, runs deep to the LCL, 
and inserts onto the femoral condyle anterior to the LCL in-
sertion. The popliteofibular ligament arises from the posteri-
or part of the fibula and joins the popliteal tendon just above 
the musculotendinous junction. Warren et al. demonstrated 
the importance of this ligament for posterolateral stability.

 n  The midlateral capsule (lateral capsular ligament) is a strong 
thickening in the capsule just anterior to the LCL, and it 
may avulse a fragment of metaphyseal bone from the tib-
ial articular margin in severe lateral disruptions (the lateral 
capsular sign, or Segond fracture). Careful inspection of 
and traction on the popliteal tendon with a ligament hook 
will generally determine if it is torn. It can escape injury in 
posterolateral disruptions of the static ligaments because 
it is dynamic and can stretch to some extent.

 n  If the tendon appears intact but tension is soft when trac-
tion is applied with the ligament hook, suspect a tear at 
the musculotendinous junction just posteroinferior to the 
popliteal hiatus. These tears often are missed and can 
result in significant posterolateral instability. Such tears 
are difficult to repair but must be sought.

 n  Now identify the arcuate, popliteofibular, and fabellofibular 
ligament complexes (Fig. 45.74). The arcuate and fabello-
fibular ligaments insert onto the fibular styloid and ascend 
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FIGURE 45.74 Posterolateral structures of knee and arcuate 
and fabellofibular ligament complexes. SEE TECHNIQUE 45.9.
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vertically to their femoral attachments with the lateral head 
of the gastrocnemius. The popliteofibular ligament ascends 
to blend with the popliteal tendon. No severe posterolateral 
instability will exist without tears in these structures. Locate 
the area of tear in preparation for a systematic repair.

 n  Now close the anterolateral capsular incision with con-
tinuous 3-0 absorbable sutures for the synovium and mul-
tiple interrupted nonabsorbable sutures for the capsule 
and retinaculum.

 n  If the popliteus is torn, repair it first. If it is avulsed from 
its femoral attachment and the LCL also is avulsed from 
the femur, using suture anchors reattach the two struc-
tures to a raw bony bed with Bunnell-type sutures in each, 
or place the sutures and pull them through holes drilled 
across the femur and tied over a bony bridge over the 
medial femoral epicondylar area (Fig. 45.75A).

 n  If the popliteal tendon is torn within its substance, ap-
proximate its ends with a Bunnell-type suture of nonab-
sorbable material (Fig. 45.75B).

 n  If it is torn distal to the popliteal hiatus near its muscu-
lotendinous junction, repair is difficult at best. Mobilize 
the arcuate and fabellofibular complexes and the lateral 
head of the gastrocnemius for exposure and then insert 
approximating sutures.

 n  If the tear is within the muscle or is so near the muscu-
lotendinous junction that suture purchase is impossible, 
attach the tendon to the back of the tibia using suture 
anchors or by inserting a Bunnell-type suture in the ten-
don (no. 2 Polydek) and passing the sutures through holes 
drilled to exit on the anterolateral surface of the tibia near 
Gerdy’s tubercle (Fig. 45.75C).

 n  If the repair of the popliteus is tenuous, it can be aug-
mented with a strip of iliotibial band. Harvest and tube 
a strip of iliotibial band 2 cm wide, leaving it attached to 
Gerdy’s tubercle. Using a standard ACL drill guide, create 
a tunnel the size of the graft from anterior to posterior in 

the proximal lateral tibia, 2 cm below and parallel to the 
joint line and exiting where the popliteal tendon crosses 
the tibia. Pass the graft anterior to posterior through the 
tunnel and secure it to the popliteal tendon from the tibia 
to the femur with sutures.

 n  If the popliteofibular ligament is torn, repair it with sutures.
 n  If the ligament has been avulsed from the fibular styloid, 

it may be repaired back to the styloid with suture anchors 
or sutures may be placed in the ligament, passed through 
holes drilled in the fibula from posterior to anterior, and 
tied over a bony bridge.

 n  When augmentation is required for the popliteofibular 
ligament, harvest the central third of the biceps tendon 
by dissecting the tendon free of its muscle belly.

 n  Leave this strip of tendon attached to the fibula, extend 
it proximally 12 cm, and transect it. Because the biceps 
tendon insertion on the fibula is anterior to the normal 
posterior insertion of the popliteofibular ligament, the 
graft must be passed posterior and beneath the remain-
ing posterior third of the biceps tendon.

 n  Place the graft under tension and suture it to the posterior fibula 
to re-create the fibular origin of the popliteofibular ligament.

 n  Then pass the graft under the remaining biceps tendon 
and the posterior half of the iliotibial band to the lateral 
femur.

 n  Free the peroneal nerve from the biceps tendon to pre-
vent tension on the nerve when the graft is advanced.

 n  Determine the isometric point for femoral fixation by drilling 
a Kirschner wire near the femoral attachment of the LCL. 
Bring the graft over the Kirschner wire and mark with methy-
lene blue where it touches the wire. Move the knee through 
a range of motion and observe the relationship between the 
mark and the wire. Reposition the Kirschner wire until there 
is minimal movement of the mark with respect to the wire.

 n  Once this isometric position has been determined, secure 
the graft to the femur with a 6.5-mm cancellous screw 

 

BA C
FIGURE 45.75 A, Repair of femoral attachment avulsion of lateral collateral ligament and 

popliteal tendon with use of transosseous drill holes. B, Repair of midsubstance tear of popliteal 
tendon with Bunnell-type suture. C, Repair of musculotendinous avulsion of popliteus by tenodesis 
of tendon to posterior aspect of tibia with Bunnell-type transosseous sutures. SEE TECHNIQUE 45.9.
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and ligament washer and to the remaining popliteal ten-
don with interrupted sutures.

 n  Now begin repair of the LCL. The technique chosen de-
pends on the level of the tear.

 n  Secure avulsions from the femoral or fibular attachments 
to bone with suture anchors or place Bunnell-type non-
absorbable sutures and pass through bone tunnels (Fig. 
45.76A). Rarely will the LCL avulse a sufficient fragment 
of bone to allow reattachment with a screw or staple.

 n  If it is torn within its substance, approximate the ends 
with nonabsorbable sutures (Fig. 45.76B). Reinforce this 
tenuous repair by fashioning a strip of biceps tendon (6 
to 8 cm long), leaving a distal attachment to the fibula. 
Place this strip lengthwise over the LCL, suture it to the 
ligament, and secure it at the femoral attachment of the 
ligament with multiple nonabsorbable sutures or a 6.5-
mm cancellous screw and ligament washer.

 n  If the midlateral capsular ligament has been avulsed, re-
attach it with suture anchors or nonabsorbable sutures 
pulled through holes drilled across the tibial plateaus and 
tied over a bony bridge medially.

 n  Now direct attention to the arcuate, popliteofibular, and 
fabellofibular ligament complexes.

 n  If they have been torn from their fibular styloid attach-
ment, secure them with nonabsorbable sutures.

 n  If they have been torn at the upper end, secure them to the 
periosteum beneath the lateral head of the gastrocnemius.

 n  If they have been torn within their substance, approxi-
mate them under tension with multiple interrupted, non-
absorbable sutures.

 n  Increase tension by advancing their lateral edge anteri-
orly around the posterolateral corner and suturing it to 
the posterior edge of the midlateral capsule and posterior 
edge of the LCL (see Fig. 45.73E).

 n  It is necessary to secure this arcuate ligament complex 
around the posterolateral corner to restore lateral com-
partment stability.

 n  Then bring the lateral edge of the lateral head of the 
gastrocnemius as far anteriorly as possible and secure it 
over the reconstructed arcuate ligament complex.

 n  Close the interval between the posterior edge of the il-
iotibial band and the biceps femoris with interrupted su-
tures.

 n  If the iliotibial tract and lateral patellar retinaculum have 
been released from Gerdy’s tubercle and reflected proxi-
mally for exposure, secure the button of bone back in its 
bed on the anterolateral tibia with a staple or a screw with 
a toothed washer.

 n  If the posterior third of the iliotibial tract was torn or de-
tached from the lateral epicondylar area near the lateral 
intermuscular septum, secure it to a bony bed. We prefer 
to do this with suture anchors. Alternatively, it can be 
repaired by placing a crisscrossing, Bunnell fashion, large 
no. 2 nonabsorbable suture, passing it through holes 
drilled across the femur to the opposite side, and tying 
it over a bony bridge. Failure to restore this epicondylar 
attachment of the iliotibial tract may result in varus insta-
bility and permit excessive internal rotation, especially if 
the ACL is also deficient.

 n  If stability remains precarious because of the quality of the 
tissues repaired or the pathologic condition, transfers of 
the biceps tendon, gastrocnemius muscle, and iliotibial 
band can be done to reinforce the repair. These procedures 
are described in a subsequent section on reconstruction.

 n  Close the incision over suction drainage tubes after the 
tourniquet has been deflated and hemostasis is obtained.

POSTOPERATIVE CARE The repair can be protected by 
applying a long-leg cast with the knee flexed 30 degrees, 
but we prefer to allow immediate protected motion by 
placing the knee in a controlled motion brace, which ini-
tially is locked in full extension. The leg is removed from the 
brace several times each day for range-of-motion exercises.
  

 

BA
FIGURE 45.76 A, Repair of avulsion of fibular attachment of lateral collateral ligament with 

Bunnell-type suture. B, Repair of midsubstance tear of lateral collateral ligament with Bunnell-type 
suture. SEE TECHNIQUE 45.9.
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RECONSTRUCTION OF LATERAL COMPARTMENT
Similar to medial compartment reconstruction, lateral recon-
struction should be done to correct functional deficiencies 
and not simply for anatomic restoration. Lateral instabilities 
usually are complex and include rotary as well as varus and 
anteroposterior components. The first requisite is an accurate 
classification of the instability. This knowledge permits a ratio-
nal surgical technique. When the lateral side injury is associ-
ated with a cruciate injury, there is a debate about staging the 
repairs or reconstructions or treating them simultaneously.

The basic surgical principles are the same as those for the 
medial side: (1) restoration of normal tension of the capsular 
and collateral ligamentous structures from the midlateral axis 
of the tibia to the midline posteriorly, (2) reinforcement of 
the structures by fascial suture when tissue quality is poor, (3) 
meniscal retention if it can be repaired, (4) reinforcement of the 
reconstructed tissues with dynamic transfers, and (5) proper 
postoperative care and rehabilitative measures. Most lateral 
compartment reconstructions are required for complex com-
bined rotary instabilities. Thus the techniques described usually 
are combined with anterior or posterior cruciate reconstruction.

The most common types of lateral instability are antero-
lateral rotary instability, posterolateral rotary instability, 
and combined anterolateral-anteromedial rotary instability. 
Obviously not every lateral compartment instability requires 
all of the procedures described here. The surgeon must deter-
mine during the operation which procedure is required alone 
or which combination of procedures is required on the basis 
of the location and degree of laxity, the severity of scarring, 
and the quality of tissue available for reconstruction.

During the preoperative evaluation, the knee should be 
inspected carefully for any signs of bony varus alignment and 
varus thrust during ambulation. Noyes described a triple varus 
knee that had genu varum alignment, soft-tissue varus insta-
bility, and lateral or varus thrust in the stance phase of ambu-
lation. Soft-tissue reconstructions alone in such knees will fail 
because varus forces will stretch out the repair; valgus osteot-
omy should be done before or at the time of posterolateral sta-
bilization. Correction of bony malalignment will protect the 
reconstruction and may eliminate the symptoms of instabil-
ity without the need for soft-tissue reconstruction. A cadaver 
study showed that a proximal tibial medial opening wedge 
osteotomy decreased varus and external rotation laxity in pos-
terolateral corner–deficient knees, owing in part to tightening 
of the superficial MCL. The long-term consequences of the 
increased force on the superficial MCL are unknown.

Anterior and posterior translation of the tibia on the 
femur, as well as rotary instability, can be controlled by 
extraarticular procedures, by an intraarticular substitution for 
the anterior cruciate or PCL, or by a combination of intraar-
ticular and extraarticular reconstruction. Intraarticular cru-
ciate substitution is described in the sections on anterior 
cruciate and posterior cruciate reconstruction. Common 
extraarticular procedures use the iliotibial band, the biceps, 
and the gastrocnemius as a part of or a supplement to capsu-
lar and collateral ligamentous reconstruction. 

POSTEROLATERAL ROTARY INSTABILITY
Patients with isolated PCL deficiencies frequently do not 
have major symptoms of knee instability; however, if the PCL 
disruption is associated with other deficiencies, severe, dis-
abling instability is common. One of the most common and 

disabling types is posterolateral rotatory instability. In addi-
tion to the posterior tibial translation, the tibia is excessively 
externally rotated, causing a severe reverse pivot shift phe-
nomenon. Because selective sectioning of the PCL alone does 
not increase external rotation, increased external rotation 
associated with PCL tears indicates posterolateral instabil-
ity. In such instability, reconstruction of the PCL alone, with 
persistent excessive external rotation of the tibia, may cause 
medial rotation of the tibial insertion of the PCL graft and lax-
ity of the graft because of the shortened distance to its medial 
femoral condylar attachment. Furthermore, failure to treat 
laxity in the posterolateral corner leads to increased stress 
and higher failure rates after ACL and PCL reconstructions.

Numerous techniques for reconstruction of the pos-
terolateral structures have been suggested, but none has 
had universal success. We usually attempt to correct this 
difficult instability by PCL reconstruction combined with 
posterolateral corner reconstruction, attempting to rees-
tablish the LCL along with the arcuate and popliteus com-
plexes as described earlier in this chapter (see Technique 
45.9). Although Hughston and Jacobson reported excellent 
results with their technique for lateral and posterolateral 
instability, critics argue that this reconstruction is not iso-
metric and consequently stretches out over time. In our 
experience, this technique is adequate for mild-to-moder-
ate posterolateral instability but is not sufficient for severe 
instability associated with PCL disruption. The procedure 
should not be performed if posterolateral tissues are inade-
quate, thinned, or scarred (these knees require graft recon-
struction) or in varus-aligned knees. In this instance, PCL 
reconstruction (intraarticular) should be combined with 
posterolateral reconstruction by the technique described 
by Müller, Clancy, Warren, Noyes, LaPrade, Yang, or 
Larson (Video 45.1). 

 

RECONSTRUCTION OF THE 
POSTEROLATERAL STRUCTURES 
FOR MILD-TO-MODERATE 
POSTEROLATERAL INSTABILITY

 TECHNIQUE 45.10 

(HUGHSTON AND JACOBSON)
 n  After the induction of general anesthesia, do another 

complete examination of the knee ligaments and com-
pare the findings with the preoperative evaluation.

 n  After the lower limb has been prepared and draped, make 
an anteromedial incision (described later) that will permit 
examination of the menisci, patella, anterior and PCLs, 
femoral condyles, tibial plateaus, and suprapatellar pouch.

 n  With the knee joint open, repeat the examination of the 
ligaments; use a ruler to measure the amounts of tibio-
femoral displacement.

 n  Flex the knee to 90 degrees with the knee upright and the 
foot in a weight-bearing position on the operating table.

 n  Make a lateral hockey-stick incision beginning over the an-
terolateral aspect of the leg at a point between Gerdy’s tu-
bercle and the tibial tuberosity. Extend the incision proximally 
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about 2 cm anterior and parallel to the posterior margin of 
the iliotibial tract for approximately 20 cm (Fig. 45.77A).

 n  Develop a posterior flap between the superficial and deep 
fascial planes to maintain the blood and nerve supplies 
and to minimize scarring.

 n  Incise the deep fascia posterior to the biceps tendon and 
identify and mobilize the common peroneal and lateral 
sural nerves from their surrounding fascia. If the common 
peroneal nerve is not mobilized, it may become displaced 
into a tortuous course by the advancement of the muscle-
tendon units and ligaments during the reconstruction.

 n  Then identify the tendon of the lateral head of the gas-
trocnemius distally and mobilize it proximally as it passes 
deep to the biceps tendon and the iliotibial tract.

 n  Next, longitudinally incise the iliotibial band in line with its 
fibers, approximately 2 cm anterior to its palpable poste-
rior border, thereby separating the band anteriorly from 
the tract posteriorly.

 n  Extend this incision from the midpoint of Gerdy’s tubercle 
to approximately 5 cm proximal to the lateral femoral con-
dyle. Retraction of this fascial incision reveals the superficial 
surface of the lateral capsular ligament, with an outline of 
the deep structures, the popliteal tendon, the LCL, and the 
mobilized lateral tendon of the gastrocnemius (Fig. 45.77B).

 n  Palpate the origin of the popliteal tendon in the groove just 
anterior to the lateral epicondyle of the femur and make a 
lateral capsular incision beginning superiorly approximately 
2 mm anterior to this tendon (Fig. 45.78A). The incision re-
mains anterior to the LCL and extends distally to the level 
of the lateral meniscus. Avoid the popliteal recess with this 
oblique incision and continue the incision in a vertical direc-
tion distally through the meniscotibial portion of the capsule.

 n  With the retractors in place, perform a posterolateral 
drawer test to confirm and to measure the amount of 
posterolateral displacement by observing the external ro-
tation and posterior subluxation of the lateral tibial pla-
teau. Again examine the lateral meniscus. If it is torn, 
remove it or repair it as described in Technique 45.1.

 n  Next, incise the iliotibial band at its anterior border in line with 
its fibers that separate it from the fascia lata, free it from the 
underlying synovial tissues and vastus lateralis, and retract it 
posteriorly to expose the area of the lateral femoral condyle.

 n  In the posterolateral area of the exposure, make an inci-
sion along the lateral border of the lateral gastrocnemius 
tendon through the posterior part of the capsule (arcuate 
ligament fibers) distally to the level of the popliteal tendon 
and its aponeurosis (Fig. 45.78B, line AB).

 n  Then, with an osteotome, outline the lateral femoral epicon-
dyle anterior and proximal to the attachments of the pop-
liteus, the LCL, and the lateral gastrocnemius tendon and 
posterior to the gastrocnemius tendon attachment to cre-
ate a bony flap with these structures attached (Fig. 45.78B, 
line BC). The bone mass should be 0.6 to 0.9 cm thick and 
should incorporate the underlying cancellous bone.

 n  Then remove the epicondyle with the osteotome by con-
necting the osteotomy cuts in the direction of the longi-
tudinal axis of the femur.

 n  Retract this flap of bone and arcuate complex attachment 
posteriorly, bringing into view the intraarticular surfaces and 
courses of the structures of the arcuate complex (Fig. 45.78C).

 n  Elevate the periosteum of the lateral femoral condyle with 
an osteotome and retract it anteriorly at the edge of the 
osteotomy site in preparation for receiving the bony por-
tion of the arcuate complex flap.
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FIGURE 45.77 A, Initial incision for lateral reconstruction. B, Retraction of iliotibial band reveals 
superficial surface of lateral capsular ligament, popliteal tendon, and lateral collateral ligament.  
(Redrawn from Hughston JC, Jacobson KE: Chronic posterolateral rotatory instability of the knee, J Bone 
Joint Surg 67A:351, 1985.) SEE TECHNIQUE 45.10.
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 n  However, before restoration is begun, remove the tourni-
quet, secure hemostasis, and irrigate the knee joint. Close 
the deep layers of the anteromedial incision.

 n  Keep the hip in approximately 45 degrees of flexion, flex 
the knee approximately 90 degrees, and hold the foot 
firmly on the operating table. Have an assistant hold the 
tibia in mild internal rotation while gently maintaining an 
anterior pull on the tibia to ensure a reduced and inter-
nally rotated posture of the tibiofemoral joint.

 n  Advance the arcuate complex flap and hold it at the point of 
its anticipated fixation to the lateral femoral condyle; place 

mattress sutures in the posterior incision along the gastroc-
nemius tendon and the posterior part of the capsule, thus 
approximating the arcuate ligament at a point farther proxi-
mal than its original position. The most anterior sutures fix 
the arcuate ligament and the lateral gastrocnemius tendon 
to the periosteum at approximately the point of attachment 
of the lateral intermuscular septum (Fig. 45.79A). Postero-
lateral advancement and closure of the arcuate ligament 
are necessary for achieving and maintaining stability.

 n  Advance the bone plug with its attached arcuate ligament 
complex as tautly as possible anteriorly and proximally 
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FIGURE 45.78 A, Lateral capsular incision just anterior to lateral collateral ligament and popli-
teal tendon insertion. B, Line AB is incision along lateral border of lateral gastrocnemius tendon. 
Line BC is edge of osteotomized area. Line CD is lateral capsular incision. C, Intraarticular structures 
exposed when arcuate ligament complex is folded back. Area prepared to receive bone mass also 
is shown. SEE TECHNIQUE 45.10.

 

A B
FIGURE 45.79 A, Most anterior sutures. B, Stone staple in place and advancement of arcuate 

ligament complex. Lateral part of capsule is advanced when there is an associated anterolateral 
rotary instability. SEE TECHNIQUE 45.10.
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and secure it to the previously prepared raw surface of the 
lateral femoral condyle with a table staple (Fig. 45.79B). 
Be sure that the staple fits flush against the soft-tissue 
attachments to the bone plug.

 n  Now perform the posterolateral drawer test again to deter-
mine if the instability has been corrected. If the drawer test 
result is still positive, take the reconstruction down and cor-
rect it. Lack of correction usually indicates that the arcuate 
complex has been insufficiently advanced, that the distal 
attachment has not been secured, or that the sutures have 
been incorrectly placed. If the knee has been stabilized, tie 
the previously placed sutures in the arcuate ligament.

 n  Next, close the anterolateral capsular incision.
 n  If anterolateral instability also is present, advance the lat-

eral capsular ligament anteriorly and distally and suture it 
to the tibia.

 n  Under tension, suture the iliotibial tract to the lateral in-
termuscular septum.

 n  The biceps tendon may or may not be advanced onto 
the iliotibial tract fibers while an associated extraarticular 
anterolateral reconstructive procedure is performed.

 n  Then close the incisions in the iliotibial band and iliotibial tract.
 n  Reexamine the common peroneal nerve to make sure that 

the movement of tissues by the reconstruction has not 
placed it under tension.

 n  Obtain final hemostasis, close the subcutaneous tissues 
and skin, and apply a compressive dressing.

 n  Originally, Hughston and Jacobson recommended cast 
immobilization with the knee flexed to approximately 45 
degrees and the tibia in slight internal rotation. More re-
cently, a controlled motion brace has been used with the 
knee in 45 degrees of flexion.

POSTOPERATIVE CARE Range of motion is permitted 
in flexion, but extension is blocked in the terminal 45 de-
grees. Moving in flexion will not stretch the reconstructed 
lateral and posterolateral structures if the attachment sites 
are reasonably isometric. Any motion in flexion moves 
the articular surfaces, especially the patellofemoral joint. 
Failure to move the patellofemoral joint often results in 
troublesome and symptomatic chondromalacia. The brace 
is adjusted periodically to allow increasing extension be-
ginning the third or fourth week. Partial weight bearing 
is permitted from the beginning, with the objective of 
full weight bearing when the brace is discontinued at 8 
weeks, provided extension is within 5 degrees of full.
   

 

RECONSTRUCTION OF THE POPLITEAL 
TENDON USING THE ILIOTIBIAL BAND 
FOR POSTEROLATERAL INSTABILITY

 TECHNIQUE 45.11 

(MÜLLER)
 n  Müller stated that the key structures in the posterolateral 

corner of the knee in posterolateral rotary instability are 
the popliteus and its tendon.

 n  After obtaining lateral exposure as previously described, 
carefully determine the status of the popliteal tendon. 

In many posterolateral rotary instabilities, the popliteal 
tendon will have been injured and is thin in the area just 
below its femoral insertion. Inspect the tendon from its 
femoral condylar insertion down through the hiatus in the 
lateral capsule to its musculotendinous junction.

 n  If the tendon is sound from the hiatus distally to the mus-
culotendinous junction, advance its femoral attachment 
with a small block of bone as follows.

 n  Remove the insertion of the popliteus with a 1- × 1-cm 
plug of bone and, if sufficient laxity is present, wrap the 
tendon around the block by flipping the block over 180 
degrees, pulling the tendon taut, and then reattaching 
the block in its original bed with a staple, a screw with a 
toothed washer, or transosseous sutures. With this tech-
nique, the tendon will advance by 1 to 1.5 cm.

 n  If the tendon is not lax enough to permit this technique, 
advance the bone plug proximally and anteriorly to place 
the popliteal tendon under adequate tension and secure it 
to a bony bed in a similar manner. According to Müller, it 
is important to advance and to adjust the tension on the 
popliteus and the LCL separately because these two critically 
important structures course in different directions. Advanc-
ing them together alters this normal anatomic arrangement.

 n  If the popliteal tendon has been stretched and thinned 
by a severe initial injury, create a substitution for the ten-
don and its function. This can be accomplished by several 
techniques.

 n  If the initial injury has occurred at the musculotendinous 
junction and sufficient distal tendon is present, attach the 
musculotendinous junction to the posterolateral tibia by 
means of a transosseous suture or suture anchor, as previ-
ously described in repairs of the lateral compartment.

 n  If this is impossible or if the tendon is absent, use a strip of 
tissue fashioned from the iliotibial band or biceps tendon 
to serve as a suitable replacement.

 n  If the iliotibial band is to be the donor, fashion a strip 1.0 
to 1.5 cm wide from the midportion of the band long 
enough to pass from Gerdy’s tubercle to the posterolat-
eral corner of the knee and then diagonally back to the 
anatomic insertion of the popliteal tendon. Use a suture 
to estimate the desired length, which usually is 16 to 20 
cm. Leave the strip of iliotibial band attached to Gerdy’s 
tubercle and reflect it distally (Fig. 45.80A).

 n  Then use a 4.5-mm drill to create a tunnel through the 
lateral tibial plateau from anterior to posterior. The poste-
rior hole should emerge just below the articular cartilage 
of the lateral tibial plateau adjacent to the normal groove 
for the popliteal tendon.

 n  Place a suture in the end of the strip of iliotibial band 
and pass the strip through the tunnel in the lateral tibial 
plateau from anterior to posterior with a suture passer. 
Pull it firmly through the opening in the bony tunnel at 
the posterolateral corner of the knee.

 n  Then weave it into the lateral capsule parallel to the nor-
mal course of the popliteal tendon and pull it up anteriorly 
and superiorly to the area of insertion of the popliteal ten-
don on the femur. Here, with the knee flexed 90 degrees 
and the tibia internally rotated, secure it under tension 
with a transosseous suture, a suture anchor, a staple, or 
a screw with a toothed washer (Fig. 45.80B). The pas-
sageway in the posterior capsule and arcuate complex is 
best developed with a curved clamp.
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 n  To aid in revascularization and recollagenization, cover 
the transplanted strip with synovium or other soft tissue 
throughout its course and do not let it communicate with 
the intraarticular structures.

 n  If the iliotibial band is not suitable as a donor, mobilize a 
strip of biceps tendon left attached to the fibula, with its 
length determined as previously described (Fig. 45.81A). 
The thickness of the strip should be approximately one 
third that of the biceps tendon.

 n  Then create a soft-tissue channel from the fibular head to 
the posterolateral corner of the tibia in the region of the 
groove for the popliteal tendon.

 n  Next, pass the tendon strip from the fibular head through 
this passageway in the tibia.

 n  At a site just below the articular cartilage adjacent to the 
groove for the popliteal tendon on the back of the tibia, 
freshen the bone with an osteotome. Anchor the biceps 
tendon strip here with a transosseous suture, suture 
anchor, or screw with a toothed washer so that its free 
portion can be pulled anteriorly and superiorly through 
the posterolateral capsule up to its attachment near the 
anatomic insertion of the popliteal tendon.

 n  Secure the end of the tendon strip to the femur with a 
transosseous suture, a suture anchor, a staple, or a screw 
with a toothed washer (Fig. 45.81B).

 n  Close the posterior arthrotomy incision with multiple ab-
sorbable sutures.

 n  Before further closure is undertaken, inspect the posterior 
capsule to be sure that it is not too lax; if it is, secure the 
posterior capsule and coronary ligament attachment of 
the posterior horn of the lateral meniscus to a freshened 
bony surface on the posterior tibia by transosseous sutures 

or suture anchors (Fig. 45.82). If the midlateral capsule is 
lax just anterior to the LCL, pull it snugly down to a fresh-
ened bony bed by transosseous sutures or suture anchors.

 n  Once the reconstruction of the popliteal tendon and the 
coronary and capsular ligaments has been completed, re-
construct the arcuate ligament complex. It is often difficult 
to locate the site of an old tear in the arcuate ligament 
complex because of extensive posterolateral scarring.

 n  If the complex has been detached from its posterolateral 
attachment to the tibia, reattach it to a freshened bony 
surface by transosseous sutures or suture anchors just be-
low the posterolateral tibial articular cartilage (Fig. 45.83).

 n  If it has been detached from the femur superiorly, ad-
vance it by transosseous sutures or suture anchors to a 
raw bony surface on the back of the lateral femoral con-
dyle superior to the lateral articular margin.

 n  If the old tear has been in the midportion of the arcuate 
complex, it usually is necessary to advance this arcuate 
ligament complex anteriorly by pulling it around the pos-
terolateral corner and suturing it to the posterior edge of 
the LCL.

 n  Again, posterolateral reconstructions generally are not for 
isolated injuries and often involve reconstructions of the 
anterior and PCLs. If these ligaments are to be recon-
structed by intraarticular techniques, this should be done 
before the previously described techniques.

 n  Once the LCL has been reconstructed (Fig. 45.84), the 
popliteal tendon has been tightened or reconstructed by 
means of an iliotibial band or a biceps tendon strip, and 
the arcuate ligament complex has been advanced, close 
the posterolateral capsular structures with multiple inter-
rupted sutures.

 

BA
FIGURE 45.80 Popliteal bypass with use of graft from anterior portion of iliotibial tract. Graft 

is passed through transosseous tunnel from area of Gerdy’s tubercle to posterolateral corner of 
knee (A), grasping the popliteofibular ligament structures, and then diagonally (B), replicating 
course of popliteal tendon. It is then attached near popliteus attachment on femur just anterior 
to lateral collateral ligament attachment.  (From Müller W: The knee: form, function, and ligamentous 
reconstruction, New York, 1983, Springer-Verlag.) SEE TECHNIQUE 45.11.
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 n  Then close the incision or defect in the iliotibial band with 
multiple interrupted sutures, with particular emphasis on 
reestablishing the posterior third of the iliotibial tract 
coursing from Gerdy’s tubercle to its attachment over the 
lateral femoral epicondyle and lateral intermuscular sep-
tum area. This is most commonly done by use of transos-
seous sutures or suture anchors at the level of the femoral 
epicondyle, reestablishing the lateral static tibiofemoral 
ligamentous attachment.

 n  If the tissues are extensively scarred or attenuated, obtain 
a strip of fascia 15 to 20 cm long from the iliotibial band 
and use it, attached to a Gallie needle, to reinforce and 
snug up the posterolateral corner.

 n  For fascial reinforcement, the procedure up to this point is 
identical to that just described. Start the fascial suture in-
feriorly in the posterior edge of the lateral capsule and LCL 
(posterolateral arthrotomy incision) and run it posteriorly 
through the distal portion of the posterior capsule and the 
lateral edge of the arcuate ligament. Place several turns of 
fascia, proceeding from distal to proximal until the poste-
rior capsular incision has been tightly closed. In addition to 
adding strength to the attenuated tissues, the fascial repair 
is designed to advance and to tighten the distal portion 
of the posterior capsule and arcuate ligament. Place the 
fascial sutures so that they do not penetrate the synovium.
  

We have used Müller’s technique in a number of knees with 
severe posterolateral rotary instability, usually in combina-
tion with a PCL reconstruction with a portion of the patellar 
tendon. We have been concerned with the strength of the thin 
strip of iliotibial band fashioned as described by Müller. The 

 FIGURE 45.82 Repair of lateral coronary meniscal ligament. 
If Segond-type avulsion is present, suture should include arcuate 
expansions directly below coronary ligament, as well as posterior 
iliotibial fibers that course to posterior part of upper tibia.  (From 
Müller W: The knee: form, function, and ligamentous reconstruction, 
New York, 1983, Springer-Verlag.) SEE TECHNIQUE 45.11.

 

BA

FIGURE 45.81 A, Popliteal bypass with use of pedicle graft from biceps tendon. B, This has 
effect of restoring portion of arcuate ligament attachment by reattaching arcuate ligament to back 
of tibia while simultaneously closing abnormal meniscal tibial recess that forms posterolaterally.  
(From Müller W: The knee: form, function, and ligamentous reconstruction, New York, 1983, Springer-
Verlag.) SEE TECHNIQUE 45.11.
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anterior part of the band, especially proximally, is its weak-
est part, and this is the part of the strip that often traverses 
the posterolateral aspect of the tibia to the popliteal tendon 
insertion on the lateral femoral condyle. The biceps tendon 
strip is much stronger and is a better structure to transfer 
when the popliteal tendon must be replaced. We believe that 
allografts have provided us with more latitude and flexibil-
ity in replacing deficiencies at the posterolateral corner of the 
knee. Allograft materials, such as wide expanses of iliotibial 
band and semitendinosus, posterior tibial, and peroneus lon-
gus tendons, have provided a much stronger replacement 
for the popliteal tendon, and early results indicate that these 
are superior to thin strips of iliotibial band as described by 
Müller. 

 

REROUTING OF THE BICEPS TENDON 
TO THE FEMORAL EPICONDYLE FOR 
POSTEROLATERAL INSTABILITY

 TECHNIQUE 45.12 

(CLANCY)
 n  Begin a lateral skin incision just at Gerdy’s tubercle and 

carry it superiorly in a curvilinear fashion, ending approxi-
mately 15 cm proximally.

 n  Locate the lateral femoral epicondyle and incise the il-
iotibial band longitudinally where it overlies the lateral 
femoral epicondyle.

 n  Dissect the biceps tendon free of the surrounding soft 
tissues. Free the biceps muscle and tendon from their at-
tachments to the lateral gastrocnemius muscle.

 n  Expose the peroneal nerve at the inferior portion of the 
biceps tendon and carefully dissect it free and protect it.

 n  Retract the biceps muscle anteriorly, exposing the pero-
neal nerve as it courses proximally. Free it from any attach-
ments to the biceps muscle (Fig. 45.85A).

 n  Free the inferior portion of the iliotibial band from its at-
tachments to the intermuscular septum. Bring the biceps 
tendon and muscle up underneath this inferior portion of 
the iliotibial band so that the tendon can be fixed to the 
lateral femoral epicondyle.

 n  Then dissect the epicondyle free of the surrounding soft 
tissues, exposing the superior insertional fibers of the FCL 
(Fig. 45.85B,C).

 n  Create a trough ½ inch wide × 1 inch long at the up-
per portion of the lateral femoral epicondyle, dissecting it 
proximally to the flare of the lateral condyle (Fig. 45.85D).

 n  Drill a 3.2-mm hole in the trough just superior to the lateral 
femoral epicondyle and slightly cephalad to the medial femoral 
condyle, avoiding the tunnel for the PCL graft in the condyle.

 n  Place a 6.5-mm screw with a spiked washer in the hole.
 n  Resect the distal 2 inches of the biceps muscle away from 

the tendon; otherwise, fixation of the tendon to the lat-
eral femoral epicondylar trough is impossible because of 
interposition of the muscle.

 n  Bring the biceps tendon with its arcuate ligament attach-
ments proximally, loop them over the screw, and fix them 
in place (Fig. 45.85E,F).

 FIGURE 45.83 In all peripheral repairs and reconstructions, 
deep layer also must be repaired. This includes reattachment of 
capsule and arcuate ligament to posterior tibia, fixation of lateral 
meniscus, and fixation of avulsed ligamentous fibers. Proximal 
attachment of arcuate ligament also must be restored where it 
passes to femur together with lateral gastrocnemius tendon.  (From 
Müller W: The knee: form, function, and ligamentous reconstruction, 
New York, 1983, Springer-Verlag.) SEE TECHNIQUE 45.11.

 FIGURE 45.84 Reconstruction of lateral collateral ligament with 
graft from biceps tendon.  (From Müller W: The knee: form, function, 
and ligamentous reconstruction, New York, 1983, Springer-Verlag.) SEE 
TECHNIQUE 45.11.
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FIGURE 45.85 Posterolateral reconstruction with biceps femoris tendon (Clancy). A, Common 
peroneal nerve must be carefully dissected free; biceps muscle is freed from attachments to lateral 
gastrocnemius muscle and tendon. B, Superior insertion of lateral collateral ligament on lateral 
epicondyle. C, Insertions of common biceps tendon into arcuate complex posteriorly and horseshoe 
insertion around lateral collateral ligament. D, Trough is made in upper third of the lateral femoral 
epicondyle. Distal 5 cm of biceps muscle is removed to allow fixation of tendon to epicondyle. E, 
Tendon is brought anteriorly to trough in epicondyle. F, AO cancellous screw and washer are placed 
inferior to tendon and tightened to hold tendon in place. SEE TECHNIQUE 45.12.
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 n  Move the knee through a full range of motion and again 
test varus laxity and external rotation. If static stability is 
satisfactory, place drains and close the wound.

POSTOPERATIVE CARE If the PCL has been reconstruct-
ed, the knee is held in full extension for about 6 weeks. If 
no other procedures have been performed or if the ACL 
has been reconstructed, the knee is held in approximately 
30 degrees of flexion for 6 weeks.
  

LaPrade et  al. described an anatomic posterolateral knee 
reconstruction based on the quantitative attachment anat-
omy of the LCL, the popliteus tendon, and the popliteofibu-
lar ligament. They reported improved clinical outcomes and 
objective stability in 64 patients with grade III chronic pos-
terolateral instability at 4-year follow-up. Eighteen of their 
patients had isolated posterolateral knee reconstruction, and 
46 had a single-stage multiple-ligament reconstruction that 
included one or both cruciate ligaments. 

 

ANATOMIC POSTEROLATERAL KNEE 
RECONSTRUCTION FOR GRADE III 
POSTEROLATERAL INJURY

 TECHNIQUE 45.13 

(LAPRADE ET AL.)
 n  Make a hockey-stick incision to gain access to the posterolat-

eral knee structures. Identify the attachment sites of the LCL 
on the lateral aspect of the fibular head and the popliteofibu-
lar ligament on the posteromedial aspect of the fibular styloid.

 n  With the help of a cannulated cruciate ligament reconstruction 
aiming device, drill a guide pin through the LCL attachment in 
a posteromedial direction toward the popliteofibular ligament 
attachment. Ream a 7-mm tunnel over the guide pin.

 n  Identify the posterior tibial popliteal sulcus, which marks 
the location of the musculotendinous junction of the pop-
liteus muscle, by palpation through the interval between 
the lateral head of the gastrocnemius and the soleus.

 n  Drill a transtibial guide pin from anterior, at the flat spot 
just distal and medial to Gerdy’s tubercle, to posterior at 
this sulcus. Use a large Chandler retractor to protect the 
neurovascular bundle.

 n  Ream a 9-mm tunnel over this guide pin and smooth the 
entry and exit sites with a rasp.

 n  Identify the femoral attachments of the LCL and the pop-
liteus tendon. The midpoints of these two structures have 
been reported to be 18.5 mm apart.

 n  Drill two eyelet-tipped guide pins from lateral to antero-
medial through the femur at these attachment sites. Use 
a 9-mm reamer to ream over these guide pins to a depth 
of 20 mm to prepare the femoral tunnels.

 n  If there is any intraarticular pathologic process to be treat-
ed, remove the guide pins and perform any arthroscopic 
intraarticular or cruciate ligament reconstruction proce-
dures as needed.

 n  Once articular cartilage and meniscal abnormalities have 
been treated, pass the cruciate ligament grafts into their 
respective femoral tunnels and fix them there. The order 
for final graft fixation is (1) secure the PCL graft to the 
tibia, (2) secure the posterolateral grafts to the fibula and 
tibia, and (3) secure the ACL graft to the tibia.

 n  Prepare the grafts from an allogenic Achilles tendon, split 
lengthwise, and two 9 × 20 mm bone plugs prepared 
for the femoral tunnels. Tubularize the tendons and size 
them to fit through the fibular and tibial tunnels.

 n  Place the passing sutures in the bone plugs into the eyelet 
pins and pull the bone plugs into the femoral tunnels. An-
chor the bone plugs in the superior aspect of the femoral 
tunnels with 7-mm cannulated interference screws.

 n  The graft anchored in the popliteal sulcus is used to re-
construct the static function of the popliteus tendon. Pass 
it distally through the popliteal hiatus.

 n  The second graft, anchored proximally and posterior to the 
lateral femoral epicondyle, is used to reconstruct both the 
lateral collateral and popliteofibular ligaments. Pass it me-
dial (deep) to the superficial layer of the iliotibial band and 
the anterior arm of the long head of the biceps femoris, 
following the normal path of the LCL. Then pass the graft 
through the fibular tunnel in a posteromedial direction.

 n  Anchor the posterolateral graft passed through the fibu-
lar tunnel with a 7-mm cannulated screw with the knee in 
30 degrees of flexion, the tibial in neutral rotation, and a 
slight valgus force applied to reduce any potential lateral 
compartment gapping.

 n  Use the remaining portion of the graft, which is now medi-
al to the fibula, to reconstruct the popliteofibular ligament.

 n  Pass both the popliteofibular ligament graft and the poplit-
eus tendon graft from posterior to anterior through the tibial 
tunnel and tighten them by applying an anterior force with 
the knee flexed 60 degrees and the tibia in neutral rotation.

 n  Fix the grafts in the tibial tunnel with a 9-mm cannulated 
interference screw (Fig. 45.86).

POSTOPERATIVE CARE Patients are kept non–weight 
bearing for the first 6 weeks after surgery. For the first 2 weeks, 
quadriceps sets and straight-leg raises are done in a knee im-
mobilizer and range-of-motion exercises are done without the 
immobilizer, with a goal of at least 90 degrees of flexion by 
the end of the second week. These are continued for the next 
4 weeks, during which time range of motion is increased as 
tolerated. Weight bearing is allowed at 7 weeks, and crutches 
are discontinued when the patient can walk without a limp 
or other subtle gait abnormalities or compensation patterns. 
Stationary bicycling is allowed once 105 to 110 degrees of 
knee flexion has been obtained. No active, isolated hamstring 
exercises are allowed for the first 4 months after surgery. 
Limited-resistance weight training is begun with one-quarter 
body weight and progressing to half of body weight as toler-
ated, but patients are instructed not to exceed 70 degrees of 
flexion while performing leg presses or minisquat exercises. 
Other weight-bearing exercises to restore joint proprioception 
and balance also are begun. From 4 to 6 months postopera-
tively, patients work on increasing endurance, strength, and 
proprioception. At 7 months (or 9 months for combined re-
constructions), if cleared by their surgeon, patients are allowed 
to return to full competitive and pivot activities.
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Although described by LaPrade et al. as an anatomic recon-
struction, tibial-fibular double-sling reconstruction is 
not completely anatomic and requires an extensive lateral 
approach. Several authors have described success with a sin-
gle fibular or tibial sling technique, reporting restoration of 
varus and rotational stability. Yang et al. reported good clini-
cal outcomes, with decreased external rotation, in 60 patients 
with fibular-sling reconstructions as described by Kim et al. 

 

POSTEROLATERAL CORNER 
RECONSTRUCTION WITH A SINGLE 
ALLOGRAFT FIBULAR SLING

 TECHNIQUE 45.14 

(YANG ET AL.)
 n  After careful arthroscopic examination of the knee, 

make a curvilinear skin incision in the lateral aspect of 
the knee, extending from the lateral femoral epicondyle 
to the anterior aspect of the fibular head. Make the in-
cision between the retinaculum and iliotibial band to 
expose the biceps tendon and the posterolateral corner 
of the knee.

 n  Identify the peroneal nerve and retract it with the biceps 
tendon.

 n  Identify the LCL, popliteal tendon, and patellofemoral 
ligament, and make two femoral tunnels just proximal to 
these anatomic locations.

 n  Place two guide pins just proximal to the lateral epicon-
dyle and just distal to the popliteal tendon, followed by a 
6-mm diameter cannulated reamer with a 30-mm depth.

 n  Direct the fibular head tunnel from the anteroinferior 
superficial aspect to the posterosuperior deep location, 

making it 6 mm in diameter at the distal portion of the 
anatomic insertion site.

 n  Prepare a fresh-frozen anterior tibial tendon allograft with 
a diameter of 6 mm and a length of 24 to 27 mm. Place 
an interlocking Krackow suture in each end of the graft.

 n  Pull one end of the graft into the femoral socket for the 
popliteus tendon and tension it from the medial side of 
the knee by pulling on the passing suture. Fix the graft to 
the femur with a 7-mm bioabsorbable screw.

 n  Pass the free end of the graft under the iliotibial band 
and the original LCL to the posterosuperior portion of the 
fibular head through the soft spot between the LCL and 
the superior border of the biceps tendon.

 n  Pull the graft into the previously drilled 6-mm fibular tun-
nel and tension it from the anteroinferior side of the fibu-
lar head by pulling on the passing suture. Fix the graft to 
the fibula with a 7-mm bioabsorbable screw (Fig. 45.87).

 n  Pass the free end of the graft anteriorly under the iliotibial 
band again, pull it into the other femoral socket for the 
LCL, tension it, and fix it in the same manner.

 n  If the popliteus tendon is ruptured, expose its femoral at-
tachment and repair it in a pull-out manner to the femoral 
socket of the graft.

POSTOPERATIVE CARE Postoperative rehabilitation 
protocol depends on the concomitant ligamentous re-
construction.
  

Noyes reported his results with use of allograft tissue to 
reconstruct the LCL in 21 patients. The success rate for 
the operative procedure was 76% as judged by knee stabil-
ity examination and stress radiographs. The grafts used for 
the LCL reconstruction included a tendinous portion of the 
Achilles tendon, fascia lata, and bone–patellar tendon–bone. 
More recently, Noyes and Barber-Westin reported long-term 
(mean of 6 years) evaluation of 13 of the original patients: 9 

 

PLT
PLT

FCL

FCL PFL

FIGURE 45.86 Graft and tunnel locations for anatomic posterolateral knee reconstruction. FCL, 
Fibular collateral ligament; PLT, popliteus tendon; PFL, popliteofibular ligament.  (Redrawn from 
LaPrade RF, Johansen S, Wentorf FA, et al: An analysis of an anatomic posterolateral knee reconstruction: 
an in vitro biomechanical study and development of a surgical technique, Am J Sports Med 32:1405, 2004.) 
SEE TECHNIQUE 45.13.
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had no symptoms with low-impact sports; however, 2 with 
concurrent arthritis had symptoms with sports but not with 
daily activities, and 2 had symptoms with daily activities. 
Cited advantages of their technique include simplicity of graft 
placement and the ability to place a large doubled graft at the 
lateral side of the knee joint. They recommended the proce-
dure for LCL replacement in acute posterolateral disruptions 
because repair of other disrupted posterolateral tissues usu-
ally is possible. They cited as a contraindication a knee with 
5 degrees or more of varus recurvatum for which a popliteal-
tibial graft is required to restore this portion of the postero-
lateral structures. 

 

ALLOGRAFT RECONSTRUCTION OF 
THE LATERAL COLLATERAL LIGAMENT

 TECHNIQUE 45.15 

(NOYES)
 n  Make a straight lateral incision approximately 15 cm long 

centered over the lateral joint line; extend it distally to ex-
pose the fibular head and peroneal nerve and proximally 
to expose the attachment of the posterior collateral liga-
ment to the femur.

 n  Identify the attachment of the iliotibial band and incise it 
along the anterior border proximally. Preserve the attach-
ment of the iliotibial band to the lateral intermuscular 
septum.

 n  Make a second parallel inferior incision along the pos-
terior aspect of the iliotibial band and the attachments 
overlying the biceps muscle. This creates a central portion 

of the iliotibial band that can be reflected either anteriorly 
or posteriorly to expose the posterolateral aspect of the 
knee.

 n  If there is stretching of the iliotibial band and gross lateral 
joint opening, advance the iliotibial band at Gerdy’s tu-
bercle distally.

 n  Identify the peroneal nerve proximally and dissect it dis-
tally around the fibular neck until it enters the anterior 
tibial muscle compartment. Protect the nerve throughout 
the procedure, especially when holes are drilled through 
the head-neck junction of the fibula for placement of the 
posterior collateral ligament allograft.

 n  Expose the fibular head and neck region anteriorly and 
posteriorly by subperiosteal dissection. This should re-
quire only 12 to 15 mm of proximal fibular exposure.

 n  Drill a 6-mm hole from anterior to posterior at the head-
neck junction in the center of the fibula. Enlarge this hole 
with a curet. Do not disturb the proximal tibiofibular joint.

 n  Drill two 6-mm holes, one anterior and one posterior to 
the femoral attachment of the LCL. The holes should be 
10 mm deep and should be separated by 8 mm of in-
tervening bone corresponding to the posterior collateral 
ligament attachment site. Carefully use a curved curet to 
connect the two drill holes, establishing a bony tunnel 
beneath the ligament insertion site.

 n  Prepare the Achilles tendon allograft. Usually, the al-
lograft measures 6 to 7 mm in diameter and 19 to 
20 cm in length. This length allows the proximal and 
distal posterior arms of the circle graft to overlap, add-
ing additional tissue to the posterolateral aspect of 
the joint. Place no. 2 Dacron, interlocking, closed-loop 
(baseball) sutures into both ends of the allograft, and 
pretension the allograft for 15 minutes under an 8-N 
or 9-N load.

 n  Make a vertical incision into the posterolateral capsule 
just behind the posterior collateral ligament and anterior 
to the arcuate complex.

 n  Inspect the tissues of the posterolateral capsule, arcuate 
ligament complex, popliteal tendon, and posterior col-
lateral ligament.

 n  If the posterolateral structures are not excessively redun-
dant, plicate the posterolateral capsule to the posterior 
collateral ligament allograft reconstruction in a simple 
vest-over-pants fashion (Fig. 45.88).

 n  However, if the posterolateral structures are markedly re-
dundant, advance the posterolateral capsule with half of 
the gastrocnemius tendon proximally on the femur, us-
ing the Hughston and Jacobson technique (see Technique 
45.10).

 n  Reconstruct the posterior collateral ligament by passing the 
allograft through the bony tunnels in the femur and fibula 
in a circular fashion with the two free ends overlapping 
each other on the posterior aspect. The graft should lie next 
to the stretched and slack posterior collateral ligament.

 n  Tension the graft with the knee at 30 degrees of flexion 
and neutral tibial rotation and with the lateral side of the 
joint closed.

 n  Suture the two free ends of the graft to each other with 
multiple interrupted sutures. Then suture both the ante-
rior and posterior limbs of the allograft to the intervening 
LCL with horizontal sutures.

A B
FIGURE 45.87 Posteroanterior (A) and lateral (B) views of single 

fibular sling procedure for posterolateral corner reconstruction. 
(Redrawn from Kim JG, Ha JG, Lee YS, et al: Posterolateral corner 
anatomy and its anatomical reconstruction with single fibula and 
double femoral sling method: anatomical study and surgical tech-
nique, Arch Orthop Trauma Surg 129:381, 2009.) SEE TECHNIQUE 45.14.
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 n  If the posterior collateral ligament is markedly lax (allow-
ing more than 15 mm of lateral joint opening), incise the 
ligament in its midportion and repair the overlapping 
ends with multiple interrupted, nonabsorbable sutures. 
Then secure the allograft to the shortened posterior col-
lateral ligament as previously described.

 n  Check the knee motion from 0 to 90 degrees of flexion 
to confirm normal internal and external rotation and to 
avoid over constraining the joint.

 n  Plicate the posterolateral capsule to the allograft recon-
struction under sufficient tension to allow 0 degrees of 
extension without any hyperextension.

POSTOPERATIVE CARE A dial-locked hinged brace 
or bivalved cylinder cast is worn for 4 weeks. Muscle-
strengthening exercises are begun the day after surgery. 
The cast is removed for immediate intermittent, protect-
ed active-assisted range-of-motion exercises, six to eight 
times daily, in the range of 10 to 90 degrees. Periodi-
cally, the knee should be gently moved to 5 degrees to 
make sure excessive posterior capsular scarring does not 
occur. Hyperextension should be avoided. The motion is 
increased gradually until full motion is achieved by the 
12th postoperative week. Hyperextension is avoided for 6 
months after surgery. After 4 weeks, the cast is removed 
and a full lower extremity, hinged, double-upright brace is 
used. The patient is kept non–weight bearing during the 

first 4 weeks, and then weight bearing of 25 pounds is 
allowed for the next 2 weeks. Patients are taught to walk 
with normal knee flexion to avoid knee hyperextension or 
varus position of the lower extremity. Weight bearing is 
slowly advanced until the 16th week, when the patient 
is weaned from crutch support. The brace is used for the 
first 9 months after surgery to prevent abnormal hyper-
extension, varus angulation, rotation, and external tibial 
rotation.

Swimming is encouraged at the third postoperative 
month, and a progressive resistive exercise program in a 
protected range of 30 to 90 degrees of flexion is begun. 
No hamstring exercises are allowed until the 12th week. A 
running program is delayed until at least the 12th month 
in patients in whom articular cartilage changes do not 
contraindicate strenuous activity.
  

Larson’s procedure was one of the first fibular-based tech-
niques and reconstructs the LCL and popliteofibular ligament 
with distal insertion sites on the fibula. The technique is less 
technically demanding than combined tibial-fibular-based 
procedures and has good reported clinical results. Niki et al. 
modified the Larson technique to reproduce the physiologic 
load-sharing pattern of the lateral collateral and popliteofibu-
lar ligaments. Two graft limbs are secured independently for 
the lateral collateral and popliteofibular ligaments to achieve 
differential, more anatomic tension patterns (Fig. 45.89). 
The authors cite technical simplicity as an advantage of their 
modification, in addition to a more physiologic load-sharing 
pattern. 

 FIGURE 45.89 Modification of Larson procedure with two 
graft limbs secured independently for the lateral collateral and 
popliteofibular ligaments; this configuration is suggested to result 
in a more physiologic load—sharing pattern.  (Redrawn from Niki 
Y, Matsumoto H, Otani T, et al: A modified Larson’s method of postero-
lateral corner reconstruction of the knee reproducing the physiological 
tensioning pattern of the lateral collateral and popliteofibular ligaments, 
Sports Med Arthrosc Rehabil Ther Technol 4:21, 2012.) 

Posterolateral
capsule

Popliteus

FIGURE 45.88 Vest-over-pants plication of posterolateral 
complex to lateral collateral ligament reconstruction.  (From Noyes 
FR, Barber-Westin SD: Surgical reconstruction of severe chronic postero-
lateral complex injuries of the knee using allograft tissues, Am J Sports 
Med 23:2, 1995.) SEE TECHNIQUE 45.15.
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RECONSTRUCTION OF 
POSTEROLATERAL STRUCTURES WITH 
SEMITENDINOSUS TENDON

 TECHNIQUE 45.16 

(LARSON)
 n  Drill a hole into the fibular head from anterior to poste-

rior, angling it slightly superiorly from anteroinferior to 
posterosuperior in the head to pass deep to the insertion 
of the biceps tendon onto the fibular head.

 n  Place the semitendinosus in a figure-of-eight position 
from the lateral femoral epicondyle deep to the iliotibial 
band and through the head of the fibula.

 n  Make a small transverse incision in the iliotibial band over 
the lateral femoral epicondyle.

 n  Make another incision at the lower border of the iliotibial 
band between the iliotibial band and the biceps femoris 
tendon.

 n  Insert a Kirschner wire as a temporary anchoring point in 
the lateral femoral epicondyle. It can be used to help deter-
mine the isometric point and can be moved when needed.

 n  Pass the semitendinosus tendon through the fibular head, 
bringing it out posteriorly deep to the biceps tendon, and 
then pass it through an opening in the lateral intermus-
cular septum and deep to the iliotibial band.

 n  Pass the graft to the anterior aspect of the lateral femoral 
epicondyle and loop it over the Kirschner wire, bringing 
it beneath the iliotibial band to the anterior aspect of the 
fibular head.

 n  With tension on the graft, place the knee through a range 
of motion. Mark the graft with indelible ink to determine 
if its placement is isometric. Any change in the length of 

the graft can be identified by a movement of this mark. 
The Kirschner wire in the lateral epicondyle can be moved 
until the isometric point is identified.

 n  Make a blind-end tunnel in the lateral femoral epicondyle 
at this isometric point and insert the looped end of the 
semitendinosus into the tunnel. It can be pulled with a 
looped suture that has been passed through the tunnel 
and knee and brought out on the medial side. This suture 
can be removed later.

 n  Secure the graft in the femoral tunnel with a biodegrad-
able interference screw.

 n  Tension the graft and then suture it on itself distally (Fig. 
45.90).

 n  Biomechanical tests have indicated that the posterior limb 
of this construct reproduces the function of the popliteo-
fibular ligament and the anterior limb reproduces the 
function of the LCL.

POSTOPERATIVE CARE Postoperative care is the same 
as that described after Technique 45.15.
  

POSTEROLATERAL INSTABILITY WITH VARUS 
KNEE
Biomechanical selective cutting studies have demonstrated 
that the LCL and the popliteal tendon are the major restraints 
to posterolateral instability. Attention has focused on the 
anatomy of the posterolateral corner, where a consistently 
strong attachment of the popliteal tendon to the fibula has 
been found—the popliteofibular ligament. The popliteo-
fibular ligament is an important component of the popliteal 
muscle-tendon unit, and its anatomic orientation performs a 
static stabilizing function to resist varus and external rotation 
moments and posterior forces. In cutting studies, section of 
the LCL and popliteus attachment to the tibia resulted in lim-
ited increases in primary varus rotation and primary exter-
nal rotation because of the remaining intact popliteofibular 
ligament. Therefore, for both acute and chronic posterolat-
eral injuries, repair or reconstruction of the LCL, the popliteal 
tendon and its attachment to the tibia, and the popliteofibular 
ligament is recommended.

In patients with chronic posterolateral instability, limb 
alignment must be evaluated before posterolateral reconstruc-
tion is considered. If the patient has varus knee alignment and 
a lateral thrust in the stance phase of gait, simple soft-tissue 
posterolateral reconstructions fail because of chronic repeti-
tive stretching. A valgus proximal tibial osteotomy may be 
performed before or simultaneously with the reconstruction 
to correct the alignment and to protect the repair. In some 
patients, osteotomy alone may alleviate the symptoms of pos-
terolateral instability. The osteotomy may be a closing lat-
eral or an opening medial osteotomy, but most osteotomies 
end up biplanar, with a resulting impact on ACL- and PCL-
deficient knees. With a closing lateral wedge tibial osteotomy, 
more bone often is removed anteriorly, which results in lev-
eling of the slope of the tibial plateau. This reduction in the 
normal posterior slope of the tibia benefits the ACL-deficient 
knee. Conversely, the opening medial wedge osteotomy typi-
cally is wider anteriorly than posteriorly, which increases the 
posterior tibial slope, aiding the PCL-deficient knee. 

 FIGURE 45.90 Reconstruction of posterolateral structures with 
use of semitendinosus tendon. Fixation is accomplished by place-
ment of interference screw 1 to 2 mm larger than drilled tunnel.  
(Redrawn from Fanelli GC, Larson RV: Practical management of postero-
lateral instability of the knee, Arthroscopy 18[Suppl 1]:1, 2002.) SEE 
TECHNIQUE 45.16.
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VALGUS TIBIAL OSTEOTOMY AND 
POSTEROLATERAL RECONSTRUCTION

 TECHNIQUE 45.17 

VALGUS TIBIAL OSTEOTOMY
 n  Make a long lateral longitudinal incision midway between 

the tibial tubercle and the fibula, extending proximally for 
15 to 20 cm.

 n  Isolate the iliotibial band along its anterior and posterior 
borders to its insertion at Gerdy’s tubercle.

 n  Develop, drill, and pretap a 2-cm-square bone block for a 
6.5-mm cancellous screw.

 n  Use an oscillating saw to remove the bone block with its 
attached iliotibial band (Fig. 45.91A,B).

 n  Unlike proximal tibial osteotomy for osteoarthritis, the 
fibular osteotomy is performed at the midshaft level. The 
proximal tibiofibular joint is not released because this 
would allow proximal migration of the fibula, with sub-
sequent shortening of the posterolateral structures and 
exacerbation of the posterolateral instability.

 n  Perform the proximal valgus tibial osteotomy, and once it 
has been closed, make a trough distal to the osteotomy 
site to accept the bone block with its attached iliotibial 
band.

 n  Secure the block in the trough with a 6.5-mm cancel-
lous screw (Fig. 45.91C). Angle the screw distally to avoid 
the osteotomy site. Advancement of the iliotibial band 
increases tension on the lateral side of the knee and helps 
stabilize the osteotomy. If necessary, additional fixation is 
achieved with staples.

 n  After the osteotomy, posterolateral reconstruction can be 
performed concurrently or delayed until the clinical results 
of the osteotomy have been determined. 

POSTEROLATERAL RECONSTRUCTION (FIG. 45.92)
 n  If the bony alignment is acceptable or has been corrected, 

attention can be turned to the pathologic condition of the 
posterolateral corner.

 n  If chronic cruciate deficiency is present, reconstruct the lig-
ament, preferably by arthroscopically assisted techniques.

 n  Through these same lateral skin incisions, release the at-
tachments between the biceps tendon and iliotibial band 
to allow the iliotibial band to be retracted anteriorly.

 n  Split the iliotibial band anteriorly at the level of the lateral 
femoral epicondyle to leave a 5-cm strip composed of a 
posterior iliotibial band. This can be retracted as needed 
to further expose the posterolateral corner.

 n  Next, make a vertical incision in the posterior capsule just 
posterior to the LCL, exposing the posterior aspect of the 
joint in the area of the popliteal tendon.

 n  Examine the LCL and the popliteal tendon to determine 
the site of injury and the quality of the tissues.

 n  Follow the popliteus from its femoral insertion proximally to 
its tibial insertion distally and to its fibular insertion (the pop-
liteofibular ligament). (Options for treatment of the chronic 
popliteal injury include those discussed in Technique 45.9.)

 n  If an ipsilateral patellar tendon autograft has been used 
for cruciate ligament reconstruction, a contralateral pa-
tellar tendon autograft or an allograft can be used for 
reconstruction of the popliteus. The length of a patellar 
tendon graft is a major consideration for posterolateral 
reconstruction. The patellar tendon graft rarely exceeds 5 
cm and may not be long enough to pass from the tibial 

 

A CB
FIGURE 45.91 Valgus high tibial osteotomy for chronic posterolateral instability and varus 

alignment. A and B, Iliotibial band is removed with bone block and advanced across osteotomy. 
C, Bone block is secured with cancellous screw distal to osteotomy.  (From Veltri DM, Warren RF: 
Treatment of acute and chronic injuries to the posterolateral and lateral knee, Oper Tech Sports Med 4:174, 
1996.) SEE TECHNIQUE 45.17.
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or fibular tunnels posterolaterally to the femur, especially 
in larger knees. In these circumstances, an Achilles ten-
don allograft may be required. In the reconstruction of a 
popliteal tendon, both the tibial and fibular attachments 
should be treated with a single split patellar tendon or a 
split Achilles tendon allograft.

 n  Reconstruct the tibial component of the popliteus by 
creating a tibial tunnel from anterior to posterior in the 
lateral proximal tibia, using a standard ACL drill guide.

 n  Begin the tunnel 2 cm below and parallel to the joint line, 
exiting where the popliteal tendon crosses the tibia. Be-
fore creating the tibial attachment, identify the peroneal 
nerve and dissect it off the fibular neck.

 n  Create a tunnel of appropriate size from posterior to an-
terior in the fibula, beginning distal and posterior to the 
fibular styloid.

 n  The femoral tunnel site for reconstruction is determined by 
an isometer. Drill a Kirschner wire through the center of rota-
tion on the knee, which is a point proximal and posterior to 
the femoral attachment of the popliteus. Tie a suture to the 
Kirschner wire and then pass this from posterior to anterior 
through the tibial tunnel and the fibular tunnel. Attach the 
free end of the suture to an isometer and move the knee 
through a full range of motion, noting the change in the 
length of the suture. Adjust the Kirschner wire until the least 
change in length is determined. Then drill the Kirschner wire 
from lateral to medial through the femur and overream it 
with the appropriate-size reamer to create a femoral tunnel.

 n  In placing a graft, anchor it first in the fibular head, ten-
sion one limb by securing the graft in the femoral tunnel, 
and then secure the graft in the tibial tunnel under ten-
sion with the tibia in neutral rotation.

 

ED

CA B

FIGURE 45.92 For reconstruction of popliteus, placement of femoral tunnel is determined with 
isometer (A), and graft is passed through femoral and tibial tunnels and secured with sutures tied 
over ligament buttons (B) or with interference screws. Patellar tendon graft used for reconstruc-
tion of popliteofibular ligament (C) can be split to reconstruct both components (D). E, Lateral 
collateral ligament is reconstructed with central third of biceps tendon.  (From Veltri DM, Warren 
RF: Treatment of acute and chronic injuries to the posterolateral and lateral knee, Oper Tech Sports Med 
4:174, 1996.) SEE TECHNIQUE 45.17.
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 n  If a split patellar tendon graft is used, the bone plugs can 
be secured in their respective tunnels with interference 
screws or with bone block sutures tied over a button on 
the opposite cortex.

 n  When a split Achilles tendon allograft is used, the bone 
plug is anchored in the femoral tunnel with either an in-
terference screw or bone block sutures tied over a button 
on the medial femoral condyle. The tibial portion of the 
tendon graft is fixed to the proximal tibia with a 6.5-mm 
cancellous screw and ligament washer. The fibular por-
tion can be secured within the fibular tunnel with sutures 
tied over a button or a 6.5-mm cancellous screw and liga-
ment washer over the anterior fibula.

 n  If only one component of the popliteus is reconstructed, the 
popliteal fibular ligament should be reestablished because this 
has a greater moment arm in preventing rotational instability. 
In reconstructing only one of the distal attachments, simply 
forgo the unnecessary tunnel and do not split the graft.

 n  Chronic posterolateral instability that occurs secondary to 
deficiency of the LCL usually requires reconstruction. The 
central third of the biceps tendon can be used as previ-
ously described under augmentation techniques for the 
LCL. In rare cases, the biceps tendon will not be available, 
and reconstruction of the LCL should proceed with a pa-
tellar tendon autograft or allograft. The peroneal nerve 
should have been previously isolated and protected.

 n  Make a blind-end tunnel at the top of the fibula to receive 
one bone plug.

 n  Drill two holes to intersect this blind tunnel for the bone 
block sutures.

 n  Use a Kirschner wire to determine the isometric point for 
the femoral tunnel and create the tunnel as previously 
described.

 n  Place the graft into the fibula and secure it by tying the 
bone block sutures distally over the fibular bone bridge.

 n  Place the proximal end of the graft in the femoral tunnel, 
tension it, and secure it with an interference screw. 

POSTOPERATIVE CARE The patient is placed in a con-
trolled motion brace and is allowed immediate postopera-
tive knee motion. Posterior forces in varus and external 
rotation moments that would stress the posterolateral re-
construction are avoided. The patient is kept to toe-touch 
weight bearing for 6 weeks with the brace locked in exten-
sion. Quadriceps-setting and isometric exercises are per-
formed immediately. Passive and active-assisted knee flex-
ion and passive knee extension exercises are emphasized. 
Stationary bicycling is started at 4 weeks after surgery. At 6 
weeks, a standard closed kinetic chain exercise program is 
begun. Jogging is allowed at 4 months. Open kinetic chain 
knee flexion and extension exercises are not done until 3 to 
4 months. A hinged brace is worn for 6 months. Return to 
sports generally is allowed at 6 to 9 months after surgery.
  

ANTEROLATERAL ROTARY INSTABILITY
When the indication for lateral reconstruction is anterolateral 
rotary instability, numerous procedures have been used to 
control the anterior displacement or internal rotational ten-
dencies of the tibia, in addition to the basic reconstruction 
previously described. These procedures are of three general 

types: intraarticular procedures, extraarticular procedures, 
and combinations of the two. Intraarticular procedures for 
anterior cruciate substitution are described in the section on 
ACL reconstruction (see subsequent section). Intraarticular 
procedures include use of a strip of iliotibial band, tenodesis 
with use of the gracilis or semitendinosus, an “over-the-top” 
procedure with a strip of the lateral patelloquadriceps tendon, 
the iliotibial band transferred through the intercondylar notch 
to the anterior tibia, and other procedures that use portions of 
the patellar tendon. Extraarticular procedures include biceps-
plasty, iliotibial band tenodesis and various modifications, and 
anterolateral femorotibial ligament tenodesis. Extraarticular 
procedures combined with lateral compartment reconstruc-
tion to control anterolateral rotary instability mainly involve 
variations in the use of the iliotibial band. The two basic types 
of extraarticular procedures using the iliotibial band are (1) 
creation of a static checkrein and (2) creation of a dynamic 
force on the tibia to prevent its displacement forward by the 
powerful quadriceps muscle as full extension approaches.

We have had some success with each of these types of pro-
cedures. Mild grades of anterolateral rotary instability where 
the pivot shift phenomenon is only mild may benefit from 
an extraarticular procedure alone, especially if the activity 
demands of the patient are not great. We suspect that when 
these procedures are analyzed after 10 years, the results will not 
be as good and degenerative changes will be apparent within 
the joint. We rarely use an extraarticular procedure alone for 
anterolateral rotary instability. For moderate and severe insta-
bility of this type, we use an intraarticular replacement for the 
ACL to correct the anteroposterior instability and correct the 
abnormal rotational component with a lateral extraarticular 
checkrein procedure if the rotatory component is great.

Techniques using allografts are described in the section 
on intraarticular replacement of the ACL. 

ANTERIOR CRUCIATE LIGAMENT 
INJURIES
INCIDENCE
The exact incidence of ACL injuries is unknown; however, it 
has been estimated that more than 400,000 are torn each year, 
and at least 200,000 ACL reconstructions are done each year 
in the United States. The controversy for managing this injury 
now centers more on the choice of graft selection, the pre-
cise tunnel location, transtibial tunnel versus tibial inlay, and 
the use of single or double bundle grafts for reconstruction 
instead of whether surgery is necessary. In the past 2 decades 
alone, more than 2000 scientific articles on the ACL have 
been published, as well as a number of textbooks, making a 
detailed review of the literature beyond the scope of this sec-
tion. MOON and Multicenter ACL Revision Study (MARS) 
are National Institutes of Health (NIH)-funded consortia of 
orthopaedic surgeons from multiple sites who seek to iden-
tify modifiable predictors of poor outcomes after ACL recon-
struction. These groups have generated multiple studies with 
large volumes of patients and increasing lengths of follow-up. 

ANATOMY
The ACL is composed of longitudinally oriented bundles of col-
lagen tissue arranged in fascicular subunits within larger func-
tional bands. The ligament is surrounded by synovium, thus 
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making it extrasynovial. Functionally, the ligament has been 
described as two bundles, the anteromedial bundle (AMB) 
and the posterolateral bundle (PLB), which are named for their 
insertion sites on the tibia. Relative to the anterior insertion of 
the lateral meniscus, the AMB inserts approximately 2.7 mm 
posterior and 5.2 mm medial, while the PLB inserts 11.2 mm 
posterior and 4.1 mm medial. The tibial ACL insertion has a cor-
onal width of 10 mm and a sagittal length of 14 mm. The AMB 
is slightly larger (12%) than the PLB. On the femoral side, the 
AMB inserts more proximally and slightly anterior on the femur, 
whereas the PLB inserts more distal and slightly posterior. The 
AMB occupies slightly more of the ACL insertion area (52%) 
than does the PLB (48%). The ovoid femoral insertion measures 
8 by 15 mm. The anterior border of the femoral insertions of the 
AMB and PLB is the lateral intercondylar ridge, also called the 
resident’s ridge. The bifurcate ridge separates the AMB and PLB 
anatomically from proximal to distal in the sagittal plane.

The ligament is 31 to 35 mm in length and 31.3 mm2 in 
cross section. The primary blood supply to the ligament is 
from the middle geniculate artery, which pierces the posterior 
capsule and enters the intercondylar notch near the femoral 
attachment. Additional supply comes from the retropatellar 
fat pad via the inferior medial and lateral geniculate arteries. 
This source plays a more important role when the ligament is 
injured. The osseous attachments of the ACL contribute lit-
tle to its vascularity. The posterior articular nerve, a branch 
of the tibial nerve, innervates the ACL. Histologic study has 
revealed nerve fibers of the size most consistent with trans-
mitting pain in the intrafascicular spaces. Mechanoreceptors 
also have been identified on the surface of the ligament, 
mostly at the insertions of the ligament (especially femoral), 
well beneath the external synovial sheath. 

BIOMECHANICS
The ACL is the primary restraint to anterior tibial displace-
ment, accounting for approximately 85% of the resistance 
to the anterior drawer test when the knee is at 90 degrees of 
flexion and neutral rotation. Selective sectioning of the ACL 
has shown that the anteromedial band is tight in flexion, pro-
viding the primary restraint, whereas the posterolateral bulky 
portion of this ligament is tight in extension. The PLB pro-
vides the principal resistance to hyperextension. Tension in 
the ACL is least at 30 to 40 degrees of knee flexion. The ACL 
also functions as a secondary restraint on tibial rotation and 
varus-valgus angulation at full extension.

In vivo, it is an oversimplification to limit the description 
of ACL function to the function of its two fiber bundles. In 
fact, similar to the fibers in all ligaments, those in the ACL 
are recruited differently on the basis of every subtle three-
dimensional change in the position of the joint. The normal 
ACL has been shown to carry loads throughout the entire 
range of flexion and extension of the knee. Consequently, 
the ACL can fail differently at different loads, depending 
on the position of the bones and the direction in which the 
loads are applied at the time of injury. The complexity of 
the arrangement of the ligament fibers and their response 
to load have important implications regarding the results of 
tensile tests. Tensile testing of the ACL depends on the age of 
the specimen, angle of knee flexion, direction of tensile load-
ing with respect to the ACL, and rate of the applied load. In 
other words, the maximal strength of the ACL should not be 
assumed to have one fixed value.

Notwithstanding this qualification, investigators have 
studied the biomechanical properties of the ACL. A compre-
hensive biomechanical study determined the ultimate load to 
be 1725 ± 269 N; the stiffness, 182 ± 33 N/mm; and the energy 
absorbed to failure, 12.8 ± 2.2 N/mm. In younger specimens 
the ultimate load was found to be 2160 ± 157 N and the stiff-
ness 242 ± 28 N/mm.

In addition to the function as a mechanical restraint to 
translation, the ACL has proprioceptive function, as evi-
denced by the presence of mechanoreceptors in the ligament. 
These nerve endings may provide the afferent arc for postural 
changes of the knee through deformations within the liga-
ment. The exact contributions of the receptors have not been 
clearly defined. 

HISTORY AND PHYSICAL EXAMINATION
The classic history of an ACL injury begins with a noncon-
tact deceleration, jumping, or cutting action. Obviously, other 
mechanisms of injury include external forces applied to the 
knee. The patient often describes the knee as having been 
hyperextended or popping out of joint and then reducing. A 
pop is frequently heard or felt. The patient usually has fallen to 
the ground and is not immediately able to get up. Resumption 
of activity usually is not possible, and walking is often diffi-
cult. Within a few hours, the knee swells, and aspiration of the 
joint reveals hemarthrosis. In this scenario, the likelihood of 
an ACL injury is greater than 70%. Before the development of 
a hemarthrosis, the physical examination is easier and more 
revealing; conversely, the examination is more difficult once 
pain and muscle guarding appear. The Lachman test (see Fig. 
45.42) is the most sensitive test for anterior tibial displace-
ment (95% sensitivity). Increased excursion relative to the 
opposite knee and absence of a firm end point suggest an 
injury to the ACL.

The pivot shift test requires a relaxed patient and an intact 
MCL (see Fig. 45.48). When the result is positive, this test 
reproduces the pathologic motion in an ACL–deficient knee 
and is easier to elicit in a chronic ACL disruption or in an 
anesthetized patient with an acute ACL injury.

Knee ligament arthrometers such as the KT-1000/2000 
can assist in the diagnosis but are more effective in evaluating 
patients with chronic ACL disruption when pain and associ-
ated muscle guarding are absent. These devices also are useful 
for documentation of surgical results both intraoperatively 
and postoperatively. With a manual maximal anterior dis-
placement, the right-left difference is less than 3 mm in 95% 
of normal knees. The right-left difference is 3 mm or more in 
90% of knees with an acute ACL injury.

Radiographic studies also are useful in diagnosis of ACL 
injuries. Plain radiographs often are normal; however, a tibial 
eminence fracture indicates an avulsion of the tibial attach-
ment of the ACL. The Segond fracture, or avulsion fracture 
of the lateral capsule, is pathognomonic of an ACL tear (Fig. 
45.93). A depressed impaction fracture of the lateral femoral 
condyle (the lateral femoral notch sign) at the sulcus termi-
nalis where the MRI demonstrates the lateral femoral condy-
lar bone bruise suggests an ACL tear. MRI is the most helpful 
diagnostic radiographic technique. The reported accuracy 
for detecting tears of the ACL has ranged from 70% to 100%. 
Because the ACL crosses the knee joint at a slightly oblique 
angle, the complete ligament rarely is captured in its entirety 
by a single MRI in the true sagittal plane. Vellet introduced the 
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concept of a nonorthogonal plane, which usually shows the 
entire ACL in one frame. The nonorthogonal plane is achieved 
by externally rotating the knee approximately 15 degrees. More 
recently, investigators have reported that the accuracy of MRI 
in evaluating injuries to the ACL approaches 95% to 100%.

Bone bruises, which are apparent on MRI in 80% of 
patients with ACL tears, occur primarily in the lateral femo-
ral condyle and lateral tibial plateau and have been suggested 
to predict pain and other symptoms after ACL reconstruc-
tion (Fig. 45.94). In a study of 525 patients, however, Dunn 
et  al. found that bone bruises on MRI were not associated 
with pain or symptoms after reconstruction. The only demo-
graphic or injury-related factors associated with bone bruises 
were younger age and not jumping at the time of injury.

Stress radiographs have been advocated to document both 
ACL and PCL injuries. With the availability and accuracy 
of MRI, we rarely use stress radiographs except to evaluate 
chronic PCL injuries when the PCL appears healed on MRI. 

NATURAL HISTORY
The method chosen for treating an ACL tear is influenced 
by the natural history of the injury. Controversy still exists 
regarding the course that an ACL–deficient knee will follow 
because the studies to date have been biased toward symp-
tomatic patients who seek care. Furthermore, not all knee 
injuries are reported and accurately diagnosed as ACL inju-
ries. Additional confusion arises because of the variability in 
previous studies in patients’ ages and activity levels, extent 
of injury, resultant instability, type of nonoperative manage-
ment, and follow-up duration and evaluation. It has been well 
documented that an individual with an ACL–deficient knee 
who resumes athletic activities and has repeated episodes of 
instability will sustain meniscal tears and osteochondral inju-
ries that eventually lead to arthrosis. Furthermore, patients 
exhibit varying degrees of instability after ACL rupture 

because of their inherent knee laxity and associated injuries. 
Joint laxity has been identified as a risk factor for ACL injury, 
as well as contributing to poor results and late failure of ACL 
reconstructions. Musahl et al. determined that concomitant 
injury to the anterolateral capsule, medial meniscus, or lateral 
meniscus was associated with increased knee rotatory lax-
ity, and Song et al. found the best set of predictors of grade 3 
pivot shift were participating in pivoting sports at the time of 
injury, increased lateral posterior-inferior tibial slope, antero-
lateral capsular ligament disruptions, and combined lateral 
meniscal lesions. Conversely, at midterm follow-up, Malugin 
et al. saw no difference in pivot shift test results, graft failure 
rates, and activity levels in patients undergoing ACL recon-
struction with or without a Segond fracture.

Results of nonoperative treatment of ACL tears have been 
discouraging and can be attributed partially to the associated 
injuries that occur at the time of the ACL rupture. A con-
trolled laboratory study using MRI and dual orthogonal flu-
oroscopic imaging techniques determined that ACL injury 
caused a significant elongation of the fiber bundles of the 
superficial and deep MCL at every flexion angle, whereas the 
LLC fiber bundles shortened. These alterations in the collat-
eral ligaments demonstrate that abnormal tibiofemoral joint 
kinematics after ACL injury disrupts normal joint function. 
Several investigators reported the incidence of meniscal tears 
with acute ACL injuries to range from 50% to 70%.

The lateral meniscus is more commonly injured with 
the initial incident than is the medial meniscus. As a result 
of abnormal loading and shear stresses in the ACL-deficient 
knee, the risk of late meniscal injury is high and appears to 
increase with time from the initial injury. Most late meniscal 
tears occur in the medial meniscus because of its firm attach-
ment to the capsule. Stone et al. reported that delay in ACL 
reconstruction of more than 1 year in patients 40 years of age 
or older was associated with increased risk of medial menis-
cal tear. The same risk of further meniscal injury and articular 
cartilage damage with delay in treatment has been reported 
in children and adolescents by Anderson et al. and Newman 
et  al. Sanders et  al. presented a cohort of 964 patients with 
new-onset, isolated ACL tears and an age- and sex-matched 
cohort of 964 patients without ACL tears. A total of 509 
patients were treated with early ACL reconstruction, 91 

 FIGURE 45.94 MRI shows bone bruise after anterior cruciate 
ligament tear.

 FIGURE 45.93 Avulsion fracture of tibia (Segond fracture) with 
anterior cruciate ligament tear.
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with delayed ACL reconstruction, and 363 nonoperatively. 
At a mean follow-up of 13.7 years, patients with nonopera-
tive treatment or delayed reconstruction had a significantly 
higher likelihood of developing secondary meniscal tear 
and being diagnosed with arthritis. The nonoperative group 
also had a higher risk of undergoing TKA. Conversely, van 
Yperen et al. reported 50 patients, 25 treated nonoperatively, 
who responded well to a 3-month structured rehabilitation 
program and lifestyle adjustments, and 25 treated surgically, 
who had persistent instability after 3 months of nonopera-
tive treatment. At 20-year follow-up, there was no difference 
in knee osteoarthritis between groups when treatment was 
allocated on the basis of a patient’s response to 3 months of 
nonoperative treatment. Although knee stability was better in 
the operative group, it did not result in better subjective and 
objective functional outcomes.

Osteochondral damage also influences prognosis. The 
reported incidence ranges from 21% to 31% in patients 
examined after the initial injury. MRI provides a sensitive 
technique for detecting bone injury in patients with acute 
and even chronic ACL-deficient knees (see Fig. 45.94). These 
MRI lesions are classified as geographic, reticular, or linear 
on the basis of their architectural appearance, relationship 
to cortical bone, and short-term osteochondral sequelae. 
Geographic lesions are associated with the cortical margin 
and have increased density. Reticular lesions are not associ-
ated with the cortical bone, and most resolve between 6 and 
12 months. Osteochondral abnormalities identified on MRI 
may be precursors of osteoarthritis. However, a long-term (15 
years) follow-up study by Neuman et al. found no relation-
ship between an osteochondral injury diagnosed at primary 
arthroscopy after an ACL injury and subsequent knee osteo-
arthritis. They did find meniscectomy to be a potent risk fac-
tor for the development of osteoarthritis. Of the 79 patients 
treated in their study, radiographic tibiofemoral osteoarthri-
tis was present in 13 (16%), all of whom had meniscectomies 
for a major meniscal tear. The frequency of osteoarthritis also 
was higher in patients who had ACL reconstruction than in 
those treated nonoperatively.

Much current research is focused on the biochemi-
cal environment of the knee after ACL injury. Cameron 
et  al. found that in chronic ACL–deficient knees, the lev-
els of proinflammatory cytokines such as interleukin-1 and 
tumor necrosis factor-alpha are markedly elevated, whereas 
protective, antiinflammatory proteins, such as the interleu-
kin receptor antagonist protein, are significantly decreased. 
Lohmander et  al. reported elevated levels of stromelysin-1 
and tissue inhibitor of metalloproteinases-1 in synovial fluid 
samples 6 months to 18 years after trauma. They speculated 
that the increased release may be associated with the frequent 
development of posttraumatic osteoarthritis.

A number of investigators have studied the epidemiology 
of ACL–deficient knees and have implicated sex and femoral 
intercondylar notch width as factors contributing to injury of 
the ACL. Numerous investigators have reported that athletes 
sustaining noncontact ACL tears have statistically significant 
intercondylar notch stenosis. Souryal and Freeman formu-
lated the notch width index, which is the ratio of the width 
of the intercondylar notch to the width of the distal femur at 
the level of the popliteal groove measured on a tunnel view 
radiograph of the knee (Fig. 45.95). The normal intercondylar 
notch ratio was 0.231 ± 0.044. The intercondylar notch width 

index for men was larger than that for women. They found 
noncontact ACL injuries to be more frequent in athletes who 
had a notch width index that was at least 1 standard deviation 
below the mean. Shelbourne et al. studied a group of patients 
who had ACL reconstruction and found that women had sta-
tistically significantly narrower notches than men did, but the 
frequency of tearing of the autograft was the same between 
groups, presumably because a notchplasty had been per-
formed. Data from the National College Athletic Association 
Injury Surveillance System as well as several studies have 
shown significantly higher ACL injury rates in female soc-
cer, basketball, and rugby players than in male players (two to 
eight times). Possible causative factors for the increased inci-
dence in women may be extrinsic (body movement, muscle 
strength, shoe-surface interface, and skill level) or intrinsic 
(joint laxity, hormonal influences, limb alignment, notch 
dimensions, and ligament size). Female sex hormones (i.e., 
estrogen, progesterone, and relaxin) fluctuate radically dur-
ing the menstrual cycle and are reported to increase ligamen-
tous laxity and to decrease neuromuscular performance.

Herman et al. demonstrated that healthy athletes with lower 
baseline neurocognitive performance generate knee kinematic 
and kinetic patterns in an unanticipated jump-landing task that 
are linked to ACL injury. Johnson et al. studied the gene expres-
sion differences between ruptured ACLs in young male and 
female patients. Microarray analysis of the RNA isolated from 
the ruptured ACL tissue identified 32 genes with significant dif-
ferential expression. Fourteen of these genes were not linked to 
the X or Y chromosome. Further analysis grouped these genes 
into pathways involving development and function of skeletal 
muscle and growth, maintenance, and proliferation of cells. 
Reverse transcription-quantitative polymerase chain reaction 

 

23mm

86mm

FIGURE 45.95 Notch width index is ratio of width of intercon-
dylar notch to width of distal femur at level of popliteal groove 
(arrow). Must be parallel to joint line. Narrowest portion of notch at 
level of ruler is to be measured.  (From Souryal TO, Moore HA, Evans JP: 
Bilaterality in anterior cruciate ligament injuries: associated intercondylar 
notch stenosis, Am J Sports Med 16:449, 1998.)
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confirmed significant differences in expression of three selected 
genes: ACAN (aggrecan) and FMOT (fibromodulin), which 
regulate the matrix, were upregulated in females compared to 
males and WISP2 (WNT 1 inducible signaling pathway protein 
2), which is involved in collagen turnover and production, was 
downregulated. The authors proposed that this may contribute 
to the weaker ACLs in females compared to males.

An increased posterior tibial slope also has been identi-
fied as a possible risk factor for ACL injury in both men and 
women. Increased posterior tibial slope has been reported to 
alter the kinematics of the knee joint by anteriorly shifting the 
resting position of the tibia and subsequently increasing the in 
situ forces on the ACL. Furthermore, increased posterior tibial 
slope was directly correlated to higher anterior tibial transla-
tion, predisposing patients to ACL injury. Hashemi et al. and 
Sonnery-Cottet et al. identified a steep posterior tibial slope as 
a significant risk factor for ACL injuries, as well as for anterior 
knee instability after reconstruction. Christensen et al. com-
pared 35 patients with early failure of ACL reconstructions 
(within 2 years) with 35 matched controls who had undergone 
primary ACL reconstructions with at least 4 years of follow-
up. The mean time to failure in the study group was 1 year 
(range, 0.6 to 1.4 years). The mean lateral tibial plateau slope in 
the early ACL failure group was 8.4 degrees, which was signifi-
cantly larger than that in the control group at 6.5 degrees (p= 
.012). The odds ratio for graft failure considering a 2-degree 
increase in the lateral tibial plateau slope was 1.6 and con-
tinued to increase to 2.4 and 3.8 with 4-degree and 6-degree 
increases in lateral tibial plateau slope, respectively. Li et  al. 
found that patients with a steeper medial or lateral posterior 
tibial slope had a higher risk of anterior tibial translation of 
5 mm or more at thresholds of 5.6 and 3.8 degrees, respec-
tively. Other authors have determined that a 5-degree increase 
in posterior tibial slope produces a 2-mm increase in ante-
rior tibial translation during stance, and a 10-degree increase 
results in a 3-mm increase on radiographic Lachman testing.

Pfeiffer et al. evaluated the lateral femoral condyle ratio as 
a risk factor for ACL injury in 200 patients who were stratified 
into four groups: (1) a control group of patients without ACL 
injury, (2) patients with primary ACL injury, (3) patients with 
failed ACL reconstructions, and (4) patients with previous ACL 
injury and subsequent contralateral ACL injury. With the use 
of lateral radiographs, the ratio of posterior femoral condylar 
depth to total condylar length was defined as the lateral fem-
oral condylar ratio. The main lateral femoral condylar ratios 
(and standard deviations) were 61.2% ± 2.4% for the control 
group, 64.2% ± 3.8% for the primary ACL injury group, 64.4% 
± 3.6% for the failed ACL reconstruction group, and 66.9% ± 
4.3% for the contralateral injury group. The ratios for the latter 
three groups were significantly higher than the control group 
(P < .008). The receiver operating characteristic curve analy-
sis demonstrated that a lateral femoral condylar ratio of more 
than 63% was associated with an increased risk for ACL injury, 
with a sensitivity of 77% and a specificity of 72%.

Hewett et al. prospectively measured 205 female athletes 
in the high-risk sports of soccer, basketball, and volleyball 
for neuromuscular control by three-dimensional kinematics 
(joint angles) and for joint loads by kinetics (joint moments) 
during a jump-landing task. The nine athletes in whom 
ACL tears occurred had significantly different knee pos-
ture and loading compared with the 196 who did not have 
an ACL injury. The knee abduction angle at landing was 8 

degrees greater in the ACL–injured athletes than in the unin-
jured athletes. ACL–injured athletes had a 2.5 times greater 
knee abduction moment and 20% higher ground reaction 
force, whereas stance time was 16% shorter; hence, increased 
motion, force, and moments occurred more quickly. Knee 
abduction moment predicted ACL injury status with 73% 
specificity and 78% sensitivity; dynamic valgus measures 
showed a predictive r2 of 0.88. In an analysis of three-dimen-
sional knee kinematics, Koga et  al. suggested that valgus 
loading coupled with internal tibial rotation is a contribut-
ing factor in the ACL injury mechanism in female athletes. 
Less strength and smaller size of the ACL in females have also 
been postulated to contribute to the frequency of injuries. 
However, Mahajan et al. used static and dynamic ultrasound 
to measure the diameter of the ACL in normal contralateral 
knees of 25 individuals with noncontact ACL injuries and in 
25 matched control subjects. Although the diameter near the 
tibial insertion site was significantly smaller in those with 
ACL injuries, the diameter was proportional to body weight 
and not significantly associated with height, sex, or age.

The efficacy of injury prevention programs for female 
athletes remains controversial. Pfeiffer et al. reported that a 
20-minute plyometric-based exercise program focusing on 
the mechanics of landing from a jump and deceleration when 
running performed twice a week throughout the season did 
not reduce the rate of noncontact ACL injuries in high-school 
female athletes. In a meta-analysis of six studies, Hewett et al. 
found that four reported significant decreases in the number 
of ACL injuries after training, whereas two reported no dif-
ferences between trained and untrained female athletes. They 
concluded that neuromuscular training may reduce the fre-
quency of ACL injuries in female athletes if (1) plyometrics, 
balance, and strengthening exercises are incorporated into a 
comprehensive training protocol; (2) the training sessions are 
performed more than once a week; and (3) the duration of the 
training program is a minimum of 6 weeks. 

TREATMENT
With the natural history in mind, the surgeon must deter-
mine which therapy is most appropriate for a specific patient. 
The treatment options available include nonoperative man-
agement, repair of the ACL (either isolated or with augmen-
tation), and reconstruction with either autograft or allograft 
tissues or synthetics. Nonoperative treatment is a viable 
option for a patient who is willing to make lifestyle changes 
and avoid the activities that cause recurrent instability. In one 
of the most comprehensive series, Daniel et al. observed 236 
patients with unstable knees by KT-1000 measurement. The 
patients were assessed by physical examination, KT-1000 
measurements, and activity and frequency of sports partici-
pation. A total of 19% elected early ACL reconstruction, 20% 
required late reconstruction, and 61% were able to deal with 
their injury, although many were symptomatic. The authors 
found three factors known at the time of the initial examina-
tion that correlated with the need for surgery: younger age, 
preinjury hours of sports participation, and amount of ante-
rior instability as measured by the KT-1000 arthrometer. If a 
nonoperative approach is chosen, it should include an aggres-
sive rehabilitation program and counseling about activity 
level. The use of a functional knee brace is controversial and 
has not been shown to reduce the incidence of reinjury sig-
nificantly if a patient returns to high-level sports.
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Recently, ACL repair techniques have garnered renewed 
interest. This resurgence is likely due to a combination of the 
improved results seen in preclinical studies and the availability of 
biologic augmentation and internal bracing techniques. In a sys-
tematic review, van Eck et al. found that proximal ACL tear pat-
terns showed a better healing potential with primary repair than 
did distal or midsubstance tears. Some form of internal bracing 
increased the success rate of ACL repair. Improvement in the 
biologic characteristics of the repair were obtained by bone mar-
row access by drilling tunnels or microfracture. Augmentation 
with PRP was beneficial only in combination with a structural 
scaffold. Skeletally immature patients had the best outcomes. 
Acute repairs (within 3 weeks of injury) were better than delayed 
repairs and produced improved outcomes with regard to load, 
stiffness, laxity, and rerupture. Jonkergouw et  al. compared 28 
patients with primary suture repair to 28 patients with primary 
suture repair and additional suture augmentation; all patients 
had isolated proximal ACL tears (type I). At a mean follow-up 
of 2.3 years (range, 1.0 to 2.9), the total failure rate was 10.7% 
and was lower with additional suture augmentation (7.1%) than 
primary repair alone (14.3%). Murray et al. reported their pre-
liminary results with the bridge-enhanced ACL repair (BEAR) 
procedure, which augments a suture repair with a proprietary 
scaffold—the BEAR scaffold—placed between the torn ends of 
the ACL at the time of suture repair; 10 mL of autologous blood 
is added to the scaffold before wound closure. They compared 
10 patients nonrandomly allocated to the BEAR procedure to 
10 patients who had hamstring autograft ACL reconstructions. 
There were no differences between groups with respect to pain or 
effusion and no failures by Lachman examination criteria. There 
were no joint infections or signs of significant inflammation in 
either group. A larger study is planned. Conversely, Gagliardi 
et al. compared 22 consecutive adolescent patients treated with 
ACL repair and suture ligament augmentation to 157 adolescent 
patients with quadriceps–patellar bone autograft reconstruc-
tion. The frequency of graft failure in the repair group was 10.66 
times higher than in the reconstruction group. The cumulative 
incidence of graft failure in the first 3 years after surgery was 
48.8% in the repair group compared to 4.7% in the reconstruc-
tion group. Other studies have reported failure rates as high as 
27%. Numerous studies from Europe have described ACL repair 
using a dynamic intraligamentary stabilization device (Ligamys, 
Mathys Ltd, Bettlach, Switzerland). Henle et  al. reported revi-
sion ACL surgery in 7.9% of 381 patients at a 2.5-year follow-
up after ACL repair with dynamic intraligamentary stabilization. 
Younger age, higher Tegner activity score, and increased knee 
laxity were significantly associated with revision ACL surgery. 
Mid-substance ACL rupture location also has been identified as 
a risk factor for failure. Many studies have reported high rates of 
additional surgery for scar and implant removal and manipula-
tions. The long-term viability of ACL repair is still unknown.

The use of orthobiologics is under intense investigation. To 
date, no studies have definitively shown an enhanced healing 
response or improved results when orthobiologics are added 
to intraarticular ACL reconstructions. However, Setiawati et al. 
did show improved graft tunnel healing with increased collagen 
type III fibers and better outcomes on MRI and biomechanical 
analysis with intratunnel injections of bone marrow mesenchy-
mal stem cells and vascular endothelial growth factor.

The techniques for augmentation of a primary repair 
use the same tissues and approaches as those for reconstruc-
tion with the exception that the augmenting tissue is passed 

through the posterior capsule high in the intercondylar notch 
and over the lateral femoral condyle. This over-the-top orien-
tation preserves the femoral attachment of the ACL, and the 
tissue is secured to the lateral aspect of the distal femur with 
the staples or a screw and spiked soft-tissue washer. The tibial 
tunnel should be placed at the anteromedial edge of the tib-
ial footprint of the ACL to minimize disruption of the tibial 
attachment. Further details are available in the techniques for 
intraarticular reconstruction of the ACL.

All of the preceding discussion has dealt with primary 
repair of a midsubstance ACL tear. Acute repair is appropri-
ate when a bony avulsion occurs with the ACL attached. The 
avulsed bone fragment often can be replaced and fixed with 
sutures passed through transosseous drill holes or screws 
placed through the fragment into the bed. A clinical compari-
son of screw and suture fixation of ACL tibial avulsion frac-
tures found no significant differences in Lysholm knee scores 
or return to preinjury activities; some patients in both groups 
had residual laxity or flexion contractures. ACL avulsions 
usually occur from the tibial insertion. Rarely does a disrup-
tion from its femoral origin avulse a piece of bone. Steadman 
reported a high frequency of avulsions of the femoral attach-
ment of the ACL in skiers sustaining low-velocity injuries. He 
advocated repair of the ligament back to a freshened femoral 
bed and reported early success. Long-term results of this pro-
cedure are not available, and we have no experience with this 
technique. With repair of bony tibial avulsions of the ACL, the 
literature reports residual objective anterior laxity in 50% to 
90% of patients, but subjective or functional instability is rare. 
Loss of fixation and knee stiffness are reported complications. 
Instituting range-of-motion exercises by 4 weeks postopera-
tively has been shown to lessen the incidence of arthrofibrosis. 

 

REPAIR OF BONY TIBIAL AVULSIONS 
OF ANTERIOR CRUCIATE LIGAMENT

 TECHNIQUE 45.18 

 n  If the ACL has been avulsed with a fragment of bone from 
its tibial insertion, make an anteromedial incision, clear 
the crater in the tibia of clots and debris, and reduce the 
fragment.

 n  The method of fixation of the fragment depends on its 
size; occasionally a screw can be used, but more often the 
fragment is too small, so nonabsorbable sutures are best.

 n  For this, place a Bunnell suture in the base of the cruci-
ate ligament, pass the two ends through holes drilled in 
the attached fragment, if it is large enough, and lay the 
sutures aside.

 n  Loop a second suture over the bone fragment through 
the base of the ACL and pass it through the holes in 
the fragment with the previous Bunnell suture. The 
two sutures are required so that not only is the liga-
ment reattached under tension, but the second suture 
also pulls the bone fragment securely into place (Fig. 
45.96).

 n  Beginning on the anteromedial surface of the tibia ap-
proximately 4 cm below the joint margin, drill two parallel 
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holes obliquely and superiorly to emerge in the base of 
the crater near the intercondylar eminence.

 n  With suture passers, pull the previously placed sutures 
through the holes and tie them over the bone anteriorly, 
making sure that the fragment in the base of the cruciate 
has been anatomically reduced and that tension in the 
cruciate ligament has been restored.

 n  If blood clot and debris are left within the depths of the 
crater before reduction, the repaired cruciate will be lax 
and normal tension will not be regained.

 n  Note at what degree of knee flexion the fragment is best 
reduced and apply a controlled motion brace in this posi-
tion.

POSTOPERATIVE CARE At 3 weeks, flexion from 0 to 
90 degrees is allowed in the brace and isometric quad-
riceps and hamstring exercises are begun. Crutches are 
discontinued at 6 weeks, and full active and passive range 
of motion should be obtained by 8 weeks. Progressive 
resistance exercises are continued for at least 3 months.
  

RECONSTRUCTION FOR ANTERIOR CRUCIATE 
LIGAMENT INSUFFICIENCY
As evidence mounted that primary repair of midsubstance ACL 
tears routinely failed, interest turned to reconstruction of the liga-
ment. Previous experience with intraarticular reconstruction pro-
cedures was discouraging because of the frequent postoperative 
stiffness and persistent anterior laxity. Extraarticular procedures 
were developed to obviate these problems. These procedures 
generally create a restraining band on the lateral side of the knee, 
extending from the lateral femoral epicondyle to Gerdy’s tubercle 

in a line parallel with the ACL. They avoid the problem of a lack 
of blood supply to the intraarticular reconstructions. Most lateral 
extraarticular procedures use the iliotibial band or tract connect-
ing the lateral femoral epicondyle to Gerdy’s tubercle. Krackow 
and Brooks, in a kinematic study to determine the optimal attach-
ment points for extraarticular lateral reconstructions for antero-
lateral rotary instability, found the best attachments to be at or in 
front of Gerdy’s tubercle on the anterolateral aspect of the tibia 
and proximal to the origin of the LCL on the femur (Fig. 45.97). 
The stress exerted on the reconstructions depended primarily on 
changes in the femoral fixation point and much less so on changes 
in the tibial fixation point. Thus, regardless of which extraarticu-
lar procedure is chosen, the transfer should be anchored high on 
the femur, proximal to the attachment of the LCL.

These procedures may diminish the anterolateral rotary 
subluxation by virtue of their lateral placement, but they do 
not re-create the normal anatomy or function of the ACL. 
When used alone, extraarticular techniques have been associ-
ated with high failure rates. The Ellison procedure reportedly 
led to an unsatisfactory result in 16 (76%) of 21 patients, and 
the MacIntosh procedure yielded an unsatisfactory result in 
13 (48%) of 27 patients. Currently, extraarticular procedures 
are used primarily in conjunction with an intraarticular recon-
struction when severe anterior instability as a result of injury or 
late stretching of the secondary stabilizing capsular structures 
on the lateral side of the knee. For most grades of anterolateral 
instability, we prefer an intraarticular ACL replacement and do 
not attempt to correct the laxity of the secondary stabilizer.

Extraarticular techniques described are those of 
MacIntosh, Losee, Andrews (iliotibial band tenodesis and 
bicepsplasty), and LaPrade. 

 FIGURE 45.96 Repair of avulsion of tibial attachment of anterior 
cruciate ligament with fragment of bone. Crater in tibia should be 
deepened, and bone fragment on end of ligament is pulled into crater 
depth to restore tension in avulsed ligament. SEE TECHNIQUE 45.18.
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FIGURE 45.97 Network of points selected on lateral femur, 
lateral tibia, and proximal fibula. F, Femur; T, tibia. F-5, Origin of 
lateral collateral ligament at lateral epicondyle; T-10, insertion 
of lateral collateral ligament; T-3, Gerdy’s tubercle (slightly more 
proximal than in specimen); T-7, superior lateral aspect of tibial 
tuberosity; F-1, proximal to joint line; F-7, closer to joint line.
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EXTRAARTICULAR PROCEDURES 
(ILIOTIBIAL BAND TENODESIS)

 TECHNIQUE 45.19 

(MACINTOSH)
 n  Perform lateral reconstruction as previously described for 

lateral and posterolateral capsular structures (see Tech-
nique 45.10).

 n  Dissect a 1.5-cm-wide strip of iliotibial band from its mid-
portion beginning approximately 16 cm from its distal 
insertion and turn it down to its attachment at Gerdy’s 
tubercle.

 n  Pass this strip of iliotibial band to the posterolateral corner 
of the knee through a tunnel deep to the LCL (Fig. 45.98).

 n  At the distal insertion of the lateral intermuscular septum 
at the lateral femoral epicondyle, use a right-angle clamp 
to create a hiatus of sufficient size to receive the strip of 
iliotibial band.

 n  Loop it back to retrace its course deep to the LCL and 
secure it near its insertion into Gerdy’s tubercle.

 n  Pull it taut before securing it with a staple or sutures while 
the knee is flexed to 90 degrees and the tibia is externally 
rotated.

 n  Suture the defect in the iliotibial band with multiple inter-
rupted sutures and close the interval between the poste-
rior part of the iliotibial band and the biceps femoris in a 
similar manner.
   

 

EXTRAARTICULAR PROCEDURES 
(ILIOTIBIAL BAND TENODESIS)

 TECHNIQUE 45.20 

(MACINTOSH, MODIFIED BY LOSEE)
Losee modified Mackintosh’s iliotibial band technique in 
the following manner:

 n  After reconstruction of the posterior capsule, posterolat-
eral corner, and midlateral capsular area as described in 
the section on reconstruction of the posterolateral com-
partment, fashion a strip of iliotibial band 18 cm long and 
1.5 cm wide, beginning near the midportion and leaving 
it attached distally to Gerdy’s tubercle (Fig. 45.99A).

 n  Make a superficial osseous tunnel beginning on the anterolat-
eral aspect of the femoral condyle, passing deep to the femo-
ral attachment of the LCL and popliteal tendon, and emerg-
ing posterolaterally where the superior part of the posterior 
capsule, the lateral head of the gastrocnemius muscle, and 
the iliotibial band insert into the femoral epicondylar region.

 n  Pass the strip of iliotibial band through this osseous tunnel 
from anterior to posterior and pull it taut with the knee 
flexed 90 degrees and the tibia externally rotated.

 n  Then pass the strip through the femoral attachment of 
the lateral intermuscular septum and the lateral head 
of the gastrocnemius muscle and weave it through 
the lateral-most portion of the arcuate complex at the 
reconstructed posterolateral corner of the knee (Fig. 
45.99B).

 n  Again pull it taut inferiorly and anteriorly. This further 
tenses the posterior capsular structures and arcuate liga-
ment complex.

 n  Pass the strip of iliotibial band anteriorly through a soft-
tissue tunnel deep to the LCL, distal to the level of the 
joint surface, and back to the area of Gerdy’s tubercle and 
secure it to bone with sutures or a staple while the knee 
is flexed 90 degrees and the tibia is maximally externally 
rotated (Fig. 45.99C). Besides supplying an anterior and 
internal rotary checkrein, this iliotibial strip should supply 
reinforcement to the anterolateral capsule, the postero-
lateral capsule, and the arcuate complex.

 n  Close the defect in the iliotibial band with multiple inter-
rupted sutures.

 n  Then roll the posterior part of the biceps femoris and su-
ture it to the posterior edge of the iliotibial band in a 
similar manner.
  

We have used this technique combined with an intraarticular 
ACL reconstruction for severe anterolateral rotary instability, 
especially if some varus laxity also is present. Used alone, it has 
effectively reduced the pivot shift phenomenon, but on critical 
evaluation beyond a 2-year follow-up, it has not stopped the 
anteroposterior translation of the tibia on the femur.

Andrews reported success with a “minireconstruction” 
technique for treating anterior cruciate insufficiency primar-
ily of the anterolateral rotary type by an iliotibial band teno-
desing procedure. Because it is an extraarticular procedure, 
the blood supply and healing potential are good, with the 
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FIGURE 45.98 MacIntosh technique of lateral reconstruction 
with strip of iliotibial band. SEE TECHNIQUE 45.19.
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tensile strength in the reconstruction reaching a maximum 
early in the recovery period. It functions mainly to stabilize 
the lateral compartment against the anterior translation and 
excessive internal rotation of the tibia on the femur seen in 
anterolateral rotary instability. The two tenodesing bands cre-
ated by the technique are roughly parallel with the course of 
the ACL, and by being firmly attached to Gerdy’s tubercle and 
the lateral femoral epicondyle, they can replace some of the 
functions of the lost ACL and the deficient lateral capsular 
structures. 

 

EXTRAARTICULAR PROCEDURES 
(ILIOTIBIAL BAND TENODESIS)

 TECHNIQUE 45.21 

(ANDREWS)
 n  Place the anesthetized patient supine on the operating 

table with the affected extremity draped to allow free hip 
and knee motion.

 n  Perform full ligament and arthroscopic examinations to 
obtain an accurate diagnosis of the instability and any 
meniscal lesions.

 n  With a pneumatic tourniquet ensuring a bloodless 
field, perform any necessary medial repairs or recon-
structions for other instabilities, along with a lateral 
reconstruction. Repair meniscal tears, if possible; oth-
erwise, do a partial meniscectomy, arthroscopically, 
when feasible.

 n  With the foot resting on the operating table and the knee 
flexed approximately 90 degrees, make an initial antero-
lateral 10-cm hockey-stick incision, exposing the iliotibial 
band and iliotibial tract.

 n  Longitudinally divide the iliotibial tract with a 10-cm fiber-split-
ting incision placed 3 to 4 cm anterior to its posterior margin.

 n  Retract the anterior edge of the tract and the vastus late-
ralis from the lateral side of the distal femur.

 n  With a periosteal elevator, elevate the fatty tissue and 
periosteum and expose the linea aspera and the distal 
insertion of the lateral intermuscular septum.

 n  Use an osteotome to “fish scale” the lateral femoral cor-
tex in this area to promote a proliferative healing response 
of bone to the iliotibial tract.

 n  Hold the iliotibial tract against the distal femur by sutures 
passed through the tract and through two parallel holes in 
the distal femur and tied to each other on the medial side 
of the femur, beneath the vastus medialis as described later. 
By fixing the tract to the distal femur, a ligament is created 
that closely approximates the biomechanical function of the 
ACL, extending from the distal femur to Gerdy’s tubercle 
and preventing anterolateral subluxation of the lateral tibial 
plateau on the lateral femoral condyle (Fig. 45.100).

 n  On the lateral side of the femur at the linea aspera, se-
lect two points that correspond closely to the two major 
femoral intraarticular attachments of the ACL.

 n  Drill the first hole at or slightly distal to the insertion of the lat-
eral intermuscular septum on the linea aspera (Fig. 45.101A). 
Just anterior to the posterior cortex, it corresponds to the 
intraarticular attachment of the AMB of the ACL.

 n  Drill the second hole parallel to the first and 0.5 to 1 cm 
distal and anterior to it, corresponding to the femoral at-
tachment of the PLB of the ligament.

 

A B C
FIGURE 45.99 Losee modification of MacIntosh technique of lateral reconstruction with iliotibial 

band. A, Fascial strip (18 cm long × 1.5 cm wide) of iliotibial tract attached to Gerdy’s tubercle. B, 
Imbrication through lateral head of gastrocnemius plus posterolateral corner. C, Rerouting of fascial 
strip deep to lateral collateral ligament, with reattachment to Gerdy’s tubercle. SEE TECHNIQUE 
45.20.
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 n  With the foot externally rotated, locate a point on the 
posterior edge of the iliotibial tract that will align with 
the posterior hole on the femur when the tract is pulled 
against the femur. At this point, separate the iliotibial 
tract into two bundles with no. 5 Bunnell sutures; the 
anterior bundle will be tight in flexion and the posterior 
bundle tight in extension, creating an isometric repair 
(Fig. 45.101B,C). Begin the suture creating the lower 
bundle proximally and inside the iliotibial tract, running 
distally 4 to 5 cm. Begin the upper, or anterior, bundle ap-
proximately 1 cm anterior and 0.5 cm distal to the lower 
bundle. These bundles are approximately 0.5 cm apart.

 n  Pass the two Bunnell sutures through the two drill holes, from 
the lateral to the medial side of the femur, and test stability 
and range of motion. Constant tension is essential to prevent 
anterolateral subluxation of the tibia. If tibial subluxation is 
possible, the repair is too loose. Conversely, if the iliotibial 
tract cannot be pulled against the lateral femur or if the range 
of motion is excessively limited, the repair is too tight.

 n  Adjust tension and range of motion by repositioning ei-
ther of the fixation sutures or the holes in the femur. 
Correct tension is crucial to the success of the procedure, 
which is determined by an isometric reconstruction and 
full range of motion. Perform the jerk, Lachman, and an-
terior drawer tests at this time; the results of all should 
be negative. Because it is a static repair without dynamic 
muscle support, the reconstruction will not increase in 
strength after surgery. Make certain, therefore, that the 
knee is absolutely stable at the end of the procedure, 
without laxity in either flexion or extension.

 n  With stability attained, tie the sutures together medially 
over the adductor tubercle and again test stability.

 n  Before the wound is closed, release the tourniquet and 
obtain hemostasis.

 n  After placing a large suction drainage tube intraarticularly 
and a second tube subcutaneously in the lateral wound, 
close the incisions.

 n  Place the knee in a well-padded cylinder cast in 30 to 40 
degrees of flexion for pure anterolateral rotary instability 
and in 60 degrees of flexion for combined anteromedial 
and anterolateral rotary instability.

POSTOPERATIVE CARE At 5 days after surgery, the 
wound is inspected and the cast changed. The cast is re-
moved at 6 weeks. We prefer not to rigidly immobilize the 
knee in flexion for several weeks because of the deterio-
ration of the articular cartilage surfaces associated with 
the absence of motion, especially in the patellofemoral 
joint. If extension beyond 30 degrees is detrimental to 
the reconstruction early, we prefer to use a controlled 
motion brace locked at 30 degrees of extension but al-
lowing flexion.
  

 FIGURE 45.100 Attachment of two bundles to lateral femoral 
condylar area through transosseous drill holes to medial side of 
femur.  (Redrawn from original illustration by Beverly Kessler; courtesy 
LTI Medica and The Upjohn Company, Learning Technology, 1981.) SEE 
TECHNIQUE 45.21.

 

A B C
FIGURE 45.101 A, Two points on lateral femoral condyle corresponding to major femoral intraar-

ticular attachments of anterior cruciate ligament. B, Posterior band tight in extension. C, Anterior 
band tight in flexion. SEE TECHNIQUE 45.21.
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INTRAARTICULAR RECONSTRUCTION
The advances made in arthroscopy have led to the develop-
ment of arthroscopic techniques for ACL reconstruction. 
Simultaneously, our increased understanding of technical 
issues of graft selection, placement, tensioning, and fixation, 
as well as of postoperative rehabilitation, led to dramati-
cally improved results compared with previous intraarticular 
reconstructions. These same principles can be applied to 
open intraarticular reconstruction of the ACL through a 
small arthrotomy incision, which preserves attachment of 
the vastus medialis obliquus muscle to the patella, or through 
the patellar tendon defect when the central third is used as 
a graft source. Arthroscopic techniques have minor advan-
tages compared with miniarthrotomy, mainly, earlier resolu-
tion of postoperative pain. With either technique, we prefer to 
delay the reconstruction until after the patient has recovered 
from the initial injury or reinjury. Resolution of inflamma-
tion around the knee and return of full motion reduce the 
incidence of postoperative knee stiffness.

Graft Selection. Once the decision is made to recon-
struct the ACL, the surgeon must select a graft. Autograft 
tissue is used most commonly, but allografts and synthet-
ics also are available and are discussed later in this chapter. 
Autografts have the advantages of low risk of adverse inflam-
matory reaction and virtually no risk of disease transmission. 
As a biologic graft, an autograft undergoes revascularization 
and recollagenization, but initially a 50% loss of graft strength 
occurs after implantation. Therefore, it is desirable to begin 
with a graft stronger than the tissue to be replaced. Virtually 
every structure around the knee has been used as a substitute. 
The most common current graft choices are bone–patellar 
tendon–bone graft, the quadrupled hamstring tendon graft, 
and the quadriceps tendon with or without bone from the 
patella. The bone–patellar tendon–bone graft usually is an 8- 
to 11-mm-wide graft taken from the central third of the patel-
lar tendon, with its adjacent patella and tibial bone blocks. 
This graft’s attractive features include its high ultimate tensile 
load (approximately 2300 N), its stiffness (approximately 620 
N/mm), and the possibility for rigid fixation with its attached 
bony ends.

The use of the hamstring tendon graft has increased in 
recent years because of its relatively low donor site morbid-
ity. Use of a single strand of the semitendinosus or gracilis 
tendon is inadequate because the semitendinosus tendon has 
only 75% and the gracilis tendon only 49% the strength of the 
ACL. Now, surgeons are using either a triple- or quadruple-
stranded semitendinosus graft or a quadruple-stranded semi-
tendinosus-gracilis tendon graft with both ends folded in half 
and combined. This latter graft has an ultimate tensile load 
reported to be as high as 4108 N. This quadruple-stranded 
graft also provides a multiple-bundle replacement graft that 
may better approximate the function of the two-bundle ACL. 
Disadvantages of this soft-tissue graft include the concern 
over tendon healing within the osseous tunnels and the lack 
of rigid bony fixation.

The quadriceps tendon graft also has attracted interest 
recently. It can be harvested with a portion of patellar bone 
or entirely as a soft-tissue graft. Biomechanical studies have 
shown the ultimate tensile load of this graft to be as high as 
2352 N. This graft has become an alternative replacement 
graft, especially for revision ACL surgeries and for knees with 
multiple ligament injuries.

Most investigators have reported comparable results with 
the use of either a bone-patella tendon-bone graft or a qua-
drupled hamstring graft. Spindler et al., in a systematic review 
of randomized, controlled trials comparing patellar tendon 
with hamstring tendon autografts, identified nine studies that 
met their criteria. Slight increased laxity on arthrometer test-
ing was reported in the hamstring group in three of seven 
studies, pain with kneeling was greater for the patellar ten-
don group in all of the four studies in which it was evaluated, 
and only one of nine studies showed increased anterior knee 
pain in the patellar tendon group. Frequency of additional 
surgery seemed to be related to the fixation method and not 
the graft type. No study reported a significant difference in 
graft failure between patellar tendon and hamstring tendon 
autografts; graft failure rates for the combined populations of 
the nine studies were 3.1% for patellar tendon grafts and 4.1% 
for hamstring grafts. Objective differences (range of motion, 
isokinetic strength, arthrometer testing) were not detected 
between groups in most of the studies, suggesting that their 
sensitivity to detect clinical outcomes may be limited.

Selection of either graft results in some residual morbid-
ity to the patient. Using ultrasonographic and power Doppler 
evaluation, Jarvela et al. studied the morphologic changes in 
the patellar tendon of 31 patients 10 years after harvest of its 
central third and closure of the defect. They found intraten-
dinous calcification in nine patients, hypoechoic lesions in 20 
patients, a hyperechoic lesion in one patient, and peritendi-
nous changes in one patient. Only three of the 31 patients had 
no changes in the harvested patellar tendon. In most patients, 
the harvested patellar tendon was significantly thicker than 
the contralateral tendon. Harvest of the hamstring tendons 
has raised concerns about potential weakness of knee flex-
ion. Most studies have reported no significant difference in 
hamstring muscle torque between the surgical extremity and 
the control extremity at 2 years after surgery, possibly because 
of regeneration of these tendons, as shown in MRI studies 
by Rispoli et al. However, Tashiro et al. reported significant 
weakness of hamstring muscle strength with both isokinetic 
and isometric measurements when subjects’ knees were at 
positions of 70 degrees or more of flexion. 

Graft Placement. The next important decision is graft 
placement. Extensive research has been devoted to identifica-
tion of the ideal position for graft placement to reproduce the 
anatomy and function of an intact ACL.

Numerous authors have shown that, although both the 
tibial and femoral attachment sites are important, errors in 
the femoral site are more critical because of the proximity to 
the center of axis of knee motion. A femoral tunnel that is too 
anterior will result in lengthening of the intraarticular distance 
between tunnels with knee flexion. The practical implications 
of this anterior location are “capturing” of the knee and loss of 
flexion or stretching and perhaps clinical failure of the graft as 
flexion is achieved. Posterior placement of the femoral tunnel 
or placement of the graft over the top of the lateral femoral con-
dyle produces a graft that is taut in extension but loosens with 
flexion. This location produces an acceptable result because 
the instability from an ACL deficiency occurs near terminal 
extension. The clinical examination yields a negative Lachman 
test result and a 1+ anterior drawer. If this location is chosen, 
the surgeon must secure the graft with the knee in extension 
because securing the posteriorly located graft with the knee 
in flexion may result in loss of extension. If an over-the-top 
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position is chosen, the route may be deeply grooved to approx-
imate the “isometric” femoral position. The preferred location 
has been isometric placement of the graft that limits changes 
in graft length and tension during knee flexion and extension, 
which possibly may lead to overstretching or failure of the 
graft. Currently, however, the concept of isometry is consid-
ered oversimplified because basic science studies have shown 
that the normal ACL is not isometric. The fiber bundles of the 
ACL are under variable stress during knee motion. The AMB 
undergoes higher stress during flexion, and the PLB undergoes 
higher stress during extension. Robotic technology has been 
used to study the in situ force in the ACL in response to an 
anterior tibial load. The PLB shows a trend similar to the intact 
ACL, in which the in situ force in the AMB remains relatively 
unchanged throughout the range of knee motion.

After more than 30 years of experience with reconstruc-
tion of the ACL, controversy remains over the location of 
both the tibial and femoral graft attachment sites. A growing 
number of surgeons advocate placing the tibial tunnel more 
anterior in a more anatomic site in the center of the tibial 
attachment site, accepting the fact that it is not isometric. 
This position will produce a negative Lachman test but slight 
excursion on the anterior drawer. Other surgeons advocate 
placement of the graft at the posterior portion of the ACL tib-
ial insertion site near the PLB position for best reproduction 
of the function of the intact ACL. This location also decreases 
graft impingement against the roof of the intercondylar notch 
with knee extension that can occur with anterior placement.

Various tools have been developed to assist the surgeon 
with placement of the tunnels (Fig. 45.102). These include 
devices in which the key point of reference is the over-the-top 
position, the roof of the intercondylar notch, or the anterior 
surface of the PCL. Isometers also have been proposed as a 
means of confirming proper location of the tunnels. Although 
helpful in locating anatomic areas for insertion, isometers have 
not proved useful for accurate prediction of the relationship 
between the tension and the length of the graft. Earlier tech-
niques often included widening of the intercondylar notch 
or notchplasty to prevent impingement, which is more likely 
with anterior placement of the graft. The posterior tibial loca-
tion requires a minimal notchplasty, if at all, unless the ACL 
deficiency is chronic and the intercondylar notch has become 
stenotic with osteophytes. On occasion, the surgeon encoun-
ters a narrow intercondylar notch, which has been shown to 
contribute to ACL injury, and notchplasty will protect the graft. 
In routine cases, we prefer a limited notchplasty that improves 
visualization in the posterior aspect of the intercondylar notch 
and assists in the proper placement of the femoral tunnel. The 
anterior aspect of the notch is deepened by 2 to 3 mm, depend-
ing on the size of the graft. The notchplasty is tapered posteriorly 
so that no bone is removed at the femoral insertion site. A bony 
ridge (“resident’s ridge”) anterior to the femoral attachment of 
the ACL should be removed, if present, because it impairs the 
proper identification of the femoral attachment site and also 
hinders the proper placement of the over-the-top guides used 
to drill the femoral tunnel. An excessive notchplasty may move 

 

A B

7 mm

FIGURE 45.102 A, Tibial drill guide for anterior cruciate ligament referencing off posterior 
cruciate ligament. B, Anterior cruciate ligament femoral guide.
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the femoral attachment site, creating abnormal knee kinemat-
ics. The long-term results of notchplasty remain unknown.

Whereas past research has focused on the anteroposterior 
location of the femoral tunnel in the intercondylar notch, more 
recent study has investigated the appropriate position of the tun-
nel along the side wall of the lateral femoral condyle. This location 
frequently has been referred to in terms of a clock face. A verti-
cal tunnel position high in the intercondylar notch near the 12 
o’clock position has been shown to provide stability in the antero-
posterior plane but does not restore stability in the rotational 
direction. With this tunnel placement, the Lachman test result 
is normal but the pivot shift test result is positive. Consequently, 
surgeons are beginning to place the femoral tunnel lower on the 
lateral wall toward the 10- or 2-o’clock position or even lower, 
which more accurately reproduces the femoral attachment site of 
the ACL and provides rotational stability. For single-bundle ACL 
reconstruction, the center of the femoral tunnel should be placed 
1.7 mm proximal to the bifurcate ridge and approximately 8 mm 
anterior to the posterior articular margin of the lateral femoral 
condyle. Use of transtibial femoral guide systems tends to place 
the femoral tunnel in a more vertical position. With effort, the 
surgeon can get the guidewire to approximate the 10 or 2 o’clock 
position. Two cadaver studies have pointed out limitations of 
the transtibial technique. Strauss et al. found that the constraints 
imposed by a coupled drilling technique resulted in nonana-
tomic femoral tunnels that were superior and posterior to the 
native femoral insertion, and Heming et al. reported that if tun-
nels are to be centered in the ACL attachment site, a short tibial 
tunnel is necessary, which may compromise graft fixation and 
incorporation or result in tunnel length/graft length mismatch. 
However, studies by a number of investigators have suggested 
that tibial and femoral tunnels can be positioned in a highly ana-
tomic manner with the transtibial technique, but this requires 
meticulous positioning of the tibial tunnel with little margin for 
error and some degree of tunnel length/graft length mismatch.

Alternatively, the femoral guide can be placed through a 
low anteromedial portal hugging the patellar tendon to reach 
the lower spot on the lateral femoral condylar wall. Advocates 
of this technique argue that independent drilling of the tun-
nels allows the surgeon to place the tunnels within the native 
ACL footprints for single-bundle reconstructions or create an 
accurate AMB and PLB for double-bundle reconstruction. 
When the two-incision technique is used, the femoral guide 
is not restricted in its placement by the native knee anatomy 
or previous tunnel placement and can be directed to the lower 
position on the lateral wall. A survey of National Basketball 
Association team physicians indicated that nearly half now 
use an anteromedial portal for femoral tunnel drilling, com-
pared with only 13% reported in a survey 4 years earlier.

Numerous studies comparing transtibial versus anterome-
dial portal technique have not found any substantial differences 
between the two groups in subjective outcome measures, such 
as subjective IKDC, Lysholm, Knee Injury and Osteoarthritis 
Outcome Score (KOOS), and Tegner scores. Knee laxity scores 
have been equivocal. Using the Kaiser Permanente ACL reg-
istry, Tejwani et  al. evaluated isolated ACL reconstruction 
(19,059 patients) and compared the transtibial femoral tun-
nel technique with the tibial-independent techniques, which 
include the anteromedial portal and lateral (outside-in, retro-
drill) methods. They found that the tibial-independent tech-
niques carried a higher risk of aseptic revision compared to the 
transtibial technique. A study from the Danish Knee Ligament 
Registry by Rahr-Wagner et  al. compared anteromedial and 

transtibial tunnel drilling and found a higher overall rate of 
revision surgery (5.16%) for the anteromedial portal technique 
than the transtibial drilling (3.2%). Some have speculated that 
the anteromedial portal puts the graft in a more anatomic 
position and consequently subjects the graft to higher forces.

Tashiro et al. studied the MRI signal intensity in relation to 
graft bending angle of an autograft quadriceps tendon with a bone 
plug used in ACL reconstructions. Anatomic single-bundle recon-
structions were performed on 24 patients using the transportal 
technique. Lower signal intensity suggests improved healing, and 
they found significantly higher signals in the proximal region of 
the graft at 6 months postoperatively and a steep graft bending 
angle was significantly correlated with high signal intensities in 
the early postoperative period. The authors speculated that a steep 
graft bending angle may negatively affect proximal graft heal-
ing after ACL reconstruction. Most authors assert that they are 
now placing their tunnels in the “anatomic” position. However, 
Hart et al. reported 41 patients with unilateral ACL reconstruc-
tion done by four experienced sports orthopaedic surgeons who 
had 3D MRI imaging of the reconstructed knee and the con-
tralateral knee to define their native footprint. The location and 
percentage overlap of the reconstructed femoral footprint were 
compared with the patient’s native footprint. Despite contempo-
rary techniques and a concerted effort to perform anatomic ACL 
reconstruction by these four surgeons, the position of the femoral 
footprint was significantly different between the native and recon-
structed ACLs. Furthermore, each surgeon used a different tech-
nique, but all had comparable errors in tunnel placements.

Although the reported clinical results of ACL reconstruc-
tion are very good (90% to 95% good and excellent), biome-
chanical studies have revealed persistent deficiencies in our 
attempts to replicate the function of the ACL. The single-
bundle technique traditionally used re-creates the AMB and 
ignores the PLB. Considering the two-bundle anatomy of the 
native ACL, some investigators have suggested a two-tunnel 
ACL reconstruction. The technique usually involves making 
two femoral tunnels with one tibial tunnel, but some also use 
two tibial tunnels. A biomechanical comparison of one-tibial-
tunnel and two-tibial-tunnel techniques determined that ana-
tomic reconstruction with two tibial tunnels may produce a 
better biomechanical outcome, especially close to extension. 
Although double-bundle and single-bundle reconstructions 
were equally effective in controlling anterior translation dur-
ing Lachman testing in a cadaver study by Bedi et al., the dou-
ble-bundle reconstruction was significantly better in limiting 
anterior translation of the lateral compartment during a pivot 
shift maneuver. The authors suggested that the double-bundle 
technique may be more effective in restoring knee kinemat-
ics in at-risk knees with associated meniscal injuries or sig-
nificant preoperative pivot shift. Biomechanical testing has 
demonstrated improved ability to restore ACL function with 
reconstruction by two femoral tunnels, but improved clinical 
results have not yet been confirmed. In three randomized con-
trolled trials comprising 375 patients and comparing double-
bundle with single-bundle ACL reconstruction, no differences 
were seen in clinical or subjective outcomes and all three tri-
als found no advantage to double-bundle ACL reconstruction. 
Caution should be exercised before embracing a two-tunnel 
technique because the added complexity may negate the theo-
retical advantages. Furthermore, the presence of two femoral 
tunnels may significantly complicate a revision procedure. 

Graft Tension. The application of tension to the graft 
at the time of initial fixation can significantly alter joint 
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kinematics and in situ forces in the graft during knee motion. 
Theoretically, the desired tension in the graft should be suffi-
cient to obliterate the instability (Lachman test). Too much ten-
sion may “capture” the joint, resulting in difficulty in regaining 
motion, or it may lead to articular degeneration from altered 
joint kinematics. The tension in the graft necessary to restore 
stability has been shown to be tissue specific and to depend on 
the length and stiffness of the graft; less tension is required for 
a bone–patellar tendon–bone graft than for a semitendinosus 
graft because the tendon portion of the former is shorter and 
stiffer. The results of applying tension to the graft also depend 
on the position of the knee when tension is applied and the 
direction of tension. Studies have suggested that if tensioning 
is performed at 30 degrees, hamstring tendons may require 80 
N of tension but do not benefit from further tension. Bone–
patellar tendon–bone grafts fixed at 30 degrees of flexion are 
unlikely to require more than 20 N of tension, but if fixed at 
full extension, tensioning to 90 N is recommended. The force 
in the graft may decrease by as much as 30% after fixation of 
the graft unless the graft has been cyclically preconditioned. 
Nicholas et al. studied 49 patients who had ACL reconstruc-
tion with bone–patellar tendon–bone grafts and were random-
ized into high-tension (90 N) or low-tension (45 N) groups at 
initial fixation. At an average 20 months after surgery, anterior 
tibial displacement was significantly greater in the patients in 
the low-tension group as measured by KT-1000 arthrometer 
and manual maximal force.

Initial graft tension remains controversial because the in 
situ forces in the ACL during daily activities are unknown. In 
addition, the significance of the viscoelastic behavior of the ACL 
replacement grafts has not been entirely characterized. To date, 
an optimal protocol for applying tension to a graft has not been 
defined, but overtensioning should be avoided. Supraphysiologic 
tendon tension has been shown to lead to focal degeneration, 
increased vacuolization, coarser and less oriented collagen 
fibers, and a significant decrease in tensile strength. 

Graft Fixation. In the early weeks after surgery, the 
weakest links in reconstruction are the fixation sites, not 
graft tissue itself. Fixation of replacement grafts can be classi-
fied into direct and indirect methods. Direct fixation devices 
include interference screws, staples, washers, and cross pins 
(Fig. 45.103). Indirect fixation devices include polyester tape/

titanium button and suture-post. Significant research has 
been undertaken to determine the stiffness and ultimate ten-
sile load of these devices, which has been found to range from 
200 to 1600 N. Each of the techniques has advantages and pit-
falls. Interference screw fixation is the most popular fixation 
method for bone–patellar tendon–bone grafts. Potential com-
plications of the interference screw fixation technique include 
(1) inadvertent graft advancement can occur unless constant 
tension is applied to the bone plug as the screw is inserted 
(Fig. 45.104); (2) screw laceration of the passing suture can 
occur unless at least one of the sutures is placed opposite the 
side of the bone plug that contacts the screw threads (Fig. 
45.105); and (3) the screw thread can lacerate the tendon if 

 FIGURE 45.103 Cross-pin fixation.  FIGURE 45.104 Appropriate graft fixation by interference screw 
(left) and inappropriate graft advancement by screw (right).

 

A B

FIGURE 45.105 A, Improper passing suture position at screw-
bone interface increases risk of suture laceration and loss of graft 
tension. B, Placement of passing suture opposite bone-screw inter-
face decreases risk of suture laceration.
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the tip of the screw protrudes beyond the end of the bone 
plug (Fig. 45.106). The screw must parallel the side of the 
bone plug and the tunnel wall. This is ensured by the use of 
a cannulated screw system over a guidewire inserted down 
the tunnel over which the screw is inserted. Screw divergence 
or lack of parallel placement of the screw to the bone plug 
can significantly affect the ultimate failure load. In a porcine 
study, screw divergence of more than 15 degrees lowered the 
ultimate tensile load up to 50%. Interference screw size must 
be determined by the size of the bone plug and the tunnel. A 
small bone plug in a large tunnel requires a larger-diameter 
screw than a larger bone plug. Interference screw fixation in 
osteopenic bone may need to be supplemented by tying the 
passing sutures around a screw for added security. It also is 
possible to “explode” a tunnel in soft bone (most often the 
tibia) if the tunnel begins too near the tibial articular surface 
and the screw size is too large for the tunnel and bone peg. 
Larger-diameter screws are necessary in tibial metaphyseal 
bone.

Bioabsorbable screws have been introduced as an alterna-
tive to metal screws. With improvements made in the mate-
rial properties and in screw design, the pull-out strength of 
bioabsorbable screws is comparable to that of their metal 
counterparts.

Soft-tissue grafts can be secured to bone with soft-tissue 
interference screws, screws and spiked washers, screws and 
fixation plates, or staples. Studies comparing sutures, sta-
ples, screws with spiked washers, and plates have shown that 
spiked washers and plates have the greatest holding power. 
Interwoven heavy suture through the soft-tissue graft can be 
tied to bony bridges or around screws or staples. The screw is 
seated, and care is taken not to twist the washer in the soft tis-
sue. The spacing and peripheral location of the spikes on the 
washer allow microcirculation to the graft. The limbs of the 
graft are sutured to each other with interrupted nonabsorb-
able sutures. Using the Danish ACL Reconstruction Registry, 
Eysturoy et  al. found that cortical suspensory fixation of 
hamstring tendon grafts had a significantly increased risk 
of revision, while intratunnel transfixation had a lower risk. 
Conversely, Browning et al. in a meta-analysis demonstrated 
improved overall arthrometric stability and fewer graft rup-
tures using suspensory fixation compared to aperture fixation 

of a quadrupled hamstring tendon autograft. There were no 
differences in IKDC, Lysholm, Lachman, and pivot shift out-
comes between the techniques. 

 

ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION WITH BONE–
PATELLAR TENDON–BONE GRAFT

 TECHNIQUE 45.22 

(CLANCY, MODIFIED)
 n  A rear-entry commercial drill guide system (Acufex, 

Smith & Nephew, Memphis, TN) is used for the femoral 
tunnel, and the bone plugs of the bone-tendon-bone 
composite free patellar tendon graft are secured in the 
tunnels with interference screws. This technique can 
be used with entirely open or arthroscopically aided 
approaches. However, even if entirely open surgical 
techniques are used, thorough diagnostic arthroscopy 
is carried out.

 n  Correct any intraarticular pathologic condition with chon-
droplasty, meniscal repair, or partial meniscectomy, and 
examine the contents of the intercondylar notch.

 n  Harvest of the graft and the reconstruction can be done 
through two incisions or a single incision. The necessity 
of posteromedial or posterolateral incisions (as for menis-
cal repair), previous incisional scars, or surgical preference 
influences the choice of incision placement.

 n  The single skin incision begins 8 cm superolateral to the 
patella and courses distally to cross the tibial tuberosity to 
the anteromedial tibia (Fig. 45.107A).

 n  The two separate incisions are (1) an anteromedial inci-
sion beginning just medial to the superomedial border of 
the patella and paralleling the patellar tendon to 2 cm 
distal to the tibial tuberosity, and (2) a lateral incision 8 to 
10 cm long, beginning at the lateral epicondyle of the fe-
mur and extending proximally over the midlateral aspect 
of the iliotibial band (Fig. 45.107B).

 FIGURE 45.106 Proper relationship of interference screw to 
bone graft (left) and improper advancement of screw leading to 
potential tendon injury (right).

 

A B
FIGURE 45.107 Modified Clancy technique. A, Single skin inci-

sion. B, Anteromedial and lateral incisions. SEE TECHNIQUE 45.22.
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 n  Expose the patella and patellar tendon through the plane 
of the prepatellar bursa.

 n  Measure the width of the patellar tendon.
 n  Make two parallel incisions through the full thickness of 

the tendon, 10 mm apart, from the inferior pole of the 
patella to the attachment of the tibial tuberosity if the 
patellar tendon is at least 30 mm wide. If the patellar 
tendon is not this wide, use only the central third.

 n  Continue the parallel incisions through the aponeurosis, 
over the anterior surface of the patella from its inferi-
or pole to the quadriceps tendon insertion, and distally 
through the periosteum over the tibial tuberosity, extend-
ing 2 to 3 cm inferior to the tendon insertion. The inci-

sions mark the line for releasing the graft with its patellar 
and tibial tuberosity bony attachments (Fig. 45.108A).

 n  With an oscillating saw, remove a 2- to 3-cm-long seg-
ment of tibial tuberosity bone by sawing along the previ-
ously made periosteal incisions, directing the saw from 
each side of the bone at a 45-degree angle (Fig. 45.108B).

 n  After both sides of the tibial tuberosity bone have been 
sawed, release the proximal and distal bony extents with 
a 1-cm osteotome and then “pop up” and free the graft 
(Fig. 45.109).

 n  Now attend to the patellar end of the graft.
 n  Using the oscillating saw along the previously made parallel 

incisions in the anterior patellar aponeurosis, make parallel 
cuts through the outer cortex of the patella from the infe-
rior pole 20 to 25 mm. Connect these cuts with a transverse 
cut at the proximal extent. The depth of these cuts is crucial; 
too deep a cut risks osteotomy or subsequent fracture of 
the patella, and too shallow a cut risks fashioning a graft 
too thin for satisfactory fixation in the femoral tunnel.

 n  Extend the knee fully and have an assistant pull the distal-
ly released graft superiorly while depressing the superior 
pole of the patella to expose the inferior pole.

 n  With a 1-cm osteotome, release the full thickness of the 
outer cortex of the patella from inferior to superior, de-
termined by the depth of the two previously made paral-
lel saw cuts. Take care not to damage or to weaken the 
patellar tendon graft insertion on the bone at the inferior 
pole of the patella.

 n  Smooth any sharp edges or corners of the bony defect 
in the patella with a rongeur or rasp to eliminate a stress 
riser effect.

 n  When it is completed, the free, nonvascularized, bone-
tendon-bone graft should consist of a piece of patellar 
bone 5 mm thick, 10 mm wide, and 2 to 2.5 cm long con-
nected to a 10-mm-wide, full-thickness patellar tendon 
attached to a piece of tibial tuberosity bone 8 mm thick, 
10 mm wide, and 2 to 3 cm long (Fig. 45.110A).

 n  Size the bone–tendon–bone graft so that it passes snugly 
but easily through a 10-mm cylindrical sizer.

 

A B

Tibia

Fibula

FIGURE 45.108 A, Release of graft with patellar and tibial tuberosity bony attachments. B, 
Removal of segment of tibial tuberosity. SEE TECHNIQUE 45.22.

 FIGURE 45.109 Graft freed from tibial tuberosity. SEE TECHNIQUE 
45.22.
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 n  Drill two holes through the patellar bone fragment and 
two through the tibial tuberosity bone.

 n  Place no. 5 Tevdek sutures through holes A, B, C, and D 
(Fig. 45.110B).

 n  Place the bone-tendon-bone graft in lactated Ringer solu-
tion with antibiotics.

 n  Explore the intercondylar notch; this can be done with 
an arthroscopically aided technique, through an antero-
medial arthrotomy, or through the defect in the patellar 
tendon created by harvesting of the bone-tendon-bone 
graft (Fig. 45.111).

 n  Excise the femoral and tibial stump remnants of the torn 
ACL, carefully protecting the PCL.

 n  Remove all soft tissue from the lateral wall of the inter-
condylar notch all the way posteriorly to the posterolateral 
capsule and the over-the-top site. Figure-four positioning 
of the knee (hip flexed and externally rotated, knee flexed, 
and foot on the opposite knee) may be helpful at this stage.

 n  Perform a notchplasty if needed, using osteotomes, cu-
rets, or arthroscopic motorized burrs.

 n  A bony ridge anterior to the over-the-top site can be con-
fused with the proper over-the-top location (referred to 
as “resident’s ridge”). If this ridge is used as a reference 
for placement of the femoral tunnel, the femoral attach-
ment site will be too far anterior.

 n  With a probe or angled curet, explore the posterior limits 
of the intercondylar notch to determine precisely the drop-
off point where the instrument goes over the top of the 
posterolateral femoral condyle (Fig. 45.112). Repeat this 
probing several times to confirm the posterior location. 
By observation of the probe or curet as it drops over the 
posterior edge of the femoral condyle, the over-the-top 
route can be hooked with the curet or probe.

 n  Bring the tip of the curved curet back into the posterior 
intercondylar notch and create a pilot hole for the tip of 
the rear-entry guide 5 to 6 mm anterior to the drop-off 
point over the top of the femoral condyle. With the pos-
terosuperior apex of the intercondylar notch representing 
the 12 o’clock position, this pilot hole should be at the 11 
o’clock position in a right knee (Fig. 45.113A) and at the 
1 o’clock position in a left knee (Fig. 45.113B).

 n  Now direct attention to the lateral side of the knee.
 n  Make a longitudinal midlateral incision, beginning 4 to 

5 cm proximal to the patella and ending at the lateral 
femoral epicondyle.

 n  Incise the iliotibial band longitudinally at its anterior two 
thirds/posterior one third junction, extending from the 
lateral epicondylar level proximally for 4 to 5 cm.

 n  Retract the vastus lateralis anteriorly to expose the lateral 
femoral epicondyle and the metaphyseal cortex of the 
distal femur. Incise the periosteum and strip it off the pos-
terior femur into the posterior intercondylar notch. Take 
care not to detach the lateral intermuscular septum or the 
posterior third of the iliotibial band from their important 
attachments to the lateral femoral epicondyle.

 

A B C
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Patellar Tibial

2–3 cm 2–3 cm

Notch

FIGURE 45.110 A, Free, nonvascularized, bone-tendon-bone graft; patellar bone is 5 mm thick, 
10 mm wide, and 2-3 cm long and is connected to 10-mm-wide full-thickness patellar tendon 
attached to piece of tibial tuberosity 8 mm thick, 10 mm wide, and 2-3 cm long. B, Sutures are 
placed through holes in bony portions of graft. SEE TECHNIQUE 45.22.

 FIGURE 45.111 Intercondylar notch can be explored through 
defect in patellar tendon created by harvesting of graft. SEE TECH-
NIQUE 45.22.
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 n  The exit site for the femoral tunnel is 3 to 4 cm proximal 
to the lateral femoral epicondyle (Fig. 45.114).

 n  Pass the blunt-end, curved passer through the intercon-
dylar notch and pierce the posterolateral capsule at the 
over-the-top location, just posterior to the previously 
fashioned pilot hole for the rear-entry guide. Keep the 
knee flexed during passage to minimize risk of injury to 
the popliteal structures.

 n  Insert a double-gloved fingertip through the lateral epi-
condylar incision and palpate for the tip of the curved 
passer. Keep the tip of the passer against the bone at all 

times as it is maneuvered to the gloved fingertip. Bring 
the tip of the passer through the lateral intermuscular 
septum and into view.

 n  Affix the appropriate rear-entry guide (right or left) into 
the eye of the passer (Fig. 45.115).

 n  Pull the tip of the rear-entry guide into the posterior in-
tercondylar notch with the passer. As the passer is pulled 
back into the intercondylar notch, maintain a gentle pull 
on the rear-entry guide to prevent disengagement of the 
guide from the passer as it is pulled through the posterior 
capsule.

 n  Then remove the curved passer from the joint.
 n  View the tip of the rear-entry guide in the posterior in-

tercondylar notch and engage it in the pilot hole at the 
anatomic femoral attachment site.

 n  Insert the bullet-shaped attachment to the rear-entry 
guide and slide it down to engage the midlateral femo-
ral metaphysis 3 to 4 cm proximal to the lateral femoral 
epicondyle. This site can be marked and a hole drilled 
through the cortex.

 n  Secure the tip of the bullet-shaped guide in the hole in the 
femoral cortex and tighten the screw to secure the guide 
into the rear-entry guide system and then lock the guide 
(Fig. 45.116).

 n  Drill a Kirschner wire through the bullet-shaped guide 
from outside inward to enter the intercondylar notch at 
the tip of the rear-entry guide.

 n  Fashion the tibial tunnel by drilling a guide pin through 
the medial tibial condyle, entering the joint at the poste-
rior half of the tibial attachment of the ACL.

 n  Direct the Kirschner wire at an approximately 30-degree 
angle with the tibia, beginning just medial to the tibial 
tuberosity and 25 to 30 mm below the joint surface. The 
guidewire can be inserted by a commercial drill guide sys-
tem or with freehand technique.

 

A B

10

12 12

2

FIGURE 45.113 Correct positioning of pilot holes for right knee (A) and left knee (B). SEE TECH-
NIQUE 45.22.

 FIGURE 45.112 Small curet marks femoral anatomic attachment 
site. SEE TECHNIQUE 45.22.

    

https://booksmedicos.org


PART XIII SPORTS MEDICINE2300

 n  Advance the Kirschner wire 2 to 3 mm into the inter-
condylar notch to be sure it clears the PCL and does not 
encroach on the lateral edge of the notch. Advancement 
of the Kirschner wire farther into the intercondylar notch 
should bring the tip of the wire near the tip of the femo-
ral guide pin, ensuring a straight-line course of the graft 
through each tunnel and through the notch.

 n  Extend the knee fully and observe the tibial guide pin to 
ensure adequate clearance between the graft and the roof 
of the notch. Redirect the tibial guide pin if necessary.

 n  Remove the femoral and tibial guide pins, pass a wire or 
strong suture through the drill holes, attach an isometer or 
tensiometer, and carry the knee through a range of motion. 
Excursion or length change of 2 mm or less indicates ac-
ceptable isometric sites of the femoral and tibial tunnels. If 
the length changes more than 2 mm, adjust the tunnel sites 
by drilling different guide pins into the notch and retesting.

 n  Once isometric sites have been confirmed, ream 10-mm 
tunnels over the guide pins.

 n  Smooth each internal and external tunnel aperture with 
chamfering rasps.

 n  Pass a suture passer from proximal to distal through the 
femoral tunnel, the intercondylar notch, and the tibial 
tunnel.

 n  Place the sutures through the patellar-bone component 
of the graft and through the suture passer and pull the 
sutures and graft through the tibial tunnel, the intercon-
dylar notch, and the femoral tunnel. If the tunnels have 
been fashioned in a straight line, the graft should pass 
easily. Tying the proximal suture tightly over a notch in 
the leading end of the patellar bone plug guides the plug 
directly into the femoral tunnel.

 n  Position the bone-tendon junction of the graft at the internal 
aperture of the femoral tunnel; marking the bone-tendon 
junction with a colored suture or marking pen before graft 
insertion makes accurate positioning possible. The bone 
plug should not be placed too far into the tunnel to avoid 
exposure of the tendinous part of the graft to potential at-
trition on the tunnel edge (Fig. 45.117); the bone plug also 
should not protrude from the tunnel’s internal aperture.

 

3–4 cm

FIGURE 45.114 Exit site for femoral tunnel 3 to 4 cm proximal 
to lateral femoral epicondyle. SEE TECHNIQUE 45.22.

 FIGURE 45.115 Rear entry guide is affixed into eye of passer. 
SEE TECHNIQUE 45.22.

 FIGURE 45.116 With tip of guide engaged at anatomic site, bullet is positioned so that two of 
three teeth engage lateral cortex and guide is locked. SEE TECHNIQUE 45.22.
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 n  Once the graft has been properly positioned in the tun-
nel, insert an appropriate-size Kirschner wire down the 
femoral tunnel parallel with the bone plug.

 n  Insert a cannulated interference screw over the guide pin.
 n  While holding tension on the sutures in the distal end of 

the graft, move the knee through several ranges of mo-
tion.

 n  Then secure the distal bone plug in the tibial tunnel with 
an interference screw while the knee is held in full exten-
sion and moderate tension is maintained on the graft by 
way of the previously placed sutures.

 n  Carefully probe the secured graft to confirm proper ten-
sion and to ensure that neither interference screw exits at 
the internal apertures of either tunnel and that articular 
fragments of bone and cartilage have not been pulled 
into the joint.

 n  Thoroughly lavage the joint and close the incisions in a 
standard manner.

 n  Others have preferred an over-the-top route for the femo-
ral attachment.

 n  Harvest the graft as previously described and thin the 
piece of patellar bone with a dental bur so that it is mal-
leable.

 n  With osteotomes and curved rasps, fashion a deep slot or 
trough in the over-the-top location and into the posterior 
intercondylar notch.

 n  Pull the proximal end of the composite graft through 
the posterolateral capsule and wrap it around the lateral 
femoral condyle in the previously fashioned trough.

 n  Secure the patellar bone in the trough with a table staple, 
screws, or bone block sutures tied around the shank of a 
screw as an anchoring post.

See also Videos 45.2 and 45.3.
  

RECONSTRUCTION WITH HAMSTRING TENDONS
The use of hamstring tendon grafts for ACL reconstruc-
tions has increased in popularity. Initially, the semitendino-
sus tendon and gracilis tendon were used together as two 
single strands. Their initial combined strength according to 
Noyes’ research exceeded that of the ACL. The tendons could 
be released proximally and left attached to the tibia, allow-
ing a firm site of anchorage distally. Otherwise, they could be 
released both proximally and distally and used as a free graft. 

The tendons can be released proximally by using a commer-
cially available tendon stripper or by making a second, more 
proximal incision.

Surgeons more recently have chosen to fold the semi-
tendinosus and gracilis tendons on themselves, creating four 
strands and theoretically doubling the strength of the graft 
construct. Others have chosen to use only the semitendinosus 
tendon, folding it on itself to create either three or four strands. 

 

ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION WITH HAMSTRINGS 
(WITH PROXIMAL RELEASE OF 
HAMSTRINGS)

 TECHNIQUE 45.23 

 n  Make a medial parapatellar incision beginning just above 
the level of the superior pole of the patella and extending 
approximately 8 cm distal to the joint line near the tibial 
insertion of the pes anserinus tendon.

 n  Perform an anteromedial arthrotomy and treat any in-
traarticular abnormalities, such as a torn meniscus.

 n  Identify the semitendinosus tendon at the posterome-
dial part of the pes anserinus (this tendon is the low-
ermost component of the pes anserinus). The gracilis 
tendon is just proximal to the semitendinosus tendon. 
The insertion of the semitendinosus can be identified 
by its Y-shaped insertion onto the anteromedial tibia 
and the tibial crest, frequently blending into the fascia 
of the calf. Take care to avoid injury to the sartorial 
branch of the saphenous nerve into the saphenous 
vein.

 n  Release the proximal portion of the semitendinosus and 
gracilis tendons and the surrounding fascia from the mus-
culotendinous junction, using either blunt or sharp dis-
section or a tendon stripper. If a tendon stripper is used, 
release all the fascial attachments to allow smooth pas-
sage of the tendon stripper. Without this step, the strip-
per may transect the tendons prematurely, resulting in an 
excessively short graft.

 

BA Incorrect Correct

FIGURE 45.117 Incorrect (A) and correct (B) positioning of graft. Bone plug should not be too 
far into tunnel to avoid wear on tendinous part of graft. SEE TECHNIQUE 45.22.
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 n  After release of the tendons, allow the muscle bellies to 
retract.

 n  Deliver both tendons through the distal portion of the 
medial parapatellar incision with their tibial insertions re-
maining intact.

 n  If a tendon remains attached distally, be sure to free the 
tendons completely from their bony insertion sites on the 
tibia. Otherwise, some creeping can occur at the tibial 
side after the tendons have been passed through the knee 
and tensioned.

 n  Free the tendons from any remaining muscle tissue and 
suture the tendons to each other under tension with a 2-0 
absorbable suture.

 n  Weave a Bunnell stitch of no. 2 nonabsorbable material 
into the free tendon ends.

 n  Wrap the tendons deep to the remaining sartorius tendon 
to the anteromedial flare of the tibia 3.5 to 4.0 cm below 
the joint line.

 n  Insert a guide pin at this location and direct it proximally 
and medially to enter the joint area of the normal tibial 
attachment of the ACL (Fig. 45.118).

 n  Use a cannulated reamer to create a 5-mm tunnel in the 
tibial condyle over the guide pin.

 n  Bring the tendons of the semitendinosus and gracilis 
through the tunnel into the interior of the joint.

 n  If a free tendon graft is preferred, dissect the tendons 
at their tibial attachments with care. Between 1 and 2 
cm of additional length can be harvested, including the 
periosteum of the tibial crest where the tendons insert.

 n  Weave a Bunnell stitch of no. 2 nonabsorbable material 
into the free tendon ends of all four strands.

 n  Place the tendons on a commercially available tensioning 
board so that all four strands can be placed under equal 
tension.

 n  Suture the strands together with a 2-0 absorbable suture.

 n  Measure the diameter of this construct. The tibial drill 
hole should be of the same diameter as that of the ham-
string construct. Most constructs are between 7 and 8 
mm in diameter when doubled on themselves. Research 
at our institution has indicated that the fixation of the 
tibial tunnel is improved if the tibial tunnel is reamed to 2 
mm smaller than the diameter of the construct and then 
dilated to the appropriate size. Initially, ream the external 
tibial cortex to the appropriate diameter of the construct 
and then ream the medullary canal 2 mm smaller to facili-
tate passing the dilators through the external tibial cortex.

 n  The femoral fixation can be achieved either with a second 
lateral skin incision and rear-entry technique or with a trans-
tibial femoral guide system and a single-incision technique.

 n  If the two-incision technique is chosen, make a lateral skin 
incision longitudinally in the region of the lateral femoral 
epicondyle.

 n  Split the fascia lata in line with the skin incision, reflecting the 
vastus lateralis anteriorly off the lateral intermuscular septum.

 n  Expose the lateral femoral epicondylar area.
 n  Direct a guide pin from without inward to emerge in the 

intercondylar notch near the normal femoral attachment 
of the ACL. Various commercial guides are available to aid 
in placement of this guide pin.

 n  Once satisfactory placement of the guide pin has been 
achieved, create a tunnel in the lateral femoral condyle 
with a cannulated reamer.

 n  Pull the hamstring tendons through the tunnel in the lat-
eral femoral condyle. When the tendons are of sufficient 
length, secure them with multiple sutures or a staple in 
the lateral femoral epicondylar area.

 n  If the tendons are not long enough to reach the surface 
of the tunnel, drill a second hole obliquely into the tun-
nel and pass one end of the Bunnell suture through this 
hole with a suture passer and tie the two sutures over the 
bridge of bone in the lateral femoral epicondylar area.

 n  Alternatively, the ends of the Bunnell suture can be tied 
around the shank of a screw in the screw post technique 
or secured with a biodegradable screw using an interfer-
ence technique.

 n  Close the fascia lata, the lateral skin incision, and the an-
teromedial arthrotomy.

 n  If the transtibial femoral tunnel is chosen, use of com-
mercially available guides can assist in the placement of 
the guide pin in the roof of the intercondylar notch.

 n  Place the knee between 70 and 90 degrees of flexion and 
pass a Beath pin through the femur and then out through 
the anterolateral thigh.

 n  Ream with a cannulated acorn-type reamer, which mini-
mizes injury to the PCL.

 n  The position of the femoral tunnel should leave 1.5 to 2.0 
mm of posterior wall to prevent posterior blowout. The 
femoral tunnel should be at the 1 to 2 o’clock position 
on the left knee and the 10 or 11 o’clock position on the 
right knee. The depth of the tunnel should be at least 2 
cm, and the diameter of the tunnel should correspond to 
the diameter of the graft. Because the bone of the distal 
femur is denser than the tibial metaphysis, dilating the 
femoral tunnel probably is unnecessary.

 n  Mark the hamstring construct with indelible ink 2 cm 
from the tip to confirm that adequate tissue has been 
passed into the femoral tunnel.

 

A

B

A´

B´

FIGURE 45.118 Anterior cruciate ligament (ACL) reconstruction 
with hamstrings. Lines AA′ and BB′ coincide with anatomic center 
of normal ACL. SEE TECHNIQUE 45.23.
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 n  Secure the construct on the femoral side with either an 
interference screw or suspensory button on the lateral 
femoral cortex or transfixion pin.

 n  On the tibial side, choose an interference screw that is at 
least 1 mm larger than the diameter of the tunnel and 
graft. Research also has indicated that placement of the in-
terference screw near the subchondral surface of the tibia 
minimizes pistoning of the graft as well as creep. How-
ever, maintaining contact between the interference screw 
and the external tibial cortex provides better initial fixation 
of the graft. Screws have been designed to achieve the 
desired length, and systems have been created that allow 
fixation both proximally and distally (Fig. 45.119).

See also Video 45.4.

POSTOPERATIVE CARE The knee is placed in a con-
trolled motion brace locked in full extension. Protected 
range-of-motion exercises are begun immediately.
  

COMBINED ANTERIOR CRUCIATE LIGAMENT 
INSTABILITIES
Although a number of authors have recommended reconstruc-
tion of only the primary restraint (the ACL), ignoring the defi-
ciencies in the secondary capsular restraints, we reconstruct only 
the ACL in patients with only mild or moderate (1+ to 2+) rotary 
instability under anesthesia. We have added capsular reefing 
(posterior oblique reconstruction) and extraarticular substitu-
tion techniques (e.g., iliotibial band tenodesis or ALL reconstruc-
tion) in patients with severe (3+ or 4+) rotary instability. 

SYNTHETIC MATERIALS FOR LIGAMENT 
RECONSTRUCTION
Interest in the use of artificial ligaments for treatment of 
symptomatic knees with ACL deficiency remains despite 

disappointing early clinical results. Artificial ligaments offer a 
number of theoretical advantages compared with reconstruc-
tion by use of autogenous tissues—no autogenous tissues are 
sacrificed, and the increased morbidity associated with the 
harvest of autogenous tissues is avoided. If autogenous tis-
sues have been used in a failed reconstruction or if they are 
unacceptable, the use of a readily available synthetic device is 
appealing. Artificial ligaments generally permit a simpler and 
easier reconstructive technique (frequently arthroscopic), 
and they allow a more rapid rehabilitation because they do 
not become weak during tissue revascularization and reor-
ganization. Although there has been a rapid development of 
new materials and surgical techniques for artificial ligament 
implantation, the long-term effects of these devices are not 
yet known.

Artificial ligaments function in one of three ways: (1) as 
a prosthetic ligament, that is, the prosthesis is implanted as a 
permanent replacement for the normal ligament; (2) as a stent 
temporarily protecting or augmenting an autogenous graft; 
or (3) as a scaffold providing support for and stimulating the 
ingrowth of collagen tissue. Several materials have been found 
to be biocompatible and to have adequate strength to serve as 
permanent prosthetic ligaments. However, many have failed 
because they do not have the functional, physiologic, and bio-
mechanical characteristics of the normal ACL. No long-term 
studies of the artificial ligaments currently used support their 
routine use. At present, it is prudent to use them cautiously 
and to reserve them for salvage procedures when autogenous 
grafting and reconstructive procedures have failed.

Scaffolds typically have an open-weave structure that 
promotes the ingrowth of fibrous tissue. Initially, they are 
biomechanically inferior to permanent prostheses, but their 
strength increases with the ingrowth of host collagenous tis-
sue. Although these synthetic ligaments have not been used 
widely in the United States, one of them, the Leeds-Keio pros-
thesis, has become popular elsewhere. It is composed of poly-
ester with an open-weave tube to promote fibrous ingrowth. 
There is conflicting evidence regarding the quality of host 
tissue ingrowth into the Leeds-Keio prosthesis. Most reports 
have indicated unsatisfactory results and suggested that the 
Leeds-Keio artificial ligament is not an effective device for 
reconstruction of the ACL. 

ALLOGRAFT LIGAMENT REPLACEMENT
The ideal ligament replacement should be readily available; 
it should be of sufficient length and diameter; it should have 
biomechanical properties similar to the ligament it replaces; 
it should not disturb normal structures; and it should retain 
or develop a vascular supply. Although autogenous tissues 
currently are the most commonly used grafts for recon-
struction of the cruciate ligament, these transfers sacrifice a 
normal musculotendinous structure in an already deficient 
knee, adding to the functional disturbance. Extensive surgical 
exposure, long tourniquet times, and prolonged rehabilita-
tion are other disadvantages of these techniques.

Because collagen allografts appear capable of fulfill-
ing many of the requirements for an ideal ligament substi-
tute, free allografts for ligament reconstruction have received 
growing attention during the past 20 years. Researchers have 
focused on the basic science of allografts and on early clinical 
results. Autografts and allografts both go through four stages 
after transplantation: necrosis, revascularization, cellular 

 FIGURE 45.119 Two-screw fixation of hamstring graft in tibial 
tunnel. SEE TECHNIQUE 45.23.
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proliferation, and remodeling. However, after incorporation, 
neither autograft nor allograft tendons have been demonstrated 
to return to their original strength. Most reports show 30% to 
40% ultimate load strengths. Because of this consistent reduc-
tion in strength, most surgeons prefer to use grafts or combina-
tions of grafts that begin with more than 100% of ACL strength, 
which should result in sufficient strength after incorporation.

Early speculation that grafts could be transplanted with 
viable cells, allowing better graft incorporation, has proved 
incorrect. Unfortunately, even preservation of a vascular 
pedicle does not appear to provide any clinical benefit over 
avascular grafts. Maintaining vascular supply to primate and 
human patellar tendon autografts has not been shown to 
result in any clinically significant improvement.

During remodeling, autograft and allograft tendons both 
undergo conversion from large-diameter fibers to smaller 
fibers. Studies have indicated varying time frames for this 
conversion process; some indicate a similar time period for 
both tissues, and others show a delay in allografts.

Reports on the immunogenic properties of collagen 
allografts have been contradictory. Minami et al. studied col-
lagen allografts after various treatment regimens both in vivo 
and in vitro. They found no evidence of cytotoxicity, no histo-
logic signs of rejection, and no activity with antisera from col-
lagen allografts pretreated by freezing and thawing. They also 
showed that the immunoreactivity of the allograft depended 
solely on the cellular component of the graft; they concluded 
that the freezing and thawing treatment effectively neutral-
ized the immunologic antigens by killing the tendon cells. 
Sterilization and preservation techniques have been shown 
to affect immunologic response. Freeze-drying reduces the 
response more than fresh freezing does, although cryopreser-
vation techniques that preserve cellularity still evoke an 
immunologic response. This seems to support the hypothesis 
that immune response is directed toward the cellular com-
ponents within allografts rather than to the antigens of the 
collagen scaffold.

Other investigators have demonstrated elevated antibody 
titers predominantly in the joint rather than systemically 
after ACL reconstruction with a fresh frozen patellar ten-
don allograft. This finding raises concern for the potential for 
graft-versus-host reactions, which may account for the rela-
tive delay in the incorporation of allografts compared with 
autografts.

The cited advantages of allografts over autografts—no 
donor site morbidity, shorter operative times, smaller inci-
sions, and greater availability—have been somewhat over-
shadowed by the risk of disease transmission, with reports 
of serious infection associated with allografts heightening 
these concerns. According to a report from the American 
Association of Tissue Banks (AATB) using data from 2003 
and 2004, 192 suspected allograft-related infections were 
reported, 42% of which involved soft-tissue grafts and 37% 
involving bone grafts. Orthopaedic sports medicine pro-
cedures were involved in 59% of these infections. A major 
concern in use of allograft transplantation for ligament recon-
struction remains the possibility of transmission of hepatitis 
or acquired immunodeficiency syndrome. Lochemes et  al. 
demonstrated active viral replication in cells infected with 
human immunodeficiency virus 1 after exposure to 2.5 Mrad 
of gamma irradiation, the maximal dosage that can be used 
without destroying the clinical usefulness of the allograft. 

Even though the donor may not demonstrate detectable anti-
bodies to these viruses, a certain “window of vulnerability” 
exists between the time the patient may have contracted the 
virus and the production of measurable antibodies, which 
may be as long as several months. Emerging pathogens, such 
as West Nile virus, severe acute respiratory syndrome (SARS), 
coronavirus, and prion disease, also have become a concern 
in the use of allografts.

However, the risks of disease transmission are small when 
the allograft is obtained with sterile technique and disinfec-
tion and secondary sterilization procedures are carried out. 
Using the Kaiser Permanente ACL Reconstruction Registry, 
Yu et  al. reviewed 10,190 primary ACL allograft surgeries 
and searched for 90-day postoperative deep infections. They 
looked at both processed allografts (8425, 82.7%), which were 
treated either chemically and/or irradiated, and nonproc-
essed allografts (1765, 17.3%), which were not treated. The 
overall incidence of deep infection was very low (0.15%), sug-
gesting that the methods currently used by tissue banks to 
minimize the risk of infection are effective. No difference in 
the likelihood of infection between processed and nonproc-
essed allografts could be identified. From the same registry, 
Tejwani et al. examined outcomes after primary allograft ACL 
reconstruction and found that graft irradiation of more than 
1.8 Mrad, BioCleanse graft processing, younger age, male 
patients, and bone–patellar tendon–bone allografts were all 
associated with a higher risk of clinical failure and subsequent 
revision surgery.

The use of ethylene oxide for sterilization has been ques-
tioned because of the residual of ethylene glycol remaining in 
the sterilized tissues, which has been cited as a cause of some 
sterile effusions in late failures. Freeze-drying of the allograft 
does not appear to significantly alter the mechanical proper-
ties compared with deep-freezing, but clinical reports reveal 
frequent late failures of freeze-dried allograft tissues. Gamma 
irradiation of the allografts with up to 2 Mrad has been shown 
not to significantly affect the initial mechanical properties of 
the allograft tissue, but effects are significant after use of 3 
Mrad. Conversely, in a meta-analysis of the effect of irradia-
tion on the clinical effectiveness of allogenic tissue when used 
for primary ACL reconstruction, Park et  al. concluded that 
primary ACL reconstruction with nonirradiated allografts 
may provide better clinical outcomes than reconstructions 
using low-dose (<2.5 Mrad) irradiated grafts. Electron-beam 
radiation has been used for sterilization of soft-tissue grafts 
because of its lower penetrability compared with gamma irra-
diation and higher processing speed—seconds, compared 
with hours for gamma irradiation. Elenes and Hunter used 
electron beam sterilizations on tibial tendon and bone–patel-
lar tendon–bone allografts and found that the biomechanical 
properties of the grafts sterilized with an e-beam at a dose 
range of 17.1 to 21.0 kGy were not different from those of 
aseptic, nonsterilized controls or gamma irradiated allografts. 
Currently, the most commonly used method of sterilization 
probably is a combination of lower doses of irradiation (1 to 
3.5 Mrad) and other processing techniques, such as antibiotic 
soaks (Table 45.3). Several companies have proprietary pro-
cesses for sterilization that each claims provides a disease-free 
graft.

The superiority of autograft or allograft for ACL recon-
struction remains a matter of controversy. A systematic 
review of the literature that included 31 studies found that 
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the percentage of patients receiving a final IKDC score of “A” 
(normal knee) was statistically higher for allografts (44%) 
than for autografts (28%); however, the graft failure rate was 
8.2 per 100 reconstructions for allograft compared with 4.7 
for autografts, with a slightly higher complication rate for 
allografts. The authors concluded that, from currently avail-
able data, the graft source has a minimal effect on the out-
comes of ACL reconstruction. Although a number of reports 
have documented good results with allograft reconstructions, 
worse outcomes have been reported with the use of anterior 
tibial tendon allografts in young, active patients. Singhal et al. 
reported an overall reoperation rate of 38% after primary ACL 
reconstruction with anterior tibial tendon allografts in 125 
young patients (≤25 years of age); the failure rate in patients 
younger than 25 years was 55% compared with 24% in those 
older than 25 years. The MOON study also demonstrated that 
failure of ACL reconstruction was more frequent in young ath-
letes when allografts were used. In a randomized controlled 
trial of 99 patients (100 knees) comparing hamstring autografts 

to posterior tibial allografts (aseptically processed and fresh 
frozen without terminal irradiation), Bottoni et  al. reported 
that at a minimum 10-year follow-up there were four (8.3%) 
autograft and 13 (26.5%) allograft failures. Yet, in the remain-
ing patients whose graft was intact, there was no difference in 
the mean Single Assessment Numeric Evaluation, Tegner, or 
IKDC scores. The efficacy of augmenting small diameter ham-
string autografts with allografts also has been disappointing. 
Pennock et al. reviewed 50 adolescent patients who had qua-
drupled autografts (semitendinosus-gracilis) less than 7 mm in 
size. Patients were grouped based on the surgeon’s preference to 
either augment these grafts with allograft (augmented group, n 
= 26) or to accept the smaller autograft (nonaugmented group, 
n = 24). The augmentation of these small grafts with allograft 
tissue did not reduce graft failure rates and may, in fact, have 
led to higher retear rates with earlier graft failure. 

REHABILITATION AFTER ANTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION
The goal of rehabilitation after ACL surgery is to restore nor-
mal joint motion and strength while protecting the ligament 
graft. Appropriate rehabilitation is crucial to the success of 
ACL reconstruction. Some stress to the graft is desirable for 
healing and remodeling but should not be excessive and dis-
ruptive. Current evidence indicates that intensive rehabilita-
tion can help prevent early arthrofibrosis and restore strength 
and function earlier. Perhaps the most important step is the 
early restoration of full extension. Knee immobilization in a 
fully extended brace is started immediately after surgery to 
prevent development of a flexion contracture. We emphasize 
active and passive knee extension with the heel elevated and 
the knee supported posteriorly. Cold therapy with ice bags is 
used liberally, although its efficacy in decreasing hospital stay 
and limb swelling and in increasing knee range of motion has 
not been demonstrated. Commercial cold therapy units rarely 
are used because of the expense. We aggressively pursue a full 
range of knee flexion, actively and passively. Continuous pas-
sive motion machines are not used routinely except in knees 
treated for arthrofibrosis. The literature does not support any 
added benefit with the use of these machines.

After surgery, the thigh muscles atrophy quickly. Studies 
revealed that maximal thigh atrophy was recorded 6 weeks 
after surgery. The contralateral thigh girth difference was a 
mean of 4.2 cm. A tourniquet applied intraoperatively for 
ACL reconstructions with autogenous bone–patellar ten-
don–bone grafts decreased the quadriceps strength recovery 
at 12 weeks after surgery. However, at 52 weeks there was no 
significant difference in thigh girth and quadriceps strength 
recovery compared with a control group in which a tourni-
quet was not used.

Some investigators have suggested that quadriceps 
strength recovery is less for patients with patellar tendon 
grafts compared with hamstring grafts because of insult 
to the extensor mechanism. However, Carter and Edinger 
compared the hamstring and quadriceps isokinetic results 6 
months postoperatively in 106 patients randomly allocated to 
ACL reconstruction with either autogenous patellar tendon 
or hamstring tendons. They found no statistically significant 
differences in knee extension or flexion strength in evaluating 
the different tissue sources. In addition, most patients had not 
achieved adequate strength to participate safely in unlimited 
activities at 6 months postoperatively.

 TABLE 45.3

Process of Allograft Procurement, Sterilization, 
and Storage

DONOR 
SCREENING PRECLUDED BY HISTORY OF:

 n  Autoimmune disease
 n  Ingestion or exposure to toxic substances
 n  Rheumatoid arthritis
 n  Systemic lupus erythematosus
 n  Polyarteritis nodosa
 n  Sarcoidosis
 n  Clinically significant bone disease
BLOOD TESTING MUST BE NEGATIVE FOR:
 n  Antibodies to HIV
 n  Nucleic acid test (NAT) for HIV-1
 n  Hepatitis B surface antigen
 n  Total antibody to hepatitis B core antigen
 n  Antibodies to hepatitis C virus (HCV)
 n  NAT for HCV
 n  Antibodies to human T-lymphotropic virus
 n  Syphilis

Tissue 
harvest

Within 24 h of death if body cooled
Within 15 h of death if body not cooled
Aseptic technique
Tissue cultured before processing

Disinfection: 
removal of 
contaminants

Antibiotic soaks

Secondary 
sterilization: 
destruction 
of all life 
forms

Ethyl oxide, other chemical sterilants
Gamma/electron-beam irradiation
Proprietary protocols (i.e., Allowash, 
BioClense, Clearant)

Storage Fresh allograft (use within 24 days)
Fresh freezing (3–5 years)
Cryopreservation (up to 10 years)
Lyophilization (3–5 years at room 
temperature)
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While the use of a femoral nerve block for postopera-
tive pain control has demonstrated effective analgesia, it also 
has been found to delay recovery of quadriceps strength. 
The adductor canal block, which is a purely sensory block, 
has been shown to provide equivalent pain relief without the 
motor block. We have found a faster recovery of quadriceps 
strength with the adductor canal block and it is now our pre-
ferred technique.

Recently, the use of blood flow restriction (placing an air 
tourniquet on the proximal portion of the extremity) during 
physical therapy rehabilitation has become popular. The pro-
tocol combines low-intensity exercise with vascular occlusion, 
promoting muscular hypertrophy or attenuating atrophy. The 
underlying mechanisms are postulated to include (1) addi-
tional recruitment of fast-twitch fibers in a hypoxic condi-
tion, (2) moderate production of reactive oxygen species 
promoting tissue growth, and (3) stimulated secretion of cat-
echolamines and growth hormone. All of these processes also 
are thought to be associated with conventional heavy exer-
cise, because strong muscular contractions produce a large 
amount of metabolic products and cause a transient intra-
muscular ischemia. The occlusive stimulus may result in pro-
moting muscular hypertrophy or attenuate atrophy.

Electrical muscle stimulation does not significantly 
decrease muscle atrophy in patients after ACL surgery, nor 
does it have any long-term strengthening effect. We use 
electrical stimulation sparingly for muscle reeducation if 
the patient has a poor quadriceps set. The early emphasis of 
strengthening is on the hamstrings, which function in concert 
with the ACL to prevent anterior translation of the tibia. Also, 
their strengthening does not stress the graft. Early quadriceps 
strengthening concentrates on quadriceps sets and straight-
leg raises. Certain resisted quadriceps exercises are worri-
some because they put some strain on the ACL, especially in 
the last few degrees of extension of the knee if the limb is not 
bearing weight, so-called open chain exercises. In an effort to 
protect the ACL graft during quadriceps exercises, it has been 
suggested that the patient stand instead. The knee joint is thus 
loaded axially during motion, and perhaps the contours of the 
joint help stabilize the knee and protect the graft, so-called 
closed chain exercises. In a prospective randomized study of 
open and closed kinetic chain exercises during accelerated 
rehabilitation after ACL reconstruction, the closed kinetic 
chain group had lower mean KT-1000 arthrometer side-to-
side differences and less patellofemoral pain. Furthermore, 
patients generally were more satisfied with the end result and 
more often thought they returned to normal daily activities 
and sports sooner than expected. It is not known whether 
strains induced by rehabilitation exercises always have nega-
tive effects on grafts, causing them to stretch, or if some strain 
actually is necessary to stimulate remodeling of the graft.

After isolated ACL reconstruction, partial weight bearing 
with crutches is allowed immediately. A straight-leg brace is 
worn to support the weakened quadriceps. Certain types of 
concurrent meniscal repairs or articular cartilage procedures 
may dictate a different weight-bearing status. Crutches usu-
ally are discontinued by 3 to 4 weeks postoperatively.

Proprioceptive training also is instituted in the first 
2 weeks. Risberg and Holm found that the outcomes of a 
6-month neuromuscular exercise training program and a tra-
ditional strength exercise training program were not signifi-
cantly different at 2 years after ACL reconstruction; however, 

knee function and pain reduction were better in those with 
neuromuscular training while hamstring muscle strength 
was significantly better in those with strength training, lead-
ing the authors to recommend a postoperative program that 
combines neuromuscular and strength training. Return to 
full activity requires 80% return of thigh strength and the 
ability to perform sport-specific agility duties. We also usu-
ally delay return to sports for at least 6 months after surgery to 
allow maturation of the graft. Animal studies suggest that the 
graft should be spared significant loads for 6 to 12 months. A 
functional knee brace after ACL surgery sometimes is used 
for collision sports, although no data support this practice. 
The rehabilitation protocol for ACL reconstruction is out-
lined in Chapter 51.

In the current economic climate, more frequent use of 
home-based rehabilitation programs has been suggested to 
minimize costs, and several studies have reported them to 
be equally effective. In a comparison of home-based (four 
physical therapy sessions) and physical therapy–supervised 
(17 physical therapy sessions) patients, Grant and Mohtadi 
reported that the home-based group had a significantly 
higher mean score on the anterior cruciate ligament quality of 
life (ACL QOL) questionnaire, with no significant differences 
in secondary outcomes measures such as range of motion and 
strength. However, all of these patients were recreational ath-
letes, not high-level competitive athletes.

Criteria for return to full activity or sports are evolving. 
Although attempts have been made to develop criteria-based 
progression in the rehabilitation process, validation of subjec-
tive and objective criteria for return to play has been difficult. 
The criteria should determine the athlete’s physical ability 
as well as safety. In a meta-analysis and systematic review, 
Ardern et al. reviewed nearly 6000 patients after ACL recon-
struction. Only 44% of patients were able to return to com-
petitive sport despite the fact that 90% had normal or nearly 
normal function using objective outcome scores and 85% of 
patients had normal or nearly normal function on the basis 
of activity measures, such as IKDC subjective knee evalua-
tion form. One proposed objective measure is hop testing, a 
functional rehabilitation measure that may signal the capacity 
for successful return to play. The common hop tests include 
single-leg hop for distance, single-leg triple hop for distance, 
single-leg timed hop, single-leg crossover hop for distance, 
and vertical jump test. A score of 85% or higher compared to 
the normal limb is required for release, but these tests have 
yet to be adopted as consensus guidelines. With the knowl-
edge that graft maturation continues beyond 6 months and 
perhaps as long as 18 months and that early return to high 
level sports is a significant risk factor for ACL reconstruction 
failure, consideration should perhaps be given to a longer 
rehabilitation protocol. Similarly, the use of functional brac-
ing following ACL reconstruction is controversial. Some data 
suggest that functional bracing may have some benefit with 
regard to in  vivo knee kinematics and may offer increased 
protection of the graft, but limited evidence supports routine 
brace use to decrease the rate of reinjury. 

RESULTS OF ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION
The goals of ligament surgery are to restore normal joint 
motion, to return the patient to full function, and to prevent 
secondary injury and joint arthrosis. As with all treatment 
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evaluations, the results of the treatment must be compared 
with the natural history of the disease process and with other 
treatment methods. Although the scientific quality of the 
studies reporting results of ACL reconstruction has improved, 
serious deficiencies remain. As previously discussed, the full 
natural history of an ACL–injured knee is still unknown. 
Furthermore, current studies are flawed by various forms of 
bias. Detection bias results from the use of different scoring 
systems to report results and from subjective definitions of 
success. Studies that include patients with different associ-
ated injuries and consequently different prognoses create a 
susceptibility bias. Studies that include different surgeons, 
different techniques, and different rehabilitation protocols 
introduce performance bias. Finally, transfer bias occurs 
when unknown subsets of patients are lost to follow-up, cre-
ating a false impression by focusing only on patients who are 
available. With these limitations in mind, most current stud-
ies report a 90% to 95% success rate in restoring stability as 
defined by a KT-1000 side-to-side difference of 3 mm or less. 
Unfortunately, current evidence estimates that radiographic 
knee osteoarthritis appears in over 50% of patients from 10 to 
20 years after ACL reconstruction, and the current literature 
does not support the prophylactic benefit of ACL reconstruc-
tion in reducing the rate of osteoarthritis after ACL injury.

The results are equivalent for single-incision and two-
incision ACL reconstructions with autogenous patellar ten-
don and with hamstring tendons. Furthermore, the results 
reported with use of patellar tendon and hamstring tendons 
are comparable. Comparisons of the outcomes of ACL recon-
struction with quadruple-stranded autograft hamstring ten-
don and autograft central-third patellar tendon have found 
that ligament stability, range of motion, and general symp-
toms are basically the same in both groups, but the hamstring 
graft must be at least 8 mm. Using the Kaiser Permanente 
ACL Registry in a case-control study of patients with primary 
ACL reconstruction with hamstring autografts, Spragg et al. 
compared those patients requiring revision (cases) with those 
not requiring revision (controls). Between the groups, there 
was no significant differences in sex distribution, median age, 
median BMI, or femoral and tibial fixation. The mean graft 
diameter was 7.9 ± 0.75 mm in the cases and 8.1 ± 0.73 mm 
in the controls. The likelihood of a patient needing revision 
ACL reconstruction in the study cohort was 0.82 times lower 
for every 0.5 mm increase in the graft diameter from 7.0 to 
9.0 mm.

Several meta-analyses comparing patellar tendon and 
hamstring tendon autograft ACL reconstruction showed 
that the frequency of instability is not significantly different 
between the two techniques. However, bone–patellar ten-
don–bone grafting was shown to be more likely to result in 
reconstructions with normal Lachman score, normal pivot 
shift, KT-1000 manual maximal side-to-side difference of 
less than 3 mm, and less flexion loss. In contrast, hamstring 
grafts had a reduced incidence of patellofemoral crepitance, 
kneeling pain, and extension loss. More recent studies have 
noted no significant differences in outcomes related to graft 
choice. Holm et al. and Lecoq et al. found that the choice of 
a hamstring or patellar tendon–bone autograft had minimal 
effect on the prevalence of osteoarthritis at 10 years after sur-
gery. In a randomized trial comparing hamstring and patellar 
tendon autografts, objective, subjective, and functional out-
comes were similar 2 years after surgery. Similarly, Webster 

et al. reviewed 47 patients at a mean of 15.3 years after ACL 
reconstruction with 22 patellar tendon grafts and 25 ham-
string grafts. There were no statistically significant differences 
between the groups for anterior knee pain and kneeling pain, 
knee laxity, or the degree of osteoarthritis. Extension deficits 
noted in the patellar tendon group at 3 years had resolved by 
15 years, and a higher proportion of patients in the patellar 
tendon group were participating in sport on a weekly basis. 
Sajovic et al. reported a randomized, controlled trial compar-
ing patellar tendon to semitendinosus and gracilis tendon 
autografts in 48 patients. At 17-year follow-up, there were no 
statistically significant differences with respect to graft fail-
ure and functional outcomes, but more patients in the ham-
string group had increased instrumented laxity (more than 
3 mm) measured with KT-1000 arthrometer, and patients in 
the patellar tendon group had a higher grade of osteoarthri-
tis according to the IKDC grading system. Shelbourne et al. 
reviewed 1428 knees with primary ACL reconstruction with-
out existing osteoarthritis or other ligamentous laxity and no 
reruptures. The prevalence rate of developing moderate to 
severe osteoarthritis at more than 20 years of follow-up was 
28.6%. Significant factors predictive of osteoarthritis in the 
long-term were older age at surgery, medial meniscectomy, 
and knee extension loss. Bjornsson et al. also identified more 
signs of radiographic osteoarthritis in patients reconstructed 
with patellar tendon, but Belk et  al., in a systematic review 
of eight randomized, controlled trials, found that at a mean 
follow-up of 11.5 years, there were no significant differences 
in clinical outcomes (graft failure rate, radiographic signs of 
knee osteoarthritis, or patient-reported outcomes) between 
patients who had ACL reconstruction with bone–patellar 
tendon–bone autograft or hamstring autograft. Reports from 
the Norwegian and Danish ACL registries demonstrated 
higher risk of revision with hamstring grafts, with hazard 
ratios of 1.41 to 2.3, respectively, but overall, both grafts pro-
vided good results. The choice of graft should be individual-
ized, and the graft type may not be the primary determinant 
for successful outcomes after ACL surgery.

Most of these studies are short-term reports and are not 
indicative of the natural history of ACL reconstruction. The 
ultimate goals of reconstruction are to allow the patient to 
return to an active lifestyle and to prevent reinjury and the 
development of arthritis. In a cohort of 6576 active-duty army 
personnel who had been hospitalized for an ACL injury, the 
rate of reoperation was significantly lower among the ACL 
reconstruction group at 9 years after surgery compared with 
those treated nonoperatively. Proportional hazard regression 
analyses adjusted for age, sex, race, marital status, education, 
and physical activity level confirmed that ACL reconstruction 
was protective against meniscal and cartilage reinjury.

In one of the earliest attempts to examine the natural his-
tory of ACL–reconstructed knees, Daniel et al. observed for 
64 months 292 patients who had an acute traumatic hemar-
throsis. The patients were divided into four groups: I, early 
stable, no reconstruction; II, early unstable, no reconstruc-
tion; III, early reconstruction; and IV, late reconstruction. 
All patients were evaluated for joint arthrosis by radiographs 
and bone scans. Patients with reconstructed ligaments had 
a higher level of arthrosis, and Daniel et al. speculated that 
although objective stability was achieved, the function of the 
ACL had not been completely restored. The patients were 
given a knee that was stable enough to resume sports activities 
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but perhaps not normal enough to prevent slowly progressive 
deterioration. In essence, they had been given a “license to 
abuse the knee.” Long-term follow-up (average 14 years) of 
502 patients with ACL reconstruction found that the loss of 
3 to 5 degrees of knee extension, including loss of hyperex-
tension, adversely affected subjective and objective outcomes, 
especially in patients with meniscectomy or articular carti-
lage damage. Kessler et al. reported a 94-patient matched-pair 
study comparing the postoperative function and osteoar-
thritis development in patients with isolated ACL ruptures 
treated with reconstructive surgery (47) to those treated 
conservatively (47). No additional lesions, extraarticular or 
intraarticular, were included in the study. At a mean 11.4-year 
follow-up, clinical and radiographic evaluations and Tegner 
and IKDC scoring were done; the degree of osteoarthritis was 
classified by the Kellgren-Lawrence scale. Significantly higher 
postoperative IKDC scores were found in the reconstructed 
group, but 42% of patients in that group developed definite 
osteoarthritis (grade II or more) compared with 25% in the 
conservative treatment group. In a review of administrative 
databases, Leroux et al. found that the cumulative incidence 
of knee arthroplasty 15 years after ACL reconstruction was 
low (1.4%); however, it was seven times greater than the 
cumulative incidence of knee arthroplasty among matched 
control patients from the general population (0.2%). Older 
age, female sex, higher comorbidity, low surgeon annual vol-
ume for ACL reconstruction, and reconstructions performed 
in a university-affiliated hospital were factors that increased 
knee arthroplasty risk. A controlled laboratory study of seven 
knees with ACL reconstruction showed that although ante-
rior laxity was restored during KT-1000 arthrometer testing, 
reconstruction did not restore normal knee kinematics under 
weight-bearing loading conditions.

After ACL reconstruction, female athletes are more likely 
to rupture the contralateral ACL than are male athletes, but 
males are more likely to rupture the reconstructed knee. 
Although self-reported outcomes in the first 2 years after 
reconstruction are worse for females than males, longer-term 
studies demonstrate no difference. In a systematic review and 
meta-analysis, Tan et  al. examined the association between 
patient sex and the subjective and objective outcomes after 
ACL reconstruction. Females had inferior outcomes in instru-
mented laxity, revision rate, Lysholm score, Tegner activ-
ity level, and incidence of not returning to sports. Females 
and males were equally likely to develop anterior knee pain 
and osteoarthritis; the graft rupture and graft failure rates 
did not differ significantly. Using data from the MOON, 
Jones and Spindler identified female sex, higher BMI, smok-
ing, less education, allograft, medial meniscectomy or repair, 
and chondral injury as factors associated with worse patient 
reported outcomes. Kim et al. followed 163 patients with uni-
lateral ACL reconstruction and divided them into two groups 
based on generalized joint laxity, with a score of 4 points or 
more, based on the Beighton and Horan criteria, considered 
generalized joint laxity and a score of 2 of less were without 
generalized joint laxity. They found that generalized joint lax-
ity had a significant adverse effect on stability and functional 
outcomes for patients followed for 2 to 8 years.

Young age at the time of reconstruction has been iden-
tified as a risk factor for failure of ACL reconstruction. The 
literature indicates that in patients younger than 30 years, the 
failure rate of approaches 25%. From an analysis of the Kaiser 

Permanente ACLR Registry, Maletis et al. found that the high-
est probability of 5-year revision was in patients younger than 
21 years and lowest in those older than 40. Higher risk of revi-
sion was also found in male patients, hamstring autografts, 
BMI less 30 kg/m2, Caucasian race, and use of allografts in 
patients younger than 40 years. The 5-year survival rate for 
index ACL reconstruction was 95.1% and for the contralat-
eral ACL, 95.8%. Factors associated with higher risk of con-
tralateral ACL injury were younger age, female sex, and lower 
BMI. In a systematic review and meta-analysis, Wiggins et al. 
found that age and activity level were risk factors for rein-
jury after ACL reconstruction. The data indicated that nearly 
one in four young athletic patients who sustain an ACL injury 
and return to high-risk sport will sustain another ACL injury 
at some point in their career, and they will likely sustain it 
early in the return-to-play period. The high rate of second-
ary injury in young athletes who return to sport after ACL 
reconstruction equates to a 30 to 40 times greater risk of an 
ACL injury compared with uninjured adolescents. These data 
indicate that activity modification, improved rehabilitation 
and return-to-play guidelines, and the use of integrative neu-
romuscular training may help athletes safely reintegrate into 
sport and reduce second injury in this at-risk population. In 
addition to younger patient age, Parkinson et al. found that 
significant predictors of graft failure also included medial or 
lateral meniscal deficiency and shallow nonanatomic femoral 
tunnel positioning. 

COMPLICATIONS OF ANTERIOR CRUCIATE 
LIGAMENT SURGERY
Complications of ACL surgery can be caused by preoperative, 
intraoperative, and postoperative factors. Preoperative fac-
tors include appropriate timing of surgery, adequate preop-
erative conditioning and strengthening, and graft and fixation 
choices. Although each of these has been debated, current 
opinion generally holds that early reconstruction is prefer-
able for early return to sporting activities, better clinical and 
laxity testing results, and decreased risk of late osteoarthritic 
changes. Preoperative criteria for successful ACL reconstruc-
tion include minimal or no swelling, leg control, and full 
range of motion, including full hyperextension. The type of 
graft chosen and the fixation used have not been shown to 
have a significant influence on the incidence of complica-
tions. The incidences of complications also have not been 
significantly different if either the single-incision or two-inci-
sion technique is chosen.

Intraoperative complications include patellar fracture, 
inadequate graft length, mismatch between the bone plug and 
tunnel sizes, graft fracture, suture laceration, violation of the 
posterior femoral cortex, and incorrect femoral or tibial tun-
nel placement (Fig. 45.120). These complications and their 
prevention are discussed in detail in Chapter 51.

The most common postoperative complications are 
motion (primarily extension) deficits and persistent anterior 
knee pain. The incidence of these complications is difficult 
to determine from the literature, with reported frequencies 
of motion loss ranging from 1% to 13% and of postoperative 
pain ranging from 0% to 34%.

Motion loss after ACL reconstruction can result from 
preoperative, intraoperative, or postoperative factors. 
Preoperative effusion, limited range of motion, and concomi-
tant knee ligament injuries make poor postoperative motion 

    

https://booksmedicos.org


CHAPTER 45  KNEE INJURIES 2309

more likely. Intraoperative factors associated with motion def-
icits most often are incorrect tunnel position and inadequate 
notchplasty, which can result in overtightening or impinge-
ment of the graft, leading to loss of extension. Collateral liga-
ment surgery and meniscal repair surgery have been reported 
to contribute to motion loss. Postoperative factors include 
prolonged immobilization and inadequate or inappropriate 
rehabilitation.

Anterior knee pain probably is the most common and 
most persistent complication after ACL reconstruction. 
Although its exact cause has not been determined, several 
studies have suggested a relationship between patellofemo-
ral pain and persistent flexion contracture or quadriceps 
weakness.

In general, current postoperative protocols advocating 
limited or no immobilization and more aggressive rehabilita-
tion have greatly decreased the frequency of both motion loss 
and anterior knee pain. Early concerns about possible stretch-
ing and failure of the graft have not been validated. Histologic 
analyses of patellar tendon autografts used for ACL recon-
struction have shown that the grafts undergo “ligamentiza-
tion” during a period of months to years, but a necrotic stage 
may not occur, and the grafts may be viable as early as 3 weeks 
after surgery.

Orthopaedic surgical procedures on the lower extrem-
ity are known to have a high risk of deep vein thrombosis 
(DVT) and pulmonary embolus (PE). Bokshan et  al. que-
ried the American College of Surgeons National Surgical 
Quality Improvement Program database for patients sus-
taining a postoperative DVT and or PE after ACLR. Of the 
9146 patients identified who had ACL reconstructions, 46 

(0.5%) developed DVT, eight (0.1%) developed PE, and five 
(0.05%) developed both. Risk factors for developing DVT in 
the 30-day postoperative period included age over 30 years, 
concomitant high tibial osteotomy, microfracture, hyperten-
sion requiring medication, and presence of wound infection. 
Cvetanovich et  al. reviewed 4933 patients after ACL recon-
struction and identified major complications in 27 patients 
(0.55%) and minor complications in 43 patients (0.87%). The 
most common complications were symptomatic DVT requir-
ing treatment (n = 27; 0.55%), return to the operating room 
(n = 18; 0.36%), superficial infections (n = 10; 0.20%), deep 
infections (n = 7; 0.14%), and pulmonary embolism (n = 6; 
0.12%).

While a postoperative deep infection is rare, it can be 
devastating; early recognition and aggressive treatment have 
proven successful. As with other orthopaedic procedures, 
diabetes has been identified to be a significant risk factor for 
infection following ACL reconstruction. Brophy et al., review-
ing the MOON data, found that diabetics had an 18.8-times 
higher odds of postoperative infection than healthy patients. 
Schuster et al. reviewed 7096 consecutive arthroscopic ACL 
reconstructions (5907 primary and 1189 revision reconstruc-
tions) and found 36 cases (0.51%) of postoperative septic 
arthritis (0.41%, n = 24 primary; 1.01%, n = 12 revision). The 
first irrigation and debridement were performed a mean of 
19.6 ± 10.6 days after the index procedure. Eradication was 
achieved in all patients after a mean of 2.25 ± 1.22 proce-
dures, with graft retention in all but one patient (97.2%). The 
mean duration of antibiotic treatment was 5.4 ± 2.3 weeks. No 
recurrence of infection was seen. Coagulase-negative staphy-
lococci (62.5%) and Staphylococcus aureus (21.9%) were the 
most common pathogens. Twenty-nine patients were avail-
able for follow-up at a mean of 4.7 ± 3.2 years. Two patients 
suffered recurrent nontraumatic ACL insufficiency (6.9%), 
and all the others (93.1%) had an intact graft. The mean 
KT-1000 arthrometer side-to-side difference was 1.4 ± 0.9 
mm. The mean subjective IKDC score was 80.4 ± 11.2. No 
emergence or deterioration of osteoarthritis related to infec-
tions was seen. 

REVISION ANTERIOR CRUCIATE LIGAMENT 
SURGERY
Recent reports suggest a range of 10% to 25% failures of ACL 
reconstruction. Also, the frequency of second ACL injuries in 
the first 12 months after reconstruction and return to sports in 
young, active patients has been reported to be 15 times greater 
than in previously uninjured patients. Paterno et  al. found 
that the overall frequency of a second ACL injury within 24 
months after reconstruction and return to sports was nearly 
six times greater than in healthy control participants. An accu-
rate failure rate is difficult to determine because the meaning 
of “failure” of an ACL reconstruction is not well defined. One 
criterion, recurrent instability because of graft failure, is esti-
mated to occur in 0.7% to 8% of reconstructions. Factors poten-
tially involved in the failure of an ACL reconstruction include 
surgical technique, selection of graft material, problems with 
graft incorporation, integrity of the secondary restraints, con-
dition of the articular and meniscal cartilage, postoperative 
rehabilitation, and motivation and expectations of the patient. 
Selection of patients and timing of surgery are crucial aspects 
of the preoperative plan. Early failure, usually within the first 
6 months, most often is the result of technical errors, incorrect 

 FIGURE 45.120 Frequent cause of failure of anterior cruciate 
ligament reconstruction is incorrect placement of tunnels for graft 
fixation. In this patient, tibial tunnel was placed too far anterior, 
resulting in graft stretching and knee laxity.
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or overly aggressive rehabilitation, premature return to sport, 
or failure of graft incorporation. Later failure, usually after 1 
year, more typically is caused by recurrent injury.

The cause of ACL reconstruction failure may be difficult 
to determine, and more than one cause may be responsible. 
The most avoidable and most common cause is surgical tech-
nique. Errors in surgical technique can include improper 
tunnel placement, inadequate notchplasty, and errors in graft 
selection, size, physiometry, or tensioning. The most fre-
quently cited reason for failure of the primary ACL recon-
struction is inappropriate tunnel positioning, and the femoral 
tunnel is the most frequent culprit. These technique-related 
errors are discussed in detail in Chapter 51.

The main purpose for determining why an ACL recon-
struction has failed is to prevent repetition of the cause if a 
revision is done. The causes of failure often cannot be deter-
mined. A detailed history, including events surrounding rein-
jury if present, is important. The patient’s activity levels before 
and after primary ACL reconstruction should be noted. It is 
especially important to note if the patient was able to return to 
his or her previous level of activity after primary reconstruc-
tion and if instability and not pain is the primary complaint.

As with any knee examination, instability, meniscal signs, 
joint line tenderness, effusion, range of motion, quadriceps 
girth comparisons, and other parameters should be docu-
mented. A comparison with the opposite extremity, if it is 
uninjured, is helpful for objectively determining the base-
line examination of the patient. Lower extremity alignment 
should be noted. The presence of combined instability pat-
terns and the conditions of the secondary stabilizers also 
should be documented. Gait should be observed, including 
evaluation of varus or valgus thrust. Posterolateral instabil-
ity is a commonly undiagnosed ligament instability pattern. 
Underlying ligamentous laxity of other joints also should be 
noted. Previous incisions should be documented with preop-
erative planning. Infection may need to be ruled out.

The patient’s medical records, including operative reports 
and intraoperative photographs, can be helpful in determin-
ing why the graft initially failed. Numerous studies in the 
recent orthopaedic literature have investigated the impact of 
tobacco use on surgical results and complications. Cancienne 
et al., using a national insurance database, found that tobacco 

use led to a significantly higher risk of infection, venous 
thromboembolism, and subsequent ACL reconstruction. The 
surgeon should be prepared to correct any problems with 
graft fixation, implant removal, or bone deficiency, which 
might require a staged procedure.

Radiographic evaluation should include standard antero-
posterior and lateral views, a 45-degree posteroanterior flex-
ion weight-bearing view, and a patellofemoral view. Standing 
alignment radiographs of the lower extremity are helpful to 
determine the mechanical axis and if a concomitant osteot-
omy or staged osteotomy is necessary. The position of hard-
ware, the position of tunnels, bony defects, osteolysis, and 
degenerative changes should be noted. CT, or preferably, 
MRI, is helpful in determining if the previous femoral and 
tibial tunnels are adequate for revision or if new tunnels are 
required, as well as in determining the extent of any tunnel 
widening (Fig. 45.121). MRI also provides information about 
the graft, the menisci, and the condition of the articular carti-
lage. Bone scanning may identify early degenerative changes.

GRAFT SELECTION
Reharvest of bone–patellar tendon–bone grafts typically 
is not recommended given the numerous other sources of 
autografts and allografts available for revision ACL recon-
struction. Radiographic studies, including ultrasound and 
MRI, have shown that reharvest of the patellar tendon might 
be satisfactory because of suspected ligament regeneration 
and remodeling as demonstrated at progressive follow-up 
intervals up to 18 months. However, animal studies involv-
ing canine and goat models reported inferior biomechanical 
properties after tendon reharvest. A contralateral bone–patel-
lar tendon–bone graft also may be a possibility but has the 
disadvantage of potential morbidity of the normal knee. We 
frequently have used the contralateral bone–patellar ten-
don–bone graft and found that rehabilitation of both knees 
has not been a problem. Shelbourne reported preferentially 
using the contralateral patellar tendon graft for initial recon-
struction, citing improved rehabilitation and results in the 
ACL-reconstructed knee. Alternatively, we also have used the 
quadriceps–patellar bone plug graft with great success when 
patient or circumstances dictate avoidance of the contralat-
eral bone–patellar tendon–bone graft.

 FIGURE 45.121 CT scan used to determine location and size of tunnels before anterior cruciate 
ligament revision.
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Double, triple, or quadruple semitendinosus or quadru-
ple-looped semitendinosus-gracilis grafts also are options for 
revision surgery. However, these grafts are smaller in diame-
ter than the typical bone–patellar tendon–bone graft, possibly 
causing a graft-tunnel mismatch, which could result in prob-
lems with graft fixation and with “windshield wiper” effect of 
the graft.

The advantages of allografts include no donor site mor-
bidity, smaller incisions, shorter tourniquet and operative 
times, and no size limitations. However, the cost is consid-
erable. Their use also involves an acceptably low risk of dis-
ease transmission and a questionable potential for rejection, 
depending on graft preparation techniques. Sterilization 
techniques have been shown to have a significant impact 
on graft mechanical properties, immune response, and graft 
incorporation. Delayed graft incorporation has been demon-
strated in a goat model study. The most common allografts for 
revision ACL surgery are bone–patellar tendon–bone grafts 
and Achilles tendon–bone grafts. Fascia lata and tibial tendon 
grafts also have been used. Although early reports found no 
significant functional or objective differences between revi-
sion ACL reconstruction with autografts and with allografts, 
this has been contradicted by more recent animal and clinical 
studies. It is helpful to have more than one graft option avail-
able at the time of revision; the surgeon should obtain pre-
operative consent from the patient if an allograft or autograft 
from the contralateral knee might be used. 

TECHNICAL CONSIDERATIONS
Staged revision surgery should be considered if there is a 
problem with knee motion, specifically a lack of 5 degrees of 
extension or 20 degrees of flexion, when stability is not the 
problem. In addition, if large bony defects are present that 
cannot be adequately treated at the time of revision surgery, 
staged procedures should be considered. Harner et al. recom-
mended a staged bone graft for a tunnel more than 15 mm 

wide. Mitchell et  al. compared the outcomes of one-stage 
revision versus two-stage. A bone–patellar tendon–bone 
allograft was considered for patients 50 years or older, for any 
patient with an insufficient ipsilateral or contralateral patellar 
tendon, or for those who chose not to have the contralateral 
patellar tendon graft harvested. Patients with malpositioned 
tunnels that would critically overlap with an anatomically 
placed tunnel or those with tunnels 14 mm or larger had bone 
grafting. In their study, objective outcomes and subjective 
patient scores and satisfaction were not significantly different 
between the two groups. Factors to be considered include the 
availability of autograft and whether the patient consents to 
the use of an allograft for the treatment of bony defects.

Previous incisions should be used or extended if possible. 
Skin bridges of less than 7 cm wide should be avoided to pre-
vent problems with wound healing. Meniscal and articular 
cartilage disease should be treated at the time of revision sur-
gery. The position of the original ACL graft should be noted 
and debrided.

Fixation should be removed only if necessary (Fig. 
45.122). Unnecessary removal creates defects that require 
treatment. Typically, femoral fixation is the most difficult to 
remove, especially if the screw is buried. It is important to 
make sure the angle and seating of the screwdriver are accu-
rate. If a screw has been in place for some time, the metal may 
have softened, and one turn of a screwdriver that is not prop-
erly seated may strip the screw head and make screw retrieval 
difficult. If the screw is cannulated, it is helpful to place a 
guide pin through the screw to avoid this problem. Removal 
of the tibial fixation usually is not as difficult, and intraop-
erative image intensification may help locate a screw that has 
been buried in or overgrown by bone. A bioabsorbable screw 
can still be present 2 years or more after surgery because the 
polylactic acid used to make the screws is not readily absorb-
able within this short period. Attempts to remove a bioab-
sorbable screw may cause fragmentation. It is best to leave it 

 FIGURE 45.122 If possible, original fixation should be left in place during revision anterior 
cruciate ligament reconstruction.
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intact if possible or to ream through part or all of it if it is not 
readily removable. Prosthetic ligaments should be removed 
en bloc to avoid fragmentation of synthetic grafts.

Femoral or tibial fixation present from a previous two-
incision technique and occasionally from an endoscopic tech-
nique can be left intact, depending on its location.

Screw and graft removal can cause large bony defects, 
which may require staged or simultaneous bone grafting. A 
cylinder-shaped graft can be taken from the tibia with a hand-
held trephine harvester. In addition, the bony defects can be 
filled with oversized absorbable or metal interference screws, 
which can be stacked adjacent to one another to fill a defect. 
Harner et al. described the use of a large bone block allograft. 
For a posterior wall deficiency, it may be necessary to convert 
to an over-the-top technique or to use suspensory fixation. A 
generous revision notchplasty may be indicated. Adequacy of 
the notchplasty should be assessed after graft placement.

The clinical results of revision ACL reconstruction are 
not as good as those of primary reconstruction, and patients 
should be appropriately counseled about their expecta-
tions. The success rate for primary reconstructions is gener-
ally reported to be 90% to 95% compared with 65% to 75% 
for revisions. In a series of 63 patients with revision ACL 
reconstructions reported by Battaglia et  al., approximately 
60% were able to return to sports, most at lower levels than 
before revision. Significant progression of osteoarthritis, 
despite satisfactory stability and function, was reported by 
Diamantopoulos et al. at mid-term follow-up of 148 patients 
with revision ACL reconstructions. The MARS group deter-
mined that prior lateral meniscectomy and current grade 3 to 
4 changes of the trochlea were associated with worse outcomes 
in terms of decreased sports participation, more pain, more 
stiffness, and more functional limitation at 2 years after revi-
sion, but no effect on activity level. Other factors contributing 

to poorer clinical outcomes after revision ACL reconstruction 
included a higher BMI, female sex, and a shorter time since 
the patient’s last ACL reconstruction. Better results were seen 
when a metal screw was used for interference femoral fixation 
and a notchplasty was not performed. 

POSTERIOR CRUCIATE LIGAMENT
ANATOMY
The PCL is composed of two major parts, a large anterolat-
eral bundle (ALB) that forms the bulk of the ligament and a 
smaller posteromedial bundle (PMB) that runs obliquely to 
the back of the tibia. It is an intrasynovial but extraarticular 
structure. The PCL attaches proximally to the lateral surface 
of the medial condyle (Fig. 45.123), and, like the anterior cru-
ciate, it forms a segment of a circle. The tibial attachment is 
in a depression 1.0 to 1.5 cm behind and below the intraar-
ticular portion of the tibia, with slips usually blending with 
the posterior horn of the lateral meniscus, the meniscofemo-
ral ligaments of Humphrey and Wrisberg. Most investigators 
believe it is larger and stronger than the ACL. Harner et al. 
measured the cross-sectional shape and area of the ACL, PCL, 
and meniscofemoral ligaments in eight cadaver areas. The 
PCL increased in cross-sectional area from tibia to femur and 
was approximately 50% and 20% larger than the ACL at the 
femur and tibia, respectively. The meniscofemoral ligaments 
averaged approximately 22% of the entire cross-sectional area 
of the PCL. The insertion sites were 300% to 500% larger than 
the cross section of the midsubstance.

The attachment sites have been described according to 
arthroscopic and radiographic reference points. The cen-
ter of the femoral insertion of the ALB is 7.4 mm from the 
trochlear point, 11.0 mm from the medial arch point, and 
7.9 mm from the distal articular cartilage. The center of the 
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tibial attachment site is 6.1 mm from the shiny white fibers of 
the posterior medial meniscus root, 4.9 mm from the bundle 
ridge, and 10.7 mm from the “champagne glass” drop-off. The 
bundle ridge is a horizontal bony prominence that separates 
the ALB from the PMB. The ALB is bordered medially and 
posteriorly by the PMB. At its femoral insertion, the PMB is 
bordered by the medial intercondylar ridge proximally, the 
ALB anteriorly, and the anterior meniscofemoral ligament, 
when present, distally. The center of its attachment was 11.1 
mm from the medial arch point and 10.8 mm from the poste-
rior point of the articular cartilage margin. The tibial attach-
ment is more compact than the ALB. The PMB fans out in 
its attachment border along the posteromedial aspect of the 
ALB. It is described as having two “arms” and the thickest 
portion of the PMB, including the functional center of the 
bundle, is located posteromedial to the ALB. The functional 
center is 3.1 mm lateral from the medial groove of the medial 
tibial plateau articular surface and 4.4 mm anterior to the 
champagne glass drop-off. 

BIOMECHANICS
Investigators evaluating the biomechanical properties of liga-
ments found that the anterolateral component of the PCL had 
a significantly greater linear stiffness and ultimate load than 
both the posteromedial component and meniscofemoral liga-
ments. Classically, the two bundles were thought to function 
independently, with the ALB primarily functioning in flexion 
and the PMB in extension; however, recent biomechanical 
studies suggest a more synergistic and co-dominant relation-
ship between the two bundles.

The PCL is more vertically than obliquely oriented and is 
the axis around which rotation of the knee occurs. It appears 
to guide the “screw-home” mechanism on internal rotation 
of the femur during terminal extension of the knee. Selected 
cutting of the posterior cruciate shows that it is important 
in flexion; when it is lost, posterior drawer displacement is 
increased with no change in the anterior drawer sign. Most 
PCL fibers lengthen with progressive knee flexion. Rotational 
stability is unchanged in extension but altered in flexion after 
the posterior cruciate is cut. The PCL accounts for 89% of the 
resistance to posterior translation of the tibia on the femur 
and acts as a check of hyperextension only after the ACL has 
been ruptured. Secondarily, the PCL restrains external, inter-
nal, and varus-valgus rotation. The function of the menisco-
femoral ligaments is debated, but biomechanical evidence 
suggests that they act as secondary restraints to posterior tib-
ial translation. 

PHYSICAL EXAMINATION
On physical examination, the posterior drawer test result is 
positive with a PCL tear; however, the true direction of trans-
lation of the tibia often is missed. The examiner frequently 
does not realize that the tibia is starting in a posteriorly sub-
luxed position. Further posterior stress on the tibia does not 
produce any additional translation, suggesting a negative 
posterior drawer test result. An anterior drawer does result 
in anterior translation, and the diagnosis of an ACL injury is 
mistakenly made. The examiner does not realize that the tibia 
is simply moving from a posteriorly subluxed position to neu-
tral instead of neutral to anteriorly subluxed. The confusion 
can be prevented by placing both knees in the drawer posi-
tion (hips flexed 45 degrees and knees flexed 90 degrees), with 

the examiner’s thumbs being placed on the anteromedial joint 
line of each knee (see Fig. 45.43). Normally, there should be 5 
to 10 mm of anterior offset of the tibia relative to the medial 
femoral condyle. With a PCL injury, this anterior offset is lost 
and the tibia appears flush with the femoral condyle.

Stress radiography assists in the diagnosis of the PCL 
injuries. Hewett et  al. performed stress radiography on 21 
patients with isolated unilateral PCL tears, 10 complete and 
11 partial. An 89-N posterior load was applied to the proximal 
tibia and a lateral radiograph taken of each knee in 70 degrees 
of flexion. Stress radiographs were compared with KT-1000 
arthrometer measurements and posterior drawer test results. 
Stress radiography was found to be superior to both. Increased 
posterior translation of 8 mm or more in stress radiographs 
is indicative of complete rupture. Alternatively, stress radio-
graphs can be performed by having the patient kneel on an 
elevated firm bolster with the weight borne on the proximal 
tibia and the knee at 90 degrees. A true lateral radiograph of 
both knees taken individually allows comparison measure-
ments of posterior displacement of the tibia relative to the 
femur using body weight as the posterior stress. MRI stud-
ies are more reliable for diagnosis of PCL tears than for ACL 
tears and are routinely obtained. Studies have shown that the 
sensitivity, specificity, and accuracy of MRI approach 100%. 
If an MRI study reveals associated meniscal disease (which is 
much less common than with ACL injuries) or other lesions, 
surgical treatment of these lesions is indicated and surgical 
treatment of the PCL is considered. 

NATURAL HISTORY
The natural history of the disrupted PCL is still debated, with 
some investigators describing untreated patients with mini-
mal symptoms many years later. Others reported significant 
osteoarthritic changes in knees with a PCL deficiency in an 
exceptionally high percentage (80%) of patients when repair 
or reconstruction was delayed beyond 4 years. The PCL has 
been reported to have an intrinsic healing ability after injury, 
although this healing may occur in a lax or attenuated posi-
tion. The natural history of the isolated PCL–deficient knee 
varies considerably. Although trends toward moderate dete-
rioration of the articular surfaces, mild decrease in knee func-
tion, and moderate increase in symptoms have been noted in 
patients with PCL-deficient knees, some patients have essen-
tially normal knees and some have signs and symptoms of 
significant degeneration. Most reports on PCL insufficiency 
consider the problem of functional instability, and few empha-
size the potential for early degenerative arthritis. However, 
functional instability may not be the major symptom of an 
isolated posterior cruciate insufficiency. Pain, aching during 
activity, and effusion may be the result of articular cartilage 
degeneration, which often begins several years before radio-
graphic changes are evident. Long-term studies have found 
degenerative changes after PCL injury primarily in the medial 
and patellofemoral compartments.

As with the ACL, “isolated” tears of the PCL are rela-
tively rare; as a rule, ruptures of this ligament are asso-
ciated with medial or lateral compartment disruptions, 
especially the latter. Clinically, however, isolated tears of 
the PCL can be caused by a fall on the flexed knee with 
the foot plantarflexed. This foot position allows the knee 
to contact the ground at the tibial tuberosity, driving the 
proximal tibia posteriorly. If the foot is dorsiflexed, the 
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knee contacts the ground through the patella. There is 
no posteriorly directed force endangering the PCL, but a 
patellar fracture is a risk. Perhaps the most common mech-
anism occurs in a motor vehicle accident when the knee is 
flexed and the proximal tibia strikes the dashboard. Such 
a mechanism (the upper tibia driven posteriorly with the 
knee flexed) may produce PCL disruption as the only clini-
cally detectable instability (the clinician should also look 
for associated femoral shaft and neck fractures and poste-
rior hip dislocations). These isolated PCL disruptions can 
be difficult to diagnose acutely unless a fragment of bone 
is avulsed from the posterior tibial insertion and is noted 
on radiographs.

Recently, as with the ACL, attention has focused on 
the association of a reduced posterior tibial slope and 
the increased risk of PCL injuries. The mean native tib-
ial slope has been described as 7 to 10 degrees posteriorly 
and has been suggested to have a significant impact on in 
situ forces affecting the cruciate ligaments. Increased pos-
terior tibial slope counteracts posterior tibial translation 
and reduces the stress placed on the native PCL. However, 
in PCL- reconstructed knees, a decreased posterior tibial 
slope is correlated with significantly higher residual poste-
rior tibial translation and lower reduction in posterior tib-
ial translation. Bernhardson et al. compared 104 patients 
with PCL tears with 104 matched controls. Of the PCL tear 
cohort, 91 patients (87.5%) sustained a contact mechanism 
of injury, while 13 (12.5%) reported a noncontact injury 
mechanism. The PCL injured patients had a significantly 
lower slope than the controls, 5.7 ± 2.1 degrees versus 8.6 
± 2.2 degrees, respectively. Furthermore, noncontact inju-
ries had a significantly lower slope than the contact injured 
patients, 4.6 ± 1.8 degrees versus 6.2 ± 2.2 degrees, respec-
tively. While decreased posterior tibial slope appears to 
be a risk factor for PCL injury, the impact on PCL recon-
structions has not been determined. In another study of 
posterior knee laxity with double-bundle PCL reconstruc-
tion, Bernhardson et  al., using linear regression analysis, 
found no significant correlation between preoperative pos-
terior tibial slope and the amount of side-to-side differ-
ence in posterior tibial translation on postoperative stress 
radiographs. 

TREATMENT
Treatment of a PCL injury is one of the most controversial 
current topics in knee surgery, primarily because the natu-
ral history of this injury is unknown. Most reports in the lit-
erature have relatively short follow-up and include a mix of 
acute and chronic injuries, as well as isolated and complex 
ligament injuries. Treatment of a PCL injury must be based 
on an understanding of the natural history of this injury, as 
well as on an accurate understanding of the long-term results 
of various treatment alternatives.

NONOPERATIVE TREATMENT
Traditionally, most authors have recommended nonop-
erative treatment of isolated PCL tears. Proven methods 
for reconstruction of this ligament are few; most surgeons 
have had limited experience with these procedures, and 
results often are unpredictable. Some patients remain free 
of symptoms despite the lack of a PCL, often with no direct 
correlation between the amount of ligamentous instability 

and the severity of any symptoms. The true incidence of 
injury to the PCL is not known but has been estimated 
to be between 3% and 20% of all knee ligament inju-
ries. Complete PCL tears are defined as a measurement 
of 8 mm or more of increased anteroposterior laxity on 
stress radiographs. Many isolated injuries go undetected 
or become clinically silent. A review of the literature can 
be somewhat confusing, with studies reaching contradic-
tory conclusions. Historically, most studies indicate that 
grade I or grade II injuries respond well to nonopera-
tive treatment, at least at short term. Parolie and Bergfeld 
found high levels of satisfaction, return to sport, and per-
formance in 25 elite athletes who were treated nonopera-
tively. Satisfaction and return to activity were not related 
to the amount of knee instability measured instrumentally 
but were related to quadriceps function on Cybex test-
ing. Grade III injuries in patients with mild symptoms or 
low activity demands may be considered candidates for 
nonoperative treatment, but many clinicians question the 
existence of an isolated grade III injury, suggesting that a 
grade III injury occurs only in combination with associ-
ated ligamentous injuries.

MRI can be used to evaluate meniscal or chondral patho-
logic conditions and to determine if the injury is an intersti-
tial or partial tear. These tear types have been reported to heal 
during 6 months, with a reduction in posterior laxity from a 
2+ posterior drawer to a 1+ or even a trace. The commonly 
quoted criteria for nonoperative treatment include (1) a pos-
terior drawer of less than 10 mm (grade II) with the tibia in 
neutral rotation (posterior drawer excursion decreases with 
internal rotation of the tibia on the femur), (2) less than 5 
degrees of abnormal rotary laxity (specifically, abnormal 
external rotation of the tibia with the knee flexed 30 degrees, 
indicating posterolateral instability), and (3) no significant 
valgus-varus abnormal laxity (no associated significant liga-
mentous injury).

Reports have indicated that short-term functional insta-
bility is minimal and that function usually is not correlated 
with objective stability. Several studies have reported a return 
to sports activities in approximately 85% of patients with 
nonoperatively treated isolated PCL injuries, regardless of 
the grade of objective laxity. Nonoperative treatment focuses 
on restoring quadriceps strength. Despite these encouraging 
reports of nonoperative treatment, it is clear that not all knees 
with an isolated PCL tear do well. More recent longer-term 
studies have shown that knee function tends to deteriorate 
over time and that most patients eventually are affected by 
some degree of disability: pain with walking long distances, 
standing, climbing, and squatting; knee stiffness; and giving 
way. Dejour et al. suggested that the natural history of isolated 
rupture of the PCL could be described in three phases: (1) 
functional adaptation lasting 3 to 18 months, (2) functional 
tolerance continuing for 15 to 20 years, and (3) osteoarthritic 
deterioration that does not become disabling until after 25 
years.

The worsening of symptoms and the development 
of osteoarthritis probably are caused by abnormal forces 
adversely affecting the articular surfaces of all compart-
ments in the knee. In an in  vivo biomechanical study, 
Castle et  al. suggested that rupture of the PCL results in 
posterior subluxation of the tibia. During activities that 
require more knee flexion (e.g., ascending or descending 
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stairs), the patella and patellar ligament are forced to 
assume a prominent role in the resistance of posterior 
tibial translation. However, the abnormal posterior tibial 
sag produces a shortened moment arm for the quadriceps 
muscle group, resulting in a decreased mechanical advan-
tage. Cadaver sequential sectioning studies have found 
patellofemoral pressures and quadriceps loads greatly 
elevated and medial compartment pressures significantly 
increased after sectioning of the PCL and the posterior lat-
eral complex. Logan et  al. evaluated tibiofemoral motion 
by open-access MRI with the patient weight bearing in 
a squat, through the arc of flexion from 0 to 90 degrees, 
in six patients with isolated ruptures of the PCL in one 
knee and a normal contralateral knee. They found that 
PCL rupture led to an increase in passive sagittal laxity in 
the medial compartment of the knee. In the weight-bear-
ing scans, PCL rupture altered the kinematics of the knee, 
with persistent posterior subluxation of the medial tibia so 
that the femoral condyle rode up the anterior slope of the 
medial tibial plateau. This fixed subluxation was observed 
throughout the extension-flexion arc and was statistically 
significant at all flexion angles. The kinematics of the lat-
eral compartment was not altered by the ligament tear. 
These altered kinematics and contact forces result in the 
recognized degeneration of the medial and patellofemoral 
compartments.

Despite dividing their 38 patients into three groups on 
the basis of time from injury, Boynton and Tietjens could not 
identify prognosticating variables. They found subjects in all 
groups who had essentially normal knees and subjects who 
had signs and symptoms of significant degeneration, leading 
the authors to conclude that the prognosis varies for knees 
with an isolated rupture of the PCL.

In addition to the confusing “natural history” of the iso-
lated rupture of the PCL, the results of current treatment 
options have been unpredictable, and the ability of any to 
prevent, slow, or arrest degenerative changes is unproved. 
Regardless, patients treated nonoperatively should be 
observed closely for symptoms of degenerative changes or 
functional deterioration.

After extensive experience with both operative and non-
operative treatment of PCL injuries, Shelbourne recom-
mended nonoperative treatment of most acute grade II and 
all acute grade I isolated PCL tears. He found no correlation 
between knee laxity and subjective knee scores or radio-
graphic changes. In a high-demand athlete with isolated pos-
terior laxity of grade II or more, acute PCL reconstruction or 
repair may be indicated. In a chronic, isolated PCL tear with 
residual grade II or greater laxity that is symptomatic, other 
associated injuries, such as meniscal or chondral damage, are 
identified that may account for the symptoms. If the posterior 
laxity is believed to be contributing to or causing the symp-
toms, a PCL brace is worn to evaluate potential results from 
a stabilizing procedure. If the symptoms diminish or subside, 
PCL reconstruction is recommended. However, the success 
of surgical reconstruction in terms of stability has varied and 
is far from predictable. Long-term results after posterior cru-
ciate reconstruction with an autogenous bone–patellar ten-
don–bone graft have shown decreased posterior laxity to an 
approximate grade 1.0 to 1.5, but posterior laxity has not been 
consistently or predictably eliminated in all patients. Clancy 
also recommended nonoperative treatment of acute isolated 

PCL tears because of the uncertainty of the natural history of 
this injury and the difficulty of consistently obtaining biome-
chanical stability. Furthermore, no studies have proved that 
PCL reconstruction prevents the development of articular 
cartilage degeneration. Gill et al. measured the patellofemoral 
joint contact pressures after PCL deficiency and after recon-
struction in eight cadaver knees. Contact pressures were mea-
sured at 30, 60, 90, and 120 degrees of flexion under simulated 
muscle loads. PCL deficiency significantly increased the peak 
contact pressures measured in the patellofemoral joint rela-
tive to the intact knee under both an isolated quadriceps load 
of 400 N and a combined quadriceps-hamstrings load of 400 
N-200 N. Reconstruction did not significantly reduce the 
increased contact pressures observed in the ligament-defi-
cient knee. 

OPERATIVE TREATMENT
We generally delay reconstruction for 1 to 2 weeks after 
injury to allow painful intraarticular reaction to subside and 
to allow the patient to regain full motion and some strength. 
“Clinically isolated” acute PCL disruptions are repaired if the 
ligament is avulsed with a fragment of bone (Fig. 45.124).

With knee dislocations, the PCL occasionally will be 
“peeled off ” from its femoral attachment, and surgical repair 
produces good results. Repair of lesions at other sites is more 
controversial, with some authors concluding that suture alone 
cannot restore the PCL and is not strong enough to withstand 
the applied forces on the knee and that neither repair of the 
posterior cruciate alone nor semitendinosus augmentation of 
the proximal third or midthird substance tears provides ade-
quate stabilization.

As with ACL repairs or reconstructions, we usually 
examine the knee arthroscopically before any open  surgical 
procedure to better evaluate the intraarticular pathologic 
condition. Some PCL reconstruction techniques can be 
arthroscopically aided as to tunnel site placement and rout-
ing of the graft (see the section on arthroscopically aided liga-
ment reconstruction in Chapter 51). Debate continues over 
the relative efficacy of single-bundle versus double-bundle 
PCL reconstructions and transtibial tunnel versus tibial inlay 
techniques. The following techniques are described as if only 
open techniques are used. 
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FIGURE 45.124 Treatment algorithm for posterior cruciate liga-
ment (PCL) avulsion fracture.  (From Veltri DM, Warren RF: Isolated 
and combined posterior cruciate ligament injuries, J Am Acad Orthop 
Surg 1:67, 1993.)
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the popliteal vessels with a wide metallic retractor. Commer-
cial drill guides can aid in placement of the drill holes.

 n  Pass the sutures previously placed in the avulsed fragment 
through the parallel drill holes with suture passers and 
tie them over the bridge of bone anteriorly to reattach 
the ligament to its normal insertion and to restore the 
tension within the ligament. If this is the only major re-
pair required, use interrupted sutures to close both the 
anteromedial capsular incision used to explore the joint 
and the posteromedial capsular incision.

 n  If the isolated PCL disruption is characterized by avulsion 
of a large piece of bone from the posterior aspect of the 
tibia and a posterior approach is planned, the knee must 
be examined arthroscopically to rule out other orthopae-
dic disorders before making the approach. This approach 
does not permit exploration of the knee or correction of 
any other disorder.

 n  Fit the fragment of bone carefully into the crater and secure 
it with a cancellous screw if the fragment is large enough 
(Fig. 45.125) or with a nonabsorbable suture passed 
through parallel drill holes to the anterior aspect of the tibia.

 n  Repair the frequently found tear of the posterior capsule 
with interrupted sutures.

 

REPAIR OF BONY AVULSION

 TECHNIQUE 45.24 
 n  If repair of an isolated posterior cruciate bony avulsion is 

the only anticipated procedure, begin a medial incision at a 
level 5 cm proximal to the superior pole of the patella and 
proceed distally across the medial epicondylar area parallel-
ing the medial border of the patella and patellar tendon and 
ending at the level of the upper border of the pes anserinus.

 n  Reflect the skin and subcutaneous tissue anteriorly to the 
medial border of the patella and patellar tendon and pos-
teriorly to the posteromedial corner.

 n  Make an anteromedial capsular incision and explore the joint.
 n  If the PCL is avulsed from the tibia and the repair is to 

be done through a medial approach, dissect the poste-
rior skin and subcutaneous tissue as a single layer to the 
posteromedial corner and, with the knee flexed to 90 de-
grees, retract the medial head of the gastrocnemius and 
the popliteal structures posteriorly to adequately expose 
the tibial attachment of the ligament.

 n  In the absence of a major medial compartment disrup-
tion, a posteromedial capsular incision allows adequate 
exposure of the tibial attachment. The most medial por-
tion of an intact posterior horn of the medial meniscus 
may make exposure and placement of the suture in the 
distal end of the ligament difficult, but excision of the 
intact medial meniscus is not necessary.

 n  Place nonabsorbable sutures through the avulsed tibial at-
tachment of the ligament and drill parallel holes from the 
anteromedial aspect of the proximal tibia aimed posteriorly 
to exit near the normal tibial attachment of the PCL. These 
holes should exit the posterior aspect of the tibia approxi-
mately 5 mm below the posterior articular margin. As the 
drill penetrates the posterior tibial cortex, take care to protect 

 FIGURE 45.125 Screw reattachment of bone fragment avulsed with 
posterior cruciate ligament from posterior tibia. SEE TECHNIQUE 45.24.

With the direct posterior approach for repair of bony avulsion 
of the PCL, detachment of the medial head of the gastrocne-
mius from the femoral condyle allows full exposure of the pos-
terior capsule and the posterior intercondylar notch. Repair of 
avulsions at the tibial attachment, as well as repair of tears of 
the posterior capsule, is easily carried out with screws, suture 
anchors, or pull-through sutures.
Burks and Schaffer described an alternative approach to the 
posterior tibia for repair of an isolated tibial avulsion (see 
Technique 45.28).
Before closure of the capsular incision, some have advocated 
the insertion of a large Steinmann pin diagonally through the 
proximal tibia, entering the joint in the intercondylar area and 
then drilled into the intercondylar notch and the femoral con-
dyle with the tibia held forward. Advocates of this technique 
believe that without this pin insertion there will be posterior 
sagging of the tibia and thereby stress on the PCL repair even 
if a long-leg cast is utilized. However, in an experimental study, 
Ogata et  al. showed that no sagging of the tibia occurred at 
full extension in knees with “isolated” sectioning of the PCL. 
No sagging occurred when the posterior capsule also was sec-
tioned if the knee remained fully extended. Sagging occurred 
in both instances as the knee was flexed. Only with sectioning 
of the MCL or LCL, or both, did posterior sagging and rotation 
occur in extension. This study suggests that after PCL injury 
immobilization in full extension is stable if the collateral liga-
ments are intact.
Müller and others advocated placing a 4.5-mm Steinmann pin 
through a predrilled hole in the patella and driving it into the 
tibia with the tibia and femur in appropriate alignment to pre-
vent posterior sag of the tibia on the femur. Müller referred to 
this as “olecranization” of the patella. However, Weinstabl et al. 
investigated in  vitro the influence of olecranization on PCL 
strain and showed that olecranization resulted in a strain five 
times greater than normal with the knee in extension below 20 
degrees and in flexion above 40 degrees.
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We do not use either of these techniques, preferring to place 
the knee in a controlled motion brace in full extension.

RECONSTRUCTION OF POSTERIOR CRUCIATE 
LIGAMENT
For PCL injuries in association with other significant ligament 
tears (including knee dislocation), reconstruction of the PCL is 
indicated. The lateral structures should be repaired or recon-
structed as indicated; the medial structures can be repaired 
in knees with severe instability, or the knee can be braced in 
patients with mild-to-moderate laxity. Harner et al., in a bio-
mechanical study, demonstrated that the PCL reconstruction 
is rendered ineffective and may be overloaded if the associated 
posterolateral structures are not repaired. Torg et al. found that 
the most significant predictive variable with regard to func-
tional status is the presence of unidirectional rather than mul-
tidirectional instability at the time of injury. They established a 
direct correlation between combined multidirectional instabil-
ity and the occurrence of associated problems of chondroma-
lacia of the patella, meniscal derangement, quadriceps atrophy, 
and degenerative changes. The presence of a grade III posterior 
drawer (more than 10 mm of posterior laxity) is a relative indi-
cation for surgical reconstruction (Fig. 45.126).

Numerous techniques and tissues have been advocated 
to reconstruct the knee with a posterior cruciate deficiency. 
Since Hey-Groves reported reconstruction of the PCL with 

the semitendinosus tendon, other authors have suggested 
extraarticular procedures, as well as intraarticular recon-
struction with use of the lateral meniscus, the medial gas-
trocnemius, the semitendinosus and gracilis tendons, and 
bone–patellar tendon–bone autografts with arthroscopic or 
open techniques. We do not use the meniscus or the medial 
head of the gastrocnemius for reconstruction of the PCL and 
have had no experience with the use of the semitendinosus 
and gracilis tendons, but we doubt that they are long enough 
or strong enough to be used as a PCL replacement. We have 
found a free patellar tendon graft to produce the most pre-
dictable and satisfactory results for chronic PCL insufficiency.

In a systematic review of isolated PCL reconstructions of 
the ALB with at least 2 years of follow-up, Kim et al. found that 
Lysholm knee scores were significantly higher, 75% of patients 
had normal or nearly normal IKDC scores, and posterior 
knee laxity was significantly improved postoperatively. Mean 
postoperative posterior knee laxity varied in the reviewed 
articles from 2.0 to 5.9 mm, which was a considerable improve-
ment over preoperative values ranging from 8.4 to 12.3 mm. 
However, it was concluded that normal knee stability was not 
achieved. Numerous other studies have shown similar results 
of improved clinical outcome scores but residual posterior lax-
ity. In a study of 46 patients undergoing PCL reconstruction, 
Gwinner et al. measured posterior tibial translation with bilat-
eral stress radiographs preoperatively and at 3, 6, 12, and 24 
months postoperatively and at final follow-up. The mean side-
to-side difference of posterior tibial translation improved from 
10.9 ± 3.1 mm to 3.6 ± 3.8 mm at 3 months, but the translation 
significantly increased over time to 5.4 ± 3.4 mm at final follow-
up. Flattening of the tibial slope resulted in a significantly higher 
posterior tibial translation compared to a high tibial slope.

If the patient will accept an allograft for PCL reconstruc-
tion, excellent results can be obtained with use of a deep-fro-
zen bone–patellar tendon–bone graft (15 to 20 mm wide) or 
an Achilles tendon graft with bone on one end. These allografts 
are longer and stronger than grafts harvested from a patient’s 
own tissues. In a systematic review and meta-analysis of five 
studies comparing allograft and autograft PCL reconstruc-
tions, Belk et al. reported no significant differences in subjec-
tive IKDC, Lysholm, and Tegner scores except in one study in 
which the Lysholm scores improved to a significantly greater 
extent in the autograft group. They did find average antero-
posterior knee laxity was significantly higher in the allograft 
patients (3.8 mm) compared to autograft patients (3.1 mm), 
but the clinical significance of this small difference was unclear.

The controversy regarding management of PCL ruptures 
also extends to the technique for reconstruction. Most inves-
tigators agree that the anatomy of the PCLs should be re-cre-
ated to provide the best opportunity for a stable knee, but the 
consensus ends there, and descriptions of the anatomy of this 
ligament vary among authors. Traditionally, the PCL has been 
described as consisting of two parts, the anterior, or anterolat-
eral, band and the posterior, or posteromedial, band. Studies 
of the macroscopic and functional anatomy have added fur-
ther complexity by characterizing the ligament as a continuum 
of fibers without truly separate bands or bundles. All studies 
agree that the anterior portion has the larger cross-sectional 
size, tightens with flexion of the knee, and relaxes with exten-
sion. The posterior fiber group has been estimated to consti-
tute between 5% and 15% of the mass of the ligament, is lax 
with flexion, and tightens with extension. The amount of force 
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FIGURE 45.126 Treatment algorithm for chronic posterior 
cruciate ligament (PCL) injuries. AP, Anteroposterior; PA, postero-
anterior.  (From Veltri DM, Warren RF: Isolated and combined posterior 
cruciate ligament injuries, J Am Acad Orthop Surg 1:67, 1993.)
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generated in the PCL during the posterior drawer test has been 
shown to depend on the angle of flexion at which the test is per-
formed; when the angle is near 90 degrees of flexion, all the pos-
terior force applied to the tibia is transmitted to the ligament.

The PCL attachment site on the medial femoral condyle is 
a broad semicircle with an average width of 32 mm. The tibial 
insertion site lies in a depression (fovea) 1 cm below the medial 
tibial articular surface. The ligament is oriented vertically in the 
frontal plane and angles forward 30 to 45 degrees in the sagit-
tal plane, depending on the amount of knee flexion. Galloway 
et  al. found that the restoration of knee stability in flexion 
depended greatly on the femoral attachment location. A femo-
ral attachment that was nonisometric by intraoperative mea-
surement but within the PCL anatomic footprint most closely 
reproduced the intact knee’s posterior limits. Variations in the 
tibial attachment site produced only minor changes in the pos-
terior motion limits. Grood et al. concluded that no absolutely 
isometric point exists within the femoral attachment zone.

Most surgeons have chosen to place the femoral tunnel 
in the anterior portion of the femoral footprint, replacing the 
ALB and tensioning the graft near 90 degrees of knee flexion 
(Fig. 45.127). Posterior placement creates a graft that is much 
more vertically oriented than the normal PCL. Investigators 
disagree as to whether it is better to place the PCL graft in a 
position where it will function isometrically or to replace the 
larger and stronger anterior bulk of the ligament, which is ana-
tomic but nonisometric. Each option has its proponents, and 
there is conflicting evidence to support tensioning of the graft 
in full extension, 90 degrees of flexion, and points in between.

Robotic testing systems have delineated several impor-
tant concepts concerning graft tensioning: PCL reconstruction 
with graft fixation at full extension with no load results in an 
overconstrained knee with significantly decreased total antero-
posterior translation, whereas PCL reconstruction with graft 
fixation at 90 degrees of flexion results in kinematics similar to 

those of the intact knee, and graft fixation at full extension may 
overconstrain the knee and elevate in situ graft forces.

The controversy regarding PCL reconstruction contin-
ues to grow. Some authors have recommended reconstructing 
both portions of the ligament. Usually, an anatomic transtibial 
double-bundle PCL reconstruction involves the reaming of two 
femoral tunnels and one tibial tunnel. The insertions of the ALB 
and PMB are broader on the femoral side, which allows ream-
ing of two separate tunnels, a larger tunnel for the ALB and a 
smaller one for the PMB. The tibial tunnel is more compact, 
and usually only a single tunnel can be reamed. To date, most of 
the studies have been biomechanical evaluations using cadaver 
models. These studies showed the double-bundle technique 
to restore posterior laxity levels and knee kinematics to more 
nearly normal than a single-bundle technique; however, a simi-
lar study found that the addition of a second posteromedial graft 
reduced laxity, but did so at the expense of higher than normal 
forces in the posteromedial graft. More recent cadaver and bio-
mechanical studies have reached differing conclusions. In view 
of relatively high graft forces at full extension that could cause 
the graft to permanently elongate with time, Markolf et al. ques-
tioned the need for a posteromedial graft, whereas Whiddon 
et al. compared single-bundle and double-bundle techniques in 
a cadaver model and concluded that double-bundle reconstruc-
tion offers measurable benefits in terms of rotational stability 
and posterior translation in the presence of an untreated pos-
terolateral corner injury. With the posterolateral corner intact, 
however, it provided more rotational constraint but did not 
further reduce posterior translation. There are few published 
clinical reports, and what is available is limited by short-term 
follow-up. Although the effectiveness of a double-bundle PCL 
reconstruction has yet to be proved, research suggests it offers 
the possibility of improving the results of reconstruction.

LaPrade et al. described 100 primary endoscopic double-
bundle PCL reconstructions for isolated (31 patients) and 

 FIGURE 45.127 Origin and insertion sites of posterior cruciate ligament.
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combined (69 patients) PCL injuries. At a mean follow-up of 
2.9 years, functional and objective outcomes were significantly 
improved, regardless of concomitant ligamentous injury or 
timing to surgery (acute vs. chronic). The mean side-to-side 
difference in posterior tibial translation on kneeling stress 
radiographs improved from 11.0 ± 3.5 mm preoperatively to 
1.6 ± 2.0 mm postoperatively (P < .001). Furthermore, compa-
rable subjective and functional clinical outcomes were achieved 
compared with an isolated ACL reconstruction control cohort. 
Conversely, Houe and Jorgenson found no significant differ-
ences between single-bundle and double-bundle reconstruc-
tions with respect to instrumentally measured posterior tibial 
translation, activity level, Tegner and Lysholm knee scores, or 
patient satisfaction. In a randomized study using hamstring 
autograft reconstructions, Wang et al. did not identify any dif-
ference between reconstructions regarding functional assess-
ment, posterior tibial translation, knee scores, or radiographic 
changes. Yoon et al. found similar outcome scores and range of 
motion between reconstruction types but identified a consid-
erable decrease in posterior tibial translation of 1.4 mm in the 
double-bundle reconstruction group. They were uncertain of 
the clinical or functional relevance of this difference. Yoon et al. 
reviewed 64 patients (28 with single-bundle reconstruction and 
36 with double-bundle techniques) at a minimum 10-year fol-
low-up. There were no significant differences between groups 
in clinical, radiographic, and survivorship outcomes.

Concern has been expressed regarding the acuteness of the 
angle taken by the graft as it exits the tibial tunnel and proceeds 
anteriorly to its femoral attachment. This angle has been called 
the “killer turn” because of graft abrasion and graft thinning 
and fraying the can occur. Consequently, the tibial inlay tech-
nique was developed, which theoretically offered bony healing 
posteriorly in the trough, avoidance of graft abrasion, and use 
of larger graft sizes. The superiority of either technique has not 
been proven. Recently, attention has also focused on the angle 
of graft entry into the femoral tunnel. Investigators have com-
pared the contact pressures on the graft using the outside-in 
and the inside-out techniques. Jang et al., using 3D-CT analysis, 
evaluated the graft bending angles at the femoral tunnel aper-
ture in single-bundle PCL reconstructions using both inside-
out and outside-in techniques. The graft bending angles were 
more acute in the sagittal and axial planes with the inside-out 
technique, but only by less than 10 degrees, and it was unclear 
if this difference would have any effect on graft survival. Using 
synthetic femurs, Narvy et al. established two groups with eight 
specimens in each group: an outside-in or inside-out femoral 
tunnel creation. Using an Achilles tendon allograft fixed with a 
suspensory device and a pressure sensor between the allograft 
and the femoral tunnel, they measured force, contact area, con-
tact pressure, and peak pressure at the aperture. Outside-in cre-
ation of the femoral tunnel for the ALB reconstruction of the 
PCL resulted in decreased mean and peak contact pressures at 
the femoral aperture compared to inside-out tunnel creation.

Seon et al. compared 66 patients with either transtibial or 
open tibial inlay reconstruction and found no significant differ-
ences in knee scores, activity levels, or instrumentally measured 
posterior tibial translation. In a meta-analysis of biomechani-
cal and clinical outcomes, Lee et al. determined that both tech-
niques can restore normal knee kinematics and improve knee 
function, but they were unable to identify which produced 
better improvements in stability and functional recovery. 
Transtibial PCL reconstruction resulted in higher graft forces, 

but the clinical significance was unclear. The tibial inlay tech-
nique tended to entail more perioperative complications. No 
differences in translation between a double-bundle graft and 
a single-bundle graft in tibial inlay PCL reconstructions were 
found in eight cadaver knees subjected to six cycles from a 40-N 
anterior reference point to a 100-N posterior translational force 
at 10, 30, 60, and 90 degrees of flexion, leading the authors to 
conclude that the use of a double-bundle graft may not offer 
any advantages over a single-bundle graft for tibial inlay pos-
terior cruciate reconstructions. Apsingi et  al. reached similar 
conclusions after comparing single- and double-bundle recon-
struction in cadaver models of combined PCL and posterolat-
eral corner injuries, noting that the added complexity of the 
double-bundle reconstruction does not seem to be justified by 
their results. Wiley et al. determined in a cadaver model that, 
because drilling two tunnels removes additional bone from the 
medial femoral condyle, the double-bundle technique increases 
the risk of medial femoral condyle fracture. Testing with a 
robotic testing system determined that an anterior position of 
the bone tunnels in double-bundle PCL reconstruction more 
nearly restored the normal knee kinematics than did a posterior 
position. Stannard et al. reported the results of reconstruction 
of the PCL by combined tibial inlay and two-femoral tunnel 
technique in 29 patients with 30 PCL ruptures. Twenty-three 
knees had no laxity, and seven had a 1+ laxity. The KT-2000 
arthrometer data documented less than 0.5 mm of side-to-side 
difference for both posterior displacement and total anteropos-
terior displacement at both 30 and 70 degrees of knee flexion.

As with ACL repairs or reconstructions, we usually exam-
ine the knee arthroscopically before any open surgical proce-
dure to better evaluate the intraarticular pathologic condition. 
Some PCL reconstruction techniques can be arthroscopically 
aided as to tunnel site placement and routing of the graft (see 
the section on arthroscopically aided ligament reconstruction 
in Chapter 51). The following techniques are described as if 
only open techniques are used. 

 

RECONSTRUCTION OF POSTERIOR 
CRUCIATE LIGAMENT WITH PATELLAR 
TENDON GRAFT
The following technique for reconstruction of the PCL was 
described by Clancy in 1983. Any of the commercial drill 
guides or systems can be used to determine the tunnel loca-
tions. Interference screw fixation of the bone plugs in the 
femoral and tibial tunnels is preferred by most surgeons, 
although it may be more difficult than with ACL recon-
structions. The length especially of the tibial tunnel for PCL 
reconstruction is greater than that for ACL reconstruction; 
therefore, the distal bone plug can be more difficult to see 
in the tunnel for interference screw fixation. A longer plug 
of bone from the tibial tuberosity is advised. However, a long 
fragment of bone on the proximal end of the graft can make 
its entrance into the femoral tunnel more difficult. An antero-
lateral rather than anteromedial tibial tunnel starting point 
has been recommended to avoid the “killer turn” as the graft 
emerges from the tibia. This position was found to be asso-
ciated with improved objective outcomes, but clinical results 
were not significantly correlated to a specific graft position.
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rotation and a posterior drawer maneuver is done. These 
ligaments decrease the expected excessive internal rota-
tion and posterior translation of the tibia and can lead 
to a mistaken diagnosis of pure posterolateral rotary in-
stability. If neither ligament is intact, the tibia will have 
significant posterior and internal rotational excursions on 
the femur.

 n  Now direct attention to the posteromedial aspect of the 
knee.

 n  With the knee flexed to 90 degrees, sharply dissect the 
subcutaneous tissue and overlying skin to expose the an-
teromedial aspect of the medial gastrocnemius and semi-
membranosus tendons.

 n  Make a posterior incision in the capsule just anterior to 
the medial gastrocnemius tendon. Make the incision 
through the synovium and posterior capsule, keeping it 
posteromedially from the medial meniscus so that the me-
niscus can be preserved if it is intact.

 n  If necessary for exposure, release the medial third of the 
medial gastrocnemius tendon just distal to its insertion 
onto the femur.

 n  With the knee flexed to 90 degrees, use a curved retractor 
to retract the posterior capsule and synovium, exposing 
the old insertion of the PCL onto the tibia.

 n  Place a drill guide or a gloved finger posterolateral to the 
anatomic center of the PCL attachment on the tibia (Fig. 
45.128A).

 n  Place the anterior part of the drill guide or a Kirschner 
wire distal and medial to the tibial insertion of the patellar 
tendon (Fig. 45.128B).

 n  Drill a tunnel from distal to proximal through the tibia at 
an angle of approximately 45 degrees (Fig. 45.128C).

 n  Place the Kirschner wire, with or without the drill guide, 
at the anterior site so that it will exit posterolaterally to 
the anatomic center of the PCL insertion (Fig. 45.128A). 
Then overdrill the Kirschner wire with a 10-mm drill bit.

 n  Use the drill guide to insert the Kirschner wire through 
the medial femoral condyle so that it exits anterosuperior 
to the anatomic center of the original PCL attachment, 
usually at the edge of the osteochondral junction (Figs. 
45.128D,E and 45.129).

 n  Drill it to enter posterosuperior to the femoral epicondyle 
and then overdrill the wire with a 10-mm reamer.

 n  Undermine the vastus medialis inferiorly and retract it to 
expose the exit tunnel.

 n  Now harvest the graft. Free the medial third of the patel-
lar tendon (leaving a 5-mm intact border) from the re-
maining patellar tendon.

 n  Use power instruments to remove a patellar bone block 
10 mm wide, 4 mm deep, and 25 mm long; do not take 
any quadriceps tendon with the bone block.

 n  Drill three holes through the bone block with a 0.062-inch 
Kirschner wire and place a no. 5 nonabsorbable suture 
through each hole.

 n  Remove a bone block the same size as the patellar bone 
block from the tibial tuberosity insertion of the patellar 
tendon (Fig. 45.128F).

 n  Drill three holes through this block and place a no. 5 non-
absorbable suture through each hole (Fig. 45.128G).

 n  Place the patellar bone block in the femoral tunnel so that it 
lies entirely within the medial femoral condyle (Fig. 45.128H).

Proper tibial and femoral attachment sites are just as impor-
tant in PCL reconstruction or augmentation as in ACL 
reconstruction. Similar to the ACL, the PCL tibial attach-
ment site is not as crucial to isometry as the femoral site. This 
tibial attachment site often is difficult to expose for direct 
vision. Because the length pattern is relatively insensitive to 
either proximal-distal or medial-lateral location on the tibia, 
a widely exposed and visible tibial fossa is not as necessary as 
it is in choosing a femoral attachment site. Placing a gloved 
finger in the fovea and placing a guidewire by commercial 
guide or by touch may be good enough. Radiographs of the 
knee after guide pin insertion confirm that the guidewire 
exits in the fovea just inferior to the articular margin of the 
posterior tibia and just lateral to the midline. The femoral 
attachment site for the PCL substitute is crucial. Fortunately, 
this is visible through the intercondylar notch. When the liga-
ment is augmented or reconstructed, any errors should be 
in the anteroposterior direction, not in the proximal-distal 
direction. In reconstructions of acute tears, the remaining 
PCL stump helps locate the proper femoral attachment site.
Morgan et al. studied the femoral attachment site in 20 
knees to define the location of the anatomic origin of both 
bands of the posterior cruciate ligament in reference to local 
anatomy to develop landmarks that can be used to repro-
ducibly position two femoral tunnels. The central origin 
point for the anterolateral band was 13 ± 0.5 mm posterior 
to the medial articular cartilage–intercondylar wall interface 
and 13 ± 0.5 mm inferior to the articular cartilage–inter-
condylar roof interface. The posteromedial band centrally 
originated 8 ± 0.5 mm posterior to the medial articular car-
tilage–intercondylar wall interface and 20 ± 0.5 mm inferior 
to the articular cartilage–intercondylar roof interface. These 
distances were noted to be relatively constant despite vary-
ing knee morphologic features and size.

 TECHNIQUE 45.25 

(CLANCY)
 n  Prepare and drape the leg in the standard fashion and 

inflate the tourniquet.
 n  Make a standard medial parapatellar incision, curved 

posteriorly at the superior aspect in line with the medial 
femoral epicondyle but approximately two fingerbreadths 
proximal. Incise the subcutaneous tissue in a similar 
 fashion.

 n  Make a medial arthrotomy close to the medial aspect of 
the patellar tendon. Inspect the knee joint and excise and 
repair any meniscal tears or excise the meniscus if neces-
sary. If the tear of the PCL is acute, place sutures through 
the larger remnant.

 n  In isolated PCL injury, the ligament of Humphry usually is 
intact and can be mistaken for an intact PCL. However, 
careful dissection shows that its most anterior fibers fol-
low a lateral course to the posterior horn of the lateral 
meniscus.

 n  The ligament of Wrisberg also may be present; it is com-
posed of fibers attaching to the PCL and also travels in a 
lateral direction toward the posterior horn of the lateral 
meniscus.

 n  If either of these ligaments is intact, the tibia will move 
only slightly backward when it is held in marked internal 
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 n  Tie the femoral sutures loosely over a button placed over 
the exit of the femoral tunnel (Fig. 45.128I).

 n  Pass a suture passer into the posteromedial capsular inci-
sion and then into the intercondylar notch.

 n  Place the sutures into the tibial graft and pull them out 
through the posteromedial capsular incision, pulling the 
tibial graft gently through the intercondylar notch.

 n  Pass the suture passer into the tibial tunnel anteriorly and 
curve it out through the posteromedial capsular incision.

 n  Pass the tibial graft sutures through the suture passer and 
bring them out anteriorly. Tilt the tibial bone graft so that 
its inferior tip is angled anteriorly to allow easy passage 
into the tibial tunnel posteriorly.

 n  If the graft is difficult to place in the tunnel, soft tissue 
may be blocking the tunnel entrance, the tibial graft may 
be too long to be angled sufficiently to enter the tunnel, 
or the tunnel may be too low. If the tunnel is too low, 
enlarge it by reaming with gentle anterosuperior pressure 
on the reamer.

 n  Insert an AO malleolar screw and washer 5 mm longer 
than measured by the depth gauge at the inferior edge 
of the tibial tunnel.

 n  At the femoral tunnel, tie the patellar bone sutures over 
a button.

 n  Then, with the knee in 90 degrees of flexion, pull forward 
on the tibia and tie the tibial bone sutures over the AO 
screw and washer.

 n  Tighten one suture with the knee in 90 degrees of flexion; 
bring the knee to 30 degrees of flexion and retighten the 
suture while maintaining the anterior drawer.

 n  Secure the remaining ties and tighten the screw.
 n  Perform a posterior drawer test and examine the knee 

for the normal step-off of the medial and lateral femoral 
condyles. Place the knee through a full range of motion 
and perform a posterior drawer test.

 n  Close the capsular arthrotomies in the standard fashion 
and place a drain in the medial side.

 n  Close the subcutaneous tissue and skin in the standard 
fashion.
  

Both open and arthroscopic modifications of Clancy’s 
technique have been described. If the central third autoge-
nous patellar tendon is chosen as the graft source, a limited 
incision placed anteriorly over the patellar tendon, similar 
to that used for ACL reconstruction, can be made for graft 
harvest. The intraarticular portion of the procedure can 
be done arthroscopically, or the menisci and intercondy-
lar notch can be exposed through the defect in the patel-
lar tendon after graft harvest, as described by Sallay and 
McCarroll. The fat pad should be incised vertically in its 
midportion, and two curved knee retractors are used to 
retract the medial and lateral portions of the patellar ten-
don or fat pad. Typically, it is unnecessary to resect the fat 
pad; however, Sallay and McCarroll did not observe any 
complications in knees in which a portion of the fat pad 
was excised. Flexing the knee to 90 degrees provides the 
best exposure of the intercondylar notch so that the sur-
geon’s line of sight is parallel to the intercondylar roof. Use 
of a headlight can improve visibility. 

 

RECONSTRUCTION OF POSTERIOR 
CRUCIATE LIGAMENT WITH PATELLAR 
TENDON GRAFT

 TECHNIQUE 45.26 

(SALLAY AND MCCARROLL)
 n  Carefully identify the plane between the scarred PCL and 

the ACL to prevent damage to the ACL while excising 
remnants of the PCL. Preserve a minimal amount of tissue 
at the femoral attachment site to identify the anatomic 
footprint.

 n  Make a second incision to identify the tibial insertion of 
the PCL to safely drill the tibial tunnel and to facilitate 
graft passage. Many surgeons elect to make a small pos-
teromedial incision, identical to the exposure for a medial 
meniscal repair, regardless of the basic technique chosen 
for PCL reconstruction (including arthroscopic), to protect 
the neurovascular structures and to facilitate graft pas-
sage. Sallay and McCarroll based the site of their incision 
on the need to treat associated medial or lateral injury. 
In the absence of injury to the lateral side, the standard 
approach has been a 4-cm posteromedial incision.

 n  Begin the proximal portion of the incision below and 
posterior to the medial femoral epicondyle, extending it 
vertically downward, parallel to the lines of skin cleavage 
(Fig. 45.130A).

 n  Incise the investing fascia (layer I) in line with the skin inci-
sion superior to the leading edge of the sartorius muscle. 
Protect the infrapatellar branch of the saphenous nerve 
in the inferior aspect of the wound.

 n  Retract the pes tendons posteriorly, exposing the MCL 
and the POL.

 n  Make a vertical arthrotomy between the POL and the me-
dial head of the gastrocnemius tendon.

 n  Sharply dissect the capsule off its tibial attachment, leav-
ing the meniscotibial ligament intact. In chronic tears, 
this plane may be obscured by scarring of the posterior 
capsule to the PCL. To prevent injury to the popliteal con-
tents, carefully mobilize the scar tissue by blunt dissection 
to reflect the capsule off the tibial insertion of the PCL.

 n  Now identify the posterior tibial sulcus by palpation and 
observation.

 n  If there is an associated injury to the posterolateral cor-
ner, a lateral approach is preferred (Fig. 45.130B). Make 
a short, oblique incision, 6 cm long, just posterior to the 
LCL.

 n  Incise the iliotibial band (layer I) in line with its fibers.
 n  The LCL lies beneath a superficial lamina (layer II). Divide 

this layer posterior to the LCL, exposing the deep capsular 
lamina (layer III).

 n  Divide the capsule in line with the posterior aspect of the 
LCL, exposing the posterolateral joint space. Protect the 
popliteal tendon in the inferior aspect of the wound.

 n  Release the capsule and its attachment to the popliteus 
and meniscotibial ligament as described for the medial 
approach. In patients with acute injury of the PCL and the 
posterolateral corner, much of the exposure and dissec-
tion has been done by the disruption.
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FIGURE 45.128 A–I, Technique for posterior cruciate ligament reconstruction with patellar 
tendon graft. SEE TECHNIQUE 45.25.
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 n  To create the tibial tunnel, make an L-shaped periosteal 
flap 1 cm medial to the distal portion of the tibial tubercle 
just proximal to the pes tendon group insertion.

 n  With use of a commercially available drill guide, advance 
a guide pin from this site in a posterolateral and proximal 
direction, exiting at the inferior and lateral quadrant of 
the posterior tibial sulcus.

 n  Confirm and document the proper position of the guide 
pin with an intraoperative radiograph.

 n  Bone guides allow calculation of the distance of the tibial 
tunnel, and the guide pin can be “chucked down” to the 
proper length to prevent overpenetration; placing a finger 
through the posteromedial incision to palpate the tibial 
fovea also protects the neurovascular structures from 
overpenetration. Some surgeons prefer to perform this 
step under imaging guidance to ensure proper placement 
of the guidewire.

 n  Overream the pin with the 10-mm reamer, again using 
a finger to protect the neurovascular structures. Some 
surgeons remove the power source and complete the last 
portion of the reaming by hand because certain reamers 
pull tissue toward the reamer as they advance along a 
guidewire. Paulos et al. used an oscillating reamer and 
drill stop to prevent vascular complications. Sallay and 
McCarroll used a reamer with a conical profile because 
the standard square profile reamers have been shown to 
cut out the posterior tibial cortex as far as 2 cm inferior to 
the intended exit site.

 n  Be careful not to apply counterpressure at the level of the pop-
liteal fossa because this could compress the popliteal struc-
tures against the posterior tibia during the reaming process.

 n  By use of an angled curet or sharp dissection over the tip 
of the reamer while it is still in the tunnel, debride the 
edge of the tunnel of residual soft tissue to avoid entrap-
ment of the bone plug during later passage of the graft.

 n  Chamfer the edges of the tunnel with a rasp.
 n  The femoral tunnel can be prepared by one of two meth-

ods. The standard method begins with exposure of the 
anteromedial femoral cortex, using the superior portion 
of the medial incision.

 n  Elevate the vastus medialis proximally to allow access to 
the anteromedial aspect of the distal femur.

 n  Use a commercial drill guide to advance a guide pin from 
a point just proximal to the medial femoral epicondyle into 
the intercondylar notch. Pin entry should be at the junc-
tion of the anterior and middle thirds of the intercondylar 
notch (approximately 10 mm proximal to the articular sur-
face) and at the 2 o’clock position for the right knee (10 
o’clock position for the left knee), corresponding to the 
center of the anatomic insertion of the anterolateral fibers.

 n  Overream the pin with a 10-mm reamer and chamfer the 
tunnel edges with a rasp.

 n  The second technique for preparation of the femoral tunnel 
does not require dissection of the medial femoral cortex.

 n  Advance a long Beath pin through the capsule lateral 
to the patellar tendon to obtain the appropriate tunnel 
trajectory. The point of entry should correspond to the 
anatomic insertion of the anterior fibers.

 

A B
FIGURE 45.129 A and B, Technique for posterior cruciate liga-

ment reconstruction with patellar tendon graft. SEE TECHNIQUE 45.25.

 

A B
FIGURE 45.130 Posterior cruciate ligament reconstruction. A, Posteromedial incision over “soft 

spot” below and posterior to medial femoral epicondyle. B, Lateral incision is made in line with 
iliotibial band. SEE TECHNIQUE 45.26.
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 n  Advance the pin through the vastus medialis muscle and skin.
 n  Ream over the guide pin from the intercondylar side with 

a 10-mm reamer, stopping short of the medial femoral 
cortex (Fig. 45.131).

 n  Withdraw the reamer, leaving the Beath pin in place. This 
creates a blind-end tunnel from inside to out.

 n  The graft can be passed in two ways, depending on the 
preference of the surgeon.

 n  The first technique begins by passing the smaller, bullet-
shaped bone plug through the tibial tunnel from anterior 
to posterior.

 n  Use a suture passer to retrieve the traction sutures into 
the posteromedial (lateral) wound.

 n  With constant tension applied parallel to the direction of 
the tibia tunnel, deliver the bone plug into the posterior 
recess (Fig. 45.132). Avoid pulling at an angle oblique to 
the tunnel because this causes the bone plug to bend at 
the posterior tunnel opening.

 n  Use the suture passer to retrieve the bone plug into the 
intercondylar notch.

 n  Direct the graft into the femoral tunnel with the traction 
suture.

 n  The second technique uses the Beath pin to assist in pas-
sage of the femoral bone plug.

 n  Thread the traction sutures of the bone plug through the 
eyelet at the end of the guide pin.

 n  Withdraw the pin from the medial aspect of the knee, 
leaving the traction sutures in the tunnel exiting the me-
dial soft tissues.

 n  Advance the bone plug into the tunnel with the ten-
don portion facing the articular surface until the end of 
the bone plug is flush with the wall of the intercondylar 
notch. Abrasion of the graft is minimized because the ten-
don does not rest against the edge of the femoral tunnel.

 n  Thread the sutures of the other bone plug through a 
DePuy graft passer (DePuy, Warsaw, IN). Advance the free 
end of the graft passer through the patellar tendon defect 
and the notch into the posterior recess. Apply gentle ten-
sion to the sutures to seat the end of the bone plug firmly 
in the mount of the graft passer.

 n  Thread the free end of the graft passer through the tibial 
tunnel from posterior to anterior, using an arthroscopic 
clamp.

 n  Place a heavy clamp on the end of the graft passer, pre-
venting relative motion between the passer and the graft. 
Apply firm tension to the graft passer to deliver the graft 
through the notch and into the tibial tunnel. Maintaining 
an anterior drawer force on the tibia also aids graft pas-
sage into the tunnel.

 n  Fixation can be achieved by tying the sutures over liga-
ment buttons, interference screws, or both.

 n  Fix the femoral bone plug first.
 n  Move the knee through a full range of motion to evaluate 

relative motion of the tibial bone plug with respect to the 
tibial tunnel. An appropriately placed graft should have 
no more than 2 mm of relative motion.

 n  Fix the tibial side with the knee flexed to 90 degrees with 
an anterior drawer force applied to re-create the normal 
femoral-tibial relationship. Secure the bone plug with a 
9 × 20-mm cannulated interference screw. If the end of 
the graft is difficult to see, place the arthroscope into the 
tibial tunnel to allow more accurate screw fixation. As an 
alternative, tie the sutures over a ligament button.

 n  Perform a posterior drawer test to ensure adequate stabil-
ity. Residual laxity should be grade I or less.

 n  Close in routine fashion over a drain.

POSTOPERATIVE CARE Restoring motion and  reducing 
swelling take priority within the first week. Patients are 
encouraged to perform active range-of-motion  exercises, 
quadriceps training, and full weight bearing in an 
 extension brace in the immediate postoperative period. 

 FIGURE 45.131 “Inside-out” method of drilling femoral tunnel 
uses lateral arthroscopic capsulotomy to advance Beath guide pin 
and to drill blind-end tunnel through intercondylar notch. SEE 
TECHNIQUE 45.26.

 FIGURE 45.132 Graft is passed through tibial tunnel from ante-
rior to posterior, pulling in line with direction of tunnel. SEE TECH-
NIQUE 45.26.
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Immobilization is continued in extension for 3 weeks in 
patients in whom medial or lateral capsuloligamentous 
structures were repaired. Strengthening and functional 
activities are introduced in a stepwise program.
  

RECONSTRUCTION OF POSTERIOR CRUCIATE 
LIGAMENT WITH BONE–PATELLAR TENDON–BONE 
OR ACHILLES TENDON–BONE GRAFTS
Allografts, either bone–patellar tendon–bone or Achilles ten-
don–bone, also are popular graft sources for reconstruction 
of the PCL because of their large size. In addition, the Achilles 
tendon allograft has the advantages of extra length and only 
soft tissue at one end, which makes graft passage easier. 
Harner described an arthroscopic technique for Achilles ten-
don allograft. He emphasized that the tibial guide pin should 
course just anterior and parallel to the slope of the posterior 
tibial cortex, which is approximated by a line parallel to the 
slope of the proximal tibiofibular joint. The anterolateral 

fibers are re-created by placing the femoral tunnel within the 
anterior portion of the PCL footprint. The guide pin enters 5 
to 10 mm from the intraarticular cartilage of the medial fem-
oral condyle. On the extraarticular side of the femoral con-
dyle, the guide pin should exit 1.0 to 1.5 cm from the articular 
cartilage margin to avoid disruption of the subchondral bone. 
The bone plug should be advanced until its bone-tendon edge 
is flush with the cortex to minimize graft bending and abra-
sion. The bone plug is fixed in the femoral tunnel with an 
interference screw, and the soft-tissue end of the Achilles ten-
don allograft is secured outside the tibial tunnel with a screw 
and spiked washer or, in rare cases, a staple. After the graft has 
been fixed in the femoral tunnel, the knee is moved through a 
range of motion to check for isometricity and stability and to 
pretension the graft. The tibial side is secured with the knee in 
70 to 80 degrees of flexion and 10 pounds of tension because 
the ALB is under maximal tension in this position, minimiz-
ing the risk of overtensioning the graft.

After surgery, the knee is placed in full extension in a 
commercially available knee brace with hinges locked in 

 

Position 1

Position 2

Semitendinosus tendon

B C

A

FIGURE 45.133 A, Decubitus position with thigh abducted and knee and hip flexed allows access 
to anterior knee for arthroscopic and standard open technique. B, In second position, hip and knee 
are extended and table is tilted toward prone position to allow access to popliteal fossa, where 
vertical incision is made in line with semitendinosus tendon (inset). C, Patellar tendon bone block 
is inlaid within tibial window and secured to cancellous bone with screw and spiked washer. SEE 
TECHNIQUE 45.27.
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extension. A range-of-motion exercise program of 0 to 90 
degrees is initiated immediately. Limited weight bearing in 
the brace with crutches is allowed. Quadriceps exercises are 
started immediately with active knee extension from 90 to 
0 degrees and straight-leg raises. Passive knee flexion exer-
cises are used to gain knee flexion, but hamstring exercises are 
avoided because of the posterior translation stress they would 
place on the graft. Running begins at the fourth month, fol-
lowed by sport-specific agility drills at 5 to 6 months. A full 
return to sports is allowed when adequate quadriceps and 
hamstring strength has been achieved and sport-specific agil-
ity and proprioceptive skills have been mastered.

All the previous techniques require the graft to turn at a 
right angle as it exits the tibial tunnel posteriorly and heads 
anteriorly toward the femoral tunnel. This acute bend cre-
ates the potential for graft abrasion and may make effective 
graft tensioning difficult. Posterior approaches to the tibial 
attachment of the PCL have been described with tibial inlay 
reconstruction to avoid this. Other methods to improve graft 
position include (1) placing the patient in the lateral decubi-
tus position with the affected extremity up so that moving the 
leg and rotating the table allows access to both the anterior 
and posterior aspects of the knee, and (2) harvesting of the 
graft first and fixing the graft in the femoral tunnel with the 
patient supine, and then repreparing and redraping with the 
patient prone to make the posterior exposure and fixing the 
graft on the tibial side.

Both laboratory and cadaver studies have found no sig-
nificant differences between the two techniques at any knee 
flexion angle, and a systematic review of the literature on clin-
ical outcomes of transtibial and inlay reconstructions found 
satisfactory results for both techniques. 

 

RECONSTRUCTION OF POSTERIOR 
CRUCIATE LIGAMENT WITH BONE–
PATELLAR TENDON–BONE OR 
ACHILLES TENDON–BONE GRAFTS

 TECHNIQUE 45.27 

(BERG)
 n  Before beginning the operation, determine the size of the 

autogenous patellar tendon; if it is too long, the bony 
portion of the tendon graft will be recessed proximally 
within the femoral tunnel, which may subject the ten-
don to abrasive attenuation. Size the autogenous patel-
lar tendon on a calibrated, 30-degree flexed, lateral knee 
radiograph with 3 mm or less of perfect posterior femoral 
condylar overlap. Use a high-intensity illuminator to dis-
cern the exact tibial tuberosity insertion site of the patellar 
tendon just anterior to the fat pad density. PCL strength 
is increased from the anterior margin of the intercondylar 
line to a point 1 cm below the posterior tibia. If the autog-
enous patellar tendon is longer than the measured PCL 
length by more than 1.5 cm, consider using an allograft 
of specified tendon length.

 n  Place the patient in the decubitus position with the opera-
tive leg up.

 n  Circumferentially prepare and drape the limb from the 
proximal thigh to midcalf.

 n  Abduct and externally rotate the hip 45 degrees and flex 
the knee 90 degrees; the anterior knee faces the surgeon 
(Fig. 45.133A).

 n  Harvest a 1-cm-wide central-third bone–patellar tendon–
bone autograft.

 n  Drill and tap the tibial tubercle bone to accept a 6.5-cm 
cancellous screw and spiked washer.

 n  Use either standard anterior arthroscopic portals and an 
incision through the patellar tendon defect and fat pad or 
a medial parapatellar arthrotomy to examine intraarticular 
structures and perform meniscal surgery as needed.

 n  Place a femoral jig in the anterosuperior femoral origin of 
the PCL, 4 mm from the anterior articular margin of the 
medial femoral condyle.

 n  Make a 5-cm incision proximal to the medial femoral epi-
condyle.

 n  Divide the patellar retinaculum and expose the condyle 
subperiosteally.

 n  After guide pin placement, use a cannulated reamer to 
create a 1-cm-diameter interosseous tunnel in the medial 
femoral condyle. Chamfer the tunnel margins with a rasp.

 n  Pass an 18-gauge wire loop through the femoral tunnel, 
directed toward the posterior joint, and use it to pass the 
patellar tendon graft retrograde into the femoral tunnel 
later in the case.

 n  If a combined arthroscopic ACL and open PCL procedure 
is planned, perform the ACL reconstruction first because 
the popliteal arthrotomy will allow extravasation of the 
arthroscopic irrigant.

 n  Extend the knee, tilt the table toward the prone position, 
and abduct the thigh with stacked towels to allow access 
to the popliteal fossa (Fig. 45.133B).

 n  Make a vertical incision in line with the palpable semi-
tendinosus tendon. Veer the incision laterally in the pop-
liteal crease and extend it distally over the posterior calf 
(Fig. 45.133, inset).

 n  Expose the deep fascia overlying the gastrocnemius mus-
cle and incise it vertically.

 n  Identify and protect the sural nerve between the two 
heads of the gastrocnemius muscle.

 n  Develop bluntly the plane between the medial head of 
the gastrocnemius and the semimembranosus tendon. 
Slightly flexing the knee improves exposure and allows 
relief of tension on the popliteal vessels.

 n  Incise the medial head of the gastrocnemius near its in-
sertion and retract it laterally, protecting its tibial nerve 
motor branch.

 n  Identify and ligate the inferior medial geniculate artery 
and vein, which overlie the posterior joint capsule at the 
superior margin of the popliteus.

 n  Make a vertical incision through the OPL and posterior 
capsule.

 n  Identify the PCL and expose the posterior tibial plateau 
subperiosteally.

 n  Advance the tendon graft traction sutures with the wire 
loop retrograde into the medial femoral condyle tunnel.

 n  Use a 7- or 9-mm-diameter cannulated screw to secure 
interference fixation of the bone graft in the femoral 
 tunnel. Optimally, the bone portion of the graft should 
not be recessed within the condylar tunnel but should lie 
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at the tunnel margin interface to prevent tendon–tunnel 
wall abrasion.

 n  Avoiding recurvatum, position the knee in full extension, 
which reduces posterior tibial subluxation through the 
geometric congruity of the femoral condyle and tibial 
plateau.

 n  Place the patellar tendon graft under slight manual ten-
sion to determine the site of posterior tibial fixation.

 n  Use an osteotome to create a unicortical window in the 
posterior tibia equal in size to the bony portion of the 
patellar tendon graft.

 n  Inlay the patellar tendon graft and secure it with a 6.5-
mm titanium screw and spiked washer to the cancellous 
tibial bone (Fig. 45.133C).

 n  If the tendinous portion of the graft is too long, advance 
the tibial insertion site distally.

 n  If the meniscofemoral ligaments (Wrisberg and Humphry) 
are incompetent, suture the peripheral lateral meniscus to 
the PCL substitute.

 n  Repair the medial head of the gastrocnemius and perform 
a routine closure.

POSTOPERATIVE CARE After surgery, the knee is 
braced in full extension for 2 weeks and partial weight 
bearing on crutches is allowed. Full weight bearing is al-
lowed at 2 weeks, and knee motion is permitted over a 0- 
to 90-degree arc of motion. Isometric quadriceps exercises 
are begun with the knee at 70 to 90 degrees of flexion. At 
6 weeks, the patient is allowed to walk without crutches, 
and prone quadriceps and hamstring exercises over a full 
arc of motion are begun.
  

Burks and Schaffer described a posterior approach that does 
not require division of the medial head of the gastrocnemius. 
It does require repositioning, repreparing, and redraping of 
the patient after the graft has been harvested and secured in 
the femoral tunnel; however, the full prone position may be 
easier on the surgical team than the lateral decubitus or semi-
prone position described by Berg. 

 

RECONSTRUCTION OF POSTERIOR 
CRUCIATE LIGAMENT WITH BONE–
PATELLAR TENDON–BONE OR 
ACHILLES TENDON–BONE GRAFTS

 TECHNIQUE 45.28 

(BURKS AND SCHAFFER)
 n  With the patient prone, make a gently curved incision, 

with a horizontal limb near the flexion crease of the knee 
and a vertical limb overlying the medial aspect of the gas-
trocnemius muscle.

 n  Carry the dissection to the deep fascial layer and incise it 
vertically over the medial head of the gastrocnemius.

 n  Protect the medial sural cutaneous nerve (posterior cu-
taneous nerve of the calf), which usually perforates the 
deep fascia distal to the horizontal limb of the incision.

 n  Identify the medial border of the medial gastrocnemius 
and bluntly develop the interval between it and the semi-
membranosus tendon, exposing the posterior joint cap-
sule (Fig. 45.134). The middle geniculate artery may be 
encountered near the midposterior capsule and can be 
ligated if necessary. By lateral retraction on the medial 
head of the gastrocnemius, no tension is directly applied 
to the motor branch to the medial head of the gastrocne-
mius, the only motor branch from the tibial nerve in the 
popliteal fossa that traverses medially. The thick muscle 
belly protects the neurovascular structures as the capsule 
is exposed. Dissection on this protected medial side of the 
popliteal fossa is therefore relatively safe.

 n  Expose the posterior aspect of the proximal tibia and pos-
terior margins of the femoral condyle.

 n  If further lateral exposure is necessary, release a por-
tion of the tendinous origin of the medial head of the 
gastrocnemius from the distal femur and joint capsule. 
Slight knee flexion will aid exposure, and complete sec-
tioning of the medial head of the gastrocnemius rarely is 
needed.

 n  Make a vertical incision through the posterior capsule to 
expose the contents of the posterior intercondylar notch 
and the tibial attachment of the PCL.

 n  Proceed as described by Berg (see Technique 45.27).
 n  Suture the capsular incision, allow the gastrocnemius to 

settle into position, approximate the subcutaneous layers, 
and close the skin in a routine fashion.
  

ARTHROSCOPICALLY AIDED POSTERIOR 
CRUCIATE LIGAMENT RECONSTRUCTION
As described in the section on ACL reconstruction, the PCL 
also can be replaced by arthroscopic surgical techniques. See 
Chapter 51 for descriptions of these techniques. 

 

Incision

Semimembranosus
muscle

Posterior cruciate
ligament

Medial Lateral

Gastrocnemius
muscle

Peroneal
nerve

Tibial nerve

Popliteal artery

Popliteal vein

FIGURE 45.134 Posterior approach for reconstruction of poste-
rior cruciate ligament. SEE TECHNIQUE 45.28.
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COMPLICATIONS OF POSTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION
Aside from the usual postoperative complications, the most 
common problem associated with PCL reconstruction is 
residual posterior laxity, usually defined as more than 4 mm 
of increased posterior translation on PCL stress radiographs.

Loss of motion is the second most frequent complica-
tion. Flexion loss is more common than extension loss. Many 
studies report between a 10- and 20-degree loss of flexion, 
most likely caused by improper graft placement or inadequate 
rehabilitation. The position of the femoral tunnel is more crit-
ical than that of the tibial tunnel. Femoral attachments ante-
rior and distal to the most isometric region result in increased 
graft tension, with flexion loss resulting from an increase in 
distance between the femoral and tibial attachment sites. Loss 
of extension or a flexion contracture most likely is caused by 
prolonged immobilization in flexion.

Poor graft selection has been implicated in the failure of 
reconstructions that use the iliotibial band, the medial head 
of the gastrocnemius, or the hamstring tendons. These tis-
sues may have insufficient strength to prevent posterior sag 
and drawer. Improper tunnel placement can result in graft 
abrasion and subsequent failure. Femoral tunnel placement 
posterior and proximal to the most isometric region results 
in decreased graft tension in flexion secondary to a decrease 
in distance between femoral and tibial attachment sites. This 
results in graft laxity with an inability to prevent posterior sag 
and drawer.

Failure of the reconstruction may be the result of 
untreated associated ligamentous injuries, such as of the pos-
terolateral corner, that allow excessive forces to be applied to 
the graft.

Neurologic injuries can result from excessive tourniquet 
time and manifest as neurapraxia. Direct injury to the tibial 
nerve can result from penetration by either the tibial guide 
pin or drill and can be avoided by ensuring direct exposure 
of the tip of the pin and drill during preparation of the tibial 
tunnel.

Vascular complications include laceration, thrombosis, 
and intimal injury to the popliteal artery. Viewing the tip of 
the guide pin and reamer at all times can prevent this injury.

Osteonecrosis of the medial femoral condyle has been 
reported. It may occur months to years after the surgery. The 
cause is thought to be local trauma to the blood supply of the 
subchondral bone from both soft-tissue dissection and drill-
ing of the condyle. This complication has been treated suc-
cessfully with curettage and autogenous bone grafting of the 
defect. 

TRAUMATIC DISLOCATIONS
In comparison with other injuries of the knee, dislocations 
are relatively uncommon; however, some knee dislocations 
probably are never recognized because of spontaneous reduc-
tion before medical evaluation. In an acutely dislocated knee, 
the diagnosis usually is obvious because of deformity, pain, 
and swelling. The diagnosis may be more difficult in obese 
patients, in those with spontaneous reduction, and in patients 
with multiple trauma. McKee et al. noted that there is increas-
ing evidence in the literature that morbid obesity is associated 
with low-energy knee dislocation and that this should be con-
sidered when assessing this group of patients with an acute 

knee injury. Failure to correctly diagnose a knee dislocation 
diminishes the likelihood of recognizing injury to the popli-
teal artery, which can result in devastating complications.

Knee dislocations have historically been described as 
high-velocity or low-velocity injuries. High-velocity disloca-
tions most often occur in motor vehicle accidents, falls from 
a height, or severe crush injuries, whereas most low-velocity 
dislocations occur during sporting activities. Reports of low-
velocity knee dislocations have focused primarily on disloca-
tions occurring during sports. Although high-velocity injuries 
have historically been cited as having worse outcomes, we 
identified a subset of morbidly obese patients with what we 
termed ultralow-velocity knee dislocations that occurred 
during activities of daily living, such as stepping off a curb or 
stair or simply falling while walking (Fig. 45.135). The average 
age of the 17 patients (11 women and 6 men) was 28.6 years, 
and all 17 patients were clinically obese, with an average BMI 
of 48 (a BMI of 30 or more is considered clinical obesity). 
Popliteal artery injuries occurred in 7 of the 17 patients, and 
7 had neurologic injuries. Two patients with vascular repairs 
required above-knee amputations because of tissue ischemia. 
We found a correlation between the BMI and the severity of 
injury: of patients with nerve injuries, the average BMI was 
48.26; of those with vascular injuries, 56.28; and of those with 
both nerve and vascular injuries, 60.29. Only six patients did 
not have either vascular or nerve injury; their average BMI 
was 39.58. Regardless of BMI, patients with ligament recon-
structions, especially posterolateral corner repair, had better 
subjective and objective outcomes than did those without lig-
ament reconstructions. Since this study, others have reported 
similar findings.

In skeletally immature patients, stress radiographs should 
be obtained to rule out physeal injury (see Chapter 36).

CLASSIFICATION
Various classifications for knee dislocations have been pro-
posed, including open or closed; high velocity, low velocity, or 
ultralow velocity; and reducible or irreducible. Dislocations 
also have been classified according to the position of the tibia 
relative to the femur (anterior, posterior, medial, lateral, or 
rotary). Anterior dislocations are most common, followed by 
posterior dislocations; medial, lateral, and rotatory combina-
tions are less frequent. A classification of knee dislocations 

 FIGURE 45.135 Ultralow-velocity knee dislocation in an obese 
patient.
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that focuses on identifying which structures are injured and 
the severity of injury to specific structures (Table 45.4) is more 
useful for preoperative planning. This classification aids with 
the timing of repair or reconstruction of specific ligaments. 
However, it is limited by the difficulty in obtaining an accu-
rate examination. MRI and examination under anesthesia are 
useful to confirm the diagnosis and to identify injured struc-
tures. The ACL and PCL usually are both injured with a knee 
dislocation. In addition, either or both of the collateral liga-
ments and the posterolateral corner structures also may be 
injured. The most common pattern of injury is that of bicru-
ciate ligament injuries with an associated MCL or LCL tear, 
depending on the direction of the deforming force (KD-III). 

EXAMINATION AND RADIOGRAPHIC 
EVALUATION
Completion and documentation of a thorough neurovascular 
examination are mandatory at the time of initial evaluation, 
before reduction, and after reduction. The extremity should 
be examined thoroughly for color, temperature, and capillary 
refill. Posterior tibial and dorsalis pedis pulses should be pal-
pated and compared with the contralateral side. The ankle-
brachial indices (ABIs) should be obtained in all patients with 
a knee dislocation. If necessary, arteriography should be car-
ried out. Indications for arteriography are discussed in the 
section on vascular injuries.

Physical examination of patients with knee dislocations 
is not always reliable because of pain and guarding, sponta-
neous reduction, or ipsilateral fractures. However, once the 
neurovascular status is determined, the usual tests for liga-
mentous laxity should be carefully attempted. The extensor 
mechanism should be evaluated, and the limb should be 
examined for signs of compartment syndrome.

Initial radiographic evaluation focuses on determining 
the direction of dislocation and the presence of any con-
comitant bony injuries (Fig. 45.136). Anteroposterior, lat-
eral, and oblique views should be obtained before and after 
reduction. MRI allows better evaluation of soft-tissue inju-
ries, such as the actual site of cruciate and collateral liga-
ment injury, meniscal disorders or injuries, and the status 
of the popliteal tendon when posterolateral corner injury 
is suggested (see earlier section on posterolateral instabil-
ity). Most ACL injuries associated with knee dislocations 
are midsubstance tears (45%), followed by femoral avulsions 
(34%) and tibial avulsions (21%). The PCL injury is most 

 TABLE 45.4

Classification of Knee Dislocations (Schenck)

GRADE DESCRIPTION
KD-I PCL-intact knee dislocation, usually ACL and 

LCL torn; also includes ACL-intact knee dislo-
cation with complete PCL tear

KD-II ACL and PCL torn, collateral ligaments intact
KD-IIIM ACL, PCL, and MCL—corner torn, lateral side 

intact
KD-IIIL ACL, PCL, and LCL—corner torn, medial side 

intact
KD-IV All four ligaments torn (ACL, PCL, MCL, LCL)

ACL, Anterior cruciate ligament; KD, knee dislocation; LCL, lateral collateral 
ligament; MCL, medial collateral ligament; PCL, posterior cruciate ligament.

 

BA

FIGURE 45.136 A and B, Radiographs of knee dislocation.
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often a femoral avulsion (76%), followed by midsubstance 
tear (17%) and tibial avulsion (7%). Occasionally, imaging 
by CT can be helpful in treatment planning if bone pathol-
ogy is present. MRI has been found to be a sensitive measure 
of cruciate and collateral ligament injury (high sensitivity, 
lower specificity) in acute knee dislocations; however, it does 
not reliably diagnose injury to the posterolateral corner (low 
sensitivity, high specificity) or the menisci (low sensitivity, 
moderate specificity). 

VASCULAR AND NERVE INJURIES
VASCULAR INJURIES

The first priority in the assessment and treatment of traumatic 
dislocations of the knee is not the ligaments but the vascu-
lar status of the extremity. Popliteal artery injury is common 
in dislocations of the knee, especially in anterior dislocations, 
because the relatively fixed popliteal artery is stretched, with 
intimal disruption and possible subsequent vascular occlu-
sion. The incidence of popliteal artery injury has been reported 
in the literature to range from 5% to over 60%; however, some 
more recent studies cite a range of 7% to 25%, and a large data-
base study involving 8050 knees found vascular injury in only 
3.3%. This is in contrast to a systematic review that identified 
a frequency of 18% in 862 patients. Vascular injuries are more 
common with high-velocity injuries than with low-velocity 
injuries, and we have found them to be more common with 
ultralow-velocity injuries. Stewart et  al. also found vascular 
injury more frequent with ultralow-velocity injuries (21%) 
than low-energy (17%) or high-energy (13%) injuries, and 
Johnson et al. found vascular injuries to be far more common 
in obese and morbidly obese patients than nonobese patients.

When the patient is first seen, if the peripheral circula-
tion in the extremity is deficient, the dislocation should be 
reduced as quickly as possible and the circulatory status of the 
limb again carefully assessed. Several authors have suggested 
that even if pulses are present, the ABI should be calculated 
and rechecked several times. The ABI is the systolic pres-
sure in the ankle divided by the systolic pressure in the arm. 
According to proponents of this method, if the ABI is more 
than 0.85 to 0.90, close observation is warranted; if the ABI 
is less than 0.85, arteriography is indicated. In a prospective 
study, the sensitivity, specificity, and positive predictive value 
of an ABI lower than 0.90 were 100% and the negative predic-
tive value of an ABI that reached 0.90 or higher was 100%.

Femoral arteriography is indicated for any patient with 
questionable circulation or absent peripheral pulses either 
before or after reduction of a dislocated knee (Fig. 45.137). 

 

Knee dislocation or
multiligamentous knee injury

Reduce knee joint

Assess distal pulses
and obtain ABI
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asymmetrDistal pulses ic
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FIGURE 45.138 Treatment algorithm for knee dislocation with vascular injury.  (Adapted from 
Nicandri GT, Chamberlain AM, Wahl CJ: Practical management of knee dislocations: a selective angiography 
protocol to detect limb-threatening vascular injuries, Clin J Sport Med 19:125, 2009.)

 FIGURE 45.137 Arteriogram in patient with knee dislocation.
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Femoral arteriography also is indicated in an extremity that 
originally has no pulses, even though satisfactory pulses are 
restored after reduction, because intimal tears may be present 
even though the patency of the popliteal artery is sufficient 
for satisfactory circulation. Sometime later, the tear may dis-
sect free, resulting in thrombosis behind the intimal flap and 
occlusion of circulation. Although arteriography carries a 5% 
false-positive rate and an 8% complication rate, impaired or 
questionably impaired peripheral circulation at any time calls 
for arteriography to be done as soon as possible so that poten-
tial revascularization is not delayed. We avoid any potential 
delay by consulting with a vascular surgeon as soon as a vas-
cular injury is suspected. Often, arteriography is done in the 
operating room at the time of emergency revascularization. 
We do not routinely obtain an arteriogram of extremities with 
knee dislocations when there is no sign of peripheral circula-
tory compromise before or after reduction. During the first 48 
to 72 hours after injury, the extremity is monitored closely for 
an intimal tear that may progress and cause thrombosis even 
when the ABI is within normal limits.

CT angiography can be used more often as an alterna-
tive to femoral angiography; cited advantages include less 
invasive procedure, lower radiation dose, and high sensitiv-
ity and specificity. MR angiography also has been proposed 
as an alternative to define the vascular anatomy and diag-
nose asymptomatic vascular lesions; in one small series of 
knee dislocations, findings were comparable to those of stan-
dard angiography. Arterial duplex ultrasonography has been 
reported to be 100% sensitive and 97% specific for identi-
fying arterial injuries, but this technique is highly operator 
dependent and is not always available for evaluation of acute 
injuries.

An evidence-based algorithm has been developed for 
diagnosis of vascular injury that provides a reasonable 
approach in line with current consensus and available evi-
dence (Fig. 45.138). 

NERVE DAMAGE
Nerve damage has been reported to occur in 10% to 40% of 
knee dislocations. Usually the peroneal nerve is injured, and 
nearly half of these nerve injuries result in permanent neu-
rologic deficit. Although most common with posterolateral 
dislocations, peroneal or posterior tibial nerve injuries have 
been reported with all types of dislocations. In dislocations 
with disruption of the PCL and the posterolateral corner, the 
frequency of peroneal nerve injury has been reported to be as 
high as 45%. Transient or permanent peroneal nerve neura-
praxias have been reported to occur in over half of patients 
with knee dislocations with arterial injuries. A systematic 
review of the literature determined that 87% of patients with 
partial peroneal nerve palsy achieved full motor recovery, 
whereas only 38% of patients with complete lesions had full 
recovery. Krych et  al. also found that patients with partial 
nerve injury were more likely to regain antigravity strength; 
however, they found no difference between patients with 
peroneal nerve injury and those without on Lysholm or IKDC 
scores after multiligament reconstruction at 6-year follow-up. 
Posterior tibial tendon transfer has been recommended for 
treatment of foot drop that persists for at least 1 year after 
knee dislocation. Samson et al. developed an evidence-based 
algorithm for the management of common peroneal nerve 

injury (Fig. 45.139) in which treatment depends on whether 
the palsy is complete or incomplete based on clinical exami-
nation and electromyography testing. Using these two crite-
ria, Woodmass et al. found in a systematic literature review 
that 87% of patients with an incomplete palsy achieved full 
motor recovery, while fewer than 40% of those with complete 
palsy did so. 

OTHER ASSOCIATED INJURIES
Traumatic knee dislocations that occur in isolation typically 
result in better outcomes than those that occur with asso-
ciated injuries. The intercondylar eminences are frequently 
fractured, and other osteochondral fractures and meniscal 
tears have been reported. In addition, one study of 122 dislo-
cated knees identified meniscal or chondral injuries in 76%. 
Fractures of the distal femur or proximal tibia are present in 
approximately 16% of knee dislocations. Darcy et al., in 88 
patients with 90 knee dislocations, found that 57% had asso-
ciated injuries (meniscal damage, tendon and/or ligament 
damage, fractures, dislocations of other joints, neurovascular 
compromise, organ damage). Those with isolated knee dislo-
cations had better outcomes (45% good recovery) than those 
with multitrauma dislocations (25% good recovery). This 
finding was supported in the study by Woodmass et al., who 
found that comparison of knees with similar multiligament 
and neurovascular injury patterns showed that those with 
multitrauma have significantly lower functional scores after 
reconstruction. Although dislocation of the knee probably 
cannot occur without disruption of both cruciate ligaments, 
in straight anterior or posterior dislocations some stability 
may be retained because the femoral condyles are stripped 
cleanly out of the capsular and collateral ligament attach-
ments and slip back inside them when the dislocation is 
reduced. On occasion, with avulsion fractures of the cruciate 
ligaments, the ligaments can be repaired rather than recon-
structed. Midsubstance ACL tears occur in approximately 
50% of knee dislocations, followed in frequency by injury to 
the femoral attachment and the tibial attachment. The PCL is 
torn from its femoral attachment in nearly 75% of knee dislo-
cations, followed by midsubstance tears and tibial avulsions. 

TREATMENT
Early ligament repair or reconstruction and aggressive reha-
bilitation is the optimal approach. Straight anterior or pos-
terior dislocations—stable to varus and valgus stress after 
closed reduction—are most likely to have good results after 
closed reduction and brief immobilization. Other types of 
dislocations tend to be more unstable after reduction, and for 
these we generally prefer operative repair or reconstruction of 
all torn structures, especially in young patients.

Instability should be determined when the knee is 
reduced, and careful inspection of postreduction radiographs 
is necessary to determine that the reduction is anatomic. On 
occasion, the medial capsule and medial collateral ligamen-
tous structures are trapped within the joint when a postero-
lateral dislocation is reduced. This is indicated by a slightly 
nonanatomic reduction on the radiographs and often a dim-
pling, puckering, or furrow along the medial joint line; imme-
diate open reduction may be required. Other indications for 
immediate surgery include arterial injuries, open injuries, 
and compartment syndrome of the leg.
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When anatomic closed reduction is achieved, the knee is 
immobilized in a splint or brace in its most stable position; 30 
to 45 degrees of knee flexion is desirable if the knee is stable 
in this position because this approximates the posterior cap-
sular and posteromedial and posterolateral corner structures 
and removes tension on the popliteal vessels. A circumfer-
ential cast should be avoided to allow careful monitoring of 
the neurocirculatory status. Spanning external fixation is rec-
ommended to maintain reduction if splinting is inadequate. 
Mercer et al., in a biomechanical study, determined that the 

stiffest construct was achieved when pins were placed antero-
lateral on the femur and two connecting rods were used. 
A stiffer construct may provide a better clinical outcome. 
Transarticular pinning or olecranization of the patella should 
be avoided.

It has been well documented in the literature and we are 
convinced that the best results and the most stable knees can 
be obtained with repair or reconstruction of all disrupted 
ligaments when circumstances are optimal for surgery. A 
meta-analysis of studies of knee dislocations published over 
a decade ago (2001) concluded that, overall, reconstruction 
of the ligaments produced better results and a significantly 
lower risk of knee stiffness than did nonoperative treatment. 
Current literature continues to support this observation. This 
also was true in our group of patients with ultralow-velocity 
knee dislocations. Even though their mobility was limited 
before injury, those with surgical ligament reconstruction 
had better function than those treated nonoperatively. Vaidya 
et al. also found better outcomes with operative reconstruc-
tion in their 19 patients with ultralow velocity knee disloca-
tions. Other factors to be considered include related injuries, 
other damage within the knee and surrounding tissues, the 
circulatory status, the age of the patient, and future demands 
on the knee. An elderly person with a sedentary lifestyle and 
few physical demands on the extremity may have a satisfac-
tory result with closed conservative measures, but a young 
person who desires maximally stable function will benefit 
from early repair or reconstruction of the disrupted struc-
tures. In addition, the preexisting alignment of the lower 
extremities should be considered. A preexisting varus knee 
alignment should be treated surgically to prevent a subse-
quent lateral thrust gait. The same may hold true for a pre-
existing valgus knee alignment with a severe medial injury.

When circulation is impaired and abnormality is con-
firmed by angiography, immediate repair of the damaged 
popliteal vessel may save the limb. To delay with a nonsurgi-
cal approach or expectation that collateral circulation around 
the joint will provide sufficient peripheral circulation is to 
invite disaster. The amputation rate is approximately 6% when 
vascular repair is performed within 6 hours. This increases to 
11% when repair is performed within 8 hours, to 86% when 
repair is delayed more than 8 hours, and to 90% when the vas-
cular injury is untreated. When repair of the popliteal artery 
is required, we usually do not perform extensive ligamentous 
reconstruction at the same time. A few well-placed sutures in 
the capsular structures while the popliteal artery is exposed 
are justified, but extensive repair and reconstruction should 
be delayed. Repair of collateral and capsular structures and 
repair or reconstruction of cruciate ligaments can be car-
ried out safely and effectively up to 3 weeks after vascular 
repair. The previous surgical incision should then be healed, 
the integrity of the popliteal artery established, and the liga-
mentous tissue quality still satisfactory for reconstruction or 
repair. The use of a tourniquet is left up to the discretion of 
the vascular surgeon. We usually await clearance from the 
vascular surgeon to use a tourniquet within the first 2 weeks 
of revascularization, and we have noted no recurrent vascular 
problems.

Current treatment recommendations focus on early 
reconstruction of the cruciate ligaments combined with 
repair or reconstruction of the collateral structures, followed 
by aggressive rehabilitation. This approach has been shown 
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FIGURE 45.139 Evidence-based algorithm for management of 
common peroneal nerve injury associated with traumatic knee 
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associated with traumatic knee dislocation, EFORT Open Rev 1:362, 2017.)
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to improve knee stability and range of motion. In general, 
we prefer immediate repair or reconstruction (within 10 to 
14 days) for the following injury patterns: ACL and PCL and 
posterolateral corner, PCL and posterolateral corner, ACL 
and PCLs and MCL (grade III injuries, distal tears), and PCL 
and MCL (grade III injuries, distal tears). Repair or recon-
struction can be delayed for anterior and PCL injuries with 
intact collateral ligaments and for ACL, PCL, and MCL inju-
ries (grade I or II) with an intact POL. Although tears of the 
medial patellofemoral ligament are frequent with multiliga-
ment knee injuries, they rarely cause patellar instability and, 
in most patients, do not require operative treatment.

The choice of graft for reconstruction of cruciate liga-
ments depends on the structures injured, the severity of the 
injury, the timing of the surgery, and the experience of the 
surgeon. We generally prefer allografts for reconstruction 
of multiple ligament–injured knees: bone–patellar tendon–
bone graft for ACL reconstruction, Achilles tendon graft for 
PCL reconstruction, tibialis graft for reconstruction of the 
posterolateral corner, and tibialis or Achilles tendon graft 
for reconstruction of the medial or posteromedial corner. 
Autograft choices include bone–patellar tendon–bone, ham-
string, and quadriceps tendon grafts. Artificial ligaments have 

been studied, and their use has come under investigation for 
multiple-ligament reconstructions. A study of 71 patients 
with artificial ligament reconstructions found subjective and 
objective outcomes comparable with other graft choices at 
54-month follow-up. Graft choices for knee ligament recon-
struction are discussed in more detail in the earlier section on 
ACLs and in Chapter 51.

The operative treatment of a dislocated knee begins with 
a thorough examination with the patient under anesthesia to 
confirm the preoperative identification of injured structures. 
Maslaris et  al. developed an updated “universal” treatment 
algorithm focusing on evaluation and treatment before liga-
ment reconstruction (Fig. 45.140). Arthroscopy is especially 
helpful for evaluation of meniscal and chondral injuries, 
and some ligament repairs and reconstructions can be done 
arthroscopically or with arthroscopic assistance (see Chapter 
51). However, arthroscopy of an acute injury should be lim-
ited because of the risk of fluid extravasation, which could 
precipitate a compartment syndrome in patients with acute 
injuries. In this situation, a dry arthroscopy may be helpful. 
Meniscal and articular cartilage injuries are treated before lig-
ament injuries. The approach used depends on the structures 
injured (Fig. 45.141). A curved medial utility incision allows 
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exposure of the cruciate ligaments, the MCL, and the pos-
teromedial corner; a posterior L-shaped incision (Burks and 
Schaffer) allows exposure of the tibial insertion of the PCL for 
repair of an avulsion fracture or for tibial inlay reconstruction; 
and straight medial and lateral incisions allow exposure of the 
medial and posteromedial and the lateral and posterolateral 
structures, respectively. A straight midline incision allows 
exposure to all structures. Regardless of the approach used, 
full-thickness skin flaps should be developed and appropri-
ate skin bridges (more than 7 cm) should be maintained. The 
suggested sequence of surgery is shown in Box 45.2.

Ferrari et  al. described a technique for reconstruction 
in KDIII-M injuries that involves ACL reconstruction with 
a bone–patellar tendon–bone allograft, double-bundle PCL 
reconstruction with Achilles and anterior tibial tendon 
allografts, and augmentation of the superficial MCL with 
semitendinosus and gracilis autografts. The procedure begins 
with an open surgical approach to allow improved vision of 
the soft tissues and limit fluid extravasation into the operative 
site. Once the MCL reconstruction is completed (grafts are 
not fixed at this point), routine arthroscopic evaluation and 
reconstruction of the ACL and PCL are performed through 
standard anterolateral and anteromedial portals. After fixa-
tion of the ACL and PCL grafts, the semitendinosus and grac-
ilis grafts are fixed.

An alternative early primary repair technique—one-
stage anatomic repair and ligament bracing—was described 
by Heitmann et al. and was reported to have obtained good 
results in the treatment of KDIII or KDIV dislocations in 
69 patients, with few complications and a low revision rate. 
The technique involves primary ACL and PCL transosseous 

sutures with additional suture augmentation. More data are 
needed to support the use of this technique.

Rehabilitation after surgery depends on the individual 
patient and the type and severity of injuries repaired or recon-
structed. In general, protected weight bearing is continued 
for a minimum of 8 weeks, with the continued use of a func-
tional brace for an additional 6 to 8 weeks. Full recovery may 
require 9 to 12 months. In their rehabilitation protocol after 
multiple ligament reconstruction (Fig. 45.142), Harner et al. 
delayed return to sports activities requiring changes in direc-
tion and pivoting for 9 to 12 months after surgery.

OUTCOME OF OPERATIVE TREATMENT OF KNEE 
DISLOCATIONS
Although a better understanding of knee dislocations and 
improved surgical techniques have resulted in better out-
comes, the severe soft-tissue disruption associated with knee 
dislocations often precludes restoration of normal knee func-
tion. In three studies that included more than 100 patients, 
none of the knees was rated as normal according to the 
IKDC scores; 39% were nearly normal, 40% were abnormal, 
and 21% were severely abnormal. More recently, long-term 
follow-up (10 years) of 36 patients with traumatic knee dis-
locations found that 20 (56%) had “nearly normal” knee func-
tion. Current literature continues to indicate better outcomes 
with operative treatment. Vicenti et al., in a recent systematic 
review, found higher Lysholm scores, higher IKDC scores, 
and more frequent return to sport in those treated opera-
tively. A high level of overall knee function after operative 
reconstruction in 36 patients was reported by Khakha et al.

Operative treatment has been shown to produce better 
range of motion and higher functional scores than nonop-
erative treatment, but some residual impairment should be 
expected. Knee stiffness and failure of some components of 
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FIGURE 45.141 Skin incisions for open lateral or posterolateral 
reconstruction combined with arthroscopic reconstruction of ante-
rior and posterior cruciate ligaments. F, Fibular head; G, Gerdy’s 
tubercle; P, patella; T, tibial tubercle.  (From L’Insalata JC, Dowdy PA, 
Harner CD: Multiple ligament reconstruction. In Harner CD, Vince KG, Fu 
FH, editors: Techniques in knee surgery, Philadelphia, 2000, Lippincott 
Williams & Wilkins.)

 BOX 45.2 

Sequence of Surgery for Traumatic Knee 
Dislocation

Examination under anesthesia
Arthroscopic examination
Treatment of meniscal and osteochondral injuries

Reconstruction of cruciate ligaments:

PCL tibial tunnel PCL tibial tunnel
PCL femoral tunnel or ACL tibial tunnel
ACL tibial tunnel ACL femoral tunnel
ACL femoral tunnel PCL femoral tunnel

Passage and fixation of PCL graft in femoral tunnel
Passage and fixation of ACL graft in femoral tunnel
Tensioning and fixation of PCL graft with knee flexed 90 

degrees
Tensioning and fixation of ACL graft with knee in full extension
Repair, augmentation, and reconstruction of collateral liga-

ments
Range of motion and examination under anesthesia to ensure 

proper fixation
Radiographic confirmation of knee joint reduction

ACL, Anterior cruciate ligament; PCL, posterior cruciate ligament.
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the ligamentous reconstruction are the most common com-
plications after operative treatment of knee dislocation. Rhon 
et al., in a study of 3605 military members with knee injuries, 
found that 10% had developed posttraumatic arthritis at an 
average of 4 years after injury; knee dislocation was associated 
with the highest odds of developing posttraumatic arthritis. 
Another study reported development of posttraumatic arthri-
tis in 42% of 65 operatively treated knee dislocations.

In a series of 119 patients with knee dislocations treated 
at a Level 1 trauma center, 32% had early complications and 
9% required amputations; 47 patients (39%) required at least 
one unplanned secondary operation (total of 223 second-
ary operations) to treat instability or other complications. 
Limitations in knee motion were associated with high Injury 
Severity Score, infection, and heterotopic ossification. Despite 
these complications, in 31 patients (without amputation) who 
completed the Musculoskeletal Function Assessment (MFA) 
31 scored excellent, 16 good, 16 fair, and three poor. Patients 
with popliteal artery injuries that require bypass grafting have 
significantly lower knee function scores than those with vas-
cular injury.

Heterotopic ossification has been reported to occur in 
over 30% of patients with knee dislocations and may result in 
a stiff knee with loss of motion. In a study of 91 patients with 
knee dislocations, Whelan et al. cited PCL reconstruction as 
the only independent predictor of heterotopic ossification.

Studies of KDIV injuries have reported a poor progno-
sis compared to KDI, II, and III injuries. In a meta-analysis, 
patients with KDIV injuries had lower return-to-work and 
return-to-sport rates than those with KDIII injuries, and 
another study found that patients who had dislocations with 
multiple ligament injuries were more likely to require revi-
sion surgery for persistent instability. Patients with recurrent 
instability may have other concomitant pathologies, including 
limb malalignment, bone tunnel widening, retained implants, 
meniscal incompetence, and cartilage defects. Identification 
and treatment of these associated pathologies, often in a 
staged manner, can provide modest functional outcomes.

Patellar dislocations are discussed in Chapter 60. 

SYNOVIAL PLICAE
During fetal development, the knee is separated into three 
compartments by synovial membranes. At 4 to 5 months 
of development, the partitions resolve to form a single cav-
ity. Incomplete or partial resorption results in incomplete 
synovial shelves or plicae. The synovial plicae of the knee are 
commonly described as suprapatellar, mediopatellar, infrapa-
tellar, and lateral (Fig. 45.143). Infrapatellar plicae usually are 
reported to be the most common.

Medial patellar plicae have been reported in 5% to 70% 
of individuals and suprapatellar plicae in approximately 17%.

Any condition that produces chronic irritation, trauma, 
or scarring may result in thickening of the plicae and the 
production of signs and symptoms suggesting internal 
derangement of the knee. Poorly placed medial arthrot-
omy incisions could damage the medial plica sufficiently 
to cause scarring and subsequent symptoms. Bumping 
the flexed knee on a hard object may traumatize a plica 
and inflame and thicken it sufficiently to cause symptoms. 
Careful examination should differentiate symptoms of 
a thickened plica that becomes inelastic from fibrosis or 
hyalinization from symptoms of a torn meniscus. A torn 
meniscus usually causes periodic episodes of giving way, 
buckling, locking, and pain localized along the joint line, 
and pain often is increased or reproduced by torsion of the 
tibia on the femur. A pathologic plica produces popping 
and catching in the knee by snapping across the patella or 
medial femoral condyle.

With the patient seated on the edge of the examining 
table and the leg dangling, palpation along the medial side 
of the patella as the patient flexes and extends the knee often 
localizes the abnormal plica as it flips over the medial femo-
ral condyle and may produce a momentary “stuttering” of the 
patella. Kim et al. described a clinical test for medial patellar 
plica (MPP) that is reported to have a sensitivity of 90% and 
specificity of 89%, which was better than either ultrasound or 
MRI in a systematic literature review by Stubbings and Smith. 
The test is done with the patient supine and the knee extended. 
The examiner uses his or her thumb to apply manual force to 
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Rehabilitation Goal: Restore Range of Motion, Strength, and Function

FIGURE 45.142 Rehabilitation protocol after multiple ligament reconstruction.  (From Harner CD, 
Waltrip RL, Bennett CH, et al: Surgical management of knee dislocations, J Bone Joint Surg 86A:262, 2004.)
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the inferomedial portion of the patellofemoral joint to insert 
the medial pica between the medial femoral condyle and the 
patella. While this force is maintained, the knee is flexed 90 
degrees. The MPP test is considered positive when pain is 
experienced with the knee in extension and is eliminated or 
markedly diminished with the knee in 90 degrees of flexion. 
Dynamic ultrasonography has been reported to have a diag-
nostic accuracy of 88%, sensitivity of 90%, and specificity of 
83% in the evaluation of medial plica syndrome; however, this 
technique is highly operator dependent.

Abnormal plica is diagnosed best by arthroscopic exami-
nation of the knee. Careful assessment of the width and tex-
ture of the plica by viewing and probing is important. When it 
is sufficiently prominent (Fig. 45.144), a plica can present dif-
ficulties during arthroscopy as the arthroscope is introduced 
into the suprapatellar pouch (see Chapter 51).

Several authors have noted an association between the 
presence of plicae and the development of chondral lesions of 
the femoral condyle. These degenerative changes have been 
suggested to be caused by a pathologic medial plica that snaps 
or impinges against the underlying femoral condyle during 
knee motion. MRI or ultrasound may be helpful to confirm 
the diagnosis.

Treatment initially should be conservative. Restriction of 
activities, use of antiinflammatory agents, intraarticular cor-
ticosteroid injections with or without ultrasound guidance, 
and institution of an isometric exercise program for the quad-
riceps muscles often result in sufficient reduction of edema 
and synovitis so that the plica assumes a more normal resil-
iency and therefore does not produce symptoms. If a plica has 
become fibrotic and hyalinized and conservative measures 
fail to relieve a patient’s symptoms, surgical excision should 
be curative. Excision usually is done by arthroscopic tech-
niques, although a limited excision can be performed through 
a medial parapatellar incision. Simply incising or sectioning 

the plica is not recommended because of the possibility that 
the continuity of the plica will be restored by scar tissue. 

ARTICULAR CARTILAGE INJURIES
Articular cartilage is a complex tissue that is able to withstand 
tremendous forces over many cycles but does not have the 
ability to heal even after a minor injury. More than 250 years 
ago, Hunter observed, “Ulcerated cartilage is a troublesome 
thing, once destroyed is not repaired.” The health and func-
tion of a joint depend on the viability of the articular carti-
lage; without articular cartilage, arthritis develops. In young 
athletic individuals, articular cartilage changes usually are 
caused by trauma, whereas these changes are degenerative in 
older individuals. Knee arthroscopy studies have found artic-
ular cartilage lesions in 60% to 66% of patients.

Patients with articular cartilage injuries usually complain 
of pain, effusion, and mechanical symptoms. In patients with 
femoral lesions, pain generally is localized to the medial or lat-
eral tibiofemoral compartment and is worse with weight bear-
ing or high-impact activity. Patients with patellar lesions report 
pain with kneeling, stair climbing, and prolonged sitting.

Evaluation of a patient suspected of having a chondral or 
osteochondral lesion of the knee should include weight-bearing 
anteroposterior, 45-degree posteroanterior, lateral, and patellar 
(Merchant or sunrise) views of the involved extremity, as well as 
bilateral standing hip-knee-ankle anteroposterior views. Clinical 
suspicion of an articular cartilage lesion should prompt evaluation 
with cartilage-sensitive MRI to determine lesion location, size, 
and grade. Several classification systems have been developed to 
indicate the severity and type of articular cartilage injuries (Tables 
45.5 and 45.6). Arthroscopic evaluation usually is necessary for 
definitive classification, but advances in cartilage-sensitive MRI 
techniques have made this method effective in providing valuable 
information about the size and grade of a lesion before surgery.

 FIGURE 45.144 Arthroscopic view of synovial plica.
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Articular cartilage lesions often are accompanied by sig-
nificant hemarthrosis and occult subchondral trabecular 
microfractures (bone bruises, bone blisters). Occult subchon-
dral bone bruises have been found in up to 80% of patients 
with complete ruptures of the ACL.

TREATMENT
Treatment recommendations for articular cartilage injuries 
and resulting arthritis include nonoperative and operative 
management. Nonoperative treatment involves decreasing 
the load on the joint. Having the patient lose weight, alter 
activities, and strengthen the muscles across the joint may 
help absorb some of the load. Orthoses or braces also are ben-
eficial, as are analgesics and antiinflammatory medications.

Operative treatment generally is indicated if nonopera-
tive methods fail to relieve pain and mechanical symptoms. 
Treatment options include debridement, marrow stimulation, 
transplantation to fill the defect, cell-based therapy, and the 
use of growth factors or pharmacologic agents (Table 45.7). 
The choice of procedure is based primarily on the size of the 
lesion (Table 45.8) and the activity demands of the patient.

ARTHROSCOPIC DEBRIDEMENT
For patients with minimal symptoms and small lesions 
(<2 cm2) in areas of limited weight bearing, arthroscopic 
debridement to remove loose flaps or edges that impinge 
in the joint can provide short-term relief (see Chapter 51). 

The goal of arthroscopic debridement and lavage is to reduce 
the inflammation and mechanical irritation within the joint. 
Debridement may include smoothing of the fibrillated artic-
ular surface (chondroplasty), meniscal trimming, shaving of 
osteophytes, and removal of inflamed synovium. Joint lavage 
is thought to reduce synovitis and pain by washing frag-
ments of cartilage and calcium phosphate crystals from the 
knee. Scilla et al. reported that, at 6-year follow-up, 67% of 
National Football League players had been able to return to 
play after arthroscopic chondroplasty; those who had con-
comitant microfracture were less likely to return. Results after 
debridement are not as good in patients with significant knee 
arthritis. 

ABRASION CHONDROPLASTY, 
MICROFRACTURE
Abrasion chondroplasty or microfracture techniques (Fig. 
45.145) may stimulate a reparative process for small lesions  
(<2 cm2) in low-demand patients. These procedures, which 
involve penetration of the avascular cartilage layer into the 
vascular subchondral bone to stimulate extrinsic repair, are 
the most commonly used procedures for cartilage restoration. 
According to the American Board of Orthopaedic Surgery 
(ABOS) Part II database (queried from 2002 to 2013), chon-
droplasty was the most common procedure (80%), followed 
by microfracture (21%) and osteochondral grafting (2%). 
Both patient age and frequency in chondroplasty had dramatic 
decreases since 2011. Improvement in symptoms has been 
reported in 60% to 70% of patients after abrasion or micro-
fracture, but the fibrocartilaginous repair appears to deterio-
rate with time, beginning at about 18 months after surgery. In a 
review of the literature involving 3122 patients, functional out-
comes were improved in 75% to 100% of patients at short-term 
follow-up after microfracture; however, at 2-year follow-up, 
47% to 80% had a decline in function, and at long-term follow-
up (6 to 7 years) functional decline was seen in 67% to 85% 
of patients. Results are significantly better in patients younger 
than 40 years than in patients older than 40 years. Advantages 
of microfracture are the simplicity of the procedure, the rela-
tively low cost, and the low risk of patient morbidity. It also does 
not prevent the later use of other, more complex procedures.

 TABLE 45.5

Classification of Articular Lesions by 
Configuration (Bauer and Jackson)

TYPE CONFIGURATION
I Linear
II Stellate
III Flap
IV Crater
V Fibrillation
VI Degrading

 TABLE 45.6 

Classification of Articular Cartilage Lesions by Severity

GRADE OUTERBRIDGE MODIFIED OUTERBRIDGE ICRS
0 Normal cartilage Intact cartilage Intact cartilage
I Softening and swelling Chondral softening or blistering 

with intact surface
Superficial (soft indentation or superfi-
cial fissures and cracks)

II Fragmentation and fissures 
in area less than 0.5 inch in 
diameter

Superficial ulceration, fibrillation, 
or fissuring less than 50% of depth 
of cartilage

Lesion less than half the thickness of 
articular cartilage

III Fragmentation and fissures 
in area larger than 0.5 inch in 
diameter

Deep ulceration, fibrillation, fis-
suring, or chondral flap more than 
50% of cartilage without exposed 
bone

Lesion more than half the thickness of 
articular cartilage

IV Exposed subchondral bone Full-thickness wear with exposed 
subchondral bone

Lesion extending to subchondral bone

ICRS, International Cartilage Repair Society.
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Five factors have been identified as affecting the quality of 
the cartilaginous repair tissue after microfracture of a chon-
dral defect: (1) during debridement, the calcified cartilage 
layer must be removed, but the abrasion of the subchondral 
bone must be avoided; (2) a 1- to 2-mm bridge of bone must 
be left between penetrations to allow connective tissue to fill 
the defect and adhere to the base of the defect; (3) joint func-
tion must be maintained after surgery by the use of early con-
tinuous passive motion; (4) protected weight bearing must be 
strictly enforced, depending on the location of the lesion; and 
(5) any significant abnormality in the mechanical axis must 
be corrected in conjunction with the microfracture proce-
dure. This technique is described in Chapter 51. In an attempt 
to improve long-term results, principles of tissue engineer-
ing currently are being applied to microfracture techniques 
(“enhanced microfracture”). Autologous matrix-induced 
chondrogenesis (AMIC) combines microfracture with the 
use of an exogenous scaffold to stabilize the marrow clot 
and allow the ingrowth of mesenchymal stem cells. Several 
such matrices are commercially available, but most are not 

approved by the U.S. Food and Drug Administration for use 
in the United States. Currently, there are few studies reporting 
the performance of these enhancements. 

OSTEOCHONDRAL AUTOGRAFT TRANSPLANT, 
OSTEOCHONDRAL ALLOGRAFTING, AUTOLOGOUS 
CHONDROCYTE IMPLANTATION
For larger lesions or multiple lesions, especially in high-
demand patients, restorative procedures such as osteo-
chondral autograft transfer, osteochondral allografting, and 
autologous chondrocyte implantation (ACI) usually are indi-
cated (Videos 45.5 and 45.6). Osteochondral autografts can 
be transplanted into damaged areas (up to 2 cm2) from areas 
of less weight bearing on the femoral condyle as either a sin-
gle large bone plug or multiple small plugs (mosaicplasty) 
(Fig. 45.146). For larger lesions (2 to 3.5 cm2), allografts can 
be obtained from a fresh osteoarticular size-matched hemi-
condyle (Fig. 45.147). Chondrocyte viability of up to 80% has 
been reported at 4 weeks after implantation. Osteochondral 
allografts appear to be durable: short-term follow-up studies 
have indicated graft survival rates between 79% and 100%. 
In a long-term follow-up study of 129 knees with femoral 
condylar lesions treated with osteochondral allografts, survi-
vorship was 82% at 10 years, 74% at 15 years, and 66% at 20 
years. Graft failure was most likely in patients 30 years of age 
or older and in patients with two or more previous surgeries 
on the operative knee. Kyrch et al. reported a limited return 
to sport in 38 (88%) of 43 athletes at an average of 2.5 years 
after allograft transplantation, with full return to preinjury 
levels eventually achieved in 34 (79%). Risk factors for not 
returning to sports were age of 25 years or older and preop-
erative duration of symptoms of 12 months or more. A more 
recent study by Balazs et al. reported an 80% return to previ-
ous levels of competition in four professional and seven col-
legiate basketball players, and Nielsen et al. reported that 75% 
of patients had returned to sport or recreation 6 years after 
osteochondral allograft transplantation.

 TABLE 45.7

Treatment Options for Articular Cartilage Lesions

PROCEDURE INDICATIONS OUTCOME
Arthroscopic 
debridement and 
lavage

Minimal symptoms Palliative

Marrow 
stimulation

Smaller lesions, low-
demand patient

Reparative

Osteochondral 
autograft

Smaller lesions, low- or 
high-demand patients

Restorative

Osteochondral 
allograft

Larger lesions with bone 
loss, low- or high-demand 
patients

Restorative

Autologous 
chondrocyte 
implantation

Small and large lesions 
with and without bone 
loss, high-demand 
patients

Restorative

Genetic 
engineering

Investigational Restorative

From Garrick JG, editor: Orthopaedic knowledge update: sports medicine, ed 3, 
Rosemont, IL, 2004, American Academy of Orthopaedic Surgeons.

 TABLE 45.8

Operative Treatment of Articular Cartilage Lesions

LESION SIZE OPERATIVE TREATMENT
≤1.0 cm Observation

Abrasion chondroplasty
Microfracture
Osteochondral autograft transfer

1.0–2.0 cm Abrasion chondroplasty
Microfracture
Osteochondral autograft transfer

2.0–3.5 cm Fresh osteochondral allograft
Autologous chondrocyte implantation

3.5–10 cm Autologous chondrocyte implantation
Multiple (2 or 3) Autologous chondrocyte implantation

 FIGURE 45.145 Microfracture of articular cartilage lesion.  (From 
Canale ST, Azar FM: Osteochondritis dissecans. In Jackson DW, editor: 
Master techniques in orthopaedic surgery: reconstructive knee surgery, 
ed 3, Philadelphia, 2007, Lippincott Williams & Wilkins.)
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Tirico et al. described osteochondral autograft transplanta-
tion (OAT) procedures in 371 patients (396 knees). At an aver-
age follow-up of 5.5 years, patient satisfaction rate was 88%, 
which was constant over time. OAT was used by Wang et al. 
in 43 revision surgeries after previous cartilage repair proce-
dures. At a mean 3.5-year follow-up, significant improvements 
were noted in SF-36 Physical Function, SF-36 Pain, KOS-ADL, 
IKDC Subjective Knee Score, and Cincinnati Overall Symptom 
Assessment. Over 90% of grafts remained in place at latest follow-
up. Using the National Surgical Quality Improvement Program 
Database, Gowd et al. analyzed 15,609 procedures and found 
linear increases in open and arthroscopic osteochondral auto-
graft and allograft transplantation. The most frequent concomi-
tant procedure was meniscectomy. Complication rates were low 
with all procedures (<1% to 2%), and no significant differences 
were found among procedures. A comparison of microfrac-
ture and mosaicplasty in 40 patients found that mosaicplasty 
resulted in better clinically relevant outcomes at short, medium, 
and long term (minimum 15 years) than microfracture.

Patients with irregular or ovoid lesion or multicompart-
mental focal lesions present challenging situations. Cotter 
et  al. compared adjacent-plug OAT (snowman technique) 

used for larger, high-grade chondral lesions to multicom-
partmental or bipolar OAT. Patients with unicondylar, multi-
plug OAT had inferior clinical outcomes, higher reoperation 
rates, and greater failure rates than those who had isolated 
single-graft transplantation, suggesting that multifocal OAT 
may be a better knee preservation technique for young, active 
patients with multifocal chondral lesions.

The biggest disadvantage to the use of fresh allografts is 
that the patients must be “on call” for immediate surgery when 
a suitable graft becomes available. To alleviate this problem, 
a preshaped, cylindrical sterilized and decellularized osteo-
chondral allograft (SDOCA) has recently been developed 
as a treatment option. Farr et al. used these allografts in 32 
patients with a mean age of 35 years and mean defect size of 
2.9 cm2. Twenty-three (72%) of these knees were considered 
failures, defined as structural damage of the graft or any reop-
eration resulting in removal of the graft; implant survival was 
only 20% at 2 years. 

AUTOLOGOUS CHONDROCYTE IMPLANTATION
For lesions up to 10 cm or for multiple lesions, ACI can be an 
effective restorative procedure. This procedure is done in two 
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FIGURE 45.146 A, Miniarthrotomy mosaicplasty. Donor site area can be reached by extending 
knee. B, Recipient area is reached by flexing knee. C, Open mosaicplasty on femoral trochlea.  (From 
Hangody L, Füles P: Autologous osteochondral mosaicplasty for the treatment of full-thickness defects of 
weight-bearing joints: ten years of experimental and clinical experience, J Bone Joint Surg 85A:25, 2003.)
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stages. First, a small amount of articular cartilage or chondral 
bone is removed arthroscopically for growing of the autolo-
gous chondrocytes. Then, usually 3 to 6 weeks later, an open 
procedure is done to implant the cells in the chondral defect. 
A periosteal graft is sutured over the defect, and the chondro-
cytes are injected under the graft into the defect (Fig. 45.148). 
The injection site is closed with one or two additional sutures 
and sealed with fibrin glue. Malalignment, ligament instabil-
ity, and meniscal deficiencies must be corrected before or at 
the time of ACI. Good to excellent results have been reported 
in 80% to 89% of patients at 2 to 9 years after surgery. Some 
authors have reported better results in patients younger than 
40 years of age at the time of surgery, whereas others have 
found no differences in the outcomes of ACI. Ogura et  al. 
reported a 20-year survival rate of 63% in 23 patients with 
first-generation ACI; 79% of patients maintained their native 
knee for which they initially sought treatment and were sat-
isfied with their outcomes. ACI also has been reported to be 
successful in treating large (average approximately 500 mm2) 
chronic articular cartilage lesions. In 104 patients who had 
symptoms for nearly 8 years before treatment, 26% experi-
enced graft failure at an average of 6 years after ACI; of the 
patients in whom the graft did not fail, 88% had excellent or 
good results. The most common complications are articular 
adhesions (2%) and detachment or delamination (<1%).

To avoid multiple operative procedures, an ACI “sandwich” 
technique (Fig. 45.149) was developed in which cancellous 

bone graft is used to fill the bone defect, periosteum is sutured 
above the bone graft at the level of the subchondral bone with 
the cambium layer facing the joint, more periosteal membrane 
is sutured to the rim of the chondral defect with the cambium 
layer facing the defect, fibrin glue is used to secure a watertight 
seal, and chondrocytes are injected between the membranes. 
One variation of this sandwich technique uses a porcine type 
I to type III membrane rather than periosteum, and another 
matrix-induced ACI technique uses a porcine collagen bilayer 
seeded with chondrocytes and secured directly to the base of a 
prepared chondral defect by fibrin glue.

Because of the frequency of periosteal hypertrophy and 
the difficulty of harvesting the periosteum and sewing it in 
place, bioabsorbable collagen covers were developed as an 
alternative (second-generation ACI). The implantation of cul-
tured chondrocytes in suspension, as is done in both periosteal 
and collagen covers, raised concerns about uneven distribu-
tion of the chondrocytes in the defect and the possibility of 
cell leakage. To avoid these problems, chondrocytes have been 
seeded directly onto biodegradable scaffolds that are collagen 
based (e.g., MACI, Genzyme Biosurgery, Cambridge, MA) 
or hyaluronan based (e.g., Hyalograft-C, Anika Therapeutics, 
Bedford, MA; BioCart II, ProChon Biotech, Woburn, MA; 
Cartilix, polymer hydrogel, Biomet, Warsaw, IN; Cartipatch, 
agarose-alginate matrix, TBF Tissue Engineering, Mions, 
France). Because these membrane scaffolds are naturally 
“sticky,” they can be placed into the defect arthroscopically 
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FIGURE 45.147 Allografting of osteochondral lesion. A and B, Preparation of recipient bed. 
C, Removal of graft from donor bone. D, Graft in place.  (From Canale ST, Azar FM: Osteochondritis 
dissecans. In Jackson DW, editor: Master techniques in orthopaedic surgery: reconstructive knee surgery, 
ed 3, Philadelphia, 2007, Lippincott Williams & Wilkins.)
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without additional fixation or covering. Results comparable to 
those obtained with standard ACI have been reported in the 
European literature. Hoburg et al. reported a third-generation 
MACI technique using spheroids for treatment of 71 patients 
(29 adolescents, 42 young adults). All patients achieved high 
functional values, and there were no significant differences in 
rates of treatment failure between adolescents (3%) and young 
adults (5%). However, Zaffagnini et al., reported a low rate of 
return to pre-injury sport levels 10 years after MACI proce-
dures in 31 competitive athletes. The best results were obtained 

in young patients with traumatic dislocations without previ-
ous surgery. At even longer follow-up (12 years), Kreuz et al. 
reported significant improvement in the IKDC, the Lysholm, 
the KOOS, and the Noyes scores in 21 patients, with complete 
defect filling in 10 of 14 patients evaluated with MRI.

Other investigators (NeoCart, Histogenics, Northampton, 
MA) have cultured a scaffold seeded with autologous chondro-
cytes inside a bioreactor that continuously applies hydrostatic 
pressure to the scaffold; the company ceased Phase 3 clinical 
trials in 2018 and has suspended development of the implant. 
A Belgian company (ChondroCelect, Tigenix, Inc., Leuven, 
Belgium) identified and developed a mechanism to selectively 
culture more potent chondrocytes for implantation, but this 
was withdrawn from the market in November of 2016. To elim-
inate the need for a two-stage procedure, minced donor car-
tilage was placed on a bioabsorbable scaffold, which was then 
stapled into the chondral defect. Suggested advantages of this 
system (CAIS, DePuy-Mitek, Norwood, MA) are the avoidance 
of multiple surgeries for cartilage biopsy harvesting and chon-
drocyte implantation, simplification of the surgical technique 
by staple fixation rather than suturing of the periosteum, and 
reduction of the high costs associated with the mechanical and 
logistical complexities of current methods of ACI. However, 
slow trial enrollment and concerns about return on investment 
led to discontinuation of the trial. A more recent product is 
particulated juvenile cartilage allograft (DeNovo NT, Zimmer, 
Warsaw, IN), which consists of allograft articular cartilage from 
donors younger than 13 years old that has been cut into approx-
imately 1-mm cubes. Juvenile chondrocytes have 100-fold 
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FIGURE 45.148 Autologous chondrocyte implantation. A, Femoral defect. B, After debridement. 
C, Cells held in place by periosteum sutured over defect.
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FIGURE 45.149 “Sandwich” technique of autogenous chon-
drocyte implantation uses layers of transplanted bone, periosteal 
flap, chondrocytes, and periosteal flap.  (From Peterson L: Interna-
tional experience with autologous chondrocyte transplantation. In Scott 
WN, editor: Insall & Scott surgery of the knee, ed 4, Philadelphia, 2006, 
Churchill Livingstone Elsevier.)
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increased ability to produce proteoglycans and have the poten-
tial to increase the ability of adult cartilage fragments to produce 
matrix. DeNovo NT has a shelf life similar to a fresh osteochon-
dral allograft (40 to 45 days). Each package of DeNovo NT is 
intended to cover defects up to 2.5 cm2, so multiple packets 
may be necessary for larger lesions. DeNovo NT is applied to 
cartilage lesions in a monolayer and held in place with a fibrin 
sealant (Fig. 45.150). Currently, there are few reports of clini-
cal outcomes of this technique, most involving patellar or talar 
lesions. In a prospective study of 25 patients with 29 lesions of 
the femoral condyles or trochlea treated with DeNovo NT, Farr 
et al. reported significant improvements in pain and function 
as early as 3 months after surgery and maintained at 2-year fol-
low-up. Although CARGEL (Smith & Nephew Inc., Memphis 
TN), a chitosan-based polymer scaffolding biomaterial, has 
been used since 2012 for treating articular cartilage lesions, 
limited data are available on patient outcomes. Most recently, 
Steinwachs et al. reviewed 91 patients (93 lesions) treated with 

CARGEL and microfracture. Significant decreases were found 
in pain and swelling and significant increases were found in 
MOCART II scores. No patients required reoperation.

Regardless of the specific technique used, a disadvan-
tage of ACI is the prolonged postoperative rehabilitation 
that requires strict compliance of the patient with weight-
bearing and activity restrictions. However, one study found 
that activity levels in patients with characterized chondro-
cyte implantation were comparable to those of patients with 
microfracture at 2 years after surgery, and in both groups a 
lack of low-load activities after surgery adversely affected 
functional outcomes.

The popularity of the use of PRP in treating osteoarthri-
tis of the knee has led to its use in the treatment of chon-
dral defects of the knee, although clinical follow-up data are 
limited. A small comparative study of 20 patients found that 
functional recovery and resolution of pain were quicker with 
the addition of PRP to microfracture. Currently, there is no 
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FIGURE 45.150 Use of particulated articular cartilage for chondral defects of the knee. A, 
Parapatellar arthrotomy and debridement of defect. B, Sizing of defect. C, Placement of thin sheet 
of sterile foil in defect to create negative mold. D, Placement of particulated cartilage fragments 
as single layer into mold. E, Filling of mold with fibrin glue. F, Application of layer of fibrin glue 
to base of defect, insertion of implant, and final layer of fibrin glue to secure graft. G, For large 
defects, particulated cartilage can be applied directly to bed of defects (H), fixed with fibrin glue, 
then covered with collagen I/III membrane, which is sewn in place using standard techniques from 
autologous chondrocyte implantation (I).  (From Ribboh JF, Cole BJ, Farr J: Particulated articular cartilage 
for symptomatic chondral defects of the knee, Curr Rev Musculoskelet Med 8:429, 2015.)
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conclusive, high-quality evidence to support the use of PRP 
for either traumatic or degenerative chondral lesions.

A recent prospective randomized study evaluated the 
use of hyaluronic acid after intraarticular knee fractures to 
decrease the frequency of posttraumatic arthritis and osteo-
chondral damage. Patients with hyaluronic acid injections 
had significantly less pain, but no differences were found in 
other KOOS-related outcome measures, complications, func-
tional outcome, or quality of life. Monckeberg et  al. used 
intraarticular injections of peripheral blood stem cells in 20 
patients to determine if they improved the regeneration of 
articular cartilage in patients with osteochondral knee inju-
ries. They reported improvements in all outcome measures 
at 5-year follow-up and no infections, tumors, or synovitis.

One strategy currently being developed is the manipula-
tion of the repair process at the cellular and molecular levels 
by the transfer of new genetic information to cells that con-
tribute to the healing process (“gene therapy”). Research is 
focused on finding the most efficient vector for delivering this 
genetic information and the candidate genes most likely to 
improve cartilage repair and regeneration. Cell-based therapy 
also is being investigated using mesenchymal stem cells; the 
use of cell-based therapies allows the versatility of using scaf-
folds, growth factors, recombinant proteins, and gene therapy 
in various combinations.

With any of these procedures, malalignment, ligament 
instability, patellar instability, or any other coexisting patel-
lofemoral pathologic process should be corrected to improve 
outcome. A systematic review of treatment methods that 
included microfracture, osteochondral autologous trans-
plantation, ACI, and matrix-associated ACI found that all 
operative procedures produced comparable improvements 
in Lysholm scores, with no procedure proven superior. A 
prospective comparative study of microfracture, OAT, and 
ACI also found no differences in functional scores or MRI 
grades among the groups, with good results in 80% after 
microfracture, 82% after OAT, and 80% after ACI. Using a 
large US commercial database, Frank et al. compared reop-
eration rates after 47,207 cartilage restoration procedures 
in the knee (microfracture, ACI, OAT, and osteochondral 
allograft). Microfracture had the greatest risk of conversion 
to arthroplasty, and cell-based approaches had a significantly 
increased risk for reoperation. 

EMERGING TECHNOLOGIES
Tissue engineering has the potential to provide a more sus-
tainable and effective treatment of osteochondral defects by 
replacing the damaged tissue with a long-lasting bio-man-
ufactured replacement tissue. Generally, the most common 
approach involves the use of a suitable biocompatible scaffold, 
stem cells, and a combination of bioactive molecules includ-
ing growth factor proteins. The use of scaffolds for treatment 
of osteochondral defects is limited by the lack of availability; 
only a few scaffold designs have made it to clinical trials. The 
continued development of materials and techniques for tis-
sue engineering, including 3D printing, holds promise for 
improved outcomes of osteochondral lesion treatment. 

OSTEOCHONDRITIS DISSECANS
Osteochondritis dissecans (OCD) is the most common source 
of loose bodies in the knee joint. Other sources are (1) syno-
vial chondromatosis, (2) osteophytes, (3) fractured articular 
surfaces, and (4) damaged menisci. In OCD, an area of sub-
chondral bone becomes necrotic and degenerative changes 
usually occur in the cartilage overlying it. During the course 
of the disease, unless it is interrupted by surgery, other treat-
ment, or spontaneous healing, the necrotic bone and the car-
tilage overlying it gradually separate from adjacent bone and 
cartilage and together become a loose body. It occurs most 
often in the knee joint, but it can occur in any joint, includ-
ing the elbow, ankle, shoulder, and hip, and on any part of 
the articular surfaces (Fig. 45.151). OCD is most common in 
individuals aged 12 to 19 years.

In OCD of the knee (Fig. 45.152), the lesion usually is 
located on the lateral aspect of the medial femoral condyle 
near the attachment of the PCL (80%), but it can occur else-
where on the articular surface of this condyle and occasion-
ally on that of the posterolateral aspect of the femoral condyle 
(15%) or the inferomedial quadrant of the patella (5%). OCD 
is bilateral in 20% to 30% of patients.

OCD occurs in two groups of patients: (1) young patients, 
before physeal closure, in whom treatment can be expected to 
produce good results (Fig. 45.153); and (2) adults, in whom 
the cause may be a vascular phenomenon and the results less 
satisfactory. OCD of the knee joint is more common during 
adolescence.
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FIGURE 45.151 Sites of lesions of osteochondritis dissecans of knee according to Hefti et al. (A) 
and Aichroth (B).
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ETIOLOGY
The etiology of OCD is controversial and remains unclear. 
Theories include ischemia, repetitive microtrauma, familial 
predisposition, endocrine imbalance, epiphyseal abnormali-
ties, accessory centers of ossification, growth disorders, osteo-
chondral fracture, repetitive microtrauma with subsequent 
interruption of interosseous blood supply to the subchondral 
area of the epiphysis, anatomic variations in the knee, and 
congenitally abnormal subchondral bone. Mechanical fac-
tors have been implicated in the development of OCD by the 
finding of an association between medial condylar lesions 
and a varus mechanical axis of the leg and between lateral 

condylar lesions and a valgus axis. A comparison of 35 skel-
etally immature patients with OCD of the medial femoral 
condyle to matched controls determined that femoral notch 
width measured on MRI was significantly smaller in those 
with OCD. The authors suggested that this anatomic factor 
may increase the likelihood of tibial eminence impingement 
and contribute to OCD lesion formation. 

CLINICAL AND RADIOGRAPHIC FINDINGS
OCD of the knee occurs twice as often in males as in females. 
It is rare in patients younger than 10 years or older than 50 
years. There are two distinctly different clinical pictures, one 

 

BA

FIGURE 45.152 Osteochondritis dissecans of knee, nonoperative treatment. A, Lesion in adoles-
cent treated nonoperatively in cast for 9 months. B, Several years later, complete healing is apparent 
and knee is asymptomatic.
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FIGURE 45.153 Osteochondritis dissecans. A, Osteochondritis dissecans involving weight-bearing 
portion of lateral femoral condyle in 15-year-old boy. B and C, Fragment internally fixed with 
multiple Kirschner wires.
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in a child or young adolescent 5 to 15 years of age with open 
physes and the other in an older adolescent or adult. The most 
common symptom is vague, aching discomfort in the knee, 
frequently of several months’ duration. Approximately 80% of 
juvenile patients have symptoms for an average of 14 months 
before initial presentation. A history of trauma to the knee 
is given by 40% to 60% of patients. Examination also may 
reveal effusion, joint line tenderness or tenderness over the 
lesion, limitation of motion, presence of McMurray sign, and 
quadriceps atrophy. The patient may walk with an externally 
rotated gait to avoid contact of the medial femoral condyle 
with the medial tibial spine (Wilson sign). A thorough his-
tory and physical examination are necessary to rule out other 
causes of knee disease.

Catching and popping may be prominent symptoms once 
the lesion becomes separated or partially separated, and these 
may be due to a slight effusion. These symptoms can mimic 
those of meniscal derangement. Once complete separation 
has occurred, the patient experiences mechanical symptoms 
and may be able to palpate a loose body within the joint.

Radiographic examination is diagnostic. Because the 
lesion most commonly is on the inner aspect of the medial 
femoral condyle, the tunnel or intercondylar notch view may 
be the most revealing. Routine anteroposterior, lateral, and 
patellofemoral radiographs should be made in addition to 
the tunnel view. Comparison radiographs should be obtained 
in juvenile and adolescent patients because an OCD lesion 
may be confused with bilateral anomalous ossification cen-
ters, which may cause transient symptoms but usually resolve 
spontaneously within 6 to 12 months. OCD is bilateral in up 
to 30% of patients.

MRI is helpful in assessing fragment attachment and 
viability. Common MRI characteristics include a high-signal 
intensity line or cystic area beneath the lesion, a high-sig-
nal intensity line through the articular cartilage, and a focal 
articular cartilage defect on T2-weighted spin-echo and short 
tau inversion recovery images. Currently, a spoiled gradient-
echo sequence using fat suppression and three-dimensional 
acquisition is considered the optimal technique for evaluat-
ing articular cartilage lesions. Fluid around the fragment and 
focal cystic areas beneath the fragment are the best indicators 
of instability; the absence of a zone of high signal intensity at 
the interface of the fragment and the bone is a reliable sign of 
lesion stability. MRI also is useful for identification of associ-
ated ligamentous and meniscal injuries.

Primary prognostic factors, in addition to the age of the 
patient, include progression, size, stability, amount of sub-
chondral bone present, and location of the lesion, especially 
as it relates to weight bearing.

Technetium-99m bone scans may be helpful to follow the 
healing activity of lesions and to help predict the results of 
treatment. In addition, scan-negative ossific anomalies and 
scan-positive unhealed OCD lesions can be distinguished. 
Sequential single-photon emission CT (SPECT) scans 
obtained at 8-week intervals can be helpful. If CT is per-
formed, it should be done in the coronal plane.

Several classification schemes for OCD have been pro-
posed (Table 45.9). Dipaola et  al. classified lesions accord-
ing to their appearance on MRI and associated specific 
findings with the potential for fragment detachment and 
 correlated these with arthroscopic and radiographic findings 
(Table 45.10). 

TREATMENT
The treatment of OCD depends on the patient’s age and the 
degree of involvement. The lesions often heal with conserva-
tive treatment in young patients with open physes. Although 
nonoperative treatment has a limited role in patients with 
symptomatic osteochondral lesions, multiple forms of non-
operative treatment have been described, including periods of 
immobilization, activity modification, and non–weight bear-
ing. Prolonged immobilization should be avoided because 

 TABLE 45.9

Classification of Osteochondritis Dissecans Based 
on Bone Scan

STAGE FINDING
0 Normal radiographic and scintigraphic 

appearance
I Lesion visible on plain radiographs, bone scan 

normal
II Increased uptake in area of lesion on bone scan
III Increased isotopic uptake in entire femoral 

condyle
IV Uptake in tibial plateau opposite lesion

Based on data from Cahill BR: Osteochondritis dissecans of the knee: treatment 
of juvenile and adult forms, J Am Acad Orthop Surg 3:237, 1995.

 TABLE 45.10

Staging Systems for Osteochondritis Dissecans

STAGE ARTHROSCOPY
MAGNETIC RESO-
NANCE IMAGING RADIOGRAPHY

I Irregularity and 
softening of 
articular car-
tilage; no defin-
able fragment

Thickening of 
articular carti-
lage; low signal 
changes

Compression 
lesion; no vis-
ible fragment

II Articular carti-
lage breached; 
definable 
fragment not 
displaceable

Articular carti-
lage breached; 
low signal rim 
behind frag-
ment indicat-
ing fibrous 
attachment

Fragment 
attached

III Articular carti-
lage breached; 
definable 
fragment, 
displaceable 
but attached by 
some overlying 
cartilage

Articular carti-
lage breached; 
high signal 
changes behind 
fragment indi-
cating synovial 
fluid between 
fragment and 
underlying sub-
chondral bone

Nondisplaced 
fragment 
without 
attachment

IV Loose body Loose body Displaced 
fragment

From Dipaola JD, Nelson DW, Colville MR: Characterizing osteochondral lesions 
by magnetic resonance imaging, Arthroscopy 7:101, 1991.
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joint motion affects articular cartilage attrition. Sanders et al. 
described nonoperative treatment of OCD in 86 patients, 
with a cumulative incidence of arthritis of 30% at 35 years 
after diagnosis. Diagnosis of OCD as an adult and a BMI at 
diagnosis of more than 25 kg/m were cited as predisposing 
factors for arthritis. Weiss et al. also noted a worse progno-
sis after nonoperative treatment in older patients with OCD, 
with progression to surgery strongly correlated with patient 
age at the time of diagnosis.

In older adolescents and adults, the prognosis is less sat-
isfactory than in younger patients, regardless of treatment. In 
their systematic literature review, Sacolick et  al. found that, 
although all patients had improvements in symptoms after 
ACI, better results occurred in younger, active male patients 
with smaller lesions, while Hevesi et  al. found that persis-
tent knee pain risk in skeletally immature patients was high-
est with patellar and unstable lesions and female sex. Other 
authors have found similar rates of healing in skeletally 
immature and mature patients.

Many forms of surgical treatment have been described in 
the literature, including drilling or excision of the fragment, 
debridement or microfracture of the crater, and different forms 
of fixation and grafting. There seems to be no argument that the 
object of treatment is to promote healing of the lesion before 
closure of the physis and concomitantly to prevent detachment 
of the lesion. Careful assessment of the patient and the lesion 
is mandatory, and correlation of the size and location of the 
lesion with the patient’s age and symptoms is important.

Determination of the surface topography by MRI, CT, 
or arthroscopy is essential. Arthroscopy is useful not only 
because the diagnosis can be established but also because a 
lesion can be drilled, curetted, or pinned through the arthro-
scope and loose bodies can be removed with minimal mor-
bidity. Suggested advantages of arthroscopy in treating OCD 
include immediate evaluation of the surface topography, 
decrease in total rehabilitation time, avoidance of open sur-
gery and the risk of infection, decreased morbidity, avoidance 
of the physical and psychologic scars of knee surgery, and 
decreased length and cost of hospitalization. Indications for 
operative treatment include a symptomatic knee in a patient 
who is skeletally older than 12 years, a lesion larger than 1 
cm in diameter, and involvement of the weight-bearing sur-
face. Lesions with intact articular cartilage are simply drilled. 
Those with early separation are drilled and occasionally 
pinned in place. Because partial detachment leads to a break 
in the cartilaginous border and protrusion of fibrous tis-
sue, removal of the fibrous tissue to bleeding bone is recom-
mended followed by pinning of the fragment in place. Craters 
are trephined and drilled, and fresh loose bodies are replaced 
and pinned. Cancellous grafts are used in selected lesions to 
restore surface congruity. One must be extremely proficient 
in surgical arthroscopic techniques to pin and bone graft such 
lesions. Treatment of larger lesions is much the same as that 
discussed in the earlier section on osteochondral lesions and 
may include osteochondral autografting (see Chapter 51) or 
allografting and ACI techniques.

Although we use arthroscopic techniques to treat most 
patients with OCD lesions that require surgery, open arthrot-
omy techniques can be done through a mini-incision if 
arthroscopy does not allow for optimal fixation. Also, lesions 
involving areas inaccessible by arthroscopic techniques can 
be treated by open procedures.

The most commonly used open techniques are removal 
of loose bodies or loose fragments, curettage and drilling 
of the base of craters, and replacement and pinning of frag-
ments. A well-done arthrotomy is preferable to a poorly done 
arthroscopic procedure. Arthrotomy also is indicated for lesions 
larger than 3 cm for which more than one graft is needed, when 
reshaping of a large loose body for replacement is required, and 
when multiple, salvageable loose fragments are present.

When arthroscopy is performed, injection of methylene 
blue may better define the lesion. The knee should be flexed 
fully to view the entire lesion or to locate posterior lesions. 
Fluoroscopy may be needed to locate a lesion that is intact 
with little or no articular change. Holes should be drilled to a 
depth of 1.0 to 1.5 cm to promote vascular healing. Retrograde 
drilling, pinning, or bone grafting should not cross the physis.

EXCISION OF LOOSE BODIES
The indications for removal of loose bodies include small 
fragments (<2 cm), multiple fragments, fragments with inad-
equate bone stock (usually purely cartilaginous), and frag-
ments that cannot be secured with internal fixation. Most 
loose bodies currently are removed by arthroscopic tech-
niques (see Chapter 51). In searching for and removing loose 
bodies, it is important to remember that some may be com-
posed entirely of cartilage and therefore may not be visible on 
radiographs. If an arthrotomy is used for reduction and fixa-
tion of a detached fragment or for removal of loose bodies, it 
is important to remember that loose bodies often move freely 
from one compartment to another when the joint is moved 
or manipulated. Therefore, radiographs should be made in 
the operating room, after the tourniquet has been applied but 
before the incision is made. The loose body or bodies may 
have moved to another part of the joint since radiographs 
were made, and any plan for the surgical approach may have 
to be changed (Fig. 45.154).

Sanders et  al. compared arthritis occurrence after frag-
ment excision, fragment preservation, and chondral defect 
grafting, and found that patients treated with fragment exci-
sion had higher rates of osteoarthritis and knee arthroplasty 
at long-term follow-up.

 

BA

FIGURE 45.154 A and B, Large loose body in lateral portion 
of suprapatellar pouch; smaller body in posterolateral compart-
ment. Small fragment of bone opposite posterior surface of lateral 
condyle of femur is sesamoid bone in lateral head of gastrocnemius 
muscle, not loose body.

    

https://booksmedicos.org


CHAPTER 45  KNEE INJURIES 2347

FIXATION OF FRAGMENTS
Good results have been reported with the fixation of loose 
fragments with headless screws, cannulated screws, and 
biodegradable pins and screws. Biodegradable implants are 
currently the preferred method of fixation; however, one 
study of 21 knees fixed with bioabsorbable fixation found a 
low rate of clinical healing and a high rate of complications 
with this method. A more recent study by Adachi et  al. of 
fixation with bioabsorbable pins in 30 juvenile patients (33 
lesions) reported a healing rate of 97% with no complications. 
All patients regained normal range of motion, and 25 of 28 
patients who had been involved in sports returned to their 
previous sports activity levels within 6 months. Fabricant 
et al. described fixation of chondral-only fragments with bio-
absorbable implants in 15 patients. All 15 returned to sports 
a median of 26 weeks after surgery, and 12 of 14 patients who 
participated in team sports preoperatively returned to the 
same sport(s) postoperatively, competing at or above the pre-
operative level. Whatever implant is used, it needs to provide 
appropriate compression across the fixation point.

We have had no experience with the use of bone pegs 
for fixation or bone grafting of OCD defects. With this tech-
nique, small matchstick grafts are fashioned, the crater bed 
is curetted to cancellous bone, and the fragment is carefully 
replaced; with the appropriate-size drill, the fragment is per-
forated to receive two, three, or four matchstick grafts that are 
tapped through the holes and into the underlying cancellous 
bone. These grafts can be used alone for fixation or can be 
supplemented with Kirschner wires. 

DRILLING OF THE LESION
Isolated drilling of an osteochondritic lesion currently is done 
arthroscopically and is most commonly indicated for stable 
lesions in immature patients in whom nonoperative treatment 
fails. Three drilling techniques are commonly used in the knee—
transarticular, retroarticular, and notch—all three of which have 
demonstrated high rates of healing and good return to function. 
A comparison of transarticular and retroarticular techniques 
showed healing rates of 90% for both, with no reported compli-
cations. For descriptions of open loose body removal and open 
drilling and pinning, see earlier editions of this text. 

OUTCOMES OF TREATMENT OF 
OSTEOCHONDRITIS DISSECANS OF THE KNEE
The prognosis after surgery varies with the size and loca-
tion of the lesion and with the treatment. Reported results of 
operative treatment vary considerably among techniques and 
among authors, with good results reported in from 65% to 95% 
of patients. ACI was successful in 85% of patients with failed 
previous treatment, and 6-year follow-up of 34 knees with 
stage III or IV OCD found a statistically significant improve-
ment in function after ACI. Osteochondral autologous graft-
ing was reported to obtain significant increases in function 
in 64 patients. Follow-up evaluation of 48 knees surgically 
treated for OCD with a variety of methods (debridement, drill-
ing, loose body removal, arthroscopic reduction and internal 
fixation, microfracture, osteochondral allograft, ACI) found 
significant improvement in all outcome measures, including 
function and symptom relief, at 4-year follow-up. A 6-year 
follow-up study found that, regardless of the type of cartilage 
repair, knee function improved over 5 to 8 years after surgery 
but remained significantly less than the contralateral knee. 

COMPLICATIONS
Complications, in addition to typical postoperative knee 
complications such as infection and hemarthrosis, include 
iatrogenic cartilage damage, implant loosening, and abrasion 
of the articular cartilage by implants. Aggressive drilling of an 
intact lesion can cause fragmentation of the lesion. Metallic 
screws that are prominent or become prominent as surround-
ing articular cartilage wears down can damage adjacent artic-
ular cartilage; removal usually is recommended. Absorbable 
fixation devices have been reported to cause foreign body 
reactions on occasion. Damage to adjacent articular cartilage 
has been attributed to loosening and failure of bioabsorb-
able screws that backed out, and unabsorbed screw heads 
have been found as intraarticular loose bodies. Fibrocartilage 
hypertrophy has been reported at osteochondral autograft 
donor sites, causing knee pain and occasional locking that 
required arthroscopic trimming of the fibrocartilage. Delayed 
union or nonunion of an internally fixed lesion may require 
an additional procedure if it is symptomatic. 

DISORDERS OF THE PATELLA
OSTEOCHONDRITIS DISSECANS OF THE 
PATELLA
OCD of the patella is less frequent than that of the femoral con-
dyles and typically has a worse prognosis. It usually occurs in the 
second and third decades and is most often located in the lower 
half of the patella. Involvement is bilateral in up to one third of 
patients and should be distinguished from dorsal defects of the 
patella. OCD of the patella is best seen on a slightly overexposed 
lateral radiograph. An axial (“skyline”) radiographic view deter-
mines whether the lesion is in the medial or lateral facet.

Treatment is essentially the same as described for OCD of 
the distal femur; however, in the patella, it usually is associ-
ated with chondromalacia that extends considerably beyond 
the peripheral margins of the avascular bone. Residual dis-
ability after treatment usually is proportional to the size of the 
chondromalacic area. Rarely is chondromalacia so extensive 
as to require patellectomy; the patella should almost always 
be preserved. (It can be excised later if too much disability 
persists.) Excision of the lesion followed by curettage and 
drilling of the lesion, arthroscopic screw (metallic and bio-
absorbable) fixation, and ACI have been described for OCD 
of the patella. 

DORSAL DEFECT OF THE PATELLA
Dorsal defect of the patella is a circular, well-circumscribed, 
radiolucent, benign lesion of approximately 1 cm that abuts 
the articular cartilage and invariably is in the superolateral 
aspect of the patella. In half the patients the lesion is asymp-
tomatic. Differential diagnoses include OCD, Brodie abscess, 
eosinophilic granuloma, enchondroma, osteoid osteoma, 
and, in older individuals, metastatic disease.

Although the cause is unknown, most authors believe 
that dorsal defect of the patella is a variant of ossification. It 
has been attributed to a traction injury at the insertion of the 
vastus lateralis muscle during ossification of the patella; ossi-
fication anomalies, such as patellar cartilage depressions and 
perforations lend support to this hypothesis. Some have pro-
posed that dorsal defect of the patella may be a fibrous corti-
cal defect or nonossifying fibroma of the patella.
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The lesion usually is self-limited and heals spontaneously. 
In patients with symptomatic defects, treatment should be 
conservative, with reduction of physical activity and follow-
up evaluation. Operative treatment rarely is required, but 
curettage and bone grafting have been reported to hasten 
healing. The most important aspect of dorsal defects of the 
patella is differentiating them from OCD so that unnecessary 
surgery is not done in a self-limited condition. 

BIPARTITE PATELLA
Bipartite patella is usually asymptomatic and is noted inci-
dentally on an anteroposterior or tunnel tangential radio-
graph. When present, it occurs bilaterally in approximately 
40% of patients. The most commonly used classification 
system identifies three types of bipartite patella. Type I, 
which accounts for 5%, occurs at the inferior pole and may 
be associated with Sinding-Larsen-Johansson syndrome. 
Type II, which accounts for 20%, occurs along the entire lat-
eral border of the patella and may be associated with a non-
union of a patellar fracture. Type III, the most common type, 
occurs as an elliptical area in the superolateral portion of the 
patella and accounts for 75% of cases. A more recent classi-
fication scheme considers location (superolateral or lateral) 
and number of fragments (bipartite, tripartite, multipartite) 
(Fig. 45.155). In their study of 139 knees, the authors found 
that most (83%) were superolateral bipartite, 12% were lateral 
bipartite, 4% were superolateral and lateral tripartite, and 1% 
were superolateral tripartite.

Pain is unusual in bipartite patella; when present, it is 
caused by overuse. A diagnostic radiographic test to deter-
mine if pain is caused by a nonunion at the bipartite site uses 
a normal skyline view followed by a skyline view taken with 
the patient in a squatting weight-bearing position. The test 
result is considered positive if the separation is greater in the 
squatting weight-bearing position than on the normal skyline 
view. MRI usually is not necessary for diagnosis but has been 
shown to identify bone marrow edema within the bipartite 
fragment in about half of patients. Abnormally high scinti-
graphic uptake has been found to be frequent in both symp-
tomatic and asymptomatic bipartite patella, and treatment 
decisions should not be based on bone scans.

If pain does occur with a bipartite patella, we have had 
success by limiting and restricting activity, correcting the 
activity that is causing an overuse syndrome, and prescribing 
nonsteroidal antiinflammatory agents and a short-arc exer-
cise program. Immobilization for 3 weeks or more relieves the 

 

Superolateral
bipartite type

Superolateral
and lateral

tripartite type
Superolateral
tripartite type
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bipartite type
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FIGURE 45.155 Classification of bipartite patella according to 
location (superolateral or lateral) and number of fragments (bipar-
tite, tripartite, multipartite).  (Redrawn from Oohashi Y, Koshino T, 
Oohashi Y: Clinical features and classification of bipartite or tripartite 
patella, Knee Surg Sports Traumatol Arthrosc 18:1465, 2010.)

 

SUBPERIOSTEAL RELEASE OF THE 
LATERAL QUADRICEPS MECHANISM

 TECHNIQUE 45.29 

(OGATA)
 n  After arthroscopic examination of the knee, make a lon-

gitudinal skin incision over the distal portion of the vastus 
lateralis tendon, extending just distal to the midportion of 
the separated area of the patella (Fig. 45.156A).

 n  Split the tendon, which usually is thickened, along its mid-
dle fibers, and detach its insertion to the painful patellar 
fragment subperiosteally while preserving the continuity 
of its expansion to the main mass.

 n  Dissect the tendon-periosteum complex, consisting of 
the tendinous expansion and the periosteal tissues, 
and sharply denude the fragment completely (Fig. 
45.156B,C).

 n  Observe the area of separation of the smaller portion of 
the patella after it has been exposed as bending stress is 
applied to the fragment by grasping it and attempting to 
move it with the thumb and finger. In general, a groove 
at the area of separation widens with such bending stress 
if the patellar fragment is unstable.

 n  Ogata recommended removal of the fragment if it is 
shown to be grossly mobile but leaving the fragment in 
situ if it shows little mobility with bending stress.

 n  Repair the longitudinal incision in the vastus lateralis with 
0 absorbable sutures and close the skin incision.

symptoms of repetitive microtrauma of the synchondrosis. 
Operative treatment rarely is necessary.

Fracture and traumatic separation of bipartite patel-
lae have been described in the literature, but these are rare 
occurrences. We have had success with excision of the bipar-
tite fragment, especially in the superolateral quadrant. One 
systematic review of the literature found that 86% of athletes 
made a full return to athletic activity after operative treat-
ment of a painful bipartite patella; excision of the painful 
fragment produced the best results (91% return to sport). 
Arthroscopic excision of a painful bipartite patella frag-
ment results in less morbidity than open excision. However, 
excision of large fragments with an articular surface may 
produce patellofemoral incongruity; internal fixation of sep-
arated fragments has been reported but has limited support 
in the literature. Lateral retinacular release and detachment 
of the vastus lateralis muscle insertion have been reported 
to produce good pain relief and union of the fragments by 
reducing the traction force of the vastus lateralis on the loose 
fragment.

Ogata described a subperiosteal release of the lateral 
quadriceps mechanism that inserts into the bipartite portion 
of the patella. The continuity of the tendon periosteal com-
plex to the main portion of the patella is preserved. The frag-
ment is thus relieved from muscle traction without causing 
a mediolateral imbalance that would affect patellofemoral 
tracking. 
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A B

C
FIGURE 45.156 Ogata technique for bipartite patella. A, Oblique 

skin incision is made over distal portion of vastus lateralis tendon, 
extending just distal to midportion of separated area of patella. B, 
Vastus lateralis tendon is split along its middle fibers, and insertion 
to painful patellar fragment is detached subperiosteally. Conti-
nuity of tendon-periosteum complex to main portion of patella is 
preserved. C, Fragment is relieved from muscle traction without 
causing mediolateral imbalance that would affect patellofemoral 
tracking. Care should be taken not to injure synovial capsule to 
preserve some blood supply to fragment. SEE TECHNIQUE 45.29.

POSTOPERATIVE CARE Postoperative management is 
the same regardless of whether the patellar fragment was 
removed. The patient is immediately allowed to walk with 
full weight bearing and progress with range-of-motion 
exercises. Sports activity is gradually allowed by 2 to 4 
weeks if the patient is asymptomatic.
  

CHONDROMALACIA OF THE PATELLA
The term chondromalacia of the patella was introduced in the 
literature in 1928 by Aleman, who described the degenera-
tion of articular cartilage of the patella. Unfortunately, the 
term chondromalacia has become synonymous with patel-
lofemoral pain. Numerous terms have been proposed to 
describe the syndrome, such as patellofemoral syndrome, 
patellofemoral arthralgia, extensor mechanism dysplasia, 
anterior knee pain syndrome, and others, but these do not 
accurately reflect the pathologic condition present in chon-
dromalacia. Some patients with minimal changes in the 
articular surface have marked patellofemoral joint symp-
toms and, conversely, some patients with no patellofemoral 
joint pain have marked changes in the articular surface of 
the patella. Chondromalacia of the patella should describe 
a pathologic condition of the cartilage and not a clinical 
syndrome.

The basic pathologic lesion in chondromalacia of the 
patella is not the same as that in traumatic arthritis. In chon-
dromalacia of the patella, the initial lesion is a change in the 
ground substance and collagen fibers at the deep levels of the 
cartilage. It is a disorder of the deep layers of the cartilage that 
involves the surface layer only late in its development. Such a 
change is tangible but not visible, and the surface is smooth 
and intact. In contrast, in osteoarthritis, the initial changes 
occur on the surface of the cartilage, with loss of continuity 
of the transverse fibers followed by fibrillation, which usually 
becomes grossly visible.

Chondromalacia is attributed to a decrease in sulfated 
mucopolysaccharides in the ground substance. This can 
be demonstrated by loss of basophilia on hematoxylin and 
eosin preparations. The changes occur most commonly 
at one of two sites in the deep layer of cartilage. The first is 
an area about 1 cm in diameter astride the ridge that sepa-
rates the lateral facet from the medial facet; the second area 
straddles the inferior part of the central ridge that separates 
the medial and lateral facets. These areas are close together 
and sometimes are confluent (Fig. 45.157). If these noncon-
tact areas were never subjected to the mechanical stresses of 
articulation, chondromalacia at these sites might be of little 
significance. However, when parts of these areas do articu-
late, usually at some extreme range of motion, the softened 
cartilage is mechanically inadequate to support the collagen 
framework. Its complex structure begins to break up, and 
the next phase of degeneration, fibrillation, occurs. These 
changes may deepen progressively until all the layers of carti-
lage are affected down to the subchondral bone. Pain has been 
suggested to result from the disorganization of the fibrous 
structure of the intermediate zone of collagen fibers, which 
subjects the subjacent bone plates to pressure variations from 
which they normally are protected by the energy-absorbing 
function of that zone of cartilage (Fig. 45.158), which may 
act as a pain stimulus on the nerve endings in the subchon-
dral bone plate. Some authors have pointed out the tendency 
in other joints for articular cartilage that habitually is out 
of contact with other articular cartilage to undergo surface 
fibrillation. These changes are age-dependent, nonprogres-
sive, surface changes; they do not progress to an advanced, 
full-thickness cartilage loss.

In most human knees, a ridge of varying height crosses 
the medial femoral condyle at its osteochondral junction, and 

 

Lateral

Superior

Medial

Inferior

FIGURE 45.157 Dark areas represent most common areas of 
patellar chondromalacia from maps of 105 patellas. It was most 
severe in central zone but extended equally onto medial and lateral 
facets.
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friction of the medial facet on the cartilage as the patella rides 
over this ridge during the normal movement of the knee has 
been proposed as a cause of chondromalacia of the patella.

CLASSIFICATION AND ETIOLOGY
Several authors have attempted to classify the macroscopic 
and microscopic pathologic changes. Some have based their 
classification on the cartilage changes; others, on the size 
of the lesion. In general, grade I changes include minimal 
articular cartilage changes. The cartilage may have localized 
softening with minimal or no break in the surface. A blunt 
instrument pressed on the surface may sink into the carti-
lage, and the cartilage may appear slightly discolored and 
soft. Grade II changes include an area of fibrillation or fissur-
ing and an irregular surface. Grade III changes have definite 
fibrillation with fissuring extending down to the subchondral 
bone, which presents a classic arthroscopic picture frequently 
described as “crab meat appearance.” Grade IV changes are 
those in which the articular cartilage has disappeared, allow-
ing exposure and erosion of the subchondral bone. Etiologic 
factors can be divided into two main categories: biomechani-
cal causes and biochemical causes (Box 45.3). 

CLINICAL FINDINGS
The signs and symptoms of chondromalacia of the patella 
are nonspecific; there is no pathognomonic symptom. Most 
patients with chondromalacia describe a dull, aching discom-
fort that is well localized to the anterior part of the knee and 
that is most prominent after sitting in one position for a long 
time. This has been called the “movie sign” or “theater sign.” 
Crepitation in the patellofemoral joint also varies. The patient 
may describe a catching or giving way sensation with activity; 
pain and giving way both tend to be much more prominent 
while descending stairs. Puffiness or swelling may be noted, 
depending on the degree of synovitis present.

Articular cartilage is devoid of nerve endings and there-
fore cannot be the direct source of pain. The synovium and 
subchondral bone probably are the two areas producing pain 
in chondromalacia of the patella. The articular cartilage debris 
that is shed into the joint with chondromalacia of the patella 
can produce a chemical irritation of the synovium, resulting 
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FIGURE 45.158 Stages of lesion of basal degeneration of articular cartilage of patella.

Etiologic Factors in Chondromalacia of Patella

Biomedical Causes
Acute
 n  Dislocation of the patella with a chondral or osteochondral 

fracture
 n  Direct trauma (e.g., a fall on or blow to the patella)
 n  Fracture of the patella, resulting in incongruous surfaces 

Chronic
 n  Recurrent subluxation or dislocation of the patella (secondary 

to femoral dysplasia, small patella, patella alta, femoral 
anteversion, external tibial torsion, or even anterior cruciate 
ligament insufficiency)

 n  Increased quadriceps angle
 n  Quadriceps muscle imbalance, either weakness or abnormal 

attachment of the vastus medialis
 n  Patella alta
 n  Posttraumatic malalignment after femoral shaft fracture
 n  Excessive lateral pressure syndrome
 n  Meniscal injury with alteration of synchronous pattern of 

patellar movement and loss of stability
 n  Reflex sympathetic dystrophy
 n  Medial femoral condylar ridge 

Biochemical Causes
Disease
 n  Rheumatoid arthritis
 n  Recurrent hemarthrosis
 n  Alkaptonuria
 n  Peripheral synovitis
 n  Sepsis and adhesions 

Iatrogenic
 n  Repeated intraarticular corticosteroid injections
 n  Prolonged immobilization 

Degenerative
 n  Primary osteoarthritis

 BOX 45.3 
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in swelling and pain. Pain in the patellofemoral syndrome, 
with or without chondromalacia, has been suggested to origi-
nate from the subchondral bone. One hypothesis is that the 
biomechanical failure of articular cartilage in chondromala-
cia of the patella results in an alteration of load transfer to 
the subchondral bone; another is that extensor mechanism 
malalignment, rather than the articular changes themselves, 
is responsible for the pain.

Arthroscopic examination of 56 young adults with ante-
rior knee pain confirmed chondromalacia patellae in 45% and 
synovial plica in 45%. No association was found between the 
severity of the chondromalacia patellae seen at arthroscopy 
and the clinical symptoms of anterior knee pain syndrome, 
suggesting that the symptoms of anterior knee pain syndrome 
should not be used as an indication for knee arthroscopy.

Proton density fat suppression (PDFS) and T2 mapping 
MRI have been found to be only moderately accurate in pre-
dicting patellar chondromalacia found at arthroscopy. 

TREATMENT
Treatment of chondromalacia of the patella depends on the 
underlying cause of the articular surface changes and should 
be directed to the cause rather than to the results. Most often, 
this involves nonsurgical measures, such as antiinflammatory 
medications, quadriceps exercises and hamstring stretching, 
bracing, taping, and orthotics. In addition, activity modifi-
cation is encouraged to avoid lunges, squats, and leg presses 
beyond 90 degrees; no training is allowed on uneven terrain.

Operative treatment is divided into two phases: (1) treat-
ment directed at malalignment and other abnormalities of 
the extensor mechanism and patellofemoral joint, and (2) 
treatment of the diseased cartilage. Surgery may be indicated 
for chronic patellofemoral pain after all attempts at nonop-
erative management been exhausted. Again, surgery should 
be directed at the cause, and a specific diagnosis must be 
established.

Arthroscopy has proved extremely reliable in diagnosis 
of chondromalacia of the patella. The degree of fibrillation 
and fragmentation of the surface can be probed under direct 
vision, and areas of abnormal softness can be identified by 
careful probing.

Malalignment of the extensor mechanism is believed to 
be one of the most common causes of patellofemoral pain 
and chondromalacic changes in the patellofemoral joint. 
Malalignment frequently results in subluxation or disloca-
tion of the patella. Surgical procedures for those conditions 
are described in Chapter 47. Malalignment problems related 
to bony abnormalities, such as excessive femoral anteversion, 
excessive external tibial torsion, and severe genu valgum, may 
require osteotomy for skeletal realignment.

Lateral retinacular release by open, subcutaneous, or 
arthroscopic technique has been recommended for patel-
lofemoral pain syndromes. Release of the strong tethering 
lateral structures has proved effective if the preoperative diag-
nosis has been accurate. However, before retinacular release, 
incongruity, lateral tilting, and lateral orientation of the 
patella in the patellofemoral joint should be established on 
axial radiographs. Surgery for chondromalacia of the patella 
has been unpredictable in patients with normal axial radio-
graphic studies. Lateral retinacular release in patients with 
chondromalacia of the patella caused by patella alta is rarely 
successful, and an open procedure that reestablishes a more 

normal relationship between the length of the patellar tendon 
and the length of the patella by moving the patellar insertion 
distally may be more appropriate.

In any surgery directed at the chondromalacic patellar 
surface, the healing of articular cartilage must be considered. 
Cartilage is an avascular tissue with limited healing capacity. 
Defects that extend through the articular cartilage, breaching 
the subchondral bone and thus opening an access channel for 
blood vessels to the surface, heal with a poor-grade fibrocar-
tilaginous tissue that is disorganized, fibrous, and apparently 
prone to deterioration. This limited ability of the cartilage to 
heal or to replace itself is a major consideration in the treat-
ment of the articular surface irregularities in chondromala-
cia of the patella. Procedures involving the articular surface 
include (1) arthroscopic patellar shaving, (2) local excision of 
defects with drilling of the subchondral bone, (3) microfrac-
ture, (4) osteochondral allograft implantation, (5) facetec-
tomy, (6) mechanical decompression of the patellofemoral 
joint by anterior elevation of the tibial tuberosity (Maquet 
procedure), and (7) patellectomy. Patellar resurfacing and 
patellofemoral arthroplasty have been used for unicompart-
mental patellofemoral arthritis and severe chondromalacia of 
the patella, and newer techniques and implants have resulted 
in a resurgence of interest in patellofemoral arthroplasty. This 
procedure is discussed in Chapter 7.

Most investigators believe that the only benefit from 
shaving of the patella is arthroscopic removal of the fibril-
lated cartilage, which decreases to some degree the break-
down products that may be shed into the joint and cause a 
painful synovitis.

Local excision of the defect coupled with drilling of the 
subchondral bone has been a popular method of manag-
ing severe advanced chondromalacia of the patella. In this 
procedure, the area of chondromalacia is debrided with an 
arthroscopic shaver and all diseased articular cartilage is 
removed down to subchondral bone. The subchondral bone 
is then perforated or microfractured with multiple drill holes, 
allowing access for vascularity onto the surface defect to pro-
duce a replacement fibrocartilaginous covering.

Removal of the medial or lateral patellar facet for chon-
dromalacia of the patella has been recommended to limit the 
pathologic condition to a single facet. We have had no experi-
ence with this procedure.

Anterior advancement or elevation of the insertion of 
the patellar tendon on the tibial tuberosity was designed to 
reduce the articular pressures in the patellofemoral joint. This 
has been used more often for patellofemoral arthritis than for 
chondromalacia of the patella. Patellectomy should be used 
only in advanced chondromalacia and severe patellofemoral 
joint degeneration. 

 

ADVANCEMENT OF THE TIBIAL 
TUBEROSITY
Maquet and Murray recommended anterior advancement 
of the patellar tendon at the tibial tuberosity to relieve the 
compressive effect of the patella on the femoral condyles. 
They advanced the tibial tuberosity anteriorly by elevat-
ing the tibial crest (Fig. 45.159). In a modification of the 
technique, the proximal part of the tibia is regularly wid-
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ened, without causing a cosmetically significant bulge at 
the level of the tibial tuberosity. A finite element study 
confirmed the effectiveness of this procedure in reduc-
ing patellofemoral contact forces, especially at smaller 
flexion angles; maximal contact stress was substantially 
decreased at full extension but increased at 90 degrees. 
Substantial effects of tuberosity elevation on tibial kine-
matics, cruciate ligament forces, tibiofemoral contact 
forces, and the extensor lever arm also were found. The 
authors cautioned that the effect of the procedure on 
the entire knee joint, not just the isolated compartment, 
should be considered.

 TECHNIQUE 45.30 

(MAQUET)
 n  Through a medial parapatellar incision carried distal to the 

tibial tuberosity on the anteromedial aspect of the tibia, 
outline the tuberosity.

 n  Dissect the patellar tendon along its posterior surface and 
loosen the infrapatellar fat pad sufficiently to permit the 
patella to ride free without tethering.

 n  Open the joint medially and correct intraarticular abnor-
malities as indicated.

 n  Carefully elevate a tongue of bone, composed of the 
tibial tuberosity and the attachment of the patellar ten-
don, that is 2.0 cm thick, 2.5 cm wide, and 11.5 cm long, 
and lever it anteriorly, leaving its distal attachment intact. 
This can be cut with an oscillating saw or by drilling mul-
tiple holes and connecting them with thin osteotomy cuts 
(Fig. 45.159A).

 n  Remove a block of bone 2.5 cm wide, 2.5 cm thick, and 
5 cm long from the anterior iliac crest in the area of the 
iliac tubercle through another incision. We have found 
that bank bone is just as satisfactory.

 n  Elevate the tongue of bone and the tibial tuberosity 
carefully away from the tibia anteriorly and insert the 
block of iliac bone beneath it at its most proximal extent 
(Fig. 45.159B). Cut the block of bone to approximately 
2.5 cm on all sides before its final insertion.

 n  We prefer to elevate the tibial tuberosity only 1.5 cm. 
The major decompression of the patellofemoral joint oc-
curs with this amount of elevation, and complications are 
reduced. Usually the pressure of the tongue of tibial bone 
will hold this block in place securely, although Murray 
recommended a single stainless steel screw 5 cm long 
inserted as a lag screw for further stability. We prefer a 
6.5-mm fully threaded unicortical cancellous screw.

 n  If the distal end of the tongue of bone fractures from the 
tibia, insert three screws along the tongue for fixation.

 n  Perform an anterior compartment fasciotomy.
 n  Undermine the subcutaneous tissues extensively, if nec-

essary, to close the skin without tension. Insert a suction 
drain under the subcutaneous tissue and close the wound.

POSTOPERATIVE CARE The extremity is placed in a 
postoperative brace for 6 weeks. The patient is allowed 
immediate weight bearing to tolerance using crutches. 
Quadriceps exercises, leg-lifting exercises, and calf raises 
are begun on follow-up after surgery. Range-of-motion 
exercises with or without continuous passive motion are 
begun once the wound has healed, usually at 2 weeks.
   

PATELLECTOMY
Instead of patellaplasty, West and Soto-Hall and others 
recommended patellectomy. Today, patellectomy is used 
rarely and only as a salvage procedure because of the poor 
results and difficult rehabilitation after the procedure.

 TECHNIQUE 45.31 

(SOTO-HALL)
 n  Through a transverse incision at the level of the inferior third 

of the patella, incise the quadriceps expansion in line with 
the incision so that the suture line in the tendon will lie at the 
level of the fat pad rather than over the femoral condyles.

 n  By careful sharp dissection, excise the patella. Because 
this produces a relative lengthening of the quadriceps 
mechanism, proper tension can be restored by overlap-
ping the cut edges about 1.5 cm and suturing them to-
gether. According to Soto-Hall, complete active extension 
will thus be regained more rapidly after surgery.

 n  When the quadriceps mechanism is in a valgus position and 
lateral instability of the patella has been demonstrated be-
fore surgery, extend the medial arm of the incision through 
the mechanism somewhat more proximally and remove or 
plicate a V-shaped section of capsule to restore balance 
between the medial and lateral muscles by effectively trans-
ferring part of the insertion of the vastus medialis distally.

POSTOPERATIVE CARE Quadriceps-setting exercises 
that have been practiced before surgery are resumed 
within the first week after surgery. Quadriceps-resistant 
exercises are started after 2 weeks, with particular atten-
tion given to the last 15 or 20 degrees of extension.
  

 

A B
FIGURE 45.159 Maquet technique of advancement of tibial 

tuberosity by elevation of tibial crest. A, Drill holes and line of 
osteotomy. B, Osteotomy is sprung open and propped with iliac 
graft. SEE TECHNIQUE 45.30.
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EXTRAARTICULAR ANKYLOSIS OF THE 
KNEE
Ankylosis of the knee, either intraarticular or extraarticular, 
may occur with the knee in complete extension, in flexion alone, 
or in flexion, external rotation, and valgus position. When the 
ankylosis is extraarticular, some motion can be preserved and 
radiographs even may reveal an apparently normal joint space.

When extraarticular ankylosis and contracture, in either 
flexion or extension, limit mobility, a soft-tissue release pro-
cedure, such as quadricepsplasty or capsulotomy, generally 
is indicated. The use of free tissue transfers has been recom-
mended for soft-tissue augmentation in patients who have 
release procedures for posttraumatic knee joint stiffness to 
minimize wound problems, such as wound edge necrosis, 
wound dehiscence, and infection; to allow early initiation of 
postoperative physical therapy, which improves functional 
outcomes; and to obtain a more acceptable cosmetic result. 

EXTRAARTICULAR ANKYLOSIS IN 
EXTENSION
After fractures of the femur or extensive soft-tissue wounds of 
the anterior aspect of the thigh, scarring or fibrosis of all or a 
part of the quadriceps mechanism can result in extraarticular 
ankylosis of the knee in extension. This deformity can be caused 
by one or more of the following: (1) fibrosis of the vastus inter-
medius muscle scarring down the rectus femoris to the femur in 
the suprapatellar pouch and proximally, (2) adhesions between 
the patella and the femoral condyles, (3) fibrosis and shorten-
ing of the lateral expansions of the vasti and their adherence 
to the femoral condyles, and (4) actual shortening of the rectus 
femoris muscle. Quadricepsplasty was devised to correct the 
deformity; its success depends on (1) whether the rectus femo-
ris muscle has escaped injury, (2) how well this muscle can be 
isolated from the scarred parts of the quadriceps mechanism, 
and (3) how well the muscle can be developed by active use. 

 

THOMPSON QUADRICEPSPLASTY

 TECHNIQUE 45.32 

(THOMPSON)
 n  Use an electrocoagulation unit throughout the operation.
 n  Make an anterior longitudinal incision through the skin 

and superficial fascia from the proximal third of the 
thigh to the distal pole of the patella, the exact location 
of the incision depending on the position of any scars.

 n  Divide the deep fascia along each side of the rectus femo-
ris muscle from the proximal end of the skin incision to the 
patella and separate this muscle from the vastus medialis 
and lateralis.

 n  Then divide the anterior part of the knee capsule, includ-
ing the lateral expansions of the vasti on both sides of the 
patella, far enough to overcome their contracture.

 n  Excise completely the vastus intermedius, which usually is 
a scarred band binding the posterior surfaces of the rectus 
femoris and patella to the femur, but leave a fibrous or 
periosteal covering on the anterior surface of the femur.

 n  If the tendon of the rectus has been destroyed by the 
injury, create a new one by making longitudinal incisions 
through the scar tissue in the distal third of the thigh.

 n  At this point, slowly flex the knee to 110 degrees to re-
lease the remaining intraarticular adhesions.

 n  If the vastus medialis and lateralis are badly scarred, in-
terpose subcutaneous tissue and fat between them and 
the rectus. If these muscles are relatively normal, suture 
them to the rectus as far distally as the distal third of the 
thigh. If a tourniquet has been used, remove it and obtain 
complete hemostasis before closing the wound.

POSTOPERATIVE CARE The extremity is placed in a con-
tinuous passive motion machine, and range of motion is used 
until 90 degrees of passive flexion is achieved. Passive and 
active exercises for the quadriceps and hamstrings continue 
and are of critical importance to the success of this proce-
dure. The knee is kept in full extension during the night and is 
exercised during the day with active and active-assisted exer-
cises. If 90 degrees of flexion is not obtained after 3 months, 
gentle manipulation with the patient under anesthesia may 
be required. The patient should expect a very slow return 
of active quadriceps extension. Most patients can expect 
improvement in range of motion of the knee after quadri-
cepsplasty but should expect severe quadriceps weakness for 
many months. If the patient is not skeletally mature, some 
of the improvement in flexion may be lost as growth occurs.
  

As an alternative to minimize damage to the quadriceps 
mechanism, a proximal-based, staged, sequential release of the 
intrinsic and extrinsic structures limiting knee flexion was devel-
oped, and several modifications to this technique have been 
developed. The three phases described by Judet were (1) release 
of the medial and lateral retinacula and release of the adhesions 
in the suprapatellar gutter and between the patella and femoral 
condyles through a longitudinal or medial (or both) parapatel-
lar incision, (2) release of the vastus intermedius through a long 
posterolateral incision extending from the superior pole of the 
patella to the greater trochanter, and (3) detachment of the rec-
tus femoris from its insertion at the anterior inferior iliac spine 
through a proximal anterolateral extension of the posterolateral 
incision. The final phase was used only if flexion was still lim-
ited after manipulation subsequent to the first two phases. Most 
reports of this procedure are small, with relatively short follow-
up. Excellent or good results have been reported in approxi-
mately 81% of patients and fair results in 19%. 

 

MINI-INVASIVE QUADRICEPSPLASTY
Endoscopically and arthroscopically assisted percutane-
ous techniques have been described for quadricepsplasty, 
but follow-up reports are few, and these techniques are 
not well established. Wang, Zhao, and He described an 
extraarticular “mini-invasive” quadricepsplasty followed 
by intraarticular arthroscopic lysis of adhesions. Their 
procedure is done in five stages; the range of flexion is 
measured after each stage of release, and the procedure 
is terminated when the desired degree of flexion (ideally 
120 degrees) is obtained. Currently, the only report of 
results of this technique is that of the technique develop-
ers; they reported 16 excellent results, 5 good results, and 
1 fair result in 22 patients with severely arthrofibrotic knees 
observed for an average of 44 months. Average maximal 
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flexion increased from 15 degrees preoperatively to 115 
degrees at most recent follow-up; only one patient had a 
persistent 15-degree extension lag. We have no experience 
with this technique, but it seems a reasonable alternative to 
open quadricepsplasty and certainly would produce a more 
pleasing cosmetic result.

 TECHNIQUE 45.33 

(WANG, ZHAO, HE)

STAGE 1
 n  With an inside-out technique, make a percutaneous 

parapatellar lateral arthrotomy by incising the lateral reti-
naculum from the patella along its lateral border, from 
the superolateral corner of the patella down to the lateral 
aspect of its lower pole (Fig. 45.160A).

 n  To restore the lateral recess, free the lateral retinaculum from 
the lateral femoral condyle and free the vastus lateralis ten-
don and the iliotibial band from the distal third of the femur. 

STAGE 2
 n  Mobilize the suprapatellar pouch, the patellofemoral com-

partment, and the anterior interval by dividing the adhe-
sions within these spaces (Fig. 45.160B). The anterior in-
terval is the region of the knee posterior to the  infrapatellar 

fat pad and anterior to the anterosuperior aspect of the 
tibial plateau.

 n  Separate the tendinous tissue of the vastus intermedius 
from that of the rectus femoris and the anterior surface 
of the femur (Fig. 45.160C). 

STAGE 3
 n  With a percutaneous inside-out technique, release the me-

dial patellar retinaculum through the suprapatellar pouch, 
patellofemoral compartment, and anterior interval that were 
reestablished in the second stage. Take care to delineate the 
medial arthrotomy margin, which starts from the medial epi-
condyle of the femur and slants laterally to the tibial tubercle, 
to avoid detachment of the vastus medialis from its insertion 
at the superomedial corner of the patella (Fig. 45.160D).

 n  Free the medial retinaculum from the medial femoral con-
dyle, and free the vastus medialis from the distal third of 
the femur to restore the medial recess. 

STAGE 4
 n  Transect the previously mobilized vastus intermedius at a 

level near its musculotendinous junction (Fig. 45.160E). 

STAGE 5
 n  The fifth stage consists of lengthening the quadriceps 

tendon.

 

DC

BA

Rectus
femoris tendon

Vastus
intermedius tendon

FIGURE 45.160 Mini-incision quadricepsplasty. A, Lateral patellar retinaculum is released. B, 
Adhesions in patellofemoral compartment are released. C, Tendinous tissue of vastus intermedius 
is separated from rectus femoris and anterior surface of femur. D, Medial patellar retinaculum is 
released.
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 n  Transect the rectus femoris at a more distal level than 
the vastus intermedius, adjacent to its patellar insertion 
(Fig. 45.160E), and deliver the free tendinous ends of the 
vastus intermedius and rectus femoris through the wound 
(Fig. 45.160F).

 n  Gently manipulate the knee in flexion repeatedly until 
maximal flexion is achieved.

 n  Then overlap the proximal tendinous end of the vastus 
intermedius and the distal portion of the rectus femoris 
tendon and suture them with a no. 2 nonabsorbable Et-
hibond suture with the knee held in 90 degrees of flexion 
(Fig. 45.160G and H).

 n  Test the passive range of motion after repair of the quad-
riceps tendon to ensure that the lengthened tendon is 
under substantial tension but remains competent at 90 
degrees of flexion.

 n  If the knee can be easily flexed beyond 90 degrees, in-
crease the overlapping of the tendons by more proximal 
advancement of the vastus intermedius tendon to reduce 
the risk of creating an extension lag.

 n  If flexion is restricted, decrease the overlapping by more 
distal fixation of the vastus intermedius tendon.

 n  Throughout the procedure, manipulate the knee in flex-
ion to release intraarticular adhesions, to assess the arc 
of knee flexion, and to determine if there are remaining 
intraarticular adhesions. Once flexion of more than 120 
degrees has been achieved, the extraarticular portion of 
the procedure is terminated, closed suction drains are 
placed, and the skin is closed.
In knees of moderate arthrofibrosis, the first four stages 

often allow knee flexion of more than 120 degrees. With 
severe arthrofibrosis, the fifth stage (quadriceps lengthen-
ing) usually is necessary to gain more than 90 degrees of 
flexion. After the initial mini-invasive quadricepsplasty, the 
primary arc of knee flexion should reach 90 degrees and 
the suprapatellar pouch, patellofemoral compartment, an-
terior interval, lateral recess, and medial recess are rees-
tablished. With these spaces restored, arthroscopic surgery 
can be safely done for lysis of any remaining adhesions (see 
Chapter 51). 

 

Vastus
intermedius

tendon

Rectus
femoris
tendon

E

G

F

Rectus femoris
tendon

Vastus
intermedius tendon

H  
FIGURE 45.160 CONT’D E and F, Quadriceps is lengthened. G and H, Proximal portion of vastus 

intermedius tendon and distal portion of rectus femoris tendon are sutured together with knee in 
90 degrees of flexion.  (From Wang JH, Zhao JZ, He YH: A new treatment strategy for severe arthrofibrosis 
of the knee: surgical technique, J Bone Joint Surg 89A[Suppl 2, pt 1]:93, 2007.) SEE TECHNIQUE 45.33.
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POSTOPERATIVE CARE A compressive wrap with an 
elastic bandage is applied from the toe to the thigh to 
decrease swelling. Physical therapy is started on the day 
after surgery. When the quadriceps tendon is lengthened, 
the rehabilitation protocol is modified to protect its re-
pair during the first 3 weeks. A continuous passive mo-
tion machine is used as tolerated; the range and speed 
of motion are increased gradually without exceeding 90 
degrees of flexion during the first 3 weeks after surgery. 
Active-assisted flexion (with the same restriction of 90 
degrees of flexion) and patellar mobility exercises are 
begun on the first postoperative day. Additional flexion 
and quadriceps-strengthening exercises, including active 
straight-leg raising, isometric quadriceps exercises, resis-
tance exercises, and stationary bicycling, are deferred until 
4 to 6 weeks after surgery. If the quadriceps tendon has 
not been lengthened, the rehabilitation program is more 
aggressive, without restriction of range of motion. Ma-
nipulation is necessary if less than 90 degrees of flexion is 
possible at 6 weeks after surgery.
  

EXTRAARTICULAR ANKYLOSIS IN FLEXION
Flexion contracture of the knee is much more common 
than extension contracture. It often is complicated by sub-
luxation and external rotation of the tibia on the femur 
because the hamstring muscles pull the tibia posteriorly 
and the biceps femoris muscle and iliotibial band rotate the 
tibia externally. All of the soft tissues in the popliteal space 
are contracted.

Flexion contractures usually can be at least partially 
corrected conservatively; the amount of correction possi-
ble depends on the severity and duration of the deformity. 
Traction with balanced suspension, Buck extension, and 
static or dynamic splints, casts, or braces designed to extend 
the knee gradually are of value. These measures can be used 
before surgery to make the operation less extensive and after 
surgery to increase the correction. Regardless of how a con-
tracture is corrected, it always must be remembered that the 
peroneal nerve is more susceptible to injury from stretch-
ing than is the popliteal artery and its branches, and extreme 
caution is indicated when signs of irritation develop along 
its course. Otherwise, prolonged or permanent paralysis can 
result after a flexion contracture has been corrected as little 
as 20 degrees.

Gradual distraction by either a circular external fix-
ator or a monolateral external fixator has been reported to 
improve the function position of the arc of motion, although 
the total arc of motion remains essentially unchanged. Distal 
hamstring release with femorotibial external fixation also 
has been reported to allow complete extension or residual 
flexion contracture of less than 10 degrees. 

 

POSTERIOR CAPSULOTOMY
Posterior capsulotomy is indicated for severe flexion con-
tractures of the knee that cannot be corrected by more 
conservative means. The following operation is a modifica-
tion of one described by Putti.

 TECHNIQUE 45.34 

(PUTTI, MODIFIED)
 n  Position the patient prone.
 n  Make a curvilinear incision 15 cm long through the skin 

and superficial fascia over the popliteal space.
 n  Expose the medial and lateral aspects of the posterior part 

of the joint capsule by separate approaches through the 
deep structures as follows.

 n  Dissect between the subcutaneous tissue and deep fas-
cia to the lateral aspect of the popliteal space and incise 
the deep fascia longitudinally. Isolate and retract laterally 
the biceps femoris tendon and common peroneal nerve 
and expose the lateral head of the gastrocnemius; retract 
medially the popliteal vessels and nerves that lie in the 
midline.

 n  Under direct vision, divide the lateral head of the gastroc-
nemius, the lateral half of the posterior capsule, and the 
attachment of the PCL.

 n  Now dissect between the subcutaneous tissue and deep 
fascia to the medial aspect of the popliteal space. Incise 
the deep fascia to expose the lateral aspect of the semi-
membranosus and semitendinosus muscles, and retract 
these muscles medially; retract the popliteal vessels and 
nerves laterally.

 n  Divide the medial head of the gastrocnemius and medial 
half of the capsule.

 n  At this point, the knee may be completely extended by 
gentle manipulation if the hamstring tendons are not 
contracted. Avoid excessive force. During extension of 
the knee, fibrous adhesions may audibly rupture.

 n  This also can be accomplished through limited medial or 
lateral incisions, or both. This allows the patient to be 
in the supine position throughout the operation, in the 
event that additional procedures such as arthroscopic lysis 
of adhesions also are performed.

 n  On occasion, the biceps, semitendinosus, and semimem-
branosus tendons and the iliotibial band are severely 
contracted; in these instances, lengthen the tendons by 
Z-plasty and divide the iliotibial band and lateral intermus-
cular septum as described by Yount.
   

POSTERIOR CAPSULOTOMY

 TECHNIQUE 45.35 

(YOUNT)
 n  Expose the fascia lata through a lateral longitudinal inci-

sion just proximal to the femoral condyle.
 n  Divide the iliotibial band and fascia lata posteriorly to the 

biceps tendon and anteriorly to the midline of the thigh 
at a level 2.5 cm proximal to the patella.

 n  Now, at this level excise a segment of the iliotibial band 
and intermuscular septum 5 to 8 cm long.

 n  Before the wound is closed, determine by palpation that 
all tight bands have been divided. Suture only the subcu-
taneous tissue and skin.

POSTOPERATIVE CARE A brace locked in extension is 
fitted, and range-of-motion exercises are begun. Use of 
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a continuous passive motion machine may be beneficial. 
The patient should be examined frequently to detect any 
recurrent flexion contracture, which may require serial 
casting for extension to be regained.
   

OPEN WOUNDS OF THE KNEE 
JOINT
Although the management of war-related open joint inju-
ries has been reviewed extensively, much less information is 
available concerning the treatment of open joint wounds in 
the civilian population. As the incidence of civilian gunshot 
injuries has increased, gunshot injuries to the knee also have 
become more common. Of all open joint injuries, those of the 
knee are by far the most common (53% to 91%).

In one of the earliest articles on the “modern” management 
of open joint injuries, Patzakis et  al. reviewed 140 patients 
with penetrating joint injuries treated during a 4-year period. 
They divided the injuries into three types: those associated 
with fractures, open joint injuries without fracture, and gun-
shot wounds. All patients were treated with antibiotics, sur-
gical debridement, and irrigation, including the installation 
of polyethylene tubes into the joint for closed irrigation and 
suction. Their results were remarkably good, with infection 

developing in only three of the 140 patients (2.1%). A number 
of patients had positive cultures from the drainage tubes in 
the postoperative period. Because these same patients did not 
have positive cultures at the time of initial surgery, they con-
cluded that the positive cultures from the tubes were second-
ary to the tubes themselves and that a closed irrigation and 
suction system must be considered a potential source of con-
tamination. Therefore, they recommended that closed irriga-
tion and suction not be used routinely for open joint injuries 
but only for those with initial severe contamination or when 
the soft-tissue injury was extensive and closure of the joint 
was desirable. We concur with these recommendations. They 
further concluded that open joint injuries should be treated 
with broad-spectrum antibiotic coverage before, during, and 
after arthrotomy, open surgical debridement, and irrigation 
and primary closure of the wound in most patients. More 
recently, Brubacher et  al. developed an algorithm for diag-
nosis and treatment of traumatic arthrotomies based primar-
ily on physical examination and CT scanning (Fig. 45.161). 
Konda et  al. reported their experience in the treatment of 
40 open knee joint wounds; 43% were gunshot wounds and 
20% were sustained in motor vehicle accidents; no infections 
were reported, and only one patient had a vascular injury that 
ultimately required amputation. Twenty-one (53%) of these 
patients had an associated periarticular fracture, an associa-
tion confirmed in other studies.

 Periarticular
wound

Initiate antibiotics and
update tetanus as

indicated

Radiographs of involved
joint and proximal and

distal bones

Physical examination

Obvious
open joint

Consider CT scan for
surgical planning

Gross contamination or
nerve/vessel/tendon injury

or concomitant fracture

Clean and no
associated injury

CT scan

Negative intra-
articular air

Oral antibiotics and
appropriate local

wound careSurgical exploration

Positive intraarticular
air

Indeterminate
open joint

FIGURE 45.161 Treatment algorithm for traumatic 
arthrotomy.  (From Brubacher JW, Grote CW, Tilley MB: 
Traumatic arthrotomy, J Am Acad Orthop Surg 28:102, 
2020.)
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In patients with gunshot wounds of the knee, evalua-
tion of the neurovascular status is of primary importance 
(Fig. 45.162). Once neurovascular injuries have been identi-
fied and treated, if necessary, skeletal injuries can be evalu-
ated. Anteroposterior and lateral radiographs are carefully 
scrutinized for fractures, air in the joint space, bullet frag-
ments, and osteochondral fragments. CT also can provide 
valuable information about the extent and complexity of the 
fracture pattern. If intraarticular fractures are not evident, 
knee joint aspiration can help determine if the joint has been 
penetrated; a bloody aspirate indicates the need for joint irri-
gation. The treatment of open fractures caused by firearms is 
discussed in detail in Chapter 53.

If open fracture reduction is not required, irrigation and 
debridement can be done arthroscopically, resulting in a 
shorter postoperative hospital stay, less postoperative pain, and 
superior cosmetic results. It can also help identify intraarticu-
lar injuries. Fracture management depends on the stability of 
the fracture pattern and may include casting or bracing, open 
reduction and internal fixation, or external fixation. Large 
osteochondral fragments can be reattached and fixed with 
arthroscopic techniques (see Chapter 51). Soft-tissue coverage 
may require grafts or flaps (see Chapter 63). Damaged mus-
culotendinous or ligamentous structures should be repaired 
or reconstructed as soon as possible to restore joint function.

A rare late complication of intraarticular gunshot inju-
ries, including those of the knee, is lead poisoning, which 
has been reported from 2 days to 52 years after injury. Lead 
fragments in the soft tissues generally become encapsulated 
by fibrous tissue and are effectively inert; however, intraar-
ticular bullet fragments in contact with synovial fluid can 
cause foreign-body reactions, mechanical articular cartilage 
damage, proliferative synovitis, and destructive arthritis. 
Lead can be absorbed into the systemic circulation through 
the inflamed synovial membrane. Bullet fragmentation and 
the surface area of lead exposed to synovial fluid correlate 

with increased levels of lead in the blood (Fig. 45.163). 
Adults with lead poisoning may be asymptomatic or may 
have nausea, diarrhea, abdominal pain, and weakness. Lead 
poisoning should be considered in a patient with a history 
of an intraarticular gunshot wound and microcytic anemia. 
Prompt therapy, including chelation and removal of the bul-
let fragments, is essential.

 

A B

FIGURE 45.163 A and B, Intraarticular bullet fragments in 30-year-old man 14 years after gunshot 
injury. He was found to have microcytic anemia with high blood lead levels and was treated with 
chelation therapy and removal of the fragments.  (From Rehani B, Wissman R: Lead poisoning from a 
gunshot wound, South Med J 104:57, 2011.)

 FIGURE 45.162 Anteroposterior view of right distal femur of 
18-year-old woman with high-velocity rifle wound. Note “lead 
snowstorm” pattern and severe comminution. Arteriogram 
revealed no gross arterial damage.  (From Bartlett CS, Helfet DL, 
Hausman MR, Strauss E: Ballistics and gunshot wounds: effects on muscu-
loskeletal tissues, J Am Acad Orthop Surg 8:21, 2000.)
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SHOULDER AND ELBOW INJURIES
Robert H. Miller III, Frederick M. Azar, Thomas W. Throckmorton

CHAPTER 46

SHOULDER INJURIES
ANATOMY AND BIOMECHANICS
The shoulder joint is composed of four articulations: the 
sternoclavicular, acromioclavicular, glenohumeral, and 
scapulothoracic that work together to allow smooth shoul-
der function. Together, they allow the shoulder joint to have 
the greatest range of motion of any joint in the body, and the 
relationship between these articulations must be considered 
when treating shoulder dysfunction. Normal function of the 
shoulder is a balance between mobility and stability. In addi-
tion to the four articulations, mobility is allowed by the “large 
ball–small socket” bony arrangement and the voluminous gle-
nohumeral joint capsule, which does not restrict movement 
until the extremes of motion. The bony anatomy contributes 
little to stability and has been compared with a golf ball on 
a tee. The glenoid is encircled by the labrum, composed of 
dense fibrocartilaginous tissue, which increases the depth of 
the socket by 50% around the humeral head and increases 
stability. The glenoid articular surface and the labrum com-
bine to create a socket that is approximately 9 mm deep in 
the superoinferior direction and 5 mm deep in the antero-
posterior direction. Adding the glenoid labrum increases the 
glenoid surface to 75% of the humeral head vertically and 
57% horizontally. Biomechanical testing of cadaver shoul-
der specimens showed that the labrum affects the distribu-
tion of contact stresses when a compressive load is applied to 
the shoulder at 90 degrees of abduction. Because there is very 
little bony constraint to the shoulder, most of the stability is 
provided by the surrounding muscles and ligaments.

The ligamentous constraints are the primary stabilizers 
at extremes of motion. The superior glenohumeral ligament 
is the primary restraint to inferior humeral subluxation in  

0 degrees of abduction and is the primary stabilizer to ante-
rior and posterior stress in the same position. Tightening of 
the rotator interval (which includes the superior glenohu-
meral ligament) decreases posterior and inferior translation. 
The middle glenohumeral ligament limits external rotation 
when the arm is in the lower and middle ranges of abduction 
but has little effect when the arm is in 90 degrees of abduction. 
The inferior glenohumeral ligament is composed of an ante-
rior band that is quite thick, a posterior band that is less thick 
and distinct, and a thinner intervening axillary pouch, creating 
a hammock-type sling. With external rotation, the hammock 
slides anteriorly and superiorly, the anterior band tightens, and 
the posterior band fans out. With internal rotation, the oppo-
site occurs. The anteroinferior glenohumeral ligament complex 
is the main stabilizer to anterior and posterior stresses when 
the shoulder is abducted 45 degrees or more.

The muscles of the shoulder joint can be divided into 
intrinsic and extrinsic groups. The extrinsic muscles primarily 
control movement of the scapula and include the rhomboids, 
levator scapulae, trapezius, and serratus anterior. The intrin-
sic muscles control the glenohumeral joint and include the 
rotator cuff muscles (subscapularis, supraspinatus, infraspi-
natus, and teres minor), the deltoid, the pectoralis major, the 
teres major, the latissimus dorsi, and the biceps brachii. The 
muscular constraints work in several ways to provide stability. 
First, they dynamically position the scapula to place the gle-
noid opposite the humeral head as the shoulder moves. Rowe 
compared the relationship to a “ball on a seal’s nose.” As the 
ball (humerus) moves, the seal (scapula and glenoid) moves 
to maintain the balanced relationship. Second, whereas liga-
ments work in a static fashion to limit translation and rota-
tion, their stiffness and torsional rigidity are increased with 
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concomitant muscle activity. Rotator cuff activity and biceps 
activity have been shown to stiffen the capsule and decrease 
glenohumeral translation. Third, intrinsic and extrinsic mus-
cle groups serve as fine tuners of motion and power mov-
ers by working in “force couples.” The force couples control 
and direct the force through the joint, contributing to stabil-
ity. The most important such force couple involves the sub-
scapularis and posterior rotator cuff. Together, these muscles 
provide a compressive force that centers the humeral head in 
the glenoid cavity and explains why some patients with mas-
sive superior rotator cuff tears can have remarkably well-pre-
served overhead activity. In particular, the teres minor has 
often been viewed as a minor contributor to rotator cuff func-
tion; however, there has been heightened attention to its con-
tribution, particularly when the other cuff tendons fail.

The tendinous insertions of the rotator cuff muscles, the 
articular capsule, the coracohumeral ligament, and the gle-
nohumeral ligament complex blend into a confluent sheet 
before insertion into the humeral tuberosities. The tendons 
of the infraspinatus and supraspinatus muscles join approx-
imately 15 mm proximal to their insertion and cannot be 
readily separated by blunt dissection. The infraspinatus and 
teres minor fuse near their musculotendinous junctions. The 
supraspinatus and subscapularis tendons join as a sheath that 
surrounds the biceps tendon at the entrance of the bicipital 
groove. The roof of this sheath consists of a portion of the 
supraspinatus tendon, and a sheet of the subscapularis ten-
don forms the floor. This relationship is relevant to the fre-
quent coexistence of subscapularis tendon tears with lesions 
and/or instability of the long head of the biceps. The coraco-
humeral ligament is a thick band of fibrous tissue extending 
from the coracoid process along the surface of the capsule to 
the tuberosities between the supraspinatus and subscapularis 
tendons. The ligament is deep to the tendinous insertion of 
the cuff and blends with the capsule and supraspinatus ten-
don to form part of the roof of the biceps sheath. A 1-cm wide 
thickening of fibrous tissue extends posteriorly from the cora-
cohumeral ligament origin on the coracoid to the posterior 
margin of the infraspinatus. This band is an extension of the 
coracohumeral ligament and travels between the capsule and 
the cuff tendons. A sheet of fibrous tissue from the coracohu-
meral ligament origin also extends posterolaterally to form 
a sheet over the superficial supraspinatus and infraspinatus 
tendon insertions.

Histologic studies of the supraspinatus and infraspinatus 
tendons identified five distinct layers. The most superficial 
layer (layer one) contains large arterioles and comprises fibers 
from the coracohumeral ligament. This layer is 1 mm thick 
and contains fibers that are oriented obliquely to the long axis 
of the muscle bellies. Layer two is 3 to 5 mm thick and rep-
resents the direct tendinous insertion into the tuberosities. 
Large bundles (1 to 2 mm in diameter) of densely packed 
parallel tendon fibers compose layer two. The subscapularis 
tendinous insertion exhibits a similar structure, with col-
lagen fiber bundles that parallel the long axis of the muscle 
and splay before insertion. A group of bundles from the 
subscapularis joins with fibers of the supraspinatus to serve 
as the floor of the biceps sheath, and the roof of the biceps 
sheath is formed by fibers from layer two of the supraspina-
tus. Layer three is approximately 3 mm thick and comprises 
smaller bundles of collagen with a less uniform orientation 
than in layer two. Fibers within this layer travel at 45-degree 

angles to one another to form an interdigitating meshwork 
that contributes to the fusion of the cuff tendon insertion. 
Layer four comprises loose connective tissue and thick colla-
gen bands that merge with the coracohumeral ligament at the 
most anterior border of the supraspinatus. Layer five (2 mm 
thick) represents the shoulder capsule and includes a sheet 
of interwoven collagen extending from the glenoid labrum to 
the humerus.

The insertion site of the rotator cuff tendon at the greater 
tuberosity often is referred to as the “footprint.” Dugas et al. 
examined 20 normal cadaver rotator cuff specimens and 
mapped the footprint using a three-space digitizer. The mean 
medial-to-lateral insertion widths of the supraspinatus, infra-
spinatus, teres minor, and subscapularis tendons were 12.7 
mm, 13.4 mm, 11.4 mm, and 17.9 mm, respectively. The mean 
minimal medial-to-lateral insertion width of the entire rota-
tor cuff insertion occurred at the midportion of the supra-
spinatus and was 14.7 mm. The articular surface-to-tendon 
insertion distance was less than 1 mm along the anterior 2.1 
cm of the supraspinatus-infraspinatus insertion. This distance 
progressively increased to a mean distance of 13.9 mm at the 
most inferior aspect of the teres minor insertion. The mean 
anteroposterior distances of the supraspinatus, infraspinatus, 
teres minor, and subscapularis insertions were noted to be 
1.63 cm, 1.64 cm, 2.07 cm, and 2.43 cm, respectively.

An additional important concept relative to the rotator 
cuff is the rotator cable and rotator crescent. Viewed best from 
the articular side, the rotator cable is a thick bundle that acts 
as a suspensory support mechanism to bear forces applied to 
the rotator cuff (Fig. 46.1). In turn, it offloads and protects 
the rotator crescent. Rotator cuff tears involving the cable are 
believed to correlate more with pain than others.

The rotator interval is defined as the triangular area in the 
anterior and superior shoulder where no rotator cuff tendons 
are present. As such, the interval is bounded by the supra-
spinatus superiorly, the subscapularis inferiorly, and the cor-
acoid medially. The apex of the triangle is marked laterally 

 

Humerus head

Biceps

FIGURE 46.1 Arthroscopic view of the rotator cable (arrows). 
(Courtesy Nickolas Garbis.)
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by the transverse humeral ligament. The coracohumeral liga-
ment, biceps tendon, and superior glenohumeral ligament are 
found in the rotator interval. The rotator interval is altered 
in pathologic states and has been found to be contracted in 
patients with adhesive capsulitis and expanded in those with 
shoulder instability.

The coracoacromial arch lies superior to the glenohu-
meral joint and is composed of the coracoid and the anterior 
acromion, which are spanned by the coracoacromial liga-
ment. The distal clavicle usually is considered to be part of the 
arch as well. The rotator cuff tendons, the subacromial bursa, 
the biceps tendon, and the proximal humerus all pass beneath 
this arch. Any acquired or congenital process that narrows 
the space available for these structures can cause mechani-
cal impingement. The coracoacromial arch also serves as a 
restraint to superior proximal humeral migration, and its dis-
ruption is considered the final step in the cascade of events 
culminating in anterosuperior escape in advanced degenera-
tive shoulder disorders associated with massive rotator cuff 
tears. In escape, the humeral head dislocates anteriorly and 
superiorly with attempted forward elevation of the shoulder. 
As a result, the humeral head comes to rest in a palpable and 
visible position in the subcutaneous tissues. 

CLINICAL PRESENTATION AND PHYSICAL 
EXAMINATION
Evaluation of a painful shoulder is challenging for sev-
eral reasons. Different clinical conditions, such as the vari-
ous impingement syndromes, rotator cuff tears (partial and 
complete), calcific tendinitis, adhesive capsulitis, and nerve 
entrapment syndromes, have similar histories, pain patterns, 
and findings on physical examination. All of these conditions 
can cause pain, weakness, and loss of motion of the affected 
extremity. The pain, usually exacerbated by overhead activi-
ties, is worse with active rather than passive motion and may 
awaken the patient from sleep. Pain may be referred to the area 
of the deltoid insertion. On physical examination, it often is 
impossible to reliably establish which structure in the shoul-
der is causing the pain because of the close anatomic proxim-
ity of these structures. Many tests are sensitive for detecting 
shoulder pathology but are not specific. Many conditions are 
painful with the same provocative maneuvers. Palpation is of 
limited benefit, especially in muscular or heavy patients. It 
is impossible to palpate the labrum or capsule, and although 
some authors have claimed to be able to palpate rotator cuff 
tears, we have not had that experience other than in very thin 
patients. Clicks and crepitus in the shoulder are not specific 
for any one pathologic condition, and often the reverberating 
quality of these clicks makes them unreliable for localization.

Although the physical examination often is inconclusive, 
it is an essential component of the evaluation of a patient with 
a painful shoulder and helps eliminate other potential causes 
of referred pain to the shoulder, such as disorders of the cer-
vical spine (herniated disc, spondylosis, brachial plexopa-
thy), chest cavity (Pancoast tumor, upper lobe pneumonia), 
breasts, axillary area, and abdomen (diaphragmatic irritation, 
gallbladder dysfunction).

The physical examination begins with inspection. The 
patient should be undressed above the waist. Women may 
cover up in a fashion similar to a strapless dress. This expo-
sure allows observation of the anterior and the posterior 
aspects of the shoulder. Comparison of the shoulders may 

reveal subtle atrophy, swelling, or deformity. Ecchymosis may 
suggest contusions or ruptures of structures such as the rota-
tor cuff or the long head of the biceps tendon. Palpation of 
the superficial bony structures may identify a painful acro-
mioclavicular joint, sternoclavicular joint, clavicle, or acro-
mion. Palpation elsewhere around the shoulder may suggest 
potential sources of pain, but as previously mentioned this 
is not often specific. The joints above and below the area of 
pain should be examined; for the shoulder, the joint above 
is the cervical spine. Indeed, 5% of patients presenting with 
the chief complaint of shoulder pain will be found to have 
an isolated cervical spine disorder. Therefore, a neurovascu-
lar examination of both upper extremities should be included 
along with an assessment of motor strength. Range of motion 
is determined actively and passively, noting painful arcs and 
tendencies to substitute muscle function.

More than 100 tests have been described for detecting 
shoulder instability, tendinitis, and tears of the rotator cuff, 
with varying degrees of accuracy. In an exhaustive review of 
the literature, Hegedus et al. determined that no single physi-
cal examination test can be used to make an unequivocal 
diagnosis; combinations of tests provide only marginally bet-
ter accuracy. The following tests are ones that we frequently 
use and are designed either to reproduce symptoms or to 
produce pain suggesting impingement of the rotator cuff or 
tendinitis.

NEER IMPINGEMENT SIGN AND IMPINGEMENT 
TEST
Neer first described the impingement test in 1972 (Fig. 46.2A). 
With the patient seated, the examiner raises the affected arm 
in forced forward elevation while stabilizing the scapula, caus-
ing the greater tuberosity to impinge against the acromion. 
This maneuver produces pain with impingement lesions of all 
stages. It also produces pain in many other shoulder condi-
tions, such as adhesive capsulitis, osteoarthritis, calcific tendi-
nitis, and bone lesions. Neer also described the impingement 
test with the use of a subacromial injection of 10 mL of 1% 
lidocaine (Xylocaine). Pain caused by impingement usually is 
significantly reduced or eliminated, but pain caused by other 
conditions (with the exception perhaps of calcific tendinitis) 
is not relieved. One study revealed sensitivity for the impinge-
ment sign of 75% for bursitis and 88% for cuff abnormali-
ties, with specificities of 48% and 51%. The positive predictive 
values were 36% and 40%, and the negative predictive values 
were 83% and 89%. The test was positive, however, in 25% of 
patients with Bankart lesions, 46% of patients with superior 
labral anterior and posterior lesions, and 69% of patients with 
acromioclavicular arthritis. 

HAWKINS-KENNEDY TEST
Hawkins and Kennedy described their test in 1980 as an alter-
native to the Neer test, but they did not believe that it was as 
reliable (Fig. 46.2B). The test is performed by forward flex-
ing the humerus to 90 degrees and forcibly internally rotat-
ing the shoulder. This maneuver drives the greater tuberosity 
farther under the coracoacromial ligament, reproducing the 
impingement pain. Sensitivities of 92% for bursitis and 88% 
for cuff abnormalities were found in 85 consecutive patients, 
with specificities of 44% and 43%. The positive predictive val-
ues were 39% and 37%, and the negative predictive values 
were 93.1% and 90%. The test was positive, however, in 31% 
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FIGURE 46.2 Impingement tests to reproduce symptoms or produce pain (see text). A, Neer 
impingement sign and impingement test. B, Hawkins-Kennedy test. C, Jobe supraspinatus test. 
 D, Internal rotation resistance stress test. E, Gerber subcoracoid impingement test. 
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of patients with Bankart lesions, 69% of patients with supe-
rior labral anterior and posterior lesions, and 94% of patients 
with acromioclavicular joint arthritis. 

JOBE TEST
Jobe described the “supraspinatus test” in 1983 (Fig. 46.2C). 
The test is performed by placing the shoulder in 90 degrees of 
abduction and 30 degrees of forward flexion and internally 
rotated so that the thumb is pointing toward the floor. Muscle 
testing against resistance shows weakness or insufficiency of 
the supraspinatus owing to a tear or pain associated with rota-
tor cuff impingement. 

INTERNAL ROTATION RESISTANCE STRESS TEST
Zaslav described a test to differentiate between internal and 
classic outlet impingement (Fig. 46.2D). The test is per-
formed with the patient seated and the examiner stand-
ing behind the patient. The patient’s arm is positioned in 
90 degrees of abduction in the coronal plane and approxi-
mately 80 degrees of external rotation. A manual isometric 
muscle test is performed for external rotation and compared 
with one for internal rotation in the same position. If a 
patient with a positive impingement sign has good strength 
in external rotation and weakness in internal rotation, the 
test is positive. A positive internal rotation resistance stress 
test suggests internal impingement, and a negative test 
(more weakness in external rotation) suggests classic outlet 
impingement. Zaslav reported a sensitivity of 88%, specific-
ity of 96%, positive predictive value of 88%, and negative 
predictive value of 94%. All of the patients tested had been 
selected, however, because they had a previous positive Neer 
impingement test, resulting in a population of “imping-
ers” rather than a population with unconfirmed shoulder 
abnormalities.

ACTIVE COMPRESSION TEST
This test, described by O’Brien for diagnosis of labral tears 
and acromioclavicular joint abnormalities, is performed with 
the physician standing behind the patient and asking the 
patient to forward flex the affected arm 90 degrees with the 
elbow in full extension. The arm is then adducted 10 to 15 
degrees medial to the sagittal plane of the body and is inter-
nally rotated so that the thumb points downward. The exam-
iner then applies a uniform downward force to the arm. With 
the arm in the same position, the palm is then fully supinated 
and the maneuver is repeated. The test is considered positive 
if pain is elicited with the first maneuver and is reduced or 
eliminated with the second maneuver. Pain localized to the 
acromioclavicular joint or on top of the shoulder is diagnos-
tic of acromioclavicular abnormality. Pain or painful clicking 
described as inside the glenohumeral joint itself is indicative 
of labral abnormality. O’Brien et  al. compared the physical 
examination findings to those identified on MRI or at surgery 
in 318 patients. The active compression test for labral abnor-
mality revealed a sensitivity of 100%, a specificity of 98.5%, 
a positive predictive value of 100%, and a negative predic-
tive value of 100%. For the acromioclavicular joint, the data 
revealed a sensitivity of 100%, a specificity of 95.2%, a positive 
predictive value of 91.5%, and a negative predictive value of 
100%. 

DYNAMIC LABRAL SHEAR TEST
O’Driscoll described the dynamic labral shear test to repro-
duce the shearing mechanism that can cause a superior 
labrum tear anterior and posterior (SLAP); it is reported to 
yield reliable results that isolate a SLAP lesion’s causal role in 
symptoms and impaired function. The test is performed with 
the patient supine with the affected arm relaxed off the side of 
the examining table; the scapula is supported by the table, but 

 FIGURE 46.2 , cont’d F, Jobe apprehension-relocation test. G, Speed test. H, Yergason 
“supination” sign.
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the humerus is free. To test the right shoulder, the examiner 
flexes the right elbow 90 degrees and grasps the olecranon and 
distal humerus. The shoulder is passively rotated externally to 
its natural limit with the force of gravity alone pulling down 
on the forearm (approximately 90 degrees); the elbow is then 
dropped back into its natural limit of horizontal abduction 
(toward the floor), and the shoulder is passively elevated and 
depressed while horizontal abduction and external rotation 
are maintained. During elevation of the shoulder, the magni-
tude of horizontal abduction will vary and must be permitted 
to do so without constraint. The degree of external rotation 
also will vary throughout the arc of elevation and must be 
unconstrained. While the shoulder is being elevated, the 
examiner’s right hand is kept on the acromion to stabilize the 
scapula and to detect any palpable click transmitted through 
the bony structures (Fig. 46.3). Usually the click will be felt by 
the left hand on the olecranon, as well as the distal humerus. 
After full overhead elevation, the entire motion is reversed 
and the arm is brought down to the side while the natural 
limits of shoulder external rotation and horizontal abduction 
are maintained. The test is considered positive if the patient’s 
deep pain at the posterior glenohumeral joint is reproduced 
by the test through an arc from approximately 90 degrees to 
120 degrees; it is considered negative if it is not painful in 
this range or it does not reproduce the patient’s pain. The test 
can also be performed with the patient sitting or standing, 
and we have found this to be reliable in the clinical setting. 
Cheung and O’Driscoll reported sensitivity for diagnosis of a 
type II SLAP lesion of 86%, which was as good as MRI with 
gadolinium and better than MRI without gadolinium con-
trast dye. Kibler et al. found a sensitivity of 72%, specificity of 
98%, accuracy of 97%, positive predictive value of 97%, and 
negative predictive value of 77% for detecting labral disease 
with this test.

KIM TEST FOR POSTEROINFERIOR LABRAL TEAR
This test is performed with the patient sitting with the arm 
in 90 degrees of abduction. The examiner holds the elbow 
and lateral aspect of the proximal arm, and applies a strong 
axial loading force (Fig. 46.4A). While the arm is elevated 45 
degrees diagonally upward, downward and backward force is 
applied to the proximal arm (Fig. 46.4B). A sudden onset of 
posterior shoulder pain indicates a positive test result, regard-
less of accompanying posterior clunk of the humeral head. 
Because it is important to apply a firm axial compression force 

to the glenoid surface by the humeral head, having the patient 
sit against the back of a chair rather than on a stool provides a 
good countersupport of the axial loading in the involved arm.

In both a study by Kim et al. and a systematic review, the 
Kim test was found to have a sensitivity of 80% and specificity 
of 94%. When the jerk test was used in combination with the 
Kim test, sensitivity increased to 97%. 

JERK TEST FOR POSTERIOR LABRAL LESIONS
The jerk test is highly sensitive and specific for a posterior 
labral tear. It is performed with the patient sitting. While the 
examiner holds the scapula with one hand, the patient’s arm 
is abducted 90 degrees and internally rotated 90 degrees. An 
axial force is applied with the examiner’s other hand holding 
the patient’s elbow (Fig. 46.5A), and a simultaneous horizon-
tal adduction force is applied (Fig. 46.5B). A sharp pain, with 
or without posterior clunk or click, suggests a positive test 
result. 

BICEPS LOAD II TEST FOR ISOLATED SLAP LESIONS
With the patient supine, the examiner places the patient’s 
shoulder in 120 degrees of abduction, the elbow in 90 degrees 
of flexion, and the forearm in supination, and then externally 
rotates the shoulder (Fig. 46.6). The patient then flexes his or 
her elbow, and any pain while the examiner resists elbow flex-
ion is a positive test. Reported sensitivity of the biceps load 
II test is 90%, specificity 97%, positive-predictive value 92%, 
and negative-predictive value 95%. 

GERBER SUBCORACOID IMPINGEMENT TEST
The Gerber test is designed to identify impingement between 
the rotator cuff and the coracoid process (Fig. 46.2E). It is 
performed in a manner similar to the Hawkins-Kennedy 
impingement test. The arm is forward flexed 90 degrees 
and adducted 10 to 20 degrees across the body to bring the 
lesser tuberosity into contact with the coracoid. Pain with the 
maneuver indicates coracoid impingement. 

JOBE APPREHENSION-RELOCATION TEST
Jobe described a combination test in 1989 to distinguish 
between primary impingement and secondary impingement 
owing to subtle anterior instability (Fig. 46.2F). With the 
patient supine, the arm is abducted 90 degrees and externally 
rotated, which produces pain from impingement. Application 
of a posteriorly directed force to the humeral head, relocating 
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FIGURE 46.3 Dynamic shear test (O’Driscoll).
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it in the glenoid, does not change the pain in patients with pri-
mary impingement but relieves the pain in patients with insta-
bility (subluxation) and secondary impingement, who tolerate 
maximal external rotation with the humeral head maintained 
in a reduced position. Evaluation of this test concluded that 
pain in the position of 90 degrees of abduction and 90 degrees 
of external rotation could be caused by a variety of disorders 
and would be diminished by a posteriorly directed force. 

SPEED TEST
In 1966, Crenshaw and Kilgore described a test they attributed 
to Speed (Fig. 46.2G). The Speed test is performed by hav-
ing the patient forward flex the shoulder to 90 degrees with 
the elbow extended and the forearm supinated. Resistance is 
applied to the forearm, and a positive result produces pain 
localized to the bicipital groove. In an arthroscopic analysis 
that included biceps tendinitis and superior labral anterior 
and posterior lesions as positive findings, Bennett found that 
the Speed test had a sensitivity of 90% and a specificity of 
14%. The positive predictive value was 23%, and the negative 
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FIGURE 46.4 Kim test for posteroinferior labral tear. A, Examiner holds elbow and lateral 
aspect of proximal arm and applies a strong axial loading force. B, With arm elevated 45 degrees 
diagonally upward, examiner applies downward and backward force to the proximal arm. Sudden 
onset of posterior should pain indicates a positive test result.
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FIGURE 46.5 Jerk test for posterior labral lesions. A, Examiner holds scapula with one hand, 
patient’s arm is abducted 90 degrees and internally rotated 90 degrees. B, Axial force is applied 
with examiner’s other hand holding patient’s elbow and simultaneous horizontal adduction force 
is applied. Sharp pain suggests positive test result.

 FIGURE 46.6 Biceps load II test. With patient’s shoulder in 120 
degrees of abduction, elbow in 90 degrees of flexion, and forearm 
supinated, examiner externally rotates shoulder. Patient then flexes 
his or her elbow, and any pain while examiner resists elbow flexion 
is positive result.
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predictive value was 83%. A study in 2005 showed the follow-
ing values: sensitivity 38%, specificity 83%, positive predictive 
value 81%, and negative predictive value 43%. 

YERGASON SIGN
Yergason described the “supination sign” in 1931 (Fig. 46.2H). 
The elbow is flexed to 90 degrees, and the forearm is pronated. 
The patient attempts to supinate the forearm actively against 
resistance applied by the examiner at the patient’s wrist. Pain 
localized to the bicipital groove indicates inflammation of the 
long head of the biceps. Yergason noted that this test may be 
negative with partial or complete rupture of the supraspinatus 
tendon.

Park et al. evaluated eight impingement tests (Table 46.1) 
in 552 patients and determined that if the Hawkins-Kennedy 
sign, the painful arc sign, and the infraspinatus muscle (Jobe) 
test all were positive, the likelihood of a patient having an 
impingement syndrome of some degree was greater than 
95%; if these three tests all were negative, the likelihood of 
impingement syndrome was less than 24%.

The tests described next (Fig. 46.7) are designed to 
assess rotator cuff integrity and fall into two types: tests that 
determine whether a movement can be undertaken actively 
and tests that determine whether a passive position can be 
maintained (the lag signs). The main finding on physical 
examination of patients with full-thickness tears depends 
on which tendons are torn, what percentage of the tendon 
width is torn, and the duration for which the tendons have 
been torn. During an examination of a patient with pain, it 
may be difficult to determine if weakness is caused by the 
pain or to a torn tendon. Weakness with pain should be 
interpreted with caution and not be assumed to indicate a 
full-thickness tear. 

LIFT-OFF TEST
In 1991, Gerber and Krushell described the lift-off test for 
detection of an isolated rupture of the subscapularis tendon 
(Fig. 46.7A). With the patient seated or standing, the arm is 
internally rotated, and the dorsum of the hand is placed against 
the lower back. If the patient is unable to lift the dorsum of the 

hand off the back, the test is positive. Electromyography has 
confirmed that the subscapularis muscle is maximally active 
with the hand in the midlumbar position and with resistance 
applied. 

BELLY PRESS TEST
Gerber et al. described the belly press test for patients who 
have decreased internal rotation (Fig. 46.7B). In this test, 
the patient presses the abdomen with the flat of the hand 
and attempts to keep the arm in maximal internal rotation. 
If active internal rotation is strong, the elbow does not drop 
backward, meaning it remains in front of the trunk. If the 
strength of the subscapularis is impaired, maximal internal 
rotation cannot be maintained, the patient feels weakness, 
and the elbow drops back behind the trunk. The patient exerts 
pressure on the abdomen by extending the shoulder, rather 
than by internally rotating it. Other investigators have noted 
that when the subscapularis tendon is torn, patients tend to 
flex the wrist to press against the abdomen and are unable to 
hold the elbow forward.

BEAR-HUG TEST FOR SUBSCAPULARIS TEAR
The bear-hug test is performed with the patient’s palm of 
the involved side placed on the opposite shoulder with fin-
gers extended (Fig. 46.8A) and the elbow positioned ante-
rior to the body. The patient is asked to hold that position 
(resisted internal rotation), and the examiner tries to pull the 
patient’s hand from the shoulder with an external rotation 
force applied perpendicular to the forearm (Fig. 46.8B). The 
test is considered positive if the patient is unable to hold the 
hand against the shoulder or if he or she shows weakness of 
resisted internal rotation of more than 20% compared with 
the opposite side. If strength is comparable to that of the 
opposite side, without any pain, the test is considered nega-
tive. A painful bear-hug test without weakness is considered 
negative. 

EXTERNAL ROTATION STRESS TEST
The external rotation stress test is intended to test the integ-
rity of the external rotators of the shoulder, specifically the 

 TABLE 46.1 

Clinical Tests for Subacromial Impingement (Regardless of Severity of Rotator Cuff Disease)

TEST SENSITIVITY (%) SPECIFICITY (%)
POSITIVE PREDICTIVE 
VALUE (%)

NEGATIVE PREDICTIVE 
VALUE (%)

OVERALL ACCURACY 
(%)

Neer sign 68 68.7 80.4 53.2 68.3
Hawkins-Kennedy sign 71.5 66.3 79.7 55.7 69.7
Painful arc sign 73.5 81.1 88.2 61.5 76.1
Supraspinatus (Jobe) 
muscle test

44.1 89.5 88.4 46.8 60.2

Speed test 38.3 83.3 80.5 42.9 54.4
Cross-body adduction test 38.3 83.3 80.5 42.9 54.4
Drop-arm test 26.9 88.4 81 39.7 48.6
Infraspinatus muscle test 41.6 90.1 90.6 45.8 58.7

From Park HB, Yokota A, Gill HS, et al: Diagnostic accuracy of clinical tests for the different degrees of subacromial impingement syndrome, J Bone Joint Surg 
87A:1446–1455, 2005.
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infraspinatus and the teres minor (Fig. 46.7C). With the 
patient’s arms by his or her side in neutral flexion and abduc-
tion, the shoulders are externally rotated 45 to 60 degrees. 
The examiner applies force against the dorsum of the hands, 
attempting to rotate the shoulders internally back to neutral 
while the patient is asked to resist. Pain and weakness sug-
gest inflammation or tearing of the infraspinatus or the teres 
minor or both. 

EXTERNAL ROTATION LAG SIGN
The external rotation lag sign test is designed to test the 
integrity of the supraspinatus and infraspinatus tendons 
(Fig. 46.7D). The patient is seated with his or her back to the 
examiner. The elbow is passively flexed to 90 degrees, and the 
shoulder is held at 20 degrees of elevation and near maxi-
mal external rotation (maximal external rotation –5 degrees 
to avoid elastic recoil in the shoulder) by the examiner. The 

 

A B

C D

E F

FIGURE 46.7 Tests for evaluating rotator cuff integrity (see text). A, Lift-off test. B, Belly press 
test. C, External rotation stress test. D, External rotation lag sign. E, Drop sign. F, Internal rotation 
lag sign.
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patient is asked to maintain the position of external rotation 
actively as the examiner releases the wrist, while maintaining 
support of the arm at the elbow. The sign is positive when a 
lag, or angular drop, occurs. As with all tests, performance 
and interpretation are complicated by pathologic changes in 
the passive range of motion. The external rotation lag sign of 
more than 40 degrees has been shown to have a sensitivity of 
100% and a specificity of 92%. 

PATTE (HORNBLOWER) SIGN
The Patte sign is used to determine the strength of the teres 
minor. With the patient standing, the examiner elevates 
the patient’s arm to 90 degrees in the scapular plane and 
flexes the elbow to 90 degrees (Fig. 46.9). The patient is 
then asked to laterally rotate the shoulder. Weakness and/
or pain constitutes a positive test. This sign was reported to 
have a sensitivity of 93% to 100% and a specificity of 72% 
to 93%. 

DROP SIGN
The drop sign is intended to test the integrity of the infraspi-
natus (Fig. 46.7E). The patient is seated with his or her back to 
the examiner. The affected arm is held at 90 degrees of eleva-
tion in the scapular plane and at almost full external rotation 
with the elbow flexed at 90 degrees. The patient is asked to 
maintain this position actively as the examiner releases the 
wrist while supporting the elbow, which is mainly a func-
tion of the infraspinatus. The sign is positive if a lag or “drop” 

occurs. The drop sign has a reported sensitivity of 87% and 
specificity of 88%. 

INTERNAL ROTATION LAG SIGN
The internal rotation lag sign test is designed to test the integ-
rity of the subscapularis tendon (Fig. 46.7F). The patient is 
seated with his or her back to the examiner. The affected arm 
is held by the examiner in almost maximal internal rotation. 
The elbow is flexed to 90 degrees, and the shoulder is held 
at 20 degrees of elevation and 20 degrees of extension. The 
dorsum of the hand is passively lifted away from the lum-
bar region until almost full internal rotation is reached. The 
patient is asked to maintain this position actively as the exam-
iner releases the wrist while maintaining support at the elbow. 
The sign is positive when a lag occurs. 

IMAGING
Plain radiographs should be obtained for initial evaluation of 
a patient with shoulder pain. The radiographs should be made 
in two planes, preferably at right angles to each other, and 
should include an anteroposterior view, axillary lateral view, 
and supraspinatus outlet view. Anteroposterior radiographs 
can be made with the shoulder in neutral, internal rotation, 
or external rotation with advantages to each view. The inter-
nal rotation view is useful for detecting Hill-Sachs lesions, 
and the external rotation view provides a good view of the 
greater tuberosity and proximal humeral physis in skeletally 
immature patients. A true anteroposterior radiograph of the 

 

A B

FIGURE 46.8 Bear-hug test for subscapularis tear.

 

A B

FIGURE 46.9 Patte test to determine strength of teres minor.
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glenohumeral joint (also known as the Grashey view) provides 
the best evaluation of the articular cartilage of the glenoid and 
the humeral head. The axillary lateral view has the advantage 
of showing the anatomy of the glenoid rim, the acromion, the 
coracoid, and the proximal humerus. An outlet view assists in 
the evaluation of patients with rotator cuff disease. This view 
is a lateral view of the scapula with the tube angled 10 degrees 
caudad. On this radiograph, the acromion can be classified 
into one of three types (flat, curved, or hooked). An associa-
tion between a hooked acromion and rotator cuff disease has 
been shown, but the causal relationship between the two has 
not been established. This classification of the acromion also 
is subject to poor agreement between observers, and slight 
changes in how the radiographs are made may alter the clas-
sification of the acromial shape. Radiographs may reveal 
exostoses, greater tuberosity cysts or sclerosis, and subacro-
mial sclerosis (sourcil sign), which indicate chronic cuff tears. 
Calcific deposits to the rotator cuff are consistent with calcific 
tendinitis. In addition, superior migration of the humeral 
head with narrowing of the acromiohumeral space to less 
than 7 mm suggests a rotator cuff tear, and a space less than 5 
mm suggests a massive tear. A Stryker notch view is helpful to 
evaluate for Hill-Sachs lesions, and a West Point view is used 
to evaluate bony Bankart lesions.

Further imaging can assist with the diagnosis. 
Traditionally, an arthrogram has been used to document 
full-thickness rotator cuff tears. Leakage of contrast material 
into the subacromial and subdeltoid spaces after injection 
into the glenohumeral joint indicates a full-thickness tear. 
Tendinopathy or even partial-thickness tears are difficult, 
however, if not impossible, to diagnose with an arthrogram. 
The arthrogram does not provide any additional information, 
such as the size of the tear or the condition of the rotator cuff 
muscles. Arthrography is still useful for patients in whom 
MRI is contraindicated, such as patients with a pacemaker, 
cerebral aneurysm clip, intraocular metal, or recent cardiac 
stents. Arthrography can be combined with MRI to improve 
the diagnostic accuracy when evaluating rotator cuff repairs 
for failure or retears in which it is difficult to differentiate scar 
tissue from tendon, as well as for evaluation of entities such as 
labral tears, Bankart and reverse-Bankart lesions, and SLAP 
lesions, when additional information is needed for treatment 
decision-making.

MRI is currently the most commonly used test for evalu-
ation of a rotator cuff pathologic process. It is highly accurate 
and shows detailed anatomic information, including the size 
of rotator cuff tears and the status of the rotator cuff muscles. 
In addition, partial tears and tendinopathy are well visualized 
by MRI. A patient with symptoms of subacromial impinge-
ment may show increased signal in the infraspinatus tendon 
on T2-weighted MRI consistent with tendinopathy; increased 
fluid in the subacromial bursa also is a sign of subacromial 
impingement. MR images typically are made in several orien-
tations, including coronal oblique, sagittal oblique, and axial. 
Coronal oblique MR images assist in evaluating the supraspi-
natus tendon and muscle, delineating the extent of retraction 
and the size and quality of the supraspinatus muscle. Fatty 
replacement of the supraspinatus muscle and the supraspina-
tus fossa indicates chronic pathology. The size of the supra-
spinatus tear in the anterior and posterior direction can be 
determined by noting the tear on sequential images. The sag-
ittal oblique images show the anterior and posterior extent of 

supraspinatus tearing and the quality of all of the rotator cuff 
muscles. Axial images are used to show the condition of the 
biceps tendon and of the subscapularis and infraspinatus ten-
dons and muscles. One potential disadvantage of MRI is the 
significant potential for false-positive findings. Consequently, 
MRI findings should always be correlated with clinical find-
ings. Another potential problem with MRI is overuse; specific 
indications rarely have been discussed. Patients with an insid-
ious onset of shoulder pain and dysfunction do not require 
MRI evaluation until appropriate nonoperative treatment has 
failed. Patients for whom surgery is not a consideration do 
not need MRI unless there are concerns about another patho-
logic entity, such as an infection or neoplasm.

Ultrasound scanning has been reported to have a sensi-
tivity of 58% to 100%, a specificity of 85% to 100%, and an 
overall accuracy of 80% to 94% in the detection of rotator 
cuff tears. In a comparison of MRI and ultrasound assess-
ment of rotator cuff healing in 61 patients, ultrasound had 
80% sensitivity and 98% specificity using MRI as the refer-
ence. A Cochrane Database Review concluded that MRI, 
MR arthrography, and ultrasound all have good diagnostic 
accuracy, and any could be used equally for detection of full-
thickness tears in patients with shoulder pain for whom sur-
gery is being considered, especially those with full-thickness 
tears; however, both MRI and ultrasound appear to have poor 
sensitivity for detecting partial-thickness tears. Advantages 
of ultrasonography over other imaging methods are that it is 
rapid, noninvasive, and inexpensive; a disadvantage is that the 
accuracy of ultrasound evaluation is highly dependent on the 
experience of the ultrasonographer and on the quality of the 
equipment used. Dynamic ultrasound also can be useful in 
confirming shoulder impingement syndrome, assessing gle-
nohumeral laxity, and identifying biceps tendon pathology. 

IMPINGEMENT SYNDROME
Current understanding of impingement syndrome has 
evolved considerably since Jarjavay’s first description of sub-
acromial bursitis in 1867. Codman, in 1931, was the first to 
note that many patients with inability to abduct the arm had 
incomplete or complete ruptures of the supraspinatus tendon, 
rather than primary bursal problems. In 1972, Neer described 
impingement syndrome characterized by a ridge of prolifera-
tive spurs and excrescences on the undersurface of the ante-
rior process of the acromion, apparently caused by repeated 
impingement of the rotator cuff and the humeral head with 
traction of the coracoacromial ligament. Neer also noted that 
the anterior third of the acromion and its anterior lip seemed 
to be the offending structure in most cases. He introduced 
the concept of a continuum of impingement syndrome (Box 
46.1). The supraspinatus insertion into the greater tuberos-
ity that passes beneath the coracoacromial arch during for-
ward flexion of the shoulder is susceptible to impingement 
(Fig. 46.10). Neer also described the temporary relief of pain 
with subacromial injection of lidocaine as a diagnostic test, 
now known as the impingement test, which is helpful in dif-
ferentiating purely impingement-type symptoms from other 
pathologic processes.

The natural history of impingement syndrome remains 
unclear. In a group of 63 patients with subacromial impinge-
ment without rotator cuff tears who were evaluated 8 years 
after diagnosis, 44% had a relapsing course with asymptom-
atic periods between recurrences, 25% had no recurrences, 
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and 30% had a chronic course. Of those with a chronic 
course, 37% eventually required surgery. Younger age, lower 
body mass index (BMI), more functional capacity, shorter 
symptomatic period, reversible changes on MRI, and higher 
Constant and American Shoulder and Elbow Surgeons 
(ASES) Standardized Shoulder Assessment scores at the first 
evaluation were good prognostic factors.

Since Neer’s original description, the concept of impinge-
ment syndrome has evolved to encompass four types of 
impingement: (1) primary impingement, (2) secondary 
impingement, (3) subcoracoid impingement, and (4) inter-
nal impingement. Primary impingement is subcategorized 

further into intrinsic and extrinsic types. Primary impinge-
ment is the classic version and occurs without any other con-
tributing pathology. Secondary impingement occurs when 
there is instability of the glenohumeral joint allowing trans-
lation of the humeral head, typically anteriorly, resulting in 
contact of the rotator cuff against the coracoacromial arch. 
When the structures passing beneath the coracoacromial 
arch become enlarged resulting in abutment against the arch, 
the cause of the impingement is considered to be intrinsic. 
Examples of this condition include thickening of the rotator 
cuff, calcium deposits within the rotator cuff, and thicken-
ing of the subacromial bursa. Extrinsic impingement occurs 
when the space available for the rotator cuff is diminished; 
examples include subacromial spurring, acromial fracture 
or pathologic os acromiale, osteophytes off the undersurface 
of the acromioclavicular joint, and exostoses at the greater 
tuberosity.

Acromial morphology has been implicated as con-
tributing to impingement. Bigliani, Morrison, and April 
described three types of acromion morphology (Fig. 46.11) 
and noted an increase in rotator cuff tears with type III, 
or hooked, acromions. In a cadaver study of 140 shoul-
ders, one third had full-thickness tears of the rotator cuff, 
73% of which were in shoulders with type III acromions. 
A more recent comparison of patients with full-thickness 
supraspinatus tendon tears or subacromial impingement to 
a control group found that a low lateral acromial angle and 
a large lateral extension of the acromion were associated 
with a higher occurrence of impingement and rotator cuff 
tears. An extremely hooked anterior acromion with a slope 
of more than 43 degrees and a lateral acromial angle of less 
than 70 degrees occurred only in patients with rotator cuff 
tears. Patients with less slope to their acromion have been 
reported to have a propensity toward impingement because 
of subacromial stenosis. A cadaver study showed signifi-
cantly lower angles in shoulders with rotator cuff tears than 
in shoulders with intact cuffs. A study investigating the 
association between kyphosis, subacromial impingement 
syndrome, and a reduction in shoulder elevation found a 
significant association between impingement and reduced 
shoulder elevation. The authors suggested that kyphosis 
might influence the development of impingement indi-
rectly by reducing shoulder elevation because of restriction 
of thoracic spine extension and scapular dyskinesis. Based 
on these observations, the recommended treatment for 
impingement syndrome has been anterior acromioplasty to 
remove the offending structure.

Recently, numerous calculations of distances, angles, 
and slopes about the shoulder have been described that are 
based on measurements on radiographs and MRIs. These are 
attempts to provide objective support for the clinical diag-
nosis of impingement syndrome and to predict the presence 
or risk of development of a rotator cuff tear. Most measure-
ments require precise shoulder positioning to be accurate 
and clinically helpful. The efficacy of these measurements 
has not been proven. Sasiponganan et al. correlated radio-
graphic measurements of acromial index, lateral acromion 
angle, subacromial space on AP and Y-views, acromial ante-
rior and lateral downsloping, and MRI findings of rotator 
cuff pathology. Studying 140 MRIs in 137 women, they con-
cluded that subacromial impingement anatomy character-
istics have no significant associations with supraspinatus 

Developmental Stages of Impingement 
Syndrome

Stage 1: Edema and Hemorrhage
Typical age of patient: <25 years old
Differential diagnosis: subluxation, acromioclavicular joint 

arthritis
Clinical course: reversible
Treatment: conservative 

Stage 2: Fibrosis and Tendinitis
Typical age of patient: 25-40 years old
Differential diagnosis: frozen shoulder, calcium deposits
Clinical course: recurrent pain with activity
Treatment: consider bursectomy or division of coracoacromial 

ligament 

Stage 3: Bone Spurs and Tendon Rupture
Typical age of patient: >40 years old
Differential diagnosis: cervical radiculitis, neoplasm
Clinical course: progressive disability
Treatment: anterior acromioplasty, rotator cuff repair

 BOX 46.1 

Modified from Neer CS II: Impingement lesions, Clin Orthop Relat Res 173:70–77, 
1983.

 FIGURE 46.10 Impingement syndrome. Supraspinatus tendon 
is seen passing beneath coracoacromial arch.
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or infraspinatus tears in symptomatic women. Balke et  al. 
studied 136 patients with arthroscopic rotator cuff repair to 
determine if acromial morphology in degenerative supra-
spinatus tendon tears differs from that with traumatic tears. 
On preoperative radiographs, they evaluated Bigliani type, 
acromial slope, acromiohumeral distance, lateral acromial 
angle, acromion index, and critical shoulder angle (Fig. 
46.12). They found that shoulders with degenerative tears 
had a narrower subacromial space, a larger lateral exten-
sion, and a steeper angulation of the acromion than trau-
matic tears.

Gumina et  al. presented an intriguing study attempting 
to determine the relative role of genetics or external forces 
in determining the subacromial space width. They studied 29 

pairs of twins, both monozygotic and dizygotic, and measured 
the acromiohumeral space on MRI scans. The intraclass cor-
relation coefficient was substantially higher for monozygotic 
than for dizygotic twins, indicating a high degree of concor-
dance of the acromiohumeral distance in pairs of individuals 
who shared 100% of their genes. There were no differences 
among subjects in different job categories. They concluded 
that the acromiohumeral distance is mainly genetically deter-
mined and only marginally influenced by external factors.

Other investigators have suggested that the shape of the 
acromion and the coracoacromial ligament are not the pri-
mary problems, but rather that intrinsic rotator cuff degen-
eration is the primary cause with subacromial changes 
occurring secondarily. Senescence of the tendon fibroblasts 

 

IIIIII
FIGURE 46.11 Three types of acromion morphology defined by Morrison and Bigliani. Type I had 

least compromise of supraspinatus outlet, and type III had highest rate of rotator cuff pathology.
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FIGURE 46.12 Radiographic parameters of acromial morphology. A, Acromial slope (σ).  
B, Lateral acromial angle (α). C, Acromion index (AI). D, Critical shoulder angle (α).  (Redrawn from Balke 
M, Liem D, Greshake O, et al: Differences in acromial morphology of shoulders in patients with degenerative 
and traumatic supraspinatus tendon tears, Knee Surg Sports Traumatol Arthrosc 24[7]:2200–2205, 2016.)
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with resulting disruption of the tendon architecture is a com-
mon finding in the rotator cuff with aging. Age-related degen-
erative changes, including decreased cellularity, fascicular 
thinning and disruption, accumulation of granulation tissue, 
and dystrophic calcification, all have been noted and are likely 
irreversible. A zone of relative hypovascularity also is present 
on the articular surface of the rotator cuff. Differential shear 
stress within the tendon layers also has been cited as a cause 
of the disruption of the tendon fibers. Others have suggested 
that the rotator cuff tendons may fail in tension as a result 
of throwing a baseball or other overhead sports. Intrinsic 
degeneration leads to loss of the force couples, causing supe-
rior humeral head translation and impingement. As support 
for their theory of impingement as a secondary phenomenon, 
these authors cited the improvement of symptoms after reha-
bilitation (capsular stretching and rotator cuff strengthen-
ing). They recommended minimal or no acromioplasty at the 
time of surgery for rotator cuff repair and repair of the cora-
coacromial ligament rather than excision. Several system-
atic reviews and meta-analyses have failed to find differences 
in pain, function, and time to recovery between patients 
treated nonoperatively and those treated with acromioplasty. 
In addition, excision of the ligament is losing favor because 
of the potential for anterior and superior subluxation of the 
humeral head from underneath the acromion (anterior-supe-
rior escape) when the rotator cuff tear is irreparable or the 
repair fails and the ligament restraint is gone. A study of prac-
tice patterns in rotator cuff repair identified a trend toward 
increased arthroscopic rotator cuff repair without subacro-
mial decompression and a decrease in isolated subacromial 
decompression.

In their study to identify shoulder motions that cause 
subacromial impingement, Park et  al. measured the verti-
cal displacement and peak strain of the coracoacromial liga-
ment. They found that forward flexion, horizontal abduction, 
and internal rotation with the arm at 90 degrees of abduc-
tion showed higher vertical displacement and peak strain of 
the coracoacromial ligament, causing subacromial impinge-
ment. They recommended that patients with impingement 
syndrome or a repaired rotator cuff avoid these shoulder 
motions.

SUBCORACOID IMPINGEMENT
In 1909, Goldthwait first described pain in the shoulder 
caused by contact between the rotator cuff and the cora-
coid process. Gerber et al. suggested that this painful contact 
might be caused by a prominent coracoid, for which there 
may be numerous reasons, including idiopathic and iatro-
genic conditions. The iatrogenic form was most common in 
their series, and it was found in patients who had undergone a 
Trillat osteotomy of the coracoid for the treatment of anterior 
instability. In their series of 475 patients with rotator cuff tears, 
Park et al. identified subcoracoid impingement in 13%; of 110 
with subscapularis tears, 56% had subcoracoid impingement. 
Among patients with subacromial impingement but no rota-
tor cuff tears, 41% had subcoracoid impingement. This entity 
has not been studied extensively, and it remains a diagnosis 
of exclusion.

Physical findings attributed to this condition include ten-
derness over the coracoid and a positive coracoid impinge-
ment test (see Fig. 46.2E). An injection of lidocaine into the 
subcoracoid region similar to the Neer impingement test (see 

Fig. 46.2A) has been used to evaluate patients for coracoid 
impingement. Relief of pain suggests the diagnosis, but the 
proximity of multiple structures in the subcoracoid region, 
including the glenohumeral joint itself, makes the accuracy 
of these injections questionable. CT has been used in the 
diagnosis of coracoid impingement; a suggested distance of 
6.8 mm between the coracoid tip and the closest portion of 
the proximal humerus indicates impingement. For suspected 
impingement, open or arthroscopic coracoplasty has been 
recommended. A comparison of outcomes between patients 
with arthroscopic coracoplasty and those without found a 
significant increase in internal rotation in the treated group, 
especially in those with large to massive rotator cuff tears. We 
have no experience with this procedure. 

INTERNAL IMPINGEMENT
In this condition, internal contact of the rotator cuff occurs 
with the posterosuperior aspect of the glenoid when the arm 
is abducted, extended, and externally rotated as in the cocked 
position of the throwing motion. This contact probably is 
a normal phenomenon but becomes pathologic in certain 
patients. It often occurs in throwers who have lost internal 
rotation of the shoulder. This loss causes the center of rota-
tion of the humeral head to move upward so that the contact 
between the rotator cuff and the biceps tendon attachments 
increases. Several cadaver studies have attempted to identify 
factors related to the development of internal impingement. 
One such study determined that increased capsular laxity sig-
nificantly increased horizontal abduction and contact pres-
sure in the glenohumeral joint, resulting in impingement of 
the supraspinatus and infraspinatus tendons and posterosu-
perior labrum between the greater tuberosity and glenoid. In 
contrast, another cadaver study found that excessive postero-
inferior capsular tightness caused forceful internal impinge-
ment of the shoulder at maximal external rotation, whereas 
another identified increased internal scapular rotation and 
decreased upward scapular rotation as significantly increas-
ing glenohumeral contact pressure and the area of impinge-
ment of the rotator cuff. Arthroscopic findings include partial 
rotator cuff tears, posterior and superior labral tears, and 
anterior shoulder laxity. Early in the course of the condition, 
aggressive physical therapy with attention to regaining inter-
nal rotation and rotator cuff strengthening is often success-
ful. Arthroscopic management of this problem is discussed 
in Chapter 52. 

PRIMARY (EXTERNAL) IMPINGEMENT
The initial treatment of a patient with tendinopathy caused 
by classic primary extrinsic impingement is a well-planned 
and well-executed nonoperative regimen, including anti-
inflammatory medications and one or at most two subacro-
mial cortisone injections. Hyaluronic acid injections have 
been suggested to improve results, but a comparison of hyal-
uronic acid injections (51 patients) with corticosteroid (53 
patients) or placebo injections (55 patients) found no ben-
efit from hyaluronic acid injections; corticosteroid injections 
produced a significant reduction in pain in the short term (3 
to 12 weeks), but in the long term the placebo injection pro-
duced the best results. Platelet-rich plasma (PRP) has been 
offered as a treatment for subacromial impingement, but a 
single-blinded randomized controlled trial comparing PRP 
to exercise therapy found that both were effective in reducing 
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pain and disability. Medical treatment is followed by a physi-
cal therapy program focusing on stretching for full shoulder 
motion and strengthening the rotator cuff. A scapular motor 
control retraining protocol was reported to be successful in 
relieving symptoms in young patients. If the patient fails to 
respond after 3 to 4 months of conservative therapy, opera-
tive intervention may be indicated and should be directed 
to the specific lesion. Significantly greater improvements in 
Constant scores have been reported for patients with a posi-
tive Hawkins-Kennedy sign in the neutral position, and posi-
tive Neer and Jobe tests compared with those with negative 
signs. Patients with four positive tests out of the five studied 
(Neer, Hawkins-Kennedy in neutral and in abduction, Jobe 
empty can, and painful arc) had greater improvement than 
those with three or fewer positive test results.

Arthroscopic or open acromioplasty when indicated is 
the surgical treatment of choice for external impingement 
syndrome. The reported results of open anterior acromio-
plasty vary widely. In more than 20 large series of open 
acromioplasties, the overall success rate was approximately 
85%. Failures were related to incorrect diagnosis, technical 
inadequacy, and other complications. For acromioplasty to 
be successful, impingement must be the cause of the pain and 
a thorough history and physical examination are necessary. 
Acromioclavicular arthritis, glenohumeral arthritis, subtle 
shoulder instability in throwing athletes, early adhesive cap-
sulitis, and fibromyalgia all can present diagnostic dilemmas. 
Cervical spondylosis with nerve root irritation and supra-
scapular nerve injury also can mimic the symptoms associ-
ated with an impingement syndrome.

Recently, studies have questioned the superiority of 
acromioplasty over physical rehabilitation. Ketola et al. ran-
domized 140 patients into a structured exercise program or 
an arthroscopic acromioplasty group that also did the ther-
apy postoperatively. At follow-up, there were no statistically 
significant differences in either the amount of perforating 
ruptures of the supraspinatus tendon or in the changes in 
muscle volume at 5 years. Kolk et al. in a double-blind ran-
domized clinical trial compared arthroscopic bursectomy 
alone with bursectomy combined with acromioplasty. Forty-
three patients were examined at a median of 12 years post-
operatively. Based on Constant score, Simple Shoulder test 
score, visual analog scale (VAS) pain score, and VAS shoul-
der function score, there were no relevant additional effects of 
arthroscopic acromioplasty on bursectomy alone with respect 
to clinical outcomes or rotator cuff integrity at 12 years fol-
low-up. Paavola et al. compared arthroscopic acromioplasty, 
diagnostic arthroscopy, and physical therapy. There were no 
differences between acromioplasty and diagnostic arthros-
copy at 2 years, and the differences between acromioplasty 
and therapy did not reach a minimum clinically important 
difference.

Technical inadequacy has been implicated as a cause of 
failed acromioplasties. Adequate bone must be removed to 
alleviate outlet stenosis. Inadequate bone removal seems to 
occur more often in arthroscopic than open acromioplasties. 
In addition to the anterior lip, the portion of the acromion 
anterior to the anterior clavicular border must be removed to 
obtain optimal results. Original technical descriptions called 
for resecting and removing a portion of the coracoacromial 
ligament to prevent the cut edge from scarring back to the 
acromion. Our current practice is to release the ligament. We 

believe that the ligament can be part of the pathologic process 
and anticipate that it would heal back to the acromion, restor-
ing the coracoacromial arch and preventing anterosuperior 
subluxation of the humeral head.

We use arthroscopic and occasionally open techniques. 
We believe that either open or arthroscopic acromioplasty is 
satisfactory if the main principles of the original procedure as 
described by Neer are kept in mind, as follows:
 n  Release (but not resection) of the coracoacromial 

ligament
 n  Removal of the anterior lip and lateral edge of the acromion
 n  Removal of part of the acromion anterior to the anterior 

border of the clavicle
 n  Removal of the distal 1 to 1.5 cm of clavicle if significant 

degenerative changes are found 

 

OPEN ANTERIOR ACROMIOPLASTY

 TECHNIQUE 46.1 

 n  Place the patient in a semi-upright position with the head 
elevated 30 to 35 degrees (beach chair position). Place 
a towel or an intravenous bag medial to the scapula to 
stabilize it. This degree of head elevation usually places 
the superior acromial surface perpendicular to the floor, 
allowing the acromial osteotomy to be made perpendicu-
lar to the floor. Drape the arm free to permit shoulder 
rotation.

 n  Outline the bony contour of the shoulder, including the 
lateral acromial border, coracoid, and acromioclavicular 
joint.

 n  Outline the proposed skin incision along the Langer line 
4 to 6 cm long and infiltrate it with 10 mL of 1:500,000 
epinephrine to minimize bleeding.

 n  Make the incision from lateral to the anterior acromion 
toward the coracoid and just lateral to it (Fig. 46.13).

 n  After mobilization of the subcutaneous tissue, identify the 
raphe between the anterior and middle deltoid and split 
it from a point 5 cm or less distal to the acromial border 
(to avoid axillary nerve injury) toward the anterolateral 
acromion (Fig. 46.14A).

 n  The deltoid can be left attached or can be detached 
from the corner of the acromion, depending on the 
surgeon’s preference. We prefer to leave the deltoid at-
tached initially, detaching it later if the procedure war-
rants.

 n  To use this approach, elevate a flap of deltoid with its peri-
osteal attachment and the periosteal attachment of the 
trapezius approximately 2 cm onto the superior acromial 
surface (Fig. 46.14B).

 n  Carry this medially as far as the acromioclavicular joint 
(the anterior capsule of which usually is included in the 
flap) and 1 cm along the lateral acromion. Occasionally, 
these periosteal attachments are tenuous after elevation, 
and the deltoid must be detached, to be secured later to 
the acromion through drill holes. We have found that us-
ing electrocautery with a Bovie needle for elevation usu-
ally ensures thicker flaps.
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 n  The importance of correct deltoid detachment cannot be 
overemphasized. A secure cuff of tissue must be main-
tained for later defect closure or reattachment to the ac-
romion. Without secure deltoid attachment, the results 
of the acromioplasty would be compromised by lack of 
deltoid function.

 n  After completing the anterior limb of the elevation, resect 
the coracoacromial ligament. We use the electrocautery for 
this as well because the acromial branch of the coracoac-
romial artery is contained within the ligament, and electro-
cautery allows exposure of the entire subacromial space.

 n  With the subacromial space exposed, resect the bursa 
along with all adhesions and soft-tissue coverage from 
the acromial undersurface. The bursa can be quite thick 
and easily mistaken for the rotator cuff tendon. The bursa 

can be identified by its continuity with the acromial un-
dersurface and its unilaminar appearance, as opposed to 
the multilaminar appearance of the rotator cuff. Clark 
and Harryman showed five distinct layers with multiple 
interdigitations in the cuff tendons.

 n  After bursal resection, use an oscillating saw or rongeur to 
remove the portion of the acromion that projects anterior 
to the anterior border of the clavicle (Fig. 46.14C). This 
removes a portion of the offending acromial hook and 
squares off the surface, allowing easier completion of the 
acromioplasty with an oscillating saw or an osteotome. 
We prefer an oscillating saw for this portion of the proce-
dure because it affords more control than an osteotome, 
which may propagate a fracture line into the posterior 
acromion.

 n  Begin the osteotomy at the anterosuperior aspect of the 
acromion and continue it through the junction of the an-
terior and middle thirds of the acromion, including the 
entire anterior acromion from medial to lateral.

 n  Use a curved, blunt Hohmann or malleable retractor to 
depress the humeral head and protect the cuff during this 
portion of the procedure.

 n  Smooth out any rough surfaces with a rasp.
 n  Palpate the acromioclavicular joint undersurface and re-

move any bony spurs.
 n  If severe degenerative changes are present, resect the 

distal 1.0 to 1.5 cm of the lateral clavicle. Preoperative 
radiographs and symptoms should indicate the necessity 
of this additional procedure, and it should not be done 
routinely.

 n  If the clavicle is resected, leave the superior acromiocla-
vicular capsule intact to make deltoid repair in this area 
easier. Do not extend the clavicular cut beyond 1.5 cm to 
avoid violating the coracoclavicular ligaments and making 
the distal clavicle unstable.

 n  Carefully inspect the entire rotator cuff for tears before 
closure. The area just proximal to the supraspinatus inser-
tion is the most common site for tears. Palpate this area 
for thinning, which may indicate a partial-thickness tear 
on the articular side.

 

 Deltoid
incision

     Skin
incision

FIGURE 46.13 Anterior acromioplasty. Skin incision is made 
in skin lines across anterior corner of acromion. Acromion is 
exposed by incision in tendon between anterior and lateral 
deltoid. SEE TECHNIQUE 46.1.

 

Axillary
nerve

A B C
FIGURE 46.14 A, Incision centered on anterolateral corner of acromion, avoiding axillary nerve, 

and carried medially on superior surface of acromion. B, Deltoid origin elevated from acromion 
in continuity with acromial periosteum and trapezius insertion. C, Anterior extent of acromion to 
be removed. SEE TECHNIQUE 46.1.
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 n  If preoperative studies show extreme degeneration with-
out fresh tearing, resection of the diseased tendon and 
direct repair or suturing to a trough in bone should be 
considered (see Technique 46.2).

 n  Internally and externally rotate the shoulder to allow in-
spection of the entire bursal surface of the cuff.

 n  Copiously irrigate the area to remove all debris from the 
subacromial space.

 n  Suture the deltoid periosteum from side to side or, if nec-
essary, through drill holes into the acromion with non-
absorbable sutures, ensuring that the reattachment is 
secure. The repair of the deltoid to the acromion through 
drill holes has become our preferred method of repair.

 n  Close the wound in layers in routine fashion.

POSTOPERATIVE CARE The arm is supported by a sling. 
Pendulum exercises are started the day after surgery. Pas-
sive abduction and internal and external rotation exercises 
are started at the end of 1 week. At 3 weeks, active ex-
ercises are begun. The sling is discarded as soon as the 
patient feels comfortable.
  

COMPLICATIONS
Complications after acromioplasty include, but are not lim-
ited to, infection, seroma formation, hematoma, synovial fis-
tula, biceps rupture, pulmonary embolus, acromial fracture, 
and complex regional pain syndrome. Poor patient motiva-
tion, poor rehabilitation compliance, or a poorly designed 
rehabilitation program also can lead to failure because of con-
tinued pain and stiffness. Bouchard et al. cited co-planing and 
workers’ compensation claims as poor prognostic indicators.

Without question, the worst common complication is 
loss of anterior deltoid function, which is caused by either 
axillary nerve injury or detachment of the deltoid from the 
acromion. Loss of anterior deltoid function produces a poor 
outcome despite technically adequate bone work and liga-
ment resection. Very little can be done to restore function to 
a detached, retracted deltoid. Because deltoid detachment, 
retraction, and scarring are much more common after the 
“deltoid on” approach, we recommend suturing to the acro-
mion with heavy sutures whenever tissue is unavailable for 
direct side-to-side repair. 

ROTATOR CUFF TEAR
Although some patients present with a sudden onset of symp-
toms following an acute shoulder injury, most patients with a 
pathologic condition of the rotator cuff have insidious onset 
of progressive pain and weakness, with concomitant loss of 
active motion. Pain usually is present at night and may be 
referred to the area of the deltoid insertion. Passive motion 
initially remains full until pain limits active motion enough to 
cause development of adhesive capsulitis. Most patients can-
not recall a specific traumatic incident referable to the onset 
of problems. Treatment recommendations are based on the 
patient’s age, symptoms, and activity demands, and the natu-
ral history of rotator cuff tears.

The natural history of rotator cuff tears is not always pre-
dictable. On the one hand, many patients with full-thickness 
rotator cuff tears are asymptomatic or respond well to non-
operative treatment. On the other hand, studies indicate 

that some previously asymptomatic tears become symptom-
atic and some tears progress in size and become irreparable. 
Rotator cuff pathology is a common problem, and cadaver 
anatomic studies have reported rotator cuff tears in 30% to 
50% of specimens, suggesting that they may be part of the 
normal aging process.

Full-thickness rotator cuff tears are compatible with nor-
mal function. In 1962, McLaughlin advanced five reasons to 
avoid early repair of the average rupture: (1) at least 25% of 
cadaver shoulders had a torn or degenerated cuff; (2) 50% of 
patients recovered spontaneously; (3) immediate repair had 
no advantages because rupture always occurred in diseased 
tendon; (4) results of early and late repair were the same; and 
(5) early diagnosis was difficult. Resolution of symptoms has 
been reported in 33% to 90% of patients treated nonopera-
tively, and we recommend nonoperative treatment initially 
for elderly patients or patients with low activity with sus-
pected rotator cuff tears. Patients without pain or limitation of 
activities of daily living also should be treated nonoperatively. 
When the decision to treat nonoperatively is made, treatment 
should be instituted promptly and aggressively. The duration 
of symptoms seems to correlate inversely with the long-term 
success of nonoperative management because patients with 
symptoms for longer than 6 months had poorer outcomes.

The natural history of rotator cuff tears is not always pre-
dictable. When counseling a patient with a rotator cuff tear, 
the surgeon must remember that some asymptomatic tears 
become symptomatic and some tears do progress in size. A 
study of patients with bilateral rotator cuff tears found that, 
although all patients were asymptomatic on one side at pre-
sentation, at follow-up more than half had developed symp-
toms in the previously asymptomatic side. Medium-size tears 
have been shown to be at high risk of progression, whereas 
partial tears or small full-thickness tears appear to have little 
risk of early development of irreparable damage. The pres-
ence of rotator cuff disease has been shown to correlate with 
age; after the age of 66 years, there is a 50% likelihood of bilat-
eral tears. Duration of symptoms also has been correlated 
with severity of rotator cuff disease: the longer the symptoms, 
the more extensive the fatty degeneration of the torn rotator 
cuff muscle. A retrospective review of 1688 patients with rota-
tor cuff tears determined that moderate supraspinatus fatty 
infiltration appeared an average of 3 years after the onset of 
symptoms and that severe fatty infiltration appeared at an 
average of 5 years after the onset of symptoms. In an ultra-
sound study of 105 rotator cuff repairs, patients with intact 
repairs of large tears had outcomes that were equal to those 
in patients with small tears. As the size of the recurrent defect 
increased, the strength, motion, and function decreased. 
A more recent study confirmed these results in a group of 
patients aged 65 years or older: those with healed tears after 
surgery had function comparable to patients of a similar age 
without tears and better than that of patients with untreated 
tears. These findings indicate that early operative interven-
tion, when most tears are small and less degeneration of the 
muscle has occurred, improves outcomes.

Loss of continuity of the rotator cuff can be described 
in several ways, including acute and chronic, partial or full 
thickness, and traumatic or degenerative. It is important to 
differentiate between the different types to plan appropriate 
treatment. Full-thickness rotator cuff tears also are classi-
fied based on their size (Box 46.2). The most common size 
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classification (Cofield) is based on the largest dimension of 
the tear. Tears also can be classified according to the number 
of tendons involved. In addition, the extent of tendon retrac-
tion and tissue quality are important features not generally 
accounted for by classification schemes. Chronic tears can be 
classified based on the percentage of fatty infiltration of the 
muscle belly as seen on MRI or CT. Goutallier et al. proposed 
five stages of fatty degeneration. The presence and degree of 
fatty infiltration and atrophy of the muscle affect the success 
of the repair. Partial-thickness tears have been described by 
location, grade, and tear area (in mm2). We have found it eas-
ier to classify partial tendon tears as involving less or more 
than 50% of the depth of the tendon and base treatment on 
this distinction.

PARTIAL-THICKNESS AND FULL-THICKNESS 
TEARS
Partial-thickness tears may be articular-sided, bursal-sided, 
or intratendinous. The true incidence of partial-thickness 
tears is unknown. Most of the information is from cadaver 
studies, which reflect an older population; the true incidence 
in young overhead-throwing athletes is unknown. Among 
partial-thickness tears, cadaver studies indicate that intra-
tendinous tears are more common than articular-sided or 
bursal-sided tears, whereas a clinical study found that artic-
ular-sided tears constituted 91% of all partial-thickness tears 
in a population of young athletes. This discrepancy between 
cadaver and clinical studies may result because intratendi-
nous tears are more difficult to diagnose with arthroscopy, 
MRI, or ultrasound than are bursal-sided or articular-sided 
tears. The true prevalence of partial-thickness tears is likely 
to be greater than that currently documented in the litera-
ture. In a systematic review of the literature, Lazarides et al. 
determined that among young patients with rotator cuff tears, 
most had full-thickness traumatic tears, but in a subgroup of 
elite throwers, most tears were partial-thickness tears result-
ing from chronic overuse.

The natural history of partial-thickness tears is not fully 
known. Imaging and clinical studies have suggested that par-
tial-thickness tears progress in as many as 80% of patients.

For partial-thickness rotator cuff tears, a nonoperative 
program that includes activity modification, stretching and 
strengthening exercises, and antiinflammatory medication 
is appropriate as initial treatment. Operative management 
is indicated if conservative management fails. Arthroscopic 
evaluation is required to determine the extent of the lesion, 
and subacromial decompression is indicated when out-
let impingement is present. The causes of the tear should 

be treated at the time of surgery. Debridement or repair of 
partial-thickness rotator cuff tears depends on the degree of 
the tear and the activity level and age of the patient. We cur-
rently perform arthroscopic debridement of partial-thickness 
tears when they are found on inspection during arthroscopic 
acromioplasty. If a lesion involves less than 50% of cuff thick-
ness, acromioplasty and debridement are sufficient treat-
ment. If a tear is longer or thicker, elliptical excision of the 
diseased tendon and repair are indicated. Good results have 
been reported with arthroscopic repair of bursal-side partial-
thickness tears.

The results of nonoperative treatment of partial-thickness 
tears are unknown because no long-term follow-up studies 
using a standardized treatment protocol on a well-defined 
uniform patient population exist in the literature. Excellent 
and good results after arthroscopic debridement have been 
reported in from 80% to 90% of patients, with improvements 
in pain, function, active forward flexion, and strength. Studies 
also have shown no significant difference in outcome between 
patients with full-thickness and patients with partial-thick-
ness tears or between patients with partial-thickness tears less 
than 50% of tendon thickness and patients without any tears.

The primary goal of operative management of rotator cuff 
tears is pain relief, and this is accomplished with predictable 
results. Improvement of function is a secondary but impor-
tant consideration. Functional improvement is not as predict-
able as pain relief and depends on the age of the patient, the 
age and size of the tear (which suggests the quality of the tis-
sue and the condition of the muscle), and the postoperative 
rehabilitation program. In elderly patients or patients with 
low activity, we attempt a course of conservative treatment 
(8 to 12 weeks). If there is a positive response, the nonopera-
tive approach may be continued, but if there is no improve-
ment, we proceed to surgery to minimize the atrophy of the 
rotator cuff musculature. Surgery is appropriate for an acute 
rotator cuff injury in a young patient or in an older patient 
(60 to 70 years old) with a defined injury who suddenly is 
unable to rotate the arm externally against resistance. In our 
experience, these patients usually have an excellent return of 
strength and function. Surgery is contraindicated in patients 
with rotator cuff tears and concomitant stiffness (secondary 
to adhesive capsulitis). Any significant preoperative stiffness 
must be corrected before rotator cuff repair to avoid severe 
postoperative stiffness. It is imperative that nearly full motion 
be regained before surgical intervention to prevent severe 
postoperative stiffness.

The clinical results of rotator cuff repair in symptom-
atic patients who have been followed for 10 years are good 
to excellent in a high percentage of cases, even though rerup-
ture of the cuff occurs in 20% to 65%. In four large series 
(Hawkins et al., Neer et al., Ellman et al., and Cofield et al.) 
that included 476 patients, success rates ranged from 78% to 
86%, with excellent or good results reported in 383 (80%) of 
the 476 patients. In a review of several series of rotator cuff 
repairs, overall pain relief was obtained in 87% of patients, 
with a 77% patient satisfaction rate. Most repair failures 
have been found to occur within the first 2 years after sur-
gery; if the repair survives this initial period, its 10-year sur-
vival is likely. Our results with rotator cuff repair are similar, 

Classification of Full-Thickness Rotator Cuff Tears 
by Size

Small tear: <1 cm
Medium tear: 1 to <3 cm
Large tear: 3 to <5 cm
Massive tear: ≥5 cm

 BOX 46.2 
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achieving pain control and return of function in approxi-
mately 80% of patients. Outcomes of repair generally are bet-
ter in patients younger than 60 years of age, although clinical 
results often are good despite poor imaging results. Factors 
consistently found to be associated with failed repair include 
age of 65 years or older, large and massive tears (>3 cm), 
moderate to severe muscle atrophy, more than 50% fatty infil-
tration of the involved cuff, tear retraction of more than 2.5 
cm, and diabetes. Some newer studies, however, have chal-
lenged these traditional risk factors. In a comparison of 40 
patients older than 70 years and 40 patients younger than 50 
years, Moraiti et  al. found that functional gain was similar, 
even though healing was more frequent in younger patients. 
Although increasing age may predict a diminished healing 
environment, many studies have demonstrated excellent out-
comes in older patients. Chung et al. reported that tendino-
sis severity assessed by preoperative MRI was the only factor 
associated with failure to heal in their 55 patients (mean age, 
58 years), and Inderhaug et al. identified preoperative use of 
NSAIDs, long-standing symptoms before surgery, and non-
acute onset of symptoms as predictors of inferior long-term 
outcomes in 147 patients. Other studies have noted that pre-
operative range of motion, obesity, fatty infiltration, or cuff 
retraction were not supported as prognostic factors for qual-
ity of life after arthroscopic rotator cuff repair. These conflict-
ing reports emphasize the importance of careful preoperative 
evaluation and specific treatment plans tailored for the indi-
vidual patient.

Several investigators have compared the results of 
decompression alone with repair and found much better 
results with repair. Satisfactory outcomes after decompres-
sion have ranged from 8% to 59%, and results have been 
reported to deteriorate over time. Most rotator cuff tears are 
now approached arthroscopically. The tear and size can be 
confirmed, and other intraarticular pathology can be treated. 
A decision can be made to treat the tear arthroscopically, 
or arthroscopically assisted (mini-open), or to convert to 
an open procedure. We currently believe that arthroscopic-
assisted or arthroscopic repair is appropriate for partial-
thickness and small to medium and some large full-thickness 
rotator cuff tears. Proposed advantages of arthroscopic repair 
include access for glenohumeral inspection and treatment of 
intraarticular lesions, no deltoid detachment, less soft-tissue 
dissection, and smaller incisions. Arthroscopic techniques 
can reliably assess rotator cuff tear size, tendon quality, 
tendon mobility, and suture anchor placement. A recent 
meta-analysis of randomized controlled trials comparing 
arthroscopic to mini-open repairs found no differences in 
surgery time, functional outcome scores, VAS pain scores, or 
functional outcomes. For the arthroscopic repair technique, 
see Chapter 52.

An arthroscopic-plus-open technique has been described 
for combined tears of the subscapularis, supraspinatus, and 
infraspinatus tendons. Repair of the posterosuperior rota-
tor cuff is done arthroscopically, followed by open repair of 
the subscapularis tendon. Cited advantages of this method 
include an ability to treat concomitant pathology, relative ease 
of repair, and creation of a strong, reliable construct.

Open rotator cuff repairs also can be done through a min-
iarthrotomy deltoid-splitting approach (see Technique 1.95. 

 

OPEN REPAIR OF ROTATOR CUFF 
TEARS

 TECHNIQUE 46.2 

 n  Perform an anterior acromioplasty as described in Tech-
nique 46.1. This is an important part of rotator cuff sur-
gery, and the results of repair without decompression are 
not as good as the results using the combined procedure.

 n  After standard acromioplasty, evaluate the rotator cuff 
tear carefully.

 n  Perform a subacromial bursectomy. Protect the biceps 
tendon unless biceps pathology is present; if so, a proxi-
mal biceps tendon release or tenodesis (see Technique 
52.10) is indicated.

 n  Tears usually begin at the supraspinatus insertion, and the 
end retracts into its fossa under the acromioclavicular joint. 
Most tears not only are transverse but also have a longi-
tudinal component, making them oval or triangular. All 
but the smallest tears need to be advanced anteriorly and 
laterally, not just laterally, to restore anatomic position and 
correct muscle-tendon unit length. In tears of more than 2 
to 3 cm, the infraspinatus tendon is involved as well.

 n  When the defect has been identified and its size approxi-
mated, attention is turned to the repair itself. Typically 
some degree of mobilization is necessary.

 n  Begin mobilization posteriorly with the infraspinatus, us-
ing a blunt probe or a finger to release adhesions inside 
and outside the joint (Fig. 46.15A and B). Do not dissect 
below the level of the teres minor to avoid injury to the 
axillary nerve in the quadrangular space or the suprascap-
ular nerve in the area of the spinoglenoid notch near the 
inferior border of the supraspinatus fossa.

 n  Continue mobilization anteriorly to the supraspinatus. If 
necessary, more exposure can be gained by resecting the 
distal 1.0 to 1.5 cm of the clavicle at the acromioclavicu-
lar joint, but this should not be done unless concomitant 
acromioclavicular arthrosis exists. Release of the coraco-
humeral ligament in this area allows further mobilization 
of the supraspinatus laterally.

 n  If the supraspinatus and infraspinatus tendons are retract-
ed so far that adequate length cannot be obtained with 
tendon mobilization, incise the capsule at its insertion into 
the glenoid labrum (Fig. 46.15C and D). If necessary, carry 
this incision from the 8-o’clock position posterior to the 
4-o’clock position posterior.

 n  The use of a second posterior incision over the scapular 
spine to increase mobilization has been described, but we 
have no experience with this technique.

 n  Debride the end of the mobilized tendon to obtain a raw 
edge, taking care not to confuse the tendon with the 
overlying bursa. The goals of mobilization are to obtain 
tissue of adequate strength, to position it anatomically 
for repair without damage to innervation and without 
compromise of deltoid function, and to decompress the 
subacromial space to prevent further mechanical im-
pingement on repaired cuff tissue. When these goals 
are accomplished, the actual repair can be performed. 
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Infraspinatus
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FIGURE 46.15 Rotator cuff repair. A and B, Mobilization. Supraspinatus and subscapularis 
muscles have fascial attachments to coracoid base via coracohumeral ligament. Lateral mobiliza-
tion of retracted cuff is facilitated by release of these attachments. C and D, Substantial lateral 
advancement of cuff can be achieved by freeing capsule from glenoid by sharply incising capsule 
at its insertion into glenoid labrum. E, Osteotome is used to create trough. F, Holes for sutures 
are drilled 2 to 3 cm distal to trough. G, Suture anchors are inserted proximal to trough margin, 
passing proximal to proximal-most aspect of trough sutures. SEE TECHNIQUE 46.2.
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We believe that the best results are obtained with the 
double-row technique, suturing the tendon to bone in a 
cancellous trough in combination with suture anchor fixa-
tion. This reduces tension on the primary trough repair. 
Using transosseous tunnels through the greater tuberos-
ity increases the surface area of tendon-to-bone healing, 
which more closely restores the anatomic footprint.

 n  With No. 2 nonabsorbable suture, use a double loop tech-
nique, superior to inferior and inferior to superior in a 
horizontal mattress manner. Place the sutures 5 to 10 mm 
from the free edge of the tear. This helps push the tendon 
down into the trough.

 n  Use a rongeur or burr to create a 3 mm wide shallow 
trough running the length of the exposed bone of the 
greater tuberosity (Fig. 46.15E) to accommodate the 
thickness of the supraspinatus and infraspinatus tendons.

 n  Place two or three rotator cuff suture anchors immedi-
ately medial to the trough at a 45-degree angle and pass 
the suture through the rotator cuff tendon 5 mm medial 
to the sutures in the free end of the tendon.

 n  Drill holes for sutures 2 to 3 cm distal to the trough, and 
connect them to the trough using a No. 5 Mayo needle, a 
towel clip, or a specialized instrument (Concept, Largo, FL; 
Fig. 46.15F). Take care not to fracture the thin cortical bone 
in this area, which may be osteoporotic. Space the holes 
at least 1 to 2 cm apart on the cortical humeral surface to 
give an adequate surface over which to tie the knots.

 n  Tie the suture of the anchor down on top of the tendon 
with four or five knots to prevent impingement of the 
suture material. The use of strong sutures rather than 
Kocher clamps or hemostats to pull on the tendon while 
suturing avoids crush injury to the tendon. We occasion-
ally make longitudinal incisions along the extremes of the 
free tendon edge to allow placement of the tendon in the 
trough; these can be sutured before closure.

 n  Next secure the sutures from the suture anchors over the 
tendon, completing the double-row repair (Fig. 46.15G).

 n  Most repairs are done with the shoulder in 0 degrees of 
abduction.

 n  If the lateral humeral cortex is fractured during tying down 
of the suture or construction of the suture tunnel, the an-
chors can be used as a salvage procedure. The anchors re-
portedly have adequate holding power in cancellous bone 
and are reasonable alternatives in problematic situations. 
Use these sutures for additional leverage when tying down 
the trough sutures and tie them on top of the tendon with 
four knots to prevent impingement of the suture material.

 n  If the anterior deltoid has been detached, reattach it 
through 2-mm drill holes in the acromion and/or by peri-
osteal repair.

 n  Close the wounds in the same manner as for open ac-
romioplasty.

POSTOPERATIVE CARE Postoperative protocols are 
based on the size of the tear, condition of the tissue, and 
stability of the repair. The evidence supporting early motion 
protocols over immobilization is contradictory. After stan-
dard repair, a low-profile pillow sling is worn for 6 weeks. 
It is removed for assisted exercises in flexion and external 
rotation to avoid adhesions, disuse atrophy, and disruption 
of the repairs. The repair is weakest at 3 weeks, and tendon 
strength is less than at the time of surgery for the first 3 

months after surgery. Empirically, we advance to isometric 
exercises of external rotation at 6 weeks, and at 12 weeks 
active motion is permitted. Patients are cautioned that over-
aggressive use of the extremity can lead to disruption of 
the repair for 6 to 12 months, depending on the size of the 
repair and the quality of the tissue and repair.
  

MASSIVE AND IRREPARABLE TEARS
Cordasco and Bigliani identified five factors that improved 
results of operative treatment of large and massive rotator 
cuff tears:
 1.  Adequate subacromial decompression
 2.  Maintaining the integrity of the deltoid origin
 3.  Mobilizing torn tendons and performing an interval slide 

when indicated
 4.  Repairing tendons to bone
 5.  Carefully supervising and staging postoperative 

rehabilitation
In the ideal repair, the arm can be brought down to the 

patient’s side without tension on the repair. Occasionally, 
despite the most diligent efforts to mobilize the tendons, 
tension remains on the repaired tendons. For these difficult 
problems, there are few options. If the tendon can be brought 
to the bony trough with the arm in abduction, the repair is 
completed and the shoulder is immobilized in an abduction 
orthosis for 6 weeks to permit tendon-to-bone healing. There 
are many problems with this technique, but we still believe it 
to be an option for certain patients.

Excessive tension at the repair that results in suture cut-
ting through the tendon is believed to be the most common 
mechanism of failure of rotator cuff repair. The choice of 
suture type and technique can improve repair strength, as can 
decreasing the postoperative activity level. The latter option, 
however, has a significant problem with patient compliance. 
It is difficult to enforce the use of an abduction splint for 6 
weeks because of problems with hygiene, comfort, and driv-
ing. Without early movement, adhesive capsulitis is likely and 
may produce a poorer result than the original tear and loss of 
collagen strength caused by immobilization. Overall results are 
consistent with improved pain relief and function; however, a 
decrease in range of motion and muscle strength may remain.

In an effort to decrease tension and increase strength and 
thus improve the rate and quality of biologic healing of rotator 
cuff repairs, a number of augmentation methods have been 
developed, including autografts (biceps, subscapularis, teres 
minor, latissimus dorsi, coracoacromial ligament), allografts 
(tendon, ligament, freeze-dried rotator cuff graft), xenografts, 
and synthetic grafts. The most frequently used augmentation 
methods involve scaffold devices, which have been developed 
from polylactic acid, poly(lactide-co-glycolide), and polytet-
rafluoroethylene; extracellular matrix (ECM) from human, 
porcine, bovine, and equine sources (Table 46.2); chitin; and 
chitosan-hyaluronan. Most of the published studies describe 
animal or biomechanical research involving ECM, with only 
a limited number of follow-up studies in human patients; 
these studies have reported mixed results in surgical out-
comes and complication rates. Several studies, including one 
prospective comparative study, have reported improvements 
in outcomes after repairs of massive and recurrent rota-
tor cuff tears with ECM augmentation, whereas others have 
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found no significant improvement in outcomes. Other series 
have shown better results with synthetic patch augmentation 
than with biologic patch augmentation (retear rates of 17% 
and 51%, respectively). Studies of the use of a porcine xeno-
graft scaffold have found not only worse outcomes with the 
scaffold but also severe postoperative inflammatory reactions 
requiring open debridement.

A number of factors influence the extent to which a scaf-
fold device can augment the mechanical properties of a tendon 
repair, including the mechanical and suture retention proper-
ties and the surgical methods of scaffold application (e.g., the 
number, type, and location of fixation sutures; pretensioning of 
the scaffold at the time of repair). A study using an analytical 
model for rotator cuff repairs determined that 70% to 80% of 
the load is distributed to the tendon after repair, with 20% to 
30% of the load carried by the augmentation device. The host 
response and remodeling of biologic scaffolds also are affected 
by the species and tissue of origin and the processing and ster-
ilization methods used in preparing the scaffold. Because of the 
scarcity of clinical data on which to base indications for the use 
of biologic scaffolds, Derwin et al. developed a grading system 
that correlates tear size, geometry, and ability to be repaired 
to the appropriate use of ECM scaffolds (Table 46.3). We have 
limited experience with the use of ECM augmentation.

Molecular and cellular studies have targeted the ten-
don-bone interfaces, researching the use of growth factors 
and cell-coated scaffolds to improve healing. The delivery of 
transforming growth factor-β3 with an injectable calcium-
phosphate matrix was reported to improve healing in a rat 
model, whereas other studies in a rat model found that appli-
cation of mesenchymal stem cells genetically modified to 
overexpress bone morphogenetic protein-13 (BMP-13) did 
not improve healing, but that stem cells modified to over-
express the developmental gene MT1-MMP produced more 
fibrocartilage at the interface and improved biomechanical 

strength. Heringou et al. compared outcomes in rotator cuff 
tears with and without the use of mesenchymal stem cells and 
found significant improvements in healing time and substan-
tial improvement in tendon integrity at 10 years after surgery.

In the late 1990s and early 2000s, platelet-rich plasma 
(PRP), which had been used successfully for many years in 
other medical specialties, became a popular treatment modal-
ity for a variety of orthopaedic conditions, including acute soft-
tissue injuries and chronic tendinopathy. PRP is defined as a 
“volume of plasma that has a platelet count above the baseline 
of whole blood”; however, PRP preparations can vary mark-
edly according to the amount of blood used and the efficacy of 
platelet recovery, the presence or absence of white or red blood 
cells, the activation of platelets with thrombin, and the level of 
fibrin production. The effect of PRP on healing also differs with 
different musculoskeletal structures, adding to the difficulty of 
determining its efficacy. Most studies of the efficacy of PRP in 
rotator cuff healing have found no benefit regarding retear rates 
or clinical outcomes. Five meta-analyses and two randomized 
controlled trials all reached the same conclusion: PRP does not 
improve early tendon-bone healing or functional recovery. Two 
comparative studies of leukocyte-plate-rich plasma (L-PRP) 
found no improvement in the quality of tendon healing or clin-
ical outcomes with the use of L-PRP. A randomized compari-
son, however, found that PRP significantly decreased the rate of 
retears and increased the cross-sectional area of the supraspina-
tus in repair of large to massive rotator cuff repairs; there was no 
significant difference in clinical outcomes at 1 year.

Occasionally, despite the surgeon’s best efforts and the use 
of all techniques of mobilization, some tears are so large or 
retracted, or both, that an anatomic repair is impossible. In 
this situation, several options are available, none of which is 
ideal. The two repair options are nonanatomic repair or par-
tial repair. Muscle transfers or slides are another option. The 
final option is simple debridement.

 TABLE 46.2 

Extracellular Matrix Scaffold Devices Currently Approved by the United States Food and Drug 
Administration for Rotator Cuff Repair

PRODUCT TYPE SOURCE MANUFACTURER
Restore SIS Porcine DePuy Orthopaedics (Warsaw, 

IN)
CuffPatch SIS (crosslinked) Porcine Organogenesis (Canton, MA)
GraftJacket Dermis Human Wright Medical Technology 

(Arlington, TN)
Conexa Dermis Porcine Tornier (Edina, MN)
TissueMend Dermis (fetal) Bovine Stryker Orthopaedics (Mahwah, 

NJ)
Zimmer Collagen Repair Dermis (crosslinked) Porcine Zimmer (Warsaw, IN)
Bio-Blanket Dermis (crosslinked) Bovine Kensey Nash (Exton, PA)
OrthADPAT Bioimplant Pericardium (crosslinked) Equine Pegasus Biologics (Irvine, CA)

SYNTHETIC SCAFFOLD DEVICES

SoftMesh Soft Tissue 
Reinforcement

Poly(urethane urea) Biomet Sports Medicine 
(Warsaw, IN)

X-Repair Poly-l-lactide Synthasome (San Diego, CA)

SIS, Small intestinal submucosa.
From Derwin KA, Badylak SF, Steinmann SP, Iannotti JP: Extracellular matrix scaffold devices for rotator cuff repair, J Shoulder Elbow Surg 19:467–476, 2010.
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McLaughlin described suturing the tendon to a trough in 
bone at whatever point it could be advanced onto the humeral 
head (Fig. 46.16). This may be more proximal (approximately 
2 cm) through the anterior neck area. Although this repair 
allows a watertight closure, the mechanical advantage of the 
muscle-tendon unit is lost with this much proximal advance-
ment. Partial repair of massive rotator cuff tears has been pro-
posed to assist in closing large defects and as an alternative to 
debridement only or tendon transfers. The initial step is a side-
to-side tendon repair that results in “marginal convergence” 
toward the greater tuberosity, which decreases the strain at the 
free margin of the rotator cuff tear, enhancing the mechanics of 
the construct. A combination of the tendon-to-tendon repair 
with tendon-to-bone repair can result in a functional rotator 
cuff. Partial repair has been shown to be superior to debride-
ment, tendon transfers, and tendon augmentation procedures 
for the treatment of massive irreparable rotator cuff tears.

Tendon transfers for the treatment of irreparable rota-
tor cuff tears may involve transfer of rotator cuff tendons or 
other muscle-tendon units. Cofield described subscapularis 
tendon transposition to fill large gaps in the supraspinatus 
insertion (Fig. 46.17). The flap is created by separating the 
outer portion of the subscapularis from the inner capsular 
portion. It is detached from the lesser tuberosity and mobi-
lized superiorly to cover the humeral head. Other surgeons 
prefer to use the upper half of the subscapularis tendon by 
separating it from the anterior capsule and transferring it 
superiorly. This repair results in great tension in abduc-
tion and external rotation and disrupts the subscapularis 
force couple, which could prove detrimental to shoulder 
function.

For anterosuperior tears involving the subscapularis and 
the supraspinatus, transfer of the pectoralis major has been 
described. The coracoacromial arch should be intact. The 
technique involves sharply releasing the sternocostal portion 
of the pectoralis major from its common insertion site on the 

 TABLE 46.3 

Grades of Rotator Cuff Pathology With Indications for Use of Extracellular Matrix in Repair

GRADE TEAR CHARACTERISTICS CURRENT TREATMENT(S) OUTCOMES INDICATION
VI Massive, retracted irrepara-

ble tear with intraarticular 
pathology

Open reverse total 
shoulder replacement 
(aggressive)

Adequate, but limited 
function

Not indicated

V Large, massive tear (3-5 
cm, 2-3 tendons); not 
repairable (unable to reap-
pose to tuberosity with 
low tension)

Open or arthroscopic 
attempt at repair, muscle 
transfer, debridement, and/
or partial repair

High failure rate (≥50% 
retear and/or low outcome 
scores)

Interpositional in selected 
patients

IV Large, massive tear 
(3-5 cm, 2-3 tendons); 
repairable

Open or arthroscopic 
repair

Moderate failure rate 
(≥30% retear rate, 85% 
pain free but function 
reduced)

Augmentation

III Small to medium tear (<3 
cm, 1 tendon)

Arthroscopic repair Moderate failure rate 
(5%-10% retear rate; 85% 
pain free but >50% with 
reduced function)

Augmentation

II Partial-thickness tear 
(>50% of articular or bur-
sal surface)

Arthroscopic decompres-
sion/debridement or repair 
with acromioplasty

40% failure within 5 years 
with debridement only; 
95% heal when repaired

Not indicated

I Partial-thickness tear 
(<50% of articular or bur-
sal surface)

Arthroscopic decompres-
sion/debridement or repair 
with acromioplasty

95% heal when repaired Not indicated

From Derwin KA, Badylak SF, Steinmann SP, Iannotti JP: Extracellular matrix scaffold devices for rotator cuff repair, J Shoulder Elbow Surg 19:467–476, 2010.

 

A

B
FIGURE 46.16 McLaughlin technique. A and B, Sutures are 

passed through appropriately placed bony holes, and cuff edge is 
drawn deep into trough.
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humerus and bluntly dissecting it from the more superficial 
clavicular head. Care should be taken not to injure its nerve 
supply. The sternocostal head is passed deep to the clavicu-
lar head and underneath the conjoined tendon to the lesser 
tuberosity. The musculocutaneous nerve should be identified 
and protected; the tendon is passed superficial to the nerve. 
Passing the tendon beneath the conjoined tendon improves 
the posterior and inferior vectors of the transferred tendon. 
This transfer also is indicated for treatment of anterior soft-
tissue deficiencies and instability after shoulder arthroplasty.

For posterosuperior tears involving the infraspinatus 
and supraspinatus, the latissimus dorsi has been transferred. 
Clinically small but statistically significant gains can be expected 
in motion and strength. Factors reported to be associated with 
better clinical results include better preoperative function in 
active forward flexion and external rotation and synchronous 
in-phase contraction of the transferred latissimus dorsi by elec-
tromyography; poor shoulder function and generalized muscle 
weakness before surgery have been correlated with a poor clini-
cal result. Patients with unsatisfactory results after this proce-
dure may be clinically worse than they were preoperatively.

Transfer of the subcoracoid pectoralis major has been 
reported for patients with anterosuperior subluxation associ-
ated with massive rotator cuff tears, with approximately 80% 
satisfactory results. Other muscles used for transfer include 
the teres minor, deltoid, and trapezius, but these are used 
infrequently and are associated with compromised function. 
We have no experience with this technique.

Others have used free grafts (autologous or autogenous), 
such as the intrinsic portion of the biceps, the coracoacromial 
ligament, and fascia lata, or synthetics to augment or replace 
deficient rotator cuff tendon. There are few published reports 
of results, and most are not encouraging; however, successful 
closure of 14 massive cuff defects was reported with the use of a 
“tendon patch” fashioned from the long head of the biceps ten-
don. The disadvantages of the synthetic material are the poten-
tial for foreign body reaction to synthetics and tissue rejection. 
Such materials do not replace the atrophic and weakened rota-
tor cuff musculature present with chronic massive tears. 

 

LATISSIMUS DORSI TRANSFER
 TECHNIQUE 46.3 

(GERBER ET AL.)
 n  With the patient in the lateral decubitus position, make 

an 8-cm superolateral skin incision in the Langer lines im-
mediately lateral to the acromioclavicular joint.

 n  With sharp dissection, detach the lateral deltoid from the 
acromion without leaving bone attached to the elevated 
tendinous origin; alternatively, use an osteotome to el-
evate the lateral deltoid with a thin layer of acromion 
attached to the deltoid origin.

 n  Leave the anterior deltoid untouched.
 n  After extensive mobilization of the retracted musculoten-

dinous units, expose the rotator cuff and attempt to repair 
it directly to an osseous trough at the anatomic footprint.

 n  If mobilization of the supraspinatus, infraspinatus, and teres 
minor (including coracohumeral ligament release and capsu-
lotomy) does not allow direct repair of the supraspinatus and 
infraspinatus tendons, proceed to latissimus dorsi transfer.

 n  Make a 12- to 15-cm posterior skin incision that follows 
the lateral border of the latissimus dorsi (Fig. 46.18A).

 n  Identify the muscle and release it from the humeral shaft 
(Fig. 46.18B), carefully protecting the axillary nerve, which 
lies immediately adjacent to the proximal end of the ten-
don, and the radial nerve, which curves around the hu-
merus immediately distal to the tendon.

 n  Identify the neurovascular bundle and mobilize the latis-
simus dorsi distally.

 n  Pass two No. 3 braided polyester sutures through the ten-
don at its medial and lateral borders, and use a clamp to 
pull the tendon through the plane between the infraspi-
natus-teres minor and the deltoid muscles (Fig. 46.18C).

 n  Anchor the transferred tendon to a bony trough in the su-
perolateral humeral head, pulling the heavy nonabsorb-
able sutures out through bone and tying the knots over 
the greater or lesser tuberosity (Fig. 46.18D).

 n  If possible, suture the remaining cuff to the transferred 
tendon. If this cannot be done, debride the remaining cuff 
and reattach the deltoid with transosseous sutures to the 
acromion. Close the deltopectoral fascia.

POSTOPERATIVE CARE The arm is splinted in 45 de-
grees of abduction and 30 to 45 degrees of external rota-
tion; the splint is worn full time for 6 weeks. Passive range-
of-motion exercises out of the splint are started the first 
postoperative day. After 6 weeks, the abduction splint is 
discontinued and active abduction and external rotation 
exercises are begun. Strengthening exercises are begun at 
3 months and are continued for 6 to 9 months.
  

Another option that we recommend for many patients 
with massive tears without possibility for repair, even in 
abduction, is debridement and limited decompression. We 
attempt to leave the biceps in place as a humeral head depres-
sor. The method is simple, does not disturb force couples, 
and is not overly restrictive postoperatively for the patient. 
We think it is a good choice, especially in elderly patients 
when pain control is the goal of surgery. Many short-term 
and midterm studies have shown satisfactory results with 
debridement and decompression of massive rotator cuff 
tears; however, long-term studies have shown that these 
results deteriorate over time.

We also have had success with subscapularis transposition 
(see Fig. 46.17); however, morbidity is higher with this pro-
cedure than with debridement and decompression, and the 
results are similar. Decompression and debridement should 
not be considered an alternative to direct repair or repair to a 
bone trough when such is possible.

We perform decompression and debridement of massive 
tears arthroscopically (see Chapter 52). The open technique 
is described here as an option, however. We have modified 
the technique by preserving and repairing the coracoacro-
mial ligament to prevent anterosuperior subluxation of the 
humeral head postoperatively. 
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DECOMPRESSION AND DEBRIDEMENT 
OF MASSIVE ROTATOR CUFF TEARS

 TECHNIQUE 46.4 

(ROCKWOOD ET AL.)
 n  Place the patient in a semi-seated position.
 n  Make an incision along the lateral border of the acromion 

along the lines of Langer.
 n  Open the interval between the anterior and lateral parts 

of the deltoid and resect the anterior part of the deltoid 
carefully from the anterior edge of the acromion.

 n  Remove 1 to 2 cm of the lateral part of the deltoid from 
the lateral edge of the acromion.

 n  With an osteotome, remove the portion of the acromion 
that extends beyond the anterior border of the clavicle 
vertically; excise the coracoacromial ligament along with 

this acromial fragment (as noted, we prefer to preserve 
the ligament).

 n  Remove the anteroinferior border of the acromion with 
an osteotome and smooth the surface on the remaining 
portion of the acromion with a rasp. We generally mod-
ify this portion by sharply detaching the coracoacromial 
ligament, performing an acromioplasty with an oscillat-
ing saw and reattaching the coracoacromial ligament to 
preserve coracoacromial arch stability.

 n  Debride the avascular tissue and try to mobilize, if pos-
sible, the vascularized tendons of the rotator cuff to 
repair the greater tuberosity of the humerus or the 
sulcus between the greater tuberosity and the articu-
lar surface of the humeral head without tension with 
the arm at the patient’s side. This may be impossible 
if massive defects of 5 cm or more involving the su-
praspinatus and infraspinatus tendons are present. 
During mobilization, avoid injuring the suprascapular 
nerve.

A
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 FIGURE 46.17 Cofield subscapularis transpo-
sition. A, Incision necessary for superior transposi-
tion of subscapularis tendon. B, Line of shoulder 
capsule incision. Inferior-middle glenohumeral 
ligament and subscapularis tendon and muscle 
are separated from capsule. C, Tendon-to-bone 
and tendon-to-tendon repair of transposed 
subscapularis.  (A and C from Cofield RH: Subscapular 
muscle transposition for repair of chronic rotator cuff 
tears, Surg Gynecol Obstet 154[5]:667–672, 1982; B 
from Cofield RH: Subscapularis tendon transposition 
for large rotator cuff tears, Tech Orthop 3:58–64, 
1989.)
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 n  If adequate mobilization is impossible, sufficiently de-
bride the cuff so that there are no residual components 
of the supraspinatus or infraspinatus tendons that can be 
caught, ground, or impinged between the head of the 
humerus and the acromion during flexion and rotation 
of the upper extremity. Greater tuberosity prominences 
must be excised to prevent impingement during passive 
flexion of the upper extremity.

 n  Apply bone wax to the base of the site of the excised 
exostosis to stop bleeding and prevent regrowth of the 
exostosis.

 n  Reattach the deltoid and the coracoacromial ligaments 
securely to the acromion with nonabsorbable No. 2 su-
tures.

 n  Close the incision in the usual manner.

POSTOPERATIVE CARE The upper extremity of the pa-
tient is supported in a commercially available shoulder-
sling immobilizer. A single-shot or 3-day interscalene 
block can be placed preoperatively for pain control, and a 
cold therapy device can be used as desired. The initial ob-
jective is to obtain and maintain the maximal range of pas-
sive glenohumeral flexion and rotation while the deltoid 
muscle heals to the acromion. When the glenohumeral 

motion has been obtained, strengthening of the deltoid 
(especially the anterior portion), the remaining muscles of 
the rotator cuff, and the scapular stabilizers is the focus 
of therapy. Return to full activity usually requires 4 to 6 
months.
  

COMPLICATIONS
Complications of rotator cuff repair occur with tears of 
all sizes, but especially with large and massive tears. Large 
amounts of retracted friable tissue are difficult to repair, and 
repair can be tenuous. Nonabsorbable suture material should 
be used for deltoid and rotator cuff tendon repair. Suture 
anchors alone seem to have sufficient endurance and pull-out 
strength compared with sutures pulled through bone tunnels. 
Although newer generations of suture anchors seem to have 
more favorable characteristics, we usually do not use them 
alone but rather combine them with sutures pulled through 
bone tunnels.

Because the suprascapular nerve lies only 1.8 cm from 
the posterosuperior glenoid rim, cuff mobilization should not 
exceed this. If more mobilization is necessary, capsular strip-
ping can be done.
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FIGURE 46.18 Latissimus dorsi transfer. A, Posterior skin incision. B, Release of muscle from 
humeral shaft. C, Braided sutures passed through end of tendon. D, Transferred tendon fixed to 
bony trough in humeral head. SEE TECHNIQUE 46.3.
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Transposition of the upper portion of the subscapularis 
tendon can result in anterior instability and weakness of 
internal rotation. Teres minor and infraspinatus transposi-
tion can result in external rotator weakness. Free grafts have 
been used with very little success and are not recommended.

Despite an excellent technical result, some patients do 
not return to previous activity levels. Some patients develop 
postoperative stiffness from immobilization, and some have 
persistent night pain. Although careful patient selection can 
decrease the frequency of these problems, only about 80% of 
patients have complete pain relief and return to nearly nor-
mal function. A special subset of patients comprises patients 
with workers’ compensation claims in whom only a 40% to 
50% success rate can be anticipated.

An unsolved complication of rotator cuff surgery involves 
coracoacromial arch deficiency with anterosuperior cuff tears 
resulting in subluxation of the humeral head, for which there 
is no effective treatment. Preservation of the coracoacromial 
arch is the best method to prevent this complication.

Outcomes after revision rotator cuff repair are not as 
good as after primary repair. Although short-term clinical 
results are similar, by 2 years, patients with revision rotator 
cuff repair are twice as likely to have a retear as those with 
primary repair. 

CUFF TEAR ARTHROPATHY
Reverse total shoulder arthroplasty (RTSA) was developed 
for the treatment of cuff tear arthropathy. The pathophysiol-
ogy of the disorder, as well as the technique and outcomes, for 
RTSA are described in Chapter 12. 

ADHESIVE CAPSULITIS
Much of current understanding of frozen shoulder, or 
adhesive capsulitis, comes from the work of Neviaser and 
Lundberg. Neviaser coined the term adhesive capsulitis to 
describe a contracted, thickened joint capsule that seemed 
to be drawn tightly around the humeral head with a relative 
absence of synovial fluid and chronic inflammatory changes 
within the subsynovial layer of the capsule. Evidence suggests 
that the underlying pathologic changes in adhesive capsulitis 
are synovial inflammation with subsequent reactive capsu-
lar fibrosis. Four stages of disease have been described based 
on the arthroscopic appearance of the joint capsule. The dis-
ease progresses from capsular inflammation to fibrosis. Stage 
1, the pre-adhesive stage, consists of a fibrinous inflamma-
tory synovitis reaction without adhesion formation. Patients 
typically have full motion but report pain, especially at night. 
Symptoms are nonspecific, and misdiagnosis is common. 
Stage 2 is marked by acute adhesive synovitis with prolif-
eration of the synovium and early formation of adhesions, 
most notably in the dependent inferior capsular fold. Pain is 
a prominent feature, and motion loss is present but typically 
mild. Stage 3, the maturation stage, involves less synovitis and 
more fibrosis. The axillary fold is obliterated. Pain may be 
less severe than in previous stages, but motion is significantly 
restricted. In stage 4, the chronic stage, adhesions are fully 
mature, and motion is severely reduced. Patients may have 
painless, limited range of motion, but pain occurs at the end 
ranges of motion or when the arm is suddenly moved.

Cytokines, metalloproteinases 2 and 9, and transforming 
growth factor-beta 1 have been implicated in the process, but 
the initial triggering event in the cascade is unknown. Using 

immunohistochemistry, alarmins—endogenous molecules 
released into the extracellular milieu after infection or tissue 
injury—have been found to be significantly increased in the 
frozen shoulder capsules compared to control capsules. The 
expression of alarmin molecule HMGB1 significantly cor-
relates with the severity of patient-reported pain. The CB1 
pathway also has been studied for its role in the pathogenesis 
of shoulder stiffness. Patients with stiffness had higher mes-
senger RNA expression and immunohistochemistry staining 
of CB1 in the subacromial bursa and higher CB1 concentra-
tion in the subacromial fluid. Hyperlipidemia also has been 
proposed as a risk factor for primary frozen shoulder, and this 
association was supported by the findings of a comparative 
study of 300 patients with frozen shoulder and 900 control 
subjects. Further research is needed, however, to determine if 
a nonoptimal serum lipid level is a cause, a related cofactor, 
or a result of primary frozen shoulder. Increased expression 
of nerve growth factor receptor and new nerve fibers found in 
the shoulder capsular tissue of patients with frozen shoulder 
suggest that neoinnervation and neoangiogenesis in the cap-
sule are important events in the pathogenesis of frozen shoul-
der and may help explain the often severe pain in patients 
with this condition. Although it remains a matter of contro-
versy, some authors have suggested that inadequate glycemic 
control as measured by the glycosylated hemoglobin A1c 
(HbA1c) level can identify diabetic patients who are at higher 
risk for developing frozen shoulder. In a series of 1150 dia-
betic patients with frozen shoulder, no association was found 
between HbA1c level and the occurrence of frozen shoulder; 
however, insulin-dependent patients were nearly twice as 
likely to develop frozen shoulder.

The incidence of frozen shoulder in the general popula-
tion is approximately 2%, but several conditions are associ-
ated with an increased incidence, including female gender, age 
older than 49 years, diabetes mellitus (five times more), cervi-
cal disc disease, prolonged immobilization, hyperthyroidism, 
stroke or myocardial infarction, the presence of autoimmune 
diseases, and trauma. Individuals between the ages of 40 
and 70 are more commonly affected. Approximately 70% of 
patients are women. Between 20% and 30% of affected indi-
viduals develop adhesive capsulitis in the opposite shoulder. 
The condition rarely recurs in the same shoulder. Common 
to almost all patients is a period of immobility, the causes of 
which are diverse; this probably is the most significant factor 
related to the development of the condition.

Lundberg developed a classification system of frozen 
shoulder based on the presence or absence of an inciting 
event. Frozen shoulders in patients who report no inciting 
event and with no abnormality on examination (other than 
loss of motion) or plain radiographs were designated as “pri-
mary,” and frozen shoulders in patients with precipitant trau-
matic injuries were designated as “secondary.” Patients with 
shoulder stiffness after a surgical procedure technically have a 
secondary frozen shoulder, but their clinical course and treat-
ment are different and are not discussed here. These condi-
tions perhaps should be considered more of an arthrofibrosis.

There are no universally accepted criteria for the diag-
nosis of frozen shoulder. We have noted that internal rota-
tion frequently is lost initially, followed by loss of flexion 
and external rotation. Most often our patients can internally 
rotate only to the sacrum, have 50% loss of external rotation, 
and have less than 90 degrees of abduction. We include these 
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patients in the diagnosis of frozen shoulder, but we have no 
formal inclusion criteria.

Diagnostic tests in patients with a frozen shoulder 
(including plain film radiographs) usually are normal, except 
in patients with medical disorders such as diabetes or thyroid 
disease. Bone scans have been reported to be positive in some 
patients, and a positive bone scan has been shown to have 
positive predictive value for treatment with steroid injec-
tions. MRI has shown a contracted inferior capsule and an 
increased blood flow to the synovium, but its value is in eval-
uating the other structures in the shoulder to eliminate other 
pathologic conditions. On dynamic three-dimensional MRI 
examination, frozen shoulder patients were found to have an 
abnormal intake of blood flow from the acromial arterial net-
work and the branches of circumflex humeral arteries into the 
axillary pouch and the rotator interval. This finding has been 
named the “burning sign.”

Arthrograms characteristically show a reduced joint vol-
ume with irregular margins. Clinical improvement has been 
reported after arthrography because of brisement of adhe-
sions from forcefully injecting fluid into the joint. A volume 
of less than 10 mL and lack of filling of the axillary fold cur-
rently are accepted arthrographic findings indicative of a fro-
zen shoulder.

PRIMARY FROZEN SHOULDER
The clinical course of primary (idiopathic) frozen shoulder 
consists of three phases. Secondary frozen shoulders may 
not exhibit all three phases and may not follow the exact 
chronology. Although treatment for the two entities often 
is similar, the cause for the secondary frozen shoulder 
should be identified and treated as well. The three phases 
are as follows:
Phase I: Pain. Patients usually have a gradual onset of diffuse 

shoulder pain, which is progressive over weeks to months. 
The pain usually is worse at night and is exacerbated by 
lying on the affected side. As the patient uses the arm less, 
pain leading to stiffness ensues.

Phase II: Stiffness. Patients seek pain relief by restrict-
ing movement. This heralds the beginning of the stiff-
ness phase, which usually lasts 4 to 12 months. Patients 
describe difficulty with activities of daily living; men have 
trouble getting to their wallets in their back pockets, and 
women have trouble with fastening brassieres. As stiff-
ness progresses, a dull ache is present nearly all the time 
(especially at night), and this often is accompanied by 
sharp pain during range of motion at or near the new end 
points of motion.

Phase III: Thawing. This phase lasts for weeks or months, 
and as motion increases, pain diminishes. Without treat-
ment (other than benign neglect), motion return is grad-
ual in most but may never objectively return to normal, 
although most patients subjectively feel near normal, per-
haps as a result of compensation or adjustment in ways of 
performing activities of daily living.

TREATMENT
Traditionally, frozen shoulder has been considered a 
self-limiting condition, lasting 12 to 18 months without 
long-term sequelae. Approximately 10% of patients have 
long-term problems, however. In their almost 10-year 

average follow-up of 83 patients with frozen shoulder, 
Vastamäki et al. found that 94% recovered to normal levels 
of function and motion without treatment; however, only 
51% of patients in the untreated group, 44% in the nonop-
erative treatment group, and 30% in the manipulation group 
were totally pain-free. Long-term follow-up studies have 
shown that patients underestimate the amount of objective 
motion lost and that the duration of symptoms before medi-
cal care is sought may be correlated with recovery. Patients 
seeking care earlier usually recover more quickly. Dominant 
shoulder involvement has been reported to be predictive of 
a good result, whereas occupation and treatment programs 
are not statistically significant. The best treatment of frozen 
shoulder is prevention (secondary frozen shoulder), but 
early intervention is paramount; a good understanding of 
the pathologic process by the patient and the physician also 
is important.

Treatment options described in the literature include 
benign neglect, supervised physical therapy, nonsteroi-
dal antiinflammatory medications, oral corticosteroids, 
intraarticular steroid injections, distention arthrogra-
phy, hydrodistention, closed manipulation, open surgical 
release, and arthroscopic capsular release. In two similar 
groups of patients with frozen shoulders, a home therapy 
program obtained results equal to those of arthroscopic 
release. Initial treatment is nonoperative, with emphasis 
placed on control of pain and inflammation. Intraarticular 
steroid injections have been shown in a number of studies 
to obtain more rapid pain relief, better functional outcomes, 
and higher patient satisfaction than other nonoperative 
modalities. In a study of nearly 200 patients with adhesive 
capsulitis, the site of the injection (subacromial, intraar-
ticular, intraarticular combined with subacromial space, 
or rotator interval) did not affect the effectiveness of treat-
ment, and another comparison study showed no difference 
in outcomes between glenohumeral and subacromial ste-
roid injections. A prospective randomized study compared 
three injection techniques—intraarticular, subacromial, and 
hydrodilatation—and found similar clinical improvement 
at final follow-up. Hyaluronate intraarticular injections 
have been shown to be as effective as steroid injections, with 
fewer side effects. Transcutaneous electrical nerve stimula-
tion and ultrasound may be helpful, combined with pas-
sive and active range-of-motion exercises. Extracorporeal 
shockwave therapy (ESWT) has been shown to result in 
faster improvement and better final functional scores than 
those obtained with oral prednisolone. Abduction should 
be avoided initially to prevent impingement until joint 
motion becomes suppler. Intraarticular cortisone injections 
have proved beneficial in phase 1 or early phase 2 of the 
clinical course.

Although a frozen shoulder usually is self-limiting and 
resolves in 12 to 18 months, many patients do not wish to 
wait that long for resolution of symptoms and request active 
intervention long before 12 months. With appropriate 
patient selection, significant improvement can be obtained 
in approximately 70% of patients. Results have been shown 
to be significantly worse in diabetic patients, even though 
they may have improvement in function; full range of 
motion was obtained in only 71% of diabetic patients com-
pared with 90% of nondiabetic patients. We have used 
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closed manipulation under anesthesia with good results 
over many years and still believe in its efficacy. A system-
atic review involving 989 patients concluded that the data 
demonstrated little benefit for a capsular release instead of, 
or in addition to, manipulation. Failures usually are related 
to inability to maintain postoperative motion rather than 
intraoperative complications. For patients in whom closed 
manipulation fails, arthroscopic release is recommended. If 
arthroscopic release fails to relieve symptoms, open release 
of contractures has been recommended, with emphasis on 
release of the coracohumeral ligament and reestablishment 
of the interval between the supraspinatus and subscapularis. 
We have no recent experience with the technique of open 
release, but it may be appropriate in patients with poor bone 
stock or recent fractures or in patients who have had surgery 
recently. For patients who require surgical release, we prefer 
to do this arthroscopically. 

 

CLOSED MANIPULATION
 TECHNIQUE 46.5 

 n  After administering general anesthesia supplemented 
with an interscalene block for postoperative pain control, 
manipulate the shoulder using a short lever arm and a 
fixed scapula.

 n  The acronym FEAR can be used as a safe sequence for 
shoulder manipulation-flexion, extension, abduction and 
adduction, external and internal rotation.

 n  Audible and palpable release of adhesions is a good prog-
nostic sign.

 n  We occasionally obtain intraoperative anteroposterior 
and axillary lateral radiographs after the procedure to 
check for periarticular fracture or dislocation.

POSTOPERATIVE CARE Rehabilitation after manipu-
lation is crucial in preventing recurrence. We perform 
manipulations during the earlier part of the week and 
initiate physical therapy the following day. Supervised 
physical therapy sessions are performed daily for at least 
2 to 4 weeks. The goal of rehabilitation is early full range 
of motion. In some patients, we recommend an abduc-
tion orthosis at night for 3 weeks to prevent significant 
axial pouch adhesions from returning in the early phase.
  

COMPLICATIONS
Complications during closed manipulation can occur. The 
proximal humerus may be fractured during manipulation, 
or dislocation may occur. Manipulation should be avoided 
in patients with osteopenia or recently healed fractures and 
reserved for patients with recalcitrant stiffness unrespon-
sive to conservative management. If dislocation occurs 
after closed manipulation, rehabilitation should be aggres-
sive, but the abducted, externally rotated position should be 
avoided.

Arthroscopic release is an option when closed manipu-
lation fails or for patients who have had prolonged, recal-
citrant adhesive capsulitis, with marked improvement 
reported in 80% to 90% of patients. A long-term follow-up 
study found that motion equal to the contralateral shoul-
der was maintained or enhanced at 7 years after surgery. 
For the technique of arthroscopic capsular release, see 
Chapter 52. 

CALCIFIC TENDINITIS
Calcific tendinitis is a painful, largely self-limited disorder 
of the rotator cuff in which the tendons are infiltrated with 
calcium deposits. The most common site of occurrence is 
within the supraspinatus tendon and at a location 1.5 to 2 
cm away from the tendon insertion on the greater tuber-
osity. Calcific tendinitis usually has its onset in individuals 
who are older than 30 years, and it affects approximately10% 
of the population. An analysis of 1219 patients with and 
without subacromial pain found calcific deposits in 8% of 
asymptomatic patients and 43% of those with subacromial 
pain. Women between the ages of 30 and 60 years were the 
most frequently affected. Ten percent of patients affected 
have bilateral deposits. Most individuals with deposits are 
asymptomatic, but pain can be intense in symptomatic 
patients.

Although the clinical course and pathologic changes 
of calcific tendinitis are well delineated, its cause remains 
unknown. Suggested causes have included a vascular etiol-
ogy, with degeneration of the tendon fibers preceding calci-
fication, and aging of the tendon, with a general diminishing 
of the vascularity to the supraspinatus as a normal course of 
events. Microangiographic studies showed an area of hypo-
vascularity near Codman’s “critical zone” just proximal to 
the supraspinatus insertion into the greater tuberosity. This 
hypoperfusion is believed to initiate degenerative changes, 
which subsequently lead to calcification or susceptibility to 
tearing, as mentioned in the previous section on rotator cuff 
tears. Other histologic studies, however, showed no evidence 
of inadequate vascularization, and the supraspinatus, includ-
ing the critical zone, was found to be well supplied with an 
anastomosis of vessels. One histologic study demonstrated 
neovascularization and neoinnervation in calcific tendonitis, 
with an associated substantial inflammatory response as the 
cause of pain.

CHRONOLOGIC PROGRESSION
Calcific tendinitis follows a definite progression in most 
patients, and resolution is seen in almost all of them, with 
the length of time required being the only true variable. The 
following three-phase chronology described by Sarkar and 
Uhthoff is useful in planning treatment:
Phase I: Precalcification stage. In the precalcification stage, 

the site of predilection for calcification (possibly a site 
with a diminished blood supply) undergoes fibrocarti-
laginous metaplasia. At this stage, patients generally are 
asymptomatic.

Phase II: Calcification stage. During this stage, calcium is 
deposited into matrix vesicles, which are excreted by 
the cells and coalesce into larger calcium deposits (Fig. 
46.19). This initial part of the calcification stage is known 
as the phase of formation. At this time, the deposits on 
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gross inspection are dry and chalky. As the matrix vesicles 
coalesce into larger deposits, the fibrocartilage gradually 
is replaced and eroded. The patient enters a resting phase, 
during which the pain may be minimal, and the radio-
graphic appearance is one of well-marginated, mature-
appearing deposits. This resting phase is of variable length 
and ends with the beginning of the resorptive phase. 
During the resorptive phase, vascular channels appear 
at the periphery of the deposit and calcium resorption 
ensues. Apatite crystals can also migrate into the sub-
acromial bursa, causing an influx of leukocytes as well as 
IL-1Beta and Il-18. This stage can, therefore, be exceed-
ingly painful, and many patients seek treatment at this 
time. The calcium deposits at this time resemble cream or 
toothpaste. As the calcium is resorbed, the dead space is 
filled with granulation tissue.

Phase III: Postcalcification phase. During this phase, the 
granulation tissue matures into mature collagen aligned 
along stress lines with the longitudinal axis of the tendon, 
reconstituting the tendon. Pain subsides markedly during 
this phase.
Although most patients seek treatment during the 

acutely painful resorptive phase of the calcification stage, 
in some the calcium deposits are an incidental finding or 
are part of an impingement syndrome. In these patients, we 
recommend treatment protocols directed at the particular 
pathologic condition (e.g., impingement) rather than the 
calcific deposits.

As noted previously, essentially all patients eventually 
recover from calcific tendinitis and nonoperative manage-
ment is the initial treatment of choice. Nonoperative treatment 
usually includes physical therapy, exercises, antiinflammatory 
medications, and corticosteroid injections. Although these 
modalities are generally recommended as effective, there is 
little high-level supporting evidence. Corticosteroids have 
been suggested to abort the resorptive phase, returning the 

lesion to dormancy and setting into motion the factors neces-
sary for recurrence.

PERCUTANEOUS AND SURGICAL TREATMENT
Gschwend et al. listed the following as indications for opera-
tive treatment: (1) symptom progression, (2) constant pain 
that interferes with activities of daily living, and (3) absence 
of improvement after conservative therapy.

An ultrasound-guided percutaneous needling tech-
nique used in conjunction with subacromial corticosteroid 
injection was reported to be successful in approximately 
70% of patients. Another prospective study showed that 
initial improvements after ultrasound-guided needle lavage 
were maintained for at least 2 years. However, although one 
systematic review found this technique to be as effective as 
subacromial corticosteroid injection another randomized 
controlled trial found better results with ultrasound-guided 
needling and lavage than with corticosteroid injection, 
while another found no difference in outcomes at 5 years of 
follow-up. Long-term follow-up studies have confirmed the 
benign natural history of this disorder; one study with 10 
years of follow-up of a randomized controlled trial demon-
strated resolution of symptoms and calcific deposits, regard-
less of whether ultrasound therapy was used. Although 
treated patients tend to have better results in the short term 
(1-year follow-up), at longer-term follow-up there are no 
differences.

Extracorporeal shockwave therapy (ESWT) also has been 
well studied for the treatment of calcific tendinitis. Several 
comparative studies have reported greater pain relief with 
ESWT than with placebo or sham treatment, although in one 
study half of the patients eventually required surgery. Two 
systematic reviews concluded it to be a safe and effective treat-
ment for this disorder. Recent investigation has confirmed 
that high-dose ESWT, with or without use of adjunctive kine-
siotaping, continues to be an effective treatment.

 

BA

FIGURE 46.19 A, Preoperative radiograph showing calcium deposits. B, Radiograph taken 2 
weeks after surgery.
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Recently, there has been a rapid proliferation of high-level 
studies comparing nonoperative treatments for calcific ten-
donitis. Several systematic reviews and meta-analyses have 
agreed that ultrasound-guided needling and ESWT are effec-
tive treatments; however, ultrasound-guided needling tends 
to result in faster resolution of symptoms and calcific depos-
its. Thus the preponderance of high-level evidence suggests 
ultrasound-guided needling as the nonoperative treatment of 
choice for this disorder.

For patients in whom nonoperative treatment fails, 
we prefer an arthroscopic technique when surgery is war-
ranted. We note, however, that concomitant glenohumeral 
pathology is uncommon, and an MRI study demonstrated 
that patients with calcific deposits are not at increased risk 
for rotator cuff tears, suggesting that they are different dis-
orders arising from different processes. As such, routine 
diagnostic arthroscopy in patients with calcific tendon-
itis generally is unnecessary. Removal of calcium depos-
its is done with a mechanical shaver. Some authors have 
reported success with using ultrasound intraoperatively to 
identify the deposits that are not readily seen with arthros-
copy. Acromioplasty is done for patients with preopera-
tive evidence of subacromial stenosis. Several authors have 
reported good results in approximately 90% of patients with 
arthroscopic removal of calcific deposits, and midterm fol-
low-up studies have demonstrated that these good results 
are preserved over time. The importance of acromioplasty 
and the presence of residual calcifications on postopera-
tive radiographs remain unclear. One systematic review 
found no difference in outcomes of arthroscopic manage-
ment of calcific tendonitis when comparing three treatment 
arms: acromioplasty with calcific deposit removal, acromio-
plasty without deposit removal, and isolated calcific deposit 
removal. For the operative details of the arthroscopic tech-
nique, see Chapter 52. 

QUADRILATERAL SPACE SYNDROME
Quadrilateral space syndrome (QSS) is caused by compres-
sion of the axillary nerves and posterior humeral circumflex 
artery in the quadrilateral space, which is bounded by the 
teres major and minor muscles, the humeral shaft, and the 
long head of the triceps (Fig. 46.20). Although the etiology of 
QSS has not been clearly defined, fibrous bands are the most 
frequently cited cause. Space-occupying lesions also have 
been implicated in the development of QSS, including paral-
abral cysts, bony fracture fragments, and benign tumors such 
as lipomas, osteochondromas, and schwannomas. Because 
many symptoms of QSS are nonspecific, the diagnosis, and 
subsequently treatment, may be delayed. One study docu-
mented an average delay from onset of symptoms to surgi-
cal decompression of 14.5 months (range, 6 to 24 months). 
Hangge et al. described a patient who had seven surgical pro-
cedures, acupuncture, extensive physical therapy, and steroid 
injections before the diagnosis of QSS was made.

The syndrome usually affects the dominant arm of young 
adults, particularly athletes (20 to 35 years of age) involved 
in overhead sports, and is characterized by poorly local-
ized anterior and lateral shoulder pain and point tenderness 
over the quadrilateral space near the teres minor insertion. 
Symptoms are reproduced by holding the arm abducted and 
externally rotated for 1 minute. Weakness and atrophy are 
difficult to detect unless significant deltoid involvement is 
present. Selective atrophy of the teres minor muscle, which 
is innervated by the axillary nerve, can be seen on MRI and 
is highly suggestive of QSS. Arteriography shows occlusion 
of the posterior humeral circumflex artery with the arm in 
abduction and external rotation, but the artery appears nor-
mal with the arm at the side. More recently, ultrasound has 
been reported to be effective in detecting dilation, occlusion, 
and stenosis of the posterior humeral circumflex artery and 
atrophy of the deltoid muscle. Ultrasound also can demon-
strate swelling or lesions of the axillary nerve and space-
occupying lesion in the quadrilateral space. Color Doppler 
sonography has been used to compare differences in the pos-
terior humeral circumflex arterial flow between neutral and 
provocative position.

The lesion seems to consist of oblique fibrous bands that 
compress the nerve and artery with the shoulder in abduc-
tion and external rotation. These bands can be lysed at surgery 
through a posterior approach with good results. Occasionally, 
a paralabral cyst from the posterior labrum may cause com-
pression of the nerve. Brown et  al. suggested classifying the 
syndrome into two types—neurogenic and vascular—and pro-
vided an algorithm for diagnosis and treatment (Fig. 46.21). 
According to their system, vascular QSS is caused by repeti-
tive trauma to the posterior circumflex humeral artery during 
abduction and external rotation and is more likely to occur in 
professional or collegiate athletes involved in overhead sports. 
Neurogenic QSS can be caused by various fixed anatomic 
anomalies, with fibrous bands being the most common.

Nonoperative treatment, including activity modifica-
tion, NSAIDs, cortisone injections, and physical therapy for 
rotator cuff muscle strengthening, is indicated initially for all 
patients. If symptoms persist after 3 to 6 months of nonopera-
tive treatment, a posterior approach to the area with lysis of 
the fibrous bands usually results in symptom relief. 
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FIGURE 46.20 Drawing of quadrilateral space viewed from 
behind.
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Age >40
years

e nQSSDiagnos e vQSSDiagnos

Assess clinical
signs/ symptoms

Diagnostic imaging
DSA, CTA, MRA, US*, EMG**

Consider alternative
diagnosis

Neurogenic: paresthesia,
weakness, fasciculations,
muscle atrophy, QS TTP

Vascular: coolness, pallor,
or cyanosis of hand and

digits, splinter hemorrhages

Neurogenic: dynamic PCHA
occlusion during AER maneuvers,

due to extrinsic compression

Vascular: fixed PCHA occlusion
due to thrombosis with or
without distal embolization

Follow-up: physical exam in 3 months

Ultrasound imaging has been preliminarily studied for the diagnosis of nQSS; there
   have not yet been studies specifically assessing ultrasound use to diagnose vQSS
Electromyography has poor sensitivity for nQSS, but can rule out alternative diagnoses

Follow-up: UEA duplex in 3 months

Treatment: neurolysis and excision
of fibrous band or SOL, if conservative

therapy with NSAIDS and PT ineffective;
consider postoperative PT

Treatment: PCHA ligation with or
without thrombolysis or surgical
thromboembolectomy; consider

anticoagulation for 3 months

Patient (particularly “overhead
athlete”) with suspected QSS

Yes

No

*

**

FIGURE 46.21 Diagnosis and treatment algorithm for patients with suspected quadrilateral 
space syndrome. AER, Abduction and external rotation; CTA, computed tomography angiography; 
DSA, digital subtraction angiography; MRA, magnetic resonance angiography; nQSS, neurogenic 
quadrilateral space syndrome; NSAID, nonsteroidal antiinflammatory drug; overhead athlete, any 
patient engaged in elite, college, professional, or dedicated sport or activity involving repetitive 
abduction and external rotation of the arm above the head; PCHA, posterior circumflex humeral 
artery; PT, physical therapy; QS, quadrilateral space; QSS, quadrilateral space syndrome; SOL, space-
occupying lesion; UEA, upper extremity arterial; US, ultrasound; vQSS, vascular quadrilateral space 
syndrome.  (From Brown SN, Doolittle DA, Bohanon CJ, et al: Quadrilateral space syndrome: the Mayo 
Clinic experience with a new classification system and case series, Mayo Clin Proc 90[3]:382–394, 2015.)
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POSTERIOR SURGICAL APPROACH FOR 
QUADRILATERAL SPACE SYNDROME

 TECHNIQUE 46.6 

(CAHILL AND PALMER)
 n  Make an incision parallel and just inferior to the spine 

of the scapula and curve it inferiorly over the posterior 
humerus to allow inferior lateral dissection (Fig. 46.22A). 
Develop a skin flap, including all subcutaneous tissue.

 n  Control bleeding, which may be moderately severe, 
with electrocautery; otherwise, when the deep fascia is 
opened, the bleeding dissects into the areolar planes and 
markedly hinders the view of the neurovascular bundle. 
Hemostasis is necessary before opening the deep fascia.

 n  Dissect the fascia at the inferior border of the deltoid (Fig. 
46.22B), beginning inferolaterally and proceeding superi-
orly and medially.

 n  Remove the deltoid from the spine of the scapula by 
electrocautery, leaving a border of the musculotendinous 
area for resuture.

 n  Detach the teres minor at its insertion into the rotator 
cuff and reflect it medially, leaving a small opening in the 
posterior glenohumeral capsule. No weakness of external 
rotation of the humerus has been detected postopera-
tively if the teres minor has not been reattached.

 n  Decompress the quadrilateral space by blunt and sharp 
dissection (Fig. 46.22C). A finger inserted into this space 
directed anteriorly is tethered and meets resistance before 
removal of the fibrous bands traversing this space.

 n  Follow the neurovascular bundle forward to its origin 
from the main vessel. Avoid injuring any accompanying 
veins, which are prone to tearing and bleeding.

 n  After decompression is complete (Fig. 46.22D), place a 
finger on the posterior circumflex artery. Abduct the arm 
and test the pulse for adequate decompression.

 n  Do not reattach the teres minor to the capsule, and ap-
proximate only the deltoid.

POSTOPERATIVE CARE A sling is worn until the patient 
feels comfortable. Early range of motion is encouraged to 
avoid superimposed adhesive capsulitis.
  

SUPRASCAPULAR NERVE ENTRAPMENT
Suprascapular neuropathy is a relatively uncommon but 
well-recognized source of shoulder pain, weakness, and dys-
function. Boykin et  al. estimated the prevalence of supra-
scapular neuropathy to be at least 4.3% in patients with 
shoulder complaints presenting to an academic referral cen-
ter. Much higher rates, as high as 33%, have been reported 
in elite overhead athletes. Suprascapular neuropathy occurs 
most commonly in young and middle-aged individuals.

The suprascapular nerve is derived from the upper trunk of 
the brachial plexus formed by the roots of C5 and C6, and occa-
sionally C4 at the Erb point. The nerve passes parallel to the 
omohyoid muscle dorsal to the brachial plexus and beneath the 
trapezius to the superior edge of the scapula and through the 
suprascapular notch, which can assume several configurations. 

The transverse scapular ligament forms the roof of the notch. 
After passing through the notch, the nerve supplies the supra-
spinatus and the shoulder capsule and the glenohumeral and 
acromioclavicular joints. The nerve turns around the lateral 
margin of the scapular spine to innervate the infraspinatus.

Most suprascapular nerve entrapments occur at the supra-
scapular notch. The nerve can be injured at the suprascapular 
notch as a result of compression by the overlying transverse 
scapular ligament. A narrow notch or a calcified ligament has 
been shown to be associated with an increased risk of injury 
to the suprascapular nerve. A 3D-CT study of 760 consecutive 
patients scheduled for shoulder surgery showed that morpho-
logic changes of the scapular notch are related to aging, with 
the notch narrowing in older individuals.

Lipomas and ganglion cysts have been described com-
pressing the inferior branch of the suprascapular nerve and 
leading to isolated infraspinatus atrophy. These usually are 
found at the spinoglenoid notch and can be seen on MRI (Fig. 
46.23). The ganglion cyst usually is the result of intraarticular 
pathology, such as a posterior labral tear. The nerve may be 
compressed by the spinoglenoid ligament, also known as the 
inferior transverse scapular ligament, which arises from the 
lateral aspect of the root of the spine of the scapula and inserts 
at the margin of the glenoid with fibers to the posterior gle-
nohumeral capsule. This ligament tightens with cross-body 
adduction and internal rotation, compressing the nerve.

Nerve traction injuries associated with rotator cuff tears 
have been suggested as a cause of suprascapular neuropathy, 
as have repetitive overhead activities that may produce mus-
cle and tendon microtrauma with nerve inflammation and 
compression. Suprascapular nerve injuries have been docu-
mented in swimmers, baseball pitchers, volleyball players, 
and tennis players. In a study of 65 patients with confirmed 
suprascapular neuropathy, nearly half of the neuropathies 
were related to trauma; the other two most frequent causes 
were inflammatory processes, such as brachial neuritis, and 
cysts; and none were attributed to notch abnormalities. 
Suprascapular neuropathy has also been described in mas-
sive retracted rotator cuff tears. The mechanism is thought 
to be a traction injury on the nerve by the retracted cuff ten-
dons. Injuries to the nerve also are speculated to occur when 
massive rotator cuff tears are repaired with excessive tension 
and subsequent traction on the nerve. In addition, iatrogenic 
injuries to the nerve have been reported during several proce-
dures that involve drilling and passing sutures and/or placing 
screws about the glenoid face and rim.

The diagnosis may be confirmed on electromyography as 
long as the surgeon alerts the electromyographer to the phys-
ical findings and proposed diagnosis. Patients usually com-
plain of deep, aching, and diffuse pain and may complain of 
weakness of external rotation and abduction with overhead 
activities. An ultrasound-guided diagnostic nerve block may 
be helpful. Relief of shoulder pain (usually dramatic and of 
short duration) after an injection of 1% local anesthetic sup-
ports the diagnosis, although a negative test does not rule out 
suprascapular nerve entrapment because the injection may 
not have been accurately placed. Muscle atrophy may or may 
not be present. Painless atrophy of the infraspinatus muscle is 
more common with compression of the nerve at the spinogle-
noid notch. Of interest, many athletes with this muscle atro-
phy appear to have little dysfunction or symptoms and quite 
frequently are performing successfully at a high level.
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If no structural lesion, such as a cyst, is seen on MRI, 
activity modification, NSAIDs, and a shoulder rehabilita-
tion program should be the initial treatment. If nonopera-
tive treatment fails, surgery should be considered. In patients 
with proven compression of the nerve and a space-occupying 
lesion or cyst, nonoperative treatment may have less favorable 
results over time, and early surgery generally is recommended. 
Arthroscopic and open approaches have been described for 
decompression of the nerve, based on the location and cause 
of compression. We generally prefer an arthroscopic approach. 

 

POSTERIOR SURGICAL APPROACH FOR 
SUPRASCAPULAR NERVE ENTRAPMENT

 TECHNIQUE 46.7 

(POST AND MAYER)
 n  Place the patient in a semiprone position with the arm 

draped free.
 n  Make an incision parallel and slightly cephalad to the 

spine of the scapula 10 to 12 cm long (Fig. 46.24A). 

Sharply elevate the trapezius from the scapular spine. Use 
electrocautery to control bleeding.

 n  As the fibers of the trapezius and periosteum are elevat-
ed, a thin, fatty layer can be seen between the under-
surface of the trapezius and supraspinatus muscles. Do 
not elevate the supraspinatus from its fossa. Retract the 
trapezius muscle cephalad with a wide blunt retractor.

 n  Using blunt dissection with a wet, gloved finger, palpate 
the suprascapular ligament overlying its notch. Only mini-
mal distal retraction of the supraspinatus muscle is re-
quired (Fig. 46.24B).

 n  Use a blunt elevator to clean the suprascapular ligament 
(Fig. 46.24C). Avoid the suprascapular artery and vein im-
mediately superficial to the ligament.

 n  Sharply release the ligament, protecting the suprascap-
ular nerve beneath. Further exploration of the nerve or 
neurolysis is unnecessary.

 n  Inspect and palpate the surrounding region to rule out 
any abnormal masses.

 n  Reattach the trapezius muscle to the spine of the scapula 
using nonabsorbable sutures placed through several drill 
holes in the bone.

 n  Close the wound in the routine manner and apply a sling 
for immobilization.
   

 

A B

C D

Incision

FIGURE 46.22 Cahill and Palmer technique. A, Skin incision. B, Retractor placed under border 
of deltoid. C, Teres minor is held by suture on left, with circular area on right representing insertion 
of teres minor. Clamp holds fibrous bands traversing quadrilateral space that tether neurovascular 
bundle. Deltoid is reflected to right. D, Dissection is complete, with fibrous bands dissected away 
from neurovascular bundle.  (Redrawn from Cahill BR, Palmer RE: Quadrilateral space syndrome, J Hand 
Surg 8[1]:65–69, 1983.) SEE TECHNIQUE 46.6.
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SUPRASCAPULAR NOTCH 
DECOMPRESSION

 TECHNIQUE 46.8 

 n  Make a saber or transverse incision along the scapular 
spine.

 n  Split the trapezius along its fibers and retract the supra-
spinatus posteriorly.

 n  Locate and release the transverse ligament, taking care 
to preserve the vascular structures running above and the 
nerve running below the ligament.

 n  In addition to ligament release, the notch can be widened 
with a burr if indicated.
   

 

SPINOGLENOID NOTCH 
DECOMPRESSION

 TECHNIQUE 46.9 

 n  Make a posterior incision, with a longitudinal incision 3 
cm medial to the posterolateral corner of the acromion or 
with a vertical incision in the skin lines (Fig. 46.25A).

 n  Divide the deltoid in line with its fibers, taking care not to 
split it too distally to avoid injury to the axillary nerve.

 n  Identify the infraspinatus fascia and incise it; retract the 
infraspinatus muscle inferiorly.

 n  Carry dissection down the lateral aspect of the scapular 
spine; identify and release the spinoglenoid ligament (Fig. 
46.25B and C).
   

 

A B

C

A B

C

FIGURE 46.23 Magnetic resonance images showing entrapment neuropathy of suprascapular 
nerve by ganglion. A, Arrowheads show small, low-density shadow just posterior to neck of glenoid. 
B and C, Ganglion cyst (arrows) in region of spinoglenoid notch. Cyst appears to originate from 
posterosuperior aspect of glenohumeral joint.  (From Cummins CA, Messer TM, Nuber GW: Supra-
scapular nerve entrapment, J Bone Joint Surg 82A:415–424, 2000.)
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REMOVAL OF A GANGLION FROM 
THE INFERIOR BRANCH OF THE 
SUPRASCAPULAR NERVE

 TECHNIQUE 46.10 

(THOMPSON ET AL.)
 n  Detach the infraspinatus muscle and reflect it toward the 

vertebral border of the scapula to expose the posterior 
shoulder capsule and the posterior neck of the glenoid 
(Fig. 46.26).

 n  Identify and dissect the ganglion, leaving the nerve intact.

POSTOPERATIVE CARE Active motion is allowed within 
10 to 14 days after surgery and is increased as pain per-
mits.
  

More recently, arthroscopic treatment has become our 
preferred method for suprascapular nerve entrapment at the 
spinoglenoid notch owing to a ganglion cyst. Usually the cyst 
results from some intraarticular pathology, such as a poste-
rior labral tear, and arthroscopic treatment of the pathology 

with internal cyst decompression has been successful. This 
technique is described in Chapter 52. 

ELBOW INJURIES
ELBOW TENOPATHIES

LATERAL EPICONDYLITIS (TENNIS ELBOW)
Lateral epicondylitis (tennis elbow), a familiar term used to 
describe myriad symptoms around the lateral aspect of the 
elbow, occurs more frequently in nonathletes than athletes, 
with a peak incidence in the early fifth decade and has a nearly 
equal gender incidence. Lateral epicondylitis can occur during 
activities that require repetitive supination and pronation of 
the forearm with the elbow in near full extension. Runge first 
described the clinical entity in 1873, and since then almost 
30 different conditions have been proposed as causes. Studies 
have suggested that some individuals may have a genetic 
predisposition to develop tennis elbow. Although originally 
described as an inflammatory process, the current consensus 
is that lateral epicondylitis is initiated as a microtear, most 
often within the origin of the extensor carpi radialis brevis. 
Microscopic findings show immature reparative tissue that 
resembles angiofibroblastic hyperplasia. The pathologic pro-
cess mainly involves the origin of the extensor carpi radialis 
brevis but can involve the tendons of the extensor carpi radia-
lis longus and the extensor digitorum communis.

 

A B

C

Trapezius muscle

  Suprascapular
                nerve

Suprascapular
artery

Suprascapular
          ligament

Supraspinatus
muscle

Section

FIGURE 46.24 Posterior surgical approach. A, Skin incision. B, Supraspinatus muscle retracted 
downward to bring into view suprascapular artery and nerve. C, Suprascapular artery and transverse 
scapular ligament are isolated, permitting easy removal of ligament. SEE TECHNIQUE 46.7.

    

https://booksmedicos.org


PART XIII SPORTS MEDICINE2410

The diagnosis of tennis elbow is made by localizing dis-
comfort to the origin of the extensor carpi radialis brevis. 
Tenderness typically is present over the lateral epicondyle 
approximately 5 mm distal and anterior to the midpoint of 
the condyle. Pain usually is exacerbated by resisted wrist 
dorsiflexion and forearm supination, and there is pain when 
grasping objects. Plain radiographs usually are negative; occa-
sionally, calcific tendinitis may be present. MRI shows tendon 
thickening with increased T1 and T2 signal intensity. One 
study showed that excellent surgical results corresponded 
with a high-signal intensity focus on T2-weighted images of 
the extensor carpi radialis brevis at the lateral epicondyle.

Other entities that can produce pain in this general 
vicinity are osteochondritis dissecans of the capitellum, 

lateral compartment arthrosis, varus instability, and, per-
haps most commonly, radial tunnel syndrome. Radial tun-
nel syndrome is a compressive neuropathy of the posterior 
interosseous nerve caused by any of four different ana-
tomic structures in the radial tunnel, including a fibrous 
band near the anterior aspect of the radial head, a vascu-
lar leash of the recurrent radial artery, the distal extensor 
carpi radialis brevis tendon margin, or the supinator mar-
gin at the arcade of Frohse. The pain of radial tunnel syn-
drome is located 3 to 4 cm distal to the lateral epicondyle 
and may be reproduced with long finger extension against 
resistance. The latter finding is inconsistent, as are abnor-
malities on electromyography. True lateral epicondylitis 
and radial tunnel syndrome may coexist in 5% of patients.

 

A

C

B

FIGURE 46.25 Open decompression of spinoglenoid notch. A, Oblique incision starting 4 
cm medial to posterolateral corner of acromion. B, Exposure of notch after splitting deltoid and 
retracting the infraspinatus inferiorly. C, Spinoglenoid ligament is released.  (Redrawn from Piasecki DP, 
Romeo AA, Bach BR Jr, Nicholson GP: Suprascapular neuropathy, J Am Acad Orthop Surg 17[11]:665–676, 
2009.) SEE TECHNIQUE 46.9.
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TREATMENT
Regardless of the underlying cause, nonoperative treatment 
is successful in 95% of patients with tennis elbow. Initial non-
operative treatment includes rest, ice, injections, and physical 
therapy with ultrasound, iontophoresis, electrical stimula-
tion, manipulation, soft-tissue mobilization, friction massage, 
stretching and strengthening exercises, and counterforce 
bracing.

In some patients, one or two local injections of a ste-
roid preparation to the area of maximal tenderness are 
helpful. Early studies were promising for ESWT, but more 
recent studies have shown conflicting results. One study 
did not find a meaningful difference between treatment of 
lateral epicondylitis with ESWT combined with forearm 
stretching and treatment with forearm stretching alone. A 
double-blind, randomized, placebo-controlled trial found 
that radial ESWT was not more effective in reducing pain 
or improving function or grip strength than sham treat-
ment. However, two other studies reported that ESWT 
was effective in the treatment of acute and chronic lateral 
epicondylitis.

From the current literature, no firm conclusions can be 
drawn about the effectiveness of PRP or autologous blood 
injections or the superiority of one method over the other. 
Autologous blood injection has been shown to be benefi-
cial in certain patients. Edwards and Calandruccio achieved 
79% success in relieving pain in patients in whom all other 

nonoperative treatments failed. Several meta-analyses have 
reported PRP injections to be more effective in relieving pain 
and improving function at long-term follow-up than corti-
costeroid injections, although corticosteroid injections were 
more effective at short-term follow-up. In a meta-analysis, 
Tang et al. compared PRP, autologous blood, and corticoste-
roid injections in a meta-analysis of randomized controlled 
trials and determined that corticosteroid ranked first for visual 
analog score (VAS), modified Nirschl score, maximal grip 
strength, modified Mayo score (MMS), and Patient-Related 
Tennis Elbow Evaluation (PRTEE) score for the short-term 
period. For the long-term period, PRP ranked first for VAS, 
pressure pain threshold, Disabilities of Arm Shoulder and 
Hand (DASH) score, MMS, and PRTEE score. Houck et al. 
came to the same conclusion in their systematic review: the 
current best available evidence suggests that corticosteroid 
injection improves functional outcomes and pain relief in the 
short term, while autologous blood and PRP injections are 
more effective treatments in the intermediate term.

Despite claims of success of a multitude of nonoperative 
treatment methods, a meta-analysis involving 2280 patients 
reported in randomized controlled trials concluded that 
there is no intermediate-term to long-term clinical benefit 
after nonoperative treatment compared with observation 
only or placebo. Another systematic review of randomized 
controlled trials, however, did not report a lack of benefit 
but noted that the existing literature provides no conclusive 
evidence of superiority of any one nonoperative treatment 
method. More recently, Bateman et  al. reviewed 12 stud-
ies of admittedly poor methodology and reported that the 
available data suggest that operative interventions for ten-
nis elbow are no more effective than nonoperative and sham 
interventions.

If prolonged (6 to 12 months) nonoperative treatment 
is ineffective, operative treatment may be considered. In a 
review of a national database from 2007 to 2014, Degen et al. 
determined that of 85,318 patients with lateral epicondyli-
tis, 1694 (2%) required operative treatment. Operative treat-
ment is effective in approximately 90% of properly selected 
patients. In a study of 580 patients with lateral epicondyli-
tis, Knutsen et  al. reported 84% success with nonoperative 
treatment. Factors identified as predictive of the need for 
surgical treatment included a worker’s compensation claim, 
prior injection, presence of radial tunnel syndrome, previ-
ous orthopaedic surgery, and duration of symptoms of more 
than 12 months. Numerous surgical procedures have been 
described for the treatment of tennis elbow. Formerly, we 
used the technique popularized by Boyd and McLeod, which 
was an effort to eliminate all possible causes of lateral epi-
condylitis. This procedure included excision of the proximal 
portion of the annular ligament, release of the entire extensor 
origin, excision of an adventitious bursa (if found), and resec-
tion of hypertrophic synovium in the radiocapitellar articu-
lation. Currently, we favor a more limited approach, which 
consists of exposure of the diseased extensor carpi radialis 
brevis origin, resection of degenerative tissue, and possibly 
direct repair to bone.

Arthroscopic debridement has become increasingly 
popular as a less invasive alternative to open debride-
ment. Several systematic reviews have compared open and 
arthroscopic techniques and found no clinically signifi-
cant differences in DASH scores, pain intensity, and patient 

 FIGURE 46.26 Surgical approach for removal of ganglion. SEE 
TECHNIQUE 46.10.

    

https://booksmedicos.org


PART XIII SPORTS MEDICINE2412

satisfaction. Lai et al. reported that arthroscopic approaches 
may result in faster recovery and earlier return to work. Riff 
et al., on the other hand, reported that more patients were 
pain free after open surgery than arthroscopic surgery and 
recommended open debridement as more likely to obtain a 
pain-free outcome. More recently, Wang et  al.’s meta-anal-
ysis determined that arthroscopic and open debridement 
had similar effectiveness in relieving pain and improving 
self-function, with no significant difference in failure rates, 
functional outcome scores, and complication rates, a find-
ing collaborated by Clark et al. in a prospective randomized 
controlled trial. Suggested advantages of arthroscopy include 
treatment of the lesion without sacrifice of the common 
extensor origin. Arthroscopy allows intraarticular examina-
tion for other pathologic processes and may permit a shorter 
postoperative rehabilitation period and an earlier return to 
work. Three distinct patterns of pathologic changes have 
been identified in the lateral capsule and at the undersurface 
of the extensor carpi radialis brevis. Type I lesions appear 
arthroscopically with intact capsules, type II are linear tears 
at the undersurface of the capsule, and type III are complete 
tears of the capsule with partial or complete avulsion of the 
extensor carpi radialis brevis tendon. For the arthroscopic 
technique, see Chapter 52.

Manipulation under anesthesia, especially in patients 
with concomitant flexion contractures, has been advocated. 
The technique involves sudden, forcible, full extension of the 
elbow with the wrist and fingers flexed and the forearm pro-
nated to place the extensor carpi radialis brevis and extensors 
under tension. An audible, palpable snap frequently can be 
elicited, and the results can be excellent. We have no experi-
ence with this particular technique, but it seems to be a more 
aggressive form of a manipulative attempt at completion of 
the lesion.

Only a few patients with lateral epicondylitis (1% to 
2%) cannot be treated successfully by either nonopera-
tive or operative methods. Morrey divided operative fail-
ures into two groups based on postoperative symptoms. 
Patients in the first group had symptoms similar to those 
experienced before surgery, whereas patients in the second 
group reported a different symptom complex after surgery. 
Treatment failed in patients in the first group because of 
inadequate release or incorrect initial diagnosis, most often 
related to radial tunnel syndrome; in the second group, 
treatment failed because of capsular or ligamentous insuf-
ficiency that resulted in either a capsular fistula or postero-
lateral instability. Elbow instability can occur in patients 
in either group (especially patients with traumatic ori-
gins for lateral elbow pain) after overzealous release that 
includes the anterior band of the lateral collateral ligament. 
It is important to obtain a thorough history to determine if 
the patient’s symptoms have changed and a careful physi-
cal examination to identify instability, pain in the region of 
the epicondyle, or radial tunnel syndrome. These should be 
supplemented with arthrograms to detect synovial fistula 
and capsular insufficiency or with arthroscopy and exam-
ination with the use of anesthesia to detect instability or 
arthrosis.

According to most authors, patients who will improve 
after surgery do so within 3 to 4 months. We believe that 1 
year is a reasonable period to consider repeat intervention if 
symptoms have not improved. 

 

CORRECTION OF TENNIS ELBOW
 TECHNIQUE 46.11 

(NIRSCHL, MODIFIED)
 n  Make a gently curved incision 5 cm long centered over the 

lateral epicondyle (Fig. 46.27A).
 n  Incise the deep fascia in line with the incision and retract 

it. Identify the extensor carpi radialis longus and the ori-
gin of the extensor digitorum communis, which partially 
obscures the origin of the deeper extensor carpi radialis 
brevis (Fig. 46.27B and C).

 n  Elevate the brevis portion of the conjoined tendon at the 
midportion of the lateral epicondyle toward the elbow 
joint.

 n  Because normal-appearing Sharpey fibers are elevated, 
excise abnormal-appearing tendon. The diseased tissue 
may appear fibrillated and discolored and may contain 
calcium deposits.

 n  Occasionally, the disease process will have spread to 
the origin of the extensor digitorum communis, and 
a portion of this can be excised. We see no reason 
to enter the joint itself, unless preoperative evalua-
tion indicates intraarticular processes, such as a loose 
body, degenerative joint disease, effusion, or synovial 
thickening.

 n  Decorticate a small area of the lateral epicondyle with a 
rongeur or osteotome, taking care not to enter the joint 
and damage the articular cartilage (Fig. 46.27D).

 n  Consider suturing the remaining normal tendon to the 
fascia or periosteum, or attach it with nonabsorbable su-
tures through drill holes in the epicondyle. Suture anchors 
can be used at the discretion of the surgeon.

 n  Close the extensor carpi radialis longus and extensor digi-
torum communis interval with absorbable sutures (which 
cover the knots made for the extensor carpi radialis brevis 
repair to bone if anchors are used).

 n  Close the skin incision with absorbable 4-0 sutures and 
adhesive strips.

POSTOPERATIVE CARE The splint is removed within 
the first week of surgery, and range-of-motion exer-
cises are begun. After the wound has healed (10 to 14 
days), therapy is continued, including edema control 
and range-of-motion exercises, followed by strength-
ening exercises. Strenuous activity can be resumed 
within the limits of pain in 8 to 10 weeks, and full 
power should return in approximately 3 months. The 
rehabilitation protocol is not time dependent, but 
rather goal dependent, with patients passing from one 
phase to the next after certain goals have been met 
(Box 46.3).
  

Percutaneous lateral release has been reported to be as 
effective as open release. We have no experience with this 
technique; it does not remove diseased tendon, but it may 
trigger the inflammatory cascade, which leads to the resolu-
tion of symptoms.
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MEDIAL EPICONDYLITIS
Medial epicondylitis is similar to lateral epicondylitis, 
although much less common and more difficult to treat. The 
origin of the flexor carpi radialis and pronator teres (flexor 
pronator mass) are commonly involved and, less typically, the 
flexor digitorum superficialis and flexor carpi ulnaris. This 
entity must be differentiated from ulnar nerve neuropathy 
and medial collateral ligament instability.

Medial epicondylitis frequently occurs with repetitive 
overhead motion and affects athletes involved in racket sports 
and others who participate in activities that create a valgus 
force at the elbow. Physical examination usually reveals pain 
along the medial elbow that becomes worse on resisted fore-
arm pronation and wrist flexion. The area of maximal ten-
derness is approximately 5 mm distal and anterior to the 
midpoint of the medial epicondyle. Loss of range of motion 
and a flexion contracture may be present. Radiographs usu-
ally are normal, but medial ulnar traction spurs and medial 
collateral ligament calcifications may be seen and may be 
associated with a chronic ulnar collateral ligament injury.

Conservative treatment is the mainstay of management. 
Antiinflammatory medication, splinting, and an occasional 
steroid injection, which can be more precisely administered 
under ultrasound guidance technology, provide sustained 
relief in most patients. If nonoperative treatment fails, exci-
sion of the diseased tendon origin and reattachment usu-
ally are successful. Techniques range from a percutaneous 
release to open debridement with or without release of 
the flexor pronator origin. Vangsness and Jobe described 

release of the flexor pronator origin, excision of the patho-
logic tissue, and reattachment of the flexor pronator origin 
to bleeding bone. Nirschl preferred excising the pathologic 
tissue of the flexor-pronator origin in a manner that leaves 
normal tissue intact and repairing the subsequent defect 
(Fig. 46.28). The ulnar nerve should be decompressed and 
transposed in patients who have ulnar nerve symptoms 
preoperatively. Epicondylectomy also can be done, but no 
more than 20% to 25% of the epicondyle should be removed 
to avoid damage to the ulnar collateral ligament. Overall, 
the results are not as successful as with lateral epicondylar 
procedures. 

 

CORRECTION OF MEDIAL 
EPICONDYLITIS

 TECHNIQUE 46.12 

(NIRSCHL)
 n  Make a slightly curved 5-cm incision starting approxi-

mately 1 cm proximal and just posterior to the medi-
al epicondyle (Fig. 46.28A). Placement of the incision 
posteriorly avoids sensory branches of the medial ante-
brachial cutaneous nerve anterior and distal to the epi-
condyle.

 

B

DC

A

  Decortication
       of anterior
lateral condyle

Extensor
aponeurosis

Lateral
epicondyle Extensor carpi

radialis longus

Extensor carpi
 radialis brevis
  degeneration

  Origin of
extensors

FIGURE 46.27 Surgical technique for correction of tennis elbow. A, Skin incision. B, Origins of 
extensor carpi radialis longus and extensor digitorum communis are identified. C, Reflection of 
conjoined extensor tendon. D, Osteotome decortication. SEE TECHNIQUE 46.11.
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 n  Retract the subcutaneous tissue and skin over the medial 
epicondyle to expose the common flexor origin.

 n  Make a longitudinal incision in the tendon origins, begin-
ning at the tip of the medial epicondyle, distally for 3 to 
4 cm to expose the pathologic tissue (Fig. 46.28B).

 n  Excise the pathologic tissue elliptically, including the joint cap-
sule if necessary, while leaving the normal tissue of the attach-
ment to the medial epicondyle intact (Fig. 46.28C and D).

 n  Close the elliptical defect with absorbable suture (Fig. 46.28E).
 n  Transpose the ulnar nerve in patients with symptoms or 

pathologic anatomy found at the time of surgery.
 n  Close the subcutaneous tissue with absorbable suture 

and the skin with a running subcuticular suture.
 n  Apply a dressing and a posterior splint with the elbow in 

90 degrees of flexion.

POSTOPERATIVE CARE The splint is removed 1 week 
after surgery, and elbow range-of-motion exercises are 
initiated. Strengthening exercises are started when full 
range of motion is achieved, typically 3 weeks after sur-
gery. Strenuous activity can resume when the patient 
achieves normal strength without pain, which is typically 
3 months after surgery. A longer period of immobilization 
and slower progression of rehabilitation are indicated in 
patients who had ulnar nerve transposition.
  

ELBOW CONTRACTURES

A normal range of elbow motion is 0 to 150 degrees. Some 
loss of motion is associated with all but the most trivial of 
elbow injuries, but a full range of elbow motion is unneces-
sary for most activities of daily living. A functional range of 
motion generally is considered to be 30 to 130 degrees, with 
50 degrees of pronation and supination each. A flexion con-
tracture that exceeds 45 degrees markedly impairs the ability 
to position the hand in space. Elbow contractures result from 
a variety of causes, including trauma, heterotopic ossifica-
tion, burns, spasticity, postoperative scarring, and prolonged 
immobilization. Of these, only the last can be effectively pre-
vented. Recent investigation into the molecular pathogenesis 
has revealed the involvement of neuroinflammatory mecha-
nisms, including mast cell activation and aberrant growth 
factor expression.

Contractures can be initially managed effectively with 
physical therapy and splinting. Ulrich et al. described a static 
progressive stretching orthosis using stress relaxation princi-
ples that resulted in a mean increase of 26 degrees in flexion 
arc. Our goal is to restore a functional range of motion (30 to 
130 degrees). Surgery should be considered for patients with 
a flexion arc of less than 100 degrees after nonoperative treat-
ment, especially patients with flexion contractures of more 
than 45 degrees.

Rehabilitation Protocol for Epicondylitis

Phase 1: Acute

Goals
 1.  Reduce inflammation and pain
 2.  Promote tissue healing
 3.  Retard muscular atrophy 

Treatment Regimen
 n  Cryotherapy
 n  Whirlpool
 n  Stretching to increase flexibility
 n  Wrist extension and flexion
 n  Elbow extension and flexion
 n  Forearm supination and pronation
 n  High-voltage galvanic stimulation
 n  Phonophoresis
 n  Friction massage
 n  Iontophoresis (with an antiinflammatory drug such as dexa-

methasone)
 n  Avoiding painful movements (e.g., gripping) 

Phase 2: Subacute

Goals
 1.  Improve flexibility
 2.  Increase muscular strength and endurance
 3.  Increase functional activities and return to function 

Treatment Regimen
 n  Emphasize concentric and eccentric strengthening
 n  Concentrate on involved muscle group or groups

 n  Wrist extension and flexion
 n  Forearm pronation and supination
 n  Initiate shoulder strengthening (if deficiencies are noted)
 n  Continue flexibility exercises
 n  May use counterforce brace
 n  Continue use of cryotherapy after exercise or function
 n  Initiate gradual return to stressful activities
 n  Gradually reintroduce previously painful movements 

Phase 3: Chronic

Goals
 1.  Improve muscular strength and endurance
 2.  Maintain and enhance flexibility
 3.  Gradually return patient to sport or high-level activities 

Treatment Regimen
 n  Continue strengthening exercises (emphasize eccentric and 

concentric exercises)
 n  Continue to emphasize deficiencies in shoulder and elbow 

strength
 n  Continue flexibility exercises
 n  Gradually diminish use of counterforce brace
 n  Use cryotherapy as needed
 n  Initiate gradual return to sport activity
 n  Recommend equipment modifications (e.g., grip size, string 

tension, playing surface)
 n  Emphasize maintenance program

 BOX 46.3 

From Wolk KE, Arrigo C, Andrews JR: Rehabilitation of the elbow in the throwing athlete, J Orthop Sports Phys Ther 17(6):305–317, 1993.
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Causes of motion loss are classified as intrinsic or extrin-
sic. Extrinsic causes include contractures of the capsule or 
collateral ligaments, extraarticular malunions, and hetero-
topic ossification. Intrinsic causes include the sequelae of 
intraarticular fractures, such as cartilage damage, articular 
incongruity, and adhesions. Contracture resulting from pri-
marily extrinsic causes can be treated with resection of the 
contracted structures. In contrast, contractures resulting 
from intrinsic causes may require alteration of the articular 
anatomy. Extrinsic causes (capsular contracture) are almost 
always present when intrinsic causes are primary.

A history and physical examination, plain radiographs, 
MRI, and CT with three-dimensional reconstruction can be 
used to determine the type of contracture. If joint surfaces 
are normal and contractures are secondary to capsular prob-
lems, a simple arthroscopic or open release is performed. If 
intraarticular surfaces have been altered or destroyed total 
elbow arthroplasty is our preferred procedure in appropriate 
patients. These procedures are described in detail in Chapter 
12.

Although elbow manipulation under anesthesia has been 
reported to improve range of motion, we do not recommend 
isolated manipulation in patients with long-standing con-
tractures because it may predispose to fracture, hematoma 
formation, scarring, and heterotopic ossification. Rather, 

manipulation after operative contracture release has been 
found to be a useful adjunct.

A variety of surgical release procedures have been 
described for treatment of elbow contractures. Anterior 
release without biceps lengthening works best in patients 
with flexion contractures but is unlikely to improve func-
tion in patients with concomitant articular surface damage. 
Candidates for this treatment have a relatively well-preserved 
ulnohumeral joint and minimal or no osteophytes in the olec-
ranon fossa. Combined anterior and posterior releases, as well 
as combined medial and lateral approaches, also have been 
described for treatment of elbow contractures. All approaches 
have similar reported success rates in improving elbow flex-
ion arc. In addition to improving elbow motion, such releases 
have been found to improve general health status measures, 
although the scores do not necessarily correlate with range of 
motion gains.

For the open treatment of elbow contractures, some 
authors prefer an olecranon osteotomy to improve visualiza-
tion or a mini-open technique; however, an extensile lateral 
approach (the so-called column procedure) is our preferred 
technique for this disorder. Anterior and posterior capsu-
lectomy can be performed, and additional extension can 
be obtained by removing debris from the olecranon fossa. 
Similarly, flexion can be increased by triceps tenolysis and/or 
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(Redrawn from Dlabach JA, Baker CL: Lateral and medial epicondylitis in the overhead athlete, Oper Tech 
Orthop 11[1]:46–54, 2001.) SEE TECHNIQUE 46.12.
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“pie-crusting” posteriorly. Skin problems also are less likely 
if constant passive motion is used. Reported increases in 
total arc of motion average 40 to 50 degrees. Although reli-
able for posttraumatic contractures, open surgical release 
is less reliable for adolescents and patients with traumatic 
brain injuries. In posttraumatic patients where fracture fixa-
tion constructs are removed, risk of refracture must be con-
sidered. We typically recommend release of any constricting 
adhesions around the fixation implants but reserve removal 
for a staged procedure, if necessary.

Hinged external fixation can be used as an adjunct after 
contracture release, particularly if the lateral ligamentous 
complex is violated as part of the procedure. However, because 
the range of motion is not markedly improved, complications 
are frequent, and the device is expensive, we reserve hinged 
external fixation for instances where elbow stability would be 
otherwise compromised without the device.

We usually approach elbow contractures arthroscopically 
as a primary procedure (see Chapter 52). Open techniques 
are described here for elbow contractures that cannot be 
treated arthroscopically. We approach open release of elbow 
contractures using the method outlined by Morrey. 

 

ANTERIOR AND POSTERIOR RELEASE 
OF ELBOW CONTRACTURE

 TECHNIQUE 46.13 

(MORREY)
 n  Place the patient supine on the operating table with a 

sandbag under the ipsilateral shoulder. Drape the extrem-
ity free and bring the forearm across the abdomen.

 n  Extend the Kocher approach by making an extensive 
skin incision (15 cm) proximally along the supracondy-
lar ridge; continue it distally to the lateral epicondyle, 
ending over the subcutaneous border of the ulna (Fig. 
46.29A).

 n  Proximally carry the dissection onto the supracondylar 
ridge.

 n  Carefully elevate the brachialis from the anterior joint cap-
sule (Fig. 46.29B and C).

 n  Place retractors deep to the brachioradialis and brachialis 
to expose the underlying joint capsule (Fig. 46.29D).

 n  Perform an anterior capsulectomy from lateral to medial 
(Fig. 46.29E). Preserve the lateral collateral ligament and 
stay anterior to its origin.

 n  Then elevate the triceps from the posterior aspect of the 
humerus, taking care to stay posterior to the lateral col-
lateral ligament origin.

 n  Retract the triceps to expose the underling joint capsule.
 n  To improve flexion, perform a posterior capsulectomy 

proceeding from lateral to medial. Take care not to 
venture too far medially so as to injure the ulnar nerve.

 n  Completely extend the elbow. If extension is incomplete, 
debride the olecranon fossa and the tip of the olecranon, 
along with any enlargement of its margins. If flexion to 
135 degrees is impossible, look for a source of anterior 

impingement. If necessary, remove scar tissue or any os-
teophytes in or around the coronoid fossa.

 n  Examine the elbow to ensure that a functional range of 
motion has been achieved.

 n  Carefully repair the entire lateral tissue sleeve. Apply a 
splint with the elbow in full extension.

POSTOPERATIVE CARE A continuous passive motion 
machine can be used 12 hours a day for 1 week, but this 
is somewhat controversial, with one study suggesting no 
benefit to use of continuous passive motion after open 
contracture release. After this first phase, active and pas-
sive range-of-motion exercises are done hourly, with the 
elbow splinted between exercise sessions and at night. 
Supervised physical therapy visits continue for 6 weeks, 
two or three times a week. At 6 weeks, daytime splinting 
is discontinued, although splinting at night is continued 
for another 6 weeks.
  

Complications after elbow contracture release include 
wound healing problems, infection, and recurrent stiffness. 
Because range of motion can continue to improve for up to 
1 year after initial release, we encourage patience in postop-
erative management. In patients with a recurrent contracture 
unresponsive to conservative management, repeat surgi-
cal excision has resulted in good reported outcomes. One 
of the unique complications after elbow contracture release 
is delayed onset ulnar neuritis (DOUN), which has been 
reported in 11% of patients undergoing arthroscopic con-
tracture release, but this complication is more common in 
patients with more severe contractures. Prophylactic ulnar 
nerve decompression and/or transposition at the time of con-
tracture release is recommended to prevent this complication.

HETEROTOPIC OSSIFICATION
Heterotopic ossification around the elbow remains a chal-
lenging problem seen most commonly in association with 
trauma, burns, and head injuries (Box 46.4). Although the 
precise mechanism at the histologic level has yet to be eluci-
dated, a complex interaction of factors results in the conver-
sion of progenitor cells to osteogenic cells with subsequent 
bone formation. Furthermore, the character and location 
of heterotopic ossification tend to vary with the associated 
pathology (Box 46.5), rendering generalized statements about 
this disorder difficult to make. However, most authors agree 
that if ectopic bone around the elbow is causing or contrib-
uting to a loss of functional elbow motion (including pro-
nosupination), then an operative procedure is warranted to 
remove the offending bone and release the joint capsule. This 
principle applies whether the motion limitation is partial or 
complete (ankylosis).

Much investigation has focused on the risk factors 
relevant to the formation of clinically significant hetero-
topic ossification. The preponderance of evidence identi-
fies more complex trauma (fracture-dislocations), delay 
in fracture fixation, multiple attempts at closed reduction, 
use of adjunctive bone grafts, concomitant head injuries, 
and prolonged immobilization to be associated with ecto-
pic bone formation after elbow injuries. In particular, more 
severe injuries and delay in surgical management are most 
commonly cited as important associations. We therefore 
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FIGURE 46.29 Lateral approach (Morrey). A, Skin incision for extensile Kocher approach. B, Deep 
fascia is incised along lateral margin of triceps proximally and along interval between anconeus 
and extensor carpi ulnaris distally. C, To preserve periosteal continuity, triceps tendon is reflected 
subperiosteally from tip of olecranon. D, Extensor mechanism of elbow is reflected medially, tip 
of olecranon is removed (inset), and common origin of extensors of forearm is released from 
lateral epicondyle and adjacent structures. Extensor muscles are elevated to expose anterior part 
of capsule of elbow in interval between brachialis and capsule. E, Lateral collateral ligament is 
identified and released as distally based flap that can be reattached later to anatomic site of its 
proximal attachment on humerus. With lateral collateral ligament carefully retracted, anterior 
part of capsule now can be exposed and resected way across to medial site.  (Redrawn from Morrey 
BF: Post-traumatic contracture of the elbow: operative treatment, including distraction arthroplasty, J Bone 
Joint Surg 72[4]:601–618, 1990.) SEE TECHNIQUE 46.13.
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recommend early surgical management of complex elbow 
trauma in an attempt to limit ectopic bone formation. Total 
elbow arthroplasty was not associated with an increased risk 
of clinically significant heterotopic ossification in a system-
atic review; however, it is more likely to develop when total 
elbow arthroplasty is performed for a traumatic indication. 
Heterotopic ossification has been reported after ulnar col-
lateral ligament reconstruction as well, but it is relatively 
uncommon (5%); it can be associated with a higher rate of 
ulnar nerve symptoms.

Although the timing of excision of heterotopic ossifica-
tion around the elbow remains a matter of debate, the cur-
rent trend is for early surgical excision. One study suggested 
that the average area of heterotopic ossification does not tend 
to expand following initial identification. Other studies have 
shown no evidence of increased recurrence rates with early 
excision, and there is evidence that delay in excision may pre-
dispose to worse outcomes. Criteria suggested for early exci-
sion (3 to 6 months after injury) include union of all fractures, 
healing of all initial wounds, and resolution of inflammation. 
Excision of heterotopic ossification around the elbow is typi-
cally done through a limited or extended Kocher approach; a 
multiple incision technique also has been described for het-
erotopic ossification excision after burn injuries, in which 
soft-tissue preservation is paramount to avoid skin break-
down and infection. Preoperative CT scanning is recom-
mended to identify the precise location of the ectopic bone 
and the position of the median, radial, and ulnar nerves. 

 

EXCISION OF HETEROTOPIC 
OSSIFICATION

 TECHNIQUE 46.14 

(MORREY AND HARTER)
 n  Usually a posterior skin incision is made to provide circum-

ferential access to the elbow, and subcutaneous dissec-
tion is carried laterally or medially depending on the loca-
tion of the heterotopic ossification. Care must be taken 
to identify and protect the ulnar nerve.

POSTEROLATERAL EXCISION 
 n  For posterolateral resection, retract the triceps mecha-

nism medially without disturbing its insertion and expose 
the ectopic bone subperiosteally. Resect the central por-
tion of the bony bridge.

 n  Flex the elbow and remove the attachments of the ectopic 
bone to the humerus and olecranon. Anterior capsular 
release is not necessary.

 n  Excise any ectopic bone in the olecranon fossa to reduce 
olecranon impingement. 

MEDIAL EXCISION 
 n  When the posterior ectopic bone extends to the me-

dial aspect of the elbow, ulnar nerve transposition is 
necessary.

Risk Factors for Developing Heterotopic 
Ossification About the Elbow

Trauma
 n  Open elbow dislocation requiring extensive or multiple 

debridements
 n  Elbow dislocation associated with fractures that require 

open reduction internal fixation
 n  Radial head fractures treated with surgery >24 h after injury 

Surgery
 n  Distal biceps tendon repair
 n  Repeated procedures with an improper exposure in the first 

2 weeks
 n  Central nervous system injury
 n  Traumatic brain injury
 n  Elbow trauma in patients with traumatic brain injury 

Burns
 n  Third-degree burns over 20% of total body area
 n  Third-degree burns over the elbow
 n  Long periods of bed confinement 

Genetic Conditions
 n  Fibrodysplasia ossificans progressiva
 n  History of heterotopic bone formation

 BOX 46.4 

Modified from Morrey BF, Harter GD: Ectopic ossification about the elbow. In 
Morrey BF, Sanchez-Sotelo J, editors: The elbow and its disorders, ed 4, Phila-
delphia, 2009, Elsevier.

Location of Heterotopic Ossification Related to 
Associated Pathologic Process

Traumatic
 n  Most often posterolateral elbow
 n  Bone bridge between lateral humeral condyle and 

posterolateral olecranon
 n  Bone may fill olecranon fossa
 n  Anterolateral compartment second most common location
 n  Bone may extend from distal humerus to radius and ulna 

at level of bicipital tuberosity
 n  Coronoid frequently enlarged, blocking elbow flexion 

Burn-Related
 n  Most often posteromedial
 n  Cubital tunnel often obliterated
 n  Ulnar nerve may be completely encased in bone 

Neurogenic
 n  Most common anteriorly in flexor muscles or posteriorly in 

extensors
 n  Ossification tends to occur within the muscle and follow a 

single plane
 n  Forearm and proximal radioulnar joint also may be involved

 BOX 46.5 

Modified from Morrey BF, Harter GD: Ectopic ossification about the elbow. In 
Morrey BF, Sanchez-Sotelo J, editors: The elbow and its disorders, ed 4, Phila-
delphia, 2009, Elsevier.
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 n  Identify the ulnar nerve, which may be completely sur-
rounded by bone. A Kerrison rongeur is helpful to remove 
the encasing bone while also protecting the nerve.

 n  Expose the triceps expansion and incise it distal to its in-
sertion.

 n  Expose the ectopic bone subperiosteally and resect it.
 n  If the ectopic bone interferes with ulnar nerve function, 

decompress the nerve or transfer it anteriorly if necessary. 

ANTERIOR EXCISION 
 n  If anterior excision is necessary, elevate the origins of the 

brachioradialis and brachialis muscles from the lateral su-
pracondylar ridge to expose the ectopic bone.

 n  Identify the radial nerve and retract it laterally.
 n  Resect the bone subperiosteally. 

CLOSURE 
 n  Deflate the tourniquet and obtain hemostasis before rou-

tine layered closure over a suction drain. Do not close the 
capsule. Apply a soft dressing that will allow immediate 
postoperative range of motion. 

POSTOPERATIVE CARE Indomethacin is prescribed for 
6 weeks after surgery. Although low-dose radiation has 
been used for prophylaxis against recurrence, evidence 
to support its use is weak. Intensive physical therapy and 
adjunctive progressive splinting are initiated to preserve 
the gains in range of motion. If motion goals are not met, 
manipulation under anesthesia can be done at about 6 
weeks after surgery.
  

Outcomes following ectopic bone excision are generally 
improved. Studies have reported an average gain in flexion 
arc of approximately 50 to 70 degrees, and clinical results do 
not vary by etiology (traumatic brain injury, burns, or direct 
elbow trauma). Patients with preoperative ankylosis can 
expect more improvement than those with partial motion 
restriction; however, recurrence is more common in patients 
with central nervous system injuries.
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RECURRENT DISLOCATIONS
Barry B. Phillips

CHAPTER 47

Recurrent instability can result from congenital, developmen-
tal, or traumatic ligamentous or bony containment deficien-
cies or from deformities caused by muscular imbalance, joint 
incongruity, or joint malalignment in one or more planes. 
Proper treatment begins with knowledge and skillful evalua-
tion of deformities before initiating a specific treatment plan.

PATELLA
Patellar instability results from a direct or indirect valgus-
producing force. When significant force results in dislocation, 
a tear of medial soft-tissue restraints, as well as an osteochon-
dral defect in the medial facet of the patella or lateral femoral 
condyle, may result. Dislocations in skeletally immature indi-
viduals tend to recur as in other joints, with recurrences in 
two thirds of patients.

The amount of trauma necessary to result in patellar insta-
bility depends on soft-tissue restraints both static (medial 
patellofemoral ligament [MPFL]) and dynamic (vastus medi-
alis obliquus [VMO]), bony restraints, trochlear and patellar 
morphology, and extremity alignment in the axial and coronal 
planes. Normally, the MPFL and VMO maintain patellar stabil-
ity in 0 to 20 degrees of flexion. At 30 degrees, the patella is cen-
tered and stabilized by the bony contour of the trochlea. When 
patella alta or trochlear or patellar dysplasia is present, bony 
stability is compromised. Genu valgus or rotational deformi-
ties from femoral anteversion or external tibial torsion increase 
the quadriceps angle and result in valgus-directed force on the 
patella. These factors must all be considered when conservative 
or operative management is indicated.

CLINICAL FEATURES
In patients with recurrent dislocation or subluxation of the 
patella, an accurate history is still one of the most important 

diagnostic tools. Patellar problems can mimic various “inter-
nal derangements” of the knee. An accurate history of the 
mechanism of injury and the type and area of pain is impor-
tant. Patients with patellar instability frequently report dif-
fuse pain around the knee that is aggravated by going up and 
down stairs or hills. The pain usually is located anterior in the 
knee and often is described as an aching pain with intermit-
tent episodes of sharp, severe pain. A feeling of insecurity in 
the knee and occasionally of “giving way” or “going out” of the 
knee may be present. Patellar crepitation and swelling of the 
knee are common. Physical findings include the previously 
cited factors that contribute to increasing the Q angle.

The examination begins by observing the patient’s patel-
lar height, with the patient in the seated position. An upward 
tilt indicates patella alta. Dynamic patellar tracking is evalu-
ated with the examiner standing in front of the seated patient 
while the patient slowly extends the knee. A positive J sign 
(slight lateral subluxation of the patella as the knee approaches 
full extension) indicates some degree of maltracking. Active 
patellar tracking also should be examined with the knee 
relaxed in the extended position. When the quadriceps mus-
cle is tightened, motion of the patella is examined. Normally, 
the patella should move more superiorly than laterally. With 
the patient supine and the knee flexed 30 degrees with a bol-
ster behind the knee, the Q angle is measured. Insufficiency of 
the femoral sulcus and the MPFL, which provide 60% of the 
medial stabilization, is tested by applying an inferolaterally 
directed stress while palpating the ligament. Displacement 
of more than two quadrants and a soft end point generally 
indicate MPFL insufficiency. The patellar grind test is done 
by applying pressure to the patella and manually displacing it 
medially, laterally, superiorly, and inferiorly in the trochlear 
groove. This test reproduces anterior knee pain when a patel-
lofemoral pathologic condition is present.
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For the “apprehension test,” the examiner holds the 
relaxed knee in 20 to 30 degrees of flexion and manually sub-
luxes the patella laterally. When the test is positive, the patient 
suddenly complains of pain and resists any further lateral 
motion of the patella. The active apprehension test is more 
accurate: the same controlled maneuver is done while slowly 
flexing and extending the patient’s knee. Patella laxity is eval-
uated by visually dividing the patella into four quadrants and 
passively moving the patella medially and then laterally, mea-
suring the amount of excursion in the patellar quadrants. This 
is done with the knee at 0 degrees and at 20 degrees of flex-
ion. Normally, passive patellar glide is one to two quadrants 
medially and laterally; motion of more than two quadrants 
indicates soft-tissue laxity. Excessive lateral retinacular tight-
ness is indicated by limited medial passive patellar glide and 
by a negative patellar tilt. The patellar tilt test is done with 
the knee in 20 degrees of flexion. The examiner’s fingers are 
placed along the medial side of the patella with the thumb on 
the lateral aspect. Inability to raise the lateral facet to the hori-
zontal plane or slightly past indicates excessive lateral retinac-
ular tightness. Tenderness along the MPFL, medial patellar 
facet, and lateral condyle are common with stability.

Thigh circumferences measured proximal to the patella 
often show quadriceps atrophy on the involved side. With 
the patient sitting and the knees flexed 90 degrees, a lateral 
or superior position of the patella sometimes can be seen. 
After careful examination of the uninvolved and injured 
knees, other joints should be examined for hyperlaxity. 
Hyperextension of the knees or elbows past 10 degrees, 

ability to touch the thumb passively to the forearm, hyper-
extension of the metacarpophalangeal joint of the index fin-
ger, and multidirectional laxity of the shoulder joint all are 
indicative of generalized ligamentous laxity. Patients with 
generalized ligamentous laxity have been found to have 
fewer articular lesions associated with dislocations than 
patients without ligamentous laxity. The thigh-foot angle 
is measured with the patient prone and the knee flexed 90 
degrees. An angle of more than 30 degrees indicates signifi-
cant rotational deformity of the lower extremity. The final 
part of the examination is done with the patient standing 
and consists of observation for malalignment (i.e., femoral 
anteversion, genu valgum, external tibial torsion, and pes 
planus) and core condition. 

RADIOGRAPHIC FEATURES (TABLE 47.1)
The anteroposterior view of the knee can be used to confirm 
valgus alignment and lateral position of the patella and to 
look for osteochondral damage. The lateral view of the knee 
is helpful in determining patella alta. Blumensaat showed that 
with the knee flexed 30 degrees, a line extending through the 
intercondylar notch should just touch the lower pole of the 
patella (Fig. 47.1).

Patellar height is more accurately evaluated by the Insall, 
Clanton, or Blackburn-Peel index (see Table 47.1). The cross-
over sign is the best indicator of trochlear dysplasia—the 
earlier the crossover, the more dysplasia present. A trochlear 
depth of less than 3 mm or trochlear bump of more than 4 
mm indicates significant dysplasia.

 TABLE 47.1 

Radiographic Measurements of the Patella

TECHNIQUE MEASUREMENT CHARACTERISTICS
Blumensaat line (Fig. 47.1), lateral 
radiograph, to determine patella 
alta

With knee flexed 30 degrees, line is drawn through  
intercondylar notch

Should approximate the 
lower pole of the patella

Insall-Salvati index lateral 
radiograph

LT:LP = 1.0 Patella alta if ratio ≤1.2

Trochlear depth (Dejour) lateral 
radiograph

Trochlear depth measured 1 cm from top of groove Should be ≥5 mm

Patellar height (Caton-Deschamps), 
lateral radiograph

Ratio between articular facet length of patella (AP) and 
distance between articular facet of patella and anterior 
corner of superior tibial epiphysis (AT). Knee flexed 30 
degrees.

AP/AT ratio—normal 0.6-1.3 
Patella infera—ratio <0.6 
Patella alta—ratio >1.3

Blackburne-Peel ratio Length of articular surface of patella to length measured 
from articular surface of tibia to inferior pole of patella

Normal ratio 0.54-1.06

Patellar tilt (CT scan) Angle formed by intersection of the tangent of the 
posterior condyles and the major axis of the patella on 
20-degree flexion scan

Normal angle: <20 degrees
Angle >20 degrees: 
dysplasia

TT-TG (axial radiograph, CT scan) Two lines drawn perpendicular to posterior bicondylar 
line, one line through middle of trochlear groove and 
second through tibial tuberosity. Distance between the 
lines is measured

>20 mm = malalignment

Crossing sign Anterior cortical outline of condyle intersects trochlear 
outline

Dysplastic sulcus

Trochlear bump Trochlear line extends anterior to femoral cortex Dysplastic sulcus

CT, Computed tomography; LP, length of the patella; LT, length of the patellar tendon; TT-TG, tibial tubercle-trochlear groove.
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The most important routine view of the patellofemoral 
joint is the axial view of the patella. Several methods have 
been described for taking this axial view (Fig. 47.2B). For this 
radiograph to be meaningful, both knees should be exposed 
at the same time for comparison. The plane of the film should 

be perpendicular to the x-ray beam to avoid distortion, the 
legs should be held vertical to prevent rotation that might 
simulate low lateral femoral condyles, the quadriceps muscles 
should be relaxed to prevent the patella from being reduced 
at the time the radiograph is made, and the knee should be 
flexed in the range of 20 to 45 degrees because more flexion 
generally reduces most patellofemoral abnormalities.

When the axial view has been obtained, the shape of 
the patella should be evaluated, along with the shape of the 
femoral trochlea and the relationship of the patella to the 
femur. Normally, the patella appears evenly seated within 
the trochlear groove of the femur, with an equal distance 
between both patellar facets and the adjacent femoral sur-
faces. Abnormalities include tilting of the patella or sublux-
ation and complete dislocation of the patella (Fig. 47.3). The 
trochlea is evaluated on the Merchant view for dysplasia, 
sulcus angle greater than 145 degrees, and congruence—
normally 60 ± 11 degrees (Figs. 47.4 and 47.5). For most 
dislocations or first-time dislocations, particularly in ath-
letes, MRI or three-dimensional (3D) CT examination may 
be indicated to evaluate for chondral damage, loose bodies, 
dysplasia, and malalignment. An axial view at the superior 
trochlear groove is used to evaluate dysplasia; superimposed 
views are used to evaluate malalignment. Tibial tubercle–
trochlear groove (TT-TG) distance of more than 20 mm on 

 

A B

FIGURE 47.1 A, Normal knee. Lower pole of patella at 
Blumensaat line at 30 degrees of flexion of knee. B, Patella alta. 
Patella significantly proximal to Blumensaat line.

 

C

BA

FIGURE 47.2 Radiographic techniques for evaluation of patellofemoral joint. A, Infrapatellar 
view. B, Axial view. C, Skyline view.
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CT (Fig. 47.6) or MRI may indicate malalignment and may 
necessitate distal realignment. 

CONSERVATIVE TREATMENT
ACUTE PATELLAR DISLOCATION OR 

SUBLUXATION
After an acute dislocation or subluxation of the patella, the 
knee is immobilized in a commercial immobilizer with a 
Jones-type compressive dressing and crutches are used for 
ambulation. If hemarthrosis is present, causing significant 
pain and tightness, aspiration under sterile conditions is indi-
cated before the extremity is immobilized.

Quadriceps-setting exercises and three sets of 15 to 20 
straight-leg raises are done four or five times a day during the 
acute period. Ice is applied for 20 minutes every 2 to 3 hours 

to reduce swelling. The knee immobilizer and compressive 
wrap are discontinued at 3 to 5 days, after the acute reaction 
has resolved. The crutches are discontinued when the patient 
is able to do straight-leg raises with a 5-lb ankle weight and is 
able to walk with a near-normal gait.

 FIGURE 47.3 Lateral tilt of patella on axial view.

 FIGURE 47.4 Merchant view showing hypoplastic sulcus.
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FIGURE 47.5 Measurements of patellofemoral congruence 
described by Merchant et al. F, Facet; L, lateral condyle; M, medial 
condyle; P, patellar ridge; S, sulcus. Angle MSL is sulcus angle 
(average, 137 degrees; standard deviation, 6 degrees). Line SO is 
zero reference line bisecting sulcus angle. Angle PSO is congruence 
angle (average, −8 degrees; standard deviation, 6 degrees). Line PF 
(lateral facet) and line ML form patellofemoral angle that should 
diverge laterally.
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FIGURE 47.6 Lines used to calculate tibial tubercle lateralization 
using CT. Line is drawn on superimposed image between posterior 
margins of femoral condyles (AB). Two lines are drawn perpendic-
ular to this, one bisecting femoral trochlear groove (CD) and one 
bisecting anterior tibial tuberosity through chosen point in center of 
patellar tendon insertion (EF). Distance between these two lines (GH) 
is measured in millimeters. (From Jones RB, Barletta EC, Vainright JR, 
et al: CT determination of tibial tubercle lateralization in patients 
presenting with anterior knee pain, Skeletal Radiol 24:505–509, 1995.)
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Rehabilitation should emphasize closed-chain exercises, 
including wall sets, in which the patient squats to approxi-
mately 40 degrees while keeping the back flat against the wall 
for 15 to 20 seconds, for a total of 10 to 15 repetitions. Side 
and forward step-up exercises using a 6- to 8-inch platform 
should be performed after the acute inflammatory reaction 
has resolved. These are followed by short-arc leg presses and 
endurance-type strengthening using a stationary bike and 
Stairmaster. Core, hip, knee, and ankle exercises all are impor-
tant to success. The patient can return to sports activity when 
quadriceps and hamstring muscle strength is at least 85% nor-
mal and sport-specific agility has been regained. In general, a 
patellar stabilizing brace is prescribed for the first 6 to 8 weeks 
during rehabilitation and long-term for sports activity. 

SURGICAL TREATMENT OF PATELLAR 
INSTABILITY
First-time dislocations generally are treated conservatively 
with good results, except for patients with open physes and 
trochlear dysplasia, two thirds of whom will have a recur-
rence. These patients and those who have recurrent instability 
of the contralateral patella may require more aggressive treat-
ment (Table 47.2).

Choosing treatment for malalignment requires thor-
ough evaluation, imaging, and planning. Many instabilities 
are multifactorial and must be treated as such. Containment 
issues are most commonly treated by reconstruction of the 
medial quadriceps tendon–femoral ligament (MQTFL) or the 
MPFL. Avulsion from the patella can be repaired with some 

success. Severe dysplasia can be directly treated with troch-
leoplasty, with good stability results, but often with persistent 
pain and swelling and the potential for chondral damage.

Malalignment measured by a tibial tubercle–to–trochlear 
groove (TT-TG) distance of 20 mm with a normal trochlea 
or a TT-TG of more than 15 mm with a dysplastic trochlea is 
treated with tibial tuberosity osteotomy.

When patellar chondral damage is distal and lateral, an 
anterior medialization of the tuberosity can stabilize and 
unload the cartilage defect. Medialization procedures are 
contraindicated for proximal and medial chondral defects. 
It has been noted that an oblique tuberosity osteotomy of 30 
degrees produces 1 mm of anterior elevation for each 2 mm 
of medial displacement. A 45-degree oblique osteotomy pro-
duces 1 mm anterior to 1 mm medial displacement. Rarely, 
for severe angulation deformities, distal femoral rotational 
osteotomy is indicated.

Patellar instability in patients with open physes can 
be treated by MPFL reconstruction avoiding the physis or, 
occasionally, soft-tissue distal patellar tendon realignment. 
For angular deformities, epiphysiodesis can be used to aid 
realignment; soft-tissue repairs have a high failure rate.

A number of factors may contribute to patellar instabil-
ity, and all must be corrected for optimal results (Table 47.3). 
For instability with normal alignment and Dejour type A or B 
dysplasia, MQTFL reconstruction is indicated. Distal realign-
ment may be indicated for dysplasia for a TT-TG distance of 
15 mm. Lateral release is not an operation for instability but 
is indicated as an additional procedure only if the tight tissues 

 TABLE 47.2 

Treatment of Patellofemoral Instability

PATHOLOGY DIAGNOSTIC FINDINGS PROCEDURE

CONTAINMENT

Patella alta Insall index >1:3 Distalization*
Trochlear dysplasia Crossing sign

Trochlear bump
Sulcus angle >145 degrees, depth ≥3 mm

MPFL reconstruction
Trochleoplasty†

Patellar dysplasia Wiberg type C MPFL reconstruction

ALIGNMENT

Tibial tubercle Q angle >20 degrees, TT-TG >20 mm, >15 mm 
with trochlear dysplasia

Anteromedialization of tuberosity

Femoral anteversion
Severe genu valgum

Thigh-foot angle >30 degrees Rotational osteotomy‡/
epiphysiodesis

External tibial torsion, genu  
valgum, hyperpronation

Observation for malalignment Orthotics and rehabilitation

SOFT-TISSUE IMBALANCE

Dynamic (VMO dysfunction) TT-TG <20 mm Rehabilitation

Static

Incompetent MPFL or generalized 
hyperlaxity

Lateral glide 3 quadrants MPFL reconstruction‡

Overconstraint Lateral tilt (excessive lateral pressure syndrome) Lateral release

*Distalization can result in loss of motion or of fixation.
†Trochleoplasty: risk/benefit excessively high.
‡Rotational osteotomy: high risk/benefit.
MPFL, Medial patellofemoral ligament; TG, trochlear groove; TT, anterior tibial tuberosity; VMO, vastus medialis oblique.
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prevent the patella from relocating. Routine lateral release 
should not be done because it may create more instability. 

 

RECONSTRUCTION OF THE MEDIAL 
PATELLOFEMORAL LIGAMENT
The MPFL can be repaired by making a 3-cm incision over 
the site of injury as shown by MRI. An incompetent liga-
ment with damage limited to the femoral attachment can 
be repaired and reinforced by use of the adductor magnus 
tendon (Fig. 47.7). Chronic instability with a Q angle of less 
than 20 degrees or an extensively damaged MPFL should 
be treated using a semitendinosus hamstring tendon graft 
technique. Nelitz et al. reported no growth abnormalities 
or recurrences in 21 skeletally immature patients treated 

with MPFL reconstruction. Two patients with severe dys-
plasia had persistence of apprehension. In their systematic 
review, Vavken et al. also found no growth abnormalities 
or recurrences in the 425 patients (456 knees) reported. 
Hopper et al. found that severe dysplasia reduced satisfac-
tory results from 83% to 57%.
Numerous techniques have been described for MPFL 
reconstruction, most using autogenous doubled semiten-
dinosus-hamstring grafts placed in a physiometric position 
confirmed by palpation of landmarks and imaging, and 
tested for isometry. The technique we have been using for 
over a decade involves appropriate placement of a strong, 
physiologically tensioned graft through the quadriceps 
tendon, thus reproducing the MQTFL. This technique has 
resulted in low recurrence rates, no risk of patellar fracture, 
and minimal risk of loss of motion. 

   

 TABLE 47.3 

Surgical Procedures for Treatment of Patellar Instability

LOW RISK—LOW REWARD

Medial repair/imbrication 30% failure rate, approximately the same as conservative treatment
Indication: first dislocation + repairable chondral defect
Instability in skeletally mature?
In combination with distal realignment

Lateral release Excessive lateral pressure syndrome
In combination with realignment procedure when excessive tightness prevents 
patellar centering
May increase risk for both medial and lateral patellar subluxation

LOW RISK—HIGH REWARD

MPFL reconstruction Indicated for recurrent MPFL deficiency ± trochlear dysplasia
Proximal or anterior femoral placement or overtightening results in medial facet 
overload
May combine with distal realignment

Elmslie-Trillat procedure Indicated for instability, TT-TG >20 mm + strong repairable medial structures
Healing time and risk for stress or contact fracture of proximal tibia much less than 
Fulkerson procedure

Fulkerson distal realignment Indicated for symptomatic lateral facet or distal pole arthritis + TT-TG >20 mm, >15 
mm with dysplasia
Contraindicated with proximal/medial facet arthritis
Long healing time, increased risk of proximal tibial fracture with sports

HIGH RISK—HIGH REWARD*

Rotational high tibial osteotomy
Distal femoral osteotomy

Indicated for instability + severe rotational deformity
More normalized gait compared with distal realignment

Trochleoplasty Indicated for dysplastic trochlea
Low recurrence rate
Increased risk for osteonecrosis, DJD, arthrofibrosis
Lateral condyle: increased pressure; increased DJD of lateral facet

Grooveplasty Increased DJD
Good results with less risk reported with MPFL reconstruction

3-in-1 procedure—extensor mechanism 
realignment + VMO advancement + 
transfer of the medial third of the 
patellar tendon to the MCL

Recurrent instability, TT-TG >20 mm
Open physes
Not as effective as MQTFL reconstruction avoiding physis

*Indicated in special circumstances when risk/benefit ratio is acceptable.
DJD, Degenerative joint disease; MCL, medial collateral ligament; MPFL, medial patellofemoral ligament; TT-TG, tibial tubercle–trochlear groove; VMO, vastus media-
lis oblique.
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FIGURE 47.7 A, Medial patellofemoral ligament detached from medial femoral epicondyle 
after acute patellar dislocation. B, Medial patellofemoral ligament with firm edge of vastus medialis 
obliquus muscle reinserted to periosteum of medial femoral epicondyle, and adductor magnus 
tendon harvested. C, Adductor magnus tendon fixed near medial border of patella, and retinaculum 
duplicated.

 

MEDIAL QUADRICEPS 
TENDON-FEMORAL LIGAMENT 
RECONSTRUCTION

 TECHNIQUE 47.1 

(PHILLIPS)
 n  With the patient supine, place a tourniquet on the upper 

thigh. Use a lateral post on the operating table to assist 
with arthroscopic examination.

 n  After sterile preparation and draping, arthroscopically 
examine the knee through standard medial and lateral 
portals to evaluate patellar tracking and look for intraar-
ticular damage. This evaluation is essential for determin-
ing appropriate treatment.

 n  Make a 3-cm incision 3 cm medial to the inferior portion 
of the patellar tuberosity and harvest the semitendinosus 
tendon in standard fashion. Size the folded graft so that 
the appropriately sized tunnel can be reamed later. Place 
a 0 Vicryl Krakow suture in each tail of the semitendinosus 
graft (Fig. 47.8A).

 n  Make two 2-cm incisions, the first just medial to the superior 
border of the patella and the second starting at the adduc-
tor tubercle and extending just distal to the medial epicon-
dyle of the femur, to expose the patellofemoral ligament.

 n  Dissect subcutaneously to expose the proximal medial 
retinaculum at its insertion into the proximal portion of 
the patella. Make a 1.5-cm incision in the retinaculum 
adjacent to the quadriceps insertion.

 n  Make a second 1-cm vertical incision 1.5 cm lateral to the 
first incision through the quadriceps at its insertion into 
the patella. Use a Kelly clamp to spread the soft tissues 
and pass a looped no. 2 suture to use as a shuttle for the 
graft.

 n  Use blunt dissection to spread between layers 2 and 3 
(between the MPFL and the capsular layer), staying ex-
trasynovial and developing the plane with a curved Kelly 
clamp directed toward the medial epicondyle, spreading 
between the layers to create a soft-tissue tunnel. Use the 
Kelly clamp to pass a looped suture to use as a shuttle for 
the tunnel thus created (Fig. 47.8B).

 n  Shuttle one tail of the graft through the slit in the quadri-
ceps, and then shuttle both tails through the MPFL tunnel 
to the femoral insertion site.

 n  Select the site for the femoral tunnel approximately 4 mm 
distal and 2 mm anterior to the adductor tubercle, in the 
“saddle” region between the tubercle and the medial 
epicondyle. Confirm correct position with imaging (Figs. 
47.8C and 47.9).

 n  Place a Beath-tip guidewire at the chosen spot, and pass 
two suture tails from the graft around the wire. Mark the 
sutures so that pistoning of the graft can be identified 
with range of motion of the knee.

 n  Move the knee through a range of motion and observe 
the sutures, which should have minimal motion between 
0 and 70 degrees of flexion and slight laxity above 70 de-
grees. If tension increases with flexion, the femoral tunnel 
site is too far proximal (most commonly) or possibly too 
far anterior. If the sutures tighten excessively in extension, 
the tunnel is too far distal or too far posterior. If necessary, 
correct the guidewire position and repeat the evaluation.
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 n  At the selected femoral tunnel site, ream a 30-mm tunnel 
the diameter of the doubled tendon.

 n  Pull the graft taut, and stress the patella so as to allow for 
one to two quadrants of lateral passive glide. When the 
physiologic amount of tension on the graft is determined, 
make a mark on the graft, which will correspond to the 
aperture of the femoral tunnel (Fig. 47.8D).

 n  Cut the graft 20 mm distal to this mark to allow 20 mm 
of graft to be placed into the tunnel.

 n  Place absorbable whip sutures into the tails of the graft 
(see Fig. 47.8D), place them into the tip of a Beath pin, 
and pull them out laterally (Fig. 47.8E).

 n  Before fixation with a biocomposite screw, move the knee 
through a range of motion, once again making sure that 
the tendons do not become taut in flexion and that the 
tendon length is appropriate to allow one to two quad-
rants of passive glide at 30 degrees of flexion so as not to 
overconstrain the patella.

 n  With the knee held in 60 degrees of flexion, maintain 
this graft length while it is secured with a biocomposite 
screw equal to the tunnel size chosen. Again, move the 
knee through a range of motion to make sure motion is 
not inhibited.
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FIGURE 47.8 Phillips reconstruction of the medial patellofemoral ligament. A, Semitendinosus 
tendon graft. B, Creation of soft-tissue tunnel. C, Correct position confirmed radiographically. D, 
Whip stitch placed in each end of graft. E, Graft tails passed through soft-tissue tunnel. F, Closure. 
SEE TECHNIQUE 47.1.
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FIGURE 47.9 Schöttle and colleagues’ radiographic landmark 
for femoral tunnel placement in medial patellofemoral ligament 
reconstruction. Two perpendicular lines to line 1 are drawn, inter-
secting the contact point of the medial condyle and posterior 
cortex (point 1, line 2) and intersecting the most posterior point 
of the Blumensaat line (point 2, line 3). For determination of 
vertical position, distance between line 2 and the lead ball center 
is measured as is the distance between line 2 and line 3. SEE TECH-
NIQUE 47.1.
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 n  Repair the retinaculum and place a stay suture in the 
quadriceps tendon just proximal to the split. Close the 
subcutaneous tissues with 2-0 Vicryl and the skin with 
absorbable monofilament suture (Fig. 47.8F). Apply a 
postoperative dressing and a knee brace.

POSTOPERATIVE CARE The knee joint is immobilized 
in extension with a simple knee brace for 3 days after 
surgery. Range-of-motion exercises and gait with weight 
bearing on two crutches are started and gradually pro-
gressed. Weight bearing is allowed as tolerated imme-
diately after surgery. Walking with full weight bearing is 
usually possible 2 or 3 weeks after surgery. Achieving at 
least 90 degrees knee flexion by the end of postoperative 
week 3 is encouraged. Jogging is allowed after 3 months, 
and participation in the original sporting activity is allowed 
4 to 6 months after surgery, depending on the patient’s 
rehabilitation progress.
   

 

DISTAL REALIGNMENT
Indications for distal realignment include patellar instability 
secondary to malalignment indicated by a Q angle of more 
than 20 degrees and anterior TT-TG distance of more than 
20 mm. When trochlear dysplasia is present, less malalign-
ment is tolerated, and a TT-TG distance of as little as 15 mm 
may require realignment procedures. If chondral damage is 
present distal and lateral on the patella, an oblique osteo-
tomy helps unload these areas and transfer weight bearing 
proximal and medial. Bony distal realignment procedures are 
contraindicated in skeletally immature patients.

We recommend the Trillat procedure for dislocations 
due to malalignment with an Insall index of less than 1:3 
and grade 2 or less chondromalacia noted at arthroscopy. 
We have found the modification described by Shelbourne, 
Porter, and Rozzi to be an effective technique.

 TECHNIQUE 47.2 

(MODIFIED BY SHELBOURNE, PORTER, AND ROZZI)
 n  Make a 6-cm lateral parapatellar incision approximately 1 

cm lateral to the patellar tendon.
 n  Perform a lateral release from the tibial tubercle to the 

level of the insertion of the vastus lateralis tendon on 
the proximal patella. The release is considered adequate 
when the patellar articular surface can be everted 90 de-
grees laterally.

 n  Approach the tibial tubercle through the same parapatel-
lar incision, and identify the patellar tendon insertion. Us-
ing a 2.5-cm flat osteotome, raise a flat, 6-cm long, 7-mm 
thick osteoperiosteal flap, tapering anteriorly and hinged 
distally with periosteum. Do not violate the soft tissues.

 n  Rotate the bone flap medially, cracking the cortex distally, 
and hold it in place with a Kirschner wire while the knee is 
moved through a full passive range of motion to evaluate 
patellar tracking.

 n  If tracking is acceptable and the transferred tubercle fits 
flush with the underlying tibia, fix it with one or two AO 
4-mm cancellous lag screws. Use a 2.7-mm bit to drill 
through the tubercle and tibia. Angle the drill toward the 
joint and advance it until the posterior cortex is felt. An-
gling the drill proximally allows fixation to be placed in 
cancellous bone near the proximal tibia. Bicortical fixation 
is not used, and the screw should be long enough (usually 
40-50 mm) to come near, but not penetrate, the posterior 
cortex.

POSTOPERATIVE CARE Weight bearing is allowed to 
tolerance using a straight-leg splint for ambulation for 
the first 6 weeks after surgery. At 1 week after surgery, 
closed chain kinetic strengthening is begun, with a goal 
of achieving 70% strength by 6 weeks. A functional pro-
gression program that allows the patient to return to un-
restricted sports is begun 12 weeks after surgery. Most 
athletes can return to sport at 6 to 9 months.
   

 

OBLIQUE OSTEOTOMY OF THE 
TUBEROSITY
We generally prefer a slightly oblique osteotomy of the 
tuberosity, such as that described by Fulkerson and by 
Brown et al. that transfers the tuberosity anteriorly and 
medially. This procedure is indicated when grade 3 or 4 
chondromalacia is associated with recurrent dislocations. 
A guide can be used to cut a flat osteotomy surface that 
angled from anteromedial just deep to the anterior crest of 
the tibia in a posterolateral direction. Increased obliquity of 
the cut increases anterior translation; however, the more 
superficial cut avoids a stress riser effect and reduces the 
risk of later fracture through the osteotomy. It is important 
to taper the osteotomy distally to prevent a stress riser.

Although this technique has been reported to pro-
duce 86% good to excellent results, complications have 
included stress risers and stress fractures through the area 
months after clinical and radiographic healing are present. 
Mechanical testing showed that a flat (Elmslie-Trillat) oste-
otomy had significantly higher mean load-to-failure and 
total energy-to-failure rates than the oblique osteotomy 
technique. In general, this procedure is not indicated for 
athletes and should be reserved for patients with patello-
femoral degenerative changes.

For recurrent patellar dislocation and significant patella 
alta with an Insall index of more than 1.3, medial and distal 
transfer of the tuberosity occasionally is indicated. Preop-
erative radiographs are used to determine the amount of 
distal transfer necessary and to ensure the inferior pole of 
the patella is not placed distal to the Blumensaat line, cre-
ating patella baja. The tuberosity is detached distally, and 
5 to 10 mm of bone is resected from the distal tip of the 
tuberosity to allow distal transfer before secure fixation. 
Because loss of flexion or loss of fixation may occur, distal-
ization is not routinely done. 
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FULKERSON OSTEOTOMY

 TECHNIQUE 47.3 

 n  Make a 9-cm lateral parapatellar incision extending from 
the inferior pole of the patella distally. Exposure is similar 
to the Elmslie-Trillat procedure, with the difference being 
in the oblique osteotomy of the tuberosity.

 n  Extend the cut distally about 6 cm with the medial tip of 
the cut being more superficial.

 n  Drill holes to perforate the cortex distally so that the frag-
ment can be hinged.

 n  Using an osteotome, complete the osteotomy deep and 
just proximal to the insertion of the patellar tendon and 
pry the tuberosity medially so that the Q angle is corrected 
to between 10 and 15 degrees. This usually requires mov-
ing the tuberosity anteriorly 8 to 10 mm. Obliquity of 
the osteotomy determines the amount of anterior dis-
placement. A 30-degree osteotomy produces 1 mm of 
anteriorization for each 2 mm of medialization, whereas 
a 45-degree cut produces a 1 mm to 1 mm translation.

 n  Secure the transferred tuberosity by placing a drill bit 
proximally through the tuberosity and tibia with the knee 
in 90 degrees of flexion to decrease risk to neurovascular 
structures.

 n  Move the knee through a range of motion, and evaluate 
patellar tracking.

 n  If tracking is satisfactory, secure the tuberosity with two 
countersunk, low-profile, cancellous screws (Fig. 47.10) 
or bicortical screws.

 n  Close the medial retinaculum in a pants-over-vest fashion, 
plicating the medial side. Do not close the lateral retinacu-
lum.

POSTOPERATIVE CARE Weight bearing is allowed as 
tolerated after surgery. Immobilization is continued 4 to 6 
weeks, at which time range-of-motion and strengthening 
exercises are instituted. Return to sports usually is allowed 
at 6 to 9 months after surgery. In our opinion, there is 
some long-term risk for fracture after this procedure if an 
osteotomy of more than 30 degrees is done.
   

For severe rotational deformities, a distal femoral rota-
tional osteotomy or proximal tibial osteotomy rarely may 
be indicated. Epiphysiodesis can be done for severe coronal 
malalignment deformities in immature patients. Most recur-
rent instability problems in skeletally immature patients are 
treated with MQTFL procedures, with the femoral fixation 
looped around the adductor tendon insertion or in a carefully 
placed tunnel distal to the physis.

 

TROCHLEOPLASTY
Sulcus-deepening trochleoplasty is a technically demanding 
procedure with precise indications: high-grade trochlear 
dysplasia with patellar instability and/or abnormal track-
ing. The primary goal is to improve patellar tracking by 
decreasing the prominence of the trochlea and creating a 
new groove with normal depth. Associated abnormalities 
should be evaluated and corrected (Box 47.1).

 TECHNIQUE 47.4 

 n  After administration of regional anesthesia, supplement-
ed with patient sedation, position the patient supine and 
prepare and drape the extremity.

 

A B C

FIGURE 47.10 Fulkerson procedure. A, Preoperative lateral radiograph. B, Postoperative lateral 
radiograph. C, Anteroposterior radiograph. SEE TECHNIQUE 47.3.
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 n  With the knee flexed to 90 degrees, make a straight mid-
line skin incision from the superior patellar margin to the 
tibiofemoral articulation.

 n  Move the knee into extension and develop a medial full-
thickness skin flap.

 n  Make a modified midvastus approach with sharp dissec-
tion of the medial retinaculum starting over the 1 to 2 

cm medial border of the patella and blunt dissection of 
the vastus medialis oblique (VMO) fibers starting distally 
at the patellar superomedial pole and extending approxi-
mately 4 cm into the muscle belly.

 n  Evert the patella for inspection and treatment of chondral 
injuries if needed, and then retract it laterally.

 n  Expose the trochlea by incising the peritrochlear synovium 
and periosteum along their osteochondral junction and 
reflecting them from the field with a periosteal elevator. 
The anterior femoral cortex should be visible to orientate 
the amount of deepening. Changing the degree of flex-
ion/extension allows a better view of the complete opera-
tive field and avoids extending the incision.

 n  Once the trochlea is fully exposed, draw the new trochlear 
limits with a sterile pen. Use the intercondylar notch as a 
starting point to draw the new trochlear groove. From 
there, draw a straight line directed proximally and 3 to 6 
degrees laterally; the superior limit is the osteochondral 
edge. Draw two divergent lines, starting at the notch and 
passing proximally through the condyle-trochlear grooves, 
representing lateral and medial facet limits; these lines 
should not enter the tibiofemoral joint (Fig. 47.11A).

 n  To access the undersurface of the femoral trochlea, re-
move a thin strip of cortical bone from the osteochondral 

Associated Abnormalities That May Require 
Correction in Addition to Trochleoplasty

 n  Tibial tubercle-trochlear groove (TT-TG) >20 mm: tibial 
tuberosity medializing osteotomy to obtain TT-TG distance 
between 10 and 15 mm.

 n  Patella alta (Canton-Deschamps index >1.2): distalization 
osteotomy to obtain normal patellar index of 1.0.

 n  Lateral patellar tilt >20 degrees: VMO plasty or reconstruc-
tion of the MPFL with a double-looped gracilis tendon graft.

 BOX 47.1 

MPFL, Medial patellofemoral ligament; VMO, vastus medialis obliquus.

 

A

B

C

D
FIGURE 47.11 DeJour sulcus-deepening trochleoplasty. A, Drawing of the new trochlear limits. 

B, Removal of subchondral bone under the trochlea to correct the prominence and reshape the 
groove. C, Shape of the trochlea before (above) and after (below) sulcus-deepening trochleo-
plasty. D, Fixation of new trochlea with two staples after restoration of trochlear sulcus and more 
“anatomic” shape.  (From DeJour D, Saggin P: The sulcus deepening trochleoplasty—the Lyon’s procedure, 
Int Orthop 34:311–316, 2010.) SEE TECHNIQUE 47.4.
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edge. The width of the strip is similar to the prominence 
of the trochlea from the anterior femoral cortex (the 
bump). Gently tap with a sharp osteotome and then use 
a rongeur to remove the bone.

 n  To remove cancellous bone from the undersurface of the 
trochlea, use a drill with a depth guide set at 5 mm to 
ensure uniform thickness of the osteochondral flap and 
maintain an adequate amount of bone attached to the 
cartilage (Fig. 47.11B). The guide also avoids injuring the 
cartilage or getting too close to it and causing thermal 
injury. The shell produced must be sufficiently compliant 
to allow modeling without being fractured.

 n  Extend cancellous bone removal up to the notch; remove 
more bone from the central portion where the new troch-
lear groove will lie (Fig. 47.11C).

 n  Use light pressure to mold the flap to the underlying 
cancellous bone bed in the distal femur. If needed, cut 
the bottom of the groove and the external margin of the 
lateral facet to allow further modeling by gently tapping 
over a scalpel.

 n  If the correction obtained is satisfactory, fix the new troch-
lea with two staples, one in each side of the groove, with 
one arm in the cartilaginous upper part of each facet and 
the other arm in the anterior femoral cortex (Fig. 47.11D).

 n  Test patellar tracking. Suture the periosteum and synovial 
tissue to the osteochondral edge and anchor them in the 
staples.

POSTOPERATIVE CARE Immediate weight bearing is 
permitted, and no limitation is placed on range of mo-
tion. Continuous passive motion is indicated to model 
the trochlea and patella, and frequent knee movement is 
encouraged to help ensure cartilage nutrition and further 
molding of the trochlea by the tracking patella. Because 
trochleoplasty is rarely done as an isolated procedure, 
postoperative care must consider associated procedures. 
Radiographs, including anteroposterior and lateral views 
and an axial view in 30 degrees of flexion, are reviewed 
at 6 weeks. At 6 months, a CT scan is obtained to docu-
ment correction.
  

IATROGENIC MEDIAL PATELLAR 
INSTABILITY
Iatrogenic medial patellar instability is diagnosed when 
manual medial subluxation re-creates a patient’s symptoms. 
Treatment consists of repairing the vastus lateralis if previ-
ously released and revising a distal realignment to a more 
lateral position. If the initial procedure was proximal and 
inadequate tissues remain, repair or reconstruction using the 
lateral portion of the patellar tendon is done (Fig. 47.12). 

HIP
With the evolution of hip arthroscopy and MR arthrography 
of the hip, the diagnosis and treatment of hip instability have 
greatly improved. The diagnosis is indicated by recurrent “giv-
ing way,” pain, or popping with hip extension and external 
rotation during activities, such as getting out of a car or kick-
ing or pivoting maneuvers during sports. The physical exami-
nation should include evaluation for generalized ligamentous 

laxity, as well as examination of the uninvolved hip for com-
parison. Tests that may indicate pathologic laxity include the 
dial test, passive external rotation of the more than 45 degrees, 
particularly if symptoms are reproduced. Other tests to repro-
duce symptoms of instability are the Ganz test, in which hip 
extension and external rotation produce anterior capsular 
pain. Finally, direct axial traction may produce apprehension. 
Moving the hip from flexion, abduction, and external rotation 
into extension, adduction, and internal rotation may re-create 
catching or popping associated with labral pathology.

Plain anteroposterior and lateral radiographs are helpful 
in evaluating acetabular dysplasia and impingement. A cen-
ter-edge (CE) angle of less than 20 degrees, a crossover sign, 
and a Sharp angle of more than 42 degrees also are indica-
tive of dysplasia (see Chapter 6). MR arthrography is used to 
evaluate for labral tears or capsular redundancy that may be 
related to recurrent instability.

Hip instability may be categorized as loss of bony acetab-
ular containment, disruption of the capsulolabral complex, 
or a combination of the two. Recurrent trauma from stress 
at extremes of motion may result in capsulolabral deficiency 
and instability. Bony development problems can cause con-
tainment issues resulting in impingement or straight-forward 
instability. Finally, hyperlax joints from collagen deficiencies, 
Ehlers-Danlos and Marfan syndromes, and generalized joint 
laxity can result in symptomatic hip instability.

Treatment of these conditions must be tailored to the 
pathology, as in any other joint. Many of these procedures are 
now done arthroscopically and are described in Chapter 51. 

STERNOCLAVICULAR JOINT
Most recurrent dislocations of the sternoclavicular joint are 
anterior and require only conservative treatment; posterior 
dislocations, although uncommon, require reduction because 

 

A

B

Lateral
one-quarter strip
patellar tendon

FIGURE 47.12 Reconstruction using patellar tendon. A, Lateral 
one-quarter strip of patellar tendon is developed. B, Strip is attached 
at lateral tibial tubercle by suture to periosteum or through bony 
tunnel. 
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of the proximity and potential compromise of the subclavian 
vessels, esophagus, and trachea. A complete discussion of acute 
dislocations and their treatment is presented in Chapter 60.

Recurrent atraumatic anterior subluxation of the sterno-
clavicular joint with shoulder abduction and extension usually 
occurs in young girls. Often it is associated with laxity of other 
joints and generally is a self-limiting condition. Most patients 
with recurrent anterior sternoclavicular joint dislocation 
should be treated with a generalized upper extremity strength-
ening program and avoidance of activities that produce stress 
on the sternoclavicular joint. Surgery is recommended only if 
severe symptoms limit activities of daily living. The surgical 
procedures, which include open repair of the sternoclavicu-
lar capsule, reconstruction of the sternoclavicular joint, and 
resection of the medial end of the clavicle and securing of the 
clavicle to the first rib, all are fraught with potentially severe 
complications, including injury to major vessels, persistent 
pain, unsightly scar formation, and recurrence of dislocation.

A strong semitendinosus graft is recommended for recon-
struction of the joint. A figure-of-eight configuration through 
drill holes in the manubrium and midclavicle produces a 
strong, stable configuration that was shown in mechanical 
testing to restore native joint stiffness better than resection 
arthroplasty (Fig. 47.13). The reconstruction should be rein-
forced with local tissue repair, in particular the important 
posterior capsular tissue. It is wise to have a thoracic surgeon 
available for the procedure because of the potential complica-
tions associated with the procedure. Because of the possibility 
of pin migration and potentially severe complications, pins or 
wires should not be placed across the joint.

After reconstruction, the shoulder is immobilized in a 
sling for 6 weeks. On the second day, the patient is allowed 
to perform gentle pendulum exercises but is cautioned 
against active flexion or abduction of the shoulder above 
90 degrees. Pushing, pulling, and lifting are avoided for 3 
months. Strengthening exercises are started at 8 to 12 weeks. 
The patient is restricted from returning to strenuous manual 
labor for a minimum of 3 months. 

SHOULDER
The shoulder, by virtue of its anatomy and biomechanics, is 
one of the most unstable and frequently dislocated joints in 
the body, accounting for nearly 50% of all dislocations, with 
a 2% incidence in the general population. Factors that influ-
ence the probability of recurrent dislocations are age, return 
to contact or collision sports, hyperlaxity, and the presence of 
a significant bony defect in the glenoid or humeral head. In a 
study of 101 acute dislocations, recurrence developed in 90% 
of the patients younger than 20 years old, in 60% of patients 
20 to 40 years old, and in only 10% of patients older than 40 
years old. Contact and collision sports increase the recurrence 
rate to near 100% in skeletally immature athletes. The dura-
tion of immobilization also does not seem to affect stability; 
a recent meta-analysis determined that there is no benefit for 
conventional sling immobilization longer than 1 week for pri-
mary anterior dislocation. Immobilization in external rotation 
is thought to decrease recurrence rates, but this has not been 
proven; meta-analyses found a recurrence risk of 36% with 
immobilization in internal rotation compared with 25% with 
external rotation bracing, but the numbers were small and the 
difference was not significant. Burkhart and DeBeer, Sugaya 

et al., and Itoi et al. have shown that glenoid bone loss of more 
than 20% results in bony instability and increased recurrence 
rates. This is because the “safe arc” that the glenoid provides for 
humeral rotation is diminished, resulting in instability when 
the deficient edge is loaded at extremes of motion (Fig. 47.14).

NORMAL FUNCTIONAL ANATOMY
An understanding of the normal functional anatomy of the 
shoulder is necessary to understand the factors influencing 
the stability of the joint. The bony anatomy of the shoulder 
joint does not provide inherent stability. The glenoid fossa is 
a flattened, dish-like structure. Only one fourth of the large 
humeral head articulates with the glenoid at any given time. 
This small, flat glenoid does not provide the inherent stabil-
ity for the humeral head that the acetabulum does for the 
hip. The glenoid is deepened by 50% by the presence of the 

 

A

B

C

FIGURE 47.13 Semitendinosus figure-of-eight reconstruction. 
A, Drill holes passed anterior to posterior through medial part 
of clavicle and manubrium. B, Free semitendinosus tendon graft 
woven through drill holes so tendon strands are parallel to each 
other posterior to the joint and cross each other anterior to the 
joint. C, Tendon tied in square knot and secured with suture. 
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glenoid labrum. The labrum increases the humeral contact 
to 75%. Integral to the glenoid labrum is the insertion of the 
tendon of the long head of the biceps, which inserts on the 
superior aspect of the joint and blends to become indistin-
guishable from the posterior glenoid labrum. Matsen et  al. 
suggested that the labrum may serve as a “chock block” to 

prevent excessive humeral head rollback. The shoulder joint 
capsule is lax and thin and, by itself, offers little resistance or 
stability. Anteriorly, the capsule is reinforced by three capsu-
lar thickenings or ligaments that are intimately fused with the 
labral attachment to the glenoid rim.

The superior glenohumeral ligament attaches to the gle-
noid rim near the apex of the labrum conjoined with the long 
head of the biceps (Fig. 47.15). On the humerus, it is attached 
to the anterior aspect of the anatomic neck of the humerus 
(Fig. 47.16). The superior glenohumeral ligament is the pri-
mary restraint to inferior humeral subluxation in 0 degrees of 
abduction and is the primary stabilizer to anterior and poste-
rior stress at 0 degrees of abduction. Tightening of the rotator 
interval (which includes the superior glenohumeral ligament) 
decreases posterior and inferior translation; external rotation 
also may be decreased. The middle glenohumeral ligament 
has a wide attachment extending from the superior gleno-
humeral ligament along the anterior margin of the glenoid 
down as far as the junction of the middle and inferior thirds 
of the glenoid rim. On the humerus, it also is attached to the 
anterior aspect of the anatomic neck. The middle glenohu-
meral ligament limits external rotation when the arm is in 
the lower and middle ranges of abduction but has little effect 
when the arm is in 90 degrees of abduction. The inferior gle-
nohumeral ligament attaches to the glenoid margin from the 
2- to 3-o’clock positions anteriorly to the 8- to 9-o’clock posi-
tions posteriorly. The humeral attachment is below the level 
of the horizontally oriented physis into the inferior aspect of 
the anatomic and surgical neck of the humerus. The anterosu-
perior edge of this ligament usually is quite thickened. There 
is a less distinct posterior thickening, a hammock-type model 
consisting of thickened anterior and posterior bands and a 
thinner axillary pouch. With external rotation, the hammock 

 

φ1 φ2

Normal glenoid Bone-deficient glenoid

FIGURE 47.14 Glenoid bone loss shortens “safe arc” through 
which glenoid can resist axial forces. Φ2 (bone-deficient condition) 
is less than Φ1.
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FIGURE 47.15 Glenoid and surrounding capsule, ligaments, and tendons.
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slides anteriorly and superiorly. The anterior band tightens, 
and the posterior band fans out. With internal rotation, the 
opposite occurs. The anteroinferior glenohumeral ligament 
complex is the main stabilizer to anterior and posterior 
stresses when the shoulder is abducted 45 degrees or more. 
The ligament provides a restraint at the extremes of motion 
and assists in the rollback of the humeral head in the glenoid.

The muscles around the shoulder also contribute signifi-
cantly to its stability. The action of the deltoid (the principal 
extrinsic muscle) produces primarily vertical shear forces, 
tending to displace the humeral head superiorly. The intrinsic 
muscle forces from the rotator cuff provide compressive or sta-
bilizing forces. Concavity compression is produced by dynamic 
rotator cuff muscular stabilization of the humeral head when 
the concavity of the glenoid and labral complex is intact. Loss 
of the labrum can reduce this stabilizing effect by 20%. In the 
concavity of the glenoid-labral complex, synchronous eccentric 
deceleration, and concentric contraction of the rotator cuff and 
biceps tendon are necessary for humeral stability during mid-
ranges of humeral motion. Asynchronous fatigue of the rota-
tor cuff from overuse or incompetent ligamentous support can 
result in further damage to the static and dynamic supports. 
MRI studies have shown fatty infiltration and thinning of the 
subscapularis tendon in recurrent anterior instability.

Several authors have noted the importance of synchro-
nous mobility of the scapula and glenoid to shoulder stabil-
ity and emphasized the importance of this dynamic balance 
to appropriate positioning of the glenoid articular surface so 
that the joint reaction force produced is a compressive rather 
than a shear force. With normal synchronous function of 
the scapular stabilizers, the scapula and the glenoid articular 
structures are maintained in the most stable functional posi-
tion. Strengthening rehabilitation of the scapular stabilizers 
(serratus anterior, trapezius, latissimus dorsi, rhomboids, and 
levator scapulae) is especially important in patients who par-
ticipate in upper extremity-dominant sports. Although the 
glenoid is small, it has the mobility to remain in the most sta-
ble position in relation to the humeral head with movement. 
Rowe compared this with a seal balancing a ball on its nose. 
The glenoid also has the ability to “recoil” when a sudden 
force is applied to the shoulder joint, such as in a fall on the 
outstretched hand. This ability to “recoil” lessens the impact 
on the shoulder as the scapula slides along the chest wall.

Scapular dyskinesis is an alteration of the normal posi-
tion or motion of the scapula during coupled scapulohumeral 
movements and can occur after overuse of and repeated inju-
ries to the shoulder joint. A particular overuse muscle fatigue 
syndrome has been designated the SICK scapula: scapular 
malposition, inferior medial border prominence, coracoid 
pain and malposition, and dyskinesis of scapular movement.

The demonstration of Ruffini end organs and Pacinian 
corpuscles in the shoulder capsule helps solidify the concept of 
proprioceptive neuromuscular training as an important part 
of shoulder stabilization. Another force that has a lesser effect 
on glenohumeral stability is glenoid version. Glenoid version 
probably is not a significant contributor to instability except 
in a severely deformed shoulder. Cohesion produced by joint 
fluid and the vacuum effect produced by negative intraarticular 
pressure in normal shoulders play lesser roles in joint stability. 

PATHOLOGIC ANATOMY
No essential pathologic lesion is responsible for every recur-
rent subluxation or dislocation of the shoulder. In 1906, 
Perthes considered detachment of the labrum from the ante-
rior rim of the glenoid cavity to be the “essential” lesion in 
recurrent dislocations and described an operation to correct 
it. In 1938, Bankart published his classic paper in which he 
recognized two types of acute dislocations. In the first type, 
the humeral head is forced through the capsule where it is 
the weakest, generally anteriorly and inferiorly in the interval 
between the lower border of the subscapularis and the long 
head of the triceps muscle. In the second type, the humeral 
head is forced anteriorly out of the glenoid cavity and tears 
not only the fibrocartilaginous labrum from almost the entire 
anterior half of the rim of the glenoid cavity but also the cap-
sule and periosteum from the anterior surface of the neck of 
the scapula. This traumatic detachment of the glenoid labrum 
has been called the Bankart lesion. Most authors agree that 
the Bankart lesion is the most commonly observed pathologic 
lesion in recurrent subluxation or dislocation of the shoulder, 
but it is not the “essential” lesion.

Excessive laxity of the shoulder capsule also causes insta-
bility of the shoulder joint. Excessive laxity can be caused by a 
congenital collagen deficiency, shown by hyperlaxity of other 
joints, or by plastic deformation of the capsuloligamentous 
complex from a single macrotraumatic event or repetitive 
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FIGURE 47.16 Upper part of left humerus showing attachments of glenohumeral ligaments 
on anterior (A) and medial (B) aspects of surgical and anatomic neck.
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microtraumatic events. Hyperlaxity has been implicated as 
a cause of failure in surgical correction of chronic shoulder 
instability. An arthroscopic study of anterior shoulder disloca-
tions found that 38% of the acute injuries were intrasubstance 
ligamentous failures, and 62% were disruptions of the cap-
suloligamentous insertion into the glenoid neck. The “circle 
concept” of structural damage to the capsular structures was 
suggested by cadaver studies that showed that humeral dislo-
cation does not occur unless the posterior capsular structures 
are disrupted, in addition to the anterior capsular structures. 
Posterior capsulolabral changes associated with recurrent 
anterior instability often are identified by arthroscopy.

A humeral head impaction fracture can be produced as 
the shoulder is dislocated, and the humeral head is impacted 
against the rim of the glenoid at the time of dislocation. This 
Hill-Sachs lesion is a defect in the posterolateral aspect of 
the humeral head. Instability results when the defect engages 
the glenoid rim in the functional arc of motion at 90 degrees 
abduction and external rotation. In a cadaver model, humeral 
head defects of 35% to 40% were shown to decrease stabil-
ity, whereas glenoid defects of as little as 13% were found 
to decrease stability. Glenoid rim fractures or attrition also 
can occur with an anterior or posterior dislocation. If these 
lesions involve more than 20% to 25% of the glenoid, they 
can result in recurrent instability despite having an excellent 
soft-tissue repair. These lesions are difficult to see on plain 
radiographs; if a defect is visible in an acute dislocation or one 
is evaluating recurrent instability, (3D) CT is the best method 
for evaluating the extent of the defect (Fig. 47.17).

It seems that no single “essential” lesion is responsible 
for all recurrent dislocations of the shoulder. Stability of 
this inherently unstable joint depends on a continuing bal-
ance between the static and dynamic mechanisms influenc-
ing motion and stability. In addition to the various possible 
primary deficiencies influencing instability, secondary defi-
ciencies can be caused by repeated dislocations. Erosion of 
the anterior glenoid rim, stretching of the anterior capsule 
and subscapularis tendon, and fraying and degeneration of 
the glenoid labrum all can occur with repeated dislocation. 
The primary deficiency and the secondary deficiencies need 
to be considered at the time of surgery and in postopera-
tive rehabilitation to correct the instability. Because no sin-
gle deficiency is responsible for all recurrent dislocations of 
the shoulder, no single operative procedure can be applied to 
every patient. The surgeon must search carefully for and iden-
tify the deficiencies present to choose the proper procedure. 

CLASSIFICATION
Successful treatment of shoulder instability is based on a 
thorough understanding of the various posttraumatic lesions 
that can be associated with a deficient capsulolabral com-
plex and on correct classification of the patient’s primary and 
secondary lesions. Classification and treatment of shoulder 
instability are based on the direction, degree, and duration 
of symptoms; the trauma that resulted in instability; and the 
patient’s age, mental set, and associated conditions, such as 
seizures, neuromuscular disorders, collagen deficiencies, and 
congenital disorders.

The direction of instability should be categorized as uni-
directional, bidirectional, or multidirectional. Anterior dislo-
cations account for 90% to 95% of recurrent dislocations, and 
posterior dislocations account for approximately 5% to 10%. 

Despite increased understanding of shoulder instability, 50% 
of posterior shoulder dislocations can be missed unless an 
adequate examination and appropriate radiographs are done. 
Inferior and superior dislocations are rare. Superior instability 
generally arises secondary to severe rotator cuff insufficiency.

Instability is categorized as subluxation with partial 
separation of the humeral head from the glenoid or dislo-
cation with complete separation of the humeral head from 
the glenoid concavity. The duration of the symptoms should 
be recorded as acute, subacute, chronic, or recurrent. The 
dislocation is classified as chronic if the humeral head has 
remained dislocated longer than 6 weeks.

The type of trauma associated with the dislocation is 
important in determining whether conservative or operative 
treatment is appropriate. Instability should be categorized as 
macrotraumatic, in which a single traumatic event results in 
dislocation, or microtraumatic (acquired), in which repetitive 
trauma at the extremes of motion results in plastic deforma-
tion of the capsulolabral complex. Secondary trauma to the 
rotator cuff and biceps tendon may cause asynchronous rota-
tor cuff function. These injuries most commonly occur in 
pitchers, batters, gymnasts, weightlifters, tennis players and 
others who play racquet sports, and swimmers, especially 
with the backstroke or butterfly stroke. The flexibility that 
allows an athlete to compete at a high level may be attributed 
to a generalized ligamentous laxity, which also predisposes 
the athlete to injury. Trauma may cause decompensation of 
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FIGURE 47.17 A, Three-dimensional CT showing large Hill-Sachs 
lesion and deficient glenoid. B, Three-dimensional CT with humeral 
head subtracted showing loss of anterior glenoid surface.
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a previously stable capsuloligamentous complex. A thorough 
history of the initial traumatic event, symptoms, and family 
history and a thorough examination of the injured shoulder, 
contralateral shoulder, and other joints are necessary.

Age also is important in predicting pathologic lesions and 
outcomes, with recurrence rates of more than 90% reported 
in patients younger than 20 years old compared with a recur-
rence rate of about 10% to 20% in patients older than 40 years 
old.

In most studies, the recurrence rate for adolescents treated 
with surgical stabilization was higher than that for patients in 
other age groups. These differences can be explained by the 
greater elasticity in adolescent ligaments that results in greater 
plastic deformation before failure of the system. This defor-
mation must be considered in surgical treatment approaches.

Although recurrence of the dislocation is uncommon 
in patients 40 years old or older, associated rotator cuff tears 
are present in 30%, and such tears are present in more than 
80% of patients older than 60 years. Fractures of the greater 
tuberosity also are more prevalent in patients older than 40 
years old; some series report an incidence of 42%. In this age 
group, surgical treatment of rotator cuff tears or fractures of 
the greater tuberosity generally takes precedence over treat-
ment of the capsular injury.

The mental set of the patient must be evaluated before 
treatment is started. Some patients with posterior instability 
learn to dislocate their shoulder through selective muscular 
contractions. Although voluntary dislocation does not indi-
cate pathologic overlay, some of these patients have learned 
to use voluntary dislocation for secondary gain, and in these 
patients surgical treatment is doomed to failure.

In patients with primary neuromuscular disorders or 
syndromes and recurrent dislocation, conservative, nonop-
erative treatment should be the initial approach. If instabil-
ity remains after appropriate medical treatment, surgery may 
be necessary in conjunction with continued nonoperative 
treatment. Patients with primary collagen disorders, Ehlers-
Danlos syndrome, or Marfan syndrome should be treated 
with extensive supervised conservative treatment. If surgical 
intervention becomes necessary, the possibility of the abnor-
mal tissue stretching out and allowing dislocation to recur 
should be stressed to the patient and family. When severe 
dysplastic or traumatic glenohumeral deformity is present, 
capsular and bony procedures may be necessary. Reformatted 
3D CT images are beneficial in determining the need for oste-
otomy or bone grafting procedures in these patients.

Matsen’s simplified classification system is useful for cate-
gorizing instability patterns: TUBS (traumatic, unidirectional 
Bankart surgery) and AMBRII (atraumatic, multidirectional, 
bilateral, rehabilitation, inferior capsular shift, and inter-
nal closure). Microtraumatic or developmental lesions fall 
between the extremes of macrotraumatic and atraumatic 
lesions and can overlap these extreme lesions (Fig. 47.18). 
Classification of 168 shoulders according to four systems 
used for describing shoulder instability revealed variations in 

the criteria that resulted in marked variations in the number 
of patients diagnosed with multidirectional instability. 

HISTORY
The history is important in recurrent instability of the shoul-
der joint. The amount of initial trauma, if any, should be 
determined. High-energy traumatic collision sports and 
motor vehicle accidents are associated with an increased risk 
of glenoid or humeral bone defects. Recurrence with mini-
mal trauma in the midrange of motion often is associated with 
bony lesions, which must be treated. The position in which the 
dislocation or subluxation occurs should be elicited. In com-
plete dislocations, the ease with which the shoulder is relo-
cated is determined. Dislocations that occur during sleep or 
with the arm in an overhead position often are associated with 
a significant glenoid defect that requires surgical treatment.

Dislocations that are reduced by the patient often are 
subluxations or dislocations associated with generalized liga-
mentous laxity. The signs and symptoms of any nerve injury 
should be elicited. Most important, the physical limitations 
caused by this instability should be documented.

Recurrent subluxation of the shoulder is commonly over-
looked by physicians because the symptoms are vague and there 
is no history of actual dislocation. The patient may complain of 
a sensation of the shoulder sliding in and out of place, or he or 
she may not be aware of any shoulder instability. The patient 
may complain of having a “dead arm” as a result of stretching 
of the axillary nerve or of secondary rotator cuff symptoms. 
It is important to differentiate primary from secondary rota-
tor cuff impingement. Rotator cuff symptoms develop second-
ary to ligamentous dysfunction. Internal impingement of the 
undersurface of the posterior rotator cuff against the poste-
rior glenoid and labrum is caused by anterior humeral sub-
luxation with the shoulder externally rotated. This secondary 
impingement is more common than primary impingement in 
patients younger than 35 years old who are involved in upper 
extremity–dominant sports. Posterior shoulder instability 
may present as posterior pain or fatigue with repeated activity 
(e.g., blocking in football, swimming, bench press, rowing, and 
sports requiring overhead arm movement). 

PHYSICAL EXAMINATION
The physical examination of a patient with instability begins 
by asking the patient which arm position creates the instabil-
ity, what direction the shoulder subluxes, and if he or she can 
safely demonstrate the subluxation. Both shoulders should be 
thoroughly examined, with the normal shoulder used as a ref-
erence. The examination includes evaluation of the shoulders 
for atrophy or asymmetry, followed by palpation to determine 
the amount of tenderness present in the anterior or poste-
rior capsule, the rotator cuff, and the acromioclavicular joint. 
Active and passive ranges of motion are evaluated with the 
patient upright and supine to record accurately the motion in 
all planes. The strengths of the deltoid, rotator cuff, and scapu-
lar stabilizers are evaluated, recorded, and graded from 0 to 5, 
with 5 being normal. Scapular winging or dysfunction should 
be noted during active range of motion and during strength 
examination. Winging may indicate scapular weakness and 
can be evaluated by having the patient do a press-up from the 
examination table or an incline type of push-up off the wall.

Stability is evaluated with the patient upright. A “shift-
and-load” test is done by placing one hand along the edge of  

Macrotraumatic Microtraumatic Atraumatic

FIGURE 47.18 Matsen’s classification system.
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the scapula to stabilize it and grasping the humeral head with 
the other hand and applying a slight compressive force. The 
amount of anterior and posterior translation of the humeral 
head in the glenoid is observed with the arm abducted 0 
degrees. Easy subluxation of the shoulder indicates loss of the 
glenoid concavity, which must be surgically treated.

The sulcus test is done with the arm in 0 degrees and 45 
degrees of abduction. This test is done by pulling distally on 
the extremity and observing for a sulcus or dimple between 
the humeral head and the acromion that does not reduce 
with 45 degrees of external rotation. The distance between 
the humeral head and acromion should be graded from 0 to 
3 with the arm in 0 degrees and 45 degrees of abduction, with 
1+ indicating subluxation of less than 1 cm, 2+ indicating 1 to 
2 cm of subluxation, and 3+ indicating more than 2 cm of infe-
rior subluxation that does not reduce with external rotation. 
Subluxation at 0 degrees of abduction is more indicative of lax-
ity at the rotator interval, and subluxation at 45 degrees indi-
cates laxity of the inferior glenohumeral ligament complex.

Anterior apprehension is evaluated with the shoulder in 
90 degrees of abduction and the elbow in 90 degrees of flex-
ion, with a slight external rotation force applied to the extrem-
ity as anterior stress is applied to the humerus. This generally 
produces an apprehension reaction in a patient who has ante-
rior instability. Control of the proximal humerus should be 
maintained during any of the apprehension or stress tests to 
prevent dislocation during these procedures. Posterior insta-
bility can be evaluated with a Kim test or a posterior clunk 
test, in which the 90-degree abducted extremity is brought to 
a forward flexed, internally rotated position while posterior 
stress is applied to the elbow. The clunk is felt as the humeral 
head subluxes posteriorly, producing pain or a feeling of sub-
luxation in an unstable shoulder.

The shoulder anterior drawer test should be performed 
with the patient supine and the extremity in various degrees 
of abduction and external rotation in the plane of the scapula. 
When examining the patient’s right shoulder, the examiner’s 
left hand is used to grasp the proximal humerus while the right 
hand is used to hold the elbow lightly. Anterior stress is applied 
to the proximal humerus using the left hand, and the amount 
of translation and the end point are evaluated. In perform-
ing this and other anterior or posterior instability tests, the 
amount of instability is graded from 0 to 3. Grade 1 means that 
the humeral head slips up to the rim of the glenoid, and grade 
2 means that it slips over the labrum but then spontaneously 
relocates. Grade 3 indicates dislocation. A grade 3 instability 
should not be exhibited in an awake patient. Anterior stress is 
applied with the shoulder in various degrees of abduction and 
external rotation, and posterior stress is applied to evaluate for 
posterior instability with the arm in 90 degrees of abduction 
and various degrees of flexion. When examining the patient’s 
right shoulder, posterior stress is applied with the examiner’s 
right hand, starting at 0 degrees of forward flexion and inter-
nal rotation and proceeding to 110 degrees. The examiner’s 
left hand stabilizes the scapula and palpates the posterior part 
of the glenohumeral joint with the palm. It also can be used as 
a buttress to ensure that posterior dislocation does not occur 
during this procedure. Apprehension is evaluated with ante-
rior and posterior stress during these procedures.

The Jobe relocation test can be used for evaluating insta-
bility in athletes involved in sports requiring overhead motion 
(Fig. 47.19). This test is done with the patient supine and the 

shoulder in 90 degrees of abduction and external rotation. 
Various degrees of abduction are evaluated while anterior 
stress is applied by the examiner’s hand to the posterior part 
of the humerus. If this produces pain or apprehension, pos-
teriorly directed force is applied to the humerus to relocate 
the humeral head in the glenohumeral joint while the shoul-
der is placed in abduction and external rotation. The posteri-
orly directed stress used to relocate the humerus is released. 
A feeling of apprehension or subluxation on the part of the 
patient indicates anterior instability.

Bony deformity of the glenoid or humerus is indicated 
by apprehension or instability at low ranges of motion (<90 
degrees of abduction) and when inferior instability is promi-
nent. Hyperlaxity is indicated by a positive sulcus test, a posi-
tive Gagey hyperabduction test, and the Beighton hyperlaxity 
scale (Table 47.4). The hyperabduction test is done by sta-
bilizing the scapula with one hand placed superiorly while 
passively abducting the shoulder with the other hand. A 
side-to-side difference of more than 20 degrees is suggestive 
of inferior capsular laxity. External rotation of more than 85 
degrees at 0 degrees of abduction is indicative of hyperlaxity, 
which may need to be corrected with rotator interval closure.

It is imperative to distinguish secondary rotator cuff 
impingement from primary impingement. The relocation and 
anterior apprehension tests are valuable in young athletes in 
sports requiring throwing or overhead motion. It also is imper-
ative to rule out scapular dysfunction that can be corrected 
with physical therapy. Although rarely associated with shoul-
der instability, neck problems should be also ruled out, such 
as degenerative discs or degenerative arthritis that causes pain 
radiating into the posterior or lateral aspect of the shoulder. 

 FIGURE 47.19 Jobe’s relocation test (see text). A positive relo-
cation test and a positive apprehension test are highly predictive 
of recurrent instability.
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RADIOGRAPHIC EVALUATION
The diagnosis of an unstable shoulder often is made by his-
tory and physical examination, but an unstable shoulder can be 
documented by routine radiographs. The initial radiographic 
examination should include anteroposterior and axillary lateral 
views of the shoulder. If the initial radiographic evaluation is 
inconclusive, special views, gadolinium-enhanced MRI, or CT 
arthrography can be used to show posttraumatic changes not 
otherwise detected. The most common special views that can 
be obtained in the office are the anteroposterior view of the 
shoulder in internal rotation, the West Point or Rokous view, 
and the Stryker notch view. An anteroposterior radiograph of 
the shoulder in internal rotation often shows a Hill-Sachs lesion 
that may not be apparent on routine views. Garth et  al. also 
described an apical oblique radiograph that frequently shows 
posterior humeral head defects that might not be seen on 

routine films (Fig. 47.20). The West Point view is used to show 
calcification or small fractures at the anteroinferior glenoid rim. 
This is a modified, prone, axillary lateral view of the shoulder 
obtained with the shoulder abducted 90 degrees and the elbow 
bent with the arm hanging over the side of the table. The x-ray 
beam is directed 25 degrees medially and 25 degrees cephalad 
with the cassette placed above the shoulder perpendicular to 
the table (Fig. 47.21). The Stryker notch view is obtained with 
the patient supine and the elbow elevated over the head. The 
x-ray beam is directed 10 degrees cephalad (Fig. 47.22).

MRI or MRA is indicated for evaluating soft-tissue 
lesions associated with instability. MRI obtained within a few 
days of dislocation generally shows blood in the joint, which 
can aid in visualization and make MRA unnecessary. MRA 
is helpful in evaluating humeral avulsion glenohumeral liga-
ment (HAGL) lesions, but occasionally it may show a tear but 
actually cover up the details of the exact tear site (Fig. 47.23). 
Evaluation of the glenoid track, as described by Yamamoto 
et  al., evaluates Hill-Sachs lesions based on both the loca-
tion and size of the humeral head defect and the amount of 
glenoid bone loss. It has been shown to be highly predictive 
in a clinical setting. Metzger et al. found that lesions falling 
outside the track engaged more than 85% of the time. The 
examination is measured on MRI (Fig. 47.24) and is essential 

 TABLE 47.4

Beighton Hyperlaxity Score

CHARACTERISTIC SCORING*
Passive dorsiflexion of the little 
finger beyond 90 degrees

1 point for each hand

Passive apposition of the thumb 
to the ipsilateral forearm

1 point for each hand

Active hyperextension of the 
elbow beyond 10 degrees

1 point for each elbow

Acute hyperextension of the knee 
beyond 10 degrees

1 point for each knee

Forward flexion of the trunk with 
the knees fully extended so that 
the palms of the hands rest flat  
on the floor

1 point

*A score of ≤4 points, on a 9-point scale, is diagnostic of hyperlaxity.

 

45°

45°

40 in

FIGURE 47.20 Garth et al. radiographic technique for apical 
oblique view of shoulder. With patient seated and injured shoulder 
adjacent to vertical cassette, chest is rotated to 45-degree oblique 
position. Beam is directed 45 degrees caudally, passing longitudinally 
through scapula, which rests at 45-degree angle on thorax while 
extremity is adducted. Origin of coracoid, midway between anterior 
and posterior margins of glenoid, aids in orientation on radiograph.

 

25°

FIGURE 47.21 Radiographic technique for West Point view of 
shoulder to show glenoid labrum lesions. With patient prone and 
pillow beneath shoulder, cassette is placed superior to shoulder.

 FIGURE 47.22 Radiographic technique for Stryker notch view 
of humerus.
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in determining appropriate surgical intervention for on-track 
versus off-track lesions.

CT, particularly 3D CT, is the most sensitive test for 
detecting and measuring bone deficiency or retroversion of 
the glenoid or humerus for evaluation of recurrent instability. 
CT is indicated when there is blunting of the glenoid cortical 
outline or an obvious bone defect on plain radiographs. CT 
also is indicated for evaluating recurrences that occur with 
trivial trauma, low-angle instability, and failed surgical pro-
cedures (Fig. 47.25). 

EXAMINATION USING ANESTHETIC AND 
ARTHROSCOPY
Examination with the patient under anesthesia may support 
the clinical diagnosis or sometimes show unsuspected planes 
of instability, especially in multidirectional instability patterns. 
For anterior instability, the arm is abducted. Anterior and pos-
terior stress is applied with the scapula stabilized. Minimal 
anterior translation of the humeral head occurs unless there 
is instability. The most significant findings of instability are 
demonstrable at 40 degrees and 80 degrees of external rotation. 
Translation of two grades more than the opposite uninvolved 
side resulted in 93% sensitivity and 100% specificity for insta-
bility. For posterior instability, the arm is pushed posteriorly. 

Normal shoulders may permit posterior displacement of 50% 
of the diameter of the glenoid without pathologic instability.

Arthroscopy can be combined with examination using 
anesthesia and is an excellent technique for confirming the 
presence of shoulder instabilities. The examiner should grade 
the instability in all planes as previously described, remem-
bering that this examination under anesthesia is used to sup-
port the clinical history and examination with the patient 
awake. Arthroscopy should be performed to identify all 
intraarticular pathology so that treatment may be rendered 
accordingly. Arthroscopy portals and time should be limited 
to reduce extravasation into the soft tissues, which can make 
surgical exposure more difficult. 

ANTERIOR INSTABILITY OF THE SHOULDER
SURGICAL TREATMENT

More than 150 operations and many modifications have 
been devised to treat traumatic recurrent anterior instabil-
ity of the shoulder. There is no single best procedure. Factors 
that have been stressed as important in achieving a success-
ful result are adequate exposure and accurate surgical tech-
nique. The pathologic condition should be defined, and a 
procedure should be done that corrects this condition most 
anatomically. Ideally, the procedure for recurrent instability 
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FIGURE 47.23 A-C, MR angiograms showing humeral avulsion glenohumeral ligament lesion.
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should include the following factors: (1) low recurrence rate, 
(2) low complication rate, (3) low reoperation rate, (4) does 
no harm (arthritis), (5) maintains motion, (6) is applicable in 
most cases, (7) allows observation of the joint, (8) corrects the 
pathologic condition, and (9) is not too difficult.

Operative procedures can be done open or arthroscopi-
cally with comparable results. When the appropriate proce-
dure is accomplished to restore the anatomy, outcomes of 
Bankart repairs are affected by what Balg and Boileau described 
as the Instability Severity Index Score (ISIS; Table 47.5).  

 

A

24 mm x 0.84=20.1 mm

23.1 mm

B

FIGURE 47.24 A, The glenoid track is calculated as 84% of the actual glenoid width measured 
on the sagittal oblique MR image. A best-fit circle is placed on the glenoid to calculate the expected 
width before bone loss; therefore, both percentage of bone loss and glenoid track can be deter-
mined. In this case, the actual glenoid width is 24 mm, with 4 mm of bone loss (17%). The glenoid 
track is 84% of 24 mm, or 20.1 mm. B, The distance from the rotator cuff footprint to the medial 
margin of the Hill-Sachs lesion is measured on the coronal MR image. In this case, it is 23.1 mm. 
Because the Hill-Sachs width to the footprint (23.1 mm) is greater than the glenoid track measure-
ment (20.1 mm), it is considered outside the glenoid track and at high risk for engaging.  (From 
Metzger PD, Barlow B, Leonardelli D, et al: Clinical application of the “glenoid track” concept for defining 
humeral head engagement in anterior shoulder instability. A preliminary report, Orthop J Sports Med 1:1, 
2013.)
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At present, our preferred surgical procedures are arthroscopic 
Bankart or capsular plication procedures as indicated. When 
an open procedure is desired, we prefer the Jobe capsulolabral 
reconstruction or Neer capsular shift for anterior instability 
and a glenoid-based shift for posterior instability. For glenoid 
bony defects that cannot be repaired, we reconstruct the ante-
rior defects with a Latarjet procedure and use an autograft 
iliac crest extracapsular bone graft posteriorly. Moderately 
sized (20% to 30%) humeral head defects are treated with an 
arthroscopic remplissage procedure and Bankart repair, and 
larger defects (35% to 45%) are treated indirectly by increas-
ing the glenoid arc using a Latarjet procedure or by allograft 
repair of the defect. In a contact or collision athlete any sig-
nificant Hill-Sachs lesion is treated with a remplissage proce-
dure, unless in a throwing athlete (Table 47.6). 

 

BANKART OPERATION
In the original Bankart operation, the subscapularis and 
shoulder capsule are opened vertically. The lateral leaf of 
the capsule is reattached to the anterior glenoid rim. A 
medial leaf of the capsule is imbricated, and the subscapu-
laris is approximated. The Bankart operation is indicated 
when the labrum and the capsule are separated from the 
glenoid rim or if the capsule is thin. The advantage of this 
procedure is that it corrects the labral defect and imbricates 
the capsule without requiring any metallic internal fixation 
devices. The main disadvantage of the original procedure is 
its technical difficulty.

Since the original description of the Bankart procedure, 
modifications have allowed the procedure to be done with 
more ease and less surgical trauma. The procedure can be 
done through a subscapularis split; or in larger, more mus-
cular individuals, the subscapularis split can be extended 
superiorly approximately 1 cm medial to the biceps tendon, 
releasing the subscapularis muscle in an L-shaped fashion. 
This L-type release provides excellent exposure of the rota-
tor interval, and the inferior third of the subscapular muscle 
can be retracted inferiorly to expose the inferior capsule, 
while protecting the axillary nerve. The subscapularis split 
approach preserves neuromuscular function and minimizes 
the possibility of postoperative tendon detachment. We 
have had success using either the subscapularis split or the 
L-split, depending on the patient, and the modified Bankart 
procedure (Fig. 47.26). We have used a procedure similar 
to that described by Montgomery and Jobe for recurrent 
traumatic dislocations and recurrent microtraumatic sub-
luxations with anterior and inferior instability. A 17-year 
follow-up of 127 patients with open Bankart repair found 
only two patients with recurrent instability, reminding us 
that his procedure produces results that are hard to dupli-
cate by any other means. Keys to success of this procedure 
are (1) maximizing the healing potential by abrading the 

 

Posterior Anterior

Distance from
bare spot to
posterior rim

B A
Distance from bare
spot to anterior rim

Approximation of
bare area

Percent bone =  (B – A)
loss                      2 × B   × 100%

FIGURE 47.25 Estimation of bone loss based on glenoid rim 
distances. En face view of glenoid is viewed on a CT scan. With 
use of intersection of longitudinal axis and widest anteroposterior 
diameter of glenoid, the bare spot is approximated on the glenoid 
fossa. A best-fit circle centered at the bare-spot approximation is 
drawn about the inferior two thirds of the glenoid (red). Distances 
from the bare spot to anterior rim (A) and posterior rim (B) are 
measured. The percent bone loss is calculated according to the 
indicated equation.  (From Provencher MT, Bhatia S, Ghodadra NS, 
et al: Recurrent shoulder instability: current concepts for evaluation and 
management of glenoid bone loss, J Bone Joint Surg 92A:133–151, 2010).

 TABLE 47.5

Instability Severity Index Score Based on a Preoperative 
Questionnaire, Clinical Examination, and Radiographs

PROGNOSTIC FACTORS POINTS

AGE AT SURGERY (YEARS)

<20 2
>20 0

DEGREE OF SPORT PARTICIPATION (PREOPERATIVE)

Competitive 2
Recreational or none 0

TYPE OF SPORT (PREOPERATIVE)

Contact or forced overhead 1
Other 0

SHOULDER HYPERLAXITY

Shoulder hyperlaxity (anterior or inferior) 1
Normal laxity 0

HILL-SACHS LESION ON ANTEROPOSTERIOR RADIOGRAPH

Visible in external rotation 2
Not visible in external rotation 0

GLENOID LOSS OF CONTOUR ON ANTEROPOSTERIOR 
RADIOGRAPHS

Loss of contour 2
No lesion 0
TOTAL (POINTS) 10

From Balg F, Boileau P: The instability severity index score: a simple preopera-
tive score to select patients for arthroscopic or open shoulder stabilisation, J 
Bone Joint Surg 89B:1470–1477, 2007. Copyright British Editorial Society of 
Bone and Joint Surgery.
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scapular neck, (2) restoring glenoid concavity, (3) secur-
ing anatomic capsular fixation at the edge of the glenoid 
articular surface, (4) re-creating physiologic capsular ten-
sion by superior and inferior capsular advancement and 
imbrication, and (5) performing supervised goal-oriented 
rehabilitation. 

  

 

MODIFIED BANKART REPAIR

 TECHNIQUE 47.5 

(MONTGOMERY AND JOBE)
 n  Make an incision along the Langer lines, beginning 2 cm 

distal and lateral to the coracoid process and going infe-
riorly to the anterior axillary crease.

 n  Develop the deltopectoral interval, retracting the deltoid 
and cephalic vein laterally and the pectoralis major muscle 
medially. Leave the conjoined tendon intact, and retract it 
medially.

 n  Split the subscapularis tendon transversely in line with its 
fibers at the junction of the upper two thirds and lower 
one third of the tendon, and carefully dissect it from the 
underlying anterior capsule. Maintain the subscapularis 
tendon interval with a modified Gelpi retractor (Anspach, 
Inc., Lake Park, FL), and place a three-pronged retractor 
medially on the glenoid neck.

 n  Make a horizontal anterior capsulotomy in line with the 
split in the subscapularis tendon from the humeral inser-
tion laterally to the anterior glenoid neck medially (Fig. 
47.27A). Place stay sutures in the superior and inferior 
capsular flaps at the glenoid margin.

 n  Insert a narrow humeral head retractor, and retract the 
head laterally. Elevate the capsule on the anterior neck 
subperiosteally. Leave the labrum intact if it is still at-
tached. Decorticate the anterior neck to bleeding bone 
with a rongeur.

 n  Drill holes near the glenoid rim at approximately the 3-, 
4-, and 5:30-o’clock positions, keeping the drill bit paral-
lel to the glenoid surface (Fig. 47.27B).

 n  Place suture anchors in each hole and check for security 
of the anchors (Fig. 47.27C). During this portion of the 
procedure, maintain the shoulder in approximately 90 de-
grees of abduction and 60 degrees of external rotation for 
throwing athletes. Maintain the shoulder in 60 degrees 
abduction and 30 to 45 degrees external rotation in non-
throwing athletes and other patients.

 n  Tie the inferior flap down in mattress fashion, shifting the 
capsule superiorly but not medially (Fig. 47.27D). The stay 
sutures help prevent medialization of the capsule. Shift 
the superior flap interiorly, overlapping and reinforcing 
the inferior flap (Fig. 47.27E).

 n  Loosely close the remaining gap in the capsule (Fig. 
47.27F). The reconstruction has two layers of reinforced 
capsule outside the joint.

POSTOPERATIVE CARE Postoperative rehabilitation is 
carried out as described in Box 47.2.
  

Humeral avulsion of the glenohumeral ligament should 
always be evaluated with MRI or, better, an MRA. Anterior 
lesions are best treated open with a lower-third scapularis 
split and suture anchors placed in the anatomic footprint on 
the humerus. These lesions can be bipolar, involving detach-
ment from the humerus and the glenoid, and should be care-
fully examined to produce a stable repair. 

 TABLE 47.6

Our Preferred Open Surgical Treatment (90% to 95% 
Are Done Arthroscopically)

Traumatic Bankart Jobe capsulolabral 
reconstruction

Acute bony Bankart Screw or anchor fixation
+Hyperlaxity Rotator interval closure
HAGL Suture anchor repair
MULTIDIRECTIONAL REPAIR BANKART/KIM LESIONS
Anteroinferior prominent Humeral side Neer capsular 

shift
Posterior prominent— 
glenoid side

Glenoid side shift

BONE LOSS—GLENOID

Erosional bone loss >25% Laterjet procedure
Erosional bone loss >40% Eden-Hybinette procedure

BONE LOSS—HUMERAL HEAD

20% + glenoid defect Jobe capsular reconstruction 
+ capsular shift + remplissage

25% (6 mm deep) Remplissage
40% Laterjet to increase glenoid 

rotational arc

BONE LOSS—ANTERIOR HUMERAL HEAD

>30% McLaughlin
Capsular deficiency Achilles allograft capsular 

reinforcement

HAGL, Humeral avulsion glenohumeral ligament.

 

BA
FIGURE 47.26 Division of subscapularis tendon. A, Lower fourth 

of subscapularis tendon is left intact to protect anterior humeral 
circumflex artery and axillary nerve. B, Subscapularis muscle is 
split horizontally and retracted superiorly and inferiorly to expose 
underlying capsule.
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  FIGURE 47.27 Montgomery and Jobe technique. A, Capsular incision made at center (3-o’clock 
position) of glenoid. Incision is extended medially over neck of glenoid. Stay suture is placed in 
capsule to mark glenoid attachment site. B, Suture anchor drill holes are started in scapular neck 
adjacent to glenoid articular surface and directed medially away from joint surface. For exposure 
of neck, sharp Hohmann retractor is placed along superior and inferior neck for capsular retrac- 
tion (not pictured). C, Suture anchors are placed in each prepared drill hole. Sutures are pulled to 
set anchor. Each individual suture is pulled to ensure suture slides in anchor. D, Approximation of 
capsule to freshened neck. Two or three suture anchors are used to secure inferior capsule firmly to 
scapular neck. An Allis clamp is used by assistant to advance capsule superiorly against neck while 
sutures are placed. E, Superior and middle suture anchors are used to secure and advance superior 
flap in inferior direction. F, Final imbrication of capsule is done with interrupted nonabsorbable 
sutures. Extremity is maintained in 45 degrees abduction and 45 degrees external rotation during 
closure to prevent overconstraint. Technical note: Suture anchors should be at edge of glenoid 
articular surface and aimed medially 20 degrees. SEE TECHNIQUE 47.5.
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ANTERIOR STABILIZATION WITH 
ASSOCIATED GLENOID DEFICIENCY 
(LATERJET PROCEDURE)
In patients who have an inverted pear-shaped glenoid and 
an engaging Hill-Sachs lesion, we have found that the 
Laterjet procedure alone usually is adequate to treat this 
combined bone deficiency. The bone graft corrects the gle-
noid deficiency so that it can resist axial forces across an 

expanded glenoid diameter. The graft also lengthens the 
glenoid articular arc to prevent the Hill-Sachs lesion from 
engaging and is used when a large (35% to 45%) humeral 
head lesion is present (Fig. 47.28).

 TECHNIQUE 47.6 

(WALCH AND BOILEAU)
 n  With the patient secured in a beach-chair position and 

after induction of general endotracheal anesthesia, place 
a small pillow behind the scapula to position the glenoid 
surface perpendicular to the operative table. Sterilize and 
drape free the neck, chest, axilla, and entire arm.

 n  Make a 4 to 7-cm skin incision beginning under the tip 
of the coracoid process (Fig. 47.29A). Open the deltopec-
toral interval and retract the cephalic vein laterally with 
the deltoid. Place a self-retaining retractor into the delto-
pectoral interval and a Hohmann retractor on the top of 
the coracoid process.

HARVESTING AND PREPARATION OF THE BONE 
BLOCK 

 n  Position the patient’s arm in 90 degrees of abduction and 
external rotation, and section the coracoacromial liga-
ment 1 cm from the coracoid.

 n  Adduct and internally rotate the arm to release the pec-
toralis minor insertion from the coracoid, and expose the 
base of the coracoid with a periosteal elevator to allow 
observation of the “knee” of the coracoid process. Use 
an osteotome or small angulated saw to osteotomize the 
coracoid process from medial to lateral at the junction of 
the horizontal-vertical parts (Fig. 47.29B).

 n  Bring the arm back into abduction and external rotation 
and release the coracohumeral ligament from the lateral 
part of the coracoid.

 n  Grasp the bone graft firmly with forceps and carefully 
release it from its deep attachments. Dissect the lateral 
part of the conjoined tendon, avoiding the medial aspect 
and potential damage to the musculocutaneous nerve.

 n  Evert the bone graft and decorticate its deep surface with 
a cutting rongeur or saw.

 n  With a 3.2-mm drill, drill two parallel holes in the deep 
surface of the bone graft.

 n  Measure the thickness of the bone graft with a caliper 
and place the graft under the pectoralis major for subse-
quent use; hold it in place with the self-retaining retrac-
tor, which keeps the deltopectoral interval open. 

DIVISION OF THE SUBSCAPULARIS,  CAPSULOTOMY, 
AND EXPOSURE 

 n  With the upper limb in full external rotation, identify the 
inferior and superior margins of the subscapularis tendon. 
Use electrocautery and then Mayo scissors to divide the 
muscle at the superior two thirds or inferior one third 
junction in line with its fibers, carefully obtaining hemo-
stasis at each step.

 n  Carefully carry division down to the white capsule, and 
then extend it medially by inserting a 4 × 4-inch sponge 
into the cleavage plane, thus exposing the subscapular 
fossa. Extend the division laterally as far as the lesser tuber-
osity. Place a Hohmann retractor in the subscapular fossa.

Rehabilitation Program After Anterior 
Capsulolabral Reconstruction

Postoperative Period (0-3 Weeks)
Abduction pillow
Passive/active ROM: abduction (90 degrees), flexion (90 

degrees), and external rotation (45 degrees); no extension
Isometric abduction, horizontal adduction, and external rotation
Elbow ROM
Ball squeeze
Ice 

Phase I (3-6 Weeks)
Discontinue brace/pillow
Modalities as needed
Progressive passive and active ROM, protecting anterior capsule
Active internal rotation (full) and external rotation (neutral) 

using tubing and free weights
Prone extension (not posterior to trunk)
Shoulder shrugs and active abduction
Supraspinatus strengthening
Ice 

Phase II (6 Weeks to 3 Months)
Continue ROM, gradually increasing external rotation (goal is 

full ROM by 2 months)
Continue strengthening exercises, with emphasis on rotator 

cuff and parascapular muscles
Add shoulder flexion and horizontal adduction exercises
Joint mobilization
Begin upper body ergometer for endurance at low resistance
Ice 

Phase III (3-6 Months)
Continue capsular stretching and strengthening and ergom-

eter
May include isokinetic strengthening and endurance exercises 

for internal and external rotation
Add push-ups (begin with wall push-up with body always 

posterior to elbows)
Start chin-ups at 4-5 months
Total body conditioning
Advance to throwing program or skill-specific training as 

tolerated
Ice

 BOX 47.2 

ROM, Range of motion.
From Montgomery WH, Jobe FW: Functional outcomes in athletes after modi-
fied anterior capsulolabral reconstruction, Am J Sports Med 22:352–358, 1994.
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FIGURE 47.28 A, Preoperative sagittal MRI of shoulder with multiple loose bodies and loss of 
35% of glenoid articular surface. Anteroposterior (B) and lateral (C) views after Laterjet procedure 
with parallel screw fixation. D, Arthroscopic view showing healed Laterjet procedure. 

 n  Place the upper limb in neutral rotation to provide full 
exposure of the capsule, and make a 1.5-cm vertical cap-
sulotomy at the level of the anteroinferior margin of the 
glenoid.

 n  Move the arm into full internal rotation to allow insertion 
of a humeral head retractor, which rests on the posterior 
margin of the glenoid.

 n  Retract the superior two thirds of the subscapularis supe-
riorly with a Steinmann pin impacted at the superior part 
of the scapular neck; retract the inferior part inferiorly 
with a Hohmann retractor pushed under the neck of the 
scapula between the capsule and the subscapularis.

 n  With the anteroinferior rim of the scapula exposed, inspect 
the labrum, cartilage, and insertion site of the glenohumer-

al ligaments. Resect the medial capsular flap along with 
damaged portions of the labrum or fracture fragments.

 n  Use a scalpel to expose the anteroinferior margin of the 
glenoid and decorticate it with a curet or osteotome (Fig. 
47.29C). 

FIXATION OF THE BONE BLOCK 
 n  Insert the bone block through the soft tissues and position 

it flush to the anteroinferior margin of the glenoid. Check 
the position of the bone block with the arm in internal ro-
tation, taking care to avoid any lateral overhang; a slight 
medial position (no more than 1 to 2 mm) is acceptable. 
Never accept a lateral overhang of the coracoid in the 
joint; it can lead to rapid degenerative joint disease.
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 n  Insert a 3.2-mm drill through the inferior hole in the bone 
graft and into the glenoid neck in an anteroposterior and 
superior direction. Check the orientation of the articular 
surface and direct the drill parallel to this plane. Tempo-
rarily reflect the bone block to allow measurement of the 
drilling depth with a depth gauge.

 n  Place an AO malleolar screw into the posterior cortex 
to secure the bone block to the glenoid. Tighten this 
screw loosely to allow easy rotation and proper posi-
tioning of the superior part of the bone block. When 
positioning is correct, insert a second AO malleolar 
screw through the superior hole in the bone block and 
tighten both screws firmly (Fig. 47.29D). To avoid im-
pingement with the humeral head, do not use washers 
with the screws. 

CLOSURE 
 n  With the arm in external rotation, repair the remnant of 

the coracoacromial ligament to the lateral capsular flap 
with two interrupted absorbable sutures.

 n  Remove the sponge placed earlier in the subscapular 
fossa, and move the arm through all ranges of motion to 
evaluate mobility.

 n  Coat the cut surface of the coracoid with bone wax, place 
a suction drain, and close the superficial soft-tissue layers. 

POSTOPERATIVE CARE Patients require immobilization 
in a sling or shoulder immobilizer for 2 weeks after sur-
gery. Forward flexion is begun thereafter, and external 
rotation is begun at 6 weeks. Strengthening exercises are 
started 8 weeks after surgery.
   

 

A B

C

D

FIGURE 47.29 Laterjet-Bristow procedure (Walch and Boileau). A, Vertical incision under tip 
of coracoid process. B, Harvest of bone block corresponding to horizontal part of coracoid process, 
retaining conjoined coracobrachialis tendon and coracoacromial ligament. C, Division of subscapu-
laris horizontally. Anteroinferior glenoid rim is decorticated. D, Bicortical fixation of bone block. 
Outer capsular flap is sutured to remainder of coracoacromial ligament. SEE TECHNIQUE 47.6.
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RECONSTRUCTION OF ANTERIOR 
GLENOID USING ILIAC CREST BONE 
AUTOGRAFT
The Eden-Hybbinette procedure was originally described 
using an iliac crest autograft to reconstruct the anterior gle-
noid. Glenoid bone loss approaching 40% of the anterior 
glenoid or posterior bone loss of 25% with recurrent poste-
rior dislocation should be reconstructed with an autogenous 
iliac crest bone graft, or, occasionally for posterior lesions, 
the medial aspect of the acromion can be used as a graft. 
Provencher et al. described using allograft from the lateral 
aspect of a distal tibia for reconstruction. At present, how-
ever, an iliac crest autograft is recommended because of its 
availability, greater healing potential, and less potential for 
resorption than an allograft.

 TECHNIQUE 47.7 

(WARNER ET AL.)
 n  Harvest a tricortical iliac crest autograft 2 cm wide and 3 

cm long and contour it to make a smooth continuation 
of the glenoid arc.

 n  Drill two holes in the graft and use these to align the graft 
to form a smooth articular arc.

 n  Drill holes in the glenoid neck and mark them with elec-
trocautery for ease in finding.

 n  Place sutures in the capsule and pass them around the 
screw shaft between the glenoid and graft sutures. Se-
cure the graft extracapsularly.

 n  Appropriate graft position is vertical before closure of the 
lateral extent of the capsular incision.

 n  Decorticate the glenoid neck and secure the graft with 
two 4.0-mm cannulated bicortical screws.

 n  Anteriorly, place the graft intracapsularly, securing the 
capsule around the screwheads.

 n  Posteriorly, perform a medial-based plication.

POSTOPERATIVE CARE Postoperative care is as de-
scribed for Technique 47.6.
  

UNSUCCESSFUL SURGICAL REPAIRS FOR 
ANTERIOR INSTABILITY
Failure of stabilization may occur because of failure to correct 
the pathology, failure to heal, or poor patient compliance. All 
potential causes of failure must be fully evaluated and should 
include a 3D CT evaluation for bony deficiency of the gle-
noid and humeral head and, on occasion, an arthrogram to 
identify the site of capsular failure. If failure of stabilization is 
determined to be caused by failure to heal, the procedure may 
be revised arthroscopically with the option of open repair 
if it is thought to be advantageous. Bony deficiency of the 
humeral head usually is corrected with an arthroscopic rem-
plissage procedure. Deficiency of the glenoid more than 25% 
should be approached with an open Latarjet procedure (see 
Table 47.6). Loss of as little as 13.5% of the glenoid bone may 
give a sense of instability.

Recent studies have reported complication rates of up 
to 25% and return to previous level of sport of about 50% in 
patients with glenoid deformities treated with Latarjet pro-
cedures. Stability is increased with Latarjet procedures, but 
a meta-analysis showed arthroscopic soft-tissue procedures 
to have the lowest complication rates (1%) compared with 
arthroscopic Latarjet procedures (13.6%).

Reported complications of recurrent instability or loss of 
motion, neurovascular problems, infection, and postoperative 
degenerative changes can be reduced significantly with appro-
priate planning preoperatively, intraoperatively, and postop-
eratively. The patient’s expectations and any secondary gains 
must be realized. Secure repair of the pathologic lesion is nec-
essary to restore stability and preserve motion. Excessive loss 
of motion and injury to the glenohumeral joint from hard-
ware have been indicated as causes of degenerative changes. 
Excessive loss of motion can be treated with an arthroscopic 
capsular release (see Chapter 52). If severe restriction of rota-
tion (i.e., <15 degrees of external rotation) is present, an open 
coronal subscapularis lengthening should be considered.

The basic principles for approaching failed repairs are the 
same as for the primary procedure: (1) creating an optimal 
healing environment, (2) re-creating the glenoid concavity, 
(3) securing anatomic capsular fixation at the articular edge, 
(4) re-creating physiologic capsular tension, and (5) having 
supervised, goal-specific therapy. Procedures in which a bone 
block or a coracoid transfer is done can result in degenerative 
changes if malposition of the transfer causes impingement 
on the humeral head. The keys for successful surgical repair 
include appropriate patient selection, selection of the appro-
priate procedure to correct the pathologic lesion, a thorough 
understanding of the local anatomy, identification and protec-
tion of important neurovascular structures, use of a postopera-
tive rehabilitation program consistent with the type of surgical 
correction done, and an understanding of the patient’s goals. 

MULTIDIRECTIONAL INSTABILITY OF THE 
SHOULDER
Neer and Foster introduced the term multidirectional insta-
bility in 1980. It describes glenohumeral subluxation or dis-
location in multiple directions. The primary abnormality 
in multidirectional instability is a loose, redundant inferior 
pouch. It is important to distinguish multidirectional insta-
bility from routine unidirectional dislocation because the for-
mer problem is not correctable by standard repairs. Surgery 
in these patients is not indicated unless disability is frequent 
and significant, an adequate trial of conservative treatment 
emphasizing muscular and rotator cuff rehabilitative exer-
cises has failed, and the patient is not a voluntary dislocator.

The principle of the procedure is to detach the capsule 
from the neck of the humerus and shift it to the opposite side 
of the calcar (inferior portion of the neck of the humerus), not 
only to obliterate the inferior pouch and capsular redundancy 
on the side of the surgical approach but also to reduce laxity 
on the opposite side. To reduce inferior laxity with the arm in 
0 degrees of abduction, closure of the rotator interval is indi-
cated. Internal closure also has been shown to decrease pos-
terior translation. The approach can be anterior or posterior 
depending on the direction of greatest instability. When the 
findings include a 3+ sulcus sign and symptoms related to infe-
rior instability, associated with anterior or posterior instability, 
an anterior capsular shift and closure of the rotator interval 
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allow better correction of inferior laxity. If the finding is poste-
rior instability with a 1+ to 2+ sulcus sign and only mild infe-
rior symptoms, a posterior capsular procedure is indicated. 

 

CAPSULAR SHIFT

 TECHNIQUE 47.8 

(NEER AND FOSTER)
 n  The patient is carefully examined and questioned preop-

eratively to determine the probable direction of greatest 
instability. After delivery of a general anesthetic, the in-
stability of the shoulder is evaluated again. Anterior in-
stability is tested with the arm in external rotation and 
extension at various levels of abduction. Inferior instability 
is tested with the arm in 0 degrees and 45 degrees of 
abduction. Posterior instability is tested with the arm in 

internal rotation at various levels of forward elevation. 
If this examination and the preoperative evaluation cor-
relate with anteroinferior instability, use an anterior ap-
proach.

 n  Place the patient in a tilted position with the front and the 
back of the shoulder exposed. Drape the arm free. Attach 
an arm board to the side of the table.

 n  Make a 9-cm incision in the skin creases from the anterior 
border of the axilla to the coracoid process.

 n  Develop the deltopectoral interval medial to the cephalic 
vein, and retract the deltoid laterally. Divide the clavipec-
toral fascia, and retract the muscles attached to the cora-
coid process medially.

 n  With the arm in external rotation, divide the superficial 
half of the thickness of the subscapularis tendon trans-
versely, 1 cm medial to the biceps groove (Fig. 47.30A). 
Leave the deep half of the subscapularis tendon attached 
to reinforce the anterior aspect of the capsule, and tag the 
superficial half of the tendon with stay sutures and retract 
it medially. It is important that this superficial portion of 
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FIGURE 47.30 Neer technique of inferior capsular shift for shoulder instability. A, Reinforcement 
of capsular flaps; about half thickness of subscapularis tendon is left attached to reinforce capsule. 
B, Capsular incision. C, Preparation of flaps and slot. Arm is externally rotated as inferior flap is 
detached. D, Relocation of flaps with arm in slight flexion and 10 degrees of external rotation. 
Inferior flap (b) is relocated first and is pulled forward and upward. Superior flap (a) is brought 
down over inferior flap. SEE TECHNIQUE 47.8.

    

https://booksmedicos.org


CHAPTER 47 RECURRENT DISLOCATIONS 2455

the subscapularis tendon be free so that the action of the 
subscapularis muscle is not tethered.

 n  Close the cleft between the middle and superior glenohu-
meral ligaments with nonabsorbable sutures.

 n  Make a T-shaped opening by incising between the middle 
and inferior glenohumeral ligaments (Fig. 47.30B).

 n  With a flat elevator to protect the axillary nerve and with 
the arm in external rotation, develop a capsular flap by 
detaching the reinforced part of the capsule containing 
the inferior glenohumeral ligament from the inferior as-
pect of the neck of the humerus around to the posterior 
aspect of the neck of the humerus (Fig. 47.30C).

 n  Inspect the interior of the joint, and remove any osteo-
chondral bodies or tags of labrum.

 n  Test for posterior instability with and without forward 
traction on the inferior capsular flap to estimate the new 
location for the flap.

 n  Using curets and a small gouge, make a shallow slot in 
the bone at the anterior and inferior sulcus of the neck 
of the humerus (Fig. 47.30C). Suture the capsular flap to 
the stump of the subscapularis tendon and to the part 
of the capsule that remains on the humerus so that the 
capsular flap is held against the slot of raw bone. Suture 
anchors can be used to secure the capsule and generally 
are preferred.

 n  The tension on the capsular flap that is selected must 
eliminate the inferior pouch and reduce the posterior cap-
sular redundancy (Fig. 47.30D). Suture the inferior flap 
first, drawing the superior flap down over it, and suture 
it so as to cause the middle glenohumeral ligament to re-
inforce the capsule anteriorly and to act as a sling against 
inferior subluxation.

 n  Hold the arm in slight flexion and about 10 degrees of 
external rotation on the arm board while the anterior 
portion of the capsule is reattached with nonabsorbable 
sutures. Bigliani et al. recommended repairing the capsule 
with the arm held in approximately 25 degrees of external 
rotation and 20 degrees of abduction. For throwers, they 
recommended relatively more abduction and external ro-
tation to ensure full range of motion.

 n  Bring the subscapularis tendon over the reattached ante-
rior portion, and reattach the tendon at its normal location.

 n  After closure of the deltopectoral interval with absorbable 
sutures and after closure of the skin with a skin stitch, main-
tain the arm at the side in neutral flexion-extension and in 
about 20 degrees of internal rotation by light plastic splints.

POSTOPERATIVE CARE Postoperatively, the extremity is 
placed in a commercially available shoulder immobilizer 
with the shoulder in 30 to 40 degrees of abduction and 
slight external rotation. Range-of-motion exercises for the 
elbow, wrist, and hand are started immediately, with Cod-
man’s exercises of the shoulder being added on the third 
postoperative day. External rotation to 10 degrees, for-
ward elevation to 90 degrees, and isometric exercises are 
begun after 10 days. For 2 to 4 weeks, isometric strength-
ening is continued and external rotation is increased to 
30 degrees and forward elevation to 140 degrees. At 4 to 
6 weeks, resistive exercises are begun and external rota-
tion is increased to 40 degrees and forward elevation to 
160 degrees. At 6 weeks, external rotation is increased to 

50 degrees and forward elevation to 180 degrees. At 3 
months, external rotation can be progressed. In the domi-
nant shoulder of throwers, external rotation should be 
progressed more quickly; however, progression that is too 
quick can lead to recurrent instability, especially in patients 
in late adolescence.

The internal and external rotators curb anterior and pos-
terior displacement, and the supraspinatus and middle 
part of the deltoid curb inferior displacement. Complete 
recovery of the muscles probably is necessary to protect 
the repair because the capsule and ligaments normally 
function only as a checkrein. Lifting more than 9 kg and 
participating in sports are prohibited for 9 months and 
until muscle strength is normal on manual testing com-
pared with the contralateral side. Ligament healing is 
more mature at 1 year, and patients are advised against 
swimming with the backstroke or butterfly stroke, heavy 
overhead use of the involved arm, and participation in 
contact sports during the first year after surgery.
  

CAPSULAR SHIFT WITH INCISION ADJACENT  
TO THE GLENOID
O’Brien, Warren, and Schwartz described a technique for a 
capsular shift procedure in which the T portion of the inci-
sion is made adjacent to the glenoid. This technique allows 
much easier repair of a detached glenoid labrum if this is 
present. If the instability is mainly an inferior instability with 
no glenoid labrum tear, however, and it is necessary to tighten 
well around to the posterior aspect of the humerus, we have 
found the technique of Neer to allow more posterior tighten-
ing. With the Neer technique, the posterior portion of the T 
can be extended farther as the humerus is externally rotated. 

HILL-SACHS LESIONS
Large, engaging Hill-Sachs lesions involving 20% to 30% of 
the humeral head may be treated by disimpaction and bone 
grafting in the acute stage. Transfer of the infraspinatus ten-
don is useful in the chronic setting. Wolf et al. described an 
arthroscopic procedure to suture the infraspinatus tendon into 
the defect and reported good results. Larger defects of 30% 
to 40% may be treated indirectly with a Latarjet procedure, 
extending to the glenoid articulation; this prevents engage-
ment of the Hill-Sachs defect. This is our preferred technique. 
The humeral head defect also can be approached directly and 
filled to prevent engagement. Small series of allograft recon-
structions have shown satisfactory results, although some 
patients had to have the screws removed at a later date. 

POSTERIOR INSTABILITY OF THE 
SHOULDER
Posterior shoulder dislocations and recurrent posterior insta-
bility of the shoulder account for only about 5% to 10% of 
all dislocations of the shoulder. Traumatic events that result 
in posterior dislocation often are associated with altered con-
sciousness, such as occurs with seizures, electrical shock, and 
intoxication. Posterior dislocation also can be caused by a 
direct blow to the anterior shoulder or by a fall on a forward-
flexed extremity.

Recurrent posterior subluxation, atraumatic or acquired 
as a result of repetitive microtrauma, is much more common 
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than recurrence after a traumatic posterior dislocation. These 
instability patterns must be evaluated carefully and categorized 
as unidirectional, bidirectional, or multidirectional, and the 
direction of dislocations and symptomatic subluxations must 
be determined. Repetitive overuse and microtraumatic inju-
ries that result in posterior instability include sports requir-
ing overhead motion, such as pitching, tennis, and swimming 
(especially backstroke and breaststroke), weight lifting (espe-
cially bench press), and blocking by offensive linemen, all 
of which inflict repetitive trauma on the posterior capsule. 
Andrews and Phillips described recurrent posterior instabil-
ity of the dominant shoulder in batters. This most commonly 
occurs with a check swing or pulling of an outside pitch, which 
alters the normal synchronous swing mechanics and increases 
the posteriorly directed shear forces on the shoulder.

Many patients with instability of microtraumatic or 
atraumatic origin learn to sublux their shoulder voluntarily 
with horizontal adduction and internal rotation; however, 
this does not mean there is a psychologic overlay. A patient 
who has a bland type of affect and who is able to sublux his 
shoulder with muscular contraction alone is more likely to 
have some psychologic overlay and secondary gain. With the 
shoulder in the abducted position, such patients selectively 
use internal rotators to sublux the shoulder posteriorly. These 
patients rarely, if ever, should be surgically treated.

In the past, glenoid version has been implicated in poste-
rior instability; however, we believe that glenoid version con-
tributes significantly to posterior instability only in patients 
with severe congenital dysplasia or traumatic disruption of 
the bony architecture. Fuchs, Jost, and Gerber stated that gle-
noid osteotomy is indicated when more than 10 degrees of 
retroversion is present. Because of high complication rates, 
osteotomies have fallen out of favor.

CONSERVATIVE TREATMENT
The initial treatment of posterior shoulder instability should 
be nonoperative. The regimen includes having the patient 
avoid provocative activities and educating the patient to avoid 
specific voluntary maneuvers that would cause the posterior 
subluxation. A strengthening exercise program aimed at the 
external rotators and posterior deltoid is carried out. Normal 
motion also should be obtained.

Most patients with posterior instability respond to an 
aggressive exercise program, especially patients with general-
ized ligamentous laxity and instability occurring as a result of 
repetitive microtrauma. In athletes who use overhead motion, 
observation and instruction by a knowledgeable coach can 
provide slight alterations in mechanics that may reduce the 
instability episodes.

Patients who have traumatic dislocations are less likely 
to be helped by an exercise program. Traumatic dislocations 
are most common in athletes who have repetitive posteri-
orly directed forces to the shoulder, such as football linemen, 
hockey players, and platform divers. If at least 4 to 6 months 
of an appropriate rehabilitation program has failed, if habitual 
dislocation has been ruled out, and if the patient is emotion-
ally stable, surgery may be indicated if the pain and instability 
preclude adequate function of the involved shoulder. 

SURGICAL TREATMENT
Through the years, various types of procedures have been 
proposed to correct posterior instability, including soft-tissue 

procedures such as the “reverse” Bankart and Putti-Platt pro-
cedures, muscle transfers and capsulorrhaphies, bone blocks, 
and glenoid osteotomies. The results of surgical treatment 
of posterior shoulder instability have been as varied as the 
techniques designed to correct it. In general, the best results 
with any procedure done to correct posterior instability are 
obtained in patients with recurrent traumatic posterior dislo-
cation, not the more common posterior instability syndromes.

We do not recommend surgery on patients with this 
atraumatic type of posterior instability, unless they have fre-
quent and significant disability and conservative treatment 
has failed. The dislocation must not be habitual, and the 
patient must be emotionally stable.

In any patient who has persistence of instability, a positive 
jerk test, and a positive shift in load test and any labral pathol-
ogy (as indicated by the clunk test anterior or posterior), fur-
ther workup is indicated. This includes T2-weighted axial 
MRI with contrast enhancement to evaluate for capsular defi-
ciency and loss of chondral labral containment as described 
by Kim et al. and Antoniou and Harryman (Fig. 47.31). Both 
authors found chondrolabral cavity lesions in more than 80% 
of patients with erosion, cracking, or partial detachment pos-
teriorly and inferiorly (i.e., the Kim lesion of the labrum). 
These deficiencies should be evaluated as noted with MRI, 
but, more importantly, arthroscopically at the time of stabili-
zation. If an open technique is to be done, arthroscopic exami-
nation for these lesions is indicated in most instances and to 
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FIGURE 47.31 Measurement of version of chondrolabral and 
osseous portions of the glenoid. a, reference line representing plane 
of chondrolabral portion of glenoid; b, reference line representing 
plane of scapular body; c, reference line representing plane of 
osseous portion of glenoid. Angle between a and b′ (perpendicular 
to b) represents version of chondrolabral portion of glenoid. Angle 
between c and b′ represents version of osseous portion of glenoid 
(Kim et al.).
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evaluate the rotator interval anteriorly. With a large rotator 
interval, a greater than 1 cm gap between the superior and 
middle glenohumeral ligaments at the edge of the glenoid, clo-
sure of the rotator interval should be done, particularly with 
external rotation of more 90 degrees at 0 degrees of abduction 
and a positive sulcus sign. If an open procedure is to be done 
posteriorly, this can be performed after completion of the 
arthroscopic examination and interval closure anteriorly. Also 
to be evaluated by MRI is severe glenoid retroversion, which 
is fairly unusual as previously described or, more commonly, 
loss of the bony glenoid rim. In the case of a fracture involving 
the rim, either arthroscopic or open fixation is indicated. For 
a larger fracture, an open procedure is indicated. For labral 
detachment producing pain but without true instability, the 
lesion is repaired in situ without capsular plication.

Treatment of posterior instability is approached the same 
as anterior instability by restoring the anatomy and ten-
sioning the capsule appropriately. If surgery is required for 
a disabling posterior subluxation, or if posterior is the most 
significant plane in a multidirectional instability syndrome, 
the procedure that we have found most successful is the infe-
rior capsular shift procedure through a posterior approach. 
We prefer either the capsular shift technique of Tibone or that 
of Neer and Foster for atraumatic multidirectional instabil-
ity in a patient who is not an athlete who uses throwing or 
overhead motions. For an athlete with recurrent posterior 
subluxation who requires overhead movement, we prefer the 
muscle-splitting technique with medial shift as described by 
Tibone et al. The technique described by Hawkins and Janda 
is best reserved for a laborer or an athlete involved in contact 
sports, such as football or ice hockey, with recurrent poste-
rior subluxation secondary to capsular deficiency. We have 
observed good to excellent results with this open procedure, 
but have had superior results with arthroscopic procedures 
unless severe bone deficiency must be treated. 

 

NEER INFERIOR CAPSULAR SHIFT 
PROCEDURE THROUGH A  
POSTERIOR APPROACH
Neer and Foster described an inferior capsular shift pro-
cedure performed through a posterior approach. In this 
procedure, the posterior capsule is split longitudinally, and 
the capsular attachment along the humeral neck is released 
as far inferiorly and anteriorly as possible. The superior 
capsule is advanced inferiorly, and the inferior capsule is 
advanced superiorly. The infraspinatus is cut so that it is 
overlapped and shortened, adding further buttress to the 
posterior capsule. This procedure obliterates the axillary 
pouch and redundancy. It and other capsular shift proce-
dures are indicated in posterior subluxation syndromes that 
are not true traumatic recurrent posterior dislocations.

 TECHNIQUE 47.9 

(NEER AND FOSTER)
 n  For the posterior approach, place the patient on the op-

erating table in the lateral decubitus position with the 

involved shoulder up. The patient is held in position with 
a beanbag and kidney rest.

 n  Make a 10-cm incision vertically over the posterior aspect 
of the acromion and the spine of the scapula (Fig. 47.32A).

 n  Undermine the subcutaneous tissue to expose the deltoid 
muscle. Split the deltoid muscle from an area on the spine 
of the scapula, beginning 2 to 3 cm medial to the postero-
lateral corner of the acromion and extending distally 5 to 
6 cm (Fig. 47.32B). To protect the axillary nerve, the del-
toid muscle should not be split distally beyond the teres 
minor. In a muscular individual, the deltoid muscle can be 
reflected from the spine of the scapula or the acromion.

 n  Expose the teres minor and infraspinatus muscles, and 
develop the interval between these muscles (Fig. 47.32C).

 n  Detach the infraspinatus obliquely so that the superficial 
piece of tendon can be used later to reinforce the poste-
rior part of the capsule (Fig. 47.33).

 n  Make a T-shaped opening in the posterior pouch in the 
posterior part of the capsule (Fig. 47.34A).

 n  Form a superior capsular flap by detaching 1.5 cm of cap-
sule above the initial longitudinal capsular incision.

 n  Use a flat elevator to protect the axillary nerve and, with 
the arm in progressive internal rotation, form the inferior 
capsular flap by detaching the capsule from the neck of 
the humerus around to the anterior portion of the calcar.
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Infraspinatus
muscle
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FIGURE 47.32 Neer and Foster posterior capsulorrhaphy for 
posterior shoulder subluxation. A, Saber cut skin incision just poste-
rior to acromioclavicular joint toward posterior axillary fold. B, 
Deltoid muscle is split in line with fibers beginning 2–3 cm medial 
to posterolateral corner of acromion. C, Exposure of underlying 
infraspinatus and teres minor muscles. SEE TECHNIQUE 47.9.
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 n  Elevate the teres minor from the capsule and leave it in-
tact.

 n  Distract the joint (with the addition of muscle relaxants as 
necessary) so that the glenoid labrum can be inspected 
anteriorly. If the anterior portion of the glenoid labrum 
has been detached, make a second approach anteriorly 
through which the labrum is sutured to the bone of the 
glenoid (Bankart repair). If the anterior part of the labrum 
is intact, draw the posterior part of the capsule backward 
to eliminate the inferior pouch and to reduce anterior 
capsular laxity (Fig. 47.34B).

 n  With curets and a small gouge, make a shallow slot in 
the sulcus of the humeral neck so that the capsular flap 
is approximated to raw bone. Hold the arm in slight ex-
tension and moderate external rotation as the capsule is 
reattached (Fig. 47.34B).

 n  During tensioning of the flaps, Bigliani suggested hold-
ing the extremity in 5 to 10 degrees of external rotation, 

10 to 15 degrees of abduction, and neutral flexion and 
extension. Reattach the superior flap first while drawing 
it downward to eliminate the posterior pouch. Next, draw 
the longer inferior flap over it, and turn back the excess 
part of the capsule for reinforcement posteriorly. Use the 
superficial portion of the infraspinatus to reinforce the 
posterior portion of the capsule further (Fig. 47.34C).

 n  Reattach the deep part of the infraspinatus superficially 
to preserve active external rotation, and carefully reattach 
the deltoid if it has been detached.

 n  Close the wound, and immobilize the arm at the side in 
neutral flexion-extension and 10 degrees of external rota-
tion by means of a light plaster splint extending from the 
wrist to the middle part of the arm and around the waist, 
with the elbow bent 90 degrees. Rigid external immobi-
lization is needed to ensure that 10 degrees of external 
rotation is maintained.

POSTOPERATIVE CARE The shoulder is immobilized with 
the arm at the side in slight abduction and neutral rotation 
for 6 weeks after surgery. A plastic brace maintains this po-
sition, supports the weight of the arm, and prevents inferior 
stress on the repair. Range-of-motion exercises with eleva-
tion in the scapular plane and external rotation and isomet-
ric exercises are begun 6 weeks after the surgery when the 
brace is removed. These exercises are progressed over the 
next 3 months to a full strengthening program. Elevation of 
more than 150 degrees and internal rotation exercises that 
might stress the repair are avoided for 3 months. Sports 
activities such as swimming and throwing are not allowed 
for 9 months to 1 year after surgery.
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FIGURE 47.34 Neer and Foster inferior capsular shift through posterior approach. A, T-shaped 
incision to form superior flap (a) and inferior flap (b). B, Relocation of flaps. C, Reinforcement of 
capsular flaps. Superficial part of infraspinatus tendon is brought down and sutured against raw 
bone on scapular neck; deep portion is sutured over this. SEE TECHNIQUE 47.9.

 

Infraspinatus
muscle

FIGURE 47.33 Neer and Foster inferior capsular shift through 
posterior approach. Detachment of infraspinatus tendon. SEE TECH-
NIQUE 47.9.
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TIBONE AND BRADLEY TECHNIQUE
Tibone and Bradley recommended a variation on the poste-
rior capsular shift procedure in which the interval between 
the infraspinatus and teres minor muscles is split to expose 
the posterior capsule. The capsule is shifted on the glenoid 
side to reduce the volume of the posterior capsule in a man-
ner similar to that described by Neer and Foster and Bigliani 
et al. Shaffer et al. described an infraspinatus muscle–split-
ting incision in which the bipennate muscle is split between 
its two innervations, resulting in no long-term trauma to 
the muscle. They stated that this may allow better exposure 
of the middle portion of the posterior capsule and make 
the capsular shift easier. Whether the split of the bipennate 
infraspinatus or the split between the infraspinatus and the 
teres minor is used, damage to the posterior rotator cuff is 
reduced. The advantage of this approach is that imbrica-
tion of the posterior capsule produces a thicker posterior 
soft-tissue restraint. This is our preferred technique in ath-
letes with a moderate amount of posterior instability.

 TECHNIQUE 47.10 

(TIBONE AND BRADLEY)
 n  Place the patient in the lateral decubitus position, and 

approach the shoulder as described in the technique for 
the Neer posterior capsular shift procedure.

 n  When the capsule has been sufficiently separated from 
the overlying muscles, make a transverse arthrotomy inci-
sion into the posterior capsule from a lateral to medial 
direction up to the labrum (Fig. 47.35A and B) and inspect 
the joint.

 n  Develop two capsular flaps by making a T-shaped incision 
into the capsule parallel to the glenoid cavity and just 
adjacent to the labrum. Tag these flaps with sutures to 
control them (Fig. 47.35C). The inferior capsular flap must 
be developed carefully because of the close proximity of 
the axillary nerve on the undersurface of the capsule. Usu-
ally the labrum is found intact.

 n  If the labrum is torn, reflect it so that holes can be made 
in the posterior glenoid cavity and sutures can be passed 
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FIGURE 47.35 Tibone and Bradley posterior capsulorrhaphy for posterior shoulder subluxation. 
A, Development of interval between teres minor and infraspinatus muscle to expose capsule. B, 
Capsular incision from lateral to medial, up to glenoid labrum. C, Vertical capsular incision parallel 
to glenoid labrum. D, Medial and superior advancement of inferior capsular flap and attachment 
to labrum. Inset, Suture of flap to labrum. E, Suture of superior capsular flap over inferior flap. 
SEE TECHNIQUE 47.10.
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directly through the bone as in a typical anterior Bankart 
repair. (Suture anchors can be used to secure the capsule 
to the neck adjacent to the glenoid articular cartilage.)

 n  When the labrum is intact, the sutures can be placed di-
rectly into the labrum.

 n  Advance the inferior capsular flap superiorly and medially, 
and attach it to the glenoid labrum with nonabsorbable 
sutures (Fig. 47.35D). This usually eliminates the posterior 
and any inferior instability.

 n  Suture the superior capsular flap over the inferior flap by 
advancing it inferiorly and medially.

 n  Close any remaining transverse gap in the capsule later-
ally with interrupted mattress sutures (Fig. 47.35E). The 
teres minor and infraspinatus muscles come together and 
usually do not need sutures.

 n  Close the wound in layers.

POSTOPERATIVE CARE The shoulder is placed in an 
abduction pillow in slight extension and neutral rota-
tion to take stress off the repair. The pillow is removed 
at 3 weeks. Active and active-assisted range-of-motion 
exercises are started. At this time, emphasis is placed on 
elevating the arm in the scapular plane of the body and re-
gaining internal and external rotation of the shoulder. At 
6 weeks, forward flexion is allowed. At 12 weeks, weight-
lifting is started and progressed to increase strength and 
endurance. At 6 months, light throwing and noncontact 
sports can be resumed. At 1 year, a throwing athlete can 
return to competition.
   

 

CAPSULAR SHIFT RECONSTRUCTION 
WITH POSTERIOR GLENOID 
OSTEOTOMY
Posterior glenoplasty rarely is indicated, although it can 
be used if severe developmental or traumatic glenoid ret-
roversion of more than 20 degrees is confirmed on CT 
reconstructed films. High recurrence rates of up to 53% 
have been reported with this procedure. Hawkins et al. 
reported a complication rate of 29%, including osteo-
necrosis of the glenoid and degenerative arthritis of the 
glenohumeral joint, after this procedure. Currently, a simi-
lar but simpler procedure using a glenoid osteotomy is 
preferred for severe glenoid dysplasia, whether traumatic 
or congenital. The same exposure can be used for bone 
graft reconstruction of a deficient posterior glenoid.

 TECHNIQUE 47.11 

(ROCKWOOD)
 n  Place the patient in the lateral decubitus position with the 

involved shoulder upward.
 n  Make a skin incision beginning 2.5 cm medial to the pos-

terolateral corner of the acromion and extending down-
ward 10 cm to the posterior axillary crease (Fig. 47.36A).

 n  Dissect and retract the subcutaneous tissues to expose 
the deltoid fibers.

 n  At a point 2.5 cm medial to the posterior corner of the 
acromion, split the deltoid distally 10 cm in line with its 
fibers (Fig. 47.36B). Retract the deltoid medially and lat-
erally to expose the underlying infraspinatus and teres 
minor muscles.

 n  Reflect the teres minor tendon inferiorly down to the level 
of the inferior joint capsule, and divide the infraspinatus 
tendon. Reflect it medially and laterally, avoiding injury to 
the suprascapular nerve (Fig. 47.36C).

 n  Make a vertical incision in the posterior capsule to explore 
the joint. Make the incision midway between the humeral 
and glenoid attachments so that a double-breasted clo-
sure can be done (Fig. 47.36D). The teres minor muscle 
must be reflected sufficiently inferior so that the vertical 
cut in the capsule goes all the way down to the most 
inferior recess of the capsule.

 n  Pass a straight blunt instrument into the glenohumeral 
joint so that it lies on the anterior and posterior glenoid 
rims (Fig. 47.36E). Place an osteotome intracapsularly and 
direct it parallel to the blunt instrument. This is done to 
lessen the chance of the osteotomy cut entering the joint.

 n  The osteotomy site is not more than 0.6 cm medial to the 
articular surface of the glenoid. If the osteotomy site is 
more medial than this, injury to the suprascapular nerve 
is possible as it passes around the base of the spine of the 
scapula to supply the infraspinatus muscle. Each time the 
osteotome is advanced, pry open the osteotomy site; this 
helps create a lateral plastic deformation of the posterior 
glenoid.

 n  The osteotomy incision should not exit anteriorly, but 
should stop just at the anterior cortex of the scapula (Fig. 
47.36F). The intact anterior cortex, periosteum, and soft 
tissue act as a hinge, which allows the graft to be secure 
in the osteotomy without the need for internal fixation.

 n  Take bone graft approximately 8 mm × 30 mm from the 
acromion. Use osteotomes to open up the osteotomy site, 
and place the bone graft into position (Fig. 47.36G).

 n  Place nonabsorbable sutures in the edge of the medial 
capsule.

 n  Hold the arm in neutral rotation, and suture the medial 
capsule laterally and superiorly under the lateral capsule 
(Fig. 47.36H). Suture the lateral capsule medially and su-
periorly over the medial capsule (Fig. 47.36I). Repair the 
infraspinatus tendon with the arm in neutral rotation. If 
the tendon is lax, double-breast it (Fig. 47.36J).

 n  Close the incision in layers.

POSTOPERATIVE CARE For the first 24 hours, the arm 
is maintained in neutral position and supported by skin 
traction. When the patient can comfortably stand, a modi-
fied shoulder immobilizer cast is applied by attaching a 
lightweight long arm cast to a belly band that sits around 
the abdomen and iliac crest. The arm is connected to this 
belly band through supports to maintain the arm in 10 to 
15 degrees of abduction and neutral rotation. The cast is 
left in place for 6 to 8 weeks. After removal of the cast, 
the patient is allowed to use the arm for 4 to 6 weeks for 
activities of daily living. A rehabilitation program is begun, 
including pendulum exercises, isometric exercises, and 
stretching of the shoulder with the use of an overhead pul-
ley. Afterward, resistive exercises are gradually increased.
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FIGURE 47.36 Rockwood technique of posterior shoulder reconstruction. A, Incision. B, Splitting 
of deltoid in line with its fibers. C and D, Capsular incision midway between humeral and glenoid 
attachments. E, Determination of angle of slope of glenoid. F, Glenoid osteotomy. G, Bone graft 
in place. H, Suture of medial capsule. I, Suture of lateral capsule. J, Suture of tendon to reduce 
laxity. SEE TECHNIQUE 47.11.

 

MCLAUGHLIN PROCEDURE
For recurrent posterior dislocation associated with a large 
anterior medial Hill-Sachs lesion, McLaughlin described 
transfer of the subscapularis tendon into the defect. Neer 
and Foster subsequently described transfer of the subscap-

ularis with the lesser tuberosity into the defect and securing 
it with a bone screw. In a rare reverse Hill-Sachs lesion with 
involvement of 20% to 25% of the articular surface, trans-
fer of the subscapularis with the tuberosity placed into 
the defect has been shown to produce satisfactory results 
in moderate-size defects; also, allografts in case reports 
involving larger lesions have provided satisfactory results.
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 TECHNIQUE 47.12 

(MCLAUGHLIN)
 n  Approach the shoulder anteriorly through the deltopec-

toral interval.
 n  Retract the conjoined tendon medially, exposing the sub-

scapularis tendon. Divide the subscapularis tendon trans-
versely as close to its insertion as possible.

 n  Alternatively, as described by Neer and Foster, osteoto-
mize the lesser tuberosity with the insertion of the ten-
don. The added fragment of the lesser tuberosity helps fill 
the defect in the anteromedial humeral neck.

 n  Debride the surfaces of the defect in the anteromedial 
humeral neck.

 n  Reattach the subscapularis tendon to the humerus in the 
depths of the defect by mattress sutures passed through 
holes drilled in the bone (Fig. 47.37). Alternatively, as de-
scribed by Neer and Foster, fix the lesser tuberosity to-
gether with the subscapularis tendon in the defect with a 
bone screw (Fig. 47.38).

POSTOPERATIVE CARE A shoulder immobilizer is ap-
plied. Pendulum exercises are started after the wound has 
healed, and gradual resumption of normal use is encour-
aged. The patient is protected from any forced external 
rotation forces for at least 3 months.
   

SURGICAL FAILURES
Causes of surgical failures are listed in Box 47.3. A thor-
ough physical examination and 3D CT imaging are indi-
cated to evaluate bony defects (see Fig. 47.17). Significant 
glenoid bone loss has been identified as a major factor in 
surgical failures, as have hyperlaxity and Hill-Sachs lesions. 
A Latarjet procedure, structural bone grafts, or remplis-
sage procedures can be used as previously described for 
revision surgeries. Capsular deficiencies can be treated 
with a Latarjet procedure or soft-tissue allograft supple-
mentation of the capsule with Achilles or posterior tibial 
tendon allografts. Subscapular deficiency is reconstructed 
with a pectoralis transfer. Finally, a careful search should 
be made to determine that a humeral avulsion of the gleno-
humeral ligament (HAGL lesion) is not present. Excessive 
loss of motion after arthroscopic procedures generally can 
be corrected by precision arthroscopic releases. Open pro-
cedures may be necessary when a previous open procedure 
was used.

ARTHROSCOPIC SURGERY
Arthroscopic repair of shoulder instability is an area of 
increasing interest and continued improvement. As expe-
rience increases with these techniques, the operative 
results have improved to be comparable to, and in some 
cases surpass, results obtained with more standard open 
techniques. Arthroscopic shoulder surgery is discussed in 
Chapter 52. 
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FIGURE 47.37 McLaughlin technique for posterior dislocation 
of shoulder. A, Cross section of left shoulder viewed from above. B, 
Deformity in posterior dislocation with engagement of posterior 
glenoid rim in defect of anterior aspect of humeral head. C, Disloca-
tion has been reduced, but instability remains; redislocation occurs 
with internal rotation, flexion, or adduction. Subscapularis has been 
divided. D, Stabilization by medial transposition of subscapularis 
insertion into defect. SEE TECHNIQUE 47.12.

 

Bone screw

FIGURE 47.38 Neer and Foster modification of McLaughlin 
technique. Lesser tuberosity, with attached subscapularis tendon, 
is transferred into defect and fixed with bone screw. SEE TECHNIQUE 
47.12.

Causes of Failure in Surgical Repair of Posterior 
Shoulder Instability

 n  Inadequate soft-tissue healing
 n  Ligamentous laxity
 n  Deficient capsule
 n  Deficient subscapularis
 n  Deficient glenoid
 n  Engaging Hill-Sachs lesion
 n  Overconstrained joint
 n  Nerve dysfunction

 BOX 47.3 
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ELBOW
Acute dislocation of the elbow occurs relatively frequently, 
accounting for 28% of all injuries to the elbow. Elbow disloca-
tion usually is a high-energy episode with severe soft-tissue 
injury, and residual loss of motion is common. Recurrent dis-
location of the elbow is relatively rare, however, and usually is 
posterior. Persistence of posterolateral or medial instability is 
more common and, when symptomatic, should be surgically 
corrected in appropriate patients.

ANATOMY
The lateral ulnar collateral ligament of the elbow arises from 
the epicondyle and inserts on the annular ligament (Fig. 
47.39). A separate band of the lateral ligamentous complex, 
the lateral ulnar collateral ligament, arises at the lateral epi-
condyle and blends with fibers of the annular ligament before 
inserting on the tubercle on the crest of the supinator of the 
ulna. This band has been described as the main lateral sta-
bilizer, taut in flexion and extension, with disruption of this 
portion of the lateral complex resulting in posterolateral rota-
tory instability. The lateral collateral ligament contributes 
only 14% of the varus stability of the elbow with the joint in 
full extension and only 9% with the joint in 90 degrees of flex-
ion. The remainder of the stability is contributed by the bony 
articular surfaces and the anterior capsule, with the bony sur-
faces supplying most of the stability.

The ulnar collateral ligament of the elbow is a well-devel-
oped ligament that can be described as three distinct portions 
(Fig. 47.40). In contrast to the lateral collateral ligament, the 
ulnar collateral ligament plays an important role in valgus 
stability. Valgus stability is divided equally among the ulnar 
collateral ligament, the anterior capsule, and the bony articu-
lation with the elbow in full extension. At 90 degrees of flex-
ion, the ulnar collateral ligament provides 55% of the stability 

to valgus stress, with the anterior bundle being the primary 
stabilizer. 

PATHOPHYSIOLOGY
Elbow instability may be congenital, traumatic, or attritional. 
The primary stabilizers of the elbow are the anterior band of 
the medial ulnar collateral ligament and the lateral collateral 
ligament complex, consisting of the lateral collateral ligament, 
annular ligament, and the lateral ulnar collateral ligament. 
Secondary stabilizers consist of the capsule, the ulnohumeral 
and radiocapitellar articulations, and the dynamic stabiliz-
ers, consisting of all muscle-tendon units that cross the elbow 
joint (i.e., biceps, brachialis, triceps, wrist flexors, and wrist 
extensors). Insufficiency of one or more of the stabilizers may 
result in a spectrum of instability from subtle valgus or pos-
terolateral rotatory instability to recurrent dislocation.

In a long-term follow-up study of simple elbow disloca-
tions, Anakwe et al. found that 60% of patients had residual 
stiffness with loss of extension and residual pain. Only 8% had 
functional instability. When fractures are associated with the 
dislocation, resulting in loss of bony stability being provided 
by the greater sigmoid notch of the ulna or the radiocapitel-
lar joint, greater instability and disability can be anticipated.

O’Driscoll et al. described the typical injury pattern for 
traumatic elbow dislocation, with the individual falling on a 
slightly flexed extremity and a valgus internal rotation force 
of the humerus on the pronated fixed position of the forearm. 
Structures are disrupted on the lateral side, progressing medi-
ally as more force is applied (Fig. 47.41). When recurrence or 
persistence in instability results, the posterolateral structures 
are most commonly affected, but the medial structures also 
can be involved and cause significant instability. A coronoid 
fracture in association with disruption of the posterior band 
of the ulnar collateral ligament can result in symptomatic 
posteromedial instability. Thus close evaluation of both pri-
mary stabilizers is warranted. Isolated medial side disruptions 
from valgus stress can result from football tackling, gymnas-
tics, or throwing a javelin.

Valgus instability from attritional disruption of the ante-
rior bundle of the medial ulnar collateral ligament is by far 
the most common form of recurrent elbow instability. The 
anterior bundle is divided into two nonisometric bands: an 
anterior band, which is taut at 0 to 60 degrees, and a posterior 

 FIGURE 47.39 Lateral soft-tissue structures of elbow, including 
ulnar and radial part of lateral collateral ligament, annular liga-
ment, and overlying capsule.
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FIGURE 47.40 Medial elbow ligaments. 1, Anterior oblique; 2, 
posterior oblique; 3, transverse oblique.
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band, which is taut at 60 to 120 degrees. During the accelera-
tion phase of throwing, up to 60 N of force is applied to the 
ligament, which is near its tensile failure point. Pitcher fatigue, 
poor mechanics, or repetition overuse can result in bundle 
fiber failure, partial tearing, and eventual complete disruption.

Failure of the primary stabilizer results in increased stress 
on secondary stabilizers, with resulting capsular contractures, 
chondromalacia, osteophytes, and loose bodies from compres-
sion of the radiocapitellar joint and shear forces to the pos-
teromedial tip of the olecranon. Ulnar nerve symptoms may 
develop from traction, scarring, or osteophyte impingement. 

PHYSICAL EXAMINATION
Examination of the elbow begins with a visual inspection for 
atrophy, swelling, or ecchymosis. The forearm circumference 
is measured 7 cm below the medial epicondyle to compare 
with the opposite extremity. Fluid can be detected in the soft 
spot posterolaterally. The flexor pronator mass, the ulnar col-
lateral ligament, and the tip of the olecranon posteromedi-
ally are carefully palpated for the area of most tenderness. 
Tenderness and swelling 2 to 3 cm distal to the olecranon tip 
may indicate an olecranon stress fracture. Active and passive 
range of motion is recorded, and a valgus stress is applied to 
the elbow with the forearm in the supinated and the pronated 
positions and the elbow in about 30 degrees of flexion. The 
amount of medial opening, the firmness of the end point, and 
the production of medial pain should be noted when valgus is 
applied with the forearm pronated (Fig. 47.42).

The valgus extension overload test is done by maintain-
ing a valgus stress on the elbow while the elbow is passively 
extended from 30 degrees down. Pain along the posterome-
dial aspect of the olecranon can be produced when subacute 
or chronic instability has resulted in posteromedial olecranon 
impingement. O’Driscoll described the active valgus extension 
overload test, which he thought was the most accurate test for 
ulnar collateral ligament competence. With the patient’s shoul-
der abducted and externally rotated, a valgus stress is applied 
on the elbow as it is passively extended from 120 degrees 
down to 30 degrees and then flexed back in a rapid sequence. 

Generation of medial pain may indicate ligamentous incompe-
tence. The milking maneuver is likewise performed by putting 
valgus stress on the elbow by pulling on the patient’s thumb 
while stabilizing the arm and ranging the elbow between 30 
and 120 degrees. Although valgus stress and compression are 
applied to the radiocapitellar joint, the forearm is pronated 
and supinated with the elbow in varying degrees of flexion to 
evaluate radiocapitellar crepitance or the production of pain, 
indicative of radiocapitellar chondromalacia.

The patient is placed prone, and the ulnar nerve is eval-
uated by the Tinel test. With the shoulder abducted to 90 
degrees and the elbow flexed 90 degrees, the ulnar nerve is 
evaluated to see if it subluxes anteriorly from its groove with 
passive elbow motion or with manual stress on the nerve. 
Valgus stress again can be applied to the elbow when flexed 
greater than 30 degrees to detect medial instability.

Posterolateral instability can be evaluated by supinating 
the forearm and applying a valgus moment and axial force 
with the elbow flexed 20 to 30 degrees. A clunking sensation 

 

A B

0
Reduced

1
PLRI

Axial
compression

Supination

Valgus

2

2
Perched

3
Dislocated

3
MUCL1

LUCL

FIGURE 47.41 Injury pattern for traumatic elbow dislocation described by O’Driscoll et al. A, 
Three stages of elbow instability from subluxation to dislocation: stage 1, disruption of the ulnar 
part of the lateral collateral ligament; stage 2, disruption of the other lateral ligamentous structures 
and posterior capsule; stage 3A, partial disruption of the medial ulnar collateral ligament and poste-
rior medial ulnar collateral ligament only; and stage 3B, complete disruption of the medial ulnar 
collateral ligament and posterior medial ulnar collateral ligament. B, Soft-tissue injury progresses 
in a circle from lateral to medial correlating with those shown in A. LUCL, lateral ulnar collateral 
ligament;  MUCL, medial ulnar collateral ligament; PLRI, posterolateral rotatory instability

 FIGURE 47.42 Test for elbow instability.

    

https://booksmedicos.org


CHAPTER 47 RECURRENT DISLOCATIONS 2465

may indicate posterolateral laxity. The same test can be done 
with the extremity over the patient’s head and the shoulder 
fully externally rotated. With the forearm fully supinated 
and valgus stress applied, the elbow is moved from a fully 
extended position to a flexed position. As the elbow is flexed 
near 40 degrees, a posterolateral prominence is produced by 
subluxation of the radial head; as the joint is flexed further, a 
dimple in the soft spot area appears and eventually disappears 
as the radius and ulna snap back into place on the humerus 
(Fig. 47.43). A variation of this examination, which repro-
duces functional posterolateral instability, is the table or seat 
press-up test, which is performed by having the patient push 
up with the forearm supinated while the examiner feels and 
observes for radial head instability. Wall or floor push-ups 
with the forearm in supination accomplish the same objective.

Diagnostic radiographs should include anteroposterior 
and lateral views and two 45-degree oblique views to evaluate 
the radiocapitellar joint and the trochlear joint. In patients with 
chronic medial symptoms, a Jones view of the elbow is indicated 
to determine if posteromedial osteophytes are present. In the 
presence of recent elbow subluxation or dislocation, the drop 
sign, widening of the ulnohumeral joint, may represent signifi-
cant capsular disruption and persistent subluxation. A gravity 

stress radiograph can be obtained with the patient supine, the 
shoulder abducted 90 degrees and externally rotated, the fore-
arm supinated, and the elbow flexed 20 to 30 degrees. A lateral 
radiograph is obtained to show the opening of the medial side 
of the elbow to gravity stress. This is not a highly sensitive test, 
although a positive test does indicate a significant injury to the 
ulnar collateral ligament. Gadolinium-enhanced MR arthro-
grams or CT arthrograms are indicated to evaluate for com-
plete or incomplete undersurface tears of the ulnar collateral 
ligament. Timmerman and Andrews described the T sign as a 
leak of contrast material around the humerus or ulna without 
extracapsular leakage. Currently the best test of ulnar collateral 
ligament instability is a gadolinium-enhanced MRI of the elbow 
to evaluate for extravasation of fluid (T sign) or degenerative 
changes in the ulnar collateral ligament. Edema of the soft tis-
sues medial to the ulnar collateral ligament generally indicates 
ligamentous damage. Some centers use ultrasound to evaluate 
the ulnar collateral ligament in the relaxed and stressed posi-
tions. Nonetheless, MRI allows for better visualization. 

NONOPERATIVE TREATMENT
Acute complete simple dislocations are categorized as stable 
or unstable after reduction. For stable elbows, early range of 
motion is indicated. For unstable elbows, an elbow splint is 
used to control range of motion, blocking extension at 45 
degrees for 1 week, 30 degrees for the next week, and allowing 
full motion thereafter. If a contracture of more than 30 degrees 
is still present after 6 weeks, an extension splint can be used to 
improve motion. For incomplete injuries that involve disrup-
tion of the medial side of the elbow, the forearm is placed in 
supination. Lateral injuries are treated by placing the forearm 
in pronation with the elbow flexed 70 degrees for 1 to 2 weeks, 
followed by use of an elbow brace. Repair and primary recon-
struction with strong tendon grafts of the lateral or medial 
side, or both, depending on the instability pattern, are indi-
cated when instability persists or recurs. 

ARTHROSCOPY
Arthroscopy of the elbow can be used to confirm the pres-
ence of medial instability or loose bodies and to remove pos-
teromedial osteophytes. Medial instability may be associated 
with chondromalacia of the radiocapitellar joint, synovitis of 
the medial capsule, or the formation of posteromedial olecra-
non osteophytes. Andrews et al. described a valgus stress test 
done arthroscopically with the patient under general anesthe-
sia. Using the anterolateral portal to view the medial compart-
ment, valgus stress is applied to the elbow, which is flexed to 
70 to 90 degrees, and the opening between the ulna and troch-
lea is measured. An opening of more than 1 to 2 mm indicates 
medial instability. With high-resolution MRA, most surgeons 
forgo arthroscopy unless specifically indicated. A more com-
plete description of elbow arthroscopy is given in Chapter 52. 

SURGICAL TREATMENT
Surgery generally is not indicated for simple elbow disloca-
tions unless the dislocation recurs despite immobilization. In 
these instances, examination and MRI evaluation are used to 
delineate the soft tissues and bony anatomy to identify all dam-
aged structures. Surgical intervention is directed toward the 
side of greatest instability, generally the lateral side, or in the 
case of global instability, both the lateral and medial sides may 
need to be treated. Repair of the capsule, primary ligamentous 
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FIGURE 47.43 Test for posterolateral rotatory instability of 
elbow. A, With arm at side and forearm in supination, supination 
and valgus moments and axial forces are applied to elbow, which 
is flexed 20–30 degrees. Posterolateral subluxation is visibly and 
palpably reduced when elbow is flexed farther. B, Same procedure 
is done much more easily with patient’s arm over his or her head. 
Full external rotation of shoulder provides counterforce for supina-
tion of forearm and leaves one of examiner’s hands free to control 
valgus moments.

    

https://booksmedicos.org


PART XIII SPORTS MEDICINE2466

reconstruction, and reattachment of the tendon origins usu-
ally is necessary to obtain a stable joint. Significant fractures 
that result in joint instability must always be repaired.

The number of ulnar collateral ligament reconstructions 
has increased yearly for the past 2 decades. The procedure, first 
done in 1974 by Dr. Frank Jobe, has become a relatively com-
mon operation. Twenty-five percent of Major League Baseball 
pitchers and 15% of minor league pitchers have had ulnar col-
lateral ligament reconstruction. The incidence of ulnar collat-
eral ligament reconstruction in 15- to 19-year old players is 22 
per 100,000 in the PearlDiver insurance database. With more 
primary procedures being done, more revisions also are per-
formed. Athletes with primary reconstruction return to the 
same level of play 83% of the time, while those with revisions 
return 42% to 63% of time. After 21 months of rehabilitation, 
those with primary reconstructions generally return to play at 
about 13 months but continue to improve for an additional year; 
revisions tend to be associated with a decline in performance.

Ulnar collateral ligament tears have been associated with 
increased pitching velocity, innings, and pitches; a small 
repertoire of pitches; smaller stature; lack of rest within and 
between seasons; poor mechanics; and glenohumeral joint 
internal rotation deficit (GIRD). Revision failures are associ-
ated with increased workload. Results for the modified Jobe 
and docking techniques are similar. Ulnar nerve transfer 
results in neuropraxia in 12% of patients and some decrease 
in Conway (return-to-play) scores. Graft types have had com-
parable results for return-to-play, although symptomatic 
proximal graft heterotopic ossification occurs in about 0.6% 
of patients, and when the gracilis tendon is used, it occurs in 
10% of patients. Ossification may require excision for persis-
tent pain or loss of motion.

Suggested indications for ulnar collateral ligament recon-
struction are an acute complete or high-grade partial rupture 
in a competitive throwing athlete who wishes to remain active 
and a partial tear with chronic pain or instability without 
improvement after at least 4 to 6 weeks of supervised con-
servative treatment. Conservative treatment consists of rela-
tive rest with forearm and shoulder strengthening exercises. 
Core strengthening and lower extremity and cardiovascular 
exercises are maintained. Medications and antiinflamma-
tory agents are routinely prescribed. A short toss program is 
started at 4 to 6 weeks and progressed as the athlete tolerates. 
Recurrence of medial pain with throwing that prevents skill-
ful progression of the athlete’s monitored throwing program 
is indicative of ligamentous incompetence.

Jobe originally described the technique for reconstruction of 
the ulnar collateral ligament in 1986. Since that time, a number 
of modifications of the technique have been devised. In the orig-
inal technique, the flexor mass was released from the epicondyle 
and open-ended tunnels were placed in the ulna and the medial 
humeral condyle (Fig. 47.44). A palmaris longus graft was used 
to reconstruct the ligament, and the ulnar nerve was transferred 
anteriorly under the flexor muscle mass. Jobe later modified the 
technique to involve splitting the common flexor mass to expose 
the ulnar collateral ligament tear, using a closed-ended tunnel in 
the medial epicondyle, and transferring the ulnar nerve only if 
heavy scar tissue is found around the nerve or if chronic changes 
are present in the ulnar nerve. Andrews et al. described dissec-
tion of the muscle belly of the flexor carpi ulnaris, retracting the 
muscle anteriorly to expose the ulnar collateral ligament. They 
did not detach the muscle from the epicondyle and used the 

open-ended tunnels. The graft is sutured securely to the poste-
rior epicondyle, and the soft-tissue graft is secured onto itself and 
the imbricated collateral ligament. The ulnar nerve is transferred 
anteriorly, where it is held by fascial slings. Cain et al. evaluated 
743 athletes who had ulnar collateral ligament reconstruction 
with a minimum of 2 years’ follow-up. Eighty-three percent 
returned to the same level or a higher level of competition at less 
than 1 year from surgical stabilization. In a statistical analysis of 
147 Major League Baseball pitchers, Makhni et al. found that 
67% were able to return to same competitive level as before their 
surgery. Overall, the group had a decline in performance com-
parable to age-matched controls. Reconstruction in immature 
athletes who progress to professional status has shown similar or 
slightly better results when compared with athletes who did not 
need surgery as an amateur.

Absence of the palmaris longus tendon occurs in 15% to 
20% of individuals. When the palmaris longus tendon is pres-
ent on one side only, it often has muscle extending distally, 
which usually is a short deficient tendon. One must be aware 
and prepared for the potential need of a hamstring graft, with 
the patient being informed of the possibility. Attritional tears 
with a bony ossicle in the ulnar collateral ligament also may 
be best treated with the larger hamstring graft.

A medial collateral ligament reconstruction done through 
a muscle-splitting approach and use of a single closed-end 
humeral tunnel was reported to allow 39 of 40 athletes to 
return to their previous level of competition. The benefits of 
this “docking procedure” include (1) reconstruction through 
a split in the muscle in a safe zone, (2) avoidance of obligatory 
nerve transfer, (3) placement of tendon grafts in bone tunnels, 
(4) reduction in number of humeral tunnels, and (5) simpli-
fication of graft tensioning (see Technique 47.15.) There has 
been interest in graft fixation with interference screws. Pull-
out studies have shown the use of a docking technique to be 

 FIGURE 47.44 Jobe ulnar collateral ligament reconstruction. 
Medial aspect of right elbow before reconstruction showing 
remnant of ulnar collateral ligament and proper placement of 
bone tunnels in ulna and medial humeral condyle. Holes are drilled 
in ulna 5 mm from joint. Ulnar tunnel and closed-end tunnel in 
medial epicondyle are centered over bony attachments of liga-
ment. Altchek et al. use same tunnel configuration, except anterior 
humeral tunnels are made with small drill bit for suture passage. 
SEE TECHNIQUE 47.13.
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superior to use of screws. With the potential for bone resorp-
tion around absorbable screws, at present we do not advocate 
the use of the interference screw.

Repair of ligamentous avulsions in otherwise healthy lig-
aments has been reported by Savoie et al. and O’Brien et al. 
to have 93% good-to-excellent results and return-to-play at 
6 months. Repair and backing up with an internal brace was 
shown by Dugas et al. to have good results for earlier to return 
to play. Biomechanical studies have shown the augmented 
repair to be as strong as traditional graft reconstruction at 
time-zero, with more resistance to gapping. Dugas et al. rec-
ommended the use of collagen-coated fiber tape to augment 
avulsions and partial tears in athletes without degenerative lig-
amentous changes. In early reports, 102 of 111 patients were 
able to return to play at the same or higher level by 6.7 months. 
In a small group of professional pitchers, the Kerlan-Jobe 
Orthopaedic Clinic (KJOC) overhead athlete scores averaged 
88. There currently are no long-term results reported because 
the initial procedure using this technique was done in 2013.

 

ULNAR COLLATERAL LIGAMENT 
RECONSTRUCTION—MODIFIED JOBE 
TECHNIQUE
Important technical points to remember when performing 
this procedure are (1) calcification should be removed from 
the ligament (Fig. 47.45); (2) drill holes must correspond 
to ulnar collateral ligament attachment sites; (3) the graft 
should not rub on the epicondyle or ulna, and the ends 
of the graft should be buried in the tunnels; (4) a figure-

of-eight configuration of the graft ensures strength and 
approximates ulnar collateral ligament biomechanics; and 
(5) meticulous handling of medial antebrachial cutaneous 
and ulnar nerves, their branches, and their vasculature is 
essential.

 TECHNIQUE 47.13 

 n  Apply a pneumatic tourniquet. Place the arm on an arm 
board with the elbow extended, and put a rolled towel 
beneath it. If appropriate, prepare the contralateral arm 
and ipsilateral leg for graft harvest.

 n  Make a 10-cm incision over the medial epicondyle.
 n  Protect the medial antebrachial cutaneous nerve, and in-

cise the common flexor pronator mass at the posterior 
third to expose the ulnar collateral ligament.

 n  Split the muscle, but do not take it down, and incise the 
ulnar collateral ligament to evaluate the quality of the 
ligament and joint.

 n  Lightly retract the ulnar nerve until it is off the bone to 
allow for drilling of the holes. Do not transfer the nerve.

 n  Using a 3.2-mm bit at slow speed with a tissue protec-
tor, drill anterior and posterior holes in the proximal ulna. 
Leaving a 1-cm bone bridge, drill the tunnel at the level 
of the coronoid tubercle (see Fig. 47.44). In the medial 
epicondyle, drill a common anterior hole at the origin of 
the ulnar collateral ligament for 1 cm, using a 4-mm drill, 
and then, with a 3.2-mm drill bit, make divergent tunnels 
(lazy “Y”) exiting anterior to the intermuscular septum 
0.5 cm apart (see Fig. 47.44).

 n  Obtain a graft 15 cm long from the palmaris longus ten-
don, plantaris tendon, or Achilles tendon. Place a 1-0 
nonabsorbable suture through each end of the graft, and 
thread it through the tunnels in a figure-of-eight fashion.

 n  Remove the rolled towel from beneath the elbow, and 
tension and suture the graft with the elbow in neutral 
(varus-valgus) and 45 degrees of flexion. Evaluate the 
range of motion. Suture the graft to the remnants of the 
ulnar collateral ligament.

 n  If ulnar nerve symptoms and heavy scar tissue are found, 
transposition of the ulnar nerve may be necessary. Elevate 
the flexor pronator musculature, leaving a ring of soft 
tissue on the medial epicondyle. Decompress the nerve 
proximally to the arcade of Struthers and distally to the 
end of the intermuscular septum, avoiding devasculariza-
tion. Transfer the nerve anterior to the epicondyle, and 
reattach the flexor pronator mass to the epicondyle su-
perficial to the transferred nerve.

 n  Release the tourniquet, and obtain hemostasis. Bathe the 
nerve with dexamethasone (Decadron) solution, and per-
form routine subcutaneous and skin closure. Apply a pad-
ded posterior splint with the elbow in 90 degrees of flexion 
and neutral rotation, leaving the wrist and hand free.

POSTOPERATIVE CARE The elbow is immobilized in 
the posterior splint for 7 to 10 days. Gentle hand grip 
exercises are begun as soon as the patient is comfortable. 
Active range-of-motion exercises for the elbow and shoul-
der are started at 10 days, and exercises to strengthen 
the muscles of the wrist and forearm are begun at 4 to 6 
weeks. After 6 weeks, elbow strengthening exercises are  FIGURE 47.45 Anteroposterior radiograph showing calcifica-

tion of deficient ulnar collateral ligament.

    

https://booksmedicos.org


PART XIII SPORTS MEDICINE2468

begun, but valgus stress on the elbow is avoided until 4 
months postoperatively.

Athletes can begin a progressive, supervised throwing 
program. They continue with a progressive strengthening 
program for the forearm and shoulder and a general con-
ditioning program. They are allowed to return to competi-
tive pitching in approximately 1 year.
   

 

ULNAR COLLATERAL LIGAMENT 
RECONSTRUCTION—ANDREWS ET AL. 
TECHNIQUE
The goal of the procedure described by Andrews et al. 
is to reconstruct the anterior bundle of the ulnar col-
lateral ligament. They recommend transposition of 
the ulnar nerve in all ulnar collateral ligament recon-
structions because (1) the nerve must be mobilized to 
expose the ulnar collateral ligament through the interval 
used; (2) during drilling of the humeral tunnels the drill  
is aimed directly at the ulnar nerve if it is left in situ; and (3) 
athletes often have ulnar nerve symptoms and ulnar col-
lateral ligament pathology. Preoperatively, the presence or 
absence of the palmaris longus tendon should be docu-
mented. Alternative sources of tendon graft include the 
contralateral palmaris longus tendon and gracilis tendon.

 TECHNIQUE 47.14 

PALMARIS LONGUS GRAFT HARVEST
 n  After induction of general anesthesia, apply a nonsterile 

tourniquet to the upper arm. Prepare and drape the arm 
and then exsanguinate it with an Esmarch bandage. In-
flate the tourniquet to 250 mm Hg.

 n  Harvest the palmaris longus tendon first. Because of the close 
proximity of the other flexor tendons and the median nerve, 
great care must be taken when harvesting this tendon.

 n  Make three transverse incisions, each 7-10 mm long, di-
rectly over the palmaris tendon.

 n  Make the first incision at the wrist flexion crease, directly 
over the palmaris tendon. Use a no. 15 blade to incise the 
skin and blunt dissection to isolate the tendon, which is 
immediately subcutaneous.

 n  Place a small hemostat around the tendon and pull to 
place tension on the tendon. This shows the course of the 
tendon along the length of the forearm.

 n  Make a second incision 3 to 5 cm proximal and parallel to 
the first, directly over the tendon. After the skin is sharply 
incised, deliver the tendon out of the second incision with 
a blunt hemostat.

 n  Make the final incision parallel to the others at the site of 
the musculotendinous junction, near the junction of the 
proximal and middle thirds of the forearm. Deliver the 
tendon out of the wound with a hemostat and confirm 
that the correct structure has been identified in all three 
locations.

 n  Cut the tendon at the most distal incision and use a no. 0 
absorbable suture to whip stitch the exposed end.

 n  Deliver the tendon out of the proximal incision and cut it 
free at the musculotendinous junction (Fig. 47.46A).

 n  On a back table, remove any remaining muscle from the 
proximal end of the tendon, and whip stitch the end of 
the tendon with a no. 0 absorbable suture. Protect the 
tendon with a moist sponge.

 n  Close the three incisions with subcutaneous no. 2-0 ab-
sorbable and subcuticular 3-0 nonabsorbable sutures. 

ULNAR NERVE EXPOSURE AND PROTECTION 
 n  Make an incision over the medial elbow directly over the 

medial epicondyle, extending approximately 3 cm proxi-
mal and 6 cm distal to the medial epicondyle.

 n  Use blunt dissection to identify and protect the medial 
antebrachial cutaneous nerve. This nerve is variable in size 
and location and often has multiple branches at this loca-
tion. It most commonly is located in the distal third of the 
incision (Fig. 47.46B).

 n  Once this nerve is protected, elevate full-thickness flaps to 
expose the medial epicondyle, the flexor/pronator mass, 
and the cubital tunnel.

 n  Open the cubital tunnel with a no. 15 blade or tenotomy 
scissors and identify the ulnar nerve. Release the ulnar 
nerve and mobilize it from as far proximal into the poste-
rior compartment as can be safely reached (Fig. 47.46C).

 n  Sharply split the fascia of the flexor carpi ulnaris and then 
bluntly spread the muscle fibers overlying the ulnar nerve.

 n  Identify and protect the first motor branch to the flexor 
carpi ulnaris.

 n  Place a vessel loop around the ulnar nerve for gentle re-
traction during the procedure.

 n  Divide the medial intermuscular septum of the upper arm 
at the most proximal aspect of the incision. Take down 
the remaining distal septum from the medial humerus, 
leaving it attached distally to the superior edge of the 
medial epicondyle. This strip of tissue will be used as a 
sling at the end of the procedure to hold the ulnar nerve 
in its anteriorly transposed position.

 n  Coagulate blood vessels at the posterosuperior edge of 
the medial epicondyle to prepare for drilling of the hu-
meral tunnels.

 n  If posteromedial olecranon osteophytes are present, 
make a small incision in the joint capsule to expose the 
posteromedial olecranon tip. With the ulnar nerve pro-
tected, remove osteophytes with a rongeur, osteotome, 
or 4-mm burr. Close the capsule with interrupted no. 0 
absorbable sutures. 

JOINT EXPOSURE 
 n  Expose the injured ulnar collateral ligament. The native 

ulnar collateral ligament inserts on the sublime tubercle of 
the ulnar, which lies deep and anterior to the ulnar nerve. 
Once it is mobilized, the posterior fibers can be easily seen.

 n  Elevate the flexor digitorum profundus muscle, which 
overlies the anterior fibers of the ulnar collateral ligament, 
off the ligament with a no. 15 or no. 69 blade and a small 
periosteal elevator (Fig. 47.46D). Begin this dissection dis-
tally and carry it proximally up the humeral origin on the 
medial epicondyle. Depending on the location, severity, 
and chronicity of the injury, a defect in the ligament may 
be visible at this point.
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FIGURE 47.46 Andrews ulnar collateral ligament reconstruction. A, Harvest of palmaris graft. 
B, Medial antebrachial cutaneous nerve visible in distal third of exposure. C, Dissection of ulnar 
nerve from the cubital tunnel and mobilization with a vessel loop. D, Flexor digitorum profundus 
muscle belly elevated to expose the native ulnar collateral ligament, which is directly below the 
scalpel blade. E, Drilling of ulnar tunnels on either side of the sublime tubercle, perpendicular to 
the joint surface. F, Passage of graft through the ulnar tunnel. G, Drilling of the humeral tunnel 
from distal to proximal, starting at the native insertion of the ulnar collateral ligament onto the 
humerus. H, Placement of a curet in the first humeral tunnel while second tunnel is drilled. I, Graft 
sewn together between the humeral and ulnar tunnels to increase tension within the graft and 
re-create the course of the native ligament.  (From Andrews JR, Jost PW, Cain EL: The ulnar collateral 
ligament procedure revisited: the procedure we use, Sports Health 4:438–441, 2012.) SEE TECHNIQUE 47.14.

 n  Split the remaining fibers of the injured ulnar collateral 
ligament longitudinally to expose the ulnohumeral articu-
lation. Exposure of the joint surfaces provides a visual ref-
erence for proper ulnar tunnel position and allows inspec-
tion of partial undersurface ulnar collateral ligament tears. 

TUNNEL PREPARATION AND GRAFT PASSAGE 
 n  Use a 3.6-mm drill to make a hole at the posterior edge of 

the sublime tubercle, aiming anterior and parallel to the 
joint line (Fig. 47.46E).

 n  Place a hemostat in this hole and, with the same drill and 
starting at the anterior border of the sublime tubercle, 
make a second hole 1 cm distal to the joint line. When 
the drill is deep enough, it will hit the hemostat.

 n  Use angled curets to clean and connect the tunnels and to 
remove bone debris for easier graft passage. Wash away 

any remaining bone debris in the soft tissues to prevent 
heterotopic ossification.

 n  Bend a Hewson suture passer to fit through the curved 
tunnel and use it to pass the palmaris graft through the 
ulnar tunnels, leaving equal length of tendon on each side 
(Fig. 47.46F).

 n  Begin the humeral tunnels by placing a 3.6-mm drill at 
the humeral origin of the UCL and aiming it proximal and 
lateral to exit the posterosuperior border of the medial 
epicondyle (Fig. 47.46G). Take care to exit as close as pos-
sible to the medial border of the humeral shaft to leave 
the largest bone bridge possible. Place a no. 0 curet in the 
tunnel.

 n  Drill a second hole, starting at the medial prominence 
of the medial epicondyle and aiming toward the humer-
al insertion of the UCL. This creates a Y-shaped tunnel 
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configuration. The starting point of this second tunnel 
must be sufficiently distant from the exit point of the first 
tunnel to prevent fracturing of the bone bridge between 
them (Fig. 47.46H). The drill contacts the curet when it 
has reached the proper depth.

 n  Use straight and curved curets to clear bone debris from 
the tunnels.

 n  Pass a straight Hewson suture passer through one of the 
limbs of the Y-shaped humeral tunnel and use it to pass 
the suture on the end of the graft; place a clamp on the 
suture. Pass only the suture through the tunnel to al-
low adequate space for the Hewson suture passer to go 
through the tunnel a second time.

 n  Pass the suture passer through the second limb of the 
humeral tunnel and past the other end of the graft. Use 
the clamped suture to deliver the final limb of the graft 
through the remaining humeral tunnel. 

GRAFT FIXATION 
 n  With one assistant holding the elbow in 30 degrees of 

flexion and with a slight varus stress so that the articu-
lar surfaces of the ulnohumeral joint are in contact, and 
a second assistant holding tension on the two ends of 
the graft in an overlapping position on the posterome-
dial epicondyle, use no. 0 nonabsorbable, braided coated 
polyester to sew the two limbs to each other and to the 
underlying periosteum.

 n  Use three to five no. 0 nonabsorbable, braided coated 
polyester sutures to sew together the two limbs of the 
graft between the humeral and ulnar tunnels to increase 
tension within the graft and re-create the course of the 
native ulnar collateral ligament (Fig. 47.46I). Resect excess 
graft with a no. 15 blade. 

ULNAR NERVE TRANSPOSITION 
 n  Transfer the ulnar nerve anterior to the medial epicon-

dyle and lay the sling of medial intermuscular septum 
over the nerve. Sew the end of the sling to the fascia 
of the flexor/pronator mass with no. 3-0 nonabsorbable, 
braided coated polyester sutures, taking care to leave the 
sling of septum very loose so that the ulnar nerve is not 
compressed under it and can move freely. 

CLOSURE 
 n  Close the flexor carpi ulnaris fascia and the fascia of the 

cubital tunnel with no. 0 absorbable suture.
 n  Release the tourniquet and obtain hemostasis with elec-

trocautery.
 n  Irrigate the wound with normal saline and place a Hemo-

vac drain in the dependent portion of the wound, exiting 
proximally.

 n  Close the wound with subcutaneous no. 2-0 absorbable 
and subcuticular no. 3-0 nonabsorbable suture, followed 
by Steri-Strips.

 n  Place sterile dressings and a posterior splint molded at 90 
degrees of flexion. 

POSTOPERATIVE CARE The splint is worn for 1 week; 
when it is removed, a functional brace set at 30 to 100 
degrees is applied. Wrist gripping exercises are begun 

during the first week, and elbow isometric flexion and 
extension exercises are started during the second week. 
The brace is advanced from 15 to 110 degrees by week 3. 
Light isotonic exercises are started the fourth week, and 
full motion should be regained by 6 to 8 weeks. From 9 to 
13 weeks, advanced strengthening exercises are begun, 
with eccentric elbow exercises and isometric and isotonic 
exercises. An interval throwing program is started during 
week 14, and return to competitive throwing is allowed 
in 22 to 26 weeks.
   

 

ULNAR COLLATERAL LIGAMENT 
RECONSTRUCTION

 TECHNIQUE 47.15 

(ALTCHEK ET AL.)
 n  If a reconstruction is planned, harvest the graft at this 

time. Usually the ipsilateral palmaris longus is harvested 
through a 5-mm to 1-cm incision placed in the distal wrist 
crease. Rather than make multiple incisions, use a tendon 
stripper specially made for this purpose.

 n  Place a no. 1 braided nonabsorbable suture using a curved 
needle in a Krackow fashion in one end of the tendon. 
After harvest, place the tendon on a moist sponge on the 
back table.

 n  To expose the medial collateral ligament, use a tourniquet 
to exsanguinate the arm.

 n  Make an incision from the distal third of the intermuscu-
lar septum across the medial epicondyle to a point 2 cm 
beyond the sublime tubercle of the ulna. While exposing 
the fascia of the flexor pronator, identify and preserve 
the antebrachial cutaneous branch of the median nerve, 
which frequently crosses the operative field.

 n  Incise the fascia of the flexor carpi ulnaris longitudinally, 
and split the underlying ligament (Fig. 47.47A).

 n  Place a deep, blunt, self-retaining retractor to maintain 
the exposure. Incise the anterior bundle of the medial col-
lateral ligament longitudinally, exposing the joint. At this 
point, medial collateral ligament laxity can be confirmed 
by observing 2 mm or more separation of the joint sur-
faces with valgus stress (Fig. 47.47B).

 n  Expose the tunnel positions for the ulna. For the poste-
rior tunnel, subperiosteally expose the posterior ulna at 
all times and meticulously protect the nerve. If the nerve 
subluxes anteriorly so that it cannot be protected, trans-
pose it.

 n  Using a no. 3 burr, create tunnels anterior and posterior 
to the sublime tubercle so that a 2-cm bridge exists be-
tween them. Connect the tunnels using a small curved 
curet. Do not violate the bony bridge. Pass a looped no. 
2-0 braided nonabsorbable suture using a curved needle.

 n  The humeral tunnel position is located in the anterior 
half of the medial epicondyle in the anterior position 
of the existing medial collateral ligament. Using a no. 
4 burr, create a longitudinal tunnel up the axis of the  
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FIGURE 47.47 Altchek et al. medial collateral ligament reconstruction through muscle-splitting 
approach and using single closed-end humeral tunnel. A, Incision through flexor carpi ulnaris. B, 
Submuscular exposure of medial collateral ligament. C, Ulnar tunnel and single humeral tunnel and 
exit holes for two suture bundles. D, Graft passage through ulnar tunnel from anterior to posterior. 
E, Posterior limb of graft is docked in humeral tunnel. Elbow is reduced with varus stress; and after 
final tensioning of graft, Krackow stitch is placed in anterior limb of graft. SEE TECHNIQUE 47.15.
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epicondyle to a depth of 15 mm. Expose the upper bor-
der of the epicondyle, just anterior to the intermuscular 
septum. Create two small tunnels separated by 5 mm to 
1 cm with a dental drill with a small bit. This allows suture 
passage from the primary humeral tunnel (Fig. 47.47C). 
Use a suture passer from each of the two upper humeral 
tunnels to pass a looped suture for later graft passage.

 n  With the elbow reduced, repair the longitudinal incision 
in the medial collateral ligament with a 2-0 absorbable 
suture.

 n  Pass the graft through the ulnar tunnel from anterior to 
posterior (Fig. 47.47D). Pass the limb of the graft that has 
sutures already in place into the humeral tunnel exiting 
into one of the small superior humeral tunnels.

 n  With the first limb of the graft securely docked in the 
humerus, reduce the elbow with forearm supination and 
gentle varus stress. Maintain tension on the graft while 
flexing and extending the elbow to avoid potential creep 
within the graft.

 n  Measure the final length of the graft by placing the free 
limb of the graft adjacent to the humeral tunnel and vi-
sually estimating the length of the graft that can be ten-
sioned within the humeral tunnel. Mark this point with 
dye, and place a no. 1 braided nonabsorbable suture in 
a Krackow fashion. Dock this end of the graft securely 
in the humeral tunnel with the sutures exiting the small 
superior humeral tunnel (Fig. 47.47E). The graft may be 
quadrupled and secured with one braided nonabsorbable 
suture in a Krackow fashion in the looped end, as well as 
in both tails. These are then folded over and secured on 
the docking position as described by Paletta et al.

 n  Perform final graft tensioning by moving the elbow 
through a full range of motion with varus stress placed 
on the elbow.

 n  When satisfied with graft tension, tie two sets of graft 
sutures over the bony bridge on the humeral condyle.

 n  Deflate the tourniquet, and copiously irrigate the wound.
 n  Approximate the flexor carpi ulnaris fascia, and perform 

subcutaneous and subcuticular closure.
 n  Place the elbow in a plaster splint at 60 degrees of flexion.

POSTOPERATIVE CARE The sutures are removed 1 
week after surgery, and the elbow is placed in a hinged 
brace. Motion is allowed between 45 degrees of extension 
and 90 degrees of flexion. Over the next 3 weeks, motion 
is gradually advanced to full. A formal physical therapy 
program is begun at 6 weeks, and gradual strengthen-
ing of the forearm and shoulder is started. Care is taken 
to prevent a valgus load across the elbow during this 
phase of rehabilitation. At 12 weeks, the strengthening 
program is more vigorous, and bench-pressing with light-
to-moderate weights is allowed. At 4 months, a throwing 
program is begun for throwing athletes.
  

For revision procedures or tunnel blow-out, a single ulnar 
tunnel with endobutton fixation can be used as a salvage pro-
cedure. A small interference screw can also be used, but gen-
erally poor bone quality makes this a less desirable fixation 
option. 

 

ULNAR COLLATERAL LIGAMENT 
REPAIR WITH AN INTERNAL BRACE

 TECHNIQUE 47.16 

(DUGAS ET AL.)
 n  With the patient supine and the operative arm on a hand 

table, after anesthesia administration, examine the elbow 
with attention to any preoperative range of motion re-
strictions, particularly in extension.

 n  Make in incision from the posterior aspect of the medial 
epicondyle, extending distally.

 n  If ulnar nerve transposition is planned, extend the exci-
sion proximally and unroof and mobilize the ulnar nerve. 
Take care not to dissect the nerve proximally to prevent 
iatrogenic ulnar nerve instability.

 n  Elevate the flexor pronator mass off the ulnar collateral 
ligament and split the ulnar collateral ligament in line with 
its fibers.

 n  Visually examine the ligament for the location of the tear 
and the tissue quality. Midsubstance injuries, significant 
tissue degeneration, and/or tissue loss that prevents ap-
proximation of the ulnar collateral ligament to either the 
sublime tubercle or medial epicondyle are considered 
relative contraindications to repair.

 n  If repair is indicated, an InternalBrace (Arthrex) technique 
can be used.

 n  For most overhead throwing athletes, use 3.5-mm Swivel-
Lock anchors (Arthrex). Larger anchors are available and 
can be used if required.

 n  Place the first anchor, loaded with collagen-dipped FiberTape 
and 0 FiberWire (Arthrex), in the location of the tear using a 
2.7-mm drill and then tapping to the size of the anchor.

 n  Use a free needle to pass the FiberWire in a mattress fash-
ion into the ulnar collateral ligament and tie this down to 
approximate the torn tissue to the ulnar collateral ligament 
footprint on the medial epicondyle or sublime tubercle.

 n  Close the remainder of the native ligament using 0 TiCron 
suture (Medtronic).

 n  Place the second anchor at the opposing attachment site 
with collagen-dipped FiberWire loosely tensioned. Allow 
enough slack on the brace to align the third thread on the 
anchor with a drill hole for the anchor.

 n  Dock the eyelet and advance the anchor to the aperture 
of the drill hole.

 n  Move the elbow through a range of motion to ensure 
adequate isometry and tension of the internal brace.

 n  To achieve isometry, choose a starting point for the me-
dial epicondyle anchor in the center of the attachment 
point of the ulnar collateral ligament. Place the center of 
the sublime tubercle tunnel approximately 6 to 8 mm dis-
tal to the joint, slightly anterior on the ridge of the sublime 
tubercle. Drill the tunnel in a direction aimed slightly away 
from the articular surface of the ulna.

 n  Drill the medial epicondyle tunnel in a similar orientation 
to the tunnel created for ulnar collateral ligament recon-
struction, proximally and slightly laterally toward the pos-
terosuperior border of the medial epicondyle. This pro-
vides adequate tunnel length for anchor placement and 
avoids drilling into the cubital tunnel or olecranon fossa.
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 n  If perfect isometry is not obtained, the brace may become 
taut at certain points during range of motion. If this oc-
curs, remove the anchor and loosen the brace. If anisom-
etry exists, laxity is preferred rather than overconstraint.

 n  Once the desired tension is achieved and the anchor is 
placed, suture the brace to the native ligament to prevent 
motion of the brace over the ligament and potential abra-
sion.

 n  Move the elbow through a range of motion to ensure full 
motion without overtensioning of the graft and to assess 
for instability of the ulnar nerve.

POSTOPERATIVE MANAGEMENT The patient is dis-
charged home the same day. The splint is removed 5 to 
7 days after surgery, and range-of-motion and strength-
ening exercises are begun in a protective hinged elbow 
brace. A supervised throwing program is initiated at 10 
weeks, with the goal of returning to competition by 6 
months after surgery.
   

 

LATERAL ULNAR COLLATERAL 
LIGAMENT RECONSTRUCTION 
FOR POSTEROLATERAL ROTATORY 
INSTABILITY
For posterolateral rotatory instability that persists because 
of disruption of the lateral ulnar collateral ligament and 
incompetence of the lateral capsular structures, Nestor, 
Morrey, and O’Driscoll described the use of a Kocher lat-
eral incision for repair or reconstruction of the lateral side.

 TECHNIQUE 47.17 

(NESTOR, MORREY, AND O’DRISCOLL)
 n  Approach the elbow through a modified Kocher incision 

(see Technique 1.107).
 n  By sharp dissection, carefully elevate the common exten-

sor origin, including a portion of the extensor carpi ra-
dialis, to reveal the origin of the radial collateral ligament 
complex at the lateral epicondyle.

 n  Distally, reflect the anconeus muscle posteriorly and the 
extensor carpi ulnaris anteriorly. Reflect the extension of 
the origin of the anconeus to the lateral aspect of the tri-
ceps fascia sufficiently to expose the ligament adequately. 
Identify the supinator crest of the ulna.

 n  Typically, a lax ulnar band of the radial collateral ligament 
is observed and the abnormal portion of the ligament is 
proximal to the annular ligament. The pivot-shift maneu-
ver reveals laxity of the anterior part of the capsule over 
the radial head and of the posterior part of the capsule at 
the posterior aspect of the radiohumeral joint. The sub-
luxation of the joint clearly shows the stretched ulnar part 
of the collateral ligament.

 n  Enter the joint, and inspect for loose bodies and abrasion 
of the articular surfaces.

 n  Tighten the anterior and posterior aspects of the cap-
sule with plication sutures, but do not tie these sutures  

(Fig. 47.48A, left). If the radial collateral ligament complex 
appears intact but stretched or detached from its origin, 
imbricate and advance it with a Bunnell suture technique. 
Suture and plicate the ulnar and the radial parts of the 
radial collateral ligament complex. Advance the suture 
through holes placed in the bone at the humeral ana-
tomic origin of the ligament (Fig. 47.48A, right).

 n  If the tissue of the collateral ligament is of poor quality, as 
is the usual case, reconstruct the ulnar part of the radial 
collateral ligament with an autogenous graft from the 
palmaris longus tendon.

 n  Pass the tendon through an osseous tunnel created by 
a small burr just posterior to the tubercle of the crest of 
the supinator. Make the entry holes about 7 mm apart 
to lessen the likelihood of rupture of the osseous tunnel 
roof. Thread the tendon through a humeral tunnel that 
emerges at the origin of the ligaments. Determine the 
location of the tunnel in the humerus by placing a tem-
porary suture in the ulnar tunnel and holding the ends of 
the suture against the humerus with a hemostat while the 
elbow is moved. Reflect the tendon graft back onto itself, 
crossing the joint again, and attach it into its origin with 
1-0 nonabsorbable sutures (Fig. 47.48B-D).

 n  If the tendon graft seems to be inadequate for the size 
of the arm or for the anticipated activity or stress, use an 
autogenous or allograft hamstring tendon to reinforce 
the reconstruction with the same sites of attachment to 
bone and crossing the joint twice.

 n  Tie all the sutures with the elbow flexed 30 degrees and 
with the forearm fully pronated.

 n  After completing the reconstruction, test the elbow for 
anterolateral rotatory instability. Allow the anconeus and 
triceps muscles to assume their normal positions, and 
close the interval between the anconeus and the exten-
sor carpi ulnaris with absorbable sutures.

 n  Apply a splint with the forearm flexed 90 degrees and 
pronated.
We prefer to use a closed-end tunnel and docking tech-

nique in the humerus comparable to that used with the 
ulnar collateral ligament. When the palmaris is deficient, 
we use a 3.2-mm thick portion of the gracilis tendon. One 
hamstring may be split for medial and lateral reconstruc-
tions in the case of global instability after dislocation. The 
humeral tunnel is drilled at the point on the epicondyle 
where the line drawn along the anterior humeral cortex 
intersects a line through the center of the radiocapitel-
lar axis between the 3- and 4:30-o’clock position on the 
epicondyle (Fig. 47.49). Stability and isometry are less af-
fected by the location of the ulnar tunnels. Placement of 
drill holes 4 mm posterior to the radial head at the crista 
supinatoris and at the proximal aspect of the lesser sig-
moid notch provides reproducible landmarks.

POSTOPERATIVE CARE With the forearm in full prona-
tion, the elbow is placed in 70 to 80 degrees of flexion and 
held in this position for 10 to 14 days. Protected move-
ment is allowed in a hinged brace 2 to 6 weeks after sur-
gery. After 6 weeks, the hinged brace can be removed for 
light activity. The brace is discontinued completely at the 
end of an additional 6 weeks, but patients are encouraged 
to protect the elbow from heavy activity. Full activity is 
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FIGURE 47.48 Technique of Nestor et al. A, Imbrication and advancement of ulnar band of 
radial collateral ligament and radial part of radial collateral ligament with Bunnell suture technique, 
accomplished by placing sutures through drill holes at anatomic origin of ligament in humerus. 
B, Ulnar tunnel placed in crista supinatoris tubercle and oriented to have optimal alignment 
with isometric point. C, Placement of graft into ulnar tunnel and creation of yoke stitch. D, Graft 
tensioning after introduction into humeral tunnels. E, Tunnel is made in humerus and expanded in 
posterosuperior direction to emerge posterior and superior to point of isometry. Second humeral 
tunnel exits posterior and inferior from common entry site. Palmaris longus tendon is drawn 
through ulnar and humeral tunnels and tied to itself after recrossing joint. SEE TECHNIQUE 47.17.
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allowed at 6 months, and participation in contact sports 
is allowed at 1 year. The patient is advised to protect the 
elbow from stresses during activities of daily living, such as 
lifting weights. We recommend that patients lift weights 
only in the plane of elbow flexion and extension, keeping 
the shoulder adducted and the elbow close to the body.
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FIGURE 47.49 Lateral collateral and annular ligament complex 
of elbow. Lateral collateral ligament originates off humerus at axis 
point of ulnohumeral joint, which lies at intersection of anterior 
humeral line and radiocapitellar axis. Radial collateral ligament 
blends with annular ligament to insert in conjoined fashion onto 
proximal ulna. SEE TECHNIQUE 47.17.
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 TRAUMATIC DISORDERS
Frederick M. Azar

CHAPTER 48

COMPARTMENT SYNDROME
Compartment syndrome is an elevation of the interstitial 
pressure in a closed osteofascial compartment that results in 
microvascular compromise. Compartments with relatively 
noncompliant fascial or osseous structures most commonly 
are involved, especially the anterior and deep posterior com-
partments of the leg (Fig. 48.1) and the volar compartment of 
the forearm. Compartment syndrome can develop anywhere 
skeletal muscle is surrounded by substantial fascia, however, 
such as in the buttock, thigh, shoulder, hand, foot, arm, and 
lumbar paraspinous muscles.

Compartment syndromes can be classified as acute or 
chronic, depending on the cause of the increased pressure 
and the duration of symptoms. The most common causes 
of acute compartment syndrome are fractures, soft-tissue 
trauma, arterial injury, limb compression during altered con-
sciousness, and burns. Other causes include intravenous fluid 
extravasation and anticoagulants. Acute exertional compart-
ment syndromes have been reported in the foot in runners, 
basketball players, and other athletes. Chronic exertional 
compartment syndrome (CECS) is recurrence of increased 
pressure, most often in the anterior or deep posterior com-
partment of the leg. Exercise can increase muscle volume 
by 20%, causing an increase in pressure in a noncompliant 
compartment. Exertional compartment syndrome of the 
lower extremity is most common in long-distance runners 
and military recruits pushed past normal limits of functional 

tolerance. It also has been reported to occur elsewhere, 
including the forearms in weightlifters, rowers, welders, and 
others who place large demands on their upper extremities.

ANATOMY AND PATHOPHYSIOLOGY
The pathophysiology of compartment syndrome involves 
an insult to normal local tissue homeostasis that results in 
increased tissue pressure, decreased capillary blood flow, 
and local tissue necrosis caused by oxygen deprivation. 
Experimental evidence suggests that significant muscle 
necrosis can occur in patients with normal blood flow if 
intracompartmental pressure is increased to more than 30 
mm Hg for longer than 8 hours. Higher pressures have been 
shown to cause greater compromise of neuromuscular viabil-
ity in shorter periods of time.

Fascial hernias have been reported to have a definite 
association with the development of exertional compartment 
symptoms. Approximately 15% to 40% of patients treated for 
CECS have been found to have a fascial hernia, often despite 
a normal physical examination. 

ACUTE COMPARTMENT SYNDROME
CLINICAL EVALUATION

Physical signs of acute compartment syndrome include tight-
ness of the involved compartment, pain with passive motion 
of the muscles passing through the compartment, and weak-
ness of the muscles. The most important sign is pain out of 
proportion to that expected with the injury. Hypesthesia or 
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paresthesia should be evaluated by testing with pinprick, light 
touch, and two-point discrimination. The diagnosis of acute 
compartment syndrome may be delayed in patients with 
multiple injuries or altered consciousness and in children, in 
whom physical findings cannot be documented accurately. 
Because of the variability of clinical signs and symptoms of 
compartment syndrome, the sensitivity and positive predic-
tive value of clinical findings are low; however, the specificity 
and negative predictive value are high. The absence of clinical 
findings associated with compartment syndrome is more use-
ful for excluding the diagnosis than the presence of findings is 
for confirming the diagnosis.

If compartment syndrome is suspected and an adequate 
examination cannot be performed, pressure levels should be 
measured. Monitoring of compartment pressures also is help-
ful in patients with a fracture and altered neurologic function 
caused by vascular injuries, continuous epidural anesthesia, 
peripheral nerve injury, or tourniquet palsy.

A variety of invasive devices are available for measure-
ment of compartment pressures, including a commercially 
available pressure monitor (Fig. 48.2), arterial line manometer, 
Whitesides three-way stopcock apparatus (Fig. 48.3A), and the 
wick monitor (Fig. 48.3B). Studies have shown, however, that 
pressure measurements are erroneous in as many as 30% to 35% 
of patients and should not be used as the primary determinant 
for or against fasciotomy. Noninvasive methods of evaluating 
compartment pressures include the use of ultrasonography to 
measure submicrometer displacement of the fascia wall caused 
by volume expansion of the muscle compartment, which is 
related to changes in intramuscular pressure. Although more 
study is necessary, in a model of compartment syndrome in 
the legs of healthy individuals, this technique had a diagnostic 
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FIGURE 48.1 Four compartments of leg: transverse section 
through middle portion of left leg.

 FIGURE 48.2 Stryker hand-held compartment pressure 
monitor.  (Courtesy Stryker, Kalamazoo, MI.)
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FIGURE 48.3 Technique of Whitesides et al. for determination of tissue pressure. A, Tissue 
pressure is measured by determining amount of pressure within closed system required to overcome 
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for monitoring compartment pressures.
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sensitivity of 77% and specificity of 93%. Infrared imaging also 
has been used in trauma patients to determine temperature 
differences between the proximal and distal skin surfaces to 
help make the diagnosis of compartment syndrome. Schmidt 
et al. determined that near-infrared spectroscopy data were not 
collected reliably, calling into question its utility for monitor-
ing oxygenation in patients at risk for acute compartment syn-
drome. Currently, neither of these methods has been shown to 
be as accurate or easily available as the invasive methods. 

TREATMENT
Significant controversy exists regarding appropriate compart-
mental pressures for performing fasciotomies. At our institu-
tion, if compartmental pressures are greater than 30 mm Hg 
in the presence of clinical findings, immediate fasciotomy is 
indicated. Equivocal readings require continuous monitor-
ing and serial clinical examinations. In patients with major 
disruption of the arterial circulation or circumferential full-
thickness burns, fasciotomy should be performed at the time 
of initial surgery. An algorithm for patients with tibial frac-
tures has been developed to determine the roles of tissue pres-
sure measurement and clinical findings (Fig. 48.4).

In isolated limb injuries, splitting of the cast and under-
lying padding can decrease compartment pressure by as 
much as 50% to 85%. Any circular constrictive bandages 
also should be released. Positioning of the limb is important; 
placing the limb at the level of the heart produces the highest 
arteriovenous gradient. On the other hand, elevation of the 

limb decreases arterial inflow without significantly increas-
ing venous outflow, thus increasing local ischemia. If symp-
toms do not resolve within 30 to 60 minutes after appropriate 
treatment, pressure measurement should be repeated and, if 
results are equivocal, fasciotomy is indicated without delay. 
Although an exact timeframe has not been firmly established 
by evidence-based research in humans, fasciotomy after 12 
hours has been associated with adverse outcomes. 

ACUTE COMPARTMENT SYNDROME OF THIGH
Compartment syndrome of the thigh is much less frequent 
than that of the forearm or lower leg, but it is associated with a 
high level of morbidity. In one study of 23 patients with acute 
thigh compartment syndrome, four patients (17%) required 
amputations, whereas in another study of 18 patients more 
than half did not recover full thigh-muscle strength and had 
long-term functional deficits. Factors associated with an 
increased likelihood of functional deficits were high injury 
severity scores, ipsilateral femoral fracture, prolonged inter-
vals to decompression, the presence of myonecrosis at the 
time of fasciotomy, and an age older than 30 years.

The most common causes of thigh compartment syndrome 
are blunt trauma (with or without fracture) and vascular injury; 
other cited causes of acute compartment syndrome of the thigh 
include polytrauma, arterial ischemia, burns, limb compression 
secondary to drug abuse, tourniquet use for lower leg surgery, 
use of military antishock trousers, muscle overuse, penetrating 
gunshot wounds, quadriceps tendon rupture and contusion or 
strain, other thigh muscle strains, and heterotopic ossification. 
Acute compartment syndrome of the thigh has been described 
mostly in case reports, and most often in young, active males 
participating in a contact sport (e.g., soccer, rugby). “Idiopathic” 
thigh compartment syndrome also has been described.

The myofascial compartments of the thigh have a consid-
erably larger volume and potential capacity than those of the 
lower leg or forearm, accounting for the relative infrequency 
of thigh compartment syndrome. The thigh is divided into 
three distinct compartments (anterior, medial, and posterior) 
by intermuscular fascial extensions (Fig. 48.5); collectively, 
the compartments are encased by the fascia lata. Within 
the anterior compartment are the quadriceps muscle group 
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FIGURE 48.4 Algorithm for diagnosis and treatment of acute 
compartment syndrome of lower leg after tibial fracture.  (From 
Bourne RB, Rorabeck CH: Compartment syndromes of the lower leg, Clin 
Orthop Relat Res 240:97, 1989.)
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and the sartorius muscle, the femoral nerve and its sensory 
branch, the saphenous nerve, and the femoral artery and 
vein. The medial compartment contains the adductor muscle 
group and its neurovascular supply, the profunda femoris and 
obturator arteries, and the obturator nerve. In the posterior 
compartment are the biceps femoris, semimembranosus and 
semitendinosus muscles, arterial branches of the profunda 
femoris, and the sciatic nerve. Most reported compartment 
syndromes of the thigh involve the anterior compartment 
because it is surrounded by the stiffest walls laterally and 
medially (fascia lata and iliotibial tract) and is the most vul-
nerable to trauma.

The diagnosis of acute compartment syndrome of the 
thigh is based on the criteria described earlier for acute 
compartment syndrome. The most common signs of thigh 
compartment syndrome are pain and increased thigh cir-
cumference compared with the opposite side. Weakness of 
the involved thigh muscles and sensory or motor deficits in 
the anatomic distribution of the nerves contained in specific 
compartments can help determine which compartments are 
involved (Table 48.1). Marmor et al., in a cadaver model of 
elevated muscle compartment pressures, used ultrasound 
to measure the width of the anterior compartment and the 
amount of pressure needed to flatten the bulging superficial 
compartment fascia, both of which showed strong correlation 
to compartment pressures, suggesting a clinical use for this 
modality in the future.

Although conservative management has been advocated 
for young patients with isolated anterior compartment syn-
drome of the thigh, most often immediate surgical decom-
pression is indicated. A retrospective review of 29 patients 
with thigh compartment syndromes found that the frequency 
of complications correlated with the time to fasciotomy: delay 
of more than 12 hours was associated with a poor outcome in 
one study, and in another study patients who had decompres-
sion within 8 hours had significantly better outcomes than 
those with later surgery. High pressures in the thigh compart-
ments have been found to cause long-term functional defi-
cits even with shorter pressure durations, suggesting that the 
pressure level affects the time window until irreversible neu-
romuscular damage occurs. Some have suggested that fasci-
otomy should not be done when surgery is delayed for more 
than 12 hours because of the risk of infection in the ischemic 
muscle tissue, recommending that patients be treated medi-
cally (rapid fluid resuscitation) in an intensive care setting to 
manage rhabdomyolysis and avoid acute renal failure. When 

the condition of the involved muscles is unknown, a small 
incision has been recommended to allow access for testing 
of muscle viability before the extensive fasciotomy incision 
is made. 

 

FASCIOTOMY FOR ACUTE 
COMPARTMENT SYNDROME OF THE 
THIGH

 TECHNIQUE 48.1 

(TARLOW ET AL.)
 n  Prepare and drape the thigh in a sterile fashion, exposing 

the limb from the iliac crest to the knee joint.
 n  Make a lateral incision beginning just distal to the inter-

trochanteric line and extending to the lateral epicondyle 
(Fig. 48.6A).

 n  Use subcutaneous dissection to expose the iliotibial band 
and then make a straight incision in line with the skin 
incision through the iliotibial band (Fig. 48.6B).

 n  Carefully reflect the vastus lateralis off the lateral inter-
muscular septum, making sure to coagulate all perforat-
ing vessels as they are encountered.

 n  Make a 1.5-cm incision in the lateral intermuscular sep-
tum and, using Metzenbaum scissors, extend it proximally 
and distally the length of the incision (Fig. 48.6C).

 n  After the anterior and posterior compartments have been 
released, measure the pressure of the medial compart-
ment. If the pressure is elevated, make a separate medial 
incision to release the adductor compartment.

 n  Pack the wound open and apply a large, bulky dressing.
See also Video 48.1.

POSTOPERATIVE CARE At 48 to 72 hours the patient 
is returned to the operating room for debridement of any 
necrotic material. Intravenous fluorescein and a Wood 
light can be helpful in evaluating muscle viability. If there is 
no evidence of muscle necrosis, the skin is loosely closed. 
Alternatively, a negative pressure wound device can be 
used. If closure is not accomplished, the debridement is re-
peated after another 48- to 72-hour interval, after which 
skin closure or skin grafting can be done.
  

 TABLE 48.1 

Compartment-Specific Diagnostic Criteria of Acute Compartment Syndrome of the Thigh

ANTERIOR COMPARTMENT POSTERIOR COMPARTMENT MEDIAL COMPARTMENT
Pain with passive stretch Passive knee flexion with hip 

in extension
Passive knee extension with hip 
in flexion

Passive hip abduction with knee 
in extension

Motor deficit Knee extension Knee flexion, plantar flexion 
(sciatic tibial branch), dorsi-
flexion, great toe extension 
(peroneal branch)

Hip adduction

Sensory deficit Passive hip abduction with 
knee in extension

Hip adduction Proximal-medial thigh (obturator 
nerve cutaneous branch)

Modified from Mithoefer K, Lhowe DW, Vrahas MS, et al: Functional outcome after acute compartment syndrome of the thigh, J Bone Joint Surg 88A:729, 2006.
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ACUTE COMPARTMENT SYNDROME OF LOWER 
LEG
Most acute compartment syndromes of the lower leg (approx-
imately 36%) are associated with tibial fractures; the second 
most common cause is blunt soft-tissue injury. During a 
10-year period at a large trauma center, 288 (2.8%) of 10,315 
patients with extremity trauma required fasciotomy for com-
partment syndrome. The need for fasciotomy varied widely 
according to mechanism of injury (<1% after motor vehicle 
accidents to almost 9% after gunshot wounds) and by type of 
injury (2% with closed fracture to 42% with combined vas-
cular injury). Male sex and age younger than 55 years were 
among the independent predictors identified. An increasingly 
common risk factor for the development of compartment syn-
drome is the use of anticoagulation therapy in elderly trauma 
patients. As with all compartment syndromes, early diagno-
sis and treatment are essential to a good result. A review of 
the outcomes of fasciotomy found that 68% of patients treated 
within 12 hours of symptom onset had normal function, com-
pared with only 8% in those treated more than 12 hours after 
symptom onset. Even with timely fasciotomy, many patients 
have long-term sequelae, including altered sensation, swell-
ing, pain, functional deficits, and cosmetic concerns.

Two techniques for release of the compartments of the lower 
leg are commonly used: single-incision perifibular fasciotomy 
and double-incision fasciotomy. The single incision may be 
useful if the soft tissue of the limb is not extensively distorted. 
Because this is rarely true, the double-incision technique gener-
ally is safer and more effective. Neal et al., however, in a cadaver 
study determined that a single-incision four-compartment fas-
ciotomy was as effective as fasciotomy with a double-incision 
technique. The role of selective compartment releases remains 
unclear. Thirty-eight patients with compartment syndromes in 

association with tibial fractures were treated according to an 
algorithm in which standard anterior and lateral releases were 
done through a full-length lateral incision and then superficial 
and deep posterior compartment pressures were measured. If 
the difference between compartment pressure and preopera-
tive diastolic blood pressure was greater than or equal to 30 mm 
Hg, the posterior compartments were not released. Orthopaedic 
residents checked the patients every 2 hours on the floor and 
repeated compartment pressure measurements if symptomatol-
ogy changed or the patient was obtunded. Although this man-
agement protocol seems safe and effective—only 8% of patients 
required posterior release and no patient without posterior 
release developed sequelae of a missed posterior compartment 
syndrome—the resources to follow patients closely and allow a 
rapid return to the operating room if needed may not be avail-
able to most practices. Release of all four compartments appears 
to be a safer approach for most patients. 

 

SINGLE-INCISION FASCIOTOMY 
FOR LOWER LEG COMPARTMENT 
SYNDROME

 TECHNIQUE 48.2 

(DAVEY ET AL.)
 n  Make a single longitudinal, lateral incision in line with the 

fibula, extending from just distal to the head of the fibula 
to 3 to 4 cm proximal to the lateral malleolus (Fig. 48.7A).

 n  Undermine the skin anteriorly and avoid injuring the su-
perficial peroneal nerve.
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FIGURE 48.6 Decompression of thigh compartments. A, Incision from intertrochanteric line to 
lateral epicondyle. B, Anterior compartment is opened by incising fascia lata, and vastus lateralis 
is retracted medially to expose lateral intermuscular septum, which is then incised to decompress 
posterior compartment. C, Drawing of thigh compartments and appropriate incisions. SEE TECH-
NIQUE 48.1.
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 n  Perform a longitudinal fasciotomy of the anterior and lat-
eral compartments (Fig. 48.7B).

 n  Undermine the skin posteriorly and perform a fasciotomy 
of the superficial posterior compartment (Fig. 48.7C).

 n  Identify the interval between the superficial and lateral 
compartments distally and develop this interval proximally 
by detaching the soleus from the fibula.

 n  Subperiosteally dissect the flexor hallucis longus from the 
fibula.

 n  Retract the muscle and the peroneal vessels posteriorly.
 n  Identify the fascial attachment of the posterior tibial mus-

cle to the fibula and incise this fascia longitudinally (Fig. 
48.7D).

 n  Close only the skin over a suction drain or a negative pres-
sure wound device.
   

 

DOUBLE-INCISION FASCIOTOMY 
FOR LOWER LEG COMPARTMENT 
SYNDROME

 TECHNIQUE 48.3 

(MUBARAK AND HARGENS)
 n  Make a 20- to 25-cm incision in the anterior compart-

ment, centered halfway between the fibular shaft and 
the crest of the tibia (Fig. 48.8A). Use subcutaneous dis-
section for wide exposure of the fascial compartments.

 n  Make a transverse incision to expose the lateral intermus-
cular septum and identify the superficial peroneal nerve 
just posterior to the septum.

 n  Using Metzenbaum scissors, release the anterior com-
partment proximally and distally in line with the anterior 
tibial muscle.

 n  Perform a fasciotomy of the lateral compartment proxi-
mally and distally in line with the fibular shaft.

 n  Make a second longitudinal incision 2 cm posterior to the 
posterior margin of the tibia (Fig. 48.8B). Use wide sub-
cutaneous dissection to allow identification of the fascial 
planes.

 n  Retract the saphenous vein and nerve anteriorly.
 n  Make a transverse incision to identify the septum be-

tween the deep and superficial posterior compartments. 
Release the fascia over the gastrocnemius-soleus complex 
for the length of the compartment.

 n  Make another fascial incision over the flexor digitorum 
longus muscle and release the entire deep posterior com-
partment. As dissection is carried proximally, if the soleus 
bridge extends more than halfway down the tibia, release 
this extended origin.

 n  After release of the posterior compartment, identify the 
deep posterior muscle compartment. If increased tension 
is evident in this compartment, release it over the extent 
of the muscle belly (Fig. 48.8C).

 n  Pack the wound open and apply a posterior plaster splint 
with the foot plantigrade.

 n  Management of fasciotomy wounds has included primary 
closure, healing by secondary intention, or split-thickness 
skin grafting to cover defects, which is necessary in  

 

DC

A

B
FIGURE 48.7 Technique of Davey et al. for decompression of leg compartments. A, Lateral 

skin incision from fibular neck to 3 to 4 cm proximal to lateral malleolus. B, Skin is undermined 
anteriorly, and fasciotomy of anterior and lateral compartments is performed. C, Skin is under-
mined posteriorly, and fasciotomy of superficial posterior compartment is performed. D, Interval 
between superficial posterior and lateral compartments is developed. Flexor hallucis longus muscle 
is dissected subperiosteally off fibula and retracted posteromedially. Fascial attachment of tibialis 
posterior muscle to fibula is incised to decompress muscle. SEE TECHNIQUE 48.2.

    

https://booksmedicos.org


CHAPTER 48 TRAUMATIC DISORDERS 2485

 

approximately 50% of patients. An alternative is a de-
layed primary closure, which can be accomplished using 
the vessel loop shoelace technique (Fig. 48.9) or com-
mercial closure devices. Vacuum-assisted wound closure 
can be used to reduce postoperative edema, which may 
improve wound closure with or without negative pressure 
therapy (Fig. 48.10).

POSTOPERATIVE CARE At 48 to 72 hours, the patient 
is returned to the operating room for debridement of any 
necrotic material. Intravenous fluorescein and a Wood 
light can be helpful in evaluating muscle viability. If there is 
no evidence of muscle necrosis, the skin is loosely closed. 
If closure is not accomplished, the debridement is repeat-
ed after another 48- to 72-hour interval, after which skin 
closure or skin grafting can be done.
  

CHRONIC EXERTIONAL COMPARTMENT 
SYNDROME
Chronic exertional compartment syndrome (CECS) is 
defined as reversible ischemia secondary to a noncompliant 
osteofascial compartment that is unresponsive to the expan-
sion of muscle volume that occurs with exercise. Factors 
believed to contribute to an increase in an intracompartmen-
tal pressure during exercise include increased volume of the 
skeletal muscle with exertion due to blood flow and edema 
(muscle volume can increase up to 20% of its resting size 
during exercise), dynamic contraction factors due to the gait 
cycle (rear-foot landing, overpronation), and muscle hyper-
trophy as a response of exercise. Anabolic steroid and creatine 
use also increases muscle volume.

CECS is most common in young adult recreational run-
ners, elite athletes, and military recruits. The anterior and lat-
eral compartments are most often affected, and symptoms are 
bilateral in about 75% of patients. Studies have indicated that 
a 2-year delay in diagnosis is typical for CECS.

CLINICAL EVALUATION
The importance of an accurate history cannot be overempha-
sized in the evaluation of patients with lower extremity pain. 
In many patients the diagnosis is delayed for months or even 
years. In their series of 42 patients, Winkes et al. reported a 
median time of 28 months from first symptom to diagnosis. 
A typical patient with CECS is a competitive runner, 20 to 
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FIGURE 48.8 Method of Mubarak and Hargens for decompres-
sion of anterior and lateral compartments of leg. A, Anterolateral 
incision. B, Posteromedial incision. C, Decompression of all four 
compartments of leg. SEE TECHNIQUE 48.3.

 FIGURE 48.9 Delayed primary closure after fasciotomy with 
vessel loop shoelace technique. SEE TECHNIQUE 48.3.

 FIGURE 48.10 Fasciotomy wound with vacuum-assisted closure 
system in place.  (From Saziye K, Mustafa C, Ilker U, Afksendyios K: 
Comparison of vacuum-assisted closure device and conservative treat-
ment for fasciotomy wound healing in ischemia-reperfusion syndrome: 
preliminary results, Int Wound J 8:229, 2011.) SEE TECHNIQUE 48.3.
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30 years old, who describes exercise-induced pain and a feel-
ing of tightness that begins after 20 to 30 minutes of running. 
The pain usually resolves within 15 to 30 minutes of cessa-
tion of exercise. Paresthesias of the nerves running through 
the involved compartment often are reported. Physical 
examination may reveal tenderness over the musculature of 
the involved compartment, and muscle herniation through 
defects in fascia may be palpated. Patients should be exam-
ined after completing the exercise that reproduces symptoms. 
Other possible causes of the patient’s symptoms also should 
be considered (Box 48.1).

If history and physical examination are not diagnos-
tic, other studies can be instituted to arrive at a diagnosis. 
Periostitis is easily seen on bone scan, with diffuse uptake 
often covering one third of the bone. Stress fractures show 
a more localized, intense uptake of the radioactive isotope, 
although 90% of stress fractures can be diagnosed with plain 
radiographs. Stress reactions, precursors of stress fractures, 
can best be detected by MRI on short T1 inversion recov-
ery sequence or a fat-suppressed T2-weighted fast spin-echo 
sequence. Entrapment of the peroneal nerve can be deter-
mined by provocative tests in which pressure over the point at 
which the superficial peroneal nerve emerges from the deep 
fascia produces pain during active, resisted dorsiflexion and 
eversion of the ankle. The Tinel sign also may be positive in 
the same area.

As with acute compartment syndrome, some contro-
versy exists as to values for diagnosis of CECS. The most 
commonly accepted values are the presence of one or more 
of the following criteria: (1) preexercise, resting pressure 
of 15 mm Hg or more; (2) pressure of 30 mm Hg or more 
1 minute after exercise; and (3) pressure of 20 mm Hg or 
more 5 minutes after exercise. One study found that the 
level of pain was significantly higher in patients with CECS 
than in controls at all phases of exercise. The authors noted 
that a pressure of 105 mm Hg immediately after 5 minutes 
of sustained walking at 4 miles per hour with a 5% incline 
and the patient wearing a 15-kg backpack had better diag-
nostic accuracy than the Pedowitz criteria above. Other 
authors have suggested use of postexercise MRI, near-infra-
red spectroscopy, triple-phase bone scan, methoxyisobutyl 
isonitrile (MIBI) perfusion imaging, and thallous chloride 
scintigraphy. 

TREATMENT
NONOPERATIVE TREATMENT

Conservative measures include relative rest (limiting activity to 
a level that avoids all but minimal symptoms), antiinflammatory 
medications, manual therapy, stretching and strengthening of the 
involved muscles, and orthotics. Forefoot running (forefoot strike) 
also has been reported to improve pain and lower intracompart-
mental pressure with sustained results of up to 1 year, avoiding 
surgical intervention. Return to work or sports has been reported 
in 65% to 75% of patients with nonoperative treatment; however, 
Maksymiak et  al. found that operatively treated patients were 
more satisfied, reported better recovery to former performance 
levels, and had better functional outcomes than those treated 
nonoperatively. If symptoms persist, if pressures are extremely ele-
vated, or if the athlete desires to continue activity at the same level, 
fasciotomy of the involved compartments is indicated. 

OPERATIVE TREATMENT
Failure after fasciotomy may be related to the compartments 
released. Anterior compartment fasciotomy has a success rate 
of 80% to 90%, whereas release of the deep posterior compart-
ment has a lower rate of 50% to 70% as does a combined ante-
rior and lateral release. Younger patient age (<23 years) also has 
been shown to be a factor in improved subjective function and 
satisfaction after fasciotomy. Most patients, however, are able 
to return to running without significant symptoms within 3 
months of surgery. Winkes et al. reported that fasciotomy was 
beneficial in 71% of patients with CECS in the lower leg, with 
all symptoms improved at short-term and long-term follow-up. 
Several studies have indicated that patients who do not have all 
four compartments released have worse outcomes than those 
who have four-compartment release. Maher et  al. reported 
that 91% of patients with four-compartment releases returned 
to sport at their desired level, compared to only 67% of those 
who did not have four-compartment release. In their litera-
ture review, Vajapey and Miller concluded that limited-incision 
fasciotomy remains the most effective treatment for CECS. 
Open fasciotomy remains the predominant surgical technique, 
although its comparative efficacy relative to newer endoscopic 
or other minimally invasive techniques is still being determined.

Subcutaneous and endoscopic techniques have been 
described for fasciotomy. Although increased complication 
rates and recurrence of symptoms have been reported with 
these techniques, a “double mini-incision” technique pro-
duced good results in 18 athletes; 14 had release of the anterior 
compartment only, and four had release of the anterior and 
lateral compartments. At 2-year follow-up, all 18 had resumed 
their sports activities; two had a transient sensation of weak-
ness that resolved within 3 months. Endoscopic compartment 
release was reported to be successful in nine patients (14 legs), 
eight of whom were able to resume preoperative activities; the 
only reported complications were two postoperative hemato-
mas that resolved. With anterior and posterior compartment 
release, extensive undermining and careful identification and 
retraction of the superficial peroneal nerve during anterior 
release and of the saphenous nerve and vein during posterior 
release are necessary. We believe the double-incision tech-
nique to be better for release of the posterior structures.

Fasciotomy may not be successful, resulting in recurrence 
of symptoms. Partial fasciectomy has been advocated by some 
authors, especially in patients with recurrence after fasciot-
omy. Other complications include numbness, bruising, skin 
infection, weakness, and vascular compromise. 

Differential Diagnosis of Chronic Exertional 
Compartment Syndrome

 n  Medial tibial stress syndrome (shin splints)
 n  Stress fracture
 n  Tenosynovitis
 n  Periostitis
 n  Deep venous thrombosis
 n  Nerve entrapment syndrome
 n  Lumbosacral radiculopathy
 n  Neurogenic claudication
 n  Popliteal artery entrapment syndrome
 n  Vascular claudication
 n  Infection
 n  Myopathy
 n  Tumor

 BOX 48.1 
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A B

C D

FIGURE 48.11 Mouhsine et al. double mini-incision fasciotomy for chronic anterior compart-
ment syndrome. A, Two vertical 2-cm skin incisions. B, Development of subcutaneous flap with 
blunt dissection. C, Skin retraction to allow fasciotomy under direct vision. D, After wound closure. 
SEE TECHNIQUE 48.4.

 

DOUBLE MINI-INCISION FASCIOTOMY 
FOR CHRONIC ANTERIOR 
COMPARTMENT SYNDROME

 TECHNIQUE 48.4 

(MOUHSINE ET AL.)
 n  Without the use of a tourniquet, make two vertical 2-cm 

skin incisions over the anterior compartment 15 cm apart 
(Fig. 48.11A).

 n  Identify the fascia and carefully develop a subcutaneous 
flap with blunt dissection of the bridge of skin and sub-
cutaneous tissue (Fig. 48.11B). Use retractors to mobilize 
this flap to allow a clear view of the deep fascia.

 n  Identify the anterior intermuscular septum and the su-
perficial peroneal nerve through the distal incision (10 to 
12 cm proximal to the lateral malleolus). Retract the skin 
anteriorly and posteriorly to allow anterior and/or lateral 
fasciotomy under direct vision (Fig. 48.11C). If needed, 
use a gloved finger to complete the release.

 n  Close the two incisions with 3.0 monofilament and sterile 
adhesive strips (Fig. 48.11D) and apply a firm bandage 
from midfoot to the knee.

POSTOPERATIVE CARE The limb is elevated for 24 to 
48 hours and ice is applied. Then supervised active range-
of-motion exercises and progressive weight bearing are 

begun. Most patients need to use crutches for up to 10 
days. Sports activities are gradually resumed at 3 to 4 
weeks after surgery.
   

 

SINGLE-INCISION FASCIOTOMY FOR 
CHRONIC ANTERIOR AND LATERAL 
COMPARTMENT SYNDROME

 TECHNIQUE 48.5 

(FRONEK ET AL.)
 n  Make a 5-cm longitudinal incision halfway between the fibula 

and the tibial crest in the midportion of the leg (Fig. 48.12A) 
or over the fascial defect if a muscular hernia is present at the 
exit of the superficial peroneal nerve (Fig. 48.12B,C).

 n  Identify the nerve and the intermuscular septum and pass 
a fasciotome into the anterior compartment in line with 
the anterior tibial muscle (Fig. 48.12D).

 n  In the lateral compartment, run the fasciotome posterior 
to the superficial peroneal nerve in line with the fibular 
shaft (Fig. 48.12E).

 n  Do not repair muscular hernias.
 n  Close the skin in the usual fashion and apply a sterile 

dressing.
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FIGURE 48.12 Fronek et al. single-incision fasciotomy. A, Incision between tibial crest and 
fibular shaft, over anterolateral intermuscular septum, when no fascial hernia exists. B, In presence 
of fascial hernia, incision is directly over fascial defect. C, Defect is enlarged across intermuscular 
septum (1). D and E, Complete longitudinal release of anterior compartment (2 and 3) and lateral 
compartment (4 and 5). SEE TECHNIQUE 48.5.
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DOUBLE-INCISION FASCIOTOMY FOR 
CHRONIC POSTERIOR COMPARTMENT 
SYNDROME

 TECHNIQUE 48.6 

(RORABECK)
 n  Make two incisions in the leg 1 cm behind the posterome-

dial border of the tibia (Fig. 48.13A). Identify the saphe-
nous vein in the proximal incision and retract it anteriorly 
along with the nerve.

 n  Enter and release the superficial compartment (Fig. 48.13B).
 n  Incise the deep fascia (Fig. 48.13C).
 n  Expose the deep compartment, including the flexor digi-

torum longus and posterior tibial muscles, by detaching 
the soleal bridge.

 n  Identify the neurovascular bundle and posterior tibial 
tendon and incise proximally and distally the fascia 
overlying the tendon. The posterior tibial tendon is the 
key to posterior compartment decompression, and it 
usually is constricted proximally between the two ori-
gins of the flexor hallucis longus; enlarge the opening 
between these two structures to check for constric-
tion.

 n  Release the tourniquet and obtain meticulous hemostasis.
 n  Close the wound over a suction drain to minimize the risk 

of hematoma formation.

POSTOPERATIVE CARE Early range-of-motion exer-
cises are encouraged, and weight bearing to tolerance 
on crutches is allowed the day after surgery. Crutches 
are discarded when walking is possible without difficulty. 
Light jogging is allowed at 2 to 3 weeks if swelling and 
tenderness are absent.
   

 

A

B

C

Saphenous vein

Superficial posterior
compartment

Deep posterior
compartment

FIGURE 48.13 Rorabek two-incision release of chronic deep posterior compartment syndrome. 
A, Two vertical incisions; saphenous vein is identified and retracted anteriorly. B, Superficial compart-
ment is entered and released. C, Deep fascia is incised, and deep posterior compartment is released. 
SEE TECHNIQUE 48.6.
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RUPTURE OF MUSCLES AND 
TENDONS
RUPTURE OF ACHILLES TENDON
Injuries of the Achilles tendon are relatively common in 
middle-aged athletes, and the frequency of these injuries is 
increasing (from 2/100,000 in 1986 to 2.5/100,000 in 2016) 
as more people remain active in recreational sports for longer 
times. Tendinitis, tendinosis, and peritendinitis accounted for 
11% of lower extremity complaints at a large runners’ clinic, 
and Achilles tendon ruptures have been estimated to be the 
third most frequent tendon rupture. Some studies have sug-
gested that Achilles tendinopathy is present in 24% of com-
petitive athletes and in up to 50% of competitive runners. 
Tendon ruptures are estimated to occur in approximately 
8% of competitive athletes. The peak age for Achilles ten-
don rupture in both men and women is between 30 and 40 
years of age. Several intrinsic and extrinsic risk factors for 
Achilles tendon rupture have been identified (Box 48.2). A 
survey of 154 patients with acute tendon ruptures found that 
at 4-year follow-up 6% had sustained a rupture on the con-
tralateral side; according to the authors’ calculations, patients 
with an acute Achilles tendon rupture have a nearly 200-fold 
increased risk of a contralateral tendon rupture. Patients who 
have an Achilles tendon rupture in their 30s have a signifi-
cantly increased risk for contralateral tendon rupture.

Most commonly, the mechanisms of Achilles tendon rup-
ture are pushing off with the weight-bearing forefoot while 
extending the knee, sudden unexpected dorsiflexion of the 
ankle, and violent dorsiflexion of the plantar flexed foot, as in 
a fall from a height. Disruption also can occur from a direct 
blow to the contracted tendon or from a laceration.

ANATOMY AND PATHOPHYSIOLOGY
Achilles tendon rupture has been related to a relatively hypo-
vascular area of the tendon, shown by angiography to be 2 to 
6 cm above the tendon insertion into the calcaneus. The major 
blood supply of the tendon is through its mesotendon, with the 
richest supply through the anterior mesentery. With increas-
ing age, this anterior mesenteric supply becomes reduced. 
Age-dependent changes in collagen crosslinking result in 

increased stiffness and loss of viscoelasticity, predisposing to 
injury. Repetitive microtrauma to this area may make it impos-
sible for the reparative process to keep pace, and a degenerative 
attrition may be responsible for many Achilles tendon rup-
tures. Another theory concerning the cause of Achilles tendon 
rupture is the failure of inhibiting mechanisms at the muscu-
lotendinous unit as a result of fatigue, with resultant eccentric 
overload. The cause of Achilles tendon rupture probably is a 
combination of a relatively hypovascular area and repetitive 
microtrauma that causes an inflammatory reparative process 
that is unable to keep up with the stresses because of decreased 
vascularity. A mechanical overload completes the rupture. 

CLINICAL EVALUATION
The diagnosis of Achilles tendon rupture is reliably made by 
a palpable tendon defect, the inability to do a toe raise on the 
affected side, and a positive Thompson “squeeze test,” which is 
performed by squeezing the calf muscle just distal to its maximal 
girth while the patient is prone to bring about plantar flexion of 
the ankle joint. The test is positive for complete rupture when 
there is no plantar flexion of the ankle. Another test that may 
be beneficial is that described by Matles. The patient is placed 
prone with the lower legs extending off the bed and is asked to 
actively flex the knees to 90 degrees. Active flexion of the knee 
should cause the gastrocnemius to shorten, causing plantar flex-
ion of the foot. If the foot falls into neutral or slight dorsiflexion, 
the Achilles tendon is likely ruptured (Fig. 48.14). In the needle 
test described by O’Brien, a 25-gauge needle is placed percuta-
neously in the midline of the proximal tendon. Motion of the 
proximal tendon indicating continuity is detected by observing 
the needle when the foot is put through passive range of motion. 

Risk Factors for Achilles Tendon Rupture

Intrinsic: Anatomic Predisposition, Inability of 
Body’s Biomechanics to Naturally Absorb Force
 n  Subtalar hyperpronation
 n  Excessive rearfoot/forefoot varus/valgus
 n  Increased femoral anteversion
 n  Limb-length discrepancy
 n  Muscle weakness/imbalance
 n  High body mass index
 n  Aging 

Extrinsic: Errors in Training Technique, Environ-
mental Factors
 n  Excessive running duration and intensity
 n  Unfamiliar running surface
 n  Drugs: fluoroquinolone antibiotics, corticosteroids

 BOX 48.2 

 FIGURE 48.14 Matles test for Achilles tendon rupture. If the 
foot falls into neutral or slight dorsiflexion with this maneuver, the 
Achilles tendon is likely ruptured.
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TREATMENT
The decision to treat acute Achilles tendon ruptures conserva-
tively or operatively is somewhat controversial, with evidence 
to support either form of treatment. Despite the multitude of 
articles in the medical literature about Achilles tendon rup-
ture, there is still no consensus as to the best treatment and 

few high-level studies to support various recommendations. 
The American Academy of Orthopaedic Surgeons’ recom-
mendations (Box 48.3) are primarily consensus or based on 
weak or inconclusive evidence. Important considerations 
include return to sport and to activities of daily living (pain, 
range of motion, strength), rerupture rate, and risks associ-
ated with surgery.

Current nonoperative treatment of Achilles tendon rup-
tures involves functional bracing and an aggressive rehabilita-
tion protocol that allows early motion (Table 48.2). Suggested 
ultrasound-based criteria for choosing nonoperative treat-
ment include (1) gap of less than 5 mm with maximal plantar 
flexion, (2) gap of less than 10 mm with the foot in neutral 
position, and (3) more than 75% tendon apposition with the 
foot in 20 degrees of plantar flexion.

Historically, operative treatment has been shown to 
have a significantly lower rerupture rate than nonoperative 
treatment but to be associated with a higher complication 
rate. More recent comparisons, however, show less differ-
ence in rerupture rates, rates of other complications, and 
functional outcomes, perhaps because improved operative 
techniques have decreased the frequency of postoperative 
complications and the use of functional bracing and aggres-
sive rehabilitation has improved rerupture rates and func-
tion after nonoperative treatment. A systematic review and 
meta-analysis involving 762 patients found no significant 
differences between conservative and operative treatment 
in terms of deep venous thrombosis (DVT), return to sport, 
ankle range of motion, or physical activity scale; however, 
the rate of rerupture was significantly lower in the operative 
group than in the nonoperative group. Overall the risk of 
rerupture is low and differences between treatment groups 
are small.

Regardless of treatment, 30% to 50% of patients are 
reported to have functional impairments, including pain, 
reduced strength, and decreased range of motion, at 1 to 5 
years after injury. A study of 31 National Football League 
(NFL) players who had an acute Achilles tendon rupture 
found that only 21 (64%) returned to play at an average of 
11 months after injury, and all 21 had significant decreases in 
the number of games played and in their power ratings com-
pared with the three seasons preceding the injury. Despite the 
persistence of functional deficits and lower activity levels, in 
most patient populations the patient-reported outcomes are 
relatively high, suggesting that patients learn to adjust to any 
impairments.

Contraindications to operative repair of Achilles ten-
don ruptures include arterial insufficiency, poor skin and 
soft-tissue quality, poorly controlled medical comorbidities 
(e.g., diabetes), and an inability to comply with postopera-
tive rehabilitation protocols. Advanced age alone is not a 
contraindication to operative repair; good results have 
been reported with both open and percutaneous repair 
techniques in older patients. Although obesity has been 
cited as a risk factor for poorer outcomes after a number 
of orthopaedic procedures, current studies have found that 
both obese and non-obese patients can achieve good out-
comes with Achilles tendon repair. Hillam et al. compared 
outcomes in obese and non-obese patients and found that 
obesity had an increased association with wound dehis-
cence but was not significantly associated with any other 
complication. 

AAOS Recommendations: Achilles Tendon 
Ruptures

Strength of Recommendation: Consensus
 n  The physical examination should include two or more of the 

following tests to establish the diagnosis of acute Achilles 
tendon rupture:

 n  Clinical Thompson test (Simmonds squeeze test)
 n  Decreased ankle plantar flexion strength
 n  Presence of a palpable gap (defect, loss of contour)
 n  Increased passive ankle dorsiflexion with gentle manipula-

tion
 n  Operative treatment should be approached more cautiously 

in patients with diabetes, neuropathy, immunocompro-
mised states, age older than 65, tobacco use, sedentary 
lifestyle, obesity (body mass index > 30), peripheral vascular 
disease, or local/systemic dermatologic disorders. 

Strength of Recommendation: Moderate
 n  Early (≤2 weeks) postoperative protected weight bearing 

(including limiting dorsiflexion) for patients with acute 
Achilles tendon rupture who have been treated operatively

 n  Use of a protective device that allows mobilization by 2 to 
4 weeks postoperatively 

Strength of Recommendation: Weak
 n  Nonoperative treatment as an option for patients with acute 

Achilles tendon rupture
 n  Open, limited open, and percutaneous techniques as options 

for treating patients with acute Achilles tendon rupture
 n  In patients who participate in sports, option of returning to 

sports within 3 to 6 months after operative treatment for 
acute Achilles tendon rupture 

Strength of Recommendation: Inconclusive
 n  Routine use of magnetic resonance imaging, ultrasound, 

and radiography to confirm the diagnosis of acute Achilles 
tendon rupture

 n  Use of immediate functional bracing as nonoperative treat-
ment for patients with acute Achilles tendon rupture

 n  Preoperative immobilization or restricted weight bearing 
before surgical treatment of acute Achilles tendon rupture

 n  Use of allograft, autograft, xenograft, synthetic tissue, or 
biologic adjuncts in acute Achilles tendon ruptures that are 
treated operatively

 n  Use of antithrombotic treatment for patients with acute 
Achilles tendon ruptures

 n  Postoperative physiotherapy for patients with acute Achilles 
tendon rupture
Modified from Chido CP, Glazebrook M, Bluman EM, et al: 

American Academy of Orthopaedic Surgeons clinical practice 
guideline on treatment of Achilles tendon rupture, J Bone Joint 
Surg 92A:2466, 2010.

 BOX 48.3 
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ACUTE RUPTURE
A variety of techniques and modifications have been described 
for repair of acute Achilles tendon ruptures, including open 
repair, with or without augmentation (tendon transfer, local 
fascial turndown, allograft), and percutaneous or minimally 
invasive repair, with or without intraoperative ultrasound or 
endoscopy. In addition, numerous suture materials and con-
figurations have been used for repair, including single and 
double Bunnell, Kessler, and Krackow (locking-loop) tech-
niques and various modifications of these. Although propo-
nents have suggested benefits for varied modifications, none 
has been firmly proved to be superior. A cadaver study found 
no difference in strength between Krackow, Bunnell, and 
Kessler sutures when all were done with a double-suture tech-
nique. One long-term follow-up study (12 years) reported 
that fibrin glue produced functional results equal to those 
obtained with sutures, with fewer complications.

Repairs of acute Achilles tendon ruptures have been aug-
mented with “turn-down” flap of fascia, the plantaris and per-
oneus brevis tendons, and biologic or synthetic scaffolds. Two 
large studies found no benefit of turn-down flaps over simple 
end-to-end repair, noting that the augmentation required a 
longer incision and a longer operating time. Extracellular 
matrix xenografts have been reported to decrease gapping 
and increase load to failure immediately after surgery in 

cadaver models of Achilles rupture, as well as in animal stud-
ies; however, these benefits have not been clinically proven.

Another “biologic” treatment approach involves the use 
of platelet-rich plasma (PRP) injected into the area of ten-
don rupture to theoretically recruit platelet growth factors to 
promote rapid tendon healing. Animal studies have shown 
that local application of PRP stimulates tendon repair, and 
cell culture studies have shown that PRP can stimulate pro-
cesses associated with tendon healing. A clinical study on 
the use of PRP in open repair of acute Achilles tendon inju-
ries reported faster recovery of motion and quicker return to 
sports with PRP; however, others reached the opposite con-
clusion, reporting no effect on function and suggesting that 
PRP may actually have a negative effect on tendon healing. 
Until preparation and delivery methods, as well as patient 
selection, are more standardized, it is difficult to determine 
the effect of PRP on tendon healing. Animal studies using 
mesenchymal stem cells for tendon healing also have shown 
promise.

OPEN REPAIR TECHNIQUES FOR ACHILLES 
TENDON RUPTURE
Open repair of acute Achilles tendon ruptures remains the 
“gold standard” of operative treatment, especially for athletic 
individuals, because of the historically low rate of reruptures, 

 TABLE 48.2 

Protocol for Nonoperative Treatment of Achilles Tendon Rupture and Rehabilitation After Operative Repair

0-2 weeks Posterior slab/splint; non–weight bearing with crutches (immediately postoperative or after injury)
2-4 weeks Aircast walking boot with 2-cm heel lift*

Protected weight bearing with crutches. Active plantar flexion and dorsiflexion to neutral, inversion/eversion 
below neutral, modalities to control swelling
Incision mobilization modalities† (e.g., friction, ultrasound, stretching)
Knee/hip exercises with no ankle involvement (e.g., leg lifts from sitting, prone, or side-lying position)
Non–weight-bearing fitness/cardiovascular exercises (e.g., bicycling with one leg, deep-water running)
Hydrotherapy (within motion and weight-bearing limitations)

4-6 weeks Weight bearing as tolerated*
Continue activities as above

6-8 weeks Remove heel lift from boot
Weight bearing as tolerated
*Dorsiflexion stretching, slowly graduated resistance exercises (open and closed kinetic chain, functional 
activities)
Proprioceptive and gait training
Modalities, including ice, heat, and ultrasound as indicated
Incision mobilization
†Fitness/cardiovascular exercises, including weight bearing as tolerated (e.g., bicycling, elliptical machine, 
walking and/or running on treadmill, StairMaster)
Hydrotherapy

8-12 weeks Wean off boot
Return to crutches and/or cane as necessary and gradually wean off
Continue to progress range of motion, strength, proprioception

>12 weeks Continue to progress range of motion, strength, proprioception
Retrain strength, power, endurance
Increase dynamic weight-bearing exercise, include plyometric training
Sport-specific training

*Patients are required to wear the boot while sleeping; may be removed for bathing and dressing but weight-bearing restrictions must be observed.
†If deemed necessary by the physical therapist (scar tight or not moving well).
Modified from Willits K, Amendola A, Bryant D, et al: Operative versus nonoperative treatment of acute Achilles tendon ruptures: a multicenter randomized trial using 
accelerated functional rehabilitation, J Bone Joint Surg 92A:2767, 2010.
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high rate of return to sports, and decreased complication 
rate with newer techniques. Of 62 professional athletes with 
acute Achilles tendon ruptures repaired operatively, 31% were 
unable to return to play. Athletes who did return played in 
fewer games, had less playing time, and performed at a lower 
level than their preinjury status. However, these functional 
deficits were seen at only 1 year after surgery compared to 
matched controls, suggesting that those who return to play 
can expect to perform at a level similar to that of uninjured 
controls 2 years after surgery. Advocates of open repair argue 
that Achilles tendon injuries often result in complex obliquely 
oriented tears that cannot be adequately apposed and repaired 
with percutaneous or minimally invasive techniques.

Complications of open Achilles tendon surgery have been 
well documented, with major complications reported in up to 
10% of patients. The most frequently reported complications 
include wound infection, rerupture, and sural nerve injury. 
Traditionally, Achilles tendon repair has been done with 
the patient prone, which itself is associated with a number 
of complication risks. Marcel et  al. described an alternative 
technique in which the surgery is done through a posterome-
dial incision with the patient supine. They suggest that supine 
positioning can avoid risks associated with prone positioning 
and markedly reduce operating room time without increas-
ing complications. None of their 45 patients in whom supine 
positioning was used had infections, sural nerve injuries, or 
reruptures.

Delayed time to surgery has been cited as a prognostic 
factor in outcomes after open repair of acute Achilles tendon 
ruptures. Svedman et al., in a study of 228 patients with acute 
Achilles tendon rupture who were treated with uniform anes-
thetic and surgical techniques within 10 days of injury, found 
that those who had surgery within 48 hours of injury had 
better outcomes and fewer adverse events than those treated 
after 72 hours. 

 

OPEN REPAIR OF ACUTE ACHILLES 
TENDON RUPTURE

 TECHNIQUE 48.7  Figure 48.15

 n  With the patient prone, make a posteromedial longitudi-
nal incision 8 to 10 cm long; make it about 1 cm medial 
to the tendon, and end it just proximal to where the shoe 
counter strikes the heel. The skin incision should be off 
center to prevent later irritation by shoes directly over the 
tendon in the midline.

 n  Carry the incision sharply through the skin, subcutaneous 
tissues, and tendon sheath.

 n  Reflect the tendon sheath with the subcutaneous tissue, 
minimizing subcutaneous dissection.

 n  Approximate the ruptured ends of the tendon with No. 5 
nonabsorbable tension suture, using a modified Kessler stitch 
through the stump 2.5 cm from the rupture. Plantar flex the 
foot 0 to 5 degrees, flex the knee 15 degrees, and approxi-
mate the ends of the tendon by tying the tension suture.

 n  Use a tendon stripper and harvest the plantaris tendon, 
releasing it proximally. Lay it aside in a moist sponge.

 n  Place the frayed ends of the tendon in as nearly normal 
position as possible and repair the rupture with multiple 
2-0 absorbable sutures anteriorly and posteriorly.

 n  Place the previously harvested plantaris tendon in a fascial 
needle and pass it circumferentially, first through the pos-
terior and then through the anterior part of the tendon 2 
cm from the rupture.

 n  Use multiple 2-0 absorbable sutures to tack the plantaris 
tendon to the Achilles tendon. The distal tendon usually is 
long enough to be fanned out and tacked over the repair, 
as described by Lynn (see Technique 48.10).

 

Plantaris
tendon

FIGURE 48.15 Technique of repair of Achilles tendon. SEE TECHNIQUE 48.7.
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 n  Close the fascial sheath and subcutaneous tissues with 
2-0 absorbable sutures.

 n  Close the skin and apply a sterile dressing.
 n  Apply a short leg cast with the foot in gravity equinus.

   

 

OPEN REPAIR OF ACHILLES TENDON 
RUPTURE—KRACKOW ET AL.

 TECHNIQUE 48.8 

 n  With the patient prone, make a posteromedial incision ap-
proximately 10 cm long about 1 cm medial to the tendon and 
ending proximal to where the shoe counter strikes the heel.

 n  Sharply dissect through the skin, subcutaneous tissues, and 
tendon sheath. Reflect the tendon sheath with the subcu-
taneous tissue to minimize subcutaneous dissection.

 n  Approximate the ruptured ends of the tendon with a 2-0 
nonabsorbable suture (Fig. 48.16).

 n  Check the repair for stability after the sutures are tied.
 n  Close the peritenon and subcutaneous tissues with 4-0 

absorbable sutures.
 n  Close the skin and apply a sterile dressing and a posterior 

splint or short leg cast with the foot in gravity equinus.
   

 

OPEN REPAIR OF ACHILLES TENDON 
RUPTURE—LINDHOLM

 TECHNIQUE 48.9 

 n  With the patient prone, make a posterior curvilinear inci-
sion extending from the midcalf to the calcaneus.

 n  Incise the deep fascia in the midline and expose the ten-
don rupture.

 n  Debride the ragged ends of the tendon and appose them 
with a box type of mattress suture of heavy nonabsorb-
able suture material or wire; also use fine interrupted su-
tures (Fig. 48.17).

 n  Fashion two flaps from the proximal tendon and gastroc-
nemius aponeurosis, each approximately 1 cm wide and 
7 to 8 cm long. Leave these flaps attached at a point 3 cm 
proximal to the site of rupture.

 n  Twist each flap 180 degrees on itself so that its smooth 
external surface lies next to the subcutaneous tissue as it 
is turned distally over the rupture.

 n  Suture each flap to the distal stump of the tendon and to 
one another so that they cover the site of rupture com-
pletely.

 n  Close the wound, being careful to approximate the ten-
don sheath over the site of repair.
   

 FIGURE 48.16 Krackow suture technique for Achilles tendon 
rupture. SEE TECHNIQUE 48.8.

 FIGURE 48.17 Lindholm technique for repairing ruptures of 
Achilles tendon. SEE TECHNIQUE 48.9.

    

https://booksmedicos.org


CHAPTER 48 TRAUMATIC DISORDERS 2495

 

REPAIR OF ACUTE ACHILLES TENDON 
RUPTURE USING PLANTARIS TENDON
Lynn described a method of repairing ruptures of the Achil-
les tendon in which the plantaris tendon is fanned out to 
make a membrane 2.5 cm or wider for reinforcing the 
repair. The method is useful for injuries less than 10 days 
old; later the plantaris tendon becomes incorporated in the 
scar tissue and cannot be identified easily.

 TECHNIQUE 48.10 

(LYNN)
 n  Make an incision 12.5 to 17.5 cm long parallel to the 

medial border of the Achilles tendon.

 n  Open the tendon sheath in the midline and, with the foot 
held in 20 degrees of plantar flexion and without excising 
the irregular edges, sew the ends of the Achilles tendon 
together with 2-0 absorbable sutures.

 n  If the plantaris tendon is intact (Fig. 48.18A), divide its 
insertion on the calcaneus; then, using forceps and begin-
ning distally, fan out the tendon to form a membrane.

 n  Place this membrane over the repair of the Achilles ten-
don and suture it in place with interrupted sutures (Fig. 
48.18B). When possible, cover the Achilles tendon for 2.5 
cm both proximal and distal to the repair.

 n  If the plantaris tendon also is ruptured, dissect it free from 
the Achilles tendon for several centimeters and divide it 
proximally, using a tendon stripper.

 n  Then pull the tendon distally into the incision, fan it out 
as a free graft, and cover the repair as already described.

 n  Close the sheath of the Achilles tendon as far distally as 
possible without tension and close the wound.

POSTOPERATIVE CARE Postoperative care is the same 
as that used after treatment of acute rupture of the Achil-
les tendon (see Technique 48.11).
   

 

DYNAMIC LOOP SUTURE TECHNIQUE 
FOR ACUTE ACHILLES TENDON 
RUPTURE

 TECHNIQUE 48.11 

(TEUFFER)
 n  Expose the Achilles tendon and the tuberosity of the cal-

caneus through a posterolateral longitudinal incision.
 n  Identify and retract the sural nerve in the proximal part of 

the wound.
 n  Detach the peroneus brevis tendon from its insertion 

through a small incision at the base of the fifth metatar-
sal.

 n  Excise the aponeurotic septum, separating the lateral and 
posterior compartments, and deliver the freed peroneus 
brevis into the first incision.

 n  Dissect the tuberosity of the calcaneus and drill a hole 
large enough for passage of the tendon through the 
transverse diameter of the bone.

 n  Pass the peroneus brevis tendon through this hole and 
back proximally beside the Achilles tendon, reinforcing 
the site of rupture, and suture it to the peroneus brevis 
itself, producing a dynamic loop (Fig. 48.19).
Turco and Spinella described a modification in which 

the peroneus brevis is passed through a midcoronal slit 
in the distal stump of the Achilles tendon. The graft is 
sutured medially and laterally to the stump and proxi-
mally to the tendon with multiple interrupted sutures to 
prevent splitting of the distal tendon stump (Fig. 48.20). 
This modification can be beneficial if a long distal stump 
is present.

 

A

B
FIGURE 48.18 Lynn technique for repairing fresh rupture of 

Achilles tendon. A, Ruptured Achilles tendon has been sutured, 
and plantaris tendon has been divided distally and is being fanned 
out to form membrane. B, Fanned-out plantaris tendon has been 
placed over repair of Achilles tendon and sutured in place. SEE 
TECHNIQUES 48.10 AND 48.16.
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POSTOPERATIVE CARE The cast is removed at 2 weeks, 
the wound is inspected, and the staples or sutures are removed 
unless subcuticular sutures were used for wound closure. Oc-
casionally, another week is required for proper wound healing 
before sutures are removed. Another short leg cast with the 
foot in gravity equinus is worn for an additional 2 weeks. At 
4 weeks, the cast is changed again and the foot is gradually 
brought to the plantigrade position over the next 2 weeks. 
Walking is gradually resumed with partial weight bearing on 
crutches during a 2-week period. At 6 to 8 weeks, a short 
leg walking cast is applied with the foot in the plantigrade 
position and full weight bearing is allowed. Alternatively, a 
removable brace allowing only plantar flexion can be used 
as early as 4 to 6 weeks after surgery. Gentle active range-
of-motion exercises for 20 minutes twice a day are begun. 
Isometric ankle exercises along with a knee-strengthening 
and hip-strengthening program can be instituted. Toe raises, 
progressive resistance exercises, and proprioceptive exercises, 
in combination with a general strengthening program, con-
stitute the third stage of rehabilitation. In reliable, well-super-
vised patients with good tissue repair, this program can be 
accelerated, with earlier use of dorsiflexion-stop orthoses and 
active range-of-motion exercises. Return to full unrestricted 
activity usually requires at least 6 months and often more.
   

 

MINIMALLY INVASIVE AND 
PERCUTANEOUS REPAIR OF ACUTE 
ACHILLES TENDON RUPTURE
A number of techniques have been developed to allow 
repair through smaller incisions to speed recovery and min-
imize complications, especially infection and sural nerve 
damage. Because of the risk of sural nerve injuries with 

“blind” suturing of the tendon, some of these techniques 
use multiple incisions (e.g., three-incision technique), 
endoscopy, or specially designed devices.
Comparisons of open repairs with minimally invasive or percu-
taneous techniques have shown functional results comparable 
to those obtained with open repair, with fewer complications, 
no apparent increased risk of rerupture, and better cosmetic 
results. A recent systematic review involving 182 patients 
found a significantly decreased risk of postoperative compli-
cations, especially wound infection, in acute Achilles tendon 
ruptures treated with minimally invasive surgery compared 
with open surgery. In their systematic review and meta-anal-
ysis of 2060 patients treated with six commonly used surgery 
and rehabilitation protocols, Wu et al. determined that mini-
mally invasive surgery with accelerated rehabilitation had the 
lowest risk of DVT, deep infection, and rerupture. Cited disad-
vantages of minimally invasive techniques include risk of sural 
nerve injury, failure to appose tendon ends or malalignment 
of tendon ends, and a lower strength of the repair. In a study 
of 211 patients with minimally invasive repairs, sural nerve 
injury occurred in 41 (19%) and reruptures in 17 (8%).
Keller et al. described a mini-open Achilles tendon rupture 
technique that does not open the paratenon and avoids the 
sural nerve. In their 100 patients with this procedure, there 
were no infections, wound dehiscence, scar adherence, or 
sural nerve damage; 98% of patients were satisfied with 
their results, and 80 returned to their previous sport activity 
at the same or higher level. The technique requires the use 
of custom-made suture retrievers. In a later description of 
the technique, Wagner and Wagner listed important tips for 
performing the procedure: (1) operate within 10 days of the 
rupture to avoid scar formation at the rupture site; (2) plan the 
procedure according to the level of the rupture to ensure that 
the suture passers are long enough to span the rupture site 
from the proximal incision up to the calcaneus; (3) ensure that 
the bone anchors are placed in the middle of the total height 
of the calcaneus, avoiding the enthesis, and align the anchors 

 

Achilles
tendon Peroneus

brevis

FIGURE 48.19 Dynamic loop suture of peroneus brevis to itself 
when end-to-end suture is not possible. SEE TECHNIQUE 48.11.

 

Achilles
tendon Peroneus

brevis

FIGURE 48.20 Turco and Spinella modification. Peroneus brevis 
is passed through midcoronal slit in distal stump of Achilles tendon 
and sutured to stump and to tendon. SEE TECHNIQUE 48.11.
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to be perpendicular to the axis of the calcaneus; (4) follow the 
proximal suturing technique to obtain the best resistance of 
the repair; and (5) taking care to not overtighten consecutive 
sutures, restore the appropriate level of physiologic equinus.
A percutaneous technique using a device (percutaneous 
Achilles repair system, PARS, Arthrex) has been developed 
to improve recovery and reduce postoperative compli-
cations. Hsu et al. compared the PARS technique in 101 
patients to open repair in 169 patients and found that the 
percutaneous group had shorter surgical times and more 
patients who returned to baseline physical activities by 5 
months compared to the open repair group. The overall 
postoperative complication rate was 5% in the percutane-
ous group and 11% in the open group. As noted by Lichti 
et al., the PARS technique requires that the surgeon be 
familiar with the instrumentation and suture management 
must be meticulous to avoid entanglement of the sutures.

 TECHNIQUE 48.12 

(MA AND GRIFFITH)
 n  In the operating room with the patient under local, re-

gional, or general anesthesia, and with the extremity 
prepared as for open surgery, palpate the tendon defect 

and make small stab wounds on each side of the Achilles 
tendon 2.5 cm proximal to the rupture defect.

 n  Use a small hemostat to free the underlying tendon sheath 
from the subcutaneous tissue; pass a No. 0 or a No. 1 non-
absorbable suture threaded on a straight needle from the 
lateral stab wound through the body of the tendon and 
exit in the medial stab wound (Fig. 48.21, step 1).

 n  With a straight needle on each end of the inserted suture, 
crisscross the needles within the body of the tendon and 
puncture the skin just distal to the site of tendon rupture; 
enlarge the sites of needle puncture with a scalpel (Fig. 
48.21, step 2) and pull the suture completely through the 
stab wounds; snug the suture within the proximal portion 
of the ruptured tendon.

 n  With the lateral suture now threaded on a curved cutting 
needle, pass the suture back through the last stab wound to 
exit at about the midportion of the distal stump of the rup-
tured tendon on the lateral side (Fig. 48.21, step 3). Enlarge 
the hole with a scalpel before pulling the suture through.

 n  Use a hemostat to free the subcutaneous tissue from the 
underlying tendon sheath (Fig. 48.21, step 4).

 n  Using a straight needle, pass the lateral suture through 
the body of the distal stump of the tendon; enlarge the 
puncture wound in the skin as before (Fig. 48.21, steps 5 
and 6).

 n  Using a curved cutting needle, pass the suture from this 
distalmost stab wound on the medial side and exit at the 
middle stab wound on the medial side of the ruptured 
tendon (Fig. 48.21, step 7).

 n  With the ankle maintained in equinus position, apply ten-
sion to the suture in a crisscross manner and bring the 
tendon ends together; tie the suture in this position and, 
with a small hemostat, bury the knot in the depths of the 
wound (Fig. 48.21, steps 8 and 9).

 n  Suturing the skin is unnecessary. Apply a sterile dressing 
to the stab wounds, and apply a short leg cast in gravity 
equinus position.

POSTOPERATIVE CARE The short leg cast is worn 
with non–weight bearing for 4 weeks, at which time 
a weight-bearing, low-heeled, short leg equinus cast is 
applied. At 8 weeks, the cast is removed and a therapy 
program of toe-heel raising and gastrocnemius-soleus 
exercises is begun. The patient gradually restores the 
foot to a neutral position during a 4-week period. Then 
the patient begins heel cord stretching exercises for an 
additional 4 weeks.
   

 

PERCUTANEOUS ACHILLES TENDON 
REPAIR

 TECHNIQUE 48.13 

(HSU, BERLET, ANDERSON)
 n  Position the patient prone and apply a thigh tourniquet. 

Place the feet slightly hanging off the end of the bed 
with a bump beneath the operative side ankle to adjust 

 

7 8 9

1 3

4 5 6

2

Equinus

FIGURE 48.21 Ma and Griffith technique for percutaneous 
repair of acute rupture of Achilles tendon. SEE TECHNIQUE 48.12.
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plantar flexion and Achilles tension and avoid interference 
with the contralateral leg. The operative leg should be in 
neutral rotation to allow subsequent central positioning 
of the PARS jig.

 n  After preparation and draping, exsanguinate the extrem-
ity and inflate the tourniquet.

 n  Palpate the defect in the Achilles tendon and make a 
2-cm transverse or vertical incision just proximal to the 
defect in the center of the tendon. Placing the incision 
just proximal to the rupture site ensures proper visualiza-
tion and control of the proximal Achilles tendon stump, 
which can be retracted proximally into the calf. The distal 
stump can be brought into the incision by plantar flexing 
the ankle. A transverse incision follows the natural skin 
creases in the back of the ankle and allows for percu-
taneous jig insertion with minimal paratenon disruption. 
A vertical incision can be used and extended in cases of 
tendinosis, calcifications, or delayed presentation, but it 
requires increased paratenon and soft-tissue disruption.

 n  Incise the skin and soft tissues using a “no-touch” tech-
nique without pickups. Carefully carry dissection down 
to the paratenon and sharply incise it. Preservation of the 
paratenon helps minimize disruption to the vascular sup-
ply of the tendon and allows repair at the end of the 
procedure.

 n  The sural nerve is not typically seen in the operative field, 
but if it is, dissect it out and retract it out of the way with 
a vessel loop.

 n  Use an index finger or Freer elevator within the wound to 
confirm that the center of the rupture has been located.

 n  Insert an Allis clamp into the wound, secure the proximal 
tendon stump, and pull it through the wound 1 to 2 cm. 
Run a Freer elevator along the dorsal aspect of the proxi-
mal tendon to release potential adhesions that may limit 
distal excursion. Avoid dissection along the ventral aspect 
of the tendon to preserve native tendon blood supply.

PROXIMAL JIG INSERTION 
 n  Insert the proximal jig into the wound with the inner 

prongs in the narrowest position possible while gently 
placing traction on the proximal tendon stump with a 
clamp (Fig. 48.22A).

 n  Use the center turn wheel to widen the inner prongs 
so that they slide along the sides of the tendon in the 
paratenon. Proper jig placement should allow the jig to 
slide along the tendon with minimal resistance.

 n  Palpate the proximal tendon under the skin to check that 
the tendon is centered within the prongs of the jig. The 
most common error is to insert the jig too deep, which 
causes subsequent needles and sutures to miss the ten-
don and pull through.

 n  Once it is properly located, keep the jig centered and sta-
bilized so that it does not veer medially or laterally.

 n  During suture passing, first use all the needles (1.6 mm) 
with Nitinol loops that are not loaded with suture.

 n  Insert the first two needles into their respective numbered 
holes through the tendon and then through the opposite 
side of the jig. Check each needle to make sure it does not 
pass outside the jig. The placement of two needles within 
the jig and tendon at all times during suture passing helps 

 

A

B

C

D

FIGURE 48.22 A, Proximal jig insertion. B, Passage of sutures creating locking sutures in either 
side of the tendon. C, Distal jig insertion. D, Completed repair. (From Hsu AR, Jones CP, Cohen BE: 
Clinical outcomes and complications of percutaneous Achilles repair system versus open technique for acute 
Achilles tendon ruptures, Foot Ankle Int 36:1279, 2015.) SEE TECHNIQUE 48.13.
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stabilize the jig and avoids adjacent suture piercing with 
the subsequent needle.

 n  Pass a #2 FiberWire suture or SutureTape suture through 
the jig with the needle suture passer, making them of 
equal length on both sides. SutureTape has a broader, 
flatter surface to increase contact surface area between 
the suture and tendon and reduce any suture cutting 
through frayed tendon.

 n  The colors of the sutures are not as important as the order 
in which they are placed. An assistant can write down the 
colors and order of the sutures passed, as needed. The 
two central sutures—#3 and #4—have one looped end 
and one end with a tail. They are passed in an oblique, 
crossing pattern. These sutures create locking sutures on 
either side of the tendon (Fig. 48.22B). Holes #6 and #7 
can be used if a second locking suture is needed.

JIG REMOVAL, SUTURE MANAGEMENT
 n  After all sutures are passed, use the turn wheel to narrow 

the inner prongs while applying controlled tension to the 
jig to remove it. Remove all sutures from both sides of 
the tendon from the wound. Before the jig is completely 
removed, use a hemostat through each loop of sutures to 
guide them out of the wound. Test both pairs of sutures 
by pulling them distally to ensure that adequate proximal 
fixation has been obtained.

 n  If any or all of the sutures pull out of the tendon, this in-
dicates that the tendon was not centered in the jig or the 
jig was placed too deep or not proximal enough along the 
tendon during suture passing. If this occurs, remove the 
sutures and repeat the previous steps paying attention to 
tendon positioning within the jig.

 n  Do not extend the incision longitudinally on either end of 
a transverse incision as this may lead to wound healing 
complications.

 n  Once proximal fixation is achieved, neatly spread apart 
the sutures on each side of the tendon in the following 
order from proximal to distal: first suture, second suture, 
looped, green striped suture (third), tail of the green 
striped suture (fourth), and fifth suture. Loop the second 
suture on both sides around the two green striped sutures 
and back proximally through the looped end of the green 
striped suture.

 n  Pull the green striped suture tail through the tendon 
onto the opposite side to create a locking suture on 
both sides of the tendon. In the end, there are two 
nonlocking sutures and one locking suture on either 
side of the tendon. Pull each pair of sutures individually 
distally to confirm fixation and remove creep from the 
sutures. Place a hemostat on each group of three su-
tures to keep these out of the way during distal tendon 
preparation.

 n  For distal tendon preparation using this technique, re-
peat the above steps. Secure the distal tendon stump 
with an Allis clamp and deliver it out of the wound while 
inserting the jig (Fig. 48.22C). Insert the jig as distal as 
possible to the Achilles insertion to ensure that all su-
tures are passed through the tendon. Suture passing, 
jig removal, and creation of locking sutures follow the 
previously outlined steps. Test and pull on each pair of 
sutures to ensure that adequate distal tendon fixation 
was achieved.

 n  Place and hold the ankle in maximal plantar flexion during 
suture tying for a secure repair. We have never found the 
Achilles tendon repair to be too tight when using the per-
cutaneous technique. The tendon will always gradually 
stretch out during weight bearing and physical therapy.

 n  When tying nonlocking sutures, have an assistant hold 
tension on the opposite side as the suture will continue to 
slide through the tendon with increasing force applied to 
the suture during knot tying. During tying, pull out any re-
maining slack from the sutures before securing them with 
five or six knots. After each suture is tied, cut it above the 
knot and away from the other sutures to avoid tangling.

 n  After the sutures are tied, the ankle should be plantar flexed 
with improved resting tension. After wound irrigation, en-
sure the suture knots are tucked ventrally into the wound 
and do not protrude into the subcutaneous tissue. Sharply 
debride residual strands of tendon and tuck them within 
the wound for adequate paratenon closure (Fig. 48.22D). 
Use absorbable sutures to close the paratenon and subcu-
taneous tissues and nylon sutures for skin closure. 
  

CHRONIC RUPTURE
The definition of a “chronic” rupture has ranged from those 
diagnosed and treated more than 48 hours after injury to 
those diagnosed and treated up to 2 months after injury. 
There appears to be some consensus that a rupture diagnosed 
4 to 6 weeks after injury should be considered a chronic rup-
ture and that these are more difficult to treat than acute inju-
ries. At about 1 week after rupture of the Achilles tendon, 
any space between the tendon ends fills with scar tissue. If 
left untreated, the tendon heals elongated, leaving the patient 
unable to push off on the affected side. Running, jumping, 
and activities such as ascending or descending stairs are 
severely compromised. Calf atrophy usually is present, the 
Achilles tendon often loses its normal contour, and a visible 
tendon defect may be present. MRI can be helpful to estimate 
the gap between the ruptured ends of the tendon (Fig. 48.23). 
Chronic ruptures appear as an area of low-intensity signal on 
T1-weighted images and alteration in T2-weighted signal.

If posterior heel pain, swelling, or functional impairment is 
disabling, delayed repair or reconstruction is indicated. In most 
active adults, repair is preferable but often is not possible. For 
ruptures more than 3 months old, treatment depends on the 
patient’s physiologic age, activity level, and amount of functional 
impairment. A number of techniques have been described for 
reconstruction of a neglected Achilles tendon rupture (Box 
48.4). If the tendon defect is less than 3 cm after debridement 
and the injury is less than 3 months old, direct repair often is 
possible. If, however, the tendon gap is more than 3 cm (more 
common), additional techniques must be used, such as local tis-
sue transfer, tissue augmentation, synthetics, and allografts.

V-Y quadricepsplasty (see Technique 48.18) and gastroc-
nemius-soleus fascia turn-down graft (see Technique 48.17) 
techniques can be used for augmentation, and local tendon 
transfers (flexor hallucis longus, flexor digitorum longus, per-
oneus brevis and longus, plantaris) can be used to bridge larger 
defects (Table 48.3). Minimally invasive and endoscopically 
assisted techniques have been described for tendon transfers, 
but there are few reports of the long-term outcomes of these 
procedures. Maffulli et al. described a “less-invasive” technique 
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for transfer of the peroneus brevis through two paramidline 
incisions and recommended this technique for tendon gaps 
of less than 6 cm. In a later report, he and his colleagues com-
pared outcomes of three less invasive tendon transfer proce-
dures: free ipsilateral semitendinosus graft (gaps of more than 
6 cm), ipsilateral peroneus brevis transfer (smaller gaps), and 
ipsilateral flexor hallucis longus transfer. All three techniques 
produced significant functional improvement, and return to 
sports was possible in most patients; no clear advantage of one 
technique over the others was demonstrated. 

 

TRANSFER OF THE PERONEUS BREVIS 
TENDON FOR NEGLECTED ACHILLES 
TENDON RUPTURES

 TECHNIQUE 48.14 

(MAFFULLI ET AL.)
 n  Make a 5-cm longitudinal incision 2 cm proximal and just 

medial to the palpable end of the proximal stump.
 n  Make a second longitudinal incision, 3 cm long, 2 cm 

distal, and just lateral to the lateral margin of the distal 
stump (Fig. 48.24A). Take care to avoid sural nerve injury 
by making this incision as close as possible to the anterior 
aspect of the lateral border of the Achilles tendon (poste-
rior to the sural nerve).

 n  Make a 2-cm longitudinal incision at the base of the fifth 
metatarsal.

 n  Mobilize the distal Achilles tendon stump, freeing it 
of all peritendinous adhesions, particularly on its lat-
eral aspect. Resect the ruptured tendon end back to 
healthy tendon and place a locking suture (No. 1 Vicryl) 
along the free tendon edge to prevent separation of 
the bundles.

 n  Mobilize the proximal tendon stump through the proxi-
mal incision, divide any adhesions, and release the soft tis-
sues anterior to the soleus and gastrocnemius muscle to 
allow maximal excursion and minimize the gap between 
the tendon stumps.

 n  Plantar flex the ankle and measure the gap between the 
two tendon ends. If less than 6 cm, the peroneus brevis 
tendon can be used to bridge the gap.

 n  Identify the peroneus brevis tendon through the incision 
on the lateral border of the foot. Expose the tendon and 
place a locking suture in the tendon end before releasing 
it from the metatarsal base.

 n  Through the distal incision over the Achilles tendon, incise 
the deep fascia overlying the peroneal muscle compart-
ment and identify the peroneus brevis tendon at the base 

 FIGURE 48.23 MRI appearance of chronic Achilles tendon rupture.

Techniques for Reconstruction of Chronic 
Achilles Tendon Ruptures

 n  Primary repair (uncommon)
 n  Augmentation
 n  Free fascia tendon graft

Fascia lata
Donor tendons (semitendinosus, peroneal, gracilis, 

patellar tendon)
 n  Fascia advancement

V-Y quadriceps plasty
Gastrocnemius-soleus fascia turn-down graft

 n  Local tendon transfer
Flexor hallucis longus
Flexor digitorum longus
Peroneus brevis
Peroneus longus
Plantaris
Posterior tibial

 n  Synthetic or allograft augmentation
 n  Polyglycol threads
 n  Marlex mesh
 n  Dacron vascular graft
 n  Carbon fiber
 n  Allograft tendon

 BOX 48.4 

Modified from Coughlin MJ, Schon LC: Disorders of tendons. In Coughlin MJ, 
Mann RA, Saltzman CL, editors: Surgery of the foot and ankle, ed 8, Phila-
delphia, 2007, Elsevier.
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of the incision. Withdraw the peroneus brevis tendon 
through the distal incision; tendinous strands between 
the two peroneal tendons distally may require strong 
force to withdraw the tendon.

 n  Mobilize the muscular portion of the peroneus brevis 
proximally to increase its excursion.

 n  Make a longitudinal tenotomy parallel to the tendon fi-
bers in both tendon stumps.

 n  Use a clamp to develop the plane, from lateral to medial, 
in the distal Achilles tendon stump, and pass the peroneus 
brevis graft through the tenotomy.

 n  With the ankle in maximal plantar flexion, suture the 
peroneus brevis to both sides of the distal stump.

 n  Pass the peroneus brevis tendon beneath the intact skin 
bridge into the proximal incision, then from medial to 
lateral through the transverse tenotomy in the proximal 
stump, and secure it with sutures.

 n  Suture the peroneus brevis tendon back onto itself on the 
lateral side of the proximal incision (Fig. 48.24B).

 n  Close the incisions in standard fashion and apply a previ-
ously prepared removable fiberglass cast support with the 
foot in maximal equinus.

 TABLE 48.3 

Comparison of Tendons for Tendon Transfer in Treatment of Chronic Achilles Tendon Rupture

TENDON
STRENGTH  
RELATIVE TO GSC ADVANTAGES CONCERNS

Peroneus  
brevis

18 times 
 weaker

In phase with GSC during normal gait
Shared role as plantar flexor of ankle
Relatively close proximity to Achilles tendon 

but in separate muscle compartment

Loss of eversion strength
Lateral-to-medial pull after transfer to 

calcaneus, which does not repro-
duce inversion normally created by 
Achilles tendon

Sural nerve damage during harvest

Flexor  
digitorum 
longus

27 times  
weaker

In phase with GSC during normal gait
Shared role as plantar flexor of ankle
Relatively close proximity to Achilles tendon

Weakened flexion of toes
Lesser toe deformities
Nerve or artery injury during harvest

Flexor 
hallucis  
longus

13 times  
weaker

In phase with GSC during normal gait
Shared role as plantar flexor of ankle
Closest proximity to Achilles tendon

Loss of push-off strength during gait
Clawed hallux deformity
Transfer metatarsalgia
Nerve or artery injury during harvest

GSC, Gastrocnemius-soleus.

 

A B

3 cm

5 cm

FIGURE 48.24 Peroneus brevis transfer for chronic Achilles tendon rupture. A, Longitudinal 
incisions.B, Completed transfer. SEE TECHNIQUE 48.14.
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POSTOPERATIVE CARE Weight bearing to tolerance 
on the metatarsal heads is allowed with the use of elbow 
crutches. Active flexion and extension of the hallux and 
lesser toes are encouraged, as are isometric exercises of the 
calf muscles and toes. At 2 weeks, the back shell of the cast 
is removed and physical therapy focusing on propriocep-
tion, plantar flexion, inversion, and eversion is begun with 
the front shell in place to prevent ankle dorsiflexion. Full 
weight bearing is allowed with the front shell of the cast in 
place, but this rarely is possible because of balance difficul-
ties, and most patients still require the assistance of a single 
elbow crutch. The front shell of the cast is removed at 6 
weeks and physical therapy is continued. Patients normally 
regain a plantigrade ankle over the next 2 to 3 weeks.
   

 

DIRECT REPAIR OF NEGLECTED 
ACHILLES TENDON RUPTURES

 TECHNIQUE 48.15 

 n  Make a curvilinear, posteromedial incision, extending 
proximally as far as necessary for mobilization of the ten-
don.

 n  Free the gastrocnemius and soleus muscles individually 
in the proximal leg with combinations of sharp and blunt 
dissection to provide additional mobilization.

 n  Resect most of the scar tissue and proceed with repair as 
described for acute ruptures, using tension sutures and 
reinforcement with the plantaris tendon.

 n  Keep the knee flexed and the foot in equinus during the 
repair to relieve tension.

POSTOPERATIVE CARE Postoperative care is as de-
scribed for after repair of an acute rupture of the Achilles 
tendon (see Technique 48.11).
   

 

REPAIR OF NEGLECTED ACHILLES 
TENDON RUPTURES USING PERONEUS 
BREVIS AND PLANTARIS TENDONS
Repair of significant tendon defects in active patients may 
be best accomplished using a modification of local tendon 
transfer described by White and Kraynick and Teuffer.

 TECHNIQUE 48.16 

(WHITE AND KRAYNICK; TEUFFER, MODIFIED)
 n  Expose the Achilles tendon and the tuberosity of the 

calcaneus through a posterolateral incision; identify 
and retract the sural nerve in the proximal part of the 
wound.

 n  Through a small second incision, detach the peroneus 
brevis from the base of the fifth metatarsal.

 n  Incise the lateral septum and draw the peroneus brevis 
tendon through the first incision.

 n  Make an incision through the sheath of the Achilles ten-
don to expose the ruptured ends.

 n  Resect the scarred tissue and dissect proximally to free the 
gastrocnemius-soleus.

 n  Identify the plantaris tendon and release it with a tendon 
stripper.

 n  Take the peroneus brevis tendon from lateral to medial 
through a hole drilled in the calcaneal tuberosity and su-
ture it to the Achilles tendon with multiple interrupted 
nonabsorbable sutures to form a dynamic loop (Fig. 
48.25A).

 n  Place the harvested plantaris tendon on a fascial needle 
and pass it in a figure-of-eight manner from posterior to 
anterior through the ruptured ends of the tendon (Fig. 
48.25B).

 n  Leave enough of the tendon to be fanned over the dis-
tal part of the tendon and tack it over the repair for a 
smoother closure of the tendon graft (see Fig. 48.18).

 n  Close the tendon sheath and subcutaneous tissues with 
nonabsorbable sutures.

 n  Close the skin and apply a sterile dressing and a short leg 
cast in gravity equinus.

POSTOPERATIVE CARE Postoperative care is the same 
as described after repair of an acute rupture of the Achilles 
tendon (see Technique 48.11).
   

 

A B

Achilles
tendon

Peroneus
brevis

Plantaris
tendon

FIGURE 48.25 Technique for chronic rupture of Achilles tendon. 
A, Exposure of Achilles tendon and tuberosity through postero-
lateral incision. Peroneus brevis is passed through hole drilled in 
tuberosity and sutured to Achilles tendon. B, Plantaris tendon is 
passed through ruptured ends of tendon. SEE TECHNIQUE 48.16.
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REPAIR OF NEGLECTED ACHILLES 
TENDON RUPTURES USING 
GASTROCNEMIUS-SOLEUS TURN-
DOWN GRAFT

 TECHNIQUE 48.17 

(BOSWORTH)
 n  Make a posterior longitudinal midline incision, extending 

from the calcaneus to the proximal one third of the calf.
 n  Expose the ruptured tendon and, using sharp dissection, 

excise the scar tissue from between the ends.
 n  Free from the median raphe of the gastrocnemius muscle 

a strip of tendon 1.5 cm wide and 17.5 to 22.5 cm long 
and leave it attached just proximal to the site of rupture.

 n  Turn the strip distally, pass it transversely through the 
proximal tendon (Fig. 48.26A), and anchor it there with 
absorbable suture.

 n  Pass the strip distally and then transversely through the 
distal end of the tendon; pass it again through this end 
from anterior to posterior.

 n  While holding the knee at 90 degrees and the ankle in 
plantar flexion, draw the fascial strip tight and anchor it 
with chromic catgut sutures.

 n  Bring the strip proximally and pass it transversely through 
the proximal end of the tendon; carry it distally and suture 
it on itself (Fig. 48.26B,C).

 n  Close the wound and apply a long leg cast, holding the 
knee in flexion and the foot in plantar flexion.

POSTOPERATIVE CARE Postoperative care is as de-
scribed for after repair of an acute rupture of the Achilles 
tendon (see Technique 48.11).
   

 

V-Y REPAIR OF NEGLECTED ACHILLES 
TENDON RUPTURES
Abraham and Pankovich described a V-Y tendinous flap 
for repair of chronic ruptures of the Achilles tendon. V-Y 
advancement may be required if more than 80% of the 
tendon width is involved. It also is useful when 1 to 3 cm of 
tendon must be resected.

 TECHNIQUE 48.18 

(ABRAHAM AND PANKOVICH)
 n  With the patient prone and under tourniquet control, make 

a lazy “S” incision from the lateral aspect of the Achilles 
tendon insertion to the midpart of the calf (Fig. 48.27A).

 n  Identify and retract the sural nerve.
 n  Incise the deep fascia in line with the skin incision.
 n  Resect the scar tissue from the tendon ends.
 n  Measure the length of the tendon defect with the knee 

in 30 degrees of flexion and the ankle in 20 degrees of 
plantar flexion.

 n  Make an inverted-V incision through the aponeurosis 
with the apex over its central part. Make the arms of the 
incision at least one and a half times longer than the ten-
don defect to allow approximation in a Y configuration 
(Fig. 48.27B).

 n  Pull the flap distally and approximate the ends of the rup-
tured tendon with interrupted nonabsorbable sutures.

 n  Close the proximal part of the incision in a Y configuration 
(Fig. 48.27C).

 n  Suture the peritenon with interrupted nonabsorbable su-
tures.

 n  Close the deep fascia and subcutaneous tissue in a routine 
manner and apply a long leg cast with the knee in 30 degrees 
of flexion and the ankle in 20 degrees of plantar flexion.

 

BA C
FIGURE 48.26 Bosworth technique for repairing old ruptures of Achilles tendon. SEE TECHNIQUE 

48.17.
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POSTOPERATIVE CARE At 6 to 8 weeks, the long leg 
cast is removed, a short leg cast is applied and worn for 1 
month, and weight bearing is allowed. After cast removal, 
a 3- to 5-cm heel lift is used for 1 month and progressive 
stretching exercises are begun immediately.
   

 

REPAIR OF NEGLECTED ACHILLES 
TENDON RUPTURES USING FLEXOR 
HALLUCIS LONGUS TENDON 
TRANSFER

 TECHNIQUE 48.19 

(WAPNER ET AL.)
 n  Place the patient supine and apply a tourniquet.
 n  Make a longitudinal incision on the medial border of the 

foot just above the abductor muscle, extending from the 
head of the first metatarsal to the navicular (Fig. 48.28A).

 n  Carry the dissection sharply through the subcutaneous 
tissue to the fascia of the abductor.

 n  Reflect the abductor with the flexor hallucis brevis plan-
tarward.

 n  Identify the flexor hallucis longus and the flexor digitorum 
longus tendons and divide the flexor hallucis longus as far 
distally as possible, allowing an adequate distal stump for 
repair to the flexor digitorum longus.

 n  Place a tag suture into the divided proximal end of the 
flexor hallucis longus.

 n  Suture the distal end of the flexor hallucis longus into the 
flexor digitorum longus with the toes in neutral position.

 n  Make a posteromedial incision about 1 cm medial to the 
Achilles tendon from its musculotendinous junction proxi-
mally to approximately 2.5 cm below its calcaneal inser-
tion (Fig. 48.28A).

 n  Carry the incision sharply through the skin, subcutaneous 
tissues, and tendon sheath, minimizing subcutaneous dis-
section. Inspect the substance of the tendon.

 n  Carry the dissection deep to the paratenon, creating full-
thickness flaps to avoid skin slough.

 n  Incise the deep fascia longitudinally over the posterior 
compartment and expose the flexor hallucis longus. Re-
tract the flexor hallucis tendon from the midfoot into the 
posterior wound.

 n  Drill a transverse hole just distal to the insertion of the Achil-
les tendon halfway from medial to lateral (Fig. 48.28B).

 n  Drill a second hole vertically just deep to the insertion of 
the Achilles tendon to join the first drill hole. Enlarge the 
tunnel with a large towel clip.

 n  Pull the tag suture through the tunnel from proximal to 
distal using a suture passer.

 n  Pass the flexor hallucis longus tendon through the tunnel 
and weave from distal to proximal through the Achilles 
tendon using a tendon weaver until the full length of the 
harvested tendon is used (Fig. 48.28C).

 n  Secure the weave with multiple 1-0 Dacron sutures.
 n  If desired, the repair can be supplemented using the plan-

taris tendon or a central slip of the Achilles tendon as 
previously described.

 n  Close the paratenon using absorbable suture. Close the 
subcutaneous tissues and skin of both incisions.

 

A B C

Sural nerve

FIGURE 48.27 V-Y repair of neglected rupture of Achilles tendon. A, Incision. B, Design of V 
flap. C, Y repair and end-to-end anastomosis. SEE TECHNIQUE 48.18.
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 n  Apply sterile bandages and place the leg in a posterior 
plaster, non–weight-bearing cast in 15 degrees of plantar 
flexion.

POSTOPERATIVE CARE The cast is changed at 4 weeks 
to a short leg walking cast or a removable cast brace with 
the ankle in neutral; the cast brace is worn for an ad-
ditional 4 weeks. A rehabilitation program is begun with 
strengthening and range-of-motion exercises at 8 weeks. 
The removable brace remains in place until grade 4 to 
5 strength and 10 degrees of dorsiflexion are obtained. 
Athletic activity is restricted for 6 months.
  

COMPLICATIONS
Wong et  al. and Kocher et  al. classified complications after 
open repair of Achilles tendon ruptures as minor, moderate, 
or major (Box 48.5). The most common complication appears 
to be rerupture. Reported rerupture rates after operative treat-
ment are approximately 3%, with higher rates reported after 
nonoperative treatment. MRI is helpful to delineate the length 
of the tendon defect, evaluate the morphology of the tendon 
ends, and identify any pathologic processes. Sural nerve dam-
age has been reported in 3% to 40% of percutaneous repairs 
and 0% to 20% of open repairs. Wound healing problems 
can occur after operative treatment of Achilles tendon rup-
tures, ranging from adhesions to deep infection associated 
with wound breakdown and tendon necrosis. Patients with 
deep infection typically are older, have received corticosteroid 
medication more often, sustained the tendon injury during 
everyday activities, and had a longer delay before treatment. 
Major wound breakdown, skin loss, and tendon necrosis may 
require complex reconstructive procedures, including local 
pedicle flaps and free flaps. 

RUPTURE OF GASTROCNEMIUS MUSCLE
Musculotendinous rupture of the gastrocnemius muscle usually 
occurs at the insertion of the medial head into the soleus apo-
neurosis. It is most common in middle-aged, male athletes during 
eccentric overload with the knee extended and the ankle dorsi-
flexed, as may occur in tennis or jogging. This condition, although 
rarely confused with rupture of the Achilles tendon, may be con-
fused with rupture of the plantaris tendon, or more important, 
with thrombophlebitis. Patients may be mistakenly treated for 
thrombophlebitis with anticoagulants, which can cause other 
complications, as well as an increase in bleeding in the torn gas-
trocnemius muscle. Patients may report hearing an audible pop 
or a feeling of being struck in the back of the leg when the injury 
occurred. Swelling and bruising in the leg may extend to the foot 
and ankle. A defect in the medial gastrocnemius muscle may be 
visible or palpable. If the diagnosis is uncertain, MRI shows the 
area of disruption better than CT or ultrasonography. Only con-
servative management is required to treat ruptures of the gas-
trocnemius muscle. Initial management includes relative rest, ice, 
compression, elevation (RICE) and early weight bearing as toler-
ated. Ankle or foot bracing that holds the ankle in a position of 
slight plantarflexion may be helpful, and some studies have shown 
an increased rate of healing with the use of bracing. Physical ther-
apy progresses until the patient is pain free and has full, symmet-
ric range of motion and strength; sport-specific exercises can then 
be initiated. Depending on the severity of the rupture, return to 
play may require from 1 to 12 weeks of rehabilitation. 

TENDINOSIS OF EXTENSOR MECHANISM 
OF KNEE (JUMPER’S KNEE)
Tendinosis of the extensor mechanism (“jumper’s knee”) is 
most common in elite athletes in jumping sports but can affect 
athletes in other sports. The prevalence of jumper’s knee has 
been estimated to range from 40% to 50% in high-level vol-
leyball players and from 35% to 40% in elite basketball players.

 

CBA

FIGURE 48.28 Repair of chronic Achilles tendon rupture with flexor hallucis longus. A, Two inci-
sions are made. Medial midline incision on midfoot is used to harvest flexor tendon. Posteromedial 
incision anterior to Achilles tendon is used to expose tendon. B, Hole is drilled just deep to Achilles 
tendon insertion and is directed plantarward. Second drill hole is made from medial to lateral to 
intersect first drill hole midway through posterior body of calcaneus. C, Flexor hallucis longus is 
woven through remaining portion of Achilles tendon for secure fixation and supplementation of 
tendon. SEE TECHNIQUE 48.19.
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Tendinosis of the extensor mechanism (“jumper’s knee”) 
usually occurs at the tendo-osseous junction at the inferior 
pole of the patella and is caused by repetitive traction or over-
load injury during sports. Prolonged, repetitive microtrauma 
causes focal mucoid degeneration, fraying, and microtear-
ing of the collagen fibrils. Occasionally, a single episode of 
eccentric overload or a direct blow to the tendon may cause 
onset of symptoms. Physical examination usually reveals ten-
derness at the inferior pole of the patella and often associ-
ated abnormalities of patellar tracking, chondromalacia, 
Osgood-Schlatter disease, or mechanical malalignment of 
the leg. The tenderness usually is worse with extension than 
with flexion. Anteroposterior, lateral, and tangential views of 

the patella may show radiolucency of the involved pole early 
in the process. With prolonged symptoms, the involved pole 
may become elongated (Fig. 48.29). Periosteal reaction of the 
anterior patellar surface (“tooth sign”) and tendon calcifica-
tion may be evident, and in long-standing disease stress frac-
ture or disruption of the extensor mechanism may occur.

Blazina et  al. described three stages of jumper’s knee 
based on symptoms: phase 1, pain only after activity; phase 
2, pain during and after activity but no significant functional 
impairment; and phase 3, pain during and after activities 
with progressive difficulty in satisfactory performance. Phase 
4, end-stage disease with stress fracture through the patella 
or disruption of the extensor mechanism, was later added. 
Ferretti et  al. classified jumper’s knee symptoms into six 
stages (Table 48.4) based on the system of Blazina et al. MRI 
demonstrated medial focal thickening in almost all 11 knees, 
and all demonstrated a focus of abnormal signal intensity in 
the proximal third of the patellar tendon. MRI findings cor-
related with intraoperative findings of degenerative patho-
logic changes consistent with angiofibroblastic tendinosis. 
The medial thickening was thought to represent the greater 

Classification of Complications After Open 
Repair of Achilles Tendon Rupture

Classification of Wong et al.

Minor
 n  Wound
 n  Superficial infection
 n  Wound hematoma
 n  Delayed wound healing
 n  Adhesion of scar
 n  Suture granuloma
 n  Skin necrosis
 n  General
 n  Pain
 n  Disturbances in sensibility
 n  Suture rupture 

Major
 n  Wound
 n  Deep infection
 n  Chronic fistula
 n  General
 n  Deep venous thrombosis
 n  Tendon lengthening
 n  Death 

Classification of Kocher et al.

Major
 n  Death
 n  Pulmonary embolism
 n  Deep venous thrombosis
 n  Pneumonia
 n  Skin slough
 n  Sinus formation
 n  Fistula
 n  Tendon lengthening
 n  Second operation 

Moderate
 n  Delayed healing
 n  Granuloma
 n  Medical infection
 n  Nerve injury 

Minor
 n  Adhesion

 BOX 48.5 

 FIGURE 48.29 Elongation of lower pole of patella in tennis 
player with long history of patellar tendinitis.  (From Roels J, Martins 
M, Mulior JC, Burssens A: Patellar tendinitis [jumper’s knee], Am J Sports 
Med 6:362, 1978.)

 TABLE 48.4

Classification of Jumper’s Knee According to Symptoms

STAGE SYMPTOMS
0 No pain
1 Pain only after intense sports activity; no undue 

functional impairment
2 Pain at the beginning and after sports activity; 

still able to perform at a satisfactory level
3 Pain during sports activity; increasing difficulty 

in performing at a satisfactory level
4 Pain during sports activity; unable to participate 

in sport at a satisfactory level
5 Pain during daily activity; unable to participate 

in sport at any level

Modified from Ferretti A, Conteduca F, Camerucci E, et al: Patellar tendinosis: a 
follow-up study of surgical treatment, J Bone Joint Surg 84A:2179, 2002.
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stresses across the medial portion of the extensor mechanism. 
Advances in ultrasonography have provided more options for 
diagnosis and conservative treatment of patellar tendinitis.

Patients with symptoms of phase 1 or 2 usually respond well 
to conservative treatment with activity modification, rest, and 
antiinflammatory medication. Jumping and eccentric exercises 
are discouraged, although some now recommend eccentric exer-
cise for treatment of jumper’s knee. Functional, pain-free physical 
therapy is begun after symptoms resolve, with a gradual return 
to activity. Cortisone injections should not be used because they 
may increase the risk of tendon rupture. The same nonoperative 
protocol, with a longer rest period, can be tried initially in patients 
with symptoms of phase 3 involvement, but operative treatment 
is indicated if symptoms persist. Patients with “end-stage” or 
phase 4 symptoms generally require operative treatment. Several 
studies have indicated that delays in operative treatment result 
in worse outcomes, whereas others have found no such corre-
lation. As early as 2 weeks but more commonly at 4 to 8 weeks 
after patellar tendon rupture, muscle retraction of up to 5 cm 
may be present, necessitating quadriceps lengthening, tendon or 
muscle transfer, or a combination of these techniques. For end-
stage disruption of the extensor mechanism (phase four), repair 
is as described for acute rupture of the quadriceps (see Technique 
48.26) or patellar (see Techniques 48.21 or 48.22) tendon.

CHRONIC PATELLAR TENDINOSIS
Suggested alternatives to open patellar tenotomy of chronic jump-
er’s knee include eccentric exercise, sclerosing injections targeting 
the area of neovessels and nerves on the dorsal side of the patel-
lar tendon, injections of PRP, arthroscopic shaving of the same 
area, and extracorporeal shockwave therapy. Studies of the effec-
tiveness of eccentric training have had conflicting results, with 
one randomized controlled study reporting results comparable 
to surgery and another reporting no effect of a 12-week eccen-
tric training program. A systematic review and meta-analysis of 
2530 patients found that eccentric exercise therapies obtained the 
best results at short-term, but multiple injections of PRP obtained 
the best results at long-term follow-up. A randomized controlled 
trial comparing ultrasound-guided injection of autologous skin-
derived tendon-like cells and injection of autologous plasma 
alone found faster response and greater improvements in pain 
and function with cell therapy. Satisfactory results were obtained 
in 74% of 83 knees treated with extracorporeal shockwave ther-
apy, with athletes returning to participation in their sport in an 
average of 6 weeks. Two studies, however, compared extracorpo-
real shockwave therapy with PRP injection and found that PRP 
had significantly better results at 6 and 12 months. Mesenchymal 
stem cells also may have therapeutic utility in the future. 

 

TENOTOMY AND REPAIR FOR 
CHRONIC PATELLAR TENDINOSIS

 TECHNIQUE 48.20 

 n  Incise the tendon sheath longitudinally and identify and 
excise the area of degeneration using longitudinal inci-
sions in the tendon.

 n  The inferior pole of the patella can be curetted or drilled 
to incite a healing response.

 n  Suture the defect in the tendon with side-to-side inter-
rupted 2-0 Vicryl sutures.

 n  Close the peritenon with interrupted absorbable sutures 
and close the skin and subcutaneous tissue in routine 
fashion.

 n  Apply a knee immobilizer.

POSTOPERATIVE CARE The knee immobilizer is worn 
for 3 to 4 weeks, and crutches are used for partial weight 
bearing. Stage 1 of rehabilitation should emphasize range 
of motion and isometric strengthening. Closed-chain ki-
netics are started in stage 2 when swelling and tenderness 
have resolved. Stage 3 should consist of activity-specific 
exercises, avoiding eccentric overload. Return to full activi-
ties can be allowed when 85% to 90% of strength and 
full range of motion are achieved.
  

STRESS FRACTURE THROUGH THE PATELLA
The same repetitive loading that can cause patellar tendi-
nosis or even patellar tendon rupture can result in a stress 
fracture of the patella, usually in a young athlete. Initially 
a stress reaction may produce low-grade symptoms, which 
if recognized and treated with activity restriction may 
resolve. If activities are continued, a stress fracture may 
develop. The most common site of stress fracture is at the 
junction of the middle and distal thirds of the patella where 
the fibers of the distal quadriceps and proximal patellar 
tendons merge and insert. 

 

FIXATION OF PATELLAR STRESS 
FRACTURE

 TECHNIQUE 48.21 

 n  For stress fracture through the inferior pole of the patella 
(Fig. 48.30), make a longitudinal midline or curvilinear 
transverse incision to expose the fracture.

 n  If the fracture is several weeks old, freshen the fracture 
surface and insert parallel, vertical 4.0 cancellous screws 
through the inferior pole. If needed, this can be augment-
ed with nonabsorbable sutures passed circumferentially 
through the screw holes.

 n  As an optional step, use an oscillating saw to take a slot 
graft 10 mm wide × 15 mm long and slide it distally across 
the fracture site.

 n  Close the wound in routine fashion and apply a cylinder 
cast.

POSTOPERATIVE CARE The cast is worn for 6 weeks, 
after which active range-of-motion and strengthening ex-
ercises are begun. Return to full activity usually is possible 
at 10 to 16 weeks.
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RUPTURE OF EXTENSOR MECHANISM OF 
KNEE
Disruption of the extensor mechanism of the knee most com-
monly is caused by fracture of the patella. Disruption of the 
quadriceps mechanism and disruption of the patellar tendon 
are the next most common causes. The mechanism of injury 
usually is an eccentric overload to the extensor mechanism 
with the foot planted and the knee partially flexed. Patellar 
tendon rupture or avulsion is more common in patients 
younger than 40 years old, especially athletes. Quadriceps 
rupture is more common in older patients and in patients 
with systemic disease or degenerative changes. Systemic dis-
eases, such as lupus erythematosus, diabetes, gout, hyper-
parathyroidism, uremia, and obesity, have been associated 
with disruption of the quadriceps mechanism. A relationship 
between prior steroid injection, as well as use of corticoste-
roids or fluoroquinolone antibiotics, and tendon rupture has 
been documented.

ANATOMY AND PATHOPHYSIOLOGY
Many studies have indicated that degenerative tendinop-
athy is present before tendon rupture; however, a more 
recent histologic analysis of 22 ruptured quadriceps tendons 

found degenerative changes in only 64%, with the frequency 
of degenerative changes increasing with age. Numerous 
authors have documented a history of pain before rupture. 
Occasionally, as may be the case in an athlete, no history of 
pain is reported. This is consistent with a subclinical process. 
Degenerative spurring (“tooth sign”), as seen on a tangential 
view of the patella, may indicate significant changes in the 
quadriceps mechanism (Fig. 48.31). 

CLINICAL EVALUATION
Diagnosis of a disrupted extensor mechanism can be difficult, 
and often diagnosis is delayed, especially in patients with large 
lower extremities. Extensor mechanism disruption should be 
suspected in middle-aged or elderly patients with swelling, 
pain, and dysfunction of the knee, especially if a history of 
jumping, squatting, or stumbling is reported. An audible pop 
may be heard. Physical examination usually reveals a palpable 
gap in the quadriceps tendon, and the patella can be displaced 
inferiorly. Swelling and ecchymosis may be present. Straight-
leg raising reveals a significant extension lag. This may be less 
evident with an intact extensor mechanism. Disruption of 
the patellar tendon causes similar findings, in addition to a 
superiorly displaced patella. A lateral radiograph may reveal a 

 

DC

BA

Slot graft

FIGURE 48.30 Stress fracture of inferior pole of patella. Fracture is secured with parallel screws; 
corticocancellous slot graft is placed distally across fracture. SEE TECHNIQUE 48.21.
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superiorly displaced patella, especially if the knee is flexed. If 
the diagnosis is in doubt, ultrasound or MRI can be helpful. 

TREATMENT OF ACUTE RUPTURE OF PATELLAR 
TENDON
Rupture of the patellar tendon usually occurs at the inferior 
pole of the patella; the patella is a part of the proximal seg-
ment of the tendon and may be retracted 3 to 5 cm proxi-
mal to its normal position by contracture of the quadriceps 
muscle (Fig. 48.32). Fresh ruptures should be repaired if skin 
conditions are optimal. It is important to pay close attention 
to the position of the patella in the sagittal plane to prevent 
excessive baja or alta. Tensioning of the suture to allow 90 to 
100 degrees of passive flexion has been recommended. 

 

SUTURE REPAIR OF PATELLAR 
TENDON RUPTURE

 TECHNIQUE 48.22  Figure 48.33

 n  With the patient supine and a tourniquet around the up-
per thigh, make a longitudinal incision centered over the 
defect.

 n  With careful subcutaneous dissection, expose the area of 
the rupture. Identify the infrapatellar branch of the saphe-
nous nerve and retract it during the procedure; the patient 

 FIGURE 48.31 Degenerative spurring (tooth sign) on tangential view of patella indicates 
significant changes in quadriceps mechanism.

 

BA

FIGURE 48.32 Anteroposterior (A) and lateral (B) radiographs 
of patellar tendon rupture.

 

Trough in
inferior pole

FIGURE 48.33 Technique of repair of fresh rupture of patellar 
tendon. SEE TECHNIQUE 48.22.

    

https://booksmedicos.org


PART XIII SPORTS MEDICINE2510

should be informed before surgery that there will likely be 
a permanent anesthetic area lateral to the incision.

 n  Use sharp dissection to open the peritenon longitudinally 
in the midline proximally and distally from the defect.

 n  Carefully realign the tear, which is most commonly at the 
tendon-bone junction, replacing the tendon in its ana-
tomic position to allow normal patellar tracking.

 n  With a rongeur, make a small horizontal trough at the 
inferior pole of the patella, place three horizontal No. 5 
nonabsorbable mattress sutures through the patellar ten-
don stump and bring the tendon through holes drilled in 
the patella, drawing the tendon securely to the inferior 
pole of the patella. This can be accomplished with a su-
ture passer or Beath pin.

 n  Flex the knee to 45 degrees and place a hemostat parallel 
to the roof of the intercondylar notch to ensure that pa-
tella baja has not been produced. The inferior pole of the 
patella should be at or just slightly above the hemostat.

 n  Bury the nonabsorbable suture knots superior to the pa-
tella deep to the quadriceps tendon and hold them there 
during closing of the two vertical windows in the quadri-
ceps with No. 0 absorbable sutures.

 n  The tendon should be repaired adjacent to the articular 
surface and not to the anterior surface of the patella. Fail-
ure to do this causes tilting of the patella and an increase 
in patellofemoral forces.

 n  Identify the full extent of the retinacular tear and repair 
it with No. 0 absorbable sutures or No. 2 nonabsorbable 
sutures.

 n  If the patellar tendon is extensively frayed, two running in-
terlocking No. 5 nonabsorbable sutures can be used to se-
cure the tendon, as described subsequently. Use a suture 
retriever or Beath pin to thread the suture strands through 
3-mm drill tunnels, one horizontally into the tibial tubercle 
and two vertically into the patella (Fig. 48.34). If secure 
fixation cannot be obtained with this method, augment 
the repair with the semitendinosus or gracilis tendon.

 n  Ruptures through the substance of the tendon can be 
repaired with running interlocking sutures placed in 
the proximally and distally based bundles and secured 
through parallel vertical holes drilled in the patella and a 
transverse hole drilled in the tibial tuberosity (Fig. 48.35). 
Repair the individual bundles side-to-side after appropri-
ate tendon length is determined.

 n  If needed after completion of the repair, place a circum-
ferential tension suture of No. 5 nonabsorbable box wire.

POSTOPERATIVE CARE A cylinder cast with the knee in 
extension or a hinged brace locked in extension is applied, 
and weight bearing to tolerance is allowed. Straight-leg 
raising exercises are begun at 3 weeks. At 6 weeks, the 
cast is removed and a controlled motion brace with a 
range of motion 0 to 45 degrees is fitted. Motion is in-
creased 10 to 15 degrees each week. Crutches are used 
for ambulation in the brace until sufficient strength and 
motion have been regained. If a tension wire was used for 
protection, it can be removed electively at 10 to 12 weeks 
under local anesthesia.
   

 

SUTURE ANCHOR REPAIR OF 
PATELLAR TENDON RUPTURE

 TECHNIQUE 48.23 

(DEBERARDINO AND OWENS)
 n  Through a midline longitudinal incision over the patellar 

tendon, incise the peritenon longitudinally and dissect it 
away from the underlying tendon.

 

A B
FIGURE 48.34 Mersilene loop tendon repair. A, Route of burr 

channels. B, Suturing of ruptured tendon. SEE TECHNIQUE 48.22.
 FIGURE 48.35 Technique of repair of fresh rupture of patellar 

tendon. Interlocking sutures are secured through parallel vertical 
holes drilled in patella and transverse hole drilled in tibial tuber-
osity. SEE TECHNIQUE 48.22.
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 n  Debride or resect any grossly pathologic tendon tissue.
 n  For ruptures in the midsubstance of the tendon, expose 

the full length of the tendon and place two Krackow lock-
ing stitches in each tendon stump with No. 2 or No. 5 
nonabsorbable suture. Repair the retinaculum with ab-
sorbable sutures. With the knee fully extended, tie the 
four proximal core sutures to the distal ones.

 n  For proximal avulsion of the tendon from the patella, 
expose the inferior patellar pole and place three suture 
anchors equidistant along the anatomic tendon footprint. 
Pull the suture through the anchor eyelet to produce long 
and short suture arms. Pass the long suture arm down 
and back of the tendon stump in a locking Krackow fash-
ion, and use the short arm to reduce the tendon to the 
patella (Fig. 48.36A). Tie each suture repair securely.

 n  For distal avulsion of the tendon, the same procedure is 
used but the suture anchors are placed in the tibial tu-
bercle and the tendon is repaired to the tubercle (Fig. 
48.36B).

 n  Flex the knee to check for gap formation. Close the peri-
tenon with absorbable sutures.

POSTOPERATIVE CARE Weight bearing is allowed with 
the knee braced in full extension. The stability of the ten-
don repair determines the amount of early flexion allowed 
with active-assisted range of motion. Motion is progressed 
as tolerated, with the goal of 90 degrees of flexion by 4 
to 6 weeks and full motion by 10 to 12 weeks. Isometric 
quadriceps contractions can be done immediately after 
surgery, progressing to straight-leg raises at 6 weeks. Full 
return to activities is not allowed for 6 months.
  

TREATMENT OF CHRONIC RUPTURE OF 
PATELLAR TENDON
When a rupture of the patellar tendon is more than 6 weeks 
old, the patella is retracted proximally and may require exten-
sive surgical release to draw it distally to the appropriate level. 

Although preoperative traction through a Kirschner wire 
placed transversely in the patella has been recommended, 
we now believe better results can be obtained with proximal 
release of scar tissue and a modified Thompson quadriceps-
plasty (see Chapter 45), if necessary. Before surgery, lateral 
radiographs of the uninvolved extremity should be obtained 
with the knee flexed to 45 degrees to evaluate patellar height; 
these are compared with radiographs of the involved knee 
during surgery to determine the appropriate tendon length.

Various methods of reconstruction of the patellar ten-
don have been described. If sufficient patellar tendon is left 
for repair, augmentation with the semitendinosus or gracilis 
tendon may be indicated. If the rupture is several months old, 
an allograft can be used, and an Achilles tendon allograft has 
been used with some success in this situation. 

 

ACHILLES TENDON ALLOGRAFT 
FOR CHRONIC PATELLAR TENDON 
RUPTURE

 TECHNIQUE 48.24 

 n  Make a longitudinal incision beginning 3 to 4 cm above 
the superior pole of the patella and extending just distal 
to the tibial tuberosity.

 n  With sharp subcutaneous dissection, expose the extensor 
mechanism medially and laterally through the plane of 
the prepatellar bursa. Medially protect the infrapatellar 
branch of the saphenous nerve if possible.

 n  Make a sharp longitudinal incision through the tendon 
sheath and scar tissue in the midportion of the patellar 
tendon and expose the remains of the tendon. If suffi-
cient tissue is present to add structural strength to the 

 

A B

FIGURE 48.36 Repair of patellar tendon avulsion with suture anchors (see text). A, For proximal 
avulsions, three suture anchors are placed in anatomic tendon footprint. B, For distal avulsions, 
suture anchors are placed in the tibial tubercle. SEE TECHNIQUE 48.23.
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repair, freshen the ends of the tendon to be used later as 
described for hamstring augmentation.

 n  Perform a lateral retinacular release and use blunt and 
sharp dissection to free the medial and lateral gutters in 
the suprapatellar pouch.

 n  If further mobilization is necessary, use a periosteal eleva-
tor to dissect the vastus intermedius muscle proximally 
off the femur. Rarely, a medial release may be required 
to complete the quadricepsplasty as described by Thomp-
son, but this should be avoided, if possible, to decrease 
the likelihood of avascular changes in the patella. The lat-
eral incision allows inspection of the intraarticular struc-
tures and the patellofemoral articulation.

 n  If an allograft is necessary, we have had good results us-
ing the Achilles tendon, as well as the tibialis and ham-
string tendons. Place the allograft over the tibial tuber-
osity about 4 cm distal to the joint line to estimate the 
proper length of the trough to be made in this area.

 n  Use an oscillating saw to make the trough 2.5 to 3.0 cm 
long, 1.5 to 2.0 cm wide, and 1.5 cm deep.

 n  Contour the corticocancellous bone attached to the Achil-
les tendon to fit flush in the trough (Fig. 48.37A). After 
ensuring proper alignment, secure it in this position with 
two staggered 4-mm cancellous screws using a lag screw 
technique or two 6.5-mm partially threaded cancellous 
screws.

 n  Identify the attachment of the patellar tendon in the cen-
tral area of the inferior pole of the patella and place a 
Kirschner wire through this area, exiting superiorly 3 mm 
posterior to the central part of the quadriceps tendon.

 n  Pass an 8- or 9-mm reamer over the Kirschner wire and 
use a rasp to contour the tunnel edges.

 n  Fashion the Achilles tendon graft into three branches, the 
central third consisting of the thick half to two thirds of 
the tendon. This central branch should be 8 to 9 mm in 
diameter and should be freed distally far enough to allow 

the graft to be pulled up to the inferior pole of the patella 
without hindering the two lateral branches.

 n  Place a whipstitch of No. 2 nonabsorbable suture in 
the central branch and pass it from inferior to superior 
through the tunnel, exiting through a slit in the quad-
riceps tendon just superior to the patellar insertion (Fig. 
48.37B). A ligament passer may be helpful.

 n  Tack the tendon in place with multiple interrupted non-
absorbable sutures through the graft in the soft tissue of 
the inferior pole of the patella and at the edges of the 
quadriceps tendon just superior to the superior pole of 
the patella (Fig. 48.37C).

 n  The appropriate graft length is determined by ensuring 
the knee flexes to 90 degrees, evaluating Insall’s index, 
and measuring the alignment of the inferior pole of the 
patella and ensuring that it is parallel to the roof of the 
intercondylar notch with the knee at 45 degrees. With the 
knee extended, there should be about 1.5 cm of slack in 
the patellar tendon. Obtain a lateral radiograph to con-
firm correct patellar height compared with the uninvolved 
extremity.

 n  When the appropriate patellar level has been determined, 
use multiple interrupted sutures to tack the patellar ten-
don stump to the graft, which was passed through the 
midline slit in the patellar stump.

 n  Close the lateral release with the knee flexed 30 degrees 
and carefully check patellar tracking and the quadriceps 
angle.

 n  Tack the medial and lateral branches of the graft to the 
medial and lateral retinaculum using No. 0 nonabsorbable 
sutures.

 n  Close the tendon sheath with interrupted 2-0 absorbable 
sutures, close the subcutaneous tissue with 2-0 absorb-
able sutures, and close the skin in the usual fashion.

 n  Alternatively, place suture anchors in the distal pole of 
the patella and the anterior cortex of the patella and use 
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FIGURE 48.37 Technique of reconstruction of chronic rupture of patellar tendon using Achilles 
tendon allograft. A, Slot measuring 3.0 cm long, 2.0 cm wide, and 1.5 cm deep is cut in tuberosity; 
graft is contoured to fit. B, Central arm of graft is placed through 9 mm longitudinal tunnel and 
then through vertical slit in quadriceps tendon. Tunnel is placed centrally to avoid penetration of 
articular cartilage. C, Graft is secured with multiple sutures. SEE TECHNIQUE 48.24.
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these to secure the allograft tendon to the patella. Drape 
the allograft tendon over the quadriceps tendon and 
muscle fascia and secure it with nonabsorbable sutures.

 n  If augmentation of the repair is necessary, use No. 5 non-
absorbable suture placed in a box-stitch fashion through 
holes drilled in the patella and tibial tubercle. Steel wire 
or cerclage cables also can be used.

 n  Apply a cylinder cast or knee immobilizer locked in extension.

POSTOPERATIVE CARE At 10 to 14 days, the cast is 
removed for wound evaluation and removal of sutures or 
staples if needed. A cylinder cast or locked brace is worn 
for 4 to 6 weeks. Active and passive range-of-motion 
exercises are begun at 4 to 6 weeks. Weight bearing to 
tolerance with crutches is allowed until sufficient motion 
and strength allow unassisted ambulation. A progressive 
strengthening and range-of-motion exercise program is 
essential to regain function. The timing of rehabilitation 
can be adjusted depending on the intraoperative findings.
   

 

HAMSTRING (SEMITENDINOSUS 
AND GRACILIS) AUTOGRAFT 
AUGMENTATION FOR CHRONIC 
PATELLAR TENDON RUPTURE
We have in the past advocated the use of autogenous 
hamstring tendon grafts in a two-stage procedure in which 
the quadriceps mechanism is freed and traction is applied 
through the patella with a Kirschner wire as the first stage. 

The second stage is reconstruction of the patellar tendon 
with the semitendinosus tendon. We now believe a one-
stage procedure is preferable and that use of both the 
gracilis and semitendinosus is necessary for augmenta-
tion. The semitendinosus is a suitable graft because it is 
strong native tissue, does not require an additional surgery 
for removal, and allows immediate postoperative mobiliza-
tion; harvesting the hamstrings has been shown to cause 
little functional deficit. A biomechanical study showed that 
augmentation of the patellar tendon repair decreased gap 
formation at the repair site after cyclic loading.

 TECHNIQUE 48.25 

(ECKER, LOTKE, AND GLAZER)
 n  Make an incision beginning just proximal and lateral to 

the patella, extending distally, crossing the midline of the 
limb inferior to the patella, and ending along the medial 
flare of the tibia. Expose the patella, quadriceps tendon, 
and tibial tuberosity.

 n  Place a Steinmann pin transversely through the midpor-
tion of the patella for distal traction (Fig. 48.38A).

 n  Remove all scar tissue from the remnants of the patellar 
tendon.

 n  Now flex the knee and expose the insertions of the gracilis 
and semitendinosus tendons into the pes anserinus.

 n  Use a tendon stripper to release the tendons from their 
proximal musculotendinous junctions and bring the ten-
dons into the primary incision.

 n  Pass the semitendinosus tendon through an oblique hole 
drilled in the tibial tuberosity and through one of two trans-
verse holes drilled through the distal part of the patella.

 n  Then pass the gracilis tendon through the other hole in 
the patella (Fig. 48.38B).

 

A B C
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FIGURE 48.38 Technique for one-stage delayed reconstruction of patellar tendon. A, Steinmann 
pin through transverse hole in patella is used for distal traction. B, Proximally divided semitendi-
nosus and gracilis tendons are placed through holes and fixation wire is inserted. C, With patella 
in normal position, fixation wire is secured and gracilis and semitendinosus tendons are sutured 
to each other. SEE TECHNIQUE 48.25.
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 n  Pass a wire through the patella and the tibial tuberos-
ity and tighten it to maintain a distance between the 
patella and the tibial tuberosity equal to the length of 
the patella.

 n  Suture the semitendinosus and gracilis tendons under 
tension (Fig. 48.38C).

 n  Remove the transverse traction pin, close the wound, and 
apply a cylinder cast. 

POSTOPERATIVE CARE At 2 weeks, the cast is re-
moved for wound evaluation and a new cylinder cast or 
locked brace is applied. At 6 weeks, vigorous straight-
leg raising with weights and active flexion exercises are 
instituted.
   

 

HAMSTRING AUTOGRAFT 
AUGMENTATION FOR CHRONIC 
PATELLAR TENDON RUPTURE

 TECHNIQUE 48.26 

(MANDELBAUM ET AL.)
 n  Make a midline approach to the patellar tendon. Make a 

medial arthrotomy for inspection of the joint and lysis of 
adhesions as necessary.

 n  Make a Z-lengthening incision in the quadriceps ten-
don and a Z-shortening incision through the patellar 
tendon, using careful dissection to preserve the vas-
cular pedicle in the proximal and the distal flaps (Fig. 
48.39A).

 n  Place sutures in the tendon (Fig. 48.39B) and obtain an 
anteroposterior radiograph; compare it with the preop-
erative film of the uninvolved extremity to determine ap-
propriate patellar height.

 n  When a satisfactory position is obtained, place multiple 
absorbable sutures in the quadriceps and patellar tendons 
to secure the repair.

 n  Expose the distal insertion of the pes anserinus and with 
a tendon stripper harvest the semitendinosus and gracilis 
tendons (Fig. 48.39C).

 n  Suture the tendons together with multiple interrupted 
absorbable sutures.

 n  Pass the tendons through a transverse hole in the midpor-
tion of the patella and through a transverse hole in the 
tibial tuberosity in a figure-of-eight fashion.

 n  Use running interlocking sutures, as described by Krack-
ow, Thomas, and Jones, to suture the tendon to itself (Fig. 
48.39D).

 n  Tack the tendons to the underlying patellar tendon (Fig. 
48.39E) and close the wound in the usual fashion.

POSTOPERATIVE CARE Postoperative care is the same 
as after reconstruction of a neglected rupture of the patel-
lar tendon (see Technique 48.23).
  

RUPTURE OF TENDON OF QUADRICEPS 
FEMORIS MUSCLE

ACUTE RUPTURE
Acute ruptures of the quadriceps tendon generally result 
from eccentric contraction of the extensor mechanism 
against a sudden load of body weight with the foot planted 
and the knee flexed. The quadriceps tendon usually ruptures 
transversely at the osteotendinous junction in older patients 
and at the midtendon or musculotendinous area in younger 
patients. A cadaver study identified a hypovascular zone in 
the quadriceps tendon 1 to 2 cm from the superior pole of 
the patella, corresponding to the site of spontaneous ruptures 
reported in the literature. The rupture often extends through 
the vastus intermedius tendon, slightly proximal to the rup-
ture of the rectus femoris tendon. Incomplete ruptures usu-
ally can be treated nonoperatively, depending on the extent 
of the tear and the patient’s occupation or sports activity, with 
immobilization of the knee in full extension for 6 weeks, fol-
lowed by protected range-of-motion and strengthening exer-
cises. When good quadriceps muscle control is regained, and 
the patient can perform a straight-leg raise without discom-
fort, the immobilizer is progressively discontinued.

For complete ruptures, operative repair should be done 
as soon as possible. Delays in operative repair can complicate 
the repair process and lead to unsatisfactory results. Without 
its distal tendinous insertion intact, the quadriceps apparatus 
begins to retract in the first few days after injury. After days 
or weeks, retraction can make apposition of the torn tendon 
ends difficult and can increase tension on the suture line.

Although various techniques have been described for 
repair of quadriceps tendon ruptures, none has been proved 
to be the most reliable and effective. Most techniques involve 
repair of the tendon with sutures passed through holes drilled 
in the patella, although suture anchors have been used instead. 
If a local flap technique is to be used for reinforcement, the 
tendon proximal to the rupture should be evaluated carefully 
to avoid formation of an additional weakened area. The repair 
can be protected by a circumferential wire or strong nonab-
sorbable sutures or by a Bunnell pull-out wire through the 
medial and lateral retinaculum. PRP injection may aid in the 
reparative process, although more studies are needed. 

 

REPAIR OF ACUTE RUPTURE OF 
THE TENDON OF THE QUADRICEPS 
FEMORIS MUSCLE

 TECHNIQUE 48.27  Figure 48.40

 n  Make a midline longitudinal incision 15 to 20 cm long to 
expose the rupture.

 n  Irrigate the hematoma and freshen the tendon ends.
 n  If sufficient tendon is left distally, make an end-to-end re-

pair using multiple No. 2 or No. 5 nonabsorbable mattress 
sutures through the tendon and No. 0 absorbable sutures 
to repair the retinaculum. Carefully align the tendon and 
evaluate patellar tracking and position. Use a circumfer-
ential wire or suture for protection of the repair.
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 n  In ruptures at the osteotendinous junction, an 8- to 10-
mm stump of vastus intermedius often is left attached to 
the patella. Place No. 0 nonabsorbable sutures through 
the stump and lay them aside for later use.

 n  With a rongeur, make a small trough in the superior pole 
of the patella.

 n  Drill three longitudinal holes about 1 cm apart centered 
over the anticipated area of attachment of the quadriceps 
tendon.

 n  Pass a No. 5 nonabsorbable suture proximally through the 
quadriceps tendon, using a running interlocking suture, 
for a distance of about 2.5 cm, until normal-appearing 
tendon is reached. Pass the suture distally in a similar 
manner, ending just lateral to the midline of the ruptured 
tendon.

 n  Pass similar sutures along the medial side of the tendon 
and distally as previously described.

 n  Pass the suture distally with a suture retriever or Beath 
pin, place a single throw in the suture, and secure it with 
a hemostat.

 n  Move the knee through a range of motion to check patel-
lar tracking and position.

 n  If placement is satisfactory, bring the sutures in the vastus 
intermedius stump anteriorly and secure them through 
the quadriceps tendon while maintaining anatomic posi-
tion.

 n  Tie the sutures distally, drawing the tendon into the bony 
trough.

 n  Repair the retinaculum with interrupted absorbable su-
tures and close the skin and subcutaneous tissue in a rou-
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FIGURE 48.39 Technique of reconstruction of neglected ruptures of patellar tendon. A, Z-short-
ening of patellar tendon and Z-lengthening of quadriceps tendon. B, Tack sutures are placed in 
tendons. C, Semitendinosus and gracilis tendons are harvested with tendon stripper and sutured 
together. D, Tendons are passed through transverse hole in patella and sutured together with 
Krackow technique. E, Tendons are tacked to underlying patellar tendon. SEE TECHNIQUE 48.26.
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tine manner. Apply a cylinder cast or locked brace with 
the knee in extension.

POSTOPERATIVE CARE The cylinder cast or locked 
brace is worn for 6 weeks. Weight bearing with crutches is 
allowed at 3 weeks. Cast removal and a dial-locked brace 
is fitted, allowing a range of knee motion from 0 to 60 
degrees; the range is increased 10 to 15 degrees each 
week. An aggressive strengthening program is essential 
for good functional recovery.
  

CHRONIC RUPTURE
When a rupture of the quadriceps tendon is not treated for 
months or years, its repair is difficult. A defect of 2.5 to 5.0 cm 

or more may be present between the ends of the tendon and 
must be repaired with fascia lata. If the ends can be apposed, 
the repair is done as described for fresh rupture of the tendon 
of the quadriceps femoris muscle.

If shortening makes apposing the ends of the tendon 
impossible, tendon lengthening can be helpful. An inverted 
V is cut through the full thickness of the proximal segment of 
the quadriceps tendon, with the inferior ends of the V ending 
1.5 to 2.0 cm proximal to the rupture (Fig. 48.41). The trian-
gular flap thus fashioned is split into an anterior part of one 
third of its thickness and a posterior part of two thirds. The 
tendon ends are apposed with interrupted sutures, and the 
anterior part of the flap is turned distally and is sutured. The 
open upper part of the V is closed with interrupted sutures. 
Pull-out wire sutures can be used to protect the repair but 
typically are not necessary. 

COMPLICATIONS
Loss of motion, especially flexion, is a common complication 
after rupture of the quadriceps tendon. Extensor mechanism 
weakness, manifested by quadriceps atrophy and extensor 
lag, may occur, although this can be corrected with time and 
proper rehabilitation. Infection and wound problems may 
occur with subcutaneous placement of nonabsorbable sutures 
or wires and with an incision directly over the tibial tubercle. 
Occasionally, these sutures or wires require removal, espe-
cially when wire breakage has occurred. Patella alta or baja 
can be avoided by paying close attention to the position of the 
patella within the sagittal plane during surgery. Malalignment 
can lead to degenerative changes at the patellofemoral joint by 
increasing joint reactive forces. Rerupture that requires repeat 
repair also is a potential complication. 

RUPTURE OF ADDUCTOR LONGUS MUSCLE
Rupture of the adductor longus muscle is characterized by 
the sudden or gradual appearance of swelling on the medial 
aspect of the upper third of the thigh with an inconsistent his-
tory of trauma. Soccer, ice hockey, and football players seem 
prone to this condition, and the mechanism of injury may be 
a combination of wide abduction of the thighs with flexion of 
one hip and internal rotation of the other. The palpable mass 
becomes more prominent during contraction of the adduc-
tor longus muscle. In 19 NFL players with adductor ruptures, 
nearly half (9) reported prior abdominal or groin pain.

A B

Suture in
stump of vastus
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Trough in
superior
pole of
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FIGURE 48.40 Technique for repair of fresh rupture of quadri-
ceps femoris muscle. A, Two parallel interlocking sutures are placed 
in quadriceps tendon. Small trough is made in anterior aspect of 
superior pole of patella. Horizontal mattress sutures are placed 
in vastus intermedius stump. B, Sutures in vastus intermedius are 
pulled anteriorly through rectus and are tied while tendon is held 
in anatomic position, using sutures placed distally through drill 
holes; sutures are then tied distally. SEE TECHNIQUE 48.27.

 FIGURE 48.41 Codivilla tendon lengthening and repair of quadriceps tendon.

    

https://booksmedicos.org


CHAPTER 48 TRAUMATIC DISORDERS 2517

We have found repair of adductor longus ruptures dif-
ficult when they occur at the musculotendinous junction. 
Conservative therapy consisting of ice, thigh compression 
using a thigh sleeve, and relative rest using crutches if nec-
essary generally is successful. When the acute inflammatory 
response has subsided, stretching and strengthening exercises 
are begun for rehabilitation of the hip and thigh musculature, 
concentrating on the adductors. Minimal functional deficit 
can be expected with this treatment. Nonoperative treatment 
was reported to result in a significantly faster return to play (6 
weeks) in 14 NFL players compared with operative repair in 
five players (12 weeks). 

RUPTURE OF GLUTEUS MEDIUS AND 
MINIMUS TENDONS
Often misdiagnosed as greater trochanteric pain syndrome 
or trochanteric bursitis, avulsion or rupture of the gluteus 
medius or minimus tendons (“rotator cuff of the hip”) can 
cause prolonged lateral hip pain. The cause of tendinosis and 
rupture of these tendons is uncertain but may be related to 
local mechanical trauma or predisposing systemic condi-
tions. The incidence of gluteal ruptures is unknown, but 
gluteal medius or minimus tears have been reported in 4% 
to 20% of patients undergoing total hip replacement and in 
approximately 25% of patients with femoral neck fractures. 
Most reported gluteus medius ruptures have been in women 
older than age 50 years. The two most reliable signs of a glu-
teus medius rupture are a Trendelenburg gait and pain on 
resisted hip abduction, both of which are reported to have 
a more than 70% specificity and sensitivity. In patients with 
chronic tears, plain radiographs usually are unremarkable but 
may show sclerosis, an irregular border, or osteophytes at the 
anterior edge of the greater trochanter. MRI (91% accuracy) 
and ultrasound can be used for confirmation of the diagnosis.

If diagnosed early, gluteus tendon ruptures can be treated 
conservatively by unloading the involved hip with crutches or 
a cane, NSAIDs, and physical therapy once acute symptoms 
subside. If symptoms persist, operative treatment may involve 
conjoined tendon debridement, transosseous fixation, and 
possibly augmentation with a soft-tissue graft. Transosseous 

fixation can be obtained with suture fixation through drill 
holes or suture anchors in the greater trochanteric footprint 
of the tendons. Open repair has been reported to successfully 
relieve pain in 90% to 95% of patients. Techniques for endo-
scopic repair of the gluteus tendon also have been described. 

HAMSTRING TENDON INJURIES
Although hamstring tendon injuries are among the most 
common musculoskeletal injuries in athletes, there is lit-
tle information in the literature concerning their diagnosis, 
treatment, and outcomes. Proximal hamstring avulsions can 
cause considerable morbidity. A variety of forms of damage 
exist, including inflammation, degeneration, partial tearing, 
complete tearing, and a combination of these pathologies. 
Injuries can range from mild strains of the muscles or myo-
tendinous junction to complete avulsions from the ischial 
tuberosity with tendon retraction. Complete proximal rup-
ture of the hamstring tendons represents the most severe and 
uncommon form of hamstring injuries with a prevalence of 
9%. A complete rupture is defined as the tearing of all three 
tendons (biceps femoris, semitendinosus, and semimembra-
nosus) from the ischial tuberosity.

The clinical diagnosis can be made when several physi-
cal examination findings are present, including absence of 
palpable tension in the distal part of the hamstrings with the 
patient prone and the knee flexed to 90 degrees (positive bow-
string sign) (Fig. 48.42). Ecchymosis of the posterior aspect of 
the thigh, a palpable defect of the proximal part of the ham-
strings, and weakness in prone knee flexion are also indica-
tive of a proximal avulsion. The diagnosis of a three-tendon 
avulsion can be confirmed with noncontrast MRI, with use of 
a combination of fat-suppressed inversion recovery and pro-
ton density-weighted fast-spin-echo sequences in multiple 
orthogonal planes (Fig. 48.43).

 FIGURE 48.42 Positive bowstring sign: absence of palpable 
hamstring tendons distally.  (From Birmingham P, Muller M, Wickiewicz 
T, et al: Functional outcome after repair of proximal hamstring avulsions, 
J Bone Joint Surg Am 93:1819, 2011.)

 

Ischial
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tendon

F

FIGURE 48.43 Fat-suppressed inversion-recovery MRI in the 
coronal plane, showing retracted tear of proximal hamstrings with 
surrounding edema.  (From Birmingham P, Muller M, Wickiewicz T, 
et al: Functional outcome after repair of proximal hamstring avulsions, J 
Bone Joint Surg Am 93:1819, 2011.)
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Benazzo et al. and Lempainen et al. detailed specific ten-
don involvement seen on MRI: 33% of patients had semi-
tendinosus and biceps tendon involvement, and 48% had 
semimembranosus and three-tendon involvement. Of those 
with single-tendon involvement, 8% had only semimembra-
nosus involvement, 11% had only biceps femoris involvement, 
and 1.5% had only semitendinosus involvement. The central 
or paramuscular tendons of the hamstrings may be the site of 
chronic and recurrent hamstring injuries. These central ten-
don tears are mainly located 10 to 20 cm distally from the ori-
gin of the hamstrings, and they often are difficult to diagnose 
because they can mimic a simple muscle strain injury. The 
central tendons of the hamstrings run from the ischial tuber-
osity to different insertion sites medially (the semimembra-
nosus and semitendinosus muscles) and laterally (the biceps 
femoris muscle) around the knee joint. Studies have mainly 
reported the benefits of surgical treatment of proximal and 
distal ruptures of the hamstring tendon. Information on cen-
tral hamstring tendon injuries and the outcome of operative 
treatment is limited. 

TREATMENT
NONOPERATIVE TREATMENT

In the treatment of chronic proximal hamstring tendinosis 
and partial tearing of the proximal hamstring origin, a trial of 
conservative measures is typically completed before surgical 
intervention. Nonoperative treatment has been recommended 
for single-tendon tears with or without retraction, although 
more recent studies have associated nonoperative treatment 
of hamstring (as low as 71%), and less patient satisfaction 
when compared with those treated surgically. Consequently, 
both acute and chronic repairs of complete and partial proxi-
mal hamstring ruptures have become more popular in recent 
years. Nonoperative treatment often results in sciatica, poste-
rior thigh pain, and muscle weakness, leaving patients with 
poor function and more extensive rehabilitation.

Zissen et al. showed fair results with ultrasound-guided 
injection of corticosteroid in 38 patients, 29 of whom reported 
immediate relief of symptoms. Half experienced improve-
ment of symptoms for at least 1 month, and a third reported 
prolonged resolution of symptoms. No complications were 
identified. 

OPERATIVE TREATMENT
Operative treatment of proximal hamstring tears has been 
suggested for osseous avulsions with 2 cm or more displace-
ment, for partial tears for which nonoperative treatment is 
unsuccessful, and for complete three-tendon tears with or 
without displacement. The literature supports consideration 
of operative treatment primarily for competitive athletes, but 
a case-by-case decision is recommended.

Operative repair has variable outcomes. Multiple studies 
have demonstrated improved strength and endurance, with a 
low risk of reruptures. Functionally, 76% to 100% of patients 
eventually return to sports, 55% to 100% return to their pre-
injury activity level, and 88% to 100% of patients are satisfied 
with surgical outcomes. In their systematic review, Startzman 
et al. determined that of 266 patients involved, 99% returned 
to strenuous activities and sports after surgery.

Multiple series have shown that surgically repaired proxi-
mal hamstring avulsions yield better functional results and 
patient-reported outcome scores and a higher rate of return 

to preinjury activities than patients treated nonoperatively. 
Bodendorfer et  al. found that satisfaction was much higher 
among patients treated operatively (93%) compared to those 
treated nonoperatively (53%), with higher strength in the 
surgical group compared with the contralateral extremity. In 
their series of 58 patients with hamstring repairs, Bowman 
et al. reported an overall satisfaction rate of 94%. At a mean 
of 7 months, 88% of patients were able to return to their usual 
sports or recreational activities, with 72% returning at the 
same level. Birmingham et al. reported that 21 of 23 patients 
returned to activity at an average of 95% of their preinjury 
activity level at an average of 9.8 months after repair of proxi-
mal hamstring tendon ruptures.

Some studies have suggested that delayed repair is associ-
ated with poorer results and reduced hamstring strength and 
endurance, while other studies showed no difference. Sarimo 
et al. reported that 29 of their 41 patients had good or excellent 
results, while 12 patients had moderate or poor results. The 
good or excellent group had an average delay of 2.4 months 
from the time of injury to the time of surgery, while the mod-
erate or poor group had an average delay of 11.7 months, and 
the difference was significant. Rust et  al., in their series of 
72 patients who had either direct tendon repair with suture 
anchors or Achilles allograft tendon reconstruction, found 
that acute repair was superior to surgery for chronic tears 
with regard to return to sports. Neither Birmingham et  al. 
nor Klingele and Sallay, however, found a difference in post-
operative isokinetic testing between acute (repair less than 4 
weeks after injury) and chronic (repair more than 4 weeks after 
injury) repairs. In their systematic review involving 387 partic-
ipants, van der Made et al. found no to minimal difference in 
outcome between acute and delayed repair in terms of return 
to sports, patient satisfaction, hamstring strength, or pain. 

 

REPAIR OF PROXIMAL HAMSTRING 
AVULSION

 TECHNIQUE 48.28 

(BIRMINGHAM ET AL.)
 n  With the patient prone, make a longitudinal incision 

at the edge of the gluteus maximus muscle. A longitu-
dinal incision minimizes excessive traction on the glu-
teus maximus muscle and the inferior gluteal nerve and 
allows adequate mobilization of displaced soft-tissue 
tears.

 n  Retract the gluteus muscle proximally; identify the fascia 
distal to the transverse gluteus maximus fibers and open 
it, taking care to protect the posterior femoral cutaneous 
nerve and the inferior cluneal nerve.

 n  Identify the tendons and avulsion site. There usually is a 
large hematoma present in acute injuries.

 n  Place traction sutures in the tendon and debride the tu-
berosity avulsion site.

 n  The sciatic nerve lies lateral and anterior on the surface 
of the semimembranosus and semitendinosus. The sciatic 
nerve dissection is more difficult to perform after 4 weeks 
have passed since the occurrence of the injury, as scar 
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tissue can begin to encase the nerve, making it difficult 
to mobilize the nerve safely; thus the dissection is best 
performed by someone experienced in nerve dissection.

 n  With use of two Orthocord sutures (DePuy Mitek, Rayn-
ham, MA), place two sets of Krackow stitches in the ten-
don, exiting proximally (Fig. 48.44).

 n  Debride the tuberosity to bone and place two UltraFix RC 
anchors (ConMed Linvatec, Utica, NY) in the tuberosity 
approximately 1 inch (2.54 cm) apart.

 n  Repair the tendons back to the lateral aspect of the ischial 
tuberosity.

 n  If the semimembranosus tendon is distinguishable, place 
it more lateral than the semitendinosus and the biceps 
femoris tendons in their anatomic locations.

 n  Pull one limb of the Krackow suture through the anchor, 
pulling the tendon to bone, and tie it in place. Use a 
minimum of two anchors to recreate a tendon footprint 
on the tuberosity, which creates more surface area for 
tendon-to-bone healing. This can usually be done with 
minimal knee flexion if done early (<4 weeks after injury). 
If the repair is performed later than that, knee flexion 
may be required to approximate the tendon to the ischial 
tuberosity.

MANAGEMENTPOSTOPERATIVE  The patient is 
placed in a custom pelvic-thigh-hip spica orthosis that is 
fitted preoperatively and allows the hip to be maintained 
in extension and the knee left free. The patient may bear 
full weight with the aid of crutches while wearing the 
brace. The brace is used for 6 weeks to protect the repair, 
after which a rehabilitation program is started with pro-
gressive hip motion and a strengthening program. Run-
ning is restricted for a minimum of 12 weeks because 
it takes this amount of time to reestablish hip motion, 
muscle strength, and endurance. There is some evidence 
in the literature to suggest that tendon-to-bone healing is 
not biomechanically mature until 12 weeks.
   

 

OPEN REPAIR OF PROXIMAL 
HAMSTRING AVULSION

 TECHNIQUE 48.29 

(BOWMAN ET AL.)
 n  With the patient prone, make an 8-cm horizontal incision 

in the gluteal crease. Carry out cautious subcutaneous 
dissection to identify and protect the posterior femoral 
cutaneous nerve.

 n  Identify the inferior gluteus maximus musculature and 
retract it superiorly and laterally.

 n  Identify the sciatic nerve, neurolyse it, and protect it 
throughout the procedure.

 n  Identify the hamstring sheath and incise it longitudinally 
to expose the invested hamstring tendons.

 n  Define the ischial tuberosity, perform bursectomy, and 
roughen the bone with a Cobb elevator and a ron-
geur.

 n  Place a double-loaded 2.3-mm Iconix (Stryker) or 4.5-mm 
PEEK Corkscrew (Arthrex) suture anchor in the oblique 
lateral facet of the ischial tuberosity.

 n  Insert a modified Krackow suture in the proximal ham-
string tendons and use a tension-slide technique to bring 
the tendon down to the bone.

 n  Evaluate the adequacy of the repair and insert a second 
or third anchor as needed.

 n  Place the suture ends through a 4.75-mm SwiveLock (Ar-
threx) and set them proximally to complete double-row 
repair.
   

 

ENDOSCOPIC REPAIR OF PROXIMAL 
HAMSTRING AVULSION

 TECHNIQUE 48.30 

(BOWMAN ET AL.)
 n  With the patient prone, make a 4-cm incision in the glu-

teal crease, and place a 30-degree arthroscope into the 
space between the gluteus maximus and the ischial tuber-
osity.

 n  Through an accessory portal, use a shaver to perform is-
chial bursectomy.

 n  Identify the sciatic nerve, neurolyse it, and protect it.
 n  Identify the torn proximal hamstring tendons and debride 

them.
 n  Once the ischial tuberosity is clearly defined, use a 4-mm 

bur to prepare the bone.
 n  Place one or two suture anchors under direct visualization 

(Fig. 48.45A).
 n  Use a suture-passing device to place the sutures through 

the proximal hamstring tendons in a mattress fashion and 
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FIGURE 48.44 Mobilized proximal hamstring tendons with 
Krackow stitches in place and exiting proximally. (From Birmingham 
P, Muller M, Wickiewicz T, et al: Functional outcome after repair of 
proximal hamstring avulsions, J Bone Joint Surg Am 93:1819, 2011.) SEE 
TECHNIQUE 48.28.
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use a tension-slide technique to bring the tendons down 
to bone and tie an arthroscopic knot.

 n  Place a lateral-row SwiveLock anchor as described in the 
open technique (Fig. 48.45B).

POSTOPERATIVE MANAGEMENT After both open 
and endoscopic procedures, patients are initially restrict-
ed to partial weight bearing with crutches for 6 weeks, 
followed by unrestricted weight bearing, stretching, and 
closed chain exercises for the next 6 weeks. No limitation 
is placed on range of motion. At 3 months, unrestricted 
strengthening is permitted, with gradual resumption of 
running, followed by sports or usual activities as strength 
improves.
  

COMPLICATIONS
The primary complication after hamstring repair is continued 
pain, weakness, or difficulty in returning to running or sports. 
Rerupture rates in the literature are typically low (<1% to 2%). 
In 23 patients with repairs described by Birmingham et al., 
there were no wound complications, infections, or rerup-
tures; 14 reported some loss of sensation along the incision, 
and 14 reported cosmetic defects in the area of the incision. 
Four patients with chronic repairs had postoperative sciatica. 
Bowman et al. reported that patients with endoscopic repairs 
had outcomes similar to those after open repair in terms of 
satisfaction, pain, complication rates, and patient-reported 
functional outcomes. 

RUPTURE OF BICEPS BRACHII TENDONS
PROXIMAL BICEPS TENDON RUPTURE

More than half of all ruptures involving the biceps brachii 
muscle occur through the tendon of its long head. The rupture 
usually is more or less transverse and is located either within 
the shoulder joint or within the proximal part of the intertu-
bercular groove. Most of the remaining ruptures occur at the 
musculotendinous junction or at the attachment to the gle-
noid. A few ruptures occur through the tendon of the short 
head, the muscle proper, or the distal tendon of the biceps 
muscle. The injury is most common in individuals 40 to 60 

years of age and often is due to impingement or chronic micro-
trauma on the tendon, but it may occur in younger individu-
als during heavy weightlifting or other sports activities (e.g., 
football, rugby, soccer, snowboarding) or in a traumatic fall.

Acute rupture of the proximal biceps tendon is associated 
with an up to 30% decrease in elbow flexion power, and the 
power of shoulder abduction with the arm in external rotation 
is about 17% less that of the opposite side. With an acute injury, 
ecchymosis and a lump may be noted on the lateral side of the 
arm from retraction of the tendon. With ruptures seen late, 
however, usually no appreciable weakness is noted in either 
flexion of the elbow or abduction of the shoulder. One diffi-
culty in the diagnosis of rupture of the proximal biceps tendon 
is determining if the rupture is associated with concomitant 
rotator cuff tears or instability. The presentation of a patient 
with a proximal biceps tendon rupture is similar to that of a 
patient with a rotator cuff tear, and the standard tests for rota-
tor cuff injury (see Chapter 46) may be needed to define the 
injury. Two recent studies found proximal biceps tendon rup-
tures to be highly correlated with rotator cuff pathology (85% 
and 93%), indicating the necessity of a high index of suspicion 
concerning concomitant anterosuperior rotator cuff pathol-
ogy in patients with acute proximal biceps ruptures and the 
need for early evaluation with advanced imaging.

Ruptures of the proximal biceps tendon traditionally 
have been treated nonoperatively because they rarely cause 
significant functional impairment. We prefer operative repair 
of acute proximal biceps tendon rupture in young, active 
patients who are unwilling to accept the deformity or slight 
weakness of supination. Occasionally, repair is indicated in 
a middle-aged patient whose profession, such as carpentry, 
requires full supination strength if the patient believes the 
time out of work is outweighed by the slight increase in supi-
nation power gained by operation.

Chronic biceps tendinitis or biceps tendon rupture is asso-
ciated with impingement syndrome. In patients with a history of 
impingement symptoms and an acute rupture, arthrography or 
MRI is used for evaluation of rotator cuff pathology. Treatment 
is directed toward the impingement syndrome and repair of the 
rotator cuff defect. In an active patient younger than 40 years old 
with a rupture of less than 1 year’s duration, tenodesis should 
be performed at the time of acromioplasty, resection of the 

 

A B

FIGURE 48.45 A, Suture anchor placement in the anatomic footprint on the ischium with 
sutures passed through the tendon. B, Final repair construct after reduction. (From Bowman EN, 
Marshall NE, Gehardt MB, et al: Predictors of clinical outcomes after proximal hamstring repair, Orthop J 
Sports Med 7: 2325967118823712, 2019.) SEE TECHNIQUE 48.30.

    

https://booksmedicos.org


CHAPTER 48 TRAUMATIC DISORDERS 2521

coracoacromial ligament, and repair of the rotator cuff tendon. 
Tenotomy may be appropriate in older, less active patients who 
do not object to the supination weakness and cosmetic defor-
mity. It is a technically simpler procedure, with a short rehabili-
tation time and requires no postoperative immobilization.

Techniques for tenodesis vary from open techniques to 
a mini-open subpectoral approach to all-arthroscopic tech-
niques (see Chapter 52). Fixation can be done with suture 
anchors, interference screws, or bone tunnels. 

 

REPAIR OF PROXIMAL BICEPS 
TENDON RUPTURE

 TECHNIQUE 48.31 

 n  Make an anterior incision and expose the deltopectoral 
groove and the tendon of the long head of the biceps 
by opening the intertubercular groove and dividing the 
transverse humeral ligament.

 n  Remove the infraglenoid portion of the tendon, and if 
the tendon was previously intact (as in biceps tendinitis), 
place a marking suture in it so that proper length can be 
retained.

 n  Make an inferior axillary approach, centered on the infe-
rior border of the pectoralis major tendon.

 n  Identify the biceps and coracobrachialis and incise the 
overlying fascia longitudinally.

 n  Place a Hohmann retractor under the pectoralis major 
and retract the muscle proximally and laterally; deliver 
the long head of the biceps into the incision.

 n  At the location of the intended tenodesis, add 25 mm to 
the length of the biceps tendon and excise the remaining 
tendon.

 n  Fix the tendon to the bone with sutures through drill 
holes, suture anchors, or interference screws.

POSTOPERATIVE CARE Postoperatively, the arm is rest-
ed in a sling for several days. The patient is encouraged 
to resume activities as tolerated. Participation in sports 
should be delayed for at least 12 weeks.
   

 

SUBPECTORAL BICEPS TENODESIS

 TECHNIQUE 48.32 

(MAZZOCA ET AL.)
 n  With the patient in the beach chair position, perform a 

standard diagnostic arthroscopic examination.
 n  Identify the rotator interval between the supraspinatus 

and subscapularis tendons and make a standard anterior 
portal from inside-out or outside-in (see Chapter 52).

 n  With a probe in the anterior portal, pull the biceps tendon 
into the glenohumeral joint to evaluate its mobility and 
any structural lesions. Because pathologic processes of 
the biceps tendon are most often in the intertubercular 
groove portion, it is critical that this part be drawn into 
the joint.

 n  Evaluate the coracohumeral ligament and supraspinatus 
and subscapular tendons for any pathologic process.

 n  With an arthroscopic cutting instrument or thermal abla-
tor through the anterior portal, tenotomize the biceps 
tendon at its base. A shaver can be used to debride the 
proximal portion for a stable base.

 n  With the arm abducted and internally rotated, palpate 
the inferior border of the pectoralis major tendon; on the 
medial aspect of the arm, make an incision 1 cm superior 
to this inferior border and continue it to 3 cm below the 
inferior border (Fig. 48.46A).

 n  Inject the incision site with a local anesthetic plus epi-
nephrine for subcutaneous hemostasis and perioperative 
analgesia.

 n  Dissect through the subcuticular tissue, using electro-
cautery to control bleeding, and clear the overlying fatty 
tissue until the fascia overlying the pectoralis major, cora-
cobrachialis, and biceps is identified. If these anatomic 
landmarks are not seen, the dissection may be too lateral; 
if the cephalic vein is seen in the deltopectoral groove, the 
dissection is too proximal and too lateral.

 n  Once the inferior border of the pectoralis major has been 
identified, incise the fascia over the coracobrachialis and 
biceps in a proximal to distal direction. It is important to 
see the horizontal fibers of the pectoralis muscle and dis-
sect below this level.

 n  Use blunt finger dissection under the inferior edge of the 
pectoralis muscle, palpating up the anteromedial humer-
us, to identify the longitudinal, fusiform structure of the 
biceps tendon.

 n  Place a pointed Hohmann retractor into the pectoralis 
major tendon and on the proximal humerus to retract 
the muscle proximally and laterally (Fig. 48.46B).

 n  Position a blunt Chandler retractor on the medial aspect 
of the humerus and gently retract the coracobrachialis 
and short head of the biceps tendon. Avoid vigorous me-
dial retraction to prevent injury to the musculocutaneous 
nerve.

 n  Once the biceps tendon is identified, place a right-angle 
clamp deep to it and pull the tendon into the wound (Fig. 
48.46C).

 n  One centimeter proximal to the pectoralis major tendon, 
reflect the periosteum in a rectangle roughly 2 × 1 cm.

 n  To ensure appropriate tensioning of the biceps tendon, re-
sect the proximal portion to leave 20 to 25 mm of tendon 
proximal to the musculotendinous portion of the biceps.

 n  Using a Krackow or whip stitch, weave a No. 2 nonab-
sorbable suture into the proximal 15 mm of the tendon 
(Fig. 48.46D). Secure enough of the tendon to ensure ad-
equate interference fixation within bone and to position 
the musculotendinous portion of the biceps muscle be-
neath the inferior border of the pectoralis major tendon. 
This is critical for proper tensioning of the muscle-tendon 
unit as well as for cosmesis.

 n  Use a guidewire and an 8-mm reamer to make a 15-mm 
deep bone tunnel at the junction of the middle and distal 
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FIGURE 48.46 Subpectoral biceps tenodesis (see text). A, Skin incision. B, Retraction of pecto-
ralis muscle. C, Biceps tendon pulled into wound. D, Krackow sutures woven into proximal tendon. 
E, Guidewire placed in bicipital groove for reaming. F, Placement of interference screw. (Redrawn 
from Mazzocca AD, Rios CG, Romeo AA, Arciero RA: Subpectoral biceps tenodesis with interference screw 
fixation, Arthroscopy 21:896, 2005.) SEE TECHNIQUE 48.32.
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thirds of the intertubercular groove between the lesser 
and greater tuberosities (Fig. 48.46E).

 n  Clear all debris from the field with irrigation.
 n  Thread one limb of the suture through a biotenodesis 

screwdriver and screw (8 × 12 mm) and wrap the end of 
the suture into the screw cleat.

 n  Place the tenodesis screwdriver into the bone tunnel and 
advance the screw over the tendon; when the screw is 
flush with the bone tunnel, remove the screwdriver.

 n  Tie the limb of the suture next to the tendon and screw 
to the limb of the suture through the screw to provide 
both an interference fit and suture anchor stability (Fig. 
48.46F).

 n  When the fixation is completed, the musculotendinous 
junction should rest in its exact anatomic location under-
neath the inferior border of the pectoralis major tendon.

 n  Complete the procedure with standard wound closure.

POSTOPERATIVE CARE A sling is worn during sleep for 
the first 4 weeks and is used only while awake if the pa-
tient is having difficulty keeping the elbow flexed passively 
or if he or she is going into public areas. The sling is discon-
tinued completely after 4 weeks. Activity typically is dic-
tated by procedures done in conjunction with the biceps 
tenodesis. If biceps tenodesis alone is done, strengthening 
activities should be restricted until 6 weeks after surgery; 
many patients are able to resume activity as tolerated at 2 
weeks, but they should be informed of the risks.

Arthroscopic biceps tenodesis is described in Chapter 52.
  

DISTAL BICEPS TENDON RUPTURE
Distal rupture of the biceps tendon typically occurs in middle-
aged men during heavy lifting with the elbow flexed 90 degrees, 
or when the biceps muscle contracts against unexpected resis-
tance. A pop may be heard, which usually is followed by pain, 
swelling, and ecchymosis in the antecubital fossa. Superior 
migration of the muscle is evident, as is a palpable defect. 
Initially, there is weakness with flexion and supination.

The biceps squeeze test, similar to the Thompson test for 
Achilles tendon rupture, can be used for diagnosis of complete 
distal biceps rupture. The test is done with the patient seated 
and the elbow flexed 60 to 80 degrees. This amount of flexion 
minimizes tension on the brachialis and helps isolate the biceps 
to forearm supination. The forearm is slightly pronated to place 
tension on the biceps brachii tendon. The examiner stands on 
the same side as the extremity being tested. The biceps brachii 
is squeezed firmly with both hands, one hand at the distal myo-
tendinous junction and the other around the muscle belly. As 
the biceps is squeezed, the muscle belly is drawn away from the 
underlying humerus, eliciting an anterior bow of the muscle. 
Lack of forearm supination with this maneuver is considered a 
positive text, indicating rupture of the biceps brachii tendon or 
muscle belly. The reported positive predictive value of this test 
is 95%, with a sensitivity of 100%. The hook test can be used 
for the diagnosis of complete biceps tendon avulsions: with 
the elbow actively flexed and supinated, the examiner should 
be able to “hook” an index finger under a cordlike structure 
in the antecubital fossa if the tendon is intact (Fig. 48.47). This 
test was reported to have 100% sensitivity and specificity; how-
ever, the examiner must be sure to hook the lateral edge of the 

biceps tendon, not the medial edge, because the lacertus fibro-
sus might be mistaken for an intact biceps tendon.

Median nerve compression in the proximal forearm may 
result from a partial rupture. Although complete ruptures 
often are dramatic in appearance and relatively easy to diag-
nose, partial or incomplete ruptures are not and often exhibit 
features similar to that of complete disruption, including pain 
and weakness of elbow flexion and forearm supination, differ-
ing only in that the biceps tendon is still palpable.

MRI can be helpful in distinguishing complete from par-
tial ruptures, as well as in defining tendinosis, tenosynovi-
tis, hematoma, and brachialis contusion. A flexed abducted 
supinated (FABS) position (90 degrees of elbow flexion, 180 
degrees of shoulder abduction, and forearm supination) has 
been recommended to obtain a true longitudinal view of the 
tendon. Ultrasound is a potentially faster and less expensive 
imaging method, but it is very user dependent. In a compari-
son of MRI to ultrasound for the diagnosis of complete distal 
biceps tendon ruptures, Lynch et al. found that accuracy rates 
were 86% with MRI and 45% with ultrasound. Sensitivity 
and specificity of MRI were 76% and 50%, respectively, while 
those of ultrasound were 62% and 20%.

Opinions differ as to the proper method and site for reat-
taching this tendon. Most authors agree that theoretically 
it should be reattached at its normal position on the radial 
tuberosity to restore the power of supination of the biceps 
muscle. When the elbow is extended, the biceps muscle is 
twice as powerful as the supinator muscle in supinating the 
forearm, and this power is even greater when the elbow is 
flexed. Surgical treatment of distal biceps tendon ruptures can 
be accomplished through a single-incision or two-incision 

 FIGURE 48.47 Hook test for distal biceps avulsion. With elbow 
actively flexed and supinated, examiner should be able to “hook” 
index finger under cordlike structure in antecubital fossa if biceps 
tendon is intact.
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technique. The two-incision technique of Boyd and Anderson 
restores the power of supination to the biceps but avoids the 
dangers of deep dissection in the antecubital fossa.

Occasionally, a distal biceps injury is not initially recognized 
and may present after a delay. Higher complication rates have been 
reported with delayed repair because of tendon retraction, muscle 
atrophy, and scar formation, and early repair has been reported 
to produce better functional and patient-reported outcomes 
than delayed repair or reconstruction. More recent reports, how-
ever, indicate that, despite a higher rate of initial complications, 
delayed reconstruction (more than 21 days) results in functional 
outcomes similar to those of acute repair. Frank et al. described 
delayed reconstruction with a semitendinosus autograft in 19 
patients and determined that strength, range of motion, and 
complication rates were similar to those of acute repair, although 
functional outcome scores were not as good.

An endoscopic procedure has been described, but we 
have no experience with this technique.

There has been some concern about heterotopic ossification 
formation or radioulnar synostosis using the Boyd and Anderson 
approach; however, in our patients treated with this technique 
we have not found this to be a problem. We believe that using 
an osteotome instead of a drill to make the trapdoor prevents 
the disbursement of bone particles into the interosseous space, 
which might lead to ectopic ossification. We have modified the 
technique by substituting the trapdoor with a trough. We also 
recommend minimal disruption of the interosseous membrane 
when passing the tendon from the anterior incision to the pos-
terolateral incision. In addition, a small transverse incision is 
made instead of the anterior curvilinear incision.

A “mini-open” two-incision technique has been described 
using a small (≤2 mm) transverse incision in the flexion crease 
of the antecubital fossa and a 3-cm posterolateral incision for 
transosseous fixation. In a report of 784 repairs of distal biceps 
tendons, the double-incision technique had higher rates of pos-
terior interosseous nerve palsy, heterotopic bone formation, and 
reoperations. A more recent retrospective analysis of 970 distal 
biceps repairs using a single- or two-incision technique found 
that the use of a two-incision technique increased the risk of 
radioulnar synostosis and neuritis or numbness compared to a 
single-incision technique. Most studies, however, report similar 
outcomes with single- and double-incision techniques.

We use both single- and double-incision techniques but 
do not recommend immediate mobilization as described by 

Barrett et al. They reported good results with this protocol; only 
two (3.4%) of 58 patients developed heterotopic ossification 
and only one required reoperation for a radioulnar synostosis. 
Good results also have been reported with single-incision tech-
niques using suture anchors, interference screws, buttons, and 
tenodesis screws. Reported advantages of the single-incision 
techniques include limited exposure of the radial tuberosity, 
better cosmetic result, and decreased risk of heterotopic ossifi-
cation. Disadvantages include increased costs (expensive hard-
ware), possibility of less secure fixation, and no bony trough for 
tendon revascularization. In general, nerve injuries are more 
frequent with single-incision techniques, and heterotopic ossi-
fication is more common after two-incision techniques.

Biomechanical studies comparing fixation methods have had 
conflicting conclusions; some have shown button fixation to have 
significantly higher pull-out strength than suture anchors or bone 
tunnel fixation, whereas others have found transosseous sutures 
to be stronger than suture anchors. A biomechanical compari-
son of all-suture anchors to titanium suture anchors found that 
the two performed similarly, with similar load and mechanism 
of failure, while a comparison of cortical button fixation to suture 
anchor fixation did not find that one method was superior to the 
other. Interference screw fixation was found to pose a higher risk 
of anatomic failure of the tenodesis than suture anchor fixation, 
although functional outcomes were not different. 

 

TWO-INCISION TECHNIQUE FOR 
REPAIR OF THE DISTAL BICEPS 
TENDON

 TECHNIQUE 48.33 

(BOYD AND ANDERSON)
 n  Make a 2-cm transverse anterior incision and a longer, 

6- to 8-cm posterolateral incision over the radial aspect 
of the ulnar border (Fig. 48.48A).

 n  Open the deep fascia and identify the biceps tendon with 
palpation.

 

A

Limited
transverse

incision Dorsal lateral
incision

Radius
pronated

B
FIGURE 48.48 Two-incision technique for repair of distal biceps tendon. A, Incisions. B, Biceps 

tendon passed through “trapdoor” in tuberosity. SEE TECHNIQUE 48.33.
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 n  Locate the original tunnel through the interosseous mem-
brane.

 n  Place Krakow locking stitches in the tendon end. It is im-
portant to keep each locking throw in close proximity to 
the previous throw to avoid kinking the tendon and form-
ing a bunched end to the tendon that would prohibit 
the tendon from seating into the groove or “trapdoor” 
created in the radial tuberosity.

 n  With a long curved hemostat, deliver the tendon from the 
anterior incision to the posterolateral incision. Avoid mak-
ing multiple passes through the membrane to minimize the 
risk of heterotopic ossification and subsequent synostosis.

 n  Deepen the posterolateral incision, identify the anconeus, 
and sharply dissect it off the bone. Pronate the arm to 
protect the posterior interosseous nerve.

 n  Use a small ¼-inch curved osteotome to make a trough 
or “trapdoor” in the tuberosity.

 n  Drill two holes in the dorsal aspect of the trough, leaving 
a 10-mm bone bridge between them (Fig. 48.48B).

 n  Pass the sutures tied to the tendon, and with them the 
tendon, through the interosseous membrane.

 n  Use a suture passer to pass the first suture through the 
trough and out of the drill hole.

 n  Pass the second suture with the suture passer through the 
trough and out of the drill hole.

 n  Pulling carefully on the sutures in the tendon, guide it into 
the trough in the bone.

 n  Tie the sutures securely over the bone and cut off the ends 
of the sutures.

 n  Close the anterior incision with the elbow flexed about 60 
degrees.

 n  Release the tourniquet and close the posterolateral inci-
sion.

POSTOPERATIVE CARE With the elbow flexed to 110 
degrees and the forearm in moderate supination, a poste-
rior plaster splint is applied. At 2 weeks, the splint and the 
sutures are removed. A hinged brace is applied and worn 
for 4 weeks. Passive flexion is allowed, as is active extension, 
progressing 15 to 20 degrees per week. Supination/prona-
tion range-of-motion exercises are added at 4 to 6 weeks. 
At 6 to 8 weeks, full range of motion should be possible, but 
return to full activities should be delayed for 12 to 16 weeks.
   

 

SINGLE-INCISION TECHNIQUE FOR 
REPAIR OF THE DISTAL BICEPS 
TENDON

 TECHNIQUE 48.34 

 n  Make a 3- to 4-cm anterior longitudinal incision (Henry 
approach, see Chapter 1). Superficial antecubital veins 
may require ligation. Identify and preserve the lateral an-
tebrachial cutaneous nerve.

 n  Identify the proximal torn biceps tendon and place it in a 
moist sponge.

 n  Ligate the radial recurrent vessels.
 n  Deep knee retractors allow excellent exposure of the ra-

dial tuberosity. Debride the remnant of the tuberosity free 
of remaining tendon and elevate the periosteum over the 
bone with a curet.

 n  Fix the tendon to the radial tuberosity with sutures 
through bone tunnels, suture anchors, button, or teno-
desis or interference screws.

 n  Once the tendon is approximated, move the forearm 
through a full range of pronation and supination to en-
sure that the tendon tracks smoothly.

POSTOPERATIVE CARE The elbow is immobilized at 
90 degrees for 2 weeks, at which time the sutures are 
removed. A hinged elbow brace is applied with exten-
sion stopped at 80 degrees. Full passive flexion is allowed 
with passive pronation and supination to 90 degrees. At 
6 weeks, progressive extension in the brace is allowed at 
a rate of 20 degrees per week. At 8 weeks, active flexion 
is begun and strengthening is started at 12 weeks. Full, 
unrestricted use is allowed at 16 weeks.
  

RUPTURE OF PECTORALIS MAJOR MUSCLE
Rupture of the pectoralis major muscle most commonly is caused 
by forced abduction, external rotation, and extension of the shoul-
der against resistance. Once considered a rare injury, pectoralis 
major rupture has become more common over the past 2 decades, 
especially in athletes participating in sports such as weightlifting. 
Although the bench press is the most frequently cited cause of 
pectoralis major rupture, these injuries also have been reported 
in other sports, including rugby, snow and water skiing, foot-
ball, wrestling, and hockey. Traumatic ruptures occur almost 
exclusively in men between the ages of 20 and 40 years. Swelling, 
ecchymosis, and later muscular deformity are evident at the site 
of the rupture, usually at the musculotendinous insertion into the 
humerus. Weakness in shoulder adduction and internal rotation 
is present. A more specific sign of pectoralis major rupture, both 
acute and chronic, is a loss or thinning of the anterior axillary fold 
on the side of the injury. A defect in the axillary fold often is accen-
tuated by abduction or contracted adduction of the affected arm. 
The defect is palpable when compared with the opposite flexed 
pectoralis tendon. MRI and ultrasound are effective in determin-
ing the location and extent of ruptures of the pectoralis major.

Direct surgical repair usually is indicated for fresh, trau-
matic ruptures in young adults, especially if full muscle power 
is required or if the patient objects to the clinical deformity. 
Pectoralis tendon repair generally results in a high rate of return 
to sport (90%) and work (95%), pain relief, and improved cos-
metic appearance. The tendon usually is avulsed from bone, and 
repair usually is done by tying nonabsorbable sutures through 
drill holes, with or without suture anchors, in the same manner 
as a rotator cuff repair (Fig. 48.49). Repair also can be accom-
plished with direct tendon-to-tendon suture using multiple 
nonabsorbable mattress sutures. In a biomechanical cadaver 
study, repair with a running, locked configuration appeared to 
improve performance by preventing suture pullout. Delayed 
repair, if warranted by symptoms, may be successful if the mus-
cle ends have not significantly retracted. If testing of resistance 
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to shoulder adduction and internal rotation indicates some 
remaining tendon function, delayed repair may be successful. If 
circumferential mobilization of the tendon does not restore suf-
ficient tendon length to allow reattachment, an allograft, either 
Achilles or hamstring tendon, can be used to provide length 
and allow repair directly to the humerus. A shoulder immobi-
lizer should be worn for 6 weeks after surgery. Pendulum exer-
cises are started within the first or second week, and progressive 
resistance exercises are begun at about 3 months. Unrestricted 
activity usually is allowed at about 4 months after surgery. 

RUPTURE OR AVULSION OF TRICEPS 
TENDON
Rupture of the triceps tendon is relatively uncommon. It usu-
ally occurs as an avulsion of the tendon and a small piece of 
bone from the olecranon tip. Triceps tendon rupture also is 
associated with steroid injections for olecranon bursitis, and 
an association with anabolic steroid use has been suggested.

Patients present with pain and swelling over the posterior 
aspect of the elbow. Physical examination reveals tenderness 
to palpation, swelling, and ecchymosis. A palpable defect may 
be present proximal to the olecranon. Although an inabil-
ity to actively extend against resistance is a sign of complete 
rupture, not all complete ruptures cause this deficit. Sagittal 
MRI is helpful for determining the integrity of the triceps ten-
don. Partial ruptures are characterized by a small fluid-filled 
defect within the distal tendon that appears as a bright area 
on T2-weighted images. Complete ruptures are characterized 
by a large fluid-filled gap between the distal end of the triceps 
tendon and the olecranon process.

Nonoperative treatment of triceps tendon ruptures gener-
ally is reserved for elderly patients with low activity demands. 
Most ruptures at the olecranon insertion should be repaired 
with No. 2 or No. 5 nonabsorbable sutures passed through holes 
drilled in the olecranon (Fig. 48.50). A tension suture of No. 5 

nonabsorbable suture can be used to relieve stress on the repair. 
Suture anchors also can be used, and this is the method we use 
most often. Mirzayan et al. found that repair with transosseous 
tunnels had a significantly higher rerupture rate, higher reopera-
tion rate, and longer release from medical care than repair with 
anchor fixation. Yeh et al. described an “anatomic triceps tendon 
footprint repair” using suture anchors to create a suture bridge 
and restore a wider area of tendon-bone contact. An endoscopic 
technique has been reported but we have no experience with this.

For ruptures at the myotendinous junction, a V-Y triceps ten-
don advancement technique has been described, in which autolo-
gous plantaris tendon is interwoven with the remaining proximal 
and distal triceps tissue to augment the strength of the repair.

Multiple procedures have been described for treatment of 
chronic ruptures, including use of anconeus or Achilles rota-
tion flaps, plantaris or hamstring tendon augmentation, and 
ligament augmentation devices. 

 

DOUBLE-ROW REPAIR OF THE DISTAL 
TRICEPS TENDON

 TECHNIQUE 48.35 

(AZAR)
 n  Position the anesthetized patient supine with a sterile roll 

for the elbow.

 

A B
FIGURE 48.49 Repair of pectoralis major with bone trough 

technique. A, Sutures passed through bone trough in tendon foot-
print. B, Tying of sutures pulls ruptured tendon into bone trough.  
(Redrawn from Petilon J, Carr DR, Sekiya JK, Unger DV: Pectoralis major 
muscle injuries: evaluation and management, J Am Acad Orthop Surg 
13:59, 2005.)
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FIGURE 48.50 Repair of triceps tendon avulsion or rupture. 
A, Mersilene strip is passed through hole in olecranon. B, Strip is 
threaded through large needle and loop is made through tendon; 
needle is then passed transversely through tendon and another 
loop is fashioned.
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 n  Make a straight posterior midline incision approximately 
6 to 8 cm centered over the olecranon tip.

 n  Mobilize the subcutaneous tissues to expose the triceps 
tendon tear.

 n  Debride the edges of the ruptured triceps tendon and cu-
ret the olecranon footprint of the tear to bleeding bone.

 n  Place a #2 FiberWire suture (Arthrex, Naples, FL) through 
the tendon using a Krackow stitch technique.

 n  Drill parallel transosseous tunnels in the olecranon ap-
proximately 2 cm and approximately 4 cm in length using 
a 2.0-mm drill bit.

 n  For the double row, place two or three suture anchors just 
proximal to the tendon insertion site into the olecranon 
for augmentation of the reattachment (Fig. 48.51A).

 n  Pass the sutures of the bone anchors through the tendon 
in a horizontal mattress pattern and leave them untied.

 n  Pass the FiberWire sutures into the transosseous tunnel 
and advance them through the olecranon with a Hewson 
suture passer.

 n  With the elbow in full extension, reattach the tendon to 
the olecranon footprint (Fig. 48.51B).

 n  Tie the transosseous sutures first, followed by the bone 
anchor sutures (Fig. 48.51C).

 n  Evaluate the stability of the reattachment by moving 
the elbow through its total range of motion. Irrigate the 
wound and close in layers.

POSTOPERATIVE MANAGEMENT The arm is immobi-
lized in a long arm posterior splint in 20 degrees of exten-
sion for 2 weeks, followed by a supervised assisted range of 
motion rehabilitation program, including progressive elbow 
flexion, full passive extension, and passive/active-assisted 
forearm rotation exercises with the elbow in extension for 
the next 4 weeks. At 6 weeks, active extension of the elbow 
is initiated, followed by strengthening exercises at 10 to 12 
weeks. Unrestricted activity is allowed at 4 months.
   

DISPLACEMENT OF TENDONS
PERONEAL TENDONS
Subluxation and dislocation of the peroneal tendons are uncom-
mon and often overlooked causes of lateral ankle pain. Because 
the acute injury may mimic lateral ankle sprain and may occur 
at the same time as lateral ankle ligament injury, diagnosis can 
be difficult. In one study, only 60% of peroneal tendon disorders 
were accurately diagnosed at the first clinical evaluation. These 
injuries are most frequent in young athletic individuals partici-
pating in such sports as skiing, soccer, basketball, rugby, ice skat-
ing, tennis, football, and gymnastics; chronic subluxation has 
been reported without any history of a specific traumatic event.

The superior peroneal retinaculum is a primary restraint 
to instability of the peroneal tendons at the fibular malleolus. 
It extends approximately 3.5 cm proximally from the tip of the 
lateral malleolus and attaches posterolaterally onto the calca-
neus and the deep investing fascia adjacent to the Achilles ten-
don. The peroneal tendons may be displaced within the tendon 
sheaths but are more commonly displaced outside the sheaths 
and the tendon groove. The peroneal musculature contracts 
and overpowers the soft tissue. The tendons dislocate anteri-
orly from behind the distal fibula. Powerful contraction of the 
peroneals with the foot dorsiflexed may cause failure of the 
superior peroneal retinaculum, leading to subluxation or dis-
location of the tendons. An inversion injury with the foot in 
plantar flexion also can stretch or avulse this structure.

Anatomic factors that may predispose to recurrent dislo-
cation include incompetence of the superior retinaculum, a 
shallow sulcus, or a convex posterior surface of the distal fib-
ula. Congenital deformities such as congenital vertical talus 
and talipes planovalgus also have been reported to contribute 
to peroneal tendon dislocation.

CLASSIFICATION
Peroneal tendon injuries have been classified primarily by loca-
tion. In one classification system (Shawen and Anderson), zone I 

 

A B C

FIGURE 48.51 Double-row triceps repair. A, FiberWire suture through the tendon using a 
Krackow stitch technique. B, Parallel transosseous tunnels drilled in the olecranon. C, Completed 
repair. SEE TECHNIQUE 48.35.
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injuries involve the fibular groove and usually the peroneus brevis 
tendon; zone II injuries are located in the cuboid tunnel and pri-
marily involve the peroneus longus tendon. In Oden’s modifica-
tion of the classification of Eckert and Davis (Fig. 48.52), injuries 
are divided into four grades. In grade 1 lesions, the most common 
pattern (>50%), the superior peroneal retinaculum is elevated off 
the fibula with the peroneal tendons coming to lie between the 
bone and the periosteum. In grade 2 lesions the fibrocartilaginous 

ridge behind the lateral insertion of the superior peroneal reti-
naculum is avulsed along with the retinaculum and the tendons 
are displaced beneath the ridge. Grade 3 lesions involve an avul-
sion of a small cortical osseous fragment from the fibular insertion 
of the superior peroneal retinaculum with the tendons dislocat-
ing beneath the fibular fragment. Grade 4 lesions, the least com-
mon type, involve a complete avulsion or rupture of the superior 
peroneal retinaculum with the tendons lying external and super-
ficial to the retinaculum. More recently, Raikin et  al. proposed 
intrasheath subluxation within the peroneal groove beneath an 
otherwise intact superior peroneal retinaculum as a subgroup of 
peroneal subluxation. Two types of these intrasheath subluxations 
were described: type A, in which there is no peroneal tendon tear 
and the tendons momentarily switch their relative positions (the 
peroneus longus tendon lies deep to the peroneus brevis tendon), 
and type B, in which the peroneus longus subluxes through a lon-
gitudinal tear in the peroneus brevis tendon (Fig. 48.53). 

CLINICAL AND RADIOGRAPHIC EVALUATION
The diagnosis can be confirmed by popping and clicking of the 
lateral ankle, especially while ascending stairs, and by provoca-
tive testing in which the foot is placed in dorsiflexion, eversion, 
and external rotation while resisting an inversion–plantar flex-
ion force applied by the examiner. Dislocation of the tendon 
can be detected with circumduction of the foot while the exam-
iner palpates the anterior tip of the peroneal groove. Patients 
with intrasheath subluxations may not have reproducible clini-
cal signs. The differential diagnosis should include degenera-
tive, traumatic, and congenital causes of lateral ankle pain (Box 
48.6), especially lateral ankle ligament sprain (Table 48.5).

 

A B C D
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FIGURE 48.52 Classification of peroneal subluxation (see text): 1, peroneus brevis tendon; 2, 
peroneus longus tendon. (See text.) (Redrawn from Raikin SM, Elias I, Nazarian LN: Intrasheath 
subluxation of the peroneal tendon, J Bone Joint Surg 90A:992, 2008.)

 

A B C

2
1

1
2

Normal Type A Type B

1

2

FIGURE 48.53 Two types of tendon intrasheath subluxation: 1, peroneus brevis tendon; 2, 
peroneus longus tendon. A, Normal location of tendons. B, Type A subluxation in which tendons 
snap over each other and switch their relative position. C, Type B subluxation in which peroneus 
longus tendon subluxes through a longitudinal split tear within the peroneus brevis tendon.  
(Redrawn from Raikin SM, Elias I, Nazarian LN: Intrasheath subluxation of the peroneal tendon, J Bone Joint 
Surg 90A:992, 2008.)

Differential Diagnosis of Peroneal Tendon 
Subluxation/Dislocation

 n  Lateral ligament ankle sprain
 n  Achilles tendon rupture
 n  Fracture: malleolus, fifth metatarsal, cuboid
 n  Stress fracture: calcaneus
 n  Sinus tarsi syndrome
 n  Calcaneocuboid syndrome
 n  Peroneal tendinopathy
 n  Degenerative joint disease
 n  Tarsal coalition
 n  Osteochondral lesion of the talus
 n  Loose bodies in the ankle or subtalar joint
 n  Sural neuritis
 n  Radiculopathy
 n  Malignant or benign neoplasm
 n  Accessory muscle or bone

 BOX 48.6 
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Radiographs usually are negative; with a grade 3 injury, 
a “fleck” of bone may be seen off the posterior distal fibula. 
MRI can be used to identify injury to the superior peroneal 
retinaculum, the peroneal tendons, and supporting soft tis-
sues, as well as identify anomalous structures such as the 
peroneus quartus or a low-lying peroneal brevis muscle 
belly. Kinematic MRI of the ankle moving from dorsiflexion 
to plantar flexion has been suggested to be superior to static 
imaging because the pathologic process is position depen-
dent. Ultrasonography also has been reported to be effective 
for dynamically evaluating peroneal tendon subluxation. 

TREATMENT
Treatment depends on whether the injury is acute or chronic, 
the bone and soft-tissue anatomy, any associated clinical find-
ings, and the age and activity level of the patient. Nonoperative 
treatment rarely is successful, and operative treatment is pre-
ferred, especially in young, athletic patients. Acute repair 
of the superior peroneal retinaculum is recommended. 
Symptomatic chronic or recurrent tendon dislocation should 
be treated surgically unless contraindicated. Operative proce-
dures are of five general types: periosteal attachment, groove 
deepening, tenoplasty, bone block procedures, and rerouting 
procedures, such as incision of the calcaneofibular ligament 
and placement of the peroneal tendons deep to the ligament. 
We generally prefer a soft-tissue reconstruction using the deep 
fascia or periosteum in combination with groove deepening. If 
the fascia is insufficient, a posterior bone-block procedure can 
give excellent results. Use of a lateral band from the Achilles 
tendon is another alternative, although some of our patients 
have had persistent symptoms of Achilles tendinitis after this 
procedure. Other procedures described for treatment of pero-
neal tendon subluxation include use of half of the peroneus 
brevis tendon for repair of the superior peroneal retinaculum, 
transposition of the peroneal tendon under the calcaneofib-
ular ligament, and various techniques of superior peroneal 
retinaculum reconstruction and deepening of the posterior 
fibular groove. An endoscopic technique for repair of the 
superior peroneal retinaculum also has been described. Bone-
block procedures involve osteotomies of the fibula designed 
to produce a bony lip at the distal fibula to help prevent sub-
luxation; although these procedures can have high rates of 
success, they also have high rates of complications because of 

the internal fixation used. An endoscopic technique has been 
reported, but we have no experience with it. 

 

REPAIR OF THE SUPERIOR PERONEAL 
RETINACULUM

 TECHNIQUE 48.36 

 n  Make a longitudinal incision over the posterior aspect of 
the distal third of the fibula and extend it over the lateral 
border of the foot to the cuboid.

 n  At the lateral malleolus superficially, elevate the posterior 
skin flap, and from the deep fascia, form an ample flap 
with its base attached to the tip of the lateral malleolus.

 n  Retract anteriorly the sheaths and tendons of the pero-
neal muscles.

 n  With an osteotome, make a groove in the posterior aspect 
of the lateral malleolus and place the peroneal tendons in 
it.

 n  Bring the fascial flap over the tendons and suture it to 
the remains of the retinacula or to the periosteum or soft 
tissue on the lateral side of the calcaneus to hold the 
tendons in their normal position.

POSTOPERATIVE CARE With a splint or cast, the foot 
is immobilized in slight eversion and at an angle of 90 
degrees to the leg for 4 weeks, with protected weight 
bearing. At 2 to 4 weeks, full weight bearing is allowed in 
a cast or removable brace.
   

 

FIBULAR GROOVE DEEPENING WITH 
TISSUE TRANSFER (PERIOSTEAL  
FLAP) FOR RECURRENT PERONEAL 
TENDON DISLOCATION

 TECHNIQUE 48.37 

(ZOELLNER AND CLANCY)
 n  Make a 7-cm J-shaped curvilinear incision posterior to the 

lateral malleolus along the course of the peroneal ten-
dons.

 n  Free the tendons from their sheath and retract them an-
teriorly over the malleolus.

 n  Raise a cortical osteoperiosteal flap measuring 3 × 1 cm 
along the posteromedial aspect of the distal fibula and 
lateral malleolus, leaving the posteromedial border intact 
to act as a hinge (Fig. 48.54A).

 n  Swing the flap posteriorly and remove cancellous bone 
from the posterior aspect of the fibula to deepen the 
groove 6 to 9 mm (Fig. 48.54B).

 TABLE 48.5

Differentiating Peroneal Tendon Subluxation From 
Lateral Ankle Ligament Sprain

SIGN/SYMPTOM
PERONEAL TENDON 
SUBLUXATION

LATERAL ANKLE 
LIGAMENT SPRAIN

Tenderness Proximal to tip of 
fibula

Distal to tip of 
fibula

Swelling Posterolateral Anteroinferior
History Snapping Giving way
Worse on uneven 
ground

Possible Probable

Worse with 
circumduction

Yes No

Worse on 
flexion-inversion

No Yes
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 n  Then tamp the flap back into position, creating a groove 
3 to 4 cm long. The floor of the groove should provide a 
smooth gliding surface for the peroneal tendons.

 n  Replace the tendons in the groove and move the ankle 
through a full range of motion. The tendons should re-
main well seated and show no tendency to subluxate or 
dislocate.

 n  If the superior peroneal retinaculum is strong enough to 
use for repair, plicate it over the tendon. If the retinacu-
lum is tenuous, as is often the case, raise an additional 
periosteal flap (1 cm2) from the lateral surface of the mal-
leolus, leaving it hinged on its posterolateral side. Reflect 
this flap posteriorly and suture it to the medial part of the 
peroneal retinaculum (Fig. 48.54C).

 n  Close the wounds in the usual manner and apply a short-
leg cast.

POSTOPERATIVE CARE At 3 weeks the initial cast is 
changed to a hinged short leg cast that allows dorsiflexion 
and plantar flexion exercises; this cast is worn for 3 more 
weeks. Strenuous athletic activities are not allowed until 
a full range of motion and normal strength are attained.
   

 

INDIRECT (IMPACTION) FIBULAR 
GROOVE DEEPENING FOR PERONEAL 
TENDON DISLOCATION

 TECHNIQUE 48.38 

(SHAWEN AND ANDERSON)
 n  Make a 6- to 8-cm longitudinal incision curved anteriorly 

over the tip of the fibula along the posterior edge of the 
fibula.

 n  Develop full-thickness skin flaps to avoid skin necrosis.
 n  Incise the distal 4 to 5 cm of the superior peroneal reti-

naculum from the fibula, leaving a 3-mm cuff of tissue to 
assist with soft-tissue repair.

 n  Elevate the remainder of the cuff on the fibula off the 
bone to expose the lateral cortex; roughen the cortex to 
bleeding bone.

 n  Excise any low-lying peroneus brevis muscle and super-
numerary muscles of the lateral leg compartment (e.g., 
peroneus quartus) and remove any fibrinous tissue within 
the fibular groove.

 n  Expose the distal tip of the fibula and sequentially ream 
the distal fibula through a small entry site at the fibular 
tip. As an alternative, place an intramedullary guide pin 
from distal to proximal into the fibula, attempting to fol-
low the posterior cortex, and sequentially ream over the 
guide pin to an appropriate size (usually 7 to 8 mm).

 n  Use a bone tamp and mallet to impact the posterior cortex. 
Be sure to impact the distal tip of the fibula inward to avoid 
a sharp edge that would impinge on the peroneal tendon.

 n  After groove deepening and all necessary tendon repairs are 
completed, repair the superior peroneal retinaculum, excis-
ing any redundant tissue. Advance the remaining superior 
peroneal retinaculum to the previously prepared cortical bed 
and secure it either through drill holes or with suture anchors.

 n  Suture the cuff of tissue left on the fibula in a “pants-
over-vest” fashion over the repair, close the skin and sub-
cutaneous tissue in standard fashion, and apply a cast 
with the leg and ankle in a neutral position.

POSTOPERATIVE CARE The patient remains non–
weight bearing for 2 weeks, at which time the cast and 
sutures or staples are removed and a short leg walking 
cast is applied. The patient is allowed to bear weight as 
tolerated. At 6 weeks, the cast is removed and an Aircast 
(Summit, NJ) or a similar supportive device is applied to 
avoid ankle inversion. Active range of motion exercises are 
begun. At 8 to 10 weeks, aggressive peroneal strengthen-
ing is initiated. Full return to activities usually is possible 
between 4 and 6 months after surgery.
   

 

CBA        
FIGURE 48.54 Technique for recurrent dislocation of peroneal tendon. A, With tendons 

retracted, cortical osteoperiosteal flap is raised along posterolateral aspect of distal fibula, leaving 
posteromedial border intact as hinge. B, Flap is hinged posteriorly, and cancellous bone is removed 
from posterior aspect of fibula to deepen groove. C, Periosteal flap is swung posteriorly over 
tendons in groove. SEE TECHNIQUE 48.37.
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ACHILLES TENDON AUGMENTATION 
OF SUPERIOR PERONEAL 
RETINACULUM REPAIR

 TECHNIQUE 48.39 

(JONES)
 n  Make a longitudinal incision 5 cm long posterior to the 

lateral malleolus.
 n  Without disturbing their sheaths, replace the peroneal 

tendons in their normal position behind the malleolus.
 n  Expose the Achilles tendon and dissect from its lateral 

border a flap 5 cm long × 0.6 cm wide and leave it at-
tached to the calcaneus (Fig. 48.55).

 n  Next expose the lateral malleolus and drill a hole through 
it in an anteroposterior direction.

 n  Draw the free end of the flap from the calcaneus through 
the hole and suture it to itself and to the periosteum.

POSTOPERATIVE CARE Postoperative care is the same 
as that after Technique 48.32.
  

COMPLICATIONS
Complications of operative treatment of peroneal tendon sub-
luxation include sural and superficial nerve injury; this risk 
can be minimized by careful surgical technique. Peroneal ten-
don adhesions can develop and limit motion; early (4 weeks) 
range-of-motion exercises can help avoid this complication. 
Overtightening of the peroneal tendon sheath can cause ste-
nosing flexor tenosynovitis. Undertightening or inadequate 
groove depth can lead to persistent instability. Satisfactory 
tendon excursion with ankle and hindfoot range of motion 
should be documented after superior peroneal retinaculum 
repair. 

BICEPS BRACHII TENDON
The precise prevalence of isolated biceps dislocation, also 
referred to as the bicipital syndrome, is unknown. Some 
authors believe it to be more common than anterior shoulder 

subluxation and often misdiagnosed, whereas others believe 
it to be extremely rare. Most often the biceps syndrome is 
associated with a large tear of the rotator cuff or a fracture of 
the lesser tuberosity, resulting in incompetence of the bicipi-
tal groove–transverse humeral ligament complex with result-
ing medial displacement of the tendon. One study of 200 
patients with rotator cuff tears identified biceps tendon insta-
bility in 45%; 80% of those were subluxations. Posterior insta-
bility was most common (53%), followed by anteroposterior 
(27%) and anterior (20%). Subluxations were anterior or 
posterior, whereas dislocations were only anterior. Based on 
their arthroscopic examination of these patients, the authors 
developed an arthroscopic classification of biceps tendon 
instability according to the direction and extent of instability 
in relation to the bicipital groove (subluxation or dislocation) 
(Box 48.7).

CLINICAL EVALUATION
The diagnosis is based on the history of anterior shoulder pain 
and popping with stress of the biceps tendon. Provocative test-
ing, such as the Yergason test and palpation over the bicipital 
groove with the shoulder abducted to 90 degrees and inter-
nally and externally rotated against moderate resistance, can 
help in making the diagnosis. The O’Brien and Speed tests are 
not reliable for detecting biceps brachii instability. A bicipi-
tal groove radiograph may show a shallow groove, a medial 
wall angle of less than 45 degrees, osteophyte formation, or a 
healed fracture of the lesser tuberosity. MRI or arthrography 
is useful to confirm the diagnosis. A rotator cuff tear often is 
identified, and medial displacement of the tendon may be vis-
ible on the external rotation bicipital groove view. 

TREATMENT
Surgery is indicated for a persistently symptomatic shoulder. 
Based on the arthroscopic classification of biceps instability, 
biceps tenodesis was recommended for all anterior disloca-
tions if not reliably reducible.

 FIGURE 48.55 Jones technique for displacement of peroneal 
tendons. Check ligament formed by flap of Achilles tendon is 
inserted through hole drilled in lateral malleolus. SEE TECHNIQUE 
48.39.

Arthroscopic Classification of Biceps Tendon 
Instability

Direction of instability
 n  Anterior
 n  Posterior
 n  Anteroposterior
Extent of instability
 n  None
 n  Subluxation
 n  Dislocation
Lesion grade
 n  0 (normal)
 n  I (minor lesion)
 n  II (major lesion)
Rotator cuff tear/lesion
 n  A (intact)
 n  B (partial thickness)
 n  C (full thickness)

 BOX 48.7 

From Lafosse L, Reiland Y, Baier GP, et al: Anterior and posterior instability of 
the long head of the biceps tendon in rotator cuff tears: a new classification 
based on arthroscopic observations, Arthroscopy 23:73, 2007.
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Tenodesis of the biceps tendon to the humerus can be 
performed, along with excision of the proximal intraarticu-
lar tendon through the rotator cuff interval and repair of cuff 
pathology as indicated. For acute injury involving fracture 
of the lesser tuberosity, fixation of the tuberosity and repair 
of the transverse humeral ligament should be done. Chronic 
symptoms from fracture of the medial aspect of the intertu-
bercular groove should be treated with tenodesis, followed by 
excision of the intraarticular tendon through a small incision 
in the rotator interval. 

 

TREATMENT OF BICEPS BRACHII 
TENDON DISPLACEMENT

 TECHNIQUE 48.40 

 n  In the rare instance when no pathologic condition exists 
in the rotator cuff, use an anterior approach through the 
deltopectoral interval. Identify the long head of the biceps 
tendon, and make an incision through the transverse hu-
meral ligament, extending down through the proximal 
third of the pectoralis major tendon. Rarely, the biceps 
tendon can be placed back in the groove and the trans-
verse humeral ligament can be repaired using interrupted 
sutures. More commonly, tenodesis should be performed.

 n  If a pathologic process of the rotator cuff is present with 
the subluxing biceps tendon, use an anterosuperior ap-
proach, beginning the incision just lateral to the acromio-
clavicular joint and extending it distally in line with the 
deltoid fibers.

 n  With wide subcutaneous dissection, expose the deltoid at 
its insertion.

 n  Split the deltoid, beginning just lateral to the acromio-
clavicular joint and continuing 5 cm distally in the deltoid 
raphe. Do not excise the acromial branch of the thora-
coacromial artery in the proximal dissection.

 n  Carefully dissect the deltoid from the anterior acromion 
using electrocautery, perform an acromioplasty, and ex-
cise the coracoacromial ligament.

 n  Flex the shoulder, identify the long head of the biceps 
tendon, and tenodese it to the humerus with interference 
or tenodesis screws or suture anchors.

 n  Excise the intraarticular portion of the tendon and repair 
the rotator cuff.

 n  Close the wound in the usual manner.
 n  Alternatively, release the proximal biceps tendon attach-

ment arthroscopically (see Chapter 52), and then perform 
a tenodesis procedure. A subpectoral technique (see 
Technique 48.28) also can be used.

POSTOPERATIVE CARE A shoulder immobilizer is worn 
for 2 weeks. A sling is used for an additional 2 weeks, and 
then active use and exercises are begun. If the rotator cuff 
was repaired, rehabilitation depends on the size of the tear.

Arthroscopic biceps tenodesis and release are de-
scribed in Chapter 52.
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GENERAL PRINCIPLES OF ARTHROSCOPY
Barry B. Phillips

CHAPTER 49

During the past five decades, arthroscopy has dramatically 
changed the orthopaedic surgeon’s approach to the diagnosis 
and treatment of a variety of joint ailments. A high degree of 
clinical accuracy, combined with low morbidity, has encour-
aged the use of arthroscopy to assist in diagnosis, to deter-
mine prognosis, and often to provide treatment. Arthroscopic 
procedures should serve as adjuncts to and not as replace-
ments for thorough clinical evaluation; arthroscopy is not a 
substitute for clinical skills.

Progressive improvements in the lens systems of arthro-
scopes and fiberoptic systems, in miniaturization, and in 
the accessory operative instruments have made advanced 
arthroscopic operative techniques possible for virtually 
every joint in the body, including the knee, shoulder, hip, 
ankle, elbow, wrist, hand, and foot. Even spinal procedures 
are increasingly performed using endoscopic techniques. 
Although many arthroscopic procedures have proved superior 
to previous open techniques, surgical results should not be sac-
rificed to expand the indications for arthroscopic procedures.

INSTRUMENTS AND EQUIPMENT
ARTHROSCOPE
An arthroscope is an optical instrument. Three basic optical 
systems have been used in rigid arthroscopes: (1) the clas-
sic thin lens system, (2) the rod-lens system designed by 
Professor Hopkins of Reading, England, and (3) the graded 
index (GRIN) lens system. Fiberoptic technology, the use 
of magnifying lenses, and digital monitors have allowed 
advancements in arthroscope design. Newer arthroscopes 
offer an increased field of view with smaller scope diameters, 
better depth of field with improved optics, and better flow 
through the sheath.

Certain features determine the optical characteristics of 
an arthroscope. Most important are the diameter, angle of 
inclination, and field of view. The angle of inclination, which 
is the angle between the axis of the arthroscope and a line 
perpendicular to the surface of the lens, varies from 0 to 120 
degrees. The 25- and 30-degree arthroscopes are most com-
monly used. The 70- and 90-degree arthroscopes are useful 
for seeing around corners, such as the posterior compart-
ments of the knee through the intercondylar notch, but have 
the disadvantage of making orientation by the observer more 
difficult.

Field of view refers to the viewing angle encompassed 
by the lens and varies according to the type of arthroscope. 
The 1.9-mm scope has a 65-degree field of view; the 2.7-mm 
scope, a 90-degree field of view; and the 4.0-mm scope, a 
115-degree field of view. Wider viewing angles make orien-
tation by the observer much easier. Rotation of the forward 
oblique viewing (25- and 30-degree) arthroscopes allows 
a much larger area of the joint to be observed (Fig. 49.1). 
Rotation of 70-degree arthroscopes produces an extremely 
large field of view but may create a central blind area directly 
in front of the scope (Fig. 49.2). 

TELEVISION CAMERAS
McGinty and Johnson were among the first to introduce a tele-
vision camera to the arthroscopy system. The advantages of 
this addition included a more comfortable operating position 
for the surgeon, avoidance of contamination of the operative 
field by the surgeon’s face, and involvement of the rest of the 
surgical team in the procedure. Early cameras were bulky and 
inconvenient, but small, solid-state cameras have been devel-
oped that can be connected directly to the arthroscope. In 
these camera systems, improvements in the chip and electronic 
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circuitry have allowed reductions in size and better high-def-
inition digital resolution. Cableless arthroscopic systems also 
are available in which the video signal is transmitted to the 
monitor from an arthroscope that contains its own miniature 
light source. Cameras using three-chip technology allow even 
greater color resolution, and digitalization of the video signal 
has resulted in advancements in high-quality imaging. 

ACCESSORY INSTRUMENTS
The basic instrument kit consists of the following: arthro-
scopes (30- and 70-degree); probe; scissors; basket forceps; 
grasping forceps; arthroscopic knives; motorized menis-
cus cutter and shaver; electrosurgical, laser, and radiofre-
quency instruments; and miscellaneous equipment. These 
instruments are used to perform most routine arthroscopic 

surgical procedures. Additional instruments are available and 
are occasionally used in special circumstances. Procedure-
specific instrumentation has also been developed for cruci-
ate ligament reconstruction, meniscal repair, osteochondral 
transplantation, hip arthroscopy, and small joint arthroscopy, 
among others. Each surgeon has personal preferences regard-
ing the type, design, and manufacturer of each instrument.

Many new instruments have been redesigned for use in 
advanced shoulder procedures. Instruments to pass, retrieve, 
and tie sutures have greatly advanced soft-tissue repair pro-
cedures of the capsule, labrum, and rotator cuff (Fig. 49.3).

PROBE
The probe is perhaps the most used and important diagnos-
tic instrument after the arthroscope. The probe has become 
known over the years as “the extension of the arthroscopist’s 
finger.” It is used in both diagnostic and operative arthroscopy, 
and is the safest instrument that one can use when learning 
triangulation techniques (Fig. 49.4). The probe is essential for 
palpating intraarticular structures and planning the approach 
to a surgical procedure. A tactile sensation regarding what is 
normal and what is abnormal soon develops. It is better to 
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FIGURE 49.1 Rotation of arthroscope with 30-degree angle 
of inclination, which causes a scanning effect that increases the 
field of view by about threefold. Dotted circle shows field of view 
and is compared at lower left with small circle that shows field of 
view of the 0-degree arthroscope.
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FIGURE 49.2 Rotation of arthroscope with 70-degree angle of inclination. This scans a large 
circle but creates a blind area directly ahead of it in which nothing can be seen.

 FIGURE 49.3 Arthroscopic instruments for shoulder procedures.
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“see and feel” rather than to “see” alone. The probe can be 
used to feel the consistency of a structure, such as the articu-
lar cartilage; to determine the depth of chondromalacic areas; 
to identify and palpate loose structures within the joint, such 
as tears of the menisci; to maneuver loose bodies into more 
accessible grasping positions; to palpate the anterior cruciate 
ligament (ACL) and determine the tension in the ligamentous 
and synovial structures within the joint; to retract structures 
within the joint for exposure; to elevate a meniscus so that 
its undersurface can be viewed; and to probe the fossae and 
recesses, such as the popliteal hiatus within the joint. Most 
probes are right angled with a tip size of 3 to 4 mm, and this 
known size of the hook can be used to measure the size of 
intraarticular lesions. The arthroscope magnifies, and the 
closer the arthroscope, the greater the magnification. Care 
should be taken in using the tip of the probe; much of the pal-
pation with the probe within the joint is actually done with the 
elbow of the probe rather than the tip or toe of the instrument. 

SCISSORS
Arthroscopic scissors are 3 to 4 mm in diameter and are avail-
able in both small and large sizes. The jaws of the scissors may 
be straight or hooked (Fig. 49.5). Hooked scissors are pre-
ferred because the configuration of the jaws tends to hook the 
tissue and pull it between the cutting edges of the scissors, 
rather than pushing the material away from the jaws, which 
can occur with straight scissors. Optional accessory scissors 
designs include right- and left-curved scissors and angled 
cutting scissors. The difference between these two designs 
is based on the location of the angulation. The shank of the 
curved scissors is gently curved to accommodate right and 
left positioning, whereas the angled scissors, usually with a 
rotating type of jaw mechanism, actually cut at an angle to 
the shaft of the scissors. These accessory designs are useful for 
detaching difficult-to-reach meniscal fragments. 

BASKET FORCEPS
The basket or punch biopsy forceps is one of the most com-
monly used operative arthroscopic instruments (see Fig. 
49.5). The standard basket forceps has an open base that per-
mits each punch or bite of tissue to drop free within the joint 
and does not require the instrument to be removed from 
the joint and cleaned with each bite. Small fragments of 

tissue that drop free within the joint through the open-floor 
punch or basket forceps can be irrigated out or subsequently 
removed from the joint by suction. This instrument is avail-
able in 3- to 5-mm sizes with a straight or curved shaft. It 
is useful for trimming the peripheral rim of the meniscus 
or can be used instead of scissors to cut across meniscal 
or other tissue. Wide, low-profile baskets are excellent for 
meniscal work. The configuration of the jaws of the basket 
forceps may be straight or hooked; again, the hooked con-
figuration is preferred. Baskets are available in an assort-
ment of angles, including 30, 45, and 90 degrees, which are 
especially useful for trimming the anterior portions of the 
meniscus. They also are available in 15-degree down-biting 
and up-biting curves to make it easier to get around the 
femoral condyle during resection of the posterior meniscal 
horn. As with other arthroscopic instruments, the proper 
technique is to make small bites to avoid excessive pressure 
on the joints and pins of the instrument and to prevent fre-
quent breakage.

Hinged, jawed suction punches are available to cleanly 
bite small bits of meniscus or other small tissues and suc-
tion them from the joint through a channel in the shaft of the 
punch. This prevents fragments of tissue from floating in the 
joint, blocking vision, and ensures removal of all free frag-
ments from the joint. This instrument, however, often is too 
large to reach tight posterior areas. 

GRASPING FORCEPS
Grasping forceps (see Fig. 49.5) are useful for retrieving mate-
rial from the joint, such as loose bodies or synovium, or for 
placing meniscal flaps and other tissues under tension while 
cutting with a second instrument. Most grasping forceps have 
some type of ratchet closure on the handle to secure the tissue 
within the jaws. The jaws of the grasping forceps may be of 
single- or double-action design and may have regular serrated 
interdigitating teeth or one or two sharp teeth to better secure 
the grasped tissue. The double-action grasping forceps, of 
which both jaws open, are especially preferred for securing an 

 

Rounded, blunt tip

FIGURE 49.4 Arthroscopic probe used in exploring intraar-
ticular structures during arthroscopic triangulation techniques.

 FIGURE 49.5 Commonly used arthroscopic instruments (see 
text).
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osteocartilaginous loose body because the single-action types 
frequently allow it to slip from between the jaws. 

KNIFE BLADES
Most arthroscopic knives currently used are disposable, sin-
gle-use instruments. A variety of disposable blade designs are 
available: hooked or retrograde blades; regular down-cutting 
blades, both straight and curved; and Smillie-type end-cutting 
blades. Magnetic properties are also helpful in retrieving the 
blade if it is inadvertently broken inside the joint. These blades 
should be inserted through cannula sheaths or encased within a 
retractable sheath mechanism so that the cutting portion of the 
blade is only exposed when it enters the field of arthroscopic 
vision and not as it enters through the entry portal. 

MOTORIZED SHAVING SYSTEMS
The motorized shaving systems are all basically of similar 
design, consisting of an outer, hollow sheath and an inner, 
hollow rotating cannula with corresponding windows (Fig. 
49.6). The window of the inner sheath functions as a two-
edged, cylindrical blade that spins within the outer hollow 
tube. Suction through the cylinder brings the fragments of 
soft tissue into the window, and as the blade rotates, the frag-
ments are amputated, sucked to the outside, and collected in a 
suction trap. Numerous cutting tips have been developed for 
specific situations and functions. The diameter of the cutting 
tip is usually 3 to 5.5 mm, and many of the tips have variable 
sizes to allow access to smaller or tighter joints. Special blades 
have been designed for meniscal cutting or trimming, syno-
vial resection, and shaving of articular cartilage. Special burrs 
and abraders have been designed for arthroscopic acromio-
plasty and ACL reconstructions. Most systems use a foot 
pedal to control the motor and allow for variable speed and 
direction. Reversing the rotation of the cutting blade inter-
mittently often improves cutting efficiency and minimizes 
clogging with debris. Motorized shavers have been developed 
for small joints with a 2-mm shaver and burr.

Finally, the cutting tip should always be positioned within 
the visual field, and the position of the window should be 
located before activating the rotary motion of the blade. 

ELECTROSURGICAL, LASER, AND 
RADIOFREQUENCY INSTRUMENTS
Electrocautery has been used as an arthroscopic tool for cut-
ting and hemostasis most often after arthroscopic synovec-
tomy and subacromial decompression. It also has been used 
for both cutting and hemostasis in lateral retinacular release 
for malalignment of the patella.

At a much lower cost, radiofrequency systems have been 
reported to produce heat energy similar to that of lasers which 
have fallen out of favor. The two types available are monopolar 
and bipolar. Monopolar devices use a grounding pad and draw 

energy through the body; with bipolar devices, energy is trans-
ferred between electrodes at the site of treatment. Current con-
troversies include the depth of tissue penetration, the amount 
of cell death, and the ability of the devices to monitor and to 
control temperature. Reported complications of radiofre-
quency meniscal ablation include articular cartilage damage, 
osteonecrosis, and tissue damage caused by the irrigant. 

IMPLANTS
A variety of implants, both metal and biodegradable, have 
been developed for use in arthroscopic procedures, including 
suture anchors, meniscal repair devices, and devices for ten-
don and ligament fixation and articular cartilage repair.

Suture anchors are used to attach ligaments and tendons 
to bone without the need for creating a bony tunnel for the 
passage of sutures. Instead, sutures are passed through an 
eyelet on the suture anchor, which is inserted into the bone. 
According to Barber and Richards, desirable characteristics 
of a suture anchor are that it must fix the suture to the bone, 
not pull out of the bone, permit an easy surgical technique 
(the ability to tie an arthroscopic slip knot), and not cause 
long-term problems; other desirable features include biocom-
patibility, adequate strength, easy insertion, and the ability to 
allow early rehabilitation. Suture anchors are used most often 
for arthroscopic procedures around the shoulder. Small-
diameter all-suture anchors, polyetheretherketone (PEEK) 
biocomposite or metal anchors can be used; these have less 
potential for producing osteolytic reactions that have been 
associated with bioabsorbable implants.

Meniscal repair devices, of varying designs and materi-
als, allow an all-inside meniscal repair without the need for 
arthroscopic knot-tying, accessory portals, or incisions. The 
first-generation meniscal repair devices were solid flexible 
devices placed across the tear to hold the meniscal fragments 
in place. Today’s fourth-generation devices are low profile, 
have a suture tension construct, and provide much greater 
fixation strength. The techniques for use of specific meniscal 
repair devices are discussed in Chapters 45 and 51.

Depending on the graft chosen, cruciate ligament fixa-
tion devices can be used for bone-to-bone fixation or for soft 
tissue-to-bone fixation. They may be made from either biode-
gradable or nonbiodegradable materials. 

MISCELLANEOUS EQUIPMENT
A variety of sheaths and trocars are required for arthroscopic 
surgery, and they must accommodate the arthroscope and 
accessory equipment being used. When possible, sharp 
instruments should be placed through sheaths to protect the 
soft tissues of the skin portals. Motorized instruments can be 
used with or without a sheath. The initial perforation through 
the capsular and synovial tissue may be made with a No. 11 
blade and blunt trocar or with a sharp trocar carefully passed 
through the appropriate instrument sheath. Some systems 
allow cannulas to be interchanged for inflow, arthroscope, 
and motorized shaver systems. Disposable plastic cannulas 
with sealed ends reduce fluid extravasation.

As arthroscopic surgery procedures have advanced to cater 
for more joints, additional instruments have been developed. 
“Switching sticks” are simple rods placed through the cannula 
to maintain the portal while the cannula is exchanged. For a 
larger operating cannula, a dilator is used before exchange. The 
Wissinger rod was designed to assist in establishing a portal 

 FIGURE 49.6   Motorized shaver blades.
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on the opposite side of a joint from a previously established 
portal. Traction devices have been developed for use in the 
shoulder, elbow, and ankle for better exposure (see Chapters 
50 and 52). There has also been an explosion of procedure-
specific instruments, many of which are described in the per-
tinent operative sections in Chapters 50 to 52. 

CARE AND STERILIZATION OF 
INSTRUMENTS
Arthroscopy equipment that is heat stable may be autoclaved 
for sterility. Heat- or moisture-sensitive equipment may be 
sterilized with a low-temperature hydrogen peroxide gas 
plasma. Low-temperature sterilization processes, gas steril-
ization, and activated glutaraldehyde have been shown to be 
less effective and have more potential side effects. 

IRRIGATION SYSTEMS
Irrigation and distention of the joint are essential to all 
arthroscopic procedures. Joint distention is maintained by 
using lactated Ringer solution during arthroscopy. The inflow 
may pass directly through the arthroscopic sheath or through 
a separate portal by means of a cannula. For adequate flow, 
a 6.0- or 6.2-mm sheath should be used with the scope. We 
routinely use lactated Ringer solution because it is physi-
ologic and results in minimal synovial and articular surface 
changes. Shinjo et al. determined that lactated Ringer solu-
tion was better at maintaining meniscal cell integrity than iso-
tonic sodium chloride solution.

Usually, two 5-L plastic bags of lactated Ringer solution, 
interconnected with a Y-connector, are suspended for use 
with the arthroscopic pump (Fig. 49.7). Once the inflow and 
outflow cannulas are established, the joint is lavaged until the 

fluid is clear. When a pump is not used, joint distention can be 
increased by elevating the fluid bag, using large-diameter tub-
ing, or decreasing the size and number of outflow portals. For 
each foot of elevation of the solution bag above the level of 
the joint, 22 mm Hg of pressure is produced. The bag usually 
is placed 3 feet (∼1 m) above the level of the joint, thus pro-
ducing approximately 66 mm Hg of pressure. Arthroscopic 
pumps should be used carefully, and the tightness of muscle 
compartments and soft-tissue spaces, such as the popliteal 
fossa, should be monitored closely. Pump pressures should 
be varied according to the joint being treated and the type of 
pump used. When a pressure inflow system is used, joint dis-
tention pressures in the knee generally should be 45 to 60 mm 
Hg. Vision and hemostasis in the shoulder usually are best 
when the distention pressure is maintained approximately 40 
mm Hg below the systolic blood pressure. In healthy patients, 
hypotensive anesthesia may be used to reduce the systolic 
pressure to approximately 100 mm Hg, at which level a pump 
pressure of 55 to 60 mm Hg usually provides safe distention 
and clear vision. In a prospective, double-blinded, random-
ized study, Olszewski et al. found that the addition of epineph-
rine (1 mg/L of saline) significantly increased visibility and 
reduced the need for tourniquet inflation by 50% compared 
with a placebo group of patients who had not received epi-
nephrine. In patients with hypertension or cardiac problems, 
we forgo the use of epinephrine. Karaoglu et  al. also found 
that adding a small amount of epinephrine (50 μg/10 mL) to 
the local anesthetic mixture just before portal site injection 
improved arthroscopic visibility.

Because of the increased likelihood of extravasation, dis-
tention pressures in the elbow and ankle should be main-
tained at approximately 40 to 45 mm Hg using gravity inflow. 
The surgeon should be aware of individual variations relating 
to different pump flow and sensor mechanisms. We do not 
use pumps for distention in small joints. 

TOURNIQUET
During arthroscopic procedures of the knee, ankle, elbow, and 
other distal joints, a tourniquet is almost always applied and 
is inflated as needed. Contraindications to the use of a tour-
niquet include a history of thrombophlebitis and significant 
peripheral vascular disease. Advantages of tourniquet use are 
increased visibility and no significant increase in postopera-
tive morbidity with tourniquet times of less than 90 minutes. 
The disadvantages of routine tourniquet use include blanching 
of the synovium (which makes differentiation and diagnosis 
of various synovial disorders difficult) and the possibility of 
ischemic damage to muscle and nervous tissue with prolonged 
tourniquet times of greater than 90 to 120 minutes. Many of 
the commercial leg holders used in knee arthroscopy require 
the tourniquet to be placed within them. These holders may 
function satisfactorily whether or not the tourniquet is inflated.

In a prospective, randomized clinical trial, Kirkley et al. 
found no significant differences between patients in whom a 
tourniquet was used and those without tourniquet use. There 
was a trend for less early postoperative pain and slightly bet-
ter isokinetic strength testing at 2 weeks in patients without 
tourniquet use, but visibility was rated by the surgeons as 
being three times better with tourniquet use. The authors con-
cluded that the use of a tourniquet at 300 mm Hg did not sig-
nificantly affect overall functional outcome. In a prospective, 
randomized trial including 109 patients who had undergone 

 FIGURE 49.7 Gravity with water vacuum-assisted closure 
system. Gravity or arthroscopic pump may be used to deliver fluid. 
Inflow may be through the arthroscopic sheath or a separate inflow 
sheath.
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arthroscopic knee surgery with or without a tourniquet, 
Johnson et  al. found no significant differences between the 
two groups with respect to operative view, duration of opera-
tion, pain scores, analgesic requirement, or complications. 
Because the use of a tourniquet did not appear to improve the 
operative view, these authors recommended against routine 
use of a tourniquet for arthroscopic knee surgery. 

LEG HOLDERS
The greatest advantage of a leg holder is that it permits appli-
cation of stress, primarily to open the posteromedial com-
partment for better viewing, manipulation of the meniscus, 
and posterior horn meniscal surgery, especially in tight knees. 
Because the thigh is firmly held by the leg holder, the number 
of different positions in which the leg can be placed is some-
what limited. An alternative to an encompassing leg holder 
is a lateral post attached to the side rail of the operating table 
(Fig. 49.8). The lateral aspect of the distal thigh can be levered 
against this post for opening of the posteromedial compart-
ment. The post does not confine or prevent the knee from 
being positioned in an almost unlimited number of positions, 
including flexion and the figure-four position, and therefore 
has advantages over many of the expensive commercial leg-
holding devices. We use this for major knee reconstructive 
procedures.

Routine use of a leg holder, especially one that incor-
porates a tourniquet within the confines of the holder, may 
present other difficulties. In such an arrangement, wide fluc-
tuations in the tourniquet pressures may occur when stress is 
applied to the leg; however, we have had no specific complica-
tions related to this. Also, the leg-holding device may fix the 
distal femur so securely that the applied stress can result in 
fractures around the knee or tearing of the ligamentous struc-
tures; such occurrences have been reported.

Thus if the clinical evaluation suggests medial compart-
ment meniscal disease, a leg holder can be of significant 

assistance. However, if a patellofemoral joint or a lateral com-
partment problem is anticipated, a valgus stress post may be 
chosen to make viewing of these compartments easier. For 
endoscopic repair of the ACL, a lateral post should be used 
or the end of the table should be flexed to allow full, unob-
structed knee flexion. 

ANESTHESIA
Diagnostic arthroscopy can be performed with the patient 
under local, regional, or general anesthesia. Some intraarticu-
lar operative procedures can be performed with regional and 
local anesthetics.

Local anesthesia can be used for many arthroscopic pro-
cedures around the knee and ankle in a cooperative patient. 
Intravenous sedation is used to complement the local injec-
tion. Articles by Hansen et  al., Chu et  al., Petty et  al., and 
many others have brought to light the chondrotoxicity of 
lidocaine and bupivacaine, particularly when combined with 
epinephrine, which alters the local pH. When used, lower-
volume and lower-concentration injections (i.e., 1% lidocaine 
and 0.25% bupivacaine) are safer alternatives. Prolonged 
presence of local agents provided through intraarticular pain 
pumps should be avoided.

Ultrasound-guided regional blocks for postoperative pain 
management are safe and effective in most patients and are used 
routinely. Interscalene blocks affect the phrenic nerve, which is 
in close proximity, and thus should be avoided or used with cau-
tion in respiratory-compromised patients. When used in over-
head athletes, the potential for postinjection neuritis should be 
considered and discussed with the patient. Saphenous nerve 
blocks provide excellent pain relief after ACL surgery and have 
the added benefit of being a purely sensory block. We do not 
use femoral blocks because of the loss of motor function and 
occasional prolonged quadriceps weakness.

General anesthesia is used or indicated more often in an 
acutely injured knee, when pain is an important factor, when 
significant intraarticular surgery is anticipated, or when the 
patient is not cooperative or is especially apprehensive. Allergy 
to local anesthetics, of course, requires that a general anes-
thetic be administered. Arthroscopic surgeons who are less 
experienced and unfamiliar with all of the techniques are best 
advised to select a general anesthetic. If the need for a tour-
niquet to control bleeding is anticipated, such as for partial 
or complete synovectomies or excision of adhesions, general 
anesthesia is recommended. Most arthroscopic procedures 
performed at our clinic are performed with general anesthesia.

If a local anesthetic is chosen, the tourniquet is not 
inflated. Yoshiya et al. reported the use of a 1:1 mixture of 1% 
lidocaine and 0.25% bupivacaine. Usually, 50 mL of the mix-
ture was injected intraarticularly before the procedure. When 
a long procedure was expected, a small amount of epinephrine 
was added to the mixture to help maintain hemostasis and to 
increase the duration of action of the anesthetic agents. The 
authors recommended taking care not to exceed the maximal 
dosage when using bupivacaine (2 mg/kg of body weight). At 
each anticipated portal, an additional 5 mL of the lidocaine-
bupivacaine mixture was injected. There was only one report 
of nausea and no other reports of toxic reactions or central 
nervous system or cardiovascular complications.

Postoperative pain may be diminished by treatment with 
oral nonsteroidal antiinflammatory medication preoperatively 

 FIGURE 49.8 Lateral post attached to the side rail of the oper-
ating table.

    

https://booksmedicos.org


PART XIV ARTHROSCOPY2546

and postoperatively, or intraoperatively through intramuscu-
lar or intravenous administration. The use of nonsteroidal 
antiinflammatory medication has also been shown to reduce 
swelling and to increase range of motion in the early postop-
erative period. The use of oral corticosteroids has not proved 
effective. Beneficial analgesic effects have been documented 
for administration of 30 mL of 0.25% bupivacaine with or 
without the addition of 3 mg of morphine. We do not recom-
mend the use of intraarticular pain pump catheters because of 
the potential for chondrocyte toxicity. 

DOCUMENTATION
A systematic examination of the operative joint should be 
recorded using digital photographs, video clips, or both. 
Preoperative and postoperative photographs are valuable ele-
ments of a patient’s record and can be used to critically ana-
lyze and teach operative procedures. 

ADVANTAGES
The advantages of arthroscopic procedures far outweigh the 
disadvantages. Some advantages of arthroscopic procedures 
compared with arthrotomy are as follows:
 n  Reduced postoperative morbidity. The patient can return 

to sedentary work almost immediately and to more vigor-
ous work activities within 2 to 3 weeks after most simple 
procedures.

 n  Smaller incisions. Arthroscopic diagnostic and operative 
procedures can be carried out through multiple small inci-
sions around the joint, which are less likely to produce dis-
figuring scars.

 n  Less intense inflammatory response. The small incisions 
through the capsule and synovium result in a much 
less intense inflammatory response than with standard 
arthrotomy. This results in less postoperative pain, faster 
rehabilitation, and faster return to work.

 n  Improved visualization. Better visualization is particularly 
important in shoulder procedures where pathology is 
common and can be repaired concomitantly through the 
use of common arthroscopic portals.

 n  Absence of secondary effects. The secondary effects of 
arthrotomy around the joints, such as neuroma formation, 
painful disfiguring scars, and potential functional imbal-
ance (e.g., of the extensor mechanism of the knee), are 
eliminated by arthroscopic techniques.

 n  Reduced hospital stay. Most arthroscopic procedures are 
performed on an outpatient basis.

 n  Reduced complication rate. Only infrequent complications 
of arthroscopic procedures have been reported.

 n  Improved follow-up evaluation. The minimal morbidity asso-
ciated with arthroscopy allows the effects of a previous oper-
ative procedure, such as meniscal repair, to be reevaluated if 
persistent symptoms warrant further evaluation. These are 
often referred to as relook or second-look procedures.

 n  Possibility of performing surgical procedures that would be 
difficult or impossible to perform through open arthrotomy. 
A number of surgical procedures are more easily per-
formed with arthroscopic techniques than through open 
arthrotomy incisions. Many menisci that can be repaired 
are accessible only with arthroscopic techniques and can-
not be satisfactorily viewed through arthrotomy. 

DISADVANTAGES
The disadvantages of arthroscopy are few but may be sig-
nificant to the individual arthroscopic surgeon. Not every 
surgeon has the temperament to perform arthroscopic sur-
gery because it requires working through small portals with 
delicate and fragile instruments. The need to maneuver the 
instruments within the tight confines of intraarticular spaces 
may produce significant scuffing and scoring of the articular 
surfaces, especially by an inexperienced surgeon. The proce-
dures can be extremely time-consuming early in one’s experi-
ence with arthroscopy. Also, the specialized equipment that is 
required is extensive and expensive.

Although these disadvantages can be significant, the 
advantages to patients generally far outweigh them. 

INDICATIONS AND 
CONTRAINDICATIONS
Intraarticular or periarticular pathologic conditions can be 
examined and treated arthroscopically. However, previous 
experience and the skillset of the operating surgeon should 
determine whether an arthroscopic or open technique would 
ensure the best possible treatment for the patient. The con-
traindications are few. Arthroscopy should not be used in a 
minimally damaged joint that will respond to the usual con-
servative methods of treatment. Furthermore, the surgeon 
should not consider arthroscopy before careful evaluation 
of the patient’s history, thorough physical examination, and 
standard noninvasive diagnostic procedures have been per-
formed. Arthroscopy is contraindicated when the risk of joint 
sepsis from a local skin condition is present or when a remote 
infection may be seeded in the operative site. Partial or com-
plete ankylosis around the joint is a relative contraindication, 
although the use of arthroscopy for lysis of adhesions around 
the knee, shoulder, elbow, and ankle can be beneficial. Major 
collateral ligamentous and capsular disruptions of the joint that 
will permit excessive extravasation of fluids into the soft tissues 
are relative contraindications to arthroscopy. In this situation, 
the capsule should be allowed to “stick down” or should be 
repaired primarily before any arthroscopic procedure. Gravity 
inflow should be used, and outflow should be maintained to 
help prevent increased compartmental fluid pressures. 

BASIC ARTHROSCOPIC 
TECHNIQUES
Proficiency in arthroscopic techniques requires a great deal of 
patience and persistence.

Techniques are best learned by assisting with and per-
forming surgical procedures alongside an experienced 
arthroscopist during residency or fellowship or in practice. 
Hands-on learning sources by the American Academy of 
Orthopaedic Surgeons and by specialty societies are excellent 
ways to learn new procedures. Internet surgical videos also 
are available at many vendor websites.

Patients’ expectations regarding the use of arthroscopic 
techniques have placed tremendous demands on practicing 
orthopaedic surgeons. A surgeon should not be persuaded by 
these pressures to perform a difficult arthroscopic procedure 
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for which sufficient skills have yet to be developed. If an 
arthroscopic procedure is not progressing as expected, it may 
be wise to abort the procedure and return to an open method 
that has given good results in the past. As arthroscopic proce-
dures become better defined and results continue to improve, 
the number of arthroscopic procedures is increasing steadily. 
There is a steep learning curve to successful completion of 
complicated procedures, such as shoulder stabilization and 
rotator cuff repair. The practicing surgeon should keep up 
with the literature, attend workshops, and observe these pro-
cedures being performed by highly skilled arthroscopists. 
Orthopaedic surgeons should perform procedures concur-
rent with their skill levels, keeping in mind that a skillfully 
performed procedure through an open arthrotomy is prefer-
able to a poorly performed arthroscopic procedure.

TRIANGULATION TECHNIQUE
Triangulation involves the use of one or more instruments 
inserted through separate portals and brought into the optical 
field of the arthroscope, with the tip of the instrument and the 
arthroscope forming the apex of a triangle. The principle of tri-
angulation is the basis for operative arthroscopy. Triangulation 
separates the arthroscope from the operating instrument, 
allowing the viewing arthroscope to be enlarged and increasing 
the field of view. The angle of inclination can be varied to allow 
improved visual access to more areas of the joint. Separation 
of the instruments from the arthroscope improves depth per-
ception and, perhaps the most significant advantage, permits 
independent movement of the arthroscope and the surgical 
instrument, which is essential for operative arthroscopy.

To begin triangulation, the arthroscope should be placed 
at a sufficient distance from the area to be probed to give a 
wide field of vision. When the instrument is positioned, 
the scope and instrument are advanced together toward the 
intended area, reducing the field of vision while increasing 
the magnification. A mistake commonly made by arthrosco-
pists early on is placement of the scope too close to objects, 
thus losing the larger field of vision necessary to maintain 
constant visual orientation.

If the surgeon becomes disoriented and has difficulty in 
triangulation, the accessory instrument may be brought into 
the joint to contact the sheath of the arthroscope. By sliding 
the instrument down the sheath to the arthroscope tip, the 
surgeon may bring the instrument into the field of vision. 
With practice, a surgeon will develop a stereoscopic sense 
that allows placement of the instrument into the field of view 
immediately. 

COMPLICATIONS
Complications during or after arthroscopy are infrequent and 
fortunately are usually minor. Most are preventable with good 
preoperative and intraoperative planning and attention to the 
details of basic techniques. Familiarity with local anatomy 
and gaining familiarity with new techniques through learning 
centers, operating with colleagues, videos, and staying cur-
rent with specialty journals allow the surgeon to gain valu-
able information from the experiences of other colleagues. 
Before operative procedures, having all office notes and radio-
graphs available is similarly beneficial. Also, before entering 
the operating room, reviewing the surgical procedure with the 
patient and having the patient write the word “wrong” on the 

nonoperative extremity can alleviate possible confusion on a 
long operative day. The Sign Your Site program of the American 
Academy of Orthopaedic Surgeons and the Universal Protocol 
recommendations of the Joint Commission on Accreditation 
of Healthcare Organizations include preoperative verifica-
tion of the operative site, marking of the operative site by the 
surgeon (Fig. 49.9), and a “time out” before the procedure is 
begun for final verification and a final checklist.

Overall complication rates for arthroscopy are reported to 
be between 1% and 4.7%. The complication rate is proportional 
to experience, operating time, tourniquet time, procedure com-
plexity, multi-ligament and posterior cruciate ligament (PCL) 
injuries, number of procedures, and meniscal repairs. The most 
commonly reported complications include return to the operat-
ing room and superficial infections. Careful preparation before 
the procedure can prevent many of the potential complications. 
In their review of complications reported by surgeons sitting 
for part II of the American Board of Orthopaedic Surgeons 
examinations, Salzler et al. found 4305 complications reported 
in approximately 92,565 arthroscopic knee procedures, a 4.7% 
complication rate. Procedure complexity was correlated with 
an increase in adverse outcomes. PCL reconstruction had 
the highest complication rate, which was 20%. Basques et al. 
showed that comorbidities and smoking increased the risk of 
complications after arthroscopic meniscectomy.

DAMAGE TO INTRAARTICULAR 
STRUCTURES
Damage to intraarticular structures probably is the most 
common complication of knee arthroscopy. Scuffing of the 
articular cartilage surfaces by the tip of the arthroscope or the 
operating instrument occurs most often when the arthros-
copist is inexperienced, when the joint is tight, or when 
the procedure is long and particularly difficult. Forcing the 
arthroscope or other instruments between articular surfaces, 

 FIGURE 49.9 Operative extremity has been marked by the 
patient and by the surgeon.
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such as the femoral and tibial condyles or the humeral head 
and glenoid cavity, may severely score their surfaces and lead 
to progressive chondromalacic changes and degenerative 
arthritis. The joint should be opened with leverage or traction 
first and the arthroscope allowed to slide into the space cre-
ated. Use of a leg holder or a leverage post during knee sur-
gery, as well as traction or distraction devices during shoulder, 
hip, and ankle procedures, is helpful. Once the arthroscope 
has been inserted between the articular surfaces, distraction 
should be maintained. If distraction is released and the scope 
is then retracted, the articular cartilage will be severely scored. 
Finally, a poorly placed portal frequently makes instrument 
passage and maneuvering more difficult. It is better to change 
the portal site or to make an accessory portal than to scuff the 
articular surface by forcing the instrument. 

DAMAGE TO MENISCI AND FAT PAD
The anterior horn of either meniscus of the knee can be 
damaged by incision or penetration if the anterior portals 
are located too inferiorly (Fig. 49.10). If the portals are too 
close to the patellar tendon, they may traverse the fat pad. 
Repeated penetration of the fat pad causes swelling of the pad 
and obstruction of view, and may also result in hemorrhage, 
hypertrophy, or fibrosis of that structure. 

DAMAGE TO CRUCIATE LIGAMENTS
Either cruciate ligament may be damaged during menis-
cal excision when an intercondylar attachment is cut. With 
knee ligament reconstructions, the intact cruciate is suscep-
tible to injury when motorized instruments are debriding the 
intercondylar notch. Thus, the shaver blade should always be 
directed away from the intact ligament. 

DAMAGE TO EXTRAARTICULAR 
STRUCTURES

BLOOD VESSELS
Damage to the blood vessels around the joint may be the most 
serious and devastating arthroscopic complication. Vascular 
injury most often occurs as a result of direct penetration or 
laceration but may occur from pressure caused by excessive 
fluid extravasation. Small’s 1986 report included 12 vascular 

injuries, all in knee surgery; no vascular complications were 
reported in his 1988 study. The popliteal artery is at risk during 
meniscectomy when intercondylar attachments are cut, espe-
cially when arthroscopic knives are used. Both the popliteal 
artery and vein have been damaged during meniscal repairs 
as the sutures are placed posteriorly. Most surgeons now rec-
ommend a posteromedial or posterolateral incision, with 
exposure of the capsule and placement of a suitable retrac-
tor to protect the popliteal vessels during meniscal repairs 
and for PCL reconstructions. When large, complicated pro-
cedures are performed, constant awareness of the posterior 
vascular structures is necessary and having the availability of 
a vascular surgeon is desirable. The vessels are also vulner-
able if there is uncontrolled penetration during establishment 
of the posteromedial or posterolateral knee portals. Extensive 
arthroscopic synovectomies have been associated with injury 
to the genicular arteries, with subsequent arteriovenous fis-
tula or pseudoaneurysm formation.

The anterior tibial artery is at risk during anterior 
approaches for ankle arthroscopy, especially with the antero-
central approach. Likewise, posteromedial portals are not rec-
ommended because of the proximity of the posterior artery. 
During elbow arthroscopy, the brachial artery may be dam-
aged when establishing either the anteromedial or anterolat-
eral portal. Fluid extravasation may also compress this vessel 
in the antecubital fossa. In shoulder arthroscopy, the axillary 
artery may be injured by an arthroscopic instrument plunging 
through the axillary pouch. More often, axillary vessel occlu-
sion is caused by fluid extravasation or excessive arm traction.

During shoulder arthroscopy, the acromial branch of the 
coracoacromial artery can be transected just lateral to the 
acromioclavicular joint during resection of the coracoacro-
mial ligament.

Major superficial veins may be lacerated by improper 
portal selection. In the knee, the saphenous vein may be pen-
etrated by poor posteromedial portal location. In the shoul-
der, the cephalic vein may be penetrated by poor anterior 
portal site selection. 

COMPARTMENT SYNDROMES
Increased compartment pressure may occur during surgery 
from fluid extravasations and should be monitored during all 
extensive procedures. By using gravity inflow or lower pump 
pressures and ensuring adequate outflow, most of these com-
plications can be avoided. When excessive extravasations 
occur, stopping fluid inflow, releasing any constricting dress-
ing or tourniquets, and placing the extremity at the level of the 
heart are recommended. Wrapping with an Esmarch tourni-
quet from a distal to proximal direction and then removing 
it may help remove the extravasated fluid. Persistence of ele-
vated pressure should be evaluated and treated following the 
guidelines set for compartment syndrome (see Chapter 48). 

NERVES
Nerve injuries may be caused by direct trauma from a scal-
pel or sharp trocar, traction from overdistraction, mechanical 
compression or compression from fluid extravasation, pro-
longed ischemia from excessive tourniquet use, or a poorly 
defined mechanism of injury to the anatomic nervous system 
that results in reflex sympathetic dystrophy. Many of these 
complications can be avoided by marking the portals appro-
priately, making sure the scalpel penetrates the skin only, using 

 

Not here

Not here

FIGURE 49.10 Ideal placement of cannula. If it is positioned too 
high, the angle of obliquity is such that the posterior horn cannot 
be seen; if it is too low, the cannula can go through the meniscus 
and limit view or mobility. Ideal placement is directly in the slot 
between the femur and tibia.
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a hemostat to spread down to the joint capsule in the proxim-
ity of a nerve, and routinely using blunt trocars. Maintaining 
proper joint distention and distraction, padding nerve and 
bony prominences, and proper patient positioning also greatly 
reduce the chances of nerve complications. Familiarity with 
techniques and anatomy allows proper portal placement and 
improves surgical technique, thus minimizing tourniquet time.

Sensory and motor nerves near the joint may also be 
damaged. The inferior branches of the saphenous nerve or 
sartorial branches of the femoral nerve are the most com-
monly injured cutaneous nerves. The location of each of these 
numerous cutaneous branches varies, and therefore occa-
sional injury to one may be unavoidable, especially if multiple 
portals are used. In most instances, the hypesthesia produced 
is of minor consequence and causes no problem. On occa-
sion, a painful neuroma may require subsequent resection. In 
Small’s report (1986), 229 nerve injuries were reported during 
knee arthroscopies.

During shoulder arthroscopy, the branches of the axillary 
nerve that course along the deep surface of the deltoid may be 
injured if either anterior or posterior portal sites are too far 
inferior. Traction neurapraxia of the brachial plexus may occur 
when strong traction and distraction of the shoulder have been 
used. The position that appears to result in the greatest traction 
on the brachial plexus is 30 degrees of forward elevation and 
70 degrees of abduction. In 1986, Small reported one axillary 
nerve injury and three brachial plexus injuries in 14,329 shoul-
der arthroscopies. In 1988, there were no nerve injuries in 
1184 shoulder procedures. Arthroscopy of the smaller joints, 
elbow and ankle, requires even greater attention to detail and 
general principles than in the more familiar knee arthroscopy. 
Neurovascular injury is the major risk of elbow arthroscopy: 
anterior portals place the radial and posterior interosseous 
nerves at risk on the lateral side and the median nerve at risk 
on the medial side; posteromedial portals place the ulnar nerve 
at risk. However, nerve palsies after elbow arthroscopy usually 
are transient and result from local anesthetic, tourniquet use, 
or blunt injury. Kelly et al. reported 12 transient nerve palsies 
in 473 elbow arthroscopies and identified rheumatoid arthritis 
and contractures as significant risk factors for the development 
of temporary nerve palsy.

Regardless of the site of the arthroscopic procedure, a 
thorough understanding of local anatomy and precise mark-
ing of tendons and neurovascular structures are essential. 
Exact portal placement and proper distention before blunt 
entry into the joint decrease nerve vulnerability. Careful use 
of less aggressive motorized shavers is important in working 
close to neurovascular structures. 

LIGAMENTS AND TENDONS
The medial collateral ligament (MCL) may be injured by 
accessory medial portals around the knee, or it may be torn 
by severe valgus stress in an attempt to open up the medial 
compartment. This is a real possibility if a rigid leg holder is 
used and a strong valgus stress is applied. 

HEMARTHROSIS
Hemarthrosis is the most common postoperative compli-
cation, occurring most frequently after lateral retinacular 
releases and synovectomies. The superior lateral geniculate 
vessels usually are cut in lateral retinacular releases, and 
the inferior lateral geniculate vessels may be lacerated just 

anterior to the popliteal hiatus during lateral meniscectomy 
and synovectomy. Persistent unexplained hemarthrosis is an 
indication for appropriate vascular studies and hematologic 
clotting studies to help determine appropriate treatment. 

THROMBOPHLEBITIS
Thrombophlebitis is potentially the most dangerous postop-
erative complication. In a meta-analysis of patients who had 
not received prophylactic antithrombotic medication, Ilahi 
et al. found the overall rate to be 9.9% for deep vein throm-
bosis (DVT) and 2.1% for proximal DVT after knee arthros-
copy. Although rates of pulmonary emboli after arthroscopic 
surgery have been reported to be less than 1%, a meta-anal-
ysis by Sun et al. found an average rate of 6.8% for DVT in 
patients without low molecular weight heparin (LMWH) 
prophylaxis; 29 of 136 DVTs were proximal. In patients who 
received LMWH prophylaxis, the DVT rate was 1.8%; 4 of 36 
DVTs were proximal. Two studies evaluating DVT after ACL 
reconstruction reported DVT rates of 14% (Ye et al.) and 9% 
(Struijk-Mulder et al.). Ye et al. found age of greater than 35 
years and female sex to be associated with an increased risk of 
DVT. In a later study of 537 patients who were examined with 
venography after knee arthroscopy, Sun et al. found venous 
thromboemboli in 80 patients (15%), only 20 of whom had 
clinical signs of DVT. Advanced age and complex procedures 
were significantly associated with DVT.

DVT of the upper extremity is rare. Randelli et al. reported 
only six occurrences of DVT in 9385 shoulder arthroscopies 
(0.06%). In a series of 1908 patients with shoulder arthros-
copy reported by Kuremsky et  al., six patients (0.3%) had 
thromboembolic complications involving both the ipsilateral 
upper and lower extremities; four of the six patients had pul-
monary emboli.

Based on the currently available data, we recommend 
use of lower extremity serial compression devices during 
extensive arthroscopic shoulder surgery, especially in at-risk 
patients. The risks of DVT prophylaxis should be weighed 
against the benefits when ligament or meniscal repair is per-
formed, particularly in patients with known risk factors for 
thromboembolic complications, such as female sex, age over 
35 years, comorbidities, use of birth control, and factor V 
Leiden thrombophilia. An age greater than 70 years increases 
thromboembolic risk 10 times; body mass index greater than 
29, smoking, and oral contraception increase the risk three 
times; and diabetes and hypertension increase the risk two 
times. Medical consultation is indicated for these patients. 
In general, early active range of motion of the extremity is 
encouraged, and then use of aspirin postoperatively for pro-
phylaxis should be considered when weight bearing status 
is altered. Finally, prolonged travel, especially by air, is best 
avoided in the immediate postoperative period. 

INFECTION
Despite early fears of infection, the actual number of reported 
infections after arthroscopy has remained extremely low. 
Numerous investigators have reported large series, all with 
infection rates of less than 0.2%. This low incidence is undoubt-
edly the result of several factors, including limited incisions, 
young and healthy patients, short operating times, and irriga-
tion and dilutional effects of the irrigating solutions. Babcock 
et al. noted, however, that when such infections occur, they 
can cause significant morbidity. As risk factors, they cited the 
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use of intraarticular corticosteroids, prolonged tourniquet 
time, patient age of greater than 50 years, failure to prepare 
the surgical site again before conversion to arthrotomy, pro-
cedure complexity, and history of previous procedures. They 
also noted that several reported outbreaks of infection after 
arthroscopy were related to breaks in infection control or 
contaminated instruments.

The use of prophylactic antibiotics is still controversial. 
Citing the development of septic arthritis in nine patients 
after knee arthroscopy, D’Angelo and Ogilvie-Harris sug-
gested that the use of prophylactic antibiotics may be cost ben-
eficial, considering the unpredictability of this complication 
and its serious consequences. However, Bert et  al. reviewed 
3231 arthroscopic knee surgeries and found infection rates of 
0.15% in patients who received antibiotics and 0.16% in those 
who did not. These authors concluded that there was no value 
in administering antibiotics before routine arthroscopic knee 
surgery. Kurzweil noted that prophylactic antibiotics may 
be appropriate to reduce the risk of infection in “high-risk” 
patients, such as those with diabetes, immune problems, and 
skin disorders. Judd et al. reported an infection rate of 0.68% 
in 1615 patients who had undergone arthroscopic ACL recon-
structions, and associated previous knee surgery, especially 
previous ACL reconstruction and tibial graft fixation with a 
post and washer, with an increased risk of infection. Routine 
use of postoperative intraarticular steroids has been associated 
with an increased incidence of postoperative infection.

In a literature review of infections after arthroscopic 
ACL reconstruction, Saper et al. found an 86% success rate 
in 90 infections treated with early arthroscopic irrigation and 
debridement and intravenous antibiotics. Infections involv-
ing Staphylococcus aureus and allografts were less likely to be 
successfully treated with this regimen.

Infection rates after arthroscopy of other joints are equally 
low. Clarke et al. reported only one case of septic arthritis in 
1054 consecutive patients who underwent hip arthroscopy, 
and infections have been reported to occur in less than 1% of 
patients after shoulder arthroscopy and after arthroscopy of 
the ankle. Kelly et al. reported an infection rate of 0.8% in 473 
consecutive elbow arthroscopy patients.

We recommend that surgical sites be cleansed and clip-
pers be used in a preoperative area for hair removal. The 
entire extremity is cleansed with Hibiclens (Mölnlycke Health 
Care, Norcross, GA) and then painted with DuraPrep (3M, St 
Paul, MN). A sterile technique is used while draping and iso-
lating the surgical site with a waterproof seal. Sterile handling 
of the surgical site is also mandatory after surgery.

Antibiotics are given as recommended by the American 
Academy of Orthopaedic Surgeons’ Advisory Statement for 
Total Joints, which recommends intravenous administration 
of 1 g cefazolin or 2 g for patients over 80 kg be given to the 
patient within 1 hour of the skin incision. Patients who are 
allergic to cephalosporins are treated with alternative antibi-
otic prophylaxis. 

TOURNIQUET PARESIS
Temporary paresis in the extremity has been observed after 
tourniquet use to control bleeding in diagnostic or operative 
arthroscopy, usually after prolonged procedures. If a tourni-
quet is required, it should be deflated after 90 to 120 minutes. 
Careful monitoring of the tourniquet pressure and testing the 
accuracy of the tourniquet gauges minimize these problems. 

Fortunately, tourniquet paresis is usually mild and resolves 
within a few days. 

SYNOVIAL HERNIATION AND FISTULAS
Small globules of fat and synovial tissue may herniate through 
any of the arthroscopic portals. Usually, the larger the portal, 
the greater the chance of this complication occurring. Rarely, 
a large fluid-filled cystic herniation may occur. These fat and 
synovial herniations are usually small and become asymp-
tomatic over several weeks and do not require any specific 
treatment. If a herniation persists and remains symptomatic, 
excision of the herniated portion with careful closure of the 
capsule may be required.

Synovial fistulas are rare but have occurred after suture 
reactions or stitch abscesses. Fistulas are more commonly 
associated with posteromedial knee and ankle portals. To 
improve closure, these portals should be routinely sutured 
rather than closed with adhesive strips. Fistulas do not usually 
produce significant intraarticular infections, but the patient 
should probably receive antibiotics, and the knee should be 
immobilized for 7 to 10 days to allow the fistula to close spon-
taneously. Surgical closure is rarely required. 

INSTRUMENT BREAKAGE
If an instrument breaks, the surgeon should immediately close 
the outflow cannula, but the inflow should be left open to 
keep the joint distended. Stopping the outflow reduces turbu-
lence, and holding the joint still helps to prevent the fragment 
from falling out of sight into another part of the joint. If the 
broken instrument is located in the visual field, it is essential 
to focus total attention on keeping it within view and remov-
ing it. Broken instruments tend to gravitate into the medial 
or lateral gutters of the knee, to hide beneath the menisci, or 
to drop by gravity into the posterior or most dependent part 
of the joint. If the fragment cannot be located by thorough 
examination and probing of the joint, a radiograph of the 
joint should be made. If the broken piece is located, a suction 
apparatus or magnet may be introduced through an accessory 
portal to stabilize and remove the small broken fragment, or 
an additional grasping instrument can be inserted through a 
third portal to secure and extract the piece. 

IMPLANT COMPLICATIONS
Suture anchors, sutures, and knots can cause chondral dam-
age, synovitis, osteolysis, and chondrolysis. Persistence of 
mechanical symptoms, reproducible knot impingement, and 
persistence of synovitis should be evaluated by MRI and by 
aspiration if indicated. Arthroscopic examination is indicated 
for painful mechanical catching or impingement for which 
another cause cannot be found.
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ARTHROSCOPY OF THE FOOT AND ANKLE
G. Andrew Murphy

CHAPTER 50

ANKLE ARTHROSCOPY
The most common current indications for ankle arthros-
copy include soft-tissue or bony impingement and treat-
ment of osteochondral lesions of the talus. These patients 
often have continuing ankle pain after injuries such as 
sprains that have not responded to the usual conservative 
therapy, and tenderness is noted specifically at the ankle 
joint line on physical examination. A definite diagnosis 
should be made before arthroscopy is performed; purely 
diagnostic arthroscopy has a low success rate. If magnetic 
resonance imaging (MRI) is not helpful with the diag-
nosis, a diagnostic intraarticular injection can be used. 
Significant relief from an intraarticular anesthetic suggests 
the presence of an intraarticular pathologic process, for 
which ankle arthroscopy and debridement may be benefi-
cial. Arthroscopy also has been used to treat ankle insta-
bility, septic arthritis, arthrofibrosis, and loose bodies. 
Werner et al. examined trends in ankle arthroscopy from 
2007 to 2011 and found that this modality had significantly 
increased, especially for repair of the lateral ligament or for 
peroneal tendon subluxation.

Several anatomic structures are at risk during anterior 
ankle arthroscopy, with most of the risk of injury occur-
ring during portal placement. In addition, the anterior tib-
ial artery is at risk of injury when working in the anterior 
aspect of the ankle. In an MRI study, a branch of the ante-
rior tibial artery was near the anterolateral portal in 6.2% of 
patients, and the artery was an average of 2.3 mm from the 
anterior capsule. In a cadaver study, the mean distance from 
the distal tibia to the anterior tibial artery was 0.9 cm when 
the ankle was in dorsiflexion, and the distance decreased 
to 0.7 cm when noninvasive distraction was applied to the 
ankle; thus the safe anterior working area is decreased with 
distraction. The superficial peroneal nerve often is marked 
preoperatively with the foot in plantarflexion and inversion. 
A cadaver study found that the nerve moves laterally when 
the foot is moved from plantarflexion and inversion to neu-
tral or dorsiflexion (which is the usual position of the foot 
when creating the anterolateral portal); the authors there-
fore advise to stay medial to the preoperative marking when 
making the portal to lessen the risk of injury to the nerve. 

There is a wide variation in this nerve’s location near the 
ankle, and transillumination has been found to be of no 
benefit in showing its position, so extreme caution must be 
exercised. Another cadaver study found that two or more 
branches of the superficial peroneal nerve crossed the ankle 
in 83% of specimens, 68% of ankles had a branch near the 
anterolateral portal, and 12% had a branch near the antero-
medial portal.

The use of a tourniquet for ankle arthroscopy is still 
common practice. Although Dimnjakovic et al. found that 
anterior ankle arthroscopy can be adequately performed 
without a tourniquet, we recommend its use, especially early 
in a surgeon’s experience, because it allows a clearer view of 
the joint.

In addition to adequate visualization, accessibility of 
lesions of the ankle joint during arthroscopy is an impor-
tant consideration. Tonogai et al. recommended a 70-degree 
arthroscope for best visualization of the posterior medial 
talar gutter. We recommend this for posterior lesions, lateral 
and medial gutter lesions, and deltoid lesions.

A posterior approach arthroscopy has been shown 
to improve working space in talar dome lesions. As these 
are difficult to access, noninvasive distraction or maximal 
plantarflexion can be used. Barg et  al. compared noninva-
sive distraction with wire-based distraction for both ante-
rior and posterior arthroscopy (Fig. 50.1A,B). Access to the 
talar dome could be achieved in both anterior and posterior 
arthroscopy with these techniques, but in anterior arthros-
copy accessibility was not better with wire-based distraction. 
In a posterior approach, however, wire-based distraction sig-
nificantly improved accessibility (Fig. 50.2) over noninvasive 
distraction.

Inadequate pain management before, during, and after 
arthroscopic techniques can lead to greater morbidity, lower 
satisfaction scores, and even chronic pain syndromes. Use of 
preemptive local anesthesia before surgery can substantially 
reduce postoperative pain and avoid neuropathic pain. Liszka 
et al. found that operative site infiltration of local anesthetics 
decreased the level of postoperative pain during the first day 
after arthroscopic surgery, lowering the amount of analgesics 
required. 
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ARTHROSCOPIC EXAMINATION AND 
DEBRIDEMENT OF THE ANKLE JOINT

 TECHNIQUE 50.1 

 n  For routine ankle arthroscopy, place the patient supine, 
with the operative extremity in a leg holder such that the 
hip and knee are flexed, with the foot hanging free, re-
sulting in gravity-assisted distraction. This also allows free 
ankle range of motion, which can assist in access to dif-
ferent parts of the ankle (Fig. 50.3).

 n  Mark portal placement after establishing the path of the 
superficial peroneal nerve, which can be seen subcutane-
ously after plantarflexion and inversion of the foot (Fig. 
50.4).

 n  Mark anterolateral and anteromedial portals at the joint 
line, which can be palpated, staying away from the pero-
neal nerve (Fig. 50.5).

 n  After Esmarch exsanguination of the extremity and in-
flation of the thigh tourniquet, establish the anterome-
dial portal by inserting an 18-gauge spinal needle at the 
marked site and insufflating the joint with saline to ensure 
intraarticular placement and to provide more space for 
introduction of the blunt trocar (Fig. 50.6). Successful in-
sufflation occurs when there is minimal resistance to the 
introduction of saline, when the foot dorsiflexes as the 
joint capsule becomes tight, and when there is backflow 
of the saline into the syringe after the joint is maximally 
distended. The anteromedial portal is established first 
because there are fewer structures at risk than with the 
anterolateral portal.

 n  After localization of the anteromedial portal with the spi-
nal needle, make a skin incision just large enough to insert 
the cannula. A large incision allows more extravasation of 
fluid into the surrounding soft tissues and can make the 
procedure more difficult.

 n  Further penetrate the joint with a blunt straight hemostat 
to avoid damage to the saphenous nerve, which is at risk 
in this area.

 n  Place a 2.7-mm 30-degree arthroscope into the antero-
medial portal, and establish the anterolateral portal by 
direct visualization of a spinal needle introduced at the 
site of the anticipated portal placement.

 n  When appropriate needle placement is seen, make the 
skin incision for the anterolateral portal and penetrate the 
joint with a blunt instrument (Fig. 50.7); then introduce 
the arthroscopic shaver in this portal.

 n  Inspect the lateral aspect of the joint with use of instru-
ments in the anterolateral portal as needed for debride-
ment (Fig. 50.8), and then switch portals (arthroscope in 
the anterolateral portal and instruments in the anterome-
dial portal) for treatment of the medial side of the joint 
(Fig. 50.9).

 n  Noninvasive distraction can be used if needed to access 
the deeper aspects of the joint (Fig. 50.10). Occasionally, 
a posterolateral portal is needed to treat pathologic pro-
cesses in the posterior aspect of the ankle that cannot be 
reached even after distraction is applied.

 n  After the procedure is completed, close the portals with 
suture to avoid the development of a fistula, which is a 
reported complication of ankle arthroscopy.

POSTOPERATIVE CARE Patients are placed in a walking 
boot and can bear weight as tolerated but should be cau-
tioned against excessive activity, because this could cause 
the ankle to become inflamed. Physical therapy should be 
started once the wounds have healed and postoperative 
pain is minimal.
  

COMPLICATIONS
Complication rates vary from 9% to 17%, with the most com-
mon complication being neurologic injury. More recent stud-
ies have reported lower complication rates of 3.5% to 6.8%, 
presumably related to the use of noninvasive distraction 
or dorsiflexion with minimal distraction. Other complica-
tions include vascular injury with pseudoaneurysms, joint 
fistula, infection, chronic regional pain syndrome, instru-
ment breakage, deep venous thrombosis, and compartment 
syndrome. Iatrogenic cartilage damage has been reported 
in 31% of cases, with severe damage in 6.7%; however, there 
were no symptoms in these patients at follow-up. Blázquez 
Martín et al. reported a total of 31 complications in 257 ankle 
or hindfoot arthroscopies. Neurologic injury occurred in 
14 patients (eight from superficial peroneal nerve injury), 
persistent drainage in 10, infection in four, and complex 
regional pain syndrome in three. Yammine et al., in a system-
atic review, found 23 case reports of patients who developed 
pseudoaneurysms after ankle arthroscopy. Although this is a 
rare complication, it is associated with synovectomy, removal 
of large anterior osteophytes, hypocoagulability, and arterial 
injury. Venous thromboembolism also is a rare complication 

 

A

B

FIGURE 50.1 A, Specimen positioned for anterior ankle 
arthroscopy with noninvasive distraction. B, Specimen positioned 
for posterior ankle arthroscopy with wire-based distraction.  (From 
Barg A, Saltzman CL, Beals TC, et al: Arthroscopic talar dome access using 
a standard versus wire-based traction method for ankle joint distraction, 
Arthroscopy J Arthrosc Relat Surg 32:1367, 2016.)
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A

B

FIGURE 50.2 Accessibility of talar dome by posterior ankle arthroscopy. A, Noninvasive strap 
distraction. B, Calcaneal wire-based distraction. Middle hash mark represents mean value; upper 
and lower hash marks represent maximal and minimal values.  (From Barg A, Saltzman CL, Beals TC, 
et al: Arthroscopic talar dome access using a standard versus wire-based traction method for ankle joint 
distraction, Arthroscopy J Arthrosc Relat Surg 32:1367, 2016.)

 FIGURE 50.3 Leg holder for ankle arthroscopy. SEE TECHNIQUE 
50.1.

 FIGURE 50.4 Path of superficial peroneal nerve is marked on 
ankle. SEE TECHNIQUE 50.1.

    

https://booksmedicos.org


CHAPTER 50 ARTHROSCOPY OF THE FOOT AND ANKLE 2555

that has been reported to occur in 0.6% of patients after foot 
surgery and arthroscopy. Huntley et  al. reported significant 
associations with nonelective surgery, obesity, older age, 
and female sex. Although infection rates are relatively low 
in arthroscopic surgery, a significant correlation was found 
between intraoperative corticosteroid injections and infec-
tion rates after arthroscopy (Werner et al.).

After arthroscopic surgery, many patients ask when 
they may return safely to driving. Sittapairoj et al. studied 
this in 36 patients (17 with right-sided ankle or subtalar 

arthroscopy and 19 in the control group). They tested 
preoperative and postoperative brake reaction times 
and found that emergency braking improves by 2 weeks 
postoperatively. 

ANKLE IMPINGEMENT SYNDROMES
ANTERIOR ANKLE IMPINGEMENT

Anterior ankle impingement can be caused by anterior 
tibial and talar osteophytes and by anterior soft tissue that 
becomes compressed with dorsiflexion of the ankle. Patients 

 

A B

C D

FIGURE 50.5 A, Two anterior portals for ankle arthroscopy are marked in relation to anterior 
tibial and other extensor tendons where they cross anterior aspect of ankle. B, Anteromedial portal 
site. C, Anterolateral portal site. D, Posterior portals. SEE TECHNIQUE 50.1.
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present with pain localized to the anterior aspect of the 
ankle and have tenderness at the joint line anteriorly. Lateral 
radiographs may not show the osteophytes; an anteromedial 
view of the ankle is often helpful. MRI can show osteophytes 
but is not very sensitive for soft-tissue impingement; MR 
arthrography or contrast-enhanced, fat-suppressed, three-
dimensional (3D), fast-gradient recalled acquisition in the 
steady state with radiofrequency spoiling (CE 3D-FSPGR) 
MRI is more sensitive and specific but is less practical. MRI 
may be helpful; however, in one study, 58% of patients had 
an associated diagnosis, which changed the surgical plan in 
33%. Careful physical examination and diagnostic injection 
can help to pinpoint the diagnosis. The use of intraarticu-
lar injections has been questioned because of the potential 
cytotoxicity to chondrocytes; however, these are all in-vitro 
studies, and there are no studies substantiating the effects in 
the clinical setting.

If symptoms persist despite activity modification, immo-
bilization, and rehabilitation, arthroscopic debridement can 
be helpful in alleviating symptoms. Reported success rates for 
this procedure range from 73% to 96% in level II to IV stud-
ies. In a 2015 systematic review, patient satisfaction was good 
or excellent in 74% to 100%, with a complication rate of 5.1%, 
although most studies did not differentiate between types 
of impingement. When separating out the different types of 
impingement, level IV studies show that ankle arthroscopy 
is successful for anteromedial impingement, anterolateral 
impingement, and anterior bony impingement. Patients with 
a poorer prognosis include those without a clear diagnosis 
and those with higher grades of arthritic changes of the ankle. 
Osteophytes may recur but usually are not symptomatic. 
There is currently a grade B recommendation (fair evidence) 
to support use of ankle arthroscopy for ankle impingement 
according to a systematic review from 2009. According to a 
national database study, the frequency of ankle arthroscopy 
has increased from 2814 cases in 2007 to 3314 cases in 2011, 
the rate of increase being greater than that for shoulder, knee, 
and elbow arthroscopy. Some level IV studies have described 
arthroscopic debridement for persistent pain after supra-
malleolar osteotomy and ankle fracture and for rheumatoid 
arthritis.

 FIGURE 50.6 Establishment of anteromedial portal using 
18-gauge spinal needle. SEE TECHNIQUE 50.1.

 FIGURE 50.7 Anterolateral portal is made with blunt instru-
ment, followed by insertion of arthroscopic shaver. SEE TECHNIQUE 
50.1.

 

A B

FIGURE 50.8 A, Synovitis in lateral ankle. B, After debridement. SEE TECHNIQUE 50.1.
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OUTCOMES
Good clinical and radiographic outcomes after 
arthroscopic treatment of anterior ankle impingement are 
being reported. McCrum et al. noted significant improve-
ments on visual analog pain scores, AOFAS hindfoot 
scores, and range of motion in 29 National Football League 
players after anterior arthroscopic ankle debridement. In 
42 patients with a mean age of 32.6 years, the AOFAS score 
improved from 40.6 preoperatively to 82.6, 78.4, and 74.8 
at 2, 4, and 6 years postoperatively, respectively. A body 
mass index of greater than 26 and male sex were associated 
with worse outcomes. In a systematic review of 20 articles, 
Zwier et al. reported 74% to 100% good-to-excellent satis-
faction scores, with a low complication rate of 4.6%; major 
complications were 1.1%. Walsh et al. reported 5-year out-
comes in 46 patients with anterior impingement without 
ankle osteoarthritis. Limited improvement was noted in 
ankle dorsiflexion; however, functional outcome scores 
considerably improved, even though there was recurrence 
of radiographic osteophytes. 

POSTERIOR ANKLE IMPINGEMENT
Patients with posterior ankle impingement point to the back 
of the ankle as the area of pain and have tenderness in the 
deep posterior aspect of the ankle and pain with a forced plan-
tarflexion test (Fig. 50.11). Studies may show an os trigonum 
or hypertrophic posterior process of the talus, and patients 
obtain relief with a fluoroscopic-guided injection in the area.

OUTCOMES
Good and excellent outcomes have been reported in 91% to 
100% of patients with this procedure. Multiple level IV studies 
demonstrate the efficacy of this procedure for symptomatic 
os trigonum and bony impingement, flexor hallucis longus 
tenosynovitis, and for patients with both diagnoses. Posterior 
debridement enabled all 27 elite professional soccer players 
to return to training at an average of 5 weeks; it can result 
in significant reduction in pain. Outcomes after arthroscopic 
and open posterior debridement are similar, but earlier return 
to sports is possible with arthroscopic treatment, with lower 
complication rates. Complication rates range from 4% to 
20%; complications include neurologic symptoms of the tibial 
and sural nerves, infection, chronic regional pain syndrome, 
Achilles tightness, and wound problems.

A systematic review suggested a grade C recommenda-
tion (poor quality evidence) for arthroscopic treatment of pos-
terior ankle impingement, given the level of studies available 
in the literature. Georgiannos and Bisbinas compared open 
and arthroscopic excision of a symptomatic os trigonum for 
the treatment of posterior ankle impingement syndrome in 52 
athletes (26 in each group). The arthroscopic group had signifi-
cantly greater improvement in the AOFAS hindfoot score and 
in the mean time to return training and to sport engagement. 
The overall complication rate was also lower in the arthroscopic 
group. Carreira et al. prospectively followed 20 patients who had 
posterior arthroscopy for posterior impingement. The Tegner 
score remained the same, but the AOFAS hindfoot scores signifi-
cantly improved. Complications were minimal, although 15% of 
patients reported postoperative neuritis. Miyamoto et al. noted 
that this complication may be reduced by making the posterolat-
eral portal just lateral to the Achilles tendon and performing the 
procedure lateral to the flexor hallucis longus tendon. 

 

A B

FIGURE 50.9 A, Synovitis in medial ankle. B, After debridement. SEE TECHNIQUE 50.1.

 FIGURE 50.10 Noninvasive ankle distraction. SEE TECHNIQUE 
50.1.
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POSTERIOR DEBRIDEMENT FOR 
ANKLE IMPINGEMENT

 TECHNIQUE 50.2 

 n  Place the patient prone with the foot at the end of the 
bed and a support under the lower leg so that the foot 
hangs freely (Fig. 50.12A). Keeping the foot in neutral 
with respect to dorsiflexion/plantarflexion and varus/val-
gus is the safest position in which to avoid neurovascular 
damage.

 n  Make the posterolateral portal just superior to a line from 
the tip of the lateral malleolus to the Achilles tendon, 
just lateral to the tendon (Fig. 50.12B). Insert a hemostat 
through a small skin incision, aiming along a line directed 
to the first web space of the forefoot, until it hits bone 
(Fig. 50.12C).

 n  Make the posteromedial portal at the same level, just 
medial to the Achilles tendon, and insert a hemostat 
through the skin incision, directing it to contact the ar-
throscope at a 90-degree angle (Fig. 50.12D). Once the 
hemostat contacts the arthroscope, move it down the 
shaft until it hits bone and can be seen through the 
scope. If desired, use fluoroscopy to confirm appropriate 
placement.

 n  Place a shaver in this portal and remove the posterior 
subtalar capsule (Fig. 50.12E). Take care to stay lateral to 
the flexor hallucis longus tendon to avoid damage to the 
neurovascular bundle (see Fig. 50.12F).

 n  To remove the os trigonum, partially detach the posterior 
talofibular ligament and posterior talocalcaneal ligament 
and release the flexor retinaculum to expose the bone to 
be removed (Fig. 50.12G).

 n  If distraction is needed, a transcalcaneal traction pin can 
be hooked to a traction device.
  

ANTERIOR AND POSTERIOR IMPINGEMENT
If access to both anterior and posterior aspects of the joint 
is necessary, changing the setup to switch the patient from 
supine to prone can be cumbersome but can have good results. 
An alternative to this is to perform anterior ankle arthroscopy 
as described earlier, and then rotate the leg to place two pos-
teromedial portals, or to place the patient in the lateral posi-
tion for the posterior surgery and externally rotate the leg for 
the anterior surgery. Alternatively, posterior arthroscopy can 
be done with the patient prone, and the knee can be flexed 
to 90 degrees to access the anterior ankle arthroscopically. 
Song et  al. combined standard anteromedial and anterolat-
eral approaches with dual posterolateral approaches for ante-
rior and posterior ankle impingement. The technique proved 
to be safe and effective and avoided having to reposition the 
patient and redrape the limb. This significantly reduced their 
operating time as well. 

OSTEOCHONDRAL LESIONS OF THE TALUS
Osteochondral lesions of the talus can be treated arthroscopi-
cally, and the current grade of recommendation is grade B 
(fair evidence), according to the literature that is currently 
available. Ankle arthroscopy is performed as described ear-
lier; noninvasive distraction often is necessary to allow room 
for the instruments for subchondral penetration. Noninvasive 
distraction has been shown to increase arthroscopic visual-
ization in both anterior and posterior arthroscopy. Akoh et al. 
found that posterior arthroscopy improved the working space 
compared with anterior arthroscopy. However, a cadaver 
study by Phisitkul et  al. showed areas that are difficult to 
access in both approaches. The posterior third of the talus was 
not as accessible during anterior arthroscopy and the ante-
rior third was not as accessible during posterior arthroscopy. 
Ankle plantarflexion up to 30 degrees significantly improved 
access to the dome of the talus in anterior arthroscopy but 
dorsiflexion did not significantly improve accessibility in 
posterior arthroscopy. The frequencies of inaccessible areas 
were 55% for the posterior third during anterior arthroscopy 
and 83% for the anterior third in posterior arthroscopy, data 
suggesting that posterior lesions are best approached posteri-
orly and that lesions in the central third are best approached 
anteriorly.

Aside from the arthroscopic and positioning techniques 
used, the main determining factor in the treatment of osteo-
chondral lesions of the talus is lesion size. Smaller lesions 
(<1 cm3) for which conservative measures have failed can 
be treated with arthroscopic excision, curettage, and bone 
stimulating techniques, as opposed to large lesions that may 
require autologous osteochondral transplantation. MRI is 
frequently used in preoperative evaluation of lesions, but 
Yasui et al. cautioned that it can overestimate the size, and 
this should be a consideration when making treatment 
decisions.

 FIGURE 50.11 Forced plantarflexion test for diagnosis of poste-
rior ankle impingement.
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  FIGURE 50.12 Posterior debridement for ankle impingement. A, Patient positioning. B, Postero- 
lateral portal. C, Insertion of hemostat aimed along line directed to first web space. D, Insertion 
of arthroscope through posteromedial portal. E, Insertion of arthroscopic shaver. F, Identification 
of flexor hallucis longus. G, Exposure of os trigonum. SEE TECHNIQUE 50.2.
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As Ahmad et al. pointed out, treatment for small osteo-
chondral lesions is not without problems. Reported success 
rates are only around 46% to 86%. Van Eekeren et  al. per-
formed a 5- to 24-year follow-up study on 93 patients who 
had arthroscopic debridement and bone marrow stimula-
tion for osteochondral defects of the talus to determine how 
many had returned to their sport after treatment. They found 
that 76% had continued participating in sports; however, the 
activity level never returned to preinjury levels.

Curettage of osteochondral talar lesions leaves a void in 
cartilage that will fill with fibrocartilage if microfracture or 
drilling of the subchondral plate is done. However, fibrocar-
tilage is different from normal talar hyaline articular cartilage 
in that it is less yielding and its wear properties are worse. To 
solve this problem, tissue that is more similar to hyaline artic-
ular cartilage is being used. Ahmad et al. evaluated the use of 
allograft cartilage extracellular matrix after arthroscopic exci-
sion and microfracture in 30 patients, finding good results and 
decrease in pain. DeSandis et al. used juvenile articular carti-
lage allograft and autologous bone marrow aspirate, reporting 
improved functional outcome scores; however, they noticed 
that reparative tissue was still composed mostly of fibrocar-
tilage on radiographs and stated that long-term studies are 
necessary. D’Ambrosi et  al. reported that autologous bone 
graft and autologous matrix-induced chondrogenesis was 
safe and effective to use in young patients (<20 years). They 
noted a significant decrease in lesion size on imaging and an 
increase in outcome scores. Usuelli et al. had similar results in 
20 patients, and Lee et al. reported good clinical results even 
in the presence of a cyst. If primary bone marrow stimulation 
techniques fail, Georgiannos et  al. pointed out that osteo-
chondral transplantation can still be safely performed.

In larger talar lesions, allograft transplantation has shown 
utility in improving functional status and delaying or even 
avoiding the need for arthrodesis or total ankle arthroplasty. 
However, VanTienderen et al. reported clinical failure in 13%, 
the need for reoperation in 25%, and the need for revision 
surgery in 9%. Guney et  al. compared medium-term out-
comes between mosaicplasty and arthroscopic microfracture 
with and without platelet-rich plasma in 54 patients. All had 
good results, but mosaicplasty may be preferred in patients in 
whom pain control is important.

A more thorough discussion of osteochondral lesions of 
the talus is provided in Chapter 89. 

ANKLE FRACTURES
Arthroscopy can be used to assist with the reduction of frac-
tures of the ankle. A meta-analysis by Lee et  al. revealed 
that functional outcomes were better after arthroscopically 
assisted open reduction and internal fixation than conven-
tional open reduction in patients with ankle fractures. The 
most likely reason for this is that arthroscopy allows assess-
ment of fracture severity and treatment of concomitant 
intraarticular injuries, such as disruption of the syndesmo-
sis, ligament injury, and osteochondral lesions. Concomitant 
injuries have been reported in up to 80% of patients with 
ankle fractures. Chan et al. found that osteochondral lesions 
were present in 26% of Weber B fractures, 24% of Weber C 
fractures, and 20% of isolated medial malleolar fractures. Da 
Cunha et al. identified chondral lesions in 78% of 116 patients 
with acute ankle fracture and talar dome chondral lesions in 
43%. All patients with dislocations had a chondral lesion, and 

patients with complete syndesmosis disruption and instabil-
ity were more likely to have chondral injury. Patients younger 
than 30 were less likely to have a chondral injury.

Arthroscopic evaluation of the joint before fixation of an 
ankle fracture can detect chondral injuries and latent syndes-
mosis injuries. It has been found to be more sensitive than 
MRI and stress radiographs of the syndesmosis in detecting 
instability. A cadaver study showed that stress radiographs 
were inadequate in distinguishing between an intact ligament 
and a single disrupted ligament, whereas arthroscopy better 
demonstrated an isolated ligament disruption.

There is some controversy in the literature, however, as 
to whether treatment of these otherwise unknown patho-
logic processes can improve outcomes. In a systematic review 
of the English literature, Gonzalez et  al. found fair-quality 
evidence for use of ankle arthroscopy in detecting intraar-
ticular injuries; however, there was insufficient evidence for 
improvement of functional outcome, reduction in complica-
tion rates, or operative time. Fuchs et al. also found no sta-
tistically significant improvement in patients with unstable 
ankle fractures who had concomitant ankle arthroscopy but 
also found no increased complications. Average operative 
time was increased by only 15 minutes. There is a grade I 
(incomplete) recommendation for supplementing ankle frac-
ture fixation with arthroscopy.

Primary arthroscopic reduction of talar neck fractures 
has been reported. Wagener et  al. were able to achieve pri-
mary reduction in six of seven patients; one patient required 
removal of a fracture fragment through a small arthrotomy. 
Six of seven patients were pain free, and excellent func-
tional outcomes were achieved in five patients. However, two 
patients had restricted ankle motion, and a reduction in sub-
talar motion was noted in all patients.

In patients with chronic syndesmosis injuries, 
arthroscopic debridement of the associated intraarticular 
pathologic process can be done without screw fixation if there 
is no lateral displacement of the talus. Patients with chronic 
widening of the syndesmosis can benefit from arthroscopic 
debridement and percutaneous placement of screws across 
the syndesmosis after reduction.

TILLAUX FRACTURES
The goal of treatment in intraarticular Tillaux-Chaput frac-
tures is to reestablish alignment and stability. Internal fixation 
usually is performed open when fragment displacement is 
greater than 2 mm. Although traditional open reduction and 
internal fixation obtains excellent results in most patients, 
it requires a large incision, places blood supply at risk, and 
does not define any cartilage injury. Because of the anatomy 
of the ankle, the alignment of fracture fragments and articu-
lar surface cannot be seen during open reduction even with 
C-arm radiography, which can lead to malalignment and 
missed injuries to cartilage. Feng et al. examined an all-inside 
ankle arthroscopy for treatment of this injury in 19 patients 
and reported excellent results in 14 and good results in five. 
None of the patients had decreased ankle range of motion 
or pain at 12 to 25 months’ follow-up. To obtain compara-
ble results, they recommended that attention be directed at 
(1) preserving the integrity of the anterior tibiofibular liga-
ment, (2) preserving the periosteal fragment periosteum, (3) 
avoiding the epiphysis in children when inserting screws, and 
(4) removing all fragments or tissue. The authors recognized 
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their nonrandomized study design and small sample size as 
limitations and recommended future study of this technique. 

CALCANEAL FRACTURES
Recently, the sinus tarsi approach has been advocated in the 
treatment of intraarticular calcaneal fractures. Confirming 
adequate reduction of the posterior facet is challenging, how-
ever, because of the limited exposure due to the shape of the 
calcaneus. Subtalar arthroscopy has been used in extensile 
lateral approaches for intraarticular calcaneal fractures but 
not so much in the sinus tarsi approach. Park et  al. evalu-
ated whether arthroscopy combined with fluoroscopy would 
be more effective in restoring joint congruity than intraop-
erative fluoroscopy alone during a sinus tarsi approach for 
Sanders type 2 calcaneal fractures. They reported that this 
combined approach allowed better reduction of the posterior 
facet than fluoroscopy alone. Posterior facet reduction was 
graded as excellent or good in 95% of patients in the com-
bined approach, compared with 74% in the fluoroscopy-only 
approach (p < 0.04). 

ANKLE ARTHRODESIS
Arthrodesis of the ankle can be done arthroscopically, avoid-
ing large incisions in patients with a poor soft-tissue enve-
lope and minimal deformity. Once standard anterolateral 
and anteromedial portals have been established and non-
invasive distraction applied, curets and shavers are used to 
remove articular cartilage. An arthroscopic burr is then used 
to abrade the subchondral bone (Fig. 50.13). Complete joint 
preparation can be time consuming and tedious, but care 
should be taken to be thorough and complete. Percutaneous 
6.5-mm or 7.0-mm screws can be placed across the joint with 
the help of fluoroscopy (Fig. 50.14). Goetzmann et al. com-
pared fusion rates in patients who had two or three screws 
for fixation. Adding a third screw seemed to lower the risk of 
nonunion, and time to union was shorter.

Fusion rates are similar to those with open ankle arthrod-
esis, and some studies have reported shorter times to fusion 
and less morbidity. Quayle et al. compared 29 open with 50 
arthroscopic ankle arthrodeses to determine their ability to 
correct the deformity. Higher complication rates were noted 
in the open arthrodesis group (31%) compared with the 
arthroscopic group (8%). Also, a longer time to fusion and 
lower fusion rates occurred in the open ankle arthrodesis 
group. In another level III study, outcomes also were better 
in the arthroscopic arthrodesis group at 1 and 2 years, with 
shorter hospital stays. Results may be less optimal in patients 
with greater deformity, but ankle arthrodesis has been done 
in patients with more than 15 degrees of deformity with good 
results. In Quayle et al.’s study, most patients with severe defor-
mity (>10 degrees) had correction to within 5 degrees of neu-
tral, which was comparable to the open technique.

Although results are good from this procedure, the com-
plication rate has been reported to be as high as 55%, although 
most of these complications are minor. A systematic review of 
the literature showed complication rates of 0% to 23.8% after 
arthroscopic arthrodesis, which was lower than complications 
after open arthrodesis (6.7% to 47.1%). Quayle et al. also reported 
an 8% complication rate, and Jones et  al. reported no cases of  FIGURE 50.13 Ankle arthrodesis. Motorized burr used to 

remove thin layer of subchondral bone (≈2 mm).

 

A B

FIGURE 50.14 Fixation with two 6.5-mm cannulated screws.
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deep infection or other serious problems in 120 ankles after 
arthroscopic arthrodesis. They too noted a good or excellent result 
in these patients at 86 months’ follow-up. Park et al. noted higher 
clinical scores, less blood loss, shorter hospital stays, and fewer 
complications with arthroscopic arthrodesis compared with open 
arthrodesis, but union and reoperation rates were similar.

Vilá-Rico et  al. examined arthroscopic subtalar joint 
arthrodesis for posttraumatic arthritis after calcaneal frac-
tures in 37 patients. They reported a 16.2% complication rate 
(2.7% superficial wound infection, 5.4% symptomatic hard-
ware, and 8.1% nonunion), but AOFAS scores improved sig-
nificantly at final follow-up. They recommended arthroscopic 
subtalar arthrodesis because it preserves the soft-tissue enve-
lope. Arthroscopic ankle arthrodesis has also been deter-
mined to be safe and reliable with minimal complications for 
patients who have advanced symptomatic talar osteonecrosis.

A grade B recommendation (fair evidence) exists for 
arthroscopic arthrodesis of ankles without deformity of 
more than 15 degrees. There is incomplete evidence for its 
use in ankles with greater deformity. Regardless, care should 
be taken in patients who smoke or who have neuromuscular 
problems. Jain et al. emphasized smoking cessation in patients 
before arthroscopic arthrodesis because union can be signifi-
cantly delayed in these patients. They also suggested keeping 
patients with neuromuscular problems immobilized longer 
and using more rigid fixation to achieve better union rates. 

 

POSTERIOR ARTHROSCOPIC 
SUBTALAR ARTHRODESIS
 Devos Bevernage et al. performed the following arthrodesis 
technique in 41 subtalar joints with isolated subtalar arthri-
tis or talocalcaneal coalition without any major hindfoot 
arthritis. All but two joints fused at an average of 6.7 weeks. 
The mean AOFAS hindfoot score improved from 49 to 81 
points at latest follow-up (mean, 22 months). Two joints 
had nonunion and required a second procedure with bone 
grafting. Indications for this procedure included primary or 
posttraumatic arthritis, osteochondral lesions of the poste-
rior subtalar facet, symptomatic talocalcaneal synostosis or 
synchondrosis, inflammatory systemic diseases, and subtalar 
joint arthritis. Contraindications included posterior subtalar 
joint bone loss, lateral wall impingement, malrotation of 
the talus on the calcaneus, dislocation of the Chopart joint, 
active septic arthritis, and problems with prone positioning. 
Vilá-Rico reported early results (average of 12 weeks) after 
arthroscopic posterior arthrodesis in 65 patients. They noted 
a 95.4% union rate with improvement in AOFAS scores 
and a 12.3% complication rate, which included superficial 
wound infections, nonunion, and symptomatic hardware.

 TECHNIQUE 50.3 

(DEVOS-BEVERNAGE ET AL.)
 n  Place the patient prone on a radiolucent table, making 

sure the ankle is straight and perpendicular to the floor. 
Apply a tourniquet and place a support under the foot to 
allow free motion of the ankle.

 n  Identify the lateral malleolus and lateral border of the 
Achilles tendon, drawing a line between the two. Make 
a vertical stab incision proximal to this line (Fig. 50.15A). 
Direct a closed mosquito clamp anteriorly toward the first 
and second toes to the posterior aspect of the talus. Ex-
change the mosquito clamp for a 4.5-mm arthroscope 
with a blunt trocar (open the mosquito clamp during ex-
traction).

 n  Extend the line that was drawn earlier in a medial di-
rection to cross the Achilles tendon. Create the postero-
medial portal medial to the Achilles tendon at the same 
level as the posterolateral portal (Fig. 50.15B). Make a 
skin incision and insert a mosquito clamp directed toward 
the arthroscopic shaft. Using the shaft as a guide, travel 
anteriorly toward the ankle joint until it reaches bone. 
This avoids the neurovascular bundle. Exchange the tro-
car for a 4.0-mm 30-degree arthroscope. Exchange the 
mosquito clamp for a 5-mm full-radius shaver.

 n  With the shaver, remove tissue and part of the posterior 
joint capsule, looking for landmarks while moving from 
the posterolateral part of the subtalar joint toward the 
medially located flexor hallucis longus tendon. Remove 
the subtalar joint capsule to view the posterior compart-
ment of the subtalar joint and identify the posterior tibio-
fibular and talofibular ligaments. The posterior talofibular 
ligament can be removed for better visualization. Remove 
the os trigonum and osseous avulsions and reduce the 
posterolateral process as indicated. Release the flexor hal-
lucis longus tendon through its retinaculum (Fig. 50.15C).

 n  If a total synovectomy or capsulectomy of the posterior sub-
talar joint is performed, retain the intermalleolar ligament 
and the fibers of the posterior tibiofibular ligament to avoid 
debris entering the tibiotalar joint during debridement.

 n  Debride the subtalar articular surface with curets and 
full-radius 5-mm shaver to subchondral bleeding bone 
and perform microfracturing of the subchondral bone, 
using the interosseous talocalcaneal ligament in the si-
nus tarsi as the end point (Fig. 50.15D). To debride the 
anteromedial aspect of the posterior subtalar facet articu-
lar surface, an additional anterolateral portal in front of 
the lateral malleolus may be necessary. The middle and 
anterior subtalar articular surfaces are not approached. 
Devos-Bevernage et al. removed as much as possible of 
the middle facet. No invasive traction is necessary.

 n  If bone graft is to be used, apply it at this point and slightly 
impact the graft. Obtain subtalar joint fixation with two 
cannulated screws with the aid of fluoroscopy as follows: 
make an incision in the center of the heel (Fig. 50.15E). 
Position Kirschner wires from the posterior calcaneal tu-
berosity to the talar body and check mobility of the tib-
iotalar joint. Once positioned, close the skin to maintain 
reaming materials before drilling the screws. Check the 
screw positions fluoroscopically (Fig. 50.15F).

POSTOPERATIVE CARE Apply a short leg posterior 
splint to be worn for 10 days. At 2 weeks a non–weight- 
bearing cast is applied and worn for 4 weeks, after which 
time a removable boot is used for night and while walk-
ing. Flexion and extension exercises should be performed 
regularly, but rotatory movement is discouraged. Patients 
are allowed to bear weight after 8 weeks as tolerated.
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ANKLE INSTABILITY
Since concomitant intraarticular pathologic processes are 
often associated with chronic ankle instability, arthroscopy 
is recommended before open lateral ankle ligament surgery. 
Arthroscopic-assisted procedures for lateral ligament repair 
have been described. There is ongoing debate about whether 
arthroscopy should be routinely performed with lateral liga-
ment reconstruction. Yasui et  al. investigated reoperation 
rates and complications after ankle ligament reconstruc-
tion, with and without arthroscopic procedures, in 16,069 
patients. Ankle arthroscopy did not decrease the rate of reop-
erations required; however, there was a lower rate of ankle 
arthrodesis as a second procedure and lower complications 
in the patients who had arthroscopy. Based on their findings 
they recommended ankle arthroscopy for lateral ligament 
reconstruction.

Lopes et al. reported 286 patients undergoing arthroscopic 
ligament repair or reconstruction for chronic ankle insta-
bility. They noted significant improvements in AOFAS and 
Karlsson scores at a mean 10-month follow-up (range, 6 to 43 
months) in both. Neurologic complications occurred in 10% 
of patients (transient dysesthesia and neuroma), and cutane-
ous complications and infection in 4.2% that required surgi-
cal revision. The rate of cutaneous complications, however, 
was at least half that of open surgery. Although arthroscopic 
techniques appear reliable, the authors recommended further 
study to determine long-term outcomes.

Li et al. compared arthroscopic repair with open repair of 
the talofibular ligament in 60 patients. No significant differ-
ences were found between the two in AOFAS score, Karlsson 
Ankle Functional Score, and the Tegner activity score. They 
noted that arthroscopic anterior talofibular ligament repair 
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FIGURE 50.15 A, Mark tip of lateral malleolus and lateral border of Achilles tendon. While 
holding ankle in neutral, draw a line between these two landmarks. Make incision on lateral border 
of Achilles tendon, proximal to line. Orange oval indicates location of anterolateral portal. B, Postero-
medial portal made medial to Achilles tendon at same level as posterolateral portal. C, Tibiotalar and 
subtalar joints after removal of fatty tissue, part of posterior joint capsule, intermalleolar ligament, 
and posterolateral tubercle of talus (FHL, flexor hallucis longus). D, Debridement of posterior subtalar 
facet performed from posterior to anterior until interosseous talocalcaneal ligament is reached (black 
asterisk, interosseous talocalcaneal ligament; two white asterisks, full-radius shaver). E, Incision made 
in center of heel to allow placement of cannulated screws from posterior tuberosity of calcaneus to 
talar body. F, Subtalar joint arthrodesis with cannulated stabilization screws placed from posterior 
tuberosity of calcaneus to talar body.   (From Devos Bevernage B, Goubau L, Deleu PA, et al. Posterior 
arthroscopic subtalar arthrodesis, JBJS Essential Surg Tech 5[4]:e27, 2015.) SEE TECHNIQUE 50.3.
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provided favorable outcomes at rates similar to open repair. 
Two systematic reviews (Brown et al. and Guelfi et al.) and 
one study of 119 patients (Araoye et  al.) showed complica-
tion rates to be between 11.5% and 18%. Although short-
term outcomes were favorable, long-term data showing an 
advantage of arthroscopic technique over an open procedure 
were lacking. Two-stage arthroscopy was associated with sig-
nificantly higher complication rates compared with single-
stage arthroscopy, and higher complications were noted with 
suture anchor fixation (29%) compared with suture fixation 
(9%; Araoye et al.). The complication rate of arthroscopic lig-
ament repair or reconstruction is a concern; however, it did 
not seem to affect patient satisfaction in some studies.

Techniques for ligament repair are discussed in Chapter 90. 
Suture anchors are placed into the fibula arthroscopically, and an 
accessory anterolateral portal is used for passage of the sutures 
through the ligament and capsule. Although these procedures 
only correct laxity of the anterior tibiofibular ligament, good out-
comes have been reported with their use. All-inside arthroscopic 
techniques have been described as well for the Broström proce-
dure and lateral ligament reconstruction with gracilis autograft. 
A cadaver study showed no difference in the strength of the repair 
with open or arthroscopic Broström techniques. In a systematic 
review of level IV studies, all patients had subjective improve-
ment of instability with arthroscopic Broström techniques, but 
there was a 17% complication rate. Entrapment of the peroneus 
tertius, extensor tendons, and the superficial peroneal nerve can 
occur when tying sutures for the anterior talofibular ligament. 
Yeo et al. compared an open modified Broström procedure with 
an all-inside arthroscopic modified Broström in 48 patients to 
determine best clinical and radiographic outcomes. The AOFAS 
ankle-hindfoot score, visual analog scale, and Karlsson score 
were used to determine clinical outcomes at 6 weeks, 6 months, 
and 12 months postoperatively. Anterior talar translation and 
talar tilt were used to determine radiographic outcomes at 1 year 
postoperatively. No significant differences were noted between 
outcome scores, anterior talar translation, or talar tilt between 
the two groups. These authors emphasized that an all-inside 
arthroscopic modified Broström technique can be safely done 
in patients with lateral ankle instability. Yeo et  al. later evalu-
ated if generalized ligamentous laxity affected the results of an 
arthroscopic modified Broström procedure; they found it to be 
successful regardless of whether generalized ligamentous laxity 
was present. A study by Rigby and Cottom of 62 patients showed 
similar findings. The authors noted the added advantage of ear-
lier weight bearing in arthroscopically treated patients.

Anterolateral impingement is a less frequent finding in 
chronic lateral ankle instability. It can present with synovi-
tis and fibrosis; 12% of patients with chronic ankle instability 
have anterior bony impingement.

Thermal capsular shrinkage has been suggested to be 
helpful for ankle instability; however, there is sparse evidence 
in the orthopaedic literature that supports this intervention, 
leading to a grade C recommendation (poor evidence) for 
this procedure. 

OTHER INDICATIONS
SEPTIC ARTHRITIS

There is sparse literature regarding the use of arthroscopy 
for treatment of septic arthritis of the ankle. In one series 
of 78 infected joints that included five ankles, there was a 
91% cure rate. In another series of 89 infected joints, three 

of which were ankles, there were 61% good/excellent, 20% 
satisfactory, and 19% poor functional outcomes. There is a 
grade C (poor evidence) for the use of arthroscopy for this 
indication. 

ARTHROFIBROSIS
There are only small series (level IV studies) on the use of 
arthroscopy to treat arthrofibrosis of the ankle, most of which 
report promising results. There is, however, only a grade C 
recommendation (poor evidence) for the use of ankle arthros-
copy in the treatment of arthrofibrosis. 

SUBTALAR ARTHROSCOPY
Patients with sinus tarsi syndrome or subtalar synovitis local-
ize their pain to the lateral hindfoot and have tenderness at 
the subtalar joint on examination. As with ankle impinge-
ment, imaging studies may be negative and the diagnosis can 
be made with a subtalar injection that alleviates the patient’s 
symptoms. Subtalar arthroscopy, when done for therapeutic 
and not diagnostic purposes, has good or excellent results 
in 86% to 94% of patients, and 97% of patients are satisfied 
with the procedure. Arthroscopic debridement can be helpful 
for symptoms after calcaneal fractures, with 80% of patients 
experiencing considerable relief of pain and 82% satisfied with 
their outcomes. Subtalar arthroscopy can be used in conjunc-
tion with fluoroscopy for percutaneous reduction and fixa-
tion of calcaneal fractures. Arthrodesis of the subtalar joint 
can be performed through a lateral or posterior approach or a 
combined posterior and lateral approach. Complications are 
rare, and most commonly are neurologic complications that 
resolve over time, similar to those after ankle arthroscopy. 

 

SUBTALAR ARTHROSCOPY

 TECHNIQUE 50.4 

 n  The setup for subtalar arthroscopy is similar to that for 
ankle arthroscopy, with the operative extremity placed 
in a leg holder, the hip and knee flexed, and the foot 
hanging free. Alternatively, the patient can be placed in 
the lateral decubitus position with the foot hanging off a 
bump.

 n  After insufflation of the joint, establish the central portal 
and then the anterolateral portal by direct visualization 
using a spinal needle (Fig. 50.16).

 n  Often, visualization of the joint is difficult when the ar-
throscope first enters the joint because of the synovitis 
that fills the sinus tarsi (Fig. 50.17A). After triangulation 
to place portals, continue debridement until the joint can 
be visualized.

 n  Debride the anterior aspect of the posterior facet, includ-
ing the often attenuated interosseous talocalcaneal liga-
ment (Fig. 50.17B).

 n  Rotate the instruments to the lateral aspect of the pos-
terior facet, where debridement of synovitis often is nec-
essary (Fig. 50.18). Switch portals as needed for better 
access. Occasionally, a posterolateral portal is necessary 
for posterior access.
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FIGURE 50.16 Subtalar portals must be made carefully to avoid neurovascular injury. A, Antero-
lateral portal. B, Central portal. C, Posterolateral portal. SEE TECHNIQUE 50.4.
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FIGURE 50.17 Anterior subtalar debridement. SEE TECHNIQUE 50.4.

 n  The subtalar joint can also be approached through pos-
terior portals, similar to that described for posterior ankle 
arthroscopy. 

POSTOPERATIVE CARE Postoperative care is similar to 
that after ankle arthroscopy.
   

FIRST METATARSOPHALANGEAL 
JOINT ARTHROSCOPY
First metatarsophalangeal joint arthroscopy can be used to 
treat osteochondral lesions of the first metatarsal head (Fig. 
50.19), early osteophytosis, chondromalacia, loose bodies, 
arthrofibrosis, synovitis, and gouty arthritis. Arthroscopic 
or arthroscopic-assisted techniques have been described 
for first metatarsophalangeal joint arthrodesis, with a 
soft-tissue release for hallux valgus before a distal first 
metatarsal osteotomy. Significant improvement in pain 
and AOFAS hindfoot scores have also been reported in a 

small group of patients with hallux rigidus and early focal 
osteochondral lesions of the first metatarsophalangeal 
joint after arthroscopic microdrilling procedures (Kuyucu 
et al.).

A recent cadaver study evaluated the ability of arthros-
copy to visualize the articular surface of the metatarsopha-
langeal joint and found that a complete view of the proximal 
phalangeal base was achievable. Only 49% to 65% of the 
metatarsal head could be seen, but the authors stressed that 
this may have been due to their technique. 

 

FIRST METATARSOPHALANGEAL JOINT 
ARTHROSCOPY

 TECHNIQUE 50.5 

 n  Place the patient supine and place a finger trap on the 
hallux for distraction; suspend the foot from a tower such 
as those used for wrist arthroscopy (Fig. 50.20A).
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 n  Make portals on either side of the extensor hallucis longus 
tendon at the level of the joint (Fig. 50.20B).

 n  Use a 1.9-mm arthroscope and 2.0-mm shavers as needed.
Lesser metatarsophalangeal joint arthroscopy also has 

been described for synovectomy, arthroscopic-assisted 
plantar plate tenodesis, and interpositional arthroplasty for 
Freiberg infraction. A cadaver study confirmed the accuracy 
of arthroscopic evaluation of lesser metatarsophalangeal 
joints.

   

TENDOSCOPY/ENDOSCOPY OF 
TENDONS
Tendoscopy of the peroneal tendons (Fig. 50.21) and poste-
rior tibial tendons (Fig. 50.22) has been described and can be 
used for tenosynovectomy for tendinitis and groove deepen-
ing for peroneal dislocation. Posterior tibial tendoscopy also 
can be performed through a posterior approach. According 

to a systematic review, there was weak evidence (grade C) for 
use of tendoscopy of the Achilles tendon, flexor hallucis lon-
gus, and peroneal tendons, and insufficient evidence to sup-
port tendoscopy of the posterior tibial tendon, anterior tibial 
tendon, flexor digitorum longus, extensor hallucis longus, 
and extensor digitorum longus. However, more recent stud-
ies are demonstrating good outcomes. In an evidence-based 
update, Bernasconi et al. noted efficacy of tendoscopy in the 
treatment of chronic and acute tendon disorders in the ankle. 
Recently, Urguden et al. found tendoscopy useful in the diag-
nosis and treatment of peroneal tendon pathologies, with 
improvement in AOFAS scores seen at 2 years postoperatively 
in 20 ankles. Another study of 16 patients (level of evidence 
IV) showed improved pain and SF-36 scores at 26 months 
after tendoscopy treatment of stage II posterior tibial tendon 
dysfunction.

Tendoscopic calcaneoplasty with debridement of the 
retrocalcaneal space has good to excellent results in 80% to 
100% of patients. There have also been reports of tendoscopy 
to treat unicameral bone cysts of the calcaneus, talar cysts, 

 

BA

FIGURE 50.18 A, Synovitis in lateral aspect of posterior facet. B, After debridement. SEE TECH-
NIQUE 50.4.
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FIGURE 50.19 A, First metatarsophalangeal joint osteochondral lesion. B, After debridement 
and microfracture.
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calcaneofibular impingement after calcaneal fractures, and 
tarsal coalitions. These procedures can be helpful for condi-
tions around the Achilles tendon as well (Fig. 50.23). Opdam 
et  al. reported good functional outcomes of endoscopic 
release of the paratendon and transection of the plantaris ten-
don in 45 patients with mid-portion Achilles tendinopathy. 
One recurrence was noted in their study.

In the diagnosis of tendon disorders, tendoscopy may 
be a more sensitive diagnostic tool than MRI. Kennedy et al. 

found good correlation between tendoscopic findings and 
preoperative MRI findings in patients with peroneal tendon 
pathology, which supports the use of MRI when a peroneal 
tendon disorder is suspected. However, Gianakos et al. found 
MRI to be in agreement with tendoscopy findings in only 
eight of 12 patients.

In patients with gastrocnemius equinus deformity, endo-
scopic gastrocnemius recession is an effective procedure. It 
can be done open or endoscopically, although both procedures 
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FIGURE 50.20 A, Distraction of first metatarsophalangeal joint with sterile finger trap. B, 
Placement of dorsal medial and dorsal lateral portals. SEE TECHNIQUE 50.5.
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FIGURE 50.21 Peroneal tendoscopy. A, Portal placement approximately 4 cm apart. B, Peroneal 
brevis tendon (a) medial and deep to peroneus longus tendon (b) as seen from portal proximal 
to fibula.  (From Ferkel RD, Hommen JP: Arthroscopy of the ankle and foot. In Coughlin MJ, Mann RA, 
Saltzman CL, editors: Surgery of the foot and ankle, ed 8, Philadelphia, 2007, Elsevier.)

    

https://booksmedicos.org


PART XIV ARTHROSCOPY2568

have associated complications. Harris et al. assessed compli-
cations and compared endoscopic with open gastrocnemius 
recession in 74 patients (80 procedures: 41 open and 39 endo-
scopic). Overall postoperative complications occurred in 12 
of the 80 procedures (10 in the open group and one in the 
tendoscopic group). The 10 complications in the open group 

included scar pain, dehiscence, infection, calf abscess, and 
nerve injury. In the tendoscopic technique one dehiscence 
was noted. 

 

TENDOSCOPIC RECESSION OF THE 
GASTROCNEMIUS TENDON
Phisitkul et al. reported a tendoscopic gastrocnemius ten-
don recession technique, and in a separate prospective study 
of 320 patients found improvement in ankle dorsiflexion, 
pain, and validated outcome scores at 1-year follow-up. 
Active infection over the area or an earlier open gastroc-
nemius recession at the same level are contraindications 
to this technique. Both open and tendoscopic techniques 
are contraindicated in competitive athletes who require 
maximal push-off strength because ankle plantarflexion 
weakness can be expected after this technique. Poten-
tial complications with the tendoscopic technique include 
intraoperative bleeding, incomplete release of the tendon, 
and sural nerve neuralgia. In patients with a severe contrac-
ture, the ankle may not achieve 15 degrees of dorsiflexion 
even with complete release, and percutaneous lengthening 
may be required after the gastrocnemius release.

 FIGURE 50.22 Tendoscopy of posterior tibial tendon. Arthro-
scope is in distal portal, and shaver is in proximal portal in right 
ankle.  (From Ferkel RD, Hommen JP: Arthroscopy of the ankle and foot. 
In Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the foot and 
ankle, ed 8, Philadelphia, 2007, Elsevier.)
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FIGURE 50.23 A, Achilles tendoscopy portals. B, Excision of Haglund deformity with scope 
through medial portal and burr laterally.  (From Ferkel RD, Hommen JP: Arthroscopy of the ankle and 
foot. In Coughlin MJ, Mann RA, Saltzman CL, editors: Surgery of the foot and ankle, ed 8, Philadelphia, 
2007, Elsevier.)
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 TECHNIQUE 50.6 

 n  Position the patient supine or prone, depending on addi-
tional procedures required, and apply a thigh tourniquet. 
A standard 4-mm arthroscope is used without fluid irriga-
tion. Keep the ankle slightly dorsiflexed by leaning against 
the sole of the foot.

 n  Create a portal on the medial aspect of the calf, 2 cm 
distal to the distal aspect of the gastrocnemius muscle 
belly. This should be anterior to the medial edge of the 
gastrocnemius tendon. Puncture the crural fascia and di-
late it with a hemostat (Fig. 50.24A).

 n  Introduce a clear cannula and trocar from the medial 
portal and pass it deep to the crural fascia but superfi-
cial to the gastrocnemius tendon (Fig. 50.24B). Palpate 
the medial border of the gastrocnemius tendon with 
the trocar tip. The correct plane lies beneath the skin 
and subcutaneous tissue. The cannula should be pal-
pable.

 n  Advance the trocar laterally, relaxing the ankle in plan-
tarflexion for less resistance. When the plane is correct, 
the trocar can easily be swiveled sideways. The sural 
nerve, dorsal to the cannula, may be palpable in some 
patients.

 

A B C

D E F

G H

FIGURE 50.24 A, Hemostat used to dilate crural fascia from medial portal. B, Clear cannula and 
trocar introduced while ankle held in dorsiflexion. C, A 30-degree 4-mm arthroscopic introduced from 
medial portal. D, Cannula inserted dorsal to crural fascia. E, Plane finder used to dissect between gastroc-
nemius tendon and crural fascia. F, Release of gastrocnemius tendon from midline laterally. G, Soleus 
muscle shown from lateral portal after completion of gastrocnemius recession. H, Ankle dorsiflexion 
improved to 15 degrees from 5 degrees of equinus preoperatively.  (From Phisitkul P, Barg A, Amendola 
A: Endoscopic recession of gastrocnemius tendon, Foot Ankle Int 38:4567, 2017.) SEE TECHNIQUE 50.6.
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 n  Create a lateral portal with an inside-out technique. Pass 
the cannula into the lateral portal. Keeping the open slot 
directed anteriorly, remove the trocar and clean the can-
nula.

 n  Insert a 4-mm 30-degree arthroscope (Fig. 50.24C) for 
direct visualization of the gastrocnemius tendon and its 
fibers. If the cannula is positioned too anteriorly into 
the soleus muscle, withdraw it until its tip is correctly 
placed. Advance the cannula through the lateral por-
tal. Take care that it is not dorsal to the crural fascia 
(Fig. 50.24D) because this will risk injury to the lesser 
saphenous vein and sural nerve. If the cannula is dorsal 
to the crural fascia, introduce a plane finder into the 
lateral portal and use the beveled tip to puncture the 
crural fascia laterally. Then under direct visualization, 
advance the plane finder between the gastrocnemius 
tendon and the crural fascia (Fig. 50.24E). The plane 
finder is then used as a switching-stick for reinserting 
the cannula from the medial portal into the correct 
plane.

 n  Hold the ankle in dorsiflexion. With a retrograde knife 
inserted through the lateral portal, release the gastroc-
nemius tendon from its midline to its lateral border (Fig. 
50.24F). For a partial release, leave 1 to 2 cm of the ten-
don intact.

 n  Switch the arthroscope to the lateral portal and insert the 
retrograde knife through the medial portal. Release the 
gastrocnemius tendon from the midline toward the me-
dial edge (Fig. 50.24G). Move the ankle into 15 degrees 
of dorsiflexion (Fig. 50.24H). For additional anterior reach, 
a curved knife may be used. Close the portals with sutures 
or Steri-Strips. 

POSTOPERATIVE CARE After gastrocnemius tendon re-
lease without additional procedures, the ankle is immo-
bilized in a boot day and night, but patients may start 
bearing weight immediately after surgery. Gentle ankle 
motion out of the boot should be performed several times 
a day. Sutures are removed at 2 weeks, and the patient is 
encouraged to ambulate in the boot and to wear a splint 
at night. At 4 to 6 weeks, patients may wean from the 
boot, and a compressive stocking can be used to control 
swelling. Ankle strengthening exercises are begun at 6 
weeks for 12 weeks. If additional procedures were per-
formed, postoperative care must take these into account.
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ARTHROSCOPY OF THE LOWER EXTREMITY
Barry B. Phillips, Marc J. Mihalko

CHAPTER 51

KNEE
The knee is the joint in which arthroscopy has its greatest 
diagnostic and intraarticular surgical application. The useful-
ness of arthroscopic techniques in diagnosis and treatment of 
intraarticular pathology has been well documented.

Arthroscopy should be considered a diagnostic aid used in 
conjunction with a good history, complete physical examina-
tion, and appropriate radiographs. It should serve as an adjunct 
to, not as a replacement for, a thorough clinical evaluation. 
With increased proficiency in examination of extremities and 
more accurate adjuvant tests, including MRI, we rarely, if ever, 
perform simple “diagnostic arthroscopy.” Surgical alternatives 
are discussed thoroughly with the patient before the proce-
dure, and the definitive surgical procedure is performed at 
the time of a thorough arthroscopic examination. The general 
principles, instrumentation, indications, contraindications, 
and complications of arthroscopy are discussed in Chapter 49.

BASIC DIAGNOSTIC TECHNIQUES
GENERAL PRINCIPLES

Arthroscopy of the knee can be done as the essential initial 
step before proceeding to operative arthroscopy or before an 
open arthrotomy. Anesthesia can be local, regional block, or 
general. If the procedure is uncomplicated and of short dura-
tion, it can be done using a regional block local anesthesia 
in cooperative patients, especially if the surgeon is expe-
rienced in arthroscopy. If local anesthesia is to be used, we 
prefer intravenous sedation for portal injection with 1% lido-
caine and an intraarticular bolus of 30 mL of bupivacaine 
and 15 mL of lidocaine 20 minutes before starting the pro-
cedure. Diagnostic arthroscopy before arthrotomy or major 
intraarticular surgery generally is best done with the patient 

under general anesthesia, unless this type of anesthesia is 
contraindicated.

The procedure is performed in the operating room under 
strict sterile conditions. The seriousness of this surgical pro-
cedure must not be minimized. Although complications such 
as infection are infrequent (<1%), carelessness in surgical 
scrubbing, preparation, or draping or careless handling of the 
irrigating solutions, arthroscopes, and instruments can result 
in intraarticular infections just as devastating as those after 
arthrotomy. Sterilization of arthroscopy equipment and use 
of waterproof arthroscopy gowns and drapes are essential. 
Sealing the extremity proximal and distal to the arthroscopy 
site and use of a durable skin preparation (DuraPrep, 3M 
Healthcare, St. Paul, MN) and iodine-impregnated drape at 
the surgical site can help to minimize infections.

The scrub nurse uses a large table for instruments. This is 
positioned for the nurse’s convenience, usually on the same 
side as the knee having surgery. A Mayo stand is placed over 
the operating table at the upper part of the patient’s thighs, 
and the more commonly used instruments are placed on it. 
Power cords and light cables are attached to the appropriate 
sources and are placed on a side table. Irrigation bags are sus-
pended from an intravenous stand at the head of the table and 
are raised 3 to 4 feet above the level of the patient. The use 
of an arthroscopic pump for inflow through the arthroscope 
sheath or a separate sheath helps keep flow and pressure con-
stant. The pump may eliminate the need for a tourniquet, 
making arthroscopy using local anesthesia feasible.

A tourniquet is placed around the thigh but is not inflated 
in diagnostic arthroscopy unless troublesome bleeding occurs. 
Inflation of the tourniquet blanches the synovium and other 
vascularized tissue and makes diagnostic evaluation of these 
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structures more difficult. Meniscal vascularity and healing 
potential should be evaluated with the tourniquet deflated and 
the intraarticular hydrostatic pressure low. The tourniquet usu-
ally is inflated after exsanguination of the limb in acute trau-
matic disorders, or if the surgeon anticipates anything other 
than the simplest intraarticular surgical procedure. Tourniquet 
time should be minimized and not exceed 90 minutes for rou-
tine procedures to prevent possible deep vein thrombosis. For 
major complicated procedures, tourniquet times of up to 2 
hours can be used, but times longer than this should be avoided 
to prevent ischemic neurovascular changes.

Stressing the knee to open up the various compartments 
is necessary for diagnostic or operative procedures. This can 
be accomplished by using a padded lateral post or a com-
mercial leg-holding device. The use of a padded lateral post 
attached to the edge of the operating table can be effective for 
valgus stressing in or near full extension, but it does not con-
trol rotation. The commercial thigh holders are most effec-
tive, but some of their potential dangers must be kept in mind. 

PATIENT POSITIONING
When the patient is anesthetized, and a tourniquet and leg 
holder are applied if desired, the limb from the ankle to the 
tourniquet is thoroughly scrubbed and surgically prepared, 
just as for an open arthrotomy. Excellent commercial arthros-
copy draping systems are available that isolate the foot and 
lower leg and the distal thigh just below the tourniquet and 
leg holder (Fig. 51.1). Waterproof gowns also are imperative 
for the surgeon and assistant to prevent contamination.

The patient can be placed supine with the prepared and 
draped limb angled off the lateral aspect of the table. The use of 
a leg holder or a lateral post allows the surgeon to stand on the 
inside of the abducted leg, placing the patient’s foot and ankle 
on the surgeon’s hip and iliac crest area. Placing the surgeon’s 

outside foot on a small platform often helps maintain the 
patient’s foot in the correct position. This position frees both 
of the surgeon’s hands, and the surgeon can stress the leg into 
valgus by simply leaning against the leg in the leg holder. This 
maneuver opens up the medial compartment for examination 
and probing. When the patient is supine, examination of the 
lateral compartment requires the assistant to hold the leg in a 
figure-four position. The table-flat position can be used with the 
surgeon and assistant standing at the side of the table (Fig. 51.2).

The patient also can be placed supine on a standard oper-
ating table with the knee joint positioned slightly past the dis-
tal break point of the table. The end of the table is dropped 
so that both limbs dangle at 90 degrees. The opposite limb 
should be well padded to prevent potential pressure prob-
lems. Flexing the middle of the table and placing a padded 
bolster also flexes the hips to take the stretch off the femoral 
nerve and simultaneously flattens the lumbar spine. The use 
of a well-leg support for the uninvolved limb is another excel-
lent technique. With either technique, it is recommended to 
wrap the uninvolved extremity with an elastic wrap or to use 
an elastic stocking to minimize venostasis (Fig. 51.3). 

PORTAL PLACEMENT
Among the keys to success in arthroscopy are adequate light 
and distention of the joint and precise localization of the por-
tals of entry for the arthroscope and accessory instruments. 
Without adequate illumination, clear vision is impossible; 
without adequate distention of the joint, the fat pad, synovium, 
and other soft tissues obliterate the view; and without precise 
location of the portals of entry, one would be unable to see ade-
quately or to maneuver within all parts of the joint. Attempts 
to force a poorly placed arthroscope or instrument can result 
in articular scuffing, instrument damage, and other problems. 
Adequate illumination is ensured by proper care of the arthro-
scope and fiberoptic light cables, changing the light source bulbs 
when required, cleansing the arthroscope lens of film from fre-
quent disinfectant soakings, and maintaining a clear irrigation 
medium. Any damage to the arthroscope tip, whether from 
motorized instrumentation or careless handling, can result in 
uneven light regulation and inability to focus the arthroscope 
properly. Precise entry portal location can be ensured best by 

 FIGURE 51.1 Waterproof outer drape with central rubberized 
opening seals unsterile proximal thigh from operative field.

 FIGURE 51.2 Technique of table-flat position. Surgeon and 
assistant stand at side of table.
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carefully drawing the joint lines and soft-tissue and bony land-
marks with a skin-marking pen before joint distention. All 
standard and optional portals are marked. Typically, the out-
lines of the patella and patellar tendon are drawn, medial and 
lateral joint lines are palpated with the fingertip and drawn, and 
the posterior contours of the medial and lateral femoral con-
dyles are marked. The surgeon should recheck these outlines 
after distention to ensure proper placement.

When the portals are carefully marked, a small outflow, 
needle-type cannula can be placed superomedially or supero-
laterally with inflow through the arthroscope. This generally is 
necessary for large procedures, such as anterior cruciate liga-
ment reconstruction when hemarthrosis is present. For smaller 
procedures, such as a meniscectomy, an outflow cannula might 
not always be necessary. Avoiding going through the vastus 
medialis obliquus may help to accelerate rehabilitation.

STANDARD PORTALS
The standard portals for diagnostic arthroscopy are the 
anterolateral, anteromedial, posteromedial, and superolateral 
(Fig. 51.4).

Anterolateral Portal. If allowed only one approach for 
diagnostic arthroscopy of the knee joint, most arthroscopic 
surgeons would choose the anterolateral portal. With the use 
of a 4-mm-diameter, 30-degree oblique forelens arthroscope 
through the anterolateral portal, almost all of the structures 
within the knee joint can be seen. Through this portal, the 
posterior cruciate ligament (PCL), the anterior portion of the 
lateral meniscus, and, in tight knees, the periphery of the poste-
rior horn of the medial meniscus cannot be viewed adequately, 
however. This portal is located approximately 1 cm above the 
lateral joint line and approximately 1 cm lateral to the margin of 
the patellar tendon. Palpation of the inferior pole of the patella 
helps to ensure that the anterior portals are not placed too high; 
the portal should be approximately 1 cm inferior to the patella. 
If the portal is placed too near the joint line, the anterior horn 
of the lateral meniscus can be lacerated or otherwise dam-
aged. Also, an arthroscope inserted through such a portal can 
pass either through or beneath the anterior horn of the lateral 

meniscus, resulting in damage to the anterior horn or difficulty 
in maneuvering the arthroscope within the joint because it is 
bound down by the overlying meniscus. A portal placement 
too superior to the joint line allows the arthroscope to enter 
the space between the femoral and tibial condyles and prevents 
viewing of the posterior horns of the menisci and other poste-
rior structures (Fig. 51.5). An arthroscope placed immediately 

 FIGURE 51.3 Placement of lateral post and taping of saline 
bag to table allow ease of leg positioning and full range of motion 
during ligament reconstruction.

 FIGURE 51.4 Landmarks drawn on knee before distention.

 

A

B

FIGURE 51.5 Placement of anterolateral portal. Arthroscope 
introduced through portal placed high above joint line (A) has 
advantages of avoiding fat pad and being easy to manipulate. 
It is difficult to reach posterior aspect of joint, however, where 
most meniscal pathology is located. With low portal placement 
(B), posterior access is easier because femoral condyle does not get 
in the way, but instrumentation through fat pad is more difficult. 
Compromise should be made depending on location of intraar-
ticular pathology and tightness of joint.
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adjacent to the edge of the patellar tendon can penetrate the 
fat pad, causing difficulty in viewing and in maneuvering the 
arthroscope within the joint. 

Anteromedial Portal. The anteromedial portal is most 
commonly used for additional viewing of the lateral compart-
ment and for insertion of a probe for palpation of the medial 
and lateral compartment structures. This portal is located 
similarly to the anterolateral portal: 1 cm above the medial 
joint line, 1 cm inferior to the tip of the patella, and 1 cm 
medial to the edge of the patellar tendon. Precise placement 
can be confirmed by using a percutaneous spinal needle visu-
alized from the anterolateral portal. A no. 11 blade with the 
cutting edge pointed away from the meniscus is visualized 
while making the portal. 

Posteromedial Portal. The posteromedial portal is 
located in a small triangular soft spot formed by the postero-
medial edge of the femoral condyle and the posteromedial 
edge of the tibia. Before distention of the joint, this small tri-
angle can be palpated easily with the knee flexed to 90 degrees. 
The landmarks should be drawn on the skin before beginning 
the diagnostic arthroscopy. The posteromedial compartment 
is small, but any arthroscope can be inserted into it with 
proper care and technique. In this portal, a 30-degree angled 
arthroscope offers optimal viewing of all the structures in 
the posteromedial compartment. Three guidelines aid in the 
establishment of this portal: (1) the knee must be maximally 
distended with irrigating solution so that the posteromedial 
compartment balloons out like a bubble when the knee is 
flexed to 90 degrees; (2) the knee must be flexed as close to 
90 degrees as possible; and (3) the bony landmarks must be 
drawn before the joint is distended. The location of the por-
tals should be approximately 1 cm above the posteromedial 
joint line and approximately 1 cm posterior to the postero-
medial margin of the femoral condyle. This portal is useful for 
repair or removal of displaced posterior horn meniscal tears 
and for removal of posterior loose bodies that cannot be dis-
placed into the medial compartment and removed through 
an anterior portal. It is always used in PCL reconstruction. 

Superolateral Portal. The superolateral portal is most 
useful diagnostically for viewing the dynamics of the patello-
femoral articulation. It also is the best approach for visualiza-
tion of the patellar tendon using a 70-degree scope. This portal 
is located just lateral to the quadriceps tendon and about 2.5 
cm superior to the superolateral corner of the patella. With 
the arthroscope in this portal, the patellofemoral joint can be 
viewed with a 30- or 70-degree arthroscope, allowing evalu-
ation of patellar tracking, patellar congruity, and lateral over-
hang of the patella as the knee is carried from extension into 
varying degrees of flexion. 

OPTIONAL PORTALS
Posterolateral Portal. The knee should be flexed to 90 

degrees, and the joint should be maximally distended. The 
landmark for the posterolateral portal is at the point where 
a line drawn along the posterior margin of the femoral shaft 
intersects a line drawn along the posterior aspect of the fib-
ula. This is about 2 cm above the posterolateral joint line at 
the posterior edge of the iliotibial band and the anterior edge 
of the biceps femoris tendon. A 6-mm skin incision is made, 
and the distended posterior capsule is penetrated using the 
arthroscope sheath and a sharp trocar. The posterior edge of 
the femoral condyle is palpated with a trocar, slipping off the 

posterior condyle parallel to it. Directed slightly inferiorly, 
the sheath enters the posterolateral compartment. Care must 
be taken not to damage the articular surface of the posterior 
femoral condyle with this maneuver. Also, plunging in with a 
sharp trocar through the capsule and into the popliteal space 
must be avoided for fear of damaging neurovascular struc-
tures. The outflow of irrigation solution on removal of the 
sharp trocar confirms entry into the joint. This portal is use-
ful for assisting with repair of lateral meniscal tears. 

Proximal Midpatellar Medial and Lateral Portals. The 
optional midpatellar portal designations should not be 
confused with a central transpatellar tendon portal. These 
optional portals were described to improve the viewing of the 
anterior compartment structures, the lateral meniscocapsular 
structures, and the popliteus tunnel and to minimize acces-
sory instrument crowding with the arthroscope during pro-
cedures requiring triangulation of several instruments into 
these compartments. Viewing of the posterior horns of the 
menisci and the tibial attachment of the PCL may be difficult 
through these portals.

These portals are located just off the medial and lateral 
edges of the midpatella at the broadest portion of the patella. 
The selection of the site is crucial. A site that is too far supe-
rior or inferior can jeopardize proper viewing. A 30-degree 
oblique arthroscope is ideal here. These are our preferred 
accessory portals for anterior compartment procedures. 

Accessory Far Medial and Lateral Portals. These infe-
rior optional portals often are used for triangulation of acces-
sory instruments into the knee during operative arthroscopic 
procedures. They are located approximately 2.5 cm medial or 
lateral to the standard anteromedial and anterolateral portals. 
Medially, these portals are near the anterior edge of the medial 
collateral ligament; laterally, they should be well anterior to 
the lateral collateral ligament and popliteus tendon. An excel-
lent technique is to insert a spinal needle through the skin 
and capsule and into the compartment under direct vision 
with the arthroscope. The needle should enter the joint above 
the superior surface of the meniscus, which would allow pas-
sage to its desired location. After the needle is directed to the 
desired location within the joint, the accessory instrument 
can be passed to this location with ease. If the needle cannot 
pass to the desired location, its point of entry is adjusted care-
fully before the portal incision is made. The margin for error 
is less through these accessory medial and lateral portals; the 
meniscus or the collateral ligament can be lacerated, or the 
articular margin of the femoral condyle can be damaged. 

Central Transpatellar Tendon (Gillquist) Portal. The 
central transpatellar tendon portal is located approximately 
1 cm inferior to the lower pole of the patella in the midline 
of the joint through the patellar tendon. With the patella 
in higher or lower locations than normal, or if the patellar 
tendon is located entirely lateral to the midline of the joint, 
adjustments in portal location must be made. We find this 
portal most helpful in anterior cruciate ligament reconstruc-
tion procedures after graft harvest has been completed, avoid-
ing tendon damage.

If a transpatellar tendon portal is necessary for poste-
rior compartment evaluation or anterior compartment tri-
angulation, it is made with the knee in 90 degrees of flexion 
to keep the tendon under tension. A 6- to 7-mm vertical 
incision is made sharply with a no. 11 blade through the 
skin and subcutaneous tissues and the patellar tendon, 
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approximately 1 cm from the inferior pole of the patella. In 
the case of fixation of osteochondritis dissecans fragments, 
in which a more distal portal might be necessary, a spinal 
needle should be used to localize the portal before making 
an incision. We do not advocate routine use of this portal 
because of patellar tendon damage from the incision and 
instrumentation through the tendon. In certain cases, this 
portal would allow better instrumentation of an anterior 
articular joint surface and can complement the standard 
arthroscopic portals. 

INSERTION OF SCOPE
If the tourniquet is not to be inflated unless troublesome 
bleeding occurs, the portal sites should be infiltrated with 4 
to 5 mL of a local anesthetic agent mixed with epinephrine, 
which reduces bleeding and postoperative pain. The use of 
more than 4 to 5 mL is not advised because a larger bolus, 
especially in the anterolateral and anteromedial portals, can 
distend the fat pads sufficiently to make viewing difficult. If 
inflation of the tourniquet is planned, the portals usually are 
not infiltrated. 

ARTHROSCOPIC EXAMINATION OF THE 
KNEE
The key to successful, accurate, and complete diagnosis of 
lesions within the knee joint is a systematic approach to view-
ing. A methodical sequence of examination should be devel-
oped, progressing from one compartment to another and 
systematically carrying out this sequence in every knee. The 
exact sequence is not crucial, but it is important to develop 
the habit of following it every time. Failure to do so could 
compromise diagnostic accuracy and completeness.

The knee should be divided routinely into the following 
compartments for arthroscopic examination (Fig. 51.6):
 1.  Suprapatellar pouch and patellofemoral joint
 2.  Medial gutter
 3.  Medial compartment
 4.  Intercondylar notch
 5.  Posteromedial compartment
 6.  Lateral compartment
 7.  Lateral gutter and posterolateral compartment

The posteromedial compartment can be examined by 
passing the scope posteriorly through the intercondylar notch 
or through a separate posteromedial portal. The posterolat-
eral compartment usually can be examined adequately from 
an anterior portal, but if this compartment is incompletely 
viewed, a direct posterolateral portal should be chosen. 

ARTHROSCOPIC SURGERY OF THE 
MENISCUS

CLASSIFICATION OF MENISCAL TEARS
Classification of the types of meniscal tears encountered dur-
ing diagnostic arthroscopy of the knee is essential in planning 
the subsequent arthroscopic resection or repair. Although 
numerous classifications of meniscal tears have been 
described, that of O’Connor has proved useful: (1) longitu-
dinal tears; (2) horizontal tears; (3) oblique tears; (4) radial 
tears (Fig. 51.7); and (5) variations, which include flap tears, 
complex tears, and degenerative meniscal tears.
Longitudinal tears most commonly occur as a result of trauma 

to a reasonably normal meniscus. The tear usually is ver-
tically oriented and may extend completely through the 

thickness of the meniscus or may extend only partially 
or incompletely through it. The tear is oriented parallel 
to the edge of the meniscus; if the tear is complete, a dis-
placeable inner fragment frequently is produced. When 
the inner fragment displaces over into the intercondy-
lar notch, it commonly is referred to as a bucket-handle 
tear (Fig. 51.8). If the tear is near the meniscocapsular 
attachment of the meniscus, it commonly is referred to 
as a peripheral tear. A peripheral vertical tear in zone I, 
referred to as a red-red tear, and a tear between zone I and 
II, referred to as a red-white tear, are in the vascularized 
portion of the meniscus (Fig. 51.9). These peripheral tears 
should be repaired when feasible.

Horizontal tears tend to be more common in older patients, 
with the horizontal cleavage plane occurring from shear, 
which divides the superior and inferior surfaces of the 
meniscus. These are more commonly seen in the poste-
rior half of the medial meniscus or the midsegment of the 
lateral meniscus. Many flap tears and complex tears begin 
with a horizontal cleavage component.

Oblique tears are full-thickness tears running obliquely from 
the inner edge of the meniscus out into the body of the 
meniscus. If the base of the tear is posterior, it is referred 
to as a posterior oblique tear; the base of an anterior 
oblique tear is in the anterior horn of the meniscus (Fig. 
51.10).

Radial tears, similar to oblique tears, are vertically oriented, 
extending from the inner edge of the meniscus toward its 
periphery, and can be complete or incomplete, depending 
on the extent of involvement. These probably are similar 
in pathogenesis to oblique tears (Fig. 51.11). Tears poste-
rior to the popliteal tendon may heal on their own or with 
local stimulation techniques (Fig. 51.12).

The possible variations include flap tears, complex tears, and 
degenerative meniscal tears. Flap tears are similar to 
oblique tears but usually have a horizontal cleavage ele-
ment rather than being purely vertical in orientation. 
Tears containing a horizontal element often are referred 
to as superior or inferior flap tears, depending on where 
the flap is based on the surface of the meniscus.

Complex tears may contain elements of all of the just-men-
tioned types of tears and are more common in chronic 
meniscal lesions or in older degenerative menisci. These 
generally are caused by chronic, long-standing, altered 
mechanics of the meniscus, and the initial tear occurring 
in the meniscus may not be identifiable after several dif-
ferent planes of tearing have resulted.

Degenerative tears often refer to complex tears. These present 
with marked irregularity and complex tearing within the 
meniscus. These are most often seen in older patients. 

TYPES OF MENISCAL EXCISIONS
O’Connor separated meniscal excisions into three categories 
depending on the amount of meniscal tissue to be removed 
(Fig. 51.13).

PARTIAL MENISCECTOMY
In this type of meniscal excision, only the loose, unstable 
meniscal fragments are excised, such as the displaceable inner 
edge in bucket-handle tears, the flaps in flap tears, or the flaps 
in oblique tears. In partial meniscectomies, a stable and bal-
anced peripheral rim of healthy meniscal tissue is preserved. 
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FIGURE 51.6 A, Suprapatellar pouch with view of undersurface of articularis genu. B, Tangen-
tial view of patellofemoral articulation. C, Normal medial parapatellar plica. D, Posteromedial 
compartment is seen by passing arthroscope through intercondylar notch after viewing medial 
compartment. E, Posteromedial compartment is seen through posteromedial portal, which is made 
after completion of routine examination if complete posteromedial view is unsatisfactory. F, Medial 
meniscus and medial compartment. G, Cruciate ligaments with fatty synovium covering posterior 
cruciate ligament. H, View of lateral meniscus and lateral compartment. I, View of posterior horn 
of lateral meniscus and popliteal tendon through hiatus. J, Posterolateral view of knee with arthro-
scope in anterolateral portal showing popliteal tendon insertion into femur in popliteal hiatus.
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FIGURE 51.7 Four basic patterns of meniscal tears: 1, longi-
tudinal; 2, horizontal; 3, oblique; and 4, radial.

 FIGURE 51.8 Bucket-handle tear, displaced centrally.

 

0 IIIIII III II I 0

Anterior

Posterior
A

B

C D

E

F 

Medial Lateral

FIGURE 51.9 Zone classification of meniscus (modified from 
Cooper et al.). Most anterior zone of medial meniscus is labeled 
C, whereas most anterior zone of lateral meniscus is labeled D. 0 
is meniscosynovial junction; I is outer third, II is middle third, and 
III is inner third of each meniscus.

 

A

B

FIGURE 51.10 Diagram of posterior oblique (A) and anterior 
oblique (B) tears.
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FIGURE 51.11 Radial tears: incomplete radial tear involves part 
of width of meniscus (A); complete radial tear extends to periphery 
(B); and incomplete tear, called “parrot beak tear,” extends poste-
riorly or anteriorly (C).

 FIGURE 51.12 Healed posterior horn lateral meniscus.
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SUBTOTAL MENISCECTOMY
In this type of meniscectomy, the type and extent of the tear 
require excision of a portion of the peripheral rim of the 
meniscus. This is most commonly required in complex or 
degenerative tears of the posterior horn of either menis-
cus. Resection of the involved portion by necessity extends 
out to and includes the peripheral rim of the meniscus. It is 
termed subtotal because in most cases most of the anterior 
horn and a portion of the middle third of the meniscus are 
not resected. 

GENERAL PRINCIPLES
 n  Preserve functional meniscus; resect and contour the 

damaged tissue.
 n  When possible, repair horizontal tears in the vascular zone 

and longitudinal and radial tears in young patients.
 n  Repair the meniscus to protect the cartilage; protect the 

cartilage to repair the meniscus.
 n  Release the superficial medial collateral ligament with a 

spinal needle to allow joint opening and prevent articular 
damage when necessary to repair.

 n  Finally, check for a hypermobile lateral meniscus and any 
of the “3 Rs”: rips, ramps, and roots. Wrisberg rips are tears 
of the attachment over the popliteus tendon that allows 
displacement of the lateral meniscus. A ramp lesion is a 
peripheral, posterior horn, medial meniscal tear associated 
with the pivot shift from an acute ACL tear. A posterior 
root tear must be identified and repaired in non-arthritic 
knees to prevent cartilage overload and degeneration.

 n  For partial meniscectomy use instrumentation in the 
ipsilateral portal with a straight or 15-degree up-curve 
instrument. For anterior tears, use curved or side-cutting 
instruments from the contralateral portal. Repairs are best 
performed outside-in for anterior tears and all-inside or 
inside-out for posterior tears, preferably from a contra-
lateral portal to direct needles away from neurovascular 
structures. 

SURGERY FOR SPECIFIC MENISCAL TEARS
As discussed earlier, tears of the menisci can be (1) lon-
gitudinal, either intrameniscal or peripheral, complete or 
incomplete, displaced (bucket-handle) or nondisplaced; (2) 
horizontal; (3) oblique; (4) radial; (5) flap; (6) complex; or 
(7) degenerative. No standard technique can be used in every 

case. The following techniques are useful in dealing with each 
of these types of tears through the anteroinferior portals. 
Even partial meniscectomy has been shown to increase joint 
wear; reasonable judgment must be used in planning menis-
cal surgery to preserve functional meniscal tissue. Planning 
begins in the preoperative period, ensuring the patient is fully 
informed as to the possibility of a partial meniscectomy ver-
sus meniscal repair and the postoperative course involved 
with each. Also, having the appropriate equipment and a 
thorough understanding of the incision and repair techniques 
are imperative.

As a whole, tears of the lateral meniscus are less com-
mon than tears of the medial meniscus. The radial tear 
configuration is almost unique to the lateral meniscus, 
occurring rarely in the medial meniscus. Also, the occa-
sional discoid meniscus rarely is encountered in the medial 
compartment.

Most lateral meniscal excisions or repairs are done 
with the knee in the figure-four position: the hip slightly 
flexed, abducted, and externally rotated; the knee flexed at 
30 to 90 degrees; and the tibia internally rotated. This posi-
tion can be achieved with the foot of the table extended 
or flexed. With the end of the table extended, the ankle is 
placed on the table surface or on the opposite lower leg. 
In this position, the hip falls into external rotation, and a 
varus stress can be applied by pushing downward on the 
flexed knee. The figure-four position also can reduce over-
all joint distention by collapsing the suprapatellar pouch, 
making viewing and the use of suction and motorized cut-
ters and trimmers in the lateral compartment more dif-
ficult. Inflow through the arthroscopic sheath allows for 
best visualization.

VERTICAL LONGITUDINAL (BUCKET-HANDLE) 
TEARS
This common tear usually occurs in young patients as a 
result of significant trauma. It frequently is associated with 
an anterior cruciate ligament injury, and the medial side 
is more commonly involved than the lateral side (approxi-
mately 3 : 1). Long tears that extend at least two thirds of 
the circumference of the meniscus produce an unstable 
fragment that locks into the joint by displacing in toward 
the notch (Fig. 51.14). The patient typically has episodes 
of locking in which the knee can be neither fully extended 
nor flexed. The fragment may displace and reduce with 
an audible and palpable clunk. There is associated pain 
and effusion. Occasionally, the bucket-handle fragment 
permanently displaces into the intercondylar notch. In 
these situations, the patient is gradually able to resume 
most activities but knows that something is wrong with 
the knee. The fragment may become distorted and fixed 
in place. Other bucket-handle tears divide in their central 
portion, creating two separate flaps, one based anteriorly 
and the other posteriorly.

A patient with a suspected bucket-handle tear who may 
be a candidate for meniscal repair should have this pos-
sibility discussed before arthroscopy. The most common 
criteria for meniscal repair include (1) a vertical longitudi-
nal tear more than 1 cm in length located within the vascu-
lar zone, (2) a tear that is unstable and displaceable into the 
joint (Fig. 51.15A), (3) an informed and cooperative patient 
who is active and younger than 40 years old, (4) a knee that 

 

B

A

C

FIGURE 51.13 Types of meniscal excision: partial meniscectomy 
(A); subtotal meniscectomy (B); and total meniscectomy (C).
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either is stable or would be stabilized with a ligamentous 
reconstruction simultaneously, and (5) a bucket-handle por-
tion and remaining meniscal rim that are in good condition. 
Chronically deformed or degenerative menisci are not good 
candidates for repair. Most investigators report that only 10% 
to 15% of meniscal tears can be repaired and that most such 
repairs are done in association with an anterior cruciate liga-
ment reconstruction.

Bucket-handle tears that cannot be repaired can be 
treated with partial meniscectomy. Early reports suggested 
that preserving a meniscal rim eventually would lead to better 
long-term results, particularly in stable joints with a normal 
weight-bearing axis.

Partially displaceable tears usually are shorter and con-
fined to the posterior half of the meniscus. Often, these 
shorter tears are located peripherally and can be repaired. 

Tears that are less than 5 to 7 mm in length and stable to prob-
ing during which the tear does not displace more than 1 mm 
can have the edges and perimeniscal synovium freshened 
with a meniscal rasp. Talley and Grana noted a 21% failure 
rate at short-term follow-up of 19 patients with stable partial-
thickness medial meniscal tears that were treated with peri-
meniscal rasping. For lateral tears, 4% failed. These authors 
recommended repair of partial-thickness medial tears. We 
also believe that an aggressive treatment approach should be 
used for medial meniscal tears.

When the decision has been made to perform a partial 
meniscectomy, the choice must be made as to whether to 
use a two-portal or three-portal technique. If the meniscal 
fragment has displaced into the notch, it should be reduced 
using either a probe or a blunt trocar. If the meniscal frag-
ment is large or chronic, the medial compartment may have 

 

A B

Bucket-handle tear

FIGURE 51.14 A, Bucket-handle tear of medial meniscus that has flipped into intercondylar 
notch; in this position, meniscus may cause intermittent symptoms. B, Locked bucket-handle tear 
of medial meniscus.

 

A B C
FIGURE 51.15 A, Unstable 2-cm peripheral tear of meniscus. Meniscus is being repaired with 

stacked vertical mattress suture. B, Incomplete undersurface tear of medial meniscus; this can be 
treated with abrasion to stimulate local healing followed by placement of one or two sutures. C, 
Complete 2-cm tear in avascular zone of meniscus; this type of tear generally is treated with exci-
sion, but if repair is attempted, use of fibrin clot and other local stimuli should be considered.
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to be opened with flexion and a valgus stress to permit 
reduction of the fragment. The technique for resecting a dis-
placed bucket-handle tear and the technique for resecting 
a nondisplaced, short, vertical, longitudinal tear are essen-
tially the same. In each situation, a probe should be intro-
duced and the tear should be examined with the probe to 
determine the anterior and posterior extents. The probe also 
can be used to plan the subsequent cuts. This examination 
usually is most easily conducted with the arthroscope in the 
anterior portal contralateral to the tear and the probe in the 
ipsilateral portal. 

 

RESECTION OF BUCKET-HANDLE TEAR

 TECHNIQUE 51.1 

 n  For reduction of the meniscal fragment, use a probe or 
a blunt trocar to reduce the fragment to its normal posi-
tion (Fig. 51.16A).

 n  Begin the technique with partial division of the poste-
rior attachment of the meniscal fragment. This can be 
done with basket forceps, scissors, or an arthroscopic 
knife. Attempt to cut almost completely through the 
posterior attachment of the mobile fragment at its 
junction with the remaining normal meniscal rim (Fig. 
51.16B). This cut should not be done blindly to pre-
vent harm to the normal meniscus or articular cartilage 
or both. Exposure can be aided by passing the arthro-
scope through the intercondylar notch to look down 
onto the posterior horn of the meniscus while cutting, 
or a posteromedial portal can be made if necessary to 
look directly down onto the meniscus for visualization 
or to pass through the posterior compartment for cut-
ting of the meniscus.

 n  Leave a small tag of meniscal tissue intact posteriorly to 
prevent the meniscus from floating freely in the posterior 
compartment after anterior release.

 n  Divide the anterior horn attachment with angled scis-
sors, basket forceps, or an arthroscopic knife. Make the 
release of the anterior attachment flush with the intact 
anterior rim so that no stump or “dog ear” remains (Fig. 
51.16C). If the approach is difficult from the ipsilateral 
portal, changing portal sites and approaching from the 
contralateral portal with the operating instrument often 
facilitates making this cut. Rarely, a midpatellar portal is 
necessary so that both anterior portals can be used for 
instrumentation.

 n  Use a hemostat to dilate the capsular incision before at-
tempting meniscal removal.

 n  Insert a grasping clamp through the ipsilateral portal and 
grasp the meniscal fragment as close to its remaining 
posterior attachment as possible. Keep the meniscal frag-
ment in view and twist and rotate the grasping forceps at 
least two revolutions while applying traction to avulse the 
small bridge previously created.

 n  If the meniscal fragment does not come loose as planned, 
use a grasper through the lateral portal for traction on the 
meniscus and pass arthroscopic scissors through the same 

portal to complete the resection posteriorly. If it is still 
difficult with this technique, make an accessory portal, 1 
cm from the anterior portal using the spinal needle. The 
other option is to make an accessory midpatellar portal 
for the arthroscope and use the two anterior portals for 
instrumentation.

 n  Observe the fragment as it exits the joint to ensure com-
plete removal (Fig. 51.16D).

 n  Occasionally, the fragment is so large that it lodges within 
the subcutaneous tissues. In these circumstances, the skin 
incision may have to be enlarged to deliver the fragment. 
Additional longitudinal tears can be treated as previously 
described.

 n  If there are no further tears, use a motorized meniscal 
shaver to smooth the remaining rim.

 n  Before the procedure is completed, examine the posterior 
compartment with either a 30- or 70-degree arthroscope 
inserted through the intercondylar notch or a 30-degree 
oblique arthroscope inserted through the corresponding 
posterior portal.

POSTOPERATIVE CARE Partial weight bearing with the 
use of crutches is allowed for 48 hours until the patient is 
comfortable. Straight-leg raising exercises, ankle pumps, 
and range-of-motion exercises are started in the recovery 
room and repeated hourly during the early postoperative 
period. Wall sets are started 3 to 4 days after surgery. 
Stationary bike and progressive low-impact strengthen-
ing exercises are started when postoperative swelling has 
resolved. Return to sports is allowed around 3 to 4 weeks.
  

LONGITUDINAL INCOMPLETE INTRAMENISCAL 
TEARS
Longitudinal incomplete intrameniscal tears may extend 
from the superior surface into the body of the meniscus 
or may enter from the inferior surface. These often are 
extremely difficult to view and treat. This type of tear is com-
monly located in the posterior horn of the meniscus and 
may be only a few millimeters long. By the time such a tear 
extends more than 1 cm or 2 cm, it usually becomes com-
plete and often displaceable. Usually a significant amount of 
stress must be applied to the knee to open up the appropri-
ate compartment to view small tears. The first sign of such 
a tear may be a wrinkled or buckled inner meniscal bor-
der. If the incomplete tear begins from the superior surface, 
the probe tip passes into it but not through to the inferior 
surface. Inferior incomplete tears are even more difficult to 
view and explore, especially in a tight knee. The tip of the 
probe passes into the inferior tear but not through to the 
superior surface of the meniscus. Vigorous attempts to hook 
the probe into an unseen inferior tear should be avoided for 
danger of extending the tear. If such a tear exists, gentle 
probing can make the inner border of the meniscus buckle 
and evert (see Fig. 51.15B).

Stable peripheral one third tears in relatively healthy 
menisci should be treated by abrasion of the tear site and 
meniscal synovial tissue to stimulate healing, preserving 
meniscal function. If stability is in question, suturing may be 
indicated for most medial meniscal tears (see “Arthroscopic 
Surgery of the Meniscus,” earlier). 
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REMOVAL OF POSTERIOR HORN TEAR

 TECHNIQUE 51.2 Figure 51.17

 n  Use a 15-degree up-biting low-profile basket to make re-
moval of a posterior horn tear easier.

 n  Carry the resection out through the ipsilateral portal, trim-
ming back to a stable contoured peripheral rim.

POSTOPERATIVE CARE Postoperative care is the same 
as that described for Technique 51.1.
  

HORIZONTAL, OBLIQUE, RADIAL, AND COMPLEX 
TEARS
In evaluating horizontal, oblique, radial, and complex tears, 
it is imperative to evaluate and remove only damaged tissue 
while maintaining functional, healthy meniscal tissue. Ahn 
et  al. reported successful repair of horizontal tears using 
a marrow stimulation technique and an all-inside suture 
device. With horizontal tears of long-term duration, a menis-
cal cyst may be present. This generally is evident on preopera-
tive MRI and should be looked for during the arthroscopic 
examination. In most instances, the superior and the infe-
rior leaves are resected back to relatively normal stable tis-
sue. The cleft should be probed, and if there is a meniscal cyst 
present, a small curved curet can be placed through the cleft 

 

A B

DC
FIGURE 51.16 Two-portal technique for bucket-handle tears of lateral meniscus. A, Displaced 

bucket-handle tear of lateral meniscus probed. B, After reduction of displaced bucket-handle tear, 
posterior attachment is partially released with scissors. C, Anterior attachment is released with 
scissors. D, Tenuous remaining posterior attachment is avulsed with grasper and extracted. SEE 
TECHNIQUE 51.1.

    

https://booksmedicos.org


CHAPTER 51 ARTHROSCOPY OF THE LOWER EXTREMITY 2587

aimed toward the surgeon’s finger on the exterior extent of the 
meniscal cyst. This can be opened with a small curet, and the 
cyst can be drained into the knee. A shaver or suction without 
running the shaver also can be used to open and decompress 
the cyst. Localization also can be aided with the use of a spinal 
needle placed exteriorly to enter the cyst.

When evaluating flap tears, one must probe the meniscus 
in the tear site carefully. Often a flap can be rolled up under the 
normal portion of the meniscus and its size and contour are not 
apparent. Likewise, the flap can be posterior to the femoral con-
dyle, and careful examination of the posterior compartments is 
necessary to evaluate these meniscal tears fully. Resection in the 
case of a flap tear or a complex tear generally is accomplished 
with a basket forceps to morcellize the tear, and careful probing is 
done to ensure that the meniscal tissue remaining is of relatively 
normal contour with a smooth transition at its edges.

Radial tears can be divided into partial and complete. A 
partial-depth tear of the meniscus is treated with saucerization, 

balancing, and contouring of the edges (Fig. 51.18). Complete 
radial tears that go to the meniscosynovial junction are diffi-
cult problems. Many authors believe that horizontal mattress 
repair of the peripheral portion of the meniscus is indicated 
because resection would result in loss of the functional pro-
tective mechanism of the meniscus. This is discussed further 
in the section on meniscal repairs. 

 

TREATMENT OF PARTIAL DEPTH 
MENISCAL TEARS

 TECHNIQUE 51.3 

 n  Examine the tear through the contralateral portal and 
probe it through the ipsilateral portal.

 n  Evaluate the extent of the tear.

 

A B C

FIGURE 51.17 Technique for longitudinal incomplete intrameniscal tears. A, Probing longitu-
dinal intrameniscal incomplete inferior surface tear. B, Fragment is removed bit by bit with basket 
forceps. C, Rim is smoothed and contoured with motorized trimmer. SEE TECHNIQUE 51.2.

 

A B C
FIGURE 51.18 Balancing meniscal resection. A, With radial tear. B, With longitudinal tear. 

 C, With flap tear.
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 n  Use basket forceps or scissors to resect the torn and de-
generative portion of the meniscus.

 n  Probe the stable meniscal rim to ensure there is no addi-
tional flap that is inverted under the meniscus or inverted 
behind the condyle. Horizontal-type tears should be re-
sected back to a stable rim.

 n  If a meniscal cyst has been noted on MRI before surgery, 
open this area with a small curved curet passed from the 
contralateral portal, dilate the opening, and decompress 
the cyst. Localization can be accomplished with a spinal 
needle.

 n  Contour the meniscal fragment with a shaver after resec-
tion and remove small morcellized meniscal fragments.

POSTOPERATIVE CARE Postoperative care is the same 
as that described for Technique 51.1.
  

DISCOID LATERAL MENISCUS
Most discoid menisci are lateral; compared with other menis-
cal pathologic entities, discoid lateral meniscus is rare (0.4% 
to 5%). Bilateral discoid menisci generally are reported in less 
than 10% of patients. Discoid medial meniscus is reported 
to be present in less than 0.3% of knee arthroscopies. A dis-
coid lateral meniscus may be discovered during a systematic 
examination of the knee in which another abnormality may 
be producing symptoms. The abnormality accounting for the 
symptoms should be appropriately corrected, and the discoid 
lateral meniscus should be left intact unless torn or degenera-
tive. Careful evaluation of the superior and inferior surfaces 
of the meniscus is necessary to rule out a meniscal tear.

The most common method of classification of discoid lat-
eral meniscus is that of Wantanabe et al., who described three 
types: complete or incomplete, based on the degree of cover-
age of the lateral tibial plateau, and the Wrisberg variant with 
absent or abnormal posterior meniscal tibial attachment. The 
current recommended treatment of a discoid lateral meniscus 
is based on this system of classification. Complete and incom-
plete lesions with tears of the discoid component are partially 
resected to a stable peripheral rim of lateral meniscus 6 to 8 
mm wide. When healthy meniscal tissue is present, repair of 
the Wrisberg-type lateral meniscus is performed.

Good and excellent results have been reported in 55% to 
94% of knees that have had a partial central meniscectomy 
or “saucerization.” Preexisting degenerative changes, female 
gender, and age older than 20 years are associated with unsat-
isfactory results. We found at long-term follow-up that a sig-
nificant percentage of patients had lateral joint symptoms 
after partial central meniscectomy, and others have reported 
similar findings. We try to preserve, contour, balance, and 
repair healthy meniscal tissue. 

 

PARTIAL EXCISION OF THE DISCOID 
MENISCUS
The objective of partial excision of the discoid meniscus 
generally is to remove the central portion, leaving a bal-
anced rim of meniscus about the width of the normal 

lateral meniscus. The width is dictated, however, by the 
location and extent of the tear within the meniscus. If the 
free inner edge of the meniscus is not noted in the system-
atic diagnostic arthroscopy of the lateral compartment, a 
discoid lateral meniscus may be responsible. The tibial pla-
teau may be completely covered by the meniscus, and the 
lateral compartment may appear to be devoid of a lateral 
meniscus; alternatively, varying portions may be covered. If 
a discoid meniscus is suspected, careful exploration should 
be focused more centrally on the lateral compartment or 
over near the intercondylar eminence for a meniscal edge.

 TECHNIQUE 51.4 

 n  In young patients with small knees, use a 2.7-mm arthro-
scope and small joint instruments. In older individuals, use 
a medial midpatellar portal for the arthroscope and stan-
dard anteromedial and lateral portals for instrumentation.

 n  With direct vision of the meniscus, plan the resection so 
that a healthy peripheral meniscus of approximately 8 mm 
in width remains.

 n  With the knee in a figure-four position, use basket forceps 
to start the central resection of the discoid tissue (Fig. 
51.19A and B).

 n  When the bulk has been resected, place arthroscopic scis-
sors through the anterolateral portal to make a posterior, 
radially directed cut extending to the outer 8 mm of the 
meniscal tissue (Fig. 51.19C).

 n  From a lateral peripatellar portal, place a curved ar-
throscopic knife into the outer extent of the radial cut. 
Direct the incision anteriorly in a semicircular manner, pre-
serving a peripheral rim of 6 to 8 mm of tissue. Complete 
the cut by changing the knife or scissors to the medial 
portal.

 n  When the desired amount of meniscal tissue has been 
removed and the rim is balanced, the thickness of the 
inner edge is much greater than that after routine partial 
meniscus excision.

 n  Thoroughly lavage and suction the joint.

POSTOPERATIVE CARE Postoperative care is the same 
as that described for Technique 51.1.
  

MENISCAL CYST
Meniscal cysts may develop from chronic medial or lateral 
degenerative meniscal tears; they most commonly involve 
the lateral meniscus. The site of the cyst usually can be dif-
ferentiated intraarticularly by probing the meniscal tear 
fragments and opening the horizontal split in the menis-
cus with a small curved curet and passing it through the 
meniscal body into the central portion of the cyst. The cyst 
is curetted, and external digital palpation of the cyst is used 
to free up the cyst and decompress it into the joint. Suction 
may be used to remove the contents further. The meniscal 
fragments are removed and are cleaned up to relatively sta-
ble healthy meniscus.

Good to excellent results have been reported with 
arthroscopic partial meniscectomy and cyst decompression. 
If the cyst decompresses during the meniscectomy, no further 
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treatment is needed for the cyst. If the cyst does not sponta-
neously decompress, it can be percutaneously aspirated and 
does not require open excision. 

ARTHROSCOPIC REPAIR OF TORN MENISCI
Although partial meniscectomy has yielded functionally 
better results than total meniscectomy, the ultimate out-
come for partial meniscectomy remains suboptimal, with 
Fairbanks changes and functional deterioration much more 
frequent after partial and total meniscectomy than after 
meniscal repair. Multiple authors have found that joint dete-
rioration after meniscectomy is accelerated with concomi-
tant conditions of femoral and tibial chondromalacia, grade 
II or III anterior cruciate ligament instability, or tibiofemo-
ral malalignment at the time of the initial meniscectomy. 
Partial lateral meniscectomies tend to do worse than partial 
medial meniscectomies. The lateral meniscus bears approxi-
mately 70% of the weight in that compartment, whereas 
the medial meniscus bears 50% of the weight in the medial 
compartment.

As noted earlier, only 10% to 15% of meniscal tears can be 
repaired, and these usually are associated with anterior cru-
ciate ligament injuries. The only other positive correlations 
with healing have been found in patients who have a narrow 
peripheral meniscal rim (<4 mm) and when the repair is done 
within 8 weeks of injury. The length of the tear also has been 
associated with variations in healing, with failure to heal in 
over half of tears longer than 4 cm. The addition of a fibrin 
clot or marrow stimulation has been reported to increase the 
healing rate.

Arthroscopic repair techniques can be divided into four 
categories: (1) inside-out repairs; (2) outside-in repairs; (3) 
all-inside repairs; and (4) hybrid repairs, which combine the 
previous techniques. The inside-out technique can be done 
with double-lumen or single-lumen zone-specific repair 
cannulas, with absorbable or nonabsorbable sutures. The 
technique is rendered safe with the use of an incision for 

exposure of the capsule and placement of retractors for safe 
retrieval of suture needles. The outside-in technique is most 
suitable for repairs of the middle and the anterior thirds of 
the meniscus.

All-inside repair techniques have been simplified by 
the development of suture fixators, which have pre-tied 
knots. These devices provide secure fixation and decrease 
the potential for chondral injury present in earlier devices. 
They are best used for securing tears that are 2 to 4 mm from 
the peripheral attachment. Because of the ease and speed 
of repair, greatly reduced patient morbidity, and midterm 
results that are equal to or better than those with outside-in 
sutures, most of our repairs are done with all-inside devices. 
Indications for the different repair techniques are listed in 
Boxes 51.1 and 51.2.

Regardless of the arthroscopic technique preferred by 
the surgeon, arthroscopic meniscal repairs consist of four 

 

A B C
FIGURE 51.19 Technique for discoid lateral meniscus. A, Anterior portion of discoid lateral meniscus 

is removed with rotary basket forceps. B, Further contouring of anterior rim with 90-degree rotary 
basket forceps. C, Posterior discoid fragment is removed with arthroscopic scissors. SEE TECHNIQUE 51.4.

Repair Techniques and Indications

Outside-in sutures Anterior horn tears, midthird tears, 
radial tears, complex tears, reduc-
tion of bucket-handle tears

Inside-out sutures Posterior horn tears, midthird tears, 
displaced bucket-handle tears, 
peripheral capsular tears, meniscal 
allografts

Fixator implants Posterior horn tears, tears with > 2- to 
3-mm rim width, vertical/longitu-
dinal tears, midthird tears, radial 
tears

 BOX 51.1 

Modified from Sgaglione NA: Instructional course 206. The biological treatment 
of focal articular cartilage lesions in the knee: future trends? Arthroscopy 
19:154, 2003.
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important steps: (1) appropriate patient selection; the patient 
should have a documented meniscal tear that is able to heal, 
most often a single vertical longitudinal tear in the outer one 
third; (2) tear debridement and local synovial, meniscal, and 
capsular abrasion to stimulate a proliferative fibroblastic heal-
ing response; (3) use of marrow stimulation or orthobiologics 
to enhance healing; and (4) suture placement to reduce and 
stabilize the meniscus.

Tears can be categorized into (1) tears that can be rasped 
and left alone, (2) tears that definitely can be repaired, (3) 
tears that can be repaired under certain circumstances, and 
(4) tears that should be resected. Weiss et  al. showed that 
peripheral tears of 7 mm or less heal without suture stabiliza-
tion. Such tears should be probed to ensure less than 3 mm of 
displacement, and the tear and the meniscal synovium should 
be rasped to promote healing.

Tears that definitely can be repaired are single vertical 
tears in the peripheral vascular portion of the meniscus, the 
red-red zone at the meniscosynovial junction, or the red-
white zone within 3 mm of the junction. These tears are 
displaceable, are more than 1 cm long, and involve mini-
mal damage to the body of the meniscus. Generally, repair 
should be limited to patients aged 40 years or younger. A 
healing response is stimulated by rasping the tear and the 
perisynovial tissue. Tears that can be repaired under cer-
tain circumstances include tears 3 to 5 mm from the menis-
cosynovial junction. These tears, similar to all tears that 
can be repaired, should be evaluated with the tourniquet 
deflated to determine vascularity. In young, active patients 
with minimal damage to the meniscal body, suture repair 
in association with healing enhancement is most likely to 
be successful when anterior cruciate ligament reconstruc-
tion is performed concomitantly. If rasping produces bleed-
ing, potential healing can be considered. Vascular access 
channels, achieved through meniscal trephination using an 
18-gauge spinal needle to penetrate the peripheral meniscus 
to the synovium, can stimulate bleeding. When isolated tears 
are to be repaired, microfracture marrow stimulation of the 
intercondylar notch or addition of fibrin clot or platelet-rich 
plasma (PRP) should be considered. Resection is necessary 
for a meniscus with several tears, for tears involving dam-
age or deformation of the body, and for tears that are defi-
nitely in an avascular (white-white) area (see Fig. 51.15C). 
Although complete radial tears are uncommon, they present 
particularly perplexing problems. When within the meniscal 
body, these tears disrupt all circumferential fibers. Although 

radial tears near the origin of the posterior horn of the lat-
eral meniscus have been shown to heal, the biomechanical 
functionality of these repairs is in doubt. However, long-
term results of repair may be better than those of a subtotal 
meniscectomy, especially in young patients (Table 51.1).

We often combine two or three basic arthroscopic tech-
niques (suture-based meniscal fixator, inside-to-outside can-
nula technique, and outside-to-inside needle technique). If a 
large bucket-handle tear of the medial meniscus is suitable for 
repair, an initial stabilizing horizontal mattress suture can be 
inserted with a single-cannula or double-cannula technique 
in the midpoint of the tear near the posteromedial corner. 
Additional sutures can be placed posteriorly using the can-
nula technique from inside to outside or with a suture-based 
fixation device. The anterior portion of the tear, especially if 
this extends into the anterior half of the meniscus, is often 
best approached with an outside-to-inside technique.

If a patient has an unstable knee caused by an anterior 
cruciate ligament deficiency and a meniscal lesion that can be 
repaired, generally a ligament reconstruction and a meniscal 
repair should be done at the same time. 

 

INSIDE-TO-OUTSIDE TECHNIQUE

 TECHNIQUE 51.5 

 n  Perform a systematic and complete diagnostic arthros-
copy.

 n  If a meniscal lesion that can be repaired is noted after 
thorough probing to ensure that no additional meniscal 
damage is present, exsanguinate the extremity and inflate 
the tourniquet.

Authors’ Preferred Techniques for Meniscal 
Repair

Meniscal body tears
 —  All-inside devices
Meniscal capsular tears
 —  Inside-out devices
Anterior root tears (8% of tears)
 —  All suture anchors
Posterior root tears (10%-20% of tears)
 —  Simple sutures, transtibial tunnel, and button fixa-

tion

 BOX 51.2  TABLE 51.1

Meniscal Repair Versus Resection*

L—LOCATION  
FROM CAPSULE

<2 mm 0
2-3 mm 1
4-5 mm 2

A—AGE <20 0
20-40 years 1
>40 years 2

S—SIZE 1-2 cm 0
2-3 cm 1
>4 cm 2

T—TISSUE  
QUALITY

Excellent 0
Good 1
Fair 2

QUALIFIERS Unstable 2
Malalignment 1
Chondromalacia grade III 1
Radial tear 2
ACL reconstruction or fibrin clot −1

*Higher scores associated with higher failure rates.
ACL, Anterior cruciate ligament.

    

https://booksmedicos.org


CHAPTER 51 ARTHROSCOPY OF THE LOWER EXTREMITY 2591

 n  Have a leg holder in place for stressing the knee. This 
opens up the compartment to make viewing of the pe-
riphery of the meniscus possible.

 n  For repair of the medial meniscus, insert the 30-degree 
viewing arthroscope through the anterolateral portal and 
view and probe the extent of the tear.

 n  If the tear is acute and within the vascular red zone of the 
periphery of the meniscus, minimally prepare the rim be-
fore suturing. If the tear is clearly within the vascular red 
zone, do not resect that part peripheral to the tear. Resec-
tion of this material decompresses the meniscus from the 
peripheral side and has an effect similar to that of partial 
meniscectomy by narrowing the meniscus.

 n  If the tear is chronic, freshen and debride the torn surfaces, 
especially peripherally. Limit the excision to no more than 
about 0.5 mm of meniscal tissue if possible. This debride-
ment and preparation of the torn surfaces can be accom-
plished with basket forceps, a shaver, curved meniscal knives, 
or small angled rasps introduced through the anteromedial, 
accessory medial, or posteromedial portal, while the tear is 
viewed with the arthroscope through the anterolateral por-
tal. A small rasp is preferred for excoriating and abrading the 
meniscal surfaces (Fig. 51.20) and the superior and inferior 
parameniscal synovium.

 n  Specific cannulas are made to allow for the best approach 
to meniscal tears based on the location. Place the can-
nula in such a position to angle the needle away from 
the posterior midline structures and to place the needle 
perpendicular to the tear site.

 n  If a peripheral tear is beyond the posteromedial corner 
of the knee, use an all-inside meniscal fixation device or 
repair the meniscus using the inside-out technique.

 n  For the inside-out technique, first make a 5- to 7-cm inci-
sion over the posteromedial aspect of the knee, dissecting 

through the subcutaneous tissue down to the posterome-
dial corner of the knee.

 n  Identify the interval between the medial head of the gas-
trocnemius and the posterior capsule of the joint and re-
tract the medial head of the gastrocnemius posteriorly off 
the posterior capsule.

 n  Place a popliteal retractor in this interval to protect the pop-
liteal vessels and to aid in capturing the needles (Fig. 51.21).

 n  Pass the cannula of the suturing instrumentation through 
the anterolateral portal and place its tip near the posterior 
limit of the tear.

 n  Remove the needle cradle and have an assistant load the 
cradle with the first needle.

 n  Pass the needle through the cannula to enter the meniscus 
3 to 4 mm from the edge, aiming the needle in a slightly 
vertical direction so as to exit at or above the center of the 
torn edge. Observe the needle as it is advanced through 
the outer portion of the tear. Use the needle to align the 
meniscus anatomically before advancing through the 
outer rim. If good positioning is obtained, use the needle 
driver to advance the needle 1 cm more (Fig. 51.22).

 n  Pass the second needle to enter the meniscus or meniscosyno-
vial junction peripheral to the first needle, forming a stacked 
vertical mattress or oblique mattress suture (Fig. 51.23).

 n  Pass the needles out through the capsule with the knee 
flexed 15 to 20 degrees while retracting the pes anserinus 
and saphenous nerve posteriorly.

 n  Clamp the paired sutures together with a hemostat.
 n  Vertical mattress sutures are placed from both surfaces 

of the meniscus in an alternating fashion every 3 to 4 
mm. If it is difficult to maintain reduction of a bucket-
handle tear, place the first mattress suture anteriorly to 
help hold the meniscus in place while subsequent su-
tures are passed.

 FIGURE 51.20 Preparation of meniscocapsular tear of medial 
meniscus through accessory posteromedial portal. SEE TECHNIQUE 
51.5.

 

Gracilis tendon

Semitendinosus tendon

Sartorius muscle

Saphenous nerve

Semimembranosus
muscle

Needle

Popliteal
retractor

Medial
tear

MedialLateral

FIGURE 51.21 Top view of joint with arthroscope, needle 
cannula, and popliteal retractor in place for medial meniscal repair. 
SEE TECHNIQUE 51.5.
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 n  The choice of suture material has been varied. Some sur-
geons fear that all absorbable sutures would degrade 
before adequate healing and may cause an inflammatory 
reaction around the knot. Other surgeons are concerned 
that nonabsorbable sutures would remain as stress ris-
ers within the meniscus or cause abrasive wear to the 
articular surface of the femur or tibia or penetrate and 
capture the medial collateral ligament. To date, no stud-
ies have shown any deleterious effects of using absorb-
able sutures with a long tensile life or nonabsorbable 
sutures. We prefer nonabsorbable sutures for larger, 
more centrally located tears because of the prolonged 
healing time.

 n  If the tear involves mainly the middle third of the medial 
meniscus and the capsule has not been opened posteri-
orly to protect the neurovascular elements, make an inci-
sion over the medial joint line, before pushing the initial 
needle through the capsule and into the subcutaneous 
tissue.

 n  Expose the capsule parallel to the peripheral tear of the 
meniscus and throughout its length. Exposing this area 
before passing the sutures through the capsule lessens 
the likelihood of cutting the sutures in making the expo-
sure.

 n  When all sutures are passed into this medial incision, tie 
them over the capsule. It is important to arthroscopically 
view the meniscus as the sutures are tied to ensure reduc-
tion of the tear site without deformation.

 n  The safest position of the knee for suture of lateral menis-
cal tears is near 90 degrees of flexion. The peroneal nerve 
drops more inferiorly with flexion and is protected.

 n  Make a 3-cm to 4-cm posterolateral skin incision, ex-
tending distally just anterior to the tip of the fibula with 
two thirds of the incision extending distal to the joint 
line.

 n  Develop the interval between the iliotibial band  
and biceps and retract the biceps posteriorly. Use care-
ful dissection to reflect the lateral gastrocnemius head 
off the posterior capsule. Place a hip skid or needle 
deflector between the capsule and the gastrocnemius 
head.

 n  If the posterior extent of the tear is near the midline, 
protect the popliteal vessels before bringing the needles 
through the capsule by placing a wide metallic retractor 
between them and the posterior capsule. The common 
peroneal nerve lies slightly posterior to the posterior as-
pect of the biceps femoris tendon, so the needles must 
always exit anterior to the biceps tendon. It is much bet-
ter, however, to make the posterior skin incision and ex-
pose the area of the posterior capsule and peroneal nerve 
before bringing the sutures through the posterior aspect 
of the capsule.

 n  If the posterior horn cannot be repaired from the contra-
lateral portal, place the needle from the ipsilateral por-
tal, directed away from the neurovascular bundle (Fig. 
51.24A).

POSTOPERATIVE CARE There is no universally accept-
ed method of immediate postoperative management of 
meniscal repairs. Currently, after an isolated meniscal re-
pair, we place the extremity in an immobilizer for 7 to 

10 days. Range-of-motion exercises (20 to 80 degrees) 
are begun immediately for 20 minutes four times daily. 
Touch-down weight bearing is allowed for the first 2 
weeks, partial weight bearing for 2 to 4 weeks, and full 
weight bearing at 4 to 6 weeks. Jogging is allowed at 3 
months, and squatting and return to sports are allowed 
at 4 to 6 months. If the meniscal repair is performed in 
conjunction with an anterior cruciate ligament recon-
struction, we prefer to treat the ligament primarily. This 
involves placing the knee in full extension immediately 
and allowing early full range of motion. Touch-down 
weight bearing on crutches is continued for the first 6 
weeks. When stable repair in the red-red zone has been 
obtained, we allow the patient to return to sports at ap-
proximately 3 months, provided that complete return of 
function has been obtained.
   

 

OUTSIDE-TO-INSIDE TECHNIQUE
With this technique, a suture is introduced through a 
spinal needle that is inserted from outside to inside. It 
has been recommended as a safe approach to the poste-
rior meniscal horns. We have found this technique most 
appropriate and safest for tears located in the ante-
rior aspect of either meniscus. Johnson used a suture 
retrieval technique in which the suture is passed through 
the spinal needle and a second needle is passed through 
the meniscus in a vertical mattress configuration. A wire 
loop is used to retrieve the first suture and pull it back 
through the meniscus, forming a mattress repair (Figs. 
51.24 and 51.25).
Certain points for this technique must be emphasized. 
For posteromedial repairs, the knee should be flexed 10 
to 20 degrees for the incision and for passing the nee-
dles to allow the sartorial nerve to lie anterior to the 
repair site. For anteromedial repairs, the knee should be 
in 40 to 50 degrees of flexion for the incision and repair 
to allow the sartorial nerve to lie posterior to the repair 
site. For lateral repairs, the knee should be flexed 90 
degrees to allow the nerve to be posterior to the repair 
site. The meniscus and parameniscal tissue must be pre-
pared with a rasp before the repair. A small, 5- to 6-mm 
working cannula should be placed in the ipsilateral side 
for suture management.

TECHNIQUE 51.6  Figures 51.24 and 51.25

 n  Make a small skin incision and extend it through the sub-
cutaneous tissue down to the capsule opposite the site of 
the meniscal tear.

 n  Under arthroscopic observation, introduce an 18-gauge 
needle from outside to inside, penetrating the meniscal 
rim and the meniscal fragment.

 n  Remove the stylet and pass a doubled over 20-gauge wire 
or #0 PDS suture into the joint.
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 n  Retrieve the doubled wire or suture through a 5-mm can-
nula in the ipsilateral portal.

 n  Use the wire or suture as a suture shuttle to pass one end 
of a nonabsorbable suture through the meniscus.

 n  Repeat the process, placing another needle 3 to 4 mm 
from the first one. Insert a doubled 20-gauge wire through 
the needle and retrieve it out the cannula to shuttle the 
second limb of the suture through the meniscus to form 
a vertical mattress suture.

 n  Tie down the suture over the capsule and repeat the pro-
cess as often as necessary to stabilize the meniscal tear 
securely.

 n  For large peripheral lesions on the medial side, such as a 
displaced peripheral bucket-handle tear, a combination 
of inside-to-outside and outside-to-inside methods can 
be used.

 n  Place a single horizontal mattress suture, using a cannu-
lated technique, into the midportion of the tear anterior 
to the posteromedial corner. This suture provides the 
necessary stability to the large bucket-handle fragment 
and prevents gross displacement when the spinal needle 
loaded with suture material is placed through the pos-
terior and anterior horn regions of the fragment (Fig. 
51.26).

POSTOPERATIVE CARE Postoperative care is the same 
as that described for Technique 51.5.
   

 

LATERAL MENISCAL SUTURING

 TECHNIQUE 51.7 

 n  The technique for suture placement on the lateral side 
is similar to that described for the medial side, with the 
common peroneal nerve most at risk when suturing the 
posterior horn of the lateral meniscus.

 

A B

FIGURE 51.22 A, Most posterior sutures are placed with cannula in ipsilateral portal. B, Antero-
lateral and midmedial sutures are inserted with cannula through contralateral portal. Stacked 
vertical or oblique mattress sutures provide better holding strength than depicted horizontal 
mattress sutures. SEE TECHNIQUE 51.5.

 FIGURE 51.23 All-inside meniscal repair. SEE TECHNIQUE 51.5.
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 n  Keep the knee near 90 degrees of flexion when suturing 
the posterior horn of the lateral meniscus because in this 
position the nerve falls well below the joint line postero-
laterally. With the knee in nearly 90 degrees of flexion or 
in the figure-four position, posterior and posterolateral 

suturing involves little risk of injury to the peroneal nerve 
if the needles enter and exit the capsule superior to the 
palpable biceps femoris tendon.

 n  Sutures can be placed inside-out or outside-in, in a stacked 
vertical mattress configuration. Place the sutures approxi-
mately 3 mm from the edge and space every 4 to 5 mm.

 n  If approximation and stability have been achieved, tie the su-
tures to each other over appropriate bridges of the postero-
lateral capsule. Tie the sutures with the knee in full extension.

 n  Immobilize the knee in a commercial knee immobilizer 
with the knee in extension.

POSTOPERATIVE CARE Postoperative partial weight 
bearing on crutches is maintained for 4 to 6 weeks, de-
pending on the stability of the tear and the distance of the 
tear from the peripheral blood supply.
   

 

OUTSIDE-IN REPAIR OF COMPLETE 
RADIAL TEAR OF THE LATERAL 
MENISCUS

 TECHNIQUE 51.8 

(STEINER ET AL.)
 n  Position the patient supine with a well-padded pneumatic 

tourniquet placed on the upper thigh. Prepare and drape 
the operative leg in the usual sterile fashion. Exsanguinate 
the leg and inflate the tourniquet.

 n  Create a standard anterolateral portal, then an anterome-
dial portal under direct arthroscopic visualization.

 n  Conduct a diagnostic arthroscopy to ensure that there is 
no additional intraarticular pathology.

 n  Place the leg in a figure-four position and thoroughly ex-
amine the entire lateral meniscus for additional injury.

 n  Begin by debriding the central portion of the meniscus at 
the tear in the semilunar pattern (Fig. 51.27A).

 n  Place a PassPort cannula (Arthrex, Naples, FL) into the 
anterolateral portal, with the arthroscope in the antero-
medial portal, and palpate and transilluminate the lateral 
joint line.

 n  Advance a Meniscus Mender II (Smith & Nephew, Lon-
don, UK) needle through the lateral capsule and into the 
meniscus at an oblique angle to the tear, anterior-to-
posterior, entering the posterior segment of the menis-
cus through the tear and exiting on the top surface (Fig. 
51.27B).

 n  Make a 2- to 3-cm transverse incision directly on the joint 
line, and gently elevate skin flaps to expose the capsule.

 n  Introduce the loop of a Chia Percpasser (DePuy Synthes, Rayn-
ham, MA) into the knee joint through the needle and bring it 
out of the anterolateral portal with an atraumatic grasper.

 n  Pass a #0 nonabsorbable suture through the Chia loop 
and pull it through the meniscus and lateral capsule, leav-
ing one limb of the suture remaining through the antero-
lateral cannula.

 

Anterior portal

FIGURE 51.24 Johnson technique. Permanent suture brought 
in through anterior portal and placed into wire cable loop. SEE 
TECHNIQUES 51.5 AND 51.6.

 

A

B

Suture

Tear

FIGURE 51.25 Johnson technique. A, Second suture is pulled 
through to complete suture attachment. B, Sutures are brought 
into place after needles and cable loops have been removed. SEE 
TECHNIQUE 51.6.
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 n  Make a second outside-in pass in the opposite direction to 
the first pass; this will have a starting point on the lateral 
capsule more posterior to the first pass.

 n  Advance the needle through the lateral capsule and into 
the anterior segment of the meniscus through the tear at 
an oblique angle, posterior-to-anterior, exiting on the top 
surface (see Fig. 51.27B).

 n  Repeat the insertion and retrieval of the suture passer, 
and pull the loop out of the anterolateral cannula.

 n  Insert the suture limb through the loop and bring it out of 
the lateral capsule. Gently pull on both limbs simultane-
ously, which should begin to reduce the meniscal tear. If 
not, an additional crossing suture may be needed. Tag 
both suture limbs for ease of identification.

 n  During needle insertion, stabilize the meniscus with a spi-
nal needle introduced into the knee through the antero-
lateral portal.

 n  Insert a second suture in a standard horizontal mattress 
fashion. Insert the needle through the skin opening and 
into the meniscus, parallel and slightly posterior to the 
tear, exiting on the undersurface of the meniscus.

 n  Use the suture passer to pass a #0 nonabsorbable su-
ture. Insert the needle parallel to the first, anterior to 
the tear, and exiting on the undersurface of the me-
niscus (Fig. 51.27C). Pass the suture limb and tag both 
limbs.

 n  Place the final suture in a standard horizontal mattress 
fashion, exiting on the top surface of the meniscus (Fig. 
51.27D). This suture should be either slightly more central 
or peripheral than the first crossing suture depending on 
the placement of the first suture.

 n  Relax the knee to a neutral position, and tie the sutures 
over the lateral capsule in the order in which they were 
placed.

 n  Reinsert the arthroscope and inspect the repair.

POSTOPERATIVE CARE For the first 5 weeks after sur-
gery, knee range of motion is limited to 90 degrees of 
flexion and weight-bearing is limited to 50%. A hinged 
knee brace is worn at all times. After 5 weeks, the brace 
is discontinued and full knee range of motion and full 
weight-bearing are allowed. Sport-specific drills are al-
lowed at 3 months after surgery, with full return to sports 
involving pivoting, squatting, twisting, and running typi-
cally allowed at 5 months.
  

HIDDEN LESIONS: RIPS, RAMPS, AND ROOTS 
A Wrisberg rip is a traumatic enlargement of the popliteal 
hiatus resulting in lateral meniscal mechanical popping dur-
ing knee extension from a figure-four position that may not 
be identifiable on MRI (Fig. 51.28). Rips and ramp tears may 
be missed up to 50% of the time and root tears 70% of the 
time on MRI; thus a strong sense of suspicion for these lesions 
must be maintained if the symptoms and appropriate mecha-
nism of injury are present.

A ramp tear of the posteromedial meniscal capsular 
attachment associated with an acute ACL tear may be missed 
24% of the time if visual examination and probing are not 
carefully performed (Fig. 51.29). When symptoms warrant, 
a posteromedial portal may be necessary to find and repair 
this lesion. Using a posteromedial cannula and a curved spec-
trum, #0 sutures can be passed and tied with a knot pusher 
to secure the lesion. The Ultra Fast-Fix system (Smith & 
Nephew, Memphis, TN) also can be used to secure fixation 
in most cases.

Root tears may be visible on MRI (Box 51.3) and should 
be repaired when possible in patients younger than 50 years 
of age (Fig. 51.30). LaPrade et al. reported equal healing rates 
in patients younger than and older than 50 years of age if they 
had stable knees with normal alignment and grade 2 or lower 
chondral changes. Other studies have shown that patients 
with obesity, smoking, and extrusion of the meniscus of 3 
mm or more have less satisfactory results. Meta-analyses 
have shown repair to be cost-effective compared to conserva-
tive treatment at 5- and 10-year follow-up. Partial meniscec-
tomy is not beneficial.

LaPrade et al. described a classification system for menis-
cal root tears based on tear morphology (Fig. 51.31). 

RADIAL TEARS AND MENISCAL ROOT TEARS
Radial tears that extend to the capsule may be repaired in 
young patients with otherwise healthy menisci. Synovial 
rasping followed by longitudinal repair, consisting of two lon-
gitudinal sutures on the superior surface and one on the infe-
rior surface, is indicated in young patients willing to follow 
stringent postoperative protocol (Fig. 51.32).

Root tears of the lateral meniscus may do well by rasp-
ing and allowing them to heal in situ. Unstable root tears of 
the posterior horn of the medial or lateral meniscus may be 
repaired to a freshened posterior bony bed using an anterior 
cruciate ligament guide to drill from the anterolateral tibia 
to the base of the root footprint. A suture shuttle device 
is used to pass simple sutures through the meniscus and 
then out through the bone tunnel; the sutures are then tied 
anteriorly. The repair also may be accomplished using a 2.7 
suture anchor placed through a high posteromedial portal. 

 FIGURE 51.26 Suture placement in midportion of large bucket-
handle tear using curved cannula technique. SEE TECHNIQUE 51.6.
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A B C D
FIGURE 51.27 Outside-in repair of complete radial tear of left lateral meniscus. A, Debridement 

of central portion of the meniscus surrounding complete radial tear in semilunar pattern. B, First 
suture is crossing horizontal mattress stitch. This suture is essential for providing reduction vectors 
on tear without lateral displacement of meniscus. C, Second suture is non-crossing, horizontal 
mattress suture that enters peripheral body of meniscus and exits on undersurface. D, The third 
and final suture also is non-crossing horizontal mattress suture exiting on top surface of meniscus, 
more centrally located than first suture. (Redrawn from Steiner SR, Feeley SM, Ruland JR, et al: 
Outside-in repair technique for a complete radial tear of the lateral meniscus, Arthroscopy Tech 
7:e285, 2018.) SEE TECHNIQUE 51.8.

 

A B C

FIGURE 51.28 A, Meniscocapsular rip at the popliteal hiatus. B, Abrasion of undersurface of 
meniscus secondary to meniscal instability. C, Repaired rip.

 FIGURE 51.29       

   

Posterior meniscal capsular ramp tear. FIGURE 51.30 Meniscal root tear.
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TRANSTIBIAL PULL-OUT REPAIR OF 
RADIAL OR MENISCAL ROOT TEAR

 TECHNIQUE 51.9 

(PHILLIPS)
 n  Make the initial arthroscopy portal in the compartment 

contralateral to the intended repair. Use a spinal needle to 
direct the intended working portal just off the edge of the 
patellar tendon, directed to the repair site. Insert a 5-mm 
cannula through which instruments will be inserted.

 n  Use a low-profile Arthrex guide to ream a 3-mm tunnel 
to the anatomic repair site. Make a 2-cm skin incision and 
clear soft tissues before reaming.

 n  After reaming to the anatomic repair site, withdraw the 
reamer 1 mm and rasp the repair site to stimulate healing.

 n  Pass a knee Scorpion repair device (Arthrex, Naples, FL) 
through the 5-mm plastic cannula, and pass a simple 
no. 0 FiberWire suture through the posterior part of the 
meniscus 3 mm from the tear site. Place the suture in 
the Scorpion with the tails equal in length. Retrieve the 
loop out the cannula, pass the tails through the loop, and 
tighten down the cinch knot.

 n  Pass a second suture through the anterior aspect of the 
meniscus and leave both pairs of sutures in the cannula.

 n  Push a nitinol loop up the reamer and retrieve the loop 
out the cannula. Shuttle the meniscal sutures down the 
3-mm tunnel using the nitinol loop (Fig. 51.33).

 n  Pre-drill the cortex just distal to the tunnel and use a swiv-
el-lock device to secure the sutures.

POSTOPERATIVE CARE Postoperative care is the same 
as that described for Technique 51.5.
  

ALL-INSIDE TECHNIQUE
There are numerous suture-based fixators on the market at 
this time. The holding strength and short-term follow-up 
healing rates using these devices approach that of inside-out 
suture fixation. We use these devices for most repairs. The 
advantages of these devices are the ease of use and elimina-
tion of accessory surgical incisions. The disadvantages are 
meniscal damage from deployment of the fixator, difficulty in 
obtaining a vertical repair, and the cost.

The same principles apply to use of all-inside devices as 
to inside-out techniques. Proper selection and preparation of 
meniscal tears and avoidance of vascular damage by aiming 
needles away from neurovascular structures and by setting 
the needle stop at 14 mm or 16 mm are necessary to penetrate 
the peripheral rim without over-penetrating and resulting in 
complications. Contralateral portals are made 1 cm above the 
joint line and predetermined with a spinal needle to allow 
best placement. Mattress sutures are passed through both 
superior and inferior sutures; use of curved needles makes 
this easier. Posterior sutures are placed first or, in the case of a 
bucket-handle meniscal tear, the meniscus is reduced with a 
mid-body suture first. Sutures must not be over-tightened to 
avoid their cutting through the tissues. 

BIOLOGICS FOR HEALING
Although the exact role of fibrin clot, platelet-rich plasma, or 
stem cells in meniscal healing is unknown, many authors rec-
ommend its use when repairing isolated meniscal tears that 
are 3 to 5 mm from the periphery. Marrow stimulation can 
be accomplished when the medial wall of the intercondylar 
notch is reamed or drilled so as to protect the posterior cru-
ciate ligament and create a channel to the cancellous bone. 
When anterior cruciate ligament reconstruction is done con-
comitantly, cell stimulation is unnecessary because of the 
hemarthrosis associated with the reconstruction.

Meniscal scaffolds have been used in Europe since the 
1990s. Collagen scaffolds have been used the longest and have 
shown some evidence of decreasing symptoms after meniscec-
tomy in some patients. More recently, polyurethane scaffolds 
have shown some evidence of ingrowth potential. These can 
be used in patients with more than 25% meniscal resection but 
stable peripheral rim and roots, stable, normally aligned knees, 
grade 1 to 3 cartilage changes, and post-meniscectomy syn-
drome. Currently, research into the functionality, effectiveness, 
and safety of these scaffolds is ongoing, and the devices have not 
been released for general use in the United States. 

MENISCAL REPLACEMENT
Meniscal replacement continues to evolve using bone-plug 
techniques with better-defined indications and more asymp-
tomatic results (> 90%). The question remains how much 
chondroprotective function a transplanted meniscus pro-
duces. In a meta-analysis evaluating meniscal transplants, 
lateral transplants performed better than medial transplants. 
At 5- to 10-year follow-up, approximately 85% of transplants 
survived; at longer than 10-year follow-up, survival rates of 
approximately 55% are reported.

Clinical Pearls for the Diagnosis and Treatment 
of Meniscal Root Tears

Clinical Diagnosis
 n  Suspect in patients with posterior knee pain
 n  Evaluate for effusion and painful flexion 

MRI Evaluation
 n  Evaluate for meniscal extrusion greater than 3 mm at level 

of the MCL
 n  Evaluate for ghost meniscal sign on sagittal MRI
 n  Evaluate for vertical linear defects on coronal MRI
 n  Differentiate true root tear from posterior horn radial tear
 n  Determine status of cartilage
 n  Evaluate for presence of bony edema or insufficiency frac-

tures of ipsilateral tibiofemoral joint 

Treatment
 n  Intimate knowledge of root insertional anatomy is essential 

for restoration of meniscal function
 n  Indications for surgical repair: young patients with traumatic 

tears and excellent chondral health
 n  Proper tensioning of root repair
 n  Proper anatomic placement of root repair on tibia

 BOX 51.3 

MCL, Medial collateral ligament; MRI, magnetic resonance imaging.
Modified from Bhatia S, LaPrade CM, Ellman MB, LaPrade RF: Meniscal root 
tears: significance, diagnosis, and treatment, Am J Sports Med 42:3016, 2014.
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The functional relief provided by meniscal transplant is 
clouded further by the fact that many of the patients had con-
comitant procedures for realignment, stabilization, or osteo-
chondral transplant at the time of the meniscal transplant. 

Cryopreserved menisci have been shown to perform similar 
to fresh frozen menisci with similar risks, in particular that of 
acquired immunodeficiency syndrome (AIDS; 1 in 1.6 mil-
lion). Investigational studies of biologic tissue scaffolds for par-
tial or complete meniscal replacement are in progress. These 
grafts may provide more acceptable replacements in the future, 
but at this time results are short term and limited in number.

Meniscal allograft is indicated in a patient who has had a 
previous meniscectomy, who is age 50 years or younger, and 
who has symptoms localized to the tibiofemoral compart-
ment and no advanced arthrosis as evidenced by flattening of 
the condyles or excessive osteophyte formation. A joint space 
of 2 mm or greater on standing posteroanterior view is neces-
sary. Contraindications include malalignment, instability that 
the patient does not wish to have corrected, chondromalacia 
greater than grade III, and previous joint infection.

In addition, the patient should be motivated, well 
informed, and willing to decrease impact-loading activi-
ties. When deciding whether a fresh frozen or a cryopre-
served meniscus is to be used, one should be familiar with 
the allograft procurement and ensure that a quality, young, 
healthy graft is secured. Best results are obtained with a 
meniscal allograft that has a bone block or a bone bridge 
attached. Sizing is best done on anteroposterior radiographs, 
and MRI may be used to determine meniscal coverage.

A technique used at the University of Pittsburgh is 
described. The technique is divided into four parts: graft prep-
aration, tunnel placement, graft insertion, and graft fixation. 

 

Type 2Type 1

Type 5Type 4

Type 3

Bucket
handle

tear

Oblique tear
into root

attachment

Partial
root tear

Complete
radial root tear

Complete
radial root tear

0
6 9mm

3

Root
avulsion
fracture

FIGURE 51.31 Classification of meniscal root tears based on tear morphology: partial stable root 
tear (type 1), complete radial tear within 9 mm from the bony root attachment (type 2), bucket-
handle tear with complete root detachment (type 3), complex oblique or longitudinal tear with 
complete root detachment (type 4), and bony avulsion fracture of the root attachment (type 5). 
(Redrawn from LaPrade CM, James EW, Cram TR, et al: Meniscal root tears: a classification system 
based on tear morphology, Am J Sports Med 43:363, 2015.)

 FIGURE 51.32 Repair of complete radial tear of lateral meniscus. 
Note that first vertical mattress suture approximates meniscal frag-
ments. Later, more vertical mattress sutures are added to suture poste-
rior aspect of capsule. At least two vertical mattress sutures are placed 
and often a third “stacked” vertical mattress suture is necessary.
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A B

FIGURE 51.33 A and B, Repair of meniscal root tear. SEE TECHNIQUE 51.9.

 

MENISCAL REPLACEMENT

TECHNIQUE 51.10

GRAFT PREPARATION
 n  After patient positioning, diagnostic arthroscopy, and 

bed preparation, obtain a true lateral radiograph of the 
involved knee.

 n  Measure the anteroposterior diameter of the appropriate 
tibial plateau, taking into account any magnification factor.

 n  Thaw the fresh frozen meniscal allograft at a temperature 
of less than 40°F to prevent denaturing of the collagen.

 n  Prepare each meniscal horn bony insertion site to cylindri-
cal 7-mm bone plugs (Fig. 51.34A).

 n  Place nonabsorbable sutures through the roots of each 
meniscal horn and respective bone plugs to allow for 
meniscal insertion, passage, and fixation into osseous 
tunnels (Fig. 51.34B).

 n  Demarcate the meniscus-bone interface with a sterile 
marking pen for accurate assessment of complete graft 
seating to the level of the bone-meniscal tunnel junction. 

TUNNEL PLACEMENT
 n  Place the arthroscope and arthroscopic guide in the antero-

lateral and anteromedial portals to provide optimal exposure 
and tunnel placement for both lateral meniscal bony inser-
tion sites. The anterior and posterior horn insertion sites of 
the medial meniscus are best seen with the arthroscope in 
the anteromedial and posteromedial portals. Placement of 
the arthroscopic guide in the contralateral anterior portal is 
optimal for each medial meniscal horn insertion site.

 n  After determining that the intraarticular placement of 
the arthroscopic guide is appropriate, place the extraar-
ticular exit over the contralateral portion of the tibial 
metaphysis at the level of the fibular head midway be-
tween the tibial tubercle and the posteromedial or pos-
terolateral border of the tibia. The advantage of drilling 
tunnels from the contralateral metaphysis is that tunnel 
divergence would be greater, providing a larger bony 

bridge between the two tunnels (i.e., less chance of tun-
nel “blowout”).

 n  Make a 3-cm longitudinal incision in the skin and elevate 
the periosteal flaps. Enough exposure is needed for paral-
lel placement of two 7-mm osseous tunnels with a 1-cm 
bone bridge between them.

 n  Drill the tibial tunnels under arthroscopic guidance.
 n  Insert a tibial drill guide through the appropriate anterior 

portal and seat it in the “footprint” of the meniscal horn 
bony insertion site.

 n  Drill a guidewire through the tibial jig.
 n  Remove the guide and confirm the position of the guide-

wire before creating the tibial tunnel.
 n  Overdrill the tibial guide pin with a 7-mm cannulated 

reamer.
 n  Debride the tibial tunnel of all soft tissue, chamfer and 

smooth with an arthroscopic rasp to facilitate bone plug 
insertion, and prevent graft abrasion at the plateau-tun-
nel interface. 

GRAFT INSERTION
 n  Make an accessory 3-cm incision at the posteromedial or 

lateral corner as would be done if performing an inside-
out meniscal repair.

 n  With careful dissection, expose the posterior border of 
the lateral collateral ligament laterally or the junction of 
the posterior border of the medial collateral ligament and 
the posterior oblique ligament medially.

 n  Make a 1.5-cm arthrotomy at the posterior border of the 
lateral collateral ligament and medial collateral ligament 
for lateral and medial meniscal allograft insertion.

 n  Using the arthroscope, pass a looped 18-gauge mallea-
ble wire retrograde through the posterior tibial tunnel to 
outside the knee through the vertical capsular incision 
located at the posterolateromedial border.

 n  Pull the sutures that were placed in the posterior horn and 
bone plug of the meniscal allograft through the posterior 
tibial tunnel with the use of the looped wire.

 n  Apply tension through these sutures to seat the posteri-
or bone plug of the medial and lateral meniscal allograft.

 n  To avoid potential fracture of the anterior bone plug, a 
two-step process is used for anterior horn insertion and 
seating.
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 n  Introduce the looped 18-gauge wire through the ipsilat-
eral anterior portal and bring it outside the knee through 
the posterior capsular incision (Fig. 51.34C).

 n  Pull the sutures that anchor the anterior portion of the 
allograft out the ipsilateral anterior portal, guiding the 
anterior bone plug into the front half of the knee via the 
medial or lateral gutter.

 n  Carefully pass the anterior bone block along the gutter 
and take care to avoid fracturing the bone plug.

 n  Pass the malleable wire retrograde through the anterior 
tibial tunnel into the knee and bring it out of the ipsilateral 
anterior portal to accompany the sutures anchored to the 
anterior bone plug.

 n  Pass the sutures through the looped wire and guide them 
through the anterior tibial tunnel out the front of the 
knee.

 n  Reduce the anterior bone plug into the respective os-
seous tunnel under arthroscopy. This seats the menis-
cal allograft in its anatomic position with the anterior 
and posterior bone plugs in their respective osseous  
tunnels. 

GRAFT FIXATION
 n  Place 2-0 Ethibond (Ethicon, Inc., Somerville, NJ) nonab-

sorbable sutures in a vertical or horizontal mattress fashion.
 n  Insert the sutures from the upper and lower meniscal sur-

faces to approximate the meniscus and capsule completely.
 n  When all the sutures have been passed, but before tying, 

apply tension to the peripheral, meniscal root, and bone 
plug-anchoring sutures while moving the knee through a 
complete range of motion.

 n  Closely observe meniscal kinematics while probing to 
assess stability and reduction. Tie the peripheral sutures 
over the capsule.

 n  Tie the sutures anchoring the tibial bone plugs over the 
bone bridge separating the tunnels (Fig. 51.34D).

 n  Perform a standard layered closure for each incision.

POSTOPERATIVE CARE The operated extremity is 
placed in a long leg hinged knee brace. Knee range of 
motion from 0 to 90 degrees is begun immediately post-
operatively. The patient is permitted crutch-assisted par-
tial weight bearing with the brace locked in full extension 

 

A B

C D

FIGURE 51.34 Double bone plug technique. A and B, Graft preparation. C, Insertion of graft, 
including reduction suture. D, Appearance on completion. SEE TECHNIQUE 51.10.
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for the first 6 weeks. At 6 weeks, the brace is removed, 
and the patient is progressed to full weight bearing. 
Closed chain exercises are emphasized, and deep flexion 
is avoided for the first 6 months. Bicycling, swimming, 
and straight-ahead jogging at half speed are allowed at 
3 to 6 months. Hard running, agility maneuvers, and full 
squats are prohibited until after 6 months. Competitive 
sports are prohibited until 9 to 12 months postopera-
tively.
  

ARTHROSCOPIC SURGERY FOR OTHER 
DISORDERS

LOOSE BODIES IN THE KNEE JOINT
Removal of loose bodies from the knee joint is especially 
suitable for arthroscopic techniques. A loose body may be a 
singular, isolated problem, or multiple loose bodies may indi-
cate the presence of a more complex pathologic process, such 
as synovial chondromatosis. Every attempt should be made 
to identify the underlying process to manage the condition 
correctly.

Loose bodies can be classified into the following types:
 1.  Osteocartilaginous. These loose bodies are composed of 

bone and cartilage and are detectable radiographically. 
Osteocartilaginous loose bodies may originate from 
several sources, the most common being osteochondri-
tis dissecans, osteochondral fractures, osteophytes, and 
synovial osteochondromatosis.

 2.  Cartilaginous. These radiolucent loose bodies usually are 
traumatic and originate from the articular surfaces of the 
patella or the femoral or tibial condyle.

 3.  Fibrous. These radiolucent loose bodies occur less fre-
quently and result from hyalinized reactions originat-
ing usually from the synovium secondary to trauma or, 
more commonly, from chronic inflammatory conditions. 
Synovial villi become thickened and fibrotic, may become 
pedunculated, and may detach and fall into the joint as 
loose bodies. Chronic inflammations, such as tuberculo-
sis, may produce multiple fibrinous loose bodies known 
as “rice bodies.”

 4.  Others. Intraarticular tumors, such as lipomas, and local-
ized nodular synovitis may be pedunculated and by pal-
pation feel like loose bodies or, in rare instances, drop free 
into the joint. Bullets, needles, and broken arthroscopic 
instruments also may appear as foreign loose bodies 
within the knee. 

 

REMOVAL OF LOOSE BODIES

 TECHNIQUE 51.11 

 n  Two techniques generally are used, based on the problem 
facing the surgeon: (1) small loose bodies are removed 
from the knee joint by suction and lavage of the joint, and 
(2) larger loose bodies are removed using triangulation 
techniques.

 n  Insert the 30-degree viewing arthroscope through the an-
terolateral portal. Rarely is bleeding a problem in loose body 
removal; inflating the tourniquet usually is unnecessary.

 n  Perform a complete systematic diagnostic arthroscopy, 
moving sequentially and systematically through the joint. 
If the loose body is large and radiopaque, preoperative 
radiographs give an indication of its location; however, it 
may have moved since the radiograph was taken.

 n  Search the joint systematically for additional loose bodies, 
including the suprapatellar pouch, the medial and lateral 
gutters, the medial and lateral compartments, the pop-
liteal hiatus, the intercondylar notch, and the posterior 
compartments.

 n  If the loose body is in the suprapatellar pouch, it may float 
away from the arthroscope or grasping instrument. In ad-
dition, the slightest turbulence in the irrigation fluids or 
the slightest touching with the grasper frequently makes 
it move away. This can be reduced by turning off the 
outflow of irrigating solution and inserting a small suction 
tip. Frequently, the loose body is drawn to the suction tip, 
where it can be held until a third instrument is brought 
into the knee to grasp it.

 n  The loose body also can be trapped or stabilized by trian-
gulating a spinal needle to it, piercing it with the needle, 
and holding it in place until a grasper is inserted, usu-
ally through a superolateral or superomedial portal (Fig. 
51.35).

 n  When it is within the jaws of the grasper, slowly withdraw 
the loose body to the portal entrance.

 n  If necessary, enlarge the entrance so that the loose body 
can be extracted. It is better to enlarge the portal than to 
have the loose body slip from the grasper and become 
free again within the joint.

 n  If multiple loose bodies are present, remove the smaller 
ones first. Removal of the largest ones first may require 
enlargement of the portal and can result in significant 
leakage of irrigation solutions from the joint.

 n  When all loose bodies that can be seen have been re-
moved, suction the joint, especially the posterior com-
partments and the intercondylar notch. Occasionally, this 
pulls small, previously unseen loose bodies into view.

 n  Try to identify, if possible, the pathologic process produc-
ing the loose bodies, and treat it appropriately (i.e., by 
biopsy, synovectomy, or chondroplasty).

 n  Loose bodies that gravitate into the posterior compart-
ment can be seen with the viewing arthroscope through 
a posteromedial or a posterolateral portal or a central por-
tal using a 70-degree oblique viewing arthroscope (Fig. 
51.36).

 n  Triangulating a grasping instrument into the posterome-
dial or posterolateral compartment, with the arthroscope 
also through a posteromedial or posterolateral portal, can 
be difficult because of crowding and collision of instru-
ments.

 n  Pass the 70-degree oblique viewing arthroscope through 
the intercondylar notch and into the appropriate posterior 
compartment, locate the loose body, and triangulate a 
grasping instrument through a posteromedial or postero-
lateral portal to remove it.

 n  Loose bodies also can be difficult to find in the anteri-
or compartment around the fat pad under the anterior 
horns of the menisci. If it is difficult to find an anterior 
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loose body, add a midpatellar portal to view the area and 
allow instrumentation and probing through both of the 
anterior portals.

 n  Loose bodies large enough to require a major incision for 
removal can be removed in smaller fragments by mor-
selization if desired. Do not use the delicate basket for-
ceps or other arthroscopic instruments for this purpose, 
or severe damage to the instrument can result. It is better 
to use a Kerrison rongeur or an arthroscopic burr to break 
up larger loose bodies for removal.

 n  Remove pedunculated “loose bodies,” caused by disor-
ders such as nodular synovitis, using standard triangula-
tion techniques after the restraining pedicle is cut with 
scissors.

 n  Instrument breakage during arthroscopic procedures 
may occur, and portions of broken instruments can drop 
into the joint. Under these circumstances, remain calm, 
turn off the irrigating solution, move the knee as little as 
possible, and always keep the fragment in view. Do not 
proceed with the intended surgical procedure until the 
instrument part is removed.

POSTOPERATIVE CARE Postoperative care is the same 
as that described for Technique 51.1.
  

SYNOVIAL PLICAE OF THE KNEE
Embryologically, the knee joint forms from three synovial 
compartments. Normally, these fuse into a single synovial 
cavity with the intervening synovial partitions resolving. The 
important synovial plicae of the knee represent unresolved 
remnants of these partitions. These plicae are synovial folds, 
usually classified according to their anatomic relationship to 
the patella: suprapatellar, infrapatellar, medial patellar, and 
lateral patellar plicae. They vary in frequency, size, thickness, 
and clinical significance. The term plica or shelf generally 
is used to describe a normal synovial fold; and if the plica 

is believed to be contributing to the patient’s symptoms, it 
should be referred to as a pathologic plica.

The infrapatellar plica, or ligamentum mucosum, proba-
bly never produces symptoms but can make it difficult to pass 
the arthroscope from one compartment to the other; if it is 
prominent, viewing of the anterior cruciate ligament can be 
difficult. It can vary from a thin band of synovium running 
from the back side of the fat pad into the intercondylar notch 
to a nearly complete synovial partition separating the medial 
and lateral compartments. The suprapatellar plica is superior 
to the patella and partially divides the suprapatellar pouch 
into two compartments. Rarely does it cause symptoms in the 
knee. A lateral patellar shelf or plica has been described but is 
exceedingly rare.

The most common of these plicae to be of clinical sig-
nificance is the medial patellar plica. Its incidence has been 
reported to range from 10% to more than 50% in normal 
knees. The frequency of the medial patellar plica and its pos-
sible role in the cause of anterior knee pain have been more 
greatly appreciated as diagnostic arthroscopy has developed.

The medial patellar plica begins just superior to the 
patella and sometimes continues with the distal extent of 
the suprapatellar plica, running distally along the medial 
side wall of the joint and over the medial femoral condyle to 
insert onto the fat pad. This structure causes symptoms only 
if it becomes thickened and inelastic from trauma or chronic 
inflammation. A common precipitating cause is a direct blow 
to the anteromedial knee region, traumatizing the plica. This 
results in swelling and inflammatory changes. Repetitive knee 
flexion and extension in such instances may cause thickening 
and hyalinization within the plica, leading to loss of elastic-
ity. If this is accompanied by increased activities, the narrow, 
noncompliant structure may act as an abrasive band, rubbing 
across the medial femoral condyle instead of smoothly glid-
ing over it. This abrasive action with time may result in chon-
dromalacia of the medial femoral condyle. Pathologic medial 
patellar plica has a fairly thickened, rounded, fibrotic, and 
white inner border. As the knee is moved from extension to 
90 degrees of flexion, this pathologic plica makes firm con-
tact with the underlying femoral condyle at 30 to 40 degrees 
of flexion. Either a softened area of articular cartilage on the 
edge of the medial femoral condyle or a pannus of synovium 
growing over the edge of the condyle from the medial gutter 

 FIGURE 51.35 Removal of loose body. Loose body is impaled 
with needle, and grasper is inserted through superolateral portal. 
SEE TECHNIQUE 51.11.

 FIGURE 51.36 Loose body in posteromedial compartment. 
Complete knee arthroscopy should always include examination 
of posteromedial compartment. SEE TECHNIQUE 51.11.
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is an additional clue that the plica may be pathologic and 
responsible for the patient’s symptoms, provided that the 
examination and symptom complex are consistent.

Clinically, the patient usually describes striking the 
anteromedial aspect of the knee on a hard object, a fall on 
the anterior aspect of the knee, or some direct blow to this 
region. This is followed by a chronic, aching discomfort in the 
anterior aspect of the knee, which is made worse by activi-
ties. The patient also may sense a clicking sensation during 
flexion and extension of the joint. Effusion rarely is noted. 
On examination, a locally tender area well above the joint 
line on the anteromedial aspect of the knee usually is found. 
Occasionally, with active flexion and extension of the joint, a 
popping of the plica over the medial femoral condyle may be 
noted, more commonly at about 30 to 40 degrees of flexion. 
Sometimes this thickened fibrotic plica is palpable along the 
medial border of the patella.

The initial treatment of pathologic medial plica should 
be conservative. Modification of activities to reduce repeti-
tive flexion and extension movements of the knee should be 
advised. The patient should avoid keeping the knee flexed for 
prolonged periods, and quadriceps exercises consisting of 
isometric and stiff-legged exercises are advised, along with a 
short course of antiinflammatory medications. Occasionally, 
immobilization of the knee in extension for a few days or a 
local injection may be beneficial. Progressive resistive exer-
cises of the quadriceps should be avoided because these 
repetitive flexion and extension movements of the knee 
aggravate the plica. Conservative measures usually are ben-
eficial in medial plica syndromes of short duration. If the 
symptoms are chronic and conservative measures have failed, 
arthroscopic examination of the knee and resection of the 
pathologic plica may be required. In a review of 135 adoles-
cents (165 knees) with medial synovial plica, only 36% were 
pain free at an average 4-year follow-up; 46% had mild resid-
ual symptoms, and 18% had pain that was not improved by 
surgery. Most patients, however, were satisfied with their out-
comes, and 87% were able to return to sports. 

 

RESECTION OF PLICA

 TECHNIQUE 51.12 

 n  Perform a complete and systematic diagnostic arthros-
copy to rule out other intraarticular pathologic condi-
tions. If a thickened, inelastic, rounded, and whitish plica 
is noted, arthroscopic resection of the plica should relieve 
the symptoms.

 n  Examine the medial patellar plica with the 30-degree 
viewing arthroscope in the standard anterolateral portal.

 n  Confirm the pathologic nature of the plica further by 
viewing its superior aspect through a superolateral portal.

 n  If the plica is found to be pathologic, it is better to resect 
a large portion of it rather than simply to cut it. With the 
viewing arthroscope in the anterolateral portal, insert scis-
sors or basket forceps through a superolateral portal (or 
side-biting baskets can be used through the anteromedial 

portal), advance the scissors or forceps to the medial side 
wall, and, beginning at the superior aspect of the plica, 
excise 1 cm to 2 cm of it. A saucerization of the plica 
down to the synovial side wall should be the goal of treat-
ment.

 n  Often, the initial division of the plica is accompanied by a 
snapping apart of the structure and a wide separation of 
its cut ends, indicating that the plica was under consid-
erable tension. If necessary, insert the motorized shaver 
or synovial resector through the superolateral portal and 
remove the remaining tags of synovium and plica. Avoid 
overly aggressive synovial resection to reduce postopera-
tive synovitis.

 n  Thoroughly lavage and suction the joint to remove any 
remaining debris.
  

OSTEOCHONDRITIS DISSECANS AND 
CHONDRAL DEFECTS OF THE FEMORAL 
CONDYLES AND PATELLA
Osteochondritis dissecans of the knee is a common disorder 
with an unknown cause. It is thought to result from isch-
emia of a localized area of subchondral bone, precipitated by 
infarction, trauma, or other causes. An area of subchondral 
bone becomes avascular, with subsequent changes occurring 
in the overlying articular cartilage. Osteochondritis dissecans 
must be differentiated from true osteochondral fractures and 
irregular ossification within the femoral condyles. Although 
it is well established that undisplaced lesions in skeletally 
immature children often heal if immobilized, surgery often 
is indicated for osteochondritis dissecans in mature or almost 
mature patients and for patients who have partially or com-
pletely detached fragments.

Osteochondritis dissecans of the femoral condyles has 
been classified radiographically, depending on the size and 
location of the lesion. Lesions of the medial femoral con-
dyle have been described as central, laterocentral, and infe-
rocentral (Fig. 51.37). Standard 45-degree posteroanterior, 
weight-bearing lateral views and patellofemoral joint views 
are helpful. Radiographs of the opposite knee also are neces-
sary to evaluate for potential contralateral lesions. Bone age 
films to determine actual skeletal maturity are useful. MRI 
is an effective way to evaluate the size and integrity of osteo-
chondritic lesions and may be necessary to determine healing 
of a lesion. MRI evidence of lesion instability is fluid under 
the lesion (in the crater) or subchondral edema.

Symptomatic lesions in skeletally immature patients 
are treated conservatively for 3 months, the duration being 
determined by the age of the patient, the size of the lesion, 
and whether it involves a weight-bearing area. Small lesions 
in non–weight-bearing areas can be treated with restriction 
of activities. For lesions 1 cm or larger in a weight-bearing 
area, the knee is immobilized, and partial weight bearing is 
allowed until some healing is noted on subsequent radio-
graphs. Lesions destined to heal show some signs of heal-
ing over a 3-month period. The immobilizer is discarded 
after 4 to 6 weeks if symptoms permit. Partial weight bear-
ing is progressed over the subsequent 4 to 8 weeks as heal-
ing progresses. Lesions showing no evidence of healing are 
considered for open or arthroscopic surgical treatment (Box 
51.4). Early surgical intervention should be considered in 
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lesions that remain symptomatic (effusion and joint line pain) 
despite a conservative program. This is especially true in chil-
dren approaching physeal closure. Incidental findings of an 
asymptomatic osteochondral lesion should be followed by 
repeat radiographs every 4 to 6 months until the lesion has 
healed or until skeletal maturity is reached. MRI is valuable 
in following the healing process. If after that time the lesion 
is still asymptomatic and radiographic findings are benign, 
follow-up should be on an as-needed basis.

Arthroscopic evaluation and treatment are indicated in 
all patients who are 12 years old or older as determined by 
bone age radiographs and who have lesions larger than 1 
cm in diameter located primarily in a weight-bearing area. 
Lesions that are massive (>3 cm in diameter), lesions having 
large or multiple loose bodies that are thought to be replace-
able, or lesions that are inaccessible to arthroscopic tech-
niques are best treated by open arthrotomy. Treatment of the 
lesion is based on the arthroscopic examination. The lesions 
are classified into one of the following groups: (1) intact 
lesions, (2) lesions showing signs of early separation, (3) par-
tially detached lesions, and (4) craters with loose bodies (sal-
vageable or unsalvageable).

An intact lesion presents only a minor irregularity of 
the articular surface, with no break in the continuity of the 
surface. This is determined by careful arthroscopic probing. 
These lesions are treated by drilling multiple holes through 
the articular surface and into the subchondral fragment and 
underlying vascular bone. The use of imaging and retro-
grade drilling distal to the growth plate also may be used to 
preserve the articular surface. Because the articular surface 
viewed arthroscopically may show little or no surface irreg-
ularity, probing of the softened defect is the best means for 
identifying the lesion. Having preoperative images available 
and using an image intensifier during this process may assist 
in locating the site for drilling.

An early separated lesion presents an essentially intact 
smooth articular surface, but with greater irregularity than 

that of an intact lesion. The articular surface at some point 
shows a break in a small portion of the periphery of the 
lesion, and the fragment moves significantly when probed. 
These lesions should be treated by debridement and smooth-
ing of the break in the articular surface followed by fragment 
stabilization. The fragment can be secured with bioabsorb-
able or metal screws. Screws have the advantage of fragment 
compression, which may be helpful in larger lesions. Non–
weight bearing is necessary for approximately 6 weeks after 
surgery. Most metal screws need to be removed.

A partially detached lesion presents a greater disruption 
in the articular surface and, with probing, the lesion can be 
displaced or hinged on one edge. These lesions should be 
hinged open and the crater debrided to remove fibrous tissue 
and stimulate petechial bone bleeding. Occasionally, cancel-
lous bone grafting in the crater base is required. When viewed 
arthroscopically, lesions that already have developed a loose 
body and a crater are treated by reconstruction of the crater, 
that is, by curettage and debridement to bleeding bone and by 
contouring and smoothing the edges and walls of the crater. 
If the loose body has detached recently, as indicated by hem-
orrhage or a little fibrous material within the crater, and the 
loose body can be replaced congruously, it is secured back 

 

A B

FIGURE 51.37 Locations of lesions of osteochondritis dissecans. 
A, Locations of lesions of medial femoral condyle (central, latero-
central, or inferocentral) and of lateral femoral condyle (inferocen-
tral and often posterior). B, Lateral view of medial femoral condyle 
showing common location of lesions.

Treatment of Chondral Lesions of the Knee 
(Least Effective to Most Effective)

 n  Debridement
 n  Low demand
 n  Low compliance
 n  Mechanical symptoms
 n  Minimal edema on T2-weighted MRI
 n  Microfracture
 n  Contained lesion <2.5 cm, 8 mm deep
 n  Moderate activity
 n  Technique
 n  Small 1- to 2-mm holes, 2-3 mm apart, varying depth
 n  Prepare with sharp vertical walls and curettement of 

calcified basal layer
 n  Cell transfer (ACI, MACI, JAC)
 n  Large lesion
 n  Moderate activity
 n  ACI: two operations required, third often necessary for 

mechanical symptoms
 n  JAC: one operation, less cost, early results promising, 

insurance coverage?
 n  OAT
 n  High demand
 n  Lesion <2.5 cm
 n  For best results, minimize cartilage trauma on insertion 

and maximize conformity of grafts to joint
 n  Mini-open technique for two or more grafts
 n  Fresh allograft
 n  Active
 n  Lesion >2.5 cm
 n  Moderate activity: 80%-90% success at 10 years
 n  High activity: approximately 30% success at 4 years

 BOX 51.4 

ACI, Autologous chondrocyte implantation; JAC, juvenile articular cartilage; 
MACI, matrix-associated autologous chondrocyte implantation; MRI, magnetic 
resonance imaging; OAT, osteochondral allograft transplantation.
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Factors With a Negative Effect on Healing of 
Chondral Lesions

 □  Age >50 years
 □  Malalignment
 □  Activity level
 □  Loss of meniscal tissue
 □  Instability
 □  Bipolar lesions
 □  Body mass index >30
 □  Smoking
 □  Chronic systemic disease

 BOX 51.5 

in the crater and stabilized. Displaced loose bodies with via-
ble cartilage and some attached subchondral bone have been 
successfully reattached and have healed in more than 90% of 
patients in a study by Magnussen et al. The fragments were 
trimmed and cancellous bone graft added when necessary to 
fill the crater. When the fragment is not acceptable, the crater 
may be treated by microfracture or autogenous osteochondral 
transfer.

Osteochondritis dissecans of the patella may occur on the 
medial or lateral facet and the central ridge or the medial or 
lateral aspect of the trochlea. In the case of localized lesions, 
the first line of treatment is debridement and microfracture. 
For persistent mechanical symptoms with swelling and pain 
that does not respond to conservative treatment or microfrac-
ture, a second line of treatment in a mature individual with 
these lesions would be anterior medialization of the tibial 
tuberosity and autogenous osteochondral transplant as an 
open procedure if indicated (see Chapter 45). It is important 
to note that the condition of the surrounding cartilage, viabil-
ity of the meniscus, stability of the knee, and alignment of 
the extremity weighs greatly on the long-term results of these 
lesions. Smoking and obesity negatively affect results as does 
age older than 30 to 45 years (Box 51.5). 

 

ARTHROSCOPIC DRILLING OF AN 
INTACT LESION OF THE FEMORAL 
CONDYLE

 TECHNIQUE 51.13 

 n  Perform a complete and systematic diagnostic arthros-
copy with the 30-degree viewing arthroscope in the an-
terolateral portal.

 n  Inspect carefully the articular surface of the medial femo-
ral condyle, varying the degree of flexion of the knee 
between 20 and 90 degrees to view the posterior extent 
of the lesion. The articular surfaces appear smooth ex-
cept for a slightly raised irregularity at the borders of the 
lesion.

 n  Insert a probe through the anteromedial portal and care-
fully probe this irregular line to ensure there is no break 

in the continuity of the articular surface overlying the sub-
chondral bone lesion.

 n  If the lesion is intact, perforate it with multiple holes us-
ing a 0.045-inch Kirschner wire. Position the Kirschner 
wire perpendicular to the articular surface, with the 
soft tissues protected by a sleeve or cannula over the 
wire (Fig. 51.38). Access for drilling inferocentral lesions 
of the medial femoral condyle usually is through the 
anteromedial portal; laterocentral lesions may be ap-
proached better by bringing the Kirschner wire through 
the anterolateral portal while viewing through the an-
teromedial portal. If the patient is not fully skeletally ma-
ture and the physis is open, take care not to penetrate 
too deeply and injure the physis. A radiographic image 
can be used to pass a 0.045-inch Kirschner wire start-
ing distal to the physis and ending just proximal to the 
articular surface, thus preserving the cartilage. Passing 
one wire through the cartilage to exit laterally can act 
as a guide for the wires to be passed from proximal to 
the lesion.

 n  Thoroughly lavage and suction the joint and remove the 
instruments.

POSTOPERATIVE CARE Postoperative management 
consists of immobilization in a restricted motion brace, 
with the arc of motion controlled to prevent contact of 
the tibial articular surface with the lesion. Use of crutches 
with partial weight bearing is encouraged until early heal-
ing is noted radiographically. Four to 6 weeks of immo-
bilization for young patients is common, whereas older 
patients with larger lesions should continue the immo-
bilization and avoid weight bearing until definite radio-
graphic evidence of healing is noted. Range-of-motion 
exercises should be performed for 15 to 20 minutes two 
to three times daily.
   

 

ARTHROSCOPIC SCREW FIXATION 
FOR OSTEOCHONDRITIS DISSECANS 
LESIONS IN THE MEDIAL FEMORAL 
CONDYLE
We generally prefer the use of an absorbable screw fixation 
technique for unstable fragments. For unstable fragments, 
metal screws provide greater security but must be removed. 
Bioabsorbable screws have less secure fixation, have vari-
able absorption, and sometimes cause synovitis; however, 
removal may not be necessary.

 TECHNIQUE 51.14 

 n  Evaluate the defect and determine the best method of 
fixation. Displaced lesions that require contouring prob-
ably are best treated open through a parapatellar incision.
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 n  For relatively stable lesions, debride the base and secure 
the lesion with cannulated bioabsorbable screws placed 
perpendicular to the lesion.

 n  If the defect is large, use cancellous bone obtained from 
the proximal tibia to fill the cavity.

 n  Secure the lesion with small 1.5- to 2.7-mm metal screws.

POSTOPERATIVE CARE Immediate range of motion is en-
couraged. Non–weight bearing with crutches for 12 weeks 
is necessary for healing and to protect the joint surfaces until 
the metal screws are removed arthroscopically if necessary.
  

OSTEOCHONDRITIC LOOSE BODIES
Osteochondritic loose bodies that are already completely 
detached and floating free within the joint usually are not suit-
able for reduction and fixation or bone grafting. Only a recently 
detached loose body with viable cartilage and bone and a fresh 
crater base is suitable for replacement and fixation. More often 
the loose body or bodies become rounded off and cannot be 
made to fit congruously back within the crater by either open or 
closed methods. In these instances, the loose bodies should be 
extracted from the joint, the base of the crater cleared of fibrous 
debris, the underlying eburnated and sclerotic bone perforated 
with multiple drill holes or abraded to bleeding cancellous bone, 
and the edges and walls of the crater contoured and smoothed 
without removing additional healthy articular cartilage.

Postoperatively, immediate motion and weight bearing 
are allowed. Prolonged protection in these circumstances 
does not seem to improve coverage of the base of the crater 
with fibrocartilaginous tissue. Constant passive motion for 6 
weeks has proved effective.

Larger defects (1.0 to 2.5 cm) in a weight-bearing portion 
with a wall of intact cartilage surrounding the defect are pref-
erably treated by use of an osteochondral autograft transfer 
(OATS) type of graft to plug the defect. 

OSTEOCHONDRAL AUTOGRAFTS
The first reports of osteochondral autograft transfer were by 
Yamashita et al. in 1985 followed by Fabbriciani et al. in 1992.

The osteochondral transfer method for autogenous mate-
rial has developed into two similar procedures. One method 
involves the use of individual donor cores 5 to 10 mm in size, 
whereas the other uses smaller plugs, ranging from 2.7 to 8.5 
mm, which are believed to cause less trauma to the donor site 
and can be plugged into the recipient site to restore an area 
about 2 cm in diameter.

The larger graft, which proponents believe fills the recipi-
ent site with more cartilage, can be used in defects ranging 
from 1.0 to 2.5 cm. Many researchers think that the most 
advantageous size graft is 4.5 to 6.5 mm. When multiple grafts 
are used (mosaicplasty), an open technique is preferable to 
enable ideal restoration of the articular cartilage surface (see 
Chapter 45). When multiple grafts are taken, the defect is 
thought to fill with 60% to 80% of hyaline cartilage. To maxi-
mize cartilage transfer, a cartilage bone paste can be used to 
fill the small defects between the cartilage surfaces.

Osteochondral autograft transfer is indicated for patients 
who are younger than age 45 years and have a sharply defined 
defect with normal-appearing hyaline cartilage surround-
ing the borders of the defect. Lesions should be unipolar 

and generally no more than 2.0 to 2.5 cm. Relative contra-
indications to the procedure are patients older than 45 years 
of age and obvious chondromalacia of the articular cartilage 
surrounding the defect. For best long-term results, normal 
mechanical alignment and a stable knee are necessary. 

 

OSTEOCHONDRAL AUTOGRAFT 
TRANSFER

 TECHNIQUE 51.15 
 n  Inspect the osteochondral defect arthroscopically and mea-

sure the size of the lesion. Use a set of OATS sizer/tamps 
with heads of 5 to 10 mm to determine precisely the di-
ameter of the defect. The color-coded tamps correspond in 
size with the diameter of the tube harvesters (Fig. 51.39A).

 n  Assemble the tube harvester driver/extractor.
 n  Load the donor tube harvester with the collared pin into 

the base of the driver and tighten the chuck. Screw a 
cartilage protector cap onto the back of the driver. When 
seated, the collared pin protrudes a few millimeters past 
the sharp cutting tip of the harvester to protect articular 
surfaces (Fig. 51.39B).

 n  When an acceptable position is established, drive the 
donor harvester with a mallet into subchondral bone or 
to a depth of approximately 15 mm. Avoid rotating the 
harvester during impaction.

 n  Remove the harvester and bone core by axially loading 
the harvester and rotating the driver 90 degrees clockwise 
and then 90 degrees counterclockwise (Fig. 51.39C).

 n  Fully insert the recipient harvester into the driver and in-
sert the protector caps in a similar fashion. During socket 
creation, maintain a 90-degree angle to the articular sur-
face to end up with a flush transfer. Rotate the harvester 
so that the depth markings are seen. Maintain a constant 
knee flexion angle during harvesting (Fig. 51.39D).

 n  After using a mallet to drive the tube harvester into sub-
chondral bone to a depth of approximately 13 mm (2 mm 
less than the length of the donor core), extract the recipient 
bone core in the same manner as the donor bone core, and 
measure and record the depth of the core (Fig. 51.39E).

 n  Use the calibrated OATS alignment stick of the appropri-
ate diameter to measure the recipient socket depth and 
align the angle of the recipient socket correctly in relation 
to the position of the insertion portal when using an ar-
throscopic approach (Fig. 51.39F).

 n  Reinsert the donor harvester, collared pin, and autograft 
core into the driver. Unscrew the cap and remove the T-
handled midsection. This exposes the end of the collared pin 
that is used to advance the bone into the recipient socket.

 n  Insert the pin calibrator over the guide pin and press 
into the open back of the driver (Fig. 51.39G). Insert 
the donor tube harvester’s beveled edge fully into the 
recipient socket. Stabilize the harvester during autograft 
impaction. Use a mallet to tap the end of the collared pin 
lightly and drive the bone core into the recipient socket 
(Fig. 51.39H).
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 n  Maintain a stable knee flexion angle and position of the 
harvester during this step. Carefully advance the collared 
pin until the end of the pin is flush with the pin calibrator 
on the back of the driver/extractor. This provides exact me-
chanical control to ensure proper bone core insertion depth. 
The predetermined length of the collared pin is designed 
to advance the bone core so that 1 mm of graft is exposed 
from the recipient socket when the pin is driven flush with 
the end of the pin calibrator. One can see the core insertion 
as it is occurring by viewing the core and the collared pin 
advancement through the slots in the side of the harvester.

 n  Alternatively, the core extruder is an option to using the 
mallet to insert the bone core into the recipient socket. 
Place the donor harvester into the chuck of the fully as-
sembled tube harvester driver/extractor. As described pre-
viously, insert the beveled edge of the donor tube har-
vester into the recipient socket. While keeping the donor 
tube harvester firmly in position, slowly screw the core 
extruder into the rear of the fully assembled driver/extrac-
tor. Advance the core extruder by turning it in a clockwise 
motion, forcing the bone core from the donor tube har-
vester into the recipient socket. When the core extruder is 
fully seated, the bone core should remain slightly proud.

 n  Remove the donor tube harvester and position a sizer tamp, 
measuring at least 1 mm in diameter larger than the diam-
eter of the bone core, over the bone core. Final seating of 
the bone core flush with surrounding cartilage is achieved 
by tapping the tamp lightly with the mallet (Fig. 51.39I).

 n  When multiple cores of various diameters are elected 
to be harvested and transferred into specific quadrants 
of the defect, each core transfer should be completed 
before proceeding with further recipient socket creation. 
This prevents potential recipient tunnel wall fracture and 
allows subsequent cores to be placed directly adjacent to 
previously inserted bone cores (Fig. 51.39J).
  

BONE GRAFTING
Cancellous bone grafts can be packed into the base of the cra-
ter in partially detached lesions before reduction and fixation 
to obliterate step-off. A cancellous graft can be obtained from 
the proximal tibia, using a trephine coring needle or similar 
device to obtain the harvest. This is placed arthroscopically 
or by open technique behind the osteochondritis dissecans 
lesion, packing it to a smooth surface before fixation with a 
cannulated screw. Autogenous chondrocyte implantation of 
the osteochondritis dissecans lesions should be contained and 
should have a depth of bone loss of less than 8 mm. Bone 
loss of more than 8 mm should be bone grafted, and a staged 
procedure should be performed 6 to 12 months later. These 
techniques are discussed further in Chapter 45.

Osteochondral defects larger than 2.5 cm are treated with 
allograft transfer or an autogenous chondrocyte implantation 
sandwich technique (Fig. 51.40). Osteochondritis dissecans 
treated with stacked “snowman” plugs have a reported short-
term failure rate of 33%, and this procedure should not be 
routinely performed. 

CRUCIATE LIGAMENT RECONSTRUCTION
The selection of grafts depends on the surgeon’s preference 
and the tissues available. Among the autogenous tissues cur-
rently available, the most commonly used are central one third 
patellar tendon, quadrupled hamstrings of 8 mm or more, and, 
less commonly, quadriceps tendon grafts. Each of these grafts 
has been shown to have sufficient load-to-failure strength and 
stiffness to replace the cruciate ligament (Table 51.2). Another 
important consideration in selecting an appropriate graft is 
graft creep or stress relaxation of the graft over time, the occur-
rence of which may be more frequent with hamstring ten-
dons than with ligaments, such as the patellar or quadriceps 
ligament. Fixation strength, including pull-out strength, graft 
slippage, and bony ingrowth, also is important. Fixation with 
interference screws, if performed properly, provides sufficient 
strength with bone –patellar tendon–bone grafts. Use of the 
BioScrew for fixation of soft-tissue grafts is enhanced by tunnel 
compaction and secondary fixation. The time of graft incorpo-
ration into bone varies considerably from study to study, rang-
ing from 3 weeks for bone plugs to more than 3 months for 
soft tissues. Generally, bone plug graft incorporation into the 
tunnel occurs at around 6 weeks, with soft-tissue grafts taking 2 
to 3 weeks longer. Aperture tunnel widening occurs to various 
degrees during the first 6 weeks and continues until 12 weeks, 
after which the tunnels begin to narrow somewhat.

Successful cruciate ligament reconstruction is best 
accomplished by secure anatomic graft placement and phys-
iologic repair or reconstruction of all secondary stabilizers, 
including menisci. Failure rates for anterior cruciate liga-
ment reconstruction have been shown to be significantly 
increased when preoperative 3+ pivot shift or hyperexten-
sion of more than 5 degrees is present. Anterior cruciate 
ligament plus anterolateral ligament reconstruction results 
in a less than 3% failure rate, 2.5 times lower than isolated 
anterior cruciate ligament reconstruction with bone–patel-
lar tendon–bone graft, and 3.1 times lower than recon-
struction with hamstring grafts. Failure of medial meniscal 
repair is 2 times lower with anterior cruciate and anterolat-
eral ligament reconstructions combined. Abnormal varus 
alignment or tibial slope causes an increase in graft stress 
and failure. Double-bundle anterior cruciate or posterior 

 FIGURE 51.38 Technique for drilling intact lesion of osteochon-
dritis dissecans. Multiple perforations of lesion of medial femoral 
condyle are made using Kirschner wire through anteromedial 
portal. SEE TECHNIQUE 51.13.
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cruciate ligament reconstruction has not shown clinically 
significant functional improvement. Likewise for posterior 
cruciate ligament reconstruction, no clinically significant 
improvements in functional results are obtained using inlay 
compared to transtibial or allograft compared to autografts. 
There is a clear difference in autograft superiority in ante-
rior cruciate ligament reconstruction in young athletes and 
should be routinely used. Finally, snug suspension fixation 
allows more graft-to-bone contact and more complete heal-
ing for soft-tissue grafts.

Donor morbidity and cosmesis also must be considered 
when choosing a graft. Bone–patellar tendon–bone harvest 
is associated with increased risk for patellar tendinitis, espe-
cially if larger grafts are harvested. Acute and delayed stress 
fractures of the patella resulting from taking too deep of a 

graft also have been reported. Properly harvested tendon and 
rehabilitation show no significant difference in arthritis. The 
weakness from harvesting two hamstrings approaches 20%. 
Injury to the saphenous nerve from graft harvest can be det-
rimental. The ideal graft and graft fixation techniques are still 
being developed. Currently, patellar tendon and hamstring 
grafts, when fixed at the joint line with secondary fixation on 
the tibia, have almost equal reported results, slightly favor-
ing the patellar tendon for stability and lower failure rate. 
The ultimate goals of anterior cruciate ligament surgery are 
a graft with low morbidity; excellent cosmesis, strength, and 
stiffness; and secure early fixation and incorporation near the 
joint line.

At this time, there are over 100,000 anterior cruci-
ate ligament reconstructions done yearly, with the number 

ED F

BA C

Recipient

Alignment 
stick

Donor

Donor
90°

FIGURE 51.39 Osteochondral autograft transfer. A, Size of defect determined. B, Harvester 
driver extractor assembled with tube harvester and collared pin loaded. C, Harvester driven into 
subchondral bone. D and E, Harvesting of graft. F, Calibrated osteochondral allograft transplanta-
tion system (OATS) alignment stick of appropriate diameter used to measure recipient socket depth 
and align angle of recipient socket correctly to position of insertion portal.
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JI

HG

FIGURE 51.39, cont’d  G, Donor harvester, collared pin, and autograft core reinserted into 
driver. H, Donor tube harvester inserted into recipient socket. I, Sizer tamp, measuring 1 mm in 
diameter larger than bone core, positioned over bone core. J, Harvested and transferred cores.  
SEE TECHNIQUE 51.15.

increasing. Also, the number of allografts being used for pri-
mary and revision procedures is increasing. The advantages 
of using allografts are decreased postoperative morbidity, 
improved cosmesis, decreased operating time, and preserva-
tion of the extensor mechanism, which may eliminate some 
postoperative symptoms of tendinitis or chondromalacia. 
Arguments against using allografts are that the length of time 
for allograft maturation and the percentage of incorpora-
tion of the graft into the ligamentous structure vary. Studies 
have shown failure rates in athletes to be as much as two to 
four times that of autograft. The potential for infection is low, 
including bacterial infection and hepatitis. The possibility of 
AIDS transmission is approximately 1 in 1.5 million.

The cost and availability of good, young allografts of 
appropriate length also is an issue. The increased use of 
allografts in primary procedures is making it more difficult to 
obtain these for revision or for multiple ligament procedures. 
The use of allografts in our opinion is best reserved for revi-
sion surgery in patients who do not wish to have the patellar 
tendon harvested from the contralateral leg and for patients 
with multiple ligamentous injuries in whom morbidity may 
be increased from harvesting a graft in an already severely 
injured knee. Allografts also may be useful in athletes who 
are negatively affected by harvest site symptoms. In revision 
surgery, reported failure rates range from 27% to 46%. The 
best results are obtained with the use of autografts. The first 
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attempt at anterior cruciate ligament reconstruction should 
be the best attempt.

The keys to surgical success are ample mental preparation, 
knowledge of recent literature, and proper patient evaluation, 
including assessment of potential stresses, ligamentous defi-
ciencies (including the anterolateral ligament), and ultimate 
goals of the patient. This evaluation should help to determine 
what to correct and how and when to proceed with surgery. 
Finally, prioritizing the surgical approach is necessary as far 
as alignment, instability, articulation, and the meniscus are 
concerned. Preparation also includes knowledge of potential 
complications and the ability to recognize and resolve them 
(Figs. 51.41 and 51.42).

ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION
For pathologic laxity of the anterior cruciate ligament in an 
active, healthy individual who wishes to remain active, our 
preferred treatment is endoscopic anterior cruciate ligament 
reconstruction with patellar tendon autograft or a quadrupled 
hamstring graft of 8 mm or more. Surgery is performed as an 
outpatient or 23-hour admission after the acute inflamma-
tory reaction has resolved. We use physical therapy to regain 
muscle tone and motion before the surgical procedure, which 
usually takes 10 to 21 days before surgery. 

 

ANATOMIC SINGLE-BUNDLE 
ENDOSCOPIC ANTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION USING 
BONE–PATELLAR TENDON–BONE 
GRAFT

 TECHNIQUE 51.16 

 n  Place the patient supine on the operating table.
 n  After general endotracheal anesthesia has been admin-

istered, examine the uninjured knee to obtain a refer-
ence examination for ligamentous laxity. Examine the 
injured knee and record Lachman and pivot shift insta-
bility.

 

A B

3mm bur Fibrin glue MembranesCells8mm bur

C
FIGURE 51.40 Technique for “sandwich” implantation of autologous chondrocytes. A, Osteo-

chondral defect and bone defect are similar. B, High-speed burr, usually 8 mm in diameter, is used 
to remove all subchondral sclerotic bone back to healthy-appearing spongy bone. Base is drilled 
multiple times with a Kirschner wire to enhance the blood supply to the grafting site. A 3-mm burr 
is used to undermine the subchondral bone to secure the membrane when it is glued to graft with 
gentle pressure and covered by a neutral patty as the tourniquet is released and knee is brought 
into full extension. Neutral patty is removed, defect is separated and dry from underlying marrow 
space and bone graft. C, Second membrane is sutured to surface and sealed with fibrin glue. Cultured 
chondrocytes are then injected or “sandwiched” between two membranes.  (Redrawn from Minas 
T, Oguar T, Headrick J, et al: Autologous chondrocyte implantation “sandwich” technique compared with 
autologous bone grafting for deep osteochondral lesions in the knee, Am J Sports Med 46:322, 2018.)

 TABLE 51.2

Ultimate Load to Failure and Stiffness of Current 
Graft Selections in Cruciate Ligament Surgery

GRAFT SELECTION

ULTIMATE 
STRENGTH TO 
FAILURE (N)

STIFFNESS 
(N/MM)

Native ACL (Woo et al.) 2160 242
Native PCL (Race, Amis) 1867 —
Patellar tendon (Cooper et al.) 2977 455
Quadruple hamstring tendon 
(semitendinosus and gracilis) 
(Hamner et al.)

4140 807

Quadriceps tendon (Stäubli et al.) 2353 326

ACL, Anterior cruciate ligament; PCL, posterior cruciate ligament.
From Brand J, Weiler A, Caborn DNM, et al: Graft fixation in cruciate ligament 
reconstruction, Am J Sports Med 28:761, 2000.
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 n  Apply a tourniquet around the upper thigh and use a 
well-padded lateral post. Secure a 5-L intravenous saline 
bag to the table to act as a stop to maintain 90 degrees 
of knee flexion (Fig. 51.43A).

 n  Prepare and drape the extremity with standard arthrosco-
py drapes and use an Esmarch wrap for exsanguination. 
Inflate the tourniquet to 100 mm Hg above the patient’s 
systolic pressure.

 n  If preoperative examination revealed significant laxity, 
proceed with patellar tendon harvesting.

 n  Arthroscopic joint portals can be made through this initial 
skin incision. If the status of the anterior cruciate ligament 
is in question (Fig. 51.44), or if more than 90 minutes 

of tourniquet time is anticipated for completion of the 
procedure, arthroscopy portals should be made for joint 
evaluation and notch debridement before inflating the 
tourniquet and making the skin incision for harvest of the 
patellar tendon.

 n  Inject the portals with lidocaine and epinephrine to help 
control bleeding and maintain hypotensive anesthesia. 
An arthroscopy pump can be used to maintain proper 
joint distention and to reduce bone bleeding.

 n  Unless contraindicated, administer antibiotics and ke-
torolac (Toradol) before tourniquet inflation (30 mg 
intravenously in patients younger than 65 years; 15 mg 
in patients older than 65 years or in those weighing 
less than 50 kg). Two additional doses can be given 
postoperatively, not to exceed 120 mg or 60 mg, re-
spectively. 

GRAFT HARVEST
 n  With the knee held in 90 degrees of flexion, make a 4- to 

6-cm medial parapatellar incision starting inferior to the 
patella and extending distally medial to the tibial tuberos-
ity. The length of this incision depends on the size of the 
patient.

 n  Expose the patella and tendon by subcutaneous dissec-
tion.

 n  Make a straight midline incision through the peritenon 
and dissect the peritenon from the patellar tendon, taking 
the flaps medially and laterally.

 n  With the knee held flexed to maintain some tension on 
the patellar tendon, measure the width of the tendon.

 n  Harvest a 10-mm-wide graft or one third of the tendon, 
whichever is smaller, from the central portion of the ten-
don, extending distally from the palpable inferior tip of 
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FIGURE 51.41 Causes of complications of anterior cruciate ligament reconstruction.
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FIGURE 51.42 Keys to surgical success.
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the patella. Maintain straight, single-fiber plane incisions 
while harvesting the tendon. The size of the graft is indi-
vidualized. For a large football lineman, an 11-mm graft 
or double-bundle graft may be indicated. For a small pa-
tient, a 9-mm or possibly an 8-mm graft and tunnels may 
be indicated.

 n  Use an oscillating saw with a 1-cm-wide blade to make 
the bone cuts. Run the saw blade 15 degrees oblique to 
a line perpendicular to the anterior cortex of the patella, 
keeping 2 mm of the saw blade visible, to make a cut 8 
mm in depth. This cut should be about 10 mm wide × 17 
mm long measured from the bony tip of the patella.

 

B

ED

H

50°

30°3 cm

5 cm

35°

A
B

1–2 mm
 posterior wall

Slope of medial
tibial spine

Edge of lateral
meniscus

A

C

GF

FIGURE 51.43 Anatomic single-bundle anterior cruciate ligament reconstruction. A, Saline arthros-
copy bag is secured to table to assist in maintaining knee flexion. B, Increase in tibial guide angle. Length 
of tunnel can be increased. C, Tibial tunnel using inner edge of lateral meniscus and medial tibial spine 
as reference points. Tibial tunnel should be reamed into edge of medial spine and should be centered 
just slightly anterior to inner edge of lateral meniscus. D, Three reference points—inner edge of lateral 
meniscus, base of medial spine, and posterior cruciate ligament—are used for tibial guidewire. E, Tibial 
tunnel should be posterior to roof of altered intercondylar notch to prevent graft impingement in 
knee extension. F, Note position of femoral tunnel, about 4 to 5 mm off articular surface and 2 to 3 
mm anterior to over-the-top spot. G, With knee flexed more than 100 degrees, guidewire is placed 
up femoral tunnel through middle cannula. Interference screw is passed, ensuring that guidewire and 
traction suture is straight line and ensuring minimal divergence between screw and bone plug. H, Use 
of sheath to protect graft and to assist in placing screw parallel to graft. SEE TECHNIQUE 51.16.
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A B
FIGURE 51.44 A, Calcified stump of anterior cruciate ligament after chronic tear. B, Empty 

lateral wall sign indicating anterior cruciate ligament-deficient knee; anterior cruciate ligament 
can be attached to posterior cruciate ligament, giving false indication of functional ligament. SEE 
TECHNIQUE 51.16.

 n  Make 25-mm-long cuts distally and free the tibial graft 
with a curved osteotome.

 n  Flip the plug and place it back into the harvest site. Drill a 
2-mm hole, 3 mm from the distal tip of the plug, and pass 
a no. 5 Tevdek suture (Deknatel OSP, Fall River, MA). An 
assistant should hold this at all times to ensure that the 
graft is not contaminated.

 n  Complete the patellar cut with the saw placed at the in-
ferior pole of the patella, 7 to 8 mm deep and parallel to 
the anterior cortex. 

GRAFT PREPARATION
 n  Secure the graft to the top drape on a previously prepared 

table that holds appropriate-sized bone plug trials, ron-
geurs, a 2-mm drill bit, a Silastic block, a skin marker, no. 
5 Tevdek sutures on Keith needles, and an 18-gauge steel 
wire.

 n  Commercially available graft preparation boards make 
tensioning and graft preparation much easier.

 n  Contour the graft with the rongeurs so that it fits through 
the 10-mm trial, ensuring that the complete graft would 
pass through the trial.

 n  Drill a single hole in the patellar plug about 3 mm from 
the end.

 n  Bullet the end of the bone plug to make passage easier.
 n  Drill a hole in the tibial bone plug. This plug should be 20 mm.
 n  Place a no. 5 nonabsorbable suture through the better 

bone plug to be placed into the femoral tunnel and an 
18-gauge wire through the other plug, which is placed 
into the tibial tunnel. The use of a wire prevents cut-out 
before firm fixation is obtained.

 n  Mark the bone-tendon junction on the cancellous side of 
the graft at both ends with a methylene blue pencil and 
measure the total graft length. Wrap it in a sterile saline-
soaked sponge and place it in a safe holding location.

 n  Use electrocautery to make an inverted L-shaped flap 
through the tibial periosteum, starting about 2.5 cm dis-
tal to the joint line and extending distally 1 cm medial to 
the tibial tuberosity.

 n  Reflect the flap medially with a periosteal elevator to ex-
pose the proximal tibia for later placement of the tibial 
tunnel.

 n  Make standard anteromedial and anterolateral arthros-
copy portals, taking care not to damage the remaining 
portion of the patellar tendon.

 n  Systematically examine the knee and evaluate and treat 
any associated intraarticular pathologic condition.

 n  Perform meniscal suturing before securing the anterior 
cruciate ligament graft.

 n  With the arthroscope in the anterolateral portal and a 5.5-
mm full-radius resector in the anteromedial portal, release 
the ligamentum mucosum and partially resect the fat pad 
to allow full exposure of the joint during the procedure.

 n  Resect the soft tissue from the intercondylar notch and 
from the tibial stump by sliding the resector between the 
remaining stump of the anterior cruciate ligament and 
the posterior cruciate ligament. The opening of the blade 
should always be pointed superiorly or laterally to avoid 
damage to the posterior cruciate ligament.

 n  Leave the outline of the tibial and femoral footprint intact 
as a reference guide (Figs. 51.45 and 51.46). Visualize the 
lateral intercondylar ridge, the lateral bifurcate ridge, and 
the extent of the footprint that covers the lower third of 
the notch wall. Use an awl to make a hole in the pos-
terosuperior part of the footprint so that the tunnel will 
have a 2-mm posterior wall and be about 5 mm superior 
to the articular cartilage in the posterosuperior aspect of 
the footprint just below the intercondylar ridge. After 
properly marking the footprint while visualizing from the 
anteromedial portal, the scope can be changed to the 
anterolateral portal and a small internal notchplasty can 
be performed to aid with graft placement.

 n  With the knee in 30 degrees of flexion to expose the 
opening of the notch, evaluate the available space be-
tween the posterior cruciate ligament and lateral wall and 
the architecture of the roof. Use a 5.5-mm burr to enlarge 
the notch as indicated. The notch should be opened to 
look like an inverted U. Do not extend the notchplasty 
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A B

C D

FIGURE 51.45 A, View of anterior cruciate ligament footprint using a 30-degree scope through 
a lateral parapatellar portal. Note proximity of anterior cruciate ligament footprint to articular 
surface of femoral condyle. B, Same footprint from medial parapatellar portal. Entire extent of 
footprint can be visualized more adequately through this view. C, Femoral footprint just posterior 
to center of anterior cruciate ligament footprint is marked with awl to use as reference point for 
reaming of femoral tunnel. D, Reamer. SEE TECHNIQUE 51.16.

 

A B

FIGURE 51.46 A, Flat-blade reamer for femoral tunnel preparation. B, Completion of tunnel 
preparation. SEE TECHNIQUE 51.16.
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too far medially or superiorly, which would interfere with 
the patellofemoral articulation. Often, the opening needs 
to be enlarged only 2 to 3 mm superiorly and laterally. 
The burr can be placed in reverse to remove the articular 
fringe and smooth the initial notchplasty.

 n  As the notchplasty proceeds posteriorly, flex the knee 
from 45 to 60 degrees; when the notchplasty is com-
plete, the knee should be at 90 degrees of flexion. Use 
controlled strokes with the burr from posterior to ante-
rior. Posteriorly, open the notch enough to accommodate 
the 10-mm endoscopic reamer. Smooth the edges of the 
tunnel by placing the burr in reverse or by using an ar-
throscopic rasp. 

TIBIAL  TUNNEL PREPARATION AND DETERMINING 

APPROPRIATE LENGTH
 n  If transosseous drilling of the femoral tunnel is planned, 

the tibial tunnel will need to be placed at a 45-degree 
sagittal angle, starting just lateral to the medial collateral 
ligament. More acute angles tend to undercut the tibial 
articular suture and result in an oblique nonanatomic ap-
erture. This does allow for a longer tibial tunnel, and the 
anatomic femoral footprint can be successfully reamed 
about 60% of the time through the tibial tunnel. A low 
medial portal may be preferable to independently ream 
the femur in the posterosuperior aspect of the direct fi-
bers of the anterior cruciate ligament stump.

 n  When placing the tibial guide intraarticularly, be aware 
of the intended tunnel length and direction so that the 
graft can be secured in an anatomic, impingement-free 
position. Proper length and direction of the tunnel require 
a starting point approximately 1 cm proximal to the pes 
anserinus and about 1.5 cm medial to the tibial tuberosity 
to form a 30- to 40-degree angle with the shaft of the 
tibia. One should see this wire being directed to approach 
the femoral pilot hole (see Fig. 51.43B). Intraarticular ref-
erence points that can serve as guides include the anterior 
cruciate ligament stump, the inner edge of the anterior 
horn of the lateral meniscus, the medial tibial spine, and 
the posterior cruciate ligament (see Fig. 51.43C and D).

 n  When evaluating pin placement in a two-dimensional pic-
ture, in the anteroposterior plane, ensure that the guide-
wire exits just anterior to a reference line extended medi-
ally from the inner edge of the lateral meniscus. This point 
should be approximately 7 mm anterior to the posterior 
cruciate ligament and 2 to 3 mm anterior to the peak of 
the medial spine at the center of the anterior cruciate 
ligament footprint. In the mediolateral plane, ensure that 
the wire enters at the base of the medial spine or just 
slightly medial to the center of the anterior cruciate liga-
ment footprint (see Fig. 51.43D).

 n  The unaltered roof of the intercondylar notch normally 
forms an angle of 35 to 40 degrees with the long axis 
of the femur (see Fig. 51.43E). To prevent impingement, 
an internal notchplasty, as previously described, may be 
necessary, as is appropriate tunnel placement. Use the 
tibial and femoral landmarks described earlier and place 
the guide at 55 to 60 degrees to the tibial plateau surface 
to obtain sufficient tunnel length and an angle that al-
lows the graft angle to approximate that of the original. 
Measure the tibial tunnel length directly off the guide 

calibrations and approximate the length of the tendinous 
portion of the graft. The tunnel length should be suf-
ficient to allow at least 20 mm of bone to be secured in 
the tibial tunnel for stable fixation.

 n  If the tendinous portion of the graft is 50 mm long or less, 
increase the guide angle to produce a longer tibial tunnel. 
The tunnel can be easily increased to 45 to 50 mm long 
to accommodate the longer graft.

 n  Using the guide, advance the wire approximately 10 
mm into the knee while observing through the arthro-
scope.

 n  Place a clamp over the intraarticular end of the Kirschner 
wire to prevent advancement. Ream over the wire with a 
reamer 2 mm smaller than the intended final tunnel.

 n  Leave the protruding end of the reamer in the tunnel and 
examine the tunnel for appropriate impingement-free po-
sition as the knee is moved through a full range of motion.

 n  Make necessary adjustments with the 8-mm reamer.
 n  Prevent bowstringing of the anterior cruciate ligament 

graft over the posterior cruciate ligament by leaving a 
2-mm posterior wall between the tibial tunnel and the 
posterior cruciate ligament. By directing the tunnel just 
lateral to the posterior cruciate ligament, the graft lies on 
the posterior cruciate ligament without bowing around 
the ligament.

 n  Ream the tunnel with a reamer the size of the graft and 
use the full-radius resector to contour the edges of the 
tunnel and resect any remaining soft tissue that might 
block extension.

 n  Place a rasp through the tunnel to complete contouring 
and ensure that the external portion of the tunnel is free 
of soft tissue. 

FEMORAL TUNNEL PREPARATION
 n  Visualize from a high anteromedial portal just medial to 

the tip of the patella.
 n  Use a spinal needle to identify the best position for a low 

medial portal about 2.5 cm medial to the patellar tendon 
and just above the meniscus. A guide is placed to en-
sure that the tunnel is just anterior to the anteromedial 
bundle; that is, leaving a 2-mm posterior wall and about 
5 mm from the femoral articular surface (see Fig. 51.43F). 
Flex the knee 120 degrees and use a flat-blade reamer to 
avoid articular damage and to allow optimal visualization 
of tunnel placement (see Fig. 51.44). Advance the reamer 
1 mm and recheck the tunnel location. If it is in the de-
sired location, ream a 30-mm tunnel if possible.

 n  Carefully retract the reamer and remove it from the joint, 
being careful not to enlarge the tunnel and ream out the 
posterior wall of the femur.

 n  Smooth the edges of the femoral tunnel with a full-radius 
resector.

 n  Use the tunnel notcher to make a 25-mm-long slot per 
the guidewire. 

GRAFT PASSAGE
 n  Use the eyelet guidewire to pass a suture loop with tails 

through the femoral tunnel and out through the lateral 
thigh. Retrieve the loop through the femoral tunnel. Use 
this loop to pass the graft up through the tibial tunnel and 
then guide it into the femoral tunnel using a probe. The 
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cancellous surface of the femoral bone plug is positioned 
to face anteriorly.

 n  When the graft is in the femoral tunnel, pass a flexible 
guidewire through the medial portal, and with the wire 
parallel to the graft, advance both up into the tunnel. 
Ensure that at least 2 cm of bone plug remains in the 
tibial tunnel for later fixation; if necessary, recess the graft 
into the femoral tunnel and choose a longer interference 
screw to fix the graft at the femoral aperture. 

GRAFT FIXATION
 n  Secure the graft with an interference screw with a sheath 

passed through the low medial portal to form a straight 
line with the tunnel (see Fig. 51.43G and H). The screw 
should firmly engage the bone and be flush with the fem-
oral aperture. Visualization is aided by placing the scope 
into the top of the notch and looking down on the tunnel.

 n  Move the knee through a range of motion while holding 
tension distally on the graft to ensure that there is no im-
pingement or pistoning of the graft. If the graft tightens 
more than 2 mm with knee flexion, remove the graft and 
move the femoral tunnel, or both tunnels, slightly poste-
rior using a convex arthroscopic rasp. Slight tightening 
during knee extension is normal.

 n  Rotate the tibial bone plug counterclockwise (right knee) 
so that the cancellous plug faces laterally, thus replicating 
the anterior cruciate ligament fiber orientation.

 n  If no graft pistoning or impingement is evident, hold the 
tension on the graft for approximately 3 minutes while cy-
cling the knee to allow for collagen fiber stress relaxation. 
If the graft tends to impinge in one direction, use the 
screw to push the bone graft in the opposite direction.

 n  Tension the graft with 8 to 10 lb of pull. Overtensioning 
of the graft can cause failure because of joint capture or 
graft necrosis.

 n  Secure the graft with a screw equal to the gap size plus 5 
mm with the knee in full extension.

 n  If the tendon is so long that the bone plug is completely 
out of the tibial tunnel, as may be the case with an al-
lograft mismatch, then a biocomposite or noncutting 
screw 1 mm smaller than the tunnel can be used for soft-
tissue fixation of the patellar tendon and bone construct.

 n  Move the knee through a full range of motion and ensure 
there is no evidence of capture of the knee joint. Observe 
and probe the graft arthroscopically to ensure that it is 
taut. The graft should be slightly tighter than a normal 
anterior cruciate ligament. Also ensure that there is no 
impingement and that no bone or screw protrudes into 
the joint from the tibial or femoral tunnel.

 n  Check the stability of the knee by Lachman and pivot shift 
maneuvers. The knee should be just slightly tighter than 
the uninjured knee.

 n  If fixation is secure, remove the 18-gauge wire and the 
tension sutures. 

CLOSURE
 n  Loosely approximate the patellar tendon with simple in-

terrupted absorbable sutures through the anterior por-
tion of the fiber of the tendon.

 n  Place bone saved from contouring of the bone plugs into 
the patellar defect and close the peritenon.

 n  Remove the sutures from the thigh proximally (femoral 
bone plug) and from the tibial bone plug distally.

 n  Remove any protruding bone, leaving a smooth surface 
distally.

 n  Close the periosteal flap back over the tunnel.
 n  Close the subcutaneous tissues with interrupted 2-0 Vicryl 

suture and approximate the skin with a running subcu-
ticular 4-0 Monocryl suture.

 n  Apply adhesive strips loosely over the closure and apply a 
sterile dressing, a cooling sleeve, and an elastic wrap.

POSTOPERATIVE CARE For the anterior cruciate liga-
ment rehabilitation protocol, see Box 51.6.

   

 

TWO-INCISION TECHNIQUE FOR 
ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION USING BONE–
PATELLAR TENDON–BONE GRAFT
The two-incision technique can be used for revisions, for 
recovery of a posterior wall blowout, and for pediatric 
patients.

 TECHNIQUE 51.17 

 n  The basics for the two-incision technique are as described 
for the endoscopic technique except a lateral exposure is 
necessary.

LATERAL EXPOSURE 
 n  Make a 4-cm lateral incision starting 1.5 cm proximal to 

the flare of the lateral condyle and centered directly over 
the iliotibial band. Carry the dissection down to the ilio-
tibial band and expose it with wide subcutaneous dissec-
tion.

 n  Divide the iliotibial band in its midline and extend it 
proximally and distally from the skin incision. The lower 
edge of the distal portion of the vastus lateralis can be 
felt by sweeping a finger along the intermuscular sep-
tum.

 n  Slide a periosteal elevator under the edge of the vastus 
lateralis and lift the muscle anteriorly over the lateral part 
of the femur without injuring the muscle belly.

 n  Place a Z-retractor over the femur to hold the vastus late-
ralis superiorly.

 n  Use electrocautery to make a longitudinal incision through 
the periosteum just proximal to the flare of the condyle 
and extend it proximally for about 2.5 cm. Use a perios-
teal elevator to expose the bone and the over-the-top 
spot where the flare of the condyle and the metaphysis 
of the femur meet. Coagulate the lateral genicular vessels 
in this area.
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Anterior Cruciate Ligament Rehabilitation Protocol

Stage I: 0-2 Weeks
 n  Patellar mobilizations (emphasize superior/inferior glides)
 n  MCB 0-90 degrees
 n  Quadriceps sets/SLR all planes (emphasize SLR without exten-

sion lag)
 n  Prone/standing hamstring curls
 n  Passive extension (emphasize full extension)
 n  Prone hangs
 n  Pillow under heel
 n  Passive, active, and active-assisted ROM knee flexion
 n  Wall slides
 n  Sitting slides
 n  Prone towel pulls
 n  Edema control—compression pump
 n  Electrical stimulation for muscle re-education if poor QS
 n  PWB 50%-75% with crutches or WBTT without crutches if 

MCB locked in full extension
 n  Sleep in brace locked in extension

Goals
 n  Full knee extension ROM
 n  90-Degree knee flexion ROM
 n  Good QS
 n  Emphasize normal gait pattern 

Stage II: 2-4 Weeks
 n  MCB full ROM
 n  Progress ROM to 120 degrees by week 4
 n  Progress SLR and prone/standing hamstring curls with weights
 n  Bike for ROM, begin low-resistance program when ROM 

adequate
 n  Stool scoots
 n  FWB with crutches; discontinue crutches when ambulating 

without limp
 n  Begin double-leg BAPS, progress to single leg
 n  Begin double-leg press with light weight/high repetitions
 n  Wall sits at 45-degree angle with tibia vertical, progress time
 n  Lateral step-ups (4 inches) when able to perform single-leg 

quarter squat
 n  Hip machine and hamstring machine when able to perform 

SLR with 10 lb
 n  Treadmill (forward and backward) with emphasis on normal 

gait
 n  Knee extension 90-60 degrees (submaximal) with manual 

resistance by therapist

Goals
 n  ROM 0-120 degrees
 n  FWB without crutches, no limp 

Stage II: 4-6 Weeks
 n  Progress to full ROM by 6 weeks
 n  Begin Kin-Com isokinetic hamstring progression (isotonic/

isokinetic)
 n  Begin Kin-Com dynamometer quadriceps work 90-40 degrees 

isotonics with antishear pad
 n  Stairmaster (forward and backward)
 n  Progress closed chain exercises
 n  At 6 weeks, begin Kin-Com dynamometer quadriceps work 

90-40 degrees isokinetics (start with higher speed and work 
on endurance)

 n  Aquatic exercises 

Stage II: 8-10 Weeks
 n  Progress above-listed exercises
 n  Slow-form running with sport cord (forward and backward)
 n  Isokinetic quadriceps work at different speeds (60, 90, 120 

degrees per second)
 n  Begin lunges
 n  At 10 weeks, begin Fitter, slide board 

Stage III: 12-16 Weeks
 n  Full-range isotonics on Kin-Com dynamometer (begin moving 

antishear pad down)
 n  Knee extension machine with low weight/high repetitions
 n  Lateral sport cord drills (slow, controlled)
 n  Kin-Com dynamometer test hamstrings, discontinue isokinetic 

hamstrings if 90%
 n  Progress isokinetic quadriceps to full extension by 16 weeks 

Stage IV: 16-20 Weeks
 n  Kin-Com dynamometer test for quadriceps, retest hamstrings 

if necessary
 n  Begin plyometric program with shuttle, minitrampoline, jump 

rope if quadriceps strength 65%, no effusion, full ROM, stable 
knee

 n  Begin jogging program if quadriceps strength is 65% 

Stage V: 20-36 Weeks
 n  Agility training
 n  Sport-specific drills (e.g., carioca, 45 cutting, figure-of-eight)
 n  Retest quadriceps if necessary 

Stage VI: Agility Testing 36 Weeks
 n  Return to sport if:
 n  Motion > 130 degrees
 n  Hamstrings > 90%
 n  Quadriceps > 85%
 n  Sport-specific agility training completed and testing passed
 n  Maintenance exercises two to three times per week

 BOX 51.6 

BAPS, Biomechanical Ankle Platform System; FWB, full weight bearing; MCB, motion control brace; PWB, partial weight bearing; QS, quadriceps setting; ROM, range 
of motion; SLR, straight-leg raises; WBTT, weight bearing to tolerance.
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ENDOSCOPIC QUADRUPLE 
HAMSTRING GRAFT

 TECHNIQUE 51.18 

GRAFT HARVEST 
 n  Make a 4-cm incision anteromedially on the tibia starting 

approximately 4 cm distal to the joint line and 3 cm medial 
to the tibial tuberosity (Fig. 51.47A).

 n  Expose the pes anserinus insertion with subcutaneous dis-
section.

 n  Palpate the upper and lower borders of the sartorius tendon 
and identify the palpable gracilis and semitendinosus tendons 
3 cm to 4 cm medial to the tendinous insertion (Fig. 51.47B).

 n  Make a short incision in line with the upper border of 
the gracilis tendon and carry the incision just through the 
first layer, taking care not to injure the underlying medial 
collateral ligament.

 n  With Metzenbaum scissors, carry the dissection proximally 
up the thigh. Stay in the same plane and maintain ade-
quate exposure by using properly placed retractors. Careful 
observation of structures is necessary to avoid injuring the 

saphenous vein or nerve by straying from the plane of dis-
section.

 n  With a curved hemostat, dissect the gracilis and semiten-
dinosus tendons from the surrounding soft tissues about 
3 cm medial to their insertion onto the tibia.

 n  After carefully identifying each tendon, use a right-angle 
vascular clamp to pass a Penrose drain around the gracilis 
tendon and release its fibrous extensions to the gastroc-
nemius and semimembranosus muscles (Fig. 51.47C). 
These fibrous extensions come off the hamstring tendons 
at 6 cm to 7 cm proximal to their distal attachment. Sub-
periosteally dissect the tendons medially to the insertion 
and release them sharply. Do not damage or release the 
sartorius tendon. Place a nonabsorbable Krackow stitch 
on the tendon ends using different colored sutures to 
differentiate the two tendons (Fig. 51.47D). Use a tendon 
tube sizer to accurately measure the give of the quadru-
pled tendon.

 n  Palpate all sides of the tendon to ensure there are no 
fibrous extensions before releasing it with an open-end 
tendon stripper. If firm resistance is felt, redissect around 
the tendons with a periosteal elevator and Metzenbaum 
scissors. Release the tendon proximally by controlled ten-
sion on the tendon, while advancing the stripper proxi-
mally. The muscle should slide off the tendon as the strip-
per is advanced proximally.

 

A B

D

C

Incision

FIGURE 51.47 Endoscopic quadruple hamstring graft. A, A 3-cm incision is made over the pes 
anserinus tendon. B, Inferior retraction of the sartorius tendon, exposing the gracilis and semiten-
dinosus tendons. C, Placement of Penrose drain around the hamstring tendon to be harvested. D, 
Two running, interlocking (Krackow) sutures. SEE TECHNIQUE 51.18.
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 n  Use the same procedure to release the semitendinosus 
tendon.

 n  At a separate table, separate the muscle from the tendon 
with a no. 10 blade.

 n  Place a Krackow-type whipstitch in both ends of each ten-
don with no. 2 nonabsorbable sutures. Fold both tendons 
in half to form four strands of tendon.

 n  Perform a limited notchplasty and tunnel placement as 
described for the endoscopic bone–tendon–bone tech-
nique (see Technique 51.16).

 n  Ream the tibial tunnel at 50 degrees to the tibial ar-
ticular surface. The tunnel is reamed 2 mm smaller than 
the graft size and serially dilated to produce a snug fit. 
Dilation of the tibial tunnel has been shown to signifi-
cantly increase the pull-out strength. The tunnel length 
should be 30 to 35 mm to allow fixation near the ar-
ticular surface.

 n  A low anteromedial portal is used for reaming the femoral 
tunnel. Use an EndoButton (Smith & Nephew, Memphis, 
TN) or similar type device to secure 20 to 25 mm of ten-
don in the femoral tunnel. After tensioning the graft for 
3 minutes while cycling the knee, use a composite screw 
1 mm smaller than the tunnel for tibial fixation and use 
secondary suture and post fixation. A screw sheath, soft-
tissue fixation device may also be used to secure the tibial 
end of the graft. 

POSTOPERATIVE CARE See Box 51.6 for postoperative 
anterior cruciate ligament rehabilitation. We generally 
proceed more slowly with rehabilitation when a hamstring 
graft has been used. The patient generally is allowed to 
return to full activity at around 9 to 12 months.
   

 

ALL-INSIDE QUADRUPLE HAMSTRING 
GRAFT ANTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION

A quadriceps graft can be harvested through a 4-cm verti-
cal incision extending proximally from the superior patella. 
Instrumentation is available to simplify the harvest for pri-
mary or revision procedures.

 TECHNIQUE 51.19 

 n  After graft harvest, prepare the graft by folding it ap-
propriately and then, using a “buried knot” technique, 
start from the inside of the graft and place the needle 
around two limbs. Wrap the suture around the graft, 
then place the needle through the second set of graft 
limbs from outside-in. Tension the suture and tie a knot 
to secure the stitch. Repeat on the other end of the graft 
for a total of two stitches in each end (Fig. 51.48A).

 n  Assuming a maximal intraarticular length of 30 mm, there 
will be approximately 20 mm of graft in the femoral and tibial 

socket. Drill the femur 20 mm deep and the tibia approxi-
mately 30 mm deep to allow an extra 10 mm for tensioning.

FEMORAL SOCKET PREPARATION 
 n  For medial portal drilling, use the TightRope Drill Pin, 

transportal ACL guides, and low profile reamers. Note 
the intraosseous length from the TightRope Drill Pin.

 n  After socket drilling, pass a suture with the TightRope Drill 
Pin for later graft passing (Fig. 51.48B).

 n  Using the FlipCutter drill, place the guide into the joint and 
push the drill sleeve down to bone and note the measurement 
where the drill sleeve meets the guide (Fig. 51.48C, inset).

 n  Drill the FlipCutter into the joint, remove the guide, and tap 
the stepped drill sleeve into bone. Flip the blade on the Flip-
Cutter and ream until the desired socket depth is reached.

 n  Flip the FlipCutter blade straight and remove it from the 
joint while keeping the drill sleeve in place. Pass a Fiber-
Stick suture through the stepped drill sleeve and dock for 
later graft passage. 

TIBIAL SOCKET PREPARATION
 n  Drill the FlipCutter reamer into the joint. Remove the 

marking hook and tap the stepped drill sleeve into the 
bone (Fig. 51.49A).

 n  Flip the blade and lock into cutting position. Drill on for-
ward, with distal traction, to cut the socket. Use the rub-
ber ring and 5-mm markings on the cutter to measure 
socket depth (Fig. 51.49B).

GRAFT PASSAGE 
 n  Straighten the FlipCutter blade and remove from the joint. 

Pass a TigerStick suture into the joint and retrieve both the 
tibial TigerStick and the femoral FiberStick sutures out the 
medial portal together with a Suture Retriever (Fig. 51.50A). 
Retrieving both sutures at the same time helps avoid tissue 
interposition that can complicate graft passage.

 n  Pass the blue button suture and the white shortening 
strands through the femur. Remove slack from sutures 
and ensure equal tension. Clamp or hold both blue and 
white sutures and pull them together to advance the but-
ton out of the femur. Pull back on the graft to confirm 
that the button is seated (Fig. 51.50B).

 n  While holding slight tension on the graft, pull the shorten-
ing strands proximally, one at a time, to advance the graft. 
Pull on each strand in 2-cm increments (Fig. 51.50C). The 
graft can be fully seated into the femur or left partially 
inserted until tibial passing is complete, which allows fine 
tuning of graft depth in each socket.

 n  Cinch a suture around the end of the TightRope ABS loop 
to use for passing (Fig. 51.50D, inset). Load the cinch su-
ture and the whipstitch tails from the graft into the tibial 
passing suture. Pull distally on the tibial passing suture to 
deliver both the TightRope ABS loop and the whipstitch 
sutures out of the tibial distally (Fig. 51.50D).

 n  Advance the graft into the tibia by pulling on the inside 
of the ABS loop and whipstitch sutures (Fig. 51.50E).

 n  Load the TightRope ABS button onto the loop. Pull on the 
white shortening strands to advance the button to bone 
and tension the graft (Fig. 51.50F). Ensure that the button 
has a clear path to bone so that no soft tissue is trapped 
underneath it.
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A

B

C

FIGURE 51.48 All-inside quadruple hamstring graft anterior cruciate ligament reconstruction. 
A, Graft preparation. B and C, Femoral socket drilling. Inset, Guide is placed into joint and drill 
sleeve is pushed down to bone. SEE TECHNIQUE 51.19.

 n  Load the whipstitch sutures into the button and tie a knot 
for backup fixation (Fig. 51.50G). Alternatively, backup 
sutures can be fixed to the tibia using the Swivel Lock.
   

 

ANATOMIC DOUBLE-BUNDLE 
ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION
Anatomic double-bundle anterior cruciate ligament recon-
struction places the femoral graft into the femoral footprint 

of the native anterior cruciate ligament, which has been 
shown to result in closer knee joint kinematics than the 
original isometric femoral position. A three-portal tech-
nique adds an accessory medial portal to create the femoral 
tunnel.

 TECHNIQUE 51.20 

(KARLSSON ET AL.)
 n  A three-portal approach, using standard anterolateral 

and central medial portals and an accessory anterome-
dial portal, allows for a complete view of the entire ante-
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rior cruciate ligament and its femoral and tibial insertion 
sites.

 n  Using a spinal needle, create the central portal while 
viewing through the lateral portal. The spinal needle 
should be in the center of the notch in a proximal to 
distal direction.

 n  Create the accessory anteromedial portal superior to the 
medial joint line, approximately 2 cm medial to the medial 
border of the patellar tendon. The femoral tunnels can be 
drilled through the accessory medial portal.

 n  Locate the ideal anterior cruciate ligament insertion 
sites for anatomic tunnel placement. Anterior cruciate 
ligament remnants can be used to determine this site. 
On the femoral side, the bony landmarks, such as the 
lateral intercondylar ridge and lateral bifurcate ridge, 
can be used, as well as posterior cartilage border. With 
the knee flexed 90 degrees, the femoral insertion site 
encompasses the lower 30% to 35% of the notch wall 
(Fig. 51.51).

 n  Mark the tibial and femoral insertion sites of the anterior 
cruciate ligament and measure to determine the tunnel 
location and size. If the insertion site is smaller than 14 
mm in diameter, a double-bundle reconstruction may be-
come challenging. The width of the notch entrance and 

its shape will determine if a double-bundle technique can 
be used, but generally a notch width no smaller than 12 
mm is the minimal size required.

 n  Create the femoral posterolateral tunnel first, through 
the accessory anteromedial portal, followed by the tibial 
anteromedial and posterolateral tunnels. Place the an-
teromedial and posterolateral tunnels in the center of the 
native anteromedial and posterolateral tibial and femoral 
insertion sites.

 n  Drill the femoral anteromedial tunnel through the acces-
sory medial portal or through the tibial anteromedial or 
posterolateral tunnel if this allows for the native femoral 
insertion site to be reached.

 n  In determining the size of the tunnels, aim to restore as much 
of the native insertion site as possible while maintaining an 
approximately 2-mm bony bridge between the bundles.

 n  After the tunnels have been drilled, prepare the grafts. 
The graft size should be equal to the tunnel diameter. 
Tension the anteromedial and posterolateral grafts sepa-
rately, with the anteromedial graft in approximately 45 
degrees of knee flexion and the posterolateral graft in full 
knee extension.

 n  For fixation, use suspensory fixation on the femoral side 
to avoid disruption of the insertion site, which can occur 

 

A

B

FIGURE 51.49 Tibial socket preparation. A, After reaming, stepped drill sleeve is tapped into bone. 
B, Measure socket depth using rubber ring and 5-mm markings on cutter. SEE TECHNIQUE 51.19.
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with aperture interference screw fixation. Use interfer-
ence screw fixation on the cortical tibial side.
  

Quadriceps Tendon Graft. Use of a 10-mm-wide quad-
riceps tendon with an attached piece of patellar bone for 
anterior cruciate ligament reconstruction has been described. 
We have rarely used this as a revision technique, but it is an 
attractive alternative. 

Anterior Cruciate Ligament Injuries in Skeletally 
Immature Individuals. With athletic activities becoming 
more competitive at a younger age, the incidence of ante-
rior cruciate ligament injuries in skeletally immature indi-
viduals has rapidly increased over the past decades. These 
injuries present a particularly perplexing problem with the 
potential for physeal injury with reaming of tunnels that is 

counterbalanced by the potential for meniscal damage from 
recurrent giving way in these individuals. Two principles 
must be followed: (1) preserve menisci if possible, and (2) 
prevent recurrent giving way. In some less active individuals 
with mild-to-moderate instability, reduction of activity level 
may be all that is necessary until they have had an appropri-
ate growth spurt and maturing of the physes. In active, young 
boys, sometimes this is quite hard to accomplish. In these 
children when there is a meniscal tear or recurrent giving 
way, a physeal-preserving, soft-tissue graft procedure is best. 
A small central tunnel made in the tibia just above the phy-
sis with preservation of the physis in the femur seems to be 
a safe procedure. The benefit of stabilizing the knee seems to 
outweigh the small potential for growth disturbance if these 
procedures are done correctly. It is necessary to use a soft-
tissue graft to avoid bone or fixation across the physis. The 

 

A

E F G

B

C

D

FIGURE 51.50 Graft passage. A, Femoral sutures are retrieved out medial portal. B, Blue and 
white sutures are passed through the femur and pulled together to advance the button out of 
femur. C, With slight tension on graft, the shortening strands are pulled proximally to advance 
graft; each strand is pulled in 2-cm increments. D and inset, Suture is cinched around end of Tight-
Rope ABS loop to use for passing. Tibial passing suture is used to deliver TightRope ABS loop and 
whipstitch sutures out of distal distally. E, Graft is advanced into tibia. F, Button is advanced to 
bone and graft is tensioned. G, Whipstitch sutures are loaded into button and a knot is tied for 
backup fixation. SEE TECHNIQUE 51.19.
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Pitfalls of Transepiphyseal Replacement of the 
Anterior Cruciate Ligament Using Quadruple 
Hamstring Grafts in Skeletally Immature Patients

Suboptimal Graft Placement
 n  Optimal graft placement is essential to restore normal knee 

kinematics and avoid physeal injuries.
 n  Avoid placing the femoral or tibial drill hole anterior; correct 

positioning of the drill hole is crucial in preventing graft 
impingement.

 n  Surgery should not proceed without clearly seeing the 
physes on anteroposterior and lateral planes using C-arm.

 n  Guidewires should be inserted under real-time C-arm 
viewing.

 n  Confirm arthroscopically that the guidewires enter the joint 
in the center of the footprint of the anterior cruciate liga-
ment on the femur and in the posterior footprint of the 
anterior cruciate ligament on the tibia. 

Incorrect Diameter of Transepiphyseal Drill Holes
 n  A drill bit corresponding to the smallest size through which 

tendon would easily pass should be used to make tran-
sepiphyseal holes.

 n  A small-diameter drill bit is less likely to damage the physes, 
and a snug fit promotes healing of the graft to bone.

 n  Graft passage can be eased by chamfering the femoral hole 
and pushing the graft into the hole using a blunt instru-
ment through an anteromedial portal while pulling a no. 5 
FiberWire suture tied to an EndoButton. 

Failure of Fixation
 n  Load to failure in this technique exceeds normal tensile loads 

on the anterior cruciate ligament.
 n  In the early phase of healing, failure can lead to instability.
 n  Check the femoral side fixation with C-arm to confirm that 

EndoButton washer is flush on lateral femoral condyle. 

Graft Slippage Associated With Suture  
Post Fixation
 n  Minimize slippage by meticulous placement of whipstitches 

in tendon ends with tight loops placed in close proximity.
 n  Pretension graft using Graftmaster (Smith & Nephew Endos-

copy, Andover, MA)
 n  When tendon graft extends through the tibial hole, augment 

the tibial fixation by suturing the tendons through the peri-
osteum.

 BOX 51.7 

Data from Anderson AF: Transepiphyseal replacement of the anterior cruciate 
ligament using quadruple hamstring grafts in skeletally immature patients, J 
Bone Joint Surg 86A:201, 2004.

tunnel and the tibia can be drilled above the physis, or a small 
central tunnel through the physis probably is acceptable, par-
ticularly in Tanner stages II, III, and IV patients. In younger 
patients, a procedure going around the physis or an over-the-
top procedure as described by Anderson and Kocher, Garg, 
and Micheli is recommended. 

 

TRANSEPIPHYSEAL REPLACEMENT OF 
ANTERIOR CRUCIATE LIGAMENT USING 
QUADRUPLE HAMSTRING GRAFTS
The transepiphyseal replacement of anterior cruciate lig-
ament using quadruple hamstring grafts procedure is 
indicated in patients in Tanner stage I, II, or III of devel-
opment. The procedure is contraindicated in patients in 
Tanner stage IV of development, who can have conven-
tional anterior cruciate ligament reconstruction. Pitfalls of 
this procedure are summarized in Box 51.7.

 TECHNIQUE 51.21 

(ANDERSON)
 n  Place the injured lower limb in an arthroscopic leg holder 

with the hip flexed to 20 degrees to facilitate C-arm fluo-
roscopic viewing of the knee in the lateral plane.

 n  Position the C-arm on the side of the table opposite the 
injured knee and place the monitor at the head of the 
table. View the tibial and femoral physes in the antero-
posterior and lateral planes before the limb is prepared 

and draped. When the distal part of the femur is viewed, 
adjust the C-arm so that the medial and lateral femoral 
condyles line up perfectly with the lateral plane. Rotate 
the C-arm to see the extension of the tibial physis into the 
tibial tubercle on the lateral view of the tibia.

 n  Make an oblique 4-cm incision over the semitendinosus 
and gracilis tendons. Dissect these tendons free and tran-
sect at the musculotendinous junction with use of a stan-
dard tendon stripper and detach distally.

 n  Double the tendons and place a no. 5 FiberWire suture 
(Arthrex, Naples, FL) in the ends of the tendons with a 
whipstitch.

 

Upper 60% to 65% of notch wall

Lateral intercondylar ridge

Lateral bifurcate ridge

90°

FIGURE 51.51 Right knee in 90 degrees of flexion showing 
whole lateral wall of notch. Femoral anterior cruciate ligament 
(ACL) insertion site is clearly demarcated by lateral intercondylar 
ridge and lateral bifurcate ridge. It can be seen that anterior 
cruciate ligament attaches to lower 30% to 35% of lateral notch 
wall area when the knee is in operating position. (From Karlsson 
J, Irrgang JJ, van Eck, et al: Anatomic single- and double-bundle 
anterior cruciate ligament reconstruction, part 2, Am J Sports Med 
39:2016, 2011.) SEE TECHNIQUE 51.20.
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 n  Place the doubled tendons under 4.5 kg (10 lb) of tension 
on the back table with the use of the Graftmaster device 
(Smith & Nephew Endoscopy, Andover, MA).

 n  Insert the arthroscope into the anterolateral portal and 
insert a probe through the anteromedial portal.

 n  Perform intraarticular examination in the usual manner.
 n  Remove debris in the intercondylar notch and perform a 

notchplasty to see the anatomic footprint of the anterior 
cruciate ligament on the femur.

 n  Repair any substantial meniscal tears found.
 n  With the C-arm in the lateral position, adjust the limb to 

show a perfect lateral view.

 n  Place the point of the guidewire over the lateral femoral 
condyle, corresponding with the location of the foot-
print of the anterior cruciate ligament on the femur. This 
point is approximately one fourth of the distance from 
posterior to anterior along the Blumensaat line and one 
fourth of the distance down from the Blumensaat line 
(Fig. 51.52A). Make a 2-cm lateral incision at this point.

 n  Incise the iliotibial tract longitudinally and strip the perios-
teum from a small area of the lateral femoral condyle.

 n  Use the C-arm to view the entry point of the guidewire 
in the anteroposterior and the lateral planes. With the C-
arm in the lateral plane and with the use of a free-hand 

 

A B

GFED

C

FIGURE 51.52 Anderson transepiphyseal replacement of anterior cruciate ligament using 
quadruple hamstring grafts. A, Graphically enhanced lateral view from C-arm after drilling of femoral 
hole. B, Lateral radiograph of tibia, showing correct position of tibial guidewire. Although guidewire 
appears to enter tibial tubercle in this view, it actually enters epiphysis medial to tibial tubercle. 
C, EndoButton continuous loop passed around middle of double tendons and looped on itself. D, 
Semitendinosus and gracilis tendons pulled up through tibia and out of lateral femoral condyle with 
use of no. 5 suture in EndoButton. E, EndoButton washer is placed over EndoButton, and washer 
is pulled back to surface of lateral femoral condyle. F, Quadruple hamstring grafts secured distally 
by tying no. 5 FiberWire sutures over tibial screw and post. G, Radiograph 4 months after surgery, 
showing properly placed transepiphyseal tibial and femoral holes. SEE TECHNIQUE 51.21.
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technique, introduce the point of the guidewire 2 to 3 
mm into the femoral epiphysis. Do not angulate the pin 
anteriorly or posteriorly, but rather keep it perpendicular 
to the femur in the coronal plane. Rotate the C-arm to 
the anteroposterior plane to ensure that the guidewire is 
not angulated superiorly or inferiorly.

 n  Drive the guidewire across the femoral epiphysis, perpendicu-
lar to the femur and distal to the physis (see Fig. 51.52A). 
Through the arthroscope, view the entrance of the guidewire 
into the intercondylar notch. The guidewire should enter the 
joint 1 mm posterior and superior to the center of the ana-
tomic footprint of the anterior cruciate ligament on the femur.

 n  Leave the femoral guidewire in place and insert a sec-
ond guidewire into the anteromedial aspect of the tibia, 
through the epiphysis, with the aid of a tibial drill guide. 
From the direct lateral position, rotate the C-arm exter-
nally approximately 30 degrees to show the physis clearly 
extending into the tibial tubercle. Drill the guidewire into 
the tibial epiphysis under real-time fluoroscopic imaging 
(Fig. 51.52B). The handle of the drill guide must be lifted 
for the wire to clear the anterior part of the tibial physis. 
The wire should enter the joint at the level of the free 
edge of the lateral meniscus and in the posterior footprint 
of the anterior cruciate ligament on the tibia.

 n  Arthroscopically confirm the appropriate position of both 
guidewires at this point.

 n  Use tendon sizers to measure the diameter of the qua-
druple tendon graft (which typically is 6 to 8 mm). A tight 
fit is important; consequently, use the smallest appropri-
ate drill to ream over both guidewires.

 n  Chamfer the edge of the femoral hole intraarticularly and 
measure the width of the lateral femoral condyle. Choose 
the appropriate EndoButton continuous loop (2 to 3 cm) 
so that approximately 2 cm of the quadruple hamstring 
tendon graft remains within the lateral femoral condyle.

 n  Pass the EndoButton continuous loop around the middle 
of the double tendons and loop inside of itself to secure 
the tendons proximally (Fig. 51.52C). Alternatively, the 
tendons can be placed through the continuous loop be-
fore the tendon ends are sutured together. That requires 
drilling and measuring the length of the femoral hole be-
fore graft preparation, however. Otherwise, it is difficult 
to determine the appropriate length of the EndoButton 
continuous loop necessary to leave 2 cm of the tendon 
graft within the lateral femoral condyle.

 n  Place a no. 5 FiberWire suture in one end of the EndoButton 
and pass a suture passer from anterior to posterior through 
the tibia and out the lateral femoral condyle (Fig. 51.52D). 
Pull the EndoButton and tendons up through the tibia and 
out the femoral hole with the use of the no. 5 suture.

 n  Place an EndoButton washer, 3 to 4 mm larger than the 
femoral hole, over the EndoButton. Apply tension to the 
tendons distally, pulling the EndoButton and washer to 
the surface of the lateral femoral condyle (Fig. 51.52E). 
The washer is necessary to anchor the graft proximally 
because the hole in the femoral condyle is larger than the 
EndoButton.

 n  Place the graft under tension and extend the knee to de-
termine arthroscopically if there is impingement of the 
graft on the intercondylar notch.

 n  An anterior notchplasty usually is unnecessary when this 
technique is used; however, if the anterior outlet of the in-

tercondylar notch touches or indents the graft in terminal 
extension, remove a small portion of the anterior outlet.

 n  With the knee in 10 degrees of flexion, secure the qua-
druple hamstring graft distally by tying the no. 5 Fiber-
Wire sutures over a tibial screw and post that is placed 
medial to the tibial tubercle apophysis and distal to the 
proximal tibial physis (Fig. 51.52F and G).

 n  If the tendon graft extends through the tibial drill hole, se-
cure it to the periosteum of the anterior tibia with multiple 
no. 1 Ethibond sutures with use of figure-of-eight stitches 
(see Fig. 51.52F). Close the subcutaneous tissue and skin 
in a routine fashion and apply a hinged brace.
   

 

PHYSEAL-SPARING RECONSTRUCTION 
OF THE ANTERIOR CRUCIATE 
LIGAMENT
The procedure of Kocher, Garg, and Micheli consists 
of arthroscopically assisted, physeal-sparing, combined 
intraarticular and extraarticular reconstruction of the ante-
rior cruciate ligament with use of an autogenous iliotibial 
band graft. It is a modification of the combined intraar-
ticular and extraarticular reconstruction described by 
MacIntosh and Darby. Modifications include application in 
skeletally immature patients, arthroscopic assistance, graft 
fixation, and accelerated rehabilitation. Rehabilitation must 
be geared to the age of the young patient.

 TECHNIQUE 51.22  Figure 51.53

(KOCHER, GARG, AND MICHELI)
 n  The procedure is done with the patient under general 

anesthesia as an overnight observation procedure.
 n  Position the child supine on the operating table with a pneu-

matic tourniquet around the proximal aspect of the thigh.
 n  With the patient under anesthesia, confirm anterior cruci-

ate ligament insufficiency.
 n  Make an incision of approximately 6 cm obliquely from 

the lateral joint line to the superior border of the iliotibial 
band. Separate the iliotibial band proximally from the 
subcutaneous tissue with the use of a periosteal elevator 
under the skin of the lateral part of the thigh.

 n  Incise the anterior and posterior borders of the iliotibial 
band and carry the incisions proximally under the skin 
with the use of a curved meniscotome.

 n  Detach the iliotibial band proximally under the skin with 
the use of a curved meniscotome or an open tendon strip-
per.

 n  Leave the iliotibial band attached distally at Gerdy’s tu-
bercle.

 n  Dissect distally to separate the iliotibial band from the 
joint capsule and from the lateral patellar retinaculum.

 n  Tubularize the free proximal end of the iliotibial band with 
a whipstitch using a no. 5 Ethibond suture (Ethicon, John-
son & Johnson, Somerville, NJ).
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 FIGURE 51.53 Technique of physeal-sparing, combined intraar-
ticular and extraarticular reconstruction of anterior cruciate liga-
ment. (Redrawn from Kocher MS, Garg S, Micheli LJ: Physeal sparing 
reconstruction of the anterior cruciate ligament in skeletally imma-
ture prepubescent children and adolescents, J Bone Joint Surg 
87A:2371, 2005.) SEE TECHNIQUE 51.22.

 n  Examine the knee with the arthroscope through standard 
anterolateral and anteromedial portals, treat any meniscal 
injury or chondral injury, and excise the anterior cruciate 
ligament remnant.

 n  Identify the over-the-top position on the femur and the 
over-the-front position under the intermeniscal liga-
ment.

 n  Perform a minimal notchplasty to avoid iatrogenic 
injury to the perichondrial ring of the distal femoral 
physis, which is in close proximity to the over-the-top 
position.

 n  Bring the free end of the iliotibial band graft through the 
over-the-top position with the use of a full-length clamp 
or a two-incision, rear-entry guide and out through the 
anteromedial portal.

 n  Make a second incision of approximately 4.5 cm over the 
proximal medial aspect of the tibia in the region of the pes 
anserinus. Carry the dissection through the subcutaneous 
tissue to the periosteum.

 n  Place a curved clamp from this incision into the joint un-
der the intermeniscal ligament.

 n  Make a small groove in the anteromedial aspect of the 
proximal tibial epiphysis under the intermeniscal ligament 
with the use of a curved rat-tail rasp to bring the tibial 
graft placement more posterior.

 n  Bring the free end of the graft through the joint, under 
the intermeniscal ligament in the anteromedial epiphyseal 
groove, and out through the medial tibial incision.

 n  Place the knee in 90 degrees of flexion and 15 degrees 
of external rotation. For extraarticular reconstruction, fix 
the graft on the femoral side through the lateral incision 
using mattress sutures on the lateral femoral condyle at 
the insertion of the lateral intermuscular septum.

 n  Fix the tibial side through the medial incision with the 
knee flexed 20 degrees and tension applied to the graft.

 n  Make a periosteal incision distal to the proximal tibial phy-
sis as confirmed fluoroscopically.

 n  Make a trough in the proximal medial tibial metaphyseal 
cortex and suture the graft to the periosteum at the rough 
margins with mattress sutures.

POSTOPERATIVE CARE Postoperatively, the patient is 
permitted touch-down weight bearing for 6 weeks. Im-
mediate mobilization from 0 to 90 degrees is allowed for 
the first 2 weeks, followed by progression to full range of 
motion. Continuous passive motion from 0 to 90 degrees 
is used for the first 2 weeks postoperatively to initiate mo-
tion and overcome the anxiety associated with postop-
erative movement in young children. A protective hinged 
knee brace is used for 6 weeks after surgery with motion 
limits of 0 to 90 degrees for the first 2 weeks. Progres-
sive rehabilitation consists of range-of-motion exercises, 
patellar mobilization, electrical stimulation, pool therapy 
(if available), proprioception exercises, and closed chain 
strengthening exercises during the first 3 months postop-
eratively followed by straight-line jogging, plyometric ex-
ercises, sport cord exercises, and sport-specific exercises. 
Return to full activity, including sports that involve cutting, 
usually is allowed 6 months postoperatively. A custom-
made knee brace is used routinely during cutting and piv-
oting activities for the first 2 years after return to sports.
  

Azar and Miller developed a surgical technique of 
arthroscopic-assisted ACL reconstruction using a quadruple-
looped hamstring graft with a synthetic graft extender and a 
distal femoral physeal-sparing technique. The graft extender 
allows a consistent quadrupled hamstring graft, allows the 
optimal portion of the graft to be delivered to the intraar-
ticular position, and provides sufficient length for proximal 
and distal fixation. They reported that all 17 patients with this 
procedure had a stable Lachman test and were able to return 
to sporting activities. 

 

PARTIAL TRANSEPIPHYSEAL ACL 
RECONSTRUCTION IN SKELETALLY 
IMMATURE ATHLETES

 TECHNIQUE 51.23 

(AZAR AND MILLER)

GRAFT HARVEST 
 n  After induction of general anesthesia, confirm clinical 

instability of the knee with Lachman and pivot shift 
tests.

 n  Inflate a pneumatic tourniquet and perform diagnostic 
arthroscopy, with repair of any additional pathology as 
needed.

 n  Make a 3-cm longitudinal incision 6 cm below the an-
teromedial tibial plateau and 3-cm medial to the tibial 
tubercle and identify the gracilis and semitendinosus ten-
dons.
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 n  Carry dissection down to the sartorial fascia and elevate it 
off the superficial medial collateral ligament in an invert-
ed-L fashion.

 n  Identify the hamstring tendons and use a right-angle 
clamp to separate the gracilis from the semitendinosus.

 n  Use a sharp No. 15 blade to peel the semitendinosus and 
gracilis off the sartorius at their insertion point and place 
a clamp on the end of the gracilis tendon.

 n  Clear attachments from the gracilis and use a tendon 
stripper to extract the tendon. Extract the semitendinosus 
in a similar manner.

 n  Repair the sartorial fascia. 

GRAFT PREPARATION 
 n  Place a whipstitch into the opposite ends of the tendons 

with a No. 2 nonabsorbable braided suture (Fig. 51.54A). 
Fold the tendons over a No. 10 French red rubber catheter 
that has been cut to 3 cm in length.

 n  Feed a braided nonabsorbable tape suture through the 
catheter to act as a graft extender (Fig. 51.54B).

 n  Trim and size the graft as necessary (Fig. 51.54C) and set 
it aside under a moistened sponge.

 n  Mark the optimal 3.5 cm of the graft with a blue mark-
ing pen to designate it as the intraarticular portion of the 
graft. 

GRAFT FIXATION 
 n  Use a motorized shaver to remove the remnant ACL and 

tissue from the intercondylar notch posterolaterally, tak-
ing care to protect the PCL.

 n  Place a tibial guide set at 60 degrees off the medial emi-
nence and at the level of the posterior portion of the 
anterior horn of the lateral meniscus, just in front of the 
PCL insertion.

 n  Place a guide pin and drill a transtibial, transphyseal tun-
nel; ream the tunnel up to the graft size.

 n  Position the guide pin approximately 2.5 cm medial to 
the tibial tubercle apophysis to avoid damaging it. For 
patients younger than 10 years of age, we also typically 
avoid drilling the proximal tibial physis and instead groove 
the physis.

 n  Use a No. 11 blade to make an incision in the distal lat-
eral thigh down to the fascial layer; incise the fascia and 
identify the iliotibial band.

 n  Palpate the posterior aspect of the iliotibial band and just 
anterior to this make a longitudinal incision with a No. 15 
blade. Identify the lateral intermuscular septum.

 n  Use a periosteal elevator to elevate soft tissue, taking care 
to avoid the distal femoral physis.

 n  Pass an arthroscopic gaff through the lateral portal and 
around the lateral femoral condyle, taking care not to 
loop around the PCL in the intercondylar notch.

 n  Place the arthroscope into the medial portal, and place 
the gaff in the anterolateral portal and retrieve it in the 
lateral aspect of the femur in the area of the previous 
incision.

 n  Under direct observation, pass a No. 5 nonabsorbable 
braided suture through the end of the gaff and back into 
the joint. Then pass this suture out through the tibial tun-
nel for graft passage.

 n  Retrieve the prepared graft and use the suture-shuttle to 
pass it through the tibial tunnel and in an over-the-top 

position around the back portion of the lateral femoral 
and out to the lateral cortex.

 n  Under direct fluoroscopic guidance, determine an entry point 
for a 6.5-mm fully threaded cancellous screw with washer on 
the distal femur proximal to the physis. Tie the nonabsorb-
able braided tape previously placed through the red rubber 
catheter over the 6.5-mm screw post (Fig. 51.54D).

 n  On the tibial side, place a second 6.5-mm fully threaded 
cancellous screw with a non-spiked washer distal to the 
tibial physis (Fig. 51.54E).

 n  Tension the graft with the leg in extension to avoid over-
tightening due to the over-the-top position and then tie 
it over the post (Fig. 51.54F). Assess stability with a Lach-
man maneuver.

 n  Reinsert the arthroscope to confirm appropriate graft 
placement and close the incision in standard fashion. 

POSTOPERATIVE MANAGEMENT Patients are placed 
into a hinged knee brace locked in extension and are kept 
non–weight bearing on the involved extremity. Physical 
therapy begins within 1 week after surgery. At 3 weeks 
the knee brace is unlocked from 0 to 90 degrees. Weight 
bearing is advanced to partial weight bearing at 6 weeks 
when the brace is unlocked completely. At 6 weeks full 
weight bearing is allowed. At 4 months jogging and unre-
stricted strength training are allowed. Biodex dynamom-
eter testing is obtained at 6 months’ follow-up and as 
needed until release to full activity, which usually is be-
tween 9 and 12 months.
   

 

ANTERIOR CRUCIATE AND 
ANTEROLATERAL LIGAMENT 
RECONSTRUCTION (BOX 51.8)

 TECHNIQUE 51.24 

(PHILLIPS)
 n  Harvest the semitendinosus through the inferior portion 

of a medial parapatellar tendon incision or use a ham-
string allograft.

 n  Make 1-cm incisions over the femoral and tibial insertions 
of the anterolateral ligament (ALL) as verified by imaging.

 n  Make a nick in the iliotibial band proximally and use Kelly 
forceps to spread the tissues, forming a tunnel between 
the iliotibial band and the underlying capsule.

 n  Secure the tendon graft distally with a 5.5-mm swivel lock 
(Fig. 51.55A).

 n  Pass the graft under the iliotibial band proximally to the 
insertion site (Fig. 51.55B).

 n  Place a femoral guidewire and verify its position with im-
aging, 5 mm proximal and posterior to the epicondyle.

 n  Taking care to prevent injury to the lateral collateral liga-
ment or popliteus tendon, direct the wire proximally and 
anterior to avoid the femoral tunnel.
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 n  Mark the graft and move the knee through a range of 
motion to evaluate isometry.

 n  Ream a 22-mm × 5-mm tunnel.
 n  Shorten the graft and place a Vicryl Krackow suture in the 

graft so as to seat 15 to 20 mm of the graft in the tunnel.
 n  Pull the guidewire out medially, seating the graft.
 n  Move the knee through a range of motion to check  

isometry.
 n  With the knee in 25 to 30 degrees of flexion, secure the 

graft with a polyetheretherketone (PEEK) interference 
screw equal to the tunnel size (Fig. 51.55C).
  

COMPLICATIONS OF ANTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION
Five-year follow-up studies of anterior cruciate ligament 
reconstruction using autograft bone–patellar tendon–bone 
grafts and hamstring grafts show similar results as far as sta-
bility and failure rates are concerned. Stiffness and strength 
tend to be slightly better with bone–patellar tendon–bone 
grafts, but overall results are comparable. Allograft studies at 
5- and 7-year follow-up are similar to those with autograft, 
especially because the incidence of effusions and apparent 
graft rejection has decreased and graft procurement and 

 

A

BC

D E F

FIGURE 51.54 Technique for partial transphyseal anterior cruciate ligament reconstruction in 
skeletally immature athletes. A, Graft measurements. B, Graft with synthetic extender. C, Sizing of 
graft. D, Fixation of graft on the femoral side (blue lines represent physes). E, Fixation of graft on 
the tibial side. F, Final position of the graft. (From Bettin CC, Throckmorton TW, Miller RH, Azar FM: 
Technique for partial transphyseal ACL reconstruction in skeletally immature athletes: preliminary 
results, Curr Orthop Prac 30:19, 2019.) SEE TECHNIQUE 51.23.
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sterilization techniques have improved. Failure rates seem 
to have stabilized at 7% to 8% at 5-year follow-up when 
graft failure is the cause of the poor outcome. Other stud-
ies measure failure by KT-1000 testing, giving way of the 
knee, or failure of the patient to return to a previous sport-
ing activity. If these parameters are used to measure surgical 
failure, the percentage ranges from 5% to 52%. Although the 
failure rate has stabilized, the number of revision surgeries 
continues to increase, probably because of better follow-up 
protocols; higher patient demands, expectations, and activ-
ity levels; and the earlier age at which these procedures are 
being performed.

Economically, the cost of failure can be high. Additional 
procedures and rehabilitation, loss of work for the patient, 
and the potential loss of a college scholarship for a high school 
athlete can be financially burdensome.

Anterior cruciate ligament failure also may take an emo-
tional toll on the patient. Psychologic trauma from additional 
surgery, frustration over prolonged rehabilitation, loss of 
motivation, and displaced anger may result. Physiologic con-
sequences include additional surgical trauma from harvesting 
the graft, possible articular damage, and additional chondral 
or meniscal damage from chronic instability because many 

patients wait some time before revision surgery. Meniscal 
damage has been shown to occur in approximately 40% at 
1 year, 60% at 5 years, and approximately 80% at 10 years, 
which is the same incidence as degenerative joint disease seen 
at 10 years.

The causes of anterior cruciate ligament reconstruction 
complications can be outlined by the failures as depicted in 
Figure 51.41. Most failures can be prevented by careful surgi-
cal planning and preparation, adherence to technique, atten-
tion to detail, and careful postoperative follow-up with early 
recognition and intervention for complications. Surgeons 
should be knowledgeable about the current literature and 
potential complications. If one is to advance on a surgical 
learning curve and decrease the number of complications, 
assessment of surgical results, radiographic evaluation of tun-
nels and screw placements, and careful, unbiased physical 
and KT-1000 examinations are necessary.

Complications can be divided into preoperative, intra-
operative, and postoperative categories. Preoperative radio-
graphic evaluation can eliminate most problems of excessive 
patellar tendon length, tuberosity ossicles, or aberrancy of the 
patella. Intraoperative complications can result from graft, 
fixation, or tunnel problems and are avoidable by attention 
to details. Methods for avoiding these complications are dis-
cussed subsequently. Less common or significant problems 
are noted in Figure 51.41.

Surgical failure can be caused by nonphysiometric tun-
nel placement, graft impingement, a weak graft, or weak graft 
fixation. Careful observation of the landmarks and correct 
placement of tunnels are essential to prevent excessive graft 
stress or impingement. We generally like to ream the tunnels 
initially with a reamer that is approximately 2 mm smaller 
than the definitive tunnel so that minor adjustments can be 
made easily. Use of a rasp or eccentric reaming to move a tun-
nel to an appropriate place is easily accomplished. Stress on 
the patella can be decreased greatly by carefully harvesting 
the patellar tendon graft. It is important to make straight cuts 
in line with the fibers and to ensure that the bone cuts are 

Preferred Techniques for Anterior Cruciate 
Ligament Reconstruction in Athletes

 n  Primary reconstruction
 n  Male—10-mm BPTB
 n  Female—9-mm BPTB
 n  Chronic, revision, or 3+ pivot shift
 n  BPTB + ALL reconstruction using semitendinosus harvested 

through same incision or Lemaire lateral extraarticular 
tenodesis

 BOX 51.8 

ALL, Anterolateral ligament; BPTB, bone–patellar tendon–bone.

 

A B C

FIGURE 51.55 Reconstruction of the anterior cruciate and anterolateral ligaments. A, Graft is 
secured distally with a swivel lock. B, Graft is passed under the iliotibial band proximal to the inser-
tion site. C, Graft is secured with a polyetheretherketone (PEEK) interference screw. SEE TECHNIQUE 
51.24.
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not too deep, especially in the patella, and that the length of 
the cut is 20 to 23 mm. Cuts should be slightly angled, and 
the patella should be bone grafted on completion to avoid late 
stress fractures.

At the time of the procedure, an internal notchplasty 
and careful viewing of the guidewire to ensure that it does 
not impinge on the roof or the wall of the tunnel with flex-
ion and extension is essential. Also, one should ensure that 
it is not too far posterior, where it would impinge on the 
PCL. After placement and alterations have been made, the 
graft should be fully observed again, particularly in knee 
extension.

Postoperative problems include arthrofibrosis, which 
should be treated with nonsteroidal antiinflammatory 
drugs and supervised therapy. Therapy to rebuild muscu-
lar tone initially should be attempted to try to regain full 
knee extension. Supervised therapy is instituted three times 
a week with the patient working on range of motion three 
times daily, stressing prone hangs to regain full extension. 
If motion fails to progress over 4 to 6 weeks of therapy, and 
the patient has less than 90 degrees flexion after 6 weeks 
of supervised physical therapy, gentle manipulation and 
possibly arthroscopic evaluation should be considered. 
Postoperative radiographs are reviewed to ensure that the 
tunnels are correctly placed and that an obvious impinge-
ment is not demonstrable.

Loss of full extension, persistent effusion, anterior knee 
pain, or clicking or popping in the anterior part of the 
knee that is painful with terminal extension may indicate 
impingement. A lateral radiograph should be obtained with 
the knee in extension to ensure the tibial tunnel is posterior 
to the foot of the intercondylar notch and that screw place-
ment in the femur is in the posterior aspect of the intercon-
dylar notch.

Postoperative infections are uncommon with arthroscopic 
anterior cruciate ligament reconstructions, but persistence 
or recurrence of fever 5 to 6 days after the procedure with 
increased pain, loss of knee motion, and heat or erythema at 
the knee site may indicate early infection and must be treated 
appropriately and aggressively. If a knee aspiration shows a 
white blood cell count to be elevated (often ≥ 20,000/μL), 
arthroscopic irrigation and evaluation of the graft should be 
performed. If the graft is still intact and in good condition, it 
should be left in place, but the joint should be thoroughly irri-
gated, and repeat irrigation and debridement should be done 
at 48 to 72 hours if symptoms are not drastically improving. 
A combination of antibiotics intravenously for 2 to 3 weeks 
followed by oral antibiotics to complete a 6-week course of 
organism-specific antibiotic treatment is necessary.

In any postoperative infection, finding the source is cru-
cial to prevent additional infections. Equipment sterilization 
procedures, preparation and draping techniques, handling 
of the graft by operating room personnel, and surgical tech-
niques should be evaluated carefully. The surgical site of 
arthroscopy should always be prepared with a waterproof 
antibiotic solution and draped and sealed proximal and distal 
to the site of surgery.

The chance of deep venous thrombosis (DVT) is increased 
with smoking, obesity, and metabolic and hypercoagulable 
abnormalities. There is a 50% chance of DVT, 11% proxi-
mal, before arthroscopy in patients with high-energy trauma. 
Presurgery screening is indicated in these patients. Smoking 

increases the failure rates of anterior cruciate ligament and 
meniscal repairs. 

POSTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION
The PCL consists of three components: an anterolateral band, 
a posteromedial band, and the meniscofemoral ligaments. 
The larger anterolateral band is approximately 150% the 
strength and stiffness of the posteromedial band and tightens 
slightly with knee flexion. Structural properties of the two 
bundles are the same other than size, and they have co-func-
tionality. The entire ligament has 1.5 to 2 times the strength 
of the anterior cruciate ligament, and the broadness of its 
femoral footprint is approximately 3 cm2. The large insertion 
site of the dual ligaments makes physiometric reconstruction 
difficult.

Many PCL injuries have an associated ligamentous injury, 
most commonly the posterolateral corner. Hyperflexion is the 
most common cause for PCL injuries in athletes. Sometimes 
a partial PCL injury, with 1+ to 2+ posterior laxity, occurs. 
Shelbourne and Muthukaruppan reported good clinical 
outcomes when these injuries were treated conservatively 
initially, consisting of knee extension and a protective reha-
bilitation program with no active hamstring strengthening. 
Long-term results did not correlate with the initial degree of 
instability in isolated injuries. Subjective scores did not dete-
riorate with time.

PCL injuries in active, healthy athletes should be assessed 
with kneeling stress radiographs and MRI to evaluate asso-
ciated injuries. Injuries of the posterolateral or medial cor-
ner should be repaired and augmented or reconstructed. PCL 
injuries with 3+ laxity (≥ 8 mm on stress radiographs) and 
symptomatic PCL injuries are reconstructed.

Double-bundle reconstructions have gained favor with 
many, but anatomic single-bundle techniques have good 
results, similar to those for transtibial and inlay techniques.

The two-tunnel technique has been shown in clinical 
studies to have increased stability and to better fill the large 
PCL footprint.

The single-tunnel technique, which we use mostly for 
reconstruction of multiple knee ligaments in knee disloca-
tions, is described subsequently. The two-tunnel technique is 
used primarily in isolated PCL reconstruction. An Achilles 
tendon allograft is our preferred graft source for PCL recon-
struction. Comparable results have been reported with 
allografts and autografts.

An all-arthroscopic inlay procedure, using a retrocutting 
reamer and a closed-ended tibial tunnel with suture fixation 
anteriorly, has been described by several authors; this, like 
aperture screw fixation, produces a shorter, stiffer graft con-
struct and removes the “killer curve” that sometimes occurs 
in the transtibial technique, although a killer curve still 
remains on the femoral side.

Comparative studies show that anatomic single-tunnel 
and inlay procedures produce equal function and stability. 
Double-bundle techniques have been shown to be slightly 
better (2.5 mm of posterior displacement compared with 3.2 
mm), with better IKDC scores, in most studies. The most 
important factors for long-term success are correction of 
associated instabilities and meniscal preservation. Slow, pro-
tected rehabilitation also increases the likelihood of knee 
stability and should emphasize early maintenance of knee 
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extension, delayed weight bearing, and delayed return to 
sports. For multiligament instability, a simple single-tunnel 
procedure usually is effective; an isolated PCL double-tunnel 
procedure may be indicated.

LaPrade et  al. showed that a decreased posterior tibial 
slope puts athletes at some increased risk of PCL injuries, but 
with double-bundle reconstruction there is no increased fail-
ure rate based on tibial slope. 

 

SINGLE-TUNNEL POSTERIOR CRUCIATE 
LIGAMENT RECONSTRUCTION

 TECHNIQUE 51.25 

(PHILLIPS)
 n  Place the patient supine and apply a tourniquet high 

around the thigh. Use a padded lateral post to assist with 
valgus stress. Tape a 3-L saline bag to the table before 
draping to use as a foot bolster to help maintain 80 to 90 
degrees of knee flexion during the procedure.

 n  Perform a routine systematic arthroscopic examination of the 
knee and repair any associated intraarticular abnormalities 
as necessary. If a meniscal repair is performed, the sutures 
should be tied after the ligament reconstruction is completed.

 n  Using standard anterolateral and anteromedial portals, 
debride the soft tissue and remaining cruciate ligament 
from the intercondylar notch.

 n  Perform an internal bony notchplasty as necessary.
 n  Viewing of the tibial attachment site of the posterior 

cruciate ligament (Fig. 51.56A) is improved by using a 
70-degree viewing arthroscope in the anterolateral portal 
or by placing the 30-degree viewing arthroscope through 
a posteromedial portal.

 n  Using a full-radius resector, remove the remaining stump 
of the posterior cruciate ligament. Specially designed 
back-cutting knives, curets, and rasps also are available 
to assist in removing the remnants.

 n  Elevate the posterior capsule from its attachment to the 
posterior flat spot on the tibia using a curved curet or peri-
osteal elevator passed through the intercondylar notch or 
the posteromedial portal.

 n  Contour an Achilles tendon allograft to make a bone plug 
11 mm wide × 20 mm long.

 n  Place the tendinous part of the graft under tension and 
roll the graft with a running Vicryl suture. Place a no. 5 
tension suture in the distal 5 cm of the graft, using a run-
ning interlocking suture. Place the graft on a graft tension 
board, maintained with 10 lb of tension for 15 minutes.

 n  If an autogenous patellar tendon is chosen as a graft, 
make a 7-cm midline incision, starting at the inferior pa-
tella and extending distally over the tibial tuberosity.

 n  Harvest the central third of the patellar tendon—10 to 11 
mm wide and 25 mm long—with 8-mm-thick bone plugs.

 n  Contour the graft to pass through a 10- or 11-mm trial. 
The bone plug to be secured in the femoral tunnel should 

be shortened to approximately 20 mm to make intraar-
ticular passage easier.

 n  For making the tibial tunnel, we prefer to use the Arthrex 
drill guide system. With the 70-degree arthroscope in the 
anterolateral portal, insert the guide through the antero-
medial portal and pass it through the notch.

 n  Place the guide tip 10 to 12 mm below the joint line in 
the posterior cruciate ligament facet.

 n  Orient the drill guide approximately 60 degrees to the ar-
ticular surface of the tibia, starting just inferior and medial 
to the tibial tuberosity (Fig. 51.57A). A more perpendicu-
lar angle would create too much of an acute angle at the 
posterior tibia that may abrade the graft. A tibial tunnel 
that is started too distally may ream out the posterior tibial 
shelf. The simultaneous use of image intensification and 
arthroscopy aids in proper positioning of the drill guide 
before and during drilling. Calibrations on the tibial guide 
accurately measure the distance from the anterior tibial 
cortex to the tip of the guide.

 n  Adjust the guide pin so that it is protruding from the tip of 
the drill 1 cm less than the distance measured on the guide 
system to help prevent overdrilling (see Fig. 51.57A).

 n  The guide pin should exit posteriorly at the physeal scar 
area.

 n  Tap the pin in the final 1 cm to help prevent penetration. 
While tapping the pin in, place a curet through the pos-
teromedial portal to protect the neurovascular structures 
from pin penetration during advancement and reaming. 
If adequate soft-tissue debridement has been performed, 
the guide pin can be observed arthroscopically as it exits 
the tibia. An image intensifier is used to confirm appropri-
ate guidewire placement.

 n  The femoral physiometric point is 8 mm proximal to the 
articular cartilage at the 1-o’clock position on the right 
knee and at the 11-o’clock position on the left knee (Fig. 
51.57B). Place the tip of the posterior cruciate ligament 
femoral guide through the anteromedial portal while 
viewing with the arthroscope in the anterolateral portal.

 n  Expose the femoral cortex through the 3-cm longitudinal 
incision and elevate the vastus medialis obliquus superiorly.

 n  Insert the guide pin midway between the articular margin 
of the medial femoral condyle and the medial epicondyle.

 n  Use the appropriate size reamer for the available graft, 
leaving 1 to 2 mm of distal bone at the articular margin.

 n  Pass a Gore smoother through the tibial tunnel into the 
joint and pull it through the central fat pad portal (Fig. 
51.57C). The smoother is used to smooth and remove the 
posterior soft-tissue remnants. Do not enlarge the tibial 
tunnel excessively.

 n  When the smoother passes without undue resistance, at-
tach the graft to the end of the smoother and pull the 
graft sutures and bone plug into the joint.

 n  Extreme flexion of the knee sometimes aids passage 
of the patellar bone plug from the posterior tibial ap-
erture into the joint. Placing a switching stick through 
the posteromedial portal allows the guide sutures to 
be redirected over the stick to assist in passing the 
graft.

 n  Place a grasper through the femoral tunnel to grab the 
sutures. Use a probe or Allis clamp to assist the graft into 
the femoral tunnel.
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 n  Place the cancellous portion of the bone plug posteriorly 
to reduce graft abrasion.

 n  Before tibial fixation, ensure that the femoral bone plug would 
fit appropriately at the aperture of the femoral tunnel.

 n  Put the knee through a range of motion and ensure there 
is no more than 3 mm of graft pistoning through range 

of motion from 0 to 100 degrees. If excessive pistoning is 
encountered, rasp the femoral tunnel proximal wall.

 n  Secure the femoral bone plug with a metal interference 
screw.

 n  Maintain graft tension and put the knee through a range of 
motion for 20 cycles to allow stress relaxation of the graft.
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FIGURE 51.56 Arthroscopic view of the tibial attachment (A) and femoral attachment (B) 
of the posterior cruciate ligament (PCL) in a right knee, demonstrating pertinent landmarks. 
ALB, anterolateral bundle; aMFL, anterior meniscofemoral ligament; PMB, posteromedial bundle; 
pMFL, posterior meniscofemoral ligament.  (Redrawn from Anderson CJ, Ziegler CG, Wijdicks CA, et al: 
Arthroscopically pertinent anatomy of the anterolateral and posteromedial bundles of the posterior cruciate 
ligament, J Bone Joint Surg 94:1936, 2012.) SEE TECHNIQUE 51.56
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 n  Secure the graft with an interference screw. If a soft-tis-
sue graft is used, backup fixation over a post is indicated.

POSTOPERATIVE CARE Rehabilitation depends on 
the graft material selected, the size of the patient, and 
any other surgery done. After isolated posterior cruciate 
ligament reconstruction, the knee can be immobilized in 
extension in a removable knee immobilizer for 4 weeks. 
Early range-of-motion and quadriceps exercises are en-
couraged, but flexion is limited to 90 degrees for the first 
4 weeks. Hamstring strengthening is begun at 3 months. 
During motion and strengthening therapy, care is taken to 
prevent posterior tibial stress. Return to sports is allowed 
at 9 months.
   

 

DOUBLE-TUNNEL POSTERIOR 
CRUCIATE LIGAMENT 
RECONSTRUCTION

 TECHNIQUE 51.26 

(LAPRADE ET AL.)
 n  Prepare the anterolateral bundle graft from an Achilles 

tendon allograft with an 11-mm diameter and 20-mm 

long calcaneal bone graft; tubularize the distal soft-tissue 
aspect of the graft.

 n  Prepare the posteromedial bundle graft from a 7-mm di-
ameter soft-tissue anterior tibial allograft by tubularizing 
each end of the graft.

 n  Create standard anterolateral and anteromedial ar-
throscopic portals and identify the femoral attachments 
of the anterolateral and posteromedial bundles.

 n  Outline the anterolateral bundle attachment between the 
trochlear point and medial arch point, adjoining the edge 
of the articular cartilage.

 n  Mark the posteromedial bundle attachment approximate-
ly 5.8 mm proximal to the edge of the articular cartilage 
of the medial femoral condyle and slightly posterior to the 
anterolateral bundle tunnel.

 n  Ream an 11-mm diameter closed socket tunnel to a depth 
of 25 mm for the anterolateral bundle and place a 7-mm 
reamer against the outlined posteromedial bundle to 
create the second tunnel of the same depth. Maintain 
a 2-mm bone bridge between the femoral tunnels (Fig. 
51.58A-C).

 n  Create a posteromedial portal to facilitate identification 
and preparation of the PCL attachment site. Drill a tibial 
guide pin, entering the anteromedial aspect of the tibial 
approximately 6 cm distal to the joint line and exiting pos-
teriorly at the center of the PCL tibial attachment along 
the PCL bundle ridge (Fig. 51.59A, B ).

 n  Use a 12-mm acorn reamer to overream the tibial guide 
pin under direct posterior arthroscopic observation (Fig. 
51.59C).

 n  Insert a large smoother (Gore Smoother Crucial Tool, 
Smith & Nephew) up the tibial tunnel to facilitate graft 

 

CBA

FIGURE 51.57 Posterior ligament reconstruction. A, Arthrex Popliteal Drill Stop prevents 
advancement of guide pin past the tip of the marking hook during drilling. B, Millimeter markings 
on Arthrex PCL Femoral Marking Hook allow determination of the distance of the femoral tunnel 
from the margin of the articular cartilage. C, Arthrex “Worm” Curving Suture Passer facilitates 
passing of graft sutures through tibial tunnel into intercondylar notch. SEE TECHNIQUE 51.25.
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FIGURE 51.58 Medial aspect of femoral notch in right knee demonstrating sequence of double-
bundle posterior cruciate ligament reconstruction. A, Guide pin is inserted (through an 11-mm reamer 
between trochlear point and medial arch point, adjacent to cartilage) to re-create anterolateral bundle 
(ALB). B, An 11-mm diameter closed socket tunnel is reamed to depth of 24 mm for ALB. Posterome-
dial bundle (PMB) attachment is reproduced next, approximately 5 mm posterior to edge of articular 
cartilage of medial femoral condyle and distal to medial arch point (also with help of 7-mm reamer 
placed in medial wall to assess for final position). C, Closed socket tunnel is reamed to depth of 25 mm 
for second tunnel (PMB). Of note, bone bridge of 2 mm should always be present between tunnels.  
(From LaPrade RF, Cinque ME, Dornan GJ, et al: Double-bundle posterior cruciate reconstruction in 100 patients 
at mean 3 years’ follow-up. Outcomes were comparable to anterior cruciate ligament reconstructions, Am H 
Sports Med 46:1809, 2018.) SEE TECHNIQUE 51.26.
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FIGURE 51.59 Tibial attachment of the posterior cruciate ligament (PCL) for double-bundle 
reconstruction. A, Guide pin is drilled, entering anteromedial aspect of tibia approximately 6 cm distal 
to joint line and exiting at center of the PCL tibial attachment along PCL bundle ridge. Positioning 
of guide pin should be assessed with fluoroscopy (7 mm anterior to the posterior cortex on lateral 
view and medial to lateral eminence on anteroposterior view.) B, Arthroscopically, pin should exit 
at center of bundle ridge, posterior to shiny white fibers and medial to lateral cartilage point. C, A 
12-mm acorn reamer is used to overream tibial guide pin under direct posterior arthroscopic obser-
vation. CGD, champagne glass drop-off; LM, lateral meniscus; MM, medial meniscus. (From LaPrade 
RF, Cinque ME, Dornan GJ, et al: Double-bundle posterior cruciate reconstruction in 100 patients at 
mean 3 years’ follow-up. Outcomes were comparable to anterior cruciate ligament reconstructions, 
Am H Sports Med 46:1809, 2018.) SEE TECHNIQUE 51.26.
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passage; pass the end of the smoother out the anterolat-
eral arthroscopic portal.

 n  Fix the posteromedial bundle graft in the femoral tunnel 
with a 7- × 23-mm bioabsorbable interference screw and 
the anterolateral bundle graft with a 7- × 20-mm titanium 
interference screw.

 n  After the grafts are fixed in the femoral tunnels, pass the 
sutures in the ends of both grafts through the loop tip of 
the smoother and pull the smoother and the graft sutures 
in its eyelet tip distally down the tibial tunnel and out the 
anteromedial aspect of the tibia.

 n  Cycle the grafts and secure them individually with 6.5-
mm cancellous bicortical screws and 18-mm spiked wash-
ers (Fig. 51.60). Suture the anterolateral bundle graft first 
at 90 degrees with an anterior drawer force to reproduce 
the normal tibiofemoral step off and then secure the pos-
teromedial bundle graft at 0 degrees.

POSTOPERATIVE CARE Postoperatively, all patients 
remain non–weight bearing for 6 weeks. For the first 6 
months, a dynamic posterior cruciate ligament brace is 
worn at all times except during bathing and dressing. 
Range of motion and edema control are begun the day 
after surgery. Prone knee flexion is limited to 90 degrees 
for the first 2 weeks; thereafter, knee motion is increased 
as tolerated. Weight bearing is initiated at 6 weeks with 

low-resistance cycling on a stationary bike and leg presses 
performed to a maximum of 70 degrees of knee flexion. 
Progressive advancement into low-impact knee exercises 
is allowed as tolerated starting at 12 weeks.

Six months after surgery, patients are evaluated clini-
cally and with kneeling posterior stress radiographs. 
Discontinuation of the brace for daily use is allowed if 
the side-to-side difference in kneeing stress radiographs 
was less than 2 mm, and jogging, side-to-side activities, 
and proprioceptive exercises are allowed. Functional test-
ing (e.g., the Vail Sports Test) is done between 9 and 12 
months after surgery to determine the patient’s ability to 
return to full activity. A dynamic PCL brace is worn for 
sporting activities for the first year of athletic competition.
  

Inlay Technique. This technique, which allows direct 
fixation of a tibial bone plug to a tibial trough in the ana-
tomic insertion of the PCL along the posterior tibia, has 
the advantages of eliminating acute graft angle changes and 
allows secure direct fixation to the posterior tibia, thus mak-
ing a shorter, stiffer graft. The approach allows safe exposure 
of this area. The disadvantage of this technique is that access 
to the anterior and the posterior knee is necessary during the 
surgical procedure. The patient can be placed in the lateral 
decubitus position with the injured side up. The hip can be 
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FIGURE 51.60 Anterior (A) and posterior (B) views of anatomic double-bundle PCL reconstruc-
tion. Reconstructed ALB and PMB are shown, as well as size, shape, and location of their femoral 
and tibial tunnels. PMB enters the tibial tunnel posteromedial to ALB. PMB is posterior in trans-
tibial tunnel, exits deep to ALB, and is fixed medially and distally to ALB. Femoral fixation of both 
bundles and champagne glass drop-off also are displayed. ACL, anterior cruciate ligament; FCL, 
fibular collateral ligament; PFL, popliteofibular ligament; PLT, popliteus tendon; pMFL, posterior 
meniscofemoral ligament (ligament of Wrisberg).  (From LaPrade RF, Cinque ME, Dornan GJ, et al: 
Double-bundle posterior cruciate reconstruction in 100 patients at mean 3 years’ follow-up. Outcomes 
were comparable to anterior cruciate ligament reconstructions, Am H Sports Med 46:1809, 2018.) SEE 
TECHNIQUE 51.26.
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externally rotated for the arthroscopic part of the procedure, 
and then the knee can be straightened and placed on a pad-
ded Mayo stand for the posterior exposure. Conversely, an 
easier method for posterior exposure is made possible by 
placing a bump under the unaffected side and placing the 
affected side in a figure-of-four position. The surgeon starts 
on the opposite side of the table (i.e., the unaffected side). 
Tilting the table toward or away from the surgeon allows for 
better visualization during different parts of the procedure. 
Femoral tunnels are reamed at 1 o’clock and at 3 o’clock, 1 
mm and 3 mm, respectively, off the articular surfaces before 
posterior exposure. 

CHONDROMALACIA OF THE PATELLA 
SYNDROME
Chondromalacia, which means softening of the articular 
cartilage, has multiple causes. Cartilage changes can be clas-
sified from an arthroscopic standpoint based on the modi-
fied Outerbridge (Insall) classification: grade I, softening and 
swelling of the cartilage; grade II, fragmentation and fissuring 
in an area 0.5 inch or less in diameter; grade III, more severe 
fragmentation and fissuring involving an area of more than 
0.5 inch in diameter; and grade IV, erosion of cartilage down 
to bone.

Chondromalacia can be treated conservatively in most 
patients with an emphasis on maximizing flexibility of the 
musculature and strengthening the vastus medialis obliquus 
muscle. Closed chain exercises are recommended, and some 
studies showed that taping and bracing were advantageous. 
Carefully evaluating lower extremity alignment, particularly 
for hyperpronation that can be corrected with orthotics, also 
can decrease patellofemoral stress.

If prolonged, conservative treatment fails, then surgi-
cal intervention may be necessary. Careful evaluation of the 
individual, including alignment, associated articular changes, 
ligamentous laxity, future goals, and rehabilitation potential, 
is necessary to obtain a good surgical result. In the case of 
chondromalacia with no significant malalignment and grade 
II or early grade III changes, arthroscopic debridement of the 
patellofemoral joint and reevaluation of the exercise program 
may be all that is necessary. Arthroscopic debridement of the 
articular surface can be done safely with mechanical instru-
mentation. For full-thickness chondral defects, realignment 
and cartilage cell transfer can give moderate to good relief.

Lateral release is indicated for excessive lateral pressure syn-
drome unresponsive to therapy and for lateral facet arthritis in 
combination with excision of a painful lateral facet osteophyte. 
Isolated lateral release for patellar instability has not been shown 
to be effective and may compound the problem caused by persis-
tent quadriceps weakness. The most predictable criterion for suc-
cess of a lateral release is a negative passive patellar tilt, a medial 
and lateral patellar glide of two quadrants or less, and a normal 
tubercle-sulcus angle with the knee at 90 degrees of flexion. The 
passive patellar tilt test is performed with the patient supine, the 
knee extended, and the quadriceps relaxed. The examiner lifts the 
lateral edge of the patella from the lateral femoral condyle. The 
patella should remain in the trochlea. An excessively tight lateral 
restraint is shown by a neutral or negative angle to the horizontal 
(Fig. 51.61A). The patellar glide test determines medial or lateral 
retinacular tightness (Fig. 51.61B). This test is performed with 
the knee flexed 20 to 30 degrees and the quadriceps relaxed. This 
position can be accomplished by placing a small pillow beneath 

the knee. The patella is divided into longitudinal quadrants, and 
an attempt is made to displace the patella medially and laterally. 
A lateral patellar glide of three quadrants or more suggests an 
incompetent medial restraint. A medial glide of one quadrant is 
consistent with a tight lateral restraint, and a glide of three or more 
quadrants suggests a hypermobile patella. The tuberosity-sulcus 
angle is determined by measuring the Q angle with the knee at 
90 degrees of flexion. The angle is formed by a line drawn from 
the center of the patella to the center of the tibial tuberosity and a 
line drawn from the center of the patella and passing perpendicu-
lar to the transepicondylar axis. This angle should be 0 degrees, 
and more than 10 degrees is definitely abnormal. The traditional 
Q angle measured from the tibial tuberosity to the center of the 
patella and extending to the anterior superior iliac spine likewise 
is a valuable measurement that should be evaluated when con-
templating surgical procedures for the patella. Anteroposterior, 
45-degree lateral, and 45-degree Merchant view radiographs are 
helpful in determining patellar tilt, subluxation, and Insall ratio, 

 

+15°

b

a

A

B

FIGURE 51.61 A, Passive patellar tilt test. Lateral edge of 
patella is lifted from lateral femoral condyle (b). Patella should 
remain in trochlea and not be allowed lateral subluxation. Exces-
sively tight lateral restraint is shown by neutral or negative angle 
to horizontal (a). B, Patellar glide test in 30 degrees of flexion.

    

https://booksmedicos.org


CHAPTER 51 ARTHROSCOPY OF THE LOWER EXTREMITY 2637

as described in Chapter 45. Lateral release should extend only to 
the vastus lateralis and not include this structure. 

 

LATERAL RETINACULAR RELEASE

 TECHNIQUE 51.27 

 n  View the patellofemoral joint with a 30-degree viewing 
arthroscope in the inferior or superior portal; either is ade-
quate. With the arthroscope in the standard anterolateral 
portal and advanced into the patellofemoral joint, rotate 
the lens upward and downward alternately to view the 
articular surfaces of the patella and the trochlear groove 
of the distal femur (Fig. 51.62).

 n  Manually manipulate the patella with the thumb and 
index finger for complete viewing of the entire surface 
of the patella. The tracking of the patella and the dy-
namics of the patella and the patellofemoral joint can 
be viewed better from a superior portal (Fig. 51.63). 
The patella naturally rides laterally with the knee in 
extension, and observation of it in this position does 
not confirm that the patella is subluxable or riding 
laterally. As the knee is moved from full extension into 
30 to 40 degrees of flexion, the patella enters the 
trochlear groove and should become congruous and 
centered at this degree of flexion. Persistent lateral 
tilt or overhang of the lateral facet over the edge of 
the lateral femoral condyle with the knee in this po-
sition suggests a lateral tracking phenomenon. Note 
the various degrees of chondromalacia of the patellar 
and trochlear articular surfaces and record them (Fig. 
51.64).

 n  Before performing the lateral retinacular release, carry 
out a complete and systematic examination of the knee 
for other pathologic entities and trim and shave severe 
patellar articular surface chondromalacic changes where 
appropriate. Extensive shaving of chondromalacic areas 
on the patellar or trochlear surface probably has only 

short-term effects; shaving should be kept to a minimum, 
emphasizing removal of only degenerative fibrillated ma-
terial. The objective is restoration of the proper dynamics 
of the extensor mechanism.

 n  When a complete arthroscopic examination has been 
done and any chondroplastic areas have been shaved, 
remove the arthroscopic instruments from the joint and 
evacuate the irrigating fluids.

 n  Attempt to palpate the inferior edge of the vastus lateralis 
tendon and mark this junction at its insertion into the pa-
tella with an 18-gauge spinal needle at the superior pole 
of the patella. If the edge of the tendon cannot be pal-
pated, simply insert the needle at the superolateral corner 
of the patella.

 n  Insert the arthroscope through the superolateral or the 
anteromedial portal. Initially, insert the electrocautery into 
the anterolateral portal.

 n  Under arthroscopic guidance, divide the synovium and 
lateral retinaculum from the superolateral corner of 
the patella marked by the spinal needle to the infe-
rior extent of the lateral border of the patellar tendon. 
Occasionally, the electrocautery must be placed in a 
superomedial or superolateral portal to complete the 
most inferior portion of the release. The release can 

 FIGURE 51.62 Trochlear dysplasia. SEE TECHNIQUE 51.27.

 FIGURE 51.63 Patellofemoral joint viewed from superolateral 
portal; lateral subluxation of patella is evident. SEE TECHNIQUE 51.27.

 FIGURE 51.64 Grade III chondromalacia of patella involving 
central ridge and lateral facet. SEE TECHNIQUE 51.27.
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be extended proximally along the lateral border of the 
vastus lateralis tendon.

 n  Place a thick sponge pad over the superolateral aspect of the 
distal thigh just proximal to the patellar tendon to serve as 
a pressure pad over the cut superolateral geniculate vessels. 
This has reduced the incidence of troublesome hemarthrosis 
after release.

 n  A drain can be placed intraarticularly and removed after 
several hours.

POSTOPERATIVE CARE The knee is maintained in an im-
mobile, extended position for 48 hours, and then gentle 
range-of-motion exercises are begun. Immobilization of 
the knee in extension for longer than 72 hours may allow 
the edges of the lateral retinacular release to adhere and 
become ineffective. Early range of motion tends to spread 
the release. Quadriceps isometric and stiff-leg exercises are 
encouraged. Weight bearing is allowed as tolerated.
  

ARTHROSCOPIC MEDIAL PARAPATELLAR 
PLICATION
Arthroscopic plication of the medial retinaculum has been 
described for patellar instability. The all-inside technique uses a 
17-gauge Tuohy epidural needle to pass a no. 1 polydioxanone 
suture near the medial edge of the patella. The edge of the suture 
is retrieved out of a superolateral portal. The needle is backed up 
slightly to remain under the subcutaneous tissue and advanced 
posteriorly about 2 cm. The needle is passed back through the 
retinaculum, and the resulting loop of the suture is pulled out 
superiorly, taking both tails out superiorly. After passage of four 
to five sutures, they are tied arthroscopically through the antero-
medial portal. An arthroscopic lateral release is performed. We 
do not do this procedure and believe that the same technique can 
be performed more adequately with nonabsorbable sutures and 
better imbrication through a small medial parapatellar incision. 

SYNOVECTOMY
Arthroscopic synovectomy in rheumatoid disease and other 
chronic inflammatory conditions and in hemophilia has been 
reported to produce less morbidity, shorter hospitalization, and 
more rapid return of function to the joint.

 TECHNIQUE 51.28 

 n  Four or five portals, including the posteromedial and 
posterolateral portals, are used routinely. Approach the 
posterior compartment with a 70-degree viewing arthro-
scope placed through the intercondylar notch and place 
a full-radius resector through the corresponding postero-
medial or posterolateral portal.

 n  Preserving the menisci, resect the synovial proliferation 
inferior to the menisci and around the cruciate ligaments, 
preserving the underlying structures.

 n  Carefully strip the synovial proliferation in the medial and lat-
eral aspects of the knee off the junction of the synovium and 
the articular cartilage. Frequent repositioning of the arthro-
scope and motorized shavers is necessary to avoid damage 
to the articular cartilage and to reach all synovial recesses.

 n  After synovectomy, insert a drain in the knee and connect 
it to suction. Place the knee in a modified Jones dressing.

POSTOPERATIVE CARE Before discharge, the drain is 
removed. Weight bearing to tolerance with crutches is 
allowed, and range-of-motion and quadriceps-strength-
ening exercises are begun immediately.
   

DRAINAGE AND DEBRIDEMENT IN 
PYARTHROSIS
Arthroscopic debridement and lavage in pyarthrosis offer the 
advantages of reduced morbidity and shortened hospitaliza-
tion. With the arthroscope, the knee can be lavaged with large 
volumes of fluid and any fibrinoid material and infected debris 
can be removed. With the advent of more resistant organisms, 
the use of appropriate cultures and initial use of broad-spectrum 
antibiotic coverage, including coverage for methicillin-resistant 
Staphylococcus aureus, are indicated. When the cultures are 
complete, antibiotics specific to the organism should be used.

 TECHNIQUE 51.29 

 n  The standard arthroscopic setup is used for arthroscopic 
debridement. Do not exsanguinate the extremity. Use a 
large-bore cannula or arthroscopic pump for irrigation.

 n  Make anteromedial and anterolateral portals to examine 
and debride fibrinoid exudate as indicated. Take appropri-
ate bacterial cultures.

 n  Thoroughly lavage all compartments (anterior, posterior, 
and suprapatellar) and the medial and lateral gutters, us-
ing 9 to 10 L of fluid.

 n  Place suction drain tubes in the medial and lateral gutters 
through the arthroscopic cannula and then withdraw the 
cannula over the drain. Loosely approximate the portals 
with absorbable sutures.

POSTOPERATIVE CARE A Jones-type dressing is applied to 
immobilize the knee for 36 to 48 hours while appropriate an-
tibiotics are administered. At 48 hours, the drains are removed 
and range of motion is begun. If the infection fails to respond 
to treatment, repeat debridement is considered at 72 hours.
   

OTHER APPLICATIONS OF ARTHROSCOPY 
OF THE KNEE
The following are additional, less frequent, applications for 
arthroscopy of the knee. Several are refinements of princi-
ples and techniques previously described in this chapter, and 
most should be attempted only by surgeons with considerable 
arthroscopic experience. Many of these techniques have not 
been sufficiently evaluated to determine the long-term results 
and are not described in detail.

ARTHROSCOPY IN FRACTURES AROUND THE 
KNEE
Arthroscopic techniques have been used to evaluate frac-
tures of the anterior intercondylar eminence of the tibia, to 
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reduce such fractures, and, after reduction, to fix the emi-
nence with percutaneously inserted internal fixation. In addi-
tion, arthroscopy has been advocated to assess the degree of 
articular surface depression and the adequacy of reduction 
after tibial plateau fractures.

Good results have been reported with arthroscopically 
assisted fracture reduction and percutaneous fixation. Fracture 
patterns that are appropriate for arthroscopic management 
are those that can be internally fixed with a cancellous screw 
and do not require a major reduction or use of a buttress plate. 
Better fracture evaluation, reduced operative time and mor-
bidity, shorter hospitalization, and quicker recovery have been 
cited as advantages to the arthroscopically assisted technique. 

 

ARTHROSCOPICALLY ASSISTED 
FRACTURE REDUCTION AND 
PERCUTANEOUS FIXATION

 TECHNIQUE 51.30 

(CASPARI ET AL.)
 n  Make a small transverse incision in the skin 3 cm to 4 cm be-

low the joint line and drill holes through the anterior cortex.
 n  With the use of an image intensifier and under arthroscopic 

guidance, insert a 0.25-inch osteotome through the cortical 
window and drive it under the fracture to elevate the frag-
ments. By manipulating the osteotome and using the anterior 
cortex as a fulcrum, elevate the fragments under arthroscopic 
guidance. Caspari et al. termed this “indirect triangulation.” 
They recommended over-elevation of the fragments.

 n  Remove the stress from the knee and move it through 
a range of motion. The femoral condyle serves to mold 
the surface of the tibial plateau back into its anatomic 
configuration. If necessary, insert a bone graft under the 
fracture through the cortical window.

 n  Obtain internal fixation by percutaneous or open tech-
nique.

 n  Use of an arthroscopic anterior cruciate ligament guide to 
place a guidewire into the fracture site also has been de-
scribed. A reamer is used to make the cortical window and 
a tamp to elevate the fragments. A 15-mm Arthrex “cor-
ing” reamer can preserve local bone graft. Image intensifi-
cation is used to place percutaneous cannulated screws.

POSTOPERATIVE CARE Postoperative management is 
tailored to the specific injury and the adequacy of reduc-
tion and fixation. If the fracture is stable, with rigid inter-
nal fixation, early controlled range of motion is begun.

  

ARTHROFIBROSIS
Arthroscopic techniques for lysis and excision of postopera-
tive adhesions have been described. The arthroscopic proce-
dure usually is combined with a gentle manipulation after the 

release. If extensive infrapatellar contracture syndrome devel-
ops, as evidenced by peripatellar induration, restricted patel-
lar mobility, and loss of knee motion, conservative means 
should be used to reduce inflammation and regain muscle 
tone and knee extension. An open technique, including lat-
eral release and excision of the fat pad, may be necessary after 
the acute reaction has subsided. 

 

ARTHROSCOPIC LYSIS AND EXCISION 
OF ADHESIONS

 TECHNIQUE 51.31 

(SPRAGUE)
 n  Insert an arthroscopic sheath and blunt trocar through 

standard anterolateral and anteromedial portals.
 n  Pass the blunt trocar carefully beneath the patella and 

into the suprapatellar pouch. Use the trocar to disrupt 
bluntly any adhesions in the suprapatellar pouch and in 
the medial and lateral gutters.

 n  Insert the arthroscope and inspect the joint in a routine 
manner. If the adhesions are dense, the patellofemoral 
joint usually is spared.

 n  Begin the debridement in the peripatellar region and ex-
tend it outward.

 n  When the suprapatellar pouch has been restored, insert 
an inflow cannula through a superior portal.

 n  Continue the dissection down into the medial and lateral 
gutters and compartments and finally into the intercon-
dylar area. Avoid damage to the cruciate ligaments.

 n  Occasionally, proliferation of fibrous tissue is present 
within the intercondylar notch and anterior regions; this 
should be removed because it may limit extension. Some 
investigators recommend a lateral retinacular release as 
part of the procedure if patellar mobility is restricted after 
the arthroscopic release. Avoid iatrogenic fracture caused 
by excessive manipulation.

 n  After the systematic lysis of adhesions, perform a gentle 
manipulation. If any further adhesions are disrupted, de-
bride these further arthroscopically.

 n  Thoroughly irrigate the joint, insert a suction drain, and 
apply a bulky compressive dressing.

POSTOPERATIVE CARE We have found it helpful to 
perform this procedure with the patient under continu-
ous epidural anesthesia, which is maintained for 2 to 3 
days after surgery. The patient is placed in a continuous 
passive motion machine immediately after surgery, and 
the suction drain is removed at 2 days.

  

COMPLICATIONS ASSOCIATED WITH KNEE 
ARTHROSCOPY
Large series on complications associated with knee arthros-
copy published in the late 1980s reported overall complication 
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rates for knee arthroscopy of less than 2%. More recent 
reports generally cite overall complication rates of less than 
1%. Four large series with a combined total of 191,584 
arthroscopic knee procedures reported complications in 1175 
(0.6%), with the most common being infection and DVT or 
pulmonary embolism (PE). Data from the American Board of 
Orthopaedic Surgery from 2003 to 2009, however, showed an 
overall complication rate of almost 5%, with a range of 2.5% 
for meniscectomy to 20% for PCL reconstruction. Infection 
was the most common complication overall.

Complications increase with the difficulty of the case, and 
saphenous and peroneal nerve injuries are still being reported 
with arthroscopic repairs; however, with all-inside techniques 
the frequency of these injuries has decreased dramatically. 
The incidence of arthrofibrosis associated with anterior cruci-
ate ligament reconstruction is increased when meniscal repair 
is performed. Likewise, the incidence of infection associated 
with anterior cruciate ligament reconstructions is slightly 
increased when the reconstruction is performed in conjunc-
tion with meniscal repair. Additional exposure, surgical time, 
and potential for joint contamination during the passing and 
retrieving of needles are probably the reasons.

Surgical complications related to ligamentous recon-
struction are associated with multiple factors that have been 
reported (see Figs. 51.41 and 51.42). DVT is a real concern 
with long, complicated procedures, particularly in patients 
who are overweight, have a history of DVT, are taking birth 
control pills, or have been inactive as a result of injury. In 
patients with high-energy knee injuries in whom treatment 
is delayed for more than 2 weeks, preoperative ultrasound 
examination of the lower extremities usually should be done. 
When limited postoperative weight bearing is indicated in 
these patients, DVT prophylaxis with at least 81 mg of aspi-
rin twice a day probably is warranted. The use of a sequen-
tial compression device (SCD) may be indicated for high-risk 
patients. Most of these causes of failures have been discussed 
in the technique section.

Careful attention to detail during surgery, including 
proper sterilization techniques, handling of the graft, and 
appropriate preparation and draping, can help to prevent 
postoperative infections. If a graft is contaminated by drop-
ping it on the floor, the surgeon has two choices: change graft 
sources (i.e., a different autogenous graft source) or attempt 
sterilization of the dropped graft. Molina et  al. reported 
the results of sterilization of dropped grafts in three solu-
tions: (1) a 1-mL vial containing 40 mg of neomycin and 
polymyxin in 1000 mL of sterile saline, (2) 10% povidone-
iodine solution, or (3) 4% chlorhexidine gluconate solution. 
Their results after a 90-second soak showed that one of 50 of 
the contaminated grafts that were soaked in chlorhexidine 
remained positive, three of 50 soaked in antibiotic remained 
positive, and 12 of 50 soaked in the povidone-iodine solu-
tion remained positive. Several more recent reports have 
confirmed the efficacy of 4% chlorhexidine for steriliz-
ing contaminated grafts, including laboratory studies that 
included 495 graft samples. Bacitracin alone also was found 
effective (97%), as was a combination of neomycin and 
polymyxin B. With this in mind, it should be reasonable to 
retrieve the graft immediately from the floor, rinse it using 
sterile technique with a large volume of sterile saline, soak 
it in 4% chlorhexidine gluconate solution for at least 90 sec-
onds (we recommend 10 minutes) and then in the neomycin 

and polymyxin B solution for at least another 90 seconds 
(we recommend 10 minutes), and finally rinse it thoroughly. 
In a survey by Izquierdo et al., 196 sports-trained surgeons 
responded to a questionnaire on anterior cruciate ligament 
graft contamination (from a variety of sources). Forty-nine 
surgeons had experienced a total of 57 contaminations, 75% 
of which were treated with graft cleansing and proceed-
ing with the reconstruction. In 18% of contaminations, the 
surgeon harvested a different graft, and in 7% an allograft 
was used. There were no reported infections. Sixty-five of 
the 147 surgeons with no graft contaminations responded 
with hypothetical treatments: 58% would cleanse the graft, 
34% would harvest a different graft, and 8% would use an 
allograft.

When postoperative knee infections occur, early, thor-
ough arthroscopic irrigation and debridement are indicated 
with repeat irrigation and debridement at 48 to 72 hours if 
the symptoms have not resolved. Anterior cruciate ligament 
grafts can be left in place, provided that no extensive deterio-
ration of the graft is present at the time of initial irrigation. 
The appropriate intravenous antibiotics if susceptible gener-
ally are prescribed for 2 to 3 weeks, followed by oral antibi-
otics to complete a 6-week course of antibiotic treatment. A 
recent meta-analysis determined that approximately 85% of 
grafts could be salvaged with arthroscopic debridement and 
antibiotic therapy.

Abnormal healing reactions, arthrofibrosis, complex 
regional pain syndrome, and failure of graft incorpora-
tion fall under the category of surgical limitations, as do 
chondral or meniscal injuries. Surgical control over these 
conditions often is limited, but sometimes skill in surgi-
cal planning and timing can have an effect. Early surgi-
cal intervention for ligamentous injuries before regaining 
muscular tone and motion is associated with arthrofibro-
sis, as are surgical procedures such as medial collateral 
ligament repair on the femoral side and meniscal repair. 
Allowing motion and allowing the knee to calm before 
surgery has been shown to greatly decrease postoperative 
stiffness and arthrofibrosis.

Complex regional pain syndrome is a poorly under-
stood condition that possibly could be decreased by bet-
ter patient selection, decreased operating time, and early 
physical therapy. Early reports stated that overtightening 
of the anterior cruciate ligament graft might result in fail-
ure of graft maturation, but other studies have not sup-
ported this conclusion. 

HIP
Arthroscopy of the hip continues to evolve and become 
more common with expanding indications. The number 
of hip arthroscopic procedures has grown significantly, 
increasing 600% between 2006 and 2010, as reported 
through the ABOS database. A recent database review 
showed the number of arthroscopic procedures in the hip 
increasing almost fivefold between 2008 and 2013, with the 
most common procedures being femoroplasty, labral repair, 
and acetabuloplasty.

Arthroscopy of the hip is a technically demanding pro-
cedure because of the sphericity of the femoral head and 
the dense capsule and musculature that surround the joint. 
Several papers have described a learning curve for hip 
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arthroscopy, which may be as high as 60 cases before there is 
a decrease in major complications.

Arthroscopy of the hip gives the surgeon access to the 
central compartment and peripheral compartments of the 
hip. The central compartment includes the articular sur-
faces of the femoral head and acetabulum, the labrum, and 
the ligamentum teres. The peripheral compartment includes 
the femoral neck and the surrounding capsule and synovium. 
Numerous procedures involving the peritrochanteric space 
also have been described.

INDICATIONS/CONTRAINDICATIONS
The indications for hip arthroscopy continue to expand. 
Current indications include labral tears, removal of loose 
bodies, femoroacetabular impingement (FAI), chondral 
lesions, synovial disorders, ligamentum teres pathology, 
septic arthritis, psoas tendon disorders, extraarticular 
impingement (subspine and ischiofemoral), external snap-
ping hip, greater trochanteric pain syndrome, proximal 
hamstring injuries, and sciatic nerve disorders. In addition, 
hip arthroscopy is used frequently in the setting of trauma. 
A systematic review by Niroopan et al. demonstrated good 
outcomes using hip arthroscopy for bullet extraction, loose 
body removal, femoral head fixation, acetabular fracture 
fixation, treatment of labral injuries, and debridement of 
ligamentum teres injuries. However, care must be taken in 
patients with acute trauma because the soft-tissue envelope 
of the hip may be disrupted, which can lead to excessive 
fluid extravasation into the abdomen and subsequent com-
partment syndrome.

Relative contraindications are obesity, hip dysplasia, and 
inability to distract the hip joint. Instrumentation may not 
be long enough to access the hip joint in obese patients. Hip 
arthroscopy may lead to chronic instability in patients with 
dysplasia; however, several authors have shown improve-
ment in symptoms following hip arthroscopy in these 
patients. Domb et  al. reported improvement of patient 
symptoms and no conversions to total hip arthroplasty in 
a 5-year follow-up of patients with borderline dysplasia 
treated arthroscopically.

In the evaluation of patients for hip arthroscopy, care 
needs to be taken to determine the radiographic level of osteo-
arthritis in the affected hip. Numerous studies have shown 
worse results in patients with preexisting osteoarthritis of 
the hip. Larson et  al. found less symptomatic improvement 
after FAI correction in patients with osteoarthritis and no 
improvement in patients with advanced osteoarthritis com-
pared to patients without radiographic signs of osteoarthritis. 
Chandrasekaran et  al. showed a significantly higher rate of 
conversion to total hip arthroplasty in patients with Tönnis 
grade 2 arthritis (small cysts, moderate joint space narrowing, 
and moderate loss of femoral head sphericity). 

GENERAL SETUP
Arthroscopy of the hip has been described with the patient 
supine or in the lateral position. Both positions offer some 
advantages, but the choice is surgeon dependent. The 
supine position offers ease of patient positioning, surgeon 
familiarity, and the ability to use a fracture table. The lat-
eral position is often easier in obese patients. The lateral 
position does require distraction devices for the operating 
table.

Both techniques require the affected leg to be placed 
in traction for access to the joint, as well as for procedures 
involving the intraarticular portion or central compartment 
of the hip. Some commercially available distractors are avail-
able, but a regular fracture table can be used (Fig. 51.65A). 
Ten to 12 mm of distraction is needed for placement of 4.5- 
or 5.5-mm cannulas. With devices that have tensiometers, 
approximately 50 lb of force is needed. Traction time should 
be limited to less than 2 hours to decrease the chance of trac-
tion neurapraxias. A well-padded, often oversized perineal 
post is used. The post should be placed laterally. This improves 
the vector of the traction force and decreases the risk of neu-
rapraxia (Fig. 51.65B). Often less traction is needed after the 
joint has been accessed, relieving the negative pressure. In 
both positions, image intensification is used extensively for 
portal placement.

After completion of the central compartment procedure, 
the leg is removed from traction and the hip is flexed, typi-
cally to 45 degrees. This relaxes the capsule and gives greater 
access to the peripheral compartment.

Both 30- and 70-degree arthroscopes are used for ade-
quate visualization. The 70-degree arthroscopy is used 
for most central compartment procedures. Commercially 
available hip arthroscopy instruments are available. The 
instruments typically are longer than standard arthroscopy 
equipment. Various dilators and slotted cannulas are helpful 
for portal placement and exchanging instruments within por-
tals, as well as minimizing soft-tissue trauma. 

PORTALS
Supine position arthroscopy uses three standard portals: the 
anterolateral, anterior, and posterolateral (Figs. 51.66 and 
51.67). The anterolateral portal typically is placed first with 
the aid of fluoroscopy. This portal is made approximately 1 cm 
superior and anterior to the anterior edge of the greater tro-
chanter. The posterolateral portal is made 1 cm posterior and 
superior to the greater trochanter. The location of the anterior 
portal is determined by the intersection of a line drawn from 
the tip of the greater trochanter and a line extending inferi-
orly from the anterior superior iliac spine. The posterolateral 
and anterior portals are made under direct observation with 
the camera in the anterolateral portal. After establishing the 
additional portals, the camera is placed in the anterior portal 
to assess the placement of the anterolateral portal. Because 
the anterolateral portal is made without direct visualization, 
this portal needs to be inspected to be sure there has not been 
inadvertent penetration of the labrum. Numerous additional 
accessory portals can be placed under direct visualization 
depending on the procedure (Fig. 51.68).

The anterolateral portal pierces the gluteus medius mus-
cle and then the hip capsule (Fig. 51.69A). The nearest neu-
rovascular structures are the superior gluteal nerve and the 
sciatic nerve. The anterior portal passes through the sarto-
rius and the rectus femoris muscles and then the hip cap-
sule. This portal passes close to the lateral femoral cutaneous 
nerve and ascending branch of the lateral femoral circumflex 
artery (Fig. 51.69B). The posterolateral portal passes through 
the gluteus medius and minimus muscles. The closest neu-
rovascular structure is the sciatic nerve (see Fig. 51.69C). A 
cadaver study determined the distances of the arthroscopic 
portals to neurovascular structures: the anterolateral portal 
is 6 cm from the superior gluteal nerve and 4 cm from the 
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sciatic nerve, the posterolateral portal lies 2.2 cm from the 
sciatic nerve, and the anterior portal is 1.5 cm from the lateral 
femoral cutaneous nerve, although several branches of this 
nerve may be closer. 

 

SUPINE POSITION ARTHROSCOPY

 TECHNIQUE 51.32 

(BYRD)
 n  Place the patient supine on the fracture table or on a 

regular operating table with a distraction device.
 n  Place a heavily padded perineal post, lateralizing it 

against the medial thigh of the operative leg (see Fig. 
51.65B).

 n  Position the operative hip in neutral, slight abduction, and 
neutral rotation. Slight flexion may relax the capsule and 
facilitate distraction but can place more traction on the 
sciatic nerve and draw it closer to the joint, making it 
more vulnerable to injury.

 n  Apply traction to the operative extremity, and confirm 
distraction of the joint fluoroscopically.

 n  Three standard portals are used for this procedure: ante-
rior, anterolateral, and posterolateral (Fig. 51.70A and B).

 n  Establish the anterolateral portal first, using a 6-inch, 
17-gauge needle under fluoroscopy. The portal is in the 
safe zone.

 n  Take care that the labrum is not penetrated when 
establishing all arthroscopic portals. If excessive resis-
tance is met during needle placement, redirect it under 
fluoroscopic control, aiming slightly more parallel to 
the femoral head and away from the edge of the ac-
etabulum. Distend the joint with saline, pass the guide-
wire through the needle, and withdraw the needle. 
Pass the cannula operator assembly over the guidewire 
into the joint. Do not injure the articular surface of the 
head or penetrate the labrum when introducing the 
cannula.

 n  To make the anterior portal and the posterolateral portal, 
pass the spinal needle into the joint, observing the needle 
and its position with a 70-degree arthroscope. Verify cor-
rect placement with fluoroscopy.

 n  Place the anterior portal at the intersection of a line 
drawn from the anterior superior iliac spine and a 
transverse line drawn from the superior margin of the 
greater trochanter (see Fig. 51.67). The anterior portal 
penetrates the sartorius and rectus femoris before enter-
ing the anterior capsule (see Fig. 51.69). To avoid the 
lateral femoral cutaneous nerve, make the incision only 
through the skin.

 n  Rotate the 70-degree scope posteriorly, and make the 
posterolateral portal under arthroscopic and fluoroscopic 
control just superior to the margin of the greater trochan-

 

A

Perineal
post

Distraction
vector

Traction

B

Pressure

FIGURE 51.65 A, Commercially available distraction device. B, Perineal post for hip positioning 
of the operative leg. SEE TECHNIQUE 51.29.
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ter at its posterior border. The portal should be directed 
slightly cephalad and anteriorly, converging toward the 
anterolateral portal. It is important to have the hip in neu-
tral rotation while making this portal to ensure that the 
sciatic nerve is not at risk.

 n  After establishing the three portals, place the outflow in 
the posterolateral portal.

 n  To view the acetabulum, labrum, and femoral head 
from each of the three portals, alternate the 70-degree 
scope and 30-degree scope between the anterolateral 
and anterior portals. Rotate the lens, and internally and 
externally rotate the hip. The 70-degree scope is best for 
viewing the labrum and the periphery of the acetabulum 
and femoral head, and the 30-degree scope is used for 
viewing of the central portion of the acetabulum, femo-
ral head, and superior portion of the acetabular fossa 
(Fig. 51.71).

 n  Pass an arthroscopic knife through the cannula, and 
slightly incise the surrounding capsule transversely to 
allow greater maneuverability of the instruments (Fig. 
51.72A and B).

 n  Use interchangeable, flexible cannulas with curved shaver 
blades to reach the greatest portion of the head and ac-
etabulum and extra-length instrumentation for removal 
of labral or loose body fragments.

 n  Remove larger loose bodies piecemeal, carefully observ-
ing the retraction through the cannulas.

 n  After completing arthroscopy of the central compart-
ment, the operative leg is released from traction and 
flexed 45 degrees. This allows relaxation of the capsule 
in order to proceed with examination of the peripheral 
compartment.

 n  The original anterior and anterolateral portals may be re-
directed onto the femoral neck. Alternatively, an ancillary 
portal may be established 4 to 5 cm distal to the antero-
lateral portal (Fig. 51.73). Fluoroscopy is used to guide 
placement onto the femoral neck.
   

 FIGURE 51.66 Landmarks outlined: femoral artery, vein, and 
nerve; greater trochanter; and anterosuperior iliac spine.

 

45°

Anterior portal
Anterolateral portal

Posterolateral portal

30°

FIGURE 51.67 Three standard portals: anterior, anterolateral, 
and posterolateral. SEE TECHNIQUE 51.29.
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FIGURE 51.68 Additional accessory portals. AL, Anterolateral; AP, anterior; MAP, midanterior 
portal; PMAP, proximal midanterior portal; PALA, proximal accessory anterolateral portal; PSP, 
peritrochanteric space portal. (From Robertson WJ, Kelly BT: The safe zone for hip arthroscopy: a 
cadaveric assessment of central, peripheral, and lateral compartment portal placement, Arthroscopy 
24:1019, 2008.)
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FIGURE 51.69 Standard portals: anterolateral (A), anterior (B), and posterolateral (C). SEE 
TECHNIQUE 51.32.
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LATERAL POSITION ARTHROSCOPY
The lateral decubitus position for hip arthroscopy may be 
more familiar to surgeons who perform total hip arthro-
plasty with the patient in this position. In addition, in obese 
patients, the fat around the hip tends to fall away from 
the surgical site. In patients with large anterolateral bone 
spurs, the joint can be easily entered through the posterior 
peritrochanteric portal.

 TECHNIQUE 51.33 

(GLICK ET AL.)
 n  Place the anesthetized patient in the lateral decubitus posi-

tion with the affected hip superior. A fracture table or a 
specialized distraction device may be used. A well-padded 
perineal post is placed. The post should be placed as lateral 
as possible on the surgical leg to protect the pudendal nerve 
and to improve the traction vector on the hip. The foot of 
the affected leg is placed in the foot holder to apply traction.

 n  Abduct the hip between 20 and 45 degrees, and extend 
it. The hip is placed in mild abduction, flexion, and ex-
ternal rotation. Use an image intensifier to evaluate trac-
tion and to guide instruments. Apply sufficient traction 
to create a space large enough to accommodate a 5-mm 
arthroscope and instruments.

 n  Prepare and drape the hip in a routine sterile manner to 
allow access as far anteriorly as the femoral artery and 
slightly past the posterior aspect of the greater trochanter.

 n  Place the affected leg in traction, and obtain a fluoro-
scopic image to ensure distraction of the joint 8 to 10 
mm. If excessive force is required to distract the joint, 
a needle may be inserted into the joint under imaging. 
A small amount of air is then introduced into the joint, 
thereby breaking the vacuum seal of the hip. The required 
force needed for distraction will be reduced.

 n  Mark the anatomical landmarks, including the femoral 
artery anteriorly, the anterosuperior iliac spine, and the 
inguinal ligament, and outline the anterior, posterior, and 
superior portions of the greater trochanter.

 n  The lateral approach uses an anterior peritrochanteric, a 
posterior peritrochanteric, and a direct anterior portal. Ad-
ditional portals can be made depending on the procedure.

 n  The anterior peritrochanteric portal is typically established 
first. Insert a 6-inch, 18-gauge spinal needle into the hip 
joint, under image intensifier guidance, starting just an-
terior to the anterior edge of the greater trochanter. Be 
sure not to penetrate the labrum.

 n  Air or fluid may then be injected into the joint for disten-
tion. A nitinol wire is then introduced through the spinal 
needle and into the hip joint. Image intensification is used 
to ensure placement.

 n  Make a skin incision at the needle site. The scope can-
nula is then placed over the wire and introduced into the 
joint. Again, an image intensifier is used. Avoid bending 
or breaking the nitinol wire.

 n  Establish an anterior portal for inflow. The anterior portal 
also is necessary for viewing of the anterior corners of the 
hip joint.

 n  Insert a spinal needle at a point where a sagittal line 
through the anterior iliac spine meets a horizontal line 
from the proximal tip of the greater trochanter. Angle 
the needle 45 degrees in the cephalad direction and 20 
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FIGURE 51.70 A and B, Diagrams of arthroscopic incisions around hip joint and their relation-
ship to nerves in vicinity. SEE TECHNIQUE 51.32.

 FIGURE 51.71 Arthroscopic view of the acetabular fossa. SEE 
TECHNIQUE 51.32.
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degrees medially, using the image intensifier and the ar-
throscope for guidance. The needle should enter the joint 
under direct visualization to ensure protection of the la-
brum and articular cartilage.

 n  Make a small skin incision at the needle site, and insert a 
5.25-inch inflow cannula. Branches of the lateral femoral 
cutaneous nerve are close to this portal; avoid them by 
incising only the skin and by bluntly dissecting through 
the subcutaneous tissues. The sheath and trocar push the 
nerve to the side as they are directed through the tissues.

 n  Establish the posterior peritrochanteric portal in a similar 
fashion beginning at the posterior tip on the greater tro-
chanter.

 n  Make capsulotomies where each of the portals penetrate 
the capsule. This allows maneuverability and visualization 
by alternating the camera between the portals depending 
on the procedure being performed.
  

HIP CAPSULE
The capsule of the hip joint is composed of three ligaments: 
the iliofemoral, the ischiofemoral, and the pubofemoral liga-
ments. All of these ligaments are thickenings of the capsule 
and perform specific functions that contribute to hip stability. 
The iliofemoral ligament resists external rotation of the hip. 

 

A B

FIGURE 51.72 Capsulotomy. A, Anterolateral and anterior portals. B, View from anterior portal. 
SEE TECHNIQUE 51.32.

 

Spinal
needle

FIGURE 51.73 Establishing an ancillary portal. SEE TECHNIQUE 51.32.
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The ischiofemoral ligament is a restraint to internal rotation. 
The pubofemoral ligament also helps to control external rota-
tion (Fig. 51.74A and B).

During hip arthroscopy, the typical portals transverse the 
iliofemoral ligament. Because of the thickness of this ligament, 
various capsulotomies have been described to allow increased 
maneuverability and increased visualization of certain pathol-
ogies (Fig. 51.75A-C). Typically, for central compartment 
arthroscopy, an intraportal capsulotomy is made that connects 
the anterolateral and the anterior (or midanterior) portals (Fig. 
51.75B). This capsulotomy runs parallel to the acetabulum. In 
cases of femoroacetabular impingement, this capsulotomy may 
not be adequate to visualize the full extent of the pathology. A 
T-shaped capsulotomy can be added to allow full visualization 
of the femoral neck (Fig. 51.75C).

Controversy exists in the repair of these capsulotomies. 
Some surgeons repair the entire capsulotomy, and oth-
ers repair only the T-limb (vertical limb) of the capsulot-
omy (Fig. 51.75D and E). If instability is a concern, repair 
of the entire capsulotomy is recommended. Some stud-
ies show an increase in external rotation after capsulotomy, 
which returns to normal with repair. Another study showed 
improved patient outcomes when the entire T-capsulotomy 
was repaired compared to partial repair with only the vertical 
limb repaired. Domb et al. reported 5-year patient reported 
outcomes in repaired and unrepaired capsulotomies. Patients 
in both groups showed improvements, but the unrepaired 
group demonstrated a decrease in hip scores at 2- and 5-year 
follow-up and a higher conversion rate to arthroplasty. A 
recent systematic review of capsular management concluded 
that, based on current literature, there are not enough data to 

support the suggestion that routine capsular closure provides 
better functional outcomes. 

ARTHROSCOPIC MANAGEMENT OF 
LABRAL TEARS
The acetabular labrum is a fibrocartilaginous structure that 
surrounds the periphery of the acetabulum and inserts on the 
transverse acetabular ligament. Blood supply to the acetabu-
lum is primarily through the obturator artery, superior glu-
teal artery, and inferior gluteal artery. The periphery of the 
labrum is more vascularized than the articular region.

The labrum functions to increase the stability of the hip 
joint and to seal the hip joint and prevent escape of fluid. In 
the presence of a labral tear, this latter function is lost and may 
lead to increased contact pressure, which is thought to have a 
role in the development of degenerative disease of the hip. In 
a study of 436 patients, 73% of those with labral tears or fray-
ing had articular damage, with most of the damage located 
in the same zone as the labral damage. Also, the severity of 
chondral damage was greater in patients with labral tears than 
in patients who had an intact labrum.

Seldes et  al. described two types of labral injuries: a 
separation of the labrum from its articular attachment and 
tears in various planes within the substance of the labrum. 
A morphologic classification based on arthroscopic findings 
includes radial flap tears, radial fibrillated tears, longitudinal 
peripheral tears, and unstable tears. More recently, the major-
ity of labral tears have been suggested to be related to abnor-
mal joint morphology and function. Certain tears are seen 
with particular hip pathologies. Labral-chondral separation is 
more commonly seen with cam type impingement than with 
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FIGURE 51.74 A, Anteroposterior view of the hip showing iliofemoral and pubofemoral liga-
ments. Note capsular insertion distally to intertrochanteric line. B, Posterior view of hip showing 
ischiofemoral ligament and relation to obturator externus tendon. (Redrawn from Bedi A, Galano G, 
Walsh C, Kelly BT: Capsular management during hip arthroscopy: from femoroacetabular impinge-
ment to instability, Arthroscopy 27:1720, 2011.)
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femoroacetabular impingement, while intrasubstance tears 
are more typical of pincer impingement.

Patients with labral tears typically present with pain (usu-
ally groin pain) and mechanical symptoms. Byrd described 
the C-sign: when asked to localize the pain patients cup 
their hand, forming a C over the greater trochanter (Fig. 
51.76). Pain may be positional, with symptoms increasing 
with sitting, driving, putting on shoes, or crossing the legs. 
Pain may be minimal with level walking. Evaluation should 
include radiographs of the pelvis and hip and advanced 
imaging when indicated. Associated conditions should be 
noted and treated at the time of surgery. CT scan offers 
greater detail in assessing bony architecture, while MRI 
and MRI-arthrogram are useful for identifying labral tears. 
Initial treatment is typically nonoperative, with rest, antiin-
flammatory agents, and physical therapy. Unresolved pain 
after nonoperative treatment is treated with labral debride-
ment or repair.

In 2009, Byrd and Jones reported 10-year follow-up of 
patients with labral lesions treated with debridement. Hips 
that did not show any signs of arthritis had a significant 
increase in Harris Hip Scores, an improvement that remained 

significant throughout the 10-year period. However, seven 
of eight patients with associated arthritis required total hip 
arthroplasty. Larson and Giveans compared the outcomes of 
labral debridement and labral repair in patients with femo-
ral acetabular impingement and found that improvement in 
Harris Hip scores was greater in the labral refixation group.

Two main suture configurations are used when repair-
ing labral tears. The suture can be looped around the entirety 
of the labrum for a circumferential repair. Alternatively, it 
can be passed through the substance of the labrum creat-
ing a labral base repair. The decision of which suture con-
figuration to use is based on the quality of the labral tissue 
remaining. In patients with robust labral tissue, a labral base 
repair is typically used. When the labrum is significantly 
frayed, a circumferential repair is chosen to avoid the suture 
lacerating the remaining labrum. In either type of repair, it 
is essential to maintain the labral contact with the femoral 
head, reestablishing the suction seal. Anchors placed too far 
from the acetabular rim or sutures that are overtightened 
may evert the labral edge. Jackson et al. showed no differ-
ence in outcomes between the suture patterns in a retro-
spective study. 

 

A B C

D E F

FIGURE 51.75 Capsulotomy and capsular repair techniques. A, Hip joint. B. Interportal capsu-
lotomy. C, T-capsulotomy. D, Repaired interportal capsulotomy. E, T-capsulotomy with partial repair. 
F, T-capsulotomy with complete repair.  (From Ekhtiari S, de Sa D, Haldane CE, et al: Hip arthroscopic 
capsulotomy techniques and capsular management strategies: a systematic review, Knee Surg Sports Trau-
matol Arthrosc 25:9, 2017.)
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ARTHROSCOPIC REPAIR OF LABRAL 
TEARS

 TECHNIQUE 51.34 

(KELLY ET AL.)
 n  Establish anterior, anterolateral, and posterolateral por-

tals in typical fashion, with the patient supine or in the 
lateral decubitus position. Often, a midanterior portal is 
established. This portal is helpful because it creates an 
easier angle to place anchors in the acetabular rim with-
out penetrating the joint surface.

 n  Debride all torn tissue, leaving as much healthy labrum 
intact as possible (Fig. 51.77).

 n  When a labral tear is well identified, define the margins 
with a flexible probe. Controlled use of monopolar radio-
frequency energy through the same flexible probe can 
contract the torn portion of the labrum and better define 
the edges.

 n  Use a flexible ligament chisel to detach the torn part of 
the labrum from the intact labrum, leaving only a small 
portion attached.

 n  Complete the débridement and remove the torn portion 
of the labrum with a motorized shaver.

 n  If the labrum is detached from the bone, stabilize the fibro-
cartilaginous tissue back to the rim of the acetabulum with 
a bioabsorbable suture anchor. Typically, the anchor should 
be placed on the acetabular rim, more on the capsular side 
than the articular side of the labrum, to achieve an appro-
priate angle that will not result in penetration of the anchor 

into the joint. Ensure appropriate placement using fluoros-
copy. Anchors can be placed through any portal (Fig. 51.78).

 n  After the sleeve for the anchor is placed in the appropriate 
position, tap the anchor while viewing the articular surface 
of the acetabulum to avoid iatrogenic chondral injury.

 n  When the anchor is placed, use a suture passer to deliver a 
limb of suture through a small portion of the substance of the 
labrum. Retrieve the suture and pass it through the labrum a 
second time, creating a vertical mattress suture. Pull the can-
nula back slightly to an extraarticular position and tie the su-
ture down using standard arthroscopic knot-tying techniques.

 n  An intrasubstance split in the labrum can be repaired if it 
is well fixed to the acetabulum and has a stable outer rim. 
Fully define and débride the cleavage plane in the labrum 
of frayed, nonviable tissue.

 n  Use a spectrum to deliver a looped monofilament suture 
between the junction of the articular cartilage and the 
fibrocartilage labrum. Pull the working cannula back to 
the capsule and deliver a bird beak through the outer 
edge of the labrum peripheral to the tear.

 n  Grasp the loop and bring it out through the working can-
nula. Pass a bioabsorbable suture around the labral split 
using the looped monofilament as a suture lasso. Using 
tactile sensation, tie the knot in an extraarticular position 

 FIGURE 51.76 The “C” sign, which is indicative of a labral tear.

 

Right hip arthroscopy

FIGURE 51.77 Labral tear. SEE TECHNIQUE 51.34.

 FIGURE 51.78 Placement of anchor in labral repair. SEE TECH-
NIQUE 51.34.
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and use an automatic suture cutter to cut the remaining 
suture above the knot.

 n  After the labral repair, assess the capsule and the femoral 
head-neck junction by dynamic examination to determine 
if other pathologic processes are present that require cap-
sular plication, thermal capsulorrhaphy, or osteoplasty for 
femoroacetabular impingement.
  

FEMOROACETABULAR IMPINGEMENT
Femoroacetabular impingement is abnormal contact 
between the proximal femur and the acetabulum during ter-
minal motion. This abnormal contact leads to damage of the 
acetabular labrum and articular cartilage and may lead to 
what was previously thought of as idiopathic osteoarthritis 
of the hip.

Based on 600 surgical dislocations, Ganz et al. described 
two types of femoroacetabular impingement and the mecha-
nisms by which this might lead to osteoarthritis: cam impinge-
ment, most common in young males, and pincer impingement, 
most common in middle-aged women. Cam impingement 
results from an abnormally shaped, nonspherical femoral head, 
with decreased head-neck offset, abutting against the acetabu-
lum. The impingement typically occurs in flexion and results in 
a shearing of the articular surface and avulsion of the labrum 
(Fig. 51.79). Pincer impingement is abnormal contact between 
the acetabular rim and the femoral head-neck junction caused 
by acetabular overcoverage, which may be global, as in coxa 
profunda, or more focal in the anterosuperior acetabulum, 
as in acetabular retroversion (Fig. 51.80). This contact causes 
intrasubstance tears of the labrum. As pincer impingement 
worsens, the femoral head can be levered from the socket caus-
ing chondral damage in the posteroinferior acetabulum (con-
trecoup injury) (Figs. 51.81 and 51.82). In most cases, cam and 
pincer impingement exist together.

Patients with femoroacetabular impingement typically 
complain of pain in the groin with an insidious onset. Pain 
usually is exacerbated by exercise and may be positional. 
Patients may complain of pain with sitting, driving, or put-
ting on socks and shoes.

Examination begins with observation of posture and gait. 
Palpation of the hip typically does not reproduce tenderness. 
Ranges of motion of both hips are checked, and asymmet-
rical range of motion is noted. The affected hip usually has 
decreased internal rotation. An impingement test may repro-
duce the patient’s pain: with the patient supine and the hip 
flexed to 90 degrees, the hip is adducted and internally rotated 
(Fig. 51.83). A FABER (flexion, abduction, external rota-
tion) test may show increased knee-to-table distance on the 
affected side in patients with femoroacetabular impingement.

Imaging evaluation begins with plain radiographs, which 
may include anteroposterior pelvic, false profile, cross-table 
lateral, frog-leg lateral, and Dunn views of the hip. The 
anteroposterior pelvic view should be well centered, with the 
tip of the coccyx pointing to the symphysis pubis. The dis-
tance between the coccyx and symphysis, on a well-centered 
view, should be 1 to 2 cm. The acetabulum is assessed for coxa 
profunda, acetabular protrusion, or acetabular retroversion. 
Coxa profunda is indicated when the acetabular teardrop lies 
medial to the ilioischial line. If the femoral head lies medial 
to the ilioischial line, acetabular protrusion is indicated. With 
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FIGURE 51.79 A, Cam impingement. B, With hip flexion, cam 
lesion glides under labrum, engaging edge of articular cartilage 
causing failure over time.
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FIGURE 51.80 A, Pincer impingement from anterior acetabular 
prominence. B, Labrum is pushed against neck of femur causing 
failure over time.
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acetabular retroversion, the anterior wall crosses lateral to 
the posterior wall, creating a “crossover sign” (Fig. 51.84). 
Certain measurements can be used to assess acetabular cov-
erage. The center-edge angle is the angle formed between a 
line that is perpendicular to the transverse axis of the pelvis 
that passes through the center of the femoral head and a sec-
ond line from the center of the femoral head to the lateral 
edge of the acetabular sourcil (see Fig. 51.84). Values of less 
than 20 to 25 degrees may indicate acetabular undercoverage. 
Any preoperative osteoarthritic changes of the hip are noted. 
On all views, femoral head sphericity and femoral head-neck 
offset are evaluated. The alpha angle is determined on the lat-
eral radiographs. This angle is formed by a line through the 
center of the femoral head and neck and a second line from 
the center of the femoral head to the point where the femoral 
head radius exits a concentric circle drawn around the femo-
ral head. An alpha angle of more than 50 degrees is typical in 
hips with loss of sphericity (Fig. 51.85). CT may help further 
define bony anatomy. MRI is used to assess labral and chon-
dral injuries.

There is evidence to show that femoroacetabular impinge-
ment exists in asymptomatic patients. A review by Frank et al. 
documented a 37% occurrence of radiographic femoroace-
tabular impingement in asymptomatic individuals. The prev-
alence is even higher in the athletic population. There is no 
indication for operative treatment in asymptomatic individu-
als. These patients should be followed if symptoms do arise.

Treatment is initially nonoperative and includes activ-
ity modification, nonsteroidal antiinflammatory drugs, and 
physical therapy. Patients who do not respond to conserva-
tive treatment may be candidates for arthroscopic treatment. 
The goal of arthroscopic treatment is to treat labral pathol-
ogy as well as chondral damage and to remove sites of bony 
impingement and reestablish the femoral head-neck offset. In 
a cadaver study, Mardones et al. showed that up to 30% of the 
femoral head-neck junction can be resected without produc-
ing a significant increase in the risk of femoral neck fracture.

 

Right hip arthroscopy

FIGURE 51.81 Articular cartilage is sheared from the acetab-
ulum.

 FIGURE 51.82 Labral tear.

 FIGURE 51.83 Impingement test is performed by provoking 
pain with flexion, adduction, and internal rotation of symptomatic 
hip.

 FIGURE 51.84 “Crossover sign” (left) is created when anterior 
wall crosses lateral to posterior wall in acetabular retropulsion. 
Center edge angle is created with line drawn perpendicular to 
horizontal axis of pelvis through center of femoral head and second 
line drawn to edge of sourcil.
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Mid-term results after femoroacetabular impingement cor-
rection continue to show improvement in pain and function. 
Menge et al. published survivorship and outcomes at 10 years 
after femoroacetabular impingement correction that included 
labral debridement or labral repair: 34% of patients had total hip 
arthroplasty within the 10-year period. Older age, less than 2 mm 
of joint space, and acetabular microfracture were more promi-
nent in the group requiring total hip arthroplasty. Patients who 
did not require total hip arthroplasty had significant improve-
ments in patient-reported outcomes and satisfaction, regardless 
of whether treatment was labral repair or debridement. Perets 
et al. showed statistically significant improvement in modified 
Harris Hip score and other hip scores at 5-year follow-up. In 
addition, 80% of patients returned to sports, with 71% returning 
to the same or higher level of ability compared to preoperative 
function. A systematic review showed that 87% of patients were 
able to return to sports. Reports of femoroacetabular impinge-
ment correction in professional athletes demonstrate return-to-
play in basketball, hockey, and other sports. 

 

ARTHROSCOPIC TREATMENT OF 
PINCER IMPINGEMENT

 TECHNIQUE 51.35 

(LARSON)
 n  Establish standard arthroscopic portals and examine the 

hip to confirm pincer impingement. A midanterior portal 
can be used to aid in anchor placement.

 n  If the pincer lesion can be seen (Fig. 51.86A), leave the 
labral-chondral junction intact and use a burr to resect the 
bony prominence (Fig. 51.86B).

 n  If exposure of the acetabular rim is needed to access the 
pincer lesion, place a banana blade through the anterior 

portal and take down the labrum at the labral-chondral 
junction in the area of the lesion.

 n  Place a burr in the midanterior portal and position it on 
the anterior wall at the level of the acetabular overcover-
age. Confirm with fluoroscopy that the burr is just distal 
to the crossover sign, resect the rim to the appropriate 
level, and confirm resection of the crossover with fluoros-
copy. The camera can be switched to the anterior portal 
and the burr to the anterolateral portal to complete the 
more superior rim resection.

 n  Refix the labrum to the rim with suture anchors. Place the 
first anchor superiorly through the anterolateral portal, 
using fluoroscopy and direct observation to ensure that 
the joint is not penetrated. Pass one suture limb into the 
joint between the labrum and rim (Fig. 51.86C).

 n  Pass a bird beak or other penetrating grasper through 
the labrum, retrieve the suture, and tie it (Fig. 51.86D). 
Alternatively, loop the suture around the labrum instead 
of piercing the tissue.

 n  With the camera in the anterolateral portal, place the 
remaining anchors through the midanterior portal in a 
similar fashion.

 n  Remove traction from the leg, and move the hip through a 
range of motion to ensure there is no residual impingement.

   

 

ARTHROSCOPIC TREATMENT OF CAM 
IMPINGEMENT

 TECHNIQUE 51.36 

(MAURO ET AL.)
 n  After standard arthroscopic portal placement and exami-

nation, complete any needed central compartment pro-
cedures.

 n  Remove the leg from traction, and flex the hip approxi-
mately 45 degrees.

 n  With the camera in the midanterior portal, introduce an 
arthroscopic blade through a distal accessory anterolat-
eral portal and make a T-shaped capsulotomy to allow 
inspection of the cam lesion. Flexion and external rotation 
will help expose inferior medial lesions, and extension and 
internal rotation will help expose superolateral lesions. 
Take care to avoid the retinacular vessels when treating 
lesions on the superolateral neck.

 n  Introduce a burr and resect the cam lesion to re-create 
a spherical femoral head. Use fluoroscopy to assist and 
confirm resection.

 n  Perform dynamic assessment of the hip. The hip is flexed 
and internally and externally rotated to ensure there is no 
residual impingement.

 n  Repair the limb of the capsulotomy that extends down the 
femoral neck in side-to-side fashion.

POSTOPERATIVE CARE Physical therapy and range of 
motion are begun in the first 24 to 48 hours. A stationary 

 FIGURE 51.85 Alpha angle.
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bike may be used immediately. Patients are limited to touch-
down weight bearing for 2 weeks. Extremes of motion are 
avoided for several weeks, particularly extension and external 
rotation. Some surgeons recommend bracing for the first 
few weeks. Impact activities are not recommended for 2 to 
3 months. Return to sports may take 4 to 6 months.
  

LABRAL RECONSTRUCTION
The acetabular labrum provides several important protective 
roles in the hip. There are cases in which the labrum is too dam-
aged to repair or may be absent. This may be seen in a primary or 
a revision setting. In young, active patients reconstruction of the 
labrum may help provide some protection to the joint. Several 
graft choices have been described, including IT band, gracilis, 
and ligamentum teres. The technique involves side-to-side repair 
with the native labrum and repair of the graft to the acetabular 
rim with anchors placed 1 cm apart. In a cadaver study, Lee et al. 
demonstrated an increase in joint contact forces with decreased 
contact areas after resection of the labrum. Reconstructing the 
labrum did produce a reversal of some of these changes. Short-
term results have shown increased patient satisfaction and 
improved hip scores. Boykin et al. reported an average rate of 
return to sports of 85% after labral reconstruction in elite ath-
letes. Improvements were seen in modified Harris Hip score and 

patient satisfaction. In a 2-year follow-up, Domb et al. compared 
labral resection to labral reconstruction in similarly matched 
groups. Both groups showed improvement; however, in a few 
categories, patient-reported outcomes in the reconstruction 
group were significantly improved over the resection group. 
Perets et  al. compared 2-year follow-up in patients requiring 
revision labral reconstruction to those with revision labral repair. 
Patients requiring labral reconstruction had lower preoperative 
patient-reported outcomes, but at follow-up both groups had 
similar increases in patient-reported outcomes, satisfaction, and 
VAS (visual analog scale) scores. There were no significant dif-
ferences in the number of reoperation or major complications. 

 

ARTHROSCOPIC LABRAL 
RECONSTRUCTION

 TECHNIQUE 51.37 

(MATSUDA)
 n  With the patient supine, confirm indications for labral re-

construction.

 

C D

A B

FIGURE 51.86 A, Pincer lesion. B, Pincer resection. C, Suture limb passed into joint between 
labrum and rim. D, Suture retrieved with bird beak grasper and tied. SEE TECHNIQUE 51.35.
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 n  Establish a modified midanterior portal (MMAP), 3 cm an-
terior and 4.5 mm distal to the anterolateral portal.

 n  Debride the labrum to be reconstructed back to a stable rim.
 n  Drill the suture anchor sites on the acetabulum for later 

use with knotless anchors (Fig. 51.87A). Four or five an-
chors typically are used, spaced about 8 mm apart; the 
number of anchors used varies depending on the size of 
the labral defect.

 n  Remove the hip from traction, and flex the hip and knee 
(figure-of-four position).

 n  Harvest the ipsilateral gracilis tendon through a 2-cm ver-
tical incision just medial and distal to the tibial tuberosity.

 n  Prepare the harvested tendon. Prepare the graft 2 cm lon-
ger than the defect to be grafted. Place a whipstitch in 
each end with No. 2 nonabsorbable suture. Place 2 or 3 
simple midsubstance sutures (Fig. 51.87B).

 n  Pass the graft through the MMAP with an 8.25-mm can-
nula.

 n  Place the leading end of the graft partially in the most 
anterior drill hole, and fix it with the first anchor, achiev-
ing an interference fit (Fig. 51.87C).

 n  Fix the midsubstance sutures along the acetabular rim 
into the previously drilled holes, proceeding from anterior 
to posterior.
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FIGURE 51.87 A, Supine arthroscopic view of right hip with 70-degree scope in anterolateral 
portal showing anterosuperior acetabulum after rim trimming and predrilling of suture anchor sites 
(black arrows). Red arrow indicates location of anterior suture anchor drill hole, which is hidden 
by stable labral margin (L); posterosuperior drill hole is not visible in field of view (AR, acetabular 
rim; FH, femoral head). B, Gracilis autograft after suture placement. Note simple midsubstance 
sutures and whip stitches at terminal ends of graft. C, Supine arthroscopic view of right hip during 
partial insertion of leading end of gracilis graft (Gr) into first suture anchor drill site with intimate 
contact and intentional overlap with labral margin (L). Arrow shows direction of suture anchor 
(asterisk) placement into acetabular rim (FH, femoral head). D, Supine arthroscopic view of right 
hip showing terminal end of gracilis autograft (Gr) being seated into final suture anchor site in 
overlapped position with posterosuperior labral remnant (L) permitting graft tensioning just before 
deployment of suture anchor (FH, femoral head). E, Image of right hip showing key steps of graft 
fixation to acetabular rim: 1, seating and fixation of leading autograft end into anterior suture 
anchor site; 2, labral graft fixation in intercalary section to anterosuperior rim; and 3, seating of 
“tail” end of graft into final suture anchor site in direction of black arrow with resultant tensioning 
of graft (red arrow) before final knotless suture anchor fixation to facilitate fluid seal. Yellow 
asterisk shows region of intentional overlap at labrum-graft junction.   (From Matsuda DK: Labral 
reconstruction with gracilis autograft, Arthrosc Tech 1:e15, 2012.) SEE TECHNIQUE 51.36.
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 n  Partially insert the end of the graft into the last drill hole, 
and fix it there (Figs. 51.87D and E).
  

ABDUCTOR TENDON TEARS
Lateral hip pain, or greater trochanteric pain syndrome, is a 
common complaint. Causes of greater trochanteric pain syn-
drome range from bursitis to partial or full-thickness tears of 
the abductor tendon. In patients with abductor tendon pathol-
ogy, weakness may also be present. Initial treatment includes 
activity modification, physical therapy, nonsteroidal antiin-
flammatory medication, and trochanteric steroidal injections. 
In patients who do not respond, an MRI can determine the 
integrity of the abductor tendon. If pain and weakness persist, 
endoscopic tendon repair may be indicated. Short-term follow-
up studies demonstrate improvement in symptoms, strength, 
and patient satisfaction. A systematic review showed similar 
results to open repair with fewer wound complications.

Endoscopic repair can be done with the patient supine 
or in the lateral position. If indicated, central and peripheral 
compartment arthroscopy are completed first.

Perets et al. reported 5-year outcomes in patients with 
endoscopic gluteus medius repairs with concomitant ar-
throscopy for labral tears. There was significant improve-
ment in all measured hip scores, and no patients had clini-
cal failure of the gluteus medius repair. 

 

REPAIR OF THE ADDUCTOR TENDON

 TECHNIQUE 51.38 

(BYRD)
 n  Position the leg in slight extension and abduction; do not 

apply traction.
 n  Establish a distal anterior portal, anterior and distal to the 

vastus ridge, and insert a 30-degree arthroscope.
 n  Establish a proximal anterior portal under direct obser-

vation. Both portals should be aimed toward the vastus 
ridge, deep to the iliotibial band.

 n  Excise bursal tissue to expose the insertion of the abductor 
tendon, the vastus ridge, and the origin of the vastus lateralis.

 n  Establish a posterior portal at the posterior border of the 
vastus ridge.

 n  Mobilize the torn tendon edges, and use a burr to prepare 
the bony footprint.

 n  Place anchors in the footprint perpendicular to the corti-
cal surface.

 n  Use mattress sutures to approximate the tendon edges to 
the prepared bed.
  

SNAPPING HIPS
There are a variety of causes of snapping hips. Intraarticular 
pathology such as labral tears, femoroacetabular impinge-
ment, or loose bodies may cause a sensation of snapping 
or popping in the hip. These causes are treated during 
hip arthroscopy when indicated. External snapping hip 

occurs when the iliotibial band snaps over the greater tro-
chanter while the hip moves between flexion and exten-
sion. Patients often can reproduce this snapping, which 
can even be seen. In some patients, the snapping may be 
painless and no treatment is needed. Internal snapping 
hip occurs when the psoas tendon snaps over the iliopec-
tineal eminence, femoral head, or a prominent acetabular 
component after total hip arthroplasty. Internal snapping 
is typically reproduced when the flexed, externally rotated 
hip is brought into extension and internal rotation.

For painful external or internal snapping hips, treat-
ment typically is nonsurgical and consists of physical ther-
apy, antiinflammatory medication, and steroid injection. 
For patients who do not respond to conservative man-
agement, surgical release may be indicated. For external 
snapping hips, an endoscopic release on the iliotibial band 
is performed by creating a diamond-shaped defect overly-
ing the greater trochanter. Surgical treatment of internal 
snapping hips involves release of the psoas tendon at the 
lesser trochanter or at the level of the hip joint. At the 
level of the hip joint, the psoas tendon can be released 
through the central compartment with the leg in trac-
tion or through the peripheral compartment with the leg 
flexed. The psoas tendon typically is released at the end 
of the surgical procedure to prevent fluid extravasation 
into the retroperitoneal space. In a recent review, there 
were fewer complications and less postoperative pain 
associated with arthroscopic release compared to open 
procedures. 

 

TREATMENT OF EXTERNAL SNAPPING 
HIP

 TECHNIQUE 51.39 

(ILIZALITURRI ET AL)
 n  Position the patient lateral, but do not place the leg in 

traction. The leg should have free range of motion in or-
der to reproduce the snapping.

 n  Inject 40 to 50 mL of saline under the iliotibial band.
 n  Mark the location of the greater trochanter, and establish 

two portals in line with the femur, one proximal and one 
distal to the trochanter.

 n  Make the distal portal first and place a 30-degree arthro-
scope superficial to the iliotibial band.

 n  Make the proximal portal under direct observation and 
place a shaver through this portal.

 n  Use the shaver to create a plane superficial to the iliotibial 
band to expose the tendon.

 n  Place a radiofrequency probe in the proximal portal, and 
make a vertical cut in the iliotibial band starting at the level 
of the distal portal and extending proximally 4 to 6 cm.

 n  At the midportion of the vertical cut, make a 2-cm hori-
zontal cut anteriorly and extend a similar cut posteriorly.

 n  Create the anterior and posterior flaps and resect them to 
create a diamond-shaped defect.

 n  Move the leg through a range of motion to ensure there 
is no residual snapping.
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PSOAS RELEASE AT THE LESSER 
TROCHANTER

 TECHNIQUE 51.40 

 n  If indicated, complete a routine arthroscopic examination 
of the hip.

 n  Remove traction from the operative leg, flex the hip 15 to 
20 degrees, and externally rotate it.

 n  Using fluoroscopic guidance, create a portal distal to the 
anterolateral portal in line with the lesser trochanter and 
insert a 30-degree arthroscope.

 n  Create a second, more distal portal for instrumentation.
 n  Identify the fibers of the psoas tendon within the psoas 

bursa. If needed for exposure, clear the bursa with a shaver.
 n  Use a radiofrequency device to divide the tendon.

   

 

PSOAS RELEASE AT THE JOINT LEVEL

 TECHNIQUE 51.41 

(WETTSTEIN ET AL.)
 n  After completion of central compartment hip arthrosco-

py, remove the hip from traction and flex it 30 degrees.
 n  Establish anterior and anterolateral portals. Insert a 30-de-

gree arthroscope directed toward the anterior femoral 
neck through the anterolateral portal.

 n  Identify the medial synovial fold, zona orbicularis, and an-
terior hip capsule.

 n  Introduce a radiofrequency probe through the anterior 
portal and make an incision in the anterior capsule ante-
rior to the medial synovial fold and proximal to the zona 
orbicularis. The psoas tendon lies directly anterior to the 
capsule at this level.

 n  Release the tendon.
  

REVISION HIP ARTHROSCOPY
As the number of arthroscopic hip procedures increases, so 
does the number of revision hip arthroscopies. The most com-
mon reason for revision hip arthroscopy is residual impinge-
ment, which may result from untreated or undertreated 
impingement at the initial procedure. Gwathmey, Jones, and 
Byrd reported that, in 190 consecutive revision hip arthros-
copies, residual impingement was the most common find-
ing at surgery. In most of the revision patients, there was no 
attempt at bony correction at the initial procedure. At a mini-
mum of 2-years’ follow-up after revision, 84.5% of patients 
had improvement in symptoms. Newman et al. compared 246 
patients with revision hip arthroscopic surgeries to a matched 
control group with primary arthroscopy patients and found 
that revision patients did have significant improvements in 

postoperative outcome scores, but these scores were lower 
than in the primary group. Patients with more than two revi-
sions have lower outcome scores. 

COMPLICATIONS OF HIP ARTHROSCOPY
Reported complication rates for hip arthroscopy generally are 
low. A systematic review of 36,761 hip arthroscopies demon-
strated a 3.3% complication rate. Traction neurapraxia affect-
ing the femoral, sciatic, pudendal, or lateral femoral cutaneous 
nerves is the most commonly reported complication; these typi-
cally resolve spontaneously. Neurapraxia usually is caused by 
prolonged length of time the leg is placed in traction or excessive 
pressure from the perineal post. The lateral femoral cutaneous 
nerve also may be damaged if the anterior portal is placed too far 
medially. Excessive traction may also cause pressure damage to 
the perineal areas. Scuffing of the articular surfaces may occur, 
and this may be underreported. Iatrogenic damage to the labrum 
may occur during placement of the initial anterolateral portal, as 
this portal is not placed under direct visualization.

Other rare complications have been reported after hip 
arthroscopy, including abdominal compartment syndrome 
and hip instability. Abdominal compartment syndrome 
results from fluid extravasation into the retroperitoneal 
space. Fluid extravasation may track through the psoas ten-
don sheath; therefore a psoas release, if indicated, should be 
completed at the end of the procedure. In trauma patients, 
careful monitoring of the abdomen is required because of dis-
ruption of the soft-tissue envelope of the hip. Hip instabil-
ity is a rare but serious complication of hip arthroscopy that 
may present as repetitive microinstability or a hip dislocation. 
A systematic review by Duplantier et al. looked at potential 
causes for instability and concluded that preoperative condi-
tions such as dysplasia or ligamentous laxity may play a role. 
Postoperative conditions that may lead to instability include 
overresection of the acetabular rim, psoas tenotomy, unre-
paired capsulotomy, and ligamentum teres debridement.

Arthroscopic treatment of femoroacetabular impinge-
ment may lead to complications because of bony overresec-
tion or underresection. Underresection of pincer or cam 
deformities can lead to incomplete relief and a need for fur-
ther surgery. Overresection of a femoral neck cam lesion 
places the femoral neck at risk for fracture.

As with open hip surgery, there is a risk of heterotopic 
ossification after hip arthroscopy. A report of 300 cases had a 
1.6% rate of heterotopic ossification, all of which occurred in a 
control group of 15 patients who did not receive prophylaxis. 
None of 285 patients who received nonsteroidal antiinflam-
matory drugs for 3 weeks developed heterotopic ossification.
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 ARTHROSCOPY OF THE UPPER EXTREMITY
Barry B. Phillips, Tyler J. Brolin

CHAPTER 52

Diagnostic and surgical arthroscopy of the upper extremity 
has become much more common as surgeons have developed 
proficiency with the arthroscope and appropriate instrumen-
tation has been developed. A thorough knowledge of the 
anatomy, disorders, arthroscopic variations, and pathologic 
findings of each joint is essential to perform the procedures 
successfully and to minimize complications. This chapter dis-
cusses indications for arthroscopic treatment, patient prepa-
ration, portal anatomy, specific arthroscopic techniques, and 
complications after arthroscopy of the shoulder, acromiocla-
vicular, and elbow joints.

SHOULDER
Painful syndromes, altered function, and signs and symp-
toms of instability and internal derangement are frequent in 
the shoulder. The causes of such dysfunctions can be diffi-
cult to prove. The underlying cause often can be established 
by a careful history and physical examination combined 
with appropriate radiographic evaluation of the shoulder 
girdle, cervical spine, and thoracic cavity. Further workup 

may include other diagnostic studies, including stress radio-
graphs, CT with or without intraarticular contrast dye, MRI 
with or without intraarticular contrast dye, ultrasound, and 
electromyographic studies/nerve conduction studies.

Appropriate radiographs should be obtained and include 
anteroposterior view with arm in external rotation, true 
anteroposterior view (Grashey view) with arm in internal 
rotation, scapular outlet view, and axillary lateral view. In an 
adolescent athlete, with dominant-side pain during sports 
requiring overhead motion, anteroposterior views with the 
shoulder in internal and external rotation help to evaluate 
for physeal injury. Young adults with symptoms of instabil-
ity may require further radiographs, including West Point, 
Bergeneau, and Stryker notch views, to evaluate for potential 
glenoid and humeral head bony defects.

MRI is useful to evaluate the soft-tissue structures sur-
rounding the shoulder and is most useful in identifying rota-
tor cuff pathology. Magnetic resonance arthrography (MRA) 
is most commonly used to identify capsulolabral pathology 
which can be difficult to visualize with standard MRI. In acute 
instability, hemarthrosis provides good contrast medium; 
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thus MRA may not be necessary. MRA is especially helpful in 
evaluation of biceps labral complex or superior labral anterior 
to posterior (SLAP) tears and better delineates humeral avul-
sion of the glenohumeral ligament. For chronic instability or 
if radiographs indicate bony defects from instability, three-
dimensional CT is the best means of quantifying bone loss in 
deciding whether an arthroscopic or open reconstruction is 
warranted.

Careful thorough preoperative planning is essential for 
all arthroscopic surgical procedures. The surgeon also should 
consider potential unexpected findings and mentally pre-
pare for an open procedure when necessary to obtain the best 
results.

INDICATIONS
For developmental, traumatic, degenerative, or inflamma-
tory conditions of the shoulder resulting in pain, instabil-
ity, or disability that cannot be controlled by conservative 
measures, arthroscopic treatment performed by a skilled 
surgeon results in a low-risk, high-reward reproducible pro-
cedure. Contraindications to shoulder arthroscopy include 
local skin conditions, remote infections that might spread to 
the joint, and increased medical risks. Surgeons considering 
arthroscopic procedures should adhere to appropriate indica-
tions for the technique and should advise patients about the 
possibility of an open procedure if arthroscopic findings war-
rant it. 

PATIENT POSITIONING AND ANESTHESIA
Two basic positions for shoulder arthroscopy have been 
described: the lateral decubitus and the “beach-chair” posi-
tions. Both positions have potential advantages and disadvan-
tages, and the decision between the two is largely dependent 
on the surgeon’s training and comfort with each position. 
Advantages of the lateral decubitus position include better 
ability to apply traction to the arm, better access to the poste-
rior shoulder, and ease and safety of position. Advantages of 
the beach-chair position include more anatomic orientation, 
greater ease of manipulating the arm with an arm positioner, 
less risk of traction neuropraxia, and ability to easily convert 
to an open procedure. There remain concerns over cerebral 
perfusion with the beach-chair position because complica-
tions of stroke and death have been reported from hypoten-
sive episodes. Blood pressure at the brachium is lower than 
that in the cerebrum and potentially significantly lower if 
carotid artery disease is present. Because blood pressure mea-
sured in the calf of a patient in the beach-chair position can 
be easily 40 mm Hg higher than the accurate cerebral per-
fusion pressure, pressure should be monitored on the oppo-
site brachium or with cerebral perfusion monitors when 
possible. Recent studies, however, have demonstrated safety 
with shoulder arthroscopy in the beach-chair position with 
no cognitive deficits and much lower frequency of clinical 
deoxy genation events.

LATERAL DECUBITUS POSITION
The patient is placed in the lateral decubitus position with the 
affected shoulder exposed and is supported by a vacuum bean-
bag and kidney rest. A chest strap is used for additional sup-
port. The patient’s head is supported by a foam rest, and care is 
taken to protect the eyes and the downside ear. An axillary roll 
often is requested by anesthesiologists to improve ventilation.

Peripheral pulses and pulse oximeter readings should be 
evaluated to ensure axillary structures are not compromised. 
All pressure points are padded, with a pillow beneath the 
down leg protecting the peroneal nerve and lateral malleolus 
and one or more pillows between the knees and ankles. This 
straight lateral decubitus position can be modified by tilting 
the patient 20 degrees posteriorly, so that the glenoid surface 
is placed parallel to the floor.

Using a commercially available sterile arm traction 
device, 10 to 13 lb of traction is applied. Overdistraction with 
excessive weight should be avoided. The principle is more one 
of balanced suspension. Only the amount of traction required 
for clear viewing should be used. Most arthroscopists use 30 
to 60 degrees of abduction and 20 to 30 degrees of forward 
flexion and pay more attention to the amount of traction and 
the length of the procedure (Fig. 52.1). A small, soft bolster 
can be placed in the axillary area to provide lateral displace-
ment of the humeral head.

The arm position for arthroscopy of the subacromial 
space and acromioclavicular joint is slightly different. The 
arm is brought down to 20 to 45 degrees of abduction and 
0 degrees of flexion. This position permits mild inferior sub-
luxation of the humeral head, opening up the subacromial 
space. 

BEACH-CHAIR POSITION
The patient is placed supine on the operating room table 
with a commercially available beach-chair attachment. 
Pillows or commercially available pads are placed under 
the knees to take tension off the sciatic nerve. The patient’s 
head is securely fastened to the headrest with a foam face-
mask. Eye protection is ensured, and the endotracheal tube 
is placed to exit from the contralateral side of the mouth. 
The patient is carefully inclined so that the undersurface of 
the acromion is roughly parallel with the floor, generally 70 
to 80 degrees of inclination after satisfactory blood pressure 
is obtained. If concerns over blood pressure are present the 
patient can be inclined halfway and repeat blood pressure 
measurement obtained. Once in position, special attention 
is paid to the alignment of the cervical spine to avoid cervi-
cal extension. The patient is secured to the bed with straps 
over the waist and lower extremity as well as kidney rests 
(Fig. 52.2).

Commercially available arm positioners with sterile 
attachments are valuable in allowing the surgeon to easily 
position the upper extremity during the surgical procedure 

 

15
5

FIGURE 52.1 Traction for distraction of glenohumeral joint 
with minimal inferior subluxation. Wide 4-inch sling should be used; 
amount of traction and length of procedure should be monitored.
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and freeing up a surgical assistant who now does not have to 
hold the arm. 

CONTROL OF BLEEDING DURING 
ARTHROSCOPY
Hemostasis is paramount during shoulder arthroscopy. 
Bleeding during shoulder arthroscopy decreases visualization 
and lengthens the surgical procedure. One method of con-
trolling bleeding is to add 1 mL of 1:1000 epinephrine to each 
3000-mL bag of irrigant, if the patient has a stable pressure 
and no cardiac contraindications. We have not experienced 
any anesthetic problems with this mixture. Another tech-
nique, and perhaps the most effective, is to use hypotensive 
anesthesia, with a systolic blood pressure of 90 to 100 mm Hg. 
A systolic-to-pump pressure gradient of approximately 40 
mm Hg should be maintained when possible. Elevation of the 
fluid bags 3 feet above the level produces a similar pressure 

gradient of 66 mm fluid flow pressure. The surgeon also 
should be aware of locations that have a tendency to bleed, 
including the areas around the scapular spine, coracoacro-
mial ligament, and coracoid base. 

FLUID EXTRAVASATION
Fluid extravasation also is more of a problem during shoul-
der arthroscopy than during knee arthroscopy. The increased 
depth of tissue traversed makes reinsertion of cannulas dif-
ficult. Tissue is traumatized, or “new” portals are created 
with subsequent passes, and fluid extravasation is worsened. 
Established portals should be maintained by an interchange-
able cannula system or by cannulas with rubber diaphragms 
that close while instruments are being exchanged. Procedures 
such as subacromial decompression are extraarticular, and 
fluid extravasation can be pronounced. Lo and Burkhart eval-
uated 53 patients immediately after shoulder arthroscopy and 
found an average fluid weight gain of 8.7 lb. Keeping arthros-
copy portals with a tight fit, avoiding violation of the deltoid 
fascia, and increasing pump pressure only when necessary 
can help avoid fluid extravasation. 

PORTAL PLACEMENT
The number of described arthroscopic portals for the shoul-
der has greatly increased as shoulder surgical procedures 
have become more complex. The nomenclature for various 
portals often is confusing because authors have used the 
same descriptive terms for anatomically different portal sites. 
Before making arthroscopic portals, a thorough understand-
ing of the local anatomy is necessary to prevent damage to 
neurovascular structures (Fig. 52.3). The portal that passes 
closest to a neurovascular structure is the low anterior por-
tal approximately 1 cm from the cephalic vein. Awareness of 
the axillary nerve is important in portal placement anteriorly, 
posteriorly, and laterally. Posteriorly, the suprascapular nerve 
and circumflex scapular artery are approximately 2 cm from 
the portal site. Later portals, which are used to work on the 
glenohumeral space, should be directed to enter medial to the 
rotator cable (Table 52.1).

 FIGURE 52.2 Beach-chair position for arthroscopic shoulder 
stabilization.

 

A

Axillary
nerve

Suprascapular
nerve

Cephalic vein

B

FIGURE 52.3 A, Bony landmarks outlined on skin. B, Anterior neurovascular structures.  (B 
redrawn from Hulstyn MJ, Fadale PD: Arthroscopic anatomy of the shoulder, Orthop Clin North Am 26:597, 
1995.)
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POSTERIOR PORTAL
The posterior portal is the primary entry portal for shoul-
der arthroscopy. It allows examination of most of the joint 
and assists in the placement of subsequent portals. Thus, 
before making the posterior portal, its purpose and functions 

should be known (Fig. 52.4). For visualization, the “soft spot” 
portal works well. This portal is located 1.5 to 3 cm inferior 
and 1 cm medial to the posterolateral tip of the acromion. 
Thus, the location attempts to pass through the posterior 
soft spot between the infraspinatus and teres minor muscles. 

 TABLE 52.1 

Description of Portals

ANTERIOR 5-o’clock portal 
(Davidson)

The leading edge of the inferior gle-
nohumeral ligament at the 5-o’clock 
position of the glenoid rim (right 
shoulder)

The arthroscope is placed through the posterior 
“soft point” portal, withdrawn, and replaced 
by a Wissinger rod, which is passed through the 
anterior capsule while the humerus is maximally 
adducted. Better with spinal needle outside-in 
technique. Percutaneous for better localization 
and angle to the glenoid. Percutaneous localiza-
tion approximately 1 cm inferior and just lateral 
to coracoid 1 cm from cephalic vein entering joint 
just superior to the inferior glenohumeral ligament 
through junction of mid third and inferior third of 
subscapular tendon

Anterior inferior 
(Wolf)

The arthroscope slides off the inferior 
edge of the coracoid tip

The arthroscope placed through the posterior 
“soft point” portal is withdrawn and replaced 
by a Wissinger rod, which is passed through the 
anterior capsule

Anterior central 
(Matthews)

Skin point lateral to the coracoid The space limited by the humeral head lateral, 
the glenoid rim medially, the long head of the 
biceps tendon superiorly, the subscapularis tendon 
inferiorly

Anterior superior 
(Wolf)

Mid distance between the coracoid 
and the acromion

Enters the joint just anterior to the long head of 
the biceps tendon

Superolateral 
(Laurencin)

Lateral to the acromion on a line 
drawn from the acromion to the 
coracoid

Enters the joint obliquely directly above the biceps 
tendon, where it pierces the rotator interval tissue

Anterolateral 
(Ellman)

2 cm below the lateral edge of the 
acromion in the prolongation of its 
anterior edge

Medially to the subacromial bursa

POSTERIOR Soft point 1.5 cm inferior and 2 cm medial to the 
posterolateral corner of the acromion

To the coracoid

Central posterior 
(Wolf)

2 cm medial and 3 cm inferior to the 
posterolateral corner of the acromion

To the coracoid

Posterolateral 
(Ellman)

2 cm below the lateral edge of the 
acromion in the prolongation of its 
posterior edge

Medially to the subacromial bursa, just medial to 
the ledge of the acromion

7-o’clock portal 
(Davidson)

3–4 cm inferior and approximately 
1 cm lateral to the posterolateral 
acromial edge

LATERAL Portal of 
Wilmington

1 cm anterior and 1 cm lateral to the 
posterolateral corner of the acromion

45-degree approach angle to the posterosuperior 
glenoid labrum

Transrotator cuff 
(O’Brien)

1 cm posterior and 2 cm lateral to the 
anterolateral corner of the acromion

To the 11-o’clock position in the glenoid labrum 
(right shoulder) medial to the rotator arch

SUPERIOR Neviaser portal Superior “soft spot” surrounded by 
the clavicle anteriorly, the medial edge 
of the acromion 1 cm medially, and 
the spine of the scapula posteriorly

Down at 30 degrees laterally and slightly posteri-
orly into the glenohumeral joint

Superior supra-
scapular nerve 
portal (Lafosse)

Percutaneous, approximately 7 cm 
medial to lateral border of acro-
mion, approximately 2 cm medial to 
Neviaser portal. Approach to supra-
scapular notch.
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By placing the portal 1 cm medial to the posterolateral acro-
mion, the portal can be made approximately parallel to the 
glenoid articular surface, making for easier passage of the 
arthroscopic instrumentation to the anterior part of the joint. 
To locate this spot, one places a hand on the top of the shoul-
der and palpates the coracoid process with the index or long 
finger and the posterior soft spot with the thumb. By rotat-
ing the humerus with the opposite hand, the posterior gle-
nohumeral joint line often can be located with the thumb. If 
a posterior stabilization procedure is contemplated, or if two 
posterior portals are necessary, the portal is made 1.5 to 2 cm 
inferiorly in line with the acromial edge. For subacromial pro-
cedures, a portal 15 cm inferior and in line with the acromion 
works nicely. A second posterior portal can subsequently be 
made under direct vision. When a posterior procedure is the 
main focus, an anterior portal should be made first and then 
the posterior portals under direct vision. 

 

ESTABLISHING A POSTERIOR  
PORTAL

 TECHNIQUE 52.1 

 n  Establish a posterior portal by inserting an 18-gauge spi-
nal needle through the posterior soft spot into the joint. 
Place the index or long finger on the coracoid tip to di-
rect the needle anteromedially toward the coracoid. The 
needle should meet little resistance entering the joint, but 
sometimes it abuts the humeral head.

 n  After the capsule has been entered, inject 30 to 40 mL 
of saline into the joint; far less fluid may be accepted if 
adhesive capsulitis is significant. There should be free flow 
into the joint and free backflow. Preinsufflation of the 
joint produces some distraction of the humeral head from 
the glenoid and makes entry into the joint with the can-
nulas easier. If the needle is extraarticular, however, the 

initial fluid bolus is injected into the soft tissues, distorting 
the anatomy. Some authors prefer using a blunt trocar to 
enter the joint before joint distention because the glenoid 
neck and humeral head are more easily palpable without 
distention. The blunt trocar is used to palpate the neck 
and head area before entering into the triangle just supe-
rior to the glenohumeral articulation.

 n  After the skin site for the posterior portal is selected, inject 
this area and other planned arthroscopic portal areas with 
local anesthetic and epinephrine to decrease bleeding.

 n  Incise the superficial skin layer with a No. 11 knife blade. 
Avoid deeper penetration because it may precipitate ex-
cessive bleeding.

 n  Insert a cannula and blunt trocar along the path of the 
needle, anteriorly and medially toward the anterior joint 
line. Palpate the bony scapular neck and glenoid with 
the blunt tip of the trocar to determine the midpoint 
in a superoinferior direction. Slide the trocar laterally to 
locate the rim of the glenoid as a small ridge. Immediately 
lateral to this ridge is the entry site for the joint capsule. 
This position ensures that the entry site is as far medial as 
possible and that it passes through the muscular portions 
of the rotator cuff instead of damaging the tendinous 
portions.
  

POSTEROINFERIOR SEVEN-O’CLOCK PORTAL
Davidson and Rivenburgh described a 7-o’clock accessory 
posterior working portal for shoulder arthroscopy that allows 
direct access to the inferior glenohumeral capsule and avoids 
damage to the nearby structures. The inside-to-outside por-
tal is created by using a switching stick passed through the 
3-o’clock portal and directed posteroinferiorly. The switching 
stick is brought through a small skin incision and left in place. 
The outside-to-inside 7-o’clock portal is established by mak-
ing a small skin incision 2 to 3 cm inferior and 1 cm anterior 
to the posterior acromial edge. A blunt-tipped rod is then 
inserted into the glenohumeral joint under direct vision. 

ANTERIOR PORTAL
Multiple anterior portals have been described for diagnostic 
and surgical stabilization techniques. For complete diagnos-
tic examination of the shoulder, an anterior portal is essential 
to allow observation of the posterior capsule and the rota-
tor cuff and for an anterior view of the glenohumeral liga-
ments and the subscapularis tendon. The most commonly 
described anterior portal is made slightly lateral to a point 
halfway between the anterolateral tip of the acromion and 
the coracoid process. Other described portals are superior or 
inferior to this portal and lateral to a line drawn from the 
coracoid toward the anterolateral aspect of the acromion. 
The anteroinferior portal is made just lateral and slightly 
superior to the palpable coracoid process. The anterolateral 
portal is made approximately 1 cm lateral to the anterolat-
eral tip of the acromion and enters the glenohumeral joint 
through the rotator interval. If this portal is made, a large 
inflow sheath should not be used to prevent damage to the 
rotator cuff musculature. When anterior stabilization proce-
dures are contemplated, the anterior portals should be sepa-
rated as much as is safely possible to allow easy placement 
of instruments without overcrowding and disrupting vision. 

 

Suprascapular nerve

Axillary
nerve

FIGURE 52.4 Posterior shoulder portal risks injury to supra-
scapular nerve if too medial and to axillary nerve if too inferior or 
lateral.
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For repair of superior labral pathologic conditions, an acces-
sory anterosuperior portal just anterior to the acromioclavic-
ular joint may be needed.

The anterior portal is established after the posterior por-
tal, and the posteriorly placed arthroscope is used to assist 
visually with its establishment. Two basic methods are used 
to establish the anterior portal: antegrade (outside-in) and 
retrograde (inside-out). With both methods, the cannula 
passes through the anterior soft spot, which corresponds to 
an intraarticular triangle bounded by the intraarticular por-
tion of the biceps tendon superiorly, the superior intraartic-
ular portion of the subscapularis tendon inferiorly, and the 
anterior edge of the glenoid at the base. Accessory portals are 
made by using a spinal needle to confirm appropriate place-
ment of the portal that allows access to the pathologic process. 
The portal is made using an outside-in (antegrade) technique. 

 

ANTEGRADE METHOD

 TECHNIQUE 52.2 

 n  Before joint distention, when anatomic landmarks can be 
palpated, mark on the skin the approximate sites for ar-
throscopic anterior portal placement.

 n  Push the arthroscope, which is already in the posterior 
portal, up into the anterior soft spot triangle formed by 
the glenoid articular surface, the biceps tendon, and the 
subscapularis tendon. Push the arthroscope up against 
the area of the joint capsule and, with the overhead lights 
off, transilluminate the area of intended portal placement.

 n  Back the arthroscope slightly away from this area and 
palpate externally from the intended portal site while ob-
serving arthroscopically the soft spot area. Pass a spinal 
needle from this spot into the joint. Manipulate the spinal 
needle within the joint to ensure ease of instrumentation.

 n  Withdraw the needle and, with a No. 11 blade, make a 
portal in this chosen spot.

 n  Pass a cannula with a blunt trocar into the joint capsule. 
Before penetrating the capsule, move the arthroscope su-
periorly so that the lens is not damaged as the trocar enters 
into the joint. Maintain careful control of the trocar to pre-
vent damage to articular structures or to the arthroscope.

 n  If an accessory anterior portal is necessary, the decision 
about its location should be made before making the ini-
tial anterior portal. The accessory anterior portals should 
be separated by at least 2 to 3 cm. The appropriate posi-
tion of an accessory portal also can be confirmed with a 
spinal needle.
   

 

RETROGRADE METHOD

 TECHNIQUE 52.3 

 n  “Drive” the arthroscope, which is in the posterior portal, 
directly into the soft spot. Then remove the arthroscope 
from its sheath, keeping the sheath against the anterior 
capsule.

 n  Pass a Wissinger rod or large blunted Steinmann pin into 
the cannula and advance it through the anterior capsular 
structures until the anterior skin is tented.

 n  Make a skin incision over the tip of the rod and advance 
the rod past the skin. Pass a cannula sheath over the Wiss-
inger rod and advance it retrograde into the joint. Remove 
the rod to establish the anterior portal. This method is 
easier with larger shoulder joints but affords less flexibility 
in positioning.

 n  The anterior portal traverses the clavicular portion of the 
deltoid muscle and enters the rotator cuff interval of the 
anterior capsule. The structures at risk include the cephal-
ic vein laterally and the musculocutaneous nerve, brachial 
plexus, and axillary artery and vein anteromedially. Gener-
ally, the musculocutaneous nerve passes 3 to 5 cm inferior 
to the tip of the coracoid, but several anatomic variations 
have been described, and staying lateral to the coracoid 
process is safer. Remaining superior to the leading edge 
of the subscapularis tendon avoids injury to the brachial 
plexus and vascular structures.
  

ANTEROINFERIOR FIVE-O’CLOCK PORTAL 
(USED WITH CAUTION)
The intraarticular starting point for establishing the retro-
grade anteroinferior portal is along the leading edge of the 
inferior glenohumeral ligament at the 5-o’clock position along 
the glenoid rim. The portal travels through the subscapularis 
and lateral to the conjoined tendon. Both the cephalic vein 
and the anterior humeral circumflex artery are in the path 
of this portal, but a blunt passer rod or cannula can effec-
tively push these aside. The portal passes lateral to the mus-
culocutaneous nerve and superolateral to the axillary nerve 
and approximately 1 cm from the cephalic vein. The dis-
tances between the portal and the musculocutaneous and 
axillary nerves have been measured at 22.9 + 4 mm (mean 
+ SD) and 24.4 + 5.7 mm, respectively. The convexity of the 
humeral head should be moved away from the starting site, 
not only for visualization but also so that a Wissinger rod can 
be directed laterally. When the arm is unweighted, removed 
from traction, and placed alongside the body, the humeral 
head convexity moves superiorly. This allows appropriate 
access to the leading edge of the inferior glenohumeral liga-
ment. Placing an object such as a rolled towel in the axilla dis-
tracts the joint and allows visualization of the starting site for 
the 5-o’clock portal. Conversely, using the outside-in 5-o’clock 
portal allows the portal to be created from a point lateral and 
inferior to the coracoid using spinal needle localization for 
best access to the inferior glenoid. 

SUPERIOR PORTAL
Neviaser is credited with the description of the superior por-
tal (supraclavicular or suprascapular portal). This portal is 
most useful for passage of suture retrieval devices for rotator 
cuff repair. It is bound anteriorly by the clavicle, laterally by 
the acromion, posteriorly by the base of the acromion and the 
scapular spine, and inferiorly by the posterosuperior rim of 
the glenoid. This portal penetrates the trapezius muscle and 
passes through the supraspinatus muscle belly. The supra-
scapular nerve and artery lie approximately 3 cm medial to 
the superior portal at its closest point. 
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ESTABLISHING THE SUPERIOR  
PORTAL

 TECHNIQUE 52.4 

(NEVIASER)
 n  The entry site is easily palpable as a soft spot. Introduce 

an 18-gauge spinal needle 1 cm medial to the medial 
acromion at an angle of 30 to 45 degrees to the skin and 
10 degrees posteriorly to enter the joint at the superior 
margin of the glenoid just posterior to the attachment of 
the long head of the biceps tendon.

 n  Observe passage of the needle arthroscopically to confirm 
proper position before making a small skin incision.
  

SUPRASCAPULAR NERVE PORTAL AS 
DESCRIBED BY LAFOSSE
The suprascapular nerve portal is positioned between the 
clavicle and the scapular spine approximately 7 cm medial 
to the lateral border of the acromion. This portal is approxi-
mately 2 cm medial to the Neviaser portal. 

LATERAL, POSTEROLATERAL, AND 
ANTEROLATERAL PORTALS
The lateral portal is the primary operative portal for the sub-
acromial space. It is located 3 cm lateral to the lateral bor-
der of the acromion and passes through the deltoid muscle. 
One must ensure that instrumentation can be used and not 
be hindered by impingement on the lateral acromial edge. 
When advancing the cannula, it is initially directed down-
ward and toward the tuberosity to enter the lateral extent of 
the bursa, allowing for a full view and ease of instrumenta-
tion. Accessory portals can be spaced anteriorly or posteriorly 
as necessary. The axillary nerve lies approximately 5 cm distal 
to the lateral border of the acromion.

Arthroscopy of the subacromial space usually can be 
accomplished through the initial posterior portal and the 
central anterior portal. The cannulas are easily redirected 
up into the bursa from the same skin incisions, after passing 
through the deltoid muscle.

When passing the anterior cannula, gentle palpation with 
the cannula tip can reveal the extent of the coracoacromial 
ligament, allowing redirection of the cannula just lateral to 
the ligament. In a very muscular individual or if the posterior 
portal has been placed too far inferiorly, a new portal, 1.5 cm 
inferior to the posterior acromion, may be required. Burkhart 
described two lateral portals for repair of SLAP lesions. 
Depending on the site of disruption, he used an anterolateral 
portal, 1 cm lateral and posterior to the anterolateral corner 
of the acromion, or a posterolateral portal, 1 cm anterior and 
lateral to the posterolateral corner of the acromion. 

PORTAL OF WILMINGTON
This posterolateral accessory portal is used to approach pos-
terior type II SLAP lesions, providing access to the glenoid 
and superior labrum. The location is 1 cm anterior and 1 cm 
lateral to the posterior acromial angle. Care should be taken 

when placing this portal so as not to damage the rotator cuff 
near its attachment to the greater tuberosity. 

DIAGNOSTIC ARTHROSCOPY AND 
ARTHROSCOPIC ANATOMY
As with arthroscopy of other joints, a thorough knowledge of 
the major anatomic structures around the shoulder is neces-
sary. The surgeon must be familiar with the normal anatomy 
to identify abnormal or pathologic processes.

The examination begins with identification of the soft 
spot between the biceps and subscapularis tendons (Fig. 52.5). 
The subscapularis is evaluated by having an assistant rotate 
and then lever the humerus posteriorly by placing a posterior 
force on the proximal humerus while pushing anteriorly at the 
elbow. The subscapularis recess is inspected for loose bodies. 
The examination consists of arthroscopically circling the joint, 
viewing the labral attachment at the biceps, and following the 
labral attachment to the glenoid and the capsular attachment 
to the humerus circumferentially around the shoulder back 
to the biceps superiorly. Capsular laxity is demonstrated by 
a drive-through sign and a rotator interval of more than 1.5 
cm. A large sublabral hole or Buford complex variant where 
the middle glenohumeral ligament inserts at the base of the 
biceps must be distinguished from a true Bankart lesion, which 
extends inferiorly from the glenoid equator. Inferior glenohu-
meral ligament injuries may be off the glenoid, midsubstance, 
or off the humerus (humeral avulsion of the glenohumeral liga-
ment [HAGL] lesions) or bipolar lesions and, when identified, 
should later be reexamined through an anterosuperior portal.

The biceps attachment to the superior labrum is thor-
oughly evaluated by applying traction to the biceps with a 
probe and by taking the arm out of traction to check for peel-
back due to a SLAP lesion. The biceps tendon is followed to 
the bicipital arch while one evaluates for fraying, inflamma-
tion, instability, and chondromalacia where the tendon rubs 
against the humeral head.

Using the scope and looking superiorly, a circumferen-
tial examination in the reverse direction, starting at the biceps 
and progressing posteriorly, is undertaken to evaluate the rota-
tor cuff insertion. The anterior footprint insertion of the rotator 
arch is just posterior to the biceps and is the key component of 
the supraspinatus insertion. The cuff is followed posteriorly; a 
healthy cuff attaches just off the articular surface of the humeral 
head. The posterior attachment of the rotator arch marks the 
overlap of the attachments of the supraspinatus and infraspina-
tus onto the humeral head and the start of the bare area. This area 
is evaluated for chondromalacia or a Hill-Sachs lesion. If a Hill-
Sachs lesion is noted, the Hill-Sachs interval is measured from 
the posterior cuff insertion to the medial edge of the lesion. This 
loss of humeral articulation, as well as the amount of loss of ante-
rior glenoid articulation (determined by using the glenoid bare 
area to measure the posterior radius compared with the anterior 
radius), is used to identify on-track or off-track lesions resulting 
from shoulder instability (described later).

The arthroscope is now moved to the anterosuperior 
portal, and the posterior portal can be used for probing. The 
arthroscope is inserted anteriorly to view the posterior articu-
lar surface, posterior labrum, posterior pouch, and posterior 
capsule for redundancy, synovitis, fraying from instability, or 
inflammatory processes (Fig. 52.5I). Although not as prevalent 
as the anterior band of the inferior glenohumeral ligament, 
the posterior band may be visible with internal rotation as it 
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FIGURE 52.5 Patient is in lateral decubitus position, and glenoid is oriented horizontally. A, 
Superior part of shoulder joint with biceps tendon inserting into superior labrum. Humeral head 
is superior right, and glenoid is inferior. B, Superior glenohumeral ligament and subscapularis 
tendon on right with middle glenohumeral ligament inferiorly. C, Normal sublabral hole. D, Buford 
complex showing insertion of middle glenohumeral ligament directly into biceps anchor (see 
text). E, Middle cord variant of glenohumeral ligament crossing subscapularis tendon. F, Inferior 
pouch. Glenohumeral ligaments and labrum are seen. G, Capsular attachment to humeral head 
observed through inferior pouch. H, Rotator cuff evaluated for fraying, partial tears, or calcifica-
tion. Supraspinatus tendon is seen superiorly with biceps tendon in center of picture. I, Posterior 
articular surface, posterior labrum, posterior pouch, and posterior capsule observed with arthro-
scope inserted anteriorly. J, Posterior band of inferior glenohumeral ligament. K, Anterior band 
of inferior glenohumeral ligament observed from anterior portal. Humeral insertion of ligament 
is superior. L, Capsulolabral attachment to glenoid observed through anterior portal. M, View of 
subacromial space with cuff below and acromion above.
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approaches its insertion at the 7-o’clock to 9-o’clock positions 
posteriorly (Fig. 52.5J). After examination of the bare area in 
the humeral articular cartilage, the arthroscope is moved ante-
riorly to evaluate the rotator cuff by looking superiorly and the 
biceps-labral complex by looking inferiorly toward the glenoid. 
As the arthroscope is moved more anteriorly and directed 
back toward the inferior pouch, the glenohumeral ligaments 
can be seen from their humeral insertion down to the glenoid 
insertion. Careful observation for the ligamentous insertion to 
the humerus is indicated to rule out humeral avulsion of the 
glenohumeral ligament (HAGL). Figure 52.5K shows a nor-
mal glenohumeral ligament. By turning the arthroscope more 
inferiorly, the attachment of the anteroinferior glenohumeral 
ligament and the capsulolabral attachment can be seen (Fig. 
52.5L). The middle glenohumeral ligament and subscapularis 
tendon and the subscapularis recess also can be observed, and 
the arthroscope can be moved inferiorly into the subscapular 
recess for evaluation of the subscapularis tendon and muscle. 
Loose bodies and loose implants in previously operated shoul-
ders may be found in the subscapular recess. Glenoid bone 
loss is best evaluated by measuring the posterior radius of the 
bare area and comparing it with the radius of the anterior bare 
area through the anterosuperior portal.

To complete diagnostic arthroscopy of the shoulder for 
impingement, rotator cuff calcification, and inflammatory 
conditions, the subacromial bursa should be examined. The 
bursa extends from at least 2 cm anterior to the anterior edge 
of the acromion to approximately the midacromion posteri-
orly. To enter this space, all distention from the glenohumeral 
joint should be removed before removing any cannulas. The 
posterior cannula can be used to enter the subacromial space. 
The cannula is withdrawn from its previous placement and 
redirected so that the blunt edge of the trocar abuts the pos-
terior edge of the acromion just medial to the posterolateral 
edge. It is redirected slightly inferior to the acromion so as to 
slide up under the acromion without probing into the soft tis-
sue under the bone. At the tip of the acromion, the cannula 
is directed toward the surgeon’s finger, which is placed at the 
anterolateral edge of the acromion. The cannula should not be 
aimed toward the acromioclavicular joint. The subacromial 
space can be increased, and the approach can be made easier 
by placing the arm in approximately 30 degrees of abduction. 
When the tip of the cannula is felt up under the anterolateral 
edge of the acromion, it is gently swept back and forth to free 
the area in the bursa.

The arthroscope is placed in the subacromial bursa, and 
contiguous structures are examined carefully. If the view is 
limited at this time, attempts can be made to reinsert the 
cannula or to sweep the cannula back and forth to open the 
bursa further. During this portion of the procedure, as in 
all arthroscopic shoulder procedures, maintaining a systolic 
blood pressure of no more than 30 mm Hg above the pump 
pressure is helpful. Initially, viewing superiorly, the undersur-
face of the acromion can be seen and evaluated for roughen-
ing or fraying, with an associated kissing lesion on the rotator 
cuff indicating impingement. The shoulder is rotated inter-
nally and externally, and increased abduction can be applied 
to evaluate the area for impingement. The arthroscope is 
turned to view medially the area of the acromioclavicular 
joint and the coracoacromial ligament as it ascends under 
the acromion. If the shoulder has impingement or inflamma-
tion, vision may be limited, and an anterolateral portal can be 

made using an outside-in technique. A shaver is placed into 
the bursa under direct vision, and bursectomy is performed 
to allow better exposure of the rotator cuff. The rotator cuff 
and bursa should be cleaned from the area of the insertion to 
the tuberosity, which is the usual area of attrition, impinge-
ment, or calcification (Fig. 52.5M).

After rotation of the arm to evaluate the cuff through the 
posterior portal, the arthroscope can be placed in the lateral 
portal and directed toward the posterior bursal wall. The 
same procedure can be used to view directly the acromion 
superiorly and the clavicle for evidence of bony prominence 
or fraying indicating impingement.

The subacromial space should be examined thoroughly, 
which may require partial or subtotal bursectomy to see the 
rotator cuff and the undersurface of the acromion clearly. Any 
bony prominences of the acromion or the acromioclavicular 
joint should be evaluated and resected. The rotator cuff itself 
should be palpated for roughness, fraying, or calcifications. 
Although calcifications may be difficult to delineate, generally 
they can be palpated, or a slight bulge or vascular blush of the 
tendon can be seen.

The internal extent of the bursa is approximately 4 cm 
from the acromial edge with the axillary nerve always lateral 
to the bursa, on average 0.8 cm. The lateral extent of the bursa 
should not be violated arthroscopically. If an open repair 
technique is used, the palpable internal extent of the bursa 
can be used as the limit of safely splitting the deltoid.

General evaluation of the acromioclavicular joint can be 
accomplished through the subacromial portal. If an acromio-
clavicular spur is present, electrocautery and a shaver should 
be used to resect the soft tissue from the undersurface of the 
acromion; inferiorly directed pressure places the clavicle into 
the joint for better vision. The acromioclavicular joint also can 
be seen directly through the anterosuperior and posterosu-
perior portals by placing the spinal needles at approximately 
a 45-degree angle into the acromioclavicular joint from just 
anterior and posterior to the joint. 

LOOSE BODIES
Loose bodies occasionally are encountered during shoulder 
arthroscopy. Small ones sometimes can be removed from the 
joint with suction applied to a large-caliber outflow cannula. 
Often by increasing the rate of inflow, the joint can be vacu-
umed without applying suction to the outflow. 

 

ARTHROSCOPIC REMOVAL OF  
LOOSE BODY

 TECHNIQUE 52.5 

 n  Remove larger loose bodies with grasping forceps and 
triangulation techniques. Loose bodies tend to bob like 
apples, and turning off the inflow or outflow to decrease 
turbulence makes it easier to grasp the loose body. When 
securely grasped, extract the loose body with a slow, 
twisting movement to minimize the chance of its slipping 
from the jaws of the grasper. If necessary, enlarge the 
portal by spreading the joint capsule and soft tissues with 
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the grasper or hemostat tips to prevent pulling the loose 
body from the jaws of the grasper.

 n  Extremely large loose bodies may have to be broken into 
smaller fragments by cutting them with a burr before they 
can be extracted through the portals. Keep the loose bod-
ies contained to a localized accessible space when break-
ing the larger fragments. If the loose body floats away, 
insert a suction tip or apply suction to the outflow cannula 
to pull the loose body to the tip and stabilize it. Insert a 
grasping instrument to grasp it.

 n  Loose bodies tend to gravitate into the axillary pouch of 
the shoulder or occasionally into the subscapular recess. 
Loose implants likewise may be found in these areas. 
Other hiding places include the posterior recess behind 
the glenoid, the synovial folds behind the biceps tendon 
insertion on the glenoid, and at the site where the biceps 
tendon exits the joint. If a loose body is seen on a ra-
diograph, but is not readily visible arthroscopically and is 
hidden within the subscapularis bursa, “milk” the loose 
body from the bursa by palpating in the subcoracoid area. 
From an anterior portal, drive the arthroscope into the 
subscapular bursa to examine this area fully.

 n  In addition to removing the loose body, determine its 
source because the underlying abnormality may need cor-
rection. Loose bodies may form from Hill-Sachs lesions 
or glenoid rim fractures in patients who have sustained 
dislocations. They also may be produced in shoulders with 
advanced arthritis or osteonecrosis where portions of the 
lesion have broken free.
  

SYNOVECTOMY
The arthroscope allows almost complete inspection of the 
shoulder joint and can be used successfully for selective 
biopsy of the synovium. A near-total synovectomy is possible 
using the arthroscope without the debilitating disruption of 
the deltoid or rotator cuff. The lateral decubitus position with 
the affected arm suspended in skin traction is preferred, and 
the three-portal (anterior, posterior, and superior) technique 
usually allows complete access. The superior and anterior 
portions of the joint are reached with operative instruments 
placed through the anterior portal and the arthroscope in 
the posterior or superior portal. The posterior and superior 
portions of the joint are reached with the operative instru-
ments in the posterior portal and the arthroscope in the ante-
rior or superior portal. For involvement of the inferior recess, 
accessory posterior and inferior operating portals may be 
necessary. Motorized synovial resectors are required for ade-
quate arthroscopic synovectomy. Large-diameter (>5 mm) 
blades allow for more efficient resection of synovial tissue. 
Maintaining a systolic-to-joint distention pressure of 30 mm 
Hg or less and adding one ampule of epinephrine to the 3-L 
arthroscopy bag helps maintain clear vision. 

DRAINAGE AND DEBRIDEMENT
As in the knee, the arthroscope has been recommended for 
drainage and debridement of a septic shoulder joint; however, 
few clinical studies have been reported. Arthroscopic debride-
ment (1) improves inspection, irrigation, and debridement 
compared with multiple needle aspirations; (2) allows break-
ing up of intraarticular loculations; (3) decreases the potential 

for postoperative scarring and stiffness that occur after formal 
arthrotomies; and (4) can be done several times if necessary. 
A contraindication to arthroscopic debridement is an adja-
cent soft-tissue abscess. 

LABRAL TEARS
The glenoid labrum consists of dense fibrocartilaginous tis-
sues and some elastic fibers. On the inner side, the labrum is 
continuous with the hyaline cartilage of the glenoid, and on 
the outer side, it is continuous with the fibrous tissue of the 
capsule. The capsule and ligaments of the shoulder, includ-
ing the biceps tendon, are attached to and become part of the 
glenoid labrum, which attaches to the glenoid. The labrum 
encircles the glenoid, increasing its depth around the humeral 
head, and provides increased stability. Saha has shown that 
adding the glenoid labrum increases the glenoid surface to 
75% of the humeral head vertically and 57% in the horizontal 
direction. Karzel et  al., in biomechanical testing of cadaver 
shoulder specimens, showed that the labrum affects the distri-
bution of contact stresses when a compressive load is applied 
to the shoulder at 90 degrees of abduction.

The most common mechanisms of injury to the superior 
labrum (i.e., SLAP lesions) are extrinsic secondary to trac-
tion on the upper extremity and intrinsic during the throw-
ing motion, which likewise produces traction on the biceps 
anchor. A second proposed mechanism of injury is torsional 
peel-back of the posterior superior labrum during the cock-
ing phase of throwing. Compression, shear, and degenerative 
changes associated with decreased peripheral vascularity and 
age increase the likelihood of labral tears and decrease the 
likelihood of a successful repair.

To aid in localizing the site of labral injury, the glenoid 
labrum has been divided into six areas: (1) the superior 
labrum, (2) the anterior labrum above the midglenoid notch, 
(3) the anterior labrum below the midglenoid notch, (4) the 
inferior labrum, (5) the posteroinferior labrum, and (6) the 
posterosuperior labrum (Fig. 52.6). Lesions located above the 
equator of the glenoid (a line drawn between the 3-o’clock 
and 9-o’clock positions on the glenoid) often are associated 
with rotator cuff or biceps disease. Lesions located below the 
equator are highly suggestive of shoulder instability.
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FIGURE 52.6 Glenoid labrum can be divided into six areas.
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Snyder further classified superior labral anterior to pos-
terior lesions and coined the term SLAP lesions. He catego-
rized them into four basic varieties and a complex variety 
that involves a combination of two or more of the other SLAP 
lesions. These descriptive categorizations are used to deter-
mine treatment alternatives and to predict long-term results. 
Type I lesions, which can be treated with simple debridement, 
are described as fraying of the superior labrum with a solid 
biceps tendon anchor attachment. Type II lesions involve 
pathologic detachments of the labrum and biceps anchor 
from the superior part of the glenoid (Fig. 52.7A). These 
lesions most commonly progress posterior to the biceps but 
may progress anterior to or both anterior and posterior to 
the biceps attachment at the supraglenoid tubercle. Biceps-
labral instability is evidenced by labral displacement of 5 mm 
or more with traction on the biceps tendon, hemorrhage, or 
fibrous granulation tissue at the insertion with long-standing 
lesions and superior articular cartilage changes. The peel-
back test as described by Burkhart is used to evaluate for 
posterior extension of the lesion by removing the arm from 
traction and placing it in 90 degrees of abduction. The labrum 
is observed to displace medially on the scapular neck as the 
shoulder is externally rotated to 90 degrees.

Type III lesions, which occur with the meniscoid-type 
labrum, are vertical tears within the labrum that produce 
bucket-handle fragments. These can be excised, provided that 
the biceps anchor is securely fixed to the supraglenoid tuber-
cle. Type IV lesions are bucket-handle type tears that extend 
up into the biceps tendon (Fig. 52.7B). These lesions also can 
be excised if less than 30% of the thickness of the biceps ten-
don is involved. Snyder suggested that if approximately one 
third of the biceps tendon is involved, suture repair of the seg-
ment should be considered. In older patients, if more than 
a third of the tendon is involved, he suggested performing 
biceps tenodesis or tenotomy after resection of the labral tear. 
Complex tears involving a combination of two or more of the 
previously described lesions should be treated with repair 
of the type II portion if present and resection of the other 
lesions, provided that there is a stable biceps anchor.

With multiple authors showing poor results with SLAP 
repairs in older individuals, the current thinking is that it is 
best to perform SLAP repairs in symptomatic athletes who do 
not respond to conservative therapy. Age is a determining fac-
tor: In general, for patients 40 years of age or younger, SLAP 

repair is recommended; 40 to 60 years, tenodesis; and over 
60 years of age, tenodesis or tenotomy, depending on patient 
preference. Repairs must have low-profile knots or knotless 
constructs to prevent knot impingement. If a tenodesis is cho-
sen and a component of shoulder instability is present, repair 
of the superior labrum probably is warranted. 

 

ARTHROSCOPIC FIXATION OF TYPE II 
SLAP LESIONS

 TECHNIQUE 52.6 

(MODIFIED FROM BURKHART, MORGAN, AND KIBLER)
 n  Place the patient in the lateral decubitus position and 

place the arm in 30 to 45 degrees of abduction and 20 
degrees of forward flexion with 5 to 10 lb of balanced 
suspension. Administer general anesthesia and place a 
warming blanket to prevent hypothermia. Use an ar-
throscopic pump to maintain intraarticular pressure at 50 
to 60 mm Hg. Use serial compression devices on the lower 
extremities.

 n  Establish a viewing portal 2 cm below the posterolateral 
acromion and an anterior central working portal for rou-
tine diagnostic arthroscopy. Findings such as a superior 
sulcus of more than 5 mm in depth, a displaceable biceps 
root, a positive drive-through sign, and a positive peel-
back sign are indicative of a SLAP lesion (Fig. 52.8).

 n  Use an arthroscopic probe to test the stability of the bi-
ceps-superior labral attachments to the glenoid. A normal 
superior sublabral sulcus covered with articular cartilage 
can be seen 5 mm medially beneath the labrum. If the 
sublabral sulcus is deeper than 5 mm, or if the labral at-
tachments at the medial limit of the sulcus are tenuous, a 
SLAP lesion may be present.

 n  Assess whether the biceps root is easily displaceable with 
a probe. An unstable biceps root and superior labrum are 
easily displaced medially on the glenoid neck. Occasion-
ally, the biceps root is unstable to probing, yet tenuous 
superior labral attachments are present. Such cases repre-
sent interstitial disruption of medially located attachments 

 

A B

FIGURE 52.7 Labral tears. A, Type II. B, Type IV SLAP lesion with displaced labral fragment 
and tear extending into base of biceps. Biceps anchor was stable, and labrum was excised.
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and require completion of the lesions, bone bed prepara-
tion, and repair.

 n  Sweep the arthroscope from superior to inferior between 
the glenoid and humeral head to see if the arthroscope 
can be easily “driven through” the joint. Although a posi-
tive drive-through sign indicates instability, “pseudolax-
ity” associated with SLAP lesions also may be the cause.

 n  The positive peel-back sign is diagnostic for a posterior 
SLAP lesion; however, isolated anterior SLAP lesions of-
ten have a negative peel-back test, but other arthroscopic 
signs, as described earlier, usually are positive. To perform 
the peel-back test, remove the arm from traction and ob-
serve the superior labrum arthroscopically as an assistant 
brings the arm to 90 degrees of abduction and 90 degrees 
of external rotation (Fig. 52.9). Performing this dynamic 
peel-back maneuver in a shoulder with a posterior SLAP 
lesion causes the entire biceps–superior labrum complex 
to drop medially over the edge of the glenoid.

 n  When the diagnosis of a SLAP lesion is made, repair the lesion 
immediately because swelling may occur that  obliterates 

the supralabral recess and obscures exposure. For the SLAP 
lesion repair, make three portals: a standard posterior view-
ing portal, an anterior portal located just above the lateral 
border of the subscapularis tendon, and an anterosuperior 
portal. The anterosuperior portal is located just lateral to 
the anterolateral corner of the acromion (Fig. 52.10). Use 
a spinal needle to locate this portal precisely so that it pro-
vides a 45-degree angle of approach to the anterosuperior 
corner of the glenoid for proper placement of the suture 
anchor. Alternatively, use a percutaneous shuttle through 
the superomedial (Neviaser) portal.

 n  Through the anterior portal, prepare the bone bed on 
the superior neck of the glenoid, beneath the detached 
labrum, using a motorized shaver (Fig. 52.11). Debride 

 FIGURE 52.8   Type II SLAP lesion. SEE TECHNIQUE 52.6.

 

Peelback

Humeral head

Biceps

FIGURE 52.9   Dynamic peel-back test. SEE TECHNIQUE 52.6.

 

1 cm

FIGURE 52.10 Anterosuperior portal to access superior glenoid 
for suture anchor placement, suture passing, and knot tying. Portal 
is typically located 1 cm off anterolateral tip of acromion. Antero-
superior portal provides 45-degree angle of approach to corner of 
superior glenoid. SEE TECHNIQUE 52.6.

 FIGURE 52.11 Preparation of bone bed on superior neck of 
glenoid. SEE TECHNIQUE 52.6.
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the soft tissues carefully down to a bleeding base of bone, 
but do not remove bone.

 n  For fixation of SLAP lesions, use small-size suture anchors 
and simple translabral loop sutures, preferably small PEEK 
suture anchors (Fig. 52.12A). The most critical element 
to resisting peel-back forces in a mechanically effective 

 manner is to position a tight suture loop just posterior to 
the root of the biceps, with the loop attached to a suture 
anchor placed beneath the root of the biceps (Fig. 52.12B).

 n  To prevent suture or knot impingement, a vertical suture 
through the labrum or horizontal suture behind the biceps 
can be helpful in some cases (Fig. 52.12C to E). The strength 

 

B

GF H

A

C D E

FIGURE 52.12 A and B, Anchor placement at base of biceps. C and D, Sutures passed through 
biceps anchor complex and retrieved posterior to biceps tendon. E, Suture retrieved anterior to 
biceps tendon. F, Humeral head erosion secondary to knot impingement. G, Knotless repair. H, 
Passage of suture shuttle at base of biceps. SEE TECHNIQUE 52.6.
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of the different suture configurations is similar in laboratory 
studies. Using knotless suture anchors is now our preferred 
technique for helping to prevent knot impingement on the 
cuff or humeral head (Fig. 52.12F and G).

 n  For superior labral lesions that extend posteriorly to over-
lie the posterosuperior quadrant, place a second anchor 
through a posterolateral portal (Fig. 52.13).

 n  Pass a Spear guide (Arthrex, Naples, FL) through the rota-
tor cuff near the musculotendinous junction of the infra-
spinatus by this approach. Because the diameter of the 
Spear guide is only 3.5 mm, it is preferred over a stan-
dard 7-mm arthroscopy cannula for delivery of the suture 
anchor through the posterolateral portal. To minimize 
damage to the rotator cuff from portal placement, place 
only the 3.5-mm Spear guide through the posterolateral 
portal. This posterolateral portal is used for anchor place-
ment only; suture passage and knot-tying for the poste-
rior anchor are accomplished through the anterosuperior 
portal.

 n  Use the BirdBeak suture passers (Arthrex, Naples, FL) to 
pass the suture through the labrum. The 45-degree Bird-
Beak is ideal for passing sutures posterior to the biceps 
through the anterosuperior cannula, and the 22-degree 
BirdBeak is best for passing sutures anterior to the biceps 
through the anterior cannula. Penetrate the labrum with 
the BirdBeak from superior to inferior and grasp the su-
ture; withdraw the BirdBeak to pull the suture out of the 
anterosuperior cannula. If the SLAP lesion extends ante-
riorly beyond the 1-o’clock position, place a separate su-
ture anchor in that position for fixation of that portion of 
the labrum. A suture shuttle device through an anterior or 
a percutaneous Neviaser portal allows for less trauma and 
more accurate placement and is necessary for knotless 
anchors (Fig. 52.12H). The shuttle suture is placed before 
drilling to prevent inadvertent damage to the permanent 
sutures.

 n  After the repair, perform the peel-back and drive-through 
test again to be sure that they are negative, indicating that 
the pathologic process has been corrected (Fig. 52.14). If 
the drive-through sign remains positive, consider adjunc-
tive measures for capsular tightening.

POSTOPERATIVE CARE The operated arm is placed at 
the side in a sling with a small pillow. Passive external 
rotation of the shoulder with the arm at the side (not in 
abduction) and flexion and extension of the elbow are 
emphasized immediately. Patients who require posteroin-
ferior capsulotomy are started on posteroinferior capsular 
stretches (sleeper stretches) on the first postoperative day. 
The sling is discontinued after 3 weeks, and passive eleva-
tion is initiated. From weeks 3 to 6, progressive passive 
motion as tolerated is permitted in all planes, and sleeper 
stretches are begun in patients who did not have postero-
inferior capsulotomy. From weeks 6 to 16, stretching and 
flexibility exercises are continued. Passive posteroinferior 
capsular stretching is continued, as is external rotation 
stretching in abduction. Strengthening exercises for the 
rotator cuff, scapular stabilizers, and deltoid are initiated 
at 6 weeks. Biceps strengthening is begun 8 weeks post-
operatively.

At 4 months, athletes begin an interval throwing 
program on a level surface. They continue a stretching 
and strengthening program, with particular emphasis on 
posteroinferior capsular stretching. At 6 months, pitch-
ers may begin throwing at full speed, and at 7 months 
they are allowed full-velocity throwing from the mound. 
All throwing athletes are instructed to continue postero-
inferior capsular stretching indefinitely. A tight postero-
inferior capsule probably initiates the pathologic cascade 
to a SLAP lesion, and recurrence of the tightness can be 
expected to place the repair at risk in a throwing athlete 
(Table 52.2).
  

 

1 cm
1 cm

FIGURE 52.13 Posterolateral portal (portal of Wilmington) used 
to place suture anchor in posterosuperior quadrant of glenoid. 
Portal located 1 cm lateral and 1 cm anterior to posterior acromial 
angle. SEE TECHNIQUE 52.6.

 FIGURE 52.14 Completed SLAP repair. SEE TECHNIQUE 52.6.
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 TABLE 52.2 

Rehabilitation Protocol for Superior Labral Anterior-Posterior Lesion

PHASE I—IMMEDIATE POSTSURGICAL

WEEKS 0–2 POSTOPERATIVE (TYPE II AND IV) GOALS (BY END OF 2 WK)
 1.  P/AAROM with following restrictions

FL <120 degrees
ER/IR <30 degrees

 2.  Table slides in FL/pendulums
 3.  Scapular mobility exercises
 4.  Passive elbow FL
 5.  Active hand, wrist ROM and gripping exercises
 6.  Submaximal pain-free isometrics

IR/ER
ABD/ADD
Scapular retraction/depression

 1.  Independent with HEP
 2.  PROM 120 degrees maximum FL/scaption
 3.  PROM 30 degrees maximal ER/IR
 4.  Full hand, wrist AROM
 5.  Active elbow EXT to 30 degrees, full passive elbow FL
Precautions
 1.  Sling compliance
 2.  No active biceps contraction
 3.  Full active elbow EXT

PHASE II—GRADED AROM/STRENGTHENING
WEEKS 3–6 POSTOPERATIVE GOALS (BY END OF 6 WK)
 1.  Glenohumeral joint mobilizations (grades I and II)
 2.  Progressing PROM to tolerance
 3.  Progress AAROM/AROM
 4.  Progress scapular mobility exercises (side lying)
 5.  Elbow FL—no resistance
 6.  UBE with low resistance
 7.  Initiate TheraBand ER/IR isometrics in neutral 

(sidestepping)
 8.  Rhythmic stabilization progression
 9.  PNF diagonals with light/moderate manual resistance

 1.  Independent with HEP
 2.  Gradually restore full PROM
 3.  Discontinue sling as pain decreases and proximal stability 

increases (wk 3–4)
 4.  Restore correct shoulder girdle mechanics (scapulohumeral 

rhythm)
 5.  Full active elbow FL (pain-free)
 6.  Full EXT by 4–6 WK depending on physician input
 7.  Able to comb hair (if dominant arm)
 8.  Sleep uninterrupted
Precautions
 1.  No lifting
 2.  No ER with ABD >90 degrees

WEEKS 7–9 POSTOPERATIVE GOALS (BY END OF 9 WK)
 1.  Continue progressing PROM—more aggressive mobili-

zations if needed (progress joint mobilizations grades 
III and IV as needed)

 2.  Elbow FL with light weights (1–5 lb)
 3.  UBE—increase intensity
 4.  Progress isotonics as able (TheraBand/light weight)
 5.  Progress rhythmic stabilization/PNF diagonals
 6.  Progress closed-chain exercises (especially wall 

push-ups)

 1.  Independent with HEP
 2.  AROM WNL
 3.  Able to reach behind back for wallet
 4.  Able to lift plate into eye-level cabinet
Precaution
No lifting >5 lb

WEEKS 10–11 POSTOPERATIVE GOALS (BY END OF 11 WK)
 1.  Progress above exercises as tolerated
 2.  TheraBand ER/IR 45 to 90 degrees increase speed/

intensity (must be pain-free and demonstrate correct 
mechanics)

 3.  Closed-chain scapular stability exercises (quadruped, 
tripod, side lying)

 4.  Progress proprioceptive training to include progres-
sive weight-bearing exercises on unstable surfaces

 1.  MMT elbow FL 4/5
 2.  MMT shoulder FL 4/5
 3.  MMT shoulder ABD 4/5
 4.  MMT shoulder ER 4/5
 5.  MMT shoulder IR 4/5
 6.  Able to lift 3 lb into overhead cabinet
 7.  Maintain scapulohumeral rhythm with strengthening and 

functional activities
 8.  Able to tuck shirt and fasten bra
Precaution
No unilateral lifting overhead >5 lb

Continued
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BICEPS TENDON LESIONS
Biceps tendon lesions may be inflammatory, degenerative, 
or traumatic as a result of repetitive microtrauma or macro-
trauma. The injury site or sites may include the attachment 
to the supraglenoid tubercle, SLAP, the tendon (intraarticu-
lar or extraarticular), and the bicipital arch. The bicipital arch 
consists of the conglomerate of the superior glenohumeral 
ligament and the coracohumeral ligament attachment at the 
superior bicipital groove. The ligaments are reinforced ante-
riorly by the subscapular tendon attachment and posteriorly 
by the supraspinatus attachment. In a study of 200 consecu-
tive patients undergoing arthroscopic cuff repair, Lafosse 
et al. found 45% to have anterior, posterior, or both anterior 
and posterior biceps instability. Larger tears correlated with a 
higher incidence and degree of biceps instability. The research-
ers suggested internal and external rotation of the humerus in 
0 to 30 degrees of abduction for dynamic evaluation of the 
biceps followed by probing to evaluate for static stability.

Boileau et  al. described an hourglass-shaped biceps 
deformity that is associated with inflammation and trigger-
ing through the proximal pulley. Persistence of the triggering 
can result in pulley instability. The treatment is arthroscopic 
tendon debulking or tenodesis. In patients who have chronic 
impingement and persistent biceps tendinitis with more than 
50% of the biceps tendon disrupted, or with biceps tendon 
subluxation as described by Lafosse et al., Habermeyer et al., 
and Bennett, an arthroscopic or mini–open tenodesis can be 
used (Fig. 52.15).

Tenodesis is favored over tenotomy in active patients for 
cosmesis and prevention of biceps cramping. Multiple articles 
support various fixation techniques, including interference 
screws, suture anchors, and soft-tissue fixation (percutaneous 

intraarticular transtendon [PITT] procedure). The method of 
fixation seems to be less important than the quality of the tis-
sue fixed.

Subpectoral tenodesis has been recommended to pre-
vent the groove pain reported in some series. The potential 
for plexus and musculocutaneous nerve injury or humeral 
diaphyseal stress fractures has been reported with these tech-
niques and must be considered.

Biceps tenodesis to treat type 2 SLAP tears has been 
reported to be successful in approximately two thirds of ath-
letes, comparable to primary SLAP repair. Pitchers treated 
with tenodesis tend to have persistence of some anterior 
shoulder pain, as reported by Smith et al. 

 

BICEPS TENDON RELEASE

 TECHNIQUE 52.7 

 n  Perform arthroscopy of the shoulder through standard 
anterior and posterior portals.

 n  Release the biceps tendon at its glenoid attachment with 
an arthroscopic electrode or arthroscopic scissors to allow 
for a thickened biceps tip, which should hang up in the bi-
cipital sling, thus preventing a severe “Popeye” deformity.

 n  Debride any attached stump with a shaver.

POSTOPERATIVE CARE Patients are given a sling to 
wear for 3 to 5 days for comfort; a full range of motion is 
allowed. No resisted elbow flexion is allowed for 1 month.
   

 TABLE 52.2 

Rehabilitation Protocol for Superior Labral Anterior-Posterior Lesion—cont’d

PHASE III—ADVANCED STRENGTHENING FOR RETURN TO SPORT
WEEKS 12–15 POSTOPERATIVE GOALS (BY END OF 15  WK)
 1.  Progress isotonics increasing resistance/repetitions 

(exercises, throwing, lunges)
 2.  Plyoball exercises if appropriate

Chest pass
Overhead throw
Sideway throw
One-handed ball on wall

 3.  Progress shoulder strengthening (lateral pull-downs, 
rows)

 4.  Isokinetic strengthening as needed

 1.  MMT shoulder musculature 5/5
 2.  Able to place ≥10 lb in overhead cabinet

WEEKS 16 TO 24 POSTOPERATIVE GOALS (BY END OF 6 MO)
 1.  Initiate interval throwing (per physician input)
 2.  Initiate sport-specific/functional training
 3.  Isokinetic testing if requested

 1.  Return to sport/activity of choice
 2.  Independent with exercise progression

Protocol was developed for patients after SLAP lesion repair. Surgery and rehabilitation differ depending on type of lesion. Types I and III usually are treated with 
debridement. The biceps tendon is stable, so postoperative rehabilitation usually can progress as tolerated. Types II and IV indicate an unstable biceps tendon requir-
ing repair. This protocol addresses range-of-motion limitations and limited active biceps work necessary for type II/IV repairs. This is a guideline and may be adjusted 
to the clinical presentation and physician’s guidance.
ABD, Abduction; ADD, adduction; AROM, active range of motion; ER, external rotation; EXT, extension; HEP, home exercise programs; FL, flexion; IR, internal rotation; 
MMT, manual muscle testing; P/AAROM, passive or active-assisted range of motion; PNF, proprioceptive neuromuscular facilitation; PROM, passive range of motion; 
ROM, range of motion; UBE, upper body exercises; WNL, within normal limits.
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  FIGURE 52.15 Mazzocca et al. subpectoral mini-open biceps tenodesis. A, Skin incision. B, 
Location of biceps tendon made by dissecting through superficial fascia using blunt dissection to 
palpate tendon. C, Probe is used to withdraw tendon from joint and out of incision. D, To ensure 
appropriate tensioning, 20 mm of diseased portion of tendon is excised. E, Guidewire is placed in 
center of bicipital groove, usually at junction of middle and distal thirds of intertubercular groove 
between lesser and greater tuberosities. A 7- or 8-mm acorn reamer is placed over this and reamed 
to 15 to 20 mm. F, Suture is placed through Arthrex Bio-Tenodesis driver, and one suture is left out. 
G, Bio-Tenodesis screw inserted into bone tunnel, and suture that was left out of driver is tied to 
suture that is in cannulated portion of tenodesis screw. H, Musculotendinous junction rests in its 
anatomic location underneath inferior border of pectoralis major tendon.
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ARTHROSCOPIC BICEPS TENODESIS: 
PERCUTANEOUS INTRAARTICULAR 
TRANSTENDON TECHNIQUE
Sekiya et al. described a technique that should be used in 
middle-aged patients who are not participating in high-
level sports or heavy lifting. Indications are as for other 
biceps tendon problems with chronic bicipital tendinitis and 
an associated tear, medial subluxation, or bicipital pain with 
an associated SLAP tear.

 TECHNIQUE 52.8 

(SEKIYA ET AL.)
 n  Place the patient in a beach-chair or lateral decubitus 

 position.
 n  Insert a spinal needle from the anterior aspect of the 

shoulder into the bicipital groove and through the trans-
verse humeral ligament and the lateral aspect of the in-
ternal capsule.

 n  Under direct view, pierce the biceps tendon with the spi-
nal needle. Thread a No. 1 PDS (Ethicon, Somerville, NJ) 
through the spinal needle and pull it through the anterior 
portal with a grasper.

 n  Insert a second spinal needle through the transverse hu-
meral ligament from the anterior shoulder and pierce the 
biceps tendon near the first suture. Thread a second No. 
1 PDS through the spinal needle and pull it out of the 
anterior portal.

 n  These two sutures are used to pull a No. 2 braided, non-
absorbable suture through the biceps tendon. Tie the 
No. 2 suture to one strand of the PDS and pull it from the 
puncture wound in the anterior aspect of the shoulder 
through the biceps tendon and out of the anterior can-
nula. Tie the end of the suture that was pulled through 
the anterior cannula to the other PDS and pull it back 
through the anterior cannula, through the biceps ten-
don, and out of the anterior shoulder puncture wound. 
This creates a mattress suture, which secures the biceps 
tendon to the transverse humeral ligament in the bicipi-
tal groove.

 n  Repeat these steps to create a second mattress suture to 
secure the biceps tendon. Sutures of different colors can 
be used to simplify suture management.

 n  After the biceps tendon is adequately secured, use an 
arthroscopic scissors or biter to transect the biceps tendon 
proximal to the suture.

 n  Debride the stump of the biceps anchor down to a 
smooth, stable rim on the superior labrum.

 n  At this point, direct the arthroscope into the subacromial 
space. Establish a lateral portal and perform any concomi-
tant procedures, such as a subacromial decompression 
or rotator cuff repair. Avoid transection of the previously 
passed sutures. We prefer to perform a subacromial bur-
sectomy before passing tenodesis sutures.

 n  Locate the sutures securing the biceps tendon to the 
transverse humeral ligament in the bicipital groove 
in the subacromial space and pull through the lateral 
 portal.

 n  Sequentially tie the sutures using standard arthroscopic 
knot-tying techniques or pass them through a swivel-lock 
device and secure them to the proximal groove.

 n  Remove all fluid and debris and close portals in the stan-
dard fashion. Dress the wound and place the shoulder in 
a sling.

POSTOPERATIVE CARE If an isolated arthroscopic bi-
ceps tenodesis was done, the patient is immediately start-
ed on passive pendulum exercises and active wrist and 
hand range-of-motion exercises. At 1 week after surgery, 
gentle passive elbow and shoulder range of motion is be-
gun in all planes under the guidance of a physical thera-
pist. The sling is used for 3 to 4 weeks. Active motion and 
gentle strengthening of the shoulder and elbow can begin 
8 weeks after surgery. By 12 to 16 weeks after surgery, 
the patient is “weaned” from physical therapy to a home 
exercise program. Unrestricted use of the extremity is al-
lowed 4 to 6 months after surgery.
   

 

ARTHROSCOPIC “LOOP ‘N’ TACK” 
TENODESIS
A suture “loop ‘n’ tack” tenodesis, performed by passing 
a FiberSnare (Arthrex) around and through the proximal 
biceps, is a quick and effective method for tenodesis. We 
have had good success with this technique.

 TECHNIQUE 52.9 

(DUERR ET AL.)
 n  With the patient in the beach-chair or lateral position, 

perform diagnostic arthroscopy through a standard pos-
terior portal.

 n  After pathology of the long head of the biceps is identi-
fied, use an 18-gauge spinal needle to localize the an-
terior portal within the rotator interval directly over the 
biceps tendon; place a cannula for suture passing.

 n  Pass a looped nonabsorbable FiberSnare suture (Arthrex) 
around the biceps tendon (Fig. 52.16A); pass the free tail 
end through the looped end, and pull the tail to cinch 
the loop over the biceps tendon near its insertion at the 
superior labrum (Fig. 52.16B).

 n  Pass a tissue penetrator through the center of the biceps 
tendon, distal to the cinched loop, and grasp the free end 
and pull it through the tendon (Fig. 52.16C), tacking the 
loop in place (Fig. 52.16D).

 n  Cut the biceps tendon at its insertion.
 n  Load the free end of the suture into a PushLock suture 

anchor (Arthrex).
 n  Drill a pilot hole at the most distally visualized portion 

of the intraarticular bicipital groove, just above the sub-
scapularis tendon.

 n  Seat the anchor with all slack taken out of the suture, 
allowing the tendon to translate distally with the bicipital 
groove, “tacking” the biceps in place.
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  FIGURE 52.16 Loop ‘n’ tack tenodesis, as described by Duerr et al. Left shoulder in lateral 
decubitus position with a 30-degree arthroscope from the posterior portal (same orientation and 
position for all figures). A (left image). End of a looped suture is passed around biceps tendon (BT)
from superior labrum to BT. Right image, suture is then pulled from inferior to BT to complete 
passage around it (G, glenoid; H, humerus). B, Free end of suture has been passed through looped 
end and is cinched to BT close to its insertion at superior labrum. C, Free end of suture is passed 
into the joint with excess slack. D, Tissue penetrator can be passed through the BT in a more distal 
position to secure the tendon without distalizing it. (From Duerr RA, Nye D, Paci JM, et al. Clinical 
evaluation of an arthroscopic knotless suprapectoral biceps tenodesis technique: loop ‘n’ tack tenodesis. 
Orthop J Sports Med 6:2325967118779786, 2018.) SEE TECHNIQUE 52.9.
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POSTOPERATIVE CARE After isolated biceps tenodesis, 
patients are allowed immediate shoulder and elbow range 
of motion. A sling is worn for comfort for a week. When 
this procedure is combined with another procedure (e.g., 
rotator cuff repair), the other procedure typically dictates 
the rehabilitation protocol.
   

 

BICEPS TENODESIS: ARTHROSCOPIC 
OR MINI-OPEN TECHNIQUE WITH 
SCREW FIXATION
Tenodesis can be done with a PEEK tenodesis screw, with 
two suture anchors, or with the use of a FiberSnare. The 
resistance to cyclic loading is comparable in both tech-
niques, whereas the ultimate pull-out strength of the 
biotenodesis screw is stronger than the suture anchors. 
Whether done arthroscopically or through a mini-open 
approach with a small anterior incision or a small subpec-
toral incision, long-term results are comparable, and the 
technique should be chosen based on the skills and experi-
ence of the operating surgeon.

 TECHNIQUE 52.10 

(ROMEO ET AL. MODIFIED)
 n  Place the patient in the lateral decubitus position, with the 

shoulder abducted 30 to 40 degrees and forward flexed 
30 degrees.

 n  Pass an 18-gauge needle from the anterolateral corner of 
the acromion through the rotator cuff interval and into 
the biceps tendon.

 n  Pass a No. 1 monofilament suture through the 18-gauge 
needle, capture it with a grabber from the anterior portal 
and then extract it.

 n  Use a No. 11 blade along the same plane as the spinal 
needle to make a vertical incision in the lower portion 
of the visible biceps tendon sheath to aid in finding the 
tendon later in the subacromial space.

 n  After the tendon is marked with a suture, use an ar-
throscopic basket to release the tendon from its origin just 
lateral to the superior labrum. This completes the prepa-
ration for the biceps tenodesis during the glenohumeral 
joint arthroscopy.

 n  Make an anterolateral portal 2 to 3 cm below the palpable 
edge of the anterior acromion in the center of the anterior 
third of the acromion. Visualization is maintained through 
the lateral portal or with a 70-degree scope through the 
posterior portal; the anterior portal is the working portal.

 n  Place an arthroscopic shaver in the anterior portal and 
remove all adventitial tissue. Anatomic landmarks and the 
monofilament suture are used for localizing the tendon 
in the groove. The falciform ligament of the pectoralis 
tendon is a reproducible landmark. The biceps tendon is 
directly under this structure.

 n  Using an arthroscopic basket, identify the sheath and 
open it. Use electrocautery to clean surrounding tissues 
and use a probe to free the tendon. Extend the  dissection 

proximally to the lateral aspect of the rotator interval. 
Avoid proceeding too far medially. Otherwise, the dissec-
tion to expose the biceps tendon from the biceps sheath 
may lead to a partial displacement of the superficial at-
tachment of the subscapularis tendon.

 n  Debride soft tissues to expose the bicipital groove.
 n  Pull the tendon directly out through the skin incision of 

the anterolateral portal.
 n  Place a hemostat on the tendon at the level of the skin to 

prevent it from retracting underneath the skin.
 n  The placement and tension of the tenodesis are impor-

tant for anatomic repair. To approximate the intraarticular 
distance, remove 20 mm of tendon and place a Krackow 
stitch of No. 2 FiberWire.

 n  Allow the sutures to fall back into the subacromial space.
 n  Place cannulas into the anterior and anterolateral portals 

and shuttle the sutures into the anterior portal so that 
they are out of the way for the bone tunnel preparation.

 n  Use a lateral portal for exposure and identify the bicipital 
groove.

 n  For instrumentation, use an 8.25-mm clear cannula in the 
anterior portal to enhance exposure and minimize soft-
tissue distention. Through the anterolateral portal, insert 
a tenodesis reamer into the center of the bicipital groove, 
10 to 15 mm below the insertion of the supraspinatus 
lateral to the subscapularis insertion at the level of the 
transverse humeral ligament. The depth of insertion is 20 
mm. For most men, an 8-mm reamer is used, and for most 
women, a 7-mm reamer. The tendon can be contoured 
slightly to make sure it fits easily. Ream to a depth of 
25 mm.

 n  Retrieve the sutures out of the anterolateral portal and 
slide an 8-mm cannula over the sutures to align them over 
the tunnel.

 n  Pull the sutures through a swivel-lock tip and hold tension 
on the construct to push the biceps into the base of the 
tunnel.

 n  Insert the tenodesis screw flush with the cortex.
 n  Check for stability by rotating the humerus.

POSTOPERATIVE CARE Postoperative management de-
pends largely on the types of procedures that were per-
formed in conjunction with the biceps tenodesis. If only a 
biceps tenodesis was done, the postoperative procedure 
is the same as for arthroscopic acromioplasty (see Tech-
nique 52.17). Strengthening activities related to elbow 
flexion or forward elevation of the arm with the elbow 
extended should be restricted until 6 weeks after the bi-
ceps  tenodesis.
  

SUBPECTORAL BICEPS TENODESIS
Successful arthroscopic subpectoral tenodesis has been 
described by several authors. Currently, mini-open or open 
subpectoral tenodesis with a small nonabsorbable screw is 
indicated in patients who are not athletes participating in 
contact sports or overhead throwing (see Fig. 52.15). 

ANTERIOR INSTABILITY
Since Detrisac and Johnson first introduced the staple cap-
sulorrhaphy in the 1970s, arthroscopic shoulder stabilization 
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procedures have evolved with continued development of tech-
nology and procedure modifications. Arthroscopic suture 
anchors, capsular plication, and interval closure repair tech-
niques were developed, with a recurrence rate in appropriately 
selected patients being comparable to that of open techniques.

As the technique evolved, so did the indications and 
contraindications. In a study of 190 patients, Burkhart and 
DeBeer noted an increased recurrence rate (from 6.5% to 
89%) in contact athletes when a 25% glenoid defect or an 
engaging Hill-Sachs lesion alone or in combination was pres-
ent. Di Giacomo et  al. developed the concept of “on-track” 
and “off-track” lesions based on evaluation of bipolar bone 
loss at the glenoid and humeral head (Fig. 52.17 and Box 
52.1). Glenoid lesions involving more than 25% are treated 
with a Bankart-Bristow-Latarjet procedure. Glenoid lesions 
that involve less than 25% but are nonetheless off track are 
treated with an arthroscopic Bankart procedure with the 
addition of a remplissage procedure. This is especially impor-
tant in contact athletes and has been shown to significantly 
decrease recurrence rates. Balg and Boileau developed an 
injury severity index (Table 52.3) and found a recurrence rate 
of 75% with glenoid bone loss and hyperlaxity. Shaha et al. 
showed that in the active military population, bone loss of 
13.5% resulted in a significant decrease in functional out-
comes. Likewise, Neviaser noted inferior results when treat-
ing anterior periosteal sleeve avulsions in young patients.

At this time, we believe that the arthroscopic procedure 
with plication and interval closure as indicated and repair 
of the capsulolabral defects produces comparable results 
to an open procedure. Surgeons should evaluate their skills 
and technical expertise and choose between an open and 
arthroscopic procedure based on the best procedure for their 
level of expertise and the pathologic process present.

Indications for shoulder stabilization procedures include 
primary dislocation in high-risk patients involved in con-
tact or collision sports near the season’s end or dislocation 
of the dominant shoulder in an athlete who uses an overhead 

motion. In-season instability treated aggressively with reha-
bilitation allows 75% of athletes to return to competition, 
though two thirds of those returning have additional insta-
bility episodes. Instability episodes produce bone loss and 
chondral damage of the glenoid and humeral head, as well 
as further soft-tissue damage. Long-term sequelae should be 
discussed with the patient. Recurrence of instability despite 
conservative treatment also is an indication for shoulder sta-
bilization (Box 52.2). Contraindications include an uncooper-
ative or medically unstable patient. Relative contraindications 
include glenoid bone loss of 25% (≈6 mm) and an off-track 
Hill-Sachs lesion and an anterior HAGL lesion.

The HAGL lesion was originally described by Nicola in 
1942 and subsequently by Bach, Wolf, and Baker et al. Wolf 
described the HAGL lesion in 9.3% of patients with shoulder 

 

A2

B2B2

83%

83%-d

A B

d

FIGURE 52.17 Off-track Hill-Sachs lesion. A, Three-dimensional CT showing glenoid face with 
bone loss of width d. In this case, the glenoid track is 83% of normal glenoid width minus d. A2-B2 
is the long axis of glenoid. B, Relation of glenohumeral joint in abduction and external rotation. 
Note loss of contact of intact humeral articular surface with glenoid articular surface because of 
anteroinferior glenoid bone loss. Large Hill-Sachs interval (distance from posterior rotator cuff 
attachments to medial margin of Hill-Sachs lesion) is wider than glenoid track width of which has 
been reduced by glenoid bone loss.  (From DiGiacomo G, Itoi E, Burkhart SS: Evolving concept of bipolar 
bone loss and the Hill-Sachs lesion: from “engaging/non-engaging” lesion to “on-track/off-track” lesion, 
Arthroscopy 30:90, 2014.)

Determining If a Hill-Sachs Lesion Is “On Track” 
or “Off Track”

 1.  Measure the diameter (D) of the inferior glenoid, either 
by arthroscopy or from a three-dimensional CT scan or 
three-dimensional MRI.

 2.  Determine the width of the anterior glenoid bone loss (d).
 3.  Calculate the width of the glenoid track (GT) by following 

the formula: GT = 0.83 D – d.
 4.  Calculate the width of the HSI, which is the width of the 

Hill-Sachs lesion (HS) plus the width of the bone bridge 
(BB) between the rotator cuff attachments and the lateral 
aspect of the Hill-Sachs lesion: HSI = HS + BB.

 5.  If HSI > GT, the HS is off track, or engaging. If HSI < GT, 
the HS is on track, or nonengaging.

 BOX 52.1 

From DiGiacomo G, Itoi E, Burkhart SS: Evolving concept of bipolar bone loss 
and the Hill-Sachs lesion: from “engaging/non-engaging” lesion to “on-track/
off-track” lesion, Arthroscopy 30:90, 2014.
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instability. Both anterior and posterior humeral avulsions 
with and without a piece of bone and a floating inferior gleno-
humeral ligament both anteriorly and posteriorly have been 
reported. Preoperative MRI in the acute setting or MRA in 
the subacute setting as well as thorough arthroscopic exami-
nation are needed to identify and treat all points of damage 
(Fig. 52.18). Open and arthroscopic repairs of HAGL lesions 
have been described, and at this time most authors believe 
that an open procedure is the easiest and most reproducible 
way to repair anterior lesions.

Pertinent technical points for the success of arthroscopic 
Bankart repair include the following:
Realistic patient goals and time frames
Careful evaluation and identification of all significant patho-

logic conditions, including preoperative MRI or a three-
dimensional CT scan to evaluate significant bone defects 
associated with recurrent instability. An arthroscopic 
examination through an anterosuperior portal is per-
formed to evaluate glenoid bone loss forming the so-
called inverted-pear defect.

Release of the capsular ligamentous complex to approxi-
mately the 6-o’clock position so that the underlying sub-
scapularis muscle can be clearly seen to allow appropriate 
superior advancement of the capsule

Abrasion of the glenoid neck to promote bony bleeding for a 
well-vascularized bed for optimal capsular healing

Superior advancement of the glenohumeral complex to 
restore physiologic tension and eliminate any potential 
drive-through sign; an injury to the posterior inferior 
glenohumeral ligament is often present and should be 
repaired to restore normal tension; any appreciable Hill-
Sachs lesion in a collision athlete is repaired with a rem-
plissage procedure, except for a lesion of the dominant 
shoulder in a throwing athlete; secure anatomic fixation 
1 to 2 mm over the articular surface with a minimum of 
three suture anchors and secure loop and knot fixation 
to compress the capsuloligamentous complex to the bone 
surface and provide adequate fixation during the early 
healing stage; placement of knots or knotless anchors to 
avoid impingement.

Repair of significant rotator interval, labral, and cuff defects
Supervised, goal-oriented rehabilitation 

 

ARTHROSCOPIC BANKART REPAIR 
TECHNIQUE

 TECHNIQUE 52.11 

 n  Place the patient on the operating table in the lateral de-
cubitus position with a beanbag and kidney rest. Carefully 
protect all bony prominences as well as the axillary area. 
Apply a heating blanket and serial compression devices 
around the lower extremities. Prepare and drape the pa-
tient so that there is wide exposure to the anterior, poste-
rior, and superior aspects of the shoulder. Place the arm in 
45 to 60 degrees of abduction and 20 degrees of forward 
flexion using 12 to 14 lb of traction.

 n  Outline the bony landmarks and mark the potential por-
tals on the skin.

 n  Place the posterior portal 2 cm inferior and just medial to 
the posterolateral edge of the acromion.

 n  Before making additional portals, thoroughly examine the 
shoulder through the posterior portal to identify the most 
appropriate sites for placement of the anterior portals and 
for any additional posterior portals that may be neces-
sary. Carefully visualize the entire labrum, 360 degrees of 
the shoulder joint, and the attachment of the glenohu-
meral ligament to the humerus from anterior to posterior. 

 TABLE 52.3

Instability Severity Index Score

PROGNOSTIC FACTORS POINTS
Age at surgery (yr)
 ≤ 20 2
 >20 0
Degree of sport participation (preoperative)
 Competitive 2
 Recreational or none 0
Type of sport (preoperative)
 Contact or forced overhead 1
 Other 0
Shoulder hyperlaxity
 Shoulder hyperlaxity (anterior or inferior) 1
 Normal laxity 0
Hill-Sachs on anteroposterior radiograph
 Visible in external rotation 2
 Not visible in external rotation 0
Glenoid loss of contour on anteroposterior 
radiograph
 Loss of contour 2
 No lesion 0
Total (points) 10

From Balg F, Boileau P: The instability severity index score, J Bone Joint Surg 
89B:1470, 2007. Copyright British Editorial Society of Bone and Joint Surgery.

Indications for Shoulder Stabilization Modifiers

Bone loss >25% (6 mm) of glenoid—Latarjet procedure
Humeral head >6 mm deep or 18 mm wide—Consider remplis-

sage for collision athletes
Soft-tissue multidirectional instability—Arthroscopic capsular 

shift
ALPSA—Restore anatomy anteriorly; consider plication
Anterior HAGL—Mini-open or arthroscopic repair
Posterior HAGL—Arthroscopic repair
SLAP lesion—Concomitant repair
Cuff lesion—Concomitant repair

 BOX 52.2 

ALPSA, Anterior labroligamentous periosteal sleeve avulsion; HAGL, humeral 
avulsion of glenohumeral ligament; SLAP, superior labral tear anterior to poste-
rior.
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Thoroughly evaluate the glenohumeral joint for bony loss 
of the glenoid or humeral head. Defects of the humeral 
head measured from the cuff to the medial edge of the 
lesion should be repaired by remplissage if the defect is 
more than 80% of the glenoid articular surface as mea-
sured anterior to posterior using a calibrated probe (see 
Technique 52.16). Glenoid bone loss greater than 6 mm 
should be restored with a Latarjet procedure. Proper pre-
operative planning eliminates surprises.

 n  After identifying the quadrant or quadrants of injury to 
the labrum, create the planned portals using spinal nee-
dle localization according to the quadrant approach as 
shown in Figure 52.19.

 n  Make an anterosuperior portal with the cannula entering 
the shoulder just posterior to the biceps tendon and ante-
rior to the leading edge of the supraspinatus tendon. It is 
the best portal to visualize the full extent of the capsular 
ligamentous damage and bone loss (Fig. 52.20).

 n  Make an anterior central portal to place an 8.25-mm clear 
cannula just above the superior edge of the subscapularis 
tendon at an angle of approximately 45 degrees to the 
glenoid articular surface. This is used for placement of 
anchors and for instrumentation using a suture shuttle.

 n  If the lesion extends posterior, make a 7-o’clock portal 
posteriorly using spinal needle localization. Enter the joint 
at an appropriate angle for placement of a suture anchor 
in the inferior part of the glenoid if necessary or for place-
ment of a shuttle for passing sutures along the capsular 
ligamentous complex.

 n  While viewing from the anterosuperior portal, use an el-
evator to free up the capsule down to the subscapularis 
muscle, which should be visible. Abrade the glenoid neck 
to stimulate healing (see Fig. 52.22A).

 n  While viewing from the anterosuperior portal if necessary, 
perform a capsular plication procedure posteriorly, ex-
tending along to the attachment of the posterior band of 

 

A B

C

FIGURE 52.18 A, Humeral avulsion of glenohumeral ligament with exposure of posterior cuff. 
B, Posterior glenoid avulsion of glenohumeral ligament same patient. C, Repaired floating humeral 
avulsion of glenohumeral ligament.
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the inferior glenohumeral ligament. Using a rasp, freshen 
the soft tissue and the intended area of plication to incite 
some inflammation without damaging the tissue.

 n  Use a suture shuttle to pass PDS sutures, starting at about 
the 6-o’clock position and taking a bite of approximately 
1 cm of capsule in a pinch-tuck technique, making sure 
that the needle comes out through the capsule and pass-
es up under the labrum in its appropriate position. The 

sutures can be tied at the time they are passed, but it may 
be easier to pass multiple sutures first, store them outside 
the cannula, and tie them later. Generally, three sutures 
are passed, with the upper extent being at the attach-
ment of the posterior band of the inferior glenohumeral 
ligament.

 n  Now perform the anterior part of the Bankart proce-
dure. Abrade the anterior neck and free up the capsule 
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FIGURE 52.19 Four-quadrant approach by Seroyer et al. A, In superior quadrant, SLAP tears 
between 2 and 10 o’clock are accessible through anterior portal (AP), anterosuperior lateral (ASL), 
and portal of Wilmington (PW). B, In anterior quadrant, anteroinferior labral tears are accessible 
through anterior portal (AP) and 5-o’clock portal. C, In anteroinferior quadrant, anteroinferior 
capsulolabral tears are accessible through 5- and 7-o’clock portals. D, In posteroinferior quadrant, 
posterior labral tears can be accessed through 7-o’clock portal. SEE TECHNIQUE 52.11.
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FIGURE 52.20 A, Bankart lesion. B, Bony Bankart lesion. C, Anterior labral periosteal sleeve 
avulsion. D, Glenoid avulsion of glenohumeral ligament. E, Glenoid labral articular disruption. 
F, Juvenile glenoid avulsion of the glenohumeral ligament. SEE TECHNIQUE 52.11.
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and labral complex so it can be advanced superiorly (Fig. 
52.21A). Plan the position of the suture anchors, trying 
to get three or four anchors placed below the 3-o’clock 
position.

 n  The most inferior anchor often is best placed using a 
5-o’clock percutaneous portal made with the help of a 
spinal needle for localization. Place the spinal needle at a 
45-degree angle to the articular surface. The Spear point 
guide can be placed at the 5:30 position on the neck, 1 to 
2 mm on the articular surface for reaming and placement 
of the suture anchor. Note the exact position of the drill 
hole, observe the anchor as it is placed in the hole, use a 
mallet to tap the anchor down, and then check security by 
tugging on the sutures. To obtain the best area of bone 
for drilling at a lower level, an angled reamer and anchor 
inserter can be placed percutaneously. This provides ex-
cellent fixation in this position (Fig. 52.21B).

 n  The second and third anchors may be either single-loaded 
or double-loaded anchors and usually are PEEK double-
loaded anchors. Recently, we have used knotless an-
chors to provide secure fixation without the risk of knot 

 impingement. When knots are used, use the cannula to 
direct the knot away from the articular surface as it is 
being seated. With this technique, take the most infe-
rior suture out the posteroinferior cannula using a suture 
grasper. Obtain a good bite of the capsule and labrum 
just distal to the intended site of the anchor (Fig. 52.21C). 
Take the shuttle out of the posterior inferior cannula and 
secure it around the inferior suture limb of the anchor, 
and then retrieve it out the anterior cannula. Grasp the 
two sutures not involved in the first knot with a suture 
retrieval device from the posterior cannula, take them out 
the posterior cannula, and store them for later tying. The 
arthroscopic knot is then tied.

 n  Firmly secure the first suture that was passed through the 
labrum to the capsule and labrum up to the edge of the 
glenoid, creating an anterior bumper. Pass the superior 
of the two suture limbs that were passed out the poste-
rior cannula back through the anterior cannula. Use the 
shuttle to pass the shuttle loop through the capsule and 
labrum. Carry this shuttle out the posterior cannula and 
shuttle the second suture through the capsule and out the 
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FIGURE 52.21 Bankart repair. A, Capsule and labral complex freed. B, Anchor inserted on 
articular edge. C, A 1-cm capsular bite taken with Spectrum suture passed distal to anchor. D, Knots 
tied recreating soft-tissue bumper. SEE TECHNIQUE 52.11.
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anterior cannula. Use the cannula to direct the knot away 
from the joint surface as it is secured.

 n  Place a third anchor either single-loaded or double-loaded 
using the same technique. Sometimes, some of the lower 
sutures can be used in either a single simple repair or as a 
mattress suture, depending on the type of tear and tissue 
involved. This is determined at the time of surgery. Place 
three or four anchors, each separated by 5 to 7 mm. Tie 
the knots securely, re-creating a soft-tissue bumper (Figs. 
52.21D and 52.22). At this time, if the plication sutures 
have not been tied, they should be tied posteriorly from 
the posterior cannula and secured. In our practice, we 
generally tie these earlier in the procedure when they are 
placed, but some authors prefer to tie them later.

 n  If the patient had hyperlaxity and significant sulcus asso-
ciated with the Bankart lesion, perform a rotator interval 
closure at this time by withdrawing the anterior central 
cannula to just outside the capsule. Pass a crescent spec-
trum needle through the middle glenohumeral ligament 
several millimeters into the ligament and out into the joint. 
Maintain one limb outside the capsule while the limb in 
the joint is retrieved using a penetrator device through 
the anterior central cannula. Grasp the  intraarticular limb 

of the suture at the level of the superior glenohumeral 
ligament and retrieve it out of the cannula for extracapsu-
lar tying using an SMC (Samsung Medical Center, Seoul, 
South Korea)–type knot (see Fig. 52.57). Generally, two 
sutures are passed in securing the rotator interval if it is 
thought that the slight loss of external rotation is offset by 
the added stability of these additional sutures (Figs. 52.23 
and 52.24).

 n  Upon completion, close the portals with subcuticular poli-
glecaprone 25 (Monocryl). Apply a sterile dressing and an 
UltraSling (DJO Global, Vista, CA).

POSTOPERATIVE CARE The sling is applied after surgery 
and worn for 4 to 6 weeks. Physical therapy is started 2 
to 3 weeks after surgery. Active-assisted range of motion 
is performed from weeks 2 to 8, and isometric strength-
ening is performed from weeks 8 to 12. The athlete is 
allowed to return to preinjury conditioning programs and 
weight training at 12 weeks, and at 6 months he or she is 
allowed to participate in contact sports based on range-
of-motion and strength guidelines dictated by the contra-
lateral shoulder (Table 52.4).
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FIGURE 52.22 A, Abrasion of glenoid neck and capsular release to allow advancement of capsu-
lolabral complex superiorly and laterally to restore anatomy and physiologic tension. Arthroscope 
is in anterosuperior portal. B and C, Restored anterior labral bumper. SEE TECHNIQUE 52.11.
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ARTHROSCOPIC BANKART-BRISTOW-
LATARJET TECHNIQUE
Boileau, Mercier, and Olds proposed the combined tech-
nique as an alternative to capsulolabral repair in patients with 
anterior instability and significant glenoid bone loss. They 
reported a high rate of return to sports and a low rate of insta-
bility. Tasaki et al. reported 40 rugby players who had anterior 
dislocations treated with this procedure. All players returned 
to competitive rugby with no recurrent anterior dislocations 
at 2-year follow-up.

POSTERIOR INSTABILITY
Arthroscopic posterior shoulder stabilization has rapidly 
gained favor in recent years, with the results of open proce-
dures having been less than adequate. Arthroscopic repairs 
have been shown to be effective in athletic and nonathletic 
patients. In a study by Bradley et al. reviewing 100 shoulder 
procedures for posterior recurrent shoulder instability, the 
American Shoulder and Elbow Surgeons score improved 
from 50.36 to 85.66 at a mean follow-up of 27 months. 
Overall, 89% of their patients were able to return to sports 
and 67% were able to return to the same level of sports 

 FIGURE 52.23 Completed Bankart repair with three anchors 
and capsule plicated inferiorly. Rotator interval is closed. SEE TECH-
NIQUE 52.11.
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FIGURE 52.24 A, Repaired glenoid avulsion of glenohumeral ligament. B, Repaired juvenile 
glenoid avulsion. C, Completed bony Bankart repair. SEE TECHNIQUE 52.11.
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 TABLE 52.4 

Bankart Repair Rehabilitation Protocol

PREOPERATIVE GOALS

 1.  Independent with postoperative exercise program
 2.  Independent with preoperative strengthening with isometrics and isotonics in pain-free, stable range

PHASE I

WEEKS 1–2 POSTOPERATIVE NO FORMAL PT IF PATIENT HAS ACHIEVED PREOPERATIVE GOALS
 1.  Pendulum exercises
 2.  Elbow, forearm, wrist AROM
 3.  Wrist isotonics and grip exercises
 4.  Sling at all times
WEEKS 3–4 POSTOPERATIVE (PT QIW-TIW) GOALS (BY END OF 4  WK)
 1.  Initiate PT approximately 15 d postoperatively
 2.  PROM with the following restrictions

FL <160 degrees
Scaption to <150 degrees
ER neutral to 30 degrees at 3 wk and 40 degrees at 4 wk
IR in 45 degrees scaption <60 degrees

 3.  Gentle AAROM with cane
FL <160 degrees
ER neutral as above

 4.  Table slides in FL
 5.  Scapular mobility exercises

Protraction/retraction
Elevation/depression

 1.  Independent with HEP BID
 2.  PROM 150 degrees maximal FL
 3.  PROM 150 degrees maximal scaption
 4.  PROM 40 degrees maximal ER
 5.  PROM 60 degrees maximal IR in 45 degrees scaption
 6.  Full wrist, elbow AROM
Precautions
 1.  Sling at all times except PT
 2.  No true ABD PROM
 3.  No ER with arm abducted from body

WEEKS 5–6 POSTOPERATIVE (PT QIW-TIW) GOALS (BY END OF 6  WK)
 1.  PROM with the following restrictions:

FL <170 degrees
Scaption <160 degrees
ER 45 degrees, scaption <60 degrees
IR 45 degrees, scaption to 60 degrees
Home ADD to WNL

 2.  AAROM—cane, pulley, wall walks
 3.  Submaximal (25%) isometrics at side for IR and ER, and 

ABD
 4.  Submaximal manual resistance scapular protraction/retrac-

tion and elevation/depression
 5.  AROM—prone EXT and rows, supine protraction and 

reverse Codman

 1.  Independent with HEP BID
 2.  PROM 170 degrees maximal FL
 3.  PROM 160 degrees maximal scaption
 4.  PROM 60 degrees maximal ER at 45 degrees scaption
 5.  PROM 60 degrees maximal IR at 45 degrees scaption
 6.  Home ADD to WNL
Precautions
 1.  Use of sling during sleep and in crowds
 2.  No true ABD PROM
 3.  No ER with arm ABD from body >45 degrees

PHASE II—GRADED AROM AND STRENGTHENING

WEEKS 7–8 POSTOPERATIVE (PT BIW) GOALS (BY END OF 8  WK)
 1.  PROM with the following restrictions

FL to WNL
Scaption to WNL
ER 70 degrees, scaption to 70 degrees by end of wk 7
ER 90 degrees, scaption to 70 degrees by end of wk 8
IR to WNL

 2.  Continued AAROM activities as needed
 3.  AROM FL and scaption to 90 degrees
 4.  Isotonics when able

FL and scaption with 1–2 lb
ER and IR with 1–2 lb (side lying) or TheraBand (standing)
Prone EXT, rows, and horizontal ABD <90 degrees
Biceps curls; triceps EXT

 5.  UBE for endurance
 6.  Proprioceptive training (ball wall dribble, weighted 

reverse Codman, submaximal manual resistance PNF)

 1.  Independent with HEP QID
 2.  Discontinue sling at all times without increased pain
 3.  PROM FL to WNL
 4.  PROM scaption to WNL
 5.  PROM 70 degrees maximal ER at 90 degrees scaption
 6.  PROM IR to WNL
 7.  AROM FL and scaption at least 90 degrees with proper 

scapular mechanics
 8.  Able to lift 2 lb to eye-level cabinet
 9.  Able to perform all grooming and dressing activities 

independently and with normal mechanics
 10.  Able to retrieve wallet from back pocket
 11.  Able to open/close car door
Precautions
 1.  Avoid terminal ER/ABD
 2.  Light-weight/high-repetition isotonics

Continued
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as preoperatively. We likewise believe that arthroscopic 
repair allows full exposure and correction of intraarticular 
pathology of the shoulder, and it allows the surgeon to fully 
define hidden pathologic lesions that often are not evident 
on MRI. At this time, we use the procedure described by 
Kim et al. and often incorporate a rotator interval closure 
in contact athletes or in any patients who have an infe-
rior component to their posterior instability. For traumatic 
posterior Bankart lesions, anatomic repair is performed 
with minimal plication to prevent over-constraint of the 
joint which results in anterior glenoid wear and arthritis 
from an eccentric humeral head. As with anterior instabil-
ity, excessive bone loss of more than 25% of the glenoid, a 
large anterior Hill-Sachs lesion, excessive glenoid retrover-
sion of more than 15%, or a pathologic collagen deficiency 
syndrome will result in inferior results; these conditions 
are relative contraindications to arthroscopic soft-tissue 
techniques. 

 

POSTERIOR SHOULDER  
STABILIZATION

 TECHNIQUE 52.12 

(KIM ET AL.)
 n  Place the patient in the lateral decubitus position and pre-

pare and drape the shoulder.
 n  Maintain the arm with lateral traction in 30 degrees of 

abduction and 10 degrees of forward flexion.
 n  Create a posterior portal 2 cm inferior to the posterolat-

eral acromial angle. This position, which is about 1 cm 
lateral to a standard posterior glenohumeral portal, is 
used to improve access to the posteroinferior aspect of 
the glenoid labrum and capsule. We usually make the 
anterior-superior portal first to visually confirm the best 
angle for the posterior working portal.

PREOPERATIVE GOALS

WEEKS 9–10 POSTOPERATIVE (PT BIW) GOALS (BY END OF 10  WK)
 1.  PROM ER 90 degrees, scaption to WFL
 2.  Progress all AROM to WFL
 3.  Progress isotonic strengthening—Jobe rotator cuff 

program
 4.  Initiate isotonics—lateral pull-downs to chest, wall push-

ups with elbows tight to side, step-ups, throwing lunges
 5.  Advance proprioceptive training to include progressive 

weight-bearing exercises on unstable surface
 6.  Advance endurance training for upper extremity and 

entire body

 1.  PROM WFL all directions
 2.  AROM WFL all directions
 3.  MMT 4/5 FL
 4.  MMT 4/5 scaption
 5.  MMT 4/5 ER
 6.  MMT 4+/5 IR
 7.  MMT 5/5 EXT
 8.  Able to place gallon milk in refrigerator
 9.  Able to lift 5 lb to eye-level cabinet
 10.  Able to lift 2 lb to overhead cabinet
Precaution
Evaluate for posterior capsular tightness; stretch if necessary

WEEKS 11–14 POSTOPERATIVE (PT BIM) GOALS (BY END OF 14  WK)
 1.  Progress isotonics—increase resistance
 2.  Progress ER and IR isotonics toward 90 degrees ABD 

(TheraBand, weights)
 3.  Plyoball exercises if appropriate

Chest pass
Sideway throw
Overhead throw

 4.  Isokinetic strengthening as needed

 1.  Independent with isotonic HEP
 2.  MMT 5/5 FL
 3.  MMT scaption 5/5
 4.  MMT ER 5/5
 5.  MMT IR 5/5
 6.  Able to lift 10 lb to eye-level cabinet
 7.  Able to lift 5 lb to overhead cabinet
 8.  Full return to strenuous work
Precaution
No bench press or flies until 6 months postoperatively

The Bankart repair is intended to stabilize the anterior portion of the shoulder capsule that has lost integrity owing to repetitive or traumatic insult. It is paramount 
to protect healing tissue of the anterior capsule during early stages of rehabilitation. Avoidance of terminal ABD/ER is crucial during this period. This protocol is a 
guideline and may be adjusted according to the clinical presentation and physician’s guidance.
AAROM, Active-assisted range of motion; ABD, abduction; ADD, adduction; AROM, active range of motion; BID, twice a day; BIW, twice a week; BIM, twice a month; 
ER, external rotation; EXT, extension; FL, flexion; HEP, home exercise program; IR, internal rotation; MMT, manual muscle testing; PNF, proprioceptive neuromuscular 
facilitation; PT, physical therapy; QID, four times a day; QIW, four times a week; TIW, three times a week; UBE, upper body exercise; WFL, within functional limits; 
WNL, within normal limits.

 TABLE 52.4 

Bankart Repair Rehabilitation Protocol—cont’d
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 n  Create two anterior portals, just distal to the acromio-
clavicular joint and proximal to the leading edge of the 
subscapularis, with at least 1 cm of distance maintained 
between them. If, while viewing through the anterosupe-
rior portal, a loose flap of the posteroinferior aspect of the 
labrum is encountered, debride the labrum.

 n  Introduce a small meniscal rasp (CONMED, Utica, NY) 
through the posterior portal to abrade the incomplete 
tear of the posteroinferior aspect of the labrum and the 
corresponding glenoid wall. If the posteroinferior aspect 
of the labrum is detached from the inner surface, and the 
junction between the labrum and the glenoid articular 
cartilage is intact, completely detach the labrum with use 
of a Liberator knife (CONMED).

 n  Abrade the inferior and posterior aspects of the capsule 
to enhance healing.

 n  Place a suture anchor at the posteroinferior glenoid sur-
face, within 2 mm of the margin of the glenoid, through 
the posterior portal. If a proper angle for suture anchor 
insertion cannot be achieved through the posterior por-
tal, use an accessory posterior portal at about 1 cm in-
ferior and lateral to the standard posterior portal under 
the guidance of a spinal needle to maintain a downward 
angle toward the posteroinferior aspect of the glenoid 
(Fig. 52.25).

 n  Retrieve one end of the suture through the anterior midg-
lenoid portal.

 n  Introduce a 90-degree angle suture hook, loaded with 
a Shuttle Relay (CONMED), through the posterior portal 
to pierce the posterior band of the inferior glenohumeral 
ligament at the same level as the glenoid surface. The 
posterior band of the inferior glenohumeral ligament is 
always incorporated into the first suture.

 n  Shift the suture hook about 1 cm superiorly and pass it 
under the posteroinferior aspect of the labrum. Retrieve 
the Shuttle Relay through the anterior midglenoid portal.

 n  Load the suture into the Shuttle Relay and pull it back out 
of the posterior portal and tie an SMC knot. Use two or 
three suture anchors. Knotless anchors can be used and 
are our preference for posterior repairs (Fig. 52.26).

POSTOPERATIVE CARE The shoulder is immobilized in 
an abduction sling with an external rotation pillow for 
6 weeks. The arm is maintained posterior to the longi-
tudinal axis of the trunk. Pendulum and active-assisted 
range-of-motion exercises are initiated at 3 weeks. At that 
time, forward elevation in the scapular plane and external 
rotation exercises with the arm at the side are regularly 
executed. Internal rotation behind the back is started at 4 
weeks postoperatively, but internal rotation with the arm 

 

A B

C

FIGURE 52.25 A, Posterior shoulder instability in pitcher resulting in capsulolabral detachment. 
B, Approximation of labrum with suture anchors. C, Closure of posterior arthroscopy portal by 
using shuttle relay to pass suture through one side of capsule and penetrate opposite side. Knot 
is tied extracapsularly and cut with knot cutter. SEE TECHNIQUE 52.12.
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elevated (the cross-body adduction position) is prohibited 
until 6 weeks postoperatively. At 6 weeks, internal rota-
tion with the arm elevated and strengthening exercises 
are initiated. When the result of manual strength testing is 
4+ or more, professional and collegiate-level athletes may 
perform more vigorous strengthening exercises. Sports 
activities are allowed after 4 to 6 months.
  

MULTIDIRECTIONAL INSTABILITY
Capsular laxity producing unidirectional and multidirec-
tional instability can be successfully treated arthroscopically 
with plication or a shift procedure in one or more quadrants of 
the shoulder. Results of capsular volume reduction have been 
shown to be comparable with open techniques, although the 
capsular reinforcement by the open shifting of one leaf over 
the other is not replicated. We have had success arthroscopi-
cally comparable with open techniques but with much less 
morbidity. Bradley has shown that the use of anchors greatly 
increases the reliability and security of the shift. When pos-
terior-inferior instability with a 2 to 3+ sulcus sign is pres-
ent, a rotator interval closure is performed, and the capsule is 
shifted along the entire inferior glenohumeral ligament from 
the 3-o’clock to the 9-o’clock position. Overtightening of the 
capsule can result in eccentric wear and arthritis. 

 

CAPSULAR SHIFT

 TECHNIQUE 52.13 

 n  After examining the anesthetized patient and determin-
ing the amount of hyperlaxity present, place the patient in 
a lateral decubitus position and maintain the position with 
a beanbag and kidney rest. Carefully pad bony promi-
nences. Apply a heating blanket and serial  compression 

devices to the lower extremity. Place the arm in 45 de-
grees of abduction and 20 degrees of flexion with 10 lb 
of traction. During the procedure, it is helpful to have an 
assistant to position the shoulder to obtain the most ad-
vantageous view and to place gentle pressure anteriorly 
or posteriorly when slight traction is necessary.

 n  Outline bony landmarks and potential portal sites on the 
skin. Make a posterior portal is made about 3 cm dis-
tal and in line with the posterolateral acromial edge to 
evaluate the shoulder. The anterior portals are the an-
terosuperior lateral portal and the anterior central portal, 
which usually is about 1 cm lateral to the coracoid. Place 
working 8.25-mm cannulas later in the procedure in the 
posterior and anterior central portals. The anterosuperior 
portal is used for viewing.

 n  Use a small arthroscopic rasp to abrade the capsule and 
labrum around the area to be plicated, which generally 
extends from the length of the glenohumeral ligament 
attachment, starting posteriorly at the 9-o’clock position 
and extending anteriorly through the 3-o’clock position. 
Freshen the soft tissue.

 n  Starting on the side of the shoulder where the most in-
stability is present, place 2-mm PEEK anchors at the ar-
ticular edge spaced 3 cm or more apart. Use a shuttle to 
take 1-cm plication bites, using a combination of simple 
and mattress sutures to plicate the capsule. Advance the 
capsule superiorly and use the cannula to direct the knots 
away from the joint surface. Use a Spectrum suture passer 
(CONMED) to pass additional No. 0 PDS sutures to plicate 
as necessary.

 n  Carry the capsular plication around inferiorly, taking care 
not to get too deep or too far from the labrum so as to 
catch the axillary nerve. Extend the plication up to about 
the 9-o’clock position.

 n  Close the rotator interval. For significant multidirectional 
or posterior instability, this is done using a Spectrum su-
ture after having withdrawn the anterior cannula to just 
anterior to the capsule. Pass a PDS through the superior 
portion of the middle glenohumeral ligament and then 
retrieve it with a penetrator-type grasper just superior to 
the superior glenohumeral ligament. Close the interval 
with two sutures anteriorly. On completion, close the pos-
terior capsule similarly by passing a suture on each side 
of the rent and closing it with the cannula just outside 
the capsule. These techniques can be done most easily by 
viewing the anterior interval closure from the posterior 
portal and then moving the scope to the anterosuperior 
portal to view the posterior capsular closure.

 n  Close the arthroscopic portals with subcuticular Monocryl 
sutures and place sterile dressings.

POSTOPERATIVE CARE An UltraSling (DJO Global) is 
applied with the arm in neutral rotation. The arm is kept 
in the sling postoperatively for 6 weeks.
  

HUMERAL AND/OR GLENOID AVULSION 
OF THE INFERIOR GLENOHUMERAL 
LIGAMENT
Humeral avulsion of the inferior glenohumeral ligament 
can be most easily repaired with a mini-open technique for 

 FIGURE 52.26   Completed repair.
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anterior lesions. Posterior lesions can be repaired using dual 
posterior portals. The glenoid avulsion of the anterior inferior 
glenohumeral ligament must be visualized and repaired back 
to the labrum, which usually is stable (see Fig. 52.18). The 
glenoid avulsion of the glenohumeral ligament is repaired 
back to a stable labrum using a Spectrum to pass a No. 1 PDS 
through the capsule. Repair the capsule to the labrum similar 
to the plication procedure. Repair of the posterior glenohu-
meral ligament is as described in Technique 52.14. 

 

ARTHROSCOPIC REPAIR OF 
POSTERIOR HUMERAL AVULSION OF 
THE GLENOHUMERAL LIGAMENT

 TECHNIQUE 52.14 

 n  Place the patient in the lateral decubitus position, main-
tained with a beanbag and kidney rest. Place the arm 
in 60 degrees of abduction and 20 degrees of forward 
flexion maintained with 10 to 12 lb of traction.

 n  Three portals are used for posterior repair. A posterior 
portal, an anterosuperior portal, and a posterior 7-o’clock 
portal are normally necessary.

 n  Fully evaluate the shoulder for all pathologic entities. If it is 
determined that it is an isolated posterior avulsion of the 
glenohumeral ligament and capsular attachment and that 
the attachment to the glenoid is stable, then a humeral 
repair is undertaken. With the arthroscope in the antero-
superior portal, create two posterior portals and place a 
6-mm plastic cannula in each portal. The posteroinferior 
portal is used for placement of an inferior suture anchor. 
Abrade the neck area. Place the anchor and retrieve the 
sutures through the posterosuperior portal. With a grasp-
ing instrument maintained in the superior portal to put 
tension on the capsule, visualize the approximate loca-
tion of the anatomic attachment. Maintain tension on the 
capsule and place a penetrating retrieval device through 
the posteroinferior portal and through the capsule about 
7 mm from its edge. Grasp the inferiormost suture and 
carry it into the inferior cannula. Use of a hand-off tech-
nique with an instrument from the superior portal can 
make this technique easier.

 n  Use the same technique to grab the more superior of 
the sutures, once again separating it from the previously 
retrieved suture by about 7 mm. Place the penetrator 
through the capsule about 7 mm from its torn edge and 
retrieve the second suture and take it back out the inferior 
capsule. Once again, the superior portal is used to keep 
tension on the capsule and a hand-off technique is used 
to aid in retrieving the suture and pulling it back through 
the capsule. Tie the mattress sutures down snugly, secur-
ing the inferior portion of the tear to the neck. Use the 
inferior cannula to tie the arthroscopic SMC knots.

 n  Place a second anchor in the more superior part of the 
anatomic attachment of the capsule in the posterior part 
of the neck. Place the penetrating device through the 
capsule and grab the inferior suture and pass it back out 
through the cannula. Grab the superior suture and again 

pass it back out through the cannula. Tie the arthroscopic 
mattress suture through the superior portal to obtain ex-
cellent compression of the capsule to the neck to ensure 
adequate healing. If a side-to-side repair of the vertical 
component of the tear is achievable, a Spectrum with a 
crescent hook can be used to pass through the superior 
leaf of the tear. The suture can be retrieved with a pen-
etrating device passed through the inferior leaf of the tear 
and then tied extracapsularly.

 n  On completion, check the stability and close the portals 
with Monocryl sutures.

POSTOPERATIVE CARE The patient is placed in an Ul-
traSling with the arm in slight external rotation for 5 to 
6 weeks.
  

HILL-SACHS LESION
 

REMPLISSAGE
The Hill-Sachs remplissage technique is similar to an ar-
throscopic repair of a partial-thickness, articular-surface 
rotator cuff tear. It consists of fixation of the infraspinatus 
tendon and posterior capsule to the abraded surface of the 
Hill-Sachs lesion (Fig. 52.27A). The addition of a remplissage 
procedure significantly reduces recurrence rates in contact 
athletes with Hill-Sachs lesions.

 TECHNIQUE 52.15 

(PURCHASE ET AL. [WOLF] TECHNIQUE)
 n  Place the patient in the lateral decubitus position and 

leaned back approximately 30 degrees. Place with the 
shoulder in 30 degrees of abduction and 15 degrees of 
forward flexion. Suspend the arm with 14 lb of distal 
 traction.

 n  Enter the glenohumeral joint through a posterior portal 
that is placed at the lateral aspect of the convexity of the 
humeral head so that it is centered directly over the Hill-
Sachs lesion (Fig. 52.27B). This remplissage posterior por-
tal will allow initial visualization and evaluation of the joint 
as well as working access to the Hill-Sachs lesion. Cre-
ate an anteroinferior portal in the rotator interval, which 
will be the primary working portal for the anterior labral 
repair. Establish an anterosuperior portal at the anterior 
margin of the acromion. This portal should enter imme-
diately behind the biceps tendon. Switch the arthroscope 
from the posterior portal to the anterosuperior portal and 
place the cannula into the posterior portal.

 n  While viewing from the anterosuperior portal, assess the 
Hill-Sachs lesion, glenoid bone loss, and anterior labral 
lesion, as well as the location of the posterior portal. The 
posterior portal placement is correct if it is located directly 
over the Hill-Sachs lesion and at an angle that will allow 
the placement of two anchors. If the posterior portal is 
not in the correct position, optimize its location with the 
assistance of a spinal needle at this time.
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 n  Gently freshen the surface of the engaging Hill-Sachs le-
sion with a burr in reverse mode, taking care to remove a 
minimal amount of surface bone. Also freshen the surface 
of the entire posterior and inferior capsule with a whis-
ker blade. In anticipation of a Bankart repair, the anterior 
labrum and glenoid neck must be prepared before one 
proceeds with the remplissage.

 n  While maintaining the camera in the anterosuperior por-
tal, carefully withdraw the cannula in the posterior portal 
from the posterior capsule and infraspinatus tendon but 
not through the deltoid. The mouth of the cannula will be 

in the subdeltoid space. Through the preexisting portal, 
pass the anchor cannula with the obturator through the 
infraspinatus tendon and posterior capsule. Place the first 
anchor in the inferior aspect of the Hill-Sachs lesion (Fig. 
52.27C). Pass a penetrating grasper through the tendon 
and posterior capsule to grasp and pull one suture limb 
1 cm inferior to the initial portal entry site. Place a sec-
ond anchor in the superior aspect of the Hill-Sachs lesion. 
Use a grasper penetrator in the same fashion to pass one 
suture limb 1 cm superior to the initial portal entry site 
(Fig. 52.27D). Tie the inferior suture first with the knots 

 

A

B

C

D

E

FIGURE 52.27 A, Hill-Sachs lesion. B, Remplissage needle localization. C, First anchor placed. 
D, Second anchor placed. E, Completed remplissage. SEE TECHNIQUE 52.15.
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remaining extraarticular in the subdeltoid space. Tie the 
superior suture to complete the remplissage. The knots 
can be visualized by opening the posterior wall of the 
subacromial bursa. These mattress sutures draw the in-
fraspinatus and posterior capsule to the abraded bony 
surfaces, thus filling the Hill-Sachs lesion. A Bankart repair 
can now be completed (Fig. 52.27E).

 n  We generally use the remplissage sutures as the last step 
in the completion of a Bankart repair.

 n  Knotless techniques have been described and have the 
added benefit of avoiding arthroscopic knots in the sub-
acromial space.

POSTOPERATIVE CARE Postoperative care and immo-
bilization are individualized and based on the patient’s 
history and pathologic findings. In general, an immobilizer 
is used for 6 weeks. Patients are allowed to remove the 
immobilizer for controlled activities of daily living such as 
eating, showering, and computer use within 1 to 2 days. 
They can remove it for these activities as long as the arm 

is not abducted and does not externally rotate beyond 
neutral. Active and resistive range of motion is started at 
6 weeks. No at-risk work activities or contact sports are 
allowed for 6 months.
   

BONY BANKART LESIONS AND GLENOID 
FRACTURES

 

TRANSOSSEOUS BONY BANKART 
REPAIR
Simple fractures involving 25% of the glenoid surface can 
be reduced and secured using a percutaneous 5-o’clock 
portal and the Arthrex nesting guide system (Fig. 52.28A 
to C). Placement and fixation are confirmed with radiogra-
phy. Most bony lesions are not of the size or bone quality 
for screw fixation and are best repaired with suture anchor 
fixation (Fig. 52.29A and B).

 

A B

C

ascope right shoulder

ascope right shoulder

FIGURE 52.28 A to C, Bony Bankart suture repair. SEE 
TECHNIQUE 52.16.
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 TECHNIQUE 52.16 

(DRISCOLL, BURNS, AND SNYDER)
 n  Place the patient in the lateral decubitus position with 10 

lb of traction.
 n  Establish anterosuperior, anteroinferior, and posterior 

portals.
 n  Looking through the anterosuperior portal and working 

through the anterior midglenoid portal, remove clots and 
scar tissue interposed between the fracture fragment and 
intact glenoid using an arthroscopic grasper and shaver.

 n  Use a Liberator knife (CONMED) to free the bony frag-
ments from the intact glenoid until subscapularis fibers 
can be seen and the bony fragment can be easily manipu-
lated to an anatomic position with minimal tension.

 n  Pass a curved Spectrum suture passer (CONMED) loaded 
with No. 1 PDS through the capsulolabral tissues at the 
“hinge point,” which is the junction of the Bankart frag-
ment and the intact glenoid inferiorly. Circumferential 
fibers of the labrum generally are intact at this location.

 n  Retrieve both limbs of the PDS from the anterior midgle-
noid portal and place them outside the cannula, where 
they can serve as traction sutures to aid in manipulation 
of the fracture fragment (Fig. 52.30A).

 n  Use an electrofrequency device to clear soft tissue from 
the anterior surface fragment, medial to the capsule and 
labrum, to improve visualization of transosseous tunnels 
and suture passage later in the procedure. 

BONY BANKART REPAIR
 n  The repair construct typically consists of three anchors: 

one at the inferior hinge point, one in the center of the 
intact side of the fracture defect, and one at the supe-
rior border of the fracture. As described later, sutures 
from the central anchor are passed through transosseous 

 tunnels for bony fixation, and those from the anchors at 
the superior and inferior margins of the fracture site are 
used for soft-tissue repair and augmentation of the tran-
sosseous repair construct.

 n  Before the anchors are placed, drill two tunnels from pos-
terior to anterior through the fracture fragment. Intro-
duce the previously placed traction suture and a grasper 
through the anterior midglenoid portal, and use them to 
manipulate the fracture fragment laterally, exposing the 
subchondral bone of the fragment for tunnel drilling.

 n  Introduce a 14-gauge, 8-inch arthroscopy needle through 
the posterior portal (Fig. 52.30B) and into the subchon-
dral bone of the fracture fragment slightly inferior to its 
center. If a 14-gauge needle is not available, a 2-mm drill 
bit used for meniscal root repair can be used to drill the 
holes, and a suture shuttle can be passed down the hole 
in the drill bit.

 n  Pass a 0.062-inch (1.6-mm) Kirschner wire through the 
needle and drill across the fracture fragment from pos-
terior to anterior to create the first tunnel. Remove the 
Kirschner wire, taking care to leave the needle in position 
within the bony fragment.

 n  Pass a No. 1 PDS through the needle and across the frac-
ture fragment from posterior to anterior and retrieve both 
limbs of the suture from the anterior cannula.

 n  Repeat these steps, creating a second tunnel and passing 
a second No. 1 PDS approximately 4 to 5 mm superior to 
the first tunnel (Fig. 52.30B). Store these sutures outside 
the anterior midglenoid cannula for later shuttling.

 n  Place the first suture anchor inferiorly at the edge of the in-
tact articular cartilage adjacent to the hinge point. Use the 
posterior limb of the previously placed traction suture to 
shuttle one high-strength suture from the anchor around 
the anteroinferior capsulolabral tissue, and secure it with 
a sliding-locking knot and three alternating half-stitches. 

 

A B

ascope left shoulder

FIGURE 52.29 A, Larger bony fragment before screw fixation. B, After screw fixation. SEE 
TECHNIQUE 52.16.
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This results in good approximation of the fracture frag-
ment and aids in subsequent final reduction.

 n  Place the second anchor in the center of the intact side of 
the fracture bed, between the two transosseous tunnels, 
at the osteochondral junction, not on the face of the gle-
noid. Retrieve the anterior and posterior limbs of the PDS 
in the inferior tunnel into the anterior midglenoid and pos-
terior cannulas, respectively, and use them to shuttle one 
suture limb from the anchor through the posterior portal 
through the inferior tunnel from posterior to  anterior.

 n  Shuttle the other limb of the suture through the more 
superior tunnel in a similar fashion, resulting in a mat-
tress stitch capturing the bony fragment (Fig. 52.30C). 
Secure this stitch with a sliding-locking knot and three 
alternating half-hitches, taking care to adequately reduce 
the bony fragment before locking the initial knot.

 n  Place the third anchor at the superior margin of the frac-
ture site and perform soft-tissue repair with one to two 
additional simple stitches using a curved suture passer 
and standard shuttling (Fig. 52.30D).
  

 

A B

C D

FIGURE 52.30 Driscoll et al. arthroscopic transosseous bony Bankart repair. A, Both limbs of 
suture retrieved from midglenoid portal and placed outside cannula to serve as traction sutures. B, 
Sutures placed 4 to 5 mm superior to first tunnel and stored outside anterior midglenoid cannula 
to be used for shuttling. C, After inferior labrum is secured, a second anchor is placed, the suture 
ends of which are shuttled through tunnels and out anteriorly, where they are tied over the bony 
fragment as a mattress stitch. D, Final repair consists of three suture anchors, with inferior and 
superior sutures passing around labrum and capsule and middle suture passing through osseous 
fragment being tied over bone anteriorly.  (From Driscoll MD, Burns JP, Snyder SJ: Arthroscopic transos-
seous bony Bankart repair, Arthroscopy Tech 4(1):e47, 2015.) SEE TECHNIQUE 52.16.
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LATARJET PROCEDURE
Lafosse and Boyle described arthroscopic Latarjet procedures, 
with which they have had good results and minimal compli-
cations (Fig. 52.31). These are procedures that should be per-
formed only by advanced arthroscopists and after extensive 
training in a laboratory setting to see if one can safely repro-
duce results comparable to the excellent open Latarjet proce-
dure results. 

SUBACROMIAL IMPINGEMENT SYNDROME
Subacromial impingement syndrome is a common cause of 
anterolateral shoulder pain and pain with primarily overhead 
activities. The pain attributed to subacromial impingement 
can vary and includes subacromial bursitis, rotator cuff ten-
dinopathy, and partial- and full-thickness rotator cuff tears. 
Extrinsic compression from the anterior acromion, cora-
coacromial ligament, and acromioclavicular joint have been 
implicated in rotator cuff pathology. There continues to be 
debate as to the relative importance extrinsic compression 
has in rotator cuff degeneration compared to intrinsic tendon 
degeneration from aging and hypovascularity. Both likely play 
a role and further studies are needed to clarify their respective 
contributions to subacromial impingement syndrome.

Imaging for subacromial impingement syndrome starts 
with standard radiographs. A true anteroposterior (Grashey) 
view is useful in measuring the critical shoulder angle and 
evaluating for acromioclavicular osteoarthritis with inferior 
osteophyte formation. The axillary lateral demonstrates the 
presence of an os acromiale. The scapular outlet view depicts 
acromial morphology. Bigliani et al. classified the acromial 
architecture into three types: type I is basically flat, type II 
is curved similar to the curvature of the humeral head, and 
type III has a hook on the anterior portion of the acromion 
potentially resulting in impingement. It is important to 
make the distinction between acquired acromial bone spurs 
attributed to CA ligament ossification and native acromial 

morphology. Nicholson et  al. found that the incidence of 
acromial bone spurs increases with age, whereas the acro-
mial morphology does not change. Moor et al. were the first 
to describe the term “critical shoulder angle” (CSA). The 
CSA is measured as the angle between a line from the supe-
rior and inferior bony margins of the glenoid and an inter-
secting line from the inferior bony margin of the glenoid to 
the most inferolateral acromion on a true anteroposterior 
view of the shoulder. This measurement takes into account 
two independent components: glenoid inclination and lat-
eral acromion extension. CSAs of more than 35 degrees have 
been shown to increase shear joint reaction forces, causing 
increased strain on the rotator cuff tendons, and correlate 
with presence of a degenerative rotator cuff tear. MRI allows 
further evaluation of subacromial impingement syndrome, 
especially allowing the surgeon to characterize potential 
sources of mechanical impingement and the status of the 
rotator cuff including severity of tendinosis as well as loca-
tion and size of partial-thickness or full-thickness rotator 
cuff tears.

Surgical management of subacromial impingement syn-
drome includes subacromial bursectomy, release of the CA 
ligament, possible bony resection including acromioplasty 
or removal of distal clavicle osteophytes, and debridement 
or repair of any associated rotator cuff tears. The efficacy of 
arthroscopic acromioplasty is debated in the literature, and 
the decision is made based on preoperative imaging and cor-
related with these images at the time of surgery. Recently, 
Gerber et al. described a lateral acromioplasty in an attempt 
to correct for a high CSA to prevent retears after rotator cuff 
repairs. We have no experience with this technique, and fur-
ther research is needed to determine efficacy.

Subacromial decompression with or without acromio-
plasty is indicated in patients with continued pain attributed 
to subacromial pathology despite an extensive trial of nonop-
erative treatment. 

 

ARTHROSCOPIC SUBACROMIAL 
DECOMPRESSION AND 
ACROMIOPLASTY

 TECHNIQUE 52.17 

 n  After general anesthesia is administered, evaluate the 
shoulder for range of motion; gently regain any lost 
 motion.

 n  Place the patient in the standard beach-chair position or 
lateral decubitus position using a beanbag and kidney 
rest under the torso, which is angled approximately 20 
degrees posteriorly. The arm is maintained in 20 to 40 
degrees of abduction in a balanced skeletal suspension 
device.

 n  Carefully outline the bony landmarks, including the acro-
mion, distal clavicle, acromioclavicular joint, and coracoid 
process.

 n  Inspect the glenohumeral joint first for evidence of any 
labral or articular cartilage damage, biceps pathology, 
and undersurface rotator cuff tearing.

 FIGURE 52.31 Arthroscopic view of completed Latarjet 
 procedure.
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 n  If a rotator cuff partial tear is identified, debride the area 
of the tear with the full-radius resector to leave a smooth 
surface and to incite some petechial bleeding in the area. 
Gauge the depth of the tear, comparing it with the size of 
the shaver (Fig. 52.32). Normally, the supraspinatus inser-
tion extends from the biceps to the bare area posteriorly 
and from the articular surface medially to approximately 
17 mm laterally onto the tuberosity. If a high-grade ar-
ticular surface tear is encountered, a No. 0 PDS suture 
is introduced through the tear with an 18-gauge spinal 
needle placed percutaneously just lateral to the acromion 
in line with the tear. The suture is retrieved from the an-
terior cannula, and a hemostat is placed on both limbs of 
the suture until the tear can be inspected from the bursal 
surface.

 n  Using a large 6-mm or 6.2-mm cannula, enter the sub-
acromial space from the posterior portal.

 n  Advance a blunt trocar to touch the posterior aspect of 
the spine and advance it anteriorly to just beneath the 
anterolateral aspect of the acromion.

 n  Break up adhesions in the subacromial space with a 
sweep of the cannula medially and laterally.

 n  Palpate the undersurface of the acromion and coracoac-
romial ligament to ensure correct trocar placement and 
to palpate the area of impingement.

 n  Bring the arthroscope with the inflow connected through 
the posterior portal. Orient the camera in an upright po-
sition and direct the arthroscopic lens to view laterally 
where a spinal needle is being brought in through the 
area of the potential midlateral portal about 3 cm distal 
to the acromion in line with the posterior aspect of the 
acromioclavicular joint. Move the spinal needle in and 
evaluate its orientation to ensure that movement in the 
subacromial space would not be blocked by passing too 
close to the acromion.

 n  After establishing the midlateral portal, perform a com-
plete subacromial bursectomy with the full-radius resec-
tor and electrocautery to view the superior surface of the 
cuff out to its attachment to the greater tuberosity and to 
view the undersurface of the acromioclavicular joint. It is 
best to start laterally and progress medially where bleed-
ing can be anticipated.

 n  Place a spinal needle in through the acromioclavicular 
joint and place another spinal needle just at the antero-
lateral aspect of the acromion to identify these landmarks 
clearly.

 n  Use a thermal probe to morcellate the periosteum and the 
undersurface of the acromion, releasing the coracoacro-
mial ligament. Maintain hemostasis at all times by using 
electrocautery and 1 mL of epinephrine per 3-L bag of 
fluid and by maintaining a systolic blood pressure to a 
pump pressure differential of 30 to 40 mm Hg.

 n  After morcellating the soft tissues of the undersurface 
of the acromion, place a 5.5-mm full-radius resector 
through the lateral portal to remove the soft tissues from 
the undersurface of the acromion after carefully identify-
ing the anterior, medial, and lateral edges of the acro-
mion for a distance of approximately 1.5 cm posterior 
(approximately the position of the shaver when it is in a 
direct perpendicular position to the acromion).

 n  Place a 5.5-mm acromionizer burr through the lateral por-
tal and resect the lateral edge of the acromion just medial 
to the portal, starting at a depth of about 5 mm anterior 
and tapering posteriorly.

 n  After resecting the lateral aspect of the acromion, begin 
the anterior cut from anteromedial to the acromioclavicu-
lar joint, working anterolaterally. Deepen the cut through 
the anterior edge of the acromion to about 5 mm to try to 
resect the anterior aspect of the acromion back with the 
clavicle (Fig. 52.33A). Leave the periosteal sleeve attached 
and use it as a means to gauge the amount of resection 
of the anterior acromion and to protect the deltoid. Using 
strokes from anterior to posterior, taper the acromioplasty 
posteriorly, resecting about 5 mm of acromion anteriorly 
and tapering and smoothing the section posteriorly, re-
moving only minimal bone. Working medially, the acro-
mioclavicular joint can be located by the previously placed 
spinal needle and the fatty tissue over the acromioclavicu-
lar joint. Because of the vascularity and potential for bleed-
ing, this area is resected at the end of the procedure.

 n  After completing the acromioplasty, use an acromion-
izer, a full-radius resector, or a small arthroscopic rasp to 
smooth the undersurface only if preoperative symptoms 
and radiographs indicate a significant pathologic process 
of the acromioclavicular joint.

 n  Evaluate the acromioclavicular joint area.
 n  Use a thermal device again to strip the soft tissue from 

the undersurface of the clavicle, which is identified by the 
spinal needle and by superior palpation of the clavicle. 
After resecting the soft tissue, compare the amount of 
acromial undersurface that has been resected with the 
undersurface of the clavicle as a reference for the amount 
of acromion resected.

 n  If preoperative radiographs show a bony spur of the ac-
romioclavicular joint, use a burr to resect the undersur-
face of the clavicle for approximately 8 mm medial to the 

 FIGURE 52.32 Thickness of cuff tear can be judged by distance 
of attached cuff fibers from articular surface. In this case, tear is 
about 8 mm when using 5.5-mm shaver as reference scale. SEE 
TECHNIQUE 52.17.
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joint, making this flush with the acromion. Do not resect 
the clavicle excessively, unless a Mumford-type procedure 
(see Technique 52.25) is considered.

 n  View the completed procedure by placing the arthroscope 
in the anterolateral portal and viewing the cut anteriorly 
to evaluate the depth of the cut of the acromion and to 
ensure the undersurface of the acromioclavicular joint is 
smooth (Fig. 52.33B).
   

 

CHOCK-BLOCK METHOD FOR 
ACROMIOPLASTY

 TECHNIQUE 52.18 

 n  Sampson et al. used a burr in the posterior portal to make 
a smooth undersurface acromioplasty. Place the arthro-
scope in the lateral portal and the burr in the posterior 
portal that was made 2 to 3 cm distal to the undersur-
face of the acromion. Pass the burr into the subacromial 
space parallel to the undersurface of the acromion. Pass 
the burr up under the anterior edge of the acromion into 
the space between the sheath and the concavity of the 
acromion to determine the amount of bone to be re-
moved. Bring the burr back to the posterior edge of the 
apex over the curvature and, sweeping medial to lateral, 
resect the bone from the posterior part of the curve to the 
anterior aspect, keeping the burr flat to the acromion. By 
using a 4-mm burr, one can gauge the amount of acro-
mion to be  resected.

 n  We have had excellent success by starting the procedure 
with the acromionizer in the lateral portal to resect the 
anterior and lateral edges of the acromion. The acromi-
onizer is placed in the posterior portal to complete the 
procedure as above.

POSTOPERATIVE CARE The arm is placed in a sling, and 
Codman pendulum exercises are begun on the first day. 

The sling is discarded as soon as comfort permits, unless 
a cuff repair has been performed. Active-assisted range-
of-motion exercises and isometric strengthening exercises 
for the deltoid and rotator cuff are begun within the first 
week. Light resistance exercises using elastic tubing are 
started the second week. Most patients have a full range 
of motion by 3 weeks, and supervised progressive exer-
cises against resistance are instituted and continued for 
3 months. Activities of daily living are resumed as soon 
as symptoms allow, and return to sports is delayed un-
til full strength and endurance and pain-free motion are 
obtained.
  

PARTIAL-THICKNESS ROTATOR  
CUFF TEARS
Partial-thickness rotator cuff tears are common in the gen-
eral population, with an increased incidence with increasing 
age. Sher et al. showed an overall prevalence of asymptomatic 
partial-thickness rotator cuff tears of 20%, which increased 
to 26% in patients older than 60 years. Partial-thickness rota-
tor cuff tears can be classified as articular-sided, bursal-sided, 
or intratendinous tears (see Fig. 52.32). Ellman described a 
classification of partial-thickness rotator cuff tears based on 
location and depth of tearing noted at the time of shoulder 
arthroscopy. Currently, tears are classified as articular-sided 
(A), bursal-sided (B), or intratendinous (C) and are grade 1 
if involving 3 mm or less, grade 2 if 3 to 6 mm, and grade 
3 if more than 6 mm of tendon is torn (Fig 52.34). This is 
based on previous studies noting the width of the supraspi-
natus footprint, where grade 3 tears represent tears of more 
than 50% of tendon width. Generally, with MRI evaluation 
these tears are classified as low grade or high grade depend-
ing on whether they involve less than or more than 50% of the 
tendon width.

Partial-thickness tears have a limited ability to spontane-
ously heal as shown by histological and radiographic stud-
ies. A substantial portion of partial-thickness rotator cuff 

 

A B

FIGURE 52.33 A, Subacromial impingement. B, Completed acromioplasty with resection of 
anterior hook. SEE TECHNIQUE 52.17.
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tears will progress in tear size, as many as 53% in one study, 
and a portion of these will progress to full-thickness rota-
tor cuff tears. Even with the risk of tear progression, most 
partial-thickness rotator cuff tears are best initially managed 
with nonoperative treatment. Surgical treatment with either 
rotator cuff repair or debridement is indicated for patients 
in whom nonoperative treatment fails. Most surgeons agree 
that tears involving more than 50% of tendon width are best 
treated with repair and those involving less than 50% with 
debridement and potential decompression. This treatment 
strategy has been validated by systematic reviews that have 
shown that most patients can achieve good to excellent func-
tional results. A higher failure rate of debridement has been 
suggested for partial-thickness bursal-sided rotator cuff tears 
compared to articular-sided rotator cuff tears, leading some 
surgeons to favor repair of even low-grade bursal-sided tears.

The decision for in situ rotator cuff repair or completion 
to a full-thickness rotator cuff tear with subsequent repair is 
based on surgeon preference. The current literature supports 
both techniques, with no difference in functional outcome 
scores or re-tear rates between the two. Generally, in our 
practice this depends on the proportion and quality of the 
intact tendon. For tears with poor-quality tendon remaining 
and involving more than 80% of tendon thickness, we favor 
debridement.

Delamination-type tears of the articular side, which com-
monly occur in athletes involved in throwing and in sports 
requiring overhead motion, should be recognized. If delami-
nation of the tear is present, a transtendinous repair is indi-
cated. Finally, intratendinous tears that can be identified on 
MRI must be localized through preoperative planning and 
use of a spinal needle to identify the tear site. The tear can 
be opened using an arthroscopic knife and the edge debrided 
back slightly to promote local healing. Goodmurphy et  al. 

showed that extensive debridement is unnecessary. These 
tears are repaired side-to-side using arthroscopic technique. 

 

DEBRIDEMENT OF  
PARTIAL-THICKNESS ROTATOR  
CUFF TEARS

 TECHNIQUE 52.19 

 n  Place the patient in the standard beach-chair position or 
lateral decubitus position with a suspension device hold-
ing the arm in 45 degrees abduction and 0 degrees for-
ward flexion.

 n  Arthroscopic working portals are as shown in Figure 
52.35. We occasionally use an anterosuperior portal de-
pending on the side and location of the tear. For simple 
debridement, usually three portals are sufficient. Identify 
the partial cuff tear, and if it is less than 50% thickness, 
debride to remove the damaged tissue and incite pete-
chial bleeding of the area debrided. This can be done 
with a full-radius resector. Excessive tissue should not be 
removed.

 n  Carefully probe the tear to ensure that a delaminating 
type of tear is not present, which would require a trans-
tendinous repair.

 n  Perform acromioplasty as necessary.

POSTOPERATIVE CARE Postoperative care is the same 
as for acromioplasty, with early range of motion and 
strengthening as tolerated.
   

 

Grade 1
<1/4 thickness (–3mm)

Anticular
surface

Bursal
surface

Grade 2
<1/2 thickness (3–6mm)

Grade 3
>1/2 thickness (+6mm)

FIGURE 52.34 Ellman classification of partial-thickness rotator cuff tears based on depth of 
defect.
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REPAIR OF DELAMINATION AND 
LOCALIZED, ARTICULAR-SIDE 
PARTIAL-THICKNESS CUFF TEARS

 TECHNIQUE 52.20 

 n  Place the patient in the standard beach-chair position or 
lateral decubitus position for arthroscopic examination. 
If a significant delamination tear or a localized undersur-
face partial cuff tear involving 50% thickness is present, 
a transtendinous repair may be necessary.

 n  Lightly debride the area of the tear site and identify the 
extent of the tear. The depth of the tear can be deter-
mined by measuring the distance from the articular sur-
face of the humerus to the healthy attached tendon on 
the tuberosity. A tear of more than 6 mm in depth would 
indicate a 50% thickness tear. Use the 4.5-mm shaver tip 
as a reference.

 n  After debridement of the tear site, view the subacromial 
space and perform a subacromial bursectomy using a 
combination of posterior and lateral portals made 2 to 
3 cm lateral and posterior to the anterior acromial edge. 
Perform an acromioplasty if indicated.

 n  Place the arthroscope back into the glenohumeral joint 
through the posterior portal for visualization.

 n  Approximate delamination tears under physiologic ten-
sion using an arthroscopic suture grasper.

 n  Insert a spinal needle from lateral just off the edge of the 
acromion, through the normal tendon, and through the 
tear site. Pass a No. 1 PDS through the spinal needle and 
retrieve it out the anterior portal. Pass a second No. 1 PDS 
through a spinal needle in the opposite side of the tear 
site so that the two sutures are separated about 1 cm. 
Retrieve both sutures out the anterior portal and use them 
as suture shuttles.

 n  Tie a No. 2 nonabsorbable suture to each tail of the PDS 
pulled out of the anterior cannula. Using the percutane-
ous tails, pull the suture into the joint while carefully mak-
ing sure that it does not tangle. Clip the suture ends with 
a hemostat.

 n  Repeat this procedure until secure side-to-side approxi-
mation can be obtained.

 n  Pass the arthroscope back into the subacromial space and 
identify the suture ends. Place a 7-mm clear plastic can-
nula through the midlateral portal, retrieve the sutures 
individually, and tie them in the subacromial space to ap-
proximate the undersurface, delamination, or transverse 
tear.

 n  On completion, pass the arthroscope intraarticularly to 
reevaluate the repair.

POSTOPERATIVE CARE The patient’s arm is placed in 
a sling for 3 weeks, following which an accelerated pro-
gram of small cuff tear rehabilitation is used (Tables 52.5 
to 52.7).
   

 

TRANSTENDINOUS REPAIR OF 
A PARTIAL ARTICULAR-SIDE 
SUPRASPINATUS TENDON AVULSION 
LESION

 TECHNIQUE 52.21 

 n  Place the patient in the standard beach-chair or lateral de-
cubitus position and perform acromioplasty if indicated. 
Placing the arm in about 30 degrees of abduction is help-
ful for performing acromioplasty and bursectomy. For a 
transtendinous repair, move the arm gently to about 70 
degrees of abduction. An assistant may position the arm 
to provide the best position to place the suture anchor.

 n  Use anterior midglenoid, anterolateral, and posterior por-
tals for repair of the defect.

 n  Debride the tear to stimulate inflammation of the soft 
tissue and to remove the devitalized cuff. Abrade the tu-
berosity with a shaver or small burr to incite bone heal-
ing. This is started at the articular surface and extended 
laterally, but make sure not to disrupt the lateral attach-
ment of the cuff. By leaving the lateral attachment intact, 
a suture anchor can be placed more medial to obtain a 
double-row type of fixation (Fig. 52.36A).

 

Rear
viewing

portal

Middle 
working
portal

FIGURE 52.35 Relative location of portals. Middle working 
portal is located at center of rotator cuff tear and 3 cm lateral 
from lateral margin of acromion. Rear viewing portal is placed at 
posterior lip of tear and 1 cm lateral from lateral margin of acro-
mion. Portal should be placed at least 2 cm from middle working 
portal to prevent overcrowding. SEE TECHNIQUE 52.19.
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 TABLE 52.5 

Rotator Cuff Repair Rehabilitation Protocol (Minor Tear <2 cm)

PREOPERATIVE GOALS

 1.  PROM WFL (i.e., no frozen shoulder)
 2.  Independent in postoperative exercise program
 3.  Understands realistic postoperative goals and time frame

PHASE I—PROTECTION AND PROGRESSIVE PROM

IMMEDIATELY POSTOPERATIVELY
 1.  Sling at all times for 3  wk, then as needed for comfort
 2.  Stitches removed at 7–10 days (at physician’s visit)
 3.  Begin pendulum exercises
 4.  AROM wrist and hand
 5.  Perform home exercise program two to three times a day
WEEK 1–3 POSTOPERATIVE (PT QIW-TIW) GOALS (BY 3  WK)
 1.  Continue above exercises
 2.  PROM—FL, scaption, ER, ER in available scaption
 3.  Table slides—FL, scaption
 4.  AROM—elbow, wrist, and hand
 5.  Begin scapular PNF
 6.  Ice, E-stim for pain control, edema reduction

 1.  Independent with HEP BID
 2.  PROM >150 degrees FL
 3.  PROM >50 degrees ER (neutral)
 4.  PROM >140 degrees ABD scaption
Precautions
 1.  Sling at all times except during exercises (3 wk)
 2.  No A/AAROM—would jeopardize repair

WEEKS 4–6 POSTOPERATIVE (PT QIW-TIW) GOALS (BY 6  WK)
 1.  Wean from sling
 2.  PROM as above. Initiate true ABD stretch and gentle IR 

stretch
 3.  AROM <90 degrees (5 wk)
 4.  Supine TheraBand ER stretch (as needed)
 5.  Cane exercises in supine—FL, scaption, ER neutral, ER in 90 

degrees scaption
 6.  Shoulder pulley—FL scaption
 7.  Grades II–III capsular mobilizations
 8.  Wall walks—FL, scaption
 9.  Submaximal (25%) isometrics with arm at side—ER, IR, FL, 

ABD, EXT

 1.  PROM ≥160 degrees FL
 2.  PROM ≥65 degrees ER
 3.  PROM ≥160 degrees scaption
 4.  PROM 50 degrees maximum for IR
 5.  Able to comb hair—if dominant arm
 6.  Able to open or close car door
 7.  Able to reach behind back for wallet
Precautions
 1.  Lifts nothing heavier than coffee cup
 2.  No aggressive IR stretching

PHASE II—PROGRESSIVE AROM AND STRENGTHENING

WEEKS 7–8 POSTOPERATIVE (PT QIW-BIW) GOALS (BY 8  WK)
 1.  Progress AROM to full by wk 8
 2.  Isotonics (light weight/high repetition)—biceps curls, 

triceps EXT, shoulder shrugs, supine scapular protraction, 
reverse Codman

 3.  Supine manual resistance PNF patterns
 4.  Clothespin, cupboard placing
 5.  UBE with minimal resistance
 6.  Functional exercises according to patient’s postoperative 

activity goals

 1.  A/PROM WNL FL
 2.  A/PROM WNL ABD
 3.  A/PROM WNL ER
 4.  PROM ≥60 degrees IR
 5.  Able to lift plate into eye-level cupboard
 6.  Able to dress with normal mechanics
Precautions
 1.  Unilateral lifting limited to ≤3 lb
 2.  Prevent posterior capsular tightness

Throwing lunges
Standing PNF

WEEKS 9–10 POSTOPERATIVE (PT 1×/2–3  WK) GOALS (BY 10  WK)
 1.  Isotonics (light weight/high repetition)

Standing—FL and ABD to 90 degrees, ER and IR with 
tubing

Prone—rows, horizontal ABD 90 and 120 degrees, EXT
Side lying—IR and ER with towel roll under axilla

 2.  Increased resistance with UBE
 3.  Begin wall push-ups with a plus, gradually progress 

toward lower levels (table, chair, bench, floor)
 4.  Weighted PNF patterns D1 and D2

 1.  MMT ≥4/5 FL
 2.  MMT ≥4/5 ABD
 3.  MMT ≥4/5 ER
 4.  MMT ≥4+/5 IR
 5.  Functional reach behind back to allow tucking in shirt
 6.  Able to place 2 lb into overhead cabinet
 7.  Able to place gallon of milk in refrigerator
Precaution
Unilateral lifting limited to ≤10 lb

Continued
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PHASE III—ADVANCED STRENGTHENING FOR PATIENTS RETURNING TO SPORT

WEEKS 11–16 POSTOPERATIVE (PT AS NEEDED) GOALS (BY 16 WK)
 1.  Progress isotonic exercises
 2.  Additional isotonics (wk 12)

Bench press (light weight, short range)
Lateral pull-downs to chest
Incline chest press
Short arc, high TheraBand ER and IR at 90 degrees ABD

 3.  Plyometrics (3 mo)—chest pass, Plyoball chop toss, 
 overhead throw

 4.  Return to throwing/racquet sports at 3 mo with normal 
strength, normal glenohumeral mechanics, and no pain

 5.  Isokinetic evaluation if necessary

 1.  MMT 5/5 FL
 2.  MMT 5/5 ABD
 3.  MMT 5/5 ER
 4.  MMT 5/5 IR
 5.  MMT 5/5 EXT
 6.  Able to place ≥10 lb in overhead cabinet
 7.  Sport-specific goals

Postoperative rehabilitation of a rotator cuff repair is guided largely by the size of the repair. Allowing the repair to heal adequately before stressing the tissue is 
paramount to successful rehabilitation.
A/AAROM, Active/active-assisted range of motion; ABD, abduction; AROM, active range of motion; BID, twice a day; BIW, twice a week; ER, external rotation; E-stim, 
electrical stimulation; EXT, extension; FL, flexion; HEP, home exercise program; IR, internal rotation; MMT, manual muscle testing; PNF, proprioceptive neuromuscular 
facilitation; PROM, passive range of motion; PT, physical therapy; QIW, four times a week; TIW, three times a week; UBE, upper body exercise; WFL, within functional 
limits; WNL, within normal limits.

 TABLE 52.5 

Rotator Cuff Repair Rehabilitation Protocol (Minor Tear <2 cm)—cont’d

 TABLE 52.6 

Rotator Cuff Repair Rehabilitation Protocol (Moderate Tear 2–5 cm)

PREOPERATIVE GOALS

 1.  PROM WFL (i.e., no frozen shoulder)
 2.  Independent in postoperative exercise program
 3.  Understands realistic postoperative goals and time frame

PHASE I—PROTECTION AND PROGRESSIVE PROM

IMMEDIATELY POSTOPERATIVELY
 1.  Sling at all times for 3  wk, then as needed for comfort
 2.  Stitches removed at 7–10 days (at physician’s visit)
 3.  Begin pendulum exercises
 4.  AROM wrist and hand
 5.  Perform HEP two to three times a day
WEEK 1–3 POSTOPERATIVE (PT QIW-TIW) GOALS (BY 3  WK)
 1.  Continue above exercises
 2.  PROM—FL, scaption, ER, ER in available scaption
 3.  Table slides—FL, scaption
 4.  AROM—elbow, wrist, and hand
 5.  Begin scapular PNF
 6.  Ice, E-stim for pain control, edema reduction

 1.  Independent with HEP BID
 2.  PROM >130 degrees FL
 3.  PROM >40 degrees ER (neutral)
 4.  PROM >130 degrees ABD scaption
Precautions
 1.  Sling at all times except during exercises (3 weeks)
 2.  No A/AAROM—would jeopardize repair

WEEKS 4–6 POSTOPERATIVE (PT QIW-TIW) GOALS (BY 6  WK)
 1.  Wean from sling
 2.  PROM as above. Initiate true ABD stretch and IR without 

overpressure
 3.  AROM <90 degrees (6 weeks)
 4.  Supine TheraBand ER stretch (as needed)
 5.  Cane exercises in supine—FL, scaption, ER neutral, ER in 90 

degrees scaption
 6.  Shoulder pulley—FL scaption
 7.  Grades II–III capsular mobilizations
 8.  Wall walks—FL, scaption
 9.  Submaximal (25%) isometrics with arm at side—ER, IR, FL, 

ABD, EXT

 1.  PROM ≥150 degrees FL
 2.  PROM ≥65 degrees ER
 3.  PROM ≥160 degrees scaption
 4.  PROM 50 degrees maximum for IR
 5.  Able to comb hair—if dominant arm
 6.  Able to open or close car door
Precautions
 1.  Lifts ≤1 lb until 6 wk postoperatively
 2.  No aggressive IR stretching
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PHASE II—PROGRESSIVE AROM AND STRENGTHENING

WEEKS 7–8 POSTOPERATIVE (PT QIW-BIW) GOALS (BY 8 WK)
 1.  Progress AA/AROM
 2.  Isotonics (light weight/high repetition)—biceps curls, 

triceps EXT, shoulder shrugs, supine scapular protraction, 
reverse Codman

 3.  Supine manual resistance PNF patterns
 4.  Clothespin, cupboard placing
 5.  UBE with minimal resistance

 1.  AROM ≥140 degrees FL
 2.  AROM ≥130 degrees ABD
 3.  AROM ≥60 degrees ER
 4.  PROM FL WNL
 5.  PROM ABD WNL
 6.  PROM ER WNL
 7.  PROM ≥60 degrees IR
 8.  Able to lift plate into eye-level cupboard
 9.  Able to reach behind back for wallet
Precautions
 1.  Unilateral lifting limited to ≤2 lb
 2.  Prevent posterior capsular tightness

WEEKS 9–12 POSTOPERATIVE (PT 1×2–3 WK) GOALS (BY 12 WEEKS)
 1.  Isotonics (light weight/high repetition)

Standing—FL and ABD to 90 degrees, ER and IR with 
tubing

Prone—rows, horizontal ABD 90 and 120 degrees, EXT
Side lying—IR and ER with towel roll under axilla

 2.  Increased resistance with UBE
 3.  Begin wall push-ups with a plus, gradually progress 

toward lower levels (table, chair, bench, floor)
 4.  Weighted PNF patterns D1 and D2
 5.  Functional exercises according to patient’s postoperative 

activity goals
Throwing lunges
Standing PNF patterns

 1.  AROM WFL for FL
 2.  AROM WFL for ABD
 3.  AROM WFL for ER
 4.  MMT ≥4/5 FL
 5.  MMT ≥4/5 ABD
 6.  MMT ≥4/5 ER
 7.  MMT ≥4+/5 IR
 8.  Functional reach behind back to allow tucking in shirt
 9.  Able to place 2 lb into overhead cabinet
 10.  Able to lift gallon of milk into refrigerator
Precaution
Unilateral lifting limited to ≤10 lb

PHASE III—ADVANCED STRENGTHENING FOR PATIENTS RETURNING TO SPORT

WEEKS 11–16 POSTOPERATIVE (PT AS NEEDED) GOALS (BY 16  WK)
 1.  Progress isotonic exercises
 2.  Additional isotonics (3 mo)

Bench press (light weight, short range)
Lateral pull-downs to chest
Incline chest press
Short arc, high TheraBand ER and IR at 90 degrees ABD

 3.  Plyometrics (4 mo)—chest pass, Plyoball chop toss, over-
head throw

 4.  Return to throw/racquet sports progress at 4 mo with 
normal strength, normal glenohumeral mechanics, and no 
pain

 5.  Isokinetic evaluation if necessary

 1.  MMT 5/5 FL
 2.  MMT 5/5 ABD
 3.  MMT 5/5 ER
 4.  MMT 5/5 IR
 5.  MMT 5/5 EXT
 6.  Able to place ≥10 lb in overhead cabinet
 7.  Sport-specific goals

A/AAROM, Active/active-assisted range of motion; ABD, abduction; AROM, active range of motion; BID, twice a day; BIW, twice a week; ER, external rotation; E-stim, 
electrical stimulation; EXT, extension; FL, flexion; HEP, home exercise program; IR, internal rotation; MMT, manual muscle testing; PNF, proprioceptive neuromuscular 
facilitation; PROM, passive range of motion; PT, physical therapy; QIW, four times a week; TIW, three times a week; UBE, upper body exercise; WFL, within functional 
limits; WNL, within normal limits.

 TABLE 52.6 

Rotator Cuff Repair Rehabilitation Protocol (Moderate Tear 2–5 cm)—cont’d

 TABLE 52.7 

Rotator Cuff Repair Rehabilitation Protocol (Massive Tear >5 cm)

PREOPERATIVE GOALS

 1.  PROM WFL (i.e., no frozen shoulder)
 2.  Independent in postoperative exercise program
 3.  Understands realistic postoperative goals and time frame

Continued
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PHASE I—PROTECTION AND PROGRESSIVE PROM

IMMEDIATELY POSTOPERATIVELY
 1.  Sling and ABD pillow at all times for 4–6 wk, then as needed for comfort
 2.  Stitches removed at 7–10 days (at physician’s visit)
 3.  Begin pendulum exercises
 4.  AROM wrist and hand
 5.  Perform home exercise program two to three times a day
WEEKS 1–4 POSTOPERATIVE (PT QIW-TIW) GOALS (BY 4 WK)
 1.  Continue above exercises
 2.  PROM—FL, scaption, ER, ER in ≤45 degrees scaption
 3.  AROM—elbow, wrist, and hand
 4.  Begin scapular PNF
 5.  Ice and E-stim for pain control, edema reduction
 6.  Grades II–III posterior and inferior capsular mobiliza-

tions (begin wk 3, continue as needed throughout 
rehabilitation)

 1.  Independent with HEP BID
 2.  PROM ≥110 degrees FL
 3.  PROM ≥30 degrees ER (neutral)
 4.  PROM ≥110 degrees scaption
Precautions
 1.  Sling at all times except when exercising
 2.  No A/AAROM—would jeopardize repair
 3.  Do not stretch IR

WEEKS 5–8 POSTOPERATIVE (PT QIW-TIW) GOALS (BY 8  WK)
 1.  Wean from sling after 6  wk
 2.  AROM <60 degrees elevation after sling removal
 3.  PROM as above. Initiate IR without overpressure
 4.  Supine TheraBand ER stretch (as needed)
 5.  Cane exercises in supine—FL, scaption, ER neutral, ER in 60 

degrees scaption
 6.  Shoulder pulley—FL, scaption
 7.  Submaximal (25%) isometrics with arm at side—IR, FL, 

ABD, EXT

 1.  PROM ≥150 degrees FL
 2.  PROM ≥65 degrees ER
 3.  PROM ≥160 degrees scaption
 4.  PROM 50 degrees maximum for IR
 5.  Able to comb hair—if dominant arm
 6.  Able to open/close car door
Precautions
 1.  Lifts ≤1 lb until 8 wk postoperatively
 2.  No aggressive IR stretching

PHASE II—PROGRESSIVE AROM AND STRENGTHENING

WEEKS 9–10 POSTOPERATIVE (PT QIW-BIW) GOALS (BY 10 WK)
 1.  AROM ≤120 degrees elevation
 2.  Isotonics (light weight/high repetitions)—biceps curls, 

triceps EXT, shoulder shrugs, supine scapular protraction, 
reverse Codman

 3.  Clothespin, cupboard placing
 4.  UBE with minimal resistance

 1.  AROM ≥110 degrees FL
 2.  AROM ≥110 degrees scaption
 3.  AROM ≥60 degrees ER
 4.  PROM ≥160 degrees FL
 5.  PROM ≥80 degrees ER
 6.  PROM to 60 degrees IR
 7.  Able to lift plate into eye-level cabinet
 8.  Able to reach behind back for wallet
Precautions
 1.  Unilateral lifting limited to ≤2 lb
 2.  Prevent posterior capsular tightness

WEEKS 11–14 POSTOPERATIVE (PT QIW) GOALS (BY 14 WK)
 1.  Isotonics (light weight/high repetition)

Standing—FL and ABD to 90 degrees, ER and IR with 
tubing

Prone—rows, horizontal ABD 90 and 120 degrees, EXT
Side lying—IR and ER with towel roll under axilla

 2.  Increased resistance with UBE
 3.  Begin wall push-ups with a plus, gradually progress 

toward lower levels (table, chair)
 4.  Supine manual resistance PNF patterns

 1.  AROM WFL for FL
 2.  AROM WFL for ABD
 3.  AROM WFL for ER
 4.  MMT ≥4/5 FL
 5.  MMT ≥4/5 ABD
 6.  MMT ≥4/5 ER
 7.  MMT ≥4+/5 IR
 8.  Functional reach behind back to allow tucking in shirt
 9.  Able to place 2 lb into overhead cabinet
 10.  Able to lift ½ gallon of milk into refrigerator
Precaution
Unilateral lifting limited to ≥5 lb

 TABLE 52.7 

Rotator Cuff Repair Rehabilitation Protocol (Massive Tear >5 cm)—cont’d
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C D

FIGURE 52.36 A, Eight-millimeter partial-thickness cuff tear with tuberosity abraded and lateral 
fibers left attached. B, Transtendinous placement of suture anchor just lateral to articular surface. 
C, Completed repair with knots tied in subacromial space. D, Intraarticular view of completed repair 
with footprint covered over to articular edge. SEE TECHNIQUE 52.21.

PHASE III—ADVANCED STRENGTHENING FOR PATIENTS RETURNING TO SPORTS

MONTHS 3–6 POSTOPERATIVE (PT AS NEEDED) GOALS (BY 20 WEEKS)
 1.  Progress isotonic exercises
 2.  Progress wall push-ups to floor
 3.  Additional isometrics (3–4 mo)

Bench press (light weight, short range)
Lateral pull-downs to chest
Incline chest press
Short arc, high-speed TheraBand ER and IR at 90 degrees 

ABD
 4.  Weighted PNF patterns D1 and D2
 5.  Plyometrics (4 mo)—chest pass, Plyoball chop toss, over-

head throw
 6.  Return to throw/racquet sport progression at 4 months 

with normal strength, normal glenohumeral mechanics, 
and no pain

 7.  Isokinetic evaluation if necessary

 1.  MMT 5/5 FL
 2.  MMT 5/5 ABD
 3.  MMT 5/5 ER
 4.  MMT 5/5 IR
 5.  MMT 5/5 EXT
 6.  Able to place ≥10 lb in overhead cabinet
 7.  Sport-specific goals

It is important to stress to the patient that after a massive tear repair, AROM and strength are limited.
A/AAROM, Active/active-assisted range of motion; ABD, abduction; AROM, active range of motion; BID, twice a day; BIW, twice a week; ER, external rotation; E-stim, 
electrical stimulation; EXT, extension; FL, flexion; HEP, home exercise program; IR, internal rotation; MMT, manual muscle testing; PNF, proprioceptive neuromuscular 
facilitation; PROM, passive range of motion; PT, physical therapy; QIW, four times a week; TIW, three times a week; UBE, upper body exercise; WFL, within functional 
limits.

 TABLE 52.7 

Rotator Cuff Repair Rehabilitation Protocol (Massive Tear >5 cm)—cont’d
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 n  Insert a spinal needle just lateral to the edge of the ac-
romion to identify the site for anchor insertion. Place the 
transtendinous spinal needle just lateral to the anterior 
third of the acromion to visualize an appropriate angle 
to place a screw just lateral to the articular surface and 
angled away from the surface so as not to damage the 
articular surface (Fig. 52.36B).

 n  For suture anchor placement, make a small skin incision. 
Make a nick in the cuff in the plane of the fibers using an 
arthroscopic knife. Use a punch to make a small starting 
hole just lateral to the articular surface, ensuring that the 
angle is appropriate. Pass the suture anchor through the 
slit and into the hole. Under direct view, screw the suture 
anchor down securely. Ensure that the suture threads are 
subcortical.

 n  Pass a spinal needle from lateral just posterior to the 
previously placed suture anchor and pass a No. 1 PDS 
through the needle and out the anterior cannula to use 
as a suture shuttle. Using a suture grasper, pull one of 
the passed sutures out the anterior cannula. Place a 
simple throw from the PDS around this tail and pull the 
suture back up through the capsule just posterior to the 
suture anchor and out through the skin lateral to the 
acromion.

 n  Pass a second spinal needle just anterior to the anchor 
and pass a PDS from lateral, retrieve it anteriorly, and 
use it as a suture retriever. Using a grasper, retrieve 
one end of the second set of sutures out the anterior 
portal.

 n  Tie the PDS shuttle around the retrieved anterior limb 
of the second set of sutures and pull it back up into the 
subacromial space to form the second mattress suture. 
If necessary, the arthroscope may be placed anteriorly 
and a second suture anchored posteriorly in a similar 
fashion.

 n  Enter the subacromial space and place a 7-mm plastic 
cannula using a switching stick. Retrieve the paired su-
tures into the cannula. Starting posteriorly and working 
anteriorly, tie arthroscopic knots to secure the cuff back 
down to the tuberosity (Fig. 52.36C).

 n  On completion, view the intraarticular area to ensure that 
there is good approximation of the cuff to the tuberosity 
(Fig. 52.36D).

POSTOPERATIVE CARE The postoperative care is the 
same as that of a small rotator cuff repair (see Table 52.5).
  

FULL-THICKNESS ROTATOR CUFF TEARS
Rotator cuff tears are a significant cause of shoulder pain and 
morbidity. The overall prevalence of full-thickness rotator 
cuff tears is approximately 25% in patients over 60 years of 
age and increases to 50% in patients over 80 years of age. If 
a patient has a symptomatic full-thickness rotator cuff tear 
in one shoulder, they have a 50% chance of an asymptomatic 
full-thickness rotator cuff tear in the contralateral shoulder. 
Given the high number of asymptomatic full-thickness rota-
tor cuff tears, re-tear rates after rotator cuff repair, and suc-
cess of nonoperative treatment, there is much debate over the 

optimal strategy for the treatment of symptomatic full-thick-
ness rotator cuff tear.

Patients with symptomatic full-thickness rotator cuff 
tears typically complain of anterolateral shoulder pain that 
radiates into the subdeltoid location. Complaints of pain with 
overhead activity and lifting objects with an outstretched 
arm are common. Frequent night pain and sleep disturbance 
also are reported. In the evaluation of a potential rotator cuff 
tear, an MRI is obtained if the patient has no contraindica-
tions. MRI allows the surgeon to characterize the location, 
size, and amount of retraction of the rotator cuff tear, as well 
as the degree of atrophy and fatty infiltration of the rotator 
cuff musculature. The quality of the rotator cuff musculature 
is classified according to the degree of fatty infiltration orig-
inally described by Goutallier et  al. for CT evaluation and 
modified by Fuchs et  al. for MRI evaluation (Table 52.8). 
In this classification, grade 0 is normal muscle, grade 1 has 
some fatty streaks, grade 2 has more muscle than fat, grade 3 
has equal amounts of muscle and fat, and grade 4 has more 
fat than muscle. Grades 3 and 4 are indications of a long-
term chronic rotator cuff tear, which has a higher potential 
for failure when surgery is undertaken and likely is deemed 
irreparable. Another important consideration on MRI evalu-
ation is whether any tendon stump remains attached to the 
greater tuberosity, which decreases the length of tendon for 
repair. Generally, an MRI is indicated in younger, active 
patients with acute rotator cuff tears and in patients with 
chronic rotator cuff tears in whom a trial of nonoperative 
treatment has failed.

The optimal treatment strategy remains a matter of debate 
in the literature. Nonoperative treatment leads to a successful 
outcome in 60% of patients, and is generally initiated in chronic 
full-thickness tears, especially in patients over 65 years of age. 
With nonoperative treatment, the patient and surgeon must 
understand the risk of tear progression, which is approximately 
50% at 2 years. With long-standing rotator cuff tears the size, 
retraction, and degree of fatty infiltration can increase and can 
compromise the structural integrity and functional outcomes 
after rotator cuff repair. In patients with acute, full-thickness 
rotator cuff tears or chronic, full-thickness rotator cuff tears 
after failure of nonoperative treatment, rotator cuff repair is 
indicated. The timing of fixation of acute rotator cuff tears is 
debated, and generally we try to repair these within 3 months, 
given the report by Petersen and Murphy, which showed infe-
rior outcomes after repair done more than 4 months after injury.

 TABLE 52.8

Stages of Fatty Degeneration of the Infraspinatus 
According to Time Elapsed Between the Onset of 
Functional Impairment and Operation

TIME STAGE 0–1 STAGE 1.5–2 STAGE 2.5–4
<6 mo 1 2
6 mo to 1 yr 2 1 2
1–2 yr 4 2
>2 yr 2 5

From Goutallier D, Postel JM, Bernageau J, et al: Fat muscle degeneration in cuff 
ruptures: pre- and postoperative evaluation by CT scan, Clin Orthop Relat Res 
304:78, 1994.
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When surgery is contemplated, a risk-to-benefit ratio 
should be evaluated, with the probability of good-to-excel-
lent results being quantified for the individual patient. This 
involves not only the tear characteristics (e.g., size, retraction, 
Goutallier grade), but also patient characteristics including 
smoking status, medical comorbidities, age, and compliance. 
Factors associated with failure after rotator cuff repair include 
larger tears, greater retraction, advanced Goutallier grade, 
older age, smoking status, osteoporosis, diabetes mellitus, 
hypercholesterolemia, and more aggressive rehabilitation pro-
tocols. Evaluation of the literature found that the best poten-
tial for healing was in patients younger than 70 years with 
acute, small tears (<3 cm) and a healthy tendon-bone interface 
who are compliant with sling wear and are able to undergo 
an extended rehabilitation program of 6 to 9 months. Studies 
have found that carefully selected patients older than 70 years 
did well after rotator cuff repair and functionally improved as 
much as younger patients. Once again, individualization of 
treatment is necessary, and thorough evaluation of potential 
healing and risks is needed to obtain the best long-term results. 
Determining which rotator cuff tears are repairable is impor-
tant to avoid the morbidity of surgery that accompanies a pro-
longed rehabilitation period in patients with an unacceptably 
high risk of failure. Goutallier stages III and IV tears, if accom-
panied by a tendinous stump of less than 15 mm and a positive 
tangent sign, have a 90% failure rate. Given this, tears with sig-
nificant retraction and advanced Goutallier grades III and IV 
usually are deemed irreparable and are treated with alternative 
strategies such as debridement, tendon transfer, superior cap-
sular reconstruction, or reverse shoulder arthroplasty.

Intraoperative prognostic healing factors for rotator cuff 
repairs include tendon and bone quality and the ability to 
anatomically reduce and repair the tendon to its normal foot-
print on the tuberosity without undue tension. If anatomic 
repair cannot be achieved without significant tension, medi-
alized repair can be performed. Strong fixation of the repair 
is essential to prevent gapping of the tendon during cyclic or 
rotational loading. The advantages of various fixation meth-
ods, including single-row, double-row, and transosseous 
equivalent repair techniques, have been investigated in clini-
cal and biomechanical studies. In the laboratory, the single-
row repair covers approximately 50% of the footprint of the 
original cuff attachment, whereas double-row repair has been 
shown in several studies to cover nearly 100% of the footprint. 
Biomechanically, the double-row repair has been shown to 
be superior in ultimate load-to-failure, compression, and 
resistance to gapping with rotation and cyclic loading, most 
important, along the anterior edge of the repair where the 
rotator cable attaches. Radiographic studies with MRI follow-
up of double-row and transosseous equivalent repairs have 
shown higher healing rates compared to single-row repair. 
Clinically, there is no significant difference in healing in 
small- or medium-sized tears using single-row or double-row 
fixation. Large-to-massive tears tend to have superior results 
with transosseous equivalent or double-row repair, with 
greater healing noted; however, Trantalis et al. reported sev-
eral disruptions of the repair at the muscle-tendon junction 
from overconstraint, described as type 2 failures.

The final issue is the cost of the repairs. Studies have 
shown that the lowest direct surgical costs are with single-
row repair, with the transosseous equivalent repair hav-
ing the second highest cost, and the double-row repair 

with the highest cost because of increased operating room 
time and increased number of implants used. The greatest 
cost to the patient is failure from inadequate fixation and 
the need for revision surgery because of the repeat direct 
surgical costs and added indirect costs of time away from 
work. Thus, when determining fixation techniques, the best 
available technique for a particular patient with a particu-
lar pathologic process is still the one that should be used. 
Recent studies have shown double-row fixation to be more 
cost-effective than single-row repair because of lower re-
tear risks.

Special techniques have been used to aid in the repair of 
retracted rotator cuff tears. Lo and Burkhart classified rotator 
cuff tears as crescent-shaped, U-shaped, and L-shaped (Fig. 
52.37). Repair of retracted U- and L-shaped tears that cannot 
be adequately mobilized involves margin convergence with 
sutures starting medially and extending laterally along the 
tear to decrease the size, allowing easier approximation of the 
edges to the tuberosity using a double-row technique (Figs. 
52.38 and 52.39). Chronic tears, such as chronic L-shaped 
tears (Fig. 52.40), and chronic massive contracted tears (Figs. 
52.41 and 52.42), such as crescent cuff tears with retraction, 
require releases and interval slides before repair. The use of 
structural graft supplementation may be required for repair 
of these tears. Fixation usually is a single row just lateral to the 
articular surface to prevent tension overload and failure at the 
muscle-tendon interface.

Local stimulants, such as protein-rich plasma and mesen-
chymal stem cells, have been tried, but at present there are no 
significant scientific data showing that these substances are 
cost-effective or produce superior clinical results. Local bone 
marrow stimulation, as described by Snyder, allows the bone 
marrow elements to become involved in the repair and has 
shown some potential for increasing healing and should be 
considered.

Careful preparation is necessary before starting any tech-
nique. Being familiar with the procedure, understanding the 
known pathologic process, and being prepared to treat other 
presenting pathologic processes are critical. Given the avail-
able data, we prefer arthroscopic double-row or transosseous 
equivalent rotator cuff repair, with the number of medial and 
lateral row anchors dependent on tear size. 
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FIGURE 52.37 Crescent-shaped rotator cuff tear. A, Superior 
view of crescent-shaped rotator cuff tear involving supraspinatus 
(SS) and infraspinatus (IS) tendons. B, Repaired tear.
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FIGURE 52.38 U-shaped rotator cuff tear. A, Superior view of U-shaped rotator cuff tear involving 
supraspinatus (SS) and infraspinatus (IS) tendons. B, U-shaped tears show excellent mobility from 
anterior-to-posterior direction and are initially repaired with side-to-side sutures using principle 
of margin convergence. C, Repaired margin is repaired to bone in tension-free manner.
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FIGURE 52.39 Acute L-shaped rotator cuff tear. A, Superior view of acute L-shaped rotator 
cuff tear involving supraspinatus (SS) and rotator interval (RI). B, Tears should be initially repaired 
along longitudinal split. C, Converged margin is repaired to bone. CHL, coracohumeral ligament; 
IS, infraspinatus tendon; Sub, subscapularis tendon.
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FIGURE 52.40 Chronic L-shaped tear. A, Superior view of chronic L-shaped tear, which has 
assumed U-shaped configuration. B, L-shaped tears show excellent mobility from anterior-to-
posterior direction; however, one tear margin (usually posterior leaf) is more mobile. Tears should be 
initially repaired using side-to-side sutures by using principle of margin convergence. C, Converged 
margin is repaired to bone in tension-free manner. A, anatomic insertion site of supraspinatus 
tendon (A1); CHL, Coracohumeral ligament; IS, infraspinatus tendon; RI, rotator interval; SS, supra-
spinatus tendon; Sub, subscapularis tendon.
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ROTATOR CUFF REPAIR

 TECHNIQUE 52.22 

 n  Place the patient in a standard beach-chair position with 
the use of an articulating arm holder or in the lateral de-
cubitus position while maintaining the extremity in 30 
degrees of abduction and 10 degrees of forward flexion 
using sterile balanced suspension. Apply serial compres-
sion devices to the lower extremities to help avoid deep 
vein thrombosis.

 n  Carefully outline the bony landmarks and potential por-
tals on the skin (see Fig. 52.35). Generally, four portals are 
used for arthroscopic rotator cuff repair: posterior portal, 
anterior portal, lateral portal, and posterolateral viewing 
portal. The anterior and posterior portals are used for re-
trieving and storing sutures, the posterolateral portal is 
used for viewing, and lateral portal is the working portal. 
The suture anchors will be placed just off the lateral edge 
of the acromion using spinal needle localization and per-
cutaneous insertion.

 n  Through a standard posterior portal, perform a diagnostic 
arthroscopy. Treat any pathology of the long head of the 
biceps, subscapularis tendon, labrum, and cartilage sur-
face at this time. Once complete, place the arthroscope in 
the subacromial space from the posterior portal. Identify 
the site and configuration of the tear. Create a lateral 
working portal in the center of the tear after spinal needle 
localization (Fig. 52.43A).

 n  Perform a complete subacromial bursectomy using a 
combination of an arthroscopic shaver and electrocau-
tery, starting lateral and moving medially. Pay special at-
tention to ensure visualization of the posterior extent of 
the tear to facilitate suture passage and retrieval. Perform 
acromioplasty as indicated.

 n  Carefully define the depth of the tear and determine the 
type of tear (crescent, U-shaped, or L-shaped configura-
tion) (see Figs. 52.37 to 52.41). Determine the amount of 
retraction and mobility of the tendon with the aid of an 
arthroscopic grasper. If the tendon is retracted with poor 
mobility, perform standard releases of the articular sur-
face with an elevator and, if needed, releases around the 
scapular spine and coracoid base to allow mobilization. 
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FIGURE 52.41 Massive, contracted crescentic rotator cuff tear. A, Superior view. B, Double-
interval slide is performed by first doing anterior interval slide, then posterior interval slide releasing 
interval between supraspinatus (SS) and infraspinatus (IS). C, After release, improved mobility 
(arrows) of supraspinatus tendon and infraspinatus and teres minor tendons posteriorly. D, Supra-
spinatus tendon repaired to lateral bone bed in tension-free manner, and infraspinatus and teres 
minor tendons advanced laterally. E, Residual defect closed with side-to-side sutures. CHL, Cora-
cohumeral ligament; Sub, subscapularis tendon.
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At that point, traction determines whether the tendon is 
repairable and if an anatomic repair can be achieved.

 n  Use a spinal needle to localize the location of a postero-
lateral viewing portal. Move the arthroscope to the pos-
terolateral viewing portal for further characterization of 
the rotator cuff tear.

 n  Prepare the footprint with an arthroscopic burr or shaver 
to lightly decorticate the surface. Lightly abrade the un-
dersurface of the rotator cuff as well to aid tendon-to-
bone healing.

 n  Define the potential location of the anchors, separat-
ing the insertion points by 1 cm to prevent tuberosity 
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E

FIGURE 52.42 A, Arthroscopic subacromial view of massive retracted cuff tear and biceps 
in lower corner. Humeral tuberosity is to right. B, Placement of starting hole for medial anchor. 
Note 45-degree angle to shaft and placement 2 mm off articular edge. C, Use of Scorpion to place 
mattress suture 16 mm medial to torn edge. D, Completion of medial mattress suture placement 
and storage in cannula. Sutures can be used to pull tendon to its tuberosity to help identify appro-
priate placement of lateral anchors and sutures. E, Completed double-row repair with cuff securely 
repaired to anatomic footprint.
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 fracture. The type of repair—single-row, double-row, 
or transosseous equivalent—is at the discretion of the 
surgeon. Generally, for large rotator cuff tears, we fa-
vor double-row or transosseous equivalent repairs for 
their better biomechanical characteristics and lower re-
tear rates. Percutaneously insert the desired number of 

 medial row anchors just off the articular surface (Fig. 
52.44). Make sure all anchors are inserted flush with 
the bony surface. For the double-row technique we use 
double-loaded screw-in type anchors, and for transosse-
ous equivalent repairs we use knotless anchors preloaded 
with tape-type suture.
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FIGURE 52.43 A, Portals for rotator cuff repair. B, Margin convergence and releases to reduce 
tension on repairs. C, Insertion of double-loaded anchor for mattress sutures 3 mm lateral to 
articular surface. D-F, Convergence is started at apex of tear, working from medial to lateral. SEE 
TECHNIQUE 52.22.
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 n  Place an 8.25-mm notched cannula in the lateral portal 
for suture passage, starting anteriorly and progressing 
posteriorly. A retrievable suture passer is helpful in the 
passage of suture. Starting anteriorly, retrieve each limb 
of suture from the anterior medial row anchor out of the 
lateral cannula passed through the tendon. Pass the mat-
tress sutures through the tendon about 4 mm lateral to 
the musculotendinous junction and separate by 7 mm 
(approximate width of the retrievable suture passer) (Fig. 
52.45). Retrieve the suture limbs out the anterior portal.

 n  Once all sutures from the anterior-medial row anchor have 
been passed, start with the posterior-most suture from 
the posterior-medial row anchor and progress  anteriorly. 

Retrieve these sutures out the posterior portal. Pass all 
sutures in a horizontal mattress type configuration.

 n  If double-row fixation is planned, start with arthroscopic 
knot tying posteriorly and progress anteriorly. The choice 
of which suture is to be the post is determined by the 
characteristics of the tear, and the choice of arthroscopic 
knot is at the discretion of the surgeon. Once knots are 
tied, retrieve the sutures out their respective anterior and 
posterior cannulas. For transosseous equivalent repair, 
the sutures are passed and not tied.

 n  Bring one limb from each suture grouping out the lateral 
cannula. Determine the desired location of the posterior 
lateral row anchor by placing tension on all of the re-
trieved suture limbs. Use electrocautery to debride the 
lateral cortex of soft tissue. Load the suture limbs in the 
knotless lateral anchor, and insert it at the desired loca-
tion while placing tension on each suture limb. Cut the 
excess suture. Repeat the process for the anterior lateral 
row anchor (Figs. 52.46 and 52.47).

 n  Move the arm through a range of motion to make sure 
there is no gapping of the anterior repair or impingement 
of the cuff on the acromion.

 n  Margin convergence and releases to reduce tension on 
the repairs should be performed if the rotator cuff cannot 
be anatomically repaired. (Fig. 52.43B and C).

 n  For margin convergence of a U-shaped tear or medial 
extension of an L-shaped tear, use a large crescent-type 
suture shuttle device, passing it through both leaves, and 
then retrieve a No. 2 nonabsorbable suture back through 
the two leaves, storing them for later tying.

 n  Begin the convergence at the apex of the tear, working 
from medial to lateral. Make sure to visually line up the 
tear in its normal anatomy (Fig. 52.43D to F).

 See Video 52.1.

POSTOPERATIVE CARE The postoperative course is crit-
ical in obtaining excellent results. Use of a sling is encour-
aged for 6 weeks after almost all repairs. Strengthening 
exercises usually are not performed until 10 weeks after 
the repair to prevent overstrain on the cuff during the 
early healing phase.
  

MASSIVE CONTRACTED ROTATOR CUFF 
TEARS

 

REPAIR OF LARGE OR MASSIVE 
CONTRACTED TEARS USING THE 
INTERVAL SLIDE TECHNIQUE

 TECHNIQUE 52.23 

(TAURO ET AL.)
 n  Perform routine diagnostic arthroscopy first in the gleno-

humeral joint to assess the size and shape of the tear.

 FIGURE 52.44 Anchors inserted just off edge of acromion 
through individual stab wounds. SEE TECHNIQUE 52.22.

 FIGURE 52.45 Placement of mattress sutures for cuff repair. 
SEE TECHNIQUE 52.22.
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 n  Insert an atraumatic grasper through the lateral subacro-
mial portal and assess cuff mobility from the articular 
side. If supraspinatus tendon mobility is poor, release the 
superior capsule at this time, with an arthroscopic eleva-
tor or electrosurgical cutting device inserted through the 
lateral subacromial portal. The release is accomplished 
by cutting through the capsule between the cuff tendon 
and glenoid rim from the rotator interval anteriorly to the 
scapular spine posteriorly.

 n  If a crescent-shaped tear does not reduce to bone or a 
longitudinal tear does not close from side to side, per-
form an arthroscopic interval slide. This soft-tissue release 

is simply an arthroscopic adaptation of the open interval 
slide.

 n  While viewing from the posterior intraarticular portal, in-
sert a narrow basket punch into the lateral subacromial 
portal, through the tear in the cuff, and into the joint 
(Fig. 52.48A). Divide the interval between the anterior 
border of the supraspinatus and the superior capsule 
(rotator interval) from lateral to medial. This also re-
leases the tendon from the contracted coracohumeral 
ligament on the bursal side. With the biceps intact, make 
the release just caudad to the tendon. If the biceps is 
not intact, the release is started approximately at the 
anterosuperior pole of the glenoid. The release also can 
be judged by the character of the tissue being cut. In 
most cases, establishing a small percutaneous portal just 
adjacent to the lateral subacromial portal and using a 
grasper to help pull laterally on the tendon as it is re-
leased may be helpful.

 n  After the release is completed, repair the cuff down to 
the tuberosity using suture anchors, or repair it side to 
side with margin convergence, followed by repair to the 
tuberosity (Fig. 52.48B and C).
   

 

SUPERIOR CAPSULE RECONSTRUCTION
Superior capsule reconstruction (SCR) was originally 
described by Mihata et al. in 2012 to restore superior sta-
bility in patients with massive irreparable posterior-superior 
rotator cuff tears. Biomechanical studies have shown that 
SCR can restore superior translation and decrease subacro-
mial contact pressures seen with irreparable supraspinatus 
tears. This procedure was originally described with the use 
of fascia lata autograft but has evolved to most surgeons 
using acellular dermal matrix. Fascia lata allograft has been 

 

A
B

4 mm

10 mm

6 mm

FIGURE 52.46 A and B, Transosseous equivalent repair. SEE TECHNIQUE 52.22.

 FIGURE 52.47 Completed rotator cuff repair. SEE TECHNIQUE 
52.22.
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shown to have less elongation and better ability to restore 
shoulder biomechanics than acellular dermal matrix, but 
the widespread  availability and ease of use has kept acel-
lular dermal matrix a viable option. The addition of posterior 
interval side-to-side sutures from the infraspinatus remnant 
to the graft has also been shown to increase superior stabil-
ity. Currently, only short-term clinical follow-up exists, with 
most studies showing a significant improvement in ASES and 
Constant outcomes scores, range of motion, and pain. SCR 
has been touted as a viable option for younger, more active 
patients, and a recent study by Mihata et al. showed that 
most of their patients were able to return to sport or physi-
cal work. Currently, there are multiple treatment options 
for massive irreparable rotator cuff tears, including reverse 
total shoulder arthroplasty, tendon transfers, arthroscopic 
debridement, and SCR, making the choice complex and 

debated among shoulder surgeons. SCR has been reported 
to reverse pseudoparalysis in patients with massive irrepa-
rable rotator cuff tears. Two recent studies have shown 
success, but further research is needed to validate these 
studies with small numbers and short-term follow-up. Our 
current indication for SCR is a patient with an irreparable 
superior rotator cuff tear and an intact or repairable sub-
scapularis tendon with preserved overhead function and a 
primary complaint of pain.

 TECHNIQUE 52.24 

 n  Place the patient in the standard beach-chair or lateral 
decubitus position as previously described.

 n  Establish a standard posterior portal and perform diag-
nostic arthroscopy.

 n  Pay special attention to the status of the subscapularis 
and biceps tendons. Place an 8.25-mm clear cannula an-
teriorly through the lateral aspect of the rotator interval. 
If a biceps tenodesis is indicated, perform this first using 
the “loop ‘n’ tack” method (see Technique 52.9). If the 
subscapularis tendon is torn, perform standard releases to 
allow tendon mobilization.

 n  Once mobilization is complete, using a combination of 
FiberTape (Arthrex) and Suture Tape, pass suture limbs 
through the subscapularis tendon with a retrievable su-
ture passer (Arthrex Scorpion) starting inferiorly. Fix the 
suture limbs to the lesser tuberosity with 1 or 2 Arthrex 
4.75-mm Swivel-Lock suture anchors, with the goal of 
placing one set of FiberTape and SutureTape into each 
anchor.

 n  Place the arthroscope into the subacromial space, and 
create a standard lateral portal at the midpoint of the su-
perior rotator cuff tear. Perform a complete subacromial 
bursectomy using an arthroscopic shaver and electrocau-
tery. It is important to be able to visualize the posterior 
extent of the rotator cuff tear. Perform an acromioplasty 
as indicated.

 n  Establish a posterolateral viewing portal halfway between 
the posterior and lateral portals, just off the acromial bor-
der. Place a switching stick and move the arthroscope to 
this portal.

 n  Mobilize the rotator cuff and, if deemed irreparable, per-
form superior capsule reconstruction.

 n  Using an arthroscopic shaver and electrocautery, clear the 
superior aspect of the glenoid and greater tuberosity of 
soft tissue and lightly decorticate them to aid in graft heal-
ing (52.49A). Leave the superior labrum intact because it 
may aid in superior stability.

 n  Place 3 Arthrex 2.6-mm FiberTak suture anchors percuta-
neously into the superior glenoid, 5 mm off of the articu-
lar margin after spinal needle localization (52.49B). Insert 
the anterior anchor just anterior to the acromioclavicular 
joint, the middle anchor through Neviaser portal, and the 
posterior anchor medial to the standard posterior portal.

 n  Place 2 Arthrex 4.75-mm SwiveLock suture anchors 
preloaded with FiberTape just off the articular surface 
in the greater tuberosity (1 anterior and 1 posterior) 
(52.49C).

 n  To obtain graft measurements, measure the distance be-
tween the medial row humeral anchors and the glenoid 

 

A

B C
FIGURE 52.48 Tauro et al. interval slide technique for repair 

of large rotator cuff tear. A, Basket punch inserted through lateral 
subacromial portal to begin interval release. B, Completed interval 
slide release for crescentic tear. C, Completed interval slide release 
for longitudinal tear. SEE TECHNIQUE 52.23.
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anchors both anteriorly and posteriorly, between the 
glenoid anchors, and between the medial row humeral 
anchors using a SCR measurement guide (52.49D).

 n  Cut a 3.0-mm thick Arthrex Arthroflex acellular dermal 
matrix graft and size it to measurements taken by adding 
20 mm to medial to lateral measurements and 10 mm to 
anterior to posterior measurements (52.49E). This ensures 
adequate graft fixation both medially and laterally, as well 
as for posterior interval side-to-side sutures.

 n  Place a 12-mm Arthrex PassPort cannula in the lateral 
portal, and carefully retrieve all suture limbs from the gle-
noid anchors out the lateral cannula in between the me-
dial row humeral suture limbs to ensure no tangling (see 
Fig. 52.6). Pass all six limbs of the three glenoid anchors 
through the graft 5 to 10 mm from the graft edge in a 
mattress configuration (Fig. 52.49F). Identify post suture 
limbs from each anchor, and tie an arthroscopic sliding 
knot to aid in graft passage.

 n  Use a KingFisher grasper to shuttle the graft into the 
subacromial space through the lateral PassPort cannula 
with alternating tension on each set of glenoid sutures 
(Fig. 52.49G). Once the graft is fully seated medially on 
the glenoid, tie each set of sutures using alternating half 
hitches and sutures cut.

 n  Position the arm in 30 degrees of abduction and confirm 
the previously placed location for medial row humeral 
suture passage using a KingFisher grasper to place ten-
sion on the graft. Pass each limb of FiberTape individually 
through the graft in a mattress configuration using an 
Arthrex Scorpion retrievable suture passer.

 n  Secure the posterior limbs from each medial row anchor 
laterally with an Arthrex 4.75-mm SwiveLock suture an-
chor and repeat the process for the anterior limbs to form 
a SutureBridge construct (Fig. 52.49H). Use the remaining 
FiberWire limbs from the lateral row anchors to secure the 
anterior and posterior corners of the graft laterally.

 n  Once the graft is secured both medially and laterally, repair 
the posterior interval between the graft and remaining in-
fraspinatus remnant with side-to-side sutures (Fig. 52.49I).

 See Video 52.2.

POSTOPERATIVE CARE Postoperative rehabilitation is 
similar to that after a massive rotator cuff repair, except 
for a few caveats. Patients are kept in a sling for 6 weeks 
and allowed only pendulums and elbow/wrist/hand range 
of motion exercises. Formal physical therapy is not started 
until 6 weeks postoperatively, and strengthening is not 
undertaken until 12 weeks postoperatively. Patients are 
counseled to expect a longer rehabilitation process com-
pared to standard rotator cuff repair.
   

SUBSCAPULARIS TENDON TEARS
The subscapularis is the largest of the rotator cuff musculature 
and has an anatomic footprint that measures 40 mm in length 
and 16 to 20 mm in width. The superior portion is tendinous, 
with a robust upper rolled border, and inserts near the articular 
margin; the inferior muscular portion attaches 16 mm from 
the articular surface. The subscapularis functions as an internal 
rotator of the glenohumeral joint and has been hypothesized to 

form an anterior force coupled with the posterior rotator cuff 
to provide important balance to the glenohumeral joint. The 
three most common physical examination maneuvers to evalu-
ate for a subscapularis tear are the lift-off test, belly-press test, 
and bear hug test. The lift-off test is positive if the patient cannot 
lift the dorsum of the hand off the lower back. The belly-press 
test is consistent with subscapularis weakness if the patient is 
unable to press the palm of the hand into the abdomen while 
maintaining the elbow anterior to the torso. The bear hug test 
is described as placing the patient’s hand on the contralateral 
shoulder and having him or her maintain this position as the 
examiner tries to externally rotate the upper extremity. This test 
is thought to be more sensitive for upper border subscapularis 
tears. The combined sensitivity for the three tests approaches 
80%. MRI is the gold standard for evaluating for subscapularis 
tears; however, diagnostic accuracy is inferior to that for pos-
terosuperior rotator cuff tears, with one study showing only a 
40% sensitivity with MRI. This highlights the need for thor-
ough arthroscopic evaluation of the subscapularis tendon. 
With more attention placed in diagnosing subscapularis tears, 
MRI accuracy has improved, and allows assessment of retrac-
tion, fatty infiltration and atrophy, subcoracoid impingement, 
and medial biceps subluxation. Because of its intimate associ-
ation with the long head of the biceps, biceps pathology fre-
quently is encountered with subscapularis tears, including long 
head of the biceps ruptures and medial biceps subluxation. At 
the time of subscapularis repair, the biceps generally is man-
aged with a biceps tenotomy or tenodesis. The biceps tendon 
procedures are described in Techniques 52.7 to 52.10.

Subscapularis tears are classified according to Lafosse 
et al. Type I tears are partial tears of the superior one third of 
the tendon; type II, complete tears of the superior one third 
of the tendon; type III, complete lesions of the superior two 
thirds of the tendon; type IV, complete tears of the entire ten-
don with a centered humeral head and fatty infiltration less 
than or equal to stage 3; and type V, complete tear of the entire 
tendon with anterior subluxation and fatty infiltration of more 
than or equal to stage 3. This classification system has impor-
tant implications for surgical management because type V 
tears generally are not considered candidates for repair and are 
better treated with a tendon transfer or reverse total shoulder 
arthroplasty. The size of the tear also has important implica-
tions for surgical technique because smaller tears can be easily 
viewed and mobilized through a standard posterior portal at 
the articular surface, whereas larger tears benefit from viewing 
the bursal surface from an anterolateral portal. The decision 
to use a 70-degree or 30-degree arthroscope is based on the 
extent of the tear and the degree of retraction. Bringing the 
arm into forward flexion and internal rotation with the help 
of an articulating arm positioner allows complete inspection 
of the subscapularis tendon and allows the use of a 30-degree 
arthroscope in most patients with small or medium sized 
tears; however, a switch to a 70-degree arthroscope should be 
made if visualization or assessment is inadequate.

Before fixation of subscapularis tendon tears, proper ten-
don mobilization is key. The “comma tissue,” representing the 
medial sling of the biceps sheath, coracohumeral ligament, and 
superior glenohumeral ligament, generally is encountered in 
retracted tears and can aid in mobilization by placing a trac-
tion suture within its substance or the superolateral aspect of 
the tendon from an accessory anterolateral portal. We have 
found mobilization is easiest when the rotator interval is 
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A B

C D

E F

FIGURE 52.49 A, Arthroscopic image of massive, irreparable rotator cuff tear involving supraspi-
natus and infraspinatus. Greater tuberosity and superior glenoid have been prepared for superior 
capsular reconstruction. B, A total of three Arthrex 2.6-mm FiberTak suture anchors have been 
percutaneously placed in superior glenoid. C, Arthrex 4.75-mm SwiveLock anchor is placed just 
off articular margin on greater tuberosity for transosseous equivalent humeral sided fixation for 
superior capsular reconstruction. D-F Graft measurements are obtained with  specifically designed 
SCR measurement. E, Acellular dermal matrix graft. F, Glenoid anchors placed through graft.
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I

FIGURE 52.49, cont’d G-I, All six limbs of suture from glenoid anchors are passed through 
graft 5 to 10 mm from edge in horizontal mattress configuration. Arthroscopic sliding knots are 
tied to aid in graft passage. H, SutureBridge construct. I, Completed repair. SEE TECHNIQUE 52.24

taken down first after lateral traction of the tendon, which 
allows visualization of the superior border of the subscapu-
laris. Articular-sided adhesions are released from the ante-
rior capsule and anterior aspect of the glenoid neck. Bursal 
releases are performed with care to avoid neurovascular struc-
tures, which are located just medial to the coracoid process. A 
coracoplasty is performed as indicated. Intermittent traction 
allows assessment of adequate mobilization while standard 
releases are performed. We try to preserve the “comma tissue” 
in most cases, but a recent study has shown that debridement 
does not lead to compromise of structural integrity or clinical 
outcomes. Once mobilization is complete, the lesser tuberos-
ity is prepared and repair begins, starting at the caudal extent 
of the tear and progressing cranially. 

 

SUBSCAPULARIS TENDON REPAIR

 TECHNIQUE 52.25 

(BURKHART AND TEHRANY)
 n  Place the patient in the standard beach-chair or lateral 

decubitus position.
 n  Burkart and Tehrany described four portals for the proce-

dure (Fig. 52.50): (1) anterior portal for anchor placement 
and suture passage, (2) anterolateral portal for subscap-
ularis mobilization and preparation of the bone bed, (3) 
accessory anterolateral portal for traction sutures, and (4) 
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 posterior portal for the arthroscope. Place the anterolateral 
portal just anterior to the biceps tendon and the accessory 
anterolateral portal just posterior to the biceps. Moving 
the standard anterior portal lateral in the rotator interval 
and just superior to the upper border of the subscapularis 
allows anchor placement, suture passage, lesser tuberosity 
preparation, and mobilization and often negates the need 
for an additional anterolateral portal.

 n  When a subscapularis tear is identified, repair it before 
posterosuperior rotator cuff repair. This is done to maxi-
mize exposure in this confined subcoracoid space.

 n  With the 30-degree arthroscope placed in the posterior 
portal, forward flex and internally rotate the arm to al-
low complete assessment of the subscapularis tendon 
and lesser tuberosity. A posteriorly directed force on the 
humerus also can enhance visualization. If visualization is 
incomplete, switch to a 70-degree arthroscope.

 n  Establish a standard anterior portal just above the upper 
border of the subscapularis tendon, or at the midpoint of 
the glenoid in cases of complete tendon tears, and lateral 
in the rotator interval.

 n  If biceps pathology is encountered, perform a biceps te-
notomy or tenodesis. We generally perform a biceps te-
nodesis as a standard part of subscapularis repair.

 n  For partial tears, the percentage of tendon that is torn can 
be estimated from the superior-to-inferior dimension of 
the “bare footprint,” or bone bed, on the lesser tuberos-
ity from which the tendon has torn.

 n  In large, retracted subscapularis tears, perform debride-
ment lateral to the “comma tissue” first (Fig. 52.51A). 
Establish an accessory anterolateral portal, either through 

the torn portion of the anterior supraspinatus or just ante-
rior to the intact supraspinatus tendon to allow a traction 
suture to be placed into the superolateral tendon of the 
subscapularis or the “comma tissue” (Fig. 52.52B).

 n  With traction exerted on the subscapularis by means of 
traction sutures, open the rotator interval to allow com-
plete visualization of the upper border of the subscapu-
laris. Perform standard articular and bursal-sided releas-
es using an arthroscopic shaver or electrocautery (Fig. 
52.51C). An arthroscopic elevator through the accessory 
anterolateral portal also can be helpful in mobilization of 
the anterior and posterior aspects of the subscapularis 
(Fig. 52.52). Take care in performing the bursal-sided or 
subcoracoid releases because neurovascular structures 
are in close proximity. A switching stick can be a safe 
and useful tool if inferior releases are needed.

 n  Once full tendon mobilization is complete (Fig. 52.51D), 
prepare the bone bed on the lesser tuberosity using a 
high-speed burr through the anterior or anterolateral 
portal (Fig. 52.52). If needed, medializing the bone bed 
5 mm by removing articular cartilage to a bleeding base 
of bone can maximize tendon-to-bone healing of chronic 
retracted tears. 

FIXATION
 n  Tendon fixation varies with surgeon preference and can 

be achieved using standard screw-in anchors or knotless 
anchors. If screw-in type anchors are used, we prefer 
double-loaded suture anchors. Generally, one anchor is 
used for Lafosse type I and II tears and two anchors for 
Lafosse type III tears. For Lafosse type IV tears or with 
revision subscapularis tendon repair, we prefer transos-
seous equivalent fixation using an Arthrex SpeedBridge 
configuration.

 n  For smaller tears where single-row knotless fixation is 
planned, use a retrievable suture passer to place two limbs 
of tape type suture per anchor through the substance of 
the subscapularis tendon, beginning at the caudal extent 
of the tear and progressing cephalad. Once the desired 
number of sutures are placed, secure the suture limbs to 
the lateral aspect of the lesser tuberosity with knotless su-
ture anchors. Alternatively, place screw-in anchors in the 
lesser tuberosity followed by suture passage, and finally 
arthroscopic knot tying, starting inferiorly for both phases 
of the procedure.

 n  For complete tendon ruptures for which transosseous 
equivalent fixation is planned, first percutaneously place 
two suture anchors preloaded with two limbs of tape type 
suture just off the articular margin, one inferior and one 
superior (Fig. 52.51E). Pass each limb of suture through 
the subscapularis tendon with a retrievable suture passer, 
once again starting inferior and progressing superiorly 
(Fig. 52.51F). After passage, retrieve the suture limbs out 
the percutaneously placed incisions. Once all suture limbs 
are passed, tension a limb from each anchor and secure 
it to a lateral row knotless anchor placed in the lateral as-
pect of the bicipital groove through the anterior cannula. 
Once both lateral row anchors are placed, the transos-
seous equivalent subscapularis repair is complete (Figs. 
52.51G and H).

 

A

D

C

B

Posterior

Anterior

FIGURE 52.50 Burkhart and Tehrany portals for arthroscopic 
subscapularis repair. Anterior portal is used for anchor placement 
and suture passage (A). Anterolateral portal is used for subscap-
ularis mobilization and preparation of bone bed (B). Accessory 
anterolateral portal is used for traction sutures (C). Posterior portal 
is used for arthroscopic viewing (D). SEE TECHNIQUE 52.25.
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FIGURE 52.51  Subscapularis 
repair. A, “Comma tissue” repre-
senting the medial sling of biceps 
sheath, coracohumeral ligament, 
and superior glenohumeral liga-
ment. B, Traction suture placed 
at junction of comma tissue and 
superolateral corner of torn and 
retracted subscapularis tendon 
tear. Sutures are retrieved through 
anterolateral portal. C, Retracted 
subscapularis tear with signifi-
cant adhesions requiring appro-
priate releases prior to fixation. 
D, Subscapularis mobilization to 
lesser tuberosity without undue 
tension after standard releases of 
articular surface, bursal surface, 
and rotator interval. E, Medial row 
anchors previously placed just off 
articular margin for transosseous 
equivalent repair of subscapularis 
repair. Articular surface view of 
self-retaining suture passer being 
used to pass sutures. F, Medial row 
anchors previously placed just off 
articular margin for transosseous 
equivalent repair of subscapularis 
repair. Articular surface view of self-
retaining suture passer being used 
to pass sutures. Medial row anchors 
previously placed just off articular 
margin for transosseous equivalent 
repair of subscapularis repair. Artic-
ular surface view of self-retaining 
suture passer being used to pass 
sutures. G and H, Bursal surface 
view of transosseous equivalent 
subscapularis repair.
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 n  After subscapularis repair is completed, move the arthro-
scope into the subacromial space, and perform subacro-
mial decompression with preservation of the coracoacro-
mial ligament, followed by arthroscopic posterosuperior 
rotator cuff repair.

POSTOPERATIVE CARE Postoperatively, patients are 
immobilized in a padded sling for 6 weeks with the shoul-
der in 30 degrees of internal rotation. External rotation 
beyond neutral and active or passive overhead motion 
are avoided for 6 weeks. Overhead motion is started at 
6 weeks. Resisted isotonic strengthening is started at 10 
weeks postoperatively.
  

ACROMIOCLAVICULAR JOINT 
OSTEOARTHRITIS
Symptomatic acromioclavicular joint osteoarthritis usually 
responds to conservative measures such as rest, antiinflam-
matory drugs, intraarticular corticosteroid injections, and 
avoidance of the offending activity. If these measures fail, dis-
tal clavicle resection is indicated. The decision to perform dis-
tal clavicle resection is made on the basis of the preoperative 
radiographs documenting acromioclavicular joint osteoar-
thritis and preoperative examination. Tenderness to palpa-
tion over the acromioclavicular joint and pain attributed to 
the acromioclavicular joint on provocative measures, such as 
cross-body adduction and internal rotation up the back, are 
consistent with symptomatic acromioclavicular joint osteoar-
thritis. Injecting the acromioclavicular joint with 1% lidocaine 
without epinephrine is a reliable predictor of surgical success; 
relief of 80% to 100% of pain indicates a likelihood of good 
results. If no symptoms are referable to the acromioclavicular 

joint, despite radiographic degeneration, the distal clavicle is 
not resected. This has been reaffirmed by recent studies that 
have shown no benefit to adding arthroscopic distal clavicle 
resection to arthroscopic rotator cuff repair in patients with 
asymptomatic acromioclavicular joint osteoarthritis

Good-to-excellent long-term results have been reported 
with both arthroscopic and open distal clavicle resections. 
The benefit of an arthroscopic approach is a potentially 
faster recovery, less pain, and preservation of a portion of 
the acromioclavicular joint capsule, potentially decreasing 
the risk of postoperative instability. A recent study showed 
a decrease in the number of open distal clavicle resections 
being performed, especially among fellowship-trained sur-
geons, and a higher overall complication rate with an open 
approach.

The main complications after distal clavicle resection 
are related to under-resection causing continued pain and 
over-resection causing acromioclavicular joint instability. 
Incomplete visualization can lead to under-resection and 
complete resection should be ensured, especially the poste-
rior and superior aspects of the distal clavicle, which often 
are the most difficult to visualize. Biomechanical studies 
have shown that 5 mm of bony resection of the clavicle is 
all that is needed to correct abutment of the distal clavicle, 
with more aggressive resections leading to greater horizon-
tal instability of the acromioclavicular joint. Also, complete 
disruption of the acromioclavicular joint capsule should 
be avoided, as this too has been shown to have detrimental 
effects on stability. Generally, we aim for resection of 5 to 8 
mm and take care to avoid disruption of the posterior and 
superior joint capsule.

Two general techniques for arthroscopic distal clavicle 
resection are described in the literature: direct and indirect. 
In a long-term follow-up study of 66 shoulders in 60 patients, 
Levine et al. compared arthroscopic direct and indirect acro-
mioclavicular joint resection. Forty-two patients had a direct 
approach, of which four required reoperation, two to stabi-
lize the acromioclavicular joint and two for acromioclavicu-
lar joint resection at 5 years. Levine and his group suggested 
that the direct approach may injure the superior capsular 
ligaments, leading to distal clavicular instability. With this 
long-term follow-up and the cadaver studies showing no 
added benefit to the direct acromioclavicular joint resection, 
we prefer the indirect method and have had success with this 
operation. 

 

ARTHROSCOPIC RESECTION OF 
THE DISTAL END OF THE CLAVICLE 
(MUMFORD PROCEDURE)

 TECHNIQUE 52.26 

(TOLIN AND SNYDER)
 n  After administering general endotracheal anesthesia 

supplemented with an interscalene block for postopera-
tive pain control, place the patient in the standard beach-
chair position or lateral decubitus position tilted backward 

 

Subscapularis
muscle

Burr

Traction
suture

Scope

FIGURE 52.52 Burkhart and Tehrany subscapularis tendon 
repair. Preparation of bone bed on lesser tuberosity using high-
speed burr (superior view). SEE TECHNIQUE 52.25.
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 approximately 30 degrees and support the torso with an 
inflatable beanbag.

 n  If using the lateral decubitus position use a sterile foam-
padded traction device (STaR Sleeve; Arthrex, Naples, FL), 
to suspend the arm in 70 degrees of abduction and 15 
degrees of forward flexion with 10 lb of traction.

 n  Make standard posterior and anterior portals and perform 
a complete 15-point anatomic review of the glenohumer-
al joint.

 n  Evaluate and repair any intraarticular pathologic process 
involving the biceps tendon, labrum, and articular surface 
of the rotator cuff.

 n  If using the lateral decubitus position, change the shoul-
der position to 20 degrees of abduction and 5 degrees 
of forward flexion in preparation for subacromial bursos-
copy.

 n  Using the standard anterior and posterior portals, exam-
ine the subacromial bursa and the undersurface of the 
acromion, coracoacromial ligament, bursal surface of the 
rotator cuff, and acromioclavicular joint. Perform a selec-
tive subacromial decompression. If no impingement lesion 
is present, limit this to beveling the acromial facet of the 
acromioclavicular joint and removing the coracoacromial 
ligament beneath the acromion. Bevel the acromial facet 
to expose the tight or medially inclined acromioclavicular 
joint through the posterior subacromial portal.

 n  Resect the distal clavicle after subacromial bursoscopy 
and subacromial decompression. The decision to proceed 
with a complete distal clavicle resection should be made 
before beginning the surgical procedure.

 n  Begin the resection with the arthroscope in the poste-
rior subacromial portal. Insert a 6-mm internal diameter 
outflow cannula connected to gravity drainage in the 
anterior subacromial portal and insert the electrosurgical 
tool with a subacromial electrode through an insulated 
cannula in the lateral portal. Use the electrode to transect 
and morcellize the inferior capsule and periosteum from 
the undersurface of the acromioclavicular joint and distal 
end of the clavicle.

 n  Insert a mechanical shaver through the lateral portal 
cannula to excise the soft-tissue debris created with the 
electrosurgical tool. When a large spur is present, it may 
be easier to start with the arthroscope lateral and the 
instrumentation posterior.

 n  Insert a 4-mm or 5.5-mm burr through the posterior por-
tal to remove the posterior facet and spurs on the clavicle. 
Clear the bony debris from the burring by gravity drainage 
through the outflow cannula in the anterior subacromial 
portal.

 n  Insert the 4-mm or 5.5-mm burr with the hooded acro-
mionizer sheath through the anterior portal into the acro-
mioclavicular joint. Start the clavicular resection anteriorly 
and work to the posterior extent of the acromioclavicular 
joint capsule. Carefully observe and preserve the capsule. 
Use the burr to resect the remaining superior margin of 
the distal clavicle, avoiding injury to the superior capsule 
(Fig. 52.53A). Resect the superior aspect of the clavicle 
and any associated cyst, leaving a resection symmetrical 
to that of the inferior clavicle.

 n  Insert the arthroscope into the anterior portal to view the 
space of the resected acromioclavicular joint. Resect any 
remaining spurs or irregularities around the margins from 
either a lateral or a posterior portal. Bevel the undersur-
face of the clavicle slightly to remove any sharp edges. 
Estimate the width of resection of the acromioclavicular 
space using a two-pin technique. With the arthroscope in 
the anterior portal, place a pin vertically through the skin 
parallel to and at the midsection of the distal end of the 
clavicle. Place a second pin perpendicular to the medial 
border of the acromion and parallel to the central portion 
of the acromial facet (Fig. 52.53B). The distance between 
these two pins measured at skin level corresponds to the 
width of resection. The resection should be 6 to 8 mm.

POSTOPERATIVE CARE The patient is placed in an Ul-
traSling. General passive range-of-motion and pendulum 
exercises are begun immediately. Exercises of the forearm, 
wrist, and hand are begun on the first postoperative day 

 

A B
FIGURE 52.53 Tolin and Snyder arthroscopic resection of distal head of clavicle. A, Superior 

cortical rim of clavicle is removed. B, Two-pin technique used to measure width of resection. SEE 
TECHNIQUE 52.26.
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with the aid of therapy putty. Overhead lifting, pulling, 
and pushing activities are restricted for 1 to 2 weeks, with 
a return to heavy labor and sporting activities allowed 2 to 
3 months postoperatively.
   

 

SUPERIOR APPROACH

 TECHNIQUE 52.27 

(FLATOW ET AL.)
 n  Place the patient in the beach-chair position and admin-

ister a scalene block.
 n  Use needles to determine the location and orientation of 

the joint before introducing the instruments.
 n  Inject several milliliters of normal saline solution with an 

18-gauge needle.
 n  Make two portal sites, one anterior and one posterior to 

the joint line. Use a 2.7-mm wrist arthroscopy unit until 
adequate space is present for a standard 4-mm arthro-
scope. Use electrocautery to coagulate small bleeders. 
Glycine or normal saline with 1:300,000 epinephrine and 
a shielded cautery unit can be used for irrigation.

 n  Using a full-radius resector, perform a complete synovec-
tomy and clean soft tissue and any remaining cartilage 
from the articular surface of the outer end of the clavicle 
with a curet.

 n  Using the electrocautery unit, shell out the outer end of 
the clavicle so that the tube of soft tissue containing the 
acromioclavicular ligament and capsule is preserved.

 n  Begin bone resection with a small (2-mm) burr followed 
by larger (3.5- to 4.5-mm) burrs. Switch the burr from the 
anterior to the posterior portal to remove bone adequately 
under direct vision. Perform final beveling using rasps.

 n  Carefully examine the joint with the arthroscope from the 
anterior and posterior portals to ensure adequate removal 
of bone and check for loose fragments of bone or carti-
lage. Probe the edges to confirm that no overhanging 
ridges remain. The direct approach affords excellent ex-
posure for final “sculpturing.”

 n  After withdrawing the instruments, inject 0.25% bupi-
vacaine (Marcaine) without epinephrine into the joint for 
postoperative comfort. Close the portal sites with resorb-
able sutures in a subcuticular fashion.

POSTOPERATIVE CARE Passive motion is allowed on 
the first postoperative day. Active exercises are allowed 
as soon as postoperative discomfort resolves, usually in 
3 to 5 days. A sling is worn for comfort for 1 to 2 days 
postoperatively.
   

ACROMIOCLAVICULAR JOINT 
SEPARATION
Acromioclavicular joint separations are common shoul-
der injuries. Most low-grade injuries, including Rockwood 
types I and II, can be treated successfully nonoperatively, 
whereas high-grade injuries, types IV, V, and VI, generally 

are considered operative lesions. The treatment of type III 
acromioclavicular joint injuries remains controversial, with 
most treated nonoperatively; however, treatment must be 
tailored to each patient. Traditionally, acromioclavicular 
joint stabilization was performed strictly as an open pro-
cedure; however, with advanced arthroscopic techniques, 
more of these procedures are being done with an arthroscop-
ically assisted technique. Arthroscopic techniques have 
the advantage of allowing evaluation and treatment of any 
concomitant glenohumeral pathology. Associated gleno-
humeral injuries have been shown to occur with as many 
as 53% of high-grade acromioclavicular joint separations. 
Most of these lesions involve articular-sided rotator cuff 
tears and SLAP tears, with advancing age being the most 
dominant predictor.

A variety of techniques for acromioclavicular joint 
stabilization have been described. The heterogeneity of 
the techniques has led to difficulty interpreting the avail-
able literature, with no clear consensus between non-
anatomic and anatomic reconstruction or when and if 
allograft augmentation is needed. Despite the multitude 
of techniques, reported failure rates and overall com-
plication rates remain relatively high, 21.8% and 14.2%, 
respectively, in a recent meta-analysis. We prefer to mini-
mize the number and diameter of drill holes in the distal 
clavicle and coracoid process to decrease the postopera-
tive fracture risk. Injuries more than 2 weeks old receive 
supplemental anterior tibialis graft augmentation to 
avoid the risk of loss of reduction and implant-related 
complications. 

 

ARTHROSCOPICALLY ASSISTED AC 
JOINT RECONSTRUCTION

 TECHNIQUE 52.28 

 n  With the patient in the standard beach-chair position, 
examine the stability of the acromioclavicular joint and 
assess ease of reduction. Check to confirm that imaging 
of the affected extremity is possible.

 n  Create a standard posterior portal and use a 30-degree 
arthroscope to perform a diagnostic arthroscopy and 
treat any associated pathology if indicated.

 n  Create a standard anterior portal high and slightly lateral 
in the rotator interval. Using an arthroscopic shaver and 
electrocautery, take down the rotator interval with care 
to preserve the superior and middle glenohumeral liga-
ments. This allows visualization of the underlying cora-
coacromial ligament and coracoid process.

 n  Create a low accessory anterolateral portal in line with the 
upper border of the subscapularis, taking care to allow for 
preparation of the undersurface of the coracoid. Place a 
clear 8.25-mm cannula, and use a 70-degree arthroscope 
for the remainder of the case.

 n  Clear the undersurface of the coracoid process of soft 
tissue with electrocautery and lightly decorticate it with 
an arthroscopic shaver, taking care to reach the medial 
extent of the coracoid process where the pectoralis minor 
inserts.
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 n  Once completed, use fluoroscopy to confirm placement 
of the superior incision overlying the clavicle, roughly 3 
cm medial to the acromioclavicular joint.

 n  With a No. 15 blade scalpel, make a 3 to 4 cm vertical 
incision though skin and subcutaneous tissue overlying the 
clavicle. Use Bovie electrocautery to make full-thickness 
skin flaps both medially and laterally. Incise the clavipec-
toral fascia in full-thickness fashion in line with the clavicle. 
Free the clavicle of soft tissue attachment both anteriorly 
and posteriorly to allow graft passage. Mobilize the clavicle 
to ensure ease of reduction of the acromioclavicular joint. 
Resect the distal 5 to 8 mm of the clavicle with a micro-
sagittal saw while protecting soft-tissue structures.

 n  With the arm supported in an arm positioner, reduce the 
acromioclavicular joint. Introduce an Arthrex AC Joint Re-
construction guide into the anterior portal and seat it at 
the base of the coracoid, ensuring it is in a central location 
from medial to lateral. Place the guide on the clavicle in 
the intended position in line with the coracoid process 
under fluoroscopic guidance.

 n  Advance the 2.4-mm guide pin through four cortices and 
until it can be seen exiting the inferior aspect of the cora-
coid process in the intended location. Use fluoroscopic 
imaging to confirm the location and remove the guide. 
Over-drill the superior cortex of the clavicle for flush seat-
ing of the Arthrex Knotless AC Joint TightRope “top hat.”

 n  Remove the central sleeve of the drill guide and insert a 
nitinol wire into the drill guide and retrieve it out the low 
anterolateral cannula (Fig. 52.54A). Shuttle the suture 
limbs of the Arthrex Knotless AC joint Tightrope through 
the clavicle and coracoid process and retrieve it out the 
low anterolateral portal.

 n  Load a cortical button onto the suture limbs and, with 
the help of a KingFisher grasper, shuttle them through 
the low anterolateral cannula and seat them at the base 
of the coracoid process (Fig. 52.54B).

 n  Carefully tension the suture limbs and seat a “top hat” 
within the superior clavicle to allow complete reduction of 
the acromioclavicular joint. Confirm this fluoroscopically. 
Set aside the suture limbs for later knot tying.

 n  Create the tunnels for graft passage starting medially. 
Place a switching stick just medial to the TightRope 
location, starting at the posterior aspect of the clavicle 
and advancing inferiorly to exit on the medial aspect 
of the coracoid process. Advance an arthroscopic can-
nula dilator over the switching stick until it is visualized 
medial to the coracoid process. Remove the switching 
stick and place an Arthrex FiberStick into the dilator 
and retrieve it out the low anterolateral cannula. Re-
peat the process starting just lateral to the TightRope 
and anterior to the clavicle and advancing the switch-
ing stick lateral to the coracoid process (Fig. 52.54C). 
Retrieve the second FiberStick out the low anterolateral 
cannula.

 n  Whip stitch both ends of an anterior tibial tendon allograft 
with Arthrex FiberLoop suture. Shuttle the graft using the 
medial FiberStick suture, bringing the graft posterior to 
the clavicle and medial to the coracoid process; continue 
until all suture limbs are retrieved out anterolateral can-
nula (Fig. 52.54D).

 n  Use the lateral FiberStick suture to shuttle the graft around 
the coracoid process, exiting anterior to the clavicle  

(Fig. 52.54E). The graft lies over the cortical button on 
the inferior surface of the coracoid process (Fig. 52.54F).

 n  Complete the tensioning of the TightRope and cut and tie 
the remaining sutures. Tie the graft over the clavicle and 
secure it to itself with two figure-of-eight No. 2 FiberWire 
sutures (Fig. 52.54G). Cut and discard excess graft. Ob-
tain final fluoroscopic images.

 n  Close the clavipectoral fascia with No. 0 Vicryl suture, and 
the remainder of the wounds in standard fashion.

POSTOPERATIVE CARE Patients are kept in sling immo-
bilization for 6 weeks to limit gravity forces placed on the 
operative construct. Hand, wrist, and elbow range of mo-
tion exercises, as well as pendulum exercises, are initiated 
immediately postoperatively. Physical therapy is begun at 
4 weeks with gentle shoulder passive range of motion 
exercises, and at 6 weeks unrestricted active motion is 
begun. Strengthening exercises are initiated at 10 to 12 
weeks (Fig. 52.54H).
  

CALCIFIC TENDINITIS OF THE  
ROTATOR CUFF
Although the exact cause of calcific tendinitis of the rotator cuff 
is unknown, many investigators believe that local tissue hypoxia 
and degeneration result in the calcium deposits. During the 
acute resorptive phase of calcific tendinitis, patients may have 
pain, inflammation, and limited range of motion of the shoul-
der, all of which mimic an acute infection. Conservative treat-
ment of this painful condition consists of intermittent icing, 
antiinflammatory drugs, and occasionally a local injection of 
a long-acting anesthetic into the subacromial space. The use of 
corticosteroid injections is controversial and may prolong the 
painful resorptive phase of calcific tendinitis. Oral narcotics for 
pain often are necessary during the acute phase.

Anteroposterior radiographs with the shoulder in inter-
nal and external rotation and an axillary lateral view are help-
ful in identifying the area of calcification. The supraspinatus 
tendon and the subscapularis tendon are commonly involved. 
If surgical intervention is necessary, arthroscopic release of 
the calcification may be beneficial. 

 

RELEASE OF CALCIFIC TENDINITIS

 TECHNIQUE 52.29 

 n  Standard arthroscopy portals are used for thorough in-
traarticular evaluation. The undersurface of the supraspi-
natus tendon when involved with calcific tendinitis may 
have an appearance of a strawberry lesion or hyperemic 
inflamed area, and the tendon in this area may be frayed. 
A fullness or slight bulge in the tendon also may be visible.

 n  If identified, lightly debride the area with a full-radius re-
sector and mark this with a No. 1 PDS placed through 
a spinal needle and left in place when the needle is re-
tracted. View the lesion through a subacromial portal and 
use an anterolateral accessory portal for instrumentation. 
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FIGURE 52.54 Acromioclavic-
ular joint reconstruction. A, Drill 
guide is used to drill through four 
cortices of the clavicle and cora-
coid. Drill sleeve is removed and 
Nitinol wire or Arthrex FiberStick 
is retrieved out low anterolateral 
portal. B, Cortical button is guided 
into position on inferior portion 
of coracoid using a KingFisher 
grasper. C, Graft passage around 
clavicle is facilitated with help of 
dilation using switching stick and 
arthroscopic cannula dilator. D, 
Graft passage around clavicle is 
facilitated with the help of dila-
tion using a switching stick and 
arthroscopic cannula dilator. E, 
Graft is being shuttled around 
lateral aspect of coracoid process. 
F, Graft overlies cortical button and 
is seated flush on inferior surface of 
coracoid process. G, Graft is secured 
to itself using multiple nonabsorb-
able sutures. Graft overlies “top 
hat” seated on the superior cortex 
of clavicle decreasing risk of implant 
irritation. H, Final postoperative 
radiograph showing completed 
arthroscopically assisted AC joint 
reconstruction. Note anatomic 
alignment of AC joint. SEE TECH-
NIQUE 52.27.
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Release the calcification into the subacromial bursa with 
a spinal needle or arthroscopic knife.

 n  For larger lesions, use a small curet to open the area in line 
with its fibers to release the calcification. Place a small, 
full-radius resector over the lesion to suction the pasty 
material from the cuff and lightly debride this area to 
stimulate a healthy response. Repair of the small partial 
tear usually is unnecessary.

 n  If there is evidence of impingement with fraying of the 
undersurface of the acromion and its counterpart near 
the rotator cuff, perform arthroscopic acromioplasty.

 n  Approach calcification of the subscapularis tendon 
through an anterolateral portal to view the subscapularis 
bursa and subscapularis tendon. Use the standard ante-
rior portal to place a full-radius resector down into the 
bursa into the site of the subscapularis tendon inflamma-
tion, and lightly debride and release the calcification.

POSTOPERATIVE CARE Active-assisted range-of-mo-
tion exercises are used to regain full motion as quickly as 
possible. As symptoms subside, progressive strengthening 
exercises for the cuff are performed, avoiding exercises in 
the impingement position.
  

OSTEOARTHRITIS
Weinstein et  al. reported 25 patients with arthroscopic 
debridement for degenerative arthritis. Treatment consisted 
of lavage, removal of loose bodies, debridement of degen-
erative labral tears and chondral lesions, and debridement 
of partial rotator cuff tears. They reported 80% good results 
and 20% unsatisfactory results when evaluating pain relief, 
function, and range of motion. At an average follow-up of 34 
months, 76% of patients maintained pain relief.

This technique (Fig. 52.55) may be beneficial in patients 
in whom conservative therapy has failed but who are not 
candidates for total joint arthroplasty. The best results may 

be expected in patients who have had a recent exacerbation 
of symptoms as opposed to patients who have had a grad-
ual, long-term, progressive worsening of the condition. Few 
studies specific to microfracture of the glenoid and humeral 
head are available, but, as in other joints, best results can 
be expected for local unipolar defects in patients younger 
than 50 years of age. Small humeral head defects fare bet-
ter than glenoid defects. For glenoid defects associated 
with a Bankart lesion, advancement of the labrum to cover 
or decrease the size of the defect can be used. Aggressive 
microfracture will cause a stress riser in the glenoid and 
should be avoided. 

POSTERIOR OSSIFICATION OF THE 
SHOULDER (BENNETT LESION)
The Bennett lesion was originally believed to be calcification 
caused by a traction injury in the area of the triceps tendon 
insertion. Ferrari et al. described the arthroscopic findings in 
seven pitchers with Bennett lesions, all of whom had poste-
rior intraarticular changes, including posterior labral injury 
and posterior undersurface rotator cuff damage. The extraar-
ticular calcification seen on radiography was not visible 
arthroscopically and was not treated. The frayed labrum and 
rotator cuff were debrided, and a rehabilitation program was 
started. Six of the seven athletes were able to return to prein-
jury levels of competition. Warren suggested that in athletes 
with evidence of posterior labral injury some may have a par-
tially detached posterior capsule. This injury may be in the 
spectrum of lesions described by Burkhart and Morgan as a 
peel-back lesion associated with extreme external rotation in 
sports requiring overhead motion. They suggested reattach-
ment of this posterior capsule to a “freshened” glenoid. If cap-
sular attachment is necessary, the glenoid can be freshened 
with a full-radius resector through a posterior portal with 
the arthroscope in the anterior portal. The capsule can be 
approximated to the glenoid with an arthroscopic absorbable 
suture anchor technique using accessory posterior portals for 
instrumentation and an anterior portal for viewing or a pos-
terolateral portal 1 cm anterior and lateral to the posterolat-
eral corner of the acromion. 

SPINOGLENOID CYST
In the past, treatment of a spinoglenoid cyst with associated 
suprascapular nerve symptoms focused on excision of the 
cyst with repair of the labrum. Most of the cysts are second-
ary to flap tears. A series by Youm, Matthews, and El Attrache 
evaluated 10 patients treated with arthroscopic decompres-
sion of the cyst and labral repair. All patients were satisfied 
with their treatment, and eight of the 10 had MRI evidence of 
the cyst completely resolving. All six patients who had exter-
nal rotation weakness regained normal function and had nor-
mal electromyographic studies. It seems that decompression 
should be done when it can be safely performed while decor-
ticating the neck and making a small puncture into the cyst, 
decompressing it at the time of repair. Nevertheless, the main 
part of the treatment has been shown to be a labral repair, and 
results are excellent with repair of the SLAP lesion. 

SHOULDER CONTRACTURES
Shoulder contractures may be caused by trauma, surgery, 
or inflammation. Many of these conditions are preventable 

             

   

FIGURE 52.55 Arthroscopic debridement for osteoarthritis. or treatable by intensive, goal-oriented physical therapy. A
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particularly troublesome form of contracture is that associ-
ated with diabetes mellitus. The presentation typically is one 
of gradual progression of idiopathic adhesive capsulitis owing 
to a marked thickening and loss of viscoelastic properties of 
the joint capsuloligamentous complex. Scarlat and Harryman 
noted that patients who had symptoms for more than 6 
months were less likely to respond favorably to manipulation 
than were patients with posttraumatic or postsurgical stiff-
ness. In our experience, patients with symptoms of more than 
4 months’ duration combined with rotation of less than 30 
degrees and flexion of less than 100 degrees generally respond 
poorly to therapy. These patients and all patients with capsu-
litis should be monitored closely in therapy. If a patient is not 
gaining significant motion (10 to 15 degrees over 2 weeks) 
over a 4-week period, manipulation or surgical intervention 
should be contemplated early. Scarlat and Harryman recom-
mended early prophylactic range-of-motion programs for 
patients with diabetes, particularly type 1, and early treatment 
with manipulation and complete arthroscopic release to pre-
vent chronic painful symptoms. In their study, approximately 
20% of the patients required early remanipulation, and these 
patients did best if the second procedure was done 3 to 4 years 
after the first. The guidelines listed in Box 52.3 can be used 
to approach the difficult problems associated with shoulder 
contractures. 

 

CAPSULAR RELEASE

 TECHNIQUE 52.30 

(SCARLAT AND HARRYMAN)
 n  Begin by performing a bilateral range-of-motion exami-

nation with the patient under anesthesia and then at-
tempt gentle manipulation.

 n  Make a posterosuperior portal after marking the surgical 
anatomy.

 n  Insert a tapered-tip trocar through the soft spot at the 
posterosuperior aspect of the glenohumeral joint. Use a 
sharp trocar to pierce the thickened posterior capsule if 
necessary, but immediately switch back to the blunt ta-
pered tip before advancing into the joint.

 n  Advance the scope toward the rotator interval. In very 
stiff shoulders there is no room below the biceps tendon, 
but the scope can be advanced above the biceps tendon 
toward the rotator interval capsule.

 n  Use a Wissinger rod to create an anterosuperior portal 
from inside out. Alternatively, this portal can be made 
outside in by making a portal 1.5 cm anterior to the acro-
mioclavicular joint and passing a sharp trocar through the 
rotator interval capsule under direct view. Insert a 30-de-
gree arthroscope through the anterosuperior portal to 
view the posterosuperior capsule adjacent to the glenoid 
labrum.

 n  Retract the posterior cannula to release the contracted 
posterosuperior capsule using capsular release forceps. 
These forceps are specially designed to free the capsule 
from the subjacent rotator cuff musculature and to re-
sect the thick capsule widely. The labrum should be left 
entirely intact. Some authors prefer electrocautery for the 
release.

 n  After the posterosuperior quadrant has been released, 
release the posterior capsule in an inferior direction as far 
as visibility allows.

 n  Exchange the arthroscope in position and excise the an-
terosuperior rotator interval capsule. To avoid additional 
bleeding, do not use a motorized shaver for debridement 
except for sucking out pieces of capsule. Next, resect the 
anterior capsule farther inferiorly, continuing with the 
middle glenohumeral ligament and extending toward 
the anteroinferior glenohumeral ligament. Alternatively, 
a 70-degree arthroscope can be used to assist in viewing 
the release in an inferior direction.

 n  Retract the arthroscope posteriorly to view the intact and 
contracted posteroinferior capsule.

 n  Use a spinal needle to locate a second posteroinferior por-
tal for placement of a second posterior cannula.

 n  When portal access is established, insert the capsular re-
lease forceps and retract the cannula. Close the capsular 
release forceps and separate the rotator cuff musculature 
and neurovascular structures from the external surface 
of the contracted capsule before resecting the capsular 
tissue. Insert and retract the cannula alternately with the 
capsular release forceps. Use a suction shaver to extract 
tissue fragments effectively. Direct the cutting orifice of 
the motorized shaver toward the labrum to avoid nerve 
or vascular injury.

Guidelines for Treatment of Shoulder 
Contractures

 1.  The patient must fully understand the potential surgical 
procedures, including open techniques, and the difficult 
postoperative course.

 2.  Initial portals are placed superiorly 1.5 cm below the 
acromion and 1.5 cm below the acromioclavicular joint. 
Sharp trocars may be necessary to penetrate the thickened 
contracted capsule carefully.

 3.  Selective arthroscopic releases may accomplish the 
following gains in motion (Bennett):
Rotator interval: external rotation
Inferior capsule: external rotation, flexion, internal rotation
Posterosuperior capsule: internal rotation

 4.  Patients with diabetes require complete circumferential 
release if manipulation does not restore full motion.

 5.  Postsurgical contractures usually require a combined 
arthroscopic and open release. A subscapularis lengthening 
may be necessary to restore external rotation.

 6.  If arthroscopic visualization is poor, convert to an open 
procedure. If an arthroscopic release is to be performed in 
the 5-o’clock to 7-o’clock position at the inferior capsule, 
stay within 1 cm of the labrum and carefully separate 
capsule from muscle to protect the axillary nerve.

 7.  Postoperative pain control is obtained with interscalene 
block, passive range of motion, careful follow-up, and early 
3- to 4-week reintervention with arthroscopic procedures 
when indicated.

 BOX 52.3 
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 n  Perform the inferior capsular release no more than 1 cm 
from the inferior labrum to avoid risk to the neurovascu-
lar structures. Use the maximal length of the angulated 
capsular release forceps to continue release of the cap-
sule. As the release continues from posterior to anterior, 
the inferior border of the subscapularis is encountered. 
Continue the release into the anteroinferior quadrant. In 
this location, the inferior glenohumeral ligament is quite 
thick.

 n  Position the arthroscope to view the upper rolled border 
of the subscapularis tendon and place a second antero-
inferior portal from outside to inside just above the sub-
scapularis tendon. When the portal is established, use the 
anterosuperior portal for arthroscopic viewing and posi-
tion the capsular release forceps through the anteroinfe-
rior portal to resect the inferior glenohumeral ligament 
from the deep surface of the subscapularis muscle.

 n  Completely release the thick capsuloligamentous struc-
ture until a direct connection is made between the an-
terior and posterior release. The humeral head does not 
drop inferiorly and does not fully rotate until the inferior 
glenohumeral ligament is completely divided.

 n  After the release has been connected circumferentially 
around the joint, finish with a synovectomy and wide 
resection of the capsular margins to prevent early scar 
formation and restricted capsular volume.

 n  When the intraarticular capsular release is complete, 
view the subacromial space. Usually, significant adhesion 
contractures of the humeroscapular motion interface are 
seen in patients with prior surgical intervention. These 
adhesions connect the deep surface of the deltoid to the 
rotator cuff, and because they prevent rotating or gliding 
motions, they limit the shoulder range.

 n  Through an axillary deltopectoral approach, perform a 
complete lysis of adhesions between the bursal surface 
around the proximal humerus and surfaces of the entire 
rotator cuff, coracoacromial arch, coracoid base, and con-
joined tendon.

POSTOPERATIVE CARE A supraclavicular catheter is 
placed before surgery under ultrasound guidance. It is left 
in place for pain management for the first 48 to 72 hours 
after surgery. After surgery, the patient and family mem-
bers are instructed on immediate active-assisted range-of-
motion exercises to be repeated continuously throughout 
the day. Physical therapy for passive- and active-assisted 
range of motion is started within 24 hours.

We recommend reexamination within 3 weeks. The 
stretching exercises must be performed in all four quad-
rants, five times a day, with five repetitions of each stretch-
ing maneuver.
  

SUPRASCAPULAR NERVE ENTRAPMENT
Suprascapular nerve entrapment has drawn more attention 
in recent literature as a cause of persistent parascapular and 
posterior shoulder pain associated with massive cuff tears 
and traction placed on the nerve by the retracted cuff. Other 
causes of suprascapular nerve entrapment include ganglia in 
or around the suprascapular notch and altered anatomy of the 
notch involving transverse scapular ligament thickening and 

constricting bony anatomy of the notch. Lafosse et  al. sug-
gested that chronic pain and electrodiagnostic evidence of 
suprascapular nerve compression refractory to conservative 
management are indications for nerve release. 

 

SUPRASCAPULAR NERVE RELEASE

 TECHNIQUE 52.31 

(LAFOSSE, TOMASI, AND CORBETT)
 n  Place the patient in a beach-chair position with the arm 

held in flexion and with 3 kg of longitudinal traction. Posi-
tion the suprascapular nerve portal between the clavicle 
and the scapular spine, approximately 7 cm medial to the 
lateral border of the acromion. This portal is approximately 
2 cm medial to the Neviaser portal. Warner et al. found 
that the suprascapular notch is approximately 4.5 cm from 
the posterolateral acromion. This portal is created under 
direct visualization through an outside-in technique.

 n  After inspection of the glenohumeral joint through the 
posterior portal, introduce the arthroscope into the sub-
acromial space through the lateral portal. Use a shaver 
and radiofrequency device through the posterior portal 
to remove the anteromedial bursa and provide access 
to the suprascapular notch. Because swelling during the 
procedure adds significantly to the difficulty of gaining 
adequate exposure to the transverse scapular ligament, 
distal clavicular resection or subacromial decompression, 
if it is to be performed, should be done after the supra-
scapular nerve decompression.

 n  Once the anteromedial bursectomy has been completed, 
switch the arthroscope to the lateral portal. Create an 
anterolateral portal at the anterolateral corner of the ac-
romion. This portal is optimal for completing the dissec-
tion of the transverse scapular notch with a shaver and 
radiofrequency devices.

 n  First, identify the coracoacromial ligament and follow its 
course to the base of the coracoid. Next, identify the cora-
coclavicular ligaments (conoid and trapezoid) by carrying 
the dissection posteriorly and medially. The medial border 
of these ligaments at the base of the coracoid defines 
the lateral insertion of the superior transverse scapular 
ligament. The transverse scapular ligament is identified as 
the medial continuity of the conoid ligament above the 
scapular notch (Fig. 52.56A).

 n  Once visualization of the transverse scapular ligament is 
adequate, use an 18-gauge spinal needle to guide the 
placement of the new suprascapular nerve portal through 
the trapezius at an angle orthogonal to the suprascapular 
fossa and slightly anteriorly toward the transverse scapu-
lar notch. The portal is located approximately 7 cm medial 
to the lateral border of the acromion and approximately 
2 cm medial to the Neviaser portal. If the spinal needle is 
oriented correctly, the tip of the needle should be visual-
ized immediately anterior to the anterior border of the 
supraspinatus muscle. Take care not to damage the spinal 
accessory nerve as it traverses near the medial border of 
the scapula; the portal should be more than 5 cm medial 
to the suprascapular nerve.
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 n  Once the spinal needle has been appropriately positioned, 
use a knife to incise the skin and blunt dissection through 
the trapezius and surrounding soft tissues to the supra-
scapular nerve with a trocar. Use the blunt trocar to dissect 
the fatty tissues that surround the suprascapular nerve 
within the transverse scapular notch and to further clarify 
the borders of the transverse scapular ligament. The su-
prascapular artery is easily visualized superior to the liga-
ment, and the suprascapular nerve is identified as it travels 
underneath the ligament (Fig. 52.56B). If necessary, use 
radiofrequency or shaver devices to enhance the dissec-
tion but be sure that the instruments remain superior and 

lateral to the conoid ligament insertion at the base of the 
coracoid to avoid injury to the suprascapular artery.

 n  Once the ligament and nerve are identified, position the 
blunt tip of the trocar lateral to the suprascapular nerve 
within the transverse scapular notch to protect the su-
prascapular nerve during transection of the ligament. 
To perform the ligament release, make a second portal 
approximately 1.5 cm lateral to the suprascapular nerve 
portal to introduce the arthroscopic scissors. Release the 
transverse scapular ligament (Fig. 52.56C).

 n  After release of the transverse scapular ligament, assess 
the decompression with gentle manipulation of the su-

 

A
B

C

FIGURE 52.56 A, Superior view of portals for suprascapular nerve decompression (red dot, 
standard posterior portal). B, Portals on right shoulder. C, Portals and instrument positioning. 
Viewing through lateral portal, all other devices are passed through suprascapular nerve portal. 
(From Lafosse L, Tomasi A, Corbett S, et al: Arthroscopic release of suprascapular nerve entrapment at the 
suprascapular notch: technique and preliminary results, Arthroscopy 23:34, 2007.) SEE  TECHNIQUE 52.30.
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prascapular nerve within the scapular notch. If there is 
residual compression of the nerve, usually resulting from 
bony hypertrophy within the suprascapular notch, per-
form a notchplasty along the lateral border of the supra-
scapular notch with a burr.

 n  Close the portals with an absorbable subcutaneous  suture.

POSTOPERATIVE CARE Patients are discharged on the 
day of surgery. They are instructed to wear a sling for the 
first 48 to 72 hours for comfort, although there is no struc-
tural reason to restrict activity. Pendulum exercises and 
active motion are encouraged on the first postoperative 
day, and patients are permitted to progress their activity 
without restrictions thereafter. Follow-up should be in 6 
weeks and 6 months.
   

 

SCAPULOTHORACIC BURSECTOMY
Snapping scapula syndrome usually results from scapular 
dysfunction or dyskinesis, and 90% to 95% of patients 
have pain relief with conservative measures. Patients with 
persistent symptoms should be evaluated with MRI or CT 
for detection of any bony abnormalities. When secondary 
gain is ruled out and extensive conservative treatment fails, 
good results can be obtained with arthroscopic bursectomy 
and superior angle restoration by an expert arthroscopist.

 TECHNIQUE 52.32 

(MILLETT ET AL.)
 n  Place the patient prone and prepare and drape the opera-

tive extremity and posterior thorax in a sterile fashion.
 n  Place the dorsum of the operative hand posteriorly on the 

mid-lumbar spine, creating winging of the scapular and 
increasing the potential space between the scapula and 
chest wall for portal placement.

 n  Establish an initial viewing portal approximately 3 cm me-
dial to the inferomedial angle of the scapula and insert a 
30-degree arthroscope.

 n  Establish a second working portal using triangulation with 
the assistance of a spinal needle approximately 3 cm me-
dial to the scapula, just caudal to the scapular spine.

 n  After diagnostic arthroscopy confirms bursal hypertrophy, 
use a shaver and radiofrequency ablator to clear inflamed 
bursal tissue and any fibrous bands in the area of the 
patient’s symptoms as previously determined by preop-
erative anesthetic injections.

 n  Expose the superomedial angle of the scapula by careful 
partial removal of the underlying muscular attachments 
with a radiofrequency probe.

 n  Resect any bony prominence in this region with a shaver 
and high-speed arthroscopic burr.

 n  Place spinal needles outlining the border of the scapula 
to mark the extent of the planned resection. Use a high-
speed burr to remove a triangular section of bone, typi-
cally 2 cm (anteroposterior) × 3 cm (mediolateral).

 n  Perform a dynamic examination of the scapula to ensure 
that no mechanical crepitation or other abnormalities 
 remain.

 n  Close the portals and apply a sling to the affected extremity.

POSTOPERATIVE CARE Full range of motion is allowed, 
and early scapular protraction and retraction are encour-
aged. Return to activities usually can be permitted at 
8 weeks after surgery.
  

COMPLICATIONS
Complications after diagnostic and operative shoulder 
arthroscopy are as uncommon as they are in other joints. 
The less frequent use of shoulder arthroscopy by the average 
orthopaedic surgeon may contribute to an increased inci-
dence of complications, however. Portal placement for shoul-
der arthroscopy is more difficult than for the knee because 
there are fewer bony landmarks and more muscle mass to 
traverse. Maneuvering the arthroscope is more difficult in 
the shoulder than the knee because the joint is surrounded 
by thick layers of musculotendinous cuff and capsular tissue. 
New advanced procedures are being done by more surgeons, 
and in some procedures the learning curve may be quite 
steep. This in itself results in increased procedure failures and 
increased intraarticular damage.

Many potential arthroscopic complications can be elimi-
nated before they occur by thoroughly examining the causes 
of recurrence. Treating bony lesions and hyperlaxity with 
standard arthroscopic techniques will certainly result in a 
high failure rate. In appropriately chosen patients in whom 
repair was obtained with good arthroscopic technique, the 
chance of recurrent instability is comparable with open 
techniques. Likewise, overconstrained joints usually can be 
avoided by carefully evaluating and choosing appropriate 
patients on whom to perform interval closures and plication 
procedures.

Neurologic injuries can occur from traction or pressure 
and are normally transient. Injury to the suprascapular nerve 
can occur because it resides less than 2 cm medial to the gle-
noid articular surface along the scapular neck, and the axil-
lary nerve can also be injured because it is 3 cm or more from 
most portals. Care in marking landmarks and portal position 
is critical. Finally, the subclavian vein is within 1 cm of the 
5-o’clock portal; thus, to preserve the vein and the integrity 
of the subscapular muscle, the portal is mainly a percutane-
ous portal for anchor placement. Although the neurovascular 
structures are at risk for injury with anterior portal placements 
that are too medial or inferior, neurologic complications seem 
to result more often from excessive traction on the shoulder 
and improper positioning. Paulos and Franklin reported an 
approximately 30% incidence of transient paresthesias in the 
upper extremity after shoulder arthroscopy using traction. 
Klein et al. reported a 10% incidence of transient paresthesias 
and palsies combined. They also used cadaver shoulders to 
study the strain on the brachial plexus that results from trac-
tion loads applied at various arm positions and to correlate 
this with visibility through the arthroscope. The most com-
mon arthroscopic shoulder position of 30 degrees of forward 
flexion and 70 degrees of abduction produced the highest 
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average strain on the brachial plexus. They recommended 
placing the shoulder in either 45 degrees of forward flexion 
and 90 degrees of abduction or 45 degrees of forward flex-
ion and 0 degrees of abduction to maximize visibility with 
minimal strain to the brachial plexus. We typically place the 
shoulder in 30 to 70 degrees of abduction with 10 to 13 lb of 
traction and have not had any significant neurologic sequelae.

Infection should be an infrequent complication because of 
the limited exposure, the rich vascularity around the joint, and 
the dilutional effect of the irrigating solution. Infection can 
occur, however, with violations of sterile technique. Careful 
preparation and draping minimize fluid leakage and contami-
nation through the drapes to unsterile areas. Propionibacterium 
acnes is a low-virulence organism associated with shoulder 
procedures. Completely sealing the axilla with sterile gauze 
and sterile drapes helps decrease possible exposure.

Chondrolysis can be a severely debilitating complication. 
The risk factors are postarthroscopic infusion of local anesthetic, 
particularly in young patients when suture anchors are used.

Thromboembolic events have been reported in patients 
having shoulder arthroscopy. Kuremsky et al. reported a 0.31% 
prevalence in patients after shoulder arthroscopy. Deep vein 
thrombosis occurred in both the ipsilateral upper and lower 
extremities. Four of six patients had a pulmonary embolism 
and three of them had identifiable risk factors. Routine use of 
lower extremity serial compression devices may be beneficial, 
particularly if risk factors are evident.

Lo and Burkhart reported fluid retention and weight gain 
after arthroscopy as common, although transient, complica-
tions of shoulder arthroscopy. In a study of 53 patients, the 
average weight gain caused by arthroscopy fluid was 4.2 ± 
3.8 lb (range: 0 to 14.5 lb). All of these fluid retention prob-
lems resolved rapidly postoperatively but could be a potential 
problem in a cardiac-compromised patient.

Currently, the most frequent complication of shoulder 
arthroscopy is failure of the procedure. Earlier stabilization 
techniques with transglenoid sutures had failure rates ranging 
from 4% to 40%. To prevent suture loosening and subsequent 
instability, appropriate tension should be placed on the sutures 
and meticulous intraarticular knot-tying techniques should 
be used. The surgeon should be skilled in the tying of two 
basic knot types—a nonsliding knot and a sliding knot. The 
nonsliding knot can be used for any application. The sliding 
variety is a good choice when the suture slides easily through 
the anchor and soft tissues. A variety of arthroscopic knots 
can be used, but the surgeon’s or Revo knot is the standard, 
most secure knot with a tight suture loop and no slippage 
(Fig. 52.57). According to a study by Lo and Burkhart evalu-
ating loop and knot security, locking-sliding knots such as the 
Duncan loop (Fig. 52.58), SMC (Fig. 52.59), and Roeder (Fig. 
52.60) knots are secure when three reversing half-hitches are 
placed on alternating posts and are tied over the knot. The 
Roeder and SMC knots are locking-sliding knots.

When tying arthroscopic intraarticular knots, the initial 
knot should be either a slipknot with two half-hitches thrown 
in the same direction over the same post or a fisherman’s 
knot (Duncan loop). The initial slip knot is secured by three 
reversing half-hitched throws over alternating posts. The post 
suture is held under tension while the knot pusher is used to 
tease the slip knot down securely; the hitch suture is pushed 
to the side and past the point of the knot to tie the throw 
securely. The post changes from one suture strand to the other 
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FIGURE 52.57 Revo nonsliding knot. Place knot pusher on post 
strand. A, Throw underhand loop (first half-hitch) around post, 
and advance loop into operative cavity, alternating tension on 
each strand until first half-hitch is tightened down on tissue to be 
opposed. B, Withdraw knot pusher while maintaining tension on 
post strand, and throw another underhand half-hitch around same 
post. Push it into joint until knot has seated. C, Maintain tension 
on post strand, and this time overhand throw around same post 
and push down into place. Tension knot by past-pointing, accom-
plished by passing knot pusher beyond knot sequence and applying 
tension on both strands while holding pusher in position beyond 
knot. Knot pusher is switched to second limb, which is designated 
as new post. D, Throw an underhand half-hitch around new post 
and tension. E, Switch knot pusher to original post, and throw an 
overhand hitch and tension. F, Alternatively, pull half-hitches into 
joint by placing knot pusher on loop strand ahead of loop and drag 
loop into position. Tighten knot by past-pointing on each loop. Cut 
tails of suture 3 to 4 mm from knot.

 

A B C D E F
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FIGURE 52.58 Duncan loop sliding knot. Verify that suture 
is free to slide and there is no evidence of twists or soft-tissue 
entanglements between suture and tissue to be apposed. Begin 
with two uneven parallel sutures, with post being half as long 
as loop as it protrudes from operative cannula. A, Grasp sutures 
between thumb and index finger, creating small loop by passing 
loop strand over post. B, Follow this by succession of four loops 
around post and loop strands. C, Pass tail of loop strand through 
original loop created, and pull on loop limb to tighten knot configu-
ration. D, When it is tightened, gently advance knot by pulling 
on post. Maintain tension on post during locking sequence. Place 
series of half-hitches to lock this knot. E, Place first half-hitch on 
same post strand by passing it under post. F, Change post, and place 
opposite throw (overhand) over new post. Tension and advance 
into position. Continue sequence, alternating posts and direction 
of loop thrown to give total of three or four half-hitches on top 
of sliding knot to prevent slippage of this knot.
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with each throw of the suture. This may also be achieved by 
alternating tension on the two suture ends; the suture tail 
under tension serves as the post suture. Recommendations of 
Loutzenheiser et al. are as follows: (1) always switch the post 
for every throw after securing the first half-hitch following a 
slipknot, (2) always reverse the half-hitch direction, over and 
then under the post, for each half-hitch throw, (3) use at least 
three half-hitches on alternating posts, and (4) reverse loops 
to secure slip knots. They also recommended practicing and 
examining pusher-tied knots for consistency before attempt-
ing them clinically.

Other important points for secure knot tying are as fol-
lows: (1) the suture must slide through the anchor eyelet, 
allowing for an initial slip knot; (2) the knot passer must pass 
all the way down the post suture without obstruction; and 
(3) no excessive tension should be placed on the soft tissue 
being sutured. Tension can be relieved by decreasing trac-
tion and internally rotating the shoulder and by placing a 
tension suture or grasper on the soft tissue while tying the 
suture. Absorbable monofilament PDS maintains 40% to 50% 
strength at 6 weeks but can elongate up to 30% when placed 
under tension. Although the PDS is easier for passing and 
tying knots, it also slips and elongates easier than nonabsorb-
able suture. We reserve its use for plication techniques and to 
assist in passing anchor sutures through the capsule.

As skill levels and understanding of the pathoanatomy 
have increased, the failure rates have come more in line with 
those of the open techniques. 

ELBOW
Arthroscopic evaluation and treatment of the elbow have 
advanced in popularity and in sophistication. New portals 
and more advanced surgical techniques have been described, 
and a better understanding of the pathologic findings has 
been obtained.

INDICATIONS
Elbow arthroscopy has been found to be helpful in the fol-
lowing situations: (1) evaluation and removal of loose bod-
ies; (2) evaluation and treatment of osteochondritis dissecans 
of the capitellum; (3) evaluation and treatment of chondral 
or osteochondral lesions of the radial head; (4) excision of 
osteophytes from the humerus and olecranon; (5) partial syn-
ovectomy, especially in rheumatoid disease; (6) debridement 
and lysis of adhesions around the elbow in posttraumatic or 
degenerative disease; (7) tennis elbow release; and (8) evalua-
tion of a painful elbow when other diagnostic tests are incon-
clusive. Use of the arthroscope also has been described for 
debridement of inflamed olecranon bursae, stabilization pro-
cedures, and treatment of some intraarticular fractures.

Contraindications are few but include bony ankylosis or 
severe fibrous ankylosis that prevents safe introduction of the 
arthroscope. Previous surgery that alters normal elbow anat-
omy, such as anterior transposition of the ulnar nerve, also 
eliminates certain portals and may be a relative contraindica-
tion to arthroscopy. As with other joints, elbow arthroscopy 
should not be done in the presence of a periarticular infection. 

PATIENT POSITIONING AND ANESTHESIA
Elbow arthroscopy can be done with the patient supine, 
prone, or in the lateral decubitus position on a standard oper-
ating room table. A tourniquet is used to control bleeding and 
is placed as high as possible on the arm to avoid crowding 
the operative field. Usually, general anesthesia is used because 
it affords complete muscle relaxation and eliminates intraop-
erative patient discomfort.

SUPINE POSITION
With the patient supine, the hand and forearm are placed in 
a sterile, waterproof stockinette suspension device connected 
to a rope and pulley system with 5 to 6 lb of weight for bal-
anced suspension. The patient is positioned so that the arm 
hangs free off the side of the table, with the shoulder in neu-
tral rotation and 90 degrees of abduction (Fig. 52.61). The 
elbow is flexed at 90 degrees. This position provides access to 
both sides of the elbow and relaxes the neurovascular struc-
tures in the antecubital fossa. The surgeon sits on a rolling 
stool with the elbow at chest level so that he or she can easily 
move to either side of the elbow (Fig. 52.61).

The monitor is placed on the opposite side of the patient, 
and 4-mm, 30-degree and 2.7-mm, 70-degree wide-angle 
arthroscopes are used. Maintaining established portals with 
interchangeable cannulas or cannulas with rubber diaphragms 
is essential to reduce the risk of damaging adjacent neurovas-
cular structures with repeated passage of instruments and 
decreases fluid extravasation with its risk of neurovascular 

 

A B C
FIGURE 52.59 SMC knot. A, Underhand throw with loop strand 

under loop and post strands. B, Second underhand throw with loop 
strand under post strand. C, Underhand throw with loop strand 
under post strand behind second throw.  (From Kim SH, Ha KI: The 
SMC knot—a new slip knot with locking mechanism, Arthroscopy 16:563, 
2000.)

 FIGURE 52.60   Roeder knot.
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compression in the antecubital fossa. Use of a video-dedicated 
arthroscope also is recommended to decrease fogging. Inflow 
may be by gravity or by arthroscopic pump with low pressure 
at 40 to 50 mm. Throughout the procedure, the amount of 
fluid extravasation and the tension of the soft tissues, espe-
cially in the antecubital fossa, should be carefully monitored. 
If extravasation becomes excessive, the procedure should be 
aborted. 

PRONE POSITION
Poehling et al. introduced the use of the prone position for 
elbow arthroscopy in 1989. They recommended this opera-
tive position on the basis of their impression that it improves 
arthroscopic mobility, makes joint manipulation easier, 
improves access to the posterior aspect of the joint, and pro-
vides more complete viewing of the intraarticular structures. 
The patient is placed prone on chest rolls, and a tourniquet is 
applied around the proximal arm. An arm board is placed par-
allel to the operating table at the level of the arm. The shoul-
der and proximal arm are elevated on a sandbag placed on the 
arm board. No traction is used, and the arm is positioned with 
the shoulder in neutral rotation and 90 degrees of abduction. 
The elbow is flexed 90 degrees with the hand pointing toward 
the floor. The surgeon stands with the operating table at chest 
level to prevent contamination of  the dependent hand. The 
monitor and other equipment are placed across from the sur-
geon (Fig. 52.62).

After induction of anesthesia, the arm is prepared in the 
usual fashion and waterproof drapes are applied. After the 
arm is exsanguinated and the tourniquet is inflated, bony 
landmarks and portal sites are outlined with a marking pen: 
laterally, the lateral epicondyle and the radial head; medially, 
the medial epicondyle; and posteriorly, the olecranon tip. The 
most commonly used portals are the direct lateral, antero-
lateral, anteromedial, proximal medial, posterolateral, and 
straight posterior (Fig. 52.63). 

LATERAL DECUBITUS POSITION
The lateral decubitus position for elbow arthroscopy was 
developed as a modification of the prone position. Placing 
the patient in the lateral decubitus position allows easy access 

to the posterior compartment and maintains mobility of the 
patient for induction and maintenance of anesthesia during 
the procedure. The patient is kept in the lateral decubitus 
position with the help of a beanbag and kidney rest. The tour-
niquet is applied high around the arm, and the arm is placed 
over a bolster attachment to the bed. The bolster should be 
small enough to be out of the operative site and to allow 
the elbow to hang freely at 90 degrees of flexion with unob-
structed access to anterior and posterior portals. Takahashi 
et  al. advocated traction to assist in joint visualization. We 
have not used traction, but a small amount of manual distrac-
tion may improve exposure in some instances. 

PORTAL PLACEMENT
The direct lateral portal is located in the lateral soft spot where 
elbow effusions are visible, palpable, and often aspirated. 
The portal is located in the center of the triangle formed by 
the lateral epicondyle, radial head, and tip of the olecranon. 
This spot can be precisely located by palpating the posterior 
articulation of the radiocapitellar joint. The portal is made 
just posterior and proximal to this joint. Instruments in this 
portal traverse skin, a small amount of subcutaneous tissue, 
the anconeus muscle, and the joint capsule. The elbow is dis-
tended initially through this portal.

The anterolateral portal, traditionally the standard diag-
nostic portal, usually is the first established after elbow disten-
tion. Anterolateral portals may include (1) the traditional distal 
anterolateral portal 2 to 3 cm distal and 1 cm anterior to the 
lateral epicondyle, (2) the midanterolateral portal just proximal 
and approximately 1 cm anterior to the palpable radiocapitel-
lar joint, and (3) the proximal anterolateral portal 2 cm proxi-
mal and 1 cm anterior to the lateral epicondyle, as described 
by Field et al. These authors believe that this proximal portal is 
technically easier to establish and allows superior joint expo-
sure compared with other anterolateral portals. The proximal 
anterolateral portal provides the safest distance from the radial 
nerve but can make instrumentation in the medial compart-
ment more difficult than the midanterolateral portal. We no 
longer use the distal anterolateral portal because of its prox-
imity to the radial nerve but prefer the midanterolateral por-
tal (Fig. 52.64). The anterolateral portal traverses the extensor 
carpi radialis brevis muscle and passes beneath the radial nerve. 
Lynch et al. reported that instruments might pass within 4 mm 
of the radial nerve when the elbow is not adequately distended. 
If the elbow is flexed 90 degrees and maximally distended, 
however, the distance between the radial nerve and the can-
nula averaged 11 mm. Field et al. evaluated the distance from 
the cannula to the radial nerve with all three anterolateral por-
tals. They found the distance to be greatest from the proximal 
anterolateral portal, averaging 13.7 mm with the elbow flexed; 
the nerve was an average of 7.2 mm from the distal anterolat-
eral portal and 10.9 mm from the midanterolateral portion. All 
authors emphasize the importance of 90 degrees of elbow flex-
ion and joint distention to move the radial nerve anteriorly out 
of the path of the trocar entering the joint. The skin incisions 
should be made carefully with a No. 11 blade, avoiding deep 
penetration to protect the lateral and posterior antebrachial 
cutaneous nerves. A small hemostat is used to spread down to 
the capsule before using a blunt trocar to enter the joint.

The anteromedial portal is located 2 cm distal and 2 
cm anterior to the medial epicondyle. This portal approxi-
mates the medial extension of the flexor crease of the elbow 

 FIGURE 52.61 Setup for patient in supine position with elbow 
maintained in 90 degrees of flexion and shoulder in 90 degrees of 
abduction by overhead traction.
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(see Fig. 52.63A). It passes through the tendinous portions of 
the pronator teres and the radial aspect of the flexor digito-
rum sublimis before penetrating the medial capsule. Lynch 
et al. showed that cannulas pass a mean distance of 14 mm 
posterior to the median nerve and 17 mm posterior to the 
brachial artery when the elbow is flexed 90 degrees and the 
joint is maximally distended. The medial antebrachial cuta-
neous nerve and basilic vein are vulnerable with an incision 
deeper than the skin layer. These structures often can be 
transilluminated with the arthroscope in the lateral portal 
before establishing the medial portal.

The proximal medial portal (or supracondylar anterome-
dial portal) (see Fig. 52.63A), with the patient prone, has been 
recommended by Poehling et al. This portal is located 2 cm 
proximal and anterior to the medial epicondyle. It is impera-
tive to palpate the position of the ulnar nerve before estab-
lishing this or any other medial portal. To avoid injury to the 
many cutaneous nerves, only the skin is incised longitudinally 

with the tip of a No. 11 blade. The cannula is inserted ante-
rior to the intermuscular septum to avoid injury to the ulnar 
nerve and should maintain contact with the anterior humerus 
to protect the median nerve and brachial artery. The cannula 
is directed toward the radial head during insertion. This por-
tal allows better viewing of the entire elbow joint than the 
traditional anteromedial portal. If an anterior pathologic 
condition is identified, surgical instruments are introduced 
through an anterolateral portal.

To establish the two posterior portals with the patient 
supine, the elbow is flexed to 45 to 60 degrees to relax the 
triceps muscle and allow distention of the posterior aspect of 
the elbow joint. The posterolateral portal is located 2 to 3 cm 
proximal to the olecranon tip and just lateral to the border of 
the triceps tendon along the lateral supracondylar ridge (see 
Fig. 52.63A). If the posterior aspect of the radiocapitellar joint 
requires visualization and instrumentation, the portal for 
placement of the arthroscope should be made just proximal to 
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FIGURE 52.62 A, Operating room setup with patient prone on chest rolls. For added mobility, 
shoulder and proximal arm are elevated on sandbag. Tourniquet is placed on proximal arm. All 
equipment is mounted on portable rolling platform. B, Proximal medial portal is located 2 cm 
proximal to medial humeral epicondyle, just anterior to medial intermuscular septum. C, Cross-
sectional view of proximal medial portal. Sheath and blunt trocar are inserted anterior to inter-
muscular septum and in contact with anterior humerus, directed toward radial head, avoiding 
injury to neurovascular structures. D, Proximal medial portal provides full view of anterior joint. 
Gravity protects median nerve and brachial artery.
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A B

FIGURE 52.63 A, Portals are marked for arthroscopy with patient prone. Laterally, anterior 
midlateral and anterior proximal lateral portals are marked. Direct lateral portal also is indicated 
just posterior to outline of radiocapitellar joint. Medially, ulnar nerve and medial epicondyle are 
carefully marked. Flexor crease of elbow is noted. Proximal medial portal is made 2 cm proximal 
to epicondyle. Direct posterior and posterolateral portals are 2.5 to 3 cm proximal to tip of olec-
ranon with elbow in 30 degrees of flexion and patient supine. B, Operating room setup for elbow 
arthroscopy with patient prone.
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FIGURE 52.64 Portal sites on lateral (A), medial (B), and posterior (C) aspects of elbow.
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the tip of the olecranon in line with the radial gutter, whereas 
instrumentation should be carried out through a direct lat-
eral portal. The posterior antebrachial and the lateral brachial 
cutaneous nerves are at risk with deep incisions. The ulnar 
nerve is 2.5 cm medial to the center of the elbow joint and can 
be damaged if the cannula passes too far medially.

The straight posterior portal is placed 2 to 3 cm proximal 
to the olecranon tip and approximately 2 cm medial to the 
posterolateral portal, with the patient supine and the elbow at 
45 degrees of flexion. With the patient prone and the elbow 
in 90 degrees of flexion, the portals are made 2 to 3 cm proxi-
mal to the olecranon tip centered in the triceps tendon (see 
Fig. 52.63A). It is used if a second operative portal is needed 
posteriorly. The ulnar nerve is at risk if the portal is placed 
too far medially. The portal is established under direct vision 
with the arthroscope in the direct lateral or posterolateral 
portal. Appropriate position of the portal can be confirmed 
by placement of a spinal needle. In severely arthrofibrotic 
elbows, sometimes the direct posterior portal can be estab-
lished more easily than the posterolateral portal and use of a 
2.7-mm arthroscope can make entrance to the posterior com-
partment easier. An accessory posterior “retractor” portal 2 
cm more proximally can be made to place a Howarth elevator. 
Likewise, anteromedial or anterolateral retractor portals can 
be made 2 to 3 cm proximal to their respective arthroscopy 
portals. 

EVALUATION OF THE ELBOW

 

ARTHROSCOPIC ELBOW  
EXAMINATION

 TECHNIQUE 52.33 

ANTERIOR PORTAL
 n  Begin by distending the elbow joint. Insert an 18-gauge 

spinal needle at the direct lateral portal, and aim it directly 
toward the center of the joint. The needle passes between 
the olecranon, radial head, and distal humerus. Avoid ex-
tending it too far anteriorly and entering the soft tissues 
in the antecubital fossa. Extraarticular swelling from in-
filtration of irrigant into these anterior soft tissues can 
collapse the anterior joint space. Using a 60-mL syringe 
and connective tubing, distend the elbow with fluid. Free 
backflow of fluid confirms proper intraarticular location 
of the needle. Maximally distend the joint with 20 mL of 
fluid to displace the neurovascular structures anteriorly in 
the antecubital fossa and to increase the space available 
in the anterior aspect of the joint.

 n  Leaving the first needle in place and maintaining disten-
tion, insert a second 18-gauge spinal needle through the 
midanterolateral portal. Aim this needle toward the cen-
ter of the joint; free backflow of the solution confirms an 
intraarticular location.

 n  Remove the needle and incise the skin with the tip of a 
No. 11 blade by pulling the skin against the cutting edge. 
Use a mosquito hemostat to dissect bluntly down to the 
fascia to minimize the chance of injury to cutaneous or 
radial nerves (Fig. 52.65).

 n  Pass the arthroscopy cannula with a blunt trocar along the 
same course as the needle, just proximal and anterior to 
the radiocapitellar articulation. Use the trocar to capture 
the joint capsule laterally; increase the angle of insertion 
to approximately 70 degrees to horizontal, moving to-
ward the center of the joint. It is important to prevent the 
trocar from skiving more medially before penetrating the 
joint capsule. If this occurs, viewing and instrumentation 
from the anterolateral portal are compromised.

 n  Insert the arthroscope through this cannula with inflow 
through the arthroscope. This portal allows examination 
of the coronoid process of the ulna and the trochlear 
ridge (Fig. 52.66A).

 n  Examine the capsule medial to the articulation. Timmer-
man and Andrews showed that the anterior 10% to 15% 
of the anterior bundle of the ulnar collateral ligament can 
be seen in some elbows. Synovitis or capsular damage in 
this area may indicate medial instability. Confirm insta-
bility by releasing traction, supinating the forearm, and 
applying valgus stress to the elbow at varying degrees of 
flexion from 30 to 90 degrees. According to Andrews and 
Baumgarten, opening of the joint medially of more than 
1 mm indicates medial laxity. Flexing and extending the 
elbow also allows viewing of the trochlea. Retracting the 
arthroscope brings the radial head into view, and the ra-
dioulnar articulation is viewed as the forearm is pronated 
and supinated.

 n  Turn the scope to observe the capsule and its insertion 
on the distal humerus. Observe the adequacy of the cor-
onoid fossa. Embedded loose bodies, osteophytes, and 
adhesions may impinge the coronoid as the elbow is fully 
flexed.

 n  The anteromedial portal can be established with the Wiss-
inger rod technique or under direct arthroscopic vision 
through the anterolateral portal. Some authors believe 
the anteromedial or the proximal medial portal should be 

 FIGURE 52.65 Hemostat being used for blunt dissection down 
to joint capsule with elbow distention through direct lateral portal. 
SEE TECHNIQUE 52.32.
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established first in the manner described for the antero-
lateral portal.

 n  With the Wissinger rod technique, push the arthroscope 
up to the medial capsule at the desired location for the 
medial portal, remove the arthroscope, and hold the can-
nula flush against the capsule. Insert the Wissinger rod 
and advance it until it tents the skin medially, incise the 
skin, and push the rod through the skin. Place a cannula 
sheath over the rod, and advance it into the joint. Remove 
the rod, and the portal is established.

 n  Alternatively, an 18-gauge spinal needle can be inserted 
through the anticipated anteromedial portal site into the 
joint while confirming a satisfactory position arthroscopi-
cally. After the skin is incised and the fascia is reached 
with a hemostat, insert a blunt trocar following the same 
course as the needle, heading toward the center of the 
joint. Push the blunt trocar against the capsule where the 
exactness of the entry point can be confirmed proximal 
and anterior to the articulation, allowing maneuverability. 
Withdraw the arthroscope from harm’s way before push-
ing the cannula while twisting back and forth to pen-
etrate the joint capsule. This method prevents the cannula 

from sliding anteriorly over the joint capsule and damag-
ing neurovascular structures.

 n  Leaving the cannula in the anterolateral portal, the arthro-
scope can be switched to the anteromedial portal to view 
the radioulnar and radiocapitellar articulations and the an-
nular ligament (Fig. 52.66B). Extending the elbow reveals 
more of the capitellum, and pronating and supinating the 
forearm exposes more of the radial head. Chondromalacia 
of the radiocapitellar joint may develop as a result of repet-
itive trauma from throwing or racquet sports. Osteophytes 
and loose bodies likewise may form. By placing varus stress 
to the joint, the articular surface of the capitellum can be 
seen better as the elbow is extended (Fig. 52.66C). The 
annular ligament can be examined using the shaver tip 
or blunt cannula to lift the capsule anteriorly and distally 
over the radial head. The anterolateral capsule and gutter 
should be examined for synovitis. According to Andrews 
and Baumgarten, a synovial plica in the lateral gutter may 
be a normal finding. With repetitive trauma, this band 
may become thickened and fibrotic and may need to be 
excised. Slowly retracting the arthroscope and turning the 
lens toward the ulna reveals the coronoid process. 

 

A B C D

E F G
FIGURE 52.66 A, View of medial side of elbow with coronoid process on right and trochlea 

on left. B, Anterior aspect of elbow viewed from medial portal with coronoid and trochlea in 
foreground and radiocapitellar joint. Annular ligament is clearly seen. C, Radiocapitellar joint 
with varus stress applied to expose undersurface of radial head. D, With elbow flexed 90 degrees, 
patient supine, and 2.7-mm arthroscope in direct lateral portal, articulation of three bones is 
seen. Radial head is superior left, ulna is superior right, and capitellum is inferior. E, Bare area 
of olecranon is right inside with trochlea on left. Scope is in direct lateral portal. F, Posterior 
compartment viewed through posterolateral portal. Tip of olecranon is superior, trochlea is 
inferior, and olecranon fossa is in foreground. G, Medial gutter viewed through posterolateral 
portal with posterior aspect of ulnar collateral ligament on right and distal humerus on left. SEE 
TECHNIQUE 52.32.
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DIRECT LATERAL PORTAL 
 n  This portal is made proximal and posterior to the radio-

capitellar articulation, just posterior to the previously 
established anterolateral portal (see Fig. 52.63A). Use a 
blunt trocar to enter the joint carefully to avoid scuff-
ing the articular cartilage. Become anatomically oriented 
by finding the two articulations and the posterior aspect 
of the radiocapitellar and the radioulnar articulations 
(Fig. 52.66D).

 n  Examine the concavity of the radial head articulating on 
the convex capitellum. Turn the lens to look anteriorly 
and gently move the elbow through flexion and exten-
sion to examine the surface of the capitellum. Examine 
for chondromalacia and any chondral defects producing 
instability and incongruence. Probe osteochondritis disse-
cans lesions through an accessory portal and evaluate the 
stability of the articular cartilage. Sweep the scope back 
posteriorly to the area of the two articulations.

 n  Examine the articulation between the olecranon and the 
trochlea. Small loose bodies may hide in this area. A nor-
mal bare area exists in the olecranon articulation at the 
site of the physeal scar (Fig. 52.66E). Follow the articula-
tion proximally to view the posteromedial olecranon tip. 
Chondromalacia of the olecranon tip may progress to os-
teophyte formation, which is indicative of posteromedial 
elbow impingement. This spectrum of lesions is a con-
tinuum of a pathologic response related to medial elbow 
laxity from repetitive throwing.

 n  Sweep the arthroscope more proximally and turn the lens 
to observe the anticipated site of establishment of the 
posterolateral portal. 

POSTE OLATERAL PORTAL 
 n  The posterolateral portal can be established under ar-

throscopic guidance with the arthroscope in the direct 
lateral portal and the lens directed posteriorly. First in-
sert an 18-gauge needle, aiming toward the olecranon 
fossa, and confirm a satisfactory position. If the direct 
lateral portal is to be a working portal as for treating an 
osteochondritis dissecans lesion, the posterolateral portal 
should be made at or just proximal to the olecranon tip 
in line with the radial gutter. A 70-degree arthroscope is 
inserted and directed toward the radiocapitellar joint for 
visualization. This allows separation of the scope and the 
working portal for easier triangulation.

 n  Incise the skin and use a small hemostat to spread down 
to the capsule. Use a blunt trocar to enter the joint. The 
arthroscopic view includes the olecranon fossa, olecra-
non tip, and posterior trochlea (Fig. 52.66F) and a por-
tion of the posterior band on the ulnar collateral liga-
ment (Fig. 52.66G). Loose bodies frequently gravitate to 
the posterior compartment, and osteophytes form on 
the posteromedial tip of the olecranon. Palpation along 
the ulnar nerve locates it immediately superficial to this 
posteromedial osteophyte, separated only by the joint 
capsule, and the proximity of this nerve should be consid-
ered when using motorized instruments or osteotomes 
posteriorly.

 n  If a second operative portal is needed, establish the 
straight posterior portal under arthroscopic guidance as 
described. 

POSTOPERATIVE CARE Rehabilitation begins immedi-
ately. The patient is encouraged to move the elbow within 
the postoperative dressing as soon as pain and swelling 
permit. Flexibility and strengthening exercises are begun 
when pain and swelling are sufficiently diminished.
   

LOOSE BODIES
Removal of loose bodies probably is the most common 
indication for elbow arthroscopy. When symptoms of pain, 
catching, and limited range of motion persist, a thorough 
arthroscopic examination is indicated. According to Andrews 
and Carson, only approximately 38% of loose bodies are obvi-
ous on plain radiographs, and CT arthrography detects 72% 
(Fig. 52.67).

In addition to the location of the loose body, the site of 
origin should be identified. Osteocartilaginous loose bodies 
often result from osteochondritic lesions of the capitellum, 
osteochondral fractures as a result of lateral compression 
injuries, and synovial diseases such as synovial chondroma-
tosis. Loose bodies may be embedded in the fibrous tissue in 
the coronoid, radial, or olecranon fossa and may be missed at 
arthroscopy if these areas are not thoroughly examined and 
probed. Release of the soft tissue with a shaver or arthroscopic 
scissors is necessary to free these loose bodies for removal. 
Small loose bodies may be found in the olecranon-trochlear 
articulation or in the radiocapitellar articulation. When large 
bodies are located in a difficult site for retrieval, they should 
be moved to a more easily accessible area. This can be accom-
plished through an accessory portal or by uncoupling the 
arthroscope from its sheath, rotating and pulling the scope 
back a few millimeters into the sheath, and using the arthro-
scope sheath to push the loose body to an accessible loca-
tion. If turbulence is making loose body entrapment difficult, 
the inflow can be reduced or turned off. Occasionally, loose 
bodies are too large to be extracted through the arthroscopic 
portal; these can be broken using an arthroscopic burr and 
removed piecemeal, or they can be left in place until the rest 
of the arthroscopic procedure is completed and then removed 
through longitudinal extension of the capsular incision with 
a Kocher clamp (Fig. 52.68). This prevents extravasation of 
fluid into the anterior soft tissues during the remainder of the 
arthroscopic procedure and decreases the risk of neurovascu-
lar compromise. 

PANNER DISEASE AND OSTEOCHONDRITIS 
DISSECANS
Panner disease is an idiopathic osteochondrosis with diffuse 
involvement of the capitellum usually occurring in patients 
6 to 8 years old. With conservative treatment, this disease is 
self-limiting, and usually no residual joint problems occur. 
Osteochondritis dissecans develops in a more localized area 
in preadolescents or adolescents when the capitellum is closer 
to maturity and has less potential for healing and remodel-
ing (Fig. 52.69). Osteochondritis dissecans has been related to 
activities involving repetitive compression and shear forces to 
the radiocapitellar joint, such as gymnastics, baseball pitch-
ing, racquet sports, and weight lifting.

Osteochondritis dissecans generally presents in the 10- to 
17-year age group, with males being more frequently affected. 
Symptoms present as lateral-sided elbow pain, exacerbated 
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by repetitive loading activities, such as baseball pitching or 
gymnastics. Physical examination reveals tenderness over the 
capitellum with pain to active compression tests. Active com-
pression testing is performed by resisted elbow extension while 
pronating and supinating with the fist clenched. O’Driscoll 
also described the radial shear test, with valgus stress applied 
during passive flexion and extension of the elbow, produc-
ing radial-sided pain or grinding. The presence of an effusion 
and loss of 20 degrees are poor prognostic signs according to 
Takahara et al. The examination is completed with a moving 
valgus stress test to evaluate ulnar collateral ligament stability.

Radiographic examination of the adolescent elbow should 
include anteroposterior views with the elbow in 45 degrees 
of flexion, extension, and a lateral view. Comparison views of 

the opposite elbow also can be helpful for evaluating articular 
surfaces. MRI is the imaging modality of choice to determine 
the treatment course and to evaluate persistent elbow pain 
that cannot be diagnosed with plain radiographs. MRI find-
ings of an unstable osteochondritis lesion of the capitellum are 
described by Kijowski and DeSmet as (1) a line of high-signal 
intensity deep to the fragment as seen on a T2-weighted image, 
(2) an articular fracture indicated by high-signal intensity pass-
ing through the subchondral bone plate, (3) a focal osteochon-
dral defect, and (4) a 5-mm fluid-filled cyst deep to the lesion.

When determining conservative versus surgical interven-
tion, lesions can be divided into stable and unstable as per 
Takahara et al. in his study of 106 patients with osteochondri-
tis dissecans. Stable lesions that healed completely presented 

 

A B
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D

FIGURE 52.67 A, Lateral radiograph of elbow shows large anterior loose body and defect of 
radial head. B, Anteroposterior radiograph shows large loose body in coronoid fossa. C and D, 
After removal of loose bodies and resection of defect from radial head.
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initially with an open capitellar physis, localized flattening 
or radiolucency of the subchondral bone, and good elbow 
motion. Unstable lesions for which surgery provided better 
results had one of the following findings: a capitellum with a 
closed physis, fragmentation, restricted elbow motion of 20 
degrees or more, or an effusion.

Our surgical guidelines for unstable lesions depend on 
arthroscopic evaluation, MRI findings, and Baumgarten, 
Andrews, and Satterwhite graded lesions as 1 to 5 arthroscop-
ically: grade 1, articular softening; grade 2, fraying or fissuring 
but with the cartilage cap intact; and grades 3 to 5, degrees of 
disruption of the articular cartilage, with grade 5 being a dis-
placed lesion. Likewise, the International Cartilage Research 
Society graded cartilage lesions of osteochondritis dissecans 
as 1 to 4, with grade 1 being intact cartilage, grade 2 being par-
tially detached, grade 3 being detached but in the crater, and 
grade 4 being displaced from the crater. When arthroscopi-
cally evaluating the lesion, size, containment, and radial head 

engagement of the lesion are important prognostic factors. 
Capitellar defects larger than 50% of the articular surface, loss 
of lateral buttress containment of more than 6 or 7 mm, or 
engagement of the radial head after debridement of the lesion 
are poor prognostic factors, according to Ahmad et al. They 
suggested that during evaluation of the engagement of the 
radial head the elbow should be placed in extension and pro-
nated and supinated and then put through a full arc of motion 
to see if the radial head engages into the capitellar defect after 
debridement. With engagement, loss of lateral containment, 
or more than 50% involvement of the capitellum, either frag-
ment fixation or, more commonly, osteochondral transfer is 
best to prevent further symptoms and the potential for fur-
ther degenerative joint changes.

Follow-up studies of fragment fixation are variable. Most 
fragments tend to have chondral degenerative changes or 
minimal bone to provide secure fixation and thus most com-
monly are treated with either microfracture (Fig. 52.70) or 

 

A B

FIGURE 52.68 A, Large loose body in anterior elbow compartment. B, Anterior compartment 
after removal of loose body.

 FIGURE 52.69 Partially detached osteochondritis dissecans of 
the capitellum.

 FIGURE 52.70 Microfracture of crater of osteochondritis disse-
cans lesion less than 1 cm in size with stable lateral rim.
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osteochondral transfer, depending on the size and contain-
ment of the lesion. Our algorithm for a treatment protocol is 
shown in Table 52.9. 

 

ARTHROSCOPIC TREATMENT OF 
OSTEOCHONDRITIS DISSECANS

 TECHNIQUE 52.34 

 n  Place the patient supine with the arm held in balanced 
suspension, with 5 to 6 lb of traction, the shoulder in 90 
degrees of abduction, and the elbow in 90 degrees of 
flexion.

 n  Distend the elbow through a soft spot portal before mak-
ing any other portals. Generally, five portals are necessary 
to fully visualize and treat the elbow in this condition.

 n  Make a midanterolateral portal using a spinal needle to 
enter the joint and a No. 11 blade to create the portal. A 
4-mm arthroscope is used to view the anterior portion of 
the joint for loose bodies and to determine the extent of 
the osteochondritis dissecans lesion; it can be visualized 
if the elbow is placed near extension. An anteromedial 
portal can be used for probing the defect if necessary. 
Look for a pathologic plica above the lateral gutter that 
can cause popping across the edge of the capitellum; this 
should be resected with a shaver.

 n  Make a posterolateral portal just lateral to the tip of the 
olecranon and pass a small cannula with a blunt obtura-
tor so as to place it into the radiocapitellar area. Use a 
70-degree scope to view the articulation.

 n  Using a spinal needle, identify the site for a direct lateral 
portal that should be placed at an angle that allows for 

best manipulation and debridement or fixation of the os-
teochondritis dissecans lesion. Make an accessory lateral 
portal 1 cm ulnarward or 1 cm distal to the direct lateral 
portal if necessary.

 n  Resect the synovium and the fat pad in the area as well 
as any plica along the radiocapitellar articulation with a 
full radius resector. Fully visualize and probe the defect for 
continuity and to evaluate cartilage cap fragmentation. If 
the lesion is firm, stable, and just has some slight soften-
ing, arthroscopic drilling can be performed through one 
of the dual lateral portals.

 n  Use a 0.062-inch Kirschner wire to perforate the surface; 
a small drill guide should be used to protect the soft tissue 
while drilling. Perforations are spaced 3 mm apart to drill 
the entire defect.

 n  In the case of an unstable lesion, thoroughly evaluate the 
integrity of the articular cartilage, the amount of capitel-
lum involved, whether the lesion is contained by a lateral 
buttress, and whether there is sufficient good-quality 
bone for screw fixation. In the rare instance that there 
is good-quality tissue of sufficient size to hold a screw, 
then a cannulated bioabsorbable screw can be inserted 
to secure the lesion.

 n  For grade II to IV defects with a contained lesion and a 
stable radiocapitellar articulation, debride the defect to 
a nice stable rim followed by microfracture. If there is a 
defect involving more than 50% of the capitellum with 
radial head engagement into the defect that results in 
catching and popping with pronation and supination of 
the arm and with the elbow in near extension or with 
flexion and extension, then perform an osteochondral 
transfer procedure as described in Technique 52.35. The 
osteochondral transfer procedure should be performed 
using an autograft from the intercondylar notch or from 
the lateral aspect of the lateral femoral condyle. This has 
been shown to be technically possible arthroscopically, 
but generally it should be done as an open procedure 
to get the precise smooth placement of the grafts in the 
capitellum.

POSTOPERATIVE CARE After drilling or microfracture 
of the elbow, early gentle range of motion of the elbow 
is started. The elbow is not loaded and neither are any 
strengthening exercises performed until full motion is ob-
tained at least 6 weeks from the procedure. Return to 
activity from both of these procedures is in 3 to 4 months 
when symptoms have resolved and strength has been ob-
tained. For osteochondral autograft transfer procedures, 
general range of motion is started early, with strengthen-
ing at 6 weeks and return to activity at 4 to 6 months 
when the graft has been incorporated.
   

 

OSTEOCHONDRAL AUTOGRAFT 
TRANSFER
Tsuda et al. described arthroscopic-assisted visualization 
and open osteochondral transfer in three nonathletes with 
osteochondritis dissecans of the elbow. Iwasaki et al. used 
a posterolateral column approach described by Mansat and 

 TABLE 52.9

Treatment Protocol for Fragment Fixation

Stable (Takahara; 
DeSmet—MRI)

Rest, controlled motion 
brace, follow healing at 
6 weeks, MRI at 3 months, 
return to activity when 
healed and asymptomatic

Unstable—ICRS grading system
Grade 1 Drill 0.062-inch Kirschner 

wire
Grades 2–4 Contained lesion, 

stable articulation
Microfracture

Grades 2–4 Unstable 
 articulation, excellent 
quality cartilage and bone

Consider screw fixa-
tion; healing somewhat 
guarded

Grades 2–4 Unstable 
 articulation, unipolar 
lesion

Osteochondral transfer

Grades 2–4 Unstable 
 articulation, bipolar lesion

Debridement and 
microfracture, activity 
modification
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Morrey to perform mosaicplasty on eight patients who were 
baseball players. Seven of the eight had good-to-excellent 
results at 24-month follow-up. They used the Timmerman 
and Andrews scale, and their patients averaged improve-
ment from 140 to 183 on a 200-point scale with 200 being 
normal. Yamamoto et al. reported 2-year follow-up in 18 
teenage baseball players with osteochondritis dissecans 
who had an osteochondral transfer procedure. Nine had 
grade III lesions, and nine had grade IV lesions. Six of the 
nine patients with grade III lesions and eight of the nine 
with grade IV lesions were able to return to their previous 
levels of sports. They also noted that three of the grade 
IV lesions with wide defects had persistent evidence of 
articular irregularities on MRI at follow-up. At short-term 
follow-up, these lesions, which were associated with com-
pression and shear forces from pitching, were satisfactorily 
treated with autogenous osteochondral transfers.

 TECHNIQUE 52.35 

(YAMAMOTO ET AL.)
 n  Perform arthroscopy of the elbow joint through the me-

dial portal and inspect the joint cavity.
 n  Observe the osteochondritis dissecans lesions through a 

posterolateral approach or posterior approach.
 n  In the posterolateral approach, divide the anconeus 

muscle and extensor carpi ulnaris and preserve the lateral 
collateral ligament as much as possible. Separate the an-
terior joint capsule and expose the radiohumeral joint.

 n  In the posterior approach, fully flex the elbow and make 
a posterior longitudinal skin incision. Separate the anco-
neus muscle and joint capsule to view the osteochondritis 
dissecans lesion.

 n  The Osteochondral Autograft Transfer System (Arthrex, 
Inc., Naples, FL) is used for harvest and transfer of the 
osteochondral autografts.

 n  For grade IV or small grade III lesions, determine the sizes 
(using sizers) and numbers of the osteochondral grafts 
that would adequately cover the defect.

 n  Create the recipient sockets in the lesion with the recipi-
ent graft harvester. A cannulated drill can be used to cre-
ate the recipient socket in a lesion with sclerotic changes 
by drilling to the base of the socket before insertion of the 
graft for bone marrow stimulation.

 n  Arthroscopically harvest osteochondral grafts of about 10 
mm in length from the intercondylar notch of the lateral 
femoral condyle or lateral side of the patellofemoral joint.

 n  Measure the depth of the recipient socket with a cali-
brated alignment stick, match the length of the osteo-
chondral graft, and transfer the graft. In grade IV lesions 
with a wide osteochondral defect, only part of the ar-
ticular surface can be restored with this technique. For 
large grade III lesions, appropriate osteochondral grafts 
are transferred for the purpose of stabilizing the lesion.

POSTOPERATIVE CARE After surgery, a cast or soft 
splint is applied and worn for 2 weeks. Range-of-motion 
exercises are started at 3 weeks. Patients are allowed un-
derhand tossing 2 months after surgery, and gentle over-
hand throwing is allowed after 3 months. Full throwing is 
allowed after 6 months.
  

THROWING INJURIES
Injuries to the elbow from throwing include compression and 
shear injuries to the radiocapitellar joint on the lateral side 
of the elbow, incompetence and disruption of the ulnar col-
lateral ligament, and posteromedial impingement with osteo-
phyte formation as described by Cain et al. and others. Loose 
bodies may be found anteriorly or posteriorly; small loose 
bodies may be found along the posterior radiocapitellar joint 
and the trochlear articulation. If elbow pain does not respond 
to rest and symptomatic treatment, MR arthrography is indi-
cated. In young patients, radiographs of the elbow may show 
osteochondritis dissecans or physeal nonunion of the olecra-
non. In older patients, stress fractures of the olecranon may be 
found on radiographs or MRI. Arthroscopy is indicated when 
a pathologic process is found on MRI or when pain or inabil-
ity to throw persists despite normal conservative measures. 

EVALUATION OF ULNAR COLLATERAL 
LIGAMENT FUNCTION
The functional integrity of the anterior bundle of the ulnar 
collateral ligament can be evaluated by releasing traction on 
the extremity, supinating the forearm, and flexing the elbow 
to 70 degrees during arthroscopy. Valgus stress is applied to 
the joint as the ulnohumeral articulation is observed through 
the anterolateral portal. Normally, the ulnohumeral joint 
opens less than 1 mm with stress. Opening of more than 1 to 2 
mm, according to Andrews and Baumgarten, indicates func-
tional instability (Fig. 52.71). Incomplete undersurface tears 
of the ulnar collateral ligament, as described by Timmerman 
and Andrews, may not open to valgus stress. Ligamentous or 
capsular damage in the area of the ulnar collateral ligament 
may be present with these injuries. Treatment depends on the 
symptoms and the future goals of the athlete and is described 
in Chapter 47. 

POSTERIOR ELBOW IMPINGEMENT
When a radiograph or MRI shows a posteromedial osteo-
phyte, arthroscopic removal through a posterolateral and 
direct posterior portal is indicated. Careful, full evaluation 

 FIGURE 52.71 Arthroscopic examination showing medial insta-
bility to stress examination at 70 degrees of flexion. Note 2-mm 
opening between coronoid and trochlea.
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of the elbow is indicated as previously noted. When resect-
ing the olecranon osteophyte, studies by Kamineni et al. have 
shown that it is safe to remove the osteophyte and no more 
than 3 mm of bone at the tip of the olecranon. More aggres-
sive removal of the tip of the olecranon results in increased 
stress to the ulnar collateral ligament and the potential for 
further problems. 

 

REMOVAL OF OLECRANON TIP AND 
OSTEOPHYTES

 TECHNIQUE 52.36 

 n  Place the patient supine, prone, or lateral as desired.
 n  View the anterior compartments through proximal an-

terolateral and anteromedial portals. Posterior and pos-
terolateral portals are used to perform the posterior pro-
cedure (see Technique 52.32).

 n  After fully examining the anterior compartment, turn at-
tention to the posterior compartment. Observe the pos-
teromedial and posterolateral gutters and radiocapitellar 
joint to ensure that there are no loose bodies.

 n  Remove any identified osteophyte of the tip of the olec-
ranon with a small arthroscopic osteotome or small burr 
(Fig. 52.72). No more than 2 to 3 mm of bone should be 
removed.

 n  Smooth chondral lesions of the articular surface, and 
if exposed bone is encountered, use a microfracture 
 technique.
  

POSTEROLATERAL SYNOVIAL PLICA 
SYNDROME
Posterolateral elbow pain, persistent pain, and popping with 
extension may be caused by osteochondritis dissecans, chon-
dromalacia, or possibly synovial plica syndrome. Although 
rare, it is an entity that occurs in athletes from repetitive 
trauma to the outside part of the elbow, such as in throwing 
or golfing. Posterolateral pain and tenderness along the radio-
capitellar joint and anconeus fossa area and pain on extension 

 

A B

C

FIGURE 52.72 A and B, Osteophyte at tip of olecranon superiorly; trochlea is inferior in this 
supine patient. C, Tip of olecranon after osteophyte resection. SEE TECHNIQUE 52.34.
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of the elbow with intermittent popping are best treated con-
servatively initially with antiinflammatory agents, relative rest, 
and a flexibility program. Intraarticular injection of cortisone 
in this area also can be helpful. Persistent pain despite conser-
vative treatment may be an indication for arthroscopic exam-
ination of this area if an MRI shows evidence of thickening 
of the capsule of 3 mm on axial views indicating a pathologic 
plica of the posterolateral compartment. Posterolateral pain 
also may be caused by posttraumatic instability and should 
be thoroughly evaluated with preoperative and arthroscopic 
provocative tests for instability. 

 

RESECTION OF THICKENED 
PATHOLOGIC SYNOVIAL PLICA

 TECHNIQUE 52.37 

 n  Examine the elbow anteriorly and posteriorly using mul-
tiple portals. The anterolateral aspect of the elbow is vi-
sualized through an anteromedial portal.

 n  If a pathologic catching or popping of plica is noted when 
the radiocapitellar joint is evaluated, debride the joint and 
shave the thickened plica through an anterolateral portal. 
Evaluate the posterior compartment of the radiocapitellar 
joint through a posterolateral portal with a 70-degree, 
2.7-mm arthroscope. Resect the thickened pathologic tis-
sue using a shaver or small basket through a direct lateral 
portal.

POSTOPERATIVE CARE Postoperatively, the patient is 
placed in a sling for 3 to 5 days to allow settling of the 
elbow, and early active range of motion is started, fol-
lowed by a progressive strengthening program, starting 
at 3 weeks. Return to sports generally is allowed in 2 to 
3 months.
  

RADIAL HEAD RESECTION
Radial head resection may be indicated for malunited head 
fractures or for painful arthritic changes. The radial head and 
a portion of the neck can be resected using an arthroscopic 
burr in the anterolateral portal and the arthroscope in the 
anteromedial portal. The radial head is removed in a piece-
meal fashion past the level of the sigmoid notch of the ulna. A 
partial synovectomy may be necessary to adequately examine 
the radial head and the annular ligament, which should be 
left intact. After resection is completed, the forearm is pro-
nated and supinated as the elbow is moved through a range of 
motion to ensure that no impingement occurs. 

ARTHROFIBROSIS
Arthrofibrosis is a relatively common complication of elbow 
fractures and dislocations. For patients with mild symp-
toms, aggressive conservative treatment, including physical 
therapy and orthoses, may be sufficient; however, in patients 
with severe involvement, surgery generally is indicated. 
Good results can be obtained using arthroscopic treatment. 
In arthrofibrotic elbows, however, the ability to distend the 
joint capsule and to identify normal anatomic landmarks may 

be compromised. When performing procedures on arthrofi-
brotic elbows, a thorough familiarity with elbow arthroscopy 
and elbow anatomy is necessary. One should be prepared 
to perform an open procedure if adequate vision cannot be 
obtained. Delayed-onset ulnar neuritis may occur following 
release. Blonna et al. described delayed-onset ulnar neuritis 
in 11% of 235 patients with release of elbow contractures. 
A rapid-onset form of sensorimotor deficit and motion loss 
occurred in the first week in 60% of those with delayed-onset 
neuritis; these were treated with urgent nerve transfer. The rest 
of the patients had mild, nonprogressive or slowly progressive 
sensory changes. Risk factors were heterotopic ossification, 
preoperative neuropathy, and preoperative arc of motion of 
less than 100% flexion. Ulnar nerve release or transfer should 
be performed to prevent delayed-onset neuritis. 

 

ARTHROSCOPY FOR  
ARTHROFIBROSIS

 TECHNIQUE 52.38 

(PHILLIPS AND STRASBURGER)
 n  After the usual portals have been established, distend the 

joint with sterile lactated Ringer solution through the soft 
spot (direct lateral) portal at the center of the triangle 
formed by the radial head, the lateral epicondyle, and the 
tip of the olecranon.

 n  Insert a spinal needle medially and posteriorly toward the 
center of the elbow joint to confirm the midanterolateral 
portal.

 n  Using a No. 11 blade, make a skin incision and use small 
hemostats to dissect the soft tissues down to the area of 
the joint capsule, avoiding injury to the antecubital cuta-
neous nerve.

 n  Enter the joint with a blunt trocar. Using the trocar, “cap-
ture” the capsule just anterior and proximal to the capitel-
lum, with the cannula directed toward the center of the 
joint. Palpate the joint itself with the trocar to confirm 
entry into the joint. In an arthrofibrotic joint, the area of 
vision may be very limited initially, and the position of the 
portal and intraarticular placement of the trocar must be 
carefully evaluated.

 n  Make the medial portal under direct vision using a spinal 
needle. To increase visibility, place a 4.5-mm full-radius 
resector through the anteromedial portal and carefully 
resect the fibrotic tissue from the anterior part of the joint 
(Fig. 52.73A).

 n  Remove any loose bodies and fully debride the anterior 
fibrous tissue, using a combination of a full-radius resec-
tor and electrocautery through the anteromedial and an-
terolateral portals (Fig. 52.73B).

 n  Re-create the coronoid fossa using the resector, and, if 
necessary, resect bony hypertrophy from the area with 
a burr. Relieve impingement of the coronoid by partially 
resecting its tip (Fig. 52.73C). Ensure that the radioulnar 
joint is free of bony and soft-tissue impingement and that 
all loose bodies are removed.
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 n  Use the resector to strip the capsule proximally off the 
distal humerus for approximately 2.5 cm proximal to the 
olecranon fossa until the posterior fibers of the brachialis 
muscles are identified proximally. Protect the muscle and 
the overlying median nerve. Complete the release using 
a small elevator and basket; to perform an adequate re-
lease, a 1-cm capsulotomy of the anterior capsule from 
medial to lateral is necessary. Do not stray distally where 
the radial nerve would come more into play.

 n  Debride the posterior compartment and remove loose 
bodies through a direct posterior portal and a posterolat-
eral portal made under direct vision.

 n  After resecting the scar tissue from the olecranon fossa to 
improve visibility, change the scope to the posterolateral 
portal and place the resector or burr through the direct 
posterior portal to complete the procedure. Carefully re-
lease the contracture with a full-radius resector and use 
blunt mobilization to release the posterolateral and pos-
teromedial gutters. Do not use the shaver in the area of 
the ulnar nerve, which is in close proximity medially.

 n  At this time, if you wish to expose the ulnar nerve through 
a small medial incision, use a posterior retractor portal 
made about 2 cm proximal to the direct posterior portal. 
A small retractor-elevator can be placed here and used to 
increase visualization and help prevent any injury to the 
ulnar nerve.

 n  Use an osteotome to resect any impingement of the olec-
ranon tip in the fossa or osteophyte formation and com-
plete the resection with an arthroscopic burr.

 n  To relieve bony hypertrophy creating impingement of the 
olecranon fossa, enlarge the fossa with a burr.

 n  When the procedure is complete, place a drain in the 
direct posterior portal and close the portals with nylon 
sutures.

 n  Manipulate the elbow to gain maximal motion and splint 
in maximal extension.

POSTOPERATIVE CARE The splint is left in place for 24 
hours. Gentle active and passive range-of-motion exercise 

of the elbow is begun. A removable extension splint is 
worn between exercise periods. In patients with extensive 
posttraumatic arthrofibrosis and severe loss of flexion and 
extension, use of an elbow continuous passive motion 
machine may be helpful to maintain range of motion dur-
ing the first 3 weeks after surgery. At 1 week after surgery 
a Joint Active System (Joint Active Systems, Effingham, 
IL) brace is used for 30 minutes three times a day for ex-
tension and flexion. Active and passive range-of-motion 
exercises are performed for 20 minutes four to five times 
a day at home, and supervised physical therapy is con-
tinued three times a week. An antiinflammatory drug is 
prescribed for the first 3 weeks to decrease inflammation 
and the risk of myositis.
  

OSTEOARTHRITIS
Arthroscopic debridement for osteoarthritis is as described 
for arthrofibrosis. Loose bodies and osteophytes are removed 
from anterior and posterior compartments, focusing on re-
creating the normal-shaped coronoid and olecranon tissue. 
Preoperative three-dimensional CT examination greatly 
improves the accuracy and reliability of bone resection and 
improves functional outcomes. Arthroscopic radial head 
resection can produce good pain relief and functional motion 
in patients with radiocapitellar arthritis and can safely be per-
formed by an experienced arthroscopist. 

SYNOVECTOMY
When indicated for rheumatoid arthritis or other inflamma-
tory conditions of the elbow, arthroscopic synovectomy can 
be done using all the standard portals. The entire joint can 
be evaluated, and a subtotal synovectomy can be done with 
a full-radius resector (Fig. 52.74). Adequate vision should be 
maintained at all times using retractors when necessary. Care 
must be taken when working anteriorly to prevent damage 
to the neurovascular structures because often the capsule is 
thin. Posteromedially, a whisker shaver should be used if a 

 

A B C

Coronoid

Trochlea

Coronoid

Coronoid fossa
Trochlea

FIGURE 52.73 A, Arthrofibrotic joint with coronoid on left and trochlea on right and exten-
sive fibrosis superiorly. B, After resection of fibrotic tissue and release of distal capsular insertion 
onto humerus. Coronoid fossa is filled by large osteophyte. C, Coronoid fossa after resection of 
osteophyte and recreation of fossa to allow elbow flexion. SEE TECHNIQUE 52.36.
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motorized shaver is necessary. Lee and Morrey reported 93% 
good-to-excellent short-term results in 14 arthroscopic syno-
vectomies in 11 patients. At 42 months, only 57% maintained 
these results, however. Four required total elbow replace-
ment. These authors pointed out the importance of weighing 
the short-term gains against the potential serious complica-
tions from this procedure. 

TENNIS ELBOW
Arthroscopic release for lateral epicondylitis has been 
shown to be safe in both anatomic and clinical studies (Fig. 
52.75). Most patients are able to return to work within 2 
to 3 weeks, and grip strength generally is nearly equal to 
that of the unoperated extremity. With appropriate therapy 
regimens, continued improvement can be expected for 3 to 
6 months. 

 

ARTHROSCOPIC TENNIS ELBOW 
RELEASE

 TECHNIQUE 52.39 

(BAKER AND CUMMINGS)
 n  After intubation, place the patient prone on the operating 

table. Place two rolled towels longitudinally under the pa-
tient’s thorax. Pad all bony prominences well. Position the 
affected extremity with the ipsilateral shoulder abducted 
to 90 degrees, and support the arm with a precut foam 
holder.

 n  After marking anatomic landmarks and portal sites, distend 
the joint with 20 to 30 mL of saline through an 18-gauge 
needle introduced through the direct lateral portal.

 n  Establish the proximal medial or superomedial portal, 
which is located approximately 2 cm proximal to the me-
dial epicondyle and 1 cm anterior to the intermuscular 
septum. Introduce the trocar and sheath anterior to the 
intermuscular septum, maintaining contact with the an-
terior aspect of the humerus at all times as the trocar is 
directed toward the radial head. Insert a 2.7-mm, 30-de-
gree arthroscope into the joint and perform the diagnos-
tic portion of the procedure.

 n  After the pathologic tissue is identified, establish the super-
olateral portal with an 18-gauge needle through the lesion. 
Using a full-radius resector, excise the capsule to identify the 
undersurface of the extensor carpi radialis brevis tendon. 
View the origin of the extensor carpi radialis brevis.

 n  Using a curet and motorized shaver, debride the capsule 
and the pathologic tendinous attachment of the extensor 
carpi radialis brevis and decorticate the lateral epicondyle. 
Decortication of the lateral epicondyle and lateral epicon-
dylar ridge can be done with an arthroscopic burr, hand-
held instruments, or electrocautery. Although a 30-de-
gree arthroscope is adequate to view around the corner 
for most of the procedure, a 70-degree arthroscope may 
be required in rare instances.

 FIGURE 52.74 Extensive synovitis of anterior compartment in 
retired Major League pitcher with persistent pain, popping, and 
swelling of elbow. Partial synovectomy was done and loose bodies 
were removed.

 

A B

FIGURE 52.75 Tennis elbow release. A, Undersurface tear. B, Debridement and release.
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 n  After release of the extensor carpi radialis brevis tendon 
and decortication of the lateral epicondyle, view the over-
lying muscle belly of the extensor musculature. Protect 
the lateral ulnar collateral ligament by limiting the amount 
of posterior resection.

POSTOPERATIVE CARE Postoperatively, the arm is 
placed in a sling with the elbow in 90 degrees of flexion. 
Gentle active and passive range-of-motion exercises are 
encouraged. The patient progresses to wrist extension-
strengthening exercises and overall upper extremity reha-
bilitation exercises.
  

OLECRANON BURSITIS
Chronic recalcitrant olecranon bursitis generally can be 
treated effectively with a small open excision when neces-
sary. Some surgeons have tried arthroscopic bursectomy 
in an attempt to circumvent healing problems. With the 
small number of studies and with complications similar 
to those reported for open techniques, the relative value of 
arthroscopic bursal resection remains to be determined. 

 

ARTHROSCOPIC BURSECTOMY

 TECHNIQUE 52.40 

(BAKER AND CUMMINGS)
 n  After intubation, place the patient prone on the operating 

table. Make three arthroscopic portals: lateral, proximal 
central, and distal central. Use a standard No. 11 surgical 
blade and a hemostat to spread the soft tissue. Do not 
use medial portals because of the risk of injury to the ulnar 
nerve.

 n  Perform a total bursectomy, exchanging operative and 
viewing portals as necessary. Removal of the bursal tissue 
is complete when an increase in light can be seen through 
the skin and the triceps tendon and muscle can be seen. 
Excise only minimal subcutaneous fat. Remove spurs on 
the olecranon tip with an arthroscopic burr.

 n  Close the arthroscopic portals with 3-0 nylon sutures.
 n  Postoperative anesthetic injections rarely are used be-

cause of the need for an immediate neurologic evalua-
tion. Apply a compression dressing.

POSTOPERATIVE CARE The compression dressing is re-
moved at 7 to 10 days postoperatively. Mobilization of the 
extremity should be started immediately.
  

ARTHROSCOPIC-ASSISTED 
INTRAARTICULAR FRACTURE CARE
There are a few case reports of arthroscopic-assisted intraar-
ticular fracture evaluation and treatment (see Video 52.3). 
Most commonly, arthroscopy has been shown to be benefi-
cial in removal of small capitellar or radial head fragments. 
Radial head resection can be accomplished if a significant 

medial capsular injury has not occurred that might allow 
excessive fluid extravasation. Limited internal fixation can 
be accomplished with cannulated screws. In more extensive 
fractures involving significant soft-tissue injuries, the benefit 
of arthroscopy is outweighed by the associated risks. When 
contemplating arthroscopic fracture care, one should be fully 
prepared to abort the procedure when visualization is poor or 
fluid extravasation is significant. 

PYARTHROSIS
Arthroscopic irrigation and debridement of periarticular 
matter can be used to treat early pyarthrosis. When exten-
sive swelling and distention of landmarks have occurred, an 
open procedure is preferable. Cultures should be obtained at 
the time of debridement, and appropriate antibiotics should 
be instituted. A drain is placed in the anterior and posterior 
compartments. The drains are removed in 48 hours, and 
active range-of-motion exercise is begun if signs of infection 
are receding. If the infection has not improved, irrigation and 
debridement are repeated. 

COMPLICATIONS
Complications of elbow arthroscopy are the same as for other 
arthroscopic procedures, including infection, instrument 
breakage, iatrogenic scuffing of articular surfaces, tourniquet 
problems, and neurovascular injuries. In a report from the 
Mayo Clinic, Kelly et al. noted a 1% incidence of true compli-
cations that adversely affected the outcome. They reported a 
10% incidence of lesser problems that increased postoperative 
morbidity without causing long-term sequelae. Similarly low 
complication rates have been reported in children. Intravia 
and Mirzayan reported a 7.4% risk of nerve injury, the ulnar 
nerve being most commonly injured in children and adults. 
Arthrofibrosis and heterotopic ossification were other com-
mon complications.

Neurologic problems are the most commonly reported 
complications. Savoie and Field reported about a 3% prev-
alence of neurologic complications in a review of 465 
arthroscopic procedures, most of which were transient 
injuries. Jones and Savoie reported one posterior interosse-
ous nerve injury from an arthroscopic release. They recom-
mended a more proximal lateral portal to increase the distance 
from the radial nerve. Horiuchi et al. reported arthroscopic 
synovectomies in 29 elbows. They noted that care must be 
taken when working anteriorly because of the thinness of the 
brachialis muscle; particular caution must also be exercised 
posteromedially. They did not try to perform a full synovec-
tomy in this area, and they did not perform a capsular release. 
They started immediate range of motion in the postoperative 
period. As noted, the proximity of the nerves with the thin-
ness of the capsule increases the risk for neurologic injury 
with this procedure, and it should be attempted only when 
proficiency in elbow arthroscopy has been obtained.

Various neurologic injuries have been reported, includ-
ing transient low radial nerve and transient low median 
nerve palsies, neuroma of the medial antebrachial cutaneous 
nerve, and injuries to the ulnar, radial, and median nerves. 
Postoperative paresthesias and dysesthesias also have been 
reported, probably caused by the tourniquet, fluid extravasa-
tion, blunt trauma, or traction.

To prevent serious complications from elbow arthros-
copy, surgeons should be familiar with the anatomy and 
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perform procedures in accordance with their ability. 
Recommendations previously described in the text bear 
repeating. Recommendations for avoiding complications 
include carefully drawing anatomic landmarks, palpating the 
ulnar nerve location, obtaining adequate capsular distention, 
placing the elbow in 90 degrees of flexion, placing more prox-
imal portals, not using pressurized infusion (low flow of 40 
to 45 mL/min or gravity can be used safely), protecting the 
posterior interosseous nerve by pronation, using a retractor to 
lift the capsule away from debridement instruments, keeping 
instrument tips in view at all times, avoiding suction around 
nerves, and avoiding local anesthesia that can confuse postop-
erative evaluation. 

WRIST
Indications and techniques for wrist arthroscopy are 
described in Chapter 69.
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GENERAL PRINCIPLES OF FRACTURE 
TREATMENT
A. Paige Whittle

CHAPTER 53

Accidental injury is the most common cause of death in the 
United States in individuals between the ages of 1 and 45 
(Table 53.1). In 2017 nearly 8.6 million accidental (uninten-
tional), nonfatal falls were reported in the United States in all 
age groups. In adults older than 65 years of age, one in three 
experiences a fall that results in serious injury or death. Falls 
are the most common reasons for hospitalization in this older 
age group and account for 87% of fractures. In 2012 there 
were 3.2 million medically treated nonfatal fall–related inju-
ries in seniors in the United States, with direct medical costs 
estimated to be $30.3 billion in 2012. These costs increased to 
$31.3 billion in 2015. For hip fractures alone, Medicare costs 
rose from over $3 billion in the 1990s to $15 billion currently. 
It is estimated that 300,000 hip fractures occur in the United 
States and 1.6 million internationally. As life expectancy 
increases, so will the incidence and cost of fragility fractures.

Fractures have been identified as medical problems through-
out history. Most of Hippocrates’ medical essays described the 
management of injuries, especially fractures. Knowledge of the 
biologic aspects of fracture care expanded greatly during the 
twentieth century. Patient expectations have reached unprec-
edented levels, and large, multinational industries have devel-
oped around the surgical and medical treatment of fractures.

The vascular supply of bone is the basis of all fracture heal-
ing. In 1932 Girdlestone warned that “there is danger inherent 

in the mechanical efficiency of our modern methods, danger 
lest the craftsman forget that union cannot be imposed but 
may have to be encouraged. Where bone is a plant, with its 
roots in soft tissues, and when its vascular connections are 
damaged, it often requires, not the technique of a cabinet 
maker, but the patient care and understanding of a gardener.”

Orthopaedic surgeons are feeling the full impact of 
Girdlestone’s prophetic words. An orthopaedic surgeon deal-
ing with trauma must combine the knowledge of the systemic 
effects of trauma, including immunologic impairment, mal-
nutrition, pulmonary and gastrointestinal dysfunction, and 
neurologic injury in planning both the timing and the type 
of surgical intervention required. The choice of fracture treat-
ment is not a clear-cut decision because of the number of 
treatment options available. Each has its benefits and poten-
tial complications. A thorough knowledge of the underlying 
principles is essential in determining the right procedure to 
be done at the right time.

The goal of fracture treatment is to obtain union of 
the fracture in the most anatomic position compatible 
with maximal functional return of the extremity. Because 
it is impossible to intervene surgically without adding fur-
ther injury to the extremity, the technique chosen should 
minimize additional soft-tissue damage and bone injury. 
An anatomic reduction obtained at the expense of total 
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devascularization of the fracture is not a well-planned or 
well-executed procedure. The mechanical stresses that will 
be applied to the extremity and the planned fixation also 
must be considered. Finally, the general health status of the 
patient and the risks of surgery must be weighed to deter-
mine the best therapy.

Any form of fixation is at best a splinting device with a 
finite life span. There is a continual race between failure of 
fixation and healing of the bone. The problem is identifying 
the therapy that will result in the most predictable and accept-
able fracture union with a minimal number of complications. 
Before attempting a complicated open reduction and inter-
nal fixation, surgeons must consider their own training and 
surgical ability and must be familiar with the proposed pro-
cedure. The institution in which the procedure is performed 
also must be considered. The environment in the operat-
ing room suite should be superior. The personnel should be 
familiar with the proposed technique and instrumentation, 
and a complete set of all instruments and implants should 
be readily available and well maintained. Excellent anesthe-
sia and extensive intraoperative monitoring of the patient are 
necessary for safe surgical fracture management. A patient 
who is fully informed of the rewards and risks of the surgi-
cal methods chosen and who is willing to cooperate with 
required rehabilitation after surgery is vital to the success of 
any method of treatment.

Successful treatment of fractures depends on a thor-
ough evaluation of the patient, not just the injured parts, 
as well as on the formulation of a treatment plan tailored 
specifically to the needs of the patient. The chosen treat-
ment method should be the most likely to result in bone 
and soft-tissue healing and optimal functional recovery 
with the fewest complications.

CLASSIFICATION OF FRACTURES
When combined with an assessment of the surgeon’s capa-
bilities, facility, and resources, as well as an assessment of the 
patient profile, classification of the extent and type of fracture 
and its associated soft-tissue injuries allows determination of 
the best treatment. Analysis of the fracture pattern reveals the 
amount of energy imparted to the extremity and the stabil-
ity of the fracture after reduction and alerts the surgeon to 

higher-risk patterns of injury. Classification also allows the 
surgeon to monitor results and to compare treatment results 
with those of other surgeons and investigators; it also pro-
vides a basis for the evaluation of new treatment methods.

The extensive Orthopaedic Trauma Association (OTA) 
classification (Fig. 53.1) correlates the coding of the fracture 
with the expanded International Classification of Disease, 
tenth edition (ICD-10) codes for diagnosis and treatment. 
It incorporates well-recognized classification systems, such 
as the Judet, Judet, and Letournel classification of acetabu-
lar fractures, Young and Burgess’ classification of pelvic frac-
tures, Pauwels’ classification of femoral neck fractures, and 
Neer’s classification of proximal humeral injuries. Sample 
follow-up assessment forms were created to allow consistent 
postoperative evaluations. The 2007 update of the OTA clas-
sification included the AO classification. The AO alphanu-
meric classification was the result of an international effort 
by numerous individuals based on information from the AO 
Documentation Center and their clinical experience. This 
system was based on the morphologic characteristics and the 
location of the fracture. This AO classification system was 
applied to 2700 surgically treated diaphyseal fractures with 
correlation of the system ideology. It was specifically evalu-
ated in 400 fractures of the tibial or fibular diaphysis. As the 
severity of the fracture pattern increased, the resulting impair-
ment correlated with progression of the type and group. 
The 2018 revision of the OTA/AO Fracture and Dislocation 
Classification Compendium streamlines the information in 
the 2007 edition and includes the OTA open fracture clas-
sification. These classification systems are detailed and com-
plex, and the reader is referred to the references for complete 
discussions. 

CLASSIFICATION OF SOFT-TISSUE 
INJURIES
Just as the bony injury must be classified to evaluate the frac-
ture adequately and to validate results for comparative stud-
ies, associated soft-tissue injuries also must be evaluated. 
Open wounds have been classified several ways. Gustilo and 
Anderson in 1976 described their treatment of 1025 open 
fractures with application of a grading system that offered 

 TABLE 53.1 

Most Common Causes of Death in the United States Among Individuals 25-44 Years Old

1980 2003 2017
 1.  Accidental injuries  1.  Accidental injuries  1.  Accidental injuries
 2.  Cancer (all types)  2.  Cancer (all types)  2.  Suicide
 3.  Heart disease  3.  Heart disease  3.  Cancer (all types)
 4.  Homicide  4.  Suicide  4.  Heart disease
 5.  Suicide  5.  Homicide  5.  Homicide
 6.  Chronic liver disease/cirrhosis  6.  HIV  6.  Liver disease
 7.  Cerebrovascular disease  7.  Chronic liver disease/cirrhosis  7.  Diabetes mellitus
 8.  Diabetes mellitus  8.  Cerebrovascular disease  8.  Cerebrovascular disease
 9.  Pneumonia and influenza  9.  Diabetes mellitus  9.  HIV
 10.  Congenital anomalies  10.  Influenza and pneumonia  10.  Septicemia

From the National Center for Health Statistics: Health, United States, 2018. https://www.cdc.gov/nchs/hus/contents2018.htm.
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Linear

Transverse Oblique Spiral

Comminuted

Segmental

Bone loss

Comminuted < 50% Comminuted ≥ 50%

Bone Loss ≥ 50%Bone Loss < 50%

Butterfly < 50% Butterfly ≥ 50%

Two Level Three Levels or More Longitudinal Split Comminuted

Complete Bone Loss

FIGURE 53.1 Orthopaedic Trauma Association classification of long bone fractures (see text).  (From Gustilo RB: The fracture classifica-
tion manual, St. Louis, 1991, Mosby.)
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prognostic information about the outcome of infected frac-
tures. In 1984, this system was modified and their results 
updated. The modified classification is based on the size of 
the wound, periosteal soft-tissue damage, periosteal strip-
ping, and vascular injury (Fig. 53.2).
 n  Type I open fractures have a clean wound less than 1 

cm long.
 n  In type II wounds the laceration is more than 1 cm long 

but is without extensive soft-tissue damage, skin flaps, 
or avulsions.

 n  Type IIIA open fractures have extensive soft-tissue lac-
erations or flaps but maintain adequate soft-tissue cov-
erage of bone, or they result from high-energy trauma 
regardless of the size of the wound. This group includes 
segmental or severely comminuted fractures, even 
those with 1-cm lacerations.

 n  Type IIIB open fractures have extensive soft-tissue loss 
with periosteal stripping and bone exposure. They usu-
ally are massively contaminated.

 n  Type IIIC open fractures include open fractures with an 
arterial injury that requires repair regardless of the size 
of the soft-tissue wound.

This classification has prognostic significance and is dis-
cussed in greater detail later in the section on open fractures.

Other classifications include that of Tscherne and Gotzen, 
which is widely used in Europe. Closed fractures are divided 
into grades 0 through 3 (Fig. 53.3). Open fractures are divided 
into grades 1 through 4 (Table 53.2). This system includes 
soft-tissue damage and compartment syndrome, which are 
not included in other grading schemes. The AO-ASIF group 
added to their extensive fracture classification a soft-tissue 
classification scheme that closely follows that of Tscherne 
and Gotzen. This classification includes both closed and open 
injuries, musculotendinous injury, and neurovascular injury 
(Box 53.1). A number of other trauma scoring systems have 
been proposed, including the Trauma Score (TS), Revised 
Trauma Score (RTS), Injury Severity Score (ISS), Modified 
Abbreviated Injury Severity Scale (MISS), Pediatric Trauma 

 

A

B

C

D E

FIGURE 53.2 Gustilo-Anderson classification of open fracture wounds. A, Type I open fracture of patella and type II open fracture 
of tibial shaft. B, Type IIIA open fracture with extensive laceration of skin and muscles that involves almost entire leg. C, Type IIIA open 
tibial fracture with extensive periosteal stripping but without massive contamination. D, Type IIIB open fracture of tibia stabilized with 
external fixation. E, Type IIIC fracture of proximal third of humerus.
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Score (PTS), Nerve Injury, Ischemia, Soft-Tissue Injury, 
Skeletal Injury, Shock, and Age of Patient Score (NISSSA), 
and the Hanover Fracture Scale-97 (HFS-97). These clas-
sification systems attempt to quantitate the degree of soft-
tissue injury in relation to the fracture and the potential for 
infection or other healing problems. An evaluation of the 
AO/OTA fracture classification system, however, found that 
patients with C-type fractures had significantly worse func-
tional performance and impairment compared with patients 
with B-type fractures but were not significantly different from 
patients with A-type fractures, suggesting that the AO/OTA 
classification may not be a good predictor of functional per-
formance and impairment in patients who have isolated uni-
lateral lower extremity fractures.

In 2010 the classification committee of the OTA recom-
mended a new classification scheme for open fractures. This 
new classification uses five categories of assessment: skin 
injury, muscle injury, arterial injury, contamination, and bone 
loss (Box 53.2). This provides a systemic approach to classifi-
cation at the time of arrival before treatment has occurred. As 
with all classification systems, its complexity may make it less 
reproducible for general use. Its predictive ability is currently 

being evaluated. Hao et al., in a retrospective review of 512 
patients, found that the OTA open fracture classification was 
more predictive of infection, need for soft-tissue coverage, 
and need for amputation in patients with a long bone frac-
ture compared to the Gustilo and Anderson classification. 
A cumulative OTA score of 10 or less was associated with a 
greater probability of successful limb salvage. 

 

A B C D

FIGURE 53.3 Grading system of soft-tissue injury in closed fractures. A, Grade 0: little or no soft-tissue injury. B, Grade 1: superficial 
abrasion with local contusional damage to skin or muscle. C, Grade 2: deep contaminated abrasion with local contusional damage to skin 
and muscle. D, Grade 3: extensive contusion or crushing of skin or destruction of muscle.

 TABLE 53.2

Tscherne Classification for Open Tibial Fractures

Grade 1 Skin lacerations caused by a bone fragment 
from inside, little or no contusion of skin

Grade 2 Any type of skin laceration with circumscribed 
skin or soft-tissue contusion and moderate 
contamination; can occur with any type of 
fracture

Grade 3 Fracture must have severe soft-tissue dam-
age, often with major vessel or nerve injury or 
both; all fractures accompanied by ischemia 
and severe bone comminution belong in this 
group and those associated with compartment 
syndrome

Grade 4 Subtotal and total amputation, defined as 
separation of all important anatomic struc-
tures, especially major vessels with total 
ischemia; remaining soft tissue may not exceed 
one fourth of circumference of extremity (any 
revascularization is grade 3)

AO-ASIF Soft-Tissue Injury Classification

Scale
 1  Normal (except open fractures)
2-4 Increasing severity of lesion
 5  A special situation 

Skin Lesions (Closed Fractures)
IC 1 No skin lesion
IC 2 No skin laceration, but contusion
IC 3 Circumferential degloving
IC 4 Extensive, closed degloving
IC 5 Necrosis from contusion 

Skin Lesions (Open Fractures)
IO 1 Skin breakage from inside out
IO 2 Skin breakage < 5 cm, edges contused
IO 3 Skin breakage > 5 cm, devitalized edges
IO 4 Full-thickness contusion, avulsion, soft-tissue defect, 

muscle-tendon unit injury 

Muscle-Tendon Unit Injury
MT 1 No muscle injury
MT 2 Circumferential injury, one compartment only
MT 3 Considerable injury, two compartments
MT 4 Muscle defect, tendon laceration, extensive contusion
MT 5 Compartment syndrome/crush injury 

Neurovascular Injury
NV 1 No neurovascular injury
NV 2 Isolated nerve injury
NV 3 Localized vascular injury
NV 4 Extensive segmental vascular injury
NV 5 Combined neurovascular injury including subtotal or 

complete amputation

 BOX 53.1 

From German G, Sherman R, Levin LS: Decision-making in reconstructive surgery 
upper-extremity, New York, 1999, Springer-Verlag.
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TRAUMA PRINCIPLES
Treatment of patients with multiple trauma requires addi-
tional resources that often are unavailable in small commu-
nity hospitals. The resources of equipment and physician and 
nursing support personnel may not be available for acute sta-
bilization of long bone, pelvic, and spinal fractures according 
to current trauma center protocols. Treatment in a level 1 or 
2 trauma center has been documented to improve the care 
and survival of patients with multiple injuries. The length of 
hospital stay and cost of treatment are significantly lower in 
patients who are treated initially in trauma centers compared 
with those transferred to a trauma center from another loca-
tion. The best management, in terms of quality of care and 
economics, of patients with multiple injuries is referral to a 
dedicated trauma center as soon as possible.

Since the early 1990s emphasis has been on early total 
care of multiply injured patients, including fracture stabiliza-
tion. The frequency of pulmonary complications, such as adult 
respiratory distress syndrome, fat emboli syndrome, and pneu-
monia, has been correlated to the timing and type of treatment 
of long bone fractures. Statistically significant increases in mor-
bidity, pulmonary complications, and length of hospital stay 
have been reported for patients in whom stabilization of major 

fractures was delayed. A large multicenter study also reported 
reduced mortality when early total care was implemented.

More than half of patients with multiple injuries have 
fractures or dislocations or both, and the orthopaedic sur-
geon plays a pivotal role in the trauma team. The manage-
ment of orthopaedic injuries can have a profound effect on 
the patient’s ultimate functional recovery and may save the 
patient’s life and limb. An example is placement of a pelvic 
binder in a patient with an open-book pelvic injury who 
remains hemodynamically unstable despite aggressive initial 
fluid and blood replacement. Open fractures, pelvic or ace-
tabular injuries with associated genitourinary injuries, and 
extremity fractures with vascular injuries are other exam-
ples of situations in which communication and coordination 
among the various team members are essential.

Early stabilization of fractures of the spine, pelvis, and 
acetabulum, as well as other major articular fractures, is desir-
able to decrease pulmonary complications and other sequelae 
of forced recumbency, but the treatment of such fractures 
requires more complex surgical skills, equipment, and often 
neurologic monitoring. “Damage control orthopaedics” in the 
form of rapid immobilization of fractures with external fixation 
to obtain stability and recover length, while allowing full evalu-
ation of the extremity, is now standard care. Operative treat-
ment should not be undertaken if hemodynamic stabilization 
is not obtained, if potentially life-threatening conditions have 
not been resolved, or if laboratory and radiographic evaluations 
are inadequate for formulation of a satisfactory surgical plan.

Orthopaedic damage control measures can be undertaken 
in the emergency department or resuscitation area in special cir-
cumstances. Emergent external fixation of long bones in unstable 
patients may be necessary but can be complicated by pin site infec-
tions, or less frequently, deep vein thrombosis. In some patients, 
the fixation may be retained until fracture union. A significant 
decrease in the frequency of adult respiratory distress syndrome 
has been noted in patients with externally fixed femoral fractures 
compared with patients with nail fixation. In a prospective, ran-
domized, multicenter study, inflammatory cytokines were mea-
sured in femoral fractures treated with immediate nailing and 
with immediate external fixation. An inflammatory response 
was noted with intramedullary fixation but not with external 
fixation. There was no difference in the clinical complications, 
and the total numbers studied were small. The concept of dam-
age control in trauma surgery is presently the subject of intense 
evaluation. We have found this concept to be helpful in dealing 
with complex fractures in an emergency situation. Complications 
have occurred primarily in patients who never improved enough 
clinically to allow conversion to more definitive fixation.

Polytrauma and the resuscitation procedures often 
required in multiply injured patients result in the activation of 
cellular factors that have systemic effects, including inflamma-
tory, immune, and hemodynamic factors that are mediated by 
chemicals known as cytokines. Elevation of cytokines is asso-
ciated with organ dysfunction. Polytrauma also is associated 
with a systemic immune response syndrome, a diffuse inflam-
matory reaction mediated by cytokines and other chemicals 
in response to the massive tissue injuries. Damage control 
orthopaedics is a method to deal with the double insult of 
injury and surgery that may potentiate this response further.

An estimated 5% to 20% of patients with multiple 
trauma have injuries that are not recognized during the ini-
tial examination because of factors such as an altered level 

Orthopaedic Trauma Association Open Fracture 
Classification

Skin
 1.  Laceration with edges that approximate
 2.  Laceration with edges that do not approximate
 3.  Laceration associated with extensive degloving 

Muscle
 1.  No appreciable muscle necrosis, some muscle injury with 

intact muscle function
 2.  Loss of muscle but the muscle remains functional, some 

localized necrosis in the zone of injury that requires exci-
sion, intact muscle-tendon unit

 3.  Dead muscle, loss of muscle function, partial or complete 
compartment excision, complete disruption of a muscle-
tendon unit, muscle defect does not approximate 

Arterial
 1.  No major vessel disruption
 2.  Vessel injury without distal ischemia
 3.  Vessel injury with distal ischemia 

Contamination
 1.  No or minimal contamination
 2.  Surface contamination (not ground in).
 3.  Contaminant embedded in bone or deep soft tissues or 

high-risk environmental conditions (e.g., barnyard, fecal, 
dirty water) 

Bone Loss
 1.  None
 2.  Bone missing or devascularized but still some contact 

between proximal and distal fragments
 3.  Segmental bone loss

 BOX 53.2 

From Orthopaedic Trauma Association: OTA open fracture classification (OTA-
OFC), J Orthop Trauma 32:S106, 2018.
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of consciousness or hemodynamic instability that precludes 
a thorough orthopaedic examination, a more apparent injury 
in the same extremity, and inadequate initial radiographs. 
Repeat orthopaedic examination after more critical injuries 
are stabilized should identify any missed injuries and allow 
early treatment. Studies have indicated that CT evaluation 
of the cervical spine and pelvis reveals more injuries than 
were apparent in the initial screening studies and on plain 
radiographs.

Management of a patient who has sustained multiple inju-
ries requires very specific and reliable methods of evaluation 
and treatment. The Advanced Trauma Life Support system 
(ATLS) developed by the American College of Surgeons is 
the most widely used method for evaluating trauma patients. 
Evaluation is based on the mnemonic ABCDE:

Airway, which should be free and unobstructed
Breathing, which should be as normal as possible under 

the circumstances with normal oxygenation
Circulation, both central and peripheral; the goal is good 

capillary filling of all extremities and maintenance of 
a normal blood pressure

Disability, which includes neurologic, musculoskeletal, 
urologic, and reproductive injuries. These injuries, 
although rarely life threatening, can result in serious 
long-term disability.

Environment. Many of these injuries do not occur in an 
isolated situation and may result in contamination 
that can expose caregivers to disease.

From an orthopaedic standpoint, the musculoskeletal and 
neurologic evaluation protocols are extremely important in 
determining the type and extent of injury. Life- and limb-threat-
ening musculoskeletal problems include hemorrhage from 
wounds and fractures, infections from open fractures, limb loss 
from vascular damage and compartment syndrome, and loss of 
function from spinal or peripheral neurologic injuries. Occult 
bleeding and unexplained blood loss from multiple areas, with 
concomitant hemodynamic instability, are major areas of con-
cern with regard to the evaluation of circulation. Blood loss 
from multiple fractures, especially pelvic and long bone frac-
tures, demands early stabilization to minimize blood loss.

The first consideration in management is the patient’s gen-
eral condition. Emergency measures are necessary to combat 
pain, hemorrhage, and shock. Hemorrhage should be con-
trolled with pressure. Tourniquets rarely are recommended 
because of the potential for further nerve and limb damage. The 
blind use of a hemostat in a wound also is not recommended 
because of the risk of damage to peripheral nerves lying near 
the vessels. From the time of injury until the patient is ready 
for surgery, the wound should be protected by a sterile dress-
ing and the extremity should be splinted to prevent additional 
soft-tissue injury from movement of the sharp bone fragments.

The medical history should include when and where the 
injury occurred. The examination should include determination 
of the extent and type of soft-tissue wound and the existence of 
any vascular or neurologic damage. Vascular injury or compart-
ment syndrome should be treated promptly to avoid tissue isch-
emia, which, if present for 8 hours or more, can cause irreversible 
muscle and nerve damage (see Chapter 48). An experimental 
canine study found that irreversible muscle damage occurred 
with tissue pressures of 10 mm Hg less than diastolic blood pres-
sure or within 30 mm Hg of mean arterial pressure. This study 
emphasized that rather than an absolute tissue pressure value, a 

difference between tissue pressure and diastolic pressure of 10 to 
20 mm Hg is an indication for immediate fasciotomy.

Radiographs should be made to show the extent and type 
of injury to the bone. The extent of soft-tissue damage some-
times cannot be determined until surgical exploration. The 
time since injury and the type and extent of soft-tissue damage 
have a direct bearing on the choice of treatment. High-velocity 
or high-energy trauma results in more extensive damage to 
both the soft tissues and the bone and carries with it a much 
more uncertain prognosis for healing than does low-velocity 
or low-energy trauma. The patient’s general condition, the 
presence of related injuries, and numerous other factors influ-
ence the ultimate outcome and should influence treatment.

OPEN FRACTURES
Open fractures are surgical emergencies that perhaps should be 
thought of as incomplete amputations. Tscherne described four 
eras of open fracture treatment: life preservation, limb preserva-
tion, infection avoidance, and functional preservation. The first, 
or preantiseptic, era lasted well into the twentieth century. The 
era of limb preservation encompassed both world wars but was 
marked by a high incidence of amputations and resulting inter-
est in artificial limb prosthetic designs. The third era lasted until 
the mid-1960s, during which time attention was focused on the 
avoidance of infection and the use of antibiotics. The fourth era 
(functional preservation) was characterized by aggressive wound 
debridement, definitive fracture stabilization with internal or 
external fixation, and delayed wound closure. The current fifth 
era is a product of rapid and high-value trauma care. Recent stud-
ies have confirmed that wound closure can be done in most open 
fractures (up to Gustilo-Anderson type IIIA) without significant 
risk and with decreased morbidity and hospital stay. Although 
there is general consensus that prophylactic antibiotics should be 
given for open fractures, there is a lack of high-quality evidence 
regarding the type, timing, and duration of antibiotic therapy. 
A systematic survey of articles published between January 2007 
and January 2010 examined current practice and recommenda-
tions for antibiotic prophylaxis in the management of open frac-
tures. Nearly 75% advocated gram-positive coverage for Gustilo 
types I and II open fractures, and the others recommended broad 
coverage. For more severe injuries, most authors recommended 
broad-spectrum antibiotic coverage. More than half of the arti-
cles recommended antibiotics be given as soon as possible after 
injury. The others proposed starting antibiotic prophylaxis within 
3 hours of injury. For types I and II open fractures, 50% of the 
publications recommended a duration of 24 hours or less, and 
the rest for 48 to 72 hours. For type III open fractures, the major-
ity proposed a duration of 2 to 3 days of antibiotic therapy. Some 
advocated for 72 hours total or 24 hours after wound closure. 
More than one third of the articles recommended that antibiot-
ics be continued 4 to 7 days in severe open fractures. Historically, 
debridement and irrigation of open fractures within 6 hours after 
injury was considered essential to prevent infection. However, 
multiple current studies have shown that strict adherence to a 
6-hour time frame is not necessary, although debridement should 
be performed as soon as the patient is stable and resources allow.

OPEN FRACTURES CAUSED BY FIREARMS
Evaluation of a patient with an open fracture caused by 
a firearm should include plain anteroposterior and lateral 
radiographs of the area of injury, as well as the joints above 
and below the injury. Arthrography may be necessary to 
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identify joint penetration by a projectile. CT should be 
used to determine the precise location of the missile if 
the spine or pelvis is involved and is helpful in evaluating 
articular injuries. If vascular injury is suspected, angiog-
raphy or arteriography may be necessary to confirm the 
diagnosis.

As encountered in civilian practice, firearm wounds are 
of three distinct types: (1) low-velocity pistol or rifle wounds, 
(2) high-velocity rifle wounds, and (3) close-range shotgun 
wounds. In low-velocity pistol or rifle wounds, soft-tissue dam-
age usually is minimal and extensive debridement is unneces-
sary (Fig. 53.4). The wounds of entry and exit are small. They 
usually do not require closure, and only their skin edges require 
debridement. In low-velocity gunshot wounds, irrigation and 
local debridement, tetanus prophylaxis, and a single dose of a 
long-acting intramuscular cephalosporin have been found to 
be as effective as 48 hours of intravenous antibiotics, and oral 
and intravenous administrations of antibiotics were shown to 
be equally effective for prophylaxis against infection. Infection 
in this type of wound is rare. A proposed treatment protocol 
for intraarticular fractures includes 1 to 2 days of antibiotic 
prophylaxis for injuries in which the bullet passed through 
“clean” skin or clothing and 1 to 2 weeks of broad-spectrum 
antibiotic treatment for wounds in which the bullet penetrated 
lung, bowel, or grossly contaminated skin or clothing. Civilian 
gunshot wounds have been classified according to energy, vital 
structures involved, wound characteristics, fracture, and degree 
of contamination. This classification, however, is complex, has 
not been validated, and offers no guidelines for treatment.

Some gunshot wounds can be treated with outpatient oral 
antibiotics following a single dose of intravenous cephalospo-
rin. Dickson et al. reported that a superficial infection occurred 
in only one of 41 patients (44 fractures) with Gustilo type I or 
II open fractures caused by low-velocity gunshot wounds who 
were treated with their outpatient protocol: tetanus toxoid, 0.5 
mL, irrigation and local wound debridement, closed reduction (if 
necessary), placement of a dressing or splint, 1 g of intravenous 
cefazolin, and 500 mg of oral cephalexin four times daily for 7 
days.

In high-velocity rifle and shotgun wounds, the damage 
to soft tissue and bone is massive and tissue necrosis is exten-
sive (Fig. 53.5). These wounds should be treated in much the 

 FIGURE 53.4 Low-velocity gunshot wound of femur; note minimal soft-tissue disruption.

 FIGURE 53.5 High-velocity gunshot wound to humerus.
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same manner as battle wounds. They require wide exposure 
and debridement of all devitalized soft tissues. These wounds 
should be left open for delayed primary or secondary closure 
depending on the nature of the wound. In close-range shotgun 
wounds, damage to soft tissue and bone is extensive. Unless the 
wound is through and through, the wadding of the shell usu-
ally is retained within it and can cause severe foreign body reac-
tions. All wadding must be found and removed and devitalized 
soft tissue excised. Removing all of the lead shot is unneces-
sary; it seems to cause little reaction, and attempting to remove 
it can cause further damage to the soft tissues. However, bullets 
and bullet fragments should be removed from intraarticular or 
intrabursal locations because they can produce complications 
of mechanical wear, lead synovitis, and systemic lead toxicity. 
Systemic lead toxicity has been reported to occur as early as 2 
days and as late as 40 years after intraarticular gunshot injury. 
These wounds also should be left open and are closed later.

Although both delayed and immediate reamed inter-
locked nailing have been successful in the treatment of femo-
ral fractures, immediate nailing of femoral fractures caused by 
gunshots has been reported to result in shorter hospital stays, 
with significant decreases in hospital expenses, and no detri-
mental effect on clinical results compared with delayed nail-
ing. Statically locked intramedullary nailing is currently our 
preferred treatment for most low-velocity and mid-velocity 
femoral shaft fractures, including most subtrochanteric and 
supracondylar fractures. Femoral fractures caused by high-
velocity weapons or shotguns can be temporarily stabilized 
with external fixation. When wound healing is satisfactory, 
intramedullary nailing can be performed (approximately 
2 weeks after injury). Some high-velocity fractures can be 
treated with immediate unreamed intramedullary nailing. 
Primary amputation may be required for severe soft-tissue 
injury that includes vascular and neurologic injury. In a series 
of 52 femoral fractures with arterial injuries treated at our 
local level 1 trauma center, limb salvage was successful in 32 
(61.5%). All 22 limbs in which the femoral fractures were sta-
bilized with intramedullary nails either initially (16 limbs) 
or after traction or external fixation were salvaged. Primary 
amputation was required in eight limbs with high-velocity 
injuries, secondary amputations were required in nine limbs, 
and three patients died of other injuries. No disruption of the 
anastomoses occurred in patients in whom vascular repair 
preceded fracture fixation (Fig. 53.6).

External fixation may be appropriate for severe (Gustilo 
type III) injuries. Ilizarov fixation and delayed primary clo-
sure have been reported to yield a low overall complication 
rate and a low infection rate in these complex fractures.

In a report of gunshot injuries to the hip, the best diag-
nostic test to detect joint penetration was hip aspiration fol-
lowed by an arthrogram. Although selected patients were 
treated successfully with antibiotic therapy without arthrot-
omy, all transabdominal injuries required immediate arthrot-
omy. Bullets left in contact with joint fluid resulted in joint 
destruction or infection. Because all displaced femoral neck 
fractures treated with internal fixation had poor results, hip 
arthroplasty or arthrodesis was recommended for definitive 
management of these injuries. 

AMPUTATION VERSUS LIMB SALVAGE
The development of sophisticated protocols for open fracture 
management has permitted the development of techniques 

that result in salvaged but nonfunctional extremities. There 
is concern, however, about “technique over reason” and 
not only the end result of a useless limb but also the physi-
cal, psychologic, financial, and social effects on the individ-
ual. Inevitable amputation often is delayed too long, with 
increased financial, personal, and social expenses and, more 
important, the attendant morbidity and possible mortality. In 
a study of open tibial fractures, patients who had limb salvage 
had more complications, more operative procedures, longer 
hospital stays, and higher hospital charges than patients who 
had early below-knee amputations. More patients with limb 
salvage considered themselves disabled than did those with 
early amputation.

Several attempts have been made to better evaluate inju-
ries and identify injury patterns that would best be treated 
by early amputation. The Mangled Extremity Severity Score 
(MESS) is based on a four-group system: skeletal and soft-
tissue injuries, shock, ischemia, and age (Table 53.3). Some 
studies have found that limbs with scores of 7 to 12 ulti-
mately required amputation, whereas scores of 3 to 6 resulted 
in viable limbs; others have found no predictive utility of 
the MESS, Limb Salvage Index (LSI), or Predictive Salvage 
Index (PSI). A high specificity of the scores confirmed that 
low scores could be used to predict limb-salvage potential, 
but the low sensitivity failed to support the validity of the 
scores as predictors of amputation. These scoring systems 
appear to have limited usefulness and cannot be used as the 
sole criterion to determine whether amputation is indicated, 
and lower extremity injury-severity scores at or above the 
amputation threshold should be used with caution in deter-
mining the potential for salvaging a lower extremity with a 
high-energy injury.

Rajasekaran et al. proposed a scoring system for Gustilo 
types IIIA and IIIB open fractures of the tibia that evaluated 
skin coverage, skeletal structures, tendon and nerve injury, 
and comorbid conditions (Box 53.3). Using this system, they 
divided 109 type III open tibial fractures into four groups to 
assess the possibilities of limb salvage. Group 1 had scores of 
5 or less, group 2 had scores of 6 to 10, group 3 had scores of 
11 to 15, and group 4 had scores of 16 or greater. A score of 
14 or greater as an indicator for amputation had a sensitiv-
ity of 98%, a specificity of 100%, a positive predictive value 
of 100%, and a negative predictive value of 70%. These were 
similar to the MESS scores of 99% sensitivity and 97% posi-
tive predictive value, but better than the 17% specificity and 
50% negative predictive value. The high specificity of this new 
scoring system may make it a much better predictor of ampu-
tation. Currently, however, the predictive power of all extrem-
ity injury scores remains low. 

ANTIBIOTIC TREATMENT
The treatment of an open fracture wound actually is an exer-
cise in applied microbiology. Once the skin barrier is dis-
rupted, bacteria enter from the local environment and attempt 
to attach and grow (Fig. 53.7). The greater the zone of injury 
and the more necrotic the tissue, the greater the potential for 
nutritional support of the bacteria. With impairment of circu-
lation in the injured area, the body’s immune system is com-
promised in its ability to use cellular and humoral defenses. 
A race then ensues between the bacteria to establish an infec-
tion and the body to mobilize sufficient immune mechanisms 
to combat the infection.
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The virulence of the infecting organism depends on its 
ability to adhere to the host substrate (e.g., necrotic skin, fascia, 
muscle, and bone), its pathogenicity, and its offensive efforts 
to neutralize the host defenses by the bacteria’s own humoral 
and mechanical factors. The foreign body reaction is now rec-
ognized as a complex interaction of bacterial glycoprotein that 
protects the bacteria from the phagocytic white blood cells 
(Fig. 53.8). After the bacteria have invaded the body, adhered 
to the host cellular substrate, and secreted the humoral and 
glycoprotein protective shield, they can then proceed with cell 
replication, establishing a clinical infection. Growth of the bac-
teria then proceeds in a logarithmic fashion until the available 
nutrients are exhausted, the host dies, or the host defenses suc-
cessfully neutralize the infection. If the latter occurs and the 
host survives, the bacteria either will be eradicated or sup-
pressed and isolated, creating chronic osteomyelitis (Fig. 53.9).

The care of open wounds generally includes postopera-
tive systemic antibiotics. A 2004 Cochrane systematic review 

confirmed the benefit of antibiotics in patients with open frac-
tures. This review showed that the administration of antibiotics 
after open fracture reduces the risk of infection by 59%. The 
data reviewed supported the conclusion that a short course 
of first-generation cephalosporins, begun as soon as possible 
after injury, significantly lowers the risk of infection when 
used in combination with prompt, modern orthopaedic frac-
ture wound management. Evidence was insufficient to sup-
port other common management practices, such as prolonged 
courses or repeated short courses of antibiotics, the use of anti-
biotic coverage extending to gram-negative bacilli or clostridial 
species, or the use of local antibiotic therapies such as beads.

Most protocols recommend the use of a broad-spectrum 
antibiotic, usually a first-generation cephalosporin, with the 
addition of an aminoglycoside, such as tobramycin or genta-
micin, for highly contaminated wounds in which there is a risk 
of gram-negative contamination (Gustilo type III). If there is 
the possibility of anaerobic organisms, such as Clostridium, 

 

A

B C D

FIGURE 53.6 A, Open type IIIB tibial fracture with vascular injury. B, Radiographic appearance. 
C and D, After fixation with locked intramedullary nail.
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Injury Severity Score for Gustilo Types IIIA and IIIB Open Tibial Fractures

Covering Structures: Skin and Fascia
Wounds without skin loss

Not over the fracture: 1
Exposing the fracture: 2

Wounds with skin loss
Not over the fracture: 3
Over the fracture: 4

Circumferential wound with skin loss: 5 

Skeletal Structures: Bone and Joints
Transverse or oblique fracture or butterfly fragment <50% 

circumference: 1
Large butterfly fragment >50% circumference: 2
Comminution or segmental fractures without bone loss: 3
Bone loss <4 cm: 4
Bone loss >4 cm: 5 

Functional Tissues: Musculotendinous and Nerve 
Units
Partial injury to musculotendinous unit: 1
Complete but repairable injury to musculotendinous units: 2

Irreparable injury to musculotendinous units, partial loss 
of a compartment, or complete injury to posterior tibial 
nerve: 3

Loss of one compartment of musculotendinous units: 4
Loss of two or more compartments or subtotal amputations: 5 

Comorbid Conditions: Add 2 Points for Each 
Condition Present
Injury leading to debridement interval >12 hours
Sewage or organic contamination or farmyard injuries
Age >65 years
Drug-dependent diabetes mellitus or cardiorespiratory diseases 

leading to increased anesthetic risk
Polytrauma involving chest or abdomen with injury severity 

score >25 or fat embolism
Hypotension with systolic blood pressure <90 mm Hg at presen-

tation
Another major injury to the same limb or compartment 

syndrome

 BOX 53.3 

 TABLE 53.3 

Mangled Extremity Severity Score

TYPE CHARACTERISTICS INJURIES POINTS

SKELETAL/SOFT-TISSUE GROUP

1 Low energy Stab wounds, simple closed fractures, small-caliber 
gunshot wounds

1

2 Medium energy Open or multiple-level fractures, dislocations, moderate 
crush injuries

2

3 High energy Shotgun blast (close range), high-velocity wounds 3
4 Massive crush Logging, railroad, oil-rig accidents 4

SHOCK GROUP

1 Normotensive hemodynamics Blood pressure stable in field and in operating room 0
2 Transiently hypotensive Blood pressure unstable in field but responsive to intra-

venous fluids
1

3 Prolonged hypotensive Systolic blood pressure <90 mm Hg in field and respon-
sive to intravenous fluid only in operating room

2

ISCHEMIA GROUP

1 None Pulsatile limb without signs of ischemia 0*
2 Mild Diminished pulses without signs of ischemia 1*
3 Moderate No pulse by Doppler, sluggish capillary refill, paresthe-

sia, diminished motor activity
2*

4 Advanced Pulseless, cool, paralyzed, and numb without capillary 
refill

3*

AGE GROUP

1 <30 years 0
2 30-50 years 1
3 >50 years 2

*If ischemia time greater than 6 hours, add 2 points.
From Helfet DL, Howey T, Sanders R, Johansen K: Limb salvage versus amputation: preliminary results of the mangled extremity severity score, Clin Orthop Relat 
Res 256:80, 1990.
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high-dose penicillin is recommended. The duration of anti-
biotic treatment should be limited because in most series the 
infecting organisms are hospital acquired. Gustilo recom-
mended administration of 2 g of cefamandole on admission 
and 1 g every 8 hours for 3 days only in types I and II open 
fractures. In type III open fractures he recommended an ami-
noglycoside in dosages of 3 to 5 mg/kg daily, adding penicillin, 

10 to 12 million U daily, for farm injuries. Gustilo continued 
double antibiotic therapy for 3 days only and repeated the anti-
biotic regimen during wound closure, internal fixation, and 
bone grafting. Okike and Bhattacharyya recommended the 
administration of cefazolin, 1 g intravenously, every 8 hours 
until 24 hours after the wound is closed, with intravenous gen-
tamicin (with weight-adjusted dosing) or levofloxacin (500 mg 
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every 24 hours) added for type III fractures. Because of their 
adverse effect on healing, fluoroquinolones should not be used 
for antibiotic prophylaxis in patients with open fractures.

Although there is general agreement regarding the effec-
tiveness of antibiotic treatment in open fractures, debate is 
ongoing about the duration, mode of administration, and 
type of antibiotics. A prospective, double-blind study showed 
a 13.9% infection rate without antibiotics compared with a 
2.3% infection rate with cephalosporin treatment, but these 
results have been questioned, and the number of reliable 
studies in this area is very limited. Another study found that 
a once-daily, high-dose regimen of antibiotic therapy was as 
effective as a divided, low-dose regimen. Our current anti-
biotic protocol for open fractures is intravenous cefazolin 2 
g every 8 hours for 24 hours after operative debridement in 
types I and II open fractures. In patients with cephalosporin 
or penicillin allergies, clindamycin 900 mg is substituted. For 
type III open fractures, patients receive intravenous piperacil-
lin/tazobactam 3.375 g every 6 hours for 24 hours after opera-
tive debridement; intravenous clindamycin 900 mg every 8 
hours with intravenous aztreonam 2 g every 8 hours is sub-
stituted for patients with penicillin or cephalosporin allergy. 
In patients with open pelvic fractures associated with bowel 
injury, antibiotics are continued for 48 hours. Nonoperatively 

treated gunshot fractures receive one dose of cefazolin 2 g or 
clindamycin 900 mg intravenously.

The appropriate time to obtain cultures from open wounds 
also is controversial. A very small number of bacteria present 
before debridement are believed to eventually cause infection, 
suggesting that bacterial cultures taken before or after debride-
ment are essentially of no value. The most common infecting 
organisms appear to be gram-negative and methicillin-resis-
tant Staphylococcus aureus (MRSA), which may be hospital or 
community acquired. We do recommend obtaining cultures 
when obvious clinical findings of infection are present at the 
second debridement. More recently, a marked improvement 
was noted in infection rates using cultures obtained after 
debridement and irrigation to determine the need for repeat 
formal irrigation and debridement, although there was an 
increased rate of return to surgery with this rationale. Early 
and rapid empirical administration of antibiotics as deter-
mined by wound protocols has been shown to be the most 
effective means of preventing infection in open fractures. 

TREATMENT OF SOFT-TISSUE INJURIES
Initial treatment of open wounds before transport to a medi-
cal facility should include pressure over the wound, splinting of 
fractures, and placement of sterile dressings. Rapid transport to 
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FIGURE 53.9 Sequence of pathogenesis in osteomyelitis. Top left, Initial trauma produces 
soft-tissue destruction, bone fragmentation, and contamination by bacteria. In closed wounds, 
contamination may occur by hematogenous seeding. Top right, As infection progresses, bacterial 
colonization occurs within protective exopolysaccharide biofilm, which is especially abundant on 
devitalized bone fragment, which acts as passive substratum for colonization. Bottom left, Host 
defenses are mobilized against infection but cannot penetrate biofilm. Bottom right, Progressive 
inflammation and abscess formation result in development of sinus track and in some cases ultimate 
extrusion of sequestrum, which is focus of resistant infection.  (From Gristina AG, Barth E, Webb LX: 
Microbial adhesion and the pathogenesis of biomaterial-centered infections. In Gustilo RB, Gruninger RP, 
Tsukayama DT, editors: Orthopaedic infection: diagnosis and treatment, Philadelphia, 1989, Saunders.)
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an appropriate medical center is essential because further bacte-
rial contamination can occur with exposure of the tissue to air. A 
3.5% rate of infection was found in patients who received treat-
ment at a trauma center within 20 minutes of injury, compared 
with a 22% infection rate in patients who reached a trauma cen-
ter by way of another hospital within 10 hours of injury.

In the emergency department, rapid evaluation of the 
patient’s condition and immediate debridement and irriga-
tion of the wound are essential. Debridement and irrigation 
have been used in the prevention of posttraumatic infections 
only since World War I. DePag, a Belgian surgeon, introduced 
the concept of debridement of devitalized tissue and delayed 
wound closure based on a bacteriologic evaluation of the 
wound. Debridement has since been combined with irriga-
tion as a mainstay of treatment of open wounds, especially 
those associated with fractures.

The following steps are recommended for open injuries:
 1.  Treat open fractures as emergencies.
 2.  Perform a thorough initial evaluation to diagnose life- 

and limb-threatening injuries.
 3.  Begin appropriate antibiotic therapy in the emergency 

department or at the latest in the operating room and 
continue treatment for 2 to 3 days only.

 4.  Immediately debride the wound of contaminated and 
devitalized tissue, copiously irrigate, and perform repeat 
debridement within 24 to 72 hours.

 5.  Stabilize the fracture with the method determined at ini-
tial evaluation.

 6.  Leave the wound open (controversial).
 7.  Perform early autogenous cancellous bone grafting.
 8.  Rehabilitate the involved extremity aggressively.

In general, reported incidences of wound infection are 
0% to 2% in type I fractures, 2% to 7% in type II fractures, 
10% to 25% in all type III fractures, 7% in type IIIA fractures, 
10% to 50% in type IIIB fractures, and 25% to 50% in type 
IIIC fractures. Amputation rates of 50% or more have been 
reported in type IIIC fractures.

Soft-tissue injuries associated with closed fractures may 
be more severe, although they are less obvious than those in 
open fractures. Failure to recognize these injuries and con-
sider them in the treatment decisions can result in serious 
complications, ranging from delayed healing to partial- or 
full-thickness tissue slough and massive infection. One fre-
quently missed injury of this type is the Morel-Lavallée syn-
drome, which occurs when the skin is separated from the 
fascia. This creates a pocket under which considerable bleed-
ing can occur. Usually this is a subcutaneous hematoma, but 
the hematoma can become so large that it seriously threatens 
the viability of the skin above it (Fig. 53.10). This syndrome 
occurs frequently in patients with pelvic fractures, especially 
in obese individuals in whom there was a shear component 
to the injury. MRI and ultrasonography have been recom-
mended to confirm the diagnosis.

Multiple treatment options have been suggested for Morel-
Lavallée syndrome, including radical incision, which frequently 
leaves a massive wound, and less invasive methods, such as 
wound drainage. The primary recommendation is to treat the 
soft-tissue problem at the same time the fracture is stabilized. 
We prefer to wait and watch initially rather than to proceed with 
immediate decompression because of the risk of devascularizing 
additional skin by opening the wound. We have some experience 
with percutaneous aspiration, but we have noted recurrence of 

the swelling. The thigh is especially at risk because of the erratic 
course of its blood supply (Fig. 53.11). This lesion should be 
treated at the time of internal fixation. Draining the hematoma 
with a small incision followed by application of a compression 
bandage has been recommended. We have used a similar drain-
age technique but have noted an increased incidence of infec-
tion when skin necrosis or wound breakdown occurs.

Tseng and Tornetta described good results in 19 patients 
with Morel-Lavallée lesions using a percutaneous technique 
of drainage done within 3 days of admission. In six acetabular 
surgeries and two pelvic ring surgeries, there was a delay of 
at least 24 hours before the drain was removed. Only 3 of the 
19 patients had a positive culture at the time of drainage; one 
required exploration for persistent drainage. There were no 
deep infections at 6-month follow-up. 

 

PERCUTANEOUS DRAINAGE OF A 
MOREL-LAVALLÉE LESION

 TECHNIQUE 53.1 

(TSENG AND TORNETTA)
 n  Position the patient to allow exposure of the involved 

area.
 n  Make a 2-cm incision over the distal aspect of the lesion.
 n  Make a second 2-cm incision at the superior and posterior 

extent of the injury.
 n  Determine the extent of the lesion by placing a suction tip 

through the lesion.
 n  Additional incisions may be required depending on the 

extent of the lesion.
 n  Send fluid from the lesion for culture and sensitivity.
 n  Drain the hematoma with suction.
 n  Use a plastic brush (used for canal preparation in joint 

replacement) to debride the loose fat.
 n  Wash the cavity with a pulsed lavage. Continue the lavage 

until the fluid is clear and no further fat debris can be 
removed.

 n  Place a medium closed suction drain in the wound to 
drain the entire cavity.

 n  Close the incisions tightly.
 n  Attach the drain to wall suction until the drainage is less 

than 30 mL in 24 hours. (This may require 8 days.)
 n  Continue cephalosporin or specific antibiotics intrave-

nously for 24 hours after removal of the drain.
  

DEBRIDEMENT
Individual patient characteristics should be considered in 
determining the exact extent of debridement necessary, but 
generally the skin should be debrided until there is a bleed-
ing edge. This should not be done under tourniquet control 
because the viability of the skin may not be known.

Muscle debridement should remove all nonviable muscle 
that is noncontractile or grossly contaminated. Completely 
severed tendon ends that are highly contaminated also may 
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require excision, although this becomes a much more ques-
tionable practice if the musculotendinous unit is intact. 
Removal of contamination with preservation of the ten-
don itself may be possible. Care must be taken to maintain 
moisture around such structures because once the tendon 
becomes dried it is dead and excision will be necessary. Early 
flap placement or a sealed dressing may prevent desiccation 
of these delicate tissues. When dealing with muscles, the four 

“C”s must be observed: consistency, color, contractility, and 
circulation. Normal muscle contraction should be seen when 
the muscle is pinched or electrically stimulated. The muscle 
should be of normal consistency, not waxy, fibrotic, or friable. 
The muscle should be a normal color of red, not brown. Good 
circulation should be visible within bleeding edges.

The empirical standard for timely debridement has been the 
“6-hour rule,” although only a few studies have shown decreased 
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FIGURE 53.10 Morel-Lavallée lesion. A and B, Clinical appearance of large Morel-Lavallée 
lesion in thigh after pelvic fracture. C, Appearance of large Morel-Lavallée lesion in buttock. D, At 
operative exposure showing depth of lesion.
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infection rates when debridement was done within 6 hours, and 
many studies have questioned the validity of this standard. A 
few authors have suggested that operative debridement might 
be unnecessary for low-grade open fractures. We consider 
thorough operative debridement done as soon as possible after 
injury the standard of care for all open fractures, however. One 
recent study questioned whether surgeons were removing 
normal muscle at times. The surgeons’ impression of muscle 
viability based on the four “C”s was compared with histologic 
analysis. In 60% of specimens, histologic analysis revealed nor-
mal muscle or mild interstitial inflammation of tissue deemed 
dead or borderline by the surgeon. It is unclear what would have 
happened to this muscle if left in situ. Until better methods of 
intraoperative assessment of muscle viability are available, it 
seems prudent to debride any questionable tissue (or return to 
the operating room for a second-look debridement).

After the dead, contaminated, and necrotic tissues have 
been removed, the next step is copious irrigation. Some experi-
mental but few clinical studies have evaluated the efficacy of 
irrigation (Table 53.4). The most commonly used irrigant is 
normal saline, and it can be applied by bulb syringe, pouring, 
or low- or high-pressure lavage. Each method has its benefits. 
High-pressure irrigation removes more bacteria and necrotic 

tissue than a bulb syringe and may be more effective when there 
has been massive contamination or delay in treatment. However, 
a decrease in new bone formation has been noted in the first 
week after high-pressure irrigation when compared with control 
sites, and contamination has been found 1 to 4 cm away from 
the wound after pulsatile lavage, as well as some propagation of 
the contamination down the bone canal. In addition, the posi-
tion of the irrigation tip close to the tissue may affect the degree 
of cleaning. More recently, Draeger and Dhaners noted more 
soft-tissue damage in an in vitro experimental model in which 
high-pressure pulsatile lavage was used than when bulb-syringe 
suction was used. They also noted that the high-pressure lavage 
removed less contaminant than other debridement methods 
and postulated that the lavage may drive contaminants deeper 
into the tissue. Other authors also have shown increased soft-
tissue damage with high-pressure lavage compared with low-
pressure lavage. The current consensus seems to lean toward 
high-volume, low-pressure lavage repeated an adequate number 
of times to effect the best healing and prevention of infection.

The amount of fluid used varies with the method of appli-
cation. There also is a question of whether additives to the 
irrigation solution are beneficial. Additives are generally of 
three types: antiseptics, which include among others povi-
done-iodine, chlorhexidine gluconate, hexachlorophene, and 
hydrogen peroxide; antibiotics, such as bacitracin, polymyxin, 
and neomycin; and surfactants, such as castile soap or ben-
zalkonium chloride (Table 53.5). Bhandari et  al. noted that 
the combination of low-pressure lavage and 1% liquid soap 
was the most effective irrigating solution for in vivo removal 
of bacteria. In a more recent prospective, randomized, con-
trolled trial, Anglen compared nonsterile castile soap with 
bacitracin solution for the irrigation of 398 lower extremity 
open fractures. Anglen found no significant differences with 
respect to infection and bone healing, but wound healing 
problems were more common in the bacitracin group.

All these additives have advantages and disadvantages, but 
none has been shown to be clinically efficacious at this time. The 
FLOW study (Fluid Lavage of  Open Wound) was undertaken to 
help clarify the conflicting recommendations regarding irriga-
tion pressure and irrigation solutions. In an international, multi-
center, blinded, randomized, controlled trial, patients with open 
extremity fractures were divided into six groups: high-pressure 
irrigation (>20 psi), low-pressure irrigation (5 to 10 psi), or very 
low-pressure irrigation (1 to 2 psi), with either normal saline or 

 

AL P AM

I.D.
≥0.25
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FIGURE 53.11 Tracing of thigh vessels with internal diameter 
(I.D.) 0.25 mm. AL, Anterolateral; AM, anteromedial; P, posterior.  
(From Cormack GC, Lamberty BGH: The blood supply of thigh skin, Plast 
Reconstr Surg 75:342, 1985.)

 TABLE 53.4

Irrigation Variables

VARIABLE EFFECT RECOMMENDATION
Volume In animal studies, increasing volume removes more particu-

late matter and bacteria, but the effect plateaus at a level 
dependent on the system.

Grade 1 fractures, 3 L
Grade 2 fractures, 6 L
Grade 3 fractures, 9 L

Pressure Increased pressure removes more debris and bacteria; how-
ever, the highest pressure settings damage bone, delay frac-
ture healing, and may increase risk of infection by damaging 
soft tissues.

Use a power irrigation system that 
provides a variety of settings; select 
a low- or middle-range setting.

Pulsation In theory, pulsation improves removal of surface debris by 
means of tissue elasticity; limited studies have not confirmed 
the effect or have suggested decreased efficacy.

Not established

From Anglen JO: Wound irrigation in musculoskeletal injury, J Am Acad Orthop Surg 9:219, 2001.
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a 0.45% solution of normal saline and castile soap. Fractures of 
the hands, toes, and pelvis were excluded. Reoperation within 12 
months for bone or wound healing problems or wound infec-
tion was chosen as the primary end point of the study. In 2447 
eligible patients, there was no significant difference in reopera-
tion among the pressure groups (13.2% high pressure, 12.7% low 
pressure, and 13.7% very low pressure). Reoperation was signifi-
cantly higher in the soap group (14.8%) than the saline group 
(11.6%). The authors concluded that very low-pressure irriga-
tion is an acceptable, low cost alternative to pressure-irrigation 
devices and that soap solution is not superior to saline alone.

Our protocol has been to use 9 L of gravity-flow irriga-
tion in most cases. Additional fluid may be needed in highly 
contaminated fractures, whereas lesser amounts (5 to 6 L) are 
usually sufficient in minimally contaminated upper extrem-
ity injuries. Our previous protocol called for genitourinary 
irrigant as an additive; however, we are currently not plac-
ing additives in our irrigation fluid. Regardless of the type of 
irrigation, the most important part of wound cleansing is the 
surgical debridement of dead and contaminated tissue.

Controversy also surrounds the closure of wounds after 
irrigation. Historically, leaving the wound open has been 
recommended, but, with the development of powerful anti-
biotics and early aggressive debridement, more institutions 
are reporting success with loose closure of wounds, with or 
without drainage. If debridement does not result in a surgi-
cally clean wound, closure should not be done. In addition, 
the skin should not be closed under tension because this may 
result in further skin necrosis and ischemia. The proper ten-
sion has been described as a wound that can be closed with 
2-0 nylon without breaking. Structures should be kept moist 
with occlusive dressings. The use of a “bead pouch” in which 
methyl methacrylate impregnated with powdered antibiotics, 
such as vancomycin or tobramycin, is rolled into small beads 
that are placed on a wire and laid in the wound has been 
shown to be very cost effective in control of deep infection.

Early closure of the wound has been shown to decrease 
the incidences of infection, malunion, and nonunion. A vari-
ety of methods can be used for wound closure, including 
direct suturing, split-thickness skin grafting, and free or local 
muscle flaps. The method chosen depends on several factors, 

including the size and location of the defect and associated 
injuries. In a multicenter study of 195 tibial fractures that 
required flap coverage, ASIF/OTA class C injuries that were 
treated with a rotational flap were 4.3 times more likely to 
have a wound complication requiring operative intervention 
than were injuries treated with a free flap.

A relatively recent innovation, vacuum-assisted closure 
(KCI, San Antonio, TX), has been reported to be useful in 
accelerating wound healing by reducing chronic edema, 
increasing local blood flow, and enhancing granulation tis-
sue formation. The few reports of the use of vacuum-assisted 
closure in the management of orthopaedic injuries have 
been generally favorable, but its efficacy has not been clearly 
proven. The vacuum-assisted closure device usually is applied 
at the end of each irrigation and debridement until the wound 
is considered clean. 

 

IRRIGATION AND DEBRIDEMENT OF 
OPEN WOUNDS
Our policy is to repeat debridement of all Gustilo type III 
open fractures within 24 to 72 hours of the first debride-
ment. We also repeat debridement and irrigation of all 
wounds that are questionable, regardless of the Gustilo 
classification. Debridement and irrigation are repeated at 
48-hour intervals until a clean wound is obtained. This may 
require removing any internal fixation or external fixation 
to allow complete exposure of the bone.

 TECHNIQUE 53.2 

 n  Begin the procedure by ensuring adequate personal pro-
tection, including splash guards, goggles, boots, and ad-
ditional protective gloves.

 n  Prepare the patient and the skin and apply a sterile tour-
niquet if possible, but do not inflate the tourniquet.

 n  Wash and drape the wound as for a normal surgical pro-
cedure, but allow for a wide exposure of the involved 

 TABLE 53.5 

Irrigation Additives

CLASS EXAMPLES ADVANTAGES DISADVANTAGES RECOMMENDATION
Antiseptics Povidone-iodine, 

chlorhexidine, hydro-
gen peroxide

Broad spectrum of activ-
ity against bacteria, fungi, 
viruses; kill pathogens in the 
wound

Toxic to host cells, may 
impair immune cell func-
tion and delay or weaken 
wound healing

Findings from animal and 
clinical studies are contra-
dictory; toxicity is more 
clearly established than 
benefits; should not be 
used

Antibiotics Bacitracin, polymyxin, 
neomycin

Bacterial or bacteriostatic 
activity in the wound, if in 
adequate concentration and 
duration

Cost, rare toxicity or aller-
gic reaction, promotion of 
bacterial resistance

Clinical efficacy in pre-
venting infection not 
proved; should not be used 
routinely

Surfactants Castile soap, green 
soap, benzalkonium 
chloride

Interfere with bacterial adhe-
sion to surfaces; emulsify and 
remove debris

Mild host-cell toxicities Clinical efficacy not 
proved; consider use in 
highly contaminated 
wounds; first irrigations

From Anglen JO: Wound irrigation in musculoskeletal injury, J Am Acad Orthop Surg 9:219, 2001.
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area (entire limb, possibly extending to the torso). Use 
impermeable drapes.

 n  Begin the debridement at the skin and proceed in an or-
derly fashion. Remove devitalized skin until bleeding is 
visible in the skin edge. Progressive removal of skin is rec-
ommended over wide margins.

 n  In a similar fashion, remove the subcutaneous tissue, in-
cluding all contaminated tissue.

 n  Cut and coagulate veins.
 n  Preserve superficial nerves if they are intact, which is in-

frequent.
 n  Remove devitalized fat beneath the flaps down to clean, 

bleeding, subcutaneous tissue.
 n  Open the fascia to allow exposure of the muscle tendon 

and removal of all devitalized muscle, paying attention to 
the four “C”s (color, contractility, circulation, and consis-
tency).

 n  Trim completely severed tendons back to viable tendon. 
Intact tendons should be cleaned and not excised, at least 
in the first debridement.

 n  Enlarge the wound to allow adequate debridement and 
exposure of the fracture. In most cases, remove devascu-
larized bone, especially if it is highly contaminated. Re-
move contamination in the medullary canal by progres-
sively removing bone with a saw or rongeur. Curettage of 
the medullary canal should be avoided to prevent proxi-
mal migration of the infected material.

 n  After all dead tissue has been removed, irrigate the 
wound with normal saline and an appropriate additive.

 n  If the wound can be closed, suture the surgically created 
wound first. Loosely close the remaining wound over a 
drain if necessary, provided there is no excessive pressure 
or tension on the skin. If closure is not possible, leave 
the wound open. Keep structures such as bone, nerve, 
and tendon moist. A bead pouch (see Chapter 21) can 
be used as an impervious dressing to maintain moisture. 
Alternatively, a negative pressure wound therapy dressing 
can be placed. This type of dressing facilitates reduction 
of dead space and edema. A specialized sponge is used 
over bone or tendon.

 n  Whether to use internal or external fixation usually is de-
cided after debridement is done and may influence the 
wound closure and dressing. We prefer to prepare and 
drape the patient again, discard all instruments used dur-
ing the debridement, and change operating gowns and 
gloves before applying internal or external fixation.

POSTOPERATIVE CARE Antibiotics are continued ac-
cording to the grade of wound severity (see section on 
open fractures).
  

TREATMENT OF BONE INJURIES
Small fragments of bone that are completely devoid of soft-
tissue attachment and are avascular are removed. Small frag-
ments that are grossly contaminated with foreign material 
probably should be removed as well because adequate cleans-
ing is rarely possible. Removal of large avascular fragments is 
controversial. It generally is best to remove any avascular bone 
and plan on later replacement with autogenous bone grafting. 
Retained avascular fragments are a source of adherence for 

bacteria and probably are the most frequent cause of persis-
tent infection after open fractures. When large segments of 
cortical bone are extruded, sterilization of these segments has 
been done experimentally with the use of povidone-iodine, 
autoclaving, and chlorhexidine-gluconate antibiotic solu-
tions. The use of Ilizarov distraction histogenesis techniques 
for losses of large segments of bone also has been reported. 
Judgment must be exercised in this aspect of the management 
of open fractures. Small pieces of bone with intact periosteum 
and soft tissue should be retained because they may act as 
small grafts and stimulate fracture healing.

In addition to the contamination of open fractures, the 
disruption of the periosteum reduces bone vascularity and 
viability and adds to the difficulty in management of open 
fractures compared with closed fractures. More severe dis-
ruption of the soft tissue around the fracture usually produces 
more fracture instability and makes stabilization of the frac-
ture more difficult.

FRACTURE STABILIZATION
An open fracture generally should be stabilized with the method 
that provides adequate stability with a minimum of further 
damage to the vascularity of the zone of injury and its associ-
ated soft tissues. For type I wounds, essentially any technique 
that is suitable for closed fracture management is satisfactory. 
Treatment of types II and III wounds is more controversial, 
with proponents of traction, external fixation, nonreamed 
intramedullary nailing, and occasionally plate and screw fixa-
tion. Generally, external fixation is preferred for metaphyseal-
diaphyseal fractures with occasional limited internal fixation 
with screws. In the upper extremity, casting, external fixation, 
and plate and screw fixation are popular methods of stabiliza-
tion. In the lower extremity, open diaphyseal femoral and tibial 
fractures have been treated successfully with intramedullary 
nailing, and results are encouraging for the use of nonreamed 
intramedullary nails in types I, II, and IIIA fractures.

Our experience with open femoral and tibial fractures 
treated at the Elvis Presley Regional Trauma Center con-
firms the effectiveness of unreamed intramedullary fixation 
of these fractures. Of 125 open femoral fractures treated 
with unreamed and reamed nailing, all united, and infection 
developed in only five (4%). Of 50 open tibial fractures (three 
Gustilo type I, 13 type II, 22 type IIIB, and 12 type IIIB), 
union was obtained in 48 (96%), infection occurred in four 
(8%), and malunion occurred in two (4%). Eighteen fractures 
(36%) required dynamization, bone grafting, or both to obtain 
union. For types IIIB and IIIC injuries that are salvageable, 
external fixation is still the primary method of treatment. As 
important as any other factor is the surgeon’s familiarity with 
the surgical stabilization technique chosen, as long as further 
devascularization is minimized.

The method used to reduce and immobilize the fracture 
depends on the bone involved, the type of fracture, the effi-
cacy of the debridement, and the patient’s general condition. 
When it is desirable to limit further trauma from surgery, 
and when the fracture is stable, it can be reduced and a cast 
applied as for a closed fracture. The cast must be bivalved or 
windowed to allow inspection of the wound. External fixation 
allows easy evaluation of the skin and soft tissues and may be 
preferable even for stable fractures with unstable soft tissues, 
such as tibial pilon fractures. Open fractures involving the 
shaft of the humerus, the tibia, the fibula, or the small bones 
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can be reduced and immobilized in this fashion. If sophis-
ticated techniques are unavailable, skeletal traction pro-
vides enough stability and allows adequate exposure of most 
wounds. The more unstable a fracture, the more justified is 
some type of surgical stabilization or a staged stabilization.

Fractures involving joints or physes may require internal 
fixation to maintain alignment of the articular surfaces and phy-
ses. Usually, Kirschner wires or limited internal fixation with or 
without external fixation is sufficient to accomplish this purpose 
without introducing much foreign material. If possible, we treat 
the soft tissues and the wound, allow the soft tissues to heal, 
and then proceed with open reduction and internal fixation of 
intraarticular fractures through a clean surgical wound. Specific 
methods of fracture fixation are discussed later in this chapter. 

FRACTURE HEALING (BONE 
REGENERATION)
The multitude of factors involved in fracture healing have been 
investigated in numerous clinical, biomechanical, and laboratory 
studies but are not yet fully defined. Understanding of the cellu-
lar and molecular pathways that govern the process of fracture 
healing has increased but is far from complete. Fracture healing 
can be considered from any of several viewpoints, including bio-
logic, biochemical, mechanical, and clinical. A discussion of all 
the aspects of fracture healing is beyond the scope of this book, 
and the reader is referred to the excellent journal articles and 
textbooks devoted to this subject for more information.

Fracture healing is a complex process that requires the 
recruitment of appropriate cell (fibroblasts, macrophages, 
chondroblasts, osteoblasts, osteoclasts) and the subsequent 
expression of the appropriate genes (those that control matrix 
production and organization, growth factors, transcription 
factors) at the right time and in the right anatomic location. 
A fracture initiates a sequence of inflammation, repair, and 
remodeling that can restore the injured bone to its original 
state within a few months if each stage of this complex inter-
dependent cascade proceeds undisturbed. Clinical union 
occurs when progressively increasing stiffness and strength 
provided by the mineralization process makes the fracture 
site stable and pain free. Radiographic union is present when 
plain radiographs show bone trabeculae or cortical bone 
crossing the fracture site. Radioisotope studies have shown 
increased activity in fracture sites long after painless function 
has been restored and radiographic union is present, indicat-
ing that the remodeling process continues for years.

In the inflammatory phase of fracture healing, a hema-
toma is formed from the blood vessels ruptured by the injury. 
Inflammatory cells invade the hematoma and initiate the lyso-
somal degradation of necrotic tissue. The hematoma may be 
a source of signaling molecules, such as transforming growth 
factor-beta (TGF-beta) and platelet-derived growth factor 
(PDGF), which initiate and regulate the cascades of cellular 
events that result in fracture healing. The reparative phase, 
which usually begins 4 or 5 days after injury, is characterized 
by the invasion of pluripotential mesenchymal cells, which dif-
ferentiate into fibroblasts, chondroblasts, and osteoblasts and 
form a soft fracture callus. Proliferation of blood vessels (angio-
genesis) within the periosteal tissues and marrow space helps 
route the appropriate cells to the fracture site and contributes 
to the formation of a bed of granulation tissue. The transition 
of the fracture callus to woven bone and the process of min-
eralization, which stiffens and strengthens the newly formed 
bone, signal the beginning of the remodeling phase, which may 
last for months or even years. The woven bone is replaced by 
lamellar bone, the medullary canal is restored, and the bone is 
restored to normal or nearly normal morphology and mechan-
ical strength. Each of these stages overlaps the end of the stage 
preceding it, so fracture healing is a continuous process.

Einhorn described four distinct healing responses, char-
acterizing them by location: bone marrow, cortex, perios-
teum, and external soft tissues (Fig. 53.12). He suggested that 
perhaps the most important response in fracture healing is 
that of the periosteum, where committed osteoprogenitor 
cells and uncommitted, undifferentiated mesenchymal cells 
contribute to the process by a recapitulation of embryonic 
intramembranous ossification and endochondral bone for-
mation. The periosteal response has been shown to be rapid 
and capable of bridging gaps as large as half the diameter of 
the bone; it is enhanced by motion and inhibited by rigid fixa-
tion. The external soft-tissue response also depends heavily 
on mechanical factors and may be depressed by rigid immo-
bilization. This response involves rapid cellular activity and 
the development of early bridging callus that stabilizes the 
fracture fragments. The type of tissue formed evolves through 
endochondral ossification in which undifferentiated mesen-
chymal cells are recruited, attach, proliferate, and eventually 
differentiate into cartilage-forming cells.

During the complex fracture-repair process, four basic 
types of new bone formation occur: osteochondral ossi-
fication, intramembranous ossification, oppositional new 
bone formation, and osteonal migration (creeping substitu-
tion). The type, amount, and location of bone formed can be 
influenced by fracture type, gap condition, fixation rigidity, 
loading, and biologic environment. Cells subjected to com-
pression and low oxygen tension have been shown to differ-
entiate into chondroblasts and cartilage, whereas those under 
tension and high oxygen tension differentiate into fibroblasts 
and produce fibrous tissue, suggesting that the type of stress 
applied to immature or undifferentiated tissue determines the 
type of bone formed (Fig. 53.13).

Uhthoff listed a number of systemic and local factors that 
affect fracture healing (Box 53.4) and classified them as being 
present at the time of injury, caused by the injury, depen-
dent on treatment, or associated with complications. Factors 
identified as predictive of complications, especially infec-
tion, include the condition of the soft tissues and the level of 
trauma energy, as evidenced by the AO classification; body 

 

Cortex

Bone marrow

External soft tissue

Periosteum

FIGURE 53.12 Tissue types that contribute to four main fracture 
healing responses.  (Redrawn from Einhorn TA: The cell and molecular 
biology of fracture healing, Clin Orthop Relat Res 355[Suppl]:7, 1998.)
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mass index of 40 or higher; and compromising comorbidities 
such as age 80 years or older, smoking, diabetes, malignant 
disease, pulmonary insufficiency, and systemic immunodefi-
ciency. Infections were found to be almost eight times more 
frequent in patients with three or more compromising factors 
than in those with none.

We also have found that a patient’s general health and 
habits, socioeconomic situation, and neuropsychiatric 

history are good predictors of the risk of complications after 
open fractures. Taking into consideration several patient 
variables, we developed a host classification (Box 53.5) that 
has been helpful. In a retrospective review of 87 patients with 
open tibial fractures, we found that complications developed 
in 48% of type C hosts, in 32% of type B hosts, and in 19% 
of type A hosts. Specifically, infections occurred in 32% of 
type C hosts, in 17% of type B hosts, and in 11% of type A 
hosts. Because the host classification can be determined at 
initial evaluation, it allows an earlier prediction of compli-
cations than does the Gustilo classification (which often can 
be definitively determined only at debridement). Used as an 
adjunct to the Gustilo system, host classification also can 
help determine at initial evaluation whether a wound can be 
closed after debridement.

STIMULATION OF FRACTURE HEALING
BONE GRAFTING

AUTOLOGOUS BONE GRAFTS
Autologous bone grafts contain the three required compo-
nents for the formation of bone: osteoconduction, osteoin-
duction, and cellular osteogenesis. Osteoconduction refers to 
the scaffolding that allows bone ingrowth. Osteoinduction is 
the ability to induce the production of osteoblasts. Primitive 
osteocytes are necessary to form osteoblasts.

 

Intermittent
compressive or
shear stresses

Tensile stress

Constant compressive
stresses (hydrostatic

stress) inhibit
endochondral

ossification

High shear stresses

Endochondral
ossification

Intramembranous
ossification

Cartilage

Fibrous tissue
formation

FIGURE 53.13 Hypothetical bone formation mechanism under 
different types of mechanical stress, as proposed by Carter et al.  
(From Carter DR, Beaupré GS, Giori NJ, et al: Mechanobiology of skeletal 
regeneration, Clin Orthop Relat Res 355[Suppl]:41, 1998.)

Factors Influencing Fracture Healing

 I.  Systemic Factors
 A.  Age
 B.  Activity level including
 1.  General immobilization
 2.  Space flight
 C.  Nutritional status
 D.  Hormonal factors
 1.  Growth hormone
 2.  Corticosteroids (microvascular osteonecrosis)
 3.  Others (thyroid, estrogen, androgen, calcitonin, para-

thyroid hormone, prostaglandins)
 E.  Diseases: diabetes, anemia, neuropathies, tabes
 F.  Vitamin deficiencies: A, C, D, K
 G.  Drugs: nonsteroidal antiinflammatory drugs, anticoagu-

lants, factor XIII, calcium channel blockers (verapamil), 
cytotoxins, diphosphonates, phenytoin, sodium fluoride, 
tetracycline

 H.  Other substances (nicotine, alcohol)
 I.  Hyperoxia
 J.  Systemic growth factors
 K.  Environmental temperature
 L.  Central nervous system trauma
 II.  Local Factors
 A.  Factors independent of injury, treatment, or complications
 1.  Type of bone
 2.  Abnormal bone
 a.  Radiation necrosis
 b.  Infection
 c.  Tumors and other pathologic conditions
 3.  Denervation

 B.  Factors depending on injury
 1.  Degree of local damage
 a.  Compound fracture
 b.  Comminution of fracture
 c.  Velocity of injury
 d.  Low circulatory levels of vitamin K1

 2.  Extent of disruption of vascular supply to bone, its frag-
ments (macrovascular osteonecrosis), or soft tissues; 
severity of injury

 3.  Type and location of fracture (one or two bones, e.g., 
tibia and fibula or tibia alone)

 4.  Loss of bone
 5.  Soft-tissue interposition
 6.  Local growth factors
 C.  Factors depending on treatment
 1.  Extent of surgical trauma (blood supply, heat)
 2.  Implant-induced altered blood flow
 3.  Degree and kind of rigidity of internal or external 

fixation and the influence of timing
 4.  Degree, duration, and direction of load-induced defor-

mation of bone and soft tissues
 5.  Extent of contact between fragments (gap, displace-

ment, overdistraction)
 6.  Factors stimulating posttraumatic osteogenesis (bone 

grafts, bone morphogenetic protein, electrical stimula-
tion, surgical technique, intermittent venous stasis [Bier])

 D.  Factors associated with complications
 1.  Infection
 2.  Venous stasis
 3.  Metal allergy

 BOX 53.4 

From Uhthoff HK: Fracture healing. In Gustilo RB, Kyle RF, Templeman DC: Fractures and dislocations, St. Louis, 1993, Mosby.
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Autologous grafts are obtained from multiple areas. Local 
bone removed at the time of arthrodesis can be reused after 
removing all soft tissue and then morselizing this bone into 
much smaller pieces. A bone mill also can be used to finely 
morselize this bone. This increases the number of live cells 
and proteins for osteoinduction.

The iliac crest is the second most common area for auto-
graft harvest. The posterior iliac crest offers more bone for 
grafting than the anterior surface and can be used for mor-
celized bone or structural bone such as a tricortical graft. 
Unfortunately, bone harvest from the iliac crest is prone to 
complications such as donor site pain, neuromas, fracture, 
and heterotopic bone formation. Techniques for harvest of 
iliac bone grafts are described in Chapter 1.

The fibula can be used for a structural graft, and the ribs 
can be used for a structural or morcelized graft. The tibia also 
has been used for long corticocancellous structural grafts, but 
the use of these structural grafts has declined with the advent 
of rigid internal fixation and reliable allografts.

The harvest of femoral bone marrow using the tech-
niques of femoral nailing and a specialized reamer/irriga-
tor/aspirator (RIA) (Synthes) is a more recent method for 
obtaining significant amounts of marrow from the femur 
(Fig. 53.14). The RIA was developed to decrease intramed-
ullary pressure and fat embolism during reaming, and sig-
nificant decreases in intramedullary pressure and femoral 
vein fat have been documented with its use. In the process of 
doing this, the reamings and effluent are captured, and a siz-
able amount of marrow may be aspirated for bone grafting. 

Host Classification for Determining Risk of 
Complications of Open Fractures

Type A Host
No systemic illness (e.g., insulin-dependent diabetes mellitus, 

rheumatoid arthritis, active infection)
No immunosuppression (pharmacologic or disease)
No substance abuse (tobacco, alcohol, illicit drugs)
Stable socioeconomic status (nutrition, housing, assistance)
Normal neuropsychiatric history 

Type B Host
One systemic illness: controlled (i.e., controlled diabetes 

mellitus, long-term anticoagulant or antiplatelet therapy)
No immunosuppression (pharmacologic or disease)
Isolated tobacco or recreational drug use
Impaired socioeconomic status (lack of adequate nutrition, 

housing, assistance)
History of neuropsychiatric impairment—treated 

Type C Host
Uncontrolled or multiple systemic illnesses
Immunosuppression (pharmacologic or disease)
Polysubstance abuse
Unstable socioeconomic status (malnourished, homeless, no 

assistance)
History of neuropsychiatric impairment: untreated
Combination of any of these factors

 BOX 53.5 

 

Locking clip Drive shaft

Drive shaft seal

Aspiration
of bone marrow

and finely
morselized bone

Mesh sized to capture
morselized bone and
bone marrow

Irrigation fluid gravity-fed
into cannulation of drive shaft

Graft filter
100 cc capacity

Aspiration tube 
connected to

suction canister

Vacuum
source
creates
suction

FIGURE 53.14 Reamer, irrigator, aspirator for obtaining marrow during femoral reaming; the 
aspirated marrow can be used for bone grafting.

    

https://booksmedicos.org


CHAPTER 53 GENERAL PRINCIPLES OF FRACTURE TREATMENT 2779

Depending on the patient and the source bone, from 25 to 
90 mL of bone may be captured. These bony fragments are 
rich in mesenchymal stem cells. Additionally, the superna-
tant is rich in fibroblast growth factor (FGF)-2, insulin-like 
growth factor (IGF)-beta1, and latent TGF-beta1 but not 
bone morphogenetic protein-2 (BMP2). As a result, the 
RIA is a potential source for autologous bone, mesenchy-
mal stem cells, and bone growth factors. When used as a 
spinal graft, however, this technique may require obtaining 
the graft before the spinal procedure with a different posi-
tion and draping.

This technique is not without complications. Fractures 
of the donor bone have been reported, some requiring addi-
tional fixation. Perforation of the cortex of the reamed bone 
that required insertion of prophylactic intramedullary fixa-
tion also has been described. Significant blood loss from 
aspiration has been reported. To avoid or minimize these 
problems, several actions have been suggested.
 n  Preoperative radiographs of the donor bone should be 

evaluated for deformity, and the isthmus should be mea-
sured to determine the limits of reaming.

 n  Blood should be available to replace aspirated blood and 
marrow.

 n  The aspirator should be turned off when reaming is not 
being performed to avoid unnecessary blood loss.

 n  The donor bone should be carefully evaluated after ream-
ing to check for perforations. A prophylactic intramedul-
lary device should be available if a perforation is detected.

 n  Postoperative ambulation should be protected to prevent 
donor bone fracture.

 n  The patient’s hematocrit level should be checked at the end 
of the procedure and over the next 24 hours to detect sig-
nificant blood loss.

 n  Finally, patients with known metabolic bone disease such 
as osteoporosis or even simple osteopenia of the involved 
bone may not be the best candidates for this procedure. 

 

HARVEST OF FEMORAL OR TIBIAL 
BONE GRAFT WITH THE RIA 
INSTRUMENTATION

 TECHNIQUE 53.3 

PREOPERATIVELY 
 n  Select the proper tube length and assembly for the bone 

to be reamed.
 n  Confirm the reaming diameter with diaphyseal radio-

graphic measurement (Fig. 53.15A).
 n  For bone harvesting, select a reamer head no larger than 

1.5 mm than the measured isthmus diameter. 

OPERATIVELY 
 n  Position the patient as for a standard intramedullary nail-

ing (supine or lateral for the femur and supine for the 
tibia).

 n  Gain access to the bone as for a standard intramedullary 
nailing procedure (Fig. 53.15B and C).

 n  Insert the guidewire (reaming wire) down to the physeal 
scar and confirm placement by image intensification on 
both anteroposterior and lateral views.

 n  Assemble the RIA according to the manufacturer’s direc-
tions.

 n  Attach the drive shaft to the RIA and cover the connec-
tion with the locking clip.

 n  Attach the drive shaft seal to the proximal end of the 
drive shaft.

 n  Attach the drive unit (reamer driver).
 n  Connect the irrigation, clamped closed until irrigation 

begins, to the smaller port marked “I.”
 n  Connect the aspiration (suction) to the larger port.
 n  Be sure the graft filter is on this tubing to collect the 

bone aspirate.
 n  Connect the aspiration tube to suction.
 n  Slide the RIA over the guidewire (Fig. 53.15D).
 n  Start the irrigation and aspiration to confirm proper func-

tioning before insertion.
 n  Insert the reamer into the bone (Fig. 53.15E) and confirm 

its position with image intensification.
 n  A flow of bone should be visible in the aspiration tube as 

the reamer is advanced under power. Never ream when 
there is no irrigation or aspiration.

 n  Ream 20 to 30 mm and then retract 50 to 80 mm to allow 
the irrigation fluid to fill the space (Fig. 53.15F).

 n  Repeat this slow advancement until resistance is felt.
 n  Repeat the retraction maneuver with reinsertion until the 

desired end point is reached on image intensification.
 n  The reamer can be reversed if reaming becomes difficult.
 n  Stop irrigating after removing the RIA from the medullary 

canal.
 n  Turn off the suction or clamp the suction tubing.
 n  Hold the graft filter vertically and compress the graft with 

a plunger; record the volume measurement.
 n  With the plunger inserted, invert the filter and remove the 

inner filter from the outer canister.
 n  Hold the inner filter over an appropriate container and 

push out the bone graft (Fig. 53.15G).
 n  Carefully check the donor bone for areas of weakness or 

reamer perforation.
 n  Close the wound in layers as after intramedullary nailing. 

POSTOPERATIVE CARE Although cadaver studies have 
found that RIA does not dramatically diminish the me-
chanical properties of the femur and does not require 
postoperative weight-bearing restrictions, we prefer to 
protect the donor bone by having the patient use crutches 
and limit weight bearing until healing is confirmed on a 
radiograph.
  

BONE GRAFT SUBSTITUTES
Although autogenous material, such as iliac crest bone, 
remains the gold standard for filling bone defects caused by 
trauma, infection, tumor, or surgery, its use increases the 
morbidity of the surgical procedure, increases anesthesia 
time and blood loss, and often causes significant postoper-
ative donor-site complications (e.g., pain, cosmetic defect, 
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fatigue fracture, heterotopic bone formation). The amount of 
autogenous bone available for grafting also is limited. Because 
of these limitations, a number of bone graft substitutes have 
been developed.

A bone graft substitute classification system proposed 
by Laurencin et al. divides these into five major categories: 

allograft-based, factor-based, cell-based, ceramic-based, 
and polymer-based (Table 53.6). Allograft substitutes use 
allograft bone with or without other elements and can be 
used as structural or filler grafts. Factor-based substances 
include both natural and recombinant growth factors and 
can be used alone or in combination with other products. 

 

10 11 12 13 14

Aspiration
holes

A B C

D E F

G
FIGURE 53.15 Harvest of femoral or tibial bone graft with RIA instrumentation (see text). A, 

Confirmation of reaming diameter. B and C, Access to and reaming of medullary canal. D, Insertion 
of reamer. E, Reaming of canal. F, Removal of graft material. G, Bone graft pushed out of inner 
filter. SEE TECHNIQUE 53.3.
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Cell-based substitutes use cells to produce new bone. 
Ceramic-based substitutes use various ceramics as a scaffold 
for bone growth, and polymer-based substitutes use biode-
gradable polymers alone or with other materials. A miscel-
laneous group includes tissue from marine sources such as 
coral and sponge skeleton.

ALLOGRAFT-BASED BONE GRAFT SUBSTITUTES
Allograft comes in many forms and is prepared in many ways, 
including freeze-dried, irradiated (electron beam and gamma 
ray), and decalcified. Freeze-dried and irradiated forms can be 
used for structural support when taken from cortical bone. Some 
forms can be milled for special applications, such as use in inter-
vertebral cages or morcelized as a bone extender. Demineralized 
bone matrix (DBM) is the decalcified form of allograft that con-
tains the osteoinductive proteins that stimulate bone formation. 
It is supplied as a putty, injectable gel, paste, powder, strips, and 
mixtures of these. Some of these forms may be mixed with bone 
marrow to add osteogenic pluripotent cells. There is consider-
able variability in bone stimulation between different DBM 
products, which may be because of multiple factors, including 
the source (bone bank and/or donor), processing procedures, 
form, and carrier type. Demineralized allograft usually is mixed 
with a carrier such as glycerol, calcium sulfate powder, sodium 
hyaluronate, and gelatin. Sterilization of DBM by gamma irra-
diation and ethylene oxide exposure decreases the risk of disease 
transmission but also may decrease the osteoinductive activity 
of the product. All of these factors add significant variability in 
the efficacy of bone activation by these substances.

DBM is contraindicated in patients with severe vascular or 
neurologic disease, fever, uncontrolled diabetes, severe degen-
erative bone disease, pregnancy, hypercalcemia, renal compro-
mise, Pott disease, or osteomyelitis or sepsis at the surgical site.

Transmission of disease from the donor is a rare but doc-
umented risk. Other complications of allografts include vari-
able osteoinductive strength and infection of the graft. Even 
with rigorous donor screening and various methods of ster-
ilization, complete removal of viral and bacterial infectious 
agents cannot be fully achieved. Large allografts for structural 
replacement have the greatest risks of disease transmission. 
Bacterial infections and hepatitis B and C have been reported 
in patients who received allografts. DBM is much less likely to 
transmit infection from the donor to the recipient. 

GROWTH FACTOR–BASED BONE GRAFT 
SUBSTITUTES
Urist first discovered BMP in 1965 when he recognized its abil-
ity to induce enchondral bone formation. Since then, numer-
ous proteins have been isolated from this group. They are part 
of a very large group of cytokines and metabologens grouped 
together as growth factors and aid in the development of mul-
tiple tissues. Most of the BMPs used today are in the bone 
superfamily TGF-beta. This superfamily includes the inhibin/
activin family, Müllerian-inhibiting substance family, and the 
decapentaplegic family (Table 53.7). Most of the proteins in 
the TGF-beta family do not help form bone but are involved 
in the production, regulation, and modulation of other tissues 
(Table 53.8). Presently, only two proteins have been isolated, 
produced, and approved for use in humans. Because they are 
produced by the recombinant process, they are designated 
rhBMP-2 and rhBMP-7. Other BMPs that have been shown 
to have osteogenic properties are BMP-4, -6, and -9. The US 
Food and Drug Administration (FDA) has approved rhBMP-2 
for use in anterior lumbar fusion with a titanium cage. The use 
of rhBMP-7 or OP-1 is limited to use under the Humanitarian 
Device Exemptions for revision spinal fusion by the FDA.

BMP-2 and BMP-7 are water soluble and require a car-
rier to remain in the operative area to be effective. They are 
either supplied in a carrier or added to a carrier. By choosing 

 TABLE 53.6 

Bone Graft and Bone Graft Substitutes

CLASS USE EXAMPLE PROPERTIES CARRIER
Autograft Use alone ICBG Osteoinductive

Osteoconductive
Osteogenic

No

Allograft Alone or combination Freeze-dried bone
DBM

Osteoconductive
Osteoinductive

Yes

Factor based Combination required rhBMP-7 Osteoinductive No
Cell based Alone or combination Mesenchymal stem cells Osteogenic
Ceramic Alone or combination Calcium phosphate, calcium sulfate

Bioactive glass
Osteoconductive Yes

Polymer Combination Nondegradable and biodegradable 
polymers

Osteoconductive Yes

Miscellaneous Alone or combination Coralline hydroxyapatite Osteoconductive Yes

BMP, Bone morphogenetic protein; DBM, demineralized bone matrix; ICBG, iliac crest bone graft.

 TABLE 53.7

Transforming Growth Factor-Beta Family Ligands

TGF-BETA 1 TGF-BETA 2
TGF-beta 1,2,3 TGF-beta 2/1.2
TGF-beta 1.2 TGF-beta 3
TGF-beta 1/1.2 TGF-beta 5

TGF, Transforming growth factor.
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a carrier that also has osteoconductive properties, the power 
of the inductive process is magnified. Care must be taken in 
choosing the carrier to avoid loss of the BMP.

Complications have been reported with the use of BMP 
in spinal surgery, and these are discussed in Chapter 41.

Other proteins that show promise in bone forma-
tion include PDGF and vascular endothelial growth factor 
(VEGF). 

CELL-BASED BONE GRAFT SUBSTITUTES
Cells may be used to stimulate or seed cells for new tissue. 
Presently, the most frequently used cell-based graft is autolo-
gous bone marrow. In the future, adult and embryonic stem 
cells, somatic stem cells such as bone marrow stromal cells, 
dermal stem cells, and cells in fetal cord blood may be grown 
for use as grafts.

Collagen in its denatured form is an osteoinductive mate-
rial. The usual forms of this material are bovine (xenograft) 
and human type 1 collagen. It is used as a carrier for BMP. 
Both rhBMP-2 and rhBMP-7 use bone collagen to avoid the 
problem of compressibility and potential loss of the BMP 
found in tendon and ligament collagen. 

CERAMIC-BASED BONE GRAFT SUBSTITUTES
Ceramic and collagen bone substitutes can provide osteocon-
duction without the risk of disease transmission. Available 
ceramics include calcium sulfate, calcium phosphate, and bio-
active glass. In addition to osteoconduction these products are 
osseointegrative, having the ability to form intimate bonds with 

the tissue. These products are brittle and may be used with other 
products as a carrier or for protection (such as cages). Calcium 
phosphate ceramics come in several varieties, including trical-
cium phosphate and synthetic hydroxyapatite. These products 
are available as pastes, solid matrices, putties, and granules. 
Bioactive glass is silicate-based glass that is biologically active. 
Presently, it is used with polymethyl methacrylate to improve 
bonding. These products are not recommended for load bear-
ing individually without modification or use with stronger 
products. Some may be used with DBM or as carriers for BMP. 

POLYMER-BASED BONE GRAFT SUBSTITUTES
Polymers available for bone graft substitutes include both natu-
ral and synthetic polymers, biodegradable and nonbiodegrad-
able. Some nonbiodegradable natural and synthetic polymers 
are composites of the polymer and a ceramic and can be used in 
load-bearing areas. Biodegradable natural and synthetic materials 
include polyglycolic acid (PGA) and poly(lactic-co-glycolic) acid. 
The resorption of these products limits their use in load bearing. 

MISCELLANEOUS BONE GRAFT SUBSTITUTES
Coralline hydroxyapatite is one of the first substances used as 
a bone substitute. It is resorbed very slowly and can be used as 
a carrier for BMP. This material is strong in compression but 
weak in shear, limiting its use in spinal applications. When 
used as a filler, it also may migrate because of bone compres-
sion with healing because of its slow resorption.

Chitosan and sponge skeleton are other potential graft 
substitutes that appear promising but have yet to be proven 

 TABLE 53.8 

Bone Morphogenetic Proteins

KNOWN FUNCTIONS GENE LOCUS
BMP1 BMP1 does not belong to the TGF-beta family of proteins. It is a  

metalloprotease that acts on procollagen I, II, and III. It is involved in  
cartilage development.

Chromosome: 8
Location: 8p21

BMP2 Acts as a disulfide-linked homodimer and induces bone and cartilage  
formation. It is a candidate as a retinoid mediator and plays a key  
role in osteoblast differentiation.

Chromosome: 20
Location: 20p12

BMP3 Induces bone formation Chromosome: 14
Location: 14p22

BMP4 Regulates the formation of teeth, limbs, and bone from mesoderm. It  
also plays a role in fracture repair.

Chromosome: 14
Location: 14q22-q23

BMP5 Performs functions in cartilage development Chromosome: 6
Location: 6p12.1

BMP6 Plays a role in joint integrity in adults Chromosome: 6
Location: 6p12.1

BMP7 Plays a key role in osteoblast differentiation. It also induces the  
production of SMAD1 and is key in renal development and repair.

Chromosome: 20
Location: 20q13

BMP8a Involved in bone and cartilage development Chromosome: 1
Location: 1p35-p32

BMP8b Expressed in the hippocampus Chromosome: 1
Location: 1p35-p32

BMP10 May play a role in the trabeculation of the embryonic heart Chromosome: 2
Location: 2p14

BMP15 May play a role in oocyte and follicular development Chromosome: X
Location: Xp11.2

BMP, Bone morphogenetic protein; TGF-beta, transforming growth factor-beta.
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reliably effective. They require close proximity to the host 
bone to achieve bone conduction. 

ELECTRICAL AND ULTRASOUND STIMULATION
Electromagnetic stimulation has been used since the early 
1970s in the treatment of delayed unions and nonunions, 
with reported success rates of 64% to 85%, but it has not 
been proved to be effective in the treatment of fresh frac-
tures. Double-blind prospective studies have shown posi-
tive effects of electromagnetic stimulation on the healing of 
femoral and tibial osteotomies. The effects of electromagnetic 
stimulation on the cellular processes of fracture healing are 
not well understood, but in vitro exposure of osteoblasts to 
electromagnetic fields was found to stimulate the secretion 
of numerous growth factors, including BMP-2 and BMP-4, 
TGF-beta, and IGF-2.

Although animal and clinical studies have confirmed the 
ability of ultrasound to enhance fracture healing, the exact 
physical mechanism has not been established. Low-intensity 
ultrasound has been shown to increase the incorporation of cal-
cium ions in cultures of cartilage and bone cells and to stimulate 
the expression of numerous genes involved in the healing pro-
cess, including IGF and TGF-beta. In a murine model, exposure 
to ultrasound increased the formation of soft callus and resulted 
in earlier onset of endochondral ossification. Animal studies of 
fresh fractures in rats and rabbits showed a mean acceleration 
of the healing process by 1.5 times in the group treated with 
ultrasound. Clinical comparison studies have shown an approx-
imately 40% shorter healing time in tibial and radial fractures 
with ultrasound treatment. Low-intensity ultrasound also has 
been suggested to enhance fracture healing in smokers, a group 
at risk for delayed union; in patients with diseases such as dia-
betes, vascular insufficiency, and osteoporosis; and in patients 
taking medications such as steroids, nonsteroidal antiinflam-
matory drugs (NSAIDs), or calcium channel blockers. 

FACTORS THAT NEGATIVELY AFFECT BONE 
HEALING
Numerous factors have been shown to have a negative effect on 
bone healing. Tobacco smoking is the most notable of these fac-
tors. Clinical and animal studies have shown that smoking, pre-
vious smoking, and use of smokeless tobacco significantly delay 
fracture healing. Tobacco use also delays simple wound healing. 
Smoking may double the time for a fracture to heal and signifi-
cantly increases the risk of nonunion. NSAIDs (cyclooxygenase-1 
and cyclooxygenase-2) have been shown to delay or, in the case 
of ibuprofen, stop the bone healing cascade. These effects vary 
with the individual drug. The fluoroquinolone family of antibiot-
ics has been implicated in slowing bone healing, although these 
drugs have been shown to be effective in the outpatient treatment 
of deep bone infections. Other factors include a lack of weight 
bearing or muscular stimulation of the fracture site and the pres-
ence of some comorbid conditions such as diabetes (Box 53.3). 

PRINCIPLES OF SURGICAL 
TREATMENT
GENERAL INDICATIONS FOR SURGICAL 
REDUCTION AND STABILIZATION
Previously, orthopaedic schools of thought have fallen 
into one of two groups. Those who preferred nonoperative 

methods, such as closed reduction, casting, and traction tech-
niques, were referred to as proponents of “conservative treat-
ment.” The second school of thought included proponents of 
surgical treatment of all fractures. As with most labels, these 
distinctions have become obsolete; all orthopaedic surgeons 
are members of a “conservative orthopaedic consensus” in 
that our goal is to conserve as much functional potential of 
the injured extremity as possible.

In some circumstances a complex open reduction and 
internal fixation of a comminuted intraarticular fracture may 
be the patient’s only chance for regaining a functional extremity 
and would be conservative treatment. In contrast, an isolated, 
simple, closed, stable midshaft tibial or fibular fracture can be 
treated with casting, plating, intramedullary nailing, or exter-
nal fixation, but most surgeons currently would favor a long leg 
walking cast followed by some type of cast bracing as the most 
conservative option. For that same tibial or fibular fracture with 
an ipsilateral femoral fracture, tibial plateau fracture, or mal-
leolar fracture, however, surgical repair with an intramedullary 
nail, external fixation, or plate and screws would be considered, 
depending on the soft-tissue injury, the Injury Severity Score of 
the patient, associated upper extremity and systemic injuries, 
and the proximity of the adjacent fractures and their combined 
effect on the mobility and potential for recovery of the adjacent 
joints. In this situation conservative management of the tibial 
shaft fracture most likely would be surgical.

Rather than a listing of absolute indications for surgical 
reduction and stabilization, those situations are described in 
which the probability is high that surgical treatment will be 
required to obtain an optimal result:
 1.  Displaced intraarticular fractures suitable for surgical 

reduction and stabilization
 2.  Unstable fractures in which an appropriate trial of con-

servative management has failed
 3.  Major avulsion fractures associated with disruption 

of important musculotendinous units or ligamentous 
groups that have been shown to have a poor result with 
conservative treatment

 4.  Displaced pathologic fractures in patients not immi-
nently terminal

 5.  Fractures for which conservative treatment is known to 
yield poor functional results, such as femoral neck frac-
tures, Galeazzi fracture-dislocations, and Monteggia 
fracture-dislocations

 6.  Displaced physeal injuries that have a propensity for 
growth arrest (Salter-Harris types III and IV)

 7.  Fractures with compartment syndromes that require 
fasciotomies

 8.  Nonunions, especially malreduced ones, in which previ-
ous conservative or surgical treatments have failed
Fractures in which surgical reduction and stabilization 

have a moderate probability of resulting in improved func-
tion include the following:
 1.  Unstable spinal injuries, long bone fractures, and unsta-

ble pelvic fractures, especially in polytrauma patients
 2.  Delayed unions after an appropriate trial of conservative 

management
 3.  Impending pathologic fractures
 4.  Unstable open fractures
 5.  Fractures associated with complex soft-tissue lesions 

(Gustilo type IIIB open fractures, burns over fractured 
areas, or preexisting dermatitis)
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 6.  Fractures in patients in whom prolonged immobiliza-
tion will lead to increased systemic complications (e.g., 
hip and femoral fractures in elderly patients and multiple 
fractures in patients with injury severity scores of < 18)

 7.  Unstable infected fractures or unstable septic nonunions
 8.  Fractures associated with vascular or neurologic deficits 

that require surgical repair, including long bone fractures 
in patients with spinal cord, conus, or proximal nerve 
root lesions
Situations with a low probability for improvement of 

functional outcome after surgery include the following:
 1.  Cosmetic improvement of fracture deformities that do 

not impair function
 2.  Stabilization for economic considerations to allow more 

rapid discharge from an acute care facility without a signif-
icant functional improvement over conservative methods 

CONTRAINDICATIONS TO SURGICAL 
REDUCTION AND STABILIZATION
Boyd, Lipinski, and Wiley stated that good surgical judgment 
comes from experience and that experience comes from bad 
surgical judgment. Just as there are no absolute indications 
for surgical management of a fracture, there are no absolute 
contraindications. However, if the possibility for a successful 
outcome with surgery is overshadowed by the probability of 
complications and failure, nonoperative treatment is recom-
mended. Situations in which there is a high probability for 
failure with surgical treatment are as follows:
 1.  Osteoporotic bone that is too fragile to allow stabilization 

by internal or external fixation. In severely comminuted 
osteoporotic fractures of the distal humerus, or less com-
monly the distal femur, some surgeons have found suc-
cess with arthroplasty or a tumor prosthesis.

 2.  Soft tissues overlying the fracture or planned surgi-
cal approach of such poor quality because of scarring, 
burns, active infection, or dermatitis that internal fixa-
tion would result in loss of soft-tissue coverage or exac-
erbation of infection; external fixation is preferred in this 
situation.

 3.  Active infection or osteomyelitis. Currently the favored 
treatment is external fixation combined with a biologic 
approach to control of the infection. Occasionally, intra-
medullary nail stabilization combined with biologic con-
trol of the infection has been used successfully to obtain 
fracture stability; these infected fractures have been 
treated by experts in intramedullary nailing techniques 
as a last resort, and this approach cannot be routinely 
recommended.

 4.  Fracture comminution to a degree that does not allow 
successful reconstruction. This is most commonly seen 
in severe intraarticular fractures in which impaction has 
destroyed the articular surface.

 5.  General medical conditions that are contraindications to 
anesthesia are generally contraindications to the surgical 
treatment of fractures.

 6.  Undisplaced or stable impacted fractures in acceptable 
position do not require surgical exposure or reduction, 
but they may benefit from prophylactic fixation in spe-
cial circumstances (e.g., impacted or undisplaced femoral 
neck fractures).

 7.  Inadequate equipment, manpower, training, and 
experience 

DISADVANTAGES OF SURGICAL 
REDUCTION AND STABILIZATION
Surgical treatment adds further trauma to any injury. The chal-
lenge is to improve the overall outcome of the injury. If open 
reduction is required, the technique should minimize the dan-
gers of infection and further vascular destruction to the injured 
tissues to lessen the possibility of inactivating the biology of 
fracture repair, which leads to delayed union or nonunion. Any 
surgical dissection produces scar tissue to heal the incision, 
but the dissection in itself can cause contracture and debilita-
tion of the musculotendinous units responsible for functional 
reactivation of the extremity. Surgical approaches should follow 
internervous planes and should avoid transection of musculo-
tendinous units. With any surgical approach, the possibility of 
nerve and vascular damage is constant. Surgical treatment also 
involves the use of anesthesia, with all its attendant risks.

The risks of bloodborne infection to the patient and the 
surgical team are becoming better appreciated. Blood transfu-
sions carry the risks of hepatitis, acquired immunodeficiency 
syndrome (AIDS), and immunologic reactions. The surgi-
cal team must minimize blood loss and blood contamina-
tion (see Chapter 1). The American Academy of Orthopaedic 
Surgeons published recommendations for the prevention of 
human immunodeficiency virus (HIV) transmission in the 
practice of orthopaedic surgery. The task force recommended 
that all health care providers have voluntary testing on a regu-
lar basis and that knowledge of the HIV status of individu-
als be pursued after proper counseling and voluntary consent 
of the patient. They noted that “theoretically, if patients have 
advanced HIV infection, the immune status might be com-
promised to such a degree that they are at an increased risk of 
nosocomial infection were surgery to be performed.”

Implants or external fixation systems frequently require 
removal, with the attendant risks of a second surgical proce-
dure. Refractures have been reported after implant and exter-
nal fixation removal. 

TIMING OF SURGICAL TREATMENT
The best time for surgical treatment after an injury depends 
on several factors. Surgical procedures can be divided into 
three categories: emergency, urgent, and elective. Injuries 
requiring emergency procedures include open fractures, irre-
ducible dislocations of major joints, fractures with lacerations 
or deep excoriations in the operative field, spinal injuries 
with deteriorating neurologic deficits, fracture-dislocations 
that impair the vascularity of the limb or overlying soft tis-
sues, and fractures with compartment syndromes. In these 
situations delays in surgery can lead to infection, neurologic 
damage, amputation, and possibly loss of life. Urgent proce-
dures are those that should be done within 24 to 72 hours 
of injury, such as re-debridement of severe open fractures 
and long bone stabilization in polytrauma patients, hip frac-
tures, and unstable fracture-dislocations. Elective operations 
in trauma surgery are those that can be delayed 3 or 4 days 
and up to 3 or 4 weeks. Injuries that can be treated with elec-
tive surgery include isolated skeletal injuries that have been 
initially reduced and stabilized with nonoperative techniques 
but will have a better outcome with surgery, such as both-
bone forearm fractures, fractures with damaged soft tissues 
or fracture blisters overlying the planned operative approach, 
and intraarticular fractures that require further radiographic 
evaluation for adequate preoperative planning.

    

https://booksmedicos.org


CHAPTER 53 GENERAL PRINCIPLES OF FRACTURE TREATMENT 2785

If open reductions are delayed for longer than 4 to 6 
weeks, shortening of the musculotendinous units, lack of 
clearly defined tissue planes in the zone of injury, and resorp-
tion of the fracture surfaces make surgery more difficult. 
With delayed operations, autogenous bone grafting may be 
desirable, as in nonunion treatment. 

LAMBOTTE’S PRINCIPLES OF SURGICAL 
TREATMENT OF FRACTURES
Lambotte’s four principles of surgical treatment of fractures 
are as applicable now as they were in the 1700s. Based on 
these principles, the AO-ASIF formulated four treatment 
guidelines for fracture treatment: (1) anatomic reduction 
of the fracture fragments, especially in joint fractures, (2) 
stable internal fixation to fulfill the local biomechanical 
demands, (3) preservation of blood supply to the injured 
area of the extremity, and (4) active, pain-free mobilization 
of adjacent muscles and joints to prevent the development 
of fracture disease. These principles all have been validated 
by time, but the methods of applying them have been fur-
ther refined.
 1.  Exposure of the fracture. With open techniques, inter-

nervous extensile planes should be used whenever pos-
sible. Limited dissection, ligamentotaxis, distractors, 
and fracture tables with reduction apparatus all aid the 
surgical exposure and decrease the degree of devascular-
ization at the fracture. An image intensifier with image 
storage capability frequently allows surgical approaches 
without soft-tissue dissection at the fracture, as in closed 
intramedullary nailing techniques. However, adequate 
exposure allows development of a three-dimensional 
perspective of the fracture configuration, its attached soft 
tissues, and its degree of multiplanar displacement. This 
should be augmented by adequate preoperative planning.

 2.  Reduction of the fracture. When the anatomy and mechan-
ics of the fracture are understood, recreating the deform-
ing force and realigning the fracture with traction often 
result in reduction. This is the mainstay of closed treatment 
of fractures and dislocations. This maneuver depends on 
competence of the associated ligamentous and muscular 
attachments to the fracture fragments. When these mus-
culoligamentous allies are lost, open reduction must be 
used. The placement and application of instruments and 
mechanical distractors should be planned to minimize the 
force required and the damage to the injured tissues at the 
fracture. In evaluating the adequacy of the reduction, the 
anatomic location and tolerance to malreduction must be 
considered. A weight-bearing intraarticular fracture of the 
femoral condyle requires an anatomic reduction, whereas 
a comminuted closed midshaft fracture of the femur may 
permit marked displacement of intermediary fragments if 
it is treated with an interlocking intramedullary nail. The 
adequacy of a diaphyseal or metaphyseal fracture reduc-
tion is measured by four criteria of decreasing importance:

 a.  Alignment of the axis of the bone should be corrected in 
anteroposterior and mediolateral planes. Excessive devi-
ations of alignment lead to abnormal load deformations 
on weight-bearing joints with the potential for posttrau-
matic osteoarthritis or changes in gait that may change 
the force transmission to other joints or to the spine.

 b.  Rotation of the axis of the bone should be corrected to 
be as close as possible to that of the normal opposite 

extremity. Malrotation is better tolerated in the upper 
extremity than in the lower extremity because of the 
shoulder’s greater range of motion as compared with 
that of the hip. External malrotation seems better tol-
erated than internal malrotation in the lower extrem-
ity. Although there are no concrete guidelines for 
acceptable degrees of malreduction, 5 to 10 degrees 
of angulatory deformation and 10 to 15 degrees of 
rotary deformity may be functionally tolerated.

 c.  Length correction is difficult when bone is lost, and 
up to 1 cm of shortening or lengthening is well toler-
ated if it does not compromise fracture regeneration 
biology.

 d.  If alignment, rotation, and length are restored, dis-
placement of fracture fragments is well tolerated, 
with so-called secondary bone healing occurring 
after closed treatment of fractures or after indirect 
reduction techniques such as closed intramedullary 
nailing.

 3.  Provisional stabilization of the fracture. When the fracture 
is acceptably reduced, provisional stabilization, usually 
with Kirschner wires or screws, allows radiographic con-
firmation of the reduction, choice of definitive fixation, and 
determination of the need for bone graft augmentation. If 
provisional fixation is not used, reduction may be lost when 
definitive fixation is applied. The placement of provisional 
stabilization requires careful preoperative planning so that 
it will not interfere with the placement of definitive fixation.

 4.  Definitive stabilization of the fracture. The definitive fixation 
must obtain the mechanical stability dictated by the preoper-
ative plan to encourage the selected type of fracture healing. 
The mechanical construct (nail, plate and screws, or exter-
nal fixator) must have sufficient fatigue life to support the 
injured extremity until bony regeneration can assume pro-
gressively higher loads. The fixation optimally should allow 
relatively pain-free range of motion of adjacent joints and 
musculotendinous units so that secondary contractures and 
stiffness are avoided or minimized. The fixation should per-
mit some load sharing if it does not compromise the stability 
of the fixation or impair the biology of bone regeneration. 

BIOMATERIALS OF FRACTURE 
FIXATION
METALS
In the treatment of fractures, metals are the mainstays of 
materials because of their strength and ductility. Since the 
report by Venable, Stuck, and Beach in 1937 that some met-
als create an electrical potential when bathed with the saline 
environment of the soft tissues and cause local tissue necro-
sis, corrosion of the metal, and resultant loosening of the 
implants, metals with the lowest electrolytic coefficient have 
been evaluated and tested, and currently most orthopaedic 
implants are constructed of 316 L stainless steel (composed of 
iron, chromium, and nickel), titanium-aluminum-vanadium 
alloys, or commercially pure titanium (titanium and oxygen).

A newer material, tantalum, is a trabecular metal com-
posed of a carbon substrate with elemental tantalum depos-
ited on the surface. This so-called tantalum porous trabecular 
metal forms a biologic scaffold for new bone formation. 
Tantalum can be fabricated in a highly porous form, which 
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has a modulus of elasticity closer to that of bone than stain-
less steel or the cobalt-based alloys. Tantalum balls have been 
used in studies that have required bone markers; however, it 
has not been used in the manufacture of implants until more 
recently. Because of its remarkable resistance to corrosion, 
tantalum seems well suited to a biologic ingrowth setting, but 
long-term studies are needed to confirm its usefulness.

Concerns have been raised about metal sensitization 
from chromium and nickel. The incidence of metal sensitiv-
ity complications from internal fixation devices that actually 
effect a change in fracture regeneration is unknown, but it 
seems to be quite low.

All metals and alloys corrode in saline environments. 
This corrosion increases significantly with fretting wear 
caused by motion between metal components (plates or nails 
and screws). Most implants are passivated to resist corrosion. 
Care should be taken not to scratch implants during insertion 
and to avoid using dissimilar metals so as to minimize the 
effects of corrosion and electrolytic potentials. 

BIOABSORBABLE MATERIALS
Polyglycolic acid (PGA) was the first totally synthetic bioab-
sorbable suture developed, followed by Vicryl, a copolymer of 
92% PGA and 8% polylactic acid (PLA) and polydioxanone 
(PDS). PDS was the first bioabsorbable material to be made into 

screws. Currently, PGA, PDS, polylevolactic acid (PLLA), and 
racemic poly(d,l)-lactic acid (PDLLA) are the primary alpha 
polyesters used for bioabsorbable implants. PGA is degraded by 
hydrolysis primarily to pyruvic acid and is excreted as carbon 
dioxide and water. PDLLA is similarly hydrolyzed via the tricar-
boxylic acid cycle to carbon dioxide and water and excreted by 
respiration. PDS also is hydrolyzed, but it primarily is excreted 
in the urine. Biodegradable implants cannot be contoured 
intraoperatively because they have a high glass transition tem-
perature: the temperature at which the compound becomes as 
hard as glass. The implants can be given greater tensile and flex-
ural strength by orienting the fibers in the implant in the longi-
tudinal axis of the implant (self-reinforcement).

These absorbable polymers are subject to creep and stress 
relaxation. Claes demonstrated that self-reinforced PLA 
(SR-PLA) and PDLLA-PLLA screws lost 20% of their compres-
sive force within 20 minutes. In a more natural saline environ-
ment, this loss was more rapid. Similarly, because these implants 
are absorbable, they lose strength relatively rapidly. SR-PGA rods 
are at 50% strength at 2 weeks and 13% strength at 4 weeks. The 
slowest degradation and loss of strength is exhibited by PLLA. 
The biomechanical properties of these polymers also are affected 
by their chemical composition, manufacturing process, physical 
dimensions, environmental factors, and time (Box 53.6).

COMPLICATIONS
PGA has been implicated in aseptic inflammation and sinus 
track formation. PLLA has not been implicated as having this 
problem, possibly because of its slower degradation, which leaves 
less local residue to be removed by the body. Osteolysis also has 
been reported around PGA and is thought to be a nonspecific 
foreign body reaction. Severe synovitis has been reported with 
the use of both PGA and PLLA bioabsorbable implants to fix 
osteochondral lesions. This also is believed to be the result of the 
amount of biodegradation debris that is present; slower resorp-
tion of high-strength PLLA may avoid this problem.

The most common orthopaedic use of bioabsorbable 
implants is for the attachment of soft tissue to bone, as in 
shoulder and knee surgeries, and few reports of bioabsorbable 
fracture fixation are available. In a review of more than 2500 
fractures fixed with bioabsorbable implants, bacterial wound 
infections were reported in 3.6%, nonspecific foreign body reac-
tion in 2.3%, and failures of fixation in 3.7%. In a study of 3111 
ankle fractures, infection was slightly less frequent with bio-
absorbable fixation (3.2%) than with metallic fixation (4.1%). 
In a prospective, randomized comparison of PLA screws with 
stainless steel screws for fixation of displaced medial malleolar 
fractures, no statistically significant differences were found in 
operative or postoperative complications. A more recent report 
of absorbable plate-and-screw fixation of metacarpal fractures, 
however, reported foreign body reactions in four of 12 patients, 
all four of which required surgical debridement.

Bioabsorbable implants offer the advantages of gradual 
load transfer to the healing tissue, reduced need for hardware 
removal, and radiolucency, which facilitates postoperative 
radiographic evaluation. Bioabsorbable bone implants currently 
should be limited to applications where there is minimal load 
applied until healing is evident, such as periarticular fractures 
that are immobilized (Box 53.7). Bioabsorbable implants do dis-
solve, but most are not replaced by bone. Postoperative CT scans 
of bones with bioabsorbable implants show no bony ingrowth at 
the screw site after the fractures have healed. When they break 
off in a joint, arthropathy may result or surgery may be required 

Factors Affecting the Biomechanical Properties 
of Bioabsorbable Polymers

Chemical Composition
Molecular weight
Viscosity
Molar ratio of copolymers
Sequence of chains
Crystallinity 

Manufacturing Processes
Machining
Extrusion
Melt molding

Compression molding
Injection molding

Fiber reinforcement
Sterilization 

Physical Dimensions
Diameter
Mechanical designs 

Environmental
Temperature
pH
Blood flow
Rate of removal of degraded polymer
Oxidation/air exposure
Enzymatic action 

Time
Viscoelasticity
Rate of degradation

 BOX 53.6 

From Hovis WD, Watson JT, Bucholz RW: Biochemical and biomechanical properties 
of bioabsorbable implants used in fracture fixation, Tech Orthop 13:123, 1998.
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to retrieve the broken parts. Bioabsorbable implants have been 
used as carriers for BMP-2 and other biochemicals, and this ulti-
mately may be the best application for this technology. 

BIOMECHANICS OF IMPLANT 
DESIGN AND FRACTURE FIXATION
The factors usually cited in evaluating failure of bone are the type, 
magnitude, and rate of load and the material and structural prop-
erties of bone. Bone is an anisotropic material in that it exhibits 
different stress-strain relationships depending on the direction 
in which the stress is applied. Cancellous and cortical bone 
also differ because of the porosity and diameter of their respec-
tive cross sections. Cortical bone fractures in vitro when strain 
exceeds 2% of the original length, whereas cancellous bone does 
not fail until strain exceeds 7%. In analyzing fracture patterns, 
the mode of loading offers insight into the mechanism of injury 
and possible associated injuries. Loads usually are described as 
tension, compression, bending, shear, torsion, or a combination 
of these (Fig. 53.16). The mode of bone failure can predict the 
soft-tissue injury and stability of the fracture (Table 53.9).

Devices used to stabilize the skeleton are subjected to load-
ing and deforming forces that rarely cause acute load-to-failure 
as occurs with the fracture, but these devices can fail because 
of fatigue if the bone does not regenerate to accommodate the 
load. Material properties, as noted, are expressed by stress-strain 
curves (Fig. 53.17), and structural properties are expressed by 
load deformation curves (Fig. 53.18). Structural properties of 
area moment of inertia and polar moment of inertia are mod-
ified to obtain the desired stiffness and strength of implants. 
Most implants function within the elastic deformation phase 
of the load deformation curve. Theoretically, there is probably 
an elastic range of deformation of implants that favors bone 
regeneration, but this range is different for direct and indirect 
forms of bone healing. When an intramedullary nail, plate and 
screws, or external fixator is used, the preoperative plan must 
consider the forces that the internal or external fixation will 
sustain and the fatigue life of the implant; this also is necessary 
to determine the postoperative rehabilitation program.

PIN AND WIRE FIXATION
Küntscher described the biomechanical differences between 
pins, rods, and nails used for fracture fixation. Pins resist 

alignment changes only, rods resist deviations in alignment and 
translation, and nails resist changes in alignment, translation, 
and rotation. Kirschner wires and Steinmann pins frequently 
are used for both provisional and definitive fracture fixation. 
Because their resistance to bending loads is poor, if used alone 
they should be supplemented by bracing or casting. If used as 
definitive fixation, they usually are inserted percutaneously or 
with limited open reduction. To prevent thermal damage to 
bone and soft tissues, they should be inserted slowly with power 
equipment and with frequent stops of the drill. We prefer smooth 
wires to make their removal easier after fracture healing.

Threaded wires hold fractures in place better for tempo-
rary fixation, but the fragments must be held together during 
wire insertion to avoid distraction. There also is a risk of pin 
breakage if the cortical bone is hard. Pin or wire fixation usually 
is adequate for small fragments in metaphyseal and epiphyseal 
regions, especially in fractures of the distal foot, forearm, and 
hand, such as Colles fractures, and in displaced metacarpal and 
phalangeal fractures after closed reduction. Most frequently, 
pins are inserted under image intensifier control. This protects 
the soft tissues from further damage, theoretically permitting 
maximal bone regeneration; however, care must be taken that 
tendons and nerves are not wound around the pin during inser-
tion. Wire fixation is used alone or in combination with other 
implants for definitive fixation of some metaphyseal fractures, 
such as in the proximal humerus, patella, and cervical spine. 
Notching of the wire should be avoided because it shortens the 
fatigue life of the implant. Rarely does wire alone provide suf-
ficient stability for functional rehabilitation of the extremity. 

SCREW FIXATION
Screws are complex tools with a four-part construction: head, 
shaft, thread, and tip. The head serves as an attachment for 
the screwdriver, which can be hexagonal, cruciate, slotted, or 
Phillips in design. The head also serves as the counterforce 
against which compression generated by the screw acts on the 

Indications for Absorbable Fixation Devices

Metatarsal osteotomies (hallux valgus)
Metacarpal and metatarsal fusions
Malleolar fractures
Osteochondritis dissecans
Fractures of the radius and olecranon
Epiphyseal fractures
Ruptures of the ulnar collateral ligament of the thumb
Arthroscopic fixation of meniscal lesions
Femoral canal occlusion for cement restriction
Drug delivery
Cell transplantation (e.g., Dermagraft)
Nerve reconstruction (e.g., Neurotube)
Adhesion prevention

 BOX 53.7 

 

Unloaded Tension Compression Bending

Shear Torsion Combined loading 
torsion-compression  

FIGURE 53.16 Various loading modes (see text).  (Redrawn from 
Frankel VH, Nordin M: Basic biomechanics of the skeletal system, Phila-
delphia, 1980, Lea & Febiger.)
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bone. The shaft or shank is the smooth portion of the screw 
between the head and the threaded portion. The thread is 
defined by its root (or core) diameter, its thread (or outside) 
diameter, its pitch (or distance between adjacent threads), 
and its lead (or distance it advances into the bone with each 

complete turn). The root area determines the resistance of the 
screw to pull-out forces and relates to the area of the bone at 
the thread interface and the root area of the tapped thread. 
The cross-sectional design usually is a buttress (ASIF screws) 
or V-thread (usually used in machine screws) (Fig. 53.19). The 
tip of the screw is either round (requires pretapping) or self-
tapping (fluted or trocar). Clinically, if pull-out of the screw 

 

PlasticElastic

Ultimate load

Load to
failure

Proportional
limit

Stiffness

Deflection

Lo
ad

FIGURE 53.18 Load deflection curve shows material and struc-
tural properties. Note elastic phase, which is working area of intra-
medullary implant. (From Russell TA: Biomechanical concepts of 
femoral intramedullary nailing, J Int Orthop Trauma 1:35, 1991.)
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FIGURE 53.17 Stress-strain curve shows material properties 
in single-cycle stress until failure. Testing usually is performed in 
fixed sample with stress applied under tension.  (From Russell TA: 
Biomechanical concepts of femoral intramedullary nailing, J Int Orthop 
Trauma 1:35, 1991.)

 TABLE 53.9 

Summary of Long Bone Fracture Biomechanics

FRACTURE PATTERN APPEARANCE MECHANISM OF INJURY
LOCATION OF  
SOFT-TISSUE HINGE ENERGY

Transverse Bending Concavity Low

Spiral Torsion Vertical segment Low

Oblique-transverse or 
butterfly

Compression + bending Concavity or side  
of butterfly

Moderate

Oblique Compression + bending Concavity (often  
destroyed)

Moderate

Comminuted Torsion variable Destroyed High

Metaphyseal 
compression

Compression Variable Variable

From Gozna ER, Harrington IJ: Biomechanics of musculoskeletal injury, Baltimore, 1982, Williams & Wilkins.
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is a concern because of soft bone, a larger thread diameter 
may be preferred, whereas if the bone is strong and fatigue 
is more of a concern, a screw with a wider root diameter has 
a higher resistance to fatigue failure. Screws also usually are 
grouped into machine-type screws and ASIF screw designs. 
Other manufacturers now make screws and plates similar in 
design to those introduced by the ASIF group.

The use of a screw to convert torque forces to compres-
sion forces across a fracture is a valuable technique. Its suc-
cess requires application of the screw in a manner that allows 
gliding of the proximal portion of the screw in the near bone 
and thread purchase in the opposite cortex so that the head of 
the screw exerts load and forces the fracture together. Careful 
selection of the screw angle respective to the fracture is nec-
essary to prevent sliding of the fracture fragments as they are 
compressed (Fig. 53.20). Any type of screw can be used as 
an interfragmentary device if the principles are maintained. 
Any screw that crosses a fracture line should be inserted with 
interfragmentary technique. Screws that attach an implant to 
bone are referred to as positional or neutralization screws.

MACHINE SCREWS
Machine screws are threaded their whole length and can either 
be self-tapping or require threads to be cut before insertion. Most 
are self-tapping; the end has a cutting flute that cuts the screw 
threads as the screw is inserted. Machine screws are used pri-
marily to fasten hip compression screw devices to the shaft of the 
femur. The size of the hole drilled for machine screws is of criti-
cal importance. A hole that is too large will result in an insecure 
purchase by the threads, and a hole that is too small can result in 
inability to insert the screw or fragmentation of the bone as it is 
inserted. The drill point selected should be slightly smaller than 
the shank of the screw minus its thread. For a self-tapping screw, 
the drill point used for a hole in cortical bone should be 0.3 mm 
larger than that used for a hole in soft bone. Screws and drill 
points should be checked for proper size before surgery. 

INTERNAL FIXATION SCREWS
Screws designed for the techniques and principles of osteosyn-
thesis developed by the ASIF group in Switzerland are widely 
used. The threads are more horizontal than those of machine 
screws, and with rare exception these screws are not self-
tapping; the drill hole must be tapped with a cutting tapper 

 

Root diameter 

Thread diameter

Lead

Pitch

Design of thread

Tapped thread

Root area of 
tapped thread

V thread

Buttress thread 

FIGURE 53.19 Design parameters of orthopaedic bone screw 
(see text).  (From Gonza ER, Harrington IJ: Biomechanics of musculo-
skeletal injury, Baltimore, 1982, Williams & Wilkins.)
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  FIGURE 53.20 Principles of lag screw technique. A, To determine best location and inclina- 
tion, forceps temporarily compress fracture. B, Lag screw replaces forceps in location and position 
(inclination). C, Lag screw is best positioned at right angle to fracture plane. Use of bisecting angle 
is correct only for fractures with less than 40 degrees of inclination. If inclination is 60 degrees, 
fracture is displaced because of insufficient inclination of lag screw. (Redrawn after Müller ME, Allgöwer 
M, Schneider R, et al: Manual of internal fixation: techniques recommended by the AO-ASIF group, ed 3, 
Berlin, 1990, Springer-Verlag.) SEE TECHNIQUE 53.4.

 

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2790

 

Lag screws

FIGURE 53.22 Lag screw insertion. To apply compression, 
thread must be engaged only in far fragment to pull far fragment 
toward near fragment and create compression across fracture site.  
(From Bechtold JE: Biomechanics of fracture fixation devices. In Gustilo 
RB, Kyle RF, Templeman DC, editors: Fractures and dislocations, St. Louis, 
1993, Mosby.)

 FIGURE 53.21 Examples of cancellous and cortical screws for 
fracture fixation.  (From Bechtold JE: Biomechanics of fracture fixation 
devices. In Gustilo RB, Kyle RF, Templeman DC, editors: Fractures and 
dislocations, St. Louis, 1993, Mosby.)

before the screw is inserted. Cortical, cancellous, and malleolar 
designs are available in ASIF screws. Miniscrews for fixation 
of small fragments and small bones, as well as the standard 
cancellous and cortical screws, come in multiple lengths and 
diameters (Fig. 53.21). The heads of the standard cancellous 
and cortical screws have a hexagonal recess for a special screw-
driver, whereas the smaller screws have a Phillips head.

CORTICAL SCREWS
The cortical ASIF screws are threaded their entire length and 
are available in the following diameters: 4.5, 3.5, 2.7, 2.4, 2.0, 
and 1.5 mm. The cortical screws can function as either posi-
tional or lag screws for interfragmentary compression if the 
hole in the near cortex is overdrilled. 

CANCELLOUS SCREWS
These screws have larger threads that provide more purchase 
in soft cancellous bone and therefore are more frequently used 
in the metaphyseal areas. The cancellous screws are available 
in 6.5- and 4.0-mm diameters and in two thread lengths: 16 
and 32 mm. They are threaded for these two lengths only, 
regardless of the length of the screw. The malleolar screw, a 
4.5-mm screw, also is included in this group, but it is unique in 
that it has a self-tapping trephine tip. Selecting the proper drill 
size and tapping the drill hole are essential for secure purchase. 
Plastic and metal washers are used frequently with these types 
of screws for reattaching ligamentous avulsions or to increase 
interfragmentary compression by providing a larger surface 
area of the cortex for the screw head to compress against. 

SELF-TAPPING, SELF-DRILLING SCREWS
Self-tapping screws are available in the same sizes as cortical 
screws. These screws have a small bit at the end of the screw 
to remove bone debris. Self-tapping screws have less pull-out 
strength because of their construction. These screws are best 
used in external fixation pins. 

LOCKING SCREWS
Locking screws are self-tapping screws with a locking screw 
at the head. These screws require precise predrilling to allow 
tight fixation with a locking plate, and specialized screwdriv-
ers are required for implantation. 

SCREWS FIXATION TECHNIQUES
For transverse or short oblique fractures, screws must be 
combined with plates or other forms of internal fixation. Use 

of interfragmentary compression techniques always is more 
desirable than use of a screw as a positional fixation device. If 
a screw is threaded its entire length, it can function only as a 
positional screw unless the near cortex is overdrilled so that 
the threads purchase only in the far cortex; then as the screw 
is tightened, compression across the fracture line may be pro-
duced. If the screw is threaded over only part of its length, 
with the portion nearer the head being unthreaded, then com-
pression across the fracture line can be obtained without over-
drilling the proximal cortex, but the threaded portion that has 
purchase should not cross the fracture line, or interfragmen-
tary compression will not be possible (Fig. 53.22). If interfrag-
mentary compression across the fracture line is desired, the 
following technique is recommended by the AO group. 

 

SCREW FIXATION

 TECHNIQUE 53.4 

 n  Reduce the fracture and secure the reduction with for-
ceps or provisional fixation by Kirschner wires.

 n  Plan the position of the screw so that it is inserted in the 
middle of the fragment, equidistant from the fracture edg-
es and directed at a right angle to the fracture plane. If the 
screw is not inserted perpendicular to the fracture plane, 
shearing forces will be introduced as the torque forces of 
the screw create compression at the fracture line, resulting 
in displacement of the fracture reduction (see Fig. 53.20).

 n  Drill the near cortex with a 4.5-mm drill.
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 n  Insert the drill reduction sleeve for the 3.2-mm drill and 
drill the far cortex with a 3.2-mm drill.

 n  Countersink the 4.5-mm drill hole to allow maximal con-
tact with the head of the screw to increase load dispersion 
on the cortex.

 n  Determine the screw length with a depth gauge, insert the 
4.5-mm tap, and cut threads in the hole in the far cortex; thus 
the screw threads will have purchase only in the far cortex.

 n  Insert a screw of the proper length and observe interfrag-
mentary compression occurring by means of the lag effect 
as the screw is tightened. Do not remove the provisional 
fixation or holding forceps until the screw is fully seated.
Interfragmentary screw fixation alone is well suited for re-

pair of avulsion fractures, in which shear forces cause epiph-
yseal and metaphyseal intraarticular fractures (Fig. 53.23). 

  

  

ASIF CANCELLOUS SCREW TECHNIQUE
The ASIF cancellous screw technique should be used for 
screw fixation through a plate using the 4.5-mm ASIF corti-
cal screw. If the screw is to serve a positional function, select 
a 3.2-mm drill and drill through both cortices. Determine 
the screw length with a depth gauge; then with a 4.5-mm 
tapper cut the threads along the drill hole and insert a 4.5-
mm cortical screw that is of the proper length. Cancellous 
screw insertion is similar to that of cortical screws except 
that the near cortex is not overdrilled; that portion of the 
screw nearest the head is not threaded and does not hold 
the near cortex.

 TECHNIQUE 53.5 

 n  When cancellous bone in which these screws are used 
is soft, insert a washer under the head of the screw to 

increase the surface area and help prevent the screw head 
from being pulled through the cortex as the screw is tight-
ened.

 n  If the metaphyseal bone is firm and hard, tap for the can-
cellous screw as for the cortical screw, but only in the near 
cortex.

 n  Use a 2.5-mm drill and a 3.5-mm tap for the 4-mm can-
cellous screw, and use a 3.2-mm drill with a 6.5-mm tap 
for the 6.5-mm cancellous screw.

 n  If the bone is osteoporotic and soft, tapping may not be 
necessary.

 n  Proper selection of the length of the threaded portion of 
the screw is necessary if interfragmentary compression is 
to be accomplished. Select a length of thread that places 
all the threads in the far fragment and none in the near 
fragment so that compression can be achieved.
  

Cannulated screws (Fig. 53.24) are available from several 
manufacturers. For small fracture fragments, the ideal pro-
visional fixation frequently is in the same location as the 
desired definitive screw fixation. The major difference from 
conventional lag screw technique is the need to drill over the 
guidewire with a cannulated drill. The principles of interfrag-
mentary lag screw fixation still must be followed with respect 
to planning of screw orientation, provisional fixation, and the 
need for all threads to purchase only in the opposite bone 
fragment and cortex. Figure 53.25 shows one technique and 
instrumentation.

Hip screws (Fig. 53.26) are used to fix various types of 
femoral neck fractures. Early hip screw designs, such as the 
Jewett nail, consisted of a nail or screw that was fixed in the 
femoral head and was attached to a side plate that was fixed to 
the femur. More recent compression hip screw designs allow 
sliding of the screw or nail within a barrel attached to the side 
plate to accommodate the inevitable collapse that occurs dur-
ing fracture healing. These compression hip screws act accord-
ing to a tension band principle in that the screw is loaded in 

 

A B C D
FIGURE 53.23 Intraarticular epiphyseal and metaphyseal fractures reconstructed with lag 

screws. A, Cancellous screw (6.4 mm) for posterior lip ankle fracture. B, Two 4-mm partially threaded 
small fragment cancellous bone screws used for medial malleolar fracture. C, Two 4-mm partially 
threaded small fragment cancellous bone screws used for type A fracture of medial malleolus. D, 
Two 4-mm partially threaded small fragment cancellous bone screws used for lag screw fixation 
of epiphysis and fixation of condyle to metaphysis of distal humerus.  (Redrawn from Müller ME, 
Allgöwer M, Schneider R, et al: Manual of internal fixation: techniques recommended by the AO-ASIF group, 
ed 3, Berlin, 1990, Springer-Verlag.)
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tension and the bone at the fracture site is loaded in com-
pression. The applied bending moment, and thus the fatigue 
strength, of these devices depends on the angle between the 
side plate and the screw or nail. Biomechanical studies have 
shown that higher angles with shorter moment arms result in 
smaller bending moments than do lower angles with longer 
moment arms (Fig. 53.27). Use of these devices for fixation of 
femoral neck fractures is discussed in Chapter 54.

PLATE AND SCREW FIXATION
Plate and screw fixation of fractures has undergone continual 
design modifications and improvements. Pauwels first defined 
and applied the tension band principle in the fixation of frac-
tures and nonunions. This engineering principle applies to 
the conversion of tensile forces to compression forces on the 
convex side of an eccentrically loaded bone. This is accom-
plished by placing a tension band (bone plate) across the 
fracture on the tension (or convex) side of the bone. Tension 
forces are counteracted by the tension band in this position 
and converted into compressive forces. If the plate is applied 
to the compression (or concave) side of the bone, it is likely to 
bend, fatigue, and fail. Therefore, a basic principle of tension 
band plating is that it must be applied to the tension side of 
the bone so that the bone itself will receive the compressive 
forces, and thus the tension band appliance need not be heavy 
and rigid (Fig. 53.28). Tension band principles also are used 
for some olecranon and patellar fractures with pins or screws 
and wires; these techniques are discussed in Chapters 54 and 
57. The tension band and axial compression principles fre-
quently are combined when using plates and screws.

Although the use of axial compression in promoting union 
of fractures in cancellous bone is now well accepted, the effects 

of compression on cortical bone have been controversial. A 
number of compression plates have been developed and modi-
fied several times since their introduction in 1963 (Fig. 53.29).

Plates offer the benefits of anatomic reduction of the frac-
ture with open techniques and stability for early function of 
musculotendinous units and joints, but they must be pro-
tected from premature weight bearing. Disadvantages of plate 
fixation include the risk of bone refracture after their removal, 
stress protection and osteoporosis beneath a plate, plate irri-
tation, and, rarely, an immunologic reaction.

Plates neutralize deforming forces that cannot be counter-
acted by screws alone. Plates require contouring to maintain 
optimal stability of the fracture reduction. The application of the 
screws also is critical because incorrect placement or sequence 
will result in displacement or shear and loss of reduction (Fig. 
53.30). For plates of any type to function, adequate screw fixation 
in bone is required. Usually six to eight cortices of purchase are 
required above and below the fracture, except with buttress plates. 
One of the most common mistakes is to use a plate of insuffi-
cient length. The larger the bone and the greater the stresses, 
the longer the plates should be. We have added cancellous bone 
grafts to severely comminuted fractures when the comminution 
involved more than one third of the circumference of the bone. 
Overtorquing of the screws should be avoided during insertion. 
Before closure of the wound, all screws should be retightened to 
allow time for stress relaxation of the screw-bone interface.

Specific plate designs include semitubular, one third 
and one quarter tubular plates, T and L plates, spoon plates, 
dynamic compression plates, and cobra arthrodesis plates. In 
larger bones, such as the femur, so-called broad plates, with 
offset holes to minimize stress concentration, are used. The 
many different types and designs of plates can be grouped 
functionally into four categories: neutralization plates, com-
pression plates, buttress plates, and bridge plates. In recent 
years there has been a proliferation of anatomically contoured 
specialty plates, particularly for periarticular fractures.

Neutralization plates are used in conjunction with inter-
fragmentary screw fixation and neutralize torsional, bend-
ing, and shear forces. These are used commonly in fractures 
with butterfly or wedge-type fragments after interfragmentary 
screw fixation of the wedge portion of the fracture (Fig. 53.31). 
Stability of the plate is significantly improved by the interfrag-
mentary screw. Common fractures fixed with neutralization 
plates are type B wedge fractures of the humerus, radius, ulna, 
and fibula. The technique for neutralization plate fixation 
essentially is the same as for compression plate fixation, except 
that compression is not applied through the screw holes.

Compression plates negate torsional, bending, and 
shear forces and create compression across the fracture site 
either through external tension devices or through specially 
designed self-compression holes in the dynamic compression 
plate design; these holes exert compression through transla-
tion of the plate as the screw engages it. Dynamic compres-
sion plates are used in type A shaft fractures, transverse or 
short oblique diaphyseal fractures, or type B fractures after 
interfragmentary fixation of the wedge fragment. Variations 
of the technique include inserting the interfragmentary screw 
outside the plate, applying compression through the plate 
with the two closest screws, and then filling in the remaining 
screws eccentrically from the fracture and middle of the plate. 
A semitubular plate also can be used as a compression plate, 
usually in the fixation of fibular fractures.

 FIGURE 53.24 Various cannulated screws are available from 
several manufacturers.
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A B C

D E F

FIGURE 53.25 Insertion of small cannulated cancellous bone screws. A, After reduction of frag-
ments, 1.25-mm threaded guide is inserted using small air drill and drill sleeve. Guidewire should 
cross fracture and penetrate far cortex. Guidewire position is confirmed with radiographs in three 
views, drill sleeve is removed, and second wire is inserted parallel to first wire. B, Guidewire insertion 
depth is determined by direct measuring device over wire; drilling depth is 5 mm less than reading 
on device to prevent penetration of far cortex. C, Cannulated drill bit is inserted into drill guide 
until coupling rests on guide. Drill is inserted into measuring device, knurled nut is loosened, drill 
guide is rotated until drill bit length corresponds to drilling depth, and nut is tightened. Drilling 
assembly is placed over guidewire, and drilling continues until coupling end contacts drill guide. 
D, Small cannulated countersink is placed over guidewire to create recess for screw head (a washer 
can be used if necessary). E, Near cortex is tapped using tapping assembly. F, Small cannulated bone 
screw of same length as depth drilled is inserted over guidewire. Guidewire is removed. Procedure 
is repeated for additional screws.  (Redrawn after Müller ME, Allgöwer M, Schneider R, et al: Manual of 
internal fixation: techniques recommended by the AO-ASIF group, ed 3, Berlin, 1990, Springer-Verlag.)

The AO-ASIF low-contact dynamic compression plate 
system was designed to solve problems with biologic compat-
ibility. The plate is contoured to improve circulation under the 
plate and to allow a narrow area of circumferential callus to 
regenerate at the fracture. The holes in the plate are uniformly 
positioned to optimize plate application about the fracture. 
Undercutting of the holes allows a greater angulatory capac-
ity of the screw insertion angle up to 40 degrees. The com-
pression feature of the screw holes also allows bidirectional 
compression through the holes. The plate is available in com-
mercially pure titanium, as well as stainless steel.

Buttress plates negate compression and shear forces that 
frequently occur with metaphyseal-epiphyseal fractures, 
such as tibial plateau and tibial pilon fractures. They are fre-
quently used in conjunction with interfragmentary screw 
fixation. They differ from other functional types of plates 
in that the plate is anchored to the main stable fragment 
but not necessarily to the fragment it is supporting. Correct 
contouring is mandatory, and the screws should be inserted 
so that they adhere to the shoulder of the screw hole clos-
est to the fracture line to prevent axial deformation with 
loading.
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Bridge plates are used to span a comminuted unsta-
ble fracture or bone defect in which an anatomic reduc-
tion and rigid stability of the fracture cannot be restored 
by fracture reduction. This function is the most difficult 
for a plate to maintain. Biologic additions to this form 
of fixation frequently are required in the form of autog-
enous bone grafting. Indirect reduction techniques are 

recommended to maximize the bone regeneration poten-
tial at the injury site.

After adequate bone regeneration has occurred, implant 
removal may be indicated because of patient preference or 
to restore skeletal strength. The risk of refracture after plate 
removal can be minimized by evaluating multiple radio-
graphic views of the fracture. Restoration of the medullary 
canal and obliteration of all fracture lines suggest adequate 
healing, although refracture through screw holes still may 
occur. The AO-ASIF published general guidelines for implant 
removal that may be helpful (Table 53.10).

LOCKING PLATES
Locked plates are a hybrid of plate technology and percu-
taneous bridge plating using locked screws as a fixed-angle 
device. They have been shown to allow much greater load 
bearing than regular plates. The Less Invasive Stabilization 
System (LISS) (Synthes, Inc., West Chester, PA) uses unicor-
tical locking screws to allow more elastic deformation than 
conventional plating systems. Locked plates also can be used 
in a hybrid fashion with locked and unlocked screws and 
are mechanically similar to pure locked constructs. Locked 
plates work best in osteoporotic bone where pull-out of the 
plate is problematic. They also provide adequate load-bear-
ing strength to avoid medial and lateral plating in the distal 
femur, proximal tibia, and tibial plateau (see Fig. 53.31). 

INTRAMEDULLARY NAIL FIXATION
Since the middle of the 1950s intramedullary nail techniques 
for fracture fixation have gained universal acceptance. Closed 
interlocking nail fixation is the procedure of choice for femoral 
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FIGURE 53.27 Influence of nail plate angle on bending moment: 
Larger angle results in smaller moment because of shorter distance 
(d); conversely, smaller angle results in larger moment because of 
longer distance.  (From Bechtold JE: Biomechanics of fracture fixation 
devices. In Gustilo RB, Kyle RF, Templeman DC, editors: Fractures and 
dislocations, St. Louis, 1993, Mosby.)

 

A B C D
FIGURE 53.28 A–D, Principle of tension band plate. Because long 

bones are subject to eccentric loading, plate applied to outer (or 
convex) side counteracts tension forces and provides rigid internal 
fixation, whereas plate applied on inner (or concave) surface provides 
little fixation and would come under excessive bending stresses and 
soon show fatigue fracture.  (Redrawn from Müller ME, Allgöwer M, Wille-
negger H: Manual of internal fixation, New York, 1970, Springer-Verlag.)

 

A B

FIGURE 53.26 Examples of fixed and sliding hip screws and 
nails; sliding devices allow fracture site to collapse.  (From Bechtold JE: 
Biomechanics of fracture fixation devices. In Gustilo RB, Kyle RF, Templeman 
DC, editors: Fractures and dislocations, St. Louis, 1993, Mosby.)
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FIGURE 53.29 A, When prebent plate is used, inner screws are applied first, then outer screws. 
B, If outer screws are applied first, near cortex opens because plate is too long in relation to bone 
spanned between outer screw holes.  (Redrawn after Müller ME, Allgöwer M, Schneider R, et al: Manual 
of internal fixation: techniques recommended by the AO-ASIF group, ed 3, Berlin, 1990, Springer-Verlag.)

shaft fractures, especially in polytrauma patients, in most 
trauma centers in North America. This treatment method has 
been the subject of controversy since its introduction because 
of concerns of damage to the medullary circulation, possi-
bilities of fat embolism, and complications from misapplica-
tion of the technique because of a lack of understanding of 
the biomechanical principles of intramedullary nail fixation. 
One by one these concerns have been answered by scientific 

investigation to the point that intramedullary nailing has 
become the standard treatment for many fractures.

Satisfactory stabilization of a fracture by intramedullary 
fixation is possible under the following circumstances:
 1.  Unlocked nails can be considered when a noncomminuted 

fracture occurs through the narrowest part of the medul-
lary canal; not only are side-to-side or shearing forces elim-
inated, but rotational forces also are well controlled. If the 
medullary canal is much larger in one fragment than in the 
other, poor control of rotational forces frequently results; 
in these situations, interlocking techniques are required. 
Generally, the interlocking screws should be positioned at 
least 2 cm from the fracture to provide sufficient stability to 
allow functional activity postoperatively. Axially unstable 
fractures are best treated with static or double-locked nails.

 2.  The curvature of the bone must be considered in select-
ing the type of nail and determining the degree of reaming 
necessary. Biomechanically, unlocked nails attain stability 
by a curvature mismatch between the bone and the nail, 
inducing a longitudinal interference fit. If curvature mis-
match is large, more reaming will be required. The entry 
portal is critical for all nails and should be in the region that 
will minimize insertional forces. In the femur this is at the 
piriformis fossa in line with the medullary canal for straight 
nails, or in the medial greater trochanter for nails with a 
slightly lateral proximal bend. For the tibia and humerus, 
the offset between the entry portal and the alignment of the 
canal introduces strong forces on the posterior and medial 
cortices, respectively. Starting the nail at the level of the fib-
ular head minimizes forces of insertion in the tibia.

 3.  Sufficient diameter and continuity of the medullary canal are 
prerequisites for intramedullary nail techniques. Excessive 
reaming should be avoided because it significantly weak-
ens the bone and increases the risk of thermal necrosis. We 
recommend reaming until cortical “chatter” is encountered, 
known as “ream to fit.” Never insert a nail larger than the 
diameter of the canal. In general, we use a nail 0.5 mm or 
1.0 mm smaller than the largest reamer used.

 4.  Locked intramedullary nailing techniques should allow 
nailing of fractures to within 2 to 4 cm of the joint. These 

 FIGURE 53.30 Plates can have more than one function. This 
plate is acting not only as protection plate but also as compres-
sion plate. For compression plate to serve as neutralization plate, 
plate must be contoured exactly, and screws must be inserted from 
fracture toward ends of plate.  (Redrawn after Müller ME, Allgöwer M, 
Schneider R, et al: Manual of internal fixation: techniques recommended 
by the AO-ASIF group, ed 3, Berlin, 1990, Springer-Verlag.)
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techniques require the use of blocking screws or “poller” 
screws (Fig. 53.32). Newer nail designs with obliquely ori-
ented distal locking screws and screws that can be locked 
into the nail to create a fixed-angle construct can increase 
stability in these metaphyseal fractures.

A perfect intramedullary nail has not yet been designed. The 
varying contours of bones make such a nail impossible, but 
improvement in the design of intramedullary nails continues. 
Special nails may be designed for each bone, for each kind of 
fracture, or for fractures in different regions of the same bone. 
An intramedullary nail should meet the following requirements:
 1.  It should be strong enough and provide sufficient stabil-

ity to maintain alignment and position, including preven-
tion of rotation; it should include interlocking transfixing 
screws as necessary.

 2.  It should be constructed so that contact-compression 
forces can impact the fracture surfaces, a desirable physi-
ologic stimulus to union.

 3.  It should be placed so that it is accessible for easy removal; 
attachments are provided to facilitate removal.

Before selecting this technique, the surgeon should realize that 
complications are as possible with intramedullary fixation as 
with any other internal fixation. It is not a technique to be 
used casually. We recommend the following considerations:
 1.  Adequate preoperative planning is required to ensure that 

the fracture can be adequately stabilized within the work-
ing zone of the nail.

 2.  The patient should be able to tolerate a major surgical pro-
cedure. Special consideration should be given to patients 
with severe pulmonary injury because the added fat emboli 
from the procedure may intensify pulmonary problems.

 3.  Nails of suitable length and diameter must be available 
and identified before surgery.

 4.  Suitable instruments, trained assistants, and optimal hos-
pital conditions are necessary for successful insertion of 
intramedullary nails.

 5.  A metal nail is not a substitute for union and will bend or 
break if subjected to undue strain during convalescence 
(Fig. 53.33).

 TABLE 53.10

Timing of Metal Removal

BONE FRACTURE
TIME AFTER  
IMPLANTATION (MO)

Malleolar fractures 8-12
Tibial pilon 12-18
Tibial shaft
 Plate 12-18
 Intramedullary nail 18-24
Tibial head 12-18
Patella, tension band 8-12
Femoral condyles 12-24
Femoral shaft
 Single plate 24-36
 Double plates From mo 18, in two  

steps (interval, 6 mo)
 Intramedullary nail 24-36
Peritrochanteric and femoral neck 
fractures

12-18

Pelvis (only in case of complaints) From mo 10
Upper extremity (optional) 12-18

These data essentially relate to recent fractures with uncomplicated healing 
processes and do not apply to osteosyntheses in pseudarthroses, to major frag-
ments, or after infections, which must be considered on an individual basis.

 

A B

     

   

FIGURE 53.31 A and B, Fixation of comminuted distal femoral fracture with a locking plate.
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 6.  Closed nailing techniques should be used whenever possible. 
Higher union rates and fewer infections have been reported 
with the use of these techniques; however, the surgeon must 
be familiar with both open and closed techniques. As more 
experience is gained with closed techniques, fewer and fewer 
fractures will require open reduction. A limited open reduc-
tion, however, is preferable to accepting a poor closed reduc-
tion. This situation most frequently occurs in high-energy 
subtrochanteric femoral fractures in which traction will not 
adequately correct flexion and abduction.

TYPES OF INTRAMEDULLARY NAILS
Intramedullary nails, similar to plates, have anatomic and 
functional names. Centromedullary nails enter the bone in line 
with the medullary canal. They obtain contact with the bone 
through multiple points of longitudinal interference. They 
depend on restoration of bony contact and stability to avoid 
axial and rotational deformation of the fracture. Examples 
of centromedullary nails are the classic Küntscher cloverleaf 
and Sampson nails. Condylocephalic nails enter the bone in 
the condyles of the metaphysis and usually enter the opposite 
metaphyseal-epiphyseal area. They frequently are inserted in 
groups for added rotational stability. Examples of condyloce-
phalic nails are Ender and Hackenthall pins. Cephalomedullary 
nails have a centromedullary portion but also permit fixation 
up into the femoral head. The Küntscher Y-nail and Zickel sub-
trochanteric nail are examples of this type.

Interlocking techniques further modified these classics by 
the addition of interlocking centromedullary and interlocking 

cephalomedullary nails. Interlocking nails allow a longer 
working length of the nail by the addition of interlocking 
screws to resist axial and rotational deformation of the frac-
ture. Modney is credited with designing the first interlocking 
nail. Küntscher also designed an interlocking nail (the deten-
sor nail), and this was modified by Klemm and Schellman and 
later by Kempf et  al. and others. These pioneers developed 
the techniques and implants that formed the basis for several 
designs and techniques in use today. Cephalomedullary inter-
locking nails were designed to treat complex fractures extend-
ing into the proximal femur that were axially and rotationally 
unstable, such as complex subtrochanteric fractures, patho-
logic fractures, and ipsilateral hip and shaft fractures. These 
nails permit fixation with bolts, nails, and special lag screws, 
as exemplified by the Russell-Taylor reconstruction nail, the 
Williams Y-nail, and the Uniflex nail. Current intramedullary 
nails designed for femoral fixation reflect the area of insertion 
of the nail. Antegrade femoral nailing can be done through a 
piriformis or a trochanteric entry portal. Retrograde femoral 
nailing is done through an entry portal between the femoral 
condyles.

Interlocking fixation is defined as dynamic, static, and 
double locked. Dynamic fixation controls bending and rota-
tional deformation but allows nearly full axial load transfer by 
bone. Dynamic fixation is used in axially stable fractures and 
some nonunions (Fig. 53.34A). Static fixation controls rota-
tion, bending, and axial load and makes the implant a more 
load-bearing device with the potential for a reduced fatigue 
life. It is especially useful in comminuted, nonisthmal frac-
tures of the femur and tibia. The double-locked mode con-
trols bending, rotational forces, and some axial deformation, 
but because of the capability of axial translation of the screw 
within the nail, some shortening is possible (Fig. 53.34B). 
This mode of fixation is used in fractures of the humerus and 
occasionally in delayed unions and nonunions.

 FIGURE 53.32 Blocking or poller screws can increase stability of 
intramedullary nail used for proximal or distal fracture, especially 
with small-diameter nail.

 

Bending

Rod and bone
support load
(load sharing)

Rod alone
supports load
(load sharing)

FIGURE 53.33 Load sharing in bending between intramedullary 
nail and bone; most of bending load is carried by nail, especially if 
there is segmental loss.  (From Bechtold JE: Biomechanics of fracture 
fixation devices. In Gustilo RB, Kyle RF, Templeman DC, editors: Fractures 
and dislocations, St. Louis, 1993, Mosby.)
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Dynamization of interlocking nails originally was described 
to avoid impairment of fracture healing because it was theorized 
that static interlocking would abort fracture repair. The technique 
involves conversion of the static mode to a dynamic mode by 
removing the screws from the longest fragment. Dynamization 
does potentially increase the fatigue life of the nail by decreasing 
its load bearing and also increases compression forces at the frac-
ture site; however, if adequate cortical stability or bone regenera-
tion has not occurred before dynamization, shortening results. 
Dynamization rarely is used today. Specific techniques of intra-
medullary nailing are discussed in the appropriate chapters. 

REAMED VERSUS UNREAMED 
INTRAMEDULLARY NAILING
A continuing controversy in the management of long bone fractures 
in multiply injured patients is reaming of the canal for intramedul-
lary nailing. Studies that support unreamed nailing emphasize the 
adverse physiologic effects of reaming, such as embolization of bone 
marrow fat to the lungs, and experimental evidence suggests that 
reaming adversely affects pulmonary function. This adverse effect 
is not clinically significant in most patients, however, and some 
authors have suggested that the development of pulmonary compli-
cations may be more closely related to the severity of an associated 
chest injury than to medullary reaming. Studies that support reamed 
nailing generally report no statistical difference in pulmonary com-
plications between patients with reamed and unreamed nailings. 
Because of the multitude of factors contributing to the development 
of adult respiratory distress syndrome, a subset of patients in whom 
reaming may be harmful is difficult to define.

Another controversial area is whether reamed nailing of long 
bone fractures increases the frequency of infection. Currently 
available clinical data show no difference in infection rates after 
reamed and unreamed femoral nailing. Our experience with 
intramedullary nailing confirms this. Of 125 open femoral frac-
tures treated with reamed (95 fractures) or unreamed (30 frac-
tures) nailing, infection developed in 4% of all fractures, in 3.2% 

of those with reamed nailing, and in 6.4% of those with unreamed 
nailing. Of 50 open tibial fractures treated with unreamed nailing, 
infection developed in four (8%); all four were type III injuries. 

EXTERNAL FIXATION
External fixation is useful in trauma management, from dam-
age control to definitive treatment. Although external fixation 
requires more careful clinical and radiographic monitoring than 
internal fixation, the general principles of application and man-
agement are relatively straightforward and its versatility allows its 
use in a wide variety of fractures. External fixation is not, however, 
appropriate for all fractures and should not be used when other 
forms of fixation, such as screws, plates, or nails, are more suitable.

ADVANTAGES
External fixation provides rigid fixation of the bones in cases in 
which other forms of immobilization, for one reason or another, 
are inappropriate. This is most common in severe, open types II 
and III fractures in which cast or traction methods would not per-
mit access for management of the soft-tissue wounds and in which 
exposure and dissection to implant an internal fixation appliance 
would devitalize and contaminate larger areas and might signifi-
cantly increase the risk of infection or loss of the limb itself.
 1.  Compression, neutralization, or fixed distraction of the 

fracture fragments is possible, as dictated by the fracture 
configuration. Uncomminuted transverse fractures can be 
optimally compressed, length can be maintained in com-
minuted fractures by pins in the major proximal and distal 
fragments (neutralization mode), or fixed distraction can be 
obtained in fractures with bone loss in one of paired bones, 
such as the radius or ulna, or in leg-lengthening procedures.

 2.  Direct surveillance of the limb and wound status is possible, 
including wound healing, neurovascular status, viability of 
skin flaps, and tense muscle compartments. Associated treat-
ment (e.g., dressing changes, skin grafting, bone grafting, 
and irrigation) is possible without disturbing the fracture 
alignment or fixation. Rigid external fixation allows aggres-
sive and simultaneous treatment of bone and soft tissues.

 3.  Immediate motion of the proximal and distal joints is 
allowed. This aids in reduction of edema and nutrition of 
articular surfaces and retards capsular fibrosis, joint stiff-
ening, muscle atrophy, and osteoporosis.

 4.  The extremity is elevated without pressure on the posterior 
soft tissues. The pins and frames can be suspended by ropes 
from overhead frames on the bed, aiding edema resolution 
and relieving pressure on the posterior soft-tissue part.

 5.  Early patient mobilization is allowed. With rigid fixation 
the limb can be moved and positioned without fear of loss 
of fracture position. In stable, uncomminuted fractures 
early ambulation is usually possible; this may not be the 
case if these fractures are treated by traction or casting. 
Use of external fixation also allows mobilization of some 
patients with pelvic fractures.

 6.  The external fixation can be applied with the patient 
under local anesthesia, if necessary. If a patient’s general 
medical condition is such that use of a spinal or general 
anesthetic is contraindicated, the fixator can be inserted 
using local anesthesia, although this is not optimal.

 7.  Rigid fixation can be used in infected, acute fractures 
or nonunions. Rigid fixation of the bone fragments in 
infected fractures or in infected established nonunions is a 
critical factor in controlling and obliterating the infection. 
This is rarely possible with casting or traction methods, 

 

A B

Dynamic
locking

Static
locking

FIGURE 53.34 Dynamic (A) and static (B) locking of intramedul-
lary nail.  (From Bechtold JE: Biomechanics of fracture fixation devices. In 
Gustilo RB, Kyle RF, Templeman DC, editors: Fractures and dislocations, 
St. Louis, 1993, Mosby.)
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and implantation of internal fixation devices is often ill 
advised. Modern external fixators in such instances can 
provide rigidity not afforded by other methods.

 8.  Rigid fixation of failed, infected arthroplasties can be 
obtained when joint reconstruction is not possible and 
arthrodesis is desired. 

DISADVANTAGES
 1.  Meticulous pin insertion technique and skin and pin 

track care are required to prevent pin track infection.
 2.  The pin and fixator frame can be mechanically difficult to 

assemble by the uninitiated surgeon.
 3.  The frame can be cumbersome, and the patient may reject 

it for aesthetic reasons.
 4.  Fracture through pin tracks may occur.
 5.  Refracture after frame removal may occur unless the limb 

is adequately protected until the underlying bone can 
again become accustomed to stress.

 6.  The equipment is expensive.
 7.  A noncompliant patient may disturb the appliance 

adjustments.
 8.  Joint stiffness may occur if the fracture requires that the fix-

ator immobilize the adjacent joint. This is most common 
with fractures involving the proximal or distal limits of the 
bone, with the major fragment affording insufficient pin pur-
chase and dictating a set of pins and frame above the joint.

 9.  External fixator components may interfere with the use of 
MRI. The induction of electric currents that can be pro-
duced and the possibility of heating of the external fixa-
tion device are two concerns; there are no reliable clinical 
data on either of these phenomena, however, and cur-
rently there is no industry standard for what is clinically 
“safe” in the use of MRI in patients with external fixator 
devices in place. Other concerns include the possibility of 
damage to the MRI machine and interference from exter-
nal fixator components that make MRI scans invalid. 

COMPLICATIONS
Widespread use has brought about a series of unique compli-
cations. As with every other technique, however, adherence to 
basic principles and use of proper technique can keep compli-
cations to a minimum.

PIN TRACK INFECTION
Without proper technique for pin insertion and meticulous 
pin track care, pin track infection may be the most common 
complication, occurring in 30% of patients. Infection varies 
from minor inflammation remedied by local wound care; to 
superficial infection requiring antibiotics, local wound care, 
and occasional pin removal; to osteomyelitis requiring seques-
trectomy. A comprehensive review of studies of pin care found 
one randomized, controlled study that showed no cleaning 
resulted in fewer infections than either saline solution cleans-
ing or alcohol cleansing; another study found no difference 
between daily and weekly pin care. Because pin site irritation 
can lead to inflammation that results in infection, minimizing 
skin motion at the pin sites may be more important in prevent-
ing infection than the specific cleansing agent or schedule. 

NEUROVASCULAR IMPALEMENT
The surgeon must be familiar with the cross-sectional anat-
omy of the limb and with the relatively safe zones and danger 
zones for pin insertion (Fig. 53.35). Several excellent manuals 
of cross-sectional anatomy are available and should be stud-
ied as part of the preoperative planning for external fixation. 
The radial nerve in the distal half of the arm and proximal 
half of the forearm, the dorsal sensory radial nerve just above 
the wrist, and the anterior tibial artery and deep peroneal 
nerve at the junction of the third and fourth quarters of the 
leg are the structures most often involved. Vessel penetration, 
thrombosis, late erosion, arteriovenous fistulas, and the for-
mation of aneurysms also have been observed. 

MUSCLE OR TENDON IMPALEMENT
Pins inserted through tendons or muscle bellies restrain the 
muscle from its normal excursion and can lead to tendon 
rupture or muscle fibrosis. Ankle stiffness is frequent if mul-
tiple transfixing pins are used in fractures of the tibia. Limbs 
must be placed in a position that avoids contractures before 
wires or pins are inserted impaling tendons and muscle. 

DELAYED UNION
The rigid pins and frames can “unload” the fracture site, 
with cancellization and weakening of the cortex similar to 
that noted with internal rigid compression plate fixation if 
the fixator remains in place for several weeks or months. The 
callus produced is entirely endosteal, and delayed unions in 
20% to 30% (up to 80%) of fractures have been reported in 
the literature with prolonged use of the rigid fixator. 
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FIGURE 53.35 A, Eleven cross sections of leg, arranged into five 
groups corresponding to areas most commonly used for external 
fixation: D1 to D3, proximal epiphysis and metaphysis; D4 and D5, 
proximal diaphysis; D6 and D7, middle diaphysis; D8 and D9, distal 
diaphysis; D10 and D11, distal metaphysis and epiphysis. B, Cross-
sectional anatomy of leg: 1, tibia; 2, tibial tuberosity; 3, fibular neck; 
4, tibial collateral ligament of knee, semitendinosus, and gracilis; 
5, sartorius; 6, popliteus; 7, anterior tibial; 8, extensor digitorum 
longus; 9, peroneus longus; 10, soleus; 11, lateral head of gastroc-
nemius; 12, medial head of gastrocnemius; 13, anterior tibial vessels 
(branches); 14, posterior tibial vessels; 15, short saphenous vein; 16, 
long saphenous vein; 17, common peroneal nerve; 18, tibial nerve.  
(From Faure C, Merloz PH: Transfixation: atlas of anatomical sections for 
the external fixation of limbs, Berlin, 1987, Springer-Verlag.)
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 FIGURE 53.36 Spanning external fixation used for periarticular fracture fixation.

COMPARTMENT SYNDROME
Increases in intracompartmental pressures of several milli-
meters of mercury in a tense muscle compartment may occur 
as the result of pins traversing the compartment, leading to a 
full-blown compartment syndrome. 

REFRACTURE
Union resulting from the rigid fixation is largely endosteal, 
with little peripheral callus formation. The destressing of the 
cortical bone by the rigid fixation results in cancellization of 
the cortex; refracture is possible after fixator removal, unless 
the limb is adequately protected by the use of crutches, sup-
plemental casts, or supports. 

LIMITATION OF FUTURE ALTERNATIVES
Such methods as open reduction become difficult or impos-
sible if pin tracks become infected. 

INDICATIONS
Indications for external fixation are relatively specific and 
infrequent, but there are no absolute indications. Each case 
must be individualized. Routine use of the external fixator is 

not justified in patients in whom other conventional, time-
tested methods, such as casting or open reduction and inter-
nal fixation, are applicable. Indications can be considered in 
three categories: (1) accepted, (2) possible, and (3) occasional.

ACCEPTED INDICATIONS
 1.  Severe types II and III open fractures
 2.  Fractures associated with severe burns
 3.  Fractures requiring subsequent cross-leg flaps, free vas-

cularized grafts, or other reconstructive procedures
 4.  Certain fractures requiring distraction (e.g., fractures 

associated with significant bone loss or fractures in paired 
bones of an extremity in which maintenance of equal 
length of the paired bones is important)

 5.  Limb lengthening
 6.  Arthrodesis
 7.  Infected fractures or nonunions
 8.  Correction of malunions 

POSSIBLE INDICATIONS
 1.  Certain pelvic fractures and dislocations
 2.  Open, infected pelvic nonunions
 3.  Reconstructive pelvic osteotomy (i.e., exstrophy of the 

bladder)
 4.  Fixation after radical tumor excision with autograft or 

allograft replacement
 5.  Femoral osteotomies in children (use of this method 

eliminates the necessity of subsequent removal of inter-
nal fixation appliances such as plates and screws)

 6.  Fractures associated with vascular or nerve repairs or 
reconstructions

 7.  Limb reimplantation 

FIXATION OF MULTIPLE CLOSED FRACTURES
External fixation may be an alternative in polytrauma patients 
with fractures that could be managed singly by traction, cast-
ing, or open reduction and internal fixation, but that can be 
difficult to immobilize in combination. This technique of rapid 
reduction and fixation and spanning of periarticular fractures 
(Fig. 53.36) has been termed damage control orthopaedics. 

SEVERELY COMMINUTED FRACTURES
External fixation can be used to supplement nonrigid internal fix-
ation, for example, in comminuted fractures in which major frag-
ments have been immobilized by Kirschner wires and screws but 
are not sufficiently rigid for definitive immobilization (Fig. 53.37). 

LIGAMENTOTAXIS
The term ligamentotaxis, common in the European literature, 
suggests that certain intraarticular fractures can be treated by 
external fixation using traction by the fixator on the capsular and 

 

A B C
FIGURE 53.37 A, Comminuted proximal tibial plateau fracture 

extending into tibial diaphysis. B and C, Articular reconstruction 
and fixation with simple lag screw followed by spanning knee 
external fixation with moderate distraction provided by anterior 
unilateral frame to stabilize soft tissues by ligamentotaxis.  (From 
Mast J, Jakob R, Ganz R: Planning and reduction technique in fracture 
surgery, Berlin, 1989, Springer-Verlag.)
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ligamentous structures around the joint (Fig. 53.37). This concept 
works well in comminuted intraarticular fractures of the distal 
radius, for which pins and plaster have commonly been employed. 

FIXATION OF FRACTURES IN PATIENTS WITH HEAD 
INJURIES
Rigid external fixation can be used to immobilize fractures tem-
porarily in patients with severe head injuries who are having 
severe elevations in intracranial pressure, seizures, or continual 
spasms, making traction, casting, or other forms of immobi-
lization impractical. Unless rigidly fixed, the fracture can be 
compounded by seizures or frequent, severe muscle spasms. 
The external fixator can be removed and other forms of frac-
ture management used when the head injury has improved. 

FIXATION OF FRACTURES IN PATIENTS WHO 
REQUIRE FREQUENT TRANSPORTATION FOR 
DIAGNOSTIC TESTING, THERAPY, OR OTHER 
SURGICAL PROCEDURES
External fixation allows transportation without disturbing 
the fracture reduction in patients in whom traction does not 
allow transportation.  

FIXATION OF FLOATING KNEE FRACTURES
External fixation of ipsilateral femoral and tibial fractures not 
suited for open reduction and internal fixation allows early 
knee function. 

ASSESSMENT OF KNEE LIGAMENT STABILITY 
WITH FRACTURES OF THE UPPER TIBIA OR LOWER 
FEMUR IN PATIENTS IN WHOM INTEGRITY OF KNEE 
LIGAMENTS IS DIFFICULT TO ASSESS
The use of an external fixator to stabilize the adjacent frac-
ture permits evaluation of the presence or absence of associ-
ated knee ligament disruption. When knee ligament repair or 
reconstruction is required with associated fractures, an exter-
nal fixator can be used to immobilize the fracture and the 
ligament repair. Probably no more than 3 to 4 weeks of rigid 

immobilization of the knee joint is required in such cases, 
after which time a hinged attachment can permit initiation 
of joint motion. Total immobilization of the joint for 6 to 8 
weeks often results in some degree of joint ankylosis. 

OCCASIONAL INDICATIONS
The use of external fixation in closed fractures, for which con-
ventional methods have proved successful, must be questioned. 
Although the potential problems of pin track infections, delayed 
unions, and refractures can be reduced by careful attention to 
the basic principles, they do occur. The technique of external fix-
ation is valuable in the treatment of fractures of long bones, but 
it should be reserved for patients in whom reduction and immo-
bilization cannot be safely obtained by conventional techniques.

The general techniques for using external fixators are 
demanding, regardless of the specific fixator selected. Attention 
to detail is essential if maximal advantage of the device is to be 
gained and potentially serious complications are to be minimized. 
The initial treatment of the condition for which the external fix-
ator is chosen must be considered first: irrigation, debridement, 
and reduction of the severe, open fracture; drainage, debride-
ment, and sequestrectomy of the infected fracture or nonunion; 
or removal of the components and cement in the infected failed 
arthroplasty. Primary treatment in these and other conditions 
must be appropriately administered before fixator application. 

DESIGN AND APPLICATION OF EXTERNAL 
FIXATORS
External fixators are composed of a bone anchorage system 
in the form of wires or pins, articulations, and longitudinal 
supports and are of two basic types: pin and ring. Pin fixators 
are subdivided into simple fixators, which provide indepen-
dent application of single pins, and clamp fixators, which per-
mit spatially constrained pin clusters (Fig. 53.38). Pin clamps 
often are connected to support members through “universal” 
articulations that permit adjustments after application. Pin 
fixators can be used in four basic configurations (Fig. 53.39). 
A unilateral frame with a support member and half-pins on 

 

A B C

FIGURE 53.38 A–C, Examples of external fixation devices: AO, Unifix, Orthofix.  (From Bechtold 
JE: Biomechanics of fracture fixation devices. In Gustilo RB, Kyle RF, Templeman DC, editors: Fractures and 
dislocations, St. Louis, 1993, Mosby.)
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one plane constitutes a unilateral one-plane configuration 
(Fig. 53.40). The addition of a second support member and 
a second plane of half-pins form a unilateral two-plane con-
figuration. Transfixation pins connected to support mem-
bers at either end are used to build the bilateral one-plane 

configuration. The addition of a second plane of half-pins 
or possibly transfixation pins forms a bilateral two-plane 
configuration.

Ring fixators consist of complete or partial rings con-
nected by rods or articulated members (Fig. 53.41). Rings are 
anchored to bone with half-pins or highly tensioned wires 1.5 
to 2.0 mm in diameter. In addition to the fixation of acute 
fractures, elaborate hinged frames can be created to treat non-
unions and malunions.

To prevent the problems of pin loosening, pin track infec-
tion, and possible neurovascular injury during pin inser-
tion, the pinless external fixator was designed to be attached 
by clamps anchored in the cortex, rather than by pins that 
penetrate the medullary canal. Animal and cadaver studies 
showed this device to be strong enough for temporary frac-
ture fixation, and it has been described as an ideal tool for 
emergency stabilization because the application technique is 
easy to learn, the device can be applied quickly (average of 20 
minutes in their study), and it does not preclude the use of any 
further treatment methods (repeated debridements, soft-tis-
sue coverage, and internal or external fixation of the fracture). 
Although this device is no longer commercially available in 
the United States, a 2015 report from China of 96 patients 
showed good results at an average follow-up of 2 years.

Hybrid external fixation techniques have been developed 
that combine wire fixation and half-pin fixation (Fig. 53.42). 
These devices have been used most frequently for fractures 
of the proximal or distal tibia with compromised soft tissue, 
diaphyseal extension, and minimal articular comminution. 
Several authors have reported good results with hybrid exter-
nal fixation of proximal tibial fractures, but all emphasize that 
accurate reduction of articular surfaces, either open or percu-
taneous, is mandatory. Indications and techniques for hybrid 
external fixation are discussed in Chapter 54.

 

A

B

FIGURE 53.40 A and B, External fixation with unilateral frame.
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FIGURE 53.39 Four basic fixator configurations.  (From Behrens F, Searls K: External fixation of the 
tibia: basic concepts and prospective evaluation, J Bone Joint Surg 68B:246, 1986.)
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Combinations of internal and external fixation also 
have been reported to be effective for stabilization of 
severely comminuted fractures, with cited advantages of 
anatomic stable fixation, less soft-tissue dissection, and 
no large implants. Good results have been reported with 
limited internal fixation combined with external fixation 
in the treatment of complex tibial plateau fractures, distal 
tibial (pilon) fractures, and open tibial shaft fractures. One 
study, however, found no statistical differences in time to 
full weight bearing; time to union; or frequency of delayed 
union, osteomyelitis, malunion, infection, or pin loosening 
between open tibial fractures treated with external fixation 
alone and those treated with combined external fixation 
and lag screw fixation. Refractures and the need for bone 
grafting to obtain union were more than twice as frequent 
in the group with lag screw fixation. We have had good 
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FIGURE 53.41 A–D, Ring fixator created for treatment of acute segmental tibial fracture.

 FIGURE 53.42 Hybrid external fixation of distal tibial and 
fibular fractures.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2804

results with screw fixation of articular fragments com-
bined with external fixation (Fig. 53.43) but have not used 
this technique in diaphyseal fractures, which usually can 
be adequately stabilized with standard internal or external 
fixation methods.

A spectrum of fracture responses, from primary heal-
ing, to gap healing, to fusiform secondary callus, is seen 
with external fixation. Although initial stages of healing are 
improved by stability, later stages of healing, including the 
stimulation of callus indicative of secondary bone healing, 
may benefit from decreasing frame stability. Axial micro-
motion or dynamization may be especially beneficial. Most 
authors recommend at least partial early weight bearing after 
wound healing. Weight bearing must be gauged by increasing 
fracture stability. In segmental defects or comminuted frac-
tures, weight bearing must be minimal so as not to exceed 
critical pressure at the pin-bone interface, which can cause 
resorption and loosening. In the late stages of fracture heal-
ing, several authors recommend gradual frame modification 
or “build down,” in addition to axial dynamization, to con-
tinue stimulation of fracture healing.

GENERAL METHOD FOR HALF-PIN FIXATORS
The skin and other soft tissues must be handled with care. 
The skin should be sharply incised with short longitudinal 
incisions along safe zones. Bone is reached with gentle blunt 
dissection when the subcutaneous border of the tibia is not 
being used. Drill sheaths should be used during drilling, 
tapping (when indicated), and pin insertion. A new drill bit 
should be used with each procedure. Hand drilling or low-
speed power drilling with pauses is preferred. Pins should be 
inserted by hand through sheaths. Thermal necrosis may be 
the initiating event in pin loosening and infection. Predrilling 
reduces bone temperature by approximately 50%. Pin sites 
should be cleaned daily with a washcloth and soap and water, 
usually in a shower, and covered by a light pressure dressing 
to minimize pin-skin motion. 

GENERAL METHOD FOR CIRCULAR WIRE 
FIXATORS
In general, 1.5- and 1.8-mm wires need no incision or drill 
sheath. Larger, 2-mm wires can be inserted with a sheath and 
incision. Olive wires require a small incision through the skin 
only. Wires are used that have a special self-drilling tip so 
that no predrilling is required. A low-speed power drill with 
frequent pauses (or, preferably, an oscillating drill) or a hand 
drill should be used. After the safe angle for the transfixation 
wire at a given cross-sectional level is determined, the wire 
is stabbed through skin and muscle to bone. With a low-
speed drill, the wire is drilled across both cortices of the bone. 
When the wire emerges from the far cortex, it is driven across 
the remaining soft tissues with a mallet. Care is taken to tra-
verse soft tissue exactly as it lies without creating pressure or 
tension at the pin-skin interface. Wires are fixed to the exter-
nal frame without bending to meet the frame, which occa-
sionally may require small spacers. In general, large fracture 
fragments require two levels of fixation with two wires at each 
level. Short fragments can be fixed with one ring and a drop 
wire or with a wire offset from the main ring by a few centi-
meters. Stability is increased by increasing the angle between 
the wires at each level within anatomic constraints. 

 

PIN INSERTION

 TECHNIQUE 53.6 

 n  Make a short longitudinal incision.
 n  Insert the drill sleeve and trocar into the pin clamp, and 

advance it to the cortex.
 n  Remove the trocar from the drill sleeve.

 FIGURE 53.43 Screw fixation of articular fragment combined with external fixation.
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 n  Drill both cortices using the appropriate drill bit for the 
pin. Usually, 4-mm pins are used for the upper extremity 
and 5-mm or 6-mm pins are used for the femur and tibia.

 n  Use the depth gauge through the drill sleeve for depth 
measurement.

 n  Insert the appropriate pin though the sleeve and confirm 
bicortical purchase of the screws; this is easier with image 
intensification.

 n  Tighten the pin attachments; add additional pins and lon-
gitudinal supports as necessary for stability.

 n  Femoral fractures should be stabilized with at least six 
pins. Use at least three pins in a multiplane configuration 
to fix a short fragment at the hip or knee.
  

ILIZAROV EXTERNAL FIXATOR
Ilizarov developed techniques to treat a variety of orthopaedic 
problems, including fractures, nonunions, and deformities, 
using an innovative modular circular external fixator with 
tensioned wires. Many changes in external fixation design 
and use have occurred in recent years, the most important of 
which is the shift toward half-pin frames and maintenance of 
the external fixator until union of unstable fractures. A trade-
off exists between the need for initial rigidity to maintain 
fracture alignment and lessen the risk of infection in open 
fractures and the need for axial micromotion to stimulate 
fracture healing and prevent nonunion. Although it is only 
25% as stiff axially as unilateral fixators, the Ilizarov exter-
nal fixator is similar to pin fixators in its stiffness in bending 
and shear. Wire diameter and tension are the most impor-
tant factors affecting frame stability. Other factors influenc-
ing frame stiffness include size, number, and location of the 
rings, divergence of the transfixing wires, use of olive wires, 
and distraction or compression loads at the fracture or non-
union. Intrinsic biomechanical factors unique to each patient 
include weight, cortical continuity, and integrity of the soft 
tissues.

The Ilizarov external fixator permits stabilization of 
high-energy fractures with minimal operative trauma to 

soft tissues, preserving critical blood supply (see Fig. 53.38). 
Early use of the limb, including weight bearing, is permit-
ted and encouraged. The Ilizarov technique often eliminates 
the need for extensive soft-tissue procedures and bone graft-
ing. Tensioned wire fixators are especially useful in treating 
chronic malunion and nonunion, with or without infection. 
Angulatory, translation, rotational, and length deformities 
can be corrected and union can be obtained in many of these 
difficult situations. Another application of the Ilizarov device 
is in salvage arthrodesis of the knee, ankle, and hindfoot.

The latest adaptation of the Ilizarov pin-to-ring concept is the 
spatial frame. This device uses a computer program to identify 
where the fracture is in space and, with mathematic calculations 
(also using a computer program), deformities can be corrected 
and fractures can be reduced without returning to the operating 
room. We also have used this device to reduce fractures acutely 
under image intensification (Fig. 53.44). Specific applications of 
external fixation to respective fractures are discussed further in 
the appropriate chapters (see Chapters 54 and 56 to 58). 

REHABILITATION
Rehabilitation of the patient and extremity should begin imme-
diately, depending on the fracture and soft-tissue stability. We 
believe that adjacent joints should be mobilized as soon as pos-
sible; however, in open fractures, motion of musculotendinous 
units over fracture surfaces would irritate the soft tissues and 
may decrease resistance to infection. We usually incorporate 
immobilization of adjacent joints with splints, braces, or foot 
attachments to external fixation systems to prevent contrac-
ture. Physical therapy should include active and active-assisted 
exercises for joint mobilization as soon as soft-tissue healing 
permits. Neurologic deficits resulting in loss of active motion 
should be evaluated, and the appropriate joints should be 
splinted in functional positions to avoid contractures.

Weight bearing should be limited, depending on the sta-
bility of fixation, the type of fixation and its inherent fatigue 
life, and the systemic condition of the patient. Progression of 
weight bearing should be monitored radiographically accord-
ing to evidence of stability and bone regeneration. We usu-
ally allow weight bearing as tolerated with most axially stable 
fractures treated with locked intramedullary nailing that do 
not have intraarticular extension. Weight bearing is protected 
in more unstable fractures until some fracture healing has 
occurred. With intraarticular fractures, weight bearing is not 
allowed for 3 months but early motion is encouraged. Range-
of-motion and strengthening exercises should be monitored 
and directed by the physician and physical therapist; however, 
the patient should be instructed as to his or her responsibil-
ity for maximal functional return of the extremity. Vocational 
rehabilitation counseling should be initiated early to enable a 
productive return to society. 

TREATMENT OF COMPLICATIONS 
FROM SURGICAL TREATMENT OF 
FRACTURES
INFECTION
Infections occur in 5% to 10% of open femoral and tibial frac-
tures fixed with intramedullary nailing, and pin track infec-
tions occur in 0.5% to 42% treated with external fixation. 

 FIGURE 53.44 Application of spatial-frame external fixator 
with use of image intensification.
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Orthopaedic surgical site infections have been reported to pro-
long total hospital stays by an average of 2 weeks, approximately 
double rehospitalization rates, and increase health care costs by 
more than 300%. In addition, patients with orthopaedic sur-
gical site infections have substantially greater physical limita-
tions and reductions in their health-related quality of life. Thus, 
it is important to prevent these infections when possible and to 
administer prompt and appropriate treatment when they occur.

A relatively recent concern has been the frequency of MRSA 
infections in trauma patients; the reported rate of MRSA infec-
tions (11%) in trauma patients is nearly double that reported in 
general orthopaedic patients (4% to 5.6%). One study found that 
MRSA carrier status at the time of admission, hip fracture, and 
advancing age (with an almost 2% increase in relative risk per 
year) were associated with higher rates of infection in orthopae-
dic trauma patients, whereas another large case-control study 
showed that vascular disease, chronic obstructive pulmonary 
disease, being admitted to an intensive care unit, having an open 
wound, and increased age were risk factors of the development 
of a deep infection with MRSA at the surgical site. Measurement 
of C-reactive protein levels has been reported to be valuable in 
the diagnosis of infection after internal fixation of fractures. In 
all patients studied, C-reactive protein levels increased after 
surgery, peaking on the second postoperative day, after which 
levels decreased. In those without infection, C-reactive protein 
levels continued to decrease but in those with infections a sec-
ondary elevation in C-reactive protein levels was noted begin-
ning on the fourth day after surgery. A C-reactive protein value 
of greater than or equal to 96 mg/L on the fourth day after sur-
gery was found to be predictive of infection.

These infections should be treated aggressively with 
repeat surgical debridements and appropriate antibiotic cov-
erage (usually intravenous). When infection occurs in the 
presence of a skeletal fixation device (plate, nail, external fix-
ator), there is a tradeoff between bony stability and foreign 
body response. Stability is necessary to eliminate the infec-
tion, but organisms may remain adherent to the orthopaedic 
implant, resulting in a persistent infection. If an implant is 
not needed to maintain bony stability, it should be removed. 
Implants needed for stability should be retained until bony 
stability occurs, or they should be replaced by another form 
of fixation (e.g., removing a plate and replacing it with an 
external fixator). A study of 121 patients who had early 
postoperative infections after internal fixation of fractures 
reported fracture union in 71% with operative debridement, 
retention of hardware, and culture-specific antibiotic treat-
ment and suppression. Variables significantly associated with 
the success of obtaining osseous union were open fracture 
(58% success vs. 79% in closed fractures) and use of an intra-
medullary nail (46% vs. 77% with either plates or screws); 
other factors included tobacco use (66% vs. 76% in nonto-
bacco users), Pseudomonas infection (44% vs. 73% with non-
Pseudomonas infection), and MRSA infection (65% vs. 74% 
with non-MRSA infection).

If infections are not treated aggressively, surgical fixation 
becomes compromised. It is easier to treat a stable healed 
fracture with osteomyelitis than an unstable infected non-
union. For infections after intramedullary nailing of tibial 
fractures, most authors now recommend leaving the nail in 
place until fracture union, and then removing the nail and 
reaming the medullary canal. If sequestrectomy is required, 
exchange nailing usually is necessary.

Of 1520 femoral and tibial nailings performed at the Elvis 
Presley Regional Trauma Center between 1984 and 1993, 34 
(2.2%) fractures became infected (17 femoral and 17 tibial). 
Debridement and irrigation with nail retention until fracture 
union, followed by nail removal and canal brushing or reaming 
at fracture union, led to 100% union and 100% eradication of 
infection in 17 infected femoral fractures. Infected tibial frac-
tures had more complications. Two below-knee amputations 
were necessary because of soft-tissue problems. All remain-
ing fractures united, whether converted to external fixators or 
treated with the nail left in situ; however, fractures treated with 
external fixation took twice as long to heal. When revision of 
fixation is needed to achieve fracture stability, exchange nailing 
may be preferable to external fixation to speed fracture union. 

GAS GANGRENE
The term gas gangrene implies an infection with the Clostridium 
species of anaerobic bacteria, but many necrotizing soft-
tissue infections are caused by mixed aerobic and anaerobic 
gram-negative and gram-positive bacteria. Clostridium can 
be cultured from approximately 30% of deep infections, but 
only a few progress to myonecrosis. Clostridium species, most 
commonly C. perfringens, C. novyi, and C. septicum, cause the 
most dramatic infections and are the most deadly, with mor-
tality rates of 40% reported. More recent reports noted sur-
vival rates of greater than 90%, however.

C. perfringens, which causes approximately 90% of gas gan-
grene infections, contains four major toxins: alpha, beta, epsi-
lon, and theta. The alpha toxin has been shown to be hemolytic, 
destroying platelets and polymorphonuclear leukocytes, and to 
cause widespread capillary damage. This toxin has been sug-
gested to be important in infections that progress to gas gangrene.

Gas gangrene historically has been associated with war inju-
ries. During World War I, gas gangrene occurred in 6% of open 
fractures and 1% of all open wounds; this frequency decreased 
to 0.7% during World War II, 0.2% during the Korean War, and 
0.002% during the Vietnam War. Although gas gangrene usu-
ally is associated with open fractures or other severe soft-tissue 
trauma, it can occur after surgery or with no antecedent trauma.

Clostridial infections usually involve soft tissues and 
only rarely affect bone. They can cause a range of conditions, 
including simple contamination of a wound, localized infec-
tion of the skin and soft tissues without systemic symptoms, 
spreading cellulitis and fasciitis with systemic toxicity, and 
clostridial myonecrosis (gas gangrene). Localized infections 
usually spread slowly and cause little pain or edema, whereas 
spreading cellulitis and fasciitis progress rapidly; when sup-
puration, gas in the soft tissues, and toxemia are present, the 
condition usually is fatal within 48 hours.

Gas gangrene typically begins with the sudden appear-
ance of pain in the region of the wound. In contrast to the 
pain with spreading cellulitis, the pain remains only in the 
infected regions and spreads only as the infection spreads; 
the infection can progress 10 cm per hour. The pulse rate may 
be elevated, but temperature generally is not, although fever, 
sweating, and anxiety or delirium may develop; profound 
shock and systemic toxemia can develop rapidly. The skin 
over the area usually is tense, white, and cooler than normal; 
it later progresses to dark red or purple. Muscle involvement is 
almost always more extensive than indicated by skin changes.

The diagnosis can be confirmed by local exploration of 
the wound and by radiographs, CT, or MRI; however, surgery 
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should not be delayed in a patient in whom gas gangrene 
is highly suspected and whose symptoms are worsening. 
Prompt surgical removal of dead, damaged, and infected tis-
sue (debridement) is necessary. Fasciotomy may be necessary 
for compartment syndrome. Amputation of an arm or leg 
may be indicated to control the spread of infection. Although 
penicillin G is effective against clostridial species, mixed 
infections are common and antibiotic treatment should 
include aminoglycosides, penicillinase-resistant penicillins, 
or vancomycin. For patients who are allergic to penicillin, 
alternative choices include clindamycin, a third-generation 
cephalosporin, metronidazole, and chloramphenicol. Tetanus 
prophylaxis should be ensured. Polyvalent antitoxin has not 
proved effective and is no longer used.

Hyperbaric oxygen therapy, as an adjunct to surgery and 
antibiotics, has had variable results in the treatment of gas gan-
grene. It generally is done with 100% oxygen at 3 atm of pres-
sure for 1 to 2 hours every 8 to 12 hours, for a total of six to 
eight treatments. Proponents suggest that elevation of oxygen 
tension in the region of functioning capillaries in the infected 
wound halts alpha toxin production, and necrotic tissue can 
be debrided more conservatively, salvaging more viable tissue 
than would otherwise be possible. Several clinical studies have 
reported that lower morbidity and mortality rates were obtained 
with rapid initiation of hyperbaric oxygen therapy, whereas oth-
ers have disputed the value of such a logistically difficult therapy.

The most important factors in the successful treatment 
of gas gangrene are early diagnosis and prompt treatment. 
To minimize morbidity and mortality, aggressive treatment, 
including surgical debridement and intravenous antibiotics, 
with or without hyperbaric oxygen therapy, must be insti-
tuted promptly. 

TETANUS
Because of widespread vaccination programs, tetanus is a rare 
complication of open fractures in most developed countries. 
According to the Centers for Disease Control and Prevention 
(CDC), during 2001 through 2008 an average of 29 cases of 
tetanus were reported each year among the approximately one 
quarter billion individuals in the United States, for an annual 
incidence of 0.10 per million population. The overall mortal-
ity rate among the cases for which outcome was reported was 
13%; the mortality rate in persons aged 65 or older was nearly 
three times higher. The CDC also reported tetanus vaccina-
tion coverage in only 57% of individuals between the ages of 
18 and 64 and in only 44% of those 65 years of age and older.

When actively immunized with tetanus toxoid, patients 
require only a booster dose. Patients not immunized and patients 
with tetanus-prone wounds require human tetanus immune glob-
ulin, 250 U, for most wounds. The Subcommittee on Advanced 
Trauma Life Support of the American College of Surgeons iden-
tified several characteristics of tetanus-prone wounds: more than 
6 hours old; stellate, avulsion, or abrasion configuration; depth 
of more than 1 cm; injury mechanism of missile, crush, burn, or 
frostbite; signs of infected, devitalized, denervated, or ischemic 
tissue; and contaminants (e.g., dirt, feces, soil, saliva). A tetanus 
toxoid active immunization series also should be started. Human 
tetanus immune globulin does not interfere with simultaneous 
active immunization with toxoid; however, separate syringes and 
separate sites of injection must be used for each. The protective 
level of antibodies provided by human tetanus immune globulin 
lasts longer than that provided by equine tetanus antitoxin, and 

by the time this level is decreasing, active immunization usually 
is effective. The second dose of tetanus toxoid should be given 4 
weeks after the initial one, and a third dose should be given 6 to 
12 months later. If manipulation of the wound or fracture is nec-
essary at 1 to 2 months after injury, the dose of human tetanus 
immune globulin should be repeated.

Formerly, for patients who had been immunized with 
tetanus toxoid but had not received a booster dose during the 
previous 4 years, the administration of tetanus antitoxin was rec-
ommended for severe type III wounds. It is now known that the 
protection produced by active immunization lasts a long time 
and that a booster dose is effective in reactivating the immune 
mechanism for at least 6 and probably 10 years. An old open 
fracture that has healed and has been free of drainage for many 
months or years may still contain viable spores of C. tetani. 
Consequently, a reconstructive procedure such as bone grafting 
should not be done until the patient is actively immunized with 
tetanus toxoid.

According to the CDC 2011 report, 96% of those who 
sought care for their tetanus-prone wounds did not receive 
appropriate tetanus prophylaxis. Health care providers were 
encouraged to periodically assess their patients’ tetanus vacci-
nation status, especially those likely to be inadequately vacci-
nated or at increased risk for tetanus, such as individuals older 
than the age of 65, those with diabetes, and injection drug users. 

SOFT-TISSUE COMPLICATIONS
Wound dehiscence may be a sign of occult or impend-
ing infection. The treatment is surgical debridement of all 
necrotic tissue. Plastic surgery consultation may be helpful. 
Many trauma patients are malnourished and have nutritional 
deficiencies during their hospitalization; this may result 
in impaired wound healing and infection. The treatment is 
nourishment through enteral or parenteral nutrition.

Fracture blisters or blebs may occur in high-energy 
trauma or in fractures adjacent to joints or areas of restricted 
skin mobility (Fig. 53.45). Fracture blisters generally are des-
ignated as bloody or clear. Bloody blisters are more likely to 
be infected, so surgery should be avoided in those areas. Clear 
blisters are less likely to be infected, and these areas may tol-
erate surgical intervention. If feasible, the blebs should be 
allowed to resolve, which may take 10 to 14 days and surgical 
treatment delayed, or the blebs can be treated aggressively.

Fracture blisters resemble second-degree burns histolog-
ically. We have used a burn treatment protocol for fracture 

 FIGURE 53.45 Blood blister.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2808

blebs that calls for surgical excision using sterile technique 
and treatment of the wound base with Silvadene ointment 
dressings daily. With this protocol, we believe that stable epi-
thelium usually is attained faster (within 5 to 10 days) and 
with less chance of superficial infection.

Swelling may not allow wound closure. We prefer to delay 
surgery until the skin can be wrinkled on examination, which 
usually indicates adequate pliability of the skin to support 
surgical intervention in that area. 

THROMBOEMBOLIC COMPLICATIONS
Although fatal pulmonary emboli are rare in trauma patients, 
the occurrence of pulmonary emboli may complicate further 
the systemic demands on the patient. The difficulty is that no 
treatment for thromboembolic complications is without signif-
icant risk of morbidity or mortality, either from hemorrhagic 
complications secondary to anticoagulation or from migration 
or chronic venous stasis secondary to vena cava filters. Physical 
methods, such as stockings and intermittent compression, 
frequently are not applicable in patients with lower extremity 
fractures. Currently, we favor vena cava filters for polytrauma 
patients at high risk for pulmonary embolism, especially 
patients with spinal or pelvic and acetabular fractures.

Protocols for prophylaxis and treatment of deep vein 
thrombosis and pulmonary embolism currently are under 
evaluation. The combination of foot pumps and short-chain 
heparins has been shown to be the safest prophylaxis for deep 
vein thrombosis and pulmonary embolism. The use of foot 
pumps allows early prophylaxis after injury and after surgery, 
whereas the short-chain heparins are used later when bleed-
ing is less likely. 

BIOMECHANICAL CONSTRUCT 
COMPLICATIONS
All implants and external fixation systems eventually fail if 
bone regeneration does not occur in a timely fashion (Fig. 
53.46). If possible, it is best to augment the fracture regen-
eration with autogenous bone grafts and weight-bearing 
methods as early as possible to maximize the fatigue life of 
the fracture fixation construct. Other treatment options for 
delayed unions and nonunions are described in the follow-
ing chapters. Fracture management can be one of the most 
exciting and challenging problems that a physician faces. It 
requires an approach that is strategic and tactical.

Gill stated, “Study principles rather than methods. A 
mind that grasps principles will devise its own methods” 
(cited in Bick).

REFERENCES

GENERAL
Augat P, Faschingbauer M, Seide K, et al.: Biomechanical methods for the 

assessment of fracture repair, Injury 45(Suppl 2):S32, 2014.
Barcak EA, Beebe MJ: Bone morphogenetic protein. Is there still a role in 

orthopedic trauma in 2017? Orthop Clin North Am 48:301, 2017.
Bonyun M, Nauth A, Egol KA, et al.: Hot topics in biomechanically directed 

fracture fixation, J Orthop Trauma 28(Suppl 1):S32, 2014.
Bottlang M, Lorich DG, Dvorzhinskiy A, et al.: Biomechanics – hot topics 

part 1, J Orthop Trauma 32:S17, 2018.
Burns ER, Stevens JA, Lee R: The direct costs of fatal and non-fatal falls 

among older adults – United States, J Safety Res 58:99, 2016.
Centers for Disease Control and Prevention: National vital statistics reports 

62:1, 2013, at www.cdc.gov/nchs/data_access/Vitalstatsonline.htm.
Davidson GH, Hamlat CA, Rivara FP, et  al.: Long-term survival of adult 

trauma patients, J Am Med Assoc 305:1001, 2011.
Dietch ZC, Petroze RT, Thames M, et al.: The “high-risk” deep venous throm-

bosis screening protocol for trauma patients: is it practical? J Trauma 
Acute Care Surg 79:970, 2015.

Evans DC, Stawicki SP, Davido HT, et al.: Obesity in trauma patients: corre-
lations of body mass index with outcomes, injury patterns, and complica-
tions, Am Surg 77:1003, 2011.

Foster BD, Kang HP, Buser Z, et al.: Effect of mental health conditions on 
complications, revision rates, and readmission rates following femoral 
shaft, tibial shaft, and pilon fracture, J Orthop Trauma 33:e210, 2019.

Garwe T, Cowan LD, Neas B, et al.: Survival benefit of transfer to tertiary 
trauma centers for major trauma patients initially presenting to nonter-
tiary trauma centers, Acad Emerg Med 17:1223, 2010.

Giannoudis PV, Krettek C, Lowenberg DW, et al.: Fracture healing adjuncts 
– the world’s perspective on what works, J Orthop Trauma 32:S43, 2018.

Gillespie WJ, Walenkamp GH: Antibiotic prophylaxis for surgery for proxi-
mal femoral and other closed long bone fractures, Cochrane Database 
Syst Rev (3):CD000244, 2010.

Gortler H, Rusyn J, Godbout C, et  al.: Diabetes and healing outcomes in 
lower extremity fractures: a systematic review, Injury Int J Care Injured 
48:177, 2018.

Hak DJ: The biology of fracture healing in osteoporosis and in the presence of 
anti-osteoporotic drugs, Injury Int J Care Injured 49:1461, 2018.

Hake ME, Young H, Hak DJ, et  al.: Local antibiotic therapy strategies in 
orthopaedic trauma: practical tips and tricks and review of the literature, 
Injury 46:1447, 2015.

Hoff WS, Bonadies JA, Cachecho R, et  al.: East Practice Management 
Guidelines Work Group: update to practice management guidelines for 
prophylactic antibiotic use in open fractures, J Trauma 70(3):751, 2011.

Inaba K, Siboni S, Resnick S, et  al.: Tourniquet use for civilian extremity 
trauma, J Trauma Acute Care Surg 79:232, 2015.

Johansen K, Hansen Jr ST: MESS (mangled extremity severity score) 25 years 
on: time for a reboot? J Trauma Acute Care Surg 79:495, 2015.

 

A B

FIGURE 53.46 A, Broken femoral intramedullary nail resulted 
in nonunion that required bone grafting and plate fixation. B, 
Broken screws proximally and distally did not impede bony union.

    

https://booksmedicos.org
http://www.cdc.gov/nchs/data_access/Vitalstatsonline.htm


CHAPTER 53 GENERAL PRINCIPLES OF FRACTURE TREATMENT 2809

Kates SL, Satpathy J, Petrisor BA, et al.: Outside the bone: what is happening 
systemically to influence fracture healing? J Orthop Trauma 32:S33, 2018.

Konda SR, Lack WD, Seymour RB, et al.: Mechanism of injury differentiates 
risk factors for mortality in geriatric trauma patients, J Orthop Trauma 
29:331, 2015.

MacKenzie EJ, Weir S, Rivara FP, et al.: The value of trauma center care, J 
Trauma 69:1, 2010.

Masquelet A, Kanakaris NK, Obert L, et al.: Bone repair using the Masquelet 
technique, J Bone Joint Surg Am 101:1024, 2019.

Mitchell SL, Obremskey WT, Luly J, et al.: Inter-rater reliability of the modi-
fied radiographic union score for diaphyseal tibial fractures with bone 
defects, J Orthop Trauma 33:301, 2019.

Norris BL, Lang G, Russell TA, et al.: Absolute versus relative fracture fixa-
tion: impact on fracture healing, J Orthop Trauma 32:S12, 2018.

Patzakis MJ, Levin LS, Zalavras CG, et al.: Principles of open fracture man-
agement, Instr Course Lect 67:3, 2018.

Russell TA, Insley G: Bone substitute materials and minimally invasive sur-
gery. A convergence of fracture treatment for compromised bone, Orthop 
Clin N Am 48:289, 2017.

Schluter PJ: The Trauma and Injury Severity Score (TRISS) revised, Injury 
42:90, 2011.

Schottel PC, Warner SJ: Role of bone marrow aspirate in orthopedic trauma, 
Orthop Clin N Am 48:311, 2017.

Slobogean GP, O’Brien PJ, Brauer CA: Single-dose versus multiple-dose 
antibiotic prophylaxis for the surgical treatment of closed fractures, Acta 
Orthop 81:256, 2010.

Sterling JA, Guelcher SA: Biomaterial scaffolds for treating osteoporotic 
bone, Curr Osteoporos Rep 12:48, 2014.

Stevens NM, Tejwani N: Commonly missed injuries in the patient with poly-
trauma and the orthopaedist’s role in the tertiary survey, JBJS Reviews 
6(12):e2, 2018.

Vallier HA, Moore TA, Como JJ, et al.: Complications are reduced with a pro-
tocol to standardize timing of fixation based on response to resuscitation, 
J Orthop Surg Res 10:155, 2015.

Ward A, Iocono JA, Brown S, et  al.: Non-accidental trauma injury pat-
terns and outcomes: a single institutional experience, Am Surg 81:835, 
2015.

Yacoub AR, Joaquim AF, Ghizoni E, et al.: Evaluation of the safety and reli-
ability of the newly-proposed AO spine injury classification system, J 
Spinal Cord Med, 2015, [Epub ahead of print].

Yee MA, Hundal RS, Perdue AM, et al.: Autologous bone graft harvest using 
the reamer-irrigator-aspirator, J Orthop Trauma 32:S20, 2018.

POLYTRAUMA
Abdelfattah A, Core MD, Cannada LK, et  al.: Geriatric high-energy poly-

trauma with orthopedic injuries: clinical predictors of mortality, Geriatr 
Orthop Surg Rehabil 5:173, 2014.

Gandhi RR, Overton TL, Haut ER, et al.: Optimal timing of femur fracture 
stabilization in polytrauma patients: a practice management guideline 
from the Eastern Association for the Surgery of Trauma, J Trauma Acute 
Care Surg 77:787, 2014.

Nahm NJ, Como JJ, Wilber JH, et al.: Early appropriate care: definitive sta-
bilization of femoral fractures within 24 hours of injury is safe in most 
patients with multiple injuries, J Trauma 71:175, 2011.

Paffrath T, Lefering R, Flohé S, et al.: How to define severely injured patients? 
An Injury Severity Score (ISS) based approach alone is not sufficient, 
Injury 45(Suppl 3):S64, 2014.

Schreiber VM, Tarkin IS, Hildebrand F, et al.: The timing of definitive fixa-
tion for major fractures in polytrauma—a matched-pair comparison 
between a US and European level I centres: analysis of current fracture 
management practice in polytrauma, Injury 42:650, 2011.

SOFT-TISSUE INJURY
Bonilla-Yoon I, Masih S, Patel DB, et al.: The Morel-Lavallée lesion: patho-

physiology, clinical presentation, imaging features, and treatment 
options, Emerg Radiol 21:35, 2014.

Investigators FLOW, Bhandari M, Jeray KJ, et al.: A trial of wound irrigation in the 
initial management of open fracture wounds, N Engl J Med 373:2629, 2015.

Nickerson TP, Zielinski MD, Jenkins DH, et al.: The Mayo Clinic experience 
with Morel-Lavallée lesions: establishment of a practice management 
guideline, J Trauma Acute Care Surg 76:493, 2014.

Sassoon A, Riehl J, Rich A, et al.: Muscle viability revisited: are we removing 
normal muscle? A critical evaluation of dogmatic debridement, J Orthop 
Trauma, 2015, [Epub ahead of print].

OPEN FRACTURES
Agel J, Rockwood T, Barber R, et al.: Potential predictive ability of the orthopaedic 

trauma association open fracture classification, J Orthop Trauma 28:300, 2014.
Berkes M, Obremskey WT, Scannell B, et al.: Maintenance of hardware after 

early postoperative infection following fracture internal fixation, J Bone 
Joint Surg 92A:923, 2010.

Chang Y, Bhandari M, Zhu KL, et al.: Antibiotic prophylaxis in the manage-
ment of open fractures: a systematic survey of current practice and rec-
ommendations, JBJS Reviews 7(2), 2019.

Collinge CA, McWilliam-Ross K, Kelly KC, et al.: Substantial improvement in 
prophylactic antibiotic administration for open fracture patients: results 
of a performance improvement program, J Orthop Trauma 28(11):620, 
2014.

Craig J, Fuchs T, Jenks M, et  al.: Systematic review and meta-analysis of 
the additional benefit of local prophylactic antibiotic therapy for infec-
tion rates in open tibia fractures treated with intramedullary nailing, Int 
Orthop 38(5):1025, 2014.

Dirschl DR: Surgical irrigation of open fractures—a change in practice? N 
Engl J Med 373:2680, 2015.

Gardner MJ, Higgins TA, Harvin WH, et al.: What is important besides get-
ting the bone to heal? Impact on tissue injury other than the fracture, J 
Orthop Trauma 32:S21, 2018.

Hao J, Cuellar DO, Herbert B, et al.: Does the OTA fracture classification pre-
dict the need for limb amputation? A retrospective observational cohort 
study on 512 patients, J Orthop Trauma 30(4):194, 2016.

Lack WD, Karunakar MA, Angerame MR, et al.: Type III open tibia frac-
tures: immediate antibiotic prophylaxis minimizes infection, J Orthop 
Trauma 29:1, 2015.

Large TM, Douglas G, Erickson G, et al.: Effect of negative pressure wound ther-
apy on the elution of antibiotics from polymethylmethacrylate beads in a por-
cine simulated open femur fracture model, J Orthop Trauma 26:506, 2012.

Lenarz CJ, Watson JT, Moed BR, et  al.: Timing of wound closure in open 
fractures based on cultures obtained after debridement, J Bone Joint Surg 
92A:1921, 2010.

Malhotra AK, Goldberg S, Graham J, et al.: Open extremity fractures: impact 
of delay in operative debridement and irrigation, J Trauma Acute Care 
Surg 76:1201, 2014.

Melvin JS, Dombroski DG, Torbert JT, et al.: Open tibial shaft fractures: I. Evaluation 
and initial wound management, J Am Acad Orthop Surg 18:10, 2010.

Obremskey W, Molina C, Collinge C, et  al.: Current practice in the man-
agement of open fractures amount orthopaedic trauma surgeons. Part B: 
management of segmental long bone defects. A survey of Orthopaedic 
Trauma Association Members, J Orthop Trauma 28:e203, 2014.

Orthopaedic Trauma Association: Open Fracture Study Group: A new clas-
sification scheme for open fractures, J Orthop Trauma 24:457, 2010.

Pollak AN, Jones AL, Castillo RC, et al.: The relationship between time to 
surgical debridement and incidence of infection after open high-energy 
lower extremity trauma, J Bone Joint Surg 92A:7, 2010.

Poyanli O, Unay K, Akan K, et al.: No evidence of infection after retrograde 
nailing of supracondylar femur fracture in gunshot wounds, J Trauma 
68:970, 2010.

Rehman S, Slemenda C, Kestner C, et  al.: Management of gunshot pelvic 
fractures with bowel injury: is fracture debridement necessary? J Trauma 
71:577, 2011.

Rodriguez L, Jung HS, Goulet JA, et al.: Evidence-based protocol for prophy-
lactic antibiotics in open fractures: improved antibiotic stewardship with 
no increase in infection rates, J Trauma Acute Care Surg 77:400, 2014.

Rozell JC, Connolly KP, Mehta S: Timing of operative debridement in open 
fractures, Orthop Clin N Am 48:25, 2017.

Ryan SP, Pugliano V: Controversies in initial management of open fractures, 
Scan J Surg 103:132, 2014.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2810

Sathiyakumar V, Thakore RV, Stinner DJ, et al.: Gunshot-induced fractures 
of the extremities: a review of antibiotic and debridement practices, Curr 
Rev Musculoskelet Med 8:276, 2015.

Sinha K, Chauhan VD, Maheshwari R, et al.: Vacuum assisted closure ther-
apy versus standard wound therapy for open musculoskeletal injuries, 
Adv Orthop 2013:245940, 2013.

Srour M, Inaba K, Okoye O, et  al.: Prospective evaluation of treatment of 
open fractures: effect of time to irrigation and debridement, JAMA Surg 
150:332, 2015.

Truntzer J, Vopat B, Feldwtein M, et al.: Smoking cessation and bone heal-
ing: optimal cessation timing, Eur J Orthop Surg Traumatol 25:211, 2015.

Weber D, Dulai SK, Bergman J, et al.: Time to initial operative treatment fol-
lowing open fracture does not impact development of deep infection: a 
prospective cohort study of 736 subjects, J Orthop Trauma 28:613, 2014.

STIMULATION OF FRACTURE HEALING
Adie S, Harris IA, Naylor JM, et al.: Pulsed electromagnetic field stimulation 

for acute tibial shaft fractures: a multicenter, double-blind, randomized 
trial, J Bone Joint Surg 93A:1569, 2011.

Behrend C, Carmouche J, Millhouse PW, et al.: Allogeneic and autogenous 
bone grafts are affected by historical donor environmental exposure, Clin 
Orthop Relat Res 474:1405–1409, 2016.

Bhandari M, Schemitsch EH: Stimulation of fracture healing: osteobiologics, 
bone stimulations, and beyond, J Orthop Trauma 24(Suppl 1):S1, 2010.

Bhatt RA, Rozental TD: Bone graft substitutes, Hand Clin 28:457, 2012.
Dawson J, Kiner D, Gardner 2nd W, et al.: The reamer-irrigator-aspirator as 

a device for harvesting bone graft compared with iliac crest bone graft: 
union rates and complications, J Orthop Trauma 28:584, 2014.

Fleiter N, Walter G, Bösebeck H, et  al.: Clinical use and safety of a novel 
gentamicin-releasing resorbable bone graft substitute in the treatment of 
osteomyelitis/osteitis, Bone Joint Surg 3:223, 2014.

Flierl MA, Smith WR, Mauffrey C, et al.: Outcomes and complication rates 
of different bone grafting modalities in long bone fracture nonunions: a 
retrospective cohort study in 182 patients, J Orthop Surg Res 8:33, 2013.

Garrison KR, Shemilt I, Donnell S, et al.: Bone morphogenetic protein (BMP) 
for fracture healing in adults, Cochrane Database Syst Rev 6:CD006950, 
2010.

Geurts J, Chris Arts JJ, Walenkamp GH: Bone graft substitutes in active or 
suspected infection. Contra-indicated or not? Injury 42(Suppl 2):S82, 
2011.

Goldstein C, Sprague S, Petrisor BA: Electrical stimulation for fracture heal-
ing: current evidence, J Orthop Trauma 24(Suppl 1):S62, 2010.

Goodman SB: Allograft alternatives: bone substitutes and beyond, 
Orthopedics 33:661, 2010.

Harmata AJ, Uppuganti S, Granke M, et al.: Compressive fatigue and fracture 
toughness behavior of injectable, settable bone cements, J Mech Behav 
Biomed Mater 51:345, 2015.

Kinaci A, Neuhaus V, Ring DC: Trends in bone graft use in the United States, 
Orthopedics 37:e783, 2014.

Kinney RC, Ziran BH, Hirshorn K, et  al.: Demineralized bone matrix for 
fracture healing: fact or fiction? J Orthop Trauma 24(Suppl 1):S52, 2010.

Li X, Xu J, Filion TM, et al.: pHEMA-nHA encapsulation and delivery of van-
comycin and rhBMP-2 enhances its role as a bone graft substitute, Clin 
Orthop Relat Res 471:2540, 2013.

Loeffler BJ, Kellam JF, Sims SH, et  al.: Prospective observational study of 
donor-site morbidity following anterior iliac crest bone-grafting in 
orthopaedic trauma reconstruction patients, J Bone Joint Surg Am 
94:1649, 2012.

Miller MA, Ivkovic A, Porter R, et al.: Autologous bone grafting on steroids: 
preliminary clinical results. A novel treatment for nonunions and seg-
mental bone defects, Int Orthop 35:599, 2011.

Myeroff C, Archdeacon M: Autogenous bone graft: donor sites and tech-
niques, J Bone Joint Surg 93:2227, 2011.

Nauth A, Miclau 3rd T, Li R, et  al.: Gene therapy for fracture healing, J 
Orthop Trauma 24(Suppl 1):S17, 2010.

Roberts TT, Rosenbaum AJ: Bone grafts, bone substitutes and orthobiolog-
ics: the bridge between basic science and clinical advancements in frac-
ture healing, Organogenesis 8:114, 2012.

Schlickewei CW, Laaff G, Andresen A, et  al.: Bone augmentation using a 
new injectable bone graft substitute by combining calcium phosphate 
and bisphosphonate as composite – an animal model, J Orthop Surg Res 
10:116, 2015.

Sloan A, Hussain I, Maqsood M, et al.: The effects of smoking on fracture 
healing, Surgeon 8:111, 2010.

Subramanian S, Mitchell A, Yu W, et al.: Salicylic acid-based polymers for 
guided bone regeneration using bone morphogenetic protein-2, Tissue 
Eng Part A 21:2013, 2015.

Tressler MA, Richards JE, Sofianos D, et al.: Bone morphogenetic protein- 
compared to autologous iliac crest bone graft in the treatment of long 
bone nonunion, Orthopedics 34:3877, 2011.

Tucci MA, Davis J, Beghuzzi HA: The effect of growth factor on osteoblast 
cell signaling, Biomed Sci Instrum 50:445, 2014.

Watanabe Y, Matsushita T, Bhandari M, et al.: Ultrasound for fracture heal-
ing: current evidence, J Orthop Trauma 24(Suppl 1):S56, 2010.

Xiao W, Fu H, Rahaman MN, et al.: Hollow hydroxyapatite microspheres: a 
novel bioactive and osteoconductive carrier for controlled release of bone 
morphogenetic protein-2 in bone regeneration, Acta Biomater 9:8374, 2013.

Zimmermann G, Moghaddam A: Allograft bone matrix versus synthetic 
bone graft substitutes, Injury 42(Suppl 2):S16, 2011.

Zingenberger S, Nich C, Valladares RD, et al.: Recommendations and consid-
erations for the use of biologics in orthopedic surgery, BioDrugs 26:245, 
2012.

INTERNAL FIXATION
Bassuener SR, Mullis BH, Harrison RK, et al.: Use of bioabsorbable pins in 

surgical fixation of comminuted periarticular fractures, J Orthop Trauma 
26:607, 2012.

Bottlang M, Schemitsch CE, Nauth A, et al.: Biomechanical concepts for frac-
ture fixation, J Orthop Trauma 29(Suppl 12):S28, 2015.

Brand S, Klotz J, Hassel T, et al.: Intraprosthetic fixation techniques in the 
treatment of periprosthetic fractures: a biomechanical study, World J 
Orthop 3:162, 2012.

Downey MW, Kosmopoulos V, Carpenter BB: Full threaded versus partially 
threaded screws: determining shear in cancellous bone fixation, J Foot 
Ankle Surg 54:1021, 2015.

Hak DJ, Toker S, Yi C, et al.: The influence of fracture fixation biomechanics 
on fracture healing, Orthopedics 33:752, 2010.

Makridis KG, Tosounidis T, Giannoudis PV: Management of infection after 
intramedullary nailing of long bone fractures: treatment protocols and 
outcomes, Open Orthop J 7:219, 2013.

Peck JB, Charpentier PM, Flanagan BP, et al.: Reducing fracture risk adjacent 
to a plate with an angulated locked end screw, J Orthop Trauma 29:e431, 
2015.

Rose DM, Smith TO, Nielsen D, et al.: Expandable intramedullary nails in 
lower limb trauma: a systematic review of clinical and radiological out-
comes, Strategies Trauma Limb Reconstr 8:1, 2013.

Scolaro JA, Routt ML: Intraosseous correction of misdirected cannulated 
screws and fracture malalignment using a bent tip 2.0 mm guidewire: 
technique and indications, Arch Orthop Trauma Surg 133:883, 2013.

EXTERNAL FIXATION
Andruszkow H, Pfeifer R, Horst K, et  al.: External fixation in the elderly, 

Injury 46(Suppl 3):S7, 2015.
Bible JE, Mir HR: External fixation: principles and applications, J Am Acad 

Orthop Surg 23:683, 2015.
Eichinger JK, Herzog JP, Arrington ED: Analysis of the mechanical proper-

ties of locking plates with and without screw hole inserts, Orthopedics 
34:19, 2011.

Flannery W, Balts J, McCarthy JJ, et al.: Are terminally threaded guide pins 
from cannulated screw systems dangerous? Orthopedics 34:e374, 2011.

Haller JM, Holt D, Rothberg DL, et al.: Does early versus delayed spanning 
external fixation impact complication rates for high-energy tibial plateau 
and plafond fractures? Clin Orthop Relat Res 474:1436–1444, 2016.

Harbacheuski R, Fragomen AT, Rozbruch SR: Does lengthening and then 
plating (LAP) shorten duration of external fixation? Clin Orthop Relat 
Res 470:1771, 2012.

    

https://booksmedicos.org


CHAPTER 53 GENERAL PRINCIPLES OF FRACTURE TREATMENT 2811

Huang Z, Wang B, Chen F, et al.: Fast pinless external fixation for open tibial 
fractures: preliminary report of a prospective study, Int J Clin Exp Med 
8(11):20805–20812, 2015.

Larsson S, Stadelmann VA, Arnoldi J, et  al.: Injectable calcium phosphate 
cement for augmentation around cancellous bone screws. In vivo biome-
chanical studies, J Biomech 45:1156, 2012.

Lebel E, Blumberg N, Gill A, et al.: External fixator frames as interim dam-
age control for limb injuries: experience in the 2010 Haiti earthquake, J 
Trauma 71:E128, 2011.

Logan C, Hess A, Kwon JY: Damage control orthopaedics: variability of con-
struct design for external fixation of the lower extremity and implications 
on cost, Injury 46:1533, 2015.

Metcalfe D, Hickson CJ, McKee L, et al.: External versus internal fixation for 
bicondylar tibial plateau fractures: systematic review and meta-analysis, J 
Orthop Traumatol 16:275, 2014.

Oh JK, Hwang JH, Sahu D, et al.: Complication rate and pitfalls of tempo-
rary bridging external fixator in periarticular comminuted fractures, Clin 
Orthop Surg 3:62, 2011.

Qu H, Knabe C, Radin S, et al.: Percutaneous external fixator pins with bacte-
ricidal micron-thin sol-gel films for the prevention of pin tract infection, 
Biomaterials 62:95, 2015.

Shah CM, Babb PE, McAndrew CM, et al.: Definitive plates overlapping pro-
visional external fixator pin sites: is the infection risk increased? J Orthop 
Trauma 28:518, 2014.

The complete list of references is available online at Expert Consult.com.

    

https://booksmedicos.org
http://Consult.com


SUPPLEMENTAL REFERENCES

GENERAL
AAOS Task Force on AIDS and Orthopaedic Surgery: Recommendations 

for the prevention of human immunodeficiency virus (HIV) transmission 
in the practice of orthopaedic surgery, Park Ridge, Ill, 1989, American 
Academy of Orthopaedic Surgeons.

Andersen DJ, Blair WF, Steyers CM, et al.: Classification of distal radius frac-
tures: an analysis of interobserver reliability and intraobserver reproduc-
ibility, J Hand Surg 21:574, 1996.

Aro HT, Chao EY: Bone-healing patterns affected by loading, fracture frag-
ment stability, fracture type, and fracture site compression, Clin Orthop 
Relat Res 293:8, 1993.

Bedi A, Karunakar MA: Physiologic effects of intramedullary reaming, Instr 
Course Lect 55:359, 2006.

Bick EM: Physiology. Source book of orthopaedics, New York, 1968, Hafner.
Blundell CM, Parker MJ, Pryor GA, et al.: Assessment of the AO classifica-

tion of intracapsular fractures of the proximal femur, J Bone Joint Surg 
80B:679, 1998.

Bone LB, Johnson KD, Weigelt J, et  al.: Early versus delayed stabilization 
of femoral fractures: a prospective randomized study, J Bone Joint Surg 
71A:336, 1989.

Boyd HB, Lipinski SW, Wiley JH: Observations on nonunion of the shafts 
of the long bones, with a statistical analysis of 842 patients, J Bone Joint 
Surg 43A:159, 1961.

Brumback RJ, Jones AL: Interobserver agreement in the classification of open 
fractures of the tibia: the results of a survey of two hundred and forty-five 
orthopaedic surgeons, J Bone Joint Surg 76A:1162, 1994.

Crichlow RJ, Andres PL, Morrison SM, et  al.: Depression in orthopaedic 
trauma patients. Prevalence and severity, J Bone Joint Surg 88A:2006, 1927.

Danis R: Théorie et pratique de l’ostéosynthèse, Paris, 1947, Masson.
Einhorn TA, Simon G, Devlin VU, et al.: The osteogenic response to distant 

skeletal injury, J Bone Joint Surg 72A:1374, 1990.
Fairbanks GA, Murphy Jr RX, Wasser TE, et al.: Patterns and implications of 

lower extremity injuries in a community level 1 trauma center, Ann Plast 
Surg 53:373, 2004.

Flikkila T, Nikkola-Shito A, Kaarela O, et al.: Poor interobserver reliability 
of AO classification of fractures of the distal radius: additional computed 
tomography is of minor value, J Bone Joint Surg 80B:670, 1998.

Frost HM: The biology of fracture healing: an overview for clinicians, part I, 
Clin Orthop Relat Res 248:283, 1989.

Frost HM: The biology of fracture healing: an overview for clinicians, part II, 
Clin Orthop Relat Res 248:294, 1989.

Fulkerson EW, Egol KA: Timing issues in fracture management: a review of 
current concepts, Bull NYU Hosp Jt Dis 67(58), 2009.

Girdlestone GR: The treatment of fractures in the light of their ischaemic 
complications, J Bone Joint Surg 14:755, 1932.

Gustilo RB: The fracture classification manual, St. Louis, 1991, Mosby.
Hallab N, Merritt K, Jacobs JJ: Current concepts review: metal sensitivity in 

patients with orthopaedic implants, J Bone Joint Surg 83A:428, 2001.
Heckman MM, Whitesides TE, Grewe SR, et al.: Histologic determination of 

the ischemic threshold of muscle in the canine compartment syndrome 
model, J Orthop Trauma 3:199, 1993.

Holtom PD: Antibiotic prophylaxis: current recommendations, J Am Acad 
Orthop Surg 4:S98, 2006.

Horn BD, Rettig ME: Interobserver reliability in the Gustilo and Anderson 
classification of open fractures, J Orthop Trauma 7:357, 1993.

Hulth A: Current concepts of fracture healing, Clin Orthop Relat Res 249:265, 
1989.

Humphrey CA, Dirschl DR, Ellis TJ: Interobserver reliability of a CT-based 
fracture classification system, J Orthop Trauma 19:616, 2005.

Ilizarov GA: The tension-stress effect on the genesis and growth of tissues, 
Clin Orthop Relat Res 238:249, 1989.

Johnson KD, Cadambi A, Seibert GB, et al.: Incidence of adult respiratory 
distress syndrome in patients with multiple musculoskeletal injuries: 
effect of early operative stabilization of fracture, J Trauma 24:375, 1985.

Judet R, Judet J, Letournel E: Fractures of the acetabulum: classification and 
surgical approaches for open reduction: a preliminary report, J Bone Joint 
Surg 46A:1615, 1964.

Karunakar MA, Shah SN, Jerabek S: Body mass index as a predictor of com-
plications after operative treatment of acetabular fractures, J Bone Joint 
Surg 87A:1498, 2005.

Lambotte A: Chirurgie opératoire des fractures, Paris, 1913, Masson.
Martin JS, Marsh JL: Current classification of fractures: rationale and utility, 

Radiol Clin North Am 35:491, 1997.
Ly TV, Travison TG, Castillo RC, et  al.: Ability of lower-extremity injury 

extremity scores to predict functional outcome after limb salvage, J Bone 
Joint Surg 90A:1738, 2008.

Marsh JL, Slongo TF, Agel J, et  al.: Fracture and dislocation compen-
dium—2007: orthopaedic Trauma Association classification, database 
and outcomes committee, J Orthop Trauma 21(10 Suppl):S1, 2007.

Mast J, Jakob R, Ganz R: Planning and reduction technique in fracture surgery, 
Berlin, 1989, Springer-Verlag.

Monteggia GB: Instituzioni chirurgiche, ed 2, Milan, 1813-1815, G Maspero. 
(Cited in J Bone Joint Surg 16:354, 1934.).

Müller ME, Nazarian S, Koch P, et al.: The comprehensive classification of frac-
tures of long bones, Berlin, 1990, Springer-Verlag.

Orthopaedic Trauma Association Committee for Coding and Classification: 
Fracture and dislocation compendium, J Orthop Trauma 10(Suppl):5, 1996.

Perren SM, Huggler A, Russenberger M, et  al.: Cortical bone healing: the 
reaction of cortical bone to compression, Acta Orthop Scand Suppl 
125(17), 1969.

Phillips TF, Contreras DM: Current concepts review: timing of operative 
treatment of fractures in patients who have multiple injuries, J Bone Joint 
Surg 72A:784, 1990.

Routt MLC, Simonian PT, Ballmer F: A rational approach to pelvic trauma: 
resuscitation and early definitive stabilization, Clin Orthop Relat Res 
318:61, 1995.

Salter RB, Ogilvie-Harris DJ: Fractures involving joints, part II: healing of 
intra-articular fractures with continuous passive motion, Instr Course 
Lect 28:102, 1979.

Scalea TM: Optimal timing of fracture fixation: have we learned anything in 
the past 20 years? J Trauma 65:253, 2008.

Starr AJ: Fracture repair: successful advances, persistent problems, and the 
psychological burden of trauma, J Bone Joint Surg 90A(Suppl 1):132, 2008.

Stevens JA, Corso PS, Finkelstein EA, et al.: The costs of fatal and nonfatal 
falls among older adults, Inj Prev 12:290, 2006.

Swiontkowski MF, Sands AK, Agel J, et al.: Interobserver variation in the AO/
OTA fracture classification system for pilon fractures: is there a problem? 
J Orthop Trauma 11:467, 1997.

Uhthoff HK: Fracture healing. In Gustilo RB, Kyle RF, Templeman DC, edi-
tors: Fractures and dislocations, St. Louis, 1993, Mosby.

Urist MR: Bone: formation by autoinduction, Science 150:893, 1965.

POLYTRAUMA
American College of Surgeons Committee on Trauma: Advanced trauma life 

support courses, Chicago, IL, 1985, American College of Surgeons.
Bone LB, Babikian G, Stegemann PM: Femoral canal reaming in the poly-

trauma patient with chest injury: a clinical perspective, Clin Orthop Relat 
Res 318:91, 1995.

Bone LB, Johnson K, Weigelt J, et  al.: Early versus delayed stabilization of 
femoral fractures, J Bone Joint Surg 71A:36, 1989.

Champion H, Copes WS, Sacco WJ, et  al.: The Major Trauma Outcome 
Study: establishing norms for trauma care, J Trauma 30:1356, 1990.

Chapman MW: Fractures of the pelvic ring and acetabulum in patients with 
severe polytrauma, Instr Course Lect 39:591, 1990.

Clancy TV, Maxwell G, Covington DL, et al.: A statewide analysis of level I and 
II trauma centers for patients with major injuries, J Trauma 51:346, 2001.

DeLong Jr WG, Born CT: Cytokines in patients with polytrauma, Clin 
Orthop Relat Res 422:57, 2004.

Gossling HR, Donahue TA: The fat embolism syndrome, J Am Med Assoc 
241:2740, 1979.

   

2811.e1
 

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2811.e2

Kudsk KA, Fabian TC, Baum S, et al.: Silent deep vein thrombosis in immo-
bilized multiple trauma patients, Am J Surg 158:515, 1989.

Lerner A, Chezar A, Haddad M, et  al.: Complications encountered while 
using thin-wire-hybrid-external fixation modular frames for fracture fix-
ation: a retrospective clinical analysis and possible support for “Damage 
Control Orthopaedic Surgery, Injury 36:590, 2005.

Malisano LP, Stevens D, Hunter GA: The management of long bone fractures 
in the head-injured polytrauma patient, J Orthop Trauma 8:1, 1994.

Nicholas RM, McCoy GF: Immediate intramedullary nailing of femoral shaft 
fractures due to gunshots, Injury 26:257, 1995.

Pallister I, Empson K: The effects of surgical fracture fixation on the systemic 
inflammatory response to major trauma, J Am Acad Orthop Surg 13:93, 
2005.

Pape HC, Giannoudis PV, Krettek C, et al.: Timing of fixation of major frac-
tures in blunt polytrauma: role of conventional indicators in clinical deci-
sion making, J Orthop Trauma 19:551, 2005.

Pape HC, Regel G, Dwenger A, et al.: Influences of different methods of intra-
medullary nailing on lung function in patients with multiple trauma, J 
Trauma 35:709, 1993.

Pryor JP, Reilly PM: Initial care of the patient with blunt polytrauma, Clin 
Orthop Relat Res 422:30, 2004.

Reimer BL, DiChristina DG, Cooper A, et al.: Nonreamed nailing of diaphy-
seal fractures in blunt polytrauma patients, J Orthop Trauma 9:66, 1995.

Rittmeister M, Lindsey RW, Kohl III HW: Pelvic fracture among polytrauma 
decedents: trauma-based mortality with pelvic fracture—a case series of 
74 patients, Arch Orthop Trauma Surg 121:L43, 2001.

Routt Jr ML, Simonian PT, Ballmer F: A rational approach to pelvic trauma: 
resuscitation and early definitive stabilization, Clin Orthop Relat Res 
318:61, 1995.

Rowley G, Fielding K: Reliability and accuracy of the Glasgow Coma Scale 
with experienced and inexperienced users, Lancet 337:535, 1991.

Schmeling GJ, Schwab JP: Polytrauma care: the effect of head injuries and 
timing of skeletal fixation, Clin Orthop Relat Res 318:106, 1995.

Stannard JP, Lopez-Ben RR, Volas DA, et  al.: Prophylaxis against deep-vein 
thrombosis following trauma: a prospective, randomized comparison of 
mechanical and pharmacologic prophylaxis, J Bone Joint Surg 88A:261, 2006.

White TO, Clutton RE, Salter D, et al.: The early response to major trauma 
and intramedullary nailing, J Bone Joint Surg 88B:823, 2006.

SOFT-TISSUE INJURY
Anglen JO: Wound irrigation in musculoskeletal injury, J Am Acad Orthop 

Surg 9:219, 2001.
Bhandari M, Adili A, Lachowski RJ: High pressure pulsatile lavage of con-

taminated human tibiae: an in vitro study, J Orthop Trauma 12:479, 1998.
Bhandari M, Schemitsch EH, Adili A, et al.: High and low pressure pulsa-

tile lavage of contaminated tibial fractures: an in vitro study of bacterial 
adherence and bone damage, J Orthop Trauma 13:526, 1999.

Breidenbach WC, Trager S: Quantitative culture technique and infection in 
complex wounds of the extremities closed with free flaps, Plast Reconstr 
Surg 95:860, 1995.

Brown LL, Shelton HT, Bornside GH, et al.: Evaluation of wound irrigation 
by pulsatile jet and conventional methods, Ann Surg 187:170, 1978.

Cormack GC, Lamberty BGH: The blood supply of thigh skin, Plast Reconstr 
Surg 75:342, 1985.

Dickson K, Watson TS, Haddad C, et  al.: Outpatient management of low-
velocity gunshot-induced fractures, Orthopedics 24:951, 2001.

Dirschl DR, Duff GP, Dahners LE, et al.: High pressure pulsatile lavage irri-
gation of intraarticular fractures: effects on fracture healing, J Orthop 
Trauma 12:460, 1998.

Draeger RW, Dahners LE: Traumatic wound debridement: a comparison of 
irrigation methods, J Orthop Trauma 20:83, 2006.

Gross A, Bhaskar SN, Cutright DE, et  al.: The effect of pulsating water jet 
lavage on experimental contaminated wounds, J Oral Surg 29:187, 1971.

Gugala Z, Lindsey RW: Classification of gunshot injuries in civilians, Clin 
Orthop Relat Res 408:65, 2003.

Hak DJ, Olson SA, Matta JM: Diagnosis and management of closed inter-
nal degloving injuries associated with pelvic and acetabular fractures: the 
Morel-Lavallée lesion, J Trauma 42:1046, 1997.

Heckman MM, Whitesides TE, Grewe SR, et al.: Histologic determination of 
the ischemic threshold of muscle in the canine compartment syndrome, 
J Orthop Trauma 7:199, 1993.

Herscovici Jr D, Sanders RW, Scaduto JM, et  al.: Vacuum-assisted wound 
closure (VAC therapy) for the management of patients with high-energy 
soft tissue injuries, J Orthop Trauma 17:683, 2003.

Hudson DA, Knottenbelt JD, Krige JEJ: Closed degloving injuries: results fol-
lowing conservative surgery, Plast Reconstr Surg 89:853, 1992.

Kudsk KA, Sheldon GF, Walton RL: Degloving injuries of the extremities and 
torso, J Trauma 21:835, 1981.

Madden JE, Edlich RF, Custer JR, et al.: Studies in the management of the 
contaminated wound. IV. Resistance to infection of surgical wounds 
made by knife, electrosurgery, and laser, Am J Surg 119:222, 1970.

Morel-Lavallée: Decollements traumatiques de la peau et des couches sous-
jacentes, Arch Gen Med 1:20, 1863.

Moussa FW, Gainor BJ, Anglen JO, et al.: Disinfecting agents for removing adher-
ent bacteria from orthopaedic hardware, Clin Orthop Relat Res 329:255, 1996.

Norris BL, Kellam JF: Soft tissue injuries associated with high-energy extrem-
ity trauma: principles of management, J Am Acad Orthop Surg 5:37, 1997.

Orcutt S, Kilgus D, Ziner D: The treatment of low-grade open fractures without 
operative debridment, Dallas, Texas, 1988, Read at the annual meeting of 
the Orthopaedic Trauma Association.

Rodeheaver GT, Petty JG, Edgerton MT, et  al.: Wound cleansing by high 
pressure irrigation, Surg Gynecol Obstet 141:357, 1975.

Ronceray J: Drainage actif, par resection aponevrotique partielle, des 
epanchements de Morel-Lavallée, Nouv Presse Med 5:1305, 1976.

Routt Jr MLC, Simonian PT, Ballmer F: A rational approach to pelvic trauma: 
resuscitation and early definitive stabilization, Clin Orthop Relat Res 
318:61, 1995.

Tejwani SG, Cohen SB, Bradley JP: Management of Morel-Lavallée lesion of 
the knee: twenty-seven cases in the National Football League, Am J Sports 
Med 35:1162, 2007.

Tran W, Foram J, Wang M, Schwartz A: Postsurgical bleeding following 
treatment of a chronic Morel-Lavallée lesion, Orthopedics 31:814, 2008.

Tseng S, Tornetta III P: Percutaneous management of Morel-Lavallée lesions, 
J Bone Joint Surg 88A:92, 2006.

Webb LX, Dedmond B, Schlatterer D, et al.: The contaminated high-energy 
open fracture: a protocol to prevent and treat inflammatory mediator 
storm-induced soft-tissue compartment syndrome (IMSICS), J Am Acad 
Orthop Surg 14(10 Spec No):S82, 2006.

OPEN FRACTURES
Al-Arabi YB, Nader M, Hamidian-Jahromi AR, et al.: The effect of timing of 

antibiotics and surgical treatment on infection rates in open long-bone 
fractures: a 9-year prospective study from a district general hospital, 
Injury 38:900, 2007.

Altemeier WA, Furste WL: Gas gangrene, Int Abstr Surg 84:507, 1947.
Anderson JT, Gustilo RB: Immediate internal fixation in open fractures, 

Orthop Clin North Am 11:569, 1980.
Anglen JO: Comparison of soap and antibiotic solutions for irrigation of 

lower-limb open fracture wounds: a prospective, randomized study, J 
Bone Joint Surg 87A:1415, 2005.

Atesalp AS, Yildiz C, Basbozkurt M, et al.: Treatment of type IIIa open frac-
tures with Ilizarov fixation and delayed primary closure in high-velocity 
gunshot wounds, Mil Med 167:56, 2002.

Bassett CAL, Herrmann I: Influence of oxygen concentration and mechanical 
factors on differentiation of connective tissue in vitro, Nature 190:460, 1961.

Bhandari M, Adili A, Schemitsch EH: The efficacy of low-pressure lavage 
with different irrigating solutions to remove adherent bacteria from 
bone, J Bone Joint Surg 83A:412, 2001.

Bonanni F, Rhodes M, Lucke JF: The futility of predictive scoring of mangled 
lower extremities, J Trauma 34:99, 1993.

Bosse MJ, MacKenzie EJ, Kellam JF, et al.: A prospective evaluation of the 
clinical utility of the lower-extremity injury-severity scores, J Bone Joint 
Surg 83A:3, 2001.

Bosse MJ, McCarthy ML, Jones AL, et al.: The insensate foot following severe 
lower extremity trauma: an indication for amputation? J Bone Joint Surg 
87A:2601, 2005.

    

https://booksmedicos.org


CHAPTER 53 GENERAL PRINCIPLES OF FRACTURE TREATMENT 2811.e3

Bostrom MP, Lane JM, Berberian WS, et  al.: Immunolocalization and 
expression of bone morphogenetic proteins 2 and 4 in fracture healing, J 
Orthop Res 13:357, 1995.

Bowen TR, Widmaier JC: Host classification predicts infection after open 
fracture, Clin Orthop Relat Res 433:205, 2005.

Boyd III JI, Wongworawat MD: High-pressure pulsatile lavage causes soft tis-
sue damage, Clin Orthop Relat Res 427:13, 2004.

Breidenbach WC, Trager S: Quantitative culture technique and infection in 
complex wounds of the extremities closed with free flaps, Plast Reconstr 
Surg 95:860, 1995.

Brien EW, Long WT, Serocki JH: Management of gunshot wounds to the 
tibia, Orthop Clin North Am 26:165, 1995.

Brien WW, Kuschner SH, Brien EW, et  al.: The management of gunshot 
wounds to the femur, Orthop Clin North Am 26:133, 1995.

Brown KV, Ramasamy A, McLeod J, et  al.: Predicting the need for early 
amputation in ballistic mangled extremity injuries, J Trauma 66(4 
Suppl):S93, 2009.

Burgess AR, Poka A, Brumback RJ, et  al.: Management of open grade III 
tibial fractures, Orthop Clin North Am 18:85, 1987.

Busse JW, Jacobs CL, Swiontkowski MF, et al.: Complex limb salvage or early 
amputation for severe lower-limb injury: a meta-analysis of observa-
tional studies, J Orthop Trauma 21:70, 2007.

Chao EYS, Inous N, Elias JJ, et al.: Enhancement of fracture healing by mechan-
ical and surgical intervention, Clin Orthop Relat Res 355S:S163, 1998.

Chapman MW: The use of immediate internal fixation in open fractures, 
Orthop Clin North Am 11:579, 1980.

Clancey GJ, Hansen Jr ST: Open fractures of the tibia: a review of one hun-
dred and two cases, J Bone Joint Surg 60A:118, 1978.

Crowley DJ, Kanakaris NK, Giannoudis PV: Irrigation of the wounds in open 
fractures, J Bone Joint Surg 89B:580, 2007.

DeLong Jr WG, Born CT, Wei SY, et al.: Aggressive treatment of 119 open 
fracture wounds, J Trauma 46:1049, 1999.

Dougherty PJ, van Holsbeeck M, Mayer TG, et al.: Lead toxicity associated 
with a gunshot-induced femoral fracture: a case report, J Bone Joint Surg 
91A:2009, 2002.

Durham RM, Mistry BM, Mazuski JE, et al.: Outcome and utility of scoring 
systems in the management of the mangled extremity, Am J Surg 172:569, 
1996.

Ferraro Jr SP, Zinar DM: Management of gunshot fractures of the tibia, 
Orthop Clin North Am 26:181, 1995.

Fischer MD, Gustilo RB, Varecka TF: The timing of flap coverage, bone-
grafting, and intramedullary nailing in patients who have a fracture of the 
tibial shaft with extensive soft tissue injury, J Bone Joint Surg 73A:1316, 
1991.

Furste W: Tetanus: a new threat, J Trauma 51:416, 2001.
Ganocy K, Lindsey RW: The management of civilian intra-articular gunshot 

wounds: treatment considerations and proposal of a classification system, 
Injury 29(Suppl 1):1, 1998.

Georgiadis GM, Behrens FF, Joyce MJ, et al.: Open tibial fractures with severe 
soft tissue loss: limb salvage compared with below-the-knee amputation, 
J Bone Joint Surg 75A:1431, 1993.

Giessler WB, Teasedall RD, Tomasin JD, et al.: Management of low velocity 
gunshot-induced fractures, J Orthop Trauma 4:39, 1990.

Gosselin RA, Roberts I, Gillespie WJ: Antibiotics for preventing infection 
in open limb fractures, Cochrane Database Syst Rev 1:CD003764, 2004.

Grey R: War wounds: basic surgical management: the principles and practice 
of the surgical management of wounds produced by missiles or explosions, 
Geneva, 1994, International Committee of the Red Cross (ICRC).

Gristina AG, Naylor PT, Webb LX: Molecular mechanisms in musculoskel-
etal sepsis: the race for the surface, Instr Course Lect 38:471, 1990.

Gristina AG, Oga M, Webb LX, et al.: Adherent bacterial colonization in the 
pathogenesis of osteomyelitis, Science 228:990, 1985.

Gustilo RB, Anderson JT: Prevention of infection in the treatment of one 
thousand and twenty-five open fractures of long bones: retrospective and 
prospective analyses, J Bone Joint Surg 58A:453, 1976.

Gustilo RB, Mendoza RM, Williams DN: Problems in the management of 
type III (severe) open fractures: a new classification of type III open frac-
tures, J Trauma 24:742, 1984.

Gustilo RB, Merkow RL, Templeman D: The management of open fractures, 
J Bone Joint Surg 72A:299, 1990.

Hakanson R, Nussman D, Gorman RA, et al.: Gunshot fractures: a medical, 
social, and economic analysis, Orthopedics 17:519, 1994.

Harwood PJ, Giannoudis PV, Probst C, et al.: The risk of local infective com-
plications after damage control procedures for femoral shaft fracture, J 
Orthop Trauma 20:181, 2006.

Hassinger SM, Harding G, Wongworawat MD: High-pressure pulsatile lavage 
propagates bacteria into soft tissue, Clin Orthop Relat Res 439:27, 2005.

Hauser CJ, Adams Jr CA, Eachempati SR, et al.: Surgical Infection Society 
guideline: prophylactic antibiotic use in open fracturs: an evidence-based 
guideline, Surg Infect 7:327, 2006.

Helfet DL, Howery T, Sanders R, et  al.: Limb salvage versus amputation: 
preliminary results of the mangled extremity severity score, Clin Orthop 
Relat Res 256:80, 1990.

Henry SL, Ostermann PAW, Seligson D: The antibiotic bead pouch tech-
nique: the management of severe compound fractures, Clin Orthop Relat 
Res 295:54, 1993.

Hertel R, Lambert SM, Muller S, et al.: The timing of soft tissue reconstruction 
for open fractures of the lower leg, Arch Orthop Trauma Surg 119:7, 1999.

Hohmann E, Tetsworth K, Radziejowski MJ, et al.: Comparison of delayed 
and primary wound closure in the treatment of open tibial fractures, Arch 
Orthop Trauma Surg 127:131, 2007.

Hoover TJ, Siefert JA: Soft tissue complications of orthopedic emergencies, 
Emerg Med Clin North Am 18:115, 2000.

Hull JB: Management of gunshot fractures of the extremities, J Trauma 
40(Suppl 3):193, 1996.

Kao JT, Comstock C: Reimplantation of a contaminated and devitalized bone 
fragment after autoclaving in an open fractures, J Orthop Trauma 9:336, 
1995.

Keller A: The management of gunshot fractures of the humerus, Injury 26:93, 
1995.

Knapp TP, Patzakis MJ, Lee J, et  al.: Comparison of intravenous and oral 
antibiotic therapy in the treatment of fractures caused by low-velocity 
gunshots: a prospective, randomized study of infection rates, J Bone Joint 
Surg 78A:1167, 1996.

Korhonen K: Hyperbaric oxygen therapy in acute necrotizing infections, 
with a special reference to the effects on tissue gas tensions, Ann Chir 
Gynaecol 89(Suppl 214):7, 2000.

Lee J: Efficacy of cultures in the management of open fractures, Clin Orthop 
Relat Res 339:71, 1997.

Levin LS: Early versus delayed closure of open fractures, Injury 38:896, 2007.
Long WT, Brien EW, Boucree Jr JB, et al.: Management of civilian gunshot 

wounds to the hip, Orthop Clin North Am 26:123, 1995.
McQuillan GM, Kruszon-Moran D, Deforest A, et al.: Serologic immunity 

to diphtheria and tetanus in the United States, Ann Intern Med 136:660, 
2002.

Neumaier M, Scherer MA: C-reactive protein levels for early detection of 
postoperative infection after fracture surgery, Acta Orthop 79:428, 2008.

Nowotarski P, Brumback RJ: Immediate interlocking nailing of fractures of 
the femur caused by low- to mid-velocity gunshots, J Orthop Trauma 
8:134, 1994.

Okike K, Bhattacharyya T: Current concepts review: trends in the manage-
ment of open fractures: a critical analysis, J Bone Joint Surg 88A:2739, 2006.

Olson SA, Schemitsch EH: Open fractures of the tibial shaft: an update, Instr 
Course Lect 52:623, 2003.

Ordog FJ, Sheppard GF, Wasserberger JS, et al.: Infection in minor gunshot 
wounds, J Trauma 34:358, 1999.

Ostermann PA, Seligson D, Henry SL: Local antibiotic therapy for severe 
open fractures: a review of 1085 consecutive cases, J Bone Joint Surg 
77B:93, 1995.

Paradies LH, Gregory CF: The early treatment of close-range shotgun 
wounds to the extremities, J Bone Joint Surg 48A:425, 1966.

Parra JA, Fernandez MA, Encinas B, et al.: Morel-Lavallée effusions in the 
thigh, Skeletal Radiol 26:239, 1997.

Parrat BM, Matros E, Pribaz JJ, et al.: Lower extremity trauma: trends in the 
management of soft-tissue reconstruction of open tibia-fibula fractures, 
Plast Reconstr Surg 117:1315, 2006.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2811.e4

Patzakis MJ, Dorr LD, Ivler D, et al.: The early management of open joint 
injuries: a prospective study of one hundred and forty patients, J Bone 
Joint Surg 57A:1065, 1975.

Pollak AN: Timing of debridement of open fractures, J Am Acad Orthop Surg 
14(10 Spec No):S48, 2006.

Pollak AN, McCarthy ML, Burgess AR: Short-term wound complications 
after application of flaps for coverage of traumatic soft tissue defects 
about the tibia. The Lower Extremity Assessment Project (LEAP) Study 
Group, J Bone Joint Surg 82A:1681, 2000.

Pozo JL, Powell B, Andrews BG, et al.: The timing of amputation for lower 
limb trauma, J Bone Joint Surg 72B:288, 1990.

Prasarn ML, Zych G, Ostermann PA: Wound management for severe open 
fractures: use of antibiotic bead pouches and vacuum-assisted closure, 
Am J Orthop 38:559, 2009.

Rajasekaran S, Dheenadhayalan J, Babu JN, et al.: Immediate primary skin 
closure in type-III A and B open fractures: results after a minimum of 5 
years, J Bone Joint Surg 91B:217, 2009.

Rajasekaran S, Naresh Babu J, Dheenadhayalan J, et al.: A score for predict-
ing salvage and outcome in Gustilo type-IIIA and type IIIB open tibial 
fractures, J Bone Joint Surg 88B:1351, 2006.

Rowley DI: War wounds with fractures: a guide to surgical management, 
Geneva, 1996, International Committee of the Red Cross.

Sangha KS, Miyagawa CI, Healy DP, et al.: Pharmacokinetics of once-daily 
dosing of gentamicin in surgical intensive care unit patients with open 
fractures, Ann Pharmacother 29:117, 1995.

Sladek EC, Kopta JA: Management of open fractures of the tibial shaft, South 
Med J 70:662, 1977.

Sorger JI, Kirk PG, Ruhnke CJ, et al.: Once-daily, high-dose versus divided, 
low-dose gentamicin for open fractures, Clin Orthop Relat Res 366:197, 
1999.

Stannard JP, Volgas DA, Stewart R, et al.: Negative pressure wound therapy 
after severe open fractures: a prospective randomized study, J Orthop 
Trauma 23:552, 2009.

Stevens DL, Bryant AE, Adams K, et al.: Evaluation of therapy with hyper-
baric oxygen for experimental infection with Clostridium perfringens, 
Clin Infect Dis 17:231, 1993.

Stewart MP, Kinninmonth A: Shotgun wounds of the limbs, Injury 24:667, 
1993.

Swiontkowski MF, Agel J, McAndrew MP, et al.: Outcome validation of the 
AO/OTA fracture classification system, J Orthop Trauma 14:534, 2000.

Takahira N, Shindo M, Tanaka K, et al.: Treatment outcome of nonclostridial 
gas gangrene at a level I trauma center, J Orthop Trauma 16:12, 2002.

Tejwani NC, Hak DJ, Finkemeier CG, et  al.: High-energy proximal tibial 
fractures: treatment options and decision making, Instr Course Lect 
55:367, 2006.

Templeman DC, Gulli B, Tsukayama DT, et al.: Update on management of 
open fractures of the tibial shaft, Clin Orthop Relat Res 350:18, 1998.

Thomas DB, Brooks DE, Bice TG, et al.: Tobramycin-impregnated calcium 
sulfate prevents infection in contaminated wounds, Clin Orthop Relat Res 
441:366, 2005.

Tibbles PM, Edelsberg JS: Hyperbaric-oxygen therapy, N Engl J Med 
334:1642, 1996.

Tikka S, Bostman O, Marttinen E, et al.: A retrospective analysis of 36 civilian 
gunshot fractures, J Trauma 40(Suppl 3):212, 1996.

Tornetta III P, Tiburzi D: Antegrade interlocked nailing of distal femoral 
fractures after gunshot wounds, J Orthop Trauma 8:220, 1994.

Tscherne H: The management of open fractures. In Tscherne H, Gotzen L, 
editors: Fractures with soft tissue injuries, Berlin, 1984, Springer-Verlag.

Tscherne H, Gotzen L: Fractures with soft tissue injuries, Berlin, 1984, 
Springer-Verlag.

Tsukayama DT, Gustilo RB: Antibiotic management of open fractures, Instr 
Course Lect 39:487, 1990.

Valenziano CP, Chattar-Cora D, O’Neill A, et al.: Efficacy of primary wound 
cultures in long bone open extremity fractures: are they of any value? 
Arch Orthop Trauma Surg 122:259, 2002.

van Winkle BA, Neustein J: Management of open fractures with sterilization 
of large, contaminated, extruded cortical fragments, Clin Orthop Relat 
Res 223:275, 1987.

Volgas DA, Stannard JP, Alons JE: Current orthopaedic treatment of ballistic 
injuries, Injury 36:380, 2005.

Volkmann R: Die Behandlung der complizierten Fracturen, Zentralbl Chir 
5:649, 1878.

Weitz-Marshall AD, Bosse MJ: Timing of closure of open fractures, J Am 
Acad Orthop Surg 10:379, 2002.

Werner CM, Pierpont Y, Pollak AN: The urgency of surgical debridement in 
the management of open fractures, J Am Acad Orthop Surg 16:369, 2008.

Whitehouse JD, Friedman ND, Kirkland KB, et al.: The impact of surgical-
site infections following orthopedic surgery at a community hospital and 
a university hospital: adverse quality of life, excess length of stay, and 
extra cost, Infect Control Hosp Epidemiol 23:183, 2002.

Whittle AP, Russell TA, Taylor JC, et al.: Treatment of open fractures of the 
tibial shaft with the use of interlocking nailing without reaming, J Bone 
Joint Surg 74A:1162, 1992.

Wilkins J, Patzakis M: Choice and duration of antibiotics in open fractures, 
Orthop Clin North Am 22:433, 1991.

Wiss DA, Brien WW, Becker Jr V: Interlocking nailing for the treatment of 
femoral fractures due to gunshot wounds, J Bone Joint Surg 73A:598, 1991.

Yang EC, Eisler J: Treatment of isolated type I open fractures: is emergent 
operative debridement necessary? Clin Orthop Relat Res 410:289, 2003.

Yildiz C, Atesalp AS, Demiralp B, et al.: High-velocity gunshot wounds of 
the tibial plafond managed with Ilizarov external fixation: a report of 13 
cases, J Orthop Trauma 17:421, 2003.

Zalavras CG, Marcus RE, Levin LS, Patzakis MJ: Management of open frac-
tures and subsequent complications, Instr Course Lect 57:51, 2008.

Zalavras CG, Patzakis MJ: Open fractures: evaluation and management, J Am 
Acad Orthop Surg 11:212, 2003.

Zalavras CG, Patzakis MJ, Holtom P: Local antibiotic therapy in the treatment 
of open fractures and osteomyelitis, Clin Orthop Relat Res 427:86, 2004.

STIMULATION OF FRACTURE HEALING
Bak B, Jorgensen PH, Andreassen TT: The stimulating effect of growth hor-

mone on fracture healing is dependent on onset and duration of admin-
istration, Clin Orthop Relat Res 264:295, 1991.

Balaburski G, O’Connor JP: Determination of variations in gene expression 
during fracture healing, Acta Orthop Scand 74:22, 2003.

Barnes GL, Kakar S, Vora S, et al.: Stimulation of fracture-healing with sys-
temic intermittent parathyroid hormone treatment, J Bone Joint Surg 
90A(Suppl 1):120, 2008.

Bauer TW, Muschler GF: Bone graft materials: an overview of the basic sci-
ence, Clin Orthop Relat Res 371:10, 2000.

Becker RO: The significance of electrically stimulated osteogenesis: more 
questions than answers, Clin Orthop Relat Res 141:266, 1979.

Bolander ME: Regulation of fracture repair by growth factors, Proc Soc Exp 
Biol Med 165:200, 1992.

Borden M, Attawia M, Khan Y, et al.: Tissue engineered microsphere-based 
matrices for bone repair: design and evaluation, Biomaterials 23:551, 
2002.

Borsalino G, Bagnacani M, Bettati E, et al.: Electrical stimulation of human 
femoral intertrochanteric osteotomies: double-blind study, Clin Orthop 
Relat Res 237:256, 1988.

Boström MPG, Asnis P: Transforming growth factor beta in fracture repair, 
Clin Orthop Relat Res 355S:S124, 1998.

Brighton CT, Friedenberg ZB, Black J, et al.: Electrically induced osteogene-
sis: relationship between charge, current density, and the amount of bone 
formed: introduction of a new cathode concept, Clin Orthop Relat Res 
161:122, 1981.

Bucholz RW: Nonallograft osteoconductive bone graft substitutes, Clin 
Orthop Relat Res 395:44, 2002.

Bucholz RW, Carlton A, Holmes R: Interporous hydroxyapatite as a bone 
graft substitute in tibial plateau fractures, Clin Orthop Relat Res 240:53, 
1989.

Carofino BC, Lieberman JR: Gene therapy applications for fracture-healing, 
J Bone Joint Surg 90A 99(Suppl 1), 2008.

Carpenter JE, Hipp JA, Gerhart TN, et al.: Failure of growth hormone to alter 
the biomechanics of fracture-healing in a rabbit model, J Bone Joint Surg 
74A:359, 1992.

    

https://booksmedicos.org


CHAPTER 53 GENERAL PRINCIPLES OF FRACTURE TREATMENT 2811.e5

Carter DR, Beaupré GS, Giori NJ, et al.: Mechanobiology of skeletal regen-
eration, Clin Orthop Relat Res 355(Suppl):41, 1998.

Centrella M, McCarthy LT, Canalis E: Transforming growth factor-beta and 
remodeling of bone, J Bone Joint Surg 73A:1318, 1991.

Chapman MW, Bucholz R, Cornell C: Treatment of acute fractures with a 
collagen-calcium phosphate graft material: a randomized clinical trial, J 
Bone Joint Surg 79A:495, 1997.

Claes LE, Heigele CA, Neidlinger-Wilke C, et al.: Effects of mechanical factors 
on the fracture healing process, Clin Orthop Relat Res 355(Suppl):132, 1998.

Connolly JF: Injectable bone marrow preparations to stimulate osteogenic 
repair, Clin Orthop Relat Res 313:8, 1995.

Connolly JF, Shindell R: Percutaneous marrow injection for an ununited 
tibia, Neb Med J 4:105, 1986.

Cook SD, Baffes GC, Wolfe MW, et  al.: The effect of recombinant human 
osteogenic protein-1 on healing of large segmental bone defects, J Bone 
Joint Surg 76A:827, 1994.

Cook SD, Ryaby JP, McCabe J, et al.: Acceleration of tibia and distal radius 
fracture healing in patients who smoke, Clin Orthop Relat Res 337:198, 
1997.

Cornell CN: Initial clinical experience with use of Collagraft as a bone graft 
substitute, Tech Orthop 7:55, 1992.

Cornell CN: Osteoconductive materials and their role as substitutes for 
autogenous bone grafts, Orthop Clin North Am 30:591, 1999.

Cornell CN, Lane JM: Current understanding of osteoconduction in bone 
regeneration, Clin Orthop Relat Res 355S:S267, 1998.

Damien CJ, Parsons JR: Bone graft and bone graft substitutes: a review of 
current technology and applications, J Appl Biomater 2:187, 1991.

De Long Jr WG, Einhorn TA, Koval K, et  al.: Bone grafts and bone graft 
substitutes in orthopaedic trauma surgery: a critical analysis, J Bone Joint 
Surg 89A:649, 2007.

Desai BM: Osteobiologics, Am J Orthop 36(4 Suppl):8, 2007.
Einhorn TA: Enhancement of fracture healing, J Bone Joint Surg 77A:940, 

1995.
Einhorn TA: The cell and molecular biology of fracture healing, Clin Orthop 

Relat Res 355(Suppl):7, 1998.
Eyres KS, Saleh M, Kanis JA: Effect of pulsed electromagnetic fields on bone 

formation and bone loss during limb lengthening, Bone 18:505, 1996.
Finkemeier CG: Current concepts review: bone-grafting and bone-graft sub-

stitutes, J Bone Joint Surg 84A:454, 2002.
Fleming Jr JE, Cornell CN, Muschler GF: Bone cells and matrices in orthope-

dic tissue engineering, Orthop Clin North Am 31:357, 2000.
Garg NK, Gaur S, Sharma S: Percutaneous autogenous bone marrow grafting 

in 20 cases of ununited fracture, Acta Orthop Scand 64:671, 1993.
Gazdag AR, Lane JM, Glaser D, et al.: Alternative to autogenous bone graft: 

efficacy and indications, J Am Acad Orthop Surg 3:1, 1995.
Gerhart TN, Kriker-Head CA, Kriz MJ, et  al.: Healing segmental femoral 

defects in sheep using recombinant human bone morphogenetic protein, 
Clin Orthop Relat Res 293:317, 1993.

Goodman SB, Bauer TW, Carter D, et  al.: Norian SRS cement augmenta-
tion in hip fracture treatment: laboratory and initial clinical results, Clin 
Orthop Relat Res 348:42, 1998.

Govender S, Csmimma C, Genant HK, et  al.: Recombinant human bone 
morphogenetic protein-2 for treatment of open tibial fractures: a pro-
spective, controlled, randomized study of four hundred and fifty patients, 
J Bone Joint Surg 84A:2123, 2002.

Greenwald AS, Boden SD, Goldberg VM, et al.: Bone-graft substitutes: facts, 
fictions, and applications, J Bone Joint Surg 83A(Suppl 2), pt 2):98, 2001.

Guerkov HH, Lohmann CH, Liu Y, et  al.: Pulsed electromagnetic fields 
increase growth factor release by nonunion cells, Clin Orthop Relat Res 
384:265, 2001.

Hadjiargyrou M, McLeod K, Ryaby JP, et al.: Enhancement of fracture healing 
by low-intensity ultrasound, Clin Orthop Relat Res 355(Suppl):216, 1998.

Hak DJ: The use of osteoconductive bone graft substitutes in orthopaedic 
trauma, J Am Acad Orthop Surg 15:525, 2007.

Hanouche D, Petite H, Sedel L: Current trends in the enhancement of frac-
ture healing, J Bone Joint Surg 83B:157, 2001.

Harvey EJ, Agel J, Selznick HS, et al.: Deleterious effect of smoking on heal-
ing of open tibia-shaft fractures, Am J Orthop 31:518, 2002.

Heckman JD, Ryaby JP, McCabe J, et al.: Acceleration of tibial fracture-heal-
ing by noninvasive, low-intensity pulsed ultrasound, J Bone Joint Surg 
76A:26, 1994.

Iwata H, Sakano S, Itoh T, et al.: Demineralized bone matrix and native bone 
morphogenetic protein in orthopedic surgery, Clin Orthop Relat Res 
395:99, 2002.

Johnson EE, Urist MR, Fineman GA: Resistant nonunions and partial or 
complete segmental defects of long bones: treatment with implants of a 
composite of human bone morphogenetic protein (BMP) and autolyzed 
antigen-extracted, allogenic (AAA) bone, Clin Orthop Relat Res 277:229, 
1992.

Johnson EE, Urist MR: Human bone morphogenetic protein allografting for 
reconstruction of femoral nonunion, Clin Orthop Relat Res 371:61, 2000.

Jupiter JB, Winters S, Sigman S, et al.: Repair of five distal radius fractures 
with an investigational cancellous bone cement: a preliminary report, J 
Orthop Trauma 11:110, 1997.

Karladani AH, Granhed H, Karrholm J, et al.: The influence of fracture etiol-
ogy and type on fracture healing: a review of 104 consecutive tibial shaft 
fractures, Arch Orthop Trauma Surg 121:325, 2001.

Kelly CM, Wilkins RM, Gitelis S, et al.: The use of a surgical grade calcium 
sulfate as a bone graft substitute: results of a multicenter trial, Clin Orthop 
Relat Res 382:42, 2000.

Khan S, Bostrom MPG, Lane JM: Bone growth factors, Orthop Clin North 
Am 31:375, 2000.

Khan SN, Tomin E, Lane JM: Clinical applications of bone graft substitutes, 
Orthop Clin North Am 31:389, 2000.

Kopylov P, Runnqvist K, Jonsson K, et al.: Norian SRS versus external fixa-
tion in redisplaced distal radial fractures: a randomized study in 40 
patients, Acta Orthop Scand 70:1, 1999.

Kristiansen TK, Ryaby JP, McCabe J, et  al.: Accelerated healing of distal 
radial fractures with the use of specific, low-intensity ultrasound, J Bone 
Joint Surg 79A:961, 1997.

Ladd A, Pliani N: Use of bone graft substitutes in distal radius fractures, J Am 
Acad Orthop Surg 7:279, 1999.

Larsson S, Bauer TW: Use of injectable calcium phosphate cement for frac-
ture fixation: a review, Clin Orthop Relat Res 395:23, 2002.

Laurencin C, Khan Y, El-Amin SF: Bone graft substitutes, Expert Rev Med 
Devices 3:49, 2006.

Le AX, Miclau T, Hu D, et al.: Molecular aspects of healing in stabilized and 
non-stabilized fractures, J Orthop Res 19:78, 2001.

Linkhart TA, Mohan S, Baylink DJ: Growth factors for bone growth and 
repair: IGF, TGF beta, and BMP, Bone 19(Suppl 1):1, 1996.

Mammi GE, Rocchi R, Cadossi R, et al.: Effects of PEMF on the healing of 
human tibial osteotomies: a double blind study, Clin Orthop Relat Res 
288:246, 1993.

McKee MD: Management of segmental bony defects: the role of osteocon-
ductive orthobiologics, J Am Acad Orthop Surg 14:S163, 2006.

Niyibizi C, Baltzer A, Lattermann C, et  al.: Potential role for gene ther-
apy in the enhancement of fracture healing, Clin Orthop Relat Res 
355(Suppl):148, 1998.

Nordsletten L: Recent developments in the use of bone morphogenetic protein 
in orthopaedic trauma surgery, Curr Med Res Opin 22(Suppl 1):S13, 2006.

Otter MW, McLeod KJ, Rubin CT: Effects of electromagnetic fields in experi-
mental fracture repair, Clin Orthop Relat Res 355S:S90, 1998.

Perry AC, Prpa B, Rouse MS, et al.: Levofloxacin and trovafloxacin inhibi-
tion of experimental fracture-healing, Clin Orthop Relat Res 414:95, 2003.

Peterson B, Whang PG, Iglesias R, et al.: Osteoinductivity of commercially 
available demineralized bone matrix, J Bone Joint Surg 86A:2243, 2004.

Pilla AA, Mont MA, Nasser PR, et al.: Non-invasive low-intensity pulsed ultra-
sound accelerates bone healing in the rabbit, J Orthop Trauma 4:246, 1990.

Reddi AH: Initiation of fracture repair by bone morphogenetic proteins, Clin 
Orthop Relat Res 355(Suppl):66, 1998.

Rosier RN, O’Keefe RJ, Hicks DG: The potential role of transforming growth 
factor beta in fracture healing, Clin Orthop Relat Res 355S:S294, 1998.

Ryaby JT: Clinical effects of electromagnetic and electric fields on fracture 
healing, Clin Orthop Relat Res 355(Suppl):205, 1998.

Schmitt JM, Hwang K, Winn SR, et  al.: Bone morphogenetic proteins: an 
update on basic biology and clinical relevance, J Orthop Res 17:269, 1999.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2811.e6

Seeherman HJ, Azari K, Bidic S, et al.: rhBMP-2 delivered in a calcium phos-
phate cement accelerates bridging of critical-sized defects in rabbit radii, 
J Bone Joint Surg 88A:1553, 2006.

Stevenson S: Enhancement of fracture healing with autogenous and allogenic 
bone grafts, Clin Orthop Relat Res 355(Suppl):S239, 1998.

Swiontkowski MR, Aro HT, Donell S, et al.: Recombinant human bone mor-
phogenetic protein-2 in open tibial fractures: a subgroup analysis of data 
combined from two prospective randomized studies, J Bone Joint Surg 
88A:1258, 2006.

Tay BK, Patel VV, Bradford DS: Calcium-sulfate and calcium phosphate-
based bone substitutes: mimicry of the mineral phase of bone, Orthop 
Clin North Am 30:615, 1999.

Treharne RW, Brighton CT, Korostoff E, et al.: An in vitro study of electrical 
osteogenesis using direct and pulsating currents, Clin Orthop Relat Res 
145:300, 1979.

Wang EA: Bone morphogenetic proteins (BMPs): therapeutic potential in 
healing bony defects, Trends Biotechnol 11:379, 1993.

Wang Z, Clark CC, Brighton CT: Up-regulation of bone morphogenetic pro-
teins in cultured murine bone cells with specific electric fields, J Bone 
Joint Surg 88A:1053, 2006.

Wang EA, Rosen V, D’Alessandro JS, et al.: Recombinant human bone mor-
phogenetic protein induces bone formation, Proc Natl Acad Sci USA 
87:2220, 1990.

Wang SJ, Lewallen DG, Bolander ME, et al.: Low intensity ultrasound treat-
ment increases strength in rat femoral fracture model, J Orthop Res 12:40, 
1994.

Warden SJ, Bennell KL, McMeeken JM, et al.: Acceleration of fresh fracture 
repair using the sonic accelerated fracture healing system (SAFHS): a 
review, Calcif Tissue Int 66:157, 2000.

Watson JT, Moed BR, Karges DE, et al.: Pilon fractures: treatment protocol 
based on severity of soft tissue injury, Clin Orthop Relat Res 375:78, 2000.

Yoo JU, Johnstone B: The role of osteochondral progenitor cells in fracture 
repair, Clin Orthop Relat Res 355S:S73, 1998.

INTERNAL FIXATION
Anderson LD: The use of plates in the patient with multiple injuries, Orthop 

Clin North Am 1:151, 1970.
Anderson LD: Compression plate fixation and the effect of different types of 

internal fixation on fracture healing, Instr Course Lect 42:3, 1993.
Augat P, Merk J, Ignatius A, et al.: Early, full weight-bearing with flexible fixa-

tion delays fracture healing, Clin Orthop Relat Res 328:194, 1996.
Bagby GW, Janes JM: The effect of compression on the rate of fracture heal-

ing using a special plate, Am J Surg 95:761, 1958.
Barber FA, Dockery WD: Long-term absorption of poly-L-lactic acid inter-

ference screws, Arthroscopy 22:820, 2006.
Bone LB, Johnson KD: Treatment of tibial fractures by reaming and intra-

medullary nailing, J Bone Joint Surg 68A:877, 1986.
Bone LB, Kassman S, Stegemann P, et al.: Prospective study of union rate of 

open tibial fractures treated with locked, unreamed intramedullary nails, 
J Orthop Trauma 8:45, 1994.

Bong MR, Kummer FJ, Koval KJ, Egol KA: Intramedullary nailing of the 
lower extremity: biomechanics and biology, J Am Acad Orthop Surg 
15:97, 2007.

Böstman OM: Current concepts review: absorbable implants for the fixation 
of fractures, J Bone Joint Surg 73A:148, 1991.

Braten M, Terjesen T, Svenningsen S, et al.: Effects of medullary reaming on frac-
ture healing: tibial osteotomies in rabbits, Acta Orthop Scand 61:327, 1990.

Brumback RJ, Ellison Jr PS, Poka A, et al.: Intramedullary nailing of open 
fractures of the femoral shaft, J Bone Joint Surg 71A:1324, 1989.

Brumback RJ, Ellison TS, Poka A, et al.: Intramedullary nailing of femoral 
shaft fractures: III. Long-term effects of static interlocking fixation, J Bone 
Joint Surg 74A:106, 1992.

Brundage SI, McGhan R, Jurkovich GJ, et al.: Timing of femur fracture fix-
ation: effect on outcome in patients with thoracic and head injuries, J 
Trauma 52:299, 2002.

Bucholz RW, Ross SE, Lawrence KL: Fatigue fracture of the interlocking nail 
in the treatment of fractures of the distal part of the femoral shaft, J Bone 
Joint Surg 69A:1391, 1989.

Chapman MW: The effect of reamed and nonreamed intramedullary nailing 
on fracture healing, Clin Orthop Relat Res 355S:S230, 1998.

Ciccone II WJ, Motz C, Bently C, et  al.: Bioabsorbable implants in ortho-
paedics: new developments and clinical applications, J Am Acad Orthop 
Surg 9:280, 2001.

Court-Brown CM, Keating JF, McQueen MM: Infection after intramedullary 
nailing of the tibia: incidence and protocol for management, J Bone Joint 
Surg 74B:770, 1992.

Danis R: The classic: the aims of internal fixation, Clin Orthop Relat Res 
138:23, 1979.

Duwelius PJ, Schmidt AH, Rubinstein RA, et  al.: Nonreamed interlocked 
intramedullary nailing: one community’s experience, Clin Orthop Relat 
Res 315:104, 1995.

GWN E, Ainsworth WH, Shindler TO, et al.: Clinical significance of contact-
compression factor in bone surgery, Arch Surg 62:467, 1951.

Ender J, Simon-Weidner R: Die Fixierung der Trochanterbrüche mit runden 
elastischen Condylennägeln, Acta Chir Aust 1:40, 1970.

Gardner MJ, Griffith MH, Demetrakopoulos D, et al.: Hybrid locking plat-
ing of osteoporotic fractures of the humerus, J Bone Joint Surg 88A:2006, 
1962.

Gosling T, Schandelmaier P, Marti A, et  al.: Less invasive stabilization of 
complex tibial plateau fractures: a biomechanical evaluation of a unilat-
eral locked screw plate and double plating, J Orthop Trauma 18:546, 2004.

Grundes O, Utvag SE, Reikeras O: Effects of graded reaming on fracture 
healing: blood flow and healing studied in rat femurs, Acta Orthop Scand 
65:32, 1994.

Handoll HH, Farrar MJ, McBirnie J, et al.: Heparin, low molecular weight 
heparin and physical methods for preventing deep vein thrombosis 
and pulmonary embolism following surgery for hip fractures, Cochrane 
Database Syst Rev 4:CD000305, 2002.

Hansen Jr ST: The type IIIC tibial fracture: salvage or amputation [editorial], 
J Bone Joint Surg 69A:799, 1987.

Hitchcock CR, Demello FJ, Haglin JJ: Gangrene infection: new approaches to 
an old disease, Surg Clin North Am 55:1403, 1975.

Holbrook JL, Swiontkowski MF, Sanders R: Treatment of open fractures of 
the tibial shaft: Ender nailing versus external fixation, J Bone Joint Surg 
71A:1231, 1989.

Hutson JJ, Zuch GA, Cole JD, et al.: Mechanical failures of intramedullary 
nails applied without reaming, Clin Orthop Relat Res 315:129, 1995.

Kato M, Namikawa T, Terai H, et al.: Ectopic bone formation in mice asso-
ciated with a lactic acid/dioxaone/ethylene glycol copolymer-tricalcium 
phosphate composite with added recombinant human bone morphoge-
netic protein-2, Biomaterials 27:3927, 2006.

Kempf I, Grosse A, Beck G: Closed locked intramedullary nailing: its applica-
tion to comminuted fractures of the femur, J Bone Joint Surg 67A:709, 1985.

Kenwright J, Richardson JB, Cunningham JL, et  al.: Axial movement and 
tibial fractures: a controlled randomised trial of treatment, J Bone Joint 
Surg 73B:654, 1991.

Key JA: Stainless steel and Vitallium in internal fixation of bone: comparison, 
Arch Surg 43:615, 1941.

Klein MPM, Rahn BA, Frigg R, et al.: Reaming versus nonreaming in medul-
lary nailing: interference with cortical circulation of the canine tibia, Arch 
Orthop Trauma Surg 109:314, 1990.

Klemm KW, Börner M: Interlocking nailing of complex fractures of the 
femur and tibia, Clin Orthop Relat Res 212:89, 1986.

Koval KJ, Clapper MF, Brumback RJ, et al.: Complications of reamed intra-
medullary nailing of the tibia, J Orthop Trauma 5:184, 1991.

Küntscher GBG: The Küntscher method of intramedullary fixation, J Bone 
Joint Surg 40A:17, 1958.

Küntscher G: Intramedullary surgical technique and its place in orthopaedic 
surgery: my present concept, J Bone Joint Surg 47A:809, 1965.

Lin KY, Bartlett SP, Yaremchuk MJ, et al.: The effect of rigid fixation on the 
survival of onlay bone grafts: an experimental study, Plast Reconstr Surg 
86:449, 1990.

Mäkelä EA, Bostman O, Kekomaki M, et al.: Biodegradable fixation of distal 
humeral physeal fractures, Clin Orthop Relat Res 283:237, 1992.

Malik MH, Harwood P, Diggle P, et al.: Factors affecting rates of infection 
and nonunion in intramedullary nailing, J Bone Joint Surg 86B:556, 2004.

    

https://booksmedicos.org


CHAPTER 53 GENERAL PRINCIPLES OF FRACTURE TREATMENT 2811.e7

Marti A, Fankhauser C, Frenk A, et al.: Biomechanical evaluation of the less 
invasive stabilization system for the internal fixation of distal femur frac-
tures, J Orthop Trauma 15:482, 2001.

Marumo K, Sato Y, Suzuki H, et al.: MRI study of bioabsorbable poly-L-lactic 
acid devices used for fixation of fracture and osteotomies, J Orthop Sci 
11:154, 2006.

McGarry S, Morgan SJ, Grosskreuz RM, et  al.: Serum titanium levels in 
individuals undergoing intramedullary femoral nailing with a titanium 
implant, J Trauma 64:430, 2008.

Müller ME, Allgöwer M, Schneider R, et  al.: Manual of internal fixation: 
techniques recommended by the AO-ASIF group, ed 3, Berlin, 1990, 
Springer-Verlag.

O’Brien PJ, Meek RN, Powell JN, et al.: Primary intramedullary nailing of 
open femoral shaft fractures, J Trauma 31:113, 1991.

Pape HC, Dwenger A, Regel G, et al.: Pulmonary damage after intramedul-
lary femoral nailing in traumatized sheep—is there an effect from differ-
ent nailing methods? J Trauma 33:574, 1992.

Patton MS, Lyon TD, Ashcroft GP: Levels of systemic metal ions in patients 
with intramedullary nails, Acta Orthop 79:820, 2008.

Pihlajamäki H, Böstman O, Tynninen O, et al.: Long-term tissue response to 
bioabsorbable poly-L-lactide and metallic screws: an experimental study, 
Bone 39:932, 2006.

Rokkanen P, Böstman O, Vainionpää S, et al.: Absorbable devices in the fixa-
tion of fractures, J Trauma 40(3):S123, 1996.

Russell TA: Biomechanical concepts of femoral intramedullary nailing, J Int 
Orthop Trauma 1:35, 1991.

Russell TA, Taylor JC: Interlocking intramedullary nailing of the femur: cur-
rent concepts, Semin Orthop 1:217, 1986.

Sanders R, Jersinovich I, Anglen J, et al.: The treatment of open tibial shaft 
fractures using an interlocked intramedullary nail without reaming, J 
Orthop Trauma 8:503, 1994.

Sarmiento A, Mullis DL, Latta LL, et al.: A quantitative comparative analysis 
of fracture healing under the influence of compression plating vs. closed 
weight-bearing treatment, Clin Orthop Relat Res 149:232, 1980.

Sassmannshausen G, Gukay M, Mair SD: Broken or dislodged poly-L-
lactic acid bioabsorbable tacks in patients after SLAP lesion surgery, 
Arthroscopy 22:615, 2006.

Schatzker J, Tile M: The AO (ASIF) method of fracture care, Instr Course 
Lect 29:41, 1980.

Singer RW, Kellam JF: Open tibial diaphyseal fractures: results of unreamed 
locked intramedullary nailing, Clin Orthop Relat Res 315:114, 1995.

Sinisaari I, Patiala H, Böstman O, et  al.: Metallic or absorbable implants 
for ankle fractures: a comparative study of infection in 3111 cases, Acta 
Orthop Scand 67:16, 1996.

Smith H: Symposium on medullary fixation, Instr Course Lect 8:1, 1951.
Stegemann P, Lorio M, Soraino R, et al.: Management protocol for unreamed 

interlocking tibial nails for open tibial fractures, J Orthop Trauma 9:117, 1995.
Stene GM, Frigg R, Schlegel U, et al.: Biomechanical evaluation of the pinless 

external fixator, Injury 23(Suppl 3):59, 1992.
Uhthoff HK, Finnegan M: The effects of metal plates on post-traumatic 

remodeling and bone mass, J Bone Joint Surg 65B:66, 1983.
Venable CS, Stuck WG: The internal fixation of fractures, Springfield, IL, 

1947, Charles C Thomas.
Venable CS, Stuck WG, Beach A: The effects on bone of the presence of met-

als, based upon electrolysis: an experimental study, Ann Surg 105:917, 
1937.

Whitelaw GP, Wetzler M, Nelson A, et al.: Ender rods versus external fixation in 
the treatment of open tibial fractures, Clin Orthop Relat Res 253:258, 1990.

Whittle AP, Russell TA, Taylor JC, et al.: Treatment of open fracture of the 
tibial shaft with the use of interlocking nails without reaming, J Bone Joint 
Surg 74A:1162, 1992.

Whittle AP, Wester W, Russell TA: Fatigue failure in small diameter tibial 
nails, Clin Orthop Relat Res 315:119, 1995.

Wu CC, Shih CH: Treatment of femoral supracondylar unstable comminuted 
fractures, Arch Orthop Trauma Surg 111:232–236, 1992.

Young H, Topliss C: Complications associated with the use of a titanium tib-
ial nail, Injury 38:223, 2007.

Zickel RE: An intramedullary device for the proximal part of the femur, J 
Bone Joint Surg 58A:866, 1976.

EXTERNAL FIXATION
Agee JM: External fixation: technical advances based upon multiplanar liga-

mentotaxis, Orthop Clin North Am 24:265, 1993.
Anderson LD, Hutchins WC: Fractures of the tibia and fibula treated with 

casts and transfixing pins, South Med J 59:1026, 1966.
Anderson LD, Hutchins WC, Wright PE, et  al.: Fractures of the tibia and 

fibula treated by casts and transfixing pins, Clin Orthop Relat Res 105:179, 
1974.

Anderson R: Subtrochanteric and high shaft fractures of the femur—closed 
reduction based on a new anatomic approach to treatment, South Surg 
8:159, 1939.

Behrens F: External skeletal fixation, Instr Course Lect 30:112, 1981.
Behrens F: External fixation: special indications and techniques, Instr Course 

Lect 39:173, 1990.
Behrens F, Johnson W: Unilateral external fixation: methods to increase and 

reduce frame stiffness, Clin Orthop Relat Res 241:48, 1989.
Behrens F, Johnson WD, Koch TW, et al.: Bending stiffness of unilateral and 

bilateral external fixator frames, Clin Orthop Relat Res 178:103, 1983.
Bosworth DM: Skeletal distraction, Surg Gynecol Obstet 52:893, 1931.
Burgess AR: External fixation in the multiply injured patient, Instr Course 

Lect 39:229, 1990.
Caja VL, Larsson S, Kim W, et al.: Mechanical performance of the Monticelli-

Spinelli external fixation system, Clin Orthop Relat Res 309:257, 1994.
Charnley JC: Positive pressure in arthrodesis of the knee joint, J Bone Joint 

Surg 30B:478, 1948.
Costa P, Giancecchi F, Cavazzuti A, et al.: Internal and external fixation in 

complex diaphyseal and metaphyseal fractures of the humerus, Ital J 
Orthop Traumatol 17:87, 1991.

Dubravko H, Szrko R, Tomislav T, et  al.: External fixation in war trauma 
management of the extremities—experience from the war in Croatia, J 
Trauma 37:831, 1994.

Evanoff M, Strong ML, MacIntosh R: External fixation maintained until frac-
ture consolidation in the skeletally immature, J Pediatr Orthop 13:98, 1993.

Faure C, Merloz PH: Transfixation: atlas of anatomical sections for the exter-
nal fixation of limbs, Berlin, 1987, Springer-Verlag.

Gaudinez RF, Mallik AR, Szporn M: Hybrid external fixation of comminuted 
tibial plateau fractures, Clin Orthop Relat Res 328:203, 1996.

Green DP: Pins and plaster treatment of comminuted fractures of the distal 
end of the radius, J Bone Joint Surg 57A:304, 1975.

Green SA: Complications of pin and wire external fixation, Instr Course Lect 
39:219, 1990.

Green SA: Pin and wire technique for external fixation, Instr Course Lect 
44:487, 1995.

Has B, Javanovic S, Wertheimer B, et al.: External fixation as a primary and 
definitive treatment of open limb fractures, Injury 26:245, 1995.

Helland P, Boe A, Molster AO, et al.: Open tibial fractures treated with the 
Ex-fi-re external fixation system, Clin Orthop Relat Res 326:209, 1996.

Hoffmann R: Closed osteosynthesis with special reference to war surgery, 
Acta Chir Scand 86:235, 1942.

Hoffmann R: Osteotaxis, Acta Chir Scand 107:72, 1954.
Ilizarov GA, Soibelman LM: Some clinical and experimental data concerning 

bloodless lengthening of lower extremities, Exp Kirug Ortop 4:27, 1969.
Karlstrom G, Olerud S: External fixation of severe open tibial fractures with 

the Hoffmann frame, Clin Orthop Relat Res 180:68, 1983.
Kershaw CJ, Cunningham JL, Kenwright J: Tibial external fixation, weight-

bearing, and fracture movement, Clin Orthop Relat Res 293:28, 1993.
Kim NH, Hahn SB, Park HW, et al.: The Orthofix external fixator for frac-

tures of long bones, Int Orthop 18:42, 1994.
Krettek C, Haas N, Tscherne H: The role of supplemental lag-screw fixation 

for open fractures of the tibial shaft treated with external fixation, J Bone 
Joint Surg 73A:893, 1991.

Kumar A, Whittle AP: Treatment of complex (Schatzker type VI) fractures 
of the tibial plateau with circular wire external fixation: retrospective case 
review, J Orthop Trauma 14:339, 2000.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2811.e8

Labeeu F, Pasuch M, Toussaint P, et  al.: External fixation in war trauma-
tology: report from the Rwandese war (Oct 1, 1990 to Aug 1, 1993), J 
Trauma 40(Suppl 3):223, 1996.

Lambotte A: The operative treatment of fractures: report of Fractures 
Committee, BMJ 2:1530, 1912.

Lerner A, Fodor L, Soudry M: Is staged external fixation a valuable strategy 
for war injuries to the limbs? Clin Orthop Relat Res 448:217, 2006.

Marsh JL, Bonar S, Nepola JV, et al.: Use of an articulated external fixator for 
fractures of the tibial plafond, J Bone Joint Surg 77A:1498, 1995.

Marsh JL, Smith ST, Do TT: External fixation and limited internal fixation for 
complex fractures of the tibial plateau, J Bone Joint Surg 77A:661, 1995.

Mears DC: External skeletal fixation, Instr Course Lect 30:162, 1981.
Mohr VD, Eickhoff U, Haaker R, et  al.: External fixation of open femoral 

shaft fractures, J Trauma 38:648, 1995.
Moss DP, Tejwani NC: Biomechanics of external fixation: a review of the lit-

erature, Bull NYU Hosp Jt Dis 65:294, 2007.
Olerud S: Treatment of fractures by the Vidal-Adery method, Acta Orthop 

Scand 44:516, 1973.
Oni OO, Capper M, Soutis C: A finite element analysis of the effect of pin 

distribution on the rigidity of a unilateral external fixation system, Injury 
24:525, 1993.

Remiger AR: Mechanical properties of the pinless external fixator on human 
tibiae, Injury 23(Suppl 3):28, 1992.

Remiger AR, Magerl F: The pinless external fixator—relevance of experimen-
tal results in clinical applications, Injury 25(Suppl 3):15, 1994.

Ries MD, Meinhard BP: Medial external fixation with lateral plate internal 
fixation in metaphyseal tibia fractures, Clin Orthop Relat Res 256:215, 
1990.

Shaw DL, Lawton JO: External fixation for tibial fractures: clinical results and 
cost effectiveness, J R Coll Surg Edinb 40:344, 1995.

Sisk TD: External fixation: historic review, advantages, disadvantages, com-
plications, and indications, Clin Orthop Relat Res 180:15, 1983.

Sisk TD: General principles and techniques of external skeletal fixation, Clin 
Orthop Relat Res 180:96, 1983.

Stader O: Treating fractures of the long bones with the reduction splint, 
North Am Vet 20:55, 1939.

Stamer DT, Schneck R, Staggers B, et al.: Bicondylar tibial plateau fractures 
treated with a hybrid ring external fixator: a preliminary study, J Orthop 
Trauma 8:455, 1994.

Taylor JC, Martin SL: Use of the Ilizarov external fixator for fractures, non-
unions, and malunions. In Gustilo RB, Kyle RF, Templeman DC, editors: 
Fractures and dislocations, St. Louis, 1993, Mosby.

Tornetta III P, Weiner L, Bergman M, et al.: Pilon fractures: treatment with 
combined internal and external fixation, J Orthop Trauma 7:489, 1993.

Vidal MJ: Notre expérience du fixateur externe d’Hoffmann, Soc Chir 
Montpellier 14:451, 1968.

Weiner L, Kelley M, Yang E, et al.: Treatment of severe proximal tibia frac-
tures with minimal internal and external fixation, J Orthop Trauma 5:236, 
1991.

Weiner LS, Kelley M, Yang E, et al.: The use of combination internal fixation 
and hybrid external fixation in severe proximal tibia fractures, J Orthop 
Trauma 9:244, 1995.

Yang EC, Weiner L, Strauss E, et al.: Metaphyseal dissociation fractures of the 
proximal tibia: an analysis of treatment and complications, Am J Orthop 
24:695, 1995.

Zinman C, Norman D, Hamoud K, et al.: External fixation for severe open 
fractures of the humerus caused by missiles, J Orthop Trauma 11:536, 
1997.

Ziran BH, Smith WR, Anglen JO, et al.: External fixation: how to make it 
work, J Am Acad Orthop Surg 89:1620, 2007.

    

https://booksmedicos.org


FRACTURES OF THE LOWER EXTREMITY
Matthew I. Rudloff

CHAPTER 54

This chapter discusses the surgical management of com-
mon fractures in the lower extremity in adults. Basic 
techniques of fixation are discussed in Chapter 53. The 
treatment of lower extremity fractures in children is dis-
cussed in Chapter 36.

Nonoperative treatment generally is restricted to sta-
ble, minimally displaced fractures or to fractures in patients 
with significant comorbidities that preclude surgery. 
Intramedullary nailing has become the treatment of choice 
for most femoral and tibial diaphyseal fractures, including 
select fractures with proximal and distal metaphyseal involve-
ment; plating is most commonly indicated for periarticular 
fractures; and external fixation is most commonly indicated 
for periarticular fractures, fractures with severe soft-tissue 
injury, and temporary fixation before definitive fixation with 
another method. The indications, contraindications, and 
limitations of these techniques are discussed for each type of 
lower extremity fracture.

Operative management of fractures of the hip and pelvis 
is discussed in Chapters 55 and 56. Fractures and dislocations 
of the foot are discussed in Chapter 89.

ANKLE
Injuries around the ankle joint cause destruction of not only 
the bony architecture but also often the ligamentous and soft- 
tissue components. Treatment of the soft-tissue and ligamen-
tous components is discussed in Chapter 83. With fractures of 
the ankle, only slight variation from normal is compatible with 
good joint function. Radiographs after reduction should be 
studied with these requirements in mind: (1) the normal rela-
tionships of the ankle mortise must be restored, (2) the weight-
bearing alignment of the ankle must be longitudinal axis of the 
leg, and (3) the contours of the articular surface must be sat-
isfactorily reduced. The best results are obtained by anatomic 
joint restoration, and the method used to accomplish this may 
be either closed manipulation or open reduction and internal 
fixation (ORIF). For most fractures, the latter method most 
often ensures anatomic joint restoration and union.

CLASSIFICATION
Ankle fractures can be classified purely along anatomic 
lines as monomalleolar, bimalleolar, or trimalleolar. The 
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Lauge-Hansen classification attempted to associate specific 
fracture patterns with the mechanism of injury and pro-
posed a detailed classification, with each broad classification 
subdivided into four groups (Box 54.1). According to this 
classification, most fractures are supination-eversion, supi-
nation-adduction, pronation-abduction, and pronation-ever-
sion injuries. In this classification system, the term eversion 
is a misnomer; it more correctly should be external or lateral 
rotation. The first word in the designation refers to the foot’s 
position at the time of injury; the second word refers to the 
direction of the deforming force.

The most common mechanism is supination-eversion 
(supination-external rotation). The identifying feature is a 
spiral oblique fracture of the distal fibula and a rupture of 
the deltoid ligament or fracture of the medial malleolus. 
The supination-adduction type of injury is characterized 
by a transverse fracture of the distal fibula and a relatively 
vertical fracture of the medial malleolus. The pronation-
abduction mechanism produces a transverse fracture of the 
medial malleolus and a short oblique fracture of the fibula 

that appears relatively horizontal on the lateral radiograph. 
The pronation-eversion (pronation-external rotation) mech-
anism is characterized by a deltoid ligament tear or a frac-
ture of the medial malleolus and a spiral oblique fracture of 
the fibula relatively high above the level of the ankle joint. 
Analysis of the fracture configuration, and hence the mecha-
nism of forces producing the fracture, is especially impor-
tant if closed reduction and immobilization are planned as 
definitive treatment. Generally, the mechanism of forces 
producing the fracture is reversed by the closed reduction 
manipulation; for example, if the fracture is produced by a 
supination, eversion, or external rotation mechanism, reduc-
tion is achieved by a pronation, inversion, or internal rota-
tion manipulation.

Some authors caution against using the Lauge-Hansen 
classification alone to determine treatment and recommend 
that treatment be based on a clinical determination of sta-
bility. O’Leary and Ward described an abduction-external 
rotation mechanism that resulted in fracture of the medial 
malleolus and avulsion of the deltoid ligament, emphasiz-
ing the difficulty in determining the full extent of injury after 
high-velocity impact. This injury results from initial abduc-
tion and external rotation, followed by violent adduction that 
fractures the medial malleolus. Whitelaw et al. recommended 
evaluation of ankle joint stability by the anterior drawer and 
talar tilt tests after bony stabilization and surgical repair of 
any concomitant ligamentous disruption.

The Danis-Weber classification (Fig. 54.1) is based on 
the location and appearance of the fibular fracture. Type 
A fractures are caused by internal rotation and adduction 
that produce a transverse fracture of the lateral malleolus 
at or below the plafond, with or without an oblique frac-
ture of the medial malleolus. Type B fractures are caused 
by external rotation resulting in an oblique fracture of the 
lateral malleolus, beginning on the anteromedial surface 
and extending proximally to the posterolateral aspect. The 
injury may include rupture or avulsion of the anteroinfe-
rior tibiofibular ligament, fracture of the medial malleolus, 
or rupture of the deltoid ligament. Approximately 80% to 
90% of lateral malleolar fractures fall into the Danis-Weber 
type B category. Type C fractures are divided into abduc-
tion injuries with oblique fracture of the fibula proximal to 
the disrupted tibiofibular ligaments (C-1) and abduction-
external rotation injuries with a more proximal fracture of 
the fibula and more extensive disruption of the interosseous 
membrane (C-2). Type C injuries may involve a medial mal-
leolar fracture or a deltoid ligament rupture. Fracture of the 
posterior malleolus may accompany any of the three types. 
The AO classification divides the three Danis-Weber types 
further for associated medial injuries (Box 54.2). Malek 
et al. reported high interobserver and intraobserver reliabil-
ity using the Danis-Weber classification system of 78% and 
85%, respectively.

Authors have demonstrated that there is considerable 
interobserver variability between the classification systems 
for ankle fractures. In addition, although the Lauge-Hansen 
and Danis-Weber classifications have proved useful for 
understanding the mechanisms of injury and planning treat-
ment, neither has been shown to have prognostic signifi-
cance. Furthermore, the Lauge-Hansen classification scheme 
has demonstrated limitations in predicting associated soft-
tissue injuries when evaluated with MRI. 

Lauge-Hansen Classification*

Supination-Adduction (SA)
Transverse avulsion-type fracture of the fibula below the level 

of the joint or tear of the lateral collateral ligaments
Vertical fracture of the medial malleolus 

Supination-Eversion (External) Rotation (SER)
Disruption of the anterior tibiofibular ligament
Spiral oblique fracture of the distal fibula
Disruption of the posterior tibiofibular ligament or fracture of 

the posterior malleolus
Fracture of the medial malleolus or rupture of the deltoid 

ligament 

Pronation-Abduction (PA)
Transverse fracture of the medial malleolus or rupture of the 

deltoid ligament
Rupture of the syndesmotic ligaments or avulsion fracture of 

their insertions
Short, horizontal, oblique fracture of the fibula above the 

level of the joint 

Pronation-Eversion (External) Rotation (PER)
Transverse fracture of the medial malleolus or disruption of 

the deltoid ligament
Disruption of the anterior tibiofibular ligament
Short oblique fracture of the fibula above the level of the joint
Rupture of posterior tibiofibular ligament or avulsion fracture 

of the posterolateral tibia 

Pronation-Dorsiflexion (PD)
Fracture of the medial malleolus
Fracture of the anterior margin of the tibia
Supramalleolar fracture of the fibula
Transverse fracture of the posterior tibial surface

 BOX 54.1 

* Classification into fracture type (A to C) and group (1-3).
From Geissler WB, Tsao AK, Hughes JL: Fractures and injuries of the ankle. In 
Rockwood CA Jr, Green DP, Bucholz RW, et al. editors: Rockwood and Green’s 
fractures in adults, ed 4, Philadelphia, 1996, Lippincott-Raven.
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ISOLATED FRACTURES OF THE MEDIAL 
AND LATERAL MALLEOLI

MEDIAL MALLEOLAR FRACTURE
Nondisplaced fractures of the medial malleolus usually can 
be treated with cast immobilization; however, in individu-
als with high functional demands, internal fixation may be 
appropriate to hasten healing and rehabilitation. Herscovici 
et al. obtained a high rate of union and functional outcome 
with conservative management of isolated medial malleolar 
fractures. Displaced fractures of the medial malleolus should 
be treated operatively because persistent displacement allows 
the talus to tilt into varus. Avulsion fractures involving only 
the tip of the medial malleolus are not as unstable as fractures 
involving the axilla of the mortise and do not require inter-
nal fixation, unless displacement is significant. Delayed inter-
nal fixation can be done if symptoms warrant. Fixation of the 
medial malleolus usually consists of two 4-mm cancellous lag 
screws oriented perpendicular to the fracture. Some authors 
have advocated fixation with bicortical 3.5-mm lag screws, 
rather than 4-mm cancellous screws, because biomechanical 
data suggest increased construct strength (Fig. 54.2A).

Smaller fragments can be fixed with one lag screw 
and one Kirschner wire to prevent rotation (Fig. 54.2B). 

Fragments that are too small or comminuted for screw fixa-
tion can be stabilized with two Kirschner wires and a ten-
sion band (Fig. 54.2C). Alternatively, minifragment screws 
have become readily available and are an excellent option 
for stabilization of smaller fractures. Vertical fractures of 
the medial malleolus require horizontally directed screws 
or antiglide plating techniques (Fig. 54.2D and E). Dumigan 
et al. demonstrated that fixation of vertical medial malleo-
lar fractures with neutralization plating is biomechanically 
advantageous.

Although stainless steel implants are used most com-
monly for medial malleolar fractures, the safety and efficacy 
of bioabsorbable implants have been investigated. The main 
theoretical advantage of these implants is that they reduce the 
incidence of late implant removal stemming from persistent 
prominence or tenderness around the screw heads. Although 
bioabsorbable implants have been used successfully, with no 
differences in outcomes noted between stainless steel and 
polyglycolide, drainage from sterile sinuses has been reported 
in 5% to 10% of patients, possibly related to the breakdown of 
polyglycolide. Also, in a series of 2528 patients, a 4.3% occur-
rence rate of clinically significant local inflammatory tissue 
reaction has been reported. Bioabsorbable implants are dis-
cussed in more detail in Chapter 53.

Our preference is for metallic implants, typically screws 
or screw and plate combination, depending on the fracture 
morphology. Absorbable implants have a role in the treat-
ment of associated articular fragments but are not a substitute 
for traditional internal fixation options.

STRESS FRACTURE OF THE MEDIAL MALLEOLUS
Stress fractures of the medial malleolus usually present as 
localized pain, swelling, and tenderness over the medial 
ankle. Initially, they may not be apparent on radiographs but 
usually can be demonstrated on bone scan, CT, or MRI. Often 
stress fractures become apparent on follow-up radiographs. 
Shelbourne et al. recommended internal fixation for fractures 

 

Type A Type B

Type C-1 Type C-2

FIGURE 54.1 Danis-Weber classification of ankle fractures 
based on mechanism of injury and location and appearance of 
fibular fracture (see text).  (Redrawn from Weber BG: Die Verletzungen 
des oberen Sprunggelenkes. In Aktuelle Probleme in der Chirurgie, Bern, 
1966, Verlag Hans Huber.)

AO Classification of Malleolar Fractures

Type A: Fibular Fracture Below Syndesmosis 
(Infrasyndesmotic)
A1: isolated
A2: with fracture of medial malleolus
A3: with a posteromedial fracture 

Type B: Fibular Fracture at Level of Syndesmosis 
(Transsyndesmotic)
B1: isolated
B2: with medial lesion (malleolus or ligament)
B3: with a medial lesion and fracture of posterolateral tibia 

Type C: Fibular Fracture Above Syndesmosis 
(Suprasyndesmotic)
C1: fracture of the fibula, simple
C2: diaphyseal fracture of the fibula, complex
C3: proximal fracture of the fibula

 BOX 54.2 

From Geissler WB, Tsao AK, Hughes JL: Fractures and injuries of the ankle. In 
Rockwood CA Jr, Green DP, Bucholz RW, et al. editors: Rockwood and Green’s 
fractures in adults, ed 4, Philadelphia, 1996, Lippincott-Raven.
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that are immediately apparent on radiographs and cast 
immobilization for those only apparent on bone scans. Stress 
fractures of the medial malleolus have a high risk of progres-
sion to complete fracture, delayed union, or nonunion. Often 
aggressive treatment, including surgery, is necessary. 

LATERAL MALLEOLAR FRACTURE
Although fractures of the lateral malleolus without signifi-
cant medial injury are common, the indications for open 
reduction of these fractures are still controversial. The maxi-
mal acceptable displacement of the fibula reported in the lit-
erature has ranged from 0 to 5 mm. In most patients, 2 to 3 
mm of displacement is accepted, depending on their func-
tional demands. Displacement of the talus has been shown to 
accompany displacement of the lateral malleolus in bimalleo-
lar ankle fractures; therefore, anatomic reduction of the lateral 
malleolus is necessary in these injuries. Biomechanical stud-
ies have shown that isolated fractures of the lateral malleolus 
do not disturb joint kinematics or cause talar displacement 
with axial loading, and long-term clinical follow-up stud-
ies of closed treatment of supination-external rotation stage 
II fractures have demonstrated 94% to 98% good functional 
results, even with 3 mm of fibular displacement. Results after 
operative treatment are similar to those of closed treatment 
of supination-external rotation stage II injuries, regardless of 
whether anatomic reduction has been obtained. If the stability 
of a lateral malleolar fracture is uncertain, stress radiographs 
can be obtained to detect displacement of the talus indica-
tive of medial injury. This can be done by a manual or grav-
ity stress evaluation. Koval et al. evaluated whether a positive 
stress test predicts the need for operative fixation of lateral 
malleolar fractures. In their study, all patients with positive 
findings of stress radiographs of the ankles had an MRI to 
evaluate the integrity of the deltoid ligament complex. Only 
complete ruptures required operative stabilization. Patients 
with partial disruptions had successful nonoperative man-
agement with a minimum 1-year follow-up. Others have pro-
posed ultrasonographic evaluation of the deltoid ligament to 
differentiate between a bimalleolar equivalent fracture and an 
isolated lateral malleolar injury. Others have proposed that 
preoperative radiographic and CT findings are effective in 
predicting syndesmotic injuries in supination-external rota-
tion type ankle fractures. Choi et al. suggested that a fracture 

height of more than 3 mm and medial joint space of more than 
4.9 mm on CT, and fracture height of more than 7 mm and 
medial joint space of more than 4.0 mm on radiographs, is a 
good indicator of an unstable syndesmotic injury. However, 
the ideal preoperative diagnostic modality for assessing a 
medial-sided injury for decision-making regarding operative 
or nonoperative management remains unclear. We routinely 
obtain gravity or manual stress radiographs for appropriate 
injuries because of their simplicity. 

BIMALLEOLAR FRACTURE
Bimalleolar ankle fractures disrupt the medial and lateral sta-
bilizing structures of the ankle joint. Displacement reduces 
the tibiotalar contact area and alters joint kinematics. Closed 
reduction can often be accomplished but not maintained in 
anatomic position as swelling subsides. Nonunion has been 
reported in approximately 10% of bimalleolar fractures 
treated by closed methods, although these are not always 
symptomatic. Twenty percent of bimalleolar fractures involve 
intraarticular injuries to the talus and tibia; these injuries go 
untreated when closed methods are used. Randomized, pro-
spective, and long-term follow-up studies of bimalleolar or 
bimalleolar-equivalent ankle fractures have shown superior 
results of operative over nonoperative treatment. A long-term 
follow-up study also showed superior results after operative 
treatment of supination-external rotation stage IV fractures. 
Tile and the AO group recommended ORIF of both malleoli 
for almost all bimalleolar fractures.

For most displaced bimalleolar fractures, we also recom-
mend ORIF of both malleoli. Most Weber type B and type C 
lateral malleolar fractures are stabilized with plate and screw 
fixation. In some patients, lateral implants in the ankle may 
become symptomatic; however, in one study only half the 
patients had relief of pain after implant removal. Posterior 
plating of Weber type B fractures of the lateral malleolus 
using an antiglide technique has been advocated to avoid the 
possibility of intraarticular screws, decrease the incidence 
of palpable implants, and provide a stronger construct. In a 
prospective series of 32 patients, there were no nonunions, 
malunions, wound complications, loss of fixation, or intraar-
ticular or palpable screws. Four patients had transient pero-
neal tendinitis, and in two patients the plates were removed 
because of symptoms caused by a poorly placed lag screw. 

 

A B C D E

FIGURE 54.2 Fixation of medial malleolar fractures. A, Single lag screw through large frag-
ment. B, Combination of 4-mm lag screw and Kirschner wire for small fragment. C, Tension band 
wiring for low transverse fracture. D, Vertical countersunk 4-mm lag screw for low transverse 
fracture. E, Plate fixation with horizontal screw fixation.
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Weber et  al. documented peroneal tendon lesions precipi-
tated by posterior antiglide plating of the lateral malleolus. 
In their series, 30% of patients demonstrated peroneal ten-
don injury at the time of implant removal. However, only 22% 
of these patients had symptoms preoperatively. The authors 
concluded that the tendon lesions correlated with distal plate 
placement and screw insertion through the most distal hole 
of the plate and therefore advocated either avoiding distal 
implant placement or removing the plate early.

Implant prominence also may be decreased in some lat-
eral malleolar fractures by using a lag screw–only technique 
(Fig. 54.3). Several authors have reported successful treatment 
of lateral malleolar fractures with lag screw–only fixation, 
with no nonunions, loss of reduction, or soft-tissue complica-
tions. They cite less implant prominence and pain compared 
with patients who had plate fixation for similar injuries. Ideal 
candidates are patients younger than 50 years with a simple 
oblique lateral malleolar fracture and minimal comminution 
that allows the placement of two lag screws at least 1 cm apart.

Augmenting plate fixation with intramedullary Kirschner 
wires in osteopenic fibular fractures has been recommended 
in one study; 89% had minimal or no pain. In a biomechani-
cal study, plates supplemented by Kirschner wires had an 81% 
greater resistance to bending than plates alone and twice the 
resistance to motion in torsional testing.

Operative treatment of periarticular fractures in gen-
eral, ankle fractures in particular, probably is limited to two 
time periods: early and late. ORIF may be possible within 
the first 12 hours after injury but may not be possible again 
for 2 to 3 weeks because of excessive swelling, but this can 
be variable. Delayed closure and even skin grafting may be 
necessary when too much swelling exists at surgery. Equally 
good functional results have been found with immediate 
and delayed ORIF of Danis-Weber type B bimalleolar or 
bimalleolar equivalent ankle fractures, with no differences 
in complications, adequacy of reduction, range of motion, 
or operative time, although hospitalization was briefer and 
pain was diminished with immediate surgery in one study. 
Although delayed surgery may be technically more difficult, 
it is justified in patients with severe closed soft-tissue injury 
or fracture blisters. If open reduction of a fracture-dislocation 

is delayed, immediate closed reduction of the dislocation and 
splinting are mandatory to prevent skin necrosis. 

SYNDESMOTIC INJURY
Injuries to the syndesmotic complex continue to be a center 
of controversy and continuing focus. Syndesmotic injuries 
are most commonly caused by pronation-external rotation, 
pronation-abduction and, infrequently, supination-external 
rotation mechanisms (Danis-Weber type C and type B inju-
ries). These forces cause the talus to abduct or rotate exter-
nally in the mortise, leading to disruption of the syndesmotic 
ligaments.

Anatomic restoration of the distal tibiofibular syndes-
mosis is essential. If the fibular fracture is above the level 
of the distal tibiofibular joint, this joint is assumed to be 
disrupted and must be anatomically reduced. In the past, 
internal fixation of all syndesmotic injuries was considered 
mandatory, but a cadaver study showed that disruption of 
the syndesmosis did not cause ankle instability if no medial 
injury was involved. If a medial lesion was present, syndes-
motic injuries extending more than 4.5 cm proximal to the 
ankle joint altered joint mechanics, but syndesmotic injuries 
extending less than 3 cm proximal to the ankle joint did not. 
Syndesmotic disruptions of 3.0 to 4.5 cm produced variable 
results. These findings suggested that syndesmotic fixation 
was unnecessary if the disruption extended less than 3 cm 
above the plafond or if the medial and the lateral injuries 
were stabilized by fixation of the medial malleolus or repair 
of the deltoid ligament.

A prospective study evaluating syndesmotic screw fixa-
tion of Weber type C ankle fractures in which the lateral 
malleolar fracture was located within 5 cm of the ankle joint 
found that syndesmotic screw fixation was not necessary if 
the fracture was anatomically reduced and was immobilized 
for 6 weeks postoperatively. This has not yet been extensively 
evaluated clinically, however. Others have more recently pro-
posed an “anatomic” restoration of the syndesmosis, citing 
repair of the deltoid ligament and posteroinferior tibiofibular 
ligament to be equivalent to trans-syndesmotic fixation from 
a functional outcome perspective, but with improved syndes-
motic reductions noted.

 

A B C D E F
FIGURE 54.3 Fixation of lateral malleolar fractures. A, Standard fixation of fibular fracture 

with one third semitubular 3.5-mm plate and screws. B, Multiple 3.5-mm lag screws. C, Two lag 
screws for long oblique fracture. D, Single 3.5-mm malleolar screw for low transverse fracture. 
E, Tension band wiring; note 4-mm lag screw fixation of associated medial malleolar fracture.  
F, Fixation with 3.5-mm intramedullary screw.
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There is general agreement that syndesmotic fixation is 
indicated for (1) syndesmotic injuries associated with proxi-
mal fibular fractures for which fixation is not planned and that 
involve a medial injury that cannot be stabilized and (2) syn-
desmotic injuries extending more than 5 cm proximal to the 
plafond. Whether syndesmotic fixation should be used in lat-
eral malleolar fractures located 3 to 5 cm from the ankle joint 
in which the medial injury (deltoid ligament) is not repaired 
remains controversial. If a high fibular fracture associated 
with a syndesmotic injury is not fixed, restoration of fibular 
length can be difficult to determine accurately. Furthermore, 
fixation of midshaft fibular fractures with associated syndes-
motic injuries demonstrates improved biomechanical charac-
teristics when compared with syndesmosis fixation alone.

The integrity of the syndesmosis can be evaluated intra-
operatively by performing an external rotation stress test and 
Cotton test. Cotton described this test to determine incompe-
tence of the ankle syndesmosis intraoperatively. Distraction 
is applied to the fibula with a bone hook to try to separate it 
from the tibia, to which an opposing force has been applied 
to prevent tibial motion. If no significant motion is noted 
between the distal tibia and fibula, the syndesmotic ligaments 
are intact. If more than 3 to 4 mm of lateral displacement 
occurs, syndesmotic fixation is necessary. Intraoperative 
radiographs should show a clear space of less than 5 mm 
between the medial wall of the fibula and the lateral wall of 
the posterior tibial malleolus. Persistent widening indicates 
an unreduced syndesmosis. A cadaver study showed that syn-
desmotic disruption, measured as posterior displacement of 
the fibula on an external rotation stress lateral radiograph, 
correlated more closely with anatomic diastasis than did dis-
placement on stress mortise radiographs. Stark et al. recom-
mended intraoperative external rotation stress evaluation for 
unstable Weber B fractures after identifying a 39% incidence 
of syndesmotic instability after lateral malleolar fixation.

Various methods have been used to fix the syndesmosis. 
Most commonly screws are inserted through the lateral mal-
leolus and into the distal tibia. These screws not only hold the 
joint anatomically reduced but also stabilize the lateral but-
tress of the ankle mortise. If screw fixation is chosen, either 
one or two 3.5-mm or 4.5-mm cortical screws are necessary; 
both have been found to be equivalent biomechanically. Two 
syndesmotic screws have been found to provide more secure 
fixation than one screw, and the use of two screws has been 
suggested in large or noncompliant patients. The syndesmotic 
screw should be placed through both cortices of the fibula and 
either one or two cortices of the tibia. In a survey of members 
of the Orthopaedic Trauma Association and the American 
Orthopaedic Foot and Ankle Society, Bava et  al. sought to 
identify the current state of syndesmotic injury management. 
Fifty-one percent used 3.5-mm cortical screws, 24% used 4.5-
mm cortical screws, and 14% routinely used a suture fixa-
tion device. Forty-four percent used one screw, 44% used two 
screws, and the remainder was undecided. The most com-
mon construct was use of 3.5-mm screws engaging four cor-
tices that were routinely removed at 3 months. Bioabsorbable 
screws also have been used for fixation of the syndesmosis 
and have shown comparable results to metallic implants. 
Suture bridge techniques have gained in popularity. The pro-
posed benefit is decreased implant issues requiring second-
ary intervention and dynamic stabilization. Retrospective 
data have demonstrated some loss of syndesmotic reduction 

at short-term follow-up. Implant prominence and suture 
knot irritation can still occur. A recent meta-analysis demon-
strated improved functional outcomes as well as lower rates 
of broken implants and syndesmotic malreduction with the 
use of suture button fixation when compared to traditional 
syndesmotic screws.

Whether and when syndesmotic screws need to be 
removed are controversial subjects. Recommendations in 
the literature range from routine removal of the screw before 
weight bearing is allowed (in 6 to 8 weeks) to removal after 
the fracture has healed only if symptoms develop. Advocates 
of screw removal contend that the syndesmotic fixation dis-
rupts ankle mechanics by restricting the normal external 
rotation of the fibula that occurs with dorsiflexion. Removing 
the screw too early may allow recurrent diastasis of the syn-
desmosis, however. Syndesmosis displacement has been 
reported when the screw was removed before weight bear-
ing was allowed, and screw breakage has been reported with 
weight bearing with the screw in place. If tricortical fixation 
is used, the screw usually loosens rather than breaks and may 
not disrupt normal ankle mechanics. If fixation through four 
cortices is used, both ends of the screw can be removed eas-
ily if breakage occurs. In general, late diastasis of the syndes-
mosis creates a much more difficult clinical problem than 
broken screws; it is advisable to leave the screw in place for 
at least 12 weeks. Furthermore, another study revealed that 
at 1-year follow-up there was no difference in clinical out-
come of patients with intact or removed syndesmotic screws. 
In fact, the subset with broken screws had improved clinical 
outcomes; therefore, the authors recommended not removing 
intact or broken syndesmotic screws. We have transitioned 
toward not routinely removing syndesmotic fixation unless 
the ankle is symptomatic, primarily with stiffness limiting 
dorsiflexion. However, a recent small series has questioned 
the effect of syndesmotic screw removal, citing no significant 
improvements in dorsiflexion after implant removal.

The syndesmosis must be anatomically reduced and held 
with provisional Kirschner wires or a reduction clamp before 
the syndesmotic screws are inserted. Miller et al. noted a sig-
nificant decrease in syndesmotic malreductions in a cohort of 
patients in whom the syndesmosis was directly viewed dur-
ing reduction. We also advocate open reduction of the syn-
desmosis with direct viewing. The reduction can therefore be 
performed manually and maintained with a reduction clamp, 
in contrast to using the clamp to effect reduction, which can 
introduce rotational malreduction. The screw should be posi-
tioned 2 to 3 cm proximal to the tibial plafond, directed par-
allel to the joint surface, and angled 30 degrees anteriorly so 
that it is perpendicular to the tibiofibular joint. If the screw is 
placed too far proximally, it may deform the fibula and cause 
the mortise to widen. If the screw is not parallel to the joint, 
the fibula may shift proximally. If the screw is not perpendic-
ular to the tibiofibular joint, the fibula may remain laterally 
displaced. The AO group recommended a fully threaded syn-
desmotic screw in a neutralization mode or position; how-
ever, others have suggested that a lag screw provides more 
secure fixation. Traditionally, it was recommended to maxi-
mally dorsiflex the ankle during syndesmotic fixation to pre-
vent postoperative limitation of motion; however, there are 
data refuting this finding and noting that maximal dorsiflex-
ion may induce an external rotation moment risking malre-
duction. A cadaver study found no loss of dorsiflexion when 
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 FIGURE 54.4 Fracture of fibula above level of syndesmosis, 
disruption of distal tibiofibular syndesmosis, and rupture of deltoid 
ligament. Deltoid ligament was repaired. Small fragment plate was 
applied to fibula, and syndesmosis was repositioned and held by 
transfixing screw through distal hole of fibular plate.

malleolus as part of a bimalleolar or trimalleolar pattern. 
Occasionally, if comminution is severe, the lateral mal-
leolus can be overreduced in the coronal plane, which 
inhibits anatomic reduction of the medial malleolar com-
ponent of the injury. In this circumstance, it may be advis-
able to proceed with medial malleolar fixation initially.

 n  Expose the lateral malleolus and the distal fibular shaft 
through a lateral longitudinal incision. Protect the super-
ficial peroneal nerve. Alternatively, a posterolateral inci-
sion can be used, and the plate can be inserted with a 
posterior antiglide technique. The advantage is the ability 
to achieve distal bicortical fixation in a posterior to ante-
rior direction. An incision placed slightly posteriorly has 
the theoretical advantage of not being positioned directly 
over a laterally based implant; however, direct exposure 
of the syndesmosis (if needed) may be made increasingly 
difficult. Expose the fibula in extraperiosteal fashion.

 n  If the fracture is sufficiently oblique, if bone stock is good, 
and if there is no comminution, fix the fracture with one 
or two lag screws inserted from anterior to posterior to 
establish interfragmentary compression. Place the screws 
approximately 1 cm apart (Fig. 54.5). The length of the 
screws is important; the screws must engage the poste-
rior cortex for secure fixation but must not protrude far 
enough posteriorly to encroach on the peroneal tendon 
sheaths.

 n  If the fracture is transverse, an intramedullary device can 
be used. Expose the tip of the lateral malleolus by split-
ting the fibers of the calcaneofibular ligament longitudi-
nally.

 n  Insert a Rush rod, titanium elastic nail, interlocking fibu-
lar rod, or other intramedullary device across the fracture 
line into the medullary canal of the proximal fragment. 
If using an intramedullary device, do not tilt the lateral 
malleolus toward the talus. The insertion point for intra-
medullary fixation tends to be in line with the medullary 
canal of the fibula; because the intramedullary appliance 
is straight, the lateral malleolus may be inadvertently tilted 
toward the talus, resulting in narrowing of the ankle mor-
tise and reduced motion. This mistake can be avoided by 
contouring the intramedullary rod.

 n  If the fracture is below the level of the plafond, if the 
distal fragment is small, and if the patient has good bone 
stock, use an intramedullary 3.5-mm malleolar screw for 
fixation. Rarely, a 4.5-mm lag screw can be used in large 
patients. Alternatively, orient the malleolar screw slightly 
obliquely to engage the medial cortex of the fibula proxi-
mal to the fracture.

 n  In patients with poor bone quality, place Kirschner wires 
obliquely from lateral to medial through the distal and 
proximal fibular fragments and secure them further with 
a tension band wire. Alternatively, precontoured periar-
ticular locking constructs, which are now readily available, 
may afford increased stability.

 n  Anatomic reduction and maintenance of fibular length 
are necessary.

 n  If the fracture is above the level of the syndesmosis, use 
a small fragment, one third tubular plate for fixation af-
ter anatomic reduction has been obtained; a 3.5-mm dy-
namic compression plate can be used in larger individuals 
or for more proximal fractures. The plates can be used to 
supplement lag screw fixation or to span a comminuted 

lag screws were used for fixation of the syndesmosis with the 
ankle in plantarflexion. Others have illustrated that postop-
erative radiographic measurements are unreliable markers of 
syndesmotic reduction, which is better assessed with CT.

If a small plate has been used to fix the fibular frac-
ture, this transfixing screw can be one of the screws used to 
secure the plate to the lateral side of the fibula (Fig. 54.4). 
The reduced and fixed fibula must meet the three require-
ments for satisfactory function listed earlier in this section. 
Occasionally, the syndesmotic ligaments may avulse a small 
fragment of bone. If this is the case, syndesmotic stabilization 
can be accomplished by lag screw or minifragment fixation 
through this fragment.

Egol et al. evaluated outcomes after unstable ankle frac-
tures with regard to the effects of syndesmotic fixation. They 
determined that at 1-year follow-up patients who underwent 
syndesmotic fixation had poorer outcomes than those who 
had malleolar fracture fixation alone. 

 

FIXATION OF THE LATERAL 
MALLEOLUS

 TECHNIQUE 54.1 

 n  If the fractured fibula is part of a bimalleolar fracture pat-
tern, we usually reduce and internally fix the lateral mal-
leolar or fibular fracture before fixing the medial malleolar 
component. The exception to this is a comminuted lateral 
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segment. In general, place three cortical screws in the 
shaft of the fibula above the fracture and two or three 
screws distal to the fracture. Unicortical cancellous screws 
are placed below the level of the plafond. If the plate 
is placed posterolaterally, it acts as an antiglide plate. 
Several commercially available precontoured fixed angle 
distal fibular locking plates provide alternative fixation op-
tions distally, however, often at the expense of increased 
implant prominence.

 n  Syndesmotic fixation, if necessary, can be done as  
described in the section on syndesmotic injuries.
   

 FIGURE 54.5 Bimalleolar ankle fracture with oblique frac-
ture of lower fibula treated with interfragmentary screw fixation. 
Kirschner wires were used for internal fixation of medial malleolus. 
SEE TECHNIQUE 54.1.

 

A B
FIGURE 54.6 A, AO technique for internal fixation of medial malleolus. Hole (3.2 mm) is drilled 

while distal fragment is held reduced with two Kirschner wires bent to stay out of way. Length of 
hole is measured. B, Insertion of malleolar screw without tapping. Kirschner wires are removed 
after screw is tightened. If fragment tends to rotate, additional smaller screw or compression wiring 
can be added. SEE TECHNIQUE 54.2.

 

FIXATION OF THE MEDIAL MALLEOLUS

 TECHNIQUE 54.2 

 n  Make an anteromedial incision that begins approximately 
2 cm proximal to the fracture line, extends distally and 
slightly posteriorly, and ends approximately 2 cm distal to 
the tip of the medial malleolus. We prefer this incision for 
two reasons: (1) the posterior tibial tendon and its sheath 
are less likely to be damaged, and (2) the surgeon is able 
to see the articular surfaces, especially the anteromedial 
aspect of the joint, which permits accurate alignment of 
the fracture and an opportunity to treat any associated 
impaction. However, this incision cannot be made exten-
sile distally if associated foot injuries must be treated.

 n  Handle the skin with care, reflecting the flap intact with 
its underlying subcutaneous tissue. The blood supply to 
the skin of this area is poor, and careful handling is neces-
sary to prevent skin sloughing. Protect the greater saphe-
nous vein and its accompanying nerve.

 n  Usually the distal fragment of the medial malleolus is dis-
placed distally and anteriorly and a small fold of perios-
teum commonly is interposed between the fracture sur-
faces. Remove this fold from the fracture site with a curet 
or periosteal elevator, exposing the small serrations of the 
fracture.

 n  Debride small loose osseous or chondral fragments; large 
osteochondral fragments should be preserved and sup-
ported with a bone graft.

 n  With a bone-holding clamp or pointed reduction tenacu-
lum, bring the detached malleolus into the normal posi-
tion, and, while holding it there, internally fix it with two 
2-mm smooth Kirschner wires drilled across the fracture 
site as temporary fixation devices.

 n  Check the fracture reduction with anteroposterior and 
lateral radiographs. If the reduction is satisfactory,  
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remove one of the Kirschner wires and insert a 4-mm lag 
screw; remove and replace the other Kirschner wire (Fig. 
54.6). Alternatively, a drill with a 2.5- and a 3.5-mm bit 
can be used to create a path for the screws; a long pelvic 
drill bit will be necessary if bicortical lag screw fixation is 
chosen.

 n  Carefully inspect the interior of the joint, particularly at 
the superomedial corner, to ensure the screw has not 
crossed the articular surface, and to treat any associated 
anteromedial impaction if present.

 n  Use radiographs to verify the position of the screw and 
the fracture.

 n  If the medial malleolar fragment is very small or commi-
nuted, fixation with a standard screw may be impossible; 
in these cases, use several Kirschner wires, minifragment 
screws, or tension band wiring for fixation. Large vertical 
fractures of the medial malleolus that involve proximal 
comminution often require a buttress plate to prevent 
loss of reduction; a small, one third tubular plate usually 
is sufficient. To avoid wound complications, extreme care 
must be taken when applying bulky implants to this area 
of poor skin coverage. 

POSTOPERATIVE CARE The ankle is immobilized in a 
posterior plaster splint in neutral position and elevated. 
If the bone quality is good and the fixation is secure, the 
splint can be removed on the first postoperative visit and 
replaced with a removable splint or fracture boot. Range-
of-motion exercises are begun. Weight bearing is restrict-
ed for 6 weeks, after which partial weight bearing can 

be started if the fracture is healing well and progressed 
accordingly.

If skin conditions, bone quality, comorbidities (e.g., dia-
betes), or other factors have prevented secure fixation, the 
fracture must be protected longer. The patient is placed in 
a short leg cast. The patient is not allowed to bear weight 
on the ankle until fracture healing is progressing well (8 to 
12 weeks). A short leg walking boot is worn, and weight 
bearing is progressed.

  

DELTOID LIGAMENT TEAR AND LATERAL 
MALLEOLAR FRACTURE
A deltoid ligament tear accompanied by a fracture of the 
lateral malleolus is caused by the same mechanism that 
produces bimalleolar fractures, that is, supination with 
external rotation of the foot. Instead of the medial malleo-
lus being fractured, however, the deltoid ligament is torn, 
allowing the talus to displace laterally (Fig. 54.7). Usually 
the anterior capsule of the ankle joint is also torn. The del-
toid ligament, especially its deep branch, is important to 
the stability of the ankle because it prevents lateral displace-
ment and external rotation of the talus. A deltoid ligament 
tear should be suspected if a fracture of the lateral malleo-
lus is accompanied by tenderness, swelling, and hematoma 
on the medial side of the ankle. Historically, medial-sided 
ankle tenderness would lead the clinician to suspect a del-
toid ligament disruption in the presence of a lateral mal-
leolar fracture. However, it has been established that there 

 

A B CB C

FIGURE 54.7 A, Lateral malleolar fracture with associated medial clear space widening and 
syndesmotic disruption. B and C, After surgical stabilization. Fibula is anatomically reduced and 
concentric tibiotalar reduction restored and maintained with a single quad-cortical syndesmotic 
screw.
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is no statistically significant relationship between medial 
tenderness and deep deltoid ligament rupture. A routine 
anteroposterior radiograph may show no lateral displace-
ment of the talus, but a radiograph made when the ankle 
is stressed into supination and external rotation shows dis-
placement and tilting of the talus in the ankle mortise and 
a wide medial clear space (>4 mm). This radiograph should 
be obtained with the ankle in neutral position. With the 
ankle in plantarflexion, the narrowest portion of the talus 
is within the mortise, which may appear to be wide even 
without injury. Alternatively, a gravity external rotation 
stress radiograph can be obtained.

Closed treatment of these injuries is difficult because 
the talus tends to shift in the mortise. A 1-mm lateral shift 
of the talus can reduce the effective weight-bearing area of 
the talotibial articulation by 20% to 40%, and a 5-mm shift 
can reduce it by 80%. If closed treatment is chosen, the 
patient must be followed closely for displacement. Optimal 
treatment of this injury is controversial. Provided that the 
condition of the skin and the patient’s age and general con-
dition permit, ORIF of the fibula, with or without repair of 
the deltoid ligament, can be done. Nonoperative treatment 
also is feasible but requires careful radiographic monitor-
ing to ensure maintenance of a congruent ankle mortise. If 
only the deltoid ligament tear is repaired, the talus is likely 
to become displaced laterally after surgery despite the use 
of a cast. If only the fibular fracture is repaired, the del-
toid ligament may be caught between the medial malleolus 
and the talus, preventing accurate reduction, or the liga-
ment may be relaxed after healing. One-year functional 
outcomes after nonoperative management are equiva-
lent to ORIF of stress positive lateral malleolar fractures. 
However, complications may include residual medial clear 
space widening and lateral malleolar delayed union or 
nonunion.

Many surgeons advocate fixation of the fibula without 
routine exploration of the medial side, unless the reduction 
is blocked. We have found, however, that some fibers of the 
deltoid ligament can become trapped between the medial 
malleolus and the talus, even with a seemingly acceptable 
reduction, and this may lead to late displacement. Medial 
exploration requires little further surgical dissection; it 
allows the surgeon to ensure that the deltoid ligament has 
been cleared from the mortise, and it provides access for 
repair of the deltoid ligament if desired. We do not routinely 
repair the deltoid ligament and explore the medial side only 
in select cases, most often in injuries with a wide medial 
clear space and delayed presentation, because medial joint 
access may be required to restore a congruent tibiotalar 
joint.

Fractures of the lateral malleolus can be stabilized by sev-
eral different methods, the most common being the use of a 
one third tubular plate and 3.5-mm cortical or locking screws. 
Long oblique fractures can be stabilized with lag screws 
alone. Fractures below the tibial plafond (Danis-Weber type 
A fracture) can be stabilized by a malleolar lag screw or with 
Kirschner wires and tension band fixation. We also have used 
oblique Kirschner wires placed from the distal fibular frag-
ment into the tibia. Intramedullary devices can be used to sta-
bilize transverse lateral malleolar fractures, but these rods do 
not prevent rotation. Interlocking intramedullary rods have 
been developed for the fixation of fibular fractures. 

 

REPAIR OF THE DELTOID LIGAMENT 
AND INTERNAL FIXATION OF THE 
LATERAL MALLEOLUS

 TECHNIQUE 54.3 

 n  Make an anteromedial curved incision similar to, but 
slightly more distal than, the incision described for in-
ternal fixation of the medial malleolus (see Technique 
54.2).

 n  Identify the deltoid ligament, which is composed of two 
parts: a fan-shaped superficial portion and a short, heavy, 
deep portion. The superficial portion is almost always torn 
across its middle or is avulsed from the medial malleolus; 
the fanned-out inferior attachment of this superficial por-
tion makes an inferior tear less likely.

 n  Open the sheath of the posterior tibial tendon and 
displace the tendon to explore and repair the deep 
and more important portion of the deltoid ligament. 
This deep portion may be torn from the tip of the mal-
leolus, avulsed from the side of the talus, or torn in the 
middle.

 n  If the deep portion has been avulsed from the medial 
aspect of the talus, place two No. 0 nonabsorbable su-
tures through the ligaments and pass these through holes 
drilled diagonally across the body and neck of the talus 
to exit in the sinus tarsi area. Leave these sutures untied 
until the fibular fracture has been anatomically reduced 
and internally fixed. Alternatively, suture anchors can be 
used.

 n  Make a lateral longitudinal incision and expose the lateral 
malleolus as described.

 n  Anatomically reduce and fix the fracture of the lat-
eral malleolus as described previously (see Technique 
54.1).

 n  When the lateral malleolar fracture has been rigidly fixed, 
snugly tie the sutures already placed in the deltoid liga-
ment and passed through the talus.

 n  Close the lateral incision.
 n  Return to the medial side of the ankle, replace the poste-

rior tibial tendon in its sheath, and close the sheath.
 n  Repair the superficial portion of the deltoid ligament with 

multiple interrupted, nonabsorbable sutures.
 n  If the entire deltoid ligament has been avulsed from the 

medial malleolus, drill two or three small holes in the mal-
leolus and place interrupted sutures through them and 
the avulsed end of the ligament; alternatively, suture an-
chors can be used.

 n  Place the sutures in the ligament, but do not tie them 
before completing the fixation of the lateral malleolus 
because they may be torn loose during that procedure. 
If the lateral malleolus is fixed before these sutures are 
placed, repairing the ligament becomes much more dif-
ficult. 

POSTOPERATIVE CARE The postoperative care is the 
same as that described after Technique 54.2.
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IRREDUCIBLE FRACTURE OR FRACTURE-
DISLOCATION
Anatomic reduction of fractures around the ankle is essential for 
acceptable functional results. One lesion that appears innocent 
but is nevertheless crippling if left untreated is the widened ankle 
mortise. Specifically, a widened ankle mortise is lateral displace-
ment of the talus and the fibula that leaves an interval between the 

talus and the intact medial malleolus. In this lesion, the deltoid 
ligament has been avulsed or torn and either the distal fibula has 
been fractured or the distal tibiofibular ligaments have been torn.

It may be impossible to reduce the gap by closed methods. 
The end of an avulsed deltoid ligament may be caught between 
the medial malleolus and the talus (Fig. 54.8). Less often, a 
deltoid ligament tear or an avulsion fracture of the tip of the 
medial malleolus may release the posterior tibial tendon and 
sometimes the tibial nerve and posterior tibial vessels and allow 
them to become trapped between the medial malleolus and the 
talus (Fig. 54.9). These obstructions must be removed surgically, 
and then the deltoid ligament tear or avulsion and any fracture 
of the lateral malleolus can be repaired (see Technique 54.1).

Occasionally, the posterior tibial tendon is interposed 
between the torn parts of the deltoid ligament and impairs 
healing (Fig. 54.10). In more severe fracture-dislocations, the 
posterior tibial tendon may be displaced far laterally between 
the distal tibia and fibula.

A lesion described by Bosworth (Fig. 54.11) may be the 
cause of failure to reduce a posterior fracture-dislocation 
of the ankle. The distal end of the proximal fragment of the 
fibula may be displaced posterior to the tibia and locked by 
the tibia’s posterolateral ridge; the bone cannot be released by 
manipulation because of the pull of the intact interosseous 
membrane. The fibula is exposed, and a periosteal elevator is 
used to release the bone; considerable force may be necessary. 
The fibular fracture is fixed as described in Technique 54.1. 

TRIMALLEOLAR FRACTURE
Trimalleolar fractures require open reduction more often 
than any other type of ankle fracture. The results of treatment 
of trimalleolar fractures usually are not as good as the results 
obtained for bimalleolar fractures. Trimalleolar fractures usu-
ally are caused by an abduction or external rotation injury. In 
addition to fractures of the medial malleolus and fibula, the 
posterior lip of the articular surface of the tibia is fractured 
and displaced, allowing posterior and lateral displacement 
and external rotation with supination of the foot. The medial 
malleolus may remain intact, with a tear of the deltoid liga-
ment occurring instead of a malleolar fracture.

The same principles and indications for open reduc-
tion as previously outlined for bimalleolar fractures apply to 

 FIGURE 54.8 Deltoid ligament after being avulsed from 
medial malleolus may be caught between malleolus and talus.

 FIGURE 54.9 Trapping of posterior tibial tendon between 
medial malleolus and talus. Note widening of ankle mortise and 
avulsion fracture of medial malleolus.

 FIGURE 54.10 When deltoid ligament has been avulsed from 
its distal insertion, it may become reflected proximally and allow 
posterior tibial tendon to become interposed as shown. Sponta-
neous healing of ligament is impaired.
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trimalleolar fractures. Indications for open reduction of the 
posterior malleolus or posterior tibial fragment depend on its 
size, displacement, and, most important, its perceived contri-
bution to stability of the injured ankle. A 50-degree external 
rotation view can be used for the most accurate assessment 
of the size and displacement of the posterior malleolar frag-
ment. Historically, if the fragment of the posterior malleolus 
involves more than 25% to 30% of the weight-bearing surface, 
it should be anatomically reduced and held with internal fixa-
tion. Often, satisfactory reduction of the posterior tibial frag-
ment, if small, occurs with anatomic and rigid fixation of the 
fibula because this fragment most often is posterolateral and 
attached to the fibula by the posterior tibiofibular ligament. 
Gardner et al. showed in a cadaver model that fixation of the 
posterior malleolus imparts syndesmotic stability to a greater 
extent than syndesmotic screws. If the posterior tibial frag-
ment is small, a proximally displaced position may be of little 
consequence, but even the slightest posterior subluxation of 
the talus on the articular surface of the tibia is unacceptable. If 
there is a persistent step-off or gap of more than 2 to 3 mm or 
persistent posterior instability, open reduction is warranted. 
The posterior and proximal displacement of the tibial frag-
ment creates an offset at the fracture. With the foot displaced 
posteriorly, this irregularity in the articular surface of the tibia 
is brought against the weight-bearing surface of the talus, and 
with motion and weight bearing severe traumatic arthritis 
develops. We routinely treat the posterior malleolus as part of 
the ankle injury complex because of its contribution to ankle 
stability. Very small fractures can be treated nonoperatively if 
ankle stability is proven, and frequently reduce well with ana-
tomic fibular reconstruction. Our preference for larger dis-
placed fragments is ORIF, and the decision for fixation should 
be made in the context of the extent of articular involvement 
and the expected contribution to restoring ankle stability. 

POSTERIOR TIBIAL LIP FRACTURE
Fractures of the posterior lip of the tibia usually are associ-
ated with fractures of the medial and lateral malleoli, and 
the approach to the posterior malleolus may depend on 
what additional open reductions are required. Most often, an 
anteromedial incision is made to fix a fractured medial mal-
leolus, and a posterolateral incision is used to fix the poste-
rior lip of the tibia and the lateral malleolar fracture. If the 
posterior fragment is located more medially, a posteromedial 

approach can be used to treat the medial and posterior mal-
leolar fractures. Alternatively, a separate posteromedial or 
posterolateral incision can be made adjacent to the Achilles 
tendon to allow indirect or direct reduction.

Preoperative CT scans are mandatory for evaluation of 
fracture morphology, including size, location, and any associ-
ated marginal impaction of the posterior malleolar fragment. 
The posterior lip fracture often reduces after reduction of the 
fibula. If this does not occur and internal fixation is necessary 
because of the size of the fragment or the presence of poste-
rior instability, the posterior lip fracture should be reduced 
and internally fixed before reduction of either the medial or 
the lateral malleolus. The objective is to restore anatomically 
the articular surface of the distal tibia. Reduction and fixa-
tion of either malleolus reduce the distractibility of the tib-
ial and talar joint surfaces, making exposure more difficult. 
Distraction of the tibiotalar joint can be increased by insert-
ing a large Steinmann pin transversely through the calcaneus, 
to which a traction bow is applied. An assistant can distract 
the tibiotalar joint significantly using this technique if neither 
malleolus has been reattached. Alternatively, a large distractor 
may be of benefit. If the posterior malleolar fragment is small, 
a screw directed from posterior to anterior or a fully threaded 
screw placed by lag technique should be used because a par-
tially threaded screw placed from anterior to posterior may 
leave screw threads crossing the fracture site. Preoperative 
planning, including CT scans, facilitates understanding of the 
orientation of the posterior malleolar segment and therefore 
aids in selection of an appropriate surgical approach and fix-
ation. The frequent posterolateral position of this fragment 
often permits fixation through a posterolateral approach. 

 

REDUCTION AND FIXATION OF 
POSTERIOR MALLEOLAR FRACTURE

 TECHNIQUE 54.4 

 n  Proper preoperative templating and review of imaging are 
necessary.

 

A B C
FIGURE 54.11 Bosworth fracture with entrapment of fibula behind tibia. A, Anteroposterior 

view. B and C, Lateral views.
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 n  The posterior malleolus can be exposed through a pos-
teromedial incision by incising the posterior tibial tendon 
sheath adjacent to the posterior border of the tibia.

 n  Displace the medial malleolar fragment and dissect sub-
periosteally to gain access to the posterior malleolus. Al-
though this approach permits direct access to a medially 
located posterior malleolus, fixation may be limited to 
screws.

 n  Insert two Kirschner wires 1 to 3 cm above the anterior 
tibial lip, directed from anterior to posterior, to engage 
the posterior fragment.

 n  When this temporary fixation has been achieved, make a 
hole from anterior to posterior with the appropriate size 
drill bit through both fragments; measure with a depth 
gauge; and insert a malleolar, small fragment screw, 
tightening the fragments together to produce interfrag-
mentary compression (Fig. 54.12A-D).

 n  If a conventional screw is used, overdrill the anterior cor-
tex so that a lag effect is achieved.

 n  Remove the Kirschner wires and anatomically reduce and 
internally fix the lateral and then the medial malleolus.

 n  If the posterior malleolar fragment is located more later-
ally, use a posterolateral incision. Make a 7.5-cm incision 
lateral to the Achilles tendon. Protect the sural nerve.

 n  Retract the Achilles tendon medially and the peroneal 
tendons laterally to expose the posterior malleolus.

 n  Establish the normal articular relationship between the 
talus and the tibia by anterior traction on the foot and by 
adduction and inversion.

 n  Correct the proximal displacement of the posterior lip of 
the tibia by placement of a joystick for manipulation and 
fix the fragment by inserting one or two lag screws from 
posterior to anterior into the tibial metaphysis, or alter-
natively place a posterior antiglide plate (see Fig. 54.12E), 
which is preferred because of its biomechanical advan-
tage.

 n  After the posterior fracture has been fixed, repair the 
fractures of the medial and lateral malleoli as previously 
described (see Techniques 54.1 and 54.2).

 n  Carefully inspect the articular surface of the tibia through 
the anteromedial incision to confirm anatomic reduction 
of the articular surface. 

POSTOPERATIVE CARE The postoperative care is the 
same as for internal fixation of bimalleolar fractures (see 
Techniques 54.1 and 54.2).
  

 

A B

C D

Ventral

Dorsal

Ventral

Dorsal

E
FIGURE 54.12 Fixation of posterior malleolar fracture. A, Antero-

posterior 4-mm lag screw; lag screw also is used to fix avulsion fracture. 
B, Lateral view of 4-mm anteroposterior lag screw. C, Multiple lag 
screw fixation of comminuted fracture. D, Lag screw fixation of avul-
sion fracture of insertion of anterior tibiofibular ligament from distal 
tibia. E, Posterior plate fixation.  (A-D from Johnson EE, Davlin LB: Open 
ankle fractures: the indications for immediate open reduction and internal 
fixation, Clin Orthop Relat Res 292:118, 1993.) SEE TECHNIQUE 54.4.

malleoli are treated as described previously. Surgery should be 
performed within the first 24 hours or delayed until the soft tissue 
is in good condition. CT is instrumental in preoperative templat-
ing to be prepared for treating segments of marginal impaction. 

 

REDUCTION AND FIXATION 
OF ANTERIOR TIBIAL MARGIN 
FRACTURES

 TECHNIQUE 54.5 

 n  Expose the fracture through an anterolateral incision 
7.5 to 10 cm long (see Chapter 1), retract the extensor  

FRACTURE OF THE ANTERIOR TIBIAL 
MARGIN AT THE ANKLE JOINT
These fractures can be viewed as transitional fractures between 
traditional ankle fractures and pilon fractures, which typically are 
the result of axial loading. The treatment of fractures of the ante-
rior margin of the tibia is about the same as that for the posterior 
margin, although in reverse. The fractures differ in one respect, 
however. Because fractures of the anterior margin usually are 
caused by a fall from a height that results in the foot and ankle 
being forcefully dorsiflexed, crushing of the articular surface of 
the tibia is likely to be more severe in these fractures. Perfect res-
toration of the articular surface of the tibia may be impossible. 
When necessary, associated fractures of the medial and lateral 
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tendons medially, and continue the dissection until the 
entire anterior surface of the ankle joint has been ex-
posed.

 n  Remove small, loose fragments of bone, preserving intact 
as much of the articular surface as possible.

 n  Reduce the anterior subluxation of the talus, appose the 
large anterior triangular fragment to the shaft of the tibia 
in its normal position, and transfix it with one or two 
screws or with threaded Kirschner wires if the fragments 
are small. If the fragment is comminuted, it may be neces-
sary to apply a low-profile, small fragment buttress plate 
or span the ankle temporarily with an external fixator. El-
evation of depressed articular segments can be supported 
with grafting. 

POSTOPERATIVE CARE Postoperative care is the same 
as for internal fixation of bimalleolar fractures (see Tech-
nique 54.2).
  

ANKLE FRACTURES IN PATIENTS WITH 
DIABETES
Although malleolar fractures historically have been con-
sidered to be relatively benign injuries, operative treatment 
in patients with complicated diabetes mellitus is associated 
with significant complications. Significantly increased risk of 
unplanned readmission, unplanned reoperation, and mor-
tality has been demonstrated. These patients often are older 
and may have peripheral vascular disease or peripheral neu-
ropathy, which complicates their care. Complications have 
been reported to be as high as 43% compared with 15.5% 
in patients without diabetes. Complications may include 
deep and superficial infection, loss of fixation, malunion, 
wound necrosis, and amputation. Although diabetic patients 
treated nonoperatively have shown a high frequency of loss 
of reduction and malunion, they can be relatively minimally 
symptomatic. Nonoperative treatment is recommended for 
malleolar fractures in older diabetic patients with low func-
tional demands. However, if surgical treatment of the ankle 
fracture is indicated, it should not be delayed or avoided sim-
ply because the patient is diabetic. Inadequate immobiliza-
tion may lead to rapidly developing neuropathy. If the ankle 
fracture is nondisplaced or minimally displaced and has a sta-
ble configuration, closed management with prolonged casting 
is an acceptable alternative, but only with close supervision. 
If the fracture is displaced, and either considerable manipula-
tion is necessary to reduce it or molding is required to main-
tain the reduction, an open approach with internal fixation 
is recommended. Regardless of the method of treatment, 
prolonged immobilization often is necessary to prevent the 
development of neuropathic complications.

In contrast, a study by Guo et al. compared patients with 
preoperatively neglected type 2 diabetes and a nondiabetic 
matched cohort and found no significant increase in post-
operative infection after immediate operative stabilization of 
closed ankle fractures. Jones et  al. demonstrated that oper-
atively treated ankle fractures in diabetic patients without 
comorbidities had comparable complication rates to nondi-
abetic patients. The presence of diabetic comorbidities and, 
in particular, a history of Charcot arthropathy increased the 
likelihood of complications. In one large series, Costigan et al. 

reported 84 patients who underwent ORIF for acute closed 
ankle fractures. Open fractures, insulin dependence, patient 
age, and fracture type affected outcome, and 83% of patients 
with absent pedal pulses and 92% of patients with preopera-
tive neuropathy developed complications. Others have shown 
that operatively treated ankle fractures in diabetic patients are 
associated with higher rates of mortality and length of hospi-
tal stay, as well as total hospital charges. Ayoub reported the 
results of tibiotalar arthrodesis in 17 diabetic patients with 
unstable bimalleolar ankle fractures complicated by Charcot 
arthropathy. Results were better with surgery within 3 to 6 
months of onset, with absence of dense peripheral neuropa-
thy, and in patients with satisfactory extremity oxygenation. 
Amputation was required in 17.6% of patients.

We typically use standard fixation techniques in patients 
with controlled diabetes and unstable ankle fractures. However, 
in certain patients who are deemed at increased risk for fixa-
tion failure, the fixation strategy may be modified in the inter-
est of obtaining rigid fixation. These include bicortical medial 
malleolar fixation, placement of multiple transfibular or trans-
tibial syndesmotic position screws, adjuvant external fixation, 
and application of locking plate technology (Fig. 54.13). 

OPEN ANKLE FRACTURES
Open ankle fractures caused by indirect injury are two to four 
times more likely to be open medially than laterally. Several 
studies have shown the advantages of primary internal fixation 
of open ankle fractures, including Gustilo type III wounds, com-
pared with either closed immobilization with delayed fixation 
or immediate provisional fixation with Kirschner wires. We also 
prefer immediate internal fixation after surgical debridement. If 
the wound is severely contaminated, a temporary external fix-
ator can be placed spanning the ankle and open reduction can 
be done when the wound is judged to be clean and swelling has 
decreased. Ngcelwane noted dirt and grass at the syndesmosis 
in some medial wounds, possibly sucked in by the vacuum cre-
ated by dislocation of the ankle; he recommended a lateral inci-
sion for cross irrigation, especially for displaced Danis-Weber 
types B and C fractures with gas shadows. In addition to inter-
nal fixation, a temporary external fixator that spans the ankle 
joint can be used to make wound care easier. The fixator can be 
removed when soft-tissue healing is complete.

Although most patients (80%) can be expected to return 
to work after the fracture has healed, only approximately 
18% return to their preinjury recreational level. The rate of 
deep infection in open ankle fractures is approximately 5%. 
We have found that open ankle fractures, especially fracture-
dislocations, in diabetic patients, especially patients with 
neuropathy, are problematic and frequently become infected 
or have implant failure, sometimes resulting in amputation. 
Supplemental external fixation is advisable in these patients. 

UNSTABLE ANKLE FRACTURE-
DISLOCATION
Childress described a method that may be useful for unstable 
fracture-dislocations in the ankle when the usual treatment is 
inadvisable. This situation most often arises when an abrasion 
or superficial infection is present where an incision usually 
would be made for open reduction. Childress recommended 
this technique only as a last resort but found it useful several 
times. The ankle is stabilized by a pin inserted through the 
calcaneus into the medullary canal of the tibia. Our preferred 
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A B

FIGURE 54.13 A, Elderly patient with osteoporosis, diabetes mellitus, and peripheral neuropathy 
who sustained an open comminuted bimalleolar ankle fracture-dislocation. B, After debridement, 
fracture is definitively treated with internal fixation. Because of patient’s poor bone quality, multiple 
transfibular/transtibial screws were used to increase fixation purchase.

method of stabilization is application of a uniplanar external 
fixator with inclusion of the forefoot if warranted to prevent 
forefoot equinus posturing should a frame become neces-
sary for definitive management. Use of a percutaneous tib-
iotalocalcaneal pin has been reserved for very rare instances 
in which existing implants preclude external fixation place-
ment and stability is necessary for soft-tissue protection. We 
have modified the procedure so that the pin is directed to exit 
the anterior distal tibial metaphysis to facilitate later extrac-
tion should the implant fail. This pin can be directed from the 
calcaneal tuberosity, posterior to the talus, to enter the distal 
tibia, therefore remaining extra articular. We have used this 
technique to supplement more standard fixation when the 
patient is at risk for equinus contracture of the ankle or for 
stabilization of an injury before debridements. 

 

STABILIZATION OF UNSTABLE ANKLE 
FRACTURE-DISLOCATION

 TECHNIQUE 54.6 

(CHILDRESS)
 n  Tape a Kirschner wire longitudinally on the medial side of 

the ankle exactly in the midline.

 n  Reduce the fracture-dislocation and obtain anteroposte-
rior and lateral radiographs of the ankle.

 n  Using the Kirschner wire as seen in the radiograph as a 
guide, insert a 2.8-mm, smooth Steinmann pin in the mid-
line on the sole 2.5 cm posterior to the calcaneocuboid 
joint and aim it toward the center of the tibia.

 n  Advance the pin about 10 cm into the distal tibia and 
check the position of it and the fragments by radiographs. 
Leave 1.3 cm of the pin protruding through the sole and 
pad it well.

 n  Apply a long leg cast that does not incorporate the end 
of the pin. 

POSTOPERATIVE CARE The cast is removed at 4 to 6 
weeks, and a short cast is applied. The pin is removed at 
4 to 8 weeks, depending on the stage of healing and the 
original stability of the fracture. Weight bearing is not al-
lowed until the pin has been removed, and then only as 
healing progresses.
  

TIBIAL PILON FRACTURE
Tibial pilon fractures encompass a spectrum of skeletal injury 
ranging from fractures caused by low-energy rotational forces 
to those precipitated by high-energy axial compression forces 
usually resulting from motor vehicle accidents or falls from 
a height. Rotational variants typically have a more favor-
able prognosis, whereas high-energy fractures frequently are 
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associated with open wounds or severe, closed, soft-tissue 
trauma. The fracture may have significant metaphyseal or 
articular comminution or diaphyseal extension. Classification 
of these fractures is important in determining their prognosis 
and choosing the optimal treatment. The fibula is fractured 
in 85% of these patients, and the degree of talar injury varies.

Rotational fracture of the ankle can be viewed as a con-
tinuum, progressing from single malleolar fractures to bimal-
leolar fractures to fractures involving the distal tibial articular 
surface. Lauge-Hansen described a pronation-dorsiflexion 
injury that produces an oblique medial malleolar fracture, 
a large anterior lip fracture, a supraarticular fibular frac-
ture, and a posterior tibial fracture. Giachino and Hammond 
described a fracture caused by a combination of external rota-
tion, dorsiflexion, and abduction that consisted of an oblique 
fracture of the medial malleolus and an anterolateral tibial 
plafond fracture. These fractures generally have little commi-
nution, no significant metaphyseal involvement, and minimal 
soft-tissue injury. They can be treated similarly to other ankle 
fractures with internal fixation of the fibula and lag screw 

fixation of the distal tibial articular surface through limited 
surgical approaches.

Classification systems have been devised to describe more 
accurately the wide range of distal tibial articular fractures. 
The AO/OTA classification system provides a comprehen-
sive description of distal tibial fractures. Type A fractures are 
extraarticular distal tibial fractures, which are subdivided into 
groups A1, A2, and A3, based on the amount of metaphyseal 
comminution. Type B fractures are partial articular fractures 
in which a portion of the articular surface remains in conti-
nuity with the shaft; these are subdivided into groups B1, B2, 
and B3, based on the amount of articular impaction and com-
minution. Type C fractures are complete metaphyseal frac-
tures with articular involvement; these are subdivided into 
groups C1, C2, and C3, based on the extent of metaphyseal 
and articular comminution (Fig. 54.14).

Another commonly used system is that proposed by 
Rüedi and Allgöwer, which divides plafond fractures into 
three categories. Type I fractures are nondisplaced cleavage 
fractures that involve the joint surface; type II fractures have 

 

A

B

C

1. Metaphyseal simple 2. Metaphyseal wedge 3. Metaphyseal complex

1. Pure split 2. Split depression 3. Multifragmentary
    depression

1. Articular simple,
    metaphysis simple

2. Articular simple,
    metaphysis
    multifragmentary

3. Articular
    multifragmentary

FIGURE 54.14 Classification of Orthopaedic Trauma Association (OTA). A, Tibia/fibula, distal 
extraarticular. B, Tibia/fibula, distal, partial articular. C, Tibia/fibula complete articular.  (From Ortho-
paedic Trauma Association Committee for Coding and Classification: Fracture and dislocation compendium, 
J Orthop Trauma 10(Suppl 1):1, 1996.)
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cleavage-type fracture lines with displacement of the articular 
surface but minimal comminution; type III fractures are asso-
ciated with metaphyseal and articular comminution.

Studies have shown these classification systems to have 
only moderate interobserver reliability; nevertheless, they 
have proved to have some prognostic value. Treatment of 
fractures with little displacement or comminution (Rüedi 
and Allgöwer type I and type II spiral fractures) has yielded 
much better functional results with far fewer complications 
than treatment of the more severe fracture patterns (Rüedi 
and Allgöwer type III, AO types B3 and C3).

Intraarticular fractures of the distal tibia have been 
treated by a variety of methods, including plaster immobi-
lization, traction, lag screw fixation, ORIF with plates, and 
external fixation with or without limited internal fixation. A 
variety of external fixators have been used: traditional half-
pin fixators spanning the ankle, articulated half-pin fixators 
that allow ankle motion, half-pin fixators that do not span the 
ankle, and hybrid fixators that combine tensioned wires with 
half-pins in the tibial diaphysis and do not span the ankle 
joint. Hybrid frames may be composed of rings proximally 
and distally (Ilizarov, Monticell-Spinelli).

As a result of disappointing results after acute definitive 
management, staged protocols have been advocated consist-
ing of temporary external fixation spanning the ankle joint, 
followed by ORIF with plates and screws after the condition of 
the soft tissues has improved, usually 2 to 3 weeks after injury. 
Percutaneous or minimally invasive plating techniques have 
been developed. Primary arthrodesis has been performed in 
selected severe fractures with extensive articular comminu-
tion and talar injury. In these patients, functional results are 
likely to be poor with attempts at anatomic restoration, which 
may not be feasible. There is some overlap in the indications 
for these differing methods of treatment. The surgeon’s pref-
erence and experience should play a role in preoperative deci-
sion making.

Several variables must be considered when devising a 
treatment strategy. One must understand the mechanism of 
injury because this can reflect on the amount of associated 
soft-tissue damage. The fracture type should be determined 
according to the amount and location of displacement, com-
minution, impaction, and diaphyseal involvement. Fracture 
extension into the tibial diaphysis and ipsilateral fractures of 
the foot or tibia may influence the choice of treatment. Some 
authors have advocated early limited fixation of the fracture 
extensions into the diaphyseal region for certain fractures to 
facilitate later staged reconstruction. Radiographs of the con-
tralateral ankle may be beneficial as a template for articular 
reconstruction.

In addition to plain radiographs, CT scans are extremely 
useful for determining accurately the direction of fracture 
lines, the size and displacement of articular fragments, and 
the extent of articular comminution and impaction. CT scans 
also are useful in planning surgical incisions and trajectory 
for screw or fine wire fixation. Traction can be applied using a 
calcaneal traction pin and Bohler frame or a uniplanar span-
ning external fixator. Radiographs in traction show the extent 
to which the articular surface can be reduced by ligamento-
taxis. As a result, typically the CT scan should be obtained 
after the application of an external fixator. Unless a form of 
external fixation may be considered as definitive treatment, 
an acutely chosen preoperative CT scan can assist in planning 

placement of limited internal fixation. Any impacted seg-
ments need to be reduced by open or limited open meth-
ods. Anatomic reduction may be impossible in some severely 
comminuted fractures.

The severity of soft-tissue injury should be clearly defined. 
Open injuries can be classified according to the Gustilo sys-
tem. Although less obvious than open wounds, closed soft-
tissue injuries can be quite severe and can adversely affect the 
functional outcome, especially if unrecognized.

The extremity should be examined carefully for signs of 
vascular injury, swelling, fracture blisters, soft-tissue crush-
ing, closed degloving, and compartment syndrome. Blood-
filled fracture blisters indicate more extensive cutaneous 
damage than blisters filled with clear fluid. The Tscherne 
classification system can be used to describe closed soft- 
tissue injury. Patient characteristics, such as smoking, alco-
holism, peripheral vascular disease, and diabetes, should also 
be considered.

The ultimate goals of tibial pilon fracture manage-
ment are restoring an anatomic articular surface, restoring 
mechanical alignment, maintaining joint stability, achiev-
ing fracture union, and regaining functional and pain-free 
weight bearing and motion, while avoiding complications. 
Ideal results are not attainable in some patients because of 
the severity of articular comminution and soft-tissue injury 
or comorbidities. Poor prognostic indicators are articular 
comminution (AO C3 and Rüedi-Allgöwer type III frac-
ture), talar injury, severe soft-tissue injury, poor reduction 
of the articular surface, unstable fixation, and postoperative 
wound infection.

Many investigators have reported poorer results in the 
more severe fracture patterns. Anatomic reduction has a 
better prognosis than a fair or poor reduction but does not 
guarantee a good result. Some degree of arthrosis has been 
shown to develop in anatomic reductions; however, in fair 
or poor reductions (>2 mm of displacement), more severe 
arthrosis can be expected. In a series of 37 AO type B3 and 
C3 fractures treated with external fixation and delayed inter-
nal fixation of the articular surface, Dickson, Montgomery, 
and Field identified a subset of patients with “ground-glass” 
comminution, which was defined as more than three pieces 
of articular surface less than 2 mm in size seen on CT scan. 
Posttraumatic arthritis developed in 10 (38%) of the 26 ankles 
with ground-glass comminution and in none of the ankles 
without it. Overall, 17% of anatomically reduced fractures (5 
of 29) developed arthritis, whereas five of seven nonanatomi-
cally reduced fractures developed arthritis.

In recent years, there has been a greater emphasis on func-
tional outcome. Although there is no disagreement that ana-
tomic reduction is desirable, the impact of anatomic reduction 
on overall outcome is less clear. An analysis of the effect of 
severity of injury and fracture reduction on clinical outcome 
found no correlation with clinical ankle score. In addition, no 
correlation has been found between radiographic arthrosis 
and clinical results. Williams et al. found that although radio-
graphic arthrosis was related to injury severity and quality of 
reduction, there was no significant relationship between these 
variables and the 36-Item Short Form Health Survey (SF-
36) score, clinical ankle score, or return to work. Functional 
outcome was more closely related to socioeconomic factors. 
Patients with a higher level of education were more likely to 
return to work and had higher ankle scores. The predictors of 
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clinical outcome seem to be multifactorial and are not fully 
understood.

Other studies have found pilon fractures to have a neg-
ative long-term effect on general health as measured by the 
SF-36. Stiffness, swelling, persistent pain, and the use of an 
ambulatory aid were some of the reasons. Forty-three percent 
of previously employed patients were no longer employed, 
and of this subgroup, 68% attributed their inability to work 
to the pilon fracture. Poorer results were correlated with hav-
ing two or more comorbidities and treatment with external 
fixation. Fractures treated with external fixation had more 
impairment of range of motion and worse pain scores than 
fractures treated with ORIF. External fixation tended to be 
used in more severe injuries (AO type C).

Factors to consider in the formulation of a treatment plan 
include the fracture pattern, soft-tissue injury, patient comor-
bidities, fixation resources, and surgical experience. The 
degree of articular comminution, talar damage, and soft-tis-
sue injury is dictated by the injury; however, the surgeon does 
have some influence over other prognostic factors. The goal 
should be to obtain the best possible articular reduction and 
axial alignment while respecting the soft tissues. If the articu-
lar surface does not reduce by ligamentotaxis, some form of 
open reduction usually is indicated after the soft tissues have 
recovered. Fracture union can be enhanced by bone graft-
ing areas of impaction, bone loss, or extensive metaphyseal 
comminution. The frequency of wound healing problems and 
infection can be decreased by recognizing open and closed 
soft-tissue injury and not operating through compromised 
soft tissue. In some cases, the surgeon must achieve a balance 
between the goals of anatomic reduction and prevention of 
wound complications. Anatomic reduction often is more dif-
ficult to achieve after a delay of 2 to 3 weeks; however, surgi-
cal incisions through swollen, contused soft tissues can lead 
to disastrous results, which may require free tissue transfer or 
even amputation.

Nondisplaced fractures, such as AO types A1, B1, and C1, 
have been treated successfully with operative and nonopera-
tive methods. These are the only fracture types in which cast 
immobilization alone may be suitable. If casting is chosen, 
the patient should be observed closely for displacement, and 
weight bearing should be restricted for at least 8 to 12 weeks if 
the joint is nonarthritic. Calcaneal traction alone often is help-
ful in temporarily stabilizing severe fractures associated with 
soft-tissue swelling, but it seldom is used for definitive treat-
ment. External fixation accomplishes the same goal of frac-
ture reduction through ligamentotaxis and allows the patient 
to be mobilized. Limited fixation with 3.5- or 4.0-mm screws, 
inserted after either percutaneous or limited open reduction, 
combined with external fixation or minimally invasive plat-
ing techniques may be adequate treatment for AO types B1, 
B2, and stable C1 fractures.

OPEN REDUCTION AND PLATE FIXATION
For displaced fractures, operative treatment has been found 
to be superior to nonoperative treatment. Rüedi and Allgöwer 
popularized the technique of ORIF with plates and screws 
for tibial pilon fractures in the 1960s. This technique follows 
the AO principles of anatomic reduction, rigid stabilization, 
and early motion. The fibula is reduced first and stabilized 
with a plate. Then the articular surface of the tibia is reduced 
and provisionally fixed with Kirschner wires through an 

anteromedial incision. Metaphyseal defects are filled with 
bone graft, and the fracture is stabilized with a medial but-
tress plate. Rüedi and Allgöwer reported 70 good or excellent 
results in 75 fractures treated with this method. Only three 
fractures were open, and almost half were low-energy, sport-
related injuries.

In the 1980s to the mid-1990s, series involving larger per-
centages of open and high-energy injuries reported far fewer 
successful results and a high incidence of complications with 
this technique, especially in Rüedi and Allgöwer type III (AO 
type C3) fractures. When complications occur, they can be 
devastating. Free tissue transfer often is necessary to salvage 
the extremity, and the final result in some cases is amputa-
tion. Satisfactory results in Rüedi and Allgöwer types I and 
II fractures have been reported to be between 60% and 82% 
and 37% and 40% in type III fractures treated with ORIF, 
respectively. Infection rates after type III fractures have been 
reported to be 12.5% to 37%.

Plate and screw fixation has been associated with more 
frequent wound breakdown and infection than in simi-
lar fractures treated with external fixation. Watson et  al. 
reported more excellent and good results at 5-year fol-
low-up with external fixation (81%) than with open plat-
ing (75%) in 94 pilon fractures. They based their treatment 
choices on the severity of the soft-tissue injury: Tscherne 
grade 0 and grade I were treated with plating, and grade II 
and grade III and open fractures were treated with external 
fixation. 

TWO-STAGE DELAYED OPEN REDUCTION AND 
INTERNAL FIXATION
The high incidence of wound complications after ORIF of 
pilon fractures reported in the 1980s and in the early to mid-
1990s is attributable to operating through a poor soft-tissue 
envelope. In an effort to improve overall results, protocols 
for staged ORIF were developed, and these have decreased 
the frequency of wound complications and infections asso-
ciated with plating of pilon fractures. Initially, the fibula is 
plated and an external fixator is placed, spanning the ankle. 
Preoperatively, the proposed incision for tibial reduction is 
planned and the fibular incision is placed so that the skin 
bridge between the two incisions is at least 7 cm, although 
smaller soft-tissue bridges have been shown to be tolerable. 
If the soft tissue overlying the fibula is compromised, fibular 
plating should be delayed. External fixation pins should be 
placed well away from planned incisions and out of the zone 
of injury and potential plate fixation.

Watson et al. described a two-pin “traveling traction” type 
of external fixator that is useful in this situation. An AO delta 
frame spanning the ankle or a medial half-pin fixator consist-
ing of one half-pin in the talus, one half-pin in the calcaneus, 
and two half-pins in the tibial shaft have been recommended; 
however, the use of a talar pin may compromise certain surgi-
cal approaches. Tibial pilon open reduction is done after the 
soft tissues have improved and swelling has decreased (usu-
ally between 10 and 21 days). Skin wrinkling and healing of 
fracture blisters are clinical indicators of improved soft-tissue 
condition. Careful soft-tissue handling and low-profile plates 
are recommended. When the soft-tissue swelling has signifi-
cantly diminished, anatomic reduction and internal fixation 
can be done with fewer wound complications than with early 
ORIF.
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Several authors have recommended staged protocols for 
treatment of complex pilon fractures with severe soft-tissue 
injuries. Patterson and Cole described immediate fibular fixa-
tion and placement of a medial spanning external fixator, fol-
lowed at an average 24 days later by removal of the fixator 
and ORIF. Of 22 type C3 pilon fractures, 21 healed within an 
average of 4.2 months with no infections or soft-tissue com-
plications. These authors cited as advantages of this protocol 
(1) better soft-tissue management, because the first stage aims 
to obtain anatomic fibular realignment and restore anatomic 
length of the distal tibia with little disruption of the soft tis-
sues, and (2) the ability to obtain anatomic realignment of 
the articular surface under direct vision in the second stage. 
Disadvantages include the need for a large soft-tissue dis-
section initially and the difficulty of reduction techniques 
and maneuvers in a fracture 3 weeks or more after injury. 
Patterson and Cole also cautioned against creating large soft-
tissue dissections and bone stripping.

Blauth et al. compared three different treatment methods 
in 51 patients with predominantly AO type C pilon fractures. 
They found no significant difference among the methods in 
regard to soft-tissue infection. There was no statistical cor-
relation between arthritis and soft-tissue injury or treatment 
group. There was a trend toward better range of motion, 
less pain, more frequent return to previous occupation, and 
increased ability to return to leisure activities in the staged 
treatment group; however, it was not statistically significant. 
Based on these results, the authors stated a preference for the 
staged procedure in patients with severe soft-tissue compro-
mise that involved limited screw fixation of the articular sur-
face through stab incisions and spanning external fixation 
followed by a less invasive plating technique after soft-tissue 
healing.

Most pilon injuries are treated in staged fashion owing to 
the reported decrease in associated complications. However, 
investigation continues to further our understanding of these 
difficult fractures in an effort to minimize soft-tissue compli-
cations and maximize treatment results. Graves et al. revealed 
that the larger soft-tissue envelope associated with obesity 
resulted in a trend toward increased wound complications. 
White et al. evaluated 95 OTA 43.C-type tibial pilon fractures, 
88% of which were managed within 48 hours of injury, and 
found results comparable to those previously reported for 
other treatment modalities. The lateral approach has been 
advocated for treating certain fracture patterns in a staged 
fashion, as have combined posteromedial and posterolateral 
approaches. Boraiah et al. reported outcomes of open pilon 
fractures treated with ORIF in a staged fashion. Despite a 3% 
and 5% deep and superficial infection rate, respectively, func-
tional outcome scoring for most patients was poor. Harris 
et al. determined that patients sustaining a type C3 fracture 
developed more complications, required secondary interven-
tions, and had worse functional scoring at a mean follow-up 
of 98 months.

PLATING TECHNIQUE
Open anatomic reduction and rigid fixation with plate and 
screw devices can be used effectively to treat tibial pilon frac-
tures if strict attention is paid to fracture reduction and soft-
tissue management. This technique is suitable for low-energy 
fractures with large displaced fragments, little comminution, 
and no diaphyseal extension (Fig. 54.15). An extremity with 

minimal swelling and a good soft-tissue envelope is of para-
mount importance if complications are to be prevented. Skin 
wrinkling is a good indication that edema has subsided. Soft-
tissue handling must be meticulous, and strict “no-touch” 
techniques have been advocated. The most prudent course 
is temporization with placement of an external fixator until 
the soft tissues can be definitively treated. Formal open plat-
ing techniques should be used cautiously in open fractures 
and Rüedi and Allgöwer type III fractures (AO type C3) 
because of the high reported incidences of poor results and 
complications. 

MINIMALLY INVASIVE PLATING
In an effort to decrease the wound complications associated 
with traditional open plating techniques, less invasive meth-
ods of plating have been developed. The fracture is primarily 
reduced by ligamentotaxis, and further reduction and plating 
are performed through limited incisions. Open medial plat-
ing has been found to disrupt the blood supply of the dis-
tal tibia to a greater extent than percutaneous plating, which 
might predispose to delayed union or nonunion.

Borens et al. reported their results in 17 patients treated 
with minimally invasive plating of selected tibial pilon frac-
tures with a low-profile medial plate. All fractures healed. 
Results were rated as excellent in eight patients (47%), fair 
in seven patients (41%), and poor in two patients (12%). 
The authors concluded that this technique was effective and 
reduced soft-tissue complications associated with open plat-
ing of pilon fractures. They advocated the use of this tech-
nique in a staged protocol.

Minimally invasive plating techniques have been further 
enhanced with the widespread development of precontoured 
locking-plate technology, particularly those with outriggers 
to target proximal fixation. We do not routinely perform 
open reduction of the fibular component during the initial 
setting and prefer to maintain length through application of 
an external fixator alone, particularly if the fibular fracture is 
highly comminuted. Alternatively, a small anterolateral sur-
gical approach can be used for articular reduction and then 
fixation can be done in submuscular fashion and proximal 
fixation percutaneously positioned. This can be done with a 
medially based large distractor for facilitation of reduction. 
The anterolateral approach is described in Chapter 1. Care 
must be taken to ensure adequate soft-tissue bridging if a 
separate incision is necessary to treat the fibula. When the 
anterolateral approach is used, a separate incision occasion-
ally is needed to place a percutaneous small medial plate if the 
fracture pattern demands.

Understanding the typical morphology of tibial pilon 
fractures is paramount to devising an appropriate reduction 
strategy, whether the fibula is fixed acutely or not. Mapping of 
tibial pilon fractures has revealed characteristic fracture frag-
ments that can be identified in most fractures. These consist 
of anterolateral, medial, and posterolateral fragments, with 
a central component that may be significantly comminuted. 
As with many ankle fractures, reduction of the fibular com-
ponent can improve the reduction of the posterior fragment. 
These fragments must be recognized whether a formal open 
or a limited technique is used. With open approaches, the 
reduction sequence (after fixation of the fibula in many cases) 
begins posteriorly and then progresses medially, followed by 
central reduction, and finally the anterolateral fragment. 

    

https://booksmedicos.org


CHAPTER 54 FRACTURES OF THE LOWER EXTREMITY 2831

 FIGURE 54.15 Plate and screw fixation of distal tibial and fibular fractures.

 

STAGED MINIMALLY INVASIVE OPEN 
REDUCTION AND INTERNAL FIXATION

 TECHNIQUE 54.7 

Stage 1
 n  Place the patient supine on a radiolucent operating table 

and place a tourniquet.
 n  For ORIF, make a standard posterolateral incision.
 n  Reduce the fracture, and fix the fibula with a one third 

tubular plate.
 n  Close the wound with 3-0 nylon.
 n  Place a triangular external fixator spanning the ankle 

joint.
 n  Place two pins proximally in the anteromedial aspect of the 

tibia and place one threaded pin through the calcaneus.
 n  Using ligamentotaxis and the reestablished lateral col-

umn, the pilon fracture is temporarily reduced and se-
cured (Fig. 54.16). 

Stage 2
 n  Definitive reconstruction can be done as soon as heal-

ing of the soft tissues permits, typically as judged by the 
return of skin wrinkling.

 n  Place the patient supine on a radiolucent table with a 
tourniquet. If preoperative planning has shown that per-
cutaneous plating is impossible, reduce articular surfaces 
through a limited anterior arthrotomy, chosen by the lo-
cation of primary fracture lines, which can also allow bone 
grafting or application of a small anterior plate or both.

 n  If percutaneous plating is possible, estimate the length of 
the plate based on preoperative films. Place the plate on 
the skin while checking the position with fluoroscopy.

 n  Contour the plate to fit on the anteromedial aspect of 
the distal tibia. After bending and twisting the plate us-
ing plate benders, check the anticipated position using 
fluoroscopy.

 n  Make one anteromedial incision at the proximal end of 
the anticipated plate position and one at the distal end.

 n  Make a tunnel connecting these two incisions in an ex-
traperiosteal fashion by advancing a clamp from distal to 
proximal or from proximal to distal.

 n  Tie a strong suture (e.g., Ethibond No. 5) through the first 
hole in the plate. Use the Kelly clamp to help pull the plate 
through the subcutaneous tunnel under radiographic con-
trol. Through small stab incisions, fix the plate with 3.5-
mm cortical low-profile screws. Locking screws may be 
used if a bridge plate construct is deemed necessary.

 n  If necessary, place a cortical screw through the midpor-
tion of the plate. Because the plate is flexible, good bone-
plate contact can be achieved (Fig. 54.17).

 n  When final radiographic control shows adequate reduc-
tion and fixation, remove the external fixator.

 n  Deflate the tourniquet and obtain hemostasis. Close the 
wound over drains in standard layered fashion.

 n  Place a bulky cotton dressing with a posterior plaster 
splint to maintain the ankle in neutral position. 

POSTOPERATIVE CARE Postoperatively, the limb is im-
mobilized with the use of a splint. Closed suction drains 
are typically removed on postoperative day 1 or 2. De-
pending on the rigidity of fixation, splint immobilization 
is discontinued as wound healing permits. Passive and ac-
tive range-of-motion exercises are then initiated. Sutures 
are removed between 2 and 3 weeks postoperatively. Full 
weight bearing is not permitted until full bony healing is 
confirmed radiographically, usually by 12 weeks.
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A B
FIGURE 54.16 A, Comminuted pilon fracture with fibular frac-

ture. B, Fibular length is restored and secured with six-hole plate as 
first step in reconstruction of pilon fracture.  (From deSouza LJ: Frac-
tures and dislocations about the ankle. In Gustilo RB, Kyle RF, Templeman 
DC, editors: Fractures and dislocations, St. Louis, 1993, Mosby.)  
SEE TECHNIQUE 54.7.

If minimally invasive techniques are not deemed appro-
priate for the fracture pattern, open techniques should be 
used. Similar to the technique above, once the soft-tissue 
envelope is appropriate after staged external fixation, the 
surgeon can embark on definitive fixation. The selected sur-
gical approach should take into account the primary frac-
ture lines or “lines of access” to effect the reduction with 
the most direct access to minimize soft-tissue undermin-
ing. This may consist of multiple smaller surgical incisions. 
Multiple surgical approaches have been described for defin-
itive fixation, the most common being anterolateral and 
anteromedial.

POSTEROLATERAL APPROACH TO PILON 
FRACTURES
Alternatives to the traditional anteromedial approach for 
ORIF of pilon fractures have been advocated in an attempt 
to reduce the incidence of soft-tissue complications. The 
interval is between the peroneal tendons and the flexor hal-
lucis longus. A thicker soft-tissue envelope overlying the 
plate (flexor hallucis longus muscle) was thought to poten-
tially decrease problems with wound healing and deep 
infection. A disadvantage of this approach is poor exposure 
of the ankle joint, which limits its utility in fractures with 
anterior comminution. Some authors suggest the postero-
lateral approach should be considered as an alternative sur-
gical approach in fractures that can be effectively reduced 
posteriorly.

Bhattacharyya examined the complications associated with 
the use of the posterolateral approach for pilon fractures in 19 
patients. Complications occurred in nine of the 19 patients. Six 
patients (31%) had wound problems (three superficial infec-
tions, three deep infections). Four patients (21%) had non-
unions (two aseptic, two infected), three patients required 
ankle arthrodesis, and one patient had a 3-mm step-off. The 
authors concluded that the posterolateral approach did not 
reduce the incidence of wound complications compared with 

other approaches. They recommended this surgical approach 
only for pilon fractures in which the articular displacement and 
comminution are predominantly located posteriorly or when 
an anterior approach is not recommended because of the con-
dition of the soft tissues.

The posterolateral approach is rarely indicated as the 
sole approach for management of pilon injuries. Instead, 
it can be a component of an overall strategy to treat these 
injuries. Some have advocated its use early in the treatment 
of the fibula and posterior fragment. Definitive ORIF of 
the plafond from a staged anterior-based approach has the 
benefit of a stable posterior column to serve as the base for 
reconstruction. 

 

POSTEROLATERAL APPROACH TO 
PILON FRACTURES

 TECHNIQUE 54.8 

 n  With the patient under general anesthesia, remove the 
temporary external fixator that was previously placed. Ad-
minister antibiotics preoperatively.

 n  Place the patient prone and exsanguinate the extremity 
and inflate the tourniquet.

 n  Make a posterolateral incision into the distal tibia be-
tween the peroneal tendons and flexor hallucis longus, 
adjacent to the Achilles tendon. The approach can be car-
ried proximally if needed.

 n  Identify and protect the sural nerve.
 n  Apply a femoral distractor if necessary to gain length or 

view the joint. Apply the distractor through new pins in 
the tibia to the calcaneus (Fig. 54.18).

 n  If necessary, plate the fibula through the same incision 
and fix with a 3.5-mm one third tubular plate.

 n  Obtain articular reduction by direct manipulation of the 
fracture fragments through the fracture sites under direct 
exposure. Confirm reduction with fluoroscopy.

 n  Fix the articular fragments with 3.5-mm lag screws or 4.0-
mm cancellous screws.

 n  For the metaphyseal component of the injury, apply 
an appropriate plate for the injury type. C-type injuries 
typically require a 3.5-mm plate. B-type injuries can be 
treated with lower-profile implants placed in an antiglide 
fashion.

 n  For large bone defects caused by comminution, consider 
using iliac crest bone grafting or appropriate bone graft 
substitutes.

 n  Perform wound closure in standard layered fashion and 
consider insertion of a subfascial closed suction drain. 

POSTOPERATIVE CARE The leg is splinted and elevat-
ed for 48 hours. We routinely place a closed suction 
drain postoperatively for posterolateral approaches. 
Early ankle motion is encouraged with physical ther-
apy once the wound permits and sutures have been 
removed. Weight bearing begins at 12 weeks when ra-
diographs permit.
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COMBINED INTERNAL AND EXTERNAL 
FIXATION
In response to reports of unacceptable results with plating of 
high-energy tibial pilon fractures with traditional techniques, 
external fixation combined with limited internal fixation of 
the fibula and articular surface of the tibia has been advocated 
as an alternative approach. Reports of external fixation com-
bined with limited internal fixation for tibial pilon fractures 
have shown a decreased incidence of infection compared 
with similar fractures treated with plate and screw devices. 
However, a 20% incidence of pin complications and wound 
healing problems over the fibular incision were noted in one 
study.

In a long-term follow-up study (5 to 12 years) by Marsh 
et al., of 35 pilon fractures treated with monolateral spanning 
external fixation, reduction was rated as good in 14, fair in 15, 
and poor in 6. Osteoarthrosis was grade 0 in 3, grade 1 in 6, 
grade 2 in 20, and grade 3 in 6. Arthrosis was correlated with 
severity of injury and quality of reduction but did not correlate 
with clinical result (15 excellent, 10 good, and 7 poor). Fifteen 
patients rated their outcome as excellent, 10 as good, 7 as fair, 
and 1 as poor. Most patients (27 of 31) were unable to run.

Another study by Dickson et al. of 37 high-energy tibial 
pilon fractures (AO B3 and C3) treated by spanning exter-
nal fixation and a second-stage open reduction of the articu-
lar surface at 10 to 21 days reported 81% good and excellent 
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FIGURE 54.17 A, Closed, comminuted fracture involving tibial pilon and fibula. B and C, Appli-
cation of uniplanar external fixation and fibular ORIF facilitates indirect reduction of distal tibial 
comminution. D-G, After healing of soft tissues, patient returned for definitive fixation with limited 
open reduction and minimally invasive plate osteosynthesis. SEE TECHNIQUE 54.7.
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results. Complications included infection in 8%, loss of 
reduction in 11%, secondary arthrosis in 8%, and one (3%) 
amputation in a diabetic patient with a failed arthrodesis.

Studies have shown good to excellent results with the 
use of hybrid external fixation in 67% to 69% of intraarticu-
lar or Rüedi-Allgöwer type II fractures and 75% to 97% good 
results. Complications have been reported in 23% to 66% 
of patients and include deep and superficial infections and 
malunion. 

EXTERNAL FIXATION AND FIBULAR PLATING
Although an integral part of the AO principles for ORIF of tibial 
pilon fractures, the role of fibular plating is controversial when 
external fixation is used as the definitive treatment. Potential 
advantages of fibular plating include increasing mechani-
cal stability, assisting in reduction of the anterolateral articular 
fragment, and restoring the length and alignment of the tibia. 
Potential disadvantages include increased operative time, pos-
sible wound complications, and potential malreduction resulting 
in inability to accurately reduce the plafond. In addition, fibular 
plating restricts the ability of the fixator to be dynamized and may 
lead to delayed union or varus malunion if metaphyseal defects 
are not bone grafted. Fibular reduction may be difficult in some 
fractures, and malreduction impairs the ability to reduce the tibia.

In a study by Williams et al. of patients treated with fibu-
lar plating, complications included fibular wound infections 
(23%), fibular nonunions (9%), and angular malalignment 
(4.5%). Complications in patients without fibular plating 

included angular malunions (19%) and tibial wound infec-
tion (3%). An increased frequency of delayed union or varus 
malunion in the fractures with fibular plating was not found; 
however, the authors concluded that plating of the fibula in tib-
ial pilon fractures treated with external fixation spanning the 
ankle is associated with significant complications and that good 
results can be obtained without fibular fixation. Limitations of 
the study included the small number of patients.

Watson et  al. analyzed 39 tibial pilon fractures that were 
treated with a variety of external fixation devices and were con-
sidered treatment failures. They found that 64% of the failures 
consisted of malunion or nonunion of the diaphyseal-metaphy-
seal junction in fractures with plated or intact fibulas and unrec-
ognized bone loss or comminution of the tibia that was never 
bone grafted. The authors contended that this complication may 
be avoided by early recognition and bone grafting of tibial bone 
loss or comminution before frame dynamization. Alternatively, 
bone grafting potentially can be avoided by not plating the fibula 
and by using a screw or wire to maintain fibular reduction at the 
ankle mortise. There currently is no definitive evidence to sup-
port or condemn fibular fixation in tibial pilon fractures treated 
with external fixation. The risks and benefits of fibular fixation 
must be weighed for each individual fracture. We do not rou-
tinely stabilize the fibular fracture at the time of initial external 
fixator application, particularly if the definitive management will 
be with external fixation. However, we do in select patients treat 
the fibular fracture early if a posterolateral approach is used to 
treat a posterior plafond fragment and then return in a staged 
fashion once the soft-tissue envelope allows for fixation of the 
remaining components of the injury.

Although external fixation techniques have been shown to 
reduce the incidence of wound complications and deep infec-
tion compared with open reduction and plating, malunions 
and pin site infections remain problematic. Comparative 
series have shown that articular reduction was better in the 
open reduction group than in the external fixation group, 
although external fixation was used more commonly for 
more severe fractures.

SPANNING EXTERNAL FIXATION
Traditional half-pin external fixation that spans the ankle 
joint has the advantages of requiring less soft-tissue dissection 
and of leaving no large implants in a subcutaneous position, 
which theoretically should lead to fewer wound complications 
and infections, especially in open fractures or fractures with 
severe closed soft-tissue injury. Limited open reduction may 
be necessary, however, if the fracture does not reduce by liga-
mentotaxis. External fixation can be used to stabilize almost 
any fracture of the distal tibia, regardless of comminution, 
and is especially useful in fractures with diaphyseal extension. 
Half-pin external fixators are relatively easy to apply, and most 
surgeons are familiar with this technique. Potential disadvan-
tages include pin track infection and pin loosening, which are 
common with any type of external fixator; loss of reduction, 
which can occur if the fixation is removed before the fracture 
heals; and ankle stiffness, which may occur because half-pin 
fixators span the ankle and subtalar joints. At least one half-
pin usually is inserted into the calcaneus, which makes this 
technique more difficult if an ipsilateral calcaneal fracture 
is involved. Half-pins in the hindfoot loosen with time, and 
bone grafting may be needed in comminuted fractures to pro-
mote fracture union before fixator removal.

 FIGURE 54.18 Posterior approach. Femoral distractor has been 
applied, and sural nerve is dissected free. SEE TECHNIQUE 54.8.
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FIGURE 54.19 A and B, Severe fracture-dislocation of distal tibia and fibula. C, CT scan shows 
fracture pattern. D and E, After fixation with plate and screws in fibula, lag screws in tibia, and 
articulated fixator to maintain reduction.

The articulated half-pin fixator, with a hinge to allow 
ankle motion, was developed to prevent immobilization of 
the tibiotalar joint. The axis of the hinge is aligned as closely 
as possible to the true axis of the ankle, and the articulated 
hinge can be loosened to allow ankle motion. It has not been 
proved, however, that the articulating feature improves over-
all functional results.

Marsh et  al. compared 19 patients with pilon fractures 
treated in a spanning external fixator without ankle motion 
with 22 patients treated with an articulated spanning exter-
nal fixator and early ankle range of motion (within 2 weeks 
of surgery). Patients were placed in a short leg cast or walk-
ing boot for 4 to 6 weeks after fixator removal. The authors 
found no significant differences between the groups in range 
of motion, pain, or functional scores. The authors cautioned 
that follow-up was short and that numbers may have been too 
small to detect differences.

Half-pins are placed in the calcaneus and talus and con-
nected to half-pins in the diaphysis. The fracture is reduced by 
distraction and ligamentotaxis. The fibula can be plated if the 
overlying soft tissues have not been damaged. The articular 
surface is reduced further percutaneously, under fluoroscopic 

guidance, or through limited incisions made directly over 
fracture lines. The articular reduction is fixed with 3.5- or 
4.0-mm screws (Fig. 54.19). Bone grafting of metaphyseal 
defects is necessary in 25% to 60% of fractures; it can be done 
acutely if soft-tissue coverage is good, or it can be delayed 4 to 
6 weeks until the soft tissues have healed. 

 

SPANNING EXTERNAL FIXATION OF 
TIBIAL PILON FRACTURE

 TECHNIQUE 54.9 

(BONAR AND MARSH)
 n  Fix a hinged, articulated fixator to two screws distally, one 

in the calcaneus and one in the talus, and to two screws 
proximally in the tibia. Insert all screws after predrilling. 
To protect the soft tissues, perform all drilling and screw 
insertion through sleeves.
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 n  Place the calcaneal and talar screws as indicated in Fig. 
54.20A to straddle the neurovascular bundle.

 n  Using fluoroscopy, place the talar screw first without us-
ing the fixator template. Locate the starting point of the 
talar screw on the distal medial neck of the talus (see 
Fig. 54.20A); place the screw parallel to the dome of the 
talus, as seen fluoroscopically on an anteroposterior view 
of the ankle (Fig. 54.20B), and roughly perpendicular to 
the long axis of the foot (Fig. 54.20C). The placement and 
direction of this screw are important because they align 
the template used to insert the rest of the screws.

 n  Ensure bicortical purchase by making sure that two 
threads penetrate the lateral neck of the talus on an an-
teroposterior fluoroscopic view.

 n  Place the calcaneal and tibial screws through the tem-
plate based on the talar screw. The calcaneal screw can 
be placed high or low in the tuberosity of the calcaneus 
by rotating the articulated hinge. The high position allows 
more postoperative dorsiflexion and is recommended.

 n  Confirm bicortical purchase of the calcaneal screw on an axial 
fluoroscopic view of the hindfoot. The center of the hinge of 
the articulated fixator should be near the middle of the talus.

 n  After the screws have been placed, remove the template, 
apply the fixator, and lock the proximal ball joint. Use a 
compression distraction apparatus to distract the ankle 
joint and evaluate the reduction fluoroscopically.

 n  Based on preoperative planning and the intraoperative 
appearance after distraction, make limited incisions to 
aid in exact reduction of the articular surface and ob-
tain fixation with small fragment screws. Choose incision 
locations that coincide directly with the major fracture 
lines to provide a view of the articular surface, using the 
fracture as a window. Large tenaculum reduction forceps 
may help reduce the major fragments.

 n  Use screw fixation for the articular fragments only; do not 
attempt to obtain screw fixation across the metaphyseal 
fracture. Tibial plates are not used. Use cannulated screws 
for percutaneous insertion and keep periosteal stripping 
to a minimum.

 n  Apply bone graft to the metaphyseal defect through the 
same incision or through a separate incision if needed. 

POSTOPERATIVE CARE The limb is kept elevated until soft-
tissue healing allows mobilization. Most patients are kept 
non–weight bearing and are not allowed to bear more than 
20 kg of weight during the first 6 weeks. The external fixator 
is dynamized (the locking nut is released to allow sliding of 
the telescoping body) at 4 to 12 weeks, at which time weight 
bearing is increased. The fixator is removed when healing of 
the fracture is evident on radiographs and the patient can 
walk without pain when the fixator body is removed. Ankle 
joint motion is begun when soft-tissue conditions permit, 
usually at 1 to 2 weeks. An Orthoplast (Johnson & Johnson, 
New Brunswick, NJ) splint is worn to maintain the ankle in 
neutral except during range-of-motion exercises.
  

HYBRID EXTERNAL FIXATION
Hybrid external fixators consist of tensioned wires in the 
epiphyseal fragment of the tibia connected to half-pins placed 
in the diaphysis. Similar to half-pin fixators, these devices 

provide greater preservation of the soft tissues and greater 
ease in spanning diaphyseal fracture lines than do plating 
devices. The tensioned wires, which can be used in a manner 
similar to lag screws, can aid in the reduction and fixation of 
articular fragments. Confining the fixation to above the ankle 
joint has potential advantages and disadvantages. The tibiota-
lar and subtalar joints are not immobilized, which theoreti-
cally should diminish stiffness in these areas.

The surgeon must be familiar with the biomechanics 
of these fixators to ensure a stable construct. In a biome-
chanical study, Yang et  al. found that a bar-ring hybrid 
fixator consisting of a unilateral fixator body connected 
to a ring/wire assembly was too flexible. The addition of 
diagonally placed struts significantly improved the stabil-
ity of this construct. A two-ring hybrid fixator seemed to 
have the best mechanical performance. In fractures with 
extreme articular comminution, the wires may not provide 
adequate fixation, however. Fixation wires may need to be 
placed intracapsularly for adequate fixation, and although 
septic arthritis caused by pin track infection is a potential 
complication, this has not been a problem in the ankle as 
it has been in the knee. Neurologic, vascular, or tendinous 
impalement can occur if safe corridors for wire placement 
are not recognized. Fractures associated with tibiota-
lar instability also are not adequately stabilized with this 
method. Many surgeons do not have experience with ten-
sioned wire techniques. Hybrid fixators are most appropri-
ate for AO type A, type C1, and type C2 fractures.

Early ligamentotaxis reduction is important to close 
large fracture gaps and to reduce fracture hemorrhage and 
tension on the tenuous soft-tissue envelope. A delay of 
more than a few days may make it impossible to disimpact 
the metaphyseal fragments and makes realignment of any 
shaft extension and comminution difficult; it also makes 
indirect reduction difficult and may require a larger or 
more extensile incision. Calcaneal traction can be applied 
immediately after evaluation in the emergency department 
or, for open fractures, in the operating room during emer-
gency irrigation and debridement. Watson et al. described 
the use of a “traveling traction” device consisting of a 
6-mm, centrally threaded Steinmann pin through the cal-
caneal tuberosity and a similar pin through the proximal 
tibia at the level of the fibular head. A simple quadrilateral 
external fixator frame is constructed by applying medial 
and lateral radiolucent external fixation bars, and manual 
distraction is done to obtain a ligamentotaxis reduction. 
A CT scan of the extremity in traction allows formulation 
of an operative plan. If ligamentotaxis has obtained a rela-
tive reduction, percutaneous olive wires can be used, with 
or without cannulated screws. If the joint is not reduced, a 
limited open approach is indicated.

Based on review of more than 150 CT scans of these 
injuries, Watson developed a four-quadrant approach 
to wire insertion (Fig. 54.21). Incisions are made to cor-
respond with the anatomically “safe” corridors for trans-
fixation wire placement to stabilize the metaphyseal 
fragments. The only region inaccessible to tension wire 
fixation is a fracture line that is exactly transverse in the 
coronal plane. Because of anatomic restraints, olive wires 
cannot be placed from directly anterior to posterior, and 
fracture lines in this orientation are best stabilized with 
small cannulated screws. 
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DEFINITIVE RING EXTERNAL FIXATION 
OF TIBIAL PILON FRACTURES

 TECHNIQUE 54.10 

(WATSON)
 n  Place the patient on a radiolucent table on a beanbag 

patient-positioning device. Bolster the beanbag to elevate 
the entire lower extremity and to allow placement of a cir-
cular fixator without its impinging on the table. Maintain 

calcaneal traction through a table extension with a sterile 
traction bow. If a two-pin external fixator is in place, use 
it to maintain traction.

 n  Stabilize the fibula first. If the condition of the soft tissues 
allows, use a limited open reduction technique to apply a 
four-hole or six-hole plate. If the soft tissues along the lat-
eral aspect of the fibula are compromised, use percutane-
ous tenaculum forceps to pull the fibula out to length and 
pin it temporarily to the lateral tibia with a percutaneous 
Kirschner wire, which later is replaced with a tensioned 
olive wire.

 n  The external fixation frame usually consists of three or 
four rings. Begin the frame with a distally based ring lo-
cated at the level of the ankle joint. Locate the second 
ring just proximal to any shaft extension. If there is a wide 
zone of diaphyseal-metaphyseal extension, an additional 
middle ring is necessary. Connect the proximal two or 
three rings above the fracture by long, threaded rods. 
Leave the distal ring free.

 n  Open the proximal ring construct in a “clamshell” fashion 
and place it over the tibial shaft. Place a transverse refer-
ence wire parallel to the knee joint and level with the 
fibular head, and attach the proximal ring to this wire. 
Obtain appropriate soft-tissue clearance and position the 
proximal ring on the limb to ensure that it is parallel to 
the knee joint and collinear with the intact proximal shaft 
of the tibia.

 n  Place a Schanz pin into the proximal tibial shaft and attach 
it to the most proximal ring. At this point, the proximal 
ring construct is firmly attached to the tibia above the 
fracture. Place additional transfixation wires or Schanz 
pins on the additional proximal rings to obtain two levels 
of fixation on each ring of the intact proximal shaft. Do 
not yet place olive wires through any area of comminu-
tion.

 n  Articular fixation is performed next. If ligamentotaxis was 
successful, stabilize the fracture by placing percutaneous 
olive wires across the major fragments in accordance with 
the preoperative CT data (Fig. 54.22A). This approach dif-
fers from techniques in which a standardized pattern of 
transfixation wire placement is used; in this technique, 
the transfixation wires are placed where the fracture pat-
terns dictate. For coronal plane fractures, use cannulated 
screws to facilitate fixation of the wires.

 n  If ligamentotaxis was unsuccessful, an open approach is 
indicated.

 n  Based on the CT data, select an appropriate corridor and 
make a 4- to 6-cm incision, avoiding undermining any 
large cutaneous flaps. If the placement of the incision has 
been selected carefully, it should lead directly to the major 
fracture line.

 n  Minimal periosteal stripping is necessary, and the fracture 
line is opened like a book to reveal the joint. The impacted 
articular fragments also are visible because the joint is 
distracted.

 n  Use a small elevator to disimpact the articular surface and 
reduce it under direct vision.

 n  Use Kirschner wires to hold the fragments temporar-
ily and apply any bone graft necessary to maintain the 
segment in position and fill any cancellous defects. Re-
duce the metaphyseal fragments and hold them with 
temporary Kirschner wire fixation. Use screws for de-
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FIGURE 54.20 A, Placement of calcaneal and talar screws to 
avoid neurovascular bundle and subtalar joint. B, Talar screw is 
parallel to talar dome on anteroposterior view (dashed lines indi-
cate inaccurate screw placement). C, Screw is perpendicular to long 
axis of foot, and two threads should protrude through far cortex 
of talus. SEE TECHNIQUE 54.9.
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finitive articular fixation of any coronal fracture lines. 
Alternatively, for most fracture lines, place olive wires 
percutaneously or directly through the incision to fix the 
fragments.

 n  At least three or four olive wires are necessary to obtain 
adequate fixation of the articular surfaces. If the distal 
tibial-fibular joint has been disrupted, use an olive wire 
to reduce the diastasis by passing the wire from the 
fibula across the tibia. If the fibula has not been plated, 
ensure that it is pulled out to its full length and that 
appropriate rotation is maintained before placing the 
tibia-fibula transfixation wire. Place the final wire, a 
transverse reference wire, just anterior to the fibula. 
Pass the wire only through the tibia to ensure that it is 
parallel to the joint, approximately 1 cm proximal to the 
ankle joint. Then “clamshell” the distal ring and place it 
around the wires, positioning the ring on the reference 
wire (Fig. 54.22B). This ensures that the knee and ankle 
joints are parallel when the distal and proximal rings have 
been connected.

 n  Attach the remainder of the wires to the free ring. Be-
cause the wires may not lie directly in apposition to the 
ring, build up to the ring by using various posts of differ-
ent heights (Fig. 54.22C).

 n  Tension the opposing olive wires symmetrically using 
two-wire tensioners. Perform this tensioning under fluo-
roscopic control to prevent asymmetric compression of 
the fracture lines.

 n  Attach the distal ring to the proximal rings with 
threaded rods with conical washers, allowing some 
variability in reducing and maintaining the overall me-
chanical axis.

 n  Use the ring at the level of proximal shaft extension 
to reduce proximal shaft comminution. Use olive or 
smooth wires to manipulate and maintain shaft align-
ment and to reduce any large fracture lines in this 
area. Attach these wires to the mid-distal ring and 
tension them under fluoroscopy so that the reduction 
can be observed.

 n  For AO type C injuries with extensive joint involve-
ment and large areas of metaphyseal comminution, 
it is helpful to preconstruct a four-ring frame with 
an attached foot frame to maintain distraction at the 
ankle joint. The distraction construct can be as simple 
as a calcaneal pin or wire attached to a distal calca-
neal ring or as extensive as a full foot frame attached 
to the distal tibial ring.

 n  Use a distraction frame similar to that described earlier 
and attach the proximal tibial rings first, providing ap-
propriate soft-tissue clearance.

 n  Attach the foot frame or calcaneal pin and perform dis-
traction ligamentotaxis across the ankle joint by adjusting 
the threaded rods.

 n  If ligamentotaxis reduction is inadequate, do an open pro-
cedure as described previously.

 n  When reduction is satisfactory, position the distal tib-
ial ring at the level of the fracture; pass the fixation 
wires across the fracture fragments, attach them to 
the ring, and tension them as described earlier. The 
only difference in this technique is that the distal tibial 
ring is already attached to the frame and it is not nec-
essary to “clamshell” the ring to place it around the 
wires. 

POSTOPERATIVE CARE In fractures with significant 
periarticular comminution or fragments with minimal 
soft-tissue attachment, Watson recommended maintain-
ing distraction across the ankle for 6 weeks. When tenta-
tive healing has occurred at the joint line, the foot frame 
or calcaneal pin is removed in an outpatient procedure. 
Physical therapy is begun to increase range of motion and 
general strength. Total non–weight bearing is maintained 
in patients with severely comminuted (AO type C3) frac-
tures. In fractures with shaft extension, tentative weight 
bearing is begun when early callus and some signs of heal-
ing are seen on radiographs, usually at 8 to 10 weeks. 
Progressive weight bearing is begun, and by 12 to 14 
weeks the patient usually is ambulatory with the aid of 
one crutch or a cane.
  

PRIMARY ARTHRODESIS
Primary arthrodesis has been suggested as a method of treat-
ing severely comminuted tibial pilon fractures. Several inves-
tigators have noted, however, that severe skeletal injury and 
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FIGURE 54.21 Fracture patterns found on CT scans of pilon 
fracture: anterolateral, posterolateral, anteromedial, or postero-
medial fragments with central impaction or compression. Based on 
anatomically safe corridors, wires can be passed obliquely through 
safe zones A and D or B and C; wires cannot be passed safely directly 
from anterior to posterior. Safe zones A, B, C, and D correspond to 
incisions.  (Redrawn from Watson JT: Tibial pilon fractures, Tech Orthop 
11:150, 1996.)
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nonanatomic reduction do not preclude a satisfactory clinical 
result. We recommend stabilization of these fractures with an 
external fixator to maintain alignment and allow bony con-
solidation. Arthrodesis can be done later if the patient is suffi-
ciently symptomatic. Primary arthrodesis may be considered 
for severe open injuries with extensive loss of cartilage from 
the tibial and talar articular surfaces (Fig. 54.23). The wound 
is debrided, and the remaining cartilage is removed from the 
talus and tibia. An external fixator can be used to stabilize the 
fracture. Bone grafting may be necessary when the soft tissues 
have healed. 

FRACTURES OF THE TIBIAL SHAFT
Fractures of the shaft of the tibia cannot be treated by follow-
ing a simple set of rules. Because of its location, the tibia is 
exposed to frequent injury; it is the most commonly fractured 
long bone. Because one third of the tibial surface is subcuta-
neous throughout most of its length, open fractures are more 
common in the tibia than in any other major long bone. The 
blood supply to the tibia is more precarious than that of bones 
enclosed by heavy muscles. High-energy tibial fractures may 
be associated with compartment syndrome or neural or vas-
cular injury. The presence of hinge joints at the knee and the 
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FIGURE 54.22 A, Fracture lines are reduced and compressed with multiple olive wires, based 
on preoperative CT data. B, Distal ring is “clam-shelled” and placed parallel to ankle joint. C, Posts 
of various heights are used to attach wires to ring.  (From Watson JT: Tibial pilon fractures, Tech Orthop 
11:150, 1996.) SEE TECHNIQUE 54.10.
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ankle allows no adjustment for rotary deformity after frac-
ture, and special care is necessary during reduction to correct 
such deformity. Delayed union, nonunion, and infection are 
relatively common complications of tibial shaft fractures.

Evaluation of tibial fractures should include a detailed 
history and physical examination. The limb is inspected 
for open wounds and soft-tissue crush or contusion, and a 
thorough neurovascular examination is performed. A pulse 
deficit or neurologic deficit may be a sign of compartment 
syndrome or vascular injury, which must be identified and 
treated immediately. The ipsilateral femur, knee, ankle, and 
foot also must be examined. When the examination is com-
pleted, the limb is realigned gently and splinted. Appropriate 
tetanus and antibiotic prophylaxes are administered. Plain 
anteroposterior and lateral radiographs that include the knee 
and ankle are obtained. Oblique radiographic views at 45 
degrees sometimes are required to detect a nondisplaced spi-
ral fracture. Radiographs of the contralateral tibia sometimes 
are necessary to evaluate length in fractures with severe com-
minution or bone loss.

The indications for operative and nonoperative treatment 
of tibial shaft fractures continue to be refined. Although com-
monly advocated in the past, nonoperative treatment now 
is generally reserved for closed, stable, isolated, minimally 
displaced fractures caused by low-energy trauma and some 
stable low-velocity gunshot fractures. Operative treatment 
is indicated for most tibial fractures caused by high-energy 
trauma. These fractures usually are unstable, comminuted, 
and associated with varying degrees of soft-tissue trauma. 
Operative treatment allows early motion, provides soft-tissue 
access, and avoids complications associated with immobili-
zation. The goals of treatment are to obtain a healed, well-
aligned fracture; pain-free weight bearing; and functional 
range of motion of the knee and ankle joints. The optimal 

treatment method should assist in meeting these goals while 
minimizing complications, especially infection. These goals 
may not be attainable in severely injured limbs.

Sarmiento, Nicoll, and others found that closed treatment 
with casting or functional bracing is an effective method 
of treatment for many tibial shaft fractures that avoids the 
potential complications of surgical intervention. For closed 
treatment to succeed, the cast or brace must maintain accept-
able fracture alignment and the fracture pattern must allow 
early weight bearing to prevent delayed union or nonunion. 
Repeated attempts at manipulation should be avoided. If the 
fracture cannot be well aligned, an alternative method of 
treatment should be chosen. Axial or rotational malalign-
ment and shortening cause cosmetic deformities and alter the 
loading characteristics in adjacent joints, which may hasten 
the development of posttraumatic arthritis.

The amount of malalignment and shortening considered 
acceptable also is controversial. Distal tibial malalignment 
may be more poorly tolerated than more proximal malalign-
ment. The recommendations in the literature vary widely: 4 
to 10 degrees of varus-valgus malalignment, 5 to 20 degrees 
of anteroposterior malalignment, 5 to 20 degrees of rotatory 
malalignment, and 10 to 20 mm of shortening. In general, we 
strive to achieve less than 5 degrees of varus-valgus angula-
tion, less than 10 degrees of anteroposterior angulation, less 
than 10 degrees of rotation, and less than 15 mm of short-
ening. Maintaining fracture alignment is difficult in certain 
fracture types, and if repeated attempts at realignment have 
been unsuccessful, operative fixation is indicated.

The important factors in prognosis are (1) the amount 
of initial displacement, (2) the degree of comminution, (3) 
whether infection has developed, and (4) the severity of the 
soft-tissue injury excluding infection. Torsional fractures 
with or without simple comminution have been found to 

 

A B

Cross-table

FIGURE 54.23 A, Comminuted fracture of tibial pilon after a fall from height. Patient had 
previous talar fracture resulting in posttraumatic arthritis of tibiotalar and subtalar articulations. 
B, Definitive management with primary tibiotalocalcaneal arthrodesis with retrograde intramedul-
lary implant secondary to preexisting arthrosis.

    

https://booksmedicos.org


CHAPTER 54 FRACTURES OF THE LOWER EXTREMITY 2841

have a better prognosis than high-energy patterns, such as 
short oblique or transverse fractures, with or without com-
minution. Torsional fractures tend to create a longitudinal 
tear of the periosteum and may not disrupt endosteal vessels, 
whereas transverse fractures usually tear the periosteum cir-
cumferentially and completely disrupt the endosteal circula-
tion. Reduction is difficult in displaced spiral fractures of the 
distal third of the tibia.

Hoaglund and States classified fractures of the tibia as 
being caused by either high-energy or low-energy trauma 
and found this classification useful in prognosis. Fractures 
in the high-energy group resulted from accidents such as 
motor vehicle collisions and crush injuries. This group 
included more than half the total fractures and 90% of the 
open fractures; fractures in this group healed in an average 
of 6 months. Fractures in the low-energy group resulted from 
accidents such as falls on ice and while skiing; these healed in 
an average of about 4 months. These researchers found that 
the level of fracture was not significant in the prognosis but 
that the amount of bony contact was. Fractures in which con-
tact between the fragments after reduction was 50% to 90% 
of normal healed significantly faster than fractures in which 
contact was less.

Displacement of more than 50% of the width of the tibia 
at the fracture site has been noted to be a significant cause of 
delayed union or nonunion. Fractures with more than 50% 
comminution are considered unstable and usually are associ-
ated with high-energy trauma and significant open or closed 
soft-tissue injury. The presence or absence of a fibular fracture 
does not influence the prognosis, although inhibited fracture 
healing of closed tibial fractures associated with intact fibulas 
treated with cast immobilization has been reported.

Patient characteristics also can influence the success 
of closed treatment of tibial shaft fractures. Alignment can 
be difficult to maintain with casts or braces in patients with 
edematous or obese extremities. Loss of reduction may occur 
in noncompliant patients with closed treatment, whereas 
delayed union and nonunion are common in patients in 
whom weight bearing must be restricted for a prolonged 
time. An individual’s functional demands also must be con-
sidered when planning treatment.

In comparative studies of intramedullary nailing and 
casting for the treatment of isolated closed tibial shaft frac-
tures, intramedullary nailing has been found to achieve 
higher union rates and better functional scores. Although 
these studies show the superiority of intramedullary nailing 
over casting for closed unstable tibial shaft fractures, further 
comparative studies are necessary to confirm these results 
and establish more rigid treatment guidelines.

Nicoll, an advocate of closed treatment, listed the follow-
ing indications for internal fixation: (1) open fracture requir-
ing complicated plastic surgery, (2) associated fracture of the 
femur and other major injuries, (3) paraplegia with sensory 
loss, (4) segmental fracture with displaced central fragments, 
and (5) gaps resulting from missing bone fragments. Internal 
fixation has been recommended for unstable, comminuted, 
or segmental fractures; bilateral tibial fractures; and ipsilat-
eral femoral fractures. Operative treatment also currently is 
favored for open fractures, fractures with severe closed soft-
tissue injury, fractures associated with compartment syn-
drome, fractures involving vascular injury, and fractures in 
patients with multiple trauma.

Fractures in which closed treatment is inappropriate can 
be treated with plate and screw fixation, intramedullary fixa-
tion (interlocking intramedullary nails), and external fixa-
tion. Locked intramedullary nailing currently is the preferred 
treatment for most tibial shaft fractures requiring operative 
fixation. Plating is used primarily for fractures at or proxi-
mal to the metaphyseal-diaphyseal junction. External fixa-
tion is useful for fractures with periarticular extension and 
for severe open fractures. In severely mangled extremities, 
amputation should be considered.

For open high-energy tibial fractures, results of treat-
ment have improved significantly because of important con-
tributions made by large trauma services. Several factors are 
important for a good outcome in these fractures. Aggressive 
and repeated debridements of all devitalized tissue, including 
large fragments of bone, are essential. Because vascular soft 
tissue and bone are essential for resisting infection and pro-
viding a bed for reconstruction, Gustilo and others stressed 
the importance of leaving the wound open and repeating 
debridement every 24 to 48 hours until closure at 5 to 7 days 
by delayed primary closure, skin grafting, or skin flaps. Our 
protocol is repeat debridement and irrigation at 48 to 72 
hours if there is evidence of continuing demarcation of the 
zone of injury. All Gustilo type III fractures routinely have 
repeat debridement. Antibiotics should be used routinely 
with open fractures. Aminoglycosides are added to cephalo-
sporins for type III open fractures, and penicillin is included 
for fractures with severe contamination. Soft-tissue coverage 
by 5 to 7 days should be obtained by delayed closure, skin 
grafting, or flap coverage.

Although there is no dispute that soft-tissue management 
is the most important factor in determining the outcome 
of open tibial fractures, the optimal method of fixation is 
debated. Sufficient stability of the fracture fragments and soft 
tissues usually can be obtained only by locked intramedullary 
nails or external fixation. Plate fixation has been associated 
with an unacceptably high incidence of infection. For Gustilo 
type I, type II, and type IIIA open fractures, most orthopaedic 
traumatologists prefer intramedullary nailing.

Studies comparing unreamed nailing with external fixa-
tion have shown that tibial fractures treated with unreamed 
nailing required fewer additional operations and achieved 
better functional outcomes with fewer superficial infections 
than fractures treated with external fixation. Comparisons 
of reamed with unreamed nailing (two studies with 132 
patients) have shown a reduced risk of reoperation with a 
reamed technique.

Type IIIB open tibial fractures have been associated with a 
relatively high incidence of infection when treated with exter-
nal fixation and with unreamed nailing. There are, however, 
specific open fractures for which acute intramedullary nail-
ing is almost certainly not the best treatment option. Open 
fractures secondary to war injuries; fractures with severe 
contamination, especially involving the medullary canal; and 
type IIIC open tibial fractures, especially those in which limb 
salvage is questionable, all are potentially better treated with 
external fixation.

The time to debridement for open tibial fractures has 
not been found to be predictive of infection; however, frac-
ture severity has. Negative-pressure wound therapy is being 
used more frequently for open wound management, although 
similar infection and nonunion rates with negative-pressure 
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wound therapy compared with historical controls have been 
reported.

We prefer intramedullary nailing for most open tibial 
fractures. Our protocol (Fig. 54.24) includes planning of post-
operative management to decrease the frequency of delayed 
union and implant failure. With this protocol, union was 
obtained in 48 (96%) of 50 open tibial fractures. Additional 
procedures to promote union were done in 18 patients at an 
average of 4 months after injury.

Mangled extremities are severe open fractures often asso-
ciated with vascular injury or nerve disruption. Surgeons 
treating these injuries face the difficult decision of whether 
to attempt limb salvage or perform early amputation. Salvage 
often is technically possible but may result in disastrous med-
ical, social, psychologic, and financial consequences for the 
patient.

Complete anatomic disruption of the tibial nerve in 
adults and crush injuries with a warm ischemia time of more 
than 6 hours have been suggested as absolute indications for 
primary amputation; suggested relative indications include 
serious associated polytrauma, severe ipsilateral foot trauma, 
and a projected long course to full recovery. Other factors 
are the patient’s age, occupation, and medical condition; the 
mechanism of injury; fracture comminution; bone loss; the 
extent and location of neurologic and vascular injury; and 
the severity and duration of shock. Various authors have 
attempted to formulate scores predicting the likelihood of 

salvage or amputation, but none has proved entirely accu-
rate. In a long-term study of functional results and quality of 
life in patients with severe open tibial fractures treated with 
either salvage or amputation, recovery time and long-term 
disability were reduced with early below-knee amputation, 
while another study reported a high rate of preservation of 
a functional weight-bearing limb in patients with type IIIB 
open tibial fractures treated with aggressive wound manage-
ment and early soft-tissue coverage.

In an effort to resolve questions about the indications 
for limb salvage or amputation in a mangled extremity, the 
Lower Extremity Assessment Project (LEAP) study group 
was formed. In a multicenter, prospective, longitudinal 
study, the investigators identified risk factors that predis-
posed patients to poor outcomes in the salvage and ampu-
tee groups. Poor prognostic indicators were attributable to 
low educational level, income below poverty level, nonwhite 
racial background, lack of insurance, poor social support 
network, smoking, and pending legal action. Patients with 
salvaged limbs without risk factors for poor outcomes had 
results equivalent to the results of amputees at 2 and 7 years 
but required more surgical procedures and more rehospital-
izations. Patients with tibial nerve injury and insensate feet 
had substantial impairment at 12 and 24 months; however, 
outcomes were no different in patients with amputated or sal-
vaged limbs. The LEAP study group also found that muscle 
injury, absence of sensation, arterial injury, and vein injury 
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FIGURE 54.24 Protocol for initial unreamed nailing and postoperative treatment of open tibial 
fractures. *Bone graft may be indicated at 6 weeks in type IIIB open fractures.  (From Whittle AP: 
Clinical results of unreamed nailing of tibial and femoral fractures, Tech Orthop 11:67, 1996.)
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were factors that had the greatest impact on the surgeon’s 
decision to amputate or salvage the extremity. However, the 
group of patients with insensate limbs recovered intact sensa-
tion in 67%, questioning insensibility as an absolute indica-
tion for amputation.

TREATMENT
CAST BRACING

The use of a short cast or functional brace for treatment of 
a tibial shaft fracture resulted in a 97% union rate in a study 
by Sarmiento et al. The incidence of nonunion ranged from 
0% to 13%. Sarmiento narrowed his indications for bracing to 
closed fractures and low-energy open fractures. Other stud-
ies all resulted in recommendations for some type of closed 
treatment.

Although good functional results without deformity have 
been reported in more than 95% of patients, the immobili-
zation required with closed treatment may adversely affect 
ankle motion. Ankle stiffness has been reported in 20% to 
30% of patients who had closed treatment. Angular defor-
mity of more than 5 degrees occurs in 10% to 55% of fractures 
treated with a cast or brace, and shortening of at least 12 to 
14 mm occurs in 5% to 27% of patients. Sarmiento’s series of 
carefully selected fractures had the best results, whereas series 
with more unstable fractures reported poorer results. Loss of 
reduction requiring operative treatment has been reported 
in 2.4% to 9.3% of patients in several larger series. Anatomic 
reduction and rigid immobilization are highly advantageous 
to the healing of a fracture, but not at the risk of infection and 
delayed union. The closed, early weight-bearing method of 
treatment often concedes minor complications in favor of a 
predictably high union rate and no major complications. It 
is a method applicable to many types of tibial shaft fractures, 
but it requires a good deal of patience and time from the phy-
sician and a cooperative patient. We prefer casting for mini-
mally displaced, stable, low-energy tibial fractures. 

PLATE AND SCREW FIXATION
Plate fixation has been recommended for treatment of tibial 
fractures that are unsuitable for nonoperative management 
historically. Open reduction and plating provide stable fixa-
tion, allow early motion of the knee and ankle, and maintain 
length and alignment. The greatest disadvantage of plating is 
that it requires soft-tissue stripping, which can lead to wound 
complications and infection. Before the 1960s, plating of open 
and closed tibial fractures often was complicated by delayed 
union, nonunion, implant failure, soft-tissue sloughing, and 
infection, especially if performed within the first week after 
injury.

The AO group subsequently developed compression plat-
ing techniques and implants that remain in use today. Good 
functional results were reported in 98% of closed fractures 
with a 6% complication rate, and 90% good results in open 
fractures; these had, however, a 30% complication rate. A 
significant increase in complications was noted in progres-
sively higher-energy fractures that were treated by ORIF, and 
complications increased from 9.5% for torsional fractures to 
48.3% for comminuted fractures. Likewise, increased infec-
tion rates from 2.1% for torsional fractures to 10.3% for com-
minuted fractures were noted. Also, nonunion was twice as 
common and infection five times more likely when open frac-
tures were treated with plating.

Other investigators also have reported increased compli-
cations when plating open tibial fractures (infections 1.9% in 
closed fractures and 7.1% in open fractures; implant failure 
0.6% in closed fractures and 10.3% in open fractures). Most 
authors now recommend plating for tibial shaft fractures 
associated with displaced intraarticular fractures of the knee 
and ankle. Refinements in plating and indirect reduction 
should be used when plating extended shaft fractures, and 
soft-tissue handling should be meticulous.

In an effort to decrease the frequency of delayed union, non-
union, and infection after tibial shaft fractures, “percutaneous” 
plating was developed to obtain stable fixation while preserving 
the fracture environment. This technique involves plating of any 
associated fibular fracture, prebending a 3.5-mm dynamic com-
pression plate to match the tibial anatomy, and placing the plate 
and screws through small incisions. Current indications for per-
cutaneous plating are (1) a tibial shaft fracture with periarticular 
metaphyseal comminution that precludes locked intramedul-
lary nailing and (2) a tibial fracture that cannot be treated with 
intramedullary fixation because of a preexisting implant, such as 
a tibial base plate from a total knee arthroplasty. Percutaneous 
plating is technically challenging, and malalignment is more fre-
quent than with other methods of fixation. 

TRANSFIXATION BY SCREWS
Lag screws can be used for fixation of long oblique (more 
than three shaft diameters) or spiral fractures that extend into 
the metaphysis, although these fractures more commonly are 
treated using other methods. These evenly placed lag screws 
are oriented perpendicular to the fracture and are placed away 
from narrow fracture ends. This technique may be useful to 
supplement external fixation in open fractures by stabilizing 
large butterfly fragments to one of the principal fragments. 
Furthermore, we have found this technique useful for open 
fractures with short periarticular segments that are difficult 
to control with external fixation alone before definitive fixa-
tion (Fig. 54.25). 

INTRAMEDULLARY FIXATION
Locked intramedullary nailing currently is considered the 
treatment of choice for most type I, type II, and type IIIA 
open and closed tibial shaft fractures (Fig. 54.26) and is 
especially useful for segmental and bilateral tibial fractures. 
Busse et al. polled orthopaedic trauma surgeons with regard 
to management of tibial fractures. Eighty percent preferred 
operative treatment for closed fractures. Intramedullary nail-
ing preserves the soft-tissue sleeve around the fracture site 
and allows early motion of the adjacent joints. The ability 
to lock the nails proximally and distally provides control of 
length, alignment, and rotation in unstable fractures and per-
mits stabilization of fractures located below the tibial tubercle 
or 3 to 4 cm proximal to the ankle joint. Nailing is not recom-
mended in patients with open physes, anatomic deformity, or 
burns or wounds over the entry portal.

Küntscher developed his V-shaped and cloverleaf nails in 
the 1930s, but it was not until nearly 50 years later that rigid 
intramedullary nailing became a widely accepted treatment 
for tibial shaft fractures, with 98% good results in closed frac-
tures and in 97.5% of open fractures treated with unreamed 
straight Küntscher nails. Herzog modified the straight 
Küntscher nail to accommodate the eccentric proximal por-
tal. Some authors proposed reaming of the medullary canal 
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to improve the fit of the nail and to increase its rotational 
control and strength. Biomechanical data suggest substantial 
improvement in fracture site mobility when increasing to a 
larger diameter implant.

In the 1970s, Grosse and Kempf and Klemm and 
Schellmann developed nails with interlocking screws, which 
expanded the indications for nailing to include more prox-
imal, distal, and unstable fractures. Reports of interlocking 
nails inserted with reaming showed good results (97% union 

rate; 2.2% complication rate), especially in closed fractures, 
but some authors have cautioned against their use in the 
dynamic or simple unlocked mode, noting that most com-
plications in their series occurred with dynamic locked nails; 
they also did not recommend routine dynamization.

REAMED VERSUS UNREAMED NAILING
Studies published in the 1970s and 1980s reported unac-
ceptably high infection rates (13.6% to 33%) in small series 
of open tibial fractures treated with reamed nailing. These 
reports led to the conclusion that medullary reaming is con-
traindicated in open tibial fractures, especially Gustilo type 
II and type III. Studies of open tibial fractures treated with 
unreamed Ender pins and Lottes nails during the same time 
period reported infection rates of 6% to 7%. Animal experi-
ments showed that insertion of reamed nails disturbs corti-
cal blood flow to a greater extent than insertion of unreamed 
nails, possibly increasing susceptibility to infection. These 
factors led to the development of interlocking intramedullary 
nails suitable for unreamed insertion.

In our series of 50 unreamed tibial nailings of three 
type I, 13 type II, and 34 type III (11 type IIIA and six type 
IIIB) open fractures, there were four infections, all in type 
III fractures. Two infections occurred in type IIIB fractures 
after failure of initial rotational or free flaps. One infection 
in a type IIIA open fracture developed at 10 months, imme-
diately after bone grafting of a bone defect. All infections 
resolved with no chronic osteomyelitis. This series and sub-
sequent studies reported union in 96% to 100% of fractures, 
infection in 2% to 13%, nail failure in 0% to 6%, screw failure 
in 6% to 41%, and secondary surgery to achieve union in 
35% to 48%.

Implant failure most often is associated with smaller 
(8 mm) nails, axially unstable fractures, metaphyseal frac-
tures, delayed union or nonunion, open fracture, and severe 
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FIGURE 54.25 A, Patient with medially open extraarticular distal tibia and fibular fractures. 
B and C, At time of uniplanar external fixation application, coronal plane stability was difficult 
to control and resulted in continued soft-tissue endangerment from displaced underlying tibial 
metaphyseal spike. Anatomic reduction of tibia and interfragmentary lag screw fixation as tempo-
rizing measure to provide stability as adjunct to external fixator.

 FIGURE 54.26 Open tibial fracture stabilized with intramedul-
lary nail.
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comminution. Nail failure may require additional surgery. In 
one study, failure occurred most often at the transverse proxi-
mal locking screw when a single screw was used. Fractures in 
the distal third of the tibia had the highest frequency of nail 
breakage.

Problems with delayed union and implant failure with 
the smaller implants used in unreamed nailing have led some 
investigators to return to the use of reamed nailing in open 
tibial fractures. Using perioperative antibiotics and mod-
ern techniques of wound closure, infection rates have been 
reported to be 1.8% of type I, 3.8% of type II, and 9.5% of type 
III open tibial fractures (5.15% in type IIIA and 12.5% in type 
IIIB) treated with reamed nailing. These results are similar to 
the results obtained with unreamed locked tibial nails.

A randomized, prospective study comparing reamed with 
unreamed locked nailing of open tibial fractures found no 
statistically significant difference in the results of treatment of 
open tibial fractures with reamed nailing and with unreamed 
nailing except for the higher incidence of screw failure in the 
unreamed nailings.

Other investigators still caution against reamed nailing 
in open tibial fractures, especially high-grade open fractures, 
reporting a 21% occurrence of deep infection in type I and 
type II fractures treated with reamed nailing. The severity of 
soft-tissue injury and adequacy of debridement and soft-tissue 
coverage are more important in the prevention of infection 
than is the type of implant used. Currently, most orthopaedic 
traumatologists in North America accept the use of reamed 
nails in type I and type II open fractures; however, the use 
of reamed nailing in type III open fractures is controversial.

The successful use of unreamed nailing in patients with 
open tibial fractures has led some investigators to recommend 
this technique for closed fractures as well. Potential advantages 
of unreamed nailing over the reamed technique include shorter 
operative time, less blood loss, and less disruption of the endos-
teal blood supply in patients with severe closed soft-tissue inju-
ries. No significant differences have been found in outcomes 
and complications between reamed and unreamed nailing of 
closed tibial shaft fractures. However, a trend toward improved 
union has been noted with reamed nailing. In one study, sig-
nificantly more screws failed in unreamed than reamed nails. 
These and other studies seem to indicate that fracture and soft-
tissue characteristics are more important in determining frac-
ture outcome than the choice of treatment, and reamed nailing 
is recommended for most closed unstable tibial shaft fractures.

A meta-analysis showed a decreased nonunion rate 
with reamed intramedullary nailings for closed injuries. 
Furthermore, the results of the Study to Prospectively 
Evaluate Reamed Intramedullary Nails in Patients with Tibial 
Fractures (SPRINT) illustrate a possible benefit to reaming 
when compared with unreamed devices. In addition, it also 
found that delaying reoperation until at least 6 months may 
decrease the need for secondary interventions for fractures 
of the tibia. Lefaivre et  al. evaluated long-term (median 14 
years) functional outcomes after intramedullary tibial nail-
ing. They found outcome measures comparable to the normal 
population, but with some insignificant sequelae still present. 

INTRAMEDULLARY NAILING OF FRACTURES OF 
THE PROXIMAL THIRD OF THE TIBIAL SHAFT
The enthusiasm for locked nailing of tibial shaft fractures 
has led some surgeons to expand the indications to include 

more proximal and distal fractures. Malalignment is a com-
mon problem in proximal-third fractures treated with locked 
nails because of the large discrepancy in size between the 
tibial nail and the wide tibial metaphysis. Valgus angulation 
and anterior displacement of the proximal fragment are the 
most common deformities. Valgus deformity can be caused 
by a portal that starts too far medially and is directed later-
ally. A medial parapatellar incision and impingement from 
the patella may cause a portal to be directed in this manner.

A biomechanical study found that medial to lateral screws 
in one plane can allow the nail to slide on the screws. Apex 
anterior angulation or anterior displacement can be caused by 
a portal that starts too distally or is directed too posteriorly. 
A proximal bend that is at or below the fracture site can cause 
anterior translation of the proximal fragment when the nail 
wedges against the cortex. Locking the nail proximally with 
the knee flexed causes extension of the proximal fragment 
owing to the pull of the patellar tendon. Refinements in tech-
nique, including more precise placement of the entry portal 
and the use of some form of supplemental fixation such as 
blocking screws, unicortical plates (Fig. 54.27), and two-pin 
medial external fixation, have greatly reduced the frequency 
of this complication.

Some proximal-third tibial fractures can best be treated 
by other methods. Bono et al. developed an algorithm that is 
helpful in treatment decision-making (Fig. 54.28). Tornetta 
et  al. described a technique of nailing with the knee in a 
semiextended position with a medial parapatellar arthrotomy 
to mitigate against extension deformity of the proximal frag-
ment. The technique was later revised to include a smaller 
superomedial incision, which is facilitated by newly available 
instrumentation permitting this application in a more per-
cutaneous manner. Investigations are ongoing with regard 
to this technique’s effect on the patellofemoral articulation. 
A 22% trochlear articular damage rate has been reported 
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FIGURE 54.27 A and B, Proximal tibial fracture treated with 
intramedullary nailing and lateral plate.
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in one study after the semiextended nailing; however, these 
patients were early in the series and results were attributed to 
errors in technique. In a recent cadaver investigation, patel-
lofemoral contact pressures were examined and found to be 
higher in the suprapatellar portal compared with traditional 
approaches. The authors thought the pressure exerted was 
below that necessary for cartilage damage and therefore con-
cluded that the surgical approach is viable. Further investi-
gation is necessary to determine the long-term functional 
implications for the patellofemoral joint. Data continue 
to emerge regarding this technique. Sanders et  al. recently 
reported a series of 55 patients who underwent tibial nailing 
through a semiextended approach with a suprapatellar por-
tal. Radiographic and clinical follow-up were performed at a 
minimum of 12 months postoperatively including follow-up 
arthroscopy and MRI. The authors concluded that this tech-
nique results in no significant differences in pain, disability, 
or knee range of motion after 12 months of follow-up when 
compared to infrapatellar nailing. A recent meta-analysis 
found no superiority of the semi-extended technique com-
pared to the intra-patellar technique with regard to functional 
and knee pain outcomes.

Currently, we use this technique for most difficult proxi-
mal third fractures. The technique has several advantages 
beyond reduction of proximal tibial fractures. It likely lessens 
the need for supplementary reduction aids, such as blocking 
screws, and the intraoperative radiographs are significantly 
easier to obtain. 

INTRAMEDULLARY NAILING OF FRACTURES OF 
THE DISTAL TIBIAL SHAFT
Intramedullary nailing of more distal fractures is possible, 
but the ability to maintain a mechanically stable reduction 
becomes more difficult the farther the fracture extends dis-
tally. Two distinct fracture patterns have been identified. 
Direct bending forces produce simple transverse and oblique 
tibial fractures with same-level fibular fractures and no 
intraarticular extension, but soft-tissue injury is more severe. 
Torsional forces cause spiral fractures, usually with different-
level fibular fracture and frequent intraarticular involvement 
of either the medial or the posterior malleolus. One must also 
be cognizant of the potential for distal fracture extension to 
the tibial plafond or associated ankle pathology. Stuermer 
and Stuermer identified that in the presence of certain injury 
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FIGURE 54.28 Treatment algorithm for proximal tibial fractures with minimal or severe soft-
tissue injury.  (From Bono CM, Levine RG, Rao JP, Behrens FF: Nonarticular proximal tibia fractures: treat-
ment options and decision making, J Am Acad Orthop Surg 9:176, 2001.)
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markers, namely, pronation-eversion mechanisms, spiral 
fractures, proximal fibular fractures, or an intact fibula, asso-
ciated ankle injuries were diagnosed in 20.1% of patients. 
We typically recommend a CT scan for distal fractures with 
radiographic evidence or concern about distal intraarticular 
extension.

Two distal locking screws are required to prevent recur-
vatum deformity from rotation around a single distal locking 
screw. Cancellous lag screws can be used to stabilize medial 
and posterior malleolar fractures. Open reduction is done 
if there is intraarticular displacement. The fibula is plated if 
necessary for the stability of the ankle joint or if it is severely 
displaced. Distal fibular fixation can be useful in very distal 
fractures to facilitate alignment of the tibia.

Although not advocated by Robinson et al., some inves-
tigators believe that plating same-level fibular fractures 
helps prevent malalignment in distal tibial fractures treated 
with intramedullary nailing. We analyzed the influence of 
fibular fractures on maintaining alignment in 40 distal-
fourth tibial fractures treated with locked intramedullary 
nailing. The five tibial fractures with intact fibulas and four 
fractures with fibular fixation all healed in anatomic align-
ment. All 11 unfixed fibular fractures located at levels dif-
ferent from the tibial fracture were in anatomic alignment, 
whereas 12 (60%) of 20 unfixed fibular fractures occurring 
at the same level as the tibial fracture were malaligned. 
This study suggests that internal fixation of some fibular 
fractures improves stability in distal-fourth tibial fractures 
treated with intramedullary nailing. For transverse frac-
tures of the fibula, we prefer a medullary device if fixation is 
deemed necessary.

Overall union rates of 96% have been reported after 
reamed nailing of distal tibial fractures. A biomechanical 
study determined that the fixation strength achieved in frac-
tures 4 cm from the tibiotalar joint with a shortened nail (1 cm 
removed) was comparable with that of standard intramedul-
lary nailing of fractures 5 cm from the joint. They cautioned, 
however, in neither construct was fixation strong enough to 
resist moderate compression-bending loads and that patients 
with distal tibial fractures treated with intramedullary nailing 
must follow weight-bearing restrictions until significant frac-
ture healing occurs to prevent coronal plane malalignment. It 
is clear that intramedullary nail fixation of distal tibial frac-
tures is challenging. Newer implant designs with tighter dis-
tal screw clusters have facilitated treatment of these injuries 
without need for implant modification.

Vallier et al. investigated the factors influencing outcomes 
after distal tibial shaft fractures in 104 patients. Functional 
testing identified residual dysfunction when compared with 
the uninjured population. Mild pain was noted but was not 
typically limiting. No patients reported unemployment as a 
result of their fracture. The same investigators reported a pro-
spective comparison of plate with intramedullary nail fixation 
for distal tibial fractures. In their series, intramedullary nail-
ing was associated with more malalignment. 

ANTERIOR KNEE PAIN AFTER INTRAMEDULLARY 
NAILING
Anterior knee pain is the most commonly reported complica-
tion after intramedullary nailing of the tibia. Historically, 56% 
of patients have some degree of chronic knee pain and have 
difficulty kneeling. The cause of this knee pain is still unclear. 

Suggested contributing factors include younger, more active 
patients, nail prominence above the proximal tibial cortex, 
meniscal tear, unrecognized articular injury, increased con-
tact pressure in the patellofemoral articulation, damage to the 
infrapatellar nerve, and surgically induced scar formation.

Some authors have suggested that a transpatellar approach 
is associated with more frequent anterior knee pain than is 
a medial paratendinous approach, although others disagree. 
Investigations have shown no difference in anterior knee pain 
whether a transtendinous or paratendinous surgical approach 
was used. Anterior knee pain improves with time, yet quad-
riceps weakness and lower functional knee scores correlated 
with knee pain in the long term. In an effort to circumvent 
this issue, semiextended nailing techniques have been advo-
cated, but have yet to demonstrate clear benefit with regard to 
anterior knee pain. 

INTRAMEDULLARY INTERLOCKING NAILS
Currently, a variety of interlocking tibial nails are available. 
Most can be inserted using a reamed or unreamed technique. 
There are differences in nail composition (stainless steel, tita-
nium) and location of the proximal bend. Some nails have 
medially to laterally directed locking screws, and others have 
additional proximal oblique screw holes and anteroposte-
rior distal screw holes. Nails with more distally placed distal 
locking screws improve the ability to treat very distal tibial 
fractures. The surgeon should be familiar with the strengths 
and limitations of the various nailing systems to choose the 
appropriate implant for a specific fracture. All unstable frac-
tures should be locked with two screws distally and two prox-
imally to maintain length and prevent rotation. We routinely 
statically lock most fractures. A proximal drill guide allows 
accurate nail insertion and placement of the proximal screws, 
whereas distal fixation is typically performed free-hand. 

PREOPERATIVE PLANNING
Preoperative radiographs of the uninjured tibia can be used 
to establish the proper nail diameter, the expected amount of 
reaming, and the final nail length for severely comminuted 
fractures. (Radiographic templates are available for preopera-
tive planning.) The nail length should permit the proximal 
end to be countersunk with the distal end centered in the dis-
tal epiphysis. Diaphyseal fractures must be slightly distracted 
with traction before closed antegrade medullary nailing.

Further impaction occasionally occurs when severely 
comminuted fractures are later dynamized. This risk should 
be considered during the selection of nail length to prevent 
later nail migration into the ankle or nail protrusion out of 
the proximal tibia.

Measurement is especially important for very tall or very 
short patients who may require a nail either longer or shorter 
than is commonly kept in inventory. Colen and Prieskorn 
found that the most accurate method for determining cor-
rect nail length of four methods tested (full-length scano-
grams, “spotograms,” acrylic template overlays, and tibial 
tubercle-medial malleolar distance [TMD]) was the TMD. 
The TMD is determined by measuring the length between 
the highest (most prominent) points on the medial malle-
olus and the tibial tubercle. Eleven of 14 nails selected by 
scanograms were incorrect, 6 of 14 selected by spotograms 
were incorrect, and 14 of 14 selected by templates were too 
small. TMD correctly selected 10 of 14 nail lengths. The 
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authors suggested that the TMD is an easy, inexpensive, and 
accurate method of preoperative determination of correct 
nail length. The diameter of the nail is assessed by measur-
ing the tibia at its narrowest point, which is best appreciated 
on lateral radiographs.

The decision to insert the nail with or without reaming 
should be made preoperatively. “Reamed” and “unreamed” 
refer to technique, rather than implants. Unreamed nail 
insertion usually requires nails with diameters ranging from 
8 to 10 mm, depending on canal diameter, and cannot be 
used in patients with medullary canals narrower than 8 mm. 
Reaming allows insertion of stronger implants with larger 
diameters. We recommend reamed nail insertion for frac-
tures, open or closed, with minor soft-tissue injury and only 
consider the unreamed nail technique for fractures with more 
extensive soft-tissue injury.

Nailing can be done using either a fracture table or a 
standard radiolucent operating table. A fracture table may 
be preferable if a skilled assistant is unavailable or if the 
fracture is not nailed acutely. Disadvantages of a fracture 
table include the longer time required for patient position-
ing, increased risk of nerve injury from traction or pressure 
on the posterior thigh from the crossbar, and the possibility 
of elevation of compartment pressures with prolonged trac-
tion. Multiple injuries are more easily treated on a standard 
operating table. Other advantages of the standard operat-
ing table include lower risk of iatrogenic nerve injury and 
greater flexibility in manipulating the fracture site and 
changing position of the extremity as needed. Without skel-
etal traction, however, fracture reduction is more difficult 
to maintain, and an assistant is needed to help stabilize the 
limb. We prefer a standard radiolucent table with the limb 
positioned over a bolster. 

 

INTRAMEDULLARY NAILING OF TIBIAL 
SHAFT FRACTURES

 TECHNIQUE 54.11 

Fracture Table
 n  If a fracture table is used, place a calcaneal traction pin 

before positioning. Place the patient supine with the hip 
flexed 45 degrees and the knee flexed 90 degrees (Fig. 
54.29).

 n  Place a well-padded crossbar proximal to the popliteal 
fossa to support the thigh in the flexed position. Ad-
equate padding should reduce the risk of compression 
neuropathy.

 n  Attach the calcaneal pin to the traction apparatus on the 
fracture table, apply traction, and reduce the fracture un-
der fluoroscopic guidance.

 n  To decrease the risk of traction injury to neurologic struc-
tures, release the traction after the ability to reduce the 
fracture has been confirmed.

 n  Prepare and drape the limb, allowing full exposure of the 
knee to above the patella and enough access to the distal 
tibia for locking screw placement. Reapply traction after 
the entry portal is made. 

Standard Operating Table
 n  If a standard operating table is used, place the patient 

supine with the thigh supported in a flexed position over 
a padded bolster.

 n  A skilled assistant is needed to assist with fracture reduc-
tion and help support the limb during the procedure.

 n  A femoral distractor or two-pin external fixator can be 
used to help maintain reduction. Place a Schanz pin 1 cm 
distal to the knee joint and place a second pin 1 cm proxi-
mal to the ankle joint. The proximal pin must be placed 
in the posterior portion of the tibial condyle to avoid the 
path of the nail. 

Measurement of Rotation
 n  Before nailing, measure rotation by the method described 

by Clementz. Measure the amount of tibial torsion in the 
uninjured extremity with the knee fully extended and a 
C-arm image intensifier placed in the lateral position with 
the beam parallel to the floor.

 n  Rotate the leg until a perfect lateral view of the distal fe-
mur is obtained with the condyles superimposed exactly. 
Hold the knee and foot in this position while the C-arm is 
brought into the anteroposterior position with the beam 
perpendicular to the floor to image the ankle.

 n  Rotate the C-arm until a tangential image of the inner 
surface of the medial malleolus is seen. This is the refer-
ence line at the ankle.

 n  Tilt the beam cranially 5 degrees to obtain a better image 
of the ankle. Center the structures to be imaged in the 
radiographic field.

 n  The amount of tibial torsion is equal to the difference 
between the reference line at the ankle and a line perpen-
dicular to the floor. If the tangential view of the medial 
malleolus is obtained with the C-arm rotated laterally 10 
degrees from perpendicular, tibial torsion is 10 degrees.

 n  Alternatively, obtain rotational alignment by aligning the 
iliac crest, patella, and second ray of the foot.

 n  Close attention to operative technique can greatly de-
crease the risk of complications after tibial nailing. 

Nail Placement
 n  Begin the entry portal by making a 3-cm incision along 

the medial border of the patellar tendon, extending from 
the tibial tubercle in a proximal direction. It may be neces-
sary to extend the incision farther proximally through skin 
and subcutaneous tissue only to protect the soft tissues 
around the knee during reaming and nail insertion.

 n  Insert a threaded tip guidewire through the metaphy-
sis anteriorly to gain access to the medullary canal (Fig. 
54.30). With the appropriate soft-tissue sleeve, advance 

 FIGURE 54.29 Patient is positioned supine, and traction is 
applied through calcaneal traction pin or special foot holder. SEE 
TECHNIQUE 54.11.
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the guidewire into the correct starting portal as noted on 
multiplanar imaging. This typically is located along the 
medial slope of the lateral tibial eminence on the antero-
posterior view and just anterior to the articular margin on 
lateral imaging.

 n  Confirm the proper position on anteroposterior and lat-
eral fluoroscopic views before guidewire insertion. Obtain 
a true anteroposterior view of the tibia when assessing 
the placement of the guidewire. If the limb is externally 
rotated, the portal may be placed too medially and violate 
the tibial plateau and injure the intermeniscal ligament. 
A portal placed too distally may damage the insertion of 
the patellar tendon or cause the nail to enter the tibia at 
too steep of an angle, which may cause the tibia to split 
or cause the nail to penetrate the posterior cortex. Check 
the process of insertion on lateral fluoroscopic views. The 
safe zone for tibial nail placement is just medial to the 
lateral tibial spine on the anteroposterior view and im-
mediately adjacent and anterior to the articular surface 
on the lateral view.

 n  Direct the guidewire to a position nearly parallel to the 
shaft as it is inserted more deeply to prevent violation of 
the posterior cortex. Once appropriate provisional guide-
wire trajectory is achieved, create the entry portal with 
the cannulated entry reamer with matching soft-tissue 
protection sleeve. Alternatively, the starting portal can be 
created with a cannulated curved awl.

 n  Insert a ball-tipped guidewire through the entry portal 
into the tibial canal and pass it across the fracture site into 
the tibia under fluoroscopic guidance (Fig. 54.31). The 
guide rod should be centered and slightly lateral within 
the distal fragment on anteroposterior and central lateral 
views and advanced to within 1.0 to 0.5 cm of the ankle 
joint.

 n  If a reamed technique is chosen, ream the canal in 0.5-
mm increments, starting with a reamer smaller than the 
measured diameter of the tibial canal (Fig. 54.32). Ream 
with the knee in flexion to avoid excessive reaming of the 
anterior cortex. Hold the fracture reduced during ream-
ing to decrease the risk of iatrogenic comminution. Pre-
vent the guide rod from being partially withdrawn during 
reaming. We prefer “minimal” reaming, with no more 
than 2 mm of reaming after cortical contact (“chatter”) is 
first initiated. Newer larger diameter end-cutting reamers 
simplify the medullary preparation. It is advised to ream 
with the tourniquet deflated because its use may lead to 
thermal necrosis of bone and soft tissue.

 n  Choose a nail diameter that is 1.0 to 1.5 mm smaller than 
the last reamer used. Ream the entry site large enough to 
accept the proximal diameter of the chosen nail.

 n  Do not undersize the nail because a loose-fitting nail 
would be less stable and the smaller implants are not as 
strong and may be more prone to implant failure. In gen-
eral, the largest implant suitable for a given patient should 
be used.

 n  When reaming is completed, determine the length of the 
nail by using the system-specific depth gauge to accurate-
ly determine the necessary implant length. Alternatively, 
place the tip of a guidewire of the same length at the 
most distal edge of the entry portal. Subtract the length 
of the overlapped portions of the guide rods from the full 
length of the guide rod to determine the length of the 

nail, making sure the fracture is held out to length during 
this measurement. Comminuted fractures may require 
preoperative radiographic measurement of the contralat-
eral tibia to assess length properly.

 n  Attach the insertion device and proximal locking screw 
guide to the nail. Direct the apex of the proximal bend in 
the nail posteriorly. Some nail systems use oblique proxi-
mal locking screws, which are directed anteromedial to 
posterolateral and anterolateral to posteromedial. Insert 
the nail with the knee in flexion (except in some proxi-
mal third fractures) to avoid impingement on the patella. 
Evaluate rotational alignment by aligning the iliac crest, 
patella, and second ray of the foot. This is imperative for 
not only fracture alignment but also the rotation of the 
implant in relation to the limb. This ensures that the in-
terlocking holes remain in their intended orientation and 
that the sagittal bend of the nail does not induce defor-
mity. Tremendous force should not be necessary to insert 
the nail. Moderate manual pressure with a gentle back-
and-forth twisting motion usually is sufficient for nail in-
sertion. If a mallet is used, the nail should advance with 
each blow. If the nail does not advance, withdraw the nail 
and perform further reaming or insert a smaller diameter 
nail. It is important to keep the fracture well aligned dur-
ing nail insertion to prevent iatrogenic comminution and 
malalignment.

 n  When the nail has passed well into the distal fragment, 
remove the guidewire to avoid incarceration; and during 
final seating of the nail, release traction to allow impaction 
of the fracture. Do not shorten fractures excessively with 
segmental comminution. When the nail is fully inserted, 
the proximal end should lie 0.5 to 1.0 cm below the cortical 
opening of the entry portal. This position is best seen on a 
lateral fluoroscopic view. If the nail protrudes too far proxi-
mally, knee pain and difficulty with kneeling may result. 
Excessive countersinking also should be avoided because it 
makes nail removal more difficult. The distal tip of the nail 
should lie 0.5 to 2.0 cm from the subchondral bone of the 
ankle joint. Distal fractures require nail insertion near the 
more distal end of this range. If compression of the fracture 
is planned, the nail should be appropriately countersunk to 
prevent prominence once the fracture is compressed.

 n  Insert proximal locking screws using the jig attached to 
the nail insertion device. Place the drill sleeve through a 
small incision down to bone. Measure the length of the 
screw from calibrations on the drill bit. The number of in-
terlocking screws is dependent on fracture characteristics. 
Tighten all connections between the insertion device, drill 
guide, and nail before screw insertion.

 n  Perform distal locking by using a freehand technique af-
ter “perfect circles” are obtained by fluoroscopy. In the 
lateral position, adjust the fluoroscopic beam until it is 
directed straight through the distal screw holes and the 
holes appear perfectly round.

 n  Place a drill bit through a small incision overlying the hole 
and center the tip in the hole. Taking care not to move 
the location of the tip, bring the drill bit in line with the 
fluoroscopic beam and drill through the near (medial) cor-
tex. Detach the drill from the bit and check the position 
of the drill bit with fluoroscopy to ensure that it is passing 
through the screw hole. When proper position is con-
firmed, drive the drill bit through the far (lateral) cortex.
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 n  Measure the screw length using drill sleeves and calibrat-
ed bits or check the anteroposterior view on the fluoros-
copy screen, using the known diameter of the nail as a 
reference for length, or a system-specific depth gauge.

 n  After screw insertion, obtain a lateral image to ensure the 
screws have been inserted through the screw holes. Two 
distal locking screws are used in most fractures.

 n  Some nail systems have the option of placing an antero-
posterior distal locking screw. “Perfect circles” are ob-
tained in the anteroposterior fluoroscopic view. Do not in-
jure the anterior tibial tendon or extensor hallucis longus 
or nearby neurovascular structures. Meticulous attention 
to technique can minimize complications from antero-
posterior distal interlocking. Careful soft-tissue protection 
and retraction both during drilling and screw insertion 
are critical to prevent soft-tissue injury or tethering as the 
screw head engages anterior tibial cortex. A drill sleeve 
can be valuable for protection of the associated soft tis-
sues during this portion of the procedure.

 n  Before interlocking, inspect the fracture site for possible 
distraction. If the fracture is distracted, place the distal 
locking screws first. Some intramedullary implants now 
have the capability to provide axial compression, for prop-
erly selected fracture patterns, during the process of inter-
locking.

 n  After distal locking is complete, impact the fracture by 
carefully driving the nail backward while watching the 
fracture site under fluoroscopy. Keep the knee flexed until 
the nail insertion instruments are removed to avoid dam-
age to the soft tissues around the patella.

 n  Most nails are statically locked. Minimally comminuted 
transverse diaphyseal fractures can be dynamically locked; 
however, comminuted or metaphyseal fractures should 
be statically locked. If there is any question about stability, 
perform static locking. Because the nail may not prevent 
malalignment of unstable fractures before it is locked, it is 
crucial to maintain accurate reduction until proximal and 
distal locking is complete.

 n  Modifications in technique have decreased the incidence 
of malalignment in proximal-third fractures. The reduc-
tion can be manipulated more freely if nailing is not done 
on a fracture table.

 n  To prevent valgus, start the entry portal in line with the 
lateral intercondylar eminence and center it on the medul-
lary canal on the anteroposterior fluoroscopic image. An 
incision lateral to the patellar tendon can be used.

 n  To prevent anterior angulation and displacement, move 
the portal more proximally and posteriorly and direct it 
more vertically in a line more parallel with the anterior 
tibial cortex. Interlocking the nail proximally with the 
knee extended relaxes the pull of the patellar tendon and 
prevents anterior angulation. Many nail systems require 
removal of the insertion jig, however, to extend the knee 
to avoid impingement on soft tissues.

 n  Tornetta et al. recommended nailing proximal-third tibial 
fractures in a semiextended position (15 degrees of flex-
ion) using two thirds of a medial parapatellar arthrotomy 
to retract the patella laterally. This technique prevents 
the patella from causing the portal to be angled from 
medial to lateral and allows proximal interlocking to be 
performed with the knee extended. Using a nail with a 
more proximally located bend decreases the risk of ante-

 FIGURE 54.30 Opening of medullary canal with curved awl. 
SEE TECHNIQUE 54.11.

 FIGURE 54.31 Reduction of fracture with guide rod. 
SEE TECHNIQUE 54.11.

 FIGURE 54.32 Reaming of tibia in 0.5-mm increments, using 
cannulated reamers over guide rod. SEE TECHNIQUE 54.11.
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rior displacement of the proximal fragment. A nail with 
proximal locking screws oriented obliquely at 90 degrees 
to each other provides more resistance to varus-valgus 
angulation than one-plane, medial-to-lateral screws. 
Semiextended nailing through a suprapatellar portal also 
has been described and is gaining in popularity. In this 
technique, a midline incision is created approximately two 
fingerbreadths proximal to the superior pole of the pa-
tella. The quadriceps mechanism is divided sharply in line 
with its fibers. It is critical to use suprapatellar specific in-
strumentation to provide protection to the patellofemoral 
joint. The cannula and trocar are inserted atraumatically 
in a retropatellar fashion, allowing the femoral trochlea 
to act as a guide to positioning the instrumentation in 
line with the medullary canal. The guide pin placement, 
medullary reaming, and nail insertion can then proceed 
as previously described.

 n  In contrast to diaphyseal fractures, the nail does not “au-
tomatically” reduce the fracture because it is inserted 
through the wide tibial metaphysis. Accurate fracture re-
duction before nail insertion helps to decrease the risk of 
malalignment. Reduction can be accomplished by using 
an AO distractor medially or by limited open reduction 
and application of a unicortical plate as described by Be-
nirschke et al. This technique can be particularly useful in 
open fractures.

 n  Malalignment also can be prevented by using blocking 
screws as described by Krettek et al. Overcorrect the 
deformity and insert blocking screws anteriorly to pos-
teriorly on the concave side of the deformity. The screws 
effectively reduce the diameter of the metaphysis and 
physically block the nail by creating an artificial “cortex,” 
thus preventing angulation by increasing stability. Use of 
blocking screws to prevent malalignment in distal me-
taphyseal fractures also can be valuable (Fig. 54.33). 

POSTOPERATIVE CARE The patient initially is placed in 
a removable splint or orthosis and early range-of-motion 
exercises are begun. Noncompliant patients or patients 
with unstable fracture fixation are placed in a patellar 
tendon-bearing brace or orthosis until enough healing 
occurs to ensure stability. Unrestricted weight bearing 
is permitted in axial stable patterns (i.e., transverse di-
aphyseal). Weight bearing is restricted until early callus 
occurs (4 to 6 weeks) and then is progressed as tolerated 
in fractures without axial stability and those at the proxi-
mal or distal metadiaphyseal junction. Nail removal is not 
routinely necessary but may be needed to relieve pain in 
patients with prominent implants. Nail removal usually is 
delayed until at least 12 to 18 months after injury, when 
all fracture lines are obliterated and there is full cortical 
remodeling. Conversely, removal of interlocking screws 
for symptomatic implants is not uncommon and can be 
done once sufficient healing and fracture stability are 
achieved.
  

EXTERNAL FIXATION
External fixation is a useful and versatile tool in the 
treatment of tibial fractures, both as a temporizing and 
definitive treatment. Three distinct types of fixators are 

commonly used: half-pin fixators, wire and ring fixators, 
and hybrid fixators that combine half-pins and tensioned 
wires. Although commonly used in the past, transfixion 
pins currently are used mainly in the calcaneus or as part 
of a two-pin “traveling traction” fixator. These devices can 
be used to stabilize almost any fracture, whether open or 
closed, throughout the length of the tibia. External fixation 
provides stable fixation, preserves soft tissues and bone vas-
cularity, leaves wounds accessible, and causes little blood 
loss. Frame designs provide uniplanar or multiplanar fixa-
tion and can be modified to allow axial compression with 
weight bearing, which stimulates fracture union. External 
fixators that use tensioned wires for fixation extend the 
indications for external fixation to include periarticular 
fractures (Fig. 54.34). Pin site infection, malunion, joint 
stiffness, patient acceptance, and delayed union remain 
the greatest problems, however, associated with external 
fixation.

External fixation as definitive management usually is 
indicated for severe open fractures (type IIIB and type C), 
especially fractures with gross contamination of the tibial 
canal or if the adequacy of the initial debridement (shotgun 
wound, crush injuries) is a concern. External fixation also 
can be used in the delayed management of fractures with 
bone loss, either by providing stabilization for autogenous 
bone grafting or by creating regenerated bone with circular 
wire fixators. External fixators also are preferable in patients 
with very small medullary canals, fractures associated with 
burns or wounds over the tibial nail entry portal, open frac-
tures receiving delayed treatment (>24 hours), severely con-
taminated fractures, fractures with vascular injury in which 

 FIGURE 54.33 Malalignment after intramedullary nailing can 
be prevented by use of blocking screws in addition to standard 
locking screws. SEE TECHNIQUE 54.11.
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salvage may be questionable, war injuries, and in some 
patients with multiple-system trauma in whom blood loss 
must be kept to a minimum.

External fixation may be indicated for patients with unsta-
ble closed fractures, fractures complicated by compartment 
syndrome, diaphyseal fractures with periarticular extension, 

 

A B

C D

FIGURE 54.34 A and B, Clinical photograph and initial radiograph of pedestrian struck by 
vehicle at high speed. Presented with Gustilo 3B open proximal fibular and tibial fractures. Note 
large bone defect. C and D, Fracture managed with multiplanar ring external fixator secondary to 
overlying soft-tissue injury requiring skin grafting. Osseous defect managed with bulk autogenous 
bone grafting and acute compression/shortening of fracture in wire frame after removal of large 
antibiotic spacer.

    

https://booksmedicos.org


CHAPTER 54 FRACTURES OF THE LOWER EXTREMITY 2853

segmental fractures with a periarticular component, and head 
injury or impaired sensation.

Initial healing of a fracture, especially a comminuted 
open fracture, depends on the blood supply from surround-
ing soft tissues. Fracture and soft-tissue stability must be 
maintained to allow continued capillary ingrowth into the 
injured areas. If external fixation is used for open tibial frac-
tures, temporary fixation of the foot to eliminate ankle and 
soft-tissue motion at the fracture site should be considered. 
If fixation of the foot is not important for fracture stability, 
it is removed when the soft tissues have healed, and ankle 
motion is encouraged.

The amount of stiffness that provides the most favor-
able environment for fracture healing in an external fixator 
is unknown. More rigid frames are preferred initially during 
the phase of soft-tissue healing and usually have fewer pin site 
problems. Fractures with more inherent instability require 
stiffer frames than more stable fracture patterns. There is 
evidence that gradually destabilizing the frame to permit 
more weight bearing by the bone stimulates fracture heal-
ing. Destabilization usually includes converting the frame 
from a static to a dynamic construct by loosening the pin-to-
bar clamps on one side of the fracture. Axial compression is 
allowed while maintaining angular and rotational alignment. 
Frames also can be made less rigid by increasing the distance 
between the bar and the bone and removing the outer bar 
in a double-bar frame. The fracture should be stable enough 
to resist excessive shortening or angulation before fracture 
destabilization.

Although external fixation long has been proposed for 
provisional soft-tissue care, a growing number of reports 
advocate it for definitive fracture care, especially for high-
energy fractures with significant diastasis or dissociation of 
the tibia and fibula and little intrinsic stability. These reports 
cite high complication rates, especially of malunion, with 
conversion of high-energy fractures from external fixation 
to casts. External fixators now usually are retained until frac-
ture union. External fixation also provides stability for frac-
tures that require subsequent bone grafting. Although open 
fractures with bone loss clearly require bone grafting or bone 
transport with ring fixators, open fractures with periosteal 
stripping (type IIIB) also frequently require autogenous bone 
grafting for union. These especially difficult fractures have led 
some authors to recommend early bone grafting in all such 
injuries.

To avoid intrinsic problems of delayed union, nonunion, 
pin loosening, and pin track infection, conversion to inter-
nal fixation after soft tissues and all pin sites have healed 
(8 to 12 weeks) has been suggested as the ideal time for 
such conversion, while others have cautioned against early 
removal of the fixator in high-energy fractures with disrup-
tion of the interosseous membrane, comminution, or bone 
loss. In a prospective evaluation of 78 patients, Bråten et al. 
demonstrated that time to union and full weight bearing 
were similar between intramedullary nails and external fixa-
tion. However, the cohort receiving a nail achieved unpro-
tected weight bearing sooner. External fixation resulted in 
more reoperations, whereas 64% of the patients with intra-
medullary nails had anterior knee pain at 1 year. Others 
have evaluated the factors that influence fracture healing 
with external fixation and found significant disparities of 

healing associated with lack of supplemental fixation tech-
niques and pin track infections.

HALF-PIN FIXATORS
Numerous brands of external fixators are available. The 
fixator chosen should provide adequate stability, permit 
progressive weight bearing, and allow dynamization and 
destabilization as the fracture heals. Fixator systems that 
accommodate pin placement in more than one plane and 
have the ability to include the foot are most useful. Lighter 
weight, lower cost, and less interference with visualization 
of the bone on radiographs also are desirable attributes 
if they do not compromise the stability and versatility of 
the system. Single-unit fixators with large universal joints 
readily permit adjustments to fracture reduction after 
the frame is applied. These fixators tend to be less stable 
because they do not allow wide pin spacing, and it is more 
difficult to add a second plane of fixation. Modular fix-
ators allow greater freedom in placement but are more dif-
ficult to adjust when the frame is completed. Pin removal 
and replacement may be necessary to improve reduction. 
Newer pin clamp designs with ball joint or pivoting mech-
anisms increase the adjustability of these constructs to 
some extent. 

PREOPERATIVE PLANNING
The initial frame should be rigid enough to minimize 
motion at the fracture site. Stability can be increased in 
several ways, as follows: increasing pin diameter, increas-
ing the distance between the pins, increasing the number 
of pins, increasing the number of stabilizing bars, decreas-
ing the distance from the bar to the limb, and adding a 
second plane of fixation. Tibial fixators use pins ranging 
from 4.5 to 6.0 mm in diameter. The pin should be less 
than one third the diameter of the bone to prevent frac-
ture. Uncomminuted fractures require a minimum of two 
pins for each major fragment (including large segmental 
fragments). A uniplanar construct usually provides suf-
ficient stability for many tibial fractures. The addition of 
a third pin to a fragment significantly increases rigidity, 
especially if it is in another plane. A fourth pin in a single 
fragment provides minimal additional stability and usually 
is unnecessary. Comminuted fractures may benefit from 
three pins per major fragment, and two-plane fixation is 
preferred. Two-plane fixation can be achieved by connect-
ing pins in different planes to a single bar. Alternatively, 
the pins placed in a second plane can be attached to a sec-
ond bar, and the bars can be connected with bar-to-bar 
clamps. Rigidity can be increased in a uniplanar construct 
by connecting the pins to the two bars stacked on top of 
each other.

Widely spaced pins in each fragment provide stability 
in the plane of fixation and in the plane perpendicular to it. 
Short fragments do not allow wide pin spread, however. Two 
pins placed in the same plane in a short fragment provide sta-
bility in the plane of the pins but are less stable in the plane 
perpendicular to the pins. Adding a pin in a different plane 
enhances stability. Because the major bending moments in 
the tibia occur in the sagittal plane, fixation in this plane is 
more stable. Tibial fractures associated with unstable ipsilat-
eral ankle injuries or with severe soft-tissue wounds of the 
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distal leg require extension of the fixation into the foot to 
facilitate soft-tissue healing. 

 

EXTERNAL FIXATION FOR TIBIAL 
SHAFT FRACTURES
At our institution, this technique is most applicable for pro-
visional stabilization of open tibial fractures or in the setting 
of multiple trauma for fractures that will typically be man-
aged definitively by other means.

 TECHNIQUE 54.12 

 n  Before fixator application, review cross-sectional anatomy 
to confirm the “safe zones” for pin placement and to 
minimize the risk of neurologic, vascular, or tendinous 
injury.

 n  Place pins through either the anterior or the anteromedial 
cortex along the subcutaneous border of the tibia to avoid 
soft-tissue tethering. Direct the pins perpendicular to the 
long axis of the bone and parallel to the joint surfaces and 
insert them through small longitudinal incisions.

 n  Bluntly dissect soft tissues to bone.
 n  Place a drill sleeve against the bone and predrill the pin 

hole with an appropriate-size bit. Predrilling lowers the 
risk of thermal necrosis and pin loosening.

 n  Insert a pin with the correct thread length through the 
sleeve by power drill and into the bone. Bicortical pur-
chase is necessary to prevent loosening. Threads should 
not protrude through the skin at the insertion site be-
cause this can cause pin site irritation. Some pins have 
conical rather than cylindrical threaded portions to create 
a radial preload with tightening. These pins cannot be 
backed out after insertion without causing loosening. Do 
not insert them too deeply.

 n  Some systems have different thread designs for cortical 
and cancellous bone, which use different drill bits. The 
following is a technique for the application of a generic 
modular fixator.

 n  Pins should be nearly perpendicular to the long axis of the 
tibia and parallel to the knee and ankle joints. If the length 
of the segments allow, place the most proximal and distal 
pins at the metaphyseal-diaphyseal junction, where the 
bone is thicker and better pin purchase is obtained than in 
the cancellous bone of the metaphysis. Proximally, place 
the pin at least 15 mm from the joint to avoid penetration 
of the joint capsule and avoid the pes tendons and patel-
lar tendon.

 n  Place the inner pin in each fragment at least 1 cm from 
the fracture site, avoiding undisplaced areas of comminu-
tion. The fracture site could become secondarily infected 
from a pin site infection if the pin is too close. If the length 
of the segment allows, place inner pins 2 to 3 cm from the 
fracture site. Keep in mind that wide pin spread enhances 
stability.

 n  Apply multiple pin-to-bar connections and connect the 
bars positioned.

 n  Perform reduction. If the injury is open, the traumatic 
wound provides an excellent opportunity to effect reduc-
tion under direct vision or with provisional clamps.

 n  Securely tighten all connections. Assess fracture reduc-
tion with fluoroscopy and adjust as needed.

 n  Additional bars can increase construct stability.
 n  If stability warrants, expand the external fixation to in-

clude the foot. To include the foot, insert 4-mm or 3-mm 
pins through the subcutaneous border of either the first 
or the fifth metatarsal respectively or, if necessary, place 
larger half-pins or transfixation pins in the posterior tu-
berosity of the calcaneus. Avoid equinus, inversion, and 
eversion of the foot.

 n  Connect the foot pins to the tibial frame using either 
specialized pin clamps or additional bars and bar-to-bar 
clamps.

 n  Combining external fixation with lag screw fixation of the 
diaphysis is discouraged. 

POSTOPERATIVE CARE Pin site care is started after 
the initial postoperative dressing has been removed. Pin 
sites are cleaned daily using a diluted hydrogen peroxide 
solution or antibacterial soap and water. Pin sites are 
inspected to ensure that the pins are tight. A removable 
splint is used to prevent equinus, with definitive fixation 
performed later.
  

COMPLICATIONS
When the soft-tissue techniques previously described are 
used and the safe zones of the tibia are observed, especially 
with half-pin fixation in the subcutaneous tibial border, 
immediate complications are rare. Vascular injury more 
often is the result of late erosion of a vessel than of direct 
injury; however, direct injury is possible, especially with 
transfixation pins in bilateral uniplanar frames. Persistent 
bleeding at the time of surgery or late spontaneous bleeding 
must be investigated to rule out direct injury, late erosion, or 
pseudoaneurysm of a major vessel. We have seen persistent 
bleeding around the pins from small periosteal arteries in 
children.

Pin track irritation is common and requires daily pin site 
care with soap and water cleansing and gentle pressure dress-
ings. Oral antibiotics may be required for secondary cellulitis.

Removal of the external fixator and application of a cast 
before union in high-energy tibial fractures may result in 
malunion or nonunion. Intramedullary nailing after exter-
nal fixation, especially with a history of a pin track infec-
tion, results in a high rate of infection, although a low rate of 
malunion or nonunion. In our experience, with an average 
delay in nailing of 7 weeks after fixator removal, intramed-
ullary nailing of delayed union or nonunion of the tibia has 
been extremely successful. Gustilo recommended delaying 
any reconstructive surgery for severe open tibial fractures, 
including bone grafting and delayed nailing, until all wounds 
are reepithelialized. 

ILIZAROV EXTERNAL FIXATION DEVICE
The tensioned wire external fixator has proved valuable 
in the acute and subacute care of tibial fractures. It has 
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been used more frequently for difficult fractures, espe-
cially metaphyseal fractures with significant shaft exten-
sion. Difficult nonunions with bone loss, deformity, or 
infection also have been managed effectively with this 
type of fixation (Fig. 54.35). Preoperative planning and 
frame construction, early mobilization of the patient, daily 
cleansing of skin and frame, and close follow-up minimize 
complications.

Our experience with the Ilizarov external fixator has 
been primarily with tibial fractures. Stabilization of short 
periarticular fragments is possible with this appliance. Four 
1.8-mm diameter wires used to stabilize a bicondylar tibial 
plateau fracture provide the effective cross section of fixa-
tion of 7.2 mm. Four wires also provide eight cortical inter-
faces and, because of the multiplanar orientation, virtually 
eliminate any late displacement of fragments. Because the 
wires are highly tensioned and supported circumferentially, 
a trampoline of fixation is provided (Fig. 54.36). Spanning 
the knee or ankle for 4 to 6 weeks occasionally is neces-
sary, especially after elevation of a joint surface and bone 
grafting.

The Taylor spatial frame (Smith & Nephew, Memphis, 
TN) is a unique ring-and-wire fixator consisting of two 
rings connected by six oblique struts (Fig. 54.37). Its appli-
cation is similar to that of the Ilizarov except that FastFx 
struts are used, and reduction is performed manually 
under image intensification until the best possible reduc-
tion is obtained in the anteroposterior and lateral planes. 
The struts are then locked in place. Additional rings can 
be added as necessary, and the foot can be incorporated. 
With the aid of a computer software-generated prescrip-
tion, the struts can be adjusted as a procedure in the out-
patient setting to effect anatomic reduction at the fracture 
site. Radiographic parameters are entered into a com-
puter. Length, rotation, translation, and coronal and sagit-
tal alignment all can be corrected by changing the lengths 
of the six struts as dictated by the computer program. We 
have used this fixator primarily to correct malunions, but 
it can be useful in treating acute fractures as well.

Open fractures with extensive bone loss are another 
indication for the Ilizarov method. The unstable fracture, 
soft-tissue defect, and bone loss all are managed success-
fully with one device and method. The first step in the 
management of complex fractures is to determine if the 
limb is salvageable, however. Occasionally, these injuries 
are managed best by early amputation, especially in the 
presence of major arterial or nerve injury. A dysvascular, 
insensate terminal limb does not function better than a 
prosthetic limb. The number of operations, the length of 
treatment, and the psychologic factors associated with sal-
vage of a severely injured limb must be considered. Other 
relative indications for the Ilizarov fixator in acute trauma 
are open fractures, unstable closed fractures, and compart-
ment syndrome.

Up to 100% union rates have been reported after this 
technique. We examined 40 unstable tibial fractures treated 
with the Ilizarov external fixator, 37.5% of which were 
open fractures; 12 of the 15 open fractures were Gustilo 
grade III fractures. Nineteen fractures were bicondylar tib-
ial plateau fractures with extensive shaft extension. Four 
autogenous bone grafts were required for open fractures 
with bone loss. One fracture failed to unite and required 

reapplication of a frame, after which union was obtained. 
The average active range of motion of the knee after frac-
ture healing was 110 degrees.

Time to union probably is related to the quality of reduc-
tion and restoration of normal alignment. We prefer accurate 
apposition and alignment at the initial application of a sim-
pler trauma frame rather than the use of articulated frames 
and subsequent reduction. Our preference for tibial fractures 
for which definitive external fixation has been selected is mul-
tiplanar ring external fixation as opposed to a modular half-
pin fixator. 

 

BA

FIGURE 54.35 A, Infection after open tibial fracture was 
treated with bone resection and Ilizarov bone transplant, with 
bone graft at docking site. B, After removal of fixator.

 FIGURE 54.36 Ilizarov external fixation provides trampoline 
effect because of highly tensioned wires that are supported circum-
ferentially.
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ILIZAROV METHOD IN OPEN FRACTURES
In open fractures with bone loss, the Ilizarov external fix-
ator should be strongly considered as the primary treat-
ment. Conventional treatment consists of debridement 
and delayed coverage with a rotation or free flap, followed 
by autogenous bone grafting. The tensioned wire fixator 
allows serial debridement of all necrotic tissue. If bone is 
not exposed, a split-thickness skin graft can be placed onto 
the remaining muscle. Later, a corticotomy is performed 
with transport of bone into the gap. The tendency of soft 
tissue is to move with the transported bone and the nor-
mal tendency of split-thickness grafts to contract and fill the 
soft-tissue and bony defects, eliminating the need for more 
difficult rotation or free flaps. If an insignificant length of 
vascular exposed bone is present after debridement, further 
shortening of fragment ends should be considered to avoid 
the necessity of flap coverage. Then a simple skin graft can 
be used as just described. Alternatively, the Taylor Spatial 
Frame can be used. It permits soft-tissue closure followed 

by gradual correction of osseous alignment for injuries that 
would otherwise require more involved soft-tissue coverage 
procedures.

If a significant amount of vascular bone remains uncov-
ered after debridement, a free flap or rotation flap should be 
used (Fig. 54.38A). At flap coverage, a corticotomy is made 
and a fragment is prepared for transport into the bony defect 
(Fig. 54.38B and C). Ilizarov recommended a metaphyseal 
corticotomy for bone transport. 

RECONSTRUCTIVE PROCEDURES
Reconstructive soft-tissue procedures are possible with cir-
cular tensioned wire fixators. Typical fracture frames are 
composed of four threaded rods linking four complete rings. 
Temporary removal of one rod allows 180-degree access to 
the leg for bone grafting of delayed unions or for free flap 
grafts. Removal of the anterolateral rod allows access to a 
dorsalis pedis donor, and removal of the posteromedial rod 
allows access to the posterior tibial artery. 
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FIGURE 54.37 A, Taylor spatial frame is applied before fracture reduction. B, FastFx struts 
allow reduction under direct vision or C-arm control. If reduction is satisfactory, no adjustments 
are necessary; if not, gradual adjustments can be made using the deformity correction computer 
program. C, FastFx struts have dual actions. With the locking sleeve released, strut lengths can be 
changed to effect fracture reduction.  (Courtesy Smith & Nephew, Memphis, TN.)
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PREOPERATIVE PLANNING
Preparation is essential to success with the Ilizarov fixator. 
We modify the standard Ilizarov method by assembling the 
frames preoperatively, which greatly reduces intraoperative 
time. Radiographs are used to determine correct ring posi-
tions, and ring size is determined by the uninjured extrem-
ity. Two fingerbreadths of clearance are necessary for tibial 
mountings (Fig. 54.39). Rings that are too large do not sup-
port the transfixing wires adequately, and osteogenesis is 
impaired. Because of the anatomic constraints of safe wire 
placement, 90-degree divergence generally is unobtainable. A 

second level of fixation in each segment improves frame stiff-
ness to anteroposterior bending and torsion. Two rings are 
used on large fragments, and a ring and drop post are used 
for smaller fragments.

The midfemur is the most proximal level to accommo-
date a complete ring comfortably. Fixation to the proximal 
femur usually is accomplished with hybrid frames and half-
pins. The entire lower extremity can be treated with a simple 
cylindrical frame from midfemur to the ankle. The thigh dic-
tates ring size, usually one or two sizes larger than that nor-
mally used for the tibia. The frame should be situated parallel 
to the tibia on anteroposterior and lateral views. The femur is 
centered at the level of the patella and inclined in anatomic 
valgus with respect to the frame. An open section ring can be 
used as the distal femoral ring to allow full flexion at the knee 
(Fig. 54.40). This ring can be attached to a complete ring with 
heavyweight sockets to make it more resistant to deformity 
when tensioned wires are applied to the open section ring. 
Likewise, the most proximal ring in a tibial mounting can be 
an open section ring attached to a complete ring, allowing 
maximal flexion and providing two levels of fixation (see Fig. 
54.39).

In open tibial fractures, the foot can be included in the 
frame to prevent soft-tissue motion at the fracture. Pilon frac-
tures also may require foot fixation for fracture stability. The 
foot frame is removed after the soft tissues have healed, unless 
it is required for fracture stability. If the peroneal nerve or 
anterior or lateral compartment is injured, at least temporary 
incorporation of the foot should be considered to prevent 
contracture. The foot may be included in a tibial lengthening 
or bone transport to prevent equinus. A stable foot mount-
ing consists of two half-rings joined by plates threaded on 
one end (Fig. 54.41). These special plates prevent distortion 
of the foot frame when wires are tensioned. Half-rings of the 
same size used for the tibial frame usually are used for the 
foot frame.

Swelling and dependent edema create late changes in 
extremity dimensions and must be anticipated. More clear-
ance is needed posteriorly for the lower extremity, and the 
thigh requires more room for swelling than the leg. 

 

ILIZAROV EXTERNAL FIXATION FOR 
TIBIAL SHAFT FRACTURES

 TECHNIQUE 54.13 

 n  Place the patient on a radiolucent table extension, us-
ing the external fixator for traction and subsequent re-
duction. Longitudinal traction reduces most fractures to 
within 10 to 15 degrees of anatomic alignment. In our 
experience, the addition of hinges to the trauma frame 
has been unnecessary. Excessive or prolonged traction 
should be avoided to prevent neurologic or vascular in-
jury.

 n  After preparing and draping the extremity, disconnect the 
ring connection bolts on one side of the preassembled 
frame and open the frame.

 

C

B

A

FIGURE 54.38 A, Free flap or rotation flap. B and C, Corti-
cotomy and preparation of fragment for transport into bony defect.

 FIGURE 54.39 Open section ring used for most proximal ring 
in tibial mounting and attached to complete ring.
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 n  Place the frame around the extremity, reassemble it with 
adequate soft-tissue clearance, and align it with coupling 
bolts parallel to the crest of the tibia in the anteroposte-
rior and lateral planes (Fig. 54.42).

 n  If used to treat the fracture shown in Fig. 54.43A, hold the 
frame in this position with proximal and distal transverse 
reference wires placed parallel to the knee and ankle 
(Fig. 54.43B). As the wires are secured to the frame (Fig. 
54.43C) and tension is applied, further correction of the 
fracture in the coronal plane is achieved (Fig. 54.43D).

 n  Alternatively, suspend the frame with ordinary suction 
tubing placed around the extremity and secured to the 
frame with towel clips. Tilt eccentrically the proximal and 
distal rings until they are parallel to the knee and ankle 
joints. After secure fixation with at least two wires to the 
proximal and distal rings, bring these two rings parallel to 
their counterparts in the center of the frame for further 
fracture reduction.

 n  Use arched olive wires for final fracture reduction (Fig. 
54.43E). For final coronal plane correction of the residual 
displacement (Fig. 54.43F), place an olive wire in a trans-
verse fashion (if safe) (Fig. 54.43G) and apply tension, 
without securing it tightly to the frame, to pull the frag-
ment toward the tensioner. Use image intensification to 
ensure adequate reduction.

 n  After adequate correction is obtained in this plane, secure 
the wire to the frame on the olive side. If further correc-
tion is needed in the sagittal plane, connect this olive wire 
in an arched fashion (Fig. 54.43H) and tension the wire to 
obtain final correction (Fig. 54.43I and J). Eliminate any 
residual distraction (Fig. 54.44).

 n  In rare cases, two olive wires inserted from opposite sides 
perpendicular to the fracture plane can effect reduction 
and apply compression to the fracture (Fig. 54.45). This 
pattern of wire placement may not always be safe, how-
ever. These fractures should be fixed with one or more lag 
screws followed by external fixator placement (Fig. 54.46). 
Preoperative axial CT scans help determine the appropriate 
method of fixation. Interfragmentary screws or wires in the 
diaphyseal region usually should be avoided because they 
negate the axial flexibility of the Ilizarov external fixator, 
which ideally promotes secondary fracture healing.

 n  Handle skin and other soft tissues with care. In general, 
1.5-mm and 1.8-mm wires need no incision or drill sheath. 
If desired, use a sheath and incision for insertion of the 
larger 2-mm wires. Glove paper can facilitate grasping the 
wire close to the insertion site for increased control.

 n  Use a small skin incision for olive wires. Predrilling is not 
required for wire insertion. Use a low-speed power drill 
with frequent pauses or a hand drill to drill the wires 
through bone.

 n  After determining the safe angle for the transfixation 
wires at a given level, stab the wire through the skin and 
muscle to bone. (Several references for safe transfixation 
using cross-sectional anatomy are available.)

 n  Use a low-speed drill to insert the wire across both cor-
tices of the bone. When the wire emerges from the far 
cortex, tap it through the remaining soft tissues to reduce 
the risk of neurovascular injury. Avoid undue pressure or 
tension on the pin-skin interface.

 n  Attach the wires to the rings without bending them to 
meet the frame; this may require small spacers to build 
the connecting bolts off the frame.
  

 FIGURE 54.40 Open section distal femoral ring.

 FIGURE 54.41 Stable foot mounting consisting of two half-
rings joined by plates.

 FIGURE 54.42 Frame reassembled around tibia and 
aligned parallel to crest of tibia in anteroposterior plane. SEE 
TECHNIQUE 54.13.
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COMPLICATIONS
With careful determination of safe zones by level of fixa-
tion, acute neurovascular injury with transfixation wires is 
rare. In the immediate postoperative period, an unusually 
painful wire should be suspected of passing through a larger 
nerve and should be removed. Late neurovascular injury is 
exceedingly rare, unless bone transport or relative motion of 

fragments exists, and usually occurs during a reconstructive 
procedure rather than during simple fracture immobiliza-
tion. Flexion contractures of the knee and ankle occur less 
frequently with fracture treatment than with lengthening and 
can be prevented by active exercises and weight bearing in the 
frame. Pin irritation is common, although serious pin track 
infection is unusual. Wire-skin interfaces should be cleaned 
daily with soap and water. After wounds have healed, show-
ers are encouraged and swimming in chlorinated pools is 
allowed with a clear water rinse afterward. Gentle pressure 
dressings prevent pin and skin motion. A loose wire must be 
suspected at the first signs of pain and inflammation. Suspect 
wires should be retensioned. Generalized cellulitis should be 
managed by assessment of all pin sites and administration 
of oral antibiotics until it resolves. Pin track infection that 
fails to respond to these measures should be treated by wire 
exchange.

Patients with head injuries may have excessive dependent 
edema because they rarely are moved enough to change the 
dependency or to help lymphatic pumping. If skin impinges 
on the frame toward the end of treatment (Fig. 54.47A), thin 
cardboard can be slotted to accommodate any wires and 
slipped between the skin and the frame to prevent pressure 
necrosis (Fig. 54.47B). If skin impinges on the frame early in 
the treatment, the frame must be modified. When problems 
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FIGURE 54.43 A-J, Fractures of tibial and fibular shafts treated with Ilizarov fixator. See text 
for steps in application. SEE TECHNIQUE 54.13.

 FIGURE 54.44 Residual distraction eliminated. SEE TECHNIQUE 54.13.
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exist at short-arc segments of several rings, the frame may be 
shifted toward the impingement by reattaching all wire fixa-
tion bolts in new holes away from the impingement. If the skin 
impinges on a single ring, that ring can be modified by intro-
ducing two short plates between the ends of the half-rings to 
create an ellipse with its major axis toward the impingement. 

Alternatively, a saw can be used to remove a segment of a 
ring if sufficient stability remains. Major problems with cir-
cumferential impingement at several levels can be solved by 
constructing a larger frame around the first frame. The rings 
of this larger frame are positioned at exactly the same levels. 
Curled wire ends are straightened, and the wires are attached 
to the outer frame at both ends. Finally, wire fixation bolts on 
the smaller frame are loosened and the smaller frame is dis-
assembled. Cannulated wire fixation bolts from the smaller 
frame may be taped against the new frame. This modification 
can be made without loosening wires or losing reduction. 

TREATMENT OF DELAYED UNION OR 
NONUNION
Delayed union after unreamed nailing can be treated by nail 
exchange or by removal of the nail and insertion of a larger 
nail using a reamed technique. This technique is indicated 
for delayed unions in fractures with small (8 mm) or loose 
implants, axially unstable fractures, and perimetaphyseal 
fractures. The technique is unsuccessful in fractures with 
bone loss of more than one third to one half of the cortical 
circumference and may precipitate infection in type IIIB 
open fractures. Percutaneous bone grafting, the time-tested 
method for delayed union and nonunion of the tibia, is used 
most frequently for type IIIB open fractures and fractures 
with significant bone loss and after other methods have failed. 
Other methods for treatment of delayed union are external 
bone stimulation and historically dynamization of the nail to 
allow axial impaction of the fracture and to stimulate healing, 
provided that the fibula has not healed. Loss of reduction has 
been reported to occur in 16% of proximal and distal frac-
tures after dynamization. 

FIXATION OF THE FIBULA FOR TIBIAL 
FRACTURE
Internal fixation of the fibula is unnecessary in treating fibular 
shaft fractures but may be useful in stabilizing other struc-
tures. Fixation of a fibular fracture by a plate and screws or 
by an intramedullary nail inserted through the lateral mal-
leolus partially stabilizes comminuted fractures of the distal 
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FIGURE 54.45 Insertion of two olive wires from opposite sides 
perpendicular to fracture plane. SEE TECHNIQUE 54.13.
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FIGURE 54.46 Fixation with one or more lag screws and appli-
cation of external fixator. SEE TECHNIQUE 54.13.
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FIGURE 54.47 A, Impingement of skin on frame. B, Thin card-
board used to prevent pressure necrosis.
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tibial shaft or metaphysis when damage of the soft tissues or 
contamination of the wound makes internal fixation of the 
tibia inadvisable. Furthermore, internal fixation of the fibula 
may be considered as an adjuvant in very distal tibial frac-
tures treated with intramedullary fixation to prevent valgus 
deformity. 

DEFORMITIES OF THE FOOT AND TOES 
AFTER TIBIAL FRACTURE
A checkrein deformity of the great toe can occur after fracture 
of the distal third of the tibia. The flexor hallucis longus mus-
cle adheres to callus at the fracture, with its tendon forming a 
bowstring between this point and the site of insertion of the 
tendon into the great toe. When the ankle is dorsiflexed, the 
great toe is sharply flexed, but when the ankle is plantarflexed, 
the interphalangeal joint extends completely. The pressure of 
the plantar surface of the great toe against the sole of the shoe 
on dorsiflexion of the ankle produces a painful callus. If it is 
impossible to free the muscle in the distal third of the leg after 
the fracture has united, the tendon is lengthened in the foot.

Clawfoot or cavus deformity has been reported after frac-
tures of the tibial shaft and are believed to be the result of 
fibrous contracture of the muscles of the deep compartment 
from muscle trauma and ischemia in the deep posterior com-
partment of the leg. This deformity may be misinterpreted as 
an inward malrotation of the tibial fracture. 

TIBIAL PLATEAU FRACTURE
Proximal tibial articular fractures caused by high-energy 
mechanisms may be associated with neurologic and vascu-
lar injury, compartment syndrome, deep vein thrombosis, 
contusion, crush injury to the soft tissues, or open wounds. 
Tscherne and Lobenhoffer emphasized the importance of 
distinguishing between the “pure” plateau fracture pattern 
and the fracture-dislocation pattern. In their review of 190 
proximal tibial articular fractures, 67% of meniscal injuries 
occurred in plateau fracture patterns, whereas 96% of cru-
ciate injuries and 85% of medial collateral ligament injuries 
occurred in fracture-dislocation patterns. Peroneal nerve 
injury was twice as common in fracture-dislocation patterns. 
These authors also introduced the term complex knee trauma 
to describe injuries associated with significant damage to two 
or more of the following compartments: the soft-tissue enve-
lope of the knee, the ligamentous stabilizers, and the bony 
structures of the distal femur and proximal tibia. Complex 
fractures involving the femoral and tibial articular surfaces 
had a 25% incidence of vascular injury and 25% incidence of 
compartment syndrome. In 19 complex fractures with severe 
soft-tissue injury, vascular injury occurred in 31%, compart-
ment syndrome in 31%, and peroneal nerve injury in 23%. 
Accurate determination of fracture pattern and soft-tissue 
injury is necessary when developing a treatment plan.

Proximal tibial articular fractures can be caused by motor 
vehicle accidents or bumper strike injuries; however, sports 
injuries, falls, and other less violent trauma frequently pro-
duce them, especially in elderly patients with osteopenia. The 
frequency of the type of fracture produced has been shown 
to be related to the frequency of collateral ligament injury to 
the type and mechanism of forces applied to the knee (Fig. 
54.48). Considering the “pure” fracture patterns, ligamen-
tous injuries occur more frequently in minimally displaced, 

local compression, and split compression fractures, and it is 
wise to obtain stress radiographs of the knee to evaluate these 
structures.

The classification of intraarticular proximal tibial fractures 
originally proposed by Hohl and later modified by Moore and 
Hohl is commonly used to describe tibial plateau fractures 
(Fig. 54.49). The classification distinguishes between five pri-
mary fracture patterns and five fracture-dislocation patterns, 
with fracture-dislocations occurring one seventh as fre-
quently as fractures. Tibial plateau fracture patterns accord-
ing to Hohl and Moore include type 1, minimally displaced; 
type 2, local compression; type 3, split compression; type 4, 
total condyle; and type 5, bicondylar. (Fracture-dislocation 
patterns are described in a later section.) Hohl observed that 
this classification may be an intermediate step in the evolu-
tion of a classification that separates the myriad ligamentous 
and soft-tissue injuries that, along with the bony injury, deter-
mine outcome. Our involvement with a level I trauma center 
has shown several fractures that defy conventional classifica-
tion and treatment methods. These extremely high-energy 
fractures, frequently open, usually include bicondylar com-
minution and extensive shaft comminution with dissociation 
of the metaphysis and the diaphysis, as in Schatzker type VI. 
The Schatzker classification closely corresponds to the frac-
ture patterns of Hohl and Moore with the addition of type VI, 
metaphyseal-diaphyseal dissociation. Schatzker, McBroom, 
and Bruce, in a review of 94 tibial condylar fractures, pro-
posed the following classification and treatment methods 
when the fracture is significantly displaced or when signifi-
cant joint instability is present.

FRACTURE CLASSIFICATION
Fracture patterns as classified by Schatzker:
Type I—pure cleavage (Fig. 54.50A). A typical wedge-shaped 

uncomminuted fragment is split off and displaced later-
ally and downward. This fracture is common in younger 
patients without osteoporotic bone. If displaced, it can be 
fixed with two transverse screws, or the addition of a low-
profile condylar plate.

Type II—cleavage combined with depression (Fig. 54.50B). A 
lateral wedge is split off, but in addition the articular sur-
face is depressed down into the metaphysis. This tends to 
occur in older individuals, and, if the depression is more 
than 5 to 8 mm or instability is present, most should be 
treated by open reduction, elevation of the depressed pla-
teau “en masse.” Then bone grafting of the metaphysis, 
fixation of the fracture with screws, and buttress plating 
of the lateral cortex are performed.

Type III—pure central depression (Fig. 54.50C). The articu-
lar surface is driven into the plateau. The lateral cortex 
is intact. These tend to occur in osteoporotic bone. If 
the depression is severe, or if instability can be shown 
on stress, the articular fragments should be elevated and 
bone grafted and the reduced articular injury is sup-
ported with subchondral rafting fixation, with or without 
plate augmentation.

Type IV—fractures of medial condyle (Fig. 54.50D). These 
may be split off as a single wedge or may be commi-
nuted and depressed. The tibial spines often are involved. 
These fractures tend to angulate into varus and should be 
treated by open reduction and fixation with a medial but-
tress plate and screws.
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Type V—bicondylar fractures (Fig. 54.50E). Both tibial pla-
teaus are split off. The distinguishing feature is that the 
metaphysis and diaphysis retain continuity. Both con-
dyles can be fixed with buttress plates and cancellous 
screws, to avoid stabilizing condyles with large bulky 
implants. The less involved condyle can be stabilized 
with a small antiglide plate placed at the apex of the frac-
ture with minimal soft-tissue dissection, our preferred 
method.

Type VI—plateau fracture with dissociation of metaphysis 
and diaphysis (Fig. 54.50F). A transverse or oblique frac-
ture of the proximal tibia is present in addition to a frac-
ture of one or both tibial condyles and articular surfaces. 
The dissociation of the diaphysis and metaphysis makes 
this fracture unsuitable for treatment in traction, and 
most should be treated with buttress plates and screws, 
one on either side if both condyles are fractured. Pin and 
wire fixators also have been advocated for fixation of 
these difficult fractures. 

FRACTURE-DISLOCATION CLASSIFICATION
The fracture-dislocation patterns classified by Hohl and 
Moore (Fig. 54.51), in addition to occurring with a higher 
incidence of associated ligamentous injuries, occur with more 
frequent meniscal injuries, and a much higher incidence of 
neurovascular injury, increasing from 2% for type I to 50% for 
type V, with an overall average of 15%, approximately that of 
classic dislocation of the knee.
Type I—coronal split fracture. These fractures account for 

37% of tibial plateau fracture-dislocations. The frac-
ture involves the medial side, is apparent on the lateral 
view, and has a fracture line running at 45 degrees to the 
medial plateau in an oblique coronal-transverse plane. 
The fracture may extend to the lateral side, and avulsion 
fractures of the fibular styloid, insertion of the cruciates, 
and Gerdy’s tubercle are common. Half of these fracture-
dislocations are stable on stress views, and although they 
conceivably could be managed in a cast in extension or 
traction with limited range of motion, we frequently 
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FIGURE 54.48 Relationship of force to tibial condylar fractures. Tibial collateral ligament 
injuries commonly occur in split and mixed fractures of lateral plateau. In mixed fractures, fibula 
is often fractured. In total depression fractures, proximal fibular fracture or proximal tibiofibular 
diastasis occurs.
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use closed reduction and percutaneous screw fixation to 
improve reduction and allow early range of motion in a 
cast brace; protected weight bearing is continued for 8 
to 10 weeks. If open reduction is required, the fragment 
usually reduces in extension and can be fixed with inter-
fragmentary screws. Associated ligamentous injuries can 
be repaired along with the invariable capsular disruption.

Type II—entire condyle fracture. This fracture-dislocation 
may involve the medial or lateral plateau and is dis-
tinguished from the type IV fracture by a fracture line 
extending into the opposite compartment beneath the 
intercondylar eminence (Fig. 54.52). The opposite col-
lateral ligament is involved in half of fractures, result-
ing in fracture or dislocation of the proximal fibula. This 
type constitutes 25% of all fracture-dislocations, and 12% 
result in neurovascular injuries. Stress testing is neces-
sary to determine occult ligament injury. Stable fractures 
can be managed by cast bracing, frequent follow-up, and 
delayed weight bearing. Unstable or poorly reduced frac-
tures can be fixed with interfragmentary screws after 
closed or open reduction and repair of any ligament 
injury, cast bracing, and delayed weight bearing.

Type III—rim avulsion fracture. Constituting 16% of frac-
ture-dislocations, this type involves almost exclusively the 
lateral plateau, with avulsion fragments of the capsular 
attachment, Gerdy’s tubercle, or the plateau. Disruption 
of either or both cruciate ligaments is common. Although 
meniscal injury is rare, neurovascular injuries occur 
in 30% of fractures and nearly all type III fractures are 
unstable. A lateral approach allows screw fixation of the 
articular rim and repair of avulsed iliotibial band and col-
lateral ligaments. Cruciate ligament repair or augmenta-
tion may be necessary.

Type IV—rim compression fracture. This injury accounts for 
12% of all fracture-dislocations. It is almost always unsta-
ble. The opposite collateral ligament complex and usually 
(75% of patients) the cruciate ligaments are avulsed or 
torn, allowing the tibia to sublux to the extent that the 
femoral condyle compresses a portion of the anterior, 
posterior, or “middle” articular rim. Stable injuries can 

be treated by casting until the ligaments heal. If surgery 
is necessary, a parapatellar approach allows debridement 
of small fragments, elevation and stabilization of larger 
fragments, and repair of cruciate and opposite collateral 
ligaments. Postoperative mobilization is largely dictated 
by the nature of the ligamentous injury and repair.

Type V—four-part fracture. Constituting 10% of all frac-
ture-dislocations, this injury is nearly always unstable. 
Neurovascular injury occurs in 50% of fractures; the pop-
liteal artery and the peroneal nerve are injured in more 
than one third. Both collateral ligament complexes are 
disrupted with the bicondylar fracture, and the stabiliza-
tion provided by the cruciates is lost because the inter-
condylar eminence is a separate fragment. Although a 
bicondylar approach has been recommended, others have 
been more cautious, recommending plating of the more 
comminuted plateau and lag screw fixation of the more 
intact condyle. Realizing the high incidence of infection 
and dehiscence with bicondylar plating and the extensive 
exposure necessary, a method of lateral plateau plating 
with temporary medial external fixation was described by 
Mast. We have used limited open reduction techniques 
combined with multiplanar external fixation. As with 
Schatzker type V bicondylar fractures, extreme care must 
be taken with soft tissues. Motion is not allowed until the 
skin has healed. Weight bearing is delayed according to 
the method of fixation; with Ilizarov fixation, early weight 
bearing is allowed to tolerance. 

EVALUATION
A thorough history should be obtained, including determi-
nation of the mechanism of injury and the patient’s overall 
medical status, age, and functional and economic demands. 
A detailed physical examination is necessary to detect con-
comitant ligamentous injuries, neurovascular injuries, com-
partment syndrome, additional fractures, and other injuries. 
Compartmental pressures should be measured with an accu-
rate method if clinical suspicion of compartment syndrome 
exists in patients unable to provide a reliable clinical exam-
ination. Ankle-brachial indices should be obtained, and 
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FIGURE 54.49 Classification of tibial plateau fractures as described by Hohl and Moore: type 
1, minimally displaced; type 2, local compression; type 3, split compression; type 4, total condyle; 
and type 5, bicondylar.
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further vascular studies should be obtained in patients with 
suspected vascular injury. Patients with obvious vascular 
injuries should be taken promptly to the operating room for 
vascular exploration and revascularization. Provisional stabi-
lization with external fixation may be required.

Anteroposterior, lateral, and oblique radiographs and CT 
scans are necessary to evaluate these fractures. Assessment of 
the degree and the size of depressed articular fragments may 
be possible only with CT. Often the classification of the frac-
ture made from standard radiographs is changed to another 
type after the CT scans are evaluated. The upper tibial articu-
lar surface normally is inclined posteriorly 10 to 15 degrees, 
and an anteroposterior radiograph with the beam angled 
caudally 10 to 15 degrees provides better views of the tibial 
plateaus. Stress radiographs for collateral ligament injury 
have been mentioned previously. Analysis of MRI findings 
in 29 tibial plateau fractures found tibial collateral injuries 

in 55%, lateral meniscal tears in 45%, fibular collateral liga-
ment injuries in 34%, anterior cruciate ligament injuries in 
41%, posterior cruciate ligament injuries in 28%, and medial 
meniscal tears in 21%. Mustonen et al. demonstrated a 42% 
incidence of abnormal meniscal findings on MRI in patients 
who sustained tibial plateau fractures, and 88% of patients 
with meniscal tears had unstable injuries. The exact role of 
MRI in evaluating patients with tibial plateau fractures is 
still evolving. MRI is probably most appropriate in the eval-
uation of fracture-dislocation patterns when there is a high 
suspicion for injury to the associated soft-tissue stabilizers. 
Radiographic predictors for fractures with an increased inci-
dence of compartment syndrome include tibial widening and 
femoral displacement.

Ruffolo et  al. reported complication rates after ORIF of 
bicondylar injuries treated through dual incisions. Nonunion 
and deep infection occurred commonly after staged ORIF of 
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FIGURE 54.50 A, Type I, pure cleavage fracture. B, Type II, cleavage combined with depression. 
Reduction requires elevation of fragments with bone grafting of resultant hole in metaphysis. 
Lateral wedge is lagged on lateral cortex, protected with buttress plate. C, Type III, pure central 
depression. There is no lateral wedge. Depression also can be anterior or posterior or involve 
whole plateau. After elevation of depression and bone grafting, lateral cortex is best protected 
with buttress plate. D, Type IV. Medial condyle is split off as wedge (type A) as illustrated, or it can 
be crumbled and depressed (type B), which is characteristic of older patients with osteoporosis 
(not illustrated). E, Type V. Note continuity of metaphysis and diaphysis. In internal fixation, both 
sides must be protected with buttress plates. F, Type VI. Essence of this fracture is fracture line that 
dissociates metaphysis from diaphysis. Fracture pattern of condyles varies, and all types can occur. 
If both condyles are involved, proximal tibia should be buttressed on both sides.
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high-energy tibial plateau fractures. Open fractures and open 
fasciotomy wounds at the time of internal fixation are asso-
ciated with higher infection rates, 43.8% and 50.0%, respec-
tively. Ahearn et  al. noted poor patient-reported outcome 
measures after complex bicondylar tibial plateau fractures 
and similar clinical and radiographic outcomes with internal 
fixation and Taylor Spatial Frame.

Whatever the injury, the damage to the joint usually is more 
extensive than the radiographs indicate. The bony attachments 

of one or both cruciate ligaments may be avulsed and lie as free 
fragments in the joint. Comminuted fragments of the articular 
surface often lie at angles to their normal plane and may be 
upside down. The meniscus often is torn at its periphery, and 
a part or all of it may lie between the comminuted fragments. 

TREATMENT
Goals of treatment of proximal tibial articular fractures 
include restoration of articular congruity, axial alignment, 
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FIGURE 54.51 Hohl and Moore classification of proximal tibial fracture-dislocations.  (Redrawn 
from Hohl M, Moore TM: Articular fractures of the proximal tibia. In Evarts CM, editor: Surgery of the 
musculoskeletal system, ed 2, New York, 1990, Churchill Livingstone.)

 FIGURE 54.52 Type II fracture-dislocation of tibial plateau fixed with plate and screws.
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joint stability, and functional motion. If operative treatment 
is chosen, fixation must be stable enough to allow early 
motion and the technique should minimize wound com-
plications. Surgical treatment is usually recommended for 
fractures associated with instability, ligamentous injury, and 
significant articular displacement; open fractures; and frac-
tures associated with compartment syndrome. Ligamentous 
instability must be distinguished from osseous instability. 
After the articular surfaces of a joint have been fractured, 
joint function usually is proportionate to the accuracy 
of reduction. For displaced fractures, most authors point 
out that the most significant factor influencing long-term 
results, and hence treatment approach, is the degree of dis-
placement and depression.

The degree of acceptable articular displacement is 
controversial. Some authors recommend surgical reduc-
tion for an articular stepoff of more than 2 mm, whereas 
others advocate surgical reduction for 5 mm or more of 
joint depression or displacement of more than 5 degrees 
axial alignment. Still others have reported similar clinical 
results with operative and nonoperative treatment of frac-
tures with 8 mm of depression. Most authors agree that 
if depression or displacement exceeds 10 mm, surgery to 
elevate and restore the joint surface is indicated. If the 
depression is less than 5 mm in stable fractures, nonopera-
tive treatment consisting of early motion in a hinged knee 
brace and delayed weight bearing usually is satisfactory. If 
the depression is 5 to 8 mm, the decision for nonoperative 
or operative treatment depends to a great degree on the 
patient’s age, activity demands on the knee, and coronal 
plane stability. If a patient is elderly and sedentary, nonop-
erative treatment usually is suitable. If a patient is young 
or active, attempts at surgical reconstruction of the joint 
surface are justified.

Long-term follow-up studies have shown that posttrau-
matic arthritis is associated with residual instability or axial 
malalignment and not the degree of articular depression. 
Instability is another indication for operative treatment. 
Instability may result from ligamentous disruption, osseous 
depression of the articular surface, or translational displace-
ment of a fracture fragment. Ligament injuries occur in 10% 
to 33% of tibial plateau fractures. The major indication for 
surgery is not the measure of depression of the fragment or 
articular surface but the presence of varus or valgus instabil-
ity of 10 degrees or more with the knee flexed less than 20 
degrees.

Treatment methods proposed for fractures of the tibial 
condyles include extensile exposure with arthrotomy and 
reconstruction of the joint surface with plate and screw 
fixation (Fig. 54.53), arthroscopy or limited arthrotomy 
and percutaneous screw fixation or external fixation with 
pin or wire fixators, and nonoperative management with a 
cast brace for selected patients. Newer plating techniques 
are capable of fixation with less iatrogenic soft-tissue eleva-
tion and use minimally invasive approaches. If more than 
one incision is used, a large soft-tissue bridge is left between 
them. No method can be used routinely for all fractures, and 
each patient must be evaluated individually. Extensive sur-
gery on a severely comminuted fracture may result in less 
than optimal internal fixation and a need for postoperative 
immobilization, often resulting in the joint being neither 
stable nor freely movable.

In undisplaced fractures, after the integrity of the collat-
eral ligaments is established, treatment should consist of a few 
days of splinting followed by early active knee motion. Weight 
bearing should be delayed until fracture healing is evident, 
generally at 8 to 10 weeks. Eighty-nine percent good results 
have been reported in fractures treated with closed reduction 
and cast bracing with little correlation between the late radio-
graphic appearance and the functional result. Reduction and 
alignment were lost most often in medial condylar and bicon-
dylar fractures.

Sarmiento et  al. found that often the condition of the 
fibula, whether fractured or intact, determines the angular 
behavior of these fractures under weight-bearing and func-
tional conditions. Isolated fractures of the lateral condyle with 
an intact fibula did not collapse further because of the sup-
port of the fibula. Conversely, fractures of the lateral condyle 
with associated fibular fractures had a tendency to collapse 
into valgus because of the loss of fibular support. Fractures of 
both condyles did not collapse further or angulate when the 
proximal fibula was fractured and displaced. If the fibula was 
intact, however, the medial condyle usually collapsed, creat-
ing a varus deformity.

Lateral split fractures can be reduced open or per-
cutaneously using traction and reduction forceps under 
arthroscopic or fluoroscopic control. If the displaced rim 
of the condyle cannot be reduced into a supporting posi-
tion under the femoral condyle using closed manipulation, 
open reduction is required. Arthroscopic evaluation of all 
Schatzker type I fractures that are treated operatively has 
been recommended to ensure that the lateral meniscus is not 
trapped within the fracture site. Many lateral split fractures 
can be stabilized adequately by percutaneously placed large 
cancellous screws. If the lateral condylar fracture is associ-
ated with a fibular head fracture, a lateral buttress plate pro-
vides additional stability.

Depressed articular segments cannot be reduced by lig-
amentotaxis alone and require elevation through a cortical 
window, bone grafting, and fixation with either subchondral 
screws or a buttress plate. Patil et  al. reported biomechani-
cal data suggesting that four 3.5-mm screws were superior to 
two 6.5-mm screws in axial compression. Traditionally, the 
reduction has been observed through an arthrotomy and 
submeniscal incision; however, investigators have success-
fully used fluoroscopic or arthroscopically assisted reduction, 
bone graft or bone graft substitute, and percutaneous screw 
fixation to treat tibial plateau fractures with articular depres-
sion (Schatzker type II and type III). Displaced fractures of 
the medial condyle (Schatzker type IV) often are quite unsta-
ble and generally are best treated with open reduction and 
fixation with a medial buttress plate, which is biomechani-
cally the most sound.

The treatment of severe or “complex” tibial plateau frac-
tures can be quite difficult. Severe or complex tibial plateau 
fractures include bicondylar fractures (Schatzker type V), 
tibial plateau fractures with metaphyseal-diaphyseal discon-
tinuity (Schatzker type VI), and fractures with open wounds, 
severe closed soft-tissue abrasions, contusions or crush inju-
ries (Tscherne type II or III), compartment syndrome, or vas-
cular injury. Closed methods of treatment with traction or 
cast bracing usually are unsuccessful in maintaining articular 
reduction and axial alignment. Traditional methods of open 
reduction and plating require extensive exposure, which may 
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compromise soft tissue further and devascularize bone frag-
ments, leading to infection.

Attempts have been made to reduce the incidence of 
complications in these fractures by using less extensile expo-
sures and indirect reduction techniques and by supplement-
ing lateral buttress plate fixation with a small antiglide plate 
rather than a second bulky medial buttress plate. Mills and 
Nork suggested that dual plating could be achieved with min-
imal soft-tissue dissection by using a more anterior skin inci-
sion and limiting subperiosteal dissection to fracture margins 
and to the area of anticipated plate application. The use of 
small-fragment (3.5-mm screws) AO/ASIF T-plates has been 
reported for fixation of tibial plateau fractures. Anatomic or 
nearly anatomic reductions were obtained in 86.7% without 
infections or soft-tissue complications. The smaller diame-
ter and increased malleability of the small fragment T-plate 
is thought to have provided better buttressing of the osteo-
chondral fragments than the larger precontoured AO/ASIF 
T-plates and L-plates (6.5-mm screws).

Others have obtained good results without infection in 
grade II and grade III open complex (Schatzker types V and 
VI) tibial plateau fractures treated by experienced surgeons 
with a standard protocol of thorough debridement, imme-
diate rigid internal fixation, and delayed closure at 5 days. 
Temporarily spanning the knee with an external fixator has 
been recommended in patients with severe soft-tissue injury. 
Internal fixation can be done after swelling has decreased, 
much akin to the current strategies for management of pilon 
injuries.

External fixation using either half-pin fixators or ring-
and-wire fixators also has been advocated as definitive fixa-
tion for complex tibial plateau fractures. Cannulated screws 
can be used as accessory fixation of the articular surface. An 
external fixator placed below the knee can maintain articular 
reduction and axial alignment and allow early motion (Fig. 
54.54). Minimal soft-tissue dissection is required for applica-
tion of an external fixator, which theoretically should reduce 
wound complications.

Not all fractures reduce with ligamentotaxis alone, and 
a limited open reduction sometimes is necessary with bone 
grafting. One potential disadvantage of external fixation is 
the risk of pin site infection. Pin site infections usually are 
minor and can be treated with oral antibiotics. Septic arthritis 
has been reported to develop, however, as a result of infec-
tion around periarticular pins and wires. Anatomic studies 
have shown that pins or wires placed within 14 mm of the 
knee joint may be intracapsular. To prevent septic arthritis, 
intracapsular placement of pins and wires should be avoided.

Clinical studies have shown that ring-and-wire fixation is 
an acceptable method of treatment for complex tibial plateau 
fractures (87% to 88% good or excellent results with 6.5% to 
12% superficial infections). A four-wire construct has been 
shown to provide stability comparable to that obtained with 
dual plating.

We frequently use ring-and-wire fixation for the treat-
ment of complex tibial plateau fractures (Fig. 54.55). In 
57 patients with Schatzker type VI tibial plateau fractures 
treated with Ilizarov fixation, four fractures became infected 

 FIGURE 54.53 Lateral split depression tibial plateau fractures can be managed with anatomic 
reduction of articular injury and subchondral rafting screws to support articular elevation. Lateral 
condyle supported with buttress plate construct. With lateral peripheral rim comminution, subchon-
dral rafter screws can be coupled with plate to act as washer.
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(7%), including two with septic arthritis. Twenty-two frac-
tures (38%) were open. In 45 fractures (84%) with acceptable 
reductions, knee range of motion averaged 115 degrees. In 
nine patients (16%) with poor reductions, knee motion aver-
aged 79 degrees.

Monolateral half-pin external fixation placed below the 
knee is another technique that has been used to treat com-
plex tibial plateau fractures. Accessory cancellous screws are 
used to maintain the articular reduction. This is technically 
easier for surgeons unfamiliar with ring-and-wire fixation 
techniques; however, half-pins may not achieve as secure 
fixation as small tensioned wires in comminuted metaphy-
seal bone.

Occasionally, a tibial plateau fracture is so comminuted 
or the soft-tissue injury so severe that accurate reduction and 
stable fixation are impossible in the acute setting. In this situ-
ation, the knee can be spanned by a half-pin external fixator 
as temporary or definitive fixation. This technique allows the 
patient to be mobilized while maintaining axial alignment of 
the limb. Immobilization of the knee for 6 weeks does not 
seem to affect adversely the ultimate knee range of motion.

FRACTURE OF THE LATERAL CONDYLE
An understanding of the mechanism producing fractures 
of the lateral tibial condyle is necessary for intelligent treat-
ment. This fracture usually is produced by a valgus strain on 

 

BA DC

FIGURE 54.54 A, CT scan of open fracture of tibial plateau. B and C, Fixation with hybrid 
external fixator. D, After fixator removal.

 

BA DC

FIGURE 54.55 A and B, Fracture of tibial plateau. C, Stabilization with Ilizarov circular external 
fixator. D, After fixator removal.
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fashion. Reflect the muscle origin laterally until the frac-
ture line is exposed.

 n  Retract the lateral fragment to gain access to the cen-
tral part of the tibial condyle. This lateral fragment often 
hinges open like a book, exposing the depressed articular 
surface and cancellous bone of the central depression.

 n  Alternatively, make a cortical window below the area of 
depression to allow reduction of this fragment. This ap-
proach generally requires less soft-tissue dissection than 
hinging open the lateral condylar fragment.

 n  Insert a periosteal elevator or osteotome well beneath the 
depressed articular fragments, and by slow and meticulous 
pressure elevate the articular fragments and compressed 
cancellous bone in one large mass (Fig. 54.56). Take as 
much cancellous bone as possible. This produces a large 
cavity in the metaphysis that must be filled with bone graft 
or substitute. Unless this is done, redisplacement and set-
tling can occur. Various types of grafts have been proposed, 
from transverse cortical supports to full-thickness iliac 
grafts. We prefer injectable bone substitutes or allograft for 
metaphyseal subchondral defect management after eleva-
tion of depressed articular segments. Recent data support 
the use of structural allograft to reduce the risk of articular 
subsidence with satisfactory clinical outcomes.

 n  The standard lateral approach gives only a limited view 
of the posterolateral plateau and provides no access to 
the posterior wall of the lateral tibial plateau. Certain 
fractures located in the posterolateral plateau require a 
more extensile approach. In this situation, the fascial in-
cision follows the insertion of the extensor muscles and 
continues over the subcapital fibula. The entire layer is 
stripped distally as required. Expose the peroneal nerve 
and cut the fibular neck with an oscillating saw. This 
allows retraction of the upper segment to the back or 
rotation of the fibular head upward, exposing the pos-
terolateral plateau and the lateral and posterior flare of 
the proximal tibia.

 n  If displacement of the peripheral rim is slight and central 
depression of the condyle is the main deformity, remove 
an anterior cortical window with its proximal edge distal 
to the articular surface.

 n  Insert a curved bone tamp through the cortical window 
or fracture line into the cancellous subchondral bone, 
and elevate to the normal level the depressed fragments 
of the articular surface as seen through the submenis-
cal arthrotomy. As the fragments are elevated and re-
duced, temporarily fix them with multiple small Kirschner 
wires. Stabilize with subchondral raft screw fixation. The 
Kirschner wires can be advanced through the soft-tissue 
envelope medially and then extracted from the medial 
side until flush with the lateral cortex.

 n  Apply a buttress plate to the anterolateral proximal tibia. 
Precontoured periarticular plates designed for tibial pla-
teau fractures are readily available, typically in either a 
3.5- or 4.5-mm dimension. Depending on the fit of the 
implant, one may choose to place separate raft screws 
before affixing the plate to ensure subchondral support 
of newly elevated articular segments. Typically, for simple 
lateral condylar fractures alone, nonlocking 3.5-mm im-
plants are sufficient.

 n  Augment the defect with cancellous bone or bone graft 
substitute.

the knee, with the ligaments and muscles on the medial side 
resisting separation of the tibial and femoral condyles. The 
lateral femoral condyle is driven downward into the weight-
bearing surface of the lateral tibial condyle, depressing the 
central portion of the articular surface into the cancellous 
metaphysis well below its normal level. In addition, the lat-
eral margin of the articular surface of the tibia bursts later-
ally and one or more fractures extend longitudinally down 
into the metaphysis of the tibia, producing a lateral fragment. 
This fragment usually is fairly large and, when seen from the 
lateral side, often is triangular, with the base of the triangle 
proximal. Usually the fragment is held at joint level by the 
intact fibula. Less often, the lateral condyle fractures the fibula  
at its neck and may be displaced as one large fragment with 
only slight central depression and comminution.

Open treatment of tibial plateau fractures is made easier 
by the use of the AO large distractor. For lateral plateau frac-
tures, one bicortical pin is inserted just anterior to the lat-
eral femoral epicondyle, parallel to the joint. The second pin 
is inserted into the lateral tibial cortex, distal to the site of 
proposed fixation, in the midcoronal plane, perpendicular to 
the tibia. As the distractor is lengthened, much of the reduc-
tion is attained by ligamentotaxis. The use of this device also 
permits improved intraarticular visualization for reduction. 
Because the femoral pin is located near the center of rotation 
of the femoral condyle, the fracture is minimally disturbed 
by flexion and extension of the knee in attempts to locate the 
fracture lines and fix the plateau. 

 

OPEN REDUCTION AND FIXATION 
OF A LATERAL TIBIAL PLATEAU 
FRACTURE

 TECHNIQUE 54.14 

 n  The procedure typically is done under tourniquet control.
 n  For fractures of the lateral condyle, make a straight or 

slightly curvilinear anterolateral incision, starting 3 to 5 
cm above the joint line proximally and extending distally 
below the inferior margin of the fracture site from just 
anterior to the lateral femoral epicondyle to Gerdy’s tu-
bercle. This incision provides good exposure while avoid-
ing skin complications.

 n  Make the fascial incision in line with the skin incision. 
Do not undermine soft-tissue flaps more than necessary. 
Reflect the iliotibial band from its insertion on Gerdy’s tu-
bercle both anteriorly and posteriorly. Gain intraarticular 
exposure by incising the coronary or inframeniscotibial 
ligament by submeniscal arthrotomy and retract the me-
niscus superiorly after placement of nonabsorbable me-
niscocapsular tagging sutures.

 n  Inspect and debride or repair any meniscal tears to pre-
serve as much of the meniscus as possible.

 n  To expose the longitudinal fracture of the lateral con-
dyle, elevate the origin of the extensor muscles from the 
anterolateral aspect of the condyle in an extraperiosteal 
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 n  The meniscocapsular tagging sutures can then be incor-
porated in the repair, either through the plate or the ilio-
tibial band. 

POSTOPERATIVE CARE The knee is placed into a re-
movable knee immobilizer. At 1 to 2 days postoperatively, 
physical therapy is initiated with quadriceps exercises and 
gentle active-assisted exercises are begun, or a passive 
motion machine can be used. Crutch walking is begun, 
but no weight bearing is permitted for 10 to 12 weeks.
  

LIGAMENT INJURY WITH CONDYLAR FRACTURE
Collateral and cruciate ligament injuries occurring with 
tibial condylar fractures are much more common than 
previously realized and, if untreated, may be responsible 
for instability and a poor late result, despite a well-healed 
condylar fracture. An increased incidence of posttraumatic 
arthritis has been found after tibial plateau fractures with 
concomitant ligamentous injury. Ligamentous injuries have 
been reported in 4% to 33% of tibial plateau fractures and 
60% of fracture-dislocations. The medial collateral liga-
ment is most commonly injured, usually with undisplaced 
or local depression fractures of the lateral tibial condyle. 
Stress radiographs are helpful in making this diagnosis. A 
prospective study of 30 tibial plateau fractures with opera-
tive repair, found a 56% incidence of additional soft-tissue 
injury; 20% of fractures were associated with meniscal tears, 
20% had medial collateral ligament injury, 10% had anterior 
cruciate ligament injury, 3% had lateral collateral ligament 
injury, and 3% had peroneal nerve injury. Medial collateral 
ligament injury occurred most often with Schatzker type II 
fractures, whereas meniscal injury occurred most often with 
Schatzker type IV fractures.

Preoperative and postoperative stress examination of 
the knee is recommended to detect ligamentous injury. 
Residual laxity after anatomic reduction of the tibial pla-
teau indicates ligamentous injury. If the intercondylar emi-
nences of the tibia are fractured and displaced, these should 
be replaced and secured at the time of open reduction of the 
condyle. Fixation can be done with sutures passed through 

bony tunnels or with a small fragment screw if the emi-
nence fragment is large enough. Midsubstance tears of the 
anterior cruciate ligament should be reconstructed later if 
significant laxity remains after fracture healing. Acute mid-
substance tears of the medial collateral ligament usually 
heal satisfactorily with nonoperative treatment. Because 
the increased surgical exposure necessary to repair the liga-
ment and postoperative immobilization that is required can 
lead to increased knee stiffness, acute repair of the medial 
collateral ligament is infrequently indicated. Collateral liga-
ment injuries should be protected with a hinged knee brace. 
If the medial collateral ligament is repaired, a separate 
medial incision is required as described for the repair of 
the medial collateral ligament. Although early motion after 
fixation of tibial condylar fractures is desirable, motion may 
be delayed if repair of an acute collateral ligament injury 
also is involved. 

ARTHROSCOPICALLY ASSISTED REDUCTION 
AND FIXATION OF TIBIAL PLATEAU FRACTURES
Arthroscopic techniques require minimal soft-tissue dissec-
tion, afford excellent exposure of the articular surface, and 
can be used to diagnose and treat concomitant meniscal 
injury.

Buchko and Johnson described an arthroscopic tech-
nique in which the affected extremity is placed in a thigh 
holder, a tourniquet is inflated, and an anterolateral 
arthroscopic portal is placed approximately 2 cm above 
the joint line to enable the surgeon to look downward on 
the tibial plateau. A complete diagnostic assessment is per-
formed. A low-pressure arthroscopic pump can be used but 
is not mandatory, although it improves exposure and facili-
tates joint lavage. If the pump is used for extracapsular frac-
tures, the metaphyseal portion of the fracture site should be 
exposed to prevent extravasation of irrigation fluid into the 
soft tissues. This incision can be used later to create a bony 
window for reduction and bone grafting. Schatzker type 
III fractures usually are intraarticular, and extravasation is 
less of a concern. The joint should be thoroughly lavaged 
to evacuate the hemarthrosis and remove loose bony and 
chondral fragments. When the diagnostic evaluation has 
been completed, the reduction can be performed with the 
pump off or as a dry arthroscopic technique. If the lateral 
meniscus is entrapped in the fracture site, it can be lifted 
out with a hook. Meniscal tears usually can be repaired and 
should be treated accordingly.

Depressed fragments can be elevated through a small 
cortical window. The depressed fragment can be localized 
by using an anterior cruciate ligament tibial guide to place 
a Kirschner wire into the displaced fragment. The fragment 
can be elevated using a cannulated impactor. The reduction 
can be evaluated accurately through the arthroscope, and the 
resulting defect can be filled with autogenous bone graft or 
appropriate bone graft substitute. Fixation is achieved with 
percutaneously placed 3.5-mm cortical screws. Because 
buttress plating may be necessary in patients with osteopo-
rotic bone, arthroscopically assisted reduction is less suit-
able for this patient population. Small clinical series using 
arthroscopically assisted reduction and fixation techniques 
in predominantly Schatzker type I, type II, and type III tibial 
plateau fractures have shown good or excellent results in 80% 
to 100% of patients. 

 FIGURE 54.56 Periosteal elevator or similar instrument is 
introduced below level of depressed tibial plateau fragment. 
With careful and gentle upward pressure, articular fragments are 
elevated. SEE TECHNIQUE 54.14.
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A B

FIGURE 54.57 A, Medial tibial plateau fracture-dislocation injury. B, Reduction and stabiliza-
tion of displaced medial tibial condyle through posteromedial approach allowing buttress plate 
fixation.

FRACTURE OF THE MEDIAL CONDYLE
If open reduction, elevation, and internal fixation of the 
medial tibial condyle are required, a technique similar to that 
previously described for the lateral tibial condyle is done. 
The fracture can be approached through a straight anterior, 
anteromedial, or posteromedial incision. For split compres-
sion and total depression fractures of the medial tibial con-
dyle, in addition to elevating the depressed fragment and 
packing bone beneath it, a medial buttressing plate should 
be applied. This can be bent to an accurate contour to fit the 
tibial metaphysis and the tibial condyle, and the fracture can 
be secured with cancellous or cortical locking screws in the 
proximal portion of the plate and standard cortical screws 
in the distal portion (Fig. 54.57). More complex fractures of 
the medial plateau may require a more extensile exposure. 
Alternatively, for isolated medial injuries with joint impac-
tion, an anterior parapatellar approach can be used to permit 
visualization of the articular reduction. 

 

POSTEROMEDIAL EXPOSURE

 TECHNIQUE 54.15 

 n  Critically evaluate the preoperative imaging and the pa-
tient’s soft-tissue envelope to ensure satisfactory edema 
resolution before proceeding.

 n  The location of the distal extent of the medial condyle on 
CT aids in determining the ideal location for the surgical 
incision.

 n  The goal of internal fixation application should be a stable 
buttress construct. To achieve this goal, internal fixation 
should be positioned over the apex of the fracture distally.

 n  Most medial and posteromedial condyle fractures can be 
fixed through a posteromedial surgical approach, other-
wise a posterior approach should be considered.

 n  Mark the proposed skin incision with surgical indelible ink 
just posterior and parallel to the posteromedial tibial border.

 n  Divide the skin and subcutaneous tissues sharply and mo-
bilize the inferior border or the pes anserinus tendons, 
and then use the interval created with the medial head of 
the gastrocnemius.

 n  At times, mobilization of the superior border of the pes 
anserinus tendons may be necessary for fracture fixation. 
Alternatively, if a more extensile exposure is necessary, 
the pes anserinus tendons can be released and subse-
quently repaired.

 n  Perform reduction and internal fixation using a 3.5-mm 
small fragment plate centered over the apex of the distal 
fracture extension. This approach can be used in conjunc-
tion with lateral condylar fixation through an anterolat-
eral approach to treat bicondylar injuries.

 n  The incision can be placed farther anteriorly if the fracture 
pattern dictates. Although infrequently necessary, exten-
sile medial approaches have been advocated through an-
terior midline incisions for medial condyle fractures of the 
proximal tibia.
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COMMINUTED PROXIMAL FRACTURES
In the past, anatomic reduction through extensive exposures 
and rigid fixation with multiple large fragment plates have 
been advocated for the treatment of bicondylar tibial plateau 
fractures. The unacceptable incidence of wound and infec-
tious complications often associated with these techniques 
has led to the development of alternative treatment strategies. 
Currently accepted techniques include indirect reduction, 
less extensive surgical exposures, buttress plate fixation of the 
most comminuted condyle, and fixation of the less involved 
condyle with smaller implants, such as cannulated screws, 
and antiglide plates. Ring-and-wire fixators with or without 
limited open reduction are also being used to treat these dif-
ficult fractures. Preoperative CT scans are essential in plan-
ning a strategy for treatment. ORIF is delayed for 7 to 10 days 
(sometimes longer) until edema and soft-tissue injury have 
subsided. If surgery is delayed, temporary uniplanar external 
fixation spanning the knee is a valuable technique for both 
skeletal and soft-tissue stabilization until definitive fixation 
can occur. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF BICONDYLAR INJURIES
The surgical approach to complex tibial plateau fractures 
must be individualized on the basis of particular fracture 
configuration. The following is a general approach appli-
cable to many of these fractures.

 TECHNIQUE 54.16 

 n  Place the patient supine on the fluoroscopic table.
 n  Based on imaging studies, as well as careful preopera-

tive planning, mark the proposed surgical incisions, both 
medially and laterally, which aids in confirming that a suf-
ficient soft-tissue bridge will be present to minimize the 
potential for soft-tissue complications.

 n  Typically, the posteromedial approach is performed as de-
scribed earlier. This permits reduction and stabilization of the 
medial condylar segment of the injury, thus effectively con-
verting the injury to a unicondylar fracture. Small fragment 
plates (3.5-mm; one third tubular, reconstruction, or T-plates) 
are commonly used. Fortunately, medial condylar impaction 
is rare. Medial condylar fixation can be applied as a true anti-
glide buttress plate, without proximal screw fixation, particu-
larly when comminution is absent. When apical comminution 
is present, proximal fixation may be necessary to maintain re-
duction. We have found temporary unicortical locking screws 
to be of benefit. This technique prevents longer screws from 
interfering with the lateral reduction. Once the lateral reduc-
tion and fixation are complete, these unicortical screws can 
be exchanged for longer implants if necessary.

 n  Expose the lateral condylar component as described ear-
lier, through an anterolateral approach, with meticulous 
soft-tissue handling as also described earlier. Correct artic-
ular comminution or depression and any meniscal patho-
logic process and stabilize the fracture provisionally. Large 
periarticular clamps often are used to effect compression 

between the medial and lateral condyles. Subchondral 
rafting screws can then be positioned. The ability to use 
these screws is somewhat dependent on the “fit” of the 
lateral plate, given the variable proximal tibial anatomy. 
If the plate seems to fit more distally, then proceed with 
placement of subchondral rafting interfragmentary lag 
screws independent of the plate. Otherwise, the proximal-
most screws of the plate can serve this function.

 n  Perform definitive anterolateral fixation with a precon-
toured proximal tibial plate, whose proximal fixation al-
lows capture of the medial condylar segment.

 n  Any residual cancellous void from elevation of articular 
depression can then be treated as previously described. 
(see Technique 54.14) 

POSTOPERATIVE CARE Active and active-assisted exer-
cises, including controlled passive motion, are instituted. 
Weight bearing is not permitted for 10 to 12 weeks post-
operatively. Any associated soft-tissue issues may delay 
initiation of aggressive motion, as do certain fracture pat-
terns such as those involving the tibial tubercle.
   

 

CIRCULAR EXTERNAL FIXATION

 TECHNIQUE 54.17 

(WATSON)
 n  Position the patient on a fracture table or radiolucent op-

erating table.
 n  Apply calcaneal or distal tibial pin traction. Ensure that 

sufficient clearance exists around the limb for placement 
of appropriately sized circular rings. Fixator rings should 
allow 1.5 cm of clearance over the anterior crest of the 
tibia and 3 to 4 cm of clearance around the posterior calf.

 n  When the patient is positioned, apply traction and obtain 
reduction using ligamentotaxis.

 n  Achieve further closed manipulation by using large reduc-
tion forceps.

 n  If any articular depression is not reduced by ligamento-
taxis alone, use a limited approach through a CT-directed 
incision to ensure minimal soft-tissue dissection and re-
duction of the articular surface (Fig. 54.58A).

 n  Perform bone grafting.
 n  After reduction of the condyles, use olive wires (1.8-mm 

Kirschner wires with a 4-mm bead located eccentrically 
on the wire) to achieve interfragmentary compression of 
the condylar surface (Fig. 54.58B). Place counteropposed 
olive wires through the fragments, coming from opposite 
sides of the major condylar fracture lines to maintain con-
dylar reduction. Cannulated screws can be substituted 
for olive wires if fragments are not extensively comminut-
ed. Use fluoroscopy for placement and direction of the 
periarticular olive wires and for tensioning of the wires. 
Three or four olive wires usually are required for stabiliza-
tion of the condylar and metaphyseal fragments.

    

https://booksmedicos.org


CHAPTER 54 FRACTURES OF THE LOWER EXTREMITY 2873

 n  Open the frame by removing the anterior connecting 
bolts of each ring and place the frame over the leg.

 n  Reattach the anterior connecting bolts.
 n  Temporarily place the proximal ring below the level of 

condylar involvement. After condylar reduction, it is slid 
proximally on the threaded rods to the level of the fibular 
head, and eventually all the proximal wires are attached 
to this fixation ring. Position the middle ring just distal to 
any shaft fracture component and place the distal ring at 
the level of the ankle joint. If extensive shaft comminu-
tion is present, apply an additional ring to the midportion 
of the shaft to complete a four-ring frame. Attach the 
proximal ring to the proximal wires, taking care that the 
proximal ring is parallel to the joint. Pass a distal transfix-
ion wire at the level of the distal tibia and parallel to the 
ankle joint. When this wire is attached and tensioned to 
the distal ring, ensure appropriate alignment of the me-
chanical axis by forcing the proximal and distal rings to 
become parallel to each other; the joints also are parallel.

 n  It also is possible to use the fibular head as a buttress 
plate. By placing an olive wire through the fibular head 
obliquely into the lateral condyle and tensioning this ol-
ive wire, the fibular head is compressed onto the lateral 
condyle. 

POSTOPERATIVE CARE Weight bearing is delayed for 
10 to 12 weeks to allow all intraarticular fracture lines 
and bone grafts to consolidate, and progressive weight 

bearing is instituted. When radiographic consolidation has 
occurred, the external fixation frame can be removed. The 
patient is placed in a hinged knee brace to aid in rehabili-
tation.
   

PATELLA
Fractures of the patella constitute almost 1% of all skeletal 
injuries, resulting from either direct or indirect trauma. The 
anterior subcutaneous location of the patella makes it vulner-
able to direct trauma, such as the knee striking the dashboard 
of a motor vehicle or from a fall on the anterior knee. These 
injuries often are comminuted or displaced and may include 
chondral injury to the distal femur or patella. Fractures 
caused by indirect mechanisms result from a violent contrac-
tion of the quadriceps with the knee flexed. These fractures 
usually are transverse and may be associated with tears of 
the medial and lateral retinacular expansions. Most patellar 
fractures are caused by a combination of direct and indirect 
forces. The most significant effects of fracture of the patella 
are loss of continuity of the extensor mechanism of the knee 
and potential incongruity of the patellofemoral articulation.

Fractures of the patella can be classified as undisplaced or 
displaced and subclassified further according to fracture con-
figuration (Fig. 54.59). Transverse fractures usually involve 
the central third of the patella but can involve the proximal 
(apical) or distal (basal) poles. A variable amount of commi-
nution of the poles may be present. Most fractures in reported 
series are transverse. Vertical fractures usually involve the 
middle and lateral thirds of the patella. If only the medial or 
lateral edge of the patella is affected, the fracture is called mar-
ginal. Vertical fractures are seen best on axial radiographs of 
the patella; displacement and retinacular disruption rarely 
occur in vertical fractures. Another common fracture pattern 
is the comminuted or stellate patellar fracture, which is asso-
ciated with a variable amount of displacement.

Patellar fractures generally are associated with a hem-
arthrosis and localized tenderness. In fractures that are dis-
placed or have concomitant retinacular tears, a palpable 
defect may be present. Inability of the patient to extend the 
affected knee actively usually indicates a disruption of the 
extensor mechanism and a torn retinaculum, which require 
surgical treatment. Occasionally, if active knee extension is 
limited by pain, the hemarthrosis can be aspirated under 
sterile conditions and followed by intraarticular injection of 
local anesthetic. In patients without significant impairment 
of the extensor mechanism, active knee extension should be 
restored. An open wound in the vicinity of a patellar fracture 
may be a sign of an open fracture, which requires urgent sur-
gical treatment. If uncertainty exists as to whether the open 
wound communicates with the joint, the saline load test can 
be used. This test may not be 100% reliable in open fractures 
with very small traumatic arthrotomies.

Patellar fractures should be radiographically evaluated 
with anteroposterior, lateral, and axial (Merchant) views. 
Transverse fractures usually are best seen on a lateral view, 
whereas vertical fractures, osteochondral fractures, and artic-
ular incongruity are best evaluated on axial views. A com-
parison view of the opposite knee sometimes is necessary to 
differentiate an acute fracture from a bipartite patella, which 

 

A B
FIGURE 54.58 A, Elevation of depressed plateau. B, Placement 

of opposing olive wires and cannulated screw after bone grafting. 
SEE TECHNIQUE 54.17.
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is a failure of fusion of the superolateral portion of the patella 
and which usually is bilateral.

TREATMENT
The initial treatment of acute patellar fractures should con-
sist of splinting the extremity in extension and applying ice 
to the knee. To prevent soft-tissue damage, the ice should not 
be applied directly to the skin. Closed fractures with minimal 
displacement, minimal articular incongruity, and an intact 
extensor retinaculum can be successfully treated nonopera-
tively. Nonoperative treatment consists of immobilizing the 
knee in extension in a cylinder cast or orthosis from ankle 
to groin for 4 to 6 weeks, with weight bearing allowed as tol-
erated. Boström considered 3 to 4 mm of fragment separa-
tion and 2 to 3 mm of articular incongruity to be acceptable 
for nonoperative treatment; if either separation or articular 
incongruity is greater, operative treatment is indicated. In his 
long-term follow-up study, fractures treated nonoperatively 
had the best overall results.

Fractures associated with retinacular tears, open frac-
tures, and fractures with more than 2 to 3 mm of displace-
ment or incongruity are best treated operatively. The goal 
is restoration of articular congruity and repair of the exten-
sor mechanism with fixation secure enough to allow early 
motion. When the skin is normal, the operation should be 
done as soon as is practical. Delay retards convalescence and 
to some extent unfavorably affects the result. If contusion or 
laceration of the skin is present, it usually is best to perform 
the indicated operation immediately on admission to the hos-
pital or very soon thereafter. When lacerations or abrasions 
become superficially infected, surgery must be delayed 7 to 10 
days until the danger of contaminating the operative wound 
is minimal.

Opinions differ as to the optimal treatment of patellar 
fractures. Accepted methods include a variety of wiring tech-
niques, screw fixation, partial patellectomy, and total patellec-
tomy. Open fractures of the patella are a surgical urgency and 
should be treated with immediate debridement and irriga-
tion. Early soft-tissue coverage (within 5 days) should reduce 
the incidence of infection. The same surgical techniques used 
to treat closed patellar fractures can be used successfully for 

open fractures. Two series reported 77% good or excellent 
results after operative treatment of open patellar fractures. 
In open fractures, soft-tissue stripping should be kept to 
the minimum necessary to stabilize the fracture adequately. 
Torchia and Lewellen discouraged the use of cerclage wires 
in open fractures because of the potential adverse effects on 
vascularity.

Wiring techniques are used most often for transverse 
fractures. They also can be used in comminuted fractures if 
the fragments are large enough to lag together with screws, 
converting it to a transverse fracture. Many different wiring 
techniques have been described, including cerclage wiring, 
alone or in combination; tension band wiring, alone or modi-
fied with longitudinal Kirschner wires or screws; Magnusson 
wiring; and Lotke longitudinal anterior band wiring (Fig. 
54.60).

In experimental studies, the most secure fixation was 
obtained with modified tension band wiring. This is especially 
useful in osteopenic and comminuted fractures. Anchoring 
the fixation wiring directly in bone rather than threading it 
through the soft tissue around the patella has been recom-
mended if early motion is to be initiated. Also, a second ten-
sion band wire through tendon has been shown to provide 
improved fixation.

Two screws alone provide adequate fixation in fractures 
with good bone stock; however, displacement of fragments 
is slightly greater with screws alone without tension band 
wiring. A cadaver study found that specimens fixed with the 
tension band through cannulated screws failed at the highest 
load.

Good-to-excellent results have been described after fixa-
tion of displaced transverse patellar fractures with figure-of-
eight wiring through parallel cannulated compression screws. 
Suggested advantages of this technique included a low-profile 
construct that caused less implant irritation of local soft-tis-
sue structures, the possibility of early restricted motion, and 
its use as a salvage method after failure of traditional tension 
band wiring. We currently prefer a tension band modified 
with Kirschner wires or screws for transverse fractures with 
large fragments. If comminution is present, a cerclage wire 
can be added. The results of tension band wiring techniques 
generally are good (81%), but 2 mm of displacement has been 
reported in 22% of fractures treated with tension band fixa-
tion and early motion. Noncompliance and technical errors 
have been cited as reasons for displacement. Braided polyes-
ter and braided cable have been used and seem to provide 
fixation similar to stainless steel wire.

Arthroscopically assisted percutaneous screw fixation also 
has been described for fixation of displaced transverse patellar 
fractures with good results. If the amount of comminution and 
the articular damage preclude salvage of the entire patella, par-
tial or total patellectomy may be indicated. Although Brooke 
proposed in 1937 that the patella is not a functional organ, 
later studies refuted this claim. Haxton studied patients with 
and without patellae and showed that the power of extension 
of the knee increases as the joint extends; that is, the power of 
extension is greater with the knee at 30 degrees of flexion than 
at 60, 90, or 120 degrees. Kaufer compared intact and patellec-
tomized cadaver knees and found that 15% to 30% more quad-
riceps force was required to fully extend patellectomized knees 
than intact knees. The effect of patellectomy was eliminated by 
elevation of the tibial tubercle 1.5 cm. Because extension is the 

 

Undisplaced Transverse Lower or
upper pole

Comminuted
undisplaced

Comminuted
displaced

Vertical Osteochondral

FIGURE 54.59 Classification of patellar fractures.  (Redrawn from 
Wiss DA, Watson JT, Johnson EE: Fractures of the knee. In Rockwood CA 
Jr, Green DP, Bucholz RW, et al. editors: Rockwood and Green’s fractures 
in adults, ed 4, Philadelphia, 1996, Lippincott-Raven.)
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most important function of the knee, it must be concluded that 
patellectomy definitely impairs the efficiency of the quadriceps 
mechanism. This may not be enough to interfere with ordinary 
activities, and we have not found tibial tubercle elevation after 
patellectomy to be necessary. Two separate series with long-
term follow-up reported reduction in quadriceps strength of 
33% and 44%, respectively, after patellectomy. Comparison of 
anterior tension band fixation with patellectomy found 80% 
excellent results after osteosynthesis compared with 50% excel-
lent results after patellectomy.

In an effort to maintain the length of the patella and allow 
earlier motion, techniques have been developed to preserve 
rather than excise the inferior pole of the patella in comminuted 
fractures. Yang and Byun reported good functional results and 
no implant failure, infections, delayed unions, or nonunions in 
25 patients treated with a separate vertical wiring technique for 
comminuted fractures of the inferior pole of the patella. The 
vertical wire technique also proved to be stronger than a partial 
patellectomy and pull-out sutures in biomechanical testing on 
cadavers. Matejcic et al. described the use of a basket plate for 
fixation of comminuted inferior pole patellar fractures. In 51 
patients, results were excellent in 30, good in 16, and satisfac-
tory in five. There were no poor results.

Because of the objections to patellectomy, we try to save 
all of the patella or at least the proximal or distal third if 
practical. If the distal or proximal pole of the patella is com-
minuted, the small fragments are removed but the largest 
fragment is preserved. When comminution is extensive and 
reconstruction of the articular surface is impossible, complete 
patellectomy is performed. Despite the frequent occurrence 
of quadriceps weakness and atrophy, good or excellent results 
are noted after patellectomy in 78% of patients at long-term 
follow-up. A recent comparison of ORIF with partial patel-
lectomy for patellar fractures found persistent functional 
impairment and equal range of motion, functional scores, 
and complication rates between the two modalities.

When partial patellectomy is chosen, as much of the 
patella as possible should be salvaged. Larger pieces can be 
secured together with interfragmentary screws to increase 
the size of the patellar remnant. The comminuted fragments 
are removed, and the extensor mechanism is reattached to the 
patella through drill holes. The size of the patellar fragment 
worth salvaging is controversial. Measurement of patello-
femoral contact areas and patellofemoral pressures in cadaver 
knees before and after partial patellectomy found marked 
alterations in patellofemoral contact area in specimens after 
60% patellectomy with a contact area less than 50% of con-
trols. Saltzman et  al. found that the area of the salvaged 

fragment averaged 11.8 cm2 and that only one specimen was 
less than 4.1 cm2. At an average 8-year follow-up, 78% of 
patients had good or excellent results, range of motion aver-
aged 94% of normal, and average strength was 85% of nor-
mal. Patellofemoral arthritis developed in 53%. The size of the 
retained fragment did not correlate with the result.

The proper site of insertion of the patellar tendon into the 
patellar remnant after partial patellectomy also has been contro-
versial. Reinserting the patellar tendon anteriorly on the patella 
has been shown to cause excessive tilting of the lower pole of 
the patella toward the femoral articular surface and lead to patel-
lofemoral arthritis, and reattachment of the patellar tendon 
near the articular edge of the patella has been recommended. 
However, posterior attachment of the patellar tendon near the 
articular surface was found to cause tilting of the proximal pole 
of the patella toward the femoral articular surface and that ante-
rior reattachment of the patellar tendon restored a more normal 
pattern of patellofemoral contact. In a cadaver model, the forces 
required to extend the knee were significantly higher when the 
patellar tendon was reattached near the articular surface, but 
forces were increased when the tendon was reattached to the 
anterior cortex.

Whatever site of reattachment is chosen, intraoperative 
radiographs should be evaluated carefully to ensure that the 
extensor mechanism is not excessively shortened and that 
the remaining patella is not tilted. Comparison of the results 
of simple patellectomy with the results of patellectomy with 
advancement of the vastus medialis obliquus at a minimum 
3-year follow-up determined that results were significantly 
better in patients with vastus medialis obliquus advancement.

Open reduction and external fixation using superior 
and inferior pins placed transversely, adjacent to the proxi-
mal and distal poles, and connected externally to compres-
sive clamps has been used successfully to treat transverse and 
comminuted fractures. Others have advocated application of 
circular external fixation under arthroscopic control and plat-
ing techniques. Recent series have advocated the use of mini-
fragment augmentation to tension band fixation and locked 
mesh-plate fixation for comminuted fractures of the patella.

Lazaro et al. reported a series of 36 patients. They dem-
onstrated 37% removal of implants, patella baja in 57%, 
and anterior knee pain in 80% during activities of daily liv-
ing. Improvement was noted over the first 6 months; how-
ever, functional impairments persisted at 1-year follow-up, 
noting deficits in strength, power, and endurance. Bonnaig 
et al. reported 73 patients with functional outcome data at 1 
year, noting that functional impairment persisted at 1-year 
minimum follow-up, and ORIF scored similarly to partial 

 

A B C
FIGURE 54.60 Types of patellar fixation. A, Modified tension band. B, Lotke longitudinal 

anterior band (LAB) wiring. C, Magnusson wiring. SEE TECHNIQUE 54.20.
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patellectomy for range of motion, functional scores, and 
complications. Lazaro et al. reported outcomes after operative 
fixation of complete articular patellar fractures. Functional 
impairment was noted with a decrease in extensor mechanism 
strength, power, and endurance. In this series, 37% under-
went removal of symptomatic implants, and 80% had anterior 
knee pain during activities of daily living. LeBrun et al. also 
noted persistent symptoms at a mean of 6.5-year follow-up. 
Removal of symptomatic implants occurred in 52%. 

 

COMMON APPROACH AND 
TECHNIQUE FOR PATELLAR 
FRACTURES

 TECHNIQUE 54.18 

 n  Make a longitudinal midline incision, our preference. 
Alternatively, a transverse curved incision can be made 
approximately 12.5 cm long with the apex of the curve 
on the distal fragment, which gives enough exposure 
for reduction of the fracture and repair of the ruptured 
extensor expansion and synovium. If an area of skin is 
severely contused, attempt to avoid it or elect to excise 
a small area because skin closure produces no significant 
difficulty.

 n  Reflect the skin and subcutaneous tissue proximally and 
distally to expose the entire anterior surface of the patella 
and the quadriceps and patellar tendons. If the fracture 
fragments are significantly separated, tears in the exten-
sor expansion are presumed, and these must be carefully 
explored medially and laterally.

 n  Remove all small, detached fragments of bone and in-
spect the interior of the joint and especially the patel-
lofemoral groove for an osteochondral fracture.

 n  Thoroughly irrigate the interior of the joint to remove 
blood clots and small particles of bone.

 n  Anatomically reduce the fracture fragments using large 
towel clips or appropriate bone-holding forceps and fix 
the fragments internally by the method preferred by the 
surgeon. Inspect the articular surface after fixation to en-
sure that the reduction is anatomic.

 n  Carefully repair with interrupted sutures the synovium, 
ruptured capsule, and extensor mechanism from their 
outer ends toward the midline of the joint.
   

 

CIRCUMFERENTIAL WIRE LOOP 
FIXATION
Circumferential wire loop fixation was formerly the most 
popular technique. With the loop threaded through 
the soft tissues around the patella, rigid fixation is not 

achieved, so a delay of 3 to 4 weeks in starting knee 
motion is necessary if this technique is used. It has 
largely been replaced by more rigid fixation techniques 
to permit early motion of the joint, although it can be 
used in conjunction with other techniques for fixation of 
comminuted fractures. We frequently use a variation of 
this technique for augmentation of a repair with nonab-
sorbable suture.

 TECHNIQUE 54.19 

(MARTIN)
 n  Begin threading a No. 18 stainless steel wire at the super-

olateral border of the patella, passing it transversely im-
mediately next to the superior pole of the patella through 
the quadriceps tendon.

 n  Pass the wire through the tissue using a large Gallie nee-
dle, or thread it through a large Intracath needle inserted 
with the sharp point exiting at the site where the next 
suture is desired.

 n  Fit the No. 18 wire into the sharp end of the Intracath 
needle, and as the needle is withdrawn, pass the No. 18 
wire along its path within the needle. This usually is easier 
than using the large Gallie needle because of the stiffness 
of the No. 18 wire.

 n  Pass the medial end of the wire in a similar manner along 
the medial border of both fragments midway between 
the anterior and posterior surfaces.

 n  Pass the medial end of the wire transversely through 
the patellar tendon from the medial to the lateral side 
around the distal border of the patella and then proxi-
mally along the lateral side of the patella to the su-
perolateral border. The wire must be placed close to 
the patella, especially above and below; if it is inserted 
through the tendons away from the fragments, fixation 
is insecure because the wire cuts through the soft tis-
sues when under tension and allows separation of the 
fragments. Centering the wire midway between the 
anterior and posterior surfaces keeps the fracture line 
from opening anteriorly or posteriorly as the circumfer-
ential wire is tightened.

 n  Approximate the fragments and hold them in position 
with a towel clip or bone-holding forceps; draw both 
ends of the wire until they are tight and twist them to-
gether.

 n  Confirm the position of the fragments, especially the re-
lationship of the articular surfaces, by radiographs of the 
knee in the anteroposterior and the lateral planes and by 
direct inspection and palpation before the capsular tears 
are repaired.

 n  Cut off the redundant wire and depress the twisted ends 
into the quadriceps tendon.

 n  Repair the capsular tears with interrupted suture.
 n  A pretwisted wire that is tightened by twists at two points 

opposite each other supplies more even pressure and fixa-
tion across the fracture site. Placing the first twist in the 
wire before beginning its insertion allows for this extra 
site for tightening. 

POSTOPERATIVE CARE A posterior splint from groin to 
ankle provides sufficient immobilization during the early 
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 FIGURE 54.61 Schauwecker technique of tension band wiring 
of patella. SEE TECHNIQUE 54.20.

postoperative period. The patient is encouraged to per-
form quadriceps-setting exercises and within a few days 
should be lifting the leg off the bed. At 10 to 14 days, the 
sutures are removed and a cylinder cast or knee immo-
bilizer is applied with the knee in extension. The patient 
is allowed to be ambulatory, using crutches when active 
muscular control of the leg has been obtained. As muscle 
power returns, the crutches are discarded, usually at 6 to 
8 weeks. After fracture union, the wire can be removed; if 
not, it eventually may break, become painful, and be dif-
ficult to remove. The twisted ends usually can be located 
through a small stab incision; the wire is cut near the ends 
and is withdrawn with little difficulty. We have used heavy 
synthetic sutures instead of wire, and some data suggest 
comparable performance with potentially less soft-tissue 
irritation compared to traditional wire.
   

 

TENSION BAND WIRING FIXATION
The AO group has used and recommended a tension band 
wiring principle for fixation of fractures of the patella. By 
proper placement of the wires, the distracting or shear 
forces tending to separate the fragments are converted 
into compressive forces across the fracture site (see Fig. 
54.60), resulting in earlier union and allowing immedi-
ate motion and exercise of the knee. Generally, two sets 
of wire are used. One is passed transversely through the 
insertion of the quadriceps tendon immediately adjacent 
to the bone of the superior pole and then passed anteriorly 
over the superficial surface of the patella and in a similar 
way through the insertion of the patellar tendon. This wire 
is tightened until the fracture is slightly overcorrected or 
opened on the articular surface. The second wire is passed 
through transverse holes drilled in the superior and inferior 
poles of the anterior patellar surface and tightened.

The capsular tears are repaired in the usual manner. The 
knee is immobilized in flexion, and early active flexion pro-
duces compressive forces to keep the edges of the articular 
surface of the patella compressed together. Early active 
flexion exercises are essential for the tension band princi-
ple to work. Schauwecker described a similar technique in 
which the wire is crossed in a figure-of-eight over the ante-
rior surface of the patella (Fig. 54.61). Supplemental lag 
screws or Kirschner wires can be used to increase fixation 
in comminuted fractures (Fig. 54.62). Our preference is to 
use cannulated screws with a figure-of-eight tension band 
wire for those fractures that can be anatomically reduced.

 TECHNIQUE 54.20 

 n  Approach the patellar fracture in the usual fashion.
 n  Carefully clean the fracture surfaces of blood clot and 

small fragments.
 n  Explore the extent of the retinacular tears and inspect the 

trochlear groove of the femur for damage.
 n  Thoroughly lavage the joint.

 n  If the major proximal and distal fragments are large, re-
duce them accurately, with special attention to restoring 
a smooth articular surface.

 n  With the fracture reduced and held firmly with clamps, 
drill two 2-mm Kirschner wires from inferior to superior 
through each fragment. Place these wires about 5 mm 
deep to the anterior surface of the patella along lines 
dividing the patella into medial, central, and lateral thirds. 
Insert the wires as parallel as possible. In some cases, it is 
easier to insert the wires through the fracture site into the 
proximal fragment in a retrograde manner before reduc-
tion. This is made easier by tilting the fracture anteriorly 
about 90 degrees.

 n  Withdraw the wires until they are flush with the frac-
ture site, accurately reduce the fracture and hold it with 
clamps, and drive the wires through the distal fragment. 
Leave the ends of the wires long, protruding beyond the 
patella and quadriceps tendon attachments to the inferior 
and superior fragments.

 n  Pass a strand of 18-gauge wire transversely through the 
quadriceps tendon attachment, as close to the bone as 
possible, deep to the protruding Kirschner wires, over 
the anterior surface of the reduced patella, transversely 
through the patellar tendon attachment on the inferior 
fragment and deep to the protruding Kirschner wires, and 
back over the anterior patellar surface; tighten it at the 
upper end. Alternatively, place the wire in a figure-of-
eight fashion.

 n  Check the reduction by palpating the undersurface of the 
patella with the knee extended. If necessary, make a small 
longitudinal incision in the retinaculum to allow insertion 
of the finger.

 n  Bend the upper ends of the two Kirschner wires acutely 
anteriorly and cut them short.

 n  When they are cut, rotate the Kirschner wires 180 de-
grees; with an impactor, embed the bent ends into the 
superior margin of the patella posterior to the wire loops. 
Cut the protruding ends of the Kirschner wires short in-
feriorly.

 n  Repair the retinacular tears with multiple interrupted su-
tures.

 n  Alternatively, 4.0-mm partially threaded cannulated 
screws can be used instead of Kirschner wires (Fig. 54.63). 
Minifragment lag screws also can be placed horizontally 
to join comminuted fracture fragments, converting a 
comminuted fracture to a transverse fracture pattern. A 
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modified anterior tension band technique can be used. If 
the anterior cortex is split from the articular surface in the 
coronal plane, the fragment often can be secured with 
the anterior tension band wire. If this is unsuccessful, the 
fragment can be excised. As with all patellar repairs, a 
gravity flexion test is performed intraoperatively to deter-
mine stability, and range of motion can be initiated early 
in the postoperative course. 

POSTOPERATIVE CARE The limb is placed in extension in a 
posterior plaster splint or removable knee brace. The patient 
is allowed to ambulate while bearing weight as tolerated 
on the first postoperative day. Isometric and stiff-leg exer-
cises are encouraged, beginning on the first postoperative 
day. The extent of active motion permitted in the immediate 
postoperative period is determined intraoperatively based on 
the fracture repair stability. Active range-of-motion exercises 
can be performed when the wound has healed, at 2 to 3 
weeks. Progressive resistance exercises can be begun and 

the brace discontinued at 6 to 8 weeks if healing is evident 
on radiograph. Unrestricted activity can be resumed when 
full quadriceps strength has returned, at 18 to 24 weeks. 
In patients with less stable fixation or extensive retinacular 
tears, active motion should be delayed until fracture heal-
ing has occurred. Initiating range-of-motion exercises by the 
sixth postoperative week is desirable but not always possible. 
A controlled motion knee brace can be used, allowing full 
extension and flexion to the degree permitted by the fixation 
as determined intraoperatively.

If fixation is lost and the fragments separate 3 to 4 mm, 
or 2 to 3 mm of articular incongruity is present, revision 
surgery may be required. If the reduction improves with 
the knee in full extension, the patient can be treated by 6 
weeks of splinting or casting with the knee in full extension. 
If the reduction does not improve, revision fixation or par-
tial patellectomy should be considered. The implant can be 
removed after healing of the fracture if it causes symptoms.
  

 

A B C
FIGURE 54.62 A-C, Schauwecker method of compression wiring of patella using supplemental 

screws for comminuted fracture (C). Comminuted fragments (A) are transformed with screws into 
bifragmental fracture (B). SEE TECHNIQUE 54.20.

 

BA

FIGURE 54.63 A and B, Displaced transverse fracture of patella fixed with tension band wires 
using two anterior wire loops and two longitudinally directed screws. SEE TECHNIQUE 54.20.
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A B C
FIGURE 54.64 Partial patellectomy (see text). A, Retained fragment is approximated to tendon 

with large, nonabsorbable sutures. B, Drill holes are oriented to reattach tendon close to articular 
surface. C, Quadriceps expansions are completely repaired. SEE TECHNIQUE 54.21.

COMMINUTED PATELLAR FRACTURES
Often, only the distal pole of the patella is fragmented, leaving 
a substantial and relatively normal proximal fragment. This 
fragment is an important part of the extensor mechanism and 
should be preserved. The details of suture of the patellar ten-
don to the fragment should be observed carefully to prevent a 
tilt of the fragment, which can cause erosion of the trochlear 
groove. 

 

PARTIAL PATELLECTOMY

 TECHNIQUE 54.21 

 n  Expose the fracture as previously described. If at least one 
third of the proximal third of the patella is intact, preserve 
it.

 n  Clear the joint of loose fragments of bone and cartilage. 
Trim away the edges of the capsule and tendon. Excise 
the comminuted fragments. Small flecks of bone can be 
left within the patellar tendon to make anchorage easier.

 n  Trim the articular edge of the proximal fragment and 
smooth it with a rasp.

 n  Beginning on the fracture surface of the proximal frag-
ment just anterior to the articular cartilage, use a 2-mm 
Kirschner wire or 2.5-mm drill bit to drill three parallel 
holes in a proximal direction (one hole in the center and 
one each in the medial and lateral thirds). Alternatively, 
we routinely use a Beathe pin to create the bone tunnels 
and pass the suture simultaneously.

 n  Weave two heavy nonabsorbable sutures through the pa-
tellar tendon, one through the medial and one through the 
lateral half of the tendon (Fig. 54.64). Use a suture passer 
to pass the free proximal ends of the sutures through the 
holes in the patella. Place one suture end each through 
the medial and lateral holes and two through the central 
hole.

 n  With the knee slightly hyperextended, tie the sutures se-
curely over the superior pole of the patella. The patellar 
tendon should evaginate and lie against the raw fractured 
surface of the patellar remnant near the articular surface. 
This prevents tilting of the fragment and contact of the 
raw surface with the femur.

 n  Occasionally, the proximal pole of the patella is 
comminuted, leaving a single distal fragment con-
sisting of half or more of the bone. This fragment, 
provided that it contains a smooth articular surface, 
also should be preserved by applying the principles 
outlined in the technique just described. Much of 
the lower pole at its inferior limits is uncovered by 
articular cartilage.
   

 

PARTIAL PATELLECTOMY USING 
FIGURE-OF-EIGHT LOAD-SHARING 
WIRE OR CABLE
Because of the powerful forces generated by the quadriceps 
mechanism, protection of the repair often is necessary. This 
can be accomplished by a figure-of-eight, load-sharing wire 
or cable, as described by Perry et al. The cable protects the 
patellar tendon repair by transmitting tensile loads directly 
from the quadriceps tendon or proximal pole of the patella to 
the tibial tubercle. This technique also can be used to protect 
tenuous internal fixation of patellar fractures, and it allows 
more aggressive rehabilitation. We frequently augment an 
extensor mechanism repair with a nonabsorbable suture in 
this fashion, thus facilitating earlier range of motion.

 TECHNIQUE 54.22 

(PERRY ET AL.)
 n  After internal fixation or partial patellectomy with ex-

tensor mechanism repair has been done, drill a 2-mm 
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hole transversely across the proximal pole of the patella 
and drill a second hole transversely across the tibial 
tubercle.

 n  Hyperextend the knee to relax the patellar tendon.
 n  Pass a heavy braided suture or a 16-gauge stainless 

steel wire through each of the two drill holes (Fig. 
54.65). Alternatively, pass the wire or cable through 
the quadriceps insertion adjacent to the patella proxi-
mally, rather than through the proximal pole of the 
patella.

 n  Cross the sutures or wires anterior to the patellar tendon 
and tighten and crimp them to each other to form a figure 
of eight. As the wires are tightened, the patella tracks dis-
tally; the patellar tendon should be completely lax during 
this step. Avoid patella baja.

 n  Gently flex the knee to 90 degrees to confirm that dis-
placement of the fracture does not occur. It is important 
to cross the wires anteriorly over the patellar tendon; oth-
erwise, flexion of the knee causes the wire to displace 
posteriorly, which prevents it from sharing the load across 
the fracture site. The wire can be removed as an outpa-
tient procedure in about 3 months or after healing of the 
fracture has occurred.
   

 

TOTAL PATELLECTOMY
In fractures in which comminution is so severe that no siz-
able fragments are salvageable, a total patellectomy may 
be indicated.

 TECHNIQUE 54.23 

 n  Excise all the fragments, preserving as much of the patel-
lar and quadriceps tendons as possible.

 n  Clear the joint of bone chips and debris by thorough ir-
rigation.

 n  Place a heavy, nonabsorbable suture with a grasping 
technique through the margins of the patellar and quadri-
ceps tendons and through the medial and lateral capsular 
expansions in a purse-string manner.

 n  Pull the suture taut and evaginate the tendon ends com-
pletely outside the joint. When the suture has been tight-
ened until it makes a circle about 2 mm in diameter, tie it 
securely.

 n  Although small, this rosette of tendon may give the ap-
pearance of a small patella. Use supplemental interrupted 
sutures to repair the capsular rupture and to appose the 
quadriceps and patellar tendon ends further. The purse-
string suture shortens the quadriceps mechanism and 
helps prevent extensor lag, which is common after patel-
lectomy.

 n  A quadriceps tie-down technique can be used if insuf-
ficient tendon is available to suture the quadriceps and 
patellar tendons primarily. One such technique is an in-
verted V-plasty of the quadriceps tendon.
   

DISTAL FEMUR
Supracondylar and intercondylar fractures of the distal femur 
historically have been difficult to treat. These fractures often are 
unstable and comminuted and tend to have a bimodal distribu-
tion, occurring in elderly or younger multiple-injured patients. 
Because of the proximity of these fractures to the knee joint, 
regaining full knee motion and function may be difficult. The 
incidences of malunion, nonunion, and infection are relatively 
high in many reported series. In older patients, treatment may 
be complicated by previous joint arthroplasty.

The classification of distal femoral fractures described by 
Müller et  al. and expanded in the AO/OTA classification is 
useful in determining treatment and prognosis. It is based 
on the location and pattern of the fracture and considers all 
fractures within the transepicondylar width of the knee (Fig. 
54.66). Type A fractures involve the distal shaft only with 
varying degrees of comminution. Type B fractures are con-
dylar fractures; type B1 is a sagittal split of the lateral condyle, 
type B2 is a sagittal split of the medial condyle, and type B3 
is a coronal plane fracture. Type C fractures are T-condylar 
and Y-condylar fractures; type C1 fractures have no commi-
nution, type C2 fractures have a comminuted shaft fracture 
with two principal articular fragments, and type C3 fractures 
have intraarticular comminution.

In the 1960s, nonoperative treatment methods, such as 
traction and cast bracing, produced better results than opera-
tive treatment because of the lack of adequate internal fixation 
devices. With the development of improved internal fixation 
devices by the AO group, treatment recommendations began 
to change and operative treatment produced better results 
than nonoperative treatment, especially for intercondylar and 
extraarticular fractures.

 FIGURE 54.65 After reduction and internal fixation of patellar 
fracture, two cables are inserted through transverse holes drilled 
in tibial tubercle and proximal pole of patella; they are crossed 
anteriorly to patellar ligament to form figure-of-eight and are 
crimped to each other. SEE TECHNIQUE 54.22.
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Advances in implant technology, technical execution of 
surgical fixation, rehabilitation, and surgeon understanding 
have largely contributed to the shift toward operative interven-
tion for these injuries. Operative treatment is recommended for 

all fractures of the distal femur in the appropriate patient, with 
the exception of simple, nondisplaced fractures. Early mobili-
zation of the knee is important in obtaining a good result.

PLATE AND SCREW FIXATION
The blade plate designed by the AO group in Switzerland was 
one of the first plate-and-screw devices to gain wide accep-
tance for treatment of fractures of the distal femur. Although 
it provides stable fixation of most fractures (Fig. 54.67), the 
technique is technically demanding; early problems included 
infection and inadequate fixation in osteoporotic bone and 
refracture after plate removal.

As experience with AO plating techniques increased and 
the use of perioperative antibiotics became routine, the results 
reported with these devices improved. In 1989, Siliski, Mahring, 
and Hofer reported good or excellent results in 81% of frac-
tures, with infection occurring in 7.7%, unintentional shorten-
ing in 7.6%, and malalignment in 5.8%. Results were better in 
type C1 fractures (92% good or excellent results) than in type 
C2 and type C3 fractures (77% good or excellent results).

More biologic techniques of plating have been advo-
cated using indirect reduction techniques, minimal soft-tis-
sue stripping, and gentle retraction. Femoral distractors or 
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FIGURE 54.66 Classification of fractures of distal femur described by Müller et al.  (Redrawn 
from Müller ME, Nazarian J, Koch P, Schatzker J: The comprehensive classification of fractures of long bones, 
Berlin, 1990, Springer-Verlag.)

 FIGURE 54.67 Patient with displaced comminuted supracon-
dylar fracture of femur internally fixed with AO supracondylar 
blade plate and multiple screws.
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external fixators are used to regain length and alignment of 
the fracture, and metaphyseal comminution is left in situ with 
no attempt made to reduce comminuted fragments anatomi-
cally. Because the soft tissues are left relatively undisturbed, 
bone grafting is less often necessary (see Video 54.1). 

DYNAMIC CONDYLAR SCREW FIXATION
A less technically demanding alternative to the blade plate is the 
dynamic condylar screw (Fig. 54.68). The blade plate requires 
accurate insertion in three planes simultaneously, whereas 
the dynamic condylar screw allows freedom in the flexion- 
extension plane. A minimum of 4 cm of uncomminuted bone 
in the femoral condyles above the intercondylar notch is nec-
essary for successful fixation. The main disadvantage of the 
dynamic condylar screw is that insertion of the condylar lag 
screw requires removal of a large amount of bone, which makes 
revision surgery, should it be necessary, more difficult. Reported 
results of distal femoral fractures treated with the dynamic con-
dylar screw were similar to results obtained with blade plates 
with 87% excellent or satisfactory results. Nonunion occurred 
in 0% to 5.7%, infection in 0% to 5.3%, and malunion in 5.3% 
to 11%. Bone grafting was used in about one third of the frac-
tures. In one study, all poor results occurred in elderly, osteope-
nic patients with comminuted intraarticular fractures. This 
technique may be unsuitable for patients with osteoporosis.

Blade plates and condylar screws are unsuitable for use in 
fractures with less than 3 to 4 cm of intact femoral condylar 
bone and in fractures with a large amount of articular com-
minution. For these fractures, the condylar buttress plate is the 
most commonly used implant. The multiple holes in the distal 

end of the plate allow multiple screws to be directed into com-
minuted fragments. Fractures with a comminuted medial but-
tress, segmental bone loss, or very low transcondylar fractures 
may angulate into varus because of movement at the screw-plate 
interface. Devices developed to lock the screws into the plate 
increase the stability of the construct to prevent varus deforma-
tion. Some authors have used methyl methacrylate to improve 
screw purchase in osteopenic bone. Traditionally, if medial 
instability is present after application of a lateral buttress plate, 
the addition of a medial plate is recommended. An inverted 
large fragment T-plate inserted through a separate medial sub-
vastus incision, double plating with bone grafting, and a locked 
dual plating technique all have been recommended. Bolhofner 
et al. advocated percutaneous plating. They treated 57 supra-
condylar femoral fractures with open reduction and plating 
using indirect methods, and all fractures healed. Using the 
Schatzker scoring method, they reported good results in 84% 
but admitted that surgical skill was a factor. We agree that this 
is a good technique for bridging a highly comminuted fracture.

Condylar plates with screws that are locked to the plate 
have been used (Fig. 54.69). These plates provide stability 
similar to the dynamic condylar screw and mitigate the varus 
angulation that can occur with a medial femoral defect. This 
fixation may eliminate the need for a medial femoral plate.

The less invasive stabilization system (LISS) plate, which 
uses locked screws and percutaneous fixation, was developed 
to circumvent the problems with previous fixation methods. 
The biomechanical properties of this fixation device have been 
compared with the properties of the dynamic condylar screw 
and condylar buttress plate. The LISS allowed higher elastic 
deformation than the other systems, placing it between rigid 
fixation and intramedullary nailing. Our experience with this 
method has been satisfactory, but our implant preference 
is locking condylar plating systems. Locking implants with 
polyaxial capability also are available, which provide utility 
for certain fractures, particularly periprosthetic injuries. 

INTRAMEDULLARY NAILING
Intramedullary nailing has received increased attention for the 
treatment of distal femoral fractures. These devices obtain more 
“biologic” fixation than plates because they are load-sharing, 
rather than load-sparing, implants. They offer greater soft- 
tissue preservation, and bone grafting is required less often. The 
major disadvantage of nail fixation is that it provides less rigid 
stabilization of distal femoral fractures than plate fixation in bio-
mechanical testing. Implant failure has been reported in 15% of 
distal-third femoral fractures treated with antegrade interlock-
ing nailing using slotted designs. The frequency of implant fail-
ure increases if the fracture is within 5 cm of the most proximal 
screw hole. It has been suggested that implant failure can be 
prevented by driving the nail to subchondral bone, delaying full 
weight bearing, and increasing the wall thickness of the nail. By 
using these principles, intramedullary nailing has been used suc-
cessfully to treat fractures of the distal femur.

When antegrade interlocked intramedullary nailing is 
done with the patient in the lateral decubitus position, the 
weight of the leg can cause valgus angulation. When the 
patient is supine, however, the pull of the gastrocnemius mus-
cles cause posterior angulation. Smooth Steinmann pins in 
the distal femur, medial and lateral to the patella, can be used 
to manipulate the fragment and maintain proper alignment. 
A traction pin also can be placed anteriorly in the distal femur 

 FIGURE 54.68 Fixation of medial condylar fracture with 
dynamic condylar screw.
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to prevent posterior angulation when the supine position is 
used. Overall, excellent or good results have been reported in 
95% after antegrade nailing.

We evaluated the results of 57 supracondylar and intercon-
dylar fractures of the femur treated with antegrade interlocking 

nailing at our institution. These included eight AO type A2, 13 
type A3, eight type C1, 25 type C2, and three type C3 fractures; 
44% of the fractures were open. All fractures united, and 3.5% 
required bone graft. Malunion occurred in 7% of fractures, and 
two type IIIB open fractures (3.5%) became infected. One nail 

 

A

C

B

FIGURE 54.69 A, Comminuted fracture of distal femur with intraarticular extension. B and C, 
Open reduction and internal fixation through lateral parapatellar arthrotomy to view anatomic 
reduction of articular component, and submuscular plate is then positioned percutaneously.
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(1.7%) failed but did not require reoperation. Range of motion 
averaged 115 degrees. Poor results occurred in all three AO 
type C3 fractures, one caused by infection and two by malre-
duction of unrecognized coronal fracture lines.

If nailing is considered for treatment of an intercondy-
lar femoral fracture, preoperative radiographs and CT scans 
must be scrutinized carefully for the presence of coronal frac-
ture lines. AO type C3 fractures generally are best treated 
with plating techniques, whereas retrograde nailing prob-
ably is preferable for distal femoral fractures with extensive 
shaft extension. Anteroposterior medial and lateral blocking 
screws can increase the primary stability of these fractures.

Retrograde femoral nails inserted through the intercondy-
lar notch have become a popular method of treating supracon-
dylar fractures. Similar to antegrade nails, these nails have the 
theoretical advantages of being load-sharing devices, requir-
ing little soft-tissue dissection and infrequently needing bone 
grafting. Retrograde nailing of distal femoral fractures is pref-
erable to antegrade nailing in the vast majority of situations 
involving the distal femur. Retrograde nailing is technically 
easier than antegrade nailing in obese patients. Distal femoral 
fractures below hip implants or above total knee implants with 
an open notch design also can be treated effectively with retro-
grade nailing. Retrograde nailing also can be used to stabilize 
distal femoral fractures associated with ipsilateral hip fractures, 
allowing the hip fracture to be stabilized with a separate device.

In mechanical testing comparing antegrade nailing with 
retrograde nailing in femoral shaft fractures with and with-
out bony contact, no difference was found in the nails when 
used for stable fracture configurations, but in unstable frac-
ture configurations, the nail size (larger), not the method of 
insertion, determined stability.

Reports of retrograde supracondylar nailing have shown 
acceptable results (90% to 100% union; knee range of motion 100 
to 116 degrees). Reported complications have included infection 
in 0% to 4%; malunion in 0% to 8%; implant failure in 4% to 10%; 
nail fracture in 0% to 8%; and nail impingement on the patella in 
0% to 12%, which can be avoided by properly countersinking the 
nail. Flexible intramedullary implants, such as the Zickel supra-
condylar device, Ender rods, and Rush rods, also have been used 
with some success to treat distal femoral fractures; however, since 
the development of more rigid plate and screw devices and inter-
locking intramedullary nails, the indications for their use are lim-
ited. Newer implant designs with minimally invasive insertion 
techniques have antiquated the use of flexible devices.

Successful use of retrograde intramedullary nail fixation 
as an adjuvant to distal femoral plating has been reported, 
particularly in elderly patients. 

EXTERNAL FIXATION
External fixation can be used as either temporary or defini-
tive fixation in severe open distal femoral fractures, especially 
fractures associated with vascular injury. If the fracture has sig-
nificant comminution with shortening, consideration should 
be given to application of an external fixator. Because of the 
potential for pin track infection and knee stiffness, this tech-
nique should be reserved for the most severe open fractures. 
We use this technique to provide local traction while allowing 
mobility for patients with multiple trauma. This technique also 
allows better CT evaluation of the distal femoral fracture. Early 
conversion from a spanning external fixator to an intramedul-
lary nail is safe in patients with multiple injuries.

If a patient is placed in a spanning external fixator and is 
not medically ready for intramedullary nailing or plating, a 
period of skeletal traction can be instituted during a pin site 
holiday in preparation for definitive fixation if the initial fix-
ator has been in place longer than 14 days or the pin sites are 
of concern. 

CONDYLAR FRACTURES OF THE FEMUR
UNICONDYLAR FRACTURES OF THE FEMUR

Unicondylar fractures (AO type B) occur less frequently 
than supracondylar or intercondylar femoral fractures. 
Concomitant injuries to the ipsilateral extremity are present 
in about one third of patients. Careful radiographic evalua-
tion, including anteroposterior, lateral, and tunnel views, is 
necessary to diagnose accurately associated injuries to the 
knee and coronal fractures of the posterior condyle (AO type 
B3 or Hoffa fractures). A CT scan is necessary to describe 
the fracture more accurately. Nondisplaced fractures can be 
treated nonoperatively but must be followed closely for loss 
of reduction. Displaced unicondylar fractures require surgi-
cal fixation to prevent the complications of axial malalign-
ment, posttraumatic arthritis, knee stiffness, and instability 
frequently reported after nonoperative treatment. Some min-
imally displaced fractures can be treated with percutane-
ous reduction and fixation, but open reduction usually is 
necessary to obtain an anatomic articular reconstruction. 
Cancellous lag screws or a small-fragment buttress plate pro-
vide sufficient fixation to allow movement after a few days. In 
patients with osteoporotic bone, a buttress plate may be nec-
essary to prevent cephalad migration of the condyle. 

 

FRACTURE FIXATION OF THE MEDIAL 
CONDYLE
If only one condyle is fractured, the operation is relatively 
simple, and because the shaft is not involved, internal fixa-
tion usually is secure enough to allow movement early in the 
postoperative course. Often condylar fractures can be reduced 
with traction on a fracture table or flat-topped radiolucent 
table and provisionally maintained with various periarticular 
clamps. The fracture can then be secured with a percutaneous 
lag screw, a conical, headless compression screw, or place-
ment of a buttress plate. However, we recommend open 
reduction to ensure anatomic articular reconstruction.

 TECHNIQUE 54.24 

 n  On the anteromedial aspect of the knee, begin a longitu-
dinal incision 10 cm proximal to the joint line and extend 
it distally to below the level of the joint. Incise the capsule 
and synovium at the joint level in line with the skin inci-
sion, and extend the incision proximally along the lateral 
edge of the vastus medialis muscle at its junction with 
the quadriceps tendon. Extend this incision proximally 
enough to expose the medial femoral condyle, the patel-
lofemoral groove, and the intercondylar area.

 n  Insert a Steinmann pin into the large fragment so that it 
can be used as a lever during reduction.
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 FIGURE 54.70 Fracture of medial condyle fixed with 6.5-mm 
cancellous screws. SEE TECHNIQUE 54.24.

 n  Clear the joint of all debris, thoroughly irrigate and reduce 
the fracture under direct vision using the pin as a lever. A 
periarticular reduction clamp can be inserted percutane-
ously on the lateral femoral condyle to effect interfrag-
mentary compression after articular reduction.

 n  Multiple Kirschner wires can be inserted across the frac-
ture fragments into the intact lateral femoral condyle for 
provisional fixation.

 n  Place two cancellous screws perpendicular to the frac-
ture site to fix the medial femoral condylar fragment to 
the intact lateral femoral condyle (Fig. 54.70). The size of 
the implant depends on the fragment size but can range 
from 3.5- to 6.5-mm screws. If the bone is osteoporotic, 
a washer under the head of the screw prevents the head 
from sinking through the cortex.

 n  Remove the multiple Kirschner wires used for temporary 
fixation, and confirm the reduction with radiographs made 
in two planes. Ensure that the ends of the pins or cancellous 
screws penetrate the lateral femoral cortex because osteo-
porotic bone within the condyle does not afford good pur-
chase. The lag screw effect of the cancellous screws should 
produce good fixation and interfragmentary compression.

 n  In some patients with osteoporotic bone, fixation with 
screws alone may be inadequate; therefore, a buttress 
plate is contoured to fit the medial condyle.

 n  An alternative is the use of small fragment fixation, in 
which interfragmentary compression can be achieved 
with 3.5-mm interfragmentary screws and further stabi-
lized with the addition of a small-fragment buttress plate, 
which is our preference in most cases.

 n  Whichever internal fixation construct is selected, the key 
principle remains anatomic articular reduction. 

POSTOPERATIVE CARE The patient is placed in a re-
movable long-leg splint or a bulky soft dressing with light 
compression wrap and knee immobilizer. Continuous pas-
sive motion can be initiated immediately after surgery if 

desired. Gentle active and active-assisted exercises are be-
gun when swelling subsides. Ambulation with a walker or 
crutches is started on postoperative day 2 or 3, allowing 
only non–weight bearing. Range-of-motion exercises and 
quadriceps and hamstring exercises are increased gradually. 
If the fracture is healing satisfactorily, partial weight bear-
ing can be allowed at 8 to 10 weeks. By 12 to 14 weeks, 
the patient usually has gradually progressed to full weight 
bearing. The residual disability after isolated fractures of the 
medial femoral condyle usually is minor, and good range 
of motion can be regained when reduction and fixation are 
satisfactory and joint motion is begun early.
   

 

FRACTURE FIXATION OF THE 
POSTERIOR PART OF THE MEDIAL 
CONDYLE
If the posterior part of the medial femoral condyle is sheared 
off, ORIF with lag screws is recommended. Although this 
fracture looks harmless on the radiographs, it may produce a 
marked disability. Initially undisplaced fractures frequently dis-
place if treated conservatively. As seen on the lateral view, the 
loose fragment consists of approximately the posterior half 
of the condyle. The fragment has minimal soft-tissue attach-
ments and may be devoid of blood supply. Almost its entire 
surface is covered with articular cartilage. The amount of dis-
placement may be minimal. If the fragment is not reduced 
properly, roughening of the articular surface and osteone-
crosis occur. Ordinarily, the fragment should not be removed 
because it is an important part of the articular surface when 
the knee is flexed at 90 degrees. Treatment consists of fixation 
of the fracture in proper position.

 TECHNIQUE 54.25 

 n  Adequate exposure can require anteromedial and pos-
teromedial incisions. Anatomic reduction of the articular 
surface is of paramount importance.

 n  Replace the posterior portion of the medial femoral con-
dyle using a posteromedial Henderson incision (see Chap-
ter 1) and fix it temporarily with multiple Kirschner wires.

 n  Depending on the size of the fragment, insert two 3.5-
mm or 4.5-mm appropriately countersunk interfragmen-
tary lag screws from the anterior to posterior. We also 
have used cannulated differential thread headless com-
pression screw fixation. Place the screws medial to the 
patellofemoral articulation, if possible, and direct them 
perpendicular to the fracture site.

 n  Countersink all screws that are placed through the ar-
ticular surface. Inspect to see that the screw does not 
penetrate the articular surface posteriorly.

 n  Remove the transfixing Kirschner wires. Occasionally, a 
portion of the medial head of the gastrocnemius may re-
quire reflection for adequate exposure.

 n  After the screws have been inserted, check the reduction and 
position of the screw by radiographs and close the wound. 

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2886

POSTOPERATIVE CARE Postoperative care is the same 
as that recommended after fixation of the medial femoral 
condyle (see Technique 54.24).
  

INTERCONDYLAR FRACTURES OF THE FEMUR
ORIF of comminuted intercondylar and supracondylar frac-
tures of the femur demands experience and surgical skill. A 
complete set of instruments and familiarity with their use are 
required for this method of fixation. Strict adherence to basic 
principles and technique is required to prevent unsatisfactory 
results. ORIF of these difficult fractures is justified only if (1) 
the joint surfaces can be restored anatomically, (2) fixation is 
sufficiently rigid that external immobilization is not required, 
(3) rigidity of fixation is sufficient to allow early and active 
motion of the knee joint, and (4) the skin and soft tissues are 
satisfactory for a major operation.

Historically, insertion of a 95-degree condylar blade plate 
is technically difficult and unforgiving. The broad surface 
area of the plate provides excellent fixation and resistance to 
bending and torsional forces. If the blade is inserted correctly 
into the condyles, anatomic alignment of the femur can be 
obtained by fixing the plate to the shaft of the femur. If the 
blade is inserted incorrectly, malalignment occurs. Difficulty 
in application and design advancements have largely elimi-
nated the use of blade plates and dynamic condylar screws 
as first-line fixation devices. Evolution of fracture fixation 
devices for the distal femur has led to most extramedullary 
implants being condylar plates with the capability for lock-
ing screws, at times polyaxial, and typically with some form 
of targeting instrumentation that has allowed for consider-
ably less soft-tissue dissection. Refer to earlier editions of this 
text for detailed techniques on distal femoral blade plate or 
dynamic condylar screw implant insertion.

Fracture morphology will dictate the required surgical 
approach for appropriate reduction and fracture stabilization. 
The need for significant proximal extensile exposure is rare, par-
ticularly with modern targeting instrumentation. Supracondylar 
fractures or simple intercondylar fractures often can be treated 
through direct lateral surgical approaches distally. Those with 
more extensive articular involvement necessitate direct exposure 
to ensure anatomic reduction. This is most frequently accom-
plished through an anterior approach with lateral parapatellar 
arthrotomy. In fracture-specific cases, a small accessory medial 
incision may be required for fracture manipulation or screw 
placement. Most frequently, we use the distal aspect of the 
approach described next (swashbuckler approach) or a more lat-
eral parapatellar approach for those in need of anatomic reduc-
tion of comminuted articular injuries. The most distal extent 
of the approach is necessary for direct articular reduction and 
implant insertion. Care should be taken to avoid dissection or 
manipulation of the metaphyseal region in an effort to retain the 
fracture biology and lessen the chance for healing difficulties.

To provide better exposure of the distal articular surface 
of the femur, Starr, Jones, and Reinert used a modified ante-
rior approach they called the “swashbuckler approach.” Cited 
advantages to this approach, in addition to improved expo-
sure, are sparing of the quadriceps muscle bellies and a sur-
gical scar that does not interfere with subsequent total knee 
arthroplasty. 

 

SWASHBUCKLER APPROACH TO THE 
DISTAL FEMUR

 TECHNIQUE 54.26 

(STARR ET AL.)
 n  Place the patient supine, preferably on a radiolucent ta-

ble.
 n  Use a sterile tourniquet only if necessary to avoid medial 

retraction of the quadriceps.
 n  Place a roll or triangle under the knee. Make a midline 

incision from above the fracture laterally to across the 
patella (Fig. 54.71A).

 n  Extend the incision directly down to the fascia of the 
quadriceps. Incise the quadriceps fascia in line with  
the skin incision. Sharply dissect the quadriceps fascia off the  
vastus lateralis muscle laterally to its inclusion with the 
iliotibial band.

 n  Retract the iliotibial band and fascia laterally, continuing 
the dissection down to the linea aspera.

 n  Incise the lateral parapatellar retinaculum, separating it 
from the vastus lateralis (Fig. 54.71B).

 n  Make a lateral parapatellar arthrotomy to expose the 
femoral condyles.

 n  Place a retractor under the vastus lateralis and medialis, 
exposing the distal femur and displacing the patella medi-
ally (Fig. 54.71C).

 n  Ligate the perforating vessels and elevate the vastus late-
ralis, exposing the entire distal femur.

 n  Proceed with the internal fixation as needed.
 n  Close the wound by suturing the fascia back in place.

  

LOCKING CONDYLAR PLATE FIXATION
Locking condylar plate fixation is indicated for intraarticular 
and extraarticular condylar fractures, bridging of highly com-
minuted distal femoral fractures, and treatment of distal femo-
ral malunions. Current implants offer the stability of fixed angle 
devices with the ability to be placed in a biologically appropri-
ate manner and therefore are our current choice for most AO/
OTA Type A and C fractures requiring plate osteosynthesis.

Authors have attempted to identify factors contributing 
to nonunion and failures in these difficult fractures. Obesity, 
open fractures, infection, and stainless steel implants have 
been identified as risk factors for development of nonunion. 
Ricci et  al. evaluated risk factors for reoperation. In their 
series, 19% required reoperation to achieve union. Diabetes 
and open fracture were independent risk factors for deep 
infection and delayed union. Factors associated with implant 
failure included open fractures, smoking, increased body 
mass index, and shorter plate length. Barei et  al. evaluated 
their series of open distal femoral fracture. They concluded 
that despite metaphyseal bone loss, locking plates obviate the 
need for routine bone grafting of some open distal femoral 
fractures. Fractures demonstrating posterior cortical contact 
were strongly correlated with primary union. Because of the 
inconsistent callus these injuries exhibit through commi-
nuted metaphyseal regions, alterations of the fixation strategy 
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FIGURE 54.71 Swashbuckler technique. A, Fascia overlying quadriceps is incised longitudinally 
and lifted laterally off underlying muscle. B, Farther laterally, fascia over quadriceps becomes 
confluent with iliotibial band. Lateral parapatellar arthrotomy is performed. Proximally, arthrotomy 
incision is made between vastus lateralis muscle and lateral retinaculum of knee. C, Proximal 
release of vastus lateralis fibers from lateral intermuscular septum allows further mobilization of 
quadriceps. Perforating vessels can be controlled with cautery. SEE TECHNIQUE 54.26.

have been proposed. Dynamic locking or far cortical locking, 
as a method to increase micromotion on the lateral cortex to 
increase the callus response, has been advocated. 

 

SUBMUSCULAR MINIMALLY 
INVASIVE LOCKING CONDYLAR PLATE 
APPLICATION

 TECHNIQUE 54.27 

 n  Position the patient supine on a radiolucent table. Place a 
well-padded bump under the ipsilateral hip to maintain the 
femur in neutral rotation. Prepare and drape the limb in nor-
mal fashion. Position the limb on a sterile bump or triangular 
bolster. Contralateral rotation films can be helpful to gauge 
rotation reduction and for intraoperative referencing.

 n  Expose the distal femur as previously described (see Tech-
nique 54.26). Typically, only the distal extent of the ap-
proach is necessary with lateral parapatellar arthrotomy 
for articular reduction. Alternatively, a direct lateral ap-
proach may be used in extraarticular fractures or those 
with simple articular components (Fig. 54.72).

 n  Reduce the condylar fragments with Kirschner wires and 
reduction forceps.

 n  Place the condylar plate guide on the lateral cortex to 
determine the proper position for the placement of inter-
fragmentary lag screws to maintain the condylar reduc-
tion without interfering with the plate.

 n  Using anatomic landmarks and C-arm imaging, place 
the plate in a submuscular fashion on the reconstructed 
condyles with or without attempting to reduce the proxi-
mal fragments, and insert a 2.5-mm guidewire through 
the wire guide central hole parallel to the femorotibial 
joint line. Obtain an image to confirm placement parallel 
to the joint line. For this portion of the procedure, wire 
placement is critical because it “sets” the distal position 

of the plate in the coronal plane. Nonparallel positioning 
of this initial reference wire can inadvertently induce a 
varus or valgus coronal plane malalignment. Beware of 
anatomic variances, such as a hypoplastic lateral condyle, 
which can make reconstruction and implant positioning 
quite difficult. Close scrutiny of contralateral knee films 
can facilitate identification of anatomic nuances when 
preoperative templating is performed.

 n  On the lateral fluoroscopic plane, confirm that the distal 
positioning of the plate parallels the posterior cortex of 
the distal femur to ensure appropriate coronal plane flex-
ion and extension. Once appropriate positioning is noted, 
place additional guidewires through the locking guides to 
secure the plate on the distal segment.

 n  Longitudinal traction can be applied and the targeting in-
strumentation used to permit placement of a provisional 
guidewire in the most proximal hole of the plate chosen. It 
is critical that the length and rotational reduction be noted 
before this step. Additionally, in particularly comminuted 
fractures of the distal femoral metaphysis, a single proximal 
wire may not provide sufficient length maintenance alone.

 n  Once the length and rotational alignment are “set,” place 
a small bolster under the metaphyseal portion of the frac-
ture to determine flexion and extension.

 n  Many periarticular plates do not fit every patient’s anat-
omy, and consequently there can be variable offset of 
the plate from the femoral shaft. As a result, failure to 
recognize this can induce varus or valgus malalignment 
when threaded reduction instrumentation or nonlock-
ing cortical screws are used to seat the plate on bone. 
When offset is identified, the plate should be applied as 
an “internal-external fixator,” with locking screw fixation 
to maintain anatomic coronal plane reduction. The reduc-
tion is more important than plate to bone contact.

 n  Locking screws can be inserted in any order, but we usu-
ally prefer to insert the central screw first, followed by the 
surrounding screws in the distal segment. Proximal fixa-
tion is achieved with placement of 4.5-mm cortical screws 
or 5.0-mm locking cortical screws through the targeting 
instrumentation. A minimum of eight cortices should be 
used proximally.
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 FIGURE 54.72 Minimally invasive plate insertion for fixation 
of supracondylar or intercondylar distal femoral fractures using 
specially designed outriggers for targeting proximal fixation. This 
permits accurate fixation while minimizing further biologic insult 
to comminuted metaphyseal zones. Note proximal tibial traction 
pin and bow used for greater control of axial length and rotational 
alignment. SEE TECHNIQUE 54.27.

 n  Take care when placing proximal fixation into the shaft. 
Consider filling the most proximal hole in the construct 
with a unicortical locking screw or a bicortical nonlocking 
screw to minimize stress riser formation.

 n  Ideally, long plate constructs with well-spaced fixation is 
sought. Locking screw fixation in close proximity to me-
taphyseal comminution can result in a very rigid construct 
that may contribute to inconsistent callus formation and 
should be avoided if possible.

 n  Securely tighten all screws again before wound closure.
 n  Perform fascial and skin closure in the standard fashion. 

POSTOPERATIVE CARE Early passive motion with some ac-
tive motion is begun as tolerated. Focus also is placed on pas-
sive extension exercises to minimize contracture formation. 
Weight bearing is avoided for 10 to 12 weeks. Active and pas-
sive range of motion should be encouraged during this time.
  

LESS INVASIVE STABILIZATION SYSTEM
The technique for use of the LISS system is in many respects very 
similar to application of the locking condylar plate in a minimally 
invasive fashion (Fig. 54.73). One can refer to the previous tech-
nique. However, several key differences should be mentioned. 
The LISS system is constructed of titanium and, therefore, its 
modulus of elasticity is different than many available locking 
condylar plating systems and permits more flexibility. Whereas 

the design of many locking condylar plates allows for plate reduc-
tion techniques, the LISS relies on the reduction being achieved 
before implant positioning. Furthermore, it truly is an “internal-
external fixator,” and therefore fixation with locking screws near 
and far from the fracture provides the greatest stability. This is 
better tolerated with the LISS as compared with locking condylar 
plates because of the increased flexibility in LISS. In addition, the 
screw fixation is solely unicortical. 

 

DOUBLE PLATE FIXATION
Very low distal femoral fractures with extensive articu-
lar and metaphyseal comminution may not be stabilized 
adequately by lateral plating alone. Application of an addi-
tional medial plate may be necessary. A separate medial 
incision is preferred to reduce the amount of soft-tissue 
stripping required for plate application.

 TECHNIQUE 54.28 

(CHAPMAN AND HENLEY)
 n  After lateral fixation, assess whether the fracture stabi-

lization is sufficient to permit early functional range of 
motion. If not, proceed with application of medial fixation 
through a separate longitudinal medial approach.

 n  Alternatively, very distal fractures may require an acces-
sory medial approach for reduction purposes in addition 
to lateral intervention and before definitive fixation.

 n  Make an anteromedial incision from the anterior mar-
gin of the pes anserinus, following the adductor canal 
(Fig. 54.74A). The deep dissection follows the subvastus 
(Southern) approach. Incise the fascial envelope sur-
rounding the vastus medialis along the posterior margin 
of the muscle.

 n  Use blunt dissection to elevate the muscle off the perios-
teum and the intermuscular septum from the adductor 
tubercle to the intact proximal femoral shaft.

 n  Distally, sharply incise the 2- to 3-cm wide tendinous in-
sertion of the vastus medialis into the medial capsule.

 n  Expose the joint through a medial parapatellar arthrot-
omy. This approach does not require formal dissection 
of the superficial femoral artery because the artery is re-
tracted posteriorly with the sartorius muscle.

 n  Protect the descending genicular artery and saphenous 
nerve by bluntly dissecting the posterior margin of the 
vastus medialis and retracting the artery and nerve ante-
riorly. Leave the superficial and deep fibers of the medial 
collateral ligament attached to the femoral condyle.

 n  If a posterior medial condylar fragment is present, make 
an additional arthrotomy just posterior to the medial col-
lateral ligament to allow access to this portion of the 
articular surface. Flexion of the knee and posterior re-
traction of the sartorius and adductor longus make this 
easier.

 n  Inspect the medial compartment, including the meniscus, 
and remove any loose fragments from the joint.

 n  Continue posterior exposure until the intact medial femo-
ral shaft is visible, minimizing soft-tissue stripping during 
dissection and retraction.

 n  Reduce and provisionally stabilize each of the femoral 
condyles as described for application of a locking condylar 
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FIGURE 54.73 Less invasive stabilization system (LISS) plate technique. A, Letters are used to 
identify distal plate holes; numbers are used to identify diaphyseal plate holes. B, Lateral incision. 
C, In complex intraarticular fracture, lateral parapatellar approach is necessary. D, Insertion guide 
has tendency to tilt toward floor. When positioned properly on lateral condyle, insertion guide is 
internally rotated approximately 10 degrees to femoral shaft. Plate position is adjusted if neces-
sary. E, Kirschner wire inserted through stabilization bolt. (Redrawn from Less Invasive Stabilization 
Technique (LISS): technique guide, Paoli, PA, 2001, Synthes.)

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2890

plate and reduce and fix the medial and lateral femoral 
condyles to each other, incorporating any intercalary frag-
ments.

 n  Use Kirschner wires, pointed reduction tenaculums, or 
large periarticular clamps for temporary stabilization.

 n  Reduce the reconstructed distal articular block and provi-
sionally fix it to the femoral shaft. Position a lateral plate 
and temporarily fix it to the distal femur.

 n  When reduction is satisfactory, secure it with two to four 
proximal and distal screws inserted with image intensifi-
cation guidance.

 n  Bend the medial buttress plate to match exactly the con-
tour of the medial femur. We prefer small-fragment fixa-
tion, typically.

 n  Place the transverse portion of the plate distally so that 
the screw holes allow placement of screws into the ante-
rior and posterior portions of the femoral condyles. The 
anterior screw should permit bicondylar-transcondylar 
fixation (Fig. 54.74B).

 n  For the proximal end of the medial plate, use at least four 
cortices of fixation (Fig. 54.75).

 n  After screws are placed, consider filling bone defects with 
autologous cancellous grafts in closed injuries. Otherwise, 
antibiotic cement spacers may be advisable in open in-
juries and in preparation for future grafting. Repair the 
arthrotomy and close the medial approach in routine 
fashion. 

POSTOPERATIVE CARE Postoperative care is the same 
as after that for locking condylar plate fixation, with initi-
ating motion based on stability of fracture repair.
  

SUPRACONDYLAR FRACTURES OF THE FEMUR
Most supracondylar fractures of the femur can be treated 
with interlocking intramedullary nailing or plate-and-
screw devices. Even those with simple intraarticular frac-
ture components often can be treated with intramedullary 
nail fixation. Distal screw configurations vary and are often 
the determinants in whether a supracondylar femoral frac-
ture can be adequately stabilized with an intramedullary 
device. In patients who are poor operative risks, nonop-
erative treatment with acute skeletal traction followed by 
cast bracing is an option. Historically, flexible intramedul-
lary implants with supplemental bracing have been used 
in some low-demand elderly patients; however, current 
minimally invasive nailing and plating techniques have 
the advantages of minimizing surgical trauma and provid-
ing stable fixation, which typically requires no adjuvant 
bracing. Refer to techniques for retrograde intramedullary 
nail fixation and minimally invasive locking condylar plate 
insertion. 

SHAFT OF THE FEMUR
Fractures of the shaft of the femur are among the most com-
mon fractures encountered in orthopaedic practice. Because 
the femur is the largest bone of the body and one of the prin-
cipal load-bearing bones in the lower extremity, fractures can 
cause prolonged morbidity and extensive disability unless 
treatment is appropriate. Fractures of the femoral shaft often 

are the result of high-energy trauma and may be associated 
with multiple system injuries. Several techniques are now 
available for their treatment, and the orthopaedic surgeon 
must be aware of the advantages, disadvantages, and limita-
tions of each to select the proper treatment for each patient. 
The type and location of the fracture, the degree of commi-
nution, the age of the patient, the patient’s social and eco-
nomic demands, and other factors may influence the method 
of treatment. Possible treatment methods for fractures of the 
femoral shaft include the following:
 n  Closed reduction and spica cast immobilization
 n  Skeletal traction
 n  Femoral cast bracing
 n  External fixation
 n  Internal fixation
 n  Intramedullary nailing with open or closed technique
 n  Antegrade interlocking intramedullary nailing with or 

without reaming
 n  Retrograde interlocking intramedullary nailing
 n  Plate fixation

Locked intramedullary nailing is currently considered to 
be the treatment of choice for most femoral shaft fractures. 
Regardless of the treatment method chosen, the following 
principles are agreed on: (1) restoration of alignment, rota-
tion, and length, (2) preservation of the blood supply to aid 
union and prevent infection, and (3) rehabilitation of the 
extremity and the patient.

TRACTION AND CAST IMMOBILIZATION
Skeletal traction methods most often are a preliminary phase 
to other definitive methods of femoral shaft fracture manage-
ment, for instance, before plating or closed intramedullary 
nailing. Rarely are balanced skeletal or roller traction meth-
ods used as definitive treatment in adults. These are men-
tioned for historical reasons only. The length of confinement 
to bed, with its potential for complications, and the economic 
consequences of several weeks or months in the hospital 
make this an impractical method when used alone. 

EXTERNAL FIXATION
Although we recommend immediate debridement, irriga-
tion, and interlocking intramedullary nailing for most open 
femoral shaft fractures, half-pin fixators have proved effec-
tive, especially for massively contaminated fractures and 
fractures requiring rapid stabilization for vascular repair. 
Infections have occurred in some of our patients after nail-
ing of fractures previously treated with external fixation, 
as has been reported by other authors. After wound cover-
age, early conversion (2 weeks) of external fixation to intra-
medullary fixation may decrease the incidence of infection. 
Temporary rapid external fixation of femoral fractures 
can be used in unstable, severely injured polytraumatized 
patients, especially if further blood loss is a major concern. 
External fixation can be maintained until union, but this is 
rare. Most commonly, a uniplanar external fixator is applied 
anteriorly or anterolaterally in polytraumatized patients or 
in patients with massive contaminated wounds as a means 
of temporary skeletal stabilization for later definitive man-
agement. For diaphyseal fractures, the knee joint rarely is 
immobilized; however, more distal fractures of the supra-
condylar or intercondylar variety most frequently require 
fixation to the tibia. 

    

https://booksmedicos.org


CHAPTER 54 FRACTURES OF THE LOWER EXTREMITY 2891

FIXATION WITH PLATES AND SCREWS
Since the 1960s, the AO surgeons in Switzerland have used 
either intramedullary fixation or compression plate fixation 
for almost all femoral shaft fractures. Their methods have 
many proponents. The most accurate reduction of commi-
nuted fractures of the femoral shaft can be obtained with 
interfragmentary compression and plate and screw fixation. 
This treatment allows early motion and good function, but 
the risk of infection (2% to 5%), failure of fixation (6% to 

10%), and delayed union (up to 19%) have been reported at 
unacceptable levels. However, if rigid internal fixation with 
interfragmentary compression is achieved successfully, com-
plications are few.

Several reports have recommended the routine application 
of a bone graft medially in all comminuted fractures fixed with 
AO plates, or if rigid fixation is not obtained. Plating of femo-
ral shaft fractures requires experience and judgment. Misuse of 
this method produces more poor results than any other.

 

BA
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FIGURE 54.74 Double plating of distal femoral fracture. A, Subvastus (Southern) approach 
(see text). B, Application of large fragment T-plate. SEE TECHNIQUE 54.28.

 

A B

FIGURE 54.75 A, Highly comminuted distal femoral fracture in pedestrian struck by a high-speed 
vehicle. Note very low fracture involvement of medial femoral condyle. Lateral-based constructs 
would not typically provide adequate fixation into this fragment. B, Small fragment fixation of 
medial femoral condyle through subvastus approach, as adjuvant to more typical lateral-based 
fixation construct. SEE TECHNIQUE 54.28.
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Excellent results have been obtained with plating of com-
minuted shaft fractures without medial bone grafting when 
indirect reduction of intermediate fragments, preservation of 
soft-tissue attachments to bone especially medially, and final 
compression have been obtained. Femoral plating in patients 
with blunt polytrauma has been recommended, especially 
patients with ipsilateral femoral neck and shaft fractures, 
arterial injuries, or unstable spinal injuries. The technique 
involves indirect reduction, posterolateral plate application, 
and medial bone graft. Plating does not require the fracture 
table or fluoroscopic image intensifier that is necessary for 
closed femoral nailing. Plating preserves the endosteal blood 
supply; however, the cortex underlying the plate is devital-
ized. Low-contact dynamic compression plates with scal-
loped recesses permit less iatrogenic insult to the periosteal 
blood supply (Fig. 54.76).

Seligson et  al. reviewed the results of femoral plating 
in 15 patients with multiple trauma. They noted a reduced 
postoperative morbidity from adult respiratory distress syn-
drome after plating as compared to that reported after intra-
medullary nailing. Complications of fracture healing were 
significantly greater (30%) after plating, however, than after 
intramedullary nailing (12%).

If plate and screw fixation is indicated, we prefer the 4.5-
mm dynamic compression plate. In general, the broad plate 
should be used with approximately eight cortices (four holes) 
of screw purchase on either side of a transverse fracture. If 
plates and screws are used for internal fixation of femoral shaft 
fractures, weight bearing and unprotected ambulation usually 
are not possible as soon as after intramedullary nailing.

A lateral approach (see Chapter 1) is used for fractures 
of the femoral shaft when plates and screws are used for 
fixation. It is essential that the plate be sufficiently long so 
that at least four screws are proximal and distal to the lim-
its of the fracture. Cancellous screws at the distal end of the 
femur improve purchase, especially if the bone is osteopo-
rotic. Plates can be removed 2 to 3 years after injury, pro-
vided that union is complete; however, plate removal is not 
routinely necessary. Cortical bone beneath a rigid AO plate 
remodels more like cancellous bone. For the cortex to return 
to its normal strength and structure, stress has to be gradu-
ally reapplied after removal of the plate. When two plates at 
90 degrees to each other have been used, both plates should 
not be removed at the same time because the bone is doubly 
weak, and thus refracture is likely. The second plate can be 
removed 6 months after the first. The bone should be pro-
tected from excessive stress for at least 6 weeks after plate 
removal. 

INTRAMEDULLARY FIXATION
Internal fixation of fractures of the femoral shaft became pop-
ular after World War II, when open intramedullary nailing 
was introduced. In a young adult patient with an uncommi-
nuted fracture through the narrowest portion of the med-
ullary canal, an intramedullary nail, barring complications, 
provides the ultimate treatment for femoral shaft fractures. 
Successful intramedullary nailing results in a short hospital 
stay, a rapid return of motion in all joints, prompt return to 
walking, and a relatively short total disability time. With cur-
rent implant designs, fractures in the proximal or distal thirds 
of the shaft or fractures with severe comminution are also 
suitable for this form of internal fixation.

Although Küntscher introduced closed intramedul-
lary nailing in the 1940s, it did not gain popularity in North 
America until the 1970s. With improvements in technique and 
especially the availability of image intensifiers, closed nailings 
have replaced the open technique. Historical improvements 
in design have expanded the indications for nailing of proxi-
mal and distal fractures. A variety of intramedullary devices 
are available; the most commonly used today are interlock-
ing intramedullary nails, through which transverse or oblique 
transfixing screws can be inserted to control the major proxi-
mal and distal fragments, providing length and rotational 
stability. The nail can be inserted in either an antegrade or 
retrograde fashion.

 FIGURE 54.76 Polytraumatized patient with extensive pulmo-
nary injuries and femoral diaphyseal fracture treated with ORIF 
using large fragment compression plating.
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Historically, plating of femoral fractures has had higher 
rates of infection and nonunion than closed intramedullary 
nailing. Because there was some concern that interlocking 
nails might promote healing difficulties, the Winquist-Hansen 
classification of comminution (Fig. 54.77) was routinely used 
to determine whether static locking was necessary. Winquist 
and Hansen classified fractures into the following categories: 
(1) type I fracture, a comminuted fracture in which a small 
piece of bone has broken off, not affecting fracture stability; 
(2) type II fracture, in which at least 50% contact of the abut-
ting cortices remains to prevent shortening and help control 
rotation, and in which sufficient proximal and distal cortical 
contact of the nail is possible to prevent translation and short-
ening; (3) type III comminuted fracture, which has less than 
50% cortical contact or in which purchase of the nail would 
be poor in either the proximal or the distal fragment, allowing 
rotation, translation, and shortening; and (4) type IV commi-
nuted fracture, in which the circumferential buttress of bone 
has been lost and no fixed contact exists between the major 
proximal and distal fragments to prevent shortening.

The optimal time for intramedullary nailing of closed 
and open fractures has been an area of controversy, particu-
larly in the presence of multisystem trauma; however, current 

data support early (within 24 hours) nailing for most femoral 
fractures. Authors have demonstrated significant decreases 
in patient morbidity with stabilization of femoral fractures 
within 24 hours compared with delayed fixation after 48 
hours, especially in patients with multiple injuries. Another 
series suggested that delayed femoral fixation beyond 12 
hours in polytrauma patients can result in mortality reduc-
tion of approximately 50%. Pape et al. suggested that immedi-
ate reamed femoral nailing may precipitate adult respiratory 
distress syndrome in patients with blunt thoracic trauma. In 
follow-up clinical studies, patients were subclassified to assess 
the risk for complications after reamed femoral nailing. Those 
identified as “borderline” patients, or those with multiple 
injuries who were at risk for complications after early reamed 
intramedullary femoral nailing, were found to have a higher 
incidence of pulmonary complications with early definitive 
intervention. The authors advocated that in the presence of 
multiple injuries, the preoperative condition should be con-
sidered when deciding on treatment modalities for femoral 
shaft fractures to minimize complications.

Other studies have not confirmed the findings of Pape 
et  al. Controversy remains regarding the impact of reamed 
intramedullary nail fixation of femoral fractures in patients 
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FIGURE 54.77 Winquist-Hansen classification of comminution (see text).  (Redrawn from Winquist 
RA, Hansen RT, Clawson DK: Closed intramedullary nailing of femoral fractures: a report of five hundred 
and twenty cases, J Bone Joint Surg 66A:529, 1984.)
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with multisystem trauma. The current consensus seems to 
be that immediate fixation of femoral fractures with reamed 
intramedullary nailing does not increase the risk of clini-
cally significant pulmonary complications in most patients. 
However, those who are identified as being “borderline” or 
at very high risk for complications may be best served with 
an approach using “damage control orthopaedics” to provide 
necessary stabilization while minimizing early surgical insult. 
At our institution, most femoral shaft fractures that can be 
treated with intramedullary nail fixation are treated with early 
total care. Patients identified to be at risk, primarily based on 
concomitant multisystem injuries and physiologic param-
eters, are temporized with either external fixation or skeletal 
traction, both of which have been demonstrated to be effi-
cient as early measures.

Winquist and others have shown that elevation in intra-
medullary pressures and thermal damage caused by reaming 
can be decreased by using sharp reamers with deep cutting 
flutes and narrow shafts and by using minimal force during 
reamer insertion. In addition to causing marrow emboliza-
tion, reaming also damages the endosteum and decreases the 
torsion strength of the femoral fragments.

Because of the possible effects of medullary ream-
ing, unreamed nailing has received increased attention. 
Interlocked intramedullary nailing without reaming requires 
smaller implants capable of not only sustaining the loads of 
weight bearing but also withstanding the prolonged healing 
time generally required for severe open fractures. Russell-
Taylor Delta nails (Smith and Nephew, Memphis, TN) have 
functioned well in this situation. Our first 100 Delta femoral 
nailings of acute fractures included all grades and 35 open 
fractures. In a population that formerly would have been 
treated with nails averaging 13.5 mm in diameter, 62 10-mm 
nails and 38 11-mm nails were used. No infections devel-
oped in the 100 fractures. One screw broke in a patient with a 
delayed union, and thus renailing was required before union. 
One other delayed union also required renailing before union.

Studies have found similar results between reamed and 
unreamed nailing with no differences in operative time, trans-
fusion requirements, or pulmonary complications. Although 
there was no overall difference in time to union, delayed 
unions have been reported more often after unreamed than 
reamed nailing. When distal fractures were analyzed sepa-
rately, fractures with reamed nailing were found to heal 
more quickly. No advantage to unreamed nail insertion has 
been demonstrated. In contrast to the tibia, the femur is sur-
rounded by vascular soft tissue and infection of femoral frac-
tures is less of a concern.

Although the incidence of infection with open nailing of 
closed fractures is nearly 10% in some series, the incidence 
in closed nailing of closed fractures generally is less than 1%. 
The incidence of infection after closed reamed nailing of open 
femoral fractures is 2% to 5%. In the past, delayed nailing was 
recommended to prevent infection; however, more recent 
reports indicate that immediate nailing of open femoral frac-
tures does not significantly increase the risk of infection.

In our early use of locked intramedullary nails for seg-
mentally comminuted fractures, we attempted to delay defini-
tive intramedullary fixation for 2 to 3 weeks until soft tissues 
had theoretically stabilized and the granulation tissue around 
the fracture would serve as a better recipient bed for ream-
ing. In our first 100 fractures treated with the Russell-Taylor 

nail (1985-1986), including 23 open fractures of all grades, we 
were forced to intervene earlier, however, to prevent further 
deterioration of patients with multiple injuries, and the aver-
age delay to nailing of open fractures was only 8.4 days. Two of 
the three infections after nailing of open femoral fractures in 
our series occurred in patients with persistent initial wounds 
(20 and 24 days after injury) who had delayed reamed nail-
ing. In our first 125 open femoral fractures treated with the 
Russell-Taylor nail, with immediate or delayed fixation, with 
or without reaming, the overall infection rate was 4%.

Currently, we strive to operatively treat all open fractures 
within 8 hours of injury. Open femoral fractures are treated 
with initiating immediate intravenous antibiotic coverage 
depending on the wound type, followed by urgent debride-
ment and irrigation. The femur is stabilized with a statically 
locked reamed intramedullary nail. The isthmus diameter is 
approximated radiographically as part of preoperative tem-
plating. The traumatic wound is closed, if surgically clean, 
over closed suction drains in lower-grade open injuries. 
Massive open wounds or those that are grossly contaminated 
are left open or covered with vacuum-assisted wound clo-
sure dressings. Repeat debridements are performed every 24 
to 48 hours, depending on the characteristics of the wound 
environment, until delayed primary closure can be safely 
obtained. Otherwise, we aim to obtain wound closure by 2 to 
7 days using skin grafting or, rarely, flap coverage.

We also have found locked intramedullary nailing to be 
a safe and effective treatment for femoral fractures with vas-
cular injury. Although repair of the popliteal artery can with-
stand 18 kg of traction, we prefer to fix the femoral fracture at 
the time of vascular repair if possible because little additional 
surgical exposure is required for closed nailing. Early fixation 
allows the benefits of early mobilization. We also have found 
that intramedullary nailing is easier to perform early because 
usually less traction is required and the fragments are easier to 
reduce. In a review of femoral fractures with vascular injuries 
treated at our institution between 1986 and 1994, 17 fractures 
treated with either immediate or delayed intramedullary nail-
ing all were successfully salvaged. Gunshot wounds caused 
most injuries, and only one fracture was nailed before vas-
cular repair. A patient with a femoral fracture and suspected 
vascular injury ideally should be taken to the operating room 
for arteriography after sufficient imaging to accurately assess 
the fracture morphology for preoperative planning purposes, 
and, of course, to identify any other limb or life-threatening 
injuries. Time is critical in these injuries. Close coordina-
tion with the general trauma and vascular surgical services 
is a prerequisite, and rapid external fixation can be applied 
to provide a stable skeletal environment for vascular repair. 
Alternatively, a temporary vascular shunt can be placed while 
skeletal fixation is performed, which thus permits vascular 
repair without the potential impedance that an external fix-
ator may impose. In our experience, an anterolateral external 
fixator orientation is preferred because it does not interfere 
with medial access and does not place pin tracks in line with 
any potential lateral approach or interlocking incisions.

Retrograde intramedullary nailing has been advocated 
for patients with morbid obesity, ipsilateral femoral neck and 
shaft fractures, ipsilateral femoral and tibial fractures (float-
ing knee injuries), pregnancy, and multiple trauma. Current 
techniques recommend using a portal in the intercondylar 
notch. Retrograde and antegrade femoral nailing in femoral 
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shaft fractures have been compared. Healing, delayed union, 
and malunion were nearly identical in both groups. Patients 
in the antegrade group reported more hip pain (9%) at fol-
low-up, and patients in the retrograde group reported more 
knee pain (36%). Retrograde nailing also is a viable option 
for open femoral fractures. The incidence of associated knee 
sepsis was 1.1% in a series by O’Toole et al.

Closed nailing of acute femoral fractures using either a 
femoral distractor or manual traction without a fracture table 
has been advocated. We continue to use a fracture table rou-
tinely. The newer fracture tables allow total body imaging 
without moving the patient, decreasing the risk to the patient 
and minimizing setup time.

We recommend early static locked nailing, with ream-
ing, of open and closed femoral fractures as soon as possible. 
Relative contraindications to nailing include the presence of 
previously inserted fixation device, preexisting deformity, mas-
sive contaminated open wounds, or borderline patient param-
eters. Absolute but correctable contraindications to femoral 
nailing are hypovolemia, hypothermia, and coagulopathy.

Most femoral shaft fractures at our institution are treated 
with the patient supine on a fracture table. Lateral positioning 
typically is reserved for proximal subtrochanteric fractures for 
which lateral positioning is much more conducive to fracture 
reduction as opposed to the supine position. Distal interlock-
ing is performed using a freehand “perfect circle” technique. 
This technique can be performed rapidly; we routinely use 
two locking screws distally, primarily in comminuted frac-
tures that require not only rotational but also length stability. 
Although some studies have found no difference when one 
or two screws were used for locking, we believe that weight 
bearing can potentially begin earlier when two distal locking 
screws are used rather than one.

We do not routinely perform dynamization for those 
fractures that demonstrate healing difficulties. For delayed 
union at 6 to 8 months in Winquist-Hansen grade 3 or grade 
4 comminuted fractures, we prefer bone grafting in situ or 
closed reamed exchange nailing. Small and moderate bone 
defects usually fill in spontaneously.

PREOPERATIVE PLANNING
After deciding that the fracture is suitable for intramedullary 
nailing, careful planning before surgery is necessary. There is 
no correlation between the length of the bone and size or con-
tour of its canal. Young athletes with strong bones usually have 
a small medullary canal at the isthmus where the thick cortices 
encroach on the canal. In contrast, elderly patients usually have 
large canals; even a 15-mm nail may not be large enough. In 
an average patient, the smallest diameter of the canal is in the 
distal part of the proximal third of the shaft. The canal grad-
ually enlarges proximally and distally. Fractures through an 
expanded part of the canal are less securely fixed by a standard 
intramedullary nail than fractures through the narrowest part.

The proper length of the nail should be determined pre-
operatively; this is best done by radiography to ensure the 
appropriate array of sizes are available intraoperatively. Even 
with this information, the proper diameter of the nail is best 
determined at the time of surgery because of inherent mea-
surement errors that may be present in electronic imaging 
software if no calibration tool is used. Regardless of its diam-
eter, the canal in an adult should be prepared to 1.0 to 1.5 mm 
greater in diameter than the anticipated nail diameter.

Insertion instrumentation for closed nailing procedures 
is commonplace, with the general concepts being standard. 
Different manufacturers may have a variety of features per-
mitting, for example, variable interlocking options. Therefore, 
familiarity with the available implant systems translates 
directly into the surgeon’s understanding of their utility 
in special or unexpected circumstances intraoperatively. 
Ensuring the availability and presence of the implants and 
instrumentation is one of the most important preoperative 
planning steps for a successful procedure.

One must also consider the advantages and disadvantages 
of the use of a fracture table in treating these injuries. Fracture 
tables can be time-consuming to set up, continuous traction 
generated by a fracture table can lead to postoperative nerve 
palsies, and fracture tables pose difficulties for other surgeons 
who may need to operate on associated injuries. Their pri-
mary indications for this technique were an ipsilateral ace-
tabular or vertical shear pelvic fracture, associated unstable 
spinal injuries, and bilateral extremity injuries. McFerran and 
Johnson initially excluded obese or very muscular patients, 
very small or skeletally immature patients, and patients with 
ipsilateral neck and shaft fractures; however, as they gained 
experience, only patients with ipsilateral neck and shaft frac-
tures and fractures more than 24 hours old were excluded.

McFerran and Johnson recommended preoperative scano-
grams of the uninvolved femur in the emergency department 
to evaluate length. Because of their success in performing fem-
oral nailings with a femoral distractor, their technique evolved 
to femoral nailing without a fracture table using manual trac-
tion only. This technique saves the time that is necessary to 
place the femoral distractor. A skilled assistant is necessary to 
perform this technique. Reduction of uncomminuted frac-
tures can be difficult. Reduction of comminuted fractures is 
easier, but it is more difficult to judge length and rotation.

There has been debate as to the ideal entry portal for ante-
grade closed femoral nailing. Stannard et al. reported their pro-
spective randomized comparison of piriformis fossa and greater 
trochanteric starting portals. There was no difference in hip 
function at 1-year follow-up. Intraoperative parameters favored 
a trochanteric entry portal, primarily because of less operative 
and fluoroscopy time. A recent meta-analysis did not identify 
functional superiority when comparing trochanteric and piri-
formis entry points or antegrade and retrograde starting portals.

In our institution, most acute fractures are treated with the 
use of a fracture table for antegrade intramedullary nailing pro-
cedures through a trochanteric entry portal. Lateral piriformis 
entry tends to be reserved for select subtrochanteric femoral 
fractures where trochanteric entry can potentiate deformity of 
the proximal segment. We have not found the added time of 
patient positioning or table setup to be excessive and have found 
the ease of imaging to outweigh the disadvantages of the table. 

 

ANTEGRADE FEMORAL NAILING

 TECHNIQUE 54.29 

Patient Positioning and Preparation
 n  Based on preoperative templating and surgical plan, de-

cide on a radiolucent flat-topped or fracture table and 
patient position. We prefer the use of a fracture table.
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 n  We have used the lateral and supine positions exten-
sively, and each has its relative indications (Fig. 54.78). 
The supine position is more universal. It provides easier 
access for the anesthesiologist, especially in severely 
injured patients. The circulating and scrub nurses and 
the radiographic technicians also are more comfortable 
with the patient in this position. It is most useful for 
bilateral femoral fractures, fractures of the distal third 
of the femur, and femoral fractures with contralateral 
acetabular fractures. Gaining the correct entry portal 
to the proximal femur usually is only somewhat more 
difficult with the patient supine, primarily in obese pa-
tients.

 n  If the patient is supine, adduct the trunk and affected 
extremity. Flex the affected hip 15 to 30 degrees.

 n  Apply traction through a skeletal pin or to the foot with 
a well-padded traction boot. A well-padded perineal post 
is positioned, and the uninjured extremity is placed in a 
well-padded traction boot. The legs are positioned in a 
scissor configuration.

 n  Estimate correct rotational alignment with respect to 
the normal anteversion of the hip as determined with 
the image intensifier. This can be accomplished by tak-
ing fluoroscopic views of the uninjured knee and hip at 
the same rotation of the image intensifier and saving 
these for later reference. Therefore, comparable antero-
posterior fluoroscopic views of the injured limb, both 
knee and hip, can then allow for rotational correction 
based on the profile of the lesser trochanter. Similarly, 
the angle difference between a radiographic true lateral 
of the knee and hip will represent hip anteversion.

 n  Rotate the foot and distal fragment of the femur to 
match the proximal fragment by observing the image 
C-arm. By taking successive views with the C-arm, it 
is possible to obtain a lateral view of the proximal fe-
mur in which the femoral neck and shaft are parallel 
but offset about 1 cm. The angle of the C-arm neces-
sary to obtain this “true lateral” usually can be read 
directly off the C-arm. Taking into account the normal 
femoral anteversion of 15 to 20 degrees, it is possible 
to determine exactly the angle at which to place the 
foot. For example, if the femoral neck and shaft were 
superimposed when the C-arm was angled 40 degrees 
from the horizontal, assuming a femoral anteversion of 
20 degrees, it would be necessary to externally rotate 
the foot 20 degrees to match proximal and distal frag-
ments.

 n  If the patient is in the lateral decubitus position with the 
perineal post, ensure that most of the trunk weight is on 
the trochanteric rest of the unaffected hip.

 n  Place the fractured side in 15 to 30 degrees of hip flex-
ion. The normal side is in neutral to slight hip extension. 
Use the image intensifier to view the entire femur in the 
anteroposterior and lateral projections from the knee to 
the hip.

 n  Prepare the patient in the standard manner. Drape the 
buttocks and lateral thigh to the popliteal crease. Cover 
the image intensifier arm with a sterile isolation drape. 

Preparation of Femur
 n  Make a short oblique skin incision starting 2 to 3 cm from 

the proximal tip of the greater trochanter and continue it 

proximally and medially. A longer incision may be neces-
sary in obese patients.

 n  Incise the fascia of the gluteus maximus in line with its 
fibers.

 n  Identify the subfascial plane of the gluteus maximus and 
palpate the piriformis fossa or trochanteric portal.

 n  Advance the threaded tip guidewire to the approximate 
level of the piriformis fossa. If a trochanteric antegrade 
technique is used, the entry point is along the medial 
slope of the greater trochanter (Fig. 54.79).

 n  Image the trochanteric region to adjust the position of the 
guidewire such that the trajectory will permit placement 
into the center of the medullary canal distally.

 n  Check the pin position with anteroposterior and lateral 
imaging. If the pin is not central in the femoral canal, 
but appropriate on one image plane, then the soft- 
tissue guide with multiple-pin “honeycomb” insert may 
be used. This device permits fine tuning of the starting 
guidewire to the proper position by the addition of a sec-
ond pin.

 n  When the pin is properly placed, advance it to below the 
lesser trochanter. 

Proximal Entry Portal Preparation
 n  Remove the honeycomb insert, leaving the guidewire 

and the entry portal tool in the wound. If the insert was 
not needed, place the soft-tissue sleeve before creating 
the entry portal to protect the abductor muscular inser-
tion.

 n  Place the entry reamer assembly, consisting of a 14-mm 
channel reamer, entry reamer connector, and entry ream-
er (Fig. 54.80), into the entry portal tool and over the 
guidewire.

 n  Ream the assembly into the femur until it bottoms out on 
the entry portal tool.

 n  Check the position of the reamer during the insertion 
with anteroposterior and lateral imaging.

 n  Remove the entry reamer and guidewire, leaving the en-
try portal tube and the channel reamer in place.

 n  Alternatively, the channel reamer may not be used. The 
cannulated entry reamer may be positioned over the start-
ing guidewire. For simple diaphyseal fractures the channel 
reamer generally is not necessary. The device’s advantag-
es become clearly evident with more proximal fractures as 
a means of externally controlling the characteristic defor-
mity often seen in subtrochanteric fracture patterns. 

Reduction and Guidewire Insertion
 n  Place the reduction tool consisting of the reducer and a 

T-handle into the channel reamer and connector in the 
femur (Fig. 54.81).

 n  Advance the reduction tool to the fracture site. Use the 
tool to manipulate the proximal fragment and engage 
the distal fragment with the tool’s tip. Alternatively, if 
the intramedullary reduction tool is not used, percutane-
ous unicortical reduction “joysticks” can be employed for 
facilitating reduction or external reduction devices also 
are available.

 n  When the distal fragment is reached and engaged, advance 
the 3.0-mm ball-tipped guidewire across the fracture. Use 
the vice-grip device to advance the guidewire (see Fig. 54.81).

 n  Confirm the reduction and position of the guidewire 
with anteroposterior and lateral images at multiple lev-
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A

B
FIGURE 54.78 Russell-Taylor interlocking nail technique. A, Patient in supine position. B, Patient 

in lateral decubitus position. SEE TECHNIQUE 54.29.

 FIGURE 54.79 Trochanteric starting portal for antegrade intra-
medullary nailing procedures of femur. SEE TECHNIQUE 54.29.

 FIGURE 54.80 Insertion of the channel reamer into proximal 
femoral metaphysis for creating a starting portal for antegrade 
nailing. SEE TECHNIQUE 54.29.
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els. The goal should be concentric central placement of 
the wire distally to the level of the epiphyseal scar (Fig. 
54.82).

 n  Remove the reduction tool with the T-handle if used. 

Canal Preparation
 n  Remove the reducer and ream the canal sequentially at 

0.5-mm intervals until there is moderate “chatter” or until 
the reaming exceeds the selected nail diameter by 1.0 
to 1.5 mm. The channel reamer must be removed for 
reamers larger than 12.5 mm (Fig. 54.83). An obturator 
is used to prevent inadvertent removal of the ball-tipped 
wire from the proper position within the distal segment 
of the femur. This must be done during withdrawal of 
the reamer with each pass. If the wire is withdrawn, re-

position and confirm the location on fluoroscopy before 
further reaming.

 n  Confirm the proper nail length by positioning the guide-
wire at the point of desired distal position, usually be-
tween the superior pole of the patella and the level of the 
distal epiphyseal scar on the anteroposterior image.

 n  The proper nail length can be determined by either of 
several methods.

 n  Using the guidewire method, with the distal end of the 
rod between the proximal pole of the patella and the 
distal femoral epiphyseal scar, overlap a second guide 
rod on the portion of the reduction guide rod extending 
proximally from the femoral entry portal. The difference 
in length of the two guidewires is the desired length of 
the nail.

 FIGURE 54.81 Antegrade femoral nailing. When reducer is in medullary canal and has captured 
distal fragment, ball-tipped guide rod is inserted through it with use of gripper into distal femur 
in region of old epiphyseal scar.  (Redrawn from Femoral antegrade nailing: technique manual, Memphis, 
TN, 2001, Smith & Nephew Richards.) SEE TECHNIQUE 54.29.
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 n  Alternatively, most nail systems now supply cannulated 
depth gauges designed to be placed over the 3.0-mm 
wire, permitting length determination. This is the pre-
ferred method.

 n  Insert the ruler over the guidewire and place it at the level 
of the femoral insertion.

 n  Check this with the anteroposterior image. Read the mea-
surement off the measurement device. 

Nail Insertion
 n  Attach the drill guide assembly to the selected nail.
 n  Remove the entry portal tube and channel reamer, leav-

ing the guidewire in place.
 n  Place the nail into the femur and advance it manually. The 

nail may require gentle impaction to fully seat.
 n  If there is significant resistance, remove the nail and ream 

the canal 0.5 mm larger.
 n  Seat the nail completely as confirmed on multiplanar im-

age intensification. 

Interlocking of Nail
 n  For proximal and distal interlocking, use the 5-mm 

locking screws. Depending on the chosen implant’s 
configuration, proximal and distal locking options may 
vary. Standard static locking with this implant is from 
the greater trochanter directed obliquely to the lesser 
trochanter.

 n  Place the gold drill sleeve into the proximal guide and 
dimple the skin.

 n  Make a stab wound at that point and spread the tissue to 
the bone.

 n  Insert the gold drill sleeve with the silver inner liner and 
use the long pilot drill to go to the inner cortex but not 
through it.

 n  Measure the length on the calibrated drill bit at the silver 
guide top. Then penetrate the far cortex. Remove the drill 
and silver sleeve.

 n  Insert the screw of the proper length and advance it man-
ually until seated.

 n  Check the position with an anteroposterior image.
 n  Evaluate that satisfactory length and rotational alignment 

has been restored before proceeding with distal interlock-
ing. 

Freehand Technique for Distal Targeting
 n  Place the image intensifier in the lateral position and scan 

the distal femoral metaphysis. A true lateral image should 
be sought. This is confirmed with visualization of the dis-
tal interlocking screw holes appearing as perfect, clear 
circles. If the holes appear oblong or to have double den-
sity, then the proper image has not been obtained. Note 
that this represents a true lateral image of the nail and not 
necessarily the distal femur.

 n  When the holes are completely circular, center a ring for-
ceps or the tip of a scalpel over the chosen interlocking 
hole on the lateral side of the leg. Make a longitudinal 
stab incision through the skin, subcutaneous tissue, and 
iliotibial band centered over the interlocking hole in the 
nail.

 n  Place a trocar-tip drill bit over the screw hole, angled ap-
proximately 45 degrees to permit viewing under fluoros-
copy (Fig. 54.84). Make appropriate adjustments until the 
tip is centered over the desired hole; each adjustment 
should be accompanied by a fluoroscopic image until the 
proper position is obtained.

 n  Bring the drill parallel and in line with the fluoroscopic 
beam. Take care to maintain constant pressure to avoid 
movement of the drill tip.

 n  Penetrate the lateral cortex. Remove the drill bit from the 
driver and confirm on the lateral image the drill bit placed 
within the interlocking hole. If it is not, make appropriate 
adjustments in alignment. Then reattach the driver and 
penetrate the medial cortex.

 n  Calibrated drill bits are used for this portion of the pro-
cedure and it greatly increases the ease of determining 
screw length. Alternatively, a standard depth gauge can 
be used. Place the appropriate length interlocking bolt by 
hand, confirming satisfactory purchase.

 n  Repeat if additional distal interlocking screws are desired.
 n  Anteroposterior and lateral imaging should confirm ap-

propriate screw position and length.
 n  Irrigate and close the wounds in a standard layered fash-

ion. 

Final Evaluation
 n  Before leaving the operative suite, several key elements 

must be evaluated.
 n  First, if the nail has been locked in standard fashion, 

evaluate the femoral neck with multiplanar fluoroscopic 
imaging to ensure that no occult femoral neck fracture is 
identified. Dynamic stress fluoroscopy has been shown to 

 FIGURE 54.82 Intramedullary bead-tipped guidewire inserted 
concentrically to distal femur at level of distal femoral physeal scar 
or midportion of patella. SEE TECHNIQUE 54.29.

 FIGURE 54.83 Reaming of femoral canal over 3.2-mm guide 
rod. SEE TECHNIQUE 54.29.
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be superior to static imaging for identifying occult frac-
tures intraoperatively.

 n  Next, confirm the length and rotational reductions and 
compare with the uninjured limb to ensure symmetry. 
This can prove to be challenging with significantly commi-
nuted fractures and is best performed with a combination 
of methods. Comparison to the contralateral uninjured 
femur has been questioned from an accuracy standpoint, 
given inherent side-to-side differences in individuals. The 
fracture rotation also can be estimated based on the in-
herent anteversion of the cephalomedullary nail intraop-
eratively. Length can be assessed with measurement of 
the contralateral uninjured femur radiographically, clinical 
assessment, or use of postoperative CT scanogram scout 
imaging.

 n  Evaluate the thigh compartments, and if clinical concern 
exists, then obtain objective compartment measurements.

 n  Examine the ligaments of the ipsilateral knee.
 n  A postoperative anteroposterior pelvis radiograph with 

both hips internally rotated provides the optimal profile 
view of the femoral neck as a further check for occult 
femoral neck fractures and should be obtained and re-
viewed before anesthesia is discontinued. 

POSTOPERATIVE CARE Weight bearing depends on 
the stability of the fracture fixation. Weight bearing 
to tolerance is allowed immediately regardless of the 
nail size if satisfactory cortical contact is achieved. In 
the rare circumstance that an adolescent nail is used in 
an adult, protected weight bearing should be initiated 
until early radiographic healing is noted. Touch-down 
or partial weight bearing is allowed in comminuted in-
juries. Hip and knee range of motion are encouraged. 
Quadriceps-setting and straight-leg raising exercises 
are begun before hospital discharge. Hip abduction ex-
ercises are begun after wound healing. Weight bearing 
is progressed as callus formation occurs. Ambulatory 
aids such as crutches or a walker are used for the first 6 
weeks. Hip and knee range-of-motion and strengthen-
ing exercises are recommended during this time. Unas-
sisted ambulation is permitted as strength recovery and 
radiographic healing progress.
  

RETROGRADE NAILING OF THE FEMUR
Retrograde femoral nailing may be beneficial in the fol-
lowing clinical situations: (1) obese patients, in whom it is 
difficult to obtain an antegrade entry portal; (2) patients 
with ipsilateral femoral neck and shaft fractures, to allow 
the use of separate fixation devices for the shaft and neck 
fractures; (3) patients with floating knee injuries, to allow 
fixation of the femoral and tibial fractures through the 
same anterior longitudinal incision; (4) multiply-injured 
trauma patients, to decrease operative time by not using a 
fracture table, which allows multiple injuries to be treated 
by preparing and draping simultaneously; and (5) preg-
nant patients, such that intraoperative fluoroscopy is mini-
mized around the pelvis. An intercondylar portal is favored 
for insertion. It is important to remember that retrograde 
nailing is more reliable in controlling distal shaft fractures, 
whereas antegrade nailing provides better control of proxi-
mal shaft fractures. Satisfactory results were reported by 
Moed and Watson and Herscovici and Whiteman in early 
trials of this technique and have been reported in more 
recent series. Supracondylar fractures have lower union 
rates (80% to 84%) with this technique than femoral shaft 
fractures (85% to 100%). Retrograde nailing of the femur 
is not without frequent complications, however, including 
knee pain (13% to 60%) and secondary surgery (12% to 
35%). The infection rate is acceptable (0% to 14%). Varus-
valgus malunion, common with the initial extraarticular 
entry site (12% to 29%), is less common with the current 
intercondylar entry site.

Nonetheless, retrograde intramedullary nail stabilization 
provides significant benefits in certain clinical circumstances 
and has an acceptable risk profile compared with antegrade 
procedures. 

 

A

D

C

B

FIGURE 54.84 Freehand technique. A, Awl is placed over 
proximal screw hole with its handle angled 45 degrees. B-D, Awl 
is adjusted under image intensification until point is centered in 
screw hole and then is swung perpendicular to axis of bone (C) and 
driven to lateral side of rod (D). SEE TECHNIQUE 54.29.
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B

A

FIGURE 54.85 Retrograde femoral nailing (see text). A, Antero-
posterior view of guide pin being passed 10 cm into medullary 
canal through intercondylar notch. B, On lateral view, medullary 
canal tapers distally (arrows) to form V; guide pin is placed at apex 
of canal.  (From Herscovici D, Whiteman KW: Retrograde nailing of the 
femur using an intercondylar approach, Clin Orthop Relat Res 332:98, 
1996.) SEE TECHNIQUE 54.30.

 

RETROGRADE FEMORAL NAILING

 TECHNIQUE 54.30 

 n  Place the patient on a radiolucent flattop operating room 
table. A small bolster can be positioned under the ipsi-
lateral hip to prevent external rotation of the proximal 
femur. Surgical preparation and draping must include the 
hip girdle and lower flank.

 n  Position the leg over a sterile bump or triangle. Tibial trac-
tion may be used and affixed to the traction bow holder. 
Alternatively, a tibial traction pin and traction bow can be 
used as a “handle” for more exacting control of the distal 
segment when manual traction is used.

 n  Make an incision through the lateral parapatellar, medial 
parapatellar, or transpatellar tendon based on surgeon 
preference. The retropatellar fat pad must be incised and 
an arthrotomy performed. Insert a guidewire into the 
intercondylar notch. Position the pin directed centrally 
into the medullary canal on anteroposterior imaging. 
Confirm its position and trajectory on lateral imaging; 
the pin placement should be in line with the medullary 
canal at the anterior extent of Blumensaat’s line (Fig. 
54.85).

 n  Advance the guidewire into the distal femoral metaphy-
sis. Place the soft-tissue protection sleeve over the guide-
wire for protection of the articular surfaces and patellar 
tendon.

 n  Similar to the antegrade technique, a multiple-pin “honey-
comb” insert can aid in perfecting the guidepin placement. 
If this is used, remove the honeycomb insert and place the 
cannulated entry reamer over the initial guidewire.

 n  Advance into the femur until the reamer is within the dis-
tal femur, taking special care to maintain the soft-tissue 
protection sleeve in place to avoid iatrogenic intraarticular 
injury. (Do not use the channel reamer and entry reamer 
connector for this procedure.)

 n  Take care to ensure appropriate trajectory of the pin in 
the distal segment, particularly with fractures involving 
the distal femoral metaphysis. Otherwise, coronal and 
sagittal plane malalignments can result secondary to nail-
canal mismatch. Blocking screws may be indicated to 
maintain alignment.

 n  Remove the reamer and guidewire and insert a 3-mm 
bead-tipped guidewire into the distal fragment.

 n  Reduce the fracture and advance the guidewire into the 
proximal segment to the level of the lesser trochanter. A 
cannulated reduction tool or external devices, such as a large 
distractor, can be used for reduction maneuvers in combi-
nation with axial traction. Small bumps or bolsters can be 
placed along the posterior surface of the thigh as deter-
mined by fluoroscopy to aid in sagittal plane reduction.

 n  Prepare the medullary canal by introducing cannulated 
reamers over the guidewire to a diameter 1.0 to 1.5 mm 
larger than the nail to be used.

 n  Recheck the position of the guidewire to confirm its posi-
tion at the lesser trochanter.

 n  Apply traction to the leg to ensure proper length. Mea-
sure for the appropriate length of the nail with a ruler 

placed over the guidewire. Check to ensure the ruler is 
countersunk. This is most easily performed on the lateral 
image plane.

 n  Remove the entry portal tool and insert the nail attached 
to the targeting guide, seating it to the level of the lesser 
trochanter (Fig. 54.86).

 n  Maintain traction on the leg to avoid shortening.
 n  Check the lateral image to ensure the nail is properly in-

set.
 n  When the nail is at the proper level, remove the guide-

wire.
 n  Proceed with distal locking of the nail using the guide.
 n  Insert the drill sleeve and trocar through the targeting 

guide and dimple the skin.
 n  Make a stab wound at the site and enlarge the hole with 

blunt dissection to bone.
 n  Reinsert the drill guide to bone. Advance the drill until the 

far cortex is encountered and read the measurement off 
the drill bit calibrations for length approximation. Com-
plete the penetration of the cortex.

 n  Insert the screw by hand until fully seated.
 n  Check the length and position of the screws with antero-

posterior and lateral imaging.
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 n  Repeat this procedure until the desired number of inter-
locking screws have been positioned.

 n  Recheck the alignment and length of the femur using a 
Bovie cord from the anterior superior iliac crest, middle of 
the femoral head, middle of the knee, and middle of the 
tibial plafond. Check the lateral reduction.

 n  When the final reduction and length are acceptable, move 
to the proximal locking hole, which should be placed in 
the anteroposterior plane at the level of the lesser tro-
chanter to avoid nerve and vessel injury. Identify the hole 
by the perfect circle technique.

 n  Using the image intensifier, localize the interlocking holes 
proximally because this will assist in placement of the inci-
sion. Make a longitudinal skin incision, sharply dividing the 
subcutaneous tissue and deep fascia, and bluntly dissect 
to bone. Avoid damage to the branches of the femoral 
nerve.

 n  Drill into the femur when the position is acceptable by the 
perfect circle technique.

 n  Use the same technique to determine the screw length as 
described previously.

 n  Place the interlocking screw using the captured screw-
driver.

 n  Recheck the alignment and reduction with multiple an-
teroposterior and lateral views.

 n  Image the hip in full fluoroscopic mode with internal and 
external rotation and push-pull to check for an occult 
femoral neck fracture.

 n  Close the wounds in a standard layered fashion and apply 
a dressing.

 n  Perform the same series of checks as described for ante-
grade nail procedures. 

POSTOPERATIVE CARE Postoperative rehabilitation de-
pends on the stability of fixation, and the fracture pattern 
and must be individualized for each patient. All patients 
are initially placed in a knee immobilizer. Patients with 
stable fixation can be started on a continuous passive mo-
tion program in the first 24 to 48 hours after surgery. Frac-

tures with less secure fixation may require hinged bracing. 
Initial weight bearing depends on fracture stability after 
fixation. Patients with intercondylar fractures or supra-
condylar fractures require protected weight bearing until 
radiographic progression permits advancement of weight 
bearing (usually between 10 and 12 weeks).
  

ERRORS AND COMPLICATIONS OF 
INTRAMEDULLARY FIXATION
Given the correct indications for intramedullary nailing, the 
necessary equipment and assistance, and adequate training, 
the following are the most common difficulties in interlock-
ing nailing. Although locked femoral nailing generally is con-
sidered to yield good functional results, many patients report 
symptoms related to their fracture and fixation more than 1 
year after injury, including pain related to changes in weather, 
limping, difficulty with walking, climbing, or standing, and 
trochanteric pain or thigh pain. A significant decrease in hip 
abductor strength also has been noted. The presence of het-
erotopic ossification, femoral shortening, or proximal nail 
prominence has not been shown to correlate with this loss 
of abductor strength. It has been hypothesized that postop-
erative abductor weakness is caused by injury to the gluteus 
medius and minimus muscles or to the superior gluteal nerve 
during portal creation or by inadequate postoperative reha-
bilitation. Retracting the gluteus medius and minimus anteri-
orly when exposing the nail insertion site has been suggested 
to prevent injury to these muscles and their nerve supply. 
Patients should be counseled about their expected postopera-
tive recovery.

PATIENT POSITIONING AND TRACTION
Femoral nailing with the patient supine on a fracture table is 
our preferred method when an antegrade approach is used. 
In this technique, the hip is adducted to improve access to 
the piriformis fossa or trochanteric entry portal and intra-
operative traction is used. Hip adduction has been found to 
increase pressure on the pudendal nerve, resulting in puden-
dal nerve palsy. Traction should be minimized to avoid this 
complication. Use of a well-padded perineal post and mini-
mizing operative and traction time have been recommended.

We recommend the following technique modifications to 
limit intraoperative hip adduction and traction when using a 
fracture table. The patient is placed on the fracture table, and 
traction is applied with the hip in neutral position to confirm 
the ability to reduce the fracture. Traction is released during 
preparation and draping of the extremity and during cre-
ation of the entry portal. The hip is adducted to gain access to 
the nail insertion site but is brought back to neutral position 
when the entry portal has been created. Traction is reapplied 
for fracture reduction.

We have identified two patterns of injury in which exces-
sive traction may be required for fracture reduction, leading 
to a higher incidence of pudendal and peroneal nerve pal-
sies: segmental femoral fractures and floating knee injuries 
(which necessitate antegrade femoral nailing). Because of the 
soft-tissue stripping that often occurs with segmental femoral 
fractures, the segmental fragment may not reduce with the 
application of even large amounts of traction. In these rare 
cases, we prefer a limited open reduction or percutaneous 

 FIGURE 54.86 Nail is seated at level of distal trochanter.  
(From Herscovici D, Whiteman KW: Retrograde nailing of the femur 
using an intercondylar approach, Clin Orthop Relat Res 332:98, 1996.) 
SEE TECHNIQUE 54.30.
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joystick manipulation to the use of excessive traction. For 
floating knee injuries, we prefer to nail the femur first, apply-
ing traction through a pin inserted in either the distal femur 
or the proximal tibia, flexing the knee, and supporting the 
tibial fracture with a splint to reduce tension on the peroneal 
nerve.

Early nailings are technically easier than delayed nail-
ings. Less traction force is required, and fragment reduc-
tion is easier. If nailing is delayed more than 12 hours, 
the femur should be stabilized with traction, which can 
facilitate length maintenance in anticipation of definitive 
fixation.

Compartment syndrome and peroneal nerve palsy as a 
result of elevation in a calf-supporting, well-leg holder have 
been described. We recommend placing the unoperated leg, 
regardless of injury, in the extended supine position on the 
fracture table. 

ERRORS IN NAIL INSERTION
We recommend the supine position for many reasons. 
True lateral views of the hip and proximal femur are eas-
ily obtained, and it is imperative that the starting portal be 
directly in line with the center of the shaft on both views. This 
usually is in the piriformis fossa close to the medial wall of 
the greater trochanter, sometimes slightly within the greater 
trochanter. Determining the correct starting portal is worth 
extra time and effort. An eccentric portal can cause commi-
nution and loss of fixation.

If difficulty exists in passage of the reamer guidewire, 
several techniques can be used. A cannulated intramedullary 
reduction tool can be invaluable in effecting a difficult reduc-
tion in a closed manner. If one is not available, the proximal 
segment can be reamed to accommodate a small intramedul-
lary nail that can then be placed in lieu of a reduction tool 
to accomplish the same goal. The proximal fragment usually 
must be extended and, depending on the level of the frac-
ture with respect to the perineal post, either adducted or 
abducted. The containment of the guidewire must be con-
firmed on orthogonal views. If a guidewire is inadvertently 
partially withdrawn with the reamer, its position should be 
immediately evaluated fluoroscopically. The passage of the 
nail across the fracture must be seen on orthogonal views to 
prevent impingement on the cortex.

Complications of reaming are eliminated by the unreamed 
technique. Closed section nails can be driven over the initial 
guidewire. Short distal fragments should be supported as the 
nail is being driven to prevent extension at the fracture. The 
guidewire must enter the distal fragment well centered and 
must stay centered to the intercondylar notch for very short 
distal fragments to prevent varus or valgus malalignment. 
All fractures should be locked statically (proximal and distal 
screws), and blocking screws may be indicated to provide an 
artificial “cortex” for containment of nails when metaphyseal 
canal-nail mismatch exists.

A nail that is larger than the medullary canal may 
become firmly incarcerated and resist all efforts to drive 
it farther or to extract it. To remove the nail, a small inci-
sion is made laterally at the level of incarceration, two 5- to 
6-mm holes are drilled in the lateral cortex 3 to 4 cm apart, 
and they are connected with an osteotome or sagittal saw. 
The nail can then be withdrawn. If the starting portal is 
correct, a smaller nail should be used or the constricting 

section of the canal should be reamed to a larger diam-
eter. Careful preoperative templating and canal prepara-
tion should virtually eliminate the complication of nail 
incarceration. 

BENT OR BROKEN NAILS
The femoral nails in common use today have a smooth, 
bullet-shaped leading tip to make insertion easier and are 
slightly bowed anteriorly. This preformed anterior bow 
should be directed anteriorly when the nail is inserted. 
Improper selection (inserting a “right” nail in a left femur) 
results in improper alignment of the proximal interlocking 
screw hole.

A bent nail usually indicates an injudicious act on the 
part of the patient or a nail that was too small (Fig. 54.87). 
A bent nail is not an indication for manipulation; it only 
succeeds in further weakening the nail. Instead, the bent 
nail should be removed and a new one should be inserted. 
When bending of the nail has occurred, it is wishful think-
ing to expect that union will occur before further bending 
or breaking of the nail, a far more complicated situa-
tion. Just before a bent nail is extracted, the leg should be 
manipulated into as nearly normal alignment as possible. 
A broken nail almost always can be extracted through the 
buttock incision, using an assortment of extraction hooks 
to engage the distal tip and deliver both halves. If a hook 
is unsuccessful, the proximal half is removed by its nor-
mal driver extractor. Next, a ball-tip guidewire is placed 
through the distal half of the nail and jammed into posi-
tion with other guidewires. The initial guidewire is with-
drawn with the distal segment of nail. 

 FIGURE 54.87 Bending of femoral intramedullary nail after 
repeated secondary trauma.
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EXTRACTION OF AN UNBROKEN 
ANTEGRADE FEMORAL NAIL

 TECHNIQUE 54.31 

 n  Place the patient in the straight lateral position using a 
beanbag or other positioning device on a radiolucent op-
erating table.

 n  Prepare the entire leg, lateral buttock, and torso to the 
ribs. Drape the leg to allow full hip and knee motion for 
positioning.

 n  Flex the hip to almost 90 degrees.
 n  Remove the proximal and distal locking screws in the 

standard fashion.
 n  Lay a guidewire on the thigh and obtain a fluoroscopic im-

age of the proximal hip. Adjust the wire to coincide with the 
femoral nail on the lateral view. Draw a line along the wire, 
extending it onto the buttock. Externally rotate the thigh 
and, using fluoroscopic imaging, mark a line in a similar 
fashion to determine the anteroposterior nail position. The 
intersection of the two lines indicates the site of the incision 
for placement of the extractor. The incision may be different 
than what was used initially to insert the device, particularly 
if it was originally placed with the patient supine.

 n  If heterotopic bone is to be removed, the incision will 
need to be made larger.

 n  Insert a guidewire along the scissors until it touches the nail.
 n  Adjust the guide pin until it advances into the nail.
 n  Obtain anteroposterior and lateral images of the hip to 

confirm placement of the guidewire into the nail.
 n  Insert the cone-shaped femoral extractor on the extraction 

bar into the wound over the guide pin. Screw the extractor 
into the nail. If there is overgrown bone, use a soft-tissue 
protection sleeve and place a cannulated entry reamer over 
the guidewire to remove the osseous cap before insertion 
of the nail extractor. The first pass may not engage the nail 
fully, but it removes much of the interposed soft tissue.

 n  Reinsert the extractor over the guide pin or wire and tight-
en it onto the nail with force sufficient to require the use 
of the wrenches.

 n  Use the slotted mallet to hammer the nail out. Irrigate and 
close the wound in the standard fashion.
   

 

EXTRACTION OF A BROKEN FEMORAL 
ANTEGRADE NAIL

 TECHNIQUE 54.32 

 n  Position the patient as described previously.
 n  Remove all locking screws.
   

 n  Insert the pin into the nail.
 n  Remove the heterotopic bone with curets or a reamer.
 n  Remove the guide pin, and insert a hooked guidewire and 

advance it to the tip of the broken nail.
 n  Wedge the hooked guidewire with multiple smaller 

guidewires. This should align the broken ends to make 
the broken nail more like one piece and avoid catching 
the sides of the femur. Manipulation of the femur may 
be necessary if deformity is present to allow for “linear” 
removal.

 n  Grasp the multiple guidewires with locking (vice-grip) pli-
ers attached to a universal sliding extractor.

 n  Carefully extract the nail with gentle mallet blows. If un-
successful, an open approach may be necessary.
  

INFECTIONS
A deep infection after either open or closed intramedullary 
fixation is a serious complication. The literature reports infec-
tion rates of 1.5% to 10% after open reduction and intra-
medullary fixation; after closed reduction and nailing, most 
authors report less than a 1% deep infection rate. This in 
and of itself is justification for mastering the closed nailing 
technique.

If a deep infection occurs after intramedullary nailing, 
the involved site (usually the fracture site) should be sur-
gically opened and widely drained. All devitalized tissue, 
small bone fragments, granulation tissue, and hematoma 
should be removed, and the surgical site may require multi-
ple debridements, depending on the virulence of the organ-
ism. The intramedullary nail can be left in place, however, if 
it is providing fixation because removal of the nail usually 
results in an infected nonunion. At times, infections that are 
difficult to control may require early deep implant removal 
and temporary antibiotic cement nail insertion before defin-
itive fixation in an effort to eradicate the infection. Cultures 
should be obtained, and appropriate antibiotics should be 
begun. We usually give the patient intravenous antibiotics 
for 6 weeks after this surgery. The patient is then given an 
oral suppressive antibiotic, often until union if the implant 
is retained. The patient’s progress is monitored by repeated 
measuring of erythrocyte sedimentation rate and C-reactive 
protein.

The infection usually remains localized to the fracture 
site, and although drainage may continue indefinitely and a 
medullary sequestrum may form, the nail should be left in 
place if possible. Involucrum and callus form despite infec-
tion if the fixation remains fairly rigid. The nail should not 
be removed until the healing is strong enough to support the 
fracture. At this time, a sequestrectomy is performed and the 
nail is removed. Rarely, infection extends from one end of the 
medullary canal to the other and may follow the nailing of an 
open fracture of the femur. This complication is serious and 
usually results in drainage for a long time, with exacerbations 
and remissions. The nail is left in place despite the infection 
until the fracture unites, provided that fixation is reasonably 
firm.

If the fracture is infected and the nail is broken or provid-
ing little stability, it can be removed at the time of the open 
drainage procedure and a larger nail can be inserted or an 
external fixator applied. With either choice, the fragments 

n Approach  the  proximal  femur  as  described  previously
  with the long 3.2-mm guide pin.
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must be immobilized; the wound may be left open, and an 
appropriate antibiotic regimen is begun.

In our experience, infection occurs after closed nailing 
of closed fractures in about 0.5% of patients. Of the femoral 
fractures we treat, 25% are open and infection occurs after 
closed nailing of open fractures in 2% to 3% of patients. To 
date, in more than 2500 femoral nailings, all infections were 
controlled with debridement and antibiotics during fracture 
healing. After healing of the fracture, the nails were removed 
and the medullary canals underwent debridement and irri-
gation. No evidence of infection returned after nail removal. 

INTRAMEDULLARY FIXATION IN 
PATHOLOGIC FRACTURES
For pathologic fractures resulting from metastatic tumors, 
intramedullary fixation is usually rigid enough to allow the 
patient to be up and about in relative comfort for the remain-
ing months of life. If the metastatic deposit is discovered 
before fracture, closed prophylactic intramedullary nailing is 
justified if a pathologic fracture is impending. If a fracture 
occurs through a large metastatic tumor, a large intramed-
ullary nail supplemented by methyl methacrylate may afford 
good fixation. Union may even occur. The theoretical disad-
vantage that the passage of an intramedullary nail through 
the tumor may dislodge tumor cells and accelerate metastatic 
spread does not justify condemnation of the method. In these 
fractures, because the bone is often severely osteoporotic, fix-
ation usually is more secure after intramedullary nailing than 
after the application of plates and screws. Local radiation 
therapy can be given after nailing without ill effect.

Grundy reported 63 fractures of the femur in patients 
with Paget disease. The most common site of fracture was 
the subtrochanteric area, with the upper shaft the next 
most common (Fig. 54.88). He recommended treatment of 
shaft fractures with traction followed by cast immobiliza-
tion. In subtrochanteric fractures, he suggested using a short 

intramedullary nail, pointing out that there is usually bowing 
and that a long nail would become incarcerated or would cut 
out because of the deformity. The short nail fixation did allow 
the fractures to heal and prevented the progressive varus 
deformity that tends to result with nonoperative treatment of 
subtrochanteric fractures in Paget disease.

Metastatic lesions frequently are in the subtrochan-
teric region and may be multicentric. They are slow to heal 
because of bone loss, tumor extension, and radiation therapy. 
Therefore intramedullary implants are well suited for treat-
ment of pathologic processes because they allow immedi-
ate weight bearing. Furthermore, modern cephalomedullary 
nails provide rigid fixation of the entire femur from the femo-
ral neck to the intercondylar notch, and rotation and length 
are maintained by the proximal and distal locking screws. In 
a multicenter prospective study, 25 metastatic femoral lesions 
in 22 patients were treated with the Russell-Taylor reconstruc-
tion nail. Pathologic fractures had occurred in 15 femurs, and 
10 had impending pathologic fractures. Twenty-four of the 
25 lesions produced incapacitating pain, and pain relief was 
evident immediately after surgery in all. At an average 1-year 
follow-up, fixation had not been lost in any patient, and of the 
22 patients, 16 were still alive. 

FRACTURE OF THE FEMORAL SHAFT WITH 
DISLOCATION OF THE HIP
It was previously believed that the same mechanism that 
produces a fracture of the neck of the femur with a fracture 
of the shaft also may produce a dislocated hip. In a cadaver 
study, the combination of dislocation of the hip and fracture 
of the shaft could be produced only by two separate forces. 
The hip is dislocated by a force applied in line with the shaft 
while the knee and hip are flexed 90 degrees and the hip is 
adducted; the femoral shaft is fractured by another force 
applied to the lateral aspect of the thigh. The fact that in this 
injury the shaft fracture usually is transverse supports these 

 

DCBA

FIGURE 54.88 A and B, Femoral fracture in patient with Paget disease was fixed with double 
plates. C and D, Fracture occurred below plates; plates were removed, and femur was stabilized 
with intramedullary nail.
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findings. Adduction of the proximal fragment as seen in the 
radiographs of the femur is strong evidence that the hip is 
dislocated; in most fractures of the femoral shaft without dis-
location of the hip, the proximal fragment is abducted. This 
illustrates and supports the importance of a thorough sys-
tematic radiographic evaluation in the setting of high-energy 
trauma to include at a minimum orthogonal imaging of joints 
adjacent to the anatomic area of primary injury.

In this combined injury, the dislocation of the hip is an 
emergency and must be reduced promptly to prevent osteo-
necrosis of the femoral head (Fig. 54.89). We prefer to treat 
the femoral shaft fracture definitively, in the same setting, if 
the patient’s condition permits early total care. Rarely will the 
femoracetabular dislocation reduce closed, and percutaneous 
instruments are necessary for a successful reduction.
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 FRACTURES AND DISLOCATIONS OF THE HIP
John C. Weinlein

CHAPTER 55

As the number of hip fractures continues to increase in the 
United States (with an estimated 458,000 to 1,037,000 hip 
fractures per year by 2050 in patients 45 years old or older), 
orthopaedic surgeons will be called on to help deal with this 
impending public health crisis. Although most hip fractures 
occur in the geriatric population, more and more young 
patients are surviving motor vehicle accidents and presenting 
with high-energy injuries about the hip. Hip fractures in these 
two populations can be very different, and an understanding 
of these differences will help determine the appropriate treat-
ment to minimize morbidity and mortality and restore the 
patient to his or her preinjury functional status.

FEMORAL NECK FRACTURES
Fractures of the neck of the femur occur predominantly in the 
elderly, typically resulting from low-energy falls, and may be 
associated with osteoporosis. Fractures of the femoral neck in 
the young are a very different injury and are treated in very 
different ways. Femoral neck fractures in young patients typi-
cally are the result of a high-energy mechanism, and associ-
ated injuries are common. Most fractures of the femoral neck 
are intracapsular and may compromise the tenuous blood 
supply to the femoral head (Fig. 55.1).This blood supply must 
also be understood for approaches to the proximal femur as 
well as implant placement. While the superior retinacular 
artery has been well described as being the main provider of 
perfusion to the femoral head, the inferior retinacular artery 
has more recently been shown to also provide significant per-
fusion and the anatomic course has been demonstrated to be 
consistent.

CLASSIFICATION
Femoral neck fractures can be classified by the location of the 
fracture line (subcapital, transcervical, or basicervical [Fig. 
55.2]), the Garden classification, or Pauwels classification. 
The Garden classification (Fig. 55.3) is the most commonly 

used classification system and is based on the degree of 
displacement:

Stage I: incomplete fracture line (valgus impacted)
Stage II: complete fracture line; nondisplaced
Stage III: complete fracture line; partially displaced
Stage IV: complete fracture line; completely displaced
Stages III and IV can be differentiated radiographi-

cally by carefully scrutinizing the trabecular patterns of 
the femoral head and acetabulum. Stage III femoral neck 
fractures maintain contact between the femoral neck and 
femoral head, and the trabecular patterns between the head 
and acetabulum are no longer aligned. Stage IV fractures do 
not maintain contact between the femoral neck and femoral 
head, and the trabecular patterns between the head and ace-
tabulum have realigned. Interobserver reliability between 
stages is low; however, most surgeons are able to differen-
tiate between nondisplaced femoral neck fractures (stages 
I and II) and displaced femoral neck fractures (stages III 
and IV). A shortcoming of the Garden classification is that 
angulation and displacement in the sagittal plane are not 
considered.

The Pauwels classification (Fig. 55.4) was initially 
described in 1935 in the German literature and was thought 
to describe the major forces present at the fracture site. The 
classification has been misquoted in the literature over the 
years, causing some confusion, but the basic premise remains: 
increasing verticality of the femoral neck fracture line is asso-
ciated with increased presence of shear at the fracture site. 
The classification is based on the angle the fracture line makes 
in reference to the horizontal. The fracture line in a Pauwels 
type I fracture is between 0 and 30 degrees in reference to the 
horizontal, type II is between 30 and 50 degrees, and type III 
is more than 50 degrees (Fig. 55.5). More recently, Collinge 
et  al. reported significant comminution in 96% of femoral 
neck fractures with high Pauwels angles. The Pauwels classi-
fication is relevant because optimal treatment may vary with 
the Pauwels angle. 
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DIAGNOSIS
The diagnosis of a femoral neck fracture is based on history, 
physical examination, and radiographs. Most patients with 
femoral neck fractures give a history of a traumatic event, 
with the exception of patients who have stress fractures of the 
femoral neck. Also, many young patients with high-energy 
femoral neck fractures have associated injuries, including 
head injuries, and may not be able to give a history. The index 
of suspicion for a femoral neck fracture must be extremely 
high because the consequences of a missed femoral neck 
fracture can be disastrous. The physical examination typically 
reveals an extremity that is shortened and externally rotated. 
Standard anteroposterior pelvic and cross-table lateral views 
of the hip are necessary, and a traction internal rotation view 
often is helpful. The cross-table lateral view, while often dif-
ficult to obtain, is probably essential in enabling prediction 
of failure with fixation in Garden I and II femoral neck frac-
tures. The entire femur should be imaged. MRI has become 
the imaging study of choice to evaluate occult femoral neck 

fractures. CT scans to evaluate femoral neck fractures, often 
available as part of the trauma work up (CT scan of the chest, 
abdomen, and pelvis), can yield useful information including 
degree of comminution. 

TREATMENT
A satisfactory reduction is paramount in minimiz-
ing the complications associated with treatment of 
femoral neck fractures, including nonunion and osteone-
crosis. “Radiographic” or “visual” reduction continues to 
be debated; however. studies that have associated reduction 
quality with outcomes are generally based on radiographs. 
A closed reduction can be attempted in every patient for 
whom internal fixation is planned. The Whitman tech-
nique involves applying traction to the abducted, extended, 
externally rotated hip with subsequent internal rotation. 
Reduction attempts should not be forceful and should not 
be repeated more than two or three times. Once reduction 
has been attempted, the angulation and alignment must 
be critically evaluated. The Garden alignment index (Fig. 
55.6) can be used to evaluate femoral neck angulation and 
alignment. The trabecular alignment pattern (Fig. 55.7) 
is evaluated with both anteroposterior and lateral radio-
graphs or fluoroscopy. On the anteroposterior image, the 
angle between the medial shaft and the central axis of the 
medial compressive trabeculae should measure between 
160 and 180 degrees. An angle of less than 160 degrees 
indicates varus, whereas an angle of more than 180 degrees 
indicates excessive valgus. On the lateral image, angulation 
should be approximately 180 degrees and deviation of more 
than 20 degrees indicates excessive anteversion or retro-
version. Interestingly, Liporace et  al. reported a high per-
centage of retroversion of the femoral neck (approximately 
20% of Caucasians in their series), and this relatively high 
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FIGURE 55.1 Blood supply to the femoral head.
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FIGURE 55.2 Classification of femoral neck fractures by loca-
tion: subcapital, transcervical, basicervical.
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FIGURE 55.3 Garden classification of femoral neck fractures.
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frequency of retroversion must be considered in the care 
of not just femoral neck fractures but other fractures of the 
proximal femur and femoral shaft. Lowell et al. described the 
radiographic or fluoroscopic appearance of an anatomically 
reduced femoral neck as “shallow-S– or reverse-S–shaped 
curves” (Fig. 55.8); these “curves” may be more useful than 
the Garden alignment index for intraoperative evaluation of 

alignment. We find using the fluoroscopic appearance of the 
contralateral uninjured hip useful intraoperatively as a ref-
erence for these “curves” as well as varus/valgus angulation.

OPERATIVE TREATMENT
Most femoral neck fractures require operative treat-
ment. Possible exceptions include stress fractures on the 

 

< 30° 30 – 50°

Type I Type II Type III

> 50°

FIGURE 55.4   Pauwels classification of femoral neck fractures. 
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FIGURE 55.5 Radiograph (A), CT scans (B and C), and clinical photograph (D) of high Pauwels 
angle femoral neck fracture.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS 2912

 

160°

180° 150°

FIGURE 55.6   Garden alignment index. 

compression side of the femoral neck and femoral neck frac-
tures in patients who are nonambulatory and comfortable or 
are too infirm for operative treatment.

IMPLANT CHOICE
The choice of implant and operation is largely depen-
dent on the patient’s physiologic age. Patients with dis-
placed femoral neck fractures who are physiologically 
older are best treated with arthroplasty. Younger patients 
are treated with internal fixation. With hemiarthro-
plasty, controversy exists to some degree over the use 
of cemented or cementless stems, as well as unipolar or 
bipolar prostheses. Data from several studies indicate 
that many community ambulators may be better treated 
with THA than with hemiarthroplasty. A major concern 
with THA for femoral neck fracture is dislocation, which 
has led to an increased interest in using an anterior or 
anterolateral approach (see Chapter 1, Techniques 1.63 
and 1.65) when THA is done for treatment of a femoral 
neck fracture. 

 

FIXATION OF FEMORAL NECK 
FRACTURE WITH CANNULATED 
SCREWS

 TECHNIQUE 55.1 

 n  Place the patient supine on a fracture table. Attempt 
closed reduction with the Whitman or other reduction 
technique. We typically scissor the lower extremities (un-
affected hip extended relative to the injured side), but a 
well-leg holder also can be used.

 n  Fluoroscopically assess the quality of the reduction. If re-
duction is satisfactory, proceed with fixation.

 n  We typically use three partially threaded screws (6.5, 7.0, 
or 7.3 mm) in an inverted triangle configuration (Fig. 
55.9A and B).

 n  Use fluoroscopy in both planes to localize placement of 
the inferocentral wire. Make a skin incision extending 2 
to 3 cm proximally. Split the fascia in line with the skin 
incision, and use a Cobb elevator to gently split the fibers 
of the vastus lateralis muscle longitudinally.

 n  Place the inferocentral wire in perfect position on both 
views. Placing a guidewire along the anterior femoral 
neck can be helpful in determining appropriate antever-
sion. Make sure not to begin below the lesser trochan-
ter and to continue proximally along the calcar. We use 
smooth or drill-tipped guidewires to optimize tactile feel 
and minimize cortical extrusion.

 n  Once the first guide pin is in place, use a parallel guide to 
place the posterosuperior and then anterosuperior pins 
to obtain posterior and anterior cortical support in the 
femoral neck. The posterosuperior guidewire should not 
be above the equator on the anteroposterior view. The 
anterosuperior guidewire should be above the equator 
on the anteroposterior view. Advance the guide pins just 
short of the articular surface. Be very careful not to violate 
the articular surface.

 n  To determine appropriate screw length, measure the 
length of the guide pin and subtract 5 mm. Self-drilling, 
self-tapping screws generally are used, but sometimes 
predrilling of the outer cortex is necessary in patients 
with dense bone. Washers are used where space per-
mits.

 n  A fourth screw (diamond configuration) may be used in pa-
tients with significant posterior comminution (Fig. 55.9C). 
Use extreme care if a fourth screw is used because of the 
possibility of being extraosseous if the screw is placed  
posteriorly.
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Guide pins should be placed with the goal of obtaining 
femoral neck cortical support for screws. The femoral neck is 
not circular; it is more of an anterior-leaning ellipse. Zhang 
et al. warned of a cortical perforation risk of almost 20% in 
a two-dimensional 6.5-mm screw placement simulation 
(Fig. 55.10). The risk of perforation was 6.7% posterosupe-
riorly and 10.7% anteroinferiorly, and the authors illustrated 
“risk zones” for screw placement. Concerns about cortical 
perforation have also been noted, specifically in regard to 
the posterosuperior screw placement in an inverted triangle 

configuration. They reported a 70% screw extrusion rate (Fig. 
55.11) for posterosuperior screw (6.5 mm) placement using 
fluoroscopy in a cadaver model.

Care must be taken in the starting of guide pins on the 
lateral cortex because inaccurate passage of the pins (mul-
tiple attempts or attempts below the level of the lesser tro-
chanter) has been associated with subtrochanteric femoral 
fractures. In a biomechanical model, screw configuration 
was shown to influence the occurrence of subtrochanteric 
femoral fracture. Femoral neck fractures fixed with an 
apex-distal configuration exhibited a greater load to fail-
ure (before subtrochanteric femoral fracture) than those 
fixed with an apex-proximal configuration. The concern of 
subtrochanteric femoral fracture, as well as the increased 
possibility of nonunion, was reported in a recent clini-
cal study as well. Although a randomized trial suggested 
no difference between long (32 mm) and short (16 mm) 
threaded screws for femoral neck fractures, we attempt to 
maximize thread length proximal to the fracture line, but 
not crossing the fracture line, when compressing femoral 
neck fractures. Interestingly, Liu et al. suggested a redesign 
of screw thread length (26 mm) to accomplish this goal. 
Washers are used whenever possible because their use has 
been suggested to reduce the risk of failure, likely because 
of increased compressive forces generated when they are 
used.

Cannulated screw fixation can be done only after satis-
factory reduction has been obtained. If satisfactory closed 
reduction cannot be obtained, open reduction, or arthro-
plasty in an elderly patient, is indicated. An inadequate 
closed reduction must not be accepted. An open reduction 
can be done through either a Watson Jones-approach (see 
Technique 1.67) or a modified Smith-Petersen approach 
(see Technique 55.2). Subcapital or transcervical femoral 
neck fractures can be better seen and more easily reduced 
through a modified Smith-Petersen approach; however, this 
approach does require a second incision for placement of 
fixation. A recent cadaver study supports increased ana-
tomic exposure with the modified Smith-Petersen approach 

 FIGURE 55.7 Anteroposterior radiograph shows angle 
between medial trabecular stream in femoral head and medial 
cortex of femoral shaft.  (From Garden RS: Reduction and fixation of 
subcapital fractures of the femur, Orthop Clin North Am 5:683, 1974.)

 

A B

FIGURE 55.8 A, Concave outline of femoral neck meets convex outline of femoral head in 
“S” or reversed-“S” curve superiorly, inferiorly, anteriorly, and posteriorly. B, Failure of restoration 
of these “S” signs is indicative of nonanatomic alignment.  (Redrawn from Lowell JD: Results and 
complications of femoral neck fractures, Clin Orthop Relat Res 152:162, 1980.)
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(with or without a rectus tenotomy) versus the Watson-
Jones approach. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION

 TECHNIQUE 55.2 

(MODIFIED SMITH-PETERSEN)
 n  Position the patient supine on a flat-topped or fracture 

table. A fracture table makes lateral fluoroscopy easier.
 n  Make a longitudinal incision beginning at the anterior 

superior iliac spine and extending approximately 10 cm 
distally toward the lateral aspect of the patella.

 n  Incise the fascia of the tensor fascia latae and develop 
the interval between the tensor fascia latae and the sar-
torius muscle. Cauterize ascending branches of the lateral 
femoral circumflex artery as they are encountered.

 n  Identify and tag the direct head of the rectus femoris and 
then release it off the anterior inferior iliac spine if desired. 
Repair it at the conclusion of the procedure either directly 
(if stump has been left) or with a suture anchor.

 n  Reflect the indirect head of the rectus femoris muscle 
from the capsule, along with the iliocapsularis muscle if 
present.

 n  Perform a capsulotomy in the shape of a T, inverted-T, Z, or 
H. We most often use a T-shaped capsulotomy; however, 
a Z-shaped capsulotomy also is reasonable. The vascular 
anatomy of the proximal femur must be considered, and 
portions of the capsulotomy must be carefully extended 
(e.g., if a capsulotomy in the shape of an inverted T or H 
is made, posterior extension of the transverse limb at the 
base of the femoral neck should be avoided to prevent 
injury to the blood supply to the femoral head). Hohmann 
retractors can be placed within the capsule and used for 
gentle retraction, always being cognizant of femoral head 
perfusion.

 n  Place a 5.0-mm Schanz pin in the proximal femoral di-
aphysis to control the distal segment and place a T-handle 
on the Schanz pin to aid in manipulation.

 n  Insert two 2.0-mm threaded Kirschner wires into the head 
segment and use them as joysticks to reduce the fracture. 
We also have used a reduction clamp (Farabeuf) to gain 
compression across the fracture of the femoral neck, as 
described by Molnar and Routt (Fig. 55.12).

 n  Once satisfactory reduction is confirmed both visually and 
radiographically, insert cannulated screws (see Technique 
55.1), screw–side plate (SSP) device with derotational 
screw, or proximal femoral plate.

POSTOPERATIVE CARE Patients with high-energy fem-
oral neck fractures are kept at touch-down (weight of leg) 
weight bearing for 10 to 12 weeks. Older patients are 
allowed protected weight bearing with a walker if their 
balance and other medical comorbidities allow. Patients 
who cannot safely ambulate are encouraged to mobilize 
to a chair to minimize pulmonary complications.
  

Controversy exists about the best method of fixation 
for displaced subcapital and transcervical femoral neck 
fractures, and there are strong advocates of both cannu-
lated screws (Fig. 55.13) and compression hip screws. The 
recent FAITH (Fixation using Alternative Implants for the 
Treatment of Hip Fractures) randomized controlled trial 
showed no difference in reoperation rates between cancel-
lous screws and SSP in the treatment of low-energy femo-
ral neck fractures in patients older than 50 years. Subgroup 
analysis did suggest a potential advantage of SSP devices 
in displaced fractures, basicervical fractures, and in smok-
ers, although there was a higher rate of osteonecrosis in 
patients treated with SSP devices (9% vs. 5%). Based on 
study protocol, none of the patients treated with SSP 
devices had supplemental fixation such as a derotational 
screw. Biomechanical studies suggest that a compression 
hip screw coupled with a derotational screw (Fig. 55.14) is 

 

A B C

FIGURE 55.9 For fixation of femoral neck fractures, three 
partially threaded screws can be inserted in an inverted triangle 
configuration (A and B). Four screws can be placed in a diamond 
configuration when significant comminution is present (C). SEE 
TECHNIQUE 55.1.
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FIGURE 55.10 SZ indicates the safe zone.  (From Zhang YQ, Chang 
SM, Huang YG, et al: The femoral neck safe zone: a radiographic simula-
tion study to prevent cortical perforation with multiple screw insertion, 
J Orthop Trauma 29:e178, 2014.)

    

https://booksmedicos.org


CHAPTER 55 FRACTURES AND DISLOCATIONS OF THE HIP 2915

stronger than three cannulated screws in the treatment of 
unstable basicervical femoral neck fractures. A retrospec-
tive clinical study comparing fixation devices for Pauwels 
type III femoral neck fractures found no definitive evi-
dence indicating the optimal fixation device. There was 
a higher nonunion rate with cannulated screws than with 
fixed angle devices (dynamic hip screw, cephalomedullary 
nail, dynamic condylar screw); however, this difference 
was not statistically significant. Biomechanical data sug-
gest that a proximal femoral locking plate may be superior 
to both cannulated screws and a compression hip screw in 

a Pauwels type III femoral neck model, but clinical stud-
ies have not been encouraging. Berkes et  al. reported a 
high incidence of catastrophic failure with proximal femo-
ral locking plates. A different design of plate has shown 
improved results compared with cannulated screws; this 
design allows some controlled shortening. We typically 
reserve use of proximal femoral locking plates for fractures 
with significant femoral neck comminution (Figs. 55.15 
and 55.16). The Targon dynamic proximal femoral locking 
plate (Aesculap AG, Tuttlingen, Germany) (Fig. 55.17A), 
which has been used in Europe for more than a decade 

 

A B

65916 RIGHT

65835 LEFT

65916 RIGHT

65835 LEFT

FIGURE 55.11 A, Anteroposterior and lateral fluoroscopic images showing contained screw. 
B, Stripped cadaver specimen with posterior-cranial screw breach with thread extrusion. (From 
Hoffmann JC, Kellam J, Kumaravel M, et al: Is the cranial and posterior screw of the “inverted triangle” 
configuration for femoral neck fractures safe? J Orthop Trauma 33:331, 2019.)

 

A B

FIGURE 55.12 Reduction (Farabeuf) clamp can be used to gain compression across femoral 
neck fracture. A, Displaced fracture. B, Reduced fracture. SEE TECHNIQUE 55.2.
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with generally favorable results, is currently not available 
in United States. The Conquest dynamic proximal femo-
ral locking plate (Smith & Nephew, Memphis, TN) (Fig. 
55.17B) is a similar option; however, clinical data currently 
are lacking.

Other options include a trochanteric lag screw and medial 
buttress plating. A trochanteric lag screw for high Pauwels 
angle femoral neck fractures is supported by biomechanical 
data; however, a recent clinical series specifically using this 
technique did not have favorable results.

The technique for placement of a compression hip screw 
is described in the section on intertrochanteric femoral frac-
tures (see Technique 55.4). Care must be taken with placement 
of a large diameter lag screw in patients with nonosteoporotic 
bone, and consideration should be given to routinely using a 
tap as well as placing a derotational screw.

Femoral neck shortening (Fig. 55.18) appears to be com-
mon after fixation of femoral neck fractures. Shortening of 
more than 1 cm was reported to occur after 42% of Garden 
I fractures and 63% of Garden II fractures fixed with can-
nulated screws. The importance of femoral neck length in 
influencing functional outcome has been emphasized in sev-
eral reports. Femoral neck shortening was associated with 
pain and decreased mobility in a study of over 500 patients 
with femoral neck fractures treated with the Targon dynamic 
femoral locking plate. The mean age of patients in this study 
was 76.1 years. Zlowodzki et  al. retrospectively evaluated 
the effect of femoral neck shortening on functional outcome 
in 70 patients with healed femoral neck fractures, 64% of 
which were nondisplaced intracapsular fractures. All patients 
were treated with screw fixation, and 69 of 70 had accept-
able reductions according to the Garden alignment index. 
Interestingly, 46 (66%) of the 70 patients healed with shorten-
ing of more than 5 mm and 27 (39%) had more than 5 degrees 
of varus. The primary outcome measure, the SF-36 physical 
functioning score, correlated with the degree of femoral neck 
shortening, suggesting that femoral neck shortening nega-
tively impacts functional outcome. Similarly, Slobogean et al. 
reported decreased functional outcomes (Harris Hip Score, 
Timed Up and Go, SF-36 Physical Component Summary) in 
patients younger than 55 years of age (mean, 43.7 years) who 
had shortening of 10 mm or more after treatment of a femoral 
neck fracture with multiple cancellous screws.

Boraiah et al. reported treatment of 54 intracapsular fem-
oral neck fractures with anatomic reduction, intraoperative 

 FIGURE 55.13 Cannulated screw fixation of displaced femoral 
neck fracture after open reduction.

 

A B

FIGURE 55.14 Displaced femoral neck fracture (A), in this case ipsilateral to femoral shaft 
fracture, fixed with compression hip screw and derotational screw (B).

    

https://booksmedicos.org


CHAPTER 55 FRACTURES AND DISLOCATIONS OF THE HIP 2917

compression, and length-stable implants. Various open reduc-
tion techniques were used depending on fracture pattern and 
physiologic age. Intraoperative compression was achieved 
before placement of a dynamic hip screw (or dynamic heli-
cal hip screw) and fully threaded screws. The overall union 
rate was 94%, with an average shortening of the femoral neck 
of 1.7 mm. The average 36-Item Short Form Health Survey 
(SF-36) physical functioning score was 42, and the Harris Hip 
Score was 87. The Bodily Pain subscore of the SF-36 corre-
lated with the “abductor lever arm” (distance from the cen-
ter of the femoral head to a tangential line along the greater 
trochanter). Patients with greater differences in the abduc-
tor lever arm between the fractured and unaffected sides 
had lower Bodily Pain subscores. Weil et al. reported a small 
series demonstrating minimal shortening after the treatment 
of femoral neck fractures with fully threaded screws; 23 of 
24 fractures were classified as Garden I or II. There was no 
statistically significant difference in complication or reopera-
tion rates when compared to a historical control treated with 
partially threaded screws. Larger series supporting this tech-
nique currently are lacking in the literature, and at least one 
study reported high complication rates.

Only slight changes in technique are necessary to stabi-
lize femoral neck fractures at length. Obviously, the reduc-
tion is paramount. Using length-stable implants in fractures 
that are not well reduced may result in nonunion. Potentially, 
the goals of union and maintenance of femoral neck length 
can both be achieved. Closed reduction of displaced frac-
tures can be attempted, followed by open reduction through 
either a Smith-Petersen or Watson-Jones approach if closed 
reduction fails to obtain an anatomic reduction. In older 
patients and fractures with less displacement, more limited 
open reductions can be done if needed with the use of ball-
spike pushers, Cobb elevators, and Kirschner wires to obtain 
anatomic reductions. After reduction has been obtained, 
partially threaded cannulated screws can be placed for 

compression across the fracture site. Once adequate compres-
sion is achieved, the cannulated screws are replaced one by 
one with fully threaded screws with washers. If a compres-
sion hip screw is to be used, such as for a high Pauwels angle 
femoral neck fracture, a guide pin is placed perpendicular to 
the fracture line, and a partially threaded cannulated screw is 
inserted, followed by the SSP device. The partially threaded 
screw is then changed to a fully threaded screw (Fig. 55.19). 
Two fully threaded screws also can be used if patient’s femo-
ral neck anatomy will allow. As previously noted, large series 
demonstrating the effectiveness of these techniques are lack-
ing in the literature.

Femoral neck shortening also may lead to prominent 
implant placement. Implant removal was the most frequent 
reoperation (24%) reported in 796 young patients after treat-
ment of femoral neck fractures. Zielinski et  al. reported a 
similar rate of reoperation for implant removal (23%), but 
implant removal generally had a positive impact on patients’ 
quality of life. Surgeons and patients should be aware of the 
possibility of femoral neck fracture after implant removal.

OUTCOMES AND COMPLICATIONS
FAILURE OF FIXATION

Internal fixation may fail because of many factors, includ-
ing inadequate reduction, poor implant selection or position, 
nonunion, osteonecrosis, and infection. Determining the 
cause of fixation failure is extremely important in planning 
revision surgery. In young patients, early recognition of inad-
equate reduction or poor implant selection or position can 
be treated with revision open reduction and internal fixation 
(Fig. 55.20) and femoral neck nonunions or malunions can 
be treated with valgus intertrochanteric osteotomy. Femoral 
neck nonunion, malunion, and osteonecrosis in elderly 
patients can be treated with THA. Infection after the treat-
ment of femoral neck fractures can be quite problematic. 
The goal is to suppress the infection with debridement and 
culture-specific antibiotics, maintaining the hardware until 
union at which time it is removed. Hardware failure with 
infection requires hardware removal and possibly resection 
arthroplasty. Occasionally, total hip arthroplasty can be done 
after implant failure with infection but only in a staged fash-
ion and after infection has been eradicated. 

NONUNION AND OSTEONECROSIS
Nonunion (Fig. 55.21) and osteonecrosis (Fig. 55.22) are two 
major problems that lead to revision surgery after treatment of 
intracapsular femoral neck fractures. In a meta-analysis of 18 
studies involving younger patients (ages 15 to 50 years) with 
femoral neck fractures, the overall incidence of osteonecro-
sis was 23% and the incidence of nonunion was 9%. The 564 
patients in these studies included those with both displaced 
and nondisplaced intracapsular femoral neck fractures. In a 
series of 73 femoral neck fractures in patients between the ages 
of 15 and 50 years treated at a single institution, Haidukewych 
et al. found an overall frequency of osteonecrosis of 23% and 
nonunion of 8%. Osteonecrosis developed in 27% of displaced 
fractures and 14% of nondisplaced fractures. Thirteen patients 
(18%) had conversion to arthroplasty; 11 of these arthroplas-
ties were done purely for osteonecrosis. Initial fracture dis-
placement and the quality of radiographic reduction were 
found to affect results. In another series including 62 Pauwels 
type III femoral neck fractures, osteonecrosis developed in 

 FIGURE 55.15 Axial CT scan of femoral neck fracture with 
significant posterior femoral neck comminution.
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11% and nonunion in 16%. The average age of patients in this 
series was 42 years (range 19 to 64 years). The higher non-
union rate in this study is likely a result of the difficulty of 
treating higher Pauwels angle femoral neck fractures.

Osteonecrosis continues to be a problem after femoral 
neck fractures, even nondisplaced fractures. In fact, higher 
intracapsular pressures have been demonstrated with non-
displaced femoral neck fractures than with displaced frac-
tures. Routine capsulotomy is controversial. Capsulotomy 
probably is most effective in Garden types I and II frac-
tures in which the capsule may not be torn or completely 
torn and tamponade may be a major cause in the develop-
ment of osteonecrosis. We usually perform capsulotomies 
in young patients with nondisplaced femoral neck frac-
tures and only occasionally do so in the geriatric popula-
tion. Although there is no conclusive study proving that 

capsulotomy decreases the frequency of osteonecrosis, it 
can be done quickly and safely and may reduce the risk of 
osteonecrosis. 

 

FLUOROSCOPICALLY GUIDED 
CAPSULOTOMY OF THE HIP

 TECHNIQUE 55.3

 n  After fixation of the femoral neck fracture, prepare a no. 
10 scalpel blade by placing an approximately 2-cm strip of 
Ioban around the blade/handle junction to decrease the 

 

A B

C D

FIGURE 55.16 Preoperative radiograph (A) and axial (B) and coronal (C) CT scans of a femoral 
neck fracture with posterior femoral neck comminution with extension into the greater trochanter. 
D, United fracture after fixation.

    

https://booksmedicos.org


CHAPTER 55 FRACTURES AND DISLOCATIONS OF THE HIP 2919

likelihood of dissociation of the blade from handle within 
the body.

 n  Through the lateral incision made for fixation with cannu-
lated screws, compression hip screw, or proximal femoral 
locking plate, using tactile feel and fluoroscopic guidance, 
advance the scalpel along the anterior femoral neck with 
the blade directed inferiorly.

 n  Once the femoral head is encountered, rotate the blade 
90 degrees and withdraw the scalpel with a posterior di-
rected force to complete the capsulotomy.
  

Christal et al. showed in a cadaver series that fluoroscopi-
cally guided capsulotomy is safe and effective at decreasing 
intracapsular pressure. Dissections of the cadavers after cap-
sulotomy found that the average distances from the femoral 
artery and lateral most branch of the femoral nerve were 40.3 
and 19.5 mm, respectively. The minimal distances in individual 
cadavers were 36 mm from the femoral artery and 15 mm from 
the lateral most branch of the femoral nerve. Intracapsular 
pressure was substantially decreased after capsulotomy.

A meta-analysis of 106 reports of displaced femoral neck 
fractures in older patients (65 years or older) reported overall 

 

A B
FIGURE 55.17 Dynamic locking constructs for proximal femoral fractures. A, Targon FN (Aesculap 

B. Braun Medical Inc, Tuttlingen, Germany). B, CONQUEST FN (Smith & Nephew, Memphis, TN).

 

A B

FIGURE 55.18 Significant femoral neck shortening after treatment of minimally displaced 
femoral neck fracture with partially threaded cannulated screws. A, Intraoperative fluoroscopic 
anteroposterior view. B, Anteroposterior radiograph revealing significant femoral neck shortening.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS 2920

rates of osteonecrosis and nonunion of 16% and 33%, respec-
tively. The rate of reoperation within 2 years ranged from 20% 
to 36% after internal fixation, which was higher than after 
hemiarthroplasty. Interestingly, a recent randomized con-
trolled trial revealed a 20% major reoperation rate for nondis-
placed femoral neck fractures treated with screws in patients 
70 years of age or older. Although there was no difference 
in Harris Hip Scores between those treated with screws and 
those with hemiarthroplasty, patients with hemiarthroplasty 
were more mobile and had a lower rate of major reoperations.

ARTHROPLASTY
The decision to proceed with fixation or arthroplasty depends 
on fracture characteristics and physiologic patient age. 
Displaced femoral neck fractures in physiologic younger 
patients (<65 years of age) generally should be treated with 
anatomic reduction and stable internal fixation. Displaced 
femoral neck fractures in most older patients should be treated 
with arthroplasty. The role of arthroplasty for geriatric patients 
with nondisplaced femoral neck fractures deserves further 
exploration. A high-quality meta-analysis that included nine 

randomized trials showed that arthroplasty substantially 
reduced the risk of revision surgery compared with internal 
fixation in the treatment of displaced femoral neck fractures 
in patients 65 years of age or older. Arthroplasty, however, 
was associated with greater blood loss, longer operative time, 
and more frequent infections. Hudson et al. found a higher 
rate of reoperation after internal fixation than after hemiar-
throplasty in patients older than 80 years but did not find a 
difference in reoperation rates in patients between 65 and 80 
years of age. In a randomized trial, Rogmark et al. compared 
internal fixation and arthroplasty for treatment of displaced 
femoral neck fractures in ambulatory patients aged 70 years 
or older. Failure, defined as early fracture displacement, non-
union, osteonecrosis with collapse, or infection, occurred in 
43% of patients treated with internal fixation and in 6% of 
those treated with arthroplasty at 2 years. A follow-up study 
of the same cohort of patients at 10 years revealed that these 
results were stable over time: at no point in time did patients 
with successful internal fixation display better outcomes in 
regard to hip pain or mobility than did patients with suc-
cessful arthroplasty. The American Academy of Orthopaedic 

 

A
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FIGURE 55.19 In an attempt to minimize femoral neck shortening, partially threaded screw 
used for compression is changed to fully threaded screw. A, Radiograph at time of injury. B and C, 
After operative reduction and fixation.
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Surgeons Clinical Practice Guideline for Management of Hip 
Fractures in the Elderly (2014) states “Strong evidence sup-
ports arthroplasty for patients with unstable (displaced) fem-
oral neck fractures” (Table 55.1).

Once the decision has been made to proceed with arthro-
plasty, several controversial issues still need to be considered: 
type of arthroplasty (hemiarthroplasty or total hip arthro-
plasty [THA]), unipolar or bipolar (if hemiarthroplasty has 
been chosen), cemented or uncemented femoral stem, and 
surgical approach. Total hip arthroplasty is superior to hemiar-
throplasty (Fig. 55.23) for displaced femoral neck fractures in 
active, physiologically older patients without significant comor-
bidities. Many studies have identified several potential benefits 
of THA over hemiarthroplasty, including superior functional 
outcome scores, decreased pain, improved ambulation, and 

lower reoperation rates. A disadvantage of THA appears to be 
a slightly higher dislocation rate. A change in approach (direct 
anterior) may alleviate some of the dislocation concerns with 
THA. In community ambulators with a longer than 5-year life 
expectancy, THA generally is a better option than hemiarthro-
plasty. Those with a short life expectancy, significant medical 
comorbidities, or cognitive impairment are better served with 
hemiarthroplasty. If hemiarthroplasty is chosen, unipolar or 
bipolar heads appear to yield similar results. Moderate evi-
dence appears to favor cemented over noncemented stems.

Interestingly, only 21% of respondents to a recent survey 
reported that the 2014 Clinical Practice Guidelines (CPG) led 
to changes in their practice. The two changes most frequently 
cited were increased use of THA and cemented stems. Not 
surprisingly, arthroplasty-trained surgeons were more likely 
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C D

FIGURE 55.20 Malreduction of femoral neck fracture resulting in varus (A) and apex posterior 
(B) deformity. C and D, After revision open reduction and internal fixation.
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than trauma-trained surgeons to use THA in the two femoral 
neck fracture examples contained in the survey.

Although the CPG highlight recommendations for geri-
atric fracture care, financial data suggest that arthroplasty 
rather than fixation should be considered for patients younger 
than 65 years. THA was found to be a cost-effective option 
for displaced femoral neck fractures in patients older than 

54 years. The age at which THA was cost-effective decreased 
with increasing comorbidities. THA was cost-effective for 
patients older than 47 years with mild comorbidity (Charlson 
Comorbidity Index [CCI] 1 or 2) and for patients older than 
44 years with multiple comorbidities (CCI ≥ 3). Complications 
are more frequent after THA for failed internal fixation than 
after THA for acute femoral neck fracture. 

 

A

B C

FIGURE 55.21 Nonunion of femoral neck fracture. Anteroposterior radiograph (A) and CT scan 
(B). C, Union after fixation with blade plate.  (Courtesy David Templeton MD, Minneapolis, MN.)

 

A B C

FIGURE 55.22 Osteonecrosis after treatment of femoral neck fracture: (A) anteroposterior 
radiograph, (B) axial CT scan, and (C) coronal CT scan.
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BASICERVICAL FEMORAL NECK FRACTURES
Basicervical femoral neck fractures are extracapsular femoral 
neck fractures, and much controversy exists regarding their 
treatment. These fractures are rare, with some estimates as 
low as 1.6% of all hip fractures. They are often misclassified 
as well, sometimes being grouped with transcervical femoral 
neck fractures and other times with intertrochanteric femoral 

fractures. Su et al. showed that basicervical femoral neck frac-
tures are more unstable than intertrochanteric femoral frac-
tures. Both biomechanical and clinical studies have concluded 
that these fractures are not ideally treated with cannulated 
screws. Watson et  al. reported failure in six of 11 patients 
with basicervical neck fractures treated with intramedullary 
nailing. Five of the six failures were associated with screw 

 TABLE 55.1 

American Academy of Orthopaedic Surgeons Clinical Practice Guideline for Management of Hip Fractures 
in the Elderly

FRACTURE/TREATMENT CONSIDERATION RECOMMENDATION/COMMENT
STRENGTH OF  
RECOMMENDATION

Stable (nondisplaced) femoral neck 
fracture

Operative fixation Moderate

Unstable (displaced) femoral neck 
fracture

Arthroplasty Strong

Unipolar vs. bipolar Similar outcomes in unstable (displaced) femoral 
neck fractures

Moderate

Hemi vs. total hip arthroplasty Total hip arthroplasty more beneficial in properly 
selected patients with unstable (displaced) femoral 
neck fractures

Moderate

Cemented femoral stems Cemented femoral stems preferred in arthroplasty 
for femoral neck fracture

Moderate

Surgical approach Higher dislocation rates with posterior approach for 
arthroplasty in treatment of displaced femoral neck 
fractures

Moderate

Stable intertrochanteric fractures Sliding hip screw or cephalomedullary device Moderate
Subtrochanteric or reverse obliquity 
fractures

Cephalomedullary device Strong

Moderate recommendation—evidence from two or more “moderate” strength studies with consistent findings, or evidence from a single “high” quality study for 
recommending for or against the intervention.
Strong recommendation—evidence from two or more “high” quality studies with consistent findings for recommending for or against the intervention.
Modified from https://www.aaos.org/CustomTemplates/Content.aspx?id=6395.

 

A B C

FIGURE 55.23 Anteroposterior (A) and lateral (B) radiographs show displaced left femoral 
neck fracture. C, After total hip arthroplasty.
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cut-out despite all six having a tip-apex distance less than 22 
mm (mean, 17.4 mm). None of these patients had a derota-
tional screw placed. Another study suggested better outcomes 
with intramedullary nailing than with a screw and side-plate 
device (SSP) for basicervical femoral neck fractures. Authors 
of a recent biomechanical study were unable to determine 
the optimal implant for basicervical femoral neck fractures. 
Different modes of failure were noted between intramedullary 
nails and SSP devices with a derotational screw. While all of the 
SSP failures involved screw cut-out, only one of 18 intramed-
ullary nails failed with screw cut-out. Seventeen failed either 
rotationally or with medial trochanteric wall migration. The 
failure mode in this biomechanical study is obviously differ-
ent from the failure mode outlined by Watson et al. Hopefully, 
future studies will evaluate intramedullary nails with an addi-
tional screw, either independent or part of the proximal inter-
locking mechanism. There also may be a role for arthroplasty 
in physiologically older patients with a basicervical femoral 
neck fracture. 

INTERTROCHANTERIC FEMORAL 
FRACTURES
CLASSIFICATION
Many classifications of pertrochanteric and intertrochanteric 
femoral fractures have been proposed over the years. Boyd 
and Griffin initially described four types of pertrochanteric 
femoral fractures in 1949 (Fig. 55.24):

Type 1: Fractures that extend along the intertrochanteric 
line

Type 2: Comminuted fractures with the main fracture 
line along the intertrochanteric line but with multiple 
secondary fracture lines (may include coronal frac-
ture line seen on lateral view)

Type 3: Fractures that extend to or are distal to the lesser 
trochanter

Type 4: Fractures of the trochanteric region and proximal 
shaft with fractures in at least two planes

Probably the most useful classification of intertrochan-
teric femoral fractures is the AO/OTA classification (Fig. 
55.25):

31A1: Fractures are not comminuted (single fracture line 
extending medially).

31A2: Fractures have increasing comminution (separate 
lesser trochanteric fragment).

31A3: Fractures include reverse obliquity, transverse, or 
subtrochanteric extension patterns.

Each group contains subgroups to further describe the 
characteristics of each fracture. The AO/OTA classification 
has been very useful in evaluating the results of treatment of 
intertrochanteric femoral fractures and allowing compari-
sons among reports in the literature. 

TREATMENT
Nonoperative treatment of intertrochanteric femoral fractures 
is rare but may still have a role in nonambulatory patients in 
whom adequate pain control can be achieved without surgery. 

 

Type 1 Type 2

Type T3 ype 4

FIGURE 55.24 Boyd and Griffin classification of trochanteric 
fractures.
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FIGURE 55.25 AO classification of trochanteric fractures. Group 
A1, simple two-part fracture; group A2, fracture extends over two 
or more levels of medial cortex; group A3, fracture extends through 
lateral cortex of femur distal to vastus ridge.  (Redrawn from Müller 
ME, Nazarian S, Koch P, et al: The comprehensive classification of fractures 
of long bones, Berlin, 1990, Springer-Verlag.)
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Internal fixation is appropriate for most intertrochanteric 
femoral fractures. Optimal fixation is based on the stability of 
the fracture. The mainstay of treatment of intertrochanteric 
femoral fractures is fixation with a SSP device (Fig. 55.26) or 
intramedullary device (Fig. 55.27).

TREATMENT WITH SCREW–SIDE PLATE DEVICES
Compression or dynamic hip screws are a good option for the 
treatment of stable intertrochanteric femoral fractures (AO/
OTA 31A1 and many 31A2 fractures), particularly in patients 
with lower preinjury functional status. The implant cost is less 
with SSP than with intramedullary nails, and the technique 
of placement of a SSP is familiar to most experienced ortho-
paedic surgeons; however, orthopaedic surgeons who have 
completed their training more recently may not be as familiar 
with the procedure. 

 

SCREW–SIDE PLATE FIXATION OF 
INTERTROCHANTERIC FEMORAL 
FRACTURES

 TECHNIQUE 55.4

 n  Place the patient on a fracture table with a perineal post.
 n  Either place the foot of the contralateral lower extremity 

in a boot and scissor the leg (unaffected hip extended 
relative to the injured side) (Fig. 55.28) or use a well-leg 
holder.

 n  Place the affected extremity into a boot after the reduc-
tion maneuver has been carried out. Reduction of the af-
fected extremity usually is done with traction and internal 
rotation. The typical sagittal plane deformity, posterior 
sag, may require correction with an anterior applied force 
to the posterior distal fragment before completing the 
reduction with traction and internal rotation.

 n  We typically place the affected extremity in 20 to 30 de-
grees of hip flexion.

 n  Position the fluoroscopy unit on the contralateral side or 
between the patient’s legs depending on the position of 
the uninjured leg. Adequate fluoroscopy must be attain-
able before proceeding.

 n  Obtain fluoroscopy views in the sagittal and coronal 
planes. Make any necessary adjustments by increasing or 
decreasing traction or altering abduction/adduction and 
internal/external rotation. Carefully scrutinize the fluoro-
scopic images to avoid the most common malalignments: 
varus deformity, posterior sag, and excessive internal ro-
tation. Be aware that excessive internal rotation is com-
mon, particularly when the greater trochanter is not at-
tached to the distal segment.

 n  The fracture mechanism (low-energy and high-energy) 
should have already been noted, because standard re-
duction maneuvers are not likely to be successful with 
high-energy intertrochanteric femoral fractures (Fig. 
55.29) and limited open reduction or more formal open 
reduction through a Watson-Jones approach will likely be 
required.

EXPOSURE
 n  Begin the incision at the vastus ridge and carry it distally. 

Continue dissection through the iliotibial band and split 
the fascia of the vastus lateralis longitudinally.

 n  Elevate the vastus lateralis anteriorly off the lateral inter-
muscular septum while coagulating branches of the pro-
funda femoris artery as they are encountered.

 n  Complete the exposure by sharply incising the origin of 
the vastus lateralis to allow retraction and subsequent 
plate placement. 

STABILIZATION
 n  Insert a guide pin through the angled guide into the cen-

ter-center position within the femoral head (Fig. 55.30A). 
A guide pin can be placed anteriorly along the femoral 
neck to approximate the anteversion. Insert the guide pin 
to approximately 5 mm from the articular surface and 
measure (Fig. 55.30B).

 n  Set a triple reamer 5 mm less than the above measure-
ment and ream (Fig. 55.30C). Be sure not to advance 
the guide pin into the pelvis when reaming. A tap may 
need to be used in patients with good bone quality (Fig. 
55.30D).

 n  Select a lag screw that is the same length as the mea-
surement from the triple reamer. If significant shortening 
is expected or desired, choose a lag screw that is 5 mm 
shorter than the measurement from the triple reamer. 
Ensure that the lag screw is sufficiently covered by not 
placing a lag screw any shorter than 5 mm less than the 
measurement from the triple reamer.

 n  Using the insertion wrench, insert the lag screw with the 
plate to the appropriate depth (Fig. 55.30E). Realize that 
180 degrees of rotation of the lag screw results in 1.5 
mm of lag screw advancement. When advancement is 
completed, the handle of the insertion wrench must be 
perpendicular to the axis of the femur and not the axis of 
the floor.

 n  Advance the side plate onto the lateral aspect of the fe-
mur. Use a tamp to fully seat the plate onto the lag screw 
(Fig. 55.30F). Unscrew the lag screw retaining rod and 
remove the insertion wrench and then the guide pin.

 n  Secure the plate to bone with a screw or a plate clamp 
(Fig. 55.30G). Place two to three bicortical screws in total 
into the shaft, typically through a two-hole to four-hole 
plate (Fig. 55.30H). If a screw is used to reduce the plate 
to the bone, the initial screw may need to be changed 
because of excessive length.

 n  Release traction and insert a compression screw if de-
sired (Fig. 55.30I); alternatively, apply manual compres-
sion. Obtain fluoroscopic images to evaluate reduction 
and hardware placement. 

POSTOPERATIVE CARE Patients with intertrochanteric 
femoral fractures treated with a compression hip screw 
are allowed to bear weight as tolerated in most circum-
stances because this device is used in more stable fracture 
patterns.
  

Proper placement of the lag screw is important in reduc-
ing the incidence of implant failure (cut-out). The tip-apex dis-
tance (Fig. 55.31) is calculated from the sum of the distances 
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FIGURE 55.26 Fixation of intertrochanteric fracture with compression hip screw. A, Preopera-
tive anteroposterior radiograph. B and C, After fixation.

 

A B

FIGURE 55.27 Fixation of intertrochanteric fracture with Gamma nail. A, Preoperative radio-
graph. B, After fixation.
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between the tip of the lag screw to the apex of the femoral 
head on both the anteroposterior and lateral views. As the 
tip-apex distance increases above 25 mm, the risk of failure 
increases exponentially (Fig. 55.32). This recommendation 
for tip-apex distance may not apply when a helical blade is 
used in place of a lag screw; medial helical blade migration 
has been reported with tip-apex distances of less than 20 mm.

Integrity of the lateral wall of the trochanter is another 
consideration when treating intertrochanteric femoral frac-
tures with a compression hip screw device. In a series of inter-
trochanteric femoral fractures treated with compression hip 
screws, 22% of patients with a fractured lateral wall (A3 frac-
tures or iatrogenic fractures in A1 and A2 fractures) required 
a second operation within 6 months; 74% of the lateral wall 
fractures occurred intraoperatively (A1 and A2 fractures). 
Interestingly, only 3% of patients with A1.1, A1.2, A1.3, and 
A2.1 fractures had intraoperative fractures of the lateral wall, 
whereas 31% of patients with A2.2 and A2.3 fractures had 
such fractures. In another study evaluating factors associated 

 FIGURE 55.28 “Scissor” position for compression hip screw 
fixation of intertrochanteric femoral fracture. SEE TECHNIQUE 55.4.

 

A

B

C

FIGURE 55.29 High-energy intertrochanteric fracture. A, Preoperative radiograph. B and C, 
Intraoperative fluoroscopic views. SEE TECHNIQUE 55.4.
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FIGURE 55.30 Fixation of intertrochanteric fracture with compression hip screw.  (Modified from 
Baumgaertner MR: Compression hip screw plates: technique manual, Memphis, 2000, Smith & Nephew.) 
SEE TECHNIQUE 55.4.
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XAP

XLAT

FIGURE 55.31 Calculation of tip-apex distance (TAD). Distances 
from tip of implant to apex of femoral head on anteroposterior 
(left) and lateral (right) views are summed (XAP + XLat). TAD of less 
than 25 mm should be achieved.  (Redrawn from Powell J, Dirschl DR: 
Fractures of the proximal femur. In Baumgaertner MR, Tornetta P, editors: 
OKU Trauma 3, Rosemont, American Academy of Orthopaedic Surgeons, 
2005; and Lindskog DM, Baumgaertner MR: Unstable intertrochanteric 
hip fractures in the elderly, J Am Acad Orthop Surg 12:179, 2004.)
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FIGURE 55.32 Tip-apex distance (TAD) graph.  (Redrawn from 
Baumgaertner MR, Curtin SL, Lindskog DM, Keggi JM: The value of the 
tip-apex distance in predicting failure of fixation of peritrochanteric frac-
tures of the hip, J Bone Joint Surg 77A:1058, 1995.)

with failure in the treatment of stable (31A1) intertrochanteric 
femoral fractures with compression hip screws, Kim et  al. 
identified iatrogenic lateral wall comminution as the most 
significant predictor of excessive displacement and suggested 
using a trochanteric stabilizing plate (Fig. 55.33) or proceed-
ing with a different fixation device (intramedullary nail) if 
iatrogenic comminution is identified intraoperatively. These 
studies suggest caution in using a compression hip screw for 
fractures more complex than A2.1 and that the lateral wall 
must be carefully evaluated when a compression hip screw is 
considered for more stable fracture patterns. More recently, 
Pradeep et  al. suggested using lateral wall thickness to pre-
dict lateral wall fracture. Lateral wall thickness was defined as 
the distance between a point 3 cm caudal to the innominate 
tubercle of the greater trochanter extending 135 degrees to 
the fracture line. Lateral wall thickness of less than 21 mm 
predicted lateral wall fracture with 95% sensitivity and 88.2% 
specificity. Interestingly, lateral wall fracture also appears to 
be a risk factor for cut-out with intramedullary nail treatment 
(Fig. 55.34).

Another device purported to decrease the risk of lat-
eral wall fracture is the Gottfried plate (percutaneous 
compression plate), which is fixed with two screws placed 

percutaneously into the femoral neck and head. The two 
screws provide intraoperative compression but also allow 
dynamic compression as the patient ambulates. The first 
published results of this plate included 97 intertrochanteric 
femoral fractures (21 A1, 18 A2.1, and 58 A2.2 fractures) 
in which few complications were reported. Two randomized 
trials have compared the percutaneous compression plate 
with the compression hip screw; both reported decreased 
intraoperative blood loss, and one reported decreased oper-
ative time as well. At 6 weeks, patients treated with the per-
cutaneous compression plate had significantly less pain and 
could bear significantly more weight on the injured extrem-
ity than those treated with a compression screw device. They 
also had less pain with activity at all time points, but this 
difference was significant only at 3 months. Other poten-
tial benefits of the percutaneous compression plate include 
a lower risk of lateral wall fracture and improved rotational 
stability. Carvajal-Pedrosa et al. reported satisfactory results 
in almost 300 31A2 fractures treated with the percutane-
ous compression plates. We have no experience with this 
technique.

TREATMENT WITH INTRAMEDULLARY NAILS
Unstable intertrochanteric femoral fractures (A3 and 
probably many A2 fractures) are best treated with an intra-
medullary implant. For some time, second-generation 
cephalomedullary devices such as the Gamma nail have 
been used with success. The theoretical benefits of intra-
medullary nails over SSP devices include improved bio-
mechanics (shortened lever arm), decreased blood loss, 
smaller incisions, and decreased femoral neck shortening. 
The largest meta-analysis comparing intramedullary nails 
with side-plate devices from the Cochrane database con-
cluded that side plates are superior to intramedullary nails 
in the treatment of intertrochanteric femoral fractures. 
This meta-analysis, however, included older versions of 
cephalomedullary nails, which had problems with frac-
ture at the distal tip of the nail. Although this complication 
does still occur, it is much less frequent with newer nail 
designs. 

 

INTRAMEDULLARY NAILING OF 
INTERTROCHANTERIC FEMORAL 
FRACTURES

 TECHNIQUE 55.5 

PATIENT POSITIONING
 n  Patient positioning is similar to that described in Tech-

nique 55.4. We generally prefer to place the patient 
supine, but the lateral position may be beneficial with 
certain fracture patterns and with morbidly obese pa-
tients.

 n  Place the patient on a fracture table with a perineal post.
 n  Place the contralateral lower extremity in a boot and 

scissor the leg (hip extended relative to contralateral 
side).
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 n  Place the affected extremity into a boot after the reduc-
tion maneuver has been carried out (see Technique 55.4). 
We typically place the affected extremity in 20 to 30 de-
grees of hip flexion.

 n  Adduct the patient’s torso and secure the ipsilateral arm 
over the patient’s chest.

 n  Position the fluoroscopy unit on the contralateral side. 
Adequate fluoroscopy must be attainable before pro-
ceeding.

 n  Obtain fluoroscopy views in the sagittal and coronal 
planes. Make any necessary adjustments by increasing or 
decreasing traction or altering abduction/adduction and 
internal/external rotation. Carefully scrutinize the fluoro-
scopic images to avoid the most common malalignments: 
varus deformity, posterior sag, and excessive internal ro-
tation. Be aware that excessive internal rotation is com-
mon, particularly when the greater trochanter is not at-
tached to the distal segment. 

ENTRY PORTAL
 n  For fixation of intertrochanteric femoral fractures, as well 

as many other fractures of the femur, we use a modified 
medial trochanteric portal (Fig. 55.35). The modified me-
dial trochanteric portal is located on the medial aspect of 
the greater trochanter along the trochanteric ridge on the 
anteroposterior view and in line with the femoral shaft 
on the lateral view. A cadaver study found no damage to 
the gluteus medius tendon with this portal, which may be 
associated with less abductor weakness than the standard 
trochanteric portal.

 n  Make an approximately 3-cm incision, beginning 3 cm 
proximal to the tip of the greater trochanter and extend-
ing proximally (this incision may need to be extended de-
pending on the body habitus of the patient).

 n  Incise the aponeurosis of the gluteus maximus.
 n  Localize a guide pin on the medial aspect of the greater 

trochanter (modified medial trochanteric portal). Insert 
the guide pin 2 to 3 cm distally into the proximal frag-
ment. At this point use fluoroscopy to assess the guide 
pin placement in both planes. Make any corrections of 
the guide pin with a two-pin technique and a honeycomb 
type guide. We believe that the use of a two-pin technique 
saves significant fluoroscopic time in the operating room.

 n  Use the proximal reamer to ream over the guide pin to a 
depth just below the level of the lesser trochanter. Correct 
any malreduction before reaming.

 n  Place the ball-tip guide pin down the shaft of the femur to 
the physeal scar and measure the guide pin to determine 
the appropriate length of the intramedullary nail.

 n  We typically use a 10-mm diameter nail for intertrochan-
teric femoral fractures. We believe there is no significant 
benefit to placing a larger diameter nail in most situations 
and that placing a larger nail may increase the risk of 
anterior cortical perforation.

 n  Ream to a diameter 1.5 mm larger than the diameter of 
the intramedullary nail. Pay careful attention to the ante-
rior bow of the femur and, if necessary, ream 2 mm larger 
than the nail diameter.

 n  After selecting the appropriate nail angle, length, and di-
ameter, assemble the nail and drill guide. We generally 
choose a 130-degree nail because nails with less than the 
native neck-shaft angle (NSA) have been associated with 

varus malreductions (contralateral fluoroscopic evalu-
ation allows estimation of NSA). Ciufu et al. identified 
neck-shaft malreduction as a predictor of nail cut-out.

 n  Insert the nail with the guide facing anteriorly to use the 
bow of the nail to make insertion easier. Rotate the guide 
laterally after the nail has been inserted approximately 
halfway down the intramedullary canal. During nail place-
ment, evaluate its placement with lateral fluoroscopically 
to avoid anterior cortical perforation.

 n  Insert the nail to a depth that allows center-center posi-
tioning in the femoral head with the lag screw. Remove 
the ball-tipped guide pin.

 n  Evaluate version of the nail on the lateral fluoroscopic 
view; version is correct when the nail, guide, and femoral 
neck and head are all aligned.

 n  Make a small incision laterally through the skin and fascia 
and place the appropriate drill sleeve into the lateral as-
pect of the femur.

 n  Advance a guide pin to within 5 mm of subchondral 
bone. Confirm appropriate center-center position in the 
femoral head.

 n  Measure for the length of the lag screw.
 n  Ream for lag screw.
 n  Use a tap if the patient does not have osteoporotic bone.
 n  Insert the lag screw. If compression is desired with a Gam-

ma nail, turn the thumbwheel of the Gamma lag screw 
driver clockwise against the lag screw guide sleeve. The lag 
screw guide sleeve must be unlocked (knob of target device 
must be turned counterclockwise). Place the set screw.

 n  See specific technique guide if an intramedullary nail with 
a helical blade is selected.

 n  Place distal interlocking screws as desired. 

POSTOPERATIVE CARE Patients with intertrochanteric 
femoral fractures treated with an intramedullary device 
are allowed to bear weight as tolerated in most circum-
stances; however, this device may be used in more unsta-
ble fracture patterns and occasionally weight-bearing sta-
tus needs to be modified based on these fracture patterns.
  

SHORT OR LONG NAILS FOR INTERTROCHANTERIC 
FEMORAL FRACTURES
Both short and long nails are options for 31A1 and most 
31A2 intertrochanteric femoral fractures. Two recent system-
atic reviews revealed slightly longer operative times (13 to 19 
minutes), increased blood loss (37 to 39 mL), and increased  
transfusion rates with long intramedullary nails. Neither study 
demonstrated a statistically significant difference in periim-
plant femoral fracture rate, with both studies having over-
all fracture rates of less than 2%. However, implant-specific  
periimplant fracture rates may exist and should be considered 
when such data are available. Fractures do appear to increase 
with time and generally are associated with nails that are not 
interlocked distally.

PLATE FIXATION COMPARED WITH 
INTRAMEDULLARY NAIL FIXATION
The decision to use a compression hip screw or an intramed-
ullary nail is multifactorial and is based on surgeon training 
and preference, cost, and patient and fracture characteristics. 
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 FIGURE 55.33 Trochanteric stabilizing plate can be used as 
adjunct to compression hip screw and side plate fixation.  (Redrawn 
from Synthes [USA]: Trochanter stabilization plate for DHS: technique 
guide, Paoli, 2000, Synthes.)

Proponents of intramedullary nail fixation argue that less 
shortening occurs with an intramedullary nail than with 
a compression hip screw (Fig. 55.36). Minimal shortening 
(mean 5.9 mm) was found at union in a series of intertro-
chanteric femoral fractures considered “stable” and treated 
with a compression hip screw; similar shortening (5.3 mm) 
was found in “unstable” fractures treated with intramedullary 
nailing. The purpose of the study was not to compare short-
ening in stable and unstable fractures treated with different 
devices, but to show that experienced surgeons can identify 
stable intertrochanteric femoral fractures and that these sta-
ble intertrochanteric femoral fractures can be treated with a 
compression hip screw with minimal shortening. In femo-
ral neck fractures, a correlation has been identified between 
femoral neck length (shortening) and decreased functional 

outcome, and the same correlation may exist with intertro-
chanteric femoral fractures. Although more shortening does 
occur with the use of compression hip screws, the amount 
of shortening that is functionally relevant has not been well 
defined. Shortening does appear to affect gait, as Gausden 
et  al. demonstrated with gait analysis; a correlation was 
found between shortening after intertrochanteric femoral 

 

d3 cm

FIGURE 55.34 Diagram showing lateral wall thickness (d) 
defined as the distance in millimeters from a reference point 3 cm 
below innominate tubercle of the greater trochanter, angled 135 
degrees upwards to the fracture line of the distal fragment on an 
anteroposterior radiograph.  (Redrawn from Pradeep AR, KiranKumar 
A, Dheenadhayalan J, et al: Intraoperative lateral fractures during dynamic 
hip screw fixation for intertrochanteric fractures. Incidence, causative 
factors and clinical outcome, Injury 49:334, 2018.)

 FIGURE 55.35 Modified medial trochanteric portal. SEE TECH-
NIQUE 55.5.

 FIGURE 55.36 Significant shortening (malunion) after treat-
ment of intertrochanteric fracture with compression hip screw.
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fractures and decreased cadence, increased double support 
time, decreased step length, and increased single support 
asymmetry.

There is some evidence in the literature that the func-
tional outcomes in patients with certain fracture types 
may be influenced by the choice of implant. In a random-
ized trial by Utrilla et al., there was no overall difference 
in functional outcomes in patients 65 years of age or older 
with an intertrochanteric femoral fracture treated with 
either a Gamma nail or a compression hip screw; however, 
when patients with unstable fracture patterns were ana-
lyzed, those with an intramedullary nail had better walking 
ability at 12 months than those treated with a compression 
hip screw. Pajarinen et  al. compared outcomes of proxi-
mal femoral nailing with compression hip screw fixation 
in the treatment of AO/OTA 31A fractures. At 4 months 
after surgery a much larger percentage of patients (76%) 
treated with intramedullary nail fixation had returned to 
their preinjury walking ability than patients treated with 
compression hip screws (54%). The mean shortening of 
the femoral neck also was much less in patients treated 
with intramedullary nail fixation (1.3 mm) than in those 
with compression hip screws (6.1 mm).

A randomized controlled trial by Parker demonstrated 
improved mobility at 8 weeks, 3 months, and 6 months after 
surgery with intramedullary nailing compared to placement 
of a SSP device. No other clinically significant differences 
were found between groups. The 400 patients in this study 
were then combined with an additional 600 patients from a 
separate randomized controlled trial with the goal of ana-
lyzing the three different OTA/AO fracture subdivisions 
(A1, A2, A3). There were no differences in peri-implant 

fracture (0.8% in both groups) or any other fracture-related 
complications. The author reported a “consistent finding 
of superior regaining of mobility for those treated with the 
intramedullary nail with A1 and A2 fractures.” One year 
after treatment of 538 A2 and A3 fractures, Bretherton et al. 
noted greater medialization in those treated with SSP than 
in those with intramedullary nailing. Patients with more 
than 50% medialization had worse pain and mobility scores 
at 1 year.

A unique intramedullary device (InterTAN, Smith & 
Nephew, Memphis, TN) (Fig. 55.37) uses two integrated 
proximal interlocking screws that allow linear intraoperative 
compression. The nail’s geometry and integrated proximal 
interlocking at least theoretically improve rotational stability 
in the proximal segment. The first series of patients treated with 
this nail, reported by Ruecker et al., included 100 patients (32 
AO/OTA A1-1 fractures, 54 A2.1-3 fractures, and 14 reverse 
obliquity fractures), with 48 patients available for follow-up 
at 1 year. No malunions or nonunions occurred, 73% of frac-
tures had no postoperative shortening, 27% had shortening of 
less than 5 mm, and 58% of patients had returned to their pre-
fracture functional status at 1-year follow-up. Although there 
were no femoral fractures reported in this study, fracture dis-
tal to the tip of the nail has been reported by others, primarily 
with the use of short nails. Theoretical benefits of this device 
are promising, and we have used it for unstable intertrochan-
teric femoral fractures with good results. Matre et al. reported 
a large randomized trial comparing the InterTAN nail 
(Smith & Nephew, Memphis, TN) with the sliding hip screw. 
Unfortunately, the patient group was very heterogeneous and 
42% of fractures were stable OTA-AO 31A1 fractures. Only 
20% of fractures were unstable OTA-AO 31A3 fractures. A  

 

A B

FIGURE 55.37 InterTAN device uses two integrated proximal interlocking screws that allow 
linear compression intraoperatively. A, Preoperative radiograph. B, After fixation.
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trochanteric buttress plate was used for all A3 fractures and 
“considered” for A1 and A2 fractures with osteoporotic bone. 
Outcomes were similar between the two groups with a small, 
questionably clinically significant, benefit in pain with early 
mobilization in patients treated with the InterTAN. According 
to the authors, the addition of the trochanteric buttress plate 
did not prevent excessive medialization, which was associated 
with postoperative pain.

In a randomized controlled trial, Sanders et al. com-
pared the InterTAN to SSP for fixation of 249 A1 and A2 
fractures and found no difference in primary outcomes 
(Functional Independence Measure [FIM] and Timed Up 
and Go [TUG] test). They did find significantly less short-
ening in those treated with InterTAN fixation. Subgroup 
analysis demonstrated that patients who could mobilize 
independently before injury and had an unstable fracture 
(31A-2) had less shortening and improved FIM and TUG 
scores after treatment with the InterTAN compared to 
SSP. Biomechanical studies support integrated two-screw 
proximal locking. Clinically, there may be a benefit to 
integrated two-screw proximal locking for intramedul-
lary nails in the treatment of intertrochanteric femoral 
fractures; however, large, high-quality, comparative stud-
ies are still lacking. 

 

INTRAMEDULLARY NAILING OF 
INTERTROCHANTERIC FEMORAL 
FRACTURES WITH INTEGRATED 
PROXIMAL INTERLOCKING SCREWS 
(INTERTAN)

 TECHNIQUE 55.6 

 n  Patient positioning, reduction, and establishment of the 
entry portal are as described for intramedullary nailing of 
intertrochanteric femoral fractures (see Technique 55.5).

 n  Once the guide pin has been localized under fluorosco-
py, introduce the 12.5-mm entry reamer/16-mm channel 
reamer combination through the soft-tissue guide (entry 
portal tube) over the guide pin. Insert the channel reamer 
to the level of the lesser trochanter (positive stop on the 
entry portal tube) (Fig. 55.38A). We usually use a long 
InterTAN and remove the entry reamer and guide pin at 
this time, leaving the channel reamer in place.

 n  Introduce the ball-tipped guide pin or the reducer and 
then the guide pin and advance it to the level of the phy-
seal scar.

 n  Measure for the length of the intramedullary nail.
 n  If necessary, ream sequentially to a diameter 1.5 mm 

larger than the nail to be used (Fig. 55.38B). We typically 
use a 10-mm diameter nail for intertrochanteric femoral 
fractures and ream sequentially to 11.5 mm.

 n  Assemble the nail and advance it into the femur. As with 
all antegrade femoral nails inserted through a trochan-
teric or modified medial trochanteric portal, place the nail 
with the guide facing anteriorly to use the bow of the nail 

to make insertion easier (Fig. 55.38C). Rotate the guide 
laterally after the nail has been inserted approximately 
halfway down the intramedullary canal. Monitor insertion 
of the nail with lateral fluoroscopy to avoid anterior corti-
cal perforation.

 n  Before seating the nail completely, evaluate anteversion 
with lateral fluoroscopy and rotate the nail to make sure 
that the wire within the insertion handle transects the nail 
and femoral head/neck.

 n  Confirm appropriate nail depth with the alignment arm 
and fluoroscopy in the anteroposterior plane.

 n  Remove the ball-tipped guide pin.
 n  Make a small incision laterally through the skin and fascia 

and place the appropriate drill sleeve on the lateral aspect 
of the femur (Fig. 55.38D).

 n  Place two integrated proximal interlocking screws. Use 
the 4.0-mm drill to create a pilot hole for the 3.2-mm 
guide pin and place the guide pin in the center-center 
position within the femoral head to within 5 mm of sub-
chondral bone (Fig. 55.38E). Measure for the length of 
the lag screw, subtracting 5 to 10 mm from the length 
of the pin depending on the amount of compression de-
sired.

 n  Use the 7.0-mm compression screw starter drill and then 
the 7.0-mm compression screw drill inferior to the guide 
pin to drill for the derotational bar and subsequent com-
pression screw (Fig. 55.38F), and place the derotation bar.

 n  Use the 10.5-mm drill to drill over the 3.2-mm guide pin 
(Fig. 55.38G) and insert the appropriate-length lag screw 
(Fig. 55.38H).

 n  Remove the derotation bar and insert the integrated com-
pression screw (Fig. 55.38I). Relax traction before com-
pletely compressing the fracture.

 n  Remove the drill guide handle and engage the set screw 
proximally if desired.

 n  Insert a distal screw or screws for dynamic or static locking 
if desired.

POSTOPERATIVE CARE Patients with intertrochanteric 
femoral fractures treated with an InterTAN device are al-
lowed to bear weight as tolerated in most circumstances; 
however, this device may be used in more unstable frac-
ture patterns, and occasionally weight bearing needs to 
be modified based on the fracture patterns.
  

Regardless of implant selected, malrotation appears 
to be frequent with intertrochanteric femoral fractures. 
Ramanoudjame et  al. found malrotation of more than 15 
degrees in 16 (40%) of 40 fractures on postoperative CT 
scans; 14 of these were excessively internally rotated. Studies 
have shown that neutral rotation or internal rotation is most 
often necessary for appropriate reduction; however, external 
rotation may be necessary if the greater trochanter is not 
part of the distal segment. Although some malrotation, par-
ticularly in younger patients with femoral shaft fractures, 
may be fairly well compensated, similar compensation may 
not occur in geriatric patients. Interestingly, retroversion of 
the proximal femur has been found to be fairly common in 
the general population, present in up to 21% of Caucasian 
males; retroversion of more than 10 degrees was found 
in approximately 6% of African Americans. The method 
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  FIGURE 55.38 Fixation of intertrochanteric fracture with InterTAN. A, Insertion of entry reamer/channel reamer to level of lesser 
trochanter. B, Sequential reaming through channel reamer. C, Placement of nail beginning with guide facing anteriorly. D, Insertion of 
drill sleeve through small incision. E, Placement of guide pin in center-center position in femoral head. F, Drilling for derotational bar and 
subsequent compression screw. G, Drilling for lag screw with derotational bar in place. H, Insertion of lag screw. I, Insertion of integrated 
compression screw. (Modified from Ruecker AH, Russell TA, Sanders RW, Tornetta P: TRIGEN InterTAN: surgical technique, Memphis, 2006, Smith 
& Nephew.) SEE TECHNIQUE 55.6.
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of calculating the version of the uninjured side initially 
described by Tornetta for femoral shaft fractures also can 
be used for intertrochanteric femoral fractures. The version 
of the contralateral, uninjured side is calculated by obtain-
ing a true lateral image of the hip and knee. The difference 
between the values at the hip and knee is the version. This 
value can then be used as a template for the injured side. The 
only real drawback to this method is time, adding approxi-
mately 15 minutes to the procedure. This method therefore 
may not be ideal for the sickest of patients for whom operat-
ing room time should be minimized. 

SUBTROCHANTERIC FEMORAL 
FRACTURES
Fractures occurring in the area between the lesser trochanter and 
the isthmus of the femoral canal are considered subtrochanteric 
fractures. These fractures also have been described as those occur-
ring within the first 5 cm distal to the lesser trochanter. Initially 
described by Boyd and Griffin as a variant of peritrochanteric 
femoral fractures with a high incidence of unsatisfactory results, 
treatment of these fractures continues to be a challenge.

CLASSIFICATION
Many classifications have been described since that of Boyd 
and Griffin in 1949, but none has been proven to be supe-
rior to any other. The Russell-Taylor classification (Fig. 55.39) 
considers the integrity of the lesser trochanter and extension 
of fracture lines into the piriformis fossa.
Type I: Fractures do not extend into the piriformis fossa.

IA: Lesser trochanter is intact.
IB: Lesser trochanter is not intact.

Type II: Fractures extend into the piriformis fossa.
IIA: Lesser trochanter is intact.
IIB: Lesser trochanter is not intact.
This classification is descriptive and still guides treat-

ment, albeit to a lesser degree than it once may have because 
of advances in intramedullary nailing implants and tech-
niques. Reverse obliquity fractures often are considered 
Russell-Taylor IB subtrochanteric femoral fractures based on 
their behavior. 

TREATMENT
The mainstay of treatment for subtrochanteric femoral frac-
tures is intramedullary nailing. Evidence exists that intramed-
ullary implants are superior to extramedullary implants in the 
treatment of most fractures in this difficult region. Certainly, 
there are circumstances in which blade plates and proximal 
femoral locking plates are useful, and we occasionally use 
both of these devices.

INTRAMEDULLARY NAILING
Understanding the deforming forces (Fig. 55.40) is extremely 
important in avoiding the typical malalignments and mal-
unions associated with subtrochanteric femoral fractures. 
The proximal fragment is affected by the pull of the abduc-
tors, external rotators, and iliopsoas. The distal fragment is 
affected by the pull of the adductors. The results of these 
muscle insertions include abduction, external rotation, and 
flexion of the proximal fragment and medialization of the 
distal fragment. More proximal subtrochanteric femoral 

fractures are influenced to a much greater degree by these 
deforming forces than subtrochanteric femoral fractures 
that occur farther from the lesser trochanter. The overall 
pull of the quadriceps and hamstrings results in shortening 
of the extremity. The integrity of the lesser trochanter also 
affects deforming forces, and subtrochanteric femoral frac-
tures that involve the lesser trochanter may not be affected 
by the iliopsoas and therefore experience less flexion and 
external rotation.

The choice of positioning also can be influenced by the 
characteristics of the fracture. Intramedullary nailing of sub-
trochanteric femoral fractures can be done with the patient in 
a supine or lateral position. We prefer the supine position with 
a modified medial trochanteric portal for most subtrochanteric 
femoral fractures, and we reserve the lateral position for obese 
patients. A lateral starting point will result in varus malalign-
ment with resultant increased nonunion risk. We typically use 
a fracture table, but a free-hand technique also can be effective 
if an adequate number of assistants are available. We typically 
use a nailing system that allows standard proximal interlock-
ing as well as locking in reconstruction mode (two cephalom-
edullary screws). Russell-Taylor IB, IIA, and IIB fractures are 
proximally locked in reconstruction mode. Russell-Taylor IA 
fractures can be locked in standard or reconstruction mode 
(Fig. 55.41); however, for IA fractures closer to the lesser tro-
chanter we tend to proximally interlock the nail in recon-
struction mode. Patients without adequate bone stock in the 
femoral head may be treated with a Gamma nail type device 
or InterTAN. These nails also may be more appropriate for 
subtrochanteric femoral fractures in geriatric patients because 
they more closely match the radius of curvature of the femur.

We also advocate “trajectory control” (Fig. 55.42) in the 
treatment of subtrochanteric femoral fractures. Trajectory 
control involves precise establishment of the proximal nail 
portal under fluoroscopic guidance (Fig. 55.42A), obtaining 
anterior and lateral cortical support, and reaming through 
a channel (Channel Reamer, Smith & Nephew, Memphis, 
TN) (Fig. 55.42B), which we believe results in less eccen-
tric reaming and less malalignment. A retrospective study 
revealed much less malalignment after the concept of “tra-
jectory control” was implemented and a channel reamer was 
used routinely in the treatment of subtrochanteric femoral 
fractures. 

 

INTRAMEDULLARY NAILING IN 
RECONSTRUCTION MODE

 TECHNIQUE 55.7 

 n  Place the patient supine (or lateral) on a fracture table, 
with the injured extremity in traction through a skeletal 
traction pin or boot and the hip flexed 30 to 40 degrees 
(Fig. 55.43A).

 n  Use fluoroscopy to determine appropriate version. This 
determination can be made by the Tornetta method de-
scribed earlier. Alternatively, if the fracture does not in-
volve the lesser trochanter (distal to the lesser trochanter), 
the profile of the lesser trochanter relative to the knee can 
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be compared with the contralateral side. This method has 
been shown to be fairly sensitive in detecting rotational 
abnormalities. A side-to-side difference of 20% in the size 
of the lesser trochanter correlates to approximately 15 
degrees of rotational difference.

 n  After making an incision (Fig. 55.43B), place a guide pin 
on the proximal femur in a position to proceed with a 
modified medial trochanteric portal (or piriformis fossa 
portal) and insert the guide pin (Fig. 55.43C). If localiza-
tion of the guide pin is difficult because of abduction, 
flexion, and external rotation of the proximal fragment, 
enlarge the proposed lateral incision for placement of re-
construction screws and introduce a large bone-holding 
forceps to correct the proximal segment deformity and 
simplify guide pin placement.

 n  If a piriformis nail is used, the guide pin must be “cheat-
ed” approximately 5 mm anteriorly on the lateral view to 
allow placement of the two cephalomedullary screws.

 n  Correct the typical deformities of the proximal segment 
and hold them corrected before reaming the proximal seg-
ment. Correct any residual abduction and flexion with a 
combination of ball spike pusher and elevator (Fig. 55.44). 
Alternatively, place a clamp through the same incision that 
will be used for insertion of the cephalomedullary screws. If 
instability persists after clamp removal, a cerclage wire can 
be used to hold the deformities corrected (Fig. 55.45).

 n  Use the combination entry reamer/channel reamer (Fig. 
55.43D) to ream the proximal femur (Fig. 55.43E), avoid-
ing eccentric reaming.

 n  Use the reduction tool (Fig. 55.43F) to aid with fracture 
reduction (Fig. 44.43G).

 n  Insert the ball-tipped guide rod across fracture (Fig. 
55.43H).

 n  Measure for length of the intramedullary nail (Fig. 55.43I).
 n  Ream the femoral shaft sequentially through the channel 

reamer (Fig. 55.43J).
 n  Place the appropriate-size intramedullary nail and, in most 

patients, lock it proximally in reconstruction mode (Fig. 
55.43K).

 n  Drill a hole for the most distal of the cephalomedullary 
screws first, just above the calcar. Leave the drill bit in 
place while drilling for the second screw and also leave 
this drill bit in place. Place the distal screw first and then 
the more proximal screw, placing both screws in the cen-
ter of the femoral head on the lateral view.

 n  Lock the nail distally with a free-hand technique (see 
Technique 54.29).

 n  Check rotation for any external or internal rotational ma-
lalignments. Move the hip through a range of motion at 90 
degrees of flexion and compare this range of motion to the 
contralateral side. A significant side-to-side difference can 
be corrected by removing the distal interlocking screws, 
correcting the rotation, and then relocking the nail.

See also Video 55.1.

POSTOPERATIVE CARE Patients with subtrochanteric 
femoral fractures treated with an intramedullary device 
typically are allowed touch-down weight bearing for the 
first 6 weeks and advanced based on healing as shown on 
follow-up radiographs.
  

 

IA IB

IIA IIB

FIGURE 55.39 Russell-Taylor classification of subtrochanteric 
femoral fractures.

 FIGURE 55.40 Deforming forces acting on subtrochanteric 
femoral fracture.
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A common error in nailing of subtrochanteric femo-
ral fractures is a lateral starting portal, which will lead to 
varus malalignment (Fig. 55.46). Proponents of piriformis 
entry nails argue that there is less likelihood of a lateral start-
ing portal with a piriformis entry nail and theoretically less 

varus malalignment. Clear evidence does not exist that nail-
ing of subtrochanteric femoral fractures with a piriformis 
entry nail results in less varus malalignment than does the 
use of a modified medial trochanteric portal. If a suboptimal 
portal is made, it can be corrected by placing a small plate 

 

A

C

B

FIGURE 55.41 Subtrochanteric femoral fracture treated with antegrade nail proximally locked 
in reconstruction mode. A, Preoperative radiograph. B and C, After fixation with intramedullary nail.
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within the reamed lateral track and re-reaming a more medial 
portal (Fig. 55.47) or by using the original portal and add-
ing an anterior-to-posterior blocking screw to correct the 
malaligned lateral to medial trajectory (Fig. 55.48).

PLATE FIXATION
Although most RT-IIA and RT-IIB fractures can be treated 
with intramedullary nailing, the procedure can be more tech-
nically difficult. Fractures that compromise the entry portal 
often are reconstructed with a cannulated screw or small  
plate before intramedullary nailing. A very small percentage 
of subtrochanteric femoral fractures with proximal exten-
sion that compromises the integrity of the starting portal 
are best treated with a proximal femoral locking plate (Fig. 
55.49). Some clinical reports have questioned the effective-
ness of one manufacturer’s proximal femoral locking plate 
because of frequent early failures; however, biomechanical 
data comparing proximal femoral locking plates to blade 
plates are promising. Placement of a proximal femoral lock-
ing plate may be technically easier than placement of a blade 
plate. A proximal femoral locking plate can be placed with 
either a percutaneous or open technique based on fracture 
characteristics. A blade plate can be placed using direct or 
indirect reduction techniques; however, percutaneous place-
ment is not an option. A blade plate can be very useful in 
revision situations. 

 

FIXATION OF SUBTROCHANTERIC 
FEMORAL FRACTURE WITH A 
PROXIMAL FEMORAL LOCKING PLATE

 TECHNIQUE 55.8 

 n  Position the patient supine on a fracture table as de-
scribed in Technique 55.7.

 n  If the lesser trochanter on the affected side is intact, ob-
tain a fluoroscopic anteroposterior view of the contralat-
eral hip with the patella facing directly anteriorly toward 
the ceiling (this position can be confirmed with a true 
anteroposterior view of the knee). Save this image to the 
fluoroscopy machine to allow later referencing of the 
contour of the lesser trochanter (Fig. 55.50).

 n  Make a lateral approach to the proximal femur (see Tech-
nique 1.63).

 n  Split the fascia lata in line with the skin incision. Split the 
fascia of the vastus lateralis and elevate the muscle off 
the intermuscular septum. Release the origin of the vastus 
lateralis from the trochanteric ridge.

 n  Based on preoperative imaging, choose bridge plating 
or direct reduction with interfragmentary fixation and 
neutralization plating. We typically use a bridge plating 
technique and rely on preoperative templating of the con-
tralateral side for assessing length.

 n  Once appropriate alignment has been achieved, introduce 
the plate through the proximal wound to the level that al-
lows placement of a guide pin just proximal to calcar (Fig. 
55.51A). We generally use a long plate that allows place-
ment of four or five well-spaced screws (low screw density).

 n  Pin the plate in place proximally and distally with provi-
sional pins (Fig. 55.51B). A cortical screw can be placed 
to reduce the plate to bone as necessary.

 n  Place the locking screw just above the calcar (Fig. 55.51C) 
and then place a cortical screw distal to the fracture into 
the shaft and reduce the shaft to the plate, paying par-
ticular attention to the fracture alignment.

 

A B

FIGURE 55.42 “Trajectory control” (see text). Establishment of precise entry portal (A) and 
protection of portal by reaming through channel (B).  (Modified from Ruecker AH, Russell TA, Sanders 
RW, Tornetta P: TRIGEN InterTAN: surgical technique, Memphis, 2006, Smith & Nephew.)
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A

DC

E

G

F

H

B

Entry connector

Channel reamer 12.5 mm entry reamer

FIGURE 55.43 Fixation of subtrochanteric fracture with antegrade intramedullary nail locked in reconstruction mode. A, Patient 
placed supine (or lateral) on fracture table. B, Small incision beginning approximately 3 cm proximal to greater trochanter and extended 
proximally. C, Establishment of precise entry portal (medial trochanteric portal or piriformis fossa portal, depending on nail selected). 
D, Introduction of combination entry reamer/channel reamer and (E) proximal reaming. F, Reduction tool used to reduce fracture (G). H, 
Insertion of ball-tipped guide rod across fracture.
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JI

K

FIGURE 55.43, CONT’D  I, Measurement for length of nail. J, Reaming of femoral shaft sequen-
tially through the channel reamer. K, Placement of intramedullary nail and locking proximally in 
reconstruction mode. SEE TECHNIQUE 55.7.

 n  Because of concerns about creating a significant stress 
riser at the end of the plate, we tend to avoid a bicorti-
cal locking screw and prefer either a bicortical nonlock-
ing screw or a unicortical locking screw. If a bicortical 
nonlocking screw is to be used, it should be placed be-
fore placement of any locking screws in the shaft. Also, 
if a bicortical nonlocking screw and outrigger are used 
together, the outrigger should be set at least one hole 
shorter than the length of the plate.

 n  Fill the plate proximally with as many locking screws as 
possible based on the individual patient’s anatomy. If an 
initial proximal cortical screw was placed, change it to a 
locking screw.

 n  At this point, evaluate rotation. If the lesser trochanter is 
intact, rotate the foot to face the patella directly anteri-
orly. Compare the contour of the lesser trochanter to the 
other side using the fluoroscopic image obtained at the 
beginning of the procedure. Careful evaluation of rota-
tion is important because the typically externally rotated 
proximal segment may have been internally rotated at 
least to a degree with reduction of the fracture and plate 
placement.

 n  Place two or three additional screws in the shaft to com-
plete the final construct (Fig. 55.51D). The decision to use 
locking or nonlocking shaft screws is influenced by the 
patient’s bone quality.

 n  After all screws are placed, close the incision in standard 
fashion.

 n  Clinically evaluate length and rotation before the patient 
is awakened from anesthesia.

POSTOPERATIVE CARE Touch-down weight bearing is 
allowed for the first 6 weeks and is advanced based on 
evidence of healing on follow-up radiographs.
   

 

FIXATION OF SUBTROCHANTERIC 
FEMORAL FRACTURE WITH A BLADE 
PLATE

 TECHNIQUE 55.9 

 n  Preoperative planning for the placement of a blade plate 
is extremely important. Even with computerized radio-
graphs, we use printed radiographs if available to create 
an accurate template.

 n  Position the patient supine on a fracture table as de-
scribed in Technique 55.7. Make a similar lateral exposure 
as used for placement of proximal femoral locking plate 
(Technique 55.8), but extend incision significantly farther 
distally, making the incision as long as the anticipated 
plate length.

 n  Insert a Kirschner wire into the lateral aspect of the proxi-
mal femur at a 95-degree angle relative to the shaft and 
based on preoperative templating. Evaluate the position 
of the Kirschner wire and anteversion of the hip in both 
planes on a lateral fluoroscopic view. Some systems have 
guides available that simplify preparation for chisel seat-
ing.

 n  Use a 3.2-mm drill bit to prepare an entrance for the 
chisel just distal to the Kirschner wire into the lateral cor-
tex.

 n  Advance the chisel into the lateral aspect of the femur 
and into the femoral neck using the Kirschner wire as a 
guide. Make sure the chisel is continually oriented to the 
alignment of the proximal fragment with disregard for 
the orientation of the distal fragment.

    

https://booksmedicos.org


CHAPTER 55 FRACTURES AND DISLOCATIONS OF THE HIP 2941

 

A

B

C

ED

FIGURE 55.44 Use of elevator and ball spike pusher for correction of residual deformity of 
proximal segment. A, Preoperative deformity. B, Intraoperative lateral fluoroscopic image without 
reduction aids. Intraoperative anteroposterior (C) and lateral (D) fluoroscopic images showing 
elevator and ball spike pusher used to correct sagittal and coronal plane deformities. E, After 
reduction.  (Courtesy Richard Kyle, MD, Minneapolis, MN.) SEE TECHNIQUE 55.7.
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 n  Withdraw the chisel every 10 to 15 mm to avoid incarcer-
ating the seating chisel. Advance the chisel to the appro-
priate depth determined from preoperative templating.

 n  Introduce the blade plate.
 n  Once fully seated, use the plate to reduce the fracture. 

Bone-holding forceps can be used to provisionally reduce 
the plate to the bone distally while screws are inserted. 

Insert an eccentrically placed screw first. If compression 
provided by this screw is insufficient, an articulating ten-
sioner can be used.

 

A B

FIGURE 55.45 Use of cerclage wire to hold correction of proximal segment deformity. Preop-
erative (A) and postoperative (B) radiographs.  (Courtesy William Albers, MD, Memphis, TN.) SEE 
TECHNIQUE 55.7.

 FIGURE 55.46 Varus malalignment with implant failure 
resulting from lateral starting point.

 FIGURE 55.47 To correct suboptimal portal, a small plate can be 
placed in reamed lateral track and more medial portal established.  
(Redrawn from Gardner MJ, Henley HB: Harborview illustrated tips and tricks 
in fracture surgery, Philadelphia, 2010, Lippincott Williams and Wilkins.)
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 n  Evaluate rotation as described with fixation with a proxi-
mal femoral locking plate (see Technique 55.8). Any ro-
tational abnormality can be corrected by removing the 
distal screws, correcting the rotational abnormality, and 
reinserting the screws.

POSTOPERATIVE CARE Postoperative care is the same 
as for that after fixation with a proximal femoral locking 
plate (see Technique 55.8).
   

HIP DISLOCATIONS AND 
FEMORAL HEAD FRACTURES
Hip dislocations and femoral head fractures typically are 
the result of a high-energy mechanism. The most common 
mechanism of injury is a motor vehicle accident. In addi-
tion to the hip dislocation or hip dislocation with asso-
ciated femoral head fracture, associated ipsilateral knee 
pathology is quite common. One study noted an 89% inci-
dence of ipsilateral knee pathology on MRI evaluation. A 
high index of suspicion is necessary to avoid missing knee 
injuries and injuries to other areas of the body. Associated 
systemic injuries have been documented in 40% to 75% of 
patients. Sciatic nerve injuries also are common with pos-
terior hip dislocations and have been documented in 10% 
to 15% of patients.

The clinical presentation of the injured limb can 
give important information regarding the likely type 
and direction of hip dislocation. Most hip dislocations 
are posterior, and the position of the injured extremity 
is shortened, internally rotated, and adducted. Anterior 
dislocations are much more rare (<10%) and present as 
a shortened and externally rotated limb. A rare type of 
fracture-dislocation includes a pure hip dislocation with 
a femoral head fracture, and this injury pattern presents 
uniquely as slight hip and knee flexion and neutral hip 
rotation (Fig. 55.52). Mehta and Routt described this 
injury pattern and warned about the consequences of 
attempted closed reduction.

The evaluation of a patient with suspected hip dislocation 
should be expedited, beginning with an immediate antero-
posterior pelvic radiograph before any attempt at reduction. 
The size of the femoral head and the projection of the lesser 
trochanter compared with the contralateral side yield impor-
tant information about the direction of the dislocation. With 
a posterior dislocation, the femoral head typically appears 
smaller and the lesser trochanter may not be seen because of 
internal rotation of the extremity (Fig. 55.53). With an ante-
rior dislocation, the femoral head typically appears larger 
and the lesser trochanter may be seen in its entirety because 
of external rotation of the extremity. Loss of concentricity 
of the femoral head with the acetabulum also is seen with 
dislocation.

A pure hip dislocation should be reduced as soon 
as possible to minimize the risk of osteonecrosis. There 
has been some discussion as to the location (emergency 
department or operating room) where reductions should 
take place; this decision should be based on the resources 
of individual hospitals. The risk of osteonecrosis clearly 
increases with increasing time to reduction of the dis-
location. Osteonecrosis may complicate 1% to 22% of 
posterior hip dislocations. Multiple attempts at closed 
reduction should be avoided to minimize the risk of iat-
rogenic damage to the femoral head. Repeat plain films 
and a CT scan of the pelvis should be obtained after 
closed reduction. Intraarticular fragments from either 
the posterior wall or femoral head that result in an incon-
gruous reduction are an indication for surgical treat-
ment. Patients with incongruous hip joints secondary to 
intraarticular fragments (Fig. 55.54) after closed reduc-
tion are placed in distal femoral skeletal traction. The 
size and location of intraarticular fragments are evalu-
ated on CT scan (Fig. 55.55). Patients are then treated on 
an emergent or urgent basis depending on the size of the 
fragment and the patient’s condition.

REDUCTION MANEUVERS FOR POSTERIOR 
HIP DISLOCATION
Many closed reduction maneuvers have been described, 
including the Rochester Method (Fig. 55.56), the East 
Baltimore lift, and the Allis, Bigelow, and Stimson maneu-
vers. The Rochester Method is effective and convenient 
for the surgeon but can be used only when the patient does 
not have a contralateral lower extremity injury. The sur-
geon performing the reduction maneuver stands on the 
side of the patient’s affected extremity. The patient’s hips 
and knees are flexed to 90 degrees bilaterally. An assistant 
supports the contralateral hip and maintains knee flexion 

 FIGURE 55.48 Malalignment from suboptimal portal can be 
corrected by addition of anterior-to-posterior blocking screw.
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by holding the foot/ankle. The surgeon’s more cephalad 
arm is passed beneath the patient’s proximal calf and 
placed on the contralateral patella, while the more caudal 
arm is used to control the patient’s ipsilateral ankle and 

rotate the extremity as needed. A second assistant stabi-
lizes the pelvis if needed. The surgeon internally rotates 
the extremity before using the contralateral patella as a 
fulcrum to apply an anterior-directed force to reduce the 

 

A B

C D

FIGURE 55.49 Proximal femoral locking plate fixation of subtrochanteric femoral fracture with 
proximal extension. A, Preoperative radiograph. B, Preoperative axial CT scan shows extension 
proximally into piriformis fossa. C and D, After fixation with locking plate.
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dislocation. As the hip is reduced the surgeon externally 
rotates the extremity.

The East Baltimore lift (Fig. 55.57) is also convenient 
and effective. This maneuver does require some additional 

effort from an assistant but can be used in patients with 
contralateral lower extremity injuries. The surgeon per-
forming the reduction maneuver stands on the side of the 
patient’s affected extremity. The patient’s ipsilateral hip and 

 

A B C D
FIGURE 55.50 Rotation can be assessed by comparison of contour of affected lesser trochanter 

to that of contralateral hip. A, The contour of the lesser trochanter from the contralateral uninjured 
side with the patella oriented anteriorly. B, The contour of the lesser trochanter from the injured 
side should match the uninjured side after correct rotation has been restored. C, The contour of the 
lesser trochanter is diminished as the proximal fragment is internally rotated relative to the distal 
fragment. This indicates an overall external rotation deformity of the extremity. D, The contour 
of the lesser trochanter is enlarged as the proximal fragment is externally rotated relative to the 
distal fragment. This indicates an overall internal rotation deformity of the extremity. (Redrawn 
from Krettek C: Fractures of the distal femur. In Browner BD, Jupiter JB, Levine AM, et al, editors: Skeletal 
trauma, 4th ed. Philadelphia, 2009, Elsevier.) SEE TECHNIQUE 55.8.

 

A C DB
FIGURE 55.51 Fixation of subtrochanteric fracture with proximal femoral locking plate (see 

text). A, Plate is introduced through proximal wound and advanced distally to the level that allows 
placement of guide pin just proximal to calcar and in the center of the femoral head on the lateral 
view. B, Plate is pinned in place proximally and distally once placement has been optimized. C, 
Locking screw is placed just proximal to calcar. D, Final construct after placement of proximal and 
distal screws. (Modified from Peri-Loc locked plating system: surgical technique, Memphis, Smith & Nephew, 
2011.) SEE TECHNIQUE 55.8.
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FIGURE 55.52 Pure hip dislocation with concomitant femoral head fracture. A and B, Char-
acteristic extremity posture. C, Preoperative radiograph. Preoperative axial (D and E) and coronal 
(F) CT scans. G, Anteroposterior pelvic radiograph shows union.
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 FIGURE 55.53 Posterior hip dislocation.

knee are flexed to 90 degrees. The surgeon’s more cepha-
lad arm is passed beneath the patient’s proximal calf and 
placed on an assistant’s shoulder. The assistant reciprocates 
by placing his or her hand on the surgeon’s shoulder for 
stability. The surgeon’s more caudal arm is used to control 
the patient’s ankle and rotate the extremity if necessary. A 
second assistant stabilizes the pelvis as needed. The sur-
geon internally rotates the extremity, and the surgeon and 
first assistant then stand (extending at the hips and knees), 
resulting in an anterior-directed force to reduce the dislo-
cation. As the hip is reduced the surgeon externally rotates 
the extremity.

The Allis maneuver (Fig. 55.58) can be done with one 
less assistant than the East Baltimore lift. The patient is posi-
tioned supine, an assistant stabilizes the pelvis, and the sur-
geon applies traction in the direction opposite the deformity. 
While traction is being applied, the hip is flexed to 90 degrees 
and the extremity is internally and externally rotated as nec-
essary to achieve reduction.

 

A

B

C

D

FIGURE 55.54 Incongruous joint after closed reduction as a result of intraarticular fragments. 
A, Pre-reduction radiograph. B, Radiograph after reduction. Axial (C) and coronal (D) CT scans after 
reduction.
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A B

FIGURE 55.55 Subtle incongruity on a plain radiograph (A) can be further evaluated on CT 
scan (B).

 FIGURE 55.56 Rochester maneuver for reduction of posterior 
hip dislocation.  (Redrawn from Stefanich RJ: Closed reduction of poste-
rior hip dislocation: the Rochester method, Am J Orthop (Belle Mead NJ) 
28:64, 1999.)

The Bigelow maneuver (Fig. 55.59) requires the same 
number of individuals as the Allis maneuver. The patient 
is again positioned supine, and an assistant stabilizes the 
pelvis. The surgeon places one arm beneath the patient’s 
proximal calf and grasps the ankle with his or her other 
arm. The surgeon applies traction in the direction oppo-
site the deformity and then flexes the hip to 90 degrees. 

Traction is maintained at 90 degrees of flexion, keeping 
the extremity adducted and internally rotated. The femo-
ral head is then levered into the acetabulum with a com-
bination of abduction, external rotation, and extension of 
the hip.

The Stimson maneuver (Fig. 55.60) is not very practical 
because the patient must be placed prone with the affected 
extremity off the end of the table.

If reduction cannot be obtained by closed methods with 
adequate sedation, an immediate CT scan is ordered to deter-
mine the presence of any block to reduction. One additional 
closed reduction attempt can be made in the operating room 
with the patient under general anesthesia, proceeding with 
open reduction if necessary. 

REDUCTION MANEUVER FOR ANTERIOR 
HIP DISLOCATION
Anterior hip dislocations typically can be reduced with lon-
gitudinal traction, laterally directed force on the thigh, and 
often internal rotation to complete the reduction. If closed 
reduction fails, the Smith-Petersen approach is used for open 
reduction. 

 

OPEN REDUCTION OF POSTERIOR 
HIP DISLOCATION THROUGH A 
POSTERIOR APPROACH

 TECHNIQUE 55.10 

 n  Place the patient in the lateral position with the hip ex-
tended and the knee flexed to relieve tension on the 
sciatic nerve. Consider the use of traction if there is an 
intraarticular fragment.

 n  Make a standard Kocher-Langenbeck approach to the hip 
(see Technique 1.79).
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 FIGURE 55.57 East Baltimore lift for reduction of posterior hip 
dislocation.

 n  Identify the sciatic nerve, which can be difficult because 
of the altered anatomy. Attempt to locate the nerve on 
the posterior aspect of the quadratus femoris muscle.

 n  To avoid further potential insult to the blood supply of the 
femoral head, do not release the quadratus femoris from 
the femur; release the piriformis and obturator tendons 
at least 15 mm from their respective insertions, and make 
any necessary capsulotomy extension off the acetabular 
rim.

 n  Remove any impediments to reduction in the acetabulum, 
including osteochondral fragments or labrum.

 n  Guide the femoral head back into the acetabulum while 
protecting the sciatic nerve.

POSTOPERATIVE CARE After reduction of pure hip 
dislocations, weight bearing is allowed as tolerated on 
crutches, with progression as pain allows. Patients with 
posterior hip dislocations are instructed in posterior hip 
precautions and follow these for at least 6 weeks. Patients 
are followed closely for the first 2 years because, if osteo-
necrosis is going to develop, it likely will present within 
this time frame.
  

Associated posterior wall fractures are common with 
posterior hip dislocations; their treatment is described in 
Chapter 56. Femoral head fractures occur in association with 
5% to 15% of hip dislocations. The most frequently used clas-
sification system of femoral head fractures is the Pipkin clas-
sification (Fig. 55.61):

Type I: Femoral head fracture caudal to fovea
Type II: Femoral head fracture cephalad to fovea
Type III: Femoral head fracture (Pipkin I or II) with fem-

oral neck fracture
Type IV: Femoral head fracture (Pipkin I, II, or III) with 

acetabular fracture
Similar to pure hip dislocations, reduction of a hip dis-

location with an associated femoral head fracture (Pipkin 
types I and II) should be performed as soon as possible 
and after considering features consistent with an irreduc-
ible fracture-dislocation. After reduction, CT should be 
used to assess the size, location, and reduction of the fem-
oral head fragment. Most would argue that large Pipkin 
type I femoral head fragments, especially with fragment 
displacement, should be rigidly fixed. With larger femo-
ral head fragments, the likelihood of instability increases. 
More controversy exists over smaller femoral head frag-
ments. Some recommend acute excision, whereas oth-
ers believe the fragment can be treated nonoperatively. 
Assessment of reduction with CT is essential. Any Pipkin 
type II fracture that is not anatomically reduced should be 
treated surgically. Reduction and fixation can be accom-
plished through an anterior (Smith-Petersen) or posterior 
(Kocher-Langenbeck) approach or a posterior approach 
with surgical dislocation. We typically use a Smith-
Petersen approach or surgical dislocation for Pipkin type I 
and II femoral head fractures, and the fractures usually are 
fixed with countersunk 2.7-mm or 3.5-mm cortical screws 
or headless compression screws.

Pipkin type III fractures are rare, and data to guide man-
agement of these injuries are lacking. In young patients, we 

 FIGURE 55.58 Allis reduction maneuver for posterior hip dislo-
cation.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS 2950

usually proceed with open reduction and internal fixation. 
Older patients are treated with arthroplasty.

Pipkin type IV fractures most commonly consist of a fem-
oral head fracture with a posterior wall acetabular fracture. 
This combination may be best treated with surgical dislocation 
(Fig. 55.62). Treatment generally is dictated by the acetabular 
fracture. A multicenter study evaluating the complications 
associated with surgical hip dislocation concluded that the 
procedure is safe with a low incidence of complications. Of 

334 hips treated with surgical hip dislocation for various hip 
pathologic processes, none developed osteonecrosis. The rate 
of trochanteric nonunion was 1.8%. Although the number of 
hips in this series is large, only one patient had surgical dislo-
cation for trauma. Osteonecrosis also has not been reported 
as a complication in a series in which this approach was used 
for treatment of femoral head fractures or for joint debride-
ment and treatment of acetabular fractures. The technique for 
surgical dislocation of the hip (Ganz) is described in Chapter 
6 (see Technique 6.1). Surgical dislocation allows excellent 
visualization for open reduction and internal fixation of large 
femoral head fragments or debridement or excision of small 
femoral head fragments.

Hip dislocations with associated femoral head fractures 
are managed with touch-down weight bearing for 12 weeks. 
An exception to this management is a patient with femoral 
head excision, who is allowed to bear weight as tolerated 
on crutches. Patients also are instructed on hip precautions 
and are told to follow these for at least the first 6 weeks after 
surgery.

Closed reduction of a posterior hip dislocation can be 
complicated by the presence of an ipsilateral femoral neck 
or femoral shaft fracture. An anteroposterior view of the 
pelvis must be obtained and reviewed before any reduction 
attempt because attempts at closed reduction of a posterior 
hip dislocation with an associated femoral neck fracture may 
result in displacement or further displacement of the femo-
ral neck fracture and further injury to the vessels supplying 
the femoral head. Physiologically older patients with this 
injury should be treated with arthroplasty. Younger patients 
should be treated with open reduction of the femoral neck 

 FIGURE 55.59 Bigelow reduction maneuver for posterior hip 
dislocation.

 FIGURE 55.60 Stimson maneuver for reduction of hip disloca-
tion.

 

A B

C D
FIGURE 55.61 Pipkin classification of posterior dislocation of 

hip with femoral head fracture. A, Type I: femoral head fracture 
caudal to fovea capitis. B, Type II: femoral head fracture cephalad to 
fovea capitis. C, Type III: type I or II fracture with associated femoral 
neck fracture. D, Type IV: type I, II, or III fracture with associated 
acetabular fracture.
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FIGURE 55.62 Surgical dislocation of the hip for treatment of Pipkin IV fracture (open reduc-
tion and internal fixation of posterior wall acetabular fracture and debridement of infrafoveal 
femoral head fracture). A, Injury pelvic radiograph. B, After reduction. Axial (C) and coronal (D) 
CT scans after reduction. E, Postoperative pelvic radiograph.
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fracture if displaced and then with reduction of the hip dis-
location. We do not attempt closed reduction of dislocated 
hips with associated femoral neck fractures unless the neck 
fracture is nondisplaced and can be stabilized (provisionally 
or definitively) before any reduction attempt. Dislocated hips 
with femoral shaft fractures are treated differently, and an 
attempt at closed reduction should be made. If difficulty is 
encountered, the patient is taken to the operating room and 
a Schanz pin in the proximal aspect of the femoral shaft is 
used to aid reduction. 

FRACTURES OF THE IPSILATERAL 
FEMORAL NECK AND SHAFT
Ipsilateral femoral neck fractures occur in association with 
femoral shaft fractures between 1% and 9% of the time. Timing 
of the diagnosis of the femoral neck fracture has a dramatic 
impact on outcomes, and late diagnosis of concomitant femoral 

neck fractures can have disastrous complications. Radiographs 
must be carefully scrutinized to avoid missing an associated 
femoral neck fracture. The evaluation of femoral fractures 
includes anteroposterior and lateral views of the femur, as well 
as an anteroposterior view of the pelvis and lateral view of the 
affected hip. Because a high-quality lateral image of the affected 
hip can be difficult to obtain in a patient with a femoral frac-
ture, a pelvic CT scan is obtained on every patient who has a 
femoral fracture caused by blunt trauma. The pelvic CT scan 
should be 2-mm cuts and include coronal and sagittal recon-
structed images in addition to the standard axial images.

If the femoral neck fracture is diagnosed preoperatively, 
its treatment is the priority, followed by treatment of the fem-
oral shaft. If the femoral neck is displaced, open reduction 
generally is performed through a Smith-Petersen or Watson-
Jones approach, and stabilization is obtained with either 
cannulated screws or a compression hip screw (Fig. 55.63). 
If the femoral neck is nondisplaced, it also can be stabilized 
with either cannulated screws or a compression hip screw. 

 

A B

C

FIGURE 55.63 Fixation of ipsilateral femoral neck and shaft fractures. A, Preoperative radio-
graph. B and C, Postoperative radiographs.
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As previously noted in the section on femoral neck fractures, 
reduction and fixation are done with the patient on a frac-
ture table to allow the highest quality lateral imaging. A non-
displaced femoral neck fracture with an associated femoral 
shaft fracture can be treated with a single device (antegrade 
reconstruction nail), but this is technically difficult and the 
potential complications are greater. If using an antegrade nail, 
we generally place a cannulated screw across the femoral neck 
fracture before intramedullary nailing.

To avoid missing associated femoral neck fractures, live 
fluoroscopic images are obtained after placement of an intra-
medullary nail. Stress examination of the femoral neck also 
has been advocated by some authors. A standard anteropos-
terior view of the pelvis with the lower extremities in inter-
nal rotation and a lateral view of the hip are obtained in the 
operating room with the patient under anesthesia. Even with 
this protocol it is possible to miss a femoral neck fracture, and 
repeat imaging of the hip is indicated if the patient has any 
complaints of hip pain.

If a femoral neck fracture is diagnosed after placement 
of an intramedullary nail (Fig. 55.64), treatment is based 
on the amount of displacement and the nail system that has 
been used. If the femoral neck fracture has not been diag-
nosed until this point, the fracture is likely nondisplaced or 
minimally displaced. If the fracture is nondisplaced and the 
nail system has a reconstruction option, the standard proxi-
mal interlocking screw can be removed and two cephalo-
medullary screws placed. Occasionally, the nail position must 
be adjusted cranial or caudal to allow placement of the two 
cephalomedullary screws. If this adjustment is necessary, two 
guide pins are placed across the femoral neck to avoid dis-
placement of the fracture. If the nailing system does not allow 
a reconstruction option, cannulated screws can be placed 
around the intramedullary nail.

Ostrum et al. reported 92 proximal femoral fractures (68 
of which were femoral neck fractures) with associated ipsilat-
eral femoral shaft fractures. Only 15 of the femoral neck frac-
tures were transcervical or subcapital, and overall only 39% 

 

A C

DB

FIGURE 55.64 Ipsilateral femoral neck fracture discovered intraoperatively after placement of 
intramedullary nail. A, Preoperative radiograph. B, Intraoperative fluoroscopic view after placement 
of intramedullary nail. C, Intraoperative fluoroscopic view after range of motion of hip under live 
fluoroscopy. D, Intraoperative fluoroscopic view after removal of standard proximal interlocking 
screw and placement of reconstruction screws.
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of the 92 proximal femoral fractures were displaced. All frac-
tures were treated with either a sliding hip screw or cannu-
lated screws. Nonunion occurred in two (3%) of 68 femoral 
neck fractures, and 8 (8%) of 92 femoral shaft fractures devel-
oped delayed unions or nonunions that required secondary 
intervention. No differences were detected between the two 
fixation devices.

Patients with ipsilateral femoral neck and shaft fractures 
are allowed only touch-down weight bearing for the first 10 to 
12 weeks after surgery.
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FRACTURES OF THE ACETABULUM AND PELVIS
Michael J. Beebe

CHAPTER 56

ACETABULAR FRACTURES
The management of acetabular fractures is one of the most, 
if not the most, complex aspect of orthopaedic trauma. It 
involves a definite learning curve, probably best documented 
in a report by Matta and Merritt of the first 121 acetabular 
fractures treated operatively by Matta. Grouping the surgical 
reductions chronologically in groups of 20 clearly showed that 
experience improved the ability to avoid unsatisfactory reduc-
tions and to perform anatomic reductions (Fig. 56.1). Kebaish, 
Roy, and Rennie demonstrated this same concept by compar-
ing the reductions obtained by experienced pelvic trauma sur-
geons with those obtained by less experienced surgeons, who 
had a much lower rate of anatomic reduction (Fig. 56.2).

ANATOMY
The acetabulum is an incomplete hemispherical socket with an 
inverted horseshoe-shaped articular surface surrounding the 
medial nonarticular  cotyloid fossa. The acetabulum can best 
be described as a partial ball and socket joint composed of six 
components: (1) anterior, or iliopubic, column, (2) posterior, or 
ilioischial, column, (3) anterior wall, (4) posterior wall, (5) ace-
tabular dome/roof, and (6) medial wall or quadrilateral plate.

The two columns of bone, described by Letournel and 
Judet as an inverted Y, support and transmit load to the 
remainder of the pelvis (Fig. 56.3). The anterior column is 
composed of the anterior half of the iliac crest, the iliac spines, 
the anterior half of the acetabulum, and the pubis. The pos-
terior column is the ischium, the ischial spine, the posterior 
half of the acetabulum, and the dense bone forming the sci-
atic notch. The shorter posterior column ends at its intersec-
tion with the anterior column at the top of the sciatic notch. 
Classification of these fractures used the column concept, and 
its understanding is central to the discussion of fracture pat-
terns, operative approaches, and internal fixation.

The articular surface of the acetabulum is divided into 
the remaining four parts. The posterior wall is larger than the 

anterior wall and more often presents as a separate fragment 
because of the flexed position of the hip during the occurrence 
of many acetabular fractures. The iliopectineal eminence is the 
prominence in the anterior column that lies directly over the 
femoral head and represents the inferior half of the anterior 
wall. This area can be especially difficult to access and provide 
stable fixation when represented as a separate fragment. The 
dome, or roof, of the acetabulum is the weight-bearing portion 
of the articular surface that supports the femoral head when 
in an upright bipedal position (Fig. 56.4). While it is a conflu-
ence of the anterior and posterior walls, the ability to provide 
anatomic restoration must be considered when choosing an 
approach. Further, it must be recognized that when the dome 
occurs as a separate fragment or impacted articular segment, it 
is important to optimize reduction, fixation, and thus, patient 
outcomes. Anatomic restoration of the dome with concentric 
reduction of the femoral head beneath this dome is the goal of 
both operative and nonoperative treatment.

The quadrilateral surface is the flat plate of bone form-
ing the lateral border of the true pelvic cavity and lying adja-
cent to the medial wall of the acetabulum (Fig. 56.5). The 
quadrilateral surface may be comminuted and incompetent, 
especially in acetabular fractures in the elderly, and the thin 
nature of this bone may limit the types of fixation that can be 
used in this region.

The neurovascular structures passing through the pelvis 
are at risk during the original injury and subsequent treatment, 
and the various surgical approaches are designed around these 
structures. The sciatic nerve exiting the greater sciatic notch 
inferior to the piriformis muscle frequently is injured with pos-
terior fracture-dislocations of the hip and fractures with pos-
terior displacement (Fig. 56.6). The functioning of both the 
tibial and common peroneal components of the sciatic nerve 
must be carefully documented in the emergency department 
and after subsequent interventions (including reduction of a 
hip dislocation and changes in traction). The sciatic nerve has 
frequent variation in its relationship to the piriformis muscle as 
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it exits the sciatic notch, with common separation of tibial and 
peroneal branches at this level.

The superior gluteal artery and nerve exit the greater sci-
atic notch at its most superior aspect and can be tethered to 

the bone at this level by variable fascial attachments. Fractures 
that enter the superior portion of the greater sciatic notch can 
be associated with significant hemorrhage, possibly requiring 
angiography with embolization of the superior gluteal artery 
(Fig. 56.7). Selective and nonselective angiography may play 
a role in operative indications and approaches and should be 
as selective as possible to limit these risks.
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FIGURE 56.2 Quality of reduction of acetabular fractures 
obtained by experienced pelvic trauma surgeons compared with 
surgeons with less experience. Mild incongruency is defined as up 
to 4 mm of fracture displacement; moderate incongruency, as 4 
to 10 mm; and severe incongruency, as more than 10 mm. (From 
Kebaish AS, Roy A, Rennie W: Displaced acetabular fractures: long-term 
follow-up, J Trauma 31:1539, 1991.)
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FIGURE 56.3 Two-column concept of Letournel and Judet 
used in classification of acetabular fractures (see text).
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FIGURE 56.4 Superior dome of acetabulum.
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FIGURE 56.5 A, Iliopectineal eminence overlies dome of 
acetabulum. B, Quadrilateral surface lies adjacent to medial wall 
of acetabulum.
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FIGURE 56.1 A, Percentage of anatomic reductions per group of 20 for first 100 cases. B, Number of unsatisfactory reductions of 
displaced acetabular fractures per group of 20 for Matta’s first 100 surgical cases. (From Matta JM, Merritt PO: Displaced acetabular fractures, 
Clin Orthop Relat Res 230:83, 1988.)
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Knowledge of the intrapelvic relationships of the lum-
bosacral trunk, common and external iliac vessels, and 
inferior epigastric vessels as well as of the obturator artery 
and nerve becomes crucial as retractors, reduction forceps, 
drills, and screws are placed through anterior approaches. 
One particularly noteworthy anatomic relationship is the 
anastomosis between obturator and external iliac systems, 
which occurs in more than 80% of patients (Fig. 56.8). 
Failure to ligate this vascular connection during the ilio-
inguinal or Stoppa approach can lead to significant hemor-
rhage that is difficult to control as the vessels retract into 
the pelvis. 

RADIOGRAPHIC EVALUATION
The acetabulum is evaluated radiographically with an antero-
posterior pelvic view as well as with the 45-degree oblique 
views of the pelvis described by Judet and Letournel, com-
monly called Judet views. In the iliac oblique view, the radio-
graphic beam is roughly perpendicular to the iliac wing. In 
the obturator oblique view, the radiographic beam is roughly 
perpendicular to the obturator foramen. Inclusion of the 
opposite hip in the radiographic field on the anteroposterior 
and Judet views is essential for evaluation of symmetric con-
tours that may have slight individual variations and to deter-
mine the width of the normal articular cartilage in each view.

Six radiographic landmarks were defined by Judet and 
Letournel and should be appreciated on all plain films. The 
iliopubic line, or arcuate line, represents the medial cortex 
of the anterior column, while the ilioischial line signifies 
the medial cortex of the posterior column. The radiographic 
graphic U, more commonly referred to as the teardrop, rep-
resents the most inferior and anterior aspect of the acetabu-
lar fossa laterally and the anterior aspect of the quadrilateral 
plate medially. The sourcil represents the acetabular roof and 
extends to the lateral aspect of the teardrop superiorly. The 
anterior and posterior lips represent the most lateral aspect of 
the anterior and posterior walls, respectively.

The radiographic landmarks seen on each view are 
depicted in Figures 56.9 and 56.10. Fractures that traverse 
the anterior column disrupt the iliopectineal line, whereas 
fractures that traverse the posterior column disrupt the 
ilioischial line. Each fracture pattern in the classification of 
Letournel and Judet has typical radiographic characteris-
tics with respect to the disruption or intactness of the radio-
graphic landmarks, as shown for a posterior column fracture 
in Figure 56.11. Evaluation of the various fracture patterns 
from the standard radiographs requires an understanding of 
the three-dimensional implications of the status of each of the 
radiographic landmarks, as well as a three-dimensional grasp 
of pelvic bony anatomy and the possible variations of fracture 
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Sciatic nerve

Superior gluteal
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FIGURE 56.6 Piriformis divides greater sciatic notch and is 
key to this region. Sciatic nerve is shown leaving pelvis below this 
muscle; superior gluteal artery, vein, and nerve are above it.
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FIGURE 56.7 Diagram depicting the pelvic arterial system, 
overlaid on a pelvic angiogram. The common iliac artery is shown 
in aqua; the external artery, in yellow; the internal iliac artery, in 
green; the posterior branch of the internal iliac artery, in red; and 
the anterior branch of the internal iliac artery, in blue. Smaller 
vessels include the superior gluteal artery (1), iliolumbar artery (2), 
lateral sacral artery (3), inferior gluteal artery (4), umbilical artery 
(5), obturator artery (6), internal pudendal artery (7), medial rectal 
artery (8), uterine artery or ductus deferens (9), and superior vesical 
artery (10).  (From Viadya R, Waldron J, Scott A, et al: Angiography and 
embolization in the management of bleeding pelvic fractures, J Am Acad 
Orthop Surg 26:e68, 2018.)
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FIGURE 56.8 Schematic drawing showing arterial and venous 
anastomosis between external iliac and obturator systems.
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FIGURE 56.9 Landmarks of standard anteroposterior radio-
graph of hip. 1, Iliopectineal line beginning at greater sciatic notch 
of ilium and extending down to pubic tubercle. 2, Ilioischial line 
formed by posterior four fifths of quadrilateral surface of ilium. 
3, Radiographic teardrop composed laterally of most inferior and 
anterior portion of acetabulum and medially of anterior flat part of 
quadrilateral surface of iliac bone. 4, Roof of acetabulum. 5, Edge of 
anterior lip of acetabulum. 6, Edge of posterior lip of acetabulum.
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FIGURE 56.10 Judet views of the hip. A, Obturator oblique view. B, Iliac oblique view.

lines within a given fracture pattern. In the operating room, 
the three standard views can be obtained with fluoroscopy. 
The restoration of the radiographic landmarks is a guide to 
the adequacy of fracture reduction. Borrelli et al. described 
the use of Judet view radiographs generated from computed 
tomography (CT) data that they found to be as good as or 
better than conventional radiographs in identifying fracture 
characteristics and classification; however, it should be noted 
that classically described radiographic findings such as the 
“spur sign” may not be as readily apparent when the patient is 
not tilted, as in traditional Judet views.

The anatomic dome is a three-dimensional structure 
composed of subchondral bone and its overlying cartilage 
that articulates with the weight-bearing portion of the femo-
ral head. Multiple studies have concluded that the single most 
important factor affecting long-term outcome in both opera-
tively and nonoperatively treated acetabular fractures is main-
tenance of a concentric reduction of the femoral head beneath 
an intact or anatomically reconstructed dome. The dome, or 
roof, can be seen on the anteroposterior and Judet views of 
the pelvis, but the subchondral bone shown on each of these 
views is only 2 to 3 mm wide and represents only that small 
portion of the actual articular weight-bearing surface that is 
tangential to the x-ray beam. Matta et al. developed a system 
for roughly quantifying the acetabular dome after fracture, 
which they called the “roof arc” measurements. These mea-
surements involve determination of how much of the roof 
remains intact on each of the three standard radiographic 
views: anteroposterior, obturator oblique, and iliac oblique. 
The medial roof arc is measured on the anteroposterior view 
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by drawing a vertical line through the roof of the acetabulum 
to its geometric center. A second line is then drawn through 
the point where the fracture line intersects the roof of the ace-
tabulum and again to the geometric center of the acetabulum. 
The angle thus formed represents the medial roof arc (Fig. 

56.12A). The anterior and posterior roof arcs are similarly 
determined on the obturator oblique and iliac oblique views, 
respectively (Fig. 56.12B and C). Although these are rough 
calculations, they are useful in the assessment of fractures 
of the posterior or anterior column, transverse fractures, 

 

C

BA

FIGURE 56.11 Fracture of posterior column of acetabulum. A, Anteroposterior view shows intact iliopectineal line, with disrupted 
ilioischial line. B, Iliac oblique (Judet) view shows disrupted posterior column and intact anterior wall. C, Obturator oblique (Judet) view 
shows intact anterior column in profile.
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FIGURE 56.12 “Roof arc” measurement, as described by Matta et al. A, Medial roof arc is measured on anteroposterior view. B, Ante-
rior roof arc is measured on 45-degree angle obturator oblique view. C, Posterior roof arc is measured on 45-degree angle iliac oblique 
view.
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T-type fractures, and associated anterior column and poste-
rior hemitransverse fractures; they have limited usefulness 
for evaluation of both-column fractures and fractures involv-
ing the posterior wall. According to Matta et al., if any of the 
roof arc measurements in a displaced fracture are less than 45 
degrees, operative treatment should be considered.

CT is invaluable in the diagnosis and planning of treat-
ment for acetabular fractures, as even fellowship-trained 
orthopaedic trauma surgeons can more reliably classify frac-
tures on CT as compared to multiplanar radiographs. Axial 
cuts should be taken with thin (3-mm or less) intervals and 
corresponding slice thicknesses. The entire pelvis generally is 
included to avoid missing a portion of the fracture, and com-
parison to the opposite hip is performed routinely. The sur-
geon should learn to move from image to image, following the 
fracture lines and envisioning the obliquities and displace-
ments of the fracture lines shown. A plastic pelvic model is 
helpful in learning this technique and later for drawing more 
complex fractures directly on the model. In general, the trans-
verse fracture lines and fractures of the anterior and poste-
rior walls are in the sagittal plane, paralleling the quadrilateral 
surface when they are viewed on axial CT images (Figs. 56.13 
and 56.14). Anterior and posterior column fractures usually 
extend through the quadrilateral surface and into the obtura-
tor foramen with a more coronal orientation; variant fracture 
types, however, may not follow these generalities.

Some authors have suggested that axial CT images 
overestimate the extent of comminution of acetabular frac-
tures; however, only existing fracture lines are shown on the 
images. For example, in transverse fractures, moving proxi-
mally on successive cuts, small fragments of the anterior and 
posterior walls enlarge to coalesce through the roof, becom-
ing the axial cross section of the ilium. What may appear to 
be separate anterior and posterior wall fracture fragments 
on more inferior cuts is the distal extent of a single proximal 
fragment. An oblique fracture line divides the acetabulum, 
so the more inferior CT cuts appear to have three fragments 
when there are only two. By studying the individual frag-
ments on multiple successive cuts, the entire fracture can 

be appreciated, giving a true mental three-dimensional pic-
ture. High-resolution coronal and sagittal reconstructions 
of the fracture are helpful in the preoperative evaluation of 
complex fractures by delineating fractures that lie directly 
in the plane of a given axial CT image. Even CT scans can 
give the same information about the acetabular dome as the 
roof arc measurements on the anteroposterior and oblique 
radiographs. Axial CT scans showing the superior 10 mm of 
the acetabular roof to be intact have been shown to corre-
spond to radiographic roof arc measurements of 45 degrees. 
Fracture of the cotyloid fossa does not appear to jeopardize 
stability of the femoral head under the dome if the fossa 
extends to within 10 mm of the apex of the roof and the 
articular surface is intact.

Three-dimensional CT reconstructions (Fig. 56.15) of a 
fracture have been described for several decades, but are read-
ily fabricated with modern CT software and can be projected 
in many different views with subtraction of the femoral head 
that show unique features of the various fracture patterns. 
These images can be extremely helpful with complicated frac-
tures, especially in the educational setting. While 3-D imag-
ing is a useful tool, it is essential to take time to understand 
both plain film radiographs and single-plane CT imaging of 
these fractures. 

CLASSIFICATION
The classification of acetabular fractures described by 
Letournel and Judet (Fig. 56.16) is the commonly used clas-
sification system. In this system, acetabular fractures are 
divided into two basic groups: simple fracture types and the 
more complex associated fracture types (Box 56.1).

 

Column fractures

Wall and transverse fractures

FIGURE 56.13 Orientation of fracture lines through acetab-
ulum as seen on CT scan.
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A

FIGURE 56.14 A, Anterior column fracture with typical fracture 
orientation. B, Posterior wall fracture.
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Although several of the associated fracture types involve 
both columns of the acetabulum, the designation associated 
both-column fracture in this classification denotes that none 
of the articular fracture fragments of the acetabulum main-
tain bony continuity with the axial skeleton: a fracture line 
divides the ilium, so the sacroiliac joint is not connected to 
any articular segment. The spur sign, shown on the obturator 
oblique view, is pathognomonic of a both-column fracture. It 
represents the remaining portion of the ilium still attached to 
the sacrum and is seen projected lateral to the medially dis-
placed acetabulum (Fig. 56.17). 

TREATMENT
With longer follow-up of operatively treated acetabu-
lar fractures it has become clear that fractures with even 
small residual incongruencies of the critical portion of the 
acetabulum lead to long-term arthritis more often than do 
similar fractures with more anatomic reductions. Based 
on this information, the indications for open reduction 
and internal fixation (ORIF) of acetabular fractures have 
become more inclusive in the young patient; however, the 
indications in the geriatric patient are still being actively 
investigated. 

 

CBA

FIGURE 56.15 A to C, Three-dimensional CT reconstruction of both-column fracture.
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Simple fracture types

Associated fracture types

FIGURE 56.16 Letournel and Judet classification of acetabular fractures. A, Posterior wall fracture. B, Posterior column fracture. C, 
Anterior wall fracture. D, Anterior column fracture. E, Transverse fracture. F, Posterior column and posterior wall fracture. G, Transverse 
and posterior wall fracture. H, T-shaped fracture. I, Anterior column and posterior hemitransverse fracture. J, Complete both-column 
fracture.
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INITIAL TREATMENT
Acetabular fractures generally are caused by high-energy 
trauma, and associated injuries are frequent. Management of 
the entire patient should follow accepted Advanced Trauma 
Life Support (ATLS) protocol, with orthopaedic treatment of 
the acetabular fracture appropriately integrated into the treat-
ment plan. In general, operative treatment of an acetabular 
fracture is not considered an orthopaedic emergency/urgency 
(requiring operative intervention within 1 to 24 hours), except 
when it is part of open fracture management, or is performed 
for a fracture associated with an irreducible dislocation of the 
hip. In the latter case, urgent open reduction of the hip dislo-
cation followed by treatment of the associated fracture should 
be performed as expediently as possible to decrease the risk 
of complications of osteonecrosis and ongoing cartilaginous 
damage to the femoral head.

Closed reduction of hip dislocations should be per-
formed with full relaxation through sedation in the 

emergency department or with general anesthesia. 
Reduction should be confirmed with either radiography 
or fluoroscopy. Not all patients with acetabular fractures 
require skeletal traction. When the hip is stable with the 
legs in an abduction pillow and a congruent reduction is 
achieved, we prefer to send the patient to CT prior to plac-
ing traction. We then evaluate if the femoral head articu-
lar cartilage will tend to undergo further damage from 
displaced intraarticular fractures through edge loading, 
such as a displaced transverse fracture, or due to retained 
intraarticular fragments. If either of these conditions exist, 
the hip remains unstable, or the reduction is noncongruent 
because of soft-tissue interposition, the patient is placed in 
skeletal traction, while they are resuscitated before surgical 
intervention. We prefer the use of distal femoral traction 
pins to facilitate knee flexion during subsequent surgery, 
if a prone traction position is required. We generally start 
with a weight equal to 10% of the patient’s body weight, up 
to a maximum of 20 to 25 lb.

Historically, central fracture-dislocation of the hip was 
used to describe any acetabular fracture with medial sublux-
ation of the femoral head. Although this terminology has been 
replaced with more descriptive fracture classification systems, 
a true central fracture-dislocation with the femoral head com-
pletely dislocated medially into the pelvis is an unusual injury 
that requires urgent treatment (Fig. 56.18). The femoral head 
can be locked between the fracture fragments, making reduc-
tion extremely difficult or impossible through closed means. 
Closed reduction with general anesthesia and fluoroscopic 
assistance should be attempted. After reduction, the femoral 
head is extremely unstable and will easily displace back into 
the pelvis if skeletal traction is not maintained.

If closed reduction of a hip dislocation associated with an 
acetabular fracture is unsuccessful, the immediate treatment 

Letournel and Judet Classification of Acetabular 
Fractures

Simple (Elementary) Patterns
 n  Anterior wall fracture
 n  Anterior column fracture
 n  Posterior wall fracture
 n  Posterior column fracture
 n  Transverse fracture 

Complex (Associated) Patterns
 n  Posterior column and posterior wall fractures
 n  Transverse and posterior wall fractures
 n  T-shaped fracture
 n  Anterior column and posterior hemitransverse fractures
 n  Associated both-column fractures

 BOX 56.1 

 FIGURE 56.17 Spur sign in both-column fracture of  
acetabulum.

 FIGURE 56.18 Transverse acetabular fracture with true central 
fracture-dislocation; intrapelvic femoral head can become locked 
between superior and inferior fracture fragments.
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of the hip depends on the experience of the surgeon. A rapid 
CT scan of the pelvis will demonstrate the acetabular frac-
ture pattern, and may demonstrate the obstruction to reduc-
tion of the hip dislocation, which will allow formulation of an 
operative plan for ORIF (Fig. 56.19). If the block to reduction 
is as simple as an intraarticular fragment and the patient is 
too unstable for formal ORIF, Marecek and Routt described 
a percutaneous fluoroscopic technique for displacing intraar-
ticular fragments blocking concentric hip reduction after 
closed reduction, allowing further planning and resuscita-
tion of the patient. If an experienced acetabular surgeon is 
not readily available, transfer to a facility capable of managing 
such injuries should be done swiftly, as outcome after these 
injuries is time-dependent.

INDICATIONS FOR NONOPERATIVE TREATMENT
NONDISPLACED AND MINIMALLY DISPLACED 

FRACTURES
Fractures that traverse the weight-bearing dome, but are 
displaced less than 2 mm, may be appropriate for treatment 
with non–weight bearing for 6 to 12 weeks, depending on 

the fracture characteristics (Table 56.1). Radiographs should 
be obtained immediately after the patient is first mobilized 
and frequently thereafter to ensure that no displacement 
has occurred. Occasionally this requires a repeat CT scan to 
assess maintenance of reduction. 

FRACTURES WITH SIGNIFICANT DISPLACEMENT 
BUT IN WHICH THE REGION OF THE JOINT 
INVOLVED IS JUDGED TO BE UNIMPORTANT 
PROGNOSTICALLY
This determination is made with the roof arc measurements 
at 45 degrees for each roof arc: medial, anterior, and poste-
rior (Fig. 56.20). Vrahas, Widding, and Thomas questioned 
whether the 45-degree value is the most appropriate for each 
roof arc. In a study of cadaver hips, they proposed acceptable 
roof arc measurements as 25 degrees for the anterior roof arc, 
45 degrees for the medial roof arc, and 70 degrees for the pos-
terior roof arc. As a rough guide, they recommended ORIF 
of displaced fractures exiting the posterior column above the 
upper border of the ischial spine, as well as of fractures exiting 
the anterior column through the iliac wing.

 

BA

FIGURE 56.19 Anteroposterior pelvic radiograph (A) and CT scan (B) of irreducible hip dislocation with posterior wall acetabular 
fracture. Posterior wall fragment is incarcerated, blocking reduction.

 TABLE 56.1 

Relationship of Classification Systems for Pelvic Ring Fractures

BUCHOLZ TILE OTA/AO YOUNG-BURGESS LETOURNEL DENIS
Stable Pelvic 
Ring

I A1, B2 61A, 61B2 Anterior-posterior compression I
Lateral compression I
Combined mechanical injury*

* *

Partial 
Instability

II B1 61B2 Anterior-posterior compression II
Lateral compression II
Combined mechanical injury*
Lateral compression III

* *

Complete 
Instability

III C 61C Anterior-posterior compression III
Lateral compression III
Vertical shear
Combined mechanical injury*

* *

*Can be associated with all types of instability.
OTA/AO, Orthopaedic Trauma Association/Arbeitsgemeinschaft für Osteosynthesefragen.
From Olson SA, Burgess A: Classification and initial management of patients with unstable pelvic ring injuries, Instr Course Lect 54:383, 2005.
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Displaced fractures through the weight-bearing dome 
in a young patient with more than 2 mm of displacement 
should be treated operatively. These fractures tend to dis-
place, leading to inferior results. In the modern era, virtually 
no fractures are treated definitively by traction to maintain a 
reduction involving the acetabular dome.

Fractures with a posterior wall component, especially 
when associated with posterior fracture-dislocations of the 
hip, require separate consideration and are evaluated after 
closed reduction. Larger posterior wall fragments lead to pos-
terior hip instability and require fixation. Three well-described 
methods, that of Calkins (Fig. 56.21), Keith (Fig. 56.22), and 
Moed (Fig. 56.23), have been used for determination of wall 
size in comparison to the normal acetabulum. Critical wall 
size resulting in instability is determined by the method of 

measurement, with Calkins, Keith, and Moed hypothesiz-
ing that walls larger than 40%, 65.7%, and 50%, respectively, 
based on their measurements, were going to be unstable. 
They also theorized that fragments smaller than 20%, 44.8%, 
and 20% based on measurements by the methods of Calkins, 
Keith, and Moed, respectively, would be stable. However, 
only 2 years later Moed et al. published another study warn-
ing against the use of CT findings as the sole predictor of sta-
bility. Their follow-up found that inappropriate nonoperative 
treatment (i.e., nonoperative management of an unstable hip) 
would have occurred in 6% (11/180) of patients and inappro-
priate operative treatment (i.e., operative fixation of a stable 
hip) would have occurred in 16% (28/180) of patients. This 
finding was further reinforced by Firoozabadi et al. when they 
showed that 23% of fractures smaller than 20% of the wall 
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FIGURE 56.20  Matta roof-arc measurements. See text.
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were unstable. These fractures did tend to extend more crani-
ally (5.0 mm from the dome compared to 9.5 mm from the 
dome); however, this was not found to be a reliable predictive 
factor in determining stability. While these measurements 
can aid the surgeon, an examination under anesthesia (EUA) 
remains the gold standard for predicting posterior instability 
after acetabular fracture involving less than 50% of the wall, 
with operative management without EUA indicated for those 
involving more than 50%.

Tornetta described EUA of the acetabulum after utilizing 
fluoroscopic stress views of 41 hips with acetabular fractures 
for which ORIF was not indicated based on roof arcs of 45 
degrees, a subchondral CT arc of 10 mm, displacement of less 
than 50% of the posterior wall, and congruence on the anterior- 
posterior and Judet views of the hip. He either sedated or 

anesthetized patients and stressed their fractures in the direc-
tion of the deforming force for each fracture pattern while 
fluoroscopically viewing the fractures on all three standard 
radiographic views. He found that three of these hips sublux-
ated on stress views without frank instability noted clinically, 
and these fractures underwent ORIF. These hips would have 
passed the traditional clinical test of stability by flexing the 
hip to 90 degrees. The same preference for dynamic fluoro-
scopic stress testing has been stated by other authors when 
comparing CT criteria for stability in posterior wall fractures 
to fluoroscopic EUA.

We have adopted this technique of performing stress 
views under fluoroscopy when patients are considered for 
nonoperative treatment of smaller posterior wall fractures. 
We view the pelvis in the obturator oblique view, flexing the 
hip to 90 degrees, providing adduction and internal rota-
tion. A static fluoroscopic image is then obtained. While pos-
teriorly directed pressure is applied through the knee with 
enough force to rock the pelvis (50 to 100 lb), a spot fluoro-
scopic view is obtained and scrutinized to assess subluxation 
(Fig. 56.24).

Stable hips are treated like a pure dislocation of the hip. 
We still prescribe posterior hip precautions for the first 6 
weeks, with touch-down weight bearing on crutches for 2 
weeks, followed by progressive weight bearing, then full 
return to activity at 6 weeks. Following this assessment and 
treatment technique, Grimshaw and Moed reported the 
radiographic outcome of 15 nonoperatively treated patients 
with small posterior wall fractures that were stable with EUA. 
At a minimum of 2 years after injury, none of the patients 
showed incongruence or joint space narrowing. 

SECONDARY CONGRUENCE IN DISPLACED 
BOTH-COLUMN FRACTURES
An associated both-column (ABC) fracture, by definition, 
has all its fragments free to move independent of the remain-
ing ilium attached to the axial skeleton. Occasionally, commi-
nuted both-column fracture fragments assume a position of 
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FIGURE 56.21 Straight-line measurement of posterior wall 

as described by Calkins et al. for calculation of “approximate 
acetabular fracture index” (ApAFI). A, Straight line medial-lateral 
measurement is made of remaining intact articular posterior wall 
acetabular segment at level of greatest amount of fracture involve-
ment (X). B, Length of posterior acetabular arc is determined from 
uninjured, contralateral hip at same level (Y). X divided by Y multi-
plied provides the index percentage. (Redrawn from Moed BR, Ajibade 
DA, Israel H: Computed tomography as a predictor of hip stability status 
in posterior wall fractures of the acetabulum, J Orthop Trauma 23:7, 
2009.)
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A B
FIGURE 56.22 Method of Keith et al. A, Approximate medial-

lateral dimension (depth) of fractured segment (X) is determined 
at level of fovea. B, Percentage of fragment size is calculated from 
ratio of measured depth of fractured segment to intact matched 
contralateral acetabular depth measured to medial extent of quad-
rilateral plate (Y) at comparable level of fovea.  (Redrawn from Moed 
BR, Ajibade DA, Israel H: Computed tomography as a predictor of hip 
stability status in posterior wall fractures of the acetabulum, J Orthop 
Trauma 23:7, 2009.)
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FIGURE 56.23 Method of Moed. A, Approximate medial-lateral 

dimension (depth) of fractured segment (X) is determined at level 
of greatest size of posterior wall fracture fragment. B, Percentage 
of depth size is calculated from ratio of measured depth of frac-
tured segment to intact matched contralateral acetabular depth 
measured to medial extent of quadrilateral plate (Y) at level compa-
rable to that used for measurement of fracture fragment. (Redrawn 
from Moed BR, Ajibade DA, Israel H: Computed tomography as a predictor 
of hip stability status in posterior wall fractures of the acetabulum, J 
Orthop Trauma 23:7, 2009.)
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articular “secondary congruence” around the femoral head, 
even though the femoral head is displaced medially and there 
may be gaps between the fracture fragments (Fig. 56.25). The 
concept of secondary congruence was described by Letournel, 
and closed treatment of these fractures has yielded reasonable 

and occasionally exceptional results. The concept applies only 
to specific both-column fractures where all the articular frag-
ments are free to conform around the displaced femoral head 
and cannot be applied to other fracture types.

While biomechanical analysis of secondary congruence 
displays increased mean pressures (122%) and peak pressures 
(280%), the clinical relevance of this is still not fully delin-
eated, as nearly 70% (11/16) of patients treated nonopera-
tively by Letournel had excellent results at 4.3 years of average 
follow-up. At our institution, patients with ABC acetabu-
lar fractures with secondary congruence, who are of an age 
and activity level that make total hip arthroplasty a reason-
able alternative if posttraumatic arthritis were to develop, 
are treated with nonoperative management. Patients who are 
not candidates for a total hip arthroplasty as a salvage option 
are treated with operative intervention, if they meet all other 
criteria.

MEDICAL CONTRAINDICATIONS TO SURGERY
In patients with multiple trauma, medical contraindications 
from multisystem injury are common, even in previously 
healthy patients. Although early fracture fixation and mobi-
lization are basic tenets of polytrauma treatment protocols, 
complex fractures may require long operative procedures 
with significant blood loss. On occasion, the severity of the 
medical condition mandates that operative intervention be 
delayed. If deemed needed, the articular cartilage of the hip 
should be protected during these delays by placing the patient 
in skeletal traction. On occasion, severe head trauma with a 
tenuous, evolving spectrum of injury may preclude a surgical 
procedure; however, a head injury in itself is not necessarily 
a contraindication to surgery. The eventual neurologic out-
come frequently cannot be reliably assessed in the immediate 
postinjury period, when acetabular ORIF can most reliably 
be performed.

Percutaneous fluoroscopic screw fixation has been rec-
ommended for suitable fractures in severely injured patients, 
in patients with significant medical comorbidities, and by 
some authors for patients over the age of 60. In our prac-
tice, although not a substitute for formal ORIF, it serves as 
an excellent alternative in select patients (Fig. 56.26). Gary 
et al. reported the use of percutaneous screw fixation in ace-
tabular fractures in patients 60 years of age and older assessed 
6.8 years after the index surgery. At final follow-up, approxi-
mately 30% had been converted to total hip arthroplasty. 
They found that in the patients who retained their native 
hips, their short musculoskeletal functional assessment was 
similar to two series of formal ORIF in this age group, and 
that the Harris Hip Scores in those patients converted to total 
hip replacement were similar to those reported for acute total 
hip replacement for acetabular fracture. In medically com-
promised patients in whom a full open approach may not be 
possible, percutaneous management may offer improved pain 
control, earlier mobilization, and prevention of skin break-
down, deep venous thrombosis (DVT), and other medical 
complications. 

LOCAL SOFT-TISSUE PROBLEMS, SUCH AS 
INFECTION, WOUNDS, AND SOFT-TISSUE LESIONS 
FROM BLUNT TRAUMA
An open wound in the anticipated surgical field is a relative 
contraindication, as is systemic infection. More ominous in 
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FIGURE 56.24 A, CT of minimally displaced left posterior wall. 
B, Obturator oblique view obtained fluoroscopically with no stress 
applied shows concentric reduction. C, Same view with posterior 
stress applied demonstrates hip subluxation. Open reduction and 
internal fixation were performed.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2970

fractures around the acetabulum is the Morel-Lavallée lesion, 
a localized area of subcutaneous fat necrosis over the lateral 
aspect of the hip caused by the same trauma that caused the 
acetabular fracture (see Chapter 53). Judet and Letournel 
found that in their series approximately 8% of patients who 
sustained a blow to the greater trochanter had a clinically 
significant Morel-Lavallée lesion. The size and extent of this 
lesion are variable, with as many as 46% of “closed” injuries 
being culture-positive at initial debridement, and operating 
through it has been associated with a higher rate of postop-
erative infection, with as high as 12% infection rates being 
reported with repeated postoperative wound debridement, 
packing, and healing by secondary intention. However, Tseng 
and Tornetta described an alternative method of percutane-
ous decompression and debridement with delayed ORIF 
until at least 24 hours after drains were removed, which was 
performed when output was less than 30 mL per day. While 
they reported no infections in any patient treated percutane-
ously, of the two fractures that were fixed through a Kocher-
Langenbeck approach, one required a surgical exploration 
of the wound because of persistent drainage (see Technique 
53.1). Alternatively, some fractures can be treated through 

anterior approaches, thus avoiding the affected area. The pres-
ence of a significant Morel-Lavallée lesion should be suspected 
in any patient with hypermobility of the skin or a fluid wave in 
the subcutaneous tissue. The CT scan, if available, should be 
scrutinized for a fluid collection in the subcutaneous tissues.

The presence of a suprapubic catheter was previously 
considered a contraindication to acetabular ORIF by the ilio-
inguinal and anterior intrapelvic (AIP) approaches. Bacterial 
colonization of the catheter had been anecdotally reported to 
increase the rate of infection; however, a recent series using 
the National Trauma Data Bank (NTDB) showed no increase 
in infectious complications in patients undergoing pelvic or 
acetabular surgery who had a suprapubic catheter. As a large 
database study, these findings are certainly promising but 
not always representative of findings in smaller controlled 
groups; thus, when possible, through primary repair of the 
bladder rupture and Foley catheter drainage, we still attempt 
to avoid suprapubic catheter placement. 

ELDERLY PATIENTS WITH OSTEOPOROTIC BONE
Traditionally, there was a concern for loss of reduction due 
to inadequate fixation in osteoporotic bone; however, a small 
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FIGURE 56.25 A and B, Right hip displays comminuted both-column acetabular fracture with secondary congruence. Left hip has 
T-shaped fracture with medial dome impaction. C, Three years after open reduction and internal fixation of right T-type fracture, patient 
developed posttraumatic arthritis that required total hip arthroplasty, while left hip with both-column fracture with secondary congru-
ence treated nonoperatively remained minimally symptomatic.
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series by Helfet et al. questioned this this concern, as only one 
patient in 18 lost reduction during the healing period. Carroll 
et al. found that in 84 patients over the age of 55 years who 
had initial ORIF for their acetabular fractures, nearly 31% 
(26/84) required conversion to total hip arthroplasty within 
5 years of their initial surgery. Similarly, a study from a level 
1 trauma center found that 28% of patients over the age of 
60 years required a total hip arthroplasty within 2.5 years of 
their injury. Superior medial impaction of the dome, or the 
“gull sign,” particularly correlated with a poor outcome (Fig. 
56.27).

Ryan et  al. reported a series of patients ages 60 years 
or older who had acetabular fractures that met traditional 
operative criteria. Although this was a small series of only 
27 patients, they found that only 15% (4/27) required con-
version to total hip arthroplasty and the remaining 85% had 
WOMAC and SF-8 scores consistent with those of patients 
with a normal hip.

In our practice, elderly patients with fracture mor-
phology consistent with poor outcomes (e.g., large areas 
of impaction or “gull sign”) are routinely treated with 
ORIF and acute total hip arthroplasty. Comminuted and 
impacted fractures in high-comorbidity elderly patients 
often are treated with early mobilization and nonoperative 
management, with a discussion that delayed surgery may 
be required if the patient develops symptomatic arthritis. 
The benefit of nonoperative management in these patients 
is that many will do well without any surgery and those who 
do require surgery will have a more predictable delayed 
total hip arthroplasty that requires less time, less blood loss, 
and a lower rate of transfusion than patients who have had 
ORIF. 

INDICATIONS FOR OPERATIVE TREATMENT
FRACTURE CHARACTERISTICS

Operative indications for acetabular fractures traditionally 
include (1) 2 mm or more of displacement in the dome of the 
acetabulum as defined by any roof arc measurements of less 
than 45 degrees on any of the three Judet views or 10 mm on 
CT cuts, (2) subluxation of the femoral head noted on any 
of the three standard radiographic views or CT, (3) posterior 
wall fractures involving more than 40% of the joint, and (4) 
dynamic instability of the hip allowing subluxation in poste-
rior wall fractures involving less than 40% of the joint. 

INCARCERATED FRAGMENTS IN THE ACETABULUM 
AFTER CLOSED REDUCTION OF A HIP DISLOCATION
Small avulsed fragments of the ligamentum teres that stay 
sequestered in the cotyloid fossa and do not affect the congru-
ency of the hip probably do not require excision. Fragments 
noted on CT to be lodged between the articular surfaces of 
the femoral head and the acetabulum warrant excision, as do 
fragments in the cotyloid fossa large enough to cause sublux-
ation of the joint. Fluoroscopic and arthroscopic techniques 
of fragment removal have been described, although most 
often this is performed through an open approach, up to and 
including need for surgical dislocation. 

PREVENTION OF NONUNION AND RETENTION 
OF SUFFICIENT BONE STOCK FOR LATER 
RECONSTRUCTIVE SURGERY
This last indication for ORIF should be applied only in cases of 
extreme deformity because total hip arthroplasty after failed 
ORIF of an acetabular fracture may be more difficult than hip 
arthroplasty after nonoperative management. Scarring from 

 FIGURE 56.26  Total hip arthroplasty after percutaneous fixation of acetabular fracture in elderly patient.
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previous surgeries, implants, and heterotopic bone can com-
plicate such secondary reconstruction. Percutaneous fixation 
may be considered in patients who are at high risk of conver-
sion to total hip arthroplasty but have displacement that is 
concerning for nonunion of the columns required for stan-
dard cup placement. We use this technique to mobilize these 
patients, using limited column fixation to prevent gross dis-
placement of the fracture. After fracture healing, conversion 
to total hip arthroplasty can be done if the patient’s symptoms 
warrant (see Fig. 56.27). This topic is covered in more detail 
later (see Total Hip Arthroplasty as Treatment of Acetabular 
Fracture). 

TIMING OF SURGERY
Acetabular fractures associated with irreducible hip dis-
location, open fracture, vascular compromise, or worsen-
ing neurologic deficit require urgent surgical intervention. 
Conversely, in most circumstances, acetabular fracture sur-
gery should be done only after the patient is medically opti-
mized and the surgeon has studied the fracture in detail with 
adequate preoperative planning and assembly of an experi-
enced surgical team. There is a general belief that delaying 
surgery for 2 to 3 days may result in less bleeding at the time 
of surgery. This belief has been called in question by Dailey 
and Archdeacon, who studied patients with posterior wall 
fractures treated through the Kocher-Langenbeck approach, 
and associated both-column and anterior column/posterior 
hemitransverse fractures treated through anterior intrapel-
vic approaches, with surgery either before 48 hours or after 
48 hours postinjury. They found no difference in blood loss 
or operative times in the two groups. This has been further 
supported by subsequent studies from Parry et al. and Furey 
et al.

Ideally, ORIF of acetabular fractures should be performed 
within 5 to 7 days of injury, if not sooner. As time passes, ana-
tomic reduction becomes more difficult as hematoma orga-
nization, soft-tissue contracture, and subsequent early callus 

formation hinder the process of fracture reduction, especially 
if more limited exposures are utilized. Madhu et al. found a 
decreased ability to attain anatomic reductions in associated 
fracture patterns after 5 days and in elementary patterns after 
15 days. After a delay of more than 3 weeks, an extensile expo-
sure may be necessary to obtain operative reduction of frac-
tures that could have otherwise been treated through more 
limited exposures. 

CHOICE OF SURGICAL APPROACH
If surgical stabilization is indicated, detailed evaluation of 
the fracture configuration and classification is necessary to 
plan the operative approach. Some fracture patterns are rou-
tinely reduced through an ilioinguinal or AIP approach (also 
known as the modified Stoppa approach), whereas the pos-
terior Kocher-Langenbeck approach is more appropriate for 
others.

Generally, transverse-posterior wall and T-shaped frac-
tures with either posterior wall involvement or principally 
posterior displacement, and transverse fractures with pre-
dominantly posterior displacement, are treated through a 
Kocher-Langenbeck approach. Prone positioning of the 
patient may aid the reduction of some acetabular fractures 
treated through the Kocher-Langenbeck approach, such as 
fractures with a displaced transverse component, by not 
allowing the weight of the leg to displace the fracture medi-
ally. Digastric osteotomy of the trochanter, as described 
by Siebenrock, can aid exposure of transverse fractures 
or supraacetabular extension of fractures of the posterior 
column and wall. This osteotomy, when performed cor-
rectly, does not affect the vascularity of the femoral head, 
and has a high rate of union. This osteotomy also has been 
combined with surgical dislocation of the femoral head in 
the treatment of selected fractures and is especially useful 
for acetabular fractures associated with Pipkin fractures 
of the femoral head, which can be treated in conjunction 
with the acetabular fracture through a single approach. An 
anterior approach is generally used for anterior wall, ante-
rior column, anterior-column posterior-hemitransverse, 
associated both-column fractures, or any combination of 
such. T-shaped or transverse fractures with predominately 
anterior displacement can also be treated with an anterior 
approach.

The AIP, or modified Stoppa, approach uses a Pfannenstiel 
skin incision with a vertical split in the rectus abdominis 
though the linea alba. The rectus on the involved side is ele-
vated off the superior surface of the pubis and any anasto-
moses between the obturator vessels and the external iliac or 
inferior epigastric vessels (the corona mortis) are ligated to 
expose the internal surface of the anterior column and the 
quadrilateral surface. It can be used for many fractures previ-
ously treated through the ilioinguinal approach. The use of 
the AIP approach with the lateral window of the ilioinguinal 
approach has been promoted as a way of avoiding the dissec-
tion of the middle window of the ilioinguinal approach and 
thus exposure of the femoral vein, artery, nerve, and lymphat-
ics. Addition of an osteotomy of the anterior superior iliac 
spine can significantly improve visualization of the anterior 
wall or psoas gutter, traditionally only accessible through 
the middle window of an ilioinguinal approach. It can also 
be used to improve visualization from the lateral window in 
patients with a large abdomen. 

 FIGURE 56.27 “Gull sign” on this transverse fracture indicates 
impaction of medial portion of weight-bearing dome.
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ANTERIOR INTRA-PELVIC APPROACH

 TECHNIQUE 56.1 

 n  Generally, a Pfannenstiel incision is used, approximately 2 
cm above the pubic symphysis. As an alternative, a vertical 
midline skin incision may be used, starting 1 cm inferior 
to the symphysis, and ending 2 cm to 3 cm inferior to the 
umbilicus (Fig. 56.28A).

 n  Divide the subcutaneous tissues in line with the skin inci-
sion to expose the fascia overlying both rectus muscles of 
the abdomen and identify the decussation of fascial fibers 
at the midline.

 n  A 0.5 to 1 cm transverse incision in the fascia near mid-
line can help identify the interval between the heads of 
the rectus muscle bellies prior to extension of the incision 
vertically. Once the interval is identified, incise the rectus 
fascia longitudinally along the linea alba and gently re-
tract both bellies of the rectus abdominis muscle laterally 
(Fig. 56.28B).

 n  In the proximal part of the incision, take care not to incise 
the peritoneum. The entire approach should stay in the 
preperitoneal space. However, extension proximally will 
increase the muscular excursion and is necessary for opti-
mal visualization.

 n  Loosely pack a wet sponge in the retropubic space to pro-
tect the urinary bladder and place a malleable retractor to 
protect the bladder (Fig. 56.28C).

 n  Release the rectus over and onto the anterior aspect of 
the pubic tubercle; again, increased release will increase 
later visualization.

 n  Sharply dissect the thick periosteum from the supe-
rior pubic bone to allow deeper blunt dissection. (Fig. 
56.28D).

 n  Identify the upper border of the superior pubic ramus 
(pectin pubis) and carry the dissection laterally along the 
pelvic brim. Once past the pubic tubercle, place a sharp 
Hohmann retractor over the lateral aspect of the tubercle.

 n  Place a Deaver retractor laterally, with care to avoid in-
jury to the iliac vessels. Dissecting carefully along the 
medial surface of the superior ramus, identify the corona 
mortis vessels and ligate (or clip) them as necessary (Fig. 
56.28E).

 n  Continue subperiosteal dissection laterally, following the 
upper border of the superior pubic bone to the direction 
of the pelvic brim, exposing the beginning of the iliopec-
tineal eminence.

 n  Dissect the beginning of the iliopectineal arch from the 
bone to allow elevation of the femoral vessels and nerve 
(Fig. 56.28F).

 n  Continue lateral dissection in a subperiosteal fashion, 
following the upper border of the pelvic brim. A sharp 
Hohmann or custom retractor may be placed over the 
acetabular rim near the ilio-pubic eminence. At this point, 
the entire internal surface of the superior pubic ramus has 
been exposed adequately for plate fixation.

 n  As the quadrilateral surface is reached, the obturator 
neurovascular bundle should be identified and may re-
quire mobilization. Use a custom pelvic floor retractor or 

malleable retractor placed into the lesser sciatic notch to 
protect the obturator neurovascular bundle and bladder.

 n  With a Cobb elevator, elevate the periosteum and ob-
turator internus to expose the quadrilateral surface (Fig. 
56.28G).

 n  After development of the subperiosteal dissection over 
the pelvic brim, a sharp Hohmann retractor can be im-
pacted on the posterior top of the acetabulum into the 
ilium. Take great care not to injure the external iliac vein, 
which may be in proximity to the elevators, if not ad-
equately retracted. (Fig. 56.28H).
  

Developed by Letournel in the 1960s, the traditional ilio-
inguinal approach consists of three windows through a single 
skin incision, extending from the iliac crest to the midline, 
above the symphysis. The lateral window extends lateral to the 
iliopsoas (iliopectineal fascia), the middle window is between 
the iliopsoas and the external iliac vessels, and the medial 
window is medial to the external iliac vessels. The originally 
described ilioinguinal approach involved a medial window 
developed lateral to the rectus muscle or through a tenotomy 
of the rectus tendon; however, most surgeons who use the 
ilioinguinal approach now combine the ilioinguinal and AIP 
approaches, working through a window between the rectus 
muscle bodies along the linea alba. Traditionally, most sur-
geons prefer to use skeletal traction on a radiolucent flat-top 
table for most fractures treated through an anterior approach. 
Use of a triangle under the hip helps to relax the iliopsoas and 
improve visualization through the lateral window.

More complicated fractures may require one of the extensile 
approaches, such as the extended iliofemoral approach described 
by Letournel and Judet, the triradiate approach of Mears and 
Rubash, or the T-approach described by Reinert et al. The use 
of extensile approaches have largely fallen out of favor in the last 
decade, mostly because of the morbidity of these extensive dis-
sections, but they remain a viable option for certain fracture pat-
terns. The historic indications include associated both-column 
fractures with posterior wall displacement or a segmental pos-
terior column or transtectal T-shaped fractures with significant 
displacement of both columns, especially in a young patient. If 
an extensile exposure is used, confirmation of the patency of 
the superior gluteal artery with angiography has been recom-
mended because this may be the only vascular pedicle supplying 
the abductor muscles. This recommendation was based primar-
ily on clinical observation of patients with extensile exposures 
as well as concerns about the collateral circulation of the abduc-
tor muscle mass, and was further supported by cadaver studies. 
This recommendation is not universally accepted and was not 
supported by a canine study with ligation of the superior gluteal 
artery followed by various surgical approaches showing isch-
emia, yet no frank necrosis with extensile approaches. Caution 
is still recommended in considering the use of an extensile 
approach with a suspected superior gluteal artery injury.

To prevent complications of extensile exposures, lim-
ited exposures and indirect reduction techniques have been 
recommended, as have combined anterior and posterior 
approaches for some fractures. Our preference is to perform 
consecutive approaches separately, with an anterior approach 
and then a posterior one, or vice versa, depending on the frac-
ture pattern, rather than performing such approaches simul-
taneously with the patient in a “floppy lateral” position. When 
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 FIGURE  56.28   Stoppa approach for open reduction and internal fixation of acetabular fracture. A, Incision. B, Retraction of rectus abdominis 
muscle. C, Wet sponge packed into retropubic space to protect the urinary bladder. D, Dissection of periosteum from the superior pubic bone. 
(From AO Surgery Reference, www.aosurgery.org. Copyright by AO Spine International, Switzerland.)

performing sequential anterior and posterior approaches, 
care must be taken to avoid placing implants into the portion 
of the fracture that will be accessed by the opposite approach. 
While the “floppy lateral” position with simultaneous ante-
rior and posterior exposures avoids this problem, visibility 
and access are compromised, especially from the anterior 
approach, because the patient is not truly supine.

SPECIFIC FRACTURE PATTERNS
Detailed surgical recommendations and techniques for acetabu-
lar fracture stabilization are too numerous to be included here, 
and the reader is referred to the traditional texts of Letournel 
and Judet, as well as the more recent publication by Tile, Helfet, 
Kellam, and Vrahas. Specialized pelvic equipment, implants, and 
facilities are required for optimal treatment of these fractures, 
including a radiolucent fracture table, a full array of screw sizes 
and lengths (up to 110 mm), and reconstruction plates that can 
be contoured in three dimensions as required by the convoluted 
configuration of the bony pelvis (Fig. 56.29). Pelvic clamps devel-
oped by the AO/ASIF group for reduction of fracture fragments 
are especially helpful. Custom clamps have also been developed 

and are commercially available. Improved retractors, includ-
ing custom radiolucent retractors, are also available and may 
improve visualization and reduce risk by decreasing the need for 
removal and replacement. Treatment strategies for specific frac-
tures are shown in Figure 56.30.

POSTERIOR WALL FRACTURES
The most common acetabular fracture treated by the average 
orthopaedist is the posterior wall fracture. These fractures 
are, for the most part, treated through a Kocher-Langenbeck 
approach (see Technique 1.74) with the patient positioned 
either prone or in the lateral decubitus position on a fracture 
table or with the leg free. When positioning the patient, the 
sciatic nerve should be considered; flexion of the knee with 
slight extension of the hip can reduce tension throughout 
the case. If the fracture extends superiorly into the dome, the 
modified Gibson approach or a digastric trochanteric oste-
otomy can be done to allow additional exposure. The tro-
chanteric fragment can be displaced anteriorly to expose the 
supraacetabular surface of the ilium. If a modification of the 
standard approach is planned, this also should be taken into 

Continued
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 FIGURE   56.28, cont’d    E, Identification of the corona mortis vessels. F, Dissection of the iliopectineal arch from the bone. G, Elevation 
of the periosteum and obturator internus to expose the quadrilateral surface. H, Placement of Hohmann retractors to expose acetabulum. 
(Redrawn from AO Foundation, Davos Platz, Switzerland.) SEE TECHNIQUE 56.1.
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consideration. While the digastric osteotomy can be done 
with the patient prone, if there is any possibility of requir-
ing a surgical dislocation, this can be done only with the 
patient in the lateral position. During the approach, care 
should be taken to avoid splitting the gluteus maximus past 
the first neurovascular branches, which can result in dener-
vation and abductor weakness. The short external rotators 
must be released approximately 1 cm from their insertion to 
avoid injury to the deep branch of the medial femoral circum-
flex artery as it arises from the muscle body of the quadratus 
femoris and passes posterior to the obturator internus tendon 
immediately adjacent to its insertion on the femur.

The hip is distracted to clear any incarcerated fragments 
before reduction of the wall fragments. A close inspection is 
made for marginal impaction of articular fragments into the 
intact posterior column. Marginal impaction, which occurs in 
more than 22% of isolated wall fractures and should be scruti-
nized on the preoperative CT scan and intraoperatively, is ele-
vated and bone grafted or fixed using a bone graft substitute. 
If necessary, the technique described by Giannoudis, Tzioupis, 
and Moed for two-level reconstruction of comminuted posterior 
wall fractures with marginal fragments secured by subchondral 
mini-fragment screws is used (Fig. 56.31). After reduction of the 
wall fragments, provisional fixation with Kirschner wires can be 
used while definitive fixation is performed with lag screws, when 
possible, and a contoured reconstruction plate placed from the 
ischium, over the retroacetabular surface onto the lateral ilium 
(Fig. 56.32). Intraarticular screw placement must be avoided. 
Intraoperative fluoroscopy in multiple views should be used to 
ensure that all screws are extraarticular. When necessary, the 

C-arm position can be modified to allow further “over the top” 
range of motion to obtain the necessary views (Fig. 56.33).

The use of spring plates has been advocated to improve 
stability in comminuted fractures. These can be made from 
one third tubular plates by cutting or breaking the plate 
through the last screw hole and bending down the remain-
ing end as tines, which are used to capture bone fragments 
that cannot be easily fixed with screws. Premade spring plates 
also are available, which are preferable because of their metal-
lurgy, which uses spring steel. The spring plate is slightly over-
contoured so that when the reconstruction plate is applied 
over the spring plate the captured fragments are held firmly 
in position. A Kirschner wire can be used to sound the edge of 
the bony acetabulum and ensure the tines of the plate are not 
overlying the femoral head. The tines should be placed over 
bone and not over the soft tissues of the labrum alone. This 
technique is useful in fractures with multiple fragments and 
fractures that extend close to the acetabular rim (Fig. 56.34).

Other less commonly used techniques for the fixation of 
posterior wall fractures include the use of locking reconstruc-
tion plates with unicortical locking screws in the posterior wall 
to allow positioning of the plate closer to the acetabular rim 
without penetrating the articular surface of the wall. Another 
reported technique is the use of cervical H-shaped plates to sub-
stitute for comminuted posterior wall cortical bone while sup-
porting underlying articular fragments that have been reduced.

Although a posterior wall fracture is the easiest fracture 
pattern to reduce, the reported long-term results after this frac-
ture have varied, with upwards of 20% of patients requiring 
conversion to total hip arthroplasty at some point and those 

 FIGURE 56.29 Specialized instruments and implants for treatment of acetabular fractures.
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  FIGURE 56.30 A, Multifragmented posterior wall fracture with intraarticular comminution. B, Posterior column fracture with lag screw 
reaching anterior column. C, Transverse fracture with lag screw reaching anterior column. D, Associated transverse and posterior wall frac- 
ture. E, Associated T-type acetabular fracture. Lag screws are inserted into both anterior and posterior columns. F, Anterior column fracture. 
Several lag screws are placed between inner and outer tables of innominate bone. G, Associated anterior column and posterior hemitransverse 
fracture. Screws inserted from pelvic brim must reach distal to fracture line and engage in posterior column. H, Both-column fracture oper- 
ated on through ilioinguinal approach. Screws inserted from pelvic brim reach posterior column. I, Both-column fracture. Internal fixation is 
performed through extended iliofemoral approach. Two very long screws are inserted into anterior column and reach superior pubic ramus.
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with more complex fracture characteristics having even higher 
rates of conversion. Osteonecrosis of the femoral head because 
of associated hip dislocation, marginal impaction, multiple 
fracture fragments, and osteochondral injuries of the femoral 
head all adversely affect the outcome of these fractures. 

POSTERIOR COLUMN FRACTURES
Isolated posterior column fractures are relatively uncommon 
and, if significantly displaced, require ORIF (Fig. 56.35). The 
main indication is instability of the hip, and low column frac-
tures with a posterior roof arc angle of 70 degrees or more can 
be treated nonoperatively. The utility of dynamic stress for 
evaluation of posterior column fractures has not been as well 
described as it has for posterior wall fractures. Traumatic injury 
to the sciatic nerve is relatively more common compared with 
other fracture patterns, as is entrapment of the superior gluteal 

bundle due to the cranial extension of the fracture line into 
the greater sciatic notch. The Kocher-Langenbeck approach is 
used routinely. Rotational deformity in addition to displace-
ment must be corrected by placement of a Schanz screw in the 
ischium to control rotation while the fracture is reduced with 
a small fragment Jungbluth reduction clamp. Typical fixation 
is with lag screws combined with a contoured reconstruction 
plate along the posterior column. A secondary plate, more 
peripheral, can assist with rotational control. 

ANTERIOR WALL AND ANTERIOR COLUMN 
FRACTURES
Isolated anterior wall fractures are uncommon and sometimes 
associated with anterior hip dislocation. Fractures requiring 
surgery are best accessed through an ilioinguinal approach or a 
lateral window with an anterior superior iliac spine osteotomy.
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FIGURE 56.31 Two-level reconstruction of comminuted posterior wall fracture.
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Anterior column fractures are approached similarly, with 
the addition of an AIP approach when necessary. Reduction 
is through correction of medialization and external rotation. 
This most often is done with a Farabeuf clamp and ball spike 
or an offset clamp. Fixation is with a contoured plate or LC-2 
style screw along the pelvic brim (Fig. 56.36). The acetabu-
lum here is thin, and screws generally should not be placed 
in this region. Anterior column fractures that exit higher 
through the iliac wing require fixation along the iliac crest, as 
well as either plate or screw fixation. Kazemi and Archdeacon 
have advocated percutaneous fixation of select minimally 
displaced anterior column fractures with immediate weight 
bearing. While they achieved excellent radiographic out-
comes in 19 of 22 patients followed more than 1 year, our 
preference is to protect weight bearing in most patients. In 
elderly patients, for whom protected weight bearing may not 
be possible, placement of percutaneous fixation may prevent 
future displacement and allow earlier mobilization. 

TRANSVERSE FRACTURES
These fractures, although classified as simple, present a spec-
trum of difficulty. Selection of the appropriate approach is cru-
cial because fractures with primarily anterior displacement can 
be difficult to reduce through a posterior approach. Transtectal 
fractures, or fractures that occur through the dome above the 
cotyloid fossa, have the worst prognosis, and accurate reduc-
tion is essential. Juxtatectal fractures, those that occur at the 
junction of the cotyloid fossa with the articular surface, also 
usually require reduction, whereas infratectal fractures fre-
quently can be treated nonoperatively if roof arc measurements 
are appropriate with no subluxation of the femoral head.

Reduction and fixation can be performed through either 
an anterior or a posterior approach. This should be based on 
the aspect of the fracture with the most displacement. Most 
isolated transverse acetabular fractures without an associated 

pelvic ring injury have posterior displacement, as the frac-
ture hinges on the intact symphysis. If a posterior approach is 
used, this should be done with the patient prone rather than in 
the lateral decubitus position, unless a surgical dislocation is 
planned. If the patient is placed in the lateral decubitus posi-
tion, the weight of the leg tends to displace the ischiopubic frag-
ment medially. Collinge, Archdeacon, and Sagi studied patients 
with transverse fractures treated either in the lateral or prone 
positions and found that using Matta’s radiographic criteria for 
reduction, prone positioned patients had anatomic reductions 
in 61% (<2 mm of residual fracture displacement), whereas in 
lateral-positioned patients 42% were graded as anatomic.

Typically, we use a small Jungbluth clamp on the poste-
rior column to reduce the fracture while rotation is controlled 
by a Schanz screw in the ischium. Alternately, a short-angled 
pelvic clamp can be placed through the greater sciatic notch 
to control the anterior reduction. This technique is especially 
pertinent with an associated wall fracture that extends medi-
ally over the entire outer table, limiting the ability to place a 
Jungbluth clamp. Care must be taken to not place pressure 
on the sciatic nerve with clamps placed through the sciatic 
notch. The reduction can be assessed directly by palpating 
the reduction of the quadrilateral surface through the greater 
sciatic notch. Anterior column fixation is usually achieved 
first, with a lag screw placed with fluoroscopic guidance. Care 
must be taken with placement of the anterior lag screw to pre-
vent shearing of the fracture. Often a transverse lag screw will 
provide more optimal trajectory than a traditional anterior 
column screw down the ramus. Posterior fixation typically is 
with a contoured plate along the posterior column preceded 
by a lag screw if the fracture orientation is appropriate.

From the ilioinguinal approach, reduction is usually accom-
plished by using plate reduction along the anterior column to 
close the fracture gap; a large spiked reduction clamp placed on 
the quadrilateral surface and the lateral surface of the ilium in 
the region of the anterior inferior spine controls medial displace-
ment and rotation of the caudal fragment. Typical fixation is a 
contoured plate along the pelvic brim with lag screws directed 
down the posterior column (Fig. 56.37). On occasion, combined 
approaches are necessary for more complex transverse fractures 
or those that are delayed in operative intervention. 

POSTERIOR COLUMN FRACTURE WITH 
ASSOCIATED POSTERIOR WALL FRACTURE
A Kocher-Langenbeck approach is used, rarely with a tro-
chanteric osteotomy. The column fracture is reduced first. 
This is, in general, performed as described above. Once any 
marginal impaction has been treated, the posterior column 
fracture line is reduced. The wall should then be reduced and 
pinned in place. A traditional wall plate can be placed with 
the clamps left in place, allowing the clamps to be removed 
before placement of the posterior column plate (Fig. 56.38). 

TRANSVERSE FRACTURE WITH ASSOCIATED 
POSTERIOR WALL FRACTURE
This common fracture usually is treated through the Kocher-
Langenbeck approach alone. However, in the case of a wall frac-
ture extending medial to the inner table, it can be exceptionally 
difficult, using this approach, to obtain anatomic reduction of 
the transverse fracture line. In cases such as this, use of a dual 
approach with fixation of the transverse fracture from anterior 
and fixation of the wall from posterior should be considered.

 FIGURE 56.32 Posterior wall fracture fixed with contoured 
3.5-mm pelvic reconstruction plate.
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The intraarticular portion of the transverse fracture 
can be seen through the defect created by the retraction of 
the posterior wall fragment. Marginal impaction along the 
transverse fracture line should be considered. As above, 
the transverse fracture line often can be reduced with a 
Jungbluth clamp on the posterior column, relying on an 
intact symphyseal hinge. When this is not sufficient, care 
must be taken not to injure the sciatic nerve when a reduc-
tion clamp is being placed through the greater sciatic 
notch to reduce the transverse component of this fracture. 
Rotational control of the distal segment is accomplished by 
placing a Schanz pin in the ischium. Typically, the trans-
verse component is fixed with lag screws into the anterior 

column and the posterior wall is plated, followed by place-
ment of a second posterior column plate (Fig. 56.39). 

T-SHAPED FRACTURES
T-shaped, or T-type, fractures span a range of severity, requir-
ing different reduction and fixation methods. These fractures 
most often can be treated through a Kocher-Langenbeck 
approach with the patient prone, because the fracture line of 
the posterior column is more significantly displaced than that 
of the anterior column. The anterior column fracture line can 
be reduced through the sciatic notch after reduction of the 
posterior column portion, or reduced first with displacement 
of the posterior column, facilitating clamp placement. The 
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FIGURE 56.33  A-C, Positioning of C-arm to allow further “over-the-top” range of motion to obtain necessary views.
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anterior column is fixed with screws placed down the anterior 
column from a position above the acetabulum using fluoro-
scopic guidance; the posterior column portion can be fixed 
with a lag screw and a reconstruction plate.

However, these fractures occasionally necessitate an ante-
rior approach when the anterior segment is more significantly 
displaced than that of the posterior component. Fixation is 
achieved through a contoured plate placed along the pelvic 
brim with lag screws extending into the posterior column.

If both the anterior and posterior components of the frac-
ture are significantly displaced, combined approaches may be 
required to obtain a reduction. On occasion, with T-shaped 
fractures as well as other associated fracture types, a separate 
medial fragment is present. If it is proximal enough to affect 
stability, a secondary plate or a specialty plate for quadrilat-
eral plate buttress may be necessary (Fig. 56.40). 

ANTERIOR COLUMN–POSTERIOR 
HEMITRANSVERSE FRACTURES
These fractures frequently have minimal displacement of the 
hemitransverse component and can be treated through the 
ilioinguinal or anterior intra-pelvic (AIP) approach, com-
bined with the lateral window of the ilioinguinal approach, 
with typical fixation of the anterior column fracture and sepa-
rate lag screws from the iliac fossa adjacent to the pelvic brim 
extending down the posterior column. Fractures with signifi-
cant posterior displacement or intraarticular comminution 
with or without impaction may require combined approaches 
or, if age appropriate, may be considered for a total hip arthro-
plasty through a Levine approach. 

ASSOCIATED BOTH-COLUMN FRACTURES
ABC fractures, by definition, have no articular segments of the 
acetabulum in continuity with the axial skeleton. They have 
varying degrees of comminution and can be extremely com-
plex and difficult to treat. Most ABC fractures can be treated 
through an AIP with a lateral window or ilioinguinal approach 
(Fig. 56.41), but a staged posterior approach or extensile expo-
sure is required for involvement of the sacroiliac joint, a signifi-
cant posterior wall fracture, or a segmental posterior column.

While quite varied in presentation, all ABC fractures gen-
erally displace in a similar pattern, with the posterior column 
displaced medially and the anterior column displaced medi-
ally and superiorly. This is especially apparent on a true obtu-
rator oblique view, taken with the patient tilted toward the 

 FIGURE 56.34 Posterior wall acetabular fracture treated with 
spring plate and associated contoured pelvic reconstruction plate.

 

BA

FIGURE 56.35 A, Posterior column fracture of acetabulum. B, Postoperative radiograph showing definitive fixation and also Brooker 
grade III heterotopic ossification.
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intact hemipelvis and displaying what Letournel referred to 
as the “spur sign.”

In general, reduction is begun from the most proximal por-
tion of the fracture and proceeds toward the joint. Each small 
fragment must be anatomically reduced because a small malre-
duction in the ilium above the fracture becomes magnified at 
the level of the joint. Rotational control of the anterior column 
is critical to obtain an anatomic reduction and should be the first 
step to reduction. Percutaneous LC2 style screws can be used, in 
addition to a plate or screw at the iliac crest, to provisionally hold 
the anterior column before definitive plate fixation.

After reduction of the anterior column, the posterior col-
umn is reduced using a Weber or quadrangular clamp from 
the intrapelvic window. A colinear clamp placed through the 
lateral window into the lesser sciatic notch can also be used. 
After reduction of the posterior column, posterior column 
screws should be placed either alone or through the planned 
plate fixation.

After provisional fixation, the fracture most often is neu-
tralized with a suprapectineal plate, an infrapectineal plate, 
or a combination of both. Fixation is as varied as the frac-
ture patterns and the approaches used. More recently, pre-
contoured acetabular plates have become popular because of 
their ease of use and potentially increased stability; however, 

 FIGURE 56.36 Fixation of low anterior column fracture with 
contoured plate along pelvic brim. Note associated femoral shaft 
fracture fixed with locked intramedullary nail.

 FIGURE 56.37 Transverse acetabular fracture with primarily anterior displacement fixed from 
anterior ilioinguinal approach.
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surgeons should be warned that these plates can malreduce 
the fracture, as they are “one size fits all.” 

POSTOPERATIVE CARE
Postoperatively, closed suction drainage can be considered; 
however, evidence has shown that routine use increases hos-
pital length of stay and postoperative transfusion rate without 
reduction in symptomatic hematoma formation, at least with 
the Kocher-Langenbeck approach.

Local application of antibiotics may decrease the risk of 
postoperative infection. The risk of gram-negative infection 
around the pelvis, acetabulum, and proximal femur is higher and 
thus both gram-positive and gram-negative pathogens should be 
covered.

The use of negative pressure wound therapy can be consid-
ered, especially in obese patients, but the evidence is controver-
sial at best, and again may increase hospital length of stay when 
a full-size durable medical equipment unit is used. We prefer 
to use a low-cost, silver-impregnated standard dressing on all 
patients undergoing acetabular surgery; however, evidence for 
the use of silver-impregnated dressings in fracture care is cur-
rently lacking, especially around the acetabulum.

Antibiotic therapy should be continued for 24 hours post-
operatively and, as above, the risk of gram-negative infection in 
patients with surgery around the pelvis and acetabulum is higher 
than in other fracture surgery, and our institution uses a proto-
col of Zosyn (a combination of piperacillin and tazobactam) 

 FIGURE 56.38 Posterior column and posterior wall acetabular 
fracture fixed with two plates. First plate reconstructs posterior 
column, and second reconstruction plate (supplemental spring 
plate) fixes posterior wall fragments.

 FIGURE 56.39 Transverse posterior wall acetabular fracture fixed through Kocher-Langenbeck approach with additional trochanteric 
osteotomy.
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rather than cefazolin for both preoperative and postoperative 
prophylaxis.

Passive range of motion of the hip is begun immedi-
ately. Touch-down ambulation with crutches or a walker is 
progressed as tolerated, depending on other injuries. This 
minimal weight-bearing status is continued for 8 to 12 weeks 
depending on the displacement and severity of the fracture. 
Rehabilitation of the abductor muscle group is essential after 
Kocher-Langenbeck and extensile exposures. Prophylaxis for 
deep vein thrombosis should be started and prophylaxis for 
heterotopic ossification may be considered. 

OUTCOME AND COMPLICATIONS
Reported overall mortality rates after acetabular fractures 
range from 0% to 2.5%. In Letournel’s classic series, the mor-
tality in patients older than 60 years was 5.7%. A review of 
data from the National Trauma Data Bank involving 8736 
patients with acetabular fractures indicated an overall in-hos-
pital mortality of 1.5%, whereas a meta-analysis of the litera-
ture found a mortality rate of 3%.

Letournel’s series of 940 patients with acetabular frac-
tures remains the largest published in the literature. Of 569 
patients who had ORIF within 21 days of injury, 17% of those 
observed for at least 1 year had posttraumatic arthritis. After 

perfect reduction of 418 fractures, the rate of posttraumatic 
arthritis was 10.2%; and after imperfect reduction of 151 
fractures, it was 35.7%. Both-column and transverse poste-
rior wall fractures had worse results than did other associ-
ated fracture types, primarily because of imperfect reduction. 
Posterior wall fractures, although reduced nearly perfectly in 
98%, resulted in posttraumatic arthritis in 17%. A study by 
Tannast, Najibi, and Matta reported a single-surgeon 26-year 
experience with a cumulative 20-year hip survivorship of 
79% after ORIF. Independent negative predictors were non-
anatomic fracture reduction, an age of more than 40 years, 
anterior hip dislocation, postoperative incongruence of the 
acetabular roof, involvement of the posterior acetabular wall, 
acetabular impaction, a femoral head cartilage lesion, initial 
displacement of the articular surface of ≥20 mm, and use of 
the extended iliofemoral approach. A meta-analysis of mul-
tiple studies found an overall incidence of osteoarthritis of 
27% in 1211 patients, with incidences of 13% with satisfac-
tory reduction (≤2 mm) and 43% with unsatisfactory reduc-
tion. Morbid obesity (body mass index [BMI] > 40) has been 
described as an impediment to attaining satisfactory reduc-
tion by several authors.

One reason for the development of posttraumatic 
arthritis in some patients with anatomic reductions on 
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FIGURE 56.40 A and B, Anterior column fracture with quadrilateral surface comminution treated through an ilioinguinal approach 
with the Stoppa interval used to stabilize the quadrilateral surface (C and D). SEE TECHNIQUE 56.1.
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plain radiographs is the lack of sensitivity of plain radio-
graphs to detect small incongruencies in the reduction. 
Moed et al. showed that although anatomic reductions were 
obtained in 97% of posterior wall fractures when evaluated 

on plain radiographs, 16% had incongruity of 2 mm or 
more when measured by CT. Others also have found CT to 
be more sensitive in showing postoperative gaps and step-
offs in the reductions obtained in various fracture patterns 
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FIGURE 56.41 A to F, Both-column acetabular fracture treated through ilioinguinal approach with indirect reduction of acetabulum 
and fixation placed on internal surfaces of pelvis.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2986

and have recommended that postoperative CT be consid-
ered for assessment of operative reduction in complex frac-
tures. Jaskolka et al. found that, in five complex acetabular 
fractures requiring reoperation for malreduction, plain 
films displayed the malreduction in only one patient while 
postoperative CT identified the malreduction in all. More 
recently, Verbeek et al. found that postoperative CT show-
ing more than 5 mm of gap or 1 mm of step displacement 
was an independent risk factor for late conversion to total 
hip arthroplasty, reinforcing the importance of anatomic 
reduction and the potential value of obtaining a postopera-
tive CT scan, not only for surgeon development but also 
patient prognostication.

Osteonecrosis occurs more frequently after fractures 
associated with posterior dislocation. Letournel’s reported 
rate of osteonecrosis after posterior dislocation was 7.5%. For 
other fractures in his series, osteonecrosis occurred in 1.6%. 
A meta-analysis reported an overall incidence of osteonecro-
sis of 5.6% in 2010 patients; the incidence was 9% in those 
with posterior dislocation and 5% in those without a poste-
rior dislocation. Osteonecrosis is radiographically apparent 
within 2 years of injury in most patients. Osteonecrosis of 
the posterior wall can be caused by the injury or by excessive 
surgical dissection, as the only vascular supply of these frag-
ments is through the remaining attachments of the injured 
posterior capsule of the hip.

Infections are reported to occur in 1% to 5% of patients 
and may destroy the hip joint, leaving reconstructive options 
limited. Multiple factors are thought to increase the risk of 
infection, including higher Injury Severity Score, longer 
intensive care unit (ICU) stays, larger amount of packed red 
blood cells transfused, longer operative time, larger estimated 
operative blood loss, higher BMI, more frequent performance 
of combined approach, embolization of internal iliac arter-
ies, infection of the urinary tract injury, and a Morel-Lavallée 
lesion. Obesity, measured by either BMI or waist-hip ratio 
>1.0 has been shown to increase the rate of multiple compli-
cations, including infection. Studies have shown that patients 
with a BMI of more than 40 have a five times increased risk 
of infection with acetabular surgery, as well as more fre-
quent overall wound healing complications (46% vs. 12% for 
patients with indices <40). Incisional wound vacuum closure 
has been advocated for primary closure of acetabular fracture 
wounds in obese patients, as mentioned above. Reddix et al. 
reduced the postoperative deep infection rate from 6.06% to 
1.27% by use of an incisional wound vacuum closure in most 
patients over a 10-year period.

Sciatic nerve palsies because of the initial injury occur 
in 10% to 15% of patients with acetabular fractures. Sciatic 
nerve injury because of surgery occurs in 2% to 6% of patients 
and is more often associated with posterior fracture patterns 
treated through the Kocher-Langenbeck and extensile expo-
sures. Some authors have proposed intraoperative monitoring 
of somatosensory evoked potentials as a means of decreasing 
the incidence of intraoperative sciatic nerve injury, especially 
with posterior approaches. Other authors, however, have 
found that, with experience, their rates of iatrogenic nerve 
injury without monitoring were similar to rates quoted in 
studies recommending routine monitoring and thus did not 
recommend intraoperative nerve monitoring. A poll of 181 
members of the Orthopaedic Trauma Association (OTA), 
who commonly perform acetabular surgery, found that only 

15% routinely used nerve monitoring during acetabular sur-
gery. There is questionable usefulness of routine monitoring 
when the operating surgeon is sufficiently experienced. In a 
report of 14 patients with sciatic nerve injuries, the peroneal 
component of the sciatic nerve was more often involved than 
the tibial component and the tibial component had a greater 
chance of recovery; complete peroneal palsies had the worst 
prognosis. Functional recovery has been shown in approxi-
mately 65% of patients, and function may improve up to 3 
years after injury.

Heterotopic ossification (HO) occurs after most extensile 
approaches, with moderate-to-severe HO occurring in 14% 
to 50% of patients when no prophylaxis is applied. It occurs 
after the Kocher-Langenbeck approach in approximately 25% 
of patients in whom no prophylaxis is used (Fig. 56.42). HO 
is rare after the ilioinguinal approach unless the external sur-
face of the ilium is stripped. The effectiveness and choice of 
prophylactic measures to prevent HO remain controversial. 
Multiple authors have found indomethacin to be effective 
in decreasing significant HO after acetabular fracture sur-
gery, although this has been called into question by others 
who found indomethacin to be ineffective in their prospec-
tive series. Of concern, Sagi et al. reported a 62% incidence of 
nonunion in operatively treated acetabular fractures treated 
with 6 weeks of indomethacin, primarily involving the pos-
terior wall component of fractures. Low-dose irradiation 
(single dose between 700 and 800 cGy) immediately before 
surgery or within 72 hours after surgery has been shown to 
reduce the rate of HO formation. However, surgeons have 
raised concern about noninfectious wound complications 
with local radiotherapy. There also is an undetermined risk of 
late sarcoma formation, which is estimated to be around 1 in 
3000. For comparison, the risk of death from bleeding com-
plications related to indomethacin is approximately 1 in 900.

For patients treated with the Kocher-Langenbeck 
approach, we use debridement of injured gluteus minimus 
and gemelli, as popularized by Routt et  al. More recently, 
we have had promising results with a thrombin-containing 
hemostatic matrix applied in the dead space created after 
muscle debridement.

Thromboembolic complications can be devastating in 
the postoperative period and the reported risk of pulmonary 

 FIGURE 56.42 Brooker grade IV heterotopic ossification 
occurred despite postoperative irradiation.
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embolism ranges from 2% to 6%. Deep vein thrombosis has 
been reported to occur in 8% to 61% of patients with acetabu-
lar fractures; however, this depends on the method used to 
detect the thrombosis. Venous Doppler ultrasound examina-
tion may underestimate the presence of significant clots due 
to the inability of ultrasound to detect intrapelvic vein throm-
bosis reliably in comparison to more invasive venographic 
studies.

Some investigators have shown magnetic resonance 
venography (MRV) to be more sensitive than venography 
in detecting clots within the intrapelvic veins and contra-
lateral extremity, detecting asymptomatic deep vein throm-
bosis in 34% of patients, 49% of which were above the level 
of the inguinal ligament. Other authors, however, found 
that MRV and contrast-enhanced CT both had high false-
positive rates for detecting deep vein thrombosis when cor-
related with selective venography and recommended that if 
either contrast-enhanced CT or MRV is used as a screen-
ing test for asymptomatic deep vein thrombosis, correlating 
selective venography should be used before opting for aggres-
sive prophylactic treatments such as inferior vena cava filters. 
Slobogean et  al. performed a meta-analysis of the available 
literature involving recommendations for thromboembolic 
prophylaxis in patients with pelvic and acetabular fractures 
and could not identify adequate evidence to support one regi-
men over another.

Our current protocol involves the use of subcutaneous 
heparin or enoxaparin as well as intermittent compression 
boots while patients are awaiting surgery. We obtain a preop-
erative screening duplex Doppler scan in any patient in whom 
the injury is more than 4 days old and in patients who have 
not received or have not had well documented administration 
of prophylaxis, most often due to transfer from an outside 
facility. We use Greenfield vena cava filters in preoperative 
patients with confirmed DVT on duplex scan, or pulmonary 
embolism, and rarely use them in other high-risk groups. 
Identified high-risk groups include patients older than 60 
years, patients with contraindications to anticoagulation, and 
patients in whom morbid obesity, malignant disease, or a his-
tory of prior DVT is a factor. Postoperatively, anticoagulation 

with enoxaparin alone (30 mg twice daily or 40 mg once daily, 
unless BMI is over 40) or enoxaparin followed by aspirin (81 
mg twice daily) is continued for 6 to 12 weeks, unless it is 
medically contraindicated. 

ACUTE TOTAL HIP ARTHROPLASTY AS 
TREATMENT OF ACETABULAR FRACTURE
Total hip arthroplasty has been used in older patients for 
treatment of some acetabular fractures with extremely poor 
prognoses. Indications tend to be additive, and include 
intraarticular comminution, full-thickness abrasive loss of 
the articular cartilage, impaction of the femoral head, impac-
tion of the acetabular dome, associated femoral neck fracture, 
and preexistent arthritis.

Fractures should be fixed with percutaneous screws, 
plates, or cables, and fixation then augmented with mul-
tiple screw fixation of the ingrowth cup. Unlike in native 
acetabular fixation, anatomic reduction is not the goal of 
fixation. Achieving a stable support for the acetabular shell 
is the goal. A multihole cup alone may not reliably lead to 
a stable ingrown cup with fracture healing. In their series 
of 57 patients, Mears and Velyvis found that even with fixa-
tion, acetabular shells would routinely subside an average of 
3 mm medially and 2 mm vertically during fracture healing 
and then typically stabilize. They emphasized the avoidance 
of extensile approaches to minimize the risk of infection. 
Central to their technique was the use of 2.0-mm cables 
used in a figure-of-eight configuration for displacement of 
the quadrilateral surface and percutaneous screws to fix 
complex anterior column components (Fig. 56.43A to C). 
Other authors have described use of an acetabular recon-
struction ring for fractures with extreme comminution (Fig. 
56.44A and B). More recently, the use of a cup-cage con-
struct for reconstruction in the setting of an acetabular frac-
ture has been described; however, the data are limited and 
the rate of loosening may still be as high as 30%.

For comminuted, nonreconstructable posterior wall 
fractures, Mears and Velyvis described a useful technique 
using the femoral head as autograft for defects larger than 
40%. Although we have rarely used the figure-of-eight cable 
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FIGURE 56.43 A and B, Comminuted T-type acetabular fracture treated with figure-8 cable technique described by Mears and Velyvis (C).
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technique, we have frequently used a femoral head autograft 
to reconstruct comminuted posterior walls in older patients 
when performing acute total hip arthroplasty, with or with-
out transverse fracture components, using the technique as 
outlined below. We have adhered to the principle of establish-
ing rigid bony fixation, even if not perfectly anatomic, before 
implantation of a total hip acetabular component, not relying 
on screw fixation through the cup to contribute significantly 
to fracture fixation. 

 

FIXATION OF COMMINUTED 
POSTERIOR WALL FRACTURE WITH 
OR WITHOUT A TRANSVERSE 
COMPONENT

 TECHNIQUE 56.2 

 n  Position the patient lateral on a flattop radiolucent table 
using a beanbag or radiolucent positioners.

 n  Approach the hip through a standard posterolateral hip 
approach.

 n  Tag the piriformis and obturator internus separately 
for easy identification of both greater and lesser sciatic 
notches and the sciatic nerve.

 n  Excise any small comminuted fragments of the posterior 
wall.

 n  Cut the femoral neck at the appropriate level and carefully 
remove the femoral head for later use as a bone graft.

 n  With the femoral head removed, a transverse fracture 
can be readily reduced and stabilized either with a lag 
screw placed just anterior to the sciatic notch directly 
anteromedially or with a percutaneous anterior column 
screw placed through the gluteus maximus under fluo-
roscopic control.

 n  Prepare the femoral head autograft using a female ream-
er to remove the articular cartilage and cortical bone.

 n  Gently prepare the posterior wall defect with an acetabu-
lar reamer 1 or 2 mm smaller than the female femoral 
head reamer, while protecting the sciatic nerve with a 
blunt cobra retractor (Fig. 56.45B).

 n  Use approximately two thirds of the femoral head with 
the neck attached to fill the defect and provisionally fix it 
in position with Kirschner wires placed through the femo-
ral neck still attached to the femoral head autograft (Fig. 
56.45C).

 n  Place a contoured reconstruction plate along the poste-
rior column over the autograft with screws traversing the 
graft while stabilizing the posterior column (Fig. 56.45D).

 n  Use a burr to remove the femoral neck and roughly shape 
the internal contour of the graft to that of the native ac-
etabulum.

 n  Complete the preparation with acetabular reamers, tak-
ing care not to remove subchondral bone (Fig. 56.45E), 
and place a porous ingrowth cup with multiple screw 
fixation using fluoroscopy to ensure optimal component 
positioning in approximately 40 degrees of abduction and 
20 degrees of anteversion.

 n  When cup size allows, we use a 36 mm femoral head and 
occasionally a posterior lipped liner to minimize posterior 
dislocation risk, as the posterior capsule is routinely com-
promised (Fig. 56.45F and G).

POSTOPERATIVE CARE Weight bearing is limited for 6 
to 12 weeks depending on the presence and displacement 
of any transverse or column component. Routine antico-
agulation is used for DVT prophylaxis.
  

Beaulé, Griffin, and Matta revisited a now 80-year-old 
approach, originally described by Levine as an extension 
of the well-known Smith-Peterson approach, for use in 
fixation of displaced anterior column fractures, with or 
without a posterior hemitransverse component, followed 
by placement of an acute total hip arthroplasty through an 
anterior approach. The exposure is extended proximally 
along the internal iliac fossa for fixation of the anterior 
column. They described this technique using a fracture 
table, but it can also be done on a standard operating table 
with proper positioning to allow hip extension during 
femoral component preparation, as described by Keggi, 
Huo, and Zatorski. In patients with a displaced ante-
rior column fracture, in addition to risk factors for early 
posttraumatic arthritis, the approach allows for defini-
tive fixation and replacement through a single incision  
(Fig. 56.46). 

 

ANTERIOR APPROACH FOR TOTAL 
HIP ARTHROPLASTY FOR FRACTURES 
INVOLVING PRIMARILY THE ANTERIOR 
WALL AND COLUMN

 TECHNIQUE 56.3 

(BEAULÉ ET AL.)
 n  Place the patient supine on a Hana or ProFX fracture table 

(Orthopedic Systems, Inc., Union City, CA).
 n  After proper preparing and draping of the pelvis and fem-

oral shaft, make a skin incision along the iliac crest (as in 
a lateral window), curving it laterally distal to the anterior 
superior iliac spine, and continuing distally over the tensor 
fascia lata muscle (as in a Smith-Peterson approach (Fig. 
56.47A).

 n  Carefully release the abdominal musculature from the ili-
ac crest with electrocautery and develop the subperiosteal 
plane along the inner table of the ilium with a periosteal 
elevator.

 n  Release the sartorius and direct head of the rectus with 
electrocautery.

 n  Complete the exposure distally by incising the anterior 
margin of the tensor muscle fascia. This fascia consists 
of two layers, one of which contains the lateral femoral 
cutaneous nerve surrounded by a thin layer of fat. The 
posterior branch of this nerve is always sacrificed, which 
leaves an area of hypoesthesia.

    

https://booksmedicos.org


CHAPTER 56 FRACTURES OF THE ACETABULUM AND PELVIS 2989

 n  Separate the tensor muscle from the rectus femoris. It is 
important to incise the tensor muscle fascia where it is 
almost translucent, because going too far medially may 
lead to loss of the dissection plane.

 n  Retract the tensor muscle laterally and identify the rectus 
femoris within the sagittal plane when cutting through its 
overlying fascial layer.

 n  Release the reflected head of the rectus and the posterior 
third of the direct head.

 n  The next fascial layer lies in the coronal plane and is poste-
rior to the rectus femoris, which is retracted medially. Cut 
this layer, then isolate and ligate the ascending branch of 
the lateral circumflex artery.

 n  Divide the fascia between the rectus femoris to access the 
plane between the tendon of the gluteus minimus and 
the hip joint capsule.

 n  Place a blunt Hohmann retractor under the sheath of the 
psoas tendon to display full access to the capsule.

 n  The uppermost fibers of the vastus intermedius muscle and 
portion of the iliocapsularis muscle take origin from the 
capsule anteriorly and medially. Elevate these off the an-
terior capsule with a scalpel and reflect them distally and 
medially.

 n  The entire superior, anterior, and inferior portions of the 
capsule should now be visible from the iliac origin to the 
femoral insertion.

 n  Pass a blunt Hohmann retractor laterally and a sharp 
Hohmann retractor onto the anterior rim of the acetabu-
lum (Fig. 56.47B) then incise the anterior capsule with a 
T-shaped incision.

 n  Make the femoral neck osteotomy before attempting 
fracture reduction.

 n  Generally, the anterior column fracture extends to the 
iliac crest and usually is externally rotated in relation to the 
pelvis. Begin the reduction at the iliac crest to accurately 
reduce the fracture fragment. The use of a Matta clamp, 
with one tine on the outer table, will often provide the 
forces necessary for reduction.

 n  The other main component of the fracture is the impacted 
articular surface, usually located posterior-superior-medi-
al in the acetabular fossa.

 n  Reduce the anterior column fracture first and fix it with a 
reconstruction plate. Apply the plate in a suprapectineal 
fashion. Distally, the plate lies over the pectineal eminence 
and, by being under-contoured, applies compression on 
the anterior wall/column (Fig. 56.47C).

 n  Once the acetabular fracture has been accurately reduced 
and fixed, prepare the acetabular cavity for implantation 
of the socket. There is no need to reduce the impacted 
articular surface; remove the cartilage, ligamentum teres, 
and fat pad with curets and use reamers to prepare only 
the acetabular rim.

 

A

B

C

FIGURE 56.44 A, Comminuted T-type acetabular fracture treated with a reconstruction ring and primary hip replacement (B and C).
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FIGURE 56.45 A, MRI of T-type acetabular fracture. B, Poste-
rior wall defect is carefully contoured with reamer while sciatic 
nerve is protected. C, Approximately two thirds of femoral head 
is pinned into defect through attached femoral neck. D, Femoral  
head autograft is stabilized with reconstruction plate. E, Burr and 
acetabular reamers are used to contour graft, reconstructing bony 
acetabulum. F, Assembled total hip. G, At 1-year follow-up. SEE 
TECHNIQUE 56.2.
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 n  Place morselized bone graft from the femoral head or 
acetabular reamings into the acetabular cavity to com-
pensate for areas that were not elevated.

 n  Begin reaming with a size close to the actual implant size, 
with a final goal of 1 mm of under-reaming.

 n  Impact the socket in the appropriate amount of abduc-
tion and anteversion. Supplemental screw fixation is used 
to ensure initial socket stability.

 n  Begin implantation of the femoral component by extend-
ing, externally rotating, and adducting the leg using the 
fracture table in standard anterior approach fashion.

 n  Verify leg lengths with fluoroscopy: the lesser trochanter 
is placed at the same level at the most distal aspect of the 
ischial tuberosity in relation to the nonoperative limb with 
both legs in neutral abduction-adduction.

 n  Close the fascial layers sequentially, carefully repairing 
the proximal abdominal attachments. A double closure 
should be used for reattachment of the abdominal mus-
cles because this is a high-stress area.

POSTOPERATIVE CARE Weight bearing is limited for 6 
to 12 weeks depending on the displacement of any col-
umn component. Routine anticoagulation is used for DVT 
prophylaxis.
  

COMPLICATIONS OF ACUTE TOTAL HIP 
ARTHROPLASTY FOR ACETABULAR 
FRACTURE
The risk of complications after acute total hip arthroplasty for 
acetabular fractures is not trivial. HO occurs in 6% to 60%, 
dislocation occurs in 4% to 14%, and the infection rate can be 
as high as 13%. 

TOTAL HIP ARTHROPLASTY FOR 
POSTTRAUMATIC ARTHRITIS
Total hip arthroplasty for posttraumatic arthritis generally is 
done in patients younger than those with idiopathic osteo-
arthritis. In general, it is recommended that only implants 
that interfere with the placement of the total hip replace-
ment be removed, because posterior column plates can be 
imbedded in dense scar that can be adherent to the sciatic 
nerve. Screws that protrude into the bony socket can be 
removed or recessed with a metal cutting burr from within 
the socket. Total hip arthroplasty after acetabular frac-
ture (Fig. 56.48) has been found to require longer opera-
tive times, have increased blood loss, and more commonly 
require transfusion compared with total hip arthroplasty for 
degenerative arthritis. All of these findings were greater in 
patients who had ORIF of their acetabular fractures com-
pared with patients who had initial nonoperative treatment 
of their fractures.

Preoperatively, it is prudent to obtain screening tests 
such as C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR), particularly if there is any history of 
postoperative drainage or infection after the initial fracture 
treatment. Intraoperative frozen section at the time of total 
hip replacement also has been recommended if there is any 
suspicion of infection. If acute inflammation is evidenced 
by greater than five white blood cells per high-powered field 
on microscopic review, debridement with implant removal 
and placement of a PROSTALAC antibiotic spacer (DePuy, 
Warsaw, IN) is prudent, with an extended course of intrave-
nous antibiotics before implantation of permanent total hip 
components.

Romness and Lewallen found that patients younger 
than 60 years undergoing total hip arthroplasty for post-
traumatic arthritis had a 17.2% risk of aseptic loosening at 
10 years, compared to 7.7% for those over the age of 60. 
More recently, Weber and associates found that patients 
under the age of 50 or those with large residual bony defects 
were at increased risk of aseptic loosening. Ranawat and 
colleagues found that a nonanatomic hip center or his-
tory of infection increased the risk of revision as well. For 
patients with compromised acetabular bone stock, Yuan, 
Lewallen, and Hanssen reported no revisions for loosen-
ing at a minimum 5-year follow-up with the use of highly 
porous tantalum acetabular components. It is our practice 
to use highly porous, multi-hole acetabular components for 
all total hip replacements in patients with previous ORIF of 
the acetabulum. However, patients must be counselled on 
the increased risk of revision in the posttraumatic setting, 
with 10-year survivorship at 70% to 97% and 20-year survi-
vorship at only 57%. 

PELVIC FRACTURES
Fractures of the adult pelvis, exclusive of the acetabulum, 
present in a dichotomous distribution of geriatric low-
energy trauma, such as ground level falls, or more youth-
ful high-energy trauma that results in significant morbidity 
and mortality. As is true of fractures of other bones, low-
energy trauma to the pelvis generally produces stable frac-
tures that can be treated symptomatically with crutch- or 

 FIGURE 56.46 Levine approach for anterior wall/column 
acetabular fracture.
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walker-assisted ambulation and that can be expected to heal 
uneventfully in most patients, although this belief is being 
disputed. High-energy pelvic fractures are often managed 
operatively, with the treatment method determined by the 
degree of pelvic stability, in a stepwise treatment algorithm. 
Although the treatment of the low-energy fractures is briefly 
discussed, the focus here is on these high-energy injuries, 
their management in both the resuscitative and reconstruc-
tive phases, and their potential complications.

High-energy pelvic fractures result most commonly 
from roadway accidents, falls from elevation, automobile-
pedestrian encounters, and industrial crush injuries. The 
potential complications of high-energy pelvic fractures 
include injuries to the major vessels and nerves of the pelvis 

(Fig. 56.49) and the major viscera: the intestines/colorec-
tum, the bladder, and the urethra/genitalia. Degloving inju-
ries to the surrounding soft tissues, both open and closed, 
may accompany these fractures, and complicate their treat-
ment. Reported mortality from severe pelvic fracture ranges 
from 10% to as high as 50% in some earlier series of open 
pelvic fractures. Risk factors for increased mortality include 
the patient’s age and injury severity score, associated head or 
visceral injury, blood loss, hypotension, coagulopathy, and 
unstable or open pelvic fractures. Mortality in patients with 
a pelvic injury occurs in a trimodal distribution: death at the 
scene; death during the first 24 hours, often from hemor-
rhage or closed-head injury; and late mortality, due to sepsis 
or multiorgan failure.

 

A B

C

Abdominal
muscles

Sartorius

Direct head
of rectus

femoris

Tensor
fascia lata

Abductor
muscles

FIGURE 56.47 Total hip replacement through anterior 
Levine approach for anterior wall/column acetabular frac-
tures. A, Incision. B, Elevation of abdominal musculature with 
release of sartorius and direct head of rectus femoris. C, After 
reduction and internal fixation of anterior column, acetabular 
cavity is prepared. (Redrawn from Beaulé PE, Griffin DB, Matta JM: 
Levine anterior approach for total hip replacement for the treatment 
for an acute acetabular fracture, J Orthop Trauma 18:623, 2004.)  
SEE TECHNIQUE 56.3.
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ANATOMY
The pelvis is composed anteriorly of the ring of the pubic and 
ischial rami connected with the symphysis pubis. A fibrocar-
tilaginous disc separates the two pubic bodies. Posteriorly, 
the sacrum and the two innominate bones are joined at the 
sacroiliac joint by the interosseous sacroiliac ligaments, the 
anterior and posterior sacroiliac ligaments, the sacrotuber-
ous ligaments, the sacrospinous ligaments, and the associated 
iliolumbar ligaments (Fig. 56.50A). This ligamentous com-
plex provides stability to the posterior sacroiliac complex, as 
the sacroiliac joint itself has no inherent bony stability. Tile 
has compared this relationship of the posterior pelvic liga-
mentous and bony structures to a suspension bridge, with the 
sacrum suspended between the two posterior superior iliac 
spines (Fig. 56.50B).

Pelvic stability is determined by ligamentous structures 
in various planes. The primary restraints to external rota-
tion of the hemipelvis are the ligaments of the symphysis, 
the sacrospinous ligament, and the anterior sacroiliac liga-
ments. Rotation in the sagittal plane is resisted by the sacro-
tuberous ligament. Vertical displacement of the hemipelvis 
is controlled by all the mentioned ligamentous structures, 
but if other ligaments are absent it may be controlled by 
intact interosseous sacroiliac and posterior sacroiliac liga-
ments along with the iliolumbar ligament. Frequently, a 
rotationally unstable hemipelvis may remain vertically 
stable because of these intact ligamentous structures. This 
has significant implications in classification, prognosis, and 
treatment. 

RADIOGRAPHIC EVALUATION
The standard radiographic projections required for evalua-
tion of pelvic fractures are an anteroposterior view of the pel-
vis and 40-degree caudal inlet and 40-degree cephalad outlet 
views as described by Pennal et al. (Fig. 56.51). The inlet view 
shows inward or outward rotation of the anterior pelvis as well 
as anteroposterior displacement of the hemipelvis. The outlet 
view shows vertical displacement of the hemipelvis as well as 
superior or inferior rotation of the anterior pelvis, while also 
serving to better characterize associated sacral fractures and 
widening or fracture of the anterior pelvis.

CT is an essential part of the evaluation of any significant 
pelvic injury and allows evaluation of the posterior portion of 

the pelvic ring that may be poorly visualized on standard radio-
graphs, especially in an obese or osteopenic patient. Before the 
widespread use of CT, many pelvic fractures were assumed to 
be purely anterior injuries, as subtle posterior injuries were dif-
ficult to identify. Subsequently, CT has long been shown to dis-
close that isolated anterior injuries remain rare.

Several radiographic signs should be sought as indi-
cations of fracture stability. Widening of the symphysis of 
more than 2.5 cm has been correlated with rupture of the 
sacrospinous ligament and a rotationally unstable pelvis. 
Avulsion fractures of the lateral sacrum and ischial spine 
are additional signs of rotational instability. Widening of 
the anterior pelvis causes rupture of the anterior sacroiliac 
ligament, making the sacroiliac joint appear widened on 
the anteroposterior view. However, as shown by axial CT 
images, the posterior ligaments of the sacroiliac joint may 
remain intact, maintaining the vertical stability of the pelvis 
(Fig. 56.52). The posterior iliac offset, as described by Tonne 
et al., can also be used to predict pelvic instability. Impacted 
fractures of the anterior cortex of the sacrum are common 
with lateral compression (LC) injuries and generally are sta-
ble, but a sacral fracture with a gap usually indicates vertical 
instability. In their review of LC fractures treated nonopera-
tively, Bruce et  al. found that over half (68%) of complete 
sacral fractures with bilateral rami fractures displaced, while 
no incomplete sacral fractures with an ipsilateral ramus 
fracture displaced.

Vertical instability is generally defined as one centimeter 
or more of cephalad migration of one hemipelvis. In some 
pelvic injuries, vertical instability is apparent, but if verti-
cal stability is questionable, stress testing can be beneficial. 
When pelvic stability is questioned, EUA may be helpful. 
Internal and external rotation of the pelvis may demonstrate 
rotational instability. In a similar study, Suzuki et al. stressed 
presumed anteroposterior compression (APC)-I injuries 
and found that 27% of patients had an occult APC-II injury. 
Sagi et al. described a stress examination of the pelvic ring 
using intraoperative dynamic fluoroscopy in which inter-
nal and external rotation and push-pull maneuvers were 
applied to both extremities. Using this method, they identi-
fied instability in half of pelvic ring fractures presumed to 
be stable APC-I injuries. Further, they found that 37% of 
APC-2 injuries had superior-inferior rotational instability 
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FIGURE 56.48 A, Posttraumatic arthritis after acetabular fracture. B, After fracture reduction and fixation and total hip arthroplasty.
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with axial loading. Under radiographic control, the exam-
iner pushes up on one extremity while pulling down on the 
other. This maneuver is then reversed, again under radio-
graphic control, and the maximal displacement between 
the two films is determined. If more than 1 cm of cephalad 
displacement of a sacral fracture or sacroiliac dislocation 
is possible with this test, the fracture is vertically unstable. 
If more than 1 cm of anterior-superior-to-inferior transla-
tion is noted, this fracture is believed to have vertical rota-
tional instability indicative of attenuation of the posterior 
sacroiliac ligaments. This test should be done one time only, 
with permanent films obtained for accurate measurement of 
cephalad migration. A quarter, which has a diameter of 2.42 
cm, placed on the patient’s abdomen can assist with judging 
movement. Push-pull testing should not be done in acutely 
injured patients with ongoing hemodynamic instability or 
in zone II or zone III sacral fractures, in which potential 
neurologic injury could occur. 

CLASSIFICATION
Bucholz, in a classic study of 150 consecutive victims of fatal 
motor vehicle accidents, found pelvic fractures in 31%. He 
separated them into three groups: group I had displaced 
anterior ring injuries with minimally displaced, stable sacral 
fractures or incomplete tearing of the anterior sacroiliac liga-
ment; group II had anterior injuries associated with a rota-
tional opening of the sacroiliac joint with disruption of only 
the anterior sacroiliac ligaments, sparing the posterosuperior 
sacroiliac ligament complex; and group III had complete dis-
ruption of the anterior and posterior hemipelvis.

Pennal and associates followed shortly after with a mech-
anistic classification in which pelvic fractures are described as 
APC injuries, LC injuries, or vertical shear injuries.

Young and Burgess expanded on the system developed 
by Pennal et  al. In day-to-day communication, the Young 
and Burgess classification, which, like the Pennal scheme, is 
based on mechanism, is the most commonly used system. 
In addition to APC and LC, Young and Burgess added a new 
category for combined mechanical injuries (see Table 56.1). 

One of the original conclusions of their work was that pel-
vic classification could be used to predict other morbidi-
ties in a polytraumatized patient. However, the system fits 
nicely with the concepts of rotational and vertical stability 
described by Tile. The AP I (APC type I) and LC I (LC type 
I) fractures are rotationally and vertically stable (Tile A). 
The AP II (Fig. 56.53) and LC II (Fig. 56.54) fractures are 
rotationally unstable but vertically stable (Tile B). The AP 
III (Fig. 56.55) and often the LC III (Fig. 56.56) fractures are 
both rotationally and vertically unstable (Tile C). In a subse-
quent series, LC injuries were the most common injury pat-
tern, accounting for 41%, followed by APC injuries (26%), 
acetabular fractures (18%), combined mechanism inju-
ries (10%), and vertical shear injuries (5%). Hypovolemic 
shock and large blood requirements were more common in 
patients with vertically unstable AP III injuries than in those 
with vertically stable APC or LC injuries. In the series by 
Young and Burgess, patients with the most severe LC inju-
ries (type III) had no associated head injuries, whereas those 
with less severe LC injuries had head injury rates similar to 
those in patients with other pelvic injury patterns. We find 
this classification useful in describing and communicating 
pelvic ring injuries.

Tile soon after developed a system based on the concept 
of pelvic stability (Box 56.2): A, stable; B, rotationally unsta-
ble but vertically stable; and C, rotationally and vertically 
unstable. Helfet later modified the Tile classification system 
to align with the AO/OTA fracture and dislocation system, 
which was originally published in 1996 and has been revised 
and republished in 2007 and again in 2018. Tile’s classification 
of pelvic ring fractures relates directly to the type of treatment 
indicated and the prognosis of the injury.

Type A (stable) fractures are further divided into three 
groups (Fig. 56.57). Type A1 fractures do not involve the pel-
vic ring, for instance, avulsion fractures of the iliac spines or 
the ischial tuberosity and isolated fractures of the iliac wing. 
Type A2 fractures are those that involve a direct blow to the 
pelvis, such as an iliac wing fracture, without extension into 
the pelvic ring, known as a Duverney fracture, or an isolated 
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FIGURE 56.49  Internal iliac plexus of arteries and veins.
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injury to the anterior ring without posterior involvement. 
Type A3 fractures are transverse lesions of the sacrum and 
coccyx; these are considered spinal injuries rather than pelvic 
ring disruptions.

Type B fractures are rotationally unstable, but vertically 
stable. Group B1 fractures often are colloquially referred to 
as “open book” injuries, as one hemipelvis externally rotates 
because of injury of the symphysis or a fracture of the ante-
rior ring and, at minimum, attenuation of the anterior sacro-
iliac ligaments. The posterior injury is widening of the SI joint 
anteriorly (B1.1) or a sacral fracture with anterior diastasis 
(B1.2) (Fig. 56.58). The posterior sacroiliac and interosseous 
ligaments remain intact resulting in external rotational insta-
bility, without vertical instability. Tile described stages of this 
injury. In the first stage, the symphysis separation is less than 
2.5 cm and the sacrospinous ligament remains intact. In the 
second stage, the diastasis is more than 2.5 cm with rupture 
of the sacrospinous ligament and the anterior sacroiliac liga-
ment. In the third stage, the lesions are bilateral, creating a 
B3 injury.

Fractures classified as AO/OTA B2 encompass unilateral 
injuries that are more commonly referred to as Young and 
Burgess LCI and LCII fracture patterns. The opposite of the B1 

fractures, these injuries occur secondary to an internal rotation– 
type force to the hemipelvis. Subgroup B2.1 fractures are LC 
injuries with an ipsilateral sacral fracture (Fig. 56.59). Subgroup 
B2.2 fractures are those LC injuries that, instead of fracturing 
through the sacrum, result in a rupture of the posterior sac-
roiliac ligaments or a small avulsion fracture of the ligamen-
tous attachment; internal rotation occurs through the SI joint. 
Fractures of the subgroup B2.3 are those classified by Young 
and Burgess as LCII fractures and result in internal rotation 
through a fracture in the ilium, conversationally known as a 
“crescent fracture.”

Group B3 fractures are like group B1 and B2 fractures, 
but entail a bilateral injury, rather than a unilateral injury. 
Subgroup B3.1 injuries are those with bilateral external rota-
tion injuries to the posterior pelvis, classified by Young and 
Burgess as bilateral APCI or APCII injuries. Subgroup B3.2 
are colloquially known as the windswept pelvis, or Young and 
Burgess LCIII injuries, with internal rotation of one hemi-
pelvis and external rotation of the contralateral hemipelvis. 
Fractures in subgroup B3.3 are those injuries with bilateral 
internal rotation (LC-type) injuries and should raise suspi-
cion of the possibility of a transverse sacral fracture and asso-
ciated spinopelvic dissociation.
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FIGURE 56.50 A, Major posterior stabilizing structures of pelvic ring (posterior and sagittal views). B, Tile compared relationship 
of posterior pelvic ligamentous and bony structures to suspension bridge, with sacrum suspended between two posterior superior iliac 
spines. (From Tile M: Acute pelvic fractures, part I. Causation and classification, J Am Assoc Orthop Surg 4:143, 1996.)
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Type C fractures (Fig. 56.60) are unstable both rotation-
ally and vertically. These include vertical shear injuries and 
anterior compression injuries with disruption of the posterior 
ligamentous complex. Type C1 fractures include unilateral 
fractures of the anterior and posterior complex, subdivided 
by the location of the posterior fracture. Type C2 fractures 
include bilateral injuries with one hemipelvis vertically stable 
and the other unstable. Type C3 fractures are bilateral frac-
tures that are both vertically and rotationally unstable.

Sacral fractures have been classified separately by sev-
eral authors. Currently, the classification used most often is 
that proposed by Denis, Davis, and Comfort (Fig. 56.61). 
Classification is divided into three types based on the fracture’s 
relation to the sacral neuroforamina: zone I fractures occur 
lateral to the neural foramina through the sacral ala (50% of 
fractures); zone II fractures are transforaminal (34.3% of frac-
tures); zone III fractures occur medial or central to the neu-
ral foramina (15.7% of fractures). In the original series of 236 
patients, Denis and colleagues found neurologic deficits in 
5.9% of patients with zone I fractures, 28.4% of patients with 
zone II fractures, and 56.7% of patients with zone III fractures. 
The type of deficit also differed based on location, with zone 
I fractures most commonly affecting the L5 nerve root, while 
zone II fractures most often had varying effects on L5-S2, but 
18% of those with nerve deficits had bowel or bladder effects as 
well. Zone III fractures had much more frequent consequences 
on bowel, bladder, or reproductive organ function, with 76% 
of those with neurologic deficit suffering such effects. This was 

commonly associated (62%) with varying injury to the L5-S2 
nerve roots as well.

In a more recent study including 683 patients, Khan et al. 
found that the frequency of zone I fractures was higher and that 
of zone II and III fractures was lower than reported by Denis 
et al. Further, the rate of nerve injury was significantly lower 
overall at 3.5% compared to 21.6% in the original paper. This 
decrease was consistent across all zones; however, the trend of 
increasing frequency of nerve injury with increasing zone was 
the same as originally reported. This decrease is most likely 
associated with the increased use of CT for evaluation of trauma 
patients. In the original paper, Denis et al. diagnosed only 51% 
of the original fractures during the initial hospital stay, and 
there is a high likelihood that many minimally displaced frac-
tures were missed and not included in their original study. This 
is supported by the fact that Khan et al. found that patients with 
displaced or comminuted fractures and those with transverse 
fractures extending across the midline had more frequent neu-
rologic insults; these are the fractures that are most likely to be 
recognized on a pelvic flat-plate radiographic series.

In a study by Nork et al., only 2.9% (13 of 442) of pelvic 
ring disruptions contained a transverse component crossing 
the midline; however, these fractures deserve special attention 
because of the neurologic and biomechanical implications. 
Roy-Camille and his collaborators were the first to describe 
a classification for these fractures based on rotation and dis-
placement. Transverse fractures of the sacrum are classified 

 

B

A

FIGURE 56.51 A, Forty-degree caudal inlet view of pelvis. B, 
Forty-degree cephalad outlet view of pelvis.

 

B

A

FIGURE 56.52 A, Tile type B1 pelvic injury with diastasis of 
symphysis and anterior widening of sacroiliac joint. B, CT scan shows 
that posterior sacroiliac joint ligaments are intact.
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FIGURE 56.53 Young and Burgess anteroposterior type II (AP II) 
pelvic ring injury with pubic diastasis treated with anterior fixation. 
A and B, Preoperative views. C to E, Postoperative anteroposterior, 
inlet, and outlet views.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS2998

 

A

D

CB

GF

E

FIGURE 56.54 Young and Burgess lateral compression type II (LC II) pelvic ring injury with posterior crescent fracture. A to D, Preop-
erative anteroposterior, oblique, inlet, and outlet views, respectively. E, Preoperative CT scan. F and G, After open reduction and internal 
fixation with 3.5-mm reconstruction plate with two lag screws in between iliac cortical tables.
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as zone III injuries in the Denis classification because they 
involve the spinal canal; however, they are highly variable and 
should be further subclassified. Generally, the fracture pattern 
is best described based on the Latin-based letter that the frac-
ture morphology resembles (Fig. 56.62). Critical analysis of 
the sagittal and coronal reconstructions on CT will best show 
these injuries. Evaluation of displacement and the sacral level 

at which the fracture crosses will play a role. Classification 
of anterior pelvic ring fractures, as described by Starr et al., 
is based on the location of the fracture through the superior 
ramus. The less-known Nakatani classification defines zone 
I as medial to the obturator foramen, zone III as lateral to 
the obturator foramen, and zone II between zones I and III. 
More commonly, fractures lateral to the obturator foramen 
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FIGURE 56.55 Young and Burgess anteroposterior type III (AP III) pelvic ring injury with pubic diastasis and bilateral pubic rami frac-
tures. A-C, Preoperative anteroposterior, inlet, and outlet views, respectively. D, Preoperative CT scan. E-G, Postoperative anteroposterior, 
inlet, and outlet views, respectively.
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are referred to as pubic root fractures and those medial to the 
foramen as para-symphyseal fractures. 

TREATMENT
INITIAL MANAGEMENT

The first hour after a trauma, referred to as the “golden hour” 
by R. Adams Cowley, whose namesake graces America’s first 
trauma center in Baltimore, is the basis for our current trauma 
networks and has led to the protocols we use today for rapid 
transport and treatment of severely traumatized patients. 

Acute management of a patient with a pelvic fracture and 
unrelenting hemorrhage remains a challenge. Because the 
patient’s other injuries generally have a greater effect on out-
come than the pelvic fracture, a multidisciplinary approach, 
with orthopaedic surgeons, general surgeons, and anesthesi-
ologists, is critical to optimizing outcomes.

The initial trauma workup should include chest and 
pelvic radiographs obtained in the trauma bay, as well as 
a focused assessment with sonography for trauma (FAST) 
scan or alternatively a diagnostic peritoneal lavage (DPL), 
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FIGURE 56.56 Young and Burgess lateral compression type III (LC III) injury with marked displacement of the right pubic ramus. 
Treatment was with open reduction and internal fixation (ORIF) of left sacroiliac joint and ORIF of pubic symphysis and right pubic ramus 
fractures. A-C, Preoperative anteroposterior, inlet, and outlet views, respectively. D, Preoperative CT scan. E-G, Postoperative anteropos-
terior, inlet, and outlet views, respectively.
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when the patient’s body habitus prohibits a FAST. When 
an unstable pelvic ring injury is identified, we routinely 
apply a circumferential pelvic binder or sheet (Fig. 56.63). 
First described in the literature by Routt et  al., the tech-
nique involves wrapping a bedsheet (or commercially avail-
able binder) around the pelvis and greater trochanters. The 
pelvic volume is manually reduced by one assistant, then 
two other assistants tighten the sheet. After circumferen-
tial tightening, the sheet is clamped. Binding, like external 
fixation, theoretically reduces pelvic volume, stabilizes raw 
fracture surfaces, and encourages tamponade. We prefer cir-
cumferential pelvic binding to external fixation in the acute 
resuscitation stage because it is simple, quick, and the neces-
sary items can be quickly attained.

Croce et al. demonstrated a decreased need for transfu-
sions when a pelvic orthotic device was used to apply circum-
ferential pressure in patients with unstable, complex pelvic 
fractures, but Ghaemmaghami et al. did not find that pelvic 
binders reduced hemorrhage or mortality associated with 
pelvic fractures.

The most common error in application is placement 
of the binding device at the level of the iliac crests rather 
than centered over the greater trochanters. One study 
noted inaccurate placement above the level of the greater 
trochanters to be associated with inadequate fracture 
reduction. A more recent biomechanical cadaver study 
found that placement of the binder over the greater tro-
chanter resulted in less motion in all tested planes during 
bed transfer, log rolling, and elevation of the head of the 
patient’s bed. Although pelvic circumferential compression 
devices are clinically effective for early fracture reduction, 
the development of pressure sores are of major concern. 
Further, use of the device as a reduction tool rather than 
a fixation device of an already compressed pelvic ring can 

result in skin sloughing or further soft-tissue injury, and 
application should be performed by multiple individuals 
to avoid complication.

Our institution uses a protocol similar to that described 
by the group at Denver Health (Fig. 56.64). Once stabilized, 
the patient is taken for advanced imaging of the chest, abdo-
men, and pelvis. If the patient remains hemodynamically 
unstable or has a positive FAST examination, he or she should 
be taken for emergency laparotomy and, if stable afterwards 
in the controlled environment of the operating room, an 
external fixator can be applied to maintain stability of the 
pelvis while allowing access to the abdomen and perineum. 
A reduction in transfusion requirements has been reported 
in patients with unstable pelvic fractures who were treated 
with immediate external fixation compared with those who 
did not have immediate fixation. Injuries with significant pos-
terior displacement not controlled by anterior external fixa-
tion alone may benefit from further stabilization as discussed 
below.

A patient with a pelvic ring injury, persistent hypoten-
sion after circumferential pelvic binding, and a negative 
FAST examination should be considered for angiography. 
Hemorrhage frequently results from fracture surfaces and 
small vessels in the retroperitoneum. Only 5% to 10% of 

Classification of Pelvic Ring Lesions

Type A: Stable (Posterior Arch Intact)
A1 Avulsion injury
A2 Iliac wing or anterior arch fracture caused by a direct blow
A3 Transverse sacrococcygeal fracture 

Type B: Partially Stable (Incomplete Disruption 
of Posterior Arch)
B1 Open book injury (external rotation)
B2 Lateral compression injury (internal rotation)
B2-1 Ipsilateral anterior and posterior injuries
B2-2 Contralateral (bucket-handle) injuries
B3 Bilateral 

Type C: Unstable (Complete Disruption of  
Posterior Arch)
C1 Unilateral
C1-1 Iliac fracture
C1-2 Sacroiliac fracture-dislocation
C1-3 Sacral fracture
C2 Bilateral, with one side type B, one side type C
C3 Bilateral

 BOX 56.2 

From Tile M: Acute pelvic fractures, part I: Causation and classification, J Am 
Assoc Orthop Surg 4:143, 1996.

 

A-type—stable pelvic ring injuries

Tile AO/OTA Young and 
Burgess

n/d

(LC I/APC I)

n/d

61-A1

61-A2

61-A3

A1
Avulsion of the 

innominate bone

A2
Stable iliac wing 

fracture or stable, 
minimally displaced 
pelvic ring fracture

A3
Transverse sacrum or 

coccygeal fracture

FIGURE 56.57 Type A pelvic ring fractures.
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patients with pelvic fractures bleed from arterial sources 
identified by angiography and are treated with embolization. 
Higher rates of arterial bleeding in the geriatric population 
have been noted by Henry et al. An algorithm by O’Brien and 
Dickson (Fig. 56.65) has been proposed; however, the authors 
recommended that each institution develop its own protocol, 

depending on resources and facilities. A recent study dem-
onstrated the institutional problems with angioembolization: 
patients who were admitted on nights or weekends had long 
waiting times to the procedure, with a resultant increase in 
mortality. In addition, angioembolization is not without com-
plications. Matityahu et al. found that bilateral or nondiscrim-
inatory pelvic angioembolism was associated with significant 
complications (11%), including gluteal muscle necrosis, sur-
gical wound breakdown, and deep infection. Favorable results 
have been reported with retroperitoneal packing and external 
fixation. This technique is popular in Europe and has been 
used in some centers in the United States. Although the tech-
nique and algorithm are intriguing, their use requires further 
investigation in the United States, where the implementation 
of trauma care is very different.

It is critical to appropriately expose and examine a patient 
with a pelvic ring injury because open wounds can otherwise 
easily be missed. Pelvic fractures often communicate through 
open wounds in the rectum, vagina, or perineum. A rigid 
sigmoidoscopy or vaginal examination may be necessary if 
blood is present upon examination. Open pelvic fractures are 
extremely difficult injuries to manage, with reported mortal-
ity rates of up to 50%. If the retroperitoneal space is open, no 
tamponade effect occurs to prevent excessive bleeding. Sepsis 
caused by fecal contamination is a major cause of mortality with 
this injury, and immediate diverting colostomy is indicated in 
patients with perineal wounds. Faringer et  al. anatomically 
classified open pelvic wounds into zones and recommended 
selective fecal diversion for patients with open wounds involv-
ing the rectum or anus, soft-tissue wounds close to the anus, or 
large avulsion flaps with associated ischemic pelvic tissue (Fig. 
56.66).

Routine vaginal and rectal examinations should be per-
formed in patients with open pelvic fractures because fracture 
fragments can penetrate these structures, with devastating 
consequences if timely and appropriate debridement is not 
performed. External fixation can minimize fracture motion 
and further soft-tissue injury (Box 56.3). 

INDICATIONS FOR NONOPERATIVE AND 
OPERATIVE TREATMENT
Many injuries of the pelvic ring, especially those caused by 
a low-energy mechanism such as a ground-level fall, can be 
treated nonoperatively; however, even low-energy mecha-
nisms can lead to fractures with significant instability.

The Tile and AO/OTA classification can provide an ini-
tial assessment of stability, and help guide treatment. Both 
systems define stability based on that of the pelvic ring, and 
while Type A fractures do not result in pelvic ring instability 
and can often be managed nonoperatively, there may be cir-
cumstances that warrant operative treatment.

AO/OTA A1 fractures are avulsion-type injuries and 
generally can be treated nonoperatively, unless there is sig-
nificant displacement that may lead to muscle weakness 
or displacement that will result in impingement. AO/OTA 
A2 fractures occur from a direct blow to either the lateral 
or anterior pelvis and do not cause inherent instability of 
the pelvic ring. Ilium fractures that involve only the iliac 
wing and do not extend into the pelvic ring, also known as 
Duverney fractures, can be treated nonoperatively. However, 
fractures with significant displacement may require opera-
tive fixation, especially in young, high-functioning patients, 

 

B-type—partially stable pelvic injuries (rotationally unstable)

TileAO/OTA Young and Burgess

61-B1

61-B2

61-B3

B1
“Open book” injury

Anterior SI ligament  
stretched

APC I
Pubic diastasis 

<2.5 cm

APC II
Pubic diastasis 

2.5 cm
Anterior SI ligament 

disrupted

LC I
Posterior injury: 
sacral impaction

LC II
Posterior injury: 
Anterior sacral 

crush (LC IIA) or 
iliac wing 

“crescent” injury 
(LC IIB)

LC III
Unilateral B1 with 
contralateral B2- 

type injuries 
(”windswept pelvis”)

B2
Lateral compression 

injury

(B2-2: contralateral 
“bucket-handle” type)

B3
Bilateral B-type 

injuries

FIGURE 56.58 Type B pelvic ring fractures.
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due to the associated muscle attachments and the suggested 
future effect on function. Similarly, anterior direct blow 
injuries, often referred to by their mechanism as a “strad-
dle injury,” result in either bilateral superior and inferior 
ramus fractures, or unilateral fractures with injury to the 
symphysis. While these fractures can occur in isolation, 
the presence of posterior related injuries often result in the 
fracture being classified as a different, more unstable, injury. 
Further, these fractures have a high frequency of urologic 
injury. AO/OTA A3 fractures are isolated transverse frac-
tures or dislocations of the non–weight bearing portion of 
the sacrum or coccyx. These fractures are stable because 
they are outside the weight-bearing pelvis; however, signifi-
cant displacement can result in neurologic deficit, specifi-
cally that of loss of bowel or bladder function, depending on 
the level of involvement. In fractures with neurologic deficit, 
early decompression and fixation may be warranted to pre-
vent long-term, cauda equina–like effects.

Historical studies describing the nonoperative treatment 
of displaced pelvic fractures (Tile types B and C) with trac-
tion or a pelvic sling have shown disappointing results, espe-
cially in patients with displaced sacral fractures and sacroiliac 

dislocations. In most reports of these injuries, nearly half 
of patients had moderate to severe pain after nonoperative 
treatment.

The significant morbidity associated with nonopera-
tive treatment of displaced, unstable pelvic fractures has 
led to a more aggressive operative approach. The question 
of when operative fixation of LC-1 fractures is indicated, 
however, remains controversial. A survey of 111 members 
of the OTA found that only 33% of cases showed substan-
tial agreement.

Operative reduction and stabilization have been advo-
cated for rotationally unstable but vertically stable (Tile type 
B, Young and Burgess type AP II; Figs. 56.53 and 56.59) frac-
tures with a pubic symphysis diastasis of more than 2.5 cm, 
pubic rami fractures with more than 2 cm displacement, or 
other rotationally unstable pelvic injuries with significant 
limb-length discrepancy of more than 1.5 cm or unaccept-
able pelvic rotational deformity. Traditionally, APCI frac-
tures, those with less than 2.5 cm of symphyseal diastasis, 
are deemed to be stable and warranted nonoperative man-
agement, while those with widening of more than 2.5 cm 
are deemed unstable and require operative management. 

 

C

BA

 Interosseous
 sacroiliac
 ligaments

FIGURE 56.59 Tile classification of pelvic fractures based on forces acting on pelvis. A, Type B1: External rotation or anteroposte-
rior compression through left femur (arrows) disrupts symphysis, pelvis, and anterior sacroiliac ligament until ilium impinges against 
posterior aspect of sacrum. If force stops at this level, partial stability of pelvis is maintained by interosseous sacroiliac ligaments. 
B, Type B2-1: Lateral compression (internal rotation) force implodes hemipelvis. Rami may fracture anteriorly, and posterior impac-
tion of sacrum may occur, with some disruption of posterior structures, but partial stability is maintained by intact pelvic floor and 
compression of sacrum. C, Type C: Shearing (translational) force disrupts symphysis, pelvic floor, and posterior structures, rendering 
hemipelvis completely unstable. (From Tile M: Acute pelvic fractures, part I. Causation and classification, J Am Assoc Orthop Surg 4:143, 
1996.)
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However, more recent literature calls into question the use 
of a single static radiograph and suggests that even APCI 
may warrant further investigation with dynamic fluoroscopic 
stress radiographs.

The LCI fracture as classified by Young and Burgess 
includes a variety of fracture patterns and severity. Beckmann 
et al. attempted to develop a scoring system to predict instabil-
ity based on radiographic findings (Fig. 56.67 and Table 56.2). 
Sagi et al. validated the system in a historic cohort of patients 
who had dynamic fluoroscopic stress of the pelvis and were 
compared to the operative recommendations of OTA attend-
ees to determine if the radiographic variables were predictive 
of operative tendency. The validation study determined that 
a score <7 indicated a propensity for nonoperative treatment 
with successful radiographic union, a score >9 indicated that 
a patient may benefit from operative stabilization, and a score 
of 7 to 9 lacked consensus regarding appropriate treatment 
and may warrant dynamic stress in the operating room.

Young and Burgess LCII fractures, when minimally dis-
placed, can be treated nonoperatively. However, close mon-
itoring of these fractures is necessary because a fracture 
through the ilium can be inherently more unstable due to the 
large muscular attachments to the free segment. Fractures 
with more than 1 cm of displacement should have operative 
fixation because of the propensity to vertically displace over 
time from the muscular attachments.

Type B3 fractures are rotationally unstable fractures with 
bilateral posterior ring involvement but lacking vertical insta-
bility. This group encompasses the bilateral APCII injury, bilat-
eral LCI injury, and a combined variant, the LCIII injury, where 
there is internal rotation of one hemipelvis (LC type injury) 
and external rotation of the contralateral hemipelvis (APC type 
injury). While most of fractures of this type result in instability 
requiring fixation, some subtle bilateral LC1 or LC3 fractures 
may warrant nonoperative management based on their anterior 
ring injury and the patient’s functional status and age. As with 
the LCII fracture, if managed nonoperatively, these fractures 
should be closely monitored because the risk of late displace-
ment is high.

Type C fractures, as defined by the AO/OTA classifica-
tion system, generally always require operative interven-
tion. Indications for nonoperative management generally are 

 

C-type—completely unstable pelvic ring injuries
(rotationally and vertically unstable)

TileAO/OTA Young and Burgess

61-C1

61-C2

61-C3

C1
Unilateral

APC III
Pubic diastasis 

2.5 cm
Anterior and posterior 
SI-ligament disruption

VS (vertical shear)
APC III with vertical 

displacement of 
hemipelvis

CM (combined 
mechanical)

Complex fractures with 
elements of APC, LC, 

and/or VS

C2
Bilateral: 

One side B-type
One side C-type

C3
Bilateral C-type 

FIGURE 56.60 Type C pelvic ring fractures.

 

II IIII

FIGURE 56.61 Denis classification of sacral fractures, in which 
three zones of injury are differentiated: zone I, sacral ala; zone II, 
foraminal region; and zone III, spinal canal. Most medial fracture 
extension is used to classify injury. (From Denis F, Davis S, Comfort 
T: Sacral fractures: an important problem—retrospective analysis of 236 
cases, Clin Orthop Relat Res 227:67, 1988.)
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FIGURE 56.62  Fracture pattern description based on the Latin-letter that the fracture morphology resembles.
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FIGURE 56.63  A, Initial anteroposterior radiograph of open-book pelvic fracture. B, After application of pelvic binder (C).
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limited to patient comorbidities or associated injuries that 
prevent safe presentation to the operating theater. 

TIMING OF SURGERY
In patients with a positive FAST examination or persistent 
hemodynamic instability, emergency pelvic stabilization, with 
or without pelvic packing, may be warranted. Generally, an 
external fixator will provide adequate initial stabilization and 
can be applied expeditiously by an experienced orthopaedic 
traumatologist. Injuries with significant posterior displace-
ment not controlled by anterior external fixation alone may 
benefit from an antishock clamp, or C-clamp, type of exter-
nal fixator applied to the greater trochanters or supraacetabu-
lar pelvis, ideally in the operating room (see Technique 56.7). 
Alternatively, an “antishock iliosacral screw,” as described by 
Gardner and Routt, may offer a safer and less cumbersome 
substitute.

Timing of definitive management is highly dependent 
on the patient’s overall well-being and resuscitation status. 
Early works by Bone et  al. showed that early treatment of 
fractures may reduce associated pulmonary complications; 

however, Pape et  al. provided strong evidence that patients 
with thoracic trauma, such as pulmonary contusions, had a 
significantly higher rate of pulmonary complications when 
undergoing treatment within 24 hours. The concept of “early 
total care” was developed in the 1980s and was altered based 
on work by Vallier et  al., who described a treatment algo-
rithm known as “early appropriate care” (EAC). EAC is based 
on early stabilization of pelvic, femoral, acetabular, and spi-
nal fractures after appropriate resuscitation as measured by 
objective laboratory findings. They found that definitive fix-
ation was safe within 36 hours of injury when resuscitated 
patients met at least one of the following criteria: venous lac-
tate <4.0 mmol/L, BE ≥ −5.5 mmol/L, or pH ≥7.25. Patients 
who had EAC had shorter hospital and ICU stays, fewer days 
spent on ventilator support, and fewer complications.

Our institution uses the criteria developed by Vallier and 
her partners at MetroHealth in Cleveland. Polytraumatized 
patients who are hemodynamically unstable and present with 
chest trauma, a lactate above 4.0 mmol/L, and an unstable 
pelvic ring are treated with damage-control orthopaedics 
(DCO) with temporary stabilization of the pelvis as described 
above. For patients who are hemodynamically stable with 
chest trauma and a lactate above 4.0 mmol/L, resuscitation 
is performed in the ICU, and once lactate stabilizes below 4.0 
mmol/L, definitive fixation is done unless otherwise prohib-
ited by associated injuries, such as a severe closed head injury. 
In patients who present with an unstable pelvic ring injury and 
a lactate below 4.0 mmol/L, operative fixation is done within 
24 hours of injury, unless limited by any associated injuries. 

CHOICE OF TREATMENT
The goals of treatment of the pelvic ring are no different than 
for any other bone. After life-saving measures, the goals of 
definitive treatment follow the AO principles. The aim is to 
restore length, angulation, and rotation while providing sta-
ble fixation to allow early range of motion and allow bony 
healing, but respecting the surrounding soft tissues and asso-
ciated soft-tissue injuries.

The treatment options for injuries to the pelvic ring are 
more varied than for many other injuries. The treating sur-
geon must have a full understanding of the injury including 
the associated fractures and dislocations as well as the trans-
lational and rotational deformities that are present. This takes 
expertise and experience to develop, and it is recommended 
that operative fixation of pelvic ring injuries be performed by 
an experienced orthopaedic traumatologist with a knowledge 
of reduction and fixation options and an understanding of 
the strengths and limitations of each approach or treatment 
option. Because of the operative proximity to critical nerves 
and intrapelvic organs, iatrogenic complications can be dire, 
and with the limited corridors of fixation, there is little room 
for error.

EXTERNAL FIXATION
Anterior pelvic external fixation is a versatile treatment 
option that can be used in the acute phase of treatment to 
provide temporary pelvic stability and allow access to the 
abdomen and perineum. It also can be used as definitive fix-
ation in some patients or as an adjunct to internal fixation 
in others. Fractures that involve the iliac wing, the acetabu-
lum, or both usually are contraindications to pelvic external 
fixation.

 

Positive
FAST

examination
Negative

2 U PRBCs in
emergency
department
trauma bay

Hemodynamically
stable

Yes Yes

No

Operating room:
 pelvic external
 fixation,
 pelvic packing

ICU

Yes No

Angiography

ICU

Hemodynamically
stable

Yes

Angiography

Ongoing
transfusion

requirements

Operating room:
 laparotomy, pelvic
 external fixation,
 pelvic packing

Hemodynamically
stable

No

Angiography

ICU

FIGURE 56.64 Algorithm for the treatment of patients with 
pelvic fracture who present with hemodynamic instability. FAST, 
Focused abdominal sonography for trauma; PRBCs, packed red 
blood cells. (From Hak DJ, Smith WR, Suzuki T. Management of hemor-
rhage in life-threatening pelvic fracture. J Am Acad Orthop Surg. 17:447–
457, 2009.)
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Options for pin placement for external fixation of the 
pelvis are the gluteal pillar or supra-acetabular corridor. 
In the rare circumstance where a fixator is applied to a 
severely injured patient in the emergency department or 
in the operating room without fluoroscopy, placement of 
pins in the supra-acetabular corridor is contraindicated. 
Pins can be safely placed into the gluteal pillar through a 
small incision and with direct palpation without the use 
of fluoroscopy. Placement of two or three pins in each 
iliac wing will ensure adequate stabilization, as it is com-
mon to penetrate the tables of the false pelvis during 
placement. A simple modular frame that allows abdomi-
nal access for exploratory laparotomy or pelvic packing 
is used.

Supra-acetabular pin placement is more dependent on 
fluoroscopy but provides improved stability when used in 
part as definitive treatment. Further, pin placement anteri-
orly provides better control over the rotational deformity of 
the pelvis commonly seen in type B fractures, and can be 
used not only for fixation but also reduction of rotationally 
unstable injuries. In patients with type C injuries and mul-
tiplanar deformity, placement of a supra-acetabular pin on 
the side of the flexion through the hemipelvis and a gluteal 
pillar pin on the contralateral side can provide multiplanar 
deformity correction, as originally described by Routt and 
Achor (Fig. 56.68).

In patients being managed definitively with an exter-
nal fixation device, whether alone or in conjunction 

 

Patient with a suspected pelvic ring fracture

Primary survey—ABCs
Intravenous access proximal to the diaphragm

Early blood transfusion
AP radiograph of pelvis

Hemodynamically unstable Hemodynamically stable

Circumferential pelvic wrapping

Responds to fluid but requires
ongoing transfusion to

maintain blood pressure

Complete secondary survey
Inlet and outlet views

Pelvic CT scan

Definitive pelvic 
fracture management

Remains in extremis
despite aggressive

resuscitation

Operating room for laparotomy*
Intraperitoneal hemorrhage control,
pelvic packing, and external fixation,
open reduction and internal fixation

for all unstable fracture patterns

Hemodynamically unstable

Hemodynamically stable Angiography

Definitive pelvic fracture management

Complete secondary survey
Abdominal ultrasound,±CT,

inlet and outlet views

Intraperitoneal bleeding No intraperitoneal
bleeding

Laparotomy*
Pelvic external fixation
or open reduction and

internal fixation

Angiography

Angiography

Stable blood
pressure

Ongoing transfusion 
requirement

External fixation or

Definitive pelvic fracture management

*Pelvic binder or external fixation to
remain in place during laparotomy

FIGURE 56.65 Initial evaluation and management of patient with pelvic ring fracture. Protocols should be individualized according 
to resources and facilities. (From O’Brien PJ, Dickson KF: Pelvic fractures: Evaluation and acute management. In Tornetta P III, Baumgaertner M, 
editors: Orthopaedic knowledge update, trauma 3, Rosemont, 2005, American Academy of Orthopaedic Surgeons.)
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with internal fixation, placement of the supraacetabular 
pins can play a major role in a patient’s ability to mobi-
lize after surgery. Placement of pins too close to the ace-
tabulum and those headed in a more caudal-to-cranial 
direction can result in impingement of the device on the 
patient’s thighs and an inability to sit upright. Pin place-
ment should be started as high on the anterior pelvis as 
allowed by the patient’s anatomy and directed in a cranial-
to-caudal direction. Pins can be directed just above the 
greater sciatic notch or can be unicortical in the greater 
sciatic notch to maximize this angulation. Attachment of 
the pin to bar clamps above the pins also can help reduce 
this impingement. 

 

GLUTEAL PILLAR EXTERNAL FIXATION

 TECHNIQUE 56.4 

 n  Place the patient supine on a radiolucent table.
 n  Attempt to attain and maintain reduction with traction 

or pelvic binders placed distally before placement of the 
external fixator.

 n  Palpate the gluteus medius pillar 2 to 4 cm proximal/pos-
terior to the anterior superior iliac spine. This is the widen-
ing of bone that allows pin insertion.

 n  Make an incision perpendicular to the iliac wing.
 n  Placement of a Kirschner wire along the inner table, when 

readily available, can provide orientation of the pelvic 
slope.

 n  The starting point is along the inner third of the iliac wing. 
There is significant overlay laterally, and a lateral starting 
point may exit the outer table. The first pin should be 
started centrally, from anterior to posterior, within the 
thickening of the gluteal pillar.

 n  After drilling a starting point manually, place the pin be-
tween the tables by use of sensory feedback to keep the 
pin within the iliac cortical tables. Aim toward the hip 
joint to use the column of bone above the acetabulum 
(Fig. 56.69).

 n  Place a second and possibly a third pin in a converging 
pattern.

 n  Confirm pin placement with fluoroscopy, if available.
 n  Connect the pin clusters and crossbars.
 n  Compress the pelvis through pressure on the greater tro-

chanter, then tighten the external fixator.
 n  In vertically unstable fractures, traction should be used 

until definitive fracture fixation.
   

 

SUPRA-ACETABULAR EXTERNAL 
FIXATION

 TECHNIQUE 56.5 

 n  Palpate and mark the external iliac pulse.
 n  Palpate the anterior superior iliac spine. The incision 

will be approximately 1 cm medial and 2 to 3 cm distal 
to the anterior superior iliac spine. Confirm the proxi-
mal-distal starting point on a fluoroscopic iliac oblique 
view, also commonly referred to as a “teardrop” view 
(Fig. 56.70).

 n  Note that the starting point often is on the medial edge 
of the teardrop because of the slight internal concavity of 
the supracetabular corridor. We prefer to use a transverse 
incision, which allows slight adjustment medial to lateral 
when necessary.

 n  Gently spread the soft tissues to bone and place a drill 
with a protective sleeve.

 

Zone I
Zone II
Zone III

Lithotomy

Anterior position Posterior position

FIGURE 56.66 Three zones of injury that guide decisions 
regarding need for colostomy in open pelvic fractures, according 
to Faringer et al. Zone I injuries often require colostomy, whereas 
diversion is rarely required for zone III wounds. Zone II injuries are 
diverted selectively, with wounds into subcutaneous fat of anterior 
groin or medial thigh possibly requiring colostomy. (From Faringer 
PD, Mullins RJ, Feliciano PD, et al: Selective fecal diversion in complex 
open pelvic fractures from blunt trauma, Arch Surg 129:958, 1994.)

Pelvic Damage Control

Closed reduction of the pelvis at admission
External fixation

Wrapping pelvis with sheets with inner rotation and slight 
flexion of knees

External fixator
Pelvic C-clamp
Pneumatic antishock garment

Control of hemorrhage
Pelvic packing
Angiography

Control of contamination
Repair of genitourinary and rectal injuries
Debridement of necrotic tissue in the case of open injury

 BOX 56.3 

From Ertel WK: General assessment and management of the polytrauma patient. 
In Tile M, Helfet DL, Kellam JF, editors: Fractures of the pelvis and acetabulum, 
3rd ed, Philadelphia, 2003, Lippincott Williams & Wilkins.
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 n  Confirm the anterior inferior iliac spine starting point fluo-
roscopically on an iliac oblique view. If the tip of the pin 
has no overlap with bone on the iliac oblique view, the 
mediolateral starting point is correct. Placement at the 
superior aspect of the anterior inferior iliac spine will allow 
optimal caudal trajectory.

 n  After drilling a starting point, place the pin in bone 
about 2 to 3 cm heading approximately 25 degrees 
medially; note that in patients with significant rota-
tional injury this may be highly variable. Attention to 
the angle of the fluoroscope during the iliac oblique 
view can give a sense of the angulation needed for pin 
placement.

 n  Confirm the caudal to cranial angulation of the pin on 
the iliac oblique view. Evaluate medial to lateral angu-

lation of the pin on an obturator inlet view. Advance 
the pin using alternating views to confirm intraosseous 
placement.

 n  Based on surgeon preference, advance the pin so the tip 
impacts but does not exit the sciatic buttress or traverses 
just above the greater sciatic notch.

 n  Confirm pin placement on all three views: obturator inlet 
to assess medial to lateral angulation, iliac oblique to as-
sess caudal to cranial angulation, and obturator outlet to 
confirm that the pin remains within the supra-acetabular 
corridor

 n  An obturator outlet view directly in line with the pin, 
where the pin is contained within the teardrop of the 
supra-acetabular corridor, can confirm safe placement.

 n  Connect the pins to the crossbar.

 

A

C

B

3)
Cortical contact only
Displaced > 100%
Segmental fracture

Anterior

Middle

Posterior

Parasymphyseal unstable

Pubic root stable

Md.ramus intermediate

Decreasing stability

Score=

Sacral Column Involvement

Inferior Ramus Displacement

Superior Ramus Location

1)
Displaced <50%

2)
Displaced 50-99%

1 2 3

Score= 1 2 3

Score= 1 2 3

FIGURE 56.67 Beckmann et al. scoring schematic for LC-1 pelvic fractures. Assessing sacral column involvement (A), inferior ramus 
displacement (B), and superior ramus location (C). See Table 56-2 for scoring criteria.  (From Beckmann J, Haller JM, Beebe M, et al: Validated 
radiographic scoring system for lateral compression type 1 pelvis fractures, Orthop Trauma 34:70, 2020.)
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POSTOPERATIVE CARE If it is used for the definitive 
treatment of the pelvic fracture, the frame is left in place 
for 6 to 12 weeks, depending on the fracture type and 
associated fixation. Pin site care must be meticulous, with 
peroxide swabs used twice daily to clean away the crusted 
transudate that often forms. The dressing around the pin 
site should apply some compression to the skin to mini-
mize motion around the pins. If a pin becomes infected 
and loose, it should be removed or replaced and the origi-
nal pin site should be curetted or over-drilled.
   

 

ANTERIOR SUBCUTANEOUS INTERNAL 
FIXATION
The original description of anterior subcutaneous internal 
fixation was by Kuttner et al. in the German literature in 
2009. Vaidya et al. described the modified method and 
introduced the name “INFIX” in the English literature in 
2012. The technique uses US Food and Drug Administra-
tion (FDA)-approved devices for spinal surgery, which are 

placed in the lower abdominal area through small incisions 
and span the fractured anterior pelvic ring by intercon-
necting the left and right hemipelvis, an “off-label” use. 
Subcutaneous internal fixators for anterior pelvic ring 
injuries provide the advantages of external fixation while 
avoiding some of the disadvantages. Cited advantages 
include minimal soft-tissue dissection, decreased blood loss 
and postoperative pain, rigid fixation, and increased patient 
comfort. The low-profile construct allows earlier sitting and 
mobilization. The biggest disadvantage of subcutaneous 
internal fixation is that a second operation is required for 
implant removal.

Cole et al. suggested indications for the use of INFIX 
that include unstable injuries of the anterior pelvic ring in 
morbidly obese patients, patients with severe soft-tissue 
injuries, patients who require prolonged stay in the ICU 
to reduce the risk of infection and facilitate nursing care, 
patients with concomitant injuries that may require prone 
positioning for operative procedures (e.g., spinal fractures), 
and patients with coagulopathy.

Although there are few clinical reports available, early 
results have been favorable, with healing at an average of 
3 months after surgery with no significant loss of fixation. 
Vaidya et al. reported a series of 24 patients with rotational 
or vertically unstable pelvic fractures treated with INFIX. 
All fractures healed without significant loss of reduction; 
there were no infections, delayed unions, or nonunions. 
Vaidya et al. cautioned that it is extremely important that 
the rod height is just below the skin and that the rod is not 
impinging on the underlying fascia; this may require longer 
custom pedicle screws.

Several complications have been noted with the use of 
INFIX, most frequently lateral femoral cutaneous neura-
praxia (30%), which is temporary in most patients, and 
HO (35%), which is asymptomatic in almost all patients. 
Reported rates of infection (0% to 12%) and aseptic loos-
ening (0% to 19%) are low.

 TABLE 56.2

LC-1 Fracture Scoring Criteria

PARAMETER POINTS

SACRAL DISPLACEMENT

<2 mm 1
≥2 mm 2

DENIS CLASSIFICATION

Zone 1 1
Zone 2 2
Zone 3 3

SACRAL COLUMNS

1 column 1
2 columns 2
3 columns 3

INFERIOR RAMUS DISPLACEMENT

Minimal 1
>50% 2
Complete 3

SUPERIOR RAMUS LOCATION

Root 1
Mid-ramus 2
Parasymphyseal 3

Scores <7 predict nonoperative treatment recommendation, scores >9 indicate 
surgical recommendations, and scores 7-9 indicate indeterminate stability that 
should be further evaluated.
From Beckmann J, Haller JM, Beebe M, et al: Validated radiographic scoring 
system for lateral compression type 1 pelvis fractures, J Orthop Trauma 34:70, 
2020.

 FIGURE 56.68 For type C injuries and multiplanar deformity, 
placement of supracetabular pin on side of flexion through hemi-
pelvis and gluteal pillar pin on contralateral side can provide multi-
planar deformity correction, as originally described by Routt and 
Achor.
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 TECHNIQUE 56.6 

(VAIDYA ET AL.)
 n  Position the patient supine on a radiolucent table. Pre-

pare and drape the skin from above the umbilicus to the 
proximal thigh. Prepare the lower extremity into the field 
to facilitate reduction techniques.

 n  If posterior instability is present, correct it first using the 
standard techniques of iliosacral reduction and screw 
placement or posterior plating.

 n  Use fluoroscopic imaging to identify the starting point of 
the pedicle screw.

 n  Make a 2- to 3-cm longitudinal incision centered over the 
anterior interior iliac spine in line with the groin crease 
(Fig. 56.71A).

 n  With blunt dissection through the soft tissues, develop the 
interval between the sartorius and tensor fascia lata muscles 
to gain access to the anterior inferior iliac spine (Fig. 56.71B).

 n  Choose a starting point for the supra-acetabular pin just 
proximal to the insertion of the rectus femoris tendon.

 n  Place small-fragment Hohmann retractors on either side 
of the iliac bone at this point. Take care to avoid injury to 
the lateral femoral cutaneous nerve and violation of the 
hip joint capsule.

 n  Once the appropriate starting point is identified, open the 
cortex with a starting pedicle awl (Fig. 56.71C).

 n  Use a pedicle finder to establish a corridor between the 
inner and outer cortices of the ilium, taking care not to 
penetrate the iliac table. A drill bit can be used instead of 
the pedicle finder.

 n  Measure the depth of the hole and select a screw that will sit 
15 to 50 mm proud. The height of the screw above the bone 
depends on the size of the patient. Ideally, the screw head 
sits at the level of the sartorius muscle or slightly superficial. 
In some morbidly obese patients, this could be even longer, 
necessitating custom screws. It is important not to sink the 
screw below this point because it could lead to compression 
of the underlying structures by the bar once it is attached.

 n  Insert a 7- or 8-mm diameter pedicle screw. The length 
of the screw may vary from 75 to 110 mm, depending on 
the body habitus of the patient, with at least 60 mm of 
the screw being intraosseous.

 n  Precontour a 6-mm titanium rod with an anterior bow 
(Fig. 56.71D). The curve of the rod is determined by laying 
it flat on the belly between the two pedicle screws; this 
area is convex in most individuals. Contour the rod so that 
it lies slightly above the skin in the center (Fig. 56.71E).

 n  Cut the rod to the appropriate length, which should be 5 cm 
longer than the distance between the two pedicle screws.

 n  Tunnel the rod subcutaneously from one screw to the oth-
er, just under the skin and above the sartorius muscle (Fig. 
56.71F). The superior border of the “bikini” area (formed 
by the groin creases on the sides and superiorly by a fold of 
abdominal tissue) marks the path for the subcutaneous rod.

 n  Position the rod with the bow anterior to avoid potential 
compressive complications to the genitourinary or neuro-
vascular structures.

 n  Connect the rod to both pedicle screws and apply compression 
or distraction depending on the pelvic deformity (Fig. 56.72).

 n  Once appropriate reduction is achieved, tighten the ped-
icle screw caps.

 n  Trim any excess rod length with a rod cutter.
 n  Confirm suitable reduction and implant position with fluo-

roscopic anteroposterior, inlet, and outlet views (Fig. 56.73).

POSTOPERATIVE CARE Toe-touch weight bearing is 
allowed on the side of the posterior injury and weight 
bearing as tolerated on the side without a posterior injury. 
Patients with bilateral posterior pelvic injuries remain non–
weight bearing. Weight bearing is begun at 8 to 12 weeks, 
depending on radiographs, patient comfort, and surgeon 
preference, and is advanced as tolerated. Implants gener-
ally are removed between 3 and 6 months after surgery.
  

 

PELVIC CLAMPS
Because in vertically unstable fractures an anteriorly 
applied external fixator does not control motion in the 
posterior sacroiliac complex, two pelvic clamps have been 
developed to help control the posterior pelvis in the resus-

 FIGURE 56.69 Pin placement in hemipelvis in relation to body .  
(From Poka A, Libby EP: Indications and techniques for external fixation 
of the pelvis, Clin Orthop Relat Res 329:54, 1996.) SEE TECHNIQUE 56.4.

 FIGURE 56.70 Starting point for supraacetabular external fixa-
tion. SEE TECHNIQUE 56.5.
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citation phase: the Ganz C-clamp (Fig. 56.74) and the 
pelvic stabilizer developed by Browner et al. These devices 
use large, percutaneously placed pins over the region of 
the sacroiliac joint posteriorly. We believe that an iliac 
wing fracture close to the sacroiliac joint is a contrain-
dication to the use of this device, and we use it only as 
a temporary stabilizing device that should be removed 
within 5 days if possible.

 TECHNIQUE 56.7 

(GANZ ET AL.)
 n  With the patient supine, palpate the posterior superior iliac 

spine and draw an imaginary line between it and the an-

terior superior iliac spine. Insert the nail on this line 3 to 4 
fingerbreadths anterolateral to the posterior superior iliac 
spine (Fig. 56.75A). Do not make the entry point too dis-
tal to avoid endangering the gluteal vessels or the sciatic 
nerve.

 n  Make a generous stab wound over each entry point, in-
sert the Steinmann pins, and make sure the side arm can 
slide freely (Fig. 56.75B).

 n  Advance the pins until bone is contacted and then use 
a hammer to drive the pins approximately 1 cm into the 
bone (Fig. 56.75C).

 n  Slide the two side arms medially toward one another until 
the ends of the threaded bolts, sliding over the pins, con-
tact the bone.

 

A

B

D

E

C F

FIGURE 56.71 Anterior subcutaneous internal fixator. A, Skin incision. B, Blunt dissection of soft tissue. C, Starting pedicle awl. D, 
Rod bender in use while rod is held with a rod holder. E, Contoured rod. F, Rod being tunneled subcutaneously. (From Vaidya R, Colen 
R, Vigdorchik J, et al: Treatment of unstable pelvic ring injuries with an internal anterior fixator and posterior fixation: initial clinical series, J Orthop 
Trauma 26:1, 2012.) SEE TECHNIQUE 56.6.
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 n  Drive the threaded bolts inward with a wrench to apply 
compression to the unstable hemipelvis. This closes the di-
astasis and stabilizes the posterior pelvic ring (Fig. 56.75D).

 n  Correct cranial displacement of the hemipelvis by placing 
traction on the ipsilateral leg before applying compression.

 n  Correct dorsal displacement by manual traction using the 
T-handle applied to a Schanz pin placed in the anterior 
superior iliac spine. Carry out other necessary manipula-
tions in a similar manner.

 n  Check the reduction maneuvers radiographically, or if 
other procedures are necessary immediately, obtain a ra-
diograph as soon as possible.

 n  The device can be applied in an oblique configuration by 
placing the Steinmann pin on the side of the stable hemi-
pelvis in the anterior superior iliac spine. When the bolt 
is tightened, one component of the force vector on the 
unstable side is directed anteriorly, which helps reduce a 
posteriorly displaced hemipelvis.

 n  Once the clamp is in place, additional diagnostic or thera-
peutic procedures can be performed. If a laparotomy is 
required, rotate the crossbar around the fixed axis of the 
Steinmann pins away from the abdomen so that it lies dis-
tally on the thighs. If a procedure on the proximal femur 
is required, rotate the crossbar cephalad so that it rests on 
the abdomen (Fig. 56.75E).

 n  Leave the clamp in place until definitive internal fixation 
can be performed. Once the posterior fracture has been 
exposed and reduction clamps or pins are in place, re-
move the C-clamp.

 n  If hemorrhage is not controlled after application of the 
anterior external fixator or pelvic clamp, angiographic 
evaluation is indicated. In approximately 10% of patients, 
a major arterial injury can be identified and treated by 
embolization. Also consider retroperitoneal packing, as 

described by Osborn et al., to control bleeding in these 
patients.
   

INTERNAL FIXATION OF THE ANTERIOR PELVIS
Anterior internal fixation of the pelvis comes in many 
forms depending on the injury pattern. The most common 
form is pubic symphysis plating. In most cases of symphy-
seal widening there is an associated posterior ligamentous 
or bony injury, whether clinically or radiographically rec-
ognized or not. Anterior plate fixation has progressively 
changed over the past several decades. Tornetta, Dickson, 
and Matta reported unacceptably high rates of failure of 
two-hole symphyseal plating compared to multihole plat-
ing. Sagi et al. supported this, showing that two-hole plates 
failed at a rate of 33% compared to only 12% with multihole 
plates. Currently, most surgeons advocate a multihole plate 
for fixation of the symphysis. Internal fixation of the sym-
physis also has been described using percutaneous crossing 
screws, although the published outcomes of this technique 
are limited and there is a risk for iatrogenic injury to the 
surrounding structures if the surgeon is inexperienced in 
the technique.

While anterior plating is the most biomechanically 
advantageous fixation for B1 injuries with failure through 
the symphysis, many surgeons recommend posterior screw 
fixation in conjunction with anterior plating. Because of the 
continued motion at the symphysis during the healing pro-
cess, implant breakage is common and, when this occurs 
early enough, malunion may progress. In a study by Avilucea 
et al., augmentation with percutaneous posterior screw fixa-
tion reduced the malunion rate from 36% in the anterior-only 
group to 1% in the anterior and posterior group.

 

A B

FIGURE 56.72  A, C-ring and compression device. B, Pedicle screw and C-ring in a Sawbones model.  (From Vaidya R, Colen R, Vigdorchik J, 
et al: Treatment of unstable pelvic ring injuries with an internal anterior fixator and posterior fixation: initial clinical series, J Orthop Trauma 26:1, 2012.) SEE  
TECHNIQUE 56.6.
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For anterior pelvic ring injuries in which fracture of the 
ramus occurs, whether from external or internal rotation fail-
ure, there are multiple options for definitive treatment. In 
LC1 patterns, posterior fixation alone may provide enough 
fixation to prevent the need for anterior fixation, but this is 
not always the case. In situations requiring fixation of the 

anterior ring, fracture morphology or patient considerations 
may dictate treatment. While external fixation of the anterior 
ring provides adequate resistance to internal and external 
rotation, this construct provides little stability in rotation or 
flexion and extension. In this situation, treatment with either 
a percutaneous screw or open treatment with a plate and 
screws will increase the stability. Simonian et al. showed that 
use of a long retrograde ramus screw, one that passed above 
the anterior acetabulum and engaged the lateral cortex of the 
ilium, provided fixation similar to a plate along the ramus 
in external rotation (group B1) injuries. Since that time, the 
use of percutaneous screw fixation of the rami has grown in 
popularity. Starr et al. showed that percutaneous screw fixa-
tion of the anterior pelvis is best used in patients with pubic 
root fractures. Nakatani zone III injuries can be treated with 
an antegrade anterior column screw. While some parasym-
physeal (Nakatani zone I) fractures can be treated with retro-
grade screw fixation, this generally is contraindicated when 
the fracture extends into the symphysis because of the lack 

 

A

C

B

 FIGURE 56.74 Ganz “antishock” pelvic fixator for immediate, 
provisional stabilization of pelvic fractures.

FIGURE 56.73 Anterior subcutaneous internal fixation (INFIX). 
A, Anteroposterior view. B, Inlet view. C, Outlet view.
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A B

C D

E

FIGURE 56.75 Application of Ganz fixator (see text). A, Nail insertion site. B, Steinmann pins are inserted, and free sliding of side arm 
is ensured. C, Pins are driven approximately 1 cm into bone. D, Driving threaded bolts inward applies compression to close diastasis and 
stabilize posterior pelvic ring. E, Crossbar can be rotated to allow laparotomy or access to proximal femur. (Courtesy of R. Ganz, MD.) SEE 
TECHNIQUE 56.7.

of bony substance to support the fixation. Zone II injuries 
can be treated with either an antegrade or retrograde screw; 
however, retrograde placement may not be possible in obese 
patients or those with large thighs. In patients who have an 
anterior corridor that prevents a straight path for a screw or 
those with larger thighs, the technique can be modified to 
pass a screw using a retrograde-antegrade-retrograde tech-
nique as described by Weatherby et al. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF THE PUBIC SYMPHYSIS

 TECHNIQUE 56.8 

 n  Position the patient supine on a radiolucent table.
 n  Maintain the legs in internal rotation to aid in reductions 

(Fig. 56.76A).

 n  Drape the area distal to the pubic tubercles.
 n  Make a Pfannenstiel incision.
 n  Incise the rectus longitudinally at the decussation of the 

fibers. Do not transect the rectus heads.
 n  Use a malleable retractor in the space of Retzius to protect 

the bladder (Fig. 56.76B).
 n  Place narrow sharp Hohmann retractors underneath the 

rectus and over the pubis to expose the pubic symphysis 
(Fig. 56.76C and D).

 n  Place a Weber pointed reduction clamp anteriorly onto 
the body of the pubis for reduction (Fig. 56.76E and F).

 n  In fractures with cephalad displacement of the hemipelvis, 
apply traction. In more severe cases, use pelvic reduction 
forceps by placing a 4.5-mm screw anteriorly on each side 
of the symphysis. Use of a plate and nut on the displaced 
side will allow full mechanical advantage without the risk 
of screw pull-out (Fig. 56.76G).

 n  After satisfactory reduction, place a six-hole curved 3-mm 
reconstruction plate on the superior surface of the sym-
physis (Fig. 56.76H).

 n  Eccentrically drill to yield a small amount of compression.
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 n  Confirm reduction and fixation with fluoroscopy.
 n  For type C injuries for which posterior fixation is not pos-

sible, apply a double plate.
 n  Place a closed suction drain in the space of Retzius.
 n  In cases of pubic rami fractures in which a Pfannenstiel 

approach is not enough for ORIF, use a modified AIP or 
ilioinguinal approach.
   

POSTERIOR APPROACH AND INTERNAL 
FIXATION
An OTA highlight paper from 2016 showed that in unilat-
eral injuries, an open approach to the posterior pelvis pro-
vided no advantage over a closed percutaneous technique. 
While many surgeons are becoming more aggressive with 
percutaneous reduction and fixation, familiarity with this 
approach is paramount. Because neurologic injury occurs 
with 30% of transforaminal sacral fractures (Denis zone 
II fractures), some authors advocate ORIF of such frac-
tures with decompression of the involved neural foram-
ina. Transiliac rod fixation has been reported by several 
authors for sacral disruptions, although there is a risk of 
neurologic injury with compression of the sacrum (Fig. 
56.77). Tension band plating also can be used between the 
two posterior iliac crests, but is becoming less common 
(Fig. 56.78).

In patients with highly displaced posterior pelvic 
fractures or dislocations, a posterior approach may offer 
the greatest chance to achieve anatomic reduction of the 
fracture or dislocation, especially in bilateral injuries. In 
LC2 fractures with a small crescent fragment, the poste-
rior approach may offer a biomechanically advantageous 
placement of screws and plates. The prone position also 
offers the ability to decompress the neuroforamina in 
patients with a neurologic injury or bony fragment within 
a foramen. However, this approach is not without its dis-
advantages. In patients who have had embolization of the 
internal iliac artery or have a large Morel-Lavallée lesion, 
this approach can be fraught with wound complications.

 

INTERNAL FIXATION: POSTERIOR 
APPROACH AND FIXATION OF 
SACRAL FRACTURES AND SACROILIAC 
DISLOCATIONS (PRONE)

 TECHNIQUE 56.9 

(MATTA AND SAUCEDO)
 n  Position the patient prone on a long radiolucent board to 

allow anteroposterior, caudal, and cephalad projections 
with an image intensifier (Fig. 56.79).

 n  Use a standard posterior vertical incision, 2 cm lateral to 
the posterior superior iliac spine for sacroiliac dislocations, 
fracture-dislocations, or sacral fractures.

 n  Create a full-thickness flap off the gluteus fascia to the 
midline.

 n  Reflect the posterior portion of the gluteal muscles from 
the posterior iliac wing and the gluteus maximus origin 
from the sacrum (Fig. 56.80A and B).

 n  Expose the greater sciatic notch to evaluate reduction. For 
sacral fractures, elevate the multifidus muscles to expose 
the fracture of the posterior sacral lamina (Fig. 56.80C).

 n  For sacroiliac dislocations, place pointed reduction for-
ceps from the sacrum to the iliac wing for reduction. Use 
palpation through the greater sciatic notch as well as di-
rect observation to evaluate the reduction.

 n  Under image intensifier control, insert screws perpen-
dicular to the iliac wing across the sacroiliac joint into the 
sacral ala, directing the screws toward the S1 vertebral 
body. Carefully target the drill bit and screws by multiple 
anteroposterior, caudal, and cephalad image intensifier 
projections.

 n  For sacral fractures, perform reduction in the same manner, 
checking the reduction with palpation through the greater 
sciatic notch and observation of the posterior sacral lamina.

 n  Insert one or two screws into the S1 vertebral body placed 
from the lateral surface of the iliac wing. If necessary, 
apply a 3.5-mm reconstruction plate across the posterior 
sacrum from ilium to ilium as a tension band (Fig. 56.78) 
just above the greater sciatic notch.

 n  Suture the gluteal fascia to the sacral spine.
 n  Close the wounds in the standard manner over suction 

drains.
  

PERCUTANEOUS ILIOSACRAL SCREW FIXATION 
OF SACROILIAC DISRUPTIONS AND SACRAL 
FRACTURES (SUPINE)
Routt et  al. described this technique, reported its out-
come and complications, and studied the anatomic and 
radiographic variations of upper sacral morphologic fea-
tures that affect surgical technique. Their series of articles 
is essential reading for the trauma surgeon endeavoring to 
perform this technique. They emphasize the fact that the 
normal sacral ala has an inclined anterosuperior surface, 
the sacral alar slope, that extends from proximal-posterior 
to distal-anterior (Fig. 56.81). Anterior to the sacral ala in 
this region run the L5 nerve root and the iliac vessels. The 
cortex of the alar slope forms the superior aspect of the 
“safe zone” for passage of iliosacral screws into the body of 
S1. The anterior border is formed by the anterior aspect of 
the vertebral body, and the posterior and inferior boundary 
of the safe zone is formed by the foramen of the S1 nerve 
root.

The sacral alar slope can be estimated on a true lateral 
fluoroscopic view of the sacrum by identifying the iliac cor-
tical density (ICD), which demarcates the anterior cortical 
thickening of the iliac portion of the sacroiliac joint (Fig. 
56.82). The inclination of the alar slope can be more acute 
in patients with sacral dysplasia, narrowing the safe zone for 
screw passage. Routt et al. detected sacral dysplasia in 28 of 
80 patients with pelvic fractures evaluated by inlet or out-
let and true lateral images. In 94% of nondysplastic upper 
sacral segments, the ICD coincided with the alar slope as 
seen on the preoperative CT scan. This makes it a useful 
radiographic landmark for determining the anterior border 
of the safe zone (Fig. 56.83). However, 6% of nondysplastic 
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BA

FIGURE 56.76 Anterior internal fixation of pelvic fracture (see text). A, Patient positioning. B, Retractor placed.

sacral alae displayed an anterior concavity or recession 
when viewed in the axial plane, projecting the ICD ante-
rior to the alar slope on the true lateral view. Preoperative 
CT was useful to determine the dimensions of the safe zone 
and to identify recessed sacral alae (Fig. 56.84). A recessed 
sacral ala allows for “in-out-in” screws that can injure the 
L5 nerve root (Fig. 56.85). A thorough evaluation of upper 
sacral morphologic features must be done to ensure that a 
safe corridor exists for placement of screws, especially when 
transiliac transsacral screws are planned for the S1 segment. 
A dysplastic sacrum can have an atypical sacral alar slope 
as well as a small corridor, thus placing neural structures at 
risk (Fig. 56.86).

Transsacral-transiliac fixation allows the use of longer 
screws with the added advantage of attaining the contra-
lateral cortices of the sacrum and ilium for improved fixa-
tion. Transsacral-transiliac fixation should be considered 
for unstable sacral fractures where typically placed sacroiliac 
screws would not provide enough fixation in the distal seg-
ment and for unstable pure sacroiliac dislocations after a sac-
roiliac screw has been placed to aid in terminal reduction of 
the joint. The second screw can then be transsacral-transiliac 
to improve the overall fixation of the construct. Technical 
differences between sacroiliac and transsacral-transiliac 
screws are mainly in the trajectory needed and the corridors 
required to allow safe placement. Sacroiliac screws are often 
placed perpendicular to the sacroiliac joint, whereas transsa-
cral-transiliac screws must traverse the entire sacrum without 
neural compromise and are thus placed in a trajectory paral-
lel to the foramen and parallel to the anterior vertebral cortex 
(Fig. 56.87).

The surgeon must be familiar with the variations of upper 
sacral anatomy and fluoroscopic imaging, including the lat-
eral sacral view, must be excellent. Graves and Routt recorded 
the sagittal plane tilt of the fluoroscope from the vertical 
required to obtain ideal inlet and outlet views during place-
ment of iliosacral screws (Fig. 56.88). The average degree of 
tilt required to obtain the ideal inlet view was 25 degrees, and 
for the ideal outlet view it was 42 degrees.

Routt et al. emphasized that the posterior pelvis must be 
accurately reduced to allow superimposition of the greater 
sciatic notches and both ICDs on the true lateral image. With 

this as a necessary criterion for screw passage, using the ICD 
as the anterior marker for the safe zone and being aware of 
anterior sacral recession, no screw placement errors were 
noted in 51 consecutive patients. Starr and Reinert developed 
a reduction frame that allows directed forces to be applied to 
aid in reduction and may allow significant reduction through 
percutaneous techniques with the patient supine (Fig. 56.89). 

 

PERCUTANEOUS ILIOSACRAL 
SCREW FIXATION OF SACROILIAC 
DISRUPTIONS AND SACRAL 
FRACTURES (SUPINE)

 TECHNIQUE 56.10 

 n  Preoperative assessment of the CT including supine mea-
surements of inlet and outlet angulation as well as sacral 
anatomy is paramount to planning for percutaneous 
screw fixation of the posterior pelvis.

 n  Position the patient supine on a radiolucent table. Place a 
soft support underneath the lumbosacral spine to elevate 
the patient from the table.

 n  Place the C-arm fluoroscopy unit opposite the injured 
hemipelvis.

 n  Obtain anteroposterior, inlet, outlet, and lateral sacral 
views to ensure adequate visualization. The position of 
the inlet and outlet are noted to facilitate changing views 
throughout the case (Fig. 56.90A and B).

 n  Reduce the posterior pelvis first. Aids for reduction in-
clude traction, Schanz screws in the iliac wings, anterior 
external fixation frame, and prior anterior pelvic internal 
fixation.

 n  On the lateral sacral fluoroscopic view, identify the anterior 
and posterior aspects of the vertebral body of the first sacral 
segment. The exact starting point depends on the number 
of screws planned and the type of injury as well as the pa-
tient’s pelvic anatomy. In patients with a sacral fracture or 

Continued
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FIGURE 56.76, cont’d   C and D, Type II symphysis diastasis is reduced with Weber clamp placed anterior to rectus muscle. E and F, 
Points of clamp are placed at same level on pubic body so that with closure, any sagittal plane rotation of symphysis is reduced. G and 
H, Views from inside and outside pelvis show positioning of Jungbluth clamp with gliding hole and anchoring plate. SEE TECHNIQUE 56.8.
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isolated anterior widening of the sacroiliac (SI) joint, a trans-
verse screw is more optimal, whereas in patients with ante-
rior and posterior injury to the SI joint, a posterior to anterior 
and inferior to superior directed screw is optimal.

 n  Mark the starting point on the skin and make a 1-cm stab 
incision.

 n  If used, advance a cannulated guide onto the lateral ilium. 
(Fig. 56.90C and D).

 n  On the lateral view, place the tip of the guide on the 
ideal starting spot and impact it into place with a mallet 
to prevent slipping (Fig. 56.90E).

 

A B

FIGURE 56.78     Tension band plating.

 

A

B
FIGURE 56.77 Transiliac rod fixation of sacral fractures. A, Large 

Steinmann pin (8 to 10 mm) is drilled from outer aspect of one ilium 
through opposite ilium. B, Second rod is inserted approximately 
1.5 cm distal and parallel to first.

 n  With use of biplanar imagery (inlet and outlet views), ad-
just the trajectory of the guide to safely enter the first 
sacral segment (Fig. 56.90F and G).

 n  Advance the guidewire, confirming safe passage on both 
the inlet and outlet views (Fig. 56.90H to  K).

 n  Check the lateral sacral view to ensure that 
the pin is within the sacral body and inferior 
and posterior to the iliac cortical density (ICD).  
In a patient with a severely dysmorphic pelvis, the tip of 
the wire may be just superior to the ICD on this view. 
Assessment of wire position on the lateral sacral view as 
it crosses the sacral ala can help confirm safe passage in 
these patients.

 n  Measure the screw length.
 n  Advance the screw over the guidewire; check position on 

the inlet and outlet views (Fig. 56.90L and M).
 n  Confirm screw position on anteroposterior, inlet, and out-

let views (Fig. 56.90N to P).
   

 

ANTERIOR APPROACH AND 
STABILIZATION OF THE SACROILIAC 
JOINT
Simpson et al. described an anterior fixation technique that 
initially used staples but now uses dynamic compression 
plates, reconstruction plates, and/or percutaneous sacro-
iliac screws. They emphasized the proximity of the L5 nerve 
root to the sacroiliac joint during the exposure. Subsequent 
cadaver studies have shown that the L4 nerve root and 
lumbosacral trunk are closer to the sacroiliac joint, particu-
larly in its inferior third, and must be carefully protected.
Iliac wing fractures can be approached through a similar 
retroperitoneal approach. Reduction is performed with 
pointed reduction forceps, and fixation is obtained with 
a 3.5-mm reconstruction plate and lag screw fixation (see 
Fig. 56.52).
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40 degrees cephaladAnteroposterior40 degrees caudad

FIGURE 56.79 Posterior screw fixation of sacral fractures and sacroiliac dislocations—patient positioning. Anteroposterior, caudal, 
and cephalad image intensifier projections show drill bit and screw position. (Redrawn from Matta JM, Saucedo T: Internal fixation of pelvic 
ring fractures, Clin Orthop Relat Res 242:83, 1989; original by Zilbert.) SEE TECHNIQUE 56.9.
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FIGURE 56.80 Posterior screw fixation. SEE TECHNIQUE 56.9.
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 TECHNIQUE 56.11 

(SIMPSON ET AL.)
 n  Place the patient supine with an ipsilateral bump and 

make the lateral window of an ilioinguinal approach 
along the anterior iliac crest (Fig. 56.91A). Extend the 
incision anterior to just anterior to the anterior superior 
iliac spine. Take care not to release the inguinal ligament 
during the approach.

 n  Subperiosteally, dissect the iliacus muscle and medially 
retract it and the abdominal contents to expose the sac-
roiliac joint. Take care not to injure the L5 nerve root lying 
2 cm to 3 cm medial to the joint.

 n  Anchor two sharp-tipped Hohmann retractors into the 
sacral ala to retract the abdominal contents medially. Use 
careful, intermittent retraction to avoid ilioinguinal or 
lumbosacral nerve root neuralgias.

 n  Once the sacroiliac joint has been exposed through retro-
fascial dissection, manipulate the hemipelvis with a Fara-
beuf clamp applied to the iliac crest while an assistant 
manipulates the leg. Distal traction on the leg and internal 
rotation of the hemipelvis usually are required for reduc-
tion. Placement of a Jungbluth clamp with one screw on 
the sacral ala and one screw on the ilium can assist with 
reduction, but care must be taken to prevent a block to 
permanent fixation devices

 n  Do not debride the cartilaginous surfaces of the joint.
 n  After reduction, fix the sacral ala to the ilium with two- 

or three-hole plate and associated screws (Fig. 56.91B). 
After reduction, further stabilization can also be obtained 
with sacroiliac screws.

 n  Close the soft tissues in a layered fashion with special at-
tention to the abdominal musculature to prevent hernia 
formation.

POSTOPERATIVE CARE When the patient’s comfort 
allows, ambulation is begun with crutches or a walker 
with touch-down weight bearing on the affected side. 
For patients with bilateral injuries, bed-to-chair transfers 
and wheelchair transportation may be warranted when 
the fractures are highly unstable. Patients generally are 
allowed to bear weight at 6 to12 weeks after the injury 

 

Fifth lumbar
nerve root

First sacral
nerve root

FIGURE 56.81 Alar slope and locations of fifth lumbar and 
intraosseous first sacral nerve roots and their relationships with ala.

 

BBA

FIGURE 56.82 Iliac cortical density (ICD) can be identified on lateral radiograph (A) and CT scan (B) for estimation of sacral alar slope.
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 FIGURE 56.83 CT scan confirms narrow safe zone (solid arrows) 
resulting from dysplastic upper sacral segment. Anterior articular 
surfaces of sacroiliac articulations are noted to be planar bilater-
ally. Undulating “tongue-in-groove” portions are situated poste-
riorly. ICD is noted bilaterally (open arrows). (From Chip M, Chip L 
Jr, Simonian PT, et al: Radiographic recognition of the sacral alar slope 
for optimal placement of iliosacral screws: a cadaveric and clinical study, 
J Orthop Trauma 10:171, 1996.)

 FIGURE 56.84 Recessed sacral ala (solid arrows) relative to 
dense iliac bone adjacent to sacroiliac joint—iliac cortical density 
(ICD) (open arrow). CT scan best shows these uncommon situations. 
Nerve roots can be seen surrounded by fat within these recessed 
alae, especially on uninjured right side of patient. (From Routt MLC 
Jr, Simonian PT, Agnew SG, et al: Radiographic recognition of the sacral 
alar slope for optimal placement of iliosacral screws: a cadaver and clinical 
study, J Orthop Trauma 10:171, 1996.)

depending on the fracture pattern and bone quality. In a 
recent study by Marchand et al., no difference was found 
in implant failure rates in patients who undertook weight 
bearing at 6 weeks compared to those who were not 
allowed to bear weight until 12 weeks. This was a ret-
rospective study, however, and likely incorporated some 
selection bias by the surgeons involved.
In a review of nearly 13,000 admissions to six major trauma 
centers in the U.S., 17% of preventable deaths were caused 
by pulmonary embolism. In patients with pelvic fractures who 
do not receive prophylaxis, up to 61% will develop DVT and 
29% will develop proximal DVT. Chemoprophylaxis against 
DVT should be initiated immediately after fixation, unless 
otherwise contraindicated by the patient’s history or other 

 injuries. Little evidence exists on the optimal prophylaxis in 
this patient population. We prefer to keep nonoperatively 
treated patients on aspirin 81 mg twice daily for 6 weeks or 
until weight bearing, whichever is later. Operatively treated 
patients receive low molecular weight heparin (weight based 
for BMI >40) for 20 days, then transition to aspirin 81 mg 
twice daily until full weight bearing. Patients who are non–
weight bearing bilaterally are kept on low-molecular weight 
heparin until weight bearing. The Major Extremity Trauma 
Research Consortium (METRC) is currently enrolling patients 
in a trial that may help provide greater guidance on the op-
timal prevention of DVT in these patients (https://clinicaltrial
s.gov/ct2/show/NCT02984384).
  

OUTCOMES
Historically, the management of pelvic ring injuries was 
focused on the early stage of care by identification and stabi-
lization of unstable injury patterns that were associated with 
high mortality because of retroperitoneal hemorrhage and 
visceral injuries.

Following early resuscitation, skeletal traction was the 
definitive treatment option for survivors with unstable pos-
terior ring injuries. Prognosis was mixed in this group of 
patients: 52% incidence of back pain, 38% incidence of pel-
vic tilt and sitting imbalance, and 32% incidence of limp 
because of leg-length discrepancy. The risk factors for devel-
oping disability because of chronic back pain, malunion, 
nonunion, and genitourinary and neurologic dysfunction 
were unclear but common. Several studies sought to define 
the risk factors for disability to direct care. Most observed 
that pain and disability were more common with residual 
posterior ring displacement of more than 10 mm. Although 
bony posterior ring injuries had an excellent prognosis if 
they healed in less than 10 mm of displacement, nonana-
tomic reduction of the sacroiliac joint was tolerated poorly. 
Most authors noted that, except for rare injury patterns, 
anterior ring disruption rarely resulted in residual pain and 
dysfunction

Little evidence exists for the outcomes of avulsion type 
injuries, but operative fixation generally is recommended in 
high-functioning patients with more than 1.5 to 2 cm of frac-
ture displacement, with good results in case reports.

Type B fractures have outcomes as variable as their frac-
ture morphology. In open book injuries, loss of reduction 
and implant failure is variable depending on implant con-
struct. Genitourinary complications are commonly associ-
ated with B1 (APC) injuries. Isolated bladder injuries, when 
recognized early, generally heal without significant issue; 
however, injuries to the ureter result in a higher rate of com-
plications. These patients also commonly suffer from impo-
tence and dyspareunia well after the bony injury is healed. 
Tornetta et al. noted excellent results in one of the first series 
that reported outcomes after operative treatment of type B 
fractures. At a mean follow-up of 39 months (range, 12 to 84 
months), 76% of patients had no limp and 75% had returned 
to their original jobs.

In a series by Kellam et al., after adequate reduction of 
type C fractures, only 50% of patients were pain free with no 
job or lifestyle changes. After inadequate reduction of type 
C injuries, only 33% of patients returned to their previous 
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occupations. For type C fractures that involve the sacro-
iliac joint, Kellam et al. recommended anatomic reduction 
of the posterior injury and internal fixation with fusion of 
the sacroiliac joint. Good results also have been reported 
with percutaneous iliosacral screw fixation in type C frac-
tures; however, obtaining closed reduction of pure sacroiliac 
joint dislocations may be difficult and open reduction of the 

 

C

BA

FIGURE 56.85 Screws inserted without use of lateral sacral image and ICD. Screws appear to be intraosseous on inlet (A) and 
outlet (B) pelvic radiographs, yet postoperative CT scan (C) shows that cephalad anterior no. 2 iliosacral screw on patient’s left 
side is extraosseous. Left L5 nerve root was injured. (From Routt MLC Jr, Simonian PT, Agnew SG, et al: Radiographic recognition of the  
sacral alar slope for optimal placement of iliosacral screws: a cadaver and clinical study, J Orthop Trauma 10:171, 1996.)

 

Variable
slopes

ICD

FIGURE 56.86 Variable structure of upper sacrum on outlet 
views. ICD, Iliac cortical density.

 FIGURE  56.87 Y-shaped sacral fracture stabilized percutaneously 
with two transsacral-transiliac screws. (Courtesy of Dr. ML “Chip” Routt, 
Jr, University of Texas Health Science Center at Houston, Houston, Texas.)

sacroiliac joint may be necessary before percutaneous screw 
placement. In a group of patients with vertically unstable pel-
vic fractures treated with percutaneously placed iliac sacral 
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screws, Griffin et al. showed a high rate of failure (13%) in 
vertical shear fractures through the sacrum. Mullis and Sagi 
noted poorer outcomes in those with pure sacroiliac dislo-
cations that were mal-reduced than in those with anatomic 
reductions. Some authors, however, are skeptical that ana-
tomic reduction of type C injuries has a considerable effect 
on patient outcome. A comparison of results in 80 patients 
with pelvic fractures, of which 61% were treated with exter-
nal fixation and 39% were treated nonoperatively, found sim-
ilar rates of return to previous occupation for Tile types A, 
B, and C injuries (75% to 81%). The number of patients who 
perceived pain as the worst sequela of their injury was similar 
among the three groups, regardless of treatment. Iliosacral 
screw posterior fixation of Tile type C fractures after open 
posterior reduction of sacral fractures, fracture-dislocations 
of the sacroiliac joint, and pure sacroiliac joint dislocations 
was reported to allow two thirds of patients to return to their 

preinjury occupations. Associated neurologic injuries com-
promised the result in 35% of patients. Reduction of the 
posterior injury to within 10 mm appears to be adequate for 
functional results, but residual displacement could lead to 
arthritic changes at longer follow-up.

Because of the high-energy nature and surrounding vital 
structures, pelvic fractures often are associated with some 
disability and chronic pain, especially in the more unsta-
ble patterns. Holstein et al. showed that older patients with 
more complex injuries and those who required surgery have 
a lower quality of life after their injury, highlighting the life-
changing event that occurs when a patient suffers a pelvic 
ring injury.

 

Outlet view
Inlet view

42° 25°

FIGURE 56.88 Patient positioning and average angular tilts 
from perpendicular to achieve ideal inlet and outlet views. (Redrawn 
from Graves ML, Routt MLC Jr: Iliosacral screw placement: are uniplanar 
changes realistic based on standard fluoroscopic imaging? J Trauma 
71:204, 2011.)

 FIGURE 56.89 Starr and Reinert reduction device (see text).
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FIGURE 56.90 A to P, Iliosacral screw fixation. SEE TEXT AND TECHNIQUE 53.10.
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FIGURE 56.90, cont’d
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A B
FIGURE 56.91 Anterior approach and stabilization of sacroiliac joint. A, Incision for anterior approach. B, After reduction, sacral ala 

is fixed to ilium with two 2-hole dynamic compression plates. SEE TECHNIQUE 56.11.
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FRACTURES OF THE SHOULDER, ARM, AND 
FOREARM
Edward A. Perez

CHAPTER 57

Trauma to the upper extremity often presents a difficult 
challenge for orthopaedic surgeons; whether the prob-
lem encountered is a fracture, fracture with dislocation, or 
severe injury to the soft tissues or neurovascular elements. 
The ultimate functional results after injuries in the upper 
extremity often depend as much on the status of the sur-
rounding soft tissues as on the status of the bone. A frac-
ture to the lower extremity may heal with contracture, some 
loss of motion of the adjacent joints, and other soft-tissue 
compromise, yet still yield a good functional result, whereas 
in the upper extremity severe functional impairment often 
results if fracture healing is accompanied by these sequelae, 
even though the bone itself has healed satisfactorily. This 
chapter discusses the surgical management of fractures and 
fracture-dislocations in the upper extremity and shoulder 
girdle. Surgeons also must remain continually attentive to 
soft-tissue injuries.

CLAVICLE
The clavicle is one of the most frequently fractured bones in 
the body, the fracture most often resulting from a direct blow 
or a fall on an outstretched arm. Most clavicular fractures heal 
uneventfully without serious consequences with nonoperative 

treatment. Historically, the resulting bony prominences have 
been believed to be preferable to an unsightly scar from open 
reduction and internal fixation (ORIF). Treatment guidelines 
were based on Neer and Rowe’s two large series that showed 
nonunion rates of less than 1% in conservatively managed 
fractures compared with nearly 4% in operatively treated 
fractures. These results established the concept that union 
rates and function were excellent with conservative treatment 
of clavicular fractures and were better than those after opera-
tive treatment. More recent studies have questioned union 
rates, functional recovery, and the morbidity of malunions 
after conservative treatment. A prospective observational 
study of 868 patients with clavicular fractures treated nonop-
eratively found a nonunion rate of 6.2%. Risk factors identi-
fied were advanced age, female sex, 100% displacement (lack 
of cortical contact), and presence of comminution. A meta-
analysis including 2144 fractures showed a nonunion rate of 
15% for displaced clavicular fractures treated nonoperatively, 
whereas the nonunion rate for ORIF was only 2% (Table 
57.1). Thus, there appears to be a subgroup of patients—those 
with displaced fractures—who do not do as well as previ-
ously thought. Fuglesang et al. reported a 15% nonunion rate 
with worsening outcome scores in patients with displacement 
greater than 100%.
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These concerns led the Canadian Orthopaedic Trauma 
Society (COTS) to initiate a multicenter prospective ran-
domized trial to compare nonoperative treatment and 
plate fixation of displaced clavicular fractures. They con-
cluded that operative treatment resulted in improved func-
tional outcomes and lower rates of malunion and nonunion. 
Complications occurred in 23 (37%) of 62 patients treated 
operatively, compared with 31 (63%) of 49 treated nonopera-
tively (Table 57.2). Since the COTS study, many comparative 
studies and meta-analyses have been performed comparing 
operative treatment with nonoperative treatment of midshaft 
clavicular fractures. Table 57.3 summarizes some of these 
studies. Woltz et al. confirmed that displacement greater than 
100% was associated with a higher nonunion rate, although 
outcome measures did not differ between treatment types. 
The authors also published a meta-analysis with similar con-
clusions. In a separate meta-analysis, Ahmed et al. also con-
firmed a reduction in nonunion rate with operative fixation of 
displaced fractures. They noted an improvement in outcome 
measures; however, as opposed to the study by Woltz et  al. 
and Murray et al. studied the risk of nonunions after nonop-
erative treatment of displaced clavicular fractures. Smoking, 
comminution, and fracture displacement were the strongest 
predictors of nonunion (Table 57.4). This table is used by the 
author as a guideline when advising patients as to a specific 
treatment choice.

TREATMENT OPTIONS
Most clavicular fractures still are treated closed. 
Treatment, however, should not be an “all or nothing” 
approach; it should be aimed at providing optimal out-
comes for individual patients and injuries. Recent reports 
in the literature have helped to more accurately predict 
complications after displaced fractures and to allow a 
frank discussion with the patient to choose the appropri-
ate form of treatment.

Nonoperative treatment consists of the use of a sling for 
comfort. We rarely use figure-of-eight splinting because of 

patient discomfort and the lack of proven benefit. Operative 
management usually consists of ORIF with plates and 
screws or intramedullary nail fixation. External fixation has 
been described but rarely is necessary except in unique situ-
ations. The relative indications for operative treatment are 
shown in Box 57.1.

PLATE AND SCREW FIXATION
Plating techniques continue to evolve. Newer precon-
toured plates allow more accurate fitting while maintaining 
strength; however, complications have been reported with 
3.5-mm reconstruction plates, which allow easy contour-
ing but may be too weak to maintain reduction. Currently, 
the most commonly used technique is superior placement 
of the plate (Fig. 57.1) or anteroinferior plate placement 

 TABLE 57.1

Results of Nonoperative and Operative Treatment 
of Acute Midshaft Clavicular Fractures

TREATMENT % OF NONUNIONS

DISPLACED AND NONDISPLACED FRACTURES

Nonoperative (1145 fractures) 5.9
Plating (635 fractures) 2.5
Intramedullary pinning (364 fractures) 1.6
All fractures (2144) 4.2

DISPLACED FRACTURES

Nonoperative (159 fractures) 15
Plating (460 fractures) 2.2
Intramedullary pinning (152 fractures) 2.0
All displaced fractures (771) 4.8

Data from Zlowodzki M, Zelle BA, Cole PA, et al: Treatment of acute midshaft 
clavicle fractures: systematic review of 2144 fractures. On behalf of the Evidence-
Based Orthopaedic Trauma Working Group, J Orthop Trauma 19:504, 2005.

 TABLE 57.2

Complications and Outcomes After Operative and 
Nonoperative Treatment of Clavicular Fractures

OPERATIVE 
TREATMENT 
(N = 62)

NONOPERATIVE 
TREATMENT  
(N = 49)

COMPLICATION/ADVERSE EVENT

Nonunion 2 7
Malunion requiring further 
treatment

0 9

Wound infection/dehiscence 3 0
Implant irritation requiring 
removal

5 0

Complex regional pain 
syndrome

0 1

Surgery for impending open 
fracture

0 2

Transient brachial plexus 
symptoms

8 7

Abnormality of AC or SC joint 2 3
Early mechanical failure 1 0
Other 2 2
TOTAL 23 (37%) 31 (63%)

APPEARANCE OF SHOULDER

“Droopy” shoulder 0 10
Bump and/or asymmetry 0 22
Scar 3 0
Sensitive and/or painful  
fracture site

9 10

Implant irritation and/or 
prominence

11 0

Incisional numbness 18 0
Satisfaction with appearance 52 (84%) 26 (53%)

Functional results

Constant and Disabilities of the Arm, Shoulder and Hand scores approximately 
10 points better in operative group at all time points (6, 12, 24, and 52 weeks). 
AC, Acromioclavicular; SC, sternoclavicular.
Data from Canadian Orthopaedic Trauma Society: Nonoperative treatment com-
pared with plate fixation of displaced midshaft clavicular fractures: a multicenter, 
randomized clinical trial, J Bone Joint Surg 89A:1, 2007.
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because of the safe screw trajectory and less implant irrita-
tion (Fig. 57.2). The recent trend of using smaller implants 
applies also to the clavicle. Evidence exists supporting 
the use of 2.7-mm compression type plating. The author 
reserves this technique when 2.7-mm plates are used in a 
neutralization technique with anatomic reduction and lag 

screw fixation. A report by Czajka et  al. demonstrated a 
high rate of union with a low rate of soft-tissue irritation 
with the use of double mini-fragment plate fixation. This 
technique has become the most frequently used technique 
by the author (Fig. 57.3). Regardless of the plate placement 
technique used, meticulous attention is mandatory to pre-
serve the periosteum and avoid injury to the subclavian 
vessels and lungs; lag screw fixation should be used when 
possible. 

 TABLE 57.3

Numbers and Reasons for Secondary Operations

STUDY PLATE FIXATION
NONOPERATIVE 
TREATMENT

COTS, 2007 2 nonunion
1 implant failure
3 infection
5 plate removal

7 nonunion
9 malunion

Melean, 2015 4 plate removal 4 nonunion
Mirzatolooei, 2011 1 implant failure

1 infection
Robinson, 2013 1 nonunion

1 implant failure
1 refracture
1 neurologic 
complication
2 fracture lateral to 
plate
10 plate removal

13 nonunion
4 malunion

Virtanen, 2012 1 neurologic 
complication

Woltz, 2017 1 nonunion
6 implant failure
2 infection
14 plate removal

9 nonunion
1 neurologic 
complication
1 malunion
1 plate 
removal*

Total 56 50

*One nonoperatively treated patient developed a nonunion and was treated 
with secondary plate fixation after 4 months. At 1 year, plate removal was 
scheduled. This patient was analyzed in the nonoperative group following the 
intention-to-treat principle.
From Woltz S, Krijnen P, Schipper IB: Plate fixation versus nonoperative treat-
ment for displaced midshaft clavicular fractures, J Bone Joint Surg Am 99:1051, 
2017.

 TABLE 57.4 

“Ready Reckoner” for Estimating the Risk of Nonunion

OVERALL DISPLACEMENT 
(MM)

NONCOMMINUTED FRAC-
TURE IN NONSMOKER

COMMINUTED FRACTURE 
IN NONSMOKER

NONCOMMINUTED FRAC-
TURE IN SMOKER

COMMINUTED FRACTURE 
IN SMOKER

10 2 3 6 10
15 3 6 12 19
20 7 12 23 34
25 14 23 39 52
30 26 39 57 70
40 62 74 86 92

From Murray IR, Foster CJ, Eros A, Robinson CM: Risk factors for nonunion after nonoperative treatment of displaced midshaft fractures of the clavicle, J Bone Joint 
Surg Am 95:1153, 2013.

Relative Indications for Primary Fixation of 
Midshaft Clavicular Fractures

Fracture-Specific
 n  Displacement >2 cm
 n  Shortening >2 cm
 n  Increasing comminution (>3 fragments)
 n  Segmental fractures
 n  Open fractures
 n  Impending open fractures with soft-tissue compromise
 n  Obvious clinical deformity (usually associated with displace-

ment and shortening)
 n  Scapular malposition and winging at initial examination 

Associated Injuries
 n  Vascular injury requiring repair
 n  Progressive neurologic deficit
 n  Ipsilateral upper extremity injuries/fractures
 n  Multiple ipsilateral upper rib fractures
 n  “Floating shoulder”
 n  Bilateral clavicular fractures 

Patient Factors
 n  Polytrauma with requirement for early upper extremity 

weight bearing/arm use
 n  Patient motivation for rapid return of function (e.g., elite 

sports or self-employed professional)

 BOX 57.1 

From McKee MD: Clavicle fractures. In Bucholz RW, Heckman JD, Court-Brown 
CM, Tornetta P 3rd, editors: Rockwood and Green’s fractures in adults, 7th ed, 
Philadelphia, 2010, Lippincott Williams & Wilkins.
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OPEN REDUCTION AND INTERNAL 
FIXATION OF CLAVICULAR  
FRACTURES

 TECHNIQUE 57.1 

(COLLINGE ET AL., MODIFIED) 

ANTEROINFERIOR PLATE AND SCREW FIXATION
 n  Place the patient supine with a large “bump” placed be-

tween the scapulae, allowing the injured shoulder girdle 
to fall posteriorly, which helps to restore length and in-
crease exposure of the clavicle.

 n  Make an incision centered over the fracture from the 
sternal notch to the anterior edge of the acromion (Fig. 
57.4A).

 n  Release the lateral platysma and identify the supraclavicu-
lar nerve traversing the anterior aspect of the clavicle.

 n  Incise the clavipectoral fascia along its attachment to the 
anterior clavicle and carefully elevate it inferiorly.

 n  Dissect first along the medial fragment, which usually has 
flexed up away from the vital infraclavicular structures. For 
acute fractures, only minimal soft-tissue dissection is needed.

 n  Reduce the fracture and hold it with bone clamps.
 n  Use a lag screw if possible for provisional fixation; as an 

alternative, consider using a mini-fragment screw as pro-
visional fixation to allow perfect contouring of the plate.

 n  Contour a 3.5-mm plate to fit along the anteroinferior edge 
of the clavicle. Typically, an eight-hole plate fits well when 
contoured into an S-shape as viewed on edge (Fig. 57.4B).

 n  Aim the screws for plate fixation posteriorly and superiorly 
(Fig. 57.4C). If an oblique fracture is present, a lag screw 
can be placed either through the plate or directly into the 
bone at roughly a 90-degree angle to the fracture line. 

 

BA

FIGURE 57.1 Clavicular fracture (A) fixed with superior plate (B). SEE TECHNIQUE 57.1.
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FIGURE 57.2 Clavicular fracture (A) fixed with anteroinferior plate (B).
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SUPERIOR FIXATION
 n  For superior fixation, contour the plate to fit the superior 

edge of the clavicle (see Fig. 57.1). Insert the screws from 
superior to inferior, taking care to avoid injury to the neu-
rovascular structures.

See also Video 57.1.

POSTOPERATIVE CARE The operated extremity is 
placed in a sling for comfort. Pendulum and Codman ex-
ercises are taught, and the patient is encouraged to use 
the arm but to avoid heavy lifting, pushing, or pulling. 
Full return of activities is allowed when fracture healing is 
present, usually at 2 to 3 months.
  

INTRAMEDULLARY FIXATION
Intramedullary nailing of clavicular fractures has been done for 
over 50 years, with a variety of devices, including Rockwood 
pins, Kirschner wires, Küntscher nails, and Rush nails (Fig. 
57.5). Suggested advantages of intramedullary fixation include 
small skin incision, less periosteal stripping, and relative stabil-
ity to allow callus formation. Frequent complications, such as 
intrathoracic migration, pin breakage, and damage to underly-
ing structures, however, have limited the use of this technique. 
A biomechanical study comparing fixation of clavicular oste-
otomies with 3.5-mm compression plates and 3.8- or 4.5-mm 
intramedullary pins also showed that plated constructs were 
superior in resisting displacement. More recently, titanium 
elastic intramedullary nails have been used, with good results 
reported in a number of studies. However, reported compli-
cation rates have ranged from 9% to 78% with these devices, 
mainly medial or lateral migration and perforations. Frigg et al. 
reported a reduction in complications from 60% to 17% with 
the use of an end cap, converting to open reduction after two 
failed attempts at closed reduction, using careful manual pas-
sage of the nail, obtaining intraoperative oblique radiographs 
to rule out lateral perforation, and limiting postoperative range 
of motion to 90 degrees for 6 weeks. 
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FIGURE 57.3 Dual mini-fragment plate.

 

A C

SN

Acr

B

18 mm

FIGURE 57.4 Open reduction and internal fixation of clavicular fracture. A, Incision. B, Plate 
prebent to match normal clavicular anatomy. C, Screw placement posteriorly and superiorly. Acr, 
acromion; SN, sternal notch. SEE TECHNIQUE 57.1.
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INTRAMEDULLARY FIXATION WITH 
A HEADED, DISTALLY THREADED PIN 
(ROCKWOOD CLAVICLE PIN)

 TECHNIQUE 57.2 

 n  Place the patient in a semi-sitting position on a radiolu-
cent table with an image intensifier on the ipsilateral side. 
By rotating the image 45 degrees caudal and cephalad, 
orthogonal views of the clavicle can be obtained.

 n  Make a 2- to 3-cm incision over the posterolateral corner 
of the clavicle 2 to 3 cm medial to the acromioclavicular 
joint. Little subcutaneous fat is in this region, so take care 
to prevent injury to the underlying platysma muscle.

 n  Use scissors to free the platysma muscle from the overly-
ing skin; split its fibers in line with the muscle. Take care to 
prevent injury to the middle branch of the supraclavicular 
nerve, which usually is found directly beneath the platysma 
muscle near the midclavicle. Identify and retract the nerve.

 n  Use a towel clip to elevate the proximal end of the medial 
clavicle through the incision (Fig. 57.6A).

 n  Taking care not to penetrate the anterior cortex, attach 
the appropriate-sized drill to the ratchet T-handle and drill 
the medullary canal (Fig. 57.6B).

 n  Remove the drill from the medial fragment, attach the 
appropriate-sized tap to the T-handle, and tap the med-
ullary canal to the anterior cortex (Fig. 57.6C). Hand tap-
ping is recommended, especially for small patients and 
smaller-diameter clavicle pins.

 n  Elevate the lateral fragment through the incision; exter-
nally rotating the arm and shoulder helps improve expo-
sure.

 n  Attach the same-sized drill used in the medial fragment to the 
ratchet T-handle and drill the medullary canal (Fig. 57.6D).

 n  Under C-arm guidance, pass the drill out through the 
posterolateral cortex of the clavicle (Fig. 57.6E). The drill 
position should be posterior and medial to the acromio-
clavicular joint, around the level of the coracoid. Allow the 

drill to exit no higher than the equator of the posterolat-
eral clavicle.

 n  Remove the drill from the lateral fragment, attach the 
appropriate-sized tap to the T-handle, and tap the med-
ullary canal so that the large threads are advanced fully 
into the canal (Fig. 57.6F). If the tap is a tight fit, consider 
redrilling with the next larger drill size. Again, hand tap-
ping is recommended.

 n  While holding the distal fragment with a bone clamp, re-
move the nuts from the pin assembly and pass the trocar 
end of the pin into the medullary canal of the distal frag-
ment. The pin should exit through the previously drilled 
hole in the posterolateral cortex.

 n  Once the pin exits the clavicle, its tip can be felt sub-
cutaneously. Make a small incision over the palpable tip 
and spread the subcutaneous tissue with a hemostat (Fig. 
57.6G). Place the tip of the hemostat under the tip of 
the clavicle pin to facilitate its passage through the inci-
sion. Then drill the pin out laterally until the large, medial 
threads start to engage the cortex.

 n  Attach the Jacobs chuck and T-handle to the end of the 
pin protruding laterally (take care not to place the chuck 
over the machined threads, both lateral and medial) and 
carefully retract the pin into the lateral fragment (Fig. 
57.6H). Ensure that the pin is inserted correctly.

 n  Reduce the fracture and pass the pin into the medial frag-
ment. Advance the pin until all medial threads are across 
the fracture site. Because the weight of the arm usually 
pulls the arm down, lifting the shoulder will facilitate pin 
passage into the medial fragment.

 n  Place the medial nut on the pin, followed by the smaller 
lateral nut. Cold weld the two nuts together by grasping 
the medial nut with a needle driver or needle-nose pliers 
and tightening the lateral nut against the medial nut with 
the lateral nut wrench. Use the T-handle and wrench on the 
lateral nut to medially advance the pin down into the me-
dial fragment until it contacts the anterior cortex. Confirm 
position with fluoroscopy.

 n  Break the cold weld between the nuts by grasping the 
medial nut with a needle driver or pliers and quickly turn-
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FIGURE 57.5 Clavicular fracture (A) treated with intramedullary fixation (B).

    

https://booksmedicos.org


CHAPTER 57 FRACTURES OF THE SHOULDER, ARM, AND FOREARM 3037

 

ing the lateral nut counterclockwise with the insertion 
wrench. Advance the medial nut until it against the lateral 
cortex of the clavicle. Tighten the lateral nut until it en-
gages the medial nut (Fig. 57.6I).

 n  Use the medial wrench to back out the pin 1 cm or more 
to expose the nuts from the soft tissue. Ensure that the 
clavicle threads are still engaged in the cortical bone of 
the medial fragment.

 n  Use a side-cutting pin cutter to cut the pin as close to the 
lateral nut as possible. Readvance the clavicle pin using 
the lateral nut wrench.

POSTOPERATIVE CARE The arm is placed in a standard 
sling for comfort, and gentle pendulum exercises are al-
lowed. At 10 to 14 days, sutures are removed and, if heal-
ing is seen on radiographs, the sling is discontinued; unre-
stricted range-of-motion exercises, but no strengthening, 
resisted exercises, or sports activities are allowed. If radio-
graphs at 6 weeks show union, resisted and strengthening 
activities are begun. Contact sports (e.g., football, hockey) 
should be avoided for 12 weeks after surgery. If the frac-
ture is healed at 12 weeks, the pin can be removed.
  

A B

C D

E F

FIGURE 57.6 Intramedullary fixation of clavicular fracture. A, Elevation of proximal end of 
medial clavicle. B, Drilling of medullary canal. C, Tapping of medullary canal. D, Drilling of medul-
lary canal. E, Passage of drill out through posterolateral cortex. F, Tapping of medullary canal.
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LATERAL CLAVICULAR FRACTURES
Neer described five types of lateral clavicular fractures (Table 
57.5 and Fig. 57.7). Types I and II are lateral to the coracocla-
vicular ligaments and are inherently stable. Type II fractures 
occur just medial to the coracoacromial ligaments (type IIa) 
or occur with rupture of the ligaments (type IIb). The tra-
pezius can be a deforming force and cause displacement of 
type II fractures. Treatment is still controversial, with good 
results reported with both operative and nonoperative treat-
ment, even with malunions. The challenge is to obtain secure 
fixation in the lateral segments. Anatomic locking plates have 
improved fixation in the distal segment (Fig. 57.8) Other strat-
egies include plating over to the acromion to gain greater fixa-
tion, supplementing fixation with sutures from the clavicle to 
the coracoid (Fig. 57.9), and using subacromial hook-plates 
(Figs. 57.10 and 57.11). High rates of union (95% or higher) 
and good shoulder function have been reported with the use 
of hook-plates, but patient discomfort and acromial osteolysis 
generally require plate removal as soon as union occurs. The 
author uses hook plates only in rare circumstances and rec-
ommends judicious use.

Recently, Yagnik et al. reported a combination of cortical 
button fixation with coracoclavicular ligament reconstruc-
tion for distal clavicular fracture repair. Fractures united in 
all patients with low complication rates (Fig. 57.12). 

 TABLE 57.5

Neer Classification of Lateral Clavicular Fractures

TYPE DESCRIPTION
I Coracoclavicular ligaments intact, attached to 

medial segment
II Coracoclavicular ligaments detached from 

medial segment, but trapezoid intact to distal 
segment

IIa Both conoid and trapezoid attached to distal 
segment

IIb Conoid is torn
III Intraarticular extension into acromioclavicular 

joint

G

H I

Lateral nut
wrench

Retract pin
laterally

FIGURE 57.6, cont’d G, Incision over tip of intramedullary pin. H, Retraction of pin into 
lateral fragment. I, Final position of intramedullary pin. (Redrawn from Lippert S: Rockwood clavicle 
pin surgical technique, Warsaw IN, DePuy.) SEE TECHNIQUE 57.2.
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DISTAL CLAVICULAR FRACTURE 
REPAIR WITH CORACOCLAVICULAR 
LIGAMENT RECONSTRUCTION AND 
CORTICAL BUTTON FIXATION

 TECHNIQUE 57.3 

(YAGNIK ET AL.)
 n  After administration of a regional interscalene block and 

general anesthesia, place the patient in a modified beach-
chair position.

 n  Make a 5-cm vertical incision 2 to 3 cm medial to the 
acromioclavicular joint, with the base of the incision 
at the proximal aspect of the coracoid. Carefully in-
cise the deltotrapezial fascia in line with the clavicle to 
facilitate closure over the implants at the end of the 
procedure.

 n  Bluntly dissect the medial and lateral soft tissues adjacent 
to the coracoid for later passage of the sutures and graft 
around the coracoid.

 n  Prepare a 7 × 240-mm semitendinosus allograft, tapering 
the ends of the graft using a whip stitch (No. 2 nonab-
sorbable suture). Both ends of the graft should easily pass 
through the 6-mm tunnel.

 n  Using a coracoid passer, shuttle a strong passing suture 
through the instrument and under the coracoid and then 
shuttle two different-colored suture tapes and allograft 
around the coracoid.

 n  Using a 2.4-mm drill, create a bicortical hole for the su-
ture tape as close to the fracture site as possible, preserv-
ing 5 mm of bone laterally to prevent iatrogenic fracture 
through this drill hole.

 n  Create a second tunnel for the graft with a 6.0-mm can-
nulated reamer over a 2.4-mm guide wire at least 15 mm 
medial to the first tunnel.

 n  Shuttle the two suture tapes through the lateral tunnel 
before the graft so that they lie posterior to the graft.

 n  Pass both ends of the graft through the 6-mm tunnel us-
ing a second shuttle suture (Fig. 57.13A).

 n  Pass four limbs of the colored suture tape through a corti-
cal button and tie, reducing the medial fragment to the 
lateral fragment.

 n  Tension the graft and insert a 5.5 × 10-mm PEEK interfer-
ence screw, then cut the ends of the graft (Fig. 57.13B).

 n  Pass the free ends of the suture tape through the anterior 
deltotrapezial fascia in a horizontal mattress fashion

 

Type I
Intact ligaments hold
fragments in place

Type IIa
Conoid and trapezoid ligaments
are on distal segment; proximal
segment, with no ligamentous

attachments, is displaced

Type IIb
Conoid ligament ruptured,
trapezoid ligament remains
attached to distal segment;

proximal fragment is displaced

FIGURE 57.7 Neer classification of lateral clavicular fractures.
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FIGURE 57.8 Anatomic locking plate.
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 n  Tie the sutures, repair the deltotrapezial fascia to the clav-
icle, bury the knots to minimize soft-tissue irritation, and 
close the incision in the standard fashion.

POSTOPERATIVE CARE The arm is placed in a sling to 
minimize tension on the repair for 4 to 6 weeks. Passive 
range of motion is started immediately after surgery. After 
4 to 6 weeks, patients begin active and active-assisted 
range of motion exercises, with strengthening exercises 
at 8 weeks. Patients may return to full activity and sports 
around 4 months.
   

FRACTURES AROUND THE 
SHOULDER
FRACTURES OF THE SCAPULA
Fractures of the scapula account for 3% to 5% of all fractures 
about the shoulder, are most often caused by high-energy 
trauma, and are frequently associated with multiple trauma 

(approximately 90% of patients with scapular fractures have 
associated injuries). Treatment of scapular fractures has 
traditionally been described as “benign neglect” and, like 
clavicular fractures, most scapular fractures do well with 
conservative management. Although outcomes are gener-
ally good, not all scapular fractures heal uneventfully and 
there has been a resurgence of interest in determining 
which patients would benefit from operative treatment. In 
their systematic review of the literature concerning scapu-
lar fractures, Zlowodzki et  al. found that of the total 520 
fractures reported, 82% had good-to-excellent functional 
results. Almost all scapular body fractures were treated non-
operatively, with 86% good-to-excellent results; scapular 
neck and isolated glenoid fractures were most often treated 
operatively (83%), with good-to-excellent results in 76% 
and 82%, respectively. Although the numbers of specific 
fractures were small, the overall results after operative treat-
ment were better than those after nonoperative treatment 
in all types (Table 57.6). Lantry et  al. also reported a sys-
tematic review of operative treatment of scapular fractures 
in which good-to-excellent functional results were found in 
approximately 85% of patients. In contrast, in their compar-
ison of 31 displaced scapular fractures treated operatively to 
31 treated nonoperatively (matched by age, occupation, and 
sex), Jones and Sietsema found that all fractures healed with 
no differences in return to work, pain, or complications. 
Dienstknecht et al. reported that a meta-analysis of the lit-
erature indicated that operatively treated scapular fractures 
had better radiographic results and more pain-free results, 
whereas nonoperatively treated patients had significantly 
better range of motion. Although the literature is still lack-
ing in sufficient evidence to formulate concrete treatment 
guidelines, these two reviews emphasize that most scapu-
lar fractures do well, but criteria for deciding which frac-
tures are at risk for poor outcomes are still evolving. Recent 
reports by Schroder et al. and Tatro et al. continue to sup-
port operative treatment in widely displaced scapular frac-
tures with high functional outcomes and low complication 
rates.

TREATMENT OPTIONS
Almost all scapular body and neck fractures are still treated 
nonoperatively. We immobilize the shoulder for 2 to 3 weeks 
and begin an active-assisted range-of-motion protocol when 
pain permits. An active range-of-motion program is then 
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FIGURE 57.10 Clavicular fracture (A) fixed with hook plate (B).

 FIGURE 57.9 Supplemental suture fixation from clavicle to 
coracoid over the acromion for lateral clavicular fracture.
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begun, and strengthening exercises are allowed when fracture 
healing is confirmed clinically and radiographically.

The mobility of the shoulder is predictive of function in 
many patients with a scapular fracture; however, there is still 
a small group of patients in whom ORIF probably is indi-
cated. The goal of treatment is to preserve shoulder function 
by avoiding malalignment, arthrosis, scapulothoracic dyski-
nesis, and impingement pain (Table 57.7). 

GLENOID FRACTURES
Glenoid fractures should be treated as all other intraarticu-
lar fractures, and reduced and stabilized when significant (>4 
mm) displacement exists through the articular surface that 
leads to joint subluxation or incongruency. Anavian et  al. 
reported that, of 33 patients with complex and displaced 
intraarticular glenoid fractures, 87% were pain free and 90% 

returned to preinjury levels of work or activity after opera-
tive treatment. The operative approach of choice is the Judet 
or modified Judet (see Technique 1.94). Additional anterior 
approaches occasionally are needed. 

 FIGURE 57.11 Healed clavicular fracture after plate removal.

 FIGURE 57.12 Distal clavicle repair using combination of 
cortical button fixation and coracoclavicular ligament reconstruc-
tion.  (Redrawn from Yagnik GP, Jordan CJ, Narvel RR, Hassan RJ, Porter 
DA: Distal clavicle fracture repair: clinical outcomes of a surgical technique 
utilizing a combination of cortical button fixation and coracoclavicular 
ligament reconstruction, Orthop J Sports Med 7(9):2325967119867920, 
2019.)

 

Medial

Medial

Inferior Inferior

Lateral

Lateral

* Reduced
fracture

Dog bone Tensioned
graft

A B

FIGURE 57.13 A, Distal clavicular fracture with suture tapes passed through laterally based 
tunnel and allograft passed through medial tunnel. Asterisk indicates coracoid process. B, Final 
construct demonstrates reduction with suture tapes tied over cortical button and graft tensioned 
with interference screw. Graft is passed anterior to suture tapes.  (From Yagnik GP, Jordan CJ, Narvel 
RR, Hassan RJ, Porter DA: Distal clavicle fracture repair: clinical outcomes of a surgical technique utilizing a 
combination of cortical button fixation and coracoclavicular ligament reconstruction, Orthop J Sports Med 
7(9):2325967119867920, 2019.). SEE TECHNIQUE 57.3.
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SCAPULAR BODY OR NECK FRACTURES
Fractures of the scapular body or neck that are so signifi-
cantly displaced that malunion and pain are of concern 
should be considered for operative treatment. Medialization 
of the glenoid has been questioned by Zuckerman et al., who 
recommended evaluation of lateralization of the scapular 
border. CT evaluation also found that in patients with gle-
noid neck fractures, pure medial translation of the glenoid 
relative to the axial skeleton was rare; instead, there was typ-
ically a component of shortening of the scapular width com-
bined with lateralization of the scapular body. Treatment 
decisions should be based on the amount of displacement. 
Some authors use the glenopolar angle as a criterion for 
determining treatment. This angle is formed by a line drawn 
from the inferior pole of the glenoid fossa up to the supe-
rior pole and a second line drawn from the superior pole of 
the glenoid fossa down through the inferiormost angle of 
the scapular body (Fig. 57.14). The normal glenopolar angle 
ranges from 30 to 45 degrees. Anavian et al. suggested that 
three-dimensional CT is more reliable than plain radiog-
raphy in the evaluation of extraarticular scapular fracture 
displacement.

Cole et al. listed several criteria for operative treatment of 
scapular fractures:
 n  A 15 to 20 mm lateral border offset (lateralization)
 n  Forty degrees of scapular body angulation, as measured on 

a scapular-Y view
 n  Glenopolar angle of 20 degrees or less and greater than 60 

degrees.

 n  Scapular body fracture with injury to the clavicle or clavi-
cle-acromion complex.
These decision-making criteria have not yet been shown 

to produce improved outcomes; the surgeon’s skill level and 
patient issues should contribute to the decision for operative 
treatment. We generally favor conservative treatment, but this 
is an active treatment decision and not “benign neglect” (Fig. 
57.15). 

PROXIMAL HUMERAL FRACTURES

Use adequate radiograms to understand the traumatic lesion, be 
careful denying older patients effective treatment, use a safe and 
simple surgical approach, know the options for internal fixation, 
recognize the value of prosthetic replacement, avoid technical pit-
falls, and thoughtfully supervise the postoperative patient care.— 
R.H. Cofield (1988)

Cofield’s summary of treatment of proximal humeral 
fractures is an indication of the difficulty of treating these 
injuries—from first evaluation to final outcome. Much con-
troversy and confusion still exist, and no single treatment 
protocol or algorithm has been proved to be universally 
effective. As indicated by Cofield, areas still in question 
include radiographic diagnosis, operative or nonoperative 
treatment, consideration of patient age in treatment deci-
sion making, surgical approach, fracture fixation or hemi-
arthroplasty, type of internal fixation, and rehabilitation 
protocol. Numerous authors have suggested that nonop-
erative treatment may be preferable for two-, three-, and 
four-part proximal humeral fractures in elderly patients, 
but pain and loss of function have been reported in high 
percentages of patients after this treatment approach. 
Several more recent reports, however, have indicated that 
the functional results of operative treatment are not sig-
nificantly better than the results of nonoperative treat-
ment in elderly patients, although radiograph results may 
be superior. Court-Brown et  al. reported good or excel-
lent results in 81% of impacted valgus fractures in elderly 
patients treated nonoperatively, and in a comparison of 
operative and nonoperative treatment of displaced two-
part fractures, these authors found similar results in the 
two treatment groups. In one of the largest studies to date 
(PROFHER), with 231 patients, the authors were unable to 
show superiority of operative or nonoperative treatment 
using the Oxford Shoulder Score as the primary outcome. 
A 5-year follow-up study of the PROHFER study again 
was unable to show any advantage of operative treatment 
over nonoperative treatment. Although there are many 

 TABLE 57.6 

Results of Operative and Nonoperative Treatment of Scapular Fractures

FRACTURE TYPE OPERATIVE: EXCELLENT/GOOD NONOPERATIVE: EXCELLENT/GOOD
Glenoid only 82% (45/55) 67% (6/9)
Neck with or without other associated 
scapular fractures (excluding glenoid)

92% (23/25) 79% (110/140)

Acromion and/or coracoid (with/without 
associated scapular fractures)

88% (7/8) 77% (80/104)

Body only (including spine) 100% (2/2) 86% (6/7)

Data from Zlowodzki M, Bhandari M, Zelle BA, et al: Treatment of scapula fractures: systematic review of 520 fractures in 22 case series, J Orthop Trauma 20:230, 
2006.

 TABLE 57.7

Indications for Surgical Treatment of a Scapular 
Fracture

INDICATION CRITERION
INTRAARTICULAR FRACTURE
Articular step-off
Percentage of glenoid 
affected
Glenohumeral articulation

≥4-5 mm
≥20%
Unstable despite closed 
reduction

EXTRAARTICULAR
Glenopolar angle
Lateral border offset
Angulation
Translation

≤20°
≥20 mm
≥45°
≥100%

From Furey MJ, McKee MD: Fractures of the clavicle and scapula, AAOS OKU: 
Trauma 5:241, 2016.

    

https://booksmedicos.org


CHAPTER 57 FRACTURES OF THE SHOULDER, ARM, AND FOREARM 3043

limitations of the PROHFER studies, it certainly dem-
onstrates some of the difficulty in treatment of patients 
with proximal humeral fractures. A meta-analysis by Beks 
et  al. confirmed the PROHFER finding of no difference 
between operative and nonoperative treatment. In a study 
of the geographic incidence and treatment variation of 
common fractures in elderly patients, Sporer et al. found 
large variations in the percentage of proximal humeral 
fractures treated operatively, ranging from 6.4% to 60%; in 
eight regions of the United States, at least 40% were treated 
operatively, whereas in 35 regions, fewer than 20% were 
treated operatively. The fact that 10 different fixation tech-
niques were evaluated for a single fracture type (fractures 
of the surgical neck of the humerus) is further indication 
of the complexity of treating proximal humeral fractures. 
Interestingly, one study showed a higher rate of operative 
treatment of proximal humeral fractures among upper 
extremity surgeons compared with trauma surgeons. In 
another study by LaMartina et  al., experienced shoulder 
surgeons agreed on treatment plans only 63% of the time, 
demonstrating the difficulty in devising and evaluating 
treatment plans.

CLASSIFICATION
The most commonly used classification system for proxi-
mal humeral fractures is that of Neer (Fig. 57.16). Although 
limited reliability, reproducibility among observers, and 
consistency by the same observer at different times have 
been cited as limitations of the Neer system, it remains 
useful in guiding treatment. Classification is based on the 
four-part anatomy of the proximal humerus: the humeral 
head, the lesser and greater tuberosities, and the proxi-
mal humeral shaft. The criterion for displacement is 
more than 1 cm of separation of a part or angulation of 
45 degrees. Displaced three-part and four-part fractures 
markedly alter the articular congruity of the glenohu-
meral joint and have the highest likelihood of disrupt-
ing the major blood supply to the proximal humerus (Fig. 
57.17). Osteonecrosis is most likely after displaced four-
part fractures. 

RADIOGRAPHIC EVALUATION
An anteroposterior view of the shoulder in the plane of the 
scapula, a lateral view of the scapula (Y view) (Fig. 57.18), 
and a supine axillary view (Fig. 57.19) are necessary in all 
patients initially to evaluate a proximal humeral fracture. If 
the amount of displacement of the humeral head or tuberos-
ity fragments is unclear on radiographs, an axial CT scan with 
2-mm sections is indicated (Fig. 57.20). 

NONOPERATIVE TREATMENT
Nonoperative treatment can obtain a functional, painless 
extremity in most proximal humeral fractures. The range of 
motion of the shoulder joint accommodates moderate angular 
deformity without significant functional loss. Neer described 
acceptable angulation as less than 45 degrees and less than 1 
cm of displacement. Although these criteria are not absolute, 
they do provide a guide. An elderly, infirm patient can tol-
erate functional loss better than a young, active patient. The 
first step in treatment decision-making is to determine if dis-
placement (<66%) and angulation (varus is poorly tolerated) 
are acceptable for a particular patient; the second is to deter-
mine if the humeral head and shaft move as a unit. If both of 
these conditions are present, the fracture is stable and in an 
acceptable position. A sling is used for comfort, and a physi-
cal therapy regimen with pendulum exercises is started, usu-
ally within 1 week. If the humeral head and shaft do not move 
as a unit, physical therapy can be delayed for 2 to 4 weeks 
in patients who are poor surgical candidates because of age, 
low functional demands, or comorbidities that preclude par-
ticipation in rehabilitation. In young, active patients, early 
operative fixation should be considered. Generally, the longer 
the period of immobilization, the longer the period of ther-
apy, and the greater the disability. A randomized controlled 
trial involving 74 patients with impacted proximal humeral 
fractures found that early (within 72 hours of injury) passive 
mobilization was safe and more effective in restoring func-
tion than conventional immobilization (3 weeks) followed 
by physical therapy. Another study, however, pointed out 
that fracture settling continues to occur with conservative 
treatment. 

 

A B
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FIGURE 57.14 Normal (A) and abnormal (B) glenopolar angle. Angle is measured between 
line connecting most cranial with most caudal point of glenoid cavity (a) and line connecting most 
cranial point of glenoid cavity with most caudal point of scapular body (b). Normal glenopolar 
angle ranges from 30 to 45 degrees.
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OPERATIVE TREATMENT
The decision that operative treatment is appropriate is com-
plicated by the numerous and varied techniques described for 
fixation of proximal humeral fractures. Generally, fracture 
displacement is used as the indicator of stability. The goal is 
restoration of proximal humeral anatomy with stable fixation 
that allows early functional range of motion. Chronic mal-
unions and nonunions that are subsequently treated surgi-
cally are associated with poor outcomes. Consequently, it is 
imperative to recreate the normal proximal humeral anatomy 
with respect to tuberosity reduction and the head-neck rela-
tionship. Indications for operative treatment include dis-
placed two-part surgical neck fractures, displaced (>5 mm) 
greater tuberosity fractures, displaced three-part fractures, 
and displaced four-part fractures in young patients. The type 
of fixation (transosseous suture fixation, percutaneous pin-
ning, intramedullary nailing, or plate fixation) used depends 
on the patient’s age, activity level, and bone quality; the 

fracture type and associated fractures; and the surgeon’s tech-
nical ability (Table 57.8). Age alone has been shown both to 
be predictive of failure and to have no association with failure. 
In their series of 154 fractures with proximal humeral frac-
tures treated with plating, Boesmueller et al. found that the 
risk of screw cut-out was four times higher in patients over 
the age of 60 years and the overall risk for complications was 
three times higher than in younger patients.

Before surgery is considered, it is important to deter-
mine if the blood supply and bone quality are adequate. The 
Hertel radiographic criteria for perfusion of the humeral 
head (Fig. 57.21) can be used to predict ischemia: metaphy-
seal extension of the humeral head of less than 8 mm and 
medial hinge disruption of more than 2 mm are predictive 
of ischemia. The combination of metaphyseal extension of 
the humeral head, medial hinge disruption of more than 2 
mm, and an anatomic neck fracture pattern has a 97% posi-
tive predictive value for humeral head ischemia. According 

 

Scapular fracture

Nondisplaced
or minimally

displaced fracture

Sick or elderly
patient

Patient in good
condition

Wait for
improvement of
general or local

conditions.
If improved,

reevaluate patient.

Operative
treatment

Relative operative indications for
displaced fractures

Intraarticular fractures
Gap/step-off 4 mm

Angulation of lateral border fragments
40 degrees

Mediolateral displacement of lateral border fragments
15–20 mm

Glenopolar angle
<20 degrees
>60 degrees

Nonoperative
treatment

Displaced fracture

Polytraumatized
patient or poor
local condition

FIGURE 57.15 Algorithm for treatment of scapular fractures.  (From Bartoniček J: Scapular frac-
tures. In Tornetta P, Ricci W, Court-Brown CM, et al., editors: Rockwood and Green’s Fractures in Adults, 
ed 9, Philadelphia, 2020, Wolters Kluwer, p. 996.)
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to the AO/ASIF classification system, extraarticular type 
A fractures have an intact vascular supply, whereas type B 
fractures have a possible injury to the vascular supply and 
type C articular fractures have a high probability of osteo-
necrosis. The cortical thickness of the humeral diaphysis has 
been suggested to be a reliable and reproducible predictor 
of bone mineral density and the success of internal fixation. 
The combined cortical thickness is the average of the medial 
and lateral cortical thickness at two levels (Fig. 57.22). 
Generally, a cortical thickness of less than 4 mm precludes 
internal fixation because adequate screw purchase cannot 
be obtained; sling immobilization, transosseous suture, or 
hemiarthroplasty may be better options. Spross et  al. and 
Newton et al. also demonstrated that the quality of the bone 
was associated with late cut-out.

 

2-part 3-part 4-part

Anatomic
neck

  Surgical
neck

Greater
tuberosity

Lesser
tuberosity

Fracture-
dislocation

Anterior

Posterior

Articular
 surface

A

B

C

FIGURE 57.16 Neer’s terminology of four-segment classification of displaced fractures and 
fracture-dislocations relates pattern of displacement (two-part, three-part, or four-part) and key 
segment displaced. In each two-part pattern, segment named is one displaced. Two-part surgical 
neck fractures are impacted (A), unimpacted (B), and comminuted (C). All three-part patterns have 
displacement of shaft segment, and displaced tuberosity identifies type of three-part fracture. In 
four-part pattern, all segments are displaced. Fracture-dislocations are identified by anterior or 
posterior position of articular segment. Large articular surface defects require separate recognition.
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FIGURE 57.17 Blood supply of proximal humerus.
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Transosseous suture fixation techniques are well defined 
in the orthopaedic literature. Park et al. reported 78% excel-
lent results in patients with two-part and three-part proxi-
mal humeral fractures treated with suture fixation. The use 
of strong nonabsorbable suture provides the advantage of 
incorporating the rotator cuff insertion to increase fixation 
in patients with poor bone quality (Fig. 57.23). The level of 
soft-tissue dissection is not extensive, and relatively low rates 
of osteonecrosis have been reported with this technique. 
Concerns include the ability of the patient to move the shoul-
der joint and loss of reduction secondary to a nonrigid con-
struct. More recently, Dimakopoulos et  al. reported good 
results in 188 displaced proximal humeral fractures treated 

with transosseous fixation (Fig. 57.24). They suggested as 
advantages of this technique less surgical soft-tissue dissec-
tion, a low rate of humeral head osteonecrosis, fixation suf-
ficient to allow early passive joint motion, and the avoidance 
of bulky and expensive implants.

Percutaneous pinning has the advantage of avoiding fur-
ther damage to the soft-tissue envelope and the blood sup-
ply to the humeral head (Figs. 57.25 and 57.26). It also is 
a relatively inexpensive technique, and several series have 
reported good results in two-part, three-part, and valgus-
impacted four-part fractures. The procedure is technically 
challenging and requires a satisfactory closed reduction, 
adequate bone stock, minimal comminution (particularly 
of the tuberosities), an intact medial calcar, and a compli-
ant patient. In their series of 74 older patients (average age, 
71 years), Calvo et  al. demonstrated that reduction was 
associated with satisfactory outcome. However, if satisfac-
tory closed reduction cannot be obtained, another form 

 

A B

35°

FIGURE 57.18 Special radiographic view perpendicular to plane of scapula to show glenohu-
meral joint in profile (A) and parallel to plane of scapula to show anterior and posterior displace-
ment (B).

 FIGURE 57.19 Method of obtaining axillary view of glenohu-
meral joint. This exposure can be obtained with patient prone, 
supine, or standing. Minimal abduction of injured arm is required 
to determine anteroposterior relationships.

 FIGURE 57.20 CT scan of humeral head-splitting fracture.
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of reduction and fixation should be used. Loss of fixation, 
pin track infections, and axillary nerve injuries are com-
mon complications. Terminally threaded Schanz pins and 
bicortical pins inserted from the greater tuberosity to the 
medial humeral shaft add stability to the overall construct. 

Percutaneous pinning is contraindicated for fractures with 
metaphyseal comminution.

Intramedullary nailing (see Technique 57.4) provides 
more stable fixation than percutaneous pinning, although 
less than locked plate fixation. The Polarus nail (Accumed, 

 TABLE 57.8 

Advantages and Disadvantages of Techniques Used to Treat Displaced Fractures of the Proximal Humerus

TECHNIQUE ADVANTAGES DISADVANTAGES
Nonoperative treatment Function as good as operative treatment 

for many fractures
Low risk of infection and other operative 
complications

Malunion inevitable:
 n  Cuff dysfunction/stiffness more likely
 n  Later salvage surgery more difficult 

Risk of nonunion increased
Minimally invasive techniques Reduced injury to soft-tissue envelope

Lower risk of infection
Steep learning curve
Risk of axillary nerve/vascular injury
Less stable fixation

Intramedullary nailing More stable fixation technique in osteo-
porotic bone
Minimal dissection required for insertion

Rotator cuff dysfunction after anterograde 
insertion
Poor results in multipart fractures
High rate of late implant removal

Open reduction and plate fixation Anatomic fracture reduction possible
 n  Improved functional outcome
 n  Later revision easier 

Most stable fixation in multipart 
fractures

 n  Rigid implants
 n  Adjuvant bone grafting possible

Open surgical approach required:
 n  Increased risk of infection
 n  Increased risk of osteonecrosis

Hemiarthroplasty Risk of nonunion, osteonecrosis, symp-
tomatic malunion avoided
Low reoperation rate

Poor functional outcome
Late arthroplasty complications difficult to 
treat in elderly patients

From Robinson CM: Proximal humerus fractures. In Bucholz RW, Heckman JD, Court-Brown CM, Tornetta P 3rd, editors: Rockwood and Green’s fracture in adults, ed 
7, Philadelphia, 2010, Lippincott Williams & Wilkins.
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Metaphyseal
extension

Metaphyseal
extension
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Humeral
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Humeral
head
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Greater
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(undisplaced)
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FIGURE 57.21 Hertel radiographic criteria for perfusion of humeral head. A, Metaphyseal 
extension of humeral head of more than 9 mm. B, Metaphyseal extension of humeral head less 
than 8 mm. C, Undisplaced medial hinge. D, Medial hinge of more than 2-mm displacement.
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Portland, OR) has been shown to provide more biomechani-
cal stability than pin fixation, and good clinical outcomes 
have been reported with this device. Newer nail designs with 
polyaxial screws have more stability than earlier designs, and 

the addition of polyethylene bushings may increase stabil-
ity and prevent screw back-out (Fig. 57.27). Insertion of an 
intramedullary nail into the proximal humerus violates the 
rotator cuff, which can lead to postoperative shoulder pain. 
The advantages of the technique include preservation of the 
soft tissues and the theoretical biomechanical properties of 
intramedullary nails. A comminuted lateral cortex fracture 
or fractures involving the tuberosities may be a contraindi-
cation to intramedullary nailing. A recent randomized con-
trolled trial demonstrated that complications were fewer with 
a straight nail design compared with a curvilinear design. A 
systematic review by Wong et al. reported satisfactory results 
in displaced two- and three-part proximal humeral fracture 
treatment with intramedullary nails. Sun et  al. compared 
locking plates with intramedullary nails in displaced proxi-
mal humeral fractures in a systematic review and meta- 
analysis and demonstrated similar performance between the 
two fixation types.

Plate-and-screw constructs provide the most stable fixa-
tion of the three fixation methods (Fig. 57.28). Locked plates 
add stability, especially in osteoporotic bone. An open reduc-
tion and rigid fixation allow accurate reduction and stabiliza-
tion of the tuberosities, which is important because malunion 
of the tuberosities is poorly tolerated and is associated with 
poor outcomes in posttraumatic reconstructive shoulder 
arthroplasty. A prospective randomized trial by Zhu et  al. 
found that at 1-year follow-up patients treated with locking 
plates had better outcomes than those treated with locked 

 

B

Level 1

Level 2

A

FIGURE 57.22 Two levels used to measure cortical thickness of humeral diaphysis. Level 1, most 
proximal aspect of humeral diaphysis, is at level in which endosteal borders of medial and lateral 
cortices are parallel. Level 2 is 20 mm distal to level 1. Examples of patients with low bone mineral 
density (A) and high bone mineral density (B).  (From Tingart MS, Apprelexa M, von Stechow D, et al: 
The cortical thickness of the proximal humeral diaphysis predicts bone mineral density of the proximal 
humerus, J Bone Joint Surg 85B:611, 2003. Copyright British Editorial Society of Bone and Joint Surgery.)

 FIGURE 57.23 Transosseous nonabsorbable sutures incorporate 
rotator cuff to increase fixation and help control tuberosity fragments.
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intramedullary nailing, but at 3-year follow-up outcomes 
were equal. The locking nail group had a significantly lower 
complication rate (4%) than the locking plate group (13%). 
Konrad et  al. also reported similar outcomes in three-part 
proximal humeral fractures treated with intramedullary nail-
ing (58 fractures) or plate fixation (153 fractures).

Historically, plate fixation of the proximal humerus has 
been fraught with complications, with malunion and non-
union caused by poor fixation in the humeral head (Fig. 
57.29). In addition, extensive soft-tissue dissection increases 
the possibility of osteonecrosis of the humeral head, lead-
ing to a painful and functionally limited shoulder joint. The 
development of locked proximal humeral plates was expected 

to improve treatment of these complex injuries greatly. The 
advantage of ORIF with a locked plate is an ability to reduce 
the fracture fragments into an anatomic position and stabilize 
them rigidly to allow early motion. Numerous outcome stud-
ies are now available because the locked proximal humeral 
plate has been widely used for more than 10 years; however, 
as was pointed out in a Cochrane review, there is little level I 
or II evidence. A recent randomized controlled trial compar-
ing locked plating with conservative treatment of three-part 
and four-part fractures in elderly patients found no difference 
in outcomes at 1-year follow-up. Despite the lack of a large 
body of supporting literature, the locked proximal humeral 
plate is considered by most fracture surgeons to be a great 
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HD
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GT
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C
FIGURE 57.24 Transosseous fixation of displaced proximal humeral fracture. A, Sutures placed 

through drill holes in medial and lateral aspects of humeral diaphysis (HD). Black arrows (just below 
HD) indicate drill holes in diaphysis. GT, Greater tuberosity; LT, lesser tuberosity; HH, humeral 
head. B, Just before tying of knots there is adequate reduction and balance of involved rotator 
cuff tendons. Fracture site has been closed, and both tuberosities have been placed below articular 
margin of humeral head. Note cruciate configuration of sutures. C, Final suture configuration.  
(From Dimakopoulos P, Panagopoulos A, Kasimatis G: Transosseous suture fixation of proximal humeral 
fractures: surgical technique, J Bone Joint Surg 91A[Suppl 2, pt 1]:8, 2009.)
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improvement in the management of proximal humeral frac-
tures, and it has become the implant of choice for these frac-
tures. Schnetzke et al. reported 98 patients treated with locked 
plating and concluded that anatomic reduction significantly 
improved outcomes.

Much attention has been focused on the medial side of 
the metaphyseal injury. Gardner et al. called attention to this 
by documenting the importance of the inferior screw behav-
ing as a medial calcar substitution. Biomechanical studies 
have confirmed this importance, and Jung et  al. confirmed 
it clinically by identifying medial comminution and insuffi-
cient medial support (no cortical or screw support) as inde-
pendent risk factors for loss of reduction in 17 (7%) of 252 
proximal humeral fractures. As an alternative to medial cal-
car screws, fracture site impaction adds stability by impact-
ing the humeral head onto the humeral shaft. As modified by 
Torchia, valgus impaction osteotomy (Fig. 57.30A-D) appears 
promising, although no large series have been reported. In a 
biomechanical study, Weeks et al. found that fracture impac-
tion increased the ability of the locking plate to withstand 
repetitive varus loading and was biomechanically superior 
to locking plate fixation alone. Gardner et  al. described the 
use of a fibular strut graft to provide medial column support. 
Although promising, the technique also is demanding, and 
further randomized trials are needed to confirm its efficacy. 
Kim et al. noted improvement using a fibular strut graft ver-
sus inferomedial screws in conjunction with locking plates 
in four-part fractures, but there was no advantage noted in 
three-part fractures. In a systematic review, Saltzman et  al. 
found satisfactory results when fibular strut grafts were used 
for augmentation.

Some issues with open reduction and locked plating 
include the extensive exposure required for plate application 
that carries a risk of damage to neurovascular structures, espe-
cially the ascending branch of the lateral circumflex artery. 
The complication and reoperation rates do remain high with 
this technique. Screw perforation through the humeral head 
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FIGURE 57.25 Placement of percutaneous pins for fracture 
fixation. Two are passed through lateral aspect of shaft, just above 
deltoid insertion (a), and one is placed through anterior cortex (b); if 
greater tuberosity is fractured and displaced, two pins are inserted 
retrograde (c) to reduce and repair this fracture component.

 FIGURE 57.26 Two-part proximal humeral fracture stabilized 
with percutaneous pins.

 FIGURE 57.27 Fixation of segmental proximal humeral fracture 
with locked intramedullary nail.
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is the most frequently reported complication. Perforation 
can occur as cutout from fracture settlement or from poor 
initial technique. Calcium phosphate cement augmentation 
has been shown to decrease this complication. Other com-
plications include arthrofibrosis, impingement, malunion, 

nonunion, osteonecrosis, infection, and hardware failure. 
Poor outcomes are associated with initial varus displacement 
of three- and four-part fractures.

In an attempt to decrease complications with plate 
fixation, Gardner et  al. used an anterolateral acromial 
(Mackenzie) approach in which the axillary nerve is identi-
fied and protected, anterior dissection near the critical blood 
supply is avoided, substantial muscle retraction is minimized, 
and the lateral plating zone is directly accessed (see Technique 
57.6). Laflamme et al. reported no axillary nerve injuries and 
no loss of reduction in fractures treated with percutaneous 
humeral plating through two minimal incisions (a lateral 
deltoid split and a more distal shaft incision). As our under-
standing of the anatomy of the proximal humerus and our 
instruments improve, less invasive techniques appear promis-
ing. Electrophysiologic findings in a study by Westphal et al., 
however, revealed a 10% axillary nerve injury rate.

FIXATION OF SPECIFIC FRACTURE TYPES
 n  Two-part greater tuberosity fractures have historically been 

treated operatively when displacement is greater than 1 
cm; however, Rath et  al. reported satisfactory outcomes 
after nonoperative treatment of 69 fractures with less 
than 3 mm of displacement. Many authors have suggested 
that the shoulder has little tolerance for displacement of 
the tuberosities and have advocated operative treatment 
for displacement of more than 5 mm because of func-
tional loss and complications secondary to impingement. 
Usually these fractures are stabilized with transosseous 
sutures (Fig. 57.31; see also Fig. 57.23) or occasionally with 
screws in larger fragments. The rotator interval also must 
be repaired.

 n  Two-part surgical neck fractures with displacement do 
poorly with nonoperative treatment. Closed reduction and 
percutaneous pinning have been reported to be successful 

 

CBA

FIGURE 57.28 A, Displaced two-part surgical neck fracture with extension between greater 
and lesser tuberosities. B and C, After locking plate fixation. Note screw in inferior head because 
of medial comminution. SEE TECHNIQUE 57.5. 

 FIGURE 57.29 Micro-CT study of cancellous trabecular bone in 
humeral head shows marked porosity in greater tuberosity region 
and densest bone just underneath humeral head.  (From Meyer DC, 
Fucentese SF, Koller B, et al: Association of osteopenia of the humeral 
head with full-thickness rotator cuff tears, J Shoulder Elbow Surg 13:333, 
2004.)
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in fractures that are reducible and are not comminuted. 
Complications such as loss of fixation, pin migration, infec-
tion, and malunion have made rigid intramedullary nailing 
our preferred technique, however, for fractures that can be 
reduced closed and for segmental fractures (see Fig. 57.27). 
The violation of the rotator cuff is offset by the advantages 
of decreased soft-tissue violation and decreased blood loss 
compared with ORIF. Widely displaced fractures, fractures 
with comminution, and irreducible fractures are stabilized 
with a locked-plate construct (see Fig. 57.28). Improved 
proximal fixation of these systems has increased stability so 

that immediate postoperative range of motion is allowed. For 
extremely osteopenic patients, Banco et al. described a “para-
chute” technique, which included a valgus impaction oste-
otomy and tension-band fixation incorporating transosseous 
sutures (Fig. 57.32). Union was obtained in all 14 elderly 
patients, and patient satisfaction and function were excellent.

 n  Three-part proximal humeral fractures in elderly patients 
with osteopenic bone may require hemiarthroplasty, but 
for most of these fractures plate fixation is the preferred 
procedure. Realignment of the head and shaft, combined 
with reduction of the tuberosity, gives the best chance 
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FIGURE 57.30 Fixation of proximal humeral fracture after valgus impaction osteotomy. A, Long 
Steinmann pin is placed from shaft into head segment. B, Traction sutures are tensioned and tied 
to pin. Tensioning sutures pulls head segment out of varus. C, Lateral view of proximal humerus 
after provisional fixation; note that position of pin and sutures allows unobstructed access for 
definitive fixation with precontoured locking plate (D).  (Redrawn from Torchia ME: Technical tips for 
fixation of proximal humeral fractures in elderly patients, Instr Course Lect 59:553, 2010, with permission 
from the Mayo Foundation of Medical Education and Research, Rochester, MN.)
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for a good outcome. The rigid fixation provided by lock-
ing plates allows early range of motion, one of the goals of 
operative treatment.

 n  Four-part proximal humeral fractures treated nonopera-
tively generally have poor outcomes; however, poor bone 
quality makes fixation difficult, and the vascular insult to 
the articular surface increases the risk of osteonecrosis 
of the humeral head. Osteonecrosis alone does not lead 
to a poor outcome if the anatomic relationships of the 
humeral head, tuberosities, and shaft are reestablished. 
Wijgman et al. reported osteonecrosis in 22 (37%) of 60 
patients with three-part and four-part proximal humeral 
fractures treated with T-plates or cerclage wires, but 17 
of the 22 patients had good or excellent functional out-
comes. In young, active patients, open reduction and 
plate fixation usually are successful if soft-tissue strip-
ping is kept to a minimum to avoid further damage to 
the humeral head blood supply. Rigid fixation with lock-
ing plates currently is our procedure of choice for four-
part proximal humeral fractures in young, active patients. 
Initial varus displacement has been shown to be associ-
ated with poor outcomes, as have varus malreductions. 

Successful closed reduction and percutaneous pinning 
have been reported, but we have no experience with this 
technique for four-part fractures. Hemiarthroplasty (see 
Chapter 12) is a viable option in elderly patients with low 
functional demands. 

 

INTRAMEDULLARY NAILING OF A 
PROXIMAL HUMERAL FRACTURE

 TECHNIQUE 57.4 

 n  Position the patient on a radiolucent table with the thorax 
“bumped” 30 to 40 degrees. Place the image intensifier 
unit on the opposite side of the table from the surgeon; roll-
ing the unit back allows an adequate anteroposterior view 
(Fig. 57.33A,B), and rolling it forward allows an adequate 
lateral view of the shoulder and humerus (Fig. 57.33C,D).

 

C
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FIGURE 57.31 A to C, Greater tuberosity fracture reduced and repaired with transosseous 
sutures.
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 n  Make an incision diagonally from the anterolateral corner 
of the acromion, splitting the deltoid in line with its fi-
bers in the raphe between the anterior and middle thirds 
of the deltoid (Fig. 57.34). To protect the axillary nerve, 
avoid splitting the deltoid more than 5 cm distal to the 
acromion.

 n  Under direct observation, incise the rotator cuff in line 
with its fibers. Use full-thickness sutures to protect the 
cuff from damage during reaming of the humeral canal.

 n  Use a threaded pin as a “joystick” in the posterior hu-
meral head to derotate the head into a reduced position 
(Fig. 57.35A,B).

 n  Place the initial guidewire posterior to the biceps tendon 
and advance it under fluoroscopic guidance into the ap-
propriate position as shown on anteroposterior and lat-
eral views (Fig. 57.35C).

 n  Carefully advance the proximal reamer, protecting the 
rotator cuff.

 n  Use the reduction device to reduce the fracture and pass 
the bead-tipped guidewire.

 n  With sequentially larger reamers, ream the humerus to 
the predetermined diameter, usually 1.0 to 1.5 mm larger 
than the nail diameter.

 n  When reaming is completed, pass the nail down the 
humeral canal, avoiding distraction of the fracture (Fig. 
57.36); ensure that the nail is below the articular surface 
of the humeral head.

 n  With the use of the outrigger device, insert the proximal 
locking bolts (see Fig. 57.35D). Carefully spread the soft 
tissues to avoid injury to the axillary nerve.

 n  Repair the rotator cuff with full-thickness sutures under 
direct observation (Fig. 57.37).

 n  Confirm reduction and screw placement and length on 
anteroposterior and lateral fluoroscopy images.

 n  Early rehabilitation is begun with active-assisted range-of-
motion exercises.
   

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF PROXIMAL HUMERAL 
FRACTURES

 TECHNIQUE 57.5 

 n  Position the patient on a radiolucent table with a bean-
bag “bump” holding the shoulder and thorax 30 to 40 
degrees off the table. Place the C-arm on the oppo-
site side of the table from the surgeon; rolling the unit 
back allows an adequate anteroposterior view (see Fig. 
57.33A,B), and rolling it forward allows an adequate 
lateral view of the shoulder and humerus (see Fig. 
57.33C,D).

 n  Make a deltopectoral approach (see Chapter 1) to the 
proximal humerus.

 n  Release the anterior portion of the deltoid to expose the 
fracture site.

 n  If necessary, use a threaded pin as a joystick in the pos-
terior humeral head to derotate the head into a reduced 
position (see Fig. 57.35). Sutures placed through the ro-
tator cuff tendon (supraspinatus) also can be helpful for 
mobilization (see Fig. 57.23).

 n  For three-part or four-part fractures, place sutures into 
the rotator cuff tendons attached to the displaced tuber-
osity to aid in reduction (Fig. 57.38).

 n  For simpler fracture patterns, reduce the fracture and 
provisionally fix it with Kirschner wires; confirm reduction 
with fluoroscopy. If medial comminution is present, check 
to ensure that a varus malreduction has not occurred.

 n  Place the plate onto the greater tuberosity, posterior to 
the biceps tendon, and provisionally fix it in place with 
Kirschner wires; confirm correct plate position with flu-
oroscopy. A plate placed too far proximally may cause 
impingement, and a plate placed too close to the biceps 
tendon may damage the anterior humeral circumflex ar-
tery.

 n  Place two locking screws through the plate holes into the 
humeral head segment and one or two screws into the 
shaft. Confirm subchondral placement of the proximal 
screws and the quality of the reduction with fluoroscopy; 
this is easier with the fluoroscopy unit on the opposite 
side of the table from the surgeon.

 n  When accurate reduction is confirmed, insert remaining 
screws under direct fluoroscopic guidance.

 n  For fractures with medial comminution, fix the plate to 
the proximal segment with screws and reduce the shaft 

 FIGURE 57.32 Parachute technique using valgus impaction oste-
otomy and tension-band fixation incorporating transosseous sutures.

    

https://booksmedicos.org


CHAPTER 57 FRACTURES OF THE SHOULDER, ARM, AND FOREARM 3055

segment to the plate. This helps avoid varus malposition, 
which is associated with higher failure rates. Screw fixa-
tion into the inferomedial humeral head also adds stability 
for fractures with medial comminution (see Fig. 57.28B).

 n  In three-part or four-part fractures, sutures inserted into 
the supraspinatus and subscapularis tendons aid in con-
trolling the fracture fragments (see Fig. 57.38).

 n  Reduce the tuberosities to the articular surface and to 
each other with pins or sutures or both (Fig. 57.39); Ob-
servation or palpation through the rotator interval may 
aid in reduction of the lesser tuberosity to the humeral 
head. Often there is a small segment of articular surface 
with the lesser tuberosity that is a key to reduction. Fluo-
roscopy is helpful during difficult proximal humeral recon-
struction.

 n  Fix the plate in the same manner as for a two-part frac-
ture. Rotator cuff sutures can be incorporated into the 
plate for added stability.

 n  Confirm reduction and screw placement on anteroposte-
rior and lateral fluoroscopy images.

POSTOPERATIVE CARE An early rehabilitation program 
is begun with active-assisted range-of-motion exercises.
   

 

ANTEROLATERAL ACROMIAL 
APPROACH FOR INTERNAL FIXATION 
OF PROXIMAL HUMERAL FRACTURE

 TECHNIQUE 57.6 

(GARDNER ET AL.; MACKENZIE)
 n  Position the patient in either the beach chair or supine 

semilateral position.

 

BA

DC

FIGURE 57.33 Placement of image intensifier for intramedullary nailing of proximal humeral 
fracture (A and C). Rolling unit back (A) allows anteroposterior view (B), whereas rolling it forward 
(C) allows lateral view (D) of shoulder and humerus. SEE TECHNIQUES 57.4, 57.5, AND 57.9.
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A

Incision

CB

FIGURE 57.34 Entry portal for intramedullary nailing of proximal humeral fracture. A, Diagonal inci-
sion from anterolateral corner of acromion splits deltoid in line with its fibers in raphe between anterior 
and middle thirds. B, Location of incision. C, Establishment of portal. SEE TECHNIQUES 57.4 AND 57.9.

 

DC

BA

FIGURE 57.35 Intramedullary nailing of proximal humeral fracture. A, Two-part surgical neck 
fracture. B, Threaded pin used as “joystick” to reduce fracture. C, Placement of initial guidewire. 
D, After nail insertion and placement of locking screws. SEE TECHNIQUES 57.4 AND 57.5.
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 n  Make a 10-cm skin incision from the palpable anterolat-
eral edge of the acromion distally in line with the fibers 
of the deltoid.

 n  Identify the deltoid fascia and anterior deltoid raphe 
between the anterior middle heads of the deltoid (Fig. 
57.40A) and split the raphe in line with its fibers for sev-
eral centimeters. For maximal exposure, split the deltoid 
up to the margin of the acromion but do not split it dis-
tally more than 5 cm from its origin to avoid damage to 
the axillary nerve. To prevent damage to the axillary nerve 
from too-distal dissection, place a stay suture at the infe-
rior border of the deltoid raphe.

 n  If the nerve is in proximity to a fracture line, gently explore 
it. If it is tethered or incarcerated in the fracture, gently 
free it.

 n  Reduce the fracture fragments with indirect reduction 
techniques, working within the tuberosity fracture lines if 
present. If extension of the subdeltoid interval anteriorly 
is necessary, take care to handle the soft tissues carefully.

 n  With the fracture reduced and the axillary nerve protect-
ed, slide the plate from proximal to distal under the axil-

lary nerve to a level where the axillary nerve overlies the 
junction of the head and shaft of the plate (Fig. 57.40B). 
While positioning the plate, be sure to stay on the “bare 
spot” on the lateral cortex posterior to the bicipital groove 
(Fig. 57.40C) to avoid the humeral head penetrating ves-
sels.

 n  Secure the plate to the humeral shaft through the lower 
soft-tissue window distal to the axillary nerve.

 n  After thorough irrigation, close the raphe and deltoid fas-
cial layers with absorbable sutures. Place a suction drain 
and close the subcutaneous tissue in layers.

POSTOPERATIVE CARE Postoperative care is the same 
as that after Technique 57.5.
  

COMPLICATIONS
The most common complication of proximal humeral 
fractures is loss of motion (stiffness). Early physical ther-
apy is associated with improved motion, but many patients 
do not recover full motion even with early physical ther-
apy. Impingement from high-riding tuberosities or sub-
acromial scarring also can limit motion. Nonunion also is 
fairly common, but nonunion rates have been decreasing 
with the use of new technologies such as locking plates 
and improved intramedullary nails. Malunion can result 
from unstable or delayed fracture fixation, patient factors, 
and poor surgical technique. In older patients with lim-
ited functional demands, malunion generally is well toler-
ated, but it may be debilitating in younger patients because 
of poor shoulder function, impingement, or rotator cuff 
tears. Osteonecrosis is relatively uncommon after nondis-
placed or unoperated two-part and three-part fractures; 
functional outcome is improved if the proximal humeral 
anatomy has been restored. The presence of osteonecrosis 
does not always result in a poor outcome; osteonecrosis 

 FIGURE 57.36 Antegrade insertion of humeral nail for fixation 
of proximal humeral fracture. SEE TECHNIQUE 57.4.

 FIGURE 57.37 Repair of rotator cuff after nail insertion. SEE 
TECHNIQUE 57.4.

 FIGURE 57.38 Open reduction and internal fixation of proximal 
humeral shaft fracture. Sutures placed in rotator cuff can be used 
to assist reduction of tuberosities. SEE TECHNIQUE 57.5.
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may be evident radiographically but cause minimal symp-
toms. Because late hemiarthroplasty has poorer results 
than early hemiarthroplasty, it is important to be sure 
that ORIF can adequately stabilize four-part fractures and 
restore humeral anatomy before this option is chosen. 

FRACTURES OF THE HUMERAL 
SHAFT
Fractures of the humeral shaft account for approximately 
3% of all fractures; most can be treated nonoperatively. 
Charnley stated, “It is perhaps the easiest of the major 

long bones to treat by conservative methods.” The range of 
motion afforded by the shoulder and elbow joints, coupled 
with a tolerance for small amounts of shortening, allow 
radiographic imperfections that cause minimal functional 
deficit and are well tolerated by the patient. Historically, 
methods of conservative treatment have included skeletal 
traction, abduction casting and splinting, Velpeau dress-
ing, and hanging arm cast, each with its own advantages 
and disadvantages.

Functional bracing has essentially replaced all other 
conservative methods and has become the “gold stan-
dard” for nonoperative treatment because of its ease of 
application, adjustability, allowance of shoulder and elbow 

 

BA

FIGURE 57.39 Open reduction and internal fixation of proximal humeral shaft fracture (see 
text). A and B, Sutures used for reduction and fixation of tuberosity fragments. SEE TECHNIQUE 
57.5.
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Superior

Anterior deltoid
raphe

Bare
spot

Axillary
nerve

Superior 1cm

C

Axillary
nerve

B

FIGURE 57.40 Internal fixation of proximal humeral fracture through anterolateral acromial 
approach. A, Raphe between anterior and middle head of deltoid is developed. B, With axillary 
nerve protected, plate is slid deep to nerve. C, “Bare spot” on lateral humerus posterior to bicipital 
groove; plate position here avoids humeral head penetrating vessels.  (From Gardner MJ, Voos JE, 
Wanich T, et al. Vascular implications of minimally invasive plating of proximal humerus fractures. J Orthop 
Trauma 2006;20:602-607). SEE TECHNIQUE 57.6.
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motion, relatively low cost, and reproducible results. 
Initially popularized by Sarmiento in 1977, the functional 
brace works on the principles of the hydraulic effect of the 
brace, active contraction of the muscles, and beneficial 
effect of gravity. Union rates of 77% to 100% have been 
reported with this technique (Papasoulis et al. 2010). In a 
randomized controlled trial comparing minimally invasive 
plate osteosynthesis and functional bracing, Matsunaga 
et al. reported a 15% nonunion rate with functional brac-
ing. Driesman et al. reported 84 consecutive patients with 
diaphyseal humeral fractures managed nonoperatively. 
Within 6 months 87% of fractures healed. They noted that 
a mobile humeral shaft fracture at the 6-week follow-up 
visit was a predictor of nonunion with 82% sensitivity and 
99% specificity. This author counsels patients appropri-
ately as to risk of developing a nonunion if fracture site 
variability exists at 6 weeks. We currently use a coaptation 
splint or hanging arm cast for the first 7 to 10 days to allow 
pain to subside and then convert to a prefabricated func-
tional brace. The use of a sling is discouraged to avoid varus 
and internal rotation deformities. Pendulum exercises are 
started early, and use of the extremity is encouraged as tol-
erated, avoiding active shoulder abduction. The brace is 
worn until the patient is pain free and there is radiographic 
evidence of union. Skin maceration is a concern, so daily 
hygiene is stressed. Morbid obesity may increase the risk of 
varus deformities; however, these deformities are more of 
a cosmetic issue than a functional issue and often are not 
evident in an obese arm. Shields et al. showed no correla-
tion between residual deformity and functional outcome 
scores.

A nonrandomized study by Jawa et al. compared outcomes 
in 21 distal-third diaphyseal fractures treated with functional 
bracing to those of 19 treated with plate-and-screw fixation. 
Operative treatment resulted in more predictable alignment 
and faster healing but was associated with more complications, 
such as iatrogenic nerve injury, loss of fixation, and infection. 
Plate-and-screw fixation was done in two patients initially 
treated with bracing because of concerns about alignment. 
Complications associated with bracing included skin break-
down and malunion. The advantages, disadvantages, and risks 
of both nonoperative and operative treatment should be dis-
cussed with the patient before a decision is made.

We reserve the use of a hanging arm cast for patients in 
whom compliance or finances preclude the use of a func-
tional brace. Guidelines for acceptable reduction include less 
than 3 cm of shortening, angulation of less than 20 degrees, 
and rotation of less than 30 degrees. In a series of 32 patients 
with humeral shaft fractures treated nonoperatively, Shields 
et al. found that residual angular deformity ranging from 0 
to 18 degrees in the sagittal plane and from 2 to 27 degrees 
in the coronal plane had no correlation with patient-reported 
outcomes.

INDICATIONS FOR OPERATIVE TREATMENT
The choice of operative treatment for a humeral shaft frac-
ture depends on multiple factors. McKee divided the indica-
tions for operative treatment into three categories: (1) fracture 
indications, (2) associated injuries, and (3) patient indications 
(Box 57.2). Some indications are more absolute than others. 
Failure of conservative treatment, pathologic fracture, dis-
placed intraarticular extension, vascular injury, and brachial 

plexus injury almost always require surgery. Other conditions, 
such as minimally displaced segmental fractures and obesity, 
are only relative indications. Our most common indication 
for operative treatment is early mobilization of patients with 
polytrauma. Treatment decisions must take all factors into 
consideration, tailoring the treatment to the specific patient.

The goal of operative treatment of humeral shaft frac-
tures is to reestablish length, alignment, and rotation with 
stable fixation that allows early motion and ideally early 
weight bearing on the fractured extremity. Options for 
fixation include plate osteosynthesis, intramedullary nail-
ing, and external fixation. External fixation generally is 
reserved for high-energy gunshot wounds, fractures with 
significant soft-tissue injuries, and fractures with mas-
sive contamination. Suzuki et al. suggested that immediate 
external fixation with planned conversion to plate fixation 
within 2 weeks is a safe and effective strategy for treatment 
of humeral shaft fractures in selected patients with multi-
ple injuries or severe soft-tissue injuries that preclude early 
plate fixation; however, two of their 17 patients, both with 
open fractures, developed deep infections after conversion 
from external fixation to plating. 

PLATE OSTEOSYNTHESIS
Plate osteosynthesis remains the gold standard of fixation for 
humeral shaft fractures. Plating can be used for fractures with 

Indications for Primary Operative Treatment of 
Humeral Shaft Fractures

Fracture Indications
 n  Failure to obtain and maintain adequate closed reduction

Shortening >3 cm
Rotation >30 degrees
Angulation >20 degrees

 n  Segmental fracture
 n  Pathologic fracture
 n  Intraarticular extension (shoulder joint, elbow joint) 

Associated Injuries
 n  Open wound
 n  Vascular injury
 n  Brachial plexus injury
 n  Ipsilateral forearm fracture
 n  Ipsilateral shoulder or elbow fracture
 n  Bilateral humeral fractures
 n  Lower extremity fracture requiring upper extremity weight 

bearing
 n  Burns
 n  High-velocity gunshot injury
 n  Chronic associated joint stiffness of elbow or shoulder 

Patient Indications
 n  Multiple injuries, polytrauma
 n  Head injury (Glasgow Coma Scale score = 8)
 n  Chest trauma
 n  Poor patient tolerance, compliance
 n  Unfavorable body habitus (morbid obesity, large breasts)

 BOX 57.2 

From McKee MD: Fractures of the shaft of the humerus. In Bucholz RW, Heckman 
JD, Court-Brown CM, editors: Rockwood and Green’s fractures in adults, ed 6, 
Philadelphia, 2006, Lippincott Williams & Wilkins.
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proximal and distal extension and for open fractures. It pro-
vides enough stability to allow early upper extremity weight 
bearing in polytrauma patients and produces minimal shoul-
der or elbow morbidity, as shown by Tingstad et al. Numerous 
reports in the literature cite high union rates, low complica-
tion rates, and rapid return to function after plate fixation of 
humeral shaft fractures. Five large series (Foster et al., McKee 
et  al., Vander Griend et  al., Bell et  al., and Tingstad et  al.) 
including 361 fractures had an average union rate of 96.7%.

A prospective, randomized comparison of plate fixa-
tion and intramedullary nail fixation of humeral shaft 
fractures found no significant differences in the func-
tion of the shoulder and elbow, but shoulder impingement 
occurred more often with intramedullary nailing, and a 
second surgical procedure was required in more patients 
with intramedullary nails than with a plate. Another study 
comparing antegrade intramedullary nailing with plating 
found that although patients had slightly more shoulder 
pain after intramedullary nailing than after plating, there 
was no difference in shoulder joint function except for 
flexion, which was better in patients with plating. A meta-
analysis of the literature that included 155 patients found 
that reoperation and shoulder impingement were signifi-
cantly more common after intramedullary nailing than 
after compression plating. In their updated meta-analysis, 
Heineman et al. concluded that the data were insufficient 
to show superiority of either technique. Gottschalk et al., 
however, noted that although complication rates in regard 
to infection and nerve palsies were significantly lower in 
intramedullary nailing compared with ORIF with plates 
(3.1% compared with 7.8%, and 1.5% compared with 3.0%, 
respectively), mortality was higher with intramedullary 
nailing (4.9% vs. 0.7%, respectively), and intramedullary 
nailing had significantly more pathologic fractures than 
open reduction with plate fixation (26.8% compared with 
1.5%, respectively).

IMPLANT CHOICE
The most commonly used plate for fixation of humeral 
shaft fractures is the broad, 4.5-mm, limited-contact 
dynamic compression plate (Fig. 57.41); occasionally, a 
narrow, 4.5- or 3.5-mm, limited-contact dynamic com-
pression plate is used for smaller bones. The distal metaph-
yseal-diaphyseal transition zone may require dual 3.5-mm, 
limited-contact dynamic compression plates (Fig. 57.42) 
or newer plates designed specifically for the metaphysis. 
For spiral or oblique fractures, the ideal construct consists 
of a lag screw with a neutralization plate, whereas trans-
verse fractures are ideally suited for a compression plating 
technique. In these fractures, attaining provisional reduc-
tion with a lag screw, Kirschner wire, or mini-fragment 
plate (Eglseder technique) allows direct observation of the 
reduction and a relatively simple plate application on the 
reduced humeral shaft (Fig. 57.43); we believe this also 
limits periosteal stripping by clamps.

Comminuted fractures may require a bridge plating 
technique. Anatomic reduction of each fracture fragment 
is unnecessary. Attaining correct alignment, rotation, and 
length without disrupting the soft-tissue attachments to 
the comminuted fragments often leads to successful heal-
ing. Livani et al. reported 15 patients with bridge plating 
done through two small incisions proximal and distal to 

 FIGURE 57.41 Anterior plating of humeral shaft fracture with 
limited-contact dynamic compression plate in neutralization mode 
with lag screw.

 FIGURE 57.42 Dual plating of distal metaphyseal-diaphyseal 
humeral shaft fracture.
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the fracture; all fractures united within 12 weeks except 
for a grade III open fracture with an associated brachial 
plexus injury.

In patients with poor bone quality, longer implants 
should be used to improve stability (Fig. 57.44). Locking 
plates and screw augmentation with methyl methacrylate 
have been reported to add more stability to the construct. 
Generally, at least eight cortices (four screws) above and 
below the fracture are necessary to avoid screw pullout. 
The length of the plate is as important as the number of 
screws. More screws and longer plates for a greater work-
ing length of the implant may be needed for instability 
caused by poor bone quality or fracture comminution. We 
reserve the use of locking screws for poor bone quality and 
short segments. 

APPROACH
Numerous approaches can be used for plate fixation of the 
humerus. Fractures of the middle or proximal third usu-
ally are best approached through an anterolateral approach 
(brachialis-splitting approach). A posterior approach (tri-
ceps-splitting or modified posterior approach) is best for 
fractures that are midshaft or extend into the distal third of 
the humerus (Fig. 57.45). Gerwin, Hotchkiss, and Weiland 
described a modified posterior approach in which the 
triceps is reflected medially off the lateral intermuscular 
septum (see Technique 57.7). This approach exposes an 
average 10 cm more of the humeral shaft than the stan-
dard posterior approach. Less frequently, a direct lateral 
or anteromedial approach may be appropriate. A recent 
study using this approach showed high union rates and low 
complications. 

POSTOPERATIVE CARE
Postoperatively, range of motion of the shoulder and elbow 
is begun within the first week and weight bearing usually is 
allowed if fixation is stable. A biomechanical study found that 
both large (4.5-mm) and small (3.5-mm) plate constructs 
would experience plastic deformation during bilateral crutch 
weight bearing in patients weighing 50 kg (∼110 lb) or more. 
The large construct was not predicted to fail with loads of 
90 kg (almost 200 lb) or less, whereas the small-fragment 
construct was predicted to fail in patients weighing 70 kg 
(approximately 150 lb) or more. 

COMPLICATIONS
The most frequently reported complication after plate fixa-
tion of humeral shaft fractures is radial nerve palsy. Primary 
radial nerve injury ranges from 4% to 22%; iatrogenic or 
secondary injury has been reported to be 0 to 10% (Chang 
and Ilyas et  al.) and is more common in ORIF techniques. 
Gausden et al.’s report on a single series of a triceps-reflect-
ing approach for ORIF demonstrated a 4% secondary nerve 
injury rate in a single experienced trauma surgeon’s practice. 
When using an anterolateral (brachialis-splitting) approach, 
it is essential to ensure that the nerve is not under the implant 
during plate application to avoid iatrogenic radial nerve 
injury. Posteriorly, soft-tissue tethers on the radial nerve can 
lead to iatrogenic injury in posterior approaches. This can 
be remedied by adequate soft-tissue release off the radial 
nerve. Infection is reported to occur after 1% to 2% of closed 
humeral fractures and 5% of open fractures. Refractures 
occur in approximately 1% of patients. Nonunion of humeral 
shaft fractures is infrequent. Treatment of nonunion is dis-
cussed in Chapter 59. 

 

BA

FIGURE 57.43 A, Displaced humeral shaft fracture. B, After fixation with mini-fragment plate 
(Eglseder technique) and compression plating.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS3062

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF THE HUMERAL SHAFT 
THROUGH A MODIFIED POSTERIOR 
APPROACH (TRICEPS-REFLECTING)

 TECHNIQUE 57.7 

 n  Place the patient in a lateral decubitus position.
 n  Use a wide proximal preparation and drape to allow for 

the use of a sterile tourniquet.
 n  Make an incision from the tourniquet to the tip of the 

olecranon in line with the humerus (Fig. 57.46A).
 n  Carry dissection down to the triceps fascia, incise the fas-

cia, and carry the dissection laterally to the intermuscular 
septum (Fig. 57.46B).

 n  Identify the lower lateral brachial cutaneous nerve and 
follow it proximally where it meets the radial nerve as it 
pierces the septum (Fig. 57.46C). This usually is at the 
level of the tourniquet. Release the tourniquet.

 n  Identify the radial nerve.
 n  Dissect the triceps muscle proximally off the intermuscular 

septum.
 n  Free the radial nerve proximally, distally, anteriorly, and pos-

teriorly, including incision of the lateral intermuscular septum 
for 3 cm to allow mobilization of the nerve (Fig. 57.46D).

 n  Incise the triceps off the periosteum to expose the hu-
merus; preserve as much of the periosteum as possible.

 n  Proximally, reflect the posterior border of the deltoid an-
teriorly if needed for exposure.

 

CBA

FIGURE 57.44 A, Segmental shaft fracture with extension into proximal humerus. B and C, 
Long plate used to obtain secure fixation.

 

BA

FIGURE 57.45 A, Fracture of distal third of humeral shaft. B, 
After plate fixation through posterior triceps-splitting approach.
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  FIGURE 57.46 Open reduction and internal fixation of humeral shaft fracture through modified (triceps-reflecting) posterior approach. 
A, Incision. B, Incision of fascia to expose intramuscular septum. C, Identification of lateral brachial cutaneous nerve. D, Mobilization of radial 
nerve. E, Bone clamp used to control fragments. F, After debridement, fixation with lag screw. G, After plate application. SEE TECHNIQUE 57.7.
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Basic Minimally Invasive Plate Osteosynthesis 
Principles

 1.  Thorough knowledge of upper extremity anatomy
 2.  Awareness of at-risk structures, notably the radial nerve
 3.  Skilled at indirect reduction techniques
 4.  Understanding of a functional reduction: length, alignment, 

and rotation
 5.  Techniques of plate provisional fixation that allows assess-

ment of reduction and plate placement
 6.  A good understanding of relative stability and secondary 

bone healing

 BOX 57.3  n  Place a single bone clamp in the proximal and distal frag-
ments, far away from the fracture, to control the frag-
ments and reflect the triceps (Fig. 57.46E). Avoid circum-
ferential stripping of the soft tissues with the clamp.

 n  After debridement of the fracture site, insert a lag screw 
for provisional fixation (Fig. 57.46F). Alternatively, for 
transverse fractures where lag screw fixation is difficult, 
a compression plating technique can be used, or a mini-
fragment plate (Eglseder technique) can be used for pro-
visional fixation, followed by plate fixation.

 n  Perform large-fragment plating in neutralization, com-
pression, or bridge-plating mode (Fig. 57.46G).

 n  Confirm alignment of the humerus and reduction of the 
fragments with fluoroscopy.

 n  Perform routine skin closure over a drain.
   

 

MINIMALLY INVASIVE PLATE 
OSTEOSYNTHESIS
Minimally invasive plate osteosynthesis has been shown to be 
a successful technique in other anatomic areas of the body, 
particularly the femur and tibia. The theoretical advantages in 
the upper extremity are (1) less soft-tissue damage, (2) avoid-
ance of shoulder pain as seen with intramedullary nailing, and 
(3) secondary bone healing. Case reports of minimally invasive 
plate osteosynthesis of the humeral shaft was first described 
by Fernández Dell’Oca in 2002, but the first small series was 
described by Livani and Belangero. They reported 14 of 15 
successful unions with this technique. Since then numerous 
case series, comparative studies, randomized controlled trials, 
systematic reviews, and meta-analyses have been reported. 
The data suggest that minimally invasive plate osteosynthesis 
of the humeral shaft has low nonunion rates, low compli-
cation rates, and minimal shoulder problems. On the other 
hand, this technique is technically challenging and is subject 
to a learning curve. Surgeons skilled at minimally invasive 
plate osteosynthesis in other long bones should be able to 
adopt the technique swiftly. However, surgeons with minimal 
skills in minimally invasive techniques need to be careful, and 
should consider a gradual transition from full open to mini-
mally invasive plate osteosynthesis. Box 57.3 outlines basic 
minimally invasive plate osteosynthesis principles. Tetsworth 
et al. have written an excellent state-of-the-art review paper 
on this subject.

 TECHNIQUE 57.8 

(APIVATTHAKAKUL ET AL.; TETSWORTH ET AL.)
 n  Place the patient supine on a radiolucent table, with the 

elbow in mild flexion to relax the biceps and mark the 
incisions (Fig. 57.47A,B).

 n  Through a deltopectoral approach, make a proximal in-
cision inferiorly, using the biceps groove and pectoralis 
tendon as landmarks, and expose the proximal diaphysis 
immediately lateral to the biceps tendon (Fig. 57.47C,D).

 n  Begin the distal incision 1 to 2 cm proximal to the antecu-
bital crease and extend it proximally for 4- to 5-cm in the 
midline (see Fig. 57.47C).

 n  Identify the interval between the biceps and brachia-
lis laterally and retract the biceps medially. Protect 
the lateral antebrachial cutaneous nerve beneath (Fig. 
57.47E).

 n  Split the brachialis longitudinally by blunt dissection to 
bone. Keep the forearm supinated to protect the radial 
nerve in the distal portion of the approach.

 n  Obtain provisional fracture reduction under fluoroscopic 
control and develop a submuscular extraperiosteal tun-
nel, connecting the two incisions (see Fig. 57.47C).

 n  Insert a locking compression plate (Fig. 57.47F). If the pa-
tient depends on the operated limb for ambulation (poly-
traumatized patient with lower extremity fractures that 
limit mobilization), a narrow 4.5-mm plate is used. Align 
the proximal segment of the plate and use a single un-
locked screw to reduce the plate to the anterior humeral 
cortex. The plate can be precontoured to achieve the most 
anatomic reduction (Fig. 57.47G and H).

 n  Augment fixation with two additional locked screws, us-
ing the plate to assist with reduction. Then align the distal 
segment of the plate, checking fracture reduction with 
fluoroscopy. Correct any malalignment at this time; rota-
tion may be the most difficult to judge correctly.

 n  Manually compress the fracture site to limit distraction 
that may result in delayed union.

 n  After provisional fixation, assess rotation by directly com-
paring rotational excursion with the opposite limb.

 n  Reduce the plate to the distal humerus with a single un-
locked cortical screw and augment with two additional 
locked screws.

POSTOPERATIVE CARE A sling is used for comfort for 
the first 2 weeks postoperatively. Range of motion of the 
shoulder and elbow (active and assisted) is encouraged 
immediately without restrictions and gradually increased 
with emphasis placed on full elbow extension. Minor 
functional limitations are placed on the arm until solid 
bridging is noted radiographically, and patients can return 
to unrestricted activity at 4 to 6 months (Fig. 57.48).
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INTRAMEDULLARY FIXATION
The success of intramedullary nailing in the lower extremities 
led to an initial enthusiasm for intramedullary nailing of the 
humeral shaft. Although there are many reports in the liter-
ature of good results with nailing techniques, problems with 
insertion site morbidity and union rates have dampened the 
original enthusiasm for this mode of treatment. Shoulder pain 
has been reported after antegrade intramedullary nailing in 

16% to 37% of patients in more recent studies, and Bhandari 
et al. found that reoperation and shoulder impingement were 
significantly more common after intramedullary nailing than 
after plate fixation. A systematic review by Zhao et al. found no 
differences in union rate, infections, or iatrogenic injury to the 
radial nerve. The risk of shoulder complications, however, was 
higher. Confounding variables, such as flexible or rigid nails; 
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FIGURE 57.47 A, Closed midshaft right humeral shaft fracture. B, Planned incision for 14-hole plate. 
C, Two incisions on anterior arm connected by a submuscular extraperiosteal tunnel. D, Proximal 4- to 
5-cm incision at level of pectoralis major insertion, with cephalic vein preserved. E, Distal 4- to 5-cm inci-
sion proximal to antecubital crease; lateral antebrachial cutaneous nerve identified beneath biceps. F, 
Provisional reduction and alignment after plate insertion. G, Plate contoured to match normal anterior 
humeral cortical surface. H, Plate internally rotated 15 to 20 degrees through its midportion, consistent 
with normal anatomy.  (From Tetsworth K, Hohmann E, Glatt V: Minimally invasive plate osteosynthesis of 
humeral shaft fractures: current state of the art, J Am Acad Orthop Surg 26:252, 2018.) SEE TECHNIQUE 57.8.
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antegrade or retrograde insertion; and lateral, anterolateral, or 
extraarticular portal for antegrade insertion, make conclusions 
difficult to interpret. A large well-controlled trial is needed.

Early flexible nails, such as Rush and Enders, provided lit-
tle axial or rotational stability and required additional forms 
of stabilization (cerclage wiring or prolonged immobilization) 
in comminuted or unstable fractures (Fig. 57.49). Even with 
additional stabilization, the resulting construct generally was 
not stable enough to allow early motion or weight bearing in 
multiply injured patients with concomitant lower extremity 
injuries. The development of locking nails improved stabil-
ity and rotational control but results still did not reach the 
successful outcomes obtained in lower extremity fractures. 

Because nail sizes were limited, reaming was required for 
insertion of most locked nails, and fracture distraction was 
a problem, especially in small medullary canals. Newer nails 
come in smaller sizes (7, 8, or 9 mm) to fit smaller bones and 
can be inserted with or without reaming.

An antegrade approach is most commonly used for intra-
medullary nail fixation of humeral shaft fractures in adults. 
The specific portal placement is controversial, however. 
Traditionally, a midacromial lateral incision was used, which 
tends to place the nail through the posterior humeral head. 
In addition, the incision through the rotator cuff is not in 
line with the fibers of the tendon (see Fig. 57.34). An antero-
lateral starting portal is in line with the humeral medullary 
canal, and the incision is in line with the fibers of the rotator 
cuff. Several authors have postulated that shoulder pain after 
antegrade nailing is caused by the transverse incision through 
the rotator cuff. Alternatives to antegrade humeral nailing 
(e.g., plate osteosynthesis) should be considered in patients 
who have preexisting shoulder pathology or who require 
upper extremity weight bearing for ambulation (paraplegic or 
amputee patients).

Because of the frequency of shoulder pain after antegrade 
insertion, retrograde insertion has been advocated to avoid 
this complication; however, retrograde insertion has been 
associated with distal humeral fracture propagation. The tra-
ditional starting point for retrograde humeral nailing is in the 
midline, 2 cm above the olecranon fossa. More recently, inser-
tion through the superior aspect of the olecranon fossa has 
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FIGURE 57.48 A and B, Eight weeks postoperatively demon-
strating early callus formation with minor varus alignment. C and 
D, One year postoperatively demonstrating mature bridging callus.  
(From Tetsworth K, Hohmann E, Glatt V: Minimally invasive plate osteo-
synthesis of humeral shaft fractures: current state of the art, J Am Acad 
Orthop Surg 26:252, 2018.) SEE TECHNIQUE 57.8.

 FIGURE 57.49 Humeral shaft fracture treated by closed intra-
medullary nailing with multiple flexible intramedullary (Ender) 
nails.
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been recommended. Proposed advantages of the olecranon 
fossa site include an increase in the effective working length 
of the distal fracture segment and straight alignment with the 
medullary canal; however, biomechanical studies have shown 
less resistance to torque and a reduction in load-to-failure 
with this approach compared with the more superior portal.

Although flexible humeral nails have been successful in 
obtaining fracture union, insertion site morbidity and their 
suitability for only the most stable fracture patterns have lim-
ited their use. A cadaver study found that the axillary nerve 
is at significant risk during insertion of the interlocking and 
tension screws of a titanium flexible humeral nail; blunt dis-
section through the deltoid, direct observation of the humeral 
cortex, and use of a soft-tissue sleeve during predrilling and 
placement of the screws can help prevent this complication.

Newer self-locking expandable nails are reported to 
be easier to insert, while providing bending and torsional 
stiffness equal to that of locked nails. Few clinical studies 
are available to allow evaluation of these nails. Franck et al. 
described the use of an expandable nail (Fixion; Disc-o-Tech, 
Herzliya, Israel) for fixation of 25 unstable humeral shaft 
fractures in elderly patients with osteoporotic bone; all frac-
tures healed without complications. Stannard et  al. used a 
flexible locking nail (Synthes, Paoli, PA) inserted through an 
extraarticular antegrade or retrograde portal for fixation of 
42 humeral shaft fractures, with healing in 39; 86% had full 
range of motion, and 90% had no pain. Five complications 
occurred in four patients: two nonunions, two hardware fail-
ures, and one wound infection. All complications occurred in 
patients whose fractures were fixed with 7.5-mm nails, and 
the authors recommended that flexible nails should be used 
with caution in medullary canals with a diameter of 8 mm or 
less. The technique is technically demanding.

Currently, we prefer rigid, locked nails inserted through 
an antegrade approach when intramedullary nailing is indi-
cated, such as for segmental fractures (see Fig. 57.27), for 
proximal-to-middle third junction fractures, for patho-
logic fractures, for fractures with poor soft-tissue coverage, 
for fractures in obese patients, and for fractures in certain 
patients with polytrauma (Fig. 57.50A-C). We use an antero-
lateral incision with direct inspection and repair of the rota-
tor cuff. Iatrogenic radial nerve injury has been reported, and 
care must be taken during fracture reduction, reaming, nail 
insertion, and locking screw placement. Intramedullary nail-
ing is contraindicated in patients with very narrow medullary 
canals. 

 

ANTEGRADE INTRAMEDULLARY 
NAILING OF HUMERAL SHAFT 
FRACTURES

 TECHNIQUE 57.9 

 n  Carefully evaluate preoperative radiographs (Fig. 57.50D) 
to ensure that the diaphyseal diameter is adequate to ac-
commodate the intramedullary nail; if the diameter is too 
small, plate fixation is indicated.

 n  Position the patient on a radiolucent table with the thorax 
“bumped” 30 to 40 degrees. Place the image intensifier 
unit on the opposite side of the table from the surgeon 
(see Fig. 57.33); rolling the unit back allows an adequate 
anteroposterior view, and rolling it forward allows an ad-
equate lateral view of the shoulder and humerus.

 n  Make an incision diagonally from the anterolateral corner 
of the acromion, splitting the deltoid in line with its fibers 
in the raphe between the anterior and middle thirds of 
the deltoid (see Fig. 57.34). To protect the axillary nerve, 
avoid splitting the deltoid more than 5 cm distal to the 
acromion.

 n  Under direct observation, incise the rotator cuff in line 
with its fibers (see Fig. 57.34). Use full-thickness sutures 
to protect the cuff from damage during reaming of the 
humeral canal.

 n  Place the initial guidewire posterior to the biceps tendon 
and advance it under fluoroscopic guidance into the ap-
propriate position as shown on anteroposterior and lat-
eral views (see Fig. 57.33).

 n  Carefully advance the proximal reamer, protecting the 
rotator cuff.

 n  Use the reduction device to reduce the fracture and pass 
the bead-tipped guidewire (Fig. 57.50E and F). With se-
quentially larger reamers, ream the humerus to the prede-
termined diameter, usually 1.0 to 1.5 mm larger than the 
nail diameter (Fig. 57.50G). With fractures of the middle 
third of the shaft, a small incision can be made at the 
fracture site to ensure manually that the radial nerve is not 
entrapped in the fracture before reduction and reaming.

 n  When reaming is complete, pass the nail down the hu-
meral canal, avoiding distraction of the fracture; ensure 
that the nail is below the articular surface of the humeral 
head.

 n  With the use of the outrigger device, insert the proximal 
locking bolts (Fig. 57.50H). Carefully spread the soft tis-
sues to avoid injury to the axillary nerve.

 n  Place the distal interlocking screws in an anterior-to-pos-
terior direction to avoid the radial nerve. Make a 4- to 
5-cm incision anteriorly to expose the biceps musculature; 
bluntly split the muscle to avoid iatrogenic damage to the 
brachial artery.

 n  Repair the rotator cuff with full-thickness sutures.
 n  Confirm reduction and screw length on anteroposterior 

and lateral fluoroscopy images (Fig. 57.50I).
 n  Begin an early rehabilitation program with active-assisted 

range-of-motion exercises.
   

FRACTURES OF THE HUMERAL 
SHAFT WITH RADIAL NERVE 
PALSY
The radial nerve is the nerve most frequently injured with 
fractures of the humeral shaft because of its spiral course 
across the back of the midshaft of the bone and its relatively 
fixed position in the distal arm as it penetrates the lateral 
intermuscular septum anteriorly (Fig. 57.51). Usually the 
radial nerve injury is a neurapraxia, with recovery rates of 
100% in low-energy injuries and up to 71% in high-energy 
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FIGURE 57.50 Intramedullary nailing of humeral shaft fracture (see text). A, Segmental shaft 
fracture in patient with multiple trauma. B and C, After fixation with intramedullary nail. D, 
Transverse shaft fracture. E and F, Reduction device is used to reduce fracture. G, Reaming is done 
to 1.0 to 1.5 mm larger than nail diameter. 
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open injuries; Bumbasirevic et  al. reported recovery in 
94% of 16 open fractures. Although it is possible for the 
nerve to be severed by the sharp edge of a bone fragment, 
this rarely occurs. We treat the fractured humeral shaft 
in the usual nonoperative manner, support the wrist and 
fingers with a dynamic splint, and reserve exploration of 
the nerve for instances when function has not returned 
in 3 to 4 months and the fracture has healed. Because the 
nerve usually is only bruised or stretched, function can be 
expected to return spontaneously. Routine exploration of 
the nerve would subject many patients to an unnecessary 
operation and might increase the frequency of complica-
tions. Early exploration and repair of a severed nerve have 
not been proved to produce any better results than repair 
at a later date.

If radial nerve palsy occurs with an open fracture of 
the humeral shaft, the nerve should be explored at the 
time of the irrigation and debridement of the wound. 
If it is found intact, only watchful waiting is required 
while the fracture heals. Early exploration is required 
if evidence suggests that the radial nerve is impaled on 
a bone fragment or is caught between the fragments. 
Advances in ultrasonography have been useful in diag-
nosing entrapped and lacerated radial nerves. If this diag-
nostic tool proved to be reproducible in large numbers of 
patients, the indications for nerve exploration would be 
more specifically defined.

In patients with radial nerve palsy for whom opera-
tive treatment of a humeral shaft fracture is indicated, the 
nerve should be explored at the time of fracture fixation. 
Shao et  al. reviewed 21 scientific articles that included 
4517 humeral shaft fractures and found an overall preva-
lence of radial nerve palsy of almost 12% (n = 532). Radial 
nerve palsy was most frequent with fractures of the middle 
and middle-distal humeral shaft and was more common 
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FIGURE 57.51 Entrapment of radial nerve between fragments 
in spiral fracture of distal third of humerus. A, Nerve is least mobile 
as it passes through lateral intermuscular septum in distal third of 
arm. B, Oblique fracture is typically angulated laterally, and distal 
fragment is displaced proximally. Radial nerve, fixed to proximal 
fragment by lateral intermuscular septum, is trapped between 
fragments when closed reduction is attempted.

 FIGURE 57.50, CONT’D H, Outrigger device is used for insertion of proximal locking bolts.I, 
Reduction and screw placement confirmed with fluoroscopy. (D-I courtesy Thomas A. Russell, MD, 
Memphis, TN.) SEE TECHNIQUE 57.9.
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with transverse and spiral fractures than with oblique or 
comminuted fractures. Overall, recovery occurred in 88%. 
Complete transection of the radial nerve usually occurs 
with open fractures of the humerus and requires nerve 
repair or grafting; most nerve palsies that occur with a 
closed fracture recover without treatment. Based on their 
review, Shao et  al. developed an algorithm for the treat-
ment of radial nerve palsy associated with humeral shaft 
fractures (Fig. 57.52).

PERIPROSTHETIC HUMERAL SHAFT 
FRACTURES
Periprosthetic humeral shaft fractures after shoulder or elbow 
arthroplasty are rare but can be difficult to treat. Poor bone 
stock from osteoporosis, osteomalacia, or rheumatoid arthri-
tis is the major contributing factor, and a variety of fracture 
patterns can result from low-energy direct blows, minor 
twisting injuries, “same level” falls, or intraoperative technical 
errors. Fractures around humeral arthroplasties may occur at 
the tuberosity level, the metaphysis, or the upper diaphysis 
around the stem or distal to the stem tip. Fractures around 
the humeral component of total elbow arthroplasties also can 
occur at any level from the medial or lateral column to proxi-
mal to the stem tip.

Stable postoperative fractures without component loos-
ening can be treated conservatively with immobilization. 

Stable fractures with component loosening require revi-
sion immediately or after fracture healing if still painful. 
Unstable fractures with or without component loosening 
require operative fixation with or without component revi-
sion. If revision is necessary, the general principles of revi-
sion arthroplasty should be followed (see Chapter 12). Bone 
quality determines the need for supplemental allograft, strut 
grafts, methyl methacrylate cement, or autogenous bone 
grafts. Most patients requiring either hemiarthroplasty or 
total shoulder arthroplasty or elbow arthroplasty have age-
related osteoporosis.

When treating unstable periprosthetic humeral shaft 
fractures with well-fixed components, we have found 
the following guidelines helpful as outlined by Cameron 
and Iannotti: (1) displaced tuberosity fractures should be 
repaired with wire or heavy suture, and associated rota-
tor cuff tears should be treated; and (2) unstable diaph-
yseal fractures around or below the prosthesis require 
ORIF. Cerclage wire or limited screw fixation is unsatis-
factory. A heavy plate with proximal cerclage wires and 
distal screws is preferred. At least four proximal cables 
and four distal screws, engaging eight cortices, are nec-
essary. We recommend using 2-mm cables instead of the 
usual 1.6-mm cables. An anatomic reduction is necessary 
for union, and bone grafting the fracture site should be 
considered.
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FIGURE 57.52 Treatment algorithm for radial nerve palsy associated with humeral shaft fracture. 
EMG, Electromyogram; NAP, nerve axonal physiology; NCV, nerve conduction velocity.  (From Shao 
YC, Harwood P, Grotz MR, et al: Radial nerve palsy associated with fractures of the shaft of the humerus: 
a systematic review, J Bone Joint Surg 87B:1647, 2005.)
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When poor bone quality is present, fixation can be sup-
plemented with methyl methacrylate cement. Cement should 
be kept out of the fracture site. If severe osteopenia is present, 
we recommend adding a full-thickness cortical allograft strut 
applied with additional cables 90 degrees to the plate-cable-
screw construct. Autograft bone should be applied to the 
fracture site. We do not believe that a well-fixed, good func-
tional shoulder or elbow arthroplasty should be revised to a 
long-stem implant just to repair a postoperative shaft frac-
ture. Results with revision shoulder and elbow arthroplasty 
are not as satisfactory as primary arthroplasty. Instead, we 
believe every effort should be made to achieve primary frac-
ture union.

Intraoperative fractures during shoulder arthroplasty 
can be avoided by careful attention to detail and respect for 
osteopenic bone. Intraoperative fractures should be repaired 
at the time of surgery by internal fixation or revision to a lon-
ger stem implant.

The general treatment principles of periprosthetic 
humeral fractures around the humeral component of total 
elbow arthroplasties are as just outlined. Fractures of the 
medial or lateral column with a firmly seated implant can be 
treated with immobilization. Union of a column fracture is 
unnecessary for a good functional outcome. 

DISTAL HUMERAL FRACTURES
Fractures of the distal humerus remain a challenging 
problem despite advances in technique and implants. 
These injuries often involve articular comminution, and 
many occur in older patients with osteoporotic bone. 
Joint function often is compromised because of stiff-
ness, pain, and weakness. Rarely is a “normal” elbow the 
outcome after these fractures, but outcomes have been 
improved with advances in implant technology, surgi-
cal approaches, and rehabilitation protocols, with good 
to excellent results reported in approximately 87% of 
patients. Most distal humeral fractures in adults must be 
treated operatively, in contrast to fractures of the proxi-
mal humerus or humeral shaft. Nonoperative treatment 
with the “bag of bones” technique may be reasonable in 
an elderly patient with significant medical comorbidities. 
Desloges et al. reported good to excellent subjective out-
comes with this technique in 13 of 19 low-demand elderly 
patients. Alternatively, Shannon et  al. have reported the 
shock-trauma experience of treating elderly patients with 
comminuted distal humeral fracture with ORIF. Fractures 
united in all 16 patients in their series, with only an 18% 
reoperation rate.

Both ORIF and total elbow arthroplasty have been 
reported to obtain good outcomes in lower-demand patients. 
In their meta-analysis, Githens et al. found that total elbow 
arthroplasty and ORIF produced similar functional scores, 
although there was an insignificant trend toward more com-
plications and reoperations after open reduction. The many 
variables that must be considered in choosing treatment 
include fracture patterns, comminution, bone quality, sur-
geon experience (with total elbow arthroplasty and/or ORIF), 
underlying arthrosis, and patient comorbidities, making it 
imperative to individualize treatment according to patient 
and fracture characteristics.

The complexity of distal humeral fractures in adults 
is reflected in the attempts at classifying the variety of 

injuries possible in this location. The AO/OTA classifi-
cation, if all subgroup classifications are used, defines 61 
types, although the three kinds of articular involvement 
are the most commonly used designations: A, extraartic-
ular; B, partially articular; and C, completely articular. A 
more recent classification system suggested by Jupiter and 
Mehne is simpler: it describes only 25 types. This classifi-
cation system is based on the “two-column” and “tie-arch” 
concepts of elbow stability. Mehne and Matta described 
complex bicolumnar distal humeral fractures according to 
the configuration formed by the fracture lines (Fig. 57.53): 
high or low T-fractures, Y-fractures, H-fractures, and 
medial and lateral L-fractures. We generally prefer to use 
the Jupiter classification system because it has been useful 
for preoperative planning.

The goal of treatment is anatomic restoration of the 
joint surface with stable internal fixation that allows 
early motion. Lateral or medial column fractures (AO/
OTA type B) (Fig. 57.54) usually can be reduced through 
a direct approach and fixed with simple buttress plating. 
Intraarticular fractures (AO/OTA type C) vary greatly. 
Generally, the lower the transverse component, the more 
difficult is attaining stable fixation. Likewise, the greater 
the comminution, the more difficult is attaining an ana-
tomic reduction.
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FIGURE 57.53 A to F, Mehne and Matta classification of distal 
humeral fractures.
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A variety of approaches have been described for reduc-
tion and fixation of distal humeral fractures (Table 57.9). 
Most commonly, a posterior approach with an olecranon 
osteotomy has been used (see Technique 57.10), but concerns 
about healing and symptomatic implants have led to more fre-
quent use of a triceps-reflecting (Bryan-Morrey [Fig. 57.55] 
or triceps-reflecting anconeus pedicle [Fig. 57.56]) approach, 
as advocated by Bryan and Morrey and O’Driscoll, or a tri-
ceps-splitting (Campbell [Fig. 57.57]) approach, as advocated 
by McKee et al. The best fracture exposure is provided by an 
olecranon osteotomy approach. As more familiarity is gained 
with fracture patterns and reduction techniques, a triceps-
reflecting or triceps-splitting approach may be selected to 
reduce complications. Sharma et al. reported in a systematic 

review that functional outcomes did not differ based on the 
approach used. With all posterior approaches, the ulnar nerve 
must be carefully dissected without excessive stripping and 
can be transposed anterior to the medial epicondyle at the 
end of the procedure. More recent reports have questioned 
the benefit of nerve transposition, noting that the frequency 
of ulnar neuritis in patients with ulnar nerve transposition 
was almost four times that in patients without transposi-
tion. Wiggers et  al. found ulnar neuropathy in 17 (16%) of 
107 patients, 16 of whom had columnar fractures. Only one 
patient with a capitellar or trochlear fracture developed ulnar 
neuropathy. These authors suggested that it was not the ulnar 
nerve transposition alone that placed the ulnar nerve at risk, 
but rather it was the additional handling of the ulnar nerve 

 

BA

FIGURE 57.54 A and B, Isolated lateral condylar fracture fixed with lag screw and minifrag-
ment buttress plate.

 

BA

FIGURE 57.55 A and B, Plate application through triceps-reflecting approach.
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during reduction of a columnar fracture and application of a 
medial plate.

The standard plating technique calls for plates to be 
placed at orthogonal angles (90-90 plating) (Fig. 57.58). 
Studies have shown that direct medial and lateral plating 
is biomechanically sound (Fig. 57.59), and clinical reports 
have confirmed stable fixation and high rates of union with 
parallel (180-degree) plating. Sanchez-Sotelo et  al. listed 
several principles for distal humeral fracture fixation that 
we have incorporated into our treatment protocol (Box 
57.4). Small osteochondral fragments can be fixed with 
headless screws, countersunk mini-fragment screws, or 
absorbable screws (Fig. 57.60). In a recent meta-analysis, 

Shih et  al. concluded that parallel plating may provide 
improved axial stiffness. These authors suggested that 
either orthogonal or parallel plating performed well will 
almost always lead to successful union. However, many 
confounding variables, such as locked versus nonlocked 
plating, screw size, or hybrid plates that are placed poste-
rior but incorporate a lateral “tub” make a direct inference 
from the data difficult.

Reconstruction of the distal humerus can be done 
according to two strategies: (1) reduction and fixation 
of the articular surfaces followed by attachment to the 
humeral shaft; or (2) reduction and fixation of the medial 
or lateral condyle to the shaft, then reconstruction of the 

 TABLE 57.9 

Surgical Approaches Used for Treatment of Fractures of the Distal Humerus

SURGICAL 
APPROACH INDICATIONS CONTRAINDICATIONS ADVANTAGES DISADVANTAGES

POSTERIOR Olecranon 
osteotomy

ORIF for fractures 
involving columns 
and articular surface

TER Good access to poste-
rior articular surfaces 
for reconstruction

Nonunion and failure of 
fixation of osteotomy
Poor anterior access to 
capitellum

Triceps-splitting ORIF/TER for frac-
tures involving col-
umns and articular 
surface

Previous olecranon 
osteotomy approach
Patients at increased 
risk for healing 
problems

Avoids complications 
associated with olec-
ranon osteotomy

Poor access to articular 
surface for internal 
fixation
Risk of triceps 
detachment

Triceps-
reflecting

Fractures requiring 
TER

ORIF
Previous olecranon 
osteotomy approach
Patients at risk for 
healing problems

Avoids complications 
associated with olec-
ranon osteotomy

Risk of triceps 
detachment

Triceps-
detaching

ORIF/TER for frac-
tures involving col-
umns and articular 
surface

Previous olecranon 
osteotomy approach
Patients at risk for 
healing problems

Avoids complications 
associated with olec-
ranon osteotomy

Poor access to articular 
surfaces for internal 
fixation
Risk of triceps 
detachment

MEDIAL Medial epicondylar 
fractures
Medial column 
fractures

Lateral column 
inaccessible

Koher Lateral column 
fractures
Lateral epicondylar 
fractures
Capitellar fractures

Suspected more com-
plex articular surface 
fracture

Radial nerve 
protected

Medial column 
inaccessible

LATERAL Koeber Risk of injury to radial 
nerve
Medial column 
inaccessible

Jupiter Complex articular 
surface fractures

Significant involve-
ment of the columns

Medial column 
inaccessible

ANTERIOR Henry Vascular injury Requirement for 
plate fixation of 
columns or articular 
surface reconstruction

Good access to bra-
chial artery

Limited access to 
columns

ORIF, Open reduction and internal fixation; TER, total elbow replacement.
Modified from Robinson CM: Fractures of the distal humerus. In: Bucholz RW, Heckman JD, Court-Brown CM, editors: Rockwood and Green’s fractures in adults, ed 
6, Philadelphia, 2006, Lippincott Williams & Wilkins.
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FIGURE 57.56 Triceps-reflecting anconeus pedicle approach. A, Modified Kocher lateral 
approach is combined with medial triceps-reflecting approach. B, Access to distal humerus is similar 
to that provided by olecranon osteotomy.

 

A B

FIGURE 57.57 Triceps-splitting approach to distal humerus. A, Triceps split. B, Split extended to 
transcutaneous border of ulna.  (From Frankle MA: Triceps split technique for total elbow arthroplasty, 
Tech Shoulder Elbow Surg 3:23, 2002.)
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articular surface (advantageous when the articular sur-
face is comminuted), followed by reduction and fixation 
of the contralateral condyle. Care must be taken not to 
narrow the trochlea with a lag screw when there is bone 
loss because this would not allow the arm to sit properly. 
Because the area for screws is limited in the distal segment, 
provisional fixation can be used at the joint, with definitive 

fixation screws passing through the plate to ensure that the 
screws in the distal segment contribute to the overall sta-
bility of the construct (see Fig. 57.60). Newer plates that 
are precontoured or 3.5-mm compression plates are pref-
erable to one third tubular and 3.5-mm reconstruction 

 

BA C

FIGURE 57.58 A, Supracondylar fracture with intraarticular extension. B, Fixation with 90-90 
locked plates through olecranon osteotomy approach. C, After removal of symptomatic implants.
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FIGURE 57.59 A, Distal humeral fracture with intraarticular 
extension. B, After direct medial and lateral plate fixation.

 

BA

FIGURE 57.60 A, Fixation of small osteochondral fragment 
with absorbable screw. B, Very distal intercondylar fracture fixed 
with headless screws and minifragment buttress plating through 
olecranon osteotomy approach.
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Technical Objectives for Fixation of Distal 
Humeral Fractures

 n  Every screw should pass through a plate.
 n  Each screw should engage a fragment on the opposite side 

that is also fixed to a plate.
 n  As many screws as possible should be placed in the distal 

fragments.
 n  Each screw should be as long as possible.
 n  Each screw should engage as many articular fragments as 

possible.
 n  Plates should be applied such that compression is achieved 

at the supracondylar level for both columns.
 n  Plates used must be strong enough and stiff enough to resist 

breaking or bending before union occurs at the supracon-
dylar level.

 BOX 57.4 

From Sanchez-Sotelo J, Torchia ME, O’Driscoll SW: Principle-based internal fixa-
tion of distal humerus fractures, Tech Hand Upper Extremity Surg 5:179, 2001.

 FIGURE 57.61 Arm holder (Elbow LOC, Symmetry Medical, 
Warsaw, IN) helps with arm positioning during surgery. SEE TECH-
NIQUE 57.10.

plates because of fatigue failure in the latter group in frac-
tures with metaphyseal comminution. For low-type frac-
tures, additional mini-fragment plates may provide added 
fixation (see Fig. 57.60). Locking plates have been shown 
to provide added stability and may allow earlier rehabilita-
tion. Poly-axial screws have been demonstrated to have a 
biomechanical advantage over locking screws in poor bone 
stock.

If the goal of stable fixation that allows early motion 
is met, rehabilitation can begin within 3 days of surgery. 
Waddell et al. showed that disabling stiffness develops if the 
elbow is immobilized for more than 3 weeks. Supervised 
physical therapy sessions are scheduled three times a week, 
along with a daily home exercise program. Dynamic flex-
ion and extension splinting is prescribed when early motion 
goals are not obtained. Tunali et  al. noted that increased 
fracture severity and delay to surgery were predictors of 
postoperative arthrofibrosis.

Union rates for distal humeral fractures have improved 
significantly over the years. The most frequent compli-
cation is stiffness, which often requires a second proce-
dure. McKee et al. reported an average motion arc of 108 
degrees, 74% strength compared with the opposite side, 
and a mean DASH (Disability of the Arm, Shoulder, and 
Hand) score of 20 (0 = perfect and 100 = complete dis-
ability) in 25 patients at an average 3 years after medial 
and lateral plate fixation of intraarticular distal humeral 
fractures. Other complications include ulnar neuropa-
thy, posttraumatic arthritis, osteonecrosis, and symptom-
atic implants (see Fig. 57.58). Wound complications are 
more frequent with open fractures and fractures in which 
a plate was used for olecranon fixation. It has been esti-
mated that one in eight patients with operative fixation 
of a distal humeral fracture eventually requires a second 
procedure. Many complications can be avoided by the 
appropriate choice of procedure and meticulous attention 
to technical details. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF THE DISTAL HUMERUS 
WITH OLECRANON OSTEOTOMY

 TECHNIQUE 57.10 

 n  Position the patient in the lateral decubitus position. A 
prone or supine position also can be used. An advantage 
of the supine position is improved anterior exposure of the 
joint, which is helpful with very low fractures and fractures 
with anterior comminution. Fixation of the fracture with 
extension into the shaft can be difficult to reduce with the 
patient supine. When the supine position is chosen, we 
use an arm holder (Elbow LOC, Symmetry Medical Inc., 
Warsaw, IN) to assist with arm positioning (Fig. 57.61).

 n  Prepare and drape the entire forequarter to allow place-
ment of a sterile tourniquet on the proximal arm.

 n  Make a midline incision, with or without a curve over 
the tip of the olecranon, and develop full-thickness flaps 
medially and laterally.

 n  Dissect the ulnar nerve free from the medial edge of the 
triceps and from the medial epicondyle. Preserve the vas-
cular structures that supply the ulnar nerve (Fig. 57.62A).

 n  Laterally, dissect the triceps off the lateral intermuscular 
septum. Incise the interval between the triceps and anco-
neus muscles to expose the joint. Alternatively, preserve 
the anconeus innervation by using the interval between 
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the anconeus and the extensor carpi radialis brevis and 
elevating the anconeus with the triceps.

 n  Ensure that the medial and lateral olecranon articular sur-
face can be seen.

 n  Predrill the holes for olecranon fixation before making the 
osteotomy. We routinely use plate fixation.

 n  Make a distally oriented chevron osteotomy with an os-
cillating saw directed toward the sulcus of the articular 
surface of the olecranon (Fig. 57.62B). Use an osteotome 
to complete the osteotomy carefully. If the osteotomy is 
forcefully wedged open with the osteotome, a large car-
tilaginous flap can be created inadvertently.

 n  Raise the triceps with the proximal olecranon and direct 
the triceps musculature off the humerus, preserving the 
periosteum (Fig. 57.62C).

 n  Debride the fracture edges to clean surfaces.
 n  Use threaded Kirschner wires as joysticks to manipulate 

the medial and lateral condyles.
 n  If the articular fracture is simple, reduce the fracture with 

the joysticks and a Weber clamp and insert Kirschner 
wires for provisional fixation (Fig. 57.63A).

 n  Plate the column with the better key to reduction first, 
then the opposite column (Fig. 57.63B).

 n  If the articular fracture is complex and either the medial or 
lateral condyle has a good key to reduction with the shaft, 
reduce the condyle to the shaft. A countersunk mini-frag-
ment (2-mm or 2.4-mm) lag screw can be used for provi-
sional fixation because its low profile does not interfere with 
plate positioning. Alternatively, a plate can be placed along 
the column with provisional unicortical screws distally.

 n  Reconstruct the articular surface “around the clock,” pro-
visionally fix the reconstructed fragments, and reduce the 
remaining condyle to the shaft and apply plate fixation.

 n  Use headless screws, mini-fragment screws, or absorbable 
screws for fixation of articular comminution (see Fig. 57.63B).

 n  Either 90-90 or medial and lateral plates are acceptable 
(Fig. 57.63C).

 n  Evaluate every screw to ensure that it does not cross the 
articular surface.

 n  Repair the olecranon osteotomy, consider transposing the 
ulnar nerve, and close the incision in layers over closed 
suction drainage.

POSTOPERATIVE CARE The elbow is splinted in exten-
sion. The drain is removed 2 days after surgery, and range 
of motion is begun 3 days after surgery. No bracing is used.
   

FRACTURES, DISLOCATIONS, AND 
FRACTURE-DISLOCATIONS OF THE 
ELBOW
FRACTURES OF THE RADIAL HEAD
Radial head fractures can occur in isolation or as part of 
a more complex elbow dislocation (see “terrible triad” 
section, later) or Essex-Lopresti injury. When confirmed 
that the fracture is in isolation, the goal of treatment is 
a pain-free, stable arc of motion in flexion-extension and 
pronation-supination. The Mason classification system is 
widely used to describe these fractures (Fig. 57.64). Most 
radial head fractures are treated conservatively (Mason 
types I and II). However, Motisi et  al. noted an increase 
in the rate of radial head fixation. Nonunion and fracture 
displacement are rare. Stiffness, however, can be a com-
plication. If the patient has no block to range of motion, 
a sling and immediate use (as pain allows) predictably 
yields good results. Lindenhovius et  al. reported that 
results of operative treatment at long-term (22-year) fol-
low-up demonstrated no appreciable advantage over the 
reported long-term results of nonoperative treatment. Of 
49 patients with Mason type II fractures (2 to 5 mm of 
displacement), Akesson et al. reported that 80% were pain 
free and had ranges of motion similar to the noninjured 
extremity after primary nonoperative treatment. Those 
with poor results improved with delayed radial head resec-
tion. More recently, Duckworth et  al. reported excellent 
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Triceps
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Trochlea

FIGURE 57.62 Olecranon osteotomy approach. A, Olecranon osteotomy is marked in shape 
of shallow V or chevron. B, Thin-blade oscillating saw is used to start osteotomy. C, Osteoto-
mized proximal olecranon fragment is elevated proximally; ulnar nerve is isolated, mobilized, and 
protected. SEE TECHNIQUE 57.10.
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results with nonoperative treatment of 100 Mason types 
I and II fractures. Overall elbow stability must be con-
firmed before treating Mason type III fractures conser-
vatively; careful evaluation may reveal a Mason type IV 
fracture. Egol et  al. reported that nondisplaced or mini-
mally displaced radial head and neck fractures do not 
need formal physical therapy and good outcomes can be 
achieved with a home exercise program. Critical to mak-
ing the decision about operative treatment is determining 
that (1) the injury is isolated and not part of a complex 
dislocation and (2) there is no block to flexion-extension 
or pronation-supination.

OPERATIVE TREATMENT
Displaced Mason types II and III fractures that are part of an 
elbow dislocation pattern (Mason type IV) or have a limita-
tion to motion require operative treatment.

TREATMENT OF MASON TYPE II FRACTURES
ORIF is the usual form of treatment for these injuries when 
surgery is indicated. The use of mini-fragment screws, with or 
without a buttress plate placed in the “safe zone” (area of radial 
head that does not articulate with the ulna [Fig. 57.65]), has 
had good results. Also partial resection of the radial head has 
been shown to provide satisfactory results. If the remaining 

 

C

BA

FIGURE 57.63 Open reduction and internal fixation of distal humerus through olecranon 
osteotomy approach. A, Threaded Kirschner wires used as joysticks for fracture reduction. B, After 
plate application. C, After plate fixation of olecranon osteotomy. SEE TECHNIQUE 57.10.
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articular surface is small, resection with radial head replace-
ment is necessary as a primary stabilizer of the elbow in a 
complex fracture-dislocation. If the elbow is stable, resection 
without replacement has shown good results. Newer tech-
niques with headless compression screws, such as cross-screw 

fixation and the tripod technique, have shown good promise 
(Fig. 57.66). 

TREATMENT OF MASON TYPE III FRACTURES
These fractures often are part of a more severe injury and 
may occur with elbow dislocation and other injuries about 
the elbow. They are less frequently appropriate for ORIF 
than are type II fractures. Radial head resection may be 
a good option for isolated fractures in elderly patients, 
but it has been associated with variable results in younger 
patients. Undiagnosed concomitant injuries likely play a 
role in long-term outcome. Long-term arthrosis, valgus 
elbow instability, and longitudinal forearm instability have 
led many to avoid radial resection in younger patients. In 
one group of five patients, however, satisfactory results 
were reported at 16- to 21-year follow-up, and Faldini et al. 
described good results in 36 of 42 patients an average of 
18 years after radial head excision. Before resection of the 
radial head, elbow and forearm instability must be ruled 
out. Lópiz et  al. also concluded that resection had fewer 
complications than radial head replacement in fractures 
with instability.

ORIF can be done with good results in selected patients; 
Ikeda et al. reported greater strength and better function in 
15 patients with ORIF than in 13 patients with radial head 
resection for Mason type III fractures. The ideal fracture 
for ORIF has three or fewer fragments, each of which is 
large enough to accept a screw for fixation, with minimal 
metaphyseal bone loss. Otherwise, excision or replacement 
should be considered. Prosthetic replacement with metal-
lic implants has provided good results at short-term fol-
low-up. Sun, Duan, and Li, in a meta-analysis that included 
138 patients with ORIF and 181 with radial head arthro-
plasty, found a significantly higher satisfaction rate, better 
elbow scores, shorter operation time, and lower incidence 
of nonunion at short- and medium-term follow-up in those 
with prosthetic replacement. However, in a cohort of mili-
tary patients, Kusnezov et al. found a higher rate of implant 
failure. The surgical technique can be challenging, with the 
main complication being overstuffing of the radiocapitellar 

 

Type I Type II

Type III Type IV

FIGURE 57.64 Mason classification of radial head and neck fractures.

 

Pronated 

Supinated

Articular
cartilage

FIGURE 57.65 “Safe zone” (area of radial head that does not 
articulate with ulna) for placement of fixation. SEE TECHNIQUE 57.11.
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FIGURE 57.66 A and B, Anteroposterior and lateral radiographs of right elbow demonstrating 
initial transverse metaphyseal radial head fracture with posterior displacement and rotation of 
fragment. C and D, Anteroposterior and lateral views intraoperatively under image fluoroscopy 
after tripod fixation of fracture and lateral collateral ligament repair. E and F, Anteroposterior and 
lateral radiographs 5 months after surgery, demonstrating well-healed fracture without implant 
complications. (From Lipman MD, Gause TM, Teran VA, Chhabra AB, Deal DN: Radial head fracture fixa-
tion using tripod technique with headless compression screws, J Hand Surg Am 43(6):575.e1-e6, 2018.)
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joint, leading to erosion, pain, and decreased motion (see 
Chapter 12). The primary advantage of prosthetic replace-
ment is maintenance of the radiocapitellar relationship for 
elbow stability and longitudinal radioulnar stability.

The Kocher approach has long been the mainstay for sur-
gical approaches to the radial head. Many surgeons, includ-
ing the author, now use the Kaplan approach. Barnes et al. 
concluded that the Kaplan approach affords significantly 
greater visibility compared with the Kocher approach. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF RADIAL HEAD  
FRACTURE

 TECHNIQUE 57.11 

 n  Expose the radial head and neck with a Kocher or Kaplan 
approach (see Chapter 1).

 n  Take care to preserve the lateral collateral ligament. In 
“terrible triad” injuries, the ligament will be reattached 
at the end of the procedure. 

MASON TYPE II FRACTURE
 n  Reduce the partial fracture, taking care not to disrupt the 

periosteum; tamps, dental picks, or Freer elevators can be 
used as needed.

 n  Stabilize the reduction with one or two small screws (Fig. 
57.67A). Occasionally, a buttress plate can be useful if 
the apex of the fracture is comminuted and a large defect 
remains under the articular segment.

 n  If reliable fixation cannot be obtained (as with fracture-
dislocations), consider radial head replacement. 

MASON TYPE III FRACTURES
 n  If needed for improved exposure, release the origin of the 

lateral collateral ligament; this will be repaired at the end 
of the procedure.

 n  Reduce and provisionally fix the articular surface with 
Kirschner wires. Occasionally, removing the fragments 
and assembling them on the back table may facilitate re-
duction.

 

A B

DC

FIGURE 57.67 Open reduction and internal fixation of radial head fractures. A, Mason type II 
fracture stabilized with two small screws. B to D, Mason type III fracture stabilized with plate and 
screws. SEE TECHNIQUE 57.11.
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 n  Protect the posterior interosseous nerve by pronating the 
forearm.

 n  Apply a small plate along the lateral surface of the proximal 
radius with the wrist in neutral (safe zone) (see Fig. 57.65) 
and secure it with lag screws as needed (Fig. 57.67B-D).

 n  Bone graft the defect if needed.
 n  Check pronation and supination of the forearm. 

POSTOPERATIVE CARE
The arm is placed in a molded posterior plaster splint at 90 
degrees. At 3 to 7 days, the splint is removed and the arm 
is supported in a sling. At about that time, active and active-
assisted exercises are begun. The patient should discontinue 
the sling at 3 weeks, gradually increasing the exercises as 
tolerated. Forceful manipulation of the elbow is never per-
mitted.

  

FRACTURES OF THE CORONOID
Coronoid fractures occur in 10% to 15% of elbow dislocations. 
They historically were classified into three types, as described 
by Regan and Morrey: type I, fracture of the intraarticular tip 
of the coronoid (no long-term instability); type II, fracture 

involving half or less of the coronoid (may significantly affect 
ulnohumeral stability); and type III, fracture involving more 
than half of the coronoid process (often associated with pos-
terior instability) (Fig. 57.68). More recently, the classifica-
tion system developed by O’Driscoll et al. (Table 57.10 and 
Fig. 57.69) has been shown to more reliably predict associated 
injuries and guide treatment decisions (Fig. 57.70).

Because a coronoid fracture fragment may appear small on 
a lateral radiograph or may be confused with a radial fracture, 
CT is recommended when a coronoid fracture is suspected.

Displaced coronoid fractures should be reduced and 
stabilized with fixation. Careful assessment is mandatory to 
ensure that the coronoid fracture is not part of a more seri-
ous injury (see later section on “terrible triad” injuries). 
Sutures can be used for fixation of small coronoid fracture 
fragments (Fig. 57.71A) and lag screws can be used for larger 
fragments (Fig. 57.71B). In a cadaver study, Huh et al. dem-
onstrated more extensive exposure of the anteromedial coro-
noid and proximal ulna with a flexor carpi ulnaris-splitting 
approach compared with an over-the-top approach. A dis-
tinct type of coronoid fracture, fracture of the anteromedial 
facet (Fig. 57.72), occurs from a varus force to the elbow and, 
if left untreated, can result in posteromedial rotary instabil-
ity. Repair of the lateral collateral ligament and ORIF of the 
coronoid are recommended (Fig. 57.73). Chan et al. reported 
functional and radiographic outcomes of select patients with 
anteromedial coronoid fractures treated nonoperatively. All 
10 patients in their study achieved bony union without radio-
graphic arthrosis and no recurrent instability. They noted 
that nonoperative treatment is feasible in small, minimally 
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FIGURE 57.68 Regan and Morrey classification of fractures of 
coronoid process.

 TABLE 57.10 

Coronoid Fracture Classification (O’Driscoll et al.)

FRACTURE SUBTYPE DESCRIPTION
Type I: Tip 1 ≤2 mm coronoid bony height (i.e., flake fracture)

2 >2 mm coronoid height
Type II: Anteromedial 1 Anteromedial rim

2 Anteromedial rim + tip
3 Anteromedial rim + sublime tubercle (± tip)

Type III: Basal 1 Coronoid body and base
2 Transolecranon basal coronoid fracture

 

A B C
FIGURE 57.69 Classification of coronoid fracture based on frag-

mentation pattern (O’Driscoll et al.). A, Type 1, transverse fracture 
at tip of coronoid process. B, Type 2, fracture of anteromedial facet 
of coronoid process. C, Type 3, fracture of the base of coronoid 
process.
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displaced fractures with no evidence of elbow subluxation; 
the elbow joint must be congruent and demonstrate a stable 
range of motion to a minimum 30 degrees of extension. 

SIMPLE ELBOW DISLOCATIONS
Simple elbow dislocations are dislocations of the ulnohumeral 
radiocapitellar joints. They are termed “simple” because there 
is no associated fracture. Treatment is almost always conser-
vative, with a closed reduction after a thorough neurovascular 
examination. The propensity to redislocate is evaluated after 
reduction and noted. Radiographs should confirm a concen-
tric reduction. Initially the elbow is splinted in 90 degrees of 
flexion, and range of motion is begun at 5 to 10 days after 
injury if the elbow is stable after reduction. More unstable 
injuries may require splinting for up to 2 or 3 weeks with a 
protected range-of-motion program or ligamentous repair. In 
their series of nearly 5000 simple elbow dislocations, Modi 
et  al. found that 2.3% required stabilization surgery at a 
median of 1 month and 1.2% required soft-tissue release at a 
median of 9 months after injury (Fig. 57.74) 

FRACTURE-DISLOCATIONS OF THE ELBOW
Fracture-dislocations of the elbow usually result from a fall on 
the outstretched hand with a shearing component to the injury, 
and fractures of the radial head, radial neck, or coronoid pro-
cess, or combinations of these, occur as the proximal ulnar-
radial complex is driven posteriorly. Valgus-directed stress 
can result in avulsion of the medial epicondyle, which is much 
more common in adolescents. The medial collateral ligament 
and lateral collateral ligamentous complex are invariably torn.

Posterior fracture-dislocations of the elbow in adults 
usually are treated surgically because the fracture and liga-
mentous components of the injury make most of these dis-
locations unstable. Fracture of the coronoid process or radial 
head or both can render the elbow significantly unstable after 
reduction (Fig. 57.75). Untreated injury to the collateral liga-
mentous complex and medial collateral ligament after repair 
of the osseous component of the injury can leave residual 
instability. Lengthy immobilization greatly increases stiff-
ness, and open reduction and stable fixation should be done 
to allow early motion.

 

Coronoid fracture pattern
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O’Driscoll
Type II

Single posterior or
separate medial and
lateral approaches

Anteromedial facet fracture,
subluxation/dislocation,
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Deep to superficial repair
1. coronoid, 2. radial

head, 3. LCL
Medial approach or
medial window of

posterior approach
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Capsular repair?
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FIGURE 57.70 Algorithm for management of O’Driscoll types I and II coronoid fractures and 
associated injuries. ORIF, Open reduction internal fixation; LCL, lateral collateral ligament.  (From 
Manidakis N, Sperelakis I, Hackney R, Kontakis G: Fractures of the ulnar coronoid process, Injury 43:989, 2012.)
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TREATMENT
Closed reduction should be done as soon as possible. 
Radiographs often are necessary after reduction to define the 
osseous injury completely. Three-dimensional CT may be 
necessary to identify all of the components of this injury. The 
elbow should be carefully moved through a flexion-exten-
sion arc of motion. Subluxation or impending dislocation at 
30 degrees or more from full extension indicates instability, 
and surgical stabilization is required. In the rare situation of 
a stable, concentric reduction, the patient can be started on 
early active exercises at 2 to 3 weeks, with close follow-up; if 
subluxation or spontaneous redislocation occurs, the elbow is 
surgically stabilized. 

“TERRIBLE TRIAD” INJURIES OF THE ELBOW
Originally described by Hotchkiss, the “terrible triad” consists of 
an elbow dislocation in conjunction with fractures of the radial 
head and coronoid. Historically, poor outcomes led to the desig-
nation of this combination of injuries as “terrible.” The essential 
lesion is disruption of the lateral collateral ligament with progres-
sion to the medial structures (Fig. 57.76). The lateral collateral 
ligament injury occurs as an avulsion of its origin, along with a 
variable amount of common extensor musculature, from the lat-
eral distal humerus, leaving the typical bare-spot appearance of 
the distal humerus (Fig. 57.77B). The injuries to the radial head 
and coronoid vary in fragment size and complexity.

Early studies reporting elbow dislocations and fracture-
dislocations indicated that triad injuries have uniformly poor 
outcomes, with Ring et al. reporting fair and poor results in 
four of their eight patients. However, excellent or good results 
were reported in 70% of 105 patients in four studies (Pugh 
et al., Egol et al., Forthman et al., and Lindenhovius et al.). 
McKee et al. reported good-to-excellent results in 78% of 36 
“terrible triad” injuries treated with a standardized surgical 
protocol (Box 57.5), and Lindenhovius et al. reported good-
to-excellent results in 15 (83%) of 18 patients. Mathew et al. 
also developed a surgical management algorithm for “ter-
rible triad” fractures (Fig. 57.78). More recent reports by 
Fitzgibbons et al. and Gupta et al. continue to confirm excel-
lent results after these injuries.

TREATMENT
A number of surgical approaches to the elbow have been 
described, and the best approach for treatment of “terrible 
triad” injuries remains controversial. The choice of approach 
depends primarily fracture pattern, type of instability, 
soft-tissue injury, and surgeon experience. A direct lateral 
approach or a midline incision with subcutaneous flaps to 
the Kocher interval usually is used; the latter allows a second 
interval medially if necessary. The fixation strategy usually 
is from deep to superficial as seen from the lateral approach 
(coronoid to anterior capsule to radial head to lateral col-
lateral ligament to common extensor origin). Regardless of 
the approach selected, every effort should be made to oper-
ate through the traumatized planes and minimize surgical 
dissection.

Coronoid fixation depends on the size of the frag-
ment. Small tip avulsions usually are reduced and fixed 
with sutures through holes drilled in the posterior olec-
ranon. This effectively anchors the anterior capsule to the 
coronoid. Larger fragments are stabilized with lag screws 
from the posterior olecranon. Coronoid fixation is more 

easily observed when the radial head injury necessitates 
excision and replacement. The need for coronoid fixa-
tion has been questioned lately, first in a biomechanical 
study by Beingessner et al. and then in a clinical study by 
Papatheodorou et al. who noted excellent outcomes with-
out coronoid fixation in triad injuries in which (1) the 
radial head was repaired or replaced, (2) the lateral ulnar 
collateral ligament was repaired, and (3) intraoperative 
fluoroscopic confirmed a concentric stable elbow.

Management of the radial head fracture is determined by 
the ability to obtain a reduction and whether the quality of 
the bone allows the reduction to be maintained. If the fracture 
cannot be reduced and stabilized adequately, replacement 
with a metal prosthesis is indicated. Although this decision 
is made early in the treatment process, we generally place the 
radial head prosthesis after fixation of the coronoid fracture 
because removal of the radial head provides good exposure of 
the coronoid fragment.

After coronoid and radial head stabilization or replace-
ment, the lateral collateral ligament is reattached to its ori-
gin, as is the common extensor origin. Reestablishment of 
the soft-tissue restraints adds greatly to the overall stability 
in the elbow joint. If residual instability exists after fracture 
fixation and collateral ligament repair, a hinged external fix-
ator can be used to maintain stability. However, it becomes 
more challenging after fracture of the radial head. For this 
reason, the author usually repairs or stabilizes the coro-
noid fragment. Orbay et  al. reported a technique utilizing 
a new device known as internal joint stabilizer. Essentially, 
the device functions as an internal, low-profile, hinged fix-
ator that allows for elbow motion while maintaining elbow 
stability. A more recent multicenter series by Orbay et  al. 
reported outcomes of 24 elbows that had recurrent instabil-
ity with elbow fracture or dislocation, or both, treated with 
an internal joint stabilizer. Stability was maintained in 23 
of 24, with the only loss of concentric reduction in a coro-
noid-deficient elbow. We have used internal joint stabilizers 
with success at our institution and always have one available 
when treating these injuries.

In an assessment of risk of subluxation or dislocation, 
Zhang et al. advised that “terrible triad” injuries treated after 
2 weeks might benefit from ancillary fixation to limit sublux-
ation (i.e., cross-pinning, external fixation, or internal joint 
stabilizer). 

 

STABILIZATION OF “TERRIBLE TRIAD” 
ELBOW FRACTURE-DISLOCATION

 TECHNIQUE 57.12 

(MCKEE ET AL.)
 n  Place the patient supine with the arm on a hand table 

and make a direct lateral approach to the elbow (see Fig. 
57.77A). Alternatively, if a posterior approach is chosen, 
place the patient in the lateral position with the affected 
side up and arm lying over a bolster, draped free. This 
position also is used if placement of a hinged external 
fixator or a separate medial approach is anticipated.
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 FIGURE 57.72 Three-dimensional CT scan of anteromedial coro-
noid fracture; arrow indicates fracture fragment.  (From Steinmann 
SP: Coronoid process fractures, J Am Acad Orthop Surg 16:519, 2008.)

 

A

B
FIGURE 57.71 A, Small coronoid fracture fragments can be 

fixed with sutures. B, Lag screws can be used for larger fragments.

 FIGURE 57.73 Plate fixation of anteromedial coronoid fracture.  
(From Steinmann SP: Coronoid process fractures, J Am Acad Orthop Surg 
16:519, 2008.)

 

Acute simple elbow dislocation

Lateral elbow instability

Closed reduction under general
anesthesia

Unstable (before
30 degrees of
extension)?

Rehabilitation with
possible dynamic
brace (6 weeks)

Stable?

LCL ligament repair

FIGURE 57.74 Algorithm for management of acute simple 
elbow dislocations and chronic lateral ligament injuries. LCL, Lateral 
collateral ligament.  (From Tashjian RZ, Wolf BR, van Riet RP, Steinmann 
SCP: The unstable elbow: current concepts in diagnosis and treatment, 
AAOS Instr Course Lect 65:55, 2016.)
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 n  Identify the “bare spot” left by stripping of the lateral col-
lateral ligament complex from the posterolateral aspect 
of the lateral condyle. Take care to work through any 
soft-tissue disruption created by the trauma (with proxi-
mal and distal surgical extension as required), preserving 
intact structures as much as possible.

 n  Tag the detached lateral ligament complex for repair. Also 
tag the common extensor origin if it is disrupted.

 n  Inspect the coronoid to determine fracture pattern and 
severity; view of the coronoid is enhanced by removing an 
irreparably damaged radial head (which occurs in 60% of 
these injuries).

 n  If a large fragment (type II or III coronoid fracture) is 
found, reduce it and place one or two small-fragment 
(3.0- or 3.5-mm) lag screws from the posterior surface of 
the ulna. Insert a guidewire from the dorsal surface of the 
ulna and check its exit point from the coronoid process 
visually; reduce the fragment under direct vision.

 n  Larger coronoid fragments can be fixed with plates de-
signed specifically for the coronoid (Fig. 57.79), but this 
requires a direct medial approach to the coronoid.

 n  For comminuted fractures, attempt to fix the largest frag-
ment possible (typically the articular portion) to restore 
the anterior buttress of the coronoid and prevent poste-
rior subluxation of the elbow joint.

 n  Type I coronoid fracture fragments are too small to be fixed 
with screws. Repair them by placing lasso-type sutures 
around the fragment and the attached anterior capsule 
and tying the sutures to the base of the coronoid through 
drill holes made with an eyed Kirschner wire (Fig. 57.77B).

 n  Evaluate the radial fracture. If there are one or two frag-
ments, reduce them and hold the reduction with small 
reduction forceps while inserting small Kirschner wires 
for temporary fixation. Insert small fragment screws (e.g., 
Herbert screws) and countersink them below the articular 
surface (Fig. 57.77C).

 n  If fracture comminution (three or more fragments), im-
paction, cartilage damage, or an associated radial neck 
fracture indicates that a stable anatomic reduction is not 
feasible, excise the radial head.

 n  Insert the trial components from a metal modular radial 
prosthesis and move the elbow through a range of mo-
tion to determine the size that best restores joint stability, 
then insert the definitive components.

 n  Once fracture fixation is completed, repair the detached 
lateral ligament complex with nonabsorbable sutures 
placed either through drill holes in the bone or with su-
ture anchors (Fig. 57.77D).

 n  Before closure, examine the elbow for stability and con-
firm concentric reduction with no observed posterior or 
posterolateral subluxation or dislocation through an arc 
of flexion-extension from 20 to 130 degrees.

 n  If residual posterior or posterolateral instability is evident, 
check the quality of the reduction and fixation of the coro-
noid fracture and radial head and placement of the lateral 
ligament repair sutures. If these appear satisfactory, options 
are to repair any disrupted medial structures (medial collat-
eral ligament and flexor pronator mass) or apply a hinged 
external fixator or an internal joint stabilizer (Fig. 57.80).

 n  Close the skin and subcutaneous tissue in standard fash-
ion and apply a well-padded posterior splint with the el-
bow in the most stable position, typically at 90 degrees 
of flexion and full pronation.

POSTOPERATIVE CARE The splint is left in place for 1 
to 10 days, depending on the stability obtained and other 
associated injuries. In most patients, range-of-motion ex-
ercises are started on the first postoperative day. Active 
and active-assisted exercises are allowed for recruitment 
of muscle groups that act as dynamic stabilizers (flexor-
pronator mass and common extensor origin). Full forearm 
rotation is allowed with the elbow flexed 90 degrees. 
Unrestricted shoulder and wrist exercises are encouraged. 
Typically, patients should avoid the terminal 30 degrees 
of extension (the most unstable position) for 4 weeks.
   

 

B

A

FIGURE 57.75 Fracture-dislocation of elbow. A, Posterior frac-
ture-dislocation with irreparable radial head and neck fractures. 
Type II coronoid fracture is not apparent. This patient’s injuries 
were bilateral and almost identical. B, One elbow has redislocated 
in posterior splint at 90 degrees of elbow flexion. Large radial head 
fragment and coronoid fracture are readily apparent. Coronoid 
fracture had to be repaired to provide stability before radial head 
could be excised.  (From Crenshaw AH: Adult fractures and complex 
joint injuries of the elbow. In Stanley D, Kay NRM, editors: Surgery of the 
elbow: practical and scientific aspects, London, 1998, Arnold.)
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  FIGURE 57.76 A, “Terrible triad” elbow injury. There is characteristic stripping of lateral collateral ligament complex from distal 
humerus. Portion of common extensor origin/lateral ligament complex is hanging down from bare lateral condyle. Coronoid fragment 
is trapped in joint (arrowhead). Defect in radial head can be seen behind coronoid fragment. B and C, Radiographic images of “terrible 
triad” injury. D, After radial head resection, instability was still present. E, After coronoid suture repair, minor subluxation was still present. 
F, Stability was obtained with repair of coronoid and lateral collateral ligament. (A from Pugh DM, Wild LM, Schemitsch EH, et al: Standard 
surgical protocol to treat elbow dislocations with radial head and coronoid fractures, J Bone Joint Surg 86A:1122, 2004.)
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INTERNAL JOINT STABILIZATION FOR 
ELBOW INSTABILITY
Orbay et al. described the use of a low-profile elbow joint 
stabilizer to prevent redislocation while bone and other 
structures are healing in patients with difficult elbow insta-
bility (Fig. 57.80A). Notable distal humeral or proximal ulnar 
bone loss may be a contraindication. The joint stabilizer can 
typically be removed in 3 to 4 months.

 TECHNIQUE 57.13 

(ORBAY ET AL.)
 n  The approach and incision depend on the individual case 

(Fig. 57.80B).
 n   Approach the extensor carpi radialis brevis and extensor 

digitorum communis (Kaplan interval), which splits the 
common extensors 50:50.

 n  Elevate the origin of the extensor carpi radialis longus, 
brachialis, and anterior capsule from the anterior humer-
us to improve access to the elbow. The avulsed origin of 
the lateral collateral ligament and the common extensors 
will be reattached at the end of the procedure.

 n  Treat any fractures of the coronoid, radial head, olecra-
non, and distal humerus.

 n  To apply the internal elbow joint stabilizer, find the axis of 
ulno-humeral rotation. Two points in the line define this 
axis: the lateral point and the medial point. Locate visually 
the lateral point first at the geometric center of the dome 
of the capitellum or the center of a circle that fits the 
curvature of the articular surface as seen from the lateral 
view. Mark this point on the bone surface (Fig. 57.80C). 
To locate the medial point on the axis, use a centering 
guide that consists of a metallic arc of 240 degrees that is 
inserted over the waist of the trochlea and pushed medi-
ally until it self-aligns on the medial trochlear expansion 
(Fig. 57.80D, E). Apply varus stress to the elbow to see the 
trochlea during placement. 

 n  Under fluoroscopy and using the centering guide insert a 
1.5-mm guidewire toward the medial cortex. Avoid drill-
ing through the medial cortex to avoid ulnar nerve injury. 
Use of an oscillating drill increases safety.

 n   After measuring the length of the axis pin, drill over the 
Kirschner wire using a 2.7-mm cannulated drill to create 
the axis pin track. Confirm that the Kirschner wire is not 
in contact with the lateral aspect of the capitellum before 
drilling because this can displace the axis guide and lead 
to incorrect placement of the axis pin.

 

A

C

D

B

FIGURE 57.77 Treatment of “terrible triad” elbow injury. A, Lateral approach. B, Anterior 
capsule captured by nonabsorbable sutures and secured through drill holes in fracture bed of 
coronoid. C, Reduction and fixation with two countersunk screws. D, Avulsed lateral ligamentous 
complex repaired to lateral condyle.  (From McKee MD, Pugh DM, Wild LM, et al: Standard surgical 
protocol to treat elbow dislocations with radial head and coronoid fractures, J Bone Joint Surg 87A(Suppl 
1, Pt 1):22, 2005.) SEE TECHNIQUE 57.12.
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Principles of Operative Treatment of “Terrible 
Triad” Fracture-Dislocations of the Elbow

 n  Restore coronoid stability through fracture fixation (type II 
or III) or through anterior capsular repair (type I).

 n  Restore radial head stability through fracture fixation or 
replacement with a metal prosthesis.

 n  Restore lateral stability through repair of the lateral collat-
eral ligament complex and associated so-called secondary 
constraints such as the common extensor origin and/or the 
posterolateral capsule.

 n  Repair the medial collateral ligament in patients with residual 
posterior instability.

 n  Apply a hinged external fixator when conventional repair does 
not establish sufficient joint stability to allow early motion.

 BOX 57.5 

From Pugh DMW, Wild LM, Schemitsch EH, et al: Standard surgical protocol to 
treat elbow dislocations with radial head and coronoid fractures, J Bone Joint 
Surg 86A:1122, 2004.

 n  Position the base plate at the most proximal aspect of the 
ulna, taking care to avoid placing screws into the articular 
surface. The base plate has a sliding slot that can be used 
to adjust positioning under fluoroscopic imaging.

 n   After securing the baseplate, connect the boom to the 
axis pin, with the head of the locking screw near the axis 
pin eyelet facing proximally. Secure the boom arm with 
a counter-torque device while tightening the axis pin to 
prevent deformation. It is easier to assemble the axis pin 
to the boom before its insertion onto the humerus.

 n  Insert the connecting boom and axis pin into the humerus 
and into the base plate clamp simultaneously to facilitate 
the internal joint stabilization assembly.

 n   Before tightening the two locking screws on the boom 
arm, ensure that the elbow is reduced concentrically by 
placing the hand over the head of the patient. This re-
moves torsional stresses across the elbow joint by placing 
the shoulder in the position of neutral resting tension of 
the humeral rotators (Fig. 57.80F). 

 n   Apply a reducing compressive force on the proximal ulna 
in line with the humeral shaft and inspect the reduction 
visually before locking the reduction by tightening both 
the gold boom locking screw and the purple base plate 
locking screw (Fig. 57.80G).

 

Posterior skin incision

Deep lateral approach

Radial head fracture fixable?

Yes No

Yes No

Yes No

Done alRepair medi
collateral ligament

Radial neck osteotomy

Coronoid fracture fixable from lateral approach

Fix coronoid fracture
Fix or replace radial head
Repair lateral collateral ligament

Elbow stable?

Yes No

Done

Elbow stable?

Apply external fixator

Fix coronoid from deep medial approach
Fix or replace radial head
Repair medial and lateral collateral ligaments

  

 n   Confirm that reduction is maintained through full range 
of motion using fluoroscopic imaging (Fig. 57.80H). 

  

      
 
  

   

  FIGURE 57.78 Algorithm for surgical management of terrible triad injuries. (From Tashjian RZ, 
Wolf BR, van Riet RP, Steinmann SCP: The unstable elbow: current concepts in diagnosis and treatment, 
AAOS Instr Course Lect 65:55, 2016.)

 

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS3090

COMPLICATIONS
Complications of elbow fracture-dislocations include infec-
tion, synostosis, arthrofibrosis, symptomatic hardware, and 
residual instability. Anatomic reduction of intraarticular frac-
tures is necessary to prevent arthritic changes. Loss of exten-
sion to some degree is expected.

Ectopic calcification is relatively common, including cal-
cium deposition in the collateral ligaments and capsule; most 
reports indicate an occurrence of less than 20%. Shukla et al., 
however, found a 43% rate of heterotopic ossification in oper-
atively treated fracture-dislocations, with about half of these 
requiring surgical intervention, and Foruria et  al. reported 
that in 20% of 130 elbows heterotopic ossification was associ-
ated with clinically relevant motion deficits.

Heterotopic ossification can cause almost complete anky-
losis of the elbow if severe enough (Fig. 57.81). It is common 
after fracture-dislocations and can be seen on radiographs 3 
to 4 weeks after injury. Its severity seems to be associated with 
the magnitude of the injury and the length of immobilization, 
as well as to a longer time to surgical treatment. 

RADIAL HEAD AND NECK FRACTURES 
ASSOCIATED WITH ELBOW DISLOCATION
Treatment of radial head and neck fractures associated with 
elbow dislocations is controversial. The radial head, similar to 
the coronoid process, is an important stabilizer of the elbow 
joint. ORIF of radial head fractures is preferable to excision if 
the radial head is salvageable. If the radial head cannot be pre-
served, use of a metallic radial head implant after excision of the 
radial head is controversial but should be used in most “terrible 
triad” injuries if instability is still present after the medial and 
lateral collateral ligaments and flexor-pronator mass have been 
repaired. Complications include loosening and revision. Watters 
et al. reported good short-term results with radial head replace-
ment. The goal of surgical intervention is a stable elbow, and, if 
necessary, all structures should be repaired to achieve this. 

FRACTURES AND FRACTURE-
DISLOCATIONS OF THE OLECRANON

FRACTURES
Fractures of the olecranon can be caused either by direct 
trauma, such as falling on the tip of the elbow, or by indi-
rect trauma, such as falling on a partially flexed elbow with 
indirect forces generated by the triceps muscle avulsing the 

olecranon. These fractures were classified by Schatzker based 
on fracture pattern and mechanical considerations as to the 
type of internal fixation required for repair (Fig. 57.82).

The goal of treatment of olecranon fractures is restora-
tion of function without pain. With displaced fractures, loss 
of active extension is common. Anatomic reduction and sta-
ble internal fixation are vital for both function and preven-
tion of arthrosis. Implementation of an early range-of-motion 
program will decrease the chances of posttraumatic arthrofi-
brosis making stable internal fixation that will tolerate motion 
mandatory. Nondisplaced or minimally displaced fractures 
with maintenance of active extension can be treated nonop-
eratively. The elbow is splinted in 90 degrees of flexion for 3 to 
4 weeks, followed by gentle passive motion with progression 
to active-assisted and then active motion.

Complications stem from the subcutaneous border of the 
olecranon in the form of wound complications and symptomatic 
implants. In addition, the distraction forces across the fracture 
from flexion or active extension may contribute to nonunion.

Most olecranon fractures are displaced and require sur-
gery. As in all surgically treated fractures, an appropriate 
preoperative evaluation and plan are necessary. The correct 
treatment must be chosen for each fracture to ensure a suc-
cessful outcome. Critical to management is recognition of 
concurrent elbow injuries and dislocations.

TREATMENT
Excision of the olecranon and triceps advancement are not 
often necessary because reduction and internal fixation usu-
ally are achievable. Excision of the proximal fragment with 
suture fixation of the triceps into the distal olecranon has 
been reported to be successful in low-demand and infirm 
patients, patients with severe nonreconstructable proximal 
comminution, or for revision after failed fixation. Recent bio-
mechanical data suggest that posterior rather than anterior 
attachment of the triceps on the olecranon leads to greater 
triceps strength. Nonoperative treatment also is a reasonable 
option in our elderly population. Duckworth et al. reported a 
randomized trial of operative versus nonoperative treatment 
of olecranon fractures in the elderly. The overall low number 
of patients in their study makes the results difficult to inter-
pret. This was secondary to the study being aborted because 
of an unacceptably high rate of complications in the opera-
tive arm. Challenges in this population include poor bone 
quality and questionable soft-tissue envelope, as well as diffi-
culty in participating in a rehabilitation protocol. The author 
has had satisfactory results with nonoperative treatment.

The tension-band wiring technique has been purported to 
create compression at the articular end of an olecranon fracture 
when the dorsal cortex is tensioned under flexion of the elbow; 
however, biomechanical studies have not been able to demon-
strate the conversion of tensile forces to compression forces. 
Tension-band wiring has been proved to be a useful technique 
in simple transverse olecranon fractures without comminution. 
It is contraindicated in fractures that are oblique, comminuted, 
or distal to the sigmoid notch. The procedure is fraught with 
complications, most commonly symptomatic implants that 
require removal, which is required in up to 80% of patients in 
some reports. Poorer outcomes have been noted in patients with 
elbow instability and fractures of the coronoid and radial head.

Kirschner wires have historically been used to anchor 
the tension band. Risks of this technique include injury 
to the neurovascular structures in the forearm. Use of an 

 

Fracture line

FIGURE 57.79 Plate fixation of coronoid process. SEE TECHNIQUE 
57.12.
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  FIGURE 57.80 A, Internal elbow joint stabilizer. B, Terrible triad injury with coronoid deficiency and 
overstuffed radial head. C, Locating point where axis of elbow flexion-extension exits capitellum using  guide. 
D and E, Using centering guide along curvature of medial trochlear axis of ulnohumeral rotation is identi- 
fied. Centering guide is pushed against medial trochlear expansion to locate center point (E). Kirschner wire 
is inserted through guide and advanced into humerus, stopping short of medial cortex (D). F, For optimal 
congruent reduction, humerus placed in vertical position. With elbow in 90 degrees of flexion, ulna is pressed 
against humerus. Rotational stress is eliminated by placing hand over mouth. G, Tightening of connecting 
joints. H, Repaired terrible triad, with elbow full reduced and supported by internal joint stabilizer. Fixation 
of coronoid graft with compression screws and replacement of overstuffed radial head. (Courtesy Dr. Jorge 
Orbay, MD.)
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intramedullary screw in conjunction with the tension band 
has been recommended, and transcortical rather than 
intramedullary placement of the Kirschner wires has been 
reported to increase stability and decrease complications.

We infrequently use the tension-band technique for dis-
placed olecranon fractures because of the high complication 
and reoperation rates compared with other techniques. Its 
main advantages are low cost and minimal space occupation 
in patients with poor soft tissues.

Plate fixation has the advantage of maintaining fixation 
in fractures with comminution, distal fractures, and complex 
fracture-dislocations. Typically used in neutralization mode, 
the plating technique allows lag screw fixation of the olecra-
non and/or coronoid to anatomically reconstruct the proxi-
mal ulna (Figs. 57.83 to 57.85). The plate then provides the 
overall stability needed to obtain union and initiate an early 
range-of-motion program to promote maximal function.

The most frequently cited disadvantage of plate fix-
ation has been symptomatic hardware problems. More 
recent reports, however, refute this. Newer precontoured 
plates are lower in profile, provide more screw options for 
the proximal segment, have locking screw capabilities, and 

can contain a bend to match the proximal ulnar anatomy 
for extended fractures (Fig. 57.86). These plates have pro-
duced favorable results in up to 80% of patients, and bio-
mechanical testing found that they provide significantly 
greater compression than tension bands in the treatment 
of transverse olecranon fractures. Reconstruction plates 
and one third tubular plates have been used with some 
success, but we do not recommend them. De Giacomo 
et  al. evaluated the use of precontoured locked plates. 
Their results showed 100% union, but a third of patients 
had symptomatic implants, with 10% choosing implant 
removal. Wound complications are the biggest concern 
with plate fixation because the proximal ulna has a com-
promised soft-tissue envelope in addition to being placed 
in tension with elbow flexion. Duckworth et al. performed 
a prospective randomized trial comparing plate versus 
tension-band wiring. Functional outcomes were similar at 
1 year, with the tension-band group experiencing a signif-
icantly higher hardware removal rate. They warned that 
deep infection occurred almost exclusively in the plate 
fixation group. Their study did not use locked plates.

Of interest, Wellman et  al. reported successful biome-
chanical testing of mini-fragment plates for olecranon frac-
tures. The lower-profile nature of these implants may help 
with soft-tissue complications. 

FRACTURE-DISLOCATIONS
Olecranon fracture-dislocations typically occur as anterior 
or posterior dislocations. In anterior dislocation the distal 
humerus implodes through the olecranon (transolecranon 
fracture-dislocation). There is an ulnohumeral dislocation, 
whereas the proximal radioulnar joint is preserved, as are the 
collateral ligaments. Varying in complexity, comminution can 
be extensive and the coronoid can be involved. We routinely 
treat these injuries with anatomic reconstruction of the articu-
lar surface and plate fixation. The coronoid is reduced and sta-
bilized with lag screws, followed by articular reduction with 
provisional fixation and/or lag screw fixation and then plate 
fixation spanning the entire injury (Figs. 57.87 and 57.88).

Posterior dislocations are ulnohumeral and radioulnar 
and can be considered variants of Bado type II Monteggia 
fracture-dislocations. Coronoid fractures, radial head frac-
tures, and lateral collateral ligament injuries are common, 
and these injuries are similar to “terrible triad” injuries. 
These challenging injuries require accurate diagnosis, an 
understanding of the multiple injuries present, and a sound 
treatment plan for a successful outcome. Beingessner et al. 
reported good outcomes in 16 patients with a fragment-
specific surgical protocol: (1) repair or replacement of the 

 FIGURE 57.81 Extensive heterotopic ossification after fracture-
dislocation of elbow and radial head excision.

 

Transverse Transverse-impacted Oblique

Comminuted Oblique-distal Fracture-dislocation

FIGURE 57.82 Schatzker classification of olecranon fractures.
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radial head; (2) reduction of the ulnar shaft, including the 
anterior oblique cortical fragment if present; (3) reduc-
tion and stabilization of the coronoid process with either 
screws or transosseous sutures; (4) reduction and fixation 
of the olecranon process to the ulnar shaft and definitive 
fixation of the ulnar shaft component; (5) repair of osse-
ous ulnar insertion of the medial collateral ligament and/
or lateral collateral ligament; and (6) repair of the humeral 
origin of the lateral collateral ligament. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF OLECRANON FRACTURE

 TECHNIQUE 57.14 

 n  Position the patient supine or in the lateral decubitus posi-
tion.

 n  Make a posterior skin incision from the tip of the olecra-
non to an adequate distance distally to secure fixation.

 n  Dissect out and protect the ulnar nerve if necessary in 
more complex injuries.

 n  Carefully debride the fracture edges, making sure to pre-
serve the periosteum and soft-tissue attachments to com-
minuted fragments. 

SIMPLE FRACTURES
 n  Inspect the articular surface and reduce the fracture with 

pointed tenaculums (Fig. 57.89A).
 n  Insert Kirschner wire provisional fixation, out of the plane 

where the plate will sit; consider lag screw fixation if pos-
sible (Fig. 57.89B).

 n  Position the plate (ideally precontoured for the olecra-
non) over the proximal fragment on top of the triceps 
insertion.

 n  Place the proximal screw in intramedullary fashion to 
cross the fracture site if possible.

 n  Use an adequate number of screws proximally and dis-
tally.

 n  Confirm reduction and screw passage with fluoroscopy.
 n  Close the wound in layers and splint the elbow in exten-

sion with an anterior plaster slab. 

COMMINUTED OR COMPLEX FRACTURES
 n  Sequentially reduce and stabilize with small lag screws 

one fracture fragment at a time. If a large anterior 
oblique fragment is present, stabilize it to the shaft. This 
will help stabilize the elbow joint and facilitate sequen-
tial reduction.

 n  Where use of lag screws is not possible, use provisional 
Kirschner wires.

 n  Reduce impacted subchondral segments and stabilize 
them with Kirschner wires, with or without supporting 
bone graft.

 n  Reduce the proximal segment and provisionally fix it with 
Kirschner wires.

 n  Apply the plate. If fixation is questionable because of 
the size or quality of the bone, consider using locked 
screws.

 n  Confirm reductions and screw placement on fluoroscopy.

 FIGURE 57.83 Olecranon fracture-dislocation.

 FIGURE 57.84 Fixation of olecranon fracture-dislocation with 
lag screw and plate.

 FIGURE 57.85 Fixation of olecranon fracture-dislocation with 
lag screw and plate.
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 n  Close the wound in layers and apply a splint with the 
elbow in extension.

POSTOPERATIVE CARE The splint is worn for 2 to 5 
days; if the elbow is stable, protected range-of-motion 
exercises are begun and advanced as tolerated.
  

FRACTURES OF THE RADIAL HEAD OR 
NECK WITH DISLOCATION OF THE DISTAL 
RADIOULNAR JOINT (ESSEX-LOPRESTI 
FRACTURE-DISLOCATION)
A hard fall on the outstretched hand can result in a frac-
ture of the radial head or neck, disruption of the distal 
radioulnar joint, and tearing of the interosseous mem-
brane for a considerable distance proximally (Fig. 57.90). 
The tethering effect of the proximal radial-oriented fibers 
of the interosseous membrane is lost; if the radial head 
is resected, rapid proximal migration of the radius can 
occur, resulting in wrist pain from ulnar carpal impinge-
ment and elbow pain from radiocapitellar impinge-
ment. Disruption of the distal radioulnar joint must be 
recognized early, before radial migration occurs. When 
migration has occurred, late reconstruction often is unsat-
isfactory (Fig. 57.91). Schnetzke et al. reported “deterio-
rated” outcomes with late diagnosis. Pain in the distal 
radioulnar joint with a displaced fracture of the radial 
head or neck should alert the surgeon to the possibility 
of this injury combination. ORIF of the proximal radial 
fracture and pinning of the distal radioulnar joint should 
be performed; the pin is left in place for 6 weeks. Edwards 
and Jupiter advised replacement of the radial head if the 
radial head fracture cannot be repaired. Pinning of the 

distal radioulnar joint is still needed to allow healing of 
the interosseous membrane. 

FRACTURES OF THE PROXIMAL THIRD OF 
THE ULNA WITH DISLOCATION OF THE 
RADIAL HEAD (MONTEGGIA FRACTURE-
DISLOCATION)
The combination of injuries known as a Monteggia frac-
ture-dislocation is an often treacherous condition to treat. 
According to Watson-Jones, “No fracture presents so many 
problems, no injury is beset with greater difficulty, no treat-
ment is characterized by more general failure.” This combina-
tion of fracture of the ulna with dislocation of the proximal 
end of the radius with or without fracture of the radius 

 

A B C

FIGURE 57.86 A, Olecranon fracture-dislocation, B and C, Fixation with low-profile plate.

 FIGURE 57.87 Olecranon fracture-dislocation.
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usually can be treated conservatively in children but routinely 
requires open reduction in adults.

Bado suggested classification into four types (Fig. 57.92): 
type 1, fracture of the middle or proximal third of the ulna 
with anterior dislocation of the radial head and characteris-
tic apex anterior angulation of the ulna; type 2, fracture of 
the middle or proximal third of the ulna (the apex usually is 
posteriorly angulated) with posterior dislocation of the radial 
head and often a fracture of the radial head; type 3, fracture of 
the ulna just distal to the coronoid process with lateral dislo-
cation of the radial head; and type 4, fracture of the proximal 
or middle third of the ulna, anterior dislocation of the radial 
head, and fracture of the proximal third of the radius below 
the bicipital tuberosity. In all series, type 1 far exceeds all oth-
ers in frequency, although children’s injuries are included in 
most series. Several mechanisms of injury probably exist, 

including direct blows to the ulnar aspect of the forearm and 
a fall with hyperpronation or hyperextension, with the strong 
supinating force of the biceps pulling the radial head anteri-
orly as the fracture of the ulna is produced by the compres-
sion forces of the fall.

Historically, treatment of this injury, especially of the dislo-
cation of the radial head, has been controversial. Early reports 
stated that all Monteggia fracture-dislocations could be treated 
nonoperatively, whereas later investigations determined that 
the best results were obtained when open reduction of the 
radial head with repair or reconstruction of the annular liga-
ment was done with internal fixation of the ulna. A report by 

 

A BB C

FIGURE 57.88 A-C, Fixation with lag screws and plate spanning entire injury.

 

A

B
FIGURE 57.89 Open reduction and internal fixation of olec-

ranon fracture. A, Reduction with bone tenaculum. B, Kirschner 
wires for provisional fixation. SEE TECHNIQUE 57.14.

 

Radial migration

Interosseous
membrane rupture

Displaced radial
head fracture

FIGURE 57.90 Essex-Lopresti fracture-dislocation (see text).
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Boyd and Boals of 159 Monteggia-type injuries recommended 
rigid internal fixation of the fractured ulna with either a com-
pression plate or a medullary nail and closed reduction of the 
radial head. Good results in approximately 80% of patients were 
reported with this treatment protocol. A better understanding 
of the injury and an awareness of the necessity of treating asso-
ciated pathologic processes have led to better outcomes. Ring 
and Jupiter reported 83% good and excellent results with open 
reduction and stable fixation. Poor results are most frequent in 
Bado type 2 fractures, which are more complex injuries with 
elbow dislocations and fractures of the coronoid and radial 
head and greater soft-tissue compromise.

Monteggia fracture-dislocations with associated radial 
head fracture can pose a difficult problem. Reynders et al. rec-
ognized early resection of the radial head as contributing to 
delayed union or nonunion of the ulnar fracture by allowing 
increased angular forces on the ulnar fracture fixation. They 
recommended that radial head fractures be repaired, replaced 

with an implant, or left in place until union of the ulnar frac-
ture. Ring and Jupiter recommended radial head replacement 
for comminuted radial head fractures.

Although closed treatment is usual in children, 
Monteggia injuries in adults require surgical intervention. 
Anatomic ORIF of the ulna with stable fixation almost always 
(90%) allows closed reduction of the radial head disloca-
tion. Continued radiocapitellar instability most frequently 
is caused by malreduction of the ulna. Comminution of the 
ulnar fracture can make anatomic reduction difficult. An 
apex-dorsal malreduction can force the radial head posteri-
orly. Jupiter and Kellam recommended a dorsal plate in this 
situation. We also have noted that with more proximal frac-
tures, plate contouring must match the proximal ulnar bow. A 
straight (uncontoured) plate will malreduce the fracture and 
prevent the radial head from remaining reduced.

When continued radial head subluxation or dislocation 
persists despite anatomic reduction of the ulnar fracture, 

 

A C

D E F

B

FIGURE 57.91 A to D, Essex-Lopresti fracture-dislocation. E, After external fixation, radial 
shortening is evident. F, Revision with radial head prosthesis restored radial length.

    

https://booksmedicos.org


CHAPTER 57 FRACTURES OF THE SHOULDER, ARM, AND FOREARM 3097

the radiocapitellar joint must be exposed and inspected. 
Often the annular ligament, capsule, and soft tissue (even 
the posterior interosseous nerve) is interposed and must be 
removed. Hamaker et al. from the Maryland Shock-Trauma 
unit reported a series of 121 adult Monteggia fractures. They 
noted that in 17% of patients the radial head was not reduc-
ible and that annular ligament entrapment was the cause, 
necessitating an open reduction. The radiocapitellar joint can 
be exposed by extending the approach to a Boyd-Thompson 
approach or using a Kocher approach (see Chapter 1). 
Reconstruction of the annular ligament rarely is necessary. 
We routinely use 3.5-mm limited-contact dynamic compres-
sion plates for ulnar fixation. If comminution is present, we 
attempt to reduce and fix the fracture with small-diameter 
screws in all fragments possible, with the goal of obtaining an 
anatomic reduction that will produce a stable radiocapitellar 
joint. For more proximal injuries, we find that precontoured 
olecranon plates facilitate stable fixation. A thorough fluoro-
scopic evaluation of the radiocapitellar joint is critical after 
ulnar fixation. Any subluxation noted should prompt reevalu-
ation of the ulnar reduction or consideration of exploration of 
the radiocapitellar joint for tissue interposition.

Complications of Monteggia fractures include arthrofibro-
sis, synostosis, nonunion, malunion, infection, and neurologic 
injury. In 20 patients with Monteggia variant injuries, Egol 
et al. found that nine had fair or poor outcomes at 2-year fol-
low-up; overall, 7 had heterotopic ossification, 14 had arthritic 
changes on radiographs, and 8 had required revision surgery. 

FRACTURES OF THE SHAFTS OF 
THE RADIUS AND ULNA
The relationship between the radius and ulna in the forearm 
is critical for function, especially pronation and supination. 
This relationship is so critical that the forearm has been called 
a “functional joint.” Malunited fractures can impair this func-
tional joint, with resulting impairment of pronation and supi-
nation. Abe et al. recently evaluated malunions of the forearm 
with three-dimensional CT scans to further understand the 
pathoanatomy and plan the appropriate reconstruction. It is 
important to reestablish length, alignment, and rotation for 
the forearm to maintain its dynamic function.

Operative treatment is indicated for almost all both-bone 
forearm fractures in adults. The goal is to reestablish the ana-
tomic relationship between the radius and ulna with rigid 
fixation. There is almost no role for closed treatment except 
in the most infirm patients, and, although intramedullary 
nailing of the forearm has its indications, the most common 
form of stabilization is plate-and-screw fixation. Anderson’s 
landmark report in 1975 from this clinic reported excellent or 
satisfactory results in 86% of patients, with union rates of 98% 
and 96% of the radius and ulna, respectively. Chapman et al. 
reported similar results with 3.5-mm plates. These and other 
reports in the literature establish that ORIF of the radius and 
ulna predictably leads to bony union and good results.

We routinely use plate fixation for both-bone forearm 
fractures in adults (Fig. 57.93). The volar approach of Henry 
(see Chapter 1) is used in all but the most proximal fractures 
of the radius, in which a dorsal Thompson approach is used. 
Limited-contact dynamic compression 3.5-mm plates are 
most commonly used. If a butterfly fragment is present, lag 

screw fixation (with 2.4- or 2.7-mm screws) is used to obtain 
anatomic reduction, followed by application of a neutraliza-
tion plate. For transverse or short oblique fractures, a com-
pression plating technique is used. For distal ulnar fractures 
or proximal radial fractures where a 3.5-mm plate may be too 
large, 2.7-mm plates and locking screws can be used to lower 
the profile of the fixation while providing rigid stabilization.

Open fractures with relatively minimal contamina-
tion are treated with thorough debridement, irrigation, and 
immediate ORIF. With grossly contaminated injuries, after 
thorough debridement and irrigation, splinting or temporary 
external fixation is used, with repeat debridement and irri-
gation followed by ORIF if the appearance of the tissue bed 
is satisfactory. The use of antibiotic-impregnated polymeth-
ylmethacrylate beads is considered for grossly contaminated 
fractures. If the soft-tissue wounds preclude the use of inter-
nal fixation, intramedullary nails are used to minimize the 
zone of injury and exposure to metallic implants. Auld et al. 
noted that the risk of compartment syndrome increased with 
the higher-energy variants of the AO/OTA classification, with 
group C fractures having a 33% compartment syndrome rate.

Isolated ulnar fractures can pose a treatment dilemma 
in deciding between operative and nonoperative treatment. 
Although most heal uneventfully without surgery, Coulibaly 
et  al. recommended operative treatment of proximal-third 
fractures because of progressive displacement; they also recom-
mended surgery if 50% displacement and more than 8 degrees 
of angulation were present, as both are markers of stability.

Historically, intramedullary nailing of forearm fractures 
has had poor outcomes with earlier devices such as Kirschner 
wires and Rush rods. The Sage nail addressed the issue of radial 
bow, allowing improved motion and a decreasing the rate of 
nonunion. The ForeSight nail (Smith and Nephew, Memphis, 
TN), an interlocking nail that can be contoured to recreate the 
radial bow, has had satisfactory results in many studies. Despite 
the satisfactory outcomes with modern intramedullary nail-
ing, the outcomes of open reduction and plate fixation remain 
superior. We reserve the use of intramedullary nails for inju-
ries in which the soft-tissue envelope is so traumatized that safe 
plate application is not possible. The risks of decreased range 
of motion and decreased union rates are offset by the risk to 
limb salvage. Often, an intramedullary nail can be used for one 
bone (usually the ulna) with plate fixation of the other (usually 
the radius) to limit soft-tissue complications. We also use this 
technique for segmental ulnar fractures.

For intramedullary nailing of forearm fractures see Video 
57.2. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF BOTH-BONE FOREARM 
FRACTURES

 TECHNIQUE 57.15 

 n  After evaluation of the radiographs, plan the sequence of 
fixation:
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If anatomic reduction is possible, begin with fixation of 
the radius.

If both fractures are extensively comminuted, begin with 
fixation of the radius.

If the radius is comminuted and the ulnar fracture is sim-
pler, reduce and stabilize the ulna first.

 n  For most fractures, make a volar Henry approach to the 
distal radius (Fig. 57.94A). If a fracture requires fixation 
proximal to the biceps tuberosity, make a dorsal Thomp-
son approach (see Technique 1.117).

 n  Preserve the periosteum along the proximal and distal 
segments (Fig. 57.94B, C).

 n  Debride the fracture edges of hematoma and debris.
 n  Assess the necessity for lengthening; options for attain-

ing length include chemical paralysis, distraction using 
a screw in the radial shaft and a lamina spreader, and 
soft-tissue releases if the fracture has been in a shortened 
position for an extended period of time.

 n  For transverse fractures, apply a 3.5-mm limited-contact 
compression plate. If there is a butterfly fragment, stabi-
lize it with 2.0- or 2.4-mm lag screws before plate applica-
tion (Figs. 57.95 and 57.96).

 n  For oblique fractures, reduce the fracture and stabilize 
it with a 2.0-, 2.4-, or 2.7-mm lag screw, followed by a 
3.5-mm limited-contact neutralization plate.

 n  For extensively comminuted fractures, use a bridge plate 
at the appropriate length. If the span of the plate is longer 
than 6 or 7 holes, adding a lateral contour to the plate will 
help match the radial bow.

 n  After fixation of the radial fracture, approach the ulna 
through the interval between the flexor carpi ulnaris and 
the extensor carpi ulnaris (Fig. 57.94D, E). The plating 
strategies used for the radius are applicable to the ulnar 
fracture. We attempt to avoid direct ulnar placement of 
the plate because of prominent hardware irritation.

 n  The volar or distal aspect of the ulna is chosen for dissec-
tion based on which aspect of the ulna has more trau-
matic dissection. Take care to preserve the periosteum.

 n  After both the radius and ulna are stabilized, confirm 
adequate reduction and fixation with fluoroscopy (Fig. 
57.97).

 n  Close the wounds in standard fashion.

POSTOPERATIVE CARE Typically, only a soft dressing 
is necessary. Splinting is used if the elbow or wrist joint 
is involved or if fixation is questionable. Range-of-motion 
exercises are begun 3 to 7 days after surgery; heavy lifting 
is avoided until fracture healing is evident.
  

FRACTURES OF THE DISTAL THIRD OF 
THE RADIUS WITH DISLOCATION OF THE 
DISTAL RADIOULNAR JOINT (GALEAZZI 
FRACTURE-DISLOCATION)
The combination of fracture of the distal or middle third of the 
shaft of the radius and dislocation of the distal radioulnar joint 
was called “the fracture of necessity” by Campbell. Similar to 
Monteggia fracture-dislocations, Galeazzi fracture-disloca-
tions often go unrecognized. Isolated fractures of the radial 
shaft are rare; more often there is some involvement of the dis-
tal radioulnar joint. Dislocation of the distal radioulnar joint at 
the time of injury should be suspected with a displaced frac-
ture of the distal third of the shaft of the radius. Radiographic 
findings that suggest a distal radioulnar joint injury include (1) 
fracture at the base of the ulnar styloid; (2) widening of the dis-
tal radioulnar joint on the anteroposterior view; (3) dislocation 
of the ulna relative to the radius on a true lateral view of the 
wrist; and (4) more than 5 mm of shortening of the radius rela-
tive to the ulna when compared with the contralateral wrist. 

 

A B

C D
FIGURE 57.92 Monteggia fracture-dislocations classification (Bado). A, Type 1. B, Type 2. C, 

Type 3. D, Type 4.
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Galeazzi fracture-dislocations have been classified based on 
the direction of radial displacement (Fig. 57.98).

Treatment with closed reduction and cast immobilization has 
a high rate of unsatisfactory results. Open reduction of the radial 
shaft fracture through an anterior Henry approach (see Technique 
1.114) and internal fixation with a 3.5-mm AO dynamic com-
pression plate is the treatment of choice in adults (Figs. 57.99 and 
57.100). Rigid anatomic fixation of the radial shaft fracture gen-
erally reduces the distal radioulnar joint dislocation. The forearm 
should then be splinted in the position of greatest stability, usu-
ally supination, for 6 weeks, although recent reports have indi-
cated that immobilization in neutral for 2 weeks is just as effective. 
If this joint is still unstable, it should be temporarily transfixed 
with two Kirschner wires (four cortices to allow for removal in 
case of breakage) with the forearm in supination (Fig. 57.101). 
The Kirschner wires are removed after 6 weeks, and active fore-
arm rotation is begun. Alternatively, the ulnar styloid can be fixed 
or the soft tissue of the triangular fibrocartilage complex can be 
repaired (Fig. 57.102). The radial shaft fracture usually is too dis-
tal to allow fixation with an intramedullary device. An irreducible 
distal radioulnar joint usually indicates soft-tissue interposition 
and requires open treatment. In a 7-year follow-up of 40 patients 
with distal radioulnar joint instability after radial shaft fracture 
fixation, Korompilias et al. found that instability was significantly 
more frequent with type I fractures than with type II or III frac-
tures. They suggested that the location of the radial fracture can 
serve as a predictor of instability after fracture fixation. 

FRACTURES OF THE DISTAL 
RADIUS

. . . will at some remote period again enjoy perfect freedom in all of 
its motions and be completely exempt from pain.

Abraham Colles, 1814

The management of distal radial fractures has changed 
significantly since Colles’s proclamation in 1814. Although 

distal radial fractures account for up to 20% of all fractures 
treated in emergency departments, many are not “com-
pletely exempt from pain” after treatment. More than 1000 
peer-reviewed studies have been published on the subject, 
yet there is no consensus on which treatment is superior or 
firm guidelines for treatment decisions. Many confound-
ing variables exist, all of which are somewhat controversial: 
the level to which the anatomy is restored, the quality of the 
bone, the emergence of new techniques and devices, the 
experience and ability of the surgeon, and outcomes in older 
populations.

The desire for anatomic restoration of the distal radial 
joint often is the rationale for operative treatment. Many 
studies have associated as little as 1 mm of incongruity of the 
articular surface with worse outcomes, whereas other reports 
have found no association between radiographic arthro-
sis and outcomes. Complicating matters further is the fact 
of a bimodal distribution of patients: do the young and the 
elderly fare differently? Multiple reports indicate that older, 
low-demand patients tend to tolerate incongruity, deformity, 
and malunion well; however, Madhok et  al. noted that in 
elderly patients treated nonoperatively 26% reported func-
tional impairment. Essentially, we know that elderly patients 
will tolerate more displacement (and closed treatment) than 
younger patients, but some still have poor outcomes. What 
is unknown is who would benefit from operative anatomic 
restoration. High-demand patients represent only a small 
percentage in most series and, although most patients do 
well, restoration of the distal radial anatomy is believed to 
be essential to minimize the complications of arthrosis and 
functional impairment in these patients.

Bone quality also is a confounding variable in trying to 
determine the best treatment for a particular patient. Bone 
quality is directly related to the ability to obtain and main-
tain reduction. In patients with poor bone quality, low-energy 
trauma may produce significant displacement and communi-
tion, indicating that osteoporosis should be included in clas-
sification systems for distal radial fractures.

 

A C DB

FIGURE 57.93 A and B, Both-bone forearm fracture. C and D, Fixation with plates and screws.
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One constant in the recent literature is that the specific 
technique is not as important as attaining anatomic reduc-
tion. Both clinical outcome and biomechanical studies 
demonstrate that maintenance of palmar tilt (normally 11 
degrees), of ulnar variance (normally −2 mm), and of radial 
height (normally 12 mm) is the most important factor in 
obtaining good results. Numerous techniques are available 
(e.g., closed reduction and percutaneous pinning, external 
fixation, dorsal plating, volar locked plating, intramedullary 
nailing), each with its specific complications and learning 
curve (Table 57.11).

Because of the unanswered questions concerning the 
treatment of distal radial fractures in a heterogeneous group 

of patients, treatment must be individualized for each patient 
based on expectations, demand level, age, bone quality, frac-
ture characteristics, and surgeon experience and ability.

CLASSIFICATION
More than 20 classification systems have been proposed for 
distal radial fractures. As with most fracture classifications, 
the intraobserver and interobserver agreement rates usually 
are only moderate at best. These classifications can, how-
ever, help in understanding the fracture and conceptualizing 
some of the challenges in treatment. Gartland and Werley’s 
system emphasized metaphyseal comminution, intraarticu-
lar extension, and fragment displacement. Frykman added 
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FIGURE 57.94 Open reduction and internal fixation of both-bone forearm fractures. A, Volar 
approach. B and C, Deep dissection. D and E, Approach to ulna. SEE TECHNIQUE 57.15.
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involvement of the radioulnar and radiocarpal joints to 
assessment of intraarticular and extraarticular involvement, 
and Melone evaluated the four major fracture components. 
Fernandez based his classification system on mechanism of 
injury (Table 57.12). 

ASSESSMENT OF STABILITY
Most distal radial fractures are treated with immobilization 
after closed reduction; unfortunately, many of these frac-
tures lose reduction or the initial reduction was not accept-
able and outcomes are poor. LaFontaine et al. identified five 
factors indicative of instability: (1) initial dorsal angulation 
of more than 20 degrees (volar tilt); (2) dorsal metaphyseal 
comminution; (3) intraarticular involvement; (4) an associ-
ated ulnar fracture; and (5) patient age older than 60 years. 
Other suggested indicators of instability include volar tilt, 
dorsal angulation, comminution, and initial shortening. 
Goldwyn et al. suggested that traction radiographs can aid 
in treatment decision-making. There are no definitive cri-
teria or guidelines to guide treatment decision making, 
and a number of factors must be considered in developing 
a treatment plan, including initial injury characteristics, 
alignment after reduction, patient age, bone quality, patient 
demand, and expected outcome. If closed treatment is cho-
sen for a fracture with questionable stability, close moni-
toring is advised. It is important to note any change in the 
reduction over a series of radiographs that indicate instabil-
ity or displacement and to change treatment when neces-
sary. Fractures that are considered to be potentially unstable 
should be evaluated with serial radiographs until fracture 
healing results in stability. 

 FIGURE 57.95 Both-bone forearm fracture. SEE TECHNIQUE 
57.15.

 FIGURE 57.96 Fixation of both-bone forearm fracture with lag 
screws and plate. SEE TECHNIQUE 57.15.

 FIGURE 57.97 Reduction and plate placement confirmed on 
fluoroscopy. SEE TECHNIQUE 57.15.
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TREATMENT OPTIONS
CLOSED TREATMENT

Stable fractures can be successfully treated with closed reduc-
tion and immobilization, initially with a splint followed by 
a cast, and weekly radiographic evaluation for 3 weeks. 
Significant changes in radial length, palmar tilt, or radial incli-
nation should prompt consideration of operative treatment. 
In infirm and low-demand patients, closed treatment often is 
appropriate even with factors that are indications for operative 

treatment in more active patients. In a prospective random-
ized trial comparing nonoperative treatment with volar lock-
ing plate fixation in 73 patients aged 65 years or older, Arora 
et al. found no differences in range of motion or level of pain 
at 1-year follow-up; although grip strength was better in those 
treated operatively, anatomic reconstruction did not improve 
patients’ ability to perform daily living activities. Egol et al. 
also found that minor limitations in wrist range of motion 
and diminished grip strength after nonoperative treatment 

 

A B

FIGURE 57.98 Classification of Galeazzi fracture based on direction of radial displacement. A, 
Type I, apex volar, fractures are caused by axial loading of forearm in supination, which results in 
dorsal displacement of radius and volar dislocation of distal ulna. B, Type II, apex dorsal, fractures 
are caused by axial loading of forearm in pronation, resulting in anterior displacement of radius 
and dorsal dislocation of distal ulna.

 

CBA

FIGURE 57.99 A, Galeazzi fracture-dislocation. B and C, After fixation with 3.5-mm AO dynamic 
compression plate and screws. Temporary stabilization of distal radioulnar joint with transverse 
Kirschner wire was unnecessary.
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did not limit functional recovery in 90 patients older than the 
age of 65 years. In their systematic review and meta-analysis, 
Chen et al. determined that although operative management 
resulted in better radiographic outcomes and grip strength, 
there was no significant difference in pain, function, or range 
of motion, and major complications were significantly more 
frequent in those treated operatively.

PERCUTANEOUS PINNING
Percutaneous pinning after closed reduction is useful for 
distal radial fractures with metaphyseal instability or sim-
pler intraarticular displacement. An anatomic reduction 
must be obtained first, and then stability is provided by the 
Kirschner wires. Usually the first pins are placed from the 
radial styloid across to the medial radial metaphysis and 
diaphysis. We generally use at least two pins and confirm 
adequate reduction on anteroposterior and lateral views. 
The lunate facet can then pinned into position if needed. 
Intrafocal pins (Kapandji technique) can be added to pro-
vide a dorsal buttress. A number of studies have reported 
success with this technique. Glickel et  al. reported good 
long-term outcomes with closed reduction and percuta-
neous pinning of all but the most complex injuries. Three 
recent randomized controlled trials comparing volar lock-
ing plates and closed reduction with percutaneous pinning 
of distal radial fractures failed to show an advantage to the 
use of volar locking plates.

Percutaneous pinning tends to work better when placed 
in subchondral bone, where bone quality and density usually 

are better. Splint or cast immobilization usually is necessary 
after percutaneous pinning. Some complications related to 
the technique of percutaneous pinning include tendon teth-
ering, injury, or rupture; pin migration; nerve injury; and pin 
site infections. 

 

CLOSED REDUCTION AND 
PERCUTANEOUS PINNING OF DISTAL 
RADIAL FRACTURE

 TECHNIQUE 57.16 

(GLICKEL ET AL.)
 n  After sterile preparation and draping, place the thumb 

and index fingers in finger traps for longitudinal traction 
(typically 10 lb). Manipulate and reduce the fracture (Fig. 
57.103A).

 n  Evaluate the reduction fluoroscopically; if adequate, pro-
ceed with percutaneous pinning. If the reduction is not 
anatomic, or if there is severe comminution, alternative 
techniques such as ORIF may be indicated.

 n  Make a 1.5-cm incision longitudinally, beginning at the 
radial styloid and proceeding distally (Fig. 57.103B).

 

Galeazzi
fracture

ORIF with plating of the radius

Intraoperative assessment of the DRUJ

Protective splint
with early motion

Reduced,
stable

Reduced,
unstable

No ulnar
styloid fragment

ORIF of the
ulnar styloid

TFCC
exploration
and repair

 Kirschner wire fixation
 of ulna to radius

Exploration of
the DRUJ

Release
interposition and
reassess DRUJ

Unstable Stable

Immobilization in supination
in an above-elbow cast for 4 to 6 wk

Irreducible

Large ulnar
styloid fragment

FIGURE 57.100 Treatment algorithm for Galeazzi fractures in adults. ORIF, Open reduction 
internal fixation; DRUJ, distal radioulnar joint; TFCC, triangular fibrocartilage complex.
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 n  Identify the branches of the superficial radial nerve, mo-
bilize them with blunt dissection, and retract them.

 n  Identify the first extensor compartment and place two 
1.6-mm (0.062-inches) Kirschner wires in succession from 
the radial styloid across the fracture site to engage the 
ulnar cortex of the radius proximal to the fracture. Place 
these wires either dorsal or volar to the first extensor com-
partment, depending on fracture pattern and anatomic 
variations.

 n  Place one 1.6-mm Kirschner wire percutaneously 90 de-
grees orthogonally to these wires, starting at the dorsal 
rim of the distal radius just distal to the Lister tubercle. 
Confirm the correct starting point with fluoroscopy and 
drive the wire in a proximal and volar direction across 
the fracture site to engage the volar cortex of the radius 
proximal to the fracture (Fig. 57.103C).

 n  If there is marked dorsal comminution, a second dorsal pin 
can be placed either into the dorsal rim of the distal radius 
or used as an intrafocal pin. If there is marked radial com-
minution and prereduction radial translation, an additional 
buttress pin can be placed into the radial aspect of the frac-
ture and driven into the proximal ulnar cortex of the radius. 
A crossed-pin configuration, in which the pins are placed 
from the distal ulnar radial cortex and passed to engage the 
intact cortex radially, also may be helpful (Fig. 57.103D).

 n  Place additional wires as necessary to secure additional 
fracture fragments.

 n  Bend and cut the wires, leaving them superficial to the 
skin. Close the radial styloid incision with interrupted ab-
sorbable sutures. Apply a sugar-tong splint.

POSTOPERATIVE CARE The splint is worn for 2 weeks 
to control rotation and minimize irritation at the pin 
sites, and then a soft arm cast is applied. The cast and 
pins are removed at between 5 and 6 weeks depend-
ing on the fracture pattern, the patient’s age and bone 
quality, and the extent of healing seen on radiographs. 
When healing is confirmed by lack of tenderness over 
the fracture and radiographic evidence of bridging cal-
lus across the fracture, supervised hand therapy is be-
gun, including wound care and 1 to 2 weeks of splint-
ing. As edema and pain decrease, soft-tissue and joint 
mobilization protocols are instituted and active and 
active-assisted range-of-motion exercises are begun. 
Functional use and activities are strongly encouraged 
by 8 to 10 weeks after surgery.
  

EXTERNAL FIXATION
External fixation can be useful as primary or adjunctive treatment 
in certain distal radial fractures. The external fixator neutralizes 
the axial load placed on the distal radius by physiologic activity of 
the forearm musculature. It can be placed in a bridging or non-
bridging (does not cross the wrist joint) technique, with or with-
out supplemental stabilization. Linear traction typically does not 

 

A B

C D

FIGURE 57.101 A and B, Galeazzi fracture-dislocation. C and 
D, Fixation of radius with dynamic compression plate; fixation of 
distal radioulnar joint with Kirschner wires.

 

A B C

Tension
band

FIGURE 57.102 Open reduction and internal fixation of ulnar 
styloid fracture with lag screw (A), pins (B), and tension band tech-
nique (C).  (Adapted from Katolik LI, Trumble T: Distal radioulnar joint 
dysfunction, J Am Soc Surg Hand 5:8, 2005.)
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fully restore volar tilt; however, neutral tilt is acceptable, and Wei 
et al. reported good results with external fixation when satisfactory 
reduction is obtained. Because external fixation alone can allow 
shortening and loss of reduction over time, supplemental fixation 
with percutaneous Kirschner wires is often used. The fixator is then 
used to neutralize the Kirschner wires. We rarely apply definitive 
external fixation without the use of supplemental Kirschner wires. 
The addition of a graft also can be useful with external fixation.

External fixation has been reported by several authors to 
obtain good results in distal radial fractures. In a comparison to 
cast treatment in 46 patients 65 years of age or older, Aktekin 
et al. found that wrist extension, ulnar deviation, palmar tilt, and 
radial height were better in those treated with external fixation. 
In a similar comparison to ORIF, better grip strength and range 
of motion, as well as fewer malunions, were found with inter-
nal fixation. A meta-analysis of comparative clinical trials con-
cluded that ORIF yields significantly better functional outcomes, 
forearm supination, and restoration of volar tilt while external 
fixation results in better grip strength and wrist flexion. The 
quality of the reduction appears to be the determining factor in 
outcome. Two studies comparing volar locking plates to external 
fixation by Grewal et al. and Williksen et al. did not show conclu-
sively that volar locking plates obtained superior results.

Nonbridging external fixation consists of a distal pin clus-
ter inserted into the distal fragment without crossing the wrist 
joint. McQueen has reported on this technique for fractures 
that demonstrate enough distal bone to accept the external 
fixator pins. In extraarticular fractures, the results have been 
excellent. Despite the number of reports of its successful use, 
external fixation has not become an often used technique for 
distal radial fracture fixation.

There are a variety of spanning and nonspanning external 
fixation devices available, and the techniques of application 
differ slightly according to the specific device chosen. 

 

EXTERNAL FIXATION OF FRACTURE  
OF THE DISTAL RADIUS

 TECHNIQUE 57.17 

SPANNING EXTERNAL FIXATION 
 n  With the use of brachial block or general anesthesia, pre-

pare and drape the upper extremity and apply a tourni-

quet to the arm. Reduce the fracture manually or with 
the aid of sterile finger traps or traction device (see Fig. 
57.103A).

 n  Make a 2- to 3-cm incision over the dorsoradial aspect 
of the index metacarpal base and use blunt dissection 
with scissors to expose the metacarpal. Take care to pre-
serve and reflect the branches of the dorsal radial sensory 
nerve.

 n  Place a soft-tissue protector on the metacarpal and insert 
3-mm self-tapping half-pins at a 30- to 45-degree angle 
dorsal to the frontal plane of the hand and forearm. Con-
firm pin position and length with fluoroscopy.

 n  Make a 4-cm skin incision 8 to 10 cm proximal to the wrist 
joint and just dorsal to the midline.

 n  With blunt dissection, expose the superficial branches 
of the lateral antebrachial cutaneous nerve and the 
radial sensory nerve, the latter of which exits in the 
midforearm from the investing fascia between the 
brachioradialis and extensor carpi radialis longus (Fig. 
57.104A).

 n  Insert two 3-mm half-pins, 1.5 cm apart, through a soft-
tissue protector between the radial wrist extensors at a 
30-degree angle dorsal to the frontal plane of the forearm 
(Fig. 57.104B). The pins should just perforate the medial 
cortex of the radius. Confirm pin position and length with 
fluoroscopy.

 n  Irrigate and close both incisions with 4-0 nylon sutures.
 n  Apply the selected external fixation frame according 

to the manufacturer’s instructions. For relatively stable 
fractures and when using Kirschner wires for augmen-
tation of the fixation, a simple single-bar frame usually 
is sufficient (Fig. 57.105); more complex fixators allow 
independent palmar carpal translation to adjust volar 
tilt. 

NONSPANNING EXTERNAL FIXATION 
 n  If nonspanning external fixation is chosen for a minimally 

comminuted extraarticular or simple articular fracture in 
a patient with good bone stock, insert the proximal pins 
as described earlier.

 n  Insert the distal pins into the distal fragment. Place a radi-
al-sided pin through a small dorsal radial incision between 
the wrist extensors in the radial half of the distal frag-
ment. Direct the pin dorsal palmar, parallel to the joint 
surface in the sagittal plane.

 n  Insert a second pin in the ulnar aspect of the distal frag-
ment through a limited incision between the fourth and 
fifth extensor compartments. Also direct this pin dorsal 

 TABLE 57.11 

Radiographic Criteria for Acceptable Reduction of Distal Radial Fracture

CRITERION NORMAL ACCEPTABLE
Ulnar variance (radial length) ±2 mm comparing level of lunate facet 

to ulnar head
No more than 2 mm of shortening relative to 
ulnar head

Radial height 12 mm ????
Palmar (lateral) tilt 11 degrees of volar tilt Neutral
Radial inclination 20 degrees as measured from lunate 

facet to radial styloid
No less than 10 degrees

Intraarticular step or gap None Less than 2 mm of either
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 TABLE 57.12 

Classification of Distal Radial Fractures

GARTLAND AND WERLEY (1951)

Group 1 Simple Colles fracture
Group 2 Comminuted Colles fracture, undisplaced intraarticular fragment
Group 3 Comminuted Colles fracture, displaced intraarticular fragment

FRYKMAN (1967)

Group 1 Extraarticular without fracture of the distal ulna
Group 2 Extraarticular with fracture of the distal ulna
Group 3 Intraarticular involving the radiocarpal joint without fracture of the distal ulna
Group 4 Intraarticular involving the radiocarpal joint with fracture of the distal ulna
Group 5 Intraarticular involving the distal radioulnar joint without fracture of the distal 

ulna
Group 6 Intraarticular involving the distal radioulnar joint with fracture of the distal ulna
Group 7 Intraarticular involving both radiocarpal and distal radioulnar joints without 

fracture of the distal ulna
Group 8 Intraarticular involving both radiocarpal and distal radioulnar joints with fracture 

of the distal ulna

MELONE (1986)

Type 1 Undisplaced, minimal comminution, stable
Type 2 Unstable, displacement of medial complex, moderate-to-severe comminution
Type 3 Displacement of medial complex as a unit plus an anterior spike
Type 4 Wide separation or rotation of the dorsal fragment and palmar fragment 

rotation

FERNANDEZ (1987)

Type 1 Bending: One cortex of the metaphysis fails because of tensile stress; opposite 
cortex with some comminution

Type 2 Shearing: Fracture of the joint surface
Type 3 Compression: Fracture of the joint surface with impaction of subchondral and 

metaphyseal bone, intraarticular comminution
Type 4 Avulsion: Fracture of the ligament attachments of the ulnar and radial styloid 

process, radiocarpal fracture-dislocation
Type 5 Combination: High-velocity injuries

COONEY (1990) UNIVERSAL CLASSIFICATION

Type I Extraarticular, undisplaced
Type 2 Extraarticular, displaced
Type 3 Intraarticular, undisplaced
Type 4 Intraarticular, displaced

MODIFIED AO

Type A Extraarticular
Type B Partial articular

B1–radial styloid fracture
B2–dorsal rim fracture
B3–volar rim fracture
B4–die-punch fracture

Type C Complete articular
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palmar, but aim it slightly obliquely from the ulnar to ra-
dial side to engage the palmar ulnar cortex of the distal 
fragment.

 n  Use the distal pins as “joysticks” to reduce the fracture 
and restore volar tilt.

 n  Assemble the pins with separate clamps and rods to cre-
ate a triangular frame. 

AUGMENTED EXTERNAL FIXATION 
 n  For all but minimally comminuted extraarticular fractures, 

augmentation of the external fixation is recommended 
to provide additional support to individual fracture frag-
ments and increase stability.

 n  For unstable fractures without depressed articular frag-
ments, introduce 0.045- or 0.0625-inch Kirschner wires 
into the fracture fragments; a crossed configuration can 
be used to increase stability (Fig. 57.106A,B). Drive one 
or two pins through the radial styloid fragment and one 
through the dorsal ulnar fragment into the radial shaft 
to produce maximal stability. Pins should pierce the ulnar 
cortex of the radius but not penetrate into the ulnar shaft.

 n  Cut off the pins 1 cm external to the skin margin and 
bend them at an acute angle.

 n  Apply the external fixator according to manufacturer’s 
instructions (Fig. 57.106C,D). Some fixators have compo-
nents to accommodate the Kirschner wires. 

POSTOPERATIVE CARE The wrist remains immobilized in 
a supinated position with a sugar-tong splint for 10 days 
until pain and swelling have subsided. This promotes stabil-
ity of the distal radioulnar joint and facilitates resumption of 
full supination. The external fixator frame usually is removed 
at 6 weeks; any supplemental pins are kept in place for 8 
weeks. Active and passive finger motion is begun as soon 
as the anesthesia wears off and is encouraged the entire 
time the frame is in place. Supination and pronation of the 
forearm are begun at the first postoperative visit. Super-
vised hand therapy is recommended for patients who are 
unwilling or unable to mobilize their fingers and forearm 
independently.

  

 

B C D
A

FIGURE 57.103 Closed reduction and percutaneous fixation of distal radial fractures. A, Fracture 
reduction. Suspension from finger allows disimpaction of the fracture, followed by pressure applied 
with thumb over distal fragment. B, Longitudinal incision. C, Percutaneous pinning confirmed 
fluoroscopically. D, Crossed pin configuration.  (From Wolfe SW: Distal radius fractures. In Wolfe SW, 
Hotchkiss RN, Pederson WC, Kozin SH, editors: Green’s operative hand surgery, ed 6, Philadelphia, 2011, 
Elsevier.) SEE TECHNIQUES 57.16 AND 57.17.
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OPEN REDUCTION AND PLATE FIXATION
DORSAL PLATING

Most distal radial fractures result in an apex-volar angula-
tion with dorsal cortical comminution. First-generation 
dorsal plate designs were a logical solution but were fraught 
with complications secondary to tendon dysfunction and 
rupture, which prompted a move to fixed-angle volar plat-
ing techniques after the development of angle-stable screws. 
There is still a role for dorsal plating, and newer lower-pro-
file designs may decrease complications. In certain situa-
tions, such as dorsal die-punch fractures or fractures with 
displaced dorsal lunate facet fragments, a dorsal approach 
with a low-profile fragment-specific plate appears to work 
well. At this time, most of our dorsal plating is done with 
a fragment-specific technique, often in conjunction with 
other forms of fixation. 

VOLAR PLATING
The popularity of locked volar distal radial plate fixation 
continues to prompt development of new devices. Capo 
et  al. demonstrated the biomechanical superiority of volar 
plating over dorsal and radioulnar dual-column plating, 
and several clinical studies have reported better functional 
results with volar plating than with dorsal plating, external 
fixation, and percutaneous pinning; however, a complica-
tion rate of approximately 15% also has been reported with 
volar plating, primarily problems with tendon ruptures 
and tenosynovitis from prominent screws. Screw penetra-
tion of the radiocarpal joint occurred in 11 of 40 patients 
described by Knight et al. A low-profile volar plate produced 
no tendon ruptures in 95 patients reported by Soong et al. 
Precise volar plate placement on the metaphyseal area of the 

distal radius may lessen the problems of flexor tendon irri-
tation and eventual rupture (Fig. 57.107). In their series of 
122 patients with distal radial fractures treated with volar 
locking plates, Roh et al. identified an increase in age and a 
decrease in bone mineral density as important risk factors 
for delayed functional recovery up to 12 months after sur-
gery; fracture severity and high-energy trauma were asso-
ciated with decreased functional outcomes up to 6 months 
after surgery. Wadsten et al., in a multicenter cohort study, 
showed that volar and dorsal comminution predicted later 
displacement. Volar comminution was the strongest predic-
tor of displacement. 

 

VOLAR PLATE FIXATION OF FRACTURE 
OF THE DISTAL RADIUS

 TECHNIQUE 57.18 

(CHUNG et al.)
 n  Make an 8-cm incision over the forearm between the ra-

dial artery and the flexor carpi radialis. Extension of the 
incision distally at the wrist crease in a V-shape may pro-
vide wider exposure of the fracture and help prevent scar 
contracture. The distal incision does not need to cross into 
the palm (Fig. 57.108A).

 n  Carry the incision to the sheath of the flexor carpi radialis 
(Fig. 57.108B). Open the sheath and incise the forearm 
deep fascia to expose the flexor pollicis longus.

 

BR

Radial
sensory
nerve

ECRB
ECRL

A B

FIGURE 57.104 A, Two 3-mm half-pins introduced into base or second metacarpal and two into 
distal radius. BR, brachioradialis; ECRB, extensor carpi radialis brevis; ECRL, extensor carpi radialis 
longus. B, Single-bar frame for external fixation of distal radial fracture.  (From Wolfe SW: Distal radius 
fractures. In Wolfe SW, Hotchkiss RN, Pederson WC, Kozin SH, editors: Green’s operative hand surgery, ed 
6, Philadelphia, 2011,Elsevier.) SEE TECHNIQUE 57.17.
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 n  Place an index finger into the wound and gently sweep 
the flexor pollicis longus ulnarly. Partially detach the flexor 
pollicis longus muscle belly from the radius to gain full 
exposure of the pronator quadratus (Fig. 57.108C).

 n  Make an L-shaped incision over the radial styloid along 
the radial border of the radius to expose the pronator 
quadratus and use a Freer elevator to elevate it from the 
radius (Fig. 57.108D). The entire fracture line across the 
distal radius is now fully exposed (Fig. 57.108E).

 n  Insert a Freer elevator or small osteotome into the fracture 
line to serve as a lever to reduce the fracture. Insert the 
elevator or osteotome across the fracture line all the way 
to the dorsal cortex to allow disimpaction and reduction 
of the distal fragment. Apply finger pressure to the dorsal 
cortex to reduce the dorsal fragments.

 n  With a displaced radial styloid fracture, the brachioradialis 
may prevent reduction by pulling on the radial styloid. To 
relieve the deforming force, the brachioradialis can be 
transacted or detached from the distal radius.

 n  If necessary, use a Kirschner wire to temporarily fix the 
distal fragment to the proximal fragment. This usually is 
not necessary because distal traction should maintain re-
duction while the volar plate is placed.

 n  Disimpact and reduce the fracture through capsuloliga-
mentotaxis achieved by an assistant through finger trac-
tion. After successful fracture reduction, position the vo-
lar plate under fluoroscopic guidance and insert a screw 
into the oblong or gliding hole first to allow proximal-
distal adjustment (Fig. 57.108F). Use a 2.5-mm drill bit 
to drill into the center of the oblong hole and insert a 
self-tapping 3.5-mm screw.

 n  Confirm proper placement of the volar plate with mini-C-
arm fluoroscopy. If necessary, shift the plate proximally or 
distally to provide the best placement for the distal screws.

 n  Use a 2.0-mm drill bit to drill the distal holes. Measure the 
holes for screw length and insert smooth locking screws. 
Use a screw that is 2 mm shorter than the measured 
length to avoid having a prominent distal screw perfo-

rate the dorsal cortex; typically, 20- to 22-mm screws are 
optimal, except for screws directed into the radial styloid, 
which are significantly shorter. Threaded screws may gain 
better bone dorsally; however, pegs may be sufficient 
when bone quality is poor.

 n  Once the first screw is inserted, distal traction on the fin-
gers can be released because the fracture usually is ap-
propriately reduced and fixed (Fig. 57.108G).

 n  Because of the fixed-angle design, the screws may per-
forate into the radiocarpal joint if the plate is placed too 
far distally. Obtain fluoroscopic views tangential to the 
subchondral bone in both the coronal and sagittal planes 
to assess for intraarticular penetration. Adjust the plate or 
screws, or both as indicated.

 n  After placement of the distal screws, place the remaining 
proximal screws (Fig. 57.108H).

 n  Reattach the pronator quadratus with braided absorbable 
sutures. Note that the pronator will not be able to cover 
the entire plate; the distal portion should be covered 
when possible to reduce flexor tendon-plate contact. For 
better purchase, the pronator quadratus can be sutured 
to the edge of the brachioradialis (Fig. 57.108I).

 n  If the ulnar styloid is fractured and displaced, making the 
distal radioulnar joint unstable, fix the styloid with one or 
two percutaneous Kirschner wires (Fig. 57.109). A volar 
approach may be helpful to obtain ulnar styloid reduction. 
Smaller fragments usually do not require surgical manage-
ment; however, if the distal radioulnar joint is unstable after 
fixation of the radial fracture, styloid fragments can be ex-
cised and the peripheral rim of the triangular fibrocartilage 
complex anchored to the ulnar styloid base with nonabsorb-
able braided suture through drill holes or a bone anchor.

 n  Close the wound in layers and apply a splint.

POSTOPERATIVE CARE At 1 week, the sutures are re-
moved and active wrist motion is begun when there is con-
fidence in fracture stability. A removable Orthoplast (North-
coast Medical, Gilroy, CA) splint is worn for 6 weeks. Most 

 

A B

FIGURE 57.105 A, Fracture of distal radius. B, External fixation with supplemental percutaneous 
Kirschner wire fixation. SEE TECHNIQUE 57.17.
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FIGURE 57.107 A to C, Volar plate fixation of distal radial fracture.
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FIGURE 57.106 A and B, Crossed-pin augmentation with external fixation (C and D) of distal 
radial fracture.  (From Wolfe SW: Distal radius fractures. In Wolfe SW, Hotchkiss RN, Pederson WC, Kozin 
SH, editors: Green’s operative hand surgery, ed 6, Philadelphia, 2011, Elsevier.) SEE TECHNIQUE 57.17.
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patients are given a home therapy program, but elderly pa-
tients may require twice-a-week supervised home therapy. 
Brehmer and Husband found in a prospective randomized 
controlled study that an accelerated rehabilitation protocol, 
which emphasizes motion immediately postoperatively and 
initiates strengthening at 2 weeks after volar open reduction 
and internal fixation, results in an earlier return to function 
than a standard rehabilitation protocol.
   

 

DISTRACTION PLATE FIXATION
As an alternative to external fixation of highly comminuted 
fractures of the distal radius, Burke and Singer described 
the use of a distraction plate as an internal fixator. The 
plate is applied to the dorsal surface of the hand, wrist, 
and distal forearm using three small incisions. External 
fixation pin site problems are avoided, and the plate can 
remain in place as long as necessary for union. Second-
ary bone grafting procedures also are done more easily 
without an overlying external fixator. Ruch et al. reported 
good-to-excellent outcomes in 90% of 22 patients using 
this technique, and Richard et al. reported good results in 
33 patients over the age of 60 years.

 TECHNIQUE 57.19 

(BURKE AND SINGER AS MODIFIED BY RUCH ET AL.)
 n  Make a 4-cm longitudinal incision over the dorsal aspect 

of the long finger metacarpal shaft. Expose the bone by 

   

   

   

   

   

   

   

   

   

   

 n  Place bone graft into the defects through the middle inci-
sion using autograft, allograft, or bone graft substitute.

 n  Assess the stability of the distal radioulnar joint. If it is 
unstable, immobilize the wrist in a sugar-tong splint.

POSTOPERATIVE CARE Finger and other joint upper 
extremity exercises are begun immediately. If a splint was 
applied, it should be removed at 3 weeks. Percutaneous 
Kirschner wires should be removed at 6 weeks. Activities 
of daily living are allowed, but lifting should be restricted 
to 5 lb. When union is achieved, the distraction plate is 
removed and range-of-motion exercises are begun.
  

FRAGMENT-SPECIFIC OPEN REDUCTION AND 
INTERNAL FIXATION OF COMMINUTED DISTAL 
RADIAL FRACTURES
Recognizing the pitfalls of Kirschner wire fixation and plate 
and screw fixation when used alone for repair of commi-
nuted intraarticular distal radial fractures, Medoff developed 
a wrist fixation system that combines both methods for sta-
ble reconstruction of the distal radius. Five potential fracture 
fragments are possible, especially in osteopenic bone: radial 
column, dorsal cortical wall, dorsal ulnar split, volar rim, and 
the central intraarticular fragment (Fig. 57.111). Radial sty-
loid Kirschner wire fixation does not prevent settling or radial 
drift of the distal radial fracture fragments (Fig. 57.112). Thin 
metaphyseal cortical bone, especially in osteopenic bone, 
does not hold screws well, and conventional plates cannot be 
applied easily on the dorsal aspect of the distal radius because 
of plate thickness, potential irritation, and eventual rupture of 
the dorsal wrist tendons.

The addition of a small buttress plate to a radial styloid 
pin prevents collapse and radial migration of the distal radius 
(Fig. 57.113). The radial styloid pin now has two fixation 
points—the first through the distal end of the plate and the 
second through the intact medial radial cortex.

The dorsal ulnar fragment is stabilized with an ulnar pin-
plate of a similar design. This pin-plate maintains the length of 
the ulnar column and reduction of the distal radioulnar joint 
(Fig. 57.114). Wire-form implants are used to stabilize the dor-
sal cortical wall, the intraarticular fragment, and any structural 
bone graft used to support the articular fragment. Three dif-
ferent wire-form implants are used, depending on the fracture 
fragments present (Fig. 57.115). The volar rim–lunate facet 
fragment is secured with a low-profile buttress plate similar to 
that used for repair of volar Barton fractures (Fig. 57.116).

Medoff reported 20 good-to-excellent results in 21 
patients with intraarticular comminuted distal radial frac-
tures treated with the TriMed system (TriMed Inc., Valencia, 
CA). We have had similar good results (Fig. 57.117). 

COMPLICATIONS
The type and frequency of complications of the distal radius 
vary greatly among reported series. In their literature review, 
McKay et al. found overall complication rates ranging from 
6% to 80% and rates of posttraumatic arthritis that ranged 
from 7% to 65% (Table 57.13). Jupiter and Fernandez iden-
tified malunion with an intraarticular or extraarticular 
deformity as the most frequent complication. The reported 
incidence of distal radial malunion is approximately 17%. It is 

retracting the long finger extensor tendon.
n Make a second 4-cm dorsal incision at least 4 cm above

  the comminuted segment of the radius and expose the
  bone.

n Make a third 2-cm dorsal incision over the Lister tubercle,
  exposing the extensor pollicis longus tendon.

n Pass a 12- to 16-hole, 3.5-mm plate from the distal inci-
  sion in a proximal direction using the plane between the
  extensor  tendons  (fourth  dorsal  compartment)  and  the
  joint capsule and periosteum. Mobilize the extensor ten-
  dons if necessary.

n Secure the plate to the long finger metacarpal shaft with
  three bicortical 3.5-mm screws.

n Under fluoroscopic guidance, apply distal traction to ob-
  tain normal radial length. With the hand in 60 degrees
  of supination, secure the plate to the radius with a bone
  clamp.

n Confirm that full rotation of the forearm is possible and
  then  secure  the  plate  with  three  bicortical  3-  to  5-mm
  screws (Fig. 57.110).

n Reduce  and  fix  diaphyseal  fragments  to  the  shaft  with
  interfragmentary screws if possible.

n Elevate the lunate fossa through the middle incision.
n Insert a 3.5-mm screw through the plate and under the

  elevated lunate fossa to serve as a buttress.
n Percutaneously pin other fragments to stabilize the articu-

  lar surface using Kirschner wires.
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FIGURE 57.108 Volar plate fixation of distal radial fracture. A, Skin incision. B, Incision carried 
to flexor carpi radialis sheath. C, Flexor pollicis longus muscle belly is partially detached from 
radius to expose pronator quadratus. D, Freer elevator is used to elevate pronator quadratus from 
radius. E, Fracture line is exposed. F, Volar plate positioned, insertion of first screw. G, Insertion of 
second screw after release of distal traction on fingers. H, Remaining proximal screws are placed. 
I, Pronator quadratus sutured to edge of brachioradialis. SEE TECHNIQUE 57.18.

    

https://booksmedicos.org


CHAPTER 57 FRACTURES OF THE SHOULDER, ARM, AND FOREARM 3113

 

more common after nonoperative than operative treatment. 
The most common deformity after extraarticular distal radial 
fracture is shortening, rotation of the distal fragment, loss of 
volar tilt, and loss of ulnar inclination. Osteotomies and other 
operative procedures for the treatment of wrist problems after 
distal radial fracture are discussed in Chapter 69.

Other less frequently reported complications include 
nonunion, implant complications, tendon rupture or scar-
ring, and neurologic injuries. Nonunion of distal radial frac-
tures is uncommon, occurring in less than 1% of patients, and 
is more frequent after operative treatment than nonopera-
tive treatment. Factors suggested to predispose to nonunion 
include open comminuted fractures, infections, pathologic 
lesions, soft-tissue interposition, inadequate fixation, exces-
sive distraction with an external fixator, and a concomitant 
fracture of the distal ulna.

Tendon complications are most frequent after locked 
volar plating when the plate is placed too distal or off the 
bone or when screws that are too long are used, resulting in 
impingement on the traversing flexor tendons. Prominence of 
the volar plate at the watershed line, where the flexor tendons 
lie closest to the bone and plate, also has been implicated as 
a cause of flexor tendon rupture from abrasion. Flexor ten-
don ruptures have been reported in up to 12% of patients 
with locked volar plating. In a series of 96 distal radial frac-
tures treated with volar plating, complications were identi-
fied in 23%; the frequency of complications decreased with 
increased surgeon experience. A systematic literature review 
of unstable distal radial fractures in elderly patients (60 years 
or older) identified rupture or adhesion of the flexor pollicis 
longus tendon, extensor pollicis longus, or both as the most 
common major complication requiring surgery after volar 
locked plating. In a comparison of younger (20 to 40 years of 
age) and older (60 years or older) patients treated with volar 
locking plates, Chung et al. found no increase in complication 
rates in older patients. Hanel et al. reported 16 complications 
(12%) in 144 fractures treated with dorsal distraction plates, 
noting that patients whose plates were left in place for lon-
ger than 16 weeks had an overall complication rate of 21%, 

compared with a complication rate of 8.5% in those plates 
that were removed earlier. Rhee et al. listed several measures 
to avoid tendon injuries, including placement of volar plates 
proximal to the watershed line, closure of the pronator qua-
dratus over a volar plate, and use of shorter unicortical screws 
or smooth pegs with volar plates. A dorsal tangential view of 
the wrist is helpful to detect screw penetration to the dorsal 
cortex during volar plating.

Compartment syndrome associated with distal radial frac-
tures is rare, occurring in approximately 1% of patients, primar-
ily younger patients with high-energy injuries. Complex regional 
pain syndrome (CRPS) occurs most commonly in elderly 
patients and those with psychological or psychiatric conditions 
and has been reported in 8% to 35% of patients with distal radial 
fractures. A randomized, controlled, multicenter study involving 
416 patients with 427 distal radial fractures determined that vita-
min C (500 mg daily) can reduce the prevalence of CRPS, and 
this was listed as having “adequate evidence to support a moder-
ately strong endorsement” in the recent AAOS clinical practice 
guidelines for distal radial fractures.

The median nerve is the most frequently injured (0% to 
17%), followed by the radial and ulnar nerves, primarily because 
of its close proximity to the fracture and its confinement within 
the carpal canal. Mild carpal tunnel syndromes occur in up to 
20% of patients, but most resolve without treatment. Acute car-
pal tunnel syndrome requiring immediate release is most likely 
after high-energy, severely comminuted fractures. Late median 
neuropathy may be associated with malunion, residual pal-
mar displacement, nerve impingement by callus formation, or 
prolonged immobilization with the wrist in flexion and ulnar 
deviation. Injury to the radial and ulnar nerves is less common 
(0% to 10%). Immobilization with the wrist in excessive flexion 
(more than 20 degrees) and ulnar deviation should be avoided 
because this increases carpal tunnel pressure.

Regardless of the management strategy chosen for dis-
tal radial fractures, complications can occur even when 
appropriate care is delivered. The sequelae of specific com-
plications may be lessened by prompt and problem-specific 
intervention.

 

A B C

FIGURE 57.109 A to C, Distal radial fracture. 
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FIGURE 57.109, cont’d D and E, Reduction and placement of Kirschner wires for provisional 
fixation. F and G, Plate application. H and I, Plate in place after removal of Kirschner wires. SEE 
TECHNIQUE 57.18.
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CBA

FIGURE 57.110 A to C, Distraction plate internal fixator.  (From 
Ruch DS, Ginn TA, Yang CC, et al: Use of a distraction plate for distal 
radial fractures with metaphyseal and diaphyseal comminution, J Bone 
Joint Surg 87A:945, 2005.) SEE TECHNIQUE 57.19.
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FIGURE 57.111 Distal radial fracture elements.
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FIGURE 57.112 A, Transstyloid Kirschner wire has only single point of fixation. Minor bending 
of wire or angulation at site of purchase may result in significant loss of position of radial column 
fracture. B, By adding second point of constraint, pin-plate greatly enhances Kirschner wire fixa-
tion. In addition, pin-plate adds buttress to radial column fragment.

 FIGURE 57.113 Radial pin-plate provides transstyloid Kirschner 
wires with two-point fixation, enhancing stability. Plate adds radial 
buttress to radial column and helps resist dorsal torque on radial 
column fracture. (Redrawn from Dr. R. Medoff.)

 FIGURE 57.114 Ulnar pin-plate. Application of ulnar pin-
plate for stabilization of dorsal ulnar split fragment. By proper 
contouring, plate can close gaps in sagittal plane.
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A B C
FIGURE 57.115 A, Small fragment clamp. Dorsal cortical wall fragment stabilized by small frag-

ment clamp that provides pinch-type grip with extraosseous and endosteal wire form. B, Buttress 
pin. Intraarticular fragments are stabilized by providing peripheral cortical reconstruction around 
fragment and adding endosteal buttress, as shown here. C, Small fragment clamp/buttress pin 
combines function of small fragment clamp and buttress pin into single device to provide simul-
taneously stabilization of dorsal wall fragment and intraarticular component.

 FIGURE 57.116 L-plate provides volar buttress to volar rim of lunate facet, yet allows fixation 
to subcutaneous radial side of proximal fragment.
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FIGURE 57.117 A and B, Distal radial fracture. C and D, Fragment-specific fixation.

 TABLE 57.13 

Complications After Fracture of Distal Radius

COMPLICATION INCIDENCE (%) NO. OF STUDIES*
Arthritis/arthrosis 7-65 4
Loss of motion 0-31 10
Implant complications 1.4-26 14
Nerve compression/neuritis 0-17 11
Osteomyelitis 4-9 2
Dupuytren contracture 2-9 4
Persistent pain/pain syndromes (CRPS) 0.3-8 11
Tendon (rupture, lag, trigger, tenosynovitis) 0-5 3
Delayed union/nonunion 0.7-4 4
Radioulnar (synostosis, disturbance) 0-1.3 2

*Number of studies from which frequencies were determined to calculate incidence.
CRPS, Complex regional pain syndrome.
Data from McKay SC, MacDermid JC, Roth JH, Richards RS: Assessment of complications of distal radius fractures and development of a complication checklist, J 
Hand Surg 26A:916, 2001.
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A. Paige Whittle

CHAPTER 58

A malunited fracture is one that has healed with the frag-
ments in a nonanatomic position. Whether the deformity is 
unsightly or not it can impair function in several ways: (1) 
an abnormal joint surface can cause irregular weight transfer 
and arthritis of the joint, especially in the lower extremities; 
(2) rotation or angulation of the fragments can interfere with 
proper balance or gait in the lower extremities or positioning 
of the upper extremities; (3) overriding of fragments or bone 
loss can result in perceptible shortening; and (4) the move-
ments of neighboring joints can be blocked. Malunions, by 
strict definition, commonly are the rule in the closed treat-
ment of fractures; however, they frequently are compatible 
with function. A malunited fracture becomes surgically sig-
nificant only when it impairs function.

Malunions generally are caused by either inaccurate 
reduction or ineffective immobilization during healing. Most 
malunions could be prevented by skillful treatment of fresh 
fractures; however, malunion sometimes occurs despite the 
most expert treatment. Malunion may develop in patients 
with multiple trauma in whom treatment of more life-threat-
ening injuries takes precedence. Especially in patients with 
head injuries, displacement can occur later and result in 
deformity and disability after the patient regains mobility.

When treating malunions, the following facts must be 
considered. Of the four characteristics that determine the 
acceptability of fracture reduction, the first in importance 
is alignment, the second is rotation, the third is restoration 
of normal length, and the fourth and least important is the 
actual position of the fragments. A slight deformity can be 
seriously disabling when a malunion involves a joint or is 
near one. If malunion causes only slight disability, function 
sometimes cannot be improved enough to justify surgery; 
however, a rotational deformity can be so disabling that sur-
gery is required. Deformity of axial alignment in children 
younger than 9 years old may correct spontaneously with 
growth, especially if it is near a joint and in the plane of its 
motion. An offset in an epiphysis usually also corrects itself 
spontaneously in a child if the physis has not been injured.

Analysis of the deformity should take into consideration 
that most deformities can be resolved into one plane with 
regard to anteroposterior and varus or valgus deformity. Ries 
and O’Neill developed a trigonometric analysis of deformity 
and designed a graph to determine the true maximal defor-
mity on the basis of the true anteroposterior and lateral radio-
graphic views (Fig. 58.1). Other trigonometric analyses of 
angulation osteotomies also have been reported.
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The objective of surgery for malunion is to restore 
function. Although improving the appearance of the part 
may be equally important to the patient, surgery rarely is 
justified for cosmetic reasons alone. Operative treatment 
of malunion of most fractures should not be considered 
until 6 to 12 months after the fracture has occurred. In 
intraarticular fractures, surgery may be required sooner if 
satisfactory function is to be restored. When considering 
surgery, the degree of osteoporosis and soft-tissue atrophy 
must be evaluated, and a decision must be made whether 
early surgery would be preferable to active rehabilitation of 
the part followed by the surgery. Corrective surgery at the 
site of malunion is not always feasible. In some instances, a 
compensatory procedure may be necessary to restore func-
tion; in others, pain may be the predominant symptom and 
may require fusion of a joint.

Ilizarov pioneered work on intercalary limb regenera-
tion with the use of circular external fixation techniques 
and various hinged constructs. These developments make 
possible the simultaneous restoration of alignment, rota-
tion, and length. These techniques require a thorough 
understanding of frame design and construction, inten-
sive patient counseling, and intensive physical therapy. 
Impressive results have been reported in some of the most 
challenging situations, especially infected nonunions and 
bone loss problems. Circular fixation techniques have a 
definite role in malunion surgery for the restoration of 
length and when previous infection has made conventional 

open reduction techniques inappropriate. Detailed instruc-
tion and experience with these techniques are necessary, 
however, before they can be used for reconstruction of 
complex malunions. Three-dimensional modeling can be 
useful in preoperative planning for various bone and joint 
malunions.

FOOT
PHALANGES OF THE TOES
Malunion of fractures of the phalanges of the toes rarely 
causes enough disability to justify surgery. A deformity that 
causes pain can be corrected easily, however, through a lateral 
or dorsal incision that does not injure the tendons. Osteotomy 
and alignment of the fragments may be sufficient. For com-
plete correction, however, wide resection may be required; 
this can be done with impunity because skillful movements 
of the toes are not needed. 

METATARSALS
If malunion of the neck or shaft of a metatarsal is dis-
abling, the fragments almost always are angulated toward 
the plantar surface of the foot, producing an osseous mass 
on the sole; if the fracture was severely comminuted, the 
mass may simulate a tumor. Surgery should not aim to 
restore perfect apposition and alignment but only to cor-
rect angulation so that weight bearing does not cause pain-
ful pressure on the sole of the foot. 
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FIGURE 58.1 Ries and O’Neill method for determining bony deformity from anteroposterior 
and lateral radiographs. A, Tibial fracture angulated in plane between anteroposterior (AP) and 
lateral (LAT) planes. B, Angles formed by tibial fracture. CAD is the angle shown on anteropos-
terior view, CAB is the angle shown on lateral view, and CAE is the angle in the true plane (T) of 
deformity. (Redrawn from Ries M, O’Neill D: A method to determine the true angulation of long bone 
deformity, Clin Orthop Relat Res 218:191, 1987.)
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CORRECTION OF METATARSAL 
ANGULATION

 TECHNIQUE 58.1 

 n  Make an incision on the dorsum of the forefoot parallel 
with the shaft of the affected bones; often one skin inci-
sion provides access to two bones.

 n  Expose the old fractures and divide them with a small 
osteotome. In some instances, a wedge of bone must be 
removed to permit elevation of the fragments, but resec-
tion must not be extensive enough to result in nonunion.

 n  Raise the fragments into a slightly overcorrected position 
by pressing from below and forcibly flexing the toes.

 n  Fix the fragments with an intramedullary pin as described 
for fresh fractures (see Chapter 89).

POSTOPERATIVE CARE A cast is applied from the tibial 
tuberosity to the toes; the bottom of the cast should be 
well molded to maintain the overcorrected position. At 
3 weeks, any intramedullary pin or pins and the cast are 
removed and a walking boot cast is applied; a felt pad is 
inserted beneath the fractures to hold the toes in plan-
tarflexion. At 6 weeks, the cast is replaced by a sturdy shoe 
fitted with an arch support and metatarsal pad.
  

TARSALS
Malunion of the tarsals except the talus and calcaneus can be dis-
cussed together. Because most fractures in this region are caused 
by violent trauma, several bones may be involved and perhaps 
severely comminuted and one or more of the tarsal joints may 
be dislocated. The distal fragment or fragments usually are dis-
placed dorsalward, and sometimes the bones overlap slightly; in 
these instances, the distal fragment produces a prominence on 
the dorsum of the foot and the proximal fragment beneath forms 
a mass on the sole. Occasionally, lateral movements of the foot 
can be preserved to some extent by osteotomy through the old 
fracture and reduction of the fragments. Even when resection of 
the articular surfaces is unnecessary, however, lateral movements 
usually are lost. Partial or total resection and arthrodesis of one or 
more of the tarsal joints frequently are required, not only to cor-
rect the position of the bones but also to relieve pain and prevent 
traumatic arthritis. Because lateral movements often are already 
partially or completely lost, arthrodesis that entirely eliminates 
lateral motion does not add much to the disability, especially in 
young people. When the subtalar joint is not involved, its motion 
should be preserved by fusing only the midtarsal joints.

Unless deformity and pain are severe, operations for mal-
union in this area are not advisable until weight bearing has 
been tried for 6 to 12 months. 

 

CORRECTION OF TARSAL MALUNION

 TECHNIQUE 58.2 

 n  Make an incision either lateral to the extensor tendons 
on the dorsum of the foot or middorsally in line with the 

third metatarsal; reflect the periosteum and expose the 
old fracture.

 n  If the injury is only a few months old, divide the bones 
with an osteotome at the fracture; if the fragments over-
lap excessively, remove a small section from each.

 n  Using a bone skid or periosteal elevator, lever the frag-
ments into position.

 n  The reduction usually is stable; if desired, however, bone 
staples or crossed Kirschner wires can be used to maintain 
apposition.

 n  If malunion has been present for several months or years, 
the tarsus may be completely fused and the old fracture 
line may be invisible; in these instances, osteotomize the 
bones without regard to joints or to the possible site of 
the old fracture. If the deformity is severe, reduction is 
impossible without wide resection of the bones.

 n  If the malunion has caused tenosynovitis of the extensor 
tendons and dorsal contracture of the toes, the deformi-
ties can be corrected later by an operation for claw toes 
(see Chapter 87).

POSTOPERATIVE CARE With the foot at a right angle 
to the leg, a plaster cast is applied from the toes to just  
below the knee. After 1 week, radiographs are made 
through the cast to confirm the position. At 2 weeks, 
the cast and sutures are removed, the foot is inspected, 
and, if necessary, any residual deformity is corrected 
with the patient under general anesthesia. A short leg 
cast is applied and is worn for 1 month. Impressions 
for arch supports are made, and a walking boot cast 
is applied; the cast is well molded beneath the meta-
tarsal necks and the longitudinal arch and is worn for 
4 weeks. The cast is removed, and the patient is in-
structed in foot and toe exercises; the arch supports are 
worn for 4 to 6 months.
  

TALUS
Malunion of a fracture of the talus is always seriously dis-
abling. The neck, body, or both may be involved in the mal-
union and can produce an irregularity of the ankle joint or the 
subtalar or talonavicular joint.

MALUNION OF THE TALAR NECK
Malunited fractures of the neck of the talus are analogous 
to intracapsular fractures of the neck of the femur in that 
they often impair circulation and can cause degeneration 
or even osteonecrosis of the talar head or body and conse-
quent irregularity of one or more of the articular surfaces. 
Union may occur with the distal fragment in rotation or 
in lateral or medial deviation, producing a varus or valgus 
deformity. Treatment of varus malunion of the talar neck has 
been limited to triple arthrodesis, with unpredictable results. 
Shortening of the lateral column or lengthening of the medial 
column to correct forefoot rotation also has been suggested. 
A talar neck osteotomy at the apex of the deformity with a 
rhomboid-shaped autogenous tricortical iliac crest bone 
graft impacted into the osteotomy to maintain correction can 
be performed; however, care must be taken to preserve the 
extraosseous blood supply to the talus to prevent osteonecro-
sis. When the body of the talus is avascular, treatment is as 
described in Chapter 85. A triple arthrodesis with resection 
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of suitable wedges of bone may be necessary to correct heel 
inversion and forefoot varus (see Chapter 85).

A malunited fracture of the base of the neck or of the 
anterior part of the body, with dorsal displacement of the dis-
tal fragment, may painfully block the ankle joint anteriorly. 
Excision of the protruding part of the bone may restore ankle 
motion, although traumatic arthritis may develop eventually. 
If symptoms of traumatic arthritis are incapacitating, ankle 
arthrodesis is indicated. 

MALUNION OF THE TALAR BODY
Fractures of the body of the talus, although rare, often unite in 
malposition. Disability is extreme when the fracture involves 
the subtalar or ankle joint or both.

Arthrodesis or talectomy is the preferred treatment. If an 
articular surface of the talus is grossly distorted, and the bone 
is viable and is not infected, arthrodesis is the procedure of 
choice. When the superior and inferior articular surfaces of 
the talus are irregular, posterior arthrodesis of the ankle (see 
Chapter 11), including the subtalar joint, is preferable. When 
the body is nonviable, calcaneotibial arthrodesis (see Chapter 
89) is indicated because motion in the midtarsal joints can be 
preserved.

Traumatic arthritis may be limited to the ankle joint or to 
the subtalar joint. In these instances, ankle arthrodesis (see 
Chapter 11) or subtalar fusion may be indicated. Good results 
have followed subtalar fusion without arthrodesis of the mid-
tarsal joints.

Occasionally, a malunited comminuted fracture of the 
body or neck of the talus can be treated by pantalar arthro-
desis. Pantalar and calcaneotibial arthrodeses are difficult and 
extensive operations.

For open fractures complicated by infection and drain-
ing sinuses and sequestration of the talus, talectomy has 
been recommended in the past. The technique of excision of 
the talus is similar to that described for tuberculosis of this 
bone (see Chapter 23). To preserve limb length, we have used 
Ilizarov circular fixation techniques and bone segment trans-
port after corticotomy of the distal tibia to facilitate calcaneo-
tibial arthrodesis, especially after loss of the talar body from 
open fractures or sepsis. This technique requires a compliant 
patient, radical debridement of the infected bone, and appro-
priate antibiotic therapy. 

CALCANEUS
Pain and disability often persist after fractures of the calcaneus 
even though the original injury was treated skillfully; this is 
especially likely if the patient’s occupation requires walking 
over rough ground. Deformities associated with nonopera-
tive management of calcaneal fractures include heel widen-
ing, subtalar incongruity, loss of calcaneal height (decreased 
Böhler angle), and varus alignment. Heel widening can lead 
to subfibular impingement and dysfunction of the pero-
neal tendons. Decreased calcaneal height results in a more 
horizontally oriented talus, which causes anterior tibiotalar 
impingement, decreased dorsiflexion, and decreased push-off 
strength. Impaired calcaneal cuboid motion can occur from 
overhang of the anterolateral calcaneal wall. Varus deformity 
leads to excessive stress on the lateral foot, whereas subtalar 
incongruity causes posttraumatic arthrosis.

Because pain after calcaneal fractures may improve for 1 
to 2 years after injury, surgical treatment usually is deferred 

as long as the patient is making progress in rehabilitation. If a 
patient’s function fails to progress during this time, however, 
surgical intervention is warranted. Preoperative evaluation 
should include analysis of the location of the pain. Lateral 
pain usually is caused by lateral wall impingement or peroneal 
tendinitis, whereas more circumferential pain likely is caused 
by subtalar arthrosis. Anterior ankle pain may be caused by 
impingement. Posterior ankle pain may be caused by a poste-
rior calcaneal bone spike behind the facet. An injection of 1% 
lidocaine into the subtalar joint may be helpful in differenti-
ating the origin of the pain. Operative treatment may consist 
of osteotomy, arthrodesis, or resection of a prominence of the 
calcaneus laterally to free the peroneal tendons, or a combi-
nation of these techniques. A laterally based opening wedge 
osteotomy for extraarticular malunited fractures has been 
reported with good results for patients with a symptomatic 
heel valgus before the onset of subtalar arthritis. If arthrodesis 
is considered, having the patient wear a limited motion, dou-
ble upright brace or prefabricated walking boot for 8 weeks 
can be useful in predicting the success of the procedure.

Although smoking is not an absolute contraindication 
to surgical management, smoking increases the incidence 
of nonunion after subtalar arthrodesis and the likelihood 
of wound complications. Smokers should be encouraged 
to quit preoperatively and be counseled about potential 
complications.

Radiographic evaluation includes standard lateral and lat-
eral weight-bearing radiographs and views of the calcaneus. 
A Broden view can provide information about the subtalar 
joint; however, a CT scan most accurately shows alignment 
and subtalar congruity. CT scans are obtained in the trans-
verse and coronal planes.

Stephens and Sanders used CT to identify three types 
of calcaneal malunions (Fig. 58.2) and to develop treatment 
guidelines (Table 58.1). Using these guidelines in 26 mal-
unions, they obtained 18 excellent, five good, and three fair 
results. Although outcomes deteriorated as the complexity 
of the malunions increased, significant clinical improvement 
was obtained in even the most severe deformities. In a fol-
low-up study, Clare et  al. reported that the extensile lateral 
approach allowed adequate decompression of the peroneal 
tendons, bone block arthrodesis, and calcaneal osteotomy all 
through the same incision, which is not possible with other 
proposed approaches (Gallie, Ollier). Ninety-three percent 
of the arthrodeses united, all feet were plantigrade, and 93% 
were in neutral or valgus alignment. Twenty-four percent 

 

I II III

FIGURE 58.2 Three types of calcaneal malunions: I, large 
lateral wall exostosis, no subtalar arthritis; II, large lateral wall 
exostosis, significant subtalar arthritis; and III, lateral exostosis, 
significant subtalar arthritis, calcaneal body malalignment of more 
than 10 degrees of hindfoot varus.
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had delayed healing, but only one deep infection occurred, 
and no free-tissue transfers were necessary. A nonsignificant 
trend toward increased nonunion and wound problems was 
noted in smokers, and mild residual pain was present in 64% 
of patients, usually lateral in location. There were no implant 
failures, which the authors attributed to using large (7.3 or 8.0 
mm) titanium screws placed with a lag technique.

Flemister et al. found that outcomes were similar regard-
less of the reconstructive procedure—lateral calcaneal closing 
wedge osteotomy, bone block arthrodesis, in situ fusion—but 
malunion and nonunion were more frequent after bone block 
procedures (15%) than after in situ fusions (5%). They rec-
ommended in situ fusion, unless anterior ankle impingement 
requires a more complicated bone block fusion.

If the subtalar joint alone is involved, enough bone is 
resected to correct the weight-bearing alignment and the joint 
is arthrodesed. If the midtarsal joints also are involved, a tri-
ple arthrodesis (subtalar, talonavicular, and calcaneocuboid) 
is advisable. Romash described a reconstructive osteotomy of 
the calcaneus with subtalar arthrodesis for malunited calca-
neal fractures with satisfactory results. According to him, the 
reconstructive osteotomy, which re-creates the primary frac-
ture, allows repositioning of the tuberosity to narrow the heel, 
alleviates impingement, and returns height to the heel; the 
subtalar arthrodesis alleviates the symptoms of posttraumatic 
arthritis. Good or excellent results also have been reported 
with subtalar distraction realignment arthrodesis using lat-
eral decompression, medial subtalar capsulotomy, and dis-
traction and realignment of the subtalar joint with a tapered 
wedge bone graft (Fig. 58.3). The lateral approach has sev-
eral advantages over the Gallie-type posterolateral approach, 
including less soft-tissue dissection, good view of the subtalar 
joint, easier access to the medial subtalar capsule and susten-
taculum tali, and decreased risk of damage to the sural nerve.

Several bone block fusion techniques to restore heel height 
and improve talar inclination have been described with union 
rates of 80% to 100% with no varus malunions. However, one 
study reported good results in only seven of 14 patients, and 
another study reported varus malunions of the arthrodesis in 
four of 15 patients. Trnka et al. reported 29 complications after 
subtalar bone block arthrodesis. Four of the five nonunions in 
their series were in patients in whom allografts were used, and 
they cautioned against allograft use. Bone block fusion rather 
than in situ fusion has been recommended for patients with loss 
of heel height; however, satisfactory results have been reported 
even with loss of heel height using subtalar arthrodesis without 
interpositional bone grafting. Distraction arthrodesis should 

be considered only for patients with less than 10 degrees of 
ankle dorsiflexion and disabling pain. For a severe crush-
ing fracture of the calcaneus, either fresh or malunited, triple 
arthrodesis has been recommended because there is not only 
derangement of the subtalar joint but also a subluxation of the 
calcaneocuboid and talonavicular joints caused by depression 
of the sustentaculum tali. With subtalar fusion alone, the head 
and neck of the talus are left projecting forward without sup-
port and form a constant lever in weight bearing that interferes 
with fusion. According to Conn, triple arthrodesis is prefer-
able to subtalar fusion because the talonavicular, calcaneocu-
boid, and subtalar joints have a reciprocal action and because 
triple arthrodesis does not add to the disability since little mid-
tarsal motion remains after the original injury. Others, how-
ever, believe that triple arthrodesis has no advantage in most 
patients with calcaneal malunions. We believe that unless the 
midtarsal joints are involved, arthrodesis should be limited to 
the subtalar joint; motion in the midtarsal joints may increase 
with activity and should be preserved. 

 

POSTERIOR SUBTALAR ARTHRODESIS
Gallie advised arthrodesis of the subtalar joint from the pos-
terior aspect because the procedure is simpler than the one 
usually employed (Fig. 58.4); however, it does not allow 
correction of varus or valgus position of the calcaneus or 
of any other deformity of the foot. According to Gallie, a 
mild valgus position of the heel usually can be disregarded. 
His operation is not suitable if the primary deformity is one 
of varus because excessive weight would be borne on the 
head of the fifth metatarsal and cause a painful callus.

 TECHNIQUE 58.3 

(GALLIE)
 n  With the patient prone, make a longitudinal incision 

along the lateral border of the Achilles tendon for 6 to 

TABLE 58.1

Guidelines for Treatment of Calcaneal Malunions

Type I Lateral exostectomy through extensile L-shaped 
lateral incision

Type II Lateral exostectomy plus subtalar arthrodesis 
using resected exostosis as graft

Type III Lateral exostectomy plus subtalar arthrodesis 
plus calcaneal osteotomy

Adapted from Stephens HM, Sanders R: Calcaneal malunions: results of 
prognostic computed tomography classification system, Foot Ankle Int 17:395, 
1996.

 

A

B
FIGURE 58.3 Subtalar distraction realignment arthrodesis for 

calcaneal malunions. A, Subtalar distraction with lamina spreader. 
B, Subtalar distraction arthrodesis with anterior wedge bone graft 
and cannulated screw.
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8 cm and incise transversely the posterior capsule of the 
ankle and of the subtalar joint.

 n  Locate the subtalar joint by medial and lateral motions of 
the calcaneus.

 n  Probe the subtalar joint to determine its general direc-
tion and cut a mortise in the calcaneus and talus approxi-
mately 1.3 cm wide, 0.6 cm deep, and as far distally as 
the sinus tarsi.

 n  Flex the knee and remove a graft 6.2 cm long × 1.3 cm 
wide from the anteromedial surface of the proximal tibia. 
Divide the graft into two parts and bevel one end of each.

 n  Pack cancellous bone into the depth of the mortise. With 
their cortical surfaces apposed, drive the two grafts into 
the mortise. If the grafts are of the proper size, their 
cancellous surfaces press snugly against the lateral walls 
of the mortise. Strips of cancellous bone from the ilium 
probably are preferable to the tibial grafts used by Gallie; 
they are packed tightly into the cavity.

 n  Close only the subcutaneous and skin layers over a suc-
tion drain.

 n  Apply a bulky dressing followed by a short leg cast.
   

 

DISTRACTION ARTHRODESIS

 TECHNIQUE 58.4 

(CARR ET AL.)
 n  Place the patient in the lateral decubitus position with 

the affected side up. Prepare and drape the posterior iliac 
crest.

 n  Under tourniquet control, make a longitudinal postero-
lateral Gallie-type approach to the subtalar joint. There 
should be no horizontal extension of this incision to avoid 
undue tension on the wound.

 n  Expose the lateral calcaneal wall subperiosteally and ex-
cise it to a more normal width (lateral wall decompres-
sion). This step should ensure peroneal and fibular de-
compression.

 n  Identify the subtalar joint and apply a femoral distrac-
tor with half-pins in the medial subcutaneous tibia and 
medial calcaneus. The medial application helps to correct 
hindfoot varus.

 

A B C
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tendo
calcaneus
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subtalar joint
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transverse sinus
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anteromedial
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FIGURE 58.4 Gallie subtalar fusion for malunited fracture of calcaneus. A, Line of skin inci-
sion. B and C, Mortise removed from subtalar joint, extending from posterior surface to transverse 
sinus. D–G, Tibial grafts inserted to fill mortise.
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 n  Apply distraction and denude the posterior subtalar joint 
to subchondral bone. Use a lamina spreader to aid in sub-
talar joint exposure.

 n  Correct any heel varus or valgus by manipulation.
 n  Obtain intraoperative radiographs to ensure correction 

of the lateral talocalcaneal angle (normally 25 to 45 de-
grees). A weight-bearing view of the opposite foot ob-
tained preoperatively is helpful in confirming a normal 
talocalcaneal angle.

 n  Measure the subtalar joint gap and harvest an appropri-
ately sized tricortical posterior iliac crest bone graft. A block 
2.5 cm in height may be required for severe deformity. Two 
separate pieces may be required to fill the gap completely 
and help prevent late collapse into varus or valgus.

 n  After inserting the graft, release the distraction forces.
 n  Insert two fully threaded, 6.5-mm AO cancellous screws 

through stab incisions in the heel to fix the calcaneus and 
the talus firmly. Two screws provide rigid fixation and help 
prevent rotatory movements around the axis of subtalar 
motion. Fully threaded screws are used to help prevent 
late collapse (Fig. 58.5).

 n  Obtain final radiographs to confirm position before 
wound closure.

POSTOPERATIVE CARE The drain is removed at 24 
hours. The foot is elevated for 72 hours, and the cast is not 
bivalved if the neurovascular status remains satisfactory. 
Crutch walking without weight bearing is allowed. At 2 
weeks, the cast and sutures are removed and a well-molded 
short leg nonwalking cast is applied and worn 4 weeks. Ac-
tive toe exercises are encouraged during this time. During 
the first 6 weeks, if patient compliance concerning weight 
bearing is questionable, a long leg cast with the knee bent 
is applied. At 6 weeks, a short leg walking cast is applied 
and weight bearing to tolerance is allowed. Radiographs of 

the arthrodesis are obtained at 6 and 12 weeks. Usually a 
leather lace-up shoe with a rigid shank can be worn after 12 
weeks, in conjunction with a leather lace-up ankle corset to 
control edema for another 4 to 6 weeks. The patient should 
be informed preoperatively that swelling around the hind-
foot may persist for 6 to 9 months after surgery.
   

 

RESECTION OF LATERAL  
PROMINENCE OF CALCANEUS
According to Kashiwagi, pain in malunited fractures of the cal-
caneus sometimes is caused by changes around the peroneal 
tendons. The tendons may be buried in callus, caught by bony 
fragments, affected by adhesions, or displaced superiorly by a 
bony prominence. Kashiwagi recommended peroneal tomog-
raphy to show changes around the tendons and their sheaths 
(Fig. 58.6). If pain is caused by such changes, he advised free-
ing the tendons and sheaths, resecting the bony prominence 
laterally, and, if necessary, subtalar arthrodesis.

 TECHNIQUE 58.5 

(KASHIWAGI, MODIFIED)
 n  Make a Kocher incision, but extend its distal half one fin-

gerbreadth superior to the sole of the foot and end it at 
the base of the fifth metatarsal.

 n  Identify the peroneus longus and brevis tendons, and, 
without opening their sheaths, deepen the incisions to 
the lateral surface of the calcaneus 0.6 cm inferior to the 
peroneus longus tendon. Extend the dissection superiorly 
next to the bone and deep to the tendons, separating the 
peroneal retinaculum from the bone.

 

A B

FIGURE 58.5 A and B, Distraction arthrodesis. (From Robinson JF, Murphy GA: Arthrodesis as 
salvage for calcaneal malunions, Foot Ankle Clin 7:107, 2002.) SEE TECHNIQUE 58.4.
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 n  Retract the tendons superiorly over the tip of the lateral 
malleolus. Free the origin of the extensor digiti brevis from 
the calcaneus and retract it superiorly also. The lateral 
surface of the calcaneus is exposed, including the lateral 
aspect of the subtalar and calcaneocuboid joints.

 n  With a wide osteotome, make a sagittal osteotomy through 
the calcaneus extending from the calcaneocuboid joint an-
teriorly to the tuberosity of the bone posteriorly and from 
the subtalar joint superiorly to the plantar surface inferiorly.

 n  Discard the bone resected. The lateral side of the calca-
neus should now consist of a vertical wall, all excessive 
bone lateral to the subtalar joint and inferior to the lateral 
malleolus having been removed.

 n  The lateral aspects of the subtalar and calcaneocuboid joints 
are now exposed; if necessary, arthrodese these joints.

 n  Replace the peroneal tendons and sheaths inferior to the 
lateral malleolus and suture the peroneal retinaculum to 
the plantar fascia.

 n  Close the wound.
 n  With the knee flexed 30 degrees, apply a long leg cast.

POSTOPERATIVE CARE At 10 to 14 days, the cast and 
sutures are removed. If the operation includes an arthrode-
sis, a short leg walking cast is applied and the postoperative 
care is the same as for triple arthrodesis (see Chapter 85).
   

 

CORRECTION OF CALCANEAL 
MALUNION THROUGH EXTENSILE 
LATERAL APPROACH

 TECHNIQUE 58.6 

(CLARE ET AL.)
 n  Place the patient in the lateral decubitus position on a 

beanbag, with the normal leg down and in front of the 
injured extremity.

 n  Place a thigh tourniquet. Prepare and drape the leg and 
exsanguinate the extremity with the use of an Esmarch 
bandage. Inflate the tourniquet to 350 mm Hg.

 n  Make a lateral extensile incision over the calcaneus and 
raise a full-thickness subperiosteal flap. The vertical limb 
of the incision should be just anterior to the Achilles ten-
don and posterior to the sural nerve, allowing the nerve to 
be elevated with the full-thickness flap posteriorly. Avoid 
violation of the nerve at the terminal portion of the hori-
zontal limb of the incision.

 n  Place three 1.6-mm Kirschner wires, one in the distal fib-
ula, one in the talar neck, and the third in the cuboid, for 
retraction of the peroneal tendons and the subperiosteal 
flap.

 n  Carefully free the lateral wall of the calcaneus of all ad-
jacent soft tissue as far distally as the calcaneocuboid ar-
ticulation. In all three types of calcaneal malunions, the 
lateral wall exostosis must be resected.

 n  Place a Hohmann retractor on the plantar aspect of the 
calcaneus and one on the anterior process of the calca-
neus, and perform an exostectomy using a thin-bladed 
AO osteotomy saw (Synthes USA, Paoli, PA). Starting pos-
terior, angle the saw blade slightly medially relative to the 
longitudinal axis of the calcaneus, leaving more residual 
bone plantarly and providing decompression of the area 
of impingement in the subfibular region (Fig. 58.7A). Do 
not violate the talofibular joint.

 n  Continue the exostectomy to the level of the calcaneo-
cuboid joint because the residual overhang of the lat-
eral wall often results in an osseous block to motion of 
this joint. Remove the overhang and the lateral fourth 
of the distal aspect of the calcaneus because articula-
tion of this lateral portion with the cuboid is almost 
always arthritic.

 n  Complete the exostectomy distally with an osteotome 
to avoid saw blade damage to the cuboid and remove 
the fragment en bloc (Fig. 58.7B). The excised lateral wall 
fragment should be maintained as a single fragment, if 
possible, for later use as a bone block autograft in type II 
and type III malunions.

 n  In type II and type III calcaneal malunions, attention is 
directed to the subtalar joint. If it is arthritic, perform a 
subtalar arthrodesis. Place a lamina spreader within the 
joint and debride the remaining articular surface using a 
sharp periosteal elevator or osteotome.

 n  Prepare the inferior talar and superior calcaneal osseous 
surfaces with a 2.5-mm drill bit, creating multiple per-
forations within the subchondral bone for vascular in-
growth.

 n  With the lamina spreader fully expanded within the sub-
talar joint posteriorly, verify by fluoroscopy how much 
height needs to be obtained. The talar head should align 
anatomically with the navicular, indicating restoration of 
the medial column, the normal angle of talar declination, 
and the talocalcaneal angle.

 n  When alignment is confirmed radiographically, measure 
the dimensions of the defect with a ruler, allowing the 
autograft bone block to be contoured to match the de-
fect. If the joint is excessively tight medially, place lamina 
spreaders in the sinus tarsi and the posterior facet of 
the subtalar joint. A femoral distractor placed medially 
is not used because it is cumbersome and not as effec-

 FIGURE 58.6 Peroneal tenogram in acute fracture of calca-
neus. Peroneal sheaths fail to fill with contrast medium opposite 
laterally displaced fragment of calcaneus.  (Courtesy Daiji Kashiwagi, 
MD.)
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tive as direct intraarticular distraction. Avoid incising the 
deltoid ligament from inside the subtalar joint because 
this renders the joint unstable and overdistraction of the 
graft may result.

 n  Place the previously excised lateral wall fragment within 
the joint as an autograft bone block (Fig. 58.7C). This 
bone can be folded over on itself to obtain more height 

if needed, but it should fill the subtalar joint because the 
height of the lateral calcaneus (and the graft) usually is 
equal to the width of the posterior facet. Additional can-
cellous allograft chips may be placed in the debrided sinus 
tarsi to assist fusion.

 n  If a subtalar arthrodesis alone is needed (type II malunion), 
place fixation at this point. With the subtalar joint held 

 

A B

D

C

FIGURE 58.7 Extensile lateral approach to calcaneus. A, Excision of lateral wall exostosis. B, 
En bloc removal of lateral wall exostosis. C, CT scan showing excised lateral wall used as autograft 
bone block. D, Completion of Dwyer-type calcaneal osteotomy for type III calcaneal malunion with 
severe varus malalignment of hindfoot.  (From Clare MP, Lee WE, Sanders R: Intermediate to long-term 
results of a treatment protocol for calcaneal fracture malunions, J Bone Joint Surg Am 87A:963, 2005.) SEE 
TECHNIQUE 58.6.
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in neutral to slight valgus alignment, place two termi-
nally threaded 3.2-mm guide pins percutaneously from 
the posterior plantar edge of the calcaneus, and advance 
across the subtalar joint perpendicular to the plane of 
the posterior facet and into the talar dome. Angle the 
guide pin in a divergent fashion into the talar dome for 
increased stability. Avoid placing a pin in the lateral aspect 
of the ankle joint.

 n  Obtain fluoroscopic anteroposterior and mortise images 
of the ankle and obtain an axial radiograph of the calca-
neus to verify correct pin placement and hindfoot align-
ment.

 n  If more stable fixation is required, place a third guide pin 
from the plantar margin of the anterior process of the 
calcaneus into the distal aspect of the talar neck and head 
for more stable fixation. Avoid violating the talonavicular 
joint.

 n  Place large fragment, partially threaded (7.3 or 8 mm) 
cannulated screws in lag mode for definitive fixation.

 n  In patients with a type III malunion, correction of axial 
mal alignment also is necessary. Because rotation of the 
midfoot in the coronal plane around an anteroposterior 
axis (pronation-supination) would not correct a malposi-
tioned calcaneal tuberosity healed in varus or valgus, a 
calcaneal osteotomy is performed before placement of 
the fixation for subtalar arthrodesis. For varus malalign-
ment, perform a Dwyer lateral closing wedge osteotomy 
posterior to the posterior facet (Fig. 58.7D). Use a medial 
displacement calcaneal osteotomy with rotation for val-
gus malalignment.

 n  When the osteotomy is completed, insert the guide pins 
in the manner described earlier. In this way, the oste-
otomy and the fusion can be compressed simultaneously. 
If bone is removed during the closing wedge osteotomy, 
it can be used as graft material as well.

 n  Remove the Kirschner wires and examine the tendons 
for dislocation. In many ankles with obvious preopera-
tive tendon subluxation, removal of the exostosis allows 
the tendons to fall back behind the fibula and no further 
treatment is needed. The peroneal tendon sheath should 
be entered distally with a Freer elevator, however, to 
evaluate sheath stenosis proximally.

 n  If stenosis is found, incise the sheath over a length of 2 to 
3 cm along the undersurface of the subperiosteal flap so 
that a tenolysis can be performed.

 n  If a peroneal tendon dislocation is identified, reconstruct 
the superior peroneal retinaculum through a small sepa-
rate incision in the flap.

 n  Place a deep drain exiting at the proximal tip of the verti-
cal limb of the incision and close the subperiosteal flap in 
a layered fashion.

 n  Pass interrupted 0 Vicryl sutures in the deep layers of the 
subperiosteal flap, angling such that the flap is advanced 
to the apex of the incision.

 n  Clamp the sutures until all deep sutures have been placed. 
When completed, hand-tie the sutures sequentially, start-
ing at the proximal and distal ends and working toward 
the apex of the incision.

 n  Close the subcuticular layer in a similar fashion with inter-
rupted 2-0 Vicryl. Close the skin with 3-0 nylon suture, 
starting at the ends and progressing toward the apex. If 
height restoration prevents wound closure, the vertical 

limb of the incision can be extended proximally to allow 
the flap to shift and rotate downward, with the proximal 
wound being left open to granulate.

POSTOPERATIVE CARE Patients with type I malunions 
are kept non–weight bearing until the incision has healed, 
and physical therapy with early range-of-motion activities 
and gait training with full weight bearing is initiated there-
after, usually by 3 weeks. Patients with type II and type III 
malunions are kept non–weight bearing with the leg in a 
cast for 12 weeks (with cast changes every 4 to 6 weeks). 
This is followed by progression of weight bearing and the 
initiation of physical therapy after radiographic evidence 
of union of the subtalar fusion mass is confirmed.
   

 

CORRECTION OF VALGUS MALUNION 
OF EXTRAARTICULAR CALCANEAL 
FRACTURE
For malunited extraarticular fractures, Aly described a lat-
erally based opening wedge osteotomy for symptomatic 
valgus calcaneal deformity in 34 patients. He obtained 
good or excellent results in 91% and poor results in 9% at 
a mean follow-up of 56.2 months. The mean AOFAS hind-
foot and ankle score improved from 57 preoperatively to 
90 postoperatively. In the patients with poor results, bilat-
eral fractures and subtalar arthritis contributed to their gait 
abnormality and restricted hindfoot motion.

 TECHNIQUE 58.7 

(ALY)
 n  Approach the calcaneus through an oblique lateral inci-

sion. Protect and retract the superficial branches of the 
peroneal nerve.

 n  Identify the sustentaculum tali by probing over the dor-
sum of the exposed calcaneus.

 n  Shave the lateral border of the widened calcaneus. In-
cise the periosteum in line with the planned osteotomy, 
starting laterally approximately 2.5 cm proximal to the 
calcaneocuboid joint in the interval between the middle 
and posterior facets of the subtalar joint.

 n  Make a lateral to medial oblique osteotomy. The oste-
otomy line should be made slightly oblique from prox-
imal-lateral to distal-medial. The required depth of the 
osteotomy should be estimated from the preoperative 
calcaneal axial radiographs.

 n  Open the osteotomy with a large osteotome. Preserve 
the periosteum of the medial calcaneus to prevent medial 
displacement of the posterior fragment.

 n  Take a suitable tricortical bone graft from the posterior 
iliac crest and place it into the osteotomy site and add the 
bone shavings.

 n  Through a posterior approach, place one cannulated 
screw through the long axis of the calcaneus.

POSTOPERATIVE CARE Postoperatively, the patient is 
kept non–weight bearing in a cast for 6 weeks and then 
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placed in a walking cast for an additional 6 weeks. There-
after, the patient may wear normal shoes.
   

ANKLE
Occasionally, malunion occurs after the most accurate reduc-
tion of closed ankle fractures or more commonly after “stable” 
injuries that displace with widening of the mortise because of 
syndesmotic disruption. Malunion also can develop if fixa-
tion of the fibula is inadequate and the fibula is allowed to 
shorten and rotate. Disability from a malunited ankle fracture 
can be so extreme that relief can be obtained only by surgery. 
Even a minor varus or valgus deformity of the joint produces 
an abnormal weight-bearing alignment and posttraumatic 
arthritis. Although one cadaver study suggested that fac-
tors other than the magnitude of normal contact stresses are 
of greater importance in the pathogenesis of posttraumatic 

arthritis, another cadaver study found that 2 mm or more of 
shortening or lateral displacement and 5 degrees or more of 
external rotation increase contact pressures significantly in 
the posterolateral and midlateral quadrants of the talar dome, 
and a corresponding decrease in the contact pressures was 
noted in the medial quadrants of the talar dome. Anatomic 
reduction of pronation-lateral rotation fractures of the lateral 
malleolus was recommended to diminish the risk of posttrau-
matic arthritis.

Osteotomies to correct uncomplicated deformities caused 
by recently malunited fractures of the ankle usually are satis-
factory, but displacement of the talus within the ankle mor-
tise for more than 3 months may result in pathologic changes 
in the articular cartilage, with a diminished potential for sat-
isfactory outcome with osteotomy. Some authors, however, 
have reported improvement in patients with adequate sur-
gery after displacement of more than 3 months. Nevertheless, 
all agree that when the deformity has been of short duration 
and has been corrected with minimal trauma to the articu-
lar surfaces, good function usually can be obtained if the 
normal weight-bearing alignment of the lower extremity 
and the normal relationships between the articular surfaces 
of the tibia, the fibula, and the talus are restored (Fig. 58.8). 
Displacement and residual tilt of the talus have been associ-
ated with poor results, as have inaccurate reduction and poor 
surgical technique.

Osteotomies have been less successful in treating bimalle-
olar malunions associated with moderate-to-severe arthritis. 
An osteotomy can restore weight-bearing alignment of the 
ankle, but pain and swelling can persist because of arthritic 
deterioration. Some authors recommend realignment oste-
otomies as the initial treatment of all symptomatic ankle mal-
unions, regardless of the age of the patient, time from initial 
injury, severity of malunion, or presence of arthritic changes. 
However, although arthritis is not a contraindication to oste-
otomy, chondral damage has been found to be indicative of a 
poor result. Ankle arthrodesis or ankle arthroplasty should 
be considered in patients with severe arthritic changes and 
severely impaired function or in patients who remain signifi-
cantly symptomatic after osteotomy. It is important to remem-
ber that walking on rough ground is difficult after arthrodesis, 
especially if the subtalar joint is secondarily fibrosed or anky-
losed. Complications as high as 30% have been reported after 
ankle arthrodesis, including nonunion and malunion.

Paley et al. treated malunion after ankle arthrodesis with 
Ilizarov reconstruction. They concluded that the Ilizarov 
apparatus can simultaneously treat the foot deformity, length 
discrepancy, and infection, achieving a solid union and plan-
tigrade foot. However, 20 major complications that required 
surgery occurred during treatment and seven occurred after 
frame removal, four of which required additional surgery.

There are three requirements for the anatomic restora-
tion of the ankle joint: (1) a perfectly equidistant and parallel 
joint space; (2) a fibular spike in its normal position pointing 
exactly to the level of the distal tibial subchondral bone, indi-
cating that the length of the fibula is correct; and (3) a normal 
contour at the lateral part of the articular surface of the talus 
in continuity as an unbroken curve to the recess of the distal 
fibula where the peroneal tendons lie.

Up to 78% good results have been reported with fibu-
lar osteotomy and lengthening for ankle malunion. The 
criteria for osteotomy include radiographic confirmation 

 

C D
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FIGURE 58.8 A and B, Malunion of bimalleolar ankle fracture 
fixed with interfragmentary screws in elderly patient. C and D, 
Revision fixation with one third tubular buttress plate and hydroxy-
apatite grafting of medial malleolus and tension band fixation of 
lateral malleolus.
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of malunion (Fig. 58.9), a demonstrable joint space on 
anteroposterior and mortise views, and remaining artic-
ular cartilage covering the tibial plafond and the talus. 
Contraindications include ankylosis, loss of bone stock, and 
severe degenerative arthritis.

Operations to correct malunited ankle fractures are 
(1) osteotomy of the fractured fibula or medial malleo-
lus or both with restoration of fibular length and internal 
fixation of the osteotomies, (2) supramalleolar osteotomy 
when only realignment of the lower extremity is required, 
and (3) arthrodesis of the ankle with or without supra-
malleolar osteotomy. Although a variety of malunions can 
occur, the procedures described here can be modified to 
treat most malunions. 

 

OSTEOTOMY FOR BIMALLEOLAR 
FRACTURE

 TECHNIQUE 58.8 

 n  Make a longitudinal lateral incision over the old fibular 
fracture, curving slightly anteriorly at its distal end.

 n  With an osteotome or oscillating saw, make either a 
transverse or an oblique osteotomy of the fibula at the 
area of the old fracture.

 n  Excise scar tissue between the fibula and tibia to allow 
correct positioning of the fibula in the notch. Length and 
rotation of the fibula can be restored with the technique 
described by Weber.

 n  Attach a five-hole or six-hole, 3.5-mm dynamic compres-
sion plate to the distal fibular fragment with two screws 
(Fig. 58.10A). Before plate application, make a small re-
cess in the distal fibula so that the plate is not prominent. 
Place the plate slightly posterior on the distal fragment 
to allow internal rotation of the fragment. Correct the 
rotation of the distal fragment by internally rotating it 10 
degrees.

 n  Attach the articulated tensioning device from an AO small 
fragment system to the proximal end of the plate (Fig. 
58.10B). Apply distraction until the distal fibula is reduced 
anatomically to its articulations with the tibia and talus.

 n  Confirm the reduction with radiographs or fluoroscopy.
 n  If a transverse osteotomy has been made, fill the gap cre-

ated by distraction with a small wafer of corticocancellous 
bone from the medial tibial metaphysis above the medial 
malleolus (Fig. 58.10C).

 FIGURE 58.9 CT scan of occult malunion. Right ankle (left) 
is normal; left ankle (right) shows widening of distal tibiofibular 
joint, indicating fibular shortening and external rotation of lateral 
malleolus.  (From Yablon IG, Leach RE: Reconstruction of malunited 
fractures of the lateral malleolus, J Bone Joint Surg Am 71A:521, 1989.)

 

CBA

FIGURE 58.10 Technique of fibular lengthening (see text). A, Five-hole plate is secured to fibula 
with two distal screws, and osteotomy is made. B, Lengthening is obtained with distraction device. 
C, Corticocancellous graft from tibia is placed in osteotomy, and compression is applied; remaining 
screws are inserted to attach plate to fibula. SEE TECHNIQUE 58.8.
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 n  Change the AO tensioning device to the compression 
mode and apply compression to the osteotomy site. At-
tach the plate to the proximal fibula using three 3.5-mm 
cortical screws. Yablon and Leach recommended the ad-
dition of a syndesmosis screw if the interosseous mem-
brane is detached during the fibular dissection. In very 
distal fractures, it may be necessary to stabilize the fibula 
with transfixing Kirschner wires.

 n  Alternatively, Ward et al. described the use of the small 
AO distractor to restore fibular length and rotation. Ex-
pose the fibula, resect scar tissue, and osteotomize the 
fibula as previously described.

 n  Insert two 2.5-mm partially threaded pins in the anterior 
distal fibular fragment in 10 degrees of external rotation.

 n  Correct rotation of the distal fragment and insert two 
2.5-mm pins into the proximal fibula in the same plane.

 n  Attach the small AO distractor and distract the fibula until 
it is anatomically aligned.

 n  Fill the gap with bone graft and apply compression with 
the distractor.

 n  Apply a one third tubular plate to stabilize the fibula.
   

 

CORRECTION OF DIASTASIS OF THE 
TIBIA AND FIBULA
Operations for diastasis of the tibia and fibula should allow 
a shift of the talus medially and repositioning of the lateral 
malleolus. Yablon and Leach reported that a more extensive 
dissection usually is necessary to restore anatomic align-
ment in fibular malunion associated with lateral shift of the 
talus.

 TECHNIQUE 58.9 

 n  Make a fibular osteotomy and rotate it distally 180 de-
grees to allow removal of an adequate amount of scar 
from the area of syndesmosis.

 n  Make a second incision over the anterior aspect of the 
medial malleolus and excise scar tissue between the me-
dial malleolus and talus.

 n  Reduce the talus and place a Steinmann pin from the tibia 
into the talus to hold the reduction temporarily while the 
fibula is reduced and plated, as described for bimalleolar 
malunions.

 n  If the medial malleolus also has united in a poor position, 
make a second longitudinal incision just proximal to its 
base and drive an osteotome from above through four 
fifths of the diameter of the medial malleolus distally and 
laterally. Make this osteotomy through the medial part of 
the tibia just above the old fracture to obtain a broader 
bony surface. Refracture the bone by forcefully adducting 
the foot.

 n  Stabilize the medial malleolus with parallel small fragment 
lag screws and Kirschner wires as necessary.

 n  If a gap has been created by reduction of the medial mal-
leolus, insert bone graft to prevent future collapse. Use 

a small fragment one third tubular plate as a buttress if 
necessary.

 n  Obtain intraoperative radiographs to confirm anatomic 
reduction of the ankle.

POSTOPERATIVE CARE A cast is applied over padding 
from the tibial tuberosity to the toes with the foot in neu-
tral position. The cast is changed in 2 weeks, the sutures 
are removed, and a cast is reapplied and worn for 10 to 12 
weeks. If stable fixation is obtained in a compliant patient, 
a removable cast brace that does not allow rotation can 
be substituted to allow controlled physical therapy. An 
ankle brace with a medial T-strap and an arch support may 
be necessary for an additional 10 to 12 weeks and can 
be worn for 3 to 6 months after difficult reconstructions. 
Physical therapy should be used to restore the soft tissues 
and encourage strengthening of the bone.
   

 

SUPRAMALLEOLAR OSTEOTOMY
Occasionally, a malunion of the distal tibia and fibula occurs 
in which the normal tibiotalar relationships are retained but 
the ankle is in valgus or varus. A supramalleolar osteotomy 
is recommended for this malunion. Opening wedge, clos-
ing wedge, or dome osteotomies can be used. Because 
dome osteotomies do not sacrifice length to gain correc-
tion of the deformity, they may be preferred in malunions 
associated with shortening. Dome osteotomies are more 
effective, however, in correcting deformity in the frontal 
(varus-valgus) plane than in the sagittal (flexion-extension) 
plane. A properly positioned wedge osteotomy can be used 
to correct multiplanar deformities. Closing wedge osteot-
omies provide broad bony surfaces for healing but cause 
some shortening of the extremity. Opening wedge osteot-
omies maintain length, but bone grafting is required to fill 
the gap created. The Ilizarov method of gradual deformity 
correction with distraction osteogenesis also can be used.

 TECHNIQUE 58.10 

 n  To create a dome osteotomy, expose the distal tibia 
through an anterolateral Henry approach (see Chapter 1).

 n  Use a 3.2-mm drill bit to create a series of holes in the 
distal tibial metaphysis in the shape of an arc, convex su-
periorly. The medial and lateral edges of the arc should be 
1.0 to 1.5 cm proximal to the ankle joint, and the height 
of the arc should be 1.0 to 1.5 cm (Fig. 58.11A).

 n  Through the same incision or a separate lateral incision, 
expose the fibula and make an osteotomy at the same 
level as the tibial osteotomy. If the fracture has healed in 
varus, resect 1 to 3 cm of the fibula to correct the defor-
mity. If the fracture has healed in valgus, make an oblique 
osteotomy of the fibula. Use an oscillating saw to connect 
the holes drilled anteriorly, medially, and laterally in the 
tibia.

 n  With fluoroscopic control, insert a 4- or 5-mm threaded 
pin transversely from medial to lateral into the distal tibial 
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fragment parallel to the joint line. Keep the pin out of the 
joint, the osteotomy site, and the neurovascular bundle.

 n  Insert a second 4-mm or 5-mm bicortical threaded pin 6 
to 10 cm proximal to the osteotomy and parallel to the 
knee joint.

 n  With an osteotome, complete the tibial osteotomy 
through the posterior cortex. Correct varus or valgus de-
formity by making the pins parallel (Fig. 58.11B).

 n  If complete reduction is not obtained, it may be necessary 
to resect more of the fibula or to release more soft tissue, 
including the interosseous membrane.

 n  When the reduction is acceptable, connect the pins with 
an external fixator bar and apply compression. Additional 
external fixation pins can be placed in the tibia and talus.

 n  Alternatively, if the soft-tissue coverage is adequate, sta-
bilize the osteotomy with a 3.5-mm dynamic compres-
sion plate and remove the two external fixation pins. The 
fibula also can be stabilized with a one third tubular plate 
if desired. Bone grafting is left to the surgeon’s discretion.

 n  An opening or closing wedge osteotomy can be made 
in the following manner. Through a lateral longitudinal 
incision, expose and osteotomize the fibula as previously 
described to correct either varus or valgus deformity.

 n  Through the same incision, expose the lateral surface of 
the tibia 1.3 cm proximal to the joint line and drive a wide 
osteotome transversely almost through the bone; carry 
out a manual osteoclasis. Insert cancellous iliac bone, or 
use a wedge-shaped graft taken from the shaft of the 
tibia into the lateral side of the osteotomy to pack it open.

 n  Stabilize the osteotomy with an external fixator applied in 
the standard fashion with pins through the tibia and talus.

 n  If the fractures have healed in varus position, a closing 
wedge osteotomy of the tibia can be made in a similar 
fashion or internal fixation with a plate and screws can 
be used in conjunction with autogenous iliac bone grafts.

 n  Close the wound in layers and apply a bulky dressing if an 
external fixator has been used.

 n  If not, apply a cast from the tibial tuberosity to the toes.

POSTOPERATIVE CARE If casting was used, the cast 
and the sutures are removed at 2 weeks and then a new 
cast is reapplied. Weight bearing is not permitted for 6 
weeks. If external fixation was used, it is removed at 6 to 
8 weeks, and a short leg walking cast is applied. Weight 
bearing is progressed as tolerated, and the cast is removed 
when the osteotomies have healed (12 to 16 weeks after 
surgery). Rehabilitation of the lower extremity is begun by 
physical therapy.
  

ARTHRODESIS FOR MALUNITED 
FRACTURES OF THE ANKLE
Arthrodesis is indicated as a primary procedure in the follow-
ing types of malunited fractures of the ankle:
  1.  Malunited bimalleolar fractures, with or without signifi-

cant deformity, in which radiographs show definite trau-
matic arthritic changes to be the cause of persistent pain 
and disability (Fig. 58.12)

  2.  Malunited trimalleolar fractures of long duration with 
posterior and proximal dislocation of the talus

  3.  Malunited fractures in which the deformity cannot be 
completely corrected by conservative reconstruction or 
in which such extensive surgery is required for correc-
tion that arthritic changes in the ankle are inevitable

When malalignment is marked, it should always be cor-
rected by osteotomy at the time of arthrodesis; otherwise, a 
foot strain can be severely disabling later. This additional pro-
cedure does not materially complicate the operation or delay 
recovery. See Chapter 11 for techniques of arthrodesis of the 
ankle. 

TIBIA
SHAFTS OF THE TIBIA AND FIBULA
In malunions of the shafts of the tibia and fibula, the degree 
of deformity that requires surgery is not clearly defined. It 
is widely believed that angular deformities of the tibial shaft 
cause alterations in the contact pressures of the knee and 
ankle joints and predispose them to the development of osteo-
arthritis. Clinical series with long-term follow-up have not 
always supported this hypothesis, however. One study found 
that the ankle joint is more affected than the knee and that the 
location of the fracture is significant. Poorer functional ankle 
scores were correlated with the degree of malalignment and 
the proximity of the deformity to the ankle joint. Varus defor-
mities were more poorly tolerated than were valgus defor-
mities. A later study found just the opposite, that symptoms 
at the knee were correlated with arthritic changes, whereas 
symptoms at the ankle were not. In addition, no relationship 
was shown between the location of the fracture and develop-
ment of osteoarthritis of the knee or ankle. Rotational defor-
mity also was not associated with arthritic changes.

 

A B
FIGURE 58.11 Supramalleolar osteotomy. A, Dome osteotomy 

is created 1.0 to 1.5 cm proximal to ankle joint. Threaded pins are 
inserted parallel to ankle and knee joint lines. B, Osteotomy is 
completed, and pins are brought parallel to correct varus or valgus 
deformity. SEE TECHNIQUE 58.10.
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Milner et al. determined that fracture malunion did not 
cause a higher incidence of ankle and subtalar arthritis ipsi-
lateral to the fracture. There was a trend toward a higher prev-
alence of medial compartment osteoarthritis of the knee in 
patients with varus malalignment of the limb, and shortening 
of 10 mm or more correlated with subjective complaints of 
knee pain. Although osteoarthritis occurred more frequently 
on the side of the fracture, factors other than malalignment 
were believed to contribute more to the development of 
osteoarthritis.

The degree of acceptable deformity noted by various 
authors is extremely variable. Surgery has been recommended 
for valgus deformity of more than 12 degrees, varus deformity 
of more than 6 degrees, external rotation deformity of more 
than 15 degrees, or internal rotation deformity of more than 
10 degrees. Shortening of 2 cm or less usually is well tolerated 
with shoe modifications, but more than 2.5 cm of shortening 
can cause significant disability.

When surgery is considered for correction of a tibial 
malunion, the degree of the deformity, the patient’s symp-
toms, the condition of the injured extremity, and the func-
tional demands of the patient all must be taken into account. 
Disability from malunion of the tibial shaft is produced 
mainly by rotational deformity, lateral and posterior bowing, 
and usually some degree of shortening. Often a resulting con-
tracture of the Achilles tendon causes an equinus deformity 
of the foot. Symptoms may include ankle, knee, or back pain; 
gait disturbances; and a cosmetically unacceptable deformity. 
The limb must be evaluated for a history of neurologic or vas-
cular injury, adequacy of soft-tissue coverage, and presence 
of infection. With a history of vascular injury, preoperative 
arteriograms can be helpful in determining the operative 
approach. If soft tissues in the area of the planned operative 
site are poor, a simultaneous rotation or vascularized free tis-
sue transfer flap may be necessary to promote bone healing 
and prevent wound complications. In a patient with a previ-
ous infection, preoperative indium-labeled white blood cell 
scans, gallium scans, or technetium scans can help to deter-
mine the activity of the infection. It is generally desirable to 
treat the infection before osteotomy for malunion. Equinus 
contractures should be corrected by lengthening the Achilles 
tendon.

When planning an osteotomy, the amount of angular and 
rotational deformity, leg-length discrepancy, and translation 
must be determined. Simple opening wedge, closing wedge, 
or dome-shaped osteotomies can be used to correct relatively 
small degrees of malunion; however, closing wedge osteoto-
mies can create additional shortening and opening wedge 
osteotomies often require bone grafting. Oblique osteotomies 
can be used to correct multiplanar deformities. These osteot-
omies provide broad surface areas for healing, and lengthen-
ing can be obtained by sliding the osteotomy distally. Angular 
deformities in the frontal (varus-valgus) and sagittal (flex-
ion-extension) planes can be resolved into a uniplanar defor-
mity in an oblique plane (Fig. 58.13). The degree of maximal 
deformity is greater than the angular measurements on either 
anteroposterior or lateral radiographs. The plane of maximal 
deformity can be found by rotating the leg under fluoroscopy 
until the maximal degree of deformity is seen. A radiograph 
taken at 90 degrees to this plane should show no deformity. 
The oblique osteotomy should be made perpendicular to the 
plane of maximal deformity. Rotational deformity can be 
evaluated with CT or clinically by measuring the intermal-
leolar angle. Preoperative planning should include drawings 
of the injured and uninjured extremities, the site and con-
figuration of the planned osteotomy, and the type of internal 
fixation device to be used. To prevent neurologic complica-
tions, somatosensory evoked potentials should be used dur-
ing correction of a severe deformity, especially if lengthening 
is involved. Although the osteotomy usually is performed at 
the site of the old fracture, a supramalleolar osteotomy (see 
Technique 58.10) may be preferable if the previous fracture 
has been slow to heal, is covered with poor soft tissue, or con-
tains extremely dense sclerotic bone. Russell et al. described a 
clamshell osteotomy for treatment of complex nonunions of 
the tibial or femoral diaphysis and noted that it is especially 
helpful in malunions that have a long malaligned segment.

Satisfactory alignment after osteotomy is difficult to 
maintain without some type of internal fixation, such as 
a compression plate or intramedullary nail or external 

 

A

C D

B

FIGURE 58.12 A, Malunion of bimalleolar ankle fracture with 
preexisting malunion of distal tibia. B, Correction of malunion was 
achieved; however, arthritis developed, causing pain and disability. 
C and D, Tibiotalar arthrodesis was performed using compression 
clamps. Ankle is now painless and stable.
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fixation. If an intramedullary nail is used, the medullary 
canal must be opened at both ends of the old fracture, and 
any gaps created by the osteotomy should be filled with 
cancellous bone. Reamed, locked intramedullary nailing 
has been recommended for stabilization of osteotomies 
made to correct tibial malunions. We prefer to use stati-
cally locked nails to increase the stability of the osteotomy. 
The limited incisions used for the osteotomy are closed 
after opening of the medullary canals in both fragments 
and passing of the reaming guidewire but before ream-
ing and nail insertion. Static locking can be converted to 
dynamic locking in several weeks if needed to promote 
healing. If a large amount of soft-tissue stripping is nec-
essary to correct the deformity, fixation methods other 
than intramedullary nailing are preferable because intra-
medullary reaming often devascularizes the exposed bone 
segment further. A history of previous external fixation, 

especially if associated with pin track infection, also is a 
relative contraindication to intramedullary nailing because 
of an increased risk of infection.

Oblique tibial osteotomies stabilized with dynamic com-
pression plates and lag screws have been advocated for the 
treatment of multiplanar tibial deformities with good results 
(Fig. 58.14). Sanders et al. recommended this technique for 
tibial shaft deformities that require less than 2.5 cm of length-
ening. Contraindications to this procedure include inade-
quate soft-tissue coverage and active infection. The inability 
to restore full length, delayed union, plate failure, infec-
tion, vascular injury, and wound dehiscence are possible 
complications.

Osteotomies for infected tibial malunions and mal-
unions associated with a poor soft-tissue envelope may be 
best treated by the Ilizarov technique of corticotomy and 
gradual correction of deformity with a ring and wire fixator 
to correct tibial malunions. This technique is described in 
Chapter 54. 

 

OBLIQUE TIBIAL OSTEOTOMY

 TECHNIQUE 58.11 

(SANDERS ET AL.)
 n  Place a tourniquet on the proximal part of the thigh. Pre-

pare and drape both legs so that they can be compared 
after correction.

 n  If axial lengthening is planned, place electrodes for mea-
surement of somatosensory evoked potentials.

 n  Under fluoroscopic control, insert a 6-mm Schanz pin in 
the proximal tibial metaphysis absolutely parallel to the 
proximal tibial articular surface (Fig. 58.15A). Similarly, 
place a 6-mm Schanz pin in the distal tibial metaphysis 
absolutely parallel to the tibial plafond.

 n  If lengthening is planned, or if the fibula interferes with 
correction of the tibia, make an oblique fibular osteoto-
my, ideally at the level of the proposed site of the tibial 
osteotomy.

 n  Exsanguinate the leg with a pressure bandage, inflate the 
tourniquet to 300 mm Hg (39.99 kPa), and remove the 
pressure bandage.

 n  Make a standard anterior extensile incision to expose the 
tibia.

 n  Identify the area of malunion and subperiosteally dissect 
all soft tissue from the area. Place Hohmann retractors to 
protect the neurovascular structures.

 n  Sculpt the bone to remove excess callus while the tibia is 
still intact; save the bone that is removed to be used later 
as a local graft.

 n  Place a femoral distractor (Synthes USA, Paoli, PA) on the 
Schanz pins, with the universal joint locked, leaving the 
rotational joint open (Fig. 58.15B). Make the tibial os-
teotomy with a single cut perpendicular to the plane of 
maximal deformity (see Fig. 58.15B). If lengthening is not 
needed, hold the saw at an angle of 30 to 45 degrees in 
the coronal plane to allow enough bone on either side of 
the cut to overlap and be lagged together.

 

A

C D E

B

FIGURE 58.13 A and B, Varus malunion of distal tibia. C, Oste-
otomy of tibia and fibula with reduction maintained by external 
fixator. D and E, Tibial union obtained with normal alignment; 
asymptomatic nonunion of fibular osteotomy persists.
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 n  If more lengthening is needed, the exact amount, in mil-
limeters, to be obtained from axial lengthening already 
has been determined by preoperative planning. Obtain 
this length by decreasing the angle between the osteot-
omy and the axis of the tibia in the coronal plane so that 
the bones can slide apart lengthwise at the cut while 
remaining in contact. The angle of the cut in the coronal 

plane is determined preoperatively and is marked on the 
bone with a marking pen and angle templates from the 
angled blade plate instrument set (Synthes USA, Paoli, 
PA). Rotate the saw to this angle in the coronal plane 
and make the tibial cut accordingly. Cuts made at angles 
of less than 20 degrees to the coronal axis are impossible 
to perform.

 

BA

C D E

FIGURE 58.14 A, Multiplane osteotomy of tibia for diaphyseal malunion. B, Severe deformity: 
45 degrees of varus, 50 degrees of anterior bowing, 15 degrees of internal rotation, 1.4 cm of 
shortening, and distal tibiofibular synostosis. C–E, After osteotomy, correction of deformity. Lateral 
view shows minimal overcorrection in sagittal plane.  (From Johnson EE: Multiplane correctional oste-
otomy of the tibia for diaphyseal malunion, Clin Orthop Relat Res 215:223, 1987.)
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FIGURE 58.15 Oblique osteotomy for tibial malunion (see text). A, Anterior and lateral views 

showing placement of Schanz pins parallel to planes of proximal and distal joints and to site of proposed 
osteotomy. B, Anterior view (left) after femoral distractor has been applied; rotational joint (a) is left 
open to allow lateral angular correction. Oblique osteotomy (b) is made to correct varus angulation 
and procurvatum; axial correction occurs as nut (c) is turned to lengthen distractor. Lateral view (right). 
Markings on distractor indicate angular correction has not been obtained. C, After angular correc-
tion is obtained, rotational joint is locked and further lengthening of distractor results in pure axial 
lengthening. Markings (right) now indicate that angular correction has been obtained. D, Anterior 
and lateral views after correction; lag screw has been inserted perpendicular to osteotomy.
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 n  As the femoral distractor is lengthened, the lengthening 
translates into angular correction. Leaving the rotational 
joint open (see Fig. 58.15B) allows simultaneous correc-
tion of the multiplanar deformity by rotating the two tibial 
segments around an axis perpendicular to the cut surface. 
Continue this correction until the two Schanz pins are 
parallel (Fig. 58.15C).

 n  If the cut is not perfect, additional bone can be shaved 
from the cut surfaces to correct alignment.

 n  If axial lengthening is not required, place a lag screw 
perpendicular to the cut surface and tighten it. If axial 
lengthening is required, use a clamp (bone reduction 
forceps with pointed tips) to hold the two cut surfaces 
together until the angular correction has been obtained 
and then lock the rotational joint of the distractor. Ad-
ditional lengthening of the distractor now lengthens the 
tibia axially. Gently loosen the bone clamp, but hold it in 
place to allow sliding in the axial plane while preventing 
translation and loss of angular correction. If somatosen-
sory evoked potentials change before axial lengthening is 
completed, stop the lengthening and reverse it until the 
potentials return to baseline.

 n  When lengthening is completed, tighten the clamp, lock 
the distractor joints, and obtain anteroposterior and lat-
eral radiographs. Superimpose these radiographs on the 
preoperative drawings and on the radiograph of the nor-
mal leg and make modifications as needed.

 n  When the alignment and length are satisfactory, place 
a lag screw perpendicularly across the osteotomy (Fig. 
58.15D).

 n  Contour a narrow 4.5-mm dynamic compression plate 
and place it as a neutralization plate (Fig. 58.15E).

 n  Shave the bone and place the bone shavings as grafts 
around the osteotomy as needed.

 n  If an equinus contracture developed as the bone was 
lengthened, perform a Z-lengthening of the Achilles ten-
don.

 n  Remove the distractor, close the wound over a drain, 
and apply a bulky dressing and a below-knee posterior 
splint.

POSTOPERATIVE CARE Range of motion of 0 to 90 
degrees is begun immediately after surgery in a continu-
ous passive motion machine. The patient is allowed out 
of bed on the first postoperative day. The drain is re-
moved when less than 10 mL of drainage occurs in an 
8-hour period, usually by the second day after surgery. 
The dressing is removed at 3 days, and if the wound 
appears satisfactory, a below-knee non–weight-bearing 
fiberglass cast is applied and touch-down weight bearing 
is allowed. The sutures are removed at 10 to 14 days, 
and the cast is changed. At 10 to 12 weeks, the cast is 
removed and a removable tibial brace is fitted. If bridging 
trabeculae across the osteotomy are visible on antero-
posterior and lateral radiographs, partial weight bearing 
is allowed and is progressed as tolerated. Gait-training, 
range-of-motion, and strengthening exercises are be-
gun. At the end of 16 weeks, if the tibial osteotomy 
seems to be healed clinically and radiographically, the 
brace is discontinued and activities of daily living and full 
weight bearing are encouraged. The patient is examined 
every 6 months for 2 years. The plate is removed if re-
quested by the patient because of pain but not before 
12 months after surgery.
   

 

CLAMSHELL OSTEOTOMY
Russell et al. described a clamshell osteotomy in 10 patients 
for treatment of complex femoral and tibial diaphyseal 
malunions, in which the malunited segment is transected 
perpendicular to the normal diaphysis proximally and dis-
tally and the transected segment is wedged open by 
osteotomy much like opening a clamshell. An intramedul-
lary rod is used to anatomically align the proximal and distal 
segments of the diaphysis. Pires et al. expanded the use of 
the clamshell osteotomy to facilitate intramedullary nailing 
in acute fractures of long bones with preexisting deformity. 
Contraindications for this technique include an unsuit-
able soft-tissue sleeve for open exposure, a metaphyseal 
malunion, intramedullary osteomyelitis, absent medullary 
canal, morbid obesity, open physes, and lengthening of the 
tibia by more than 3 cm. We have not used this technique.

 TECHNIQUE 58.12 

(RUSSELL ET AL.)
 n  Position the patient supine with both lower extremities 

included in the operative field. A tourniquet is not used.

  

E

Exostosis
removed

9–hole LC/DCP
placed in neutral

FIGURE 58.15, cont’d E, Final result with neutralization plate 
in place.  (From Sanders R, Anglen JO, Mark JB: Oblique osteotomy for 
the correction of tibial malunion, J Bone Joint Surg 77A:240, 1995.) 
SEE TECHNIQUE 58.11.
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 n  Make a lateral incision along the fibular shaft at the 
planned level of the proximal transverse component of 
the tibial osteotomy. Perform a fibular oblique osteotomy 
to obtain complete freedom in repositioning the tibia af-
ter the osteotomy.

 n  Use a transpatellar or medial parapatellar tendon en-
trance to the previously defined safe zone for the tibial 
rod starting point. Take care to ensure an appropriate 
entrance angle into the proximal tibial segment. Open the 
proximal tibial segment with a threaded wire over which 
an opening reamer is passed. No attempt is made to ream 
the proximal tibia at this time.

 n  To expose the osteotomy site, make a longitudinal inci-
sion over the anterior compartment one fingerbreadth 
lateral to the tibial crest along the proposed longitudinal 
osteotomy site.

 n  Translate the anterior compartment musculature posteri-
orly to allow for an extraperiosteal exposure of the lateral 
aspect of the malunited segment. Only the anterolateral 
portion of the tibia is exposed.

 n  With radiographic guidance, localize the positions of the 
proximal and distal transverse osteotomies and place 
a Kirschner wire perpendicular to the anatomic axis to 
guide the osteotomies (Fig. 58.16A).

 n  Create the clamshell component of the osteotomy paral-
lel to the medial tibial face, beginning just posterior to the 
anterolateral subcutaneous prominence of the tibia and 
aiming in a posteromedial direction (Fig. 58.16B).

 n  Use a 3.5-mm drill bit to create the path for the lon-
gitudinal osteotomy with the goal of creating a bicor-
tical uniform plane of stress risers (Fig. 58.17). Only 
osteotomy of the near cortex is accomplished with an 
osteotome using the drill holes as a guide. Use a sagittal 
saw to create the transverse proximal and distal oste-
otomies.

 n  Split the far cortex of the osteotomized segment par-
allel to the medial face with the use of an osteotome 
and laminar spreader. Separate the longitudinal os-
teotomy of the intercalary segment with a laminar 
spreader; the posterior cortex is hinged on the perios-
teal sleeve. If the posteromedial cortex does not open 
easily, then use an osteotome to cut the posterome-
dial cortex and then the laminar spreader to open the 
osteotomy.

 n  Place the limb over a radiolucent triangle and pass the 
guidewire from the proximal tibial segment through 
the osteotomized segment into the distal segment with 
the aid of fluoroscopic guidance. Measure the length of 
the guidewire. Make sure the entrance angle and the 
ending point in the distal segment are in the center of 
the tibia on both the anteroposterior and lateral fluo-
roscopic images.

 n  Before reaming, the anterior muscular compartment is al-
lowed to drape over the cortex to preserve the bone frag-
ments produced by subsequent reaming at the osteotomy 
sites. Ream the proximal and distal segments until cortical 

 

B

A

FIGURE 58.16 Clamshell osteotomy as described by Russell et al. A, Kirschner wire placed 
proximal to malunion. B, Plane of longitudinal portion of the clamshell osteotomy for tibia. Plane 
is approximately parallel to medial face of tibia. SEE TECHNIQUE 58.12.
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FIGURE 58.17 Clamshell osteotomy as described by Russell et al. A, Anteroposterior standing 
radiograph of lower extremity, showing shortened tibia with medially translated distal tibial 
segment and varus malunion at inferior end of intercalary segment. B, Lateral radiograph demon-
strating marked deformity of tibia highlighted by marked posterior translation and apex posterior 
angulation at superior end of intercalary segment. C, Tibial clamshell osteotomy with soft tissues 
included. Anterolateral muscular sleeve is being retracted posteriorly, exposing lateral aspect of tibia. 
Osteotomy is initiated 3 to 5 cm posterior to anterolateral tibial prominence and angled postero-
medially and parallel to subcutaneous surface of tibia. D, Surgical exposure for tibial osteotomy. 
Anterolateral muscular envelope retracted posteriorly. Transverse osteotomies are denoted by blue 
lines, and circles represent drill holes. E, Lateral view showing osteotomy parallel to anteromedial 
surface of tibia.  (A to D from Russell GV, Graves ML, Archdeacon MT, et al: The clamshell osteotomy: a 
new technique to correct complex diaphyseal malunions: surgical technique, J Bone Joint Surg Am 92A[Suppl 
1 pt 2]:158, 2010; E redrawn from Pires RE, Gausden EB, Sanchez GT, et al: Clamshell osteotomy for acute 
fractures in the malunion setting: a technical note, J Orthop Trauma 32(10):e415, 2018.) SEE TECHNIQUE 
58.12.
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chatter is noted. The reaming should result in a deposit of 
bone fragments at the osteotomy gap sites.

 n  Push the reamer through the clamshell segment to protect 
the neurovascular structures and to avoid binding against the 
osteotomized fragments. Continue reaming in 0.5-mm incre-
ments until cortical chatter is obtained. A tibial rod measuring 
1 mm less in diameter than the final reamer is selected.

 n  Pass the rod and accomplish proximal interlocking. Re-
move the jig from the proximal aspect of the tibial nail 
and remove the limb from the triangle and place it flat on 
the operating table.

 n  The sagittal and coronal plane corrections have been ac-
complished at this point and only length and rotation 
need to be corrected (Fig. 58.18). Have an assistant apply 
manual traction or use a femoral distractor or an external 
fixator to correct length and rotation. Place the distal in-
terlocking bolts with the use of fluoroscopic guidance.

 n  Retract the anterior compartment posteriorly from the 
lateral part of the tibia to inspect the osteotomy site. Fill 
the gaps with the bone fragments left from reaming. For 
gaps of more than 1 cm, demineralized bone matrix or 
autogenous bone graft can be used. Make sure that there 
is no space left between the osteotomy fragments and 
the intact proximal or distal parts of the tibia.

 n  Loosely approximate the fascia over the anterior compart-
ment. However, if there is concern that excessive swelling 
may cause a compartment syndrome, do not close the 
anterior compartment.

 n  Close the extensile approach with the use of the Allgöwer 
modification of the Donati technique with careful soft-
tissue handling.

POSTOPERATIVE CARE Monitor the patient for signs 
of compartment syndrome. Intravenous cephazolin is ad-

ministered for 24 hours postoperatively. The patient may 
begin touch-toe weight bearing on the first postoperative 
day using crutches. Russell et al. recommended prophylac-
tic heparin until the patient is discharged from the hospi-
tal. Weight bearing is advanced as the osteotomy healing 
progresses with full weight bearing allowed by 12 weeks 
(Fig. 58.19).
  

CONDYLES OF THE TIBIA
If a fracture of a tibial condyle heals with moderate-to-severe 
displacement, the change in position of its weight-bearing 
surface produces an increase in the joint space, a relaxation 
of some of the knee ligaments, a valgus or varus weight-bear-
ing alignment, and frequently some rotational deformity. 
Any such displacement must be corrected if a severe disabil-
ity from traumatic arthritis is to be avoided. The procedure 
of choice for this type of malunion varies with the kind of 
fracture and the exact source of the disability. Before surgery, 
the lateral instability might seem to indicate that a ligament 
should be repaired; yet after correction of the bony deformity, 
the joint usually is stable.

If the disability is caused mainly by axial malalignment 
after depression of a condyle, the weight-bearing surfaces of 
the tibia usually do not need to be disturbed. Rather, a trans-
verse subcondylar osteotomy combined with the insertion 
of a graft and internal fixation is indicated; this procedure 
is especially appropriate when the patient is of middle age, 
the malunion is of long duration, and the lateral displace-
ment is not severe. In other instances, an oblique osteotomy 
through the old fracture is possible; the depressed condyle is 
elevated and fixed with a buttress plate and screws, and the 
defect is filled with bone grafts. This procedure is applicable 
to young patients after a fairly recent fracture. Sometimes the 

 

A B

FIGURE 58.18 A, Deformity correction in coronal plane. B, Sagittal plane.  (Redrawn from Russell 
GV, Graves ML, Archdeacon MT, et al: The clamshell osteotomy: a new technique to correct complex 
diaphyseal malunions: surgical technique, J Bone Joint Surg 92A[Suppl 1 pt 2]:158, 2010.) SEE TECHNIQUE 
58.12.
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deformity of the condyle and the degeneration of the articular 
cartilage are so severe that reconstruction is impractical; an 
arthrodesis or arthroplasty is then usually indicated. 

 

SUBCONDYLAR OSTEOTOMY AND 
WEDGE GRAFT FOR MALUNION OF 
LATERAL CONDYLE

 TECHNIQUE 58.13 

 n  Begin an incision over the anterolateral aspect of the knee 
2.5 cm proximal to the joint and extend it distally parallel 
with the shaft of the tibia for 7.5 cm.

 n  Make an inverted-L–shaped incision across the lateral 
condyle and down the crest of the tibia; detach the origin 
of the extensor muscles and dissect the muscles subperi-
osteally from the bone.

 n  Completely divide the bone by a transverse osteotomy at 
a point immediately distal to the tibial tuberosity.

 n  Using a broad osteotome as a lever, tilt the upper frag-
ment proximally and angulate the distal shaft medially; 
the normal transverse plane of the tibial condyles and the 
normal alignment of the extremity are largely restored.

 n  Fill the wedge-shaped or cuneiform space created by the 
osteotomy with bone grafts. Make an anterior incision 7.5 
cm long and 5 cm distal to the first incision and expose the 
shaft of the tibia; remove a free cortical graft to serve as a 
wedge (usually 1.9 cm wide and about 3.8 cm long). Set 
the graft on edge and, using an inlay, drive it tightly into 
the space beneath the lateral condyle. Insert around this 
graft cancellous bone from the opening in the tibia and a 
few shavings from the surface of the bone. No undue lat-
eral motion should be possible after the procedure. A full-
thickness iliac graft provides more stability, but removal of 
such a graft increases the complexity of the operation.

 n  Stabilize the osteotomy as for a fresh fracture with a T-
plate as a buttress.

 n  Confirm the reduction with intraoperative radiographs.
 n  A similar procedure can be used for malunited fractures 

of the medial condyle.
 n  If the weight-bearing surface was comminuted at the 

time of fracture, elevation of only the depressed frag-
ments produces a refracture through its articular surface 
and the fragments can be difficult to hold in position; 
even attempts to pry them into position usually lead only 
to crushing rather than to correction of the deformity.

POSTOPERATIVE CARE The knee is held in extension 
and immobilized in a cast from the toes to the groin. At 2 
weeks, the cast is removed and radiographs are obtained. 
If satisfactory stability of the osteotomy is obtained by in-
ternal fixation, range-of-motion exercises are begun. A 
cast brace can be worn if further protection is needed until 
the osteotomy has united. Union may be solid at 8 weeks, 
but direct weight bearing should not yet be allowed, lest 
the depression recur. Walking is permitted with crutch-
es, and weight bearing is increased as tolerated, but the 
crutches must not be discarded for 1 month. Weight bear-
ing and undue strain must be prevented until union of the 
grafted area is absolutely solid.
   

 

OSTEOTOMY AND INTERNAL 
FIXATION OF THE LATERAL CONDYLE

 TECHNIQUE 58.14 

 n  Expose the operative field as just described except that 
the incision must extend proximally far enough to expose 
the knee joint.

 n  Examine the lateral meniscus, and if it is torn, treat it as 
described in Chapter 45.

 n  Dissect all scar tissue from between the tibia and the condylar 
fragment and denude their surfaces as far distally as possible.

 n  Refracture the fragment at its base by inserting an osteo-
tome in a proximal and medial direction.

 n  Sever the soft-tissue attachments only at the line of frac-
ture or as necessary to mobilize the fragment.

 n  Drill a Knowles pin or Schanz screw into the fragment to 
use first as a lever to aid in reduction.

 

A B

FIGURE 58.19 Anteroposterior (A) and lateral (B) radiographs 
1 year after surgery, demonstrating healed osteotomy with resto-
ration of tibial length and alignment.  (From Russell GV, Graves ML, 
Archdeacon MT, et al: The clamshell osteotomy: a new technique to 
correct complex diaphyseal malunions: surgical technique, J Bone Joint 
Surg 92A[Suppl 1 pt 2]:158, 2010.) SEE TECHNIQUE 58.12.
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 n  Drill a Kirschner wire into the fragment across the fracture 
and into the opposite tibial condyle.

 n  Fix the fracture using AO techniques as for a fresh frac-
ture.

 n  Fill any residual defect with cancellous bone. Because in 
this type of fracture some bone substance is lost, perfect 
apposition and contour cannot be restored.

 n  A similar procedure can be used for the medial condyle.

POSTOPERATIVE CARE With the knee extended, a plaster 
cast is applied from the toes to the groin. If satisfactory stabil-
ity has been achieved at 2 weeks, the cast is removed and a 
cast brace is substituted to begin controlled range-of-motion 
exercises. Walking also is permitted with crutches and a cast 
brace. If consolidation of bone is sufficient 12 weeks after 
surgery, the crutches and cast brace can be discarded.
  

INVERTED-Y FRACTURES OF THE TIBIAL 
CONDYLES
Malunited Y-shaped fractures or malunited fractures of both 
condyles are approached from both sides and are corrected by 
the method of osteotomy and internal fixation for malunion of a 
single condyle described previously. The operation is extensive 
and usually should be chosen only as a preliminary procedure 
to restore the contour of the condyles for a future arthroplasty. 
Practical function rarely can be expected, unless the deformity 
is corrected within a few months after injury; even then, osteo-
porosis may make replacement of the fragments difficult. 

FRACTURE OF THE INTERCONDYLAR EMINENCE 
OF THE TIBIA
Malunion of displaced fractures of the intercondylar emi-
nence of the tibia can severely restrict knee extension because 
of impingement of the malunited fragment on the femoral 
intercondylar notch. Arthroscopic or open removal of the 
fragment, debridement, and open anatomic reduction and 
fixation have been recommended for treatment of this mal-
union. In patients with functionally stable anterior cruciate 
ligaments, arthroscopic notchplasty, in which the femoral 
notch is enlarged with a power burr until it can accommo-
date the prominent intercondylar eminence and allow full 
knee extension, can be performed. Panni et al. recommended 
as sparing a notchplasty as possible to achieve full extension. 
Arthroscopic notchplasty is described in Chapter 51. 

PATELLA
The symptoms of a malunited fracture of the patella are simi-
lar to those of advanced chondromalacia. Disability is propor-
tionate to the amount of irregularity of the articular surface of 
the patella and of the roughening of the contiguous surface of 
the femur. For even a relatively recent malunion, patellectomy 
usually is the procedure of choice (see Chapter 54). 

FEMUR AND HIP
CONDYLES OF THE FEMUR
Malunion of one or both femoral condyles, as of the tibial 
condyles, distorts the articular surface of the knee; frequently, 
however, it produces a much more severe disability than does 

one of a tibial condyle. Malunion of the lateral femoral con-
dyle can produce external rotation, flexion, and valgus defor-
mities of the knee; malunion of the medial condyle produces 
internal rotation, flexion, and varus deformities.

LATERAL FEMORAL CONDYLE 
 

OPEN REDUCTION AND INTERNAL 
FIXATION

 TECHNIQUE 58.15 

 n  Approach the joint through a lateral incision beginning 10 
cm proximal to the knee and extending distally to 2.5 cm 
distal and slightly anterior to the head of the fibula.

 n  Incise the iliotibial band, but avoid the peroneal nerve that 
passes over the head of the fibula.

 n  Incise the vastus lateralis muscle and retract it anteriorly 
to expose the old fracture.

 n  Open the capsule and synovial membrane so that the in-
terior of the joint can be seen during reduction of the 
fracture.

 n  Divide the bone as near the plane of the old fracture as 
possible, but protect the peroneal nerve.

 n  Grasp the condyle with bone-holding forceps and place 
it in its normal position; drill two Kirschner wires through 
the fragment into the medial condyle, the wires crossing 
each other at an angle of 30 degrees. The wires should 
protrude through the opposite cortex.

 n  Make two-plane radiographs to verify the position of the 
wires and of the fragment, then fix the fragment with AO 
cancellous screws.

 n  To expose a malunited fracture of the posterior part of the 
lateral condyle, use the same lateral incision but carry the 
dissection posteriorly.

 n  Expose the biceps tendon and peroneal nerve and retract 
them laterally and posteriorly.

 n  Incise the posterolateral part of the capsule and expose 
the malunited fragment. The fragment always is displaced 
proximally and usually can be refractured from above 
downward.

 n  After the fragment is freed, place it in position with a tow-
el clip and fix it securely with two AO cancellous screws. 
If fixation is not sufficiently rigid, a buttress plate can be 
added.

 n  Close the incision in routine fashion and apply a plaster 
cast from the toes to the groin with the knee in extension.

POSTOPERATIVE CARE At 2 weeks, the cast is re-
moved, a cast brace is applied, and active and passive 
exercises and physical therapy are begun; if fixation is 
firm, exercises can be done with overhead pulleys. An 
elevated shoe is fitted on the opposite side, and walk-
ing with crutches is permitted; however, weight bear-
ing is not allowed until union is complete, usually at 8 
weeks or more after surgery. Free motion of the knee in 
the brace is allowed at 10 to 12 weeks. The reduction 
can be partially lost unless every precaution is taken to 
preserve it.
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MEDIAL FEMORAL CONDYLE
Malunion of fractures of the medial femoral condyle can be 
corrected by the same procedure described for malunion of 
the lateral condyle. The exposure is as described previously. 
When the distal femoral physis is involved in a child, growth 
of the distal femur can be disturbed.

Sasidharan et al. described an osteotomy to treat a mal-
united medial Hoffa fracture (coronal intraarticular frac-
ture of the posterior femoral condyle). In their technique, 
the fracture was approached through a medial parapatellar 
arthrotomy, with the leg in a lazy figure-of-four position. 
A Hohmann retractor was placed adjacent to the posterior 
aspect of the medial femoral condyle at the junction to the 
femoral shaft. The authors emphasized meticulous dissec-
tion on the posterior surface of the medial femoral condyle to 
avoid injury to the superior medial genicular artery, which is 
its primary blood supply, as this can lead to osteonecrosis of 
the medial femoral condyle. They also stressed preserving the 
femoral attachment of the medial collateral ligament and pos-
terior oblique ligament when making the intraarticular oste-
otomy, as well as maintaining an awareness of the origin of 
the posterior cruciate ligament. The authors noted that poste-
rior capsular contracture increases the difficulty of the proce-
dure. In their patient, two Steinmann pins were placed on the 
medial aspect of the medial femoral condyle and used as joy-
sticks to aid in reduction. The reduced condyle was stabilized 
with two partially threaded 4.0-mm screws placed in an ante-
rior to posterior direction, with countersinking of the screw 
heads (headless screws of a similar size is another option). 
The authors advised immobilization in a cylinder cast for 2 
weeks postoperatively followed by motion. The patient was 
kept non–weight bearing for 2 months. At 3-month follow-
up, the patient was full weight bearing with a congruous artic-
ular surface on CT scan. Knee range of motion had improved 
from 20 to 80 degrees preoperatively to 5 to 110 degrees post-
operatively. At latest follow-up, he had pain at the extreme of 
flexion. 

BOTH FEMORAL CONDYLES
Malunion of fractures of both condyles with marked displace-
ment rarely should be corrected by open reduction of each 
condyle as just described, unless it is of short duration and is 
in a young patient. When there is a varus or valgus deformity, 
the extremity should be realigned by an osteotomy through 
the metaphysis. When the contour of the joint is irregular 
enough to impair function and cause pain (Figs. 58.20 and 
58.21), arthroplasty or arthrodesis may be indicated (see 
Chapters 7 and 8, respectively). 

SUPRACONDYLAR FEMUR
Supracondylar femoral malunions are infrequently reported. 
If a malunion is associated with an angular deformity of the 
medial condyle and shortening, treatment may become chal-
lenging. Wu described a one-stage surgery using antegrade 
intramedullary nailing in 19 patients with supracondylar fem-
oral fracture malunion associated with varus deformity and 
shortening of the medial condyle. Sixteen fractures healed 
without additional surgery at a median period of 4.5 months. 
Complications included nonunion in one patient and deep 
infection in one patient. No malunions or neurovascular inju-
ries occurred, and the amount of lengthening obtained was 
2.0 to 3.5 cm. 

FEMORAL SHAFT
Malunions of femoral shaft fractures are much less common 
with the increased popularity of interlocking intramedullary 
nailing procedures. Malunions after closed treatment are the 
rule, but become significant only if they result in shortening 
of more than 2.5 cm, are angulated more than 10 degrees, or 
are internally or externally rotated to the point that the knee 
cannot be aligned with forward motion during gait. Although 
many authors define rotational malunion as 10 degrees or 
more of axial malalignment, many of these do not produce 
symptoms (0% in < 10 degrees; 12% in 10 to 15 degrees; and 
up to 38% in >15 degrees).

Malunions of the femur can cause disturbances in gait 
and posture, which can cause abnormal stresses on the knee 
and spine. Whether femoral shaft fracture malunion leads 
to the development of knee osteoarthritis has not been well 
established. Phillips et al., in a study of 62 patients with femo-
ral shaft fractures, found no significant association between 
malunion, the WOMAC scores, and the presence of clinical 
or radiographic osteoarthritis at 22 years’ follow-up. When 
corrective surgery is planned, the patient’s overall medical 
condition, functional demands, and severity of symptoms 
should be considered. The extent of angular deformity and 
shortening, degree of bony consolidation, and condition of 
the neurovascular structures and soft tissues also must be 
determined. Preoperative evaluation should include long, 
weight-bearing radiographs of the involved and uninvolved 
extremities for comparison. Femoral osteotomies in adults, 
especially osteotomies that involve acute lengthening, are 
associated with numerous complications, including infection, 
nerve palsies, hardware failure, and nonunion. Detailed pre-
operative planning is essential to select the optimal operative 
procedure and to avoid complications. Cancellous bone graft-
ing usually is necessary to improve healing.

Malunions of the femoral shaft from the lesser trochan-
ter to within 5 cm of the intercondylar notch of the femur at 
the knee can be treated by several methods. In adults with 
aseptic malunions and good soft tissues, osteotomy, fixation 
with an interlocking intramedullary nail, and autogenous 
iliac bone grafting result in a high percentage of unions and 
offer the advantage of early mobilization with weight bearing 

 FIGURE 58.20 Malunited comminuted fracture of both 
condyles of femur 1 year after injury. Knee motion was markedly 
limited and painful.
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without the need for external immobilization (Fig. 58.22). 
This approach requires sophisticated instrumentation, image 
intensification equipment, an appropriate fracture table, and 
skill in the use of interlocking intramedullary nails. In chil-
dren, for whom nonoperative treatment of femoral fractures 
is the standard of care, osteotomy combined with traction 
and casting can yield satisfactory results. The femur can be 
divided through the plane of the malunion with a recipro-
cating or oscillating saw, or the plane of malunion can be 
outlined with holes drilled close together and division of 
the bone completed with a small chisel. For patients who do 
not fulfill the aforementioned criteria, the options are open 
reduction and internal fixation with broad dynamic compres-
sion plates and screws with autogenous iliac bone grafting or 
external fixation with the Ilizarov technique.

Malunions of the femoral shaft with angulation and rota-
tion but with end-to-end apposition of the fragments often 
are the result of bearing weight before union has become 
completely solid (Fig. 58.23). If the malunion is of short dura-
tion and has occurred after nonoperative treatment, it can be 
broken up manually, and the overlapping and angulation can 
be corrected by skeletal traction or graduated distraction with 
an external fixation assembly; in these instances, care must be 
taken not to produce paralysis of the sciatic nerve or one of 
its branches with the traction. Most malunions of the femo-
ral shaft that require surgery should be fixed internally at the 
time of such surgery and should be grafted when securing 
apposition has required extensive periosteal stripping.

For malunion of the proximal third of the femoral shaft, 
especially of the subtrochanteric region, a cephalomedul-
lary interlocking nail (reconstruction nail), a conventional 
interlocking nail, or compression hip screws suitable for fix-
ing a subtrochanteric fracture can be used (Fig. 58.24). Distal 
femoral malunions also can be stabilized with a conventional 
interlocking intramedullary nail, a dynamic condylar com-
pression plate, or a blade plate.

Various osteotomies can be used depending on the defor-
mity. Opening or closing wedge osteotomies can be used for 
axial corrections and transverse osteotomy to correct rotational 
deformity. A one-stage femoral lengthening using a Z-step oste-
otomy stabilized with an intramedullary nail has been reported 
(Fig. 58.25) with good results in selected patients. The defects 

were filled with corticocancellous bone. Reported complica-
tions have included femoral nerve palsies, infection, nonunion, 
and loss of length. Extensive scarring and a history of infection, 
nerve injury, or previous bone graft are considered contraindi-
cations to this procedure. The successful use of oblique osteot-
omy with intramedullary nailing and autogenous bone grafting 
also has been reported as has oblique osteotomy using plate 
osteosynthesis and autogenous bone grafting. Complications 
with the use of plates included infection; persistent deformity; 
plate avulsion, loosening, or fracture; and nonunion. Chiodo 
et al. used an oblique osteotomy combined with closing wedges 
to correct coronal, transverse, and sagittal plane deformities in 
six femoral malunions. All six femurs had varus (average 22 
degrees) and antecurvatum (average 23 degrees) deformities, 
and two had internal rotation deformities (10 degrees and 15 
degrees). All that had at least 10 degrees of varus had medial 
knee pain. Limb-length discrepancy averaged 1.8 cm. Fixation 
was performed with 4.5-mm lag screws and 4.5-mm plates in 
five malunions and a 95-degree blade plate in one. All patients 
improved clinically, and all osteotomies healed. Average post-
operative limb-length discrepancy was within 0.5 cm, and axial 
limb alignment was within 10 degrees of the contralateral side. 
The authors stated that plate fixation of femoral osteotomies for 
malunion may be preferred in cases in which the femoral canal 
is distorted or the fracture is in the distal part of the femur.

Any operation for a malunited femoral fracture in an 
adult is easier with the patient on a fracture table. The affected 
extremity should be draped into the sterile field, and the foot-
piece should be covered with sterile drapes. Although the old 
fracture can be seen clearly in the radiographs, the ends of 
the fragments may be covered with so much callus that even 
after extensive stripping of soft tissues the exact plane of frac-
ture can be difficult to recognize at surgery. To aid in identi-
fying the fracture and in placing the osteotomy properly, a 
Kirschner wire or small pin can be drilled through the bone in 
what appears to be the plane of fracture, and the relative posi-
tions of the wire and the fracture are checked by radiographs 
or image intensifier. Alternatively, the thickened part of the 
bone can be divided by a long oblique osteotomy, producing 
a larger area for apposition of the fragments after length and 
alignment have been restored.

Occasionally, internal fixation devices are fractured and 
deformed when the patient experiences a new injury. This 
situation frequently is difficult because the deformed internal 
fixation device must be removed first before the new fracture 
can be definitively fixed. If not corrected acutely, malalign-
ments can cause pain and joint deformity. 

 

OSTEOTOMY FOR FEMORAL 
MALUNION

 TECHNIQUE 58.16 

 n  After determining preoperatively the site of osteotomy, 
expose the area of malunion through an appropriate an-
terolateral or lateral incision (see Chapter 1).

 n  Incise the periosteum longitudinally for a distance of 6 to 
8 cm if interlocking nail techniques are to be used over 
the area of maximal deformity.

FIGURE 58.21 Same patient as in Fig. 58.20, 3.5 months after 
compression arthrodesis. Knee is painless.
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 n  Divide the bone transversely with a reciprocating mo-
tor saw, or, if preferable, drill several holes transversely 
through the bone and divide it in the plane of the holes 
with an osteotome to form broad, even surfaces for maxi-
mal apposition. Drilling the holes not only ensures that 
the osteotomy is transverse but also, because the femur 
is often exceedingly dense, saves time and decreases the 
effort required of the surgeon.

 n  Correct the deformity by manual force.
 n  Open the medullary canal of both fragments.
 n  In adults, the reduction is unstable, especially in the proxi-

mal half of the femur, and end-to-end apposition and 
proper alignment of the fragments can be maintained 
with certainty only by internal fixation. Use an interlock-
ing intramedullary nail within the levels ordinarily indi-

cated for intramedullary nailing of fresh fractures of the 
femoral shaft (see Chapter 54).

 n  Alternatively, the fragments can be fixed with a compres-
sion plate. With either type of fixation, cancellous grafts 
should be placed at the osteotomy.
For a severe deformity of long duration, an operation in 

two stages may be necessary. In the first stage, union is bro-
ken up in an oblique plane by osteotomy; length is restored 
after surgery by skeletal traction or by external fixation dis-
traction. In the second stage, satisfactory apposition and 
alignment are obtained, the fragments are fixed internally 
with an intramedullary nail or a large compression plate, 
and bone grafts are placed around the osteotomy medially 
and posteriorly.

  

 

C

A B

FIGURE 58.22 A, Rotational malunion of femur after unlocked intramedullary nailing. B, 
Correction of malunion with proximal femoral derotational osteotomy and locked nailing. C, 
Healed osteotomy.
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When alignment is satisfactory but overlapping is 
excessive, experience and mature judgment are required 
to determine which malunions should be treated surgi-
cally, but the following general principles usually can be 
applied. In young children, overlapping that results in 
final shortening of more than 3.8 cm usually should be 
corrected. In young adults, surgery usually is indicated 
when the overlap is more than 3.8 cm, but the operation is 
difficult, union may be delayed after surgery, and impair-
ment of function of the knee and of the vascular and 
nerve supplies of the extremity is possible. When osteo-
porosis is marked, the patient should bear weight before 
surgery until it has at least partially disappeared and pain 
and swelling have ceased.

FEMORAL MALUNION IN CHILDREN
Angular deformity has been reported to occur in 40% of chil-
dren with femoral shaft fractures, although it usually remod-
els with growth. In children younger than 13 years, malunion 
of 25 degrees in any plane remodels enough to give normal 
alignment of joint surfaces. If significant angular deformity 
is present after fracture union, corrective osteotomy should 
be delayed for at least 1 year, unless the deformity is severe 
enough to impair function. The ideal osteotomy corrects the 
deformity at the site of fracture. In juvenile patients, metaph-
yseal osteotomy of the proximal or distal femur may be pref-
erable, however. In adolescents with midshaft deformities, 
diaphyseal osteotomy and fixation with an interlocking intra-
medullary nail are preferable. Although rotational deformity 

 

A B C

FIGURE 58.23 A, Distal femoral fracture with 30-degree varus malunion. B, External fixation 
was used to correct deformity before plating. C, After osteotomy and plating.

 

A B C D

FIGURE 58.24 A and B, Malunion of subtrochanteric fracture with severe internal rotational 
deformity. C and D, Corrective osteotomy, implant removal, and fixation with proximal interlocking 
Grosse-Kempf medullary nail.
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does not remodel significantly, it usually is well tolerated and 
rarely requires treatment.

Complications of femoral shaft fractures in children, 
including malunion, are discussed in Chapter 36. Osteotomies 
for correction of varus and valgus deformities and leg-length 
discrepancy are described in Chapters 29 and 36. 

 

OSTEOTOMY FOR FEMORAL 
MALUNION IN CHILDREN

 TECHNIQUE 58.17 

 n  Expose the malunion through an appropriate lateral or 
anterolateral incision (see Chapter 1).

 n  Inspect the old fracture carefully and compare it with the 
radiograph so that the osteotomy can be placed as near 
to the fracture as possible. Usually the proximal fragment 
is located lateral and anterior to the distal one, and it 
can be identified easily if the malunion is of only 6 to 12 
months’ duration.

 n  Incise the periosteum and strip it from the lateral, ante-
rior, and posterior surfaces of the proximal fragment.

 n  Use a reciprocating motor saw to separate the fragments 
through the plane of union, or, if desired, outline the plane 
of union with a motor-driven drill and divide the bone with 
a narrow osteotome by connecting the holes. With either 
method of osteotomy, proceed cautiously to avoid injur-
ing important nerves and vessels on the medial side of the 
femur. If union is far advanced, an oblique osteotomy can 
be made without regard to the plane of fracture.

 n  Resect 0.6 to 1.3 cm of bone from each fragment with 
a saw. This resection is made for several reasons: (1) the 
ends of the fragments usually are sclerotic and should 
be resected back to comparatively normal bone; (2) the 
surfaces formed permit more stable and accurate apposi-
tion; and (3) apposing the fragments is less difficult and 
recurrence of deformity is less likely when the malunion 
has been of long duration and the soft tissues otherwise 
would be under too much tension.

 n  Apposing and firmly interlocking the fragments may be 
possible; apply a plate for fixation. If the deformity is se-
vere, apposing the fragments may be impossible without 
too much stripping of soft tissues and without resection 
of too much bone from the ends of the fragments. In 
this instance, external fixation may be preferable. In older 
children and adolescents, an intramedullary nail usually is 
preferred for fixation.
  

If adequate radiography or equipment for interlocking 
intramedullary nailing techniques or internal fixation is 
unavailable or cannot be used, older techniques can provide 
good results (Fig. 58.26). Malunions of the femoral shaft 
with angulation but little, if any, rotation can be treated by 
osteotomy and osteoclasis. Ferguson et al. described a two-
stage osteotomy that can be used in the femur, tibia (Fig. 
58.27), or other long bone. A rectangular segment consist-
ing of one half the width of the bone is removed from the 
concave side of the deformity; this segment is cut into small 
chips and is packed back into the defect. About 3 weeks 
later, the osteotomy is completed on the convex side of the 
deformity by removing a wedge opposite the middle of the 
first defect. The second stage is not done until sufficient cal-
lus has formed at the first defect; if necessary, additional 

 FIGURE 58.25 One-stage femoral lengthening: reaming, Z-shaped osteotomy, lengthening, 
static locked medullary nailing, transverse screws, and bone grafts.
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grafts are placed over the first defect before the osteotomy 
is completed.

Moore described a method of correcting deformity of a 
long bone (including malunited fractures) in which about 
three fourths of the circumference of the bone is divided with 
an osteotome at the level of maximal deformity; the rest of 
the bone is broken by manual osteoclasis (Fig. 58.28). Irwin 
used a similar method for trochanteric osteotomy that also 

can be used for joints ankylosed in a position of deformity, 
genu valgum or varum, coxa vara, cubitus varus, and other 
deformities.

Malunions that occur in patients with fibrous dys-
plasia are complicated by poor fixation with plates and 
screws in the pathologic bone. We have found that recon-
struction with an intramedullary nail is helpful in this 
situation because it effectively splints the entire femur, 
avoiding delayed angulation and stress fractures at the 
ends of the implant.

TROCHANTERIC REGION OF THE FEMUR
Varus malunion is the most common deformity after 
intertrochanteric fracture and leads to limb shortening; 
abductor muscle imbalance; limp; and hip, back, and knee 
pain. Malunited fractures in the trochanteric region can 
be divided into two types: (1) malunions with internal or 
external rotation, coxa vara, and shortening of about 2.5 
cm and (2) malunions with internal or external rotation, 
severe coxa vara, and shortening of 5 cm or more. In mal-
unions of the first type, rotation and coxa vara are cor-
rected by a subtrochanteric osteotomy and no attempt is 
made to reduce the shortening other than by angulating 
the bone at the osteotomy. Malunions of the second type 
are treated by a procedure similar to that described subse-
quently for malunited cervicotrochanteric fractures with 
extreme overriding.

Bartonicek et  al. reported their results with a valgus 
intertrochanteric osteotomy by removal of a lateral wedge, 
lateral displacement of the femoral shaft, and fixation with 
a 120-degree blade plate. Fourteen of 15 osteotomies healed 
uneventfully, and there were no infections, osteonecrosis, or 
osteoarthritis at an average follow-up of 5.5 years. All patients 
were satisfied with the result, and Harris hip scores improved 
from an average of 73 preoperatively to 92 postoperatively. 
Indications for surgery were greater than 2 cm of shorten-
ing, a limp, gluteal muscle imbalance, and pain in the hip and 
lumbar spine.

 

A B

FIGURE 58.26 A, Malunited fracture of femur with overlapping of fragments in 11-year-old 
boy. B, Five months after open reduction, insertion of Kirschner wire through distal femur and 
application of spica cast incorporating wire. Length of limb and function of knee were regained.

 

A B C

FIGURE 58.27 Ferguson, Thompson, and King two-stage oste-
otomy. A, Segment of bone resected from medial half of tibia (blue 
lines) and cut into chips for grafting. B, Grafts placed in defect 
to complete first stage. Second stage is delayed until sufficient 
callus has formed across defect. Varus deformity is corrected by 
resecting wedge of bone laterally (blue lines). C, Deformity has 
been corrected, and union is solid.

    

https://booksmedicos.org


CHAPTER 58  MALUNITED FRACTURES 3157

SUBTROCHANTERIC OSTEOTOMY FOR COXA 
VARA AND ROTATIONAL DEFORMITIES
The routine technique for this procedure, useful in treat-
ing many conditions, is described in Chapter 30. Variations 
are described under the discussions of compensatory tro-
chanteric osteotomy for malunited slipped proximal femo-
ral epiphysis (see Chapter 36) and congenital coxa vara (see 
Chapter 36). 

CERVICOTROCHANTERIC REGION OF THE 
FEMUR
Cervicotrochanteric fractures occur at the junction of the tro-
chanter and femoral neck. Posteriorly, the fracture is always 
outside the capsule of the hip because the posterior part of 
the capsule does not cover the distal third of the neck; anteri-
orly, the fracture can be just inside the capsule or can extend 
a short distance within it. Unless fractures in this region are 
treated properly, malunion is inevitable; usually coxa vara of 
90 degrees, external rotation of the distal fragment, and about 
5 cm of shortening are the deformities. In children, the short-
ening may be slight at the time of union but increase with 
growth and ultimately may be 7.5 cm, even though the phy-
sis is not affected; this increase in discrepancy seems to be 
caused by the partial disability of the extremity that results in 
insufficient stimulation of the physes by normal activity. After 
the deformity has been corrected, maintaining the position is 
especially difficult in children; the likelihood of maintaining 
satisfactory alignment and securing normal function is much 
more favorable in young adults. In the elderly, subtrochanteric 

osteotomy alone (see Chapter 22) is used to correct the defor-
mity; even though length is only partially restored, function 
is improved. 

 

CORRECTION OF 
CERVICOTROCHANTERIC MALUNION

 TECHNIQUE 58.18 

 n  Expose the malunion, the trochanters, and the proximal 
5 cm of the femoral shaft through a curved lateral inci-
sion between the tensor fasciae latae and gluteus medius 
muscles (see Chapter 1).

 n  Because of the external rotation, the fractured surface of 
the greater trochanter faces anteromedially. A wedge-
shaped space with its base anterior is present between 
the fragments and usually is filled with fibrous tissue. Ex-
cise this fibrous tissue down to normal bone and divide 
the osseous union posteriorly with an osteotome.

 n  Appose the bone surfaces and correct the deformity by 
abducting and internally rotating the distal fragment 
while marked traction is applied to the leg.

 n  Tenotomize the adductors (see Chapter 33) if necessary 
to obtain enough abduction of the distal fragment.

 n  Apply traction through the fracture table or a femoral 
distractor and confirm reduction of the neck-shaft angle 
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FIGURE 58.28 Moore osteotomy-osteoclasis. A, 1, Wedge has been resected from normal bone 
distal to malunion, leaving cortex on concave side of deformity intact; proximal cut is perpendicular 
to long axis of proximal fragment, and distal cut is perpendicular to that of distal fragment. 2, 
Grafts have become consolidated with early callus. 3, Deformity has been corrected by manual 
osteoclasis. B, Detail of technique. Wedge of bone is removed and is cut into chips that are placed 
back into defect; periosteum is carefully sutured. C, At 3 to 4 weeks after surgery, section of cast 
is removed and deformity is corrected manually. Cast is repaired with plaster.
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with image intensification or anteroposterior radiographs 
of the hip.

 n  If the normal angle between the shaft and the neck has 
been restored, fix the fracture with a compression screw 
or some other type of nail by a technique similar to that 
described for trochanteric fractures (see Chapter 55). For 
children, a pediatric compression hip screw (see Chapter 
36) is preferable because it is much easier to insert into 
the hard bone of the femoral neck and head. The capital 
femoral physis should be avoided if possible.

POSTOPERATIVE CARE If complete correction has been 
secured, and the fracture was fixed internally in a child, a 
cast should be applied and worn for at least 8 weeks; even 
with the most careful treatment after surgery, decrease 
in the angle between the neck and femoral shaft is fairly 
common even after union seems to be solid. In children, 
the results of this operation usually are disappointing be-
cause only moderate improvement in position may be 
secured; efficient treatment of fresh cervicotrochanteric 
fractures is crucial. In young adults, function is much im-
proved but rarely, if ever, is the angle between the neck 
and shaft or the length of the limb restored completely.
  

Fractures of the femoral head occur infrequently, and 
malunion has rarely been reported. Yoon et al. described three 
femoral head malunions after posterior hip dislocation with 
Pipkin type I fracture of the femoral head that had been treated 
with closed reduction and traction. Symptoms included limp 
and limited hip motion. All patients were treated with resec-
tion of the protruding bony prominence inferiorly followed by 
immediate full weight bearing and range-of-motion exercises. 
Results were excellent in all patients, with nearly full range 
of motion achieved postoperatively without pain. The authors 
stated that malunion should be suspected in patients with 
limited hip motion after femoral head fractures. Sontich and 
Cannada reported a femoral head avulsion fracture (Pipkin 
type I) that was malunited to the acetabulum. An excellent 
result was obtained after surgical debridement. 

ACETABULUM
Usually, malunions of the pelvis in which correction is justi-
fied are those involving the acetabulum. Even with modern 
methods of treatment, malunion of fractures of the acetabu-
lum with central dislocation of the femoral head still occurs; 
also, traumatic arthritis usually develops after comminuted 
fractures of the acetabulum. The treatment of either of these 
conditions varies with the severity of the injury, the defor-
mity, the disability, and the age and health of the patient. 
When hip motion is limited and painful, and depending on 
the patient’s occupation, arthrodesis (see Chapter 5) or total 
hip arthroplasty (see Chapter 3) may be indicated. The treat-
ment of fractures of the acetabular rim with dislocation of the 
hip is similar to that described in Chapter 56.

The following elements should be considered before 
attempting acetabular reconstruction: (1) the location and 
condition of the different segments of the acetabular artic-
ular surface and of the bony columns supporting them, (2) 
the amount of wear of the femoral head, (3) the degree of 

osteoarthritis, and (4) the existence of osteonecrosis. This 
type of surgery should be attempted only by surgeons experi-
enced in the surgical treatment of acute acetabular and pelvic 
fractures. 

PELVIS
A pelvic nonunion does not always cause pain, but pain occurs 
frequently with severe malunions, most commonly from mal-
union of the sacroiliac complex. Symptoms also can be caused 
by an internal rotational deformity or leg-length discrepancy. 
Impingement on the bladder by a displaced superior pubic 
ramus can cause urinary frequency.

Late correction of a pelvic deformity is more difficult, less 
successful, and associated with a higher incidence of compli-
cations than management of acute pelvic fractures. Therefore, 
initial reduction and stabilization of pelvic injuries is of 
utmost importance to prevent malunion and nonunion.

Indications for surgical treatment of pelvic malunions 
include pain, instability, sitting imbalance, limb shorten-
ing, and vaginal wall impingement. Pelvic tilt fractures that 
cause erosion into the perineum from a displaced fracture of 
the superior pubic ramus and severely shortened and inter-
nally rotated pelvic malunions also justify surgical correc-
tion. Cosmetic deformities secondary to limb shortening and 
malrotation also may be present. Cranial displacement of the 
hemipelvis of 1 cm or more may lead to leg-length discrep-
ancy, sitting imbalance, a characteristic cosmetic deformity, 
and sacral prominence that can cause pain while sitting or 
lying supine. Patients with leg-length discrepancy but no 
other symptoms related to the pelvis can be treated with stan-
dard methods of limb-length equalization (see Chapter 29). 
In addition to pelvic osteotomy and fixation, several opera-
tions for leg-length equalization exist. For severe shortening 
and internal rotation, a two-stage correction, with a period 
of skeletal traction after the osteotomy to minimize neuro-
logic complications has been reported. For chronic sacroiliac 
pain not relieved by conservative treatment, arthrodesis is the 
treatment of choice.

Patient selection is important. Patients must have realis-
tic expectations, accept known risks (loss of reduction, nerve 
or vascular injury, persistent nonunion, and significant blood 
loss), and be compliant with 3 to 5 months of restricted weight 
bearing. Anatomic reduction of the pelvic deformity fre-
quently is impossible. Posterior pelvic pain usually is caused 
by nonunion, instability, or malreduction, and correction of 
these problems provides pain relief in most patients. Posterior 
pelvic pain of uncertain etiology or pain caused by old neuro-
logic injury is less likely to be improved by surgery. Posterior 
pelvic pain also may be caused by concomitant lumbar inju-
ries, which should be evaluated if present. In a study of 437 
malunions, Kanakaris et al. reported that treatment in most 
patients is effective, with union rates averaging 86%, pain 
relief 93%, and patient satisfaction 79%. However, the return 
to a preinjury level of activity was reported in only 50%.

Pelvic malunions are assessed radiographically with 
anteroposterior, 45-degree internal and external oblique, 
and 40-degree caudal and cephalad views. A pelvic CT scan 
also should be obtained, and three-dimensional CT recon-
struction is helpful if it is available. Right and left single-leg 
standing anteroposterior pelvic radiographs are useful for 
detecting instability. Limb shortening is evaluated on the 
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anteroposterior pelvic views by comparing the cranial dis-
placement of the acetabular roof with the contralateral side. 
A line perpendicular to the midline of the sacrum is used to 
make the comparative measurements. Radiographic evalua-
tion provides information about the extent of fracture union 
and the nature of the deformity. Deformities often are com-
plex and involve multiple planes.

Operative correction of pelvic deformity is difficult and 
should be undertaken only by surgeons experienced in pelvic 
surgery. Each pelvic malunion is unique and requires indi-
vidualized plans and techniques for operative reduction and 
stabilization.

Nonunions without significant deformity can be treated 
with a one-stage or two-stage procedure with risks similar 
to those of acute fracture surgery. A three-stage procedure is 
recommended for malunited or malaligned fractures to pro-
vide the maximal amount of deformity correction. Anterior 
structures are approached with the patient supine, whereas 
posterior deformities are corrected with the patient prone.

THREE-STAGE RECONSTRUCTION FOR 
PELVIC MALUNIONS
Patients are placed on a radiolucent operating table, and fluo-
roscopy is used to guide osteotomy, reduction, and fixation. A 
Judet traction table is useful in some cases.

In the first stage, the deformed anterior pelvic structures 
are osteotomized and anterior nonunions are mobilized. The 
patient is repositioned prone for the second stage. Posterior 
pelvic deformities are osteotomized or mobilized, the pelvis is 
reduced, and posterior structures are internally fixed. Wounds 
are closed between each stage. In the third stage, the patient is 
returned to a supine position, the initial wound is reopened, 
the anterior reduction is completed, and internal fixation 
is applied. The procedure also can be done in the opposite 
order: (1) mobilizing the posterior pelvis first; (2) mobiliz-
ing, reducing, and internally fixing the anterior pelvis; and 
(3) completion of reduction and fixation of the posterior pel-
vis. Osteotomies should be made at the old injury sites when 
possible. Correction of cranial displacement is made easier by 
dividing the attachment of the sacrospinous and sacrotuberous 
ligaments to the sacrum. External fixators can be used intraop-
eratively to aid in reduction. Anterior structures are stabilized 
by plate fixation, and plates or large iliosacral screws or both 
are used for posterior fixation. Old deformities often are resis-
tant to correction and may require stronger fixation than is 
commonly used in acute fractures to prevent loss of reduction.

In one study, 36 of 37 patients had stable unions of the pel-
vic ring. The overall incidence of complications was 19% (per-
sistent nonunion, loss of reduction, neurologic injury, vascular 
injury, and persistent pain), and no infections were reported. 
Rousseau et al. reported a prone-supine, two-stage procedure 
in eight patients with 10-months’ follow-up. The surgery con-
sisted of opening the sacroiliac joint and cutting the sacrotuber-
ous and sacrospinous ligaments through a posterior approach; 
in a second stage, the pubic symphysis and the anterior aspect 
of the sacroiliac joint were released through an ilioinguinal 
approach to achieve reduction and then osteosynthesis of the 
pubic symphysis and sacroiliac joint, including bone graft har-
vesting and grafting. Anatomic reduction was achieved in six of 
eight patients. In the two patients without anatomic reduction, 
mechanical problems from leg-length inequality persisted. 
Complications included one bladder injury, one nosocomial 

infection in the postoperative period, three motor deficits with 
footdrop, and a possible nonunion. 

SCAPULA
With few exceptions, fractures of the scapular body and neck 
continue to be treated nonoperatively. In a review of 520 scap-
ular fractures by Zlowodzki et  al., 82% had good or excel-
lent functional results. Although most patients do well, there 
recently has been increased interest in identifying which frac-
tures are likely to develop a symptomatic malunion. Parameters 
that have been evaluated include the degree of medial and lat-
eral displacement of the glenoid on the anteroposterior radio-
graph, angulation of the scapular body as measured on the 
scapular Y radiograph, and the glenopolar angle as measured 
on the anteroposterior scapular view (normal 30 to 45 degrees). 
The degree of angular deformity and displacement causing 
functional impairment has not been precisely defined.

In an analysis of 113 scapular fractures, Ada and Miller 
noted subacromial pain, decreased range of motion, and 
weakness with overhead activities in patients with displaced 
scapular neck fractures. They recommended surgical reduc-
tion and stabilization of scapular fractures, with more than 
9 mm of glenoid medialization, or 40 degrees of angulation. 
Romero et  al. reported that patients with fractures having 
significant rotational deformity of the glenoid neck (quanti-
fied as a glenopolar angle of less than 20 degrees) had poor 
functional results. Operative criteria developed by Cole et al. 
include medial and lateral displacement of 2 cm or more, 
scapular body angulation of 45 degrees, and glenopolar angle 
of 22 degrees or less. Despite these recommendations, there 
are currently no studies confirming the superiority of opera-
tive treatment in this subset of scapular fractures.

There have been a few reports describing surgical manage-
ment of symptomatic scapular malunions. Moreover, favorable 
outcomes have been achieved. Success depends on appropriate 
patient selection and the surgeon’s familiarity with the anatomy 
and surgical techniques. Cole et  al. evaluated the functional 
outcome in five patients with extraarticular malunions of the 
scapular neck or body treated with osteotomy, reduction, plate 
osteosynthesis, and bone graft performed through a posterior 
Judet approach. One ipsilateral clavicular malunion also was 
repaired. Preoperatively, all patients complained of chronic 
pain, decreased range of motion, weakness, and unsatisfactory 
cosmetic deformity of the involved shoulder. All patients had 
marked deformity of the scapula on radiographs. None were 
able to perform their usual occupation. Radiographic defor-
mity was a mean of 3.0 cm (range 1.7 cm to 4.2 cm) of medial 
or lateral displacement, 25 degrees of angulation (range 10 
to 40 degrees) on scapular Y view, and a glenopolar angle of 
25 degrees (range 19 to 29 degrees). Preoperative evaluation 
included a true anteroposterior scapular radiograph, scapular 
Y, and axillary lateral views, anteroposterior radiograph of the 
uninvolved shoulder, and CT scan with 3D reconstruction. The 
mean time from injury to surgery was 15 months (range 8 to 
41 months). There were no intraoperative complications. The 
mean estimated blood loss was 569 mL (range 350 to 1125 mL). 
The mean follow-up was 39 months (range 18 to 101 months). 
All osteotomies united. All patients were pain free and highly 
satisfied with the result. Four of the five returned to their prein-
jury occupation and activities. Patients had statistically signifi-
cant increases in forward flexion and abduction shoulder range 
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of motion, and improved Disabilities of the Arm, Shoulder and 
Hand (DASH) and Short Form (SF)-36 scores. One patient 
developed asymptomatic heterotopic ossification. 

 

OSTEOTOMY AND REORIENTATION OF 
SCAPULAR NECK

 TECHNIQUE 58.19 

(COLE ET AL.)
 n  Place the patient in the lateral decubitus position, lean-

ing slightly prone on a beanbag. Position the arm on an 

arm board abducted and in 90 degrees forward flexion. 
Prepare the shoulder, neck, and posterior hemithorax al-
lowing access and manipulation of the shoulder.

 n  Through a posterior Judet approach, elevate the infraspi-
natus and teres minor muscles off the vertebral scapular 
border and retract the neurovascular pedicle that courses 
through the spinoglenoid notch. Take care to protect 
these structures. Using a large Deaver and Hohmann re-
tractor, expose the scapular neck and body taking care 
not to damage the nerve or vessel (Fig. 58.29A).

 n  Carry out osteotomies along the original fracture pattern 
with a sagittal saw or an osteotome through multiple drill 
holes. Remove any ectopic bone encountered and store in 
saline solution for later use as bone graft. Use a laminar 
spreader to complete the osteotomies.

 

A

C D

B

FIGURE 58.29 Cole osteotomy and reorientation of scapular neck. A, Posterior Judet approach 
and surgical exposure of scapular nonunion. Note scapular deformity (solid arrow). Dashed arrow 
shows neurovascular bundle at spinoglenoid notch. B, Small external fixator used to maintain 
desired reduction at lateral border of scapula. Solid arrow shows superomedial angle. C, After 
corrective osteotomy and anatomic reduction, a 3.5-mm dynamic compression plate and a 2.7-mm 
reconstruction plate with conventional or locking screws are used for fixation. Solid arrow points 
out superomedial angle and dashed arrow the spinoglenoid notch. D, Thirty-two-month postopera-
tive anteroposterior radiograph showing complete scapular healing in anatomic alignment with 
no evidence of hardware loosening. SEE TECHNIQUE 58.19.  (From Cole PA, Talbot M, Schroder LK, 
Anavian J: Extra-articular malunions of the scapula: a comparison of functional outcome before and after 
reconstruction, J Orthop Trauma 25:649, 2011.) SEE TECHNIQUE 58.19.
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 n  Once the primary fracture patterns are recreated, further 
debride the osteotomy sites to better delineate the true 
fracture lines, thereby allowing anatomic realignment of 
the fragments. Reduce the fragments by placing a 4-cm 
Schanz pin into the glenoid neck and another in the lat-
eral border distal to the osteotomy. A small external fix-
ator with the aid of multiple reduction clamps may be 
necessary to obtain anatomic alignment and compression 
at the fracture sites (Fig. 58.29B).

 n  Apply a 3.5-mm dynamic compression plate spanning the 
osteotomy site at the inferior glenoid neck or lateral bor-
der and fix with conventional or locking screws. Supple-
ment this lateral fixation by applying a second 2.7-mm 
reconstruction plate at the angle formed by the medial 
extent of the acromial spine and the medial border (Fig. 
58.29C) and secure with conventional or locking screws. 
If the fracture extends down into the inferior angle of the 
scapular body, an additional reconstruction plate may be 
necessary.

 n  Mix the ectopic bone extracted from the malunion site 
during the osteotomies with other autogenous bone and 
with 20 to 30 mL platelet-rich plasma. Use this to fill large 
defects in the scapula.

 n  Close the wound over a suction drain. Manipulate the 
shoulder to break apart longstanding adhesions and scar 
tissue.

POSTOPERATIVE CARE Patients are placed in a sling 
for comfort. Early physical therapy is initiated after the 
first postoperative visit, with passive and active-assisted 
range-of-motion exercises for a period of 1 month fol-
lowed by active range-of-motion and repetition exercises 
for 1 month. Resistance and strengthening exercises with 
3- to 5-lb weights are begun at 2 months, and all restric-
tions can be removed at 3 months (Fig. 58.29D).
   

CLAVICLE
Most fractures of the clavicle are treated nonoperatively and 
frequently heal with some degree of deformity. It is generally 
believed that clavicular malunions are tolerated well in most 
patients and cause no significant functional limitations. In 
some patients, however, malunion of the clavicle is painful or 
results in functional deficits. Shortening of 15 mm or more has 
been shown to cause discomfort and dysfunction of the shoul-
der girdle, and 20 mm of shortening after closed treatment of 
displaced middle-third clavicular fractures has been associ-
ated with poor results. A cadaver study showed that shorten-
ing combined with caudal displacement leads to functional 
deficits in abduction, particularly overhead motion. A vector 
model was devised to calculate the position of the glenoid fossa 
in relation to the position of the clavicle, which could be used 
for planning open reduction and fixation. Symptoms include 
rapid fatigability, thoracic outlet syndrome, difficulty wearing 
over-the-shoulder straps, weakness, pain, and cosmetic defor-
mity of a droopy, “driven-in,” or ptotic shoulder. The malunions 
that usually are disabling are malunions of the medial or lateral 
third of the bone. Angular deformity and shortening can alter 
the position of the glenoid fossa, which may affect glenohu-
meral mobility and scapular rotation.

In some patients with thoracic outlet syndrome after cla-
vicular malunion, excising the bony prominence that is com-
pressing the brachial plexus relieves symptoms.

Several investigators have recommended osteotomy and 
plate fixation for symptomatic clavicular nonunions. McKee 
et al. reported 15 patients with malunions of the clavicle after 
nonoperative management who actively sought treatment for 
persistent complaints. Indications for surgery were chronic 
pain, weakness, and thoracic outlet syndrome not responsive 
to conservative management for at least 1 year after injury. No 
osteotomies were performed for cosmesis alone. Preoperative 
shortening averaged 2.9 cm (range 1.6 to 4.0 cm). Functional 
scores improved in all patients. In 12 patients with preoperative 
pain and weakness, symptoms resolved in eight and improved 
in four patients. In 11 patients with preoperative neurologic 
complaints, symptoms resolved in seven, improved in three, 
and were unchanged in one. Of 13 patients who regarded the 
cosmetic appearance of their shoulder as unacceptable preop-
eratively, 12 were satisfied with postoperative cosmesis. There 
was one hypertrophic scar. Complications included one loss 
of fixation that resulted in nonunion. There were no cases of 
infections, neurovascular injury, or wound breakdowns. Two 
plates were removed electively. Overall, 14 of 15 patients were 
satisfied after surgery. No intercalary bone grafts were used 
in this series. The authors’ current radiographic criteria for 
osteotomy and plating for symptomatic clavicular malunions 
include malunions with substantial shortening (<1 cm, usu-
ally 2 to 3 cm), angular deformity greater than 30 degrees, 
or translation greater than 1 cm. Contraindications include 
inadequate soft-tissue coverage, active infection, asympto-
matic malunion, noncompliant patient, or severely osteope-
nic or pathologic bone. Patients with associated nonunion of 
the clavicle also require bone grafting. Other authors also have 
reported osteotomy and plating of clavicular nonunions with 
good functional and cosmetic results. The osteotomy corrects 
scapular winging secondary to medial and forward displace-
ment of the shoulder. Rosenberg et al. noted that although a 
solid union is obtained after reduction and plating with bone 
grafting, patients can remain functionally impaired. Only six 
of their 13 patients returned to their previous professional and 
recreational activities. Smekal et al. described corrective oste-
otomy in symptomatic clavicular malunions using an elastic 
stable intramedullary nail with good cosmetic and functional 
outcomes in five patients. For fractures of the lateral third of 
the clavicle with rupture of the coracoclavicular ligaments, a 
procedure similar to that described for acromioclavicular dis-
locations is indicated (see Chapter 60).

MIDSHAFT MALUNIONS OF THE CLAVICLE 
 

OSTEOTOMY AND PLATE FIXATION

 TECHNIQUE 58.20 

 n  Determine the amount of length to be gained clinically 
and radiographically preoperatively. If the clinical shorten-
ing is substantially greater than the observed radiographic 
shortening, an intercalary bone graft may be required to 
compensate for the absolute bone loss.
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 n  Place the patient in a “beach-chair” semisitting position, 
with a small pad behind the shoulder blade and the in-
volved upper extremity tucked into the side. Drape the 
opposite iliac crest if desired.

 n  Administer general anesthesia.
 n  Make an oblique incision along the superior surface of the 

clavicle (Fig. 58.30A).
 n  Raise the skin and subcutaneous tissue as a flap and iden-

tify the underlying myofascia. This layer is raised as con-
tiguous flaps and is preserved so that later a two-layered 
closure can be achieved over the plate (Fig. 58.30B and C).

 n  Identify the malunion site and plan the corrective osteot-
omy (Fig. 58.30D). It is possible to identify the malunited 
position of the proximal and distal fragments in most pa-

tients. In some patients, a correction must be performed 
with an oblique sliding osteotomy through an extensively 
remodeled malunion.

 n  Use a combination of osteotomes and a microsagittal saw 
cooled continually with irrigation throughout the cutting 
to re-create the original fracture line (Fig. 58.30E and F).

 n  Hold the proximal and distal fragments with reduction 
forceps and realign the clavicle (Fig. 58.30G). As little 
soft-tissue dissection as possible should be used to allow 
correct repositioning and apposition of the proximal and 
distal fragments.

 n  Reestablish the medullary canal with a 3.5-mm drill bit in 
each fragment. If absolute bone loss has occurred, a bone 
graft can be used.

 

A B

C D

E F

FIGURE 58.30 A-M, Osteotomy and plate fixation of malunited clavicular fractures. See text.   
(From McKee MD, Wild LM, Schemitsch EH: Midshaft malunions of the clavicle: surgical technique, J Bone 
Joint Surg 86A:37, 2005.) SEE TECHNIQUE 58.20.
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BA

FIGURE 58.31 A, Midshaft clavicular malunion with significant shortening. B, Clavicular length 
and alignment restored after osteotomy, plating, and bone grafting. SEE TECHNIQUE 58.20.

 n  Make a small notch with the saw in each fragment before 
the osteotomy to make it possible to measure the degree 
of lengthening achieved.

 n  Rotate the distal fragment anteriorly so that its flat supe-
rior surfaces face anteriorly rather than superiorly.

 n  Correct the malrotation by redirecting the flat superior 
surface of the distal fragment superiorly, creating similar 
clavicular surfaces on both sides of the osteotomy. Avoid 
the underlying neural and vascular structures and make 
no attempt to explore or decompress the brachial plexus.

 n  After approximation of the proximal and distal fragments, 
temporarily fix the osteotomy site with a 2-mm Kirschner 
wire.

 n  Apply a 3.5-mm limited contact dynamic compression 
plate with a minimum of six holes (range, six to 10 holes) 
(Fig. 58.30H and I).

 n  Contour this plate to the S-shaped clavicle. Use of anatomic 
plates contoured to fit the clavicle saves time because exten-
sive intraoperative contouring is not required and their low-
profile anatomic shape minimizes prominence especially 
medially, whereas a straight plate tends to project anteri-
orly. Because the osteotomy is typically transverse, apply the 
plate in the compression mode to maximize compression.

 n  Smooth the bone ends with a rongeur and pack mor-
selized callus around the osteotomy site (Fig. 58.30J).

 n  Close the wound in layers with the use of No. 1 absorb-
able sutures for the myofascia, No. 2-0 absorbable su-
tures for the subcutaneous tissue, and clips or a subcu-
ticular stitch for the skin (Fig. 58.30K and L). Place the arm 
in a conventional sling postoperatively.

POSTOPERATIVE CARE The patient begins pendulum ex-
ercises immediately postoperatively and active-assisted mo-
tion at 2 weeks. At 4 weeks, if radiographs show no loss 
of reduction (Fig. 58.30M), full active and passive motion is 
initiated and the patient is weaned from the sling. Resistive 
and strengthening activities are allowed when radiographs 
reveal union, typically at 6 to 8 weeks (Fig. 58.31).
   

 

OSTEOTOMY AND ELASTIC 
INTRAMEDULLARY NAILING OF 
MIDSHAFT CLAVICULAR FRACTURE

 TECHNIQUE 58.21 

(SMEKAL ET AL.)
 n  Place the patient in a slightly upright “beach-chair” posi-

tion and administer general anesthesia.
 n  With the involved limb draped freely, palpate the hump at 

the malunion site and make an oblique incision of 5-cm 
length above the Langer skin lines.

 n  Incise the periosteum sharply and separate the delto-
trapezial muscle attachment subperiosteally as an intact 
layer. Expose the deformity over a distance of 5 cm.

 n  Determine the osteotomy plane under fluoroscopic con-
trol (Fig. 58.32A). Using a fine-bladed saw, perform the 
osteotomy, separating the two main original fracture 
fragments.

 n  Hold the proximal and distal fracture fragments with re-
duction clamps and reopen the medullary canal on both 
sides with a 2.7-mm drill under fluoroscopic guidance. 
Make a small skin incision (1 to 2 cm) above the sternal 
end of the clavicle. Open the anterior cortex with a 2.7-
mm drill and insert a 2.5-mm nail (TEN, Synthes, West 
Chester, PA).

 n  The distal fragment is always caudal and malrotated with 
the superior surface facing anteriorly. Realign the clavicle 
by lifting and derotating the distal fragment. Freshen the 
osseous surfaces and insert the nail into the lateral frag-
ment under fluoroscopic control (Fig. 58.32B). This pre-
vents perforation of the cortex of the distal fragment.

 n  Cut the inserted nail back to the medial insertion point as 
short as possible to prevent medial skin irritation. Smooth 
the bone ends with a rongeur and suture the periosteal 
layers.
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HUMERUS
PROXIMAL HUMERUS
Malunion of a fracture of the proximal humerus can result 
from inadequate operative reduction, loss of operative reduc-
tion, or nonoperative treatment of a displaced fracture. 
Disruption of the normal anatomic relationships between 
the tuberosities, the humeral head, and the humeral shaft can 
limit the range of motion and decrease the strength of the 
shoulder. Bony abnormalities can include displacement of the 
tuberosity, articular surface incongruity, and malalignment of 
an articular segment, often in combination. Soft-tissue patho-
logic findings may include capsular contracture, tears of the 
rotator cuff, and neurologic injury.

Each of the structures that may be involved in a proximal 
humeral fracture—the humeral head and articular fragment, 
the greater and lesser tuberosities, and the humeral shaft—
has its own tendinous insertions that pull a free fracture frag-
ment in a predictable direction, resulting in a characteristic 
deformity. Two-part fractures of the surgical neck may heal 
in varus and anterior angulation. The humeral shaft displaces 
anteromedially because of the pull of the pectoralis major, 
and the proximal fragment is abducted by the rotator cuff. 
Considerable deformity in the region of the surgical neck 
may be compatible with satisfactory function, especially in 
the elderly. If the deformity is great enough, however, varus 
alignment of the humeral head and anterior displacement 
of the distal fragment can lead to loss of forward flexion and 
abduction severe enough to require surgery. With two-part 
fractures that involve the greater tuberosity, the tuberosity 
may be displaced posteriorly and superiorly because of the 
forces exerted by the supraspinatus, teres minor, and infraspi-
natus muscles. A malunion of this type of fracture can cause 
limitation of abduction and external rotation and may lead 

to subacromial impingement. Two-part fractures of the lesser 
tuberosity may displace medially owing to the pull of the sub-
scapularis. Function usually is not significantly impaired, but 
in some patients the fragment can impinge on the coracoid, 
limiting internal rotation or elevation. In three-part frac-
tures with displacement of the greater tuberosity and surgi-
cal neck, the head fragment is internally rotated by the action 
of the subscapularis inserting on the intact lesser tuberosity. 
The shaft displaces anteromedially, and the greater tuberos-
ity displaces posterosuperiorly. Malunions of this kind can 
cause severe impairment because of the loss of abduction and 
rotation. Three-part fractures that involve the lesser tuberos-
ity and surgical neck are characterized by external rotation 
and abduction of the articular segment because of the pull 
of the rotator cuff muscles on the intact greater tuberosity. 
A malunion in this position causes pain and severe limita-
tion of motion, especially internal rotation. Malunions of 
three-part fractures are difficult to treat because they can be 
complicated by contractures of the deforming muscles, sub-
luxation, posttraumatic arthritis, or osteonecrosis. Malunions 
of four-part fractures and fracture-dislocations are especially 
difficult because of the frequent presence of articular incon-
gruity, muscular contractions, adhesions, osteonecrosis, and, 
sometimes, neurologic injury. Fractures involving the ana-
tomic neck in particular can be associated with osteonecrosis 
and posttraumatic arthritis.

Currently, there is no universally accepted classification 
of proximal humeral malunions. Beredjiklian et al. described 
a classification system in which malunions were categorized 
based on the osseous and soft-tissue abnormalities: type 
I, malposition of the greater or lesser tuberosity of more 
than 1 cm; type II, intraarticular incongruity or step-off of 
the articular surface of more than 5 mm; and type III, rota-
tional malalignment of the articular segment by more than 

 

A B

FIGURE 58.32 A, Determination of osteotomy plane using fluoroscopy. B, Insertion of nail under 
fluoroscopic control.  (From Smekal V, Deml C, Kamelger F, et al: Corrective osteotomy in symptomatic 
midshaft clavicular malunion using elastic stable intramedullary nails, Arch Orthop Trauma Surg 130:681, 
2010.) SEE TECHNIQUE 58.21.
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45 degrees in the coronal, sagittal, or axial plane. Soft-tissue 
abnormalities were categorized as soft-tissue contracture, 
rotator cuff tear, and impingement. In their 39 patients, only 
eight (21%) had malunions without any associated soft-tissue 
abnormality.

EVALUATION
A thorough history and careful physical examination are 
essential in the evaluation of a patient with a proximal 
humeral malunion. Determining the mechanism, associated 
injuries, and treatment of the initial fracture is important, 
especially the type of hardware that was used so that appro-
priate equipment for hardware removal is available. Range-
of-motion evaluation, especially passive range of motion, 
can indicate the presence and severity of soft-tissue contrac-
tures. Active and passive ranges of motion are measured in all 
planes of movement. Potential causes of decreased range of 
motion include capsular contracture, extracapsular contrac-
ture, impingement, pain, and rotator cuff tears. Limited pas-
sive range of motion often indicates a soft-tissue contracture. 
External rotation should be checked with the arm at the side 
and at 90 degrees of abduction. A classic, but not pathogno-
monic, sign of malunion of the greater tuberosity is absence 
of external rotation with the arm maximally abducted. The 
integrity of the infraspinatus, teres minor, and supraspina-
tus should be determined by evaluation of external rotation 
strength, the Gerber lift-off test, and opposed abduction at 
90 degrees. Instability is evaluated by provocative maneuvers, 
such as the drawer or shift test, load test, anterior apprehen-
sion test, posterior stress test, and sulcus test (see Chapter 46 
for a detailed description of stability evaluation). Instability 
may be elicited by these provocative tests; however, in most 
patients, stiffness limits their effectiveness.

The exact nature of a soft-tissue pathologic process is dif-
ficult to determine clinically. Intraoperative assessment of the 
soft tissues is mandatory if surgery is chosen. Because many 
patients with proximal humeral malunions have neurologic 
deficits, function of the axillary, suprascapular, and muscu-
locutaneous nerves should be documented preoperatively. 
Electromyography and nerve conduction studies may be 
helpful to determine the pattern of nerve injury and the like-
lihood of recovery of nerve function.

Radiographic studies should include anteroposterior, 
lateral, axillary, and Y-scapular views; supplemental internal 
and external rotational anteroposterior views can provide 
additional information. CT can help determine the three-
dimensional spatial relationships between the malunited 
tuberosities, head, and shaft fragments. Because it provides 
a clear image of the glenohumeral articular surface, CT also 
can help evaluate articular congruity. Three-dimensional CT 
reconstructions can be used to create models and patient-spe-
cific guides to be used in preoperative planning and during 
surgery.

MRI can provide information about the integrity of the 
rotator cuff and the presence of early osteonecrosis of the 
humeral head. 

TREATMENT
Nonoperative management of proximal humeral malunions 
may be indicated for patients with low activity levels and min-
imal pain who are able to remain independent with limited 
use of a single upper extremity and for patients with medical 

conditions that would make surgery too risky or that would 
prohibit postoperative rehabilitation.

The indications for surgical correction of proximal 
humeral malunions are severe pain or loss of function or both 
that have not responded to nonoperative treatment consisting 
of physical therapy, nonsteroidal antiinflammatory drugs, and 
corticosteroid injections. The patient also must be deemed to 
be an operative candidate on the basis of overall health and 
functional demands.

Operative procedures for the treatment of proximal 
humeral malunions include (1) acromioplasty, osteotomies of 
the tuberosities or surgical neck, and soft-tissue reconstruc-
tion if the blood supply to the humeral head is maintained 
and the articular surface is preserved; (2) hemiarthroplasty or 
total shoulder arthroplasty if there is extensive damage to the 
articular surface or osteonecrosis of the humeral head; and 
(3) arthrodesis, rarely, if a severe neurologic deficit or previ-
ous infection is present.

ACROMIOPLASTY AND OSTEOTOMY
If pain and impingement are the primary complaints, and loss 
of motion is minimal, Siegel and Dines recommended exci-
sion of bony prominences and lysis of adhesions. Beredjiklian 
et al. found that a delay in the operative treatment of prox-
imal humeral malunions had a negative effect on outcome. 
In their study, 16 (84%) of 19 patients who were treated less 
than 1 year after injury had satisfactory outcomes compared 
with 11 (55%) of 20 who were treated more than 1 year after 
injury. These authors also emphasized the necessity of ade-
quate treatment of all osseous and soft-tissue abnormalities.

Beredjiklian et al. stated that acromioplasty is indicated 
for greater tuberosity fractures with 1.0 to 1.5 cm of displace-
ment. In their series, two such greater tuberosity malunions 
were treated with arthroscopic acromioplasty. Martinez et al. 
reported arthroscopic acromioplasty, detachment of the rota-
tor cuff, tuberoplasty of the greater tuberosity, and repair of 
the rotator cuff in eight patients with malunion of the greater 
tuberosity. Two patients reached full activity level, five had 
only slight functional restriction, and one had mild limitation 
in activities of daily living. Arthroscopy also can be helpful in 
assessing intraarticular and soft-tissue abnormalities and in 
treating capsular contractures and subacromial or subcora-
coid impingement. One case of arthroscopic debridement has 
been described for a malunited lesser tuberosity that caused a 
bony block to rotation.

Beredjiklian et  al. recommended osteotomy and reduc-
tion of the tuberosity for greater tuberosity fractures with 
more than 1.5 cm of displacement. Treatment of malunion 
of two-part greater tuberosity fractures is similar to that of 
acute fractures. Open reduction and internal fixation through 
an anterosuperior approach with the patient in a modified 
“beach-chair” position has been described.

There is little in the literature regarding the treatment 
of varus malunions of two-part surgical neck fractures of 
the proximal humerus. In patients with a symptomatic sur-
gical neck malunion with an intact rotator cuff and congru-
ous articular surface, joint-preserving surgery is indicated. 
In varus deformities, the subacromial space is decreased as 
the greater tuberosity becomes closer to the coracoacromial 
arch. The lever arm of the supraspinatus tendon and the slid-
ing surface of the humeral head and the glenoid are likewise 
decreased. These anatomic changes can cause impairment of 
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active forward flexion and abduction and pain from impinge-
ment. Such functional limitations may be unacceptable to 
young patients or active older patients. Some investigators 
recommend release of soft-tissue contractures and removal of 
bony prominences for less severe deformities. Benegas et al. 
and others described a closing wedge valgus osteotomy for 
the treatment of varus malunions of the proximal humerus. In 
Benegas et al.’s series, proximal humeral angles ranged from 
98 to 107 degrees (normal, 130 to 140 degrees). The osteotomy 
is performed through a deltopectoral approach and stabilized 
with a T-shaped plate and 4.5-mm screws. Contraindications 
to this procedure are massive rotator cuff tears; significant 
arthritic changes, including avascular necrosis; multiple 
angular deformities; infection; and nerve injury involving the 
shoulder girdle. Benegas et  al. reported their results in five 
patients with an average age of 53 years (range 25 to 73 years). 
All osteotomies united; range of motion, flexion strength, and 
function improved in all patients; and all patients were satis-
fied with the results. There were no neurologic injuries. Two 
patients had mild pain, and one manual laborer was unable to 
return to previous employment. One patient had postopera-
tive bleeding from the surgical site requiring reexploration, 
and two patients subsequently had hardware removal because 
of impingement-related pain. Ranalletta et al. described using 
three-dimensional CT scanning to fabricate a patient-specific 
guide before multiplanar osteotomy for a patient with proxi-
mal humeral malunion. 

ARTHROPLASTY
Some three-part and most four-part and humeral head-
splitting malunions are treated best by arthroplasty, as are 
malunions with severe articular damage, avascular necrosis, 
arthritic changes, significant osteoporosis, inadequate bone 
stock, or rotator cuff insufficiency. The choice between hemi-
arthroplasty and total shoulder arthroplasty is based on the 
integrity of the rotator cuff and the condition of the glen-
oid articular surface (see Chapter 12). Prosthetic replace-
ment for proximal humeral malunions seems to have less 
satisfactory results than arthroplasty done for acute fracture 
or glenohumeral arthritis. Distorted bony and soft-tissue 
anatomy makes arthroplasty particularly demanding in this 
situation. Although pain relief has been reported in 75% to 
85% of patients with late reconstruction, functional outcome 
generally is less favorable because of long-standing stiffness. 
Reverse total shoulder arthroplasty has a role in the treatment 
of proximal humeral malunions with concomitant rotator 
cuff insufficiency and/or tuberosity malunions. In patients 
with infection or severe neurologic deficit, arthrodesis is 
recommended.

Antuna et  al. reported the long-term results of 50 
shoulder arthroplasties (either total shoulder or hemi-
arthroplasty) performed for humeral malunions caus-
ing moderate to severe pain and functional impairment. 
Indications for arthroplasty included articular step-off, 
osteonecrosis, and secondary degenerative arthritis. 
Thirty-five of the 50 patients had nonoperative treatment 
of their fracture initially. Additional procedures included 
acromioplasty, trimming of the greater tuberosity, dis-
tal clavicular excision, biceps tenodesis, Z-lengthening of 
the pectoralis major, transfer of the pectoralis minor to 
the lesser tuberosity, and osteotomy of the tuberosities for 
exposure or implant placement.

Significant pain relief was achieved in most patients, 
although 11 had moderate-to-severe pain postoperatively. 
Pain relief was less complete in patients who had previous 
operative treatment, patients with osteonecrosis, and patients 
who had an arthroplasty within 2 years of the initial injury. 
Active elevation and internal and external rotation were sig-
nificantly improved. Patients who required tuberosity osteot-
omy and patients who had operative treatment of the initial 
fracture had poorer motion. In those who had greater tuber-
osity osteotomy, nonunion, malunion, or resorption occurred 
in 41%. All patients with nonunion or resorption had poor 
results. Overall, 50% had excellent or satisfactory results by 
Neer’s criteria. Complications included anterior instability, 
partial brachial plexus palsy, and intraoperative humeral frac-
ture complicated by deep infection.

Antuna et al. stressed that concomitant soft-tissue abnor-
malities must be treated. Contractures limiting motion 
require capsular release from the humeral neck or glenoid 
rim. Rotator cuff injuries should be repaired when necessary. 
Acromioplasty should be performed if superior displace-
ment of the greater tuberosity leads to impingement. They 
agreed with Neer that malposition of the humeral component 
is sometimes acceptable to avoid osteotomy. They reported 
no increase in loosening of the humeral component with 
slight varus or valgus position. If the greater tuberosity is dis-
placed more than 1.5 cm, it is often necessary to reposition 
it. When osteotomies are performed, a tuberosity fragment 
large enough to accommodate reattachment with heavy non-
absorbable sutures is necessary to facilitate osseous healing. 
Results were comparable to cases without tuberosity osteoto-
mies when bony union occurred.

Mansat et al. and Boileau et al. reported similar results for 
arthroplasty in the treatment of sequelae of proximal humeral 
fractures. In Mansat et  al.’s series of 28 patients, 85% had 
slight or no pain and 64% had satisfactory results by Neer’s 
criteria. All three patients with greater tuberosity osteotomies 
had unsatisfactory results. Results were better in patients with 
an intact rotator cuff and in those with acromial-humeral dis-
tances of greater than 8 mm. In the study of Boileau et al., 42% 
of 71 patients had good and excellent results and 27% had 
complications (four diaphyseal fractures, one metaphyseal 
fracture, two deep infections, one reoperation for acromio-
plasty, and one failure of fixation of the greater tuberosity). No 
patient who had a greater tuberosity osteotomy had greater 
than 90 degrees of active elevation. The authors believed that 
devascularization of the greater tuberosity led to nonunion, 
migration, and resorption and thus to subsequent poor 
results. Jacobson et al., however, found no negative functional 
impact from tubercle osteotomies in 95 patients with proxi-
mal humeral malunions treated with anatomic total shoulder 
arthroplasties. However, lack of tuberosity healing was noted 
on radiographs in 11 of 31 patients. Most patients had pain 
relief and improved function, but 16.8% of patients had com-
plications. Severe instability was the most common complica-
tion, occurring in 9.5% of patients. Revision was required in 
10.5% of patients.

Boileau et al. recognized the often unsatisfactory results 
of unconstrained anatomic total shoulder arthroplasty for 
proximal humeral malunions with associated tuberosity mal-
unions and proposed reverse total shoulder arthroplasty as 
the solution. Raiss et al. reported a multicenter retrospective 
series of 42 reverse total shoulder arthroplasties performed 
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for these difficult proximal humeral malunions (Boileau et al. 
type IV; Table 58.2) between 2000 and 2010. The average age 
was 68 years, the average time from fracture to surgery was 
5.1 years, and average follow-up was 4 years. The average 
Constant score increased from 19.7 to 54.9. Shoulder flex-
ion and external fixation were both significantly increased. 
Shoulder flexion increased from an average of 53 degrees to 
120 degrees. Shoulder external rotation increased from -5.4 
degrees to 8.5 degrees. There were no significant differences 
in function between patients initially treated surgically com-
pared to those treated nonoperatively. Internal rotation did 
not improve. Results were very good in 43%, good in 15%, 
satisfactory in 10%, and unsatisfactory in 2%. Four patients 
(9.5%) had complications. One patient had an intraop-
erative humeral fracture treated at the time of surgery, one 
young patient had a traumatic dislocation and infection, one 
patient sustained a periprosthetic fracture below the stem 
after a fall, and another patient had aseptic loosening of the 
humeral and glenoid components 13 years after arthroplasty. 
Martinez et al. studied 44 patients with sequelae of proximal 
humeral fractures treated with reverse total shoulder arthro-
plasty. The average Constant score improved from 28 to 58, 
flexion increased from 40 to 100 degrees, and external rota-
tion increased from 15 to 35 degrees. Dislocations occurred 
in 13.6% of patients and required revision of the polyethylene 
liner or conversion to hemiarthroplasty. Results were unsatis-
factory in 13.6% of patients. 

 

CLOSING WEDGE VALGUS 
OSTEOTOMY FOR VARUS MALUNION 
OF PROXIMAL HUMERUS

 TECHNIQUE 58.22 

(BENEGAS ET AL., MODIFIED)
 n  Preoperatively obtain external rotation anteroposterior 

radiographs of both shoulders to determine the length of 
the base of the bone wedge to be removed (Fig. 58.33).

 n  Place the patient in the “beach-chair” position with a 
sandbag between the scapula and spine.

 n  Make an incision over the anterolateral aspect of the 
shoulder beginning at the lateral third of the clavicle and 
extending distally 10 cm in line with the anterior border 
of the deltoid muscle.

 n  Separate the deltoid and pectoralis major muscles while 
protecting the cephalic vein.

 n  If exposure is insufficient, divide the attachment of the 
deltoid to the clavicle and turn the muscle laterally.

 n  Remove excess callus from the bone.
 n  Expose the area immediately below the greater tuberos-

ity, which will be the lateral base of the closing wedge 
osteotomy. Divide the bone using an osteotome and re-
move a wedge of the previously calculated size with the 
apex at the medial surgical neck. Use a bone skid to lever 
the fragments into normal position.

 n  Stabilize the osteotomy with a T-shaped plate and 4.5-
mm screws. Benegas et al. recommended a locking 
compression plate system. A proximal humeral locking 
plate as described in Chapter 57 provides more optimal 
fixation.

 n  Perform an acromioplasty if necessary to treat persistent 
impingement.

POSTOPERATIVE CARE A shoulder abduction brace 
may be applied if needed to counteract muscle spasm. 
If stability is satisfactory, a sling and swathe can be used 
instead. Codman range-of-motion exercises can be 
started between 2 and 8 days. Active range of motion 
is allowed as fracture consolidation occurs, usually at 6 
weeks postoperatively. Protection with the abduction 
brace or a sling between exercise sessions is continued 
for 2 more weeks.
  

HUMERAL SHAFT
In malunions of the proximal third of the humeral shaft, 
the bone usually is angulated medially and either anteriorly 
or posteriorly; the medial angulation makes it impossible to 
touch the elbow to the chest. Shoulder motion usually is lim-
ited in abduction and external rotation. 

 TABLE 58.2 

Effect of Proximal Humeral Fracture Type on Anatomic Shoulder Arthroplasty

BOILEAU CLASSIFICATION DESCRIPTION
EFFECT ON ANATOMIC SHOULDER  
ARTHROPLASTY

INTRACAPSULAR, IMPACTED
Type 1
Type 2

Cephalic collapse or osteonecrosis  
of the humeral head
Locked dislocation or fracture-dislocation

Possible w/o osteotomy of tuberosities
Possible w/o osteotomy of tuberosities

EXTRACAPSULAR, DISPLACED
Type 3
Type 4

Surgical neck nonunions
Tuberosity malunions

Osteotomy of tuberosities sometimes 
necessary
Osteotomy of tuberosities necessary

Modified from: Raiss P, Edwards TB, Collin P, et al: Reverse shoulder arthroplasty for malunions of proximal part of the humerus (type-4 fracture sequelae), J Bone 
Joint Surg Am 98:893, 2018.
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CORRECTION OF PROXIMAL THIRD 
HUMERAL MALUNION

 TECHNIQUE 58.23 

 n  Expose the fracture through an anterolateral incision 7.5 
cm long centered over the apex of the angulation.

 n  Extensive stripping of the periosteum is unnecessary.
 n  Divide the bone with an osteotome or reciprocating mo-

tor saw through the apex of the angulation and correct 
the deformity.

 n  Fix the fragments with a 4.5-mm compression plate. A 
proximal humeral locking plate may provide more optimal 
fixation.

 n  Place cancellous grafts around the osteotomy.

POSTOPERATIVE CARE The extremity is immobilized 
on an abduction humeral brace or sling. Shoulder and 
elbow range of motion are initiated in the first postopera-
tive week.
  

MIDDLE THIRD
Unless angulation is severe, malunion of the middle third of 
the humeral shaft rarely requires correction because shorten-
ing, rotation deformity, and angulation of this bone impair 
function less than when the femur is similarly affected. The 

same principles are used in correcting this malunion as in 
malunions of other long bones: the deformity is corrected by 
osteotomy, and a compression plate is applied; and because 
the fragments otherwise often fail to unite, cancellous grafts 
are placed around the osteotomy (or, if desired, an onlay bone 
graft can be used). 

DISTAL HUMERUS
Malunions of the distal humerus can develop after the follow-
ing fractures: (1) supracondylar fractures (more common in 
children), (2) T-fractures of the condyles, (3) fractures of the 
distal condylar articular surface, and (4) fractures of the con-
dyles. Although cubitus varus deformity has long been con-
sidered merely a cosmetic deformity, more recent reports have 
associated it with ulnar nerve dislocation, ulnar neuropathy, 
snapping of the medial head of the triceps, secondary distal 
humeral or lateral condylar fracture, osteonecrosis of the dis-
tal humeral epiphysis, joint ganglia, and even osteoarthritis.

Cubitus varus deformity after childhood elbow fracture 
has been linked to elbow instability in adulthood (up to 51 
years later in one study). O’Driscoll et al. reported that lateral 
elbow pain typically occurred before symptoms of instabil-
ity. Physical findings included obvious cubitus varus, ten-
derness over the lateral collateral ligament complex and the 
common extensor tendon, and a prominent tendon of the 
medial head of the triceps. Signs of posterolateral rotatory 
instability included a positive posterolateral rotatory appre-
hension test and positive lateral pivot shift and posterolateral 
rotatory drawer signs. Several patients also had dislocation 
(snapping) of a portion of the medial head of the triceps and 
the ulnar nerve and ulnar neuropathy. With cubitus varus, the 
mechanical axis, the olecranon, and triceps line of pull are 
all displaced medially. The repetitive external rotation torque 
on the ulna that results can stretch the lateral collateral liga-
ment complex and lead to posterolateral rotatory instability. 
The abnormal mechanics of the elbow also may predispose 
the elbow to injury during a fall.

Surgical treatment may consist of reconstruction of the 
lateral collateral ligament and osteotomy, ligament recon-
struction alone, osteotomy alone, or total elbow arthroplasty. 
For a severe deformity (>15 degrees) and high functional 
demands, O’Driscoll et  al. recommended osteotomy com-
bined with ligament reconstruction. 

FOREARM
PROXIMAL THIRD OF THE RADIUS AND 
ULNA
Malunions of the proximal third of the radius and ulna can 
be classified as follows: (1) malunions of the radial head, (2) 
malunions of the radial neck, (3) malunions of the olecranon, 
(4) malunions of the proximal third of the ulna with anterior 
dislocation of the proximal radius (Monteggia fracture), and 
(5) malunions with synostosis between the radius and ulna.

RADIAL HEAD
Malunion of the radial head with only mild deformity may 
not be disabling. If symptoms are caused by a small abnormal 
prominence of bone, resecting the prominence may relieve 
them. Severe deformity can cause pain and limit pronation 
and supination; occasionally, it also can limit flexion or exten-
sion of the elbow. It should be treated by excising the radial 

 

1.7 cm

FIGURE 58.33 Calculation of bone wedge osteotomy.  (From 
Benegas E, Filho AZ, Filho AAF, et al: Surgical treatment of varus malunion 
of the proximal humerus with valgus osteotomy, J Shoulder Elbow Surg 
16:55, 2007.) SEE TECHNIQUE 58.22.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS3170

head as described for fresh fractures (see Chapter 57). All 
loose fragments of bone, any excess bone, the scar tissue, the 
periosteum, and the remnants of the annular ligament should 
be excised carefully to help prevent the formation of new 
bone in the region. Use of the extremity is begun gradually as 
soon as the wound has healed.

In a few patients, excising the radial head results in com-
plete restoration of function; the result frequently is disap-
pointing, however, and the patient should be informed 
in advance of this possibility. Reported complications of 
radial excision include loss of grip strength, wrist pain, dis-
tal radial ulnar joint instability, and valgus instability of the 
elbow. Rosenblatt et  al. reported five intraarticular osteoto-
mies of the head of the radius in patients with symptomatic 
healed displaced articular fractures. The average Mayo Elbow 
Performance Index Score improved significantly from 74 
before to 88 after osteotomy, with four patients having a good 
or excellent result. Prosthetic radial head replacement should 
be considered for patients with radial head malunions associ-
ated with distal radioulnar joint pain or instability or laxity of 
the medial collateral complex of the elbow (see Chapter 12). 

RADIAL NECK
Most radial neck fractures can be treated successfully with 
nonoperative methods; however, symptomatic malunions 
occasionally occur. A malunited radial neck fracture can 
cause pain, crepitance, elbow laxity, limitation of elbow flex-
ion and extension, and limitation of forearm pronation and 
supination. It is desirable to maintain radial length and restore 
the congruity of the radiocapitellar articulation if the articu-
lar cartilage remains in good condition because of the poten-
tial for adverse sequelae after radial head excision. Corrective 
osteotomy of the radial neck should be considered for symp-
tomatic malunions. 

 

CORRECTION OF RADIAL NECK 
MALUNION

 TECHNIQUE 58.24 

(INHOFE AND MONEIM, MODIFIED)
 n  Expose the proximal radius and radiocapitellar joint 

through a posterolateral approach (see Chapter 1).
 n  Debride the joint of inflamed synovium. Inspect the ar-

ticular cartilage of the capitellum and proximal radius.
 n  If the extent of arthritic changes does not preclude a good 

result, make an osteotomy in the proximal radius approxi-
mately 1.5 cm from the articular surface using a small mo-
torized oscillating saw, while protecting the soft tissues.

 n  Alternatively, an osteotome can be used to divide the 
bone.

 n  Realign the proximal radius, restoring the congruity of 
the radiocapitellar joint, and fix the osteotomy with two 
Herbert screws directed from proximal to distal. Kirschner 
wires or minifragment lag screws (2 or 2.7 mm) are alter-
native methods of fixation. If hardware is placed through 
the articular surface of the proximal radius, recess the 
screw head below the surface of the cartilage.

 n  Place bone graft at the osteotomy site. Bone graft can be 
obtained from the lateral epicondyle of the humerus.

 n  Repair the annular ligament and lateral collateral ligament 
at the time of wound closure.

POSTOPERATIVE CARE The elbow is immobilized in 
midflexion and midsupination for 2 weeks, after which 
a removable splint or functional orthosis is applied and 
progressive active range-of-motion exercises are begun. 
External support can be discontinued when healing of the 
osteotomy is secure.
  

OLECRANON
In malunion of the olecranon, osteotomy and realignment 
of the fragments should not be attempted because the opera-
tion almost always increases the disability, but function of the 
elbow can be improved considerably by excising the deformed 
part of the bone. It has been repeatedly shown that a large part 
of the olecranon can be excised without causing much dis-
ability of the elbow. The part that can be excised is determined 
as follows. A lateral radiograph of the elbow is made with the 
joint flexed to 90 degrees. A line is drawn through the center 
of the longitudinal axis of the humerus and across the joint. 
At least 0.3 cm of olecranon should project posterior to this 
line; this much of the olecranon is enough to prevent anterior 
subluxation of the proximal ulna. The rest of the olecranon 
can be excised, and the triceps muscle is reattached accurately 
and firmly to the proximal ulna. 

PROXIMAL THIRD OF THE ULNA WITH 
ANTERIOR DISLOCATION OF THE RADIAL HEAD 
(MONTEGGIA FRACTURE)
If a Monteggia fracture unites in poor position, the deformity 
often is so disabling that almost any reconstruction is worth a 
trial. At 1 year or more after injury, the joint will have become 
so damaged that it may be impossible to restore elbow func-
tion to near normal. 

 

OSTEOTOMY AND FIXATION OF 
MONTEGGIA FRACTURE MALUNION

 TECHNIQUE 58.25 

 n  Expose the radial head and the malunion of the ulna 
through a single incision (see Chapter 1), or make two 
incisions as follows.

 n  Make a posterolateral incision (see Chapter 1) 5 cm long, 
and free the dislocated radial head from all of its attach-
ments.

 n  Divide the neck of the radius just proximal to the bicipital 
tuberosity.

 n  Drill several holes transversely through the bone at the 
level of the anticipated osteotomy, complete the divi-
sion of the bone with double-action bone cutting forceps 
while rotating the radial shaft, and smooth the end of the 
bone with a small rongeur.

    

https://booksmedicos.org


CHAPTER 58  MALUNITED FRACTURES 3171

 n  Make a second incision 7.5 cm long over the posterior 
aspect of the ulna and divide the bone as near the old 
fracture as possible.

 n  Align the fragments properly and fix them with a com-
pression plate (Fig. 58.34); place autogenous cancellous 
bone around the osteotomy.

 n  Apply a long arm cast with the elbow at 90 degrees and 
the forearm in neutral rotation.

POSTOPERATIVE CARE A cast is worn until union is 
solid, usually at about 12 weeks, and active exercises are 
then begun.
  

We have had satisfactory results in children with mal-
united Monteggia fractures treated by osteotomy of the ulna, 
reduction of the radial head, and fixation with Kirschner 
wires to maintain the reduction until the bone and soft tis-
sues have healed.

SYNOSTOSIS BETWEEN THE RADIUS AND THE 
ULNA
Synostosis between the radius and the ulna may develop at 
the proximal radioulnar joint after severely comminuted 
fractures in this region. Jupiter and Ring classified proximal 
radioulnar synostosis into three types: A, synostosis at or 
distal to the bicipital tuberosity; B, synostosis involving the 
radial head and the proximal radioulnar joint; and C, synos-
tosis contiguous with bone extending across the elbow to the 
distal aspect of the humerus. In their 17 patients (18 synos-
toses), operative resection of the synostosis gave good results 
in 16 patients (17 limbs). The only recurrence of synostosis 
was in a patient with a closed head injury. They found that the 
ultimate range of motion was not affected by any of the vari-
ables generally cited as contributing factors—size and loca-
tion of the synostosis, severity of initial trauma, use of a free 
nonvascularized fat graft, and especially time between injury 

and excision. Excision 6 to 12 months after initial injury did 
not increase the risk of recurrence, and although not statis-
tically significant, patients with earlier resections had better 
motion than patients treated later.

Although historically a delay in operative treatment for 6 
to 12 months after injury has been recommended, Jupiter and 
Ring suggested that early resection is preferable because of its 
potential ability to limit the degree of soft-tissue contracture 
and the overall period of severe disability. No adjunctive radio-
therapy or nonsteroidal antiinflammatory drugs were used in 
their patients, and they questioned the need for these prophy-
lactic measures and the necessity of using interpositional fat 
to prevent recurrence. Other authors also have observed better 
results with fewer complications after early excision of the syn-
ostosis mass with or without interposition material.

Although the most common and most direct treatment of 
proximal radioulnar synostosis is resection of the synostosis, 
creation of a pseudarthrosis of the radius distal to the synosto-
sis has been used to restore forearm rotation. Kamineni et al. 
reported that resection of a 1-cm thick section of the proximal 
part of the radial shaft provided a safe and reliable method of 
improving forearm rotation in six of their seven patients. At 
almost 7-year follow-up, forearm rotation had improved from 
an average fixed pronation of 5 degrees to an average arc of 
motion of 98 degrees and re-ankylosis had occurred in only 
one patient, who also was the only patient in whom resection 
was done proximal to the bicipital tuberosity. Kamineni et al. 
noted that the single technical factor that seemed to influ-
ence results positively was the application of bone wax at the 
resection site. They recommended this procedure as a simple, 
safe alternative to synostosis resection in patients who have 
a proximal radioulnar synostosis that (1) is too extensive to 
allow a safe and discrete resection, (2) involves the articular 
surface, and (3) is associated with an anatomic deformity. 
They also emphasized that this technique should not be con-
sidered an alternative to removal of the synostosis when it is 
technically possible to excise a discrete bridge of bone. 

 

A B

FIGURE 58.34 A, Malunited fracture of shaft of ulna and dislocation of proximal radius 
(Monteggia fracture). B, Four months after removal of medullary nail, osteotomy of ulna, and 
application of compression plate; radial head was excised, fragmented, and used for grafting ulna. 
Motion of elbow and forearm is excellent. SEE TECHNIQUE 58.25.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS3172

 

RESECTION OF PROXIMAL PART OF 
RADIAL SHAFT

 TECHNIQUE 58.26 

(KAMINENI ET AL.)
 n  With the patient supine and under general anesthesia, 

apply and inflate a tourniquet.
 n  Bring the affected arm across the patient’s chest and have 

an assistant stabilize it in this position.
 n  Make a Kocher approach to the proximal radius (see 

Chapter 1).
 n  When the interval between the anconeus and the exten-

sor carpi ulnaris is entered, direct the dissection toward 
the ulnar shaft and the synostosis; follow the synostosis 
to its distal margin by elevating the supinator from the 
radius.

 n  With a power saw, resect a 1-cm section of the radial 
shaft either proximal or distal to the bicipital tuberosity as 
dictated by the extent of the synostosis.

 n  Examine the range of motion of the forearm and, if need-
ed, gently manipulate the forearm.

 n  Cover the transected bone ends with bone wax and 
bridge the interval between bone ends with absorbable 
gelatin sponge (Gelfoam; Upjohn, Kalamazoo, MI).

 n  Release the tourniquet, secure hemostasis, and close the 
exposure in layers over a single suction drain.

POSTOPERATIVE CARE Continuous passive motion 
therapy can be used for 48 hours after surgery if desired. 
The postoperative rehabilitation program used by Ka-
mineni et al. involves a two-component splint to achieve 
static pronation-supination splinting. The first component 
spans from the arm to the forearm, and the second com-
ponent consists of an inner shell that wraps the distal part 
of the forearm and wrist like a gauntlet. A Velcro strap is 
used to rotate the forearm and wrist alternatively to the 
maximal attainable amounts of pronation and supination. 
For the first 3 weeks, the program proceeds as follows: 
full supination at night, active and passive motion for 1 
hour on rising in the morning, full pronation until noon, 
removal of the splint for 1 hour at lunch, full supination 
until dinner, removal of the splint for 1 hour at dinner, full 
pronation during the evening, and removal of the splint 
for 1 hour until bedtime. After 3 weeks, the periods in 
which the splint is not worn are progressively increased. 
Patients are evaluated every 3 weeks, and the program is 
modified as needed. If motion is not maximal at 3 months, 
the splint is worn at night in the position in which it is 
most needed until no further progress is being made. The 
specific regimen varies from patient to patient.
  

SHAFTS OF THE RADIUS AND ULNA IN 
ADULTS
Malunion of both-bone fractures of the forearm occasionally 
causes functional deficits severe enough to warrant surgical 
correction. Malrotation, angulation with encroachment on 
the interosseous space between the radius and ulna, and loss 

of the radial bow all have been associated with loss of motion 
and compromised functional outcomes. Malunited forearm 
fractures may lead to disturbances of the distal radioulnar 
joint, and arthritis of the proximal radioulnar joint has been 
reported after long-standing (>20 years) malunions.

Cadaver studies have shown insignificant reduction in 
forearm rotation with a 10-degree angular deformity, whereas 
a 20-degree angulation has been shown to result in loss of 
pronation and supination. With 15 degrees of total defor-
mity, forearm motion was reduced by more than 27% except 
in distal-third fractures. Failure to restore the proper magni-
tude and location of the radial bow has been correlated with 
reduced forearm rotation and grip strength.

The decision to operate on a forearm malunion should be 
based on an individual’s functional limitations and physical 
demands, rather than on the degree of radiographic defor-
mity. Indications for surgery are loss of motion, distal radio-
ulnar joint instability, and unacceptable cosmetic appearance. 
Restoring proper skeletal alignment in the forearm may not 
improve functional deficits caused by soft-tissue injury or 
prolonged immobilization; these factors also must be con-
sidered. In addition, the patient should be aware of potential 
complications, such as delayed union and nonunion, infec-
tion, loss of motion, radial nerve paresthesias, wrist pain, and 
instability of the distal radioulnar joint. Malunions are cor-
rected by osteotomies of one or both bones of the forearm, 
correction of the deformity in all planes, compression plat-
ing, and bone grafting (Fig. 58.35). Operative treatment of 
forearm malunions is more likely to improve forearm motion 
significantly if done within the first year after injury. After 1 
year, the soft-tissue contractures and scarring may limit the 
amount of motion that can be obtained.

Trousdale and Linscheid retrospectively reviewed the 
results of osteotomy and plating in 27 patients with fore-
arm malunions treated at the Mayo Clinic over a 15-year 
period. Most of the initial injuries occurred from falls dur-
ing childhood and adolescence and originally were treated 
by closed methods. The average age at the time of correc-
tion of the deformity was 19 years. Of these 27 patients, 19 
patients sustained fractures of both bones of the forearm, 
and eight patients sustained isolated fractures of the radius. 
Twenty patients had corrective osteotomies of the radius, 
two patients had corrective osteotomies of the ulna, and five 
patients required corrective osteotomies of the radius and 
ulna. Indications for surgery included loss of motion, insta-
bility of the distal radioulnar joint, and cosmesis. No infor-
mation about the magnitude of the deformities was reported.

Patients treated for loss of motion within 12 months of 
the original injury gained an average of 79 degrees of rota-
tion (range 20 to 160 degrees), and those treated more than 
12 months after injury gained an average of only 30 degrees 
additional rotation (range, 25 to 95 degrees). The results of the 
patients treated for distal radioulnar joint instability are dis-
cussed later in this chapter. Complications occurred in 48% of 
patients treated more than 1 year after surgery and included 
loss of motion (three patients), heterotopic ossification along 
the interosseous membrane (one patient), delayed union (one 
patient), subluxation of the ulnar head (one patient), and 
refracture after plate removal (one patient). Complications in 
the group treated earlier were mild wrist pain (two patients), 
a single postoperative infection, and a retained drain. 
Nagy et  al. reported 17 patients who were operated on for 
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symptomatic malunion. They found improvement in range 
of motion in all patients, but the overall improvement range 
was much better in patients with a supination deficit than a 
pronation deficit. 

 

OSTEOTOMY AND PLATING FOR 
FOREARM MALUNION

 TECHNIQUE 58.27 

(TROUSDALE AND LINSCHEID, MODIFIED)
 n  Preoperatively, record the amount of forearm pronation 

and supination and elbow flexion and extension.
 n  Evaluate the stability of the distal and proximal radioulnar 

joints by manual stress palmarly and dorsally.
 n  Obtain full-length anteroposterior, lateral, and pronation 

and supination radiographs of the involved forearm and 
the contralateral forearm for comparison.

 n  Assess the relative lengths of the radius and ulna and 
identify the site and magnitude of the deformity.

 n  CT with both forearms in maximal pronation and supi-
nation is useful for evaluating rotational deformities. 
Cross-sectional cuts proximal and distal to the fracture 
are compared with the uninjured side. The proximal frag-
ment usually is supinated relative to the distal fragment 
because of the insertion of the supinator and biceps proxi-
mally and the insertion of the pronator teres and pronator 
quadratus distally.

 n  Determine whether one or both bones of the forearm are 
significantly malaligned. If only one bone is malunited, 
osteotomy of only the involved bone is done.

 n  If both bones are malaligned, osteotomy, realignment, 
and stabilization of the more severely deformed bone are 
done first. If the radius is more severely malaligned than 
the ulna and realignment of the radius produces smooth 
forearm rotation with passive manipulation, the ulna 
does not require osteotomy. If both bones are equally 
malaligned, it is preferable to osteotomize and correct the 
ulna first to establish proper forearm alignment and then 
osteotomize the radius to conform to the ulna. In some 
patients, osteotomy of both bones may be required to 
allow proper realignment of the forearm.

 n  Expose the radius through a 10- to 15-cm longitudinal 
anterior Henry approach (see Chapter 1) centered over 
the malunion site.

 n  Expose the ulna (if necessary) through a 10- to 15-cm lon-
gitudinal subcutaneous approach between the extensor 
carpi ulnaris and flexor carpi ulnaris. Minimize dissection 
in the interosseous space between the radius and ulna to 
decrease the risk of heterotopic ossification and synostosis.

 n  Determine the type of osteotomy required to restore 
alignment in all three planes. If the deformity is in one 
plane, a uniplanar osteotomy is sufficient. If the deformity 
is complex as determined on preoperative radiographs, a 
multiplanar osteotomy is necessary.

 n  Make the osteotomy according to preoperative plans at 
the apex of the deformity by dividing the bone with a 
small motorized oscillating saw.

 n  Alternatively, the plane of the osteotomy can be outlined 
with drill holes and the bone can be divided with an os-
teotome. Use a drill or hand reamer to reestablish the 
medullary canal in both fragments if this can be accom-
plished without excessive soft-tissue stripping.

 n  After the osteotomy is made, correct rotation and angula-
tion and clamp a plate to each fragment.

 

AA B

FIGURE 58.35 A, Malunion of shaft of radius and nonunion of shaft of ulna. B, Solid union 
and normal alignment 6 months after osteotomy of radius, fixation of both bones by compression 
plates, and application of iliac grafts.
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 n  Assess the reduction clinically and radiographically and 
make adjustments as necessary.

 n  Additional contouring of the plate often is necessary, 
especially to restore the radial bow. A 3.5-mm dynamic 
compression plate long enough to provide six cortices 
of fixation proximal and distal to the osteotomy is pre-
ferred. If there is a short proximal radial fragment, it may 
be impossible to obtain more than four cortices of fixation 
without risking injury to the radial nerve.

 n  After alignment of the bone and contouring of the plate 
are satisfactory, provisionally fix the plate to the bone 
with screws on both sides of the osteotomy.

 n  Reassess the reduction radiographically and evaluate flex-
ion and extension of the elbow and pronation and supi-
nation of the forearm to ensure that correction of the 
malunion has improved passive range of motion.

 n  If alignment seems satisfactory and significant motion has 
been restored, place the remaining screws through the 
plate, ideally with at least six cortices of fixation proximal 
and distal to the osteotomy.

 n  If the ulna has been osteotomized and realigned first, but 
the radius remains significantly deformed, restricting mo-
tion, correct radial alignment with the same procedure as 
described for the ulna. Sometimes osteotomies of both 
bones are required before either can be realigned properly.

 n  After realignment, close bony apposition at the osteoto-
my is not always possible. Place autogenous cancellous 
bone grafts in any bone gaps and in patients with any risk 
factors for delayed union or nonunion.

POSTOPERATIVE CARE A posterior splint is applied af-
ter surgery. The splint usually is removed in 3 or 4 days 
if fixation is secure, and active and active-assisted range-
of-motion exercises of the hand, wrist, forearm, elbow, 
and shoulder are begun as tolerated. In some patients, 
temporary use of a removable orthosis is required. Normal 
activities can be resumed after healing of the osteoto-
mies is solid (usually 4 months); plates are not routinely 
removed in adults.
  

FOREARM MALUNIONS WITH DISTAL 
RADIOULNAR JOINT INSTABILITY
Malunions of fractures of the radial shaft or both bones of 
the forearm can cause instability in the distal radioulnar joint. 
This problem occurs most frequently with fractures located in 
the distal third of the forearm. A corrective osteotomy of the 
deformed bone is sometimes all that is necessary to restore 
stability to the distal radioulnar joint. In other cases, capsular 
imbrication and temporary transfixion of the distal radioul-
nar joint may be required.

Trousdale and Linscheid treated six patients with forearm 
malunions and associated instability of the distal radioulnar 
joint. In three patients, stability of the distal radioulnar joint 
was obtained by osteotomy and plating of the bony deformity 
alone, and the other three patients required additional recon-
struction of the distal radioulnar joint. A stable wrist was 
obtained in five of the six patients, but four lost some forearm 
motion (range 25-degree loss to 25-degree gain). Three patients 
had complications: one, mild instability of the ulna; one, mild 
wrist pain; and one, pain in the radial nerve distribution. 

 

CORRECTION OF FOREARM 
MALUNION WITH DISTAL 
RADIOULNAR JOINT INSTABILITY

 TECHNIQUE 58.28 

(TROUSDALE AND LINSCHEID, MODIFIED)
 n  Preoperative planning, osteotomy, realignment, and fixa-

tion of the malaligned forearm bones are done as de-
scribed in Technique 58.27.

 n  After the plate is applied, evaluate the stability of the dis-
tal radioulnar joint using palmar and dorsal stress of the 
ulna. If instability is present, imbricate the palmar capsule 
of the distal radioulnar joint with 3-0 or 4-0 nonabsorb-
able sutures placed in a horizontal mattress fashion to 
shorten and tighten this structure.

 n  With the forearm supinated, stabilize the distal radioulnar 
joint with one or two 0.062-inch Kirschner wires inserted 
through the ulna and radius just proximal to the distal 
radioulnar joint.

POSTOPERATIVE CARE After skin closure, an above-
elbow splint is applied with the forearm in supination. 
Sutures are removed at approximately 2 weeks, and a sec-
ond above-elbow cast or splint is applied with the forearm 
in supination. At 6 weeks, the cast or splint is removed, 
Kirschner wires are removed if they have been used, and 
range-of-motion exercises are begun.
   

 

DRILL OSTEOCLASIS
Blackburn et al. reported good results using drill osteoc-
lasis in 10 of 12 patients, and they recommended this as 
an alternative to open osteotomy in children. They cited as 
advantages the lack of a second operation to remove the 
plate and screws and the elimination of the possibility of 
refracture through screw holes.

 TECHNIQUE 58.29 

(BLACKBURN ET AL.)
 n  After administration of a general anesthetic, prepare and 

drape the extremity.
 n  Make a 0.5-cm stab incision at the site of the malunion.
 n  Insert a 3.2-mm drill guide to the bone and drill several 

holes in the radius; repeat the same steps for the ulna.
 n  Perform a manual osteoclasis.
 n  Apply a long arm, above-elbow cast.

POSTOPERATIVE CARE The cast is worn for 3 to 6 
weeks. The progress of union is monitored radiographi-
cally at weekly intervals until callus is seen. The cast is re-
moved when union is apparent clinically and radiographi-
cally.
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SHAFT OF THE ULNA
An operation for malunion of the ulna alone rarely is neces-
sary; if it is necessary, the principles described for malunion 
of the radial shaft can be followed. 

DISTAL RADIUS
Despite improvements in treatment since the early 1980s, 
malunion remains a common cause of residual disability 
after distal radial fractures. Modern investigators have not 
confirmed Colles’ observation in 1814 that the deformity 
will persist, but that the wrist eventually will “enjoy per-
fect freedom in all its motions and be completely exempt 
from pain.” Not all distal radial malunions are symptom-
atic, especially malunions in elderly patients with low func-
tional demands. In such patients, no further treatment is 
indicated. Posttraumatic wrist deformities in younger, 
active patients may be sufficiently disabling, however, to 
warrant surgical correction. In one study malunion was 
found to be associated with higher arm-related disability 
regardless of age.

Fracture characteristics and initial treatment contribute 
to the development of a malunion. Malunion can be caused 
by failure to achieve or maintain an accurate reduction or by 
inadequate duration or type of immobilization. Reduction 
is most difficult to obtain and maintain in fractures with 
marked comminution (especially fractures involving the 
articular surface), severe osteoporosis, or disruption of the 
distal radioulnar ligaments. Age also may be a factor in the 
development of malunion. In a study of 200 patients com-
paring distal radial fractures in patients at different ages, 
Hollevoet found that older patients had more malunions. 
The mean age of patients with malunions was 60 years, 
whereas the mean age of patients without malunions was 
51 years. Efforts have been made to reduce the incidence 
of malunion by refining the indications and techniques for 
surgical management of acute distal radial fractures (see 
Chapter 57).

Malunions of the distal radius may be associated with 
extraarticular deformities, intraarticular malalignment, dis-
tal radioulnar joint incongruity or instability, or a combi-
nation of these features. Extraarticular deformities include 
shortening and excessive dorsal or volar tilt of the dis-
tal radial articular surface. Radiographic measurement of 
alignment of an intact distal radius shows an average of 22 
to 23 degrees of radial inclination, 11 to 12 mm of radial 
height, 11 to 12 degrees of volar tilt, and ± 2 mm of ulnar 
variance.

No absolute radiographic criteria define a significant 
distal radial malunion; however, several investigators 
have identified parameters that are likely to be associated 
with a poor functional outcome, including intraarticular 
incongruity in the radiocarpal joint of more than 2 mm, 
a 1- to 2-mm step-off at the distal radioulnar joint, dor-
sal angulation of more than 20 degrees and radial incli-
nation of less than 10 degrees, and the loss of sagittal tilt 
of 20 to 30 degrees. More than 10 degrees of dorsal tilt 
leads to decreased wrist flexion, and 6 mm of radial short-
ening causes dysfunction of the distal radioulnar joint. 
Fernandez observed that fractures with more than 25 or 
30 degrees of angulation in the frontal or sagittal plane or 
6 mm or more of radial shortening were likely to become 

symptomatic. He also noted that patients with constitu-
tional joint laxity may develop midcarpal instability with 
a dorsal tilt of only 10 to 15 degrees. One study reported 
significant changes to distal radioulnar joint mechanics as 
well as ligament lengthening with malunion of the distal 
radius, which may contribute to the dysfunction associ-
ated with these injuries.

Laboratory studies showed that 20 to 30 degrees of dor-
sal tilt altered the force distribution across the radiocarpal 
joint, and this degree of deformity should be considered a 
prearthritic condition. Based on clinical and laboratory stud-
ies, Graham developed radiographic criteria for the acceptable 
healing of distal radial fractures (Table 58.3). These crite-
ria should be used only as guidelines because of individual 
variations in preinjury anatomy and because some patients 
tolerate a greater degree of deformity than others. Significant 
articular incongruity and radial shortening are more consis-
tently correlated with the development of symptoms than are 
other measurements.

CLINICAL EVALUATION
Pain, stiffness, weakness, and cosmetic deformity are com-
mon complaints in patients with distal radial malunions. Pain 
may be localized to the radiocarpal joint or distal radioulnar 
joint or both. Carpal instability patterns causing midcarpal 
pain may occur after dorsally tilted malunions (Fig. 58.36) 
(dorsal intercalated segment instability patterns) or die-
punch fractures of the lunate facet (Fig. 58.37) (volar inter-
calated segment instability patterns). Decreased wrist flexion 
is typical of dorsally tilted malunions, and extension is lim-
ited with volarly tilted malunions. Loss of radial inclination 
can cause impaired ulnar deviation. Malunited Smith frac-
tures and incongruity at the distal radioulnar joint lead to 
decreased pronation and supination, with supination affected 
more. Grip strength is impaired because of a combination of 
pain and altered wrist mechanics. Symptoms of median nerve 
compression may result from a dorsally tilted malunion that 
increases pressure within the carpal tunnel. Attritional rup-
tures of extensor tendons (most commonly the extensor pol-
licis longus) and, less frequently, of flexor tendons also have 
been reported.

TABLE 58.3

Radiographic Criteria for Acceptable Healing of 
Distal Radial Fractures

CRITERION ACCEPTABLE MEASUREMENT
Radioulnar length Radial shortening of < 5 mm at  

distal radioulnar joint compared 
with contralateral wrist

Radial inclination Inclination on posteroanterior film  
≥ 15 degrees

Radial tilt Sagittal tilt on lateral projection 
between 15-degree dorsal tilt and 
20-degree volar tilt

Articular incongruity Incongruity of intraarticular fracture 
≤ 2 mm at radiocarpal joint

Modified from Graham TJ: Surgical correction of malunited fractures of the 
distal radius, J Acad Orthop Surg 5:270, 1997.
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Evaluation of distal radial malunions should include a 
detailed history and physical examination. The site of the 
pain (radiocarpal joint, distal radioulnar joint, midcarpal 
joint), intensity of the pain, and precipitating factors all 
should be noted. Mechanical symptoms should be distin-
guished from dystrophic pain. Range of motion in flex-
ion, extension, radial and ulnar deviation, and pronation 
and supination should be measured. The stability of the 
distal radioulnar joint is assessed. Grip strength measure-
ments of the affected and the uninjured wrists are helpful 
to determine the degree of weakness and can be used to 
assess functional recovery after surgery. The integrity of 
the soft tissues and degree of scar formation also should 
be noted. 

RADIOGRAPHIC EVALUATION
Plain anteroposterior and lateral radiographs of both 
wrists in neutral rotation are obtained to determine the 
nature and degree of deformity, to detect carpal sublux-
ation and instability patterns, and to evaluate the quality 
of the bone. The uninjured wrist can be used as a tem-
plate for surgical reconstruction if an osteotomy is cho-
sen. The degree of correction necessary in the sagittal, 
coronal, and axial planes and the size and shape of the 
bone graft necessary to obtain the desired correction can 
be determined.

CT is helpful to evaluate the potential for congruity of the 
distal radioulnar joint (axial views) and the condition of the 
articular surface. Malunions of the ulnar styloid also are well 
delineated by CT. MRI or arthrography can be used to evalu-
ate the integrity of the triangular fibrocartilage complex and 
intercarpal ligaments. 

OPERATIVE TREATMENT
Indications for surgical intervention in a distal radial mal-
union include pain and functional deficits severe enough to 
interfere significantly with daily activities. Deformity of the 

distal radius, distal radioulnar joint, or both, or arthrosis of 
the radiocarpal joint or distal radioulnar joint also should be 
identified on radiographic studies. Operative treatment sel-
dom is indicated for minimally symptomatic patients despite 
radiographic or cosmetic deformity. One possible exception 
is a young, active patient (<40 years old) with a deformity that 
is likely to become symptomatic with time (articular step-
off of > 2 mm, carpal instability, >20 to 30 degrees of dor-
sal angulation, incongruent distal radioulnar joint). Surgery 
is contraindicated in patients with active reflex sympathetic 
dystrophy syndrome.

Reflex sympathetic dystrophy syndrome, also known as 
complex regional pain syndrome, is a distressing complica-
tion that often occurs after fractures around the wrist. In its 
early stages, this condition is characterized by extreme swell-
ing of the soft tissues, exquisite tenderness to pressure, and 
pain on motion. Later, definite circulatory changes occur in 
the soft tissues and bone; the skin gradually becomes purplish 
and cold and perspires excessively. Even later, the joints of the 
fingers and wrist become increasingly stiff; even the shoulder 
and elbow can be affected secondarily from voluntary immo-
bilization of the extremity in one position. Radiographs may 
show mottled decalcification or osteoporosis of the bones in 
late stages, but 30% of patients have no radiographic abnor-
malities. Three-phase delayed image bone scanning has been 
reported to be helpful in the diagnosis of reflex sympathetic 
dystrophy syndrome. Kozin et al. suggested that an abnormal 
bone scan in any of the three phases correlated with reflex 
sympathetic dystrophy syndrome, whereas Mackinnon and 
Holder indicated that only abnormalities in the third phase 
(regular bone scan) correlated with it. Reflex sympathetic 
dystrophy syndrome must be treated before surgery for mal-
union. No treatment is entirely satisfactory; treatment con-
sisting of minimal immobilization with active and passive 
exercises, sympathetic blocks, and occupational and physi-
cal therapy seems to be as effective as any other treatment. 
Until symptoms and findings are relatively static or definite 
improvement is apparent, surgery usually should be delayed.

 

A B

Normal Malunion

FIGURE 58.36 A, Normal radiocarpal and intercarpal alignment 
in sagittal plane. B, Dorsal tilting of radius may produce carpal 
collapse pattern similar to that in dorsal intercalated segment insta-
bility but without interosseous ligament disruption or secondary 
midcarpal instability.  (From Graham TJ: Surgical correction of malunited 
fractures of the distal radius, J Acad Orthop Surg 5:270, 1997.)

 FIGURE 58.37 Die-punch fracture of lunate facet may produce 
volarly tilted malunion similar to volar intercalated segment insta-
bility.

    

https://booksmedicos.org


CHAPTER 58  MALUNITED FRACTURES 3177

Procedures used to treat malunions of the distal radius 
fall into three general categories: (1) procedures that cor-
rect the deformity of the distal radius (intraarticular and 
extraarticular osteotomies), (2) procedures that treat the 
pathologic process of the distal radioulnar joint (ulnar short-
ening, hemiresection arthroplasty, Sauvé-Kapandji proce-
dure, Darrach resection of the distal ulna), and (3) salvage 
procedures (limited or total wrist arthrodesis, arthroplasty, 
proximal row carpectomy). These procedures can be used 
alone or in combination, depending on the specific deformity, 
functional demands, and degree of arthritic changes present 
in a particular patient (Table 58.4).

Distal radial osteotomy and bone grafting are most often 
indicated in young, active patients with a significant radial 
deformity, good bone quality, good soft tissues, and minimal 
arthritic changes. Distal radial osteotomy alone often cor-
rects distal radioulnar joint incongruence. In patients with 
remaining incongruity, an ulnar shortening osteotomy also is 
indicated. Lengthening of the distal radius more than 6 mm 
usually is impossible with distal radial osteotomy alone, and 
a concomitant ulnar shortening osteotomy often is needed 
in patients with more than 6 mm of radial shortening. If the 
distal radioulnar joint is arthritic or irreducible, a Bowers 
hemiresection arthroplasty or Sauvé-Kapandji distal radioul-
nar arthrodesis with pseudarthrosis should be done. Long-
term results after osteotomy have shown that wrist alignment 
is maintained; however, some instability or symptomatic 
wrist arthritis may occur.

An ulnar shortening osteotomy alone can be used to cor-
rect incongruence of the distal radioulnar joint if the radial 
deformity is minor. Resection of the distal ulna is another rel-
atively simple technique that is useful in providing pain relief 
and improving motion in many patients with distal radial 
malunions. The technique is technically easier than radial 
osteotomy and bone grafting and does not have the danger of 
nonunion or recurrence of deformity. The distal radial defor-
mity is not corrected, however, and radiocarpal symptoms 
may persist. Other potential complications include instability 
of the distal ulna and loss of grip strength.

The primary indications for resection of the distal ulna are 
malunions in older patients with a significant ulnar variance, 
arthritis of the distal radioulnar joint, or as a salvage proce-
dure after failed reconstruction of the distal radioulnar joint. 
Salvage procedures (wrist fusions) are indicated for symp-
tomatic fractures with marked intraarticular comminution 

or severe radiocarpal or intercarpal degenerative changes for 
which conservative treatment has failed.

Carpal tunnel release sometimes is indicated either alone 
or in combination with other procedures. Dorsally displaced 
malunions decrease the space within the carpal tunnel, which 
can impair the excursion of the flexor tendons of the fingers 
or compress the median nerve. Division of the deep trans-
verse carpal ligament in this situation improves function in 
the hand and wrist.

Several types of fixation methods have been evaluated in 
the literature with comparable results. Fixed-angle volar plat-
ing with bone grafting provides stable fixation after corrective 
osteotomy and allows early mobilization. Tarng et al. used a 
2.4-mm locking palmar plate without autologous bone graft-
ing and noted that there was sufficient stability without the 
need for cast immobilization. Range of motion of the wrist 
was restored early. Intramedullary nailing has been reported 
to reliably correct deformity and produce good functional 
outcomes. A benefit of using an intramedullary nail is its 
percutaneous insertion, minimizing soft-tissue irritation. 
Distraction osteogenesis with the use of external fixation is 
an alternative to plating and has the benefit of not requiring 
plate removal and a second surgical procedure. Lubahn et al. 
reported that 17 of 20 patients healed uneventfully with this 
technique. Complications have included pin track infection 
and extensor pollicis longus rupture. Sammer et al., in a pro-
spective study of five patients, found that although distraction 
osteogenesis was useful in improving the anatomy and func-
tion in distal radial malunions that required correction in 
multiple planes, a substantial amount of residual impairment 
remained in all domains of the Michigan Hand Outcomes 
Questionnaire, including activities of daily living; function 
cannot be expected to return to baseline.

The use of bone graft also has been an area of study in the 
literature. Ozer et al. found no significant differences in clinical 
or statistical outcomes between patients who had locked volar 
plating without bone grafting and those who had locked volar 
plating with allograft bone. Abramo et al. used bone graft sub-
stitute with a buttress pin and plate system and reported minor 
loss of correction. They thought that a more rigid fixation system 
might be necessary with this type of bone graft substitute. Other 
authors have investigated whether precise preoperative planning 
of the size and shape of the corticocancellous bone graft restores 
alignment better than other grafting techniques, but they found 
no differences. Viegas described a modification that would 

 TABLE 58.4 

Guidelines for Treatment of Distal Radioulnar Joint in Radial Malunions

RADIUS PARAMETERS 
INDICATED RADIOULNAR LENGTH

DRUJ REDUCIBLE BY 
RADIAL OSTEOTOMY

POTENTIAL FOR DRUJ 
CONGRUITY RECONSTRUCTION

Unacceptable Unacceptable Yes Yes DRO
Acceptable Unacceptable Yes Yes US
Unacceptable Unacceptable No Yes DRO plus US or two-

stage reconstruction
Unacceptable Unacceptable No No DRO plus DRUJ 

ablation

DRO, Distal radial osteotomy; DRUJ, distal radioulnar joint; US, ulnar shortening.
Modified from Graham TJ: Surgical correction of malunited fractures of the distal radius, J Acad Orthop Surg 5:270, 1997.
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minimize or eliminate the need for bone grafting. The technique 
uses a volar and dorsal approach for an angled step-cut osteot-
omy, release of the extensor retinaculum, and volar plating. The 
dorsally extruded fracture fragments are mobilized and used as 
a dorsal strut graft to span the opening wedge osteotomy. Obert 
et al. used a costal cartilage graft harvested from the eighth rib to 
be placed in the epiphyseal-metaphyseal defect. Although cos-
tal cartilage grafts have been used in maxillofacial surgery, this 
was the first report of their use in intraarticular malunion. They 
reported results comparable to other grafts. 

EXTRAARTICULAR MALUNION WITH 
DORSAL ANGULATION

OSTEOTOMY AND GRAFTING OF THE RADIUS
Osteotomy and grafting most commonly are indicated for 
malunited Colles fractures in patients younger than 45 years 
old. Age should not be used as an absolute criterion, however. 
Older patients with good bone quality and high functional 
demands also may be considered for an osteotomy. Fernandez 
obtained satisfactory results with an opening wedge metaph-
yseal osteotomy combined with reinsertion of a graft and 
internal fixation with a plate and screws when no degenera-
tive changes were present in the radiocarpal and intercarpal 
joints and when the preoperative range of motion of the wrist 
was adequate. Some patients benefited from the addition of a 
Bowers arthroplasty to the radial osteotomy. The evaluation 

and treatment of distal radioulnar joint incongruity are dis-
cussed in more detail in the section on distal radioulnar joint 
arthrosis. Watson and Castle reported success with an oste-
otomy technique using a trapezoidal graft obtained from the 
dorsal radius (Fig. 58.38). Contraindications to radial oste-
otomy include active reflex sympathetic dystrophy, acceptable 
function despite deformity, poor soft-tissue envelope, severe 
osteopenia, and advanced radiocarpal or intercarpal arthritis.

The role of timing of osteotomy for distal radial malunions 
has received attention more recently. It is well recognized that 
some patients regain adequate function despite residual defor-
mity. Traditionally, osteotomy has not been done unless a patient 
has persistent pain and functional limitations after fracture heal-
ing and rehabilitation. Delaying corrective surgery until a patient 
is proved to be symptomatic may adversely affect the overall result. 
Prolonged angular deformity and shortening can produce altered 
loading of the articular surface, maladaptation of the soft tissues 
(capsule, ligaments), and dysfunction of the distal radioulnar 
joint. One comparison study showed no differences in outcomes 
between an early treatment group and a late treatment group; 
however, the overall time of disability was significantly shorter in 
the early group and the procedures were technically easier.

Fracture lines were more easily identified, congruity of the 
distal radioulnar joint was more easily restored, and soft-tis-
sue contractures were easier to correct. Although early inter-
vention may lead to unnecessary surgery in some patients, 
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FIGURE 58.38 Trapezoidal osteotomy of distal radius. A, Preoperative posteroanterior view 
with decreased radial inclination; osteotomy and trapezoidal graft site are outlined. B, Postopera-
tive posteroanterior view shows normal radial tilt and single “caging” pin. C, Abnormal dorsal tilt 
of radial articular surface reverses all loads across carpals and does not tolerate loading in active 
patients. D, Postoperative lateral view shows restoration of 11 degrees of palmar tilt before inser-
tion of graft.
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early reconstruction of distal radial malunions should be con-
sidered in young patients with high functional demands who 
have unfavorable radiographic parameters.

Wada et al. reviewed opening and closing wedge osteot-
omy techniques in 42 patients with extraarticular distal radial 
malunions and found that radial closing wedge osteotomy 
and ulnar shortening without bone grafting produced better 
results in terms of restoration of ulnar variance, the exten-
sion-flexion arc of wrist motion, and the Mayo wrist score, 
although complications were similar to those observed with 
opening wedge osteotomy.

Flinkkilä et al. did not recommend performing distal radial 
osteotomy for treatment of malunion in patients with mild 
symptoms. They examined their results in 45 patients with an 
average follow-up of 5.7 years and found that restoration of nor-
mal anatomy did not correlate with subjectively good results. 
Most patients received a dorsal opening wedge osteotomy and 
iliac crest bone graft stabilized with a plate. Good or satisfac-
tory results were achieved in 33 of 45 patients. Seven patients 
had grade 2 osteoarthritis preoperatively. The distal radioulnar 
joint was not treated at the initial surgery. Overall, 12 patients 
required 19 additional surgeries; six were for distal radioulnar 
joint instability, and four were for osteoarthritis. Loss of supina-
tion and ulnar deviation correlated with an unsatisfactory result. 

 

OPENING WEDGE METAPHYSEAL 
OSTEOTOMY WITH BONE GRAFTING 
AND INTERNAL FIXATION WITH PLATE 
AND SCREWS

 TECHNIQUE 58.30 

(FERNANDEZ)
 n  For a malunited Colles fracture, make a straight distal ra-

dial incision parallel to the long axis of the radius, begin-

ning 2 cm distal to Lister’s tubercle and extending 8 cm 
proximally into the forearm.

 n  Expose the radius between the extensor carpi radialis 
brevis and extensor digitorum communis after mobilizing 
and protecting the extensor pollicis longus tendon. Sub-
periosteally, expose the radius to allow adequate seating 
of the buttress plate.

 n  Mark the site of osteotomy approximately 2.5 cm proximal 
to the wrist joint with an osteotome (Fig. 58.39A and B).

 n  Insert a Kirschner wire 4 cm proximal to the osteotomy 
site and perpendicular to the long axis of the radius.

 n  Insert a second Kirschner wire into the distal portion of 
the radius so that the angle subtended by it and the first 
Kirschner wire is equal to the angle of deformity in the 
sagittal plane.

 n  Confirm that the cut in the sagittal plane is parallel to the 
joint surface.

 n  Make the osteotomy and open it dorsally until the two 
Kirschner wires are parallel to restore the normal volar tilt 
of 5 to 10 degrees to the distal radial articular surface. 
Restoration of radial length is accomplished by open-
ing the osteotomy on the radial side until the gap cor-
responds to the distance measured on the preoperative 
drawing (Fig. 58.39B to D).

 n  Stabilize the fragments with an oblique Kirschner wire.
 n  Obtain a bone graft from the ilium and trim it to fit the 

dorsal radial bone defect. Insert the bone graft and 
tamp it into place. Any pronation or supination of the 
distal fragment should be corrected before introduc-
ing the graft by rotating it around the long axis of the 
radius.

 n  Contour a small T-plate to fit the radius perfectly and 
stabilize it with two screws in each fragment (Fig. 58.39D 
and E). This should offer enough stability to allow motion 
soon after surgery.

 n  If the fixation is unstable, increase the number of screws 
in each fragment or add an additional oblique lag screw in 
the radial styloid across the osteotomy and into the cortex 
of the proximal radial fragment.

 

A B C D E

FIGURE 58.39 Fernandez technique of osteotomy and grafting of distal radius. A and B, Site 
of osteotomy is marked. C, Osteotomy is opened dorsally, and graft is prepared. D and E, Graft is 
inserted and plate applied. SEE TECHNIQUE 58.30.
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 n  If the distal radioulnar joint is arthritic, a Bowers arthro-
plasty is added using a graft from the extensor carpi 
ulnaris (Fig. 58.40); if it is not arthritic but remains in-
congruent, an ulnar shortening osteotomy is done (see 
Technique 58.36).

 n  Close the wound in layers and apply a sugar-tong splint.

POSTOPERATIVE CARE The wrist is immobilized in a 
volar plaster splint until the soft tissues heal. At 2 weeks, 
range-of-motion exercises are begun under the supervi-
sion of a physical therapist. No lifting work is allowed until 
the osteotomy has healed radiographically.
  

EXTRAARTICULAR MALUNION WITH 
VOLAR ANGULATION
Fractures of the distal radius that unite with excessive volar 
inclination (Smith fractures) are less common than dor-
sally displaced malunions. Frequent sequelae of these mal-
unions include decreased grip strength, decreased wrist 
extension, and cosmetic deformity owing to increased 
volar inclination, decreased radioulnar inclination, and the 
resultant ulnar deviation of the wrist. In addition, radial 
shortening and the characteristic pronation of the distal 
fragment cause incongruence and instability of the distal 
radioulnar joint. As a result, forearm rotation (especially 
supination) is limited and the distal ulna may impinge 
on the ulnar portion of the carpus. These deformities can 
cause pain and eventually arthrosis of the radiocarpal and 
particularly the distal radioulnar joint. Most researchers 
reported that volarly angulated malunions that were symp-
tomatic initially were treated either nonoperatively or with 
internal fixation.

Volar opening wedge osteotomy of the distal radius, with 
bone grafting and plating for symptomatic malunited Smith 

fractures has been advocated. The procedure is similar to the 
dorsal osteotomy described by Fernandez for dorsally angu-
lated fractures. Additional procedures on the ulnar side of the 
wrist sometimes are necessary to correct distal radioulnar 
joint dysfunction. Indications for osteotomy are pain or func-
tional deficits, rather than the extent of the deformity. Goals 
of the procedure are to reduce pain, improve motion, and 
correct deformity. Contraindications to the procedure are 
the same as the contraindications for the dorsal osteotomy. 
Shea et  al. reported 72% satisfactory results with this tech-
nique at short-term follow-up with improvement in radio-
graphic parameters, wrist extension, forearm supination, and 
grip strength. Persistent pain in the distal radioulnar joint and 
restricted motion were noted in 6%. 

 

VOLAR OSTEOTOMY

 TECHNIQUE 58.31 

(SHEA ET AL.)
 n  Obtain anteroposterior and lateral radiographs of the 

contralateral wrist to determine normal degrees of radio-
ulnar and volar inclination. The goals are to restore the 
articular alignment of the distal radius to within 5 degrees 
of that on the contralateral side in the frontal and sagittal 
planes and to restore the articular congruity of the distal 
radioulnar joint.

 n  Plan the osteotomy so that it is transverse in the frontal 
plane and oblique in the sagittal plane. Locate the oste-
otomy as close as possible to the apex of the deformity. 
The shape of the corticocancellous graft is trapezoidal in 
the frontal plane and wider on the radial side to restore 
radioulnar inclination (Fig. 58.41A). The planned graft is 
triangular in the sagittal plane with the apex placed dor-
sally.

 n  Position the patient supine.
 n  Prepare and drape the involved arm and contralateral iliac 

crest after general endotracheal anesthesia has been in-
duced.

 n  Use a volar approach between the tendon of the flexor 
carpi radialis and the radial artery, using the distal extent 
of the Henry approach (see Chapter 1).

 n  Use a pneumatic tourniquet to reduce bleeding.
 n  Elevate the pronator quadratus from the radial aspect of 

the distal radius and protect surrounding soft tissue with 
small Hohmann retractors.

 n  Drill a smooth 0.062- or 0.045-inch Kirschner wire into 
the radial shaft proximal to the site of the osteotomy and 
perpendicular to the long axis of the radius (Fig. 58.41B). 
Control the degree of planned correction in the sagittal 
plane by drilling a 0.062-inch Kirschner wire into the distal 
fragment in the predetermined angle of the deformity. 
Use these wires to help evaluate the correction of the 
deformity after the osteotomy.

 n  Use a small external fixator frame with one pin placed in 
the radial diaphysis to maintain the corrected alignment 
before placement of the bone graft, plate, and screws 
(Fig. 58.41C).

 FIGURE 58.40 Bowers arthroplasty with “anchovy” interposi-
tion of extensor carpi ulnaris. SEE TECHNIQUE 58.30.
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 n  Create the osteotomy with a sagittal saw, preferably at 
the site of the original fracture.

 n  Wedge open the osteotomy with a small lamina spread-
er clamp (Fig. 58.41D). Preserve the dorsal periosteum. 
This type of osteotomy corrects 10 mm of radial short-
ening.

 n  If lengthening of more than 10 mm is necessary, perform 
a Z-lengthening of the brachioradialis tendon and tran-
sect the dorsal periosteal sleeve. In this situation, the graft 
needed is trapezoidal in the frontal and sagittal planes. 
The resulting construct is less stable than if the dorsal 
periosteum is left intact.

 n  Obtain and contour the corticocancellous iliac crest graft 
with the dimensions determined according to the preop-
erative plan.

 n  Insert the graft and stabilize the osteotomy with a 3.5-
mm angled T-shaped plate (Fig. 58.41E).

 n  The pronation deformity of the distal radial fragment 
tends to be corrected when the flat surface of the plate 
used to secure the osteotomy is applied to the volar as-
pect of the radius.

 n  Assess the distal radioulnar joint reduction.
 n  Perform an ulnar shortening osteotomy if normal ul-

nar variance cannot be restored with the distal radial  

 

10°
7 mm

0 mm

25°

A

B

10 mm 5 mm

35° 5°

10

10
5

C

D E

FIGURE 58.41 Volar osteotomy for malunited distal radial fracture (see text). A, Preoperative 
planning. B, Kirschner wire drilled into radial shaft proximal to osteotomy site. C, Small external 
fixator used to maintain corrected alignment. D, Osteotomy wedged open with lamina spreader. 
E, Iliac graft inserted and osteotomy stabilized with T-plate.  (From Fernandez DL: Malunion of the 
distal radius: current approach to management, Instr Course Lect 42:99, 1993.) SEE TECHNIQUE 58.31.
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osteotomy and interposition of corticocancellous iliac 
crest graft.

 n  Perform an arthroplasty of the distal radioulnar joint if 
there is residual articular incongruity of that joint despite 
a more normal alignment and length of the distal radial 
fragment or if there is residual loss of passive rotation of 
the forearm intraoperatively after stable fixation of the 
osteotomy.

POSTOPERATIVE CARE The wrist is supported with a 
volar splint for 2 weeks, unless lengthening of 10 mm or 
more is necessary, in which case a below-elbow cast is 
worn for 6 weeks. Exercises and activities of daily living are 
encouraged after the external support has been removed. 
Activities against resistance and manual labor are not per-
mitted until union has been confirmed radiographically, 
rarely before 8 weeks. The plate and screws are removed 
only if requested by the patient.
   

 

INTRAMEDULLARY FIXATION
Ilyas et al. reported a technique of intramedullary fixation 
after corrective osteotomies for treatment of extraarticular 
distal radial malunions. The implant (MICRONAIL; Wright 
Medical, Memphis, TN) (Fig. 58.42) is low profile and sits 
completely within the medullary canal of the distal radius. 
Unlike a locking plate that can be used for reduction, the 
distal radius requires reduction before insertion of the intra-
medullary nail. Three interlocking nails are placed through 
the distal implant in a divergent pattern. Two 2.7-mm 
bicortical interlocking screws are placed in a dorsal to volar 

direction, locking in the length and rotation. The indica-
tion for this procedure includes a distal radial deformity of 
more than 15 degrees radial inclination, 4 mm loss of radial 
length, 4 mm ulnar variance, and 15 degrees dorsal or 20 
degrees volar lateral tilt. The intramedullary nail should not 
be used in intraarticular fractures or in patients with active 
infections. Ilyas et al. used this fixation in more than 10 
patients without any soft-tissue or hardware complications. 
We have not used this technology.

 TECHNIQUE 58.32 

 n  Prepare the arm in a standard fashion. Use a hand table, 
tourniquet, and image intensifier.

 n  Make a 3-cm dorsal longitudinal incision extending from 
Lister’s tubercle proximally to over the radial shaft. Carry 
sharp dissection through the skin only. Perform blunt dis-
section to the level of the extensor retinaculum. Identify 
and release the extensor pollicis longus tendon and trans-
pose it radially. Develop the interval between the pollicis 
longus tendon and the extensor digitorum communis, 
exposing the malunion site. Debride the overlying hyper-
trophied tissue.

 n  Perform the osteotomy at the malunion site using an oscil-
lating saw or osteotome. For dorsally malunited fractures, 
use an osteotome to free the distal radius and hinge the 
dorsally malunited fracture on the intact volar cortex with 
a laminar spreader. If the cortex is not intact or if there is 
shortening of the distal radius with overlap of the volar 
cortices, take the osteotomy through both the dorsal and 
volar cortices circumferentially. Maximize mobilization of 
the distal radial fragment and release the surrounding 
soft tissue, in particular the brachioradialis.

 

A B

FIGURE 58.42 A, Intramedullary nail implant. B, In vivo.  (From Ilyas AM, Reish MW, Beg TM, 
Thoder JJ: Treatment of distal radius malunions with an intramedullary nail, Tech Hand Up Extr Surg 13:30, 
2009.)
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 n  After the distal radial fragment is freed, restore the radial 
length, radial inclination, and lateral tilt. Fix the provi-
sional reduction with a 0.062-inch Kirschner wire placed 
dorsally along the ulnar column and then assess reduc-
tion. Volar tilt cannot be further corrected with the intra-
medullary nail, so it must be corrected and provisionally 
fixed before insertion of the nail. After insertion of the 
intramedullary nail, further height and inclination can be 
obtained.

 n  For nail insertion, make a 3-cm incision over the radial 
styloid, and with blunt dissection develop the interval be-
tween the first and second dorsal compartments. Identify 
and protect the branches of the radial sensory nerves. 
Place an additional 0.062-inch Kirschner wire into the ra-
dial styloid in the bare spot between the first and second 
dorsal compartments. Place a cannulated reamer over the 
Kirschner wire. Do not violate the articular surface of the 
radiocarpal joint or distal radial ulnar joint. Enter the distal 
radius with a starting awl and a broach and sequentially 
ream with the osteotomy held reduced.

 n  When selecting the actual implant, downsizing the nail 
proximally allows for further manipulation and reduction 
of the radius. Attach the implant to the aiming jig and 
place it into the broached path through the radial styloid. 
Place three divergent locking screws through the aiming 
jig directed into the subchondral bone of the distal radius. 
Remain subchondral to optimize purchase and avoid pen-
etration of the articular surface or injury to the superficial 
radial sensory nerve.

 n  If necessary, the final position can be optimized by ma-
nipulation through the handle of the aiming jig that is still 
attached to the intramedullary nail within the distal radial 
fragment.

 n  Place bone graft into the dorsal defect.
 n  Place the proximal locking screws using the locking jig 

over the dorsum of the distal radius through the first inci-
sion, fixing the position of the osteotomy.

 n  Close the wound in the standard fashion and apply a plas-
ter volar splint with the metacarpophalangeal joints and 
fingers left free.

POSTOPERATIVE CARE The splint is left in place for 10 
to 14 days. The sutures are removed, and a removable 
splint is applied. Gentle range of motion is started.
   

 

EXTERNAL FIXATION
Plate and screw fixation of distal radial malunions may 
be complicated by prominent hardware, late extensor 
tendon rupture, and need for subsequent hardware 
removal. To avoid these potential complications, Melen-
dez advocated a technique of opening wedge osteotomy, 
bone grafting, and external fixation for symptomatic 
extraarticular distal radial malunions. The external fixator 
used does not span the wrist and allows early motion. 
Melendez reported his results in seven patients, all of 

whom had significant radiographic deformities and pain 
associated with lifting or axial loading of the wrist and 
forearm rotation. A Darrach procedure also was done in 
two patients with radial shortening of 8 mm. All osteoto-
mies healed at an average 7.5 weeks. Pain was reduced, 
mobility was increased, and radiographic parameters 
were significantly improved in all patients. Postoperative 
motion was an average of 88% of that of the contralat-
eral wrist. Five complications occurred in three patients. 
Two patients with pin site infections were treated with 
local irrigation and cephalosporin. One patient devel-
oped a wound dehiscence at the distal pin site that 
required early fixator removal at 5 weeks and cast 
placement. One patient required remanipulation of the 
osteotomy, and one patient developed a transient radial 
nerve paresthesia. Contraindications to this technique 
include osteoporosis, more than 8 mm of radial shorten-
ing, intraarticular malunions, and malunions associated 
with radiocarpal or midcarpal arthritis.

 TECHNIQUE 58.33 

(MELENDEZ)
 n  Approach the wrist through a longitudinal radial incision.
 n  Incise the retinaculum over the first dorsal compartment 

and retract the tendons dorsally.
 n  Insert small guiding needles into the subcutaneous tissue 

to help view the direction in which the pins should be 
drilled. Use an image intensifier to guide pin placement. 
Drill the first pin into the distal radius in a radial-to-ulnar 
direction, parallel to the articular surface, starting in the 
groove of the first dorsal compartment. Insert the second 
pin dorsal to the tendons of the first dorsal compartment, 
aiming radially to ulnarly and paralleling the articular sur-
face. The extensor tendons of the first dorsal compart-
ment and sensory branch of the radial nerve lie between 
the two pins.

 n  Open the osteotomy site using traction or a lamina 
spreader.

 n  Using the Orthofix (Orthofix SRL, Verona, Italy) minifixator 
as a template, insert the two proximal pins into the proxi-
mal radius.

 n  Adjust the position of the osteotomy using the ball joint 
and distraction mechanism.

 n  Use image intensification to ensure proper position.
 n  Harvest a block of corticocancellous iliac crest bone graft, 

fashion it to fit the osteotomy gap, and place it into the 
osteotomy site.

 n  Close the skin. Make relaxing incisions around the pin 
sites.

 n  Apply a removable wrist splint.

POSTOPERATIVE CARE Active finger motion is encour-
aged, and pin site care instructions are given. Patients are 
seen weekly for the first 2 weeks. After suture removal, 
active range of motion of the wrist is encouraged. A re-
movable wrist splint is used between exercise sessions. 
After 2 weeks, patients are evaluated clinically and radio-
graphically until the osteotomy has healed and the exter-
nal fixator is removed in the office.
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Shin and Jones reported using provisional stabilization 
of the osteotomy with the Agee WristJack external fixation 
device (Hand Biomechanics Laboratory, Sacramento, CA) to 
facilitate plate application with minimal interference from the 
distal pins. They cite several benefits over other small exter-
nal fixation devices in that its gear mechanism confers stable 
distraction of the distal radius and facilitates positioning of 
the distal fragment. Bone graft can be shaped to precisely fit 
the defect. The fixator also can be maintained after surgery to 
supplement internal fixation.

INTRAARTICULAR MALUNIONS
Intraarticular malunions of the distal radius frequently lead 
to functional disability. Intraarticular incongruity of 2 mm 
or more was associated with poor results and a likelihood of 
posttraumatic arthritis. It is preferable to prevent malunions 
through aggressive initial management of intraarticular dis-
tal radial fractures. Surgical treatment of intraarticular dis-
tal radial malunions can be broadly grouped into procedures 
aimed at preventing posttraumatic arthritis (intraarticular 
osteotomies) and salvage procedures (limited carpal arthrod-
esis, total wrist arthrodesis, proximal row carpectomy, wrist 
denervation, and wrist arthroplasty).

Intraarticular osteotomies are indicated in young, active 
patients with high functional demands, more than 2 mm of 
articular step-off, and no evidence of posttraumatic arthri-
tis. An additional indication is volar or dorsal subluxation of 
the radiocarpal joint. Because these procedures are techni-
cally demanding, they are recommended only for malunions 
with simple intraarticular fracture patterns, such as radial sty-
loid fractures, Barton fractures, and dorsal die-punch frac-
tures. Contraindications to intraarticular osteotomy include 
advanced osteoarthritis, massive articular comminution, 
poor bone quality, low functional demands, poor soft-tissue 
coverage, and reflex sympathetic dystrophy.

Preoperative evaluation should include tomography or 
CT with 1-mm cuts to characterize the malunion more pre-
cisely. Three-dimensional reconstruction, when available, 
also can be useful. If the condition of the articular cartilage is 
uncertain, wrist arthroscopy can be done. Optimally, intraar-
ticular osteotomies are done within 6 weeks after injury, when 
fracture lines are more easily identified. With large articular 
step-offs, arthritis may develop within the first year, and the 
wrist may become unsalvageable if osteotomy is delayed too 
long. Intraarticular malunions frequently are associated with 
other pathologic conditions (extraarticular malunions, distal 
radioulnar joint dysfunction, scapholunate ligament injury), 
which also should be treated at the time of surgery.

There are few reports in the literature concerning the 
results of intraarticular osteotomy for intraarticular distal 
radial malunions, and long-term outcome is uncertain. Two- 
and 3-year outcomes in small series report good or excellent 
results in most patients. Ruch et al. noted that early intraartic-
ular osteotomy significantly improved grip strength and range 
of motion of the wrist. Marx and Axelrod reported excellent 
results in one patient and good results in three patients, and 
all were satisfied with the result.

In a multicenter study, Ring et al. reported 23 intraar-
ticular distal radial malunions treated with corrective 
osteotomy, with an average follow-up of 38 months. The 
indication in 14 patients was dorsal or volar subluxation of 
the radiocarpal joint, and 17 patients had at least 2 mm of 

articular incongruity. Six patients had combined intraar-
ticular and extraarticular malunions. Malunions were 
corrected an average of 6 months after the initial injury. 
Fixation was performed with screws alone in seven patients, 
Kirschner wire fixation alone in two patients, and plate and 
screw fixation in 14 patients. Seventeen patients required 
autogenous bone grafting. All osteotomies healed with an 
average postoperative incongruity of 0.4 mm, and there was 
no osteonecrosis. Six patients had grade I arthrosis preop-
eratively, and 10 had postoperative arthrosis (eight grade 
I, two grade II). Dorsal implants were removed in seven 
patients, whereas no volar implants were removed. Five 
patients required other procedures at a later date (one par-
tial wrist arthrodesis, three procedures for distal radioulnar 
joint dysfunction, and one tendon transfer for extensor pol-
licis longus rupture). Using the Fernandez and the Gartland 
and Werley criteria, 83% had good or excellent results. Grip 
strength averaged 83% of the opposite side, flexion aver-
aged 56 degrees, and extension averaged 56 degrees. The 
authors asserted that this procedure cannot restore a nor-
mal wrist but can improve wrist function and delay arthritis 
in a healthy, active patient. 

 

OSTEOTOMY FOR INTRAARTICULAR 
MALUNION

 TECHNIQUE 58.34 

(MARX AND AXELROD)
 n  If the articular malunion is located dorsally, approach the 

distal radius through a longitudinal incision between  
the third and fourth extensor compartments. Continue the 
dissection through the third compartment and reflect the 
extensor tendons ulnarly without violating the fourth com-
partment. Continue the exposure distally into the dorsal 
wrist capsule.

 n  Expose the distal radial articular surface with a T-shaped 
incision. If the intraarticular malunion is located volarly 
(malunited volar Barton fracture), approach the distal ra-
dius through a palmar incision in the interval between 
the flexor carpi radialis and the radial artery. The articular 
surface is seen through the fracture site, preserving the 
volar radiocarpal ligaments.

 n  Use a dull instrument to distinguish between hyaline car-
tilage and fibrocartilage; fibrocartilage feels softer.

 n  Carefully remove the fibrocartilage to appreciate the ar-
ticular step.

 n  Identify the metaphyseal scar to re-create the primary ex-
traarticular fracture.

 n  Pass two or three small (0.062-inch) Kirschner wires along 
the plane of the fracture, beginning at the extraarticular 
component and exiting within the joint to ensure that the 
correct plane is identified.

 n  Confirm Kirschner wire placement radiographically.
 n  Make the osteotomy through the old fracture site into 

the joint using a 3- or 4-mm wide osteotome. Monitor 
reduction with direct vision and radiographs. Intraopera-
tive fluoroscopy is useful.
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 n  Provisionally stabilize the osteotomy with Kirschner wires.
 n  Use lag screws or a dorsal buttress plate for definitive 

fixation. The small 2.0- and 2.7-mm plate designs may be 
useful.

 n  If the osteotomy creates a large metaphyseal defect, fill 
the void with autogenous iliac crest bone graft.

 n  Extraarticular malunions, if present, are corrected before 
definitive fixation. If scapholunate instability is present, 
treat it with a ligament repair if the injury is recent or a 
reconstructive procedure if the injury is old (see Chapter 
69). Any pathologic process in the distal radioulnar joint 
that is not corrected by the radial osteotomy alone re-
quires further treatment.

POSTOPERATIVE CARE A light volar plaster splint 
is worn until suture removal. A removable plastic volar 
splint is worn for 6 weeks. Range of motion of the hand 
and wrist are encouraged immediately postoperatively. 
Strenuous activities are avoided until solid union (usually 
at least 3 months).
  

SALVAGE PROCEDURES
Symptomatic comminuted intraarticular fractures and distal 
radial malunions that develop posttraumatic arthritis should 
be treated with salvage procedures. The treatment chosen 
depends on the severity of pain and functional limitations 
and the functional demands of the patient. Denervation of 
the wrist has been recommended as a palliative procedure in 
patients with low physical demands who have persistent pain 
despite conservative treatment (splinting, antiinflammatory 
medications).

Total wrist arthrodesis is the treatment of choice in 
young patients with strenuous physical demands who have 
advanced arthritic changes in the radiocarpal and midcar-
pal joints of the dominant hand. A stable, painless wrist can 
be achieved; however, motion is sacrificed. Because of dis-
crepancy in length between the radius and ulna, or because 
of traumatic arthritis in the distal radioulnar joint, the dis-
tal ulna usually should be resected at the time of arthrodesis. 
Total wrist arthrodesis can be used as a salvage procedure 
when other surgical treatment options have failed. This tech-
nique is described in Chapter 69.

If posttraumatic arthritis is limited to the radiocarpal joint, 
and the midcarpal joints are spared, a partial wrist arthrode-
sis may be effective. Pain is reduced, stability is improved, and 
some wrist motion is retained through the midcarpal joints. 
If the entire radiocarpal joint is involved, a radioscapholunate 
fusion is preferred. If arthritis is isolated to the lunate facet 
after a die-punch type of injury, a radiolunate arthrodesis 
can be done. This more limited arthrodesis preserves more 
motion than a total wrist or radioscapholunate fusion but has 
narrow indications. Saffar reported the results of radiolunate 
fusion in 11 patients with high functional demands. Arthritis 
was limited to the lunate facet, and no patient had degenera-
tive changes in the midcarpal joints. Pain was reduced in all 
patients, and grip strength improved from an average of 45% 
of the uninjured wrist preoperatively to 57% postoperatively. 
Motion was preserved, with patients achieving an average of 
33 degrees of flexion, 39 degrees of extension, 17 degrees of 
radial deviation, and 29 degrees of ulnar deviation. Nonunion 

was reported in one patient; eight patients returned to their 
preinjury occupation, and two patients returned to lighter 
work. Long-term results are unknown; however, no progres-
sion of degenerative arthritis was seen at an average follow-up 
of 28.5 months. 

 

RADIOLUNATE ARTHRODESIS

 TECHNIQUE 58.35 

(SAFFAR)
 n  Approach the wrist through a dorsal incision. Assess the 

status of the cartilage, especially over the head of the 
capitate.

 n  Excise the remaining articular cartilage from the lunate 
fossa and proximal lunate.

 n  Apply manual distraction to regain normal carpal height 
and allow the scaphoid to return to its normal alignment.

 n  Harvest a corticocancellous graft from the iliac crest.
 n  Create a trough in the dorsomedial aspect of the distal 

radius and in the dorsal lunate.
 n  Interpose the corticocancellous graft to restore the nor-

mal carpal height and disimpact the carpus from the 
radius. The dorsal aspect of the graft must be at the 
level of the dorsal radius to avoid impeding the glide 
of the extensor tendons. Pack surplus cancellous bone 
between the radius and lunate. Alternatively, a graft can 
be fashioned from the distal radius and slid distally to 
cover the lunate.

 n  Stabilize the graft with two screws, one through the 
graft and the palmar surface of the radius and the other 
through the graft and the palmar aspect of the lunate. 
Alternatively, a plate or staples can be used. Kirschner 
wire fixation alone is not recommended.

 n  Perform additional procedures as necessary to treat distal 
radioulnar joint pathologic processes.

POSTOPERATIVE CARE A volar splint is applied and is 
replaced after 4 days with a cast. Cast immobilization is 
maintained until union occurs. Progressive range-of-mo-
tion and strengthening exercises are done daily for the 
next 2 months.
  

Proximal row carpectomy is a motion-preserving pro-
cedure that has limited indications for salvage of distal 
radial malunions. This procedure is contraindicated in 
patients with a step-off between the scaphoid and lunate 
fossae and in patients with destruction of the articular car-
tilage of the lunate facet. In the unusual case in which the 
cartilage of the proximal capitate and the lunate facet are 
intact and degenerative arthritis is limited to the radial side 
of the wrist, proximal row carpectomy is an option; this 
procedure is described in Chapter 69. Total wrist arthro-
plasty also can be used as a salvage procedure for symp-
tomatic distal radial malunions but is preferably restricted 
to patients without heavy functional demands. This proce-
dure is described in Chapter 69.
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DISTAL RADIOULNAR JOINT INCONGRUITY 
AND ARTHROSIS
Positive ulnar variance or protrusion of the ulna distal to its 
normal articulation with the ulnar notch of the radius and 
consequent impingement on the carpus can be caused by 
numerous conditions; three of the most common are mal-
united Colles fracture, malunion or nonunion of the radius, 
and cessation or abnormality of growth of the distal radius. 
This discrepancy in length can be treated in one of three ways: 
(1) the length of the radius can be restored, (2) the ulna can 
be shortened, or (3) the distal ulna can be resected either 
partially (hemiresection arthroplasty) or entirely (Darrach 
procedure).

Dysfunction of the distal radioulnar joint is a frequent 
source of persistent complaints after distal radial malunions. 
Characteristic symptoms include pain, decreased forearm 
rotation, decreased grip strength, and instability. Symptoms 
can be caused by malunion of fractures into the sigmoid 
notch, injuries to the triangular fibrocartilage complex, and 
palmarly displaced malunions of ulnar styloid fractures. In 
addition, studies have shown that significant extraarticular 
deformities of the distal radius adversely affect distal radio-
ulnar joint function.

Radioulnar arthrosis has been found to be more com-
mon than radiocarpal arthrosis. Approximately 70% of 
the patients who developed radioulnar arthritis require 
surgical intervention. Deterioration of the distal radioul-
nar joint is believed to be caused by shortening and angu-
lar deformities of the distal radius. In a cadaver study, 
radial shortening produced the most profound changes, 
decreased radial inclination and dorsal tilt led to moderate 
changes, and dorsal displacement caused minimal changes 
in joint kinematics. Only 6 mm of radial shortening has 
been shown to cause distal radioulnar joint dysfunction. A 
biomechanical analysis showed that increasing ulnar vari-
ance by 2.5 mm dramatically increases the load borne by 
the distal ulna. Indications for surgical correction and pre-
operative evaluation are discussed in the earlier section on 
Colles fracture malunion.

Surgical procedures to correct distal radioulnar joint 
dysfunction can be grouped into two major categories: 
procedures that preserve the distal radioulnar joint and 
procedures that ablate it. Joint-preserving procedures 
afford a more anatomic reconstruction and better pres-
ervation of joint kinematics. Many investigators have 
recommended preservation of the distal radioulnar joint 
when the joint can be congruously reduced and arthritic 
changes are minimal. Joint-preserving procedures con-
sist of radial and ulnar osteotomies alone or in combina-
tion. An ulnar shortening osteotomy alone is indicated if 
the radial deformity is not severe (<10 degrees of abnor-
mal angulation in the frontal and sagittal planes), there 
is unacceptable positive ulnar variance, and the distal 
radioulnar joint is reducible. In addition to restoring joint 
congruity and unloading the ulnar side of the wrist, ulnar 
shortening tightens the triangular fibrocartilage complex 
and stabilizes the distal ulna.

If the radial deformity is unacceptable, a distal radial oste-
otomy alone frequently realigns the distal radioulnar joint, 
especially if radial shortening is 6 mm or less. If a positive 
ulnar variance remains after distal radial osteotomy, an ulnar 
shortening procedure can be done as well. If pain in the distal 

radioulnar joint persists after joint-preserving procedures, an 
ablative procedure can be done at a later date.

Ulnar shortening also may be indicated after distal radial 
growth arrest. If the discrepancy in length is the result of 
abnormality or cessation of growth of the distal radial phy-
sis, the ulna is relatively lengthened and may impinge on the 
carpus (Fig. 58.43). The stability provided by the distal ulna 
should be preserved, especially in growing children. Instead 
of resecting the distal ulna with its physis, a segment of the 
ulnar shaft can be resected, shortening the ulna enough to 
allow its head to articulate with the ulnar notch of the radius. 
If prevention of further growth of the distal ulna is desirable, 
the resection may include the distal ulnar physis. Usually a 
segment is removed about 2.5 cm proximal to the head of the 
ulna and long enough to correct the discrepancy in length of 
the two bones. 

 

ULNAR SHORTENING OSTEOTOMY

 TECHNIQUE 58.36 

(MILCH)
 n  Expose the distal ulna through a medial incision 6.3 to 7.5 

cm long.
 n  With a Gigli saw, resect a segment of bone long enough 

to correct the discrepancy (Fig. 58.44).
 n  Appose and align the fragments properly and fix them 

with a wire loop (in adults especially, fixation is more se-
cure if the bone is step-cut and the fragments are fixed 
with a screw).

POSTOPERATIVE CARE A long arm cast is applied and 
is worn for 6 to 8 weeks. Union is then usually solid and 
active exercises can be started.
  

 

A B

FIGURE 58.43 A, Disproportion in length of radius and ulna 
secondary to injury of distal radial physis. B, After resection of distal 
end of ulna. Unless child is approaching end of growth period, Milch 
cuff resection would be preferable.
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Ablative procedures are indicated if arthritis of the distal 
radioulnar joint is advanced or if the joint cannot be reduced 
by distal radial or ulnar osteotomies. This can be done alone or 
in combination with distal radial osteotomies. There are three 
types of ablative procedures: complete ablation of the distal ulna 
(Darrach procedure), partial resection of the distal ulna (Bowers 
and Watson arthroplasties), and distal radioulnar joint fusion 
with proximal ulnar pseudarthrosis (Sauvé-Kapandji procedure). 

 

RESECTION OF THE DISTAL ULNA
Distal ulnar resection was recommended in the past to treat 
most painful conditions involving the distal radioulnar joint. 
The distal ulna was first resected by Darrach at the sugges-
tion of Dwight in 1910. The operation originally was done 
for an old dislocation of the distal ulna associated with a 
fracture of the distal radius. Since then, it has been used 
alone or in combination with other procedures for several 
conditions. Darrach noted that after resection, new bone 
within the sutured periosteal envelope usually formed to 
some extent, varying from a mild excrescence on the distal 
end of the ulna to almost complete osseous union with the 
styloid process, but the head of the ulna never re-formed. 
Rotary motions of the forearm usually are restored, and 
pain is relieved within a few weeks after surgery.

The Darrach procedure also may be useful for some 
malunions and nonunions of the radial shaft with distal 
radioulnar joint incongruity. In nonunions of the radius 
or malunions with overlapping of the fragments without 
fracture of the ulna, radial shortening produces a derange-
ment of the articular surfaces of the distal radioulnar joint. 

If shortening is marked, the joint can become dislocated 
secondarily. If the malunion or nonunion is of long dura-
tion, the soft tissues may have contracted so much that 
the length of the radius cannot be restored at surgery, 
even after the fragments have been thoroughly mobilized. 
Rather than attempting to bridge the defect and restore the 
length of the radius, resecting the distal ulna (see earlier) 
and grafting the shortened radius with the two fragments 
in apposition may be the best alternative.

The Darrach procedure also has disadvantages. Resection 
of the distal ulna results in loss of the ulnar support of the 
carpus and alters axial loading characteristics of the wrist. 
Peterson and Adams and others have noted that decreased 
grip strength, pain, and instability of the ulnar stump 
(usually caused by excessive resection) all are potential com-
plications. Coulet et al. found that ulnar resection after 
distal osteotomy of the radius was limited in correcting the 
deformity and increasing mobility and grip strength. After 
resection, pain caused by ulnar tilt of the wrist from instabil-
ity of the distal ulnar stump was noted; cartilage damage 
and ulnar deviation (more than 5 mm) also were noted.

If the ulna has been resected at a level proximal to the 
pronator quadratus, the distal ulna may subluxate dorsally 
on pronation and cause pain and disability; if the disability 
warrants surgery, a tendon graft can be looped around the 
ulna and the tendon of the flexor carpi ulnaris (Bunnell). 
The tendon graft is joined to itself by a removable running 
suture of stainless steel wire (Fig. 58.45). The flexor carpi 
ulnaris holds the ulna anteriorly.

The Darrach procedure is most commonly recom-
mended for symptomatic distal radioulnar joint problems 
in patients who are elderly, are debilitated, or have low 
functional demands. The Darrach procedure also is used to 
salvage other failed distal radioulnar joint procedures.

 

A B C
FIGURE 58.44 Milch cuff resection of ulna. A, Shaded area indicates bone to be resected. B, 

Ends of ulna apposed, correcting disproportion in length of radius and ulna. C, More stable fixa-
tion secured by step-cut procedure and fixation with one screw. SEE TECHNIQUE 58.36.
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 TECHNIQUE 58.37 

(DARRACH)
 n  Expose the distal ulna through a medial longitudinal inci-

sion (see Chapter 1).
 n  Incise the periosteum longitudinally and reflect it from the 

distal ulna with care to avoid otherwise perforating it (Fig. 
58.46A).

 n  About 2.5 cm proximal to its distal end, drill holes trans-
versely through the ulna and complete the division of the 
bone with bone-biting forceps (Fig. 58.46B and C). Lift 
the distal fragment outside the wound.

 n  Divide the capsule of the joint close to the articular carti-
lage; divide the styloid at its base and leave it attached to 
the ulnar collateral ligament (Fig. 58.46D).

 n  Reef and plicate the periosteal envelope and ligament to 
stabilize the end of the bone (Fig. 58.46E).

POSTOPERATIVE CARE No immobilization is necessary. 
Active exercises are allowed the day after surgery.
  

Partial distal ulnar resection arthroplasties are preferred 
for patients with distal radioulnar joint arthritis associated 
with distal radial malunions and often are done at the same 
time as distal radial osteotomies. Partial resection arthroplas-
ties have the advantage of preserving the ulnocarpal liga-
ments and the triangular fibrocartilage complex. If there is 
positive ulnar variance, however, additional shortening pro-
cedures of the styloid or shaft must be done to avoid ulno-
carpal impingement. Hemiresection procedures should be 
avoided in patients with an incompetent triangular fibrocarti-
lage complex or global forearm axis instability (Essex-Lopresti 
injury). The Bowers arthroplasty is described in Chapter 69.

The Sauvé-Kapandji distal radioulnar arthrodesis with 
more proximal ulnar pseudarthrosis allows restoration of 
forearm rotation while reducing pain at the distal radioul-
nar joint. The ulnar carpal ligaments and ulnar bony support 
of the carpus are preserved. This technique is recommended 
for patients with fixed radioulnar joint subluxation and con-
comitant joint destruction associated with intraarticular frac-
tures of the distal radius. The Sauvé-Kapandji procedure is 
described in Chapter 69.

In some patients, dorsal dislocation of the distal radio-
ulnar joint is associated with a malunion of an ulnar styloid 
fracture. This type of malunion has been reported in associa-
tion with Galeazzi, Colles, and Smith fractures of the distal 

radius. The triangular fibrocartilage complex inserts on the 
proximal half of the ulnar styloid and is a major stabilizer of 
the distal radioulnar joint. Displaced fractures of the base of 
the ulnar styloid may result in dislocation of the joint. Patients 
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FIGURE 58.45 Bunnell technique for restoring stability of distal 
ulna after too much bone has been resected (see text).

 

A

B

C

D

E
FIGURE 58.46 Darrach resection of distal ulna. Except for good 

reason, no more than 2.5 cm of bone should be resected (see text). 
SEE TECHNIQUE 58.37.
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present with ulnar-sided wrist pain, decreased forearm rota-
tion, and decreased grip strength. CT scans show a dorsal 
dislocation of the distal radioulnar joint and palmar displace-
ment of the ulnar styloid fragment. The ulnar styloid usually 
is displaced proximally as well. In such cases, Nakamura et al. 
recommended osteotomy of the ulnar styloid to allow reduc-
tion of the distal radioulnar joint. An ulnar incision is made, 
and an osteotomy is done at the base of the malunited ulnar 
styloid. The styloid fragment is translocated ulnarly and stabi-
lized with a tension band and two 0.062-inch Kirschner wires. 
Ulnar shortening also is done if necessary to reduce the joint 
or correct positive ulnar variance. Postoperatively, a long arm 
cast is worn for 2 weeks and a short arm cast is worn for 6 
weeks. In their series of four patients, the distal radioulnar 
joint was reduced in three but subluxation persisted in one; 
wrist function was improved in all four. 

CARPUS
For malunited fractures of the carpal bones, surgery is not 
justified merely to restore alignment. There is usually either 
nonunion or dislocation. In some instances, fusion of the 
wrist (see Chapter 69) or excision of one or more of the car-
pals (see Chapter 69) may be indicated. 

HAND
Malunited fractures of the hand are discussed in Chapter 67.
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CHAPTER 59
DELAYED UNION AND NONUNION OF 
FRACTURES 
John C. Weinlein

Approximately 2 million long bone fractures are treated in the 
United States each year. Of this number, about 100,000 result 
in nonunion. Nonunions can be very problematic not only to 
the patient but also to society in general. Patients with non-
unions have significant disability, and the associated cost of 
treatment is burdensome on the patient and society. Brinker 
reported significant physical (Fig. 59.1) and mental disabil-
ity associated with tibial and femoral nonunions. Although 
patients undergoing successful treatment of nonunions can 
experience significant improvement, they often lag behind 
population-based norms for functional outcome scores. 
Antonova et al. found the median total cost of care for a tibial 
nonunion to be more than twice the cost associated with a 
tibial fracture that goes on to uneventful union. In addition, 
the duration of opioid use in patients who had a nonunion 
was twice that of those who did not have a nonunion (5.4 
compared with 2.8 months).

Although orthopaedic surgeons may lead the charge in 
the treatment of nonunion, coordinated involvement of mul-
tiple personnel often is necessary, including an infectious 
disease physician, plastic surgeon, vascular surgeon, endocri-
nologist, internist, physical and occupational therapist, and 
psychiatrist or other mental health professional. Treatment of 
nonunions often is complex, but it also offers great reward 

because many of these patients have been significantly 
 disabled for a prolonged period of time.

DEFINITIONS
DELAYED UNION
The definition of delayed union is arbitrary. Delayed union 
occurs when a fracture has not healed in the time frame that 
would be expected. The time frame for healing varies for dif-
ferent locations around the body and also is different based 
on the degree of associated soft-tissue injury. For example, the 
elapsed time frame for delayed union of a closed tibial shaft 
fracture would be different from that for delayed union of a 
type IIIB open tibial shaft fracture. Generally, the time frame 
for delayed union is between 3 and 6 months. Delayed union 
can be thought of as a precursor to nonunion. In appropriate 
circumstances, intervention for delayed union can prevent a 
nonunion. Intervention can include correction of metabolic 
or endocrine abnormalities; stabilization with a cast or brace; 
bone stimulation, with pulsed ultrasound, electrical (or elec-
tromagnetic) stimulation, or extracorporeal shock-wave ther-
apy; or surgical intervention. The consequences to the patient 
of prolonged convalescence must always be considered when 
treating both delayed union and nonunion.
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United States population

25th percentile for general population

Clinical depression
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Back pain/sciatica

Myocardial infarction

Diabetes mellitus type II

Anterior cruciate ligament rupture

Patellofemoral pain/instability

Glenohumeral instability

10th percentile for general population

Meniscus tear

Adhesive capsulitis

Subacromial impingement

Glenohumeral osteoarthritis

Articular cartilage lesion (knee)

Orthopaedic trauma

Rotator cuff tear

Congestive heart failure

End-stage ankle arthroses

End-stage hip arthroses

Tibial nonunion

Femoral nonunion
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FIGURE 59.1 Significant disability associated with femoral nonunions. Mean Short Form 
(SF)-12 Physical Component Summary Scores according to diagnosis. Striped bar, femoral nonunions; 
solid gray bar, mean across noninstitutionalized U.S. population; medical conditions above dashed 
line associated with significantly (P < 0.05) better physical health than femoral nonunions.  (From 
Brinker MR, Trivedi A, O’Connor DP: Debilitating effects of femoral nonunion on health-related quality of 
life, J Orthop Trauma 31:e37, 2017.)

Most surgeries performed on delayed unions correct 
issues associated with poor technique during the index 
procedure. An open reduction may be necessary to reduce 
widely displaced fracture fragments and remove inter-
posed tissue. If surgery is in a location not prone to non-
union and the patient is a good host, then the surgeon can 
proceed with standard techniques for acute fracture fixa-
tion, and bone grafting may not be necessary. If surgery is 
in an area prone to nonunion or the patient is a poor host, 
then bone grafting should be at least considered. The 
method of stabilization also affects the surgeon’s decision 
to bone graft. Bone grafting is also more likely to be used 
if delayed union is being treated with plate osteosynthesis 
than with an intramedullary nail or external fixator. 

NONUNION
Similar to delayed union, the diagnosis of nonunion is 
also arbitrary. The U.S. Food and Drug Administration 
defines nonunion as “established when a minimum of 9 
months has elapsed since injury and the fracture shows 

no visible progressive signs of healing for 3 months.” This 
definition fails to include many fractures that have no 
chance of proceeding to union. The definition of non-
union from Brinker is probably more appropriate: “A 
fracture that, in the opinion of the treating physician, has 
no possibility of healing without further intervention.” 
Generally speaking, the diagnosis of nonunion should not 
be made until clinical or radiographic evidence is noted 
that healing has ceased or that union is highly unlikely. 
The time frame for nonunion differs by location and by 
the degree of associated soft-tissue injury. A femoral neck 
fracture that has not united and displays implant failure 
at 3 months may appropriately be considered a nonunion, 
whereas a Gustilo and Anderson type 3B open tibial frac-
ture that has received appropriate surgical treatment may 
not be considered a nonunion after this same 3-month 
time frame. However, waiting 9 months to intervene on 
many fractures that have not united may result in pro-
longed morbidity, inability to return to work, narcotic 
dependence, and emotional impairment. 
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ETIOLOGY AND 
PATHOPHYSIOLOGY
Without an understanding of normal fracture healing, the 
ability to successfully treat nonunions is compromised. 
Fractures treated nonoperatively and those treated with 
intramedullary nails, bridge plates, and many external fix-
ators rely upon secondary bone healing. Relative stability is 
provided by these devices when attempting to obtain second-
ary bone healing. These fractures heal with callus formation 
and progress through stages: (1) inflammatory stage, (2) soft 
callus stage, (3) hard callus stage, and (4) remodeling phase. 
Interfragmentary motion is typically between 0.2 and 1 mm. 
Fractures fixed rigidly with plates rely on primary bone heal-
ing. Absolute stability is necessary; interfragmentary motion 
is less than 0.15 mm and the strain is less than 2%. Healing is 
similar to the remodeling phase of secondary bone healing, 
with osteoclasts converting woven bone to lamellar bone. In 
many cases of plate fixation, if fracture gaps are larger than 0.1 
mm, primary bone healing does not occur. In this situation, 
gap healing may occur. With gap healing, the strain is still less 
than 2%; however, gaps up to 1 mm are tolerated.

There are many suspected etiologies for nonunions, and 
most nonunions likely have multiple etiologies. These etiolo-
gies are both biologic and mechanical. Biologic etiologies can 
be divided into local and systemic. Local biologic etiologies 
include excessive soft-tissue stripping, bone loss, vascular 
injury, irradiated bone, and infection. Excessive soft-tissue 
stripping can also be the result of surgery. Systemic biologic 
etiologies include age, chronic diseases (diabetes mellitus, 
chronic anemia), metabolic or endocrine abnormalities, mal-
nutrition, medications (steroids, antiepileptic medications), 
and smoking (Table 59.1). The effects of anti-inflammatory 
medications, as well as alcohol and opioids, are controversial. 
Mechanical etiologies (Table 59.2) of nonunion include mal-
reduction (malposition, malalignment, distraction) and inap-
propriate stabilization (“too little,” or insufficient fixation; 
“too much” or “too rigid” fixation), inappropriate implant 
choice, inappropriate implant position, or technical error.

Brinker et  al. specifically evaluated metabolic and 
endocrine abnormalities in a large series of nonunions that 
were not thought to have a mechanical etiology. Four per-
cent of patients (37 of 883) were referred to an endocrinol-
ogist. Eighty-four percent (31 of 37) were diagnosed with 
a metabolic or endocrine abnormality. Sixty-eight percent 
(25 of 37) of patients were found to have a vitamin D defi-
ciency. Other abnormalities included calcium imbalances, 
hypogonadism, and thyroid or parathyroid disorders. 
Other studies have reported similar prevalences of vitamin 
D deficiency in the general orthopaedic trauma popula-
tion, and the effect of vitamin D deficiency and its treat-
ment on nonunions is not clear. While many abnormalities 
have been associated with nonunion, assigning causation 
has still been elusive.

The use of tobacco has been implicated in the develop-
ment of nonunions and delayed union. Pearson et al. recently 
reported just over twice the risk of delayed and/or nonunion 
in smokers. Smokers have decreased oxygen levels in the cuta-
neous and subcutaneous tissues, which leads to poor wound 
healing. Nicotine also has been associated with decreased 
vascularity at fracture sites. Although approximately 50% of 
smokers return to their habit, it is best for healing of bone 
and soft tissue if they can abstain while being treated for their 
nonunion. Nonsteroidal antiinflammatory drugs (NSAIDs) 
have been found to decrease fracture healing in multiple 
animal studies. The literature is still conflicting concern-
ing the influence of NSAIDs on fracture healing in humans. 
Although numerous animal data suggest NSAIDs have a neg-
ative effect on fracture healing, the data in humans are more 
controversial. Several human studies have found delayed 
healing in subjects who were taking NSAIDs, whereas other 
studies refute the hypothesis that NSAIDs delay fracture heal-
ing. We use NSAIDs for acute pain management in fracture 
patients and believe treatment of short duration likely causes 
minimal negative consequences on fracture healing. We sug-
gest that patients with a delayed union or nonunion abstain 
from using NSAIDs or steroids, if possible, during their non-
union treatment.

Opioids also may have an effect on fracture healing. 
Animal data have suggested a negative impact on frac-
ture callus volume, maturation, and strength. Several 
retrospective human studies suggest an association with 
opioid use and nonunion; however, high-quality studies 
demonstrating causality between opioid use and non-
union are lacking. 

 TABLE 59.1

Biologic Etiologies of Nonunion

Local Excessive soft-tissue stripping (from injury  
or surgeon)
Bone loss
Vascular injury
Radiation
Infection

Systemic Age
Chronic diseases
Diabetes mellitus
Chronic anemia
Metabolic or endocrine abnormalities  
(vitamin D deficiency)
Malnutrition
Medications (steroids, NSAIDs, antiepileptics)
Smoking

NSAIDs, Nonsteroidal antiinflammatory drugs.

 TABLE 59.2

Mechanical Etiologies of Nonunion

Malreduction Malposition
Malalignment
Distraction

Inappropriate 
stabilization

Too little or insufficient fixation
Too much or too rigid fixation
Inappropriate implant choice
Inappropriate implant position
Technical error(s)
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GENERAL TREATMENT OF 
NONUNIONS
PREOPERATIVE WORKUP
The workup for nonunion includes history, physical examination, 
radiographic examination, and laboratory evaluation. The his-
tory should include previous treatment, time frame of previous 
treatment, documented infection, signs and symptoms consistent 
with current or previous infection, and presence or absence of 
pain. The physical examination should include a detailed neuro-
vascular examination and assessment for presence or absence of 
tenderness at the fracture site, deformity, malrotation, leg-length 
discrepancy, joint range of motion, compensatory contractures, 
erythema, and drainage. The radiographic examination begins 
with plain films. Oblique plain films can be useful in evaluat-
ing progression of long bones toward union, particularly around 
the distal tibia. CT scan may be indicated in certain situations. 
CT scan is highly sensitive for nonunion but does lack specific-
ity. MRI and nuclear imaging may be useful in certain situations. 
The usefulness of nuclear imaging in diagnosing infection pre-
operatively, however, has been questioned. The goals of imaging 
include assessing union, monitoring progression toward union, 
determining etiology for delayed union or nonunion, evaluating 
integrity of implants, and checking for signs of infection.

The laboratory evaluation begins with a complete blood 
count (CBC) with differential, erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), and 25-hydroxy vitamin D. 
Other laboratory values may be indicated in certain situations. 
When using CBC (white blood cells [WBCs]), ESR, and CRP to 
assess for infection, the positive predictive value when all three 
values are positive is 100% (Table 59.3). The negative predic-
tive value when all three laboratory values are negative is 81.6% 
(Table 59.4). Wang et al. recently reported the use of preoperative 
serum D-dimer in the assessment of infected nonunions. The 
authors reported higher positive and negative predictive val-
ues when using D-dimer compared with isolated CRP or ESR. 
Further investigation may clarify the usefulness of this laboratory 
value in nonunion workup. A nonunion work sheet as suggested 
by Brinker can be helpful in organizing all of the important data 
necessary before treatment of a nonunion (Fig. 59.2). 

CONSIDERATIONS BEFORE SURGERY
Metabolic and nutritional factors should be optimized. We 
continue to make attempts to optimize 25-hydroxy vitamin D 
levels before proceeding with nonunion surgery, but recognize 

that the data supporting this approach are lacking. Patients 
should be encouraged to discontinue tobacco and any other 
medications that may have an effect on fracture union.

STATUS OF SOFT TISSUES AND 
NEUROVASCULAR STRUCTURES
The condition of the soft tissues surrounding a nonunion 
must be considered in treatment planning. Significant soft-
tissue scarring, especially on the concave side of a deformity, 
may result in skin necrosis requiring aggressive correction. 
Scarring also may limit some treatment options or require 
treatment of the nonunion with concomitant free-tissue trans-
fer. Soft-tissue contractures must be considered if treatment of 
the nonunion would result in lengthening of the extremity.

In patients with histories of vascular injuries or patients 
with weak or absent peripheral pulses, an arteriogram 
may be indicated to evaluate vascular status. A significant  
vascular abnormality may limit treatment methods and fracture 
healing. Vascular abnormalities should be corrected, if possible.

Any nerve deficit should be carefully considered. In 
patients with long-standing significant deformity, Ilizarov or 
Taylor Spatial Frame (Smith & Nephew, Memphis, TN) treat-
ment may be most appropriate for gradual deformity correc-
tion or lengthening of the nonunion. When the nerves are 
so damaged that sensation and motor function in a lower 
extremity are permanently lost, amputation usually is the 
more practical choice. 

STATUS OF BONES
The status of the bones, especially at the nonunion, depends 
on the type and duration of the fracture and the method of 
any previous treatment. Nonunions are classified based on 
location, presence or absence of infection, and etiology:
 n  Epiphyseal, metaphyseal, or diaphyseal
 n  Septic or aseptic
 n  Hypertrophic, oligotrophic, or atrophic (Fig. 59.3)
 n  Pseudarthrosis

Septic nonunions are much more difficult to treat than 
aseptic nonunions. Hypertrophic nonunions (Fig. 59.4) have 
adequate vascularity, display abundant callus, and lack stabil-
ity. Oligotrophic nonunions usually have adequate vascularity, 
display little or no callus, and often are associated with mal-
reduction (distraction). Atrophic nonunions (Fig. 59.5) lack 
adequate vascularity and display no callus. Synovial pseud-
arthrosis (Fig. 59.6) involves sealed medullary canals with an 

 TABLE 59.3

Predicted Probability of Confirming Infection Using 
White Blood Cells, Erythrocyte Sedimentation Rate, and 
C-Reactive Protein

NUMBER OF POSITIVE TESTS 
UNDER CONSIDERATION

PREDICTED PROBABILITY OF 
INFECTION (%)

0 19.6
1 18.8
2 56.0
3 100.0

From Stucken C, Olszewski DC, Creevy WR, et al: Preoperative diagnosis of 
infection in patients with nonunion, J Bone Joint Surg 95A:1409, 2013.

 TABLE 59.4

Predicted Probability of Excluding Infection Using 
White Blood Cells, Erythrocyte Sedimentation Rate, and 
C-Reactive Protein

NUMBER OF NEGATIVE TESTS 
UNDER CONSIDERATION

PREDICTED PROBABILITY OF NO 
INFECTION (%)

0 0
1 48.0
2 76.4
3 81.6

From Stucken C, Olszewski DC, Creevy WR, et al: Preoperative diagnosis of 
infection in patients with nonunion, J Bone Joint Surg 95A:1409, 2013.
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PHYSICAL EXAMINATION

General:

Extremity:

 Nonunion:  Stiff  Lax

 Adjacent Joints (RCM, compensatory deformities):

 Soft Tissues (defects, drainage):

 Neurovascular Exam:

PAST HISTORY

Initial Fracture Treatment (Date):

Total # of Surgeries for Nonunion:

 Surgery #1 (Date):

 Surgery #2 (Date):

 Surgery #3 (Date):

 Surgery #4 (Date):

 Surgery #5 (Date):

 Surgery #6 (Date):

 (Use backside of this sheet for other prior surgeries)

Use of Electromagnetic or Ultrasound Stimulation?

Cigarette Smoking # of packs per day  # of years smoking

History of Infection? (include culture results)

History of Soft-Tissue Problems?

Medical Conditions:

Medications:

NSAID Use:

Narcotic Use:

Allergies:

RADIOLOGIC EXAMINATION

 Comments

OTHER PERTINENT INFORMATION

NONUNION TYPE

 _____ Hypertrophic

 _____ Oligotrophic

 _____ Atrophic

 _____ Infected

 _____ Synovial Pseudoarthrosis

GENERAL INFORMATION

Patient Name:

Referring Physician:

Injury (description):

Date of Injury:

Occupation:

Age:

Height:

Pain (0 to 10 VAS):

Was injury Work Related?:     Y     N

Gender:

Weight:

FIGURE 59.2 Nonunion work sheet.  (From Brinker MR: Nonunions: evaluation and treatment. In 
Browner BD, Jupiter JB, Levine AM, et al, editors: Skeletal trauma: basic science, management, and recon-
struction, ed 4, Philadelphia, 2009, Saunders.)
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associated pseudomembrane containing fluid. Radiographic 
appearance is variable, and technetium bone scan reveals a 
“cold cleft” between areas of increased activity. Classification 
of nonunions has historically guided treatment and is there-
fore important to understand.

Many options are available for treatment of nonunions, 
including invasive and noninvasive modalities. Noninvasive 
interventions include casting or bracing, low-intensity pulsed 
ultrasound (LIPUS), electric or electromagnetic stimulation, 
and extracorporeal shock-wave therapy. Invasive interven-
tions include bone grafting (or bone grafting alternatives) and 
stabilization. Stabilization can take many forms but primarily 
involves plating, intramedullary nailing, or external fixation. 
To treat nonunions most effectively, a surgeon should have 
some experience with all forms of surgical stabilization.

Often a nonunion may be treated with several different 
interventions. The patient should be involved in the discus-
sion because potential risks and benefits vary among treat-
ments. When selecting treatment, thought should be given to 

future interventions that may be necessary if the fracture does 
not unite. Operations for nonunions are relatively invasive and 
should be undertaken only after nonunion has been proven 
clinically and radiographically or when union is extremely 
unlikely or impossible without a change in current treatment.

The requirements for successful nonunion treatment are 
biomechanical stability and a biologic vitality of the bone. 
These requirements can be obtained through reduction of frag-
ments, bone grafting, and stabilization of the fragments. Many 
techniques or combinations of techniques meet these require-
ments, and some general guidelines apply to all techniques. 

 

A B C
FIGURE 59.3 Types of nonunions. A, Hypertrophic. B, Oligo-

trophic. C, Atrophic.

 

A B

FIGURE 59.4 A and B, Hypertrophic humeral nonunion.

 FIGURE 59.5 Atrophic nonunion of ulna after treatment with 
internal fixation.
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REDUCTION AND PREPARATION OF 
NONUNIONS
Malreduction (malposition, malalignment, distraction) of 
bone fragments (Fig. 59.7) can be responsible for nonunion. 
Malreduction can be particularly problematic in fractures that 
are rigidly fixed. The same reduction that would be considered 
satisfactory if stabilized by an intramedullary nail or circular fine 
wire external fixator may be unsatisfactory if stabilized rigidly 
with a plate. When malreduction is considered at least part of 
the etiology of the nonunion, reduction must be improved with 
the surgical intervention chosen. Depending on the mobility 
of the nonunion, the method of stabilization, and the decision 
regarding bone grafting, reduction may be performed open or 
closed. When an open reduction is performed to adequately 

reduce and stabilize fracture fragments, interposed fibrous tis-
sue is removed by necessity. In contrast, when fracture fragments 
are satisfactorily aligned and without a gap, aggressive removal 
of intervening fibrous tissue may be undesirable. Minimizing 
further insult to periosteum, callus, and fibrous tissue around 
the major fragments may preserve vascularity and stability. A 
bridging cancellous graft placed after meticulous preparation of 
the proximal and distal fracture fragments (decorticating, petal-
ing, fish scaling, or drilling) should lead to union of the fracture. 
When reduction is necessary to improve alignment, fragments 
are mobilized while preserving as much soft-tissue attachments 
as possible; medullary canals are debrided of fibrous tissue and 
reestablished to aid in medullary osteogenesis; rounded fracture 
ends are resected to maximize bone contact. 

 

A B

FIGURE 59.6 A and B, Synovial pseudoarthrosis of the humerus.

 

A B C D

FIGURE 59.7 Treatment of humeral nonunion with plating. A and B, Radiographs of humeral 
nonunion after intramedullary nailing. C and D, After treatment of humeral nonunion with nail 
removal, plating, and bone grafting.
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DECORTICATION

 TECHNIQUE 59.1 

 n  Incise the periosteum longitudinally approximately 4 cm 
proximal and distal to the nonunion site.

 n  Using a sharp osteotome, elevate “scales” of bone with 
care to keep them attached to overlying periosteum (Fig 
59.8A). Homan retractors are useful to retract the osteo-
periosteal layer as decortication continues.

 n  Decorticate over approximately two thirds of the bone 
circumference, but avoid decortication directly under the 
area of anticipated plate placement.
  

BONE GRAFTING
Bone grafting has been a staple of nonunion treatment 
for many years and is still used in most atrophic non-
unions and many oligotrophic nonunions. Bone grafting is 
reserved for rare cases of hypertrophic nonunions because 
these usually do not need a biologic stimulus. Numerous 
techniques have been described throughout the years. 
Many, now mainly historical techniques, such as Boyd’s 
dual onlay graft, Nicoll’s cancellous insert graft, and Gill’s 
massive sliding graft, have been illustrated in previous edi-
tions of this book.

Autogenous cancellous bone grafting remains a main-
stay of nonunion treatment. Unfortunately, autogenous 
cancellous bone grafts are limited in quantity and can 
be associated with significant donor site morbidity. The 
osteoconductive, osteoinductive, and osteogenic prop-
erties of autogenous cancellous bone make it ideal for 
nonstructural grafting; it remains the standard against 
which other alternatives are compared. Autogenous can-
cellous grafts are obtained most frequently from the ilium 
(anterior or posterior iliac crest), proximal tibia, or dis-
tal femur. While mesenchymal stem cells derived from 
bone marrow do undergo negative age-related changes, 
a recent clinical study suggests no difference in the suc-
cess of treatment of nonunions using iliac crest bone 
grafting in geriatric and nongeriatric patients. Allogenic 
bone for grafting can be used when the source of fresh 
autogenous bone is inadequate or inaccessible but usually 
serves as a graft extender. Clinical and experimental data 
show that the osteogenic properties of allogenic bone are 
inferior to the osteogenic properties of autogenous bone. 
When mixed with autogenous bone or perhaps even host 
bone marrow aspirate (BMA), cancellous allograft can be 
used in nonstructural applications with excellent results. 
Techniques of autogenous cancellous harvest are outlined 
in Chapter 1.

A more recent technique involves obtaining autogenous 
graft from the intramedullary canals of long bones (femur 
and tibia). The reamer-irrigator-aspirator (RIA, Synthes, 
Paoli, PA) has been found to obtain large quantities of graft 
that qualitatively compares favorably to iliac crest autograft. 
The advantages and risks of the RIA technique are described 
in Chapter 53.

For structural applications, autologous cortical grafts, 
except from the fibula, are now rarely used because of 
donor site morbidity. Autologous tricortical iliac crest 
grafts can be used to fill defects in the forearm and clav-
icle. Autologous vascularized and nonvascularized (Fig. 
59.9; Technique 59.2) fibular grafts are options for large 
defects in the upper extremity, particularly of the radius 
and ulna. Donor site morbidity is a consideration when 
obtaining an autogenous fibular graft. In adults, nonvas-
cularized fibular grafts do not sufficiently hypertrophy, 
and vascularized fibular grafts do not hypertrophy quickly 
enough to be useful in lower extremity osseous defects. 
Distraction osteogenesis and the Masquelet technique are 
therefore better options for treating large lower extremity 
osseous defects. Frozen or freeze-dried cortical allografts 
provide structural strength, but their osteogenic proper-
ties are limited. 

 

A

B

FIGURE 59.8 Decortication and grafting. A, Method of decor-
tication. B, Insertion of autogenous cancellous graft (see text). SEE 
TECHNIQUE 59.1.
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FIBULAR AUTOGRAFT 
(NONVASCULARIZED)

 TECHNIQUE 59.2 

 n  Through an appropriate incision, expose the proximal and 
distal fragments of the nonunion, resect all sclerotic or 
nonviable bone, and square the ends with a rongeur.

 n  With a drill or a curet, ream out the medullary canals of 
both the fragments.

 n  Apply traction to the extremity and determine the maxi-
mal length that can be restored.

 n  Harvest a fibular autograft long enough to bridge the full 
defect and to overlap the fragments of the host bone far 
enough to permit stable fixation.

 n  Step-cut the transplant at both ends. Make its intact 
middle part the exact size of the defect to be bridged. 
Preserve the step-cut pieces from each end.

 n  With an osteotome, flatten the fragments of the non-
union to receive the step-cut ends of the fibular autograft.

 n  Fit the fibular autograft into the defect and fix it to both 
fragments with screws.

 n  Utilize remaining bone preserved from the step-cutting 
and place around the junctions of the fibular autograft 
and host bone; alternatively, cancellous autograft can be 
harvested and placed at the junctions (Fig. 59.8B).

 n  It may be impossible to apply one end of the fibula as a 
step-cut onlay because one host fragment is too short; 
the fibular autograft can then be inserted into the medul-
lary canal at this end and applied as an onlay at the other.

 n  Consider protecting the fibular autograft by adding a 
small fragment plate to neutralize the construct while the 
graft incorporates.

POSTOPERATIVE CARE The postoperative care is similar 
to that after routine grafting, but more time is necessary 
for complete revascularization of the transplant. Although 
the ends of the fragments may be united with the trans-
plant, strength is not restored until the entire graft has 
been revascularized. Consequently, support must be con-
tinued for an extended time to prevent a fracture of the 
fibula; preferably, a removable support or one with joints 
that allow active and passive motions is used.
   

 

INTRAMEDULLARY FIBULAR STRUT 
ALLOGRAFT (HUMERUS)
Intramedullary fibular strut allografts have been used suc-
cessfully in the humerus (Fig. 59.10). Intramedullary strut 
allografts have the benefit of less soft-tissue dissection asso-
ciated with insertion than extramedullary strut allografts.

 TECHNIQUE 59.3 

(WILLIS ET AL.)
 n  Choose an approach to the humerus that makes the most 

sense based on the location of fracture or previous inter-
vention.

 n  Expose and mobilize the nonunion site.
 n  Debride devitalized bone and perform shortening as nec-

essary to optimize bone contact.
 n  Open the medullary canal both proximally and distally us-

ing rongeurs, curets, and increasing diameter drill bits.
 n  Fashion a fibular allograft with a high-speed burr.
 n  The length of the allograft should be at least three to four 

times the diameter of the humerus at the nonunion site.
 n  Place the allograft within the canal of one fragment. The 

graft should be able to move freely and is placed initially 
almost entirely in this one fragment.

 n  Provisionally reduce the humerus. Using a bone clamp move 
the allograft across the nonunion site into the other fragment.

 n  Stabilize the nonunion beginning on one side with a large 
fragment plate: dynamic compression plate (DCP), limited 
contact dynamic compression plate (LC-DCP), or locking 
compression plate (LCP).

 n  Compress across the nonunion site using an articulating 
tensioning device, Verbrugge forceps, or other clamp as 
space allows.

 n  A minimum of one screw on each side of the nonunion 
should be placed through the allograft.

 n  Complete the construct by placing additional screws.
  

CERAMICS
Ceramics (hydroxyapatite, calcium phosphate, calcium sul-
fate, or some combination) have osteoconductive properties 

 

A B C

FIGURE 59.9 Avascular fibular autograft. Bridging of bone 
defect with whole fibular autograft or whole fibular transplant. A, 
Defect in radius was caused by shotgun wound. B and C, Ten months 
after defect was spanned by whole fibular autograft, patient had 
25% range of motion in wrist, 50% pronation and supination, and 
80% use of fingers. SEE TECHNIQUE 59.2.
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and avoid problems with donor site morbidity. Their role in 
treatment of nonunions is not completely defined, but they 
probably are best used as delivery devices (antibiotics) or 
bone graft extenders. 

STABILIZATION OF FRAGMENTS
Satisfactory stabilization of fracture fragments is imperative 
to achieve successful results in the treatment of nonunions. 
One must carefully analyze the potential mechanical etiolo-
gies related to the nonunion and make sure that prior mis-
takes are not repeated. Adequate stabilization can be obtained 
with plating, intramedullary nails, or external fixation.

PLATING
Plating (Fig. 59.11) in the treatment of nonunions, as in acute 
fractures, should provide sufficient stability for fracture heal-
ing. The plating technique and choice of plate depend on the 
type of nonunion, the condition of the soft tissues and bone, 
the size and position of the bone fragments, and the size of the 
bony defect. Plating without bone grafting usually is adequate 
for hypertrophic nonunions if the bone is not osteoporotic 
and the fragments are large enough for secure screw fixation. 
Plating typically is performed with a compression technique, 
but it may be performed with a neutralization technique if lag 
screws were successfully placed across the nonunion. Bridge 
plating or wave plating also can be used. 

INTRAMEDULLARY NAILING
Intramedullary nailing is very useful in nonunions of long 
bones, such as the tibia or femur (Fig. 59.12). However, intra-
medullary nailing, particularly exchange nailing, is not the 
best option for humeral nonunion. If alignment is acceptable 
or closed reduction can be obtained, the procedure can be 
performed without opening the fracture site. Bone grafting 
usually is not required. If necessary, long bone intramed-
ullary reaming can generate a large amount of corticocan-
cellous graft material that can be easily harvested with a 
RIA system with little increased morbidity. When an open 

technique is required, usually only limited exposure and dis-
section are required. Early weight bearing is possible, and the 
effects of prolonged non–weight bearing may be minimized. 
A relative contraindication for intramedullary nailing is cur-
rent infection; however, intramedullary nailing can be suc-
cessful for infected nonunions once the infection has been 
eradicated.

A newer type of intramedullary nail, a magnetic com-
pression nail (Precise, NuVasive, San Diego, CA), is being 
used with increasing frequency in the treatment of non-
unions. This nail allows sustained compression at the non-
union site. Early results from this device have been positive in 
the treatment of humeral, tibial, and femoral nonunions. As 
with many new devices, comparative studies with standard 
treatments evaluating clinical results and cost implications 
have not yet been published. 

EXTERNAL FIXATION
Circular fine wire fixation, such as the Ilizarov fixator, is a 
labor-intensive, but very effective, tool in the treatment of 
nonunions. It is especially useful in nonunions associated with 
infection, osseous defects, and deformity. The Taylor Spatial 
Frame is a more contemporary circular fine-wire fixator that 
relies on computer software to assist in deformity correction 
(Fig. 59.13). An advantage of external fixation is that it is rela-
tively noninvasive and does not disturb soft tissues surround-
ing the nonunion. Other advantages are its ability to correct 
deformity and provide stable fixation. Similar to intramedul-
lary nailing, early weight bearing is possible, and the effects of 
prolonged non–weight bearing may be minimized. 

ARTHROPLASTY
Advances in arthroplasty techniques in the treatment of degen-
erative conditions have led to many of these techniques being 
used in some patients with a nonunion. Arthroplasty is an 
option for certain nonunions of the proximal (Fig. 59.14) and 
distal humerus and the proximal and distal femur that may not 
be best served with plating, intramedullary nailing, or external 

 

A B C D

FIGURE 59.10 Intramedullary fibular strut allograft. A and B, Radiographs of humeral nonunion 
after conservative treatment. C and D, After treatment with fibular strut allograft and plating. SEE 
TECHNIQUE 59.3.
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FIGURE 59.11 Plating in treatment of nonunion. A, Humeral nonunion after conservative treat-
ment. B and C, Radiographs demonstrating union of humerus after plating and bone grafting. D 
and E, After implant removal.
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FIGURE 59.12 Intramedullary nailing in treatment of nonunion. A, Radiograph of tibial
nonunion after intramedullary nailing. B, Union of tibia after exchange intramedullary nailing.
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  FIGURE 59.13 External fixation in treatment of nonunion. A, Clinical photos illustrating deformity and compromised soft tissues 
associated with tibial nonunion. B and C, Radiographs of tibial nonunion after initial fixation and subsequent tibial plate removal. D, 
After remaining implants removal and placement of circular fixator. E, Union after treatment with circular fixator.
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fixation. Fixation in these areas may be limited by osteoporo-
sis or short segments. Infection would obviously need to be 
eradicated before an attempt at arthroplasty is made. A benefit 
to arthroplasty is potential early weight bearing, which may 
help in the patient’s overall functional recovery. 

AMPUTATION
The function of a limb with a properly fitted prosthesis after 
amputation often is better than a painful extremity with lim-
ited usefulness. Amputation should not be viewed as a failure 
of treatment. An amputation should be considered a recon-
structive procedure (Fig. 59.15). Amputation typically is the 
most reliable nonunion surgery. To proceed with amputa-
tion or further intervention in an attempt to obtain union is 
always a decision that involves the patient. The patient should 

be encouraged to speak with as many individuals experi-
enced in traumatic reconstruction as possible. Every alterna-
tive should be explored and explained to the patient for his or 
her final decision. The patient also must consider many fac-
tors not immediately surgical in nature, such as the length of 
hospitalization and the economic hardships involved in the 
alternatives.

The surgeon is likely to recommend amputation under 
the following circumstances:
 1.  When a reconstruction has failed
 2.  When a proposed plan of reconstruction would likely 

result in less satisfactory function than amputation and a 
properly fitted prosthesis

 3.  When the danger of major operations outweighs the 
anticipated benefit

 

A B

DC

FIGURE 59.14 Arthroplasty in treatment of nonunion. A and B, Radiographs of proximal 
humeral nonunion. C, Computed tomography of proximal humeral nonunion. D, After treatment 
with reverse total shoulder arthroplasty.
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 4.  When the damaged part, such as a finger, cannot be well 
enough restored to prevent its interfering with the func-
tion of the extremity as a whole

 5.  When reconstruction is impossible 

LOW-INTENSITY ULTRASOUND
Xavier and Duarte in Brazil first reported the successful use 
of low-intensity ultrasound to heal nonunions in humans in 
1983. Before their report, several studies suggested that the 
stimulation of bone ends by ultrasound in animals would 
accelerate or enhance bone healing. Some studies showed 
increases in cellular activity at osteotomy sites and increases in 
mineralization of the bone and metabolic activity. It has been 
theorized that ultrasound stimulation promotes bone heal-
ing because it stimulates the genes involved in inflammation 
and bone regeneration. Another theory suggests that ultra-
sound increases blood flow through dilation of capillaries and 

enhancement of angiogenesis, increasing the flow of nutrients 
to the fracture site. Some studies have suggested that chon-
drocyte stimulation is enhanced by ultrasound, which leads 
to an increase in enchondral bone formation. A large meta-
analysis reported a success rate of more than 80% with LIPUS 
for the treatment of nonunion. Interestingly, this study also 
suggested that LIPUS was twice as effective in hypertrophic 
nonunions compared with atrophic nonunions. LIPUS seems 
to be a reasonable, noninvasive treatment for fractures in 
which healing is delayed or at risk for nonunion. LIPUS also 
appears to be an option for nonunions in patients who are 
high risk for surgery. 

ELECTRICAL AND ELECTROMAGNETIC 
STIMULATION
Improvements in electrical and electromagnetic bone 
growth stimulators continue to progress. External electrical 

 

A

C D

B

FIGURE 59.15 Amputation in treatment of nonunion. A, Clinical photo showing gross puru-
lence associated with infected distal femoral nonunion. B and C, Radiographs of distal femoral 
nonunion. D, Clinical photo during above-knee amputation.
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stimulation is especially advantageous in infected nonunion 
management or when surgical intervention is contraindi-
cated. Four electrical and electromagnetic methods are avail-
able for the treatment of nonunions (direct current, capacitive 
coupling, pulsed electromagnetic field, combined magnetic 
fields). These methods can be invasive (direct current), requir-
ing the implantation of electrodes, and time-consuming. Use 
of capacitive coupling and pulsed electromagnetic field stim-
ulation require 8 to 24 hours of use per day, and compliance 
may be an issue. 

EXTRACORPOREAL SHOCK-WAVE 
THERAPY
Extracorporeal shock-wave therapy is another nonoperative 
option for nonunion treatment. Although there appear to be 
more contraindications with this method of fracture augmen-
tation compared with ultrasound and electrical and electro-
magnetic stimulation, the efficacy in treatment of nonunions 
has been reported to be above 75% with just one treatment. 

FACTORS COMPLICATING 
NONUNION
Nonunions may be complicated by infection, deformity, 
shortening, and segmental bone loss.

INFECTION
Considerable judgment is required to treat infected non-
unions. Even when infection is not suspected based on the 
preoperative laboratory workup, intraoperative cultures 
should be obtained in every nonunion that has initially been 
managed with surgical treatment. Patients with “surprise 
positive cultures” (unexpected positive intraoperative cul-
tures after negative preoperative workup) have a much lower 
incidence of successful nonunion treatment in terms of both 
union and recurrent infection. Classically, two entirely dif-
ferent approaches of treatment have been employed most 
often for this difficult problem. The first is the conventional, 
or classic, method used for many decades. The second is the 
active method. One or the other of these methods can be per-
formed wholly or in part, depending on the circumstances 
in a given patient and the judgment of the surgeon. The two 
are described separately here, but the surgeon often uses parts 
of each in a single patient. The Ilizarov method is another 
method of treating infected nonunions that has similarities to 
the conventional and the active methods. The status of bone 
involvement (medullary, superficial, localized, and diffuse) 
and host competency help the surgeon decide on the poten-
tial healing of infected bone. The gold standard for diagnosis 
of infection has been multiple direct cultures of the fracture 
site (not the skin or sinus tract). A report, however, has ques-
tioned the sensitivity of cultures in the diagnosis of infection 
in nonunion treatment. The diagnosis of infection is dis-
cussed more in Chapter 20.

CONVENTIONAL TREATMENT
The objectives of the conventional method are to convert an 
infected and draining nonunion into one that has not drained 
for several months and to promote healing of the nonunion 
by bone grafting. This method of treatment often requires 
a prolonged period of time and many potential operations. 

Debridement is performed with removal of all foreign, 
infected, or devitalized materials to provide a vascular bed. 
Providing some element of stabilization is considered at this 
point with appropriate coverage provided by the plastic sur-
gery team. Infections can be controlled more easily when 
robust, highly vascular soft tissue is used to cover the frac-
ture, especially with infected nonunions of the tibia. External 
fixation may initially be most appropriate. Antibiotics are 
used systemically and are based on intraoperative cultures. 
Bone grafting is deferred until the soft tissues have completely 
healed and become stabilized. In some patients, the fracture 
may unite and bone grafting becomes unnecessary.

When the clinical signs of infection have subsided, the 
soft tissues over the bone are good, and when nonunion per-
sists, bone grafting is considered. There may never be a per-
fect time to graft the nonunion because whether an infection 
has been completely eradicated or is merely quiescent cannot 
be determined for sure, but a time must be selected or con-
ventional treatment abandoned. The character and duration 
of the infection, the time of the last drainage, and the general 
condition of the extremity all must be considered.

When an infection has been active chiefly in the soft tis-
sues or around sequestra, the risk of reactivating it by sur-
gery is much less than when it has involved the cortex and 
medullary canal. When the infection has been prolonged 
and destructive, all the surrounding structures are presumed 
to have been deeply penetrated, and a dormant infection is 
likely. Bacteria can lie dormant for years, only to become 
active again after surgery or some other trauma. This dan-
ger is inherent in the treatment of infected nonunions and 
must be accepted. The use of antibiotics before and after sur-
gery has reduced the danger because they can often control 
an infection within the limits of a vascular area, but they can-
not be expected to sterilize an avascular area that they can-
not penetrate. Reconstructive operations usually should be 
delayed until at least 6 months after all signs of infection have 
disappeared.

Controlling infection before attempting bone grafting 
always has been a sound clinical principle in the conventional 
treatment of nonunions. There are exceptions to this princi-
ple, however, especially in the tibia. Successful bone grafting 
in tibial nonunions, even in the presence of draining sinuses, 
has been reported. In sequestration or gross infection, the 
bone is saucerized through an anterior approach, the incision 
is closed or the wound is covered, and the infection is treated 
with antibiotics.

In treating the tibial nonunion itself, the anterior aspect 
of the tibia is avoided because the draining sinuses and 
poor skin usually are located here. The tibia is traditionally 
approached posterolaterally. The posterior aspect of the tibia 
(or the tibia and fibula) is decorticated proximal and distal 
to the nonunion. The entire area is grafted with autogenous 
cancellous iliac crest. The nonunion itself is not exposed; it 
is hoped that the grafted area will not communicate directly 
with the infected area. 

ACTIVE TREATMENT
The objective of the active method is to obtain bony union 
early and shorten the period of convalescence and preserve 
motion in the adjacent joints. Judet and Patel and Weber and 
Cech described this method, and much of the following is 
taken from their reports.
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The first step is restoration of bony continuity. This 
takes absolute priority over treatment of the infection. The 
nonunion is exposed through the old scar and sinuses. The 
ends of the fragments are decorticated subperiosteally, 
forming many small osteoperiosteal fragments; any grafts 
that become detached are discarded. Next, all devitalized 
and infected bone and soft tissues are removed. Then the 
fragments are aligned and stabilized, usually by an exter-
nal fixation device. Compression is applied across the non-
union if possible. Autogenous cancellous bone grafts can 
be inserted. Internal fixation with a plate is used only when 
drainage has ceased, and then the approach is away from 
the area of old drainage, or when no other method of fixa-
tion is possible and the infection is mild. When the fracture 
already has been firmly fixed with a plate or intramedullary 
nail, the fixation is not disturbed, and the operation is done 
as described except decortication is omitted when an intra-
medullary nail has been used. The wound is then closed, and 
systemic antibiotics are administered based on intraopera-
tive cultures.

If necessary for union, a second decortication with or 
without the addition of autogenous cancellous graft is per-
formed. After the nonunion has healed, any residual seques-
tra are removed, and split-thickness skin grafts are applied 
to any remaining defect in the skin. Satisfactory results have 
been reported with this method of treatment with or with-
out cancellous grafts, with success rates ranging from 83% to 
98%. 

POLYMETHYL METHACRYLATE ANTIBIOTIC 
BEADS
Antibiotic-impregnated polymethyl methacrylate (PMMA) 
beads can be used to treat infected nonunions. Thonse and 
Conway found that Palacos (Zimmer, Warsaw, IN) cement 
was superior in elution to Simplex (Stryker, Mahwah, NJ). 
Heat-stable antibiotics, such as tobramycin and gentamicin, 
can be mixed with PMMA and used locally to achieve 200 
times the antibiotic concentration achieved with intravenous 
administration. The use of antibiotic-impregnated PMMA 
beads in conjunction with debridement in the management 
of infected nonunions was shown in one study to be more 
effective in treatment than systemic antibiotics. Placement of 
a PMMA spacer is another option that has the ability to pro-
vide some stability in an osseous defect situation. The body’s 
reaction to PMMA beads or a spacer leaves a bioactive mem-
brane, Masquelet membrane (Fig. 59.16). The use of cancel-
lous bone graft to deliver antibiotics to infected nonunion 
sites has been described in a limited number of patients with 
satisfactory results; however, the optimal ratio of antibiotic to 
cancellous graft is not known. 

DEFORMITY, SHORTENING, AND 
SEGMENTAL BONE LOSS

ILIZAROV METHOD
According to Ilizarov, to eliminate infection and obtain 
union, vascularity must be increased. Three basic modes of 
application exist for the Ilizarov frame: (1) monofocal, (2) 
bifocal, and (3) trifocal (Box 59.1). The Ilizarov frame allows 
multiple modes of treatment, including compression, dis-
traction, lengthening, and bone transport. In the Ilizarov 
approach, vascularity is increased by corticotomy and 
application of a circular external fixator. Although infected 

nonunions frequently have been successfully treated without 
debridement, some authors recommend open debridement 
to remove necrotic and infected segments, followed by bone 
transport into the region and soft-tissue coverage. One study 
advocated segmental excision of the nonunion site followed 
by distraction osteogenesis. Catagni recommended compres-
sion for hypertrophic nonunions with minimal infection and 
no sequestered bone to increase formation of repair callus 
and vascularity. Monofocal compression also can be used for 
infected hypertrophic nonunions with deformity. For atro-
phic nonunions with diffuse infection or sequestered bone, 
open resection of the infected segment is performed and bifo-
cal compression is used. If skin quality is poor, the bone is 
stabilized with the external fixator after resection of necrotic 
bone. When skin conditions improve and the infection has 
regressed, corticotomy is performed and bifocal compression 
(Fig. 59.17) is applied.

Combinations of several of the methods described for 
infection can be used for treatment of the separate com-
ponents of a complex nonunion, but the Ilizarov method 
allows simultaneous treatment of all components, including 

 FIGURE 59.16 Masquelet technique. Clinical photo showing 
membrane formed around polymethyl methacrylate spacer.

Modes of Treatment With Circular External 
Fixation

Monofocal
 n  Compression
 n  Sequential distraction-compression
 n  Distraction
 n  Sequential compression-distraction 

Bifocal
 n  Compression-distraction lengthening
 n  Distraction-compression transport (bone transport) 

Trifocal
 n  Various combinations

 BOX 59.1 
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angular, rotary, and translational deformities; shortening; 
and segmental bone loss. Although dramatic results can be 
obtained, this method is technically demanding and requires 
thorough training and experience. It is recommended that 
only surgeons knowledgeable in its biologic basis and the 
techniques required for its safe, effective application use this 
method.

Deformities of 10 or 15 degrees can be corrected imme-
diately by frame application; larger deformities should be cor-
rected gradually. Hypertrophic nonunions can be treated by 
gradual correction of the deformity, followed by compression. 
Atrophic nonunions with shortening can be treated by com-
pression at the nonunion accompanied by a corticotomy in 
the metaphyseal region of the same bone and gradual length-
ening through the corticotomy. Ilizarov showed marked 
hypervascularity of the limb and bone after corticotomy and 
gradual distraction. Conceivably, the corticotomy provides 
some of the same biologic benefits as a bone graft. Nonunions 
with segmental bone loss can be treated by corticotomy and 
gradual transport of a fragment. The leading edge of this 
transported fragment frequently requires bone grafting at the 
time of arrival to the principal fragment. Depending on the 
size of the defect and the anticipated time to docking, bone 
grafting can be performed at the time of frame application or 
just before docking if necessary.

The sequence of correction of complex deformities, 
including shortening, rotation, angulation, translation, or a 
combination of one or more, varies, but generally length must 
be reestablished before other deformities can be corrected. 
It sometimes is difficult to evaluate malrotation when major 
angulation and translation deformities are present, and its cor-
rection may be best left until last. If rotation is corrected last, 
the frame must be mounted carefully, with the bone centered 
within the frame; otherwise, translation of one bone fragment 
would occur during final rotation and would require an addi-
tional step of translation to reestablish full apposition. Some 
complex deformities can be resolved with a simple hinge, and 
some simple deformities can be best treated with more com-
plex constructs. The maximal velocity of bone or soft-tissue 
elongation is approximately 1 mm every 24 hours. During 
the correction of a complex deformity, the structures being 
lengthened most may change during the treatment, and the 
structure at greatest risk during any phase of treatment must 
be appreciated and monitored.

The Ilizarov frame can be constructed to provide com-
pression or distraction or both, and careful preoperative eval-
uation of deformities allows assembly of the proper frame 
before surgery. True anteroposterior and lateral views of 
the limb are necessary. The importance of these orthogonal 
views cannot be overemphasized because these films are used 
to characterize completely the plane and extent of angula-
tion and translational deformities and, along with preopera-
tive sizing of the limb, to determine correct ring diameter to 
allow frame construction before surgery. First, the plane and 
the extent of deformity in this plane are determined. Next, 
the type of hinge or linkage frame necessary to correct the 
deformity (e.g., opening wedge or distraction hinge) is deter-
mined. Finally, the exact locations of the hinges or linkages 
are determined. 

TAYLOR SPATIAL FRAME METHOD
The more contemporary Taylor Spatial Frame fine-wire exter-
nal fixator has simplified deformity correction through utili-
zation of a computer program. The computer program and 
virtual hinge assists with determining the exact position of 
wires or pins, hinges, and linkages in the correction of com-
plex deformities. Struts can be manipulated daily by patients 
until deformity is corrected. This fixator is especially useful in 
treating hypertrophic nonunions and nonunions associated 
with infection, soft-tissue compromise, bone loss, and leg-
length discrepancy. Several authors have reported its success-
ful use in infected and noninfected nonunions. Application of 
the spatial frame is described in Chapter 54. 

CORTICOTOMY
To lengthen a bone, a special type of percutaneous osteotomy, 
or corticotomy, is required (Fig. 59.18). Paley et al. described 
an effective method of corticotomy in which a 5 mm osteo-
tome is used to cut the medial and lateral cortices, extend-
ing subperiosteally into the posteromedial and posterolateral 
corners. The osteotome is turned 90 degrees to wedge open 
the incomplete osteotomy and to crack the remaining pos-
terior cortex. This maneuver is repeated with the osteotome 
in the posteromedial and posterolateral cortices. The fixator 
rings above and below can be rotated to complete the osteo-
clasis. The corticotomy preserves the soft tissue inside and 
outside the bone (the periosteal and endosteal circulation). 
On a radiograph, the corticotomy should appear as a nondis-
placed osteotomy. 

NONUNION OF SPECIFIC BONES
TIBIA
The tibia is the most common bone to proceed to nonunion. 
Nonunions are estimated to occur after 2% to 15% of all tib-
ial fractures. The development of a tibial nonunion is closely 
related to the type and severity of the injury, but other factors 
may play a role, such as degree of fracture comminution, open 
fracture, degree of soft-tissue injury, medical comorbidities, 
and patient lifestyle (tobacco use, nutritional status, medica-
tions). Subsequent complications, such as infection or com-
partment syndrome, also may affect healing of the fracture. 
Infection rates as high as 24% have been reported in open tibial 
fractures. In a large recent study of open tibial fractures, deep 
infection was found to be an overwhelming predictor of frac-
ture nonunion (OR = 12.75). Other predictors of nonunion 

 FIGURE 59.17 Bifocal treatment with Ilizarov fixator after 
debridement of necrotic bone and corticotomy.
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included soft-tissue wounds (Gustilo and Anderson type 
IIIA open fractures, OR = 2.49) and smoking (OR = 1.73). 
Investigators continue to try to identify patient, injury, and 
treatment factors that may predict subsequent nonunion.

MEDIAL MALLEOLUS
A fracture of the medial malleolus occasionally fails to unite, 
usually after closed treatment. Surgery may be indicated for 
the few nonunions in which other serious complications of 

the fracture, such as posttraumatic arthrosis, are not seen on 
radiographs. The technique usually includes excision of the 
nonunion, application of autogenous bone grafts, and inter-
nal fixation of the malleolar fragment. When the nonunion 
is painful, it can be surgically managed in the following ways. 
When the bone adjacent to the nonunion is sclerotic or has 
been absorbed, and the proximal part of the malleolus is large 
enough to preserve the ankle mortise, resecting the ununited 
distal fragment is preferable to bone grafting (Fig. 59.19). 
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Medial cortex

Posterior view

Lateral cortex
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FIGURE 59.18 Corticotomy (Paley). A, Skin incision of 1.5 cm with periosteal elevation. B, 
Osteotome is twisted transversely to cut groove in anterior cortex only. C, Anterior groove is cut 
to, but not through, medullary cavity. D, Periosteum is elevated laterally, and lateral cortex is 
cut with 5-mm osteotome to and through posterolateral corner. E, Anteromedial periosteum is 
elevated, and medial cortex is cut. F, Osteotome is twisted 90 degrees in posteromedial cortex to 
crack it and is inserted in posterolateral cortex and twisted. G, Osteoclasis is completed by gentle 
controlled external rotation of fixator rings.
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When the fragment is larger, bone grafting and stabilization 
usually are indicated. Bicortical lag screws probably are indi-
cated; they have been shown to be more stable and less likely 
to be associated with nonunion. 

 

RESECTION OF THE DISTAL FRAGMENT 
OF THE MEDIAL MALLEOLUS

 TECHNIQUE 59.4 

 n  Make a medial longitudinal incision 5 cm long over the 
malleolus and divide the periosteum and deltoid ligament 
in line with the skin incision.

 n  By sharp and blunt subperiosteal dissection, but without 
cutting the periosteum in a transverse direction or cutting 
the posterior tibial tendon, remove the distal fragment of 
the malleolus.

 n  Close the wound.

POSTOPERATIVE CARE Weight bearing in a three-di-
mensional boot or ankle corset can be started in 3 weeks.
   

 

SLIDING GRAFT

 TECHNIQUE 59.5 

 n  Expose the nonunion through an anteromedial curved 
incision 10 cm long.

 n  Reflect the periosteum anteriorly and posteriorly and re-
move the fibrous tissue from the nonunion; freshen the 
ends of the fragments, but remove no bone from their 
deeper edges; with a curet, carefully hollow out the distal 
fragment.

 n  Beginning at the nonunion and using a motor saw, re-
move a graft about 4 cm long and 1 cm wide from the 
proximal fragment.

 n  Displace the graft distally across the nonunion into the 
distal fragment; hold this fragment in its normal position, 
and transfix the fragments and the graft with a screw (Fig. 
59.20).

 n  Check the position of the graft, the screw, and the frag-
ments with radiographs.

 n  Place cancellous chips around the graft and close the 
wound.

POSTOPERATIVE CARE A short leg splint is initially 
applied. At 2 weeks, the sutures are removed and a 
walking cast is applied. Partial weight bearing is al-
lowed during the next 2 weeks, and full weight bearing 
is allowed thereafter. The cast is discarded when radio-
graphs show that the nonunion has healed, usually at 
8 to 10 weeks.
   

 

A B

FIGURE 59.19 Resection of medial malleolus. A, Persistent 
nonunion of medial malleolus. B, Seven years after resection of 
medial malleolus. Ankle is stable, although mild arthritic changes 
are becoming evident. This is maximal amount of medial malleolus 
that can be removed if stability of ankle is to be preserved.

 

FIGURE 59.20 Nonunion of medial malleolus treated by sliding 
graft. SEE TECHNIQUE 59.5.

    

https://booksmedicos.org


CHAPTER 59 DELAYED UNION AND NONUNION OF FRACTURES 3211

 

10-cm medial
          incision

Square of
bone removed
from tibia

Cancellous bone
from shaft
packed into
defect

Shaft side of wedge
made concave

Edges of fracture
freshened in shape
of wedge, leaving
articular surface intact

FIGURE 59.21 Technique for grafting nonunion of medial malleolus. SEE TECHNIQUE 59.6.

 

BONE GRAFT OF MEDIAL MALLEOLAR 
NONUNION

 TECHNIQUE 59.6 Figure 59.21

(BANKS)
 n  Expose the nonunion through a medial longitudinal inci-

sion. The incision should be long enough to obtain graft. 
Prepare the nonunion site and place the hardware.

 n  Debride the nonunion surfaces by removing devitalized 
bone. A wedge-shaped defect with its apex at the articu-
lar surface of the ankle may be created; avoid damage to 
the articular surface.

 n  Restore the fragment to its anatomic position and provi-
sionally stabilize.

 n  Make a window in the tibial metaphysis at the proximal 
end of the wound by removing a square piece of cortex. 
Alternatively, a round trephine can be used to access the 
tibial metaphysis.

 n  Fill the defect at the nonunion with cancellous bone ob-
tained through the square or round window.

 n  Stabilize the medial malleolus with 3.5-mm cortical 
screws. Screws should be bicortical and can be placed in 
lag fashion if they are not used as position screws, if the 
defect is not excessively large, and when overcompression 
is not a concern.

 n  Replace the piece of cortex and close the wound.

POSTOPERATIVE CARE Postoperative care is the same 
as in Technique 59.5.
  

TIBIAL SHAFT
Many treatment methods have been highly successful in 
obtaining union of tibial shaft nonunions. Because the 
tibia is a weight-bearing bone and its length and alignment 
are important to function of the knee and ankle, simply 
obtaining union may not result in a satisfactorily function-
ing extremity. Plating, intramedullary nails, and external 
fixation can all be successful if chosen for the appropriate 
situation.

The technique selected depends on many variables, 
including whether the nonunion is hypervascular or avas-
cular, and whether or not the alignment of the fragments 
is satisfactory. For nonunions with bony defects, infection, 
or deformity, an extensive procedure may be necessary. In 
hypertrophic nonunions, the bone ends have the capacity 
to unite. In this situation, fixation with a compression plate, 
intramedullary nail, or external fixator usually is all that is 
necessary. Bone grafting usually is not necessary for hypertro-
phic nonunions. Bone grafting is considered in hypertrophic 
nonunions if an open approach is being performed for reduc-
tion or stabilization (plating), a defect exists, or the patient is 
a poor host (has several risk factors for nonunion). In atro-
phic nonunions, fixation is supplemented by decortication of 
the bone ends and bone grafting. In recalcitrant cases of tibial 
nonunion, debate still exists on optimal treatment.
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FIGURE 59.22 Posterolateral bone grafting. Tibia and fibula 
have been approached posterolaterally. Posterior aspect of tibia 
(or tibia and fibula) is decorticated and grafted with autogenous 
iliac bone (not shown). SEE TECHNIQUE 59.7.

ROLE OF THE FIBULA IN TIBIAL NONUNION 
TREATMENT
In all tibial nonunions, the fibula must be considered. When the 
fibula and the tibia are fractured, the fibula almost always heals 
first and may become a load-sharing structure that decreases 
axial loading across the tibia. When it is not fractured, the 
fibula may prevent close apposition of tibial fragments and 
prevent full axial loading of the tibia. Partial fibulectomy has 
been described in the past to promote union. We almost never 
perform fibulectomy in isolation, but it is important to evalu-
ate the fibula, particularly in patients with tibial nonunions for 
which dynamization or exchange nailing is being considered.

The surgical technique is simple, and complications are 
rare. The full-thickness segment removed from the fibula 
should be approximately 2 to 2.5 cm long; removal of a smaller 
segment may allow healing of the fibula before the tibia unites. 

 

POSTEROLATERAL BONE GRAFTING
Posterolateral bone grafting (Fig. 59.22) has most often been 
recommended for tibial fractures with infection or extensive 
bone loss. Reported rates of union after this procedure range 
from 80% to 97%, with an average time to union of 5 to 7 
months. A more contemporary study reported a 74% union 
rate in the treatment of established tibial nonunions with pos-
terolateral bone grafting using various combinations of bone 
graft. The main advantage of posterolateral grafting is that it is a 
single, nondestructive procedure with a high degree of success.

 TECHNIQUE 59.7 

 n  With the patient prone and a tourniquet inflated, make a 
longitudinal incision 1 to 2 cm posterior to the fibula and 
parallel to it. The length of the incision is determined by 
the amount of exposure required; expose 4 to 5 cm of 
bone above and below the nonunion.

 n  Divide the subcutaneous tissue and identify the deep 
fascial plane between the gastrocnemius-soleus muscle 
group and the peroneal muscles.

 n  Reflect the fibular origins of the flexor hallucis longus and 
soleus subperiosteally and reflect the origin of the poste-
rior tibial muscle from the interosseous membrane.

 n  Expose the tibia by dissecting the remainder of the pos-
terior tibial origin and the flexor hallucis longus from the 
fibula.

 n  Retract the posterior tibial artery and vein medially in the 
muscle mass, but do not expose them. Do not disturb the 
fibrous union or penetrate the interosseous membrane.

 n  With an osteotome, decorticate the tibia proximal and 
distal to the nonunion site.

 n  Next decorticate the medial side of the fibula.
 n  Obtain and place autogenous cancellous graft over the 

bone surfaces and interosseous membrane.
 n  Confirm graft placement with a radiograph made with 

the leg in 30 degrees of internal rotation.
 n  Loosely reapproximate the deep fascia over the muscle 

with a few interrupted sutures to hold the graft in place 
and close the skin in a routine manner. Apply a compres-
sion dressing.

POSTOPERATIVE CARE The dressing is removed 
when swelling subsides, usually within 3 days. Weight 
bearing depends on the stability of the nonunion and 
the fixation in place. For most patients, weight bearing 
is initially restricted and advanced with signs of con-
solidation.
   

 

ANTERIOR CENTRAL BONE GRAFTING
Ryzewicz et al. reported a retrospective review of 24 
patients who had central bone grafting using the interval 
between the anterior compartment (extensor digitorum) 
and the lateral compartment (peroneals), creating a synos-
tosis between the fibula and tibia. Fracture union occurred 
in 23 of 24 patients, and this approach was found to pro-
mote faster healing and require fewer operations than 
the posterolateral approach. Anterior central bone graft-
ing (Fig. 59.23) may be a good alternative based on prior 
incisions and when soft tissues preclude a posterolateral 
approach.

 TECHNIQUE 59.8 

 n  Place the patient supine. Prepare the extremity and the 
ipsilateral iliac crest and apply a tourniquet.

 n  Make an incision just anterior to the fibula and develop 
the plane between the peroneal tendons and extensor 
digitorum. Take care to avoid the superficial peroneal 
nerve.

 n  Bluntly elevate the anterior compartment off the inter-
muscular septum.

 n  Elevate the periosteum of the tibia anteriorly as the tibia is 
decorticated proximally and distally to the nonunion site.
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central space, anterior
to the interosseous
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FIGURE 59.23 Central bone grafting. Cross-section through the 
mid-tibia, showing interval for approach and fibular decortication. 
Osteoperiosteal flap has been raised posteriorly off lateral aspect 
of the tibia, and the interosseous membrane is detached from the 
fibula, creating central space for graft placement.  (Redrawn from 
Ryzewicz M, Morgan SJ, Lindford E, et al: Central bone graft for nonunion 
of fractures of the tibia. A retrospective series, J Bone Joint Surg 91B:522, 
2009. Copyright British Editorial Society of Bone and Joint Surgery.)

 n  Continue the decortication posteriorly, detaching the in-
terosseous membrane and elevating it as one layer with 
the periosteum from the tibia.

 n  Decorticate the medial aspect of the fibula.
 n  Leave the nonunion site undisturbed unless sequestrum 

or synovial pseudoarthrosis is present or alignment needs 
to be corrected.

 n  Place autogenous cancellous graft in this “central space.”

POSTOPERATIVE CARE Postoperative care is the same 
as for posterolateral bone grafting.
   

 

PERCUTANEOUS BONE MARROW 
INJECTION
The use of bone marrow in treating a variety of diseases has 
led to its consideration in the treatment of nonunions. Per-
cutaneous bone marrow injection is a simpler method of 
performing autologous bone grafting with less morbidity than 
standard techniques. It is not, however, a substitute for ade-
quate stabilization of the fracture. Casting, bracing, plating, 
intramedullary nailing, or external fixation should be used if 
needed for stability. An 80% union rate has been reported 
using marrow injections. This technique has been shown to 
be the most effective in the treatment of delayed union to 
prevent the development of nonunion. Kettunen et al. found 

percutaneous bone marrow grafting to be as effective as open 
techniques, with many advantages over open procedures, 
including decreased donor site morbidity and decreased cost.

Hernigou et al. reported that hematopoietic stem cells 
are pluripotent and are able to differentiate; however, 
the number of pluripotent cells is decreased in patients 
who use tobacco, alcohol, or steroids. Spinning down the 
donor sample will increase the number of pluripotent cells 
(located in the buffy coat). They have demonstrated that 
success is dependent on the number (concentration) of 
stem cells available for injection.

Brinker et al. reported a series evaluating unprocessed 
or nonconcentrated marrow (BMA) grafting in the treat-
ment of distal tibial metadiaphyseal delayed unions or 
nonunions initially treated with plate fixation. Patients 
were treated with concentrated marrow grafting and nine 
of 11 healed. The role of concentrating the marrow (bone 
marrow aspirate concentrate, BMAC) is still not completely 
defined. Concentration certainly adds time and expense to 
the procedure. There are currently no large randomized 
trials evaluating the efficacy of BMA and BMAC.

 TECHNIQUE 59.9 

(CONNOLLY ET AL., BRINKER ET AL.)
 n  Aspiration and injection usually are performed with the 

patient under general anesthesia.
 n  Place the patient prone on the operating table (also may 

be performed supine with harvest from the anterior iliac 
crest).

 n  Make a small (2 to 3 mm) incision over the crest and insert 
a marrow aspiration needle (11 to 16 gauge) into multiple 
areas of the iliac crest.

 n  Obtain a minimum of 40 mL up to 150 mL of marrow. 
Marrow should be harvested in small (<5 mL) aliquots.

 n  To avoid clotting, use a heparinized syringe.
 n  Under image intensification, localize placement of an 

18-gauge needle; first use a needle to create microtrauma 
at the nonunion site; then inject marrow into the site of 
nonunion or delayed union. The bone or muscle junction 
also can be injected as this area tends to be well vascularized.
  

INTERNAL FIXATION
The advantages of internal fixation are its ability to correct 
deformity and to promote healing of a nonunion. The use of 
internal fixation and the device used depend on the amount 
of deformity to be corrected, the size of the fracture gap, the 
presence of infection, and the vascularity of the fragments.

Closed reamed intramedullary nailing is the procedure 
of choice for tibial nonunions. Appropriate locking, static or 
dynamic or none, continues to be debated, as does the role 
of an associated fibular osteotomy or fibulectomy. If per-
formed closed, the periosteal blood supply is increased, and 
reaming may add graft to the endosteal surface and stimulate 
union. Caution should be exercised if external fixation was 
initially used for a significant length of time. An increased 
risk of infection after the use of external fixation pins longer 
than 2 weeks has been reported with reamed intramedullary 
nailing. One also should consider other treatment options if 
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FIGURE 59.24 Fibulectomy with exchange intramedullary nailing. A, Anteroposterior radio-
graph of a nonunion 64 months after tibial fracture and 26 months after exchange nailing. Distal 
interlocking screws are broken, and fibula has significant bowing (arrow). B, Axial loading was 
sufficient to break the screws. The bowed fibula may have provided a distraction force similar to 
force a bowed pole provides to lift a pole vaulter, which may have contributed to failure of the 
fracture to heal. C, Six months after exchange nailing and partial fibulectomy the patient had a 
solid bony union. Arrows indicate that partial fibulectomy removed the distraction force, allowing 
compression across the construct.  (From Swanson EA, Garrard EC, O’Connor DP, Brinker MR: Results of 
a systematic approach to exchange nailing for the treatment of aseptic tibial nonunions, J Orthop Trauma 
29:28, 2015.)

the fracture was previously infected or use methods (antibi-
otic nail) to eradicate the infection before proceeding with 
intramedullary nailing. Closed intramedullary nailing is best 
reserved for treatment of closed fractures treated by casting 
and in which the medullary canals are still in close prox-
imity. Otherwise, in the case of a bayonet alignment, open 
reduction of the fracture is necessary. Reamed nailing can be 
used in most diaphyseal nonunions with high union rates. 
The technique of reamed intramedullary nailing is covered 
in Chapter 53. When using intramedullary nailing for non-
unions, a pseudarthrosis chisel should be available.

Tibial fractures that do not unite after initial intramedul-
lary nailing may be treated successfully with exchange intra-
medullary nailing. Swanson et al. reported a 98% union rate 
with exchange intramedullary nailing for aseptic tibial non-
unions that had at least 50% cortical apposition. All types of 
aseptic nonunions were included: atrophic (four) and oligo-
trophic (25). A fibulectomy was performed in four patients 
when the fibula was thought to be preventing maximal axial 
compression at the tibial nonunion site (Fig. 59.24). Four 
patients underwent subsequent dynamization. Union for the 

entire cohort occurred at a mean of 4.8 months. Endocrine 
or metabolic abnormalities were sought and treated per the 
senior author’s protocol. 

 

TIBIAL EXCHANGE NAILING

 TECHNIQUE 59.10 

 n  Position the patient supine.
 n  Remove the current intramedullary nail.
 n  Perform fibulectomy if indicated (if fibula appears to be 

experiencing axial stress and “bowing” as seen on preop-
erative radiographs); remove approximately 2 to 2.5 cm 
of fibula.

 n  Correct any tibial deformity.
 n  Progressively ream the tibia in an attempt to place an in-

tramedullary nail that is at least 2 mm larger than previous 
nail.
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 n  Ream 1 mm larger than the intramedullary nail to be 
placed. (Consider placing a different manufacturer’s in-
tramedullary nail to get novel interlocking options.)

 n  Lock the nail distally first.
 n  Compress across the nonunion site by either “backslap-

ping” a distally locked nail or using the nail’s internal 
compression device.

 n  In proximal or distal fractures, add additional interlocking 
screws in the short segment as the nail allows. Also con-
sider placing blocking screws around the nail to increase 
stability in the short proximal or distal segment.

POSTOPERATIVE CARE Ankle and knee motion are al-
lowed immediately after surgery. Ambulation is allowed, 
and full weight bearing is encouraged.
  

PLATE FIXATION
Plate fixation, particularly applied to the tension (convex) 
side, may achieve healing through compression in tibial non-
unions. Satisfactory reduction is achieved, and the fracture is 
sufficiently exposed so that a bone graft can be added. Care 
should be taken, however, not to devascularize the tibia any 
more than necessary. Interfragmentary lag screw technique 
should be used when possible. The plate should be con-
toured to the bone, rather than excessively debriding bone 
and callus to allow placement of a straight plate. Infection 
and implant failure remain the largest risks associated with 
this technique, and it probably should not be performed in 
patients who have had infections. Locking plates or blade 
plates can be useful when the distal fragment is very small 
or osteoporotic. 

EXTERNAL FIXATION
Because of the frequency of infection in tibial nonunions, 
external fixation is an attractive option. The application of 
an external fixator does not disturb the fracture site because 
it is applied percutaneously. External fixation allows cor-
rection of multiple deformities and bridging of large frac-
ture gaps by bone transport techniques. Healing has been 
reported in 94% of nonunions with the use of dynamic 
axial external fixation, and high rates of union have been 
reported with the Ilizarov method, especially in complicated 
nonunions, and the Taylor Spatial Frame with bone grafting 
when necessary.

CT is helpful to determine if a tibial nonunion is pres-
ent. It is imperative to distinguish a delayed union, which 
may proceed to union without surgical intervention, from 
a nonunion, which requires surgical intervention to achieve 
healing. CT allows excellent evaluation of fracture heal-
ing, even when implants are present; however, it does have 
a low specificity (62%). The orthopaedic surgeon must 
keep in mind that even if the CT scan shows a nonunion, 
the fracture may be united. Sometimes this cannot be con-
firmed except by surgical exploration. Data from the Study 
to Prospectively Evaluate Reamed Intramedullary Nails in 
Patients with Tibial Fractures (SPRINT) trial suggest that 
many tibial fractures proceed to union without intervention, 
if given enough time. Investigation continues into identify-
ing factors that may predict nonunion and allow appropriate 
early treatment. 

DISTAL TIBIA
Multiple techniques have been used for the treatment of dis-
tal tibial nonunions. Haller et  al. reported union in seven 
of eight tibial pilon fractures treated with implant removal 
and intramedullary nailing. Bone grafting was not used. 
Arvesen et  al. reported a 94% union rate using the Taylor 
Spatial Frame circular fine-wire fixator for treatment of dis-
tal tibial nonunions, many associated with preoperative bony 
defects, deformity, and infection. Compression followed by 
distraction was used, and 70% of cases did not require bone 
grafting. 

FIBULA
LATERAL MALLEOLUS

Nonunions of the lateral malleolus rarely require treatment. 
Nonunions without displacement usually are asymptomatic; 
some eventually heal spontaneously. Nonunion of the lat-
eral malleolus in itself has not been found to cause traumatic 
arthritis or other abnormality and does not influence the final 
result in fractures of the ankle. 

FIBULAR SHAFT
Nonunion of the fibula in adults is rare. Asymptomatic or low-
demand patients can be treated with observation. However, 
symptomatic nonunions can be treated with internal fixation 
and bone grafting or partial fibulectomy (2 to 5 cm) centered 
over the nonunion site. A diagnostic injection of bupivacaine 
(Marcaine) under fluoroscopic guidance can be helpful in 
determining which patients will benefit from further inter-
vention for their nonunion. 

PATELLA
Nonunions of the patella are rare. When a fresh fracture is 
comminuted, excision of the fragments eliminates the possi-
bility of nonunion; when it is not comminuted, internal fixa-
tion usually results in union.

When the fragments of a nonunion are in good position, 
fibrous union may be compatible with satisfactory function; the 
severity of later arthritic changes is about proportional to the 
irregularity of the articular surface of the patella. When the frag-
ments are separated, partial or complete excision of the patella, 
as for a fresh fracture, is indicated. 

FEMUR
Femoral nonunions are much less common than in past years. 
Since the use of modern intramedullary nailing techniques, 
healing rates now approach 99% with closed shaft fractures. 
Since acute femoral fractures are almost exclusively treated 
operatively, nonunions of the femur invariably have some 
implant in place.

SUPRACONDYLAR AREA
Although rates of union approach 99% with intramedullary 
nailing of closed femoral shaft fractures, nonunion does con-
tinue to be a problem with supracondylar femoral fractures. 
When a nonunion occurs in the supracondylar area, union 
can be difficult to obtain. A short supracondylar fragment can 
be treated by one of the following methods.
 1.  Plating (distal femoral locking plate or blade plate). A 

medial plate may be added through a subvastus approach 
if significant comminution is present. Bone grafting is 
used in atrophic or oligotrophic nonunions.
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 2.  Intramedullary nailing. Technology has increased our 
ability to obtain stable distal fixation with retrograde 
nails. Intramedullary nailing also can be used in com-
bination with plating. Bone grafting is used in atrophic 
or oligotrophic nonunions. Attum et  al. reported 100% 
union rate in a small series of 10 distal femoral nonunions 
treated with a combination of intramedullary nailing, 
plating, and bone grafting using the RIA system.

 3.  Arthroplasty. Alternatively, total knee replacement with 
a tumor prosthesis (Fig. 59.25) can be considered. A 
potential advantage of arthroplasty is immediate weight 
bearing.

External fixation has a limited role in the treatment of supra-
condylar femoral nonunions. 

FEMORAL SHAFT
Risk factors for femoral nonunion after intramedullary nailing 
are open fracture, delay in weight bearing, and tobacco use. 
The treatment of nonunion with a statically locked intramed-
ullary nail in place is either bone grafting in situ, dynamiza-
tion of the nail by locking screw removal, or exchange nailing. 
Swanson et  al. recently reported a 100% union rate with 
exchange nailing (Fig. 59.26) of aseptic femoral nonunions. 
Seven of 50 fractures were atrophic. All exchange nails placed 
were at least 2 mm larger in diameter than the index nail. Six 
exchange nails were placed in the opposite direction (ante-
grade or retrograde) from the index procedure to increase sta-
bility in the smaller proximal or distal segment. Fourteen of 50 
patients underwent dynamization, and endocrine or metabolic 
abnormalities were sought and treated per the senior author’s 
protocol. The average time to union was 7 months. The tech-
nique for intramedullary nailing of femoral shaft fractures can 
be found in Chapter 54. A recent systematic review compared 
dynamization to exchange intramedullary nailing for delayed 
unions and nonunions of the femur. Exchange intramedul-
lary nailing was superior to dynamization for established 

nonunions (84.8% vs 66.4% success); however, dynamization 
was believed to have a role in delayed unions, with a success 
rate of 81.8%. No difference was found when comparing stati-
cally and dynamically locked exchange nailing.

Some authors have reported that exchange intramedul-
lary nailing may not be as effective in metaphyseal regions of 
the femur. Another technique that may be useful in the distal 
femoral metaphysis or metadiaphysis is plating over an intra-
medullary nail (Fig. 59.27). This technique can be combined 
with bone grafting as appropriate. Lai et al. recently reported 
92.3% success for plating around an intramedullary nail 
(compared with 60% with exchange nailing) in nonisthmic 
atrophic femoral nonunions. Decortication and bone grafting 
(ICBG) also were done in the plating group.

Historically, Judet and Patel reported excellent results of 
195 nonunions of the femoral shaft treated with decortication 
and internal fixation with plates and screws or intramedullary 
nails. When possible, compression was applied across the non-
union. In only a few was the decortication unsatisfactory, and 
in these, iliac cancellous or tibial cortical grafts were added. 
Union failed after one operation in only nine patients (4.6%).

Defects of the femur can be treated by intramedullary 
nailing with autogenous bone grafting. Protected weight 
bearing is continued until the graft has incorporated suffi-
ciently. Johnson and Urist reported excellent results with the 
use of a human bone morphogenetic protein and allograft for 
reconstruction of femoral nonunions. Large gaps also can be 
treated with the Ilizarov external fixator and internal bone 
transport. This technique may be most advantageous after 
thorough debridement when a septic nonunion is present. 

PERITROCHANTERIC AND SUBTROCHANTERIC 
REGION
Nonunions of the subtrochanteric region typically are treated 
by intramedullary nailing or blade plating. The technique 
for intramedullary nailing of subtrochanteric nonunions can 

 

A B C D

FIGURE 59.25 Treatment of distal femoral nonunion with arthroplasty. A and B, Radiographs 
of distal femoral nonunion. C and D, After treatment with arthroplasty using a tumor prosthesis.
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be found in Chapter 54. Alignment should be corrected as 
necessary. Bone grafting should be performed based on the 
nature of the nonunion. A blade plate (Fig. 59.28) also can 
be successful when used in this area along with bone grafting 
when indicated. 

FEMORAL NECK
Unfortunately, nonunions of the femoral neck still occur with 
an incidence of approximately 10% to 30%. Factors contribut-
ing to nonunions of the femoral neck include impaired vas-
cularity, inaccurate reduction, and loss of fixation. CT with 
reconstructions can be helpful in the diagnosis of nonunion.

The appropriate treatment depends on several factors, 
including the physiologic age of the patient, the viability of 

the femoral head, the amount of resorption of the femoral 
neck, and the duration of the nonunion. Most patients with 
femoral nonunions are older than 60 years of age and may be 
poor surgical candidates, and extreme osteoporosis decreases 
the efficiency of any internal fixation. In long-standing non-
unions, muscle contractures may prevent adequate lengthen-
ing, and the acetabular cartilage may be severely damaged.

Success has been reported with free vascularized fibu-
lar bone grafting in nonunions of femoral neck fractures in 
patients younger than 50 years old. Significant preoperative 
femoral neck shortening has been shown to compromise 
the success of this technique. Vascularized fibular grafting is 
highly demanding, however, and is done only at a few select 
centers throughout the United States.

 

A

C DD E

B

FIGURE 59.26 Exchange intramedullary nailing of the femur. A, Radiograph of femoral 
nonunion. B, Distal interlocking screw breakage. C to E, Treatment with exchange nailing.
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In general, operations for nonunions of the femoral neck 
can be grouped into three general classes: (1) valgus intertro-
chanteric osteotomy, (2) prosthetic replacement (hemiarthro-
plasty or total hip arthroplasty), and (3) arthrodesis.

Some general guidelines are as follows:
 1.  In adults younger than 60 years old, nonunions in which 

the femoral head is viable can be treated by valgus inter-
trochanteric osteotomy (Fig. 59.29). This technique con-
verts shear forces to compressive forces at the fracture site.

 2.  In children and in young adults, nonunions in which 
the femoral head is not viable may be treated with an 
arthrodesis. With increasing frequency, young adults are 
being treated with arthroplasty.

 3.  In adults, nonunions in which the femoral head is not 
viable can be treated with arthroplasty or arthrodesis, 

depending on the circumstances in the given patient and on 
the experience and preference of the surgeon. Arthrodesis, 
although being performed less and less frequently, still has 
some role in patients who are not candidates for arthro-
plasty. In patients older than 60 years, nonunions, regard-
less of the viability of the femoral head, usually are treated 
with a hemiarthroplasty or a total hip arthroplasty.

OSTEOTOMY
Valgus intertrochanteric osteotomy is an angulation oste-
otomy made through or just distal to the lesser trochanter. 
The mechanical advantage of an angulation osteotomy is 
that shear forces at the fracture are converted to compres-
sion forces, hopefully promoting an environment for union. 
A serious disadvantage is produced, however, if the femoral 

 

A B

C D

FIGURE 59.27 Treatment of femoral metadiaphyseal nonunion with combination of nailing and 
plating. A and B, Radiographs of femoral metadiaphyseal nonunion after retrograde intramedul-
lary nailing. C and D, After treatment with combination of nailing, plating, and bone grafting.
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neck and head are placed in an extreme valgus position. This 
position must be avoided if possible because it shortens the 
lever arm between the trochanter, on which the abductor 
muscles pull, and the head, which is the fulcrum. In 1935 
Pauwels called attention to this mechanical problem. A valgus 
position must be used sometimes to obtain union of a non-
united fracture of the femoral neck or to hasten healing of a 
comminuted trochanteric fracture; however, it predisposes to 
degenerative changes in a normal head and probably to osteo-
necrosis when the neck has been fractured. Additionally, 
decreased functional results because of a persistent limp in 
patients treated with a valgus osteotomy have been reported.

Valgus intertrochanteric osteotomy is appropriate for 
nonunited fractures of the femoral neck in which the head is 
viable and the neck is fairly well preserved in children and in 
adults until approximately 60 years of age. The results of such 
an osteotomy are about proportional to the mechanical and 
physiologic status of the nonunion before surgery. When the 
head is viable and union occurs, function usually approaches 
normal, but the more abnormal the bony structure, the 
more unfavorable the result. Many excellent or good results 
at 1 year after surgery have been downgraded at 3 to 5 years 
because of progressive arthritic changes or osteonecrosis. 
Valgus intertrochanteric osteotomy is stabilized with a blade 

 

A B

C D

FIGURE 59.28 Treatment of reverse obliquity intertrochanteric femoral nonunion with blade 
plate. A, Radiograph of proximal femoral nonunion. B, Computed tomography of proximal femoral 
nonunion. C and D, Radiographs at union after valgus intertrochanteric osteotomy and fixation 
with blade plate.
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plate or compression hip screw. Several reports have reported 
union rates of 86% to 97%. Yuan et  al. reported excellent 
results with valgus intertrochanteric osteotomy in 32 patients 
with the goal of reducing Pauwels’ angle to ≤50 degrees (gen-
erally, 20 degree osteotomy for preoperative Pauwels’ angle 
less than 70 degrees; 30 degree osteotomy for Pauwels’ angle 
of more than 70 degrees). Despite a more modest correction 
of Pauwels’ angle (mean of 24 degrees), 97% of nonunions 
healed. Unfortunately, 22% of patients developed osteonecro-
sis, with three of seven proceeding to total hip arthroplasty. 
This more modest correction also may be of benefit to arthro-
plasty surgeons in patients who subsequently require total hip 
arthroplasty for degenerative changes or osteonecrosis. 

PROSTHETIC REPLACEMENT
The indications for prosthetic replacement for femoral neck 
nonunions are still are not precisely defined. Usually a pros-
thesis should be reserved for older patients; rarely should it be 
used in patients younger than 50 years old and then only for 
good reason. A prosthesis is now indicated more frequently 
for acute fractures (see Chapter 55) than for treatment of their 
complications. Prosthetic replacement can be used occa-
sionally, however, in adults younger than 50 to 60 years old 
after fracture of the femoral neck, with or without union, in 
which the head is not viable, and an arthrodesis is undesir-
able. Hemiarthroplasty is not indicated in arthritis of the hip, 

either traumatic or primary; rather, total hip arthroplasty (see 
Chapter 3) or arthrodesis (see Chapter 5) should be used.

Complication rates are higher after treatment of acute 
femoral neck fractures with arthroplasty. See Chapter 3 for 
the management of complications after hemiarthroplasty or 
total hip arthroplasty for femoral neck and intertrochanteric 
fractures. 

ARTHRODESIS
According to Gill, the advantages of an arthrodesis for non-
union of the femoral neck are freedom from pain, stability 
during weight bearing, and, consequently, a useful extremity. 
We sometimes recommend arthrodesis in children or adults 
younger than 50 years old whose work is heavy manual labor 
or who are not candidates for arthroplasty. Techniques of hip 
arthrodesis are described in Chapter 5. 

PELVIS AND ACETABULUM
Nonunions and delayed unions of fractures of the pelvis do 
occur and require treatment (Fig. 59.30). Pennal and Massiah 
classified nonunions into three main groups according to the 
direction of the forces that caused them: anteroposterior com-
pression, lateral compression, and vertical shear. The signs 
and symptoms included one or more of the following: pain, 
limp, instability, and clinical deformity. Deformity is assessed 
with anteroposterior pelvic, inlet, and outlet views.

 

A

B C

FIGURE 59.29 Nonunion of femoral neck fracture. Anteroposterior radiograph (A) and CT (B). 
C, Union after fixation with a blade plate.  (Courtesy of David Templeman, MD, Minneapolis, MN.)
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CT of the pelvis can be helpful in diagnosing and plan-
ning surgery for a pelvic nonunion. In the sacroiliac area, 
Pennal and Massiah found that the fractures tended to be of 
the avascular type, and in the rami, the hypervascular type. 
Insufficient immobilization was thought to be the cause 
because the fragments were not adequately reduced or suffi-
ciently stabilized. Twenty-four of their 42 patients were treated 
nonoperatively, and only five of these patients returned to the 
same job they had before their injury. Of the 16 patients who 
had bone grafting and stabilization of the unstable pelvis, all 
but one achieved solid bony union and returned to work, 
most returning to the job they had before injury.

Mears and Velyvis reported 79% excellent results and 21% 
satisfactory results in patients with nonunion treated with 
bone grafting and realignment procedures. Patients with non-
unions, unstable malalignment, and heterotopic ossification 
had the poorest outcomes. We advocate open reduction and 
internal fixation with bone grafting for most pelvic nonunions.

Acetabular nonunions were thought to be rare, usually 
occurring in widely displaced and unreduced acetabular frac-
tures. Of 569 acutely fixed acetabular fractures, Letournel 
and Judet reported only four nonunions. A nonunion of a 
displaced transverse pattern (transverse, transverse posterior 

wall, T-type) might make a subsequent reconstruction (total 
hip arthroplasty) extremely difficult. More recently, Sagi et al. 
reported nonunion of the posterior wall in patients under-
going acetabular surgery and being treated with indometha-
cin for heterotopic ossification prophylaxis. Patients treated 
with 6 weeks of indomethacin had a 62% incidence of radio-
graphic nonunion (CT scan at 6 months) compared with 19% 
with placebo. The ramifications of radiographic nonunion of 
the posterior wall are not completely clear. 

CLAVICLE
Nonunion of clavicular fractures has been shown to be much 
more common than historically thought. Despite the lateral 
clavicular fracture being the most likely to become a non-
union, it is the midshaft clavicular fracture that is the most 
common fracture site for nonunion because of its frequency.

Only patients who have sufficient symptoms should be 
considered for an operation. Symptomatic nonunions of the 
middle third of the clavicle are treated by plating with consid-
eration given to bone grafting (Fig. 59.31). Often, sufficient 
local bone is present, and autogenous grafting from a distant 
donor site may not be necessary. Chen et al. recently reported 
a 100% union rate in 17 clavicular nonunions treated with 

 

A B

FIGURE 59.30 Treatment of pelvic nonunion (hypertrophic nonunion of parasymphyseal fracture) 
with plating. A, Radiograph of pelvic (parasymphyseal) nonunion. B, After treatment with plating.

 

A B

FIGURE 59.31 Treatment of clavicular nonunion with plating and bone grafting. A, Radiograph 
of clavicular nonunion. B, After treatment with plating and bone grafting.
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plating without bone grafting. Up to 2 cm of shortening was 
done after resection or preparation of the nonunion site. 
Although defect size after resection did not correlate with 
functional outcomes in this small series, shortening may not 
be appropriate in every patient. 

 

PLATE FIXATION AND BONE 
GRAFTING OF THE CLAVICLE

 TECHNIQUE 59.11 

 n  Make an incision parallel with and just distal to the clav-
icle. Incise the periosteum and decorticate the clavicle 
medial and lateral to the nonunion site.

 n  Plate placement may be superior or anteroinferior. Both 
approaches have advantages and disadvantages, and 
there are advocates of both approaches. Use a precon-
toured clavicular plate that allows at least six cortices of 
fixation on each side of fracture. Alternatively, a 3.5-mm 
dynamic compression can be used. Place local bone or 
autogenous cancellous bone graft around the nonunion 
and close the wound. Shortening can be considered if the 
defect after nonunion preparation is not large.

POSTOPERATIVE CARE A shoulder immobilizer or sling 
is worn for 1 to 2 weeks. Gentle active and pendulum 
exercises are begun to maintain shoulder mobility. Weight 
bearing is initiated as the fracture consolidates.
  

HUMERUS
PROXIMAL THIRD

Most often nonunions of the proximal humerus are two-part 
fractures at the surgical neck (Fig. 59.32). Locking plates some-
times with the use of intramedullary allograft (hypertrophic and 
oligotrophic nonunions) and autograft (atrophic nonunions), 

especially in osteoporotic bone, have been useful. The locking 
plate is superior to traditional plates in that it is lower profile, 
demonstrates higher torsional strength and stiffness, and allows 
for multiple divergent proximal screw placements that provide 
better fixation in weak bone. Shoulder arthroplasty provides 
significant reduction in pain with improved motion but is less 
satisfying than when performed for primary arthritis. Reverse 
shoulder arthroplasty has also been used successfully in treat-
ment of proximal humeral fracture nonunion in the low-demand 
elderly patient with a functional deltoid. 

HUMERAL SHAFT
Nonunions occur in approximately 10% of patients with 
humeral shaft fractures regardless of the type of treatment. 
Nonunion is more common in the mid and proximal diaphy-
sis, especially with a spiral or oblique fracture pattern. Gaps 
may result from distraction, overriding, soft-tissue interposi-
tion, or loss of bone. Comminuted fractures may have a dis-
rupted blood supply. The type of nonunion and the age and 
comorbidities of the patient should be considered in treatment 
decisions. In most patients, operative treatment is indicated 
to correct deformity and regain function. However, in elderly 
patients with osteoporotic bone, diminished function because 
of a pseudoarthrosis may be preferable to the risks of open 
reduction and internal fixation. The use of a lightweight ortho-
sis may allow enough function to avoid further treatment.

Most humeral nonunions can be treated by open reduction 
and compression plating with union rates well above 90%. The 
use of a fibular allograft in the medullary canal may improve 
stability and enhance union. Exchange intramedullary nailing 
of humeral nonunions has not been as successful as in other 
areas of the body. If the fracture site is opened, adding bone 
graft is considered. Recent studies have suggested that autog-
enous cancellous bone grafting may not be routinely necessary 
in the treatment of humeral nonunion. Lin et  al. reported a 
100% union rate in 31 atrophic nonunions treated with plat-
ing and bone grafting with allograft. Hierholzer et al. reported 
a 97% union rate with plating and bone grafting with demin-
eralized bone matrix in 32 atrophic nonunions. Willis et  al. 
reported a 95% union rate with plating over an intramedullary 
strut allograft in 20 patients with atrophic nonunions.

 

A B C

FIGURE 59.32 A, Proximal humeral nonunion. B, After revision plating and bone grafting. C, 
After union and implant removal.
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Treating a defect in the humeral shaft is easier than treat-
ing defects in the lower extremity. Shortening through the 
defect usually is well tolerated, even shortening up to 3 cm. 
Shortening combined with bone grafting and appropriate sta-
bilization often yields successful results.

A longer defect can be bridged with a fibular transplant 
(Fig. 59.33); the distal end of the transplant is applied to the 
condyle that has the longest remaining metaphyseal part, 
preferably the lateral one. (This distal fragment should be 
large enough to engage two screws.) The normal metaphyseal 
expansion is restored with iliac bone. The Ilizarov method of 
internal bone transplant also can be used for humeral non-
unions with bone loss and infection. 

DISTAL HUMERUS
Poor initial fracture fixation is the major reason for nonunion 
in the supracondylar area. Many patients treated for distal 
humeral fracture nonunions can expect union; however, most 
will have residual morbidity. Those with nonunions extending 
into the trochlea fare worse than others despite eventual union 
of the fracture. Internal fixation, bone grafting, release of joint 
contractures, and ulnar nerve transposition or neurolysis, if 
ulnar nerve symptoms are present or motion about the elbow 
is expected to increase, are performed for most distal humeral 
nonunions. Bone healing takes precedence over motion when 
attempting to unite a nonunion. Restoration of motion can be 
treated after union has been achieved with physical therapy, 
dynamic splints, and capsular releases as needed. Mitsunagase, 
Bryan, and Linscheid obtained union in 25 of 32 patients 
treated by open reduction, internal fixation, and bone graft-
ing of the nonunion. Six patients required secondary pro-
cedures for repeat bone grafting or revision of the fixation 
device, seven were treated by total elbow arthroplasty, and two 
required reoperation for loose humeral components. Union 
of the fractures resulted in relief of pain and good functional 

motion of the elbow. Total elbow arthroplasty was considered 
only as a salvage procedure. For distal humeral nonunions, 
Sanders and Sackett recommended rigid internal fixation with 
a plate and screws and a bone graft. Beredjiklian et al. used a 
free vascularized bone graft in patients with segmental bone 
loss in nonunions of the distal humerus when total elbow 
replacement would have a poor outcome, but they reserve this 
technique for younger patients with segmental bone loss for 
which conventional fixation and bone grafting are inappro-
priate. Infected nonunions in this region may be treated with 
removal of retained implants, debridement of devascularized 
tissue, capsulectomy, ulnar nerve transposition or neurolysis, 
bone grafting when appropriate, and application of a ring fix-
ator. Total elbow replacement (linked) has the best outcome 
when the patient is older than 65 years, has previous arthritic 
changes, has compromised bone stock that cannot be inter-
nally fixed, has low demand on the arm, does not have infec-
tion, and has had only one previous operation. Limitations of 
arthroplasty include lifetime avoidance of repetitive lifting of 2 
lb (0.9 kg) or more or one-time lifting of 10 lb (4.5 kg) or more. 

PROXIMAL THIRD OF THE ULNA WITH 
DISLOCATION OF THE RADIAL HEAD
Long-standing nonunions of the proximal third of the ulna 
often are associated with dislocations of the radial head 
(Monteggia fracture). In these instances, no attempt is made 
to reduce the dislocation; instead, the radial head and as 
much of the neck as necessary are resected (see Chapter 58). 
The nonunion is stabilized with a compression plate or wave 
plate, and the nonunion is typically bone grafted. 

FOREARM BONES
BOTH RADIUS AND ULNA

Treatment of nonunions of forearm bones involves remov-
ing all sclerotic and devascularized tissue, recannulating the 

 

A B C

FIGURE 59.33 Treatment of humeral nonunion with avascular fibular autograft (whole fibular 
transplant). A, Large defect in distal metaphysis of humerus after open fracture. B and C, Twenty 
months after bridging of defect by avascular fibular autograft (whole fibular transplant). Cancel-
lous bone was used to bridge expanded portion of metaphysis and shaft.
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medullary canals with a drill, and, if using a bone graft, decor-
ticating or “fish scaling” the cortices opposite the interosse-
ous membrane. The nonunions can be treated by compression 
plating or wave plating and cancellous grafting, with care to 
preserve the interosseous space. The fragments must be care-
fully aligned and apposed in correct rotary relationship or pro-
nation and supination will be limited. Recreation of the radial 
bow is essential for a good functional outcome. Limitation 
of rotation and pain in the distal radioulnar joint occurs if 
enough difference exists in the length of the two bones.

Defects in the radial head or neck or the distal 3.5 cm of 
the ulna can be treated by excising the fragment; these frag-
ments are dispensable, and removing them is simpler than 
grafting. In some instances, prosthetic radial head replace-
ment can be performed that can restore the function of the 
radial head, eliminate the nonunion, and provide resistance 
to proximal migration of the radius.

When bony defects are present in both bones, usually any 
sclerotic bone can be removed and the lengths of the bones 
can be equalized by resecting the ends of the fragments with-
out too much shortening; plating with grafting is then suffi-
cient. When this procedure would shorten the arm too much, 
each bone must be treated separately; sometimes the frag-
ments of one bone can be freshened and apposed without too 
much shortening, and yet the other bone may require a graft 
to bridge a longer defect or the defect in both bones may be 
long enough to require bridging. Tricortical grafts can be used, 
however. Ring et al. reported good results with defects up to 
6 cm (mean, 2.2 cm) using cancellous grafting and plating. 
When using bone graft, care must be taken to graft away from 
the other forearm bone to prevent iatrogenic synostosis. Good 
results also have been reported in segmental defects of the 
radius and ulna treated with free vascularized fibular grafts.

Infected nonunions of the forearm, particularly with bone 
defects, can be more difficult to treat. They may be managed 
with debridement of all devitalized tissue, placement of anti-
biotic beads or a spacer, and subsequent staged plating and 
bone grafting. Alternatively, bone transport may be consid-
ered. Zhang et al. reported a 100% union rate without recur-
rence of infection in 16 forearm nonunions with an average 
bone defect of 3.81 cm. The mean time to union was 6.19 
months. In rare circumstances, such as an infected nonunion 
with significant bone loss, creation of a one-bone forearm is a 
salvage option that can offer satisfactory results. 

RADIUS OR ULNA ALONE
After fractures of both bones of the forearm when one bone 
fails to unite and the other unites in an unsatisfactory position, 
enough bone is resected from the area of the malunion to equal-
ize the length of the bones; the bones are grafted as just described.

When one bone unites in good alignment without short-
ening or was not fractured, and the other fails to unite, any 
defect cannot be closed because of splinting by the intact 
bone. Bridging such a defect is preferable to shortening the 
normal bone and risking the possibility of a second non-
union. Short defects can be bridged with a compression plate 
and the space between them filled with iliac bone.

DISTAL END OF THE RADIUS
When the distal fragment of a nonunited distal radial frac-
ture is fairly substantial, the technique for malunited Colles 
fracture (see Chapter 58) can be used; usually, however, the 

distal fragment is short and osteoporotic, and bone grafting 
and internal fixation with plating are indicated. Arthrodesis 
can be performed as a salvage procedure. 

PROXIMAL END OF ULNA
Nonunions of the olecranon proximal to the middle of the 
trochlear notch are not difficult to treat. When there is strong 
fibrous union, the disability may be only slight, and in middle-
aged or elderly patients, surgery may not be justified. If the 
ununited fragment is less than 50% of the olecranon surface, 
it can be simply excised, and the distal insertion of the triceps 
tendon is reattached to the ulna as for some fresh fractures 
(see Chapter 57). For larger proximal fragments, precon-
toured plating with bone grafting provides appropriate stabil-
ity for early elbow range of motion. Ring, Jupiter, and Gulotta 
generally reported excellent or good results in the proximal 
ulna after autogenous bone grafting and plate fixation 

DISTAL END OF ULNA
Nonunions of the distal 3.5 cm of the ulna can be treated by 
resection or by fixation with a 2.7-mm or 3.5-mm compres-
sion plate with cancellous bone grafting. Occasionally, non-
union of the distal third of the ulna results in a disability 
insufficient to warrant surgery.
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CHAPTER 60

Open techniques are occasionally necessary for acute dis-
locations. Closed reduction with intravenous analgesia or 
sedation with general anesthesia should be attempted first 
for most uncomplicated dislocations. If general anesthe-
sia is necessary, operating room personnel should prepare 
for the possibility of an open surgical procedure if closed 
reduction is unsuccessful. Excessive force should not be 
used in closed reduction because soft tissue or bone some-
times becomes interposed between the articular surfaces, 
making closed reduction impossible. Forceful manipu-
lation under these conditions can result in fractures 
or additional articular trauma. The use of image inten-
sification may aid in reduction and help prevent these 
complications.

Acute dislocations should be reduced as soon as possible. 
If they are not reduced promptly, pathologic changes occur, 
especially around the hip. Immediate reduction of an acute 
dislocation does not guarantee a satisfactory result, however, 
and the patient should be informed of this at the time of the 
initial evaluation and treatment. Damage to the articular car-
tilage, joint capsule, ligaments, and vascularity of the bones 
can lead to posttraumatic arthritis. The patient also should be 
informed that heterotopic ossification, posttraumatic arthri-
tis, and osteonecrosis might develop in any joint after open or 
closed reduction.

These complications are usually caused by the 
immense forces that caused the dislocation. Occasionally 
neurovascular structures are injured when a joint becomes 
dislocated, and complete physiologic block of the nerve 
or persistent neuritis results. Any nerve injury should 
be detected and carefully recorded on the patient’s chart 
before closed or open reduction is performed. The nerve 
may be stretched, contused, or ruptured. Stretching 
occurs most often, and the nerve usually recovers spon-
taneously; no attempt should be made to explore it at the 
time of open reduction unless it is located in the immedi-
ate field of operation. If signs of recovery do not appear 

after a reasonable time, the nerve should be explored as 
described in Chapter 68. Arteriography and vascular stud-
ies are needed in any extremity with markedly diminished 
or absent pulses.

INDICATIONS FOR OPEN 
REDUCTION
Open reduction of an acute dislocation is usually indicated in 
the following circumstances:
 1.  If anatomic, concentric reduction cannot be achieved by 

gentle, closed techniques with the patient under general 
anesthesia. Interposed soft tissues or osteochondral frag-
ments may contribute to the irreducibility.

 2.  If a stable reduction cannot be maintained. Articular frac-
tures are often unstable and must be reduced and fixed to 
ensure stability of the reduction.

 3.  If careful evaluation before closed reduction reveals 
normal neurologic function and, after reduction, a defi-
nite, complete motor and sensory nerve deficit becomes 
evident.

 4.  If circulatory impairment distal to the injury is well doc-
umented before reduction and persists after reduction. 
Further assessment of the circulation is essential and 
should include vascular studies.

 5.  If ischemia is persistent. Surgical exploration with 
appropriate management of the vascular injury is 
indicated. 

ANKLE
Dislocations of the ankle without fracture of either the 
medial or lateral malleolus or the anterior or posterior 
lip of the distal articular surface of the tibia are extremely 
rare. Usually, any dislocations that do occur are easily 
reduced by closed methods. Posterior dislocation of the 
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fibula behind the tibia may contribute to difficulty with 
closed reduction and at times may require open reduc-
tion. Ruptures of the deltoid ligament, the anterior tibio-
talar ligament, and the anterior and posterior talofibular 
ligaments occur alone or in combination. Controversy 
exists over acute ligamentous repair without evidence 
of fracture. Good-to-excellent results are possible with-
out acute ligamentous repair; however, syndesmosis 
and mortise widening should be treated operatively if 
present. (For discussion of acute fractures of the ankle, 
see Chapter 54; of malunited fractures of the ankle, see 
Chapter 58; and of ruptures of the ligaments of the ankle, 
see Chapter 90.) 

PATELLA
ACUTE DISLOCATIONS OF THE PATELLA
Acute dislocations of the patella are usually managed by 
closed methods (Fig. 60.1). The patella is almost always dis-
located laterally, and extension of the flexed knee with pres-
sure applied to the lateral margin of the patella results in 
reduction. The limb is immobilized in a knee immobilizer 
until symptoms resolve, then motion and a Palumbo brace 
are encouraged for 3 to 6 weeks to promote the formation of 
strong collagen along the lines of stress. Radiographs should 
be evaluated carefully to ensure that no osteochondral frag-
ments are displaced within the joint. If a hemarthrosis is pres-
ent, MRI is warranted to detect any osteochondral fragments. 
One study demonstrated articular cartilage injury in 94% of 
patients; 72% had an osteochondral or chondral fracture, and 
23% had patellar microfractures.

An MRI study by Balcarek et al. identified either a com-
plete or partial tear of the medial patellofemoral ligament in 
most patients (98%) after an acute lateral patellar disloca-
tion. The femoral origin was most frequently affected (50%), 
followed by the midsubstance (10%), and patellofemoral ori-
gin (10%). More than one site of injury was found in 22%. In 
their subgroup analysis, patellar height and trochlear facet 
asymmetry were significantly different on MRI in patients 
with patellar or femoral origin injury (or both) compared 

with patients in an age-matched control group, but no sig-
nificant differences were noted in patients with solely a mid-
substance injury. In addition, the tibial tuberosity-trochlear 
groove distance in the patellar origin injury subgroup was 
significantly greater compared with the other subgroups 
(femoral origin, patellar and femoral origin, midsubstance, 
and control).

Because the sites of injury of the medial patellofemoral 
ligament may differ, treating the specific pathology is criti-
cal. Whereas a direct repair may be adequate for a lesion at 
the femoral or patellar origin, it may not be for a combined 
tear. Furthermore, direct repair is satisfactory only if the liga-
ment is otherwise intact. If ligament quality is poor, or there 
is a combined tear, a reconstruction may be more appropriate.

Sufficient evidence does not exist to advocate surgical 
intervention for primary patellar dislocations. After a second 
dislocation there is a much higher dislocation rate (49%), and 
surgical intervention may be considered.

Good or excellent results have been reported in 75% of 
nonoperatively treated knees and 66% of operatively treated 
knees in one study. Recurrent dislocation occurred in 71% 
of nonoperatively treated knees and in 67% of operatively 
treated knees. Fifty-two percent of patients had their first 
redislocation within 2 years after the primary injury. The 
patient should be warned of the possibility of future episodes 
of recurrent patellar subluxation or dislocation.

In most patients, the long-term subjective and functional 
results after acute patellar dislocation are satisfactory. Initial 
operative repair of the medial structures combined with lat-
eral release has not been shown to improve the long-term 
outcome, despite the very high rate of recurrent instability. 
Routine repair of the torn medial stabilizing soft tissues in 
acute patellar dislocation is not recommended in children or 
adolescents. However, one study found only a 31% success 
rate with nonoperative treatment in patients who were skel-
etally immature and had trochlear dysplasia.

Arthroscopic techniques for the repair of the medial 
patellar retinaculum after acute patellar dislocations have 
been described, but we prefer the open method at our institu-
tion if repair is indicated (Fig. 60.2). 

 

A B

FIGURE 60.1 Patellar dislocation. A, Anteroposterior view. B, Sunrise view.
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OPEN REDUCTION AND REPAIR OF 
PATELLAR DISLOCATION

 TECHNIQUE 60.1 

 n  Through a medial parapatellar incision, explore the tear in 
the medial patellar retinaculum.

 n  Irrigate and explore the knee joint. Remove or fix any 
loose osteochondral fragments and make a thorough 
search for any further loose fragments or intraarticular 
damage to the joint.

 n  Repair any disruption in the vastus medialis muscle belly 
or in the medial patellar retinaculum.

 n  Pay careful attention to that portion of the vastus medialis 
that originates in the region of the femoral adductor tu-
bercle. If this origin has been disrupted and has retracted 

proximally, the angle of insertion of the vastus media-
lis muscle fibers into the patella is significantly changed. 
These fibers are vital to the prevention of recurrent lateral 
dislocation of the patella.

 n  A lateral release may be performed if indicated.
 n  Close the wound in layers and apply a knee immobilizer.

POSTOPERATIVE CARE The limb is immobilized in a 
knee immobilizer for 10 to 14 days. Early range of mo-
tion is begun to prevent arthrofibrosis and to promote 
the formation of strong collagen along the lines of stress. 
A Palumbo-type brace is added at 2 weeks. Crutches are 
discontinued when control of the limb is regained and 
limping is no longer a problem. Quadriceps strengthen-
ing is continued for 3 to 4 months, and strength can be 
documented objectively. We allow return to full activity 
(sports) when quadriceps strength reaches 90% of the 
uninvolved side. Walking on crutches with weight bearing 
to tolerance is begun during the first week. The crutches 
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are discontinued when full weight bearing can be toler-
ated. Appropriate rehabilitation of the musculature of 
the extremity is essential. Stiff-legged resistance exercises 
with weights, followed by short-arc knee extension ex-
ercises, are recommended. A full range of motion of the 
knee against resistance during early rehabilitation places 
excessive forces on the patellofemoral joint and should 
be avoided.
   

 

GRAFTING OF THE MEDIAL PATELLAR 
RETINACULUM

 TECHNIQUE 60.2 

 n  Prepare a semitendinosus autologous graft or allograft.
 n  Center the skin incision between the medial edge of the 

patella and adductor tubercle.
 n  Identify the extensor retinaculum.
 n  Make a small incision at the medial edge of the patella 

and just distal to the adductor tubercle.
 n  Using a hemostat, pass the graft through a tunnel be-

tween the capsule and retinaculum.
 n  Secure the graft to the femur using suture, interference 

screw, or a suture anchor. The attachment site for the me-
dial patellofemoral ligament can be found radiographical-
ly just anterior to the intersection of the posterior femoral 
cortical line and Blumensaat’s line on a lateral radiograph.

 n  Attach the graft through the midportion of the quadri-
ceps tendon at its insertion to the superior pole of the 
patella as described by Fulkerson. Cycle the knee and sta-
bilize with figure-of-eight sutures through the quadriceps 
tendon and the graft.

 n  Repair the retinaculum with figure-of-eight sutures.

 n  Close the wound in layers and apply a controlled-motion 
knee brace.

POSTOPERATIVE CARE The limb is immobilized in 30 
degrees of flexion for the first 2 weeks. Motion is gradu-
ally increased under supervision, and the brace is locked in 
full extension for ambulation for 6 weeks. Otherwise, the 
rehabilitation protocol is the same as after repair.
   

INTRAARTICULAR DISLOCATIONS OF THE 
PATELLA
Intraarticular dislocations of the patella are rare and are of two 
types. The most common type is a horizontal intraarticular 
dislocation of the patella with detachment of the quadriceps 
tendon; the articular surface of the patella is directed toward 
the tibial articular surface (Fig. 60.3). In the other type, the 
patella also is dislocated horizontally, but its inferior pole is 
detached from the patellar tendon and the articular surface 
faces proximally. These dislocations are frequently difficult to 
reduce by closed methods, and open reduction generally is 
required, along with repair of the extensor mechanism. 

 

OPEN REDUCTION AND REPAIR OF 
THE EXTENSOR MECHANISM

 TECHNIQUE 60.3 

 n  Through a medial parapatellar incision, expose the dislo-
cated patella, usually found in the intercondylar notch.

 n  Replace the patella into its bed in the quadriceps or pa-
tellar tendon and reattach it there with sutures. Placing 
the sutures through holes drilled in the patella may help 
secure the repair.

 n  Inspect the knee and remove any loose osteochondral or 
cartilaginous fragments.

 n  Close the wound in layers.

POSTOPERATIVE CARE Postoperative care is the same 
as that for repair of acute lateral dislocation of the patella.
   

KNEE
Dislocation of the knee has been considered a rare injury, 
but it seems to have increased in frequency over the years. It 
has been noted that the incidence might be higher than rec-
ognized because many knee dislocations are reduced at the 
scene of the injury without subsequent accurate reporting of 
this diagnosis (Fig. 60.4).

Knee dislocations are designated as anterior, posterior, 
medial, lateral, or rotary, according to the displacement of the 
tibia in relation to the femur. Rotary dislocations are desig-
nated further as anteromedial, anterolateral, posteromedial, 
or posterolateral. Knee dislocations are true orthopaedic 

 FIGURE 60.3 Intraarticular horizontal dislocation of patella. 
Quadriceps mechanism usually remains intact.  (From Brady TA, Russell 
D: Interarticular horizontal dislocation of the patella: a case report, J Bone 
Joint Surg 47A:1393, 1965.)
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emergencies. Reported series have emphasized the extensive 
ligamentous damage and potential for vascular complications 
associated with these injuries. Prompt evaluation and early 
repair of any vascular damage in the injured extremity is uni-
versally recommended.

The incidence of vascular injuries in knee dislocations 
has been reported to range from 0% to 40%. Some centers 
use ankle-brachial indices to assess for vascular injury, but 
we recommend an arteriogram if the dislocation required 
reduction. When there is doubt concerning an injury to the 
popliteal artery, a thorough evaluation, including arteriogra-
phy and early surgical exploration, is mandatory. Continued 
observation in anticipation of improvement often leads to 
disaster. The amputation rate is approximately 11% if vascu-
lar repair is done within 6 hours, and this increases to 86% if 
repair is delayed beyond this time period.

Nerve injuries occur in 16% to 43% of dislocations of 
the knee. The peroneal nerve is injured most often, and the 
prognosis for return of function after injury is guarded. If 
the nerve damage is complete, less than 40% of patients will 
regain dorsiflexion of foot. The majority of patients with 
incomplete palsy will regain full motor function.

Knee dislocations can usually be reduced satisfactorily by 
closed methods. After reduction and in the absence of addi-
tional complications, aspiration of the hemarthrosis using 
sterile technique and immobilizing the knee in full extension 
are satisfactory temporary treatments. The neurocirculatory 
status should be checked frequently for 5 to 7 days. A large 
transarticular pin can be placed through the intercondylar 
notch of the femur into the intercondylar eminence of the tibia 
to provide immediate stability for knees that redislocate in a 
splint or after vascular repair (Fig. 60.5). Transarticular pins 
have been associated with pin track infection and breakage 
and should be used with caution. We have found a transartic-
ular pin to be useful when the posterior capsule is completely 
disrupted, preventing concentric reduction in full extension. 
The pin is left in place for 4 to 6 weeks, and range of motion is 
begun. A knee-spanning external fixator can be used in open 
knee dislocations with extensive soft-tissue injury or in unsta-
ble knees after vascular repair. When it is certain that the cir-
culation is not impaired, treatment can be selected for repair 
of the injured ligaments, as discussed in Chapter 45. Closed 
reduction may be impossible, however, especially when the 
dislocation is posterolateral. Blocking of reduction by the 

interposition of the joint capsule and “buttonholing” of the 
femoral condyle medially through a tear in the capsule have 
been reported. A torn tibial collateral ligament or pes anse-
rinus tendon also can block reduction. When an irreducible 
dislocation is encountered, open reduction through a medial 
approach often is necessary; however, the approach usually 
depends on the type of dislocation. The entrapping and torn 
structures are released and repaired, and the postoperative 
care is the same as for ligamentous injuries (see Chapter 45).

In complete knee dislocations, both cruciate ligaments 
usually are torn. In addition, the lateral or medial collateral 
ligament usually is completely disrupted. The decision to 
repair the ligaments surgically is affected by the presence of 
any other skeletal injuries, vascular deficits, or open wounds. 
If possible, the ligaments should be repaired or reconstructed 
early because early ligament repair has been shown to have 
more satisfactory long-term results than cast immobiliza-
tion alone. If repair is impossible, however, such as in injuries 
requiring vascular repair or in injuries associated with large, 
open wounds, satisfactory results can be obtained by nonsur-
gical management. A long leg splint is applied and worn for 
approximately 2 weeks. Range of motion in a brace is then 
initiated. Patients who are not selected for surgical repair 
because of age, activity, or other coexistent pathology usually 
have stiffness rather than instability as a long-term problem.

Several authors have advocated early repair of all injured 
structures in order to obtain satisfactory outcomes. Only fair 
or poor results can be expected with nonoperative treatment. 
When open treatment is selected, the surgeon must be pre-
pared to repair structures medially, laterally, anteriorly, and 
posteriorly as indicated. MRI can be a valuable tool in preop-
erative planning. Techniques for repair and reconstruction of 
the ligaments are found in Chapters 45 and 51.

Many dislocations result in avulsions, rather than mid-
substance tears, of collateral or cruciate ligaments. This is 
particularly helpful in cruciate tears because primary repair 
of these structures is inferior to reconstruction, whereas 
replacement of avulsed bone and secure fixation can lead to 
acceptable results. Posterolateral corner injuries are particu-
larly worrisome and should be treated early (2 to 3 weeks) to 
avoid having to perform less rewarding reconstructive proce-
dures that become necessary thereafter.

 

A B

FIGURE 60.4 Knee dislocation. A, Lateral dislocation. B, Ante-
rior dislocation.

 

A B

FIGURE 60.5 Radiograph showing transarticular pins. A, 
Anteroposterior view. B, Lateral view.
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After stabilization of the patient and diligent neurovas-
cular evaluation, we prefer to operate on these injuries within 
the first 3 weeks depending on which ligaments are involved, 
as discussed previously. Knees without posterolateral corner 
involvement can be treated when range of motion of 0 to 90 
degrees is restored.

PROXIMAL TIBIOFIBULAR JOINT
Acute dislocation of the proximal tibiofibular joint is rare 
(Fig. 60.6). It is usually the result of a twisting trauma and 
may be seen in association with other injuries to the same 
extremity. Patients usually present with pain and a promi-
nence in the lateral aspect of the knee. Injuries of the proxi-
mal tibiofibular joint frequently are overlooked. Patients 
with chronic dislocations or subluxation complain of pop-
ping and instability, which can be confused with a lateral 
meniscus injury. The proximal tibiofibular joint can be 
oblique or horizontal (Fig. 60.7). More motion is possible 
in horizontal joints, and the relative restriction of motion in 
oblique joints is presumably the reason why most injuries 
occur in them.

Ogden classified tibiofibular subluxations and disloca-
tions into four types (Fig. 60.8): subluxation and anterolat-
eral, posteromedial, and superior dislocations. Keogh et  al. 
concluded after a cadaver study that the diagnosis of sus-
pected dislocations of the proximal tibiofibular joint was best 
determined with an axial CT scan (Fig. 60.9).

Subluxation of the proximal tibiofibular joint is a recur-
ring problem and is associated with pain and generalized joint 
hypermobility. Rarely, peroneal nerve deficits are present. If 
the symptoms fail to respond to cylinder cast immobilization, 
resection of the fibular head is recommended. Arthrodesis of 
the joint is discouraged because of its relationship to ankle 
motion and the potential for late, painful complaints referable 
to the ankle.

Anterolateral dislocations (see Fig. 60.6) were the most 
common proximal tibiofibular dislocations in Ogden’s series. 
They usually were treated successfully by closed methods.

Posteromedial proximal tibiofibular dislocations are rela-
tively uncommon. These are difficult to reduce and are usu-
ally associated with disruptions of the tibiofibular capsular 
ligaments and the lateral collateral ligament. When the dislo-
cation is acute, open reduction is recommended with repair 
of the torn ligaments and lag screw fixation.

Superior dislocation of the proximal tibiofibular joint is 
also rare and is frequently associated with a fracture of the 
fibula or proximal dislocation of the lateral malleolus. If open 
reduction is necessary, the leg is immobilized in a long leg 
cast after surgery to prevent ankle motion and motion at the 
proximal joint. Immobilization of the knee in slight flexion 
should also relax the pull of the biceps femoris on the fibular 
head. Crutches are used until the long cast is removed at 3 
weeks. A short leg walking cast is then applied. 

HIP
The hip joint is inherently stable, and hip dislocations are generally 
produced by high-energy trauma. Often they are associated with 
multiple injuries to different organ systems. Motor vehicle acci-
dents remain the most common mechanism of hip dislocation, fol-
lowed by falls from a height, industrial accidents, and, more rarely, 
sports such as football or wrestling. Posterior dislocations occur 
much more frequently than anterior dislocations and result from 
a posteriorly directed force to the flexed knee with the hip also in 
a flexed position. Lesser degrees of hip flexion and increasing 

 

A B

C D

FIGURE 60.6 A and B, Acute dislocation of proximal tibio-
fibular joint. C and D, After closed reduction. Note change in posi-
tion of fibular head in both views.  (From Stewart MJ: Unusual athletic 
injuries, Instr Course Lect 17:377, 1960.)

 

Oblique Horizontal

FIGURE 60.7 Two basic types of proximal tibiofibular joints 
according to Ogden.
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amounts of hip abduction with similarly applied force often result 
in an acetabular fracture. Anterior dislocations are caused by an 
abduction and external rotation force to the affected limb.

Patients with an isolated posterior hip dislocation present 
with hip flexion, adduction, internal rotation, and a shortened 
extremity. Anterior dislocations cause the leg to be held in a 
position of abduction and external rotation. Although iso-
lated hip dislocations are easily recognized, associated lower 
extremity injuries may distract the examining physician from 
an ipsilateral hip dislocation or may alter the classic position 
of the dislocated hip. As in any orthopaedic injury, careful 
physical examination is crucial, with particular attention paid 
to associated sciatic nerve or ipsilateral knee injuries.

Radiographic assessment of patients with a hip disloca-
tion should include an anteroposterior view of the pelvis before 
reduction and is repeated after reduction, along with a 45-degree 
oblique Judet view of the pelvis. CT of the pelvis with 3-mm 
cuts and bone windows is also recommended after reduction 

to rule out associated femoral head or acetabular fractures and 
incarcerated intraarticular fragments and to assess joint con-
gruency. Patients with persistent pain or mechanical symptoms 
with negative plain radiographs or computed tomography may 
benefit from further workup; a 93% incidence of labral tears 
has been reported. Magnetic resonance imaging or arthrogra-
phy has been shown to have an accuracy of 91% in one study; 
however, in that particular study, 15% of patients had loose 
bodies not detected on imaging. Arthroscopy is indicated as a 
diagnostic tool when imaging is equivocal.

Hip dislocations are classified according to the position of 
the femoral head in relation to the acetabulum and according 
to associated fractures of the acetabulum and proximal femur. 
Posterior dislocations have been classified by Thompson and 
Epstein into five types: type I, with or without a minor frac-
ture; type II, with a large single fracture of the posterior ace-
tabular rim; type III, with a comminuted fracture of the rim 
of the acetabulum, with or without a major fragment; type IV, 

 

Subluxation

Anterolateral

Posteromedial Superior

FIGURE 60.8 Ogden classification of disruptions of proximal tibiofibular joint.

 

A B C

FIGURE 60.9 Axial CT scan of cadaver knee. A, Anatomic. B, Dislocated anteriorly. C, Dislo-
cated posteriorly.  (From Keogh P, Masterson E, Murphy B, et al: The role of radiography and computed 
tomography in the diagnosis of acute dislocation of the proximal tibiofibular joint, Br J Radiol 66:108, 1993.)
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with fracture of the acetabular rim and floor; and type V, with  
fracture of the femoral head. Types II through IV with signifi-
cant associated acetabular fractures are discussed in Chapter 
56, and femoral head fractures are discussed in Chapter 55.

Anterior dislocations have also been classified by Epstein 
as follows:
 1.  Pubic (superior)
 n  With no fracture (simple)
 n  With fracture of the head of the femur
 n  With fracture of the acetabulum
 2.  Obturator (inferior) (Fig. 60.10)
 n  With no fracture (simple)
 n  With fracture of the head of the femur
 n  With fracture of the acetabulum

The term central dislocation historically referred to a 
medial position of the femoral head after a fracture involv-
ing the medial wall of the acetabulum of varying types. This 
subtype is not very descriptive and may be more accurately 
discussed in terms of the underlying acetabular fracture.

A hip dislocation constitutes an orthopaedic emergency 
because delaying its reduction increases the risk of osteonecro-
sis of the femoral head. Hougaard and Thomsen recommended 

reduction within 6 hours of the injury. They reported an osteone-
crosis rate of 4.8% if reduction occurred within 6 hours of injury 
compared with 53% if reduction was delayed for more than 6 hours 
after injury. When the initial trauma survey has been made, and life-
threatening injuries have been stabilized, the dislocated hip takes 
precedence over any other orthopaedic injury. Closed reduction of 
the hip should initially be attempted in the emergency department 
under intravenous sedation or general anesthesia, if readily avail-
able. If other injuries require emergency operative intervention, the 
initial hip reduction can be performed in the operating room.

The following guidelines for treatment refer to hip disloca-
tions without significant associated femoral head or acetabular 
fractures (Thompson and Epstein type I). Several methods of 
closed reduction have been used successfully, all of which gener-
ally consist of recreating the injurious deforming force (for pos-
terior dislocations—flexion, adduction, and internal rotation; for 
anterior dislocations—abduction and external rotation in exten-
sion). Traction in line with the affected femur and small amounts 
of rotation and abduction and adduction complete the reduction. 
The Allis maneuver is performed for posterior dislocations as pre-
viously described with the patient supine, whereas the Stimson 
maneuver is similarly performed with the patient prone (Fig. 
60.11). Other reduction techniques involve levering the affected 
limb at the ankle over a fulcrum (Figs. 60.12 and 60.13). Regardless 
of the method chosen, only two or three attempts should be made 
at closed reduction. Multiple, increasingly forcible attempts at 
reduction could lead to an iatrogenic femoral head, neck, or shaft 
fracture or cartilaginous injury to the femoral head or acetabulum.

Failed closed reduction of the hip can be caused by “but-
tonholing” of the femoral head through the capsule, inversion 
of the labrum, or interposition of the piriformis into the acetab-
ulum. Incarcerated bone fragments from the femoral head or 
acetabulum or displaced, unstable acetabular fractures that can-
not completely contain the dislocated femoral head can cause hip 
incongruity. If closed reduction fails, anteroposterior and Judet 
views and a CT scan of the pelvis should be obtained quickly to 
assess the interposed structure. If the hip is reduced incongru-
ently, skeletal traction with the femoral head slightly distracted is 
necessary to avoid further cartilaginous injury until surgery can 
be done. If the hip is irreducible by closed means, open reduction 
of the hip should be done immediately. Associated femoral head 
or acetabular fractures can wait a few days for definitive treatment.

 FIGURE 60.10 Bilateral obturator dislocations of hip.

 

A B

        

   

FIGURE 60.11 A, Allis maneuver. B, Stimson maneuver.
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 FIGURE 60.12 Lefkowitz maneuver using physician’s knee as 
a fulcrum for affected limb. Left hand levers ipsilateral ankle and 
controls rotation.

 

A

B
FIGURE 60.13 A, “East Baltimore lift” is shown with physician 

and assistant’s arms as fulcrum and ankle as lever. B, Second  assis-
tant stabilizes pelvis.

 

BA

FIGURE 60.14 A, Posterior dislocation of hip. B, Osteonecrosis 
of femoral head 8 months after closed reduction. Note subchondral 
sclerosis, narrowed joint space, and femoral head collapse.

The hip approach used is generally determined by 
the direction of the dislocation. Posterior dislocations 
are treated by the posterior Kocher-Langenbeck type of 
approach. Anterior dislocations can be reduced by the 
direct anterior approach of Smith-Petersen or by the 
anterolateral or direct lateral approaches of Watson-Jones 
and Hardinge (see Chapter 1). The anterolateral and direct 
lateral approaches offer better access to the posterior cap-
sule, if necessary, whereas the anterior approach may offer 
a better view of femoral head fractures. 

 

OPEN REDUCTION OF HIP 
DISLOCATION

 TECHNIQUE 60.4 

 n  Regardless of the direction of the dislocation, when the 
approach has been made, assess the capsule first.

 n  If the femoral head is buttonholed, extend the traumatic 
capsulotomy in a T-shaped fashion along the acetabular 
rim, carefully preserving the labrum, if possible.

 n  Inspect the joint for intervening capsule, labrum, pirifor-
mis muscle, or bony fragments.

 n  If necessary, retract or distract the hip manually or with 
skeletal traction applied through a fracture table or femo-
ral distractor for better assessment of the joint.

 n  When the joint has been cleared of debris, reduce the hip 
joint by releasing the traction.

 n  Repair the capsule along with the labrum.
 n  Close the wound routinely for the chosen approach.

POSTOPERATIVE CARE Gait training is begun when the 
patient regains control of the affected limb. Some authors have 
advocated postoperative traction and protected weight bear-
ing to decrease the incidence of femoral head collapse from 
osteonecrosis. The benefits of these measures have not been 
proven. Patients are advised to avoid putting the hip in the posi-
tion of the dislocation, and hip abductor and flexor strengthen-
ing and gentle range-of-motion exercises are initiated. An ab-
duction pillow is useful in the postoperative period in sedated 
and noncompliant patients with previous posterior dislocation.
   

COMPLICATIONS
Osteonecrosis has been reported to occur in 4% to 22% of 
hip dislocations without associated femoral head or acetabu-
lar fracture (Fig. 60.14). Time to reduction plays a role in the 
development of this complication because multiple studies 
have shown a direct correlation between the time to reduction 
and the prevalence of osteonecrosis. In the best of circum-
stances, a percentage of patients develop avascular changes 
despite prompt reduction of a dislocated hip. Patients with 
posterior dislocations and multiple injuries are apparently 
at increased risk for the development of osteonecrosis. Most 
patients who develop osteonecrosis have symptoms within 
2 years of injury, although late cases of osteonecrosis with 
radiographic changes delayed 5 years have been reported.

Osteoarthritis is the most common complication after 
hip dislocation. Although a percentage results from osteone-
crosis, a significant number of patients develop osteoarthritic 
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changes without radiographic signs of osteonecrosis. The 
radiographic distinction between these two entities can be 
difficult. Indentation fractures and transchondral fractures of 
the femoral head larger than 4 mm have been associated with 
increased risk of osteoarthritis.

Sciatic nerve palsy complicates simple posterior hip dis-
location in 13% of patients. No neurologic sequelae have been 
reported after anterior hip dislocation. The peroneal portion 
of the sciatic nerve is more commonly affected than the tibial 
branch. The relationship of the peroneal distribution to the 
piriformis muscle, tethering of the nerve at the sciatic notch 
and fibular neck, and the overall morphology of the peroneal 
division are possible explanations for its relatively increased 
risk. At least partial recovery of nerve function can be 
expected in approximately two thirds of patients. Significant 
controversy exists regarding the merits and timing of surgical 
exploration of the sciatic nerve after hip dislocation if closed 
reduction has been successfully performed and nerve func-
tion does not improve. Tornetta and Mostafavi recommended 
nerve exploration only if sciatic function was normal before 
reduction and deteriorated after closed reduction of the hip.

Recurrent instability occurs extremely rarely after hip dis-
location without fracture and is caused by capsular or labral 
defects or capsular laxity. Capsular repair, labral repair, and 
bone block augmentation have been advocated for the sur-
gical treatment of recurrent hip instability. Soft-tissue repair 
seems warranted initially with the addition of bony augmen-
tation if acceptable stability cannot be shown intraoperatively 
after capsular or labral pathology has been treated. 

PUBIC SYMPHYSIS AND SACROILIAC 
JOINTS
Dislocations involving the symphysis pubis and sacroiliac 
joints occur only with high-energy trauma. Considerable 
force is required to overcome the complex ligamentous struc-
tures that provide stability to the adult pelvis. The relevant 
anatomy and appropriate diagnostic and treatment algo-
rithms are included in Chapter 56. 

STERNOCLAVICULAR JOINT
Traumatic dislocation of the sternoclavicular joint usually 
results from an indirect force on the anterior shoulder with 
the arm abducted. The most frequent of these injuries is the 
anterior dislocation in which the medial end of the clavicle 
is displaced anteriorly. Posterior or retrosternal dislocations 
also occur. The sternoclavicular joint also can be dislocated 
congenitally and in developmental, degenerative, and inflam-
matory processes.

When traumatic dislocation is anterior, considerable pain 
and swelling and a prominent deformity over the dislocated 
joint occur. The anteriorly displaced clavicle may appear ele-
vated in relation to the sternum or may remain depressed 
near the first rib, depending on the extent of ligamentous dis-
ruption. Acute anterior dislocations can usually be treated by 
nonoperative methods, but interposition of the joint capsule 
or the ligaments may cause the dislocation to be irreducible. 
If the joint remains dislocated, the medial end of the clavicle 
causes an unsightly prominence, but for sedentary patients, 
little disability is to be expected.

Posterior dislocation of the sternoclavicular joint, as 
already mentioned, is less common. It can be a much more 

serious injury than the anterior dislocation, however, because 
the trachea, esophagus, thoracic duct, or large vessels in the 
mediastinum may be damaged by the posteriorly displaced 
medial end of the clavicle. The posteriorly displaced medial 
end of the clavicle can produce respiratory distress, venous 
congestion or arterial insufficiency, brachial plexus compres-
sion, and myocardial conduction abnormalities. Occasionally, 
pressure on these structures makes the dislocation a true 
emergency. Whether the sternoclavicular joint subluxates or 
dislocates depends on the extent of the injury to the capsular 
ligaments, the articular disc, the interclavicular ligament, and 
the costoclavicular (rhomboid) ligament. Rockwood stressed 
the importance and the frequency of injuries to the physis of 
the medial end of the clavicle that may appear to be a sterno-
clavicular dislocation in patients younger than 25 years old. 
Groh et al. found that early recognition (<10 days) of poste-
rior dislocations improves the probability of accomplishing a 
closed reduction. When a closed reduction fails, they recom-
mend open reduction. Closed and open reduction both pro-
duced similar good or excellent results in 18 of 21 patients.

In addition to the physical examination and anteroposte-
rior radiographs, CT scan can be helpful in making a diagno-
sis. An apical lordotic view of the upper thorax centered over 
the sternum is usually diagnostic. In this view, the medial end 
of the clavicle is anterior or posterior to that of the normal 
clavicle on the opposite side.

For acute anterior sternoclavicular dislocations, Heinig 
recommended closed reduction after infiltrating the hema-
toma with a local anesthetic. In this situation, a meticulous 
sterile technique must be used. With the patient supine 
and with a large sandbag between the scapulae, traction is 
applied to the affected extremity, and the arm is abducted and 
extended while pressure is applied downward over the dislo-
cated end of the clavicle. When the dislocation is reduced, the 
joint may be unstable, and the decision must be made whether 
to accept a residual subluxation or perform an open reduc-
tion and an internal fixation. In anterior dislocations, the 
deformity generally is accepted. If later instability is painful, 
ligament reconstruction (see Chapter 47) or resection of the 
medial end of the clavicle (see Chapter 61) may be indicated.

If the sternoclavicular dislocation is posterior, the patient 
is placed supine with a large sandbag between the scapulae. 
Traction is applied to the affected extremity, and the arm is 
abducted and extended. The clavicle is grasped with the fin-
gers or a sterile towel clip, and anterior traction is exerted to 
assist in reduction. If a towel clip is used, sterile preparation of 
the skin is carried out first. Buckerfield and Castle described a 
reduction maneuver consisting of traction on the affected arm 
with the shoulder in adduction while a posteriorly directed 
force is applied to the shoulder and distal clavicle. Most pos-
terior dislocations are stable when reduced. After reduction, 
immobilization can be achieved with a figure-of-eight soft 
dressing, a commercially prepared clavicular strap, or a fig-
ure-of-eight plaster dressing for 4 weeks. Activities should be 
restricted for 6 weeks. If reduction of the posterior dislocation 
cannot be obtained by closed methods even with the patient 
under general anesthesia, open reduction is indicated because 
of the dangers of leaving the joint dislocated. Kennedy recom-
mended open reduction and ligament reconstruction because 
of the significant injury to the joint capsule, articular disc, and 
extraarticular ligaments. If open reduction is necessary, a sur-
geon with thoracic surgery experience should be consulted.
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If open reduction is necessary, an attempt should be made 
to obtain stable fixation without the use of transarticular pins. 
Waters et  al. advocated suture stabilization of costoclavicu-
lar and sternoclavicular ligaments for unstable reductions. 
Such considerations imply that surgical treatment should 
be reserved for irreducible posterior sternoclavicular dislo-
cations and for significantly symptomatic, old, unreduced, 
or recurrent anterior sternoclavicular dislocations. If open 
reduction is required, the approach as described for old, 
unreduced (see Chapter 61), and recurrent (see Chapter 47) 
sternoclavicular dislocations can be modified. 

ACROMIOCLAVICULAR JOINT
ETIOLOGY AND CLASSIFICATION
Injuries to the acromioclavicular joint are usually the result of a 
force applied downward on the acromion. The most common 
mechanism of injury is a fall directly onto the dome of the shoul-
der. The clavicle rests against the first rib, and the rib blocks further 
downward displacement of the clavicle. As a result, if the clavicle 
is not fractured, the acromioclavicular and coracoclavicular liga-
ments are ruptured. Injuries to the other structures in this area may 
include tears in the clavicular attachments of the deltoid and tra-
pezius muscles (Fig. 60.15); fractures of the acromion, clavicle, and 
coracoid; disruption of the acromioclavicular fibrocartilage; and 
fractures of the articular cartilage of the acromioclavicular joint.

The severity of any superior or posterior displacement 
of the clavicle is determined by the severity of injury to the 
acromioclavicular and coracoclavicular ligaments, the acro-
mioclavicular joint capsule, and the trapezius and deltoid 
muscles. In cadaver dissections, Rosenørn and Pedersen 
found that if the acromioclavicular ligament, the joint cap-
sule, and these muscles were cut, proximal displacement of 
the clavicle ranged from 0.5 to 1.0 cm. More importantly, con-
siderable anteroposterior instability was also present when the 
acromioclavicular ligament and joint capsule were sectioned. 
If, in addition to these structures, the coracoclavicular liga-
ments were also divided, the superior clavicular displacement 
ranged from 1.5 to 2.5 cm. Horn noted the clinical association 
of tears or avulsions of the deltoid and trapezius muscles with 
tears of the acromioclavicular and coracoclavicular ligaments.

Although many surgeons still use three grades of severity 
of separation, Rockwood and others subclassify these injuries 

further into types I through VI (Fig. 60.16). Type I injuries 
result from minor strains of the acromioclavicular ligament 
and joint capsule. The acromioclavicular joint is stable, and 
pain is minimal. Although radiographs initially may be neg-
ative, periosteal calcification at the distal end of the clavicle 
may be apparent later. More significant forces cause type II, 
and the acromioclavicular ligament and the joint capsule 
are ruptured. The coracoclavicular ligaments remain intact. 
In this instance, the acromioclavicular joint is unstable. This 
instability, especially in the anteroposterior plane, causes 
deformity, and on radiographs, the lateral end of the clavi-
cle may ride higher than the acromion, usually by less than 
the thickness of the clavicle even when stress is applied to the 
joint. Considerable pain and tenderness are present over the 
acromioclavicular joint, but stress radiographs are necessary 
to assess the degree of instability after these injuries. Injuries 
that result from a force sufficient to rupture the acromiocla-
vicular and coracoclavicular ligaments have been considered 
grade III injuries.

 

Trapezius

Clavicle

Deltoid

FIGURE 60.15 Dislocation of clavicle often causes tears in 
clavicular attachments of deltoid and trapezius muscles.

 

Type IIType I 

Type III Type IV

Type V Type VI

Conjoined tendon
of biceps and
coracobrachialis

FIGURE 60.16 Rockwood classification of acromioclavicular 
injuries. Type I: neither acromioclavicular nor coracoclavicular 
ligaments are disrupted. Type II: acromioclavicular ligament is 
disrupted, and coracoclavicular ligament is intact. Type III: both 
ligaments are disrupted. Type IV: ligaments are disrupted, and distal 
end of clavicle is displaced posteriorly into or through trapezius 
muscle. Type V: ligaments and muscle attachments are disrupted, 
and clavicle and acromion are widely separated. Type VI: ligaments 
are disrupted, and distal clavicle is dislocated inferior to coracoid 
process and posterior to biceps and coracobrachialis tendons.
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Besides types I and II, Rockwood described types III, IV, 
V, and VI injuries. Type III injuries consist of disruption of the 
acromioclavicular and coracoclavicular ligaments and the dis-
tal clavicular attachment of the deltoid muscle. The distal clavi-
cle is above the acromion by at least the thickness of the clavicle. 
Traditionally, this elevation of the clavicle has been attributed 
to the pull of the trapezius muscle; however, Rockwood sug-
gested that the scapula, including the glenohumeral joint, is 
depressed, rather than the clavicle being elevated, creating the 
gap between the clavicle and the acromion. In type IV injuries, 
the same structures are disrupted as in grade III injuries. The 
distal clavicle is displaced posteriorly into or through the tra-
pezius muscle. In type V injuries, the distal attachments of the 
deltoid and trapezius to the clavicle are detached from the dis-
tal half of the clavicle. The acromioclavicular joint is displaced 
100% to 300%, and a gross separation between the clavicle 
and the acromion is present. Type VI injuries are rare and are 
caused by extreme abduction that tears the acromioclavicular 
and coracoclavicular ligaments. The distal clavicle is displaced 
under the coracoid and behind the conjoined tendons.

MRI may play a role in the treatment of this injury. In one 
series, 30% of patients had a concomitant injury that needed 
surgical treatment at the time of acromioclavicular joint 
repair or reconstruction. 

CLINICAL FINDINGS
In addition to the physical findings of pain, swelling, and an 
unstable acromioclavicular joint with a mobile distal clavicle, 
radiographs are helpful in assessing the degree of injury. If 
the acromioclavicular ligament has been torn, and the cora-
coclavicular ligaments are intact, anteroposterior instability 
is the usual finding. Widening of the acromioclavicular joint 
is noted in the anteroposterior projection in these grade II 
injuries. Further instability in the acromioclavicular joint is 
detected by suspending 10 to 15 lb (4.5 to 6.8 kg) of weights 
to both of the patient’s wrists. If possible, the weights should 
be tied to the wrists to avoid having the patient hold them; 
this allows the upper extremity muscles to relax completely. 
With the patient standing erect, anteroposterior radiographs 
are made of each acromioclavicular joint, and the two sides 
are compared. In significant subluxations, the lateral end of 
the clavicle is displaced superiorly, or the scapula and arm are 
displaced inferiorly, more than one half the thickness of the 
clavicle. In dislocations, the distal clavicle is displaced a dis-
tance that is equal to or more than its thickness (Fig. 60.17). 

TREATMENT
Type I injuries are satisfactorily treated nonsurgically. This 
usually includes application of ice, use of mild analgesics, 
immobilization with a sling, early range-of-motion exer-
cises, and reinstitution of activities when comfort permits. 
Most surgeons agree that type II injuries should be treated 
similarly unless significant instability is observed. If the distal 
clavicle is displaced no more than one half of its thickness, 
strapping, splinting, or immobilization with a sling for 2 to 3 
weeks is usually successful. Six weeks usually must pass, how-
ever, before heavy lifting or contact sports can be resumed. 
Treatment of type III injuries has become less controversial 
in recent years. Isokinetic testing after nonsurgical treatment 
of acromioclavicular dislocation has revealed that strength 
and endurance are comparable on the affected and unin-
jured sides. Most patients have no difficulty with activities of 
daily living, but athletes occasionally report pain with contact 
sports and throwing. At this clinic, we generally treat all type 
III acromioclavicular joint separations nonoperatively ini-
tially with late reconstruction if necessary. In types IV, V, and 
VI injuries, most authors agree that the displacement of the 
acromioclavicular joint would be too great to accept and that 
open reduction and internal fixation are indicated.

It has been suggested that conservative treatment fails 
chiefly because of the interposition of the articular disc, 
frayed capsular ligaments, and fragments of articular car-
tilage between the acromion and the clavicle. The disad-
vantages of nonsurgical treatment by strapping, bracing, or 
splinting techniques include: (1) skin pressure and ulcer-
ation, (2) recurrence of deformity, (3) necessity of wearing 
the sling or brace for 8 weeks, (4) poor patient cooperation, 
(5) interference with activities of daily living, (6) loss of 
shoulder and elbow motion (in older patients), (7) soft-tis-
sue calcification, (8) late acromioclavicular arthritis, and (9) 
late muscle atrophy, weakness, and fatigue. The avoidance of 
a surgical procedure is a major advantage of closed meth-
ods, and, when successful, closed techniques usually result 
in a stable joint and satisfactory function in the shoulder. To 
prevent possible complications, however, close observation 
on a regular basis is necessary and complete patient coop-
eration is essential.

 

B

A

FIGURE 60.17 Stress views of acromioclavicular dislocation. A, 
Without weights. B, With weights.
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The difficulties and problems associated with surgi-
cal methods include: (1) infection, (2) anesthetic risk, (3) 
hematoma formation, (4) scar formation, (5) recurrence of 
deformity, (6) metal breakage, migration, and loosening, (7) 
breakage or loosening of sutures, (8) erosion or fracture of 
the distal clavicle, (9) postoperative pain and limitation of 
motion, (10) second procedure required for removal of fixa-
tion, (11) late acromioclavicular arthritis, and (12) soft-tissue 
calcification (usually insignificant). Surgical treatment per-
mits inspection of the injury to the joint and removal of any 
fracture fragments or other obstructions to reduction. It also 
permits an anatomic reduction and secure fixation that usu-
ally allows the resumption of shoulder motion earlier than is 
possible with closed techniques.

Many different procedures have been devised for the 
surgical treatment of dislocations of the acromioclavicular 
joint. They can be divided into five major categories: (1) acro-
mioclavicular reduction and fixation; (2) acromioclavicular 
reduction, coracoclavicular ligament repair, and coracocla-
vicular fixation; (3) a combination of the first two categories; 
(4) distal clavicle excision; and (5) muscle transfers.

Acromioclavicular reduction and transarticular wire fixa-
tion, usually with smooth or threaded Kirschner wires, has been 
used. Acromioclavicular reduction with acromioclavicular repair 
or reconstruction and coracoclavicular fixation with coracocla-
vicular ligament repair or reconstruction also has been reported. 
Coracoclavicular fixation with heavy nonabsorbable suture and 
transfer of the coracoacromial ligament to the distal clavicle 
resulted in 89% satisfactory results in a study by Weinstein et al. 
These researchers also found that early repairs were more likely 
to have more satisfactory results than late reconstructions, and 
this was statistically significant. The superior acromioclavicular 
ligament can be repaired directly or can be reconstructed with 
the coracoacromial ligament or free tendon grafts. The coraco-
clavicular ligaments can also be repaired directly when they are 
not too frayed; they have been reconstructed using fascia lata, 
free tendon grafts, the coracoacromial ligament, and transfer of 
the tendon of the long head of the biceps.

Coracoclavicular fixation devices depend on an intact 
coracoid process and have included single and double wire 
loops, screws, nonabsorbable sutures, metallic and bioabsorb-
able suture anchors, and bone grafts. Coracoclavicular bone 
grafting creates an extraarticular acromioclavicular arthrode-
sis and reportedly results in no significant restriction of shoul-
der motion. We have had little experience with this procedure.

Resection of the lateral or distal end of the clavicle has 
been proposed for the treatment of acute and old acromio-
clavicular dislocations. If the coracoclavicular ligaments are 
disrupted, they must be repaired or reconstructed; inter-
nal fixation is required, either across the acromioclavicular 
defect or between the coracoid and the clavicle. Dewar and 
Barrington described transfer of the coracoid to the clavicle 
to hold the lateral end of the bone in position. This technique 
can be combined with resection of the lateral end of the clav-
icle (see Chapter 61).

Our preferred method for treating acromioclavicular joint 
dislocations is a technique described by Mazzocca et al. It is 
an anatomic reconstruction of both the conoid and trapezoid 
ligaments. This procedure alleviates concerns over implant 
migration, inadequate acromioclavicular ligaments for repair, 
and nonanatomic positioning. Distal clavicular resection is 
performed routinely to correct altered acromioclavicular joint 

biomechanics. Autologous semitendinosus graft is preferred, 
and the reconstruction is augmented preferably with suture 
tape. Biomechanical studies by Mazzocca et al. demonstrated 
superior fixation using this technique compared with pin fixa-
tion or repair. This technique also can be used for unstable dis-
tal clavicular fractures through appropriate drill holes in the 
clavicle.

Any surgical procedure for acromioclavicular dislocation 
should fulfill three requirements: (1) the acromioclavicular joint 
must be exposed and debrided; (2) the coracoclavicular and 
acromioclavicular ligaments must be repaired or reconstructed; 
and (3) stable reduction of the acromioclavicular joint must be 
obtained. Procedures that accomplish these three goals, no mat-
ter how the joint is fixed, should produce acceptable results.

Most of the procedures that reduce and fix the acro-
mioclavicular joint should be reserved for patients younger 
than 45 years old. DePalma’s anatomic dissections and stud-
ies suggest that early degenerative changes are developing in 
the acromioclavicular joint by the third decade and that sig-
nificant changes are present by the fourth decade. Although 
procedures in which the distal clavicle is excised can be used 
satisfactorily in young patients, older patients with painful, 
disabling, old acromioclavicular dislocations with degenera-
tive changes should especially be considered as candidates 
for such a procedure. Various arthroscopic techniques also 
have been described for acromioclavicular joint fixation, 
showing fair-to-good results at short-term follow-up. In one 
study the acromioclavicular joint was found to be unsatisfac-
tory in 40% of patients as seen on postoperative radiographs. 
This technique should be performed only by an experienced 
arthroscopist. See Chapter 52 for arthroscopic treatment of 
acromioclavicular joints. The treatment of old acromioclavic-
ular dislocations is discussed in Chapter 61. 

 

ANATOMIC RECONSTRUCTION OF THE 
CONOID AND TRAPEZOID LIGAMENTS

 TECHNIQUE 60.5 

(MAZZOCCA ET AL.)
 n  Make a curvilinear incision 3.5 cm from the distal clavi-

cle in the lines of Langer to the tip of the coracoid (Fig. 
60.18A).

 n  Raise full-thickness flaps anteriorly and posteriorly on the 
clavicle, skeletonizing the clavicle.

 n  Resect the last 10 mm of the distal clavicle, beveling the 
inferior bone.

 n  Dissect the coracoid posterior to the deltoid. Once the 
coracoid is exposed, create a tunnel under the coracoid 
with a right-angle clamp to ensure easy graft passage.

 n  Drill the first tunnel 45 mm from the distal clavicle (35 mm 
if distal clavicular resection has already been performed) 
using an appropriate steel reamer. It should be positioned 
slightly posterior to re-create normal conoid position (Fig. 
60.18A).

 n  Drill the second tunnel 15 mm lateral to the first tun-
nel slightly anteriorly to re-create trapezoid position (Fig. 
60.18A).
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 n  Pass the lateral limb of the graft with suture through the 
first (posterior) tunnel and cross it posteriorly so that it will 
ultimately be a figure-of-eight. Then feed the medial limb 
of the graft through the anterior tunnel. Do not cross the 
suture but pass it directly so that it will be a circle (Fig. 
60.18B).

 n  Secure the graft with a soft-tissue interference screw in 
the posterior or anterior tunnel, bringing the suture up 
through the cannulated screw.

 n  With upper displacement of the scapulohumeral com-
plex, slightly overreduce the acromioclavicular joint. After 
assessment of correct screw placement, place a second 
screw in the final bone tunnel.

 n  Confirm the reduction with C-arm Zanca view. Tie the 
suture (Fig. 60.19).

 n  Route the remaining lateral limb of the tendon graft and 
suture it to the acromion as in an acromioclavicular liga-
ment reconstruction (Fig. 60.20).

 n  Close the deltotrapezial interval securely and close the 
skin with absorbable monofilament suture (Fig. 60.21). 

POSTOPERATIVE CARE A brace is worn for 6 weeks, 
removed only for active-assisted and pendulum exercises. 
Strengthening begins at 12 weeks and return to sports is 
in 6 months.
   

SHOULDER
Uncomplicated dislocations of the shoulder rarely require 
open reduction. Some acute anterior dislocations of the 
shoulder are irreducible because of interposition of the 
long head of the biceps tendon, greater tuberosity, or frac-
ture fragments of the glenoid. Fracture-dislocations of the 
shoulder are discussed in Chapter 57. Rotator cuff tears 
that require repair have also been reported with shoulder 
dislocation (see Chapter 46). The biomechanics and patho-
anatomy seen with recurrent dislocations are discussed in 
Chapter 47.

Recurrent instability in young patients has been 
reported in up to 90% of patients treated nonoperatively. 
Up to 12% recurrence has been reported in operatively 
treated shoulders. Arthroscopic stabilization has been 
recommended in active young patients with no history 
of subluxation or impingement who may otherwise have 
recurrent dislocations after acute traumatic dislocation. 
We currently favor initial nonoperative management for 
first-time dislocations but consider arthroscopic stabili-
zation procedures an appropriate alternative in selected 
patients (see Chapter 52 for arthroscopic shoulder stabili-
zation techniques). 

ELBOW
The elbow is the second most commonly dislocated joint 
in adults. Approximately 20% of dislocations are associated 
with fractures and up to 50% in children. Acute dislocation 
of the elbow is almost always reducible by closed methods, 
and most are stable after reduction. Open reduction may be 
required if fracture fragments in a fracture-dislocation block 
closed reduction. Late elbow instability and stiffness are rare 
after simple dislocations.

Treatment principles of simple dislocations include 
reduction of the joint and early motion. One study found 
that patients with unstable elbow joints treated non-
operatively had fewer symptoms than patients treated 
with ligament repair. Unprotected flexion and extension 

 FIGURE 60.19 Mazzocca anatomic coracoclavicular reconstruc-
tion. Interference screw fixation of graft to clavicle. SEE TECHNIQUE 
60.5.

 

10 mm

35 mm

15 mm

A B
FIGURE 60.18 Mazzocca anatomic coracoclavicular reconstruction. A, Incision and tunnel 

placement. B, Graft passage. SEE TECHNIQUE 60.5.
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exercises within 2 weeks of dislocation have been recom-
mended. Burra and Andrews recommended operative 
treatment when throwing movements are required by 
athletes.

DISLOCATION OF THE RADIAL HEAD
If dislocation of the radial head occurs without disloca-
tion of the humeroulnar joint, the radial head is almost 
always displaced anteriorly and can be easily reduced man-
ually. Because the annular ligament has been ruptured or 
displaced, the pull of the biceps muscle often causes the 
dislocation to recur, and unless the radial head remains 
reduced, it would limit flexion of the joint. Consequently, 
open reduction and repair or reconstruction of the annu-
lar ligament is indicated (1) when the dislocation recurs 
after closed reduction and immobilization of the elbow 
in more than 90 degrees of flexion; (2) when it has gone 
untreated for 2 to 4 weeks; or (3) when it is irreducible by 
closed means, usually because the radial head is trapped 
by interposed soft tissues. When the dislocation has gone 
untreated for more than 4 or 5 weeks in an adult, the radial 
head should be excised (see Chapter 57). 

 

OPEN REDUCTION OF RADIAL HEAD 
DISLOCATION

 TECHNIQUE 60.6 

 n  Make an incision over the posterior aspect of the radial 
head, expose the head and identify the annular ligament 
(Fig. 60.22).

 n  Reduce the dislocation and, if possible, repair the liga-
ment and disrupted capsule with fine interrupted sutures.

 n  If repair is impossible, take a fascial graft 1.3 cm wide × 
10 cm long from the outer aspect of the thigh (or from 
the deep fascia on the dorsal aspect of the forearm, as 
described in Chapter 57).

 n  Expose the posterior surface of the ulna through a second 
incision 5.0 cm long and drill a hole transversely through 
the bone 1.3 cm distal to the level of the radial head.

 n  Pass the strip of fascia lata through this hole and around 
the radial neck and suture its ends together without ten-
sion, creating a new annular ligament.

POSTOPERATIVE CARE With the arm in a splint or a 
cast, the elbow is immobilized at 90 degrees of flexion 
with the forearm in neutral rotation for 2 to 3 weeks. 
Gentle active motion and especially rehabilitation of the 
muscles are begun. The elbow must not be manipulated, 
and motion must not be passively forced in any attempt 
to restore function. After motion and strength have been 
actively restored, the head may become slightly displaced, 
but, if so, it does not interfere significantly with function.
  

DISLOCATION OF RADIAL HEAD AND 
FRACTURE OF PROXIMAL THIRD OF ULNA 
(MONTEGGIA FRACTURE)
The treatment of a Monteggia fracture is described in 
Chapters 36 and 57. 

 FIGURE 60.20 Mazzocca anatomic coracoclavicular reconstruc-
tion. Final placement of grafts. SEE TECHNIQUE 60.5.

 

A B

FIGURE 60.21 A, Grade V acromioclavicular dislocation. B, After Mazzocca anatomic recon-
struction with Mumford procedure. SEE TECHNIQUE 60.5.
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FRACTURE-DISLOCATION OF ELBOW WITH 
SEVERE DAMAGE OF SOFT STRUCTURES
Complex elbow dislocations with associated fractures may 
require surgical intervention to obtain joint stability. This typi-
cally includes ligament or fracture repair. A fracture-disloca-
tion of the adult elbow in which the soft structures have been 
severely damaged should not be treated by closed methods but 
by debridement and repair. This operation is occasionally indi-
cated if the radial head and the coronoid process of the ulna have 
been fractured and severe damage to the soft tissues is evident. 
Large periarticular fractures have been shown to affect func-
tional results adversely. A fractured coronoid process strongly 
suggests that the elbow had become at least partially dislocated 
at the time of the injury. At surgery, the brachialis muscle may 
be found to be torn, the anterior part of the capsule of the elbow 
joint to be avulsed, and either one or both collateral ligaments 
to be ruptured. If the injuries of the soft structures are repaired 
at the same time as the injuries to the bone, the return of func-
tion can be hastened, the final range of motion can be improved, 
and the potential for myositis ossificans around the elbow can 
be reduced. This open reduction is only for fracture-dislocations 
of the elbow with severe damage (see Chapter 57 for ligament 
repair techniques). In a severe fracture-dislocation of the elbow, 
it is important to assess the integrity of the distal radioulnar joint. 

DISTAL RADIOULNAR JOINT
An injury to the distal radioulnar joint can occur in asso-
ciation with almost any fracture of the forearm or as an 
isolated injury. A dislocation of this joint may be simple 
or complex. Failure to recognize a simple dislocation of 
the distal radioulnar joint associated with a fracture of 
the forearm may result in inappropriate or inadequate 
immobilization of the joint after fixation of the frac-
ture. Consequently, the injured triangular fibrocartilage 
complex may not heal, leading to recurrent postopera-
tive instability. Failure to diagnose and treat a complex 

distal radioulnar joint dislocation can lead to chronic 
persistent subluxation or dislocation and to symptomatic 
osteoarthrosis.

The chief function of the distal radioulnar joint is to stabi-
lize the forearm during pronation and supination as the radius 
rotates on the distal end of the ulna. The distal ulna is completely 
covered by cartilage and articulates with the ulnar notch of the 
radius except on its ulnar side. The distal radioulnar joint is sta-
bilized by the following structures: the ulnar collateral ligament, 
which is attached to the tip of the ulnar styloid and to the pisiform 
and triquetrum; the articular disc, which is attached to the base 
of the ulnar styloid and to the margin of the ulnar notch of the 
radius; the anterior and posterior radioulnar ligaments, which 
are parts of the joint capsule; and the pronator quadratus muscle, 
which spans the volar surface of the distal radius and ulna and 
the interosseous space. For the distal radioulnar joint to become 
dislocated, some or all of these structures must be injured.

A distal radioulnar dislocation can be dorsal or volar 
(Fig. 60.23). If the dislocation is with the ulna in the dorsal 

 

A B

 Line of
incision

Annular
ligament

FIGURE 60.22 Dislocation of radial head. A, Annular ligament has been ruptured. Often, this 
ligament can be sutured satisfactorily. B, If necessary, annular ligament can be reconstructed with 
strip of fascia lata. Inset, Reconstruction has been completed. SEE TECHNIQUE 60.6.
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Dorsal

Dorsal

Volar Volar

FIGURE 60.23 Distal radioulnar dislocation. A, Ulnar dorsal 
dislocation is maintained by pull of pronator quadratus muscle, 
which prevents overlapping of bones. B, In ulnar volar dislocation, 
pull of pronator quadratus muscle produces overlapping of distal 
radius and ulna.
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position, reduction is usually accomplished by supination of 
the forearm with pressure on the distal ulna. If the dislocation 
is with the ulna in the volar position, pronation of the forearm 
is usually successful in reducing the dislocation. An excel-
lent result can usually be expected if it is reduced early and 
immobilized for 1 month in plaster. If the dislocation is less 
than 2 months old and cannot be reduced closed, open reduc-
tion with exposure and repair of the triangular fibrocartilage 
is advised. If the dislocation is reduced surgically after more 
than 2 months, consideration should be given to excision of 
the distal ulna and distal ligament reconstruction. According 
to Milch, rupture of the distal radioulnar ligaments usually 
causes diastasis of the distal radioulnar joint. He stated that 
this separation can be seen on radiographs and is a pathogno-
monic sign that the ligaments have been ruptured and should 
be repaired. Irreducible dislocations of the distal radioulnar 
joint have been described. In most patients, the extensor 
carpi ulnaris was entrapped in the joint and prevented closed 
reduction. A dorsal approach was used to free the extensor 
carpi ulnaris, and repair of the triangular fibrocartilage or 
transosseous pinning was used to stabilize the joint.

Rupture of the ligaments around the distal radioulnar 
joint without a fracture usually is considered to be only 
a sprain, and the joint seldom is properly immobilized. 
The ligaments may not heal well, and, if not, the damage 
is rarely discovered before 6 to 8 weeks after injury. By 
this time, degenerative changes in the articular surfaces 
of the joint may have become so severe that restoring the 
normal radioulnar relationship would be undesirable. In 
these instances, resection of the distal ulna (see Chapter 
58) is usually indicated; reconstruction of the ligaments 
is indicated only rarely. Operations to reconstruct perma-
nently damaged ligaments of the distal radioulnar joint 
cannot be successful unless the component bones are 
undeformed.

Because operations to stabilize the distal radioulnar joint 
are so rarely indicated, the techniques for performing them 
are not described here. In Figures 60.24 and 60.25, two such 
operations are shown, and the reader is referred to the origi-
nal works for details of the techniques. Acute dislocations of 
the wrist, the carpus, and the joints of the hand are discussed 
in Chapter 67.

 

A

C

B

D

E F
FIGURE 60.24 Bunnell technique to stabilize distal radioulnar joint. A, Skin incision. B, Annular 

ligament formed by looping small tendon graft around neck of ulna and attaching it to radius. C, 
Cross section of wrist showing method of attaching tendon graft to radius. D, Tenodesis of distal 
end of ulna, using split portion of flexor carpi ulnaris tendon. E, Detail of tenodesis. F, Final appear-
ance after anchoring extensor carpi ulnaris tendon dorsally by separate tendon loop to prevent 
subluxation of tendon on flexion and pronation of wrist.
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FIGURE 60.25 Liebolt technique to stabilize distal radioulnar joint. A, Location of holes drilled 
in radius and ulna. B, Method of passing tendon. C, Appearance after joint has been stabilized.
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OLD UNREDUCED DISLOCATIONS
Andrew H. Crenshaw Jr.

CHAPTER 61

Any dislocation should be reduced as soon as reasonably pos-
sible. While a joint is dislocated, the metabolism of its hya-
line cartilage is disturbed and synovial fluid functions are 
impaired. Hyaline cartilage may begin to degenerate dur-
ing this brief period, and irreversible changes rapidly occur. 
Consequently, when old unreduced dislocations are finally 
reduced, normal and painless joint motion and function 
should not be expected.

When old unreduced dislocations are encountered, 
especially in the elbow, hip, knee, or ankle, arthroplasty or 
arthrodesis may be necessary either at the time of reduction 
or shortly thereafter. The procedure selected depends on indi-
vidual considerations, such as the joint affected, the condi-
tion of the articular cartilage, any associated injuries, and 
the patient’s age and occupation. Treatment options include 
reduction alone, reduction with arthroplasty, or arthrodesis.

Reduction alone usually suffices for children and young 
adults. In older patients, reduction combined with arthro-
plasty or arthrodesis may be a better course. In patients in 
whom the dislocation is not restricting daily activities and is 
not excessively painful, reduction may not be indicated, espe-
cially in older patients.

Most old unreduced dislocations require open reduction. 
However, there is no arbitrary time limit beyond which a dis-
location cannot be reduced by closed means. Skeletal traction 
sometimes will reduce a joint that has been dislocated for sev-
eral weeks. If 2 to 3 weeks have passed since the injury, manip-
ulation should be done cautiously and gently. Osteoporosis 
from disuse rapidly weakens the bones after a dislocation, and 
manipulative techniques may result in fractures. If open tech-
niques are employed, similar care should be taken with use 
of instruments such as levers because articular surfaces may 
be further damaged. Excessive force thus should be avoided 
in both open and closed methods. The most common of old 
unreduced dislocations are discussed in this chapter.

FOOT
Fractures and dislocations around the foot are discussed in 
Chapter 89. 

ANKLE
An old unreduced dislocation of the ankle without a frac-
ture is extremely rare. The type and severity of the disloca-
tion almost always depend on the type and treatment of any 
associated fractures. An anterior dislocation usually is com-
plicated by a fracture of the anterior margin of the distal 
articular surface of the tibia. A posterior dislocation usually 
is complicated either by a fracture of the distal tibia, includ-
ing its posterior margin and a part of the metaphysis, or by 
a trimalleolar-type fracture. A lateral dislocation is usually 
complicated by a lateral or bimalleolar fracture. Fractures of 
the lower extremity are discussed in Chapter 54. 

PROXIMAL TIBIOFIBULAR JOINT
Two types of proximal tibiofibular subluxations or disloca-
tions have been described: idiopathic and posttraumatic. The 
idiopathic type occurs primarily in preadolescent or adoles-
cent children and is more common in girls than in boys. It can 
also occur in patients in their late 40s and 50s with general-
ized laxity of ligaments. An idiopathic subluxation usually is 
treated nonoperatively. If the condition is symptomatic, initial 
treatment can be cast immobilization. Idiopathic subluxation 
in a young patient should probably not be treated surgically, 
because it appears to be a self-limited condition. Surgery may 
be indicated in older patients if subluxation becomes chronic 
and painful and does not respond to immobilization.

Posttraumatic, chronic subluxation of the proximal fibula 
occurs after injuries to the anterior and posterior capsular 
ligaments of the proximal tibiofibular joint and to the fibular 
collateral ligament of the knee, often initially not fully appre-
ciated. The ligamentous and capsular structures around the 
proximal tibiofibular joint are shown in Fig. 61.1.

An old dislocation of the proximal fibula may not be 
symptomatic enough to require treatment. When symptoms 
do occur, it may be as lateral knee pain, instability, arthri-
tis, or as ankle pain. Problems may be minimal with normal 
activities but experienced as clunking or giving way with cer-
tain more strenuous activities. Peroneal nerve dysfunction, 
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particularly decreased foot sensation, can also be trouble-
some. If symptoms demand, treatment is indicated.

Various treatment options exist. Because of the relative 
rarity of this problem, decisions on treatment may be ham-
pered by lack of evidence from studies with large numbers 
or long-term follow-up. Closed reduction alone is not likely 
to be successful or helpful. Nonoperative treatment may be 
attempted using a supportive strap, an exercise program, and 
activity modification. However, when nonoperative treat-
ment is inadequate, surgery may be indicated. Most authors 
have thought that resection of the proximal fibula is the best 
option, although some have expressed reservations about 
using this procedure in children, adolescents, and some 
athletes.

Arthrodesis has been performed but is problematic. It has 
been shown that during dorsiflexion of the ankle the proxi-
mal fibula rotates around its longitudinal axis. To accommo-
date lateral plane rotation of the talus and the ankle joint, the 
fibula must rotate externally.

Attempts at ligamentous reconstruction using biceps, and 
deep fascia or gracilis grafts have met with at least some early 
success, and temporary (3 to 6 months) screw fixation also 
has been described with good early results. 

 

LIGAMENTOUS RECONSTRUCTION FOR 
OLD UNREDUCED DISLOCATION OF 
THE PROXIMAL TIBIOFIBULAR JOINT

 TECHNIQUE 61.1 

 n  See the technique for removal of a proximal fibular graft 
(see Technique 1.7).

 n  It is important when this technique is used that the lateral 
supporting structures of the knee joint be reconstructed. 
This is accomplished by preserving the proximal fibular 
styloid process with its attached ligaments for subsequent 
attachment to the tibia.

 n  The fibular dissection should be subperiosteal to prevent 
injury to the peroneal nerve. 

POSTOPERATIVE CARE A long leg, bent-knee cast 
is applied and worn for 6 weeks. Treatment thereafter 
should be as described for acute injuries of the lateral knee 
ligaments in Chapter 45.
   

KNEE
Acute dislocation of the knee is usually a true emergency 
because of the possibility of vascular injury. Old unreduced 
dislocations of the knee are therefore rare. A useful range 
of motion is seldom restored after open reduction of such 
a dislocation. Even though at surgery the articular cartilage 
may look normal, adhesions usually develop between the 
articular surfaces (Fig. 61.2). Satisfactory results have been 
reported after open reduction as long as 4 months after dis-
location, and there have been reports of successful gradual 
reduction of chronic dislocations using the Ilizarov device, 
the Taylor Spatial Frame, or similar circular and hinged exter-
nal fixators. Some authors have followed this reduction with 
arthrodesis, whereas others have described arthroscopic liga-
mentous reconstruction after reduction as an alternative to an 
open procedure. In older patients with chronic dislocations, 
total knee arthroplasty (TKA) may be an option, but this has 
been reported in only a few patients. Because of recurrent dis-
location after TKA with a nonconstrained implant, Chen and 
Chiu recommended a constraining implant in such situations. 

 

OPEN REDUCTION FOR OLD 
UNREDUCED DISLOCATION OF THE 
KNEE

 TECHNIQUE 61.2 

 n  Use an anteromedial approach (see Chapter 1) to expose 
the knee joint. If the patella has been displaced either 
medially or laterally, make the skin incision to correspond 
with the normal anatomic location of the medial borders 
of the quadriceps tendon, patella, and patellar tendon.

 n  If necessary, dissect the soft structures subperiosteally from 
the posterior aspect of the femur and tibia. Excise enough 
fibrous tissue to expose the articular surfaces completely.

 n  If the cartilage appears undamaged, reduce the disloca-
tion. To maintain reduction, stabilize the joint for 6 weeks 
with one or two large Steinmann pins or a spanning exter-
nal fixator. If the cartilage has been irreversibly damaged, 
proceed with arthrodesis of the knee (see Chapter 8) if 
this is the indicated procedure.

 n  If arthroplasty is indicated, it is often better to reduce 
the joint, proceed with the rehabilitation of the extremity, 
allow the contractures to resolve, and then follow with 
arthroplasty at a later time. If this course is chosen, immo-
bilize the extremity in a long leg cast or brace until knee 
motion has started. 

POSTOPERATIVE CARE If arthroplasty is planned, post-
operative care is the same as that for acute dislocation of 
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FIGURE 61.1 Anatomy of proximal tibiofibular joint.  (Redrawn 
from Halbrecht JL, Jackson DW: Recurrent dislocation of the proximal 
tibiofibular joint, Orthop Rev 20:957–960, 1991.)
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the knee (see Chapter 45). If arthrodesis has been per-
formed at the time of open reduction, postoperative care 
is the same as for arthrodesis (see Chapter 8).
  

If open reduction alone would require too much dissec-
tion or if this procedure would damage important structures, 
an arthroplasty (see Chapter 7) or an arthrodesis (see Chapter 
8) is indicated. 

PATELLA
Old unreduced dislocation of the patella after trauma is rare 
and should be distinguished clinically from congenital dislo-
cation. Congenital dislocation often is not appreciated initially 
because the normal patellar ossification does not occur until 3 
years of age. A high percentage of traumatic patellar disloca-
tions (16%) are missed when associated knee dislocation is 

present. Therefore it is important to maintain a high index of 
suspicion of possible patellar dislocation when medial struc-
tures have been severely damaged.

The anatomic abnormalities found in posttraumatic dis-
location differ from those found in the congenital type of dis-
location. The congenital lesion is accompanied by a flexion 
contracture of the knee and incongruity of the patella and 
trochlea; these changes are part of the original pathologic 
process. In posttraumatic dislocation, an adaptive flattening 
of the patella occurs, and the knee contracture is a reactive 
change. Treatment of congenital dislocation of the patella is 
discussed in Chapter 29.

Old traumatic patellar dislocations may be treated by 
observation, patellar realignment, or patellectomy. Knee func-
tion can sometimes be satisfactory despite the old unreduced 
dislocation of the patella. Observation is then the treatment 
of choice. If the dislocation is not of long duration, if degen-
erative changes of the patella are minimal or absent, and if the 

 

A B C

D E F

FIGURE 61.2 Seventeen-year-old girl with history of neurofibromatosis and 6-week history 
of acute knee dislocation and inability to walk. A and B, Anteroposterior and lateral radiographs 
of knee showing posteromedial (tibia) knee dislocation with medial dislocation of patella. C and 
D, Anteroposterior and lateral radiographs at time of open reduction and internal fixation with 
smooth Steinmann pin through quadriceps mechanism of femur and tibia. E and F, Postoperative 
anteroposterior and lateral radiographs showing mild persistent lateral subluxation but good 
reduction of knee and patellar dislocations.
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tibiofemoral joint is essentially normal, then open reduction 
may be helpful. In dislocations of long duration, usually trau-
matic arthritis will have developed, motion in the joint will be 
limited, and pain and disability will have resulted. If the patel-
lar degenerative changes appear significant, patellaplasty or 
patellectomy (see Chapter 45) may be indicated. We have had 
no experience with patellar resurfacing or patellar prostheses 
for this condition. The long-term prognosis for useful func-
tion is guarded regardless of the procedure selected. 

 

OPEN REDUCTION FOR OLD 
UNREDUCED DISLOCATION OF THE 
PATELLA

 TECHNIQUE 61.3 

 n  Make a 7.5-cm longitudinal midline incision.
 n  Dissect laterally deep to the subcutaneous tissue.
 n  Incise the capsule and synovium parallel with the lateral 

border of the quadriceps tendon.
 n  Free the deep surfaces of the quadriceps tendon and of the 

patella and place these structures in their normal positions.
 n  Excise the redundant part of the capsule from the medial 

side of the knee and close the capsule on this side.
 n  It is important that the general alignment of the extensor 

mechanism be normal at the completion of the procedure 
to prevent redislocation of the patella laterally. The fibers 
of the vastus medialis muscle should be appropriately ori-
ented to the patella. This may require reattachment of 
a portion of the vastus medialis muscle to the adductor 
tubercle of the femur.

 n  Transfer the tibial tuberosity medially to realign the dis-
tal portion of the extensor mechanism if necessary (see 
Chapter 47).

 n  If the articular surface of the patella has degenerated, a 
patellectomy or a patellaplasty is necessary. Realignment 
of the extensor mechanism is just as important after patel-
lectomy as it is after open reduction of the patella.
   

HIP
Old unreduced dislocations of the hip are relatively uncom-
mon in adults. They are usually the result of a motor vehicle 
accident that also caused head injury, fracture of the ipsi-
lateral femur, or dislocation or fracture of the opposite hip, 
which drew attention away from the dislocation.

In developing countries, unreduced traumatic disloca-
tions are seen more frequently. The various treatment possibil-
ities include closed reduction, open reduction, heavy traction 
and abduction, subtrochanteric osteotomy, Girdlestone pro-
cedure, arthrodesis, endoprosthetic replacement, and total 
hip replacement. Like acute dislocations, unreduced disloca-
tions can be classified as anterior or posterior.

CHRONIC ANTERIOR DISLOCATIONS
Traumatic anterior dislocation of the hip is a comparatively 
rare injury, and little has been written about old unreduced 

anterior dislocations of the hip. Trochanteric osteotomy has 
been reported to correct the deformity and improve body 
mechanics and balance. Although trochanteric osteotomy may 
give a stable hip, long-term results are not known. Subsequent 
salvage operations, such as total hip arthroplasty, may be more 
difficult if the proximal femoral anatomy is distorted. 

 

INTERTROCHANTERIC OSTEOTOMY 
FOR CHRONIC ANTERIOR 
DISLOCATION OF THE HIP

 TECHNIQUE 61.4 

(AGGARWAL AND SINGH)
 n  The Gibson approach is used (see Technique 1.72).
 n  Divide the femur along the line joining the greater and 

lesser trochanters. Then adduct, extend, and internally 
rotate the limb. 

POSTOPERATIVE CARE The patient is kept in skin or 
skeletal traction for 6 weeks to prevent recurrence of the 
rotational deformity. The patient is allowed to walk with 
crutches 6 weeks after surgery, and full weight bearing is 
allowed in 3 to 4 months. Hamada recommended post-
operative immobilization in a one and one half spica cast, 
which includes the normal leg down to the knee. With 
intertrochanteric osteotomy, early union usually is com-
plete in 3 to 4 months.
  

A modified Girdlestone arthroplasty has been described 
for the treatment of unreduced anterior hip dislocations. The 
femoral neck is exposed through an anterior Smith-Petersen 
approach (see Technique 1.66) or a Watson-Jones anterolat-
eral approach (see Technique 1.67). A subcapital osteotomy is 
performed, attempting to leave as much of the femoral neck 
as possible with the distal fragment. The femoral head is then 
removed. By manipulating the leg, the cut femoral neck is 
displaced upward into the acetabulum. Postoperative skeletal 
traction of 5 kg is maintained for 6 weeks. Gentle active hip 
flexion is started 10 days after surgery, and non–weight bear-
ing with crutches is begun at 6 weeks. Gradual weight bearing 
is started at 3 months. Preservation of the femoral neck makes 
subsequent total hip arthroplasty easier, and this modified 
subcapital displacement osteotomy for neglected anterior dis-
location of the hip treated 6 months or more after dislocation 
in young patients can serve as a temporizing procedure until 
definitive total hip arthroplasty is performed later.

CHRONIC POSTERIOR DISLOCATIONS
Unreduced posterior dislocations of the hip are much more com-
mon than the anterior type. Two factors that have been reported 
to contribute to poor results in old posterior dislocations are 
fracture of the femoral head or medial acetabular wall (Epstein 
types IV and V) and osteonecrosis, an unpredictable event 
that may not become apparent on plain radiographs for many 
months. Primary reconstructive procedures have been shown to 
give the best results. Although the viability of the femoral head 
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in old unreduced posterior dislocations should determine treat-
ment, use of bone scan or MRI to detect the vascularity of the 
femoral head before beginning treatment is not mentioned in 
the literature. In young patients, if the femoral head is thought to 
be viable, an effort should be made to save it.

For a type I posterior hip dislocation (no fracture or only 
a minor fracture of the acetabular rim less than 12 weeks from 
injury), with a viable femoral head, closed reduction under 
general anesthesia is recommended. After 12 weeks, the ace-
tabulum may fill with fibrous tissue, making a concentric 
closed reduction impossible. If closed reduction fails, heavy 
traction and abduction should be considered. If the type I 
posterior hip dislocation with a viable femoral head has been 
present for more than 12 weeks, a concentric reduction most 
often cannot be obtained with closed reduction or heavy trac-
tion and abduction, and open reduction is indicated. 

 

TRACTION AND ABDUCTION 
FOR CHRONIC POSTERIOR HIP 
DISLOCATION

 TECHNIQUE 61.5 

(GUPTA AND SHRAVAT)
 n  Place a tibial traction pin in the region of the tibial tubercle 

and place the patient in 18 kg of skeletal traction. The 
patient is kept in traction and under sedation and muscle 
relaxation during this time.

 n  Obtain radiographs on alternate days. Usually by the fifth 
day, the femoral head should be at or below the level of 
the acetabulum.

 n  Gradually abduct the limb and reduce the traction 3.6 kg 
every fourth day.

 n  Once the femoral head has been reduced into the ac-
etabulum, maintain 7 kg of traction for the next 2 weeks.

 n  Remove the traction and begin non–weight bearing exer-
cises for the next 4 weeks. Weight bearing is not allowed 
for 3 months (Fig. 61.3).
  

The success of the heavy traction technique depends on 
achieving a concentric reduction. If the reduction is not con-
centric, an open reduction to debride any interposed soft tis-
sue or bone fragments is necessary.

For posterior hip dislocations with a viable femoral head 
that are type II (large uncomminuted fracture of the posterior 
acetabular rim) or type III (comminuted fracture of the pos-
terior acetabular rim), open reduction and internal fixation 
should be considered if the injury is less than 3 months old. 
If the head of the femur is displaced superiorly, preoperative 
skeletal traction is necessary. With reduction thus accom-
plished, it is necessary to fix the bone fragments internally to 
restore stability.

Total hip arthroplasty is recommended for hips with 
posterior dislocations categorized as type IV (fracture of the 
acetabular rim and floor) or type V (fracture of the femoral 
head with or without other fractures) that have been dis-
located for more than 3 months. Because of osteonecrosis, 
poor results have been noted in these types of fracture-dis-
locations even in some patients who had reduction within 
24 hours after injury. If the femoral head is thought to be 
avascular on MRI or bone scan, a primary reconstructive 
procedure should be considered rather than open or closed 
reduction. In young patients, arthrodesis can be considered, 
although successful fusion may be difficult in the presence 
of osteonecrosis. As with any arthrodesis of the hip, the sta-
tus of the ipsilateral knee, the contralateral hip, and the lum-
bar spine must be considered. Subtrochanteric osteotomy 
has also been used for old unreduced dislocations of the hip 
in areas of the world where arthroplasty or endoprosthetic 

 

A B C

FIGURE 61.3 A, Anteroposterior radiograph of left hip in 27-year-old man demonstrating 
posterior dislocation with myositis ossificans 37 days after injury. B, Same hip on fifth day of trac-
tion. Head of femur is partially below acetabulum. C, Same hip on day 17 with reduced traction 
and extremity in abduction.  (From Gupta RC, Shravat BP: Reduction of neglected traumatic dislocation 
of the hip by heavy traction, J Bone Joint Surg 59A:249–251, 1977.) SEE TECHNIQUE 61.5.
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replacements are not readily available. This procedure may 
be indicated for patients who are relatively pain free and 
have a reasonable range of hip flexion but have joint con-
tracture or limb-length inequality.

The best results have been reported after total hip arthro-
plasty. The main problem encountered with total hip arthro-
plasty in this situation is the creation of adequate acetabular 
stock when the posterior acetabular lip is fractured or dis-
placed. This is accomplished by open reduction and internal 
fixation of the fracture fragment or by use of the femoral head 
as a bone graft (see Chapter 3). Ilyas and Rabbani reported 
successful one-stage total hip arthroplasty in 15 patients with 
chronic (over 6-month history) posterior dislocations; bulk 
femoral head autografts were used in 13 patients. Their short- 
to mid-term results were quite satisfactory, especially consid-
ering the complex nature of these particular arthroplasties. 
All patients had decreased pain and increased range of hip 
motion after surgery.

In a patient who has had multiple procedures to stabilize 
a chronically dislocated hip, a total hip arthroplasty with a 
constrained acetabular component should be considered.

Young and Banza recommended osteotomy of the greater 
trochanter to improve access to the acetabulum for both ante-
rior and posterior chronic dislocations. 

STERNOCLAVICULAR JOINT
Most authors believe that old unreduced anterior dislocations 
of the sternoclavicular joint usually cause minimal if any dis-
ability, although reports of surgical intervention for this con-
dition have indicated that untreated patients complain of 
weakness and fatigue of the arm during heavy use or athletic 
endeavors. Rarely, if ever, is surgical intervention required in 
this subset of patients. Surgery may, on occasion, be helpful in 
patients with underlying joint laxity.

Several basic surgical procedures have been described 
for individuals who may require surgery. The use of fas-
cia lata around the clavicle and first rib was described by 
Speed, whereas others have used fascia lata between the 
clavicle and the sternum. The subclavius tendon also has 
been used to reconstruct the costoclavicular ligaments, and 
reconstructions using semitendinosus, palmaris longus, or 
gracilis tendons have had good clinical outcomes. Bak and 
Fogh reported successful reconstruction of the sternocla-
vicular joint in 27 patients with palmaris longus and graci-
lis tendon autografts. Quayle et  al. described the use of an 
artificial ligament for reconstruction of the sternoclavicular 
joint and costoclavicular ligaments; all four of their young, 
active patients returned to full activity including competitive 
sports. Some authors have used a threaded Steinmann pin 
across the sternoclavicular joint, but migration of metallic 
fixation into the mediastinum can occur, often with disas-
trous consequences. Subperiosteal dissection of the sternal 
origin of the sternocleidomastoid muscle extending inferi-
orly with a strip of periosteum also has been described. This 
tendoperiosteal strip is threaded subperiosteally under the 
medial end of the first rib, up behind the rib, and up through 
a hole drilled from superior to inferior in the clavicle. It is 
then sutured back on itself.

Resection of the medial end of the clavicle has been rec-
ommended, although upper extremity weakness has been 
reported after this procedure. It has been emphasized that 

if the medial end of the clavicle is to be removed because of 
degenerative changes, the surgeon should be careful not to 
damage the costoclavicular ligament.

Rockwood recommended a nonoperative “skillful neglect” 
treatment, although he stated that sternoclavicular arthroplasty 
with resection of the medial clavicle is occasionally necessary, 
especially in patients in whom attempts to reduce and to sta-
bilize the joint with suture, fascia, and tendons have failed. He 
resected 1 inch of the medial clavicle, debrided the intraarticu-
lar disc ligament, and stabilized the remaining clavicle to the 
first rib with a 3-mm cotton Dacron tape or a strip of fascia. He 
recommended detachment of the clavicular head of the ster-
nocleidomastoid to temporarily resist the upward pull of the 
clavicle by this muscle. We agree that surgery is rarely indicated 
primarily; however, if surgery is to be undertaken, we also rec-
ommend arthroplasty of the sternoclavicular joint. 

 

RESECTION OR STABILIZATION OF THE 
MEDIAL END OF THE CLAVICLE FOR 
OLD ANTERIOR STERNOCLAVICULAR 
JOINT DISLOCATION

 TECHNIQUE 61.6 

 n  Expose the medial end of the clavicle subperiosteally 
through an incision approximately 6 cm long parallel to 
the bone.

 n  Free the medial end of the bone, grasp it with forceps, 
lift it anteriorly and superiorly, and clear it of soft-tissue 
attachments posteriorly. The costoclavicular ligaments are 
usually torn.

 n  If the ligaments are attached but stretched, remove only 
that part of the clavicle medial to these ligaments.

 n  If the ligaments are torn, resect about 2 cm of bone (Fig. 
61.4).

 n  Bevel the anterosuperior corner of the remaining clavicle 
for cosmetic purposes.

 n  If instability is a problem, stabilize the clavicle to the first 
rib with a 3-mm cotton Dacron tape or a strip of fascia 
(Fig. 61.5). Detach the clavicular head of the sternoclei-
domastoid; plicate and close the periosteum.

 n  Alternatively, stabilize the joint as described by Kawagu-
chi et al. with a double figure-of-eight gracilis tendon au-
tograft (Fig. 61.6). Harvest the autograft and reinforce it 
with Krakow-type nonresorbable suture (see Chapter 1).

 n  Stabilize the joint with a 2.0-mm Kirschner wire, pass the 
autograft in a double figure-of-eight through four drill 
holes, and secure with two 4.0-mm fully-threaded cancel-
lous interference screws.

 n  Remove the Kirschner wire at 6 weeks. 

POSTOPERATIVE CARE The shoulder girdle is immobi-
lized in a Velpeau-type dressing or shoulder immobilizer 
for 3 weeks. A progressive active range-of-motion exer-
cise program is then begun.
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POSTERIOR DISLOCATIONS
Posterior dislocation of the sternoclavicular joint is an 
uncommon problem that is seen much less frequently than 
anterior dislocations. In a chronic state, posterior disloca-
tion can be symptomatic and cause other significant com-
plications involving the trachea, esophagus, or great vessels. 
Intrathoracic injury and thoracic outlet syndrome have also 
been reported. Most common symptoms include dysphagia, 
dyspnea, or cough. In view of the potential complications 
associated with this injury, especially subclavian artery com-
pression, open reduction of the dislocation is recommended. 
Preoperative evaluation should include CT of the affected 
area and possibly arteriography to plan a surgical approach. 
Consultation with a thoracic surgeon should also be consid-
ered. If the reduction is unstable or cannot be achieved, the 
medial part of the clavicle can be resected. Except for some 
cosmetic defect, no functional disability has been noted from 
this procedure. 

 

STABILIZATION OF OLD POSTERIOR 
STERNOCLAVICULAR JOINT 
DISLOCATION

 TECHNIQUE 61.7 

(WANG ET AL.)
 n  With the patient in the beach-chair position, prepare and 

drape the entire clavicle, shoulder, and upper extremity.
 n  Prepare and drape the ipsilateral lower leg and harvest a 

16-cm portion of the gracilis tendon through a 2-cm ver-
tical incision over the pes anserinus. Trim and whipstitch 
the graft to fit through 4.8-mm drill holes.

 n  Make a 10-cm transverse incision over the sternoclavicu-
lar joint and carefully debride the joint superiorly.

 

BA
FIGURE 61.4 Technique for resecting medial end of clavicle. 

A, Site of osteotomy is outlined with drill, and 2.5 cm of bone is 
then resected with osteotome. B, Periosteum is plicated and closed 
around remaining medial end of clavicle.  (B redrawn from Eskola 
A, Vainionpää S, Vastamäki M, et al: Operation for old sternoclavicular 
dislocation, J Bone Joint Surg 71B:63–65, 1989.) SEE TECHNIQUE 61.6.

 FIGURE 61.5 Stabilization of clavicle to first rib with fascial 
loops. SEE TECHNIQUE 61.6.

FIGURE  61.6 Reconstruction of chronic anterior sternocla-
vicular dislocation with a double figure-of-eight gracilis tendon 
autograft.  (Redrawn from Kawaguchi K, Tanaka S, Yoshitoni H, et al: 
Double figure-of-eight reconstruction technique for chronic anterior 
sternoclavicular joint dislocation, Knee Surg Sports Traumatol Arthrosc 
23:1559–1562, 2015.) SEE TECHNIQUE 61.6.
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 n  Elevate the medial end of the clavicle and drill two 4.8-
mm parallel holes, one through the lateral manubrium 
and one through the distal clavicle (Fig. 61.7).

 n  Pass the graft in a figure-of-eight fashion with the cruci-
ate limb crossing anterior to the joint.
   

ACROMIOCLAVICULAR JOINT
The same classification can be used for both old unreduced 
and acute dislocations of the acromioclavicular joint. Surgical 
treatment of acromioclavicular joint dislocations has been 
performed since 1861, and over 100 different surgical tech-
niques have been described for acute and chronic dislocations.

Resection of the distal end of the clavicle (Mumford 
procedure) is indicated for symptomatic grade I or II unre-
duced dislocations in which the coracoclavicular ligaments 
are intact. With improvements in techniques and instrumen-
tation, arthroscopic distal clavicular resection has become 
more widely used, with results equal to or better than those 
of open techniques. Reported advantages of arthroscopic 
resection include improved cosmetic results, easier postop-
erative rehabilitation, and faster return to function because 
of the preservation of the acromioclavicular joint ligaments 
and capsule and the deltotrapezial fascia. Most authors rec-
ommend resection of only 0.5 to 1 cm of the distal clavicle 
with the arthroscopic technique. Persistent symptoms after 
either open or arthroscopic distal clavicular resection may 
be caused by underresection, overresection leading to joint 
instability, stiffness, heterotopic ossification, untreated con-
comitant shoulder pathology, and infection; less common 
causes include distal clavicular fracture, reossification or 
fusion across the acromioclavicular joint, suprascapular neu-
ropathy, and psychiatric disorders.

The Mumford procedure is not for acutely injured grade 
I or grade II acromioclavicular joints but rather for patients 
with chronic symptoms resulting from degenerative changes 
in the acromioclavicular joint. If this operation is performed 
in patients with more severe injuries in which the ligaments 
are torn, the clavicle will remain hypermobile and continue 
to irritate the soft tissues around the shoulder. Therefore in 
chronic dislocations of grades III, IV, and V, some type of 
reconstruction of the coracoclavicular ligaments is indicated. 

 

RESECTION OF THE LATERAL END 
OF THE CLAVICLE FOR CHRONIC 
ACROMIOCLAVICULAR JOINT 
DISLOCATION

 TECHNIQUE 61.8 

(MUMFORD; GURD)
 n  Expose the lateral end of the clavicle through a short 

curved incision.
 n  By dissecting subperiosteally, free the lateral 2.5 cm of 

the clavicle of all soft-tissue attachments and with bone-
cutting rongeurs resect about 2.5 cm of the bone.

 n  Smooth the superior border of the remaining lateral end 
of the bone with a file to eliminate any sharp bony ridge 
beneath the skin. It is unnecessary to disturb the cartilagi-
nous surface of the acromion.

 n  Plicate and suture the periosteum and soft tissues over the 
raw end of the clavicle. 

 

Manubrium

Clavicle

Graft

Cruciate limbs
crossing anterior
to the joint

FIGURE 61.7 Steps for passing autograft for figure-of-eight left sternoclavicular joint recon-
struction.  (Redrawn from Wang D, Camp CL, Werner BC, et al: Figure-of-8 reconstruction technique for 
chronic posterior sternoclavicular joint dislocation, Arthroscopic Tech 6:e1749–e1753, 2018.) SEE TECHNIQUE 
61.7.
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POSTOPERATIVE CARE The shoulder is immobilized in 
a Velpeau dressing for 1 week, and then active use is en-
couraged.
  

In chronic unreduced acromioclavicular dislocations of 
grades III, IV, and V, the coracoclavicular ligaments should be 
reconstructed. Neviaser described an operation in which the 
coracoacromial ligament is used to reconstruct the superior 
acromioclavicular ligament. This method does not recon-
struct the coracoclavicular ligaments, however, and therefore 
can be followed by redislocation.

Neviaser used Kirschner wires for fixation of the acro-
mioclavicular joint, but these wires have been thought to pre-
cipitate osteoarthritis and have been reported to cause severe 
complications from distant migration of the wire to the lung, 
spinal cord, or neck. The lateral end of the wire should be bent 
over on itself to prevent migration. 

 

RECONSTRUCTION OF THE SUPERIOR 
ACROMIOCLAVICULAR LIGAMENT 
FOR CHRONIC ACROMIOCLAVICULAR 
JOINT DISLOCATION

 TECHNIQUE 61.9 

(NEVIASER)
 n  Make a slightly curved incision that begins medially over 

the lateral half of the clavicle and ends laterally at the 
lateral border of the acromion.

 n  Strip the deltoid muscle from the lateral third of the clav-
icle.

 n  Expose the coracoacromial ligament and the dislocated 
acromioclavicular joint. Do not disturb the ruptured acro-
mioclavicular and coracoclavicular ligaments or the articu-
lar disc.

 n  Reduce the acromioclavicular joint and fix it by inserting 
a Kirschner wire 1.6 mm in diameter through the skin 
and acromion into the clavicle (Fig. 61.8). This maneu-
ver may be simplified by retrograde insertion of the wire, 
first through the center of the acromial articular surface 
and then out through the skin. To prevent the wire from 
working loose, embed its medial tip in the cortex of the 
clavicle near the apex of its lateral curve.

 n  Free the medial end of the coracoacromial ligament by 
resecting from the lateral border of the coracoid a small 
piece of bone that includes its attachment.

 n  Turn the coracoacromial ligament over the superior sur-
face of the acromion and fix it there with three absorb-
able sutures passed through the soft tissues. Then bring 
the transferred ligament over the acromioclavicular joint 
to the superior surface of the clavicle and anchor it by 
roughening an area on the bone where the ligament is to 
be attached.

 n  Fix the ligament there with absorbable sutures passed 
through two holes drilled vertically into the bone.

 n  Pass a suture around the ligament and the clavicle and secure 
the small bone fragment and the new ligament in place.

 n  Suture the deltoid to the clavicle and close the wound.
 n  Cut off the Kirschner wire just beneath the skin and bend 

the end to prevent medial migration.
 n  Apply a modified Velpeau bandage. 

POSTOPERATIVE CARE The wound is dressed, and the 
wire is inspected every week. Gentle passive motions of 
the shoulder are carried out weekly when the wound is 
dressed. At 5 weeks, the Kirschner wire is removed and 
normal activities are gradually resumed. Competitive 
sports should be avoided for a minimum of 8 weeks.
  

Another operation described for this injury is transfer of 
the end of the coracoid and its attached muscles to the clavicle 
to hold the lateral end of the bone in position. If the individual 
situation requires, it can be combined with resection of the 
lateral end of the clavicle. This technique provides a dynamic 
reduction force on the distal clavicle but not a static one.

In the classic Weaver and Dunn technique, the cora-
coacromial ligament is detached from the acromion and 
reattached to the remaining end of the distal clavicle. This 
procedure, usually combined with some kind of stabilizing 
fixation to protect the repair, has been an effective approach 
to reconstructing and repositioning the chronically dislo-
cated distal clavicle. In the original report, however, the rate 
of incomplete reduction was 27%, and loss of reduction has 
been reported in other series, prompting a number of modi-
fications to the original Weaver-Dunn technique, including 
those with autologous or allograft hamstring or semitendino-
sus tendon or synthetic ligament augmentation and the use 
of newer tendon fixation devices. Tauber et al. compared out-
comes in 12 patients treated with a modified Weaver-Dunn 
procedure to those in 12 patients treated with semitendinosus 

FIGURE 61.8 Neviaser technique for repairing dislocations of 
acromioclavicular joint (see text).  (Redrawn from Neviaser JS: Acro-
mioclavicular dislocation treated by transference of the coraco-acromial 
ligament: a long-term follow-up in a series of 112 cases, Clin Orthop 
Relat Res 58:57–68, 1968.) SEE TECHNIQUE 61.9.
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 FIGURE 61.9 Single-bundle stabilization of the acromiocla-
vicular joint. The oval subcoracoid button is connected to the supra-
clavicular round button by a FiberWire (Arthrex, Naples, FL), and 
the double-folded gracilis tendon is fixed within the clavicle by a 
tenodesis screw and held by a suture loop into the subcoracoid 
button.  (From Tauber M, Valler D, Lichtenberg S, et al: Arthroscopic 
stabilization of chronic acromioclavicular joint dislocations: triple- versus 
single-bundle reconstruction, Am J Sports Med 44:482–489, 2015.)

 

A B C
FIGURE 61.10 Double ENDOBUTTON acromioclavicular joint reconstruction. A, Continuous 

loop and suture limbs threaded through the ENDOBUTTON (Smith & Nephew, Memphis, TN) 
before deployment. B, ENDOBUTTON is passed through the continuous suture loop that has 
been pulled up through the prepared holes in the coracoid and clavicle. The free sutures will 
be passed through the peripheral holes in the button to secure it. C, Final appearance of the 
construct with an auxiliary stitch replicating the course to the trapezoid ligament.  (From Struhl 
S, Wolfson TS: Continuous loop double EndoButton reconstruction for acromioclavicular joint dislocation, 
Am J Sports Med 43:2437–2444, 2015.)

 FIGURE 61.11 Anatomic double-bundle coracoclavicular recon-
struction. The suture ends of the lateral half of the conjoined tendon 
have been passed through the conoid tubercle.  (From Lee SK, Song 
DG, Choy WS: Anatomic double-bundle coracoclavicular reconstruction in 
chronic acromioclavicular dislocation, Orthopedics 38:e655–e662, 2015.)

tendon grafts and found that the tendon graft results in sig-
nificantly superior clinical and radiographic outcomes.

Other reconstruction techniques (Figs. 61.9 through 61.12) 
include anatomic “double-bundle” reconstruction using the cor-
acoacromial ligament and conjoined tendon or double suture 
buttons, a nonanatomic “docking” technique in which the cora-
coacromial ligament is passed into an intramedullary bone tunnel 
and tensioned before it is sutured in place through drill holes in 
the clavicle. Fauci et al. compared biologic grafts (semitendinosus) 
to synthetic ligaments in a prospective randomized comparative 
study of 40 chronic dislocations. Those with biologic grafts had 
significantly better scores than those with synthetic ligaments.

Rockwood described transfer of the coracoacromial liga-
ment from the acromion to the clavicle while the clavicle is 
held reduced with a Bosworth screw. 

 

TRANSFER OF THE CORACOACROMIAL 
LIGAMENT FOR CHRONIC 
ACROMIOCLAVICULAR JOINT 
DISLOCATION

 TECHNIQUE 61.10 

(ROCKWOOD)
 n  Make a skin incision over the distal clavicle along the lines 

of Langer around the shoulder (Fig. 61.13A).
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 n  Expose the distal clavicle subperiosteally and resect about 
2.5 cm of bone (Fig. 61.13B).

 n  Drill and curet the medullary canal of the distal clavicle to 
receive the transferred coracoacromial ligament.

 n  Use a knife to remove the acromial attachment of the cor-
acoacromial ligament from the acromion, or, if desired, 
remove a sliver of bone from the undersurface of the 
acromion along with the coracoacromial ligament. This 
provides bone-to-bone fixation at the distal clavicle rather 
than ligament-to-bone fixation. This also might provide 
slightly more length to the coracoacromial ligament if it 
alone is too short. Further lengthening the coracoacro-
mial ligament can be obtained, if necessary, by detaching 
the anterior fasciculus of the ligament off the waist of the 
coracoid process.

 n  Pass a heavy, nonabsorbable suture back and forth 
through the ligament so that the ends exit through the 
acromial end of the ligament (Fig. 61.13C).

 n  Drill two small holes into the superior cortex of the distal 
end of the clavicle, entering the medullary canal. Next, 
drill another hole through the distal clavicle directly above 
the base of the coracoid process. With the clavicle held 
in the corrected position, insert a drill bit through this 
hole and drill a hole through both cortices of the coracoid 
process.

 n  Pass the two ends of the suture in the coracoacromial 
ligament into the medullary canal of the clavicle and out 
through the holes in the superior cortex before insert-
ing a lag screw. Then pass a lag screw (Bosworth screw) 
through the clavicle and into the coracoid and tighten it 
to hold the clavicle just above the coracoid.

 n  Tighten and tie the two ends of the suture in the cora-
coacromial ligament as the ligament is fed into the medul-
lary canal of the clavicle (Fig. 61.13D). 

POSTOPERATIVE CARE After surgery, the patient is al-
lowed to use the arm for everyday living activities but not 
for any heavy lifting, pushing, or pulling. At 12 weeks 
postoperatively, the lag screw is removed under local an-
esthesia.
  

More recently, Boileau et al. reported similar reconstruc-
tions performed primarily arthroscopically with good short-
term results. 

 

ARTHROSCOPIC TRANSFER OF THE 
CORACOACROMIAL LIGAMENT FOR 
CHRONIC ACROMIOCLAVICULAR 
JOINT DISLOCATION

 TECHNIQUE 61.11 

(BOILEAU ET AL.)
 n  With the patient in the beach-chair or lateral decubitus 

position, define the landmarks and create arthroscopic 
portals sequentially as indicated (Fig. 61.14).

 n  Detach the distal end of the coracoacromial ligament, 
with a wafer of bone, using a high-speed burr.

 n  Reduce the distal clavicle remnant and fix with an Endo-
Button (Smith & Nephew, Andover, MA).

 n  Transfer the coracoacromial ligament to the resected end 
of the clavicle and fix with sutures to the EndoButton 
(Smith & Nephew, Memphis, TN) (Fig. 61.15). 

 FIGURE 61.12 Acromioclavicular reconstruction with the docking technique.  (From Millett PJ, 
Braun S, Gobezie R, et al: Acromioclavicular joint reconstruction with coracoacromial ligament transfer using 
the docking technique, BMC Musculoskelet Dis 10:6, 2009.)
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POSTOPERATIVE CARE The arm is placed in a sling for 3 
to 4 weeks postoperatively. During this period, normal use 
of the elbow, wrist, and hand is encouraged. The sling is 
removed for pendulum exercises and bathing. Strengthening 
exercises are begun at 2 months, and the patient can return 
to contact sports at 3 to 6 months postoperatively.
   

SHOULDER
Old unreduced dislocations of the shoulder usually occur 
in patients older than 50 years. The complaints are generally 
those of pain and limitation of motion. The pain usually is 
caused by attempts to move the shoulder beyond its restricted 
range. These old dislocations are most often traumatic but 
have frequently been produced by a trivial injury as a result 
of the patient’s increasing age and weakness and degeneration 
of the soft tissue around the glenohumeral joint, such as the 
rotator cuff and subscapularis tendon. In younger patients, 
unreduced dislocations often occur in those with alcoholism, 
seizures, or multiple traumas. Many of these dislocations are 
complicated by fractures of the glenoid cavity, tuberosities, or 
other parts of the humerus. More than one third are compli-
cated by neurologic deficits. Loss of motion is the chief clini-
cal finding; abduction and internal rotation are restricted in 
old anterior dislocations, and abduction and external rotation 
are restricted in old posterior dislocations.

Complete radiographic evaluation should include antero-
posterior and axillary views of the shoulder. CT and three-
dimensional CT techniques are helpful in evaluating the bony 
injuries and the extent of damage to the articular surface of the 
humeral head. The degree of damage to the articular surface is a 
major determining factor in the procedure selected (Fig. 61.16).

These injuries produce pathologic conditions in both 
the soft tissue and the bone. After a few weeks, fibrous 
and capsular contractures occur across the base of the gle-
noid. The rotator cuff muscles also are contracted. The 
fibrosis can include other structures, such as the axillary 
artery and nerve. The natural anatomy is, therefore, often 
markedly distorted. Neviaser has described a capsular 
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FIGURE 61.13 A-D, Rockwood technique for reconstruction in type III acromioclavicular dislo-
cation (see text) SEE TECHNIQUE 61.10.
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FIGURE 61.14 Five portals used for acromioclavicular joint 
reconstruction. AL, Anterolateral; AM, anteromedial; L, lateral; 
P, posterior; S, superior.  (Modified from Boileau P, Old J, Gastaud O, 
et al: All-arthroscopic Weaver-Dunn-Chuinard procedure with double-
button fixation for chronic acromioclavicular joint dislocation, Arthroscopy 
26:149–160, 2010.) SEE TECHNIQUE 61.11.

    

https://booksmedicos.org


PART XV FRACTURES AND DISLOCATIONS IN ADULTS3258

“bowstringing” phenomenon. The capsule itself becomes 
adherent in the glenoid fossa, preventing closed reduction 
(Fig. 61.17).

Bony pathologic change also is often seen. In chronic 
anterior dislocations, a compression fracture occurs in the 
posterolateral aspect of the humeral head, where it impinges 
against the anterior glenoid rim (Fig. 61.18). Because of the 
repeated efforts of the patient to achieve normal motion in the 
glenohumeral joint, this lesion often is larger than the usual 
Hill-Sachs lesion seen in recurring anterior dislocations of the 
shoulder. There are also compression fractures of the appos-
ing glenoid rim or sometimes a pseudoarticulation with the 
scapula (Fig. 61.19). In chronic posterior dislocations, a bony 
lesion similar to the Hill-Sachs lesion of recurring anterior 
dislocations is found. This is a compression fracture caused 
by impingement of the posterior rim of the glenoid on the 
anteromedial aspect of the humeral head (Fig. 61.20). These 
lesions are also usually large because of the patient’s continual 
attempts to increase the range of motion of the affected joint.

 

A B C
PosteriorAnteriorPosteriorAnteriorPosteriorAnterior

FIGURE 61.17 Relationships in unreduced dislocations of shoulder. A, Normal relationship of 
humeral head and glenoid cavity. B, In old anterior dislocation, adhesions of posterior capsule to 
glenoid surface develop. C, In old posterior dislocation, adhesions of anterior capsule to glenoid 
surface develop.  (From Neviaser JS: Arthrography of the shoulder: the diagnosis and management of the 
lesions visualized, Springfield, 1975, Charles C. Thomas.)
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Coracoacromial
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FIGURE 61.15 Weaver-Dunn-Chuinard procedure with double 
button fixation. A, Coracoacromial ligament is harvested with bone 
block from tip of acromion and is rerouted in distal end of clavicle. 
Arthritic distal clavicle has been resected and socket drilled in its 
medullary canal. B, Bone-ligament transfer is protected for time of 
bone healing by maintaining reduction with help of double-button 
(two titanium buttons connecting the clavicle and coracoid with 
four strands of suture).  (Modified from Boileau P, Old J, Gastaud O, 
et al: All-arthroscopic Weaver-Dunn-Chuinard procedure with double-
button fixation for chronic acromioclavicular joint dislocation, Arthroscopy 
26:149–160, 2010.) SEE TECHNIQUE 61.11.

 FIGURE 61.16 CT scan showing extent of damage to articular 
surface of glenoid head.
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TREATMENT
The treatment options for an old unreduced dislocation of the 
shoulder are no treatment, closed reduction (arthroscopic-
assisted), open reduction, hemiarthroplasty, and total 
shoulder replacement. Not all patients with old unreduced 
dislocations of the shoulder require treatment. In some 
patients, although motion is limited and slightly uncomfort-
able, the upper extremity remains functional. Also, if a patient 
is inactive and a poor risk for surgery, the option of nonop-
erative treatment should be considered. Patients with poste-
rior dislocations who were not treated have been shown to 
have better results than those with untreated anterior dislo-
cations. In unreduced posterior dislocations, the arm rests at 
the side in internal rotation, allowing the patient to reach the 
face, head, and rear of the body. The arm of a patient with an 

unreduced anterior dislocation is held away from the body 
in external rotation, making it difficult to reach the face and 
impossible to reach the back.

CLOSED REDUCTION
As emphasized by many authors, manipulative reduc-
tion should not be undertaken before the patient’s age, the 
degree of osteoporosis of the humerus, the vascular status, 
and the duration of the dislocation are all carefully consid-
ered. The size of the humeral depression defect also should 
be taken into account. A few cases of closed reduction of 
shoulders that have been dislocated for more than 6 to 8 
weeks have been reported in the literature, but most agree 
that attempts at closed reduction should be considered care-
fully after 4 weeks. After this time, the soft-tissue contrac-
tures, the fibrous tissue within the glenoid cavity, and the 
retracted rotator cuff muscles usually make closed reduction 
impossible.

In general, it may be unwise to attempt closed reduction 
for a shoulder with an impression defect involving more 
than 20% of the articular surface of the humeral head or 
for a shoulder that has been dislocated for more than 3 to 4 
weeks. If a closed reduction is attempted, it should be done 
with minimal traction, no leverage, and complete muscle 
relaxation under general anesthesia. In elderly patients 

 FIGURE 61.18 Large wedge-shaped defect in posterolateral 
aspect of humeral head in chronic anterior dislocation.  (From Kirt-
land S, Resnick D, Sartoris D, et al: Chronic, unreduced dislocations of 
the glenohumeral joint: imaging strategy and pathologic correlation, J 
Trauma 28:1622–1631, 1988.)

 

C
A

FIGURE 61.19 Pseudoarticulation (arrows) of humeral head 
with anterior aspect of glenoid cavity in chronic anterior disloca-
tion of shoulder. A, Acromion; C, coracoid process.  (From Kirtland 
S, Resnick D, Sartoris D, et al: Chronic, unreduced dislocations of the 
glenohumeral joint: imaging strategy and pathologic correlation, J Trauma 
28:1622–1631, 1988.)

 

A

B

FIGURE 61.20 Posterior dislocation of shoulder. A, Anteropos-
terior radiograph shows only subtle changes. B, Axillary lateral 
radiograph shows posterior dislocation of humeral head with 
posterior rim of glenoid caught in humeral head defect.
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with arterial vascular disease, rupture of the axillary artery 
is possible. If reduction is successful, the shoulder should 
be immobilized for 3 to 4 weeks. For posteriorly dislocated 
shoulders, we prefer to immobilize the arm posterior to the 
axis of the body. If the dislocation is anterior, the arm is 
immobilized anterior to the axis of the body (Fig. 61.21). 
Active and active-assisted range-of-motion and strengthen-
ing exercises should be initiated when the immobilization 
period is complete. 

OPEN REDUCTION
Two obstacles are generally encountered with open reduction. 
The first is difficulty in replacing the humeral head because of 
fibrosis, shortening of the muscle, contracture, bowstringing 
of the capsule across the glenoid cavity, defect of the articu-
lar surface in the humeral head at the point of impingement 
at the glenoid, and scar tissue in the glenoid fossa. The sec-
ond obstacle is difficulty maintaining reduction because of 
instability.

When an open reduction is performed, it is often neces-
sary to prevent recurrent dislocations caused by the humeral 
head defect. This problem is generally encountered more 
often in old unreduced posterior dislocations than in anterior 

dislocations. Methods for treating this problem include filling 
the defect in the anterior part of the humeral head with the 
subscapularis tendon (Fig. 61.22A and B) and transplanting 
the subscapularis tendon with the lesser tuberosity attached 
(Fig. 61.22C). Elevation and bone grafting with an autograft 
or allograft also may be required. In general, these techniques 
can be used for defects of up to approximately 40% of the 
articular surface; for larger defects, the necessity of prosthetic 
replacement is more likely.

Rockwood recommended a posterior approach for 
old unreduced posterior dislocations of the shoulder if the 
anteromedial humeral head defect is less than 15%. If the 
head defect is greater than 15%, an anterior reconstruction 
through an anterior approach is recommended. Superior and 
anteromedial approaches for open reduction of these poste-
rior dislocations also have been advocated.

El Shewy et  al. treated chronic posterior dislocations 
(with head defects less than 25%) by reduction, and then pos-
terior capsular shift (Fig. 61.23), with good pain relief and 
reasonable functional improvement.

A humeral rotational osteotomy has been described for 
patients who have locked posterior shoulder dislocations and 
meet the following criteria: (1) healthy articular cartilage, (2) 
humeral head defect involving less than 40% of the articular 

 

CBA
FIGURE 61.21 Rowe and Zarins method of immobilization after shoulder dislocations. A, After 

posterior dislocation, arm is prevented from moving anterior to coronal plane of body. B and C, After 
anterior dislocation, arm is prevented from moving posterior to coronal plane of body.  (Redrawn from 
Rowe CR, Zarins B: Chronic unreduced dislocation of the shoulder, J Bone Joint Surg 64A:494–505, 1982.) 
SEE TECHNIQUE 61.3.

 

A B C

FIGURE 61.22 Technique for treatment of old unreduced posterior dislocation of shoulder. 
A, Two holes are drilled transversely through area of anterior defect. B, Mattress suture in freed 
subscapularis tendon is passed through holes and tied securely, fixing tendon in defect. C, Neer 
alternative in which subscapularis tendon is freed by osteotomy of lesser tuberosity and tuberosity 
is fixed in anterior defect with screw. SEE TECHNIQUES 61.13 AND 61.14.
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surface, and (3) ability to participate in an active rehabilita-
tion program.

Internal fixation may be a helpful (or necessary) adjunct 
to open reduction. A Swiss screw (Fig. 61.24) or crossed 
Kirschner wires through the acromion into the humeral head 
(Fig. 61.25) have been described. Kirschner wire fixation also 
has been used in anterior dislocations with transfer of the cor-
acoid to the glenoid. Akinci et al. reported five excellent, four 
good, and one poor result with open reduction and Kirschner 
wire fixation of 10 old unreduced anterior shoulder disloca-
tions. Some authors have found it unnecessary to transfix the 
shoulder joint at all and have recommended simply support-
ing the arm at the side in a position anterior to the coronal 
plane of the body for anterior dislocations and posterior to 
the coronal plane for posterior dislocations (Fig. 61.21).

ANTERIOR DISLOCATIONS 

 

OPEN REDUCTION OF CHRONIC 
ANTERIOR SHOULDER DISLOCATION

 TECHNIQUE 61.12 

(ROWE AND ZARINS)
 n  An anterior approach to the shoulder through the delto-

pectoral interval is usually satisfactory. Make an incision 
extending from the lateral third of the clavicle inferiorly 
for 10 to 12.5 cm.

 

A B

FIGURE 61.23 Open reduction and posterior capsular shift in old unreduced posterior shoulder 
dislocations. A, T-shaped incision of the posterior capsule. B, Upward shift of inferior flap with 
overlap by superior flap to reinforce the repair.  (Modified from El Shewy MT, El Barbary HM, El Meligy 
YH, et al: Open reduction and posterior capsular shift for cases of neglected unreduced posterior shoulder 
dislocation, Am J Sports Med 36:133–136, 2008.)

 FIGURE 61.24 Use of Swiss screw to maintain reduction of 
shoulder in old unreduced dislocation.  (From Neviaser TJ: Old unre-
duced dislocations of the shoulder, Orthop Clin North Am 11:287, 1980.)

 FIGURE 61.25 Wilson and McKeever method of stabilizing 
shoulder joint with two Kirschner wires after reduction of posterior 
dislocation.  (From DePalma AF: Surgery of the shoulder, Philadelphia, 
1950, JB Lippincott.)
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 n  Separate the deltoid and pectoralis major muscles and 
retract the short head of the biceps and the coracobra-
chialis. Inferior to the coracoid, the humeral head may be 
seen or felt with a blunt instrument.

 n  Before trying to reduce the dislocation, open the capsule 
and completely divide the coracohumeral ligament and 
free the glenoid cavity of fibrous tissue.

 n  Release of the subscapularis muscle will be necessary in 
performing this step. Replace the humeral head gently 
into the glenoid cavity. Avoid using too much mechanical 
force with tools to prevent fracturing of the osteoporotic 
bone of the humeral head or glenoid.

 n  Stretch the soft tissues gently, manipulating the shoulder 
until motion of the joint is almost normal.

 n  The capsule will be so contracted that it usually cannot be 
closed. Carefully repair the subscapularis muscle; remember 
that just inferior to this lies the axillary nerve (Fig. 61.26).

 n  If the anterior glenoid is deficient, osteotomize the cora-
coid process with attached conjoined tendon and trans-
fer it to the anterior glenoid rim below the equator (see 
Bankart-Bristow-Latarjet technique, Technique 52.11). 

POSTOPERATIVE CARE If internal fixation is used, support 
the arm in the desired position in an abduction splint or in a 
spica cast; the internal fixation is removed at 3 to 4 weeks. 
If the technique of Rowe and Zarins is used (Fig. 61.21), 
the arm supports are removed at about 3 weeks. At 3 to 
4 weeks, gentle pendulum motion is begun. Active motion 
and passive motion of the shoulder are soon begun and are 
continued within the ranges of comfort. The shoulder should 
probably be supported in a splint at night for several months 
until fairly strong, active abduction has been regained.

Full function of the shoulder rarely is regained after this 
operation. Motion is often limited, especially in abduction 
and external rotation. The patient therefore should not 
expect full recovery, but some improvement in shoulder 
function should be expected.
  

POSTERIOR DISLOCATIONS
Posterior dislocation of the shoulder commonly is neglected 
because of presentation with the limb adducted and internally 
rotated. The mechanism of injury usually is a violent injury, a 
seizure, or an electric shock. A reverse Hill-Sachs lesion may be 
present in the anterior humeral head, which can be quite large 
if the dislocation is chronic, and the dislocation may be locked. 

 

OPEN REDUCTION OF CHRONIC 
POSTERIOR SHOULDER DISLOCATION 
FROM A SUPERIOR APPROACH

 TECHNIQUE 61.13 

(ROWE AND ZARINS)
 n  The “utility” approach has been found to be superior for 

chronic posterior dislocations. Place the patient on the 
operating table on the contralateral side.

 n  Make the skin incision as shown in Fig. 61.27.
 n  Turn down the deltoid muscle together with a detached 

5-mm-wide piece of the acromion at the middle third of 
the muscle. When the bony rim of acromion is reattached, 
the deltoid will heal in its anatomic position and not dis-
place distally.

 n  Sharply separate from the clavicle and the spine of the 
scapula the anterior and posterior origins of the deltoid 
as far as necessary and then split the deltoid distally 
(as much as 5 cm) to allow complete anterior, poste-
rior, and inferior exposure of the shoulder joint. Take 
care to avoid injury to the axillary nerve. The anatomic 
landmarks are easily obscured. The easiest landmark to 
locate is the long head of the biceps, which can be fol-
lowed to the bicipital groove between the lesser and 
greater tuberosities.

 n  Incise and retract the rotator cuff and remove the fibrous 
tissue from the glenoid cavity. As an alternative, strip the 
capsule from the glenoid face first and then proceed to 
lyse adhesions of the rotator cuff from the anatomic neck 
of the humerus.

 

Teres minor

Teres major

Axillary nerve

Quadrangular
space

Radial nerve

Long head
of triceps

Posterior 

Axillary nerve

Quadrangular
         space

Radial nerve

Posterior cord
of brachial plexus

Subscapularis

Teres major

Anterior

FIGURE 61.26 Relation of axillary nerve to subscapularis muscle, 
quadrangular space, and neck of humerus. With anterior disloca-
tions, subscapularis is displaced forward, creating traction injury 
to axillary nerve. Nerve is entrapped and held above by brachial 
plexus and below where it wraps around behind neck of humerus.  
(Redrawn from Neer CS, Rockwood CA: Fractures and dislocations of the 
shoulder. In Rockwood CA, Green DP, editors: Fractures in adults, ed 2, 
Philadelphia, 1984, Lippincott.) SEE TECHNIQUE 61.12.
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 n  With the contractures released, carefully separate the hu-
meral head from the posterior rim of the glenoid. If the 
dislocation is old, the humeral head may be soft and easily 
injured unless the exposure is adequate.

 n  Reduce the head of the humerus into the glenoid cavity.
 n  If the shoulder is unstable or a large anterior humeral 

head defect is present, dissect the subscapularis tendon 
sharply from its insertion and transfer it to fill the defect or 
resect the lesser tuberosity with the attached subscapu-
laris tendon and transfer it (Fig. 61.22C).

 n  Internal fixation of the shoulder joint generally is not nec-
essary if the arm is kept posterior to the coronal plane of 
the body with support after surgery (Fig. 61.21).

 n  Suture the rotator cuff tendons to the sites of their inser-
tions.

 n  Reattach the rim of the acromion, which was removed by 
osteotomy, with sutures passed through three drill holes 
in the acromion. 

POSTOPERATIVE CARE A support is applied to prevent 
motion of the arm anterior to the coronal plane of the 
body (Fig. 61.21). The elbow is left free for flexion and 
extension, and the shoulder can be moved posteriorly 
into extension. If the arm remains posterior to the coronal 
plane, the humeral head should not dislocate posteriorly. 
The support is removed at 3 weeks, and gentle pendulum 
motion is then begun together with guided isometric ex-
ercises and progressive use of the arm within the range 
of comfort.
   

 

OPEN REDUCTION OF CHRONIC 
POSTERIOR SHOULDER DISLOCATION 
THROUGH AN ANTEROMEDIAL 
APPROACH

 TECHNIQUE 61.14 

(MCLAUGHLIN)
 n  Expose the shoulder through an anteromedial approach 

(see Technique 1.92).
 n  Divide the subscapularis tendon transversely as close to its 

insertion as possible and retract it medially.
 n  Attempt to reduce the shoulder manually. If this attempt 

fails (and it usually does), insert a blunt periosteal elevator 
or bone skid between the humeral head and the rim of the 
glenoid cavity and gently lever them apart. As soon as the 
glenoid rim has become disengaged from the defect in the 
anterior part of the humeral head, reduction usually occurs.

 n  Thoroughly inspect the joint, including the humeral head 
and the defect.

 n  Curet the defect to bleeding bone and remove all debris 
and fibrous tissue, beginning on the lesser tuberosity and 
emerging in the defect in the humeral head (Fig. 61.22A).

 n  Drill two holes transversely through the bone and pass a 
mattress suture through these and the previously freed 
subscapularis tendon.

 n  Pull the tendon into the defect in the humeral head and 
tie the sutures securely (Fig. 61.22B).

 n  Alternatively, resect the lesser tuberosity and its attached 
subscapularis tendon and fix it in the defect with a bone 
screw. This allows bone-to-bone healing rather than ten-
don-to-bone healing. Do not disturb the posterior part of 
the joint unless the reduction is unstable (Fig. 61.22C).

 n  If the defect is too large for a less tuberosity transfer, add 
iliac crest autograft to the defect to correct the humeral 
head deformity, as described by Khira and Salama. Alter-
natively, use a femoral head osteochondral allograft, as 
described by Elmali et al.

 n  Close the wound and immobilize the arm in a Velpeau 
dressing.

 n  When the reduction is not stable enough after anchoring 
of the subscapularis tendon into the defect, a structural 
graft can be used posteriorly along the rim of the glenoid 
cavity and neck of the scapula as a block to dislocation. 
Such grafting is performed through a posterior approach 
(see Technique 1.99). The graft can be obtained from the 
posterior iliac crest or the posterior surface of the acro-
mion. Use screws or threaded pins to fix the graft beneath 
the periosteum of the neck of the scapula posteriorly. 

POSTOPERATIVE CARE A Velpeau dressing is applied 
and worn until the wound has healed. The sutures are 
removed in 2 weeks, and gentle, active, and pendulum 
range-of-motion exercises are begun. A shoulder immo-
bilizer is worn at night for 6 weeks. Exercises are increased 
so that internal rotation and overhead exercises are under-
way by 4 to 6 weeks.
   

 

Leave bone 
attached to 
deltoid over
end of
acromion

Skin incision for
overall shoulder
exposure turning
down the deltoid

FIGURE 61.27 Combined approach in which deltoid muscle is 
turned down to expose anterior and posterior aspects of shoulder. 
Heavy dotted line shows skin incision. Light dotted line shows skin 
osteotomy of acromion leaving 5 mm of bone attached to deltoid 
muscle.  (Redrawn from Rowe CR, Zarins B: Chronic unreduced dislocation 
of the shoulder, J Bone Joint Surg 64A:494–505, 1982.) SEE TECHNIQUE 
61.13.
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DELTOPECTORAL APPROACH FOR 
CHRONIC POSTERIOR SHOULDER 
DISLOCATION

 TECHNIQUE 61.15 

(KEPPLER ET AL.)
 n  Place the patient supine.
 n  Expose the shoulder joint through an anterior deltopec-

toral approach (Technique 1.92).
 n  Make a 10-cm incision in the deltopectoral groove.
 n  After minimal detachment of the deltoid muscle from the 

clavicle, make an L-shaped incision of the subscapularis 
tendon and the capsule.

 n  Reduction of the dislocation may be difficult and should be 
performed by unhooking the humeral head from the gle-
noid. Remove any fibrous and granulation tissue filling the 
glenoid fossa to maintain reduction of the humeral head.

 n  After reduction, determine the congruity of the joint and 
the range of motion necessary to prevent a redislocation. 
The shoulder usually will redislocate with internal rotation 
as the humeral head defect articulates with the glenoid. 
If insufficient internal rotation remains to allow activities 
of daily living, osteotomy is indicated.

 n  Perform a transverse osteotomy in the humeral surgical neck 
to allow internal rotation of the humeral shaft (Fig. 61.28).

 n  Fix the osteotomy with an angled blade plate. The stabi-
lized osteotomy ensures that the humeral head defect is 
always anterior to the glenoid rim during normal motion 
(Fig. 61.29). After osteotomy fixation, the shoulder should 
have normal motion in all planes except external rotation.

 n  If the humeral head defect is large (greater than 40%), 
rotational osteotomy is unlikely to restore articular con-
gruity and stability. Hemiarthroplasty or total shoulder 
arthroplasty should be considered. 

POSTOPERATIVE CARE Postoperatively, the arm is held 
in a shoulder immobilizer. After removal of the suction 
drain on the second postoperative day, physical therapy 
is started with isometric exercises and gentle passive pen-
dulum exercises. The patient should continue to wear the 
shoulder immobilizer at night. Guided passive exercises 
are begun 1 week after surgery, with a maximum of 90 
degrees of flexion and abduction and with external rota-
tion only to the neutral position. The shoulder immobi-
lizer is discontinued as dictated by the patient’s comfort. 
After 3 weeks, an active physical therapy program in all 
planes is initiated. External rotation is not allowed up to 
the sixth postoperative week. Six to 8 weeks after surgery, 
if good range of motion and strength have returned, ac-
tivities such as swimming and throwing can be allowed. 
The angled plate is not routinely removed.
  

HEMIARTHROPLASTY
For very old (longer than 6 months) dislocations or for large 
head defects (larger than 45% to 50%), most authors suggest 
proceeding directly to arthroplasty, using hemiarthroplasty 
if the glenoid is normal and if the dislocation is more than 6 
months old or the defect involves more than 45% of the artic-
ular surface as seen on the axillary radiograph or CT scan. 
Reducing the usual amount of retroversion of the humeral 
component decreases the tendency of the head to sublux pos-
teriorly in posterior dislocations. For a posterior shoulder dis-
location that has been present for more than 6 months, the 
humeral component is placed in approximately neutral version. 
For a posterior shoulder dislocation that has been present for 
less than 6 months, the component is placed in approximately 

 

a′

a′

a′

FIGURE 61.28 Diagrammatic representation of principle of 
rotational osteotomy in shoulder with locked posterior shoulder 
dislocation.  (From Keppler P, Holz U, Thielemann FW, et al: Locked poste-
rior dislocation of the shoulder: treatment using rotational osteotomy of 
the humerus, J Orthop Trauma 8:286–292, 1994.) SEE TECHNIQUE 61.15.

 FIGURE 61.29 Internally fixed humerus after transverse oste-
otomy and internal rotation of humeral shaft.  (From Keppler P, Holz 
U, Thielemann FW, et al: Locked posterior dislocation of the shoulder: 
treatment using rotational osteotomy of the humerus, J Orthop Trauma 
8:286–292, 1994.) SEE TECHNIQUE 61.15.
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20 degrees of retroversion. The technique of hemiarthroplasty 
of the shoulder is further described in Chapter 12.

Occasionally, significant instability may persist even after 
arthroplasty requiring further soft-tissue reconstruction, 
such as posterior capsule augmentation using transplanted 
biceps tendon. 

TOTAL SHOULDER ARTHROPLASTY
Total shoulder replacement is recommended if the glenoid has 
been destroyed and the dislocation is more than 6 months old 
or the defect involves more than 45% of the articular surface. 
A bone graft also may be necessary if extensive erosion of the 
posterior margin of the glenoid fossa has occurred. Appropriate 
radiographs and CT scans can determine whether such defects 
are present before surgery. The usual amount of retroversion 
of the humeral component must be reduced to lessen the ten-
dency of the head to sublux posteriorly. The longer the dis-
location has been present, the more retroversion must be 
reduced. Sahajpal and Zuckerman recommended decreasing 
the amount of retroversion by 10 to 15 degrees to provide a 
more stable construct. The correct amount of version can be 
determined by inserting trial components and testing the sta-
bility of the shoulder at the time of surgery, making adjust-
ments if required. In addition, if necessary, the posterior part 
of the capsule can be plicated through the anterior approach 
after the humeral head has been osteotomized and before the 
components are inserted. Similarly, a large redundant posterior 
pouch can be corrected by plication of the capsule. For elderly 
patients with posterior dislocations and/or glenoid deficiency 
due to posterior instability, reverse total shoulder arthroplasty 
should be considered. The techniques of total shoulder arthro-
plasty, both anatomic and reverse, are described in Chapter 12. 

ELBOW
Old unreduced dislocations of the elbow are rare and are 
more often seen in developing countries. Operative treatment 
for unreduced elbow dislocations has been reported mostly 
by surgeons practicing in the Middle East and Asia. Posterior 
dislocations are the most common; therefore, treatment for 
this alone is described. The arm generally is fixed in exten-
sion or in very slight flexion with minimal range of motion. 
Pronation and supination are limited. Pronation usually is 
more limited than supination because the biceps is under 
tension from angulation around the humeral condyles. The 
biceps then pulls the forearm into supination.

Pathologic findings with old unreduced dislocations of 
the elbow have been described, including extensive myositis 
ossificans around the joints, especially in the brachialis and 
the triceps brachii muscles; marked shortening of the triceps 
muscle and medial and collateral ligaments; tightening of the 
ulnar nerve with attempts at flexion; ossification or dense 
fibrous thickening of the joint capsule; and extensive dense, 
fibrous tissue filling the olecranon and coronoid fossae and 
the space between the distal end of the humerus and the prox-
imal ends of the radius and ulna. A “radial humeral horn” 
(Fig. 61.30), seen in old unreduced dislocations, is the result 
of the ossification of the hematoma found near the perios-
teum adhering to the capsule near the head of the radius.

Treatment options for old unreduced posterior disloca-
tions of the elbow include closed reduction, open reduction, 
excision arthroplasty, interposition or replacement arthro-
plasty, and arthrodesis.

Although the results of open reduction of the elbow, if 
undertaken within 3 months, are acceptable, a normal function-
ing elbow should not be expected. In children, however, if the 
dislocation is not congenital, open reduction is worth an attempt 
no matter how long it has been since the dislocation occurred 
because children regain useful ranges of flexion and extension.

CLOSED REDUCTION
Most authors agree that closed reduction of the elbow is virtu-
ally impossible after 3 weeks. By that time, soft-tissue contrac-
ture and localized osteoporosis are sufficient to make closed 
reduction hazardous; the bone may fracture or the articular 
surfaces may be damaged at the time of reduction. Fracture 
can occur even during the early period, so the manipulation 
must be done carefully and gently with the patient under gen-
eral anesthesia for complete muscle relaxation. 

OPEN REDUCTION
Although some authors have reported that patients regain 
useful range of flexion-extension of the elbow after open 
reduction for old posterior dislocations regardless of the age 
of the patient and the duration of the unreduced dislocation, 
most report that the likelihood of restoring useful function by 
open reduction alone is inversely proportional to the length 
of time from injury to surgery.

In performing open reduction, the shortened triceps muscle 
must be lengthened and the shortened medial and lateral col-
lateral ligaments must be released. The fibrous tissue between 
the distal humerus and the ulna should be removed. The radial 
humeral horn, if present, must be divided. It is wise to inspect 
and to decompress the ulnar nerve in all patients in whom open 
reduction of the elbow is required, and the nerve should be trans-
posed if necessary. After reduction, the elbow is frequently unsta-
ble. For stability, some authors use Kirschner wires or Steinmann 
pins, transfixing the olecranon and the humerus or transfixing 
the capitellum and radial head. Others prefer a hinged fixator, 

 FIGURE 61.30 Anteroposterior radiograph showing lateral 
dislocation of the elbow and horn of ossification.  (From Bruce C, 
Laing P, Dorgan J, et al: Unreduced dislocation of the elbow: case report 
and review of the literature, J Trauma 35:962–965, 1993.)
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which, although more complex, allows earlier motion, theoreti-
cally improving results. Others opt for ligament reconstruction 
with or without adjunctive fixation. Elbow arthroplasty may 
be the best choice for the most chronic or difficult cases. Good 
functional improvement has been reported in most patients with 
complete capsular and ligamentous release (including the collat-
erals) and a Speed “V-Y lengthening.”

Anderson et al. reviewed 32 patients with chronic elbow 
dislocations without fractures that were treated with open 
reduction, complete soft-tissue release, intraarticular scar 
excision, and ulnar nerve transposition. The triceps tendon 
was left intact, although 25% required needle barbotage to 
incrementally lengthen the tendon. Ligament reconstruction, 
external fixation, or Steinmann pin fixation was not used. 
Using the Mayo Elbow Performance Index, 97% had good-
to-excellent results at mean follow-up of almost 2 years.

Jupiter and Ring described a stable and mobile joint after 
open reduction and hinged external fixation in five patients at 
an average of 11 weeks after the initial injury. They reattached 
the lateral soft tissues, including the origin of the lateral collateral 
ligament complex to the lateral epicondyle in three patients, but 
they made no attempt to reconstruct the ligaments, tendons, or 
bone and performed no tendon lengthening or transfer and no 
deepening of the ulnar groove. To mobilize the elbow initially, 
a passive worm gear was incorporated into a hinged external 
fixation, and active mobilization was gradually introduced. The 
hinge was removed 5 weeks after the procedure.

Because of an approximately 30% recurrent dislocation 
rate after ligamentous repair alone, the use of a hinged fix-
ator has been recommended to protect the repair, as well as to 
maintain joint reduction, permit motion, and enhance mus-
cle-tendon stretching. The hinge usually is left in place for 8 
weeks, during which time active and passive range of motion 
exercises are carried out (Figs. 61.31 and 61.32). Ivo et  al. 
obtained good results in three patients with chronically unre-
duced complex elbow dislocations with a treatment protocol 
that included in situ neurolysis of the ulnar nerve, distraction 
and reduction of the joint with a unilateral hinged external 
fixator, and repair of the osseous stabilizers, without collat-
eral ligament reconstruction. Pontini et al., however, warned 
that complications may be frequent with this technique: of 
their seven patients, four developed at least one complication, 
and three required additional procedures. The creation of an 
intraarticular “cruciate” ligament has been described to stabi-
lize the joint and allow early flexion-extension exercises (Fig. 
61.33). Most authors have found that lengthening of the tri-
ceps muscle is necessary to obtain reduction and use the V-Y 
technique described by Speed to lengthen the triceps muscle. 

 

OPEN REDUCTION AND V-Y 
LENGTHENING OF TRICEPS MUSCLES 
FOR CHRONIC ELBOW DISLOCATION

 TECHNIQUE 61.16 

(SPEED)
 n  Make an incision over the posterolateral aspect of the 

elbow, beginning in the midline 10 cm proximal to the 
olecranon. Continue distally to just proximal to the tip 
of the olecranon, then slightly laterally over the lateral 

humeral condyle and the radial head and continue farther 
distally for 5 cm on the forearm.

 n  Undermine and retract the edges of the wound and ex-
pose the tendinous insertion or aponeurosis of the triceps 
muscle on the posterior aspect of the elbow (Fig. 61.34A).

 n  Locate the ulnar nerve and dissect up from its bed along 
the groove in the medial humeral condyle and carefully 
retract it.

 n  Beginning proximally and using sharp dissection, reflect 
the aponeurosis of the triceps distally to form a flap of 
tissue attached to the olecranon.

 n  Beginning 7.5 cm proximal to the joint, make an incision 
in the midline of the arm through the fibers of the triceps 
muscle distally to the olecranon; then curve this deep inci-
sion around the lateral edge of the olecranon to the distal 
end of the skin incision.

 n  Subperiosteally, free all muscle attachments from the dis-
tal humerus, both anteriorly and posteriorly (Fig. 61.34B), 
and then release the attachments of the joint capsule and 
collateral ligaments around the condyles of the humerus. 
Some difficulty may be encountered in freeing the tissues 
around the medial condyle and along the anterior surface 
of the humerus just above the joint, but it is essential that 
they all be loosened and the lower end of the humerus 
be completely mobilized (Fig. 61.34C).

 n  There is often a great deal of callus on the posterior sur-
face of the humerus and in the olecranon fossa as a result 
of the periosteum being elevated at the time of injury. 
Remove this callus along with any scar tissue.

 n  After completely freeing the distal humerus, expose 
the radial head and clear the trochlear notch of the 
ulna.

 FIGURE 61.31 Late-discovered (6 weeks) medial elbow disloca-
tion after open reduction with complete exposure of joint from 
medial side and hinged external fixation without ligament repair 
or reconstruction.  (From Hotchkiss RN: Fractures and dislocations of the 
elbow. In Rockwood CA, Bucholz RW, Green DP, et al, editors: Rockwood 
and Green’s fractures in adults, Philadelphia, 1996, Lippincott-Raven.)
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7°

A

B

7°

FIGURE 61.32 Anterior (A) and lateral (B) views of representative pin placements for old 
elbow dislocation. Placements may need to be modified on basis of patient’s needs.  (Redrawn from 
Hotchkiss RN: Compass elbow hinge surgical technique, Memphis, 2004, Smith & Nephew.)
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 n  Rotate the forearm and gently press on the anterior sur-
face of the capitellum, bringing the radial head anteriorly 
into its normal position.

 n  If the radial head cannot be reduced easily, dissect the 
soft tissues more widely instead of applying force that 
may injure the articular surfaces.

 n  After the radial head has been reduced, slip the coronoid 
process distally and then anteriorly over the trochlea and 
repeat the reduction.

 n  Carry the joint through a full range of motion. If the el-
bow is unstable, as it usually is, transfix the olecranon to 

the humerus with one or two small Steinmann pins or 
Kirschner wires with the elbow at 90 degrees.

 n  Cut the pins off and bend the proximal portion of the pin 
to prevent migration.

 n  Suture the periosteum and the triceps over the posterior 
surface of the humerus and the fascia over the radial head 
and then suture the tongue of the triceps aponeurosis 
into its normal position or, more generally, at a slightly 
more distal level (Fig. 61.34D).

 n  Decompress the wound with a suction drain. 

 

A B C D

A

B

C
D

FIGURE 61.33 Reconstruction for old posterior dislocation of the elbow. A and B, Slot in trochlea 
and lines of drill holes A to D show course of tendon graft. C and D, Anteroposterior and lateral 
views of completed repair; note intact forearm flexor origin.  (From Arafiles RP: Neglected posterior 
dislocation of the elbow: a reconstruction operation, J Bone Joint Surg 69B:199–202, 1987. © British Edito-
rial Society of Bone and Joint Surgery.)

 

A B C D
FIGURE 61.34 Speed technique of open reduction of old unreduced dislocation of elbow. A, 

Incision has been made, and ulnar nerve has been isolated. B, Triceps aponeurosis has been dissected 
free and reflected distally. Triceps muscle has been incised longitudinally, and it and other muscles 
have been stripped subperiosteally from distal humerus. C, Lateral view of elbow to show extent 
of mobilization occasionally necessary before reduction becomes possible. D, Closure (see text). 
SEE TECHNIQUE 61.16.
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POSTOPERATIVE CARE The arm is immobilized in a 
posterior splint at 90 degrees. The drain is removed after 
24 hours. The pins are removed approximately 14 days 
after surgery. The splint is removed several times a day for 
gentle, active motion exercises. When a moderate range 
of strong active motion has been regained, the splint may 
be discarded during the day but should be worn at night 
for 2 or 3 more months. If a dislocation has been present 
for a long time, the best functional results can be obtained 
only by continuing exercises for a long time. Children usu-
ally regain motion more easily than adults do.

In an extensive review of the treatment of chronic elbow 
dislocation, Donohue and Mehlhoff stated that treatment 
is challenging and a stepwise approach to management 
is necessary. There are no large series of patients to guide 
treatment. The roles of primary ligament reconstruction 
and triceps lengthening remain controversial.
  

ELBOW ARTHROPLASTY
Most authors agree that an adult elbow that has remained 
unreduced for longer than 3 to 6 months may require some 
type of elbow arthroplasty or perhaps arthrodesis. Distraction 
interpositional arthroplasty has been well described by mul-
tiple authors. In cases of chronic dislocation with significant 
joint degeneration or incongruity in a patient too young for 
total elbow replacement (who declines arthrodesis), interpo-
sitional arthroplasty using fascia lata or a similar graft may be 
the best choice. The technique for fascial arthroplasty is dis-
cussed in Chapter 12, the technique for total elbow replace-
ment is discussed in Chapter 12, and the technique for elbow 
arthrodesis is described in Chapter 13. 

ANTERIOR DISLOCATION OF THE RADIAL 
HEAD
An old anterior dislocation of the radial head in an adult is 
sometimes compatible with useful function of the elbow, but 
flexion is hindered, and the limb is usually weak. If the dis-
ability is enough to justify surgery, the radial head probably 
should be excised. If the dislocation is not very old (e.g., 3 
months), open reduction and temporary stabilization with 
a Kirschner wire can produce a good outcome. If the dislo-
cation is associated with an ulnar shaft malunion, the mal-
union should be corrected, which should allow reduction 
of the radial head. If the radial head cannot be reduced, it 
should be excised or replaced with a radial head arthroplasty 
(see Chapter 12). In a child, a dislocation may be congeni-
tal or may have occurred as an isolated injury or possibly in 
conjunction with a fracture of the ulnar shaft (Monteggia 
fracture). It may also sometimes be compatible with useful 
function, but as the child continues to grow, the carrying 
angle increases and the radial head becomes deformed. If the 
child is young and less than 1 year from dislocation, and it 
is not congenital, open reduction and reconstruction of the 
radial head and neck with or without an ulnar osteotomy can 
be performed (see Chapter 36).

Once growth is complete, if disability is severe enough, 
the radial head should be excised.

Old unreduced wrist and finger dislocations are discussed 
in Chapter 67.
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Peripheral nerve injuries are common. Despite numer-
ous advances in microsurgical technique and interfascic-
ular nerve grafting, many treatment principles obtained 
from World War II experiences as set forth in the cumu-
lative works of Seddon and Woodhall are still applicable 
today. Current research focusing on pharmacologic agents, 
immune system modulation, enhancing factors, and entu-
bulation chambers, although promising, have had little 
clinical application so far, and the results of nerve repair 
remain modest with only 50% of patients regaining useful 
function.

In this chapter, the diagnosis and treatment of periph-
eral nerve injuries are described, with the details of surgical 
technique and postoperative care included in the discussion 
of each nerve. For details of embryology, microscopic anat-
omy, and physiology, the reader is referred to other works. 
The appropriate reconstructive operations are described 
in other sections of this book, and cross references are 
provided.

ANATOMY OF THE SPINAL 
NERVES
Each segmental spinal nerve is formed at or near its inter-
vertebral foramen by the union of its dorsal, or sensory, 
root with its ventral, or motor, root. In most of the thoracic 
segments, these mixed spinal nerves retain their autonomy 
and supply one intercostal dermatomal and myotomal seg-
ment. In virtually all other segments of the spinal axis, the 
spinal nerves join with others to form a plexus that inner-
vates a limb or a special body segment that no longer retains 
the primitive myomeric pattern. A total of 31 mixed spinal 
nerves leave their respective foramina on each side of the 
spine to innervate the homolateral trunk and extremities: 
eight cervical, 12 thoracic, five lumbar, five sacral, and one 
coccygeal.

COMPONENTS OF MIXED SPINAL NERVES
A typical mixed spinal nerve has three distinct components: 
motor, sensory, and sympathetic (Fig. 62.1).

MOTOR
Several rootlets leave the anterolateral sulcus of the spinal 
cord and unite to form each motor root. The fibers traversing 

these roots arise from the anterior horn cells and innervate 
the skeletal muscles. 

SENSORY
The sensory fibers arise from pain, thermal, tactile, and stretch 
receptors. Cell bodies for these fibers are located within the 
dorsal root ganglia with axons entering the posterolateral sul-
cus of the cord via several rootlets. The fibers conveying joint 
or position sensibility and some tactile fibers turn cephalad 
in the dorsal columns and do not synapse before reaching the 
gracile and cuneate nuclei at the cervicomedullary junction. 
Pain and temperature fibers synapse in the substantia gelati-
nosa and cross to ascend in the dorsal spinothalamic tract. 
Tactile fibers enter, synapse, and cross to ascend in the ventral 
spinothalamic tract. 

SYMPATHETIC
The sympathetic component of all 31 mixed spinal nerves 
leaves the spinal cord along only 14 motor roots. The cells of 
origin are in the intermediolateral cell column that extends 
throughout the thoracic and upper lumbar cord segments. 
The fibers exit from the cord with the 12 thoracic and first 
two lumbar motor roots, enter the respective mixed spinal 
nerve, and promptly emerge from it as white rami. The white 
rami pass anteriorly to the corresponding sympathetic gan-
glion. Synapse may occur within the ganglion with which 
the ramus is associated, and postganglionic fibers pass back 
to the mixed spinal nerve as a gray ramus. More often, how-
ever, the fibers entering the ganglion via the white rami pass 
for variable distances up or down the paravertebral chain to 
synapse at higher or lower levels. The postganglionic fibers 
pass along gray rami to cervical, lower lumbar, or sacrococcy-
geal mixed spinal nerves having no white rami. Sweat glands, 
blood vessels, and erector pili are innervated also in a seg-
mental pattern. 

GROSS ANATOMY
Mixed spinal nerves, having left the intervertebral foramina, 
receive their sympathetic component and promptly branch 
into anterior and posterior primary rami. The posterior pri-
mary rami are directed posteriorly and supply the paraspinal 
musculature and the skin along the posterior aspect of the 
trunk, the neck, and the head. The upper three cervical pos-
terior rami are larger than their corresponding anterior rami, 
supplying relatively large areas of the scalp posteriorly and the 
musculature around the craniocervical junction. With these 
exceptions, posterior primary rami are small, and the major 
part of each spinal nerve continues laterally in an anterior 
primary ramus to enter a plexus or to become an intercostal 
nerve.

Anterior primary rami of all the cervical, the first thoracic, 
and all the lumbosacral nerves join in the formation of plexuses. 
Alteration of the metameric pattern results from the migration 
of dermatomes and myotomes into the limb buds. The upper 
four cervical anterior rami form the cervical plexus, and the 
lower four cervical and first thoracic anterior rami form the 
brachial plexus. The first three and a part of the fourth lumbar 
anterior rami form the lumbar plexus. The sacral anterior rami 
along with the fifth lumbar and a part of the fourth join to form 
the lumbosacral plexus. The enlargement and prolongation of 
the limb bud markedly alter the myotomal pattern, resulting  
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FIGURE 62.1 Components of mixed spinal nerve.
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in the union of some myotomes and the division or partial 
extended migration of others. The fibers of any one mixed spi-
nal nerve may be distributed through several peripheral nerves. 
By the same token, any one peripheral nerve may contain fibers 
from several spinal nerves.

The area of skin supplied by the fibers of a single spinal 
root is called a dermatome. Segmental dermatomal patterns 
(Fig. 62.2) are well preserved in the thoracic region but not 
in the limbs. Migration of the limb buds accounts for the 
displacement of midcervical dermatomes along the lateral 
aspect of the arm and radial aspect of the forearm and of 
the lower cervical and upper thoracic dermatomes along the 
medial aspect of the arm and the ulnar aspect of the forearm. 
Lumbar and sacral dermatomal alignment along the various 
aspects of the lower extremity is similarly explained. The line 
separating the more rostral segmental dermatomes from the 
more caudal ones is called the axial line and may be followed 
into the spinal axis. 

MICROSCOPIC ANATOMY
Each nerve fiber, or axon, is a direct extension of a dorsal 
root ganglion cell (sensory), an anterior horn cell (motor), 
or a postganglionic sympathetic nerve cell, and it is either 
myelinated or unmyelinated. Sensory and motor nerves 
contain unmyelinated and myelinated fibers in a ratio of 
4:1 (Fig. 62.3). In the unmyelinated or sparsely myelinated 
fibers, several axons are wrapped by a single Schwann cell. 
In the more heavily myelinated fibers, the Schwann cell by 
rotation forms a multilaminated structure that encloses a 
myelin sheath around a single axon. The segment of myelin-
ated nerve fiber enclosed by a single Schwann cell is referred 
to as an internode and varies in length from 0.1 to 1.8 mm, 
with the more heavily myelinated fibers having the longer 
internodes. The point at which one Schwann cell ends and 
the next begins is relatively sparse in myelin and is called the 
nodal gap, or node of Ranvier (Fig. 62.4). The axon with its 

Schwann cell and myelin sheath is surrounded by a veil of 
delicate fibrous tissue called the endoneurium. Seen longitu-
dinally, the endoneurium forms a tube encircling individu-
ally the Schwann cell sheaths that cluster together to form a 
fascicle (or funicle as termed by Sunderland). Each fascicle or 
separate group of sheathed axons is surrounded by a denser 
layer of perineurium. The entire group of fascicles with their 
surrounding perineurium is encased as a mixed spinal or 
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FIGURE 62.2  Dermatomal patterns.
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peripheral nerve in a denser epineurium. The blood supply to 
the peripheral nerve enters through the mesoneurium, which 
is loose connective tissue extending from the epineurium to 
the surrounding tissues. There is an extrinsic (segmental) and 
an intrinsic (longitudinal) blood supply to each nerve. The 
intrinsic blood supply that runs longitudinally within the epi-
neurium, perineurium, and endoneurium is fairly extensive 
and allows surgical mobilization without complete devascu-
larization over variable lengths of nerves. 

INTERNAL TOPOGRAPHY OF 
PERIPHERAL NERVES
The internal topography or fascicular arrangement of the 
radial, median, and ulnar nerves was described by Sunderland 
in 1945 as a complex network of branching and intermingling 
fascicles that constantly change throughout the course of the 
nerve (Fig. 62.5). Studies have shown that although the fas-
cicular arrangement is complex in the proximal aspect of a 
peripheral nerve, the distal fascicles can be dissected over 
long distances before merging occurs (Fig. 62.6). This charac-
teristic is important to the surgeon when intraneural dissec-
tion is required for accurate neurorrhaphy. 

NEURONAL DEGENERATION AND 
REGENERATION
Any part of a neuron detached from its nucleus degenerates 
and is destroyed by phagocytosis. This process of degenera-
tion distal to a point of injury is called secondary, or Wallerian 
degeneration (Fig. 62.7). The reaction proximal to the point of 
detachment is called primary, traumatic, or retrograde degen-
eration. The time required for degeneration varies between 
sensory and motor segments and is related to the size and 
myelinization of the fiber.

During the first 3 days after injury, definite morphologic 
changes become apparent in the axon. Response to faradic 
stimulation can be obtained for periods of 18 to 72 hours. 

After 2 or 3 days, the distal segment becomes fragmented, and 
with subsequent fluid loss the fragments begin to shrink and 
to assume a more oval or globular appearance. A concomitant 
fragmentation and shrinkage of the myelin sheath parallels 
the axonal degenerative change. By day 7, macrophages have 
reached the area in greater numbers, and clearing of the axo-
nal debris is virtually complete after 15 to 30 days. Schwann 
cell division by mitosis is evident by day 7, the cells increasing 
in number to fill the area previously filled by the axon and 
myelin sheath.

The primary retrograde degeneration proceeds for at 
least an internode or more, depending on the degree of 
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FIGURE 62.4 Basic anatomy of myelinated nerve fiber.
FIGURE 62.5 Internal topography of musculocutaneous nerve 

as depicted by Sunderland.

Median nerve

Anterior
interosseous

nerve

FIGURE 62.6 Complexity of internal topography diminishes 
in more distal portions of nerve.

    

https://booksmedicos.org


PART XVI PERIPHERAL NERVE INJURIES OF THE UPPER AND LOWER EXTREMITIES3276

 

proximal insult, and it is histologically identical to Wallerian 
degeneration. The changes in the parent cell body vary to 
some degree with the type of cell and the nearness of the 
injury to the cell body. The more proximal the site of injury, 
the more pronounced the changes. Chromatolysis with 
swelling of the cytoplasm and eccentric placement of the 
nucleus is commonly evident. This reaction within the cell 
body is evident by day 7, and death or evidence of begin-
ning recovery is apparent after 4 to 6 weeks. With recov-
ery, the edema begins to subside, the nucleus migrates 
toward the center of the cell, and Nissl substance begins to 
reaccumulate.

Distal to the point of injury or to the proximal extent of 
retrograde degeneration there is an endoneurial tube filled 
with Schwann cells to accept regenerating sprouts from the 
axonal stump. Axonal sprouting may occur within the first 
24 hours after injury. All axonal sprouts initially are unmy-
elinated whether they arise from a myelinated or an unmy-
elinated fiber. If the endoneurial tube with its contained 
Schwann cells has been uninterrupted by the injury, the 
sprouts may pass readily along their former courses, and 
after regeneration the surviving cells innervate their pre-
vious end organs. If the injury has been severe enough to 
interrupt the endoneurial tube with its contained Schwann 
cells, however, sprouts that may number 100 from any 
one axonal stump may migrate aimlessly throughout the 
damaged area into the epineurial, perineurial, or adjacent 
regions to form a stump neuroma or neuroma in continu-
ity. Other migrating axonal sprouts barred from their endo-
neurial tube by scar tissue might enter empty endoneurial 
tubes of other injured funiculi or, as shown by Cabaud et al., 
may regenerate through newly formed endoneurial tubes 

only to terminate in myotomal or dermatomal areas other 
than their own. Axons regenerate as if they are influenced 
by certain neurotrophic substances contained within distal 
nerve tissue. Experimental work showed that in a primate 
model and through an inert silicone Y chamber, axons grow 
toward nerve tissue in preference to muscle or tendon. Some 
degree of end-organ specificity also exists in the experimen-
tal model, and there is a critical gap (2 mm) under which 
this neurotrophic effect does not exist.

Lesser injuries without disruption of the endoneurial and 
Schwann cell sheaths are associated with excellent or accept-
able anatomic regeneration. Conversely, more extensive inju-
ries with complete disruption of the entire nerve, with wide 
separation of the ends of the nerve, and with the regenerating 
fibers obstructed by extensive scar tissue result in little or no 
return of function. 

CLASSIFICATION OF NERVE 
INJURIES
The classification of nerve injuries proposed by Seddon in 
1943 was generally accepted but rarely used. He divided nerve 
injuries into three groups:
 1.  Neurapraxia, designating minor contusion or compres-

sion of a peripheral nerve with preservation of the axis-
cylinder but with possibly minor edema or breakdown 
of a localized segment of myelin sheath. Transmission 
of impulses is physiologically interrupted for a time, but 
recovery is complete in a few days or weeks.

 2.  Axonotmesis, designating more significant injury with 
breakdown of the axon and distal Wallerian degeneration 
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FIGURE 62.7 Physiologic changes in regeneration of peripheral motor nerve axon after divi-
sion with sharp object.
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but with preservation of the Schwann cell and endoneu-
rial tubes. Spontaneous regeneration with good functional 
recovery can be expected.

 3.  Neurotmesis, designating a more severe injury with com-
plete anatomic severance of the nerve or extensive avuls-
ing or crushing injury. The axon and the Schwann cell 
and endoneurial tubes are completely disrupted. The peri-
neurium and epineurium also are disrupted to varying 
degrees. Segments of the latter two may bridge the gap if 
complete severance is not apparent. In this group, signifi-
cant spontaneous recovery cannot be expected.

A more useful classification was described by Sunderland in 
1951. This classification is more readily applicable clinically, 
with each degree of injury suggesting a greater anatomic 
disruption with its correspondingly altered prognosis. In 
this classification, peripheral nerve injuries are arranged in 
ascending order of severity from the first to the fifth degree. 
Anatomically, the various degrees represent injury to (1) 
myelin, (2) axon, (3) the endoneurial tube and its contents, 
(4) perineurium, and (5) the entire nerve trunk (Table 62.1).

In first-degree injury, conduction along the axon is physi-
ologically interrupted at the site of injury but the axon is not 
disrupted. No Wallerian degeneration occurs, and recovery 
is spontaneous and usually complete within a few days or 
weeks. This injury coincides with the neurapraxia of Seddon. 
The loss of function varies. Usually, motor function is more 
profoundly affected than sensory function. Sensory modali-
ties are affected in order of decreasing frequency as follows: 
proprioception, touch, temperature, and pain. Sympathetic 
fibers are the most resistant to this type of injury. If sensory 
modalities are markedly affected, paresthesias may be present 
for several days. If they are disturbed at all, sympathetic func-
tion often returns promptly; the modalities of pain and tem-
perature also are commonly preserved or return promptly. 
Proprioception and motor function usually are the last to 
return. Electrical excitability of the nerve distal to the site 
of injury is preserved. A characteristic of this injury is the 
simultaneous return of motor function in the proximal and 
distal musculature; this would never occur in injuries with 
Wallerian degeneration in which the “motor march” is evi-
dent because of progressive regeneration or reinnervation of 
the more proximal motor units earlier in the course of recov-
ery. Because there is neither axonal damage nor regeneration, 
no advancing Tinel sign is present. In most instances, the final 
result is complete restoration of function.

In second-degree injury, disruption of the axon is evident, 
with Wallerian degeneration distal to the point of injury and 
degeneration proximal for one or more nodal segments. The 

integrity of the endoneurial tube (Schwann cell basal lam-
ina) is maintained, providing a perfect anatomic course for 
regeneration. Any permanent deficit is related to the number 
of neural somas that die, such death being more common in 
injuries at the more proximal levels. Clinically, the neurologic 
deficit is complete with loss of motor, sensory, and sympa-
thetic function. Motor reinnervation is accomplished in a pro-
gressive manner from proximal to distal in the order in which 
nerve branches leave the parent trunk. Commonly, an advanc-
ing Tinel sign can be followed along the course of the nerve 
usually at the rate of 1 inch per month, tracing the progression 
of regeneration. Usually, good functional return is achieved.

In third-degree injury, the axons and endoneurial tubes are 
disrupted but the perineurium is preserved. The result is disor-
ganization resulting from disruption of the endoneurial tubes. 
Scar tissue within the endoneurium can obstruct certain tubes 
and divert sprouts to paths other than their own. Clinically, 
the neurologic loss is complete in most instances, and because 
of the additional time required for the regenerating axon tips 
to penetrate the fibrous barrier, the duration of loss is more 
prolonged than in second-degree injury. Returning motor 
function is evident from proximal to distal but with varying 
degrees of permanent motor or sensory deficit. As in a sec-
ond-degree injury, an advancing Tinel sign usually is present; 
however, complete return of neural function does not occur, 
distinguishing this from a second-degree injury.

In fourth-degree injury, the axon and endoneurium are 
disrupted but some of the epineurium and possibly some of 
the perineurium are preserved, so complete severance of the 
entire trunk does not occur. Retrograde degeneration is more 
severe after this degree of injury, and the mortality among 
neuronal soma is higher, sometimes resulting in a significant 
reduction in the number of surviving axons. Essentially, nerve 
continuity is maintained only by scar tissue, preventing proxi-
mal axons from entering the distal endoneurial tubes. Axonal 
sprouts exit through defects in the perineurium and epineu-
rium and wander about in the surrounding tissues. There is 
no advancing Tinel sign. Prognosis for significant return of 
useful function is uniformly poor without surgery.

In fifth-degree injury, the nerve is completely transected, 
resulting in a variable distance between the neural stumps. 
These injuries occur only in open wounds and usually are 
identified at the time of early surgical exploration. The likeli-
hood of any significant bridging by axonal sprouts is remote, 
and the possibility of any significant return of function with-
out appropriate surgery is equally remote.

Sixth-degree (Mackinnon) or mixed injuries occur in 
which a nerve trunk is partially severed, and the remaining 

 TABLE 62.1 

Classification of Nerve Injuries

DEGREE OF INJURY HISTOPATHOLOGIC CHANGES TINEL SIGN

SUNDERLAND SEDDON MYELIN AXON ENDONEURIUM PERINEURIUM EPINEURIUM PRESENT PROGRESSES DISTALLY
I Neurapraxia ± − − −
II Axonotmesis + + − + +
III + + + + +
IV + + + + + −
V Neurotmesis + + + + + + −
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part of the trunk sustains fourth-degree, third-degree, sec-
ond-degree, or rarely even first-degree injury. A neuroma 
in continuity is present, and the recovery pattern is mixed 
depending on the degree of injury to each portion of the 
nerve. Surgical intervention to correct the fourth-degree and 
fifth-degree components may sacrifice the function of lesser 
injured fascicles. 

EFFECTS OF PERIPHERAL NERVE 
INJURIES
MOTOR
When a peripheral nerve is severed at a given level, all motor 
function of the nerve distal to that level is abolished. All muscles 
supplied by branches of the nerve distal to that level are para-
lyzed and become atonic. Significant changes on electromyog-
raphy (EMG) are not apparent for 8 to 14 days, at which time 
transient fibrillation potentials on needle insertion may become 
apparent. Spontaneous fibrillations may become evident after 2 
to 4 weeks, coinciding with the onset of atrophic change within 
the muscle fibers. Atrophy of muscle bulk progresses rapidly to 
50% to 70% at the end of about 2 months. Atrophy continues 
at a much slower rate, and the connective tissue component of 
the muscles increases. Striations and motor endplate configu-
rations are retained for longer than 12 months, whereas the 
empty endoneurial tubes shrink to about one third their nor-
mal diameter. Complete disruption and replacement of muscle 
fibers may not become complete until after 3 years.

Several methods are used to evaluate motor return after 
peripheral nerve injuries. They involve assessment of muscle 
strength against gravity and against graded resistance. The 
use of pinch meters and grip meters and evaluation of endur-
ance, speed of movement, and individual muscle function 
helps to document the progress of motor return. The British 
Medical Research Council established the following system 
for assessing the return of muscle function after peripheral 
nerve injuries: M0, no contraction has returned; M1, per-
ceptible contraction in proximal muscles has returned; M2, 
perceptible contraction in proximal and distal muscles has 
returned; M3, all important muscles act against resistance; 
M4, all synergistic and independent movements are possible; 
M5, recovery is complete (Table 62.2). 

SENSORY
Sensory loss usually follows a definite anatomic pattern, 
although the factor of overlap from adjacent nerves may con-
fuse inexperienced surgeons. After severance of a peripheral 
nerve, only a small area of complete sensory loss is found. 
This area is supplied exclusively by the severed nerve and is 
called the autonomous zone or isolated zone of supply for that 
nerve. A larger area of tactile and thermal anesthesia is read-
ily delineated and corresponds more closely to the gross ana-
tomic distribution of the nerve (Fig. 62.8); this larger area is 
known as the intermediate zone. When a nerve is intact, and 
the adjacent nerves are blocked or sectioned, an area of sen-
sibility exceeds the gross anatomic distribution of the nerve; 
this area is known as the maximal zone.

It has long been recognized that the autonomous zone 
becomes smaller during the first few days or weeks after 
injury, long before regeneration is possible. Livingston sug-
gested that this is caused by ingrowth of adjacent nerves, but 

resumption of or increase in function in anastomotic branches 
from adjacent nerves is a more plausible explanation. This 
decrease in the area of sensory loss might be interpreted by 
an inexperienced surgeon as evidence of regeneration or of 
incomplete injury and might be responsible for needless delay 
in exploration of the nerve.

In injury to the median and ulnar nerves, one study found 
that pinprick was the first perception to return, followed by 30 
cycles/s vibratory stimulus, and then moving touch. The per-
ception of constant touch and the perception of a 256 cycles/s 
vibratory stimulus were the last to return (Table 62.3). These 
investigators inferred that the early return of pain perception 
resulted from the faster regeneration of the small-diameter 
pain fibers. The larger-diameter touch fibers regenerated more 
slowly. The return of moving touch perception, mediated by 
quickly adapting fibers and Pacinian corpuscles, before the 
return of constant touch, mediated by slowly adapting fibers 
and the Merkel discs, was explained by differential maturation 
of the respective receptors, rather than by the diameter of the 

 TABLE 62.2

Muscle Function Assessment After Peripheral 
Nerve Injuries

MOTOR RECOVERY
M0 No contraction
M1 Return of perceptible contraction in proximal 

muscles
M2 Return of perceptible contraction in proximal 

and distal muscles
M3 Return of function in proximal and distal 

muscles of such a degree that all important 
muscles are sufficiently powerful to act against 
resistance

M4 Return of function as in stage 3; in addition, 
all synergistic and independent movements 
are possible.

M5 Complete recovery

In the hand, proximal muscles are defined as extrinsic muscles and distal 
muscles are defined as intrinsic muscles.
From Leffert RD: Brachial plexus. In Green DP, editor: Operative hand surgery, 
ed 2, New York, 1988, Churchill Livingstone.

 TABLE 62.3

Sensibility Recovery Sequence

I Myelinated and unmyelinated fibers (restore percep-
tion of pain and temperature)
Pseudomotor function

II Touch perception
Perception of 30 cycle per second (cps) of vibratory 
stimulus
Perception of moving touch
Perception of constant touch
Perception of 256 cps vibratory stimulus

As outlined by Dellon AL, Curtis RM, Edgerton MT: Evaluating recovery of sen-
sation in the hand following nerve injury, Johns Hopkins Med J 130:235, 1972.
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fibers alone. The system of evaluating by moving touch, con-
stant touch, vibratory stimulus, pinprick, and the Weber two-
point discrimination was proposed as a method for screening 
patients to determine specific exercises for reeducation of 
constant-touch perception. The evaluation of sensory return 
after peripheral nerve injuries is important regardless of the 
site of the injury. This is especially true in the upper extremity, 
where sensibility in the hand is extremely important.

The clinical evaluation of sensory return also is done 
using other methods, such as pinprick appreciation and von 
Frey hairs. The British Medical Research Council established 
the following six-level grading scale for sensory return: S0, 
absence of sensibility in the autonomous area; S1, recovery 
of deep cutaneous pain within the autonomous area; S2, 
return of some superficial cutaneous pain and tactile sensi-
bility within the autonomous area of the nerve; S3, return of 
superficial cutaneous pain and tactile sensibility throughout 
the autonomous area with disappearance of overreaction; 
S3+, some recovery of two-point discrimination within the 
autonomous area; S4, complete recovery (Table 62.4).

Two-point discrimination has been shown to directly 
correlate with return of hand function and object identifica-
tion. The pick-up test (a timed test to measure fine and man-
ual dexterity) and the triketohydrindene hydrate (ninhydrin) 
printing test also have been shown to be of use. 

REFLEX
Complete severance of a peripheral nerve abolishes all reflex 
activity transmitted by that nerve. This is true in severance 
of the afferent or the efferent arc. Commonly, however, reflex 

activity is abolished in partial nerve injuries when neither arc 
is completely interrupted and is not a reliable guide to the 
severity of injury. 

AUTONOMIC
Interruption of a peripheral nerve is followed by loss of sweating 
and of pilomotor response and by vasomotor paralysis in the 
autonomous zone. The area of anhidrosis usually corresponds 
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FIGURE 62.8   Cutaneous distribution of peripheral nerves.

 TABLE 62.4

Sensation Assessment after Peripheral Nerve Injury

SENSORY RECOVERY
S0 Absence of sensibility in autonomous area
S1 Recovery of deep cutaneous pain sensibility 

within autonomous area of the nerve
S2 Return of some degree of superficial cutaneous 

pain and tactile sensibility within autonomous 
area of the nerve

S3 Return of superficial cutaneous pain and tactile 
sensibility throughout autonomous area, with 
disappearance of any previous overresponse

S3+ Return of sensibility as in stage 3; in addition, 
there is some recovery of two-point discrimina-
tion within autonomous area

S4 Complete recovery

From Leffert RD: Brachial plexus. In Green DP, editor: Operative hand surgery, 
ed 2, New York, Churchill Livingstone, 1988.
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to, but may be slightly larger than, the sensory deficit. This area 
may be outlined easily by the starch-iodine test, by the nin-
hydrin printing test popularized by Aschan and Moberg, or 
by instruments for determining skin resistance (Richter der-
mometer). Another objective test described by O’Riain and by 
Leukens is the wrinkle test. When normal skin is immersed in 
water for a time, wrinkling occurs. Denervated skin does not 
wrinkle under these circumstances. As reinnervation occurs, 
wrinkling of the skin returns. If the injury is incomplete, and 
especially if it is associated with causalgia, sweating may be 
excessive and may involve areas beyond the intermediate zone 
of the nerve. Vasodilation occurs in complete lesions, and the 
area affected is at first warmer and pinker than the rest of the 
limb. After 2 to 3 weeks, however, the affected area becomes 
colder than the adjacent normal areas and the skin may be 
pale, cyanotic, or mottled in an area often extending beyond 
the maximal zone of the injured nerve. Trophic changes occur 
commonly and are most evident in the hands and feet. The 
skin becomes thin and glistening and, when subjected to 
trauma that ordinarily does little harm, breaks down to form 
ulcers that heal slowly. The fingernails become distorted, are 
often ridged or brittle, and may be lost entirely.

Osteoporosis often follows peripheral nerve injuries. It is 
more likely to be pronounced in incomplete lesions associ-
ated with pain. Incomplete lesions of the median nerve seem 
to be associated more often with osteoporosis, with changes 
occurring in the distal phalanges of the thumb and index and 
long fingers. Partial ankylosis from fibrosis of the periarticu-
lar structures also may develop. These changes are similar to 
atrophy of disuse but are much more severe. 

COMPLEX REGIONAL PAIN SYNDROME 
(REFLEX SYMPATHETIC DYSTROPHY)
Complex regional pain syndrome (CRPS) represents auto-
nomic and pain transmission dysregulation, resulting in periph-
eral sensitization with allodynia, dysesthesia, hyperpathia, and 
a reduced tolerance for pain when using the affected area for 
basic function. The condition occurs most commonly after a 
traumatic injury or iatrogenic insult. Classification of CRPS is 
based on the structures injured. The International Association 
for the Study of Pain delineated two main categories of the 
syndrome, replacing traditional terms, and through efforts by 
their Taxonomy Committee (iasp-pain.org), they continue to 

update descriptions and terms. Although the attempt to sim-
plify CRPS into types I and II is attractive, considerable overlap 
in pathology exists. CRPS I (formally reflex sympathetic dys-
trophy, RSD) theoretically represents patients who have had a 
musculoskeletal injury without a defined neural injury. CRPS 
II (causalgia) includes patients who fulfill the same criteria 
but who have evidence of a neural injury. In addition, there 
have been further efforts to define sympathetic-mediated and  
nonsympathetic-mediated varieties, with temporal transitions 
into “warm” and “cold” subtypes.

CLINICAL PRESENTATION
The most evident presentation in CRPS is avoidance behavior 
and an altered recovery pattern when the patient tries to use 
the area of the body that has been injured. CRPS may occur 
after a fracture, crush injury, routine surgical procedure, or 
a minor innocuous appearing injury. Chemical or electri-
cal burns, metabolic neuropathies (e.g., diabetes mellitus), or 
infections, such as postherpetic neuralgia, all can contribute 
to this polymodal-mediated hyperpathia. A female predisposi-
tion has been noted, and upper extremity involvement is most 
frequently seen. CRPS also has been associated with smoking.

Early hallmark signs include a marked reduction in use 
or stimuli response of the affected area (e.g., an extremity) 
with sensitization and at times autonomic dysregulation. 
The condition may be self-limiting, but if not identified and 
treated aggressively, it can progress with a reduction in use 
and permanent impairment. Patients identified early (<6 
months) have a better prognostic outcome than those with a 
delayed diagnosis (>1 year). This must be tempered, however, 
because a premature diagnosis in an impressionable patient 
who becomes invested in literature on the topic may actually 
lead to a self-fulfilling prophecy.

Harden et al. validated the Budapest criteria of CRPS to 
aid clinicians in identifying the signs and symptoms in four 
categories (Table 62.5). Although defined as types I and II, 
CRPS frequently exhibits with both musculoskeletal and 
neural injuries. Clinicians must be alert to disproportionate 
postoperative or posttraumatic clinical responses, such as 
allodynia, dysesthesia, hyperpathia, hyperalgesia, and hypo-
esthesia. The patient’s exaggerated response to a relatively 
common injury may tempt the clinician to discount this as 
a psychologic issue. However, disproportionate symptoms 

 TABLE 62.5 

Budapest Diagnostic Criteria for Complex Regional Pain Syndrome

1 Continued pain disproportionate to any inciting event
2 At least one symptom in three (clinical diagnostic criteria) or four (research diagnostic criteria) of the following:

Sensory: hyperesthesia or allodynia
Vasomotor: temperature asymmetry, skin color changes, or skin color asymmetry
Sudomotor or edema: edema, changes or asymmetry in sweating
Motor or trophic: decreased range of motion, motor dysfunction (weakness, tremor, or dystonia), or trophic 

changes (hair, nails, skin)
3 One sign at time of diagnosis in two or more categories:

Sensory: hyperalgesia (to pinprick) or allodynia (to light touch), deep somatic pressure, or joint movement.
Vasomotor: temperature asymmetry, skin color change or asymmetry
Sudomotor or edema: edema, changes or asymmetry in sweating
Motor or trophic: decreased range of motion or motor dysfunction (weakness, tremor, or dystonia), or trophic 

changes (hair, nails, or skin)
4 No other diagnosis better explains the signs and symptoms
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can be caused by an interruption of a nerve pathway, which 
results in abnormal firing of nociceptive mediators and dys-
function in neuromodulation within internuncial, ascending, 
and descending pathways in the spinal cord. There are differ-
ences in opinion as to whether certain psychologic traits pre-
dispose patients to CRPS or whether the psychologic factors 
are a sequela of the injury. In addition, secondary gain issues 
also must be considered and dealt with because, whether 
intentional or not, they inadvertently affect recovery.

Sympathetically mediated cases may result in homeo-
static dysregulation of the autonomic nervous system, which 
clinically presents as edema, vasomotor effects, sudomotor 
dysfunction, temperature change, and color change (warm 
subtype), frequently occurring in the early phase. The affected 
area may be erythematous, swollen, and warm to touch with 
hyperhidrosis. Suspected metabolic and inflammatory medi-
ators further enhance the vicious circle with progressive 
peripheral, and at times, central sensitization. Visual, emo-
tional, and tactile stimuli may trigger impressive and discon-
certing pain behavior. Even focal well-defined neural injuries 
may result in symptoms that are nondermatomal and non-
sclerotomal (maladaptive neuroplasticity) in presentation, 
challenging one to consider the possibility of additional, more 
central cortical reprogramming, which is certainly concern-
ing. This can progress to later phases with further alienation 
of the area and loss of volitional motion and trophic changes.

The extremity may appear pale and cool to touch (cold 
subtype), with altered skin texture and hair distribution, 
reduced nail growth, abnormal posturing, contracture, and 
reduction in bone mass. Although described under the former 
taxonomy of RSD, Bonica’s description of sequential clinical 
stages still serves as a good reference for surgeons (Table 62.6).

Although certain features of CRPS can be quantified, no 
laboratory or biochemical testing is diagnostic. Patients exhib-
iting sympathetic dysregulation may have alterations delin-
eated through autonomic testing, quantitative sudomotor 

axonal reflex testing, thermography, and asymmetric tempera-
ture measurements. The clinician’s tactile temperature thresh-
old difference may require upward of 5°F, although actual 
measurement is much more sensitive. Limb volume compari-
sons can be performed by submersion testing; however, such 
testing is frequently not readily available or practical. Reduced 
bone mass density may be suspected on standard radiographs 
with reduced bone density and periarticular reabsorption. 
The most sensitive radiographic study appears to be the triple 
phase bone scan. Changes seen on MRI have been described 
with noted muscle edema, interstitial edema, and hyperper-
meability; however, it still is not very sensitive or specific. 

TREATMENT
Although validation studies of treatment modalities for 
CRPS are still lacking despite the many thousands of patients 
treated, there is agreement that the best results are obtained 
with early diagnosis and an active function-oriented program 
that is multidisciplinary. Validation of a patient’s symptoms 
is important, as is identification of possible secondary gain. 
Treatment strategies include pharmacologic, procedural, 
functional exercises, and psychologic evaluation. The treat-
ment regimen is extremely time consuming and requires 
much patience and a coordination of efforts. Medication sup-
port generally includes antiinflammatory medication, anal-
gesics (oral or topical), tricyclic antidepressants, calcitonin, 
bisphosphonates, selective serotonin reuptake inhibitors, 
anticonvulsants, and other antidepressants. The use of ket-
amine infusions in select patients has been proposed.

Interventional options include selective peripheral neural 
blocks/ablation techniques, trigger point injections, sympa-
thetic blocks (single or indwelling), dorsal column stimulators, 
intrathecal infusions, and rarely sympathectomies (chemical 
or surgical). Descriptions of preventive anesthetic approaches 
for patients undergoing surgery have been limited. Favorable 
responses in pediatric patients with high-intensity physical 

 TABLE 62.6 

Bonica Stages of Reflex Sympathetic Dystrophy

STAGE ONSET SYMPTOMS DURATION
Stage 1 
dysfunction

1-3 months Burning pain beyond dermatomes (follows thermatomes)
Spasm and tendency for immobilization

2-8 weeks

Stage 2 
dystrophy

3-7 months Vasoconstriction
Unilateral cold extremity
Hair loss
Tendency for weakness, tremor, and spasticity (flexed arm, extended legs)

2-4 months

Stage 3 
atrophy

>7 months Smooth glossy edematous skin
Pale or cyanotic skin
Lymphedema
Atrophy of distal muscles
Spasm, dystonia, tremor

>4 months

Stage 4 Several months  
to years

Loss of job and spouse in rare advanced severe cases
Unnecessary surgery
Orthostatic hypotension
Hypertension
Heart attack
Neurodermatitis
Angiectasis
Depression, death caused by suicide

A few months
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therapy regimens alone have been reported. Therapy should 
be directed not only to all the joints of the involved extrem-
ity but also include more generalized movement patterns. 
Mirror-assisted movement patterns also may be incorporated. 
Some concern exists about overzealous therapy aggravating 
the condition; however, movement is paramount. For patients 
suspected of having sympathetic-mediated pain, a sympa-
thetic blockade may be helpful for information and treatment. 
Kleinert et  al. and Lankford reported favorable results with 
sequential stellate ganglion blocks combined with physical 
therapy in patients with CRPS involving the upper extremity. 
Pain relief and improved motion have been reported in 80% to 
93% of patients with CRPS after sequential sympathetic blocks, 
although one study reported a 19% temporary response, and 
the patients required surgical sympathectomy. Poplawski, 
Wiley, and Murray reported 27 patients treated with intrave-
nous regional blocks of lidocaine and corticosteroid followed 
by standard physical therapy. They found that the most impor-
tant factor in predicting a favorable outcome was an interval 
between onset and treatment of less than 6 months. 

ETIOLOGY OF PERIPHERAL NERVE 
INJURIES
Peripheral nerves can be injured by metabolic or collagen dis-
eases; malignancies; endogenous or exogenous toxins; or ther-
mal, chemical, or mechanical trauma. Only injuries caused by 
mechanical trauma are considered here. Every patient who 
has injured a limb or limb girdle should be evaluated for pos-
sible musculoskeletal, vascular, and peripheral nerve damage 
(Table 62.7).

Gunshot wounds often are complicated by peripheral 
nerve injury. Spontaneous recovery is expected in over 50%. 
The expected time to recovery after gunshot wounds is 3 to 9 
months, with high-velocity injuries taking longer than low-
velocity injuries to heal. Neurapraxia and axonotmesis occur 
with equal frequency in gunshot wounds.

Bone or joint injury is often associated with peripheral 
nerve lesions. Primary injury of a peripheral nerve may result 
from the same trauma that injures a bone or joint; however, 
sometimes the neural injury is caused by displaced osseous 
fragments, by stretching, or by manipulation, rather than 
by the initial injuring force. Secondary injury results from 
involvement of the nerve by infection, scar, callus, or vascular 
complications. These complications include hematoma, arte-
riovenous fistula, ischemia, or aneurysm.

The radial nerve is most commonly injured. Of humeral 
shaft fractures, 14% are said to be complicated by injury of this 
nerve. Of radial nerve injuries, 33% are associated with fracture 
of the middle third of the humerus; 50%, with fracture of the 
distal third of the humerus; 7%, with supracondylar fracture of 
the humerus; and 7%, with dislocation of the radial head.

The ulnar nerve is injured in about 30% of patients with 
combined skeletal and neural injury involving the upper 
extremity. This injury is most commonly associated with 
fractures around the medial humeral epicondyle, but often it 
results from the formation of callus around the elbow.

The median nerve is injured in only about 15% of combined 
skeletal and neural injuries of the upper extremity. It is injured 
most commonly in dislocation of the elbow or secondarily in 
the carpal tunnel after injury of the wrist or distal forearm.

Axillary nerve stretch injuries occur in approximately 5% 
of shoulder dislocations. The peroneal nerve is injured most 
commonly at the fibular neck in fracture of the tibia and fib-
ula or dislocation of the knee.

Branches of the lumbosacral plexus are injured in less 
than 3% of pelvic fractures; this plexus is reportedly injured 
in 10% to 13% of posterior dislocations of the hip. The tibial 
nerve may be injured in fractures of the proximal tibia and 
injuries around the ankle.

Peripheral nerve injuries should be carefully excluded in 
every patient with an acute extremity injury. Equal diligence 
should be applied in evaluation after surgery, manipulation, 
casting, and recovery from skeletal injury to detect secondary 
neural injury. 

CLINICAL DIAGNOSIS OF NERVE 
INJURIES
Immediately after a severe injury to an extremity, recognition 
of a peripheral nerve injury is not always easy. Pain is often 
so severe that patient cooperation is limited at best. The pres-
ervation of life and limb is always the first objective. When 
possible, however, some simple tests should be conducted to 
detect injuries of major nerves of the extremity. In the upper 
extremity, loss of pain perception in the tip of the little finger 
indicates ulnar nerve injury. Loss of pain perception in the tip 
of the index finger indicates median nerve injury, and inabil-
ity to extend the thumb in the hitchhiker’s sign usually indi-
cates radial nerve injury, although the extensor tendons may 
be severed and render this test invalid. Similarly, in the lower 
extremity, loss of pain perception in the sole of the foot usu-
ally indicates sciatic or tibial nerve injury, whereas inability to 
extend the great toe or the foot indicates peroneal or sciatic 
nerve injury. As with the radial nerve, injury to the tendons 
or muscle bellies may render these tests useless. They may be 
carried out quickly, however, and usually serve as effective 
screening procedures.

 TABLE 62.7

Frequency of Specific Nerve Involvement 
Associated with Long Bone Fractures Based on 
300 Cases Reported by Spurling

EXTREMITY BONE NERVE %
Upper, 
74%

Humerus Radial 70
Median 8
Ulnar 22

Radius and/or ulna Radial 35
Median 24
Ulnar 41

Lower, 
20%

Femur Complete sciatic 60
Tibial component 20
Peroneal 
component

20

Tibia and/or fibula Tibial 7
Peroneal 70
Both nerves 23
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In evaluating peripheral nerve lesions, a precise knowl-
edge of the course of the nerve, of the level of origin of its 
motor branches, and of the muscles that these branches sup-
ply is essential. Knowledge of common anatomic variations in 
nerve supply is extremely helpful. One must be familiar with 
the various zones of sensation and with the areas in which 
sweating may be diminished or absent and in which skin 
resistance may be increased. Evaluation of motor loss is cru-
cial. This evaluation can be accurate only if one can palpate 
or see the tendon or muscle belly under consideration. If one 
relies on analysis of movement alone as an indication of intact 
nerve supply, errors can be made because of substitution and 
trick movement. Opposition of the thumb to the little finger 
can be accomplished by many patients even though the nerve 
supply to the opponens pollicis is completely severed and the 
muscle is paralyzed. In addition, the wrist can be partially 
extended, even when the muscles supplied by the radial nerve 
are completely paralyzed, by simple flexion of the fingers, and 
the elbow can be forcefully flexed, even when the musculocu-
taneous nerve is completely severed and the biceps paralyzed, 
by substitution of the brachioradialis. Palpation of the oppo-
nens pollicis, extensor tendons of the wrist, and biceps tendon 
or muscle prevents such deceptions. Some muscles cannot be 
tested by palpation or sight; these include the lumbricals, the 
short adductor of the thumb, and the interossei except for the 
first dorsal. There are enough muscles supplied by each nerve 
that can be so tested as to allow an accurate diagnosis in most 
instances. The muscles that can be examined accurately and 
easily are enumerated in the discussion of each nerve. A clini-
cal assessment of the strength of the muscles is helpful. A scale 
recommended by Highet has been widely accepted. According 
to that scale, the following designations are assigned: 0 for 
total paralysis, 1 for muscle flicker, 2 for muscle contraction, 
3 for muscle contraction against gravity, 4 for muscle contrac-
tion against gravity and resistance, and 5 for normal muscle 
contraction compared with the opposite side.

DIAGNOSTIC TESTS
IMAGING

Although a well-performed physical examination by an expe-
rienced examiner can usually provide sufficient information 
to accurately diagnose the presence or absence of a major 
nerve injury, further diagnostic studies are occasionally help-
ful, particularly in closed injuries in which the physical integ-
rity of the nerve is in question. High-resolution ultrasound 
and MRI can accurately assess the physical integrity of the 
nerve immediately after injury and provide valuable informa-
tion for surgical decision making. Intraneural and perineural 
injuries also can be identified with both of these techniques. 

ELECTRODIAGNOSTIC STUDIES
The best and most accessible correlative electrophysiologic 
confirmations of a peripheral neural injury are nerve conduc-
tion and electromyographic mapping assessments. The sur-
geon must have specific objectives when ordering these tests 
to obtain the most useful information for clinical manage-
ment. The timeline in ordering the studies is also important 
because the changes after injury and recovery follow a well-
described pattern. The presence, location, severity, and possi-
bly the prognosis of the neural insult can be determined from 
these studies, and information regarding the recovery pat-
tern can be obtained when the study is done sequentially over 

time. Alternative electrophysiologic uses include dynamic 
electromyographic assessment when considering optimal 
muscle transfer strategies, before tenotomy, or botulinum 
toxin injections in central and peripheral neuropathic con-
ditions. Electrical stimulation can be used for optimal nerve 
localization when considering blocks or ablation procedures. 
Generally, both nerve conduction velocity studies and EMG 
are ordered for routine neural injury assessments because the 
information gained is complementary. Although full neuro-
pathic changes are not observed in these studies for 2 or 3 
weeks after injury, there may be instances in which early base-
line studies should be done.

NERVE CONDUCTION VELOCITY
Standard nerve conduction techniques include orthodromic 
motor and antidromic-orthodromic sensory studies and ret-
rograde studies (e.g., F wave study). F wave studies are espe-
cially useful for investigating peripheral nerve injuries that 
are more proximal and less accessible through other tech-
niques. The suspected location of neural compromise is iden-
tified, and a protocol to electrically stimulate proximally, 
distally, and across the segment is formulated. Depending on 
whether it is an orthodromic or antidromic study, the evoked 
potential will be recorded at some defined point proximal and 
distal to the injury with a surface or needle electrode (Fig. 
62.9, Segment A).

After a severe traumatic neural insult and Wallerian 
degeneration, there is a progressive structural degradation 
and neurotransmitter compromise expressed by alteration in 
nerve conduction and evoked motor and sensory configura-
tion. Immediately after injury, conduction proximal and dis-
tal to the insult usually elicits a normal response, although 
stimulation across the injured segment may vary, depend-
ing on the presence of axonal or myelin injury. As Wallerian 
degeneration ensues (within 5 to 10 days), there is a progres-
sive reduction in the amplitude and alteration in the con-
figuration of the evoked potentials (Fig. 62.9, Segment B). If 
the insult produces only a temporary physiologic block (e.g., 
neurapraxia), conductivity distal to the lesion remains pre-
served even after 10 days and a more favorable prognosis 
can be expected. Evoked sensory amplitude assessments and 
comparisons also can assist in delineating further pathology.

With a more severe injury, not only is a conduction block 
across the segment present but a progressive decline in ampli-
tude is noted in evoked potentials when stimulating distal to the 
injury; sometimes there is complete absence of a response (e.g., 
axonotmesis). Eventually, electromyographic changes evolve. 
Over a period of months, repeat studies may be performed to 
follow neural recovery patterns depending on the case. 

ELECTROMYOGRAPHY
Manual muscle testing is routine with any musculoskeletal 
examination, but it is not sensitive for picking up more subtle 
neuropathic pathology. Myotomal sampling of the involved 
extremity with needle pick-up electrodes (e.g., monopolar, 
concentric, and single fiber) yields information regarding 
neuropathic injury and pathology. It can distinguish a recent 
injury from a chronic condition that predated the injury (e.g., 
workers’ compensation or litigation). The basic monopolar 
needle electrode samples approximately eight muscle fibers, 
and by assessing different sites, fair representation of spe-
cifically innervated myotomal groups is possible. The muscle 
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initially is observed at rest (insertional activity, approximately 
200 ms) and subsequently during volitional muscle recruit-
ment. During the initial postinjury phase, needle sampling 
should be normal unless there has been a prior injury (Fig. 
62.10). Recruitment at this point may vary depending on 
injury pattern and effort. At 10 to 14 days after neural injury, 
abnormal spontaneous rest potentials evolve (positive sharp 
waves) appearing in denervated myotomes where axonal 

injury has occurred (Fig. 62.11A). Between 14 and 18 days, 
fibrillations appear (Fig. 62.11B). Voluntary motor unit 
potentials, if present, may have attenuated amplitudes reflect-
ing axonal compromise. Abnormal denervation patterns can 
be correlated with established intraneural topographic ref-
erence guides to assist in a clear anatomic mapping of the 
injury. Abnormal spontaneous rest potentials may last indefi-
nitely until the muscle has become reinnervated or fibrotic.

At approximately 3 months after injury, some peripheral 
neural sprouting occurs and the motor unit potential ampli-
tude progressively increases; this is preceded at times by poly-
phasic configuration potentials. Between 2 and 6 months after 
injury, larger than normal appearing potentials are estab-
lished and remain so until the reinnervation is completed, at 
which time the motor unit potential configuration returns to 
a more normal-appearing pattern. Some surgeons monitor 
denervated myotomes over months (e.g., 3 months) before 
exploration, depending on the nature of injury and clinical 
presentation. 

TINEL SIGN
The Tinel sign is elicited by gentle percussion by a finger or 
percussion hammer along the course of an injured nerve. A 
transient tingling sensation should be felt by the patient in the 
distribution of the injured nerve rather than at the area per-
cussed, and the sensation should persist for several seconds 
after stimulation. It should be tested for in a distal-to-proximal 
direction. A positive Tinel sign is presumptive evidence that 
regenerating axonal sprouts that have not obtained complete 
myelinization are progressing along the endoneurial tube. 
With progressive regeneration, the positive response fades 
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FIGURE 62.9  Neural injury pattern.

FIGURE 62.10 Diagram of electromyography tracing depicting 
normal insertion activity, which also may be present immediately 
after denervation.

A

B

Positive sharp waves

Fibrillations 

FIGURE 62.11 A, Diagram of electromyography (EMG) tracing 
showing positive sharp wave consistent with denervation 10 to 14 
days after injury. Rhythm is regular, amplitude is 100 to 400 μV, 
duration is 5 to 150 ms, and rate is 2 to 40 Hz. B, Diagram of EMG 
tracing showing spontaneous denervation fibrillation potentials 
present within 14 to 18 days after injury. Rhythm is regular, ampli-
tude is 50 to 1000 μV, duration is 0.5 to 2 ms, and rate is 2 to 30 Hz.
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proximally, presumably because of progressive myelinization 
along the more proximal part of the regenerated segment. 
Distal progression of the response along the course of the nerve 
in question can be measured, and some have used the rate of 
this progression to establish prognosis or suggest the need for 
exploration. A distally advancing Tinel sign should occur in 
Sunderland types 2 and 3 nerve injuries. A Sunderland type 
1 injury or neurapraxia should not show an advancing Tinel 
sign because Wallerian degeneration and axonal regeneration 
do not occur. A Sunderland type 4 or type 5 injury would not 
show an advancing Tinel sign unless repaired. The presence 
of such a sign alone with its progressive distal migration is 
encouraging. Electrodiagnostic techniques for the evaluation 
of nerve-evoked potentials and EMG in the office and oper-
ating room provide sophisticated means for evaluating the 
progress of nerve regeneration and for assessing neuromas in 
continuity. The work of Kline et al. in evaluating whole nerves 
and the reports of Terzis and of Williams and Terzis in assess-
ing single fasciculi are recommended. A few regenerating sen-
sory fibers can result in a positive Tinel sign; the presence of 
such a sign cannot be construed as absolute evidence that any 
motor fibers are regenerating or that significant sensory return 
is to be expected. Somatosensory evoked studies may be used 
as an adjunct including intraoperative monitoring for certain 
procedures (e.g., external fixation for limb lengthening). 

SWEAT TEST
Sympathetic fibers within a peripheral nerve are resistant 
to mechanical trauma. The presence of sweating within the 
autonomous zone of an injured peripheral nerve reassures the 
examiner to a degree, suggesting that complete interruption 
of the nerve has not occurred. Preservation of sweating can 
be determined simply, as pointed out by Kahn, by observing 
beads of sweat through the +20 lens of an ophthalmoscope. 
The time-honored sweat test (iodine starch test) consists of 
dusting the extremity with quinizarin powder. Sweating is 
induced by various means. The powder remains dry and light 
gray throughout the denervated area and assumes a deep pur-
ple color throughout the area of normal sweating. The nin-
hydrin print test as recommended by Aschan and Moberg is 
another method of assessing sweat patterns in the hand. 

SKIN RESISTANCE TEST
The skin resistance test is another method of evaluating 
autonomic interruption; in it a Richter dermometer is used. 
The autonomous zone with absence of sweating shows an 
increased resistance to the passage of electrical current. The 
adjacent innervated areas have a normal resistance, and fur-
ther decreased resistance in these areas can be elicited by 
high external temperatures that do not affect the denervated 
area. The area outlined by the Richter dermometer roughly 
approximates the autonomous zone of the nerve in question. 

ELECTRICAL STIMULATION
Electrical stimulation through the intact skin has been used 
in one form or another by many investigators and clinicians 
for a long time. Faradic stimulation is often of little value 
because normally innervated muscles may fail to respond to 
this current. Additionally, if response to faradic stimulation 
is still present after 3 weeks, the muscles in most instances are 
capable of voluntary contraction, and no additional informa-
tion is obtained by the study. Galvanic stimulation is useful in 

determining chronaxy and the strength-duration curve. These 
determinations frequently give early evidence of denervation 
after nerve injury and are useful in following the evolution of 
reinnervation, which is less readily assessed by other methods. 

GENERAL CONSIDERATIONS OF 
TREATMENT OF NERVE INJURIES
As in any other injury, initial management of a patient with 
peripheral nerve damage should begin with careful assess-
ment of the vital functions. When indicated, appropriate 
actions to prevent cardiopulmonary failure and shock should 
be taken and systemic antibiotics and tetanus prophylaxis 
should be provided. When the extent of any injury to the 
major viscera has been determined, and appropriate resusci-
tative measures have been started, the injury to the periph-
eral nerve should be evaluated and the specific nerve deficit 
should be assessed carefully.

An open wound in which a peripheral nerve has been 
injured should be cleansed and debrided thoroughly of any 
foreign material and necrotic tissue, using local, regional, or 
general anesthesia. If the wound is clean and sharply incised, 
if the condition of the patient is satisfactory, and if a repair 
can be done in a quiet and unhurried setting with adequate 
personnel and equipment, immediate primary repair of the 
nerve is preferred. If the general medical condition of the 
patient does not permit adequate repair or if circumstances 
otherwise cause an undue delay, we prefer to perform the 
neurorrhaphy during the first 3 to 7 days after injury; in this 
instance, the wound is sutured, dressed sterilely, and observed 
for evidence of sepsis.

When open wounds are caused by blasting, abrading, or 
crushing agents, and when contamination with foreign mate-
rial is severe, the wound is cleansed and debrided thoroughly, 
and a sterile dressing is applied. If the ends of the nerve can 
be identified, they are marked with sutures, such as Prolene 
or stainless steel, which can be easily identified later. In the 
absence of a significant nerve gap, loose end-to-end apposi-
tion prevents retraction of the nerve segments and makes later 
repair easier. In the presence of a segmental gap in the nerve, 
suturing the ends to the soft tissues prevents their retraction. 
Soft-tissue coverage of the wound consistent with the manage-
ment of the injured part is carried out, and the nerve is repaired 
at a later date when the soft tissues have healed and the extent of 
neuroma formation is evident, usually 3 to 6 weeks after injury.

A closed injury in which a peripheral nerve has been 
damaged requires careful assessment of residual function and 
documentation of discrete deficits. After the initial pain has 
subsided and the wound has healed, early active motion of all 
joints of the involved extremity should be started. When nec-
essary, gentle passive exercises that avoid disrupting nerves 
and tendons may be instituted. All joints of the extremity 
must be kept supple, and soft-tissue contractures must be 
avoided. Exercises help keep the soft tissues of the extremity 
in a better physiologic state so that when the nerve has regen-
erated, rehabilitation is easier. The specific effects of electrical 
stimulation of muscles are unclear. Regardless of the details 
of the treatment program, the patient must become actively 
involved in it to prevent contractures and to strengthen 
muscles with intact innervation. Similarly, an extremity 
with a peripheral nerve injury should not be immobilized 
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indefinitely. Dynamic and static splinting to support joints 
and to prevent contractures should be used intermittently.

When closed fractures are complicated by peripheral 
nerve deficits, awaiting reinnervation seems reasonable, and 
early surgical exploration usually is avoided. Early ultrasound 
imaging of the involved nerve can determine the extent 
of injury. The progress of return of function in the injured 
extremity is evaluated with periodic EMG, nerve conduction 
velocity studies, and frequent clinical evaluation. Conversely, 
if the nerve deficit follows manipulation or casting of a closed 
fracture in the absence of a prior nerve deficit, early explora-
tion of the nerve is favored. 

FACTORS THAT INFLUENCE 
REGENERATION AFTER 
NEURORRHAPHY
Few worthwhile reports have been published on the results 
of neurorrhaphy and the factors that influence them, first, 
because few investigators have had access to a large enough 
group of patients to make evaluations statistically significant 
and, second, because reports have only rarely been based on 
sound criteria of regeneration. Valuable reports have been 
compiled from studies of such injuries incurred in World War 
II and later conflicts. As a result of these studies, the influence 
of many factors on regeneration after nerve suture is now bet-
ter understood.

Rarely should a fracture interfere with nerve repair. In 
the usual situation, a nerve may be explored if the fracture 
requires open reduction. In many open injuries the nature of 
the wound may be such that early repair of the nerve cannot 
be done satisfactorily. Every effort should be made by repeated 
debridement of necrotic material to promote rapid healing of 
any open wounds without sepsis. Nerves may be repaired suc-
cessfully during a second debridement, followed by closure 
and healing. Associated vascular injury can adversely affect 
nerve regeneration because of tissue ischemia.

Several important factors that seem to influence nerve 
regeneration are (1) the age of the patient, (2) the gap between 
the nerve ends, (3) the delay between the time of injury and 
repair, (4) the level of injury, (5) the condition of the nerve 
ends, and (6) the experience and techniques of the surgeon. 
The first five of these factors are discussed here.

AGE
Age undoubtedly influences the rate and degree of nerve 
regeneration. All other factors being equal, neurorrhaphies 
are more successful in children than in adults and are more 
likely to fail in elderly patients; why this is true has not been 
completely explained, but it may relate to the potential for 
central adaptation to the peripheral nerve injury. We do not 
know precisely what results can be expected in either of the 
extremes of age because practically all significant studies have 
dealt with military personnel whose average age was 18 to 30 
years. A close correlation has been noted between age and 
two-point discrimination obtained after median and ulnar 
nerve repairs (30 mm at 20 to 40 years; 15 mm at 11 to 20 
years; 10 mm at <10 years). After digital nerve repair, how-
ever, the final two-point discrimination was not as closely 
related to age. Another study found that a higher percentage 
of patients younger than 20 years at the time of repair had 

two-point discrimination of less than 6 mm than did patients 
older than 20 years. 

GAP BETWEEN NERVE ENDS
The nature of the injury is the most important factor in deter-
mining the defect remaining between the nerve ends after any 
neuromas and gliomas are resected. When a sharp instrument, 
such as a razor or knife, severs a nerve, damage is slight proxi-
mally and distally, and although the nerve ends inevitably do 
retract, the gap can usually be easily overcome. Conversely, 
when a high-velocity missile severs a nerve, proximal and 
distal nerve damage is extensive. Ultimately, both ends must 
be widely resected to expose normal funiculi, producing a 
larger gap. The gap is increased farther if part of the nerve is 
carried away by a missile, as in shrapnel injuries. Methods of 
closing troublesome gaps include (1) nerve mobilization, (2) 
nerve transposition, (3) joint flexion, (4) nerve grafts, and (5) 
bone shortening. The greater the defect, the more dissimi-
lar the funicular pattern of the two ends because of the con-
stantly changing arrangement of fibers within the nerve as it 
progresses distally. This is particularly important in the more 
proximal portion of peripheral nerves. Agreement is wide-
spread that excessive tension on a neurorrhaphy harms nerve 
regeneration. Nerve grafting is advised if, after the nerve is 
mobilized, the gap cannot be closed by flexing the main joint of 
the limb 90 degrees. The observed upper limit of a gap beyond 
which results deteriorate is approximately 2.5 cm. The observa-
tions of Kirklin, Murphey, and Berkson in 1949 that recovery 
is slightly better when the gap is relatively small remain valid. 

DELAY BETWEEN TIME OF INJURY AND 
REPAIR
Delay of neurorrhaphy affects motor recovery more pro-
foundly than sensory recovery, most likely because of the 
survival time of denervated striated muscle. There is signifi-
cant loss of motor endplates and increased muscle fibrosis by 
18 months after denervation; therefore nerve repair needs to 
be performed early enough to allow reinnervation of muscle 
before this occurs. Experimental studies have shown better 
axonal survival with early nerve repair.

As a rule of thumb, Omer suggested that about 1% of 
recoverable nerve function is lost for each week of delay after 
3 weeks postinjury. The influence of delay on sensory return 
is unclear; in the Veterans Administration study, little influ-
ence could be found and useful sensation returned in a few 
patients when suture was performed 2 years after injury. The 
critical limit of delay beyond which sensation does not return 
is unknown.

Our practice is to perform neurorrhaphies in clean, sharp 
wounds immediately or during the first 3 to 7 days. In the 
presence of extensive soft-tissue contusion, laceration, crush-
ing, or contamination in which the proximal and distal extent 
of the nerve injury is impossible to delineate, a delay of 3 to 6 
weeks is preferred. 

LEVEL OF INJURY
The more proximal the injury, the more incomplete the over-
all return of motor and sensory function, especially in the 
more distal structures. Conditions are more favorable for 
recovery in the more proximal muscles because (1) the neu-
rons that innervate the distal portions of the limb are more 
severely affected by retrograde changes after proximal injury, 
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(2) a greater proportion of the cross-sectional area of the 
nerve trunk is occupied by fibers to the proximal muscles, 
and (3) the potential for disorientation of regrowing axons 
and for axon loss during regeneration is greater for the distal 
muscles than for the muscles more proximally situated after a 
proximal injury. Except for parts of the brachial plexus, useful 
function at times returns regardless of the level of injury if the 
critical limit of delay has not passed. 

CONDITION OF NERVE ENDS
The condition of the nerve ends at the time of neurorrhaphy is 
important. Meticulous handling of the nerve ends, asepsis, care 
with nerve mobilization, preservation of neural blood supply, 
avoidance of tension, and provision of a suitable bed with min-
imal scar all exert favorable influences on nerve regeneration. 
Distal stump shrinkage has been found to be maximal at about 
4 months, leaving the distal fascicular cross-sectional area 
diminished to 30% to 40% of normal size. Intraneural plexus 
formation and fascicular dispersal make accurate fascicular 
alignment and appropriate axonal regeneration more difficult. 
A neurorrhaphy with a satisfactory external appearance is no 
guarantee of optimal internal fascicular alignment. Fascicular 
malalignment is a common finding. It is generally agreed that 
the nerve ends should be prepared in such a way that a satis-
factory fascicular pattern is apparent in the proximal and dis-
tal stumps. No scar, foreign material, or necrotic tissue should 
be allowed to remain around the ends to interfere with axonal 
regeneration. Sometimes resection of the nerve ends so that 
satisfactory fasciculi are exposed leaves a gap that cannot be 
closed by end-to-end repair. As noted previously, clinical and 
experimental evidence indicates that excessive tension on the 
neurorrhaphy at the time of repair and when an acutely flexed 
limb is mobilized later causes excessive intraneural fibrosis. 
These findings and the promising results achieved after the 
interfascicular nerve grafting technique advocated by Millesi 
and by Millesi, Meissl, and Berger suggest that such a tech-
nique is preferable to repair of nerves under too much tension 
or with limbs in acutely flexed or awkward positions. 

GENERAL CONSIDERATIONS FOR 
SURGERY
INDICATIONS
In the presence of a traumatic peripheral nerve deficit, explo-
ration of the nerve is indicated as follows:
 1.  When a sharp injury has obviously divided a nerve, early 

exploration is indicated for diagnostic, therapeutic, and 
prognostic purposes. Neurorrhaphy can be done at the 
time of exploration or can be delayed.

 2.  When abrading, avulsing, or blasting wounds have ren-
dered the condition of the nerve unknown, exploration 
is required for identification of the nerve injury and for 
marking the ends of the nerve with sutures for later repair.

 3.  When a nerve deficit follows blunt or closed trauma and no 
clinical or electrical evidence of regeneration has occurred 
after an appropriate time, exploration of the nerve is indi-
cated. This also is true when a nerve deficit complicates a 
closed fracture. In this instance, it has been our practice 
to observe the patient for evidence of nerve regeneration 
for an appropriate time, depending on the nerve and its 
level of muscle innervation. Then if regeneration has not 

occurred, we favor exploration. In situations in which a 
nerve has been intact before closed reduction and casting 
of a fracture, but a significant deficit is found immediately 
after, we explore the nerve as soon as feasible.

 4.  When a nerve deficit follows a penetrating wound, such 
as that caused by a low-velocity gunshot, the part is 
observed for evidence of nerve regeneration for an appro-
priate time. If there is no evidence of regeneration, explo-
ration is indicated.

Conversely, delay in exploration of a nerve injury is indicated 
if progressive regeneration is evidenced by improvement in 
sensation, motor power, and electrodiagnostic tests and by 
progression of the Tinel sign. 

TIME OF SURGERY
It has been the time-honored policy to advise primary suture 
when possible. This recommendation is logical when one 
considers what happens to the distal end of the nerve, motor 
endplates, sensory nerve ends, muscles, joints, and other tis-
sues of the denervated extremity. The controversy concern-
ing whether primary or secondary nerve repair is better is 
unresolved. Primary repair done in the first 6 to 8 hours or 
delayed primary repair done in the first 7 to 18 days is appro-
priate when the injury is caused by a sharp object, the wound 
is clean, and there are no other major complicating inju-
ries. Ideally, such repairs should be performed by an expe-
rienced surgeon in an institution where adequate equipment 
and personnel are available. The development of magnifica-
tion devices, new instruments, and new techniques and the 
modification of a variety of small instruments for use in nerve 
surgery have improved the technique of early repair. Primary 
repair should shorten the time of denervation of the end 
organs, and fascicular alignment should be improved because 
minimal excision of the nerve ends is required. Regarding 
war wounds, however, primary sutures have compared unfa-
vorably with early secondary suture.

When the diagnosis of division of a peripheral nerve has 
been made, if conditions are suitable and repair is indicated, 
one should not delay repair in anticipation of spontaneous 
regeneration. Only if the patient’s life or limb is seriously 
endangered should the operation be long postponed. A frac-
ture is not a contraindication for operation. Operation before 
the fracture becomes united may be advantageous for two 
reasons: (1) if bone shortening is necessary, resection of an 
ununited or partially united fracture is a much less formida-
ble procedure than resection of a fully united bone; and (2) 
restriction of joint motion is minimal if the nerve is repaired 
soon after the injury; later, motion would be more limited, 
perhaps so severely as to prevent flexing the joint enough to 
overcome a gap between the nerve ends. 

INSTRUMENTS AND EQUIPMENT
A nerve stimulator should be available for all peripheral nerve 
procedures; many satisfactory permanent and disposable ones 
are available commercially. A stimulator is indispensable in 
investigating partially severed nerves and neuromas in conti-
nuity and in locating and preserving nerve branches given off 
proximal to or at the lesion that are still functioning but are 
encased in scar tissue. Intraoperative recording of somato-
sensory evoked potentials and nerve action potentials is use-
ful in surgical planning and assessing nerve lesions. These 
techniques require sensitive and sophisticated recording and 
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monitoring equipment and trained technicians. (For details 
of these monitoring techniques, the reader is referred to the 
references at the end of this chapter.)

Despite the technical difficulties involved in these meth-
ods, we have found intraoperative recording to be helpful 
when evaluating partial nerve lesions and neuromas in con-
tinuity. Instruments for handling and dissecting delicate tis-
sues always are essential. Nerve surgery in the extremities 
also is made easier by the use of a pneumatic tourniquet, 
suction apparatus, and bipolar electrocautery. Gelfoam and 
thrombin are useful for controlling the bleeding from the cut 
ends of nerves. For suture material, we prefer 8-0, 9-0, and 
10-0 monofilament nylon. The tensile strength, easy handling 
qualities, and minimal tissue reaction of nylon make it the 
most desirable suture material now available for neurorrha-
phy. In our experience, most epineurial repairs are best done 
with 8-0 or 9-0 nylon. For perineurial or epiperineurial repair, 
9-0 or 10-0 monofilament nylon is preferable. 

ANESTHESIA
Peripheral nerve operations can be done with the patient 
under general, regional, or local anesthesia for the upper 
extremities or general, spinal, or local anesthesia for the lower 
extremities. Local anesthesia has the advantage of allowing 
evaluation of the passage of sensory impulses through the 
injured nerve. If evaluation is to be accurate, however, little 
if any anesthetic agent should be injected around the nerve, 
and, consequently, the procedure is painful. There is always 
the possibility that the agent would infiltrate the tissues 
around the nerve and interfere with motor response to stimu-
lation. As a rule, we prefer general anesthesia for surgery in 
the upper extremities and neck and general or spinal anesthe-
sia for surgery in the lower extremities. 

PREPARATION AND DRAPING
Before preparing and draping, the correct side and site are 
identified and the site is marked with an indelible surgical 
marking pen. Because the exact length of an incision can rarely 
be predicted, it is mandatory that the entire extremity and its 
environs be prepared. For an operation on the upper extrem-
ity, the axilla, shoulder, neck, and chest should be included in 
the field of preparation; for an operation on the lower extrem-
ity, the buttock and the area up to the iliac crest posteriorly 
should be included. In operative procedures involving the dis-
tal portions of nerves only, such as below the elbow or knee, a 
well-padded pneumatic tourniquet placed above the elbow or 
knee is used, limiting the sterile field. A sterile tourniquet also 
can be helpful for more proximal lesions.

After preparation of the entire field, the proposed inci-
sion is marked on the extremity and is crosshatched with 
washable ink before any of the landmarks are covered. It is a 
good policy to mark the incision along the course of the nerve 
in the entire prepared area. The extremity is encased in a ster-
ile stockinette so that it can be moved freely over the sterile 
drapes. If it is desirable to watch the movement of the muscles 
in the hand when the nerve is stimulated, the hand can be left 
exposed and bare. 

TECHNIQUE OF NERVE REPAIR
In no type of surgery is the incision more important. Every 
incision should extend well proximal and distal to the lesion 

and when possible should follow the course of the nerve. An 
incision should never cross the flexor creases of the skin at 
a right angle. Short incisions are probably the cause of more 
futile nerve operations than any other factor except surgeon 
inexperience. One should never hesitate to extend an incision 
a great distance—even from the axilla to the wrist to over-
come a large defect in the ulnar or median nerve.

It is essential that the injured nerve be exposed first proxi-
mal to and then distal to the lesion before approaching the 
site of injury. Dissection and exposure are made simpler, and 
there is less chance of damaging the nerve and any branches 
remaining in the scar. If one is confronted with a neuroma 
in continuity, the nerve should be stimulated proximal and 
distal to the lesion and the response recorded. When a nerve 
is dissected from scar tissue, it should be stimulated repeat-
edly to locate any branches that still might be functioning. 
Before the nerve is mobilized completely, sutures are placed 
in the epineurium proximal to and distal to the lesion for ori-
entation so that if neurorrhaphy is necessary the ends can be 
joined without rotation. Also, inspection of the external sur-
face of the nerve may allow alignment of the longitudinal epi-
neurial vessels; this, too, can aid in appropriate rotation of the 
nerve ends.

Handling of the nerve during mobilization is made easier 
by the use of vessel loops. Any part of the nerve not being 
operated on at the moment should be covered with moist 
sponges.

If the nerve has not been completely severed, or if a neu-
roma in continuity is present, it can be difficult to decide 
whether neurolysis, partial neurorrhaphy, or complete neu-
rorrhaphy would be best. The surgeon may need to call on 
all of the experience at his or her command to arrive at the 
wisest decision. Stimulation proximal to the injury for motor 
response distal to it is essential. If local anesthesia is used, 
stimulation distal to the lesion may give an idea of whether 
a significant number of sensory fibers have escaped injury 
or have regenerated, but sensory response is far less reliable 
than motor response. If a pneumatic tourniquet is used, it 
should be deflated to allow the muscles and nerves to recover 
from ischemia so that stimulation of the nerve to elicit motor 
response has more validity. Examination at the site of injury 
may assist in determining what course to pursue. The neu-
roma can be injected with saline solution, and if the solution 
passes up and down the nerve trunk with little difficulty, the 
neuroma probably should be left alone. This can be mislead-
ing, however, and unless both motor and sensory responses 
to stimulation are good, endoneurial exploration is advisable.

ENDONEUROLYSIS (INTERNAL NEUROLYSIS)
When an endoneurial exploration is undertaken, it should be 
borne in mind that neurolysis or partial or complete neuror-
rhaphy may be necessary, and one should preserve intact as 
much of the epineurium and normal nerve as possible. The 
epineurium is incised longitudinally proximal to the lesion, 
beginning not more than 0.5 cm from the level of gross 
changes in the nerve as determined by palpation. The incision 
is not extended more proximal to this point unless necessary 
because the epineurium may become frayed; and if neuror-
rhaphy becomes necessary, more of the nerve may have to 
be sacrificed. For the same reason, the distal end of the inci-
sion is limited. The flaps of epineurium on each side may 
be retracted laterally by nylon sutures and are undermined 
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widely. The funiculi are separated if possible with a pointed 
or diamond-bladed knife, using sharp or blunt dissection as 
necessary. Spring-loaded microscissors also are helpful in 
this dissection. The surgeon constantly should be aware of the 
possibility of plexus formation between fascicles and protect 
these. Distinguishing between intraneural fibrosis and plexus 
formation is extremely difficult. If most of the fasciculi are 
intact and can be separated and traced through the neuroma, 
nothing further should be done. If stimulation fails to elicit a 
response, and few if any intact fasciculi can be found, resec-
tion of the neuroma and neurorrhaphy are probably indi-
cated. Use of magnifying loupes or the operating microscope 
is essential when performing intraneural dissection to avoid 
injury to intact nerve tissue (see Chapter 63). 

PARTIAL NEURORRHAPHY
Partial severance of the larger nerves, such as the sciatic nerve 
and the cords and trunks of the brachial plexus, is common. 
In such an injury, partial neurorrhaphy is best. It is occasion-
ally necessary and justifiable in smaller nerves but is never 
quite as satisfactory technically as is complete neurorrha-
phy. The decision to perform partial neurorrhaphy is like-
wise often difficult. The decision should be made only after 
the most careful investigation of the lesion. If one half of the 
nerve, especially a large one, is disrupted, partial neuror-
rhaphy is advisable. If the motor response to stimulation is 
good, however, it would be unwise in some nerves, such as 
the peroneal or ulnar, to risk injury of good motor funiculi 
in an attempt to restore sensation to a small area on the dor-
sum of the foot or to the little finger. If most of the fascicles 
in smaller nerves are severed, and if stimulation cannot show 
important function in the few that remain, complete neuror-
rhaphy probably is better. Suture of a few fascicles usually is 
impractical.

When the decision has been made to perform partial neu-
rorrhaphy (Fig. 62.12), the incision is extended longitudinally 

in the epineurium proximally and distally several centime-
ters, as necessary. The intact funiculi are dissected out for the 
same distance. The ends of the injured part of the nerve are 
resected to normal tissue. At the cut ends, an end-to-end neu-
rorrhaphy is performed. If the epineurium is inadequate for 
placement of epineurial sutures, epiperineurial or perineurial 
(fascicular) sutures suffice. The proximal and distal dissection 
should be extensive enough to prevent kinking of the loop of 
intact nerve. 

NEURORRHAPHY AND NERVE GRAFTING
When a nerve has been completely severed, and when condi-
tions as already outlined are appropriate, neurorrhaphy after 
sufficient resection of the proximal and distal ends of the nerve 
is indicated. Sometimes a considerable gap or defect (actual 
loss of nerve tissue) remains after excision of any glioma and 
neuroma, and selecting a method for overcoming the gap is 
difficult. Extension of the incision proximally and distally 
can be helpful in permitting adequate dissection for closure 
of the gap. In general, direct neurorrhaphy may be possible 
with fairly large gaps in the median and ulnar nerves near the 
wrist and elbow after mobilization of proximal and distal seg-
ments, whereas gaps of 2 to 3 cm in the brachial plexus and 
radial, sciatic, and peroneal nerves and the median nerve at 
the midforearm level may require nerve grafting. Regardless 
of the technique used, there is general agreement that nerve 
repair under excessive tension is detrimental to satisfactory 
regeneration. It generally is recommended that if a single 8-0 
nylon epineurial suture can maintain approximation of the 
nerve ends, excessive tension is not present.

METHODS OF CLOSING GAPS BETWEEN NERVE 
ENDS
There are several methods of closing gaps between nerve ends 
without appreciable damage to the nerve itself. The methods 
most often used are mobilization of the nerve ends and posi-
tioning of the extremity. Other methods include nerve trans-
plantation, bone resection, bulb suture, nerve grafting, and 
nerve crossing (pedicle grafting).

MOBILIZATION
Most small gaps can be closed by mobilizing the nerve ends 
for a few centimeters proximal and distal to the point of 
injury. Mobilization of both nerve ends to some degree is 
required in all peripheral neurorrhaphies. The exact amount 
of mobilization a peripheral nerve can tolerate before its 
regenerating potential is compromised is unknown; however, 
extensive dissection of a nerve from its surrounding tissues 
does disrupt the segmental blood supply, causing subsequent 
ischemia and increased intraneural scarring. Mobilization 
has been shown to be more detrimental to the distal nerve 
segment. Nicholson and Seddon suggested that extensive 
mobilization adversely affects recovery after median nerve 
repairs in the forearm. Only 50% of patients had recovery to 
the M3 level or better if the gap was more than 2.6 cm and 
required extensive mobilization. Large gaps require extensive 
dissection of the nerve from its adjacent tissues for a relatively 
tension-free epineurial repair. Before subjecting a peripheral 
nerve to extensive dissection, the surgeon should have some 
idea of the maximal nerve gap over which mobilization may 
become a futile endeavor. The nerve gap is determined at the 

      

   

FIGURE 62.12 Technique of partial neurorrhaphy. time of surgery with the extremity in the anatomic position

 

https://booksmedicos.org


PART XVI PERIPHERAL NERVE INJURIES OF THE UPPER AND LOWER EXTREMITIES3290

and after distal and proximal neuroma excision. Guidelines 
are extremely variable in the literature (2.5 to 9.0 cm, depend-
ing on the location; Table 62.8).

When mobilizing a peripheral nerve, care should be taken 
to avoid excessive stripping of the small vessels to the nerve. 
Motor and essential sensory branches should be carefully 
protected. Gaps distal to the motor branches of a peripheral 
nerve are closed more easily with mobilization. The branch of 
the radial nerve to the brachioradialis muscle commonly pre-
vents closure of a gap proximal to the point where this branch 
emerges from the nerve, but if the biceps brachii is function-
ing, this branch can be sacrificed without much loss of func-
tion. Excessive tension must be avoided at all times. 

POSITIONING OF EXTREMITY
Relaxing nerves by flexing various joints and occasionally 
by other maneuvers, such as abducting, adducting, rotating, 
and elevating the extremity, is as important as mobilization 
in closing large gaps in nerves. Through use of both methods, 
long gaps can be closed in nearly all of the peripheral nerves, 
and many unsatisfactory neurorrhaphies result from failure 
to make the most of their possibilities. When joints that are 
excessively flexed or awkwardly positioned are mobilized 
later, tension on the neurorrhaphy may be too great and may 
cause intraneural fibrosis that compromises axonal regener-
ation. Consequently, a joint should never be flexed forcibly 
to obtain end-to-end suture. It is a reasonable policy to flex 
the knee and elbow no more than 90 degrees. Also, flexion of 
the wrist more than 40 degrees is probably unwise. After the 
wound has healed sufficiently, the joint can be extended about 
10 degrees per week until motion is regained. Flexing joints 
is most important in repairing gaps in the long nerves of the 
extremities. External rotation and abduction are helpful when 
repairing radial and axillary nerves, as in elevation of the 
shoulder girdle in brachial plexus injuries. Rarely, extension 
of a joint can be helpful, as in extension of the hip in sciatic 
injuries. Strong consideration should be given to nerve graft-
ing in preference to drastic positioning of the extremity to 
produce a tension-free neurorrhaphy. 

TRANSPOSITION
The anatomic course of some nerves can be changed to shorten 
the distance between severed ends. This is true especially of 

the ulnar nerve at the elbow. The median nerve also can be 
transposed anterior to the pronator teres if the lesion is distal 
to its branches to the long flexor muscles of the forearm, and 
the tibial nerve can be placed superficial to the soleus or gas-
trocnemius in the leg if the lesion is distal to its branches to 
the calf muscles. Most surgeons recommend transposition of 
the proximal end of the radial nerve anterior to the humerus 
and deep to the biceps to obtain needed length. Considerable 
length can be gained in most patients by the simpler maneu-
ver of externally rotating the arm, provided that the mobiliza-
tion has been carried into the axilla and that the branches of 
the radial nerve to the triceps muscle have been dissected well 
up the nerve. 

BONE RESECTION
In civilian injuries, bone resection almost never should be 
necessary to accomplish neurorrhaphy. Even in war wounds, 
it was rarely employed, and when it was used, it was usu-
ally because the joints of the extremity had become so stiff 
from immobilization caused by fracture or injudicious use of 
casts that limited flexion. Intact long bones and most bones 
in children rarely should be shortened to aid in nerve repair. 
Bone resection is of particular value in the upper arm for 
closing large gaps in the ulnar, radial, or median nerves when 
the humerus already has been fractured. If early delayed 
suture is done in such patients before the fracture has healed, 
shortening the bone if necessary is not difficult. After the 
fracture has healed, however, osteotomy is more difficult. It 
rarely is worthwhile to shorten the femur in injuries of the 
sciatic nerve unless this bone already has been fractured; 
then shortening of the bone can be helpful. Both bones of 
the forearm or leg in the absence of a fracture should never 
be shortened. 

NERVE GRAFTING
Interfascicular nerve grafting as described by Seddon and 
later by Millesi is indicated when primary nerve repair can-
not be done without excessive tension. In general, a nerve 
gap that is caused simply by elastic retraction usually can be 
overcome with local nerve mobilization, limited joint posi-
tioning, and primary repair. If the defect is caused in part by 
loss of nerve tissue, however, nerve grafting is our procedure 
of choice. Autogenous sural nerve is the preferred source of 
graft. Good results have been reported using an interfascicu-
lar nerve autografting technique to close gaps without undue 
tension in injuries to the digital, medial, ulnar, and radial 
nerves. In the upper extremity especially, good results were 
achieved in repairing injuries to these nerves. Of 38 patients 
with median nerve grafts, 82% achieved useful motor recov-
ery (M3 or better) and all but one regained protective sensibil-
ity. Of 39 patients with ulnar nerve grafts, all achieved useful 
motor recovery (M2+ or better) and 28% regained two-point 
discrimination. Of 13 patients with radial nerve grafts, 77% 
achieved an M4 or M5 level of function. Kallio and Vastamäki 
showed good or excellent results in 47 of 98 patients treated 
with interfascicular grafting for median nerve injuries. 

NERVE CROSSING (PEDICLE GRAFTING)
Nerve-crossing operations in the extremities are rarely wise 
or possible. When a combined median and ulnar lesion 
is so great that the gap cannot be closed in either nerve in 
any other way, the ulnar nerve can be sectioned again in the 

 TABLE 62.8

Critical Nerve Gap Distances (Values of Grantham)

NERVE LOCATION DISTANCE (CM)
UPPER EXTREMITY
Radial Midarm 8
Median (not transposed) Midforearm 4.5-6.5
Ulnar (not transposed) Midforearm 3.2-5
Posterior interosseous Forearm 1
LOWER EXTREMITY
Sciatic Midthigh 6-9
Tibial Knee 4.5-9
Peroneal Knee 6.4-8.1

From Spinner M: Current concepts of nerve suture, Instr Course Lect 33:487, 1984.
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upper arm, creating a segment long enough to bridge the gap 
between the two ends of the median nerve. The distal end 
of the median nerve is sutured to the distal end of the free 
segment of the ulnar nerve to form a U-shaped neurorrha-
phy. The vasa nervorum should be left intact. The ulnar nerve 
is partially transected proximally to allow for sufficient graft 
length. At a second operation 6 weeks later, the ulnar nerve is 
completely transected and sutured into the distal segment of 
the median nerve. This procedure has been advised in situa-
tions such as nerve injury caused by massive ischemic necro-
sis of the forearm, but in light of current knowledge, other 
nerve grafting techniques seem more appropriate in these 
situations. 

SOURCE OF NERVE FOR INTERFASCICULAR NERVE 
GRAFTING
Selecting a cutaneous nerve for nerve grafting should be 
done with great care. The sural nerve is the most commonly 
used, and in most situations it is recommended. From each 
leg, 40 cm of graft material can be obtained. The lateral ante-
brachial cutaneous nerve for digital nerve grafts can be used 
so that another limb would not be involved in the surgical 
procedure. Anatomic studies have shown no significant dif-
ference in fascicular area, area of the entire nerve bundle, 
and percentage of the nerve bundle occupied by the actual 
nerve fascicles. The lateral antebrachial cutaneous nerve is 
found most easily just lateral to the biceps tendon alongside 
the cephalic vein. Through a longitudinal incision, 20 cm 
of graft material can be obtained. The medial antebrachial 
cutaneous nerve, the terminal articular branch of the poste-
rior interosseous nerve, and the dorsal sensory branch of the 
ulnar nerve also have been used for digital nerve grafting. 
The medial antebrachial cutaneous nerve is found adjacent 
to the basilic vein. The posterior interosseous nerve is located 
at the wrist just ulnar to the extensor pollicis longus tendon 
lying on the interosseous membrane. The superficial radial 
nerve is an excellent source of graft material when used in 
grafting a high radial nerve laceration because the neurologic 
deficit that otherwise would be created already exists. It is not 
recommended as a routine source because its sensory contri-
bution to the hand is significant, especially when the median 
nerve is deficient. 

NERVE ALLOGRAFTS
The use of fresh nerve allograft can potentially allow func-
tional recovery equivalent to autograft; however, it requires 
systemic immunosuppression. Tacrolimus (Prograf) inhibits 
activation of T-cell proliferation and is administered starting 
3 days preoperatively and continued for 18 months postop-
eratively. Grafts are selected from ABO blood type–compati-
ble individuals (cadaveric or living related donors) and stored 
at 4°C in University of Wisconsin solution for 7 days before 
implantation. Rejection and increased vulnerability to oppor-
tunistic infection are potential complications. Acellularized 
nerve allografts are now available with the advantage of 
decreased host rejection. These grafts maintain the physical 
structure of the epineurium, perineurium, and endoneurial 
tubes, which are rapidly revascularized and repopulated with 
host cells. They are available in diameters of 1 to 5 mm and in 
lengths up to 5 cm. A multicenter retrospective study involv-
ing 56 patients and 71 nerve repairs demonstrated functional 
recovery in 86% of procedures, with sensory recovery ranging 

from S3 to S4 and motor recovery from M3 to M5. The major-
ity of grafts were used in common digital and digital nerves 
(48 of 71); however, they were also used in median (10 of 71), 
ulnar (6 of 71), and radial nerves (2 of 71). The mean gap 
length was 23 ± 12 mm (range, 5 to 50 mm).

Evaluation of outcomes showed recovery in 89% of digi-
tal nerves, 75% of median nerves, and 67% of ulnar nerves. 
Although autograft is superior, acellularized nerve allograft 
has the advantages of shortened surgical time, avoidance of 
additional surgical site morbidity, and relatively unlimited 
supply. 

SYNTHETIC NERVE CONDUITS
Synthetic conduits can be used to bridge neural gaps. Various 
conduit materials have been investigated including silicone, 
type I collagen, polyglactin, poly-l-lactic acid (PLLA), poly-
glycolic acid (PGA), and polyvinyl alcohol (PVA) hydrogel. 
We have had no experience with the use of synthetic conduits, 
but their use often is considered when there is the possibil-
ity of insufficient autogenous nerve graft. Currently, these are 
recommended for reconstruction of smaller-diameter sen-
sory nerves with defects less than 3 cm. 

TECHNIQUES OF NEURORRHAPHY
Fibrin clot, micropore tape, collagen tubulization techniques, 
adhesives, and many varieties of sutures and suture techniques 
have been proposed for neurorrhaphy. Neurorrhaphy by 
suture with nonreactive and nonabsorbable materials, such as 
stainless steel and monofilament nylon, has the widest applica-
tion and acceptance. Magnification, appropriate small instru-
ments, and meticulous technique are essential. Experimental 
evidence is conflicting concerning the relative merits of epi-
neurial and perineurial (fascicular) neurorrhaphy techniques. 
Clinical evidence to support the use of one technique over the 
other is meager and inconclusive. The technique selected by 
the individual surgeon depends on training and experience. 
Proponents of repair supplementation with autologous fibrin 
glue, or other commercially available “nerve glues,” cite less 
tendency for gapping at the repair site, fewer sutures required 
for the repair, and a possible barrier to invading scar tissue 
as advantages. None has been shown to increase the strength 
of the repair, and only one has been shown not to block axo-
nal regeneration when interposed between nerve ends. Our 
preference is epiperineurial repair at the periphery of the 
nerve combined with perineurial (fascicular) neurorrhaphy 
for large fascicles within the nerve. Sunderland pointed out 
that funicular (fascicular) repair cannot be done accurately 
in every instance because (1) funicular patterns at nerve ends 
match exactly only after clean transection, (2) the numbers of 
funiculi at nerve ends may not correspond, and (3) any dis-
crepancies in funiculi within the nerve would require exces-
sive intraneural suture material. He suggested that funicular 
repair might be practical when (1) funicular groups are large 
enough to take sutures that maintain funicular apposition, (2) 
nerve ends show a funicular pattern that would predispose to 
wasteful regeneration of axons if epineurial repair were done, 
and (3) each funicular group is composed of nerve fibers to a 
particular branch occupying a constant position at the nerve 
ends. The last arrangement can be seen in the median and 
ulnar nerves at and above the wrist and the radial nerve at and 
just proximal to the elbow. Sunderland recommended sutur-
ing groups of funiculi in such situations. 
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EPINEURIAL NEURORRHAPHY

 TECHNIQUE 62.1

 n  After exposing and dissecting the ends of the nerves, de-
termine that any remaining gap can be closed by end-to-
end repair without excessive tension.

 n  Resect the glioma and neuroma with a sharp razor blade 
or a diamond-bladed knife against a sterile wooden 
tongue depressor in a nerve miter box or with sharp nerve 
scissors.

 n  Make serial cuts about 1 mm apart in the end of the nerve 
until normal-appearing fasciculi are exposed; this is best 
determined by use of the operating microscope. If doubt 
remains concerning the amount of any remaining scar 
in the nerve end, frozen histologic sections of the nerve 
are helpful. Have permanent histologic sections made for 
later review to help in determining the prognosis.

 n  If the distal end contains glioma, or if more than one 
third of the proximal end consists of neuroma, carry out 
additional trimming as required.

 n  Control excessive bleeding with thrombin or Gelfoam.
 n  If positioning of the extremity is required to relieve ten-

sion, use an assistant at this point. Sometimes a traction 
or sling suture of 7-0 or 8-0 nylon passed through the 
nerve may be required. Our preference in such a situation 
is the gentle placement of a straight stainless steel Keith 
or Bunnell needle transversely through each of the nerve 
stumps with the nerve ends approximated, transfixing the 
nerve to the adjacent soft tissues.

 n  Determine appropriate rotational alignment by observing 
the orientation of surface vessels and the appearance and 
location of fasciculi within the nerve. Epineurial orienta-
tion sutures placed 1 cm from each cut edge also are 
helpful.

 n  Place a piece of plastic or rubber glove material beneath 
the nerve for visual contrast and less cumbersome han-
dling of sutures. For this repair, 8-0 or 9-0 monofilament 
nylon usually is sufficient.

 n  Place the first suture in the posterior or deep surface of 
the nerve in the epineurium, and leave the suture long 
to make later rotation of the nerve easier. Place the next 
three sutures in the remaining three quadrants of the 
nerve, and leave them long, too.

 n  Determine as accurately as possible that no kinking or 
deviation of the fasciculi has occurred, and place suffi-
cient interrupted sutures of 8-0 or 9-0 nylon to produce 
a satisfactory neurorrhaphy (Fig. 62.13).

 n  Rotate the nerve with the quadrant sutures to ensure 
satisfactory posterior surface repair. A 5-0 stainless steel 
suture can be placed 1 cm from each end of the repair in 
the epineurium to act as a radiographic marker to detect 
a rupture. (We rarely use this.)

 n  Before wound closure, remove the sling suture or steel 
needles from the nerve ends and place the extremity 
through a limited range of motion to assess positional 
tension at the repair site. This helps to determine the ex-
tent to which the extremity can be safely mobilized post-
operatively.
   

 

PERINEURIAL (FASCICULAR) 
NEURORRHAPHY

 TECHNIQUE 62.2

 n  To perform perineurial (fascicular) neurorrhaphy, the 
surgeon must be proficient in the use of the operating 
microscope and must be able to handle the delicate 10-0 
suture with ease and speed.

 n  Expose the nerve injury, and resect the ends of the nerve 
as described for epineurial neurorrhaphy (see Technique 
62.1).

 n  Place the nerve ends in proper rotation.
 n  Using magnification, attempt to identify correspond-

ing groups of fasciculi in the proximal and distal nerve 
stumps. It is helpful at this point to diagram the arrange-
ment of the fascicular groups on sterile paper from glove 
or suture packages.

 n  Transfix the nerve ends to the soft tissues with stainless 
steel straight needles.

 n  Incise the epineurium longitudinally proximally and distal-
ly to expose the fasciculi; approximate them individually 
with interrupted 9-0 or 10-0 nylon sutures (Fig. 62.14). 
Where the nerve is composed of multiple small fasciculi, 
approximate several fasciculi as a group.

 n  After the fasciculi have been matched and approximated, 
close the epineurium with interrupted nylon sutures, or if 
the neurorrhaphy is secure and there is no tension on the 
repair, omit the epineurial closure to decrease the amount 
of fibrosis after surgery.
   

FIGURE 62.13 Epineurial neurorrhaphy (see text). SEE TECH-
NIQUE 62.1.
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INTERFASCICULAR NERVE GRAFTING

 TECHNIQUE 62.3

(MILLESI, MODIFIED)
 n  Keep the extremity in the extended position so that the 

graft is not under tension after surgery.
 n  Expose the nerve as for epineurial neurorrhaphy (see 

Technique 62.1).
 n  Beginning in normal-appearing tissue, dissect and expose 

the proximal and distal stumps.
 n  Incise the epineurium on the stumps in areas where the 

nerve appears normal.
 n  Excise a circumferential cuff of epineurium from each stump.
 n  Use the operating microscope to carry out intraneural dis-

section in the normal part of the nerve, working toward 
the neuroma and glioma in the proximal and distal ends. 
Attempt to identify large fasciculi and groups of smaller 
fasciculi.

 n  Ensure hemostasis by coagulating the smaller vascular 
branches with bipolar microcoagulating forceps.

 n  As intraneural fibrosis is encountered, transect each fas-
ciculus or group of fasciculi individually at the level where 
the fibrosis begins. When this dissection has been com-
pleted, the fasciculi and groups should be transected at 
different levels depending on the extent of scarring. Four 
to six fasciculi or fascicular groups, all of different lengths, 
now should be present in each end of the stump.

 n  Deflate the tourniquet and compress the wound with 
saline-moistened packs.

 n  Draw a sketch of each nerve stump, and attempt to iden-
tify the corresponding fasciculi and groups of fasciculi in 

each. The more proximal the lesion, the less well defined 
the fascicular groups. Use clinical judgment in matching 
the fasciculi and the fascicular groups in the ends of the 
stumps.

 n  By measuring the gaps remaining between the fasciculi 
and fascicular groups at each end of the nerve, estimate 
the length of nerve graft needed. Each major fasciculus 
or group requires a segment of graft; the graft should be 
10% to 15% longer than the combined gaps to be filled.

 n  Nerves that can be used as donors are the sural, the sa-
phenous, the lateral cutaneous of the thigh, the lateral 
and medial cutaneous of the forearm, the posterior cu-
taneous of the forearm, the superficial branch of the ra-
dial, the dorsal branch of the ulnar, and the intercostals 
(see Source of Nerve for Interfascicular Nerve Grafting). 
We prefer the sural nerve for most situations. A level for 
transection should be selected to allow the proximal end 
of the donor nerve to retract beneath fascia or muscles 
and avoid as much as possible the formation of a painful 
neuroma.

 n  If the sural nerve is to be used, expose it through a short 
transverse incision posterior to the lateral malleolus.

 n  Separate the nerve from the small saphenous vein that lies 
just anterior and superficial to it.

 n  Determine the course of the nerve in the calf by applying 
traction to the nerve.

 n  Along the course of the nerve, make additional transverse 
incisions to allow further dissection. If long segments of 
nerve are to be harvested, a single longitudinal incision 
is used (Fig. 62.15). This minimizes the potential harm 
caused by traction on the donor nerve during a difficult 
dissection. Although scissors or nerve strippers can be 
used during this part of the procedure, exercise care to 
avoid injuring the nerve graft.

 n  Transect the nerve so that its proximal end retracts be-
neath the fascia in the proximal calf.

 n  Close the incisions in the calf, and keep the graft moist 
with saline during the rest of the operation.

FIGURE 62.14 Perineurial (fascicular) neurorrhaphy (see text). 
SEE TECHNIQUE 62.2.

Lesser
saphenous

vein
Sural
nerve

Lateral
malleolus Single

longitudinal
incision

FIGURE 62.15 Sural nerve graft. If long nerve grafts are 
required, single longitudinal incision is used to minimize traction 
injury to nerve graft. SEE TECHNIQUE 62.3.
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 n  Dissect any excess fat from the ends of the graft, and sec-
tion the graft so that shorter grafts of appropriate lengths 
can be placed between the ends of corresponding fas-
ciculi or fascicular groups.

 n  Using the operating microscope, place each graft between 
the corresponding fasciculi and secure the epineurium of 
each end to the perineurium of the fasciculus or fascicular 
group with a single suture of 10-0 monofilament nylon 
(Fig. 62.16).

 n  If the extremity has been positioned in extension and if 
the grafts are placed without tension, the single sutures 
are sufficient. To reinforce the repair site and minimize the 
need for sutures, fibrin glue can be used as described by 
Narakas by mixing equal parts of thrombin and fibrinogen.

 n  Obtain meticulous hemostasis and close the wound. 
Avoid suction drainage tubes.

 n  The same technique can be used for a nerve lesion in 
continuity or for repair of an unsuccessful primary neuror-
rhaphy.

POSTOPERATIVE CARE After neurorrhaphy or nerve 
grafting, the extremity is immobilized in a plaster splint 
or cast. A posterior molded plaster splint usually is sat-
isfactory for the arm, unless the shoulder girdle must be 
immobilized; a Velpeau dressing reinforced with plaster is 
then essential. After neurorrhaphy in the lower extremity, 
a spica cast may be needed. The use of a long leg cast 
alone frequently results in separation of the line of suture.

The wound should not be dressed until the 7th to 10th 
day. The sutures are then removed. In removing the splint 
or cast, extreme care is necessary to avoid tension on the 
line of suture.

Opinions differ widely as to when extension of the joints 
may be begun safely after end-to-end repairs. Our policy 
in the upper extremity is to retain the plaster splint for 4 
weeks and then to replace it with a plastic splint that can be 
extended gradually over 2 to 3 weeks. In the lower extrem-
ity, especially when the peroneal or sciatic nerve has been 

sutured, we keep the patient in the spica cast for at least 6 
weeks; apply a long leg brace that controls extension of the 
knee; and allow 4 weeks or more, depending on the tension 
on the line of suture, for complete extension of the knee. 
Radiographs may be made monthly for the first 3 months 
to determine the integrity of the line of suture. Physical 
therapy is essential to recovery of function of the extremity.

After interfascicular grafting, the joints should be im-
mobilized no longer than 10 days. Millesi recommended im-
mobilization of the extremity in the exact position it was in 
at surgery. This maintains the graft in its elongated position 
and minimizes the potential for later disruption. The plaster 
cast or splint is removed, and active exercises of all joints are 
begun. The progress of regeneration is determined by the 
advance of the Tinel sign. As this sign progresses along the 
graft, it may stop at the distal repair temporarily; however, 
it usually resumes progress eventually. If the Tinel sign does 
not progress after 3 to 4 months, blockage at the distal line 
of suture is assumed and resection of this area followed by 
repair is indicated.

  

RESULTS OF OPERATION
The results of such procedures as neurolysis and partial neu-
rorrhaphy cannot be determined accurately. We know, how-
ever, that neurorrhaphy is never followed by full return of 
motor and sensory function. Rarely, full return is approached 
after suture of the radial nerve and occasionally after suture 
of the median nerve in children. A useful degree of recov-
ery often occurs when the factors that influence recovery 
are favorable (see “Factors that Influence Regeneration after 
Neurorrhaphy”). The degree of recovery varies from nerve to 
nerve and with the relative extent of damage to the motor and 
sensory components within each nerve. Recovery of func-
tion of the limb as a whole is not proportionate to neurologic 
recovery. A patient may recover fairly good neurologic func-
tion, but, because of other defects in the limb, overall func-
tional recovery may be unsatisfactory. Because it is helpful to 
know what result can be expected after suture of any given 
nerve, a statement is made at the end of the discussion of each 
nerve when this information is available. 

CERVICAL PLEXUS
The anterior primary rami of the first four cervical nerves 
unite to form the cervical plexus. Sensory fibers from the 
upper two or three segments course through the lesser occip-
ital, greater auricular, and anterior cutaneous nerves of the 
neck. Sensory fibers from the lower two segments course 
through the supraclavicular nerves. Muscular branches join 
in the ansa hypoglossi to innervate the thyrohyoid, genio-
hyoid, omohyoid, sternothyroid, and sternohyoid muscles. 
Branches from C3, C4, and C5 unite to form the phrenic 
nerve. Fibers arising from the lateral aspect of the anterior 
horns of the upper five cervical segments unite to form the 
spinal accessory nerve, which ascends into the cranial cav-
ity through the foramen magnum. At that point the nerve is 
joined by its cranial part, which consists primarily of rootlets 
destined to pass with the vagus nerve. These rootlets diverge 
from the spinal accessory nerve after its exit from the jugu-
lar foramen and thereafter course with the vagus fibers. The 

Nerve grafts placed between nerve ends

Nerve grafts sutured in place

FIGURE 62.16 Interfascicular nerve grafting (see text). SEE 
TECHNIQUE 62.3.
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spinal accessory nerve descends in the neck beneath the pos-
terior belly of the digastric muscle, receiving branches from 
the anterior primary rami of C2, C3, and C4 and branching 
to innervate the sternocleidomastoid. It then leaves the pos-
terior aspect of this muscle and descends farther to innervate 
the superior third of the trapezius muscle.

SPINAL ACCESSORY NERVE
The spinal accessory nerve may be injured at any point along 
its course. Because of its superficial location in the posterior 
cervical triangle, it is especially susceptible to damage from 
penetrating injuries. It also may be injured during opera-
tions such as lymph node biopsy or radical neck dissection. 
Woodhall gave an accurate description of the symptoms and 
findings that follow surgical injury to this nerve: the patient 
reports generalized weakness in the affected shoulder gir-
dle and arm, inability to abduct the shoulder more than 90 
degrees, and a sensory disturbance that may vary from a pull-
ing sensation in the region of the scar to aching in the shoul-
der and arm. The aching may radiate to the medial margin of 
the scapula and down the arm to the fingers and is sometimes 
incapacitating. The superior one third of the trapezius muscle 
on the affected side always atrophies, the shoulder sags, and 
power to elevate it is weak. The scapula rotates distally and 
laterally and flares slightly; its inferior angle is closer to the 
midline than is its superior angle. This position is accentuated 
when the arm is abducted; the flaring of the inferior angle dis-
appears when the arm is raised anteriorly, in contrast to the 
usual deformity caused by paralysis of the serratus anterior.

TREATMENT
If the nerve has been injured by a low-velocity missile, and 
if no vascular or visceral injuries require immediate sur-
gical exploration, simple observation for 3 to 4 weeks may 
be best. If after that time electrodiagnostic examination 
reveals denervation of the trapezius, however, and if clinical 
evidence of return of function is absent, exploration of the 
nerve is indicated. When injury to the nerve is detected dur-
ing an operation, and when circumstances permit, primary 
repair should be attempted. When the injury is not appre-
ciated during an operation, however, or when removal of a 
segment of the nerve is necessary as part of an operation for 
malignancy, attempts to repair the nerve or any reconstruc-
tive procedure should be delayed 2 to 3 weeks to allow the 
initial wound to heal. When a segment of the nerve has been 
removed as part of an operation for malignancy, the condi-
tion of the patient or later treatment such as irradiation may 
preclude additional procedures. When the patient’s condition 
permits, when symptoms warrant additional treatment, and 
when the gap created by segmental resection of the nerve is 
too great to close by end-to-end suture, interfascicular graft-
ing (see Technique 62.3) or tendon transfer is the remaining 
alternative.

If the nerve is to be repaired, the approach described 
here allows satisfactory exposure for suture or nerve grafting. 
When the initial wound has healed well, the incision is made 
across the middle of the posterior triangle, following the skin 
folds of the neck. The terminal part of the spinal accessory 
nerve emerges at the junction of the proximal and middle 
thirds of the sternocleidomastoid muscle and courses diago-
nally distally and posteriorly to enter the lateral border of the 
trapezius muscle at the junction of its middle and distal thirds. 

The incision should be long enough to permit exact identifica-
tion of the distal and proximal parts of the nerve. Care must 
be taken not to confuse the lesser occipital and greater auricu-
lar nerves with the spinal accessory. The proximal part of the 
nerve should be stimulated. Contraction of the trapezius mus-
cle indicates that the nerve has not been severed. The entire 
nerve is exposed in the posterior triangle. If scarring is exten-
sive within or around the nerve, a neurolysis is performed. 
If the nerve has been divided, its ends should be mobilized 
and sectioned back to good funiculi. An end-to-end suture 
is performed under little or no tension. Awkward positioning 
of the head, neck, and shoulders in a cast to allow suturing of 
the nerve without tension should be avoided. Instead, inter-
fascicular nerve grafting (Technique 62.3) may be a satisfac-
tory alternative. If the line of suture is not under tension, the 
shoulder should be immobilized in a Velpeau bandage for 3 to 
4 weeks. Gentle active exercises are started, and normal daily 
activities are resumed 6 to 8 weeks after surgery. 

RESULTS OF SUTURE OF THE SPINAL 
ACCESSORY NERVE
No statistically significant information on the results of sutur-
ing of the spinal accessory nerve is available. It has been sug-
gested that neurolysis or repair when necessary may relieve 
symptoms and restore function. Good results may be expected 
because the spinal accessory nerve is purely a motor nerve. 

NERVE TRANSFERS
Oberlin described the first neurotization procedure in 1994. It 
is indicated for musculocutaneous nerve injuries when elbow 
flexion power is lacking. This procedure was one of the first to 
describe the transfer of one nerve to another nerve for severe 
nerve injuries. This subsequently led to the development of 
other nerve transfers, such as the double fascicular transfer from 
the median and ulnar nerves to the musculocutaneous nerve, 
transfer of the branch of the radial nerve to the medial head of 
the triceps to the axillary nerve, and others described later. 

 

TRANSFER OF THE ULNAR NERVE 
FASCICLES TO NERVE OF THE BICEPS 
MUSCLE

 TECHNIQUE 62.4

(OBERLIN ET AL.)
 n  On the anterior aspect of the arm 4 cm distal to the hu-

meral insertion of the pectoralis major tendon, outline on 
the skin the origin of the branch of the musculocutaneous 
nerve to the biceps muscle (Fig. 62.17A).

 n  Incise the skin longitudinally 8 to 10 cm, straddling this 
point. Incise the fascia over the biceps, and retract the 
muscle laterally (Fig. 62.17B).

 n  Identify the musculocutaneous nerve between the biceps 
and the coracobrachialis muscle. There are numerous 
variations of the origin and distribution of this nerve.

 n  Identify the ulnar nerve at the same level, using electrical 
stimulation to confirm identification.
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 n  Under microscopic magnification, perform further dis-
section and identify branches to the biceps muscle. 
Usually, the vascular pedicle does not interfere with dis-
section of the nerve because it has a more transverse 
orientation.

 n  Split the branch(es) from the musculocutaneous nerve 
to the biceps muscle proximally 2 cm, and transect (Fig. 
62.17C).

 n  Rotate the distal part medially toward the previously dis-
sected ulnar nerve.

 n  Incise the epineurium of the ulnar nerve, and select one 
or two fascicle(s) with an adequate size. Use low-intensity 
electrical stimulation to distinguish precisely between sen-
sory and motor fascicles. If a fascicle with the response in 
the extrinsic flexors is located, use this for transfer. (Often 
this fascicle is located anteriorly and medially within the 
ulnar nerve.)

 n  Separate the chosen fascicle from the rest of the ulnar 
nerve over 2 cm, and divide it distally.

 n  Turn the fascicle laterally and suture it to the nerve to the 
biceps (Fig. 62.17D) with 11-0 nylon without any tension at 
the repair site. Repair of the nerve is performed in front of 
the brachial vascular bundle. Add fibrin glue to the repair.
   

 

DOUBLE FASCICULAR TRANSFER 
FROM ULNAR AND MEDIAN NERVES 
TO NERVE OF THE BRACHIALIS 
BRANCHES

 TECHNIQUE 62.5

(MACKINNON AND COLBERT)
 n  With the patient supine and the arm abducted, make a 

skin incision in the central portion of the bicipital groove, 
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Musculocutaneous
nerve

Musculocutaneous
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fascicle
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FIGURE 62.17 Transfer of ulnar nerve fascicles to nerve to biceps muscle. A, Skin incision. B, 
Approach to the musculocutaneous nerve. C, Microscopic dissection and nerve branching. Intra-
neural dissection and identification of motor fascicle by means of electrical stimulation. D, Repair 
completed. SEE TECHNIQUE 62.4.
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carrying the dissection down to the interval between the 
triceps and biceps muscles.

 n  Identify the ulnar nerve medial to the brachial artery, and 
identify the median nerve on the lateral surface of the 
artery.

 n  Identify the musculocutaneous nerve on the deep medial 
surface of the biceps muscle by palpation. Perform elec-
trical stimulation of the brachialis and biceps branches to 
confirm lack of motor function.

 n  Dissect the biceps and brachialis branches at their points 
of proximal separation from the musculocutaneous nerve, 
and then drape them medially toward the ulnar and me-
dian nerves.

 n  Donor fascicle selection is based on the proximity to the 
recipient nerves. Usually, the biceps branch is closer to the 
median nerve and the brachialis to the ulnar nerve (Fig. 
62.18), but not always. Plan the location of neurolysis to 
allow tension-free coaptation with the respective recipi-
ent nerves. As a rule-of-thumb, divide the donor nerve 
distally and the recipient nerve proximally. Use of a nerve 
stimulator can help identify redundant fascicles to the 
flexor carpi radialis and the flexor carpi ulnaris muscle. 
Alternative donors from the median nerve are redundant 
fascicles to the flexor digitorum sublimis and palmaris lon-
gus. The motor group fascicles of the median nerve are 
on the medial aspect of the nerve, and the motor groups 
of the ulnar nerve are in the lateral or central portion of 
the nerve.

 n  Take the elbow through range of motion to make sure 
the planned repair is tension free. After internal neuroly-
sis, divide the isolated redundant fascicles at their distal 
most points and repair them to their respective biceps and 
brachialis recipients with 9-0 nylon suture (Fig. 62.18).

 n  Place a drain and indwelling pain pump catheter as need-
ed and place the patient’s arm in a shoulder immobilizer, 
allowing gentle intermittent elbow and shoulder range of 
motion.

POSTOPERATIVE CARE The shoulder immobilizer is 
removed at approximately 7 days, and shoulder range-
of-motion exercises are begun at 2 weeks. After return 
of the biceps and brachialis function, strengthening and 
reeducation are begun.
   

 

NEUROTIZATION OF THE 
SUPRASCAPULAR NERVE WITH THE 
SPINAL ACCESSORY NERVE

 TECHNIQUE 62.6

(MACKINNON AND COLBERT)
 n  With the patient prone, identify the location of the distal 

accessory nerve and the suprascapular nerve at the su-
prascapular notch and mark the transverse incision (Fig. 
62.19A).

 n  Make an incision and carry the dissection down to the 
trapezius muscle.

 n  Split the trapezius muscle along the transverse course of 
its fibers and identify the supraspinatus muscle below. 
Carry the dissection bluntly over the supraspinatus muscle 
to the superior border of the scapula.

 n  Identify the suprascapular notch by palpation. Expose the 
superior scapular ligament by blunt dissection with a “pea-
nut” sponge, taking care not to injure the suprascapular  
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FIGURE 62.18 Double fascicular transfer for musculocutaneous 
nerve. A, Redundant flexor carpi ulnaris (FCU) fascicle from ulnar 
nerve is transferred to biceps branch. B, Redundant flexor carpi 
radialis (FCR) fascicle from the median nerve transferred to brachi-
alis branch. SEE TECHNIQUE 62.5.
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artery, which courses superiorly over the ligament (Fig. 
62.19B). Protect the artery while dividing the ligament 
under direct vision, revealing the suprascapular nerve.

 n  Stimulate the suprascapular nerve to confirm lack of func-
tion.

 n  Carry the dissection of the nerve as far proximally or an-
teriorly as possible to facilitate a tension-free repair. Carry 
the subtrapezius dissection medially toward the accessory 
nerve.

 n  Use blunt dissection and a nerve stimulator at a deep level 
to the trapezius muscle, working in a longitudinal direc-
tion to identify the nerve.

 n  Once the nerve is identified and confirmed intact by 
stimulation, dissect it as far distally or inferiorly as pos-
sible. Adequate dissection of both the suprascapular and 
accessory nerves allows transfer and tension-free repair 
without the need for a nerve graft.

 n  Divide the suprascapular nerve proximally and the acces-
sory nerve distally.

 n  Suture the proximal end of the accessory nerve to the 
distal end of the suprascapular nerve with interrupted 9-0 
nylon under an operating microscope (Fig. 62.19C).

POSTOPERATIVE CARE The patient is placed in a shoul-
der immobilizer postoperatively to prevent abduction but 
care is taken to allow intermittent elbow range of motion 
to prevent stiffness and ulnar nerve irritation. Shoulder 
range of motion is begun at 2 weeks, and strengthening 
and reeducation exercises are begun after return of spi-
natus muscle function.
   

 

NEUROTIZATION OF THE AXILLARY 
NERVE WITH RADIAL NERVE

 TECHNIQUE 62.7

(MACKINNON AND COLBERT)
 n  Place the patient prone.
 n  Make a longitudinal incision from a point overlying the 

quadrangular space at the posterior border of the deltoid 
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FIGURE 62.19 Spinal accessory nerve to suprascapular nerve transfer. A, Planned incision. B, 
Before nerve transfer. C, Nerve transfer for suprascapular nerve function. SEE TECHNIQUE 62.6.
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muscle to the midposterior interval between the lateral 
and long heads of the triceps (Fig. 62.20A). Carry the 
dissection down to the level of the triceps and deltoid 
muscles.

 n  Open the triceps interval to expose the donor nerve run-
ning with the radial nerve on the posterior surface of the 
humerus and to facilitate identification of the quadrangu-
lar space, which transmits the axillary nerve (Fig. 62.20B).

 n  Retract the posterior border of the deltoid muscle supe-
riorly. Often, the cutaneous branch of the axillary nerve 
courses deep to the deltoid muscle and dissection of the 
nerve proximally will help to identify the remainder of the 
axillary nerve. The transversely oriented tendinous portion 
of the teres major muscle, located deep to the long head 
of the triceps, is a key anatomic landmark.

 n  Locate the axillary nerve by blunt dissection superior to 
the teres major muscle and just superior to the posterior 
circumflex humeral vessels.

 n  Stimulate the axillary nerve to confirm lack of function.
 n  Identify the nerve branch to the medial head of the tri-

ceps, which is a distinct branch running adjacent to the 
radial nerve, by stimulation.

 n  Divide the branch at its most distal point and isolate it 
proximally to the inferior border of the teres major muscle.

 n  Sharply divide the proximal portion of the axillary nerve, 
including the component to the teres minor muscle.

 n  Repair the distal segment of the axillary nerve to the trans-
ferred proximal segment of the medial triceps nerve ten-
sion free under an operating microscope with interrupted 
9-0 nylon suture (Fig. 62.20C).
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FIGURE 62.20 Triceps to axillary nerve transfer. A, Planned incision. B, Before transfer. C, Nerve 
transfer for axillary nerve function. SEE TECHNIQUE 62.7.
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POSTOPERATIVE CARE A shoulder immobilizer is placed 
postoperatively, allowing gentle intermittent elbow range 
of motion to prevent stiffness. Shoulder range-of-motion 
exercises are begun at 2 weeks, and strengthening and 
reeducation are begun after return of deltoid function.
   

UPPER EXTREMITY NERVE 
INJURIES
SUPRASCAPULAR NERVE
Arising from the upper trunk of the brachial plexus, the 
suprascapular nerve lies in the posterior triangle of the neck 
near the posterior belly of the omohyoid muscle. It courses 
across the posterior triangle, passing under the belly of the 
omohyoid muscle and the anterior border of the trapezius to 
the scapular notch. It traverses the scapular notch, passing 
below the superior transverse ligament (transverse scapular 
ligament), and enters the supraspinatus fossa, where it sends 
a motor branch to the supraspinatus muscle and an articu-
lar branch to the shoulder joint. It passes around the lateral 
border of the spine of the scapula (spinoglenoid notch) into 
the infraspinatus fossa, where it sends a muscular branch to 
the infraspinatus muscle with branches also to the shoulder 
joint and the scapula. The nerve may be injured by penetrat-
ing trauma in the posterior triangle of the neck; by cancer 
surgery in the same area; by blunt or penetrating trauma in 
the supraclavicular region; by fractures of the superolateral 
portion of the scapula, especially involving the region of the 
suprascapular notch; by anterior dislocations of the shoul-
der joint; by entrapment in the suprascapular notch; and by 
space-occupying lesions, such as a ganglion at the spinogle-
noid notch.

EXAMINATION
Pain in the shoulder and weakness of the shoulder girdle are 
common complaints. Atrophy of the supraspinatus and infraspi-
natus muscles may be seen if the nerve is injured at or proximal 
to the suprascapular notch. Atrophy of only the infraspinatus 
muscle suggests entrapment distal to the supraspinatus fossa, 
as may occur at the spinoglenoid notch. Electrodiagnostic 
studies are helpful in confirming the diagnosis.

TREATMENT 

 

POSTERIOR APPROACH FOR DIVISION 
OF THE TRANSVERSE SCAPULAR 
LIGAMENT

 TECHNIQUE 62.8

(SWAFFORD AND LICHTMAN)
Figure 62.21

 n  With the patient prone, make an incision parallel to and 
about 3 cm superior to the scapular spine.

 n  Elevate the trapezius subperiosteally, and expose the su-
praspinatus muscle.

 n  Identify the nerve by elevating the supraspinatus muscle 
and dissecting superior and inferior to the muscle.

 n  Identify the suprascapular notch, and release the trans-
verse ligament.

 n  It may be necessary to enlarge the notch with a rongeur if 
it is narrow. Smooth the edges of the notch if it is enlarged.

 n  If no definite entrapment is identified in the notch, fol-
low the nerve around the spinoglenoid notch to exclude  
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FIGURE 62.21 A, Posterior approach for division of transverse scapular ligament. B, Supra-
scapular artery is above and suprascapular nerve is beneath ligament. SEE TECHNIQUE 62.8.
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entrapment in that area, especially if only the infraspina-
tus muscle is involved.

 n  Return of function after release varies. Reports regarding 
results after suture of this nerve are inconclusive.
  

LONG THORACIC NERVE
The serratus anterior muscle alone is occasionally paralyzed 
by injury to the long thoracic nerve. Such injuries may result 
from either sharp or blunt trauma or from traction when the 
head is forced acutely away from the shoulder or when the 
shoulder is depressed, as when carrying heavy weights. Other 
causes include exposure to cold, viral infections, and placing 
patients in the Trendelenburg position with shoulder braces 
that compress the supraclavicular areas. When the serratus 
anterior is paralyzed, the patient cannot fully flex the arm 
above the level of the shoulder anteriorly; active abduction 
also may be restricted. When the patient attempts to exert 
forward pushing movements with the hands, “winging” of 
the scapula occurs and its vertebral border and inferior angle 
become unduly prominent.

When the nerve has been stretched rather than severed, 
it usually is enough to immobilize the shoulder girdle in 
extension with the arm against the chest. Contractures of the 
shoulder, elbow, and wrist should be avoided while awaiting 
recovery. According to Sunderland, the nerve may recover 
after 3 to 12 months. Early decompression of the long tho-
racic nerve has been recommended by Nath et al. Schippert 
et  al. reported long thoracic nerve decompression through 
a supraclavicular approach for posttraumatic paralysis in 
six patients. All patients had decreased pain, disability, and 
scapular winging and improved shoulder range of motion. If 
paralysis persists, or if the nerve has been severed, the prog-
nosis for recovery is poor and a reconstructive operation may 
be indicated (see also the discussion of muscle transfers and 
fascial transplants for paralysis of the scapular muscles in 
Chapter 34). There are no significant reports of results after 
suture of the long thoracic nerve. For reconstructive opera-
tions for paralysis of the long thoracic nerve, see Chapter 34. 

AXILLARY NERVE
The axillary nerve, composed of fibers from C5 and C6, is a 
branch of the posterior cord of the brachial plexus emerging 
inferior to the subscapular and thoracodorsal nerves at the 
level of the humeral head; it winds around the neck of the 
humerus, passing through the quadrangular space to supply 
the deltoid and teres minor muscles. Ball et al. described the 
anatomy of the axillary nerve, emphasizing a posterior branch 
that innervates the teres minor and the posterior deltoid and 
supplies the cutaneous innervation through the superolateral 
brachial cutaneous nerve. The cutaneous portion traversed 
the fascia 6.3 to 10.9 cm below the posterolateral corner of the 
acromion along the medial border of the deltoid. The anterior 
branch continued in an anterolateral direction to supply most 
of the deltoid. In five of the 19 specimens, the posterior del-
toid received its sole innervation from the anterior branch. 
This nerve commonly is injured by fractures or dislocations 
around the shoulder, penetrating wounds, and direct blows. 
It may be injured during a posterior approach to the shoul-
der and shoulder arthroscopy. The nerve most frequently 
is injured just proximal to the quadrilateral space. Rarely, 

compression of the axillary nerve or one of its major branches 
may occur in the quadrilateral space and cause chronic pain 
and paresthesia aggravated by forward flexion or abduction 
and external rotation of the humerus. This is referred to as the 
quadrilateral space syndrome.

EXAMINATION
Because a lesion of the axillary nerve sometimes does not 
cause anesthesia, the diagnosis must rest solely on the pres-
ence or absence of function in the deltoid muscle. Usually, del-
toid paralysis is detected easily by the inability to abduct the 
arm actively. It is well documented, however, that full abduc-
tion of the arm is possible in the presence of deltoid paraly-
sis because of the action of the supraspinatus and because of 
rotation of the scapula. It is essential to observe and palpate 
the deltoid muscle for contraction during the examination. 
Electrical stimulation of the nerve in situ is accomplished 
easily by inserting the needles along the posterior border of 
the deltoid. In quadrilateral space syndrome, there usually is 
no loss of sensation or strength and EMG may be normal. 
A subclavicular arteriogram may be indicated and is consid-
ered positive if posterior humeral circumflex artery occlusion 
occurs with less than 60 degrees of abduction.

TREATMENT 

 

APPROACH TO THE AXILLARY NERVE

 TECHNIQUE 62.9

 n  The patient should be placed in the lateral decubitus po-
sition to allow for anterior and posterior exposure and 
access to the sural nerve for grafting if necessary.

 n  If the wound is anterior, the axillary nerve is best exposed 
through the incision used for the more distal parts of the 
brachial plexus. Although occasionally it may be possible 
to expose the nerve in the axilla without detaching the 
pectoralis major tendon, dividing the insertion of this 
muscle greatly increases exposure.

 n  Externally rotate the arm so that the nerve can be fol-
lowed into the quadrangular space.

 n  Release the coracobrachialis, short head of the biceps, 
and pectoralis minor off the coracoid.

 n  If the wound is posterior, the nerve can be exposed af-
ter it emerges from the quadrangular space through an 
incision beginning about 5 cm proximal to the posterior 
axillary fold, extending distally, parallel to the posterior 
border of the deltoid, and ending at a point posterior to 
the deltoid tuberosity of the humerus.

 n  Separate the posterior border of the deltoid muscle from the 
infraspinatus, teres minor and major, and triceps muscles.

 n  Locate the nerve as it emerges from the quadrangular 
space; the branch to the teres minor often arises proximal 
to this point. At varying distances, sometimes 2.5 cm, 
after emerging from the space, the axillary nerve divides 
into anterior and posterior branches as described.

 n  If the nerve is injured in the quadrangular space, or if a 
long gap must be closed, anterior and posterior incisions 
are necessary.
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METHODS OF CLOSING GAPS
Interfascicular nerve grafting is the preferred method for 
bridging gaps; however, a gap of 4 to 5 cm can be closed by 
mobilizing the nerve and the posterior cord of the brachial 
plexus proximally to the clavicle and by stripping the nerve 
up the plexus for 3 to 4 cm. Rarely, other procedures used for 
mobilizing the brachial plexus, such as resecting part of the 
clavicle, may be indicated to gain more length. Positioning 
after surgery is the same as that for the brachial plexus.

Interfascicular nerve grafting to close gaps in the axillary 
nerve is preferable to extensive brachial plexus mobilization 
or clavicular osteotomy. Because minimal tension is placed 
on the nerve graft, early motion is allowed. As nerve trans-
fers become more popular, transfer of a portion of the radial 
nerve into the axillary nerve may be considered to restore del-
toid function. 

RESULTS AFTER AXILLARY NERVE INJURY
If the injury is a closed one, signs of return of function may 
not be observed for 3 to 12 months; however, most patients 
progress to full recovery (approximately 90%). 

TENDON AND MUSCLE TRANSFERS FOR 
PARALYSIS OF THE DELTOID
Tendon and muscle transfers for paralysis of the deltoid are 
discussed in Chapter 34. 

MUSCULOCUTANEOUS NERVE
The musculocutaneous nerve, composed of fibers from C5 
and C6, is a branch of the lateral cord of the brachial plexus. 
It most commonly is injured by penetrating injuries, but 
occasionally by anterior dislocation of the shoulder or frac-
tures of the humeral neck. When this nerve is injured in the 
axilla, the injury often is in conjunction with injuries to other 
components of the brachial plexus. Complete division of the 
nerve may be overlooked because the sensory loss may be ill 
defined and flexion of the elbow by the brachioradialis may be 
strong enough to mask biceps paralysis. In these instances, it 
is essential to palpate the biceps while testing its function to 
identify specific muscle contractions.

EXAMINATION
The only muscle supplied by the musculocutaneous nerve that 
can be examined accurately is the biceps; the brachialis and 
the coracobrachialis are difficult to palpate. Sensory examina-
tion is of no great value because complete anesthesia is rare. 
Division of this nerve may cause less disability than that of any 
other major nerve in the body, and for this reason, especially 
in older patients, suture occasionally is not even indicated.

TREATMENT 

 

APPROACH TO THE 
MUSCULOCUTANEOUS NERVE

 TECHNIQUE 62.10
 n  The incision is the same as for exposing the more distal 

parts of the brachial plexus (see Fig. 62.17B). If it is certain 

that no other nerves are involved, carry the incision in the 
proximal part of the arm about 2.5 cm anterior to that 
shown.

 n  Divide the tendon of the pectoralis major and identify 
the musculocutaneous nerve where it emerges from the 
lateral cord of the brachial plexus and before it pierces the 
coracobrachialis muscle.

 n  Follow the nerve through the coracobrachialis muscle, 
and, as it passes into the arm, locate it in the plane be-
tween the biceps and brachialis muscles.

 n  The muscular branches of the nerve to the biceps are 
given off just after the nerve emerges from the coraco-
brachialis muscle and those to the brachialis at or just 
proximal to the level of junction of the middle and distal 
thirds of the arm. Exposing the nerve distal to this point 
is unnecessary.
   

METHODS OF CLOSING GAPS
Gaps of 8 cm can be closed by mobilizing the lateral cord of 
the brachial plexus proximally into the neck and the mus-
culocutaneous nerve distally to its muscular branches, by 
adducting the shoulder sharply, and by bringing the arm 
anteriorly across the chest as for relaxing the brachial plexus. 
Occasionally, the musculocutaneous nerve can be transposed 
so that it no longer pierces the coracobrachialis but runs 
across the axilla medial to this muscle between the biceps 
and brachialis muscles. As in repair of the brachial plexus, 
all sutures may be inserted in the nerve ends and the wound 
is closed except at the site of neurorrhaphy before the sutures 
are tied. Interfascicular grafting also can be done if the gap is 
too wide to close by mobilization and limb positioning. 

RESULTS AFTER INJURY TO THE 
MUSCULOCUTANEOUS NERVE
Signs of recovery of the musculocutaneous nerve may appear 
at 4 to 9 months after injury. Excellent results have been 
reported after repair by secondary suture or grafting. 

RADIAL NERVE
The radial nerve, a continuation of the posterior cord of the 
brachial plexus, consists of fibers from C6, C7, and C8 and 
sometimes T1. It is primarily a motor nerve that innervates 
the triceps; the supinators of the forearm; and the extensors 
of the wrist, fingers, and thumb. This nerve is injured most 
often by fractures of the humeral shaft. Gunshot wounds are 
the second most common cause of radial nerve injury. Other 
causes include lacerations of the arm and proximal forearm, 
injection injuries, and prolonged local pressure.

EXAMINATION
The following muscles supplied by the radial nerve can be 
tested accurately because their bellies or tendons or both 
can be palpated: the triceps brachii, brachioradialis, extensor 
carpi radialis, extensor digitorum communis, extensor carpi 
ulnaris, abductor pollicis longus, and extensor pollicis longus. 
Injury to this nerve results in inability to extend the elbow or 
supinate the forearm and in a typical wristdrop. An inexpe-
rienced examiner often may be misled by the patient’s ability 
to extend the wrist merely by flexing the fingers. The exam-
iner should be discriminating because analysis of movements 
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often may result in error in evaluating the function of a nerve. 
The triceps is not seriously affected by injuries of the nerve at 
the level of the middle of the humerus or distally. In injuries 
of the nerve at its bifurcation into the deep and superficial 
branches, the brachioradialis and the extensor carpi radialis 
longus continue to function; the arm can be supinated, and 
the wrist can be extended. The nerve is especially susceptible 
to electrical stimulation in situ just proximal to the elbow; 
elsewhere this is difficult, and the results are uncertain.

Sensory examination is relatively unimportant, even 
when the nerve is divided in the axilla, because usually there 
is no autonomous zone. When present, the autonomous zone 
usually is over the first dorsal interosseous muscle, between 
the first and second metacarpals. It usually is too inconsistent 
to afford more than confirmatory evidence of complete inter-
ruption of the nerve proximal to its bifurcation at the elbow.

TREATMENT 

 

APPROACH TO THE RADIAL NERVE

 TECHNIQUE 62.11
 n  Expose the radial nerve in the axilla and proximal third 

of the arm by the usual incision for the distal part of the 
brachial plexus, and carry this incision distally in the arm 
a little more posteriorly than is necessary for exposing the 
ulnar and median nerves.

 n  Incise the fascia over the neurovascular bundle, and ex-
pose the bundle between the triceps posteriorly and the 
biceps, brachialis, and coracobrachialis anteriorly.

 n  Expose and retract laterally the more superficial structures 
of the bundle—the ulnar nerve, the brachial artery and 
vein, and the median nerve—exposing the radial nerve 
and one or two of its branches, first to the long head and 
then to the medial head of the triceps.

 n  Trace the nerve to the point where it winds around the 
humerus.

 n  To expose the nerve on the posterior and lateral aspects 
of the humeral shaft, begin the incision along the poste-
rior border of the distal third of the deltoid between the 
deltoid and the long head of the triceps. Curve it distal-
ward along the lateral aspect of the arm, curving at first 
anteriorly along the medial aspect of the brachioradialis 
and then, if necessary, laterally at the elbow across the 
belly of this muscle and the extensor carpi radialis longus. 
Finally, if the deep radial nerve is to be explored, carry the 
incision distally on the dorsum of the forearm along the 
radial side of the extensor digitorum communis.

 n  In the incision proximal to the elbow it is wise to expose 
the nerve at its most superficial position by incising the 
fascia between the brachialis and brachioradialis and to 
identify the nerve at this point by retracting the brachio-
radialis laterally. The nerve can be exposed proximally 
by incising the fascia and retracting the lateral head of 
the triceps laterally to the point where the nerve winds 
around the humerus. This approach, with minor changes, 
is shown in Figure 62.22.

 n  The nerve can be carefully traced distally to the elbow; 5 
or 6 cm proximal to the elbow it sends branches to the 

brachioradialis and a little more distally to the extensor 
carpi radialis longus and brevis. At the elbow, the nerve 
divides into the superficial and deep radial (posterior in-
terosseous) nerves.

 n  The superficial radial nerve is entirely sensory but should 
be protected to avoid painful neuromas. The deep radial 
nerve often is injured, and such an injury is quite disabling.

 n  Expose this nerve through the distal part of the incision 
just described, beginning 8 to 10 cm proximal to the el-
bow and continuing to the middle of the dorsum of the 
forearm (Fig. 62.23). Follow the nerve beneath the bra-
chioradialis into the supinator muscle.

 n  If the injury is at this point or is more distal, expose the 
nerve distal to the supinator by incising the fascia be-
tween the extensor carpi radialis longus and brevis and 
the extensor digitorum communis and by developing this 
plane of cleavage.

 n  After exposing the nerve, follow it proximally to the distal 
border of the supinator where numerous branches are 
given off.

 n  After identifying these branches, incise the superficial part 
of the supinator at a right angle to the direction of its 
fibers to complete the exposure of the entire deep radial 
nerve.
   

METHODS OF CLOSING GAPS
Interfascicular nerve grafting is the preferred method for 
bridging gaps, although extensive mobilization techniques 
have been described. In the axilla and in the proximal arm 
on the medial side proximal to the point of emergence of the 
branches to the triceps, closing a gap of more than 6 to 7 cm 
is difficult without sacrificing the branches to the triceps; this 
is hardly justifiable. Resecting the humerus rarely is feasible 
at this level.

In the middle third of the arm, defects of 10 to 12 cm 
can be closed by mobilizing the nerve from the elbow to the 
clavicle and widely stripping the branches of the nerve, by 
flexing the elbow, by externally rotating and strongly adduct-
ing the arm across the chest, and, if necessary, by sacrificing 
the branch to the brachioradialis (if the biceps is function-
ing). Transposing the nerve beneath the biceps anterior to 
the humerus, advocated by most authors on this subject, adds 
variable length and occasionally is worthwhile. In one patient, 
Gore reported mobilization of a proximal branch of the radial 
nerve to the triceps to suture to the distal end of the nerve 
with good results. In the presence of a nonunited fracture of 
the humerus, 3 to 4 cm of the bone can be resected, but if 
the procedures just mentioned are used, resecting part of a 
normal humerus almost never should be necessary to repair 
the radial nerve. Before such extreme dissection and awkward 
positioning are attempted, serious consideration should be 
given to interfascicular nerve grafting. 

RESULTS OF SUTURE OF THE RADIAL NERVE
Only motor recovery is important in suture of the radial nerve. 
Among patients with sutures of this nerve, 89% obtain recovery 
of proximal muscles, 63% regain useful function of all muscles 
supplied by the radial nerve, and 36% regain some fine con-
trol of the extensors of the fingers and thumb. When circum-
stances are most favorable, more than three fourths of these 
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patients recover useful function of all the muscles supplied by 
this nerve. Lee et al. reported good-to-excellent motor recov-
ery in six patients with high radial nerve palsy treated with 9 
to 11 cm of interfascicular nerve grafting and recommended 
nerve reconstruction before resorting to tendon transfers. In 

their study of 244 patients with radial nerve injuries, Pan et al. 
found better outcomes of finger and thumb extension with 
injuries occurring distal to the lateral epicondyle. Wrist exten-
sion recovered in at least 80% of the patients, regardless of the 
level of injury in relation to the humerus. Primary repair of 
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FIGURE 62.22 Exposure of radial nerve in middle and distal thirds of arm. A, Skin incision begins 
at posterior margin of deltoid muscle and extends distally in midline and laterally and anteriorly. 
It ends at interval between brachioradialis and brachialis. B, Posterior skin flap has been dissected 
and retracted; deep fascia is incised in line with skin incision. Dotted line indicates incision in triceps 
muscle between long and lateral heads. C, Radial nerve and accompanying vascular bundle have 
been exposed by retraction of these two heads of triceps muscle. Radial nerve has been dissected 
to point at which it passes beneath lateral head of triceps muscle. D, Arm is externally rotated a 
few degrees. Interval between proximal end of brachioradialis and brachialis is to be dissected, 
exposing radial nerve along anterolateral aspect of humerus. E, Dotted line indicates incision 
through which lateral head of triceps is mobilized from underlying bone, facilitating exposure of 
radial nerve deep to it. F, Exposure. SEE TECHNIQUE 62.11.
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transected radial nerves associated with open humeral frac-
tures is not recommended because of poor recovery. 

CRITICAL LIMIT OF DELAY OF SUTURE
Return of motor function should not be expected when 
suture has been delayed for more than 15 months. Zachary 
found that return of function in muscles innervated by the 
posterior interosseous nerve is unlikely if the delay is more 
than 9 months. 

ULNAR NERVE
The ulnar nerve is composed of fibers from C8 and T1 com-
ing from the medial cord of the brachial plexus. It may be 
divided at any point along its course by missile wounds or 
lacerations. When it is injured in the upper arm, other nerves 
or the brachial artery because of their proximity also may be 
injured. In the middle of the arm the ulnar nerve is relatively 
protected, but in the distal arm and at the elbow it often is 
injured by dislocations of the elbow and supracondylar and 
condylar fractures. An ulnar nerve deficit complicating a 
fracture or dislocation may be caused by the initial trauma, by 
repeated manipulations of the osseous injury, or by scar for-
mation developing sometime after injury. The nerve is injured 
most commonly in the distal forearm and wrist; in these loca-
tions it may be injured by gunshot wounds, lacerations, frac-
tures, or dislocations. In civilian life, lacerations cause most of 
the injuries at the wrist.

Traction on the nerve, subluxation or dislocation of the 
nerve, and entrapment syndromes also can cause ulnar nerve 
deficits that may require surgical treatment. Tardy ulnar 
nerve palsy may develop after malunited fractures of the lat-
eral humeral condyle in children, displaced fractures of the 
medial humeral epicondyle, dislocations of the elbow, and 
contusions of the nerve. In malunion of the lateral humeral 

condyle, cubitus valgus develops; in this deformity, the 
ulnar nerve is gradually stretched and can become incom-
pletely paralyzed. Tardy ulnar nerve palsy may also develop 
in patients who have a shallow ulnar groove on the posterior 
aspect of the medial humeral epicondyle, hypoplasia of the 
humeral trochlea, or an inadequate fibrous arch that normally 
keeps the nerve in the groove, resulting in recurrent sublux-
ation or dislocation of the nerve. Recurrent subluxation or 
dislocation of the nerve has been found in 16.2% of 2000 
elbows. Subluxation is more common than dislocation, and 
the ulnar nerve is more likely to be injured repeatedly in sub-
luxations. In most patients, flexion of the elbow aggravated 
the symptoms of pain and paresthesias. Cubitus varus defor-
mities also may be associated with tardy ulnar nerve palsy.

Entrapment or compression of the ulnar nerve may also 
occur at the supracondylar process of the humerus medi-
ally (also associated with median nerve compression), at the 
arcade of Struthers near the medial intermuscular septum, 
between the heads of origin of the flexor carpi ulnaris, and at 
the wrist in the Guyon canal. In 1958, Feindel and Stratford 
coined the term cubital tunnel syndrome to describe a com-
pression neuropathy of the ulnar nerve around the elbow with 
no antecedent trauma. As the ulnar nerve enters the cubital 
tunnel it is first bordered by the medial epicondyle anteriorly, 
then by the elbow joint laterally, and finally by the two heads 
of the flexor carpi ulnaris medially. In other areas, the nerve 
may be compressed by tight fascia or ligaments, neoplasms, 
rheumatoid synovitis, aneurysms, vascular thromboses, or 
anomalous muscles.

Postoperative ulnar nerve palsy may result from direct 
pressure on the ulnar nerve at the elbow or prolonged flexion 
of the elbow during surgery. The ulnar nerve is especially vul-
nerable to compression when the forearm is allowed to rest in 
pronation. Some patients may have a preexisting subclinical 
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FIGURE 62.23 Exposure of posterior interosseous branch of radial nerve for repair or decom-
pression in radial tunnel syndrome. A, Line of incision, forearm prone, elbow flexed. B, Nerve 
exposed. C, Diagram of course of nerve with arm in position A. D, Line of incision, elbow extended. 
SEE TECHNIQUE 62.12.
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cubital tunnel syndrome that may predispose them to this 
complication.

EXAMINATION
Interruption of the ulnar nerve proximal to the elbow is fol-
lowed by paralysis of the flexor carpi ulnaris, the flexor pro-
fundus to the little and ring fingers, the lumbricals of the 
little and ring fingers, all of the interossei, the adductor of 
the thumb, and all of the short muscles of the little finger. 
Occasionally, when a nerve is completely divided at this level, 
the intrinsic muscles of the hand function normally because of 
anomalous innervation of these muscles by the median nerve. 
In these instances, the fibers that supply the intrinsic mus-
cles may be incorporated in the median nerve down to the 
middle of the forearm where they leave the median nerve to 
join the ulnar nerve (Martin-Gruber anastomosis). Complete 
division of the ulnar nerve at the wrist usually causes paraly-
sis of all ulnar-innervated intrinsic muscles, unless an ana-
tomic variation connects the median and ulnar nerves in the 
palm (Riche-Cannieu anastomosis). Usually, when the nerve 
is divided at the wrist, only the opponens pollicis, the lateral 
or superficial head of the flexor pollicis brevis, and the lateral 
two lumbricals remain functional.

In practice, only three muscles—the flexor carpi ulnaris, 
the abductor digiti quinti, and the first dorsal interosseous—
can be tested accurately. The bellies or tendons (or both) of 
these muscles may be easily palpated or seen. The surgeon 
may be tempted to test other muscles by their well-known 
functions but would be misled by the occasional patient who, 
by substituting other muscles, can perform perfectly the 
actions of paralyzed muscles.

Atrophy of the muscles supplied by the ulnar nerve and 
clawing of the little and ring fingers usually are confirmatory 
evidence of paralysis of the muscles supplied by this nerve. 
If the nerve has been injured proximal to the elbow, how-
ever, clawing of these two fingers may be absent because the 
flexor digitorum profundus to the ring and little fingers also is 
denervated. Electrical stimulation of the nerve in situ is easy 
at the elbow and wrist.

The sensory examination usually is straightforward, 
although anatomic variations may cause confusing sensory 
findings. The surgeon need examine only the middle and distal 
phalanges of the little finger, which compose the autonomous 
zone of the ulnar nerve (Fig. 62.24). Complete anesthesia to 

pinpricks in this area strongly suggests total division of the 
nerve. If one is in doubt about the sensory examination, skin 
resistance studies or an iodine starch test is useful.

In patients suspected of having cubital tunnel syndrome, a 
positive percussion test over the ulnar nerve at the level of the 
medial epicondyle and a positive elbow flexion test strongly 
suggest a significant compressive neuropathy. With the elbow 
fully flexed, the patient complains of numbness and tingling 
in the small and ring fingers, often within 1 minute. A scratch 
collapse test also has been described by Mackinnon in which 
the examiner scratches the patient’s skin lightly over the area 
of nerve compression while the patient performs resisted 
bilateral shoulder external rotation. A brief loss of muscle 
resistance will be elicited if the patient has allodynia from the 
compression neuropathy. Ochi et al. described an additional 
provocative test, the shoulder internal rotation test, that they 
found to be more sensitive than the elbow flexion test, with 
80% of tested subjects having symptoms within 10 seconds of 
testing. To perform the test, the shoulder is held at 90 degrees 
of abduction and maximal internal rotation with the elbow at 
90 degrees of flexion, the wrist at neutral, and the fingers fully 
extended. Nerve conduction studies are helpful and should 
show slowing in the ulnar nerve velocities across the elbow, 
although normal velocities may be maintained during early 
involvement. EMG may show fibrillations in the ulnar inner-
vated intrinsic muscles.

TREATMENT 

 

APPROACH TO THE ULNAR NERVE

 TECHNIQUE 62.12
 n  In the axilla, the ulnar nerve is exposed through the usual 

more distal brachial plexus incision.
 n  To expose the nerve in the upper arm, begin the incision 

over the tendon of the pectoralis major and curve it into 
the natural folds of the axilla and distally along the medial 
aspect of the upper arm. At a point 6 to 8 cm proximal 
to the elbow, curve the incision posteriorly slightly behind 
the medial epicondyle (Fig. 62.25).

 n  To expose the nerve in the forearm, continue the incision 
distally along the ulnar side of the volar aspect of the 
forearm to the proximal flexor crease of the wrist.

FIGURE 62.24 Autonomous sensory zone of ulnar nerve.
FIGURE 62.25 Skin incision for exploration of median and ulnar 

nerves in upper arm. SEE TECHNIQUES 62.12 AND 62.14.
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 n  In the axilla and upper arm, the nerve lies just medial to the 
brachial artery, usually beneath the brachial vein. At about 
the middle of the upper arm, the nerve leaves the neu-
rovascular bundle, gradually courses posteriorly through 
the intermuscular septum superficial to the medial head 
of the triceps muscle, and enters the ulnar groove behind 
the medial humeral epicondyle. The medial antebrachial 
cutaneous nerve may be confused with the ulnar nerve.

 n  In the region of the ulnar groove, the ulnar nerve gives 
off no important branches, although there are articular 
branches to the elbow joint and one or two branches to 
the flexor carpi ulnaris.

 n  Muscular branches to the medial half of the flexor digito-
rum profundus and additional branches to the flexor carpi 
ulnaris are given off distal to the groove.

 n  Trace the nerve into the forearm by freeing the flexor 
carpi ulnaris at its origin from the humeral epicondyle or 
by resecting the epicondyle.

 n  The nerve courses distally in the forearm on the flexor 
profundus on the radial side of the belly of the flexor carpi 
ulnaris. At the junction of the middle and proximal thirds 
of the forearm, the ulnar artery approaches the nerve 
from its lateral side and accompanies it into the hand. The 
dorsal cutaneous branch is given off 5 to 8 cm proximal to 
the pisiform and winds deep to the tendon of the flexor 
carpi ulnaris to reach the dorsum of the wrist and hand. 
The main trunk of the ulnar nerve courses distally lateral to 
the tendon of the flexor carpi ulnaris. At the distal forearm 
the motor branch is located in the dorsoulnar portion of 
the nerve as a single fascicular group making up about 
30% of the nerve. At the distal aspect of the Guyon ca-
nal the ulnar nerve bifurcates into the superficial sensory 
and deep motor branches. The motor branch then passes 
deeply between the flexor and abductor digiti minimi 
muscles and continues radially innervating the intrinsics.
   

METHODS OF CLOSING GAPS
The ulnar nerve can be sutured at any point along its course. 
A gap in it probably can be closed more easily than in any 
other nerve, primarily because the nerve can be transposed 
to the antecubital fossa to gain length. If the lesion is distal 
to the muscular branches in the forearm, gaps of 12 to 15 cm 
can be closed by mobilization and transposition of the nerve, 
flexion of the wrist and elbow, intraneural dissection of the 
motor branches up the nerve, and sacrifice of the articular 
branches. Bunnell and Zachary reported that 13-cm gaps can 
be closed by elbow and wrist flexion and ulnar nerve trans-
position. Choudhry et al. compared subcutaneous, intramus-
cular, and submuscular transposition for gap reduction in 
a cadaver study and found that transposing the ulnar nerve 
reduced the repair gap required to cross the elbow regard-
less of transposition technique. When comparing individual 
techniques, however, they found that the greatest gap reduc-
tion was achieved by intramuscular transposition, followed 
by submuscular and subcutaneous transposition. A maximal 
gap reduction of 25 mm (average, 23 mm) was achieved using 
intramuscular transposition with the elbow in 90 degrees 
of flexion. Subcutaneous transposition actually increased 
the repair gap when the elbow was extended. Trumble and 
McCallister reported that a 2-cm gap in the forearm and a 

4-cm gap at the elbow can be overcome by transposition. In a 
cadaver study, ulnar nerve transposition had no effect on clos-
ing nerve gaps in the distal forearm. In the proximal forearm, 
wrist and elbow flexion of more than 45 degrees is necessary 
to reduce a nerve gap of more than 11 mm after transposition.

The nerve should be transposed only after the most pains-
taking intraneural dissection of the branches to the flexor pro-
fundus and flexor carpi ulnaris. In our experience, satisfactory 
results have been achieved by placing the nerve on the fascia of 
the flexor-pronator group beneath the thick layer of fat in this 
region. The fat is sutured to the fascia medial to the nerve to 
keep the nerve from slipping back posterior to the epicondyle. 
Alternatively, the nerve can be transposed anteriorly deep to 
the flexor-pronator muscles by removing their origins from the 
medial epicondyle by dividing the flexor origin in its tendinous 
portion or by resecting and later reattaching the medial epicon-
dyle; when this technique is used, the ulnar nerve is transposed 
anteriorly to a location near the median nerve. The medial 
intermuscular septum should be divided proximal to the elbow 
to allow flexion and extension of the joint without kinking or 
stretching the nerve. As an alternative to awkward positioning 
and extensive mobilization of the nerve, interfascicular nerve 
grafting should be considered and is our preferred technique.

If transposing the nerve and flexing the wrist and elbow 
have been necessary, a molded posterior plaster splint from 
the axilla to the metacarpophalangeal joints is necessary. If 
the lesion is in the forearm, and the gap is closed by flexing 
the wrist alone, the wrist is immobilized in a posterior molded 
plaster splint from just distal to the elbow to the metacarpo-
phalangeal joints.

The sutures are removed at 7 to 10 days, and the splint is 
removed 4 weeks later. While wearing the splint, the patient 
should be encouraged to use the fingers and keep the meta-
carpophalangeal joints supple. After the splint is removed, 
the elbow and wrist, if flexed, are gradually extended during 
a period of 2 to 3 weeks, depending on the tension on the line 
of suture, by means of an adjustable hinged brace. After the 
elbow and wrist can be extended, physical therapy is started 
to help in regaining full motion in the joints. Splints are rarely 
used after the limb can be extended. 

RESULTS OF SUTURE OF THE ULNAR NERVE
Motor recovery is more important than sensory recovery. After 
suture of the ulnar nerve, about half of these patients can be 
expected to show return of function in the long flexors of the 
fingers and wrist and some useful function in the interossei 
and hypothenar intrinsic muscles. Only 5% of the patients may 
recover independent function of the interossei; 78% may regain 
useful motor recovery under favorable circumstances, and 16% 
may show independent finger motion. About half of patients 
can be expected to regain useful sensation with return of sen-
sitivity to touch and pain in the autonomous zone but with 
persistence of overresponse; 30% regain touch and pain sensa-
tion without overresponse; under favorable circumstances, this 
type of return may be obtained in half of these patients.

Good return of motor power (M3) has been reported in 
50% to 90% of primary or secondary neurorrhaphies at the 
wrist. In a series of 26 ulnar nerve repairs performed within 
the Guyon canal, Kokkalis et al. reported restoration of good 
and excellent motor function in 25 (96%) with motor branch 
injury. Good and excellent sensory results were achieved in 
15 (83%) of 18 with sensory branch injury. Outcomes were 
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significantly better for those who had early repair (<4 weeks) 
than those who had repair 4 weeks after injury. There were 
no significant differences between outcomes after end-to-end 
repair or nerve grafting or between outcomes from repair of 
injuries in different zones. The authors concluded that early 
diagnosis and surgical treatment with careful dissection of 
the ulnar nerve branches within the canal are important for 
successful outcomes. Adequate exposure is required to repair 
the nerve in the Guyon canal. Nerve grafting at this level 
could give results similar to those of end-to-end repair.

The poorest motor return reported was after repair of the 
ulnar nerve in the axilla. The reported return of motor power 
of M3 or better has been reported in 79.5% after interfascicu-
lar grafting. 

CRITICAL LIMIT OF DELAY OF SUTURE
Useful motor recovery of the ulnar nerve should not be expected 
if suture is delayed 9 months after injury in high lesions or 15 
months in low lesions. Sensory recovery rarely occurs after 
9 months in high lesions but has been reported to occur 31 
months after injury in low lesions. Motor return cannot be 
expected after a delay of 29 months in lesions above the flexor 
carpi ulnaris and 18 months in lesions below the branches of the 
flexor digitorum profundus. Sensory return cannot be expected 
after a delay of 29 months in lesions above the flexor carpi ulna-
ris and 31 months below the flexor digitorum profundus.

NERVE RECONSTRUCTION 
 

NERVE TRANSFER FOR ULNAR NERVE 
RECONSTRUCTION
In 1999, Mackinnon and Novak introduced a technique 
of transferring the distal portion of the anterior interosse-

ous nerve into the motor branch of the ulnar nerve in an 
attempt to improve intrinsic return after ulnar nerve inju-
ries. In 2002, Haase and Chung reported excellent return 
of intrinsic function in two patients using this technique.

 TECHNIQUE 62.13

(MACKINNON AND NOVAK)
 n  Make an incision over the ulnar neurovascular bundle in 

the distal third of the forearm into the Guyon canal (Fig. 
62.26A and B).

 n  Identify the motor branch of the ulnar nerve in the palm 
as it curves around the pisiform and carefully neurolyze 
it proximally to the level of the pronator quadratus (Fig. 
62.26C).

 n  Dissect the motor nerve supplying the pronator quadratus 
along the undersurface of the muscle and transect it at its 
terminal branching.

 n  Transect the ulnar motor fascicles with enough length 
to perform a tension-free coaptation with the pronator 
nerve (Fig. 62.26D).

 n  Repair the nerve with 10-0 nylon suture using microscopic 
guidance.

POSTOPERATIVE CARE Postoperatively, no splinting is 
involved, allowing immediate range of motion and intrin-
sic stretching and strengthening exercises.
  

MEDIAN NERVE
The median nerve, formed by the junction of the lateral and 
medial cords of the brachial plexus in the axilla, is composed 
of fibers from C6, C7, C8, and T1 (Fig. 62.27). Median nerve 
injuries often result in painful neuromas and causalgia. From 
the sensory standpoint they are more disabling than injuries 

A B

C D

Ulnar
nerve

Ulnar
nerve

Ulnar
sensory nerve

Ulnar
motor nerve

Pronator quadratus
muscle

FIGURE 62.26 Terminal motor branch of anterior interosseous nerve to pronator quadratus 
can be transferred to deep motor branch of ulnar nerve. A and B, Incision and surgical exposure. 
C and D, Nerve transfer. SEE TECHNIQUE 62.13.
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of the ulnar nerve because they involve the digits used in fine 
volitional activity.

Median nerve injuries often are caused by lacerations, 
usually in the forearm or wrist. Sunderland pointed out that 
in the upper arm the nerve can be injured by relatively super-
ficial lacerations, excessively tight tourniquets, and humeral 
fractures, and when it is injured near the axilla, the ulnar 
and musculocutaneous nerves and the brachial artery also 
are commonly injured. In the arm, the median nerve may be 
compressed by the ligament of Struthers. At the elbow, the 
nerve may be injured in supracondylar fractures and poste-
rior dislocations of the elbow.

EXAMINATION
Variations in the sensory supply of the median nerve also may 
be confusing, but usually the volar surface of the thumb, of 
the index and middle fingers, and of the radial half of the ring 
finger and the dorsal surfaces of the distal phalanges of the 
index and middle fingers are supplied by the median nerve. 
The smallest autonomous zone of the median nerve covers 
the dorsal and volar surfaces of the distal phalanges of the 
index and middle fingers (Fig. 62.28). The iodine starch test or 
ninhydrin print test may be helpful in diagnosis. Autonomic 
changes, such as anhidrosis, atrophy of the skin, and narrow-
ing of the digits because of atrophy of the pulp, also are valu-
able signs of sensory deficit. 

TREATMENT
Operative treatment may be indicated for most median nerve 
lesions. Surgical exploration and decompression of the median 
nerve for refractory pronator teres syndrome, as reported by 
Hartz et al. and by Johnson, Spinner, and Shrewsbury, have 
been successful in relieving symptoms in 80% to 92% of 
patients. Some persistence of symptoms has been reported 
in 66% of patients. In patients who have symptoms of carpal 

tunnel syndrome and pronator teres syndrome, particular 
attention should be paid to the nerve conduction studies dur-
ing preoperative planning. If the nerve conduction test is pos-
itive for carpal tunnel syndrome, we agree in recommending 
carpal tunnel release in anticipation that the proximal symp-
toms will resolve. If the nerve conduction test is negative for 
carpal tunnel syndrome, we recommend proximal median 
nerve exploration and proximal decompression as the initial 
procedure of choice. For the anterior interosseous syndrome, 
Spinner recommended the following plan. If the onset of 
paralysis has been spontaneous, the initial treatment is non-
operative. Surgical exploration is indicated in the absence of 
clinical or EMG improvement after 12 weeks. If an anterior 
interosseous nerve injury is caused by a penetrating wound, 
primary repair is recommended. In irreparable injury to the 
nerve, tendon transfers are indicated (see Chapter 71). Carpal 
tunnel syndrome is discussed in Chapter 76). 

 

APPROACH TO THE MEDIAN NERVE

 TECHNIQUE 62.14
 n  To expose the median nerve, use the same approach as that 

for the ulnar nerve in the arm and at the elbow and avoid 
crossing the folds of the antecubital fossa (see Fig. 62.25).

 n  To expose the median nerve in the forearm, continue the 
incision from the medial epicondyle onto the volar aspect 
of the forearm and distally over the course of the nerve. In 
approaching the wrist, curve it toward the radial side (or 
if exploration of the median and ulnar nerves is indicated, 
curve it toward the ulnar side). As the flexor creases of the 
wrist are reached, return the incision along one of them to 
the middle of the wrist. If the nerve is to be explored distal 
to the wrist, extend the incision down the thenar crease.

 n  Deepen the incision through the fascia along the course 
of the nerve. To accomplish this at the elbow, undermine 
the skin flap widely.

 n  In the arm, retract the brachial artery and vein medially to 
expose the nerve on the lateral aspect of the neurovascu-
lar bundle.

First and second lumbricals

Flexor pollicis brevis muscle

Abductor pollicis brevis muscle

Pronator quadratus muscle

Flexor digitorum profundus muscle

Palmaris longus muscle

Flexor carpi radialis muscle

Opponens
pollicis
muscle

  Flexor pollicis
 longus muscle

Flexor digitorum
sublimis muscle

Pronator teres
muscle

Median nerve

FIGURE 62.27 Origin, course, and distribution of median nerve.

FIGURE 62.28 Autonomous zone of median nerve.
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 n  At the junction of the middle and distal thirds of the arm, 
the nerve crosses to the medial side of the artery, usually 
coursing posteriorly, although occasionally anteriorly to it.

 n  The nerve enters the forearm beneath the lacertus fibro-
sus medial to the artery and then courses between the 
two heads of the pronator teres and continues distally in 
the forearm beneath the flexor sublimis, lying on the flex-
or profundus. Approaching the wrist, the nerve becomes 
more superficial, lies beneath the tendon of the flexor 
carpi radialis, and is easily found if approached between 
this tendon and that of the palmaris longus.

 n  At the elbow, expose the nerve by incising the fibers of 
the lacertus fibrosus at its attachment to the fascia over 
the pronator-flexor group.

 n  Dissect the fascia radially from this group of muscles, and 
incise it distally and radially along the proximal border of 
the pronator teres and then distally across this muscle 
and along the medial side of the flexor carpi radialis. The 
pronator teres may be widely mobilized and separated 
from the flexor carpi radialis, permitting easy exposure of 
the nerve and making closure easier later.

 n  Expose the nerve where it emerges from beneath the 
fibers of the flexor digitorum sublimis. Trace the nerve 
proximally by retracting the flexor carpi radialis laterally 
and the pronator proximally and by separating the fibers 
of the flexor digitorum sublimis. In this way, the nerve can 
be exposed over its entire course.

 n  As an alternative, cut the radial origin of the flexor 
digitorum sublimis in line with the nerve and sever the 
pronator teres by a Z-shaped incision near its insertion 
(Fig. 62.29).

 n  The median nerve gives off no branches in the upper arm.
 n  The branches to the pronator teres and flexor carpi ra-

dialis emerge as the nerve courses beneath the lacertus 
fibrosus. Usually, two branches go to the pronator: one 
to the superficial head and one to the deep head. Also, 
several branches go to the flexor carpi radialis and pal-

maris longus, one to the flexor sublimis, and one to the 
profundus.

 n  The anterior interosseous nerve emerges from the pos-
teromedial side of the nerve after passing through the 
two heads of the pronator teres and supplies the flexor 
pollicis longus, the radial half of the flexor profundus, 
and the pronator quadratus. Farther distally, several more 
branches are given off to the flexor digitorum sublimis. 
No other significant branches are given off until the nerve 
enters the hand.

 n  When exposure of the anterior interosseous nerve deep to 
the pronator teres is required, or when anterior transposi-
tion of the median nerve is preferred, a method whereby 
the pronator teres insertion is released and is repaired by 
Z-plasty or a tongue-in-groove suture after the median 
nerve has been transposed is suitable.

 n  In decompressing the median nerve for pronator teres 
syndrome, explore and release all points of potential com-
pression.

 n  If a ligament of Struthers is encountered, excise it from its 
origin on the supracondylar process to its insertion on the 
medial epicondyle.

 n  Divide the lacertus fibrosus, and trace the median nerve 
through the two heads of the pronator teres.

 n  Release any intermuscular tendinous bands within or un-
der the pronator and fascial constricting bands between 
the superficial and deep heads of the muscle.

 n  If necessary, divide the deep head of the pronator teres.
 n  Alternatively, the superficial head of the pronator teres 

can be excised from its radial insertion, although this 
rarely is necessary in our experience.

 n  Retract the superficial head of the pronator teres anteri-
orly, distally, and ulnarward to allow exploration of the 
nerve into the flexor digitorum sublimis.

 n  Divide the aponeurotic arch, which commonly is encoun-
tered as the median nerve enters the sublimis muscle.

 n  If the Gantzer muscle is encountered, resect any proximal 
fibrous bands that may be compressing the median nerve.
   

METHODS OF CLOSING GAPS
Interfascicular nerve grafting is the preferred method for clos-
ing gaps; however, the following techniques may be helpful 
at times. Extensively mobilizing the nerve, stripping back its 
branches in the main trunk, and flexing the wrist and elbow 
can allow closure of a gap of 8 to 10 cm proximal and of 12 
to 15 cm distal to the elbow. Transposing the nerve anterior 
to the pronator teres gains more length if the lesion is distal 
to this muscle. The ease with which the nerve can be trans-
posed anteriorly depends to some extent on the level at which 
the branches to the flexor-pronator group emerge. When they 
emerge distally, transposing the nerve is much more difficult 
than when they emerge more proximally. Transposition usu-
ally is necessary in large destructive wounds in the middle 
of the forearm. In these wounds, most of the branches to 
the flexor sublimis usually are destroyed and need not be 
considered.

Transposition is accomplished by stripping the branches 
to the pronator teres, the flexor carpi radialis, the palmaris 
longus, and the anterior interosseous nerve intraneurally from 
the main trunk well proximally in the upper forearm, then by 

Z-incision
through

pronator teres

Incision through
radial origin of

flexor digitorum
sublimis

Deep ulnar
head of

pronator
teres

Median
nerve

FIGURE 62.29 Alternative method of exposing median nerve 
throughout forearm (see text). SEE TECHNIQUE 62.14.
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mobilizing the distal end of the nerve all the way to the wrist 
and beneath the transverse carpal ligament, and then by flex-
ing the wrist and the elbow and suturing the nerve anterior to 
the flexor-pronator group. By transposition, 2 or 3 cm may be 
gained in length, permitting neurorrhaphy, which could not 
be carried out otherwise. If too much tension is placed on the 
nerve, the fascia and lacertus fibrosus must be closed deep to 
it, and the nerve is left subcutaneous all the way to the wrist. 
Release of the deep head of the pronator teres and dissection 
and placement of the flexor carpi radialis deep to the median 
nerve may make mobilization and transposition of the nerve 
to the subcutaneous position easier.

Postoperative care is as described earlier for the ulnar 
nerve (see Technique 62.12). 

RESULTS OF SUTURE OF THE MEDIAN NERVE
Motor recovery is crucial after median nerve repair; however, 
the hand without median nerve sensory supply is almost use-
less. Even with the best sensory recovery, the patient prob-
ably will have difficulty with stereognosis. Under favorable 
circumstances, about half of the patients with median nerve 
suture recover sensitivity to pain and touch and some degree 
of stereognosis. Under the same circumstances, about 90% of 
these patients recover a useful degree of motor function in 
the long flexors of the forearm. A much smaller number, per-
haps one third, obtain useful recovery in the thenar muscles 
as well when the lesion is in the upper arm. In more distal 
lesions, about two thirds attain some useful motor recovery. 
Between 82% and 90% good and fair motor recovery has been 
reported and 97% sensory recovery after repair or interfas-
cicular grafting. 

CRITICAL LIMIT OF DELAY OF SUTURE
Motor recovery in the intrinsic muscles of the hand does 
not occur if suture is delayed 9 months in high lesions or 
12 months in low ones. Useful sensory recovery only rarely 
occurs after 9 months in high lesions or 12 months in low 
ones, but it may occur when suture has been delayed 2 years. 
Zachary found that useful motor recovery cannot be expected 
after delays of 9 months in lesions above the pronator teres or 
32 months in lesions below the flexor pollicis longus. For sen-
sory return in adults, the critical period of delay seemed to be 
12 months in lesions above the pronator teres and 9 months 
in lesions below the flexor pollicis longus. Sensory return in 
children is possible, however, after longer delays. Inasmuch 
as sensory recovery is so important, a second operation may 
be indicated if sensation does not return at the expected time 
because this is the only way that sensation can be regained. 

LUMBAR PLEXUS
The lumbar plexus is formed by the junction of the anterior 
primary rami of L1, L2, L3, and L4. White rami leave L1 and 
L2, less often L3, and rarely L4. All nerves receive gray rami 
from the sympathetic chain. The L4 nerve makes a significant 
contribution to the formation of the sacral plexus, joining 
with the L5 anterior primary ramus to form the lumbosa-
cral trunk (Fig. 62.30). The L4 nerve frequently is called the 
nervus furcalis because of its contribution to the lumbar and 
sacral plexuses.

The L1 anterior primary ramus extends laterally and 
divides into the iliohypogastric and ilioinguinal nerves. Its 

only branch leaves the nerve before this division and joins 
a fasciculus from the L2 nerve root to form the genitofemo-
ral nerve. The L2, L3, and L4 roots divide into anterior and 
posterior divisions; the anterior divisions of all join to form 
the obturator nerve, and the posterior divisions of all join 
to form the femoral nerve. Smaller segments of the poste-
rior divisions of L2 and L3 unite to form the lateral femo-
ral cutaneous nerve. The lumbar nerve roots occasionally 
are injured by traction in fractures of the pelvis and dis-
locations of the sacroiliac joints. Myelography, EMG, and 
careful physical examination are helpful in evaluating 
these injuries. In contrast to cervical root avulsions, myelo-
graphic evidence of dural diverticula does not correlate well 
with avulsion of lumbar roots. Although repair of avulsed 
lumbar roots would seem futile, exploration may be help-
ful in prognosis. The plexus also may be injured by missile 
wounds.

The iliohypogastric nerve supplies a small area of skin 
over the superolateral gluteal region and an area just supe-
rior to the pubic bones on the anterior abdominal wall (See 
Fig. 62.8). The ilioinguinal nerve supplies a segmental strip 
of skin along the inguinal ligament overlying the symphysis 
pubis and the skin of the upper scrotum, the root and dor-
sal aspect of the penis, and the medial aspect of the thigh. 
The genitofemoral nerve traverses the inguinal canal and sup-
plies the cremaster muscle and the skin of the scrotum and 
adjacent part of the thigh. From a surgical standpoint, these 
three nerves are significant because they may be injured in 
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FIGURE 62.30 Simplified diagram of lumbosacral plexus. 
Contribution of L1 root is not shown. Lumbosacral trunk or cord 
is shown.
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herniorrhaphy, resulting in persistent neuralgic discomfort 
that may require surgery.

The lateral femoral cutaneous nerve is formed from the 
roots of L2 and L3. It courses to the region of the anterior 
superior iliac spine to exit between the lateral attachments of 
the inguinal ligament and the anterior superior iliac spine and 
the sartorius muscle. The nerve becomes superficial, penetrat-
ing the fascia lata about 10 cm inferior to the inguinal liga-
ment, and supplies the skin of the lateral aspect of the thigh. 
Compression of the nerve in the region of the anterior supe-
rior iliac spine by a tight-fitting brace or corset or injury to the 
nerve along its subcutaneous course often results in hypesthe-
sias and dysesthesias in the area of its cutaneous distribution. 
This condition, known as meralgia paresthetica, may develop 
spontaneously. It often is associated with lumbar disc protru-
sion and impingement of the nerve, probably being the result 
of abnormal posture or persistent regional muscle spasm. 
In most instances, spontaneous recovery may be expected. 
Occasionally, symptoms are persistent, but rarely are they suf-
ficiently severe to require decompression and neurolysis at 
the point of exit of the nerve beneath the inguinal ligament.

The obturator nerve is formed by union of the anterior divi-
sions of the L2, L3, and L4 roots. It descends through the pel-
vis posterior to the common iliac vessels and exits through the 
obturator foramen to enter the thigh. Its cutaneous branches 
supply the medial thigh and occasionally the medial aspect 
of the knee. Its motor component is divided into anterior and 
posterior divisions. The anterior division supplies the adduc-
tor longus, the gracilis, the adductor brevis, the pectineus, and 
through articular branches the hip joint. The posterior division 
supplies the obturator externus, the adductor magnus, occa-
sionally the adductor brevis, and through articular branches 
the knee joint. The obturator nerve may be compressed against 
the wall of the pelvis by a mass such as a tumor or a fetus. 
Because of its relationship to the pubis, it may be injured in 
pelvic fractures or in acutely flexed positions of the hip by 
being compressed against the pubis. Because of its nearness to 
the sacroiliac and hip joints, when these joints are diseased or 
injured, the obturator nerve may be involved, too. Obturator 
neurectomy sometimes is beneficial in relieving adductor 
spasm of the hip in spastic conditions that cause a scissoring of 
the lower extremities (see Chapter 33). In significant lesions of 
the obturator nerve, atrophy of the medial aspect of the thigh, 
sensory disturbances of the distal medial surface of the thigh 
and the medial surface of the knee, and weakness or paralysis 
of adduction of the hip are common findings.

FEMORAL NERVE
The femoral nerve is formed by union of the posterior divi-
sions of the L2, L3, and L4 roots. It passes distally deep to the 
inguinal ligament, remaining lateral to the femoral artery as it 
enters the thigh. Just distal to the inguinal ligament, it divides 
into anterior and posterior branches. The anterior branch 
divides into the intermediate cutaneous and medial cutane-
ous nerves to supply the anteromedial aspect of the thigh. 
The motor branches of this part supply the pectineus and 
sartorius. The posterior branch of the femoral nerve gives off 
the saphenous nerve, which as the largest cutaneous branch 
continues distally with the femoral vessels in the subsartorial 
canal, pierces the fascia along the medial side of the knee to 
become subcutaneous, and supplies the skin on the antero-
medial aspect of the leg distally to the medial malleolus and 

arch of the foot. The muscular parts of the posterior branch 
supply the rectus femoris, the vastus lateralis, the vastus 
medialis, and the vastus intermedius.

The femoral nerve is often injured by penetrating wounds 
of the lower abdomen (the small intestine also may be injured 
at the same time). It also may be injured during an opera-
tion in this region. Because they are near each other, the iliac 
artery and femoral nerve may be injured together. Concern 
over the hemorrhage and the fact that active extension of the 
knee rarely is lost despite complete division of the femoral 
nerve cause injury to this nerve often to be overlooked, as is 
injury to the musculocutaneous nerve. Femoral neuropathies 
also may result from hematomas of the abdominal wall caused 
by hemophilia, anticoagulant therapy, or trauma. Branches of 
the femoral nerve may be contused or stretched in pelvic frac-
tures. During operations in which the patient is prone, care 
must be taken to avoid excessive compression of the nerve.

EXAMINATION
Atrophy of the anterior thigh muscles is obvious. The patient 
usually is able to extend the knee slightly against gravity and can 
stand and walk, especially on level surfaces, because the gas-
trocnemius, the tensor fasciae latae, the gracilis, and the gluteus 
maximus aid in stabilizing the limb. The patient usually finds it 
difficult to go up a hill or stairs. The autonomous zone of supply 
usually consists of a small area just superior and medial to the 
patella; the anterior aspect of the thigh and the area supplied by 
the saphenous nerve show, at most, only varying degrees of hyp-
esthesia. Electrical stimulation with needle electrodes inserted 
near the femoral nerve is valuable in assessing its function.

TREATMENT 

 

APPROACH TO THE FEMORAL NERVE
 TECHNIQUE 62.15

 n  Begin the incision 5 cm proximal to the anterior superior 
iliac spine, and direct it diagonally and distally to the point 
where the femoral nerve passes beneath the inguinal liga-
ment. This point usually is 2.5 to 3.0 cm lateral to the 
femoral artery, which usually is palpable.

 n  Direct the incision medially for about 2.5 cm to avoid 
crossing the skin flexion creases at a right angle; continue 
it distally onto the anterior aspect of the thigh.

 n  Proximal to the inguinal ligament, deepen the incision 
through the fascia and the aponeurosis of the external 
oblique muscle.

 n  Open the transversalis fascia, and retract the peritoneum 
medially to expose the iliac fascia.

 n  The femoral nerve can be palpated beneath this thick fas-
cia; split this fascia along the course of the nerve.

 n  The nerve can be exposed proximally to the point where 
it emerges from beneath the lateral edge of the psoas 
muscle and distally to the point where it passes beneath 
the inguinal ligament.

 n  If necessary, divide the inguinal ligament to expose the 
nerve as it enters the thigh and at once begins to divide 
into its motor and sensory branches.
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METHODS OF CLOSING GAPS
Gaps of 8 to 10 cm can be closed without too much diffi-
culty. The nerve is mobilized proximally to the point where 
it emerges from the lateral border of the psoas muscle and 
distally by freeing the branches of the nerve in the proximal 
thigh. The hip is flexed acutely, and the nerve is sutured. The 
inguinal ligament is reconstructed, and the wound is closed 
like any lower abdominal incision. A hip spica cast is applied, 
with the hip acutely flexed.

Postoperative care is as described for the sciatic nerve 
(see page 3314). 

RESULTS OF SUTURE OF THE FEMORAL NERVE
No statistically significant information is available regarding 
grafting for defects in the femoral nerve. 

SACRAL PLEXUS
The sacral plexus is formed by the anterior primary rami of 
L5, S1, S2, and S3 (Fig. 62.30). The anterior primary ramus 
of L4 contributes a large branch that joins with L5 to form 
the lumbosacral trunk. A segment of S4 joins a segment of 
S3 to form the pudendal nerve, which is considered by some 
to be a part of the sacral plexus, by others to be a separate 
or pudendal plexus, and by still others to be the superior 
part of the tiny coccygeal plexus. The anterior primary rami 
converge and split into anterior and posterior divisions. The 
trunk formed by the posterior divisions gives off the superior 
and inferior gluteal nerves and proceeds toward the sciatic 
notch as the common peroneal part of the sciatic nerve. The 
trunk formed by the anterior divisions becomes the tibial part 
of the sciatic nerve and proceeds toward the notch. Smaller 
branches that rarely are of concern surgically are given off 
within the pelvis to the quadratus femoris, obturator internus, 
superior gemellus, and piriformis. Smaller branches of S1, S2, 
and S3 unite to form the posterior femoral cutaneous nerve 
(posterior cutaneous nerve of the thigh). This is a relatively 
large nerve that leaves the sciatic notch medial to the sciatic 
trunk and lies just deep to the deep fascia as it courses dis-
tally in the middle of the thigh posteriorly, roughly overlying 
the sciatic trunk. It often is called the small sciatic nerve. It 
innervates the skin of the entire posterior aspect of the thigh 
and the popliteal fossa. The superior gluteal nerve leaves the 
sciatic notch proximal to the piriformis and supplies the glu-
teus medius and gluteus minimus, which function as abduc-
tors and internal rotators of the hip. The inferior gluteal nerve 
leaves the sciatic notch with the sciatic nerve and supplies the 
gluteus maximus, an important extensor of the hip. Paralysis 
of this muscle results in difficulty in rising from a squatting or 
sitting position and in ascending steps or a slope. The sacral 
plexus may be compressed by pelvic neoplasms or during 
labor and delivery, especially when forceps are used. Sacral 
fractures and sacroiliac dislocations also may be complicated 
by injuries of the sacral plexus.

The sciatic nerve is composed of fibers from L4, L5, S1, 
S2, and S3 (Fig. 62.31). It leaves the pelvis through the sciatic 
notch, and at this level the large trunk is easily separated into 
its common peroneal part laterally and its tibial part medi-
ally. Frequently, along the medial side of the trunk a smaller 
segment, the nerve to the hamstrings, is visible and can be 
dissected from it easily. Here the sciatic nerve is the largest 
one in the body, its transverse diameter being 2.0 to 2.5 cm. 

It supplies the muscles of the entire leg and foot and the pos-
terior part of the thigh and carries most of the sensory fibers 
from these same parts. It descends deep to the gluteus maxi-
mus to the level of the inferior gluteal fold, where it lies in the 
depression between the ischial tuberosity and the greater tro-
chanter. Distal to this level it follows a more superficial course 
to the distal third of the thigh, where it divides. While cours-
ing through the posterior thigh, its upper part supplies artic-
ular branches to the hip joint. The nerve to the hamstrings, 
visible along the medial aspect of the trunk, sends branches 
medially to supply the adductor magnus, the semimembrano-
sus, the semitendinosus, and the long head of the biceps fem-
oris. A branch leaves the common peroneal part of the trunk 
laterally to supply the short head of the biceps femoris. Just 
proximal to the popliteal fossa, the sciatic nerve divides into 
its two large divisions: the common peroneal nerve, which 
deviates laterally, and the larger tibial nerve, which continues 
distally in the midline of the limb.

SCIATIC NERVE
The sciatic nerve is analogous in its importance in the lower 
extremity to the brachial plexus in the upper. Usually, it is 
injured by a gunshot wound to the thigh or buttock. Less 
often it is injured by posterior dislocation and fracture-dislo-
cation of the hip, by intramuscular injection into the buttock, 
or during surgery around the hip joint. Sciatic nerve injury by 
wear debris from long-standing total hip replacements also 
has been described. When the nerve is injured in dislocations 
or fracture-dislocations of the hip, the peroneal half of the 
nerve is injured much more often than is the entire nerve. 
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FIGURE 62.31 Origin, course, and distribution of sciatic nerve.
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 FIGURE 62.32  Autonomous zone of sciatic nerve.

Compression caused by anatomic variations in the relation-
ship of the nerve to the gluteal and piriformis muscles and 
to the sciatic notch may cause sciatic pain. In the thigh, the 
nerve usually is injured by penetrating wounds and fractures 
of the femoral shaft. The semimembranosus and semitendi-
nosus rarely are paralyzed by complete division of the proxi-
mal one third of the sciatic nerve as the result of a gunshot 
wound and rarely by a dislocation of the hip.

EXAMINATION
Of the muscles innervated by the sciatic nerve that can be tested 
accurately, those supplied by the tibial component include the 
hamstrings, the gastrocsoleus, the posterior tibial, and the long 
flexors of the toes; muscles supplied by the peroneal component 
include the anterior tibial and the long extensors of the toes 
(deep peroneal nerve) and the peroneus longus and the pero-
neus brevis (superficial peroneal nerve). Testing of the intrin-
sic muscles of the foot except the extensor digitorum brevis is 
impractical. An extremity in which the sciatic nerve has been 
divided may develop an equinus deformity of the foot, clawing 
of the toes, and atrophy of the muscles innervated by the nerve, 
depending on the level of the injury. Profound weakness of 
flexion of the knee, inability to dorsiflex the foot or extend the 
toes, inability to plantar-flex and evert the foot, and inability to 
flex the toes may be seen. When the peroneal part is involved, 
the sensory loss is primarily over the lateral aspect of the leg 
and dorsum of the foot. When the tibial nerve is involved, the 
sensory deficit is primarily over the plantar aspect of the foot. 
Anesthesia on the plantar surface may result in chronic ulcer-
ation. Autonomic disturbances and chronic pain may follow an 
injury to the sciatic or tibial nerve. The sciatic nerve is difficult 
to stimulate in situ because it is so deeply located. Stimulation 
is significant only when it causes contraction or pain. EMG is 
helpful in evaluating this nerve.

The autonomous zone of the sciatic nerve (Fig. 62.32) 
includes the area over the metatarsal heads and over the heel, 
the lateral and posterior aspects of the sole of the foot, the 
dorsum of the foot as far medially as the second metatarsal, 
and a narrow strip up the lateral aspect of the leg. The autono-
mous zones of the branches of the sciatic nerve—the tibial 
(branching into the lateral and medial plantar), the common 
peroneal (branching into the superficial and deep peroneal), 
and the sural—are smaller and are described later. As in other 
nerves, the skin resistance test or iodine starch test is helpful.

In multiple wounds, percussing along the course of the 
nerve to the point where tingling is most pronounced is a 
fairly accurate method of locating an injury. Exact knowledge 
of the point of emergence of the various nerve branches is 
helpful; however, if one attempts to locate an injury by this 
knowledge alone, one is more likely to err than when using 

percussion because a branch may be injured after it emerges 
from the nerve.

If an injury to a branch of the nerve has been caused by 
external compression, as occurs with a poorly fitted cast or 
with an unusual posture from crossing the legs, the cause 
should be corrected. If compression has been of long dura-
tion, exploration and neurolysis may be warranted, but the 
prognosis in these instances is extremely guarded. If a com-
plete division of the sciatic nerve complicates a dislocation 
or fracture around the hip, exploration of the nerve assists in 
determining the extent of injury and whether repair is pos-
sible. If complete division of the nerve complicates a femo-
ral shaft fracture or fracture-dislocation around the knee, 
exploration also is justified early when no signs of recovery 
are apparent. If a sciatic nerve lesion is caused by a penetrat-
ing injury, especially if the wound is proximal in the buttock, 
early exploration and repair may be worthwhile so that the 
distal structures are denervated for the shortest possible time.

TREATMENT 

 

APPROACH TO THE SCIATIC NERVE

 TECHNIQUE 62.16

 n  The sciatic nerve can be exposed easily from its emer-
gence from the sciatic notch to the point of its division 
into the tibial and peroneal nerves in the popliteal fossa.

 n  For injuries near the sciatic notch, begin the incision at the 
posterior superior iliac spine and carry it diagonally distally 
and laterally in the direction of the fibers of the gluteus 
maximus to a point about 2.5 cm medial to the greater tro-
chanter (Fig. 62.33). Curve the incision medially, distal to the 
gluteal fold, as far as the midpoint of the fold, and finally 
distalward along the posterior aspect of the thigh to a point 
10 cm proximal to the skin creases of the popliteal fossa.

FIGURE 62.33 Skin incision for approach to proximal portion 
of sciatic nerve extends from posterior superior iliac spine to 
trochanter and is curved distally along posterior surface of thigh. 
SEE TECHNIQUE 62.16.
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 n  Deepen the proximal part of the incision through the glu-
teal fascia, and separate the fibers of the gluteus maximus 
muscle as far laterally as the greater trochanter.

 n  Incise the fascia of the thigh longitudinally to the gluteal 
fold and detach the insertion of the distal fibers of the glu-
teus maximus from the iliotibial band. The muscle with its 
nerve and blood supply can be reflected medially to expose 
the nerve as far proximally as the piriformis (Fig. 62.34).

 n  Sacrifice the piriformis to expose the nerve as it emerges 
from the sciatic notch.

 n  If better exposure of the nerve within the sciatic notch is 
necessary, remove with a rongeur a part of the sacrum.

 n  When the injury to the nerve is more distal to the sciatic 
notch, make the incision over the buttock likewise more 
distal.

 n  When the injury is in the thigh, begin the incision at the 
gluteal fold and continue it distally along the posterior 
aspect of the thigh, as just described, to a point 10 cm 
proximal to the knee.

 n  Open the fascia longitudinally in line with the skin incision.
 n  Protect the posterior femoral cutaneous nerve, which is 

just deep to the deep fascia. In the proximal thigh, identify 
the biceps femoris, retract it medially, and identify the 
sciatic nerve in the depths of the wound. Distally trace the 
nerve beneath the biceps to its point of bifurcation.

 n  For more exposure (Mayfield), curve the distal end of the 
incision to the lateral aspect of the knee when the pero-
neal nerve has been injured.

 n  Pass the incision distally along its course around the neck 
of the fibula. When the tibial nerve has been injured, pass 
the incision medially and then a few centimeters distally 
along the medial aspect of the leg. These incisions have 
two advantages. First, they do not cross the skin folds of 
the popliteal fossa; consequently, contractures and ulcer-
ating scars are less likely. Second, closing the wound is 
easier with the knee flexed.

 n  When the lesion is located in the middle third of the thigh, 
a posterolateral approach may be preferable.
   

METHODS OF CLOSING GAPS
Mobilizing the nerve extensively including its two divisions, 
flexing the knee, and hyperextending the hip allow closure of 
a gap of 15 cm. When the femur has been fractured and the 
sciatic nerve divided, it is very important, even in the pres-
ence of draining sinuses, to operate on the nerve before the 
femur has united because, aside from the effect of time on the 
nerve ends and muscles, the knee may stiffen and it may be 
impossible to flex it enough to close large defects. Resecting 
a part of the femur may be necessary to help close the gap. 
When a fracture is present, such a resection may be justi-
fied and can be done with ease. In the absence of a femoral 
fracture, however, the bone should not be shortened. Instead, 
autogenous interfascicular nerve grafting may be a reasonable 
alternative, especially in young patients.

After any neurorrhaphy of the sciatic nerve, the limb 
should be immobilized in a double spica cast extending from 
the nipple line to the toes on the affected side and to above the 
knee on the opposite. On the affected side, the knee is flexed 
and the hip is extended if necessary. The cast is windowed to 
allow removal of the sutures after about 10 days. At 6 weeks, 
the cast is removed and a long leg brace with an adjustable 
knee hinge is applied so that the knee can be extended gradu-
ally during the next 6 weeks. Physical therapy and exercises 
are used to restore function to joints and soft parts. After 
extension of the knee is complete, an appropriate brace is 
applied to compensate for paralysis of the leg. When autog-
enous grafting has been used in repair of the sciatic nerve, 
the application of a spica cast after surgery is necessary but 
maintaining the hip and knee in awkward positions usually is 
unnecessary; in addition, the cast can be removed when the 
sutures are removed and motion of the joints can be started. 
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FIGURE 62.34 Surgical anatomy of sciatic nerve and related structures in buttock. SEE TECHNIQUE 
62.16.
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RESULTS OF SUTURE OF THE SCIATIC NERVE
According to Sunderland, the results of suture of the sci-
atic nerve are poor, especially in distally innervated muscles 
because of the extensive retrograde neuronal degeneration, 
intraneural intermixing of regenerating fibers with loss of 
fiber localization, and degenerative changes in the distal mus-
cles that must remain denervated for a long time. Usually, 
significant recovery can be expected only in the proximally 
innervated muscles, especially the hamstring and calf mus-
cles. If sensation returns, it usually is only of a protective 
nature. Delaria et al. reported 22 sciatic lesions treated surgi-
cally: 13 required neurolysis only, whereas nine were treated 
with nerve grafts. Of the lesions treated by neurolysis, five 
were excellent (complete recovery of muscles), seven were 
good, and one was poor. Of the lesions treated by grafting, 
four were excellent, four were good, and one was poor. 

CRITICAL LIMIT OF DELAY OF SUTURE
Zachary found that useful motor and sensory recovery is to 
be anticipated if the sciatic nerve injured high in the thigh or 
in the buttock is sutured before 12 to 15 months. 

COMMON, SUPERFICIAL, AND DEEP 
PERONEAL NERVES
The common peroneal nerve, a division of the sciatic nerve, is 
composed of fibers from L4, L5, S1, and S2. It is injured more 
often than the tibial nerve even where it is part of the sciatic 
nerve and is injured by trauma around the knee including rup-
tures of the fibular collateral ligament, by fractures and disloca-
tions of the head of the fibula, by casts, and even by crossing the 
legs. Bony entrapment of the superficial peroneal nerve after 
fracture and entrapment by the margins of a deep fascial defect 
during exercise are other reported causes of injury. Release of 
compressing structures usually relieves the painful symptoms.

The common peroneal nerve is smaller than the tibial 
nerve after the two nerves separate near the proximal angle of 
the popliteal fossa. The former nerve deviates laterally in the 
popliteal fossa, arches around the posterior aspect of the fibular 
head, encircles the fibular neck, and divides into the superficial 
and deep peroneal nerves (Fig. 62.35). The common peroneal 
nerve itself is relatively short, having only two sensory branches 
and no motor branches. One sensory branch, the lateral sural 
cutaneous nerve, supplies the skin along the lateral aspect of 
the knee and the proximal third of the calf (see Fig. 62.8). The 
other sensory branch, the peroneal anastomotic branch, joins 
the tibial anastomotic branch to form the sural nerve, which 
supplies the skin over the posterolateral aspect of the calf and 
over the lateral malleolus, the lateral aspect of the foot, and the 
fourth and fifth toes. As already mentioned, at or just inferior 
to the fibular neck, the common peroneal nerve divides into its 
two branches, the superficial and deep peroneal nerves.

The superficial peroneal nerve continues distally in the leg 
between the peroneus longus and extensor digitorum longus 
muscles and the intermuscular septum. Along this route, it 
gives off two motor branches, one each to the peroneus longus 
and peroneus brevis. It divides into two cutaneous branches 
that pierce the deep fascia and course distally to supply the 
skin on the anterior and lateral aspects of the leg and the dor-
sum of the foot, with the exception of a small wedge-shaped 
area in the web between the great and second toes.

The deep peroneal nerve passes obliquely distally on the 
interosseous membrane beneath the extensor digitorum lon-
gus. Along this route, it gives off motor branches to the anterior 

tibial, the extensor digitorum longus, the extensor hallucis lon-
gus, the peroneus tertius, the extensor digitorum brevis, and 
the first dorsal interosseous. Its terminal branch divides into 
digital cutaneous nerves that supply the web between the great 
and second toe, the lateral aspect of the dorsum of the great toe, 
and the medial aspect of the dorsum of the second toe.

EXAMINATION
The muscles supplied by the common peroneal nerve that can 
be tested accurately have been listed previously (see Sciatic 
Nerve). Typically, injury of the peroneal nerve results in foot-
drop, which cannot be overcome or disguised by any supple-
mentary or trick movement. The nerve may be stimulated 
easily in situ at the head of the fibula. The presence and extent 
of the autonomous zone of this nerve vary, but this zone may 
have value when present (Fig. 62.36).

TREATMENT 

 

APPROACH TO THE COMMON, 
SUPERFICIAL, AND DEEP  
PERONEAL NERVES

 TECHNIQUE 62.17

 n  The exposure of the peroneal nerve in the distal thigh and 
popliteal fossa has been described previously (see Tech-
nique 62.16).

 n  If the nerve is injured at the head of the fibula or distal to 
it, begin the incision at any point proximal to the injury as 
required; at the head of the fibula, curve it anteriorly over 
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FIGURE 62.35 Common, superficial, and deep peroneal nerves.
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the neck of the fibula and distally along the anterolateral 
aspect of the leg.

 n  Deepen it proximally through the fascia and identify the 
nerve on the medial side of the biceps tendon.

 n  Trace the nerve distally as it curves around the neck of the 
fibula between the origin of the peroneus longus and the 
bone; just distal to this point, it divides into the deep and 
superficial peroneal nerves. The superficial nerve contin-
ues distally in the leg between the peroneus longus and 
the extensor digitorum longus in the intermuscular sep-
tum. The deep nerve passes distally beneath the extensor 
digitorum longus, whose origin must be freed to expose 
completely this part of the nerve, from which numerous 
muscular branches arise; the nerve can be traced distally 
beneath the anterior tibial just lateral to the anterior tibial 
artery.
   

METHODS OF CLOSING GAPS
Autogenous interfascicular nerve grafting is the preferred 
technique for bridging gaps in the peroneal nerve, although 
mobilizing the nerve extensively and flexing the knee allows 
closure of a gap of 10 to 12 cm in the popliteal fossa. Distal to 
the neck of the fibula, length is hard to get. Even here, mobi-
lizing the nerve in the thigh and the leg, stripping up branches 
in the leg, and flexing the knee allow closure of a considerable 
gap in either division of the common peroneal nerve. Wood 
noted that the ipsilateral sural nerve should be harvested for 
grafting only if sensory function is damaged and the sural 
nerve graft should be taken from the opposite leg if sensory 
function ipsilaterally is saved.

Although large gaps can be closed, lines of suture in the 
peroneal nerve are much more likely to separate than are 
those in other peripheral nerves, even when it is still a part of 
the sciatic nerve, presumably because it is especially vulner-
able to stress between two bony points—the fibula and pel-
vis—between which no other soft-tissue structures effectively 
protect the nerve from tension. In most patients, immobiliza-
tion in a hip spica cast for 6 weeks after surgery and gradual 

extension of the knee during the next 6 weeks prevent such 
catastrophes. A long leg cast is not enough; the line of suture 
often separates unless a spica cast is used.

Postoperative care is as described for the sciatic nerve. 
If autogenous nerve grafting has been used, awkward posi-
tioning and prolonged use of casts and braces may not be 
required. 

RESULTS OF SUTURE OF THE PERONEAL NERVE
Motor recovery is far more important than sensory recovery 
because the autonomous zone on the dorsum of the foot is so 
small. Motor recovery is useful only if it enables the patient 
to dorsiflex the foot against gravity. Under the most favor-
able circumstances, that is, after a low lesion with a small gap 
between the nerve ends and with early suture, 60% to 70% of 
patients reach this level of motor recovery. The percentage of 
success decreases as circumstances become less favorable but 
does not reach the point that suture is not worthwhile unless 
surgery is delayed too long. A second operation to resuture 
the nerve after initial failure to obtain motor recovery rarely 
is indicated. In a 2014 evidence-based structured review to 
assess the results of common peroneal nerve repair, George 
and Boyce concluded that common peroneal nerve repair was 
worthwhile in approximately half of all cases. They suggested 
that the results of common peroneal nerve repair will be sub-
optimal if surgery is performed more than 12 months after 
injury or if a graft of more than 12 cm is required. 

CRITICAL LIMIT OF DELAY OF SUTURE
As mentioned earlier, useful motor function in the peroneal 
nerve is not to be expected when suture has been delayed 12 
months after injury. 

TENDON TRANSFER FOR PERONEAL NERVE 
PARALYSIS
Tendon transfer for peroneal nerve paralysis is discussed in 
Chapter 34. 

TIBIAL NERVE
The tibial nerve, composed of fibers from L4, L5, S1, S2, and 
S3, is the larger and more important of the two divisions of 
the sciatic nerve. It begins in the distal third of the thigh just 
proximal to the popliteal fossa as the common peroneal nerve 
leaves the sciatic nerve to course laterally. It continues dis-
tally through the middle of the popliteal fossa and supplies 
branches to the plantaris, the soleus, the popliteus, and both 
heads of the gastrocnemius before passing beneath the arch 
of the soleus (Fig. 62.37). Also given off within the popliteal 
fossa is the tibial anastomotic branch, which joins the pero-
neal anastomotic branch to form the sural nerve already 
described. Deep to the soleus, the tibial nerve courses straight 
distally on the posterior tibial. It supplies motor branches to 
the posterior tibial, flexor hallucis longus, and flexor digito-
rum longus. In the distal calf, it gives off medial calcaneal 
branches to supply the skin on the medial aspect of the heel. 
The nerve passes beneath the laciniate ligament posterior and 
inferior to the medial malleolus and divides into the medial 
and lateral plantar nerves, which innervate the intrinsic mus-
cles and the skin of the plantar surface of the foot much the 
same as the median and ulnar nerves innervate the hand. 
Injuries to the tibial nerve are severely disabling because of 
the large sensory deficit on the plantar surface of the foot. 

FIGURE 62.36  Autonomous zone of peroneal nerve.
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Many such injuries are also associated with causalgia. The 
effect of a complete tibial nerve lesion on the function of the 
foot is comparable in importance to that of combined median 
and ulnar nerve lesions on function of the hand.

In the popliteal fossa, the tibial nerve, although protected 
by a muscular covering, may be injured in dislocations of the 
knee. In these instances, vascular injuries also may be pres-
ent and careful evaluation is necessary. Deep to the soleus 
muscle, the tibial nerve most often is injured by penetrating 
wounds. Suture of the nerve distal to the muscular branches 
may result in disabling plantar hyperesthesia. It is worth-
while, however, to attempt such repair, especially in children 
and young adults, to prevent or minimize trophic ulceration 
on the plantar surface of the foot. Although division of the 
sural nerve may result in a troublesome neuroma, it rarely 
causes a severe clinical problem. Compression of this nerve at 
the lateral aspect of the ankle has been described, resulting in 
pain, paresthesias, dysesthesias, and hypesthesias. Relief was 
achieved by excision of a ganglion or release of a posttrau-
matic scar. On the medial side of the ankle, the tibial nerve 
may be compressed in the tarsal tunnel between the lacini-
ate ligament and the medial surface of the talus distal to the 
medial malleolus.

Tarsal tunnel syndrome is described in Chapter 87.

EXAMINATION
The muscles supplied by this nerve that can be accurately 
examined were described in the discussion of the sciatic nerve. 
The autonomous zone of the tibial nerve (including the medial 
sural cutaneous branch) varies but generally includes the sole 
of the foot (except the medial border of the instep), the lateral 
surface of the heel, and the plantar surface of the toes. Because 
the nerve is deep in the popliteal fossa, stimulating the nerve 
in this area is not always dependable and, consequently, EMG 
is indicated. The posterior tibial, flexor digitorum longus, and 
flexor hallucis longus are supplied by branches of the tibial 
nerve after the nerve passes deep to the arch of the soleus 
muscle. The flexor digitorum longus and flexor hallucis lon-
gus can be difficult to test, but the tendon of the flexor hallucis 
longus can be palpated posterior to the medial malleolus as it 

passes to cross the medial aspect of the plantar arch. Atrophy 
of the intrinsic muscles of the foot may allow palpation of 
the flexor digitorum longus tendons; otherwise, this muscle 
may not be palpable for testing. The autonomous zone of the 
tibial nerve as it passes deep to the soleus muscle is smaller 
than that of the nerve as it passes through the popliteal fossa 
because the sural nerve is excluded. Although EMG may be 
necessary for evaluating injury to the tibial nerve beneath the 
soleus, the nerve may be stimulated with relative ease at the 
posterior aspect of the medial malleolus. 

TREATMENT
APPROACH TO THE TIBIAL NERVE IN THE 

POPLITEAL FOSSA
The tibial nerve can be exposed in the popliteal fossa by the 
incision and the approach described for the sciatic nerve. As 
usual, crossing the skin folds in the popliteal fossa should be 
avoided, and if necessary the skin incision can be extended 
along the medial side of the hamstring tendons and distally 
on the leg just posterior to the medial border of the tibia (Fig. 
62.38). Methods of closing gaps in this part of the nerve, 
immobilization, and care after surgery are the same as those 
described for the sciatic nerve. 

 

APPROACH TO THE TIBIAL NERVE 
DEEP TO THE SOLEUS MUSCLE

 TECHNIQUE 62.18

 n  Explore the tibial nerve deep to the soleus muscle or in 
the distal third of the leg through a longitudinal incision 
beginning posterior to the subcutaneous part of the tibia 
on the medial side of the leg and continuing parallel to 
the tibia distally to the ankle.

 n  Deepen the incision through the superficial fascia, and 
identify and retract laterally the Achilles tendon.
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FIGURE 62.37 Anatomy of tibial nerve in popliteal space and 
proximal third of leg (see text for discussion of exposure).

A B

FIGURE 62.38 A, Mayfield incision for exposure of nerves in 
popliteal space. B, Ulceration and contracture are likely from inci-
sions across skin folds.
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 n  Expose the deep fascia through which the nerve and ar-
tery can be easily palpated.

 n  Open this fascia longitudinally, and identify the nerve lat-
eral to the artery. Distally this part of the nerve can be 
easily mobilized to the ankle, but proximally it is quite 
deep beneath the soleus muscle on the posterior tibial 
between the flexor hallucis longus laterally and the flexor 
digitorum longus medially.

 n  Proximal to the middle of the leg, the origin of the soleus 
from the tibia interferes with exposure and must be sec-
tioned and reflected laterally to expose the tibial nerve 
as it comes under the arch of the soleus. Exposing and 
mobilizing the nerve require great care because of the 
many vessels with which it is intimately associated.

 n  Troublesome bleeding from these vessels can be mini-
mized by using a pneumatic tourniquet and by wide ex-
posure of the nerve in the distal two thirds of the leg.
   

METHODS OF CLOSING GAPS
Autogenous interfascicular grafting may prove to be a sat-
isfactory alternative to awkward and sometimes disabling 
positioning when gaps are to be closed in the tibial nerve. 
Although the lesion itself can be fully exposed, a significant 
gap rarely can be closed by mobilizing this part of the nerve 
alone. Plantarflexing the foot to obtain length may lead to 
disabling equinus contracture of the ankle and is not recom-
mended. Exposing and mobilizing the proximal part of the 
tibial nerve in the popliteal fossa or even farther proximally 
as already described are almost always necessary. By connect-
ing the two incisions, the nerve can be exposed and mobilized 
from the thigh to the ankle. In addition, all muscular branches 
must be stripped back intraneurally for several centimeters by 
careful dissection. Flexing the knee to 90 degrees allows clo-
sure of a gap of 10 to 12 cm. Occasionally, more length can 
be obtained by transposing the nerve between the soleus and 
the gastrocnemius or superficial to both of these muscles. This 
is especially applicable when the distal muscular branches to 
the flexor hallucis and flexor digitorum longus have been 
destroyed, although it can be done with these branches intact 
if they are dissected proximally to the popliteal fossa. After one 
is certain that the defect can be closed, but before the nerve is 
sutured, especially if tension on the line of suture is likely, the 
incision in the popliteal fossa should be closed because clos-
ing the fascia may reduce slightly the length regained.

If the nerve has been transposed between the soleus 
and the gastrocnemius or superficial to both, the soleus also 
should be sutured to its origin before the nerve is sutured. If 
transposition has been unnecessary, the soleus is sutured after 
neurorrhaphy.

Postoperative care is as described for the sciatic nerve. 

RESULTS OF SUTURE OF THE TIBIAL NERVE
Motor and sensory return is crucial. Even a slight return of 
pain sensation is valuable because an anesthetic foot tends to 
develop trophic lesions.
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MICROSURGERY
Mark T. Jobe

CHAPTER 63

Microsurgery techniques are being applied to an expand-
ing range of orthopaedic problems. Now the term super-
microsurgery, coined by Koshima et al., is used to apply to 
the anastomosis of submillimeter vessels that is necessary 
in distal replants and perforator flaps. The discussion pre-
sented in this chapter includes microsurgical procedures 
appropriate for surgery of the hand, including the repair 
of small vessels and nerves; the transfer of composite tis-
sue grafts using microvascular techniques in the upper and 
lower extremities; and our approach to the replantation of 
amputated parts.

Microsurgery includes surgical procedures for struc-
tures so small that magnification by an operating micro-
scope is required for their performance. Although many 
procedures can be performed using magnifying loupes of 5×, 

magnification of 16× to 40× is provided by the microscope 
and is essential when working with structures less than 2 mm 
in diameter. For dissection and exposure of the small nerves 
and vessels, magnification of 6× and 10× is used most often, 
and for microsurgical repair of vessels and nerves, magnifica-
tion of 16× and 25× is used. For surgical procedures requir-
ing an assistant who also must see the microsurgical field, a 
double binocular microscope (diploscope) is essential. A trip-
loscope also is available for use with a second assistant or an 
observer. Additional ports are available for television, movies, 
and photography. Electrical foot controls help to adjust focus 
and magnification.

Regardless of their proficiency with the techniques of 
hand surgery, surgeons should not expect to master micro-
surgery immediately. The acquisition of microsurgical 
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techniques requires many hours of practice in the animal 
laboratory before sufficient skill is mastered to apply the tech-
niques to a patient. Approximately 6 to 8 hours of daily prac-
tice in the laboratory for 2 to 3 weeks are required. Thereafter, 
regular clinical or laboratory practice is essential to maintain 
proficiency. Some surgeons require longer training, and some 
are unable to master the technique even after long hours of 
practice. Because many hours are frequently required for 
microsurgical procedures, the efficiency of the surgeon and 
the team is of prime consideration in keeping operating time 
to a minimum.

Factors that fatigue and lower the efficiency of the surgeon 
must be eliminated. Bracing the elbows on a stable platform, 
maintaining a posture that is comfortable, and minimizing 
tremor by obtaining adequate rest and by avoiding caffeine 
just before surgery all are helpful. Extraneous movements are 
amplified when viewed through the microscope and should 
be avoided. Surgeons must discipline themselves to maintain 
constant visual contact with the operating field through the 
microscope and depend on a practiced awareness of the loca-
tion of their unseen hands and their relationship to the field 
and the microscope.

A simplified approach to instrumentation is preferred. 
Two or three straight and curved jeweler’s forceps and micro-
scissors are sufficient basic instruments for most microsurgi-
cal procedures (Fig. 63.1). Modified jeweler’s forceps also are 
used as bipolar coagulation forceps for precise coagulation of 
small vessels.

Microvascular clamps of several designs are available. 
Clamps with a closing pressure of less than 30 g/mm2 are 
preferable for small vessels. This pressure generally allows 
control of bleeding without damaging the vascular intima. 
Microirrigating cannulas and dilating probes are additional 
useful instruments.

Fine suture material is available with diameters of 18 to 35 
μm swagged onto atraumatic needles with diameters of 50 to 
139 μm. Nylon sutures designated as 9-0, 10-0, 11-0, and 12-0 
are commercially available.

Detailed discussions of microsurgical history, micro-
scopes, microsurgical instruments, needles, sutures, training 
methods, and techniques are found in many of the references 
at the end of this chapter.

MICROVASCULAR TECHNIQUES

 

MICROVASCULAR ANASTOMOSIS 
(END-TO-END)

 TECHNIQUE 63.1 

 n  Expose the selected vessel by careful dissection under 
magnification, using the operating microscope for dis-
section of vessels less than 2 mm in diameter.

 n  Using jeweler’s forceps and microscissors, carefully re-
move the loose connective tissue surrounding the vessel.

 n  Mobilize each end of the vessel proximally and distally to 
obtain adequate length for anastomosis.

 n  Cauterize tethering side branches with bipolar elec-
trocautery and continue mobilization until the vessel 
ends can be easily approximated with minimal or no 
tension.

 n  Place a contrasting colored rubber or plastic sheet behind 
the vessel to help make it easier to see.

 n  Frequently irrigate the operative field with heparinized 
lactated Ringer solution.

 n  Remove sufficient adventitia from the vessel ends to 
expose all layers of the vessel wall. Adventitia can be 
removed by careful circumferential trimming or by ap-
plying traction to the adventitia and transecting it in a 
manner similar to circumcision (Fig. 63.2A and B). Mag-
nification of 6× to 10× usually is sufficient for this dis-
section.

 n  After the adventitia has been trimmed, continue to ir-
rigate the field intermittently with heparinized lactated 
Ringer solution.

 n  Inspect the vascular intima using magnification of 25× 
and 40× and resect the vessel wall until the cut ends ap-
pear normal. Appose the vessel ends with a clamp ap-
proximator.

 n  Use interrupted sutures to prevent vascular constriction 
and place each suture through the full thickness of the 
vessel wall (Fig. 63.2C to F). Chen et al. showed in a 
rabbit model that a continuous suture technique signifi-
cantly reduced anastomosis time and obtained similar 
patency rates as an interrupted suture technique in ar-
teries larger than 0.7 mm and veins larger than 1 mm; 
however, we have not incorporated this technique into 
our practice.

 n  Place the first two sutures approximately 120 degrees 
apart on the vessel’s circumference. Leave the ends of 
these sutures long for use as traction sutures.

 n  Rotate the clamp approximators to expose the posterior 
vessel wall and place a stitch 120 degrees from the initial 
two stitches.

 n  Place additional stitches in the remaining spaces to com-
plete the anastomosis (Fig. 63.2G and H). Arteries 1 mm 
in diameter usually require 5 to 8 stitches, and veins usu-
ally require 7 to 10 stitches.

 n  Vessels can be dilated gently by inserting the tips of jew-
eler’s forceps or specially designed dilators. The walls of 
the vessels can be grasped gently, but avoid rough ma-

 FIGURE 63.1 Instruments for microsurgery including vessel 
and nerve repair: small ophthalmic irrigator, vascular clamp, 
microneedle holder, jeweler’s forceps, and microscissors.
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nipulation of the intima. To overcome vascular spasm, 
apply topical lidocaine or papaverine.

 n  After the completion of the vascular anastomosis, remove 
the clamp downstream from the anastomosis first, then 
remove the clamp that is upstream.

 n  Minimal bleeding between stitches is of no concern, but 
excessive bleeding should be rapidly controlled by reap-
plication of clamps or inflation of a pneumatic tourniquet. 
Place additional stitches in the areas of leakage, remove 
the clamps again, and deflate the tourniquet.

 n  After bleeding from the suture line has stopped, assess 
the patency of the anastomosis by occluding a segment of 
vessel with forceps distal to the anastomosis. Gently strip 
blood from the segment from proximal to distal. Release 
the proximal clamp. Rapid filling of the emptied segment 
indicates a patent anastomosis.

 n  The suture line should be even, and there should be no 
anastomotic stenosis, dilation proximally, or stenosis dis-
tally. Small platelet clots around the anastomosis are to 
be expected, but avoid occlusion of the anastomosis by 
irrigating with heparinized solution or by gentle milking 
of the vessel.

 n  After the anastomosis, close the soft tissue over the ves-
sels as soon as possible to avoid drying of the vessel wall.
   

 

MICROVASCULAR END-TO-SIDE 
ANASTOMOSIS

 TECHNIQUE 63.2 

 n  After dissecting and mobilizing the vessels as described 
in Technique 63.1, carefully excise a small longitudinal 
elliptical portion of the recipient vessel wall using micro-
scissors (Fig. 63.3).

 n  Cut the end of the vessel that is to be attached to the 
recipient vessel at an angle of about 45 degrees.

 n  Begin the anastomosis by placing sutures at the proximal 
and distal ends of the ellipse. Leave the suture ends long 
for traction and complete the anastomosis by placing 
sutures evenly along the opening between the traction 
sutures.

 n  Release the occluding clamps or release the tourniquet 
and assess the patency and flow.
   

 

BA C D

E G HF
FIGURE 63.2 Microvascular anastomosis, basic steps. A, Adventitial excision. Traction is applied 

to adventitia, and it is excised sufficiently to avoid intrusion into vascular lumen. B, Appearance of 
vessel end after adventitial excision. C, Placement of initial suture. Forceps can be used as counter-
pressor agents without internal damage. D, Needle is passed through full thickness of vessel wall 
some distance from cut edge that is slightly greater than thickness of vessel wall. E, Passage of 
needle through opposite end of vessel is accomplished at similar distance from cut edge. F, Forceps, 
used as counterpressor agents, assist in passage of needle through opposite end of vessel. G and H, 
After completion of initial sutures, vessel is stabilized, allowing completion of even anastomosis. 
SEE TECHNIQUE 63.1.
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MICROVASCULAR VEIN GRAFTING

 TECHNIQUE 63.3 

 n  When end-to-end vessel anastomosis cannot be performed 
without tension, bone shortening and vein grafting may be 
necessary (Fig. 63.4). Many sizes of veins are available on 
the dorsum of the hand, on the dorsal and volar aspects 
of the forearm, and on the dorsum of the foot, so the vein 
graft can roughly approximate the diameter of the recipient 
vessel. This helps avoid thrombosis as a result of turbulence.

 n  When vein grafts are harvested, cauterize small side 
branches with bipolar forceps well away from the main 
vein wall.

 n  After the grafts have been removed, reverse them end to 
end for use as interposition grafts for arterial reconstruc-
tion; reversal is unnecessary when they are used for ve-
nous reconstruction. Reversal avoids obstruction of blood 
flow by the valves in these small veins.

 n  The technique for suture anastomosis of a vein graft is 
similar to that described for end-to-end repair.

 n  Gently perfuse the vein graft with heparinized Ringer so-
lution and perform the proximal anastomosis.

 n  Release the occluding vascular clamps to confirm the flow 
through the graft.

 

BA

C D

FIGURE 63.3 Microvascular end-to-side anastomosis. A, With microvascular scissors, small 
ellipse of vessel wall is excised between microvascular clips (upper left). Suitable fit of recipient 
vessel is achieved with oblique cut to match elliptical defect in vessel wall (upper right). Vessel also 
can be trimmed transversely to provide 90-degree anastomosis. B, Suture line begins with sutures 
placed at each end of openings. Suture ends are left long temporarily for traction. C, Suture line 
continues, placing interrupted stitches around anastomosis. D, Completed end-to-side microvascular 
anastomosis. SEE TECHNIQUE 63.2.

 

B

A

C
FIGURE 63.4 Microvascular vein graft. A, Vessel ends excised, 

leaving gap. Arrows show direction of flow in vessel. B, Vein graft 
harvested and reversed to allow flow through valves. Microvascular 
clips help stabilize and control vessels and graft. C, Microvascular 
clips in place; anastomoses have been completed. Valves in vein 
graft allow for proper direction of blood flow. SEE TECHNIQUE 63.3.
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 n  Reapply the clamps and perform the distal anastomosis.
 n  Release the clamps again to show flow across both anas-

tomoses.
 n  Accommodate discrepancies in diameter by cutting the 

vessel ends obliquely or in a fish-mouth configuration.
 n  As an alternative, the spatulated technique can also be 

used. Create a longitudinal incision in the smaller vessel, 
place the first suture in the apex of the slit, and complete 
the anastomosis (Fig. 63.5).
   

REPLANTATION
Since the first pioneering efforts in 1962, digits, hands, feet, 
and limbs have been successfully replanted by surgeons 
around the world, including Kleinert, Bunke, Urbaniak, 
Meyer, and Millesi. Atroshi and Rosberg reviewed epidemi-
ologic data from different countries and found that 85% to 
95% of replantations occur in young men with a mean age 
of 25 to 30 years. In the studies that included children, 3% to 
10% of patients were younger than 10 years of age. The main 
mechanisms of injury reported in the series of replantations 
were guillotine (14% to 53%), crush (11% to 62%), and avul-
sion (16% to 29%). The overall rate of attempted replantation 
has had a downward trend despite the 2013 mandate by the 
American College of Surgeons to make microvascular service 
available at all times at Level 1 trauma centers in the United 
States. The expectation was to increase the rate of digit replan-
tation by concentrating the case volume. A cohort study using 
the National Inpatient Sample of the Healthcare Cost and 
Utilization Project found 9407 patients who were treated for 
upper extremity amputation, 1361 of whom had replantation. 
The mean age of patients who had replantation was 36 years 
(range, 0 to 86 years), and the mean age of patients who did 
not have replantation was 44 years (range, 0 to 104 years). 
Hospital charges and length of stay were significantly higher 
for patients with replantations. Patients treated at teaching 
facilities were more likely to have replantation (19%, 1088 of 
5795 patients) than those at a nonteaching facility (7%, 252 of 
3386 patients). Large hospitals and urban hospitals were more 
likely to perform replantation. Payer status affected replanta-
tion rates, with fewer replants being performed in self-pay, 
Medicare, and Medicaid patients compared with other payer 
status.

RESULTS
Overall survival rates reported by U.S. and foreign surgeons 
vary from slightly better than 50% to 92% for replanted and 
revascularized parts. The success rate of digital replantations 
at two U.S. academic Level 1 trauma centers recently was 
reported as 57% (69 of 135 digits).

Major limb replantations have a reported survival rate 
of nearly 40% to 80% and better. Results of replantation of 
above-elbow amputations are mixed compared with those 
of below-elbow replantations. There is some variation in 
reported results, with limb survival ranging from 61% to 
88% in above-elbow replantations and 36% to 90% for below-
elbow replantations.

Success of digital and limb replantations cannot be 
measured by survival alone. In the final analysis, success is 
measured better by the extent of return of useful function. 
Although it is of some value to compare the replanted part 
with the normal uninjured part, it is more meaningful to 
compare the replanted part with amputation or prosthetic 
function at the level in question. Insofar as function was 
concerned in one study, good or excellent outcomes were 
achieved in 36% to 50% of replanted limbs compared with 
prosthetic limbs in which no good results were obtained. 
Others have suggested that similar functional results between 
the two can be expected. Most authors use different grading 
systems based on factors such as ability to return to work, 
return of muscle function, range of motion, sensibility, ability 
to perform activities of daily living, and patient satisfaction. 
Chen et al. developed criteria for the evaluation of function 
that are ideal for assessing multisystem injury and are gen-
eral enough to allow comparison of results within complex 
injury groups (Table 63.1). Several studies have reported suc-
cessful return of function after replantation in 62% to 78% of 
patients. Jones, Schenck, and Chesney used a scoring system 
to evaluate patients who had undergone replantation com-
pared with a group of patients who had amputations at simi-
lar levels. In their small group of patients, they found grip 
strength to be better in patients who had replanted thumbs 
or replanted multiple digits than in patients with amputa-
tions. Grip strength in patients with single-digit replanta-
tion was not significantly different, however, from patients 
with amputations. Patients with replanted multiple digits 
had a small functional advantage over patients with amputa-
tions. Their study also reinforced the concept that amputated 
thumbs should be replanted if possible, although the type of 

 

A B C
FIGURE 63.5 Ridha, Morritt, and Wood spatulated end-to-end microvascular anastomosis. A, 

Longitudinal incision in smaller diameter vessel to increase luminal circumference to match that 
of opposing vessel. B, First suture being placed at apex of incision on smaller vessel. C, Completed 
anastomosis.
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amputation is a significant factor in the survival of replanted 
digits. Only 12% of replanted digits survived in crushing or 
avulsion amputations in one study, and the survival rate was 
significantly better if the injury occurred proximal to the 
metacarpophalangeal joint. In minimally damaged amputa-
tions, only the time between injury and surgery was signifi-
cantly related to survival. Most patients who have had parts 
replanted are satisfied with the reattached part and would 
undergo replantation again; however, some were dissatisfied 
because of emotional stress, financial loss, and number of 
subsequent surgeries required.

Although most workers are able to return to some form 
of work, our experience suggests that the more proximal the 
injury, the less likely it is that the patient will be able to return 
to former employment in a reasonable time.

Cold intolerance is experienced by almost all replanta-
tion patients; however, it usually is not incapacitating. It may 
take 2 years or more to improve if at all, and patients may 
perceive moderate improvements because of change in hab-
its. Most patients regain protective sensibility, but two-point 
discrimination, especially in more proximal injuries, is rarely 
less than 10 mm. Fine tactile discrimination rarely returns. 
Most patients have some residual limitation of movement, 
especially if a joint has been injured and if the flexor tendon 
injury in the hand lies between the metacarpophalangeal and 
proximal interphalangeal joints.

Functional results after major limb replantations vary 
with the age of the patient, the level of the injury, and the 
mechanism of injury. Generally, the more distal the injury, 
the sharper the injuring mechanism, and the younger the 
patient, the better the outlook (96% excellent results in chil-
dren). This seems to be largely the result of the dependence on 
nerve regeneration for return of sensibility and motor func-
tion. The results of replantations are poorer if the amputa-
tion is above the elbow, if the elbow joint is involved, or if the 
injury is through the muscular portion of the proximal fore-
arm. Transmetacarpal amputations carry a poor prognosis 
for replantation because of injury to the intrinsics. Functional 
outcomes at a mean of 4 years (range, 1 to 7 years) after 
replantations of radiocarpal amputations in six patients were 
reported by Patel et al. Total active motion of the hand was 

38% (range, 26% to 59%) and grip strength was 9% (range, 
0% to 18%) as compared with the contralateral extremity. Tip 
and key pinch were not achieved. Mean two-point discrimi-
nation was 10.6 mm (range, 8 to 12 mm). All outcome scores, 
including the Disabilities of Arm, Shoulder, and Hand score, 
showed moderate disability (mean, 76; range, 45 to 82).

Despite the guarded outlook regarding more proximal 
amputations, some patients achieve useful function that is 
significantly better than that obtained with a prosthesis. 

REPLANTATION TEAM
Replantation of amputated upper extremity parts should be 
done by surgeons who are trained in surgery of the hand 
and upper extremity. In addition, digital replantation requir-
ing the use of the operating microscope should be done by 
surgeons who have exhibited the ability to perform reliable 
microvascular anastomoses with a predictable patency rate of 
90% or better.

Although replantation can be done by one surgeon with 
highly trained and motivated assistants, it is more desirable 
to use rotating teams of surgeons. During the microvascular 
portions of the procedure, at least one of the scrubbed sur-
geons should be proficient at microvascular and microneural 
repairs. The replantation surgeons should be available on a 
rotating basis 24 hours a day except in unavoidable circum-
stances. Assistants who are familiar with the sequence of 
events, instruments, and other equipment required for replan-
tation procedures should be available. Finally, it is important 
that the hospital be able to support such an undertaking with 
surgical suites and an intensive care unit available around the 
clock and with nursing and anesthesia personnel to provide 
the essential care before, during, and after the procedure. 

GENERAL CONSIDERATIONS
The function anticipated after replantation must be better 
than that with a prosthesis or an amputation, and the differ-
ence must be worth the risk, time, and expense. The potential 
for the replanted part to regain useful motion and sensibility 
must be assessed carefully before committing the patient to a 
long and difficult course of rehabilitation. The following fac-
tors generally are evaluated for replantation of an amputated 
part:
 n  Age of patient
 n  Severity of injury
 n  Level of amputation
 n  Part amputated
 n  Interval between amputation and time of replantation 

(especially warm ischemia time)
 n  Multiple or bilateral amputations
 n  Segmental injuries to the amputated part
 n  Patient’s general condition, including other major injuries 

or diseases
 n  Rehabilitation potential of patient (occupation and 

intelligence)
 n  Economic factors
These considerations are expanded on in the discussions of 
indications and contraindications that follow. 

INDICATIONS AND CONTRAINDICATIONS
Because the final decision regarding replantation rests with 
the patient and the surgeon, there are no absolute indica-
tions for replantation of an amputated part. The following 

 TABLE 63.1

Chen Criteria for Evaluation of Function after Extremity 
Replantation

GRADE FUNCTION
I Able to resume original work; ROM > 60% of 

normal; complete or nearly complete recovery 
of sensibility; muscle power grade 4–5

II Able to resume some suitable work; ROM > 40% 
of normal; nearly complete sensibility; muscle 
power grade 3–4

III Able to carry out activities of daily living; ROM 
>30% of normal; partial recovery of sensibility; 
muscle power grade 3

IV Almost no usable function of survived limb

ROM, Range of motion.
From Chen CW, Qian YQ, Yu ZJ: Extremity replantation, World J Surg 2:513, 
1978.
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discussion reflects our present practice combined with the 
published recommendations of the previously noted authors. 
The factors discussed should be taken as relative guides based 
on current knowledge and experience.

AGE
Replantations have been reported in patients a few weeks 
old and in patients older than 70 years. The young patient 
poses particular problems, especially regarding digital 
replantations, because of the increased technical difficulty 
in microvascular anastomoses of their smaller digital ves-
sels. Postoperative anxiety may contribute to vasospasm, 
and rehabilitation of children may be less predictable than 
rehabilitation of adults. Nevertheless, satisfactory func-
tional results have been reported, and most authors consider 
replantation over amputation of almost any part, including 
lower extremity parts, in children. The success rate of distal 
fingertip replantations in children has been reported to be 
higher than in adults and may be undertaken by a skilled 
replant surgeon. Vessel size in children may be 0.5 mm, 
making it difficult to place a clamp on the distal segment, 
and either a volar venous anastomosis or controlled bleed-
ing is necessary for venous outflow.

The upper age limit beyond which replantation should 
not be considered has not been clearly established. Poor 
nerve regeneration and joint stiffness limit the functional 
outcome. Replantation above the elbow, through the elbow, 
or through the proximal forearm results in little promise for 
hand function in the elderly; however, the elbow may be pre-
served in anticipation of a subsequent below-elbow amputa-
tion to allow more satisfactory prosthetic fitting. Because the 
potential for return of sensibility and motion is better after 
replantation at and beyond the tendinous portion of the fore-
arm, older patients may be considered as serious replanta-
tion candidates if their injuries are more distal. Data from 
the Nationwide Inpatient Sample over a 10-year period from 
1998 to 2007 revealed no difference in perioperative compli-
cations or mortality between patients younger than 65 years 
of age and those older than 65 years of age after replantation 
of fingers or thumbs. Age is not an absolute contraindication 
to very distal replantation. The patient’s physiologic status, 
the presence of other diseases, and general level of activity 
also should weigh heavily in the evaluation. 

SEVERITY OF INJURY
The types of injuries that have the best outlook regarding 
survival and return of function after replantation include 
(1) clean, sharp “guillotine” amputations, (2) minimal local 
crush amputations, and (3) avulsion amputations with mini-
mal proximal and distal vascular injury. Ideally, significant 
additional injury to the limb should not be present, especially 
of the vessels, proximally and distally. Crushed and avulsed 
vessels require debridement and the use of interpositional 
vein grafts as needed. Ring avulsion-degloving injuries may 
be revascularized and salvaged; however, if the skin has been 
completely degloved, or if the digit has been amputated, vein 
grafts may be required, and the outlook for useful function 
is extremely uncertain. Ring avulsion amputations through 
the joint usually are best treated by closure of the amputation. 
Injuries contaminated extensively with soil, especially from a 
barnyard, carry a high risk of significant infection and should 
be evaluated carefully before replantation. 

LEVEL OF INJURY AND PART AMPUTATED
Replantation near the shoulder generally carries a poor prog-
nosis regarding hand function because of unpredictable nerve 
regeneration, muscle atrophy, and joint stiffness. Amputations 
through the humerus, elbow, and proximal forearm have the 
potential for successful replantation and useful function, 
especially in a young, healthy patient, and especially if the 
injury is clean and sharp. The patient should be young enough 
and motivated enough to be able to await nerve regeneration 
sufficient for return of function. Replantation more distally, 
whether through the distal forearm, wrist, metacarpals, or 
digits, also should be seriously considered because generally 
the potential for sensory and motor return is good (Fig. 63.6). 
Replantation just above the elbow, through the elbow joint, 
or in the proximal forearm has a guarded prognosis in older 
patients because of questionable nerve regeneration, limi-
tation of elbow motion, and persistence of intrinsic muscle 
atrophy. Replantation for salvage of the elbow for later below-
elbow prosthetic fitting may be feasible in selected patients.

Thumb amputations at almost any level should be consid-
ered for replantation despite nerve and tendon avulsion and 
joint involvement (Fig. 63.7). If the thumb can be revascular-
ized, sensibility can be restored with nerve grafts or a neuro-
vascular island pedicle transfer if needed, and motion can be 
achieved with tendon grafts or transfers. Replantation may not 
be successful after amputations caused by roping injuries with 
crush and avulsion components. Replantation of single and 
multiple digits distal to the flexor digitorum sublimis inser-
tion should be expected to achieve satisfactory function (Fig. 
63.8), but amputations at a more proximal level, especially 
through the proximal interphalangeal joint, usually result in 
poor function. They are usually stiff and tend to impair the 
overall function of the remaining digits by getting in the way. 
The amputated thumb is the exception to this generalization. 
Although many patients do well without replantation of sin-
gle-digit amputations, such a replantation may be worthwhile 
for some musicians, individuals with other special occupa-
tions, some children, and for other aesthetic or social rea-
sons. Replantation of a single digit also may be helpful if the 
remaining attached digits are severely damaged, especially 
with tendon and nerve injury over the proximal phalanx. If 
multiple digits have been amputated, replantation of at least 
two digits in the long and ring positions provides a good 
combination of digits to use with the thumb for pinch and 
for power grip. Occasionally, amputations through the distal 
phalanx may best be treated by replantation, and success with 
fingertip replantation has been reported. Hattori et al. believe 
that amputation proximal to the lunula is a relative indication 
for replantation. Except in some centers, these distal replanta-
tions are not performed because of the degree of difficulty in 
identifying and anastomosing suitable vessels, longer surgery 
time, longer time off from work, and higher costs. Indications 
for fingertip replantation remain controversial.

In bilateral amputations, replantation on each side should 
provide better function than bilateral prostheses. If replanta-
tion is not suitable or possible because of extensive injuries on 
one side, the best side should be selected, and at times parts 
from one side may be attached to the opposite, more suit-
able stump. Although amputations through the joints impair 
the movement of those joints, a satisfactory limb can result 
through arthrodesis, excisional or fascial arthroplasty, or, in 
ideal circumstances, silicone implant arthroplasty. 
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WARM ISCHEMIA (ANOXIC) TIME
Because irreversible necrotic changes begin in muscle after 6 
hours of ischemia without cooling (at 20°C to 25°C), it is prefer-
able to begin the replantation of parts amputated proximal to the 
palm within this time. With cooling (to 4°C), this time may be 
extended to 12 hours. For parts with no muscle (digits), the allow-
able warm ischemia time may be 8 hours or more. With cool-
ing, this has been extended to longer than 30 hours. Although 
replantation of parts containing small amounts of muscle, such 
as the hand, probably is less risky, larger parts such as the fore-
arm and arm above the elbow probably should not be replanted 
if they cannot be revascularized 6 to 8 hours after amputation. 
The risk of renal damage resulting from myoglobinuria, acidosis, 
and hyperkalemia is increased after the replantation of a part with 
significant amounts of necrotic muscle. The risk of infection also 
is greater, and the long-term outlook for a functional limb is poor. 

PREEXISTING DEFORMITY OR DISABILITY
If the amputated part was already deformed or disabled 
because of some congenital or acquired disorder, satisfac-
tory function is unlikely to be achieved by replantation. 
Conditions that would fit this situation include, but are not 
limited to, scar deformity and contracture caused by previous 
burns or mangling injury, significant residual deficits from 
spinal cord or peripheral nerve injuries, and deformities as a 
result of stroke. 

CONDITIONS THAT MIGHT PRECLUDE 
REPLANTATION
In the same accident that causes the amputation of a part, 
patients at times sustain significant intracranial, thoracic, car-
diovascular, or major intraabdominal visceral injuries requir-
ing lengthy lifesaving operations. In such circumstances, a 

 

A B

C D

FIGURE 63.6 A-D, Hand replantation (see text).
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FIGURE 63.7 A and B, Thumb replantation (see text).
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  FIGURE 63.8 Multiple-digit replantation in 20-year-old man with saw injury. A and B, Multiple 
digits amputated distal to flexor sublimis insertion. C, Finger flexion and extension 7 months after 
replantation. D, Sensory return allows for useful finger function.
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major limb replantation may be impossible because of exces-
sive ischemia time. Digits may be cooled to 4°C in a refrigera-
tor and saved for replantation later if technically feasible and 
if the patient’s condition permits.

Patients with preexisting diseases that typically affect 
peripheral blood vessels are probably poor replantation 
candidates, especially if their vessels have an unsatisfactory 
appearance when inspected under the operating microscope. 
Patients with diabetes mellitus, rheumatoid arthritis, lupus 
erythematosus, other collagen vascular diseases, and signifi-
cant atherosclerosis fit into this category. Severe chronic or 
uncompensated medical illnesses, such as coronary artery 
disease, myocardial infarction, peptic ulcer disease, malig-
nant neoplasms, and chronic renal or pulmonary disease, may 
increase the anesthetic risk enough to preclude replantation.

Considerable judgment is required when assessing 
patients with psychiatric illnesses who have amputated parts. 
If the amputation event is an act of self-inflicted mutilation 
or attempted suicide during a psychiatric episode that can be 
treated and stabilized, replantation carries considerable risk 
of failure. If the amputated part is a focus in the patient’s men-
tal illness, it is likely that the part, if replanted, will be rein-
jured. If the amputation occurs as a true inadvertent accident, 
especially in a patient whose mental illness is compensated, 
the outlook for replantation might be better. Valid psychiatric 
evaluation of patients with amputated parts in an emergency 
department is extremely difficult. The inability of patients 
with profound psychiatric illness to understand their deli-
cate postoperative condition and to cooperate with the dif-
ficult rehabilitation process further complicates their care as 
replant patients. 

MANAGEMENT AND TRANSPORTATION OF 
PATIENT AND PART
At the scene of the injury and in the outlying hospital, the 
patient’s condition is of utmost importance. Major injuries 
other than the amputated part should take precedence, and 
the patient’s condition should be stabilized. Major stump 
bleeding should be controlled with pressure. No attempt 
should be made to clamp or ligate vessels. A pressure dress-
ing should be applied for transporting the patient to an insti-
tution with replantation capabilities. If bleeding is persistent, 
the temporary use of a pneumatic tourniquet or blood pres-
sure cuff is helpful. Elastic tourniquets should not be applied; 
they may be covered later with bandages and forgotten.

As noted, cooling of the amputated part to about 4°C is 
important to prolong the viability of the part. After the part 
has been found, it can be rinsed gently with sterile saline, 
lactated Ringer, or other physiologic solutions so that excess 
contamination is removed. The part should be treated in one 
of two ways: (1) it can be wrapped with sterile gauze or other 
clean material, soaked in sterile lactated Ringer or saline, and 
placed in a plastic bag, which is then sealed, or (2) it can be 
immersed in a plastic bag containing a physiologic solution 
such as lactated Ringer or saline. The bag is placed on ice in an 
insulated container so that the part is not touching the ice to 
avoid freezing of the part. Dry ice should not be used; neither 
should the part be warmed. Nonphysiologic solutions such as 
alcohol and formaldehyde should not be used on the ampu-
tated part.

No attempt should be made to clamp, dissect, ligate, 
or cannulate vessels on the amputated part because this 

further damages vessels that may be essential to revascu-
larization of the part. If the part has been incompletely 
severed, it should be handled gently. Care should be taken 
to correct any kinking of the soft tissues or rotation that 
might compromise marginal arterial or venous flow. Sterile 
bandages moistened with a physiologic solution should be 
applied to the limb and the injured part and an ice pack 
applied to the latter. The limb should be supported with 
padded splints and a nonconstricting wrapping for the trip 
to the hospital.

When the patient is stable with an intravenous infusion 
in place, the patient along with the part can be transported. 
Although air transportation may be preferable for patients 
traveling great distances, especially in limb amputations, 
ground transportation is suitable if the patient can reach the 
replantation team in 2 to 3 hours and if the amputated parts 
are digits that have been appropriately cooled. The receiving 
institution and replantation team should be contacted and 
alerted that the patient is being sent.

Finally, it is preferable for the patient and family to 
understand that the patient is being referred to another 
hospital and other surgeons who have the capability to reat-
tach parts and who will evaluate the particular situation and 
make appropriate recommendations regarding treatment. 
This understanding helps to minimize unrealistic expecta-
tions of patients, family, and friends, who usually are quite 
distraught. In a 2010 report from one tertiary replant cen-
ter, 65% of patients transported by air for possible replan-
tation did not have replantation, with injury characteristic 
being the main contraindication. Delaying digital replanta-
tion overnight so that a suitable operating room and rested 
replantation team are available is an acceptable practice and 
may be beneficial as long as the amputated part is properly 
preserved. 

PREOPERATIVE PREPARATION
Some aspects of preoperative, intraoperative, and postopera-
tive management vary slightly among institutions; however, 
general agreement has been reached on many of the basic 
principles regarding replantation. Having two teams to deal 
with replantation candidates from the time of their arrival in 
the emergency department is most helpful. While one team 
evaluates and prepares the patient, the other team assesses the 
amputated part.

Patient assessment and preparation should include (1) 
a history of the injury and medical history, including seri-
ous illnesses or previous injuries to the amputated part; 
(2) physical examination, especially to exclude injuries to 
other major organ systems; and (3) stabilization and resus-
citation of the patient with the institution of an intravenous 
infusion, appropriate antibiotics, and tetanus prophylaxis. 
Blood typing and crossmatching are done, and transfusions 
are given if needed. An indwelling urinary catheter may 
be inserted in the emergency department or in the surgi-
cal suite. Radiographs of the amputated part, the amputa-
tion stump, the chest, and other areas as indicated should 
be obtained in the emergency department. The patient and 
family are advised of the nature of the injury, the uncertain-
ties regarding survival of the part and return of function, 
the possible duration of the replantation operation, the pos-
sibility of repeated operations, and the likelihood that the 
replanted part will never be normal. 
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PREPARATION FOR REPLANTATION

 TECHNIQUE 63.4 

 n  While the patient is being assessed and prepared, another 
surgeon on the replantation team takes the amputated 
part to the surgical suite to clean it and to evaluate the 
extent of injury.

 n  Clean the part and keep it cool by placing ice in a pan, 
covering the ice with a sterile plastic drape, and placing a 
sterile drape sheet over the plastic and ice. Place the part 
on the drape sheet for dissection under loupe or micro-
scope magnification.

 n  Dissect the amputated part to allow exposure of the arter-
ies, veins, nerves, tendons, joint capsule, periosteum, and 
other salvageable soft tissues. In digits, exposure usually 
is best achieved using midlateral incisions in the radial 
and ulnar aspects allowing reflection of dorsal and pal-
mar flaps (Fig. 63.9). Although digital arteries and nerves 
are usually found with ease, locating satisfactory veins is 
more difficult. Careful, gentle, and meticulous dissection 
is required to locate these.

 n  Carefully preserve the small structures and use sutures of 
8-0 or 9-0 nylon to mark them so that they can be located 
easily for nerve repair and vascular anastomoses.

 n  Although multiple vein grafts can be used to provide ten-
sion-free anastomoses, it is our practice to shorten bone, 
usually in the part of the digit having the most bone to 
spare. In digits, this shortening rarely exceeds 1 cm.

 n  Place internal fixation in the digit. We usually insert a longi-
tudinal Kirschner wire combined with an obliquely crossing 
Kirschner wire. Occasionally, interosseous wires are used 
near joints. Plates and screws usually are not needed.

 n  If the amputation has occurred through a joint, or if the ex-
tensor mechanism is irreparable, prepare for arthrodesis.

 n  If the amputation is clean and sharp, perfusing the digital 
arteries before anastomosis usually is unnecessary.

 n  If the part has been crushed or avulsed, evidence of distal 
injury may be seen in the form of ecchymoses along the 
vessels or abrasions and lacerations. In these situations, 
gently perfuse the digital artery and vascular tree using a 
small Silastic catheter and heparinized Ringer solution or 
saline. If there is no return of the perfusate, or if it extrava-
sates from distally injured vessels, blood flow is unlikely to 
be maintained after anastomosis. Perfusion for brief peri-
ods may be helpful in rinsing blood and metabolites from 
the vascular tree of amputated hands, forearms, and arms.

 n  The approach to the structures of the amputated hand 
and more proximally amputated parts usually is made 
through generally accepted incisions that allow extensive 
exposure of the structures to be identified and repaired.

 n  While the amputated part is being dissected, the patient 
usually is given an axillary brachial plexus block with the 
long-acting local anesthetic bupivacaine. This provides 
satisfactory anesthesia for digital or hand replantation in 
most adults and older children. For proximal amputations, 
younger children, anxious patients, and prolonged sur-
gery as in multiple digital or bilateral amputations, gen-
eral anesthesia frequently is preferable.

 n  Pad the operating table well and apply a warming blanket 
to prevent body cooling during prolonged surgery.

 n  Use a pneumatic tourniquet to provide a bloodless field 
for initial dissection of the stump and to control any sub-
sequent significant bleeding.

 n  When the patient is comfortable, thoroughly cleanse the 
stump with an antiseptic solution, usually a povidone-
iodine solution, and irrigate with normal saline.

 n  The stump is dissected by a hand surgeon who has micro-
surgery training and experience.

 n  Using gentle and meticulous technique, identify the ar-
teries, veins, and nerves with magnifying loupes or the 
operating microscope and tag them with sutures of 8-0 
or 9-0 nylon.

 n  Dissect tendons and hold them with 4-0 nylon sutures for 
later repair.

 n  Before initiating reattachment, free clots from the proxi-
mal arterial stumps and open the stumps to allow free 
arterial flow. If no satisfactory flow can be achieved, addi-
tional dissection, vessel resection, and possibly vein graft-
ing may be needed.
  

ORDER OF REPAIR
After all structures have been thoroughly cleansed, debrided, 
and identified, repair is begun. As indicated in the discus-
sion that follows, certain conditions or circumstances dictate 
a variation in the order of repair. The following is our usual 
order of repair of damaged structures. Discussions of digit, 
hand, and arm replantations are included.
 1.  Shorten and internally fix bone.
 2.  Repair extensor tendons.
 3.  Repair flexor tendons (2 and 3 may be reversed, or 

flexor tendon repair may be delayed).

 

A

B

NVB

NVB

Veins

Volar surface

Dorsal surface

FIGURE 63.9 Dissection of amputated digit. A, Incisions on 
radial and ulnar midline allow reflection of dorsal and palmar flaps. 
B, Structures to be repaired are carefully and gently dissected using 
microsurgical instruments and meticulous technique. NVB, Neuro-
vascular bundle. SEE TECHNIQUE 63.4.
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 4.  Repair arteries.
 5.  Repair nerves.
 6.  Repair veins.
 7.  Close or cover wound.

If time permits, we often repair the veins immediately 
after extensor tendon repair. This minimizes repositioning of 
the hand and allows for venous anastomosis in a bloodless 
field. It also may minimize venous congestion. Also, if time 
permits, it is easier to repair the nerve just before repairing 
the artery.

In distal thumb amputations, it may be easier to anasto-
mose interpositional vein grafts to the terminal branch of the 
ulnar digital artery and largest vein before performing osteo-
synthesis. The proximal anastomoses can be performed dor-
sally and proximal to the area of injury. 

MANAGEMENT OF BONES AND JOINTS
The periosteum is stripped minimally. Bone is shortened to 
permit tension-free vascular anastomoses and nerve repairs 
(Fig. 63.10A). Initial bone shortening reduces the size of the 
soft-tissue defect, allows maximal soft-tissue debridement, 
and changes crush injuries to guillotine injuries. If vein grafts 
are used, the need for bone shortening is minimized, but sur-
vival depends on the patency of the two anastomoses of the 
graft, rather than one. Additional time is required to harvest 
the vein and to perform the anastomoses. Vein grafting may 
be necessary, however, if the amputation has occurred near an 
undamaged joint.

Shortening of an amputated thumb should be kept to a 
minimum (Fig. 63.10B). We have found that shortening of a 
digit much more than 1 to 1.5 cm at times impairs the func-
tion of the digit. Amputations damaging digital joints usu-
ally are treated by primary arthrodesis (Fig. 63.11C), but joint 
motion can be preserved by the insertion of a Silastic implant. 
This method probably is best reserved as a primary procedure 
for amputations that are sharp and clean and when occupa-
tional requirements are best satisfied by having mobile joints.

Bone fixation in digits and metacarpals usually is 
achieved by using two parallel medullary axial Kirschner 
wires or a single axial Kirschner wire supplemented by an 

oblique Kirschner wire to control rotation (Fig. 63.11A; see 
Fig. 63.10C). Wires should be placed to allow joint motion, 
if possible. Occasionally, when the amputation is near an 
undamaged joint, wire loops through drill holes are used 
(Fig. 63.11B). Care must be taken to maintain axial alignment 
and rotational control, especially when dealing with multiple 

 

A CB

Bone
shortened~1 cm

Bone
shortened
2–3 mm

FIGURE 63.10 Bone management. A, In digits, shortening of 1 cm usually allows tension-free 
vessel anastomosis without excessively impairing hand function. B, Shortening of thumb proximal 
phalanx with oscillating saw in 2- to 3-mm increments until satisfactory shortening is achieved. C, 
Bone fixation with longitudinal Kirschner wires usually is sufficient.
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FIGURE 63.11 Bone fixation. A, Fixation usually is achieved 
with two parallel Kirschner wires (1) or single Kirschner wire supple-
mented with oblique wire (2). B, Wire loop fixation suitable for 
amputation near undamaged joint. C, Primary arthrodesis with 
crossed wires for amputation through irreparably damaged joint. 
D, Intraosseous wires.

    

https://booksmedicos.org


PART XVII MICROSURGERY3336

digital amputations. We have not found it necessary to use 
plates and screws for digital or metacarpal fixation during 
replantation. This is an acceptable but often time-consuming 
technique. Periosteal suture with 4-0 or 5-0 absorbable suture 
may be done after bone fixation. Whitney et al. evaluated clin-
ical results after use of single and crossed Kirschner wires and 
intraosseous wires with and without Kirschner wire support 
(Fig. 63.11D). Although initial results showed similar early 
angulation deformities in all groups, intraosseous wires were 
found to have the lowest nonunion and complication rates.

Management of the skeleton in more proximal amputa-
tions is more varied and requires more skill in the handling 
of medullary fixation devices, bone plates, and screws than 
in distal amputations. If the amputation level is through the 
carpus, shortening may be achieved and motion preserved by 
excision of carpal bones and temporary fixation with trans-
articular Steinmann pins. Amputations through the forearm 
and arm usually are shortened 2 to 5 cm to allow tension-free 
vessel anastomoses and nerve repairs.

For amputations through the forearm, generally accepted 
principles of internal fixation are applied; however, time 
constraints frequently dictate modifications. Distal radial 
metaphyseal amputations usually are fixed with Steinmann 
pins; plates and screws are used less often. We have also used 
intraosseous wiring occasionally with success. Amputations 
more proximally are fixed with plates and screws on both 
bones, intramedullary fixation with Rush rods or Steinmann 
pins in both bones, or combinations, such as a plate and 
screws for the radius and intramedullary fixation for the 
ulna. Medullary screws combined with wire loops are used 
for olecranon amputations. If the elbow joint is comminuted, 
an attempt is made to salvage sufficient bone to allow subse-
quent elbow arthroplasty. Amputations through the humerus 
are usually fixed with plates and screws; however, fracture 
configuration and time considerations may require interfrag-
mentary Steinmann pins or intramedullary rods. 

TRANSPOSITION OF DIGITS
Because of extensive damage to amputated parts or to the 
amputation stump, anatomic restoration of digits is some-
times impossible. In these situations, a functioning part may 
be restored by moving digits from their original anatomic 
position to a more suitable position. In bilateral digital ampu-
tations, parts from one hand may be better replanted to the 
opposite hand. Priority should be given to restoration of the 
thumb position with provision for a digit in the index or long 
position for pinch. Consideration also should be given to pro-
viding long, ring, and little digits for cup restoration. When 
digital transposition is considered in bilateral amputations, 
the dominant hand is given priority if possible. 

TENDON REPAIR
During replantation, damaged structures are usually repaired 
in a serial fashion from the skeletal plane to more superficial 
planes. This may delay repair of vessels in the sequence so 
that deeper structures can be repaired without jeopardizing 
vascular anastomoses.

FLEXOR TENDONS
If the amputating injury involves crushing or avulsion of the 
part, and if the amputation is through the digits proximal to 
the flexor digitorum sublimis insertion or if tendon substance 

has been lost, flexor tendons usually are not repaired pri-
marily. Delayed tendon grafting is planned in these circum-
stances. At times, silicone rods may be inserted at the time 
of replantation in anticipation of two-stage tendon grafting. 
The condition of the wound, extent of contamination, and 
potential for infection should be considered before silicone 
rod placement.

A flexor tendon injured distal to the flexor sublimis inser-
tion near the distal interphalangeal joint is reattached with a 
pull-out wire. In injuries over the middle phalanx, the distal 
tendon stump is tenodesed to bone or tendon sheath.

If the flexor tendons have been sharply severed, both ten-
dons are usually repaired primarily in injuries at the proximal 
phalanx or more proximally. Waikakul et al. found that repair 
of the proximal flexor digitorum profundus to the distal 
flexor digitorum superficialis resulted in a better overall arc 
of motion than did repair of both tendons in zone 2 amputa-
tion and expedited this portion of the replantation. Our usual 
tenorrhaphy involves a modified Kessler technique with 4-0 
polyester fiber (Mersilene) sutures (see Chapter 66). The 
technique of first placing separate sutures in each end of the 
tendon allows nerve and vessel repair and subsequent tying 
of the sutures as advocated by Urbaniak. This helps prevent 
obstruction of the repair of vessels and nerves by the flexed 
finger. Similar configurations or mattress double right-angle 
sutures are used more proximally at the wrist and in the distal 
forearm. When technically feasible, the digital flexor sheath 
is repaired with 5-0 or 6-0 nonabsorbable sutures, usually 
nylon. If the flexor tendons have been injured at the myo-
tendinous junction, the tendon is reattached in a fish-mouth 
configuration with mattress sutures to the muscle belly. 

EXTENSOR TENDONS
Extensor tendons are repaired using nonabsorbable 4-0 
sutures. Injuries to the extensor tendons between the meta-
carpophalangeal joint and the wrist extensor retinaculum 
are usually repaired with mattress sutures. Extensor tendons 
injured at the extensor retinaculum usually require excision 
of a portion of the retinaculum to aid in repair and subse-
quent tendon gliding. A mattress stitch usually suffices at this 
level and more proximally at the myotendinous junction. This 
injury at the myotendinous level is repaired with insertion of 
the tendon into the muscle belly in a fish-mouth configura-
tion, reinforced with mattress sutures. 

VESSEL REPAIR
Identifying the volar digital arteries is usually easier than 
finding suitable veins for anastomosis. The arteries lie just 
dorsal to the volar digital nerves. Although both digital arter-
ies can usually be identified with ease, hypoplastic vessels on 
the radial side of the index finger and the radial side of the 
thumb have been common in our experience. In the thumb, 
the princeps pollicis artery can provide sufficient blood flow 
from the dorsum if no palmar arteries are suitable for repair.

ORDER OF VESSEL REPAIR
Surgeons’ preferences differ regarding the order in which the 
vessels should be repaired. The approach may vary depending 
on the location of the amputation. In the digits, our practice is 
to repair the arteries first. This allows assessment of adequacy 
of flow across the anastomosis and through the digit before 
proceeding with the replantation. If veins are repaired first, 
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one has to await arterial anastomosis to determine whether 
or not blood will flow through the digit and across the venous 
anastomosis. Performing arterial repair first also allows the 
dorsal veins to fill, aiding in the identification of hard-to-find 
veins. In fingertip amputations, identification of a central 
artery arising from the distal transverse palmar arch formed 
by the radial and ulnar digital arteries may be required. It is 
located in the midline of the pulp just volar to the distal pha-
lanx and is about 0.85 mm. The dorsal terminal vein can be 
identified in the midline distal to the distal interphalangeal 
joint and is formed by a confluence of veins from the nail wall. 
It is approximately 1 mm in diameter at the level of the distal 
interphalangeal joint. Koshima et al. reported a useful tech-
nique of delayed venous repair for distal replantations. They 
allowed venous engorgement to occur after arterial repair and 
returned the patient to the operating room the following day 
for venous anastomosis of dilated veins.

If the amputation has occurred through the palm, wrist, 
forearm, or more proximally, and if the limb can be safely 
revascularized, sometimes blood loss can be minimized if 
two or three large veins can be repaired before the arterial 
repair. This rarely should be done if the ischemia time is 6 
hours or more. If considerable time has passed after amputa-
tion, repairing the artery first shortens the ischemia period 
and minimizes the risk from revascularization of a part con-
taining dying muscle. Carotid endarterectomy shunts and 
ventriculoperitoneal shunts can be used to make arterial con-
nections if the ischemia time is 6 hours or more. Release of 
excessive amounts of potassium, lactic acid, and myoglobin 
should be avoided. If the artery is repaired first in such cir-
cumstances, venous repair should follow as soon as possible 
to avoid excessive blood loss. In such a situation, the use of a 
pneumatic tourniquet helps to control bleeding.

Large and small parts may benefit from perfusion of the 
artery, using a small, soft Silastic catheter and heparinized 
lactated Ringer solution. Crushed small parts and large, mus-
cle-containing parts may have a better chance for survival if 
they are perfused gently with a heparinized solution. Gentle 
dilation and irrigation of the cut ends of the vessels help to 
clear the field of thrombogenic material. 

 

VESSEL REPAIR IN REPLANTATION

 TECHNIQUE 63.5 

 n  After the arteries have been identified and marked with 
a small suture, dissect the veins from the dorsal skin flap. 
Three or four suitable veins usually are found on the dor-
sum of the digit between the metacarpophalangeal joint 
and the midportion of the middle phalanx. Distal to this 
point, only one or two suitable veins may be present. Al-
though volar veins can be seen, they are frequently less 
than 1 mm in diameter and may not be suitable for anas-
tomosis. Mark the veins with small sutures and proceed 
to prepare the vessels for anastomosis.

 n  Dissection of the vessels in the palm, on the dorsum of 
the hand, and in the forearm is less tedious than in the 
digits because of the larger vessel size. This dissection fre-
quently requires a midpalmar incision paralleling the skin 

creases and curved or zigzag incisions on the dorsum of 
the hand and forearm.

 n  After all the arteries and veins have been identified and 
marked with sutures, mobilize them by dissecting them 
free from the surrounding tissues using gentle and me-
ticulous technique. Transect small side branches and trib-
utaries using ligatures, metal clips, or bipolar electrocau-
tery, depending on the size of the branch being sacrificed. 
This mobilization aids in a tension-free anastomosis.

 n  When the vessels have been mobilized, the size of the gap 
between the vessel ends determines whether the anas-
tomoses can be accomplished without additional bone 
shortening or the use of an interpositional vein graft.

 n  Free the vessel of any adventitia that may be causing con-
striction and excise the adventitia from the cut ends of the 
vessels.

 n  Irrigate the vessel with heparinized saline, 100 U/mL.
 n  Use magnification, including the operating microscope, 

to determine the extent of vessel wall injury. If evidence 
of thrombosis in the wall is found or if the intima has 
been damaged, excise the damaged segment. If an avul-
sion seems to have caused the intima to be pulled out 
of the vessel (“telescoped”), excise that portion of the 
vessel as well. Extensive avulsing or crushing injuries may 
cause vessel wall injury sufficient to preclude a successful 
anastomosis.

 n  After the vessel preparation has been completed, anasto-
mose the vessels in the order noted previously. Attempt 
to repair both digital arteries and as many veins as pos-
sible, preferably two veins per artery. Use the small vessel-
approximating clips on the digital vessels. Similar clips are 
available for the larger vessels. Keep in mind the length 
of time these clips are in place, especially on small (1 mm) 
vessels; time elapsed should be kept to a minimum, pref-
erably less than 30 minutes.

 n  After the vascular clips are released, bathe the vessel in 
lidocaine or bupivacaine to minimize spasm.

 n  For digital vessels, use 10-0 or 11-0 monofilament su-
tures. In the hand, wrist, and distal forearm, 7-0 to 9-0 
sutures are suitable, whereas vascular injuries near the 
elbow and more proximally require larger sutures, in the 
6-0 and 7-0 range. Most digital arteries require 6 to 8 
sutures; digital veins require 8 to 10 and sometimes more. 
Expect a small amount of blood leakage; this usually stops 
in a few minutes.

 n  If spasm is encountered, apply warm saline, topical lido-
caine, papaverine, reserpine, and magnesium sulfate to 
relieve the spasm. Although intraoperative and postop-
erative systemic heparinization has been widely used, we 
have used low-molecular-weight dextran and aspirin for 
anticoagulation.

 n  At times, the arteries and veins are so damaged that no 
satisfactory proximal vessel is available to suture to the 
distal vessel or vessel debridement would leave a gap too 
large to correct by simple end-to-end repair. Techniques 
such as interpositional grafting with arterial segments and 
reversed segments of vein, vein harvesting and shifting in 
the injured digit, and transposition of arterial and venous 
pedicles from adjacent, uninjured digits may help to sal-
vage an otherwise nonviable digit (Fig. 63.12). Vein grafts 
usually are harvested from unsalvageable amputated 
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parts, the dorsum of the hand or forearm, and the foot. 
In some situations, a single vein graft anastomosed to a 
single digital artery proximally may be attached to two dig-
ital arteries distally, using side-to-end anastomoses or a Y 
configuration of the graft. When vein grafts are used, care 
should be taken to maintain the proper (reversed) flow 
direction so that flow is not obstructed by venous valves. 
The harvested vein grafts should have approximately the 
same diameter as the recipient vessel.
   

 

NERVE REPAIR FOR REPLANTATION

 TECHNIQUE 63.6 

 n  With the dorsal and palmar skin flaps retracted, locate the 
digital nerves in the palmar flap, superficial to the digital 
arteries. Usually the nerves can be repaired easily after the 
arterial anastomoses.

 n  Gently dissect the nerves free of the surrounding connec-
tive tissue and mobilize them so that they can be repaired 
without excessive tension. Occasionally, it may be neces-
sary to transect small side branches for sufficient mobiliza-
tion of a nerve.

 n  When the proximal and distal ends of the nerve have been 
mobilized, inspect them using the operating microscope 
or magnifying loupes and trim 3 to 5 mm of nerve from 
each end.

 n  If the injury has been sharp, the nerves usually are re-
paired primarily. Use two to four epineurial stitches of 9-0 
or 10-0 monofilament suture material to align carefully 
and approximate the fascicles.

 n  For more proximal injuries, dissect the respective nerve 
trunks using standard palmar incisions, paralleling the 
skin creases in the palm and extending proximally up the 
forearm. In a nerve trunk in the palm, at the wrist, and 
more proximally, use a “group fascicular” or peripheral 
fascicular stitch.

 n  If the amputated part has been avulsed, or if significant 
crushing makes the extent of intraneural injury unclear, 
several techniques may be useful.

 n  Trim the nerve ends proximally and distally so that nor-
mal-appearing nerve can be identified. Insert a nerve graft 
and secure it with microsuture techniques. Nerve grafts 
can be harvested from unreplantable amputated parts, 
the lateral antebrachial cutaneous nerve, and the sural 
nerve. Because of the additional operating time required 
for nerve grafting and the uncertainty regarding the ex-
tent of intraneural injury, we generally do not include 
primary nerve grafting in the replantation procedure. In-
stead, suture the ends of the avulsed or crushed nerve 
together with an 8-0 mattress suture, anticipating later 
nerve exploration, debridement, repair, or grafting.

 n  As an alternative, if the nerve ends cannot be brought 
together, secure them to the adjacent soft tissues so that 
they can be easily identified and mobilized later for nerve 
grafting.

 n  After all structures have been repaired, close the skin pri-
marily if the procedure has been completed promptly, if 
no excessive swelling is present, and if the skin edges can 
be approximated without tension.

 n  In the digits and more proximal sites, some areas can be 
left open to heal by secondary intention or to be covered 
with skin grafts. Nerves, vessels, bone, joints, and tendons 
should not be exposed if the wounds are left open.

 n  Satisfactory alternatives include closure with Z-plasties; 
local rotation of skin; remote, two-stage pedicle flaps; 

 

A B

1

2

FIGURE 63.12 Vessel shifting. A, Dorsal veins mobilized to provide additional distal veins for 
proximal anastomosis. B, Arteries mobilized to allow shifting of artery from intact digit to vascu-
larize thumb (1) and within same digit to vascularize distal amputated part (2). SEE TECHNIQUE 63.5.
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single-stage transfer of composite tissue (free flaps); and 
split-thickness skin grafts. In our experience, primary remote 
pedicle flaps and free flaps have not been needed. A com-
bination of skin flap rotation, split-thickness skin graft, and 
leaving the wound partially open has been satisfactory.

 n  Apply medicated petrolatum gauze to the skin wounds 
and use a bulky dressing to cover the dorsal and palmar 
surfaces. Fluffed cotton or synthetic material provides a 
soft and gently conforming dressing. Moisten the pad-
ding with physiologic saline or lactated Ringer solution to 
allow blood to be absorbed into the bandage more readily 
and to permit the bandage to conform more easily to the 
contours of the part. Avoid localized pressure at all times.

POSTOPERATIVE CARE The part is adequately padded, 
and a plaster splint is applied to the palmar surface to 
support the fingers, hand, and wrist. Excessive tightness 
or constriction is avoided when securing the bandage. 
The fingertips and small areas of skin are left exposed for 
evaluation of the circulation. During the first week, the 
bandage is moistened with physiologic solutions every 8 
hours to prevent dried blood from forming circumferen-
tial crusts that might have a constricting effect. Although 
early and frequent dressing changes may be necessary 
for the assessment of the circulation or to determine the 
source and extent of any bleeding, our policy has been 
to delay the initial dressing change for at least 1 week 
in uncomplicated replantations. This decreases the risk of 
disturbing the fragile vascular anastomoses and lessens 
the chance of stimulating vascular spasm.

The replanted part usually is positioned with the hand 
at heart level as long as the appearance of the part is 
satisfactory. If the replanted part appears congested and 
cyanotic because of venous obstruction, elevation on 
several pillows may be helpful. If the part becomes pale 
because of arterial insufficiency, depression of the part 
below the level of the heart may be required to enhance 
arterial flow. Depending on the extent of the injury, the 
patient usually is kept at bed rest for the first 3 to 7 days.

Maintaining a warm room, prohibiting smoking by 
the patient and visitors, and advising abstinence from 
caffeine-containing beverages are measures that help 
to prevent vasospasm in the early postoperative period. 
Vasospasm related to pain and emotional distress may 
be prevented or minimized through the use of appropri-
ate narcotic analgesics and sedative medications such as 
chlorpromazine (25 mg four times daily).

Nerve blocks are beneficial in the postoperative period 
for the prevention of vasospasm. If small Silastic catheters 
are left adjacent to the median and ulnar nerves, 4 to 5 mL 
of bupivacaine 0.25% injected every 6 to 8 hours may be 
sufficient. Stellate ganglion sympathetic blocks or axillary 
brachial plexus blocks with bupivacaine are carried out 
once or twice daily in situations in which it is necessary to 
control vasospasm.

Various anticoagulants alone or in combination have been 
administered by different surgeons. Heparin, low-molecular-
weight dextran, aspirin, dipyridamole, and sodium warfarin 
(Coumadin) have been most popular. Heparin has been ad-
vocated in injuries thought to be at high risk for thrombosis, 
especially in replantations with extensive crushing or avulsing 

injuries, replantations showing poor flow from the cut ends 
of vessels before anastomosis, replantations with poor or 
equivocal flow across completed anastomoses, and replan-
tations done in small children. It has been our practice to use 
dextran, 500 mL every 24 hours (10 mL/kg/day in children) 
for 3 days, combined with aspirin, 300 mg twice daily for 5 
to 7 days. Antibiotics are administered routinely for 1 week 
after surgery. The use of vacuum-assisted closure (VAC) in 
complex open injuries has been shown to be safe and benefi-
cial in promoting granulation tissue. Low intermittent pres-
sure (75 mm Hg) settings, avoidance of circumferential dress-
ings, and delay of application until the first dressing change 
should be considered.
  

MANAGEMENT OF CIRCULATORY 
COMPROMISE AFTER REPLANTATION
If the replanted part shows signs of inadequate circula-
tion, prompt evaluation and management of the problem 
might allow salvage of a part that otherwise would be lost. 
Mechanical monitors of skin temperature, oxygen tension, 
hydrogen and fluorescein dilution, and other factors (see 
Monitoring Techniques after Microvascular Surgery later 
in this chapter) in many instances are sufficiently sensitive 
to detect significant changes in blood flow before clinically 
apparent ischemic changes develop. If the part is cool and has 
developed the pallor and loss of turgor consistent with arte-
rial insufficiency, or if it is cyanotic, congested, and turgid 
consistent with venous obstruction, several measures can be 
helpful in relieving the problem before the patient is taken to 
the operating room for exploration.

The room should be comfortably warm, and the patient 
should have sufficient analgesic medication and be sufficiently 
sedated to minimize emotional distress. As noted previously, 
the part should be elevated well above the level of the heart 
to enhance venous drainage. Medical-grade leeches (Hirudo 
medicinalis) are effective in relieving venous congestion; how-
ever, they may be a source of infection and should not be used 
in the presence of nonviable tissue. If arterial insufficiency is 
suspected, placing the part in a dependent position may be 
beneficial. Splints and dressings are loosened or removed to 
ensure that nothing is causing direct pressure on the vessels 
and that nothing is constricting the limb. Using gentle digital 
pressure, the arteries are lightly “milked” from proximal to 
distal and the veins are “milked” from distal to proximal.

In distal injuries, if Silastic catheters have been left adjacent 
to the median or ulnar nerves, 4 to 5 mL of 0.25% bupivacaine 
is injected. Stellate ganglion sympathetic blocks and brachial 
plexus blocks also have been useful, especially in patients with 
troublesome vessel spasm. Although it is not part of our usual 
routine, many surgeons with extensive experience find it use-
ful to administer heparin intravenously as a bolus of 3000 to 
5000 U when attempting to salvage a failing replanted part.

If the replanted part does not respond to these measures, 
the surgeon must decide, based on knowledge of the injury 
and experience, whether returning to the operating room 
to explore the vessels is worthwhile. This decision should be 
made promptly when definite signs of impaired circulation 
are evident. Reoperation is more likely to be successful if done 
within 4 to 6 hours of the development of signs of ischemia. 
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REOPERATION

 TECHNIQUE 63.7 

 n  Although the clinical signs may indicate whether the 
problem is arterial or venous, when the decision to reop-
erate is made, all anastomoses are evaluated.

 n  Inspect the arterial anastomoses to determine patency.
 n  If one or more arterial anastomoses are not patent, excise 

the anastomoses, ensure that there is adequate “spurt-
ing” flow proximally, and repair the vessels.

 n  If proximal flow is inadequate, or the proximal artery appears 
excessively damaged, dissect more proximally, find good ar-
teries, and interpose a reversed segment of vein graft.

 n  Similar problems may be encountered in the distal arter-
ies. If good arterial trunks cannot be found, search for 
other arteries to substitute. Repair any vein graft as need-
ed. Assess the arterial flow and perfusion distally and the 
appearance of the part.

 n  Inspect all venous anastomoses to assess patency. If flow can-
not be restored despite all efforts, consider reamputation.

 n  If on initial inspection all arterial anastomoses are pat-
ent and none seem to have spasm, torsion, pressure, or 
thrombosis proximally or distally, attention should be di-
rected to the veins.

 n  If all venous anastomoses are patent, the veins proximal 
and distal to the anastomoses should be inspected to ex-
clude compression, torsion, and thrombosis. If areas of 
thrombosis are found, excise those segments and repair 
the vessel end-to-end or interpose vein grafts. If the ve-
nous anastomoses are found to be obstructed by throm-
bi, excise and repair them end to end or with vein grafts.

 n  Evaluate arterial and venous flow and the appearance of 
the part. If all available and suitable veins have been lo-
cated, repaired, or grafted, and satisfactory flow cannot 
be restored, consider reamputation.

 n  For digital injuries, techniques such as pulp incisions and 
wedge excision of the nail to allow venous oozing may 
allow sufficient flow to persist long enough for a digit to 
survive. In such patients, the hemoglobin and hematocrit 
should be monitored closely so that blood volume loss can 
be corrected promptly.
  

COMPLICATIONS
Although circulatory compromise related to the vessel repairs 
is the most pressing complication after replantation, other 
complications that occur in the early postreplantation period 
include bleeding, skin necrosis, ischemia caused by muscle 
compartment swelling, and infection. Excessive bleeding may 
be from vessels that have not been cauterized, or it may be 
caused by anticoagulant therapy. Significant skin necrosis usu-
ally occurs after closure of skin that initially appears viable but 
later undergoes necrotic changes resulting from the magnitude 
of the injury sustained at the initial traumatic amputation. 
Additional debridement and secondary closure with local flaps 
or skin grafts may be required. Significant sepsis is rare after 
replantation and usually is managed satisfactorily with appro-
priate systemic antibiotics, wound debridement, and drainage 

as needed. Although ischemia may be caused by excessive 
muscle compartment pressure, this usually occurs in major 
limb replantations and can be treated with appropriate fasci-
otomies in the arm, forearm, and hand. These early complica-
tions may require wound inspection and dressing changes with 
the patient under anesthesia in the first week after replantation.

Later complications, such as nonunion and malunion of 
bones, tendon adherence, joint stiffness, and delay in return 
of nerve function, usually can be managed with the usual 
techniques appropriate to these problems. In nonunion and 
malunion, bone grafts and internal fixation may be required. 
Tendon adhesions with loss of excursion may require tenolysis 
and, in some situations, tendon grafting as one-stage or two-
stage procedures. Stiff joints may require capsulotomy, or if suf-
ficient damage has occurred, interposition arthroplasty may 
salvage motion in selected patients. If a primary neurorrhaphy 
fails to show return of function in a reasonable length of time, 
or if the nerves are not repaired as part of the original replanta-
tion, reexploration and repair or interpositional nerve grafting 
may be necessary. The nature and timing of specific reconstruc-
tive procedures depend on the individual patient’s problems 
and needs and the judgment and experience of the surgeon. 

REHABILITATION
The specific rehabilitation program for each patient depends 
on many factors, especially the patient’s needs and motivation 
and the extent of injury to the part. Generally, no attempt is 
made to begin significant movement of bone, joint, or tendon 
for the first 3 weeks after replantation. Then, depending on 
the extent of injury, most replantation patients are treated in a 
manner similar to most patients with combined tendon, bone, 
and nerve injuries. After the first 3 weeks, most patients are 
encouraged to participate in a graduated program of active, 
active-assisted, and protected passive stretching and range-
of-motion exercises supplemented by appropriate dynamic 
and static bracing and splinting. 

MONITORING TECHNIQUES AFTER 
MICROVASCULAR SURGERY
After microvascular procedures such as replantation and 
free composite tissue transfer, a reliable monitoring system 
should be established for the replanted or transferred tissue. 
Although the clinical determination of the color, capillary 
refill, temperature, and turgor is easily made, there is room for 
error because of the subjective nature of these factors, espe-
cially color and temperature. This, combined with the possi-
bility that considerable ischemic injury may occur before clear 
clinical signs are present, has led to the development and use 
of a variety of mechanical monitoring devices and techniques, 
including ultrasonic and laser Doppler probes, plethysmogra-
phy, skin temperature probes, transcutaneous oxygen tension 
measurements, hydrogen washout techniques, and skin fluo-
rescence measurements.

The Doppler probe and plethysmographic techniques 
are reasonably accurate indicators of arterial flow; however, 
they are not as accurate when venous flow is to be assessed. 
Although the transcutaneous oxygen tension determination, 
the hydrogen washout method, and the skin fluorescence 
measurement all have been found to be useful and sensitive 
assays of changes in the microcirculation, the use of skin tem-
perature monitoring probes is presently a simple and reliable 
adjunct to the clinical evaluations. With separate temperature 
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probes attached to the revascularized tissue, adjacent nor-
mal tissue, and the dressing, relative and absolute changes in 
the temperature can be monitored constantly. A decrease in 
the temperature of the replanted digit to less than 30°C or a 
decrease of more than 2°C or 3°C less than the normal digit is 
considered a sign of circulatory compromise.

Transcutaneous oxygen measurements show changes in 
oxygen tension several hours before the onset of clinical signs 
of ischemia and before temperature changes occur. This and 
other techniques hold promise for the development of moni-
toring techniques with increasing sensitivity. 

REVASCULARIZATION
Partial amputation or devitalization of tissues from serious 
vascular interruption can occur without complete detachment 
of the part. Some of these parts with impaired circulation ulti-
mately may survive, but there may be persistent ischemia that 
later causes disabling cold intolerance and atrophy or contrac-
ture of the intrinsic muscles of the hand. Digits with impaired 
circulation show extremely slow return of the normal pink 
color after blanching by pressure. The management of these 
hand injuries is essentially the same as for replantation; how-
ever, a longer interval from the time of the accident to the 
anastomosis of the vessels may be tolerated, and the procedure 
can be done by one team. The same postoperative routine is 
carried out as described previously. When radial and ulnar 
arteries are severed at the wrist, usually at least one should 
be repaired. If viability of the hand is questionable, both the 
radial and the ulnar arteries should be repaired.

SPECIAL TECHNIQUES
For distal fingertip amputations in which microvascular anas-
tomosis is impossible, Brent described the “pocket technique.” 
This technique involves debriding and deepithelializing the 
amputated part, reattaching it as a composite graft, and bury-
ing it in a contralateral chest wall subcutaneous pocket for 3 
weeks. It is then removed, and the viable tip skin is grafted. Lee 
et al. used this technique with an abdominal pocket. Muneuchi 
et al. reported poor results with this technique in seven fin-
gers and did not recommend it for injuries at or proximal to 
the lunula. To avoid shoulder and elbow stiffness, Arata et al. 
modified this procedure by using the ipsilateral palm as the 
pocket site. In their 16 patients, complete survival was seen in 
13, with the remaining three showing partial necrosis. 

 

POCKET TECHNIQUE FOR 
MICROVASCULAR ANASTOMOSIS

 TECHNIQUE 63.8 

(ARATA ET AL.)

FIRST OPERATION
 n  With the use of wrist or upper arm block anesthesia and a 

pneumatic tourniquet applied to the upper arm, wash the 
amputated part and the amputation stump with normal 
saline and remove the nail.

 n  Reduce fractured bone segments and stabilize them with 
Kirschner wires, cutting the wire as short as possible.

 n  Reattach the amputated part to the amputation stump 
without vascular anastomosis.

 n  After reattaching the amputated part to the digit, use a 
scalpel to deepithelialize the amputated part to the mid-
dermal layer.

 n  Make a 2-cm transverse incision in the ipsilateral palm 
and bluntly undermine the subcutaneous layer to form a 
pocket.

 n  Insert the reattached part into the pocket and suture the 
finger to the palmar skin 2 mm proximal to the reattached 
level to prevent the inserted digit from pulling out of the 
pocket.

 n  Apply a light compressive gauze dressing without splinting. 

SECOND OPERATION
 n  Sixteen to 20 days after the first operation, carefully re-

move the replanted part from the palmar pocket and su-
ture the palmar skin.

 n  Change the dressing to a wet dressing and encourage 
active exercise of the injured finger.

 n  At approximately 2 weeks after the second operation, 
epithelialization should be complete and the replanted 
part gradually gains stability.
Another technique described for replanting distal finger-

tip amputations involves anastomosing a volar radial vein to 
the proximal digital artery to create an arteriovenous anas-
tomosis. Venous drainage is accomplished by a transverse 
tip incision. Yabe et al. reported four fingertip replanta-
tions; three survived, and one developed partial necrosis.

   

SINGLE-STAGE TISSUE TRANSFER 
(FREE FLAPS)
Before the development of microvascular techniques, remote 
pedicle flaps were used to cover major soft-tissue defects. In 
1946, Shaw and Payne reported their extensive experience 
with tubed pedicle flaps based on the superficial epigastric 
and superficial circumflex arterial circulations. Based on that 
report, their analysis of the deltopectoral flap of Bakamjian, 
and their own experience with the groin pedicle flap, 
McGregor and Morgan explained the differences between 
random pattern and axial pattern flaps. The random pattern 
flap relies on no specific established pattern of circulation. A 
length-to-width ratio of greater than 2:1 increases the risk 
of failure of a random flap. An axial pattern flap relies on a 
definite and usually consistent arterial supply centered on 
one or more arteries. There are no rigid length-to-width ratio 
requirements for axial pattern flaps. These flaps generally are 
considered to be cutaneous or myocutaneous, depending on 
the pattern of their arterial circulation. Cutaneous flaps rely 
on a constant circulation from a single artery passing through 
the underlying subcutaneous tissue, supplying the overlying 
skin through the dermal-subdermal vessels. The myocuta-
neous flap receives its cutaneous arterial supply from deep 
vessels that perforate the muscle and fascia to reach the skin 
(Fig. 63.13). Perforator flaps, first described by Koshima and 
Soeda, are skin or subcutaneous tissue flaps that are based on 
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a single vascular tributary and its cutaneous perforator ves-
sels. The intervening fascia or muscle is not elevated with the 
flap, thus allowing for less donor-site morbidity and better 
recipient-site contouring without a longer and more tedious 
dissection. Common perforator flaps include the deep infe-
rior epigastric artery perforator flap, anterolateral thigh flap, 
thoracodorsal artery perforator flaps, and superior-inferior 
gluteal artery perforator flaps.

Although various workers have described many free flaps 
from a variety of donor sites and with many different uses, 
this section discusses the flaps with proven application to 
reconstructive surgery in the extremities.

INDICATIONS AND ADVANTAGES
The traditional indications for pedicle flaps are similar to 
the indications for free flaps, and pedicle flaps may be pre-
ferred in young children, electrical burn patients, fingertip 
amputations, and preparation for toe-to-hand microvascular 
transfers.

Each case must be considered individually. Current 
indications for free flaps include, but are not limited to, the 
following:
 1.  Secondary and, in some situations, primary coverage 

of extensive skin and soft-tissue loss with exposure of 
essential structures (e.g., blood vessel, nerve, tendon, 
bone, and joint)

 2.  Coverage of a soft-tissue bed unsatisfactory for later 
reconstructive procedures (e.g., scar, chronic drain-
ing ulcers, and chronic osteomyelitis that prevent 
tendon grafts, tendon transfers, nerve repairs or 
nerve grafts, bone stabilization, and bone grafting)

 3.  Replacement of unstable area scars after burns, irradi-
ation, radical surgery for cancer, and scar contracture

 4.  Coverage situations for which a suitable random or 
axial pattern flap is unavailable

 5.  Coverage situations in which immobilization of the 
extremities for prolonged periods in awkward posi-
tions is undesirable or impossible

 6.  Restoration of specific tissue to satisfy a functional 
need (e.g., sensation in the hand or the plantar sur-
face of the foot, digital reconstruction in the hand, 
replacement of major skeletal muscle loss in the fore-
arm, replacement for bone loss in the upper and lower 
extremities, replacement of lost or destroyed joints in 
the fingers, replacement of functioning epiphyses in 
the hand and forearm, and correction of congenital 
and developmental deformities including radial club-
hand and congenital pseudarthrosis of the tibia)

The advantages free flaps seem to have over more traditional 
techniques include the following:
 1.  They usually are done as single-stage procedures.
 2.  The choice of a donor site usually is not as restrictive.
 3.  There usually is more versatility regarding the match-

ing of the color, texture, thickness, and hair distribu-
tion of the donor area with the recipient area.

 4.  In many situations, the donor site can be closed pri-
marily, without resorting to skin grafts.

 5.  Most donor sites are left with an acceptable appearance.
 6.  Well-vascularized tissue with a permanent blood 

supply can replace ischemic or avascular tissue.
 7.  When indicated, a vascularized bone graft, functioning 

joints, epiphyses, and skeletal muscle can be electively 
included in the composite graft used to reconstruct a limb.

 8.  Prolonged immobilization in awkward positions is 
not required, allowing the patient more freedom in 
daily activities.

 9.  Joints adjacent to the recipient area are mobilized ear-
lier than after conventional techniques, preventing 
joint stiffness and contractures.

 10.  Hospital stays usually are shortened. 
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FIGURE 63.13 Arterial supply to axial pattern flaps. A, Cutaneous flap, relying on single artery 
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arteries perforating muscle and fascia to overlying skin.
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CONTRAINDICATIONS AND 
DISADVANTAGES
Although absolute contraindications to the use of free flaps 
are few, the surgeon should have reservations regarding their 
use in the following situations:
 1.  The surgeon has neither microsurgical training nor 

microsurgical experience.
 2.  Institutional support for a reconstructive microsurgi-

cal program is insufficient.
 3.  No suitable recipient vessels are available in the area 

requiring coverage or tissue reconstruction.
 4.  Previous trauma or irradiation to the recipient area 

may have damaged the vessels sufficiently to preclude 
their use.

 5.  If only one major artery to the foot or the hand is 
present, the use of it as the recipient vessel for a free 
flap may jeopardize the viability of the foot or hand, 
even though an end-to-side anastomosis is used.

 6.  Age alone may not constitute a contraindication; 
however, if major systemic illnesses create a major 
anesthetic risk for the patient, an alternative method 
of treatment should be considered.

 7.  If systemic illnesses, such as atherosclerosis, vasculi-
tis, or other lesions, have caused damage to the vascu-
lar system, microvascular procedures, although not 
certain to fail, are more likely to fail than are those 
done when the vessels are not diseased.

 8.  If previous operative procedures have been done in the 
donor area, the donor vessels may have been damaged, 
precluding the use of that specific donor site.

 9.  Obesity makes dissection of vascular pedicles diffi-
cult or impossible. Bulky, obese flaps are awkward to 
manipulate and difficult to place without causing ten-
sion, torsion, or disruption of anastomoses. The fat at 
times causes obstruction of a clear view of the vascu-
lar pedicles, preventing the performance of satisfac-
tory anastomoses.

The disadvantages of free tissue transfer include the following:
 1.  The initial operation usually is longer than are opera-

tions for conventional flaps. Free flap procedures take 
4 to 10 hours, depending largely on the flap selected 
and the experience of the surgical team.

 2.  The operations may be difficult and tedious.
 3.  Two teams of surgeons usually are required.
 4.  If vascular thrombosis occurs, the risk of complete 

loss of the free flap is considerable.
 5.  Reportedly, the overall risk of free flap failure com-

pared with conventional techniques is greater. A 10% 
to 30% failure rate for free flaps is cited by Sharzer 
et al. In addition, the reoperation rate after free flap 
transfers may be 25%.

 6.  Postoperative vascular complications, which usually 
occur in the first 24 hours, may be seen 10 days after 
the procedure. 

SELECTION OF FREE FLAPS
Numerous free flaps have been described. The selection of 
one specific flap over another is influenced by many factors. 
Specific tissue requirements at the recipient site are impor-
tant: Is full-thickness coverage needed? Would a skin graft 
or conventional flap suffice? Is a free flap really needed? Is 
the need only for simple coverage? How thick and how large 

should the coverage be? Is skin sensibility, bone, joint, nerve, 
or functioning muscle needed? In general, free skin flaps are 
selected rather than free muscle flaps when dead space is 
minimal and skin and subcutaneous tissue must be matched 
to restore cutaneous sensibility.

The condition and availability of donor and recipient 
vessels are important considerations in the determination of 
which flap would be best in a given situation. Generally, the 
simplest procedure should be chosen that would fulfill the tis-
sue requirements of a specific recipient area. The flap should 
be designed so that if it fails, a satisfactory salvage procedure 
is possible. In most situations, a major factor in flap selection 
is likely to be the experience of the individual surgeon using 
specific flaps.

Single-stage transfers of composite tissue grafts (free 
flaps) are discussed here as they apply to repair and recon-
struction of traumatic, infectious, neoplastic, congenital, and 
developmental problems in the upper and lower limbs. The 
simplest procedures, including local and remote pedicle flaps, 
should be considered first. In circumstances precluding more 
traditional techniques, microsurgical procedures should be 
considered, and in some situations, priority should be given 
to the use of free flaps.

UPPER EXTREMITY
In the upper extremity, free tissue transfer has proved to be 
useful in the simple coverage of soft-tissue defects, the resto-
ration of sensibility, the reconstruction of bony defects, the 
replacement of nonfunctioning skeletal muscle units, and 
thumb and digital reconstruction by toe transfers. The trans-
fers of vascularized toe joints to finger joints and toe and fibu-
lar physes to digital and forearm physes show promise in the 
management of additional difficult reconstructive problems 
in the upper extremity.

Currently, free flaps used most often in the upper extrem-
ity include the lateral arm flap, the anterolateral thigh flap, 
and the dorsalis pedis cutaneous flap for soft-tissue cover-
age. The dorsalis pedis flap has an added advantage of hav-
ing nerve supply through the deep and superficial peroneal 
nerves that can be used in restoring sensibility to the hand. 
For large defects with considerable dead space, especially 
around the elbow, free muscle transfers, including the latis-
simus dorsi, serratus anterior, and rectus abdominis, are 
helpful. The gracilis, latissimus dorsi, and pectoralis major 
muscles have been used to restore skeletal muscle function 
to the forearm. All or portions of the great, second, and third 
toes have been used successfully for thumb and finger recon-
struction. Vascularized bone grafts using rib, iliac crest, and 
fibula have been used for bone reconstruction in the upper 
limb and hand.

Most soft-tissue defects in the upper extremity can be 
treated with direct closure, skin grafts, local flaps, or distant 
pedicled flaps, and these remain the procedures of choice 
if they are technically possible. Immediate free flap cover-
age can be performed in the upper extremity. Radical initial 
debridement of all nonviable and potentially nonviable tissue 
and an experienced and well-staffed microvascular team are 
necessary for this approach. 

LOWER EXTREMITY
In the lower extremity, requirements for soft-tissue coverage in 
the management of osteomyelitis have been satisfied by using 
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the latissimus dorsi muscle, the serratus anterior muscle, the 
rectus abdominis muscle, the gracilis muscle, the tensor fas-
ciae latae muscle, the free groin cutaneous flap, and the scapu-
lar cutaneous flap. The dorsalis pedis cutaneous flap also has 
been used as a neurovascular cutaneous flap to provide sen-
sibility to the plantar surface of the foot. Although the rib and 
iliac crest have been used to reconstruct bony defects in the 
lower extremity, the curvature and relative weakness of these 
bones limit their usefulness. The vascularized fibula has been 
applied successfully to a variety of bony problems in the lower 
extremity, including defects caused by tumor surgery, trauma, 
and congenital anomalies, such as congenital pseudarthrosis 
of the tibia. Although the vascularized fibula has been used in 
the treatment of osteonecrosis of the femoral head, the results 
are inconclusive to date because long-term results in significant 
numbers of patients have not been accumulated.

Several authors have discussed the use of free flaps in 
the management of posttraumatic chronic osteomyelitis. 
Myocutaneous flaps seem to be more resistant to infection 
than random pattern flaps. Some preliminary reports using 
microvascular skin and myocutaneous flaps in the treat-
ment of osteomyelitis were optimistic, although others were 
not. Major complications, flap failure, and recurrent infec-
tions have been reported. Gordon and Chiu in a study of 14 
infected tibial nonunions concluded that free muscle transfer 
alone was effective in managing infected nonunions without 
segmental bone loss. For small defects (<3 cm), they recom-
mended a posterolateral bone graft after successful free flap 
coverage. Segmental defects of the fibula and tibia were best 
treated with a subsequent free fibular transfer.

For large soft-tissue defects (>15 cm), the latissimus dorsi 
is the preferred muscle flap. For smaller distal lower extrem-
ity defects after procedures such as sequestrectomy for osteo-
myelitis, muscle flaps such as the gracilis, serratus anterior, or 
rectus abdominis may be preferable. 

PREOPERATIVE REQUIREMENTS
Proficiency in microvascular techniques and familiarity 
with the vascular anatomy of the various free flaps acquired 
through cadaver dissection are necessary.

The candidate for a free flap must be evaluated before 
surgery. The patient should be healthy enough to tolerate a 
potentially lengthy procedure. Surgical debridement of all 
unhealthy tissue should be completed before free flap cov-
erage, and the patient should have demonstrably normal 
donor and recipient vasculature out of the zone of injury. The 
adequacy of vessels can be estimated by clinical palpation of 
peripheral pulses, the Allen test in the hand, and the use of 
the ultrasonic Doppler probe. These methods are considered 
inadequate by some surgeons who favor preoperative angi-
ography, especially in a traumatized extremity, to help assess 
the condition of the recipient vessels. However, preoperative 
angiography may cause damage to the recipient vasculature, 
and at times surgical exposure is the only way to assess the 
vessels. Venography may help determine the adequacy of the 
deep venous system if the superficial system is incompetent. 
Although it may be difficult to assess the vasculature with 
angiography, if there are any questions regarding the donor 
site, angiography may be helpful.

Before the operation, the patient is informed of the risks, 
hazards, and potential problems involved in such proce-
dures. In addition, laboratory studies, including assessment 

of bleeding and clotting factors, and adequate blood replace-
ment arrangements should be made. 

GENERAL PLAN OF PROCEDURE
Excessively cold temperatures are avoided in the operating 
room. The patient is placed on a heating and cooling blan-
ket. Body temperature is monitored with rectal or esophageal 
probes. If the planned procedure is expected to last several 
hours, an indwelling urinary catheter is inserted. After the 
induction of the anesthetic, the patient is positioned appro-
priately to permit access to the recipient and the donor sites. 
Bony prominences and neurovascular structures are padded 
to avoid excessive pressure. The recipient defect is mapped 
by measuring it and drawing it out on the patient, and the 
mapped defect is superimposed on the donor area so that the 
donor area can be determined to fit when transferred. The 
general courses of the donor and recipient vessels are identi-
fied by palpation and with a Doppler probe, and the courses 
are marked with a skin marker. In the extremities, a pneumatic 
tourniquet is used to maintain a bloodless field during most of 
the dissection. After major structures have been identified, the 
tourniquet is intermittently inflated and deflated as needed.

Two teams usually are preferred for free tissue transfers, 
especially for larger transfers. One team prepares the recipient 
area by debriding scar and all necrotic tissue, including bone. 
All recipient vessels are exposed to determine that arterial and 
venous pedicles of appropriate lengths are available. If venous 
grafts seem to be needed, they should be harvested before the 
delivery of the donor tissue to minimize the ischemia time 
of the tissue. Care is taken in this dissection to avoid strip-
ping the vessel clean because this may cause refractory vessel 
spasm, precluding the planned tissue transfer. In the extremi-
ties, if the circulation to the limb depends on a single artery, 
the decision must be made regarding the use of the artery 
through an end-to-end or an end-to-side anastomosis, or 
whether the artery should be used at all. If nerve or tendon 
repairs are planned, those structures are identified as well.

While one team is working on the recipient area, a sec-
ond team dissects the donor area, usually using the identified 
course of the donor artery as the axis for the outlined flap of 
tissue. The approach to the free flap usually begins at the vas-
cular pedicle. If suitable arteries and veins are identified, the 
dissection of the flap proceeds. If no satisfactory vessels are 
found on the first side of the body to be dissected, the oppo-
site side may be explored if patient positioning and preopera-
tive planning permit.

After the flap has been elevated, it is left attached to its 
vascular pedicle until the recipient site has been completely 
prepared and it is certain that the recipient vessels are capable 
of supplying sufficient circulation to the donor tissue through 
the pedicle to maintain its viability. When it is certain that 
preparation of the recipient area and the recipient vessels 
has been completed, and that the donor vascular pedicle is 
long enough, the pedicle is transected. The artery usually is 
clamped and transected first to allow time for venous drain-
age to occur. The veins are clamped next and transected. The 
flap is now ready for attachment to the recipient site. The 
donor team delivers the flap to the recipient team. While the 
flap is being attached to the recipient area, the donor team 
closes the donor-site wound. Although this usually can be 
done by direct approximation of the wound edges, at times 
split-thickness skin grafts may be required.
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The recipient team loosely attaches the flap to the recipi-
ent site with sutures placed at widely spaced intervals around 
its periphery, sufficient to hold the flap in place to prevent 
shear on the vessels and disruption of anastomoses. The flap 
is positioned so that the vessel anastomoses can be done con-
veniently. Perfusion of the flap with various solutions usually 
is not required.

The sterilely draped operating microscope is brought 
into the surgical field, and attention is turned to dissecting 
the perivascular adventitia and soft tissue away from the ves-
sels. This dissection is done gently to avoid undue trauma to 
the vessel walls. Microvascular anastomoses are carried out 
first on the artery and next on the veins. It sometimes is help-
ful to keep the microvascular clips on the artery until at least 
one venous anastomosis is completed so that the flap does not 
become congested by the arterial inflow while the veins are 
being sutured. Because of potential injury to the vessel wall, 
the clip should not be left attached too long.

Anastomoses should be done on as many vessels as are 
available and suitable. Two-vein anastomosis is preferred to 
one-vein anastomosis, but is not essential for flap survival.

At the time of the anastomoses, anticoagulation therapy 
may be started; heparin or low-molecular-weight dextran can 
be used. Patency is assessed by removing the vascular clips 
from the artery and the vein. If the flap is being perfused 
through the anastomoses, the patency test of the artery shows 
flow across the repair, and the emptying veins rapidly fill. A 
pink, warm flap, with rapid capillary refill and no demonstra-
ble venous congestion is a good indicator of satisfactory per-
fusion in most situations. Other indicators of satisfactory flow 
include bleeding from the skin edges of the flap and rapid, 
bright red bleeding from small stab wounds made in the mar-
gins of the flap.

If flow into the flap is questionable, a Doppler probe can 
be used to detect flow, although this may not be reliable. 
Similarly, patients may be given intravenous fluorescein, and 
the flap can be assessed for fluorescent perfusion using an 
ultraviolet light. If arterial spasm occurs, it can be relieved at 
times by using topical papaverine or lidocaine. Stellate sym-
pathetic ganglion blocks may be helpful if problems caused by 
vessel spasm continue in the upper extremity.

When satisfactory arterial and venous flow has been 
established, attention can be turned to additional reconstruc-
tive procedures, such as bone, tendon, or nerve grafts and ten-
don transfers, if circumstances permit. If the situation does 
not permit these more extensive procedures, they should be 
delayed until another time. The margins of the flap are next 
sutured in place. Ideally, the vessels should be covered by the 
skin of the transplanted flap or the local skin in the recipi-
ent area. Split-thickness skin grafts may be required to cover 
exposed areas not completely covered by the free flap. To allow 
easier inspection of the flap after surgery, we do not routinely 
cover free muscle transfers with a split-thickness skin graft 
during the initial procedure. Care is taken to avoid excessive 
tension so that the vessels are not occluded by the pressure of 
overlying skin or muscle. If needed, a small suction drain may 
be left beneath the flap well away from the vascular anastomo-
ses to avoid their disruption on removal of the drain.

When the dressing is applied, whether in the upper or 
lower limb, care should be taken to avoid excessive pressure 
on the flap or constriction of the limb proximal to the flap. 
Our practice is to apply a wide-mesh petrolatum gauze to the 

wound edges and over skin grafts. This is covered with a loose 
bandage of gauze. Next, cotton cast padding is evenly applied 
to allow the application of a plaster splint to support the hand 
and wrist, or the foot and ankle, depending on the specific 
situation. Although the manner in which a patient awakens 
from the anesthetic is difficult to control predictably, every 
effort should be made to avoid violent straining, shivering, 
and flailing about, which sometimes accompany this stage of 
the procedure. 

GENERAL POSTOPERATIVE CARE
Placing the patient in an intensive care unit should ensure 
regular monitoring of vital signs and the vascularity of the 
flap. If the patient has medical illnesses that require special 
monitoring techniques, the intensive care setting is prob-
ably the safest place. After an uncomplicated operation, if the 
nurses and house staff are familiar with administering this 
type of postoperative care, the patient may be cared for safely 
in a hospital room. The room is kept warm; excessive cool-
ing is avoided to prevent cold-induced vasospasm. The room 
is kept quiet, and visitors are kept to a minimum to prevent 
emotional upsets that might lead to vasospasm. Cigarette 
smoking by the patient and visitors is prohibited to avoid nic-
otine-induced vasospasm. Cold drinks and those containing 
caffeine also are avoided.

Medications usually include antibiotics, sedatives, anal-
gesics, and different combinations of anticoagulant medi-
cations. Anticoagulation routines vary, depending on the 
preference of the individual surgeon. In some patients, no sig-
nificant anticoagulant medication is given. Some experienced 
surgeons use heparin routinely. Others use low-molecular-
weight dextran, and our current practice is to give dextran, 
500 mL, every 24 hours for at least 3 days. In addition, aspirin 
usually is added in doses of 300 mg twice daily.

The involved part usually is kept at the level of the heart or 
slightly elevated to avoid venous congestion. If the flap seems 
to be ischemic, the part can be lowered to improve arterial 
flow. If the flap becomes congested, the part is elevated well 
above the level of the heart to improve drainage. If the flap 
appears to be in jeopardy, a great deal of time should not be 
spent in carrying out these maneuvers because reexploration 
is likely to be required, and valuable time may be lost awaiting 
improvement.

The circulation of the flap can be monitored satisfacto-
rily using a variety of techniques. Regardless of the techniques 
used, regular clinical evaluations by the surgical and nursing 
staff are essential. 

MONITORING
Currently available monitoring techniques include ultra-
sound and laser Doppler scanning, digital plethysmography, 
radioisotope clearance assays, fluorescein perfusion moni-
toring, transcutaneous oxygen tension monitoring, and pho-
toplethysmography. Continuous temperature monitoring is 
widely used and currently seems to be the simplest method 
for assessing temperature of replanted digits and vascularized 
free flaps. The use of three temperature probes is required. 
One is placed on the replanted digit or hand, a second is 
placed on an adjacent or an opposite digit, and a third is 
placed on the bandage for monitoring the ambient temper-
ature. The normal digital temperature ranges from 30°C to 
35°C. Replanted digits should have temperatures within 2°C 
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to 3°C of the control digit. If the temperature of the replanted 
digit decreases to less than 30°C, thrombosis on the arterial or 
venous side is likely, and reexploration of the replanted part 
or free flap should be considered.

If sufficient clinical signs of ischemia accompany the indi-
cations of ischemia by any mechanical monitoring device, the 
patient should be returned to the surgical suite for explora-
tion of the anastomoses. If the flap is pale without capillary 
refill or is cyanotic and congested, if bright red bleeding is 
absent when the flap is punctured with a No. 11 blade, or if 
a deep purple ooze occurs, the flap is in jeopardy, and reex-
ploration is indicated.

If arterial thrombosis is identified, the arterial anastomo-
sis and at least one venous anastomosis should be excised. 
This excision allows assessment of perfusion of the flap after 
the arterial anastomosis is repeated. If venous thrombo-
sis is the problem, excising the venous anastomosis is help-
ful to allow free bleeding from the flap for several minutes 
to determine satisfactory flap perfusion and adequate back 
bleeding from the flap before repeating the venous repair. If 
vessel torsion or tension is found to have caused thrombosis 
over a segment of the vessel, interpositional vein grafting may 
be required to salvage the flap. The wounds are bandaged as 
noted previously, and the postoperative routine is resumed.

Mobilization of the part is resumed, commensurate with 
the part receiving the tissue transfer. If a simple soft-tissue 
cover has been provided, the parts can be mobilized as soon 
as wound healing and edema permit. If vascularized bone 
or functioning muscle has been transferred, mobilization 
depends on the requirements of these procedures. If a free 
muscle transfer has been performed, the patient routinely is 
returned to the operating room at 2 to 3 days for any necessary 
further debridement and split-thickness skin grafting of the 
flap. The specific routines used are discussed in the following 
sections covering the specific free tissue transfer procedures. 

FREE GROIN FLAP
The iliofemoral (groin) pedicle flap, popularized by McGregor 
and Jackson, has been applied extensively for repair and 
reconstruction in the upper extremity. Since the report in 
1973 by Daniel and Taylor describing its successful use as a 
free flap, many surgeons have found it useful for coverage 
problems encountered in reconstruction of the head, neck, 
and trunk and in the upper and lower extremities. The free 
groin flap also has been beneficial for coverage of the exposed 
tibia and for problems in the foot, especially over the heel. In 
some situations requiring a bone graft, the underlying iliac 
crest may be included with the groin flap, using the superfi-
cial circumflex iliac artery or the deep circumflex iliac artery.

Advantages ascribed to the free groin flap include its 
potentially large size, its location in an area with sparse hair 
distribution, minimal donor-site morbidity, its multiple arte-
rial and venous systems, the potential for incorporating bone 
with the overlying skin, and its proven applications as a tra-
ditional pedicle flap before the development of microvascu-
lar surgical techniques. Disadvantages include its potential 
excessive thickness in obese patients, problems with color 
matching, its usually short vascular pedicle, difficulty in dis-
section of the vessels, its lack of satisfactory innervation, 
and the likelihood that previous surgical procedures in the 
inguinal region might have damaged the essential vessels. 
Primarily because of its short and unpredictable vascular 

pedicle, the groin flap has lost some of its initial popularity as 
a free tissue transfer.

VASCULAR ANATOMY
The iliofemoral flap, as usually described, receives its princi-
pal arterial supply from the superficial circumflex iliac artery, 
branching from the femoral artery. Anatomic studies reveal 
variations in the arterial supply, with the superficial infe-
rior epigastric artery contributing significantly at times (Fig. 
63.14). Taylor and Daniel found the origin of the superficial 
circumflex iliac and the superficial inferior epigastric arter-
ies to have one of three patterns (Fig. 63.15). In 48% of their 
specimens, there was a common origin of the superficial cir-
cumflex iliac and the superficial inferior epigastric arteries. 
In 35% there was a large superficial circumflex iliac artery 
and absent superficial inferior epigastric artery. Separate ori-
gins were found for both arteries in 17%. The arteries arose 
from vessels other than the femoral artery at times, and the 
relationships were symmetric in about one third of the speci-
mens. The diameters of the vessels were 1.1 to 1.4 mm.

The superficial circumflex iliac artery passes from its 
origin superficial to the femoral nerve, remaining subfascial 
until it reaches the lateral border of the sartorius, where it 
passes through the deep fascia into the subcutaneous tissue, 
supplying the dermal-subdermal plexus lateral to the anterior 
superior iliac spine. The flap is drained through the relatively 
constant superficial inferior epigastric and the variable super-
ficial circumflex iliac veins. These veins may enter the femoral 
vein separately, usually on its anterior surface. They also may 
be found to join at the saphenous bulb. The vascular axis of 
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the superficial circumflex iliac artery begins about 5 cm infe-
rior to the inguinal ligament and generally is oriented paral-
lel to the inguinal ligament toward the anterior superior iliac 
spine and the inferior angle of the scapula.

When a groin flap is being designed, this general align-
ment should be kept in mind. If the iliac crest is to be included 
in the flap, it may be supplied sufficiently by the overlying 
skin and superficial circulation; however, Taylor, Townsend, 
and Corlett have shown the importance of the osseous circu-
lation from the deep circumflex iliac vessels. The dissection 
of these vessels is accomplished through the inguinal region. 

 

DISSECTION FOR FREE GROIN FLAP

 TECHNIQUE 63.9 

 n  Position the patient supine with a generous rolled towel 
or sandbag beneath the ipsilateral buttock.

 n  Prepare and drape the skin to allow surgical access to 
the inferior costal margin superiorly, the pubic tubercle 

medially, the circumferential thigh and knee distally, and 
the flank posteriorly. Having the thigh within the surgical 
field allows easy abduction and external rotation during 
pedicle exposure and flexion for donor-site closure.

 n  Before beginning the dissection of the vessels, use the 
Doppler probe to identify and outline the course of the 
superficial circumflex iliac artery. Using paper, plastic 
sheeting, or other suitable material, outline the recipient 
defect and place the pattern in the inguinal region, gener-
ally paralleling the inguinal ligament and lying along the 
course of the superficial circumflex iliac artery (Fig. 63.16). 
Groin flaps 30 cm × 20 cm can be harvested; however, 
the portion of the flap that is lateral to the anterior supe-
rior iliac spine is a random pattern flap, and its length-to-
base width ratio must be 1.5 to 1 or less.

 n  Begin the approach to the vessels from the medial or the 
lateral end of the flap. Daniel and Taylor and Harii and 
Ohmori favored beginning the dissection at the lateral 
end of the flap, fearing damage to the artery, failure to 
identify the vessels, and interference with use of the flap 
as a pedicle flap should microvascular transfer be impos-
sible. O’Brien et al. recommended beginning the dissec-
tion at the medial end so that the suitability of the arterial 
trunk can be determined. Jackson also pointed out that 
four situations might make the vascular trunk unsuitable 
for microvascular transfer: (1) the presence of multiple 
small veins unsuitable for anastomosis; (2) a single small 
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FIGURE 63.15 Interrelated origins of superficial circumflex iliac 
(C) and superficial inferior epigastric (E) arteries from femoral artery 
(FA) or another parent artery (P). 1, Common origin; 2, compen-
satory superficial circumflex iliac with absent superficial inferior 
epigastric; 3, separate origins; 4, origin from parent vessel other 
than femoral artery.
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FIGURE 63.16 Anatomy of groin flap. Flap outline is centered 
on axis of superficial circumflex iliac vessels perforating sartorius 
fascia near lateral border of sartorius muscle. SEE TECHNIQUE 63.9.
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vein; (3) several arteries, none large enough for anasto-
mosis; and (4) one extremely narrow artery.

 n  Generally, we favor starting on the medial end of the flap 
to assess the vessels. If care is taken and the vessels are 
unsuitable for anastomosis, a pedicle flap still can be fash-
ioned if the area to be covered is in the upper extremity. 
Both approaches are described here because some situa-
tions may make the use of one technique better than the 
other. In either case, the landmarks to keep in mind are 
the pubic tubercle, the anterior superior iliac spine, the 
inguinal ligament, and the pulsation of the femoral artery.

 n  When beginning the dissection medially, make a longitu-
dinal incision over the femoral artery, centered about 5 
cm inferior to the inguinal ligament. Use gentle sharp and 
blunt dissection and stay to the medial side of the femo-
ral artery, watching carefully for the superficial circumflex 
iliac artery to arise from the medial or anterior aspect of 
the femoral artery (Fig. 63.17).

 n  Identify the veins and dissect them gently as well.
 n  Follow the superficial circumflex iliac artery as it passes 

laterally. Include the fascia overlying the sartorius until 
the artery can be seen to pass through the fascia into the 
subcutaneous fat near the lateral border of the sartorius. 
Before reaching that point, incise the outline of the flap 
on the skin as needed to permit identification of the ves-
sels and the muscular landmarks.

 n  After the vascular pedicle has been dissected and suitable 
arteries and veins have been identified, the entire skin 
flap can be incised and elevated. The vessels are not tran-
sected until preparation of the recipient area is completed 
and suitable recipient vessels have been identified. If the 
vessels are unsatisfactory for a microvascular transfer and 

if the recipient area is on the upper extremity, a pedicle 
flap still can be fashioned with the dissected flap.

 n  When the dissection is begun from the lateral end of the 
flap, a pattern matching the recipient area also is outlined 
over the inguinal region. As noted, the axis of the flap is 
centered about 5 cm inferior to the inguinal ligament. 
The margins of the flap, as outlined, are incised, leaving 
a medial skin bridge intact.

 n  Dissect from lateral to medial, carrying the deep fas-
cia with the flap as the lateral border of the sartorius is 
crossed.

 n  After the vessels are reached and identified, follow the 
superficial circumflex iliac artery across the femoral tri-
angle superficial to the iliacus and the femoral nerve to 
the femoral artery.

 n  Locate the superficial inferior epigastric vein on the ante-
rior aspect of the femoral vein in the same area.

 n  Evaluate the size of the vessels. If spasm is apparent, apply 
topical papaverine or lidocaine to relieve it.

 n  If the vessels are satisfactory, the medial skin bridge can 
be transected; however, the vessels should not be sec-
tioned until the recipient area is prepared for the skin 
transfer. If the vessels are unsuitable for microvascular 
anastomosis, the flap can be used as a pedicle flap if the 
defect is in the upper extremity.

 n  If the defect to be covered is in the lower extremity and the 
vessels are unsuitable for anastomosis, another donor site 
must be selected or the procedure must be abandoned, 
regardless of which approach is used for the vessels.

 n  After the groin flap has been isolated on its vessels and 
the recipient site has been prepared, transect the artery 
first to allow additional venous drainage, and then tran-
sect the veins.

 n  Apply suture tags to the vessels to avoid losing them if 
they retract into the subcutaneous tissue.

 n  Place the free flap into the recipient defect, oriented so 
that the flap vessels match the recipient vessels.

 n  Place several anchoring sutures in the margins of the flap 
to avoid its being dislodged while the anastomoses are 
being performed.

 n  Suture the artery and the veins as promptly as possible to 
avoid venous congestion in the flap.

 n  While one team is working on the vessels, the other team 
closes the groin donor defect. This usually can be done by 
side-to-side direct closure of the wound. Tension on the 
wound is minimized by undermining the skin margins and 
by flexing the hip to allow closure of the wound.

POSTOPERATIVE CARE The general care of the patient 
is essentially the same as that already outlined. The circula-
tion to the flap is monitored, and the hip is maintained in 
a flexed posture for 5 to 7 days, at which time gradual ex-
tension is begun and continued for another 7 to 10 days.
  

ANTEROLATERAL THIGH FLAP
This fasciocutaneous flap was first described by Song et al. for 
reconstruction of burn contractures affecting the head and 
neck, and it has been described in hand reconstruction. The 
flap has been found to be reliable, with no failures in seven 
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FIGURE 63.17 Groin flap dissection. Sartorius fascia has been 
dissected up with cutaneous flap protecting superficial circumflex 
iliac artery and vein. SEE TECHNIQUE 63.9.
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patients. Advantages of this flap include its potential size (≤800 
cm2), its long vascular pedicle (≤15 cm), and its use as a pos-
sible flow-through flap to revascularize a digit. It also is poten-
tially sensate through the lateral femoral cutaneous nerve, as 
reported by Maamoon in his description of its use to cover 
weight-bearing areas of the foot. The flap tends to be thick, 
although using it as a fascial flap with skin grafting obviates 
this problem. Dissection may be difficult if the perforators pass 
through the vastus lateralis. Kimata et al. found in 74 patients 
that perforators were absent in 4 (5.4%), and musculocutane-
ous perforators were present in 81.9%. This flap is considered 
unsuitable for use in obese patients, particularly women, and 
in men with extremely hairy thighs. Comparing the antero-
lateral thigh (ALT) flap to the latissimus dorsi flap for lower 
extremity coverage, Philandrianos et al. found no difference in 
bone healing, infectious bone complications, or flap healing; 
however, the ALT flap provided a better cosmetic result.

VASCULAR ANATOMY
The free ATL flap is based off the descending branch of the 
lateral circumflex femoral artery. The descending branch 
passes between the rectus femoris and the vastus lateralis and 
has an internal diameter of greater than 3 mm. After supply-
ing the major branch to the rectus femoris, it provides perfo-
rators to the skin that pass through the intermuscular septum 
or through the anterior 4 cm of the vastus lateralis. The largest 
perforator reaches the deep fascia at a point 2 cm lateral and 
2 cm distal to the midpoint of a line drawn between the ante-
rior superior iliac spine and the superolateral border of the 
patella. Venous drainage is through one or two venae comi-
tantes accompanying the descending branch of the lateral cir-
cumflex femoral artery. The descending branch of the lateral 
circumflex femoral artery is accompanied by motor nerve 
branches to the vastus lateralis, which should be preserved 
during the dissection. 

 

DISSECTION FOR ANTEROLATERAL 
THIGH FLAP

 TECHNIQUE 63.10 

(JAVAID AND CORMACK)

FLAP PLANNING
 n  Before surgery, detect the location of the perforators with 

a Doppler probe using an 8-MHz transducer and mark 
them on the skin.

 n  At surgery, determine the defect and expose the potential 
recipient site artery and vein.

 n  Join the site for the anastomoses to the defect with a suit-
able incision. Avoid tunneling under intact skin bridges 
where the vascular pedicles may be compressed when the 
skin tightens secondary to postoperative swelling.

 n  Create a paper pattern that covers the defect and the 
anastomosis site to determine if the flap and its vascular 
pedicle is going to be of a “tadpole” or “mushroom” 
configuration.

 n  Place the paper pattern on the thigh in the appropriate 
position relative to the principal perforator and the pedi-
cle to achieve the right configuration. 

FLAP ELEVATION
 n  With the patient supine, apply a sterile Esmarch tourni-

quet secured to a Steinmann pin in the anterior superior 
iliac spine (Fig. 63.18). Begin flap elevation at its medial 
edge where skin and deep fascia are incised.

 n  The lateral cutaneous nerve of the thigh is encountered 
in its downward course from the anterior superior iliac 
spine and can be dissected free of the anterior mar-
gin of the flap or included if a neurosensory flap is 
planned.

 n  Continue the elevation to expose the intermuscular sep-
tum between the rectus femoris and vastus lateralis, 
which is explored for the descending branch.

 n  Continue exploration until the septocutaneous perfora-
tors or the muscle-perforating vessels from the descend-
ing branch of the lateral circumflex femoral vessels can be 
seen. Ligate and divide any branches to muscle that are 
not passing through to supply the skin.

 n  If accessory septocutaneous perforators are found arising 
above and below the main perforator, two or more can 
be preserved to increase the vascular connecting points 
between the flap and its pedicle in larger flaps.
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FIGURE 63.18 Skin marking of anterolateral thigh flap. Flap 
elevation is accomplished with use of Esmarch tourniquet secured 
to Steinmann pin in anterior superior iliac spine. SEE TECHNIQUE 
63.10.
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 n  If no septocutaneous perforators are present, carefully 
dissect out perforators from the anterior part of the vastus 
lateralis as they pass through on their way to the skin.

 n  When the vascular supply to the flap is ensured, incise the 
posterior and distal parts of the flap.

 n  Remove the Esmarch tourniquet and develop the pedicle 
farther proximally with a skin incision if a “tadpole” flap 
configuration is required. Do not carry the dissection of the 
pedicle above the point where the arterial branch to the 
rectus femoris arises and its venous drainage joins because 
this is the sole supply to the rectus femoris and must not 
be compromised. At about this level, the venae comitantes 
of the descending branch may unite to form a single vein 
before joining with veins from the rectus femoris.

 n  Usually the skin defect on the thigh cannot be closed di-
rectly, partly because the harvest of some of the deep 
fascia allows the muscle to bulge and hinder closure. Ad-
vance the skin edges and suture them to the muscle to 
reduce the overall size of the defect and cover the remain-
ing area with a meshed split-thickness skin graft taken 
from the medial aspect of the same thigh.
  

SCAPULAR AND PARASCAPULAR FLAP
Cutaneous flaps based on the circumflex scapular arterial sys-
tem include the cutaneous scapular flap and the cutaneous 
parascapular flap. The scapular flap is considered a versatile 
cutaneous flap that can cover a defect measuring 10 × 16 cm. 
Functional donor-site morbidity is not appreciable. The skin 
is thin and hairless, although the hilum may be fairly bulky. 
The pedicle is long and constant, with a length of 4 to 9 cm.

The scapular flap can be elevated and dissected quickly 
and is suitable for small areas of skin loss. Its disadvantages 
include its lack of a cutaneous nerve as an innervated flap and 

the tendency for the donor-site scar to spread, limiting its 
usefulness in women.

VASCULAR ANATOMY
The cutaneous scapular flap receives its circulation through 
the transverse cutaneous branch of the circumflex scapu-
lar artery and accompanying veins. The circumflex scapular 
artery is a major branch of the subscapular artery, and the 
branches of the circumflex scapular artery have several ter-
minal branches (Fig. 63.19). The more superior branches sup-
ply portions of the supraspinatus and infraspinatus muscles. 
An inferior or infrascapular branch supplies the muscles and 
skin to the inferior angle of the scapula. A descending branch 
divides into the cutaneous parascapular artery, which contin-
ues inferiorly along the border of the latissimus dorsi muscle 
and a transverse branch, the cutaneous scapular artery.

The cutaneous scapular artery passes through the trian-
gular space formed by the teres minor superiorly, the teres 
major inferiorly, and the long head of the triceps laterally. 
Two veins accompany the circumflex scapular artery. 

 

DISSECTION FOR SCAPULAR AND 
PARASCAPULAR FLAP

 TECHNIQUE 63.11 

(GILBERT; URBANIAK ET AL.)
 n  Place the patient prone or in the lateral decubitus position 

on an axillary pad, allowing mobility of the chest so that 
the patient can be turned prone if needed. If the flap is 
to be used for upper extremity coverage, the contralateral 
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FIGURE 63.19 Cutaneous scapular artery and two accompanying veins exit through triangular 
space and supply skin superficial to inferior two thirds of scapula. Scapular flap is designated by 
dashed circle. SEE TECHNIQUE 63.11.
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shoulder serves as the donor. In situations in which the 
posterior tibial artery is the recipient vessel, the contralat-
eral shoulder should serve as the donor site. If the anterior 
tibial-dorsalis pedis system is to be used, the donor site is 
the ipsilateral scapular area.

 n  Drape the arm free so that it can be moved through a full 
range of motion, especially adduction and abduction, to 
allow dissection of the vascular pedicle.

 n  Place the patient’s arm at his or her side and make an out-
line of the flap in a transversely oriented direction centered 
over the scapula. Urbaniak et al. pointed out the usefulness 
of the “rule of twos” in outlining the scapular flap (Fig. 
63.20). The medial border extends to within 2 cm of the 
vertebral spinous processes. The lateral border extends to 
within 2 cm superior to the posterior axillary crease. The 
inferior border extends to within 2 cm superior to the infe-
rior angle of the scapula, and the superior border extends 
to within 2 cm inferior to the spine of the scapula.

 n  Make a skin incision and elevate the flap, beginning on 
the medial border approximately 2 cm lateral to the ver-
tebral spinous processes.

 n  Incise the lateral, superior, and inferior borders of the flap. 
Use loupe magnification to aid in the dissection.

 n  Retract the deltoid muscle superiorly and identify the teres 
minor, the long head of the triceps, and the teres major 
forming the triangular space.

 n  Retract the long head of the triceps laterally, the teres 
minor superiorly, and the teres major inferiorly.

 n  Expose the circumflex scapular artery and its venae comi-
tantes by dissecting along the inferior border of the teres 
minor in the interval superficial to the fascia of the teres 
minor (see Fig. 63.19).

 n  After the flap has been completely excised and mobilized 
so that it is attached only to its vascular pedicle, determine 
that the recipient site is prepared, dissect the pedicle prox-
imally, and section the vessels, cauterizing and ligating or 
applying a hemoclip to the central stump and microvas-
cular clips to the flap pedicle.

 n  Close the donor site by mobilizing the skin edges and 
inserting drains as needed.

 n  Nassif et al. described a parascapular flap, receiving its 
vascular supply through the cutaneous parascapular ar-
tery, a branch of the circumflex scapular artery. The ori-
entation of this flap is more vertical, and it parallels the 
anterior margin of the latissimus dorsi muscle. The reader 
is referred to the references for the details of this flap.
  

LATERAL ARM FLAP
The lateral arm flap is a fascial or fasciocutaneous flap based on 
the posterior radial collateral artery, which is a direct continu-
ation of the profunda brachii. Its maximal dimension is limited 
(10 cm × 15 cm); however, it has the advantage of supplying a 
relatively thin flap that can be reinnervated through the pos-
terior cutaneous nerve of the arm. Also, it can be harvested 
from the same side as the injured forearm or hand, eliminating 
multiple surgical sites. If harvested as a fascial flap, it may pro-
vide thin pliable coverage for hand and finger defects. The chief 
disadvantages are the relatively short (2 to 6 cm) pedicle and 
variable vessel diameter (1 to 3 mm). Flap bulkiness may be an 
issue; however, this is outweighed by the versatility of the lat-
eral arm flap. In reviewing the outcome of 123 lateral arm free 
flaps, Graham et al. thought that this flap is best limited to male 
patients in whom primary closure of the donor site is possible.

VASCULAR ANATOMY
The profunda brachii artery courses along the spiral groove 
of the humerus and passes through the lateral intermuscu-
lar septum just distal to the deltoid insertion. At this point, it 
branches into a smaller anterior radial collateral artery and a 
larger posterior radial collateral artery (Fig. 63.21). The ante-
rior radial collateral artery accompanies the radial nerve and 
courses anterior to the brachioradialis. The posterior radial 
collateral artery courses posterior to the brachioradialis along 
the lateral intermuscular septum, giving off small cutane-
ous branches that supply the lateral arm flap. It eventually 
anastomoses with the interosseous recurrent artery around 
the lateral epicondyle. The posterior radial collateral artery 
is accompanied by the posterior cutaneous nerve of the arm, 
which innervates the distal skin of the flap, and the posterior 
cutaneous nerve of the forearm and two large venae comitan-
tes, each approximately 2 mm in diameter. 

 

DISSECTION FOR LATERAL ARM FLAP

 TECHNIQUE 63.12 

 n  Prepare and drape free the entire upper extremity up to 
the axilla with the patient in the supine position. Apply a 
sterile tourniquet if available to provide a bloodless field. 
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FIGURE 63.20 “Rule of twos” is helpful in outlining scapular 
flap. Medial border may extend 2 cm lateral to the spinous processes 
and lateral border 2 cm superior to posterior axillary crease. Inferior 
border may extend 2 cm superior to inferior edge of scapula and 
superior border 2 cm inferior to spine of scapula. SEE TECHNIQUE 
63.11.
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It is easier to carry out the dissection with the arm resting 
on the chest with the elbow in flexion.

 n  Center the flap over the lateral intermuscular septum, 
which courses from the deltoid insertion to the lateral 
epicondyle (Fig. 63.22A).

 n  Incise the posterior margin of the flap through the fascia 
overlying the triceps muscle.

 n  Carry the dissection anteriorly between the triceps and its 
fascia until the lateral intermuscular fascia is encountered. 
Identify the cutaneous branches of the posterior radial 
collateral artery within the septum (Fig. 63.22B).

 n  Bluntly separate the septum from the triceps to its full 
depth and note the course of the posterior radial collat-
eral artery within the septum.

 n  Continue the dissection proximally along the vascular 
pedicle between the triceps and deltoid (Fig. 63.22C).

 n  Identify and protect the radial nerve. Identify the poste-
rior cutaneous nerve of the arm, which enters the skin 
flap proximally and superficial to the triceps fascia. This 
may be divided proximally and used for sensory rein-
nervation.

 n  Incise the anterior margin of the flap and elevate it with 
the underlying fascia off the brachialis and brachioradialis 
posteriorly to the lateral intermuscular septum.

 n  Ligate and divide the posterior radial collateral artery and 
venae comitantes, which extend distal to the flap margins 
(Fig. 63.22D).

 n  Proximally, divide the anterior radial collateral artery, and 
when adequate pedicle length has been gained, divide 
the profunda brachii and its venae comitantes. The pos-
terior cutaneous nerve to the forearm usually is included 
within the flap, although it can be preserved.

 n  Close the wound primarily over suction drains if the flap 
width is less than 6 cm, or skin graft it if necessary.
   

MUSCLE AND 
MUSCULOCUTANEOUS  
FREE FLAPS
Muscle and musculocutaneous free flaps are useful in two 
ways. They have been widely applied for coverage of soft-
tissue defects in the upper and lower extremities and in 
the reconstruction of contour in soft-tissue defects in the 
head, neck, and trunk. Their second major area of useful-
ness is in the transfer of functioning neuromuscular units to 
replace paralyzed muscular units in the face and extremities. 
Muscle flaps tend to atrophy with time, diminishing in bulk, 
and donor site functional deficits usually are insignificant. 
Unless restoration of local sensibility is required, a muscle 
flap usually is preferable to a cutaneous flap for free tissue 
transfer.

LATISSIMUS DORSI TRANSFER
Building on the 1896 reports of Tansini, who used the latis-
simus dorsi muscle pedicle flap for breast reconstruction, and 
on the extensive use of the latissimus dorsi as a muscle pedi-
cle flap for trunk and head and neck reconstruction, Baudet 
et al., Harii et al., and Maxwell et al. showed the successful 
transfer of the latissimus dorsi muscle as a free flap. This myo-
cutaneous free flap has been used extensively for soft-tissue 
coverage problems because of its large size and long, reliable 
pedicle of adequate vessel diameter.

VASCULAR ANATOMY
Arising from the thoracolumbar fascia, the iliac crest, and the 
lower three ribs, the latissimus dorsi muscle covers most of 
the lower portion of the posterior trunk and passes laterally 
to insert on the inferior portion of the bicipital groove of the 
humerus. The principal vascular supply to the latissimus dorsi 
is through the thoracodorsal branch of the subscapular artery 
with its venae comitantes. The thoracodorsal artery courses 
just deep to the anterior margin of the latissimus dorsi and 
enters the muscle on its deep surface 8 to 12 cm from the 
insertion (Fig. 63.23).

If the thoracodorsal artery is taken below the circumflex 
scapular branch, it has a diameter of 1.5 to 3 mm. Secondary 
vascular pedicles enter the muscle medially from the perfo-
rating branches of the lumbar and posterior intercostal arter-
ies. The thoracodorsal nerve follows the artery and has two 
to three fascicles with a diameter of about 2 mm. All of the 
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FIGURE 63.21 Vascular anatomy of lateral arm flap.
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FIGURE 63.22 A, Outline of lateral arm flap centered over lateral intermuscular septum (dashed 
circle). B, Initial posterior incision and elevation of flap deep to triceps fascia showing cutaneous 
branches of posterior radial collateral artery within lateral intermuscular septum. C, Exposure of 
vascular pedicle. D, Flap elevated on its pedicle with posterior cutaneous nerves to arm and forearm. 
SEE TECHNIQUE 63.12.
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muscle with most of its overlying skin can be transferred with 
the thoracodorsal neurovascular bundle. Skin flaps of varying 
sizes may be oriented over the muscle as needed. 

 

DISSECTION FOR LATISSIMUS  
DORSI TRANSFER

 TECHNIQUE 63.13 

 n  Place the patient in the lateral decubitus position, main-
taining this position with sandbags and kidney rests.

 n  Prepare and drape the patient, leaving the entire shoulder 
and thorax exposed anteriorly and posteriorly. Drape the 
entire upper extremity free so that it can be easily moved 
about.

 n  Draw a line along the anterior margin of the latissimus 
dorsi muscle from the anterior margin of the posterior 
axillary fold to the midportion of the iliac crest.

 n  Although most of the skin overlying the latissimus dorsi 
muscle can be transplanted, it usually is not required for 
upper extremity reconstruction. If an island of skin is to 
be taken for upper extremity coverage, it may be best de-
signed over the anteroinferior aspect of the muscle (Fig. 
63.24A). This allows direct closure of the donor site. If the 
flap is to be removed for coverage of larger defects (as in 
the lower extremity), larger skin islands may be outlined 

(10 to 12 cm wide) or the muscle may be removed with-
out its overlying skin and split-thickness skin grafts may 
be applied to the muscle belly after the flap has been 
attached to the recipient site.

 n  Make a curved incision, extending from the axilla, follow-
ing the anterior margin, and include the outline of the 
skin flap.

 n  Identify the dorsal surface of the latissimus dorsi to avoid 
dissection of skin from the muscle.

 n  If only a muscle flap is to be harvested, make the incision 
along a line 3 cm posterior to the anterior margin of the 
latissimus dorsi (Fig. 63.24B).

 n  Separate the latissimus dorsi anteriorly from the serratus 
anterior muscle. Separate the anterior margin of the mus-
cle from the posterior iliac crest distal to the skin island.

 n  Retract the muscle posteriorly and dissect deep to the 
muscle medially toward the spine. Ligate or cauterize per-
forating vessels entering the muscle medially. With the 
anterior margin and the distal attachments mobilized, the 
muscle can be manipulated freely to allow dissection of 
the neurovascular pedicle. Palpate the vascular pedicle 
proximally near the insertion and 1 to 2 cm from the ante-
rior margin. Dissect carefully when mobilizing the pedicle.

 n  Using the bipolar cautery, cauterize branches perforating 
the chest wall musculature from the latissimus dorsi.

 n  Identify and preserve the long thoracic nerve to the ser-
ratus anterior deep and anterior to the thoracodorsal 
pedicle. Identify the nerve to the latissimus dorsi, accom-
panying the thoracodorsal pedicle.

 n  Dissect the pedicle proximal to the branch to the serratus 
anterior muscle to obtain a pedicle length of 8 to 12 cm 
(Fig. 63.24C). Unless the serratus is to be included in the 
muscle transfer, clamp and divide the anterior branch to 
the serratus anterior.

 n  If maximal pedicle length is required, dissect proximally, 
ligating and dividing the circumflex scapular branch, to 
include the entire subscapular artery as it arises off the 
axillary artery (Fig. 63.24D).

 n  After dissecting the neurovascular pedicle, proceed with 
the dissection medially and superiorly, releasing the proxi-
mal attachments of the muscle to the chest wall.

 n  Determine the amount of muscle required at the recipient 
site (arm or leg) and excise the medial margin of the skin 
flap down to the muscle.

 n  Suture the margins of the skin flap dermis to the fascia to 
avoid shear.

 n  Release the tendon at its insertion and section the neu-
rovascular pedicle only when the recipient site has been 
completely prepared.

 n  If a functioning muscle is required, determine the maximal 
functional length, as noted in the discussion of transfer 
of functioning muscle to forearm (see later section on 
Functioning Neuromuscular Transfers).

 n  Transfer the muscle to the recipient site and close the do-
nor site. A split-thickness skin graft may be required at the 
donor site, depending on the size of skin flap removed. 
Suction drainage is useful to avoid the development of a 
seroma or hematoma in the donor site.

 n  Shoulder mobilization can be begun on the day after sur-
gery.
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FIGURE 63.23 Latissimus dorsi vascular supply. Thoracodorsal 
branch of subscapular artery with venae comitantes enters muscle 
on its deep surface 8 to 12 cm from humeral insertion. Thora-
codorsal nerve (not shown) accompanies artery.
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SERRATUS ANTERIOR FLAP
The first published report of the serratus anterior free flap 
was by Takayanagi and Tsukie in 1982. A musculocutane-
ous flap using the lower three muscular digitations, based 
on the thoracodorsal artery, was used to cover two lower 
extremity defects. Three major advantages of this flap noted 
by Brody et al. were (1) low donor-site morbidity, (2) easy 
divisibility of the three separate slips for contouring, and (3) 
durability and adhesion that provide a stable resurfacing for 
grasp. This is a relatively thin muscle with a long vascular 
pedicle, and it can be harvested through a relatively short 

midaxillary incision. Removal of the lower three to four 
digitations has not been found to cause winging of the scap-
ula, provided that the proximal portion of the long thoracic 
nerve is not injured.

VASCULAR ANATOMY
The serratus anterior originates from the first nine ribs to 
insert on the medial border of the scapula. The lower three to 
four digitations are primarily vascularized by a consistently 
present anterior branch of the thoracodorsal artery (Fig. 
63.25). The upper six digitations receive their blood supply 
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FIGURE 63.24 A, Latissimus dorsi musculocutaneous flap design (dashed oval). Note skin flap 
along anterior inferior portion of muscle. B, Latissimus dorsi muscle flap incision is parallel and 3 
cm posterior to anterior edge of muscle. C, Latissimus dorsi flap isolation. Distal and posteromedial 
portions have been released to allow for cephalad dissection of vascular pedicle. Anterior arterial 
branch to underlying serratus anterior is divided. D, Division of circumflex scapular artery allows 
dissection up to subscapular artery origin of axillary artery. SEE TECHNIQUE 63.13.
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primarily from the lateral thoracic artery. The long thoracic 
nerve, which courses superficially along the serratus anterior 
and just anterior to the vascular pedicle, provides innervation 
to all digitations. A 15-cm vascular pedicle can be achieved 
by preserving the subscapular artery (2 to 3 mm in diameter) 
within the pedicle. 

 

DISSECTION FOR SERRATUS 
ANTERIOR FLAP

 TECHNIQUE 63.14 

 n  Position the patient in the lateral decubitus position.
 n  Prepare and drape the entire upper extremity along with 

the hemithorax.
 n  Make a linear incision along the midaxillary line centered 

over the sixth through tenth ribs (Fig. 63.26A). Deepen 
the incision anterior to the leading edge of the latissimus 
dorsi until the loose areolar tissue covering the serratus is 
encountered.

 n  Widely abduct the arm and, using careful blunt dissec-
tion, identify the thoracodorsal artery just beneath the 
latissimus dorsi muscle and its anterior branch to the ser-
ratus anterior (Fig. 63.26B). Just distal to the takeoff of 
this anterior branch, ligate and divide the thoracodorsal 
artery.

 n  Identify the thoracodorsal nerve by direct exposure or by 
using a nerve stimulator and carefully preserve it as the 
dissection is carried proximal along the thoracodorsal ar-
tery and vein.

 n  Trace the anterior branch distally to the point at which it 
enters the lower three to four digitations of the serratus 
anterior.

 n  Identify and protect the long thoracic nerve proximal to 
this point.

 n  Elevate the lower three to four digitations off the under-
lying ribs and intercostal muscles. Section the scapular 
insertion of this portion of muscle.
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FIGURE 63.25 Vascular anatomy of serratus anterior muscle.
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FIGURE 63.26 A, Skin incision for serratus anterior free flap. B, Dissection and isolation of 
serratus anterior free flap. SEE TECHNIQUE 63.14.
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 n  Verify that the muscle is well perfused by its vascular 
pedicle and divide the pedicle.

 n  Take care to achieve meticulous hemostasis and close the 
wound over suction drainage.
  

TENSOR FASCIAE LATAE MUSCLE FLAP
Although its fascial surface may not adhere to a recipient site, 
the tensor fasciae latae muscle can be used for coverage of 
soft-tissue defects in the upper or lower extremity, as a sen-
sory innervated flap, as a functioning neuromuscular unit, 
and as an osteomusculocutaneous flap incorporating a por-
tion of the bone of the iliac crest. Its function as an innervated 
flexor substitute is limited because of its limited excursion; 
however, it has potential as an extensor replacement. A 10- × 
30-cm skin flap centered over the midaxis of the muscle may 
be harvested with the underlying muscle.

VASCULAR ANATOMY
The tensor fasciae latae originates from the anterior portion 
of the iliac crest and inserts into the fascia lata of the thigh. 
It has a single major arterial supply, the transverse branch of 
the lateral femoral circumflex artery from the profunda femo-
ris artery. The vascular pedicle enters at the midpoint of the 
muscle approximately 10 cm inferior to the iliac crest. The 
arterial supply lies deep to the rectus femoris muscle and 
gives branches to the rectus femoris, the vastus lateralis, and 
gluteus minimus muscles (see Fig. 63.27B). The venous drain-
age is through the two venae comitantes that accompany the 
arterial pedicle. A vascular pedicle 6 to 8 cm long can be dis-
sected. The vessels have diameters of 2 to 2.5 mm.

The tensor fasciae latae receives its motor innervation 
through a branch of the superior gluteal nerve, which enters 
the muscle proximal to the vascular pedicle. The skin area of 
the muscle is located on the lateral thigh between lines extend-
ing from the anterior superior iliac spine and the lateral femo-
ral condyle anteriorly and the greater trochanter posteriorly; 
it extends from the iliac crest to the knee. This skin receives its 
sensory innervation through the cutaneous branch of the T12 
nerve and the lateral femoral cutaneous nerve. The branch 
of the T12 nerve enters the region in the subcutaneous tis-
sue near the posterosuperior aspect of the flap, and the lateral 
femoral cutaneous nerve enters the medial portion of the flap 
in the subcutaneous tissue 8 to 10 cm distal to the anterior 
superior iliac spine. 

 

DISSECTION FOR TENSOR FASCIAE 
LATAE MUSCLE FLAP

 TECHNIQUE 63.15 

 n  Outline on the proximal lateral thigh the area of skin re-
quired by the recipient area. The midaxis of the muscle 
flap and a musculocutaneous flap is along a line drawn 
from a point 3 cm posterior to the anterior superior iliac 
spine to the head of the fibula (Fig. 63.27A).

 n  Mark the location of the anticipated entrance of the vas-
cular pedicle approximately 10 cm inferior to the anterior 
superior iliac spine. This point usually is located along a line 
drawn transversely and laterally from the pubic tubercle.

 n  If the transfer is to be a neurosensory, osteomusculocuta-
neous, or functional free flap, identify the areas of the lat-
eral femoral cutaneous nerve anteromedially, the sensory 
branch of the T12 nerve posterolaterally, the anticipated 
location of the motor branch, and any required bone be-
fore making the skin incision.

 n  Plan the flap so that the required neurovascular repairs 
and bone placement if used can be located appropriately 
in the recipient site.

 n  Incise the anterior margin of the flap through the subcu-
taneous tissue and the underlying fascia lata (Fig. 63.27B).

 n  If sensory nerves are to be incorporated in the transfer, 
dissect and identify them at this point. The lateral femoral 
cutaneous nerve enters the flap 5 to 10 cm inferior to 
the anterior superior iliac spine. Identify the nerve in the 
subcutaneous tissue, dissect it proximally, and divide it, 
providing sufficient nerve for nerve repair before identifi-
cation of the vascular pedicle.

 n  Continue the dissection anteriorly and medially deep to 
the fascia until the interval between the tensor and rectus 
femoris is encountered (Fig. 63.27C). This interval is usu-
ally obvious.

 n  Use blunt dissection to locate the transverse branches of 
the lateral femoral circumflex vessels deep to the rectus 
femoris.

 n  Identify the descending branch that courses distally into 
the vastus lateralis and ligate it.

 n  Trace the lateral femoral circumflex artery with its two 
venae comitantes medially beneath the rectus femoris to 
its origin off the profunda femoris. Take care not to injure 
the femoral nerve during this portion of the dissection.

 n  After the vascular pedicle has been clearly delineated, in-
cise the posterior margin of the skin flap.

 n  Suture the margins of the skin flap to the muscle superiorly 
and to the fascia lata distally to avoid shear on the flap.

 n  Deepen the dissection through the interval between the 
gluteus maximus and the tensor and continue medially 
until the vascular pedicle is encountered (Fig. 63.27D). 
Protect the vascular pedicle with a retractor during this 
portion of the dissection.

 n  Section the tensor fasciae latae distally and develop the 
flap in a cephalad direction (Fig. 63.27E).

 n  Elevate proximally the superior margin of the flap and 
incise and divide the proximal muscle superior to the en-
trance of the vascular pedicle.

 n  If bone is to be included, carry the dissection more proxi-
mally after incision and elevation of the superior skin to 
the level of the iliac crest.

 n  Using an osteotome, include the tensor fasciae latae with 
the underlying iliac crest.

 n  Leave the vascular pedicle intact until the recipient site is 
completely prepared and then section the vessels for transfer.

 n  Close the wound over large suction drains.
 n  Hip and knee motion and weight-bearing ambulation can 

be started on the first postoperative day as allowed by the 
recipient site.
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GRACILIS MUSCLE TRANSFER
The gracilis can be used as a free muscle or a musculocu-
taneous flap. Because it is fairly small with a long, narrow 
contour, it has only limited use for soft-tissue coverage, but 
is suitable for a free innervated functioning muscle trans-
fer. Its vascular pedicle is short and based on a terminal 
branch of the medial femoral circumflex artery, which has a 
diameter of 1 to 2 mm. It is conveniently harvested with the 
patient in the supine position and has minimal donor-site 
morbidity.

VASCULAR ANATOMY
Arising from the anterior body and the inferior ramus of the 
pubis and the ischium, the gracilis muscle passes distally in 
the medial thigh posterior to the adductor longus and sarto-
rius muscles, inserting on the medial aspect of the proximal 
tibia posterior and deep to the sartorius tendon and ante-
rior to the semitendinosus muscle insertion. Its innervation 
comes from a branch of the anterior division of the obturator 
nerve, which has two to four fascicles entering the muscle 6 to 
10 cm from the origin.
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FIGURE 63.27 A, Landmarks and skin incision for tensor fasciae latae muscle or musculocu-
taneous flap. Note vascular pedicle at level of pubic tubercle. B, Dissection initially is carried out 
anteriorly and medially to identify transverse branch of lateral femoral circumflex artery deep to 
rectus femoris muscle. C, Isolation of vascular pedicle. D, Posterior dissection between tensor and 
gluteus maximus. E, Elevation of tensor flap from distal to proximal. SEE TECHNIQUE 63.15.
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The obturator nerve accompanies the dominant vascular 
pedicle, the medial femoral circumflex artery, and its venae 
comitantes arising from the profunda femoris artery and 
vein, 8 to 12 cm from the muscle origin (Fig. 63.28). A vascu-
lar pedicle can be obtained 4 to 6 cm long with a vessel diam-
eter of 1 to 2 mm. Two minor vascular pedicles, branches of 
the superficial femoral artery, are located distally and may 
be sacrificed. No significant functional loss can be seen after 
removal of the gracilis muscle. 

 

DISSECTION FOR GRACILIS MUSCLE 
TRANSFER

 TECHNIQUE 63.16 

 n  Prepare and drape the entire lower extremity, exposing 
the groin, thigh, and knee so that the limb can be easily 
moved about. Abduct and externally rotate the hip and 
flex the knee to allow access to the medial side of the 
thigh from the groin to the knee.

 n  Draw a straight line between the origin of the adduc-
tor longus and the tibial tuberosity. The gracilis muscle 
should lie posterior to such a line (Fig. 63.29).

 n  To remove a cutaneous flap with the muscle, center the 
outlined flap over the proximal muscle because skin flaps 

in the distal portion have been found by Manktelow to be 
unreliable.

 n  After outlining the skin flap, make the skin incision along 
the line marked.

 n  Incise down to the gracilis muscle and suture the dermis 
at the margins to the underlying muscle.

 n  Dissect anterior to the gracilis muscle, separating the ad-
ductor longus muscle from the gracilis and retracting the 
adductor longus anteriorly. The neurovascular structures 
now can be seen entering the deep surface of the gracilis 
muscle.

 n  Ligate or cauterize the vascular side branches to allow the 
development of a long pedicle.

 n  Dissect the gracilis muscle free posteriorly and mobilize it 
proximally and distally by blunt digital dissection.

 n  Ligate or cauterize the lesser vascular pedicles as they 
are encountered distally on the deep surface of the 
muscle.

 n  If the muscle is to be transferred as a functioning mus-
cular unit, determine its physiologic length by placing 
marking sutures as indicated in the transfer of function-
ing muscle to forearm (see later section on Functioning 
Neuromuscular Transfers).

 n  Make a short incision in the distal thigh, identify the graci-
lis tendon by blunt dissection, and section the tendon 
distally after determining the needed length.

 n  To avoid displacement of the muscle, suture it loosely in 
situ, leaving it attached to the remaining pedicle and ori-
gin until the forearm is prepared.

 n  Section the origin and the neurovascular pedicle and de-
liver the muscle unit to the recipient site.
  

RECTUS ABDOMINIS TRANSFER
The free rectus abdominis muscle flap was first described by 
Pennington, Lai, and Pelly in 1980 and since that time has 
gained increasing popularity primarily because of its large 
and consistent vascular pedicle based on the deep inferior 
epigastric artery and ease of dissection. It is easily dissected 
with the patient supine, and herniation is not a problem if 
the posterior rectus sheath is left intact and the anterior rec-
tus sheath is repaired. There are few or no functional deficits 
caused by its use. Prior herniorrhaphy and transverse abdom-
inal scars preclude its use. It also can be harvested as a muscu-
locutaneous flap using as much overlying skin as would allow 
primary closure.
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FIGURE 63.28 Gracilis muscle neurovascular pedicle. Major 
vascular pedicle to gracilis muscle enters in proximal third of muscle 
and includes a branch of medial femoral circumflex artery and 
tributary of femoral vein and anterior branch of obturator nerve.

 FIGURE 63.29 Gracilis muscle dissection. Gracilis muscle lies 
posterior to line drawn between adductor origin and tibial tuber-
osity. SEE TECHNIQUE 63.16.
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VASCULAR ANATOMY
Each rectus abdominis muscle takes its origin along the pubic crest 
and inserts into the costal cartilages of the fifth, sixth, and seventh 
ribs (Fig. 63.30). The costal cartilages are fairly close together in 
this region, and the muscle insertion is practically horizontal. The 
muscle is fairly rectangular, measuring 7 to 10 cm wide × 30 cm 
long. It is enclosed within the rectus sheath. The anterior wall of 
the rectus sheath is complete throughout its length; however, the 
posterior wall is complete distally only as far as the arcuate line 
located halfway between the umbilicus and the pubis, at which 
point it is composed of transversalis and subserous fascia only. 
The muscle is divided into four or five transverse sections by ten-
dinous intersections. One occurs at the level of the umbilicus and 
another at the inferior end of the xiphoid process; a third occurs 
at a point equidistant between these two, and another can occur 
between the umbilicus and the pubis. The deep inferior epigastric 
artery arises from the external iliac artery. It is 3 to 4 mm in diam-
eter at its origin and is accompanied by two venae comitantes. It 
arises just deep to the inguinal canal, pierces the transversalis fas-
cia, and enters the rectus sheath lateral and inferior to the arcuate 
line. It enters the rectus abdominis muscle along its deep surface, 
courses superiorly, and ramifies with branches from the superior 
epigastric artery. The muscle receives segmental innervation from 
the seventh through twelfth intercostal nerves. 

 

DISSECTION FOR RECTUS ABDOMINIS 
TRANSFER

 TECHNIQUE 63.17 

 n  Position the patient supine and prepare and drape the 
entire abdomen from the costal margins above to the 
pubic tubercle below.

 n  Make a longitudinal paramedian incision from just below 
the costal margin to 3 to 4 cm proximal to the pubic tu-
bercle (Fig. 63.31A).

 n  Deepen the incision through the anterior portion of the 
rectus sheath. Dissect the underlying rectus muscle from 
the rectus sheath primarily with blunt dissection.

 n  In the areas of the anterior transverse inscriptions, use 
sharp dissection to divide the inscriptions off the overlying 
anterior rectus sheath, being careful not to incise into the 
muscle itself.

 n  Clamp and cauterize the multiple perforating fasciocuta-
neous vessels as encountered.

 n  Retract the muscle medially and using blunt scissor dis-
section to identify the vascular pedicle located lateral and 
deep to the rectus in the inferior portion of the sheath 
(Fig. 63.31B). The pedicle enters the rectus muscle ap-
proximately at the junction of its middle and distal thirds.

 n  Trace the inferior epigastric artery and its venae comitan-
tes laterally and inferiorly to their origin on the external 
iliac vessels.

 n  Section the muscle proximally and distally, protecting the 
vascular pedicle. Observe that the muscle is being ad-
equately perfused throughout its length by the inferior 
epigastric vessels only.

 n  When the recipient bed is ready, ligate and divide the 
pedicle near its origin.

 n  Carefully inspect the posterior rectus sheath, and if it has 
been violated, repair it with a strong nonabsorbable su-
ture to prevent herniation.

 n  Close the anterior rectus sheath with 3-0 nonabsorbable 
sutures over suction drainage.

 n  Complete the subcutaneous and skin closure in layers.
   

FUNCTIONING NEUROMUSCULAR 
TRANSFERS
Tamai et al., in 1970, first showed in a canine model that a 
functioning neuromuscular unit could be transplanted using 
microvascular anastomoses and nerve repairs at the recipi-
ent site. Functioning free muscle transfers can be used for 
replacement of the flexor and extensor compartments of the 
forearm, the muscles of facial expression, and the muscles in 
the extensor compartment of the leg.

Muscles that have been found useful for this procedure 
include the pectoralis major, latissimus dorsi, gracilis, rectus 
femoris, extensor digitorum brevis of the toes, and serratus 
anterior. The semitendinosus, tensor fasciae latae, and bra-
chioradialis also can be used for functioning muscle trans-
fers. The selection of a given muscle depends on the strength 
and excursion of the donor muscle, the skin coverage require-
ments, the motor nerve availability, and the location of the 
ends of the flexor tendons. The advantage of this procedure 
is the restoration of a functional deficit by transferring a 
viable muscle under voluntary control with little functional 
loss after transfer. The disadvantages include (1) the loss of a 
functioning muscle, (2) the long reinnervation time, (3) the 
requirement for microvascular skill, and (4) the length of the 
procedure.

If a simpler procedure, such as a tendon transfer, suffices 
to restore the desired function, it should be used in preference 
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to a free muscle transfer. A high level of patient motivation is 
essential for these procedures to succeed.

The following should be considered in preoperative 
evaluation and planning. The needs and the neurovascular 
anatomy of the recipient site should be assessed carefully. A 
single, undamaged motor nerve should be available in the 
recipient area to supply the muscle transplant. In the forearm, 
median nerve branches to the flexor digitorum sublimis or 
the anterior interosseous nerves have been used most often. 
The status of recipient nerves should be evaluated carefully 
by history and physical examination, electromyography, and 
an exploratory surgical procedure if needed. Arteriography is 
indicated to assess recipient vessels and in some situations the 
donor vessels. The muscle to be transferred should be similar 
in size, strength, and excursion to the muscle to be replaced.

If a large muscle is required, the latissimus dorsi or pecto-
ralis major muscle is preferred. If a small muscle is needed, the 
gracilis, serratus anterior, or extensor digitorum brevis may 
suffice. The muscle and the neurovascular pedicle should be 
easily accessible. The joints in the recipient extremity should 
be supple with a functional range of motion available in the 
elbow, wrist, and fingers. Stable proximal joints with balanced 
muscles should be present. Good skin covering the recipient 
site is required. If necessary, a skin island can be carried with 
the transferred muscle in most situations. 

 

TRANSFER OF FUNCTIONING MUSCLE
The reader is referred to previous sections for details of har-
vesting a particular donor muscle. Before this procedure 
is begun, preparations should be made for appropriate 

monitoring of vital signs and body temperature, appropri-
ate padding of bony prominences, a heating blanket, and 
an indwelling urinary catheter. Two surgical teams permit 
a more efficient and prompt completion of the procedure 
and usually are essential.

 TECHNIQUE 63.18 

FOREARM PREPARATION
 n  Determine the general location of the recipient arteries 

and nerves, based on previous surgical procedures on the 
forearm, preoperative clinical examination, electromyog-
raphy, and angiography.

 n  Fashion a paper template to assist in locating the neuro-
vascular pedicle (Fig. 63.32). This also helps to determine 
the area of needed skin coverage.

 n  Use a pneumatic tourniquet to allow rapid initial dissec-
tion. Inflate and deflate the tourniquet as needed after 
the initial dissection.

 n  Usually an extensive curved or a zigzag incision is required 
for adequate exposure.

 n  Plan to use the radial or ulnar artery or a suitable large 
branch as a recipient vessel.

 n  On the flexor aspect, plan to expose the ulnar, median, 
and anterior interosseous nerves as needed. On the ex-
tensor surface, plan to use branches of the radial nerve.

 n  If extensive scarring is present, carefully dissect from nor-
mal, uninjured areas into the scarred areas to avoid injury 
to the recipient vessels and nerves.

 n  Exposure of the anterior interosseous nerve and artery 
may require section of the pronator teres in a Z configura-
tion, allowing for later repair.
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FIGURE 63.31 A, Paramedian incision for harvesting rectus abdominis muscle. B, Rectus abdom-
inis muscle flap isolation. Muscle is retracted medially, and inferior epigastric artery is seen entering 
posterior aspect of muscle within inferior lateral portion of sheath. SEE TECHNIQUE 63.17.
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 n  For venous drainage, use the venae comitantes of the 
arteries selected or superficial veins in the area.

 n  Expose the tendons of the flexor digitorum profundus, 
and mobilize them by dissecting them free from sur-
rounding scar to ensure satisfactory gliding.

 n  Identify the flexor tendons distally for flap attachment 
and plan to expose the medial epicondyle and surround-
ing fascia for flexor replacement attachment.

 n  Expose the lateral epicondyle and the extensor origin for 
extensor replacement attachment.

 n  Plan to cover the distal flexor tendon repair with a local 
skin flap or with skin on the transplanted muscle.

 n  Cover the proximal belly of the transplanted muscle with 
a skin graft if needed.

 n  Before anastomosis, determine that the recipient artery 
shows free pulsatile flow. 

TRANSFER OF FUNCTIONING MUSCLE TO FOREARM  
(MANKTELOW)

 n  After dissecting the donor muscle, leave it attached to its 
major vascular pedicle and at the origin and insertion until 
the recipient area in the forearm has been completely pre-
pared. Determine that the recipient vessels are suitable for 
anastomosis and that all is ready for transfer to minimize 
the muscle ischemia time.

 n  The following method, as suggested by Manktelow, is 
helpful in determining the proper tension for attachment 
of the transferred muscle, especially if the extensor mus-
culature is not intact. Position the extremity so that the 
muscle is fitted to its maximal physiologic length. For the 
latissimus dorsi and the pectoralis major, this would be 
maximal humeral abduction. For the gracilis, this would 
be with the knee fully extended (Fig. 63.33).

 n  With the arm in the appropriate position, place suture 
markers on the surface of the muscle at 5-cm intervals. 
After transfer and revascularization, this length can be 
restored by stretching the muscle from its new origin to its 
new insertion, reestablishing the 5-cm interval between 
the suture markers.

 n  When the length determinations have been made, detach 
the muscle from its origin and insertion, and carefully sec-
tion the arteries, veins, and nerves.

 n  Immediately transfer the muscle to the arm in the best 
position for ease of neurovascular repair and attachment 
proximally and distally. This may require reversing the 
ends of the muscle so that the origin becomes the inser-
tion.

 n  On the flexor surface, attach the origin to the medial epi-
condyle and surrounding fascia.

 n  On the extensor surface, attach the origin to the lateral 
epicondyle, fascia, and periosteum.

 n  Loosely suture the muscle in place to prevent its displace-
ment during the neurovascular repairs.

 n  While the muscle is being attached by one team, the 
other team closes the donor site.

 n  Position the transferred muscle so that the arterial and 
venous anastomoses can be carried out easily (Fig. 63.34). 
Position the vascular repairs so that the nerve repairs are 
as close to the muscle as possible. This should shorten 
the period of muscle denervation. Manktelow reported a 
distance of 2 to 3 cm in most of his patients.

 n  Blood loss can be decreased by repairing one or more 
large veins before repairing the arteries; however, as long 
as the ischemia time is minimized, the order of repair is 
not critical. After completing the vascular repairs, con-
nect the nerves with careful fascicular repair (see Primary 
Neurorrhaphy, earlier) using 10-0 or 11-0 nylon suture.

 n  Restore the predetermined 5-cm intervals on the muscle 
belly by pulling the transferred muscle out to length, and 
mark on the recipient tendons the appropriate locations for 
repair.

 n  Weave the flexor digitorum profundus tendons into the 
transplanted tendons as marked.

 n  Before attaching the recipient tendons to the donor flap, 
secure the recipient tendons to each other with a side-
to-side suture. If the transferred muscle has no tendon, 
attach the recipient tendons by sewing them into the 
muscle and securing them with mattress sutures.

 

Skin flap

NVB

Basilic
vein

Median
nerve

Brachial
artery

FIGURE 63.32 Free transfer, functioning muscle. Paper template 
assists in preoperative planning of skin coverage requirements, 
musculotendinous attachments, and neurovascular repairs. NVB, 
Neurovascular bundle. SEE TECHNIQUE 63.18.

 

A

B

5 cm
5 cm

FIGURE 63.33 Free transfer, functioning muscle. A, Gracilis 
transfer. Pretransfer muscle length is determined by placing metal 
clips 5 cm apart in muscle. B, Transferred muscle attached proximally. 
Pretransfer length is restored with traction on muscle sufficient to 
restore 5-cm interval between metal clips. SEE TECHNIQUE 63.18.
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 n  Cover the distal musculotendinous repair with a local skin 
flap or skin carried with the transferred muscle. Split-thick-
ness skin grafts can be used to cover the muscles proxi-
mally.

 n  Close the wounds loosely to avoid constriction of vessels and 
apply plaster splints with the wrist and fingers moderately 
flexed to relieve tension on the muscle and tendon repairs. 

POSTOPERATIVE CARE Maintain the systemic circula-
tion with good peripheral perfusion, ensuring adequate 
hydration. A postoperative anticoagulation routine may 
be followed, depending on the training, experience, and 
preference of the surgeon.

Gentle passive stretching exercises are begun 3 weeks 
after the operation and are continued until a full range of 
motion is achieved. As reinnervation occurs, usually at 2 to 
4 months, active finger flexion is begun. Usually by 6 to 12 
months, daily exercises include active resistive exercises. Vari-
ous physical therapy techniques to increase the strength and 
range of motion are used throughout the course. Muscle 
strength stabilizes 2 to 3 years after the transplantation.
   

FREE VASCULARIZED BONE 
TRANSPLANT
Ostrup and Fredrickson and Doi et al. were the first to report 
their experimental success using microvascular techniques 

to transfer ribs as bone grafts to the mandible of dogs. Their 
work showed that vascularized bone grafts remained viable, 
based on their medullary and periosteal circulation, and 
healed without undergoing “creeping substitution.”

Taylor, Miller, and Ham, in 1975, were the first to report 
a clinical case of a free vascularized bone graft to reconstruct 
a large defect in a tibia in which conventional bone grafting 
techniques had failed. This technique is applicable to a vari-
ety of orthopaedic problems, including long bone defects 
after trauma, irradiation, and excision for tumor, congeni-
tal pseudarthrosis of the tibia, and congenital and acquired 
bony defects of the upper extremity. It also has been used as 
a concomitant vascular bone graft in a spine fusion for sco-
liosis. More recently, free vascularized grafts from the medial 
femoral condyle (MFC) harvested as either thin periosteal or 
corticoperiosteal grafts have proven useful in treatment of 
nonunions of the ulna, metacarpals, clavicle, tibia, humerus, 
mandible, and scaphoid.

As outlined by Taylor, the free vascularized bone graft 
(fibula) has the following advantages:
 1.  It is accomplished in a one-stage procedure.
 2.  The graft can be “doweled” into the tibia proximally 

and distally for stability during anastomoses.
 3.  Tubular bone is stronger than an onlay cortical bone 

graft.
 4.  Bleeding bone with endosteal and periosteal circula-

tion is transferred to the recipient site.
 5.  If the anastomoses fail, the fibula can function as a 

traditional cortical bone graft.
The disadvantages cited include the following:
 1.  A long operation is required, limiting its application 

primarily to younger patients.
 2.  The procedure should be done electively.
 3.  Morbidity is created at the donor site, which may 

cause problems at the knee and ankle.
 4.  The patency of the anastomosis cannot be easily 

assessed.
 5.  A major vessel is sacrificed in the donor and the 

recipient limb.
The iliac crest, rib, and fibula currently are considered the 
best sources for vascularized bone grafts (Fig. 63.35). For 
most orthopaedic reconstructive procedures, the fibula is the 
preferred donor bone if its circulation has not been injured. 
The fibula has the following qualities:
 1.  It is a straight cortical bone.
 2.  A graft about 26 cm long can be harvested from an adult.
 3.  Muscle, an articular surface proximally, and, in a 

child, a proximal physis are available.
 4.  The vascular pedicle consists of the peroneal artery (1.5 

to 2.5 mm in diameter) and its two venae comitantes (2 
to 3 mm in diameter) and may be 1 to 5 cm in length.

 5.  The dissection is superficial and straightforward.
 6.  Complications are minimal, especially if the peroneal 

nerve and tibial vessels are protected.
 7.  Usually, overlying skin and nerve are unavailable.
 8.  It is useful for long bone defects.
The characteristics of the iliac crest graft include the 
following:
 1.  It is a curved and corticocancellous bone.
 2.  A length of 8 to 10 cm can be used.
 3.  Its vascular pedicle consists of the superficial circum-

flex iliac artery (0.5 to 3 mm in diameter) or the deep 

 

A

B

FIGURE 63.34 Free transfer, functioning muscle. A, Scheme of 
transfer of functioning gracilis muscle from right thigh, reversed to 
match for neurovascular repairs in left forearm. If ipsilateral gracilis 
muscle is used, reversal is unnecessary. B, Transfer is completed; 
muscle is attached to fascia and periosteum proximally and inter-
woven with flexor tendons distally. SEE TECHNIQUE 63.18.
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circumflex iliac artery and the superficial inferior epi-
gastric veins (1.5 to 3 mm in diameter), and it is 1 to 
5 cm in length.

 4.  If the superficial vessels are used, the dissection is 
superficial. If the deep vessels are chosen, the dissec-
tion is deep and tedious.

 5.  Overlying skin and cutaneous nerves are available.
 6.  Muscle, articular surface, and physes are unavailable.
 7.  Complications include abdominal wall hernia and 

neuromas in the cutaneous nerve stump.
 8.  It can be used as a composite bone and skin graft in 

the extremities and for mandibular reconstruction.
The rib as a free vascularized graft has the following 
characteristics:
 1.  It is a curved, membranous, flexible bone.
 2.  A length of 30 cm can be obtained.
 3.  Its vascular pedicle includes the posterior intercostal 

artery (1.5 to 2 mm in diameter) and single intercos-
tal vein (1.2 to 2.5 mm in diameter) and may be 3 to 
5 cm in length.

 4.  The dissection is deep and difficult, and tube thora-
cotomy may be required.

 5.  Complications may include pneumothorax.
 6.  The nerve, overlying skin, muscle, and an articular 

surface are available.
 7.  A physis is unavailable.
 8.  It is most applicable to mandibular reconstruction and 

to extremity injuries requiring composite skin and bone.

INDICATIONS
The transfer of a vascularized bone graft is indicated when 
traditional bone grafting techniques cannot be done, espe-
cially if soft-tissue coverage is inadequate. It also may be 

useful when traditional bone grafting techniques have failed. 
Its use for treatment of congenital pseudarthrosis of the tibia 
also has been reported, and it also is used for bony recon-
struction after excision for tumors or conditions such as 
fibrous dysplasia. 

PREOPERATIVE PLANNING
A bone graft donor site should be selected based on the needs 
of the recipient site. For a segmental defect or bone gap of 6 
cm or less, traditional bone grafting techniques may suffice. 
For a defect 6 to 10 cm, the iliac crest or fibula may be appro-
priate. For a defect greater than 10 cm, a fibula is preferable as 
a vascularized bone graft.

Angiography of the donor and recipient limbs should 
be performed to permit planning and to obtain information 
regarding anomalous vascularity or vascular injury. The tech-
nique recommended by Taylor is to superimpose the image of 
the fibula with its vascular pedicle from the donor leg angio-
gram on the recipient leg radiograph. This permits planning 
for the placement of the anastomoses and an estimation of 
vessel size and bone needs. The procedure can be rehearsed 
in the anatomy dissecting room to enhance operative skills. 

FREE VASCULARIZED FIBULAR TRANSFER
The fibula is the most common bone used for free vascular-
ized osseous transfers. Its length and linear contour make it 
the preferred donor for long bone reconstruction. The fact 
that it is a strong cortical bone allows it to be rigidly fixed 
with plates and screws. It can be dissected rapidly under tour-
niquet control and is considered a fairly expendable bone. Its 
pedicle, consisting of the peroneal artery (1.5 to 3 mm) and 
its venae comitantes, is 6 to 8 cm long. The nutrient artery 
enters the bone in the middle third. About 26 cm of bone can 

 

Peroneal
artery
and vein

Muscle cuff
0.7–1.0 cm

Nutrient blood supply

Posterior intercostal
artery and vein

Periosteal
blood supply

Deep
circumflex
iliac artery

and vein

A CB
FIGURE 63.35 Vascularized bone grafts. Three sites considered best sources of vascularized 

bone, with blood supply shown. A, Fibula with peroneal vessels is preferred for long bone defects. B, 
Rib site with intercostal vessels. C, Iliac crest with deep circumflex iliac vessels shown. Sites depicted 
in B and C are preferred for shorter bone defects and mandibular reconstruction.
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be harvested. It can be elevated as a bone-muscle complex by 
incorporating the flexor hallucis longus or the soleus or as a 
bone-skin complex by incorporating the overlying skin. Two 
techniques for harvesting the fibula are described, one a pos-
terior approach and the other a lateral. We prefer the lateral 
approach because it is much quicker and easier. 

 

POSTERIOR APPROACH FOR 
HARVESTING FIBULAR GRAFT

 TECHNIQUE 63.19 

(TAYLOR)
 n  After administration of epidural or general anesthesia, 

place the patient prone and following the usual prepara-
tions, including insertion of an indwelling urinary cath-
eter, abduct the legs onto separate tables. Two surgical 
teams operate simultaneously. Use pneumatic tourni-
quets to maintain a bloodless field.

 n  Start the incision in the popliteal fossa of the donor leg 
and extend it obliquely laterally toward the fibula and 
distally along the course of this bone.

 n  Make an incision between the soleus and peroneal mus-
cles and extend this deep dissection medially into the pop-
liteal fossa.

 n  Reflect skin flaps to expose the underlying muscle.
 n  Identify the lateral popliteal nerve and preserve its tibial 

and peroneal branches.
 n  Preserve the proximal peroneal and extensor muscle at-

tachments to the tibia and the head of the fibula.
 n  Identify the anterior tibial vessels.
 n  Preserve a 5- to 10-mm sleeve of muscle on the lateral and 

anterior aspects of the fibula.
 n  Begin the posteromedial dissection posteriorly, detaching 

the lateral head of the gastrocnemius and the plantaris 
muscle from the femur and retracting the popliteal vessels 
and medial popliteal nerve medially.

 n  Divide the soleus muscle 1 to 2 cm parallel to the fibula 
and the posterior tibial vessels and follow the popliteal 
and posterior tibial vessels to the origin of the peroneal 
vessels.

 n  Trace the peroneal vessels to the origin of the flexor hal-
lucis longus muscle distally and ligate the several large 
muscle branches to the soleus during this dissection.

 n  Using sharp dissection, carefully divide the flexor hallucis 
longus muscle along the course of the peroneal artery, 
leaving a 1-cm sleeve of muscle on the fibula.

 n  Divide the fibula proximally and distally at levels deter-
mined by the length required for the recipient bone.

 n  Preserve the proximal peroneal muscle attachment and 
the tibial collateral ligament for knee stability. Preserve 
the distal 25% of the fibula to retain ankle stability. In 
children, secure the distal fibula to the tibia with a trans-
verse screw, taking care to avoid tilting the fibula.

 n  Beginning distally, divide the interosseous membrane and 
the posterior tibial muscle parallel to the fibula to isolate 
the fibula entirely on its vascular pedicle.

 n  Remove the periosteum from the proximal and distal 1 to 
3 cm of the fibula to allow insertion of the fibula into the 
recipient bone.

 n  Release the tourniquet to permit hemostasis and to deter-
mine that the circulation to the fibula is adequate.

 n  Transect the vascular pedicle carefully and deliver the 
bone graft to the recipient site when it is completely pre-
pared.

 n  Resection techniques are discussed subsequently.
 n  Close the donor defect over suction drainage tubes as 

needed.

POSTOPERATIVE CARE The postoperative care is the 
same as that described for the lateral approach described 
next.
   

 

LATERAL APPROACH FOR 
HARVESTING FIBULAR GRAFT

 TECHNIQUE 63.20 

(GILBERT; TAMAI ET AL.; WEILAND)
 n  Place the patient supine with the donor extremity flexed 

at the hip and the knee and the foot internally rotated 
slightly. Place a large sandbag under the ipsilateral but-
tock. During the initial portion of the dissection, use a 
pneumatic tourniquet to maintain a bloodless field.

 n  Make an incision centered on the fibula along the lateral 
aspect of the leg, extending from the neck of the fibula 
distally toward the ankle (Fig. 63.36A).

 n  Incise the skin and subcutaneous tissue to the superficial 
fascia over the interval between the peroneus longus and 
the soleus muscles.

 n  Incise the aponeurosis and dissect longitudinally posterior 
to the peroneus longus muscle and anterior to the soleus 
muscle (Fig. 63.36B).

 n  Identify the peroneus longus tendon in the distal part of 
the incision for orientation (Fig. 63.36C).

 n  Incise the fascia along the interval between the soleus mus-
cle posteriorly and the peroneus longus muscle laterally.

 n  Elevate the soleus muscle in the distal portion of the 
wound with blunt dissection and proceed proximally until 
the origin of the soleus muscle on the proximal fibula is 
encountered.

 n  At this point, identify the peroneal vessels lying just deep 
to the soleus and nearly in contact with the fibula.

 n  When the pedicle has been identified, sharply incise the 
fibular origin of the soleus (Fig. 63.36D) to allow ade-
quate posterior retraction of the soleus for later pedicle 
dissection.

 n  Identify the interval between the peroneal muscles and 
the flexor hallucis longus in the distal portion of the leg by 
observing the thin line of adipose tissue just posterior to 
the peroneals. The flexor hallucis longus is posterior to the 
peroneals, deep to the soleus covering the posterolateral 
surface of the fibula. The peroneal vessels course within 
the flexor hallucis muscle and are protected.
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FIGURE 63.36 A, Vascularized free fibular transfer. Skin incision. B, Cross-sectional view of leg 
with planned course of dissection around fibula. C, Interval between soleus and peroneal muscles 
defined and developed. D, Peroneal vessels identified just distal and deep to fibular origin of 
soleus muscle in proximal part of dissection. Soleus origin released with scissor dissection. E, Ante-
rior fibular dissection, releasing peroneal muscles in extraperiosteal fashion, protecting peroneal 
nerve proximally. F, Anterior dissection continues through anterior intermuscular septum, releasing 
anterior muscles off fibula and protecting deep peroneal nerve and anterior tibial vessels.
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FIGURE 63.36, cont’d G, Distal and proximal osteotomies have been completed using Gigli saw. 
Peroneal vessels are seen ligated distally. Fibula is externally rotated for incision of intermuscular 
septum close to fibula. H, Posterior tibial muscle is released from fibula. I, Completed dissection 
after release of flexor hallucis longus, leaving thin layer of muscle to protect peroneal vessels. SEE 
TECHNIQUE 63.20.

 n  Retract the peroneal muscles anteriorly and sharply dis-
sect them off the fibula in an extraperiosteal fashion (Fig. 
63.36E). During this portion of the dissection, carefully 
identify and protect the superficial peroneal nerve in the 
proximal part of the wound where it is closely applied to 
the fibula and can be seen coursing distally within the 
peroneal muscles. The peroneal vessels are well protected 
posteriorly by the flexor hallucis longus.

 n  Continue the dissection anteriorly along the fibula and, as 
the anterior intermuscular septum is encountered, incise 
it close to the fibula.

 n  Elevate the anterior compartment in a similar extraperi-
osteal fashion as far as it can be exposed, protecting 

the anterior tibial artery and deep peroneal nerve (Fig. 
63.36F).

 n  Place a Gigli saw around the fibula where the proximal 
osteotomy is to be made. This should be within the proxi-
mal third of the fibula to be certain that the nutrient artery 
is included within the harvested segment. In placing the 
Gigli saw, retract the peroneal vessels posteriorly and the 
superficial and deep peroneal nerves with the anterior 
tibial vessels anteriorly.

 n  Bluntly develop an extraperiosteal plane closely around 
the fibula where the distal osteotomy is to be made.

 n  Osteotomize the fibula using a Gigli saw, protecting 
the surrounding soft tissues. Sharply elevate the flexor  
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hallucis longus off the fibula for a distance of 1 cm proxi-
mal and distal to the distal osteotomy site. Retract the 
fibula anteriorly and the flexor hallucis longus posteriorly 
to identify the peroneal vessels coursing close to the fib-
ula. In the distal part of the leg, the peroneal vessels may 
have perforated the interosseous membrane to continue 
anteriorly. After identifying the peroneal vessels, ligate 
and divide them.

 n  Grasp the fibula with a bone clamp and externally rotate 
it to allow exposure and sharp release of any remaining 
anterior compartment muscles from it.

 n  Apply gentle lateral traction to the fibula and incise the 
interosseous membrane close to it from distal to proxi-
mal (Fig. 63.36G). Take care not to avulse the fibula 
from the peroneal vessel during this portion of the dis-
section.

 n  From anteriorly, release the posterior tibial muscle from 
the fibula while directly observing the peroneal vessels 
(Fig. 63.36H). Small muscular branches from the peroneal 
artery to the posterior tibial muscle should be clipped or 
cauterized with the bipolar cautery.

 n  Release the flexor hallucis longus from the fibula, leaving 
a thin layer of muscle adjacent to the peroneal vessels 
(Fig. 63.36I).

 n  At this point, the fibular graft is completely isolated on 
its vascular pedicle and should exhibit some bleeding on 
tourniquet release. We routinely allow the bone to be 
perfused at this point to minimize ischemic time. The pe-
roneal artery and venae comitantes may be divided at 
their origin from the posterior tibial vessels.

 n  Obtain hemostasis. Loosely suture the flexor hallucis lon-
gus to the interosseous membrane and close the subcu-
taneous tissue and skin in layers over a suction drain. Do 
not attempt to close the fascia for risk of postoperative 
compartment syndrome.

 n  When harvested, fix the graft rigidly to the recipient 
bone, preferably by doweling each end of it into the 
medullary canal of the recipient bone and applying 
supplemental plates and screws. The method of fixa-
tion depends on recipient site factors. Give careful 
consideration to pedicle length and positioning in rela-
tion to the donor artery and vein before fixation. After 
fixation is complete, proceed with arterial and venous 
anastomoses.

POSTOPERATIVE CARE Immobilization should be ap-
plied according to the level of the bone graft. If the 
graft has been placed below the knee, a long leg cast 
with the knee flexed to prevent weight bearing should 
be worn for 3 to 5 months. A bone scan usually is ob-
tained within the first week to evaluate perfusion of the 
graft. Union of the graft to the recipient bone should be 
determined by radiographic and clinical evaluation, and 
full weight bearing may be permitted when the graft 
begins to show signs of hypertrophy, which may require 
15 months or more. Supplemental conventional bone 
grafting may be required. If the graft has been applied 
for knee fusion or to the femur, or the patient is a small 
child, a long leg cast with a pelvic band or a spica cast 
may be required to immobilize the part sufficiently to 
permit healing. When healing is progressing and the 

bone is hypertrophying, an orthosis may be fitted and is 
worn until the limb is strong enough to support weight 
bearing.

Because of the risk of a valgus deformity of the ankle 
after removal of the fibular shaft in children with signifi-
cant remaining growth, a distal tibiofibular fusion is rec-
ommended in this age group.
   

 

DISTAL TIBIOFIBULAR FUSION TO 
PREVENT PROGRESSIVE VALGUS 
DEFORMITY

 TECHNIQUE 63.21 

 n  After harvest of the fibular graft as just described, decor-
ticate a 2- to 3-cm area of the adjacent surfaces of the 
tibia and fibula above the distal metaphysis.

 n  Place a 3-cm segment of the harvested fibula or of the 
remaining fibula between the tibia and fibula and insert 
two cortical screws across the fibula and the graft and 
into the tibia using AO lag techniques (Fig. 63.37).

POSTOPERATIVE CARE A long leg, bent-knee, non–
weight-bearing cast is worn for 6 weeks, followed by a 
patellar tendon-bearing cast for an additional 6 weeks.

The bone of the iliac crest receives its blood sup-
ply through the cutaneous distribution of the superficial 
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FIGURE 63.37 Fibular donor-site management in children 
should include distal tibiofibular fusion to prevent progressive 
valgus deformity. SEE TECHNIQUE 63.21.
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circumflex iliac artery, the muscular attachments of the 
tensor fasciae latae muscle, and, as shown by Taylor, 
Townsend, and Corlett, the deep circumflex iliac system 
that provides an optimal blood supply (see Fig. 63.35C).
   

 

FREE ILIAC CREST BONE GRAFT

 TECHNIQUE 63.22 

(TAYLOR, TOWNSEND, AND CORLETT; DANIEL; WEILAND  
ET AL.)

 n  With two surgical teams working, place the patient su-
pine and administer a general anesthetic.

 n  Identify by palpation the femoral vessels and, using a Dop-
pler probe, outline the course of the superficial circumflex 
iliac artery paralleling the inguinal ligament toward the 
iliac crest. If the superficial circumflex iliac system with 
overlying skin as an osteocutaneous flap is to be used, 
outline the skin flap and the course of the vessels.

 n  Make a vertical incision over the vessels medially and dis-
sect and identify the superficial circumflex iliac artery and 
the inferior epigastric vein.

 n  Carry the dissection laterally from inferior to superior, in-
cising the fascia at the point of vessel penetration near the 
lateral border of the sartorius muscle.

 n  Continue to elevate the skin flap superficial to the fascia 
as the dissection proceeds laterally and maintain the at-
tachments of the skin and soft tissue to the iliac crest 
while this dissection is proceeding.

 n  When the flap has been elevated and the vessels have 
been identified and protected, osteotomize the iliac crest, 
obtaining sufficient bone for the planned reconstruction.

 n  Transfer the bone graft to the recipient site after the ves-
sels have been transected.

 n  To use the deep circumflex iliac artery and vein, the dissec-
tion proceeds in a similar fashion. Identify the superficial 
circumflex iliac artery and vein and the inferior epigastric 
vein and proceed superior to the inguinal ligament, con-
tinuing the skin incision to allow exposure paralleling the 
inguinal ligament.

 n  Identify the deep circumflex iliac artery and vein as they 
arise from the external iliac artery and vein.

 n  Incise transversely the external oblique, internal oblique, 
and transversus abdominis muscles.

 n  Use blunt dissection to expose the preperitoneal fascia 
and expose the posterior aspect of the inner table of the 
iliac crest with its attached iliacus muscle.

 n  The deep circumflex iliac artery courses approximately 2.5 
cm inferior to the iliac crest on its internal margin in a tun-
nel along the transversus abdominis and iliacus fasciae. 
Avoid injury to the spermatic cord, the vascular structures, 
and the genitofemoral branch of the femoral nerve.

 n  Outline the flap based on the deep circumflex artery and 
perform the osteotomy beginning on the lateral surface 
of the iliac crest and using an oscillating saw or an osteo-
tome. Preserve the overlying skin or subcutaneous tissue 
and its attachment to the iliac crest to avoid injury to the 
nutrient vessels supplying the skin.

 n  The curvature of the ilium prevents the harvesting of 
grafts much longer than 10 to 12 cm. Osteotomy of the 
graft helps to straighten the curve.

 n  On the inner table of the iliac crest, retain the covering of 
the iliacus muscle to preserve the nutrient blood supply 
of the bone.

 n  The donor site can be closed primarily by flexing the hip.
 n  Place the bone graft in the recipient site. Fixation of the 

iliac crest graft into the recipient site may be more difficult 
than fixation of the fibula. Because the iliac graft is short, 
fixation by insetting or doweling may compromise length. 
Fixation also can be achieved using an external fixation 
device or a combination of fixation devices with screws. 
Difficulty may be encountered in attaching a plate to an 
iliac crest graft.

POSTOPERATIVE CARE Postoperative care is similar to 
that described for the fibular graft (see Technique 63.20).
  

FREE VASCULARIZED MEDIAL FEMORAL 
CONDYLE FLAP
The use of free vascularized periosteal and corticoperios-
teal bone from the MFC was first described by Sakai in 1991 
and has grown in popularity because of its reliable vascu-
lar pedicle and its use as an osteocartilaginous graft. Fuchs 
et al. described its use extensively in treatment of nonunions 
of the clavicle and scaphoid. Higgens and Burger described 
their technique and experience with its use as an osteocarti-
laginous flap for proximal scaphoid arthroplasty. Fifteen of 16 
patients achieved osseous union with acceptable pain relief 
and motion. Donor-site complaints were transient and did 
not preclude a return to athletics.

The flap is based off the descending genicular artery 
(DGA), the superior medial genicular artery, or both. The DGA 
branches off the superficial femoral artery about 13 cm above the 
knee, just proximal to the adductor hiatus, and divides into two 
or three of the following branches: the osteoarticular branch, 
the muscular branch, and the saphenous branch. The DGA is 
present in about 90% of specimens. The osteoarticular branch 
arises about 11 cm above the knee lying just deep or lateral to 
the adductor magnus tendon along the posterior aspect of the 
medial intermuscular septum. The superior genicular artery is 
consistently present arising from the popliteal artery 5 cm above 
the knee to anastomose with the osteoarticular branch of the 
DGA and is dominant in 11% of specimens (Fig. 63.38). 

 

HARVESTING OF MEDIAL FEMORAL 
CONDYLE CORTICOPERIOSTEAL FREE 
FLAP

 TECHNIQUE 63.23  Figure 63.39

 n  Make a longitudinal incision in the distal medial thigh 
overlying the adductor magnus and sartorius muscles. 
Retract the adductor magnus anteriorly and the sartorius 
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posteriorly to expose the descending genicular vessels 
and the superior genicular vessels. Note the arcade of 
vessels formed by these two vessels over the MFC.

 n  Outline the proposed corticoperiosteal flap to include this 
network of vessels, taking care to preserve the medial 
collateral ligament. Limit the graft proximally at the me-
taphyseal diaphyseal junction.

 n  Elevate the periosteum with the underlying corticocancel-
lous bone to the extent needed by the recipient site. A 5 
× 7-cm graft is the maximal size.

 n  Dissect the descending genicular vascular pedicle proxi-
mally, ligating and dividing the saphenous and muscular 
branches, to its origin off the superficial femoral ves-
sels in Hunter’s canal. A 1- to 2-mm diameter vascular 
pedicle measuring approximately 7 cm in length may be 
obtained.

 n  Ligate and divide the superior genicular vessels unless 
they are to be used as a vascular pedicle as well.
   

 

MEDIAL FEMORAL CONDYLE 
CORTICOPERIOSTEAL FREE FLAP FOR 
SCAPHOID ARTHROPLASTY

 TECHNIQUE 63.24 

(HIGGINS AND BURGER)
The same surgical approach is used for harvesting the me-
dial femoral condyle (MFC) flap and medial femoral trochlea 
(MFT) flap through the soft tissue. Iorio et al. described this 
surgical approach, including the potential use of a skin seg-
ment of the flap in the harvesting technique. The flap can 
be harvested with a skin segment overlying the medial as-
pect of the knee, based on a cutaneous branch from the de-
scending genicular artery (DGA) pedicle. This allows surface 
monitoring of flap viability and makes closure of the skin 
over the anastomosis easier. Alternatively, the anastomosis 
can be monitored with an implantable Doppler monitor. 
Skin closure can be achieved with mobilization of local skin 
flaps or skin grafts if needed.

 n  Trace the DGA distally along the medial column of the 
femur to a broad filigree of blood vessels intimately ad-
herent into the periosteum of the medial distal femur 
(Fig. 63.40A). The longitudinal branch supplies the region 
commonly used for harvest of the MFC osteoperiosteal 
flap. The perpendicular transverse branch typically tra-
verses the metaphyseal region and densely supplies the 
periosteum surrounding the MFT on both its medial and 
proximal aspects. This is the vessel that is used.

 n  Before harvesting the flap, prepare the wrist dissection. 
The reconstruction can be done through a volar or dorsal 
approach, according to the surgeon’s preference. The dor-
sal approach provides greater visualization of the scaphoid 
fossa and nearby snuffbox for microvascular anastomosis. 
The volar approach can be made through a less extensive 
exposure and permits screw placement from distal to prox-
imal. In this approach arterial anastomosis can be done 
with an end-to-side anastomosis into the radial artery or 
end-to-end into the palmar branch of the radial artery.

 n  With either approach, confirm the absence of arthritis in 
the scaphoid fossa. If the scaphoid fossa is deemed ade-
quate to proceed with reconstruction, carefully resect the 
proximal pole nonunion segment (Fig. 63.40B). Preserve 
the thin cartilaginous surface that effaces the midcarpal 
joint. The MFT flap provides a cancellous surface facing 
distally and will require the native scaphoid cartilage to 
maintain smooth articulation with the capitate.

 n  Preserve the most distal aspects of the dorsal and volar 
scapholunate ligaments in continuity with the distal rim 
of cartilage. This is done to provide a benefit of stability 
between the scaphoid and lunate and inhibit rotary insta-
bility of the scaphoid.

 n  Debride the proximal pole segment so that it extends well 
beyond the nonunion plane and includes a significant 
amount of the distal segment. The MFT flap provides a 
larger osteocartilaginous segment that permits creation of 
a defect large enough to permit ease of inset. Creating a 
larger defect and larger flap provides greater ease of fixation 
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FIGURE 63.38 Arterial anatomy medial femoral condyle.

 FIGURE 63.39 Flap elevated from medial femoral condyle. SEE 
TECHNIQUE 63.23.
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FIGURE 63.40 A, Medial view of femur after elevation of vastus medialis. This exposure is much 
more extensive than that required for scaphoid reconstruction but is provided to demonstrate the 
vascular anatomy of the descending genicular artery (DGA) system. B, Dorsal approach to scaphoid 
nonunion after resection of proximal pole and nonunion site in preparation for reconstruction. Fingers 
are to left and forearm to right. Note generous resection and preservation of midcarpal articulating 
cartilage. C, Medial femoral trochlea (MFT) and planned portion of reconstructed proximal scaphoid. 
Portion of MFT and planned portion of reconstructed proximal scaphoid. Portion of MFT harvested to 
provide vascularized osteocartilaginous reconstruction of proximal scaphoid. A, descending geniculate 
artery; B, transverse branch; C, longitudinal branch; D, superomedial geniculate artery.  (C from Bürger 
HK, Windhofer C, Gaggl AJ, et al: Vascularized medial femoral trochlea osteocartilaginous flap reconstruction 
of proximal pole nonunions, J Hand Surg Am 38:690, 2013.)

and the ability to provide an uninterrupted smooth cartilage 
surface for articulation with the scaphoid fossa. Preparation 
of the defect thus converts the difficult proximal pole frac-
ture into a more manageable scaphoid waist osteosynthesis.

 n  With attention turned to the knee and the soft-tissue dis-
section completed, identify the DGA and suture-ligate it 
proximally from its origin off the superficial femoral artery 
within the adductor canal. This yields a lengthy pedicle be-
yond the requirements of the reconstruction. This length 
of pedicle is desirable because it provides the greatest 
caliber point of the DGA for microvascular anastomosis.

 n  After the DGA is ligated from the superficial femoral 
artery, reflect it distally. Ligate smaller branches as the 
dissection approaches the distal femur. As the DGA be-

comes intimately embedded in the periosteum, the two 
larger branches will become apparent. The longitudinal 
branch to the condyle can be suture-ligated.

 n  Continue harvest of the vessel using the transverse 
branch, which can be traced toward the medial trochlea. 
As the vessels become progressively smaller, perform dis-
section subperiosteally so as not to injure the small artery 
or veins. Leave the periosteal vessels adherent to the ter-
ritory of bone and cartilage desired for harvest.

 n  Use a sagittal saw and osteotomes to harvest the most 
proximal portion of the cartilage-bearing segment of the 
MFT. The dimensions correspond as follows:

 n  Measure the proximal-to-distal harvest to equal the 
radial-to-ulnar dimensions of the defect in the wrist.
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 n  Measure the anterior-to-posterior harvest to equal the 
proximal-to-distal dimension of the defect in the wrist.

 n  Measure the medial-to-lateral harvest in the knee to 
equal the volar-to-dorsal dimensions of the wrist.

 n  Carefully harvest the segment to be in close approxima-
tion to the measured defect in the wrist. After the flap is 
elevated, close the capsule of the knee, followed by lay-
ered closure of the donor-site defect over a drain placed 
via counterincision.

 n  Fashion the osteocartilaginous segment to fit as precisely 
as possible into the defect created from resection of the 
proximal scaphoid (Fig. 63.40C). The convex surface of 
the flap apposes the concave scaphoid fossa of the radius, 
leaving a cancellous portion apposing the adjacent lunate 
as well as the preserved distal cartilaginous shell of the 
lesser curvature of the native scaphoid. A bone segment is 
usually affixed with a single cannulated screw driven from 
the dorsal or volar approach (surgeon’s preference).

 n  Use intraoperative fluoroscopy to confirm satisfactory re-
construction of the scaphoid and implant placement.

MICROVASCULAR ANASTOMOSIS
 n  When the approach is made dorsally, the anastomosis 

usually is done in the end-to-side fashion to the radial 
artery in the snuffbox and associated veins. When the 
approach is made volarly, the arterial anastomosis usually 
is done in an end-to-end fashion into the palmar branch 
of the radial artery, with venous anastomosis into either 
deeper superficial vein in that region.

 n  If the skin can be closed without excessive tension, per-
form primary closure. If excessive tension of closure dem-
onstrates compression of the vessels, a small skin graft 
can be used. Harvest of the flap with a small skin flap 
component will permit tension-free closure as well as a 
means of monitoring the flap postoperatively. 

POSTOPERATIVE CARE Postoperatively, the patient’s 
immobilization and radiographic monitoring are similar to 
those after other conventional means of scaphoid non-
union surgery. The patient is permitted to ambulate im-
mediately after surgery. It is common for the patient to 
have some discomfort with ambulation, which resolves 
within 2 to 4 months. No knee brace or other immobiliza-
tion of the knee is required.
   

COMPOSITE FREE TISSUE 
TRANSFERS FROM THE FOOT
The neurovascular supply to the structures of the foot makes 
it an unusually versatile donor site for many problems, espe-
cially in the foot and hand (Fig. 63.41). This section includes a 
discussion of the neurovascular anatomy of the foot as it per-
tains to the specific structures that are used most often as free 
tissue transfers. Also included are the advantages, disadvan-
tages, various applications, and discussions of the various foot 
flaps, including dorsalis pedis, first web, pulp, “wraparound,” 
bone and joint, epiphyseal, great toe, and second and third 
toe transfers.

NEUROVASCULAR ANATOMY
Standard anatomic textbooks describe the dorsalis pedis 
artery as a continuation of the anterior tibial artery that 
passes deep to the inferior extensor retinaculum. As the 
dorsalis pedis artery passes anterior to the ankle joint, it lies 
between the tendons of the extensor hallucis longus medially 
and the extensor digitorum longus laterally. Single accompa-
nying veins lie on either side of the artery. The deep pero-
neal nerve lies immediately lateral to the artery. Passing over 
the tarsal bones, the dorsalis pedis artery gives off the medial 
and lateral tarsal arteries, and in the region of the bases of the 
metatarsals arises the arcuate artery, which passes laterally. 
The second, third, and fourth dorsal metatarsal arteries arise 
from the arcuate artery and descend to the dorsal surfaces of 
the respective dorsal interosseous muscles (Fig. 63.42).

The first dorsal metatarsal artery is the continuation of 
the dorsalis pedis artery. It runs distally, usually on the dorsal 
surface of the first dorsal interosseous muscle, and supplies 
branches to the dorsal skin, the first and second metatar-
sals, and the interosseous muscles. Near the first web space 
between the first and second toes, the first dorsal metatarsal 
artery divides into at least two branches, one passing deep 
to the tendon of the extensor hallucis longus, supplying the 
medial side of the great toe, and the other dividing to supply 
the adjacent sides of the great and second toes.

The deep plantar, or communicating, artery leaves the 
dorsalis pedis artery at the base of the first metatarsal and 
passes toward the plantar surface of the foot between the 
heads of the first dorsal interosseous muscle. It communicates 
with the lateral plantar artery and completes the plantar arte-
rial arch. The deep plantar artery also supplies a branch to the 
medial side of the great toe. The first plantar metatarsal artery 
is the continuation of the deep plantar artery, which passes 
distally in the first interosseous space, divides, and supplies 
the adjacent sides of the great and second toes from the plan-
tar side.

Important anatomic variations have been noted, however. 
The first dorsal metatarsal artery may lie superficial to or just 
within the substance of the first dorsal interosseous muscle in 
78% to 88% of feet or may lie plantar to the first metatarsal 
(12% to 22%; Fig. 63.43). Variations include first metatarsal 
arteries lying plantar to the first metatarsal, absent first dorsal 
metatarsal arteries, and absent first dorsal and plantar meta-
tarsal arteries (Fig. 63.44). Although the diameter of the dor-
salis pedis artery may range from 1.8 to 3 mm, the artery also 
may be hypoplastic and narrow.

The venous drainage from the dorsum of the toes and 
foot flows into the dorsal venous arches, feeding the greater 
and lesser saphenous systems (Fig. 63.45). Additional venous 
drainage occurs through the veins accompanying the dorsalis 
pedis artery.

The dorsal surfaces of the toes and foot receive sensory 
innervation through the superficial peroneal nerve branches; 
the first web is innervated by the deep peroneal nerve, and 
the plantar surface is innervated by the digital branches of 
the medial plantar nerve (Fig. 63.46). All these nerves can be 
used to supply innervated flaps. 

DORSALIS PEDIS FLAP
The advantages of the dorsalis pedis free tissue transfer 
are that it has a large-caliber arteriovenous pedicle, a long 
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pedicle can be obtained, it can be innervated, it is a thin 
flap, bone may be included, the donor site may be relatively 
inconspicuous after adequate healing, and in some patients 
a large (10 × 10 cm) flap can be obtained. Disadvantages 
include a technically difficult and tedious dissection, the 
possibility of a painful and hypertrophic donor-site scar, the 
frequently restricted size (7 × 7 cm or smaller), the inability 
to use the flap if the posterior tibial artery is absent or is not 
patent, and the inability to use the flap if the dorsalis pedis 
artery is not present or is not patent. The dorsalis pedis free 
flap is useful for coverage problems in the palm, the thumb 

web space, and the foot, especially in areas requiring protec-
tive sensation.

Because of the potential for variation in the vascularity 
of the foot, it is helpful to assess the dorsalis pedis artery with 
a Doppler probe and with arteriography of the donor foot 
obtained in two planes to show any variation that might pre-
clude doing the procedure. If the flap is to be transferred to 
an area of a foot or hand that has been badly damaged, arteri-
ography of the recipient area also is indicated to allow evalu-
ation of those vessels. Separate teams of surgeons are needed 
to dissect the donor and recipient sites. 
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FIGURE 63.41 Foot as versatile donor source for free tissue transfers. A, Sural nerve graft. 
B, Extensor digitorum brevis muscle flap. C, First and second toe free tissue transfer. D, First web 
space free neurovascular flap. E, Dorsalis pedis cutaneous or cutaneous neurovascular free tissue 
flap. All these procedures require microsurgical techniques. a, Artery; n, nerve; t, tendon; v, vein.
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DORSALIS PEDIS FREE TISSUE 
TRANSFER

 TECHNIQUE 63.25 

 n  When the course of the dorsalis pedis artery has been de-
termined, outline it with a skin-marking pencil. Determine 
the pattern of the dorsal veins by holding the foot in a 
dependent position to allow the veins to fill. Also outline 
the veins with a skin marker.

 n  Mark the margins of the flap based on the requirements of 
the recipient area (Fig. 63.47). Generally, the flap should 
neither extend more proximally than the extensor retinac-
ulum nor extend more distally than about 2 cm distal to 
the palpable dorsalis pedis pulse or about the level of the 
metatarsophalangeal joints. Limiting the medial border to 
the extensor hallucis longus tendon and the lateral border 
to the fifth toe extensor digitorum longus tendon creates 
small flaps but usually prevents problems with the donor-
site scar caused by denuding the medial side of the foot.

 n  Exsanguinate the limb by wrapping, inflate the pneumatic 
tourniquet, and begin the dissection on the medial side of 
the outlined flap. The dissection must be kept superficial 
to the extensor paratenon so that a satisfactory bed will 
be left for a split-thickness skin graft.

 n  Continue to dissect to the extensor hallucis longus tendon 
and divide the deep fascia over it.

 n  Dissect down to the periosteum overlying the first meta-
tarsal and identify the dorsalis pedis artery with its veins 
and the deep peroneal nerve. If the flap is to be inner-
vated, the branches of the superficial peroneal nerve are 
identified, transected proximally, and kept superficial to 
the plane of dissection while the flap is elevated.

 n  Continue the dissection laterally and distally to identify 
the beginning of the first dorsal metatarsal artery, the 
deep plantar (communicating) artery, and the arcuate ar-
tery. When the deep plantar artery has been identified, 
ligate and transect it.

 n  If bone is to be taken, at this point remove a portion or all 
of the second metatarsal and keep it with the flap.

 n  Continue to dissect distally, staying superficial to the 
paratenon without exposing tendon.

 n  Elevate and transect the extensor hallucis brevis tendon. 
Although the extensor hallucis brevis tendon is carried 
with the flap by some surgeons, it is sometimes useful to 
leave this muscle on the foot to assist in coverage of the 
tendon and bone.

 n  As the dissection is continued distally, keep the first dor-
sal metatarsal artery superficial to the plane of dissection 
and incise the margins of the flap to allow the flap to be 
elevated.

 n  When the distal limit of the flap has been developed, li-
gate and divide the distal arterial branches to the toes.

 n  Divide the distal skin margins of the flap and the proximal 
margins near the extensor retinaculum.

 n  If a long vascular pedicle is required, divide the extensor 
retinaculum in a Z-shaped fashion and dissect the dorsalis 
pedis and anterior tibial arteries, dividing the small side 
branches.

 n  Temporarily place a small vessel clip on the dorsalis pedis 
artery to ensure that the tibial artery is sufficient to vas-
cularize the foot.

 n  Repair the extensor retinaculum.
 n  Determine that the dissection of the recipient site has 

been completed by the recipient site team; ligate and 
divide the dorsalis pedis artery, deliver the flap to the re-
cipient site, and begin closure of the donor defect with a 
split-thickness skin graft.

 n  Place the flap in the recipient area, suture the distal mar-
gins so that the flap is not displaced while the vessels 
and nerves are being sutured, and complete the vascular 
anastomoses, usually repairing the arteries first, followed 
by the veins.

 n  Apply topical 2% lidocaine or papaverine to minimize vas-
cular spasm.

 n  Suture nerves as needed and close the wounds.

POSTOPERATIVE CARE Appropriate bandages and 
splints are applied to the recipient area so that constric-
tion is avoided and to allow examination of a portion of 
the flap. The general postoperative routine outlined previ-
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FIGURE 63.42 Arterial anatomy to great toe.
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FIGURE 63.43 One scheme reported of variations in vascular 
supply to great toe. DDA, Dorsal digital artery; DPA, dorsalis pedis 
artery; FDMA, first dorsal metatarsal artery; FPMA, first plantar 
metatarsal artery; PDA, plantar digital artery; TML, transverse meta-
tarsal ligament.
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ously usually is followed. A compression bandage is left 
on the donor foot, and the foot is kept elevated for 7 to 
10 days to allow sufficient healing of the skin graft. An 
elastic wrap or elastic stocking is worn for 3 to 6 months 
to minimize donor-site scar hypertrophy and instability.

Activity is determined by the part that has received the 
reconstruction. In the hand, when the skin has healed and 
when sensation is returning, progressive rehabilitation of 

the hand can begin. In the foot or lower extremity, when 
healing has occurred and edema is resolving, a gradually 
progressive program of walking is followed, beginning with 
no weight bearing and prolonged elevation and progress-
ing to full weight bearing to tolerance. If an innervated flap 
has been transferred to the foot, maximal participation in 
activities must await the return of sensation, and the foot 
should be protected with cushioned shoe inserts.
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FIGURE 63.44 Anatomic variances of first metatarsal artery. A, Artery; DPA, dorsalis pedis 
artery; FDI muscle, first dorsal interosseous muscle; FDMA, first dorsal metatarsal artery; FPMA, 
first plantar metatarsal artery; IML, intermetatarsal ligament; LDDA (great), lateral dorsal digital 
artery to great toe; LPA, lateral plantar artery; LPDA (great), lateral plantar digital artery to great 
toe; MDDA (second), medial dorsal digital artery to second toe; MPDA (second), medial plantar 
digital artery to second toe.
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FIRST WEB SPACE, PULP, AND HEMIPULP 
NEUROVASCULAR FREE FLAPS
The neurovascular supply to the web space between the great 
and second toes makes that area of the foot suitable for trans-
fer to areas of the hand requiring restoration of sensibility, 
particularly the thumb. Based on their detailed anatomic 
studies of this region, Gilbert et al., in 1975, reported the first 
successful first web free tissue transfer. The advantages of 
using the first web and pulp donor area include the following:
 1.  The first web has a good potential for restoration of func-

tional sensibility; the two-point discrimination on the toe 
pulps ranges from 10 to 18 mm.

 2.  The pulp skin is glabrous, closely approximating the digi-
tal skin.

 3.  The first web has a reliable blood supply.
 4.  The relatively large area available permits resurfacing the 

thumb, especially with the wraparound flap.
 5.  Larger areas may be covered by incorporating a dorsalis 

pedis flap with the first web space.
 6.  When successfully covered with a split-thickness skin 

graft, there is minimal donor-site morbidity.
The disadvantages are few and primarily involve the 

need to have a two-team approach to the procedures and 
the risks of vascular thromboses with loss of the entire flap. 
Delayed healing or failure of the skin graft to take in the 
donor site also can be troublesome. Limited usefulness from 
pain and hypersensitivity and cold intolerance have been 
reported.

May et  al. found that the distal communicating artery, 
the terminal continuation of the first dorsal metatarsal artery, 
has three patterns of communication with the plantar digital 
arterial system (Fig. 63.48): (1) a distal communicating artery 
joining at the bifurcation of the first plantar metatarsal artery, 
(2) a distal communicating artery joining with the second 
plantar digital artery, and (3) a distal communicating artery 
joining with the second plantar digital artery. The dorsal por-
tion of the first web also is supplied by the first and second 
dorsal digital arterial branches of the first dorsal metatarsal 
artery. These relationships and the possibility of other varia-
tions should be kept in mind when the dissections are done 
for these flaps.

As noted, the innervation of the adjacent sides of the 
great and second toes is supplied by three nerves. The most 
important innervation to the lateral side of the great toe 
pulp and the medial side of the second toe pulp is through 
the plantar digital branches of the common digital nerve 
to the first web space. The proper digital branches usually 
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FIGURE 63.45 Venous drainage of foot. Tributaries to greater 
and lesser saphenous venous system used to drain dorsalis pedis 
and toe free flaps.
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FIGURE 63.46 Cutaneous innervation of foot. A, Dorsal sensory 
supply of foot and toes. B, Plantar sensory supply of foot and toes.

 FIGURE 63.47 Dorsalis pedis flap dissection. Donor site usually 
requires skin grafting. SEE TECHNIQUE 63.25.
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are about 1 to 1.5 mm in diameter and can be dissected 
separately into the common digital nerve to give sufficient 
length to allow repair of the proper digital nerves of the 
thumb or finger in question. Two branches of the deep 
peroneal nerve enter the web space dorsally and supply the 
dorsal surfaces of the adjacent sides of the great and sec-
ond toes. These branches also can be used to innervate a 
free web space flap. The superficial peroneal nerve termi-
nal branches are extremely small and terminate too far to 
the dorsum to innervate the first web or pulp flaps. 

 

NEUROVASCULAR FREE FLAP 
TRANSFER FIRST WEB SPACE

 TECHNIQUE 63.26 

 n  As with the dorsalis pedis flap, the arterial supply to the 
foot is assessed preoperatively with a Doppler probe and 
arteriography in two planes. If the first dorsal metatarsal 
artery is hypoplastic or absent, it may be necessary to use 
the first plantar metatarsal artery as the major arterial sup-
ply to the flap.

 n  On the skin, mark the course of the artery as determined 
by palpation of the pulse and the use of a Doppler probe. 
Identify the venous pattern by allowing the foot to hang 
over the edge of the operating table so that the veins fill; 
mark the course of the veins.

 n  Determine the amount of skin required by measuring 
the recipient area on the thumb or finger. Flaps mea-
suring 6 × 10 cm to 8 × 12 cm can be obtained from 
the first web. If large amounts of skin are required, the 
dorsalis pedis skin flap may be included with the first 
web skin; this should be considered when planning the 
dissection.

 n  Outline the flap in the first web with a skin marker.

 n  Exsanguinate the limb by wrapping and inflate the pneu-
matic tourniquet.

 n  Begin the dissection over the artery with a curved or zig-
zag incision on the dorsum of the foot between the first 
and second metatarsals.

 n  With careful and meticulous dissection, identify the dor-
salis pedis artery, follow it to the deep plantar branch, 
ligate and divide the deep plantar branch, and follow the 
first dorsal metatarsal artery distally.

 n  Elevate and divide the extensor hallucis brevis tendon to 
allow exposure of the artery. Include the deep peroneal 
nerve with the arterial pedicle.

 n  As the dissection proceeds distally, elevate the skin flaps 
medially and laterally to identify the venous drainage. 
Usually, large veins can be found in the dorsum of the 
first web space, communicating with the large tributaries 
to the greater saphenous system on the medial side of the 
dorsum of the foot.

 n  If the first dorsal metatarsal artery is absent or hypoplastic, 
make a longitudinal plantar incision between the first and 
second metatarsals, communicating with the outline of 
the skin flap.

 n  Identify the plantar digital arteries, which can be found 
dorsal to their respective proper digital nerves. The plan-
tar digital arteries and nerves can be dissected proximally 
so that the first plantar metatarsal artery and the common 
plantar digital nerve can be identified. Usually if the first 
dorsal metatarsal artery is hypoplastic, the first plantar 
metatarsal artery has a diameter large enough to allow 
anastomosis. Dorsal and plantar dissections should ex-
pose arteries, veins, and nerves for long enough to avoid 
the need for interpositional grafting.

 n  After developing the neurovascular pedicles, elevate the 
first web skin, maintaining a plane of dissection deep to 
the plane of the vessels and nerves so that they are carried 
with the skin without devascularizing it.

 n  While the donor site is being dissected, the hand recipient 
site is dissected and a split-thickness skin graft for the web 
space closure is obtained by the recipient site team.

 n  To harvest a pulp or hemipulp flap from the great or sec-
ond toe (Fig. 63.49), outline the small amount of skin 
required for the recipient digit.

 n  The vascular dissection is identical to the web dissection 
until it approaches the web. At the first web, if the great 
toe is to be the donor, dissect the digital arterial and ve-
nous branches so that those to the lateral side of the great 
toe are carried with the flap.

 n  Handle the digital nerve branches in a similar manner by 
dissecting the plantar digital nerves proximally and sepa-
rating the nerve to the lateral side of the great toe from 
the common digital nerve.

 n  If the second toe is to be the donor, dissect the nerves and 
vessels so that they are carried with the skin and pulp on 
the medial side of the second toe.

 n  If the recipient site is to be the thumb, carefully dissect 
and preserve the palmar digital nerves, the branches of 
the superficial radial nerve, the princeps pollicis artery, 
and dorsal digital and hand veins. If a finger is to receive 
the web or pulp flap, identify and mobilize the proper 
digital arteries, digital nerves, and dorsal veins for anas-
tomosis.
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FIGURE 63.48 Variations in circulation to first web space. Three 
patterns of communication between distal communicating artery 
(DCA) and plantar digital arterial system have been identified. 
DDA, Dorsal digital artery; FDMA, first dorsal metatarsal artery; 
FPMA, first plantar metatarsal artery; PDA, plantar digital artery; 
TML, transverse metatarsal ligament.
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 n  While one team closes the donor defect with a skin graft, 
the other team loosely sutures the web, pulp, or hemi- 
pulp flap into the recipient defect. In the thumb, suture 
of the first dorsal metatarsal or plantar metatarsal arteries 
is done at the princeps pollicis or radial artery at the wrist 
by end-to-end or end-to-side anastomoses.

 n  Perform the venous repairs on the dorsum of the hand, 
anastomosing the saphenous system branches to the ce-
phalic venous system.

 n  Suture plantar digital nerves to the palmar digital nerves 
on the palm side and the deep peroneal and superficial 
radial branches on the dorsum. In the fingers, suture the 
first dorsal metatarsal and the common or proper digital 
arteries.

 n  Suture the dorsal digital veins and the saphenous tribu-
taries and the proper digital nerves to the plantar digital 
nerves.

POSTOPERATIVE CARE Postoperative care after first 
web, pulp, and hemipulp flaps is essentially the same as 
that for dorsalis pedis flaps (see Technique 63.26). The 
part is bandaged, splinted, immobilized, and monitored 
for the first 5 to 7 days. The routine is as described in 
the section on postoperative care. Because these flaps are 
transferred for restoration of sensibility as much as for 
coverage, it is essential that the patient protect the part 
from cutting, burning, and blistering until sensory return 
has begun.
  

GREAT TOE WRAPAROUND FLAP
In 1980, Morrison et  al. described their experiences with a 
free vascularized composite tissue transfer from the great toe 
to wrap around a traditional, nonvascularized autogenous 
iliac crest bone graft for thumb reconstruction. This flap, 
which includes the toenail and the dorsal, lateral, and plantar 
skin of the great toe, is considered to be a good reconstruc-
tive procedure for the thumb amputated at or distal to the 

metacarpophalangeal joint. The advantages attributed to this 
flap include (1) restoration of length, overall size, sensibility, 
movement, and thumb cosmesis, (2) reliable neurovascular 
supply, (3) the need for only a single-stage procedure, (4) 
preservation of foot skeleton, (5) minimal to no gait distur-
bance, and (6) minimal donor-site morbidity. Disadvantages 
include (1) need for a two-team approach, (2) potential loss of 
entire flap because of thrombosis, (3) potential for bone graft 
resorption, (4) loss of interphalangeal motion, (5) potential 
for significant donor-site morbidity should the skin graft fail 
or if dissection is carried too far proximally, and (6) inabil-
ity of use in young children because of the impossibility of 
estimating appropriate length. Although usually this option 
is reserved for reconstruction of thumbs with amputations 
distal to the metacarpophalangeal joint, amputation of the 
thumb proximal to the metacarpophalangeal joint is not 
an absolute contraindication for the wraparound free flap 
reconstruction.

As with most microvascular operations on the foot, 
the adequacy of the first dorsal metatarsal artery should be 
assessed by arteriography in two planes, Doppler probe and 
clinical palpation. In feet without a first dorsal metatarsal 
artery, plantar dissection may be required to gain access to the 
first plantar metatarsal artery. If the recipient hand has been 
extensively damaged, arteriography of the hand also may be 
needed. Preoperative measurements are made of the length 
and circumference of the normal thumb. The toe on the same 
side as the injured thumb is used to allow suture of the lateral 
plantar nerve to the ulnar digital nerve. Two surgical teams 
are used to hasten the procedure. One team dissects the foot, 
while the other dissects the hand and obtains the iliac crest 
bone graft. 

 

GREAT TOE WRAPAROUND FLAP 
TRANSFER

 TECHNIQUE 63.27 

(MORRISON ET AL.; URBANIAK ET AL.; STEICHEN)

FOOT DISSECTION
 n  Outline the skin flap so that the entire great toe is de-

gloved with the exception of a strip on the medial side 
and distal end of the toe (Fig. 63.50). The distal end of this 
strip should extend nearly to the lateral corner of the tip 
of the toenail. The width of this strip is determined by the 
amount of skin required to match the size of the normal 
thumb. A strip about 1 cm wide usually is left.

 n  The flap should not extend much proximal to the base of 
the great toe. Leave sufficient skin in the web space to aid 
in closure.

 n  Mark the course of the first dorsal metatarsal artery. By 
lowering the foot and using a venous tourniquet, outline 
the engorged dorsal veins on the foot.

 n  Make a longitudinal incision between the first and second 
metatarsals.

 n  Identify the dorsalis pedis artery.
 n  Dissect distally to the first dorsal metatarsal artery.

 

A B
FIGURE 63.49 Scheme for pulp free flap. A, Flap outlined and 

toe dissection begun for skin flap. B, Flap separated from toe with 
digital arteries, venae comitantes, and nerves. SEE TECHNIQUE 63.26.
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 n  If the first dorsal metatarsal artery is volar, or if the plantar 
digital artery is dominant to the great toe, make a plantar 
incision into the first web space. Locate the lateral plantar 
artery in the first web and dissect proximally through a 
longitudinal incision.

 n  Ligate vascular branches to the second toe but preserve 
all branches to the flap.

 n  Follow the deep peroneal nerve lateral to the artery into the 
toe flap and divide the nerve proximally, securing a length 
appropriate to the requirements of the recipient site.

 n  Dissect the dorsal veins to the toe flap.
 n  Cauterize the side branches to obtain as much length as 

possible for the arterial and venous pedicles.
 n  If the plantar metatarsal artery is used, a vein graft may 

be required because of insufficient length.
 n  When the neurovascular pedicle has been dissected, 

make a transverse incision at the base of the toe but avoid 
damaging the veins draining the flap.

 n  Elevate the toe flap, open it, and identify the lateral plan-
tar neurovascular bundle.

 n  Mobilize the neurovascular bundle and keep it intact with 
the flap.

 n  Dissect and identify the medial neurovascular bundle and 
keep it intact with the medial strip of skin.

 n  Separate the toe flap beneath the nail by gentle, sharp 
subperiosteal elevation beneath the nail plate. Avoid in-
jury to the germinative layer of the nail.

 n  Remove with the flap about 1 cm of the distal tuft of the 
distal phalanx beneath the nail.

 n  Save the paratenon over the extensor hallucis longus to 
receive the split-thickness skin graft.

 n  Elevate the plantar surface of the flap, leaving the sub-
cutaneous fat over the plantar surface of the toe. Avoid 
injury to the circulation to the medial skin strip.

 n  Dissect the lateral plantar digital nerve from the common 
digital nerve at an appropriate level.

 n  Unless the lateral plantar digital artery is to be the donor 
artery, coagulate and divide it.

 n  At this point, the flap should be free except for the vascu-
lar pedicle consisting of the dorsal digital branches of the 
first dorsal metatarsal artery and the venous tributaries to 
the saphenous system (Fig. 63.51).

 n  Release the tourniquet and confirm that the flap will be 
vascularized by the arteriovenous pedicle. It may take 30 to 
60 minutes for the flap to turn pink. Bathing the vessels in 
warm saline and lidocaine may help relieve vascular spasm.

 n  When the flap turns pink, ensure that the hand prepara-
tion is complete, apply microvascular clips to the vessels, 
and ligate or apply a small hemoclip to the vessels before 
sectioning them (Fig. 63.52).

 n  Carefully apply a split-thickness skin graft to the great toe 
while the flap is being applied to the hand. Removal of 1 
cm of the distal phalanx allows the rotation of the medial 
skin flap over the tip of the toe. Apply the split-thickness 
skin graft to the plantar, dorsal, and lateral surfaces of the 
great toe. Stent the graft as needed. Although advocated 
by Morrison et al., a cross toe flap usually is not needed 
to complete the great toe closure. 

HAND DISSECTION
 n  The team responsible for the preparation of the hand also 

must obtain a corticocancellous iliac crest bone graft and 
sculpt it to the approximate length and thickness of the 

 FIGURE 63.50 Wraparound flap. Skin flap is outlined to deglove 
entire great toe except thin strip extending to lateral corner of 
toenail. Width of strip (usually 1 cm) is determined by amount of 
skin needed for thumb. SEE TECHNIQUE 63.27.

 

Dorsalis pedis
artery
Saphenous vein

(Nerves not shown)Bone tip
with flap

Distal third of
distal phalanx

FIGURE 63.51 Wraparound flap. Dissection is complete with 
vascular pedicle intact. Nerves are not shown. Note tip of distal 
phalanx with flap. SEE TECHNIQUE 63.27.
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normal contralateral thumb. The tip of the normal thumb 
when adducted comes to within about 1 cm of the index 
proximal interphalangeal joint.

 n  On the hand, two areas require preparation (Fig. 63.53): 
the dorsoradial aspect just distal to the anatomic snuffbox 
and the amputation stump itself.

 n  With the pneumatic tourniquet inflated, make a longi-
tudinal incision in the web space between the first and 
second metacarpals.

 n  Dissect and mobilize two or more dorsal hand veins.
 n  Between the first dorsal interosseous and the adductor 

pollicis muscles, identify and mobilize the princeps pollicis 
(first palmar metacarpal) artery.

 n  Identify the superficial radial nerve.
 n  Mobilize the arterial pedicle by dissecting it proximally to the 

level of the proposed anastomosis near the base of the thumb 
at the carpometacarpal or metacarpophalangeal joints.

 n  Dissect the thumb stump through a straight incision across its 
tip extending from midradial to midulnar, allowing the eleva-
tion of dorsal and volar subperiosteal flaps for about 1 cm.

 n  Expose and dissect the ulnar digital neuroma, and when 
the flap is ready for attachment, excise the neuroma.

 n  Excise any scar in the bone end and freshen the end to 
receive the iliac crest bone graft.

 n  Create a recess in the base of the proximal phalanx or the 
thumb metacarpal so that the bone graft may be placed 
into the recess and fixed there with Kirschner wires, 
screws, or small fragment plates and screws (Fig. 63.54).

 n  Ensure that the flap is perfused by its arterial pedicle.
 n  Transect the arteriovenous pedicle and mark the artery, 

veins, and nerves with sutures.
 n  Wrap the flap around the bone graft so that the lateral side 

of the flap is applied to the ulnar side of the bone graft. If 
the bone graft is too large, it should be trimmed as needed.

 n  Loosely suture the flap in place to align the nail in a dorsal 
orientation with the neurovascular pedicle in the first web 
of the hand.

 n  Using magnification, suture the ulnar digital nerve of the 
thumb to the lateral plantar digital nerve of the flap with 
9-0 or 10-0 nylon.

 n  Suture the princeps pollicis (first palmar metacarpal) ar-
tery to the first dorsal metatarsal artery of the flap.

 n  Establish arterial flow and suture the dorsal veins.
 n  Suture the deep peroneal nerve to the branch of the su-

perficial radial nerve.
 n  Place drains beneath the flap as needed, taking care to 

avoid placing a drain near the arteriovenous or nerve re-
pairs. Apply a nonconstricting bandage to the hand and 
thumb, leaving sufficient surface exposed to allow for 
monitoring clinically and with devices. 

POSTOPERATIVE CARE Aspirin (300 mg/day) and dex-
tran (500 mL/day) are continued for the first 5 to 7 days. 
Some surgeons also give dipyridamole (Persantine, 50 mg 
twice daily). Heparin generally is not used. The donor foot 
and the hand are kept elevated for the first week. The skin 
color, turgor, and capillary refill are monitored. Skin temper-
ature monitoring is an added measure. The patient’s room 
temperature is kept at greater than 24°C (74°F). Appropri-
ate hydration is maintained, and smoking by the patient 
and anyone entering the room is prohibited. The bandages 
and splints are changed after 7 to 10 days unless needed 
sooner. Active motion of the thumb is begun with protec-
tion after 3 weeks. When the foot wound has healed, pro-
gressive protected weight bearing is started, and the patient 
is allowed to increase activities gradually to tolerance. Shoe 
inserts to protect the great toe usually are not required.
   

THUMB AND FINGER 
RECONSTRUCTION
SINGLE-STAGE TRANSFER OF THE  
GREAT TOE
In 1967, Cobbett reported the first single-stage toe-to-hand 
transfer in a human, and at 30-year follow-up this patient was 
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Distal third of
distal phalanxA

B
FIGURE 63.52 Wraparound flap. A, Dissection complete after 

section of nerve and vessels. Distal portion of distal phalanx remains 
with flap. B, Diagram of scheme for “skewering” distal end of distal 
phalanx, then iliac bone graft with Kirschner wire, allowing soft 
tissue to be “wrapped around” bone graft. SEE TECHNIQUE 63.27.
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gainfully employed as a timber checker, suggesting that favor-
able long-term results can be achieved.

Further advancements and refinements of the transfer of 
the great toe to the hand and the use of the second and third 
toes for thumb and finger reconstruction have been made, 
and the clinical usefulness of great toe transfer for thumb 
reconstruction and second toe or second-third toe combi-
nations for finger and thumb reconstruction has been con-
firmed. Protective sensibility is regained, and pinch strength 
has been reported to be 40% to 80% of that on the opposite 
side. Almost all patients are pleased with the appearance of 
the reconstructed digit.

Biomechanical evaluations suggest that no significant 
limitation of ambulatory activities results from loss of the 
great toe. Significant donor-site morbidity in the form of 
delayed healing of skin grafted areas and residual hypertro-
phic scarring on the dorsum of the foot has been reported, 
however. These problems can be minimized by careful atten-
tion to the details of dissection, closure of the donor defect, 
and the postoperative routine.

INDICATIONS
Transfer of the great toe to the hand may be indicated to 
reconstruct the thumb after amputations from the level of the 
metacarpal base to the interphalangeal joint. This procedure 
may be indicated most often in hands with multiple injuries 
and multiple amputations because it provides an opposable 
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digital nerves
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 dorsal pollicis
             artery

Dorsal digital vein

Radialis indicis artery
(dorsal indicis)
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FIGURE 63.53 Wraparound flap hand dissection. A, Thumb stump exposed and dissected with 
midlateral incisions. Dorsum of first web space is dissected to locate cephalic vein and radial artery 
and branches. B, Scheme for attaching iliac bone graft to bone and soft tissue with Kirschner wire 
to allow nerve and vessel repairs. C, Iliac bone graft with soft tissue in place for “wraparound.” 
Length of reconstructed thumb allows tip to come within about 1 cm of proximal interphalangeal 
joint of index finger. SEE TECHNIQUE 63.27.
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FIGURE 63.54 Fixation of iliac bone block. A, For amputation 
distal to metacarpophalangeal joint, iliac bone block is fixed parallel 
to long axis of proximal phalanx. B, For amputation at or proximal 
to metacarpophalangeal joint, iliac bone block is fixed in 30 degrees 
of flexion and 45 degrees of internal rotation. These positions 
allow opposition of reconstructed thumb to other fingers. K-wire, 
Kirschner wire. SEE TECHNIQUE 63.27.
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thumb for the remaining digits. Toe-to-hand transfer is rec-
ommended for reconstruction of a thumb lost at or near 
the metacarpophalangeal joint when no adjacent digits 
are available for pollicization. Others believe that posttrau-
matic thumb loss, including loss of the entire first metacar-
pal, is better treated by pollicization or second toe transfer, 
because of impairment in ambulation caused by loss of the 
first metatarsal.

Before such a major reconstructive effort is begun, con-
sideration should be given to the patient’s age, motivation, 
occupation, and preferences regarding the donor site. The 
great toe is usually preferred as a donor for thumb recon-
struction because the remaining toes usually are thinner and 
shorter than the thumb. 

PREOPERATIVE PLANNING
As with other foot flaps, preoperative evaluation should 
include a thorough evaluation of the circulation to the foot, 
including clinical evaluation of the pulses, the use of the 
Doppler probe, and arteriography of the foot in two planes. 
In addition, arteriography of the hand should be done if there 
is any doubt regarding the status of potential recipient vessels. 
These procedures also help to document the adequacy of the 
posterior tibial arterial supply.

Although the ipsilateral great toe usually is used, if the 
medial skin of the foot will be needed for coverage on the 
reconstructed thumb, the contralateral great toe should be 
considered at times. Buncke found that clay models of the toe 
placed in the thumb position are helpful in making decisions 
regarding toe selection and the amount of skin required. If 
the great toe has an unacceptable size discrepancy, then the 
trimmed toe transfer as described by Wei et al. can be used. 
This technique has the advantage of the wraparound tech-
nique in matching thumb size while also allowing interpha-
langeal joint motion.

The soft-tissue requirements of the recipient area may 
be satisfied by traditional coverage techniques such as skin 
grafts or pedicle flaps before the thumb reconstruction or at 
the time of thumb reconstruction by incorporating a dorsal 
foot flap with the great toe transfer. Generally, it is prefer-
able to allow for split-thickness skin grafting to be done on 
the recipient hand, rather than the donor foot because of the 
unpredictable results, especially on the dorsum of the foot. 

 

SINGLE-STAGE GREAT TOE TRANSFER

 TECHNIQUE 63.28 

(BUNCKE, MODIFIED)
 n  Position the patient so that the donor foot and the recipi-

ent hand are easily accessible.
 n  Provide a padded operating table with a heating and cool-

ing blanket and esophageal or rectal temperature probes.
 n  Monitor urinary output with an indwelling urinary cath-

eter.
 n  Two surgical teams are required: one for the hand, the 

other for the foot.

 n  Using skin-marking pencils, outline incisions on the hand 
and foot, providing adequate soft-tissue coverage for 
both areas.

FOOT DISSECTION
 n  Based on the Doppler findings, outline the course of the 

dorsalis pedis artery. Allow the veins to fill by holding the 
foot in a dependent position over the edge of the operat-
ing table. The large superficial veins on the dorsum of the 
foot should be easily seen. The tributaries to the greater 
saphenous system can be located on the medial side of 
the first metatarsal. Outline the veins before exsanguinat-
ing the limb for tourniquet inflation.

 n  Exsanguinate the limb by wrapping or elevation and in-
flate the pneumatic tourniquet.

 n  Use straight, curved, or zigzag dorsal incisions to identify 
and preserve the dorsal veins and the dorsalis pedis artery 
and its distal continuation, the first dorsal metatarsal ar-
tery.

 n  If preoperative evaluation reveals the first metatarsal ar-
tery to be dorsal, proceed from proximal to distal, care-
fully protecting the artery. Ligate or clip the side branches.

 n  If the dominant artery has been shown to be plantar, dis-
sect from the first web space proximally, extending a lon-
gitudinal plantar incision just lateral to the weight-bearing 
area of the plantar surface over the first metatarsal head.

 n  Dissect proximally to obtain a sufficient length of artery. 
At times, dividing the transverse metatarsal ligament is 
necessary to mobilize a plantar metatarsal artery.

 n  If the location of the dominant vessel is in doubt, begin 
the dissection in the first web space and dissect proxi-
mally. In the first web space, ligate the artery to the sec-
ond toe and mobilize the first metatarsal artery proximally 
until it is determined whether it can be dissected from 
the dorsal or plantar aspect. Do not transect the proximal 
vessel attachments until vascularization through the arte-
riovenous pedicle to the great toe is ensured and until the 
hand dissection has been completed.

 n  Follow the dorsal artery to the extensor hallucis brevis, di-
vide the extensor hallucis brevis, elevate it, and expose the 
deep peroneal nerve lateral to the dorsalis pedis artery. 
Preserve the deep peroneal nerve for suture to a recipient 
nerve in the thumb area.

 n  Follow the first metatarsal artery to the first web, leaving 
all branches attached to the great toe, and ligate or cau-
terize the branches to the second toe.

 n  Dissect and mobilize the superficial veins so that a long 
venous pedicle can be developed.

 n  In the first web, dissect the plantar digital nerve on the 
lateral side of the great toe and separate it from the digital 
nerve to the second toe by carefully dissecting proximally 
into the common digital nerve.

 n  Similarly, dissect the plantar digital nerve on the medial 
side of the great toe and mobilize it as far proximally as 
possible. Attempt to preserve both digital nerves.

 n  Obtain as much length as possible, depending on the 
requirements of the recipient thumb area. Occasionally, 
nerve grafts may be required.

 n  Determine the approximate tendon length requirements 
in the hand.

    

https://booksmedicos.org


CHAPTER 63  MICROSURGERY 3383

 n  Section the extensor hallucis longus tendon near the ex-
tensor retinaculum or more proximally through the same 
incision used for the vessel dissection.

 n  Make a transverse incision in the middle or proximal por-
tion of the plantar surface of the foot to obtain adequate 
length of the flexor hallucis longus tendon.

 n  Dissect bluntly to locate the tendon and separate it from 
its connections to the flexor digitorum longus tendons 
in the foot. These attachments to other tendons make 
it extremely difficult to release the flexor hallucis longus 
tendon through an incision at the ankle.

 n  Separate the toe at the metatarsophalangeal joint. If an at-
tempt is to be made to reconstruct the new metacarpopha-
langeal joint, the joint capsule may be taken with the toe.

 n  The plantar aspect of the metatarsal head should be pre-
served; however, the dorsal portion of the first metatarsal 
may be taken with the toe if an oblique osteotomy is 
made from the dorsal surface proximally to the plantar 
surface distally.

 n  Leave the vascular pedicle attached until the hand dissec-
tion has been completed and sufficient circulation to the 
toe is ensured.

 n  Release the tourniquet and achieve hemostasis in the 
foot.

 n  After separating the toe from the foot, close the foot inci-
sions over small thin drains if needed.

 n  The skin flaps should be fashioned to allow side-to-side 
closure of the foot incision, leaving only small areas, if 
any, for skin grafting.

 n  After closure of the foot, apply a bulky, nonconstricting 
compression bandage. 

HAND DISSECTION
 n  Two incisions usually are required for the hand dissection. 

Outline a curved incision in the dorsoradial aspect of the 
base of the thumb and a palmar incision along the thenar 
crease over the carpal tunnel and proximally into the distal 
forearm.

 n  Exsanguinate the limb by elevation or with an elastic 
wrap. Inflate the pneumatic tourniquet before beginning 
the dissection.

 n  Make a curved dorsal incision near the anatomic snuff-
box, extending to the tip of the bony remnant of the 
thumb.

 n  Identify and mobilize the tendons of the extensor pollicis 
longus, extensor pollicis brevis, and abductor pollicis lon-
gus; the cephalic vein and its tributaries; the radial artery 
and its distal first metacarpal (princeps pollicis) extension; 
and the superficial radial nerve and its branches.

 n  Elevate skin flaps to expose the thumb remnant.
 n  Make a palmar incision parallel to the thenar crease, ex-

tending proximally and obliquely across the wrist flexion 
crease.

 n  Identify and expose branches of the digital nerves to the 
thumb, the flexor hallucis longus tendon, the adductor 
pollicis and abductor pollicis brevis tendons if available, 
and the palmar digital arteries if they are suitable for su-
ture.

 n  Deflate the tourniquet and achieve satisfactory hemo-
stasis. The remainder of the procedure can be done 
without inflating the tourniquet, or the tourniquet can 

be used intermittently to minimize blood loss and to aid 
in the completion of the anastomoses and neurorrha-
phies.

 n  Achieve bony apposition of the transferred toe by making 
a hollow recess in the base of the proximal phalanx of the 
toe so that the thumb metacarpal or phalangeal remnant 
may be remodeled and inserted into the recess in the 
phalanx. Supplement this with additional internal fixation 
in the form of Kirschner wires as needed.

 n  Repair flexor and extensor tendons to balance forces on 
the transferred toe as much as possible. May et al. sug-
gested a scheme for reconstruction of the available ten-
don attachments (Fig. 63.55).

 n  Ensure satisfactory flow through the recipient radial arte-
rial branches and perform anastomoses between the dor-
salis pedis artery and the first metacarpal or radial artery.

 n  Begin intravenous infusion of low-molecular-weight dex-
tran (or heparin, depending on preference) after the arte-
rial anastomosis has been completed.

 n  Anastomose the saphenous venous system to the cephalic 
system. Usually one arterial and one venous anastomosis 
are sufficient.

 n  Suture the lateral plantar digital nerve from the toe to the 
ulnar digital nerve of the thumb and the medial plantar 
digital nerve to the radial digital nerve. If it is available, 
the superficial radial nerve branches may be sutured to 
the deep peroneal nerve branches.

 n  Loosely close the wounds and drain them as needed with 
small, thin rubber drains.

 n  Apply skin grafts as needed.
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FIGURE 63.55 Transfer of great toe to thumb. Scheme suggested 
by May for reconstruction of available tendon attachments. AbH, 
Abductor hallucis; AbPB, abductor pollicis brevis; ADD, adductor 
hallucis; EHB, extensor hallucis brevis; EHL, extensor hallucis longus; 
EPB, extensor pollicis brevis; EPL, extensor pollicis longus; FHL, flexor 
hallucis longus; FPL, flexor pollicis longus. SEE TECHNIQUE 63.28.
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 n  Apply a bulky, nonconstricting, noncompressing ban-
dage, supporting the thumb, hand, and wrist with a plas-
ter splint. 

POSTOPERATIVE CARE The preferred postoperative an-
ticoagulant therapy is continued. Low-molecular-weight 
dextran or heparin for 3 to 5 days has been recommended 
by various authors. The patient is kept quiet with the hand 
and foot elevated. Clinical observations and any available 
mechanical devices are used to monitor the circulation. 
Urinary output and serum hemoglobin and hematocrit 
determinations are monitored for the first 3 to 5 days un-
til they have stabilized satisfactorily. Donor-site morbidity 
can be minimized by preventing walking on the involved 
foot for 2 to 4 weeks. Initially the foot is kept wrapped 
with an elastic bandage. After removal of the sutures, an 
elastic support stocking helps to reduce edema. If one 
foot remains unaffected, the patient may attempt to walk 
using a walker or crutches; however, care must be taken 
to avoid injuring the reconstructed thumb. If possible, 
bandage changes are delayed for 5 to 7 days. The thumb 
is protected for 3 to 4 weeks, and then gentle protected 
active motion is begun, graduating to more aggressive 
activities at 10 to 12 weeks. Most strenuous activities are 
delayed until there is evidence of sensory return.
   

 

TRIMMED-TOE TRANSFER
This modification was developed to solve the problem of an 
overly large digit after great-toe-to-hand transfer.

 TECHNIQUE 63.29 

(WEI ET AL.)
 n  Before surgery, obtain correct measurements, including the 

circumference of the normal thumb at the nail eponychium, 
the widest point at the interphalangeal joint, and the mid-
dle of the proximal phalanx. Carry the width measurement 
of the thumbnail over to the great toenail, placing the ex-
cess medially. From this point on the toenail, draw a longi-
tudinal line proximally from the eponychium to the base of 
the proximal phalanx for reference. At this reference line, 
transpose the thumb measurements to their corresponding 
points on the great toe, with an additional 2 to 3 mm added 
to each measurement to ensure a tension-free closure.

 n  Taper the residual medial skin strip (the difference be-
tween the toe and thumb circumferences) to a point 
around the tip of the toe 2 mm below the nail to facilitate 
skin closure. The proximal incision line is determined by 
the level of thumb amputation.

DONOR-SITE DISSECTION
 n  Perform donor-site dissection under standard tourniquet 

control.
 n  Vascular identification and tendon and nerve dissection 

are as described in Technique 63.28.
 n  Incise and elevate the medial skin strip from distal to 

proximal and deepen the incision to the periosteum at 

the tip of the distal phalanx with minimal violation of the 
fibrous pulp septae. Continue the dissection plane proxi-
mally over the periosteum, medial collateral ligament, and 
joint capsule.

 n  Protect the medial neurovascular bundle retaining it in the 
harvested great toe.

 n  Dorsally, make a longitudinal incision in the periosteum, 
medial collateral ligament, and joint capsule. Elevate 
these tissues subperiosteally (hemicircumferential joint 
flap) to the midplantar surfaces of both the proximal and 
distal phalanges.

 n  Using an oscillating saw, perform a longitudinal osteoto-
my, removing 4 to 6 mm of width from the medial joint 
prominence and 2 to 4 mm of the phalangeal shafts. Rasp 
the osteotomy edges for a smooth contour.

 n  Drape the hemicircumferential flap, including the perios-
teum, medial collateral ligament, and joint capsule, over 
the raw bony surfaces and secure it with interrupted su-
tures after trimming.

 n  After approximating the medial skin incision, select the 
amputation level, leaving the donor great toe attached 
only by its vascular pedicle (Fig. 63.56). 

RECIPIENT SITE PREPARATION
 n  A second team usually prepares the recipient site simulta-

neous to the donor-site dissection.
 n  For proper seating of the transferred great toe, skin inci-

sions must be carefully planned and executed as well as 
possible joint arthrodesis or reconstruction, depending on 
the amputation level.

 n  Perform transfer of the trimmed toe as described in Tech-
nique 63.28.

 n  Close the donor site primarily, using the proximal portion 
of the remaining medial skin strip to assist in tension-free 
closure if needed. 

POSTOPERATIVE CARE Postoperative care is the same 
as after Technique 63.29.
  

SECOND AND THIRD TOE 
TRANSPLANTATION
Although great toe transplantation, the wraparound proce-
dure, and other more traditional procedures are useful for 
thumb reconstruction, a hand with the loss of the thumb 
and multiple digits or a hand with only the thumb intact is 
significantly impaired and requires more than thumb recon-
struction alone. Transplant of multiple toes has been useful 
for hand reconstruction when more than one digit is lost. 
The second toe from one foot, second toes from both feet, or 
the second and third toes from one foot can be used as dig-
its to restore opposition to the thumb. The latter can be used 
as a single neurovascular transplant. Leung classified patients 
with thumb loss into four categories suitable for second toe 
transplantation, preferring the second toe over the great toe 
(Fig. 63.57).

Gordon et al. evaluated a series of 16 patients who had 
38 digits reconstructed with double toe transplantation from 
opposite feet. When one or two digits remained on the hand, 
toe transplantation improved function and appearance, while 
providing a broader and stronger surface for pinch and grip. 
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They found the range of motion to be functional, and hand 
function was significantly improved. Postoperative foot mor-
bidity was minimal when a strict non–weight-bearing routine 
was followed. When sequential double toe transplantation 
procedures were compared with simultaneous double toe 
transplantation, these authors found an overall shortening 
of the operating time and the hospital stay after simultane-
ous double toe transplantation. Overall cost decreased if two 
toes, usually from separate feet, were transplanted to the hand 
simultaneously. The risk of impaired walking is lower if single 

toes are removed from each foot compared with the removal 
of two toes with portions of the metatarsals.

PREOPERATIVE PREPARATION
As with all foot transplant procedures, the location of the 
arteries to the toes to be transplanted needs to be deter-
mined. Also, the adequacy of the remaining circulation to 
the foot needs to be determined using arteriography in two 
planes, in addition to the clinical assessment and the Doppler 
probe observations. The needs of the recipient hand should 

 

A B

C D

E

FIGURE 63.56 Wei et al. trimmed great toe harvest. A, Elevation of medial skin strip. B, Eleva-
tion of inferiorly based hemicircumferential joint flap. C, Longitudinal osteotomy of phalanges 
and joint. D, Repair of hemicircumferential joint flap. E, Closure of wound before transfer. SEE 
TECHNIQUE 63.29.
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be evaluated to help decide which toes to use in specific 
locations. Buncke recommended clay models of the digits 
applied to the hand. Alternatively, plaster models created 
from alginate impressions of patients’ toes can be used. The 
toe selected may be restricted by acquired posttraumatic or 
postural deformities, such as scarring and hammertoes, or by 
congenital anomalies and poor vascularization.

If a single toe is to be transplanted, two surgical teams 
are required, whereas if two toes are to be transplanted from 
separate feet, three teams are required—two to remove the 
toes and one to work on the hand.

Position the patient on a well-padded operating table with 
a heating and cooling blanket placed beneath so that both feet 
and the affected hand are easily accessible. Monitor the body 
temperature with an esophageal or rectal thermometer and 
urinary output with an indwelling urinary catheter. 

 

SECOND OR THIRD TOE 
TRANSPLANTATION

 TECHNIQUE 63.30 

FOOT DISSECTION
 n  Outline the skin flaps on the foot, depending on the re-

quirements for skin coverage in the hand (Fig. 63.58).
 n  If the reconstruction is to be done at or distal to the 

thumb metacarpophalangeal joint, usually no additional 
skin is required. If the level of reconstruction is at the 
carpometacarpal level, or if the thumb ray is totally lost, 
a skin flap from the dorsum of the foot may be incorpo-
rated with the toe to be transplanted. If the toe or toes 
are to be used for finger reconstruction, usually additional 
skin flaps are not required because the toe is placed on 

top of the recipient finger or between existing fingers so 
that adjacent skin might suffice.

 n  Allow the dorsal veins to fill by hanging the foot over 
the edge of the table and outline with a skin pencil the 
tributaries of the greater and lesser saphenous venous 
systems.

 n  With an elastic wrap or elevation, exsanguinate the leg 
and inflate the pneumatic tourniquet.

 n  Elevate the skin flaps on the dorsum of the foot initially to 
identify and mobilize the saphenous tributaries.

 n  Carefully dissect and develop the venous pedicle.
 n  Locate the superficial peroneal nerve and include its 

branches with the toe.
 n  Transect the extensor digitorum longus and extensor digi-

torum brevis tendons proximally near the ankle through 
the same incision used to dissect the vessels.

 n  Identify the dorsalis pedis artery and mobilize it, leaving 
intact its branches passing laterally toward the second 
metatarsal. Divide the branches to the great toe at the 
first web space.

 n  The circulation to the second or to the second and third 
toes is supplied through the dorsalis pedis and first dorsal 
metatarsal arteries or through the communicating artery 
to the plantar metatarsal arteries and then to the plantar 
digital arteries. Use a plantar incision to identify and dis-
sect the plantar digital nerves, the flexor digitorum longus 
and brevis tendons, the plantar digital arteries, and the 
distal portions of the plantar metatarsal arteries.

 n  Although dissection of the plantar structures is possible 
through the dorsal incision, a metatarsal osteotomy is re-
quired to allow exposure of the plantar structures, mak-
ing the dorsal approach to the plantar structures more 
difficult.

 n  If the thumb or digital reconstruction is to be done at the 
metacarpophalangeal joint or more distally, remove the 
toe at the metatarsophalangeal joint.

 

Type IIIType IIType I Type IV

FIGURE 63.57 Leung’s classification of thumb loss, useful when considering different types of 
thumb reconstructive microsurgical procedures.
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 n  If the level is more proximal, the distal metatarsal may be 
osteotomized at an appropriate length to meet the needs 
in the hand.

 n  Complete the dissection.
 n  Leave the vascular pedicles intact until the hand is ready 

to receive the transplanted digit.
 n  Deflate the tourniquet to ensure perfusion of the toes by 

the arterial pedicle.
 n  Use small vascular clamps to occlude the dorsalis pedis 

arterial system and the plantar metatarsal arteries to de-
termine which arteries provide the best flow to the toes.

 n  When the hand is ready for the toes, ligate the arteries 
and veins and section the vessels.

 n  Close the foot wounds over small, thin drains as needed.
 n  Apply a bulky, nonconstricting compression bandage to 

the foot. 

HAND DISSECTION
 n  If the thumb is to be reconstructed, at least two incisions 

are required, as described for the great toe and wrap-
around procedures. Outline the skin incisions to be made.

 n  Exsanguinate the upper limb and inflate the pneumatic 
tourniquet.

 n  Make a curved dorsal incision extending from the ana-
tomic snuffbox to the remnant of the thumb to expose 
the dorsal veins, the extensor tendons, the radial artery 
and its first metacarpal branch, and the branches of the 
superficial radial nerve.

 n  After making a palmar incision parallel with the thenar 
crease, dissect the digital nerves, the flexor pollicis longus 
tendon, and any available arterial branches.

 n  If the toe is to be transplanted to a finger distal to the 
metacarpophalangeal joint, develop dorsal and palmar 

skin flaps, exposing the dorsal digital veins, the extensor 
digitorum communis tendon, the volar digital arteries and 
nerves, and the flexor tendons.

 n  If the toe is to be transplanted with a portion of the metatar-
sal to replace a portion of lost metacarpal at or proximal to 
the metacarpophalangeal joint, make a dorsal curved inci-
sion to expose the dorsal venous tributaries on the hand, the 
extensor tendons, and the bony remnant of the metacarpal.

 n  On the palmar surface, make an incision crossing the 
palmar creases obliquely to expose the common digital 
arteries, the common and proper digital nerves, and the 
flexor tendons.

 n  Deflate the tourniquet and achieve adequate hemostasis.
 n  When the hand dissection has been completed and the 

hand prepared, ligate and transect the vessels to the toe 
or toes to be transplanted, close the foot wound as de-
scribed previously, and begin the attachment of the toes 
to the thumb or digital position.

 n  Bone fixation with longitudinal Kirschner wires is easiest; 
however, combinations of Kirschner wires with wire su-
tures or small plates and screws also are satisfactory.

 n  Join the flexor and extensor tendons in the palm or near 
the wrist.

 n  The arterial anastomoses usually connect the dorsalis pe-
dis of the first dorsal metatarsal artery to the radial or first 
metacarpal artery, although the plantar metatarsal arter-
ies or plantar digital arteries to the toes may be anasto-
mosed to the digital arteries of the fingers. It is important 
to show forceful pulsatile flow from the cut end of the 
recipient artery before arterial anastomoses are begun.

 n  When the arterial anastomoses have been completed, 
return bleeding through the dorsal veins should be un-
equivocal.

 

A B C

Dorsal
pedis
artery

Saphenous
vein

Incision
line

FIGURE 63.58 Second toe transplantation. A, Incisions outlined for removal of second toe. 
Dorsal foot incision allows access to neurovascular structures. B, Plantar incision for toe removal. 
C, Dorsal foot flap outlined if hand requires additional skin. SEE TECHNIQUE 63.30.
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 n  Suture the plantar digital nerves of the toes to the digi-
tal nerves of the fingers or thumb and, where available, 
suture dorsal cutaneous branches of the radial or ulnar 
nerves to the branches of the superficial or deep peroneal 
nerves that may accompany the transplanted toe or toes.

 n  Close the skin loosely, using small, thin rubber drains if 
needed.

 n  Supplemental skin grafting may be necessary as well (Fig. 
63.59).

 n  Apply a bulky, nonconstricting bandage incorporating a 
plaster splint on the palmar side. 

POSTOPERATIVE CARE The hand and foot are kept el-
evated. No smoking is allowed by patients or visitors. The 
room should be kept warm, and the patient should be 
sufficiently sedated so as to avoid emotional outbursts. A 
compression dressing is worn on the foot for 2 or more 
weeks, followed by an elastic stocking for 2 to 4 months 
to control edema. The circulation to the transplanted digit 
or digits is monitored closely for the first 1 to 3 days, and 
the patient is returned to the surgical suite for exploration 
of the anastomoses if evidence of circulatory compromise 
develops. The hand is immobilized for 3 to 4 weeks, fol-

 

A B

DC

FIGURE 63.59 A, Amputated thumb and index finger after explosion injury. B, Delayed recon-
struction with second toe to thumb free transfer and skin grafting. C, Useful pinch and acceptable 
appearance 6 months after surgery. D, Active interphalangeal joint extension. SEE TECHNIQUE 63.30.
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lowed by a graduated program of active mobilization of 
the transplanted digit. To minimize the morbidity associ-
ated with second toe removal, with second and third toe 
removal, or with the removal of second toes from each 
foot, the foot should be elevated for at least 2 weeks. If 
both feet have been donors, Gordon et al. have stressed 
the importance of using a wheelchair for an additional 2 
weeks, at which time protected walking is begun with 
crutches or a walker until the patient can walk easily with 
minimal or no pain. Full use of the transplanted digit or 
digits is delayed until satisfactory motion and useful sensa-
tion return.
   

VASCULARIZED FREE FLAPS 
CONTAINING JOINTS AND 
EPIPHYSES
The clinical experiences of many surgeons suggest that whole 
joints, transplanted on a vascular pedicle, survive and func-
tion without deterioration. This procedure holds promise, 
especially in the area of allograft transplantation.

Clinical reports by Weiland et  al. and Wray et  al. sug-
gest that growth continues after the vascularized transfer of 
physes. The careful experimental work of Brown et al. shows 
that long-term survival and useful growth can occur after 
free vascularized physeal transplantation. In their report of a 
small series, Singer et al. concluded that a vascularized trans-
fer of the toe metatarsophalangeal joint to the finger meta-
carpophalangeal joint can provide painless, functional, stable 
motion with nearly normal growth potential. Transfers of 
the toe proximal interphalangeal joint to the finger proximal 
interphalangeal joint have not been as rewarding because of 
the difficulty in regaining motion and maintaining growth 
potential. Foo, Malata, and Kay reported that in three free 
joint transfers and one double joint transfer the joints were 
stable and maintained their growth potential, but range of 
motion of the proximal interphalangeal joint was limited 
to 30 degrees. Although this type of transplantation shows 
promise as a way of solving several difficult pediatric surgi-
cal problems, these authors cautioned that many questions 
remain unanswered and require research before the proce-
dure can be widely applied to children.
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BASIC SURGICAL TECHNIQUE AND 
POSTOPERATIVE CARE 
David L. Cannon

CHAPTER 64

The hand is the most complex and versatile structure in the 
human body. Formed of 27 bones, the hand and wrist require 
more than 30 muscles and a vast web of ligaments and ten-
dons to move them into the myriad postures required for the 
countless tasks the hand performs every day. The complex-
ity of hand function is reflected by the large amount of brain 
space dedicated to it. Injury to or dysfunction of any element 
of hand function can cause significant disability. Because of 
the importance of the hand to every aspect of life, it is essen-
tial for the surgeon to make the correct diagnosis and per-
form the appropriate and needed procedures, avoiding both 
undertreatment and overtreatment.

PREOPERATIVE PLANNING AND 
PREPARATION
A carefully taken history and detailed physical examination 
of the involved part are frequently sufficient to determine the 
appropriate diagnosis. Routine anteroposterior, lateral, and 
oblique radiographic hand and wrist views may be supple-
mented with additional special views of the wrist, thumb base, 
and fifth carpometacarpal joint. MRI and CT can provide suf-
ficient additional information to clarify some bone and soft-
tissue problems in the hand and wrist. Radionuclide bone 
scanning may show areas of bone involvement before they 
can be seen on plain radiographs. Electrodiagnostic stud-
ies (electromyography and nerve conduction velocities) may 
localize areas of nerve compression and reveal other condi-
tions (e.g., peripheral neuropathy). In patients with suspected 
but undiagnosed systemic illnesses, such as the inflammatory 
arthritides, assessment by appropriate medical specialists is 
helpful in determining appropriate nonoperative manage-
ment. Patients who are taking warfarin, corticosteroids or 
other antiinflammatory medications, immunosuppressive 
drugs, aspirin, herbal and complementary preparations, and 
medications for diabetes may require modification of dosage 
or discontinuation of the medications during the immediate 
preoperative and intraoperative periods.

Most important is that the patient and surgeon have real-
istic expectations regarding the operative outcome before the 

procedure is performed. The patient should understand the 
options; the alternatives to surgery; the expected outcome 
with and without surgical treatment; the potential risks, haz-
ards, and benefits of the surgery; the nature and location of the 
incisions; the potential need for incisions to be made on other 
parts of the body for the harvesting of grafts; and the possible 
use of internal fixation, drains, and other types of implants. The 
patient should understand the nature of immobilization after 
surgery, including the use of splints and casts, and he or she 
should understand that recovery and rehabilitation might be 
prolonged, especially after major reconstructive procedures.

As part of the preoperative preparation, patients are 
instructed to keep their hands clean for several days before 
surgery and to avoid skin injury to minimize the potential for 
infection. From currently available information, an infection 
rate of 0.5% to 3.0% might be expected. If the patient has evi-
dence of cuts or skin or remote infections, the operation may 
best be delayed. If the fingernails are long or dirty, they should 
be trimmed and cleaned to remove potential sources of bac-
terial contamination, and excessive hair in the incision area 
should be removed before scrubbing the operative extremity.

PERIOPERATIVE ANTIBIOTICS
Although surgical site infections are uncommon after hand 
surgery, postoperative infection can occur, causing impair-
ment of hand function, delaying rehabilitation and return to 
work. Severe infection may require multiple surgical proce-
dures and result in permanent damage to the hand. The rou-
tine use of perioperative antibiotics for many orthopaedic 
procedures in the hand remains questionable. In three large 
series (one retrospective study involving 8850 patients, one 
prospective, randomized study involving 1340 patients, and 
one retrospective analysis of 516,986 patients gathered from 
a multistate commercial insurance claims database) there 
was no significant difference in the frequency of infection 
in patients who received perioperative antibiotics and those 
who did not. The prospective study also found no difference 
between elective and emergency surgery, between operations 
lasting 2 hours and those lasting longer, or between “clean” 
and “crush/dirty” wounds. Even in “high-risk” patients 
(smokers, those with diabetes mellitus, and those with longer 
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operative procedure times) in the retrospective study, pro-
phylactic antibiotics did not reduce the frequency of surgical 
site infection. Another study that evaluated the use of anti-
biotics for carpal tunnel release in patients with a prosthetic 
joint also found that antibiotics were not indicated. Although 
numerous studies have concluded that antibiotic prophylaxis 
should not be routinely administered for surgery of the hand, 
the rate of antibiotic use has steadily increased, with antibiot-
ics being used in one of five clean soft-tissue hand surgeries. 

ARRANGEMENT AND ROUTINE IN THE 
OPERATING ROOM
Because surgical results depend considerably on the skill, judg-
ment, and precise work of the surgeon, intraoperative distrac-
tions should be kept to a minimum. It is important for the 
surgeon to establish a standard routine that is followed regularly. 
Each assistant can then depend on this routine. The activities of 
the assistants in following this routine should not be disrupted by 
the surgeon with irregular, unexpected, or inconsistent demands. 
A standard routine makes it possible for assistants to know what 
is expected of them at each step in the operation and allows them 
to perform without hesitation, delay, or wasted motion.

The operating room should always be pleasant. If a local 
anesthetic is being used and the patient is awake, loud or 
inappropriate noises or bursts of conversation may alarm 
the patient and should be avoided. Sometimes music of the 
patient’s choosing is comforting.

If the surgical procedure is being arranged with the oper-
ating room staff, it is helpful to make requests regarding spe-
cial needs for the case under consideration. Making advance 
arrangements for instruments, sutures, operating micro-
scope, special implants, additional assistants, and other items 
enhances the efficiency of the operating team on the day of 
the procedure. Radiology support, including the use of C-arm 
fluoroscopy, should be arranged beforehand as well.

Five “be” attitudes on the part of the surgeon can increase 
efficiency in the operating room: (1) be punctual—if possible, 
be early; (2) be available—being present signifies to the surgical 
team that you are a member of the team; (3) be predictable—the 
less variation in the operating room routine, the more efficient 
it becomes; (4) be progressive—go from simple to complex; and 
(5) be gracious—it costs nothing, but buys a lot of goodwill.

The operating surgeon usually sits on a firm, comfortable, 
and stable stool and occasionally stands for some procedures. 
When sitting, the surgeon’s knees are almost level with the hips 
and the feet rest flat on the floor without strain. The working 
surface of the operating hand table should be at elbow height 
to provide a comfortable support for the forearms. When the 
light is directed perpendicular to the surgeon’s view, it shines 
directly on the operative field, and shadows are avoided.

Seated opposite the surgeon, the assistant should view the 
operative field from 8 to 10 cm higher than the surgeon to 
allow a clear line of vision without having to bend forward 
and obstruct the surgeon’s view. Although mechanical hand 
holders are available, they are not as good as a motivated and 
well-trained assistant (Fig. 64.1). It is especially helpful for the 
assistant to be familiar with each procedure. Usually, the pri-
mary duty of the assistant is to hold the patient’s hand stable, 
secure, and motionless, retracting the fingers to provide the 
surgeon with the best access to the operative field (Fig. 64.2A 
and B). Using a mechanical holder such as a lead hand is bet-
ter with untrained assistants.

 FIGURE 64.1 Mechanical hand positioner/holder.

 

Assistant

A

B

Incision

FIGURE 64.2 A, Assistant holds patient’s hand firm and 
motionless and exposes operative field for midlateral digital inci-
sion. B, Ideal position for assistant to stabilize patient’s hand as 
surgeon makes zigzag incision.
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The hand operating table should be stable and immo-
bile. Space should be sufficient for the patient’s hand and for 
resting the elbows and forearms of the surgeon and assistant, 
minimizing muscle fatigue. For most procedures, the surgeon 
should sit on the axillary side of the involved extremity, allow-
ing the anatomy of either hand to be seen in the same relative 
position. Some procedures on the dorsum of the hand and 
wrist may be performed more easily from the cephalic side. If 
the surgeon changes sides, keep in mind the change in routine 
to avoid anatomic disorientation.

The tray holding the basic instruments is often placed 
on a shelf extending from the operating table, level with the 
working surface. The instruments always should be arranged 
in the same order (Fig. 64.3). This arrangement allows the 
surgeon to save time by routinely reaching for instruments 
from the basic tray. With practice, this can be done without 
the surgeon looking at the instruments.

Using an instrument pan or designated “hands-free” 
zone, the surgeon discards an instrument after using it, and 
the surgery technician returns it to its place on the tray. The 
discarded knife, tissue forceps, and dissecting scissors that are 
used constantly are not retrieved by the surgery technician 
unless requested by the surgeon. Special instruments should 
be readily available on another large table so that they can be 
handed quickly to the surgeon on request. Additional knife 
blades and special sutures and needles also should be imme-
diately available.

Numerous hand conditions, such as infection, foreign 
bodies, and fractures, may now be effectively treated in pro-
cedure rooms with local anesthesia as opposed to formal 
operating rooms when appropriate. Studies have shown a sig-
nificant reduction in the cost of these procedures without a 
significant difference in risk of complications. 

CHOICE OF ANESTHESIA
Drugs used for local and regional anesthesia should become 
effective within a few minutes after injection, should cause 
minimal local irritation, and should have low systemic toxic-
ity. Lidocaine seems to fulfill these requirements. Mepivacaine 
(Carbocaine) is longer acting but may be slower in onset. 
Many surgeons prefer bupivacaine (Marcaine) because it 
is effective for 8 hours or longer. It can be used for axillary 
brachial block to avoid the use of a general anesthetic. Each 
of these agents has a toxicity level based on milligrams per 
kilogram of body weight, and this should be calculated before 
administration (Table 64.1).

Unsatisfactory anesthesia for hand and upper extremity 
operations prevents the surgeon from accomplishing his or her 
goals and is likely to compromise the surgical result. For accu-
rate and precise work, the part must be motionless, the pro-
cedure should be completely painless, and the patient should 
be comfortable. All anesthetic techniques carry some risks, 
and the selection of the technique depends on the needs of the 
patient and the preferences of the surgeon and anesthesiologist. 
The selection should be part of the preoperative planning.

At times, general anesthesia is preferred. Factors that 
favor the use of this type of anesthesia include extensive 
and prolonged hand and upper extremity operations, per-
formance of procedures on other parts of the body (chest or 
abdomen or harvesting of various tissue grafts), extensive 
operations in young children, the presence of infection in a 
region that would preclude injecting a local anesthetic agent, 
and the preference of a particularly uneasy or anxious patient.

Regional anesthesia has many advantages in hand and 
upper extremity surgery. Satisfactory regional anesthesia can be 
achieved for emergency procedures performed on patients with 
a full stomach; in these situations and in elective operations, 
a regional anesthetic blocks vasoconstrictive afferent impulses 
from the surgical wound and avoids some of the unpleasant 
postoperative complications of general anesthesia. Outpatient 
surgery can be performed safely using regional anesthetic 
blocks, which reduce the need for postoperative nursing care. A 
regional anesthetic may allow operations to be done on the hand 
and upper extremity in patients with unstable cardiac or severe 
pulmonary or renal problems that would create an increased 

 FIGURE 64.3 Basic instruments for any surgical procedure on 
hand. Octagonal knife handle is preferable to flat handle because 
knife is more commonly held by precision pinch in hand surgery. 
Instruments shown are knife handle, small rat-tooth forceps, 
dissecting scissors, small hemostats, ruler, marking pencil, double-
hook Lovejoy retractors, and probe.

 TABLE 64.1

Maximal Doses of Local Anesthetics for Brachial Plexus 
Blocks

ANESTHETIC MAXIMAL RECOMMENDED DOSE
Bupivacaine 2.5 mg/kg
Bupivacaine with 
epinephrine

3.0 mg/kg

Levobupivacaine 2.0 mg/kg
Levobupivacaine with 
epinephrine

3.0 mg/kg

Ropivacaine 2.0 mg/kg
Ropivacaine with 
epinephrine

3.0 mg/kg

These amounts should be used as a guideline only; practitioners should use their 
clinical judgment when administering local anesthetics.
Modified from Bruce BG, Green A, Blaine TA, Wesner LV: Brachial plexus blocks 
for upper extremity orthopaedic surgery, J AAOS 20:38, 2012.
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risk with general anesthesia. In a recent study of 27,041 patients 
who had hand surgery, local and regional anesthesia, with and 
without sedation, resulted in fewer postoperative complications 
than general anesthesia. In addition, avoiding sedation entirely 
was shown to decrease the risk of complications after surgery in 
patients over the age of 65 years.

Regional anesthesia is less satisfactory in children or 
extremely nervous, anxious, or uncooperative adults. It should 
be avoided in patients with documented, true allergies to 
local anesthetic agents and in patients taking anticoagulants. 
A regional anesthetic agent may be difficult to administer in 
patients with contractures or involvement of joints that limit 
positioning of the limb for satisfactory blocks and in patients 
whose veins or blood pressure elevation do not allow the use of 
the intravenous technique. Care should be taken when admin-
istering regional anesthetic agents to avoid complications such 
as overdosage, intravascular injection (when doing nerve 
blocks), pneumothorax (when doing supraclavicular brachial 
plexus blocks), and the dissemination of infection.

For operations on the hand and upper extremity, four 
methods of regional anesthesia are in widespread use: (1) 

brachial plexus blocks using the interscalene, axillary, or 
supraclavicular approach; (2) intravenous regional blocks; (3) 
peripheral nerve blocks distal to the axilla, including blocks 
of the median, radial, ulnar, and digital nerves; and (4) local 
infiltration of anesthetic agents, including the wide-awake, 
local anesthesia, no tourniquet (WALANT) technique. It is 
helpful to have the patient satisfactorily sedated before sur-
gery. In many situations, especially in elective surgery, simple 
nerve blocks at the wrist or fingers require little premedica-
tion. The use of regional anesthesia requires that sufficient 
time be allowed in the immediate period before surgery 
for preparation of the patient, for the administration of the 
regional anesthetic agents, and for the anesthetic to become 
effective before the skin incision is made.

BRACHIAL PLEXUS BLOCKS
The traditional approaches for administering anesthesia to the 
major components of the brachial plexus include the axillary, 
interscalene, and supraclavicular and infraclavicular routes 
(Fig. 64.4). The axillary and interscalene approaches we use 
most commonly probably are safer than the supraclavicular 
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Interscalene block

Infraclavicular axillary
block: one injection

Axillary block: multiple
injections and high

humeral block

Supraclavicular block

Anterior Posterior Anterior Posterior

Anterior Posterior Anterior Posterior

             
    
 

   

  FIGURE 64.4 Distribution of brachial plexus blocks. A, Interscalene. B, Supraclavicular. C, Infra- 
clavicular axillary, single injection. D, Axillary, multiple injections and high humeral block. (Redrawn 
from Chelly JE, editor: Peripheral nerve block, ed 3, Philadelphia, 2008, Lippincott Williams & Wilkins.)

 

https://booksmedicos.org


PART XVIII THE HAND3396

route, which carries the risk of a low incidence (1% to 5%) of 
pneumothorax. Infraclavicular and supraclavicular blocks are 
more commonly done now with ultrasound guidance. The 
interscalene block covers the supraclavicular nerves emanat-
ing from the third and fourth cervical roots and is ideal for 
shoulder surgery. Interscalene blocks can also be used for 
elbow surgery. Supraclavicular blocks are useful for surgery 
in the upper arm distal to the shoulder, whereas infraclavic-
ular blocks can provide regional anesthesia for surgery of the 
elbow, forearm, wrist, and hand. An axillary block provides 
anesthesia similar to that of an infraclavicular block. Access 
to the axillary space requires the patient to abduct the arm 90 
degrees, which may be difficult for those with trauma or con-
tractures. Needle placement for brachial plexus blocks was 
traditionally based on anatomic landmarks and nerve localiza-
tion with a nerve stimulator, but more recent approaches use 
an ultrasound approach. A meta-analysis of 13 studies com-
paring neurostimulation with ultrasound-guided blocks found 
that ultrasound-guided blocks were more likely to be success-
ful, took less time, had a faster onset, and decreased the risk of 
vascular puncture. A study of the multiple-injection technique 
for axillary block showed that ultrasound guidance resulted in 
fewer needle passes, a shorter time to onset of anesthesia, and 
less procedure-related pain than nerve stimulation techniques. 
Limitations of ultrasound include availability, a limited plane of 
view, and highly operator-dependent image quality.

Short- and long-acting local anesthetic agents can be 
used for brachial plexus blocks. The dose depends on the 
agent used, the technique used, and the preference of the 
administering physician. Although the amount of anesthetic 
used is not standardized, maximal amounts have been recom-
mended (Table 64.1). Evidence exists that multiple-injection 
block is more effective than single or double-injection block 
in obtaining and maintaining anesthesia; no statistically sig-
nificant differences have been noted regarding secondary 
analgesia failure, complications, or patient discomfort.

Complications of brachial plexus blocks are few (<1%). 
Reported systemic complications include cardiac arrest, respi-
ratory failure, and seizures. Peripheral nerve injury can be 
caused by mechanical trauma from needles or catheters, drug 
neurotoxicity, ischemia, compression, or stretch, but perma-
nent neurologic sequelae occur in less than 1% of patients. 
Pneumothorax is most common with supraclavicular blocks 
(as high as 6%) but has been reported with interscalene and 
infraclavicular blocks. Ultrasound-guided technique has been 
suggested to reduce the risk of pneumothorax: a prospective 
study found no clinically apparent pneumothoraces in 510 
patients who had ultrasound-guided supraclavicular blocks.

Contraindications to axillary brachial plexus block 
include infection in the axilla, axillary lymphadenopathy, and 
malignancy.

Dysesthesias and “brachialgia” may persist after bra-
chial plexus blocks, and the patient should understand this 
before the block. It also might create difficulty in patients who 
require fine manipulation of the hands in their occupation. 

INTRAVENOUS REGIONAL ANESTHESIA
The intravenous regional anesthesia technique using a double 
tourniquet (Bier) is useful, especially for procedures of rela-
tively short duration (60 to 90 minutes). A specially designed 
double tourniquet is used. The patient should be satisfactorily 
premedicated, and intravenous infusion should be in place in 

the contralateral arm. The usual anesthetic agent is lidocaine. 
In most situations, 30 to 60 mL of 0.5% lidocaine provides suffi-
cient and safe anesthesia. Adjuncts to lidocaine also have shown 
some benefit in analgesia and tourniquet pain. The dosage used 
should take the patient’s age and body weight into consider-
ation. Satisfactory anesthesia can be obtained in a short time. 
The tourniquet is left inflated for a minimum of 30 minutes 
after injection of the anesthetic agent into the extremity. In the 
usual situation, the limb is exsanguinated; the proximal tourni-
quet is inflated to a level 100 mm Hg greater than the systolic 
pressure (usually 250 to 300 mm Hg); and, using sterile tech-
nique, the anesthesiologist intravenously introduces the previ-
ously determined volume of anesthetic agent (Fig. 64.5). As the 
more proximal tourniquet becomes uncomfortable, the distal 

 

A
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FIGURE 64.5 Continuous intravenous regional anesthesia 
with forearm (A) and upper arm (B) tourniquet (see text).  (A from 
anesthesiologynews.com; B from University of Pittsburgh Nurse Anes-
thesia Program.)
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tourniquet is inflated and the proximal tourniquet is deflated. 
Reported reactions during intravenous regional anesthesia 
include anesthetic toxicity, cardiac arrhythmias (bradycardia 
and cardiac arrest), unconsciousness, seizures, vertigo, nystag-
mus, and compartment syndrome.

The use of a forearm tourniquet for intravenous regional 
anesthesia has been suggested, with reported advantages of 
safety, preservation of hand motor function, lower anesthetic 
dose, and reduced risk of complications. One study of 430 
patients demonstrated no major complications when tourni-
quet time was less than 20 minutes. 

PERIPHERAL NERVE BLOCKS
The median, radial, and ulnar nerves can be blocked at the 
wrist. In terms of surgical time, tourniquet time, and post-
operative pain, no difference has been noted between fore-
arm blocks and brachial plexus blocks; however, forearm 
blocks are extremely helpful for brief procedures (Fig. 64.6), 
and a tourniquet may not be required or may be used only 
for a short period (usually ≤30 minutes). Blocks at the wrist 
can be especially useful for procedures such as tenolysis and 
capsulotomy because motion of the fingers can be observed 
during surgery. The patient can be kept comfortable, and a 
tourniquet can be used longer than 30 minutes if the patient 
is adequately sedated. Kocheta and Agrawal described adding 
posterior interosseous and anterior interosseous nerve blocks 
to a wrist block for more effective carpal surgery. Regardless 
of the surgical location, it is essential to know the location 
of the respective nerves before attempting regional blocks. 
Ultrasound may be useful in this regard. One study found 
that nonultrasound-guided median nerve blocks at the wrist 
were unreliable in effectiveness and took up to 40 minutes for 
maximal numbness to occur and up to 100 minutes for maxi-
mal anesthesia. Contraindications to peripheral nerve blocks 
include infection in the proposed area of injection, history of 

allergy to the anesthetic, or a patient who is unable to com-
municate pain. 

DIGITAL NERVE BLOCKS
Digital nerve blocks provide excellent anesthesia for proce-
dures on the fingers (Fig. 64.7). Usually, perineural injection 
around the digital nerves proximal to the finger web spaces 
is a safer technique than injection of the nerves at the base of 
the fingers. Because ischemia may develop after injection of an 
anesthetic agent in a circle around the base of the finger, this 
technique should be avoided. Digital blocks using a transthecal 
(flexor sheath) approach have shown no advantage compared 
with the traditional digital block technique (Fig. 64.8), but may 
be tolerated better because it is a single injection rather than 
two separate injections. We rarely use epinephrine in the local 
anesthetic agent in the digits, although it can be used safely.

If hemostasis is required, traditionally a Penrose drain or 
a French rubber catheter applied around the finger has pro-
vided satisfactory and safe ischemia. Commercially available 
finger tourniquets and the finger of a rubber glove cut to allow 
it to be rolled onto the finger as a tourniquet also are effective 
tools (Fig. 64.9). Pressures achieved beneath these tourni-
quets cannot be determined accurately; caution is advised. At 
times, especially in the elderly and patients with vascular dis-
orders in the fingers (e.g., Raynaud disease, atherosclerosis, 
diabetes), vascular insufficiency may develop in the digit, and 
care should be taken when using digital tourniquets in these 
patients (Fig. 64.10). If a rubber glove is used, special atten-
tion is essential to ensure it is removed at the end of the pro-
cedure: there are reports of catastrophic consequences after 
such a tourniquet was left on a digit. 

LOCAL INFILTRATION
Local infiltration of an anesthetic agent may be used for 
more proximal conditions that do not require deep, extensive 
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FIGURE 64.6 Technique of peripheral nerve blocks. A, Ulnar nerve, superficial branch. B, 
Median nerve. C, Superficial radial nerve.
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FIGURE 64.7 Digital nerve blocks (see text).
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FIGURE 64.8 For procedures that require anesthesia from midmiddle phalanx distally (e.g., 
nail bed regions and distal interphalangeal joint distributions and fusions) digital anesthesia can be 
easily achieved by single volar injection technique. A, Just proximal to palmar digital crease, through 
pinched skin 3 to 5 mL of local anesthetic is injected superficial to flexor sheath. B, Anesthesia 
achieved (colored area) from block of proper and dorsal sensory digital nerve branches. Note, if 
more proximal anesthesia is needed, additional block can be given at metacarpophalangeal joint 
dorsally as shown.
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dissection. This method is satisfactory for trigger digit release, 
small scar revision, and excision of benign masses from the 
skin and subcutaneous tissues of the forearm, hand, and 
fingers.

WALANT APPROACH
There has been a move away from the traditional tourni-
quet and sedation protocol to the WALANT approach for 
outpatient hand and wrist surgery. Suggested benefits of the 

WALANT approach include (1) increased patient comfort 
and convenience, (2) decreased operative time for minor pro-
cedures such as carpal tunnel and trigger finger releases, (3) 
significant cost reductions, and (4) ability to see sutured ten-
dons, and bones and joints with fracture fixation, during a 
full range of active movement, which can improve functional 
outcomes. The WALANT approach can be used for a vari-
ety of outpatient hand and wrist procedures, with the loca-
tion of injection and the volume of anesthetic agent differing 
between them (Table 64.2). Although the technique is not 
appropriate for all patients, it can be used in most patients 
who can, for instance, have dental procedures without seda-
tion. Specific procedures for which WALANT is effective 
include flexor tendon repair, tendon transfer, and soft-tissue 
releases. It has also been used for phalangeal and metacarpal 
fracture treatment. The primary advantage of this procedure 
is that it avoids the use of a tourniquet, reducing patient pain 
and the risk of injury to the nerves or skin. Patient satisfaction 
is high with this method because there are no sedation side 
effects, and faster recovery has been noted. Also postopera-
tive narcotic use has been reported to be less than with other 
forms of anesthesia.

WALANT uses a combination of lidocaine or bupivacaine 
and epinephrine to obtain hemostasis and anesthetize the 
area of the surgical procedure. As with any local anesthetic 
use, adverse reactions are possible but rare. Nevertheless, 
patients require monitoring for hypotension, seizures, cardiac 
dysrhythmias, and other complications. In the past the use of 
epinephrine in the hand or foot was believed to cause necro-
sis and gangrene, but this has been refuted by several studies. 
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FIGURE 64.10 Broad-based finger tourniquet can be cut from Esmarch wrap, which usually 
accompanies upper extremity packages. A, Long and short strips 2.5 cm wide are cut from opposite 
sides of Esmarch bandage. B, Short strip is loosely applied across finger base and is held in place with 
curved hemostat. Longer strip is used to exsanguinate finger. C, Tension is applied to short section, 
and hemostat is applied close to dorsal skin with the two limbs of short Esmarch section fully opposed.

 FIGURE 64.9 Rubber glove tourniquet (see text).  (From Henley 
J, Brewer JD: Newer hemostatic agents used in the practice of dermatologic 
surgery, Dermatol Res Pract. 2013:270289, 2013. Epub August 7, 2013.)
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In a multicenter, prospective study of 3110 patients who had 
hand or finger epinephrine injections, none developed skin 
necrosis or digital tissue loss. If a local adverse reaction occurs 
from the use of epinephrine in the finger, phentolamine, a 
vasodilator, can be used for reversal of epinephrine-induced 
vasoconstriction.

WALANT ADMINISTRATION (BOX 64.1)
Two mL of 1% lidocaine with epinephrine (1:100,000) is  
injected into the palmar and dorsal subcutaneous tissues 
(Fig. 64.11). If only a sensory block is required, a single sub-
cutaneous dose of lidocaine and epinephrine is injected in 
the midline of the proximal phalanx (SIMPLE technique) 
(Fig. 64.11A). Lalonde and Wong recommend no more than 
1 mL for distal phalangeal procedures. Although some stud-
ies support the safe use of up to 35 mg/kg of lidocaine with 
epinephrine, the accepted maximal dose is 7 mg/kg (50 mL 
for 150 lb patient).

Some surgeons prefer bupivacaine to lidocaine because 
of its longer action, but intravascular bupivacaine has been 
associated with cardiotoxicity, and the pain block pro-
vided by bupivacaine lasts only half the time as the return 
to normal sensation. Pain while the area is still numb is 

a common complaint in patients. Adding epinephrine 
will prolong the pain relief but only for about 1.5 hours; 
patients should be informed that pain sensation will return 
before the numbness resolves. Using lidocaine, pain and 
sensation return at the same time, and most surgeries in 
the hand can be done within the anesthesia time provided 
by lidocaine with epinephrine (5 hours in the wrist, 10 
hours in the finger). Bupivacaine can be used for proce-
dures expected to last 3 hours, although pain may be severe 
thereafter.

Maximal vasoconstriction after injection of lidocaine 
with epinephrine can be expected at 25 minutes, after which 
time optimal visibility of the operative field is obtained. 
McKee et al. recommend waiting 30 minutes after injection 
before incision. 

PREPARATION AND DRAPING FOR 
ELECTIVE SURGERY
Regardless of the procedure, the method of preparing and 
draping the upper extremity and hand should be the same. 
This helps to standardize the routine and allows movement 

 TABLE 64.2 

Typical Volumes Used for Common Operations

OPERATION

TYPICAL VOLUME OF 1% 
LIDOCAINE WITH 1:100,000 
EPINEPHRINE AND 8.4% 
BICARBONATE (MIXED 10 
mL:1 mL) LOCATION OF INJECTION

Carpal tunnel 20 mL 10 mL between ulnar and median nerves (5 mm proximal 
to wrist crease and 5 mm ulnar to median nerve); another 
10 mL under incision

Trigger finger 4 mL Subcutaneously beneath the center of the incision
Finger sensory block (SIMPLE) 2 mL Volar middle of proximal phalanx just past palmar-finger 

crease
Finger soft-tissue lesions or other 
surgery when finger base tourni-
quet is not desirable and finger 
epinephrine is used for hemostasis

5 mL volar distributed 
among 5 phalanges, 4 
mL dorsal split between 2 
phalanges

2 mL volar and 2 mL dorsal subcutaneous midline fat, in 
both proximal and middle phalanges. Distal phalanx gets 
only 1 mL midline volar, just past the DIP crease

PIP arthrodesis 8 mL total, 4 mL volar (2 
in each phalanx) and 4 mL 
dorsal (2 in each phalanx)

2 mL midvolar and another 2 mL middorsal of both proxi-
mal and middle phalanges

Thumb MCP arthrodesis and col-
lateral ligament tears of the MCP 
joint

15 mL 2 mL on each of volar and dorsal aspects of proximal pha-
lanx and the rest all around the metacarpal head

Dupuytren contracture or zone II 
flexor tendon repair

15 mL/ray 10 mL (or more) in the palm; 2 mL in the proximal and mid-
dle phalanges and 1 mL in the distal phalanx (if required)

Trapeziectomy or Bennett fracture 40 mL Radial side of the hand under the skin and all around the 
joint, including the median nerve. If LRTI is performed, 
decrease concentration to 0.5% lidocaine with 1:200,000 
epinephrine, and also inject all around where FCR or APL 
will be dissected

Metacarpal fractures 40 mL All around the metacarpal where dissection or K-wires will 
occur

APL, Abductor pollicis longus; DIP, distal interphalangeal joint; FCR, flexor carpi radialis; LRTI, ligament reconstruction and tendon interposition; MCP, metacarpopha-
langeal joint; PIP, proximal interphalangeal joint; SIMPLE, single subcutaneous injection in the middle of the proximal phalanx with lidocaine and epinephrine.
Modified from Lalonde DH, Wong A: Dosage of local anesthesia in wide awake hand surgery, J Hand Surg 38:2025, 2013.
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about the operative field while minimizing the risk of bac-
terial contamination. The preparation of other areas for 
graft donor sites varies depending on the requirements of 
the procedure. If skin, tendon, bone, nerve, or other grafts 
are required, the patient should be positioned to allow easy 
access to the specific areas. Care should be taken to pad 
and protect neurovascular structures. The electrocautery 
grounding pads should be attached in a safe and secure 
manner. Usually, the hand and forearm are scrubbed before 
the time of the surgery. The hair is removed with electric 
clippers from the areas where skin incisions will be made 
on the hand, forearm, and elsewhere as needed; this often 
is done before the patient is transported to the operating 
room. A well-padded tourniquet is applied to the arm or 
the forearm, depending on the surgeon’s preference; how-
ever, it is not inflated until all preparations have been com-
pleted (unless a Bier block is being used). After the patient 
has been satisfactorily anesthetized, the hand and forearm 
are scrubbed by an assistant with an antiseptic solution 
of choice. Iodophor soaps and skin preparation solutions 
and combinations of chlorhexidine and alcohol have been 
found to be effective (Table 64.3). A waterproof sheet is 
placed on the well-padded hand surgery table, followed by 
a sterile drape-sheet. Combinations of sterile towels and 
sheets are applied, leaving exposed the upper extremity 
and hand and other areas that may require access during 
the operation. The gloves used in preparation of the sur-
gical field are removed, and the surgeon dons a gown and 
gloves and sits down, usually on the axillary side of the 
forearm. The operating lights are adjusted, and the skin 
incisions are outlined. 

Tips for Administering WALANT (Lalonde & 
Wong 2013)

 n  Pain during administration can be reduced by several 
methods:

 n  Buffering the solution: a solution of lidocaine 1% with 
1:100,000 epinephrine has a pH of 4.2, which likely 
contributes to the pain with injection. A 1:20 ratio 
of 8.4% sodium bicarbonate to lidocaine 1% with 
1:100,000 epinephrine has a more physiologic pH of 
7.4. A Cochrane review concluded that patients much 
preferred buffered lidocaine to unbuffered lidocaine; the 
difference was even more pronounced when the solution 
contained epinephrine.

 n  Warming the solution.
 n  Using a smaller needle (27- or 30-gauge or smaller).
 n  Choosing the correct angle for needle insertion: A random-

ized, controlled crossover trial of 65 patients showed 
that injections with needles oriented at 90 degrees were 
significantly less painful than those with needles oriented 
at 45 degrees.

 n  Injecting the solution under the dermis: In their double-
blind, prospective trial, Arndt et al. found that subdermal 
injections produced less pain than intradermal injections. 
Strazar et al. suggested that this occurred because the 
space-occupying effect of the solution stretches the 
tissue, producing more pain in the densely innervated 
dermal tissue.

 BOX 64.1 

From: Steiner MM, Calandruccio JH: Use of wide-awake local anesthesia no 
tourniquet in hand and wrist surgery, Orthop Clin North Am 49(1):63, 2018.

 

A B

FIGURE 64.11 Sites of injection of local anesthesia in finger and hand surgery. A, Volar injec-
tions. When only a sensory block of finger is required (SIMPLE technique), 2 mL are injected into 
the areas designated by the blue dots. To obtain hemostasis and local anesthesia for palmar finger 
surgery, 1% lidocaine with epinephrine 1:100,000 is injected into midline subcutaneous fat between 
digital nerve in each area designated by dot. B, Dorsal injections. For hemostasis and local anes-
thesia, injection is into midline subcutaneous fat in each area designated by dot. In both volar and 
dorsal injections, 2 mL are injected at site of blue and red dots, 1 mL at site of green dots, and 5 
mL at site of the orange dots.  (From Lalonde D, Martin A. Epinephrine in local anesthesia in finger and 
hand surgery: the case for wide-awake anesthesia, J Am Acad Orthop Surg 21:443–447, 2013.)
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TOURNIQUET
A bloodless field is essential for accurate dissection to avoid 
damaging small vital structures. The inherent dangers of tour-
niquet use are ischemia and its complications, including muscle 
contracture and nerve paralysis. Because the pressure can be 
monitored and controlled more reliably with a pneumatic tour-
niquet, complications are believed to be less likely with this type 
than with an elastic or rubber bandage tourniquet. Regardless 
of the tourniquet used, temporary or permanent dispropor-
tionate or prolonged edema, stiffness, diminished sensibility, 
and weakness or paralysis may result. Based on animal studies, 
Pedowitz et  al. emphasized that biochemical, biomechanical, 
microvascular, and cellular mechanisms combine to produce 
significant neuromuscular injury from the use of tourniquets 
even at clinically allowable pressures and durations.

When operations are performed with the patient under 
local anesthesia and last less than 30 minutes, an elastic 
(Martin) bandage provides sufficient hemostasis and may be 
used safely. Wrapping of the bandage is begun at the finger-
tips and proceeds proximally on the forearm. It is applied in 
layers that overlap less than 5 to 6 mm. When the midfore-
arm is reached, four or five layers of the elastic are overlapped. 
Wrinkles are avoided. The pressure is increased with each layer 

so that only moderate stretching is needed. The bandage is 
unwrapped, beginning distally, from the hand up to the mid-
forearm. The overlapped layers in the midforearm are left in 
place until the operation is finished. For some procedures done 
with local infiltration or wrist block anesthesia, a pneumatic 
tourniquet can be used rather than an elastic wrap tourniquet. 
The tourniquet can be applied above or just below the elbow 
and left inflated 30 minutes without extreme discomfort.

Although the tourniquet is generally applied to the upper 
arm, several reports have indicated that forearm tourniquets 
are safe and reliable. The use of a forearm tourniquet with 
regional blocks has been reported to allow the dosage of local 
anesthetic to be decreased to almost half of that required with 
an upper arm tourniquet, and the frequency and severity of 
tourniquet pain have been reported to be less with a forearm 
tourniquet (procedures of 25 minutes or less or distal to the 
wrist with regional block). Both a longer duration of sen-
sory block and prolonged postoperative analgesia have been 
described with the use of a forearm tourniquet.

The usual procedure for tourniquet application involves 
first the application of several layers of Webril wrapped 
smoothly around the middle of the upper arm near the axilla. 
The tourniquet is usually applied by the surgeon, an experi-
enced assistant, or the anesthesiologist. Wrinkles are avoided 
because their presence may cause blisters, pinching of the 
skin, and necrosis. The limb is exsanguinated by elevation for 
2 to 5 minutes or by wrapping with an elastic bandage about 
10 cm wide beginning at the fingertips and proceeding to just 
distal to the tourniquet. With automatic tourniquets, infla-
tion is usually rapid enough to avoid trapping excessive blood 
in the arm during inflation. Wrapping of the limb should be 
avoided in patients with infections in the limb or in whom 
malignant tumors are suspected. Instead, to allow venous 
drainage, the limb is elevated for 5 to 10 minutes. The tourni-
quet inflation pressure generally should not exceed 100 mm 
Hg systolic blood pressure for adults and children. The wider 
cuffs minimize focal compression of nerves beneath the cuff; 
however, smaller cuffs are required for children. When the 
tourniquet has been released, it and the underlying cotton 
wrapping should be removed to avoid venous congestion.

Improvements in design have resulted in the development 
of “automatic” pneumatic tourniquets that allow the setting of 
pressures within a safe range and for specific periods of time. 
Alarms notify the surgeon and anesthesiologist when the pre-
set time has passed. Pneumatic tourniquets are available in 
several widths with Velcro strap fasteners. There is no absolute 
rule as to how long a tourniquet can remain safely inflated on 
the arm. The reports of most authors suggest that the “recovery 
time” or revascularization time between periods of tourniquet 
inflation is related to the length of time the tourniquet has been 
inflated (Table 64.4). In practice, the usual limit is considered 
to be 2 hours. If this limit is exceeded, the risk of paralysis may 
be increased. Usually, if the operation lasts longer than 2 hours, 
the tourniquet is released for at least 15 minutes and the limb 
is elevated with minimal compression applied to the incisions 
with sterile dressings. The limb is again exsanguinated with an 
elastic wrap, and the tourniquet is reinflated. 

INSTRUMENTS
For the accurate work required in hand surgery, instruments 
with small points are necessary; the handles, however, should 

 TABLE 64.3

Antiseptic Solutions

Alcohol Good immediate skin disinfectant, 
but dries quickly and has less long-
term effect
95% alcohol better than 75% 
because of dilution by moist skin

Hexachlorophene  
(pHisoHex)

Forms a film that retains bacterio-
static properties
Easily washed off
Requires multiple applications to 
be effective
May be toxic in infants
Effective against gram-positive 
organisms; less effective against 
gram-negative organisms

Iodine Side effects
Alcoholic (tincture) Frequent skin irritation (can be 

lessened by adding iodine)
Aqueous (Lugol’s  
solution)

True allergic reactions

Iodophors (povidone- 
iodine [Betadine])

Advantages over iodine

Iodine and polyvinyl  
pyrrolidine or  
povidone

Slower release of iodine
Fewer skin reactions
Effective against gram-negative 
and gram-positive organisms

Chlorhexidine  
(Hibiclens) 70%  
alcoholic solution

Some studies have shown it supe-
rior to Betadine and pHisoHex
Repeated washings may have a 
cumulative effect

Adapted from Green DP: General principles. In Wolfe SW, Hotchkiss RN, 
Pederson WC, Kozin SH, editors: Green’s operative hand surgery, ed 6, 
Philadelphia, 2011, Elsevier.
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be large enough to allow a firm, secure grip. The four basic 
instruments are the knife, the small forceps, the dissecting 
scissors, and the mosquito hemostat (Fig. 64.3). The knife 
blade should be firmly attached to the handle and changed 
when necessary. The knife should be used for most dissec-
tion, to avoid tearing through the tissues with a blunt instru-
ment. The forceps should be carefully checked before surgery 
for cleanliness and precision of closure. The scissors should 
have sharp double points, preferably curved, to dissect neu-
rovascular bundles. Instruments used for fine surgery on soft 
tissues are shown in Figs. 64.12 to 64.15.

A mosquito hemostat or small forceps is preferred for 
clamping vessels because they cause minimal tissue damage. 
Vessels should be clamped as seen, even when a tourniquet 
is used. An electric cautery, especially of the bipolar type, is 
helpful. Retractors should be of the small single-hook or dou-
ble-hook type and should have handles long enough to keep 
the assistant’s hands out of the surgeon’s working area. Small 
self-retaining retractors are also useful in certain situations.

For drilling holes in bone, small steel twist drill points 
provided in most surgical drill sets are satisfactory. Drill bits 
and small, sharp-pointed Kirschner wires may be required. 
Air-powered or battery-powered drills allow precise place-
ment of drill holes and wires. Needle holders with narrow 

noses and smooth jaws are used for tying fine suture material. 
Numerous varieties of braided and nonbraided sutures are 
available to meet the procedure’s requirements. Most sutures 
are available with swaged, straight, or curved needles. 

 TABLE 64.4 

Tourniquet Time and Revascularization

TOURNIQUET TIME NO. PATIENTS

PH PO2 (mm Hg) PCO2 (mm Hg)

RANGE MEAN RANGE MEAN RANGE MEAN
Preinflation 7.38–7.42 7.4 40–50 45 35–40 38
0.5 h 50 7.29–7.35 7.31 22–27 24 45–53 50
1 h 40 7.15–7.22 7.19 19–22 20 60–66 62
1.5 h 26 7.02–7.10 7.04 6–16 10 80–88 85
2 h 12 6.88–6.96 6.9 0–6 4 92–110 104

From Wilgis EFS: Observations on the effect of tourniquet ischemia, J Bone Joint Surg 53A:1343, 1971.

 FIGURE 64.12 Instruments for small bone surgery include 
osteotomes, bone cutter, rongeur, awl, small curet, and small 
hammer.

 FIGURE 64.13 Instruments useful in microvascular and digital 
nerve surgery include small irrigation bulb, microvascular clamp, 
microneedle holder, pickups, and scissors of assorted lengths.

 FIGURE 64.14 Certain dental instruments are often useful for 
dissection of ligaments and bone. Retractors of numerous designs 
have been used in hand surgery, but modified tonsil prong (left) 
has proved to be most useful.
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BASIC SKIN TECHNIQUE
INCISIONS
As long as certain principles are observed, skin incisions 
can be made anywhere on the hand (Figs. 64.16 and 64.17). 
Incisions within deep creases should be avoided. Here subcu-
taneous fat is sparse, and moisture tends to accumulate, mac-
erating the skin edges. An incision should be long enough to 
expose the deep structures without excessive stretching of the 
skin edges; greater exposure is possible if the skin and subcu-
taneous fat are dissected from the underlying fascia. Incision 
placement applies only to the skin surface; entries into deeper 
structures are made according to their anatomy and may be 
opposite in direction to those made in the skin. For example, 
the skin incision over the radial surface of the wrist for de 
Quervain stenosing tenosynovitis may be transverse, yet the 
underlying incision in the stenosed sheath is longitudinal.

Generally, shorter incisions may suffice on the dorsum of 
the hand because here the skin is more mobile. A straight or 
lazy-S longitudinal incision on the middorsum of the wrist 
allows structures to be exposed from the extreme radial side 
to the extreme ulnar side of the wrist.

Parallel or nearly parallel incisions that are too close 
together or too long should be avoided because healing may 
be slow or skin necrosis may occur caused by impairment of 

 FIGURE 64.15 Magnifying glasses for fine surgery on soft 
tissues. It is possible to achieve magnification of 6× with magnifi-
cation lens on glasses frame. The magnification lens becomes too 
heavy for mounting, however, if more than 6× magnification is 
needed.
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FIGURE 64.16 Correct skin incisions in hand: A, Midlateral incision in finger. B, Incision for 
draining felon. C, Midlateral incision in thumb. D, Incision to expose central slip of extensor tendon. 
E, Inverted-V incision for arthrodesis of distal interphalangeal joint. F, Incision to expose metacarpal 
shaft. G, Incision to expose palmar fascia distally. H, Incision to expose structures in middle of palm. 
I, L-shaped incision of base of finger. J, Short transverse incision to expose flexor tendon sheath. K, 
S-shaped incision in base of finger. L, Incision to expose proximal end of flexor tendon sheath of 
thumb. M, Incision to expose structures in thenar eminence. N, Extensive palmar and wrist incision. 
O, Incisions in dorsum of wrist. P, Transverse incision in volar surface of wrist. Q, Incision in base 
of thumb. R, Alternative incision to drain a felon.
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the blood supply. Scars that adhere to the underlying struc-
tures, especially bone, should be avoided if possible. The off-
set incision is helpful: the first incision is carried through the 
skin and subcutaneous fat, and after a flap is undermined on 
one side, the deep approach is made through the fascia and 
muscle parallel with but offset from the skin incision.

Joint motions are approximately perpendicular to the 
long axis of skin creases, and incisions should not cross a 
crease at or near a right angle because the resulting scar con-
tracture may limit motion. Although true elsewhere in the 
body, this principle is more important when dealing with the 
hand, especially the fingers, because the development of con-
tractures results in significant impairment of function. 

FINGER INCISIONS
The midlateral finger incision allows the neurovascular bun-
dle to be carried volarward with the volar flap of the incision, 
or the dissection can be carried superficial to the neurovascu-
lar bundle. If the dissection is taken superficial to the neuro-
vascular bundle, care must be taken to avoid making the skin 
flaps too thin. 

  

MIDLATERAL FINGER INCISION

 TECHNIQUE 64.1 

 n  To carry the neurovascular bundle volarward, begin the 
incision on the midlateral aspect of the finger at the level 
of the proximal finger crease and carry it distally to the 
proximal interphalangeal joint just dorsal to the flexor skin 
crease; continue it distally along the middle phalanx, dor-
sal to the distal flexor skin crease, and proceed toward 
the lateral edge of the fingernail (Fig. 64.18). Because 
flexor skin creases extend slightly over halfway around the 
finger, the incision is slightly posterolateral.

 n  Develop the dorsal flap a little to aid in closure of the inci-
sion.

 n  The radial sides of the index and middle fingers and the 
ulnar side of the little finger should be preserved when 
possible, especially dorsal branches of the digital nerves 
(Fig. 64.19).

 n  Develop the volar flap by continuing into the subcuta-
neous fat over the proximal and middle phalanges, but, 
because fat is scanty over the proximal interphalangeal 
joint, be careful not to enter it by mistake.

 n  Immediately after incising the fat, carry the dissection 
volarward deep to the neurovascular bundle and expose 
the tendon sheath. The sheath can be incised, or the neu-
rovascular bundle can be exposed by further dissection 
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FIGURE 64.17 Additional correct skin incisions in hand: A, 
Z-plasty incision often used in Dupuytren contracture (McGregor). 
B and C, Zigzag incisions for Dupuytren contracture or exposure of 
flexor tendon sheath. D, Volar flap incision. E, Incision to expose 
structures in volar side of thumb and thenar area. F, Incision in 
distal palm for trigger finger or other affections of proximal tendon 
sheath. G, Incision to form flap over hypothenar area. H, Incision to 
expose structures in middle of palm; it may be extended proximally 
into wrist. I, Short transverse incision in volar surface of wrist. J, 
Short transverse incision to release trigger thumb. K, Digital palmar 
oblique incision.

 

Branches of palmar
proper digital artery

 Dorsal
 digital artery

Dorsal digital nerve
(of radial nerve)

Palmar proper
digital artery

Palmar proper digital
nerve (of median nerve)

FIGURE 64.18 Midlateral skin incision in finger extending from 
metacarpophalangeal joint to lateral edge of nail. To avoid flexor 
skin creases, it is placed slightly posterolateral. SEE TECHNIQUE 64.1.

 FIGURE 64.19 Midlateral approach especially to expose flexor 
tendon sheath. On radial sides of index and middle fingers and 
on ulnar side of little finger is dorsal branch of digital nerve that 
should be preserved if possible. Volar flap containing neurovascular 
bundle has been developed and reflected. Window has been cut 
in sheath to show relationships of flexor tendons. SEE TECHNIQUE 
64.1.
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(Fig. 64.20). The opposite neurovascular bundle also can 
be exposed because of its anterolateral position.

 n  For the second basic midlateral incision, the skin flap is 
developed superficial to the neurovascular bundle.

 n  Make the same midlateral skin incision, but just distal to 
the distal flexor skin crease, and carry the incision oblique-
ly into the pulp of the finger.

 n  As the volar skin flap is developed through the subcutane-
ous fat, carefully isolate the neurovascular bundle; it can 
best be found at the middle of the middle phalanx.

 n  Expose the bundle by dissecting the fat from its volar sur-
face, and expose the flexor tendon sheath.

 n  If necessary, the skin flap can be developed further by dis-
secting into the depths of the pulp distally, being careful 
not to disturb the nerves and arteries, and by extending 
the incision into the palm proximally.
  

Using the principles just outlined and illustrated, many 
other extensile exposures of the finger are possible. The popu-
lar volar zigzag finger incision (Fig. 64.17B and C) does not 
require mobilizing either neurovascular bundle and directly 
exposes the volar surface of the flexor tendon sheath. When 
used on a contracted skin surface, however, it tends to 
straighten out and result in a more linear scar than is desirable; 
here multiple Z-plasty incisions are more satisfactory. In either 
type of incision, the neurovascular bundles must be protected.

The volar midline oblique incision (Fig. 64.17K) is useful 
for a variety of procedures and often can be used instead of 
a volar zigzag incision. It generally is safe and easily closed. 
In the approach to the flexor sheath, the incision crosses the 
flexion creases obliquely in the midline of the finger between 
the neurovascular bundles.

THUMB INCISIONS
Midlateral incisions described for the fingers also are suitable 
for the thumb; the radial side is more accessible, and an inci-
sion here can be extended by curving its proximal end at the 
midmetacarpal area and creating a flap on the palmar surface 
of the thumb (Fig. 64.16C). Care should be taken to avoid 
the dorsal branch of the superficial radial nerve to the radial 
side of the thumb. This incision can be used for tendon grafts 
without an additional palmar incision because the flap can be 
developed sufficiently to expose most of the flexor surface of 

the thumb. Fat is scanty on the lateral aspects of the thumb 
interphalangeal joint, and the volar plate may be opened 
by mistake when seeking the flexor tendon sheath. When a 
transverse incision for trigger thumb is made at the level of 
the metacarpophalangeal joint, the two digital nerves of the 
thumb, located to either side of the flexor tendon as in the 
fingers, must be carefully avoided (Fig. 64.16L). 

PALMAR INCISIONS
As a rule, distal palmar incisions are transverse; in the proxi-
mal palm, they tend to be more longitudinal, with the dis-
tal end curving radially and paralleling the closest major 
skin crease. An incision of any desired length can be made 
across the palm, provided that the underlying digital nerves 
and other vital structures are protected. After the skin and 
underlying fat have been incised, the latter is dissected from 
the palmar fascia and is carried with the skin flaps. It may 
be desirable, although tedious, to preserve small vessels per-
forating the palmar fascia if wide undermining of the skin 
flaps is necessary; otherwise, most of the vital structures are 
deep to the palmar fascia. In the distal palm, structures lying 
between the metacarpal heads are not protected by the pal-
mar fascia. After the skin flaps have been retracted, the fascia 
can be incised in any direction necessary for ample expo-
sure; excision of the fascia may be desirable. The tendons 
and, parallel to them, the neurovascular bundles can then be 
seen. The superficial volar vascular arch should be protected 
when deeper exposure is required. Incisions in the more 
proximal palm should parallel the thenar crease; however, 
when extended proximal to the wrist, they should not cross 
the flexor wrist creases at a right angle. The most important 
structure in the thenar area is the recurrent branch (motor) 
of the median nerve, which should be exposed and protected 
if its exact location is in doubt. In addition, care should be 
taken to avoid injury to the palmar cutaneous branches of the 
median and ulnar nerves. Anatomic studies have shown that 
there is no single longitudinal incision in the proximal palm 
that completely avoids the palmar cutaneous branches of the 
median and ulnar nerves (Figs. 64.21 and 64.22). 

BASIC SKIN CLOSURE TECHNIQUES
Early closure of hand wounds may lessen the chance of infec-
tion and excessive scarring, which may destroy the glid-
ing mechanism essential to hand movements. Immediate 
coverage is imperative when bone, cartilage, or tendon is 
exposed because of desiccation of these underlying struc-
tures. Whenever possible, direct skin suture without tension 
is the best method of closure. On the dorsum of the hand or 
wrist, this is sometimes possible even after considerable loss 
of the mobile skin by extending the wrist to relieve tension; 
care should be taken, however, to not hyperextend the meta-
carpophalangeal joints (Fig. 64.23). When a large defect here 
is closed in this manner, flexion of the wrist and fingers is 
limited, and replacement of skin by grafting may be neces-
sary later. The advantages of primary closure by direct suture 
are jeopardized unless each suture is accurately and patiently 
placed because not only the epidermis but also each plane of 
tissue should meet its corresponding plane. In the digits, palm, 
and dorsum of the hand, subcutaneous sutures are almost 
never necessary. Placing too few sutures or placing them too 
close to the skin edges jeopardizes satisfactory wound clo-
sure: the underlying tissues heal poorly, the skin edges tend 

 

Plane of approach

Digital artery
Digital nerve

Tendon sheath

  Flexor digitorum
profundus tendon

Flexor digitorum
superficialis tendon

Extensor tendon

Digital fascia

FIGURE 64.20 Cross section of finger to show midlateral 
approach when used to expose flexor tendons. SEE TECHNIQUE 64.1.
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to separate between the sutures, and necrosis occurs around 
the sutures (Fig. 64.24). The apical stitch is extremely useful 
for suturing a sharp angle in a laceration or in an elective flap 
because it holds effectively without embarrassing the circula-
tion at the apex (Fig. 64.25). Sometimes a “dog ear” of redun-
dant tissue is left after closure of a wound with uneven edges. 
This “dog ear” can be excised one side at a time after splitting 
it down the middle to create two triangles; each triangle is 
then excised at its base. The line of excision of one side is used 
to mark the line of excision of the other. Another method of 
excising a “dog ear” is shown in Fig. 64.26.

When closure without excessive tension by direct suture 
is impossible, some type of skin graft may be chosen with-
out prolonged delay, usually within about 5 days. The types 
of skin grafts most frequently used are described in Chapter 
65. Sometimes leaving palmar wounds open is advantageous, 
such as in Dupuytren disease or other long-standing con-
tractures. Transverse wounds, even gaps as large as 2 to 3 cm, 
appear to heal uneventfully in 6 to 8 weeks. This open palmar 
technique allows egress of fluid, perhaps reducing swelling 

and infection rates. In similar fashion, even palmar digital 
and proximal interphalangeal skin gaps can heal by second-
ary intention (Chapter 65). 

  

Z-PLASTY
Z-plasty is an application of the transposition type of local 
flap whereby suitably constructed skin flaps are brought 
from adjacent areas to release a contracture. Typically, 
Z-plasty produces a gain in length along the central limb, 
which undergoes a change in orientation. Its primary use is 
in the release of a long, narrow contracture surrounded by 
tissue mobile enough to allow some shifting and manipula-
tion without the danger of necrosis from impaired blood 
supply. Z-plasty should not be used in attempting to close 
a wide fusiform defect, nor should it be used in the primary 
closure of a wound, unless the wound consists only of a 
laceration similar to a surgical incision.

 

A B C

D E
FIGURE 64.21 Cutaneous innervation of palm. A, Palmar cutaneous branch of median nerve, 

present in 100% of specimens. B, Palmar cutaneous branch of ulnar nerve, present in 16% of 
specimens. C, Nerve of Henle, present in 40%. D, Transverse palmar cutaneous branches of ulnar 
nerve, present in 96%. E, Cutaneous nerves at risk for being transected by traditional incision used 
for carpal tunnel surgery.
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FIGURE 64.22 Distribution of subbranches of palmar cutaneous 
branches of median (PCBm) and ulnar (PCBu) nerves. Du, Distance 
from origin of palmar cutaneous branch of ulnar nerve to thenar 
crease (mean 23 mm); Dm, distance from terminal end of most ulnar 
subbranch of palmar cutaneous branch of median nerve to thenar 
crease (mean 12 mm); Dr, distance from terminal end of most radial 
subbranch of palmar cutaneous branch of median nerve to thenar 
crease (mean 5 mm).

 FIGURE 64.23 Small defects of skin and subcutaneous tissue 
on dorsum of hand or wrist can be closed after wrist has been 
extended to relieve tension. This closure may require grafting later 
to permit wrist flexion while making a fist.
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FIGURE 64.24 A, Skin closed by insufficient number of sutures 

placed too superficially and too close to skin edges. B, Skin closed 
by sufficient number of sutures placed more deeply and well away 
from skin edges. C, Horizontal mattress suturing spreads tension 
along the wound edge.

FIGURE 64.25 Apical stitch is useful for suturing a sharp angle 
in laceration or in elective flap.
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FIGURE 64.26 Method of excising “dog ear.” A, Fold of skin 

is caught at its apex by hook. B, Fold is retracted to one side, and 
skin is incised along base of fold on opposite side; point X forms 
apex of flap. C, Skin is unfolded, and resulting flap is excised. D, 
Skin closure has been completed.
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 TECHNIQUE 64.2 Figure 64.27

 n  Make the central limb of the Z along the line of the con-
tracture to be released (Fig. 64.28).

 n  Make the other two limbs of the Z equal in length to that 
of the central limb; the angle between each limb and the 
central limb must be equal to each other and should be 
about 60 degrees or less. An increase in this angle would 
not allow transposition of the flap without severe tension; 
a decrease makes the Z less effective in releasing tension 
and impairs the blood supply to each flap.

 n  Handle the points of the flaps with care because they are 
most likely to undergo necrosis; suture each point with an 
apical stitch.

 n  Multiple Z-plasties (Figs. 64.29 and 64.30) can be used 
when a scar is too long to allow correction with one Z-
plasty and when the scars resulting from the flap rotation 
would be in more desirable positions.
  

McGregor modified the standard multiple Z-plasty for 
use in the fixed palmar skin of the hand and fingers (Fig. 
64.17A). The length of its limbs may vary, making adjoining 
flaps larger or smaller as desired; however, the length of the 

limbs of each individual Z must be equal. The oblique limbs 
are curved to broaden the tips of the flaps, increasing their 
blood supply. A three-flap arrangement of skin can be useful 
for relieving web contractures in the second, third, or fourth 
webs (Fig. 64.31). 

CARE AFTER SURGERY
Care after surgery must be managed so that tissues are 
allowed to heal and functions of the affected part are restored 
as rapidly as possible. Care begins with the application of the 
dressing. The routine dressing is applied as follows. A closely 
woven patch of nonadherent gauze (Xeroform or Adaptic) 
is placed over each incision. Granulation tissue cannot grow 
through this material and cause it to adhere; the gauze also 
prevents the wound from becoming macerated. After the 
hand has been positioned properly, sponges that have been 
moistened in saline or glycerin solution can be placed care-
fully around it. Moist sponges conform to the contours of the 
hand more accurately and distribute pressure more evenly 
than do dry ones. They also promote absorption of blood. A 
roll of cotton or synthetic sheet padding is wrapped around 
the hand and forearm. Finally, an appropriate splint, of plas-
ter or fiberglass, is applied and is held in position with a roll 
of 2-inch or 3-inch gauze bandage. Immediately before the 
tourniquet is removed, the hand is kept constantly elevated 
to prevent edema and hemorrhage after surgery. Splints and 
bandages on children tend to slip distally but can be controlled 
effectively by applying a long-arm splint or cast and a tube of 
stockinette that encloses the entire extremity. Adults respon-
sible for children’s postoperative care should be competent in 
evaluating the vascular status of the fingers and hand.

Elevation should be maintained for at least 48 hours; this 
can be done by positioning the hand on a pillow resting on 
the chest, with a sling that positions the hand higher than the 
elbow (Fig. 64.32A), by light overhead suspension that ele-
vates the hand and forearm while the elbow rests on the bed, 
or by using a preformed rubber sponge block (Fig. 64.32B). A 
simple solution is to use two pillows pinned together over two 
rolled towels (Fig. 64.33).

Body activity increases edema of the hand, and merely sup-
porting it in a sling while the patient is ambulatory is not effec-
tive. Fingers not splinted should be exercised. The shoulder is 

 

1 2 3

A

B
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A

FIGURE 64.28 Simple Z-plasty to release long, narrow contracture. 1, Central limb of Z is made 
along line of contracture, and other two limbs are to be made where shown. 2, Incisions are made, 
and flaps are shifted. 3, Flaps are sutured in their new positions. Note apical stitches at A and B. 
SEE TECHNIQUE 64.2.

 

Less angle
impractical

Angle size

Increase
in length 25%

50%
75%

30° 45° 60°

Greater angle
difficult to
transpose

FIGURE 64.27 Angles permissible in performing Z-plasties. 
Angle that central limb of Z makes with each of the other two limbs 
should be 45 to 60 degrees. When angle is less than 45 degrees, 
blood supply to flap is impaired; when angle is more than 60 
degrees, flaps cannot be transposed without severe tension. SEE 
TECHNIQUE 64.2.
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likely to become stiff, especially in older patients, and should 
be abducted and elevated toward the head several times daily.

Although sutures usually are removed 10 to 14 days after 
surgery, they may not require removal until the splint is dis-
carded, sometimes even at 3 or 4 weeks. Complete redressing 
of wounds may be unnecessary unless hematoma or infec-
tion is suspected. In these instances, the dressing should be 
opened as needed and the splint should be reapplied. Even 
when no complications are suspected, wound inspection at 
about 7 days may allow timely management of unexpected 
infection or skin necrosis.

Active use of the hand is the most effective way to reestab-
lish motion after surgery. Physical therapy and occupational 
therapy techniques, protocols, and modalities are helpful 
in educating the patient to reintegrate the hand and upper 
extremity into vocational, recreational, and other activities of 
daily living. Hand therapy has been of immeasurable impor-
tance in assisting patients in their recovery. Often the best 
therapy is the patient’s usual work; if possible, patients should 
be offered the opportunity to return to work as part of the 
treatment, even if on a limited basis. The return to the activi-
ties of daily living and work also seems to have a beneficial 
psychologic effect.

Applying excessive heat to the hand and forced passive 
manipulation of joints by the patient, therapist, or surgeon 
usually are contraindicated. The patient, therapist, and sur-
geon should function as a well-integrated team, planning and 
organizing the patient’s course of treatment, with scheduled 
progress evaluations. In most settings, the surgeon should 
take the lead in planning, prescribing, and monitoring the 
therapy program. The patient should not be forced into thera-
peutic interventions that are markedly painful. Causes of pain 
should be determined, internal splinting should be incorpo-
rated when indicated, and timelines and therapeutic end-
points should be outlined.

Insufficient postoperative pain management can nega-
tively affect patient satisfaction and outcomes. However, with  
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FIGURE 64.29 Multiple Z-plasties to release scar too long to be 
released by single Z-plasty. SEE TECHNIQUE 64.2.
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  FIGURE 64.30 Four-flap Z-plasties are useful in reducing first web contractures secondary to 
narrow linear scar and with normal elastic surrounding tissue. A, Outline of flaps. B, Flaps are 
rotated. Inset, Flaps are sutured in place. SEE TECHNIQUE 64.2.
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the ever-increasing abuse of prescription opioids, obtaining 
adequate pain control after surgery can be challenging. Most 
studies agree on the use multi-modal pain management strat-
egies to decrease narcotic use. Depending on the type and 
scope of procedure, Ilyas et al. and Stepan et al. advocate pre-
scribing no more than four to 10 narcotic pills after surgery. 
Kelley et al. developed a helpful algorithm for acute postoper-
ative pain management in patients undergoing hand surgery 
(Fig. 64.34). 

SPLINTING
Splinting serves several purposes: (1) to immobilize all or part 
of the hand in a position that promotes healing and prevents 
deformity; (2) to correct an existing deformity and promote 
function in that part; and (3) to supply power to compensate 
for weakness, especially in muscles affected by peripheral 
nerve palsy. Splints may function to prevent motion (static 
splints) or to assist motion (dynamic splints).

Immobilizing splints are used most frequently after an 
operation for a limited time only or intermittently to ensure 
correct position of joints and to relax muscles; they also are 
used to prevent further deformity, as in an arthritic hand. 
The splint should permit unaffected parts to function as nor-
mally as possible. They should be comfortable and light. Care 
should be taken so that the splint does not cause excessive 
skin pressure, especially over joints, because pressure sores 
may develop and interfere with the therapy program, delay-
ing the patient’s progress. An orthotist or therapist should be 
available for making technical adjustments requiring spe-
cial skills, but the patient should be able to apply the splint, 
remove it, and make minor adjustments. Useful splints are 
illustrated in Figs. 64.35 to 64.42. The patient should thor-
oughly understand the reason for splint wear and should be 
educated about its value. As treatment progresses, faithful use 
can be determined by observing the patient’s skill in applying 
and removing the splint.

 

A B C

A

C

B BA C

FIGURE 64.31 To correct linear contracture of second, third, or fourth web caused only by 
narrow scar, dorsal flap may be fashioned using technique shown. A, Web contracture. B, Flaps 
are outlined. C, Flaps are rotated in place. Inset, Flaps are sutured.

 

A
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FIGURE 64.32 Postoperative elevation can be maintained with 
a sling that keeps hand higher than elbow (A) or with preformed 
rubber sponge block (B).
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A B

C

To maintain elevation of the
hand while sleeping, use two
standard sized pillows, six or
eight large safety pins, and
two rolled up bath towels

Forearm is placed
between bath towels
inside two pillows

Patient will be able
to sleep on his or her back
or side, hugging pillows

FIGURE 64.33 A simple method of hand elevation uses two pillows, two rolled towels, and 
several safety pins.  (Redrawn from Green DP: General principles. In Wolfe SW, Hotchkiss RN, Pederson 
WC, Kozin SH, editors: Green’s operative hand surgery, ed 6, Philadelphia, 2011, Elsevier.)
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• Minor or soft-tissue surgery
• No major pain history
• No chronic opiate use
• Elderly

• 1st Line:
Acetaminophen

• 2nd Line:
Add P.O. NSAID

• 3rd Line:
Weaker opiate combo drug
(codeine/acetaminophen)

• Increase Risk Level �

Low

• Bone-related surgery
• Mild pain history
• Modest chronic opiate use
• Young patient

• As for low risk �

• Consider long-lasting
anesthesia method (block)

• 1st Line:
NSAID + acetaminophen +
opiate drug (codeine, tramadol
or hydrocodone)

• 2nd Line:
Stronger opiate (oxycodone)
Consider IV NSAID (ketorolac)

• Increase Risk Level �

Medium

Risk of Pain

Patient Evaluation

• Major trauma or surgery
• Multiple pain issues
• Chronic opiate abuse

• As for medium risk �

• Nerve Block
If no contraindication

• Preop Considerations
Gabapentin
Melatonin
IV or IVRA NSAID
Alpha-2 agonist (ie, clonidine)

• Consider
Consult to Acute Pain Specialist
Continuous postop catheter

High

FIGURE 64.34 Algorithm for pain control in patients after hand surgery. P.O., Oral; IV, intrave-
nous; combo, combination.  (From: Kelley BP, Shauver MJ, Chung KC: Management of acute postoperative 
pain in hand surgery: a systematic review, J Hand Surg Am 40(8):1610, 2015.)
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 FIGURE 64.35 Splint is comfortable and has very low profile, 
which encourages wearing while recovery is progressing in median-
ulnar nerve palsies. It permits pinch and some grasping while 
maintaining metacarpophalangeal joints in slight flexion. It blocks 
metacarpophalangeal joint extension and prevents clawing.

 FIGURE 64.36 Splint for low median nerve palsy dynamically 
holds thumb in abduction, extension, and opposition, preventing 
adduction contracture of thumb. Splint is light and compact.

 FIGURE 64.37 Splint for ulnar nerve palsy dynamically forces 
metacarpophalangeal joints of ring and little fingers into flexion. 
Part of palm is covered by rubber bands, which is a disadvantage.

 FIGURE 64.38 Splint for ulnar nerve palsy prevents hyperex-
tension deformity of metacarpophalangeal joints of ring and little 
fingers. It also conforms to shape of transverse metacarpal arch and 
has no attachments that hinder function of hand.

 FIGURE 64.39 Flexor glove dynamically forces fingers into 
flexion, exerting continuous force on proximal interphalangeal 
and metacarpophalangeal joints. Sometimes it also flexes wrist 
when proximal eyelets are too far proximal, and, when desirable, 
it may be applied over volar wrist splint.

 FIGURE 64.40 Splint for high radial nerve palsy dynamically 
splints digits in extension.
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 FIGURE 64.42 Proximal interphalangeal extension splint.

 FIGURE 64.41 Preformed plastic gutter splints for digits are 
easily adjustable in length and support soft tissue or fracture 
healing.
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ACUTE HAND INJURIES 
David L. Cannon

CHAPTER 65

The hand and fingers are the body parts most often injured 
in the workplace. In the United States, annually, more than 
1 million emergency department visits are caused by work-
related hand trauma. For an acutely injured hand, restoration 
of function is the goal of treatment. It is necessary to prevent 
infection, salvage injured parts, and promote primary heal-
ing. Although nerves and tendons may be repaired in the 
primary phase of care, their management is secondary in 
importance to thorough cleansing and debridement, correct 
stabilization of fractures and dislocations, and wound closure 
or coverage with skin grafts or skin flaps. Through patient 
history taking and careful physical examination, the surgeon 
must personally appraise the injury to decide which primary 
procedures can be done safely and which secondary proce-
dures may be necessary later. Determining the best treatment 
in a timely manner for each individual patient must take into 
account not only the type and severity of injury but also the 
type of employment, hobby, or sport of the patient. Long-
term impairment is a risk if patients are not returned to work 
or activities expeditiously. Level of pain, reduced hand func-
tion, psychosocial issues, education, compensation, and legal 
factors have all been found to be associated with resumption 
of activities.

HISTORY
The history should provide the following information accu-
rately and concisely: (1) the exact time of injury (to deter-
mine the interval before treatment), (2) the first aid measures 
given and by whom and where, (3) the nature, amount, and 
time of receiving any medication, (4) the exact mechanism 
of injury (to determine the amount of crushing, contami-
nation, and blood loss), (5) the nature, time, and amount of 
food and liquid taken by the patient (information necessary 

for selection of the anesthetic), and (6) the patient’s age, 
occupation, place of employment, handedness, and general 
health status. The time since injury is important to determine 
because immediate, urgent surgery is required for severely 
contaminated wounds, wounds in which infection of a deep 
space is suspected, wounds with vascular injuries that cause 
hemorrhage or compromise perfusion, high-pressure inju-
ries, and wounds for which amputation or replantation may 
be needed. 

EXAMINATION
The evaluations to be performed before wound inspection are 
(1) radiographs of the hand to check for injuries to bone and 
for foreign objects, (2) vascular and neurologic function, and 
(3) motor function of the hand, including examination of pos-
sible tendon injury (see Chapter 66). These examinations can 
provide 90% of the information needed to determine appro-
priate treatment. In addition, it reduces anxiety in the patient 
if the wound can be covered most of the time. Once that has 
been accomplished, the wound is examined for size, depth, 
and location; zone of additional injury; sepsis or contamina-
tion; and what procedures will be necessary Techniques for 
detailed evaluation of tendon and nerve injuries are described 
in Chapter 66 and 68, respectively, and evaluation of fractures 
and dislocations is described in Chapter 67.

Antibiotics, sedation, blood transfusions, tetanus pro-
phylaxis, and other measures are provided as indicated (Table 
65.1). Before sedatives or narcotics are given, the patient 
should be advised as to the extent of the injuries, the general 
plan of treatment, and the prognosis, especially with regard 
to any possible amputation. The patient also should be fore-
warned when skin grafts or distant skin flaps are anticipated 
(Fig. 65.1).
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 TABLE 65.1 

Antibiotic Prophylaxis for Hand Injuries

CLINICAL SITUATION ANTIBIOTIC PROPHYLAXIS
Low-risk, traumatic injuries (clean wounds with easily 
demarcated borders, no devitalized tissue)

None

Injuries in immunocompromised patients (e.g., patient 
with human immunodeficiency virus infection, diabetes)

Gram-positive cocci coverage

Wounds with devitalized tissue Gram-positive cocci coverage if wound, tendon, or joint space is 
contaminated*

Animal and human bites (other than superficial 
abrasions)

First-generation cephalosporin. In patients with bites that may 
contain Pasteurella multocida or Eikenella corrodens, consider 
penicillin or amoxicillin-clavulanate potassium (Augmentin). In 
immunocompromised patients, consider erythromycin or amoxicil-
lin-clavulanate. In patients with sepsis and petechial rash, consider 
intravenous ciprofloxacin (Cipro) and clindamycin (Cleocin).†

Puncture wounds Case-by-case decision

*If the wound is contaminated, debridement is required.
†Patients with sepsis or petechial rash should be hospitalized.
Adapted from Daniels JM II, Zook EG, Lynch JM: Hand and wrist injuries, part II: emergent evaluation, Am Fam Physician 69:1949–1956, 2004.
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FIGURE 65.1 Algorithm to help guide decision-making in management of fingertip injuries 
based on digit, geometry, location, and size. STSG, Split-thickness skin graft; FTSG, full-thickness 
skin graft.  (From Christoforou D, Alaia M, Craig-Scott S: Microsurgical management of acute traumatic 
injuries of the hand and fingers, Bull Hosp Jt Dis 71:6–16, 2013.)
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In the mangled hand or in patients with multiple 
trauma, evaluation begins by identifying life-threatening 
injuries, followed by identification of the injured structures. 
Damage-control orthopaedics may be required when defini-
tive treatment cannot be accomplished in the emergency 
department. Urgent temporary measures, such as minimiz-
ing ischemia time, debriding the wound, splinting the hand, 
administering antibiotics, and preparing the injury site for 
secondary repair at a later date, offer the best chance for opti-
mizing hand function.

SPLINTING
When splinting is necessary, it is important to remember that 
improper technique should be avoided, as it can lead to joint 
stiffness, skin breakdown, or worsening deformity. A splint 
should be used to relax muscles, maintain correct position, 
and immobilize the hand in a position that will prevent fur-
ther injury. Immobilization should be above and below the 
injury or deformity but not farther, allowing function to the 
unaffected parts (Fig. 65.2) (see Chapter 64). 

ANESTHESIA
A digital block, regional block, or general anesthetic may be 
selected, depending on the patient’s age and general condition, 
the severity of the injury, other injuries, the interval since the 
last ingestion of food or drink, and whether or not a distant 
flap will be necessary (see Chapter 64 for more details). Some 
surgeons have expanded the indications for the wide-awake 
local anesthesia with no tourniquet (WALANT) technique to 
acute surgery of the hand (see Chapter 64). 

TOURNIQUET
A tourniquet is necessary while the wound is being cleansed 
and inspected and while the deep structures are being repaired. 
When the viability of an area of skin is questionable because of 
a crushing or avulsing injury, a tourniquet should be used as 
briefly as possible. For a large wound with fractures, elevation of 
the hand for 2 minutes is better than wrapping it with an elastic 
(Martin) bandage before inflation of the tourniquet. This pre-
vents further crushing and displacement of fracture fragments 
(for more information on the tourniquet, see Chapter 64). 

 

A C

B

FIGURE 65.2 A-C, Splints.
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CLEANSING AND DRAPING OF HAND
After the patient or the part is anesthetized and the tourniquet is 
applied, the first aid dressing is removed and the wound is thor-
oughly irrigated with normal saline solution, generally through 
a pulsating lavage apparatus to provide a stream with enough 
force to loosen small foreign particles and to remove large hema-
tomas. Antiseptics generally are not used in the wound because 
of potential tissue toxicity. Small bleeding vessels, which some-
times are more easily seen under saline solution, are clamped 
with mosquito hemostats and cauterized. Small flaps and tags 
of devitalized fat and fascia seen floating in the solution can be 
removed at their bases. Nerve ends are not debrided. Ragged 
skin edges may be trimmed, but complete excision of the edges 
of the wound usually is unnecessary in the hand.

As the deeper parts of the wound are cleaned, they are care-
fully searched for foreign materials, especially if there is suspicion 
that they contain broken glass, wood, or pieces of glove or when 
the wound has been caused by a gunshot. Cleaning should not be 
hurried; it must be thorough to help prevent infection. Primary 
healing without infection is necessary to limit the scar and to 
allow additional early reconstruction, if needed. When cleaning 
is complete, all instruments, gloves, and drapes used during this 
process are discarded and the hand is redraped (see Chapter 64 for 
the details of draping and of the routine in the operating room).

After a diligent effort has been made to convert the con-
taminated wound into a clean one in the operating room, 
the wound is reexamined. The circulatory status of the skin 
is assessed with the usual observations of color and capillary 
refill in the digit and bleeding of the skin after needle or scal-
pel puncture and with a Doppler probe for the larger vessels 
in the hand and upper extremity.

The tissues in the depths of the wound, including exposed 
bones, tendons, vessels, and nerves, are assessed in an orderly, 
anatomic manner to avoid error; the skin also is examined 
carefully. Only after an accurate assessment of the damage 
can correct decisions be made as to which structures can be 
repaired primarily. Bones and joints are inspected to assess 
bone loss, the extent of periosteal stripping, and fracture sta-
bility. This evaluation allows estimation of potential bone 
healing and the advisability of early joint motion after inter-
nal fixation of fractures. Conclusions drawn from the first 
examination may be wrong, so suspected tendon and nerve 
injury should be confirmed by direct inspection. Usually, the 
damage has been underestimated.

Evaluating the skin damage is most important because 
primary wound closure depends on skin viability. Frequently, 
some skin appears to be lost when actually it has only retracted; 
this is especially true of L-shaped wounds on the dorsum of 
the hand. When skin is crushed or flaps of skin are avulsed, the 
possibility of necrosis must be seriously considered. Releasing 
the tourniquet may be necessary for accurate evaluation. A 
valuable sign that skin is viable is a prompt pink blush (about 
6 seconds) after release of the tourniquet. The extent of bleed-
ing from the skin edges, the color of the skin immediately 
after compression, and the amount of undermining of the skin 
edges must be observed. Necrosis, infection, and scarring can 
occur if flaps of doubtful viability are retained. The extent of 
skin loss from the injury itself and after surgical excision of 
nonviable flaps must be evaluated, and plans must be made for 
complete coverage. Passive finger motion often delivers sev-
ered tendons into the wound. Small hematomas seen within 
synovial sheaths may be indications of further tendon injury. 

CONSIDERATIONS FOR 
AMPUTATION
Considerations for amputation are discussed in Chapter 19. 

ORDER OF TISSUE REPAIR
Setting priorities for repair of injured structures is important. 
After the wound is cleaned, the bony architecture must be rees-
tablished immediately if possible (see Chapter 67) or within a 
few days after the wound becomes clean; otherwise, the soft 
tissues contract, making bone repair difficult or impossible 
without soft-tissue grafting. Although definitive closure may 
not be possible, the bony architecture should be reestablished. 
Stabilize the thumb for opposition, the index and long fingers 
for pinch and manipulation, and the ring and small fingers for 
grasp. It is preferable to close the wound within the first 5 days. 
If the injury and wound conditions permit, tendons and nerves 
should be repaired at the time of primary or secondary skin 
closure. While awaiting repair, nerves contract, especially in the 
fingers and palm. Consideration should be given to tagging the 
nerve ends with a small suture to the soft tissues of the palm. If 
repairs of nerves and tendons are delayed, repair or reconstruc-
tions may be done later. (See Chapter 66 and 68 for additional 
discussions of nerve and tendon repair and reconstruction.) 

ARTERIAL INJURIES
Generally, the best treatment of major upper extremity arte-
rial injury (subclavian, axillary, brachial) includes immediate 
diagnosis, emergent angiography, and surgical exploration and 
repair. The best management of injuries to the radial or ulnar 
arteries in the forearm and wrist is controversial. If the pal-
mar arterial arches are complete, hand survival and function 
are possible if one or both arteries are transected. Problems 
with pain, cold intolerance, and weakness may occur later. 
Unrepaired single artery injuries generally cause insignificant 
changes in hand circulation, but combined arterial and nerve 
injury can result in disabling symptoms of pain and cold intol-
erance. At 10-year follow-up, cold sensitivity that limited activ-
ity was reported by 78% of 97 people with various hand injuries, 
although most reported a low degree of disability. In about 20% 
of patients, either the radial artery or the ulnar artery does not 
have a connection with the superficial palmar arterial arch. 
Pulse volume measurements and digital oximetry are helpful 
in assessing adequacy of circulation to the hand and digits.

Several options are available for treatment of radial and 
ulnar arterial injuries, alone or in combination. If an injury 
involves only one artery in a young person without nerve 
injury and with the intact artery providing adequate circula-
tion, ligation remains a satisfactory option. In younger and 
older patients with inadequate circulation through the intact 
artery, especially if a nerve injury is present, repair of the 
injured artery is preferable. If both arteries are transected, 
repair of both arteries should be performed, especially in 
older patients and in patients with concomitant nerve injury. 
In a series of 28 patients with upper extremity arterial inju-
ries treated at an urban trauma center, most (22) were treated 
with primary repair or ligation; six required saphenous vein 
bypasses, and two required endovascular procedures. The 
overall limb salvage rate was 96% (successful repair in 27 of 
28 patients).
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Injuries to the palmar arterial arch and the digital arter-
ies require exploration and repair if circulatory impairment 
threatens digital viability. Microvascular techniques usually 
are required for these injuries. (See Chapter 63 for a discus-
sion of microsurgery and  Chapter 77 for a discussion of ulnar 
tunnel syndrome.)

A 15-year study of upper extremity arterial injuries 
that involved 167 patients with 189 arterial injuries identi-
fied the brachial artery as the most frequently injured ves-
sel (55%). Risk factors for limb loss were early graft failure, 
compartment syndrome, associated skeletal and brachial 
plexus damage, and a military mechanism of injury. Some 
studies also have reported worse functional outcomes in 
arterial injuries caused by blunt trauma than by penetrat-
ing trauma. 

CONSIDERATIONS FOR SKIN 
CLOSURE
Soft-tissue coverage may be the most important step in the 
treatment of acute hand injuries because it plays such a 
large part in determining how all other repaired and recon-
structed structures heal and ultimately function. Although 
early definitive closure is desirable, this is not always pos-
sible, especially with severe crush injuries and contaminated 
wounds. Because swelling causes wounds to enlarge and skin 
to contract, closure becomes progressively more difficult. The 
use of rubber bands or surgical “vessel loops” can help bring 
the wound edges closer together without creating ischemia 
or increasing the risk of compartment syndrome. The use of 
negative pressure therapy, such as with a vacuum-assisted clo-
sure device, may allow the wound to granulate so that a sim-
pler coverage method can be used. Negative pressure therapy 
should not be used for long periods, however, because it may 
compromise the gliding motion of muscles and tendons. In 
some patients, viability of the skin is unknown at the time of 
surgical evaluation, which is an indication for use of negative 
pressure wound therapy. Stabilizing the wound by immobili-
zation in a functional position and applying negative pressure 
wound therapy has been shown to promote early healing in 
these patients.

The traditional “reconstructive ladder” generally follows 
a progression from simple (primary closure, healing by sec-
ondary intention) to more complex coverage methods (skin 
grafting, flap coverage). Wolf et  al. outlined several basic 
principles of soft-tissue reconstruction in acute hand injuries 
(Box 65.1).

Primary skin closure is desirable and usually can be done 
in all sharply incised, clean wounds. The purpose of primary 
skin closure is to obtain early healing and to prevent infec-
tion, granulation tissue, edema, and excessive scar produc-
tion. Misjudgment may lead to delayed healing as a result of 
hematoma, swelling, and infection, any of which may require 
reopening the wound for drainage or additional debridement. 
Certain wounds should never be closed primarily, includ-
ing severely contaminated or crush wounds caused by farm 
machinery, human bites, tornado missiles, and augers. High-
velocity missile wounds, other combat wounds, and wounds 
contaminated with animal or human feces or fertilizer also 
should not be closed primarily.

When in doubt, the wound should be left open after care-
ful debridement using an anesthetic. Within 24 to 48 hours, 
the wound should be reinspected, and if it is sufficiently clean, 
it can be closed by direct suture or by skin graft. If possible, 
a wound should be closed within about 5 days of injury. 
Generally, a wound should not be left open to granulate and 
heal by secondary intention, unless it cannot be made suffi-
ciently clean to allow skin grafting or closure. Closure of some 
wounds may be facilitated with the use a vacuum-assisted 
closure system to reduce the size of the wound and close dead 
space. An experienced microsurgical team is essential to the 
success of this method of managing severe hand injuries. The 
ability to take a “second look” at the wound, additional assess-
ment of limb viability, more precise operative planning, and 
better control over scheduling of the procedure have been 
cited as advantages to a delayed approach. 

METHODS AND INDICATIONS FOR 
SKIN CLOSURE
DIRECT SUTURE
Unless the wound is severely contaminated or crushed, con-
sideration should be given to primary closure of every wound 
of the hand (except those mentioned previously) because 
healing by primary intention is the desired result. Treatment 
of some lacerations without suturing may be satisfactory in 
certain patients. Most clean lacerations without tendon or 
nerve involvement can be closed by simple direct suture of 
the skin and splinted. Usually the subcutaneous tissue is not 
sutured separately, but care should be taken to avoid inversion 
of the skin edges. Careful hemostasis is necessary. Closure is 
easier when all viable skin edges have been preserved during 
the initial cleansing. A skin defect on the dorsal surface of 
the hand can be converted to a transverse elliptical one and 
closed in a transverse line. Because of the mobility of the dor-
sal hand skin, this type of closure is possible here and is made 
easier when the wrist is extended.

Because sutures are by definition “foreign bodies,” they 
may generate an inflammatory response, interfere with 
wound healing, and increase the risk of infection; the num-
ber and diameter of sutures used for wound closure should be 
kept to the minimum necessary. 

Basic Principles of Soft-Tissue Reconstruction

 n  Further injury to the upper extremity must be prevented.
 n  Aggressive debridement of all necrotic and nonviable tissue, 

including bone, is essential.
 n  Bone stability must be achieved.
 n  Acute coverage should begin with the simplest technique 

needed to cover the wound.
 n  Secondary reconstructions that will be needed should be 

considered at the time of soft-tissue coverage and primary 
reconstruction.

 n  Composite soft-tissue reconstruction should be considered 
when there is soft-tissue loss.

 n  Amputation may be better than limb salvage.

 BOX 65.1 

Modified from Wolf JM, Athwal GS, Shin AY, Dennison DG: Acute trauma to 
the upper extremity: what to do and when to do it, J Am Acad Orthop Surg 
91:1240, 2009.
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SKIN GRAFTS
Skin grafts obtained from the patient (autografts) are either 
split thickness or full thickness. Wounds with distally attached 
flaps may have enough skin for primary closure but not enough 
venous drainage for the skin to survive. This deficient drainage 
causes engorgement and venous distention and finally throm-
bosis and necrosis; the color of the flap changes from a deep 
blue to purple and then to black. The retrograde flap is often 
the result of a crushing or tearing injury, and the nature of this 
injury jeopardizes the survival of the flap further. Such a flap on 
the dorsal surface of the hand or forearm is less likely to survive 
than one on the palm (Fig. 65.3). If doubt exists, the skin should 
be excised and replaced with a split graft (see Technique 65.1).

If skin is lost and no deep structures (nerves, tendons, 
joints, or cortical bone) have been exposed, it should be 
replaced immediately with a split-thickness graft or occasion-
ally with a full-thickness graft. Other types of skin grafts that 
may have applications in the injured hand include allografts 
from other human donors and xenografts from other species 
(e.g., porcine skin). Both are used for temporary coverage while 
a capillary bed develops. Although an allograft may revascular-
ize, rejection occurs, and it is replaced with an autograft. 

SKIN FLAPS
When a skin defect leaves deep structures exposed, a split-
thickness or full-thickness skin graft is insufficient coverage 
for nerves, tendons, and cortical bone. These structures do 
not readily support a skin graft and require good blood sup-
ply to survive. A skin flap is necessary to provide subcuta-
neous tissue for coverage and for sufficient vascularity. The 
nomenclature of flaps depends on the location, blood supply, 
and technique of transfer. By location, a flap may be termed 
local or distant. The blood supply determines whether the 
flap is random or axial. Random flaps receive their circula-
tion through the subdermal or subcutaneous plexus of vessels 
and do not have a named artery supplying them. Axial pat-
tern flaps receive their circulation from a named artery. Axial 
flaps also are subdivided by the major tissue of the flap into 
cutaneous, musculocutaneous, and fasciocutaneous flaps. The 
technique of transfer of a flap determines whether it is a pedi-
cled flap to be transferred in two stages or a free flap, which is 
transferred in a single step, with vascular anastomoses. 

COVERAGE OF SPECIFIC AREAS WITH 
FLAPS
Fingertip injuries with only skin loss less than 1 cm square 
usually can be treated satisfactorily with healing by secondary 
intention. If the defect is larger without exposed bone, a full-
thickness skin graft provides good coverage and the poten-
tial for return of some sensation. Hassanpour et al. described 
the use of a purse-string suture in conjunction with conven-
tional flap coverage of 41 fingertip amputations to restore nail 
and finger contour and improve the aesthetic and functional 
results (Fig. 65.4). They reported only one poor functional 
result; cosmetic results were excellent or good in all nine 
female patients and in 26 of the 32 male patients. The use of 
local, rotational, advancement, and neurovascular island flaps 
for amputations and injuries of the fingertip and thumb is dis-
cussed in Chapter 63.

A large skin defect on the dorsum of a finger that exposes 
tendons not covered with paratenon should be covered with 
a flap. Frequently, a double local flap can be constructed by 
rotating a proximally based local flap on one side and a dis-
tally based local flap on the other side of the defect to cover 
the exposed tendon. The donor defects are covered with split 
grafts. For more proximal dorsal injuries, local rotational flaps 
from the same finger are insufficient and a reverse cross fin-
ger flap from the dorsum of an adjacent finger may be used. 
A “flag” flap, which is an axial flap, may be used for proximal 
palmar and dorsal digital defects (see Fig. 65.22). If multiple 
fingers are involved, or if a larger area needs to be covered, a 
subpectoral flap may be appropriate. Thick subcutaneous fat, 
as is found on the lower abdomen, is not preferred on a flap, 
especially on the finger.

Skin defects on the volar surface of a finger that expose 
tendons may be covered with a cross finger flap. The flap 
is raised from the dorsal surface of an adjacent finger and 
extends from the midline of one of its lateral surfaces to that 
of the other; the flap is a little wider than the defect it is to 
cover. Although such a flap from the dorsal surface of one 
finger can be used to cover a defect on the volar surface of 
another, the reverse is never indicated. Skin defects on the 
palm or dorsum of the hand that expose vital structures can 
be covered with a local flap, a flap from an adjacent unsal-
vageable finger, a flap from the opposite forearm or upper 

 

A B
FIGURE 65.3 Flap attached distally on dorsum of hand (A) is 

less likely to survive than is similar one on palm (B).

 

A B C
FIGURE 65.4 Purse-string suture attachment of flap for finger 

amputation. A, Design and dissection of flap. B, Advancement of 
flap to cover defect without tension. C, Two ends of continuous 
V-string suture are pulled until desired curve of fingertip is achieved.  
(Redrawn from Hassanpour SE, Hosseini SN, Abdolzadeh M: Purse-string 
suture as a complementary technique with conventional flaps in repairing 
fingertip amputation, Tech Hand Up Extrem Surg 15:94–98, 2011.)
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arm, an axial pattern flap from the same forearm or hand, 
a flap from the abdomen, or a free flap, depending on the 
size of the defect and the presence and location of any asso-
ciated injuries. Although cross arm and cross forearm flaps 
provide good skin, immobilizing both upper extremities is a 
disadvantage. In suitable situations, an arterialized axial flap 
from the same forearm allows comfortable positioning of the 
upper limb. An abdominal flap from the same side also per-
mits comfortable positioning of the arm. To ensure survival 
of the random pattern flap (because it must be applied imme-
diately), its base should be as wide as its length. The length-
to-width ratio may exceed 3 : 1 with axial pattern flaps such 
as the groin pedicle flap. The donor area and the raw part of 
the flap that does not make contact with the defect should be 
covered with split-thickness skin grafts. A local rotation flap 
is unlikely to survive, however, if undermining of the skin is 
extensive, especially if the skin is already crushed or contused 
from the injury. A filleted injured finger makes an excellent 
pedicle graft when this technique is applicable (Fig. 65.5). In 
some situations, free tissue transfer by microvascular tech-
nique provides the best coverage (see Chapter 63).

More recently, the use of “artificial skin” or skin substi-
tutes has been reported for initial coverage of severe hand 
wounds, burns, and contracture release procedures. Although 
these products are not substitutes for adequate surgical 
debridement and standard coverage strategies such as grafts 
and flaps, they may be useful in selected patients. The prod-
uct most frequently reported in the hand literature is a bilayer 
dermal regeneration template (Integra; Integra LifeSciences 
Corp., Plainsboro, NJ). The dermal layer is made of bovine 
type I collagen, and the epidermal layer is made of silicone. 
Weigert et al. reported the use of Integra for management of 
15 severe traumatic hand wounds with bone, joint, or tendon 
exposure; split-thickness grafting was done at an average of 
26 days after injury. In 13 of the 15 hands, a durable, func-
tional, and aesthetic coverage was obtained with this tech-
nique. Advantages of the skin substitutes include potentially 
less need for local rotational or free-flap coverage, ease of use, 
and immediate availability in large quantities and different 
sizes. Disadvantages include its high cost, the learning curve 
for use, and a higher risk of seroma or hematoma formation. 

MANAGEMENT OF DONOR AREA
Several acceptable methods are used for treating the donor 
area. In one, the donor area is dressed with one layer of finely 

woven nylon or silk gauze. If the dressing prevents drying, 
the donor area tends to become macerated and secondary 
infection and necrosis may occur; this area itself may require 
skin grafting later. Otherwise the part is left uncovered, and 
drying of the area is encouraged. In another technique, a 
synthetic adhesive film is placed over the donor site. Serum 
and blood accumulate daily for 1 to 2 days, and the film is 
changed. After 7 to 10 days, this can be removed and the 
area is left open, usually with satisfactory healing. Bed sheets 
should be kept off the donor site with a bed cradle support. 

GRAFTS AND FLAPS
FREE GRAFTS
When free skin grafts are to be obtained, remember that “the 
thinner the graft, the better the take”; however, when the graft is 
expected to be permanent, “the thicker the graft, the better the 
function.” A thick graft is better able to withstand friction and 
constant use than a thin one and contracts only about 10%; a 
thin graft may contract 50% to 75%. The sooner the graft can be 
applied, the better. As long as there is no sepsis, it is not necessary 
to wait for granulation to begin before skin grafting. Sepsis can 
be identified with swabs for culture or with wound biopsy for a 
quantitative colony count. For the graft to survive, it must rees-
tablish its nutrition before death of its entire thickness occurs; 
great care is needed in operative technique and in aftercare to 
ensure that it remains undisturbed and in direct contact with the 
recipient area during healing. This takes careful planning, espe-
cially in children. The graft cannot survive if a hematoma sepa-
rates it from the underlying vascular bed; rarely, it may survive 
a gross infection. For primary coverage of acute wounds, free 
skin grafts usually are of thin or medium thickness. They usu-
ally do not survive on bare cortical bone, bare tendon, or bare 
cartilage. Except for fingertip injuries, full-thickness free skin 
grafts are used infrequently on the hand. Such grafts or thick 
split grafts can be used, however, for the palmar surface because 
it contains elastic tissue, and in growing children these contract 
less and tend to accommodate growth. Because the survival of a 
full-thickness graft is so uncertain, it is best used only in elective 
surgery for skin coverage in the palm; it should be used rarely 
in acute injuries, with the possible exception of the fingertips. 

SPLIT-THICKNESS SKIN GRAFTS
Frequently, only a small or postage stamp graft is needed, and it 
can be obtained within the same operative field from the forearm; 

 

CBA
FIGURE 65.5 A-C, Filleted graft fashioned from injured finger (see text).
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A

B

C D

FIGURE 65.6 Technique of applying split-thickness graft. A, Graft has been sutured over 
defect, and redundant edges of graft are being trimmed. B, Sheet of finely meshed gauze and 
pack of moist cotton or gauze have been placed over graft. C, Sutures have been tied over pack. 
D, Necrotic edges of graft are being trimmed away after graft has healed. SEE TECHNIQUE 65.1.

however, taking a graft from this area can be undesirable because 
it leaves a slight scar. The hypothenar area of the palm can be 
used to obtain satisfactory split-thickness skin grafts, especially 
for skin loss on the fingertips. More suitable donor areas for 
these and larger grafts are the anterior and lateral aspects of the 
thigh and the medial aspect of the arm just inferior to the axilla. 
In some older women, skin is available inferior to a pendulous 
breast without leaving a readily visible scar. Split-thickness skin 
grafts vary in thickness from 0.008 inch in infants to 0.015 inch in 
adults. In elderly individuals and children, the lower abdominal 
wall or buttock skin is used if the graft is more than 0.010 inch.

OBTAINING SKIN GRAFTS WITH A DERMATOME
Electrically powered dermatomes are not difficult to assemble 
and use; even an inexperienced operator can cut consistently 
good grafts 7.5 cm wide. Skin glue is not required, but light 
lubrication of the skin with mineral oil or petrolatum is help-
ful. Bony prominences are not satisfactory donor sites with 
these dermatomes. The Reese drum dermatome does require 
skin glue and must be operated with precision, but it is excel-
lent for cutting grafts more than 7.5 cm wide. Usually it con-
trols the thickness of the grafts more accurately. The following 
suggestions are offered about this dermatome: (1) stretch the 
rubber tape tightly on the drum, (2) wait at least 3 minutes 
for the glue to dry before applying the dermatome to the skin, 
(3) rotate the drum slowly, and lift up gently while cutting the 
graft, and (4) keep the blade from slipping around the drum 
to avoid being struck on the palmar side of the wrist. When 
using a dermatome, cut the graft larger than the recipient area. 

 

APPLYING SPLIT-THICKNESS GRAFTS
The recipient area for a split-thickness graft must have a 
vascular bed and be free of active bleeding and gross infec-
tion. If the recipient area is unsuitable, preparation may 
require several days of enzymatic debridement, multiple 
dressing changes, and surgical debridement to remove 
dead and infected material. Applying mesh to the graft is 

helpful if a large area is to be covered. It also allows the 
free drainage of serum and blood from beneath the graft 
(see Fig. 65.6B).

 TECHNIQUE 65.1 

 n  Place the graft on the recipient area without trimming or 
excessive handling.

 n  The graft border may be attached with sutures or skin 
staples to secure it in its new position.

 n  Trim the redundant edge (Fig. 65.6A).
 n  When suturing the graft in place, it is much easier to insert 

a small curved needle first through the graft and then 
through the skin around the recipient area than to do the 
reverse.

 n  Apply a stent dressing, or a finely meshed nonadherent 
gauze (Xeroform or Adaptic), and hold in place with a 
bulky dressing secured by circumferential conforming 
gauze (Fig. 65.6B and C). If necessary, cover with a thin 
layer of plaster for splinting.

POSTOPERATIVE CARE The dressing usually is changed 
after 5 to 7 days; any necrotic graft is removed, and 
a fresh dressing is applied (Fig. 65.6D). When an area 
of necrosis is large, regrafting may be necessary. When 
necrosis is anticipated, or when another procedure is 
planned in which a split-thickness graft is to be used, a 
graft larger than needed initially may be cut and refrig-
erated at 0°C to 5°C in lactated Ringer solution or in a 
saline solution to which penicillin has been added; then 
it can be used at any time up to 21 days.
  

FREE FULL-THICKNESS GRAFTS
When a full-thickness graft is used, the recipient area must be 
free of infection and hemostasis must be complete. Preferred 
donor areas include the groin or the medial aspect of the 
arm, where the skin is thin and where the defect created by 
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removing the graft can be closed by undermining and sutur-
ing the skin edges (Fig. 65.7). Sometimes an associated injury 
makes a detached piece of skin and underlying fat available; 
in this instance, the skin can be stabilized on a dermatome 
drum and a full-thickness graft can be excised from the fat. 

 

APPLYING FULL-THICKNESS GRAFTS

 TECHNIQUE 65.2 

 n  Make a pattern on sterile tape or gauze of the area to be 
covered. Using this pattern, outline the anticipated graft 
on the donor area with methylene blue or a skin marker. 
It should be slightly larger than the pattern to allow for 
the necessary margin in suturing and for shrinkage.

 n  Remove the graft with a sharp knife by dissection be-
tween the fat and the skin; do not take any fat with the 
graft.

 n  Suture it in place and excise the redundant edges.
 n  Apply a stent dressing and support the hand with a plas-

ter splint for at least 7 to 10 days before redressing. At 
that time, dark blisters of the superficial layer of the graft 
may be seen, but this usually does not indicate deep ne-
crosis.
  

SKIN FLAPS
Skin grafts usually do not “take” on exposed bone, carti-
lage, or tendon. The scarring beneath a skin graft interferes 
with function in areas where a flexible and mobile bed is 
needed for tendon and joint motion. Skin flaps are used in 
such areas where a layer of subcutaneous tissue is required. 
Flap coverage can be used in the primary closure of a hand 
wound or in a secondary procedure to replace scars, skin of 
poor quality, or necrotic skin. It can be obtained locally or 
from a distant part. If the area to be covered is small, a local 
flap may be indicated (Fig. 65.8) or a Z-plasty may suffice 
(Figs. 65.9 to 65.11). 

LOCAL FLAPS
Local flaps may be designated as advancement, rotation, 
translation, and transposition types. Use of an advancement 
flap involves mobilizing a small flap of skin to cover an adja-
cent defect without using a skin graft for the donor defect. 
These are used to cover fingertip amputations. Rotation flaps 
are raised on a curved radius with undermining of the flap 
and closed under modest tension without a skin-grafted 
donor defect (see Fig. 65.8A). Translation flaps usually are 
rectangular and are used to close an adjacent defect. The flap 

 FIGURE 65.7 Sites from which to obtain full-thickness skin 
grafts. Groin or medial aspect of arm is preferable (see text).
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FIGURE 65.8 A-C, Principles of three types of local flaps. In each 
type, defect to be covered is converted into triangular one. Flap may 
be rotated (A) or transposed (C) or both (B). B, Back-cut in combined 
flap decreases tension on flap but also decreases blood supply to flap; 
defect created by this back-cut is closed as shown. C, Defect created 
by transposing flap must be covered with split-thickness graft.
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FIGURE 65.9 Angles permissible in performing Z-plasties. 
Angles that central limb of Z make with each of other two limbs 
should be between 45 and 60 degrees. When angles are less than 
45 degrees, blood supply to flap is impaired; when they are more 
than 60 degrees, flaps cannot be transposed without severe tension.
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is moved around a pedicle base and is closed without tension. 
Translation flaps require a skin graft for the donor site (Fig. 
65.12). Transposition flaps usually are moved across an adja-
cent area of normal skin to close an adjacent defect without 
tension. Skin grafting at the donor site is necessary (Fig. 65.13). 
Based on cadaver dissections and injection studies, skin flaps 
based on the anastomoses between the palmar digital artery 
and the dorsal metacarpal artery have been used to cover the 
volar surface of an adjacent finger (Fig. 65.14), a reverse adi-
pofascial flap has been successful for finger amputations at 
the level of the nail fold (lunula to proximal nail matrix) (Fig. 
65.15), and “excellent” results were reported in 40 patients 
with a more proximally based adipofascial “turnover flap” for 

coverage of the dorsum of the distal and middle phalanges 
(Fig. 65.16). This flap is based on dorsal branches of the digi-
tal arteries, providing pedicle lengths of 10 mm proximal or 
distal to the proximal interphalangeal joint. The advantages of 
a local flap over one from a distant part are that the involved 
hand is not tied to the distant donor and in many instances 
finger motions may continue. If the defect is too large to be 
covered with a local flap, an axial arterialized pedicle flap 
from the forearm, a distant flap from the abdomen, or a free 
tissue transfer (see Chapter 63) is indicated.

LOCAL FLAPS IN FINGERS
Figure 65.8 illustrates the principles of three types of local 
flaps. In the fingers, either they are random pedicle flaps, 
receiving their circulation through the base of a skin pedicle, 
or they can be designed with circulation through the proper 
digital artery or one of its branches (Fig. 65.17). Local flaps 
used in the fingers usually are of the simple transposition 
type. This type covers vital structures but leaves a defect that 
must be covered with a split-thickness graft (see Fig. 65.13). A 
common error in designing a local flap is to make it too short. 
The fixed point of pivot from which the advancement is made 
is at the border of the base that is opposite the defect. If the 
corresponding border of the flap is not long enough, tension 
occurs when the flap is sutured in its new bed.

Skin to be used for a local flap should not be damaged 
because necrosis may occur. Developing a local skin flap 
requires undermining and minimal tension on the flap. 

LOCAL FLAPS FROM THE DORSUM OF THE 
HAND
Local flaps used over the dorsum of the hand may be of any of 
the types previously listed. The inclusion of the fascia in a ran-
dom fasciocutaneous flap is helpful in this area, and various 
vascularized flaps can be developed on the basis of the first 
dorsal metacarpal artery (Fig. 65.18). In addition, the abduc-
tor digiti quinti and the palmaris brevis can be mobilized as 
pedicled muscle flaps to cover adjacent areas.

A variety of local flaps can be used in the hand and fin-
gers. They include local rotation flaps from the dorsum of the 
hand to fill defects in the web spaces (Fig. 65.19), cross finger 
flaps (Figs. 65.20 and 65.21), thenar flaps, and other transpo-
sition flaps, such as the “flag” flap (Fig. 65.22). A better under-
standing of the circulation to the dorsoulnar side of the hand 
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FIGURE 65.10 Simple Z-plasty to release a long, narrow contracture. 1, Central limb of Z is to 
be made along line of contracture, and other two limbs are to be made where shown. 2, Incisions 
have been made, and flaps are being shifted. 3, Flaps have been sutured in their new positions. 
Note special stitches at A and B.
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FIGURE 65.11 Multiple Z-plasties to release scar too long to 
be released by single Z-plasty.
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and thumb has led to the development of a dorsoulnar thumb 
flap (Figs. 65.23 and 65.24). 

CROSS FINGER FLAPS
Cross finger flaps (see Fig. 65.20) are useful for covering a 
defect of the skin and other soft tissues on the volar surface 
of the finger when tendons and neurovascular structures are 
exposed and a small amount of subcutaneous fat is needed. 
They also are useful for some amputations of the thumb (see 
Chapter 19). These grafts are best avoided in patients older 
than 50 years, in patients with hands with arthritic changes 
or a tendency to finger stiffness for some other reason, and in 
patients with local infection. 

 

APPLYING CROSS FINGER FLAPS

 TECHNIQUE 65.3 

 n  Excise the edges of the defect so that it is rectangular, 
with its longer sides parallel to the long axis of the finger 
but not crossing skin creases.

 n  Measure its dimensions, placing the injured finger against 
the donor finger to determine where to locate the base of 
the proposed flap.

 n  Cut the flap from the donor finger through the skin and 
subcutaneous tissues, leaving its base attached to the side 
adjacent to the recipient finger (Fig. 65.25).

 n  Make the flap 4 to 6 mm wider than the defect and long 
enough to cover the defect (allowing for normal skin con-
traction) and to provide a bridge between the fingers.

 n  If necessary, the flap may be raised from one midlateral 
line of the donor finger to the other, but be careful to 
avoid incising the volar surface of the donor finger.

 FIGURE 65.12 Translation flap raised from skin in continuity 
with area of skin loss. Donor area is covered by graft.  (Redrawn 
from Tubiana R, editor: The hand, vol 2, Philadelphia, 1985, Saunders.)

 

A B
FIGURE 65.13 Simple transposition type of local flap. A, Deep 

structures on anterolateral aspect of finger are exposed and must 
be covered by local flap; flap has been outlined. B, Flap has been 
transposed, and defect created on posterolateral aspect of finger 
has been covered by split-thickness graft. Note radius (broken lines) 
of arc (arrow) of transposition.
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FIGURE 65.14 Vascular basis of dorsal digital and metacarpal skin flaps. A, Extended dorsal 
phalangeal island skin flap on dorsal aspect of proximal and middle phalanges. B, Boomerang flap 
on dorsal aspect of proximal phalanx (subcutaneous vascular pedicle of flap indicated by dashed 
lines). C, Reverse dorsal metacarpal artery island flap based on vascular anastomoses between 
dorsal cutaneous branches of palmar digital artery and dorsal digital branches of dorsal metacarpal 
artery. Arrows show direction of blood flow. Palmar digital artery (a); dorsal perforating branch of 
palmar metacarpal arteries from deep palmar arch (b); dorsal digital artery (c); dorsal cutaneous 
branches of palmar digital artery (d).
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FIGURE 65.15 Reverse adipofascial flap. A, Z incision. B, Instead of Z incision, quadrangular 
incision is marked on dorsum of finger as alternative, leaving 5 mm as basis of flap just proximal 
to germinal matrix. a = defect + germinal matrix; flap length = a + 5 mm to cover the basis. C, 
Skin flaps are raised, leaving paratenon intact, and adipofascial flap is raised from proximal to 
distal until marked basis is reached. D, Adipofascial flap is turned over to defect, and skin flaps are 
sutured to remain open above base of flap. Split-thickness skin graft (SSG) is ready to be applied.  
(Redrawn from Laoulakos DH, Tsetsonis CH, Michail AA, et al: The dorsal reverse adipofascial flap for fingertip 
reconstruction, Plast Reconstr Surg 112:121–125, 2003.)

 

A B C D
FIGURE 65.16 Turnover flap. A, Arterial flap: H-shaped incision of donor site. B, Skin deepider-

mization. C, Adipofascial flap transposed over defect. D, Final aspect. Skin graft in place.  (Redrawn 
from Braga-Silva J, Kuyven CR, Albertoni W, et al: The adipofascial turn-over flap for coverage of the dorsum 
of the finger: a modified surgical technique, J Hand Surg 29A:1038–1043, 2004.)

 n  When raising the flap, make the incisions through the 
subcutaneous tissue but not through the peritenon of the 
extensor expansion (Fig. 65.26).

 n  If possible, avoid using skin distal to the distal interphalan-
geal joint so as not to injure the nail bed. The skin over the 
dorsal surface of the proximal interphalangeal joint also 
should be avoided unless needed for width. If necessary, 
the base of the flap can be freed further by cutting the 
oblique fibers of the deep tissue that attaches the skin 
to the extensor tendon and periosteum along the side of 
the finger. Handle the flap with small hooks to prevent 
crushing and necrosis.

 n  Release the tourniquet and obtain absolute hemostasis.
 n  Reinflate the tourniquet.
 n  Cut a thick split graft (0.018 inch) from the forearm or 

thigh and suture it to the donor area and to the under-
surface of the bridge.

 n  Apply the flap to the recipient area and suture it in place 
with the finest suture (5-0 or 6-0 nylon); the entire recipi-
ent area should be in contact with the flap.

 n  Leave the sutures long at the edges of the free split graft 
and fashion a stent dressing.

 n  Avoid excessive tension on sutures transverse to the long 
axis of the finger to avoid vascular compromise.
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 n  Cover the suture line with nonadhering gauze, place 
moist cotton pledgets around the graft, and apply gauze 
wrapping.

 n  To ensure immobility of the recipient finger, place an 
oblique Kirschner wire through the interphalangeal joint.

 n  A volar splint of plaster or fiberglass also can be used if 
additional support is needed.

POSTOPERATIVE CARE The flap can be detached after 
12 to 14 days. The skin margins of the recipient finger 
should be trimmed so that the junction of the normal skin 
with the graft is at a midlateral position on the finger. 
Motion of both fingers can be started the day after the 
flap is detached.
  

This technique can be altered so that the base of the flap 
is proximal rather than lateral; such a flap is useful for cover-
ing a defect near the tip of an adjacent finger or thumb (see 
Fig. 65.21). Rotation of the flap is necessary, and care should 
be taken to prevent strangulation at the base and necrosis. 
Rotated flaps that are based proximally can be used to cover 
defects on the same finger (see Fig. 65.13).

FOREARM FLAPS FOR HAND COVERAGE
Two arterialized pedicle flaps from the forearm (the radial 
forearm flap and the posterior interosseous flap) have been 
found useful for covering defects in the hand. Each has a 
consistently reliable arterial supply. However, variations in 
forearm vascular anatomy, especially in the posterior interos-
seous artery, may preclude use of these flaps.

 FIGURE 65.17 Neurovascular island graft.

 

A B C

FIGURE 65.18 Design of various flaps in first web space. A, Proximally based flaps: based on 
first dorsal metacarpal artery and branches. Island flap pedicle includes first dorsal metacarpal 
artery and its branches, first dorsal interosseous fascia, subcutaneous tissue and veins, and radial 
nerve branches and accompanying artery. B, Distally based flap: based on one of distal perforators 
(arrows). C, Double flap from web space: fascial flap based on first dorsal metacarpal artery (marked 
in drawing by hook) and cutaneous flap based on artery accompanying radial nerve (green line).
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RADIAL FOREARM FLAP
The radial artery supplies blood to the distal, palmar, and 
lateral forearm skin (an area approximately 16 × 8 cm). 
The flap territory is supplied through a branch of the radial 
artery arising about 7 cm from the radial styloid (Fig. 65.27). 
The radial forearm flap, which is innervated by branches 
of the musculocutaneous nerve, is thin and can be used 
as an osteocutaneous flap with a portion of the radius, a 

fasciocutaneous flap on the pedicle, or a free tissue transfer. 
As a pedicle flap, it can be mobilized to cover many parts of 
the hand (Fig. 65.28). Some surgeons find the donor defect 
and the sacrifice of the radial artery objectionable. If the flap 
is used as a fascial flap, the skin can be closed with mini-
mal scarring and the flap can be covered with a skin graft. A 
preoperative Allen test is required to assess the adequacy of 
ulnar arterial flow. If the status of the ulnar artery cannot be 
determined, arteriography should give a definitive picture 
of hand circulation. The general technique by Foucher et al. 
is described; however, every detail of dissection and applica-
tion is not provided, so a review of the vascular and neural 
anatomy is recommended (Fig. 65.29). 

 

APPLYING A RADIAL FOREARM GRAFT

 TECHNIQUE 65.4 

(FOUCHER ET AL.)
 n  After preparation of the wound to be covered, if it is suit-

able to receive the flap, proceed with flap design.
 n  Design a flap centered over the radial artery. The largest 

flaps obtained by Foucher et al. were 16 cm long × 9 cm 
wide.

 n  Expose the radial artery at the proximal and distal borders 
of the flap.

 n  Ligate the radial artery proximal to the flap.
 n  At the proximal border of the flap, identify, dissect, and 

preserve the musculocutaneous nerve.
 FIGURE 65.19 Transposition flap. Dorsal flap to cover thumb 

web space.  (Redrawn from Tubiana R, editor: The hand, vol 2, Phila-
delphia, 1985, Saunders.)
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FIGURE 65.20 Cross finger flap. A, Laterally based pedicle flap has been raised from middle 
finger and has been applied to distal pad of index. B and C, Cross sections of two fingers show how 
cross finger flap has been applied and how raw surfaces of donor finger and of bridge between 
two fingers have been covered with split-thickness skin graft (see text).
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 n  Incise the anterior (medial) border, extending beyond the 
forearm midline if needed.

 n  Progressively raise the medial two thirds of the flap (me-
dial to the radial artery), leaving the perimysium intact. 
Ensure that the radial artery and veins are taken as a single 
block from the radial groove.

 n  On reaching the distal end of the pedicle, dissect the lat-
eral border of the flap laterally and medially.

 n  Leave the cephalic vein and the superficial radial nerve 
intact.

 n  Dissect from proximal to distal to mobilize the flap; avoid 
damage to the venae comitantes. If necessary, lengthen 
the pedicle by dissecting to the angle between the first 
and second metacarpals.

 n  Delicately dissect the vessels from the abductor polli-
cis longus, extensor pollicis brevis, and extensor pollicis 

 

A

C D

B

FIGURE 65.21 A and B, Volar angulated fingertip injury with loss of pulp pad and bone exposed 
treated with cross finger flap from dorsum of adjacent finger. C and D, Results.  (From Netscher D, 
Murphy K, Fiore N: Hand surgery. In Townsend CM, Beauchamp RD, Evers BM, Mattox KL, editors: Sabiston 
textbook of surgery, ed 19. Philadelphia, 2012, Elsevier.)

 

A B
FIGURE 65.22 “Flag flap.” A, Skin can be moved over distance to palmar surface or to neigh-

boring digit. B, “Flag staff” contains pedicle consisting of dorsal vein, dorsal branch of digital 
artery, and dorsal branch of digital nerve.
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longus, opening the retinacular sheaths to allow pas-
sage of the flap beneath the tendons.

 n  Obtain hemostasis with bipolar electrocoagulation of 
the numerous small vessels. On completion, a pedicle of 
about 8 cm is obtained, which allows rotation to many 
parts of the hand.

 n  Proceed with other requirements of the specific injury.

POSTOPERATIVE CARE Flap circulation should be mon-
itored for at least 24 h. If flap viability is uncertain, the flap 
should be monitored until it is safe to allow the patient to 
return home. Sutures that appear too tight are removed. 
Causes of vasospasm (smoking, cold drinks, an exces-
sively cold environment, and emotional upsets) should be 
avoided. Skin sutures are removed in 10 to 14 days, and 
rehabilitation appropriate for the specific injury is begun.
  

POSTERIOR INTEROSSEOUS FLAP
The posterior interosseous artery, usually a branch of 
the common interosseous artery, supplies a skin flap ter-
ritory on the dorsal surface of the forearm. In the distal 
forearm, the posterior interosseous artery joins the ante-
rior interosseous artery at the distal part of the interosse-
ous space. Over its course, the posterior artery gives four 
to six cutaneous branches, passing through the septum 
between the extensor digiti minimi and extensor carpi 
ulnaris muscles, supplying an area of skin in about the 
middle third of the dorsum of the forearm (Fig. 65.30). 
Flap islands 1.5 × 4 cm to 9 × 11 cm were obtained by 
Büchler and Frey. Using the “retrograde” flap, an arc of 

rotation up to 19 cm centered over the distal radioulnar 
joint allowed coverage of sites as far distal as the dorsum 
of the proximal interphalangeal joint. Anatomic variation 
may preclude development of the flap as planned. If ana-
tomic variation interferes with the pedicle, three options 
have been suggested to improve reliability of the flap: (1) 
performing additional venous anastomosis if venous con-
gestion is encountered after insetting the flap, (2) chang-
ing the flap to a free flap if anatomic variation prevents 
the elevation of a distally based flap owing to compromise 
of the nerve branches, and (3) raising the flap with a wide 
base, incorporating branches of the anterior and posterior 
interosseous arteries in patients with possible peripheral 
vascular disease. Preoperative evaluation should include 
consideration of injury at the wrist, location of the defect 
on the distal finger, the need for sensation, the presence of 
peripheral arterial disease, and the presence of injury on 
the volar forearm with damage to the anterior interosseous 
artery. The technique of Zancolli and Angrigiani, with rec-
ommendations by Chen et al., is described next. Because 
every detail of dissection and application is not provided, 
review of the vascular anatomy with an alternative plan in 
mind is recommended. 

 

Distal limit
of dissection

1 cm

FIGURE 65.23 Dorsoulnar flap harvested from inner side of 
thumb metacarpophalangeal area reaches distal area of thumb.  
(Redrawn from Brunelli F, Vigasio A, Valenti P: Arterial anatomy and 
clinical application of the dorsoulnar flap of the thumb, J Hand Surg 
24A:803–811, 1999.)
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FIGURE 65.24 Dorsal arterial supply to thumb showing ulnar 
dorsal collateral artery (1) and its anastomosis with ulnar palmar 
digital artery at neck of first phalanx (2) and with arcade at proximal 
nail fold (3). Topographic position of essential structures: distance 
between dorsal arcade of proximal nail fold and cuticle of nail is 0.7 
cm, distance between palmar anastomosis and cuticle of nail is 2.3 
cm, distance between median axis of thumb and ulnar dorsal collat-
eral artery (1) at level of neck of first phalanx is 1 cm, and distance 
between median axis of thumb and ulnar dorsal collateral nerve (4) 
at level of head of first metacarpal bone is 1.4 cm.  (Redrawn from 
Brunelli F, Vigasio A, Valenti P: Arterial anatomy and clinical application 
of the dorsoulnar flap of the thumb, J Hand Surg 24A:803–811, 1999.)
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FIGURE 65.26 Details of raising cross finger flap. A, Incision has 
been carried to, but not through, peritenon of extensor expansion; 
note oblique fascial bands. B, Incision has been continued to sever 
oblique fascial bands but avoids damage to volar digital artery and 
nerve. SEE TECHNIQUE 65.3.
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FIGURE 65.25 Technique of applying cross finger flap, using skin from dorsum of two phalanges. 
SEE TECHNIQUE 65.3.

 

APPLYING A POSTERIOR 
INTEROSSEOUS FLAP
In dissecting the posterior interosseous flap, observe the 
following recommendations of Chen et al.: (1) dissect a 
cutaneous vein proximal for venous anastomosis; (2) note 
variations in size, location, and relationship to nerves of the 
posterior interosseous artery; and (3) observe for venous 
congestion after flap inset.

 TECHNIQUE 65.5 

(ZANCOLLI AND ANGRIGIANI; CHEN ET AL.)
 n  After the wound to be covered has been prepared and is 

suitable to receive the flap, proceed with flap design. On 
the dorsal (posterior) surface of the forearm, draw a line 
between the lateral epicondyle and the distal radioulnar 
joint along the course of the posterior interosseous artery 
(Fig. 65.31). Design a flap that is centered on this line and 
preserve the cutaneous branches.

 n  Mark point A 2 cm proximal to the ulnar styloid that rep-
resents the distal anastomosis between the anterior and 
posterior interosseous arteries and the rotation point of 
the flap pedicle. From point A, measure to the most dis-
tal point to be covered on the hand, point B. Transfer 
this length back proximally along the longitudinal line to 
a new point, C. Measure the length of the cutaneous 
defect to be covered, and transfer that length along the 
line X-X1 from the proximal point distally to a new point. 
Distance C-D is the flap length, and distance A-B is the 
length of the vascular pedicle. The width of the flap is 
determined by measuring the width of the defect to be 
covered and transferring that shape along the X-X1 line 
between points C and D.

 n  Begin the skin incision at the distal point of anastomo-
sis between the interosseous arteries. Incise only the skin 
proximally along the radial (lateral) side of the flap; do not 
include the fascia in the flap.

 n  Dissect the flap medially toward line X-X1, observing the 
cutaneous branches, dissecting and protecting them. 
Open the fascia longitudinally over the extensor digiti 
minimi and the extensor carpi ulnaris muscles.

 n  Use gentle blunt dissection between these two muscles 
to expose the posterior interosseous artery with its venae 
comitantes.

 n  Preserve the posterior interosseous nerve.
 n  Electrocauterize the muscular branches of the artery.
 n  Section the posterior interosseous artery proximally near 

its origin near the distal edge of the supinator muscle.
 n  Open the ulnar (medial) side of the flap with a skin inci-

sion along the ulnar border of the flap.
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 n  Gently elevate the flap distally to the distal anastomosis 
with the anterior interosseous artery.

 n  Gently dissect the vascular pedicle as far distally as pos-
sible to gain more length.

 n  Arrange the flap appropriately to cover the recipient 
wound.

 n  Proceed with the other requirements of the specific injury.
 n  If the donor skin defect does not exceed 3 to 4 cm in 

width, close it primarily; otherwise, cover it with skin 
graft.

POSTOPERATIVE CARE Flap circulation should be 
monitored closely for at least 24 hours. If flap viability is 
uncertain, the flap should be monitored until it is safe to 
allow the patient to return home. Sutures that appear to 
be too tight and that may compromise flap circulation are 
removed. Potential causes of vasospasm (smoking, cold 
drinks, excessively cold room, emotional upsets) should be 
avoided. Skin sutures are removed in about 10 days. Reha-
bilitation appropriate for the specific injury is then begun.
  

ABDOMINAL FLAPS
In addition to the flaps previously discussed, the size of the 
defect and the thickness of the flap required may make it 
necessary to use a remote pedicle flap from the abdominal 

region. Traditionally, flaps from the abdomen have been 
used as tubed pedicle flaps or as direct flaps. The tubed 
pedicle technique requires the formation of a bipedicle 
tube and 6 weeks of maturation followed by detachment of 
one end of the tube to be applied to the hand, followed by 
another 3 to 6 weeks before the flap is completely detached 
and “inset” into the defect. The direct abdominal flaps typi-
cally are limited in their length-to-width ratio because of 
the random circulation. It rarely is safe to use such a flap 
with a length-to-width ratio that varies significantly from 
1 : 1. A better understanding of the skin circulation has led 
to the development and use of axial pattern flaps that have a 
defined arteriovenous supply. Axial pattern flaps allow a safe 
length-to-width ratio of at least 3 : 1, the possibility of cov-
ering either the dorsal or palmar surface, and a sufficiently 
long pedicle to allow arm and hand movement. Because 
such flaps usually do not require a delay in detachment of 
one end, they are useful for coverage of acute hand injuries. 
Microvascular surgical coverage options using free flaps are 
discussed in Chapter 63.

RANDOM PATTERN ABDOMINAL PEDICLE 
FLAPS
A random pattern abdominal flap to be applied to the hand 
should have its base either distal, toward the superficial epi-
gastric vessels, usually on the same side as the affected hand, 
or proximal, above the umbilicus toward the thoracoepigas-
tric vessels, usually on the opposite side (Fig. 65.32). The flaps 
above the umbilicus should not be used in a patient with a 
“barrel chest” associated with chronic lung disease. Abdominal 

 FIGURE 65.27 Outline of radial forearm flap centered on radial 
artery.

 FIGURE 65.28 Flap can be used to cover dorsum of hand.
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FIGURE 65.29 A, Schematic representation of cutaneous 
branches of radial artery (1 = anterior recurrent radial artery, 2 = 
cutaneous branch of superficial radial artery, 3 = cutaneous branch 
of deep radial artery, 4 = dorsal branch to the wrist, 5 = palmar 
branch to the wrist, 6 = branch to the scaphoid, 7 = distal radial 
artery). B, Reversed forearm flap showing venae comitantes and 
cephalic vein.
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flaps obtained from areas above the umbilicus usually avoid 
the fat “storage areas.” If the flap is obtained from the infraum-
bilical area, the recipient grafted area usually increases in bulk 
because the infraumbilical area skin adds fat. 

 

APPLYING A RANDOM PATTERN 
ABDOMINAL PEDICLE FLAP

 TECHNIQUE 65.6 

 n  On sterile paper, make a pattern of the defect and out-
line it on the abdomen; outline the flap, making it suf-
ficiently larger than the pattern to allow for normal skin 
contraction and for the pedicle “bridge” between the 
abdomen and the defect. As a rule, the flap should be 
rectangular to avoid a circular outline when the flap is 
attached to the hand. Avoid making the flap too thick. 
If possible, follow the principles of appropriate hand 
incisions (see Chapter 64) to avoid tension lines and 
excessive scarring.

 n  Using sharp dissection, raise the skin flap of the desired 
size and thickness (Figs. 65.33 and 65.34).

 n  Maintain hemostasis and handle the fat carefully to avoid 
necrosis.

 n  To close the donor site defect, widely undermine the skin 
margins and suture them together or apply a split-thick-
ness skin graft, or both.

 n  With a split skin graft, cover the part of the raw, exposed 
undersurface of the flap pedicle that does not cover the 
hand defect. Slightly undermine the edges of the defect 
on the hand and apply the flap over the entire defect. 
Suture the edges of the flap to the edges of the defect 
and suture the free edge of the split graft to the edge of 
the defect nearest to the base of the pedicle, covering all 
raw surfaces.

 n  Place strips of nonadhering gauze (Xeroform or Adap-
tic) over the suture line and a dry dressing on the flap; 
be careful to prevent kinking, tension, and rotation at its 
base.

 n  Using flannel cloth reinforced with plaster or wide adhe-
sive tape, apply a bandage around the trunk and shoulder 
supporting the hand. The flap should be easily accessible 
for inspection through the dressing.

 n  When marked pronation or supination of the forearm is 
necessary to prevent tension on the flap, a heavy trans-
verse Steinmann pin through the radius and ulna just 
proximal to the wrist is helpful in maintaining this posi-
tion.

POSTOPERATIVE CARE The flap should be inspected 
almost hourly during the first 48 hours for circulatory 
compromise produced by tension or torsion or for the de-
velopment of a hematoma. Sutures that appear to be too 
tight should be removed because the pressure they apply 
on the flap may be sufficient to produce ischemia.
  

If an area becomes necrotic, it should be excised and 
covered with a split skin graft. Gross infection from necro-
sis or hematoma usually results in failure. The area should be 
redressed frequently to avoid offensive odor and reduce the 
chance of infection. Usually the flap can be detached safely 
after 3 weeks. In children, the flap usually can be detached 
after 2 weeks.
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FIGURE 65.30 A, Anatomy of interosseous arteries. Common interosseous artery (1) divides into 

anterior interosseous artery (2), running volar to interosseous membrane, and posterior interosseous 
artery (3). Distally, anterior interosseous artery approaches posterior compartment of forearm (2) 
and gives branches to dorsal aspect of wrist and forearm that anastomose with cutaneous branches 
of posterior interosseous artery (4). Area of skin on dorsal aspect of forearm irrigated by posterior 
interosseous artery (5). B, Transverse section at middle third of forearm where posterior interos-
seous artery runs immediately beneath superficial fascia of dorsal aspect of forearm. 1, Anterior 
interosseous artery; 2, extensor carpi ulnaris muscle; 3, extensor digiti minimi muscle; 4, posterior 
interosseous artery between muscles 2 and 3, with some branches perforating superficial fascia to 
reach skin; 5, posterior interosseous nerve. R, Radius; U, ulna.
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FIGURE 65.31 Technique to correct contracture of first web 
space. Four points (A,B,C, and D) marked on skin. Width of flap 
depends on defect in first web space. Different shapes (2 and 3) can 
be used (see text). (Redrawn from Zancolli EA, Angrigiani C: Posterior 
interosseous island forearm flap, J Hand Surg 13B:130–135, 1988.)
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AXIAL PATTERN FLAPS
Of the three axial pattern pedicle flaps that have been used 
often for hand coverage (deltopectoral, groin, and hypo-
gastric), the groin and hypogastric flaps have been found 
to be the most useful. Other axial pattern flaps that have 
been transferred as vascularized free flaps are discussed in 
Chapter 63. 

 

GROIN PEDICLE FLAP
Before the 1973 description by Daniel and Taylor of its 
successful use as a free flap, the iliofemoral (groin) flap, 
popularized by McGregor, was widely used in reparative 
and reconstructive surgery of the upper extremity. Advan-
tages of the groin flap include (1) its location in an area 
sparse in hair, (2) minimal donor site morbidity, (3) multiple 
arteriovenous supply, (4) potential for incorporating bone 
with the overlying skin flap even when used as a pedicle 
flap, and (5) potentially large size. Disadvantages include 
(1) problems with color matching, (2) possibility of damage 
to vessels from previous inguinal surgery, and (3) thickness 
of the flap in obese patients.

The groin pedicle flap usually receives its arterial sup-
ply from the superficial circumflex iliac branch of the 
femoral artery. Its venous drainage is through the super-
ficial inferior epigastric and superficial circumflex iliac 
veins. For a discussion of variations in the vasculature, 
especially as they pertain to the use of a free flap, see 
Chapter 63.

 TECHNIQUE 65.7 

 n  Position the patient supine or turned slightly away from 
the affected side with sandbags or bolsters beneath the 
scapula and pelvis on the side of the flap to allow free 
access to the flank if a large flap is required.

 n  To help determine the central axis of the flap, identify and 
locate the course of the superficial circumflex iliac artery 
using a Doppler probe, usually about 2.5 cm distal and 
parallel to the inguinal ligament.

 n  After skin preparation and draping, use a suitable mate-
rial, such as sterile paper or plastic sheeting, to outline 

 FIGURE 65.32 Example of abdominal flaps (see text for details 
regarding length and width of flaps). Lower abdominal flap may 
be made narrower in relation to its length if it contains superficial 
circumflex iliac artery and vein (lower right) or superficial epigastric 
artery and vein.
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FIGURE 65.33 Dissection of skin and subcutaneous fat. A, 
Epidermis; B, dermis; C, subdermal plexus of vessels; D, superficial 
fascia; E, arteries perforating muscularis and deep fascia to join 
subdermal plexus of vessels.  (From Kelleher JC, Sullivan JG, Baibak GJ, 
et al: Use of a tailored abdominal pedicle flap for surgical reconstruction 
of the hand, J Bone Joint Surg 52A:1552–1562, 1970.) SEE TECHNIQUE 
65.6.
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FIGURE 65.34 Cross-section of abdominal pedicle flap being 
raised. A, Epidermis and dermis; B, superficial fascia of abdomen; 
C, deep fascia of abdomen; D, muscularis. Dotted line indicates 
extent of defatting of portion of pedicle to be applied to hand. Base 
or stem should retain sufficient fat to retain its shape to prevent 
kinking.  (From Kelleher JC, Sullivan JG, Baibak GJ, et al: Use of a tailored 
abdominal pedicle flap for surgical reconstruction of the hand, J Bone 
Joint Surg 52A:1552–1562, 1970.) SEE TECHNIQUE 65.6.
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the recipient defect with allowances for skin contraction. 
Place the pattern in the inguinal region, parallel with the 
inguinal ligament, along the course of the superficial cir-
cumflex iliac artery (Fig. 65.35).

 n  Although unusual, a groin flap 20 × 30 cm has been ele-
vated in some situations. The usual dimensions fall within 
a width of about 10 cm and a length extending about 
5 cm posterolateral to the anterior superior iliac spine. 
Landmarks to remember and refer to include the (1) pubic 
tubercle, (2) anterior superior iliac spine, (3) inguinal liga-
ment, and (4) pulsation of the femoral artery.

 n  Incise the skin along the outline of the pattern, tapering 
the margins of the flap to a narrower pedicle of skin over-
lying the vessels that lie about 2.5 cm distal to the inguinal 
ligament near the medial border of the sartorius.

 n  Incise the skin and subcutaneous tissue down to the deep 
fascia and continue to elevate the flap in this plane.

 n  While dissecting along the superior margin of the flap, 
identify, ligate, or cauterize and divide the superficial epi-
gastric vessels to ensure that the superficial circumflex 
iliac vessels are kept within the flap.

 n  Approach the lateral border of the sartorius with care be-
cause these vessels penetrate the sartorius fascia near this 
point.

 n  At the lateral margin of the sartorius, incise the fascia and 
carefully elevate it to the medial border.

 n  At the medial border of the sartorius, the superficial cir-
cumflex iliac artery usually has a deep branch. Dissection 
of the flap medial to the medial border of the sartorius 
requires division of this branch and might place the trunk 
of the artery at risk. Usually a sufficient skin flap can be 
elevated without extending the dissection medial to the 
sartorius.

 n  Dissect and handle the flap gently, maintaining hemosta-
sis throughout the procedure.

 n  When elevation of the flap is complete, determine the 
best hand and forearm position for attachment of the 
flap. Determine also the amount of the flap required to 
cover the hand defect and manage the intervening ped-
icle bridge of skin by forming a tube in the pedicle or by 
applying a split skin graft to the raw, exposed area on the 

pedicle. If forming a tube causes excessive pressure on the 
pedicle vessels, a split skin graft provides safer coverage 
of this exposed tissue.

 n  While preparing the recipient area on the hand or forearm, 
cover the raw deep surface of the flap with moist gauze to 
prevent drying. Usually, groin flaps have a pale appearance 
after elevation. If there is any doubt regarding the axial arteri-
al integrity after flap elevation, it may be necessary to replace 
the flap in its donor area, allowing a delay of 10 to 14 days.

 n  After the recipient area has been prepared, elevate the 
skin at the margin of the defect to allow easier insetting 
of the flap.

 n  After elevation of small to medium-sized flaps, close the 
donor site by mobilizing the skin margins, flexing the hip, 
and closing the subcutaneous and skin layers.

 n  Close the donor site before attaching the flap to the hand 
defect.

 n  Securely attach the flap skin to the skin margins of the 
recipient hand defect with a nonstrangulating suture 
technique.

 n  Apply a nonadherent gauze (e.g., Adaptic, Xeroform) to 
the suture lines and pad the axilla with absorbent padding 
to avoid maceration of the axillary skin.

 n  With the help of assistants, elevate the patient’s torso 
using a board or similar device to support the back while 
the shoulder, arm, and forearm are included in a circum-
ferential flannel wrapping, incorporating the torso and 
affected extremity.

 n  Secure the cloth wrap by wrapping over it with adhesive tape.
 n  Create a small window in the bandage to allow inspection 

of the flap. Take care at all times while moving or assisting 
the patient not to pull the arm away from the body.

POSTOPERATIVE CARE The flap is protected by avoid-
ing pulling on the affected arm. The flap is inspected and its 
circulatory status is evaluated hourly for the first 48 hours. 
If excessive tension, pedicle torsion, or hematoma becomes 
evident, the limb is repositioned, the bandage is changed, 
or sutures are removed to relieve ischemia. Any necrotic 
areas are promptly excised, and hematomas are evacu-
ated. Bandages are changed, and the wound is cleaned 

 

Superficial
circumflex

iliac vessels
Superficial
epigastric
vessels

FIGURE 65.35 Groin pedicle flap. SEE TECHNIQUE 65.7.
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frequently to decrease any unpleasant odor. Usually the 
flap can be detached at 3 to 4 weeks. If there is any doubt 
concerning the axial artery or vascularity of the flap, or if 
the pedicle bridge is to be used to cover the defect, the 
remainder of the flap is not detached for another 1 to 2 
weeks. This helps minimize the risk of necrosis of portions 
of the flap.
   

 

HYPOGASTRIC (SUPERFICIAL 
EPIGASTRIC) FLAP
Since its initial description by Shaw and Payne, wide appli-
cation has been found for the hypogastric flap, and it has 
proven extremely useful for coverage of the hand and 
forearm. Its arteriovenous pedicle consists of the superfi-
cial epigastric artery and vein (Fig. 65.36). The axis of the 
flap usually is oriented in a superolateral direction, with the 
base near the inguinal ligament centered at about the mid-
point of the ligament. Flaps measuring 18 cm long × 7 cm 
wide have been used. Its advantages and disadvantages are 
similar to those described for the groin pedicle flap (see 
earlier). Usually a bone graft cannot be incorporated into 
the skin flap. During preoperative planning, it is important 
to examine the abdomen on the affected side for the pres-
ence of previous surgical or traumatic scars that might have 
damaged the arterial supply.

 TECHNIQUE 65.8 

 n  Position the patient and elevate the affected side with a 
sandbag as needed. After skin preparation and draping, 
use a suitable material, such as sterile paper, to outline the 
recipient defect, making allowances for skin contraction.

 n  Place the pattern over the distribution of the superficial 
epigastric artery, arranging the base of the flap along the 
inguinal ligament. Arrange the axis of the flap so that it 
extends superiorly and slightly laterally from the ingui-

nal ligament and is centered at about the midpoint of 
the ligament. Avoid exceeding a length-to-width ratio of 
more than 3 : 1.

 n  Make the skin incisions along the skin markings of the 
pattern outline, with two parallel incisions extending su-
periorly and tapering toward the superiormost extreme 
of the flap. The distal extent of the dissection should not 
extend inferior to the inguinal ligament.

 n  Extend the skin incision through the subcutaneous tissue 
so that the plane of dissection is at the level of the Scarpa 
fascia.

 n  Elevate the flap inferiorly to the level of the inguinal 
ligament and cover the deep subcutaneous tissues with 
moistened gauze.

 n  Prepare the recipient site on the hand and mobilize and 
elevate the skin at the margins of the defect on the hand 
to allow ease of attachment of the flap to the hand.

 n  Close or skin graft the donor site before attaching the flap 
to the hand defect.

 n  After the elevation of small to medium-sized flaps, the 
donor site usually can be closed by mobilizing the skin 
margins and closing the subcutaneous and skin layers.

 n  Attach the flap skin to the skin margins of the recipient 
hand defect with a nonstrangulating suture technique.

 n  Apply a nonadherent gauze (e.g., Adaptic, Xeroform) to 
the suture lines.

 n  With the help of an assistant, lift the patient’s torso and 
support it with a board or similar device while the shoul-
der, arm, and forearm are incorporated in a circumferen-
tial flannel wrap around the torso and affected extremity.

 n  Wrap over the cloth wrap with wide adhesive tape to 
secure the dressing.

 n  Arrange the bandage so that the flap can be inspected.
 n  Take care while moving the patient so that the flap is not 

disrupted by pulling on the arm.

POSTOPERATIVE CARE Postoperative care is similar to 
that for the groin pedicle flap procedure. Pulling on the 
affected arm or shoulder should be avoided to prevent 
disruption of the suture line. The flap should be inspected 

 FIGURE 65.36 Hypogastric (superficial epigastric) flap. SEE TECHNIQUE 65.8.
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hourly for the first 48 hours to evaluate its appearance and 
circulatory status. If there are any signs of excessive ten-
sion, pedicle kinking, or hematoma formation, the limb 
should be repositioned, the bandage changed, sutures 
removed, and other necessary corrections made to avoid 
or correct ischemic changes. Necrotic tissue is excised 
promptly, and hematomas are evacuated. The wound is 
cleaned and the bandage is changed frequently to mini-
mize drainage and odor. The flap can be detached safely 
at 3 to 4 weeks. If the vascular status of the flap is doubt-
ful, or if the pedicle bridge is required to cover more of 
the hand defect, the axial artery is divided, or the pedicle 
is partially divided, and the remainder of the flap is inset 
into the defect 1 to 2 weeks later.
  

FILLETED GRAFTS
A filleted graft is a flap of tissue fashioned from a nearby part, usu-
ally a finger, from which the bone has been removed but in which 
one or more neurovascular bundles have been retained. In the 
hand, such a graft is indicated only when deep tissues, such as ten-
dons, nerves, and joints, are exposed and when a nearby damaged 
finger is to be sacrificed because it is not salvageable. A filleted 
graft is never used at the expense of a salvageable, useful part.

A filleted graft is especially convenient when other 
injuries more proximal in the same extremity would inter-
fere with positioning the hand to receive a flap from a dis-
tant part. The advantages of this graft are that (1) it can be 
applied in a one-stage procedure at the time of injury and is 
obtained from within the same surgical field as the injured 
part; (2) its survival is almost ensured because one or more 
of its neurovascular bundles are preserved; (3) its skin is 
similar to that which is to be replaced; (4) it is not attached 
to a distant part, and consequently after surgery the hand 
can be splinted in the position of function and elevated; and 
(5) it provides an adequate thumb web when the index fin-
ger is the donor. 

 

APPLYING A FILLETED GRAFT

 TECHNIQUE 65.9 

 n  Because the main vessels course anterolaterally through 
the digit, it is easier to fashion a flap with its base anterior 
and cover a defect on the dorsum of the hand than vice 
versa (see Fig. 65.5).

 n  Make a midline dorsal incision along the full length of 
the finger and skirt it around the nail distally. Deepen the 
dissection to the extensor tendon.

 n  Remove this tendon, the underlying bone, and the flexor 
tendons and their sheath, but preserve the fat in which 
the neurovascular bundles are located; take care to avoid 
damaging these bundles.

 n  Spread the flap created and place it on the donor area. If 
it is too wide, trim its edges, or if it is too long, excise its 
end; in the latter instance, ligate the digital vessels and 
resect the digital nerves far enough proximally to prevent 
their being caught in the scar.

 n  Suture the flap in place so that it lies flat; avoid strangu-
lating its base, and trim only slightly any “dog ears” that 
may be produced at the margins of the base to preserve 
the blood supply of the flap.

POSTOPERATIVE CARE Flap circulation should be mon-
itored closely for at least 24 h. If flap viability is uncertain, 
the flap should be monitored until it is safe for the patient 
to return home. The hand should be elevated to avoid 
excessive edema. Potential causes of vasospasm (smok-
ing, cold drinks, excessively cold room, emotional upsets) 
should be avoided. Skin sutures are removed in 10 to 14 
days. When flap healing is progressing satisfactorily, re-
habilitation appropriate for the specific injury is begun.
   

SKIN COVERAGE
GRANULATING AREAS
A granulating area on the hand rarely should be left to heal with a 
scar. If a hand has not been covered completely with skin during 
the treatment of an acute injury, a split-thickness graft should be 
applied as soon as the surface is clean enough to support it. Even 
if the entire granulating surface is not clean, any portion that 
is clean enough should be covered. Exposed tendons, joints, or 
cortical bone should be covered with flap grafts (see previously). 

SCARS
A scar is a poor substitute for skin; it is nonelastic, and its 
sensation is abnormal. The absence of elasticity restricts the 
motion of otherwise unobstructed underlying joints and 
interferes with the nutrition of adjacent parts. Often the scar 
adheres to joints, tendons, and ligaments, further limiting 
motion. A scar contracts during healing and does not stretch 
later. Attempts to stretch a scar may be beneficial only in that 
normal surrounding skin is stretched. When a linear scar is 
left spanning a joint, the intermittent stretching from active 
motion causes it to hypertrophy. Forced passive stretch-
ing causes any scar to rupture and fissure, only to heal and 
become thicker. A scar not only lacks normal sensation but 
also may become painful when it adheres to nerve endings.

Scars cannot be entirely eliminated because the process of 
healing depends on the production of scar tissue. A scar can be 
replaced partially, however, by tissue of better quality, and the 
direction or location of its lines can be changed so that they 
interfere less with function. A scar can be treated surgically 
(1) to eliminate deformity, (2) to restore joint motion, (3) to 
provide better skin coverage for vulnerable parts or to permit 
operation on deeper structures such as tendons or nerves, (4) 
to relieve pain, and (5) occasionally to improve the appearance 
of the hand. Sometimes the excision of normal skin is neces-
sary in moving the lines of the scar to a more desirable location.

If possible, a scar should not be replaced until it has 
matured, usually after a minimum of 3 months. It should be 
treated earlier, however, when it severely limits joint motion. 
When a metacarpophalangeal joint is held in extension or a 
proximal interphalangeal joint is held in flexion, a severe sec-
ondary contracture develops in the joint unless the offending 
scar is treated as soon as possible without awaiting its matura-
tion. For the purposes of treatment, scars may be classified as 
linear scars and area scars; either type may be volar or dorsal 
and may or may not involve the deep structures.
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METHODS OF CORRECTING LINEAR SCARS
Disabling linear scars usually result from surgical incisions 
or traumatic lacerations that cross flexor creases. When such 
a scar on a finger is narrow and is surrounded by normal tis-
sue (Fig. 65.37), it can be released by a Z-plasty (see Chapter 
64), but a scar more than 2 mm wide on the volar surface is 
difficult to correct in this way because the skin here is less 
mobile than that on the dorsal surface. In some instances, 
the scar must be replaced by a full-thickness free graft (see 
Technique 65.2), a cross finger flap (see Technique 65.3), or 
a local flap (see Fig. 65.8). On the palm, a linear scar may 
represent loss of skin substance, and, in this instance, a free, 
split-thickness graft or a full-thickness graft is indicated; cor-
recting a scar contracture here by Z-plasty is difficult. On the 
dorsum of the hand, most disabling linear scars may be cor-
rected by Z-plasty. 

METHODS OF CORRECTING AREA SCARS
An area scar represents an initial skin loss greater than the 
area of the final scar because it has contracted during heal-
ing; it always must be replaced by a graft that is larger than 
the scar (see Fig. 65.38). Because the skin for any graft should 
be as similar to the lost skin as possible, a local flap (see Fig. 
65.8) or cross finger flap (see Technique 65.3) is preferable 

only if a small area is lost. If the area is large, if bare bone or 
tendon is left after excision of the scar, or if a reconstructive 
procedure is planned, a distant (“remote”) flap, or vascular-
ized free flap, containing skin and subcutaneous fat is neces-
sary. Deeper parts of the scar may be excised when the flap 
is applied, but tendons or nerves must not be repaired until 
later. The tendons or nerves are exposed through an incision 
along the edge of the flap and not through it.

An area scar on the dorsum of the hand involving only 
the skin can be replaced by a medium or thick split graft 
of carefully planned size. The normal adult hand has about 
5 cm of extra skin longitudinally on the dorsum to allow 
flexion of the wrist and fingers and about 2.5 cm of extra 
skin transversely to allow development of the metacar-
pal arch when making a fist. A graft here must allow for 
some of this extra skin and for previous shrinkage of the 
scar and later shrinkage of the graft and must be placed 
while the hand is in the position of function; otherwise, it 
would be much too tight. Burm et al. found that the great-
est amount of skin could be grafted to the dorsum of the 
hand with the hand in the “fist” position and that the ana-
tomic position allowed for more skin than the “safe” posi-
tion. In most clinical situations, however, interphalangeal 
flexion contracture is possible if the fingers are held flexed 
too long.

For an area scar on the palm, similar skin cannot be used 
because it is found only on the sole of the foot (palmar skin 
withstands friction and shock and is more sensitive than dor-
sal skin). If the scar is superficial, a split-thickness graft can 
be used (see Chapter 63). If deep vulnerable structures are 
involved, a full-thickness graft is preferable (see Chapter 63), 
although it is harder to handle, is less likely to survive, and 
must be limited in size by the fact that it leaves a defect in the 
donor area that must be closed by suture after its edges are 
undermined.

For an insensitive large area scar on the radial side of 
an otherwise normal index finger or on the area of pinch of 
the thumb, a neurovascular island graft may be indicated 
(see Chapter 63). When a graft is applied to the hand, the 
rules that guide the location and direction of hand inci-
sions (see Chapter 64) must be followed carefully because 
the graft heals to the normal skin with a linear scar (Fig. 
65.39).

 

A B
FIGURE 65.37 Flexion contractures caused by linear scars (A) 

can be released by Z-plasties (B).

 

A B
FIGURE 65.38 Area scar (A) has been replaced by full-thickness 

skin graft (B) that is larger than scar.

 

A B
FIGURE 65.39 Area scar on palm (A) has been replaced by graft 

(B) with margins that follow rules that guide location and direction 
of hand incisions.
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FLEXOR AND EXTENSOR TENDON INJURIES
David L. Cannon

CHAPTER 66

FLEXOR TENDONS
A basic knowledge of the anatomy of the flexor tendons, 
especially in the forearm, wrist, and hand, is assumed, as is 
an understanding of the essential biomechanical aspects of 
flexor digitorum profundus and sublimis function in the fin-
gers. Tendon nutrition is believed to derive from two basic 
sources: (1) the synovial fluid produced within the tenosy-
novial sheath and (2) the blood supply provided through 
longitudinal vessels in the paratenon, intraosseous vessels at 
the tendon insertion, and vincular circulation (Fig. 66.1). An 
ischemic area is present in the flexor digitorum superficialis 
beneath the A2 pulley at the proximal phalanx. Two zones 
of ischemia are present in the flexor digitorum profundus—
beneath the A2 pulley and beneath the A4 pulley. Tendon 
healing is believed to occur through the activity of extrinsic 
and intrinsic mechanisms, occurring in three phases: inflam-
matory (48 to 72 hours), fibroblastic (5 days to 4 weeks), and 
remodeling (4 weeks to about 3.5 months). The extrinsic 
mechanism occurs through the activity of peripheral fibro-
blasts and seems to be the dominant mechanism contribut-
ing to the formation of scar and adhesions. Intrinsic healing 
seems to occur through the activity of the fibroblasts derived 
from the tendon.

Although tendon adhesions occur and are associated 
with tendon injury and healing, they are not believed to be 

essential to the tendon repair process itself. Experimentally, 
it has been shown that tendon injury alone is insufficient to 
produce adhesions, whereas tendon injury with injury to the 
synovial sheath combined with immobilization leads to exten-
sive adhesions. Techniques to prevent adhesion formation 
include the use of physical barriers and chemical agents. None 
has proved reliable in the clinical setting. Cytokine manipula-
tion, gene therapy, and mesenchymal stem cell therapies are 
other areas of promising research into methods of controlling 
the for mation of adhesions. Experiments suggest that cyclic 
tension applied to healing tendons stimulates the intrinsic 
healing response more than does the lack of tension. Findings 
such as these have led to the development of postoperative 
mobilization techniques to diminish the formation of adhe-
sions and enhance the end result. To provide tendon repairs of 
sufficient strength to permit passive and active motion reha-
bilitation, researchers have produced a considerable amount 
of information regarding suture material, size, and core and 
peripheral suturing techniques, described subsequently in 
this chapter.

EXAMINATION
Evaluation of a patient with an injured hand involves the usual 
assessments of the patient’s general condition and the pos-
sibility of other injuries, including the use of radiographs to 
exclude fractures. Careful examination of the neurovascular 

FLEXOR TENDONS 3442
Examination 3442
Basic tendon techniques 3444

Suture material 3444
Suture configurations 3445

Timing of flexor tendon repair 3454
Partial flexor tendon lacerations 3454

Primary flexor tendon repair 3455
Zone I 3455
Zone II 3456
Zone III 3457
Zone IV 3457
Zone V 3457
Delayed repair of acute injuries 3458
Primary suture of flexor tendons 3458

Flexor tendon injuries in children 3463
Flexor tendon ruptures 3464

Treatment 3464
Postrepair rupture 3465

Repair of flexor tendon of thumb 3465
Zone I 3466
Zone II 3466
Zone III 3466
Zone IV 3467
Zone V 3467

Secondary repair and reconstruction  
of flexor tendons 3467
Flexor tendons of fingers 3467
Donor tendons for grafting 3470
Complications 3472
Reconstruction of flexor tendon 

pulleys 3473
Reconstruction of finger flexors  

by two-stage tendon graft 3474
Long flexor of thumb 3478
Flexor tenolysis after repair and 

grafting 3479
Adherence of tendons 3480

EXTENSOR TENDONS 3481
Anatomy 3481
Examination 3482
Extensor tendon repair 3482

Zone I 3482
Zone II 3487
Zone III 3487
Zone IV 3490
Zone V 3490
Zone VI 3492
Zone VII 3492
Zone VIII 3492
Zone IX 3492

Secondary repair of extensor  
tendons 3493

Extensors of the thumb 3493
Zones TI and TII 3493
Zones TIII and TIV 3493
Zone TV 3493

   

3442
 

https://booksmedicos.org


CHAPTER 66  FLEXOR AND EXTENSOR TENDON INJURIES 3443

status of the hand precedes the evaluation of tendon function. 
Even when gross deformity is absent, the posture of the hand 
often provides clues as to which flexor tendons are severed 

(Fig. 66.2). Traditionally, the “finger points the way” toward 
the injured structures. Errors are always possible when exam-
ining for flexor tendon injuries. Movements of the injured 
hand by the patient or the examiner can cause sufficient pain 
to limit motion and cause confusion. This is seen also when 
examining the hand after nerve injuries.

When both flexor tendons of a finger are severed, the fin-
ger lies in an unnatural position of hyperextension, especially 
compared with uninjured fingers. Flexor tendon injuries 
can be tentatively confirmed by several passive maneuvers. 
Passive extension of the wrist does not produce the normal 
“tenodesis” flexion of the fingers. If the wrist is flexed, even 
greater unopposed extension of the affected finger is pro-
duced. Gentle compression of the forearm muscle mass at 
times shows concomitant flexion of the joints of the unin-
volved fingers, whereas the injured finger does not show this 
flexion, indicating separation of the tendon ends. Gently 
pressing the fingertip of each digit reveals loss of normal ten-
sion in the injured finger.

Tendon function is evaluated with voluntary active 
movements of the finger, usually directed by the exam-
iner. This examination is unreliable and probably worth-
less, however, when evaluating an excited, uncooperative 
child or an anxious, uncooperative, or intoxicated adult. 
Demonstrating the maneuvers requested using the exam-
iner’s hand or the patient’s uninjured hand before evaluat-
ing the injured hand can be helpful. If the wound is distal to 
the wrist, the injured finger should be stabilized to obtain 
specific joint movements. With the proximal interphalan-
geal joint stabilized, the flexor digitorum profundus is pre-
sumed severed if the distal interphalangeal joint cannot be 
actively flexed (Fig. 66.3). If neither the proximal nor the 
distal interphalangeal joint can be actively flexed with the 
metacarpophalangeal joint stabilized, both flexor tendons 
probably are severed.

 

VBP

DIPJ

A5

C3

A4

PIPJ

C2

A3
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VBS

VLS

FDP

FDS

MPJ

A1

A2

Distal
transverse

digital artery

Intermediate
transverse

digital artery

Proximal
transverse
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Branch to
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Common
digital
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FIGURE 66.1 Vascular supply to flexor tendons is by four 
transverse communicating branches of digital arteries. DIPJ, Distal 
interphalangeal joint; FDP, flexor digitorum profundus; FDS, flexor 
digitorum sublimis; MPJ, metacarpophalangeal joint; PIPJ, prox-
imal interphalangeal joint; VBP, vinculum breve profundus; VBS, 
vinculum breve superficialis; VLP, vinculum longum profundus; VLS, 
vinculum longum superficialis.

 

A B

FIGURE 66.2 A, If long finger remains extended when hand is at rest, flexor tendons have 
been severed. B, This finger becomes normally flexed after profundus tendon or profundus tendon 
and sublimis tendons have been repaired.

    

https://booksmedicos.org


PART XVIII THE HAND3444

The method used to show the transection of a flexor digi-
torum superficialis tendon with an intact flexor profundus 
tendon involves maintaining the adjacent fingers in complete 
extension, anchoring the profundus tendon in the extended 
position, and removing its influence from the proximal inter-
phalangeal joint. When a flexor superficialis tendon has 
been severed, and the two adjacent fingers are held in maxi-
mal extension, flexion of the interphalangeal joint usually is 
impossible (Fig. 66.4). The exception to this evaluation is the 
result of the independent function of the index finger flexor 
digitorum profundus; a technique advocated by Lister is 
helpful in evaluating an isolated injury to this tendon. In this 
examination, the patient is requested to pinch and pull a sheet 
of paper with each hand, using the index fingers and thumbs. 
In the intact finger, this function is accomplished by the flexor 
superficialis with the flexor digitorum profundus relaxed, 
allowing hyperextension of the distal interphalangeal joint 
so that maximal pulp contact occurs with the paper. If the 
flexor superficialis is injured, the distal interphalangeal joint 
hyperflexes and the proximal interphalangeal joint assume an 
extended position.

In the thumb, to check the integrity of the flexor pollicis 
longus tendon, the metacarpophalangeal joint of the thumb is 
stabilized. If the flexor pollicis longus tendon is divided, flex-
ion at the interphalangeal joint is absent.

If a wound is located at the level of the wrist, the joints of 
a finger can be actively flexed even though the tendons to that 
finger are severed. This is the result of intercommunication of 
the flexor profundus tendons at the wrist, particularly in the 
little and ring fingers.

Sometimes a definitive diagnosis of flexor tendon tran-
section may be impossible. These maneuvers do not detect a 
partially divided tendon. A partially divided tendon usually 
is functional; however, finger motion can be limited by pain, 
and the examination indicates tendon injury without allow-
ing a definite diagnosis of tendon transection. Ultrasound 
and MRI may be helpful but are not always needed. When a 
definite diagnosis of tendon injury cannot be made, surgical 
exploration usually is indicated. 

BASIC TENDON TECHNIQUES
The purpose of tendon suture is to approximate the ends of a 
tendon or to fasten one end of a tendon to adjoining tendons 
or to bone and to hold this position during healing. When 
tendons are being sutured, handling should be gentle and 
delicate, causing as little reaction and scarring as possible. 
Pinching and grasping of the uninjured surfaces should be 
avoided because this can contribute to the formation of adhe-
sions. Strickland stressed six characteristics of an ideal ten-
don repair: (1) easy placement of sutures in the tendon, (2) 
secure suture knots, (3) smooth juncture of tendon ends, (4) 
minimal gapping at the repair site, (5) minimal interference 
with tendon vascularity, and (6) sufficient strength through-
out healing to permit application of early motion stress to 
the tendon. In general, studies have shown that four, six, and 
eight core sutures with epitendinous repair best accomplish 
the objectives of achieving a predictable clinical outcome of 
near ideal functional restoration.

SUTURE MATERIAL
A variety of satisfactory suture materials are available for 
tendon repair. Although monofilament stainless steel has 
the highest tensile strength, it is difficult to handle, tends to 
pull through the tendon, and makes a large knot. Although 
it can be used satisfactorily in the distal forearm, its disad-
vantages limit its use in the fingers. Most absorbable sutures, 
including catgut and the polyglycolic acid group (Dexon, 
Vicryl), become weak too early after surgery to be effective 
in tendon repair. Synthetic sutures of the caprolactam family 
(Supramid) and nylon maintain their resistance to disrupt-
ing forces longer than polypropylene (Prolene) and polyester 
suture. Polydioxanone (PDS) has been shown to be as strong 
as polypropylene. A comparison of polyglycolide-trimethyl-
ene carbonate (Maxon) and polydioxanone found that the 
polydioxanone repairs maintained better strength over 28 
days. Monofilament nylon permitted earlier gap formation 
and failure of the repair compared with braided polyester. In a 
biomechanical study, braided polyethylene and braided stain-
less steel wire were most suitable mechanically. Braided poly-
ester was intermediate, and monofilament sutures of nylon 

 FIGURE 66.3 If distal interphalangeal joint can be actively 
flexed while proximal interphalangeal joint is stabilized, profundus 
tendon has not been severed.

 FIGURE 66.4 If proximal interphalangeal joint can be actively 
flexed while adjacent fingers are held completely extended, 
sublimis tendon has not been severed (see text).
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and polypropylene were least satisfactory. In clinical situa-
tions, most surgeons find that the braided polyester sutures 
(Ticron, FiberWire, Mersilene) provide sufficient resistance 
to disrupting forces and gap formation, handle easily, and 
have satisfactory knot characteristics; consequently, these 
sutures are widely used.

A 4-0 suture is estimated to be 66% stronger than a 5-0 
suture, and a 3-0 suture 52% stronger than a 4-0 suture. 
Based on cadaver experiments, the use of a 3-0 suture results 
in a twofold to threefold increase in fatigue strength and a 
3-0 suture in a two-strand or four-strand configuration is 
recommended if an early active motion program is used. In 
most situations, a 3-0 suture may be useful to repair ten-
dons in the forearm, palm, and larger digits, whereas a 4-0 
suture may handle better in smaller digits. Epitendinous 
repair usually is done with 5-0 or 6-0 monofilament suture 
(Prolene).

Several newer devices and technologies appear promis-
ing. In a cadaver biomechanical analysis, an intratendinous, 
crimped, single-strand, multifilament stainless steel device 
(Teno Fix; Ortheon Medical, Winter Park, FL) compared 
favorably with four-strand cruciate repairs. A multicenter, 
randomized, and blinded clinical trial compared the stain-
less steel tendon repair device with a control group of four-
strand cruciate suture repairs. The intratendinous device 
group had a lower rupture rate (0 vs. 18% in the controls) 
and compared favorably in other outcome measures, such as 
grip and pinch strength and DASH (disability, arm, shoul-
der, hand) scores. More clinical reports are needed using this 
device, the motion-stable wire suture of Towfigh, and the 
shape memory alloy suture to determine their place in the 
management of flexor tendon injuries. The use of the neo-
dymium: yttrium-aluminum-garnet laser does not seem to 
weld tendons, according to a study in chickens. A knotless 
barbed suture has been described in the literature. One study 
found it to be as strong as a four-strand configuration for epi-
tendinous repair, while one cadaver study found the barbed 
suture technique to be inferior to the conventional 4-0 suture 
with cyclic loading. 

SUTURE CONFIGURATIONS
In the process of seeking the strongest intratendinous suture 
arrangement to allow early passive and active motion, numer-
ous suture configurations at the repair site have been devel-
oped and studied (Fig. 66.5).

An abundance of research has shown that four-strand, 
six-strand, and eight-strand core sutures create stronger 
repairs, reduce the possibility of gap formation, and permit 
greater active forces to be applied to the repaired tendons, 
allowing earlier active motion than the traditional two-
strand core sutures (Fig. 66.6). A global survey of clinical 
practices by Tang et al. confirms the efficacy of multistrand 
(four to eight) 3-0 or 4-0 core sutures with 6-0 epitendi-
nous sutures. A human cadaver comparison of the Kessler, 
modified Kessler, Savage, Lee, augmented Becker, and Tsuge 
core suture methods by Zobitz et al. found no difference in 
maximal failure force or force to produce a 1.5-mm gap. 
Continuing the interest in multiple-strand modifications, 
such as those of Savage (six strands) (Fig. 66.7) and Lee (four 
strands) (Fig. 66.8), the grasp of a “cross-stitch” (Fig. 66.9) of 

6-0 braided polyester was found to be 117% stronger than a 
modified Kessler core suture with a conventional epitendi-
nous repair.

The locked cruciate, the modified double Tsuge, and the 
modified Becker repairs have been shown to provide suf-
ficient strength to support an early active motion rehabili-
tation program. The Tang and cruciate repairs (Fig. 66.10) 
have shown better tensile strength and elastic properties 
compared with the Silfverskiöld, Robertson, and modified 
Kessler repairs.

A cadaver study found that the cruciate four-strand 
suture technique provided stronger resistance to gap forma-
tion and had greater ultimate tensile strength than the Kessler, 
Strickland, or Savage techniques. When Kessler, Strickland, 
and modified Becker techniques were compared, only the 
Becker repair was strong enough to tolerate forces estimated 
for an active motion rehabilitation plan. The Strickland repair 
had less tendency to gap. In a group of canine tendons, the 
Becker repair was associated with greater friction between 
the tendon and sheath than the modified Kessler repair. A 
four-strand adaptation of the Kessler repair was found to be 
significantly stronger than the modified Kessler technique 
(Fig. 66.11). It is a straightforward modification that might 
be done with more ease in areas of the flexor sheath where 
access to the tendon is limited. Such techniques allow satis-
factory purchase on the tendon so that satisfactory tensile 
strength is maintained during the early healing phase. Early 
active motion rehabilitation programs may have a beneficial 
effect on tendon healing and may reduce adhesion formation 
significantly.

Intratendinous crisscross suture techniques (Bunnell, 
Kleinert modification of Bunnell) tend to jeopardize the 
intratendinous circulation (Fig. 66.12). Although placement 
of sutures in the volar half of the tendon has been recom-
mended to avoid injury to the circulation, experimental work 
showed that the mean strength of repairs sutured in the dor-
sal half of the tendon was 58.3% greater than that in the volar 
half. Locking the sutures as they pass through the tendons 
traps bundles of the tendon fibers, preventing the suture from 
pulling out of the tendon and increasing the resistance to gap 
formation. These techniques have been shown to be depend-
able in the fingers. No suture material or technique can be 
relied on to maintain tendon repairs with unlimited active 
movement in the early postoperative period. Most investiga-
tors report that the strength of the tendon repair diminishes 
considerably in the first 10 days. Thereafter, the strength of 
the repair gradually increases, so that by the end of 10 to 12 
weeks considerable active forces can be applied in the reha-
bilitation program.

Continuous epitendinous sutures, placed circumferen-
tially around the repair site, decrease the bulk of the repair 
site, minimizing the risk of triggering. This addition also 
enhances the strength of the core suture repair, supports 50% 
of the load to failure, and resists gap formation. In biome-
chanical tests of human cadaver tendons, the epitenon-first 
technique (Fig. 66.13) was found to be 22% stronger than the 
modified Kessler technique. A comparison of four circum-
ferential techniques without core sutures in sheep tendons 
found that the interlocking horizontal mattress suture had the 
highest load to failure, greatest resistance to gap formation, 
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and highest stiffness and was believed to be best overall 
(Fig. 66.14). Peripheral sutures placed 2 mm from the repair 
site provide a stronger repair than placement of the sutures 1 
mm from the repair site.

To minimize compression and bulking of the repair site, 
most techniques advocate the placement of temporary or 
permanent partial epitendinous sutures to secure the tendon 
ends before placement of core sutures. The partial epiten-
dinous repair can then be completed or removed if a cross-
stitch type of epitendinous repair is preferred. Alternatively, a 
tendon approximator or hypodermic needles can be used to 

stabilize the tendon ends in apposition so that the core suture 
is not used to approximate the ends.

END-TO-END SUTURE TECHNIQUES 

 

MODIFIED KESSLER-TAJIMA SUTURE
A modification of the Kessler and Tajima techniques incor-
porates several advantages of each. Separate pieces of 
suture are used so that the tendon ends can be passed 

 

Bunnell stitch

Kessler grasping stitch

Double grasping one suture

Double grasping two sutures

Single-cross grasping six-strand

Six-strand three suture pairs

Four-strand cruciate repair Eight-strand repair

Tsuge stitch

Indiana four-strand repair
with running lock suture

Single-cross locked

Four-strand cruciate
cross-stitch locked

Interlock stitchDouble loopBevel technique

Kessler-Tajima stitch

FIGURE 66.5 Techniques for end-to-end flexor tendon repair.
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within the flexor sheath, using the free ends of the suture 
as traction sutures. The knots are tied within the tendon. 
The sutures are locked with each exit from the tendon.

 TECHNIQUE 66.1 

(STRICKLAND, 1995)
 n  Use separate sutures introduced into each tendon end.
 n  Introduce a suture into one cut surface of the tendon, 

staying along the volar portion of the tendon, and exit 5 
to 10 mm from the cut edge.

 n  Grasp approximately 25% of the diameter of the tendon 
with passage of the needle and lock the suture on the side 
of the tendon with a knot.

 n  Pass the suture transversely behind this locked knot across 
the tendon and onto the tendon surface and lock the 
suture again.

 n  Pass the suture into the tendon behind the second knot 
and exit on the cut surface.

 

A

B

C
FIGURE 66.6 A, Crisscross stitch. B, Mason-Allen (Chicago) 

stitch. C, Modified Kessler stitch with single knot at repair.
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Tendon Tendon
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FIGURE 66.7 Multiple-strand modification by Savage.

 FIGURE 66.8 Four-strand technique (Lee). Two knots are made 
within repair site.

 

A

B

3−5 mm

1.5−2 mm

FIGURE 66.9 Two basic versions of cross-stitch. A, Suturing 
starts on far side of repair and proceeds toward operator. Simple 
overlap of each preceding grasp by approximately 50% automati-
cally produces weave pattern without need for special needle 
passages. Symmetric placement of grasps (used here for clarity) is 
unnecessary in actual practice. Grasp size, overlap, and distance to 
tendon edge can be adapted to needs as suturing progresses. B, 
Suturing starts on near side of repair; overlapping is unnecessary.

 

Running

CruciateTang stitch

Robertson

FIGURE 66.10 Tendon suture techniques. (See text.)  (Redrawn 
from Tang JB, Gu YT, Rice K, et al: Evaluation of four methods of flexor 
tendon repair for postoperative active mobilization, Plast Reconstr Surg 
107:742–749, 2001.)
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 n  Repeat this process on the opposite side of the cut ten-
don, locking the suture with each exit and maintaining 
the suture repair on the volar third of the cut surface of 
the tendon.

 n  Tie the knots within the tendon.
 n  Add a running-lock dorsal epitendinous suture of 5-0 or 

6-0 nylon.
 n  On completion of the back wall suture, add a horizontal 

mattress suture of 4-0 braided polyester to the core su-
ture configuration.

 n  Tie all knots of the core sutures.
 n  Complete the palmar (volar) running-lock peripheral epi-

tendinous suture (Fig. 66.15).
   

 

FLEXOR TENDON REPAIR USING 
SIX-STRAND REPAIR (ADELAIDE 
TECHNIQUE)

 TECHNIQUE 66.2 

(SAVAGE AND RISITANO)
 n  The tendon repair comprises three grasping stitches in 

each tendon end and six strands of 4-0 Ethibond suture.

 

B

C

DA

E

F

FIGURE 66.11 A, Standard Kessler core stitch is inserted using a 
round-bodied needle. Suture is tied with knot between cut ends. B, 
Second suture is inserted at right angles to first, again using round-
bodied needle. C, Needle is passed along tendon, across junction, 
and out of tendon. If needle is too short, it can be brought out at 
junction and then passed in again. D, Rest of suture is inserted. E, 
Suture is tied under carefully judged tension to match first, with 
knot on outside of tendon. F, Repair is completed with epitendinous 
suture.

 FIGURE 66.12 Flexor tendon with segmental vascular system, 
each segment supplied by one dorsal vinculum vessel. Tendon is cut 
within one segmentally vascularized portion (top). Shadowed area 
(middle) indicates area devascularized by transection of tendon. 
Intratendinous sutures contribute further to impaired microcircula-
tion in tendon ends (bottom).

 

A

B
FIGURE 66.13 A, Epitenon-first technique. After placement of 

running epitendinous suture, core suture is placed within tendon. 
B, Completion of epitenon-first suture. Final knot is buried within 
tendon.

 

4–5 mm

FIGURE 66.14 Interlocking horizontal mattress suture.
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 n  To make the grasping stitch (see Fig. 66.7), insert the nee-
dle into the tendon end and bring it out at A, reinsert at B, 
bring it opposite D, reinsert at C, bring it out opposite of 
C, reinsert at D, bring it out at B, reinsert at E, and finally 
bring out of the tendon end.

 n  As a practical point, grip the tendon end with a toothed 
forceps while inserting the suture, putting a small bundle 
of tendon fibers in tension where the grasping stitch is 
made. The number of grasping stitches is based on the 
size of the tendons.

 n  Insert six such grasping stitches, each about 1 to 1.5 mm 
in diameter and about 5 to 10 mm from the tendon end, 
sequentially around the tendon, avoiding the vincular 
area (see Fig. 66.7B).
   

 

FOUR- OR SIX-STRAND REPAIR

 TECHNIQUE 66.3 

(CHUNG, MODIFIED TSUGE)
 n  Insert the needle laterally into the proximal tendon end 

on the volar surface within 1 cm from the intended repair 
site.

 n  Run the strand longitudinally across the repair site and 
take it out 1 cm past the repair site at the distal tendon 
end.

 n  Pass the needle transversely in the distal part, taking the 
strand across the loop, and reinsert it into the distal ten-
don end; cross the repair site at the dorsal surface and exit 

at the proximal end dorsally. Then reintroduce the suture 
transversely to make a loop.

 n  Tie a knot at this site.
 n  Perform the same suture passage as just described but on 

the opposite side of the tendon (Fig. 66.16).
 n  To complete the repair use a peripheral 6-0 monofilament 

running polypropylene suture (see Fig. 66.13).
   

 

MULTIPLE LOOPED SUTURE TENDON 
REPAIR

 TECHNIQUE 66.4 

(TANG ET AL.)
 n  Place one thread of 4-0 or 5-0 looped nylon in the center 

of the palmar half of the tendon. Pass it farther through 
to avoid placing knots at the same level on the tendon 
surface.

 n  Place one thread in each of the two respective sides of the 
dorsal half of the tendon.

 n  Place these suture threads to form the tips of a triangle in 
cross section of the tendon. The knots on the tendon sur-
face are arranged in a triangular fashion (see Fig. 66.10).

 n  Make the knots as described for the modified Tsuge tech-
nique.

 n  Place epitendinous stitches with 6-0 nylon at the four car-
dinal points to smooth the ends of the tendon.
   

 

SIX-STRAND DOUBLE-LOOP SUTURE 
REPAIR

 TECHNIQUE 66.5 

(LIM AND TSAI)
 n  Place core sutures as shown in Figure 66.17 to minimize 

tendon constriction.

 

A

C

E

B

D

F
FIGURE 66.15 Simplified four-strand repair in which basic two-

strand core suture is supplemented by horizontal mattress suture 
and running-lock stitch. A, Tajima core sutures in place. Back wall 
(dorsal) running-lock peripheral epitendinous stitch in progress. 
B, Back wall suturing completed. C, Mattress core suture added 
in palmar tendon gap. D, All core sutures tied. E, Completion of 
running-lock peripheral epitendinous suture. F, Repair completed. 
SEE TECHNIQUE 66.1.

 FIGURE 66.16 Modified Tsuge suture technique. SEE TECHNIQUE 
66.3.
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 n  Holding the tendon parts slightly overlapped, superficially 
stitch the tendon 1.25 cm from the proximal end and 
transverse to the length of the tendon fibers.

 n  Lock the stitch by passing the needle through the loop 
suture and tighten with firm pressure to remove slack and 
increase resistance to gapping.

 n  Insert the needle close to the locked suture, taking a 
deeper, longitudinal bite of the medial volar quadrant 
tendon, running parallel to the tendon fibers and exiting 
the cut end.

 n  Reinsert the needle into the facing cut end of the distal 
tendon and exit 1 cm from the tendon end.

 n  Place a similar locking suture 1.25 cm from the distal cut 
end of the lateral volar quadrant of the tendon into the 
proximal cut end, and surface 1 cm from the end. Avoid 
inserting the needle too far from the locking suture be-
cause this leads to tendon bunching.

 n  Approximate the posterior wall of the tendon with 6-0 
Prolene running epitenon sutures. Posterior running epi-
tenon sutures help to correct the position of the tendon 
ends and control tension.

 n  Lock the ends of the two core sutures by taking a trans-
verse bite and passing the needle through the loop.

 n  Insert the needles close to the second set of locked su-
tures, and surface through the tendon ends.

 n  Divide the loop suture, leaving the proximal loop ends 
longer than the distal loop ends, to make the four suture 
ends easier to identify.

 n  Tie the suture ends intratendinously. Four square throws 
provide a sturdy knot. Take care that all six strands are 
under the same tension, otherwise the benefit of using 
multiple strands is reduced (Fig. 66.5).

 n  Smooth the anterior walls of the tendon ends with a sim-
ple running epitenon suture (see Fig. 66.13).
   

 

EIGHT-STRAND REPAIR

 TECHNIQUE 66.6 

(WINTERS AND GELBERMAN)
 n  Insert the needle into the tendon at the repair site and 

extend it through the posterolateral quadrant, exiting 1 
cm from the cut tendon edge.

 n  Working counterclockwise, insert the needle just distal to 
its previous exit point to anchor the tendon transversely.

 n  Complete the first posterolateral rectangle by paralleling 
the first suture pass with the tendon edge.

 n  Carry out the procedure in the same way in the opposite 
tendon stump, completing a dorsal rectangle.

 n  Advance the needle into the palmar half of the tendon 
and duplicate the previous steps, with the needle finally 
exiting the repair site opposite and palmar to the initial 
entry site.

 n  Place tension on the double-stranded suture to allow ap-
position of the tendon.

 n  Tie a four-throw surgeon’s knot at the repair site (see Fig. 
66.5).

 n  Use a 6-0 nylon epitendinous running suture to invagi-
nate the free ends of the tendon (see Fig. 66.13).
  

DOUBLE RIGHT-ANGLED SUTURE
To suture the severed ends of a tendon together without 
shortening, a double right-angled stitch can be used. This 
suture technique is useful proximal to the palm. Although 
the apposition of the tendon ends is not as neat as after 
the other end-to-end suture techniques described, the 
method is easier and is used more often when several ten-
dons have been severed in the distal forearm and proximal 
palm (Fig. 66.18). 

FISH-MOUTH END-TO-END SUTURE (PULVERTAFT)
A tendon of small diameter can be sutured to one of large 
diameter by the method shown in Figure 66.19. This method 
commonly is used to suture tendons of unequal size. 

 

Volar medial Volar lateral

21

3

FIGURE 66.17 Cross section of a flexor tendon of right digit 
with placement of core sutures (double-loop 6-strand repair): (1) 
placement of first loop suture from proximal to distal in medial 
volar quadrant; (2) second loop suture from distal to proximal in 
lateral volar quadrant; (3) rerouting of both loop sutures to meet at 
repair site in midportion of tendon. (Redrawn from Gill RS, Lim BH, 
Shatford RA, et al: A comparative analysis of the six-strand double-
loop flexor tendon repair and three other techniques: a human 
cadaveric study, J Hand Surg 24:1315–1322, 1999.) SEE TECHNIQUE 
66.5.
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FIGURE 66.18 Double right-angle suture with single monofila-
ment or multifilament wire suture threaded on curved needle.
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A B C D

FIGURE 66.19 Pulvertaft technique of suturing tendon of small diameter to one of larger diam-
eter. A, Smaller tendon is brought through larger tendon and anchored with one or two sutures 
after tension is adjusted. B, Tendon is brought through more proximal hole and is anchored again 
with one or two sutures after tension is adjusted. C, After excess is cut flush with larger tendon, 
exit hole can be closed with one or two sutures. D, Excess of larger tendon is trimmed as shown 
to permit central location of smaller tendon. This so-called fish mouth is closed with sutures.

 

END-TO-SIDE REPAIR
End-to-side repair frequently is used in tendon transfers 
when one motor must activate several tendons.

 TECHNIQUE 66.7 

 n  Pierce the recipient tendon through the center with a No. 
11 Bard-Parker knife blade and grasp the blade on the 
opposite side with a straight hemostat (Fig. 66.20).

 n  Withdraw the blade, carrying the hemostat with it; with 
the latter, gently grasp the end of the tendon to be trans-
ferred and bring it through the slit.

 n  Repeat this technique with any adjacent tendons, placing 
the slits so that the transferred tendon approaches the 
recipient tendon at an acute angle to its line of pull.

 n  Suture the tendon at each passage with a vertical mat-
tress stitch.

 n  Bury the end of the transferred tendon in the last tendon 
pierced.
   

 

1

4

2

3 5 6

FIGURE 66.20 Steps in technique of end-to-side anastomosis. End of tendon has been buried 
(6). Sutures are appropriately placed to fasten tendons together. SEE TECHNIQUE 66.7.
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ROLL STITCH
The roll stitch is especially useful for suturing extensor ten-
dons over or near the metacarpophalangeal joints.

 TECHNIQUE 66.8 

 n  Use a 4-0 monofilament wire or 4-0 monofilament nylon 
threaded on a small, curved needle (Fig. 66.21).

 n  Pass the suture through the skin just medial or lateral to 
the divided tendon and through the proximal segment of 
the tendon near its margin from superficial to deep and 
then through the deep surface of the distal segment, to 
emerge on its superficial surface.

 n  Pass it proximally and through the opposite margin of the 
proximal segment and bring it out through the skin on the 
opposite side of the tendon from which it was introduced.

 n  Ensure that the suture slides easily in the skin and tendon. 
At about 4 weeks, the suture can be removed by pulling 
on one of its ends.
  

TENDON-TO-BONE ATTACHMENT
The attachment of tendon to bone (usually distal phalanx) for 
repair or grafting frequently requires a pull-out technique. 
Several methods have been described (Figs. 66.22 and 66.23). 
Tendon-to-tendon repair of grafts may be preferable in chil-
dren to avoid physeal injury (Fig. 66.24). For tendon-to-bone 
repairs, the core suture techniques used most often have 
included the Kessler and a modification of the Bunnell criss-
cross suture (Fig. 66.25) in which the pull-out wire is looped 
over a straight needle that is passed transversely through the 
tendon approximately 10 mm from the cut end. This leaves 
the pull-out wire attached to a loop of the suture proximally 
in the tendon to be passed into the bone distally (Fig. 66.26). 

 

PULL-OUT TECHNIQUE FOR TENDON 
ATTACHMENT

 TECHNIQUE 66.9 

 n  The modified Bunnell crisscross suture is accomplished 
with at least one crossing of the sutures within the tendon.

 

Koch (1944) &
Pulvertaft (1965)

Sood & Elliot
(1999)

Bunnell (1940) Eyre−Brook (1954) Tubiana (1969)

FIGURE 66.23 Tendon-to-bone attachment.

 FIGURE 66.21 Roll stitch using 4-0 wire or 4-0 monofilament 
nylon is especially useful in suturing lacerated extensor tendon 
over or near head of metacarpal. SEE TECHNIQUE 66.8.

 

Pulvertaft (1965) Snow & Littler (1971)

Stenstrom (1967) Wilson et al (1985)

FIGURE 66.22  Tendon attachment through finger flap.
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 n  Bring the needle out through the cut end of the tendon 
and pass it through the tunnel in the bone and out the 
opposite side of the bone and the skin.

 n  Pass the needle through felt and a button and tie it over 
the button.

 n  Pass the pull-out wire retrograde out through the skin 
with a needle.

 n  At 3 to 4 weeks, to remove the wire, cut the button from 
the wire suture and pull the pull-out wire retrograde 

(proximally) to remove it. The crisscross intratendinous 
suture may bind and is sometimes difficult to remove; 
another disadvantage is the retrograde traction on the 
tendon, which has been attached to bone. This can in-
crease the risk of separation of the tendon from the bone.

 

A B D

E F G H

I J K

C

FIGURE 66.25 A-K, End-to-end suture of tendon using Bunnell crisscross stitch (see text).

 

A B

C D

FIGURE 66.26 One method of attaching tendon to bone. A, 
Small area of cortex is raised with osteotome. B, Hole is drilled 
through bone with Kirschner wire in drill. C, Bunnell crisscross stitch 
is placed in end of tendon, and wire suture is drawn through hole 
in bone. D, End of tendon is drawn against bone. FIGURE 66.24 Tendon-to-tendon suture.
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 n  Using another technique, place the suture in a single loop 
within the tendon by passing the needle from the cut 
surface into the tendon and out of the tendon, across the 
surface of the tendon, and back through the tendon to 
the cut surface (Fig. 66.27).

 n  Pass the loop of suture into the tunnel in the bone and se-
cure it over a piece of felt and a button in the fashion pre-
viously described. At the time of suture removal, cut one 
side of the suture and remove in an antegrade fashion, 
minimizing the risk of disrupting the bony attachment. As 
an alternative to passing the tendon through bone, the 
suture can be brought around small bones, such as the 
distal phalanx.

 n  To attach a tendon to bone, use a small osteotome or 
dental chisel to roughen the site of insertion or to raise a 
small area of cortex to accept the tendon (see Fig. 66.26). 
If several tendon ends are to be fixed to bone, they are 
best inserted into a large hole drilled in the bone.

 n  After an area of cortex has been elevated or a large hole 
made, perforate the bone with a small Kirschner wire in 
a power drill.

 n  Using the first needle as described for the end-to-end su-
ture, run the suture diagonally two or three times through 
the end of the tendon.

 n  Loop a pull-out wire over the second needle and complete 
the crisscross diagonal suture.

 n  Using the needles, pass the two ends of the suture 
through the bone and snug the tendon against it. If the 
bone is large enough, and if space is available, suture an-
chors may be used to attach the distal end of the tendon 
to bone.

 n  To avoid injuring the nail bed, which may occur if a pull-
out suture is passed through drill holes in the nail bed, 
pass the suture closely along the palmar surface of the 
distal phalanx and out the distal end of the digit, just 
palmar to the tip of the fingernail, and then through the 
felt and button, as for the usual pull-out technique. Injury 
to the nail bed also may be avoided if the suture passage 
is made distal to the lunula of the nail bed.
  

SUTURE ANCHOR TENDON ATTACHMENT
The use of a suture anchor has been shown to be as effective as 
a pull-out wire or suture but without the potential complica-
tions with the fingernail that can occur with the pull-out tech-
nique. Two suture anchors are placed in the distal phalanx 
from distal-volar to proximal-dorsal so that they gain pur-
chase in the thickest portion of the distal phalanx to provide 
the greatest pull-out strength (Fig. 66.28). 

TIMING OF FLEXOR TENDON REPAIR
If a wound is caused by a sharp object such as a knife and is 
reasonably clean, some tendons of the hand can be repaired 
at the time of primary wound closure. Usually, a primary ten-
don repair is done within the first 12 hours of injury. This can 
be extended to within 24 hours of injury in rare situations. A 
so-called delayed primary repair is one that is done within 24 
hours to approximately 10 days. After 10 to 14 days, the repair 
is considered to be secondary; and after about 4 weeks, the 
secondary repair is a “late” secondary repair.

Primary repair can be performed in patients who have a 
clean wound with either a tendon injury or a tendon injury 
combined with a neurovascular bundle injury or a fracture 
if it can be fixed and stabilized satisfactorily. If this is impos-
sible, a secondary repair should be considered. A secondary 
repair is indicated if the tendon injury is associated with com-
plicating factors that could compromise the end result. These 
factors include extensive crushing with bony comminution 
near the level of tendon injury, severe neurovascular injury, 
severe joint injury, and skin loss requiring a coverage proce-
dure, such as skin grafting or flap coverage.

PARTIAL FLEXOR TENDON LACERATIONS
After partial tendon lacerations, complications reported by 
many authors include rupture, triggering, and tendon entrap-
ment. Experimental work suggests that a partially lacerated 
tendon retains varying amounts of its strength. A tendon with 

 FIGURE 66.27 Zone I injury. Profundus tendon is advanced 
and reinserted into distal phalanx using pull-out wire suture and 
tie-over button. SEE TECHNIQUE 66.9.

 

A B C

FDP

FIGURE 66.28 Suture anchor tendon attachment. Volar (A) 
and lateral (B) views showing avulsed flexor digitorum profundus 
tendon and surgical exposure. C, Volar and cross-sectional views 
showing suture anchor placement in the distal phalanx and suture 
technique. FDP, Flexor digitorum profundus.
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a 60% laceration can retain 50% or more of its strength and 
a tendon with a 90% laceration can retain only slightly more 
than 25% of its strength. Studies in human cadaver tendons 
found that the loads required to rupture 50% and 75% tendon 
lacerations were higher than the physiologic loads measured 
during normal active motion. In canine flexor tendons with 
lacerations of 30% and 70% of the cross-sectional area, with 
and without repair, no significant differences were seen in the 
structural properties of the repaired versus the unrepaired 
tendons, suggesting that partial lacerations of 70% of the 
cross-sectional area could be treated without repair. Excellent 
results were reported in 14 of 15 patients treated conserva-
tively with “greater than half the width” partial lacerations of 
flexor tendons in zone II. Considering these findings, a rea-
sonable clinical approach to managing the major problems 
related to partial tendon lacerations would be as follows.

If a tendon is lacerated 60% or more it is treated the same 
as a complete transection. A core suture is placed in the ten-
don, and the surface of the tendon is sutured with a contin-
uous 6-0 nylon suture. The flexor sheath is repaired when 
possible. Postoperative management of a 60% or greater ten-
don laceration is the same as for a complete transection, with 
immobilization, early controlled passive motion, and restora-
tion of forceful activities at 10 to 12 weeks.

If the laceration is less than 60%, the injury is evaluated 
for the risk of triggering. If triggering is seen, the flap of ten-
don is smoothly debrided and the flexor sheath is repaired to 
help avoid entrapment or triggering of the flap in the defect 
in the flexor sheath. Postoperatively, the part is protected 
with dorsal block splinting for 6 to 8 weeks and more forceful 
activities are resumed gradually after approximately 8 weeks. 

PRIMARY FLEXOR TENDON REPAIR
Certain anatomic differences in the flexor surface of the hand 
influence the method and outcome of tendon repair. These dif-
ferences allow the division of the flexor surface into five zones 
(Fig. 66.29). Zone I extends from just distal to the insertion of 
the sublimis tendon to the site of insertion of the profundus 
tendon. Zone II is in the critical area of pulleys (Bunnell’s “no 
man’s land”) between the distal palmar crease and the inser-
tion of the sublimis tendon. Zone III comprises the area of 
the lumbrical origin between the distal margin of the trans-
verse carpal ligament and the beginning of the critical area 
of pulleys or first anulus. Zone IV is the zone covered by the 
transverse carpal ligament. Zone V is the zone proximal to the 
transverse carpal ligament and includes the forearm.

As a rule, all flexor tendons should be repaired at what-
ever level they are severed. Because of the vincular system of 
the profundus tendon, when both have been severed, some 
surgeons believe the results are better when both are repaired 
than when the profundus tendon alone is repaired. If possi-
ble, especially with sharp injuries, it is better to stabilize frac-
tures and suture digital nerves and tendons initially than to 
delay and perform a secondary procedure for tendon repair. 
If performed later, it may be necessary to do a tendon graft. 
Repairing the flexor sheath over the tendon repair is contro-
versial. If the area of tendon repair appears to catch on the 
sheath, and if the sheath can be repaired easily, repair is appro-
priate. If the sheath cannot be repaired, a circumferential epi-
tendinous suture with a “funnel” opening of the sheath along 
one side is helpful. Historically, it has been taught that at least 
the A2 and A4 annular pulley areas of the flexor sheath be 

preserved to prevent tendon bowstringing and flexion defor-
mity of the finger (Figs. 66.30 and 66.31); however, several 
authors have shown it not to be clinically relevant.

ZONE I
The flexor digitorum profundus tendon can be repaired pri-
marily by direct suture to its distal stump or by advancement 
and direct insertion into the distal phalanx when the distance is 
1 cm or less. Extreme care should be exercised when advancing 
a flexor profundus tendon. The 1-cm rule regarding advance-
ment includes the amount of tendon that is excised, the “kink-
ing” or bunching up that may occur, and the length of tendon 
inserted into bone. Excessive trimming and advancement of 
the tendon can result in a finger that is held in a flexed position 
compared with other fingers (the finger “cascade”). Although 
the finger may function reasonably well, uneven tension can 
be applied to the common muscle belly of the flexor profun-
dus tendons and can lead to limited flexion of the remaining 

 

Zone I
Distal

to sublimis

Zone II
No man’s land

Zone III
Lumbrical origin

Zone IV
Carpal tunnel

Zone V
Proximal to

carpal tunnel

FIGURE 66.29 Flexor zones of hand. Designated zones on flexor 
surface of hand are helpful because treatment of tendon injuries 
may vary according to level of severance.

 

C3A4C2A3C1A1 A2

FIGURE 66.30 This anatomic diagram of various parts of flexor 
sheath is helpful in understanding gliding of tendon. Maintenance 
of second anulus (A2) and fourth anulus (A4) is essential to retain 
appropriate angle of approach and prevent “bowstringing” of 
flexor tendons or tendon graft.
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profundus tendons (the “quadriga effect” described by Verdan). 
In such a situation, lengthening of the tendon at the wrist 
should be considered or, if excessive shortening has occurred, 
tendon grafting may be considered.

A pull-out wire technique can be used to attach the proxi-
mal tendon end to its distal stump (see Fig. 66.27) or directly 
to the bone after advancement (see Fig. 66.26). When the 
diagnosis of interruption of this tendon is delayed, and the 
tendon has retracted into the palm, its vinculum has been dis-
rupted and a decision must be made regarding repair. Three 
types of flexor tendon ruptures have been described, depend-
ing on the level to which the tendon has retracted. In type 1, 
the tendon is found retracted into the palm. If it is within 7 
to 10 days of the injury, the tendon should be threaded back 
into the finger and reattached with a pull-out wire into the 
distal phalanx. In type 2 ruptures, the tendon has retracted 
to the level of the proximal interphalangeal joint. At times, 
despite the passage of a few months, these tendons can be 
reattached as well. In type 3, the tendon has retracted only 
to the level of the distal interphalangeal joint and usually 
has a bony fragment attached to it. These also usually can be 
treated by reattachment. Although satisfactory function can 
be achieved, limitation of distal interphalangeal joint motion 
is to be expected, regardless of the level of rupture.

Old, untreated injuries to the flexor profundus in zone I 
can be treated by tendon grafting, tenodesis, or arthrodesis of 
the distal joint, depending on the finger involved and the age 
and needs of the patient. Flexor tendon grafting in such situ-
ations in the presence of an intact and functioning sublimis 
tendon has been recommended for the index and long fingers 
in specific situations.

All authors recommend careful patient selection: highly 
motivated patients between 10 and 21 years old may be consid-
ered candidates for grafting. The flexor profundus of the ring 
finger can be grafted after tendon injuries in zone I for spe-
cific needs (e.g., skilled technicians, musicians). Because of the 
risk of damaging the intact flexor sublimis and the additional 
potential complications of flexor tendon grafting, patients who 
are older, who have joint stiffness, who are noncompliant, or 
who do not understand the difficulty in achieving a success-
ful result should not be considered for flexor tendon grafting. 
Some authors pass the tendon graft around the sublimis ten-
don. Two-stage tendon grafting also has been advocated. 

ZONE II
Primary repair of flexor tendons in the fibroosseous sheath 
(Bunnell’s “no man’s land”), which was controversial until the 

major contributions of Verdan and of Kleinert, is now widely 
accepted. If repair is done under satisfactory conditions by an 
experienced surgeon, satisfactory function can be expected 
in 80% or more of patients. Generally, the results of flexor 
tendon repair are better in younger patients than in patients 
older than 40 years of age. The results of primary flexor ten-
don repair also are better than secondary repair or staged 
reconstruction with a graft. Here especially, the primary sur-
geon has the greatest influence on the final result. To make the 
decision and perform a primary repair, a surgeon should be 
sufficiently skilled to perform a tendon graft or tenolysis later 
if the primary repair fails.

Primary repairs at this level frequently fail because of 
adhesions in the area of the pulleys. Exacting wound care is 
crucial. If the timing of tendon repair is in doubt, the wound 
should be cleaned and the repair made later by an experi-
enced surgeon.

Technical concerns during the repair procedure include 
the management of lacerations of the profundus and subli-
mis tendons, the appropriate orientation of the profundus 
with the sublimis slips, the attachment of the sublimis slips 
in the thin flat area, the management of the flexor sheath, 
including the annular thickening (pulleys), the postopera-
tive management, and the timing and technique for tenoly-
sis. Most surgeons recommend repair of the flexor profundus 
and sublimis tendons in zone II. Care should be taken when 
the flexor sublimis has been injured in the area just proximal 
to the proximal interphalangeal joint and distally where the 
orientation of the proximal and distal portions of the tendon 
can be misinterpreted and repairs may be incorrectly done 
with the sublimis slips malrotated (Fig. 66.32). A report in the 

 

Volar plate

A1

Synovial sheath

A2

FIGURE 66.31 Diagram of relationship of synovial layers (there 
are two) and anulus.

 FIGURE 66.32 Flexor digitorum sublimis spiral. Flexor digitorum 
sublimis separates just distal to level of metacarpophalangeal joint 
with finger in extension. It winds around profundus tendon to 
chiasma of Camper, where it decussates to insert in middle phalanx. 
Superficial portion of proximal sublimis tendon becomes deep at 
level of chiasma of Camper. If laceration is sustained in sublimis 
at midpoint of this spiral arrangement of both slips, proximal and 
distal ends rotate through 90 degrees, but in different directions. 
An unwary surgeon would be presented with two ends that do 
match, that appear to lie in good relationship, and that can be so 
sutured. If this is done, channel for profundus tendon is obliter-
ated. If error is not noted and corrected, effect would be to block 
excursion of tendon and eliminate satisfactory motion.
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literature noted that a portion of the A2 pulley can be incised 
to improve tendon gliding, and all of A2 can be incised if the 
remainder of the sheath and pulleys is intact. Care also should 
be taken to deliver the flexor profundus tendon through the 
split portion of the flexor sublimis when the profundus ten-
don has retracted proximally (Fig. 66.33).

As indicated previously, many suture configurations have 
been advocated. In zone II, a core suture with four or more 
strands, locking components, and buried knots is usually pre-
ferred. The educational and clinical experience of the surgeon 
and the particular demands of each case may allow the use 
of other appropriate techniques. Traditionally, it has been 
recommended that the intratendinous configuration of the 
core sutures should remain in the volar third of the tendon to 
avoid impairment of the intratendinous circulation. Placing 
sutures in the dorsal half of the tendon was found to provide 
a mean strength to the repair that was 58% greater than for 
sutures placed in the volar half of the tendon. A running, cir-
cumferential 5-0 or 6-0 nylon is used by most surgeons to 
complete a smooth repair and to minimize adhesion forma-
tion to the sheath and “triggering” on the sheath. A peripheral 
suture increases the strength of the repair, and a four-strand 
core suture combined with a peripheral suture allows a 
postoperative routine of light active flexion with the wrist 
extended, leading to better function and fewer complications. 
The choice of suture material depends on the experience and 
preference of the individual surgeon; however, most authors 
prefer a synthetic braided suture, usually of polyester mate-
rial (Mersilene, Ticron, Tevdek, FiberWire), whereas others 
have had success with monofilament nylon and wire suture. 
Usually 3-0 or 4-0 sutures are required. Generally, a pull-out 
suture technique is unnecessary in zone II. The postoperative 
management is paramount, as discussed subsequently (see 
“Primary Suture of Flexor Tendons”).

Tenolysis may be required in an estimated 18% to 25% of 
patients after flexor tendon repair. Usually, tenolysis is consid-
ered when the patient has reached a plateau in postoperative 
rehabilitation and when all wounds are supple and flexible 
and the skin is soft with minimal or no induration around the 
scars. Fracture and joint injuries should be healed, and there 
should be no or minimal residual joint contractures. A near-
normal passive range of motion is preferred. Normal sensa-
tion is preferred; however, if digital nerves have been repaired, 
progress toward return of sensation should be observed. For 
these criteria to be met usually requires 5 to 6 months after 
the tendon repair. Three months is considered to be the ear-
liest time for flexor tenolysis, assuming no improvement in 
motion in the previous 1 to 2 months. Flexor tenolysis is a 
technically demanding procedure and should be undertaken 
by someone who has training and experience in this type of 
surgery. Function in the finger can be improved by 50% by 
tenolysis (see also “Flexor Tendon Injuries in Children”). 

ZONE III
At zone III, the muscle bellies of the lumbricals and the ten-
dons frequently are interrupted. Additional incisions often 
are needed to expose this area further. All tendons can be 
repaired primarily if wound conditions are satisfactory or if 
repair is delayed only a few days. If conditions permit, pri-
mary repair of sharply severed nerves is crucial because 
delaying the repair even a few weeks results in significant 
gaps between the nerve ends. If wound conditions preclude 
tendon and nerve repair, the ends of the tendons and nerves 
are sutured to adjacent fascia to prevent undue retraction. 
Lumbrical muscle bellies usually are not sutured because 
this can increase the tension of these muscles and result in a 
“lumbrical plus” finger (paradoxic proximal interphalangeal 
extension on attempted active finger flexion). 

ZONE IV
All tendons and nerves in zone IV can be repaired primarily 
when wound conditions are satisfactory; however, for expo-
sure it may be necessary to release partially or completely the 
transverse carpal ligament. Should complete release be nec-
essary, the wrist should not be placed in flexion past neutral 
position, but the fingers should be brought into slightly more 
flexion than usual to permit relaxation of the musculoten-
dinous units. Flexion of the wrist beyond neutral may per-
mit subluxation of the repaired tendons out of their normal 
bed and then bowstringing them just under the sutured skin. 
When it is technically possible to accomplish tendon repair 
and retain part of the transverse carpal ligament, this problem 
is eliminated. Alternatively, the transverse carpal ligament 
can be released in a Z-lengthening configuration, allowing 
its repair after tendon repair and providing a pulley for the 
tendons. The flexor digitorum profundus tendons at this level 
may not be distinctly separated, and frequent interdigitations 
may be present. 

ZONE V
Because zone V is proximal to the transverse carpal liga-
ment, tendon gliding after repair usually is better here than 
in more distal zones. All tendons and nerves lacerated in this 
area should be repaired primarily when wound conditions are 
satisfactory, as advised earlier. The chief difficulty of repair 
here usually is one of exposure, which requires a proximal 

 FIGURE 66.33 Separated position of two tendon ends in 
distal palm after flexor tendon interruption and proximal retrac-
tion. Profundus must be correctly positioned in sublimis hiatus 
before passing tendons distally into digit. Anatomic relationship 
of profundus and sublimis tendon stumps must be reestablished so 
that they can be correctly repaired to corresponding distal tendon 
stumps. In some cases, profundus must be passed back through 
hiatus created by sublimis slips to lie palmar to Camper chiasma 
and to recreate position of tendons at level of tendon laceration.
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extension and possibly a distal extension of the typical trans-
verse laceration. Blood clots within the tenosynovium usually 
serve as clues to locating severed tendons. At this level, the 
profundus tendons are not completely separated into individ-
ual tendon units. The sublimis tendons usually are distinctly 
separated, their muscle bellies extend more distally, and the 
severed ends usually are more easily matched. If the neces-
sary expertise is unavailable, primary repair can be delayed 
and the wound cleaned. Results are not likely to be compro-
mised by a brief delay of several days. At this level, excision of 
some of the tenosynovial covering is necessary to identify and 
remove the hematoma; however, a total synovectomy usually 
is not indicated. An isolated laceration of the palmaris longus 
tendon does not absolutely require repair. 

DELAYED REPAIR OF ACUTE INJURIES
Delayed repair in any zone may be necessary in the presence 
of severe wound contamination, crushing or avulsing inju-
ries, soft-tissue loss, multiple comminuted fractures, or lack 
of available surgical skill. Delayed repairs of tendons are rea-
sonable also if other injuries require immediate surgery. In 
such circumstances, a patient’s condition might not permit 
definitive management of tendons and nerves, and it is appro-
priate to clean the limb as well as possible and loosely close 
the wound or leave it open but covered with a sterile bandage 
and splint. Plans should be made for definitive management 
of the wound and injured structures. Undue complications 
usually are not encountered if the repair of tendons is delayed 
for 2 to 3 days as long as the wound has been thoroughly 
cleaned. Prolonged delay may permit unacceptable retraction 
of tendons and nerves, especially in zones III, IV, and V. If it 
seems that definitive management of the tendons and nerves 
may be delayed, an attempt should be made to secure the ends 
of the tendons and nerves to the adjacent soft tissues to pre-
vent retraction before achieving satisfactory wound closure. 

PRIMARY SUTURE OF FLEXOR TENDONS
The preparations and techniques for primary and delayed pri-
mary suture of flexor tendons vary from zone to zone. The 
techniques are discussed according to the requirements of 
each zone. Generally, further exposure of the tendon to be 
sutured may be necessary. Additional incisions (Fig. 66.34) 
should be made without crossing flexion creases at a right 
angle. Usually, less exposure is needed distally than proxi-
mally because the distal segment of the tendon may be deliv-
ered into the wound by flexing the distal joints. Also, the 
distal segment is not subject to retraction by muscle, as are 
the proximal segments. Regardless of the zone in which the 
tendon is injured, careful attention should be given to the 
anatomic location of the respective tendons and their rela-
tionships to each other and other structures. Meticulous, 
gentle, and atraumatic technique should be used in the han-
dling of the tendons. Each tendon is delivered by grasping it 
with a small-tipped forceps with teeth. Crushing of the cut 
surface of the tendon with instruments such as Allis forceps, 
Kocher clamps, and hemostats should be avoided. Although 
the tip of the tendon can be held with a small hemostat, the 
crushed portion should be excised before the suture is tied. 
Sometimes this can shorten the tendon needlessly. Suturing 
techniques should be exact so that the tendon ends are held 
together accurately and distraction, gap formation, and expo-
sure of raw surfaces at the junction are avoided. 

 

REPAIR IN ZONES I AND II

 TECHNIQUE 66.10 

ZONE I
 n  When the flexor profundus tendon has been injured in 

zone I at or near its insertion, approach the distal end of 
the finger by extending the laceration with an oblique 
incision into the central portion of the pulp or through a 
midradial or midulnar incision.

 n  Avoid injury to the terminal branches of the digital nerve, 
and avoid devascularizing any skin flaps that are elevated. 
Usually the insertion of the flexor profundus is easily seen. 
At times, the proximal stump of the tendon will have re-
tracted very minimally.

 n  Extend the incision proximally, using a volar zigzag (Brun-
er), midradial, midulnar, or midline oblique incision (Fig. 
66.35A). Avoid injury to the neurovascular bundles.

 n  Elevate the skin flap by going either dorsal or volar to the 
neurovascular bundle.

 n  Expose the fibroosseous flexor sheath (Fig. 66.35B). If the 
proximal end of the tendon can be seen, attempt to de-
liver it into the wound by grasping it with a small forceps, 
such as an Adson or a finer tissue forceps. If the ten-
don has retracted more proximally, extend the incision as 
needed, in a midradial or a midulnar incision or by extend-
ing the skin incision in a volar zigzag or midline oblique 
incision, avoiding injury to the neurovascular bundle.

 n  Open the thin cruciform portion of the sheath to assist in 
delivering the tendon. Open the sheath by an L-shaped 
incision or with a trapdoor with a Z-plasty arrangement 
to allow easier closure if needed.

 FIGURE 66.34 Exposures for primary suture of tendons. Solid 
lines indicate examples of skin lacerations, and broken lines show 
direction in which they can be enlarged to obtain additional expo-
sure (see text).
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 n  If the tendon has retracted, place a grasping suture in its 
end, using one of the techniques previously described. 
When opening the flexor sheath over the middle pha-
lanx, it is important to preserve the A4 pulley. If the flexor 
tendon cannot be maintained in such a way that it can 
be repaired easily, insert a small-gauge (25-gauge or 
26-gauge) hypodermic needle, Keith needle, or Bunnell 
needle through the skin, through the tendon, and out the 
skin on the opposite side of the finger as a temporary ten-
don retention device. These needles are removed when 
the tendon repair has been accomplished.

 n  Although a pull-out wire of the Bunnell type can be at-
tached in such an arrangement, it is not always necessary, 
especially if the antegrade pull-out wire technique is used 
as opposed to the Bunnell retrograde pull-out technique 
(see Figs. 66.26 and 66.27).

 n  Using straight needles, pass the suture out through the 
distal pulp of the finger, usually exiting just palmar to the 
hyponychium.

 n  As an alternative, the proximal end of the tendon can 
be attached distally, using a pull-out technique in which 
a tunnel is drilled in bone and the needles are passed 
through the tunnel and out through the fingernail or 
around the distal phalanx. Regardless of the suture mate-
rial selected, 4-0 suture is usually used.

 n  After ascertaining satisfactory rotation and attachment of 
the tendon, close the wound with fine 4-0 or 5-0 mono-
filament nylon sutures (Fig. 66.35C). 

ZONE II
 n  In zone II, the wound usually must be extended with 

proximal and distal incisions (Fig. 66.36). Regardless of 
which approach is used, carefully reflect the skin flaps 
and avoid injury to neurovascular structures during the 
dissection.

 n  If digital nerves have been transected, gently dissect them 
and delay their repair until after the tendons are repaired 
to avoid disruption.

 n  Expose the flexor sheath in the area of injury and suf-
ficiently proximal and distal to allow location of the ten-
don ends. As indicated previously, the distal tendon end 
usually can be identified easily with passive flexion of the 
distal interphalangeal joint. Avoid injury to the sheath, 
particularly the A2 and A4 pulleys.

 n  If opening of the flexor sheath is required, this is best 
done in the filamentous cruciate areas of the sheath. 
Small openings in the sheath can be made in the distal 
tendon insertion, C2 and C3, and C1 areas where the 
sheath is filamentous (see Fig. 66.30). These openings can 
be made in several configurations. An L-shaped open-
ing allows ease of closure and facilitates passage of the 
tendon through the sheath (Lister). If several days have 
passed, and the tendon sheaths are contracting, opening 
the sheath with a Z-lengthening configuration helps to 
allow partial closure of the sheath in difficult situations.

 n  Deliver the flexor tendon into the finger by milking the 
forearm, hand, and wrist and flexing the wrist and fingers 
to allow the proximal end to be delivered if possible. If it 
cannot be delivered easily, a transverse incision at the dis-
tal palmar crease may be necessary to locate the tendon 
in the palm.

 n  When the proximal end of the tendon has been identified, 
place a core suture using the definitive suture material in 
a locking fashion so that the suture material can be used 
for traction in passing the suture through the sheath.

 n  In a fresh, acute injury, passage of the tendon usually is 
not difficult. After several days, tendon edema and sheath 
contracture may require additional techniques. The proxi-
mal end of the tendon can be passed easily through the 
sheath and between the slips of the sublimis using a piece 

 

A B C

FIGURE 66.35 A, Incision outlined on digit and palm. B, Exposure of flexor tendon sheath after 
flap elevation. C, Closed incision. SEE TECHNIQUE 66.10.
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of pediatric feeding tubing or plastic intravenous connect-
ing tubing, as recommended by Lister.

 n  Deliver the tubing into the flexor sheath between the slips 
of the sublimis.

 n  Pass the suture into the tubing. Clamp the tubing with the 
suture within it and “lead” the flexor tendon through the 
sheath following the plastic tubing and suture.

 n  As an alternative method, fashion a 20- or 22-gauge 
wire into a loop, and pass it proximally in the sheath 
to use as a snare for the suture, which is delivered 
through the sheath followed by the tendon. The ten-
don also can be sutured to tubing of various types and 
delivered following the tubing through the sheath as 
well.

 

A B C D E

F G H I

FIGURE 66.36 Strickland technique of flexor tendon repair in zone II. A, Knife laceration 
through zone II with digit in full flexion. B, Level of flexor tendon retraction of same finger after 
digital extension. C, Green lines depict radial and ulnar incisions to allow wide exposure of flexor 
tendon system. D, Flexor tendon system of involved finger after reflection of skin flaps. In this 
case, laceration has occurred through C1 cruciate pulley area. Note proximal and distal position 
of severed flexor tendon stumps resulting from flexed attitude of finger at time of injury. Green 
lines indicate lateral incisions in cruciate-synovial portions of sheath, which are used to provide 
exposure for tendon repair. E, Reflection of small triangular flaps at cruciate-synovial sheath allows 
distal flexor tendon stumps to be delivered into wound by passive flexion of distal interphalangeal 
joint. Profundus and sublimis stumps are retrieved proximal to A1 pulley, using small catheter or 
infant feeding gastrostomy tube. F, Proximal flexor tendon stumps are maintained at repair site 
by means of transversely placed small-gauge hypodermic needle, followed by repair of flexor 
digitorum sublimis slips. G, Completed repair of both tendons with distal interphalangeal joint in 
full flexion. H, Extension of distal interphalangeal joint delivers repair under intact distal flexor 
tendon sheath. Repair of cruciate (C1)-synovial pulley has been completed. I, Wound repair at 
conclusion of procedure.
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 n  When the proximal end of the tendon has been delivered 
to the area of repair, secure it in the sheath using a trans-
verse 25- or 26-gauge hypodermic needle for temporary 
fixation with little or no long-term harmful effects. This is 
used as a temporary stabilizing device.

 n  Stabilize the distal end of the tendon in a similar way.
 n  Introduce the core suture, using a four-strand to eight-

strand method. Care should be taken at this point to en-
sure that the profundus tendon is not malrotated. Refer-
ence to the vincular attachment and the relationship to 
the sublimis is helpful in this regard.

 n  Tie the knots and complete the tendon repair with cir-
cumferential 5-0 or 6-0 nylon inverting suture or cross-
stitch (see Fig. 66.14) to minimize exposure of the cut 
surface of the tendon.

 n  If the flexor sublimis has been transected just proximal to 
the proximal interphalangeal joint, take care regarding 
the arrangement of its slips of the sublimis and the so-
called flexor digitorum sublimis “spiral” (see Fig. 66.32). 
The flexor digitorum sublimis winds around the profun-
dus tendon after it divides at the metacarpophalangeal 
joint. It inserts into the volar surface of the middle phalanx 
after decussating. This allows the superficial portion of 
the sublimis tendon to become deep in the chiasma of 
Camper. A laceration in this area allows the proximal and 
distal ends of the sublimis tendons to rotate 90 degrees in 
opposite directions. The tendon lies in apparently satisfac-
tory alignment; however, if it is sutured in this alignment, 
it causes binding of the flexor profundus tendon.

 n  An additional technical problem can be encountered if the 
flexor sublimis tendon has been transected more distally, 
near the proximal interphalangeal joint or its insertion. 
Here the tendon is quite thin, and it is difficult to achieve 
satisfactory placement of core sutures. Try to place a 
locked core suture in the tendon because a simple repair 
with 5-0 or 6-0 nylon would be insufficient to prevent 
rupture. Use small suture anchors to repair the sublimis if 
the bone and working space permit secure insertion.

 n  Sometimes it can be extremely difficult technically to ac-
complish a flexor sublimis repair. Although most surgeons 
recommend against sublimis excision, if in the surgeon’s 
judgment sublimis repair cannot be satisfactorily accom-
plished, or such repair would compromise profundus 
function, excise the sublimis tendon in the area.

 n  Usually the sublimis tendon is repaired before the pro-
fundus tendon. Tie the knots; use the circumferential 6-0 
nylon sutures as needed; and repair the sheath, condi-
tions permitting, with 5-0 or 6-0 nylon.

 n  Close the wound with interrupted 5-0 nylon and remove 
the temporary retaining needle.

 n  Avoid hyperextension of the finger and immobilize the 
hand in a padded compression dressing with the fingers 
and the thumb immobilized with a dorsal splint.

 n  Splint the wrist in 45 to 50 degrees of flexion; splint the 
fingers in flexion at the metacarpophalangeal joints to 50 
to 60 degrees, with the proximal and distal interphalan-
geal joints extended.

 n  If one or more pulleys are damaged and cannot be re-
paired, they should be reconstructed at the time of pri-
mary tendon repair to avoid bowstringing and restriction 
of motion.

 n  The flexor sheath/pulley reconstruction can be protected 
with orthotic thermoplastic rings during postoperative 
rehabilitation of the flexor tendon and while the patient 
is regaining motion (see discussion of staged tendon re-
construction later).
   

 

REPAIR IN ZONES III, IV, AND V

 TECHNIQUE 66.11 

ZONE III
 n  In zone III, the area between the distal edge of the trans-

verse carpal ligament and the proximal portion of the A1 
pulley, perform flexor tendon repair in a manner similar 
to zone II repair. Incisions that extend the wound proxi-
mally and distally may be required. Avoid crossing flexion 
creases at right angles. Also avoid injuring neurovascular 
structures and devascularizing the skin flaps.

 n  Achieve proper orientation of the tendon before repair. 
At times, if tendons have retracted into the carpal tunnel 
or more proximally, partial release of the transverse carpal 
ligament may be required to deliver them distally into the 
palm.

 n  Although the flexor sheath is not involved in the palm, use 
careful technique in the placement of sutures; it probably 
is best to use an intratendinous core suture in the palm to 
avoid exposure of the suture material to adjacent struc-
tures. Satisfactory healing and functional results can be 
expected after repair of the tendons in the palm.

 n  Apply a compressive, bulky dressing and immobilize the 
thumb, fingers, and wrist. Immobilize the wrist at about 
45 degrees of flexion, with the fingers at about 50 to 
60 degrees of flexion and the interphalangeal joints ex-
tended. 

ZONE IV
 n  In zone IV, the area of the carpal tunnel, an injury directly 

to the base of the palm usually also involves the median 
nerve. If a laceration occurs just proximal to the wrist flex-
ion crease, flexor tendon injury, especially with the fingers 
flexed, in zone IV should be suspected.

 n  Extend the laceration distally into the palm and proximal-
ly into the forearm, taking care to cross flexion creases 
obliquely. If the laceration occurs beneath the transverse 
carpal ligament, partial or complete release of the trans-
verse carpal ligament may be required.

 n  Preserve, if possible, a portion of the transverse carpal 
ligament to avoid bowstringing postoperatively.

 n  If it cannot be preserved, release it in a Z-lengthening 
configuration so that it can be repaired and help minimize 
the risk of postoperative bowstringing.

 n  Repair the flexor profundus and sublimis tendons in the 
carpal tunnel; probably the best suture configuration is an 
intratendinous one with a locking core suture to hold the 
tendons with minimal exposure of cut surface and suture 
material.

 n  In the carpal tunnel, ensure proper orientation and loca-
tion of the individual tendons. The usual arrangement of 
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the flexor sublimis tendons in the carpal tunnel, with the 
middle and ring finger tendons superficial to the index and 
small finger tendons, is helpful to recall in this situation. 
Partial tenosynovectomy may be required to diminish the 
bulky and edematous tissue that may follow the repair.

 n  Close the skin with 4-0 nylon and apply the bandage and 
dorsal splint to maintain the wrist in approximately 45 
degrees of flexion.

 n  If the transverse carpal ligament has been completely re-
leased and repair is impossible, bring the wrist nearly to 
neutral and flex the fingers more acutely to diminish pres-
sure on the volar skin and to minimize bowstringing.

 n  If the transverse carpal ligament is partially intact or has 
been repaired, immobilize the wrist in about 45 degrees 
of flexion, with the fingers in 50 to 60 degrees of flexion 
at the metacarpophalangeal joints and the interphalan-
geal joints in full extension. 

ZONE V
 n  In zone V, the volar forearm proximal to the transverse 

carpal ligament, multiple tendons, nerves, and vessels 
frequently are injured by major lacerations, often from 
broken glass or in violent altercations with knives. In this 
area, it is important to identify the tendons accurately.

 n  Because of their common muscle origin, when the subli-
mis and profundus tendons are divided, particularly at the 
wrist, they can be delivered into the wound as a group by 
finding and pulling distally on one tendon.

 n  Properly match the tendon ends by careful attention to 
their location and level in the wound, their relation to 
neighboring structures, their diameters, the shape of their 
cross sections, and the angle of the cuts through each 
tendon. Although it is not a disgrace to open an anatomy 
book in the operating room to be certain of anatomic 
relationships, it is inexcusable to sew the median nerve 
to the flexor pollicis longus, the palmaris longus, or some 
other tendon.

 n  The proximal and distal ends of the median nerve usually 
can be identified easily in their appropriate anatomic loca-
tion and from their more yellowish color and the presence 
of a volar midline vessel and the nerve fascicles, which 
usually can be identified in the median nerve’s severed 
ends.

 n  Although 4-0 sutures usually are used in the palm and 
more distally, 3-0 nylon may be sufficient for suturing 
tendons in the distal forearm. Repairs done in the dis-
tal forearm do not absolutely require an intratendinous 
repair. A double right-angled or mattress suture may be 
satisfactory in the forearm.

 n  Repair nerves and vessels if needed after the tendon re-
pairs in the forearm, working from the repair of deep 
structures to more superficial structures.

 n  Close the wounds with 4-0 nylon and immobilize the limb 
with the wrist flexed approximately 45 degrees and the 
metacarpophalangeal joints flexed 50 to 60 degrees with 
the interphalangeal joints in full extension. 

POSTOPERATIVE CARE Excellent results can be achieved 
using either of two postoperative mobilization techniques. 
In one (Kleinert), active finger extension is used with pas-
sive flexion achieved using a rubber band attached to the 

fingernail and at the wrist (Fig. 66.37). This subsequently 
has been modified with a roller in the palm to alter the line 
of force of the rubber band. The second technique (Du-
ran) involves a controlled passive motion technique with 
dorsal blocking of the fingers (Fig. 66.38). The margin of 
safety with early passive motion rehabilitation is increased 
if the tendon repairs have been done with the stronger 
multistrand techniques (four or more). Multistrand repairs 
are used if an early active motion program is considered. 
Children younger than approximately 10 years old and 
noncompliant patients cannot be entrusted with under-
standing and following the complexities of either of these 
techniques, and a more conservative postoperative man-
agement routine should be selected, depending on the 
judgment of the surgeon and the therapist.
  

Although some patients may be allowed to remove a splint 
in the first week after surgery, we have found it safer to leave 
the nonremovable postoperative dorsal splint in place. Passive  
flexion and extension of the proximal and distal interphalan-
geal joints are demonstrated in the first postoperative day. The 
wrist usually is positioned in 20 to 45 degrees of flexion with 
the metacarpophalangeal joints in 50 to 70 degrees of flexion 
and interphalangeal joints left in the neutral position. Before 
closure of the wound, the amount of passive movement of the 
fingertip required to create a 3- to 5-mm excursion of the ten-
don is determined (Fig. 66.39). This amount of movement is 
started the day after surgery. A removable splint can be used 
3 days after surgery in some compliant patients (Fig. 66.40). 
The patient is instructed in an exercise program, including 
eight repetitions of proximal and distal interphalangeal and 
composite passive flexion and extension of the joints twice 
daily. A “place and hold” exercise can be added for compliant 
patients if a strong multistrand repair has been done. This is 
continued for at least 3 to 4 weeks, at which time a removable 
splint can be applied.

The controlled active motion program requires the attach-
ment of a suture through the tip of the fingernail or a garment 
hook glued to the nail allowing the attachment of an elastic 
band (see Fig. 66.37A). A dorsal splint holds the wrist in 20 
to 30 degrees of flexion and the metacarpophalangeal joints 
at 40 to 60 degrees. The interphalangeal joints are splinted in 
extension. The rubber band is passed beneath a roller or a 
safety pin in the palm and is secured to another safety pin at 
the level of the distal forearm (see Fig. 66.37B). The safety pin 
maintains the finger in flexion of 40 to 60 degrees at the proxi-
mal interphalangeal joint with no tension on the rubber band. 
The rubber band should allow full extension of the proximal 
interphalangeal joint against the traction of the rubber band. 
With this form of controlled mobilization, it is believed that 
the flexor tendon repair is not stretched and the movement 
that is allowed can enhance healing. Beginning on the first 
day after surgery, active extension exercises within the limi-
tations of the splint are encouraged. If the patient does not 
seem able to understand and cooperate with this technique, it 
should be abandoned in the first week.

After 3 weeks, the dorsal splint is removed and a wrist 
band with a hook for the rubber band is used for an addi-
tional 3 weeks. The patient actively extends the digit against 
the resistance of the rubber band. No passive extension or 
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active flexion is permitted. The wrist band splint is discontin-
ued at 6 to 8 weeks, and dynamic extension splinting is used 
to prevent contractures of the proximal interphalangeal joint. 
At 8 to 10 weeks, strengthening exercises are permitted, and 
the patient progresses to using the hand normally at 10 to 12 
weeks after the repair.

FLEXOR TENDON INJURIES IN CHILDREN
Management of injured flexor tendons in children younger 
than 10 years old is difficult and demanding. The same 

principles previously outlined apply to the management of 
flexor tendon injuries in a young patient.

The diagnosis of tendon and associated injuries may be 
more difficult in children because examination is less reliable 
as a result of their anxiety. Because of the extremely small tol-
erances between the flexor sheath and flexor tendons, even 
more attention to the use of meticulous technique is required. 
Finer sutures, such as 5-0, may be required for repair of the 
tendons because of their small size; 6-0 and 7-0 sutures may 
be required for the circumferential repair of the surface of 

 

A B

FIGURE 66.38 A, Splint with dynamic flexion for Kleinert protocol. Note minimal distal inter-
phalangeal joint flexion and relatively severe proximal interphalangeal joint flexion in resting 
position. B, Dorsal protective splint for modified Duran protocol. Note that fingers are held in 
interphalangeal joint extension when at rest.  (From Pettengill KM: The evolution of early mobilization 
of the repaired flexor tendon, J Hand Ther 18:157–168, 2005.) SEE TECHNIQUE 66.11.
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60°
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6–8 wk

FIGURE 66.37 A, After primary flexor tendon repair or flexor tendon graft, wrist and hand are 
held in posterior plaster splint. Additionally, involved finger is held in flexion by elastic band attached 
at wrist level and at fingernail by wire through nail or glued-on garment hook. This permits active 
finger extension and protected passive flexion. B, Immediate controlled mobilization of repaired 
flexor tendon is achieved with extension block splint and proper rubber band traction, allowing 
proximal interphalangeal joint extension against traction and flexion of 40 to 60 degrees. At 3 to 
8 weeks, rubber band is attached to elastic bandage cuff at wrist. After removal of rubber band 
traction, night splinting can be used at 6 to 8 weeks if necessary. SEE TECHNIQUE 66.11.
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the tendon. Because of the inability of very young children 
to cooperate with a postoperative rehabilitation program, 
their immobilization after surgery usually is more extensive 
and prolonged, frequently requiring the use of long arm casts 
until 28 days from repair. Several studies have found that the 
postoperative regimen has little effect on the outcome of ten-
don repair in children. Total active motion appears to cor-
relate best with age at the time of injury, with children older 
than 10 years at the time of injury regaining the most motion 
(82%) compared with children 4 to 10 years of age (77%) and 
children younger than age 4 years (54%). In a report by Sikora 
et al., 40 of 47 patients with an average age of 8 years achieved 
100% motion of their fingers after 4 weeks of immobiliza-
tion postoperatively. The retraining and rehabilitation of very 
young children are unpredictable, leading some surgeons to 
delay flexor tendon surgery in infants to a later age of 3 to 4 
years to allow for better technical repair and to increase the 
chances of postoperative cooperation. The results after flexor 
tenolysis tend to be better the older the child. Should tendon 
grafting be required in tendon reconstruction, the sources of 
tendon grafts also are limited. 

FLEXOR TENDON RUPTURES
Although rupture of flexor tendons is not as common as 
that of extensor tendons, it does occur and often is not diag-
nosed. The most common tendon to be avulsed in athletes 
is the flexor digitorum profundus at its insertion in the ring 
finger. It can produce a small bony avulsion or articular frac-
ture seen on a radiograph. MRI can help to define tendon 
rupture. Traumatic rupture usually occurs at the insertion of 
the tendon. Frequently, a patient’s initial complaint is that of 
a mass in the palm without awareness of any loss of finger 
function. The flexor tendons most frequently ruptured are 
the profundus tendons and more rarely the sublimis tendons 
or the flexor pollicis longus. These ruptures occur most often 
in men in their twenties and thirties, and about 20% may be 
associated with synovitis. Intratendinous rupture of the flexor 
profundus can occur in individuals involved in activities 
requiring forceful flexion against resistance.

TREATMENT
Direct repair, tendon grafting, or tendon transfer has been rec-
ommended for the treatment of these injuries. Factors found 

 

A B

C D
FIGURE 66.39 A, Diagram of controlled passive motion exercise. Metacarpophalangeal joint 

should remain in normal balanced position. Extension of distal interphalangeal joint is sufficient 
to move anastomosis 3 to 5 mm. Only distal interphalangeal joint moves during this exercise. B, 
Note distal migration of anastomosis of flexor digitorum profundus tendon away from that of 
flexor digitorum sublimis tendon. C, When middle phalanx is extended, both anastomoses glide 
distally. Only proximal interphalangeal joint moves during this exercise. D, Anastomoses are moved 
away from fixed structures that may have been injured. Elastic traction returns finger to original 
position.
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to influence the treatment and outcome are (1) the length of 
time between injury and treatment, (2) the extent to which 
the tendon retracts, (3) the blood supply to the avulsed ten-
don, and (4) the presence of bony fragments seen on a radio-
graph. These factors allow the classification of these injuries 
into three types. In type 1, the tendon retracts completely into 
the palm and is held there by the lumbrical origin. In type 
2, the tendon retracts to the level of the proximal interpha-
langeal joint with a long vinculum intact, presumably main-
taining blood supply. In type 3, usually a bony fragment is 
involved. The fragment may be comminuted or noncommi-
nuted and may be nonarticular or intraarticular.

For type 1 injuries, reinsertion into the distal phalanx is 
recommended if the injury is detected within 7 to 10 days. 
After this period, the distal end of the tendon likely has become 
kinked and softened, prohibiting delivery into the finger and 
attachment to the distal phalanx. A midlateral or volar oblique 
incision usually is used. The sheath is opened through a trans-
verse incision distal to the A2 pulley. Absence of the tendon 
end in this area indicates retraction into the palm. A trans-
verse incision near the distal palmar crease exposes the flexor 
sheath proximal to the A1 pulley and allows location of the 

tendon end, which can be delivered by a variety of techniques 
using sutures, the retrograde passage of pediatric feeding tub-
ing or intravenous tubing, or wire loops to allow antegrade 
passage of the tendon without additional injury to the ten-
don sheath. The tendon is attached to the distal phalanx with a 
pull-out wire, preferably of the antegrade type rather than the 
traditional retrograde Bunnell pull-out wire (see Fig. 66.27). 
This is left in place for 3 to 4 weeks, during which time the 
limb is immobilized in a dorsal splint with the wrist in flex-
ion, the metacarpophalangeal joint in 70 to 80 degrees of flex-
ion, and the interphalangeal joints in extension. The pull-out 
wire is removed at 3 to 4 weeks. If a type 1 injury is seen late, 
consideration should be given to flexor tendon grafting in a 
young, cooperative patient for the index, long, or ring finger, 
or, as alternatives, tenodesis or arthrodesis should be consid-
ered, depending on the needs and activities of the patient.

Type 2 injuries with the tendon retracted to the level of 
the proximal interphalangeal joint can be repaired at a later 
time than injuries in which the tendon is retracted into the 
palm, because the circulation is thought to be maintained. 
Some of these avulsions have been satisfactorily repaired sev-
eral months after injury.

Type 3 injuries with an avulsion fracture close to the level 
of the distal interphalangeal joint also can be treated by frac-
ture fixation at a later time because of the preservation of the 
circulation. Early passive motion is encouraged with the fin-
ger immobilized, and if a pull-out wire technique is used, the 
aforementioned postoperative treatment is followed. A word 
of caution with types 2 and 3 injuries, however: the tendon 
can be avulsed from the bony fragments and are then treated 
as type 1 injuries.

In many patients seen late, regardless of the level of 
retraction, if satisfactory reattachment is impossible, consid-
eration should be given to arthrodesis or tenodesis. A select 
group of motivated patients in the 10- to 20-year age range 
may achieve satisfactory function after flexor tendon grafts 
through the intact sublimis tendon in the index and long 
(middle) fingers. 

POSTREPAIR RUPTURE
If flexor tendon rupture after a primary repair is detected 
promptly, satisfactory results can be achieved if the finger is 
explored and the ruptured tendon is located and repaired. If 
detection of the rupture is delayed, end-to-end repair rarely 
is possible and tendon graft reconstruction may be required. 
The flexor tendon can rupture after tenolysis. In these situa-
tions, judgment is required in making the decision regarding 
exploration and repair versus tendon grafting. If the tendon 
has ruptured in a densely scarred area, satisfactory function 
after reexploration and repair is unlikely and consideration 
should be given to delayed tendon grafting. When a rupture 
of the flexor pollicis longus tendon is seen early, the tendon 
can be reattached to the distal phalanx; when seen late, a ten-
don graft may be necessary because of muscle shortening and 
tendon degeneration (see Technique 66.16). 

REPAIR OF FLEXOR TENDON OF THUMB
The thumb also can be arbitrarily divided into zones according 
to the specific anatomic structures in the zone that influence 
the type of repair that is chosen for the flexor pollicis longus. 
Zone I includes the area at the interphalangeal joint and the 
insertion of the flexor pollicis longus. Zone II includes the 

 FIGURE 66.40 Passive flexion of interphalangeal joints, which 
is done several times each day for 4 to 5 weeks. Duran and Houser 
popularized early passive motion after tendon repair.
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fibroosseous sheath extending just proximal to the metacarpal 
head and the metacarpophalangeal joint. Zone III includes the 
area of the metacarpal beneath the thenar muscles. Zone IV 
corresponds to the carpal tunnel, and zone V corresponds to 
the distal forearm just proximal to the wrist (Fig. 66.41).

Urbaniak proposed an organized system of selecting 
repair methods for the flexor pollicis longus depending on 
the location of the injury and the timing of repair (Table 
66.1). Supporting the recommendations for direct repair of 
zone II injuries, the results after end-to-end repair within the 
flexor digital sheath have been reported to be as good as those 
after delayed tendon reconstruction.

To locate the flexor pollicis longus, volar zigzag inci-
sions over the thumb and linear incisions in the region of the 
thenar eminence and at the wrist may be required (see Fig. 
66.34). An early mobilization routine can be used after flexor 
pollicis longus repair similar to routines used for finger flex-
ors. Postoperative immobilization includes splinting with the 
wrist flexed 30 to 45 degrees and the metacarpophalangeal 
and interphalangeal joints slightly extended. The splint is left 
intact for about 3 weeks, and a removable splint is applied for 
an additional 3 weeks to protect the wrist and finger against 
excessive hyperextension. Active flexion is begun at about 3 

weeks, and passive extension and more vigorous activities can 
begin at 8 to 12 weeks.

ZONE I
When the long flexor tendon of the thumb is divided in zone 
I within 1 cm of its insertion, it can be sutured primarily to 
the distal stump or advanced and sutured directly into the 
bone. Some of the flexor sheath may require division. When 
this tendon is transected more proximally than 1 cm from 
its insertion, further advancement becomes necessary and 
lengthening of the tendon by Z-plasty just proximal to the 
wrist should be done. This tendon is unique in that it can be 
advanced without disturbing its blood supply because it does 
not have a vinculum. Tendon advancement rather than ten-
don grafting has been recommended because paratendinous 
adhesions are not as likely to form after advancement. 

ZONE II
In zone II, the critical pulley area at the thumb metacarpopha-
langeal joint, a portion of the pulley can be excised to lessen 
the possibility of adherence to the pulley of the site of the ten-
don suture. Primary repair is unpredictable, however, and a 
later graft might be the better choice, unless the surgeon is 
experienced in tendon repair. Advancement of the tendon dis-
tally to be sutured to a stump that is shortened to lie distal to 
the metacarpophalangeal pulley has the advantage of moving 
the repair site from beneath the area of a pulley. Lengthening 
of the tendon at the wrist by Z-plasty also may be required for 
this procedure. Urbaniak recommended an end-weave repair 
at the site of lengthening just proximal to the wrist. 

ZONE III
In zone III, with a laceration of the flexor pollicis longus ten-
don, the proximal end frequently retracts to near the wrist level. 
Usually the proximal end can be retrieved easily with atrau-
matic grasping of the tendon end in the sheath. If the tendon 
end cannot be retrieved easily, persistent grasping and probing 
should be avoided, and the tendon can be located through a 
separate incision at the wrist, between the radial artery and the 
flexor carpi radialis. Primary repairs in this zone can be per-
formed when the two ends are retrieved and apposed by flex-
ing the wrist and the distal joint of the thumb. When retrieval 
of the proximal tendon requires an additional incision at the 
wrist, the tendon should be carefully rethreaded through its 
normal route. This can be done by inserting a 22-gauge wire 
loop, a suture passer, or a tendon carrier through the sheath 
from the distal end, delivering a suture attached to the tendon, 
and threading it through from proximal to distal. 

 

I

II

III

IV

V

FIGURE 66.41 Anatomic zones of flexor pollicis longus that 
influence type of repair.

 TABLE 66.1 

Methods of Repairing the Flexor Pollicis Longus Based on the Zone of Injury and Timing of Repair

ZONE SHARP CUT TENDON LOSS MINIMAL SCAR SEVERE SCAR
I Direct Advancement Advancement (or direct) Advancement
II Direct Advancement and lengthening Advancement and lengthening Advancement and lengthening
III Direct Advancement and lengthening Advancement and lengthening Advancement and lengthening
IV Direct Free tendon graft Free tendon graft Two-stage free tendon graft
V Direct Tendon transfer (or bridge graft) Direct Tendon transfer

From Urbaniak JR: Repair of the flexor pollicis longus, Hand Clin 1:69–76, 1985.
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ZONE IV
In zone IV, the tendon rarely is cut because it is protected in 
part by a shelf of the radiocarpal bones. There is no contrain-
dication to repair at this level as long as the repair technique is 
atraumatic and the two ends are recoverable. The creation of a 
lump of suture material sufficient to cause median nerve com-
pression within the closed space of the carpal tunnel should 
be avoided. 

ZONE V
In zone V, primary repair of the flexor pollicis longus tendon 
is indicated. Usually the location of the tendon ends and end-
to-end repair are not difficult. 

SECONDARY REPAIR AND 
RECONSTRUCTION OF FLEXOR TENDONS
If flexor tendons cannot be repaired within the first 10 to 14 
days (delayed primary repair), the repair is considered to 
be secondary. After 1 month, delivery of the flexor tendon 
through the fibroosseous sheath and the pulleys is extremely 
difficult, and in those circumstances, in the absence of exten-
sive scarring and destruction of the tendon sheath, traditional 
single-stage flexor tendon grafting can be done. In the pres-
ence of extensive disturbance of the flexor sheath and pulleys, 
joint contractures, and nerve injury, two-stage tendon graft-
ing should be considered.

Generally, tendons can be repaired secondarily by direct 
suture at the site of division, by tendon graft, or by tendon 
transfer. Before tendons are secondarily repaired, certain 
requirements must be met, which are as follows: (1) wound 
erythema and swelling should be minimal; (2) skin coverage 
must be adequate; (3) the tissues through which the tendon is 
expected to glide must be relatively free of scar; (4) the align-
ment of bones must be satisfactory, and any fractures must be 
healed or fixed securely; (5) joints must have a useful range of 
passive motion; and (6) sensation in the involved digit must 
be undamaged or restored, or it should be possible to repair 
damaged nerves directly or with nerve grafts at the time of 
tendon repair. Secondary repair of tendons also may be 
delayed for reconstruction of the flexor pulleys, especially the 
critical A2 and A4 pulleys. During these reconstructions, a 
silicone rubber temporary prosthesis (Hunter and Salisbury) 
is useful to maintain the lumen of the tendon sheath while the 
grafted pulleys are healing. This is followed later by the inser-
tion of the flexor tendon graft.

FLEXOR TENDONS OF FINGERS
ZONE I (DISTAL HALF OF FINGER)

If the profundus tendon has been lacerated or avulsed, it is best 
reattached within a few days, before it retracts into the palm 
and before avulsion of the vinculum occurs. If treated early, 
an avulsed or lacerated profundus tendon can be advanced no 
more than 1 cm and reattached as discussed under primary 
repair (see discussion of flexor tendon rupture). After a few 
days, the tendon end swells, and it becomes difficult or impossi-
ble to thread the tendon through the bifurcation of the sublimis. 
Rethreading the swollen profundus also can jeopardize proxi-
mal interphalangeal joint movement. Profundus function can 
be restored by a tendon graft, but only when indicated. Flexor 
tendon grafting through the intact sublimis tendons is unpre-
dictable, and preoperative discussions should allow the patient 
to have a clear understanding of the uncertainties. Occupational 

requirements, such as those found in the playing of stringed 
musical instruments and work done by technicians, artisans, 
and artists, are also important when considering the need for 
flexor tendon grafting through an intact flexor sublimis.

As noted previously, flexor tendon grafting through an 
intact sublimis has been recommended for the index and long 
fingers for children and young adults, and rarely in the ring 
and little fingers. 

ZONE II (CRITICAL AREA OF PULLEYS)
When the sublimis tendon alone has been divided in the criti-
cal area of pulleys, secondary repair is unnecessary because 
the profundus tendon provides satisfactory function, and 
profundus function can be jeopardized by attempts at repair 
of the flexor sublimis. Hyperextension deformities of the 
proximal interphalangeal joint occasionally occur after the 
laceration of a sublimis tendon in a very flexible hand. This 
can be treated with techniques such as tenodesis.

When the profundus tendon alone has been divided in 
zone II, the sublimis tendon provides ample flexion of the prox-
imal interphalangeal joint. In the “delayed primary” period (10 
to 14 days), meticulous repair of the flexor profundus can result 
in satisfactory function. During the “late secondary” period (4 
weeks), it is doubtful that a direct repair would be successful. 
Under these circumstances, consideration should be given to 
distal tenodesis or distal joint arthrodesis, depending on the 
needs of the patient. Unless the distal joint is extremely hyper-
extensible and “flail,” rarely is extensive surgical treatment for 
this problem necessary. Tenodesis or arthrodesis may be nec-
essary in the index or long finger but rarely in other digits. 
When both tendons have been divided, and if conditions do 
not permit primary or delayed primary repair of the tendons, 
flexor function can be restored with a single-stage tendon graft 
when all prerequisites are met in the fingers (healed and stable 
wound, flexible joints, and good or improving sensibility). 

ZONES III, IV, AND V (FOREARM AND PALM)
Flexor tendons in the forearm and palm can be repaired 3 
or 4 weeks after injury by direct suture because flexing the 
wrist usually accommodates the gap sufficiently to overcome 
muscle retraction. After 4 or 5 weeks, the muscles become 
tightly contracted and a graft is necessary at times to bring 
the tendon ends together. This may be in the form of a short 
segmental graft between the tendon ends (Fig. 66.42). When 
tendons have been destroyed, profundus tendons take pri-
ority, and attaching available proximal sublimis tendons to 
distal profundus tendons may provide satisfactory function. 
The tendons can be attached with a mattress suture or with 
a strong multiple-strand technique, using 4-0 nonabsorbable 
suture or monofilament wire, especially in the distal forearm. 

 

PROFUNDUS ADVANCEMENT

 TECHNIQUE 66.12 

(WAGNER)
 n  Make a volar oblique, zigzag, or midlateral incision over 

the profundus insertion. Incise the tendon sheath at the 
C4 pulley area and retract it, preserving the annular pul-
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leys. Usually the proximal end of the profundus has re-
tracted into the palm. This can be determined by making 
another opening in the sheath distal to the A2 pulley. If 
the tendon cannot be seen, it probably is in the palm.

 n  Make a transverse incision near the distal palmar crease 
to recover it.

 n  Carefully thread the tendon through the bifurcation of 
the sublimis and into the distal end of the finger; if this 
cannot be done accurately and with assurance that the 
relation of the sublimis to the profundus is normal, the 
following two choices are available: (1) abandon the pro-
cedure because profundus and sublimis function may be 
impaired, or (2) make a volar oblique incision over the 
proximal phalanx, open a portion of the A2 pulley, and 
deliver the profundus tendon under direct vision.

 n  Resect the distal segment of the profundus at a level just 
proximal to the distal interphalangeal joint, and split its 
distal stump in a transverse plane (Fig. 66.43). Take no 
more than 1 cm of tendon.

 n  With a Bunnell retrograde pull-out wire suture or an an-
tegrade pull-out wire (see Figs. 66.26 and 66.27), fix the 
distal end of the proximal segment of tendon into the 

split profundus stump and tie the suture at the end of the 
finger through a button.

 n  Do not disturb the capsular attachment of the profundus 
stump because it protects the volar plate and helps to 
ensure a gliding surface and mobile joint.

 n  Repair any divided digital nerves at this time.
 n  Close the wound and apply a dorsal splint with the wrist 

in 45 degrees of flexion, the metacarpophalangeal joints 
in 60 to 70 degrees of flexion, and the interphalangeal 
joints in full extension.

POSTOPERATIVE CARE Refer to the discussion of post-
operative care for primary repair. Remove the pull-out su-
ture approximately 28 days postoperatively.
   

 

RECONSTRUCTION OF FINGER 
FLEXORS: SINGLE-STAGE TENDON 
GRAFT
When the sublimis and profundus tendons have been 
divided in the critical area of the pulleys, flexor tendon graft-
ing may be indicated if a delay in treatment has occurred, 
if there is segmental loss of tendon, if a gap cannot be 
closed because of myocontracture, or if other conditions 
exist that may lead the surgeon to select tendon grafting. 
The following requirements should be met before a tendon 
graft is done: (1) the skin is pliable; (2) any wounds are well 
healed; (3) edema has subsided; (4) the joints allow a full 
passive range of motion; and (5) sensation in the finger is 
normal or at least one digital nerve is intact (one divided 
digital nerve can be sutured at the time of grafting if the 
other nerve is intact). The A2 and A4 pulley systems also 
should be intact; otherwise, these should be reconstructed 
in a separate staged procedure before tendon grafting (see 
later discussion of technique for pulley reconstruction). Age 
is a strong prognostic factor. Results are best in patients 
10 to 30 years old, and the worst results occur in the very 
young and in patients older than 50 years.

 TECHNIQUE 66.13 

 n  Make a zigzag or volar oblique incision on the volar as-
pect of the finger to expose the underlying flexor sheath 
up to the proximal finger crease, or make a volar oblique 
or midlateral incision (see Fig. 66.34); carefully avoid en-
tering the proximal interphalangeal joint, which has thin 
subcutaneous fat laterally. Avoid injuring the neurovascu-
lar bundles, and make the flaps wide and thick enough to 
prevent necrosis.

 n  Expose the flexor sheath and preserve as much of the 
unscarred sheath as possible.

 n  Excise no more than absolutely necessary of the A2 and 
A4 pulley systems; complete excision of either may result 
in limited excursion of the grafted tendon.

 n  Free the scarred sublimis and profundus tendons and care-
fully preserve all of the volar plate of the proximal and distal 
interphalangeal joints. In the patient with hyperextensible 

 FIGURE 66.42 Long-standing flexor tendon interruptions in 
palm may require short segmental graft or “minigraft” to avoid 
excessive tension.

 FIGURE 66.43 Wagner technique of profundus advancement. 
SEE TECHNIQUE 66.12.
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joints, tenodesis of the sublimis helps prevent a swan-neck 
deformity.

 n  Divide both tendons at their insertions and bring them 
out through a transverse palmar incision made over the 
midbelly of the lumbrical muscles.

 n  Use a small chisel to raise a flap of bone just distal to the 
distal interphalangeal joint on the volar surface of the 
distal phalanx for later insertion of the profundus tendon 
graft (see Fig. 66.26).

 n  Under this bone flap, drill a small hole with a Kirschner 
wire large enough to accommodate two 4-0 monofila-
ment wire sutures.

 n  Pass the sutures in the graft out through the nail (Fig. 
66.44), or if there is concern about nail deformity, pass 
the sutures out through the distal end of the distal pha-
lanx or through the distal tendon insertion and out the tip 
of the finger in the hyponychium.

 n  As an alternative to using a pull-out suture for distal inser-
tion, suture the proximal end of the tendon into a split in 
the remaining distal tendon stump (see Fig. 66.43) if the 
stump is large enough to receive and hold a suture. With 
children, this method avoids the need for later removal of 
the pull-out suture.

 n  Through the proximal palmar incision, divide the sublimis 
tendon as far proximally as possible and discard it; retain 
the profundus tendon for attachment to the graft.

 n  In 10% to 15% of individuals, the palmaris longus tendon 
is absent, but when present, it can be taken from the 
same forearm and used as the graft.

 n  Expose the palmaris longus tendon through a transverse 
incision just proximal to its insertion at the wrist and 
through another in the upper forearm.

 n  Dissect the tendon at its musculotendinous junction prox-
imally and detach it distally after dissecting out the various 
portions of its insertion; draw the tendon out through the 
proximal forearm incision.

 n  Place a monofilament 4-0 pull-out wire suture in the dis-
tal end of the palmaris longus tendon before dividing it 
proximally. As an alternative, use a 4-0 or 3-0 nylon su-
ture. Arrange the pull-out wire in the retrograde Bunnell 
technique or use a single-loop antegrade pull-out wire. 
This suture is much more easily placed when the proximal 
end of the tendon has been stabilized.

 n  Thread the pull-out wire through the hole in the distal 
phalanx. Pass the needles in the suture through sterile felt 
and tie the distal ends of the suture. The distal attachment 
can be reinforced with an absorbable mattress suture.

 n  Bring the palmaris longus tendon proximally through 
the intact tendon sheath and into the palm by wetting 
the tendon and passing it with a suture passer, or use a 
22-gauge wire loop to pass the tendon proximally.

 n  A careful attempt must be made to attach the tendon to 
the graft under appropriate tension.

 n  Place the wrist in neutral and the finger in full extension 
and place tension on the musculotendinous junction 
proximally and on the graft attached to the finger distally.

 n  At the point where the tendon and graft are to be joined, 
mark the junction with a methylene blue pen.

 n  Adjust the tension so that when the wrist is in extension, 
the finger is automatically brought into about the same 
amount or slightly more flexion as the adjoining digits. 
The amount of flexion should increase in the ulnar digits.

 n  The best method used to suture the proximal junction is 
the fish-mouth “weave” insertion described by Pulvertaft 
(see Fig. 66.19), which makes it easier to adjust the ten-
sion. Do not suture the lumbrical muscle to the tendon 
junction because this tends to increase tension in the lum-
brical muscle, contributing to the “lumbrical plus” finger.

 n  Attach the tendon ends and close the palmar and digital 
wounds without subcutaneous sutures.

 n  Insert a drain in the proximal palmar wound if needed, 
especially if the tourniquet is to be deflated after a splint 
has been applied.

 n  Place the wrist in 40 to 45 degrees of flexion with the 
metacarpophalangeal joints in 60 degrees of flexion and 
the interphalangeal joint in full extension. The wrist should 
not be placed in forced flexion because this can increase 
postoperative pain and put pressure on the median nerve.

 n  Cover the wounds with a layer of nonadhesive material 
and a moist, molded dressing.

 n  Apply a posterior short arm splint to hold the wrist in 
flexion. In children, a long arm cast is applied to keep the 
dressing from shifting distally.

 n  It is crucial to prevent a postoperative hematoma. Release 
the tourniquet before wound closure and keep manual 
pressure on the wound for 5 minutes. Ascertain hemo-
stasis using electrocautery.

 n  As an alternative, ascertain hemostasis, close the wound, 
and apply a moist, conforming dressing to the volar 
aspect of the finger with the wrist held in flexion by a 
posterior splint; elevate the hand, deflate the tourniquet, 
and maintain pressure on the palmar surface of the hand 
while the patient is awakening from anesthesia.

 FIGURE 66.44 Repair of finger flexor tendons by tendon graft. 
Graft has been sutured in place. Proximal and distal pulleys have 
been narrowed. SEE TECHNIQUE 66.13.
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POSTOPERATIVE CARE The hand is elevated for the first 
24 to 48 hours. Drains are removed after about 24 hours 
or when drainage subsides. Postoperative management 
and rehabilitation depend on the philosophy, experience, 
and preferences of the surgeon and therapist. Satisfac-
tory results have been reported with the use of an early 
postoperative mobilization technique. Other surgeons are 
more conservative, basing their rehabilitation program on 
the concept that the avascular tendon graft must revas-
cularize and go through a weakened phase before begin-
ning any significant motion. If a controlled passive motion 
rehabilitation program is pursued, the patient should be 
evaluated carefully for his or her ability to comply and 
should be closely supervised several times weekly for at 
least 4 weeks. No active flexion, overextension, or passive 
hyperextension should be permitted. The pull-out suture 
is removed approximately 28 days after surgery. Protected 
motion is continued for at least 4 more weeks (total of 8 
weeks). Strengthening is begun at 8 weeks after the ten-
don graft; however, normal forceful activity is not permit-
ted before 12 to 14 weeks (see discussion of postoperative 
care for primary repair).
  

DONOR TENDONS FOR GRAFTING
Donor tendons for grafting, in order of preference, are the 
palmaris longus, the plantaris, and the long extensors of the 
toes. In rare cases, the index extensor digitorum communis, 
the extensor indicis proprius, and the flexor digitorum subli-
mis are used.

PALMARIS LONGUS
The palmaris longus is the tendon of choice because it fulfills 
the requirements of length, diameter, and availability without 
producing a deformity. The presence of this tendon should 
be determined before any grafting procedure; its presence 
can be exhibited by having the patient appose the tips of the 
thumb and little finger while flexing the wrist (Fig. 66.45). 
The tendon is reported to be present in one arm in 85% of 

individuals and in both arms in 70%. The tendon is flat, is sur-
rounded by paratenon, and is long enough for a graft about 
15 cm long. The tendon is excised as follows. A short trans-
verse incision is made directly over the tendon just proximal 
to the flexion crease of the wrist. The tendon is grasped at its 
end with a hemostat, and traction is applied so that it can be 
palpated easily in a proximal direction. A second transverse 
incision is made over the tendon at the junction of the middle 
and proximal thirds of the forearm. The tendon is identified 
and divided, and the segment to be used as a graft is with-
drawn. Should paratenon be desired, a long curved incision 
over the forearm is necessary; this method is much more 
disabling, and, as an alternative, a tendon stripper similar to 
that devised for the plantaris tendon (Fig. 66.46) can be used. 
Occasionally, there is a double palmaris longus tendon, or it 
can have multiple insertions or an associated aberrant mus-
cle. Any of these would make it difficult to withdraw it from 
only two transverse incisions. 

PLANTARIS TENDON
The plantaris tendon is equally satisfactory for a graft as the 
palmaris tendon, has the advantage of being almost twice 
as long (enough to provide two grafts), but is not as acces-
sible (Figs. 66.47 and 66.48). It reportedly is present in 93% of 
individuals. The tendon is anteromedial to the Achilles ten-
don proximal to the heel and can be obtained for grafting as 
follows. A small, medial, longitudinal incision is made just 
anterior to the insertion of the Achilles tendon. The tendon 
is identified as a slip distinctly separate from the Achilles ten-
don (Fig. 66.46). The tendon is divided near its insertion and 

 FIGURE 66.45 Method of showing presence of palmaris longus 
tendon (see text).

 

A

B
FIGURE 66.46 Method of removing plantaris tendon for 

grafting (see text). A, Plantaris tendon is separated from Achilles 
tendon. B, Brand tendon stripper.
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threaded through the loop of a tendon stripper made for this 
purpose. The knee is kept in full extension. The distal end of 
the tendon is clamped with a hemostat and held taut while 
the stripper is passed up the leg until the resistance of the gas-
trocsoleus fascia is encountered; this resistance is overcome 
with additional force on the stripper. The stripper is advanced 
proximally for about 25 cm, where resistance is again met as 
the loop of the stripper meets the belly of the muscle. The 
loop of the stripper is palpated through the skin, and a longi-
tudinal incision 5 cm long is made over it. The gastrocnemius 

muscle belly is freed from around the plantaris tendon, and 
the tendon is divided under direct vision and withdrawn. If a 
tendon stripper is unavailable, the tendon is removed through 
multiple short transverse incisions. 

LONG EXTENSORS OF TOES
Tendons of the long extensors of the toes are not as desir-
able as the palmaris longus or the plantaris tendons because 
there are many attachments between them, especially as the 
cruciate ligament is approached proximally. Every toe except 
the little toe has an extensor brevis tendon to dorsiflex it after 
excision of the long extensor tendon. The extensor hallucis 
longus is much larger than the other extensors, and the exten-
sor of the second toe is much more intimately related to the 
dorsalis pedis artery. The extensor of the third toe is probably 
easiest to remove and use. Multiple short transverse incisions 
are made over the tendon, and the tendon is removed by ele-
vating the skin proximal to each incision and dissecting to a 
more proximal level. Another incision is made at this point, 
and the procedure is repeated. The divided end of the tendon 
is extracted through each successive incision and removed 
through the proximal incision (Fig. 66.49A). A tendon can 
be removed much more easily through a long curved inci-
sion along the course of the tendon (Fig. 66.49B), but such an 
incision temporarily prevents weight bearing and results in 
an unsightly scar. 

EXTENSOR INDICIS PROPRIUS, EXTENSOR 
DIGITORUM COMMUNIS OF INDEX
The extensor tendons to the fingers rarely are used as tendon 
grafts. The extensor indicis proprius tendon usually is long 
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FIGURE 66.47 Anatomic relationships of plantaris muscle and tendon.

 

Popliteal
vein

Popliteal
artery

Medial
condyle, tibia

Popliteus
   muscle

Gastrocnemius
muscle,

medial head

Tibial
nerve

Plantaris
muscle

Gastrocnemius
muscle,
lateral head

Soleus muscle

FIGURE 66.48 Anatomic relationships of plantaris muscle and 
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enough for a single flexor tendon graft but rarely is used. It 
is divided distally at its insertion into the ulnar side of the 
extensor hood through a small transverse incision and prox-
imally just proximal to the extensor retinaculum through a 
short longitudinal incision. The distal end of the proximal 
segment of tendon is sutured to the extensor digitorum com-
munis to help maintain independent extension of the index 
finger. If the extensor digitorum communis to the index 
finger is selected, it is divided in a similar fashion through 
a small transverse incision over the proximal portion of the 
extensor hood, repairing the distal remnant to the extensor 
indicis proprius tendon. It is released as well through a short 
longitudinal incision over the extensor retinaculum proximal 
to the wrist. 

FLEXOR DIGITORUM SUBLIMIS
A flexor digitorum sublimis tendon should not be excised 
simply as a graft, but at times one is available when removed 
in conjunction with an amputation or flexor tendon graft-
ing. The tendon usually is too thick, so its central part can 

undergo necrosis when it is used as a graft, producing a local 
reaction that causes adhesions. The tendon can be split lon-
gitudinally to make it thinner, but this leaves a raw surface 
where adhesions are even more likely to develop. 

COMPLICATIONS
“LUMBRICAL PLUS” FINGER

The “lumbrical plus” finger develops when the pull of the pro-
fundus musculotendinous unit is applied through the lumbri-
cal muscle, rather than through a flexor tendon graft distal to 
the lumbrical muscle origin. The pull of the profundus mus-
cle, applied through the lumbrical muscle, creates extension 
of the proximal and distal interphalangeal joints. This usu-
ally occurs if the tension on a tendon graft is not appropri-
ately set and the graft is relatively too “long” (Figs. 66.50 and 
66.51). The condition also may be seen when amputations 
have occurred through the middle phalanx after avulsion of 
the insertion of the flexor digitorum profundus or division 
of the flexor profundus tendon. The long finger seems to be 
most commonly involved. Usually, with gentle flexion effort, 
the patient can nearly make a fist with the grafted finger; 
however, when forceful flexion is attempted, the interphalan-
geal joints extend with “paradoxic extension.” According to 
Parkes, the test for the “lumbrical plus” finger is to show first 
that the patient has full passive flexion of all joints of the fin-
ger. In strong gripping or active flexion of all fingers, flexion is 
incomplete and partial extension of the interphalangeal joints 
occurs. The treatment of this condition consists of transection 
of the involved lumbrical tendon through a longitudinal inci-
sion in the web space to the radial side of the involved finger, 
usually after use of a local anesthetic. If the tendon otherwise 
functions satisfactorily, this should cure the problem. 

“QUADRIGA” EFFECT
If the tension on the tendon graft is set too tightly, when the 
patient attempts to flex the fingers, the grafted finger flexes 
and reaches the palm before the remaining fingers. This 
blocks full excursion of the proximal flexor musculotendi-
nous units and reduces the ability to flex the uninjured dig-
its, usually occurring in the long, ring, and little fingers. This 
limitation of excursion also can occur if the flexor digitorum 
sublimis spiral is not corrected in the repair of any injury to 

 

A B
FIGURE 66.49 Methods of obtaining long extensor tendon of 

toe for grafting (see text). A, Long extensor tendon of second toe 
is removed through four short transverse incisions. B, Same tendon 
is removed through one long longitudinal incision.

 

A B

FIGURE 66.50 “Lumbrical plus” finger. In this patient, tendon graft that is too long has been 
inserted. A, Gentle flexion results in coordinated flexion of grafted ring finger and adjacent small 
finger. B, Powerful flexion of hand results in good flexion of small digit but paradoxic extension 
of interphalangeal joints of grafted ring finger against examiner’s digit.
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the flexor profundus and sublimis, with improper repair of an 
oblique laceration allowing triggering or blocking of motion 
to occur and blocking of tendon motion because of eversion 
of the tendon repair. This has been emphasized by Verdan and 
elucidated further by Lister. 

RECONSTRUCTION OF FLEXOR TENDON 
PULLEYS
Injury to the important annular thickenings of the fibroos-
seous sheath (especially the A2 and A4 pulleys) may have 
occurred at the time of tendon injury, or they may have been 
destroyed during previous surgical procedures, either at the 
time of a primary repair or subsequently during tenolysis. 
When reconstructive procedures, including tenolyses and sin-
gle-stage and two-stage graft reconstructions, are attempted 
without reconstruction of the pulleys, the result usually is 
unsatisfactory. Without pulleys, the angle of approach of the 
tendon to its insertion is altered, retinacular restraints are 
damaged, a flexion contracture frequently develops at the 
proximal interphalangeal joint, bowstringing of palmar skin 
occurs, and tendon excursion is lost. If the finger is left with-
out the function of the A2 and A4 pulleys, it cannot function 
satisfactorily after tenolysis, and tendon graft reconstruction 
fails. Reconstruction of the A2 and A4 pulley systems is indi-
cated when insufficient pulley remnants are left after tenolysis 
and as part of a single-stage or two-stage tendon graft recon-
struction. In the involved digit, all fractures and joint injuries 
should be healed, neurovascular defects should be minimal 

or improving, and there should be good soft-tissue coverage 
with minimal scarring.

In two situations, flexor tenolysis and single-stage flexor 
tendon grafting, the pulley reconstruction can be jeopardized 
at the time that motion is begun. Usually this problem can 
be overcome in the postoperative period using rings, taped 
bands, or thermoplastic rings, as recommended by Strickland 
et al., to protect the pulley reconstruction.

Use of the pulley reconstruction in the two-stage tendon 
graft reconstruction allows the grafted material to heal satis-
factorily so that by the time of the second stage of the tendon 
grafting procedure the pulley reconstruction has sufficiently 
healed. The results usually are better in young adults and ado-
lescents because younger individuals are less likely to develop 
joint stiffness. Donor grafts for pulley reconstruction include 
a flexor sublimis tendon that is sacrificed and split longitu-
dinally; portions of the extensor retinaculum at the wrist or 
ankle, as advocated by Lister; sublimis tendon; fascia lata in 
rare situations; and the palmaris longus if it is not needed for 
flexor tendon grafting (see earlier section “Donor Tendons 
for Grafting”). 

 

RECONSTRUCTION OF FLEXOR 
TENDON PULLEYS

 TECHNIQUE 66.14 

 n  Make a zigzag (see Fig. 64.17, lines B and C), midlateral 
(see Fig. 64.18), or volar oblique (see Fig. 64.17, line D) 
incision exposing the area of the flexor tendons. Make 
the exposure wide enough to show all of the flexor pulley 
system.

 n  Excise the scarred tendons and surrounding scar tissue. 
Retain any part of the sheath that is not scarred, however, 
especially in the area of the distal joint and the A1 pulley 
system in the palm.

 n  Bring the tendons out through an additional palmar inci-
sion and complete their excision.

 n  If a two-stage tendon reconstruction is planned, insert 
a Silastic rod (Hunter) of appropriate size and attach it 
distally either to the remaining profundus tendon stump 
or to the bone by a small screw (Fig. 66.52), as described 
for the two-stage Hunter rod technique.

 n  Place the rod proximally at the forearm or palmar level in 
a scar-free area away from the profundus tendon.

 n  Leave the profundus tendon attached to the lumbrical 
muscle to maintain its length.

 n  Several techniques are available for pulley reconstruction. 
If a tendon graft is to be used for a pulley substitute, use 
a thin strip measuring at least 6 cm in length and 0.25 
cm in width. If the original fibroosseous rim of the flexor 
sheath is satisfactory, weave the tendon through this rim 
and secure it with mattress sutures. Weave the strip over 
the silicone rod beginning at about the A2 pulley level 
(Fig. 66.53).

 n  The A2 and A4 pulleys can be reconstructed individually 
in this method. If the fibroosseous rim is insufficient, pass 

 

A

B

C

D

FDP

FDP

FDP

Graft of FDP

FIGURE 66.51 Conditions that cause “lumbrical plus” finger. A, 
Severance of flexor digitorum profundus (FDP) (produces paradoxic 
extension). B, Avulsion of FDP. C, Overly long flexor tendon graft. 
D, Amputation through middle phalanx.
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the tendon graft around the phalanx and suture it to itself 
with several mattress sutures.

 n  Over the proximal phalanx (A2 pulley reconstruction), 
pass the tendon over the silicone rod and around the 
proximal phalanx deep to the extensor tendon. Over the 
middle phalanx (A4 pulley reconstruction), pass the ten-
don around the middle phalanx superficial to the extensor 
tendon and suture it to itself. In each case, the circling 
pulley reconstruction is rotated so that the suture portion 
is to the side of the finger.

 n  In another technique, advocated by Lister, extensor reti-
naculum from the wrist can be harvested and used as 
an encircling pulley reconstruction as well (Fig. 66.54). 
Pass a piece of thread around the finger to estimate the 
amount of length of the tendon graft material that would 
be required for the pulley reconstruction.

 n  Avoid reconstructing the pulley over the proximal inter-
phalangeal joint because this can restrict motion.

 n  When pulley reconstruction is done concomitant with 
flexor tenolysis, plan to incorporate an orthotic protec-
tion (ring) in the rehabilitation period.

 n  Close the wound loosely and support the hand with a 
dorsal splint.

POSTOPERATIVE CARE If pulley reconstruction is part 
of the first stage of a two-stage tendon reconstruction, 
passive motion of the finger joints usually is started at 
7 to 10 days. The patient is instructed in passive finger 
exercises. Strapping to adjacent fingers can be helpful. 
For tenolysis, active motion is begun in the first 72 hours 
and the therapy program progresses gradually. For staged 
tendon reconstruction, 3 months may be required to al-
low for healing and restoration of flexibility and sheath 
reconstitution before the second stage.
  

RECONSTRUCTION OF FINGER FLEXORS BY 
TWO-STAGE TENDON GRAFT
For patients with excessive scarring, joint stiffness, and possi-
ble nerve injury, a two-stage procedure for tendon repair may 
be indicated. A patient who has a severely contracted, scarred 
digit, especially if neurovascular insufficiency is significant, 
may be a candidate for an arthrodesis or even amputation as 
reasonable alternatives to staged tendon reconstruction. The 

 

B

A

FIGURE 66.52 A, Stage 1. Distal implant juncture; suture to profundus stump. B, Distal implant 
juncture; metal endplate implant model with screw fixation to distal phalanx. SEE TECHNIQUE 66.14.

 FIGURE 66.53 Reconstruction of flexor tendon pulleys. SEE 
TECHNIQUE 66.14.
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patient should understand the extensive rehabilitation and 
effort involved in recovery after a minimum of at least two 
operations that would be required for such a tendon recon-
struction. The first stage consists of excising the tendon and 
scar from the flexor tendon bed and preserving or recon-
structing the flexor pulley system. A Dacron-impregnated 
silicone rod is inserted to maintain the tunnel in the area of 
the excised tendons until passive motion and sensitivity have 
been restored to the digit. The rod is attached distally to bone 
or a tendon stump. It is passed proximally into the distal fore-
arm to a level about 5 cm proximal to the wrist crease to allow 
proximal extension of the sheath into the forearm. The sec-
ond stage consists of removal of the rod and insertion of a 
tendon graft (Fig. 66.55). 

 

STAGE 1: EXCISION OF TENDON AND 
SCAR AND RECONSTRUCTION OF 
FLEXOR PULLEY

 TECHNIQUE 66.15 

 n  Make a zigzag (see Fig. 64.17, lines B and C) or midlateral 
(see Fig. 64.18) incision to expose the entire flexor sheath 
area. If scars are present, it is best to follow them with the 
incision to avoid ischemia in skin flaps.

 n  Expose the palm either by a continuation of the zigzag 
incision or through an additional incision at the level of 
the A1 pulley.

 n  Excise the profundus and sublimis tendons, but retain a 
stump of the profundus tendon 1 cm long at the distal 
phalanx.

 n  If pulley reconstruction is planned, preserve the inser-
tion of the sublimis to reinforce the pulleys. Save excised 
tendon as graft material for pulley reconstruction. Retain 
only the unscarred portions of the flexor pulley system, 
but some portions of the A2 and A4 pulleys are the mini-
mum required.

 n  Extend the dissection into the palm; if the lumbrical mus-
cle is scarred and contracted, excise it.

 n  Transect the profundus tendon at the level of the lumbrical.
 n  Select a Dacron silicone rod of appropriate size and rinse 

it in saline to remove lint. Usually a smaller rod is selected 
to provide a snug fit in the sheath.

 n  Insert the rod into the palm and continue blunt dissection 
proximally so that the rod extends above the wrist level. 
Excision of the entire sublimis tendon may be necessary 
to make room for the rod at the wrist.

 n  Attach the rod distally beneath the stump of the profun-
dus with 3-0 monofilament steel wire or nylon reinforced 
with two 4-0 nonabsorbable sutures through the Dacron 
portion of the rod.

 n  As an alternative, secure the rod to the distal phalanx with 
a screw.

 

C

A D

E

B

FIGURE 66.54 A, Reconstructive tissue is passed around phalanx and tendon deep to extensor 
tendon over proximal phalanx and superficial to it over middle. B and C, Graft is sutured securely 
because suture represents only weak point in this reconstruction. Overlapped repair is rotated 
around to side of digit, creating strong pulley with synovial gliding surface on its inner aspect. 
D and E, Intervening windows should be reconstructed with synovial tissue from dorsum of foot 
adjacent to retinaculum. SEE TECHNIQUE 66.14.
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 n  After seating the prosthesis, passively flex the fingers to 
observe any tendency toward buckling. Traction on the 
prosthesis determines the need for possible further modi-
fication of the pulley system, either by excising more scar 
tissue or by reconstructing a defective area in the system, 
especially at the A2 and A4 levels.

 n  Repair digital nerves as needed and close the wound after 
obtaining satisfactory hemostasis.

 n  Apply a bulky compressive dressing and a dorsal splint 
with the wrist at about 35 degrees of flexion, the meta-
carpophalangeal joints at 60 to 70 degrees of flexion, and 
the interphalangeal joints extended.

 

A

D

B

C

E

F

G H
FIGURE 66.55 Passive gliding technique using Hunter tendon prosthesis. Stage 2: Removal of 

prosthesis and insertion of tendon graft. A, Graft has been sutured to proximal end of prosthesis 
and pulled distally through new tendon bed. Note mesentery-like attachment of new sheath 
visible in forearm. B, Distal anastomosis. Bunnell pull-out suture in distal end of tendon graft. C, 
Distal anastomosis. Complete Bunnell suture with button over fingernail. Reinforcing sutures are 
usually placed through stump of profundus tendon. D, Proximal anastomosis. Measuring excursion 
of tendon graft and selecting motor. If procedure is done with local anesthesia (see text), true 
amplitude of active muscle contraction can be measured. E, Proximal anastomosis graft is threaded 
through tendon motor muscle two or three times for added strength. F, Proximal anastomosis. 
Stump is “fish-mouthed” after method of Pulvertaft, tension is adjusted, and one suture is inserted 
as shown. Further adjustment of tension can be accomplished simply by removing and shortening 
or lengthening as necessary. G, Proximal anastomosis. After appropriate tension has been selected, 
anastomosis is completed. H, Proximal anastomosis. Technique when graft is anastomosed to 
common profundus tendon. SEE TECHNIQUE 66.16.
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POSTOPERATIVE CARE After closing the wound, the 
hand is supported by a splint and gentle passive motion 
of the finger joints is started at 7 to 10 days. The hand 
should be examined regularly for synovitis or buckling of 
the rod. If buckling is seen, external rings are worn on 
the fingers to support the implant. If synovitis develops, 
prompt and complete immobilization usually is sufficient 
for resolution. The second stage is done when the finger 
is soft, supple, and well healed with mobile joints. The 
earliest time for the second stage is about 8 weeks, but 
3 months usually is required, depending on the patient’s 
needs and the surgeon’s judgment.
   

 

STAGE 2: ROD REMOVAL AND 
TENDON GRAFT INSERTION

 TECHNIQUE 66.16 

 n  Using appropriate anesthesia, open the previous incision 
to expose the flexor sheath over the distal portion of the 
middle phalanx near the distal joint and make another 
incision proximally in the palm or the forearm.

 n  Select a donor tendon, depending on the planned proxi-
mal attachment. A palmaris longus probably would suf-
fice for a single tendon with a proximal attachment in the 
palm. Longer tendons would be required for attachments 
from the forearm to the finger. The plantaris or the ex-
tensor digitorum longus tendon to the three central toes 
makes a sufficiently long tendon graft. Motor tendons 
usually selected include the profundus mass for the long, 
ring, and little fingers. If suitable, the profundus to the in-
dex is used for the index finger. The sublimis muscles also 
can be used for motors for the tendon grafts. For thumb 
flexor tendon reconstruction, the flexor pollicis longus or 
the sublimis muscles can be used. In certain selected situa-
tions, the sublimis to the ring finger can be used as motor 
and tendon without the need for a free tendon graft.

 n  While the tendon grafts are being harvested, deflate the 
tourniquet and cover the wounds with sterile bandages 
and compress.

 n  After the tendon grafts have been harvested, exsangui-
nate the limb and reinflate the tourniquet.

 n  Suture the flexor graft to the proximal end of the implant 
and pull the implant distally through the sheath, trailing 
the tendon graft with it (Fig. 66.55A).

 n  Separate the implant from the tendon graft and discard 
the implant.

 n  Use a pull-out technique to secure the distal attachment 
of the tendon graft to the distal phalanx (Fig. 66.55B and 
C) or the distal end of the flexor tendon, as previously 
described (see Fig. 66.43).

 n  If the palm is not involved with scarring, a short graft 
can be used and the proximal attachment is made to the 
profundus tendon at the lumbrical origin with a Pulvertaft 
fish-mouth weave (Fig. 66.55F and G). If the profundus 
is unsatisfactory, an adjacent sublimis can be used as a 
motor in the palm.

 n  If the profundus tendons of the long, ring, and little fin-
gers are chosen for common motors, use an interweaving 
technique for the proximal attachment.

 n  In some circumstances, the proximal attachment is in the 
forearm.

 n  In the forearm, select the appropriate motor muscle and 
obtain the length of the flexor tendon graft by allowing 
the dorsum of the hand and wrist to lie flat on the operat-
ing table.

 n  Inspect the “cascade of the fingers” (Schneider) with 
each finger more flexed than the finger to its radial side.

 n  Pass the tendon graft in an interweave method without 
being sutured and apply traction to the graft until the 
finger shows its proper position relative to its adjacent 
fingers (Fig. 66.55D); place a mattress suture through the 
motor tendon and the tendon graft.

 n  After testing passive movement with wrist flexion and 
extension, place the hand on the table and observe the 
finger as it assumes its position in relation to the adjacent 
fingers. If the position is satisfactory, complete the attach-
ment of the graft with a Pulvertaft weave with mattress 
sutures (Fig. 66.55E to H).

 n  Deflate the tourniquet, obtain satisfactory hemostasis, 
and close the wound using drains as needed.

 n  Apply a bulky compression dressing with a short arm dor-
sal splint and maintain the wrist in about 35 degrees of 
flexion, the metacarpophalangeal joints in 70 degrees of 
flexion, and the interphalangeal joints in full extension.

POSTOPERATIVE CARE An early protected motion 
program generally is recommended. A more conser-
vative approach can be used if there is concern about 
rupture and disruption at the tendon attachments. If an 
early protected motion program is initiated, it usually 
begins 3 days after the operation. If a rubber band at-
tachment to the fingernail is used as a part of the pas-
sive component of the protected motion routine, the 
therapist and the surgeon should closely supervise the 
program to avoid proximal and distal interphalangeal 
joint contractures. The pull-out suture is removed at 4 
weeks. In a compliant patient, the dorsal splint is re-
moved at 4 weeks also and the rubber band is attached 
to a wrist cuff to provide additional protection for 1 to 
2 more weeks. Blocking exercises are begun at 4 to 5 
weeks. Static splints are used to help avoid recurrence 
of flexion contractures present before stage 1. Dynamic 
and static splints are added as needed, possibly by 4 to 
5 weeks in patients with poor pull-through. In patients 
with satisfactory motion, dynamic and static splints can 
be added at 6 to 8 weeks. Heavy resistance should be 
avoided early in the program.

For patients who cannot be closely supervised by the sur-
geon or therapist, a safer routine would involve splinting 
of the hand without the rubber band traction for approxi-
mately 3 weeks after surgery and initiation of finger mo-
bilization after that time. At about 3 weeks, an active and 
passive range-of-motion exercise routine can be started, 
with blocking and more active exercises begun at 4 weeks. 
Protection against hyperextension should be maintained 
for 6 to 7 weeks after surgery, and heavy resistance should 
not be forced for 9 to 12 weeks.
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LONG FLEXOR OF THUMB
The flexor pollicis longus tendon can be repaired secondarily 
by direct suture at any level within the thumb if the two ends 
can be approximated without excessive tension. Within the 
first few weeks after injury, tension of the muscle from con-
tracture can be overcome by flexing the wrist. Avoid repair of 
the flexor pollicis longus at the proximal pulley, opposite the 
metacarpophalangeal joint, because the suture line is likely 
to adhere to the pulley. This repair can be accomplished by 
tendon advancement or tendon advancement with length-
ening at the wrist, as described earlier (see “Primary Flexor 
Tendon Repair”). Another alternative in difficult situations is 
tendon transfer of the ring finger flexor sublimis to substitute 
for flexor pollicis longus function. Urbaniak recommended 
that this tendon transfer be reserved for patients who have 
lost function of the flexor pollicis longus muscle belly because 
of anterior interosseous nerve injury, loss of blood supply, 
or muscle damage. As a last resort, the thumb interphalan-
geal joint can be stabilized by arthrodesis (see Chapter 73) or 
tenodesis (see Technique 66.22). 

 

FLEXOR TENDON GRAFT

 TECHNIQUE 66.17 

 n  Make an incision on the radial side of the thumb from a 
point near the base of the nail to near the middle of the 
metacarpal and angle it toward the palm to end near the 
middle of the thenar eminence.

 n  Elevate the skin and subcutaneous tissue as a flap with 
its base toward the palm; carefully dissect the branch of 
the radial nerve and its corresponding vessel, and retract 
them with this flap.

 n  Dissect the digital neurovascular bundle, which lies well 
toward the anterior aspect of the thumb.

 n  Identify the pulley and open the tendon sheath and the 
pulley sufficiently to insert the tendon graft, but leave a 
segment of the pulley at least 1 cm wide intact over the 
metacarpophalangeal joint to prevent bowstringing of 
the tendon.

 n  Also leave intact the oblique pulley at the proximal and 
middle thirds of the proximal phalanx.

 n  Free the flexor tendon, but do not enter the interphalan-
geal joint or damage its volar plate.

 n  Make a transverse incision 2.5 cm long proximal to the 
flexor crease of the wrist and identify the flexor pollicis 
longus tendon and withdraw it; if possible, tag the distal 
end of the tendon with a suture before withdrawing it, 
and use this suture as a guide in threading the graft into 
the thumb.

 n  Obtain a tendon graft from an appropriate site, usually 
the palmaris longus or toe extensor digitorum longus ten-
dons.

 n  Anchor the graft at the point of insertion of the original 
tendon as described for a flexor tendon graft of a finger.

 n  Use the end-weave technique to suture the proximal end 
of the graft to the distal end of the flexor pollicis longus 
tendon at a level proximal to the wrist so that the junc-

ture does not enter the carpal tunnel or encroach on the 
median nerve when the thumb and wrist are extended.

 n  The graft should be under enough tension to flex slightly 
the interphalangeal joint of the thumb when the wrist is 
in the neutral position. Test the tension on the graft by 
placing one mattress suture through the end weave.

 n  With the wrist in maximal extension, full flexion of the 
thumb is produced. With the wrist in maximal passive 
flexion, full extension of the thumb should be produced.

 n  When the tension is satisfactory, the additional mattress 
sutures are placed to secure the juncture.

 n  As an alternative method, the proximal end of the graft 
can be sutured to the tendon opposite the middle of the 
thumb metacarpal; this requires only one incision and 
helps avoid potential median nerve complications.

 n  Close the wound with 5-0 nylon or a similar suture without 
subcutaneous sutures. Apply a dorsal splint to the wrist, 
hand, and thumb with the wrist in 45 degrees of flexion 
and the interphalangeal joint of the thumb in extension.

POSTOPERATIVE CARE At 4 weeks, the pull-out suture 
is removed, and active motion is begun. Splint protection 
against hyperextension is continued for 7 to 8 weeks. At 7 
weeks, active flexion can be increased to approach heavy 
resistance by 9 to 10 weeks.
   

 

TWO-STAGE FLEXOR TENDON GRAFT 
FOR FLEXOR POLLICIS LONGUS
In the unusual situation in which there is extensive disrup-
tion of the flexor pollicis longus in its course from the carpal 
tunnel distally in its passage beneath the thenar muscles to 
the thumb and the tendon insertion and, especially if there 
are associated joint contractures and pulley reconstruction 
is required, staged tendon grafting using the silicone rod 
technique (Hunter) is appropriate.

 TECHNIQUE 66.18 

(HUNTER)
 n  The incision and approach to the thumb are similar to 

those described for the single-stage flexor tendon graft. 
After the pulley has been reconstructed, and the silicone 
rod has been placed beneath the pulley reconstruction 
and secured distally in a manner similar to that described 
for the silicone rod technique in the finger, suture the 
distal end of the silicone rod to the stump of flexor tendon 
with wire and nonabsorbable sutures.

 n  Pass the rod proximally through the course of the flexor 
pollicis longus beneath the thenar muscles and further 
proximally through the carpal tunnel into the distal fore-
arm adjacent to the flexor pollicis longus tendon.

 n  After wound closure, apply a dorsal splint to maintain the 
wrist in slight flexion and to provide an increased length 
for the sheath of the flexor pollicis longus.

 n  Passive motion is begun, and after satisfactory wound 
healing and motion have been achieved, the second stage 
is done, usually 2 to 3 months after the first stage.
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 n  Harvest a free tendon graft of sufficient length, usually 
the plantaris or extensor digitorum longus from a toe.

 n  Make limited incisions in the distal attachment of the 
thumb and proximally at the wrist for passing the tendon 
graft attached to the rod.

 n  Attach the graft to the proximal end of the rod and pull 
it distally through the sheath.

 n  Remove the rod and discard. Complete the distal attach-
ment with a pull-out technique similar to a single-stage 
tendon graft. The proximal attachment is accomplished 
with an end weave (Pulvertaft) using mattress sutures, 
and the tension is set in a manner similar to that described 
in the single-stage graft technique for the flexor pollicis 
longus (see Technique 66.17).

POSTOPERATIVE CARE Postoperative care after two-
stage tendon grafting is similar to that for the single-stage 
grafting technique.
   

 

TRANSFER OF RING FINGER FLEXOR 
SUBLIMIS TO FLEXOR POLLICIS 
LONGUS

 TECHNIQUE 66.19 

 n  Expose the flexor pollicis longus insertion through a mid-
lateral or volar zigzag incision. Avoid injury to neurovas-
cular structures and the annular thickenings of the flexor 
sheath of the thumb. Open only enough of the sheath to 
identify the flexor pollicis longus tendon insertion, and 
leave it attached to its insertion.

 n  Make a transverse palmar incision at the level of the proxi-
mal flexion crease of the ring finger.

 n  Acutely flex the metacarpophalangeal and proximal inter-
phalangeal joints of the ring finger to allow harvesting the 
greatest length of the tendon.

 n  Transect the flexor sublimis tendon and close the palmar 
incision with continuous 4-0 nylon sutures.

 n  Make a longitudinal incision at the wrist to the radial 
side of the distal forearm. Identify the transected flexor 
sublimis tendon to the ring finger and deliver it into the 
proximal wrist incision.

 n  Identify the proximal end of the transected flexor pollicis 
longus tendon, either at the wrist incision or by using a pal-
mar incision over the thenar eminence (see Chapter 64).

 n  If the flexor pollicis longus tendon is mobile in its sheath, 
the distal end of the sublimis tendon can be attached to 
the flexor pollicis longus, and then the tendon can be de-
livered by applying traction to the distal end of the flexor 
pollicis longus tendon from its insertion. If this is the case, 
detach the flexor pollicis longus from its insertion, deliver 
the sublimis tendon distally, and attach it with a pull-out 
technique using the retrograde Bunnell technique or the 
antegrade pull-out technique.

 n  If the flexor pollicis longus cannot be moved easily in its 
sheath, dissect and mobilize the tendon and excise it as 

required by the scarred conditions in the palm and thumb; 
use a 22-gauge wire loop to pass retrograde down the 
course of the flexor pollicis longus to deliver the sublimis 
tendon distally through the palm and into the thumb for 
its insertion.

 n  Obtain adequate hemostasis and close the wound in a 
routine manner using 4-0 or 5-0 monofilament nylon su-
tures.

 n  Apply a compressive dressing and a dorsal short arm splint 
that immobilizes the wrist in 25 to 30 degrees of flexion, 
allowing the thumb metacarpophalangeal and interpha-
langeal joints to be in extension or only slight flexion. 
Drains usually are unnecessary.

POSTOPERATIVE CARE Any drains are removed at ap-
proximately 24 hours or when drainage has ceased. Al-
though an early postoperative mobilization program can 
be undertaken, it is usually unnecessary. The sutures are 
removed at 10 to 14 days. The pull-out suture is removed 
at 4 weeks. The initial splint is left in place for approxi-
mately 4 weeks, and then gentle active motion is begun. 
The thumb is protected with an additional removable dor-
sal splint for another 3 to 4 weeks, and motion exercises 
are increased. Forceful resistance activities are not under-
taken for 10 to 12 weeks.
  

FLEXOR TENOLYSIS AFTER REPAIR AND 
GRAFTING
In addition to the complications that can occur after any 
surgical procedure, tendon repair and grafting can be com-
plicated by the adherence of the tendon to the sheath and 
its lack of gliding and consequent loss of motion. Tenolysis 
should not be considered until it can be documented that 
the patient has not made significant progress over several 
months while cooperating with an organized progressive 
therapy program. Usually at least 3 months should have 
passed since the initial surgical procedure, and in some situ-
ations 4 to 6 months may be required to make an accurate 
assessment of the patient’s progress. In addition to docu-
menting a lack of progression in the physical therapy pro-
gram and motion at the distal and proximal interphalangeal 
joints, the following requirements should have been met: (1) 
all soft tissue and skin scars should be soft, pliable, and flex-
ible and should be healed; (2) fractures and joint injuries 
should have healed; (3) the passive range of motion in the 
digital joints should be as near normal as possible; (4) the 
sensibility, under ideal circumstances, should be normal or 
there should be demonstrable recovery of nerve function 
after nerve repair; and (5) the patient should be showing 
progression with strengthening exercises and should realis-
tically understand the expectations after such a procedure; 
the patient also should understand that at the time of the 
procedure, if the extent of scar and adhesion is excessive, 
the first stage of a two-stage flexor tendon graft procedure 
would be a likely option. The patient also should understand 
that if tenolysis is successful, the risk of tendon rupture after 
tenolysis can be 10% or greater. After a failed graft, a fresh 
tendon graft should be used instead of a tenolysis. 
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FLEXOR TENOLYSIS AFTER REPAIR 
AND GRAFTING

 TECHNIQUE 66.20 

 n  Make the incision through the existing skin scar. When 
elevating the skin flaps, avoid injury to neurovascular 
structures and the annular portions of the fibroosseous 
sheath.

 n  Using great care, dissect the scar tissue from the tendon. 
Sometimes the tendon and fibroosseous sheath are indis-
tinguishable. Similarly, the tendon sometimes adheres to 
the phalanx, particularly in areas of healed fracture callus.

 n  Use sharp dissection and periosteal elevators to free the 
flexor tendon from the adherent periosteum and fibroos-
seous sheath.

 n  After determining that the tendon has been completely 
released in the digit, make an incision in the distal fore-
arm, identify the appropriate flexor tendon, and show 
with traction on the proximal tendon that the finger can 
be moved through a nearly normal full range of motion.

 n  If a regional or local block anesthetic is used for the te-
nolysis, the patient can voluntarily show the amount of 
motion in the finger. If it can be shown that the annular 
pulleys are not present, or if the remaining pulleys are 
insufficient for proper finger function, perform pulley re-
construction at the time of tenolysis.

 n  If the flexor tendon cannot be salvaged because of exten-
sive injury, insert a silicone rod (Hunter) beneath any pul-
ley reconstruction as the first stage of a two-stage flexor 
tendon graft reconstruction.

 n  If the flexor tendon graft has ruptured or cannot be sal-
vaged, insert a silicone rod as the first stage of a two-
stage flexor tendon graft.

 n  If flexion contractures are present at the proximal and dis-
tal interphalangeal joints, release these by capsulotomy, 
usually by release of the proximal extensions of the pal-
mar plate.

 n  Usually corticosteroids are not instilled.
 n  Sometimes, especially with comminuted fractures in 

which irregular bony surfaces are exposed, silicone sheet-
ing has been interposed between the tendon and the 
bone and removed later after satisfactory motion has 
been established.

POSTOPERATIVE CARE A compression dressing is ap-
plied, usually with the fingers in mild flexion. Postopera-
tive rehabilitation is begun with active motion on the first 
day after surgery. Indwelling catheters for pain control 
with local anesthetics rarely are used, although they can 
be helpful in controlling immediate postoperative pain.
  

ADHERENCE OF TENDONS
When a tendon completely adheres to bone, specific active 
movements of one or more joints distal to the area of adher-
ence are lost. Specific passive movements also are limited 
because the adherent tendon acts as a checkrein. When a 

profundus tendon is stuck to the shaft of the proximal pha-
lanx, the two distal finger joints cannot be flexed actively by 
this tendon; however, the proximal interphalangeal joint can 
be actively flexed by the sublimis tendon. The metacarpopha-
langeal joint also can be actively flexed by the profundus and 
sublimis tendons, along with the intrinsics. Adherence of the 
profundus tendon to the shaft of the proximal phalanx also 
checks full passive or active extension of the two distal finger 
joints. Active extension of the distal interphalangeal joint can 
be increased by passive flexion of the proximal interphalangeal 
joint; likewise, active extension of the proximal interphalan-
geal joint can be increased by passive flexion of the distal inter-
phalangeal joint. Extension of the wrist can initiate flexion of 
the metacarpophalangeal joint through the adherent tendon.

ADHERENCE OF A TENDON TO A FRACTURE SITE
The adherence of a tendon to a fracture site usually is associ-
ated with (1) volar angulation of a phalangeal fracture after 
poor reduction, (2) external pressure against the tendon, forc-
ing it against the fracture during healing, (3) crush injuries, or 
(4) laceration of the tendon sheath. A sublimis tendon usually 
adheres to the proximal phalanx, causing a flexion contrac-
ture of the proximal interphalangeal joint; a profundus ten-
don usually adheres to the middle phalanx, causing a flexion 
contracture of the distal interphalangeal joint. An extensor 
tendon usually adheres to the metacarpal shaft or proximal 
phalanx. Surgery may be indicated when the tendon fails to 
loosen by active exercise, as determined by measurements of 
motion of adjacent joints. 

 

FREEING OF ADHERENT TENDON
 TECHNIQUE 66.21 

(HOWARD)
 n  Make a longitudinal incision parallel to the lateral margin 

of the involved metacarpal and away from any previous 
scar.

 n  Free the tendon from the bone and smooth the bone with 
a rasp or osteotome.

 n  Remove all scar tissue from the tendon.
 n  Place a Silastic sheet over the bone and anchor it with 

sutures at its corners (Fig. 66.56).

 

Adhesions Silastic
sheet

Extensor
mechanism

retracted

FIGURE 66.56 Howard technique to free adherent extensor 
tendon. SEE TECHNIQUE 66.21.
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 n  Immobilize the part for 5 days and then begin voluntary 
motion. Improvement can be expected up to 1 year post-
operatively.
   

 

TENODESIS
Tenodesis is useful when the profundus has been damaged, 
flexor tendon grafting is impossible, and the fingertip is 
more useful functionally when partially flexed and stabi-
lized than when extended; this usually is true of the index 
finger (Fig. 66.57) and for other fingers in certain occupa-
tions as well. The operation is possible only when the distal 
stump of the profundus tendon is long enough to anchor 
proximal to the distal interphalangeal joint.

 TECHNIQUE 66.22 

 n  Make a midlateral incision (see Fig. 64.18) or volar oblique 
incision and identify the stump of the tendon.

 n  Flex the distal interphalangeal joint 30 degrees and note 
the length of profundus tendon required for tenodesis.

 n  Insert a Bunnell pull-out wire suture in the tendon and 
excise any redundant tendon (Fig. 66.58).

 n  With the joint in the desired position, insert a Kirschner 
wire obliquely across it and cut off the wire beneath the 
skin.

 n  At the level of intended tenodesis, roughen the bone of 
the middle phalanx with a dental chisel and then drill two 
small holes through it from anterior to posterior.

 n  On the palmar cortex, connect the holes and make a small 
cortical window with a small curet.

 n  With straight needles, thread the ends of the wires 
through the holes, leading the tendon into the cortical 
opening and through the dorsum of the finger, and tie 
them through a button over the middle phalanx. A pull-
out technique using the Bunnell retrograde or the ante-
grade technique usually is required.

 n  Bring the Bunnell pull-out wire through the volar surface 
of the finger.

 n  Close the wound with 5-0 nylon.
 n  Apply a bandage. Although external splinting usually is 

unnecessary, a small splint is good protection from post-
operative bumping and pain.

POSTOPERATIVE CARE The splint and sutures are re-
moved at 10 to 14 days. The pull-out wire suture is re-
moved at 4 weeks, and the Kirschner wire is removed 
at 5 or 6 weeks. Active motion of uninvolved fingers is 
encouraged. Heavy resistance activities are not begun for 
6 to 8 weeks.
   

EXTENSOR TENDONS
ANATOMY
As traditionally described, the extensor tendons pass from 
the forearm onto the dorsum of the hand through the six 
compartments beneath the extensor retinaculum. From the 
radial (lateral) side to the ulnar (medial) side of the retinac-
ulum, the compartments contain the following numbers of 
tendons: two, two, one, five, one, and one. The first compart-
ment contains the extensor pollicis brevis and the abductor 
pollicis longus; the second, the extensors carpi radialis lon-
gus and brevis; the third, the extensor pollicis longus; the 
fourth, the four tendons of the extensor digitorum commu-
nis plus the extensor indicis proprius; the fifth, the extensor 
digiti quinti; and the sixth, the extensor carpi ulnaris. In a 
cadaver study, the anatomic patterns of the extensors to the 
fingers were further defined (Fig. 66.59). The most common 

 

A

B
FIGURE 66.57 Tenodesis for irreparable damage to profundus 

tendon. A, Before tenodesis, distal interphalangeal joint is unstable 
and hyperextends during pinch. B, After tenodesis, joint is stable 
and remains partially flexed during pinch.

 FIGURE 66.58 Technique of tenodesis (see text). Kirschner wire 
is cut off beneath skin at points indicated by arrows. SEE TECHNIQUE 
66.22.
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patterns included a single extensor indicis proprius inserting 
to the ulnar side of the index extensor digitorum communis, 
a single extensor digitorum communis to the index finger, 
a single extensor digitorum communis to the long finger, a 
double extensor digitorum communis to the ring finger, an 
absent extensor digitorum communis to the small finger, and 
a double extensor digiti quinti with double insertions.

Anatomic variations in the extensor tendons are com-
mon. In the first dorsal compartment, septation occurs in 
20% to 60% of specimens. The abductor pollicis longus may 
have multiple slips in 56% to 98% of dissections. Common 
variations in the extensors to the fingers include a double 
extensor indicis proprius, double or triple extensor digitorum 
communis to the long finger, single or triple extensor digito-
rum communis to the ring finger, and single or double exten-
sor digitorum communis to the small finger. Variations in 
the juncturae tendinum have been classified into three major 
types (Fig. 66.60). 

EXAMINATION
An extensor tendon (Fig. 66.61) is presumed to be divided 
between the proximal and distal interphalangeal joints when 
active extension of the distal interphalangeal joint is lost. 
Initially, a gross mallet finger deformity may be absent because 
the surrounding capsule and other soft tissues have not yet 
been stretched by the strong flexor digitorum profundus. The 
division of the central slip of an extensor tendon between the 
metacarpophalangeal and proximal interphalangeal joints 
results in loss of extension of the proximal interphalangeal 
joint only after the lateral bands subluxate anteriorly. Because 
the metacarpophalangeal and distal interphalangeal joints 
may be actively extended, this lesion is easily overlooked 
during the initial examination. When the entire extensor 
expansion, including the lateral bands, is divided at this level, 
extension of the joints distal to the wound is lost; such a lesion 
is unlikely, however, because the expansion covers a convex 
surface of bone, which usually blocks the injuring object 
before the division is complete. When the extensor tendon is 
divided just proximal to the metacarpophalangeal joint, the 

two distal finger joints can be extended by the lateral bands 
and their connecting transverse fibers, but extension of the 
metacarpophalangeal joint is incomplete. Partial or complete 
extension of the finger may be possible when a single exten-
sor tendon is divided at the wrist because of the presence of 
accessory communicating tendons (juncturae tendinum), as 
shown in Figure 66.60.

When checking the long extensor tendon of the thumb, 
the examiner must stabilize the metacarpophalangeal joint 
and must test carefully for active extension of the interphalan-
geal joint and active retropulsion of the thumb toward the dor-
sum of the hand. Division of this tendon often is overlooked 
because an intact short thumb extensor can actively extend 
the thumb as a unit. Although the short thumb extensor can-
not extend the interphalangeal joint alone, the thumb intrinsic 
muscles assist with interphalangeal extension in some patients. 

EXTENSOR TENDON REPAIR
To emphasize the different anatomic relationships of the 
extensor tendons and their attachments, the extensor surface 
of the hand has been divided into eight zones (Fig. 66.62). 
Even-numbered zones are over bones; odd-numbered zones 
are over joints; the forearm area of extensor muscle bellies is 
considered as a ninth zone. The acute (primary) and chronic 
(delayed, secondary) management of the extensor tendon 
injuries within each zone are discussed together. Similarly, 
extensor tendon ruptures, excluding ruptures in rheumatoid 
arthritis, are discussed within their individual zones. For addi-
tional discussion of extensor tendon ruptures, see Chapter 73.

ZONE I
Zone I is at the level of the distal interphalangeal joint. Mallet 
finger deformities usually result from closed avulsion of the 
insertion of the tendon, sometimes with a small bone frag-
ment, and can be treated by splinting alone (see the subse-
quent discussion of mallet finger). An open transection of the 
central slip insertion at the distal phalanx usually is repaired 
with a roll stitch (see Fig. 66.21), or a dermotenodermal suture, 
and protected with a small transarticular Kirschner wire.

EXTENSOR TENDON RUPTURE
For a closed extensor tendon rupture from its insertion into 
the distal phalanx, the treatment usually is nonsurgical. The 
distal interphalangeal joint is constantly held in hyperexten-
sion on a splint (Fig. 66.63) for 6 to 8 weeks and at night only 
for 2 to 4 additional weeks; this allows the tendon to heal, pre-
vents stretching when the splint is removed, and usually pro-
vides a satisfactory result. The last degrees of extreme flexion 
of the distal joint may be lost; however, the flexion posture of 
the joint usually is corrected. Splint treatment within 2 weeks 
of injury has been found to be as effective as splinting more 
than 4 weeks after injury. This treatment can be successful in 
some patients 3 months after injury (see discussion of treat-
ment of chronic mallet finger subsequently). High patient 
satisfaction was reported at an average of 5 years after splint 
treatment of mallet deformities, with and without fracture. 
Osteoarthritic changes, seen in 48%, were usually associated 
with fractures. For a discussion of mallet finger deformities 
caused by fractures of the distal phalanx, see Chapter 67.

Mallet finger deformities in children may be caused by 
traumatic separation of the epiphysis (Fig. 66.64). These 
deformities can be readily recognized with radiographs. 

 

Extensor
indicis

proprius

Extensor digitorum
communis of index

Extensor digitorum
communis long Extensor digitorum

communis ring

Extensor
digiti
quinti

FIGURE 66.59 Most common pattern of extensor tendons on 
dorsum of hand: single extensor indicis proprius tendon, which 
inserts ulnar to extensor digitorum communis of index; single 
extensor digitorum communis of index; single extensor digitorum 
communis long; double extensor digitorum communis ring; absent 
extensor digitorum communis small; and double extensor digiti 
quinti with double insertion.
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Early detection usually allows straightforward reduction with 
hyperextension of the distal interphalangeal joint. The finger 
is splinted for 3 to 4 weeks, and healing is rapid compared 
with injury of the extensor tendon itself. Growth disturbance 
is possible but rare. 

ACUTE TRANSECTION OF EXTENSOR TENDON
Treatment of an open injury of the extensor tendon inser-
tion requires repair of the tendon. Extension of the skin lac-
eration proximally may be required to grasp the tendon and 
mobilize it to its insertion, where a roll suture (see Fig. 66.21) 
or dermotenodermal suture usually is sufficient to hold the 
insertion for healing. The repair can be protected with a tran-
sarticular Kirschner wire. The wound is closed, and the finger 
is temporarily splinted for comfort and to avoid additional 
trauma. The suture is removed after approximately 3 weeks, 

the Kirschner wire is removed at approximately 4 weeks, and 
the finger is splinted for an additional 4 weeks to protect the 
repair. Progressive motion exercises are begun and continued 
until maximal function has been achieved. 

 

CHRONIC MALLET FINGER 
(SECONDARY REPAIR)
A mallet finger caused by avulsion of the extensor tendon 
from the distal phalanx can be satisfactorily treated by splint-
ing 12 weeks after injury, as described for an acute injury. 
Prolonged splinting and splinting longer than 12 weeks may 
be successful; the duration of splinting may be limited by 
the patient’s tolerance of the splinting. After 12 weeks, if 

 

A B

C D

EDC i
EIP

EDC m

EDC m

EDC r

EDC m
EDC r EDC r

EDQ

28%

88%

23%

40%

60%

30%
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Type 1 Type 2

Type 3y Type 3r

FIGURE 66.60 Juncturae tendinum. A, Type 1 (thin filamentous type) between extensor digi-
torum communis (EDC) tendons of long (EDC m) and index (EDC i) fingers; juncturae did not 
connect to extensor indicis proprius (EIP) tendon. Numbers on right indicate incidence of type 1 
juncturae in second and third intermetacarpal spaces. There were no type 1 juncturae present in 
any other spaces. B, Type 2 (thicker) juncturae between EDC tendons of ring (EDC r) and (EDC m) 
fingers. Incidences of type 2 juncturae in third and fourth intermetacarpal spaces are shown on 
right; they were not present in any other spaces. C, Type 3 (subtype y), in which Y-shaped tendon 
and juncturae appear as split tendon inserting into two adjacent digits, between EDC r and EDC 
m fingers. Incidences of type 3y juncturae in third and fourth intermetacarpal spaces are shown 
on right; they were not present in any other spaces. D, Type 3 (subtype r), more oblique R-shaped 
juncturae between EDC to EDC r and most radial of three extensor digitorum quinti (EDQ) tendons 
to small finger. Most frequent orientation and incidences of type 3r juncturae in third and fourth 
intermetacarpal spaces are shown on right; they were not present in any other spaces.
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the distal phalanx droops severely, but passive extension in 
the distal interphalangeal joint still is satisfactory, surgery 
may be indicated, depending on the patient’s needs.

 TECHNIQUE 66.23 

 n  Make a small V-shaped or U-shaped incision, convex dis-
tally, with the tip no closer than 5 mm proximal to the 
nail base on the dorsum of the finger. Avoid injury to the 
germinal matrix of the nail.

 n  Develop the flap gently in the plane between the tendon 
and the subcutaneous fat. Elevate the flap proximally to 
expose the extensor tendon with its intervening scar.

 n  Attempt to identify the junction of the normal tendon 
with the scar and sever the tendon transversely proximal 
to the joint, leaving the insertion of the tendon into bone.

 n  Resect sufficient scar or tendon to allow closure of the 
gap with the finger in maximal extension.

 n  To support and protect the repair, immobilize the joint 
with a transarticular 0.045-inch Kirschner wire.

 n  Repair the extensor tendon with 4-0 monofilament nylon 
or 4-0 monofilament wire as a pull-out roll stitch (see Fig. 
66.21). No additional sutures are required.
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FIGURE 66.61 Anatomy of extensor apparatus of fingers.  
A, Dorsal. B, Lateral. 1, interosseous muscle; 2, extensor digitorum 
communis tendon; 3, lumbrical muscle; 4, flexor tendon sheath; 
5, sagittal bands; 6, transverse metacarpal ligament; 7, interos-
seous hood; 8, interosseous hood, oblique fibers; 9, extensor lateral 
band; 10, extensor middle band; 11, interosseous middle band; 12, 
interosseous lateral band; 13, oblique retinacular ligament; 14, 
central extensor tendon; 15, spiral fibers; 16, transverse retinacular 
ligament; 17, lateral extensor tendon; 18, triangular lamina; 19, 
terminal extensor tendon.
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FIGURE 66.62 Indications for surgery of extensor tendon lacer-
ations vary according to level of pathologic condition; various zones 
have been designated.

 FIGURE 66.63 Stack splint.

 

A

B
FIGURE 66.64 A, Displacement of epiphysis of distal phalanx 

can cause digit to assume mallet finger posture. B, Hyperexten-
sion of phalanx usually affords satisfactory reduction of displaced 
epiphysis.
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 n  Close the skin with interrupted 5-0 nylon. As an alterna-
tive, use 4-0 nylon as a dermotenodermal suture.

 n  Maintain the finger in extension and apply a compressive 
dressing. Support the finger with a volar splint for post-
operative comfort and to avoid reinjury in the recovery 
period.

POSTOPERATIVE CARE The sutures are removed at 10 
to 14 days, and the distal joint is maintained in exten-
sion, with the Kirschner wire protected by a small metal 
splint, for 4 weeks. The Kirschner wire is removed after 4 
to 6 weeks, and the repair is protected with a splint for 8 
weeks. Normal activities are progressively resumed.
   

 

CHRONIC MALLET FINGER 
(SECONDARY REPAIR)

 TECHNIQUE 66.24 

(FOWLER)
 n  Make a midlateral finger incision (see Fig. 64.17) from just 

distal to the proximal interphalangeal joint to a point level 
with the middle of the proximal phalanx.

 n  Open the deep tissues until the edge of the lateral band 
of the extensor hood is located.

 n  Elevate this edge with a small hook and, with the finger 
in extension, continue elevating the expansion until the 
deep surface of the central slip is exposed at the proximal 
interphalangeal joint.

 n  Elevate the entire extensor hood from the proximal pha-
lanx.

 n  Using the point of a No. 11 Bard-Parker knife blade and 
beginning on the deep surface of the central slip, free 
the insertion of the central slip from the proximal edge 
of the middle phalanx (Fig. 66.65). Releasing this cen-
tral slip allows the entire extensor mechanism to displace 
proximally; the tension increases on the distal end and is 
transmitted to the avulsed tendon where the tendon has 
become too long after healing to the distal phalanx by 
scar.

 n  Close the wound with interrupted 5-0 nylon suture, ap-
ply a compressive dressing, and protect the finger with a 
splint for postoperative comfort.

POSTOPERATIVE CARE The sutures are removed at 10 
to 14 days, and the splint is maintained with the proximal 
interphalangeal joint in no more than 30 degrees of flex-
ion and the distal joint in extension. Prevention of acute 
flexion of the proximal interphalangeal joint prevents the 
capsule of the joint from being torn after release of the 
central slip. The splint is removed at 3 weeks, and another 
splint is applied to immobilize the distal interphalangeal 
joint. The distal interphalangeal joint is held in extension 
for 4 additional weeks on a small metal splint, allowing 
full motion of the proximal interphalangeal and metacar-
pophalangeal joints.
  

CORRECTION OF AN OLD MALLET FINGER 
DEFORMITY BY TENDON TRANSFER OR  
TENDON GRAFT
The technique used to correct hyperextension locking defor-
mity in the proximal interphalangeal joint by transferring a lat-
eral band of the extensor mechanism also can be used to correct 
an old mallet finger deformity when passive motion is satisfac-
tory and any arthritic changes in the distal joint are no worse 
than moderate (Fig. 66.66). Successful treatment of posttrau-
matic mallet deformities has been reported with reconstruction 

 FIGURE 66.65 Tenotomy of central slip (Fowler procedure) to 
correct mallet finger; this results in proximal retraction of extensor 
apparatus. SEE TECHNIQUE 66.24.

 

A

B

C
FIGURE 66.66 Technique of correcting recurrent hyperexten-

sion and locking of proximal interphalangeal joint. A, Lateral view 
of extensor hood and flexor tendon sheath. B, One lateral band of 
hood has been detached proximally. C, Detached band has been 
threaded through small pulley made in flexor tendon sheath oppo-
site proximal interphalangeal joint and has been sutured to hood 
under enough tension to create slight flexion contracture of joint. 
SEE TECHNIQUE 66.25.
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of the oblique retinacular ligament with a palmaris tendon graft 
passed from the distal phalanx proximally along the path of the 
oblique retinacular ligament, spiraling volar to the flexor ten-
don sheath between the neurovascular bundle and the flexor 
sheath, across to the opposite side of the proximal phalanx 
volar to the proximal interphalangeal joint and secured to the 
base of the proximal phalanx through a drill hole using a pull-
out technique (the spiral oblique retinacular ligament). 

 

TENDON TRANSFER FOR  
CORRECTION OF OLD MALLET  
FINGER DEFORMITY

 TECHNIQUE 66.25 

(MILFORD)
 n  Make a lateral incision on the least scarred side of the 

digit and expose the extensor mechanism and the flexor 
sheath (Fig. 66.66A).

 n  Detach one lateral band just beyond the metacarpopha-
langeal joint of the finger and dissect it loose entirely to 
its insertion distally (Fig. 66.66B).

 n  Make a small pulley by opening the flexor tendon sheath 
with two parallel incisions opposite the proximal interpha-
langeal joint.

 n  Pass the lateral band of tendon slip from distal to proximal 
through the pulley, bringing the end to be sutured to the 
extensor hood a bit dorsal to its original position on the 
lateral side of the extensor mechanism (Fig. 66.66C).

 n  Correct tension on this transfer is essential and holds the 
proximal interphalangeal joint slightly flexed while the 
distal joint is fully extended.

 n  Protect this repair with a transarticular 0.045-inch 
Kirschner wire obliquely placed across the proximal inter-
phalangeal joint.

 n  Close the wound with interrupted 5-0 nylon suture and 
apply a conforming, compressing dressing, supporting the 
finger, hand, and wrist with a volar plaster splint over ad-
equate padding for postoperative comfort and protection.

POSTOPERATIVE CARE The sutures are removed at 10 
to 14 days. At 4 weeks, the transarticular Kirschner wire is 
removed. Between exercise periods the finger is protect-
ed with a volar removable splint, which should be worn 
at night and during the day except for exercise periods. 
Wearing of this splint can be discontinued after about 8 
weeks, and gradual improvement in motion may progress.
   

 

TENDON GRAFT FOR CORRECTION  
OF OLD MALLET FINGER  
DEFORMITY

 TECHNIQUE 66.26 

 n  Make a dorsal angular incision exposing the distal phalanx 
and short midradial and midulnar incisions to approach 

the radial side of the proximal interphalangeal joint and 
the ulnar aspect of the proximal phalanx (Fig. 66.67).

 n  Make a vertical hole in the distal phalanx between the 
extensor tendon insertion and the nail germinal matrix 
using a small, sharp gouge.

 n  Use a hemostat for gentle blunt dissection proximally along 
the radial side of the middle phalanx following the lateral 
band, passing dorsal to the Cleland ligament to the proxi-
mal interphalangeal joint, and create a tunnel that spirals 
to the palmar surface between the neurovascular bundles 
and the volar surface of the flexor sheath, exiting through 
the ulnar incision at the base of the proximal phalanx.

 n  Make a transverse hole through the base of the proximal 
phalanx volar to the lateral band, passing from the ulnar 
side to the radial side.

 n  Harvest a palmaris or plantaris tendon graft (Fig. 66.46).
 n  Use a 22-gauge or smaller stainless steel wire placed 

through the holes in the bone and along the tunnel that 
spirals from the distal phalanx along the radial side and 
volar to the flexor sheath to guide the tendon graft into 
its appropriate position.

 n  Apply longitudinal tension to the proximal end of the 
graft and demonstrate that the distal and the proximal 
interphalangeal joints will be extended.

 n  Secure the distal bony attachment of the tendon to the 
distal phalanx using an antegrade pull-out wire technique 
over a felt-and-button gently applied to the pulp of the 
distal phalanx. Set the tension on the graft by adjusting 
it with the proximal and the distal interphalangeal joints 
at neutral extension, and secure the proximal free ends 

 

Lateral band

Primary insertion 
of central tendon

Volar plate

FIGURE 66.67 Palmaris longus tenodesis for oblique retinacular 
ligament reconstruction for swan-neck deformity, called the spiral 
oblique retinacular ligament. Pathologic condition of swan-neck 
deformity involves hyperextension of proximal interphalangeal 
joint with extensor lag at distal joint, combined with laxity of volar 
plate. Palmaris longus can be used to provide tenodesis to correct 
imbalance at both joints. SEE TECHNIQUE 66.26.
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of the tendon graft with a button-over-felt applied to the 
radial side over the base of the proximal phalanx. With 
these attachments, passive extension of the proximal in-
terphalangeal joint should show full passive extension of 
the distal interphalangeal joint with a tenodesis effect.

 n  Take care in adjusting the tension on the tendon graft 
to avoid excessive pull, which can cause proximal inter-
phalangeal joint flexion and distal interphalangeal joint 
extension, or a boutonniere posture. If necessary, trans-
fix the proximal interphalangeal joint in extension with a 
0.045-inch Kirschner wire to protect the tenodesis.

 n  Immobilize the hand with the wrist slightly extended, the 
metacarpophalangeal joint flexed, and the proximal and 
distal interphalangeal joints fully extended.

 n  Apply a well-padded volar plaster splint for postoperative 
comfort and protection.

POSTOPERATIVE CARE The sutures are removed at 
10 to 14 days. At about 4 weeks, Kirschner wires are re-
moved, and the affected digit is protected with a dorsal 
splint that holds the proximal interphalangeal joint in 20 
degrees of flexion and the distal interphalangeal joint at 
neutral. The pull-out wires are removed at approximately 
3 weeks. Active-assisted flexion exercises are begun after 
removal of the Kirschner wires (approximately 4 weeks), 
and hyperextension is avoided beyond a position of about 
20 degrees of flexion. From 6 to 10 weeks after surgery, 
the protective splint gradually is extended 5 to 10 degrees. 
Stretching of the proximal interphalangeal joint beyond 5 
to 10 degrees of flexion should be avoided.
  

ZONE II
Zone II is the area over the middle phalanx. The flat tendon 
in this area may limit the suture configuration. Lateral ten-
dons lacerated proximal to the insertion can be sutured with 
a figure-of-eight mattress stitch or a roll stitch (see Fig. 66.21). 
The Kleinert modification of the Bunnell suture (Fig. 66.68) 
and the modified Kessler sutures are stronger than a figure-
of-eight or mattress suture for repair of extensor tendons in 
zone II. A continuous suture reinforced with a Silfverskiöld 
cross-stitch (see Fig. 66.9) provides a strong repair as well. 

ZONE III
Zone III is the area of the proximal interphalangeal joint.

RUPTURE OR ACUTE TRANSECTION OF THE 
CENTRAL SLIP OF THE EXTENSOR EXPANSION 
(BOUTONNIERE DEFORMITY)
Rupture or laceration of the central slip of the extensor expan-
sion at or near its insertion results in loss of active exten-
sion of the proximal interphalangeal joint and consequently 

persistent flexion of the joint. If left untreated, the collateral 
ligaments and volar plate of the proximal interphalangeal joint 
become contracted. The lateral bands of the extensor expan-
sion subluxate volarward and are held there by the transverse 
retinacular ligaments, which also become contracted. This 
results in an established boutonniere deformity. The lateral 
bands, because they lie volar to the transverse axis of rota-
tion of the proximal interphalangeal joint, act as flexors of the 
joint. The contracted oblique retinacular ligaments and the 
lateral bands force the distal interphalangeal joint into hyper-
extension, which may be increased by any attempt to extend 
the proximal interphalangeal joint passively.

Buttonholing also can be caused by traumatic rotation of 
a digit at the proximal interphalangeal joint while partially 
flexed. Rotation can cause a condyle of the proximal phalanx 
to protrude through the capsule and disrupt the triangular 
ligament area between the lateral band and the central ten-
don. This condylar herniation can cause a volar subluxation 
of the lateral band. A rupture of the extensor mechanism 
occurs, but the central tendon may not separate completely. 
The collateral ligament may be partially disrupted, and there 
may be an accompanying dislocation of the proximal inter-
phalangeal joint. After such an injury, the proximal interpha-
langeal joint cannot be fully extended because of hemorrhage 
and swelling. The joint remains in its flexed position, and 
the subluxated lateral band contracts, allowing the trans-
verse retinacular ligament also to contract, securely holding 
the subluxated lateral band. With anterior dislocation of the 
proximal interphalangeal joint, complete rupture of the cen-
tral slip and lateral ligament may occur (Fig. 66.69).

Boutonniere deformities that are diagnosed early in closed 
wounds before fixed contractures occur can be treated conser-
vatively. If the patient can show some active extension of the 
proximal interphalangeal joint, this suggests that an incom-
pletely ruptured central slip may be present. Conservative treat-
ment consists of splinting the proximal interphalangeal joint in 
full extension while permitting the distal interphalangeal joint 
to be actively flexed. Excessive pressure leading to skin necrosis 
over the proximal interphalangeal joint area should be avoided. 
Extension should be maintained around the clock for 4 to 6 
weeks and continued nightly for several more weeks. When a 
boutonniere deformity is traumatic, and the diagnosis of com-
plete rupture, transection, or laceration of the central slip can 
be made, it should be exposed surgically and repaired. 

 

REPAIR OF CENTRAL SLIP OF THE 
EXTENSOR EXPANSION CAUSING 
BOUTONNIERE DEFORMITY

 TECHNIQUE 66.27 

 n  Expose the extensor mechanism dorsally with a lazy-S or 
bayonet incision.

 n  Place the proximal interphalangeal joint in full extension 
and hold it in this position with a 0.045-inch Kirschner 
wire inserted obliquely across the joint.

 n  Repair the disruption of the central slip with a roll stitch of 
4-0 monofilament nylon or wire. If there is sufficient ten- FIGURE 66.68 Kleinert modification of Bunnell crisscross suture 

technique.
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don, use a core suture, supplemented with a Silfverskiöld 
cross-stitch (see Fig. 66.9). If there is an insufficient inser-
tion, a suture anchor may provide satisfactory attachment 
of the central slip to the middle phalanx.

 n  Close the wound and apply a volar splint over a gently 
compressing dressing.

POSTOPERATIVE CARE The sutures are removed at 10 
to 14 days, the transarticular wire is removed at 3 to 4 
weeks, and gradual protected flexion is allowed. A volar 
splint is worn to protect the repair for an additional 4 
weeks except for exercise. Evans reported better results in 
patients who began a program of early “short arc” exer-
cises 2 to 11 days after central slip repair compared with 
patients who had 3 to 6 weeks of continuous postopera-
tive immobilization. This technique may be considered in 
patients who do not require transarticular wire stabiliza-
tion and whose injuries and compliance permit.
  

CHRONIC BOUTONNIERE DEFORMITY 
(SECONDARY REPAIR AND RECONSTRUCTION)
In neglected, undiagnosed, or chronic boutonniere deformity, 
the central slip of extensor expansion has retracted and the 
lateral bands loosen and subluxate volarward after their dor-
sal transverse retaining fibers have stretched additionally. This 
subluxation allows the proximal interphalangeal joint to flex, 
the lateral bands become contracted, and a fixed flexion con-
tracture of the proximal interphalangeal joint with hyperex-
tension of the distal interphalangeal joint occurs (Fig. 66.70A). 
Before any surgical procedure, splinting and stretching should 
be done to relieve contractures of the proximal and distal inter-
phalangeal joints. Reconstruction after rupture or laceration 
of the central slip of the extensor expansion is difficult and 
requires a precise and extensive procedure to restore the func-
tion of the damaged central slip and to release the associated 

contractures. For the boutonniere deformity with a flexible 
proximal interphalangeal joint, the Fowler/Dolphin tenotomy 
of lateral bands distal to the central slip insertion may restore 
proximal interphalangeal joint extension and allow distal inter-
phalangeal joint flexion (Fig. 66.71). A variety of techniques 
have been described for reconstructing the extensor mecha-
nism, including the central slip flap of Snow (Fig. 66.72), the 
lateral band flaps of Aiache (Fig. 66.73), the lateral band reloca-
tion of Matev, and the dorsal shift of the lateral bands of Littler, 
described here. Tendon grafts may be necessary if there is a 
significant segmental defect in the extensor mechanism. If the 
joint has significant arthrosis, proximal interphalangeal joint 
arthrodesis or arthroplasty may be considered. 

 

RECONSTRUCTION OF THE EXTENSOR 
MECHANISM FOR CHRONIC 
BOUTONNIERE DEFORMITY

 TECHNIQUE 66.28 

(LITTLER, MODIFIED)
 n  Make a dorsal curved incision centered over the proximal 

interphalangeal joint (Fig. 66.70B), exposing the lateral 
bands.

 n  Using the point of a probe, dissect deep to each trans-
verse retinacular ligament from its origin near the volar 
plate to its insertion on the border of the lateral band.

 n  Using small scissors, divide each transverse retinacular 
ligament near its midportion.

 n  Free the insertions of the lateral band so that they can be 
replaced dorsally.

 n  On the radial side, separate with sharp dissection, leaving 
intact the radial fibers of the lateral band representing 

 

A
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Middle slip

Extensor
expansion

Oblique and transverse
retinacular ligaments

Accessory
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Avulsed
collateral
ligament

Oblique

    Anteriorly displaced
 transverse retinacular
                     ligament

Lateral band

Ruptured middle slipLateral band

FIGURE 66.69 A and B, Dorsolateral and lateral views of extensor mechanism. C, Anterior 
dislocation of proximal interphalangeal joint with rupture of middle slip, avulsed collateral liga-
ment, and partial tear of distal fibers of transverse retinacular ligament. Lateral band is displaced 
anteriorly.
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the contribution of the lumbrical muscles and the oblique 
retinacular ligament.

 n  This should preserve active extension of the distal inter-
phalangeal joint.

 n  At this point, the insertions of the lateral band should be 
completely free except for the radialmost fibers of the 
radial lateral band (Fig. 66.70C).

 n  Shift the bands dorsally and proximally and suture them 
to the soft tissue and periosteum over the proximal third 
of the middle phalanx (Fig. 66.70D and E).

 n  Suture them to the attenuated central tendon with the 
proximal interphalangeal joint held in full extension.

 n  Support the repair with a transarticular 0.045-inch 
Kirschner wire obliquely placed across the joint (Fig. 
66.70F).

 n  Leave the divided transverse retinacular ligaments unsu-
tured.

 n  Close the wound with 5-0 interrupted monofilament ny-
lon suture.

 n  Use a volar splint for immediate postoperative protection 
and comfort.

POSTOPERATIVE CARE The sutures are removed at 10 
to 14 days. At 3 to 4 weeks, the transarticular Kirschner 
wire is removed, and protected motion is allowed. A volar 
splint is used on the finger to protect the proximal inter-
phalangeal joint, allowing distal interphalangeal flexion 
for another 4 weeks. This splint is worn during the day and 
night and is removed for exercise three to four times daily.
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FIGURE 66.70 Littler technique for repair of old boutonniere deformity. A, Typical deformity 
with flexion of proximal interphalangeal joint and extension of distal interphalangeal joint. Lateral 
bands have subluxated volarward. B, Dorsal curved longitudinal incision is made. C, Insertions 
of lateral bands are completely freed except for radialmost fibers of radial lateral band. D and 
E, Lateral bands are shifted dorsally and proximally and are sutured together and to soft tissues 
over proximal third of middle phalanx and to central tendon. F, Proximal interphalangeal joint 
(PIP) is fixed in full extension by Kirschner wire. G, After repair, proximal interphalangeal joint is 
extended by extensor hood and distal interphalangeal joint by preserved lumbrical muscle and 
oblique retinacular ligament. SEE TECHNIQUE 66.28.
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ZONE IV
Zone IV includes the area over the proximal phalanx. 
Lacerations over the proximal phalanx may cause an incom-
plete injury to the tendon because of the broad tendon cover-
ing the phalanx. If full active proximal interphalangeal joint 
extension is present, closed treatment with splinting may suf-
fice. If proximal interphalangeal joint extension is limited, 
exploration of the wound is needed to determine the extent 
of injury. A core stitch of the modified Bunnell configura-
tion of Kleinert or the modified Kessler stitch, reinforced 
with a cross-stitch (see Fig. 66.9), provides a strong repair 
and does not shorten the tendon, according to Newport et al. 
Postoperative extension splinting is maintained for 6 to 8 
weeks, and a “short arc” range-of-motion rehabilitation pro-
gram may be started. 

ZONE V
Zone V includes the area at the metacarpophalangeal joint. 
For a clean laceration, repair of the tendon with a core suture 
reinforced with a cross-stitch is indicated. If the tendon injury 
occurs as the result of a tooth injury, repair of the tendon is 
delayed until it is clear that there are no septic complications, 
or until the infection is controlled.

TRAUMATIC DISLOCATION OF THE EXTENSOR 
TENDON AT THE METACARPOPHALANGEAL JOINT
Traumatic dislocation of the extensor tendon toward the ulnar 
aspect of the metacarpophalangeal joint occurs most com-
monly in the long finger. The dislocation usually occurs as a 
result of a tear in the proximal radial portion of the shroud 
ligament (sagittal bands) and the more proximal fascia as the 
finger is suddenly extended against a force, as in a flicking or 
thumping motion. Ulnar side disruption with radial displace-
ment of the tendon is rare. More violent mechanisms may cause 
collateral ligament and joint surface injury. If seen within the 
first few days, this dislocation can be treated effectively with 
splinting of the metacarpophalangeal joint and wrist in exten-
sion for 3 to 4 weeks, followed by 3 to 4 weeks of removable 
splinting or buddy taping to the adjacent finger on the radial 
side in the case of ulnar displacement. A relative-motion splint 
technique, which allows immediate controlled active motion, 
can be used in select patients. Merritt also reported its use after 
sagittal band injuries and after repair of closed extensor tendon 
ruptures in patients with rheumatoid arthritis (Fig. 66.74). If 
the condition goes undetected and becomes chronic, a repair 
using a section of the central fibers of the extensor mechanism 
at the metacarpophalangeal joint can be successful. Rayan and 
Murray described three clinical types of sagittal band injuries 
(Fig. 66.75): type I injuries show no extensor instability, type 
II injuries are injuries with extensor tendon subluxation, and 
type III injuries have extensor tendon dislocation. In their 
series of 28 nonrheumatoid patients, those treated within 3 
weeks of injury achieved satisfactory results with nonoperative 
splinting. Patients with more severe or chronic involvement 
frequently required operative treatment. 

 

B
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DIP PIP
Lateral band

Central tendon

FIGURE 66.71 Extensor tenotomy for supple boutonniere 
deformity. A and B, Lateral bands are released distal to insertion 
of central slips. The resulting lateral proximal migration of extensor 
mechanism reduces tension at distal interphalangeal joint (DIP) and 
increases extensor tension at proximal interphalangeal joint (PIP).

 

Central slip

FIGURE 66.72 Severed extensor mechanism over proximal 
interphalangeal joint (above); retrograde flap of central slip has 
been elevated. After suture of severed central slip and lateral bands, 
retrograde flap is brought over juncture as batten.

 FIGURE 66.73 Injury to middle slip. Lateral bands are freed, 
and oblique and transverse retinacular ligaments are elevated 
from middle phalanx (left). Each lateral band is slit longitudinally 
into two parts (center). Medial halves of lateral bands are sutured 
together and to capsule in midline (right).
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REPAIR OF TRAUMATIC DISLOCATION 
OF THE EXTENSOR TENDON

 TECHNIQUE 66.29 

 n  Use of an intravenous regional block or local infiltration 
anesthetic allows the patient to attempt active extension 
of the finger before wound closure to ensure that the 
extensor tendon remains centralized.

 n  Make a curved incision on the radial side of the metacar-
pophalangeal joint to expose the joint and the subluxat-
ing extensor tendon.

 n  Release the ulnar sagittal band if it is contracted.
 n  Direct repair of the radial sagittal band may be possible, 

although it may require reinforcement.
 n  Several methods can be used to recentralize the extensor 

tendon. In one method, create a loop by removing a 5-cm 
lateral margin of the central tendon at this level, leaving 
the distal insertion of this segment attached.

 n  Pass the proximal segment through a small window made 
with vertical incisions in the capsule and through the  

superficial portion of the joint capsule, and suture the 
proximal end to the extensor tendon. In some patients, 
the extensor tendon can be found “shucked” from the 
dorsum of the sagittal band. In these patients, the tendon 
can be reattached to its bed with three or four 4-0 non-
absorbable sutures.

 n  Otherwise, fashion a narrow slip (3- to 4-mm) of the sagit-
tal band vertical fibers by making vertical parallel incisions 
from dorsal to palmar on the radial side to create a strip 
about 8 mm long, based dorsally.

 n  Pass this slip dorsally through a narrow slit in the extensor 
tendon and suture the slip back on itself with two or three 
4-0 nonabsorbable sutures.

 n  The technique of Carroll et al. includes release of the ulnar 
sagittal band and elevation of a distally based tendon strip 
from the ulnar side of the extensor digitorum communis.

 n  Make the strip long enough to pass beneath the radial 
side of the extensor digitorum communis, dorsal to the 
joint, deep to the radial collateral ligament, and dorsally 
again to suture it to the extensor digitorum communis 
tendon dorsally (Fig. 66.76).

 n  Adjustment of the tension is essential to maintain the cen-
tral alignment of the subluxating extensor tendon and to 
allow flexion of the metacarpophalangeal joint.

 n  Close the wound and apply a splint to maintain the finger 
in radial deviation to prevent ulnar deviation and to pre-
vent metacarpophalangeal joint flexion.

POSTOPERATIVE CARE The sutures are removed after 
10 to 14 days, and the splint is maintained with the meta-
carpophalangeal joint extended for 4 weeks. A remov-
able splint is applied to block metacarpophalangeal joint 
flexion, leaving the proximal interphalangeal free to move. 
Gradual improvement of motion is allowed, and the finger 
is taped to the adjacent radial-side finger to protect the 
repair. Protected motion and splinting are maintained for 

 

BA

FIGURE 66.74 Immediate active motion after long finger extensor repair. A, Wrist is splinted 
for 3 weeks. B, Finger is splinted for 6 weeks.

 

I II III

FIGURE 66.75 Three types of sagittal band injury. Type I, mild 
injury with no instability; type II, moderate injury with extensor 
tendon subluxation; type III, severe injury with tendon dislocation.
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about 8 weeks, and a gradual increase in activities is al-
lowed thereafter. Casting may be required for 4 weeks to 
maintain extension of the metacarpophalangeal joint in 
uncooperative or noncompliant patients or patients with 
limited ability to understand or in a poor social situation. 
The relative-motion splint has been shown to work well 
from the postoperative period to 8 weeks in select pa-
tients (see Fig. 66.74).
  

ZONE VI
Zone VI is the area of the metacarpals of the fingers. Wounds 
should be explored in patients who cannot hyperextend the 
metacarpophalangeal joint even though weak active exten-
sion may be present. Intact adjacent tendons pulling through 
the juncturae tendinum and the presence of intact proprius 
tendons to the index and small fingers may conceal a com-
plete transection of extensor tendons in zone VI. Adequate 
exposure is required to retrieve tendons that may retract 
proximally. The size and diameter of the tendons over the 
metacarpals permits the use of a 3-0 or 4-0 core suture with 
an epitendinous suture. Considering the studies of exten-
sor tendon repair techniques, either the Becker repair or the 
Kleinert modification of the Bunnell repair should provide 
sufficient resistance to gap formation, while permitting meta-
carpophalangeal and proximal interphalangeal joint motion. 
Postoperatively, continuous dynamic splinting or static fol-
lowed by dynamic splinting is used for 6 to 8 weeks. 

ZONE VII
Zone VII is the area of the wrist under the dorsal carpal liga-
ment (extensor retinaculum). At this level, the tendons have 
mesotenon. They are retained by the dorsal carpal ligament, 
which acts as a pulley, and are ensheathed in fibroosseous 
canals similar to the digital flexor sheath. More extensive 
incisions and dissection may be required to retrieve lacer-
ated tendons because they tend to retract proximally into the 
forearm. Primary repair of extensor tendons here can be done 
with a 3-0 or 4-0 core suture, supplemented with a circumfer-
ential epitendinous suture. Access to the tendons may require 

elevation of the extensor retinaculum. A straightforward 
removal of the proximal or distal portion of the retinaculum 
may allow sufficient exposure of the tendons for repair, while 
preserving sufficient retinaculum to avoid bowstringing of the 
tendons. Using another method, the extensor retinaculum is 
opened with a Z-lengthening incision, which allows repair of 
the retinaculum over the tendon repairs. Splinting the wrist 
after repair in a position of moderate extension instead of full 
extension helps limit the bowstring effect. Tendons repaired 
in this zone may become stuck in their canals as they heal.

The relative-motion splint, with or without immobiliza-
tion of the wrist, has been reported to facilitate normal exten-
sor tendon function and reduce the risk of morbidity to the 
adjacent digits after repairs in zones IV through VII. The splint 
places the repaired tendon(s) in 15 to 20 degrees greater meta-
carpophalangeal joint extension than adjacent digits for a con-
tinuous 6-week period. The wrist is placed in a separate splint 
at approximately 20 to 25 degrees of extension for 3 weeks 
to avoid tension on the suture (see Fig. 66.74). The goal is to 
recover full flexion and extension of the interphalangeal and 
metacarpophalangeal joints as soon as possible after repair. 

ZONE VIII
Zone VIII is the area of the distal forearm, proximal to the 
extensor retinaculum (dorsal carpal ligament). In this zone, 
many extensor tendons are covered by their respective mus-
cles. Careful dissection is required to identify the proximal 
portion of the muscle belly, which is appropriate for attach-
ment of the tendon. The tendinous portion of the muscu-
lotendinous unit can be sutured to the muscle belly with a 
carefully placed 3-0 mattress or figure-of-eight suture to 
minimize the tendency of sutures to cut out or pull through 
the muscle. A volar splint is applied from the elbow to the 
proximal interphalangeal joints to maintain the wrist in full 
extension postoperatively. This permits maximal relaxation of 
the musculotendinous unit because it is difficult to maintain 
muscle-to-muscle repair by any suture technique. 

ZONE IX
Lacerations of the extensor muscle bellies in the proximal 
forearm (zone IX of Doyle) may have associated vessel and 
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FIGURE 66.76 A, Cross section of metacarpal head in which ulnar subluxation of extensor 
tendon is shown. B, Ulnar-based loop formed from extensor tendon passed in distal-to-proximal 
direction around radial collateral ligament and sutured to extensor tendon. MP, Metacarpopha-
langeal. SEE TECHNIQUE 66.29.
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nerve injuries. If treated early, the muscle bellies usually 
require several mattress or figure-of-eight sutures to hold the 
muscle together. If difficulty is encountered with suturing 
techniques, tendon grafts can be used in a weaving technique 
through the muscle belly from one side of the laceration to 
the other. The wrist is held in appropriate extension and the 
metacarpophalangeal joints in about 30 degrees of flexion 
with the proximal interphalangeal joints left free. This splint 
or some similar protection is needed for about 6 weeks. 

SECONDARY REPAIR OF EXTENSOR 
TENDONS
An extensor tendon usually can be repaired secondarily by 
direct suture at the level of the metacarpophalangeal joint 
or on the dorsum of the hand. After 4 to 6 weeks, when the 
proximal segment has retracted or when a segment of tendon 
has been destroyed, the options for treatment include transfer 
of the extensor indicis proprius tendon to the distal segment, 
side-to-side suture of the distal segment to an intact adjoining 
extensor tendon, or segmental tendon graft. For severe inju-
ries in which whole segments of tendon have been lost, ten-
don grafting may be necessary. If multiple tendons have been 
abraded, or avulsed, or if the muscle has been denervated 
and has become fibrotic and scarred, transferring a suitable 
muscle, such as the flexor carpi ulnaris or flexor carpi radialis, 
with attachment to the distal segment can provide satisfactory 
function. An interposition graft may be required in such situ-
ations as well (see section on technique of tendon transfers). 

EXTENSORS OF THE THUMB
ZONES TI AND TII

Zone TI includes the thumb interphalangeal joint; zone TII 
includes the proximal phalanx. Closed injuries to the extensor 
pollicis longus in these zones can be treated with prolonged 
splinting for 8 or more weeks, as for mallet finger injuries in 
the fingers. Associated fractures of the distal phalanx involv-
ing 50% or more of the joint or fractures with distal fragment 
subluxation usually require reduction and internal fixation.

When an extensor pollicis longus tendon has been 
divided at the interphalangeal joint, its proximal segment 
does not retract appreciably because the adductor pollicis, 
abductor pollicis brevis, and extensor pollicis brevis insert 
into the extensor expansion; consequently, the tendon can be 
repaired primarily or secondarily without grafting or tendon 
transfer. A 4-0 core suture, supplemented with an epitendi-
nous cross-stitch, usually is sufficient. Transarticular pinning 
of the interphalangeal joint for 4 weeks permits active motion 
of the metacarpophalangeal joint. Splinting is maintained for 
another 4 weeks after pin removal. Active motion is begun 
after the total period of splinting. 

ZONES TIII AND TIV
Zone TIII is at the metacarpophalangeal joint; zone TIV is 
over the thumb metacarpal. Injuries to the extensor pollicis 
brevis in these zones usually are repaired. When the tendon 
has been divided at the metacarpophalangeal joint or more 
proximally, its proximal segment retracts rapidly. By 1 month 
after injury, a fixed contracture of the muscle usually has 
developed. The contracture often can be overcome by rerout-
ing the tendon from around the Lister tubercle and placing 
it in a straight line; when this maneuver does not provide 
enough length, the extensor indicis proprius tendon can be 

transferred, and in this instance only one suture line is neces-
sary instead of the two a graft would require. 

ZONE TV
Zone TV includes the third extensor compartment and the 
area of the first dorsal compartment. The extensor pollicis 
longus, extensor pollicis brevis, and abductor pollicis longus 
tendons may be injured in this zone. The superficial radial 
nerve also is at risk for injury. Tendons injured in the first 
dorsal compartment usually are mobilized from that com-
partment to minimize adhesion formation. Repairs to all 
injured tendons are done with 3-0 or 4-0 core sutures supple-
mented with a circumferential epitendinous suture.

When the tendon is divided at a level far enough proxi-
mal for the distal end of the palmaris longus tendon to reach 
the end of its distal segment, this tendon can be transferred 
instead of the extensor indicis proprius. A graft is necessary to 
bridge a long defect when a tendon transfer is either impos-
sible or undesirable. If a graft is selected, it should be rerouted 
from around the Lister tubercle to avoid adhesion and abra-
sion of the graft.

A splint is applied with the wrist in near full extension and 
the thumb extended and abducted. The splint should begin 
distal to the elbow but extend to the thumb tip and to the dis-
tal palmar crease. This immobilizes the thumb but releases the 
movement of the fingers. The splint should be maintained for 
4 weeks, and then the thumb is gradually permitted to move, 
with the wrist splinted in extension for another 4 weeks. Due 
to noncompliance or an inability to understand, some patients 
may require casting for 4 weeks postoperatively.
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FRACTURES, DISLOCATIONS, AND LIGAMENTOUS 
INJURIES OF THE HAND AND WRIST

James H. Calandruccio

CHAPTER 67

Although general management principles apply to the hand, 
functional impairment may follow seemingly minor trauma 
from resultant secondary sensory loss, motion restriction, 
and weakness. When treating fractures, anatomic and radio-
graphic perfection does not always lead to normal func-
tion and early and accurate detection of soft-tissue injuries 
may require more specialized and urgent treatment. Often, 
it is better to accept a less than anatomic fracture position 
and strive to obtain good function through proper splinting 
and early motion. In general, a closed approach to the man-
agement of hand fractures and dislocations is preferred to 
operation; when surgery is required, the least complicated 
procedure to accomplish the desired functional result should 
be chosen. With few exceptions, prolonged immobilization 
(>3 weeks) is not indicated in treating hand injuries. Because 
clinical fracture union often precedes radiographic evidence 
of union by many weeks, early motion can be encouraged 
when clinical stability is ensured.

Angulation and lack of fracture apposition frequently are 
much more obvious on radiographs than on clinical exami-
nation. Fracture rotation may become clinically obvious only 
after a composite fist is attempted and demonstrates finger 
override or deviation (Fig. 67.1). Observing the plane of the 
fingernails (Fig. 67.2) at the time of reduction or fixation 
helps to determine rotation; passively flexing all fingers fully 
at the metacarpophalangeal, proximal interphalangeal (PIP), 
and distal interphalangeal joints at one time also helps to ver-
ify the appropriate fracture rotation after fracture reduction 
or internal fixation. When closed reduction methods are used 
for rotationally unstable fractures, taping the injured finger 
to an uninjured finger may help correct or prevent rotational 

change. In this instance, we prefer not to use gauze or cast 
padding between the fingers and sometimes use the tape as a 
derotation device (Fig. 67.3).

The small finger has a normal tendency to overlap the ring 
finger. This becomes most apparent when the small finger can 
be only partially flexed while the ring finger is fully flexed. 
This “normal” overlap is permitted by the rotation allowable 
at the fifth carpometacarpal joint and the fact that each finger-
tip when flexed individually points to the scaphoid tuberosity. 
Only when full composite small finger flexion is possible in 
conjunction with the ring finger can proper rotational align-
ment be ascertained. When small finger fracture healing has 
been achieved, passive external rotation seldom is possible 
and further internal rotation is accentuated. Anteroposterior, 
lateral, and oblique radiographs are necessary to determine 
the fragment positions before and after reduction. Splay lat-
eral views of the digits in varying amounts of flexion to pre-
vent phalangeal overlap may show only one digit in a true 
lateral projection. Oblique views often are helpful in assessing 
reduction of articular fractures. True lateral views of the ring 
and small finger metacarpals can be obtained with the hand 
in 10 degrees of supination and the index and middle fingers 
in 10 degrees of pronation. Lateral tomograms or CT scans in 
the sagittal plane occasionally are necessary to evaluate dis-
placement when a splint is applied. Even when the fracture is 
being reduced under direct vision, radiographs can prevent 
errors in alignment and can reveal small fragments of bone 
not seen before reduction. Shaft fractures are best evaluated 
by multiple images with the bone parallel to the film or image 
source, and articular fractures may require views projecting 
the joint surfaces perpendicular to the radiation beam.
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PRINCIPLES OF TREATMENT
For most metacarpal and phalangeal fractures, closed manip-
ulation, proper splinting, and protected motion generally 
produce good functional results. There are exceptions, how-
ever, when operative treatment, usually open reduction and 
internal fixation or closed manipulation and percutaneous 

pinning, may provide superior results. Percutaneous pinning 
should be attempted before edema obliterates external land-
marks. If necessary, the extremity can be elevated for 24 to 48 
hours before reduction and pinning. Fracture fixation, espe-
cially by open means, is preferably performed when the soft-
tissue envelope is not markedly swollen; sometimes a delay 
in fixation of 7 to 10 days is warranted. Some form of fixation 
is most often indicated in the following instances: (1) when a 
displaced fracture involves a significant portion of the articu-
lar surface; (2) when a fracture is part of a major ligamen-
tous or tendinous avulsion; (3) when a fracture is so severely 
displaced that interposition of tendons or other soft tissue 
prevents realignment by manipulation; (4) when multiple 

 

A B
FIGURE 67.1 Malrotation of metacarpal or phalangeal fractures 

must be corrected. A, Normally, all fingers point toward the scaphoid 
tuberosity when a fist is made. B, Malrotated fracture causes affected 
finger to typically deviate into supinated posture.

 

BA
FIGURE 67.2 Observing plane of fingernails helps in detecting 

malrotation of fractures; comparison with opposite hand may be 
helpful. A, Normal alignment of fingernails. B, Alignment of finger-
nails with malrotation of ring finger.

 

A B C

D E F

FIGURE 67.3 A, Simulation of typical rotational deformity caused by fracture of fifth digit. 
B to D, External rotation reduction maneuver combined with a buddy finger taping technique to 
hold reduction. E and F, Second strip of tape placed distal to proximal interphalangeal joint in 
similar fashion.
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fractures are involved, and the hand cannot be held in the 
position of function without internal fixation; and (5) when 
a fracture is open (internal fixation allows wound care after 
surgery without loss of reduction).

Severely comminuted closed fractures usually should not 
be opened because internal fixation of multiple fragments 
may be impossible. Limited percutaneous pinning occasion-
ally is indicated.

Dislocations can be managed by manipulation and early 
function. Many are self-reduced, and functional motion 
through “buddy taping” to an adjacent finger generally pro-
vides a good result. It is important, however, to examine for 
associated ligamentous injury or tendon avulsion. Surgery is 
required most often for the following conditions:
 n  Unstable thumb or finger carpometacarpal joint dislocations
 n  Thumb metacarpophalangeal joint injuries with complete 

ulnar collateral ligament rupture
 n  Dislocations in which a tendon is trapped, preventing 

manipulative reduction
 n  Chronic undiagnosed dislocations
 n  “Buttonhole” dislocations

OPEN FRACTURES AND DISLOCATIONS
Open fractures and dislocations require wound debridement 
and irrigation and then reduction. If an open dislocation is 
self-reduced and a contaminant is suspected, redislocation 
and wound cleansing should be done. Finger motion should 
begin as soon as soft-tissue healing and fracture and joint sta-
bility permit. Fixation should permit wound inspection or 
dressing changes without loss of fracture alignment.

Severely traumatized hands commonly are accompa-
nied by soft-tissue defects, and additional incisions are usu-
ally unnecessary to access the fracture. Fractures should be 
fixed under direct vision or percutaneously, and segmen-
tal defects of tubular bones may be held to length by wire 
spacers or rods to prevent collapse while the wound is heal-
ing (Fig. 67.4). Massive trauma to the hand may require 
extensive reconstructive efforts to restore bony integrity 
(Fig. 67.5).

Judgment is required to determine whether the wound is 
sufficiently clean to permit primary closure or whether it should 
be left open for repeat debridement and irrigation. Loose skin-
edge approximation is recommended because soft-tissue edema 
over the next 48 hours will further increase tension on the trau-
matized tissues and possibly compromise otherwise viable flaps. 
At 48 hours, the wound can be reevaluated in the operating 
room and plans made at that time for closure. The goal is to close 
the wound within the first 4 to 5 days before granulation tissues 
form and contractures develop. Exposed tendons without their 
paratenon or sheath soon necrose without appropriate cover-
age (see Chapter 65 for a discussion of methods of and indica-
tions for skin closure). We no longer routinely culture acute open 
hand injuries in the emergency department. Thorough irrigation 
and debridement usually are adequate for primary fracture treat-
ment. Routine use of antibiotics for fresh injuries probably is not 
necessary; however, when essential tissue has borderline viabil-
ity and contamination remains after irrigation and debridement, 
antibiotic use is justified. 

BASIC FRACTURE TECHNIQUES
Physician judgment is required to form logical treatment 
plans including, when applicable, suitable internal and 

external fracture fixation implants. Plating of small tubular 
bones, especially of the phalanges, can cause skin sloughs, 
tendon adherence or ruptures, joint contractures, and other 
complications. External fixation pins can impinge on ten-
dons or ligaments and interfere with motion. Percutaneously 
placed pins may damage nerves, and tendons or ligaments 
may be tethered as well.

Rarely is more fixation needed than that afforded by 
external splinting, Kirschner wires, and minifragment screws. 
Unstable, long, oblique, or spiral fractures may be best treated 
with interfragmentary screw fixation alone, although a vari-
ety of fixation techniques may be indicated (Fig. 67.6).

The same instruments used in handling the soft tissues 
can be used to manipulate the bones; a straight Kocher clamp, 
hemostat, or towel clip is usually sufficient to reduce provi-
sionally metacarpal or phalangeal shaft fractures before frac-
ture fixation. Kirschner wires sharpened on both ends permit 
antegrade and retrograde drilling when necessary. A small 
hand-held power Kirschner-wire driver or drill without a 
cumbersome air supply line aids in accurate in-plane place-
ment. A trocar-pointed wire has greater initial holding power 
than either a diamond or diagonally cut wire; in addition, 
initial bone engagement and placement at an acute angle are 
easier with a trocar-pointed wire. The Kirschner wire should 
project as short a distance as possible to prevent pin bending 
during insertion. After insertion, the wires may be cut off flat 
and the ends left protruding or left beneath the skin. Kirschner 
wires usually can be removed under local anesthesia, using a 
pointed extractor with grooved, corrugated, and parallel jaws. 
A diamond or carbide-tipped needle holder likewise is useful 
for gripping and removing small Kirschner wires.

Regardless of the method chosen for fracture fixation, 
the fractured bone ends should be in close approximation 
or apposition to promote healing. Sometimes a second wire 
is needed, however, to control rotation. When possible, the 
fractured finger should be flexed fully at the metacarpopha-
langeal, proximal and distal interphalangeal joints and com-
pared with the adjacent uninjured finger or fingers before 
definitive rotational control is achieved, especially if there are 
doubts regarding correct fracture rotational alignment.

Outpatient surgery center services are usually selected 
when wounds are grossly contaminated or when fractures 
require implants other than Kirschner wires. In addition, 
young children and patients with medical conditions requir-
ing cardiovascular monitoring should be treated at a surgi-
cal center. Wide-awake local anesthesia with no tourniquet 
(WALANT) can be incorporated in the office setting for less 
complex fractures that can be treated with Kirschner wires. 
Patients with Raynaud or Berger disease and patients with 
other epinephrine-intolerant conditions are not candidates 
for WALANT procedures. The WALANT technique uses a 
30-gauge needle to liberally infiltrate in a tumescent fashion 
the region to be operated, including the subperiosteal regions 
of the fractures to be treated (Fig. 67.7). A 10 mL syringe is 
filled with 10 mL of 1% lidocaine with 1:100,000 epinephrine, 
after which an additional 1 mL of 8.4% sodium bicarbonate is 
drawn into the same syringe (a typical 10 mL syringe can hold 
11 mL of solution). The addition of 8.4% sodium bicarbonate 
to the 1% lidocaine with 1:100,000 epinephrine in a 1:10 ratio 
normalizes the lidocaine pH of 4.2, thus reducing the burning 
sensation associated with local anesthetic infiltration. Simple 
procedures may require 10 to 20 mL of this solution; however, 
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50 mL of this mixture is permissible in an average 70 kg (155 
lb) man, assuming 7 mg/kg maximum dosage of lidocaine. 

THUMB
Thumb stability is essential for most hand functions. Offset 
intraarticular fractures or persistent subluxation or dislocation 
can cause limitation of motion, pain, and weakness of pinch 
and of grip. Secondary metacarpophalangeal hyperextension 
deformities can follow thumb basal joint dorsal displacement 
and severely weaken pinch and grip strength. Thus, reestablish-
ing stability and congruency to the thumb trapeziometacarpal 
joint is critical to thumb and hand function.

BENNETT FRACTURE
In 1882, Bennett, an Irish surgeon, described an intraar-
ticular fracture through the base of the first metacarpal in 
which the shaft is laterally dislocated by the unopposed pull 
of the abductor pollicis longus (Fig. 67.8). The medial pro-
jection of the thumb metacarpal base on which the volar 
oblique ligament attaches remains in place. Reduction by 
traction is easy but is difficult to maintain. The use of a cast 
that maintains reduction by pressure on the base of the 
metacarpal also often is unsatisfactory because immobiliza-
tion is incomplete and verification of alignment by radio-
graphs through the overlying cast is difficult. Too much 
pressure may cause skin necrosis, and too little allows loss 

A B

C D

FIGURE 67.4 A and B, Comminuted middle finger metacarpal shaft fracture with intercalary 
bone loss from self-inflicted handgun injury in 17-year-old boy. C and D, Clinical appearance of 
hand before debridement.
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of reduction. Some controversy surrounds the acceptable 
limits of displacement. Articular incongruity of 1 to 3 mm 
seems to be well tolerated, provided that union and joint 
stability are achieved. The technique of closed pinning 
described by Wagner (Figs. 67.9 and 67.10) is preferred, but 
should reduction be unsatisfactory, open reduction is indi-
cated (Fig. 67.11). Long-term patient-reported outcomes 
following displaced Bennett fractures treated by closed 
reduction and Kirschner wire fixation show excellent func-
tional results according to Middleton et al. At a mean fol-
low-up of 11.5 years the 62 patients in this study had a high 

level of patient satisfaction and none required a revision or 
salvage procedure.

Open reduction and direct exposure of the thumb basal 
joint may be required when adequate reduction cannot be 
achieved by closed or percutaneous fragment manipulation 
techniques. We have found that thumb metacarpal base frac-
tures and the trapeziometacarpal joint are best seen through 
a Wagner type approach (Fig. 67.11). The volar capsule 
(between the abductor pollicis longus tendon and beak liga-
ment) is structurally unimportant and can be reflected off the 
metacarpal base for joint exposure. 

G H

E F

FIGURE 67.4, cont’d  E and F, Surgical debridement of devitalized second and third dorsal inter-
ossei and incidental deficit of second web space common digital nerve. G and H, Intramedullary 
fixation with large Kirschner wire.
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 FIGURE 67.5 Intraoperative photo showing open second, 
third, and fourth metacarpals after plate fixation and before soft-
tissue flap coverage.  (From Cheah AE, Yao J: Hand fractures: indications, 
the tried and true and new innovations, J Hand Surg Am 41[6]:712-722, 
2016.)

 FIGURE 67.6 Multiple fractures in hand treated with a variety 
of methods ranging from pinning of distal phalanx to plate and 
screw fixation of proximal and middle phalanges and metacarpals. 
Note cannulated headless screw fixation of index metacarpal head 
fracture.  (From Cheah AE, Yao J: Hand fractures: indications, the tried 
and true and new innovations, J Hand Surg Am 41[6]:712-722, 2016.)

   

 

     
 
  
    
  
  

   

  FIGURE 67.7 Sites of local anesthetic injection for various hand fractures. Local anesthetic 
should first be delivered proximally to perform regional block of sensory nerves that innervate entire 
region of surgical trauma Injection sites and region of anesthesia are illustrated for phalangeal 
fractures (red triangles), first metacarpal base fractures (blue circles), and fifth metacarpal fractures
(yellow squares). (From Hyatt BT, Rhee PC: Wide-awake surgical management of hand fractures: technical 
pearls and advanced rehabilitation, Plast Reconstr Surg 143:800-810, 2019.)
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CLOSED PINNING

 TECHNIQUE 67.1  Figures 67.8 to 67.10

(WAGNER)
 n  Maintaining fracture reduction by manual traction and 

pressure, drill an appropriate-gauge Kirschner wire into 
the base of the metacarpal across the joint and into the 
trapezium.

 n  Check the reduction by radiographs; if it is accurate, cut 
the wire near the skin.

 n  Apply a forearm cast, holding the wrist in extension and 
the thumb in abduction; leave the thumb interphalangeal 
joint free.

 n  Sometimes more than one Kirschner wire is required, and 
the wire may engage carpal bones other than the trape-
zium for adequate fixation. Fixation merely to the volar 
oblique fragment may be insufficient to prevent loss of 
fracture reduction.
   

 

A B

FIGURE 67.10 Bennett fracture. A, Young man with 6-week-old Bennett fracture and accompa-
nying dorsal trapezial rim fracture. B, Results of fixation after callus excision and fracture fragment 
reduction.

 

Adductor
pollicis

Abductor
pollicis
longus

FIGURE 67.8 In Bennett fracture first metacarpal shaft is 
displaced by divergent pull of the adductor pollicis and abductor 
pollicis longus muscles.

 FIGURE 67.9 Wagner technique of closed pinning of Bennett 
fracture (see text).
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OPEN REDUCTION

 TECHNIQUE 67.2 

(WAGNER; FIG. 67.11)
 n  Begin a curved incision on the dorsoradial aspect of the 

first metacarpal, and curve it volarward at the wrist flexion 

crease. Carefully protect the sensory branches crossing 
this area.

 n  To expose the fracture, partially strip the soft tissue from 
the proximal end of the metacarpal shaft and open the 
carpometacarpal joint.

 n  Align the articular surface of the larger fragment with that 
of the smaller fragment and under direct vision drill a wire 
across the joint fracture site to maintain the reduction.

 

A

Extended
Wagner
incision

C

Abductor pollicis
longus metacarpal
insertion

B

Flexor pollicis
brevis
(superior head)

Abductor pollicis
brevis

Flexor carpi
radialis

Sensory branch
of radial nerve

D E
FIGURE 67.11 A, Extended Wagner incision. Thenar incision between glabrous and nonglabrous 

skin, extended ulnarly across wrist crease to radial side of flexor carpi radialis tendon. B, Thenar 
musculature. Note: protect all crossing sensory branches before exposing abductor pollicis brevis 
and flexor pollicis brevis muscle fascia. C, Reflection of thenar muscles from abductor pollicis longus 
insertion. The volar capsule is sharply elevated away from trapeziometacarpal joint, leaving intact 
ligamentous attachments to metacarpal beak. D, Malunited Bennett fracture. E, After fixation of 
fracture malunion.
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 n  Often additional Kirschner wires are added to the provi-
sional, smaller-caliber wires (Fig. 67.12).

 n  As an alternative, fixation can be achieved with a 2.0- or 
2.7-mm screw (Fig. 67.13).

 n  After closing the wound, apply a forearm-based thumb 
spica splint.

POSTOPERATIVE CARE The cast is removed for wound 
inspection at 2 to 3 weeks but is replaced and worn until 
4 weeks after surgery. Wires can be removed, but immo-

bilization may be necessary for 2 to 4 more weeks. If screw 
fixation is used, active range of motion and intermittent 
splinting can be initiated at 10 to 14 days in a compliant 
patient with secure fixation.
  

COMPLICATIONS
Malunion with persistent subluxation may progress to pain-
ful carpometacarpal joint arthritis. Reduction should not 
be attempted after 6 weeks. For a malunion that is recog-
nized before degenerative changes are noted, an intraarticu-
lar osteotomy through an extended Wagner approach may 
be warranted (Fig. 67.11). When degenerative arthritis has 
developed, arthrodesis or arthroplasty is advised. 

 

CORRECTIVE OSTEOTOMY

 TECHNIQUE 67.3 

 n  Make a 2- to 3-cm curved incision along the subcutane-
ous border of the thumb metacarpal base between the 
glabrous and nonglabrous skin. Protect all cutaneous 
nerves in the area (Fig. 67.11).

 n  Sharply elevate the thenar muscles, and reflect them anterior-
ly and distally without detaching the abductor pollicis longus 
metacarpal base tendon insertion. A capsulotomy between 
the abductor pollicis longus and metacarpal beak is made to 
assess the malunion and the degree of arthrosis (Fig. 67.11C).

 n  Assess the articular surface gap, and offset and determine 
the segment of bone to be removed to restore articular 

 

A B C

FIGURE 67.13 Gedda type II fracture: preoperative (A), 4 months (B), and 71 months (C) after 
operation. Step presented in B (black arrow) has completely remodeled with time. (From Leclere 
FMP, Jenzer A, Hüsler R, et al: 7-year follow-up after open reduction and internal screw fixation 
in Bennett fractures. Arch Orthop Trauma Surg 132:1045-1051, 2012.)

 FIGURE 67.12 Comminuted Bennett fracture treated by open 
reduction. Two Kirschner wires were necessary to keep articular 
fragments reduced. SEE TECHNIQUE 67.2.
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congruity. Curets, dental picks, and fine osteotomes are 
most suitable for disengaging the fragments. Working 
from distal to proximal, the periosteum and the excess 
callus can be stripped off of the bone. Gentle supination 
of the thumb allows careful separation of the volar lip 
with the callus attached as one piece and preservation of 
the capsular attachment to the volar fragment.

 n  Within the malunion site, freshen the opposing bone 
surfaces, excising fibrous tissue, callus, and joint debris. 
The articular components can then be repositioned and 
fixed temporarily with small-caliber Kirschner wires. De-
finitive fixation can be achieved with larger-caliber wires 
to supplement the provisional fixation, interfragmentary 
screw(s), or tension band fixation (Fig. 67.14).
  

ROLANDO FRACTURE (COMMINUTED 
FIRST METACARPAL BASE) AND OTHER 
FRACTURES INVOLVING THE FIRST 
CARPOMETACARPAL JOINT
In 1910, Rolando described a Y-shaped fracture involving the 
thumb metacarpal base that usually does not result in diaphyseal 

displacement as in a Bennett fracture. We have found that in 
most Rolando-type fractures the joint surface fragments can be 
reasonably well fixed with the use of small wires placed directly 
under the subchondral bone and supplemented with a larger 
transarticular and occasionally transmetacarpal pinning (Fig. 
67.15). Because of the likelihood of posttraumatic arthritis after 
these fractures or after intraarticular trapezial fractures, accu-
rate reduction is important. Many fractures can be reduced by 
traction and held by open or closed pinning. Open reduction 
and fixation with a minifragment T-plate may be plausible if 
the articular fragments are of sufficient size (Technique 67.4).

The combination of tension band wiring and an external 
fixator can result in an acceptable reduction. The external fix-
ator is used to align the comminuted fragments and to restore 
length, and tension band wiring provides stability (Fig. 67.16). 
If the fracture is stable, the external fixator can be removed; if 
not, the fixator should remain in place for 8 weeks.

Severely comminuted fractures may require a combina-
tion of external fixation, limited internal fixation, and bone 
grafting. This technique showed good results despite persis-
tent joint irregularities. Although the quality of reduction 
does not correlate with the late occurrence of symptoms and 
osteoarthritic changes, it is recommended that the joint artic-
ulation be restored to as close to normal as possible. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION

 TECHNIQUE 67.4 

(FOSTER AND HASTINGS)
 n  Make a palmar radial incision similar to the approach to 

Bennett fracture (see Technique 67.2). Extend the radial 
end of the incision distally along the diaphyseal portion 
of the thumb metacarpal. Protect sensory branches of the 
radial nerve to prevent the development of a painful neu-
roma.

 n  Reduce the two large basilar fragments (Fig. 67.17A and 
B), and provisionally fix them with a Kirschner wire (Fig. 
67.17C).

 n  Use a small T-plate or L-plate that accepts 2.7-mm screws 
on the thumb metacarpal.

 n  Place the transverse portion of the T-plate on the basilar 
fragments of the metacarpal (Fig. 67.17D).

 n  The previously placed Kirschner wire should slide through 
one of the two holes in the transverse portion of the plate. 
If it does not, place a second Kirschner wire in line with 
one of the two holes in the  transverse portion of the plate 
and remove the first wire.

 n  With a 2-mm drill bit, drill through the free hole in the 
transverse portion of the plate and through the dorsal and 
palmar fragments (Fig. 67.17E).

 n  Tap the hole with a 2.7-mm tap.
 n  Overdrill the hole in the dorsal fragment using a 2.7-mm 

drill bit for a lag screw effect.
 n  Insert a 2.7-mm cortical screw of appropriate length to 

compress the palmar articular fragment against the dorsal 
articular fragment (Fig. 67.17F).

 

A B

C

1

23
4

D
FIGURE 67.14 A, Bennett fracture malunion. B, Reduction of 

the fracture with temporary Kirschner wire fixation (1). C, Second 
Kirschner wire (2), wire loop (3), and bone graft to fill defect. 
D, Temporary Kirschner wire crossing trapeziometacarpal joint to 
prevent subluxation (4).  (Redrawn from Mahmoud M, El Shafie S, 
Menorca RMG, Elfar JC: Management of neglected Bennett fracture 
in manual laborers by tension fixation, J Hand Surg Am 39:1728-1733, 
2014.) SEE TECHNIQUE 67.3.
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 n  Repeat the same technique with the second proximal 
plate hole.

 n  The exact fracture pattern may vary and require use of 
a lag screw separate from the plate holes or two screws 
placed off center through the two proximal plate holes to 
compress the articular fragments together.

 n  Reduce the metacarpal to the stabilized intraarticular 
fragments and attach to the long portion of the T-plate 
or L-plate with 2.7-mm screws (Fig. 67.17G).

 n  Close the incision appropriately and apply a soft compres-
sive dressing and thumb spica splint.

POSTOPERATIVE CARE Active range-of-motion exer-
cises are begun within 5 to 7 days.
  

 TECHNIQUE 67.5 

(BUCHLER ET AL.)
 n  Place the AO mini external fixator between the thumb and 

index metacarpals in a quadrilateral frame configuration.
 n  Perform open reduction through a radial palmar ap-

proach, elevating the thenar musculature from its carpal 
origin for exposure of the thumb carpometacarpal joint 
(Fig. 67.18A).

 n  With the external fixator in slight distraction, gently el-
evate and align the displaced, depressed osteochondral 
joint fragments, using the opposite joint surface as a tem-
plate for reduction (Fig. 67.18B).

 n  Depending on the fracture configuration, fix with an in-
terfragmentary screw, Kirschner wires, or a combination 
of both.

 n  Loosen the external fixation and adjust to a position where 
the flexion deformity of the thumb metacarpal distal to 
the fracture is eliminated. Usually this creates a larger de-
fect of bone substance on the volar aspect of the proximal 
metaphyseal-diaphyseal junction that may require bone 
grafting to minimize subsequent settling of the fracture.

POSTOPERATIVE CARE External fixation is left in place 
for an average of 6 weeks (range, 5 to 12 weeks) until 
fracture stability is adequate. Interval radiographs should 
be obtained to assess the healing process. After the fixator 
has been removed, active and passive range-of-motion 
exercises are begun. A removable thumb spica splint is 
worn for an additional 6 to 12 weeks.
  

THUMB CARPOMETACARPAL JOINT 
DISLOCATION
Dislocation of the thumb carpometacarpal joint is a rare 
injury, and all those reported have been dorsal dislocations. 
Based on cadaver studies, the dorsoradial ligament and the 
volar oblique ligament are the most important ligaments 
in preventing dislocation. When this injury occurs without 
fracture and is recognized early, the dislocation should be 
reduced and the joint immobilized for 4 to 6 weeks to prevent 
recurrence. Careful assessment of joint stability immediately 
after reduction is advised. Dislocations reduced on the day 
of injury may be stable immediately after reduction, and cast 
immobilization can be sufficient to maintain reduction and 
prevent long-term instability. Open reduction and pinning 
with repair of the dorsoradial ligament is necessary to ensure 
better joint stability if the joint is unstable after reduction. 

 

A B

FIGURE 67.15 Rolando fracture. A, Male construction worker with comminuted fracture of 
base of thumb. B, Reduction required open approach with initial articular segment reduction with 
multiple 0.035-inch Kirschner wires, followed by metacarpal-trapezial pinning with 0.062-inch 
Kirschner wire.
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Immobilization for 6 weeks is indicated after the repair. If 
reduction is delayed beyond 3 weeks, ligament reconstruc-
tion is advised.

In idiopathic or traumatic recurrent thumb carpometa-
carpal joint dislocation or subluxation, intermetacarpal liga-
ment reconstruction may be indicated. The operation is most 
helpful when the joint is unstable and painful and when 
degeneration of its articular surfaces is minimal. This proce-
dure should not be done solely to relieve symptoms or sublux-
ations of this joint from osteoarthritis. 

 

LIGAMENT RECONSTRUCTION FOR 
RECURRENT DISLOCATION

 TECHNIQUE 67.6 

(EATON AND LITTLER)
 n  Make a dorsoradial incision along the proximal half of 

the first metacarpal and curve its proximal end ulnarward 
around the base of the thenar eminence parallel with the 
distal flexor crease of the wrist.

 n  Expose the carpometacarpal joint of the thumb subperios-
teally and the volar aspect of the trapezium extraperioste-
ally. Isolate the distal part of the flexor carpi radialis tendon 
from its position on the ulnar aspect of the trapezial crest.

 n  In the distal forearm, expose the same tendon through a 
longitudinal incision, and split from its radial side a strip 
of tendon 6 cm long; free the strip proximally, continue 
the split distally, and leave the strip attached to the base 
of the second metacarpal (Fig. 67.19).

 n  Before proceeding further, reduce the first metacarpal on 
the trapezium and pass a Kirschner wire through this joint 
while holding it in appropriate orientation. Care should 
be taken in placing the wire so as not to interfere with the 
site where the transverse hole will be drilled through the 
first metacarpal and through which the tendon transfer 
eventually will pass.

 n  Reroute the tendon strip previously raised from behind 
the ridge of the trapezium, and pass it directly from the 
base of the second metacarpal to that of the first meta-
carpal.

 n  Drill a hole transversely through the base of the first 
metacarpal ulnar to the extensor pollicis brevis tendon 
and emerging extraarticularly from the volar beak region 
of the thumb metacarpal base.

 n  Pass the strip of tendon through this hole, loop it back 
deep to the abductor pollicis longus tendon, draw it tight, 
and suture it to the periosteum near its exit or the ab-
ductor pollicis longus bony insertion, which serves as an 
excellent suture site.

 n  Loop the tendon strip around the flexor carpi radialis near 
its insertion and suture it to the base of the first metacarpal.

POSTOPERATIVE CARE The thumb is immobilized for 
4 to 6 weeks in extension and abduction. A home exer-
cise program is initiated with interval splint wear for 4 to 6 
weeks. A formalized therapy program is sometimes required 
to regain unprotected use 3 to 6 months after surgery.
  

THUMB METACARPOPHALANGEAL 
FRACTURES AND DISLOCATIONS
Fractures around the thumb metacarpophalangeal joint 
usually involve the ulnar margins of the proximal phalanx 
from ulnar collateral ligament avulsion injuries. When 
the fragment is small and displaced less than 2 to 3 mm, 
the injury does not require surgery. Biplanar films should 
always be taken before evaluating joint stability. Displaced 
fractures of this sort are treated similarly to ulnar collateral 
ligament injuries. Impaction fractures with less than 20 

 

C

A

B

FIGURE 67.16 Rolando fracture (A) treated by external fixation 
distractor (B) and tension band wiring (C). Distractor was left in 
place for 8 weeks because fracture was unstable; excellent carpo-
metacarpal and metacarpophalangeal function was obtained.  
(Courtesy of Robert Belsole, MD, and Thomas Greene, MD.)
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degrees of dorsal angulation or joint separation less than 
2 mm often can be treated nonoperatively. Angulated and 
displaced fractures probably are best treated operatively 
(Fig. 67.20).

Dislocation of any of the metacarpophalangeal joints is 
possible from hyperextension injuries, but dorsal dislocation 
of the thumb metacarpophalangeal joint is the most common 
type of metacarpophalangeal dislocation injury (Fig. 67.21). 

These injuries are classified as simple (reducible using closed 
technique) or complex (irreducible with closed technique). 
Simple dislocations manifest with hyperextension deformity 
at the metacarpophalangeal joint, whereas complex disloca-
tions show more parallelism between the proximal phalanx 
and the metacarpal. The volar plate, sesamoids, or flexor 
tendon may become entrapped, preventing reduction. Early 
closed reduction may be easy, provided that the thumb is 

 

BA DC

FE G
FIGURE 67.17 Technique of open reduction and internal fixation of T-type Rolando fracture 

with miniplate and screws. A, Fracture. B, Reduction and traction. C, Provisional fixation with 
Kirschner wire. D, Positioning of plate. E, Offset drilling of two proximal holes. F, Tightening of 
two proximal screws compresses proximal fragments. G, Fixing rest of metacarpal to proximal 
fragments. SEE TECHNIQUE 67.4.

 

A B
FIGURE 67.18 Buchler technique. A, Palmar radial approach to carpometacarpal joint of thumb. 

B, Use of articular surface of trapezium as template and bone grafting technique. SEE TECHNIQUE 
67.5.
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maintained in adduction to relax its intrinsic muscles. In one 
method, minimal if any tension is used, the metacarpopha-
langeal joint is hyperextended, and the examiner uses his or 
her thumb to push forward the proximal end of the proximal 
phalanx over the end of the metacarpal head. This tends to 

diminish the buttonhole effect on the metacarpal neck that 
traction accentuates. Flexing the thumb interphalangeal joint 
also can help to relax the flexor pollicis longus. After reduc-
tion, the collateral ligaments should be checked for stability. 
Rarely is collateral instability found with pure dorsal dislo-
cations. The thumb should be immobilized in 20 degrees of 
flexion for 4 weeks. If this method is unsuccessful, repeated 
attempts are contraindicated; open reduction should be done 
to disengage the metacarpal head from a buttonhole slit in the 
volar capsule and the flexor pollicis brevis muscle. A volar-
radial or a dorsal approach can be used. In 1876, Farabeuf 
recommended a dorsal surgical approach for irreducible dis-
locations of the thumb metacarpophalangeal joint. The dor-
sal approach provides access to the dorsally displaced volar 
plate, which is the main obstacle to reduction and is tethered 
tightly over the metacarpal head and neck. The volar plate, a 
fibrocartilaginous structure similar in appearance to articular 
cartilage, is divided longitudinally so that it slips around the 
metacarpal head and permits reduction of the proximal pha-
langeal base. Motion is started within a few days of surgery. 

 

A B C D

E F G H

FIGURE 67.20 A and B, Comminuted displaced fracture of base of thumb proximal phalanx in 
young man. C, Exposure of dorsal joint through by splitting the extensor pollicis brevis longitudi-
nally. D, Direct joint inspection permits anatomic reduction. E and F, Fracture fixation with simple 
Kirschner wires. G and H, Wires capped outside skin for easy removal 4 weeks after surgery.

 

Abductor pollicis longus

Flexor carpi radialis

FIGURE 67.19 Volar and radial ligament reconstruction with 
strip from tendon of flexor carpi radialis, which is left attached at 
its insertion at base of second metacarpal. Course of tendon strip 
creates reinforcement of volar, dorsal, and radial aspects of joint. 
SEE TECHNIQUE 67.6.
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OPEN REDUCTION—VOLAR 
APPROACH

 TECHNIQUE 67.7 

 n  Make an incision to expose the volar aspects of the meta-
carpophalangeal joint, exposing the metacarpal head ar-
ticular surface.

 n  The proximal phalangeal base lies on the dorsal aspect of 
the metacarpal head and neck, and the metacarpal head 
protrudes through the anterior capsule.

 n  Disengage the flexor pollicis brevis muscle, releasing the 
metacarpal head.

 n  Flex the thumb, and push the head through the capsular 
rent to complete the reduction.

 n  With the joint in 20 degrees of flexion, secure it with a 
Kirschner wire.

 

Flexor 
pollicis brevis

A

B C D

Abductor
pollicis brevis

FIGURE 67.21 A, Dislocation of metacarpophalangeal (MCP) joint of thumb. Metacarpal head 
has penetrated joint capsule; if traction were applied to thumb, metacarpal neck would be caught 
by capsule and reduction would be impossible. Traction should not be applied; rather, metacarpal 
should be adducted and dislocated joint should be hyperextended, while proximal end of proximal 
phalanx is pushed against and over metacarpal head with interphalangeal joint flexed to reduce 
tension on flexor pollicis longus. B, Clinical appearance of sports-related complex dorsal thumb 
MCP joint dislocation in a 15-year-old boy. C and D, Lateral and posteroanterior images of thumb 
prior to open reduction.
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 n  In the rare event that the volar plate is found to be detached 
from the proximal phalanx, surgical repair is justified.

POSTOPERATIVE CARE The thumb is held in 20 degrees 
of flexion by a plaster splint. After 4 weeks, the splint and 
Kirschner wire are removed and active motion is begun.
  

Palmar dislocation of the thumb proximal phalanx is rare, 
but sometimes it can be irreducible if the metacarpal head 
is trapped between the extensor pollicis longus and extensor 
pollicis brevis tendons. Reduction is achieved by opening the 
dorsal aponeurosis and relocating the extensor tendon.

THUMB METACARPOPHALANGEAL JOINT 
ULNAR COLLATERAL LIGAMENT RUPTURE
Injury to the thumb metacarpophalangeal joint ulnar collat-
eral ligament is commonly referred to as gamekeeper thumb 
or skier’s thumb, although the original “gamekeeper” descrip-
tion (Campbell, 1955) referred to an attritional ulnar collat-
eral ligament injury. Snow skiing accidents and falls on an 
outstretched hand with forceful radial and palmar abduction 
of the thumb are the usual causes. Changes in ski pole design 
have not been shown to reduce the incidence of this injury. 
Patients commonly report pain, swelling, and ecchymosis 
around the metacarpophalangeal joint. Tenderness is great-
est over the ulnar aspect of the joint but often is not local-
ized. Differentiating between an incomplete and complete 
ulnar collateral ligament rupture is necessary because incom-
plete ruptures are treated nonoperatively and complete rup-
tures usually require surgery. Stener described the anatomic 
pathology found in 39 complete ruptures of the ulnar collat-
eral ligament of the thumb. In 25 of the 39 patients, he found 
the adductor aponeurosis interposed between the ruptured 
ulnar collateral ligament and its site of insertion on the base 
of the proximal phalanx. On clinical examination, a promi-
nent lump can be palpated that represents the ulnar collat-
eral ligament being proximally and superficially displaced by 
the adductor aponeurosis. Pathologic rotation of the thumb 
also may be evident. If left uncorrected, this lesion prevents 
proper healing and leads to chronic instability and subse-
quent arthrosis. Other injuries associated with tears of the 
ulnar collateral ligament include avulsion fractures, dorsal 

capsular tears, and volar plate tears. The following protocol is 
recommended to differentiate between complete and incom-
plete tears.

Plain radiographs should be obtained prior to any stress 
examinations. A minimally displaced (<2 mm) avulsion frac-
ture signifies a complete avulsion without a Stener lesion. This 
fracture usually heals with casting. To prevent the develop-
ment of a Stener lesion, the joint should not be stressed. If a 
Salter-Harris type I or type II fracture is present in a child, 
stress films are contraindicated.

After plain radiographs have been reviewed, anteropos-
terior stress radiographs can be obtained of both thumbs for 
comparison purposes. A local anesthetic may be necessary. The 
surgeon can stress the joint while obtaining the radiographs, 
but this may be awkward, especially when the surgeon wears 
lead gloves. It may be easier to tape the tips of both thumbs 
together and have the patient actively abduct both thumbs over 
a roll of tape placed as a fulcrum between the thumb meta-
carpophalangeal joints while the anteroposterior radiograph 
is taken. As an alternative, both thumbs can be held together 
at the interphalangeal joint level with a rubber band, and an 
image can be obtained while the patient tries to separate the 
hands (Fig. 67.22). An injured thumb that shows more than 
30 degrees of instability compared with the uninjured side 
indicates a complete rupture. Ultrasonography, arthrography, 
and MRI also have been used successfully to distinguish com-
plete from incomplete tears; moreover, ulnar collateral liga-
ment retraction more than 3 mm and interposed soft tissue 
are reasonable guides to surgical intervention (Figs. 67.23 to 
67.26). Incomplete ruptures of the ulnar collateral ligament of 
the thumb are common and require only proper protection for 
restoration of function, although pain and swelling may persist 
for several months. A thumb spica cast or functional brace is 
recommended for 4 to 6 weeks.

Acute complete rupture of the ulnar collateral ligament 
should be surgically repaired (Fig. 67.27). If the diagnosis is 
delayed for 1 month or longer, fibrosis makes ligament identi-
fication and repair more difficult, although repair can be done 
by dissecting out the ligament from within the fibrotic mass 
and reattaching it appropriately (Fig. 67.28). The detached 
tendinous insertion of the adductor muscle can be advanced 
and reattached to furnish a dynamic reinforcement. If the 
repair is done several months after the injury, a graft can be 

 

A B

FIGURE 67.22 A, Rubber band is used to oppose interphalangeal joints while patient actively 
tries to separate hands. B, Image showing significant differential laxity.
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A S B

FIGURE 67.23 T2-weighted MRI appearance of a group 1 ulnar collateral ligament injury, 
demonstrating sprain or partial tear injury of ligament. A, Sagittal view. B, Axial view demon-
strating increased signal associated with partial tear in the ulnar collateral ligament (large arrow) 
lying beneath adductor aponeurosis (small arrows).  (From Milner CS, Manon-Matos Y, Thirkannad 
SM: Gamekeeper’s thumb—a treatment-oriented magnetic resonance imaging classification, J Hand Surg 
Am 40[1]:90-95, 2015.)

 

A B

FIGURE 67.24 T2-weighted MRI appearance of group 2 complete ulnar collateral ligament tear 
less than 3 mm. Sagittal (A) and axial (B) views demonstrating complete tear (large arrow) with 
proximally attached end remaining beneath adductor aponeurosis (small arrows).  (From Milner 
CS, Manon-Matos Y, Thirkannad SM: Gamekeeper’s thumb—a treatment-oriented magnetic resonance 
imaging classification, J Hand Surg Am 40[1]:90-95, 2015.)
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A B

FIGURE 67.25 Sagittal (A) and axial (B) T2-weighted MRI images of group 3 complete tear in 
ulnar collateral ligament with more than 3 mm separation. In this example, free end of ligament 
has become reflected proximally (large arrow, sagittal image) while remaining beneath adductor 
aponeurosis (small arrows) as quasi-Stener lesion.  (From Milner CS, Manon-Matos Y, Thirkannad SM: 
Gamekeeper’s thumb—a treatment-oriented magnetic resonance imaging classification, J Hand Surg Am 
40[1]:90-95, 2015.)

 

A C

B

FIGURE 67.26 Sagittal (A) and twin-level (B) axial T2-weighted MRI images of group 4 thumb 
ulnar collateral ligament Stener lesion. B, Direct approximation of adductor aponeurosis against 
joint capsule (small arrows). C, More proximal axial view of joint where rolled-up free end of ulnar 
collateral ligament (outlined in red in A, large arrows) lies proximal to free edge of adductor 
aponeurosis.  (From Milner CS, Manon-Matos Y, Thirkannad SM: Gamekeeper’s thumb—a treatment-
oriented magnetic resonance imaging classification, J Hand Surg Am 40[1]:90-95, 2015.)

    

https://booksmedicos.org


CHAPTER 67 FRACTURES, DISLOCATIONS, AND LIGAMENTOUS INJURIES OF THE HAND AND WRIST 3515

used to replace the ligament. The graft can be box-like with 
a strip of fascia or palmaris longus tendon passed through 
the proximal and distal attachments of the ligament, or the 
extensor pollicis brevis tendon, either split or in total, can be 
threaded through bone and attached by pull-out sutures to 
reconstruct the ligament. Arthrodesis of the metacarpopha-
langeal joint may be indicated when arthritic changes within 
the joint or global joint instability is present. 

 

REPAIR BY SUTURE

 TECHNIQUE 67.8 

 n  Make a slightly curved dorsoulnar longitudinal incision 
based radially or a bayonet-shaped incision with the 
transverse segment at the joint level over the metacarpo-
phalangeal joint.

 n  Protect the superficial radial nerve terminal branches, 
which innervate the lateral margins of the thumb pulp. 

Identify them as they pass distally on each side at the dor-
solateral aspect of the metacarpophalangeal joint deep 
to the subcutaneous fat. The nerve branches usually are 
retracted dorsally but can be retracted volarly as well, de-
pending on the nerve branch location.

 n  If a Stener lesion is present, the ulnar collateral ligament 
can be seen with its distal hemorrhagic end flipped up 
in the subcutaneous tissue just proximal to the adductor 
aponeurosis.

 n  Incise the adductor aponeurosis expansion longitudinally, 
and separate the thin tendinous sheet from the underly-
ing capsule.

 n  Identify the ulnar collateral ligament, and establish its fail-
ure site, often an avulsion from the volar ulnar proximal 
phalanx base. If the ulnar collateral ligament has been 
detached from the proximal phalanx, it can be reinserted 
with a suture, suture anchor, or pull-out wire. When the 
ligament disruption is associated with a significant avul-
sion bone fragment, fixation with a small-caliber Kirschner 
wire or even a minifragment screw is possible. In most 
cases, before the repair, a Kirschner wire is placed across 
the metacarpophalangeal joint to hold it in approximately 
20 degrees of flexion.

 n  To insert a pull-out wire, use a Kirschner wire and drill 
through the proximal end of the proximal phalanx (Fig. 
67.29).

 n  Place a Bunnell pull-out suture through the avulsed end 
of the ligament, pass the ends of the suture through the 
phalanx, and, while holding the joint in slight flexion, tie 
them over a padded button on the radial side.

 n  Pass the twisted pull-out wire loop through the skin near 
the incision before closure.

 n  The same technique is used when a small bone fragment 
is avulsed by the ligament if the tear is complete and the 
bone fragment is displaced. If the operating surgeon pre-
fers not to use a Bunnell pull-out wire or if one is unavail-
able, the following technique is recommended.

 

A B

Ulnar collateral ligament

Adductor
aponeurosis

FIGURE 67.27 Complete rupture of ulnar collateral ligament 
of metacarpophalangeal joint of thumb. A, Ligament is ruptured 
distally and is folded back so that its distal end points proximally. 
B, Adductor aponeurosis has been divided, exposing the remainder 
of the ligament and MP joint.

 

7 mm

3 mm

8 mm

3 mm

3 mm

8 mm

Proper ulnar
collateral ligament

   Accessory ulnar
collateral ligament

FIGURE 67.28 Mean locations of origin and insertion of proper 
ulnar collateral ligament of thumb metacarpophalangeal joint.  
(Redrawn from Bean CHG, Tencer AF, Trumble TE: The effect of thumb 
metacarpophalangeal ulnar collateral ligament attachment site on joint 
range of motion: an in vitro study, J Hand Surg 24A:283-287, 1999.)

 FIGURE 67.29 Repair of acute rupture of ulnar collateral liga-
ment of metacarpophalangeal joint of thumb. Note: Button often 
is replaced by direct suture or suture anchor fixation to proximal 
phalangeal base. SEE TECHNIQUE 67.8.
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 n  After identifying the site of avulsion, drill two holes begin-
ning on the ulnar base and exiting on the radial base of 
the proximal phalanx using a 0.035-inch Kirschner wire.

 n  Place a 3-0 Mersilene grasping suture into the ligament 
and pass it through the drill holes.

 n  With adequate dorsal exposure, tie this suture directly 
over the radial aspect of the proximal phalanx for perma-
nent placement.

 n  With either technique, the metacarpophalangeal joint 
should be transfixed with a Kirschner wire in slight flexion 
and neutral adduction.

 n  Repair the dorsal capsule and volar plate to strengthen 
the repair further.

 n  Repair the dorsal aponeurosis.
 n  Splint the thumb, maintaining the first web space.

POSTOPERATIVE CARE A removable thumb spica brace 
or splint is worn for 3 to 4 weeks for comfort between 
range-of-motion and strengthening exercises. The pull-
out wire and Kirschner wire are removed at 4 to 6 weeks. 
Tension band wiring, although technically demanding and 
not part of our routine management, may preclude the 
use of a pull-out wire.
  

CHRONIC ULNAR COLLATERAL LIGAMENT 
RECONSTRUCTION
Procedures designed to restore range of motion and stabil-
ity for chronic ulnar collateral ligament injuries are numer-
ous. Stability at long-term follow-up has been associated with 
“anatomic repairs” in which the graft is directed to reconstruct 
both proper and accessory ulnar collateral ligament limbs. 
We favor more anatomic type repairs such as those described 
by Glickel et  al., Jobe, and others. Tendon anchor systems 
such as suture anchors and tenodesis screws are preferred by 
some for early construct stability; however, the adjunct provi-
sional metacarpophalangeal joint stabilization in 20 degrees 
of flexion with Kirschner wires probably is sufficient during 
the graft incorporation period. A palmaris longus graft is pre-
ferred; if the palmaris longus is absent, common alternative 
autogenous sources include a portion of the flexor carpi radi-
alis or a toe extensor tendon. 

 

ANATOMIC GRAFT  
RECONSTRUCTIONS

 TECHNIQUE 67.9 

(GLICKEL)
 n  Expose the thumb metacarpophalangeal joint through a 

mid-axial or lazy-S incision centered over the joint line, 
taking care to isolate and protect the radial nerve dorsal 
sensory branch (Fig. 67.30A).

 n  Save the extensor mechanism sagittal band fibers. Release 
the extensor mechanism oblique fibers from the extensor 
pollicis longus longitudinally and vertically from the sagit-
tal band proximally. This leaves a triangular section of the 
extensor mechanism to reflect palmarward.

 n  Retract the sagittal band proximally, exposing the proxi-
mal phalanx base and metacarpophalangeal joint. Excise 
the fibrotic ulnar collateral ligament stumps. Evaluate the 
joint, and note if significant degenerative changes pre-
clude reconstruction.

 n  Make gouge holes in the proximal phalanx, first in the 
palmar aspect (7-o’clock position) and a second more 
dorsally (11-o’clock position) just distal to the joint surface 
(Fig. 67.30B). Connect these, preserving the bone bridge.

 n  Make a hole in the metacarpal head ligament fossa ul-
narly, and direct this hole across the metacarpal head 
radially and more proximally. Make a 5-mm incision over 
this site for tendon passage.

 n  Harvest a tendon graft, and pass this through the proximal 
phalangeal base holes with either a stainless steel wire or 
small curved needle. Place a Kirschner wire through the 
metacarpal head so as not to obstruct the metacarpal 
head tunnel. Pass the two tendon graft limbs under the 
sagittal band and through the metacarpal neck to exit 
radially (Fig. 67.30C). Take tension off the graft by slightly 
overcorrecting the reduction, and reduce the palmar sub-
luxation if present.

 n  Once the correct tension has been established, secure the 
graft either over a button or a catheter tip (Fig. 67.30D and 
E). Alternately, the graft can be secured with either a screw 
or anchor or sutured to bone. Carefully drive the Kirschner 
wire across the joint, redirecting it if there is any question 
of graft engagement. Close the triangular oblique exten-
sor expansion flap and skin in routine fashion.

POSTOPERATIVE CARE The reconstruction is protected 
for 5 weeks in a thumb spica cast after which the Kirschner 
wire is removed and therapy is begun.
   

 

JOBE FOUR-LIMB RECONSTRUCTION

 TECHNIQUE 67.10 

 n  Expose the ulnar side of the thumb metacarpophalangeal 
joint as described in Technique 67.9, with the usual su-
perficial sensory nerve protection.

 n  Separate the capsular tissue, and excise the old ulnar col-
lateral ligament from its origin and insertion attachments.

 n  Identify the planned sites of the two pairs of holes ac-
cording to normal anatomic positions (Fig. 67.31A) for 
normal metacarpophalangeal joint anatomy. The distal 
holes correspond to the proper and accessory ulnar col-
lateral ligament phalangeal attachments. Make these two 
phalangeal holes 2.75 mm in diameter, and leave a bone 
bridge of 3 to 4 mm between them (Fig. 67.31B). Care-
fully channel these together with a small curved curet or 
other appropriate instrument.

 n  Make two 3-mm holes in the metacarpal head, the most 
distal hole in the ulnar collateral ligament fossa and an-
other approximately 5 mm more proximally (Fig. 67.31A 
and B). Communicate these, protecting the bone bridge. 
Pass the tendon graft (palmaris longus or equivalent) 
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through the phalangeal holes, and pass the two limbs 
through the ulnar collateral ligament fossa hole and sub-
sequently out the more proximal hole (Fig. 67.31C).

 n  Assess joint reduction, and adjust tension on the two free 
limbs. Fold the limbs distally, and use nonabsorbable su-
tures to secure the construct (Fig. 67.31D and E).

 n  A biotenodesis screw also can be used to secure the two 
limbs in the ulnar collateral ligament fossa (Fig. 67.32). 
For screw fixation, make only one hole in the fossa and 
continue it across the metacarpal head. Grasp the two 
limbs of the free graft, and pass them through the hole in 
the metacarpal head that has been reamed for the appro-
priate tenodesis screw. Adjust tension on the free suture 
ends; once appropriate joint reduction and tension are 
achieved, advance the tenodesis screw into the metacar-
pal head. Excise the tendon ends and/or suture emerging 
from the radial side of the metacarpal head. If necessary, 
protect the construct with a Kirschner wire transfixing the 
joint in 20 degrees of flexion.

 n  Close the extensor expansion and wound in routine fash-
ion, and apply a thumb spica splint.

POSTOPERATIVE CARE The reconstruction is protected 
for 4 to 6 weeks, after which the Kirschner wire and splint 
are removed and joint motion exercises are initiated.
  

RADIAL COLLATERAL LIGAMENT INJURIES
Although radial collateral ligament injuries occur less fre-
quently than ulnar collateral ligament injuries, improper 
treatment can lead to chronic painful instabilities, especially 
during activities requiring “push off.” No lesions compa-
rable to that described by Stener exist; if proper protection 
is provided, adequate healing of the ligament should occur. 
Incomplete tears and tears not associated with volar or rota-
tional subluxation can be treated in a cast for 4 to 6 weeks. 
Complete tears, particularly if rotational and with volar 

 

A

Subcutaneous branch
of radial nerve

Incision

B

D

C

E

FIGURE 67.30 Ulnar collateral ligament reconstruction described by Glickel et al. A, Incision. 
B, Two gouge holes made on ulnar side of proximal phalangeal base and one across metacarpal 
neck. C to E, Passage and fixation of tendon graft.  (Redrawn from Glickel SZ, Malerich M, Pearce SM, 
Littler JW: Ligament replacement for chronic instability of the ulnar collateral ligament of the metacarpo-
phalangeal joint of the thumb, J Hand Surg 18A:930-941, 1993.) SEE TECHNIQUE 67.9.
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subluxation after casting, should be treated with direct liga-
ment repair. Chronic instability should be treated with open 
repair, radial collateral ligament reefing, supplemental pal-
maris longus tendon graft, or advancement of the abductor 
pollicis brevis. 

FINGER METACARPALS
CARPOMETACARPAL  
FRACTURE-DISLOCATIONS
Fracture-dislocation of the metacarpal bases often is not rec-
ognized because of swelling and metacarpal overlap on lat-
eral plain films. The fifth metacarpal base is most commonly 
dorsally displaced, and concomitant fourth metacarpal 
base involvement is frequent; however, all four metacarpals 
may be dislocated dorsally or volarly. A true lateral radio-
graph is needed for accurate diagnosis because swelling can 
obscure the deformity (Fig. 67.33). The loss of parallel joint 
surfaces at the carpometacarpal articulations in a postero-
anterior radiograph is indicative of this injury (Fig. 67.34). 
Sometimes a CT scan is beneficial to determine the extent 
of joint surface involvement and to guide appropriate inter-
vention. When the injury is seen early, manual reduction is 
easy, but Kirschner wire fixation usually is necessary to pre-
vent redislocation. Open reduction and pinning are useful in 
patients in whom closed reduction is unsuccessful. Excellent 

 

A

C

D

B

E

FIGURE 67.31 Jobe four-limb reconstruction of ulnar collateral ligament. A and B, Position of 
metacarpal and phalangeal holes for passage of tendon graft. C, Passage of graft. D and E, Final 
position of graft fixed with sutures. SEE TECHNIQUE 67.10.

 FIGURE 67.32 Fixation of graft with biotenodesis screw. SEE 
TECHNIQUE 67.10.
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A B C

D E F

FIGURE 67.33 A to C, Small finger carpometacarpal fracture-subluxation in 34-year-old man. 
D to F, Ring and small finger carpometacarpal joints were reduced closed and stabilized with two 
0.045-inch Kirschner wires.
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long-term results can be achieved with open reduction and 
internal fixation because better reduction can be obtained 
and transfixing of the tendons and nerves avoided. When 
seen late, the injury requires open reduction, and sometimes 
the proximal end of the metacarpal must be resected and the 
carpometacarpal joint treated by either fusion or interposi-
tion arthroplasty. 

INTRAARTICULAR FRACTURE OF THE FIFTH 
METACARPAL BASE
Bora and Didizian called attention to a potentially disabling 
intraarticular fracture at the base of the fifth metacarpal (Fig. 
67.35). If the injury is not reduced properly, a malunion may 
result in weakness of grip and a painful joint. The joint con-
sists of the fifth metacarpal base articulating with the hamate 
and the adjoining fourth metacarpal. The extensor carpi ulna-
ris tendon attaches proximally to the fifth metacarpal dorsal 
base. The joint permits approximately 30 degrees of normal 
flexion and extension and the rotation necessary in grasp and 
palmar cupping. This displaced intraarticular fracture might 

 

A B C

D E F

FIGURE 67.34 Dislocation of fourth and fifth carpometacarpal joints. A, Clinical appearance of 
hand before reduction. Note dorsoulnar hand swelling consistent with injury. B, Posteroanterior 
view. C, Lateral view. D, Oblique view. E and F, Traction was adequate to reduce, and splint was 
satisfactory to maintain reductions.

 

Hypothenar
muscles

Extensor
carpi
ulnaris

FIGURE 67.35 Unstable fracture of base of fifth metacarpal 
may permit proximal displacement of shaft similar to Bennett frac-
ture (see text).
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be compared with a Bennett fracture because the pull of the 
extensor carpi ulnaris has a great tendency to displace the 
metacarpal shaft proximally, similar to the thumb metacarpal 
displacement in a Bennett fracture by the abductor pollicis 
longus. In addition to the routine anteroposterior and lateral 
views, a radiograph should be made with 30 degrees of pro-
nation to give a better view of the articular surface for accu-
rate diagnosis. This fracture often can be reduced by traction 
and percutaneous pinning and is then protected by a cast. 
Fractures that are not recognized early and are healing in a 
displaced position may benefit from correction osteotomy of 
the malunion or resection arthroplasty (Fig. 67.36) or fusion. 

FINGER METACARPOPHALANGEAL 
DISLOCATIONS
Metacarpophalangeal dislocations are less common than 
interphalangeal dislocations. They occur most often in the 
index finger, and Kaplan’s original description clearly indicates 
the pathoanatomy (Fig. 67.37). The fibrocartilaginous plate 
avulses from its weakest attachment, the volar aspect of the 
second metacarpal neck. The flexor tendons and the pretendi-
nous band are displaced ulnarly and the lumbrical radially to 
the metacarpal head. The fibrocartilaginous plate is displaced 
dorsally over the metacarpal head, where it becomes wedged 
between the base of the proximal phalanx and the metacarpal 
head. The lateral collateral ligaments, which are now abnor-
mally displaced, lock the phalanx in the abnormal dorsal posi-
tion. Distally, the natatory ligament is situated dorsal to the 
metacarpal head with the volar plate; proximally, the super-
ficial transverse ligament extends across the metacarpal neck 
volarly. The dislocated metacarpal head lies between the nata-
tory ligament and the superficial transverse ligament of the pal-
mar fascia. The flexor tendons and pretendinous bands are on 
one side, and the lumbrical muscle is on the other. Contrary to 
the noose concept, Afifi et al. showed in a cadaveric model that 
the volar plate was the sole anatomic structure requiring release 
for reduction of the metacarpophalangeal joint.

When the dislocation is incomplete, reduction by manipu-
lation is easy. When complete, with the head of the metacarpal 
displaced volarward and the base of the phalanx dorsalward, 

open reduction often is required. The major obstruction pre-
venting reduction of the metacarpophalangeal joint is the 
displaced volar fibrocartilaginous plate lying dorsal to the 
metacarpal head. Sometimes, however, manipulation alone 
can be successful; 50% can be reduced by closed means. The 
joint is hyperextended, the proximal phalangeal articular sur-
face is forced firmly against the metacarpal neck, and while 
this force is maintained the joint is flexed. Sometimes this 
maneuver traps the displaced fibrocartilaginous plate and car-
ries it to its normal position anterior to the metacarpal head. 

 

A B

FIGURE 67.36 A, This malunited fracture of base of fifth metacarpal was painful. B, Resection 
arthroplasty is preferred over osteotomy. Tendon of extensor carpi ulnaris must be reattached.

 

Metacarpal head

Digital nerve

Digital artery

Lumbrical muscle

Superficial transverse
ligament 

Lumbrical muscle

Superficial transverse
ligament

Flexor tendons and
pretendinous band

Natatory
ligament

Flexor tendons
of index finger

Natatory ligament

FIGURE 67.37 Kaplan open reduction of dislocation of second 
metacarpophalangeal joint. Inset, Diagram of four structures that 
surround the metacarpal head. SEE TECHNIQUE 67.11.
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OPEN REDUCTION

 TECHNIQUE 67.11 

(KAPLAN)
 n  Begin an incision in the thenar crease at the radial base 

of the index finger, continue it into the proximal palmar 
crease, and divide all the constricting bands.

 n  Make the first incision to free the constriction of the car-
tilaginous plate (Fig. 67.37).

 n  Incise the free edge of the torn ligament to the junction 
of the periosteum with the proximal phalanx. The incision 
must penetrate the entire thickness of the plate. Division 
of the plate alone is insufficient, however.

 n  Divide completely the transverse fibers of the taut na-
tatory ligament, and make another longitudinal incision 
through the transverse fibers of the superficial transverse 
metacarpal ligament.

 n  This third incision, which should extend to the ulnar side 
of the first lumbrical muscle, releases the constriction be-
low the metacarpal head.

 n  The proximal phalangeal base should return to its normal 
place over the metacarpal head. This permits the immedi-
ate replacement of the second metacarpal head in line 
with the other metacarpal heads, following which the 
flexor tendons, the volar plate, and the nerves and ves-
sels are restored to their normal positions.

 n  Close the wound in a routine manner, and immobilize the 
finger in functional position for about 1 week.
   

 

OPEN REDUCTION—DORSAL 
APPROACH
Becton et al. suggested that the dorsal approach has several 
advantages over the volar approach. The dorsal approach 
provides full exposure of the fibrocartilaginous volar plate, 
which is the structure blocking reduction. The digital nerves 
are not as likely to be cut, and should there be an occult 
fracture of the metacarpal head, this can be reduced and 
fixed more easily.

 TECHNIQUE 67.12 

(BECTON ET AL.)
 n  Over the metacarpophalangeal joint, make a 4-cm midline 

incision, splitting longitudinally the underlying extensor 
tendon and joint capsule as well. The fibrocartilaginous 
plate may be difficult to distinguish from the metacarpal 
head because its torn margin may not be visible and has 
the same color and similar compliance as the metacarpal 
head articular cartilage.

 n  Make a small incision to ensure that the tissue is the volar 
plate; complete the longitudinal incision (Fig. 67.38).

 n  Flex the wrist volarward to release the tension on the 
flexor tendons; place traction on the finger and flex the 
metacarpophalangeal joint, reducing the dislocation.

 n  Observe to see if any free cartilage is missing from the 
metacarpal head; this may be lodged in the joint.

 n  Suture the extensor tendon and skin.

POSTOPERATIVE CARE Begin early metacarpophalan-
geal joint flexion exercises, and protect the metacarpopha-
langeal joint from hyperextension with a splint for 3 weeks.
  

METACARPAL SHAFT OR NECK FRACTURES
Isolated metacarpal shaft fractures can be treated by closed 
methods if there is no excessive shortening, angulation, or 
rotational malalignment. The intervolar plate or intermetacar-
pal ligaments usually sufficiently suspend the middle and ring 
metacarpal shafts so that loss of length (which may occur in 
oblique or comminuted fractures) is usually functionally insig-
nificant. When several metacarpals are fractured and there is 
open soft-tissue trauma, internal fixation is indicated. Correct 
rotational alignment is the most important factor in reduction 
(Figs. 67.39 and 67.40). Transverse midshaft fractures with 
significant apex dorsal angulation can be fixed with intramed-
ullary wires, and certain oblique fractures can be fixed with 
interfragmentary screws. Intramedullary screws have been 
designed and used for a variety of tubular long bone hand frac-
tures (Fig. 67.41). Using cannulated headless screws for vari-
ous fractures was retrospectively reviewed by del Piñal et al., 
and the authors concluded that a single screw was sufficient for 
fixation of unstable metacarpal and phalangeal shaft fractures. 

 FIGURE 67.38 Dorsal surgical approach to dislocated meta-
carpophalangeal joint. Volar plate caught over dorsal area of 
metacarpal head is incised longitudinally, and reduction is easily 
achieved.  (Redrawn from Becton JL, Christian JD Jr, Goodwin HN, 
Jackson JG: A simplified technique for treating the complex dislocation 
of the index metacarpophalangeal joint, J Bone Joint Surg 57A:698-700, 
1975.) SEE TECHNIQUE 67.12.
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A B C

D E F

FIGURE 67.39 A to C, Fifth metacarpal neck fracture with 80-degree apex dorsal angulation 
and rotational deformity. D to F, After reduction to acceptable angulation, single pin was used to 
allow buddy taping to ring finger to ensure correct rotational alignment.
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A B
FIGURE 67.40 A and B, Open reduction and medullary fixation of fracture of metacarpal shaft 

and neck. SEE TECHNIQUE 67.13.

 

A B

4 mo

FIGURE 67.41 A, Severe subcapital comminution in the ring finger metacarpal and compound 
dislocation on base of middle finger (arrows point to area of comminution). B, Radiographs at 
4 months. There is primary bone healing of little finger metacarpal and some callus on others, 
suggesting secondary wound healing.  (From del Piñal F, Moraleda E, Rúas JS, et al: Minimally invasive 
fixation of fractures of the phalanges and metacarpals with intramedullary cannulated headless compression 
screws, J Hand Surg Am 40[4]:692-700, 2015.)
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OPEN REDUCTION AND FIXATION OF 
METACARPAL SHAFT FRACTURE

 TECHNIQUE 67.13 

 n  Introduce a Kirschner wire at the fracture site, and drill it 
out through the skin at the metacarpal base; while drill-
ing, force a bow in the wire convex toward the palm and 
hold the wrist in flexion so that the wire emerges on the 
dorsum of the wrist.

 n  Reduce the fracture, and drill the wire in the opposite 
direction into the distal fragment, stopping just proximal 
to the metacarpophalangeal joint.

 n  Cut off the proximal end under the skin (Fig. 67.40).
 n  Apply a splint holding the wrist in extension.
 n  A fracture of the metacarpal neck can be treated similarly 

if open reduction is necessary.
   

 

PERCUTANEOUS PINNING OF 
METACARPAL SHAFT FRACTURE

 TECHNIQUE 67.14 

 n  With the metacarpophalangeal joint acutely flexed, intro-
duce a 0.062-inch Kirschner wire into the metacarpal head, 
and drill it to the level of the fracture. By manual pressure 
and manipulation of the wire and with the aid of an image 
intensifier, reduce the fracture and drill the wire out the 
dorsum of the wrist as described in Technique 67.13.

 n  Withdraw the wire until the distal tip is just proximal to 
the metacarpophalangeal joint.
  

Oblique metacarpal shaft fractures that are twice the length of 
the shaft diameter can be treated with interfragmentary screw 
fixation. The advantages of such fixation include less periosteal 
stripping and reduced implant prominence. Fracture site pro-
tection is advised for 6 weeks. Radiographic evidence of healing 
usually is lacking because of the anatomic fracture reduction.

Short oblique or transverse fractures with unacceptable 
angulation or displacement can be stabilized with plate-and-
screw fixation or aligned by intramedullary fixation using a 
0.062-inch Kirschner wire (Fig. 67.42). Image intensification 
is required for correctly establishing the entry portal in the 
middle of the metacarpal base and for ensuring that the wire 
crosses the fracture and enters the distal canal. 

 

PERCUTANEOUS PINNING OF A 
METACARPAL SHAFT FRACTURE

 TECHNIQUE 67.15 

 n  Use general or regional block anesthesia.

 n  Use a fluoroscopic image to find the middle of the meta-
carpal base proximally and dorsally, and mark the area 
with a skin pen (Fig. 67.42A).

 n  Make a 0.5-cm longitudinal incision beginning 1.0 to 1.5 
cm proximal to this mark.

 n  Spread bluntly down through the soft tissues to the base 
of the fractured metacarpal.

 n  Use as a trocar a pair of iris scissors to make an entry por-
tal in the proximal metacarpal base in line with the long 
metacarpal axis (Fig. 67.42B).

 n  Cut the pointed end from a 0.062-inch Kirschner wire, 
and gently curve the end of the wire to assist in gaining 
entry into the medullary canal.

 n  Use fluoroscopy to ensure intramedullary containment of 
the wire, especially across the fracture site (Fig. 67.42C).

 n  If the wire is not easily passed across the fracture site, 
make a limited open incision to reduce the fracture.

 n  After the fracture is reduced, tamp the curved portion of 
the Kirschner wire into the metacarpal head, cut the wire 
squarely, and bury it below the skin away from sensory 
nerves and extensor tendons (Fig. 67.42D).

POSTOPERATIVE CARE A hand-based splint is applied, 
and buddy taping is used for fracture rotational control if 
needed. The sutures are removed at 10 to 14 days, and 
a removable hand-based splint is applied. The Kirschner 
wire is removed at 6 to 8 weeks, depending on clinical and 
radiographic healing (Fig. 67.42E and F).
  

METACARPAL HEAD FRACTURES
Intraarticular metacarpal head fractures, especially of the 
fourth and fifth metacarpals, often are caused by the patient 
striking an opponent’s teeth in a fistfight. Compound inju-
ries are almost always caused by human bites (see section 
on human bite treatment in Chapter 79 for wound care and 
appropriate antibiotics). Many intraarticular metacarpal head 
fractures require open reduction and internal fixation, par-
ticularly if the articular surface is incongruous. These can 
be fixed with Kirschner wires. Occasionally, these fractures 
result in osteonecrosis of the displaced fragment (Fig. 67.43).

Although screws and plates have limited application in 
acute metacarpal fractures, the surgeon should be familiar with 
the techniques and equipment available to make a proper judg-
ment in treatment of the individual patient. Complications of 
this method of treatment have been reported in 42% of patients.  

 

OPEN REDUCTION AND PLATE 
FIXATION
The indications for plate fixation of the metacarpals are (1) 
multiple fractures with gross displacement or additional 
soft-tissue injury, (2) displaced diaphyseal transverse, short 
oblique, or short spiral fractures, (3) comminuted intraar-
ticular and periarticular fractures, (4) comminuted fractures 
with shortening or malrotation or both, and (5) fractures 
with substance loss or segmental defects.
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 TECHNIQUE 67.16 

 n  Plate fixation requires reduction, provisional stabilization 
by Kirschner wires or reduction clamps, and plate applica-
tion.

 n  Expose the fracture surfaces sufficiently to allow anatomic 
reduction.

 n  Provisional fixation with reduction forceps is more diffi-
cult in the central metacarpals than the more accessible 
border index and small metacarpals. Because, in most 
instances, reduction forceps currently available are in-
adequate for clamping the plate to bone proximally and 
distally for provisional fixation, have an assistant hold the 

reduction and contour chosen plate to the metacarpal 
dorsum.

 n  For transverse fractures when an adequate palmar corti-
cal buttress is restored, apply the plate as a dorsal tension 
band plate.

 n  Use a 2.7-mm dynamic compression plate across the 
fracture. In stable fractures, use a less bulky one fourth 
tubular plate and eccentric placement of the screws for 
compression. Tighten both screws terminally using the 
force of three digits on the screwdriver.

 n  To function as a tension band, contour the plate exactly 
to or slightly beyond the dorsal metacarpal bow to re-
store the anterior cortical buttress. Without anterior but-

 

A B C

D E F

FIGURE 67.42 Percutaneous pinning of metacarpal shaft fracture. A, Skin marking to indicate 
middle of metacarpal base as determined by fluoroscopy. B, Incision proximal to metacarpal base. 
C, Fluoroscopic view shows correct entry position of intramedullary wire. D, Curved portion of 
Kirschner wire is tamped into metacarpal head. E and F, Anteroposterior preoperative and postop-
erative radiographs of patient with metacarpal shaft fracture treated with percutaneous pinning. 
SEE TECHNIQUE 67.15.
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tressing, the plate bends and fatigues. When an anterior 
buttress is properly restored, the plate is protected from 
bending stress and is subjected mainly to tensile stress.

 n  Stabilize short oblique and spiral fractures by an interfrag-
mentary screw followed by a dorsal plate to neutralize 
rotational stresses.

 n  When a T-shaped plate or oblique L-plate is used, apply 
the side arm or arms first because a rotational deformity 
can occur as the screws in the side arm or arms draw the 
underlying bone fragment up to the plate.

 n  For intraarticular fractures, lag the two articular frag-
ments together with a screw separate from the plate and 
placed perpendicular to the fracture site.

 n  Alternatively, eccentrically place the two screws in the T or 
L portion of the plate away from the fracture to compress 
the two fragments on terminal screw tightening.

 n  With distal metaphyseal metacarpal fractures, dorsal plat-
ing may interfere with the extensor mechanism. To avoid 

the interference, use a 2-mm condylar plate, applied dor-
soradially and dorsoulnarly through the dorsal tubercle of 
origin of the collateral ligament.

 n  Plate fixation for metacarpal fractures should include 
screw purchase in at least four cortices distal and proxi-
mal to the fracture. The choice of plates must be tailored 
to the individual situation. Stabilize short oblique or spi-
ral fractures requiring neutralization plating with a one 
fourth tubular plate and 2.7-mm dynamic compression 
plate or a one third tubular plate. Such a strut plate re-
quires protection from loading and early bone grafting.
   

 

OPEN REDUCTION AND SCREW 
FIXATION
Screw fixation alone may be indicated in long oblique or 
spiral fractures and displaced intraarticular fractures (Fig. 
67.44). The screw size and number will vary according to 
the fracture pattern. Not all metacarpal fractures shafts can 
accept even 2-mm screws; thus, smaller screws may ade-
quately suit some fracture needs.

 TECHNIQUE 67.17 

 n  Fracture reduction follows local debridement of hema-
toma and soft tissue.

 n  Limit periosteal stripping to 1 or 2 mm, only enough to 
ensure anatomic reduction.

 n  Use reduction forceps or Kirschner wires for temporary 
fixation.

 n  Plan screw placement according to the fracture anatomy.
 n  For compressive forces, which act to deform and short-

en the metacarpals, place a screw at 90 degrees to the 
bone’s long axis. For torsional stress, place screws at 90 
degrees to the fracture. The best compromise for resis-
tance against axial and torsional loading is a screw that 
bisects the angle between a line 90 degrees to the frac-
ture and 90 degrees to the bone’s long axis.

 n  Check that screw placement near the fracture spikes is 
accurate to ensure bicortical purchase.

 n  The 2-mm screws are useful for shaft fractures, and the 
2.7-mm screws are better for metaphyseal fractures.

 n  Countersink the screw head to allow for better load dis-
tribution and reduce screw head prominence.

 n  Interfragment gliding hole screws compress fracture sur-
faces together and convert the screws’ torsional load to 
an axial load. Some metacarpal head fractures can be 
fixed with a single screw; fractures of the metaphysis 
and diaphysis require a minimum of two screws. Stable 
fixation by screws alone is possible for fractures with a 
length twice the bone diameter and fixed with two or 
more screws.
  

MINICONDYLAR PLATE FIXATION
Minicondylar plates sometimes are useful for metacarpal and 
phalangeal periarticular injuries. Indications may include (1) 

 

C D

A B

FIGURE 67.43 A, Radiograph of hand of 20-year-old man who 
sustained horizontally directed fracture of fourth metacarpal head 
with palmar fragment displaced proximally. B, Fracture was reduced 
and held in place with Kirschner wires. C, At 4 months, radiographs 
showed early osteonecrosis of metacarpal head. D, At 2½ years, 
radiographs showed some remodeling but definite incongruities 
of metacarpal head.  (From McElfresh EC, Dobyns JH: Intra-articular 
metacarpal head fractures, J Hand Surg 8A:383-393, 1983.)
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acute fractures associated with partial or complete flexor ten-
don disruption treated with primary tenorrhaphy and early 
motion, partial or complete extensor tendon injuries that are 
functionally competent or repaired so as to withstand early 
tensile loading, and periarticular injuries in which the risk 

of joint stiffness is great because of the severity and location 
of associated soft-tissue injury, (2) replantation of digits, (3) 
metaphyseal osteotomies of phalanges or metacarpals, espe-
cially in conjunction with capsulotomy or tenolysis, (4) digit 
reconstruction (osteoplastic, pedicle graft, free composite 

 

A B C

D E F

FIGURE 67.44 A to C, Three-part displaced intraarticular fracture of proximal phalanx in 27-year-
old man. D to F, After open reduction and fixation with minifragment screws. Note that small screw 
heads do not interfere with collateral ligament function. SEE TECHNIQUE 67.17.
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A B

C D

FIGURE 67.45 A and B, Middle and ring metacarpal shaft fractures in 75-year-old woman with 
shortening and obliquity suitable for interfragmentary fixation. C and D, Postoperative radiographs 
show anatomic reduction. Note that sagittal bending moment of ring metacarpal shaft fracture 
was offset by supplemental 24-gauge cerclage wire fixation.

tissue transfer) with need for stable skeletal fixation, and (5) 
arthrodesis. The three contraindications are: (1) use in the 
vicinity of open physes, (2) joint fragments narrower than 6 
mm for the 2-mm plate or 5 mm for the 1.5-mm plate, and 
(3) condylar blade and screw intraarticular insertion, with the 
exception of the dorsal recess of the metacarpal head.

WIRING TECHNIQUES
Various wire configurations including tension band, 90-90, 
and cerclage can be used as sole methods of or supplements 
to fracture fixation. Although cerclage techniques may theo-
retically result in osteonecrosis, we have found this adjunct to 
be useful on occasion (Fig. 67.45). 
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PHALANGES
FRACTURE OF THE MIDDLE OR PROXIMAL 
PHALANX
A direct blow on the dorsum of the fingers often is the cause 
of middle and proximal phalangeal fractures. Angulation is 
toward the palm, and the fingers may assume a claw position 
(Fig. 67.46). When multiple or open, these fractures should 
be stabilized surgically. They can be approached through a 
longitudinal dorsolateral incision or, for a proximal phalan-
geal fracture, through one placed dorsally over the phalanx. 
The latter incision extends from the metacarpophalangeal to 
the PIP joint in an S curve. 

 

OPEN REDUCTION

 TECHNIQUE 67.18 

(PRATT)
 n  Expose the extensor tendon, and incise it longitudinally in 

its center; retract it to each side to expose the fracture site 
(Fig. 67.47A and B).

 n  Drill a Kirschner wire into the distal fragment under direct 
vision; after reducing the fracture, drill it retrograde (Fig. 
67.47C and D).

 n  Correct any rotational deformity, although some shorten-
ing may be acceptable.

 n  Repair the extensor tendon.
 n  Support the finger in the position of function and the 

wrist in extension.
 n  Sometimes an unstable oblique fracture of a middle or 

proximal phalanx can be treated by closed reduction 
and percutaneous pinning with a Kirschner wire inserted 
across the fracture. The Kirschner wire should be inserted 
midlaterally to avoid injury to the extensor hood and the 
flexor tendon (Fig. 67.48).

POSTOPERATIVE CARE The finger is splinted for 2 to 3 
weeks, allowing protected early range of motion. The wire 
is removed in 3 to 4 weeks.
  

Belsky and Eaton described a useful technique for pinning 
multiple proximal phalangeal fractures. The fractured phalanx 
is held reduced with the metacarpophalangeal joint flexed to 
90 degrees, while a single Kirschner wire is drilled from the 
dorsal aspect of the metacarpal head across the metacarpo-
phalangeal joint and along the medullary canal to cross the 
fracture (Fig. 67.49). The wire should not cross the PIP joint 
and should be left exposed proximally to allow removal at 
3 to 4 weeks. Some proximal phalangeal base intraarticular 
fractures may require open reduction and internal fixation. 
When restoration of near-anatomic joint surface articulation 
is necessary and early motion desirable, screw fixation may be 
preferable (Fig. 67.50).

Open or severely comminuted phalangeal fractures, 
especially of the proximal phalanx, may be unsuitable for 
internal fixation using traditional methods. In such cases, 
external fixation using a mini external fixator may be 
appropriate.

 FIGURE 67.46 Full flexion of metacarpophalangeal joint is 
required to relax proximal phalangeal deforming forces and main-
tain reduction.

 

A B C D
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FIGURE 67.47 A through D, Some phalangeal shaft fractures may be suitable for crossed 
Kirschner wire fixation. Double-ended Kirschner wires can be used in an antegrade and retrograde 
fashion to preposition the Kirschner wires in the desired alignment. SEE TECHNIQUE 67.18.
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PROXIMAL INTERPHALANGEAL JOINT 
FRACTURE-DISLOCATION
A PIP joint fracture-dislocation as a rule results in an unstable 
dorsal displacement of the middle phalanx caused by disrup-
tion of the attachment of the volar fibrocartilaginous plate. If 
a large, single volar fragment involving more than 50% of the 
joint surface is present, open reduction and internal fixation 
can be done with one or more Kirschner wires, minifragment 
screws, minifragment volar plate, or a wire loop pull-out. If 
the fragment or fragments include less than 40% of the articu-
lar surface, active motion of the PIP joint while maintaining 
the finger in an extension block splint may give satisfactory 
results, especially in cases without gross displacement. In PIP 

fracture-dislocations that have a comminuted surface of the 
middle phalanx of greater than 40%, instability usually persists 
because the collateral ligaments are attached to the volar frag-
ment. Surgical intervention usually is required such cases, which 
may involve closed reduction and transarticular Kirschner wire 
placement, percutaneous fragment reduction and dorsal block 
pinning, static or dynamic external fixation, volar plate arthro-
plasty, and hemi-hamate osteoarticular autografts.

Extension block pinning is a simple technique for man-
aging dorsal PIP joint fracture-subluxations and appears to 
be an attractive alternative to more complex techniques. A 
series of 12 patients with up to 75% articular involvement of 
the middle phalangeal base were treated by Bear et al., who 

 

A B C

D E

FIGURE 67.48 A, Crush injury to small finger resulting in middle phalangeal fracture. B and C, 
Fracture was inherently unstable and required stabilization. D and E, Pratt technique of crossed 
Kirschner wire fixation provided good alignment and stability.
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reported an average 84 degrees motion and low pain scores 
at 3-year follow-up (Fig. 67.51). Similar range of PIP motion 
was found by Maalla et al. in 22 patients, 16 patients of whom 
had normal joint contours. In a smaller series of patients, 
Vitale et al. reported favorable outcomes when a percutane-
ous wire was used for fracture reduction in conjunction with 
a dorsal block pin.

Preservation of the proximal phalanx articular surface is 
necessary for most joint preservation or reconstructive pro-
cedures. Even in old, healed, displaced fractures cases treated 
up to 2 years after injury, Eaton and Malerich reported volar 
plate arthroplasty being successfully employed (Fig. 67.52).

An alternative treatment involves reconstruction of the 
middle phalanx volar lip by autogenous osteoarticular graft. 

 

A

B

FIGURE 67.49 Belsky-Eaton pinning. A, Markedly unstable proximal phalangeal fracture treated 
by percutaneous pinning (B) across metacarpophalangeal joint. Metacarpophalangeal joint should 
be flexed at least 60 to 70 degrees, and proximal interphalangeal joint is not crossed.
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When dorsal subluxation of the PIP joint persists with 30 
degrees of PIP joint flexion, an autogenous hemi-hamate 
osteoarticular graft has been recommended. A size-matched 
segment of the distal hamate articular surface is carefully 
shaped to match the contour of the middle phalanx (Fig. 
67.53). We have found this technique useful, and in selected 
patients the need to protect the repair with provisional 

pinning appears unnecessary because intraoperatively dra-
matic stability is achieved. Successful outcomes are dependent 
on accurate graft fashioning to “cup” to the proximal phalan-
geal head. Suboptimal results will be obtained when the graft 
is placed flatly and recurrent dorsal subluxation ensues. Some 
indications for this procedure include delayed presentations 
of PIP joint dorsal fracture subluxations with middle pha-
lanx volar lip fractures exceeding 50% of the articular surface, 
failed volar plate arthroplasty, and failed dynamic traction or 
extension block splinting. 

 

HEMI-HAMATE AUTOGRAFT

 TECHNIQUE 67.19 

(WILLIAMS ET AL.)
 n  Expose the PIP joint through a volar V-shaped incision 

(apex radial or ulnar) from the palmar digital crease to the 
distal interphalangeal joint flexion crease.

 n  Protect the neurovascular bundles, and open the flexor 
sheath between the A2 and A4 pulleys. Retract the flexor 
tendons to the side by releasing them from the accessory 
collateral ligaments.

 n  Excise any bone fragments from the volar plate, and re-
tract the volar plate proximally. This exposes the middle 
phalangeal fracture site and the proximal phalangeal 
head.

 n  Release the collateral ligaments, leaving a small portion 
attached to the middle phalangeal base to facilitate vo-
lar plate reattachment during closure. “Shotgun” the PIP 

 

A Preop 1 wk 1 mo 5 yrsB C D

FIGURE 67.51 A, Preoperative and (B-D) follow-up lateral radiographs of patient treated 
with extension-block pinning. Initial images show V sign, indicative of instability. Remodeling of 
proximal interphalangeal joint surface was consistently noted, as can be seen here (D) at 5-year 
follow-up.  (From Bear DM, Weichbrodt MT, Huang C, et al: Unstable dorsal proximal interphalangeal 
fracture-dislocations treated with extension-block pinning, Am J Orthop (Belle Mead NJ) 44:122-126, 2015.)

 

A B

FIGURE 67.50 A and B, Comminuted intraarticular fracture in 
middle finger proximal phalanx base of avid tennis player treated 
by screw fixation.
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joint by hyperextension and remove remaining bone frag-
ments (Fig. 67.54A).

 n  Prepare the middle phalangeal base with a rongeur and 
oscillating saw, taking care to remove bone necessary for 
the graft. Take special care not to remove much dorsal 
bone to prevent fracture. Measure the defect with calipers.

 n  Under fluoroscopic guidance, make a 3-cm incision trans-
versely at the ring and small finger carpometacarpal bas-
es.

 n  Make a capsulotomy, and locate the distal surface of the 
hamate. Mark the desired graft centered on the distal 
hamate articular ridge. The graft should be slightly larger 
than the defect to allow further contouring.

 n  Make the axial hamate cut (Fig. 67.54B, line A) and sagit-
tal hamate cut (Fig. 67.54B, lines B and C) with an osteo-
tome or sagittal saw.

 n  The coronal cut can be made with a curved osteotome 
and is facilitated by removing a small notch of bone proxi-
mal to the axial cut (Fig. 67.54B, line A). Make sure not 
to make the cut too oblique because the graft must be 
contoured to cup the proximal phalangeal head.

 n  Contour the graft, place it into the defect, and, if neces-
sary, place bone graft under the distal end of the graft to 
make it cup shaped.

 n  Provisionally fix the graft with a 0.9-mm Kirchner wire in 
the graft center, and fix the graft in place with 1.0- to 
1.5-mm volar to dorsal screws. A third screw can be used 
if the graft is large enough in the provisional pin fixation 
site.

 n  Reduce the joint, and assess the reduction fluoroscopi-
cally. Note that the hamate articular cartilage is thicker 
than that of the proximal phalangeal base and an apparent  

C D

A B

Central tendon

Volar
plate

Drill holes
for sutures

Collateral
ligament stump

Collateral
ligament stump

Flexor digitorum
superficialis tendon

Drill hole

Bone
resection

E
Volar
plate

A

B

C

F
FIGURE 67.52 A, Radiograph 1 year after fracture-dislocation. Patient had pain and only 20 

degrees of motion. B, Radiograph 14 months after arthroplasty. Note smooth, congruous articular 
arc. C, Active extension 14 months after arthroplasty of proximal interphalangeal joint. D, Active 
flexion 14 months after arthroplasty of proximal interphalangeal joint. E and F,  Schema of volar 
plate advancement.  (A to D from Eaton RG, Malerich MM: Volar plate arthroplasty for the proximal 
interphalangeal joint: a ten-year review, J Hand Surg 5A:260-268, 1980.)
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E

FIGURE 67.53 A, Persistent dorsal proximal interphalangeal joint subluxation with nonrecon-
structible middle phalangeal volar lip fracture. B, Volar exposure of middle phalangeal base and 
geometrical preparation of defect for graft. C, Fluoroscopic view of distal hamate donor site. D, 
Fixation of graft with two minifragment screws to replicate middle phalangeal base concavity. 
E, Concentric joint without collapse or dorsal subluxation at 2 years after surgery. SEE TECHNIQUE 
67.20.
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radiographic step-off should not be worrisome as long as 
the visual reduction is satisfactory.

 n  Contour the graft distally to contour with the middle pha-
langeal cortex. Reattach the volar plate to the collateral 
ligament stumps. The reflected flexor sheath may be in-
terposed between the flexor tendons and the volar plate.

 n  Deflate the tourniquet, obtain hemostasis, and apply a 
dorsal splint to block the PIP joint in 20 degrees of flexion.

POSTOPERATIVE CARE One week after surgery, range-
of-motion exercises are begun, edema control measures 
are instituted, and a figure-of-eight splint is applied with 
a 15-degree extension block to provide lateral stability.
  

Some fractures around the PIP joint result in poor outcomes 
despite achievement of a concentric reduction (Fig. 67.55). 
Persistent swelling, limited motion, and intrinsic imbalance 
commonly accompany comminuted fractures of the middle 
phalangeal base regardless of the method of open reduction.

CLOSED REDUCTION AND EXTENSION BLOCK 
SPLINTING
Marked comminution of the middle phalangeal shaft may be 
treated better by traction than by internal devices. These more 
complex injuries are not suited to open reduction techniques, 
and maintaining the undisturbed soft tissues around the 
fracture fragments seems to allow faster healing (Fig. 67.56). 
Numerous commercially available devices can be used to sup-
port the fracture, but few allow early motion at the PIP and 
distal interphalangeal joints.

After closed reduction, a malleable metal dorsal splint 
can be incorporated in a forearm gauntlet plaster cast so 
that the involved finger is maintained in flexion at the PIP 

joint and the metacarpophalangeal joint (Fig. 67.57). Because 
instability occurs when the PIP joint is extended, the angle at 
which it occurs can be determined before application of the 
plaster. The PIP joint is blocked in flexion 15 degrees short 
of this demonstrated position of instability. The proximal 
phalanx should be held securely against the dorsal splint to 
avoid extension at the PIP joint caused by further flexion of 
the metacarpophalangeal joint. Immediate flexion motion of 
the PIP joint is permitted. Full extension is not permitted for 
6 to 12 weeks; however, an increased amount of extension 
may be permitted each week, and the patient is encouraged to 
increase flexion (Fig. 67.58). 

 

OPEN REDUCTION

 TECHNIQUE 67.20 

(EATON AND MALERICH)
 n  Make a volar incision using an elongated V with the flap 

based radially.
 n  Excise the flexor tendon sheath from the proximal pha-

lanx sufficiently to allow the tendons to be retracted to 
one side to view the entire joint.

 n  Hyperextend the joint to identify the fracture in fresh in-
juries.

 n  The volar plate is still attached to the bone fragments of 
the middle phalanx. Detach the accessory collateral liga-
ment from both sides, freeing the volar plate.

 n  Detach the bone fragments by sharp dissection at the 
distal margin of the volar plate. In acute injuries, the col-
lateral ligaments and joint capsule need not be incised.
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FIGURE 67.54 Hemi-hamate autograft for unstable proximal interphalangeal fracture-dislo-
cation. A, “Shotgunned” proximal interphalangeal joint showing exposure of fracture and intact 
articular cartilage at base of middle phalanx. B, Prepared base of middle phalanx and corresponding 
donor site on hamate. PIP, Proximal interphalangeal. SEE TECHNIQUE 67.19.
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FIGURE 67.55 Proximal interphalangeal joint fracture-dislocation in 15-year-old softball player. 
Anterior (A), lateral (B), and oblique (C) views of markedly comminuted and unstable proximal 
interphalangeal joint fracture-dislocation. D and E, Reduction was obtained through volar approach. 
Persistent joint enlargement and limited motion resulted despite dorsal capsulectomy and aggres-
sive physical therapy.
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FIGURE 67.56 A to D, External fixation frame composed of 0.045-inch Kirschner wires and 
portions of disposable neurotip tube. Early motion is possible because axis pin passes through 
proximal head center. E and F, Clinical result 10 weeks after surgery.
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 n  Drill two small holes at the extreme margin of a trough 
created at the middle phalanx by the bone deficit.

 n  Place the pull-out wire through each corner of the volar 
plate and through the drill holes to emerge dorsally.

 n  Place traction on these wires to snug the volar plate into 
the articular defect, effectively resurfacing the joint.

 n  Maintain reduction by flexing the joint no more than 35 
degrees (Fig. 67.52E).

 n  Check congruity of reduction with a radiograph, and in-
sert a Kirschner wire across the joint to maintain reduc-
tion.

 n  Place the hand and finger in a splint.

MALUNITED FRACTURES 
 n  In old injuries in which the fractures have malunited, di-

vide the volar plate as far distally as possible. It may be 
necessary to excise both collateral ligaments.

 n  Create a transverse trough at the proximal edge of the 
middle phalanx, and extend it completely across the bone 
to avoid an angular deformity when attaching the volar 
plate.

 n  The passive PIP joint motion should be 110 degrees, so 
as to easily touch the distal palmar crease with the fin-
gertip. If passive motion is not 110 degrees, perform a 
dorsal capsular release and then attach the volar plate as 
described earlier. 

POSTOPERATIVE CARE The splint is worn for 2 weeks, 
after which the Kirschner wire is removed and active 
guarded flexion is started with a dorsal block splint. At 5 
weeks, full extension should be accomplished; and if not, 
a dynamic splint should be used. The pull-out wires can 
be removed at 3 weeks.
  

DYNAMIC EXTERNAL SPLINT REDUCTION
Several methods are commonly used to reduce PIP joint frac-
ture-subluxations. These techniques rely on coupling distrac-
tion and volarly directed forces across the joint. Common to 
most of these devices is achieving distraction force through 
pins placed through the rotation axes of the proximal and dis-
tal interphalangeal joints. The method by which the volarly 

 

A B

FIGURE 67.58 Dorsal fracture-dislocation of proximal interphalangeal joint in 54-year-old male 
patient. Before (A) and after reduction (B) lateral views showing treatment with dorsal block splint.

 FIGURE 67.57 Extension-block splinting.  (Redrawn from McEl-
fresh EC, Dobyns JH, O’Brien ET: Management of fracture-dislocation of 
the proximal interphalangeal joints by extension-block splinting, J Bone 
Joint Surg 54A:1705-1711, 1972.)
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directed forces are achieved differs according to the chosen 
technique. 

 

DYNAMIC DISTRACTION EXTERNAL 
FIXATION

 TECHNIQUE 67.21 

(RULAND ET AL.)
 n  Under fluoroscopic guidance, attempt a closed reduction; 

make limited open incisions to achieve concentric reduc-
tion when necessary.

 n  Place a 0.045-inch Kirschner wire through the proximal 
phalangeal head rotational axis center. Bend the ends of 
this wire along the longitudinal axis of the digit, and ro-
tate it dorsally for placement of the second pin.

 n  Place the second pin at the distal metadiaphyseal junction 
of the middle phalanx parallel to the distal interphalan-
geal joint. Place the third wire in the middle third of the 
middle phalanx, distal to the fracture site along the axis 
created by the first two wires (Fig. 67.59A).

 n  Rotate the first wire over the third wire (fulcrum) and un-
der the second wire, thus providing a dorsally directed 
force on the proximal phalangeal head and a palmarly di-
rected force on the middle phalangeal base (Fig. 67.59B).

 n  Fashion the free ends of the first wire into upward hooks 
and those of the second wire into downward hooks (Fig. 
67.59C and D). Apply dental rubber bands (two usually 
are sufficient) between the hooks to serve as in-line trac-
tion across the PIP joint.

 n  Intraoperatively have the patient flex and extend the fin-
ger under fluoroscopic guidance. If concentric reduction 
is not present, apply a third rubber band.

 n  Note: If a pilon fracture is present, the use of a fulcrum 
wire is not necessary and may cause fracture angulation. 
In these cases the third wire is merely used for frame con-
trol.

POSTOPERATIVE CARE Immediate supervised range-
of-motion exercises are begun, and weekly radiographs 
are made to evaluate the reduction and maintenance of 
the joint space. If the joint space exceeds that of the ad-
jacent fingers, the rubber bands are reduced in number. 
At 6 weeks or when there is sign of radiographic union, 
the fixator is removed. Use of antibiotics is recommended 
when pin sites are of concern.
   

 

DYNAMIC INTRADIGITAL EXTERNAL 
FIXATION

 TECHNIQUE 67.22 

 n  Drive two parallel 0.045-inch Kirschner wires through the 
centers of the proximal and middle phalangeal heads.

 n  Bend the proximal phalangeal wire at 90 degrees on ei-
ther side of the finger toward the distal pin. Then bend 
it again backward beginning about 1.0 cm distal to the 
distal pin and then again forward to engage the distal pin.

 n  Adjust the traction force by merely altering the angle of 
the wire engagement distally (Fig. 67.60).

When necessary, make midlateral incisions to assist in 
fracture reduction. Kapur et al. described another method 
to apply fixed distraction across an interphalangeal joint, 
incorporating Jurgan Pin Balls (Jurgan Development, Mad-
ison, WI) and Kirschner wires (Fig. 67.61). They used this 

 

A B C D

K-wire #2

K-wire #3

K-wire #1

FIGURE 67.59 Dynamic distraction external fixation. A, Application of Kirschner wires. B, Lever-
assisted reduction of fracture-dislocation. C and D, Assembled fixator.  (From Ruland RT, Hogan CJ, 
Cannon DL, Slade JF: Use of dynamic distraction external fixation for unstable fracture-dislocations of the 
proximal interphalangeal joint, J Hand Surg 33A:19-25, 2008.) SEE TECHNIQUE 67.21.
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B CA

FIGURE 67.60 A, Proximal interphalangeal joint fracture-subluxation. B and C, Dynamic external 
fixation. SEE TECHNIQUE 67.22.

 

B CA

FIGURE 67.61 External fixator in situ (A), intraoperatively (B), and postoperatively (C).  (From 
Kapur B, Paniker J, Casaletto J: An alternative technique for external fixation of traumatic intra-articular 
fractures of proximal and middle phalanx, Tech Hand Surg 19:163-167, 2015.)
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technique in 20 patients for a variety of fractures involv-
ing the proximal and middle phalanges, including oblique, 
spiral, and volar plate injuries, and reported near-normal 
motion, no rotational deformity, normal grip strength, 
and no functional deficit of the involved finger as reported 
by the patients.
  

INTERPHALANGEAL DISLOCATIONS
Most interphalangeal dislocations are dorsal and usually are 
reduced immediately by the patient or a bystander. The col-
lateral ligaments usually are not ruptured and provide ade-
quate stability for early protected range of motion after closed 
reduction. If one or both of the collateral ligaments are com-
pletely ruptured in a young adult, and the joint is unstable, the 
ligaments should be repaired, especially if the rupture is on 
the radial side of the index finger. If the joint remains unstable 
with persistent dorsal subluxation, the joint may be pinned in 
20 degrees of flexion for 2 to 3 weeks. Alternatively, a pin can 
be used merely as a dorsal block, permitting flexion exercises 
of the joint early.

In contrast to dorsal dislocations, volar PIP joint dis-
locations often cannot be reduced with closed techniques. 
Entrapment of the lateral band around the head of the proxi-
mal phalanx may block reduction, and open reduction may 
be necessary. Nonconcentric reduction after a closed reduc-
tion, usually caused by soft tissue or bony interposition, also 
requires open reduction (Figs. 67.62 and 67.63).

Unstable joints that are the result of acute trauma or 
reconstructive efforts can be managed with numerous small 
dynamic external fixators. These devices allow early motion 
while maintaining reduction of the joint.

UNSTABLE PROXIMAL INTERPHALANGEAL 
JOINT SECONDARY TO CHRONIC COLLATERAL 
LIGAMENT RUPTURE
In rare instances, the PIP joint may be grossly unstable later-
ally. A tendon graft can be used to replace the collateral liga-
ment (Fig. 67.64). 

 

TENDON GRAFT TO REPLACE 
RUPTURED COLLATERAL LIGAMENT

 TECHNIQUE 67.23 

 n  Make a midlateral incision over the PIP joint on the side of 
the collateral ligament insufficiency.

 n  Incise the transverse retinacular ligament, and reflect the 
extensor mechanism dorsally.

 n  Excise any scar tissue from around the origin and insertion 
of the cord fibers.

 n  Drill a hole completely through the bone on each side of 
the joint (Fig. 67.65).

 n  Obtain the necessary graft material, such as the palmaris 
longus tendon.

 n  Tie a 4-0 suture or 34-gauge wire loop around each end 
of the graft, and bring one end out through one of the 
holes on the side opposite the injury.

 n  Pass the other end of the graft across the joint and through 
the hole in the other bone in the appropriate direction.

 n  Pass each wire loop on the ends of the graft through a 
piece of felt and then through separate holes in a single 
button.

 

Medial extensor
tendon

A B

Medial extensor
tendon

Lumbrical
tendon Lumbrical

tendon

Lateral extensor
tendon

Lateral extensor
tendon

Ruptured
collateral
ligament

Ruptured
collateral
ligament

Interosseus
hood

Interosseus
hood

Transverse
metacarpal
ligament

Transverse
metacarpal

ligament

Extensor
communis
tendon

Common extensor
tendon

FIGURE 67.62 Irreducible dislocation of proximal interphalangeal joint. Collateral ligament 
has been torn, and lateral band of extensor hood has been trapped within joint. A, Dorsal view. 
B, Lateral view.
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 n  Pull the graft snug, and tie the two wires together over 
the button.

 n  Additionally, an accessory collateral ligament can be cre-
ated if necessary. Section a portion of the tendon sheath 
on the side opposite the defect; maintain its insertion into 
the bone on the side of the involved collateral ligament, 
and fold this fascia-like sheath over the grafted tendon. 
Suture it to the graft with the finger in extension. Transfix 
the joint with an oblique Kirschner wire.

POSTOPERATIVE CARE At 3 weeks, the Kirschner wire 
is removed and motion is begun. The button and wire 
loop are removed at 4 to 6 weeks.
  

UNDIAGNOSED INTERPHALANGEAL 
DISLOCATIONS
Failure to diagnose interphalangeal dislocations is rare but 
does occur because swelling soon obscures the landmarks that 

 

A B C

D E

FIGURE 67.63 Volar dislocation of middle finger proximal interphalangeal joint. A, Injury 
suggestive of central slip injury. B, Proximal phalangeal radial condyle buttonholed through extensor 
mechanism with lateral band trapped volarly. C, Lateral band reduced. D and E, Despite acute 
anatomic repair and good flexion, extensor lag of 20 degrees persisted.
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make early diagnosis easy. If the dislocation is not diagnosed 
within the first week, joint cartilage may be eroded by pres-
sure from the articular edge of the dislocated phalanx; open 
reduction is then usually necessary (Figs. 67.66 and 67.67). 

 

OPEN REDUCTION AND FIXATION 
WITH A KIRSCHNER WIRE

 TECHNIQUE 67.24 

 n  Make a midlateral incision at the level of the affected 
interphalangeal joint.

 n  Expose the joint, remove the granulation tissue and the 
remaining hematoma, and reduce the joint under direct 
vision.

 n  Often, the volar plate lies between the joint surfaces and 
both collateral ligaments must be excised.

 n  Hold the joint with an oblique Kirschner wire, and place 
the finger in a splint.

 n  If at surgery the joint is found to be completely destroyed, 
it should be arthrodesed.

POSTOPERATIVE CARE In 2 weeks, the wire can be re-
moved, and active motion is begun.
  

DISTAL PHALANGEAL FRACTURES
Distal phalangeal fractures caused by crushing injuries usu-
ally are comminuted and require only splinting. Treatment 
is primarily directed at managing the associated soft-tissue 
injuries, such as nail bed lacerations. When a circular wound 
is present that nearly amputates the fingertip, a Kirschner 
wire or a 22-gauge hypodermic needle is valuable in support-
ing the bone while the soft tissues heal (Fig. 67.68). Prolonged 
tenderness and hypoesthesia of the fingertip after the fracture 
are common for many months.

 

A B

FIGURE 67.64 A, Chronically unstable proximal interphalangeal 
joint permitted tilting and produced pain on pinch. B, Alignment 
by segmental graft from palmaris longus tendon attached through 
bone.

 

A

B

Flexor sheath to
provide accessory
collateral ligament

Graft

Graft

FIGURE 67.65 A and B, Reconstruction of collateral ligament of 
proximal interphalangeal joint with tendon graft. SEE TECHNIQUE 
67.23.

 FIGURE 67.66 Radiographs of interphalangeal dislocation in 
child. Injury had gone undiagnosed for 1 month because deformity 
appeared slight externally. After open reduction, flexion of 30 
degrees was eventually possible.
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MALLET FINGER
Disruption of the terminal extensor tendon frequently results 
in a distal interphalangeal joint extension lag and is com-
monly referred to as a baseball or mallet finger deformity. Full 
passive distal interphalangeal joint extension usually remains, 
and PIP joint hyperextension may develop because of second-
ary volar plate laxity from proximal migration of the extensor 

apparatus resulting in a swan neck deformity. The usual cause 
is a forceful blow to the tip of the finger causing sudden flex-
ion; however, a hyperextension injury with fracture of the 
dorsal lip of the distal phalanx also may manifest as mal-
let deformity. Although closed injuries are more common, 
open injuries caused by lacerations and crush abrasions also 
occur. Approximately 40% of mallet fingers result from minor 

 FIGURE 67.67 Undiagnosed interphalangeal dislocation in adult complicated by infected 
wound. Bone has been eroded. At 6 weeks after injury, infection had been controlled, and joint 
was arthrodesed.

 

A B C D

FIGURE 67.68 A and B, Displaced and angulated distal phalangeal fracture associated with 
nail bed laceration in 22-year-old college student. C and D, After bone fixation, which permitted 
subsequent realignment and repair of nail bed.
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injuries. Mallet fingers are classified into four types according 
to associated soft-tissue injuries and the fracture pattern:
Type 1: Closed or blunt trauma with loss of tendon continuity 

with or without a small avulsion fracture.
Type 2: Laceration at or proximal to the distal interphalangeal 

joint with loss of tendon continuity.
Type 3: Deep abrasion with loss of skin, subcutaneous cover, 

and tendon substance.
Type 4: 4A, transphyseal fracture in children; 4B, hyperflexion 

injury with fracture of articular surface of 20% to 50%; 
4C, hyperextension injury with fracture of the articular 
surface usually greater than 50% with early or late volar 
subluxation of the distal phalanx.
Type 1 mallet fingers are the most common. Differentiating 

small avulsion type 1 fractures from the larger type 4 fractures 
is important because the subluxation or dislocation present in 
type 4 fractures determines treatment.

Treatment for type 1 mallet fingers usually consists of 
continuous distal interphalangeal joint extension splinting 
with a molded polythene (Stack) or aluminum splint for 6 to 
8 weeks (Fig. 67.69). Night splinting usually is recommended 
for an additional 2 to 6 weeks. Volar or dorsal splints can be 
used, but care must be taken when applying them to prevent 
skin maceration and ulceration. Hyperextension of the distal 
interphalangeal joint should be avoided because it causes skin 
blanching, which possibly contributes to skin breakdown. 
Although open type 2 injuries can be treated with closed 
reduction after appropriate wound care, splint management 
can be difficult. Direct repair of the extensor tendon can be 
done by tendon suture repair and Kirschner wire fixation of 
the distal interphalangeal joint in full extension.

Type 3 mallet fingers require soft-tissue coverage and pin-
ning of the distal interphalangeal joint and possible primary 
arthrodesis. Pediatric mallet fingers or Seymour fractures 
should be treated with closed reduction and splinting of the 
distal interphalangeal joint in neutral or slight extension for 
4 weeks. These fractures frequently are open fractures, as evi-
denced by fairly continuous bleeding around the nail base. 
The nail often is displaced out of the proximal eponychial fold 
and rests dorsally on the skin. After an adequate digital block 
(single injection at the palmar digital crease), the wound 
should be cleaned and irrigated by gently flexing the distal 
fragment. The nail is placed beneath the eponychial fold, and 
a splint and dressing are applied. Displaced Salter-Harris type 
III fractures are reduced closed with mild extension of the 
distal phalanx. Open reduction and Kirschner wire fixation 

of the epiphyseal fragment are indicated if closed reduc-
tion cannot be obtained. Treatment of type 4B and type 4C 
mallet fingers is controversial. Operative treatment is asso-
ciated with numerous complications, including infection, 
nail deformity, tender pulp scars, and loss of reduction and 
fixation. Nonoperative treatment by extension splinting is 
recommended by some for all mallet fractures, including 
the hyperextension type with subluxation of the distal pha-
lanx. Joint congruity may not affect end results. For fractures 
involving more than one third of the articular surface and 
associated subluxation and dislocation, open reduction using 
a pull-out wire and transarticular Kirschner wire in extension 
is advised (Figs. 67.70 and 67.71). Painful chronic mallet fin-
gers resulting from fracture-dislocation are probably better 
treated with distal interphalangeal joint arthrodesis. 

 

OPEN REDUCTION AND FIXATION 
WITH A PULL-OUT WIRE AND 
TRANSARTICULAR KIRSCHNER WIRE

 TECHNIQUE 67.25 

(DOYLE)
 n  Expose the joint through a zigzag dorsal incision (Fig. 

67.72A).
 n  Pass a 0.035-inch Kirschner wire longitudinally through 

the distal phalanx (Fig. 67.72B).
 n  Reduce the joint and manipulate the fracture fragment 

into place.
 n  Pass the Kirschner wire across the joint, holding it in full 

extension.
 n  Obtain radiographs in two planes to verify reduction.
 n  If the fracture fragment cannot be maintained in close 

apposition to the major fragment, use a pull-out suture 
to hold it in position (Fig. 67.72C).

 n  After closure, apply a splint to protect the transarticular 
Kirschner wire.

POSTOPERATIVE CARE The splint and Kirschner wire 
are removed at 6 weeks, and range-of-motion exercises 
are begun.
   

 

A B

FIGURE 67.69 A, Acute type 1 mallet finger with secondary “swanning” of proximal interpha-
langeal joint. B, Aluminum splint achieving full extension of distal interphalangeal joint.
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INTRAARTICULAR FRACTURES
Intraarticular fractures with a single fragment involving one 
third or more of the joint surface and that are accompanied 
by subluxation or dislocation require reduction and fixation 
with a suture or a Kirschner wire (see section on fracture-
dislocation of the PIP joint). Closed reduction is some-
times accomplished by flexing the finger and apposing the 
larger fragment to the smaller; the joint is transfixed with a 
Kirschner wire. Another closed method is three-point skel-
etal traction using a vertical traction ring. Open reduction 
usually is preferred, however. A Kirschner wire is drilled into 
the smaller fragment, the fracture is reduced, and the wire is 
brought out through the larger fragment. The drill is attached 
to the opposite end of the wire and used to extract it until its 

tip is just beneath the articular cartilage of the smaller frag-
ment. Motion usually can be started at 2 weeks, and the wire 
can be removed at 4 weeks. As an alternative, a small AO 
screw (1.5 or 2 mm) can be used to fix an articular fragment, 
provided that the fragment’s width is three times the diameter 
of the screw being used.

Impaction fractures with comminution may require 
supplemental bone grafting in addition to internal fixation 
after careful surgical elevation of the depressed articular frag-
ments. Intraarticular fractures include avulsion fractures at 
the insertions of tendons and ligaments. The fragments usu-
ally are displaced widely by the pull of the tendon or ligament 
and should be reduced and fixed internally to restore tendon 
or ligament function and joint integrity (Fig. 67.73). When 

 

B

C

A

FIGURE 67.70 A, Type 4 mallet finger in high school basketball player. B, Results of pull-out 
wire and pin fixation of distal interphalangeal joint just before pin removal at 4 weeks. C, Pull-out 
wire left in until 6 weeks after surgery.
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 FIGURE 67.71 Mallet fracture of ring finger in 60-year-old man. (See complete legend on 
following page.) 
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the fragment is small (less than one fourth of the joint sur-
face), treatment is directed toward the soft-tissue avulsion 
and may consist of open reduction and splinting or splinting 
alone in the position of function.

Hemicondylar fractures produced by lateral stress (usu-
ally at the PIP joint) require internal fixation if displaced. 
Open reduction often is necessary, but closed reduction and 
percutaneous pinning (Fig. 67.74) can be attempted.

The outcome after intraarticular fractures of the inter-
phalangeal joints of the hand depends on the patient’s age, 
location of injury, degree of comminution, associated soft-tis-
sue injuries, accuracy of reduction, and postoperative man-
agement. At long-term follow-up, pain usually diminishes 
and motion improves with time. According to O’Rourke, 
Gaur, and Barton, only 27% of their patients were pain free 
at early follow-up, but 66% reported no discomfort after 11 
years. A gradual improvement in motion was observed, but 
only 60% regained a normal range of motion; 17% showed 
radiographic evidence of posttraumatic arthritis; however, 
radiographic findings did not correlate with pain. 

COMPLICATIONS OF HAND 
FRACTURES
Complications of fractures include malunion, nonunion, 
adhesion of tendons to the fracture site, infection (see Chapter 
79), and limitation of joint motion. If multiple tissues must be 
reconstructed, the repair of bones and joints is third in the 
order of priority. If good skin coverage is absent, repair fails; 
if the hand is insensitive, repair is futile. Bone and joint recon-
struction procedures are indicated only after good skin cover-
age can be obtained and when at least protective sensation is 
present or is forthcoming.

MALUNION
If fractures of one or more bones of the hand unite in poor 
position, the resulting disturbance of muscle balance causes 
weakness of grasp and pinch, especially if the metacarpals 
and proximal phalanges are involved. The kinesthetic sense 
also seems to be disturbed. Rotational malalignment and 
angulation can cause notable hand deformity, which usually 
is accentuated when a composite fist is made.

Not every malunited fracture requires intervention. The 
function of the fingers and the hand, not the radiographic 
appearance, determines whether treatment is necessary. Ill-
advised treatment usually fails to improve function and some-
times makes it worse. Minor malunion deformities usually 
should be accepted when motion of the surrounding joints is 
satisfactory because treatment by osteotomy can lead not only to 
nonunion but also to difficulty in reestablishing satisfactory joint 
motion. This is especially true in patients beyond middle age.

 FIGURE 67.71 Mallet fracture of ring finger in 60-year-old man. A, Preoperative simple radiograph showing fracture fragment involving 
more than 50% of articular surface. B, Intraoperative anteroposterior C-arm image. Using modified two-extension block technique, 
two parallel block wires inserted 2 mm apart. Note two parallel block wires prevent rotation of dorsal fragment in axial plane (yellow 
arrow). Red circle, fractured dorsal fragment. C, Intraoperative lateral C-arm image showing trial of closed reduction with traction and 
dorsal translation. Red arrow shows dorsal rotation of dorsal fragment in sagittal plane. D, Dorsal counterforce applied to dorsal frag-
ment using 1.1-mm Kirschner wire. E, By applying dorsal counterforce to dorsal fragment, anatomic reduction with traction and dorsal 
translation of distal digit was achieved. Red arrow shows compressive force from volar side and yellow arrow shows dorsal counterforce 
by Kirschner wire. F, Due to large size of dorsal fragment, Kirschner wire used for dorsal counterforce was pushed into fragment for fixa-
tion. G, Postoperative anteroposterior radiograph. H, Postoperative lateral radiograph. Volar aluminum orthosis protects wire and limits 
excursion of extensors by blocking movement of distal interphalangeal joint.  (From Lee SH, Lee JE, Lee KH, et al: Supplemental method for 
reduction of irreducible mallet finger fractures by the 2-extension block technique: the dorsal counterforce technique, J Hand Surg Am 2018 Nov. 5. 
Pii:S0363-5023(18)30406-4.)

 

A B

C
FIGURE 67.72 Reduction and fixation for mallet fracture. A, 

Joint is exposed through dorsal zigzag incision. B, Kirschner wire 
is drilled longitudinally through distal phalanx. C, Joint is reduced, 
Kirschner wire is driven proximally across joint, and fracture frag-
ment is reduced. If fracture fragment cannot be maintained in 
proper position, pull-out suture is passed through fragment and 
distal phalanx and tied over padded button.  (From Green DP, editor: 
Operative hand surgery, ed 3, New York, 1993, Churchill Livingstone; 
redrawn after Elizabeth Roselius.) SEE TECHNIQUE 67.25.
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Most malunited fractures of the metacarpal neck should 
not be treated, particularly fractures of the neck of the fifth 
metacarpal. Flexion deformities of 40 degrees or more can 
easily be accepted with good function. When the fifth meta-
carpal head is displaced volarward, the carpometacarpal joint 

allows dorsal displacement of the distal end of the bone so 
that the palm can yield when a hard object is grasped; this 
also is true to less extent of the ring finger. For the second 
and third metacarpals, however, there is little or no motion in 
the carpometacarpal joints; and when the metacarpal head is 

 

B CA

E FD

FIGURE 67.73 Closed reduction and pinning of displaced intraarticular fracture of proximal 
phalangeal head in 11-year-old girl. A and B, Anteroposterior and lateral images before reduction. 
C and D, Kirschner wire fixation. E and F, Final follow-up.
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displaced volarward, pain with firm grasp may occur. When a 
metacarpal head is markedly displaced, metacarpophalangeal 
joint hyperextension and secondary collateral ligament con-
tracture often occur; a capsulotomy and an osteotomy may 
be necessary.

Certain malunions can be treated with corrective oste-
otomy (Fig. 67.75). When articular cartilage loss results in 
angular deformity, subluxation, dislocation, impending joint 
destruction, or pain, osteoarticular grafts may be useful (Fig. 
67.76). Complex malunions can be approached by using CT 
images to generate patient-specific systems. The preliminary 
results reported by Hirsiger et al. for such a system indicate 
that a precise reduction for corrective osteotomies of meta-
carpal (six patients) and phalangeal (two patients) bones can 
be achieved by using three-dimensional (3D) planning and 
patient-specific guides. 

 

CORRECTION OF METACARPAL NECK 
MALUNION

 TECHNIQUE 67.26 

 n  Make a longitudinal dorsal incision just proximal and lateral 
to the metacarpal head; expose the extensor hood, and 

 

A B C D

FIGURE 67.76 A and B, Destruction of middle phalanx ulnar base of golfer’s ring finger resulted 
in ulnar deviation and pain. C and D, Osteoarticular graft fashioned from ipsilateral distal radius 
resulted in satisfactory correction of deformity.

 

A B C
FIGURE 67.74 A, Displaced, unstable condylar fracture usually 

requires open reduction and fixation. B, Manipulation of fracture 
using intact collateral ligament may permit insertion of Kirschner 
wire to hold reduction. C, Two wires are necessary to avoid rotation 
and displacement of the reduced fragment.

 

A B

FIGURE 67.75 A, Malunited fracture of base of middle phalanx 
with splaying of volar and dorsal articular surfaces. B, After wedge 
resection of bone, volar and dorsal fragments were held securely 
with cerclage wire fixation.
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free it on one side of the metacarpal neck with a sharp 
knife.

 n  Dissect the interosseous muscle from the lateral side of 
the neck and the extensor tendon and expansion from its 
dorsum as necessary for sufficient exposure.

 n  If the callus is hard, drill across the old fracture site trans-
versely; otherwise, cut across it with an osteotome.

 n  Drill the medullary canal proximally and distally so that it 
accepts a medullary cortical bone peg a little larger than 
a matchstick. The peg can be obtained from the proximal 
ulna or proximal tibia.

 n  Insert it proximally into the medullary canal of the shaft 
and cap it with the metacarpal head.

 n  Carefully check rotational alignment, and impact the 
fragments.

 n  Pack cancellous bone chips around their juncture as need-
ed. If the osteotomy is unstable despite the bone peg, in-
sert a Kirschner wire across the osteotomy site (Fig. 67.77).

 n  Examine the metacarpophalangeal joint for passive flex-
ion; when the collateral ligaments are contracted and al-
low little or no motion, capsulotomy may be indicated.

 n  Suture the lateral expansion of the extensor hood in place 
with fine suture.

 n  Hold the metacarpophalangeal joint in 60 to 70 degrees 
of flexion and apply a protective splint.

POSTOPERATIVE CARE A dorsal splint is worn for 2 
weeks to maintain the metacarpophalangeal joints in 70 
degrees of flexion, allowing some flexion of the inter-
phalangeal joints. Sutures are removed at 2 weeks, and 
a lighter splint is applied that prevents extension of the 
metacarpophalangeal joint but allows flexion and exten-
sion of the interphalangeal joints. This splint is worn an 
additional 1 or 2 weeks.
  

Malunion of a metacarpal shaft or of a phalanx also can be 
treated with a medullary cortical bone peg; the peg must be 
shaped carefully to fit snugly (Fig. 67.78). Figure 67.79 illus-
trates malunited phalangeal fractures treated by osteotomy 
and fixation with Kirschner wires.

Malrotation of a proximal phalanx at any level should be 
treated by osteotomy at the base of the phalanx when possible. 
The base of the phalanx heals well and is cut with less difficulty 
than the hard cortical bone in the middle third. It is important 
to make an orientation mark on each side of the proposed oste-
otomy line so that these reference points can be used to deter-
mine the amount of change during the procedure.

NONUNION
Nonunion in the phalanges is caused most often by distrac-
tion of the fragments by traction; other causes are infection, 
lack of fixation resulting in motion, and gaps between bone 
ends from bone loss. If the nonunion is associated with nerve 
and tendon injuries that severely impair function, amputation 
must be considered; this is true especially if only one finger is 
involved. Nonunions of comminuted fractures of the distal 
phalangeal tuft usually require no treatment; the fragments 
commonly unite or finally are absorbed.

Nonunions of transverse distal phalangeal fractures may 
require surgical treatment to obtain union when they are 
painful. The differentiation between pain from the nonunion 
and pain from scar tissue around nerve endings is important 
because the nail plate usually provides sufficient protection. 
Lateral bending stress on the nonunion site should cause pain 
from a symptomatic nonunion. Simple tapping of the finger 
tuft when the nerve endings are tightly bound with dense scar 
tissue should cause pain similar to that of a neuroma.

Metacarpal nonunion is produced most often by bone 
loss. For a nonunion in which no bone substance is lost, 
the technique of repair is the same as that just described for 

 FIGURE 67.77 Malunited fracture of fifth metacarpal neck treated by open reduction and 
fixation with one Kirschner wire inserted obliquely. This rarely is necessary because normal motion 
of fifth carpometacarpal joint permits tolerance of 40 degrees or more of angulation at fracture 
site. SEE TECHNIQUE 67.26.
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malunion. For a nonunion in which bone substance is lost, 
an interpositional corticocancellous bone graft, allograft, or 
synthetic bone graft substitute combined with plating usually 
is recommended. As an alternative, Littler’s method can be 
used, provided that bony stability is achieved with the corti-
cocancellous graft alone (Fig. 67.80). 

 

CORRECTION OF NONUNION OF THE 
METACARPALS
The success of bone grafting metacarpal defects depends on 
soft-tissue and bony factors. First, the dorsum of the hand 
must be well covered by skin and subcutaneous tissue, even 
if local or remote flaps, such as an abdominal pedicle flap, 
are required (see Chapter 65). Second, the fine details of 
what Bunnell called “bone carpentry” must be exact.

 TECHNIQUE 67.27 

(LITTLER)
 n  Expose the defective metacarpal with a longitudinal or 

curved dorsal incision, depending on the location of exist-
ing scars.

 n  Dissect all scar tissue from the extensor tendons, but pre-
serve the paratenon intact.

 n  Dissect the fibrous tissue en bloc from between the frag-
ments so that traction can restore normal finger length.

 n  Usually the proximal fragment must be sacrificed as far 
as its base; resect it with an osteotome at an angle of 30 
degrees (Fig. 67.81), making a recess in the bone.

 n  Cut the end of the distal fragment transversely with a saw 
or rongeur and open the medullary canal to receive the 
doweled end of the graft.

 n  With traction on the finger, measure the defect between 
the fragments and take from the tibia (or other suitable 
site) a graft at least 1.3 cm longer than the defect.

 n  Fashion a dowel at one end of the graft and cut the oth-
er end obliquely at 30 degrees. Insert the doweled end 
into the medullary canal of the distal fragment, and press 
the proximal end into the prepared metacarpal or carpal 

 

B

A

FIGURE 67.78 A, Malunited phalangeal fracture. B, Result is 
satisfactory after treatment by osteotomy and intramedullary fixa-
tion.

 

A B

FIGURE 67.79 A, Malunited phalangeal diaphyseal fracture 
with rotational deformity. B, After treatment by proximal metaphy-
seal osteotomy with two Kirschner wires the healing was rapid.

 

30°

FIGURE 67.80 Littler technique for grafting metacarpal 
nonunion in which bone substance has been lost. SEE TECHNIQUE 
67.27.
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recess. Compression of the graft between the two frag-
ments holds it in place.

 n  If necessary, stabilize the graft by passing one or more 
Kirschner wires through it and into adjacent, uninvolved 
metacarpals.

 n  Close the periosteal sheath, if present, and the soft tissues 
over the graft with fine sutures.

POSTOPERATIVE CARE With the hand in the position 
of function, a plaster cast or splint is applied that extends 
to the PIP joints. This cast is immediately split to allow for 
postoperative swelling. On about the 12th day, a new cast 
is applied that immobilizes only the grafted metacarpal 
and the proximal phalanx; it is left in place for 2 months.

Administration of prophylactic antibiotics just before 
or during surgery should be considered. An antibiotic 
should be given for several days after surgery because 
the injury producing the bone defect is frequently open. 
The region is potentially infected even though the original 
wound has healed.
  

CONTRACTURE
If joint motion is limited because of secondary collateral liga-
ment contracture, capsulotomy may be indicated. 

 

METACARPOPHALANGEAL JOINT 
CAPSULOTOMY
When metacarpophalangeal joint motion is 60 degrees, 
capsulotomy is contraindicated because only 60 to 70 
degrees of motion usually can be expected after surgery 
even if the soft tissues around the joint are normal.

 TECHNIQUE 67.28 

 n  Make a longitudinal incision 2.5 cm long over the affected 
joint. If a single joint is affected, make an incision over the 
joint.

 n  If two adjacent joints are affected, make either two inci-
sions or one incision between the metacarpophalangeal 
joints. If multiple metacarpophalangeal joint contractures 
exist, longitudinal incisions between the metacarpopha-
langeal joints provide access to adjacent joints. Second and 
fourth web space dorsal longitudinal incisions can be used 
to release all four metacarpophalangeal joints if necessary.

 n  At a point 0.5 cm from the extensor tendon, incise the ex-
tensor hood on the dorsolateral and dorsomedial aspects 
of the joint. Alternately, if the common extensor tendon 
is well centered over the metacarpophalangeal joint, a 
longitudinal incision through the center of the tendon will 
allow closure of better tissue and maintain the integrity 
of the less substantive sagittal band tissue. The index and 
small finger exposures may be either through the com-
mon or proper extensor tendons, whichever appears to 
have more robust tendon structure.

 n  Retract the extensor hood and intrinsic tendons palmar-
ward and expose the underlying dorsal capsule and col-
lateral ligaments.

 n  Enter the joint by making a longitudinal incision centered 
over and through the joint capsule to expose the metacar-
pal head and proximal phalangeal base articular surfaces. 
Transect and remove the dorsal joint capsule and excise 
portions of the collateral ligaments from each side of the 
joint to gain passive flexion.

 n  Note that the collateral ligaments are merely specialized 
portions of joint capsule and often are not clearly dis-
tinguishable from the joint capsule, especially when the 
joint has been previously traumatized. Sequentially excise 
portions of these ligaments to gain passive flexion, taking 

 

A B

FIGURE 67.81 A, Metacarpal nonunion in which bone substance has been lost. B, After grafting 
by Littler technique.
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special care not to destabilize the joint. Moreover, passive 
metacarpophalangeal joint flexion can be achieved only if 
there is no extrinsic extensor tightness or proximal tendon 
adhesions. Evaluation and management of the extensor 
tendon tightness are prerequisites for satisfactory joint 
release.

 n  Flex the joint passively.
 n  Keep the joint surfaces in full contact and check that the 

proximal phalanx base remains seated on the metacarpal 
head during flexion and glides smoothly. Sometimes the 
volar pouch is scarred, and during attempted passive flex-
ion the posterior joint opens from volar proximal phalanx 
lip impingement.

 n  If the volar plate is adherent, strip it from the anterior part 
of the metacarpal head with a probe or elevator. Release 
additional capsule and collateral ligament attachments to 
gain full passive flexion. Do not destabilize the joint, es-
pecially the radial side of the index finger.

 n  When satisfactory passive metacarpophalangeal joint mo-
tion is achieved, approximate the extensor tendon and 
close the skin edges. Do not close the dorsal capsule; of-
ten the dorsal capsule is thickened and contracted and its 
excision along with portions of the collateral ligaments 
has been done previously to achieve full passive flexion 
and maintain collateral ligament stability.

 n  Intraoperatively, inject a long-acting local anesthetic to 
help reduce postoperative pain.

 n  Apply a bandage incorporating a dorsal blocking splint, 
holding the wrist extended 15 to 20 degrees with the 
metacarpophalangeal joints in full flexion. Occasionally, 
it is necessary to pin the metacarpophalangeal joints in 
the achieved degree of passive flexion for several days to 
a week.

POSTOPERATIVE CARE Active flexion exercises of the 
metacarpophalangeal and interphalangeal joints are start-
ed immediately. If pins have been used, they are removed 
in 3 to 7 days, and daily supervised therapy is initiated. 
Continuous passive motion devices may be beneficial. 
Dynamic “knuckle-bender” splinting is used later to help 
mobilize the joint. These joint releases we prefer to do ear-
ly in the week because supervised daily physical therapy 
is beneficial early in the postoperative recovery process. 
  

 

PROXIMAL INTERPHALANGEAL JOINT 
CAPSULOTOMY
PIP joint capsulotomy is indicated only when the surround-
ing tissues are yielding, the joint surface integrity has been 
maintained, and extensor tendon adhesions, dorsal cap-
sular tightness, and collateral ligaments are considered 
responsible for motion limitation. The following is a list of 
causes of limited motion in this joint, as outlined by Curtis.

Flexion may be limited by the following conditions:
 n  Contracture of skin on the dorsum of the finger.
 n  Contracture of long extensor muscle or adherence of ten-

don.
 n  Contracture of interosseous muscle or adherence of tendon.

 n  Contracture of capsular ligaments, especially the collat-
eral ligaments.

 n  Bony block or exostosis.
Extension may be blocked by the following conditions:

 n  Scarring of skin on the volar surface of the digit.
 n  Contracture of the superficial fascia in the digit.
 n  Contracture of the flexor tendon sheath within the digit.
 n  Contracture of flexor muscle or tendon adherence.
 n  Contracture of the volar plate.
 n  Adherence of the collateral ligament with the finger in the 

flexed position.
 n  Bony block or exostosis.

These causes all must be considered and, except for 
those involving the collateral ligaments, carefully eliminated 
before capsulotomy. Ideally, capsulotomy is performed with 
the patient awake so that he or she can move the fingers and 
the surgeon can observe any improvement in motion during 
surgery. In this instance, proper sedation and a regional block 
at the wrist or a more distal level are used. Moreover, when 
a PIP joint is stiff and volar structures are concomitantly sus-
pected of limiting motion either actively (such as flexor tendon 
adhesions or otherwise) or passively, the surgery should be 
staged such that the passive flexion is achieved first before 
proceeding to the second-stage flexor surface procedure(s).

 TECHNIQUE 67.29 

(CURTIS)
 n  Approach the interphalangeal joint through a midlateral 

or a curved dorsal incision. On one side, deepen the inci-
sion through the subcutaneous tissue to expose the trans-
verse retinacular ligament (Fig. 67.82A and B).

 n  Expose the collateral ligament by approaching the joint 
from the base of the middle phalanx and elevating the 
transverse retinacular ligament; preserve this ligament for 
repair after capsulotomy.

 n  Starting at its distal attachment, excise en bloc as much 
of the collateral ligament as necessary to achieve the de-
sired motion (Fig. 67.82C). Repeat the procedure on the 
opposite side of the joint.

 n  When the contracture is of long duration, the volar syno-
vial pouch may have been obliterated; if so, restore it with 
a small curved elevator or by forcing the phalangeal base 
into flexion.

 n  When the interosseous muscle is contracted, lengthen its 
tendon by tenotomy and suture (Fig. 67.82D and E). If 
necessary, free the extensor tendon over the dorsum of 
the finger through the same approach.

 n  Satisfactory passive motion must be exhibited during sur-
gery because no further active flexion motion can be an-
ticipated after surgery. It also is important that the flexor 
tendons not be adherent in the palm. This can be shown 
by having the patient actively attempt to flex the finger. 
Flexor tendon adhesion at the forearm, wrist, palm, or 
finger can compromise active motion. When a flexor te-
nolysis in the finger is necessary to regain active flexion, 
it should be staged 10 to 12 weeks later, provided that 
adequate passive motion has been maintained.

 n  Close the wound. Apply a dressing and palmar and dorsal 
splints to keep the wrist extended, the metacarpophalan-
geal joints flexed, and the interphalangeal joints extended.
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POSTOPERATIVE CARE Motion is begun immediately 
under supervision. The joint is splinted alternately in flex-
ion and extension. Splinting is continued until the range 
of motion obtained at surgery is possible. Splinting may 
be necessary at least part of the time for 3 or 4 months.
  

Sometimes, the capsulectomy recommended by Curtis is 
insufficient to allow full extension of the joint. Watson, Light, 
and Johnson emphasized the importance of the “check” liga-
ments in maintaining persistent flexion deformities of the PIP 
joint. These are normal structures consisting of fibers from 
the dorsal portion of the flexor sheath and reflections of the 
accessory ligament inserting in the lateral margins of the volar 
plate. These ligaments, designated “checkreins” by Watson 
et al., extend from thick attachments along the proximal edge 
of the volar plate and then diverge to insert separately along 
the volar-lateral periosteum of the proximal phalanx. These 
ligamentous structures may be significant in restricting PIP 
joint extension, and some authors have recommended that 
their resection should be part of all middle joint releases. 

 

PROXIMAL INTERPHALANGEAL  
JOINT CAPSULOTOMY

 TECHNIQUE 67.30 

(WATSON ET AL.)
 n  With the patient under suitable anesthesia and with the 

pneumatic tourniquet inflated, approach the volar aspect 

of the PIP joint through a midlateral or volar incision. If 
the flexion deformity is severe and long standing, a longi-
tudinal incision converted to a Z-plasty may be helpful. If 
a midlateral incision is selected, a second incision on the 
opposite side of the joint frequently is required.

 n  Dissect the subcutaneous tissue, preserving the cutane-
ous sensory nerves. Isolate the flexor sheath and tendon 
and resect portions of the flexor sheath that contribute 
to the flexion contracture. If possible, avoid injury to the 
annular portions of the flexor sheath.

 n  Using magnification, identify the vessels to the flexor ten-
dons, and retract them to avoid injury.

 n  Identify the proximal edge of the volar plate and bluntly 
dissect the checkrein extensions proximally (Fig. 67.83A).

 n  Sharply excise the checkrein ligaments on both sides, 
avoiding injury to the volar plate (Fig. 67.83B and C).

 n  Extend the joint fully with a moderate amount of pressure 
to disrupt intraarticular adhesions to achieve full passive 
extension.

 n  If the deformity tends to recur in a “springy” fashion, fix 
the joint in extension with a transarticular Kirschner wire.

 n  Obtain satisfactory hemostasis, and close the wound in a 
routine manner.

 n  Apply a bulky dressing and splints to maintain the wrist in 
extension, the metacarpophalangeal joints in flexion, and 
the interphalangeal joints in full extension.

POSTOPERATIVE CARE The hand is immobilized in the 
bulky dressing and splint for 3 to 7 days. A light dressing 
is then applied, and active joint movement is begun. Sub-
sequently, dynamic splints are used for at least 1 hour of 
maximal tension while the patient is awake, with less ten-
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FIGURE 67.82 A to E, Curtis technique for capsulotomy of proximal interphalangeal joint.  
(Redrawn from Curtis RM: Management of the stiff hand. In: The practice of hand surgery, Oxford, Blackwell, 
1981.) SEE TECHNIQUE 67.29.
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sion throughout the night if tolerated. At times, palmar 
and dorsal plaster splints may be necessary for 2 to 3 days 
at a time to keep the joint in full extension. The sutures 
are removed at 12 to 14 days, and splinting is begun. 
Watson et al. recommended a screw-tension three-point 
splint with tension increased every 3 to 5 minutes for 1 
hour before the patient retires for the night and then it is 
left in place overnight. Care should be taken when using 
such a splint because pressure necrosis of the dorsal skin 
may occur. Night splinting is continued until full exten-
sion is obtained. Dynamic splinting may be required for 
4 months.
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NERVE INJURIES AT THE LEVEL OF THE 
HAND AND WRIST
Mark T. Jobe, William J. Weller

CHAPTER 68

This chapter includes the essentials of treatment of nerve inju-
ries in the digits, palm, and wrist. Although many of the prin-
ciples discussed here can be applied to injuries in the forearm 
and arm, more detailed discussions of more proximal nerve 
injuries can be found in Chapter 62 on peripheral nerve inju-
ries. Nerve entrapments and compression neuropathies also 
are discussed in detail in Chapter 62. Reconstructive proce-
dures including tendon transfers are discussed in Chapter 
34, and an expansion of the discussion of microsurgical tech-
nique can be found in Chapter 63.

EVALUATION
PREOPERATIVE ASSESSMENT
At times, it is difficult to evaluate the extent of nerve injury 
in the hand. Factors that interfere with the examination of 
the nerves in the hand include other injuries that may be life 
threatening or limb threatening, patient intoxication, anxiety 
or lack of cooperation of the patient, and injury in a child. 
These factors and others, including an extensive injury to 
the hand, may cause nerve injuries to be overlooked dur-
ing the initial or preliminary examination. If the conditions 
are not satisfactory for a thorough examination during the 
initial evaluation, the hand should be reexamined within a 
reasonable period to determine the extent of nerve and other 
injuries sustained. An injury to the digital nerves frequently 
is overlooked; however, if a flexor tendon function deficit 
is present after a finger laceration, at least one digital nerve 
probably has been injured as well. A high index of suspicion is 
necessary in the evaluation of patients with hand injuries. At 
least four areas of consideration are important when evaluat-
ing a patient with an injury to a nerve in the hand: (1) type of 
injury, (2) sensibility evaluation, (3) motor function, and (4) 
sudomotor function (sweating).

TYPE OF INJURY
Nerve injuries seen in a civilian practice commonly are caused 
by one of several mechanisms, including direct trauma (blow 
to the limb, fracture, missile wound), laceration, traction or 
stretching, and entrapment or compression. To determine the 
type of treatment and to arrive at tentative prognostic projec-
tions, it is helpful to recall the classification of nerve injuries 
according to Seddon and Sunderland (Table 68.1). Common 
injuries such as bumping the “funny bone” (ulnar nerve at 
the elbow) fall easily into the category of neurapraxia (type I 
injuries), and lacerations are classified as neurotmesis (type V 
injuries); however, closed injuries with partial nerve deficits 
are not as easily classified, and the prognosis may not be as 
well defined. The extent to which the nature of the injuring 
agent determines primary and secondary repair is discussed 
in this chapter under their respective headings. Additional 
discussion of extent of injury may be found in Chapter 62. 

SENSIBILITY EVALUATION
When evaluating the injured hand for sensibility, in addition to 
an awareness of the classic sensory distribution of the median, 
radial, and ulnar nerves, it is helpful to recall the autonomous 
sensory distributions of the median, radial, and ulnar nerves 
in the volar pulp of the index finger, the volar pulp of the lit-
tle finger, and the thumb-index web space. If the injury is a 
lacera tion, and the nerve has been transected, the examination 
usually is more definitive than in closed injuries or in lacer-
ations in which the depth may not be fully known. Even if a 
wound is to be explored to determine the extent of the nerve 
injury, it is helpful to document the clinical deficit before sur-
gical exploration. Careful evaluation, especially in the pres-
ence of a closed injury, defines the initial deficit, allowing for 
assessment of progress if observation of the injury is elected 
rather than exploration of the nerve. Closed partial rupture of a 
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common digital nerve in the palm requiring MRI and surgical  
exploration for diagnosis has been described. Additionally, 
magnetic resonance neurography (MRA) and ultrasound have 
been used in these scenarios. The MRA, although still in the 
development phase, is reported to be able to provide details 
regarding nerve anatomic relationships, fascicular pattern, 
intraneural swelling, and evaluation of downstream muscle 
injury. Although compelling, the authors of this chapter do not 
have any experience with this diagnostic modality.

The customary methods used to evaluate damaged sen-
sory nerves include the use of a sharp pin to assess pain, a cot-
ton-tipped applicator or a finger eraser to assess light touch, 
and the tips of a paper clip or commercially prepared tool to 
assess two-point discrimination. Normal two-point discrimi-
nation usually is 6 mm or less. If the nerve is transected, a 
patient would not feel light touch, would not appreciate the 
pin as a sharp stimulus, and would be unable to discriminate 
between one and two points. Patients with closed injuries or 
partial injuries to nerves may show spotty appreciation of 
light touch and pain and have markedly widened two-point 
discrimination (Fig. 68.1). 

MOTOR FUNCTION
Although the function in the hand served by the underlying 
median nerve includes the proximally innervated pronator 
teres, flexor carpi radialis, palmaris longus, flexor digitorum 
sublimis, index and middle flexor digitorum profundus, flexor 
pollicis longus, and pronator quadratus, the usual median-
innervated muscles of concern in the hand include the lum-
bricals to the index and long fingers, the opponens pollicis, 
the abductor pollicis brevis, and the superficial portion of 
the flexor pollicis brevis. The single median nerve–mediated 
motor function that usually is checked is apposition of the 
tip of the thumb to the pulp of the ring or little finger with 
palpation of active contraction of the abductor pollicis brevis 
muscle belly to supplement the visual inspection. Anatomic 
variations that cause cross-innervation of the muscles usually 
innervated by the median nerve should be kept in mind.

The muscles proximally innervated by the ulnar nerve 
include the flexor carpi ulnaris and flexor digitorum profun-
dus tendons to the ring and little fingers. In the hand, the ulnar-
innervated muscles of interest include the flexor pollicis brevis, 
adductor pollicis, abductor digiti minimi, flexor digiti minimi, 
opponens digiti minimi, and all the interosseous muscles. When 
testing for motor function of the ulnar nerve in the hand, the 

usual motions mediated by the ulnar intrinsic muscles include 
active abduction of the middle finger from the ulnar to the radial 
side with the palm resting on a flat surface. This motion should 
be observed carefully to exclude the functions of the long flexor 
tendons, which tend to converge the digits and confuse accurate 
interpretation of the function of the volar interosseous muscles, 
and the long extensor tendons, which tend to diverge the fin-
gers and confuse accurate interpretation of the dorsal interos-
seous muscles. Additionally, thumb adduction usually is tested 
by having the patient maintain a piece of paper tightly in the 
thumb-index web, squeezing the paper between the thumb 
interphalangeal joint and the base of the index finger proxi-
mal phalanx. If the adductor is weak or paralyzed, the patient is 
unable to hold the piece of paper against resistance. The function 
of the abductor digiti minimi also may be tested by having the 
patient abduct the little finger against resistance and by palpat-
ing the muscle belly of the abductor digiti minimi (Fig. 68.2). 
Although clawing of the little and ring fingers may not be seen at 
the time of an acute injury, it is present sometimes, and careful 
observation of the hand should reveal this finding. The first dor-
sal interosseous muscle may receive an anomalous innervation 
from the median nerve in about 10% of hands. The posterior 
interosseous or superficial branches of the radial nerve also may 
supply the first dorsal and the second and third dorsal interosse-
ous muscles in some hands.

Proximal muscles innervated by the radial nerve include 
the triceps, brachioradialis, supinator, and anconeus. The radi-
ally innervated muscles having influence on the hand include 
the extensor carpi radialis longus and brevis, the extensor 
carpi ulnaris, the extensor digitorum communis, the exten-
sor indicis proprius, the extensor digiti minimi, the abductor 
pollicis longus, the extensor pollicis longus, and the extensor 
pollicis brevis. The motions that can be examined and that are 
mediated by the radial nerve in the hand and wrist include 
wrist dorsiflexion and radial and ulnar deviation and thumb 
abduction and extension. Metacarpophalangeal extension, 
mediated by the radial nerve, should be evaluated carefully so 
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FIGURE 68.1 Two-point discrimination of hand sensibility, 
palmar surface. Dorsal surface averages 7 mm distally to 12 mm 
proximally.

 TABLE 68.1 

Classification of Nerve Injury

SEDDON
SUNDERLAND 
(DEGREES)

Neurapraxia I
Axonotmesis II

VI (combination of any 
of Sunderland I–V)

III
IV

Neurotmesis V

From MacKinnon SF, Dellon AL: Surgery of the peripheral nerve, New York, 
1988, Thieme.
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 FIGURE 68.2 Testing of function of abductor digiti minimi. 
Patient abducts little finger against resistance while muscle belly 
is palpated.

 FIGURE 68.3 Two-point discrimination testing. SEE TECHNIQUE 
68.1.

that the examiner is not confused by extension of the proxi-
mal and distal interphalangeal joints of the fingers, controlled 
by the intrinsic muscles. 

SUDOMOTOR FUNCTION
Usually a denervated area shows no sweating within about 
30 minutes after a nerve injury. It is helpful to compare the 
normal and suspected injured areas by palpation with a dry 
fingertip. 

POSTOPERATIVE ASSESSMENT
In evaluating the progress of peripheral nerve injury and 
repair sensibility testing, motor testing, subjective evaluation, 
and sudomotor function are important.

SENSIBILITY EVALUATION
The basic minimum tests recommended for sensibility eval-
uation are stationary two-point discrimination and moving 
two-point discrimination. 

 

TWO-POINT AND MOVING TWO-POINT 
DISCRIMINATION TESTING

 TECHNIQUE 68.1 

 n  The hand should be warm, and the instrument should be 
at room temperature.

 n  Rest the hand on a flat surface, palm up.

 n  Apply a blunt, two-pointed caliper or paper clip distally 
over the distal pulp in the longitudinal axis on the radial or 
ulnar side (Fig. 68.3). The pressure applied should be just 
slightly less than blanching pressure. Test each area three 
times. Start at a width of 10 mm and gradually decrease 
the distance.

 n  Perform the moving two-point discrimination test in a 
similar fashion. Apply the caliper in an axial direction and 
move it from proximal to distal along the digital pad. Two 
of three correct answers are considered proof of percep-
tion with either test.
  

MOTOR FUNCTION
Three basic tests are recommended for motor function: 
grip strength, key pinch, and tip pinch strength. The 
squeeze grip dynamometer should be used, and the results 
should be recorded at all five positions with three succes-
sive determinations. This reflects the overall integrated 
function of the hand, in addition to areas of extrinsic and 
intrinsic muscle deficits.

Pinch strength is measured using a pinch dynamome-
ter. Applying the thumb tip to the radial aspect of the mid-
dle phalanx of the index finger measures key pinch. Three 
successive determinations should be made, and the oppo-
site hand should be measured as well. Pinching with the 
index tip to the ulnar side of the tip of the thumb allows 
measurement of tip pinch values. Three measurements 
should be made. 

SUBJECTIVE EVALUATION
Subjective evaluation refers to the patient’s evaluation of 
current status and includes symptoms such as the pres-
ence of pain, cold intolerance, dysesthesias, and functional 
disabilities. 

SUDOMOTOR FUNCTION
The loss of sweating is an indicator of nerve disruption and 
loss of sympathetic function. Sweating may return with-
out a return of two-point discrimination; however, usually 
it returns with the return of two-point discrimination. A 
statement relative to sweating should be included in the 
evaluation. 

NERVE REGENERATION
After a nerve injury, the response in the proximal ele-
ments of the peripheral nerve includes an increased rate 
of metabolic activity and proliferation from the nerve 
cell bodies distally, resulting in the sprouting of axonal 
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processes at the injury site within the first 1 to 3 weeks. 
The response distally consists of the elements of wallerian 
degeneration, including disruption of the myelin sheath 
and phagocytosis, and preparation of the distal segment 
to receive the regenerating elements of the proximal 
axons. A more detailed discussion of this response is pre-
sented in Chapter 62.

Usually, after repair of a sensory nerve (digital, pure 
sensory, mixed motor, and sensory), the area of anesthesia 
decreases in size as regeneration progresses and the quality 
of sensation changes. In 2 to 3 months, the entire area sup-
plied by the nerve may become paresthetic. It then becomes 
hyperesthetic to light touch or cold. Firm pressure usually is 
less painful. With time and the use of various physical and 
occupational therapy techniques, the hyperesthesia resolves. 
Patients usually have less objectionable sensation after the 
period of hyperesthesia.

With progression of regeneration, the quality of sensa-
tion improves significantly within the first 1.5 to 2 years 
with additional gradual improvement thereafter. Fully 
normal sensation with appreciation of functional two-
point discrimination rarely is expected in adults. Although 
the functional result after digital nerve regeneration usu-
ally is better than that seen for injuries to nerves more 
proximally and to mixed motor and sensory nerves (e.g., 
the ulnar nerve), age seems to have an influence on the 
final functional result after peripheral nerve repair. A 
fully functional hand with minimal loss of power can be 
expected in children after epineurial repair. Studies sug-
gest that patients younger than age 20 can be expected to 
have a better prognosis for return of functional two-point 
discrimination than can older patients. Patients younger 
than age 40 have been shown to have better sensibility 
recovery than patients older than age 40. Although excep-
tions may be encountered, it is rare for patients older than 
age 50 to regain more than protective sensation.

In considering the repair of multiple digital nerves in 
an injured hand, the location of the injured nerves should 
be considered. Although it is general practice to repair all 
digital nerves, the most important areas of sensory inner-
vation of the digits include the ulnar side of the thumb, the 
radial side of the index and middle fingers, and the ulnar 
side of the little finger. These areas are important for pinch 
and for ulnar border contact of the hand. These nerves 
should be given priority if there are limiting factors, such 
as prolonged operative time in a patient with multiple inju-
ries, multiple soft-tissue problems on the various fingers, 
or segmental nerve loss. 

PRIMARY AND DELAYED 
PRIMARY NERVE REPAIR
TIMING OF REPAIR
The controversy regarding the timing of nerve repairs in 
general is unresolved. The terms applied to the timing of 
the nerve repair include primary repair (immediately after 
injury, or within 6 to 12 hours), delayed primary repair 
(usually within the first 2 to 2.5 weeks), and secondary 
repair (after 2.5 to 3 weeks). Advocates of primary repair 
are supported by experimental work, which suggests that 
the results may be better after primary repair. Authors 

advocating a delay in repair are supported by the clini-
cal observations after nerve injuries that occurred during 
wars. Generally, however, the longer the delay in repair, the 
poorer the return of motor function that can be expected. 
The reinnervation of denervated muscle may occur 12 
months later; however, after that period, irreversible 
changes occur in the muscle cells and there is little hope 
of recovery of motor function after reinnervation. The 
return of sensation has been observed when nerve repair 
has been performed 2 years after injury. Satisfactory return 
of function can occur after nerve repair performed within 
3 months of injury. Delay in nerve repair assumes the fol-
lowing: (1) muscle atrophy occurs, (2) contraction in the 
endoneural tubules of the distal segment progresses, (3) 
retraction of the nerve ends may occur, (4) joint contrac-
tures may develop, (5) a second operation is involved, and 
(6) intraneural alignment of fascicles may be more diffi-
cult. Additional factors to consider in the timing of periph-
eral nerve repairs include the condition of the patient and 
the state of preparedness of the surgeon and the institu-
tion, including the availability of instruments and person-
nel to allow a satisfactory primary repair.

Regardless of the timing of repair, tension should be 
avoided at the site of nerve repair. Nerve grafts accomplished 
without tension heal and function better than nerve repairs 
performed with tension, despite the need for regeneration to 
occur across two suture lines with a nerve graft. 

INDICATIONS
In general, a nerve repair can be done immediately after 
injury or within the first 2 to 2.5 weeks in the presence of a 
clean, sharp injury. A delay of 2 to 2.5 weeks can be caused by 
a variety of factors, including the condition of the patient and 
the availability of appropriate personnel, including a surgeon 
to treat the wound. We repair injured nerves, if the wound is 
clean and sharp, either on the day of injury or in the first 5 to 
7 days. 

SECONDARY NERVE REPAIR
INDICATIONS
Several conditions should influence the surgeon to delay the 
repair of injured peripheral nerves, including (1) the existence 
of extensive soft-tissue injury and loss with extensive trauma 
to the nerve, (2) the presence of extensive wound contami-
nation, (3) the presence of multiple limb injuries requiring 
aggressive and expeditious management in preference to the 
nerve injury, (4) the existence of extensive crush injury, (5) 
the presence of an extensive traction injury, and (6) a nerve 
injury that has been treated by another surgeon, in which the 
extent and nature of the nerve repair are unknown to the sec-
ond treating surgeon.

If multiple tissue injuries have occurred, especially in 
the presence of soft-tissue loss, the nerve repair is second-
ary and is indicated only after good skin coverage has been 
obtained. After satisfactory and complete healing of all 
wounds and the establishment of satisfactory nutrition to 
the skin and other tissues of the hand, common and proper 
digital nerves usually can be sutured as a secondary proce-
dure 3 weeks or more after injury. Although most reports 
suggest that the results after secondary repair are similar to, 
if not better than, the results after primary repair, the best 
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results seem to occur if repairs are done within the first 3 
months of injury. The reports of patients treated after World 
War II suggest that useful sensation can occur after repairs 
2 years after injury. This is not the normal expectation, how-
ever. Return of motor function after excessive delay is even 
more unpredictable.

With a severe soft-tissue injury, skin coverage is a priority. 
The extent of intraneural injury is unknown. It is best to wait 
3 to 6 weeks to allow clear demarcation of intraneural scar to 
have a better chance at more precise nerve apposition at the 
time of repair.

An extensively contaminated wound may require a delay 
in nerve repair because infection may supervene and delay 
not only definitive treatment of the nerve but also wound clo-
sure itself. Although initial debridement may remove signifi-
cant wound contamination and allow delayed primary repair, 
if wound contamination and necrotic material persist, addi-
tional debridements of necessity interpose a delay until defin-
itive nerve repair later.

Multiple limb injuries may create priorities of wound 
cleansing, bone stabilization, vascular repair, and soft-tissue 
coverage. Segmental injury to nerves also might dictate sec-
ondary repair. Crush and traction injuries cause intraneu-
ral damage that cannot be assessed accurately at the time of 
primary wound evaluation. When the nerve has sustained 
extensive intraneural or extensive segmental intraneural 
injury or loss because of crush or traction, it is best to wait 3 
to 6 weeks to allow clear demarcation between scar and nor-
mal nerve to become established. If the extent of intraneu-
ral injury is unclear, or if extensive segmental loss of nerve 
requires grafting, primary repair should not be done and 
secondary repair or nerve reconstruction by graft should be 
considered.

A special situation occurs when the patient’s initial and 
primary care have been accomplished by another surgeon. 
Frequently, one does not know the extent of the initial injury 
and has no awareness of the nature of the repair. At times, it 
may be necessary to consider exploration of the nerve, pos-
sibly considering secondary repair. Exploration of the nerve 
may reveal that secondary repair is unnecessary. The explora-
tion of a nerve injury in such a situation may help ensure that 
a skillful nerve repair has been done, which is one important 
determinant of outcome. 

SUTURING OF NERVES
For additional discussion of surgical techniques, see 
Chapter 62 on peripheral nerve injuries and Chapter 63 
on microsurgery. Generally, the principles that apply to 
the suture of other peripheral nerves also apply to sutur-
ing of the peripheral nerves of the hand. Important 
considerations include (1) mixed versus pure motor or 
sensory nerves, (2) internal arrangement of the nerves, 
(3) incisions to be used, (4) amount of mobilization and 
limb positioning required for tension-free apposition, 
(5) suture materials to be used, (6) nature of the suture 
arrangement, (7) magnification, and (8) postoperative 
management.

Careful technique is crucial to provide the best restora-
tion and repair of the anatomy. The internal arrangement 
of the nerve in the palm and digits usually is oligofascicular 
as described by Millesi (Fig. 68.4). In the median and ulnar 

nerves at the wrist, an intraneural polyfascicular or group 
arrangement is found. The outlook is better after repair of 
common digital and proper digital nerves because of their 
internal arrangement, their pure sensory function, and the 
short distance from the injury to the end organ.

Incisions to expose the nerve and mobilize it proxi-
mally and distally should be made in accordance with 
proven principles of skin incisions in the palm. They should 
not cross flexion creases at right angles, skin flaps should 
not be devascularized, and additional neurovascular injury 
should not be created in extending the skin incisions. The 
exact extent to which a nerve can be mobilized without 
creating ischemia is unknown. Generally, within the dig-
its, palm, and wrist, extensive mobilization of the nerve 
from its surrounding tissues is insufficient to cause harm. 
Magnification is extremely helpful to permit the most pre-
cise and accurate restoration of the anatomy. In the palm 
and fingers, the magnification achieved by 2.5× to 4.5× 
magnifying loupes usually is sufficient to allow accurate 
repair. More proximally, magnification achieved with an 
operating microscope is more helpful in allowing satisfac-
tory anatomic repair. The operating microscope also may 
be extremely helpful in repair of the terminal branches of 
the proper digital nerves distal to the distal flexion crease 
of the finger. Suture materials reflect the amount of tension 
to be applied to the nerve repair. Generally, in the forearm, 
wrist, and hand, 8-0 and 9-0 monofilament nylon sutures 
are used. Nylon suture of 9-0 caliber has been found to have 
more predictable failure via breakage with a failure thresh-
old of 5% to 8% strain as compared to 8-0 nylon, which 
failed more often at higher strain and with suture pullout 
from the epineurium in a cadaveric median nerve model. 
Thus, this finding suggests that 9-0 nylon is most optimal 
for setting tension in nerve repairs at the wrist and hand 
level. In the past a perineurial neurorrhaphy (fascicular) 
(Fig. 68.5) or a combination epiperineurial-perineurial 
neurorrhaphy (Fig. 68.6) has been utilized. The literature, 
however, has not shown perineurial repair to be superior to 
a simpler epineural repair and thus at our institution an epi-
neural repair is pursued in order to limit the trauma from 
suture bulk. 

 

Monofascicular Oligofascicular

Polyfascicular with
group arrangement

Polyfascicular without
group arrangement

FIGURE 68.4 Typical intraneural fascicular patterns in periph-
eral nerves.
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NERVE GRAFTS
INDICATIONS
At times, as a result of extensive destruction, a segmental 
nerve defect is created that cannot be overcome through nerve 
mobilization, joint flexing, or rerouting of a nerve. A prin-
cipal indication for nerve grafting in the hand is the bridg-
ing of defects after segmental nerve injury if a tension-free 
neurorrhaphy cannot be accomplished. Less commonly seen 
indications include nerve grafts to innervate free vascularized 
muscle grafts and to innervate free neurovascular island flaps.

Before performing a nerve graft, other techniques for 
closing the small gaps between nerve endings should be con-
sidered because they frequently solve the problem of closing 
small gaps in nerves. These techniques include mobilization 
of the nerve ends over a distance of a few centimeters prox-
imally and distally, positioning of the joints near the nerve 
injury in less-than-awkward positions, and transposing or 
changing the course of nerve endings. 

SOURCES OF NERVE GRAFTS
Donor nerves for nerve grafts in the upper extremities 
include the sural nerve; lateral antebrachial cutaneous and 
medial antebrachial cutaneous nerves; anterior and posterior 
interosseous nerves; digital nerves from an amputated finger; 
and a segment of a severed nerve from the opposite, but less 
critical, side of a single digit to repair the digital nerve on the 
opposite side. (For example, for lacerations of both nerves of 
the long finger requiring grafting, the ulnar digital nerve can 
be used to graft the radial digital nerve gap.) An anatomic 
study determined that the sural nerve best matches the com-
mon digital nerve. The lateral antebrachial cutaneous nerve 
best matches the digital nerve proximal to the level of the dis-
tal trifurcation. The posterior interosseous nerve, the anterior 

interosseous nerve, and the medial antebrachial cutaneous 
nerve best match the digital nerve distal to the trifurcation. 

ALTERNATIVE NERVE GRAFT MATERIAL
Alternatives to autogenous nerve graft are available, and their 
use avoids sacrificing donor site sensation and saves surgi-
cal time. Options include silicone tubes or conduits made of 
polyglycolic acid, bovine collagen, processed porcine submu-
cosa, or polycaprolactone. Historically conduits have been 
indicated for nerve gaps less than 3 cm. In addition to con-
duits, decellularized or processed nerve allograft (PNA) has 
seen increased utilization in recent years.

Processed nerve allografts are available in lengths up to 7 
cm and are useful in restoring sensation in the hand. Although 
clear evidence-based guidelines are not yet in place, due to 
the lack of rigorous prospective randomized studies, the use 
of nerve allograft and conduits is probably best indicated in 
the pure sensory nerves of the common and proper digital 
nerves. Several studies have suggested that with modest nerve 
gaps of less than 10 mm in digital nerve injuries acceptable 
recovery of static two-point discrimination (S3+) is possible 
with nerve conduits. PNA may be better indicated for digital 
nerve gaps greater than 10 mm, although the maximal nerve 
gap at which no meaningful recovery can be attained has yet 
to be fully elucidated by the current body of literature. The 
Comparative Study of Hollow Nerve Conduit and Avance 
Nerve Graft Evaluation Recovery Outcomes of the Nerve 
Repair in the Hand (CHANGE) pilot study first attempted to 
answer this question. This AxoGen Incorporated sponsored 
study was one of the first to publish results of a double-blind, 
prospective, multicenter, randomized study comparing PNA 
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C
FIGURE 68.5 Perineurial (fascicular) neurorrhaphy. A, Epineu-

rium has been excised and fascicles exposed. B, Suture passed 
through corresponding fascicles on either side of cut surface of 
nerve. C, Neurorrhaphy completed, usually with two 10-0 nylon 
sutures in each fascicle.
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FIGURE 68.6 Epineurial-perineurial neurorrhaphy. A, Epineu-
rium has been excised and retracted. Suture has been placed 
through epineurium, near large fascicle at periphery of nerve, and 
then through perineurium of fascicle. B, Suture passed through 
epineurium of matching fascicle on opposite side of cut surface 
of nerve, and then out through epineurium. C, Repair completed, 
after suturing other suitably matched fascicles.
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to bovine type I collagen-based hollow nerve conduits. The 
average gap length before repair was 12 mm ± 4 mm (5 to 
20 mm range). Their results were promising, with the PNA 
having a significantly better static 2-point discrimination 
(S2PD) of 5 mm ± 1 mm compared to 8 mm ± 5 mm for 
nerve conduit at 12 months post-operative. Although the 
patient numbers were low (PNA n = 6, conduit n = 9) because 
of attrition, for patients who reached 12-month follow-up 
the final results showed 100% of PNA recovered at least S3+ 
Medical Research Council Classification (MRCC) of sensory 
function compared to 75% of the conduits attaining S3+ 
function. Additionally, return to S4 level for patients reach-
ing 12-month follow-up was 80% in the PNA group com-
pared to 50% in the conduit cohort; however, this did not 
reach statistical significance. Further smaller case series have 
added support of PNA in digital nerve gaps >10 mm. A case  
series of eight digital nerves with PNA reconstruction of 
mean nerve gaps of 21 mm (range 5 to 30 mm) reported 
return of S2PD to S4 function in all. Another small case series 
of five digital nerve defects of 23 mm (range 18 to 28 mm) 
reconstructed with PNA reported that 4 patients recovered 
S2PD of S4 function with the lone outlier having S2PD of 7 
mm. Taras et al. published a larger prospective PNA study 
of 18 digital nerve injuries with an average gap length of 11 
mm (range 5 to 30 mm). The authors developed their own 
classification system for outcomes, which makes it difficult 
to compare outcomes to other published metrics. However, 
by extrapolating their S2PD results to MRCC classification 
for the sake of comparison, this study found that 12 of the 
18 patients recovered S3+ function and an additional six  
patients recovered S4 function.

The AxoGen Incorporated sponsored Retrospective 
Study of Avance Nerve Graft Utilization, Evaluations and 
Outcomes in Peripheral Nerve Injury Repair (RANGER) 
database has subsequently been developed to try to answer 
the question of the upper limit nerve gap length of the pro-
cessed nerve allograft. The first RANGER database study 
was published in 2012 by Cho et al. This multicenter retro-
spective study looked at 71 nerve PNA reconstructions for 
mixed, motor, and sensory nerves, 35 of which were digital 
nerve reconstructions. The mean digital nerve gap length 
was 19 mm (range 5 to 50 mm), and 31 patients (89%) with 
digital nerve PNA reconstructions achieved S3 or S4 sensory 
function, or what they defined as “meaningful recovery on 
the MRCC scale.” The subsequent RANGER database study 
published in 2016 comprised 50 digital nerve injuries with an 
average gap length of 35 mm (range 27 to 50). To evaluate the 
outcomes of PNA at larger gap lengths, the authors queried 
the database for gaps of more than 25 mm. They reported that 
43 (86%) reconstructions achieved S3 function or greater, 
with 32 (64%) reconstructions achieving S3+ or S4 levels of 
recovery. These values were found to be consistent indepen-
dent of the gap range up to 50 mm. They reported no adverse 
events and found the outcomes to be comparable to historical 
studies for autografting.

Autogenous veins with or without intraluminal muscle 
also have been used to repair or reconstruct nerves. In a 
randomized prospective study, Rinker and Liau compared 
autogenous vein graft and woven polyglycolic acid con-
duits in 76 acute digital nerve repairs. They found mean 
static two-point discrimination was 7.5 mm for both test 
groups at 12 months follow-up with an average nerve gap 

length of 10 mm reconstructed. There were comparable 
costs between the autogenous vein graft versus the poly-
glycolic acid conduits, however, the vein graft had less 
complications.

In summary, the literature is only beginning to elucidate 
the best indications for processed nerve allograft compared 
to nerve conduits in digital nerve injuries. Based on the cur-
rent available data, the use of nerve conduits or autogenous 
vein grafts for digital nerve gaps of less than 10 mm can pro-
vide meaningful sensory recovery. The use of processed nerve 
allograft for providing meaningful sensory recovery is sup-
ported by the current body of literature for digital nerve gaps 
of 10 mm or more. The maximal digital nerve gap at which 
no meaningful recovery can be attained has yet to be deter-
mined; however, with further studies this question may be 
answered. 

 

CONDUIT-ASSISTED DIGITAL NERVE 
REPAIR

 TECHNIQUE 68.2 

(WEBER ET AL.)
 n  Before nerve repair, trim the ends back to the level at 

which there was no intraneural hemorrhage for the pri-
mary cases and no interfascicular scarring for the second-
ary cases.

 n  Measure the distance or gap length between the two 
nerve ends at rest.

 n  Intussuscept the nerve end into the conduit
 n  Pull the proximal end of the nerve into the conduit with an 

8-0 nylon suture, such that 5 mm of the nerve lies within 
the tube (Fig. 68.7).

 n  Because blood clots are an impediment to axonal regen-
eration, fill the tube with a solution containing 1000 U of 
heparin per 100 mL of normal saline.

 n  Insert the distal end of the nerve into the conduit using 
the same technique.

 n  Leave a minimum space of 5 mm between nerve ends 
even in cases in which there is only a 0- to 10-mm nerve 
tissue deficit.

 n  Inject additional heparinized saline into the tube to fill any 
remaining space.

 n  Repair any concomitant injuries to bone or tendon and 
reconstruct any vascular interruptions.

 n  Close the soft tissue using whatever tissue is necessary 
and splint the hand and finger as appropriate for the over-
all hand surgery.

POSTOPERATIVE CARE Sensory reeducation should 
be started 6 weeks after surgery. Exercises that focus 
on localization and pressure versus movement are done 
5-10 minutes twice a day until sensation to the finger-
tip is recovered. Thereafter, late-phase sensory reedu-
cation is begun, which consists of tactile discrimination 
between grades of sandpaper, textured cloth, and small 
objects.
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TENSION-FREE NERVE GRAFT
The experimental and clinical observations in reports of 
Millesi and of Millesi and Meissl suggest that a nerve 
repaired with a tension-free nerve graft has a better 
prognosis than end-to-end nerve repair done under 
excessive tension. In general, we have had satisfactory 
results with nerve grafts, particularly regarding sensory 
return, using the technique of Millesi. It is a technique 
that requires microsurgical experience. Nerve gaps of 
greater than 20 cm have been bridged using this tech-
nique.

 TECHNIQUE 68.3 

(MILLESI, MODIFIED)
 n  In the digits, hand, and distal forearm, use a pneumatic 

tourniquet to allow dissection of the injured nerve in a 
bloodless field.

 n  Make appropriate extensile skin incisions to locate and 
expose the distal glioma and the proximal neuroma on 
the injured nerve.

 n  Open the epineurium proximal to the neuroma in near-
normal tissue on the proximal stump, and in the distal seg-
ment dissect proximally toward the scarred distal stump.

 n  At the wrist and in the distal forearm, identify the major 
fascicle groups within the nerve and, using sharp dissection 
with microscissors or a diamond knife for thicker scar, tran-
sect the fascicle groups so that a step-cut results (Fig. 68.8A 
and B). Such fascicular dissection is unnecessary in the com-
mon and proper digital nerves because of their pure sensory 
and oligofascicular nature. In a polyfascicular nerve, such as 
the median and ulnar nerves at the wrist, individual fascicle 
groups of different lengths protrude from the nerve stump 
after completion of the interfascicular dissection.

 n  Carry out similar dissection on the proximal and distal 
stumps. In a polyfascicular nerve, it is helpful to sketch 
the ends of the two nerve stumps with their fascicular 
patterns to allow matching of the respective fascicles, 
depending on the size, number of fascicles, and their ar-
rangement within the proximal and distal stumps of the 
nerve (Fig. 68.8C). This clinical estimation is easier over 
short distances and more difficult over longer defects.

 n  Select a donor site that is appropriate for the size of the 
nerve and the gap to be filled. Generally, for common and 
proper digital nerves, the antebrachial cutaneous nerves 
are satisfactory. If a great deal of nerve tissue is required, 
the sural nerve is best in our experience.

 n  After the nerve graft has been harvested, place it between 
the proximal and distal nerve stumps.

 n  In the polyfascicular nerves, such as the median and ulnar 
nerves at the wrist, attempt to use the sketch of the fas-
cicle groups to allow appropriate placement of the graft.

 n  When coaptation of the graft has been achieved, suture 
the graft with 10-0 monofilament nylon through the epi-
neurium of the graft and the perineurium of one of the 
fascicles in the group or in the interfascicular connective 
tissue. Multiple sutures may not be required with satisfac-
tory coaptation of the graft to the nerve stump ends.

 n  Insert Silastic drains as needed. Avoid the use of suction 
drainage.

 n  Close the skin so that the graft is not displaced during 
wound closure by shearing forces.

 n  Immobilize the extremity in a padded dorsal splint in as 
near an anatomic position as possible.

POSTOPERATIVE CARE The part is immobilized for about 
10 days, the splint is removed, and free movement of the 
joints is allowed. Hematomas that develop early in the post-
operative period are removed, unsatisfactory or necrotic skin 
is debrided, and local flaps or skin grafts are used to cover 
a nerve graft that may have become exposed as a result 
of wound necrosis. At about 2 weeks, physical therapy is 
begun with supervised active and active-assisted range-of-
motion exercises. The progress of regeneration is followed 

 

5 mm

FIGURE 68.7 Weber et al. conduit repair technique. Minimal 
distance between nerve stumps is 5 mm, even in instances in which 
ends can be coapted without tension. (Redrawn from Weber RA, 
Breidenach WC, Brown RE, et al: A randomized prospective study of 
polyglycolic acid conduits for digital nerve reconstruction in humans, 
Plast Reconstr Surg 106:1036, 2000.) SEE TECHNIQUE 68.2.

 

A

B

C
FIGURE 68.8 A to C, Step-cut technique of Millesi. SEE TECH-

NIQUE 68.3.
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using the Tinel sign. If the Tinel sign stops with no further 
progression for 3 to 4 months at the distal end of the graft, 
the nerve graft should be explored with resection of the dis-
tal suture line and another end-to-end repair.
   

MANAGEMENT OF SPECIFIC 
NERVE INJURIES
DIGITAL NERVES
Distal to the wrist, the digital nerves are the most frequently 
severed. It is important to repair the digital nerves, particu-
larly the thumb ulnar digital nerve; the radial digital nerve 
to the index, long, ring, and little fingers; and the ulnar digi-
tal nerve to the little finger. Knowledge of the anatomy of the 
cutaneous sensory branches of the nerves on the dorsum of 
the hand allows repair of these nerves as well.

Digital nerves can be repaired distal to the distal volar 
flexion crease of the fingers in the region of the terminal 
branches of the nerves. If digital nerves are repaired second-
arily, the suture line should lie in a well-vascularized bed free 
of scar. Before secondary repair, the proximal end of the nerve 
often can be located by passing a firm object, such as a paper 
clip, gently distally along the course of the nerve. On reach-
ing the terminal neuroma, the patient indicates exquisite 
tenderness. 

 

SUTURE OF DIGITAL NERVES

 TECHNIQUE 68.4 

 n  The digital nerves lie to the radial and ulnar sides of 
the volar aspect of the finger and can be exposed 
through the same midradial or midulnar incision when 
necessary.

 n  Begin proximally and dissect a normal segment of the 
nerve from its investing fascia (part of the Cleland liga-
ment) (Fig. 68.9); proceed distally to the scar at the site 
of injury.

 n  Begin distal to the site of injury and dissect proximally to 
the scar.

 n  With scissors or a diamond knife, remove the neuroma 
from the proximal end of the nerve and the glioma from 
the distal end. Use loupe magnification for dissection and 
repair.

 n  Always suture divided tendons before suturing any nerve 
to avoid disrupting the delicate repair.

 n  Approximate the nerve ends without tension; flex the fin-
ger joints minimally if necessary. If a large gap requires 
extreme flexion, consider a nerve graft.

 n  Use an 8-0 or 9-0 monofilament nylon suture on an atrau-
matic curved needle (Fig. 68.10).

 n  Use 10-0 or 11-0 nylon to repair the terminal branches 
distal to the distal interphalangeal joint. If necessary, the 
nerve ends can be held in place temporarily by passing 
the smallest straight Bunnell needle transversely through 

them into the adjoining soft tissue to avoid tension while 
the sutures are placed and tied.

 n  Pass a suture through the epineurium of the nerve about 
1 mm from its edge and again in a similar manner through 
the epineurium of the other end of the nerve; tie the knot 
with at least five loops to prevent its slipping or untying.

 n  Place a second suture on the exact opposite side of the 
nerve. Leave these first two sutures long so that they can 
be used as traction sutures to rotate the nerve 180 de-
grees, making accessible all of its surfaces.

 n  Place a total of four sutures.
 n  After the repair, slowly extend the joints and observe the 

suture line for tension; note the optimal position of the 
joints for this purpose and maintain it by splinting after 
closure.

POSTOPERATIVE CARE After 3 weeks, the finger joints 
are allowed gradual active extension beyond the opti-
mal position noted at surgery. If the defect in the nerve 
is large, active extension cannot be permitted before 4 
weeks and a proximal interphalangeal (PIP) joint flexion 
contracture is likely to result. In this circumstance, it is best 
to perform a nerve graft and allow early digital motion.  
Immediate flexion exercises can be allowed within an ex-
tension block splint that prevents tension on the repair 
site. Although the suture line must be protected, active 
finger motion must be started as soon as possible to avoid 
stiffness and neural adhesions. The difference in sensibility 
recovery between patients who had immobilization and 
those who were allowed early protected motion has not 
been found to be significant. Likewise, no difference in 
clinical outcomes after digital nerve repair has been found 
between those who were and those who were not splint-
ed postoperatively.

While major nerves are regenerating after repair, the 
hand may assume an unnatural posture because of changes 
in muscle balance. Even when the nerve lesion is proximal 
to the wrist, the hand suffers most and may incur fixed 
contractures before nerve function returns. Proper splinting 
(see Chapter 64) is necessary to prevent contractures during 
this period. The patient should be warned that until sensa-
tion returns, the anesthetic skin can become infected after 
even minor trauma or can be burned, frostbitten, cut, or 
blistered by friction unless properly protected. The patient 
should be instructed to inspect the insensitive areas rou-
tinely and to avoid friction and extremes of heat and cold.

  

NERVE TRANSFERS TO RESTORE DIGITAL 
SENSATION
Nerve transfers can be used to restore critical and noncriti-
cal sensation in the hand. Its role at our facility is limited 
to high nerve lesions when significant recovery is unlikely. 
Nerve defects in the hand are routinely repaired with graft-
ing to avoid sacrifice of intact sensibility. The common digi-
tal nerve to the fourth web space arising from the ulnar 
nerve can be transferred end-to-end into the common digi-
tal nerve to the first web space for an irreparable median 
nerve injury. The superficial radial and dorsal cutaneous 
branch of the ulnar nerve can be transferred to common or 
proper digital nerves. Digital nerve defects located between 
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the PIP flexion crease and its takeoff from the common digi-
tal nerve can be reconstructed using a dorsal digital branch 
transfer from the involved or adjacent digit (Fig. 68.11). 
Chen et al. reported their experience with this technique in 
17 patients and found it to be useful and superior to sural 
nerve grafting. 

 

TRANSFER OF THE PROPER DIGITAL 
NERVE DORSAL BRANCH

 TECHNIQUE 68.5 

(CHEN ET AL.)
 n  With the use of an axillary block, tourniquet control, and 

operating microscope, determine the site and size of the 
proper digital nerve defect.

 n  For nerve gaps in zone 1, use the uninjured dorsal branch 
of the other proper digital nerve of the same digit as a 
donor nerve (Fig. 68.12A).

 n  Dissect the donor nerve and isolate it to its full extent as 
it courses to the PIP joint line.

 n  Isolate the distal end of the proper digital nerve in prepa-
ration for neurorrhaphy.

 FIGURE 68.10 Basic suture technique for laceration of periph-
eral nerves should result in no tension at suture line, and each small 
fascicle should be aligned to match opposing, mirror image. SEE 
TECHNIQUE 68.4.

 

CDN

Zone 2

Dorsal branch
of PDN

PDN

Zone 1

FIGURE 68.11 Anatomic zone system of the proper digital 
nerve (PDN) defects. Zone 1, the origin of the dorsal branch of 
the PDN to the proximal interphalangeal joint; zone 2, the origin 
of the dorsal branch to the common digital nerve (CDN) bifurcation.  
(Redrawn from Chen C, Tang P, Zhang X: Finger sensory reconstruction 
with transfer of the proper digital nerve dorsal branch, J Hand Surg Am 
38:82, 2013.)
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FIGURE 68.9 Basic anatomy of peripheral nerves. SEE TECHNIQUE 68.4.

    

https://booksmedicos.org


PART XVIII THE HAND3570

 n  Transect the dorsal branch, allowing enough length to 
reach the distal nerve end. To obtain maximal length of 
the donor nerve, the dorsal branch can be transected as 
far distally as the PIP joint.

 n  For nerve gaps in zone 2, use the dorsal branch of the 
proper digital nerve of an adjacent digit as the donor 
nerve.

 n  In zone 2, the distal nerve stump includes the proper digi-
tal nerve and the dorsal sensory branch. To obtain a better 
size match, separate the dorsal branch by splitting the 
nerve distally from the fascicles (Fig. 68.12B). Retain the 
remaining distal nerve stump that innervates the pulp and 
retain the volar aspect of the digit and suture it with the 
donor nerve.

 n  Perform neurorrhaphy with 10-0 nylon in an end-to-end 
fashion with the aid of the operating microscope.

 n  Cover the remaining proximal nerve stump of the proper 
digital nerve with normal soft tissue or bury it into the 
interosseous muscle to prevent neuroma irritation.

POSTOPERATIVE CARE The injured finger is kept in an 
extension block splint with the interphalangeal joints in 
full extension and the metacarpophalangeal joint in 70 
degrees of flexion for 3 weeks.
  

ULNAR NERVE AT THE WRIST
If the ulnar artery and the tendon of the flexor carpi ulna-
ris are severed at the wrist, the ulnar nerve usually is sev-
ered, too. At this level, it is motor and sensory, and proper 
rotational alignment of the ends is important at the time of 
suture. 

 

REPAIR OF THE ULNAR NERVE

 TECHNIQUE 68.6 

 n  With a pneumatic tourniquet inflated, make proximal and 
distal extensile skin incisions. Expose the proximal and dis-
tal segments of the nerve, but do not yet remove them 
from their normal beds.

 n  With a suture through the epineurium, mark exactly the 
most anterior aspect of each segment some distance from 
the scarred area.

 n  Free each segment from the surrounding soft tissues. Use 
loupe magnification for dissection and the operating mi-
croscope for repair.

 n  With microscissors or a diamond knife, make clean trans-
verse cuts and excise the neuroma from the proximal seg-
ment and the glioma from the distal segment.

 n  Inspect each cut end for a pattern of large and small 
bundles. By matching these patterns and using the two 
epineurial sutures just described, proper rotational align-
ment should be possible.

 n  When further length is needed for suture without ten-
sion, dissect and mobilize the nerve more proximally or, if 

necessary, transplant it anteriorly from behind the medial 
epicondyle of the humerus.

 n  Extensive freeing of a nerve may damage its blood sup-
ply. When advancing the nerve distally, do not divide its 
branches to the muscles in the proximal forearm.

 n  Careful intraneural dissection of the branches may allow 
mobilization of the nerve. Flex the elbow as necessary to 
avoid tension, but avoid excessive flexion of the elbow.

 n  Use the operating microscope to help align major groups 
of fascicles. Although four-quadrant traction sutures may 
be sufficient, it is sometimes easier to start with the deep 
surface and close the cut surface like a book, using a 
combination of 8-0 or 9-0 nylon epiperineurial and 10-0 
perineurial (fascicular) sutures to complete the repair.

 n  When the ulnar nerve is severed near but just distal to its 
division into its volar (palmar) superficial sensory branch 
and its deep motor branch, identify the two small proxi-
mal segments and dissect them apart in a proximal direc-
tion for ease of mobilization; suture each branch sepa-
rately.
  

DEEP BRANCH OF THE ULNAR NERVE
Boyes noted the feasibility of repairing the important deep 
branch of the ulnar nerve, which supplies the intrinsic 
muscles of the hand not supplied by the median nerve: 
the medial two lumbricals, all interossei, the hypothenar 
muscles, and the adductor pollicis. These are among the 
muscles most responsible for the quick and skillful move-
ments of the fingers. Many tendon transfers have been 
devised to restore motor function lost by interruption of 
the ulnar nerve, but, if possible, direct repair of the nerve 
is desirable. 

 

REPAIR OF THE DEEP BRANCH OF THE 
ULNAR NERVE

 TECHNIQUE 68.7 

(BOYES, MODIFIED)
 n  Use loupe magnification for dissection and the operating 

microscope for repair.
 n  Expose the nerve from its origin as a branch of the main 

trunk at the wrist to its midpalmar part through a curved 
incision distal and parallel to the thenar crease; extend 
it over the hook of the hamate to the flexion crease of 
the wrist; proceed proximally and medially, crossing the 
crease obliquely; and proceed to the ulnar aspect of the 
distal forearm.

 n  Reflect the skin, divide the palmaris brevis muscle at its 
insertion, and reflect it ulnarward so as not to disturb its 
nerve supply.

 n  Retract the ulnar vessels toward the thumb and divide the 
origins of the abductor digiti quinti, flexor digiti quinti, 
and opponens digiti quinti muscles. Retract the tendons 
of the flexor digitorum.
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 n  The course of the nerve is now exposed from the pisiform 
to the midpalm (Fig. 68.13A). If necessary, the nerve can 
be exposed farther distally by extending the incision to 
the index metacarpal and by retracting the flexor tendons 
with the lumbrical muscles. If these are displaced ulnar-
ward, the nerve can be identified and followed where it 
passes through the transverse fibers of the adductor pol-
licis.

 n  When the nerve has been divided by a sharp instrument, 
gently free it proximally and distally to the point of dam-
age. This usually allows enough length for suture without 
tension.

 n  If a gap exists as a result of gunshot wounds or other 
severe injuries in which nerve substance has been lost, 
consider a nerve graft or reroute the nerve (Fig. 68.13C 
and D).

 n  Dissect its motor component from the trunk well into the 
distal forearm. Divide the volar carpal ligament and free 
from the ulnar side of the carpus the ulnar bursa that lines 
the carpal tunnel; displace the proximal end of the nerve 
into the tunnel.

 n  Bring the proximal end to the midpalm by flexing the wrist. 
In some instances, when branches to the hypothenar mus-
cles are still intact, gentle dissection and mobilization of 

 

CDN

Zone 2

Dorsal branch
of PDN

PDN
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B
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FIGURE 68.12 A, Proper digital nerve defect involving zone 2. B, Donor nerve is harvested 
from dorsal branch of the proper digital nerve of adjacent digit. To achieve a good size match of 
donor nerve, the dorsal branch (arrowhead) is separated from stump of distal nerve and remaining 
nerve stump is sutured with donor nerve.   (Redrawn from Chen C, Tang P, Zhang X: Finger sensory 
reconstruction with transfer of the proper digital nerve dorsal branch, J Hand Surg Am 38:82, 2013.) SEE 
TECHNIQUE 68.5.
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the bundles allow branches to be saved and yet permit the 
nerve to be rerouted.

 n  Use microscissors or a diamond knife to freshen the ends 
of the nerve (Fig. 68.13B).

 n  Repair the nerve using an epiperineurial or combination 
of epiperineurial and perineurial repairs with 8-0 or 9-0 
nylon externally and 10-0 nylon within the nerves as 
needed.

 n  Suture the volar carpal ligament, replace the insertion of 
the palmaris brevis, and close the wound.

 n  According to Boyes, the results are proportional to the 
accuracy of the approximation and inversely proportional 
to the scarring and fibrosis. Regeneration occurs in an 
orderly way; the recovery of nerve function can be tested 
by noting voluntary activity of the first dorsal interosseous 
muscle (Fig. 68.14).
  

DORSAL BRANCH OF THE ULNAR NERVE
The dorsal branch of the ulnar nerve is large enough at the 
wrist and just distal to it to be repaired similar to a digital 
nerve. It crosses the ulnar styloid superficially, although it 

may have branched from the trunk 5 cm or more proximal to 
the wrist. If extra length is needed to oppose the ends, it may 
be made to branch from the main trunk more proximally by 
intraneural dissection and is then routed more directly to the 
dorsum of the hand. The wrist should be held in extension 
for 3 to 4 weeks after surgery, following which gradual pro-
tected motion is begun, and a progressive exercise program 
is followed. 

MEDIAN NERVE AT THE WRIST
Division of the median nerve at the wrist is not unusual, and 
the vital sensory function of the hand depends on its success-
ful repair. It is important to emphasize the following: (1) the 
neuroma must be carefully excised from the proximal end, 
and the glioma must be excised from the distal end; (2) sur-
rounding scar must be excised to provide a vascular bed; (3) 
the repair must be accurate, with the ends in proper rotation, 
for the nerve contains motor and sensory fibers; and (4) ten-
sion on the repair must be avoided.

The following points are helpful. A vessel usually lies on 
the anterior surface of the median nerve parallel with its long 
axis; this vessel may be helpful in securing proper rotational 
alignment, or it may be obliterated by scar when the repair is 

 

A B

C D
FIGURE 68.13 Boyes technique of repairing deep branch of ulnar nerve. A, Main trunk and 

deep branch of ulnar nerve have been exposed, and volar carpal ligament has been divided. B, 
Ends of deep branch have been freshened. C, Deep branch has been split intraneurally into distal 
forearm. D, Deep branch has been rerouted through carpal tunnel, and its ends have been sutured. 
SEE TECHNIQUE 68.7.
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late. An epineurial suture in each segment as described for the 
ulnar nerve at the wrist (see Technique 68.5) may aid in obtain-
ing proper rotation. Tension can be reduced by dissecting and 
mobilizing the nerve proximally in the forearm and by flexing 
the wrist and elbow. 

 

REPAIR OF THE MEDIAN NERVE

 TECHNIQUE 68.8 

 n  Expose the median nerve at the wrist using a palmar inci-
sion parallel to the thenar crease, extending proximally 
and crossing the wrist flexion crease obliquely and medi-
ally. Extend the incision proximal to the nerve transection 
in the volar midline of the forearm.

 n  Use magnifying loupes and the operating microscope as 
needed for dissection and repair.

 n  Use 8-0, 9-0, and 10-0 nylon on an atraumatic curved 
needle to place epiperineurial and perineurial (fascicular) 
sutures as needed to complete the repair.

 n  When a flexor tendon and the median nerve are sutured 
secondarily, release of the transverse carpal ligament may 
be needed to help prevent scar adhesions.
  

MEDIAN NERVE IN THE PALM
If the median nerve is divided where it branches in the palm, 
it occasionally can be repaired with a bundle suture (Fig. 
68.15). This suture gathers the several branches of the nerve 
into a single trunk so that it can be sutured to the proximal 
segment of the nerve.

Every effort should be made to repair the recurrent 
branch of the median nerve. It may be difficult to find 
because of surrounding fascia and scar tissue, but when 
it is seen it can be identified readily by its yellow fibers 
running transversely toward the base of the thumb. This 
branch usually projects from the main trunk radially and 
superficially, passing just over the distal margin of the 
transverse carpal ligament. It courses slightly posteri-
orly and laterally to innervate the thenar muscles. Several 
important anatomic variations exist, so this recurrent 
branch may be represented by two branches instead of one; 
it may come off the ulnar side of the trunk, and it may 
perforate the distal portion of the transverse carpal liga-
ment. It is repaired with the technique described for digi-
tal nerves (see Technique 68.4); the prognosis is good if 
careful attention is given to anatomic detail. If the median 
nerve cannot be repaired, a neurovascular island free graft 
may be indicated. 

SUPERFICIAL RADIAL NERVE
Disability after interruption of the superficial radial nerve at 
the wrist is less than that after interruption of sensory nerves 
on the volar surface of the hand; there is anesthesia over a 
variable area on the dorsum of the thumb and index finger. 
Sometimes the ulnar side of the area of pinch of the thumb 
receives its major innervation from this nerve. Neuromas 
caught in dorsal scars are particularly painful because they 
are stimulated not only by direct touch but also by stretching 
of the surrounding skin, nerve, and scar when the wrist and 
fingers are flexed.

Unless there is some unusual reason for repairing the 
nerve or one of its branches, it should be resected proximal 
to its site of severance to permit it to lie in an area of minimal 
scar. It is so common to have a painful and, at times, disabling 
neuroma after repair that the small area of lost sensibility is a 
small disability in comparison. 

 

REPAIR OF THE SUPERFICIAL RADIAL 
NERVE

 TECHNIQUE 68.9 

 n  The suture technique is as described for digital nerves. Lo-
cate the nerve proximally and dissect it distally to the scar; 
a consistent anatomic landmark proximally is the exit of 
the nerve from beneath the tendon of the brachioradialis 
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FIGURE 68.14 Rate of recovery of voluntary function of first 
dorsal interosseous muscle after repair of deep branch of ulnar 
nerve in 10 patients.   (Modified from Boyd JH: Repair of the motor 
branch of the ulnar nerve in the palm, J Bone Joint Surg 37A:920, 1955.) 
SEE TECHNIQUE 68.7.

 FIGURE 68.15 Bundle suture for segmental gap (see text).
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muscle, usually about 5 cm proximal to its insertion into 
the radial styloid.

 n  Locate the nerve distally and dissect it proximally toward 
the scar. At the base of the thumb, the nerve usually al-
ready has divided into two major branches; each is larger 
than a digital nerve and when severed can be repaired (for 
the technique of suture, see Technique 68.4).

 n  If the wrist must be extended to appose the nerve ends, 
it should be maintained in this position for 4 or 5 weeks 
to prevent tension on the repair.

 n  If the distal branch or branches cannot be found, release 
the nerve proximally from the scar to relieve pain; resect 
some of it if necessary.
   

TRAUMATIC NEUROMAS
The treatment of traumatic neuromas is discussed in Chapter 78. 

NEUROVASCULAR ISLAND 
GRAFTS
Any digit deprived of sensibility is selectively and uncon-
sciously avoided during use of the hand. Restoration of 
sensibility to a selected area of a given digit by transfer of a 
neurovascular island graft is useful at times. In permanent 
nerve damage, sensibility can be restored to critical areas, 
especially on the thumb or index finger. Transfer of a neuro-
vascular island graft is essential to innervate an osteoplastic 
reconstruction of the thumb (see Chapter 19). Sensibility in 
the graft is never normal after transfer, however. In grafts crit-
ically examined at some time after surgery, sensibility usually 
is abnormal in all. More than half of patients have persistently 
hyperesthetic skin. All patients lack precise sensory reorien-
tation. Although it need not be normal for a good functional 
result, reorientation seems to improve with time and with use 
of the part.

Transfer of a neurovascular island graft may be indicated 
to treat permanent sensory deficits on the radial side of an 
otherwise normal index finger or on the area of pinch on the 
distal ulnar aspect of the thumb. Before the decision for sur-
gery is made, the following factors must be considered: (1) 
the dominance of the involved hand, (2) the presence of any 
scarring in the palm through which an incision must be made 
for channeling of the neurovascular bundle, (3) the status of 
the ipsilateral ulnar nerve, (4) the condition of the opposite 
hand, (5) the age of the patient, and (6) the experience of the 
surgeon.

Early descriptions of the operation suggested transfer of 
skin from just the ulnar side of the distal phalanx of the ring 
finger. Experience has shown, however, that most of the skin 
from an entire side of the donor finger should be included in 
the transfer. This larger transfer increases the area of sensitive 
skin on the recipient digit and causes no wider sensory loss 
on the donor digit; usually the larger free graft required to 
cover the donor area is of little consequence.

In the usual case, death of the transferred neurovascular 
island pedicle graft is unlikely, but even temporary impair-
ment of the circulation can cause permanent sensory deficit 
in the graft and a partial failure of the operation. In handling 

the neurovascular bundle, several points in technique must 
be emphasized: (1) the bundle, including all veins, should be 
dissected from proximally to distally so that any anomalies 
of the vessels can be treated properly; (2) the bundle should 
not be completely freed from the surrounding fatty tissue, 
especially at the base of the finger, but should be transferred 
along with some attached tissue; and (3) the bundle should 
be channeled through an incision large enough to show the 
entire bundle to prevent kinking, twisting, or stretching of the 
nerve or vessels.

This procedure can be altered as necessary to meet other 
given requirements. In complete median nerve paralysis, if 
sensibility on the ulnar edge of the thumb pulp is reason-
ably good as a result of overlap of innervation from the radial 
nerve, transfer of the island graft to the radial side of the 
proximal and middle phalanges of the index finger may be 
desirable. This area of the finger is used especially in strong 
pinch. 

 

NEUROVASCULAR ISLAND GRAFT 
TRANSFER

 TECHNIQUE 68.10 

 n  Using a skin pencil, accurately outline the area of sensory 
deficit on the thumb and prepare to remove skin from a 
similar area on the ulnar side of the ring finger. Alterna-
tive donor sites include the radial side of the little finger 
or, in the absence of median nerve damage, the ulnar side 
of the middle finger.

 n  If the entire palmar surface of the thumb is insensitive, 
outline on the ring finger the maximal donor area for 
transfer. Shape the donor area to include most of the 
ulnar side of the finger, with darts to near the midline 
on the palmar and dorsal surfaces between the finger 
joints. The area outlined includes skin supplied by the 
dorsal branch of the proper digital nerve and is shaped 
to prevent tension on the resulting scars during finger 
movements.

 n  Exsanguinate the limb by wrapping or elevation and in-
flate a pneumatic tourniquet on the arm.

 n  Beginning proximally near the base of the palm, make a 
zigzag incision distally to the fourth web (Fig. 68.16).

 n  Identify and dissect free, along with some surrounding tis-
sue, the common volar digital artery and nerve to the ring 
and little fingers and the proper digital artery and nerve 
to the ulnar side of the ring finger. Loupe magnification 
is helpful in this dissection.

 n  Ligate and divide the proper digital artery to the radial 
side of the little finger.

 n  Carefully dissect and split proximally from the common 
volar digital nerve the proper digital nerve to the ulnar 
side of the ring finger.

 n  Continue the dissection distally and excise, with this at-
tached neurovascular bundle, the previously outlined 
area of skin from the ulnar side of the ring finger; do 
not damage the artery, and preserve as many veins as 
possible.
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 n  Use bipolar cautery to divide any small branches of the 
artery as necessary.

 n  Free the composite graft and carry the island graft across 
the palm to the recipient area on the thumb; ensure that 
the neurovascular bundle is long enough to permit the 
transfer without causing tension on the bundle. The is-
land graft should cover most of the pulp area on the pal-
mar aspect of the thumb and should extend to the ulnar 
aspect of the digit, but not to the distal edge of the nail.

 n  Beginning at the proximal end of the original incision and 
proceeding to the thumb, make a second zigzag incision 
across the palm conforming to the skin creases.

 n  Excise from the thumb the previously outlined area of 
skin, and if large enough, save it to be used later as a free 
skin graft on the donor finger.

 n  Suture the island graft in place on the thumb.
 n  Carefully check the entire neurovascular bundle for 

stretching, kinking, or twisting, and close the palmar in-
cisions.

 n  Cover the donor area of the finger with a full-thickness 
graft from the recipient thumb, free of fat, or with a 
thick split graft obtained elsewhere; cover this graft with 
a stent dressing.

 n  Release the tourniquet and hold the wrist in slight flex-
ion and the thumb in the best position to eliminate ten-
sion on the transferred bundle. Carefully observe the 
island graft for evidence of return of circulation. Vas-
cular spasm can cause ischemia of the graft for a few 
minutes. The graft eventually should become pink; if it 
does not, check the positions of the wrist and thumb 
again and, if necessary, reopen part of the palmar inci-
sion and explore the transferred neurovascular bundle 
for kinking.

POSTOPERATIVE CARE A bulky dressing and a dorsal 
plaster splint are applied, holding the wrist, thumb, and 
fingers in flexion. The hand is elevated constantly for 4 or 
5 days after surgery. After suture removal at 10 to 14 days, 
gentle, protected motion exercises are begun. Use of the 
splint can be discontinued at 3 to 4 weeks, depending on 
the needs of the thumb and donor finger.
  

REFERENCES

DIAGNOSTIC AIDS, MANAGEMENT PLAN, AND RESULTS
Cunningham ME, Potter HG, Weiland AJ: Closed partial rupture of a com-

mon digital nerve in the palm: a case report, J Hand Surg 30A:100, 2005.

TECHNIQUES OF REPAIR
Boyd KU, Nimigan AS, Mackinnon SE: Nerve reconstruction in the hand 

and upper extremity, Clin Plast Surg 38:643, 2011.
Isaacs J: Treatment of acute peripheral nerve injuries: current concepts, J 

Hand Surg 35A:491, 2010.
Vipond N, Taylor W, Rider M: Postoperative splinting for isolated digital 

nerve injuries in the hand, J Hand Ther 20:222, 2007.
Yu RS, Catalano LW, Barron A, et al.: Limited, protected postsurgical motion 

does not affect the results of digital nerve repair, J Hand Surg 29A:302, 2004.

NERVE GRAFTS
Bertleff MJ, Meek MF, Nicolai JPA: A prospective clinical evaluation of bio-

degradable Neurolac nerve guides for sensory nerve repair in the hand, J 
Hand Surg 30A:513, 2005.

Bushnell BD, McWilliams AD, Whitener GM, Messer TM: Early clinical 
experience with collagen nerve tubes in digital nerve repair, J Hand Surg 
33A:1081, 2008.

Chen C, Tang P, Zhang X: Finger sensory reconstruction with transfer of the 
proper digital nerve dorsal branch, J Hand Surg Am 38:82, 2013.

 

A B
FIGURE 68.16 Technique of transferring neurovascular island graft. A, Palmar incision has 

been made, neurovascular island graft has been excised from ulnar surface of ring finger and its 
bundle has been freed proximally, and insensitive skin has been excised from palmar surface of 
thumb (see text). B, Alternative technique in which neurovascular island graft includes adjacent 
surfaces of ring and little fingers, and area covered by it is larger as shown. SEE TECHNIQUE 68.10.

    

https://booksmedicos.org


PART XVIII THE HAND3576

Cho MS, Rinker BD, Weber RV, et al.: Functional outcome following nerve 
repair in the upper extremity using processed nerve allograft, J Hand Surg 
Am 37:2340, 2012.

Higgins JP, Fisher S, Serlett JM, et al.: Assessment of nerve graft donor sites 
used for reconstruction of traumatic digital nerve defects, J Hand Surg 
27A:286, 2002.

Karabekmez FE, Duymaz A, Moran SL: Early clinical outcomes with the use 
of decellularized nerve allograft for repair of sensory defects within the 
hand, Hand 4:245, 2009.

Lee YH, Shieh SJ: Secondary nerve reconstruction using vein conduit grafts 
for neglected digital nerve injuries, Microsurgery 28:436, 2008.

Marcoccio I, Vigasio A: Muscle-in-vein nerve guide for secondary recon-
struction in digital nerve lesions, J Hand Surg 35A:1418, 2010.

Meek MF, Coert JH: Clinical use of nerve conduits in peripheral-nerve 
repair: review of the literature, J Reconstr Microsurg 18:97, 2002.

Rinker B, Liau JY: A prospective randomized study comparing woven poly-
glycolic acid and autogenous vein conduits for reconstruction of digital 
nerve gaps, J Hand Surg 36A:775, 2011.

Rivlin M, Sheikh E, Isaac R, Beredjiklian PK: The role of nerve allografts and 
conduits for nerve injuries, Hand Clin 26:435, 2010.

Taras JS, Jacoby SM, Lincoski CJ: Reconstruction of digital nerves with col-
lagen conduits, J Hand Surg 36A:1441, 2011.

Weber RA, Breidenach WC, Brown RE, et  al.: A randomized prospective 
study of polyglycolic acid conduits for digital nerve reconstruction in 
humans, Plast Reconstr Surg 106:1036, 2000.

NEUROLYSIS, NEUROMAS, AND PAIN CONTROL
Atherton DD, Leong JC, Anand P, Elliot D: Relocation of painful end neu-

romas and scared nerves from the zone II territory of the hand, J Hand 
Surg Eur 32:38, 2007.

Thomsen L, Bellemere P, Loubersac T, et al.: Treatment by collagen conduit 
of painful post-traumatic neuromas of the sensitive digital nerve: a retro-
spective study of 10 cases, Chir Main 29:255, 2010.

The complete list of references is available online at Expert Consult.com.

    

https://booksmedicos.org
http://Expert%20Consult.com


SUPPLEMENTAL REFERENCES

ANATOMY, PHYSIOLOGY, AND BASIC RESEARCH
Bergfield TG, Aulicino PL: Variation of the deep motor branch of the ulnar 

nerve at the wrist, J Hand Surg 13A:380, 1988.
Brushart TM, Mathur V, Sood R, et  al.: Dispersion of regenerating axons 

across enclosed neural gaps, J Hand Surg 20A:557, 1995.
Cabaud HE, Rodkey WG, McCarroll HR Jr: Peripheral nerve injuries: studies 

in higher nonhuman primates, J Hand Surg 5A:201, 1980.
Doyle JR, Semenza J, Gilling B: The effect of succinylcholine on denervated 

skeletal muscle, J Hand Surg 6A:40, 1981.
Hobbs RA, Magnussen PA, Tonkin MA: Palmar cutaneous branch of the 

median nerve, J Hand Surg 15A:38, 1990.
Lundborg G: Nerve regeneration and repair: a review, Acta Orthop Scand 

58:145, 1987.
Lundborg G: Intraneural microcirculation, Orthop Clin North Am 19:1, 1988.
Lundborg G, Hansson HA: Nerve regeneration through preformed synovial 

tubes, J Hand Surg 5A:35, 1980.
Moneim MS: Ulnar nerve compression at the wrist: ulnar tunnel syndrome, 

Hand Clin 8:337, 1992.
Rydevik B, Lundborg G, Bagge U: Effects of graded compression on intra-

neural blood flow, J Hand Surg 6A:3, 1981.
Seddon H: Surgical disorders of the peripheral nerves, Baltimore, 1972, 

Williams & Wilkins.
Sunderland S: Nerves and nerve injuries, New York, 1978, Churchill 

Livingstone.

DIAGNOSTIC AIDS, MANAGEMENT PLAN, AND RESULTS
Bralliar F: Electromyography: its use and misuse in peripheral nerve injuries, 

Orthop Clin North Am 12:229, 1981.
Dellon AL: Clinical use of vibratory stimuli to evaluate peripheral nerve 

injury and compression neuropathy, Plast Reconstr Surg 65:466, 1980.
Dellon AL, Mackinnon SE, Crosby PM: Reliability of two-point discrimina-

tion measurements, J Hand Surg 12A:693, 1987.
Frykman GK, Wolf A, Coyle T: An algorithm for management of peripheral 

nerve injuries, Orthop Clin North Am 12:239, 1981.
Henry SL, Breidenbach WC: Management of peripheral nerve injuries in the 

hand, Tech Orthop 1:84, 1986.
Hudson DA, Bolitho DG, Hodgetts K: Primary epineural repair of the 

median nerve in children, J Hand Surg 22B:54, 1997.
Kankaanpaa U, Bakalim G: Peripheral nerve injuries of the upper extremity: 

sensory return of 137 neurorrhaphies, Acta Orthop Scand 47:41, 1976.
Louis DS: Nerve function evaluation, Am Soc Surg Hand News 3(Suppl B):1, 

1984.
Omer Jr GE: Injuries to nerves of the upper extremity, J Bone Joint Surg 

56A:1615, 1974.
Omer Jr GE: Physical diagnosis of peripheral nerve injuries, Orthop Clin 

North Am 12:207, 1981.
Onne L: Recovery of sensibility and sudomotor activity in the hand after 

nerve suture, Acta Chir Scand 300(Suppl):1, 1962.
Peterson GW, Will AD: Newer electrodiagnostic techniques in peripheral 

nerve injuries, Orthop Clin North Am 19:13, 1988.
Selma P, Emre O, Oguz P, et al.: Evaluation of the improvement of sensibil-

ity after primary median nerve repair at the wrist, Microsurgery 18:192, 
1998.

Wang WZ, Crain GM, Baylis W, et al.: Outcome of digital nerve injuries in 
adults, J Hand Surg 21A:138, 1996.

TECHNIQUES OF REPAIR
Abrams RA, Fenichel AS, Callahan JJ, et al.: The role of ulnar nerve transpo-

sition in ulnar nerve repair: a cadaver study, J Hand Surg 23A:244, 1998.
Almquist EE: Nerve repair by laser, Orthop Clin North Am 19:201, 1988.
Archibald SJ, Fisher TR: Micro-surgical fascicular nerve repair: a morpho-

logical study of the endoneurial bulge, J Hand Surg 12B:5, 1987.
Badalamente MA, Hurst LC, Paul SB, et al.: Enhancement of neuromuscular 

recovery after nerve repair in primates, J Hand Surg 12B:211, 1987.

Battiston B, Lanzetta M: Reconstruction of high ulnar nerve lesions by distal 
double median to ulnar nerve transfer, J Hand Surg 24A:1185, 1999.

Bolesta MJ, Garrett Jr WE, Ribbeck BM, et al.: Immediate and delayed neu-
rorrhaphy in a rabbit model: a functional, histologic, and biochemical 
comparison, J Hand Surg 13A:364, 1988.

Bowers WH, Carlson EC, Wenner SM, et al.: Nerve suture and grafting, Hand 
Clin 5:445, 1989.

Giddins GEB, Wade PJF, Amis AA: Primary nerve repair: strength of repair 
with different gauges of nylon suture material, J Hand Surg 14B:301, 1989.

Grabb WC: Management of nerve injuries in the forearm and hand, Orthop 
Clin North Am 2:419, 1970.

Kleinert HE, Griffin JM: Technique of nerve anastomosis, Orthop Clin North 
Am 4:907, 1973.

Kutz JE, Shealy G, Lubbers L: Interfascicular nerve repair, Orthop Clin North 
Am 12:277, 1981.

Mackinnon SE, Dellon AL: Evaluation of microsurgical internal neurolysis 
in a primate median nerve model of chronic nerve compression, J Hand 
Surg 13A:357, 1988.

Mackinnon SE, Dellon AL: Clinical nerve reconstruction with bioabsorbable 
polyglycolic acid tube, Plast Reconstr Surg 85:419, 1990.

Marsh D, Barton N: Does the use of the operating microscope improve the 
results of peripheral nerve suture? J Bone Joint Surg 69B:625, 1987.

McNamara MJ, Garrett Jr WE, Seaber AV, et al.: Neurorrhaphy, nerve graft-
ing, and neurotization: a functional comparison of nerve reconstruction 
techniques, J Hand Surg 12A:354, 1987.

Millesi H, Meissl G: Consequences of tension at the suture line. In Gorio A, 
Millesi H, Mingrino S, editors: Posttraumatic peripheral nerve regenera-
tion: experimental basis and clinical implications, New York, 1981, Raven 
Press.

Müller H, Grubel G: Long-term results of peripheral nerve sutures: a com-
parison of micro-macrosurgical technique, Adv Neurosurg 9:381, 1981.

Narakas A: The use of fibrin glue in repair of peripheral nerves, Orthop Clin 
North Am 19:187, 1988.

Omer Jr GE, Spinner M: Peripheral nerve testing and suture techniques, Instr 
Course Lect 24:122, 1975.

Rühmann O, Wirth CJ, Gossé F, et  al.: Trapezius transfer after brachial 
plexus palsy: indications, difficulties, and complications, J Hand Surg 
80B:109, 1998.

Saeed WR, Davies DM: Sensory innervation of the little finger by an anoma-
lous branch of the median nerve associated with recurrent, atypical car-
pal tunnel syndrome, J Hand Surg 20B:42, 1995.

Snyder CC: Epineurial repair, Orthop Clin North Am 12:267, 1981.
Stahl S, Rosenberg N: Digital nerve repair by autogenous vein graft in high-

velocity gunshot wounds, Mil Med 164:603, 1999.
Sunderland S: The pros and cons of funicular nerve repair, J Hand Surg 4:20, 

1979.
Sunderland S: The anatomic foundation of peripheral nerve repair tech-

niques, Orthop Clin North Am 12:245, 1981.
Tupper JW, Crick JC, Matteck LR: Fascicular nerve repairs: a comparative 

study of epineurial and fascicular (perineurial) techniques, Orthop Clin 
North Am 19:57, 1988.

NERVE GRAFTS
Bonnel F, Foucher G, Saint-Andre JM: Histologic structure of the palmar 

digital nerves of the hand and its application to nerve grafting, J Hand 
Surg 14A:874, 1989.

Boorman JG, Sykes PJ: Vascularized versus conventional nerve grafting: a 
case report, J Hand Surg 12B:218, 1987.

Bora Jr FW, Bednar JM, Osterman AL, et  al.: Prosthetic nerve grafts: a 
resorbable tube as an alternative to autogenous nerve grafting, J Hand 
Surg 12A:685, 1987.

Bourne MH, Wood MB, Carmichael SW: Locating the lateral antebrachial 
cutaneous nerve, J Hand Surg 12A:697, 1987.

Boyes JH: Repair of the motor branch of the ulnar nerve in the palm, J Bone 
Joint Surg 37A:920, 1955.

Breidenbach WC: Vascularized nerve grafts: a practical approach, Orthop 
Clin North Am 19:81, 1988.

3576.e1
    

https://booksmedicos.org


PART XVIII THE HAND3576.e2

Doi K, Kuwata N, Sakai K, et al.: A reliable technique of free vascularized 
sural nerve grafting and preliminary results of clinical applications, J 
Hand Surg 12A:677, 1987.

Frykman GK, Cally D: Interfascicular nerve grafting, Orthop Clin North Am 
19:71, 1988.

Gattuso JM, Davies AH, Glasby MA, et  al.: Peripheral nerve repair using 
muscle autografts: recovery of transmission in primates, J Bone Joint Surg 
70B:524, 1988.

Greenberg BM, Caudros CL, Panda M, et  al.: St. Clair Strange procedure: 
indications, technique, and long-term evaluation, J Hand Surg 13A:928, 
1988.

Mackinnon SE, Dellon AL: A comparison of nerve regeneration across a 
sural nerve graft and a vascularized pseudosheath, J Hand Surg 13A:935, 
1988.

Mikami Y, Nagano A, Ochiai N, et al.: Results of nerve grafting for injuries 
of the axillary and suprascapular nerves, J Bone Joint Surg 79B:527, 1997.

Millesi H: Interfascicular nerve grafting, Orthop Clin North Am 12:287, 1981.
Norris RW, Glasby MA, Gattuso JM, et al.: Peripheral nerve repair in humans 

using muscle autografts: a new technique, J Bone Joint Surg 70B:530, 1988.
Nunley JA, Ugino MR, Goldner RD, et al.: Use of the anterior branch of the 

medial antebrachial cutaneous nerve as a graft for the repair of defects in 
the digital nerve, J Bone Joint Surg 71A:563, 1989.

Ochiai N, Nagano A, Sugioka H, et al.: Nerve grafting in brachial plexus inju-
ries: results of free grafts in 90 patients, J Bone Joint Surg 78B:754, 1996.

Ortigüela ME, Wood MB, Cahill DR: Anatomy of the sural nerve complex,  
J Hand Surg 12A:1119, 1987.

Risitano G, Cavallaro G, Lentini M: Autogenous vein and nerve grafts: a 
comparative study of nerve regeneration in the rat, J Hand Surg 14B:102, 
1989.

Rodkey WG, Cabaud HE, McCarroll Jr HR: Neurorrhaphy after loss of a 
nerve segment: comparison of epineurial suture under tension versus 
multiple nerve grafts, J Hand Surg 5:366, 1980.

Rose EH, Kowalski TA, Norris MS: The reversed venous arterialized nerve 
graft in digital nerve reconstruction across scarred beds, Plast Reconstr 
Surg 83:593, 1989.

Shibata M, Tsai TM, Firrell J, et al.: Experimental comparison of vascularized 
and nonvascularized nerve grafting, J Hand Surg 13A:370, 1988.

Stancic MF, Eskinja N, Bellinozona M, et al.: The role of interfascicular nerve 
grafting after gunshot wounds: a report of 44 cases, Int Orthop 20:87, 
1996.

Sunderland S: The restoration of median nerve function after destructive 
lesions which preclude end-to-end repair, Brain 97:1, 1974.

FLAPS TO RESTORE SENSATION
Bertelli JA, Pagliei A: The neurocutaneous flap based on the dorsal branches 

of the ulnar artery and nerve: a new flap for extensive reconstruction of 
the hand, Plast Reconstr Surg 101:1537, 1998.

Chuang DC: Functioning free-muscle transplantation for the upper extrem-
ity, Hand Clin 13:279, 1997.

Omer Jr GE, Day DJ, Ratcliff H, et al.: Neurovascular cutaneous island ped-
icles for deficient median-nerve sensibility: new technique and results of 
serial functional tests, J Bone Joint Surg 52A:1181, 1970.

REHABILITATION
Frykman GK, Waylett J: Rehabilitation of peripheral nerve injuries, Orthop 

Clin North Am 12:361, 1981.

NEUROLYSIS, NEUROMAS, AND PAIN CONTROL
Frykman GK, Adams J, Bowen WW, Neurolysis: Orthop Clin North Am 

12:325, 1981.
Whipple RR, Unsell RS: Treatment of painful neuromas, Orthop Clin North 

Am 19:175, 1988.
Wilson RL: Management of pain following peripheral nerve injuries, Orthop 

Clin North Am 12:343, 1981.

    

https://booksmedicos.org


 WRIST DISORDERS
William J. Weller

CHAPTER 69

This chapter includes a discussion of anatomic, biomechani-
cal, and kinematic aspects of wrist function and diagnostic 
methods, treatment options, and procedures for various wrist 
conditions. A considerable body of information on the wrist 
has developed in recent years. No attempt is made to resolve 
all controversies or to define narrowly the place of new proce-
dures or technologies.

ANATOMY
The wrist is the anatomic region between the forearm and the 
hand. For the purposes of this discussion, the wrist includes 
the distal radioulnar, radiocarpal, and ulnocarpal joints and 
the eight carpal bones and their proximal and distal articula-
tions and attached ligaments.

The eight carpal bones include the scaphoid, lunate, tri-
quetrum, and pisiform in the proximal row and the trape-
zium, trapezoid, capitate, and hamate in the distal row (Fig. 
69.1). They vary in size from the smallest, the pisiform and 
trapezoid, to the largest, the capitate, and in the amount of 
articular cartilage allowing for articulation, with one bone by 
the pisiform (the triquetrum) to seven bones by the capitate. 

Viegas emphasized the considerable variation found in the 
fourth carpometacarpal articulation and in the scaphotrape-
ziotrapezoid, capitolunate, and hamatolunate articulations. 
Awareness of these variations may lead to better understand-
ing of the normal kinematics of the wrist and the various 
injury patterns that are encountered.

The radiocarpal joints are formed by the articulation of 
the distal radius with the scaphoid and lunate through their 
respective concave facets on the distal radius and the trique-
trum on the triangular fibrocartilage. The distal concave artic-
ular surfaces of the proximal carpal row form the midcarpal 
articulations with the distal row. The distal row articulates 
with the metacarpals, allowing mobility in the thumb, stabil-
ity in the index and long finger metacarpals, and increased 
mobility in the ring and little finger metacarpals.

The distal ulnar convexity articulates at the lesser sig-
moid notch of the distal radius. The sigmoid notch articular 
surface accommodates the ulnar head through two thirds of 
its arc. There is about a 20-degree inclination of the distal 
ulna at its articulation with the radius. The ulnar styloid lies 
dorsal to the ulnar head and extends distally. The triangular 
fibrocartilage attaches to the base of the ulnar styloid and 
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separates the hyaline cartilage–covered ulnar head from the 
styloid (Fig. 69.2).

The chondroligamentous supports attaching the dis-
tal radius and ulnar side of the carpus to the distal ulna are 
designated as the triangular fibrocartilage complex (TFCC). 
Attaching to the ulnar margin of the lunate fossa of the 
radius, these supports include the ulnar collateral ligament, 
the dorsal and volar radioulnar ligaments, the articular disc, 
the meniscal homologue, the extensor carpi ulnaris sheath, 
and the ulnolunate and ulnotriquetral ligament. Additional 

ligaments are found in two locations: (1) between the car-
pal bones (interosseous intrinsic ligaments) connecting the 
carpal bones in the proximal and distal carpal rows and (2) 
extending from the radius and ulna distally across the car-
pal rows (extrinsic ligaments). The interosseous ligaments 
include the scapholunate and lunotriquetral interosseous 
ligaments connecting the proximal carpal row and the liga-
ments connecting the trapezium to the trapezoid, the trap-
ezoid to the capitate, and the capitate to the hamate in the 
distal carpal row. The extrinsic or crossing ligaments include 
the radial collateral ligament from the radial styloid to the 
scaphoid waist, the ulnar collateral ligament from the base 
of the ulnar styloid attaching to the pisiform, and the trans-
verse carpal ligament. The volar extrinsic or crossing liga-
ments also include the radioscaphocapitate ligament, the 
radiolunotriquetral ligament, and the radioscapholunate 
ligament on the radial side and the ulnolunate and ulnotri-
quetral components of the TFCC on the ulnar side. On the 
palmar side of the carpus, between the radiolunotriquetral 
ligament and the radioscaphocapitate ligament, is a rela-
tively thin area, the space of Poirier, overlying the palmar 
surface of the lunate (Fig. 69.3).

Dorsally, the identifiable extrinsic ligaments include 
the dorsal radiocarpal and the dorsal intercarpal ligaments. 
The trapezoidal dorsal radiocarpal ligament attaches along 
the dorsal radial articular margin of the lunate fossa, from 
the Lister tubercle to the lesser sigmoid notch. It spans the 
lunotriquetral joint and inserts on the dorsal surface of the 
triquetrum. There are four types of dorsal radiocarpal liga-
ments (Fig. 69.4). The dorsal intercarpal ligament, which 
is attached to the distal, dorsal surface of the triquetrum, 
passes across the midcarpal joint to attach to the dorsal 
surfaces of the scaphoid waist and the trapezoid. The dor-
sal intercarpal ligaments have variations in thickness and 
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FIGURE 69.1 Radiocarpal joint. C, Capitate; H, hamate; L, 
lunate; P, pisiform; R, radius; S, scaphoid; Td, trapezoid; Tm, trape-
zium; Tq, triquetrum; U, ulna.
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FIGURE 69.2 Components of triangular fibrocartilage 
complex. AD, Articular disc; MH, meniscus homologue; RUL, dorsal 
and volar radioulnar ligaments; UCL, ulnar collateral ligament. 
Other structures shown are metacarpal bones (1, 2, 3, 4, and 5), 
carpal bones (C, capitate; H, hamate; L, lunate; S, scaphoid; Td, 
trapezoid; Tm, trapezium; Tq, triquetrum), radius (R), and ulna (U).
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FIGURE 69.3 Wrist from palmar perspective. Bones: C, capi-
tate; H, hamate; L, lunate; P, pisiform; R, radius; S, scaphoid; Td, 
trapezoid; Tm, trapezium; Tq, triquetrum; U, ulna. Arteries: AIA, 
anterior interosseous artery; RA, radial artery. Ligaments: CH, capi-
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triquetrocapitate; TH, triquetrohamate; TT, trapeziotrapezoid; UC, 
ulnocapitate; UL, ulnolunate; UT, ulnotriquetral.
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attachments (Fig. 69.5). The laminated structure of the 
dorsal intercarpal ligament allows for changing shape with 
wrist movement (Fig. 69.6).

CIRCULATION
The terminal branches of the radial, ulnar, and anterior 
interosseous arteries provide extraosseous blood supply to 
the carpus through three dorsal and three palmar transverse 
arterial arches with longitudinal connections (Fig. 69.7). The 
dorsal arches are (1) the dorsal radiocarpal at the radiocar-
pal joint, supplying the lunate and triquetrum; (2) the dor-
sal intercarpal (the largest) between the proximal and distal 
carpal rows, supplying the distal carpal row and, through 
anastomoses with the radiocarpal arch, the lunate and tri-
quetrum; and (3) the basal metacarpal arch at the base of the 
metacarpals (the most variable) to supply the distal carpal 
row. The palmar arches are (1) the palmar radiocarpal at the 
level of the radiocarpal joint to the palmar surfaces of the 
lunate and triquetrum, (2) the intercarpal arch between the 
proximal and distal carpal rows, which is the most variable 
and does not contribute to nutrient vessels in the carpus, 
and (3) the deep palmar arch at the level of the metacar-
pal bases, which is consistent and communicates with the 
dorsal basal metacarpal arch and the palmar metacarpal 
arteries. Additional descriptions of the intraosseous circula-
tion of certain carpal bones (especially the scaphoid, lunate, 
and capitate) are found with the discussions of afflictions 
of those bones and in the references listed at the end of the 
chapter. 

BIOMECHANICS AND KINEMATICS
The stability of the wrist during motion and interrelated 
motions depends on capsuloligamentous integrity and contact 

surface contours of the carpal bones. The center of rotation 
for most wrist motions generally is considered to be located 
in the proximal capitate. During flexion and extension, most 
motion occurs at the radiocarpal joint, with some occur-
ring through the midcarpal area. Using ultrafast CT in vivo 
kinematic studies, the radiocarpal and midcarpal joints were 

 

C

H

L

Tq

RU

Td

Tm

S

Type I

Type III

Type II

Type IV

FIGURE 69.4 Four types of dorsal radiocarpal ligaments. C, 
Capitate; H, hamate; L, lunate; R, radius; S, scaphoid; Td, trapezoid; 
Tm, trapezium; Tq, triquetrum; U, ulna.
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FIGURE 69.5 Three types of dorsal intercarpal ligament. C, 
Capitate; H, hamate; L, lunate; R, radius; S, scaphoid; Td, trapezoid; 
Tm, trapezium; Tq, triquetrum; U, ulna.
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scapholunate; Tc, trapezocapitate; TH, triquetrohamate; TT, trape-
ziotrapezoid.
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found to contribute equally to wrist flexion and the midcarpal 
joint contributed more to extension. During radial-to-ulnar 
deviation, the proximal carpal row rotates dorsally and the 
proximal row translocates or shifts radially at the midcarpal 
and radiocarpal joints, with motion occurring at the radio-
carpal and intercarpal joints. During ulnar-to-radial devia-
tion, the proximal carpal row tends toward palmar rotation, 
with most of the motion occurring in the intercarpal joints. 
The proximal carpal row is considered to be an intercalated 
segment in the forearm-to-hand connection, with the scaph-
oid functioning to stabilize the wrist.

For purposes of understanding the ways in which forces 
are transmitted and motions and positions of the carpal 
bones are controlled by ligaments and contact surface con-
tours, the concept of a wrist consisting of three columns was 
popularized by Novarro: the central (force-bearing) column, 
the radial column, and the ulnar (control) column. The cen-
tral column includes the distal articular surface of the radius, 
the lunate, and the capitate, and some would add the proxi-
mal two thirds of the scaphoid, the trapezoid, and the articu-
lations with the second and third metacarpal bases. The radial 
column includes the radius, the scaphoid, the trapezium, the 
trapezoid, and the thumb carpometacarpal joint. The ulnar 
column includes the triangular fibrocartilage (articular disc), 
the hamate, the triquetrum, and the articulations of the car-
pometacarpal joints of the ring and little fingers. Taleisnik 
proposed that the central column includes the entire distal 
row and the lunate. According to his concept, the scaph-
oid is included as the lateral column and the triquetrum as 
a rotary medial column (Fig. 69.8A). Lichtman proposed a 
ring concept of wrist kinematics (Fig. 69.8B). According to 
this concept, the interosseous ligaments stabilize the semi-
rigid proximal and distal carpal rows. Limited mobility 
occurs between the scaphotrapezial joints and the triquetro-
hamate joints. Bone or ligament disruption of the ring creates 
instability deformities, with the lunate tilting either dorsally 
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FIGURE 69.7 A, Arterial supply of dorsum of wrist. 1, Dorsal 
branch of anterior interosseous artery; 2, dorsal radiocarpal arch; 3, 
branch to dorsal ridge of scaphoid; 4, dorsal intercarpal arch; 5, basal 
metacarpal arch; 6, medial branch of ulnar artery; R, radial artery; U, 
ulnar artery. B, Arterial supply of palmar aspect of wrist. 1, Palmar 
branch of anterior interosseous artery; 2, palmar radiocarpal arch; 3, 
palmar intercarpal arch; 4, deep palmar arch; 5, superficial palmar arch; 
6, radial recurrent artery; 7, ulnar recurrent artery; 8, medial branch, 
ulnar artery; 9, branch off ulnar artery contributing to dorsal intercarpal 
arch; R, radial artery; U, ulnar artery. C, Arterial supply of lateral aspect 
of wrist. 1, Superficial palmar artery; 2, palmar radiocarpal arch; 3, 
dorsal radiocarpal arch; 4, branch to scaphoid tubercle and trapezium; 
5, artery to dorsal ridge of scaphoid; 6, dorsal intercarpal arch; 7, branch 
to lateral trapezium and thumb metacarpal; R, radial artery.
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FIGURE 69.8 A, Taleisnik’s concept of central (flexion-extension) column involves entire distal 
row and lunate: scaphoid (S) is lateral (mobile) column, and triquetrum (Tq) is rotary medial 
column. B, Lichtman’s ring concept of carpal kinematics: proximal and distal rows are semirigid 
posts stabilized by interosseous ligaments; normal controlled mobility occurs at scaphotrapezial 
and triquetrohamate joints. Any break in ring, either bony or ligamentous (arrows), can produce 
dorsal intercalated segmental instability or volar intercalated segmental instability deformity.
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(dorsal intercalated segmental instability) or toward the volar 
aspect (volar intercalated segmental instability).

Studies of transmission of forces suggest that the distal 
carpal row may bear more than 10 times the force applied to 
the fingertips. About 55% to 60% of the load on the distal row 
is transmitted through the capitate, scaphoid, and lunate. At 
the radiocarpal level, the load on the radioscaphoid joint var-
ies from 50% to 56%; on the radiolunate joint, 29% to 30%; 
and on the ulnolunate joint, 10% to 21%. 

DIAGNOSIS OF WRIST 
CONDITIONS
HISTORY
The usual historical information is documented, including 
age, hand dominance, occupation, hobbies, date of injury or 
onset of symptoms, correlation of symptoms with activities 
and modifying factors (e.g., medications, cold, heat), and pre-
vious injury or surgery. Current work status and the existence 
of various legal concerns (e.g., lawsuits, workers’ compensa-
tion, or disability claims) are helpful in assessing the overall 
situation.

When obtaining the history of traumatic conditions, the 
mechanism of injury frequently is unknown. The various 
carpal injuries represent a spectrum of injury. The extent 
of injury depends on (1) loading in three dimensions, (2) 
duration and amount of forces, (3) hand position at impact, 
and (4) mechanical properties of the ligaments and bones. A 
pattern can be seen in which carpal dislocations result from 
ulnar deviation and intercarpal supination, and scaphoid 
fractures result from wrist extension with the dorsal artic-
ular margin of the radius serving as a fulcrum (Fig. 69.9). 
Flexion and pronation injuries, conversely, may contribute 
more to ligament injuries on the ulnar side of the wrist, 
especially the lunotriquetral ligament. It is important to 
be able to document swelling, bruising, local areas of pain, 
point tenderness, and sensations of grating, popping, and 
crunching.

For long-standing problems, it is important to corre-
late the problem with the factors that cause worsening or 

improvement. The relationship to work and recreational 
activities; the presence and location of swelling and aching 
with mechanical symptoms, such as clicking, popping, snap-
ping, and grating; and the response to treatment are impor-
tant. Other joint involvement and the possible presence of 
various arthritides in the patient or family members also 
should be considered. 

PHYSICAL EXAMINATION
A careful, detailed examination is conducted with the forearm 
and hand supported whether the examination is done imme-
diately after injury or for chronic problems. In addition to the 
usual assessment of motor, sensory, and circulatory integ-
rity, it is important to try to correlate the patient’s complaints 
with the underlying muscles, tendons, tendon sheaths, bones, 
joints, ligaments, and capsules. Scars, bruises, and other skin 
findings and the ranges of active and passive motion should 
be documented and compared with the uninjured side.

The underlying anatomy can be correlated with easily 
identified and palpable bony structures, including the radial 
styloid, Lister tubercle, ulnar styloid, pisiform, and scaphoid 
tuberosity. Overlying superficial tenosynovitis, such as that 
seen in the first dorsal compartment (de Quervain), must be 
differentiated from conditions related to deeper structures or 
problems related to ligamentous and bony structures (e.g., 
thumb carpometacarpal arthritis; tenosynovitis in the exten-
sor compartments, the flexor carpi radialis tunnel, and the 
carpal tunnel; masses such as ganglions; and underlying com-
pression neuropathies of the radial, median, and ulnar nerves 
in their respective areas of compression). 

RADIOGRAPHIC TECHNIQUES
After the history and physical examination, radiographic 
evaluation is helpful in determining the diagnosis, prognosis, 
and management of wrist problems. Gilula et al. proposed a 
useful algorithm detailing one approach to the radiographic 
assessment of a painful wrist (Fig. 69.10). MRI should be 
added for evaluation of the triangular fibrocartilage; the distal 
radioulnar joint (DRUJ); and vascularity of the various carpal 
bones, extrinsic ligaments, joint surfaces, and surrounding 
soft tissues to confirm clinical suspicion and correlate with 
physical examination findings. A high rate of false-positive 
findings on MR images of normal subjects has been reported. 
A dedicated wrist coil provides enhanced resolution of wrist 
structures.

Various radiographic techniques useful in evaluating a 
painful wrist include the following:
 1.  Routine radiographic series consisting of four views
 n  Posteroanterior
 n  Lateral
 n  Oblique
 n  Ulnar-deviated posteroanterior scaphoid view
 2.  Spot views of the carpal bones for detail (carpal tunnel 

view) (Fig. 69.11)
 3.  Fluoroscopic spot views of the wrist (Fig. 69.12)
 4.  Series of views for instability
 n  Anteroposterior clenched fist
 n  Posteroanterior in neutral, radial, and ulnar deviation
 n  Lateral in neutral and full flexion and extension
 n  Semipronated oblique 30 degrees from the  

postero-anterior
 n  Semisupinated oblique 30 degrees from the lateral
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FIGURE 69.9 Stages of perilunar instability.
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 5.  Diagnostic ultrasound
 6.  Cine or video fluoroscopy
 7.  Bone scanning
 8.  Arthrography of the wrist (triple injection when indi-

cated) (Fig. 69.13)
 9.  CT
 10.  MRI

Other radiographic techniques relevant to specific prob-
lems are discussed later. 

OTHER DIAGNOSTIC TECHNIQUES
Other clinical methods for determining the specific ana-
tomic location of a problem include (1) differential local 
anesthetic injection, (2) wrist arthroscopy, and (3) various 
other operative procedures. If the specific structure causing 
the pain cannot be precisely identified (e.g., extensor carpi 

ulnaris versus underlying ulnocarpal joint), it is sometimes 
useful to inject a small amount (<3 mL) of local anesthetic 
into the most likely site. This helps in the localization of 
the pain. Sterile technique is used, and the patient is always 
advised of the benefits and risks. 

ARTHROSCOPY OF THE WRIST
From a mostly diagnostic tool, wrist arthroscopy has 
developed into an effective therapeutic tool, useful for the 
treatment of a variety of wrist disorders from arthritis to 
acute fractures. It has produced new arthroscopic clas-
sifications of disorders such as Kienböck disease, TFCC 
injuries, and interosseous ligament tears that can help 
guide treatment. Arthroscopic assessment of intercarpal 
ligament injuries and instability is considered by many 
the “gold standard” for evaluation of these conditions, as 
well as for examination of patients who have wrist pain of 
unknown origin.

INDICATIONS
Indications for wrist arthroscopy include the evaluation of 
ligamentous injuries, examination of joint articular sur-
faces, removal of loose bodies, biopsy of synovium, irri-
gation and debridement of joints, and confirmation and 
supplementation of wrist arthrography. Arthroscopy has 
been found to be more accurate than arthrography in iden-
tifying the location and size of triangular fibrocartilage 
and interosseous ligament injuries and more accurate than 
triple-injection cinearthrography in detecting tears of the 
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FIGURE 69.10 Imaging of painful wrist.

 FIGURE 69.11 Carpal tunnel view shows avulsion fracture of 
hamate hook (arrow) and trapezium (arrowheads).
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FIGURE 69.12 A, Posteroanterior view of capitate shows no definite abnormality. B, On angled 
view, cystic defect with fracture is seen in capitate waist (arrows).
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FIGURE 69.13 Fluoroscopic spots during arthrogram. A, Needle in place, start of contrast 
injection. B, End of contrast injection, at point of slight patient discomfort; contrast material is 
confined to radiocarpal joint. C, With ulnar deviation, contrast material passes into midcarpal 
joint between lunate and triquetrum (arrowheads), indicating lunotriquetral ligament tear. D, 
On follow-up overhead view, contrast material fills midcarpal joints, including scapholunate joint 
from its distal aspect, making it difficult to see whether scapholunate or lunotriquetral ligament is 
torn. Small defect (arrowheads) between contrast material in scapholunate space and radiocarpal 
space indicates intact scapholunate ligament.
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scapholunate and lunotriquetral ligaments and the trian-
gular fibrocartilage.

Wrist arthroscopy has been found to be useful in diagnos-
ing and treating wrist cartilage lesions, synovitis, TFCC disor-
ders, and scapholunate and lunotriquetral ligament injuries. 
Debridement of osteochondritic lesions; reduction and fixa-
tion of carpal fractures, distal radial intraarticular fractures, 
and perilunate injuries; distal ulnar resection; and dorsal gan-
glion excision can be added to the growing list of indications 
for wrist arthroscopy (Box 69.1). 

COMPLICATIONS
Complication rates for wrist arthroscopy vary from 1.2% to 
5.2%. A systematic analysis of the literature identified a 4.7% 
complication rate in 895 procedures reported in 11 studies. 
Complications of wrist arthroscopy can be divided into four 
categories:
 1.  Complications related to traction and arm posi-

tion—skin injury, joint stiffness, and peripheral 
nerve injury

 2.  Portal and instrument insertion complications—
injury to cutaneous nerves, vascular structures, 
flexor and extensor tendons, ligaments, and articular 
cartilage

 3.  Procedure-related complications—forearm com-
partment syndrome caused by fluid extravasa-
tion during fracture treatment, injury of the 

dorsal sensory branch of the ulnar nerve during 
arthroscopic repair of the triangular fibrocartilage, 
and injury to sensory nerves during insertion of 
Kirschner wires

 4.  General arthroscopic complications (equipment fail-
ure and infection)

A knowledge of wrist anatomy, the use of correct tech-
nique, and an understanding of the equipment and its use 
may help to avoid significant complications. This section 
covers the basics of diagnostic wrist arthroscopy. The use of 
arthroscopy in the treatment of various wrist conditions is 
included in the discussions of specific conditions. 

EQUIPMENT
Equipment for wrist arthroscopy includes the following:
Arthroscope

Diameter: 2.5 to 3 mm best for routine use; 1.7 to 4 mm 
optional

Length: 50 to 60 mm
Lens-offset angle: 30 to 70 degrees

Effective light source
High-definition (HD) video camera system/imaging console
Liquid crystal display (LCD) or light-emitting diode (LED) 

video monitor
Image capture system/digital video recorder
Irrigation system: gravity feed usually satisfactory; pumps 

(mechanical and manual) allow better irrigation and use 
of suction and cutting tools
18-gauge needles
Sterile tubing
Limb-positioning attachments
Ceiling hook or overhead pole and pulley
Robotic devices, convenient and easily adjustable (trac-

tion “tower”)
Fingertraps
Forearm and wrist stabilizers
Traction weights: 4 to 7 lb
Scalpel blades
Arthroscopy instruments
Radiofrequency probes
Basket forceps: 2 to 3 mm in diameter, 40 to 60 mm long
Cutting tools
Four-jaw, shallow probe: 40 mm long, 1.5 to 2.0 mm in 

diameter
Grasping forceps with thin jaws: straight and curved
Resector: full radius and 2 to 3 mm in diameter usually 

best
Power source 

POSITIONING AND PREPARATION OF THE 
PATIENT
Wrist arthroscopy can be done with the patient under 
regional block anesthesia or general anesthesia. If multiple 
procedures are to be done, or if the patient is uncomfortable, a 
general anesthetic usually is best. The use of a pneumatic arm 
tourniquet is optional but may be helpful when treating an 
intraarticular fracture. With the patient supine and the shoul-
der abducted on a hand table, arthroscopy can be done with 
the elbow flexed and the hand pointing toward the ceiling. 
Extension of the elbow (horizontal position) to allow prona-
tion of the forearm may facilitate the treatment of intraarticu-
lar fractures. 

Arthroscopic Procedures of the Wrist

Triangular Fibrocartilage Complex
Repair
Debridement 

Carpal Instability
Debridement of scapholunate interosseous ligament/lunotri-

quetral interosseous ligament
Scapholunate/lunotriquetral percutaneous pinning 

Wrist Fractures
Distal radial fractures
Scaphoid fractures 

Chondral Lesions
Dorsal ganglion excision 

Bone Excision Procedures
Radial styloidectomy
Excision of distal ulna
Partial resection (wafer procedure)
Proximal row carpectomy
Excision of proximal pole of scaphoid
Lunate excision for Kienböck disease
Loose body removal 

Miscellaneous
Synovectomy
Intraarticular adhesion release
Lavage of septic wrist

 BOX 69.1 

From Gupta R, Bozentka DJ, Osterman AL: Wrist arthroscopy: principles and 
clinical applications, J Am Acad Orthop Surg 9:200, 2001.
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PATIENT POSITIONING FOR WRIST 
ARTHROSCOPY

 TECHNIQUE 69.1 

 n  With the patient under a suitable anesthetic, suspend the 
hand from the traction beam with sterile fingertraps and 
rope through an overhead pulley to use traction to move 
weight out and away from the operative field (Fig. 69.14). 
An arthroscopy tower can be used in the place of over-
head traction. Include the thumb, index, and long fingers 
in the fingertraps.

 n  Maintain the elbow in 80 to 90 degrees of flexion. Flex 
the wrist about 20 degrees.

 n  If a tourniquet is to be used, exsanguinate the limb and 
inflate the tourniquet.

 n  Stabilize the forearm by securing it to a mechanical well-
padded forearm clamp.

 n  Apply 4 to 10 lb of traction weight through the finger-
traps for distraction of the wrist.
  

GENERAL PRINCIPLES
The usual arthroscopic portals are located between the exten-
sor compartments of the wrist (Fig. 69.15). The portals are 
numbered according to the compartments on either side 
of the portal (Fig. 69.16). There are 11 dorsal portals, 9 for 
radiocarpal and intercarpal access and 2 for the DRUJ. An 
additional volar portal can be made lateral to the flexor carpi 
radialis tendon at the proximal wrist flexion crease. Slutsky 
described success using a volar ulnar approach between the 
flexor tendons and the ulnar neurovascular bundle and flexor 
carpi ulnaris. Portals most often used for evaluation of the 
radiocarpal and ulnocarpal joints are portal 3-4 (between the 
third and fourth extensor dorsal compartments) and por-
tal 4-5 (between the fourth and fifth compartments). The 

midcarpal joint radial portal lies to the radial side of the third 
metacarpal axis proximal to the capitate in a soft depression 
between the capitate and scaphoid. It is in line with Lister 
tubercle (Fig. 69.17) at the scaphocapitate and scapholunate 
joint. The midcarpal ulnar portal is about 1 cm distal to the 
4-5 portal, aligned with the fourth metacarpal, at the lunotri-
quetral-capitate-hamate joint. A portal between the fifth and 
sixth compartments, the 6R portal, is located on the dorsora-
dial aspect of the extensor carpi ulnaris tendon. The 6U portal 
is located to the ulnar side of the extensor carpi ulnaris ten-
don. The triangular fibrocartilage and the ulnolunate, ulnotri-
quetral, and lunotriquetral ligaments can be seen from the 6R 
portal. The scapholunate interosseous ligament, a potential 
origin for a dorsal ganglion, also can be seen from this portal.

In addition to the frequently used 3-4 and 6 portals, 
other portals allow inspection of other parts of the wrist. 
Portal 4-5 permits better inspection of the TFCC and the 
ulnocarpal ligament on the palmar side. Portal 2-3 allows 
inspection of the radial palmar ligaments. A probe placed 
through portal 1 can help to evaluate the articular surface 
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FIGURE 69.14 Positioning of patient and equipment for wrist 
arthroscopy. CDR, Compact disc recorder. SEE TECHNIQUE 69.1.
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FIGURE 69.15 A, Standard radiocarpal portals. B, Standard midcarpal portals. STT, Scaphotrape-
ziotrapezoid; TH, triquetrohamate. (From Gupta R, Bozentka DJ, Osterman AL: Wrist arthroscopy: 
principles and clinical applications, J Am Acad Orthop Surg 9:200, 2001.)
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of the distal radius. Use of needles, such as 20-gauge and 
22-gauge hypodermic needles, in the various portals before 
placement of the probe or other instruments helps deter-
mine which portal would work best. Portals for the DRUJ 
are located just proximal and distal to the ulnar head. The 
posterior interosseous nerve is at risk when the proximal 
portal is used, whereas the triangular fibrocartilage may be 
injured by instruments entering the distal portal. The use of 
a blunt trocar helps avoid injury to the joint surface when 
inserting the arthroscope sheath.

Although larger arthroscopes provide better fields of 
vision, they usually are too large and difficult to manipulate. If 
continuous inflow irrigation is used, an efficient drainage sys-
tem also must be used to avoid fluid extravasation and com-
plications in the forearm. Pumps with automatic monitoring 
of pressure and flow also help to avoid such complications. 
Continuous fluid infusion and positioning the arthroscope 
with the camera end toward the ceiling helps avoid air bub-
ble accumulation. Dry wrist arthroscopy also is feasible and 
helps avoid some of the complications associated with fluid 
extravasation. The use of a probe for triangulation is helpful 
in examining the ligaments and cartilage surfaces. To see in 
the joint satisfactorily, joint distraction should be maintained 
with weight to allow distention with saline and frequent 
irrigation. 

 

RADIOCARPAL EXAMINATION

 TECHNIQUE 69.2 

 n  Identify and mark the skin at the sites of the arthroscopic 
portals to be used. Mark the distal radial joint margin and 
the location of Lister tubercle (Fig. 69.18A).

 n  Distend the radiocarpal joint by locating the portal be-
tween the third and fourth extensor compartments just 
distal to the extensor pollicis longus and Lister tubercle. 
Insert an 18-gauge needle into this portal, inclining the 
needle from dorsal-distal to palmar-proximal 12 to 15 
degrees to follow the normal distal radial joint palmar tilt 
(Fig. 69.18B). Distend the joint with 5 to 10 mL of normal 
saline.

 n  Remove the needle, incise the skin over the portal, 
use a small hemostat to dissect gently down to and 
through the capsule, insert a cannula and blunt ob-
turator, and establish inflow irrigation through the 
arthroscope.

 n  As an alternative, a continuous inflow system can be es-
tablished through the ulnocarpal joint through portal 6 
to the ulnar side of the extensor carpi ulnaris. Avoid the 
dorsal sensory branch of the ulnar nerve.

 n  Outflow can occur through the arthroscope or with gravi-
ty drainage through a tube. An irrigation pump that main-
tains constant pressure and flow may be helpful. Avoid 
extravasation.

 n  Introduce the arthroscope into the radiocarpal joint at 
portal 3 through a small skin incision.

 n  Use a small hemostat to dissect bluntly and spread the 
subcutaneous soft tissues to retract the extensor pollicis 
longus tendon to the radial side.

 n  Use the hemostat or a no. 11 blade to open the dorsal 
capsule. Avoid tendon injury.

 n  Insert the arthroscope with a proximal palmar inclination 
to accommodate the palmar tilt of the distal radius.

 n  Incline the arthroscope so that the proximal end is toward 
the ceiling to help remove air bubbles.

 n  At this point, identify the palmar capsule of the wrist and 
the distal radial articular concavity.

 n  Insert a probe through portal 4-5 through a skin incision 
or between the extensor digiti quinti and the extensor 
carpi ulnaris (6R portal). This portal can be used as an 
inflow or outflow portal during radiocarpal examination 
or as a portal for the arthroscope during ulnocarpal ex-
amination.

 n  Follow an organized pattern of identifying structures 
within the wrist. Direct the arthroscope toward the dis-
tal end of the radius, follow it along the scaphoid and 
lunate fossae, and examine them. Move the arthroscope 
in the radial direction to identify the distal radius and the 
proximal margin of the scaphoid. Note the scapholunate 
articulation, which is a small crease between the scaphoid 
and lunate with intimate blending of the ligament with 
the articular cartilage.

 n  Extend the wrist to expose the dorsal surfaces of the 
scaphoid and lunate and flex the wrist to examine the 
palmar surfaces of these bones. Identify the palmar carpal 
ligaments (Fig. 69.19).
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FIGURE 69.16 Cross section of wrist at level of distal radius 
showing compartments and portals used for examination of radio-
carpal and ulnocarpal joints.
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FIGURE 69.17 Midcarpal radial and ulnar arthroscopic portals 
on radial side (proximal to capitate “soft spot”) and ulnar side (1 
cm distal to 4-5 portal) of the third metacarpal.
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 n  The radioscapholunate and radiotriquetral ligaments 
can be identified, as can the radiocapitate ligament (Fig. 
69.20). Use a probe to stress the ligaments and evaluate 
their integrity.

 n  Move the arthroscope to the 4-5 or 6R portal and exchange 
the inflow or outflow cannula to the 3-4 portal for exami-
nation of the ulnar aspect of the joint and the TFCC.

 n  With a probe, palpate the TFCC to determine its integrity, 
especially its attachment to the ulnar margin of the radius.

 n  Moving toward the ulnar side of the wrist, identify the 
ulnocarpal ligaments and the proximal articular surface 
of the triquetrum.

 n  Insert a probe in portal 4 or 5 to evaluate the palmar 
carpal ligaments and the scapholunate and lunotriquetral 
interosseous ligaments. It may be necessary to move the 
probe into a more radial portal to examine the TFCC.
   

 

MIDCARPAL EXAMINATION

 TECHNIQUE 69.3 

 n  The portal for entry into the radial side of the midcarpal 
joint is located about 1 cm distal to the 3-4 portal for 
radiocarpal examination. It is located to the radial side 
of the third metacarpal and proximal to the soft area be-
tween the scaphoid and capitate.

 n  Insert an 18-gauge needle into this portal and distend 
the joint with 5 to 7 mL of saline, incise the skin over this 
area, dissect bluntly to the capsule, and insert a cannula 
and obturator, permitting inflow through the arthro-
scope.

 n  The ulnar midcarpal portal is located in the center of the 
axis of the fourth metacarpal and proximal to the capito-
hamate joint. Enter this joint with an 18-gauge needle, 
distend the joint, and verify the position of the needle by 
direct vision of the needle with the arthroscope remain-
ing in the radial midcarpal portal to the radial side of the 
extensor tendons.

 n  The scaphocapitate and capitohamate joints can be ex-
amined through these portals. The scaphotrapezial-trap-
ezoid joint also can be examined through the midcarpal 
radial portal.

 n  Place the arthroscope through a skin incision into this por-
tal to view the capitate distally and the scaphoid proxi-
mally.

 n  Moving the arthroscope toward the radial side along the 
scaphocapitate joint, examine the scaphotrapezial-trape-
zoid joint.

 n  Moving in an ulnar direction along the scaphocapitate 
joint, examine the scapholunate, lunotriquetral, and capi-
tohamate joints. Traction and manipulation of the wrist 
allow better inspection of these joints.

 

BA DC

FIGURE 69.18 A, Radial and ulnar styloid are marked, and distal radius and ulna are outlined. 
B, Twenty-gauge needle with bevel parallel to extensor tendons is inserted through 3-4 portal. 
C, Blunt trocar is removed and arthroscope inserted. D, 6U portal is established slightly ulnar to 
extensor carpi ulnaris tendon. SEE TECHNIQUE 69.2.
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FIGURE 69.19 Ligaments of radiocarpal joint: 1, radioscapho-
capitate; 2, radioscapholunate; 3, radiolunotriquetral; 4, ulnotriqu-
etral; 5, ulnolunate; 6, triangular fibrocartilage. SEE TECHNIQUE 69.2.
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 n  After the examination and operative procedures have 
been completed, determine that no loose objects are left 
within the joint and remove the arthroscope, instruments, 
and drainage tubing.

 n  Remove the tourniquet, obtain hemostasis, and close the 
portal incisions with staples or skin sutures. Infiltration 
of the joint with a local anesthetic agent helps minimize 
postoperative pain. Apply a bulky hand dressing with a 
splint.
   

 

DISTAL RADIOULNAR EXAMINATION

 TECHNIQUE 69.4 

 n  Distend the DRUJ by inserting an 18- or 20-gauge needle 
into the joint just lateral and dorsal to the ulnar head and 
inject a small amount of normal saline. The joint is best 
located by palpation of the distal radioulnar area with the 
forearm supinated.

 n  Proximal and distal radioulnar portals have been de-
scribed by Whipple. The proximal portal is safer because 
it presents less risk to the articular cartilage of the ulnar 
head and to the triangular fibrocartilage.

 n  To establish the proximal portal, incise the dorsal skin just 
proximal to the dorsal prominence of the ulnar head, cen-
tered between the distal ulna and the medial (ulnar) side 
of the radius.

 n  Bluntly dissect with a hemostat to avoid injury to the ex-
tensor carpi ulnaris tendon and the dorsal sensory branch 
of the ulnar nerve.

 n  Enter the joint with the hemostat.
 n  Pass the arthroscopic cannula with a blunt obturator from 

proximal to distal.
 n  Remove the obturator and insert the arthroscope to de-

termine entry into the joint.

 n  Establish a working portal 5 to 10 mm distal to the proxi-
mal radioulnar portal by making a small skin incision and 
bluntly dissecting to pass an 18-gauge needle. Use the 
arthroscope to ensure that the needle is in the joint. This 
portal can be used as needed for the insertion of instru-
ments such as forceps and shavers.

 n  To establish the DRUJ portal, make an incision over the 
fifth and sixth extensor compartments, dissecting to en-
ter the joint just proximal to the triangular fibrocartilage, 
between the fibrocartilage and the ulnar head. As noted 
previously, the proximal portal allows safer inspection of 
the lesser sigmoid notch, the ulnar head, and the proximal 
surface of the triangular fibrocartilage.

 n  After thorough arthroscopic examination, remove the ar-
throscope, instruments, and cannulas.

 n  Suture the wounds and apply a compressing bandage 
and supporting splint.

POSTOPERATIVE CARE Depending on the nature of 
the procedure, the splint is removed and mobilization is 
begun in the first 7 to 10 days after arthroscopy. After 
fracture reduction and ligament repairs, immobilization 
and rehabilitation may be prolonged.

Arthroscopic procedures for specific conditions are de-
scribed in the sections discussing those conditions.

   

FRACTURES AND DISLOCATIONS 
OF THE CARPAL BONES, 
INCLUDING KIENBÖCK DISEASE
The diagnosis of fractures and dislocations of the carpal 
bones can be difficult for several reasons. The outlines of the 
eight bones are superimposed in most radiographic views. 
Even in the anteroposterior view, at least one bone overlies 
another. All views must be interpreted with an understanding 
of the normal bone contours, the relationships between the 
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FIGURE 69.20 A, Normal arthroscopic appearance of radioscapholunate (RSL) and scapholunate 
interosseous (asterisks) ligament. B, Normal appearance of radioscaphocapitate (RSC) and long 
radiolunate (LRL) ligaments. R, Radius; S, scaphoid. (From Slutsky D: Wrist arthroscopy. In Wolfe SW, 
editor: Green’s operative hand surgery, 6th ed, Philadelphia, Elsevier, 2011.) SEE TECHNIQUE 69.2.
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bones, and the changing relationships during the various arcs 
of wrist motion.

Because of the difficulty in recognizing fractures in acute 
injuries, fractures in this region may not be seen at initial 
examination. Articular damage and ligament injuries are 
even more difficult to evaluate. The latter may permit abnor-
mal rotations and subluxations of the various bones. Special 
radiographic techniques are helpful. Scaphoid fracture dis-
placement may be more readily detected and distinct with 
three-dimensional CT than with plain CT. Even though spe-
cial techniques are used, establishing a precise diagnosis can 

be difficult. Often prognosis is uncertain because of the pecu-
liarities of the blood supply of these bones, especially of the 
scaphoid and lunate. Compared with plain radiographs, CT 
scans, and the surgeon’s operative impression in the assess-
ment of scaphoid nonunions, MRI was more accurate than 
the other techniques in predicting the vascularity of scaphoid 
nonunions.

FRACTURES OF THE SCAPHOID
Fracture of the carpal scaphoid bone is the most common 
fracture of the carpus, and frequently diagnosis is delayed. 
A delay in diagnosis and treatment of this fracture may alter 
the prognosis for union. A wrist sprain that is sufficiently 
severe to require radiographic examination initially should be 
treated as a possible fracture of the scaphoid, and radiographs 
should be repeated in 2 weeks even though initial radiographs 
may be negative.

ETIOLOGY
This fracture has been reported in individuals ranging from 
10 to 70 years old, although it is most common in young 
men. It is caused by a fall on the outstretched palm, result-
ing in severe hyperextension and slight radial deviation of 
the wrist. The scaphoid usually fractures in tension with the 
wrist extended, concentrating the load on the radial-pal-
mar side. The proximal pole locks in the scaphoid fossa of 
the radius, and the distal pole moves excessively dorsal (Fig. 
69.21). Of scaphoid fractures, 60% to 80% occur at the scaph-
oid waist or midportion. Seventeen percent of patients have 
other fractures of the carpus and forearm, including trans-
scaphoid perilunar dislocations, fractures of the trapezium, 
Bennett fractures, fractures of the radial head, dislocations of 
the lunate, and fractures at the distal end of the radius. When 
other injuries of carpal bones require open reduction, the 
fractured scaphoid also should be reduced accurately. 

ANATOMY AND BLOOD SUPPLY OF THE 
SCAPHOID BONE
The unique anatomy of the scaphoid predisposes fracture of 
this carpal bone to delayed union or nonunion and to disabil-
ity of the wrist. Because it articulates with the distal radius and 
with four of the remaining seven carpal bones, the scaphoid 
moves with nearly all carpal motions, especially volar flex-
ion. Any alteration of its articular surface through fracture, 
dislocation, or subluxation or any alteration of its stability 
by ligamentous rupture can cause severe secondary changes 
throughout the entire carpus.

The blood supply of the scaphoid is precarious. Only 67% 
of scaphoid bones have arterial foramina throughout their 
length, including the distal, middle, and proximal thirds. Of 
the remaining bones, 13% have blood supply predominantly 
in the distal third and 20% have most of the arterial foramina 
in the waist area of the bone with no more than a single fora-
men near the proximal third. One third of scaphoid fractures 
occurring in the proximal third may be without adequate 
blood supply. This seems to be borne out clinically; the preva-
lence of osteonecrosis can be 35% in fractures at this level. 
Fractures in the proximal pole can be expected to take longer 
to heal and usually have higher rates of nonunion.

Vessels enter the scaphoid from the radial artery latero-
volarly, dorsally, and distally. The laterovolar and dorsal sys-
tems share in the blood supply to the proximal two thirds of 
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FIGURE 69.21 Representation of potential load-carrying struc-
tures involved in proximal carpal articulation as described by Weber 
and Chao. Four ligamentous components (cb, ed, ih, kj) potentially 
transmit tensile loads when wrist is in strong dorsiflexion. Dorsal 
ligamentous structures eliminated from analysis because in dorsi-
flexion structures would be lax. Articular surface between radius 
and scaphoid and between radius and lunate potentially transmit 
compressive forces Ff and Fg. These forces are related to fixed 
coordinate system (XYZ) and to vector representation of applied 
load (P). cb, Radiocollateral ligament complex; ed, radiocapitate 
ligament; Ff, radioscaphoid contact force; Fg, radiolunate contact 
force; ih, radiolunate ligament; kj, ulnar capsular ligament; XYZ, 
cartesian coordinate system.
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the scaphoid. Vascularity of the proximal pole and 70% to 80% 
of the interosseous circulation are provided through branches 
of the radial artery, entering through the dorsal ridge. In the 
distal tuberosity region, 20% to 30% of the bone receives its 
blood supply from volar branches of the radial artery. 

DIAGNOSIS AND TREATMENT
Treatment of scaphoid fractures is determined by displace-
ment and stability of the fracture. Scaphoid fractures are gener-
ally classified as either undisplaced and stable or displaced and 
unstable (Fig. 69.22). Although this classification remains use-
ful, fractures of the tuberosity, the distal articular surface, and 
the proximal pole may require special management decisions. 
For nondisplaced fractures, radiographic diagnosis can be dif-
ficult initially. A posteroanterior plain radiograph with the wrist 

slightly extended in ulnar deviation is helpful. Although repeat-
ing radiographs after 2 weeks of immobilization in a cast is a time-
honored method for evaluation of a suspected nondisplaced 
scaphoid fracture, technetium bone scan, MRI, and CT (in the 
longitudinal axis of the scaphoid with 1 mm cuts as described by 
Sanders) provide diagnostic information sooner. Although bone 
scan has been considered the most sensitive study, Gaebler et al. 
reported 100% sensitivity and specificity using MRI to diagnose 
“occult” scaphoid fractures at an average of 2.8 days after injury 
(Fig. 69.23A). MRI, especially with gadolinium enhancement, 
also is useful in assessing the vascularity of a fractured scaph-
oid (Fig. 69.23B). Some reports have suggested that an MRI or 
CT scan should be obtained early so that patient downtime is 
decreased and productivity is increased.

NONDISPLACED, STABLE SCAPHOID FRACTURES
Nonoperative treatment usually is successful for acute nondis-
placed, stable fractures through the scaphoid waist and in the 
distal pole without other bony or ligamentous injury and for 
scaphoid fractures in children. The prognosis is better if the frac-
ture is diagnosed early. Controversies continue regarding the 
position of the wrist, the proximal and distal length of the cast, 
and elbow and thumb immobilization. There are clinical and 
experimental data to support most aspects of the controversies. 
Although some studies have found the incidence of nonunion 
to be no greater in patients treated by a removable short arm 
thumb spica cast than in patients treated by a long arm thumb 
spica cast, others have found that the time to union was earlier 
in patients treated initially for 6 weeks in a long arm thumb 
spica cast. A meta-analysis of randomized controlled trials of 
nonoperative treatment that involved below-elbow and above-
elbow casting, casting with or without the thumb included, and 
casting with the wrist in 20 degrees of flexion to 20 degrees of 
extension found no significant differences in union rate, pain, 
grip strength, time to union, or osteonecrosis for the various 
nonoperative treatment methods. In an experimental scaph-
oid fracture model, displacement of more than 3 mm occurred 
between fracture fragments during pronation and supination 
with the forearm in a short arm thumb spica cast.

 

Scaphoid nonunion associated with the location
of fracture and amount of displacement
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FIGURE 69.22 Union of scaphoid after bone grafting is influ-
enced significantly by location of fracture and amount of displace-
ment.
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FIGURE 69.23 MRI is useful for diagnosis of “occult” scaphoid fractures (A) and for evaluation 
of vascularity of fractured scaphoid (B). (From Segalman KA, Graham TJ: Scaphoid proximal pole 
fractures and nonunions, J Am Soc Surg Hand 4:233, 2004.)
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We use a forearm cast from just below the elbow proxi-
mally to the base of the thumbnail and the proximal palmar 
crease distally (thumb spica) with the wrist in slight radial 
deviation and in neutral flexion. The thumb is maintained in 
a functional position, and the fingers are free to move from 
the metacarpophalangeal joints distally. Using nonopera-
tive casting techniques, the expected rate of union is 90% to 
95% within 10 to 12 weeks. During this time, the fracture is 
observed radiographically for healing. If collapse or angula-
tion of the fractured fragments occurs, surgical treatment 
usually is required.

Fractures at and distal to the scaphoid waist are expected 
to heal sooner than fractures in the proximal pole. If the diag-
nosis is delayed, or the fracture is in the proximal third, the 
prognosis is less favorable, and an initial long arm thumb 
spica cast for 6 weeks may be justified. If the diagnosis of a 
nondisplaced fracture of the scaphoid has been delayed for 
several weeks, treatment usually begins with cast immobiliza-
tion. Mack et al., reviewing scaphoid fractures diagnosed 1 to 
6 months after injury, found that stable middle-third scaph-
oid fractures healed with cast immobilization but required an 
average of 19 weeks to heal, compared with a similar group 
of acute fractures that healed in an average of 10 weeks. As is 
reflected in the subsequent discussion of surgical treatment, 
there is a well-established trend toward earlier operative fixa-
tion of nondisplaced fractures. Surgery may be considered if 
new healing activity is not evident and if union is not appar-
ent after a trial of cast immobilization for about 20 weeks.

Because of the potential for joint stiffness, muscle atro-
phy, or the inability to use the hand during and after pro-
longed immobilization, special nonoperative or operative 
treatment may be considered in certain patients (e.g., young 
laborers or athletes). Operative techniques, including per-
cutaneous fixation with cannulated screws, are used with 
increasing frequency. Prospective, randomized studies com-
paring percutaneous screw fixation with cast immobilization 
showed that patients in the screw fixation groups were able 
to regain movement and return to most activities earlier than 
patients in the casted groups. No harmful effects on fracture 
healing were seen. In a prospective randomized study of non-
displaced scaphoid waist fractures, there were no nonunions 
in the 44 patients treated with Herbert screw fixation without 
postoperative immobilization, but 10 nonunions were pres-
ent at 12 weeks in the 44 treated with cast immobilization. 
Several studies have reported healing of all fractures treated 
with “limited access,” percutaneous, and arthroscopic percu-
taneous fixation. Advantages of this technique, according to 
its proponents, include less risk to neurovascular structures 
and intercarpal ligaments, earlier bone healing, and ear-
lier return to activities. Patients considering such treatment 
should understand that acute, nondisplaced scaphoid frac-
tures have a high probability of healing with cast treatment 
and that complex and demanding surgical procedures may 
have complications.

For some athletes, the use of padded casts during compe-
tition may be considered. The advantages and disadvantages 
of various treatment modifications should be considered in 
each patient. 

DISPLACED, UNSTABLE SCAPHOID FRACTURES
A different course of treatment is required for a displaced, 
unstable fracture in which the fragments are offset more than 

1 mm in the anteroposterior or oblique view, or lunocapitate 
angulation is greater than 15 degrees, or the scapholunate 
angulation is greater than 45 degrees in the lateral view (range 
30 to 60 degrees). Other criteria for evaluating displacement 
include a lateral intrascaphoid angle greater than 45 degrees, 
an anteroposterior intrascaphoid angle less than 35 degrees 
(Amadio et al.), and a height-to-length ratio of 0.65 or greater 
(Bain et al.). Because the range of lunocapitate and scapholu-
nate angulation can vary, comparison views of the opposite 
wrist can be helpful. Reduction can be attempted initially by 
longitudinal traction and percutaneous joystick Kirschner 
wires. If the reduction attempt is successful, percutaneous 
fixation with a cannulated screw or pins and application of a 
thumb spica cast may suffice. Otherwise, open reduction and 
internal fixation may be required.

For a displaced or unstable recent fracture of the scaph-
oid, the best method of fixation depends on the surgeon’s 
experience and the equipment available. In some fractures, 
adequate internal fixation can be obtained with Kirschner 
wires. The AO cannulated screw, the Herbert differential 
pitch bone screw, and other more recently designed headless 
screws have been used to advantage in displaced and unsta-
ble scaphoid fractures. According to a cadaver comparison 
study, the AO screw, the Acutrak screw, and the Herbert-
Whipple screw showed better resistance to cyclical bending 
load than the noncannulated Herbert screw. In a compari-
son study of patients with scaphoid fractures, one treated 
with AO cannulated screws and the other with Herbert-
Whipple cannulated screws, the union rate was 100% in 
both groups. Cannulated bone screws are useful because the 
screw can be placed accurately over a guide pin with video 
fluoroscopic control. Cited advantages of screw fixation are 
that it (1) reduces the time of external immobilization, (2) 
provides relatively strong internal fixation, and (3) produces 
compression at the fracture site. In addition, because the 
headless screw remains below the bone surface, removal is 
usually unnecessary. These screws can be used with a bone 
graft to correct scaphoid angulation.

Regardless of the fixation device used, preoperative review 
and practice of the details of the procedure for the planned 
fixation are necessary. Careful intraoperative attention to the 
details of the procedure, the achievement of as near an ana-
tomic reduction as possible, and precise placement of the fix-
ation device are of utmost importance. 

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF ACUTE DISPLACED 
FRACTURES OF THE SCAPHOID—
VOLAR APPROACH WITH ILIAC CREST 
BONE GRAFTING

 TECHNIQUE 69.5 

 n  With the patient supine and under preferably regional an-
esthesia, prepare the hand and wrist and inflate a pneu-
matic tourniquet. 
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 n  The volar approach usually gives the best exposure for 
scaphoid fractures at and distal to the waist. Make a lon-
gitudinal skin incision over the palmar surface of the wrist, 
beginning 3 to 4 cm proximal to the wrist flexion crease 
over the flexor carpi radialis.

 n  Extend the incision distally to the wrist flexion crease and 
angle it radially toward the scaphotrapezial and trapezio-
metacarpal joints in a hockey-stick configuration.

 n  Protect terminal branches of the palmar cutaneous branch 
of the median nerve and the superficial radial nerves.

 n  Reflect skin flaps at the level of the forearm fascia.
 n  Open the sheath of the flexor carpi radialis, retract the 

tendon ulnarly, and open the deep surface of its sheath.
 n  Expose the palmar capsule of the joint over the ra-

dioscaphoid joint.
 n  Extend the wrist in ulnar deviation and open the capsule 

in the longitudinal axis of the scaphoid bone, obliquely 
extending the incision toward the scaphotrapezial joint.

 n  With sharp dissection, expose the fracture, incise the long 
radiolunate and radioscaphocapitate ligaments, preserv-
ing each leaf of these capsuloligamentous structures for 
later repair. Inspect the fracture to determine the need for 
bone grafting.

 n  If comminution is absent or minimal, reduction and fixa-
tion suffice. If comminution is extensive, especially on the 
palmar surface, with a tendency to flexion of the scaphoid 
at the fracture, obtain an iliac crest bone graft. (See Tech-
niques 69.14 through 69.17 and Fig. 69.40.)

 n  Kirschner wires placed in the distal and proximal poles as 
toggle levers (“joysticks”) help to manipulate the fragments.

 n  Reduce the fracture and fix it with Kirschner wires or a 
screw technique (e.g., cannulated screws), avoiding rota-
tion or angulation. If a cannulated device is used, ensure 
that the guidewire is centered in the proximal and distal 
poles. Image intensification with C-arm fluoroscopy is 
helpful for this step.

 n  For fractures through the waist and in the distal pole, 
insert the fixation device through a distal entry point. Cre-
ate the distal entry point by opening the scaphotrapezial 
joint with a longitudinal capsular incision.

 n  Remove a portion of the trapezium with a rongeur to al-
low placement of the guidewire from distal to proximal 
to better place the wire in a more center-center position.

 n  Insert the screw until the trailing end (head) is flush with sub-
chondral bone, countersunk beneath the articular cartilage.

 n  Placement of Kirschner wires down the long axis of the 
scaphoid is made easier by gentle radial deviation of the 
wrist, aligning the scaphoid vertically and placing a towel 
bump at the dorsal wrist flexion crease. Fingertrap trac-
tion on the thumb and index finger also can be helpful. 
With the wrist in this position, direct the wires almost 
dorsally into the scaphoid.

 n  After stable reduction and fixation are obtained, check 
the position and alignment of the reduction and the 
placement of the internal fixation with image intensifica-
tion or radiographs.

 n  Deflate the tourniquet and obtain hemostasis.
 n  Close the wrist capsule with nonabsorbable sutures or 

long-lasting absorbable sutures.
 n  Close the skin and apply a dressing that includes either a 

thumb spica splint or thumb spica cast.
   

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF ACUTE DISPLACED 
FRACTURES OF THE SCAPHOID—
DORSAL APPROACH

 TECHNIQUE 69.6 

 n  For noncomminuted fractures in the proximal pole of the 
scaphoid, exposure of the fracture site and placement of 
internal fixation can be done through a dorsal approach.

 n  Make a dorsal transverse incision 5 to 10 mm distal to the 
radiocarpal joint; localization with an image intensifier of-
ten is useful (Fig. 69.24). Protect the sensory branches of 
the radial and ulnar nerves. Preserve, cauterize, or ligate 
and divide dorsal veins.

 n  Extend the skin incision from the radial styloid to the ulnar 
styloid.

 n  Make parallel incisions in the extensor retinaculum on 
each side of the extensor digitorum communis tendons. 
Protect the extensor tendons, especially the extensor pol-
licis longus tendon as it exits the third dorsal retinacula 
compartment. Connect the parallel incisions proximally to 
create a flap to allow access to the dorsal wrist capsule.

 n  Pass a loop of Penrose drain around the extensor tendons, 
and retract them ulnarly.

 n  Open the dorsal capsule by creating a radially based flap, 
incising along the dorsal intercarpal ligament and the dor-
sal radiotriquetral ligament.

 n  Retract the capsular flap radially and expose the fracture.
 n  Insert a Kirschner wire into the proximal fragment paral-

lel to the central axis of the scaphoid. Use this wire as a 
toggle lever (“joystick”) to manipulate the proximal frag-
ment into a reduced position.

 n  When the fracture is reduced, pass the first wire across 
the fracture for temporary interfragmentary fixation. In-
sert an additional Kirschner wire, or screw fixation, as the 
fracture configuration permits.

 FIGURE 69.24 Dorsal approach to wrist. Transverse incision 
of skin. Radial-based capsular flap between dorsal radiotriquetral 
and dorsal intercarpal ligaments (enlargement shows proximal one 
third fracture of scaphoid). SEE TECHNIQUE 69.6.
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 n  If a cannulated screw is used, center the guidewire in the 
proximal and distal poles, monitoring this placement with 
C-arm fluoroscopy.

 n  Determine the appropriate length of the screw to be 
used. Drill and tap the bone, according to the device 
being used, and insert the screw of appropriate length 
(often subtracting 4 mm from the initial length mea-
sured). Ensure that the guidewire or screw fixation is 
placed in the center of the long axis of the proximal 
and distal poles of the scaphoid, using C-arm fluoros-
copy. Either leave the initial Kirschner wire as supple-
mental fixation, or remove it if screw fixation has been 
selected.

 n  Close the capsular flap and repair the retinacula flap.
 n  Close the skin and apply a thumb spica cast or splint.

See also Video 69.1. 

POSTOPERATIVE CARE The sutures are removed, and 
the splint or cast is changed at 2 weeks. Some authors 
advocate transitioning directly to a removable splint once 
sutures are removed, whereas others recommend an ad-
ditional 2 to 4 weeks of short arm thumb spica cast im-
mobilization. As healing progresses as shown by radio-
graphic examination, a short arm thumb spica brace is 
worn until bone healing is ensured. If healing cannot be 
determined with certainty, CT oriented in the longitudi-
nal axis of the scaphoid with 1-mm cuts can be helpful 
to evaluate for bridging trabeculae. Finger, thumb, and 
shoulder motion is encouraged throughout convales-
cence, and, after cast removal, wrist motion and elbow 
motion are increased gradually, followed by strengthen-
ing exercises.
   

 

OPEN REDUCTION AND INTERNAL 
FIXATION OF ACUTE DISPLACED 
FRACTURES OF THE SCAPHOID—
VOLAR APPROACH WITH DISTAL 
RADIAL AUTOGRAFT

 TECHNIQUE 69.7 

 n  Make a straight incision in the distal forearm between 
the distal portion of the flexor carpi radialis and the radial 
artery. Carry the incision across the distal wrist crease us-
ing a hockey-stick incision that angles toward the base of 
the thumb (Fig. 69.25A).

 n  Open the flexor carpi radialis tendon sheath and sub-
sheath and retract it ulnarly, developing the interval be-
tween the flexor carpi radialis ulnarly and the radial artery 
radially.

 n  Enter the wrist capsule through a longitudinal incision 
from the volar lip of the radius to the proximal tubercle 
of the trapezium (Fig. 69.25B). Carefully divide the cap-
sule and intracapsular ligament and reflect them sharply 
off the scaphoid with a scalpel. Take care to preserve the 

capsule because it contains the radioscaphoid capitate 
ligament and will be repaired at the end of the proce-
dure.

 n  Expose the entire volar scaphoid. Reduce the fracture 
with manipulation or joysticks and insert Kirschner wires 
for provisional fixation.

 n  If bone grafting is required for volar comminution or a 
subacute fracture, harvest grafts from the volar radius be-
neath the pronator quadratus by extending the incision 
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FIGURE 69.25 A, “Hockey-stick” incision for volar approach for 
open reduction and internal fixation of acute displaced scaphoid 
fractures. B, Longitudinal capsular incision. C, Approach to scapho-
trapezial joint for placement of guidewire. SEE TECHNIQUE 69.7
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an additional 2 to 3 cm proximally or make a separate inci-
sion dorsally and just proximal to Lister’s tubercle where 
cancellous autograft can be obtained through a cortical 
window.

 n  Open the scaphotrapezial joint and place a central guide-
wire in preparation for final fixation (Fig. 69.25C). If nec-
essary, excise a small amount of the proximal trapezium 
with a rongeur to clear an unobstructed path for the im-
plant.

 n  Obtain rigid internal fixation with the implant of choice 
(see Technique 69.6).

POSTOPERATIVE CARE Postoperative care is as de-
scribed for Technique 69.6.
   

 

PERCUTANEOUS FIXATION OF 
SCAPHOID FRACTURES

 TECHNIQUE 69.8 

(SLADE ET AL.)
 n  Slade et al. recommended the following equipment for 

this technique: (1) headless cannulated compression 
screw (standard Acutrak screw), (2) minifluoroscopy unit, 
(3) Kirschner wires, and (4) equipment for small joint ar-
throscopy.

 n  If arthroscopy is to be used to check the fracture reduc-
tion and to place internal fixation, have the operating 
room prepared for wrist arthroscopy.

 n  Position the patient supine, with the upper extremity ex-
tended.

 n  After the induction of appropriate anesthesia and sterile 
preparation and draping procedures, flex the elbow 90 
degrees.

 n  Use a C-arm fluoroscopic unit or mini C-arm fluoroscope 
to evaluate the fracture position and alignment and to 
determine if there are other bone or ligament injuries.

 n  Use a skin marking pen to indicate the best surface loca-
tion for a dorsal skin incision and entry of the guidewire, 
drills, and screw.

 n  “Target” the scaphoid by locating the central axis of the 
scaphoid on the posteroanterior view of the reduced 
scaphoid (Fig. 69.26A).

 n  Gently pronate and flex the wrist until the proximal and 
distal poles of the scaphoid are aligned and confirmed 
with fluoroscopy. When the poles are aligned, the scaph-
oid has a “ring” appearance on the fluoroscopic monitor 
(Fig. 69.26B and C). The center of the “ring” circle is the 
central axis of the scaphoid, the best location for screw 
placement (Fig. 69.27).

 n  For ease of insertion, make a skin incision at the previously 
marked location to allow blunt dissection to the capsule 
of the wrist joint.

 n  With a double-point 0.045-inch (1.14-mm) Kirschner wire 
in a powered wire driver, insert the wire starting in the 
proximal pole of the scaphoid under fluoroscopic control.

 n  If there is uncertainty about wire placement, make the 
previously mentioned incision distal and medial (ulnar) 

to the Lister tubercle, opening the dorsal wrist capsule 
lateral (radial) to the scapholunate interval, exposing the 
proximal pole of the scaphoid.

 n  Pass the guidewire from dorsally down the central axis 
of the scaphoid and out through the trapezium (Fig. 
69.28A,B). Use a 12-gauge angiocatheter to assist with 
positioning of the guidewire. Keep the wrist flexed to 
avoid bending the guidewire.

 n  Advance the wire through the distal pole out the palmar 
surface. Check the position of the wire with the fluoroscope.

 n  Reverse the wire driver to pull the wire far enough distally 
to allow the dorsal, trailing end of the wire to clear the 
radiocarpal joint dorsally and to allow full wrist extension.

 n  With C-arm fluoroscopy, confirm scaphoid fracture 
alignment and correct positioning of the guidewire (Fig. 
69.28C).

 n  If a correct path cannot be created with the 0.045-inch 
wire, use a 0.062-inch (1.57-mm) wire to create the cor-
rect path. Exchange the larger wire for the 0.045-inch 
wire before drilling the scaphoid.

 n  Check for wire position and fracture alignment with the 
fluoroscope. If the fracture reduction is unsatisfactory, 
and for displaced fractures, place a 0.062-inch Kirschner 
wire into each fracture fragment, perpendicular to the 
axis of the scaphoid, as toggle levers (“joysticks”) to ma-
nipulate the fracture fragments (Fig. 69.29). If needed, 
place the proximal lever wire in the lunate.

 n  With the wire driver on the distal end of the guidewire, 
withdraw the wire distally across the fracture site, leaving 
the wire in the central axis of the distal fragment.

 n  Align the fracture fragments with the “joysticks.”
 n  Pass the guidewire from distal to proximal across the frac-

ture site to hold the reduction.
 n  If needed for stability and rotational control, insert an-

other 0.045-inch wire, entering the proximal pole of 
the scaphoid, from dorsal to palmar, parallel to the first 
guidewire to control rotation. Leave the wire levers and 
the antirotational wire in place during screw insertion.

 n  Confirm the reduction and wire placement with fluoros-
copy.

 n  If the fracture is difficult to reduce, percutaneously insert 
a small curved hemostat to assist with the reduction.

 n  If the fracture cannot be reduced, or if the guidewire can-
not be properly placed, abandon the percutaneous tech-
nique and open the fracture, using either the volar or the 
dorsal approach (see Techniques 69.5 and 69.6).

 n  Determine the scaphoid length using two wires. To deter-
mine the scaphoid length, adjust the guidewire position so 
that the distal end is against the distal cortex of the scaphoid. 
Place a second wire of the same length as the guidewire par-
allel to the guidewire so the tip of the second wire is against 
the cortex of the proximal scaphoid pole. The difference in 
length is the length of the scaphoid (Fig. 69.30).

 n  To allow for countersinking the screw fully within the 
scaphoid, select a screw length that is 4 mm shorter than 
the scaphoid length.

 n  Determine dorsal or palmar insertion of the screw de-
pending on the fracture location. For fractures of the 
proximal pole, insert the screw dorsally. For fractures of 
the waist, insert the screw from either the dorsal or the 
volar side. For fractures of the distal pole, insert the screw 
from the volar side.
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 n  Drill the screw channel 2 mm short of the opposite scaph-
oid cortex, using a cannulated hand drill, always avoiding 
contact with the opposite cortex (Fig. 69.31).

 n  Check the position and depth of the drill with fluoroscopy.
 n  Use a standard Acutrak screw, 4 mm shorter than the 

scaphoid length. Advance the screw, monitoring with 
fluoroscopy, until the screw is within 1 to 2 mm of the 
opposite cortex (Fig. 69.32A).

 n  Verify fracture reduction and screw placement with final 
fluoroscopic images (Fig. 69.32B and C).

 n  If ligament injury or other carpal injuries are suspected, add 
arthroscopic examination to the fracture management.

 n  Apply longitudinal traction through the fingers.
 n  Locate the midcarpal and radiocarpal portals with fluoros-

copy.
 n  Insert the arthroscope into the radial midcarpal portal to 

inspect the fracture reduction.
 n  Remove clot and synovium with the full radius shaver.
 n  Examine the scapholunate and lunotriquetral ligaments.

 n  Inspect the proximal pole through the 3-4 portal to con-
firm countersinking of the screw into the proximal pole.

 n  If ligament tears are encountered, treat them with debride-
ment, intercarpal pinning, or open dorsal ligament repair.

POSTOPERATIVE CARE (MODIFIED) Apply a postopera-
tive splint, depending on the extent of soft-tissue injury. If 
no ligament injury is present, apply a thumb spica splint. 
If there is ligament injury, apply a sugar-tong thumb spica 
splint of the Munster type, extending above the elbow. 
For fracture management, remove skin sutures at about 
2 weeks and change the splint to a short arm thumb 
spica cast. Remove any remaining pins at 6 to 8 weeks. 
Continue with casting or removable thumb spica splint-
ing until radiographic healing has occurred, changing the 
cast monthly. CT can help in determining if bridging tra-
beculae are present. After healing has occurred, begin a 
therapist-supervised rehabilitation program.
  

 

A B

C

FIGURE 69.26 Percutaneous fixation of scaphoid fracture. A, Central axis of scaphoid is located 
on posteroanterior view. B, Wrist is pronated until scaphoid poles are aligned. C, Wrist is flexed 
until scaphoid has “ring” appearance on fluoroscopy. (From Slade JF III, Gutow AP, Geissler WB: 
Percutaneous internal fixation of scaphoid fractures via an arthroscopically assisted dorsal approach, 
J Bone Joint Surg 84A[Suppl 2]:21, 2002.) SEE TECHNIQUE 69.8.
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NONUNION OF SCAPHOID FRACTURES
Nonunion of scaphoid fractures is influenced by delayed 
diagnosis, gross displacement, associated injuries of the 
carpus, and impaired blood supply. Of these fractures, an 
estimated 40% are undiagnosed at the time of the original 
injury. Displaced scaphoid fractures have been suggested to 
have a nonunion rate of 92%. The incidence of osteonecrosis 
is approximately 30% to 40%, occurring most frequently in 
fractures of the proximal third.

Cystic changes in the scaphoid and the adjoining bones 
followed by osteonecrosis can occur after untreated fractures, 
but this is not an absolute indication for surgery. Nonunion is 
expected more often if the scaphoid fracture is untreated for 
4 or more weeks. Delayed treatment can result in a nonunion 
rate of 88%.

Treatment options for nonunions of proximal pole frac-
tures depend on the blood supply to the proximal pole and 
the size of the fragments. Nonunions involving the proximal 
third or more can be treated with nonvascularized bone grafts 
if circulation is satisfactory as determined by preoperative 
gadolinium-enhanced MRI and by intraoperative assessment 
of bone bleeding. Vascularized bone grafts are indicated when 
circulation to the proximal pole is poor. For very small, avas-
cular, ununited fragments, the proximal pole can be excised if 
the scapholunate ligament integrity is still intact.

Electrical and ultrasound stimulation methods have been 
found to be of variable effectiveness for the treatment of scaph-
oid nonunions. Reports suggest that bone grafting should be 
considered a better option than pulsed electromagnetic field 
treatment of scaphoid nonunions. There is no conclusive 
information at this time to recommend the use of low-inten-
sity ultrasound for scaphoid nonunions. More information is 
needed to define further the place of these technologies in the 
treatment of nonunions and acute fractures.

Many nonunions of the scaphoid have minimal symptoms 
and can be tolerated well by patients with sedentary occupa-
tions. Patients should be informed that some degenerative 

arthritis of the wrist probably is inevitable, but this can take 
years to develop, depending on the amount of chronic stress 
applied and the activity of the wrist. Radiographic findings 
of arthritis usually seen with scaphoid nonunion include 
radioscaphoid narrowing, capitolunate narrowing, cyst for-
mation, and pronounced dorsal intercalated segment insta-
bility. This is the so-called scaphoid nonunion advanced 
collapse pattern (Fig. 69.33). The radiolunate joint usually 
is spared in early stages but may show degenerative changes 
as the arthritis becomes more diffuse. Jupiter et al. observed 
that ununited fractures of the scaphoid fall into three groups, 
depending on the extent of arthrosis: established nonunions 
without arthrosis, nonunions with radiocarpal arthrosis, 
and nonunions with advanced radiocarpal and intercarpal 
arthrosis. Although bone healing is needed for nonunions 
without arthrosis, additional procedures, including salvage 
operations, may be required for patients with more exten-
sive arthrosis. Some nondisplaced scaphoid nonunions may 
heal after rigid internal fixation without bone grafting. Knoll 
and Trumble proposed a protocol for scaphoid nonunion 
treatment, including the consideration of osteonecrosis 
(Fig. 69.34). In old fractures with arthritis, symptoms can be 
decreased by excision of the radial styloid just proximal to the 
fracture in middle-third fractures; however, other reconstruc-
tive surgery, especially for severe arthritic degeneration, may 
be indicated, and proximal row carpectomy or arthrodesis of 
the wrist joint may prove to be more dependable. The follow-
ing operations can be useful for nonunions of the scaphoid: 
(1) traditional bone grafting, (2) vascularized bone grafting, 
(3) excision of the proximal fragment, the distal fragment, 
and, occasionally, the entire scaphoid, (4) radial styloidec-
tomy, (5) proximal row carpectomy, and (6) partial or total 
arthrodesis of the wrist.

Preiser disease (osteonecrosis of the scaphoid) usually 
manifests as wrist pain. Plain radiographs, MRI, and CT may 
help in assessing the circulation to the scaphoid and the extent 
of fragmentation. If symptoms and disability are not relieved 
with nonoperative methods, revascularization techniques 
similar to those used for Kienböck disease may preserve the 
scaphoid architecture. If there is significant scaphoid collapse 
or radioscaphoid arthrosis, scaphoid excision combined with 
capitate-lunate-triquetrum-hamate fusion or with proximal 
row carpectomy may be required. 

STYLOIDECTOMY
Styloidectomy alone probably is of little value in treating 
nonunions of the scaphoid. If arthritic changes involve only 
the scaphoid fossa of the radiocarpal joint, however, styloid-
ectomy is indicated in conjunction with any grafting of the 
scaphoid or excision of its ulnar fragment.

In older patients in whom radioscaphoid arthritis pre-
dominates, and the proximal fragment is not loose, styloidec-
tomy alone can provide pain relief. A study of the amount of 
styloid to be resected found that ulnar and palmar displace-
ment of the carpus increased significantly with resections of 
more than 4 mm of the radial styloid. Current recommenda-
tions are to resect no more than 4 mm of the styloid to pre-
serve the radioscaphocapitate ligament integrity. 

EXCISION OF THE PROXIMAL FRAGMENT
Excising both fragments of the scaphoid as the only procedure 
is unwise; although the immediate result may be satisfactory, 

 FIGURE 69.27 Percutaneous fixation of scaphoid fracture. 
Guidewire in central axis of scaphoid for placement of screw. (From 
Slade JF III, Gutow AP, Geissler WB: Percutaneous internal fixation of 
scaphoid fractures via an arthroscopically assisted dorsal approach, 
J Bone Joint Surg 84A[Suppl 2]:21, 2002.) SEE TECHNIQUE 69.8.
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eventual derangement of the wrist is likely. Soto-Hall and 
Haldeman reported gradual migration of the capitate into 
the space previously occupied by the scaphoid, although dis-
ability was not apparent for 5 to 7 years. If excision of both 
fragments is considered, it is preferable to add some other 
procedure to stabilize the capitolunate joint (e.g., capitolunate 
or capital-lunate-triquetral-hamate fusions).

When indicated, excising the proximal scaphoid frag-
ment usually is satisfactory; the loss of one fourth or less of 
the scaphoid usually causes minimal impairment of wrist 
motion. Because postoperative immobilization is brief, 
function usually returns rapidly. Strength in the wrist usu-
ally is decreased to some extent. The following are indi-
cations for excising the proximal fragment of a scaphoid 
nonunion:
 1.  The fragment is one fourth or less of the scaphoid. 

Regardless of its viability, grafting of such a small 
fragment frequently fails.

 2.  The fragment is one fourth or less of the scaphoid and 
is sclerotic, comminuted, or severely displaced. The 
comminuted fragments usually should be excised 
early to prevent arthritic changes; a severely displaced 
fragment also should be excised early if it cannot be 
accurately replaced by manipulation. In the past, 
Silastic implants have been used to act as “space fill-
ers.” Because of the possibility of silicone synovitis, 
we prefer to leave the space empty or we use a folded 
or rolled tendon graft to fill the defect.

 3.  The fragment is one fourth or less of the scaphoid, 
and grafting has failed. If a nonviable proximal frag-
ment consists of more than one fourth of the scaph-
oid, some other treatment is preferable to excision 
alone.

 4.  Arthritic changes are present in the region of the 
radial styloid. Styloidectomy is indicated in conjunc-
tion with excision of the proximal fragment. 

 

A

C

B

FIGURE 69.28 Percutaneous fixation of scaphoid fracture. A and B, Guidewire is placed at base 
of proximal pole of scaphoid (A) and driven along central axis (B). C, Wrist is extended, and fracture 
alignment and guidewire position are confirmed with fluoroscopy. (From Slade JF III, Gutow AP, 
Geissler WB: Percutaneous internal fixation of scaphoid fractures via an arthroscopically assisted 
dorsal approach, J Bone Joint Surg 84A[Suppl 2]:21, 2002.) SEE TECHNIQUE 69.8.
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EXCISION OF THE PROXIMAL 
FRAGMENT

 TECHNIQUE 69.9 

 n  At the level of the styloid process of the radius, make 
a transverse skin incision 5 cm long on the dorsoradial 
aspect of the wrist, centered over the scaphoid.

 n  Protect the superficial radial nerve and its terminal branch-
es.

 n  Release the radial side of the extensor retinaculum with 
a longitudinal incision along the radial border of the first 
dorsal compartment.

 n  Reflect the flap medially toward the second and third 
compartments.

 n  Protect and retract the tendons of the thumb abductors in 
a palmar direction and the tendon of the extensor pollicis 
longus in a dorsal and ulnar direction.

 n  Create a radially based triangular flap of dorsal capsule, 
incising along the distal border of the dorsal radiotrique-
tral and dorsal intercarpal ligaments to expose the scaph-
oid.

 n  To avoid excising a normal carpal bone, place a Kirschner 
wire in the proximal fragment of the scaphoid and iden-
tify the fragment in an anteroposterior radiograph.

 n  Grasp the fragment to be excised with a towel clip, apply 
traction, and remove the fragment by dividing its soft-
tissue attachments.

 n  As an alternative, remove the proximal pole with a ron-
geur.

 n  If it seems that there is sufficient laxity in the wrist to allow 
the capitate to migrate into the defect left by proximal 
pole excision, proceed to a scaphocapitate fusion (see 
Technique 69.50).

 FIGURE 69.29 Percutaneous fixation of scaphoid fracture. 
Fracture reduction with two 0.062-inch Kirschner wires used 
as “joysticks” to manipulate fracture fragments. (From Slade 
JF III, Gutow AP, Geissler WB: Percutaneous internal fixation 
of scaphoid fractures via an arthroscopically assisted dorsal 
approach, J Bone Joint Surg 84A[Suppl 2]:21, 2002.) SEE TECH-
NIQUE 69.8.

 FIGURE 69.30 Percutaneous fixation of scaphoid fracture. 
Scaphoid length is determined. (From Slade JF III, Gutow AP, 
Geissler WB: Percutaneous internal fixation of scaphoid fractures 
via an arthroscopically assisted dorsal approach, J Bone Joint Surg 
84A[Suppl 2]:21, 2002.) SEE TECHNIQUE 69.8.

 FIGURE 69.31 Percutaneous fixation of scaphoid fracture. 
Screw channel is created with cannulated hand drill and confirmed 
with fluoroscopy. (From Slade JF III, Gutow AP, Geissler WB: Percuta-
neous internal fixation of scaphoid fractures via an arthroscopically 
assisted dorsal approach, J Bone Joint Surg 84A[Suppl 2]:21, 2002.) 
SEE TECHNIQUE 69.8.
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 n  Close the capsular flap and repair the retinaculum with 
absorbable sutures.

 n  Close the skin and apply an anterior splint, extending 
from the palm to the elbow.

POSTOPERATIVE CARE The wrist is immobilized in the 
postoperative splint for 2 weeks. Sutures are removed at 
10 to 14 days. A removable splint is used while the patient 
transitions to a program of active exercises, which is con-
tinued until satisfactory function is restored. If a limited 
intercarpal arthrodesis has been done, the postoperative 
care is the same as that described after Technique 69.51.
  

EXCISION OF THE DISTAL SCAPHOID
Satisfactory results have been reported with distal scaph-
oid resection for the treatment of scaphoid nonunions with 
radioscaphoid arthritis treated with distal scaphoid resection. 

If capitolunate arthritis is present, an additional procedure 
(e.g., limited intercarpal arthrodesis) should be added to dis-
tal scaphoid excision. The technique and the postoperative 
care are similar to those described earlier for proximal pole 
excision. 

PROXIMAL ROW CARPECTOMY
Proximal row carpectomy is used as a reconstructive proce-
dure for posttraumatic degenerative conditions in the wrist, 
especially conditions involving the scaphoid and lunate. 
Reports support its use as an alternative to arthrodesis. 
Reports comparing proximal row carpectomy with limited 
intercarpal fusion confirmed that satisfactory relief of pain 
and preservation of motion and strength can be achieved. It 
is considered to be a satisfactory procedure in patients who 
have limited requirements, desire some wrist mobility, and 
accept the possibility of minimal persistent pain (Fig. 69.35). 
If a proximal row carpectomy fails to meet the patient’s needs, 
arthrodesis remains an option. Manual laborers usually are 

 

A B

C

FIGURE 69.32 Percutaneous fixation of scaphoid fracture. A, Joysticks and antiglide wires 
are maintained during drilling and dorsal implantation of screw. B and C, Fluoroscopy confirms 
placement of headless compression screw. (From Slade JF III, Gutow AP, Geissler WB: Percutaneous 
internal fixation of scaphoid fractures via an arthroscopically assisted dorsal approach, J Bone Joint 
Surg 84A[Suppl 2]:21, 2002.) SEE TECHNIQUE 69.8.
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better candidates for a wrist arthrodesis. Chen et  al. also 
found that posterior and anterior interosseous neurectomy 
reduced the risk for reoperation and lessened the rate of con-
version to wrist fusion after proximal row carpectomy.

When proximal row carpectomy is done for degenerative 
changes, healthy articular surfaces should be present in the 
lunate fossa of the radius and the proximal articular surface 
of the capitate to allow for satisfactory articulation between 
these surfaces. Arthrosis at the capitolunate joint does not 
absolutely contraindicate proximal row carpectomy because 
the proximal pole of the capitate can be excised and covered 
with a dorsal capsular flap with satisfactory function. If sig-
nificant degenerative changes on these articular surfaces can 
be seen radiographically or by direct vision at the time of 
procedure, consideration should be given to an alternative 
procedure, such as arthrodesis. Primary proximal row car-
pectomy can be useful in treating severe open carpal frac-
ture-dislocations characterized by significant disruption of 

the bony architecture, comminuted fractures of the scaphoid 
and lunate, and disruption of the blood supply to the lunate 
and scaphoid.

Excision of the triquetrum, lunate, and entire scaphoid 
usually is recommended. The distal pole of the scaphoid at 
its articulation with the trapezium can be left, however, to 
provide a more stable base for the thumb. If the distal scaph-
oid pole is left, radial styloidectomy should be done to avoid 
impingement of the distal scaphoid pole and trapezium on 
the radial styloid. When a radial styloidectomy is done dur-
ing proximal row carpectomy, care should be taken to avoid 
injury to the volar radioscaphocapitate ligament. Excision 
of the pisiform is unnecessary because of its location in the 
flexor carpi ulnaris tendon as a sesamoid. The bones usually 
are removed piecemeal; threaded Kirschner wires or screws 
used as “joysticks” or handles are helpful to lever the bone out 
at the wrist.

Proximal row carpectomy traditionally is reserved for 
patients over 35 to 40 years of age, and four-corner fusion is 
indicated for younger patients and those involved in heavy 
labor. Wagner et  al., however, compared proximal row car-
pectomy and four-corner fusions in patients under the age of 
45 with satisfactory results with both procedures at a mean 
follow-up of 11 years. They found no differences in patient-
rated wrist evaluation scores (27 for proximal row carpectomy 
compared to 28 for four-corner fusion). Those with proximal 
row carpectomy had more range of motion and fewer compli-
cations, while those with four-corner fusion had better grip 
strength (65%) and DASH scores (19 for four-corner fusion 
compared to 32 for proximal row carpectomy) compared to 
proximal row carpectomy (54%). 

 

PROXIMAL ROW CARPECTOMY

 TECHNIQUE 69.10 

 n  Make a longitudinal incision on the dorsum of the wrist in 
line with the third metacarpal. Longitudinal incisions are 
preferred because of the potential for future wrist fusion 
procedures.

 n  Deepen the incision to the extensor retinaculum, preserv-
ing the sensory branches of the radial and ulnar nerves.

 

I II

III IV

FIGURE 69.33 Stages of scaphoid nonunion advanced collapse. 
Stage I, arthritis at radial styloid. Stage II, scaphoid fossa arthritis. 
Stage III, capitolunate arthritis. Stage IV, diffuse arthritis of carpus.

 

Scaphoid nonunions

Waist

AVN No AVN AVN No AVN

Volar approach Dorsal approachVascular bone graft
+

Dorsal approach

Vascular bone graft
+

Dorsal approach

Proximal

FIGURE 69.34 Algorithm for treatment of scaphoid nonunion developed by Knoll and Trumble. 
AVN, Avascular necrosis (osteonecrosis).
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 n   Ligate and divide the superficial veins.
 n  Open the extensor retinaculum in a Z-shaped fashion to 

help facilitate closure; consider transposing the extensor 
pollicis longus tendon radially.

 n  Expose the dorsum of the proximal row of carpal bones 
through two longitudinal incisions in the capsule, one in 
the interval between the extensor digitorum communis 
tendons and the extensor carpi ulnaris and one between 
the extensor carpi radialis brevis tendon and the extensor 
digitorum communis.

 n  If the capitate articular surface shows erosion, fashion a 
capsular flap, based distally, by connecting the parallel 
capsular incisions with a transverse incision, proximally, 
near the dorsum of the distal radial articular surface.

 n  Expose the lunate by elevating the capsule of the wrist 
beneath the extensor digitorum communis tendons; in-
sert a threaded pin into the lunate, apply traction to the 
bone through the pin, and excise the bone by dividing its 
capsular attachments with a scalpel. A small, angled cleft 
palate blade also is helpful.

 n  Insert the pin into the triquetrum and excise it in a simi-
lar manner (Fig. 69.36B). (The lunate and triquetrum are 
excised first to provide more space for the more difficult 
excision of the scaphoid.)

 n  Carefully fragment the scaphoid with a small bone cutter, 
osteotome, or saw to facilitate removal (Fig. 69.36A). A 
burr also can be helpful in removing the distal pole of the 
scaphoid.

 n  Align the capitate with the lunate fossa. Use a Stein-
mann pin to stabilize the capitate if needed. If the pal-
mar radiocapitate ligament is preserved, this may be un-
necessary.

 n  If the capitate head shows significant signs of degen-
erative changes, consider interposing the capsular flap 
between the capitate head and lunate fossa. Secure the 
proximal aspect of the flap to the volar lip of the distal ra-

dius with small bone anchors. Additionally, the technique 
of using a dermal allograft anchored to the degenerative 
capitate head or lunate fossa has been described.

 n  Obtain hemostasis or drain the wound as needed and 
close the wound in layers.

 n  Apply a sugar-tong splint with the hand and wrist in a 
functional position.

POSTOPERATIVE CARE The wrist is immobilized in slight 
extension and with the hand in the functional position in 
a plaster short arm splint for 2 weeks. If a Steinmann pin 
has been used, it is removed at about 4 weeks. Active mo-
tion of the digits is encouraged soon after surgery and is 
continued throughout the convalescence. When the soft 
tissues have healed, active motion of the wrist is increased 
gradually, usually after 6 weeks of immobilization. Active 
exercises to strengthen grip are instituted 3 months post-
operatively.
   

 

ARTHROSCOPIC PROXIMAL ROW 
CARPECTOMY

 TECHNIQUE 69.11 

(WEISS ET AL.)
 n  Carry out routine radiocarpal and midcarpal arthroscopic 

examinations (see Techniques 69.2 and 69.3), using the 
3-4, 4-5, 6R, 6U, midcarpal radial, and midcarpal ulnar 
portals as needed.

 

A B

FIGURE 69.35 A, Long-standing scaphoid nonunion with arthritis, osteonecrosis, collapse of 
proximal pole, and settling of capitate into proximal row. B, After proximal row carpectomy with 
radial styloidectomy.
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 n  Introduce a small joint arthroscopic burr or shaver into 
the midcarpal joint through the midcarpal radial portal, 
with the scope in the midcarpal ulnar portal for view-
ing.

 n  Use the burr or shaver to decorticate the medial corner of the 
scaphoid at the midcarpal scapholunate joint. Take care not 
to injure the articular cartilage of the head of the capitate.

 n  Once an adequate portion of the corner of the scaphoid is 
removed, slightly enlarge the midcarpal radial portal with 
careful dissection, and introduce a 4.0-mm hooded burr 
into the midcarpal joint. Again, take care not to injure the 
articular cartilage of the head of the capitate.

 n  Remove the scaphoid from ulnar to radial and distal to 
proximal (Fig. 69.37A) through the scaphotrapezial trap-
ezoid (STT) portal while viewing through the midcarpal 
radial portal.

 n  After scaphoid excision, place the arthroscope in the STT 
or midcarpal radial portal and a burr in an enlarged mid-
carpal radial or midcarpal ulnar portal and sequentially re-
move the lunate (distal to proximal) and triquetrum (distal 
to proximal) (Fig. 69.37B).

 n  Under arthroscopic vision, use a fine synovial rongeur to 
remove tiny fragments of bone or cartilage that remain 
adherent to the capsule.

 n  Confirm complete proximal row carpectomy with fluoros-
copy.

 n  Release traction and use arthroscopy and fluoroscopy to 
confirm seating of the head of the capitate in the lunate 
fossa (Fig. 69.37C).

 n  If sufficient radiocarpal impaction is observed with radial 
deviation of the wrist, perform arthroscopic radial styloid-
ectomy with the burr in the 1-2 portal and the arthro-
scope in the 3-4 portal.

 

A

D

Osteotome

EDC and EIP
(4th compartment)

ECRL, ECRB
(2nd compartment)

EPL
(3rd compartment)

Exposure of scaphoid and
lunate between the 2nd and

4th compartments B

C

EDC and EIP
(4th compartment)

Triquetrum

EDQP
(5th compartment)
ECU
(6th compartment)

FIGURE 69.36 Proximal row carpectomy through dorsal approach. A and B, Exposure and 
morcellation of scaphoid and lunate between second and fourth dorsal compartments. C and D, 
Exposure of triquetrum between fourth and fifth extensor compartments for triquetrum exci-
sion. ECRB, Extensor carpi radialis brevis; ECRL, extensor carpi radialis longus; ECU, extensor carpi 
ulnaris; EDC, extensor digitorum communis; EPL, extensor pollicis longus; EDQP, extensor digiti 
quinti proprius; EIP, extensor indicis proprius. (From Calandruccio JH: Proximal row carpectomy, J 
Am Soc Surg Hand 1:112, 2001.) SEE TECHNIQUE 69.10.
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POSTOPERATIVE CARE A bulky dressing and volar splint 
are applied, and immediate finger range of motion is allowed. 
Two days after surgery, the bandage is removed and a remov-
able volar splint is applied for comfort. Early active and passive 
range of motion of the wrist and fingers is encouraged, and 
return to activity is allowed within the limits of comfort. Formal 
physical therapy is prescribed on an individual basis as needed.
  

 

GRAFTING OPERATIONS
Cancellous bone grafting for scaphoid nonunion, as first 
described by Matti and modified by Russe, has proved to 

be a reliable procedure, producing bony union in 80% to 
97% of patients. Cohen et al. reported success with this 
technique even for scaphoid nonunions with “humpback 
deformity.”

 TECHNIQUE 69.12 

(MATTI-RUSSE)
 n  With the patient supine and under general anesthesia, 

prepare the injured limb and prepare one iliac crest for 
possible bone graft harvest.

 n  Under pneumatic tourniquet control, make a longitudinal 
incision 3 to 4 cm long on the volar aspect of the wrist 
slightly to the radial side of the flexor carpi radialis tendon.

 

A

C

B

FIGURE 69.37 Arthroscopic proximal row carpectomy (see text). A, Initial removal of distal ulnar pole 
of scaphoid. B, Entire proximal row has been excised. C, After release of traction. (From Weiss ND, Molina 
RA, Gwin S: Arthroscopic proximal row carpectomy, J Hand Surg 36A:577, 2011.) SEE TECHNIQUE 69.11.
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 n  Protect the palmar cutaneous branch of the median 
nerve and the terminal branches of the superficial radial 
nerve.

 n  Retract the flexor carpi radialis tendon ulnarward. Incise 
the wrist capsule, reflecting the radiocarpal ligaments as 
medial and lateral flaps to be repaired.

 n  Identify the scaphoid bone and expose the nonunion. It 
can be seen more clearly with dorsiflexion and ulnar de-
viation of the wrist.

 n  Freshen the sclerotic bone ends with a small gouge and 
form a cavity that extends well into each adjacent frag-
ment. The cavity can be formed with a high-speed burr; 
however, thermal bone injury can occur. As an alterna-
tive, outline a rectangular trough with drill holes and con-
nect the holes with a thin osteotome or a powered thin 
saw blade (Linscheid and Weber).

 n  From the iliac crest, obtain a piece of cancellous bone 
and shape it into a large lozenge-shaped peg to fit into 
the preformed cavity and stabilize the two fragments 
(Fig. 69.38). If a rectangular trough has been formed, 
shape the bone graft to fit the cancellous portion into 
the trough.

 n  Place multiple small bone chips around the peg. Use in-
traoperative C-arm fluoroscopy to verify filling of the 
cavity.

 n  Although the fragments can be stabilized by the cortico-
cancellous bone graft, stability can be improved with a 
Kirschner wire inserted from distal to proximal across the 
fracture. Leave the wire either just beneath the skin or 
protruding from the palmar skin.

 n  After removing the tourniquet, suture the capsule and 
close the skin.

 n  Apply a sugar-tong splint with a thumb spica extension, 
from above the elbow to the palm with the wrist in neu-
tral position.

POSTOPERATIVE CARE The sutures are removed at 10-
14 days, and a new cast is applied. If a Kirschner wire is 
used, it is removed at 4 to 6 weeks. Casting is continued 
until radiographic healing, around the tenth to twelfth 
postoperative week.
   

MALPOSITIONED NONUNION OF SCAPHOID 
FRACTURES (“HUMPBACK” DEFORMITY)
Established nonunions of scaphoid fractures can be seen in pre-
operative radiographs to have resorption or comminution, with 
resulting shortening and angulation, with its convexity dorsal 
and radial (“humpback” deformity). Preoperative CT in the sag-
ittal and coronal planes shows this deformity best when oriented 
in the longitudinal axis of the scaphoid. Correct orientation of the 
CT scan can be confirmed by viewing the orientation of the wrist 
on the scout images. The forearm is angled roughly 45 degrees 
relative to the frame of the image and scout cuts appear to tra-
verse directly through the long axis of the scaphoid (Fig. 69.39). 
The deformity includes extension of the proximal pole of the 
scaphoid, resulting extension of the lunate, and a form of dorsal 
intercalated instability pattern seen on lateral plain radiographs. 
Fisk emphasized that interposition bone grafting allows restora-
tion of length and correction of malalignment. Amadio et al. and 
Cooney et al. proposed anterior wedge grafting for angulation 
resulting in a scapholunate angle of more than 60 degrees or an 
intrascaphoid angle of more than 45 degrees. Modifications pro-
posed by Fernandez emphasized careful preoperative planning, 
comparison radiographs of the uninjured side, the use of a bone 
graft fitted to the defect, and Kirschner wire fixation. Tomaino 
et al. treated persistent lunate extension after interposition graft-
ing of the scaphoid by radiolunate pinning to stabilize the lunate 
in a neutral position before correcting the scaphoid “humpback” 
deformity. The cannulated Herbert-Whipple screw was found 
to be effective fixation. According to Manske, McCarthy, and 
Strecker, the double-threaded Herbert screw was most effective 
in nonunions with evidence of osteonecrosis, nonunions involv-
ing the proximal third, or nonunions having had previous failed 
bone grafts. Stark et  al. recommended Kirschner wire fixation 
with an iliac bone graft for all nonunions because judging stabil-
ity with bone grafting alone was difficult, and because the tech-
nique was technically easy and added little to the operating time. 
They achieved union in 97% of 151 old ununited fractures of the 
scaphoid. More recently, the use of two headless microscrews 
combined with bone grafting was reported to obtain a 100% 
union rate in 19 patients with scaphoid nonunions. Combining 
volar wedge grafting with Herbert screw fixation in 26 scaph-
oid nonunions, Daly et al. reported a union rate of 95%. Of the 
five methods he had used, Barton reported a 74% union rate, his 
best results, using the “wedge” graft and the Herbert screw. The 
meta-analysis of 1121 articles reported by Merrell, Wolfe, and 
Slade included 36 eligible reports indicating that grafting with 
screw fixation produced better healing rates (94% union) than 
Kirschner wires and wedge grafting (74%). Vascularized grafts 
provided a better union rate (88%) than wedge grafting and screw 
fixation (47%) in cases with osteonecrosis of the proximal pole. 

 

GRAFTING OPERATIONS

 TECHNIQUE 69.13 

(FERNANDEZ)
 n  Preoperatively, calculate the amount of resection, size of 

graft, and angular deformity on tracing paper by using 
the radiographic findings of the uninjured wrist as a guide 
(Fig. 69.40).

 

Graft

Flexor carpi 
radialis

FIGURE 69.38 Matti-Russe technique of bone grafting for 
nonunion of carpal scaphoid. SEE TECHNIQUE 69.12.
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 n   Approach the scaphoid between the flexor carpi radialis and 
the radial artery according to the classic Russe procedure.

 n  Incise the palmar capsule of the wrist longitudinally in 
line with the skin incision and extend it to the scaphoid 
tubercle for exposure of the nonunion, the proximal and 
distal fragments, and the scapholunate junction.

 n  Using an oscillating saw, carry out resection according to 
the preoperative plan.

 n  If signs of osteonecrosis of the proximal fragment are ap-
parent, place multiple 1-mm drill holes within the sclerotic 
cancellous bone.

 n  Correct the flexion deformity and shortening by distract-
ing the osteotomy site on the palmar-radial aspect with 
two small bone hooks or a spreader clamp. As this is 
done, have an assistant simultaneously correct the dorsal 
rotation of the lunate by pushing the palmar pole toward 
the radius with a fine bone spike.

 n  Shape the corticocancellous graft from the iliac crest to fit 
the defect with a saw, rongeur, or bone cutter. If consid-
erable lengthening is necessary, the graft would need to 
be trapezoidal to bridge the defect that appears on the 
dorsal aspect of the navicular (see Fig. 69.40). Orient the 
graft so that its cortical part is palmar.

 n  After insertion of the graft, shape the protruding edges 
flush with the proximal and distal fragments.

 n  Use image intensification to control correction of lunate 
rotation.

 n  Fix the scaphoid with two or three 0.05-in (1.2-mm) Kirschner 
wires, which are power driven percutaneously into the pal-
mar aspect of the distal fragment across the graft into the 
dorsal aspect of the proximal fragment (see Fig. 69.37). Use 

image intensification to ensure correct placement of the in-
ternal fixation material.

 n  Carefully close the palmar capsule and cut the Kirschner 
wires short, 3 mm below the palmar skin of the thenar area.

POSTOPERATIVE CARE A palmar plaster splint that in-
cludes the thumb is applied for 2 weeks, at which time the 
sutures are removed. The wrist and thumb are immobi-
lized in a short navicular cast for 6 weeks. Immobilization 
is discontinued after 8 weeks, and a palmar thermoplastic 
removable splint is applied with which the patient can 
perform active exercises of the wrist three times a day for 
15 minutes. CT scans of the navicular are obtained at 12 
weeks, and if bony union is confirmed, the internal fixa-
tion material is removed through a small incision under 
local anesthesia.

Defining union on CT scan is controversial. It has been 
defined as 50% to 75% bridging trabeculae. Sommerkamp 
et al. described a “cross-section trabeculation score” in 
scaphoid nonunions. This is calculated by estimating the 
percentage of cross-sectional trabecular bridging at the 
fracture site on a series of longitudinally oriented 1-mm 
CT scans along the scaphoid axis. This is done for both the 
coronal and sagittal planes, and the two percentages are 
averaged to provide an overall percentage or cross-section 
trabeculation score. The value of 50% scaphoid healing 
as being adequate is supported by a biomechanical model 
that showed the native failure strength of the scaphoid 
with cantilever bending applied was 610 N and the failure 
strength of the scaphoid with a compression screw and half 
of the scaphoid waist excised was 666 N.
   

 

D E F

A B C

FIGURE 69.39 A, For sagittal plane images, forearm is held pronated and hand lies flat on table. 
Forearm crosses gantry at angle of approximately 45 degrees (roughly in line with abducted thumb 
metacarpal). B, Scout images are obtained to confirm appropriate orientation and to ensure that 
entire scaphoid is imaged. Sections are obtained at 1-mm intervals. C, Images obtained in sagittal 
plane are best for measuring intrascaphoid angle. D, For coronal plane images, forearm is in neutral 
rotation. E, Scout images show alignment of wrist through gantry of scanner. F, Interpretation of 
images obtained in coronal plane is straightforward. (Copyright 1999 by Jesse B. Jupiter, MD.)
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GRAFTING OPERATIONS

 TECHNIQUE 69.14 

(TOMAINO ET AL.)
 n  With the patient supine and under appropriate anesthe-

sia, and after preparation of the skin and one iliac crest, 
exsanguinate the limb with an elastic wrap and inflate the 
pneumatic tourniquet.

 n  Make a palmar skin incision between the flexor carpi ra-
dialis and the radial artery, extending from about 2 cm 
proximal to the radial styloid to about 1 cm distal to the 
scaphoid tuberosity.

 n  Incise the palmar capsule and radioscaphocapitate liga-
ment longitudinally in line with the skin incision. Extend 
the incision distally, exposing the proximal trapezium and 
the scaphotrapezial joint.

 n  Correct lunate extension by maximally flexing the wrist 
joint to derotate the extended lunate (Fig. 69.41A).

 n  Fix the lunate in the flexed position by percutaneously 
passing a 0.045-in (1.1-mm) Kirschner wire through 
the radius from its lateral surface into the lunate fossa 

of the articular surface of the radius (Figs. 69.41A and 
69.42A,B).

 n  Protect the superficial radial nerve during the wire passage.
 n  Use the C-arm fluoroscope to obtain a lateral image to 

ensure neutral alignment of the lunate (Fig. 69.42C).
 n  Supinate the forearm and maximally extend the wrist to 

open up the scaphoid nonunion site (Fig. 69.41B).
 n  Using a microsagittal saw or rongeur, resect the nonunion 

to viable bleeding bone proximally and distally.
 n  Measure the gap in the scaphoid (length, width, and 

depth) to determine the dimensions of the wedge graft.
 n  Distally, notch the trapezium with a rongeur to allow for 

placement of a cannulated screw (Herbert-Whipple).
 n  Obtain a tricortical corticocancellous graft from the iliac 

crest using a microsagittal saw, irrigating with saline to 
avoid thermal bone injury (Fig. 69.41C).

 n  Sculpt the graft to fit the defect.
 n  Gently impact the graft into place with the inner (can-

cellous) surface facing the capitate (Fig. 69.41D). Avoid 
prominence of the graft on the dorsal and ulnar surfaces.

 n  Pass a single 0.045-in (1.1-mm) Kirschner wire eccentri-
cally down the long scaphoid axis to hold the scaphoid 
and graft in place.

 n  Remove the radiolunate wire to allow movement of the 
wrist to obtain satisfactory images of guidewire placement.

 n  Using C-arm fluoroscopic images, place the guidewire 
for the Herbert-Whipple screw. Ascertain with the fluo-
roscopic images that the guidewire is centrally placed.

 n  Insert a screw of appropriate length. Anticipate that it 
might be necessary to reduce the screw length 4 to 6 mm 
from the length obtained from the guidewire.

 n  Using the fluoroscope, ascertain central placement of the 
guidewire and screw.

 n  Use a small burr to remove prominent graft on the radial 
and volar surfaces.

 n  Assess wrist flexion and extension and radial and ulnar 
deviation to ensure that the graft is not impinging on the 
distal radius. If there is impingement, perform a limited 
radial styloidectomy.

 n  Repair the palmar capsule, the radioscaphocapitate liga-
ment, and the sheath of the flexor carpi radialis.

 n  Deflate the pneumatic tourniquet, obtain hemostasis, 
and close the skin.

 n  Apply a short arm thumb spica splint.

POSTOPERATIVE CARE The splint and sutures are re-
moved at 2 weeks. A removable short arm thumb spica 
splint is provided. Activities are limited and casting is con-
tinued until bone union has occurred, usually at 10 to 12 
weeks.
   

 

GRAFTING OPERATIONS

 TECHNIQUE 69.15 

(STARK ET AL.)
 n  Expose the scaphoid through a straight or zigzag volar 

incision.

 

25
 m

m
 

SL 42°
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SL 40°

20 mm
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FIGURE 69.40 Preoperative planning. Top, Tracing of uninjured 
wrist and measurement of scaphoid length and scapholunate (SL) 
angle. Middle, Calculation of size of resection area and form of 
graft. Bottom, Definitive diagram of operation. SEE TECHNIQUE 
69.13.
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 n  After the wrist capsule is incised longitudinally and the 
wrist is dorsiflexed, both parts of the scaphoid and the 
articular surface of the radius can be seen readily.

 n  Remove a small, rectangular window of bone from the 
volar aspect of the distal fragment immediately adjacent 
to the fracture. Through this opening, clear fragments of 
fibrous tissue and dead bone using a low-speed power 
burr or curet.

 n  Fashion a large cavity in the proximal and distal parts of 
the scaphoid.

 n  Use a Chandler retractor to protect the articular cartilage 
of the radioscaphoid joint (Fig. 69.43A). It also helps to 
correct angulation, malrotation, and displacement of the 
fragments.

 n  The volar part of the cortex of the scaphoid often is de-
ficient, and this deficiency permits an exaggerated volar 

 

A B

DC

Outer
surface

Inner
surface

Inner
surface

FIGURE 69.41 A, Lunate extension (dorsal intercalated segment instability deformity) accom-
panies scaphoid nonunion with humpback deformity because of carpal collapse. B, With wrist 
extension, radiolunate joint is pinned and scaphoid opens at nonunion site. Microsagittal saw 
is used to smooth ends of bone at nonunion. C, Tricortical iliac crest graft is harvested. D, Graft 
is pinned in place before insertion of Herbert-Whipple screw. Lunate transfixion pin is removed 
before screw placement to facilitate accurate imaging of scaphoid and guidewire. (Redrawn from 
Tomaino MM, King J, Pizillo M: Correction of lunate malalignment when bone grafting scaphoid 
nonunion with humpback deformity: rationale and results of a technique revisited, J Hand Surg 
25A:322, 2000.) SEE TECHNIQUE 69.14.

 

A B C

FIGURE 69.42 A, Lateral radiograph of wrist with scaphoid nonunion and humpback deformity 
shows lunate extension because of collapse. B, Posteroanterior radiograph shows Kirschner wire 
that has been placed percutaneously through radial side of radius into lunate after correcting 
lunate extension. C, Normal radiolunate angle has been restored. (From Tomaino MM, King J, 
Pizillo M: Correction of lunate malalignment when bone grafting scaphoid nonunion with hump-
back deformity: rationale and results of a technique revisited, J Hand Surg 25A:322, 2000.) SEE 
TECHNIQUE 69.14.
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tilt of the distal fragment, creating the “humpback” de-
formity of the scaphoid.

 n  Realignment and reduction of the fracture and restora-
tion of the bone to the proper length are difficult parts 
of the procedure. Intraoperative radiographs usually are 
necessary.

 n  Transfix the scaphoid with two 0.035-inch (0.9-mm) 
Kirschner wires by inserting them through the distal frag-
ment into the proximal one; protect the articular cartilag-
es of the scaphoid and radius with the retractor. Observe 
correct placement of the wires through the volar window.

 n  Pack cancellous bone from the ilium into the cavity (Fig. 
69.43B).

 n  The wires can be inserted after packing the cavity with 
bone, but it is easier to verify their location before insert-
ing the graft.

 n  Often a cortical bone graft can be fashioned to fit snugly 
into the volar window; stabilize it with one additional 
0.028-inch (0.7-mm) Kirschner wire (Fig. 69.43C).

 n  Cut the wires off beneath the skin.
 n  Approximate the capsule with absorbable sutures, close 

the skin, and immobilize the extremity in a long arm 
thumb spica splint with the forearm in supination, the 
wrist in neutral, and the thumb in abduction.

POSTOPERATIVE CARE The sutures are removed at 2 
weeks, and a long arm thumb spica cast is applied and is 
worn for 6 additional weeks. The Kirschner wires are re-
moved after the fracture has united. When immobilization 
is discontinued, patients are permitted to use the wrist 
and hand for light activities, but strenuous and forceful 
activity is discouraged for an additional 2 months.
  

VASCULARIZED BONE GRAFTS
The use of vascularized bone grafts has proved to be an effective 
method for treating scaphoid nonunions, especially nonunions 
with an avascular proximal pole and those that have failed to 

heal after previous procedures. Since Braun’s 1983 report of 
success with a pronator quadratus pedicle graft from the distal 
radius, other sources of pedicle flaps from the distal radius and 
ulna and the metacarpals have been described, including an 
iliac crest free flap with microvascular techniques, a vascular-
ized bone graft from the distal dorsolateral radius, and pedicle 
bone grafts based on the 1,2 intercompartmental suprareti-
nacular artery. Although vascularized pedicle grafts are useful 
for promoting healing, the presence of established radiocarpal 
arthrosis may compromise the functional outcome. Additional 
studies have also shown success with the medial femoral con-
dyle osteochondral free flap in scaphoid nonunions, with 
reported union rates of 89% at 16 weeks. 

 

PRONATOR-BASED GRAFT

 TECHNIQUE 69.16 

(KAWAI AND YAMAMOTO)
 n  Make a volar zigzag incision over the scaphoid tuberosity 

and the distal radius to expose the site of nonunion.
 n  Divide the radioscaphocapitate ligament complex but re-

tain it for later repair to the muscle pedicle.
 n  Excise the sclerotic bone ends and freshen them with a 

power burr to form an oval cavity 10 to 20 mm long and 
parallel to the axis of the scaphoid.

 n  Identify the pronator quadratus and outline a block of 
bone graft 15 to 20 mm long at its distal insertion on 
the distal radius close to the abductor pollicis longus ten-
don (Fig. 69.44). Outline the margin of the graft with 
Kirschner wire holes to facilitate separation with a fine 
osteotome.

 n  Ensure that the pronator quadratus is not detached from 
the harvested bone graft; dissect the muscle toward the 
ulna to secure a pedicle 20 mm thick. The anterior interos-
seous vessels need not be identified.

 

A B C

Cortical
graft 

Cancellous
graft 

FIGURE 69.43 Technique for scaphoid nonunion (Stark et al.). A, Excavation of scaphoid 
and placement of Kirschner wires; Chandler retractor is used to protect articular cartilage of 
radioscaphoid joint. B, Cortical graft is inserted into cavity. C, Kirschner wire is inserted to stabilize 
bone graft. SEE TECHNIQUE 69.15.
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 n  If the muscle is too tight to allow easy transfer of the 
pedicled bone, dissect the ulnar origin of the pronator 
quadratus subperiosteally from the ulna through an ad-
ditional incision over the distal ulna.

 n  Align the proximal and distal scaphoid segments carefully 
as a traction force is applied to the thumb. This maneuver 
corrects any intercalated segment instability and allows 
the grafted bone to be inserted snugly into the cavity in 
the scaphoid.

 n  Fix the proximal and distal scaphoid segments and the 
graft with two 0.045-inch (1.16-mm) Kirschner wires 
introduced at the scaphoid tuberosity. Do not cross the 
radiocarpal joint with a Kirschner wire.

 n  Close the skin and apply a long arm thumb spica cast.

POSTOPERATIVE CARE The arm is immobilized in a short 
arm cast until healing has occurred, usually at 10 to 12 weeks. 
When stable bony union is certain, the Kirschner wires are 
removed, usually about 3 to 4 months after surgery.
   

 

VASCULARIZED BONE GRAFTS—
1,2 INTERCOMPARTMENTAL SUPRARE-
TINACULAR ARTERY GRAFT (1,2 ICSRA)

 TECHNIQUE 69.17 

(ZAIDEMBERG ET AL.)
 n  Place the patient supine on the operating table with the 

hand pronated on the hand table. Prepare the arm to use 
the pneumatic tourniquet.

 n  After skin preparation, draping, limb exsanguination, and 
tourniquet inflation, with the forearm pronated, make an 
oblique skin incision on the dorsoradial side of the wrist, 
centered on the radiocarpal joint. Avoid injury to the 
branches of the superficial radial nerve.

 n  Incise the extensor retinaculum of the first dorsal extensor 
compartment.

 n  Retract the extensor pollicis brevis and the abductor pol-
licis longus in a palmar direction.

 n  Retract the wrist and finger extensors toward the ulna.
 n  On the distal radial periosteum, identify the longitudinal 

course of the ascending irrigating branch of the radial 
artery (Fig. 69.45A). Design a bone graft with the longi-
tudinal vessel as its center.

 n  Identify and protect the branches of the superficial branch 
of the radial nerve (Fig. 69.45B).

 n  Expose the scaphoid nonunion and freshen the sclerotic 
bone ends with curets or a power burr.

 n  Reduce the fracture. A Kirschner wire used as a “joystick” 
can be helpful.

 n  If the fracture cannot be reduced, approach the scaphoid 
through a second, palmar incision over the distal flexor 
carpi radialis, retracting its tendon and entering the wrist 
through the volar capsule.

 n  Make a 15- to 20-mm long trough in the scaphoid parallel 
to its long axis.

 n  Use narrow osteotomes or a small gouge to harvest a 
bone graft from the distal radius, beneath the periosteal 
vessel (Fig. 69.45C). Avoid comminution of the cortex and 
injury to the vessel. Make the bone graft about the size of 
the defect in the scaphoid and transpose it to the defect 
in the scaphoid (Fig. 69.45D).

 n  Stabilize the bone graft with Kirschner wires.
 n  Obtain additional cancellous bone from the same radial 

donor site, if needed.
 n  Deflate the tourniquet, ensure hemostasis, and close the 

capsule; avoid strangulating the vessel.
 n  Close the skin and apply a bulky bandage supported by a 

long arm thumb spica cast.

POSTOPERATIVE CARE The sutures are removed at 2 
weeks, and the short arm thumb spica cast is worn until 
radiographic healing. Wrist motion and forearm rehabili-
tation are begun when union is established.
   

 

VASCULARIZED BONE GRAFTS—
PROXIMAL RADIOCARPAL ARTERY 
GRAFT (PRCA GRAFT)

 TECHNIQUE 69.18 

(SOMMERKAMP ET AL.)
 n  Approach the wrist volarly through the flexor carpi radialis 

approach, as previously described (Technique 69.17), but 
extend it more proximally to complete a roughly 8-cm 
incision.

 n  Take care not to extend the dissection in a radial direction 
when proximal or at the distal radial rim to preserve the 
proximal radiocarpal artery pedicle. Carefully dissect to 
expose the volar rim of the distal radius and the distal half 
of the pronator quadratus.

 n  Debride the scaphoid nonunion site and assess the proxi-
mal pole bleeding with the tourniquet down for avascu-
larity.

 n  Use 0.0625 (1.5 mm) Kirschner wires as joysticks to cor-
rect the humpback deformity; measure the defect needed 

 

Ununited
scaphoid

fracture

Pronator
quadratus

FIGURE 69.44 Pronator quadratus pedicle bone graft for 
scaphoid nonunion. Graft fills excavated site of nonunion and is 
fixed with Kirschner wires. SEE TECHNIQUE 69.16.
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for the vascularized graft (maximum size obtainable: 12 
mm long, 10 mm wide, 13 mm deep).

 n  For harvest of the graft, carry out the dissection ulnar 
to the flexor carpi radialis. Retract the median nerve and 
flexor tendons ulnarly with a wide Penrose drain and 
slightly flex the wrist to relax the tendons and widen the 
view. The Penrose drain can be used to retract the carpal 
tunnel contents radial or ulnar, whichever provides better 
exposure of the donor site or pedicle.

 n  The proximal radiocarpal artery (PRCA) pedicle can now 
be seen at the distal edge of the pronator quadratus, of-
ten surrounded by fat.

 n  Identify the lunate fossa and place Kirschner wires to 
match the volar tilt of the articular surface to prevent 
penetration into the joint when harvesting.

 n  Gently dissect the pronator from the PRCA pedicle along 
the ulnar side of the radius. Carefully avoid skeletonizing 
the pedicle in the mid to radial part of the distal radius.

 n  Mark the desired graft size on the volar ulnar aspect of 
the exposed distal radius with the pedicle centered in the 

graft templating. Ligate the ulnar continuation of the 
PRCA pedicle as it crosses the distal radioulnar joint.

 n  Complete distal, ulnar, and proximal cuts along the mark-
ings of the donor graft site with a 7-mm oscillating saw 
under continuous irrigation, avoiding penetration into the 
lunate fossa or distal radioulnar joint.

 n  Complete the graft harvest with a radial osteotomy using 
2-mm osteotomes on either side of the pedicle. Lift the 
graft out of the donor site with a Freer elevator.

 n  Mobilize the PRCA radially by keeping a wide cuff of tis-
sue and dissecting in a subperiosteal manner.

 n  Rotate the pedicle 30 to 40 degrees to inset into the 
scaphoid nonunion defect. The proximodistal and ra-
dioulnar parts of the graft correspond identically to the 
scaphoid recipient site.

 n  Complete fixation with either Kirschner wires or a can-
nulated compression screw in a retrograde manner, ac-
cording to surgeon preference.

 n  Take care when performing the radioscaphocapitate liga-
ment repair to not compress the pedicle. 

 

A B

C D

I
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1,2 ICSRA 
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SBRN 
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FIGURE 69.45 Pedicled vascularized bone graft for scaphoid nonunion. A, Incision (solid green 
line) exposes scaphoid and bone graft donor site. Subcutaneous tissues are raised from extensor 
retinaculum, and 1,2 intercompartmental supraretinacular artery (ICSRA) is identified. R, radius; 
RA, radial artery; S, scaphoid. B, Branches (I, II, III) of superficial branch of the radial nerve (SBRN) 
are identified and protected. Dashed lines indicate incisions of first and second extensor compart-
ments. C, With graft levered out, tourniquet is deflated, and vascularity of graft is checked. D, 
Graft is gently press-fit into scaphoid nonunion site. Supplemental fixation with Kirschner wires or 
placement of scaphoid screws can be done at this time. (Redrawn from Shin AY, Bishop AT: Pedicled 
vascularized bone grafts for disorders of the carpus: nonunion and Kienböck’s disease, J Am Acad 
Orthop Surg 10:210, 2002. Adapted with permission from the Mayo Foundation, Rochester, MN.) 
SEE TECHNIQUE 69.17.
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POSTOPERATIVE CARE The sutures are removed at 2 
weeks, and the short arm thumb spica cast is worn until 
radiographic healing, often confirmed on CT scanning at 
3 months postoperatively. Wrist motion and forearm re-
habilitation are begun when union is established.
  

ARTHRODESIS OF THE WRIST
Arthrodesis should be considered a salvage procedure for old 
ununited or malunited fractures of the scaphoid with associ-
ated radiocarpal traumatic arthritis. Wrist arthrodesis is dis-
cussed later in this chapter. 

 

WRIST DENERVATION
Wrist denervation has been described for the treatment of 
chronic wrist pain with a variety of etiologies. Good results 
have been reported in 12% to 95% of patients after total 
wrist denervation. To avoid multiple incisions and extensive 
dissection, partial neurectomies have been used, but their 
results have been inconsistent. Berger described denervation 
of the anterior and posterior interosseous nerve through a 
single dorsal incision, and Weinstein and Berger reported im-
provement in 76% of patients with chronic wrist pain after 
this procedure.

 TECHNIQUE 69.19 

 n  Make a longitudinal 3- to 4-cm dorsal incision centered 
between the radius and ulna, just proximal to the proxi-
mal edge of the distal radioulnar joint (Fig. 69.46A).

 n  Expose the floor of the fourth compartment and the pos-
terior interosseous nerve; remove a 1-cm portion of the 
posterior interosseous nerve (Fig. 69.46B).

 n  Incise the interosseous membrane, identify the distal 
sensory portion of the anterior interosseous nerve, and 
remove a 1-cm section (Fig. 69.46C).

 n  Close the skin and apply a bulky hand dressing with a 
volar plaster splint.

POSTOPERATIVE CARE A short arm splint is worn for 
2 weeks, and sutures are removed between 10 and 14 
days. At the end of 2 weeks of immobilization, a range-
of-motion and strengthening protocol is initiated.
   

NAVICULOCAPITATE FRACTURE 
SYNDROME AND CAPITATE FRACTURES
Although naviculocapitate fracture syndrome is rare, it 
should be considered among the associated injuries that 
can occur with a fracture of the scaphoid. Axial compres-
sion of a dorsiflexed wrist forces further dorsiflexion, and 
after the scaphoid fractures, the dorsal lip of the radius 
forcefully impacts the head of the capitate, causing it to 
fracture. As the wrist continues into further dorsiflex-
ion, after the scaphoid and the capitate are fractured, the 

 

3–5 cm

IOM

U

R

IOM

PQ

PIN

DRUJ

A

B

C

PIN

AIAp

AIA

AIN

FIGURE 69.46 Wrist denervation. A, Incision. B, Removal of 
1-cm section of posterior interosseous nerve. C, Removal of 1-cm 
section of anterior interosseous nerve. AIA, anterior interosseous 
artery; AIAp, posterior division of the anterior interosseous artery; 
AIN, anterior interosseous nerve; DRUJ, distal radioulnar joint; 
IOM, interosseous membrane; PIN, posterior interosseous nerve, 
PQ, pronator quadratus. (Redrawn from Hofmeister EP, Moran SL, 
Shin AY: Anterior and posterior interosseous neurectomy for the 
treatment of chronic dynamic instability of the wrist, Hand 1:63, 
2006.) SEE TECHNIQUE 69.19.
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capitate head rotates 90 degrees. The hand, when returned 
to neutral position, brings the proximal fragment of the 
capitate into 180 degrees of rotation (Fig. 69.47). This 
injury can be associated with dorsal perilunate disloca-
tion (see Fig. 69.88B) or fractures of the distal end of the 
radius. Open reduction is necessary to derotate the capi-
tate fragment. Some surgeons have excised this fragment, 
but others have replaced it, reduced the scaphoid and capi-
tate fractures, and maintained them with internal fixation 
or cast immobilization. Osteonecrosis of the capitate may 
follow such injuries. If sufficiently symptomatic, osteone-
crosis of the capitate can be treated with excisional-inter-
position arthroplasty or midcarpal or capitate-hamate 
arthrodesis. Isolated fractures of the capitate are unusual. 
Nondisplaced fractures of the body of the capitate are 
treated nonoperatively. Displaced fractures, especially 
fractures involving the joint, usually require open reduc-
tion and internal fixation with Kirschner wires or screws. 

FRACTURES OF OTHER CARPAL BONES
Putman and Meyer tabulated the types of fractures of car-
pal bones other than the scaphoid, the most common treat-
ment methods, associated injuries, and treatment tips (Table 
69.1). 

FRACTURE OF THE HAMATE
Fractures of the hamate can involve the hamulus or hook, the 
body, and various articular surfaces. Fractures of the hook 
can be treated with casting, open reduction, or excision of the 
hook. Fractures of the body usually are treated with casting 
unless displacement is significant. Articular fractures require 
open reduction and internal fixation if displacement of the 
articular surface is 1 mm or more.

A fracture of the hook of the hamate is sometimes difficult 
to show. Pain is elicited at the heel of the hand with firm grasp 
and with pressure against the bony prominence just lateral and 
slightly distal to the pisiform. A carpal tunnel view (Fig. 69.48A) 
or salute view (90-degree orthogonal from carpal tunnel view) 
may show the fracture, but some are better shown by CT (Fig. 
69.48B). When using the latter technique, placing the patient’s 
hands together in the praying position makes the diagnosis eas-
ier because the view of both wrists rules out congenital variation 
of the hamate, which usually is bilateral. Occasionally, the body 
of the hamate is fractured, but this rarely requires surgery.

A stress fracture may develop in the hook of the hamate 
with some repetitive activities, such as golf. Initial diagnosis can 
be difficult. Transient ulnar nerve motor palsy can be caused by 
an undiagnosed stress fracture of the hook of the hamate. In 
most instances, unless the diagnosis is delayed, union is likely 
after immobilization, but excision of the fragment may be nec-
essary for nonunion, persistent pain, or ulnar nerve palsy. 

 

A B

C D

E
FIGURE 69.47 Mechanism of carpal fractures from falls on outstretched hand with wrist 

going into marked dorsiflexion. A, Wrist in marked dorsiflexion. Capitate is at 90-degree angle 
to radius. B, Scaphoid fractures as result of increased dorsiflexion at midcarpal joint. C, Dorsal 
lip of radius strikes capitate, causing it to fracture. D, Proximal fragment of capitate is rotated 
90 degrees. E, Return of wrist to neutral position. Proximal fragment of capitate is now rotated 
180 degrees.
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 TABLE 69.1 

Patterns of Carpal Fractures

BONE (NORMAL RIGHT 
POSTEROANTERIOR AND 
LATERAL) FRACTURE TYPES

MOST COMMON TREAT-
MENT

COMMON ASSOCIATED 
INJURIES TREATMENT PEARLS

1

2

3

4

5

Palmar pole
Osteochondral 
(chip)
Dorsal pole

Closed treatment and 
casting for 4-6 weeks 
if minimally displaced 
or small fragments
ORIF for intraarticular 
incongruity or associ-
ated instability

Lunotriquetral or radio-
lunate ligament tears
Kienböck disease

Beware Kienböck 
disease if fracture pres-
ents independent of 
significant trauma.
Consider MRI for evalu-
ation of vascularity.
Injury may suggest car-
pal instability pattern.

1

2c

2a

2d
2e

2e

2b

Dorsal rim chip 
fractures
Body fractures:
Medial tuberosity
Sagittal
Transverse proxi-
mal pole
Transverse body
Palmar radial
Comminuted

Closed treatment with 
casting for 4-6 weeks 
of small chip (type 1) 
or minimally displaced
If large type 1 or 
significantly displaced 
body type, may 
require ORIF

Dorsal avulsion may 
represent avulsion from 
DRC and DIC ligament.
Triquetrum and lunate 
may secondarily flex if 
DRC ligament torn.
Ulnar impaction/TFCC 
injury may accompany 
body fracture.

Stabilization of DRC 
and DIC ligament may 
be required if large 
dorsal avulsion.
Arthroscopy may be 
necessary to evalu-
ate ulnar/TFCC injury 
after healing of body 
fracture.

1

2 31 4

2

Vertical 
transarticular
Horizontal
Dorsoradial 
tuberosity
Anteromedial 
ridge
Comminuted

Thumb spica cast-
ing 4-6 weeks for 
minimally displaced 
fractures
Spanning external fix-
ation if comminuted
ORIF vs. Kirschner 
wires for displaced 
intraarticular fractures
Ridge excision for 
symptomatic type 4
Trapezium excision 
or carpometacar-
pal fusion for late 
arthrosis

First metacarpopha-
langeal fractures are 
common.
Ridge fractures may 
secondarily cause carpal 
tunnel syndrome.
Late first carpometacar-
pal arthritis may develop 
after intraarticular 
injury.
FCR/FPL rupture is possi-
ble if medial irregularity.

Anatomic reduction for 
intraarticular fractures.
May consider pri-
mary fusion for 
combined trapezium 
and proximal first 
metacarpophalangeal 
intraarticular fractures.

12

2

2
Dorsal rim
Body

Cast immobilization 
for 4-6 weeks for 
minimally displaced 
fractures
May require closed 
reduction of fracture 
or second metacarpo-
phalangeal pinning 
for stabilization
ORIF rarely necessary

Unusual as an isolated 
injury
Usually associated 
with second metacar-
pophalangeal dorsal 
dislocation

Often requires CT or 
MRI to diagnose
Recurrence of posterior 
subluxation of second 
metacarpophalangeal 
joint must be carefully 
followed.
Fusion of trapezoid-sec-
ond metacarpophalan-
geal may be necessary 
for late arthrosis and 
pain.

1

4

2

3

Transverse (axial) 
body
Transverse proxi-
mal pole
Coronal oblique

Cast immobilization 
for 4-6 weeks for 
minimally displaced 
fractures
Closed reduction and 
Kirschner wires for 
extraarticular reduc-
ible fractures
ORIF for irreducible 
displaced, intraarticu-
lar, or proximal pole 
fractures

“Scaphocapitate 
syndrome”—including 
scaphoid fracture and 
lunotriquetral ligament 
injury
Osteonecrosis (late) of 
proximal capitates

Proximal capitate is 
mostly intraarticu-
lar—leading to poor 
vascular supply.
Urgent ORIF of dis-
placed or rotated proxi-
mal pole fractures
Beware associated (but 
not apparent) scaphoid 
fracture, lunotriquetral 
ligament injury, or 
other perilunate injury.

Continued
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EXCISION OR REDUCTION AND 
FIXATION OF THE HOOK OF THE 
HAMATE

 TECHNIQUE 69.20 

 n  With the patient supine and under appropriate anesthe-
sia, prepare the skin and exsanguinate the limb with a 
pneumatic tourniquet.

 n  Make an incision parallel to the thenar crease, extending 
distally into the palm and proximally, obliquely, and me-
dially across the wrist flexion crease to expose the hook 
of the hamate at the medial distal margin of the carpal 
tunnel. Incise the palmar fascia longitudinally, exposing 
the underlying transverse carpal ligament over the carpal 
tunnel. For excision of the hook, it is not necessary to 
open the carpal tunnel.

 n  Palpate the hook of the hamate with the tip of an instru-
ment.

 n  Incise the ligament and periosteal cover over the tip of the 
hook.

 n  Expose the hook subperiosteally, “shucking” the soft-tis-
sue covering of the hook until the fracture line can be seen.

 n  Grasp the tip of the hook with a Kocher clamp and mo-
bilize the fracture site. Fibrosis at the base of an ununited 
hamate hook may make it difficult to move. Incise the 
fibrous attachments at the nonunion at the base of the 
hook.

 n  Avoid injury to the ulnar nerve as it passes from medial to 
distal and laterally around the hook.

 n  Remove the hook and smooth any rough surfaces at the 
base with a rongeur.

 n  If possible, cover the exposed fracture site with ligament 
and periosteal flaps.

 n  After release of the tourniquet, ensure hemostasis is ob-
tained and close the skin with fine nonabsorbable sutures.

 n  If open reduction and internal fixation is selected, ap-
proach the hook of the hamate as described for excision. 
In this case, release of the transverse carpal ligament can 
make the fracture site easier to see.
  

BONE (NORMAL RIGHT 
POSTEROANTERIOR AND 
LATERAL) FRACTURE TYPES

MOST COMMON TREAT-
MENT

COMMON ASSOCIATED 
INJURIES TREATMENT PEARLS

1a 1b 1c2b

2c 2d
2a

Hook
Avulsion (tip)
Waist
Base
Body
Proximal pole
Medial tuberosity
Sagittal oblique
Dorsal coronal

Cast immobilization 
for 4-6 weeks for 
minimally displaced 
fractures
Hamate hook exci-
sion if continued 
pain after period of 
immobilization
Rest, equipment adap-
tation, and immo-
bilization for stress 
or repetitive injury 
fracture
ORIF of displaced 
body or intraarticular 
fractures

Irritation and eventual 
rupture of ulnar finger 
flexors may occur with 
displaced hook fracture
May be associated 
with fourth or fifth 
metacarpophalangeal 
dislocation
May occur with avulsion 
of FCU

Cast immobilization in 
slight radial deviation 
minimizes deforming 
force of ulnar finger 
flexors.
Hamate hook provides 
mechanical advantage 
of ulnar finger flexors.
Hook has watershed 
blood supply at waist 
with feeding vessels 
through tip and base.
Consider hamate hook 
lateral or carpal tunnel 
view radiograph for 
visualization.

2

4

1

Transverse 
(common)
Parasagittal

Immobilization for 2-4 
weeks for minimally 
displaced or commi-
nuted fractures
Consider ORIF or 
excision and tendon 
reconstruction if FCU 
disrupted
Excision and tendon 
reconstruction for 
arthrosis related to 
healed (or unhealed) 
fracture

FCU disruption (partial 
or complete)

Best visualized on lat-
eral radiograph

CT, Computed tomography; DIC, dorsal intercarpal; DRC, dorsal radiocarpal; FCR, flexor carpi radialis; FCU, flexor carpi ulnaris; FPL, flexor pollicis longus; MRI, mag-
netic resonance imaging; ORIF, open reduction and internal fixation; TFCC, triangular fibrocartilage complex.
From Putnum MD, Meyer NJ: Carpal fractures excluding the scaphoid. In Trumble TE, editor: Hand surgery update 3, American Society for Surgery of the Hand, 2003.

 TABLE 69.1 

Patterns of Carpal Fractures—cont’d
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TRAPEZIUM AND TRAPEZOID FRACTURES
Fractures of the trapezium and trapezoid are rare and may 
be comminuted when seen in conjunction with radial frac-
ture-dislocations and other carpal bone fractures. These 
fractures usually can be seen radiographically on the carpal 
tunnel view of the wrist and with CT. Fractures typically 
occur through the body or the trapezial ridge. Fractures 
through the body may be seen with fracture-dislocation 
of the trapeziometacarpal joint. Palmer classified trapezial 
ridge fractures into two types: type I is a fracture of the 
base of the ridge, and it may heal when treated by immo-
bilization in plaster (Figs. 69.49 and 69.50); type II is an 
avulsion at the tip of the ridge, and it usually fails to heal 
when immobilized.

Displaced trapezial fractures require open reduction. 
Fractures of the body can be exposed through a J-shaped 
incision along the dorsum of the thumb metacarpal, curv-
ing medially at the wrist flexion crease. Ununited fragments 
of the trapezial ridge can be excised using the proximal limb 
of the J-shaped incision or through a longitudinal incision 
in the thenar crease, as when approaching the carpal tunnel. 
Care should be taken to avoid injury to the palmar cutaneous 
branch of the median nerve.

The trapezoid is fractured least often of the carpal bones 
and usually is injured at the time of other carpometacarpal 
injuries, especially injuries to the index metacarpal. Displaced 
fractures usually require reduction and fixation. 

FRACTURES OF THE LUNATE AND 
KIENBÖCK DISEASE
Fractures of the lunate can be difficult to detect on plain radi-
ography. CT or MRI may be required to see the fracture (Fig. 
69.51). Fractures of the lunate may be nondisplaced; dis-
placed with large fragments; avulsed, especially the dorsal 
pole; or comminuted. Nondisplaced and nondisplaced com-
minuted fractures can be treated with cast immobilization. 
Fractures with more than 1 mm offset and avulsion fractures 
usually require open reduction. Internal fixation techniques 
vary depending on the requirements of the individual situ-
ation and may include Kirschner wires, small cannulated 
screws, and suture anchors. Trauma to the lunate may be suf-
ficient to damage the circulation, leading to osteonecrosis of 
the lunate. Gelberman et al. described three patterns of ves-
sels entering the lunate (Fig. 69.52). The lunates believed to be 
most at risk for osteonecrosis are those with a single vessel or 
one surface exposed to the blood supply, representing about 
20% of lunates.

Kienböck disease is a painful disorder of the wrist of 
unknown cause in which radiographs eventually show 
osteonecrosis of the carpal lunate. It occurs more frequently 
between the ages of 15 and 40 years and in the dominant wrist 
of men engaged in manual labor. Armistead et al., using CT, 
showed occult fractures of the lunate in some patients (Fig. 
69.53A). If untreated, the disease usually results in fragmen-
tation of the lunate, collapse with shortening of the carpus 
(Fig. 69.53B), and secondary arthritic changes throughout 
the proximal carpal area. Symptoms can develop 18 months 
before radiographs show evidence of the disease. MRI can 
be helpful in the diagnosis of early avascular changes in the 
lunate. Correlation of the patient’s clinical and plain radio-
graphic findings with MRI helps to differentiate Kienböck 
disease from ulnar impaction (see later section “Ulnar 
Impaction-Abutment and Distal Radioulnar Joint Arthritis”).

The staging classification of Kienböck disease proposed 
by Lichtman et al., based on radiographs and MRI, has been 
useful when planning treatment (Fig. 69.54 and Table 69.2). 
More recently, Bain and Beggs classified Kienböck disease 

 

A

B

FIGURE 69.48 Carpal tunnel view (A) and CT scan (B) of patient 
with fracture of hook of hamate. Patient injured his left hand on 
full-swing foul ball. (From Egawa M, Asai T: Fracture of the hook of 
the hamate: report of six cases and the suitability of computerized 
tomography, J Hand Surg 8A:393, 1983.)
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FIGURE 69.49 A, Carpal tunnel view showing flexor carpi radi-
alis cradled by palmar ridge of trapezium. B, Type I fracture at base 
of volar ridge of trapezium (direct loading) and type II fracture at 
tip (avulsion).
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based on arthroscopic determination of the functional status 
of the involved articular surfaces (Table 69.3 and Fig. 69.55).

Because the natural course of Kienböck disease is unpre-
dictable, the treatment of established Kienböck disease can-
not be rigidly prescribed. Immobilization in a cast has been 
recommended if the disease is considered to be quite early 

(stage I or II, before sclerosis, fragmentation, or collapse 
occurs). Such management includes casting of the wrist for 
several weeks, if warranted, followed by repeated radiographs 
in search of occult fracture or avascular changes of the lunate 
or other disorders that become apparent later, including pre-
viously undiagnosed fractures of the carpal scaphoid. This 
treatment generally may be difficult for patients to accept 
because it requires 4 months or more of immobilization with 
an uncertain outcome. Reports regarding nonoperative treat-
ment are difficult to evaluate because staging at the time of 
diagnosis often is unspecified.

Hultén described a condition known as the ulna-minus 
variant. He found in 78% of patients with Kienböck disease 
that the ulna was shorter than the radius at their distal articu-
lation (Persson). This was true in only 23% of normal wrists. 
In no patient with Kienböck disease was the ulna longer than 
the radius at the distal articulation, but 16% of the control 
group had a so-called ulna-plus variant. Contrary to this, a 
more recent study by Ring et  al. compared 166 wrists with 

 

A B

FIGURE 69.50 A, Carpal tunnel view shows fracture of base of palmar ridge of trapezium 
(arrows). This is designated as type I greater multiangular ridge fracture. B, Type II fracture of tip of 
palmar ridge of trapezium (arrow) caused by fall on dorsiflexed wrist. (From Palmer AK: Trapezial 
ridge fractures, J Hand Surg 6A:561, 1981.)
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FIGURE 69.51 A, Lateral tomogram of wrist, showing typical anterior pole fracture. B, Lunate 
shows no further collapse 12 months after ulnar lengthening, and early healing is suggested. (From 
Armistead RB, Linscheid RL, Dobyns JH, et al: Ulnar lengthening in the treatment of Kienböck’s 
disease, J Bone Joint Surg 64A:170, 1982. By permission of Mayo Foundation.)

 FIGURE 69.52 Three patterns of vessels entering lunate. 
Patterns with single vessel or one surface exposed to blood supply 
(approximately 20%) are believed to be most at risk for osteone-
crosis.
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Kienböck disease to a similar number of control wrists with-
out the disease. Measurement of ulnar variance determined 
that the prevalence of ulna minus variance was high in both 
the Kienböck and control groups. The authors concluded that 
the precise role of the ulna minus variance in Kienböck dis-
ease is unknown because those with the disease can be ulnar 
positive or negative. Additionally, there is a high number of 
ulna minus variance in the normal population, yet Kienböck 
disease is rare in the general population.

Numerous surgical procedures have been described for 
Kienböck disease. Joint “leveling” procedures include ulnar 
lengthening and radial shortening and usually are indicated 
for Lichtman stage I through IIIA Kienböck disease, with an 
ulnar-minus variation and without degenerative changes in 
the radiolunate or capitolunate joints. Wedge osteotomies 
have been used to decrease the load on the lunate by decreas-
ing the radioulnar inclination of the distal radius. Capitate 
shortening, with and without capitate-hamate fusion, has also 
been used to decrease the load on the lunate in those with 
ulnar neutral variance. In a retrospective review of case series, 
Mansour et  al. found that distal capitate shortening with 
arthrodesis of the third metacarpal base improved visual ana-
log scores, functional outcomes, and grip strength in patients 
with stage II disease. They also found that identical treatment 
for stage IIIA disease did not prevent carpal collapse and did 
not improve pain scores, grip, or functional outcomes sig-
nificantly. They recommended against capitate shortening 

in stage IIIA disease. Lunate revascularization using a vari-
ety of pedicled bone grafts has been effective in preserving 
the lunate architecture. These revascularization procedures 
usually require protection of the lunate with pinning of the 
scaphocapitate or scaphotrapeziotrapezoid joint or with an 
external fixator. Excision of the lunate can give short-term 
relief. Prosthetic lunate replacement also may provide relief. 
Limited intercarpal fusions can prevent proximal carpal 
migration after lunate excision and can help decrease pres-
sure on lunate prostheses. When secondary arthritic changes 
have developed throughout the wrist (stage IV), treatment 
usually is proximal carpal row resection or wrist arthrodesis.

JOINT LEVELING PROCEDURES
Persson, in 1945, reported a series of patients in whom he 
lengthened the ulna for Kienböck disease. Axelsson and 
Moberg observed these patients for several years. They found 
16 patients who had been operated on some 20 years previ-
ously, and all but one had been able to continue with man-
ual labor after the operation. Even in one who had pain, the 
disease process seemed to have been halted. Subsequently, 
Armistead et al. performed the ulnar lengthening operation 
for Kienböck disease, reporting 20 cases in 1982. Three non-
unions required a second plating and bone grafting; 18 of the 
20 patients had pain relief.

To minimize the chance of ulnar nonunion and the need 
for an iliac crest bone graft and implant removal, radial short-
ening osteotomy is the preferred joint leveling procedure for 
many surgeons. Shortening of the radius consists of making a 
transverse osteotomy about 3 inches (7.6 cm) proximal to the 
distal articular surface, shortening the radius by 2 mm, and 
fixing the bone with a compression plate.

CAPITATE SHORTENING
Capitate shortening was first described by Almquist, who 
reported an 83% lunate revascularization rate. This technique, 
combined with capitate-hamate fusion and carpometacar-
pal fusion of the distal capsule, has been used to unload the 
lunate in ulnar neutral wrists. Afshar described partial revas-
cularization of the lunate at an average of approximately 5 
months in 9 patients; he considered this the beginning of 
the revascularization process. Hegazy et al. found that capi-
tate shortening worked best in patients with stage II disease, 
with improved visual analog scores, range of motion, and grip 
strength; however, the stage IIIA group did not show signifi-
cant improvements and carpal collapse was not prevented. 

 

CAPITATE SHORTENING WITH 
CAPITATE-HAMATE FUSION

 TECHNIQUE 69.21 

 n  Make a dorsal incision from the base of the third meta-
carpal to the Lister tubercle.

 n  Release the fifth dorsal compartment and retract the ex-
tensor digiti quinti tendon.

 n  Retract the fourth dorsal compartment radially and open 
the dorsal capsule. Take care not to elevate the fourth 
compartment and disrupt vascular supply.

 

A B

FIGURE 69.53 A, Common fracture pattern in Kienböck disease 
is so-called anterior pole type, isolating anterior pole of lunate 
from remaining portion of bone. Distraction of fracture caused 
by compressive force exerted by capitate diminishes likelihood of 
fracture healing. This detail usually is invisible on routine radio-
graphs because radial styloid process is superimposed on fracture 
gap. As dorsal portion of lunate collapses further, anterior pole 
may be extruded volarly. B, Ratio of height of carpus to length of 
third metacarpal is reduced in this patient with Kienböck disease. 
This ratio in normal wrists has been reported to be 0.54 ± 0.03, and 
significantly reduced ratios indicate overall carpal collapse. (From 
Armistead RB, Linscheid RL, Dobyns JH, et al: Ulnar lengthening 
in the treatment of Kienböck’s disease, J Bone Joint Surg 64A:170, 
1982. By permission of Mayo Foundation.)
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 n  Incise the capitate-hamate joint from proximal to distal 
and identify the waist of the capitate; this level should 
correspond to the distal pole of the scaphoid.

 n  Use a sharp, thin osteotome to make the osteotomy to 
avoid disruption of the volar capsule blood supply.

 n  Carefully insert a small, curved elevator into the capitolu-
nate joint, avoiding injury to the articular surface. Use 
the elevator to compress the capitate head against the 
distal segment and use two crossed 0.062-inch (1.6 mm) 
Kirschner wires to stabilize the osteotomy.

 

Stage I Stage II

Stage IIIA Stage IIIB

Stage IV

FIGURE 69.54 Staging of Kienböck disease according to Lichtman classification system (see 
Table 69.2). (From Allan CH, Joshi A, Lichtman DM: Kienböck’s disease: diagnosis and treatment, J 
Am Acad Orthop Surg 9:128, 2001.)
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 TABLE 69.2 

Lichtman Classification and Treatment Recommendations

STAGE DESCRIPTION TREATMENT
I No visible changes on radio-

graph; changes seen on MRI
Immobilization and NSAIDs. If no improvement, treat as stage II.

II Sclerosis of lunate Joint leveling procedure: radial shortening or ulnar lengthening in patients who 
are ulnar negative

IIIA Fragmentation of lunate Radial wedge osteotomy or STT fusion in patients who are ulnar neutral
Distal radial core decompression to create local vascular healing response
Revascularization procedures promising but long-term results not available

IIIB Fixed rotation of scaphoid Proximal row carpectomy or STT fusion; must treat internal collapse pattern
IV Degeneration of adjacent 

intercarpal joints
Wrist fusion, proximal row carpectomy, or limited intercarpal fusion; must remove 
arthritic part of joint

MRI, Magnetic resonance imaging; NSAID, nonsteroidal antiinflammatory drug; STT, scaphoid, trapezoid, trapezium.

 TABLE 69.3 

Bain and Begg Classification of Kienböck Disease

GRADE DESCRIPTION RECOMMENDED TREATMENT
0 All articular surfaces are functional. Extra articular procedure; radial shortening osteotomy for 

negative ulnar variance; capitate shortening procedure for 
neutral or positive ulnar variance; revascularization procedure

1 One non functional articular surface, typically 
the proximal articular surface of the lunate.

Proximal row carpectomy or radioscapholunate fusion

2 Two non functional articular surfaces. Grade 
2A: proximal lunate and lunate facet of the 
radius. Grade 2B: proximal articular surface 
of the lunate, distal articular surface of the 
lunate.

2A: Radioscapholunate fusion
2B: Proximal row carpectomy

3 Three non functional articular surfaces: lunate 
facet of the radius, proximal and distal articular 
surfaces of the lunate; capitate is preserved.

Hemiarthroplasty, total wrist fusion or arthroplasty

4 All four articular surfaces are non functional. Total wrist fusion or arthroplasty

Modified from Bain GI, Begg M: Arthroscopic assessment and classification of Kienbock’s disease, Tech Hand Up Extrem Surg 10:8, 2006.

 

2A 2B 431

FIGURE 69.55 Bain and Begg classification of Kienböck disease based on the number of 
nonfunctional articular surfaces (see also Table 69.3). (Redrawn from Bain GI, Begg M: Arthroscopic 
assessment and classification of Kienbock’s disease, Tech Hand Up Extrem Surg 10:8, 2006.)
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 n  If capitate-hamate fusion is to be performed, remove all 
subchondral bone at the capitate-hamate interface. Har-
vest bone from the osteotomy or from a separate distal 
radial graft site and pack it into the space.

 n  Place Kirschner wires or headless cannulated screws per-
cutaneously from the hamate into each of the capitate 
fragments.

 n  If the tip of the hamate becomes prominent proximally, 
preventing the unloading effect of the capitate-shorten-
ing osteotomy, remove the tip of the hamate to correct 
this problem.

 n  Alternatively, perform the osteotomy across both the 
capitate and the hamate, reduce it, and secure it with 
Kirschner wires or buried headless screws inserted from 
proximal to distal.

POSTOPERATIVE CARE Cast immobilization is contin-
ued for 6 weeks, followed by splinting. Range-of-motion 
and strengthening exercises are begun when fusion is 
seen on radiographs.
  

OSTEOTOMIES OF THE DISTAL RADIUS
For patients with stage II or III Kienböck disease and ulnar-
neutral wrists, a radial closing wedge osteotomy has been 
proposed to shift pressure from the lunate by decreasing the 
radioulnar inclination. Reports verify that this technique can 
be effective in relieving symptoms. Closing wedge osteotomy 
has been reported to be useful in patients with stage IIIB and 
IV changes, but there is not universal agreement regarding 
the effects of such osteotomies. A biomechanical analysis of 
radial closing wedge osteotomies showed that force on the 
lunocapitate joint was decreased (23%), as were the forces on 
the radiolunate (10%) and ulnolunate (36%) joints, whereas 
another biomechanical evaluation showed that lateral open-
ing or medial closing radial wedge osteotomies unloaded the 
radial lunate fossa. Similarly, another biomechanical analy-
sis showed a decrease in lunate cortical strain with the radial 
opening wedge osteotomy and an increase with the radial 
closing wedge osteotomy. 

CORE DECOMPRESSION
In 2001, Illarramendi et al. introduced the concept of metaph-
yseal core decompression of the radius and ulna as a less inva-
sive treatment option for Kienböck disease. Decompression 
involved curettage of the distal radius and ulna through a 
small cortical window. The authors developed the procedure 
after noting spontaneous resolution of Kienböck disease after 
a nondisplaced distal radial fracture and credited the heal-
ing response after decompression to the response of the local 
vascular environment after trauma. A biomechanical study by 
Sherman et al. found that core decompression of the radius 
did not alter the load on the radiolunate fossa and postu-
lated that the observed clinical effect of the procedure may be 
more a result of increased vascularity into the region of the 
lunate than a result of biomechanical unloading as obtained 
by joint-leveling procedures. Cited advantages of metaphy-
seal core decompression include simplicity of the procedure, 
no invasion of the wrist joint, and no need for any form of 
internal fixation. In a later report, Illarramendi et  al. indi-
cated that decompression of the radius alone did not affect 

outcomes. They reported satisfactory results in 43 (90%) of 
48 patients and no complications. A more recent study by De 
Carli et al. analyzed outcomes an average of 13 years after core 
decompression for stage IIIA lunates and found that only two 
of 15 patients had radiographic progression. Believing that 
it could decrease the intraosseous pressure in the lunate as 
occurs with decompression for femoral head osteonecrosis, 
Mehrpour et al. performed lunate core decompression in 20 
patients, 18 of whom had good results. Bain et al. described 
an arthroscopic-assisted technique of lunate core decompres-
sion in two patients. 

 

RADIAL DECOMPRESSION FOR 
TREATMENT OF KIENBÖCK DISEASE

 TECHNIQUE 69.22 

(ILLARRAMENDI AND DE CARLI)
 n  With the patient supine and the hand and arm resting on 

a hand table, apply and inflate a pneumatic tourniquet.
 n  Approach the radius through a 3- to 4-cm longitudinal 

incision along the radial border of the distal metaphysis, 
beginning 1 cm proximal to the radial styloid.

 n  Identify and protect the radial nerve branches.
 n  Separate the extensors with blunt dissection.
 n  Incise the periosteum and elevate it widely to expose the 

bone and to simulate a reactive healing response.
 n  With osteotomes or a small bone saw, make a window 

approximately 2.0 × 0.5 cm beginning 2.0 cm proximal to 
the radial styloid (Fig. 69.56A).

 

A

B
FIGURE 69.56 Core decompression for treatment of Kienböck 

disease. A, Cortical window. B, Cancellous bone impaction into 
metaphysis. (Redrawn from Illarramendi AA, De Carli P: Radius 
decompression for treatment of Kienböck disease, Tech Hand Up 
Extrem Surg 7:110, 2003.) SEE TECHNIQUE 69.22.
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 n  Through this window, curet and impact the cancellous 
bone of the distal metaphysis without removing bone. 
Impacting of the cancellous bone should take place only 
in the metaphysis, without compromising the cortex of 
the opposite side of the radius.

 n  Either break the removed bone cortex into 5-mm2 frag-
ments or maintain it as a single piece and leave it im-
pacted in the metaphysis (Fig. 69.56B).

 n  Leave the periosteum open and close the skin in routine 
fashion.

POSTOPERATIVE CARE The arm is immobilized in a be-
low-elbow cast for 2 weeks, with free active range of motion 
encouraged. Strenuous activities are avoided for 3 months.
  

LUNATE REVASCULARIZATION PROCEDURES
Transplantation of an arteriovenous pedicle into normal and 
avascular bone has been shown to result in the formation of 
new bone. Other sources of vascularized grafts include the dis-
tal radius based on the pronator quadratus, the pisiform as a 
pedicle graft, and various other grafts from the distal radius, 
second metacarpal, and pisiform. A fourth and fifth extensor 
compartment artery graft from the distal radius also has been 
used for revascularizing the lunate (Fig. 69.57). Restoration 
of the lunate architecture and revascularization are reported 
to occur in 60% to 95% of lunates treated with revasculariza-
tion techniques. These procedures also are effective in relieving 
pain and improving function in approximately 90% of patients. 
Most reports reflect that the promising early radiographic 
changes may not persist over time, and in many patients there 
is further deterioration in radiographic and clinical results. 

PROSTHETIC LUNATE REPLACEMENT
Replacement of the lunate with a hand-carved silicone rub-
ber spacer has been recommended if there is no significant 

alteration in the shape of the bone (Fig. 69.58), and a pre-
viously molded, lunate-shaped silicone block has been used, 
followed by careful repair of the capsule to avoid dislocation 
of the block. This ligamentous and capsular reconstruction is 
crucial and has been emphasized by many authors.

Troublesome complications of the silicone lunate pros-
thesis, including silicone synovitis and foreign body cysts, 
are more likely to occur if the implant is oversized or mal-
positioned, if carpal instability is present, or if motion or 
occupational stress of the wrist is excessive. Because of this 
possibility, some surgeons have abandoned or limited this 
technique and have suggested intercarpal fusion (scaphoid-
capitate, capitate-hamate, or hamate-triquetrum). These pro-
cedures are described later in this chapter.

Simple excision of the lunate, although controversial, 
has been shown to produce satisfactory results with con-
tinued pain relief at an average follow-up of 12 years. In 18 
patients, the carpus rearranged itself with proximal migra-
tion of the capitate, triquetrum, and palmar-flexed scaphoid, 
but a good range of motion was preserved, and degenerative 
changes were less than anticipated. The procedure is not rec-
ommended for individuals who do heavy work.

The most recent addition to procedures for Kienböck dis-
ease is the medial femoral condyle osteochondral free flap. 
Pet et  al. described using this in wrists with stage IIIA and 
IIIB involvement; at short-term follow-up (less than 2 years) 
the procedure appeared to halt further carpal collapse. 

 

RADIAL SHORTENING

 TECHNIQUE 69.23 

 n  With the patient supine and under satisfactory anesthesia 
and after limb exsanguination and tourniquet inflation, 
make an incision on the palmar aspect of the distal fore-
arm extending distally to the wrist flexion crease.

 

A B
FIGURE 69.57 Pedicled vascularized bone graft of Kienböck disease. A, Anterior interosseous 

artery is ligated proximal to fourth and fifth extensor compartment arteries, and graft is elevated. 
After verifying blood flow, graft is shaped to fit dorsal opening to lunate. B, Cancellous bone is 
packed into lunate. Bone graft is inserted with pedicle placed vertically and cortical surface oriented 
proximal-distal. (From Shin AY, Bishop AT: Pedicled vascularized bone grafts for disorders of the 
carpus: nonunion and Kienböck’s disease, J Am Acad Orthop Surg 10:210, 2002.)
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 n  To protect the radial artery, incise the superficial surface 
of the sheath of the flexor carpi radialis. Retract the flexor 
carpi radialis radiolaterally and incise the dorsal surface 
of the sheath of the flexor carpi radialis. Carefully retract 
the radial artery laterally and identify the radial insertion 
of the pronator quadratus.

 n  Dissect proximally and identify the flexor pollicis longus.
 n  Elevate the pronator quadratus and flexor pollicis longus 

subperiosteally proximally so that the distal diaphysis and 
metaphyseal-diaphyseal junction of the radius can be eas-
ily identified.

 n  Based on preoperative radiographs and the amount of 
ulnar-minus variation, make an osteotomy in the metaph-
yseal-diaphyseal junction of the radius. A diaphyseal oste-
otomy, as recommended by Almquist and Burns, usually 
is required to allow enough length on the distal segment 
to place two or three screws. Placement of a plate in the 
metaphyseal-diaphyseal junction might be more difficult 
because of the palmar flare of the radial metaphysis, even 
though healing might be more predictable.

 n  Make the osteotomy proximal enough to allow place-
ment of three screws in the distal fragment.

 n  Measure preoperative radiographs for the amount of 
shortening required.

 n  Fix the distal two screws to the distal radial fragment be-
fore osteotomy.

 n  Remove the plate and screws, perform the osteotomy 
with a thin-bladed oscillating saw, and shorten the radius 
by the appropriate amount, usually 2 to 3 mm.

 n  Reattach the plate to the distal fragment with screws.
 n  Before placing the proximal screws, compress the oste-

otomy and hold it with reduction forceps.
 n  Obtain C-arm fluoroscopic images to check radioulnar 

length.

 n  Fix the radius with a compression plate technique, deflate 
the tourniquet, obtain satisfactory hemostasis, and drain 
the wound if needed.

 n  Replace the pronator quadratus over the plate and close 
the subcutaneous tissues and skin, leaving the forearm 
fascia open to minimize the chances of compartment syn-
drome.

 n  Immobilize the forearm in a sugar-tong splint.

POSTOPERATIVE CARE The drain is removed after 1 or 
2 days. Finger motion and wrist motion are encouraged. 
The sugar-tong splint is removed after approximately 10 
days to allow inspection of the wound, and the sutures 
are removed at 10 to 14 days. A solid forearm cast is 
worn for another 4 weeks. After 8 to 10 weeks, additional 
casting depends on the radiographic appearance of the 
osteotomy. Exercise and light use of the hand are encour-
aged throughout convalescence.
   

DISTAL RADIOULNAR AND 
ULNOCARPAL JOINT INJURIES
ANATOMY
The structures causing pain on the ulnar side of the wrist 
include the DRUJ and the distal ulnocarpal joint and the 
ligamentous and cartilaginous structures attaching the dis-
tal ulna to the distal radius and ulnar side of the carpus, 
known as the triangular fibrocartilage complex or TFCC of 
Werner and Palmer. The TFCC includes the dorsal and volar 
radioulnar ligaments, ulnar collateral ligament, meniscal 
homologue, articular disc, ulnolunate ligaments, ulnotri-
quetral ligaments, and extensor carpi ulnaris sheath. The 
deep and superficial fibers of the TFCC begin on the ulnar 
side of the lunate fossa of the radius. The deep fibers of the 
TFCC then attach ulnarly at the head of the ulna called the 
“fovea,” and the superficial fibers of the TFCC attach to 
the ulnar styloid tip where it joins with the ulnar collateral 
ligaments. Articular surface contact in the shallow sigmoid 
notch accounts for about 20% of DRUJ stability and allows 
dorsopalmar translation of about 1 cm with the forearm 
in neutral position. During forearm rotation, the ulnar 
head at its articulation with the sigmoid notch appears to 
move from dorsal and distal in full pronation to proximal 
and palmar in full supination. Additional DRUJ stability 
is provided through the dorsal and palmar margins and 
their attachments to the radioulnar ligaments. The exten-
sor carpi ulnaris sheath and part of the distal radioulnar 
ligaments attach to the ulnar styloid, which extends 2 to 
6 mm distal to the ulnar head. Most of the distal radioul-
nar ligaments and the ulnocapitate ligament attach to the 
fovea at the base of the ulnar styloid. The articular disc 
has attachments to the distal radioulnar ligaments and 
passes from the distal margin of the sigmoid notch to the 
fovea at the base of the ulnar styloid. The thickness of the 
articular disc has an inverse relationship to the amount of 
ulnar variance. Palmer et al. cited cadaver studies showing 
that loads applied to the distal radiocarpal and ulnocarpal 
joints are distributed about 80% to the distal radius and 
20% to the ulna. 

 

L1

L2

L3

FIGURE 69.58 Three kinematic indices: center of rotation, 
carpal height (L2), and carpal-ulnar distance (L3). L1, length of 
third metacarpal. Carpal height ratio is L2/L1, and carpal-to-ulnar 
distance ratio is L3/L1.
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DIAGNOSIS AND TREATMENT
When evaluating patients with painful wrists, it is important 
to try to localize the anatomic source of pain. History, physi-
cal examination, radiography, arthrography, and, in the case 
of the DRUJ, CT are especially helpful. To assess radioulnar 
variance, a “neutral position” plain posteroanterior view is 
obtained with the shoulder abducted 90 degrees, the elbow 
flexed 90 degrees, the wrist in neutral flexion-extension and 
radioulnar deviation, and the forearm and hand flat on the 
cassette. A satisfactory lateral projection is obtained with the 
arm by the side, the elbow flexed 90 degrees, and the wrist 
in a neutral position. Arthrographic findings of TFCC per-
foration do not correlate with clinical findings. Patients with 
normal wrist radiographs, normal arthrogram, and inconclu-
sive physical findings tend to do well without further invasive 
treatment. CT may clarify fractures of the sigmoid notch and 
is helpful in assessing DRUJ instability. Bone scanning pro-
vides minimal information about the DRUJ. Improvements 
in imaging techniques have increased the usefulness of MRI 
in the evaluation of the DRUJ, especially tears of the TFCC. 
Arthroscopy allows accurate diagnosis of readily seen lesions 
such as lesions in the central portion of the fibrocartilagi-
nous disc and carpal bone osteocartilaginous lesions. Some 
peripheral ligament and cartilage damage may be more diffi-
cult to show. In some patients, although pain complaints may 
persist, conservative management usually is best until a clear 
indication for invasive treatment is established.

DRUJ conditions have been categorized as acute and 
chronic problems. Acute conditions include fractures of the 
ulnar head, styloid, radius, and carpal bones and dislocations 
or subluxations involving the DRUJ, carpal bones, and the 
TFCC and extensor carpi ulnaris subluxation. Chronic condi-
tions include bony nonunions and malunions and incongrui-
ties of the wrist joint, including subluxation and dislocation 
of the DRUJ, the ulnocarpal region, the various carpal bones, 
and the TFCC, and localized arthritis of the pisotriquetral, 
lunotriquetral, and radioulnar joints and extensor carpi ulna-
ris subluxation related to arthritis. Procedures helpful in 
managing these problems include arthroscopic debridement 
and repair, limited ulnar head excision, ulnar shortening, and 
ulnar pseudarthrosis with distal radioulnar arthrodesis and 
distal ulnar excision (Darrach).

LESIONS OF THE TRIANGULAR 
FIBROCARTILAGE COMPLEX, INCLUDING 
TRAUMATIC DISTAL RADIOULNAR JOINT 
INSTABILITY

PHYSICAL EXAMINATION
Patients with a TFCC injury usually report a fall or some other 
trauma to the wrist that resulted in ulnar-sided wrist pain and 
mechanical symptoms (e.g., clicking) that improve with rest 
and worsen with activity, as well as weakness of grasp. High-
demand athletes, such as tennis players or gymnasts, also are 
at risk of TFCC injuries. Physical examination may find pain-
ful grinding or clicking of the wrist with a range of motion. 
Ulnar deviation of the wrist with the forearm in neutral pro-
duces ulnar wrist pain and occasional clicking. A painful 
click may be elicited by having the patient clench and ulnarly 
deviate the wrist and then repeatedly pronate and supinate 
the wrist. In contrast, patients with scapholunate instabil-
ity usually have pain and clicking when the clenched fist is 
moved from ulnar to radial deviation. The ulnar impaction 

test—wrist hyperextension and ulnar deviation with axial 
compression—also will elicit pain. The “press test” is another 
useful provocative test: the seated patient is asked to push the 
body weight up off a chair using the affected wrist, creating 
an axial ulnar load. If this reproduces the patient’s pain, the 
test is considered positive; however, this is not highly specific 
and may indicate DRUJ instability or ulnar impaction. With 
the wrist in pronation, an unstable distal ulna may translate 
dorsally and can be manually reduced with dorsal thumb 
pressure (“piano key test”). Tenderness and pain identified 
when external pressure is applied to the area of the fovea 
(fovea sign) is indicative of an ulnocarpal ligament lesion. 
TFCC instability also is suggested by excessive motion with 
the “shuck test”—with the radial aspect of the wrist stabilized, 
anteroposterior stress is applied to the ulnar side of the wrist. 

RADIOGRAPHIC EVALUATION
Anteroposterior and lateral views of the wrist and a pronated 
grip view should be obtained to determine ulnar variance. 
Whereas MRI has a sensitivity and specificity for TFCC tears 
approaching 100%, many asymptomatic wrists have posi-
tive MRI findings. CT arthrography is highly sensitive for 
detecting central TFCC tears but is not accurate for detect-
ing peripheral tears. Some recommend proceeding directly to 
wrist arthroscopy for evaluation of the TFCC if the clinical 
examination and plain radiographs are suggestive of a TFCC 
lesion. 

ARTHROSCOPIC EVALUATION
Arthroscopic examination of the DRUJ and the radiocarpal 
joint allows evaluation of the proximal and distal components 
of the TFCC, respectively. With the arthroscope in the stan-
dard 3-4 portal (see Fig. 69.15), a probe inserted through the 
6R (or 4-5) portal is used to test the resilience of the TFCC by 
applying a compressive load (trampoline test) (Fig. 69.59A). 
A lack of normal resilience indicates a tear of the TFCC, 
although interobserver and intraobserver reliability of this 
test are only around 67%. The hook test is performed with 
a probe inserted through the 6R portal into the prestyloid 
recess and used to attempt to pull the TFCC in multiple direc-
tions (Fig. 69.59B). The hook test has roughly 90% agreement 
among observers. The TFCC can be displaced toward the cen-
ter of the radiocarpal joint only when the proximal compo-
nent is torn or avulsed from the fovea. According to Atzei and 
Luchetti, with an isolated distal TFCC tear, the trampoline 
test is positive and the hook test is negative. With proximal 
tears or complete tears, both tests are positive. 

CLASSIFICATION
Palmer divided TFCC lesions into traumatic (class 1) and 
degenerative (class 2) groups, further subdividing the groups 
according to the location and severity of the changes encoun-
tered (Box 69.2). Lesions in class 1 may be caused by injuries 
to the DRUJ secondary to forced pronation or supination. 
Class 1 lesions also are likely to occur with distal radial frac-
tures, especially if there is significant shortening of the radius. 
In most injuries, other structures supporting the DRUJ 
(lunotriquetral and ulnar lunotriquetral ligaments, extensor 
carpi ulnaris subsheath, and interosseous membrane) remain 
intact. Disruption of these structures is more likely with more 
severe injuries. Persistent instability is unusual if the frac-
ture is reduced and heals satisfactorily. Younger patients with 
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distal radial fractures and TFCC tears may be more likely to 
have significant late DRUJ instability. Other associated inju-
ries that may contribute to DRUJ instability include displaced 
ulnar styloid fractures, fractures of the sigmoid notch, ulnar 
head fractures, and Galeazzi fracture-dislocations of the dis-
tal radius. Closed, nonoperative treatment, when possible, 
usually results in a stable DRUJ. If significant instability is 
present, early treatment may include pinning of the DRUJ 
combined with the appropriate management of the associ-
ated fractures. DRUJ instability associated with a commi-
nuted fracture-dislocation of the radial head (Essex-Lopresti) 
may be extremely difficult to manage. If DRUJ instability per-
sists, the procedures described may be appropriate. If chronic 
instability develops, DRUJ ligament reconstruction may be 
necessary.

Currently, management of class 1A TFCC (central per-
foration) lesions includes nonoperative measures initially. If 
significant symptoms persist, arthroscopic debridement may 
provide relief. For class 1B lesions (avulsion from the ulna, 
with or without ulnar styloid fracture), immobilization for 6 

weeks followed by rehabilitation may be sufficient. There is 
a tendency for more severe peripheral tears to be associated 
with late instability in a younger population. If symptoms per-
sist, and if there is DRUJ instability, arthroscopic repair using 
either an inside-out or an outside-in technique may produce 
satisfactory relief of pain and improvement of grip strength 
and wrist motion. For class 1C lesions (distal avulsion of 
ulnocarpal ligaments), which result in a volar ulnar “sag” of 
the carpus, late open or arthroscopic repair may relieve symp-
toms of pain and instability. Class 1D lesions (avulsions of the 
TFCC from the radius, with or without sigmoid notch frac-
ture) may occur with fractures of the distal radius and ulna. 
If the ligament injury is unstable after reduction of the associ-
ated fracture, or if the notch fracture requires further treat-
ment, detachment of the ligament from the radius can be 
repaired with open or arthroscopic techniques.

Class 2 degenerative lesions may be asymptomatic. In 
a cadaver study of wrist interosseous ligament and trian-
gular fibrocartilage articular disc disruptions in specimens 
averaging 75 years of age, 60% had triangular fibrocartilage 

 

A

B

Probe

FIGURE 69.59 Resilience of triangular fibrocartilage complex (TFCC) is tested by applying 
compressive load (trampoline test) (A) and by attempting to pull TFCC in multiple directions (hook 
test) (B). (A from Carlsen BT, Rizzo M, Moran SL: Soft-tissue injuries associated with distal radius 
fractures, Oper Tech Orthop 19:107, 2009; B from Atzei A: New trends in arthroscopic management 
of type 1-B TFCC injuries with DRUJ instability, J Hand Surg Eur 34:582, 2009.) SEE TECHNIQUE 69.25.
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articular disc disruptions. The most common lesions were 
linear defects at the radial attachment of the disc and central 
oval defects. Sixty-four percent of specimens with triangular 
fibrocartilage lesions had no arthrosis.

Palmer classified degenerative changes in the triangular 
fibrocartilage, lunate, triquetrum, lunotriquetral ligament, 
and ulnocarpal joints according to extent and severity (class 
2A-E). These lesions usually are included in the “ulnar impac-
tion syndrome” or “ulnar abutment syndrome.” Triangular 
fibrocartilage perforation related to ulnar impaction may 
occur in 73% of ulnar-positive and ulnar-neutral wrists; it is 
unusual in ulnar-negative wrists (17%) according to cadaver 
studies by Palmer and Werner. The thinner articular disc in 
the ulnar-positive wrist may make it more susceptible to wear 
changes. Injuries to the distal radial physis, radial shorten-
ing after fracture of the distal radius, and shortening after 
radial head and elbow injuries (Essex-Lopresti) are acquired 
causes of ulnar-positive changes that may contribute to ulnar 
impaction symptoms. Symptoms of ulnar impaction include 
ulnar-sided wrist pain that is worsened by ulnar deviation 
with pronation and supination. Swelling and restriction of 
motion may be present. Physical findings also include pain 
on passive ulnar deviation and passive depression of the ulnar 
head with the wrist stabilized. Infiltration of a local anesthetic 
may help locate the source of the pain. Radiographic tech-
niques mentioned previously assist in showing ulnar-positive 
relationships and ulnolunate changes. Surgical treatment 
may be considered when splinting, medications, and injec-
tions have failed. Unloading of the ulnocarpal joint may be 

accomplished with open or arthroscopic intraarticular proce-
dures and extraarticular procedures such as ulnar shortening. 

TREATMENT OF TRAUMATIC LESIONS OF THE 
TRIANGULAR FIBROCARTILAGE COMPLEX (PALMER 
CLASS 1)
Class 1A lesions are traumatic central tears of the TFCC with 
no instability. Initial treatment is nonoperative for about 
4 weeks. Persistent pain may be relieved by arthroscopic 
debridement of the flap portion of the tear. No more than 
two thirds of the central disc should be excised, and 2 mm of 
the TFCC peripheral rim should be preserved to avoid insta-
bility of the DRUJ. Preoperative evaluation should indicate 
the presence of an ulnar-positive variation. With an ulnar-
positive wrist, the possible presence of degenerative changes 
in the ulnocarpal joint should be considered; these can be 
treated with arthroscopic “wafer” resection of the ulnar head 
(see Technique 69.3) or ulnar shortening osteotomy (see 
Technique 69.32). 

 

ARTHROSCOPIC DEBRIDEMENT OF 
TRIANGULAR FIBROCARTILAGE TEARS

 TECHNIQUE 69.24 

 n  Follow the procedures for patient preparation; anesthetic 
management; and radiocarpal, ulnocarpal, and midcarpal 
examination outlined in Techniques 69.1 through 69.4.

 n  Inflate a pneumatic tourniquet as needed, especially 
when shaving or burring bone or soft tissue.

 n  Repeat the clinical examination for crepitus, “clicks,” exten-
sor carpi ulnaris tendon abnormalities, and DRUJ instability.

 n  Through the 3-4 portal, examine the radiocarpal and ul-
nocarpal joints.

 n  Use the 6R and 6U portals for further ulnocarpal examina-
tion.

 n  Examine the midcarpal joints.
 n  After the midcarpal examination, insert an 18-gauge 

needle to find the best working portals.
 n  Use the 6R portal for insertion of a full-radius suction 

shaver (2 to 3 mm). Debride synovium as needed to allow 
inspection of the joint.

 n  Use a probe to assess the central portion of the TFCC and 
the surrounding structures. Inspect and probe the ulnar 
lunotriquetral and the dorsal and palmar radioulnar liga-
ments.

 n  Use the full-radius shaver, suction punches, or small 
blades to excise only the flap portion of the tear. Trim the 
margin of the tear carefully, leaving the peripheral 2 mm 
of the rim of the TFCC.

 n  Close the portal sites with 4-0 or 5-0 nylon suture.
 n  Apply a volar, short arm splint.

POSTOPERATIVE CARE Sutures are removed at 10 to 
14 days, and protected range-of-motion exercises are 
begun. Splint wear is continued for 4 weeks, depending 
on symptoms. Strenuous pronation-supination and grasp-
ing activities should be avoided during the first 4 weeks. 
Therapist-supervised rehabilitation is added as needed.
  

Abnormalities of the Triangular Fibrocartilage 
Complex

Class 1: Traumatic
 A.  Central perforation
 B.  Ulnar avulsion

With distal ulnar fracture
Without distal ulnar fracture

 C.  Distal avulsion
 D.  Radial avulsion

With sigmoid notch fracture
Without sigmoid notch fracture 

Class 2: Degenerative (Ulnocarpal Abutment 
Syndrome)
 A.  TFCC wear
 B.  TFCC wear

+ Lunate and/or ulnar chondromalacia
 C.  TFCC perforation

+ Lunate and/or ulnar chondromalacia
 D.  TFCC perforation

+ Lunate and/or ulnar chondromalacia
+ Lunotriquetral ligament perforation

 E.  TFCC perforation
+ Lunate and/or ulnar chondromalacia
+ Lunotriquetral ligament perforation
+ Ulnocarpal arthritis

 BOX 69.2 

TFCC, Triangular fibrocartilage complex.
From Palmer AK, Werner FW: Triangular fibrocartilage of the wrist: anatomy 
and function, J Hand Surg 6A:153, 1981.
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Class 1B lesions are traumatic detachments of the TFCC 
from the ulna, with or without ulnar styloid fracture. The 
deeper fibers of the radioulnar ligaments attach to the fovea 
at the base of the ulnar styloid. Fractures through the base 
may indicate more significant detachment of the TFCC than 
fractures at the tip of the styloid. If the ulnar styloid is frac-
tured, open reduction and internal fixation of the fracture 
or excision of a small fragment is the usual treatment. Open 
repair of the TFCC injury is done at the time of ulnar styloid 
fixation. Significant injury to the extensor carpi ulnaris sheath 
also may occur with traumatic TFCC injuries. Extensor carpi 
ulnaris tendon subluxation may be a preoperative indicator 
of such an additional injury. If such a combination is encoun-
tered, arthroscopic repair of the triangular fibrocartilage and 
open extensor carpi ulnaris sheath reconstruction may be 
necessary. 

 

ARTHROSCOPIC REPAIR OF CLASS 
1B TRIANGULAR FIBROCARTILAGE 
COMPLEX TEARS FROM THE ULNA

 TECHNIQUE 69.25 

 n  Follow the procedures for patient preparation; anesthetic 
management; and radiocarpal, ulnocarpal, and midcarpal 
examination outlined in Techniques 69.1 through 69.4.

 n  Inflate a pneumatic tourniquet as needed, especially 
when shaving or burring bone or soft tissue.

 n  After the usual examination of the wrist joints, evalu-
ate the TFCC from the 3-4 portal. Establish 4-5 and 6R 
portals. Remove any synovium that obstructs the view. 
Examine the dorsal and palmar radioulnar ligaments; the 
ulnar lunotriquetral ligaments; the lunate, triquetral, and, 
if visible, ulnar articular surfaces; and the ulnar foveal at-
tachment of the triangular fibrocartilage.

 n  Place a probe through the 6R portal to assess the tautness 
of the triangular fibrocartilage (see Fig. 69.59A). The nor-
mal triangular fibrocartilage has a tension resembling a 
trampoline. Loss of the normal tension indicates an ulnar-
side foveal tear.

 n  Make a counter incision directly ulnar to the distal ulna 
down to bone. Under fluoroscopic guidance, use an anteri-
or cruciate ligament–type drill guide through the 6R portal 
or a free-hand technique to drill two bone tunnels parallel 
and obliquely at a 45-degree angle toward the fovea. Use 
a  0.0787-in (2-mm) Kirschner wire or drill for drilling.

 n  Load a 2-0 polyethylene braided suture into the Arthrex 
Micro SutureLasso; remove the nitinol to load the suture.

 n  Under arthroscopic view, pass a 2-0 polyethylene braided su-
ture through one of the bone tunnels and pierce the TFCC. 
Viewing from the 3-4 portal and instrumenting through the 
6R portal, grasp the suture and pull it out of the 6R portal.

 n  Load the nitinol loop back into the Micro SutureLasso and 
pass this through the opposite bone tunnel. Pierce the 
TFCC adjacent to the previously placed suture, keeping a 
good bridge of the TFCC between the two sutures to fix 
the TFCC well.

 n  Viewing from the 3-4 portal, pull the nitinol lasso out of the 
6R portal; outside the joint, loop the polyethylene braided 
suture through the nitinol lasso and then pull the nitinol las-
so out of the bone tunnel, bringing the suture with it. This 
should create a horizontal mattress-type repair of the TFCC.

 n  Tie the two polyethylene braided suture tails together 
over the bone bridge. Inspect the repair, pin the DRUJ in 
supination with 0.0625-in Kirschner wires, and leave in 
place for 4 weeks if there is concern about the strength of 
repair or patient compliance. Otherwise, splint in supina-
tion for 4 to 6 weeks.

POSTOPERATIVE CARE Sutures are removed at 10 to 
14 days, and the cast is changed. The pins are removed at 
4 weeks, and the cast is changed again at 4 weeks after 
surgery. The cast is removed after a total of 4-6 weeks. 
A therapist-supervised rehabilitation program is begun 
at 6 weeks. Forceful pronation-supination and grasping 
should be avoided for 10 to 12 weeks.
  

Nakamura et al. described an arthroscopic technique for 
repair of foveal detachment of the TFCC using transosseous 
sutures similar to that described above. They recommended 
this technique for complete or partial ulnar disruption of the 
TFCC at the fovea in wrists with an ulnar neutral or minus 
variance; in wrists with a positive ulnar variance, shear stress 
between the ulnar head and the suture site of the TFCC may 
rupture the sutures. The concept of this repair is based on the 
anatomic characteristics of the TFCC. A line drawn between 
a point on the ulnar cortex of the ulnar shaft 15 mm proximal 
to the tip of the ulnar styloid and the ulnar half of the triangu-
lar fibrocartilage passes through the foveal insertion. Sutures 
placed into this area can attach the TFCC to the fovea with an 
outside-in pull-out technique. 

 

OPEN REPAIR OF CLASS 1B INJURY

 TECHNIQUE 69.26 

 n  After induction of an appropriate anesthetic, with the 
patient supine and the extremity on a hand table, ex-
sanguinate the limb with an elastic wrap, and inflate a 
well-padded pneumatic tourniquet.

 n  Make a hockey-stick skin incision between the extensor 
digiti quinti (fifth extensor compartment) and the exten-
sor carpi ulnaris (sixth extensor compartment). Center the 
incision on the ulnar head and extend the incision for 5 to 
6 cm; angle the incision distal to the pole of the ulna in a 
radial direction to avoid injuring the dorsal sensory branch 
of the ulnar nerve.

 n  Open the fifth extensor compartment and retract the ex-
tensor digiti quinti tendon radially.

 n  Through the floor of the fifth compartment and protect-
ing the radial border of the extensor carpi ulnaris, open 
the DRUJ with a transverse capsular incision beginning 
proximal to the TFCC fibers and just distal to the ulnar 
head articular surface. Preserve the radial attachment of 
the TFCC on the dorsal ulnar corner of the distal radius.
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 n  Just distal to the transverse incision make an inverted T 
incision; this will gain visualization of the triquetrum and 
articular disc TFCC surface. The TFCC can now be seen 
between the two transverse incisions.

 n  Pass a Freer elevator from the distal ulna articular surface 
in an ulnar direction. If the Freer is able to be passed with-
out impediment (or very little impediment) from the artic-
ular surface up and onto the ulnar styloid, then the TFCC 
deep foveal attachment has been disrupted. Roughen the 
bone at the fovea with a curet to produce a bleeding bone 
surface.

 n  Remove remnants of an ununited ulnar styloid, if present.
 n  Place a bone anchor or suture anchor into the fovea; a 

G2 Mitek/Dupuy anchor is often used. Alternatively, bone 
tunnels can be used similar to that described in the ar-
throscopic technique above; this way knots are kept out 
of the joint.

 n  Take the needles from the anchor and pass them from 
proximal to distal through the TFCC separately. Position 
the forearm in neutral and tie this down snugly.

 n  Close the longitudinal portion of the joint capsule, repair 
the extensor retinaculum. The extensor digiti quinti is often  
left transposed.

 n  To support the repair, especially in a patient of uncertain 
compliance, pin the ulna to the radius proximal to the 
sigmoid notch with two divergent 0.0625-in (1.6 mm) 
Kirschner wires in supination.

 n  Close the skin.
 n  Apply a sugar-tong splint.

POSTOPERATIVE CARE Sutures are removed at 2 
weeks, and the splint is changed. The radioulnar pins are 
removed at 4 weeks. Splinting is discontinued at 6 weeks 
after the operation. A therapist-supervised rehabilitation 
program is begun after removal of the short arm cast. 
Forceful rotational and grasping activities should be avoid-
ed until comfortable, satisfactory motion and strength 
have been achieved.
   

 

OPEN REPAIR OF CLASS 1C INJURY
Class 1C lesions represent disruptions of the ulnocarpal lig-
aments in the substance of the ligaments or from the distal 
lunate and triquetral insertions. Associated injuries include 
lunotriquetral and class 1B tears. Class 1C injuries can be 
difficult to diagnose, may heal satisfactorily, and usually are 
treated without surgery unless significant instability devel-
ops. Carpal supination with a “sagging” of the ulnar side 
of the carpus is a helpful sign of instability.

 TECHNIQUE 69.27 

(CULP, OSTERMAN, AND KAUFMANN, MODIFIED)
 n  Follow the procedures for patient preparation; anesthetic 

management; and radiocarpal, ulnocarpal, and midcarpal 
examination outlined in Techniques 69.1 through 69.4.

 n  Use a pneumatic tourniquet as needed, especially when 
shaving or burring bone or soft tissue.

 n  If arthroscopic examination reveals clear exposure of the 
pisotriquetral joint, significant disruption of the ulnocar-
pal ligaments is likely. If the ligaments appear reparable, 
make a 1-cm or larger incision, distal to the ulnar head 
and volar to the extensor carpi ulnaris tendon. Avoid in-
jury to the dorsal sensory branch of the ulnar nerve and 
the ulnar nerve and artery.

 n  Pass two needles through the volar capsule and, under 
arthroscopic control, through the ulnocarpal ligaments.

 n  Pass a 2-0 or 3-0 absorbable polydioxanone suture 
through one needle into the joint.

 n  Pass a nylon or wire suture loop through the second needle.
 n  Position the first needle so that the suture can be cap-

tured by the loop in the second needle.
 n  Remove the needles, retrieve the suture ends, and tie the 

ends over the capsule, creating a horizontal mattress su-
ture through the ligament and out through the capsule.

 n  If a class 1B lesion is present, or if there is dorsoulnar 
laxity, secure the triangular fibrocartilage to the fovea as 
described for class 1B injuries.

 n  For large defects, use an open technique; consider ap-
proaching the ulnocarpal joint from the volar side, im-
bricate the ulnocarpal ligaments, and augment with a 
distally based strip of flexor carpi ulnaris secured to the 
dorsum of the ulnocarpal capsule.

 n  Close the wound and apply an above-elbow cast.

POSTOPERATIVE CARE The sutures are removed, and 
the cast is changed at 10 to 14 days. An above-elbow cast 
is worn for 4 weeks and is then changed to a short arm 
cast for another 3 to 4 weeks, followed by a removable 
splint for 2 to 4 weeks. A therapist-supervised rehabilita-
tion program is begun at 6 to 8 weeks.
   

 

ARTHROSCOPIC REPAIR OF CLASS 1D 
INJURY
Class 1D injuries are tears of the triangular fibrocartilage 
from the radius at the distal end of the sigmoid notch. The 
tear usually is oriented in the anteroposterior direction, 
may involve dorsal and palmar radioulnar ligaments, and 
frequently is associated with distal radial fractures with 
extension into the sigmoid notch. Satisfactory reduction 
of the radial fracture may result in healing with a stable 
DRUJ. Open or arthroscopic repair may be required if there 
is instability after fracture reduction. Displaced fragments 
of the sigmoid notch may contribute to instability and 
require open repair. Ulnar shortening or recession at the 
time of triangular fibrocartilage repair improves results in 
patients with an ulna-positive variation and in patients with 
a chronic, retracted triangular fibrocartilage. Arthroscopic 
repair of the triangular fibrocartilage in patients with ulna-
plus variation should be used with caution because the 
triangular fibrocartilage may be too thin to repair. If the 
triangular fibrocartilage is retracted more than 5 mm, open 
reconstruction of the triangular fibrocartilage, using a flap 
of the extensor retinaculum placed between the ulna and 
triquetrum and sutured to the radius and palmar and dorsal 
wrist capsule, may be more appropriate.
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 TECHNIQUE 69.28 

(SAGERMAN AND SHORT; TRUMBLE ET AL.; JANTEA ET AL., 
MODIFIED)

 n  Follow the procedures for patient preparation; anesthetic 
management; and radiocarpal, ulnocarpal, and midcarpal 
examination outlined in Techniques 69.1 through 69.4.

 n  Inflate a tourniquet as needed, especially when shaving or 
burring to bleeding bone or soft tissue.

 n  Place the arthroscope in the 3-4 portal and a probe in the 
6R portal to inspect and clarify the tear of the triangular 
fibrocartilage from the margin of the sigmoid notch of the 
radius.

 n  Through the 6R portal, remove synovium with the full-
radius shaver as needed.

 n  Insert a motorized burr or the shaver through the 6R por-
tal and debride the distal rim of the sigmoid notch down 
to bleeding bone (Fig. 69.60A).

 n  If they are intact, avoid injury to the dorsal and palmar 
radioulnar ligaments.

 n  Determine the best location for the insertion of sutures 
using a 20-gauge hypodermic needle placed through 
the ulnar side of the wrist proximal to the triquetrum. 
Through the arthroscope, probe the triangular fibrocar-
tilage to estimate the best location for drilling for place-
ment of the sutures.

 n  Make a small skin incision between the extensor carpi 
ulnaris and flexor carpi radialis tendon sheaths to avoid 

injury to the dorsal cutaneous branch of the ulnar nerve 
and the ulnar nerve and artery.

 n  Using the power drill and entering the 6R or 6U portal, 
use a 0.045-inch (1.2-mm) Kirschner wire to make two 
parallel channels in the distal radius, beginning side-by-
side at the distal margin of the sigmoid notch and passing 
from the ulnar to radial direction (Fig. 69.60B). This allows 
the use of one suture. If two sutures are planned, three 
channels are required.

 n  After passing one wire, leave it in place and pass the sec-
ond wire. Aim the wires to exit the radius in the distal 
metaphysis, between the first and second extensor com-
partments.

 n  Make a 1- to 2-cm skin incision at the exit point of the 
wires and with blunt dissection expose the exit sites of the 
wires. Protect the superficial radial nerve and the tendons 
of the first and second extensor compartments.

 n  Remove the wires one at a time.
 n  Pass the sutures in one of the following ways.
 n  After drilling the channels, use long meniscal repair nee-

dles, passed through an arthroscopic cannula from the 
ulnar side, through the triangular fibrocartilage, and then 
through the radius, from ulnar to radial, and out the lat-
eral (radial) side of the radius, tying the knots on the ra-
dius, after arthroscopic evaluation of satisfactory tension 
on the repair (Fig. 69.60C,D).

 n  Pass an 18-gauge spinal needle through the first channel 
from radial (lateral) to ulnar (medial). Leave the obturator 

 

A B

C D

Cannula

FIGURE 69.60 Arthroscopic repair of class 1D injury of triangular fibrocartilage complex. A, 
Edge of sigmoid notch is abraded with motorized burr. B, Holes are drilled through radius with 
Kirschner wire. C, Sutures are placed into triangular fibrocartilage complex through drill holes with 
long meniscal repair needles. D, Sutures are tied on surface of radius. (Redrawn from Sagerman SD, 
Short W: Arthroscopic repair of radial-sided triangular fibrocartilage complex tears, Arthroscopy 
12:339, 1996.) SEE TECHNIQUE 69.28.
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(trocar) in the needle. Remove the obturator after needle 
passage. After the needle has been passed through the 
radius and the proximal undersurface of the free margin 
of the triangular fibrocartilage, insert a 2-0 or 0 polydioxa-
none suture into the needle and pass the suture through 
the free margin of the triangular fibrocartilage under ar-
throscopic control. Leave the first needle in place. Pass 
another 18-gauge spinal needle through the second 
channel and through the proximal undersurface of the 
free margin of the triangular fibrocartilage, adjacent to 
the suture. Remove the obturator from the needle. Pass a 
wire loop through the second needle to retrieve the end 
of the suture from the first needle. Withdraw the suture 
from the second needle. Apply tension to the suture ends 
and determine the tension of the triangular fibrocartilage 
against the distal radius. If the tension is satisfactory, tie 
the suture knot on the radial (lateral) surface of the radius. 
If the tension and apposition are unsatisfactory, another 
set of sutures might be needed, requiring another drilled 
channel. If possible, it is helpful to determine the need for 
the second suture before suture passage.

 n  Trumble et al. described the following suture passage 
technique.

 n  Insert a straight 12-French suction cannula through the 
6R or 6U portal.

 n  Pass 2-0 Maxon (Davis and Geck) meniscal repair sutures 
through the cannula and through the triangular fibrocar-
tilage, drilling the suture needles through the radius at 
the distal margin of the sigmoid notch, from the ulnar to 
the radial direction (Fig. 69.61). If the radius is predrilled, 
the needle passage is facilitated and drilling the needles 
might not be required.

 n  Tie the sutures over the radius.
 n  Jantea et al. described another option for suture passage. 

A combination drill guide-tissue protector jig is used for 
pin placement and more precise location of the channels 
drilled for suture passage (Fig. 69.62).

 n  Insert the first 0.045-in (2-mm) Kirschner wire from the 
ulnar side of the wrist, entering between the extensor 
carpi ulnaris and the flexor carpi ulnaris.

 n  Through the arthroscope, verify that this wire marks the 
insertion of the triangular fibrocartilage at the distal end 
of the sigmoid notch.

 n  Slide one barrel of the guide over the first wire and place 
the guide over the dorsum of the wrist so that the second 
barrel is against the distal radial metaphysis between the 
first and second extensor compartments.

 n  Make a small skin incision over this area, to dissect bluntly 
down to the radial cortex between the first and second 
extensor compartments.

 n  Protect the superficial radial nerve, radial artery, and ab-
ductor pollicis longus, extensor pollicis longus, and exten-
sor pollicis brevis tendons.

 n  Insert the second 1.2-mm Kirschner wire into the barrel of 
the guide and drill this second wire across the radius. This 
wire should be seen through the arthroscope to penetrate 
the ulnar side of the radius at the distal end of the sigmoid 
notch, at the end of the first pin.

 n  Withdraw the first pin in the drill guide barrel sufficiently 
to move it to an adjacent site on the triangular fibrocarti-
lage for drilling of another channel for another wire.

 n  Pass another wire into the drill guide barrel and drill the 
wire from the radial side of the radius, across the radius, 
to exit at the distal margin of the sigmoid notch adjacent 
to the exit site of the previous channel.

 n  Remove the Kirschner wires and the drill guide.
 n  After predrilling, keep the obturator (trocar) in an 

18-gauge spinal needle and insert the 18-gauge spinal 
needle through the first channel in the radius from the 
radial side toward the ulna, exiting at the triangular fi-
brocartilage insertion and passing through the proximal 
undersurface of the triangular fibrocartilage.

 

Radial nerve,
superficial

branch

Arthroscope
in 3–4 portal

Meniscal repair
needle existing

between 1st and 2nd
dorsal compartment

tendons

Cannula inserted
on ulnar border

of wrist

FIGURE 69.61 Passage of sutures through cannula in ulnar 
aspect of wrist between flexor carpi ulnaris and extensor carpi 
ulnaris just proximal to triquetrum. (Redrawn from Division of Hand 
and Microvascular Surgery, University of Washington, School of 
Medicine, Seattle, WA.) SEE TECHNIQUE 69.28.

 

H

T

FIGURE 69.62 Use of combination drill guide-tissue protector 
jig for pin placement and precise location of channels for suture 
passage. H, Hamate; T, triquetrum. (From Jantea CL, Baltzer A, 
Rüther W: Arthroscopic repair of radial-sided lesions of the fibro-
cartilage complex, Hand Clin 11:31, 1995.) SEE TECHNIQUE 69.28.
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 n  Pass another 18-gauge spinal needle through the adja-
cent, parallel channel in the radius.

 n  Exit through the second opening at the distal end of the 
sigmoid notch.

 n  Pass this needle through the proximal undersurface of the 
triangular fibrocartilage.

 n  Remove the obturators (trocars) of the spinal needles.
 n  Ensure that the needles remain protruding through the 

triangular fibrocartilage.
 n  Pass a 2-0 or 0 polydioxanone suture through one needle 

and out through the triangular fibrocartilage.
 n  Pass a wire loop through the second spinal needle and 

through the triangular fibrocartilage.
 n  Position the end of the first needle and the suture end to 

facilitate passing the suture end through the loop.
 n  Carefully remove the spinal needles.
 n  Retrieve the suture ends and tie them over the radius be-

tween the first and second extensor compartments.
 n  Verify that there is satisfactory tension on the triangular 

fibrocartilage against the distal end of the sigmoid notch.
 n  Use a 0.062-inch (2-mm) Kirschner wire to pin the ulna to 

the radius from ulnar (medial) to radial (lateral) in midposi-
tion.

 n  Close the arthroscopic portals and incisions as needed.
 n  Apply a long arm cast.

POSTOPERATIVE CARE The sutures are removed at 10 
to 14 days, and the cast is changed. The radioulnar pin is 
removed at 6 to 8 weeks. The forearm and wrist are sup-
ported with a removable splint for another month. Active 
motion and a therapist-supervised rehabilitation program 
are begun. Strenuous, forceful grasping and rotational ac-
tivities should be avoided until motion and strength have 
returned.
   

 

OPEN REPAIR OF CLASS 1D INJURIES

 TECHNIQUE 69.29 

(COONEY ET AL.)
 n  With the patient supine and under an appropriate an-

esthetic, apply a well-padded pneumatic tourniquet to 
the upper arm. Extend the extremity on the hand table. 
After sterile skin preparation and draping, exsanguinate 
the limb and inflate the pneumatic tourniquet.

 n  Make a straight, dorsoulnar skin incision between the 
fourth and fifth extensor compartments. Make the inci-
sion long enough to gain access to the DRUJ and the 
ulnocarpal joint, usually 8 to 10 cm.

 n  Open the extensor retinaculum in a Z-shaped configu-
ration to allow use of the flaps for retinacula repair or 
triangular fibrocartilage reconstruction.

 n  Retract the extensor carpi ulnaris tendon laterally (radially).
 n  Incise the radioulnar joint capsule longitudinally, begin-

ning proximal to the DRUJ, extending to the dorsal radio-
ulnar ligament, and then turn the incision medially (ulnar-
ward) along the proximal edge of the dorsal radioulnar 
ligament to make an L-shaped capsular flap.

 n  Beginning just distal to the dorsal radioulnar ligament, 
extend the capsular incision transversely to expose the 
ulnocarpal joint, the lunate fossa, the lunate, the trique-
trum, the ulnar lunotriquetral ligament complex, and the 
triangular fibrocartilage.

 n  Use small periosteal elevators and probes to determine 
the extent of triangular fibrocartilage damage.

 n  Detach the dorsal radioulnar ligament from the dorsal 
surface of the distal radius.

 n  Reflect the periosteum from the distal radius just proximal 
to the lunate fossa to expose the dorsoulnar cortex of the 
distal radius (Fig. 69.63A).

 n  Inspect the triangular fibrocartilage and radiocarpal joint 
for other injuries.

 n  Use a 0.045-in (1.2-mm) Kirschner wire or drill point of 
similar size to drill a line of four holes, side-by-side, from 
the dorsal surface of the distal radius from dorsoradial to 
palmar-ulnar, with the wire or drill point exiting at the 
distal margin of the sigmoid notch, at the ulnar (medial) 
border of the lunate fossa.
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Periosteum
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FIGURE 69.63 Open repair of class 1D injuries of triangular 
fibrocartilage complex (TFCC). A, Approach to TFCC, reflection of 
dorsal radioulnar ligament and periosteum over lunate fossa. B, 
Suture placement into TFCC through holes drilled in dorsoulnar 
aspect of distal radius; sutures are directed in palmar and ulnar 
direction to exit at edge of lunate fossa and sigmoid notch. Hori-
zontal mattress sutures are placed in TFCC. (Redrawn from Cooney 
WP, Linscheid RL, Dobyns JH: Triangular fibrocartilage tears, J Hand 
Surg 19A:143, 1994. Copyright of the Mayo Clinic.) SEE TECHNIQUE 
69.29.
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 n  Debride the distal margin of the sigmoid notch and the 
torn margin with a rongeur or powered burr to bleeding 
bone.

 n  Insert a small lamina spreader to improve exposure. If sat-
isfactory exposure of the triangular fibrocartilage cannot 
be achieved, especially with an ulnar-positive variation, 
osteotomy of the ulna, with recession and plate fixation, 
is recommended by Cooney et al.

 n  Use 2-0 or 3-0 polyglactin 910 (Vicryl) suture or a 
polydioxanone suture on a small, round needle to place 
horizontal mattress sutures in the triangular fibrocarti-
lage, passing the suture from the proximal undersurface 
to the distal surface of the triangular fibrocartilage (Fig. 
69.63B).

 n  Remove the small needles. Pass a straight needle, with-
out suture, reversed into the drill holes to retrieve the 
ends of the pairs of suture. Other satisfactory methods 
of suture retrieval include the use of a wire loop or a 
suture passer.

 n  Flex the elbow and maintain the forearm in neutral to 
slight supination to reduce the DRUJ.

 n  Stabilize the DRUJ by placing a 0.045-inch, 0.062-inch, 
or 2-mm Kirschner wire from the ulna into the radius, 
proximal to the sigmoid notch.

 n  Tighten the repair sutures and tie the knots on the dorsal 
surface of the distal radius, just proximal to the lunate 
fossa.

 n  Reattach the dorsal edge of the triangular fibrocartilage 
(dorsal radioulnar ligament) to the dorsoulnar distal ra-
dius, suturing it to the reflected flap of periosteum with 
3-0 or larger absorbable suture.

 n  If the dorsal radioulnar ligament is attenuated, rein-
force it with a flap of the extensor retinaculum, based 
at the dorsoradial margin of the extensor carpi ulnaris 
sheath.

 n  Close the ulnocarpal joint capsule, extensor retinaculum, 
and skin in layers.

 n  Apply a long arm cast. 

POSTOPERATIVE CARE The cast is changed and skin 
sutures and pin sites are checked at about 2 weeks. The 
radioulnar pins are removed between 4 and 6 weeks. 
The long arm cast is worn 8 weeks from the time of 
repair. At 8 weeks, a long arm thermoplastic splint is 
applied and a therapist-supervised rehabilitation pro-
gram is begun, starting with gentle, active forearm pro-
nation-supination exercises. The long arm splint is worn 
for an additional 6 weeks. A strengthening program 
is begun as motion improves, usually about 10 weeks 
from the time of repair. Return to work and sports is 
delayed until grip strength is about 80% of the unin-
jured extremity.
  

CHRONIC INSTABILITY OF THE DISTAL 
RADIOULNAR JOINT
Symptomatic chronic instability of the DRUJ may occur 
after isolated trauma to the DRUJ, after fractures of the 
distal radius and ulna, after unsuccessful attempts to 
repair the TFCC, and in inflammatory arthritis. Cadaver 

studies have shown that angulation of radial fractures 
with volar convexity of more than 20 or 30 degrees con-
tributes to DRUJ incongruity. Radial shortening disturbs 
radioulnar kinematics, and more than 5 mm of radial 
shortening implies significant damage to the TFCC. A 
clinical study of 166 distal radial fractures by May et  al. 
suggested that displaced fractures through the base of the 
ulnar styloid may contribute to DRUJ instability. Most 
acute injuries, with appropriate treatment, result in a 
stable DRUJ. Patients with symptomatic DRUJ instability 
usually have symptoms related to dorsal displacement of 
the distal ulna. 

PROCEDURES TO STABILIZE THE DISTAL 
RADIOULNAR JOINT
DRUJ instability related to malunited distal radial fractures 
can be treated with distal radial osteotomy and bone graft-
ing to correct shortening and angulation. Ununited, displaced 
ulnar styloid fractures can be treated with open reduction and 
internal fixation.

Many soft-tissue techniques have been proposed to 
stabilize the DRUJ and the unstable distal ulna. Bowers 
emphasized the importance of repairing or reconstructing 
the TFCC. Late repair of the TFCC may be possible. If the 
TFCC cannot be repaired, but the articular surfaces are in 
good condition, and the sigmoid notch is competent, recon-
struction of the ligaments around the DRUJ may stabilize 
the joint satisfactorily. Adams identified three categories 
of soft-tissue reconstruction for chronic DRUJ instability: 
(1) distal ulnar tenodesis, with the extensor carpi ulna-
ris or flexor carpi ulnaris tendon, (2) ulnocarpal tether, 
and (3) radioulnar tether. Although the ulnocarpal tech-
niques described by Hui and Linscheid and by Boyes and 
Bunnell may be effective, a cadaver study by Gupta et al. 
suggested that the ulnocarpal ligaments may not require 
reconstruction in all patients with DRUJ instability. The 
difficulty of restoring the smooth carpal articulation, a 
flexible rotational radioulnar tether, an ulnocarpal suspen-
sion from the radius, an ulnocarpal cushion, and an ulnar 
shaft to the ulnar carpal connection is recognized. Many 
complex radioulnar tethering procedures proximal to the 
radioulnar joint have been described. Hermansdorfer and 
Kleinman found reattachment of the TFCC effective for 
minimal subluxation. The reports of Bach et  al. and of 
Scheker et  al. suggested that tenodesis augmentation of 
TFCC repair with extensor carpi ulnaris (Bach) or ten-
don graft reconstruction through radioulnar drill holes 
(Scheker) helped to stabilize the DRUJ. Adams empha-
sized the importance of reconstruction of the distal radio-
ulnar ligaments to restore DRUJ stability and to preserve 
DRUJ motion. In a retrospective study of 95 Adams-Berger 
reconstructions, 90% of patients had a stable DRUJ with 
a mean follow-up of 65 months. Grip strength increased 
while pronosupination decreased. Pain was either zero or 
mild in 76%. The procedure was deemed “successful” in 
86% of the cohort. Although this is a complex procedure, it 
provides an answer to a very difficult problem. Additional 
studies in cadaver models have found the distal oblique 
bundle reconstruction of the interosseous membrane to 
have stability similar to the Adams-Berger procedure. The 
authors suggest that there is less morbidity with the distal 
oblique bundle reconstruction. 
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ANATOMIC RECONSTRUCTION OF THE 
DISTAL RADIOULNAR LIGAMENTS

 TECHNIQUE 69.30 

(ADAMS AND BERGER)
 n  Before induction of the anesthetic, determine if a pal-

maris longus tendon is present on either upper extremity. 
Prepare the extremities accordingly. If a palmaris longus 
is unavailable, consider harvesting a tendon graft from 
another location or using an allograft tendon.

 n  With the patient supine and under the appropriate anes-
thetic, apply a well-padded tourniquet to the upper arm, 
prepare the skin, and apply drapes with the arm posi-
tioned on the hand table.

 n  Make a longitudinal 4-cm incision between the fifth and 
sixth extensor compartments. Begin the incision at the 
level of the ulnar styloid and extend it proximally.

 n  Open the fifth compartment except for the distal reti-
naculum over the ulnocarpal joint.

 n  Retract the extensor digiti quinti tendon laterally (radially).
 n  Open the DRUJ capsule with an L-shaped incision. Make 

the capsular incision extending longitudinally along the 
dorsal rim of the sigmoid notch, then transversely, proxi-
mal and parallel to the normal location of the dorsal ra-
dioulnar ligament.

 n  Retract the capsular flap proximally and medially (ulnar-
ward) to expose the articular surface of the DRUJ and the 
proximal surface of the TFCC remnant (Fig. 69.64A).

 n  Determine whether the TFCC can be repaired. If the TFCC 
cannot be repaired or used to stabilize the DRUJ, proceed 
with reconstruction of the radioulnar ligaments.

 n  Debride granulation tissue from the fovea of the ulnar 
head. Leave any functioning remnants of the TFCC, in-
cluding the palmar radioulnar and ulnocarpal ligaments, 
if they are intact.

 n  Debride a central tear in the triangular fibrocartilage disc 
to make the edges smooth.

 n  Leave the extensor carpi ulnaris sheath intact during the 
procedure. Do not open the extensor carpi ulnaris sheath 
or dissect the sheath from the ulnar groove during this 
procedure.

 n  If an ulnar styloid nonunion is encountered, remove the 
styloid fragment with sharp, subperiosteal dissection.

 n  Harvest a palmaris longus tendon graft from the same 
side, if present. Use a 1- to 2-cm transverse incision at the 
wrist flexion crease to identify the palmaris longus tendon 
and mobilize it with blunt dissection. Protect the median 
nerve. Leave the palmaris attached distally.

 n  In the mid-to-proximal forearm, make another 1- to 2-cm 
longitudinal incision over the palmaris longus musculo-
tendinous junction and transect the tendon in the proxi-
mal incision. Avoid injury to the median nerve.

 n  Deliver the tendon in the distal incision, transect the ten-
don distally, and place the graft in a safe location. Close 
the donor incisions.

 n  Prepare the site for the tunnel in the radius by elevating 
the periosteum from the dorsal radius at the margin of 
the sigmoid notch.

 n  Using C-arm fluoroscopy, drive a guidewire for a 2- to 
4-mm cannulated drill through the radius from dorsal 
to palmar, beginning far enough proximal to the lunate 
fossa and lateral (radial) to the articular surface of the 
sigmoid notch that a tunnel about 5 mm in diameter can 
be created without fracturing into the lunate fossa or the 
sigmoid notch.

 n  Use posteroanterior and lateral fluoroscopy to confirm 
that the guidewire is safely and accurately placed with-
out passing completely through the palmar cortex (Fig. 
69.64B).

 n  Use a cannulated 2- or 3-mm drill to create a pilot tunnel. 
Progressively enlarge the radial tunnel with noncannu-
lated drill bits sufficiently to allow passage of the tendon 
graft (Fig. 69.64C).

 n  If radial osteotomy is planned to correct a malunion at 
the time of radioulnar ligament reconstruction, make the 
radial tunnel before doing the osteotomy to facilitate the 
drilling of the tunnel. If a radial malunion is present, avoid 
penetration of the lunate fossa by making the tunnel so 
that it is parallel to the malaligned lunate fossa as deter-
mined on fluoroscopy.

 n  Make an obliquely directed tunnel in the distal ulna from 
the fovea to the ulnar neck. Use the same guidewire, can-
nulated drill, and noncannulated drill sequence as that 
used in making the tunnel in the radius.

 n  Expose the fovea at the base of the ulnar styloid by flexing 
the wrist and retracting the TFCC remnants distally.

 n  Insert the guidewire through the fovea and direct it to 
exit the ulnar neck medially and just palmar to the ex-
tensor carpi ulnaris (Fig. 69.64D). To avoid fracture of 
the ulnar neck and injury to the carpus, place the 2- or 
3-mm cannulated drill over the guidewire from the me-
dial ulnar neck cortex so that reaming is done from the 
superficial ulnar neck in a retrograde direction toward 
the fovea.

 n  Carefully enlarge the tunnel in the ulna with noncannu-
lated drill bits, to make an opening large enough for pas-
sage of both limbs of the graft (Fig. 69.64C,E).

 n  Make a 3-cm longitudinal incision on the volar side of the 
wrist, between the ulnar neurovascular bundle and the 
flexor tendons to the fingers. Begin the incision at the 
proximal wrist flexion crease.

 n  Retract the ulnar neurovascular bundle medially (ulnar) 
and the finger flexors laterally (radial) to expose the area 
of the palmar opening of the tunnel.

 n  Pass a suture retriever through the tunnel from dorsal to 
palmar. Pull one end of the tendon graft from the palmar 
side to the dorsum with the suture retriever.

 n  Pass a straight hemostat from dorsal to palmar over the 
ulnar head and proximal to any TFCC remnant. Push the 
straight hemostat through the palmar DRUJ capsule. 
Grasp the palmar end of the graft and pull it into the 
ulnocarpal joint, proximal to the TFCC remnant. Avoid 
catching tendons and the neurovascular bundle as the 
palmar end of the graft is delivered from palmar to dorsal 
and out the dorsal incision.

 n  Use the suture retriever to pull both limbs of the graft 
proximally through the tunnel in the distal ulna, passing 
the grafts from the fovea distally to the cortex of the ulnar 
neck proximally.
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FIGURE 69.64 Anatomic reconstruction of distal radioulnar ligaments. A, Retraction of capsular 
flap to expose articular surface of distal radioulnar joint and proximal surface of triangular fibrocar-
tilage complex. B, Position of guidewire for creating radial tunnel. C, Location of radial and ulnar 
tunnels. D, Position of guidewire for creating tunnel through ulnar head and neck (radial tunnel 
also can be seen). E, Deep exposure and location of bone tunnels for tendon graft. F, Tendon graft 
passed through bone tunnels and volar capsule of distal radioulnar joint. G, Completed passage 
of tendon graft. (A, C, E-G, redrawn from and B and D from Adams BD, Berger RA: An anatomic 
reconstruction of the distal radioulnar ligaments for posttraumatic distal radioulnar joint instability, 
J Hand Surg 27A:243, 2002.) SEE TECHNIQUE 69.30.
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 n  At the ulnar neck, pass a hemostat from the interosse-
ous space, radial to ulnar under the extensor carpi ulnaris 
sheath, dorsal to the ulna. Grasp one limb of the graft 
with this hemostat and deliver it dorsal to the ulna, be-
neath the extensor carpi ulnaris sheath, into the dorsal 
incision.

 n  Pass a medium-sized right-angle clamp (Kantrowicz) from 
the dorsal incision, between the radius and ulna, around 
the neck of the ulna, deep to the flexor carpi ulnaris, to 
the palmar medial (ulnar) side of the neck of the ulna to 
retrieve the other limb of the tendon graft. Pass this limb 
of the tendon graft around the ulnar neck from palmar 
to dorsal, avoiding the ulnar neurovascular bundle and 
flexor tendons.

 n  Deliver this limb of the tendon graft into the dorsal inci-
sion. Both limbs of the tendon graft are now in the dorsal 
incision and should lie at the ulnar neck.

 n  Place the forearm in neutral rotation.
 n  Pull both limbs of the tendon graft taut and manually 

compress the DRUJ. Place a “half-hitch” in the two limbs 
of the graft at the ulnar neck. Maintain maximal tension 
on the graft and suture the limbs of the graft together 
at the half-hitch with 3-0 nonabsorbable sutures (Fig. 
69.64F,G).

 n  Close the dorsal DRUJ capsule and extensor retinaculum 
in layers with 3-0 sutures. Leave the extensor digiti quinti 
in the subcutaneous tissue over the DRUJ. Close the pal-
mar skin in layers.

 n  If there is concern about the durability of the repair or 
patient compliance, pin the ulna to the radius with a 
pin of sufficient size to stabilize the DRUJ and to mini-
mize the chance of pin breakage. To avoid fracture 
through the ulnar tunnel, place the pin at least 2 cm 
proximal to the ulnar tunnel. In anticipation of possible 
pin breakage, advance the pin through the lateral radial 
cortex and through the skin on the lateral (radial) side, 
and cut the point of the pin off beneath the skin. Cut 
the trailing shaft of the pin beneath the skin on the 
medial (ulnar) side of the forearm.

 n  Apply a long arm cast with the forearm in neutral rota-
tion to control rotation sufficiently and protect the re-
pair.

POSTOPERATIVE CARE If nonabsorbable skin clo-
sure is used, the sutures or staples are removed and 
the cast is changed at 10 to 14 days. If the pin causes ir-
ritation of the superficial radial nerve, it can be backed 
out enough to relieve the irritation. The long arm cast 
is worn for 6 weeks. The pin is removed at 6 weeks. 
A well-molded, ulnar-gutter wrist splint is applied to 
prevent extreme forearm rotation and wrist devia-
tion; this splint is worn for another 4 weeks. During 
the 4 weeks of removable splinting, active wrist mo-
tion, gentle hand strengthening, and active forearm 
rotation are begun but passive motion exercises are 
avoided. Supination and pronation may be regained 
gradually over 4 to 6 months. If grip strength and wrist 
motion have recovered, most activities are permitted 
after 4 months, but heavy lifting and impact loading 
should be avoided for 6 months.
   

 

RECONSTRUCTION OF THE DORSAL 
LIGAMENT OF THE TRIANGULAR 
FIBROCARTILAGE COMPLEX

 TECHNIQUE 69.31 

(SCHEKER ET AL.)
 n  With a proximal tourniquet inflated and the forearm in 

pronation, make an angled incision in the skin overlying 
the junction between the fourth and fifth extensor com-
partments.

 n  Open the deep fascia between the extensor digitorum 
and extensor carpi radialis brevis tendons proximal to the 
extensor retinaculum.

 n  Retract the musculotendinous units, exposing the dor-
soulnar aspect of the distal radius, just distal to the ex-
tensor pollicis brevis.

 n  Perform a small capsulotomy between the fourth and 
fifth compartments, exposing the dorsal corner of the 
sigmoid notch (Fig. 69.65).

 n  Use a heavy Kirschner wire to drill a tunnel in the distal 
radius, starting from the dorsal lip of the sigmoid notch 
and proceeding in a proximal, radial, and palmar direction 
into the medullary cavity (Fig. 69.65, a-a1).

 n  Make a second tunnel in the metaphysis of the radius, 
starting about 3 cm proximal and radial to the lip of the 
sigmoid notch and proceeding in a distal radial and pal-
mar direction to meet the previous tunnel in the medul-
lary cavity (Fig. 69.65, b-a1). This creates an angulated 
tunnel in the distal radius, which is enlarged with a hand 
drill using a 3-mm drill bit (Fig. 69.65, a-a1-b).

 n  Make two more unicortical holes, measuring 3.0 to 3.5 
mm in diameter in the radial metaphysis at 1-cm intervals 
each (Fig. 69.65, c and d). Connect these two holes within 
the medulla with a large tendon hook and smooth the 
tunnel to facilitate passage of the tendon graft.

 n  Approach the radial aspect of the distal ulna between the 
fifth and sixth compartment muscles and retract the soft 
tissues.
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FIGURE 69.65 Scheker technique. Two tunnels each are made 
in radius and ulna. See text for description. (From the Christine M. 
Kleinert Institute for Hand and Microsurgery, Inc.) SEE TECHNIQUE 
69.31.
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 n  Open the capsule at the level of the ulnar styloid just radial 
to the tendon of the extensor carpi ulnaris.

 n  Use a heavy Kirschner wire to make a tunnel from the 
fovea within the medulla to the dorsoradial side of the 
ulnar cortex (Fig. 69.65, e and f). Enlarge this tunnel with 
a 3-mm drill.

 n  Make two more drill holes 1 cm apart along the distal ulna 
and connect to form a tunnel within the medullary canal 
(Fig. 69.65, g and h).

 n  Use small angulated mosquito forceps to pass a loop of 
“O” wire into the radial capsulotomy, through the DRUJ, 
and out of the ulnar capsulotomy. Draw a palmaris longus 
tendon graft through using the wire loop (Fig. 69.66A).

 n  Using the wire loop technique, pull the radial end of the 
tendon graft into hole a and out of hole b. Pull the ulnar 
end of the tendon graft into hole e and out of hole f (Fig. 
69.66B). Route this tendon end into the medulla of the 
ulna through hole g and out through hole h (Fig. 69.66C).

 n  Suture the ulnar end of the tendon to itself with 3-0 
braided Ticron suture (Fig. 69.66D). Attach the ulnar side 
first because when the hand is supinated the ulnar tun-
nel rotates toward the volar aspect and disappears from 

view. Using a similar technique, pull the radial end of the 
tendon graft into hole c and out of hole d (Fig. 69.66E).

 n  Place the forearm in full supination (Fig. 69.66F). Apply 
tension to the radial end of the tendon graft and as-
sess the stability of the DRUJ in pronation and supina-
tion. Tighten the radial end of the tendon in supination 
and suture to itself (Fig. 69.66G). During wound closure, 
maintain the forearm in supination.

POSTOPERATIVE CARE The forearm is immobilized in 
neutral rotation in a long arm cast for 3 weeks. At that 
time, the sutures are removed and a new cast is applied 
with the forearm in 20 to 30 degrees of pronation for an 
additional 3 weeks. Active range-of-motion exercises be-
gin at 6 weeks, followed by passive motion at 10 weeks.
  

ULNAR IMPACTION-ABUTMENT AND DISTAL 
RADIOULNAR JOINT ARTHRITIS
Symptoms of ulnar wrist pain aggravated by ulnar deviation 
with forearm rotation may be caused by ulnocarpal impac-
tion. Ulnocarpal loads may be increased by 42% for a positive 
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FIGURE 69.66 Scheker technique. A, Tendon graft is drawn through capsulotomies. B, Ends 
of tendon graft inserted into loops of wire emerging from tunnels in ulnar fovea and dorsal lip 
of sigmoid notch of radius. C, Tendon graft is drawn through two distal tunnels. D, Ulnar end of 
tendon graft is threaded through second tunnel and sutured to itself. E, Tendon graft is pulled 
between middle and distal hole in metaphysis of radius to ensure that full tension has been applied 
between fovea and sigmoid notch. F, With tension applied to radial end of tendon graft while 
forearm is supinated, joint stability is tested through full range of motion. G, On radial side, graft 
is sutured to itself with forearm in supination, completing reconstruction of dorsal ligament. (From 
the Christine M. Kleinert Institute for Hand and Microsurgery, Inc.) SEE TECHNIQUE 69.31.
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ulnar variation of 2.5 mm and 65% with a 45-degree dorsal 
tilt of the distal radius. Patients with acquired or developmen-
tal ulnar-positive variation may develop degenerative changes 
in the triangular fibrocartilage, ulnar head, articular surfaces 
of the lunate and triquetrum, and lunotriquetral interosseous 
ligament.

Ulnocarpal abutment/impaction should be differentiated 
from ulnostyloid abutment/impaction. Patients with ulno-
styloid abutment experience pain with ulnar deviation and 
forearm supination, whereas those with ulnocarpal abutment 
experience pain with ulnar deviation and forearm prona-
tion or with the forearm in a neutral position. An old sty-
loid nonunion is a frequent cause. Operative management of 
ulnostyloid impaction is styloidectomy, and for ulnocarpal 
impaction, arthroscopic TFCC debridement and ulnar wafer 
resection are indicated.

Positive ulnar variation may be a normal finding or may 
be part of a developmental abnormality such as Madelung 
deformity (see Chapter 80). Shortening of the radius after 
fracture, radial head fracture-dislocation with interosseous 
membrane injury (Essex-Lopresti), and traumatic growth 
arrest of the distal radius are causes of acquired ulnar-posi-
tive variation. Physical findings may include ulnocarpal pain 
aggravated by passive ulnar deviation. Passive dorsal transla-
tion of the ulnar side of the carpus by pushing dorsally against 
the palmar surface of the pisiform while stabilizing the dis-
tal ulna also may produce pain. Arthritis in the DRUJ and 
pisotriquetral joints may coexist and produce similar symp-
toms and findings.

Routine, neutral rotation radiographs may show ulnar-
positive variation without stress. Tomaino reported that the 
pronated grip view showed an average increased ulnar-pos-
itive variation of 2.5 mm, suggesting that dynamic changes 
may contribute to symptoms in a patient with indefinite static 
radiographs. Radiographic findings, in addition to an ulnar-
positive variation, include cystic changes in the lunate and 
ulnar head. DRUJ arthritis also may be shown by DRUJ nar-
rowing and osteophyte formation.

Operative treatment may be needed if there is no 
improvement in symptoms with activity modification, 
splinting, oral medications, and injections of corticoste-
roids. Arthroscopic joint debridement, open or arthroscopic 
distal ulnar resection, and ulnar shortening osteotomy may 
be effective in reducing symptoms of ulnocarpal impaction-
abutment, especially if there is no DRUJ arthritis. For an 
ulnar-neutral to slightly positive wrist, arthroscopic joint 
debridement may suffice. Pain may persist if there is sig-
nificant ulnar-positive change. For ulnar-positive varia-
tion caused by radial shortening after fracture, open or 
arthroscopic distal ulnar resection provides satisfactory 
results without risks of nonunion and implant complica-
tions. Ulnar shortening osteotomy also restores joint con-
gruity, and a high rate of bone healing is expected with 
current fixation techniques.

Arthritic changes in the DRUJ may be attributed to 
osteoarthritis, posttraumatic changes secondary to fractures 
or instability, and rheumatoid arthritis. Operative treatment 
options for arthritis of the DRUJ include excisional or implant 
arthroplasty and modified arthrodesis. No single procedure 
is always successful. Salvage procedures for a painful distal 
ulnar stump after resection include tethering procedures, 
excision of much of the ulna, and radioulnar fusion to create 
a “one-bone” forearm. 

 

ULNAR SHORTENING OSTEOTOMY

 TECHNIQUE 69.32 

(CHUN AND PALMER)
 n  Preoperative planning includes estimation of ulnar-posi-

tive variation radiographically. Plan to achieve a final ulnar 
variation of 0 or −1 mm.

 n  After the induction of satisfactory anesthesia, with the 
patient supine and the extremity on a hand table, apply 
a well-padded tourniquet to the upper arm, prepare the 
skin, and arrange the drapes. Exsanguinate the limb and 
inflate the tourniquet as needed. Use intraoperative C-
arm fluoroscopy to verify satisfactory shortening of the 
ulna and placement of plate and screws.

 n  Beginning at the ulnar neck, make a longitudinal incision 
on the ulnar (medial) side of the distal forearm, over the 
subcutaneous surface of the ulna, long enough to allow 
for completion of the osteotomy, manipulation of the 
fragments, and placement of a six-hole plate. Protect the 
dorsal sensory branch of the ulnar nerve.

 n  Open the fascia between the flexor carpi ulnaris and the 
extensor carpi ulnaris.

 n  Expose the dorsum of the ulna subperiosteally. Avoid 
wide stripping of the periosteum distally.

 n  Align a six-hole, 3.5-mm dynamic compression plate on 
the dorsum of the distal ulna so that the distal end is at 
about the ulnar neck, just proximal to the sigmoid notch. 
Contour the plate to fit the ulna and secure it to the dor-
sum of the ulna with a plate clamp.

 n  Insert the two distal screws in the plate.
 n  Locate an osteotomy site at the middle of the plate. At the 

osteotomy site, use an electric cautery to make a longitudi-
nal mark on the ulna for rotational orientation. Loosen the 
distal screw and remove the second screw. Hinging on the 
distal screw, swing the plate out of the way (Fig. 69.67A).

 n  Use the oscillating saw to make an oblique osteotomy 
through 70% of the ulna (Fig. 69.67B). Osteotomize the 
ulna from the medial (ulnar) side from proximal-medial, 
to distal-lateral. Make the osteotomy sufficiently oblique 
that a screw would fit across the osteotomy. Measure the 
thickness of the bone to be removed.

 n  Place a free saw blade in the first cut. Make a second cut 
parallel to the first cut (Fig. 69.67B).

 n  Remove the resected bone and reduce the ulnar osteotomy.
 n  Rotate the plate into position over the ulna, tighten the 

first screw, and replace and tighten the second screw. 
Secure the plate to the proximal fragment with a bone 
clamp. Use fluoroscopy to assess the ulnar length. Secure 
the plate to the ulna by inserting the remaining screws, 
using a dynamic compression technique.

 n  Place a separate, independent, interfragmentary screw at 
90 degrees to the plate (Fig. 69.67C).

 n  Apply a short arm cast.

POSTOPERATIVE CARE The cast is changed and sutures are 
removed at about 2 weeks. The cast is worn for at least 4 weeks. 
Range-of-motion exercises are begun at 4 weeks. The limb is 
maintained in a removable splint, and strenuous activities are 
limited until bone healing has been achieved (Fig. 69.68).
   

    

https://booksmedicos.org


CHAPTER 69  WRIST DISORDERS 3637

 

LIMITED ULNAR HEAD EXCISION: 
HEMIRESECTION INTERPOSITION 
ARTHROPLASTY
The TFCC provides (1) a stable radioulnar connection, (2) 
a stable ulnocarpal connection, (3) a mechanism for trans-
mitting forces from the hand, (4) a suspensory ligament 

function for the ulnar side of the carpus from the radius, 
and (5) an extended dividing surface for the proximal row 
across the distal end of the forearm bones. A DRUJ arthro-
plasty involving partial ulnar head resection was developed 
by Bowers to maintain the triangular fibrocartilage func-
tion. This technique is indicated for (1) unreconstructable 
fractures of the ulnar head, (2) ulnocarpal impingement 
syndrome with incongruity of the DRUJ, (3) rheumatoid 
arthritis involving the DRUJ, (4) posttraumatic arthritis and 
osteoarthritis of the DRUJ, and (5) chronic painful triangu-
lar fibrocartilage tear. The procedure is contraindicated if 
there is no reconstructable TFCC. Without the TFCC, the 
hemiresection interposition technique is not believed to 
have a significant advantage over ulnar shortening tech-
niques.

 TECHNIQUE 69.33 

(BOWERS)
 n  Begin the incision 5 to 7 cm proximal to the ulnocarpal 

joint on the dorsal aspect of the distal ulna. Extend the 
incision distally and at the level of the ulnocarpal joint 
curve or angle palmarward for 1 to 2 cm.

 n  Carefully protect the cutaneous nerves to the skin in the 
area and expose the extensor retinaculum and the distal 
ulnocarpal area to the fascia.

 n  Elevate retinacular flaps, raising a proximal flap based 
laterally and a distal flap based medially. Develop these 
flaps for exposure and for tissue for extensor carpi ulna-
ris stabilization or triangular fibrocartilage augmentation. 
Otherwise, reattach the flaps, use them for coverage of 
the arthroplasty, or excise them.

 n  If the extensor carpi ulnaris is stable, reflect it later-
ally with subperiosteal dissection to expose the distal 
ulna.

 n  If the extensor carpi ulnaris is unstable, mobilize it distally 
to its insertion on the fifth metacarpal. Use the proximal 
flap to fashion a sling, pass it around the extensor carpi 
ulnaris, and suture it to the fourth extensor compartment 
(Fig. 69.69).

 n  After the retinacular flaps have been elevated, detach the 
radioulnar joint capsule distally, laterally (radially), and 
proximally and reflect it medially (ulnarward) to expose 
the articular surface.

 n  Remove the synovium, ulnar head articular surface, and 
subchondral bone with osteotomes and rongeurs.

 n  Remove osteophytes around the sigmoid notch and re-
move all subchondral bone of the ulnar head. Leave the 
styloid axis and ulnar shaft resembling a tapering, 1-cm 
dowel (Fig. 69.70).

 n  Inspect the triangular fibrocartilage carefully. Central per-
foration repairs are unnecessary.

 n  With the wrist in ulnar deviation, compress and rotate the 
radial and ulnar shafts. If there is ulnocarpal abutment or 
impingement, consider ulnar shortening. If it cannot be 
determined preoperatively or during surgery, fill the ra-
dioulnar space with a ball of tendon or muscle and stabi-
lize the tendon to dorsal and volar capsules with sutures. 
Use tendon from the palmaris longus, extensor carpi ulna-
ris, or flexor carpi ulnaris. This interposition helps prevent 
radioulnar shaft approximation and stylocarpal impinge-
ment.

 

A

B

C
FIGURE 69.67 Ulnar shortening osteotomy. A, Six-hole 3.5-mm 

AO plate is placed on dorsal surface of ulna, and two most distal 
screws are inserted. Longitudinal mark is made with electrocautery 
for rotational orientation. B, Oscillating saw is used to make oblique 
osteotomy through 70% of ulna. C, Plate is secured to ulna with 
dynamic compression technique. SEE TECHNIQUE 69.32.
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A B

FIGURE 69.68 Ulnar shortening osteotomy. A, Wrist of 16-year-old male wrestler with bilateral 
ulnar wrist pain and positive ulnar variance of 2 mm. B, Four weeks after surgery, wrist is in ulnar 
neutral variance and osteotomy is healed. (From Chun S, Palmer AK: The ulnar impaction syndrome: 
follow-up of ulnar shortening osteotomy, J Hand Surg 18A:46, 1993.) SEE TECHNIQUE 69.32.

 

Extensor
carpi ulnaris

FIGURE 69.69 Stabilization of extensor carpi ulnaris with reti-
nacular sling. Flap is based on fibrous wall between compartments 
four and five. SEE TECHNIQUE 69.33.

 

A

B C
FIGURE 69.70 Bowers technique of hemiresection arthroplasty. 

A, Because ulna is too long, it impinges on stylocarpal ligament. 
B and C, This problem can be corrected by interposition (B) or 
shortening (C). SEE TECHNIQUE 69.33.

 n  Close the wound by first replacing the extensor carpi ulna-
ris compartment, or use a retinacular flap. If shortening is 
not required, close the wound and apply a short arm bulky 
dressing with dorsal and palmar splints. If ulnar shortening 
has been done, use a sugar-tong splint to control rotation. 

POSTOPERATIVE CARE The splint and sutures are re-
moved at 2 weeks. A wrist splint is worn for an additional 
2 weeks, and finger motion is encouraged. If ulnar short-
ening was done, a short arm cast is worn for another  

2 weeks and then a short arm wrist splint is worn until 
healing is complete. If shortening was done in the ulnar 
shaft, a splint or cast is worn for 8 to 12 weeks.
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ULNAR SHORTENING PROCEDURES
Numerous ulnar shortening procedures have been described, 
including the Darrach resection of the distal ulna (see Chapter 
59), the “matched resection” (Watson et al.), the “wafer resec-
tion” (Feldon et al.), and a combined distal radioulnar ankylo-
sis (Baldwin) with formation of a pseudarthrosis of the distal 
ulna (Sauvé-Kapandji and Lauenstein). 

 

“MATCHED” DISTAL ULNAR 
RESECTION
Watson et al. described matched ulnar arthroplasty for 
treating patients with distal radioulnar problems caused 
by rheumatoid arthritis and trauma. Resection of the dis-
tal ulna matches the distal radius, and according to the 
description allows full supination and pronation without 
impingement, and permits the distal ulna to adhere to the 
ulnar “sling” mechanism.

 TECHNIQUE 69.34 

(WATSON ET AL.)
 n  Place the patient supine on the operating table. After limb 

exsanguination and tourniquet application, prepare and 
drape the hand and forearm. Fully pronate the forearm 
on the hand table.

 n  Incise the skin dorsally in a transverse straight line or in 
a zigzag about 2.5 cm proximal to the distal end of the 
ulna.

 n  Open the proximal edge of the extensor retinaculum.
 n  Use rongeurs to resect the distal ulna in a long, sloping 

shape over 5 to 6 cm so that the distal ulna resembles an 
eccentrically sharpened pencil (Fig. 69.71).

 n  Supinate the forearm and palpate between the radius and 
ulna to ensure parallel matching surfaces.

 n  Usually, resect the ulnar styloid, leaving the distal ulnar tip 
at or just proximal to the articular surface of the radius.

 n  Leave the deep fascia of the extensor carpi ulnaris sheath 
attached to the periosteum of the ulna because this helps 
stabilize the ulna during healing. Do not interpose soft 
tissues because the distal ulna would adhere to the ulnar 
sling mechanism.

 n  If the ulna abuts against the articular sulcus in the distal 
radius, remove a sufficient amount of this part of the ra-
dius to allow free movement.

 n  Confirm free forearm rotation.
 n  Deflate the tourniquet, obtain adequate hemostasis, and 

close the skin.
 n  Apply a bulky hand dressing, supported with a splint.

POSTOPERATIVE CARE After about 7 days, the splint is 
removed and a course of rehabilitation directed at achiev-
ing full mobilization is begun. Sutures are removed at 10 
to 14 days. Most activities can be resumed in 4 to 6 weeks, 
although it may take longer to return to activities requir-
ing heavy labor and some activities may be permanently 
restricted.
   

 

“WAFER” DISTAL ULNAR RESECTION
Partial (“wafer”) excision of the distal ulna has been 
described for patients with symptomatic tears of the TFCC 
or ulnar impaction syndrome or both and has been found 
to provide pain relief and restoration of function equal or 
superior to those obtained with ulnar shortening osteot-
omy. Enough of the ulna can be removed arthroscopically 
to unload the ulnocarpal joint, and combined arthroscopic 
TFCC debridement and wafer resection of the distal ulna 
provides pain relief in patients who had TFCC tears and 
ulnar-positive variation. The procedure preserves the ulnar 
styloid process and attached ligaments. It is not indicated 
for distal radioulnar instability, distal radioulnar degenera-
tive arthritis, or carpal instability.

 TECHNIQUE 69.35 

(FELDON, TERRONO, AND BELSKY)
 n  Place the patient supine on the operating table. Apply a 

pneumatic tourniquet and prepare and drape the forearm 
and hand. Pronate the forearm on the hand table and ap-
proach the DRUJ as described for the Bowers procedure 
(see Technique 69.33).

 n  Make a dorsal skin incision extending 5 to 7 cm proximal 
to the distal ulnocarpal joint. Protect the dorsal sensory 
branch of the ulnar nerve. Leave the extensor carpi ulnaris 
sheath intact.

 n  Make a U-shaped incision in the DRUJ capsule, leaving the 
capsule attached to the radius.

 n  Expose the DRUJ, the TFCC, and the proximal articular 
surfaces of the lunate and triquetrum. Inspect the ex-
posed structures to determine the extent of damage.

 FIGURE 69.71 Matched distal ulnar resection. Ulna is resected 
5 to 6 cm and shaped to match contour of radius through full supi-
nation and pronation. Distal resected ulna should be at level of 
radial articular surface. Large cancellous surface adheres to ulnar 
sling mechanism. SEE TECHNIQUE 69.35.
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 n  Using a narrow osteotome or a small rongeur, remove 
the distal 2 to 4 mm of the ulnar head, including articular 
cartilage and subchondral bone (Fig. 69.72).

 n  Preserve the ulnar styloid and triangular fibrocartilage at-
tachments and the articular cartilage of the ulna at its 
articulation with the sigmoid notch of the radius.

 n  Debride flap tears and abrasions of the proximal surface 
of the triangular fibrocartilage.

 n  Deflate the tourniquet and ensure hemostasis.
 n  Close the capsule carefully, suspending the dorsal edge of 

the TFCC with a row of interrupted sutures. Tightly close 
the capsule of the DRUJ.

 n  Close the extensor retinaculum and the skin.
 n  Apply a bulky compression dressing, supported by a sug-

ar-tong splint, extending above the elbow and holding 
the forearm in midsupination to relax the capsule.

POSTOPERATIVE CARE The skin sutures are removed at 
10 to 14 days; the supination splint is worn for 3 weeks. 
Gentle motion exercises are begun after 3 weeks, and pro-
gression to normal use and activities is encouraged after 
6 weeks. Maximal recovery should not be expected for 3 
to 6 months.
   

 

COMBINED ARTHROSCOPIC “WAFER” 
DISTAL ULNAR RESECTION AND 
TRIANGULAR FIBROCARTILAGE 
COMPLEX DEBRIDEMENT

 TECHNIQUE 69.36 

(TOMAINO AND WEISER)
 n  After patient preparation and arthroscopic examination 

as outlined in Techniques 69.1 through 69.3, maintain 
traction of 4.5 to 5.5 kg (10 to 12 lb) through fingertraps 
on the index and middle fingers.

 n  Distend the wrist with 5 to 10 mL of sterile saline solution.
 n  Insert a 2.7-mm arthroscope through the 3-4 portal. Ob-

tain outflow through an 18-gauge needle in the radiosty-
loid-scaphoid joint.

 n  Use the 6R and the 4-5 portals for instrumentation.
 n  Excise enough of the triangular fibrocartilage central disc 

to expose the ulnar head. Avoid injury to the dorsal and 
volar radioulnar ligaments and their attachment to the 
base of the ulnar styloid (Fig. 69.73A,B).

 n  Through the 6R portal, insert a 2-mm burr to remove 
the cartilage of the ulnar head and subchondral bone. 
Begin on the radial side of the ulnar head and remove 
the radial portion of the ulnar head the width of the 
2-mm burr beneath the margin of the sigmoid notch 
at the medial (ulnar) edge of the lunate fossa of the 
radius.

 n  Move the burr more medially, toward the base of the 
ulnar styloid, carefully removing the ulnar head.

 n  Place the burr beneath the triangular fibrocartilage 
to allow removal of the ulnar head proximal to (be-
neath) the triangular fibrocartilage to the fovea at 
the base of the ulnar styloid but do not debride the 
fovea.

 n  Passively pronate the forearm to expose the portion of the 
ulnar head that is most prominent in pronation. Monitor 
the position of instruments and the location of the bone 
removal with C-arm fluoroscopy.

 n  Move the arthroscope to the 6R portal to ensure that 
the ulnar recession is done to a level about 2 mm proxi-
mal to the margin of the lunate fossa of the radius, 
from dorsal to palmar with the wrist in neutral rotation 
(Fig. 69.73C).

 n  Use the tip of a 2-mm arthroscopic probe to evaluate the 
extent of bone removal. Usually, remove no more than 4 
mm of bone. Check the amount of bone removal with 
C-arm fluoroscopy.

 n  Close the skin with 5-0 nonabsorbable suture.
 n  Apply a compressive dressing and short arm wrist splint.

POSTOPERATIVE CARE The sutures and wrist splint are 
removed at about 2 weeks. A removable wrist splint is 
applied, and motion exercises and a therapist-supervised 
program of rehabilitation are begun.
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FIGURE 69.72 Wafer distal ulnar resection. A, Distally, 2 to 
4 mm of ulna is resected to decompress triangular fibrocartilage 
complex (TFCC), lunate, and triquetrum; styloid process and liga-
ment insertions are preserved. B, In left wrist, probe passes through 
TFCC tear, which can be seen easily after wafer resection. C, Sagittal 
view of ulnocarpal junction, showing triquetrum on right and distal 
ulna on left. Triangular fibrocartilage, which appears as vertical 
structure between these two bones, is sutured to dorsal capsule 
with row of sutures to suspend TFCC under normal tension. SEE 
TECHNIQUE 69.35.
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DISTAL RADIOULNAR 
ARTHRODESIS WITH DISTAL ULNAR 
PSEUDARTHROSIS (BALDWIN; SAUVÉ-
KAPANDJI; LAUENSTEIN)
Sauvé and Kapandji and Goncalves found that fusion of 
the DRUJ combined with the intentional formation of a 
distal ulnar pseudarthrosis was effective in resolving a 
variety of problems at the DRUJ. This technique has been 
used successfully to salvage painful wrists caused by previ-
ous surgery, traumatic arthritis, and rheumatoid arthritis. 
It is effective in providing ulnar-side support to the wrist 
with extensive distal radioulnar destruction from rheu-
matoid arthritis. Although a stable DRUJ with ulnocarpal 
support is achieved, the potential for an unstable proxi-
mal ulna remains, leaving few satisfactory solutions for 
a symptomatic unstable proximal ulnar stump. To reduce 
the potential for painful instability of the proximal ulnar 
stump, Lamey and Fernandez modified the technique. 
They used a distally based slip of flexor carpi ulnaris as 
a tenodesis through drill holes in the distal end of the 
proximal ulnar segment, placing the pronator quadratus 
in the osteotomy (“nonunion”) site and suturing it to the 
sheath of the extensor carpi ulnaris (Fig. 69.74). Johnson 
and Ruby et al. reported that attaching the ulnar portion 
of the pronator quadratus through a drill hole in the proxi-
mal ulna was effective. In addition to the development 
of a painful pseudarthrosis, ankylosis or healing of the 
pseudarthrosis can occur, defeating the purpose of the 
procedure.

 TECHNIQUE 69.37 

(SANDERS ET AL.; VINCENT ET AL.; LAMEY AND 
FERNANDEZ)

 n  Position the patient supine on the operating table; apply 
a well-padded tourniquet; extend the arm on the hand 
table; prepare the skin; and apply drapes to expose the 
elbow, forearm, and hand. Exsanguinate the limb with an 
elastic wrap and inflate a pneumatic tourniquet.

 n  The location of the incision may vary slightly if the patient 
has rheumatoid arthritis with extensor tenosynovitis. For 
rheumatoid patients, make a dorsal longitudinal incision 
to allow extensor tenosynovectomy and repair, grafting, 
or tendon transfers for ruptured tendons.

 n  For nonrheumatoid patients, make a dorsoulnar incision 
centered over the ulnar head. Avoid injury to the dorsal 
sensory branch of the ulnar nerve.

 n  Identify the interval between the extensor carpi ulnaris 
and the extensor digiti minimi.

 n  Open the extensor retinaculum, forming a proximal flap 
based laterally (radially) and a distal flap based medially 
(ulnarward). Use these flaps later to reinforce the extensor 
retinaculum and the capsule, or they can be discarded.

 n  Decorticate the radial and ulnar articular surfaces of the 
DRUJ with narrow osteotomes and a narrow rongeur.

 n  Temporarily stabilize the DRUJ with a 0.045-inch Kirschner 
wire.

 

C

B

A

FIGURE 69.73 Combined arthroscopic “wafer” distal ulnar 
resection and triangular fibrocartilage complex (TFCC) debride-
ment. A, Central perforation of TFCC (arrow). B, After excision of 
central disc, wafer resection of 2 mm of ulnar head is done (arrow). 
C, After completion of TFCC debridement and wafer resection. 
(From Tomaino MM, Weiser RW: Combined arthroscopic debride-
ment and wafer resection of the distal ulna with triangular fibro-
cartilage complex tears and positive variance, J Hand Surg 26A:1047, 
2001.) SEE TECHNIQUE 69.36.
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 n  Just proximal to the ulnar neck and proximal to the DRUJ, 
make an ulnar osteotomy with an oscillating saw.

 n  For patients with neutral or negative ulnar variance, re-
move a 15-mm segment of ulna with its surrounding peri-
osteum. For patients with positive ulnar variance, remove 
a larger segment of ulna to allow radioulnar arthrodesis at 
neutral variance and to allow removal of sufficient bone 
to allow pain-free rotation, a 15-mm gap, and stabiliza-
tion by the pronator quadratus.

 n  Remove the temporary fixation from the DRUJ, and ob-
tain permanent fixation with a 3.5-mm bone screw, using 
a “lag” technique (Fig. 69.75). Use a washer if needed in 
poor-quality bone, or use Kirschner wires for permanent 
fixation.

 n  Use bone from the excised segment of ulna to graft the 
arthrodesis.

 n  Drill holes in the proximal ulnar stump to secure the pro-
nator quadratus from the excised ulnar segment to the 
proximal segment for stabilization.

 n  To include the modifications of Lamey and Fernandez, 
perform the following:

 n  Remove a 10-mm segment of the distal ulna or sufficient 
ulna to create a neutral ulnar variance, with a sufficient 
gap in the bone to create a nonunion.

 n  Remove all bone debris.
 n  To be able to resect the bone more distally, leaving a 

smaller head-neck segment, use a 3.5-mm cortical 
screw as the lag screw through the ulnar head into the 
sigmoid notch and a 2.7-mm cortical screw for the more 
proximal screw.

 n  Create a slip of the flexor carpi ulnaris, leaving it at-
tached distally to the pisiform. Make the slip about one 
half the width of the tendon and 8 to 10 cm long.

 n  Drill a 4.0- to 4.5-mm hole in the volar cortex of the 
proximal segment of the ulna, about 1 cm proximal to 
the osteotomy site. Drill the hole obliquely from distal 
to proximal, through the medullary canal from dorsal to 
volar.

 n  Pass the flexor carpi ulnaris tendon slip through the drill 
hole in the distal end of the proximal ulnar segment 
from outside the bone, into the bone, and out the distal 
end of the osteotomy site.

 n  With the forearm in neutral rotation and the wrist in 
neutral flexion-extension, suture the tendon loop to it-
self with nonabsorbable suture (Fig. 69.74B).

 n  Mobilize the pronator quadratus muscle from the distal 
segment of the ulna, pull it into the gap between the 
ulnar segments, and suture it to the volar aspect of the 
sheath of the extensor carpi ulnaris.

 n  Use the retinacula flaps to stabilize the extensor carpi ul-
naris, especially in patients with rheumatoid arthritis, and 
to reinforce the capsule.

 n  Deflate the pneumatic tourniquet, ensure hemostasis, 
and close the skin.

 n  Apply a bulky compression dressing, supported by an 
above-elbow or below-elbow splint or cast. If a patient 
with rheumatoid arthritis has had other procedures, such 
as a tendon transfer, more immobilization may be re-
quired.

POSTOPERATIVE CARE The skin sutures are removed 
at 10 to 14 days, and the splint or cast immobilization is 
continued for about 4 weeks. The wrist is protected with 
a removable splint for comfort for another 3 to 4 weeks 
or until healing of the arthrodesis has stabilized. The hand 
and forearm are gradually rehabilitated with motion and 
strengthening exercises.
  

PROCEDURES TO STABILIZE THE UNSTABLE 
PROXIMAL ULNAR SEGMENT AFTER DISTAL 
ULNAR EXCISION
Instability of the proximal ulna after distal ulnar excision can 
cause discomfort and a feeling of weakness with grasp and 
forearm rotation. Various structures, in various combinations, 
have been used to stabilize the distal end of the proximal ulnar 
segment, including a volar, distally based capsular flap attached 
to the ulna proximally; alignment of the extensor carpi ulnaris 
dorsally beneath a retinacular flap; a slip of the extensor carpi 
ulnaris tendon, based proximally or distally, passed through 
drill holes in the ulna or wrapped around the ulna; the prona-
tor quadratus as a combination interposition-stabilizer; a slip 
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FIGURE 69.74 Distal radioulnar arthrodesis with distal ulnar 
pseudarthrosis (modified Sauvé-Kapandji procedure). A, Poste-
rior view of wrist with two screws fixing ulnar head to sigmoid 
notch; after resection, gap, which measures 10 mm, is filled with 
pronator quadratus. B, Lateral view of wrist showing stabiliza-
tion of proximal ulnar segment with distally based slip of flexor 
carpi ulnaris tendon (FCU). Nonunion gap is filled with pronator 
quadratus, which is sutured to tendon sheath of extensor carpi 
ulnaris muscle (ECU). (From Lamey DM, Fernandez DL: Results of 
the modified Sauvé-Kapandji procedure in the treatment of chronic 
posttraumatic derangement of the distal radioulnar joint, J Bone 
Joint Surg 80A:1758, 1998.)
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of flexor carpi ulnaris tendon, usually distally based and passed 
through drill holes in the ulna, and a combination of exten-
sor carpi ulnaris tenodesis and dorsal transfer of the pronator 
quadratus (Fig. 69.76). Breen and Jupiter described a technique 
that incorporated three components of previously described 
procedures. They included a distally based slip of the flexor 
carpi ulnaris tendon, a proximally based slip of the extensor 
carpi ulnaris tendon, and dorsal stabilization of the extensor 
carpi ulnaris with a retinacular flap.

Sotereanos et  al. have described success with interposi-
tion of an Achilles allograft between the distal ulna stump 
and medial aspect of the radius after failed Darrach resec-
tion. The allograft is secured between the two bones with 
suture anchors (Technique 69.5). A retrospective study of 
this technique by Sotereanos et  al. showed improvement in 
grip strength of 72%, increased pronation and supination, 
improvement in pain scores, and no complications with aver-
age follow up of 79 months.

Laboratory analysis of two ulnar head prosthetic designs 
by Masaoka et  al. suggested that a satisfactory prosthesis 
maintains “near-normal” DRUJ mechanics compared with 
distal ulnar excision. Reports suggest that distal ulnar implant 
arthroplasty may be an effective solution to failed distal ulnar 
excision (Darrach). The experiences of more patients with 
long-term outcome studies will help clarify the proper use of 
the evolving technology of distal ulnar prosthetic implants. 
Silicone ulnar head implants have not been found to be dura-
ble enough for use in active patients applying significant 
forces to the ulnocarpal and radioulnar joints. 

 

TENODESIS OF THE EXTENSOR CARPI 
ULNARIS AND TRANSFER OF THE 
PRONATOR QUADRATUS

 TECHNIQU5E 69.38 

(KLEINMAN AND GREENBERG)
 n  With the patient supine, apply a well-padded tourniquet, 

prepare the skin, and apply drapes to the hand and arm 

on the hand table. Sit on the cephalad side of the hand 
table and pronate the patient’s forearm for ease of access 
to the ulnar side of the forearm and wrist. Exsanguinate 
the extremity, and inflate the tourniquet.

 n  Make a curvilinear dorsoulnar skin incision at the wrist 
level. Extend the incision proximally along the distal ul-
nar shaft; avoid injury to the dorsal sensory branches of 
the ulnar nerve. Approach the ulna between the extensor 
carpi ulnaris and the flexor carpi ulnaris.

 n  Identify and expose the distal end of the previous Darrach 
resection of the distal ulna.

 n  Contour the distal end of the ulna with a burr or rongeur 
as needed.

 n  Dissect the pronator quadratus free from its palmar-medial  
attachment to the ulna (Fig. 69.76A). Mobilize the pro-
nator quadratus radially with its ulnar border tendon to 
allow its passage from palmar to dorsal through the in-
terosseous space to the dorsomedial aspect of the ulna 
(Fig. 69.76B).

 n  Use a side-cutting power burr to ream the ulnar medul-
lary canal for later intramedullary passage of the extensor 
carpi ulnaris tendon.

 n  Make an exit hole for the tendon 1.5 cm proximal to the 
end of the ulna.

 n  Dissect the extensor carpi ulnaris tendon from the mus-
culotendinous junction distally to, but not into, the sixth 
dorsal compartment. Split the tendon longitudinally, de-
taching half from the muscle and leaving the fifth meta-
carpal attachment and the sixth dorsal compartment in-
tact (Fig. 69.76C).

 n  Pass the distally based half of the extensor carpi ulnaris 
tendon through the cortical drill hole in the ulna.

 n  Use a lamina spreader to maintain the interosseous space 
between the radius and the ulna.

 n  Flex the elbow to 90 degrees with the forearm in neutral 
rotation and the fingers pointing toward the ceiling.

 n  Pass two divergent 0.062-inch Kirschner wires percu-
taneously through the medial border of the ulna into 
the radius. Place the wires in divergent directions to 
prevent postoperative migration of the radius and 
ulna; place them proximal to the proximal margin of 
the pronator quadratus to allow pronator quadratus 
transfer.

 n  Pass the pronator quadratus dorsally between the fore-
arm bones and anchor it to the medial periosteum of the 
ulna.

 n  Position the hand and forearm in 10 degrees of ulnar 
deviation and tighten the extensor carpi ulnaris tendon 
to support the radioulnar interosseous space.

 n  Deflate the tourniquet, ensure hemostasis, and close the 
skin.

 n  Apply a bulky dressing, supported by a long arm splint.

POSTOPERATIVE CARE The postoperative dressing and 
skin sutures are removed at 2 weeks. A long arm cast 
is applied and is worn for 4 weeks. The Kirschner wires 
are removed at 6 weeks, and rehabilitation exercises are 
begun with active, active-assisted, and passive wrist and 
elbow range of motion. Splinting is continued as needed 
for comfort until satisfactory motion and strength have 
been regained.
   

 FIGURE 69.75 Sauvé-Kapandji procedure. Distal radioulnar 
arthrodesis and creation of pseudarthrosis in distal ulna. SEE TECH-
NIQUE 69.37.
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COMBINATION TENODESIS OF THE 
FLEXOR CARPI ULNARIS AND THE 
EXTENSOR CARPI ULNARIS

 TECHNIQUE 69.39 

(JUPITER AND BREEN, MODIFIED)
 n  With the patient supine, after anesthetic induction, with 

the upper extremity on a hand table, apply a well-padded 
tourniquet, prepare the skin, and arrange drapes to ex-
pose the limb distal to the tourniquet. Exsanguinate the 
limb and inflate the tourniquet.

 n  Use two incisions, one dorsal and the other palmar (Fig. 
69.77A,B). Make a 10-cm, dorsal, S-shaped incision, 
beginning over the carpus, distal to the wrist extension 
crease, and extending proximally over the ulna. Carefully 
avoid the dorsal sensory branches of the ulnar nerve.

 n  Expose the extensor retinaculum and make a Z-shaped 
incision in the retinaculum, preserving a retinacula flap 
to create a stabilizing sling for the extensor carpi ulnaris 
tendon (Fig. 69.77C).

 n  If the ulnar head is present and a distal ulnar excision is 
planned, expose the distal ulna subperiosteally or extra-
periosteally.

 n  Protect the flexor carpi ulnaris and the extensor carpi ul-
naris with retractors.
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FIGURE 69.76 Reconstructive salvage technique after failed Darrach procedure. A, Pronator 

quadratus (white arrows), held by hemostats, is mobilized free from its palmar-medial insertion 
on ulna in preparation for interosseous transfer to dorsomedial aspect of ulna. B, Hole is drilled 
approximately 1.5 cm proximal to distal end of ulna, through which harvested half of extensor carpi 
ulnaris (ECU) (asterisk) is passed in preparation for longitudinal tenodesis. C, Half of ECU prepared for 
longitudinal tenodesis of distal ulna (DU); free end is reflected distally and anchored to itself under 
appropriate tension before pronator quadratus transposition. D, Diagrammatic representation of 
components of salvage reconstruction. ECU longitudinal tenodesis retards radioulnar impingement, 
and pronator quadratus transfer retards dorsal translation. Temporary percutaneous pinning of 
distal radioulnar joint allows complete soft-tissue healing; by 6 weeks, stability can be maintained 
independently of hardware. (A-C, From Kleinman WB: Salvage procedures for the distal end of the 
ulna: there is no magic, Am J Orthop 38:172, 2009. D, Redrawn from Kleinman WB, Greenberg JA: 
Salvage of the failed Darrach procedure, J Hand Surg 20A:951, 1995.) SEE TECHNIQUE 69.38.
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 n  Perform a transverse osteotomy of the ulna at the neck or 
just proximal to the level of the sigmoid notch. Depending 
on the size of the patient, the length of the ulna to be 
excised is 1.5 to 2.0 cm.

 n  Mark the ulna with an osteotome and proceed with the 
osteotomy in either of two ways. In the first, use an oscil-
lating saw with a small blade to cut the ulna at about the 
neck. In the second, drill a transverse line of holes through 
the ulnar neck and complete the osteotomy with a bone-
cutting forceps.

 n  Expose the extensor carpi ulnaris and create a proximally 
based slip of the tendon 9 to 10 cm long (Fig. 69.78).

 n  Supinate the hand, and, beginning at the pisiform, 
make a 10-cm curved incision, extending proximally 
along the palmar and ulnar side of the forearm (see 
Fig. 69.77B).

 n  Protect the ulnar neurovascular bundle and expose the 
flexor carpi ulnaris. Leaving it distally based and attached 

to the pisiform, create a tendon slip of the flexor carpi 
ulnaris 8 to 10 cm long.

 n  Starting 1.5 to 2.0 cm proximal to the cut end of the 
ulna, use a ¼-inch (6- to 7-mm) drill point to make a 
transverse tunnel from the dorsal cortex of the ulna, 
passing through the medullary canal and out the volar 
cortex, slanting slightly from proximal-dorsal to distal-
palmar.

 n  Starting at the distal, cut end of the ulna, make anoth-
er tunnel, drilling proximally, up the medullary canal of 
the ulna to connect with the first, transverse tunnel (Fig. 
69.78).

 n  Use a suture passer or 20-gauge wire loop to pass the 
flexor carpi ulnaris slip into the medullary canal tunnel, 
from the distal, cut end of the ulna and out through the 
dorsal tunnel.

 n  In a similar way, pass the extensor carpi ulnaris slip 
through the dorsopalmar tunnel, entering dorsally and 
passing the slip out the palmar side of the ulna (Fig. 
69.79A,B).

 n  Supinate the forearm. Pull both of the tendon slips taught 
and suture them to each other with nonabsorbable suture 
(Fig. 69.80).

 n  Stabilize the extensor carpi ulnaris dorsally with the loop 
of extensor retinaculum (see Fig. 69.77C).

 n  Close the incisions and apply a long arm cast or splint 
with the elbow flexed to 90 degrees and the forearm 
supinated.

POSTOPERATIVE CARE If removable sutures or staples 
have been used, they are removed at 10 to 14 days and 
the long arm cast or splint is changed. Immobilization is 
continued for 6 weeks after the operation. A program 
of therapist-supervised rehabilitation is begun, advancing 
through a program of range-of-motion and strengthening 
exercises to unrestricted activity.
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FIGURE 69.77 A, Dorsal skin incision. B, Palmar skin incision. 
C, Extensor carpi ulnaris (ECU) stabilized by sling created from reti-
naculum. SEE TECHNIQUE 69.39.
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FIGURE 69.78 Combination tenodesis of flexor carpi ulnaris (FCU) and extensor carpi ulnaris 
(ECU). Passage of ECU through holes drilled in medullary canal of ulna. (Redrawn from Breen TF, 
Jupiter JB: Extensor carpi ulnaris and flexor carpi ulnaris tenodesis of the unstable distal ulna, J 
Hand Surg 14A:612, 1989.) SEE TECHNIQUE 69.39.
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INTERPOSITION FOR FAILED ULNA 
RESECTION

 TECHNIQUE 69.40 

(SOTEREANOS ET AL.)
 n  With the patient supine, after anesthetic induction and 

with the upper extremity on a hand table, apply a well-
padded tourniquet, prepare the skin, and arrange drapes 
to expose the limb distal to the tourniquet. Exsanguinate 
the limb and inflate the tourniquet.

 n  Incorporate previous incisions or incise via the fifth com-
partment to provide exposure of both the distal ulna and 
radius.

 n  Expose the distal stump of the ulna and the ulnar border 
of the radius; try to preserve distal ulna stump length as 
much as possible.

 n  Place three or four suture anchors into the medial border 
of the radius spaced out by 1 cm each starting just proxi-
mal to the sigmoid notch.

 n  Drill a corresponding number of holes across from these 
anchors in the ulna.

 n  Obtain an Achilles allograft, fold it into a rectangle 5 cm 
× 3 cm and suture it into this configuration.

 n  Place the allograft between the radius and ulna bones, 
pass the sutures from the anchors through the graft and 
then through the holes previously drilled into the ulna. 
The allograft should be interposed between the two 

bones acting as a bumper or cushion. The sutures are 
then tied over the ulna to stabilize the reconstruction.

 n  Close capsule if possible; perform standard skin closure.
 n  Place in a long arm splint in neutral forearm rotation.

POSTOPERATIVE CARE Sutures are removed at 10 to 
14 days. A long arm cast is worn until 6 weeks postop-
eratively and is followed by interval splinting and motion 
exercises, which are continued for 6 more weeks.
  

ARTHRODESIS OF THE WRIST
Fusion of the wrist is done most often for ununited or mal-
united fractures of the carpal scaphoid with associated radio-
carpal traumatic arthritis and for severely comminuted 
fractures of the distal end of the radius. It also is useful for 
rheumatoid arthritis, for positioning the wrist after Volkmann 
ischemic paralysis, for stabilization of the wrist in poliomyeli-
tis and cerebral palsy of the spastic type, and for tuberculo-
sis. The wrist should be fused in a position that would not be 
fatiguing and that would allow maximal grasping strength in 
the hand. This usually is 10 to 20 degrees of extension, with 
the long axis of the third metacarpal shaft aligned with the 
long axis of the radial shaft. Clinically, it is determined by the 
position that the wrist normally assumes with the fist strongly 
clenched.

In patients with arthritis limited to the radiocarpal 
joint, without midcarpal involvement, proximal row fusion 
(radioscapholunate) was successful in relieving pain in 29 
of 31 patients reported by Bach et al. For patients with ulnar 
translation of the carpus resulting from rheumatoid arthritis, 
radiolunate fusion has been found to be an effective method 
to prevent further translation.

Of the many techniques that have been described, most 
include the use of a bone graft. In some, the graft bridges 
from the radius to the proximal carpal bones, but in others it 
extends distally to the base of the third metacarpal. The carpo-
metacarpal joints may be preserved, retaining a small amount 
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FIGURE 69.79 Combination tenodesis of flexor carpi ulnaris 
(FCU) and extensor carpi ulnaris (ECU). A and B, Tendons threaded 
through tunnel for start of tenodesis weave. (Redrawn from Breen 
TF, Jupiter JB: Extensor carpi ulnaris and flexor carpi ulnaris teno-
desis of the unstable distal ulna, J Hand Surg 14A:612, 1989.) SEE 
TECHNIQUE 69.39.
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FIGURE 69.80 Combination tenodesis of flexor carpi ulnaris 

(FCU) and extensor carpi ulnaris (ECU). A and B, Completion of 
weave and suturing of ECU and FCU tendons. SEE TECHNIQUE 69.39.
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of “wrist” motion. Haddad and Riordan recommended, how-
ever, that the second and third carpometacarpal joints always 
be included in the fusion to prevent development of painful 
motion in them. The disease of the wrist frequently extends 
into these joints, making a complete fusion necessary.

Because the distal radial physis does not close until 
approximately 17 years of age, care should be taken not to 
damage it in patients younger than 17. After partial destruc-
tion of the physis by disease or trauma, however, the remain-
ing part can be excised to prevent unequal growth. Fusion 
of the wrist in children is difficult to secure because of the 
amount of cartilage in the joint. If possible, operation should 
be postponed until the patient is 10 to 12 years old.

In addition to many other useful procedures for rheuma-
toid arthritis of the upper extremity, Smith-Petersen reported 
a method of fusing the wrist suggested by the exposure of the 
wrist after resection of the distal end of the ulna. This tech-
nique should not be used unless there is disease or derange-
ment of the DRUJ because the procedure uses the distal ulna 
as a bone graft inserted between the radius and the carpus. It 
has the disadvantage of allowing limited access to the radio-
carpal joint.

Although pseudarthrosis rates for wrist fusions generally 
range from 8% to 29%, the addition of a plate and screws, as 
in the AO/ASIF technique (Heim and Pfeiffer), yields fusion 
rates from 93% to 100%. Modification of the plate (Weiss and 
Hastings) minimizes the need for plate removal.

Haddad and Riordan described a technique of arthrod-
esis of the wrist through a radial or lateral approach. It has 
the following advantages: the DRUJ is not entered, the exten-
sor tendons to the digits are not disturbed, and, because dor-
sal thickening is avoided, the appearance of the wrist is not 
altered. These authors reported only one failure in 24 wrists 
using this technique. 

 

ARTHRODESIS OF THE WRIST

 TECHNIQUE 69.41 

(HADDAD AND RIORDAN)
 n  Begin a J-shaped skin incision 2.5 to 3.8 cm proximal to 

the radial styloid on the midlateral aspect of the forearm, 
extend it distally across the styloid, and curve it dorsally to 
end at the base of the second metacarpal.

 n  Mobilize and retract the superficial branch of the radial 
nerve. Identify the interval between the first and second 
dorsal compartments and incise the dorsal carpal liga-
ment in this interval, leaving it attached to the volar aspect 
of the radius.

 n  Mobilize subperiosteally and retract the abductor pollicis 
longus, extensor pollicis brevis, and wrist and finger ex-
tensors.

 n  Divide the extensor carpi radialis longus tendon just proxi-
mal to its insertion on the base of the second metacarpal, 
leaving a stump distally so that it can be sutured later.

 n  Remove the capsule from the radiocarpal, the intercarpal, 
and the second carpometacarpal joints.

 n  Locate the dorsal branch of the radial artery and ligate 
and divide its dorsal branch to the dorsal carpal arch.

 n  Denude the radiocarpal joint of articular cartilage and 
subchondral bone.

 n  Using an oscillating saw and osteotomes, obtain from the 
inner table of the iliac crest a graft about 3.8 cm long × 
2.5 cm wide.

 n  With the wrist in 15 degrees of dorsiflexion, cut a slot, 
using an oscillating saw, in the distal end of the radius, 
the carpal bones, and the bases of the second and third 
metacarpals. Do not cut through the medial cortex of the 
radius and enter the DRUJ. Place the graft in the prepared 
bed (Fig. 69.81).

 n  If the wrist is unstable, insert a smooth Kirschner wire 
obliquely or longitudinally to engage the base of the sec-
ond metacarpal and the distal radius; cut off the wire 
under the skin at the palm (remove it 6 to 8 weeks later).

 n  Close the dorsal carpal ligament deep to the abductor 
pollicis longus and extensor pollicis brevis.

 n  Suture the extensor carpi radialis longus tendon and close 
the wound.

 n  Apply a sugar-tong splint.

POSTOPERATIVE CARE The bandage is changed and the 
sutures are removed at 10 to 14 days. A solid sugar-tong cast 
is applied and is worn for another 4 weeks; a short arm cast 
is worn until healing is evident clinically and radiographically. 
Exercises are encouraged throughout the healing phase.
  

The compression plate technique has proved beneficial in 
providing excellent internal fixation and eliminating the need 
for prolonged immobilization. In their review of complica-
tions after AO/ASIF wrist arthrodesis, Zachary and Stern 
stressed the importance of preoperative clinical and radio-
graphic evaluation of the DRUJ to minimize postoperative 
radioulnar and ulnocarpal complications. The fusion tech-
niques with a standard plate and with a specially contoured 
wrist fusion plate are described. 
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FIGURE 69.81 Haddad and Riordan arthrodesis of wrist. A, 
Radial view showing slot cut in distal radius, carpal bones, and bases 
of second and third metacarpals. B, Dorsal view showing shape 
of graft and its final position (broken line) in slot. SEE TECHNIQUE 
69.41.
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COMPRESSION PLATE TECHNIQUE

 TECHNIQUE 69.42 

 n  Between the third and fourth compartments, make a 10- 
to 15-cm longitudinal dorsal incision centered over the 
radiocarpal joint.

 n  Expose the extensor tendons with their retinaculum, re-
tracting the finger extensors medially.

 n  Open the wrist capsule with an H-shaped incision to ex-
pose the radiocarpal and intercarpal joints.

 n  Denude the radiocarpal and intercarpal joint surfaces of 
cartilage and subchondral bone and fill the gaps with can-
cellous iliac bone.

 n  Place a 3.5-mm cortex lag screw through the radial sty-
loid into the capitate to pull the carpus against the radial 
styloid to avoid impingement of the DRUJ.

 n  Inlay a flat rectangular corticocancellous graft from the 
ilium into a prepared bed between the metacarpal bases 
and the distal radius.

 n  Place a seven-hole or eight-hole, 3.5-mm dynamic com-
pression plate over the graft.

 n  Compress the radiocarpal joint with one screw in the 
capitate and one screw proximal to the bone graft in the 
radius.

 n  Attach the plate to the third metacarpal (or occasionally 
the second metacarpal) with two or three screws and to 
the radius with three or four screws (Fig. 69.82).

 n  Close the wound over drains as needed and apply a com-
pression dressing, supported by a sugar-tong splint.

POSTOPERATIVE CARE The hand is kept elevated, and 
finger motion is encouraged from the first postoperative 
day. The bandage is changed, and the splint and sutures are 
removed at 10 to 14 days. Above-elbow immobilization is 
continued for 4 to 6 weeks; a short arm cast is applied and 
is worn until healing is evident clinically and radiographi-
cally. Plate removal is optional, depending on the patient.
   

 

ARTHRODESIS OF THE WRIST

 TECHNIQUE 69.43 

(WEISS AND HASTINGS)
 n  Make a 10- to 15-cm dorsal longitudinal incision centered 

over the radiocarpal joint. Incise the subcutaneous tissues 
sharply, protecting sensory nerves. Incise the extensor 
retinaculum between the third and fourth extensor com-
partments. Expose the distal radius and the dorsum of the 
carpus and long finger metacarpal subperiosteally.

 n  Use an osteotome to remove Lister tubercle from the 
distal radius and to decorticate the dorsal fourth of the 
scaphoid, lunate, capitate, and long finger carpometacar-
pal joint (Fig. 69.83). Do not include the ulnar midcarpal 
joints and the second (index) carpometacarpal joints un-
less they have arthritic changes.

 n  Use a large (6-mm cup) curet to obtain bone from the 
distal radius slightly to the lateral (radial) side of Lister 
tubercle.

 n  Use a contoured dynamic compression plate to stabilize 
the long finger metacarpal-carpal-radius together. Select 
a plate of sufficient length so that six bone cortices are 
included in the distal metacarpal, six bone cortices are 
included in the distal radius, and one or two cancellous 
lag screws in the midportion fit into selected carpal bones, 
such as the capitate.

 n  After placement of the plate, secure the distal screws to 
the metacarpal first.

 n  Pack the cancellous bone graft from the distal radius into 
the denuded bone surfaces.

 n  Fix the plate to the distal radius, and use a cancellous 
screw to fix the plate to the capitate. Unless the DRUJ is 
symptomatic, do not include it in the procedure.

 n  Use intraoperative radiographs to ensure that the plate 
holds the wrist in 10 to 15 degrees of extension.

 n  Deflate the tourniquet, ensure hemostasis, and place 
drains as needed.

 n  Close the capsule over the plate with interrupted su-
tures, close the extensor retinaculum, and close the 
skin.

 n  Apply a bulky compressive dressing, supported by a short 
arm splint.

POSTOPERATIVE CARE With the hand elevated, fin-
ger, elbow, and shoulder motion is begun immediately. 
The splint and skin sutures are removed at 2 weeks, and 
a molded plastic splint is applied to be worn at all times 
except during bathing and exercising. In a noncompli-
ant patient, a short arm cast is more reliable immobili-
zation for another month. Hand therapy is begun at 2 
weeks. Protective immobilization is discontinued when 
bone union is shown radiographically, usually at 6 to 
8 weeks.
   

 FIGURE 69.82 Arthrodesis of wrist with lag screw and dynamic 
compression plate fixation. SEE TECHNIQUE 69.42.
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CARPAL LIGAMENT INJURIES AND 
INSTABILITY PATTERNS
Describing posttraumatic loss of alignment of the carpal 
bones, Linscheid et  al. grouped carpal instabilities into 
four types: (1) dorsiflexion instability, (2) palmar-flexion 
instability, (3) ulnar translocation, and (4) dorsal sublux-
ation. Instability in the carpus is considered static if the 
radiographic intercarpal relationships do not change with 
motion and dynamic if the intercarpal relationships change 
with manipulation and motion. Linscheid et  al. stressed 

radiographic evaluation of the proximal carpal row in the 
lateral projection in which the radius, lunate, capitate, 
and third metacarpal should have collinear axes within an 
approximately 15-degree tolerance. On this projection, the 
wrist-collapse patterns include (1) patterns in which the dis-
tal articular surface of the lunate is tilted to face dorsally, 
known as dorsal intercalated segment instability; and (2) 
patterns in which the distal articular surface of the lunate 
faces toward the palm, known as volar intercalated seg-
ment instability. In addition, Linscheid et  al. advocated 
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FIGURE 69.83 Wrist fusion with bone grafting and plate fixation. A, Rigid fusion column 
through carpus to metacarpal must coincide with plate placement. All joints spanned directly by 
plate should be fused; adjacent joints can be fused if desired. B and C, Placement of 3.5-mm dynamic 
compression plate; note local distal radial bone graft portal (arrow) and thickness of plate distally. 
D, Dorsal cartilage is denuded, and plate is applied from distal to proximal, spanning local radial 
bone graft augmentation. (From Weiss APC, Hastings H II: Wrist arthrodesis for traumatic condi-
tions: a study of plate and local bone graft application, J Hand Surg 20A:50, 1995.) SEE TECHNIQUE 
69.43.
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the concept of dissociative and nondissociative instabili-
ties in the wrist. Dissociative carpal instabilities are those 
in which there is disruption of the intrinsic interosseous 
ligaments between the bones of the proximal carpal row. 
Nondissociative instabilities are those in which the extrinsic 
radiocarpal ligaments may be disrupted, with intact intrin-
sic ligaments between the carpal bones.

INSTABILITY CLASSIFICATION
A number of classifications of carpal instability have been 
suggested, based on anatomic, mechanical, and kinematic 

aspects of carpal instability. The classification system devel-
oped by Dobyns and Cooney is shown in Table 69.4. 

PROGRESSIVE PERILUNAR INSTABILITY
Mayfield, Johnson, and Kilcoyne described four stages of pro-
gressive disruption of ligament attachments and anatomic 
relationships to the lunate resulting from forced wrist hyper-
extension (Fig. 69.9). Stage I represents scapholunate injury; 
stage II, capitolunate failure; stage III, lunotriquetral ligament 
failure; and stage IV, dorsal radiocarpal ligament failure, 
allowing lunate dislocation from the lunate fossa. 

 TABLE 69.4 

Classification of Carpal Instability

TYPE, SITE, NAME RADIOGRAPHIC PATTERN

I. CID (CARPAL INSTABILITY—DISSOCIATIVE)

 1.1  Proximal carpal row CID
 a.  Unstable scaphoid fracture DISI
 b.  Scapholunate dissociation DISI
 c.  Lunotriquetral dissociation VISI
 1.2  Distal carpal row CID
 a.  Axial radial disruption RT or PT
 b.  Axial ulnar disruption UT or PT
 c.  Combined axial radial and axial ulnar disruption
 1.3  Combined proximal and distal CID

II. CIND (CARPAL INSTABILITY—NONDISSOCIATIVE)

 2.1  Radiocarpal CIND
 a.  Palmar ligament rupture DISI, UT of entire proximal carpal row

UT with increased scapholunate space
PT (actually is a combined carpal instability)

 b.  Dorsal ligament rupture VISI, DT
 c.  After “radial malunion,” Madelung deformity, scaphoid malunion, lunate 

malunion (see “Adaptive carpus”)
 2.2  Midcarpal CIND
 a.  Ulnar midcarpal instability from palmar ligament damage VISI
 b.  Radial midcarpal instability from palmar ligament damage VISI
 c.  Combined ulnar and radial midcarpal instability, palmar ligament VISI
 d.  Midcarpal instability from dorsal ligament damage DISI
 2.3  Combined radiocarpal-midcarpal CIND
 a.  Capitolunate instability pattern VISI, DISI, alternating
 b.  Disruption of radial and central ligaments UT with or without VISI or DISI

III. CIC (CARPAL INSTABILITY COMBINED OR COMPLEX—DISSOCIATIVE AND NONDISSOCIATIVE)

 a.  Perilunate with radiocarpal instability DISI and UT
 b.  Perilunate with axial instability AxUI and UT
 c.  Radiocarpal with axial instability AxRI and UT
 d.  Scapholunate dissociation with ulnar translation DISI and UT

IV. “ADAPTIVE CARPUS”

 a.  Malposition of carpus with distal radial malunion DISI or DT
 b.  Malposition of carpus with scaphoid nonunion DISI
 c.  Malposition of carpus with lunate malunion DISI or VISI
 d.  Malposition of carpus with Madelung deformity UT, DISI, PT

From Dobyns JH, Cooney JP: Classification of carpal instability. In Cooney WP, Linscheid RL, Dobyns JH, editors: The wrist, St. Louis, 1998, Mosby.
AxRI, Axial radial instability; AxUI, axial ulnar instability; DISI, dorsal intercalated segment instability; DT, dorsal translation; PT, proximal translation; RT, radial 
translation; UT, ulnar translation; VISI, volar intercalated segment instability.

    

https://booksmedicos.org


CHAPTER 69  WRIST DISORDERS 3651

ROTARY SUBLUXATION OF THE SCAPHOID
Injuries to the dorsal and volar portions of the scapholunate 
interosseous ligament (Fig. 69.84), the long radiolunate liga-
ment, and the radioscaphocapitate ligament (Fig. 69.3) allow 
the proximal pole of the scaphoid to rotate dorsally. The 
scaphoid assumes a more vertical orientation, and eventually 
the scaphoid separates from the lunate (scapholunate disso-
ciation). Watson and Black observed that rotary subluxation 
of the scaphoid may manifest in four types: (1) dynamic, 
(2) static, (3) with degenerative arthritis, and (4) secondary 
to a condition such as Kienböck osteochondrosis. Although 
a patient may not recall the specific injury, a fall on the 
extended wrist is the usual cause. The severity of the initial 
injury may not be appreciated, leading to the mistaken diag-
nosis of an uncomplicated wrist sprain. Other causes include 
fracture-dislocations of the wrist, rheumatoid arthritis, and 
degenerative changes in the ligaments. Typically, patients 
report pain with activity followed by aching. On examination, 
pain and tenderness are present along the dorsal radiocarpal 
articulation at the scapholunate area. Edema may be present 
with limitation of motion, particularly in flexion. The fol-
lowing maneuvers are considered to be helpful in evaluating 
rotary instability of the scaphoid. Watson and Black described 
a “scaphoid test,” in which the examiner places four fingers 
on the dorsum of the radius with the thumb on the scaphoid 
tuberosity, using the right hand for the right wrist and the left 
hand for the left wrist. Ulnar deviation of the wrist aligns the 
scaphoid with the long axis of the forearm. Applying thumb 
pressure to the scaphoid tuberosity, the wrist is returned to 
radial deviation, maintaining the thumb pressure on the 
scaphoid tuberosity. If the scaphoid is sufficiently unstable, 
the proximal pole is driven dorsally, and pain results.

Watson also found the “catch-up clunk” to be helpful 
in evaluating rotary instability of the scaphoid. As the wrist 
under load progresses from radial deviation to ulnar devia-
tion, the scaphoid normally moves smoothly into extension, 
aligning with the forearm axis. If scaphoid rotary subluxation 
is present, the lunate remains in a volar-flexed and dorsal 
position until sufficient pressure is applied, so that it sud-
denly shifts from the volar-flexed position and “catches up” 
with the scaphoid with a “clunking” sensation. Although 
dynamic rotary subluxation of the scaphoid usually cannot 
be shown radiographically, the diagnosis of static rotary sub-
luxation of the scaphoid can be made on an anteroposterior 
radiographic view when a gap of more than 2 mm is noted 
between the scaphoid and the lunate bones. This gap is seen 
to increase with an anteroposterior view taken with the fist 
clenched. Other findings on the anteroposterior view include 
apparent shortening of the scaphoid and the so-called cortical 
ring appearance of the axial projection of the scaphoid.

A separation of 2 mm at the scapholunate articulation is 
not always symptomatic. The affected wrist should be com-
pared with the opposite normal wrist. The lateral view of 
the wrist shows the more vertical orientation of the rotated 
scaphoid. The normal scapholunate angle is 30 to 80 degrees 
(mean 47 degrees), and the normal capitolunate angle is less 
than 20 degrees (Fig. 69.85A). The scaphoid rotation leads to 
the development of dorsal intercalated segment instability, in 
which the scapholunate angle is more than 60 degrees and 
the capitolunate angle is more than 20 degrees (Fig. 69.85B). 
Occasionally, the capitate migrates proximally into the gap 
created by the separation of the scaphoid and lunate, espe-
cially when an axial force is exerted on the capitate, as when 
making a fist. Degenerative arthritic changes may eventually 
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FIGURE 69.84 Interosseous wrist ligaments and palmar radiocarpal ligaments. Key ligaments 
are radioscaphocapitate, long and short radiolunate, and ulnar carpal ligaments (ulnolunate, 
ulnotriquetral, and ulnocapitate ligaments). C, Capitate; H, hamate; I, first metacarpal, L, lunate; 
P, pisiform; R, radius; S, scaphoid; Td, trapezoid; Tm, trapezium; U, ulna; V, fifth metacarpal. (From 
Mayo Foundation.)
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develop. Closed treatment of acute rotary subluxation of the 
scaphoid consists of attempting reduction by placing the 
wrist in neutral flexion and a few degrees of ulnar devia-
tion. Percutaneous pinning can be done with one 0.045-inch 
(1.16-mm) Kirschner wire placed through the scaphoid into 
the capitate and a second placed through the scaphoid into 
the lunate. If closed reduction is unsuccessful, arthroscopic 
reduction and percutaneous pin fixation can be attempted; 
however, open reduction through a dorsal approach with clo-
sure of the scapholunate gap, Kirschner wire internal fixation 
of the lunate to the scaphoid, and ligament repair usually are 
indicated. Management of an old rotary subluxation of the 
scaphoid may require reconstruction of the scapholunate 
interosseous ligament with a segment of the extensor carpi 
radialis brevis tendon plus Kirschner wire fixation after the 
graft has been passed through the scaphoid into the adjoin-
ing lunate. Insufficient experience with this procedure has 
been reported in the literature to provide data for comparing 
results with nontreatment. 

ANTERIOR DISLOCATION OF THE LUNATE
The most common carpal dislocation is anterior dislocation 
of the lunate. On a lateral radiographic view of the normal 
wrist, the half-moon–shaped profile of the lunate articu-
lates with the cup of the distal radius proximally and with 
the rounded proximal capitate distally. On an anteroposte-
rior view, the normal rectangular profile of the lunate when 
dislocated becomes triangular because of its tilt. An anteri-
orly dislocated lunate can cause acute compression of the 
median nerve (Fig. 69.86A), which if prolonged can result 
in a permanent palsy. If a patient’s condition permits, and if 
swelling is not excessive, the lunate bone should be reduced 
promptly. Because an open release of the transverse carpal 

ligament may be required, every effort should be made 
to reduce and control the swelling to permit wound clo-
sure. When the injury is treated early, manipulative reduc-
tion usually is possible. This is followed by open repair of 
the scapholunate and lunotriquetral ligaments via a dor-
sal approach. Supplemental pinning of the scaphocapitate, 
scapholunate, lunotriquetral, and hamocapitate articula-
tions is done as well in a diamond configuration to stabi-
lize the repair. When treated after 3 weeks, the injury can 
be difficult to reduce by manipulation, and open reduc-
tion may be necessary. A dorsal approach has been recom-
mended to clean out the space to receive the lunate, whereas 
a palmar approach has been recommended to decompress 
the median nerve as the lunate is reduced. At times, a com-
bined dorsal and palmar approach may be required. When 
the lunate cannot be reduced by open reduction, a recon-
structive procedure, such as proximal row carpectomy or 
arthrodesis, may be necessary. 

PALMAR TRANSSCAPHOID PERILUNAR 
DISLOCATIONS
Palmar transscaphoid perilunar fracture dislocations are 
extremely rare and usually result from a fall on the dorsum 
of the flexed wrist. This is directly opposite to the mechanism 
that produces a dorsal perilunar dislocation (Fig. 69.86B). 

DORSAL TRANSSCAPHOID PERILUNAR 
DISLOCATIONS
Similar to the isolated scaphoid fracture, diagnosis of this 
injury may be overlooked and delayed. It can be associated 
with other injuries of the upper extremity. Early reduction by 
closed manipulation is best. When accurate reduction of the 
scaphoid fracture is not obtained, open reduction, internal 
fixation, and, when indicated, bone grafting may be necessary.

Closed reduction may be possible up to 3 weeks after 
injury. Most of these injuries later require open reduction and 
internal fixation with Kirschner wires for stability unless the 
patient is not a surgical candidate. Although Boyes reported 
successful open reduction 6 weeks after injury, after 2 months, 
open reduction may not be possible. Proximal row carpec-
tomy or arthrodesis of the wrist may be indicated. 
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FIGURE 69.85 A, Normal scapholunate and capitolunate 
angles. B, Dorsal intercalated segmental instability (DISI) deformity 
of wrist. Concave surface of lunate points dorsally, scapholunate 
angle is greater than 80 degrees, and capitolunate angle is greater 
than 20 degrees. C, Volar intercalated segmental instability (VISI) 
deformity of wrist. Concave surface of lunate points palmarly, and 
scapholunate angle is less than 30 degrees.
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FIGURE 69.86 Anterior dislocation of lunate and perilunar 
dislocation of carpus. A, Anterior dislocation of lunate (L). B, Dorsal 
perilunar dislocation of carpus (C). III Met, Third metacarpal; R, 
radius.
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TRIQUETROLUNATE AND MIDCARPAL 
INSTABILITIES
Axial loading of a hyperextended pronated wrist contributes 
to injury of the ligamentous supports of the triquetrolunate 
and midcarpal joints. Disruption of the triquetrolunate, dor-
sal intercarpal, and radiotriquetral ligaments leads to laxity on 
the ulnar side of the wrist. Patients with triquetrolunate insta-
bility usually report pain on the ulnar aspect of the wrist, with 
or without an associated wrist click in radial and ulnar devia-
tion. Usually a traumatic event can be described. The physical 
examination usually reveals tenderness over the ulnar aspect 
of the wrist in the region of the triquetrolunate joint, and a 
click usually can be reproduced in radial and ulnar deviation. 
Ballottement of the lunotriquetral joint can help in diagnos-
ing this instability. The lunate is stabilized with the thumb and 
index finger of one hand, and an attempt is made to displace 
the triquetrum and pisiform dorsally and palmarward with 
the opposite hand. Usually, excessive laxity, pain, and crepi-
tance constitute a positive test. If the triquetrolunate injury 
is a tear or sprain, the usual static radiographs are normal. If 
there is triquetrolunate dissociation, the triquetrum may be 
displaced proximally on the anteroposterior view. This dis-
placement may be exaggerated with ulnar deviation, creating 
overlapping of the lunate and triquetrum. Although arthrog-
raphy can be helpful in evaluating triquetrolunate ligament 
injuries, arthroscopic examination usually is diagnostic.

Lichtman et al. believed palmar instability in the midcar-
pal region (capitolunate) to be a manifestation of laxity of the 
ulnar arm of the arcuate ligament. This laxity allows the prox-
imal carpal row to develop a palmar-flexed position (volar 
intercalated segment instability). Defects in the dorsal inter-
carpal and radiotriquetral ligaments may contribute to static 
malpositioning. Most patients have the sensation of a pain-
ful “clunk” with ulnar deviation and pronation of the wrist. A 
palmar sag can be identified at the level of the midcarpal joint 
on physical examination. The clunk can be reproduced by 
passively moving the hand from the relaxed neutral position 
into ulnar deviation. As the wrist reaches its extreme of ulnar 
deviation, a palpable sensation, or a “clunk,” is noted. At this 
time, the volar sag is corrected. The radiographic examination 
usually reveals volar intercalated segmental instability. With 
the wrist in neutral position and unsupported, the scapholu-
nate angle decreases to less than 30 degrees in the lateral pro-
jection (Fig. 69.85C). Video fluoroscopy or cineradiography 
can be helpful in assessing wrist instability. 

OTHER INSTABILITY PATTERNS
Other instability patterns have been described and may 
require treatment, including dorsal instability patterns related 
to malunited fractures of the distal radius or lax ligaments 
(nondissociative), capitolunate instability patterns (“CLIP” 
wrist), volar instability related to laxity in the triquetroham-
ate ligament, ulnar translocation of the carpus resulting from 
severe traumatic or inflammatory (rheumatoid) disruption 
of the dorsal and volar radiocarpal ligaments, scapholunate 
advanced collapse (SLAC), and scaphoid nonunion advanced 
collapse. Triquetrohamate instability usually is associated with 
other significant ligament injuries in the wrist. Ulnar translo-
cation of the carpus, usually seen in patients with rheumatoid 
arthritis, also may be present after major ligament disruptions 
in the wrist. The SLAC pattern usually is seen after conditions 
that lead to rotary subluxation of the scaphoid, resulting in 

loss of cartilage and degenerative changes in the radioscaph-
oid and capitolunate joints with sparing of the radiolunate 
joint. 

TREATMENT OPTIONS FOR WRIST 
LIGAMENT INJURIES AND INSTABILITY
For acute wrist ligament injuries, options include closed or 
arthroscopically controlled manipulation and percutaneous 
pinning. If closed methods are unsuccessful, open repair or 
reconstruction of ligaments may be required. For instability 
problems that are seen later and have no significant arthrosis, 
ligament reconstruction, capsular imbrication, and limited 
intercarpal arthrodesis are considered. Dorsal capsulodesis 
can be added to limit scaphoid flexion. If there is fixed defor-
mity, arthrosis, pain, or interference with function, excisional 
arthroplasty (e.g., proximal row carpectomy), limited inter-
carpal arthrodesis, and wrist fusion can preserve function and 
relieve pain. Geissler et al. proposed a classification of carpal 
instabilities and treatment options, based on arthroscopic 
findings (Table 69.5). 

 

LIGAMENT REPAIR
Ligament repairs can be made if closed reduction of rotary 
subluxation of the scaphoid and other carpal instability 
patterns cannot be accomplished satisfactorily. For primary 
rotary subluxation of the scaphoid and other carpal insta-
bilities seen acutely, closed manipulation and arthroscopic 
pinning may be successful as noted in Table 69.5. For 
rotary subluxation of the scaphoid, Taleisnik suggested 
that the scaphoid be reduced with the wrist in dorsiflex-
ion and that the scaphoid be pinned to the capitate and 
lunate with three 0.045-inch (1.16-mm) Kirschner wires. 
After the scaphoid has been stabilized, the wrist is flexed, 
allowing approximation of the volar wrist ligaments. Yao 
also described a case series of 9 patients with Geissler 
stage I, II, and III addressed with arthroscopic thermal 
treatment and found good outcomes in regard to grip 
strength, range of motion, VAS scores, and quick DASH 
out to 5 years.

 TECHNIQUE 69.44 

 n  If open reduction is required, make a longitudinal incision 
dorsally, to the medial (ulnar) side of Lister tubercle. On 
the palmar aspect, make the incision parallel to the thenar 
crease and extend it proximally to cross the volar wrist 
crease obliquely medially.

 n  Expose the radiovolar aspect of the wrist by retracting the 
digital flexor tendons to see the volar wrist capsule.

 n  Carefully incise the volar radioscaphocapitate and radio-
lunate ligaments to allow repair at the time of closure.

 n  Expose the dorsum of the wrist through a longitudinal 
skin incision centered over the finger extensors. Avoid 
injury to branches of the superficial radial nerve, and the 
median nerve and flexor tendons through the palmar ap-
proach.

 n  Open the distal half of the extensor retinaculum, raising 
a retinacular flap based on the ulnar or the radial side of 
the fourth extensor compartment.
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 n  Retract the finger extensors ulnarward and the exten-
sor pollicis longus radially. Wide exposure of the dorsum 
of the carpal bones can be attained by raising a radially 
based capsular flap, using an incision that follows the dor-
sal radial articular margin proximally, the dorsal radiocar-
pal ligament medially, and the dorsal intercarpal ligament 
distally (Fig. 69.87).

 n  Reduce the scapholunate disruption and fix it with three 
0.045-inch (1.16-mm) Kirschner wires directed from the 
scaphoid into the lunate and capitate.

 n  Although frequently difficult, attempt to repair the dor-
sal scapholunate interosseous ligament. This is easier if a 
small osteochondral fragment of bone has been avulsed. 
At times, such a fragment can be stabilized with small 
Kirschner wires, very small suture anchors, or sutures 
placed through holes drilled in the scaphoid.

 n  Close the wound and immobilize the limb with a thumb 
spica splint.

POSTOPERATIVE CARE Remove the sutures in 10 to 14 
days, and change the cast. At the end of 8 to 10 weeks, 
remove all Kirschner wires and begin range-of-motion ex-
ercises followed by progressive strengthening exercises.
   

 

LIGAMENT RECONSTRUCTION
Ligament reconstruction can be accomplished with free 
tendon grafts or tenodesis using prolonged slips of wrist 
flexors and extensors. Complications make ligament 
reconstruction satisfactory for some patients but unpre-
dictable for others. Tendons, used as substitute ligaments, 
may stretch and become lax. Bone tunnels for passage 
of tendon slips may lead to fracture and possibly avascu-
lar changes. Taleisnik pointed out that satisfactory results 
have been achieved; however, the procedures are techni-
cally demanding, patient satisfaction is unpredictable, and 
the tightness required to maintain apposition of the bones 
limits eventual wrist motion. Palmer, Dobyns, and Linscheid 
reported satisfactory results using a distally attached slip 
of the flexor carpi radialis tendon (Fig. 69.88). They rec-
ommended that ligament reconstruction be reserved for 
patients whose ligament ruptures cannot be maintained 
with closed reduction or patients who have their diagno-
sis made after about 1 month. Ligament reconstruction is 
not indicated in patients with associated degenerative joint 
disease for whom other procedures, such as radial styloid-
ectomy, wrist arthrodesis, or wrist arthroplasty, should be 

 TABLE 69.5 

Classification of Carpal Instability

GRADE DESCRIPTION TREATMENT
I Attenuation or hemorrhage of interosseous ligament as seen from radiocarpal 

space. No incongruency of carpal alignment in midcarpal space.
Immobilization in cast

II Attenuation or hemorrhage of interosseous ligament as seen from radiocarpal 
space. Incongruency or step-off seen in midcarpal space. Slight gap (less than 
width of probe) may be present between carpal bones.

Arthroscopic pinning

III Incongruency or step-off of carpal alignment as seen from radiocarpal and mid-
carpal space. Probe may be passed through gap between carpal bones.

Arthroscopic pinning or open 
repair

IV Incongruency or step-off of carpal alignment as seen from radiocarpal and mid-
carpal space. Gross instability with manipulation. A 2.7-mm arthroscope may be 
passed through gap between carpal bones.

Open repair

From Geissler WB, Freeland AE, Weiss A-P, et al: Techniques of wrist arthroscopy, Instr Course Lect 49:225, 2000.
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FIGURE 69.87 Alternative capsular incision, radially based between dorsal intercarpal liga-
ment and dorsal radiotriquetral ligament. C, Capitate; DIC, dorsal intercarpal ligament; DRC, 
dorsal radiocarpal ligament; H, hamate; L, lunate; LT, Lister tubercle; S, scaphoid; T, triquetrum. 
SEE TECHNIQUE 69.44.
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FIGURE 69.88 Repair of scapholunate dissociation as described by Palmer, Dobyns, and 
Linscheid. A, Radial view of wrist showing position of flexor carpi radialis muscle-tendon unit. 
B, Dorsal view of wrist with overhang of radius cut away shows tear of radioscapholunate liga-
ment and separation of scaphoid and lunate. C, Both views show tunnels in scaphoid and lunate 
for tendon passage; first, or lunate, passage (volar to dorsal) of flexor carpi radialis tendon graft 
slip, and first Kirschner wire stabilization of lunate to radius, done after tendon graft is passed. 
D, Second, or scaphoid, passage (dorsal to volar) of flexor carpi radialis tendon graft. E, Carpals 
aligned in slightly overreduced position with each other and with radius. Position of scaphoid had 
been stabilized by Kirschner wire through radius into scaphoid and capitate. F, Volar and lateral 
views of wrist showing third, or radial, passage (volar and intraarticular to volar and extraarticular) 
of tendon graft, which is sutured to itself. SEE TECHNIQUE 69.45.
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considered. All patients can expect to have a loss of wrist 
motion after most of the procedures described and advo-
cated for these problems. Almquist et al. achieved success 
in 36 patients with chronic scapholunate separation, using 
a four-bone ligament weave reconstruction incorporating 
the extensor carpi radialis brevis tendon (Fig. 69.89). With 
an average follow-up of 4.8 years, 86 patients returned 
to preinjury activities. Criteria for this procedure include 
complete scapholunate separation (no intact ligaments, 
widely separated, freely movable scapholunate joint) and 
no sign of arthrosis. Brunelli and Brunelli stabilized rotary 
subluxation of the scaphoid with a distally based slip of 
the flexor carpi radialis, achieving satisfactory results in 13 
patients (Figs. 69.90 and 69.91). Kakar et al. described a 
360-degree tenodesis for reconstructing the scapholu-
nate interval in patients who have a reducible deformity. 
A harvested palmaris longus is used to reconstruct both 
the dorsal and volar scapholunate ligaments through bone 
tunnels and dual volar/dorsal approaches. Additionally, a 
suture tape is used to brace the construct internally. The 
authors of the study suggest that this obviates the need for 
Kirschner wires, thus allowing earlier rehabilitation.

 TECHNIQUE 69.45 

(PALMER, DOBYNS, AND LINSCHEID)
 n  After induction of anesthesia, application of the tourni-

quet, and preparation and draping of the arm with the 
patient supine, approach the wrist through dorsal and 
palmar incisions, allowing sufficient exposure to identify 
the scapholunate articulations on the palmar and dorsal 
surfaces (Fig. 69.88A,B).

 n  Dorsally, the interval between the wrist extensors and the 
finger extensors usually is satisfactory, although tendons 
might require retraction radially or ulnarward for expo-
sure. On the palmar surface, approaching the radiovolar 
wrist capsule through the flexor carpi radialis sheath or 
to the ulnar side of the flexor carpi radialis, retract the 
flexor carpi radialis radially and enter the capsule at the 
scapholunate interval.

 n  Carefully incise the volar radioscaphocapitate and radio-
lunate ligaments to allow repair with capsular closure.

 n  Holding the scapholunate interval reduced with Kirschner 
wires as toggle levers, carefully drill holes in the scaphoid 
and lunate for tendon passage; avoid fracturing through 
the cortical surfaces between the scaphoid and lunate 
(Fig. 69.88B,C). Start with small drill points and enlarge 
the holes gradually with larger drill points and curets.

 n  Longitudinally incise the flexor carpi radialis and split a 
tendon slip 2 to 4 mm wide from the musculotendinous 
junction proximally to distally, leaving the distal insertion.

 n  Pass the flexor carpi radialis tendon slip first through the 
lunate from palmar to dorsal (Fig. 69.88C).

 n  With the wrist reduced, stabilize the lunate with a 0.062-inch 
(1.59-mm) Kirschner wire drilled from proximally through 
the radial metaphysis into the lunate through the distal ra-
dial articular surface (Fig. 69.88C). Secure the Kirschner wire 
stabilization after the tendon graft has been passed.

 n  Using wire loops and sutures, pass the tendon slip 
from dorsal to palmar through the scaphoid drill hole 
(Fig. 69.88D). Try to overreduce the carpal bones in 
their alignment with each other and with the radius.

 n  Stabilize the scaphoid with a 0.062-inch Kirschner wire 
through the radial metaphysis into the scaphoid (Fig. 
69.88E).

 n  Drill a hole in the distal radius at the level of the ra-
dioscapholunate ligament and pass the tendon from pal-
mar to dorsal from within the joint on the palmar surface 
to extraarticular on the dorsal surface (Fig. 69.88F). Su-
ture the flexor carpi radialis back to itself dorsally.

 n  An alternative technique described by Palmer, Dobyns, 
and Linscheid involves passing the flexor carpi radialis ten-
don slip dorsally through the scaphoid initially, then pal-
marward through the lunate from dorsal to palmar, and 
then through a drill hole in the distal radius, and suturing 
the flexor carpi radialis slip to itself near its insertion.

 n  Apply a long arm thumb spica cast.

POSTOPERATIVE CARE The sutures are removed at 10 
days to 2 weeks. The cast is changed and left in place 

 

A B

22–gauge
wire loop

22g

FIGURE 69.89 A, Four-bone ligamentous repair. Half of extensor carpi radialis brevis is used 
for new ligament. Holes are drilled from dorsal to palmar on nonarticular surfaces of capitate, 
lunate, scaphoid, and radius. B, Scapholunate dissociation reduced by 22-gauge wire loop, which 
is sole internal fixation. SEE TECHNIQUE 69.46.
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for 6 weeks, and then the cast is changed to a short arm 
cast, which is worn for an additional 4 weeks. The pins 
are removed at 8 to 10 weeks, and range-of-motion and 
strengthening exercises are begun.
   

 

LIGAMENT RECONSTRUCTION

 TECHNIQUE 69.46 

(ALMQUIST ET AL.)
 n  With the patient supine on the operating table, the 

forearm resting on the hand table, and a tourniquet in 
place, make a straight dorsal longitudinal incision over the 
fourth dorsal compartment.

 n  Reflect the extensor retinaculum radially from the fifth 
dorsal compartment to the third dorsal compartment. 
Leave the retinaculum attached radially.

 n  Divide the end of the posterior interosseous nerve proxi-
mal to the wrist joint.

 n  Open the wrist capsule longitudinally, exposing the 
scaphoid, lunate, and capitate.

 n  Make a palmar incision parallel to the thenar crease, ex-
tending proximally in a zigzag several centimeters proxi-
mal to the wrist flexion crease.

 n  Drill small holes from dorsal to palmar in the proxi-
mal neck of the capitate, the nonarticular surface of 
the lunate, and the nonarticular proximal pole of the 
scaphoid, 5 to 7 mm from the proximal articular sur-
face.

 n  Penetrate the palmar capsule without stripping it. Reduce 
the rotary subluxation of the scaphoid before passing the 
drill through the palmar capsule.

 n  To avoid uncertainty in placing the drill hole, use a 
Kirschner wire as a guide. Enlarge the small drill holes to 
about 3.5 mm with a larger drill, burr, or curet. Make the 
holes large enough to accommodate the tendon without 
stripping or shredding.

 n  Extend the dorsal incision proximally along the course of 
the radial wrist extensor tendons.

 n  Split the extensor carpi radialis brevis tendon in half by 
cutting into the musculotendinous junction and stripping 
it distally to its insertion (Fig. 69.89A). If the musculoten-
dinous junction is too far distal, use the extensor carpi 
radialis longus tendon.

 n  Pass a locking zigzag suture in the distal end of the ten-
don, leaving suture ends freely extending from the ten-
don end.

 n  Pass a 22-gauge stainless steel wire through the holes 
in the scaphoid and lunate. Use a wire tightener to 
tighten the wire loop dorsally, reducing the scaphoid 
rotation, and securing the scaphoid and lunate firmly 
together.

 n  Use another loop of 22-gauge wire as a tendon passer, 
first passing the loop from palmar to dorsal through the 
hole in the capitate to retrieve the suture in the extensor 
carpi radialis brevis tendon.

 

A

B

DC
FIGURE 69.90 A, Ligamentous augmentation. Some laxity of 

scaphotrapezial joint is apparent. Strip of extensor carpi radialis 
longus can be passed through drill hole that is directed through 
tuberosity. B, Tendon is pulled through hole and passed into joint 
capsule over scaphoid waist. C, Tendon is passed through dorsal 
aspect of lunotriquetral ligament after producing hole with tendon 
passer. D, This is looped under itself and passed distally into hole in 
capitate. Scaphoid and lunate are reduced and fixed. Tendon can 
be pulled taut and sutured to itself. Line of pull tends to depress 
proximal pole of scaphoid, elevate distal pole correcting rotatory 
subluxation, and rotate lunotriquetral joint into flexion. If liga-
mentous repair between scaphoid and lunate is not possible, drill 
hole can be made directly through scaphoid and lunate in oblique 
directions so that hole perforates midportion of their contiguous 
articular surfaces. Wire loop using 20-gauge wire passed through 
parallel dorsal palmar holes in scaphoid and lunate provides internal 
suture that gives measure of security for repairs of this type.

    

https://booksmedicos.org


PART XVIII THE HAND3658

 n  Using the wire loop, pass the tendon from dorsal to pal-
mar, through the capitate and out through the palmar 
capsule in the carpal canal.

 n  Thread the tendon through the palmar surface of the lu-
nate, out dorsally, and over to the scaphoid, passing dor-
sally through the scaphoid and exiting the palmar surface 
of the scaphoid, outside the capsule without stripping the 
capsule.

 n  Expose the palmar surface of the radius to the ulnar side 
of the exit hole of the scaphoid to tether the proximal pole 
of the scaphoid in the ulnar direction.

 n  Drill a hole in the radius from the palmar surface, exiting 
in the fourth dorsal compartment. Enlarge the hole suf-
ficiently to allow free passage of the tendon.

 n  Pass the tendon from palmar to dorsal and pull the ten-
don as taut as possible through the radial hole. Suture the 
tendon dorsally to the periosteum, the capsule, or both 
and to the palmar capsule with nonabsorbable sutures 
(Fig. 69.89B).

 n  Close the dorsal capsule and retinaculum and then the skin.
 n  Apply a nonadherent dressing and a long arm splint.

POSTOPERATIVE CARE The long arm splint and sutures 
are removed after 7 to 10 days. A long arm cast is applied 
and worn for an additional 7 weeks. At about 8 weeks, 
the cast is removed and a removable long arm plaster 
splint is applied and is worn at all times except while ex-
ercising. Range-of-motion exercises are begun after cast 
removal. At 12 weeks, a short arm splint is applied. Resis-
tive exercises are begun at 16 weeks and are progressed 
to strengthening exercises.

Taleisnik and Linscheid described another simplified 
palmar repair technique, using the flexor carpi radialis. 
This procedure requires dorsal and palmar incisions; tun-
nels made in the scaphoid, lunate, and distal radius; and 
the passage of a distally based, longitudinally split slip of 
the flexor carpi radialis (Fig. 69.90).
   

 

LIGAMENT RECONSTRUCTION

 TECHNIQUE 69.47 

(BRUNELLI AND BRUNELLI)
 n  With the patient supine, the arm on a hand table, and the 

tourniquet appropriately padded, placed, and inflated, 
make a straight longitudinal, 4-cm dorsal incision. Sec-
tion and reflect the extensor retinaculum.

 n  Enter the wrist joint through a longitudinal capsular inci-
sion between the extensor carpi radialis brevis and the 
extensor pollicis longus tendons.

 n  Incise the capsuloligamentous structures between the 
scaphoid and lunate. Remove scar between the scaphoid 
and lunate, sparing the articular cartilage.

 n  Identify the scaphotrapeziotrapezoid joint distal to the 
scaphoid. Excise capsular scar or thickening in this area 
to allow reduction of the scaphoid.

 n  Make a palmar skin incision over the flexor carpi radialis 
tendon. Avoid injury to the radial artery, median nerve, and 
palmar cutaneous branch of the median nerve by entering 
the wrist through the flexor carpi radialis sheath. Remove 
scar between the scaphoid and lunate so that the interval be-
tween the bones can be seen clearly from dorsal to palmar.

 n  Incise the flexor carpi radialis sheath to the trapezium and 
trapezoid, preserving its deep insertion. Prepare the flexor 
carpi radialis tendon by splitting it longitudinally, leaving 
a 7-cm tendon slip attached to the palmar base of the 
second metacarpal.

 n  Drill a small hole in the distal pole of the scaphoid parallel 
to its distal articular surface. Enlarge the hole to about 2.5 
mm in diameter.

 n  Pass the flexor carpi radialis tendon slip from palmar to 
dorsal through the prepared tunnel. Pull the tendon slip 
dorsally, reducing the scaphoid and correcting the proxi-
mal pole subluxation and the scapholunate dissociation.

 

BA

Tenodesis

Capsulodesis

Flexor carpi
ulnaris

Extensor carpi
radialis brevis

Correction of DISI   Correction of VISI   

FIGURE 69.91 Tenodesis and capsulodesis techniques for volar intercalated segmental instability 
(VISI) (A) and dorsal intercalated segmental instability (DISI) (B) (see text).
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 n  Temporarily fix the scaphoid, using a Kirschner wire 
through the distal scaphoid into the capitate.

 n  Suture the tendon slip to the fibrous remnant of the lu-
nate ligament and to the fibrous tissue at the dorsoulnar 
margin of the radius.

 n  Close the capsular incision and the skin.
 n  Apply a nonadherent dressing and a sugar-tong splint.

POSTOPERATIVE CARE The splint is removed in 7 to 
10 days for wound inspection and suture removal. A solid 
sugar-tong cast is applied and is worn for 4 weeks. At 
4 weeks, the cast and Kirschner wire are removed. Ac-
tive mobilization of the wrist is begun, using a short arm 
plastic splint. Resistive exercises are begun at 8 or 9 weeks 
and are progressed with strengthening at 10 to 12 weeks.

For lunate stabilization in patients with triquetrolunate 
instability (static volar intercalated segmental instability col-
lapse patterns and dynamic dorsal intercalated segmental 
instability collapse patterns), in whom the instability of the 
lunate contributes to medial carpal instability, Taleisnik rec-
ommended use of the lateral half of the flexor carpi ulnaris 
in a strip left attached distally and threaded from the palm 
through to the dorsal aspect of the lunate and secured to 
the dorsal surface of the distal radius (Fig. 69.91A). For dy-
namic dorsal intercalated segmental instability deformities, 
the medial half of the extensor carpi radialis brevis is left 
attached distally, threaded through the lunate from dorsal 
to palmar, and anchored under the pronator quadratus on 
the anterior surface of the distal radius (Fig. 69.91B).
  

CAPSULODESIS
Blatt found capsulodesis useful for two conditions causing 
impairment of wrist function: scapholunate dissociation and 
the caput ulnae syndrome caused by DRUJ incongruity. Blatt 
found it particularly useful in patients with symptomatic 
dynamic instability and a static deformity and applied it to all 
patients with reducible scapholunate dissociations. 

 

DORSAL CAPSULODESIS

 TECHNIQUE 69.48 

(BLATT WITH BERGER MODIFICATION)
 n  Before the operative procedure, thoroughly evaluate the 

radiographs to determine the nature and extent of the 
scapholunate dissociation and rotary subluxation of the 
scaphoid. Blatt stated, “a single criterion for this proce-
dure is the ability to anatomically reduce the scaphoid at 
the time of surgery.”

 n  After achieving satisfactory anesthesia and appropriate 
skin preparation and draping of the extremity and with 
the well-padded tourniquet inflated, make a longitudinal 
dorsoradial incision.

 n  Retract the wrist and finger extensors laterally (wrist) and 
medially (finger).

 n  Make a longitudinal incision through the capsule near the 
axis of the scaphoid. Expose the full length of the scaphoid.

 n  Preserve a 1-cm–wide flap of dorsal wrist capsule and 
develop it from the ulnar side of the capsular incision (Fig. 
69.92A). This flap is released distally, and the proximal 
origin on the dorsum of the distal radius is left attached.

 n  Inspect the interosseous and dorsal scapholunate liga-
ments to ascertain their rupture and irreparability.

 n  Reduce the scaphoid with thumb pressure on the scaph-
oid tubercle on the palm side, bring the wrist into slight 
ulnar deviation, and transfix the scaphoid with 0.045-inch 
(1.16-mm) Kirschner wires placed from the distal pole of the 
scaphoid into the capitate and base of the third metacarpal.

 n  Make a notch in the dorsum of the distal pole of the 
scaphoid proximal to the distal articular surface and distal 
to the midaxis of rotation of the scaphoid with a narrow 
osteotome or small rongeur.

 n  Trim the dorsal capsuloligamentous flap to attach into 
the distal pole of the scaphoid with a 4-0 stainless steel 
pull-out wire suture. Pass this wire suture through fine 
drill holes to the volar tubercle of the scaphoid and tie it 
at the level of the skin over felt and a button (Fig. 69.92B).

 n  Deflate the tourniquet, obtain hemostasis, and close the 
skin.

 n  A variation in technique described by Berger can be used 
instead of that just described. Detach the proximal half of 
the dorsal intercarpal ligament, incising down the length 
of the ligament. Leave the lateral (scaphoid) insertion 
attached, and detach the medial (triquetral) end of the 
ligament. Reduce the scaphoid into an extended position 
and suture the free, triquetral end of the ligament to the 
dorsal rim of the distal radius. Make this attachment to 
bone or to the dorsal radiocarpal ligament (Fig. 69.93). 
Apply a thumb spica cast.

POSTOPERATIVE CARE The cast is changed at 10 to 14 
days. Sutures are removed, and another cast is applied and 
is left in place for an additional 6 weeks. After 2 months, 
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to derotate scaphoid
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FIGURE 69.92 Dorsal capsulodesis (Blatt). A, Proximal-based 
ligamentous flap is developed from dorsal wrist capsule. Notch for 
ligament insertion is created in dorsal cortex of distal scaphoid pole. 
B, Scaphoid has been derotated, and ligament has been inserted 
with pull-out wire suture. SEE TECHNIQUE 69.48.
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the cast is removed, as is the pull-out wire. Kirschner 
wires are left in place. A removable splint is provided, and 
progressive range-of-motion exercises are started. The 
Kirschner wires are removed 3 months postoperatively, 
and range of motion progresses with no forceful stress 
activities permitted for about 4 months.
  

LIMITED WRIST ARTHRODESIS
Limited wrist arthrodesis has been used in various forms for 
rotary subluxation of the scaphoid since the 1950s. In 1967, 
Peterson and Lipscomb described successful fusion of the 
scaphoid, trapezium, and trapezoid. Subsequently, Watson 
and Hempton found the triscaphe arthrodesis to be an effec-
tive procedure to resist the forces of movement, tending to 
keep the scaphoid in a perpendicular position relative to 
the forearm. Kleinman carefully reviewed the results of sca-
photrapezial-trapezoid fusion for rotary subluxation of the 
scaphoid and found the carpal mechanics to be disturbed by 
loss of the carpal shift relationship of the scaphoid and lunate. 
Between 70% and 75% of the dorsiflexion-palmar flexion 
motion was preserved. In 41 cases reviewed, 11 patients had 
major surgical complications. The development of postopera-
tive arthrosis, on retrospective review, seemed to be related to 
imperfect reduction of the scaphoid. This procedure achieved 
pain relief and preserved a functional arc of motion. Other 
limited wrist arthrodeses have been reported on an anecdotal 
basis and include fusions of the capitate and lunate; scaphoid, 
lunate, and capitate; capitate, hamate, lunate, and triquetrum; 
and radioscaphoid and radiolunate arthrodeses.

INDICATIONS FOR TRISCAPHE ARTHRODESIS
Watson initially considered three indications for triscaphe 
arthrodesis: (1) degenerative arthritis of the scaphotrapezial-
trapezoid joint with normal thumb carpometacarpal joint, 
(2) radial hand dislocations, and (3) rotary subluxation of the 

scaphoid. Subsequently, he added the existence of the dorsal 
intercalated segmental instability pattern with disruption of the 
volar ligaments tethering the lunate, allowing the scaphoid to 
assume a static rotary instability. He also advocated this arthrod-
esis for resistant scaphoid nonunions, combining the triscaphe 
arthrodesis with bone grafts. Kleinman considered the clinical 
indications to be pain at the end arcs of motion, especially in 
radial deviation; weakness caused by instability of the proximal 
carpal row at the scapholunate joint; and loss of motion second-
ary to pain. Radiographic criteria included a scapholunate dias-
tasis more than 2 mm; scaphoid angle of greater than 60 degrees 
on the true lateral view of the wrist; and foreshortening of the 
scaphoid seen on the anteroposterior view, in which the inferior 
margin of the distal scaphoid pole to the proximal pole at the 
radioscaphoid joint is shortened to less than 7 mm. 

CONTRAINDICATIONS FOR TRISCAPHE 
ARTHRODESIS
Scaphotrapezial-trapezoid arthrodesis is contraindicated in 
patients with radioscaphoid arthritis or early phases of degen-
erative changes in the wrist progressing to SLAC. 

 

SCAPHOTRAPEZIAL-TRAPEZOID 
FUSION

 TECHNIQUE 69.49 

(WATSON)
 n  After satisfactory induction of anesthesia, prepare the 

hand, wrist, and forearm and apply drapes in the routine 
manner.

 n  Make a transverse incision in the skin on the dorsum of 
the wrist over the area of fusion.

 n  Retract the branches of the superficial radial nerve and 
the veins.

 n  Open the extensor retinaculum along the tendon of the 
extensor pollicis longus.

 n  Approach the wrist between the tendons of the extensor 
carpi radialis longus and the extensor carpi radialis brevis, 
or, as recommended by Kleinman, expose the wrist cap-
sule between the first and second dorsal tendon compart-
ments, exposing the adjacent surfaces of the scaphotrape-
zial-trapezoid joint and retracting the radial artery.

 n  Open the scaphotrapezial-trapezoid joint and open the 
capsule of the wrist to expose the proximal articular sur-
face of the scaphoid. Triscaphe arthrodesis is contraindi-
cated in the presence of significant radioscaphoid arthri-
tis. If this is found, SLAC wrist reconstruction should be 
done. Observe the following principles as recommended 
by Watson: (1) careful planning is essential; (2) the mini-
mum necessary joints should be fused; (3) packed, cancel-
lous bone graft arthrodesis with sufficient graft should be 
used; (4) the external dimensions of the fused unit must 
equal the external dimensions of the same bones in their 
normal state; and (5) only the joints to be fused should be 
pinned.

 n  Careful attention to the reduction of the scaphoid is re-
quired to avoid fixing the scaphoid in an excessively lon-
gitudinal or dorsiflexed position. Kleinman recommended 
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FIGURE 69.93 A, Dorsal capsulodesis in which dorsal intercarpal 
ligament (DIC) is detached (50%) from dorsal aspect of triquetrum 
(T) and dissected radially to distal scaphoid (S), where it is firmly 
attached; then with scaphoid extended to neutral position, DIC is 
sutured to dorsal rim of distal radius (R), either through bone or to 
origin of dorsal radiocarpal ligament. L, Lunate; Td, trapezoid; U, 
ulna. B, Lateral view shows scaphoid extension position achieved 
with dorsal capsulodesis using DIC. SEE TECHNIQUE 69.48.
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introducing a curved instrument palmar to the distal 
neck of the rotated scaphoid and dorsiflexing the distal 
pole with it. This allows reduction of the scaphoid to its 
anatomic position with the proximal pole secured in the 
scaphoid fossa of the radius.

 n  Insert 0.045-in (1.1-mm) Kirschner wires through the 
scaphoid into the carpus to maintain this reduction and 
correlate the reduction by inspecting the reduced dor-
sal surface of the proximal pole of the scaphoid and the 
dorsal aspect of the lunate. The longitudinal axis attitude 
of the scaphoid should be 30 degrees or more to avoid 
excessive longitudinal orientation of the scaphoid and 
subsequent radioscaphoid impingement.

 n  Remove the articular surfaces of the trapezium, trapezoid, 
and scaphoid to cancellous bone. Kleinman’s modifica-
tion of removing only the dorsal two thirds of the articular 
surfaces allows preservation of the carpal height, main-
taining the contact surfaces of the palmar one third.

 n  Obtain anteroposterior and lateral radiographs to confirm 
acceptable reduction of the scaphoid and closure of the 
preoperative scapholunate diastasis.

 n  Usually three 0.045-in (1.1-mm) Kirschner wires are used to 
secure the scaphoid, trapezium, and trapezoid (Fig. 69.94A). 
Two pins pass from the trapezoid toward the scaphoid, 
and one pin passes across the trapezium-trapezoid joint. 
Remove all hyaline cartilage and subchondral bone.

 n  Bone graft can be obtained from the distal radius or 
from the iliac crest. If the distal radius is selected, retract 
the skin proximally, or use a second proximal transverse 
incision over the distal radial metaphysis, exposing the 
radius between the extensor carpi radialis longus and 
the extensor pollicis brevis. Incise the periosteum, and el-
evate it between these compartments, exposing the flat 
area of cortical bone in the distal dorsoradial metaphy-
sis. The use of small gouges allows the removal of corti-
cocancellous bone, and the remaining cancellous bone 
can be harvested with curets. Control bleeding, close the 
donor site wound, and pack the cancellous bone into 
the defect left in the scaphotrapezial-trapezoid joint (Fig. 
69.94B).

 n  Watson recommended placing pins by passing 0.045-
inch Kirschner wires retrograde out through the raw bony 
surfaces. After the scaphoid, trapezium, and trapezoid 
are positioned for fusion, the pins are drilled across the fu-
sion site in an antegrade direction. To maintain the proper 
position of the scaphoid with the proximal pole depressed 
into the radial articular surface, the distal pole is elevated, 
as noted previously, and two pins can be used to secure 
the scaphoid to the capitate for temporary maintenance 
of reduction. Avoid passing the pins from the intercar-
pal arthrodesis into the radius or ulna. Ascertain that the 
spaces between the bones have been thoroughly packed 
with bone graft and that the external dimensions of the 
fusion unit are the same as the external dimensions of 
bones in the normal wrist.

 n  As an addition to the technique, a cortical bone graft can 
be used to bridge the fusion site on the dorsal surface; 
this requires mortise fitting or notching into position. Pins 
are driven across the surfaces previously prepared. Check 
wrist motion to ensure that no pins obstruct radiocarpal 
motion, and cut the pins off just beneath the skin.

 n  Deflate the tourniquet, obtain hemostasis, insert drains as 
needed, and close the wound.

 n  Apply a bulky compression dressing with a long arm plas-
ter splint.

POSTOPERATIVE CARE The compression dressing is 
left in place for 7 to 10 days. After this time, the bandage 
is changed, the sutures are removed, and a long arm cast 
is applied. Watson recommended volar extension of the 
cast to support the index and long fingers in the intrinsic-
plus position; however, Kleinman did not find this to be 
necessary, substituting a thumb spica cast at the time of 
suture removal. The second cast is left in place for an-
other 4 to 6 weeks. Kirschner wires are removed at 6 to 
8 weeks, using radiographs to determine healing. After 
about 8 weeks, either a short arm cast or a short arm 
splint can be applied for 1 or 2 more weeks, depending 
on the radiographs and the patient’s compliance. When 
satisfactory healing has occurred, the hand and wrist are 
fully mobilized with gradual progression. Although mo-
tion usually is limited initially, it should increase within 
the first year after surgery. The patient is observed closely 
to avoid stiffness or dystrophic complications, and inter-
vention with physical therapy is instituted immediately if 
problems such as complex regional pain syndrome de-
velop.
  

 

A
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FIGURE 69.94 Limited wrist (triscaphe) arthrodesis. A, Articular 
surfaces have been removed, and three pins have been “preset” in 
retrograde fashion. B, Cancellous bone grafts have been packed 
between bones, external shape of triscaphoid unit is maintained, 
and pins are driven across arthrodesis sites. SEE TECHNIQUE 69.49.
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OTHER LIMITED WRIST ARTHRODESES
Arthrodesis of the scaphoid, capitate, and lunate; capitate, 
hamate, lunate, and triquetrum; hamate and triquetrum; radius 
to lunate; and radius to scaphoid can be done in a manner sim-
ilar to that described previously. McAuliffe et al. found com-
plications in 36 of 50 patients treated with a variety of limited 
intercarpal fusions. Nonunion was the most frequent problem. 
Fortin and Louis reported complications in 11 of 14 patients 
after scaphoid-trapezium-trapezoid arthrodesis. Among the 
significant problems were radiocarpal arthrosis, trapeziometa-
carpal arthrosis, and nonunion. Included here are techniques 
for scaphocapitate arthrodesis (Sennwald and Ufenast), scaph-
ocapitolunate arthrodesis (Rotman et  al.), and lunotriquetral 
arthrodesis (Kirschenbaum et al., Nelson et al.). 

 

SCAPHOCAPITATE ARTHRODESIS

 TECHNIQUE 69.50 

(SENNWALD AND UFENAST)
 n  With the patient supine, the hand on the hand table, and the 

tourniquet inflated, make a straight dorsal longitudinal inci-
sion over the wrist. Incise and reflect the extensor retinacu-
lum. Retract the fourth compartment extensor tendons.

 n  Make a longitudinal incision in the dorsal wrist capsule, 
dissecting distally and radially to identify the scaphocapi-
tate joint.

 n  Remove the articular cartilage between the scaphoid and 
capitate with a burr.

 n  Remove a corticocancellous bone graft from the distal 
dorsoradial metaphysis. Mobilize the skin to allow expo-
sure of the dorsoradial aspect of the radius to harvest the 
bone graft from the radius between the first and second 
extensor compartments.

 n  Place the bone graft in the space between the scaphoid 
and the capitate.

 n  Use two lag screws to secure the scaphocapitate arthrod-
esis with the radioscaphoid angle at about 50 degrees. 
Obtain radiographs to ascertain satisfactory bone and 
screw position.

 n  Close the dorsal capsule and the extensor retinaculum 
and the skin.

 n  Apply a nonadherent dressing and a short arm cast.

POSTOPERATIVE CARE The cast and sutures are re-
moved at 2 weeks. A new short arm cast is applied and is 
worn for 8 weeks. After cast removal, a removable pro-
tective splint is worn for another 2 weeks. A graduated 
exercise program is begun.
   

 

SCAPHOCAPITOLUNATE ARTHRODESIS

 TECHNIQUE 69.51 

(ROTMAN ET AL.)
 n  With the patient supine and the hand on the hand table, 

inflate the tourniquet after elastic wrap limb exsanguination.

 n  Make an oblique dorsal wrist incision, extending from the 
ulnar aspect of the distal radius to the distal pole of the 
scaphoid (Fig. 69.95A).

 n  Expose the wrist capsule in the interval between the third 
and fourth extensor compartments. Open the wrist cap-
sule with an inverted-T–shaped incision.

 n  Expose the adjoining articular surfaces of the scaphoid, 
capitate, and lunate (Fig. 69.95B). Remove the articular 
cartilage and subchondral bone from the adjoining ar-
ticular surfaces with rongeurs and curets. Preserve the 
architecture of the articular spaces and fill them with can-
cellous bone graft taken from the distal radius or the iliac 
crest (Fig. 69.95C).

 n  Reduce any instability pattern that may be present.
 n  Place four or five intercarpal Kirschner wires in a triangular 

configuration to fix the arthrodesis (Fig. 69.95D). Place 
no wires across the radiocarpal joint. Cut off all wires 
beneath the skin.

 n  Obtain radiographs to ascertain satisfactory position of 
the bones and the internal fixation.

 n  Close the wrist capsule and the skin and apply a nonad-
herent dressing and a long arm thumb spica cast.

POSTOPERATIVE CARE The cast and skin sutures are 
removed in 2 weeks. A new long arm thumb spica cast 
is applied and is worn for 4 weeks. At 4 weeks, a short 
arm thumb spica cast is applied and worn until there is 
radiographic evidence of bone union (4 to 6 weeks). A re-
movable molded plastic thumb spica splint is applied, and 
gentle motion exercises are begun, followed by strength-
ening exercises. The Kirschner wires are removed at about 
3 months.
   

 

LUNOTRIQUETRAL ARTHRODESIS

 TECHNIQUE 69.52 

(KIRSCHENBAUM ET AL.; NELSON ET AL.)
 n  With the patient supine and the hand on the hand table, 

after elastic wrap exsanguination of the limb, inflate the 
pneumatic tourniquet.

 n  Make a dorsal transverse or a curved longitudinal incision 
in the region of the lunotriquetral joint.

 n  Incise and reflect the extensor retinaculum between the 
fourth and fifth extensor compartments.

 n  Enter the wrist capsule through a longitudinal incision 
and identify the lunotriquetral joint.

 n  Use a rongeur and curets to remove the articular cartilage 
and subchondral bone down to cancellous bone on each 
side of the joint. Leave the most palmar portion of the 
joint intact to maintain joint alignment and to hold the 
graft in place (Fig. 69.96A).

 n  Obtain cancellous bone graft from the distal radius or the 
iliac crest if the distal radius has been used as a bone graft 
donor previously.

 n  Use multiple Kirschner wires for lunotriquetral fixation 
(Fig. 69.96B). Tightly pack the cancellous bone graft into 
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the lunotriquetral space (Fig. 69.96C). A Herbert screw or 
other lag screw can be used for fixation. If a screw is to 
be used, make another incision over the ulnar margin of 
the triquetrum to allow placement of the screw.

 n  After fixation and packing of the bone graft, obtain radio-
graphs to ascertain satisfactory position of the bone and 
fixation.

 n  Close the capsule, retinaculum, and skin.
 n  Apply a nonadherent dressing and a short arm volar splint.

POSTOPERATIVE CARE The skin sutures are removed 
about 2 weeks after surgery. Protective splinting is con-
tinued for about 12 weeks. Protected motion exercises 
are allowed at about 8 weeks. The Kirschner wires are re-
moved after union is shown radiographically, usually at 8 
to 12 weeks. Strengthening exercises are begun at about 
3 months after operation. Sports and heavy lifting should 
be avoided for at least 4 months.
  

TRIQUETROHAMATE ARTHRODESIS
Arthrodesis of the triquetrohamate joint can be accom-
plished through the same incision used for the lunotriquetral 

arthrodesis described earlier. Decortication of the articu-
lar surfaces, bone grafting and Kirschner wire fixation tech-
niques, and postoperative care are similar to those used for 
other intercarpal arthrodeses. 

OSTEOARTHRITIS OF THE WRIST
Degenerative arthritis developing in the wrist (SLAC 
wrist) frequently seems to be related to instability around 
the scaphoid. The instability usually is a posttraumatic 
change, although primary degenerative changes are seen. 
The end result is a wrist with narrowing of the radioscaph-
oid joint, widening of the scapholunate gap, narrowing of 
the capitolunate joint, and remarkable preservation of the 
radiolunate joint (Fig. 69.97). The surgical treatment of 
this problem involves limited intercarpal arthrodesis of the 
capitohamate and triquetrolunate joints or wrist arthrod-
esis. Reports suggest that motion-preserving procedures, 
such as wrist neurectomy, proximal row carpectomy, or 
capitate-hamate-triquetrum-lunate (four corner) fusion 
with scaphoid excision, are satisfactory methods for deal-
ing with this troublesome problem.

 

A B

C D
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FIGURE 69.95 Scaphocapitolunate arthrodesis. A, Skin incision (line) extending from ulnar 
aspect of distal radius to distal pole of scaphoid. B, Scaphocapitolunate articulation exposed between 
third and fourth dorsal compartments. Retractors on capsule opened in inverted-T fashion. C, 
Scaphocapitolunate articulation filled with cancellous bone graft after decortication to cancellous 
bone. D, Fixation with Kirschner wires; note triangular configuration. SEE TECHNIQUE 69.51.
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FIGURE 69.96 Lunotriquetral arthrodesis. A, Decortication of both surfaces of lunotriquetral 
joint. B, Kirschner wire fixation of lunotriquetral joint. C, Bone graft packed into lunotriquetral 
space. SEE TECHNIQUE 69.52.

 

Stage I Stage II Stage III

FIGURE 69.97 Scapholunate advanced collapse wrist stages I, II, and III. In stage I, changes 
are limited to radial styloid. In stage II, scaphoid fossa is involved. In stage III, capitolunate joint is 
additionally narrowed and sclerotic.
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SPECIAL HAND DISORDERS
Mark T. Jobe

CHAPTER 70

ANEURYSM, THROMBOSIS, AND 
EMBOLISM IN RADIAL, ULNAR, 
AND DIGITAL ARTERIES
Through the continuation of the radial artery into the hand as 
the deep palmar arch and the ulnar artery as the superficial pal-
mar arch, circulation to the hand is usually sufficient to allow 
the digits to remain viable despite most disease and injury. The 
superficial arch is complete in almost 80% of hands and incom-
plete in about 20%. The deep arch is complete in about 98% of 
hands. The radial artery usually provides most of the flow to 
three or more digits in 57% of hands, whereas the ulnar artery 
provides flow to three or more digits in almost 22%. Flow pro-
vided from both arteries equally is provided in almost 22%.

Ischemic problems in the hand can result from an aneurysm, 
thrombosis, or embolism in the radial, ulnar, or digital arteries. 
Arterial occlusive ischemia is associated with trauma from direct 
blows, instrumentation of the vascular tree for angiography, vas-
cular access procedures, and systemic illnesses, such as athero-
sclerosis and various collagen vascular diseases.

Symptoms of ischemia, pain, sensory changes, skin dis-
coloration, ulceration, and necrosis can be aggravated by 
smoking, activity, and exposure to cold. Physical findings 
include hand or digital pallor or cyanosis, skin ulceration, 
necrosis distal to areas of occlusion, sensory and possibly 
motor changes of affected nerves, coolness to palpation, ten-
derness over an aneurysmal or thrombotic mass, a palpable 
thrill through an aneurysm, and lack of flow through the 
affected artery, which is shown by the Allen test (Figs. 70.1 
and 70.2). Because of spasms in the distal vessels, this condi-
tion can be confused with other conditions, such as Raynaud 
disease. Plain radiographs, Doppler flow assessment, ultra-
sonography, pulse volume recordings, segmental arterial 
measurement, skin temperature measurement, radionuclide 
scanning, magnetic resonance angiography, and contrast 
angiography are helpful diagnostic measures. Angiography 
provides definitive information about the location and extent 
of the principal lesion and the presence of other circulatory 
problems in the upper extremity and in the face of ischemia 
should be the first choice of imaging technique. If no isch-
emia exists then Doppler ultrasound, CT angiography, and 
MR angiography are useful.

Although aneurysms may have atherosclerotic, mycotic, 
metabolic, and congenital origins, aneurysms seen in the 
hand and wrist usually are the result of trauma. Blunt trauma 
can cause true and false aneurysms (see Fig. 76.12), whereas 
penetrating trauma usually causes false aneurysms to form. 
The patient will present with a pulsatile and painful mass as 
well as possible cold intolerance.

Preoperative and intraoperative evaluations of the 
anatomy of the palmar vascular arch and of the quality of 
distal circulation are important when deciding between 
aneurysm excision alone and aneurysm excision with 
end-to-end repair and reversed vein graft arterial recon-
struction. If the palmar arterial arch is complete, and dis-
tal circulation is adequate, as determined by pink distal 
skin color after release of the tourniquet or by pulse vol-
ume recordings showing a digital-brachial index of more 
than 0.7, repair or reconstruction usually is unnecessary. 
Conversely, if the palmar arterial arch is incomplete, or if 
the distal circulation is inadequate, the artery should be 
repaired or reconstructed with a reversed segmental vein 
graft (Fig. 70.3).

Although usually related to occupational or recreational 
trauma, arterial thrombosis in the wrist, palm, and fingers 
also can result from arterial cannulation in the forearm. 
The ulnar artery is the vessel most commonly affected by 
trauma-related thrombosis, probably because of a relative 
lack of protection at the wrist and its exposure to repeated 
forceful impacts, such as when the ulnar side of the wrist 
is used as a hammer. Occupations in which this may be 
seen include auto mechanics, machinists, miners, butch-
ers, and even firearm use in police officers. Sometimes the 
pain is severe, and sensibility is lost over the distribution 
of the ulnar nerve in the hand. Tenderness is present over 
the artery, and occasionally a feeling of fullness is described 
in the wrist and hand. Although possible, it rarely causes 
digital ischemia. The Allen test (see Figs. 70.1 and 70.2) 
is helpful in diagnosing thrombosis, but arteriography is 
diagnostic.

Treatment options include exploration of the artery and 
resection of the entire thrombotic mass, arterial reconstruc-
tion with artery or vein grafts, local and regional sympa-
thectomy, and palliation with medical and psychological 
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methods. The history, physical examination, and Allen test 
determine the initial diagnosis. If the Allen test is positive, 
thermography, temperature probes, Doppler studies, and 
pulse volume recordings are used to confirm the diagnosis. 
If a stellate ganglion or brachial block relieves symptoms, 

treatment is observation. A stellate or brachial block may 
relieve vasospasm in acute thrombosis threatening digital 
survival. If symptoms are not relieved, arteriography is done, 
and, at the same time, intraarterial medications (reserpine or 
tolazoline) usually are given. Arteriography establishes the 
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FIGURE 70.1 Allen test for patency of radial and ulnar arteries. A, Patient elevates hand 
and makes fist while examiner occludes radial and ulnar arteries. B, Patient extends fingers, and 
blanching of hand is seen. C, Radial artery alone is released, and color of hand returns to normal. 
D, In thrombosis of ulnar artery, test is positive (hand remains blanched) when this artery alone is 
released.
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FIGURE 70.2 Allen test applied to digital arteries. A, Examiner occludes both digital arteries, 
and patient flexes finger. B, Patient extends finger, and blanching of finger is seen. C, When either 
artery is patent and it alone is released, color of finger returns to normal. D, When either artery 
is thrombosed and it alone is released, finger remains blanched.  (From Ashbell TS, Kutz JE, Kleinert 
HE: The digital Allen test, Plast Reconstr Surg 39:311, 1967.)
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diagnosis, identifies the extent of the thrombosis and vas-
cular disease, and determines the probable success of sur-
gery. Symptomatic treatment is indicated if vascular disease 
is generalized. If symptoms diminish after arteriography, 
the patient can be observed. Surgery is indicated if symp-
toms persist and if digital survival is in question. After the 
thrombosed segment has been resected, the proximal end is 
clamped and the tourniquet is released. If backflow is good 
and pulse volume recordings of the ulnar digits are normal, 
the vessel is ligated, and the wound is closed. If backflow 
is poor, with no pulsatile flow on digital plethysmogra-
phy, vein grafting should be considered. Contraindications 
to vein grafting include erythrocytosis, patient refusal to 
modify the environment, and patient refusal to discontinue 
smoking. If vein grafting is indicated, the entire thrombosed 
segment should be resected until normal intima is seen with 
the operating microscope. A reversed vein graft harvested 
from the forearm is inserted (see Fig. 70.3). Vein grafting 
is contraindicated if there is inadequate peripheral “run-
off ” on the arteriogram. Persistent symptoms after surgery 
can be controlled conservatively by cessation of smoking, 
biofeedback techniques, and intermittent administration of 
intraarterial medications; sympathectomy can be used as a 
last resort.

The thrombosed mass may extend proximally in the fore-
arm but rarely distally across the palmar arch to involve the 
more distal vessels; in the latter instance, complete resection 
may be impossible. Adequate resection relieves the spasm of 
the distal vessels, and symptoms usually improve; the circula-
tion in the hand depends entirely on the radial artery, which 
usually is sufficient.

Radial artery thrombosis after cannulation has an inci-
dence of about 10% to 18% after removal of the cannula; 
however, it is only symptomatic in about 5%. Spontaneous 
recanalization has been reported to occur in 35% of patients. 

If significant ischemia is present surgical thrombectomy and 
repair with a vein patch or graft is performed.

In rare cases, thrombosis of a patent median artery may 
cause pain of median nerve compression within the carpal 
tunnel. It should be considered in the diagnosis when acute 
pain in the hand is limited to the distribution of the median 
nerve.

Arterial lacerations in the wrist and hand are discussed 
in Chapters 63 and 65. Arterial emboli in the upper extremity 
account for 15% to 20% of all emboli. About 70% of emboli in 
the upper extremity are believed to be of cardiac origin (e.g., 
through atrial fibrillation or as postmyocardial infarction 
mural thrombi); the remainder are related to the subclavian 
artery. Usually, acute arterial embolism is signaled by pallor, 
cold sensation, ischemic pain, paresthesia, occasional paraly-
sis, and loss of palpable or Doppler-sensed pulses. Treatment 
includes intravenous administration of heparin, Fogarty cath-
eter embolectomy, and warfarin (Coumadin) therapy. If the 
embolus significantly obstructs flow and cannot be removed, 
intraarterial administration of streptokinase has been effec-
tive if given within 36 hours of thrombosis and if not contra-
indicated. Newer thrombolytic agents, such as reteplase and 
TPA, are also effective in the management of this problem. 

THERMAL BURNS
Hands are involved in 80% of severe burns; however, life-
threatening injuries and extensive body burns take prece-
dence over hand burns. Assessment for inhalation injury 
is essential because mortality from burns with associated 
inhalation injury approaches 35%, whereas mortality from 
burns without inhalation injury is only approximately 
4%. Burns are best managed in a specialized burn center 
and specific indications for transfer to a burn center are 
burns involving greater than 20% of total body surface 
area, inhalation injury, involvement of face, hands, feet, 
perineum, genitalia, and major joints. The rule of nines is 
used in estimation of burn size, with the surface area of the 
palm and fingers being 1% of the total body surface area. 
Other measures essential to early management include 
taking appropriate radiographs, establishing intravenous 
lines, administering tetanus prophylaxis and antibiotics, 
preparing for blood transfusion, and conducting a care-
ful physical examination. Preserving viable tissue, prevent-
ing infection, controlling fibrosis, and avoiding deforming 
contractures also take high priority in the management of 
a burn injury in the hand.

Although the initial examination may be difficult because 
of pain and other injuries, an estimation of burn depth is 
necessary. Wilhelm Fabry in 1607 classified burns into first 
degree involving epidermis only, second degree involving the 
dermis, and third degree involving full-thickness skin. Tissue 
depth classification divided second degree burns into super-
ficial second degree involving the papillary layer and deep 
involving the reticular layer. Fourth degree burns involve 
muscle, tendon, and/or bone (Fig. 70.4). The judgment of the 
treating surgeon usually determines the estimation of burn 
depth. Superficial burns (first degree) produce no blisters; 
although they are erythematous, capillary refill is good, sen-
sation is intact, and the dermis is unharmed. Treatment is 
symptomatic with soothing lotions and the burns usually heal 
spontaneously in 2 to 3 days without scarring. In superficial 
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FIGURE 70.3 Resection of thrombosed segment and replace-
ment with reversed vein graft.  (Redrawn from Koman LA, Urbaniak 
JR: Thrombosis of ulnar artery at the wrist. In American Academy of 
Orthopaedic Surgeons: Symposium on microsurgery: practical use in 
orthopaedics, St. Louis, 1979, Mosby.)
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partial-thickness burns, some of the dermis is left intact, blis-
ters may form, and capillary refill and sensation usually are 
present. They are quite painful since they involve nerve end-
ings in the dermis; however, the blisters that are formed heal 
spontaneously in 10 to 14 days via re-epithelialization. Deep 
partial-thickness burns usually involve the entire dermis with 
minimal epithelial elements preserved. Capillary refill may or 
may not be present, but there should be some bleeding with 
pinprick; sensation usually is not intact; and thrombosed 
veins may be seen. These burns may heal spontaneously but 
very slowly and with considerable scarring. In deep burns 
(third and fourth degree) with dermal and subcutaneous 
necrosis, the skin appears leathery, brown to black, and no 
circulation or sensation to the skin is present. These cannot 
heal spontaneously.

The most important determination for limb survival is 
the adequacy of distal circulation, especially if the burn has 
a circumferential component. Interdisciplinary involvement 
is necessary and may include a burn team, pediatric surgeon, 
plastic surgeon, and hand therapist. Circulation of the upper 
extremity is considered adequate if the hand and fingers 
have rapid capillary refill and are pink, warm, and soft, and 
if pulsatile flow can be shown in the palmar and digital ves-
sels with a Doppler probe. If the burn has a circumferential 
component with decreased distal perfusion (pale hand and 
fingers; decreased capillary refill; firm, cool hand and fingers; 
diminished flow shown by Doppler probe), immediate escha-
rotomy should be considered. Intracompartmental pressures 
also should be measured, and if these are elevated, fascioto-
mies may be required. While perfusion is being assessed, the 
patient should receive adequate hydration with appropriate 
intravenous fluid replacement and monitoring of urinary 
output.

The depth of the burn, infection, and early management 
are major determinants of the functional and cosmetic out-
come of hand burns. Other important factors are the location 
of the burn, the patient’s age, and the patient’s compliance with 
a rehabilitation program. There is agreement regarding the 
management of superficial hand burns and full-thickness and 
deeper burns. Superficial second-degree burns, if protected 
from additional injury and infection, should heal within 10 
to 14 days with no significant impairment of hand function 
or cosmesis. Outpatient treatment usually is appropriate for 

these injuries. For partial-thickness burns (deep dermal, 
superficial full thickness), two approaches are advocated: (1) 
a “wait-and-see” method, with conservative treatment con-
sisting of hydrotherapy, topical chemotherapy, and physio-
therapy, and (2) an “operative” approach (in the first 3 to 5 
days, as soon as practical), with tangential or full-thickness 
burn excision and early skin grafting (Fig. 70.5). Advocates of 
conservative treatment believe that with close follow-up and 
good patient cooperation patients who are treated with topi-
cal antimicrobials (silver nitrate, silver sulfadiazine, mafenide 
acetate, povidone-iodine), hydrotherapy, and an organized 
rehabilitation program may achieve long-term functional and 
cosmetic results similar to patients who undergo early surgi-
cal treatment. The risks and discomfort of the surgical route 
are avoided. Falcone and Edstrom proposed an algorithm for 
management of hand burns that allows flexibility for appro-
priate, timely treatment, depending on burn depth and appar-
ent wound healing (Fig. 70.6).

Proponents of surgical treatment of partial-thickness 
hand burns cite as advantages (1) accurate determination of 
burn depth early in treatment, (2) earlier physiologic healing 
achieved by definitive debridement, closure, and skin graft-
ing, (3) early and quicker rehabilitation, and (4) avoidance 
of excessive scarring and contractures associated with the 
“failed” conservative method. Tangential excision with skin 
grafting and full-thickness excision with skin grafting are 
two techniques used for treatment of partial-thickness hand 
burns. The advent of vacuum-assisted closure (VAC), with 
and without the use of skin substitutes, has made early surgi-
cal intervention a better choice.

The special characteristics of the soft tissues in the hand 
allow for what might be considered a combined approach to 
partial-thickness burns of the hand. Dorsal burns may benefit 
from early excision (within 14 days) allowing for protective 
coverage and early mobilization of the superficial extensor 
tendon mechanism and interphalangeal joints where exten-
sion contractures can be devastating to hand function. On 
the flexor surface, the flexor mechanism and joints are deeper 
and relatively better protected and may tolerate a delay of 3 
weeks better than the dorsal structures.

For deep full-thickness burns (third and fourth degree), 
primary full-thickness excision of the burn wound with skin 
grafting is the appropriate treatment (Fig. 70.7). For palmar 

 

Horny layer

Epidermis

Basal layer

Dermis

First degree

Second degree

Intermediate light

Intermediate deep

Third degree

Hair
Sebaceous

gland
Sweat
gland

FIGURE 70.4 Classification of burns by anatomic depth.  (From Baux S: Thermal and chemical 
burns. In Tubiana R, editor: The hand, vol 3, Philadelphia, 1988, Saunders.)
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FIGURE 70.5 A, Biobrane glove (Smith and Nephew, New Zealand) fitted to superficially 
burned hand. B-D, Excellent cosmetic and functional result after spontaneous healing.  (From 
Germann G, Weigel G: The burned hand. In Wolfe SW, editor: Green’s operative hand surgery, ed 6, Phila-
delphia, 2011, Elsevier.)
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FIGURE 70.6 Algorithm for treatment of burned hand. CIRC, Circulation; CPM, continuous passive 
motion; PCN, penicillin; ROM, range of motion; TBSA, total body surface area.  (From Falcone PA, Edstrom 
LE: Decision making in the acute thermal hand burn: an algorithm for treatment, Hand Clin 6:233, 1990.)
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hand burns, full-thickness skin grafts offer improved durabil-
ity and elasticity with less scar contracture than split-thick-
ness skin grafts. Plantar glabrous skin grafts have been shown 
to offer reliable coverage in pediatric patients. Split-thickness 
skin grafting meshed 1 to 1 is preferred for dorsal coverage. 
When tendons, nerves, vessels, ligaments, bones, and joints 
are damaged by thermal injury, measures in addition to burn 
wound excision and split skin grafting may be required. 
Dermal substitutes such as Integra followed by skin grafting 
at 2 to 4 weeks has proved useful. Stabilization of bones and 

joints with Kirschner wires, arthrodesis of destroyed joints, 
local and remote pedicled skin flaps, and free tissue transfers 
may be needed to preserve a viable, functioning hand. (For 
additional information, see Chapter 67 for fractures, Chapter 
73 for arthrodesis, Chapter 65 for flaps, and Chapter 63 for 
microvascular flaps.)

An organized plan of rehabilitation is important to the 
success of the treatment of the burned hand. The focus of 
rehabilitation in the early acute stage is wound care, edema 
control, and preservation of motion. After closure of the burn 
wound, a program including static and dynamic splinting, 
active and passive range-of-motion exercises, and control of 
scar and edema is pursued. Scar contractures may severely 
limit hand function, so rehabilitation should be aimed at 
prevention. Puri et al. recommended the preoperative use of 
splints in certain patients with thermal burn contractures. 
The rehabilitation plan depends on the needs of the individ-
ual patient and requires the participation of hand therapists, 
occupational and physical therapists, and physical medicine 
consultants. Many patients with severe and disfiguring burns 
require the emotional support of psychiatric and psychologic 
consultants. 

 

ESCHAROTOMY

 TECHNIQUE 70.1 

(SHERIDAN ET AL.)
 n  Prepare the patient preoperatively for blood transfusion.
 n  With the patient supine, usually under general anesthe-

sia and with the upper extremity extended on the hand 
table, thoroughly clean the extremity with an antiseptic 
and drape it.

 n  Make medial and lateral midaxial longitudinal incisions 
through the eschar using an electrocautery cutting cur-
rent. At the elbow, make the medial incision anterior to 
the medial epicondyle to avoid the ulnar nerve. Stop the 
incisions at the metacarpophalangeal joints.

 n  If muscle compartments are tense, or if intracompartmental 
pressures are elevated, perform fasciotomies on the forearm 
and hand compartments (see Chapters 74  and 75).

 n  Evaluate the adequacy of distal perfusion (skin color, 
warmth, and pulsatile flow in the hand and digits with the 
Doppler probe). If finger perfusion is unsatisfactory, per-
form digital escharotomies on the involved fingers, using 
pinpoint electrocautery along only the ulnar sides of the 
digits from the distal phalanges to the finger web spaces.

 n  Make a longitudinal incision between the digital neuro-
vascular bundles and the extensor tendons.

 n  Make the incision for thumb escharotomy along the radial 
side of the thumb from the distal phalanx to the base of 
the thumb, avoiding the digital neurovascular bundle.

 n  Additional dorsal longitudinal intermetacarpal incisions 
between the index-middle and the ring-little metacar-
pals allow access for release of the interosseous fascia, if 
needed.

 n  Obtain meticulous hemostasis with electrocautery.
 n  Use a Doppler probe to assess distal flow.

 

A

B

C

FIGURE 70.7 A, Tangential excision of deep partial-thickness 
burn on dorsum of hand. B, Sheet graft transplantation to excised 
areas. C, Short-term postoperative result.  (From Germann G, Weigel 
G: The burned hand. In Wolfe SW, editor: Green’s operative hand surgery, 
ed 6, Philadelphia, 2011, Elsevier.)
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 n  Apply a nonadhering, medicated gauze and a bulky, non-
constricting dressing.

POSTOPERATIVE CARE The limb is elevated, and cir-
culation is monitored. Finger movement is encouraged. 
Treatment after escharotomy depends on the extent 
and depth of the burn. If the burn is extensive and deep 
enough to require escharotomy, additional debridement 
and skin graft coverage may be required.  
  

 

TANGENTIAL EXCISION
Tangential excision allows removal of dead tissue, while 
preserving viable deep dermis and superficial subcutaneous 
tissue. Tangential excision and grafting usually are done in 
the first 3 to 5 days after the burn injury occurs.

 TECHNIQUE 70.2 

(RUOSSO AND WEXLER MODIFIED)
 n  After inducing general anesthesia, place the patient supine 

and support the upper limb on the hand table. Apply a 
well-padded pneumatic tourniquet. Thoroughly clean the 
limb with antiseptic soap solution, with attention to the 
nails and removal of blebs and loose surface debris. The 
tourniquet can be used intermittently to control bleeding 
and to allow inspection for bleeding during the excision.

 n  Suspend the hand to an overhead pulley if needed for 
excision of the forearm and arm wounds. Usually this is 
unnecessary for hand excision.

 n  Exsanguinate the limb and inflate the tourniquet.
 n  Using a guarded knife or a dermatome, shave the burned 

areas tangentially in layers about 0.010-inch thick until 
punctate bleeding is encountered when the tourniquet 
is deflated. Shave the dermal and subcutaneous tissues 
containing venous thrombosis until healthy, bleeding tis-
sue is encountered.

 n  Deflate the tourniquet and obtain hemostasis by electro-
cautery.

 n  Apply topical thrombin and cover the hand with warm, 
saline-soaked sponges.

 n  If satisfactory hemostasis has been achieved and if there 
are no areas of questionable viability, apply a split-thick-
ness skin graft as a sheet or meshed and unopened.

 n  Place darts in skin folds at the interdigital webs and in the 
thumb-index web.

 n  Suture or staple the graft in place.
 n  Apply a dressing of nonadherent gauze covered with a 

synthetic compress (Acrilan) soaked in saline or glycerin.
 n  Support the hand in a fiberglass or plaster splint with the 

wrist extended, the metacarpophalangeal joints flexed, 
the interphalangeal joints slightly flexed, and the thumb 
in palmar abduction.

 n  If excessive bloody oozing occurs, or if tissue viability is 
uncertain, apply a saline-moistened dressing or a biologic 
dressing (Biobrane, heterograft, allograft), and support 
the hand with a splint. Repeat the process in 24 to 48 
hours.

POSTOPERATIVE CARE The hand is elevated, and the 
patient is encouraged to begin active isometric exercises 
the first postoperative day. The wound is inspected at 3 
to 4 days and at 7 to 10 days. If the graft is healthy in 7 
to 10 days, hand therapy is begun, including gentle bath-
ing of the hand, elastic compression, static and dynamic 
splinting, and active and assisted exercises. Sutures are re-
moved in 10 to 14 days. Large areas of graft necrosis may 
require regrafting. Small areas may be left and treated 
with topical antimicrobials (silver sulfadiazine, mafenide 
acetate) until covered with epithelium. Splinting and 
therapy may require many months to reach a satisfactory 
functional end point.
   

 

FULL-THICKNESS EXCISION
Full-thickness excision involves excision of the entire layer 
of necrotic tissue superficial to the dorsal veins and exten-
sor tenosynovium dorsally and superficial to the flexor 
tenosynovium and digital neurovascular bundles on the 
palmar surface.

 TECHNIQUE 70.3 

 n  Position and prepare the patient as for tangential excision. 
Inflate the pneumatic tourniquet just before excision, and 
deflate it when the excision is completed. Cleanse the 
limb, including the nails, with antiseptic soap.

 n  With the limb supported on a hand table, identify the bound-
aries of the burn wound to be excised. Mark the boundaries 
of burn excision with a skin pencil, making a pattern that 
conforms to the skin creases, avoiding tension lines at the 
skin-graft and graft-graft junctures. Extend the excision pat-
tern into the finger and thumb-index webs to prevent finger 
scar syndactyly and thumb-index web contracture.

 n  Exsanguinate the limb with an elastic wrap and inflate the 
pneumatic tourniquet.

 n  Incise through the marked borders of the burn wound into 
the subcutaneous tissues. Identify and dissect in an edema-
tous plane superficial to the dorsal veins and extensor teno-
synovium dorsally and superficial to the flexor tenosynovium 
and digital neurovascular bundles on the palmar surface.

 n  After all necrotic skin has been removed, apply topical 
thrombin to the wound and wrap the hand in warm, 
saline-moistened gauze sponges.

 n  Deflate the tourniquet and remove it from the arm to 
prevent a venous tourniquet effect.

 n  Maintain the hand under compression and elevation for 
a sufficient time to achieve hemostasis or to minimize 
significant bleeding—usually 10 to 15 minutes or longer.

 n  Remove the wrap and obtain hemostasis with electrocautery.
 n  If satisfactory hemostasis can be achieved, position the 

metacarpophalangeal joints in flexion with transarticular 
Kirschner wires, if necessary, for dorsal burns and apply a 
sheet of split-thickness skin graft or mesh the graft (1:1 or 
1:1.5) and apply it unopened to the dorsum of the hand. 
Suture the graft with interrupted 5-0 chromic gut suture 
or with small skin staples.
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 n  If the burn is on the palmar surface, the metacarpopha-
langeal joints can be splinted in extension to avoid flexion 
contractures.

 n  Apply a nonadhering gauze pad covered with a soft com-
pression bandage of synthetic material (Acrilan).

 n  Support the hand with a plaster or fiberglass splint or, if 
conditions permit, a previously fabricated thermoplastic 
splint with the wrist extended, the metacarpophalange-
al joints flexed (dorsal burn), the interphalangeal joints 
slightly flexed, and the thumb in palmar abduction.

 n  If the bleeding cannot be satisfactorily controlled, wrap 
the wound with a saline-moistened dressing or biologic 
dressing (Biobrane, heterograft, allograft) and return in 
24 to 48 hours to apply a graft.

POSTOPERATIVE CARE The extremity is elevated for 
the first 3 to 5 days. In 2 to 3 days, if necessary, the outer 
bandage is removed in the operating room to inspect the 
graft and remove any fluid collections. For small areas on 
the hand, the dressing can be changed in the patient’s 
room. For large areas on the hand and forearm, seda-
tion or an anesthetic frequently is required. Although the 
graft can be left open and exposed, it frequently is helpful 
to apply a light bandage of nonadhering gauze covered 
with gauze wrap to protect the graft from bumping and 
abrasion. Staples or Kirschner wires are removed in 10 to 
14 days. After 7 days, or when the graft seems to be sat-
isfactory, a hand therapy program is begun that includes 
gentle washing of the hand, dynamic and static splinting, 
elastic compression, and active and active-assisted exer-
cises. Large areas of graft necrosis may require regraft-
ing. Small areas can be treated with topical antimicrobials 
(silver sulfadiazine, mafenide acetate) until covered with 
epithelium. Splinting and therapy require many months to 
reach a satisfactory functional end point.
   

ELECTRICAL BURNS
Electrical burns frequently involve the upper extremity and 
involve working age males 95% of the time. The dominant 
hand frequently is injured, and 50% of these injuries result in 
amputation. Tissue damage can result from a combination of 
thermal, electrical, and metabolic cellular factors. The extent of 
injury is determined by the characteristics of the injuring cur-
rent, including the voltage, amperage, and resistance of the tis-
sues; the duration of contact with the current; and the patient’s 
susceptibility to it (Fig. 70.8). Exposure to 1 to 2 mA causes a 
tingling sensation, 8 to 12 mA causes muscle contraction, and 
greater than 20 mA causes tetanic contractions exceeding the 
let-go threshold, causing prolonged exposure with dislocations 
and fractures. Although the skin damage caused by electrical 
injury may be the most impressive presenting finding, signifi-
cant deep injury may be present as determined by the route 
the electrical current takes through the body. Maximal dam-
age occurs in narrow anatomic zones such as the elbow, wrist, 
and fingers, which are called choke points. Electrical injuries 
may involve the central and peripheral nervous systems, the 
cardiopulmonary and peripheral vasculature, the musculo-
skeletal system, the kidneys, and the skin. Initial management 
is directed at resuscitation. Appropriate diagnostic measures 

include radiographs of potential fractures and dislocations; 
electrocardiogram; and serum chemistries to assess electro-
lytes and liver, renal, cardiac, and skeletal muscle injury. Urine 
myoglobin levels and arterial blood gases are measured as 
well. The extent of injury to all systems should be evaluated, 
ensuring satisfactory hydration and urinary output, because 
patients with electrical burns may require more fluid resuscita-
tion than might be calculated based on the injury to the total 
body surface area. Urinary output of 50 to 100 mL/hr is prefer-
able. Recognizing, stabilizing, and reversing the effects of car-
diac injury and the nephrotoxic effects of myoglobinuria and 
hemoglobinuria also are important. Because of the potential 
for hemorrhage from damaged vessels, a tourniquet should be 
kept near the patient’s bedside.

In electrical burns of the hand and upper extremity, the ini-
tial evaluation should include a thorough examination of the 
entire body for skin and neuromuscular injury. Evaluation of cir-
culation includes examination of skin color and warmth, palpa-
tion of peripheral pulses, and flow assessment with a Doppler 
probe. Skin burns may be the result of contact, flame, flash, or 
electrical arcing, or all of these may be factors. Contact burns 
have a central charred area surrounded by erythema. Flash and 
flame burns are thermal injuries, having the appearance of other 
thermal burns. Arcing burns usually are seen in the axilla, the 
antecubital fossa, and the distal forearm. There is no correlation 
between the size of the skin injury and the actual extent of injury.

Muscle injury is assessed clinically using the usual meth-
ods of palpation and evaluation of active motion and mea-
surement of tissue compartment pressures. Extensive muscle 
damage may be undetectable in a clinical examination, and 
myoglobinuria may be a clue as to the extent of muscle injury. 
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FIGURE 70.8 Electrical contact. Various damaging forces 
involved in high-energy electrical shock. With voltages greater 
than 1000 volts, electrical contact (arc mediated) precedes mechan-
ical contact. High surface temperatures at contact points produce 
deep burns. Current passage through extremity leads to electrical 
breakdown of muscle and nerve membranes. Prolonged contacts 
of several seconds result in substantial deep tissue burning. High-
energy arcs produce shock waves that can cause blunt trauma.  
(From Danielson JR, Capelli-Schellpfeffer M, Lee RC: Upper extremity 
electrical injury, Hand Clin 16:225, 2000.)
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Other techniques that have been studied include technetium-
99m pyrophosphate scanning, arteriography, and a xenon-
133 washout technique. Deep injury also may be shown with 
gadolinium-enhanced MRI.

Patients with relatively minor electrical injuries may not 
require surgical treatment. For the management of more 
severe electrical injuries of the upper extremity, two methods 
are advocated. One method is immediate escharotomy, fasci-
otomy, and debridement of necrotic tissue, followed by repeat 
debridement until the wound is suitable for closure with skin 
grafts, remote flaps, or free tissue transfer. Decompression 
of peripheral nerves, including the median nerve at the car-
pal tunnel, is included in this initial procedure. Because tis-
sue necrosis may not be clearly detectable for 24 to 48 hours 
after injury, some prefer a second approach in which decom-
pression procedures are delayed unless decreased perfusion 
or increasing compartmental pressures are clearly evident. 
The extent and severity of the injury may make amputation 
inevitable. Mann et al. reported an amputation rate of 45% in 
patients who had decompression within 24 hours and a rate 
of 10% in patients undergoing delayed decompression and 
debridement. Management of severe injuries should proceed 
in a progressive manner. Decompression by escharotomy and 
fasciotomy, when indicated, should be performed, followed 
by thorough debridement of necrotic tissue, usually in a serial 
fashion, and coverage by means of skin grafting, a remote flap 
technique, or free tissue transfer. After a course of healing 
and rehabilitation, patients with electrical burns may require 
additional reconstructive procedures (Fig. 70.9). 

RADIATION BURNS
In radiation burns or dermatitis caused by overexposure 
to roentgen rays, the skin becomes pale, dry, atrophic, and 
wrinkled, and scattered keratoses develop; the fingernails 

split longitudinally. Within weeks of exposure, itching, ery-
thema, and blistering may be seen; later, painful ulcers may 
develop. The skin can become increasingly painful, and even-
tually narcotics may be indicated. Multiple squamous cell car-
cinomas may develop and cause ulceration. Such burns have 
caused physicians and other medical professionals to lose dig-
its. These burns, typically on the dorsum of the fingers of the 
left hand, presumably are caused in the medical profession 
by holding roentgen cassettes or using the fluoroscope with-
out protection. When breakdown of tissue, pain, or malignant 
change makes resurfacing of the hand necessary, the damaged 
skin is excised and split-thickness grafts are applied simulta-
neously. The area of excision should be generous, including 
even questionably involved skin; usually all dorsal skin from 
the wrist distally should be replaced. Malignant changes in 
the hand may require amputation. 

CHEMICAL BURNS
Chemical burns to the hand usually result from spills, splash-
ing, or immersion. Most chemical burns to the hand are 
superficial, requiring only first aid management, and the 
prognosis is good. It is important to remember, however, 
that certain chemicals carry a risk of systemic toxicity and 
even death. Circumferential burns of the hand are unusual. 
Sulfuric acid and alkali account for most chemical injuries. 
Acid burns usually progress until damaged tissue neutralizes 
the acid or the acid is neutralized by lavage or a neutralization 
treatment. Injury caused by alkaline substances may progress 
for long periods, resulting in extensive and deep liquefaction 
necrosis. Jelenko and Reilly and Garner reviewed the chemi-
cals that burn and their recommended emergency treatment 
(Fig. 70.10). Prolonged water lavage is best for most chemi-
cal burns, avoiding attempts to neutralize with either alka-
line or acidic solutions. It should be started at the scene of 

 

A B

FIGURE 70.9 A, Electrical burn contracture of first webspace. B, After release and resurfacing 
with free lateral arm flap.  (From Fufa DT, Chuang SS, Yang JY: Postburn contractures of the hand, J 
Hand Surg Am 39:1869, 2014.)

    

https://booksmedicos.org


CHAPTER 70 SPECIAL HAND DISORDERS 3679

injury and should last 20 to 30 minutes to bring the skin pH 
to near neutral. Lavage for longer periods of time may be nec-
essary for severe acid burns and for alkali burns. Chemical 
injury from some agents requires specific management (Table 
70.1). Exposure of elemental lithium, potassium, and sodium 
to water causes ignition. Initial management includes min-
eral oil application, followed by water irrigation of particles 
remaining in the skin. Hydrofluoric acid, which is used in 
glass etching and petrochemical refining, results in continu-
ing tissue damage because of the fluoride ion, which combines 
with calcium and magnesium in the tissues. Hypocalcemia 
may result if it involves more than 2.5% total body surface 
area. After initial water irrigation, application of a 2.5% cal-
cium gluconate gel may be sufficient. If pain is not relieved 
promptly, injection of 10% calcium gluconate or magnesium 
sulfate deep to the lesions may be beneficial. For persistent 
pain, 10 cc of 10% calcium gluconate in 40 cc saline can be 
delivered as Bier block or intraarterially over 4 hours or until 
the pain is eliminated. Because phenol is not water soluble, 
removal with glycerol or polyethylene glycol has been recom-
mended. White phosphorus particles may continue to smoke 
as long as they are exposed to air. Initial irrigation with a 
solution of 1% to 3% copper sulfate blackens the phosphorus 
particles so that they can be removed under water in a water 
bath. If the phosphorus is not irrigated first with copper sul-
fate, it may ignite on contact with water. Tar burns are best 

treated with an emulsifying agent such as Neosporin cream. 
Significant chemical burns seen late may require hospitaliza-
tion and monitoring of the hand and digital circulation with 
Doppler probes and digital oximetry. If circulatory compro-
mise results from a circumferential burn, decompression is 
indicated. Deeper chemical burns may require debridement 
and closure with skin grafts, pedicle flaps, or free tissue trans-
fer. Recovery usually is prompt if surgical treatment is com-
bined with a hand therapy rehabilitation program. 

FROSTBITE
Frostbite injuries to the hands and feet account for about 90% 
of frostbite cases. Frostbite tissue damage seems to arise from 
direct cell death owing to freezing and anoxia caused early 
by vascular constriction and later by vascular thrombosis. 
Research by Heggers et al. found elevation of thromboxane 
and prostaglandin metabolites in frostbite blister fluid. In 
order of increasing degrees of damage, the following condi-
tions develop: erythema, edema, vesiculation, necrosis of the 
skin, necrosis of deeper soft tissue, and necrosis of bone (Fig. 
70.11). Superficial frostbite results in relatively clear blisters, 
and deeper injuries may be anesthetic after thawing and form 
hemorrhagic blisters. The traditional categorization of frost-
bite into four degrees has not been as useful in determining 
results of treatment as has the designation of the injuries as 
superficial and deep (Box 70.1).

Regardless of the depth of injury, the initial treatment of 
frostbite is the same. In the field, there should be no attempt at 
rewarming because of the risk of refreezing and consequently 
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FIGURE 70.10 Critical pathway for treatment of chemical burn 
injury.  (From Reilly DA, Garner WL: Management of chemical injuries to 
the upper extremity, Hand Clin 16:215, 2000.)

 TABLE 70.1

Common Chemicals

COMMERCIAL 
TYPES

CHEMICAL 
COMPOUND TREATMENT

Batteries Sulfuric acid, Li2+ Water irrigation
Toilet bowl 
cleaners

HSO4 HCl (muriatic 
acid)

Water irrigation

Pool cleaners HCl Magnesium oxide, 
soaps

Rust removers HFl (H+/F1), chromic 
acid

Water irrigation, 
calcium/magne-
sium (Ca2+Mg2+) 
slurry

Petroleum 
solvents

Organics Dilute soaps, 
water irrigation

Bleach Sodium hypochlorite Water irrigation
Drain unclog-
gers, oven 
cleaners

Lye (sodium hypo-
chlorite), NaOH

Water irrigation

Tile cleaners* Ammonium chloride 
(alkali)

Water irrigation

Cement Lye Water irrigation

*Brand-name companies make multiple products—some acid, some alkali. It 
is not enough to have patients tell you what brand-name chemical they came 
into contact with; the exact product name must be known to treat an injury 
adequately.
From Reilly DA, Garner WL: Management of chemical injuries to the upper 
extremity, Hand Clin 16:215, 2000.
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more injury. Splinting the part and support of the patient with 
prompt transfer to a hospital is recommended. The immediate 
basic care of frostbite, whether the tissue is blistered or discol-
ored, is warming in a water bath and cleaning, followed by min-
imal debridement and watchful waiting for necrosis. A widely 
accepted treatment protocol has been developed to include later 
management (Fig. 70.12). Rewarming is done gradually. The 
patient is placed in a tub or whirlpool bath with the tempera-
ture at about 38°C. The bath temperature is slowly increased to 
about 40°C. The goal is to bring the skin temperature to nor-
mal in 15 to 20 minutes. Care is taken to support the circulation 
with intravenous infusions and to minimize systemic acido-
sis, which may occur. Sodium bicarbonate should be given as 
needed. After warming, the hand should be washed daily. A 
Hubbard tank usually is satisfactory for washing. Blisters are 
debrided if they rupture spontaneously, become too tight and 
uncomfortable, or become infected; otherwise, they should not 
be disturbed. Active motion should be encouraged, and fre-
quent washings should be continued. Amputation should be 
delayed until there is definite demarcation; this may require sev-
eral weeks or a few months. Radiographic techniques, including 
technetium-99m–labeled methylene diphosphonate bone scan-
ning, MRI, and magnetic resonance angiography, can be help-
ful in identifying demarcation of tissue necrosis. Splinting and 
an organized program of hand therapy may be needed to assist 
in fully rehabilitating the patient. In contrast to thermal burns, 
there is no place for early excision and grafting in the treatment 
of frostbite. If there is extensive tissue loss, coverage may require 
skin grafts, pedicle skin flaps, and free tissue transfer.

Physeal arrest has been described in several children with 
severe frostbite (Fig. 70.13); the index and little fingers were 
involved more frequently than the middle and ring fingers, 
and the thumb was involved least of all. Disturbance in growth 
develops gradually. Later in life, procedures may be needed to 
correct angular deformities; these should be delayed as long 
as possible to obtain maximal growth. 

 

A B C

FIGURE 70.11 Frostbite injuries. A and B, Superficial (first and second degree frostbite). C, 
Deep frostbite 3 weeks after injury.  (From Hutchison RL: Frostbite of the hand, J Hand Surg Am 39:1863, 
2014.)

Classification of Cold Injury According to 
Severity

Superficial

First Degree
Partial skin freezing
Erythema, edema, and hyperemia
No blisters or necrosis
Occasional skin desquamation (5-10 days later) 

Second Degree
Full-thickness skin freezing
Erythema and substantial edema
Vesicles with clear fluid
Blisters that desquamate and form blackened eschar 

Deep

Third Degree
Full-thickness skin and subcutaneous tissue freezing
Violaceous/hemorrhagic blisters
Skin necrosis
Blue-gray discoloration 

Fourth Degree
Full-thickness skin, subcutaneous tissue, muscle, tendon, and 

bone
Freezing
Little edema
Initially mottled, deep red or cyanotic
Eventually dry, black, and mummified

 BOX 70.1 

From McAdams TR, Swenson DR, Miler RA: Frostbite: an orthopedic perspective, 
Am J Orthop 28:23, 1999.
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INJECTION INJURIES
High-pressure injection injuries can be devastating, fre-
quently resulting in functional loss or amputation. Nozzle 
pressure as low as 100 psi can penetrate the skin, and some 
materials are sprayed at a pressure as high as 10,000 psi. The 
main determinants of outcome are location of the injection, 
pressure of injection, the material injected, and the time to 
surgical debridement. Fluids that have been accidentally 
injected into the hand through high-pressure guns include 
water, lubricating grease, diesel fuel, brake fluid, dry clean-
ing solvents, insecticides, paint, turpentine, cement, molten 
metal, and plastics. Oil-based substances are particularly haz-
ardous. Paints have been found to be more toxic than grease, 
and oil-based paints are more damaging than latex paints. 
Dry cleaning solvents (hydrocarbons, methoxypropanol, and 
dichlorofluoroethane) may cause tissue necrosis owing to 
local toxicity, at times resulting in amputation of the digit.

The nozzle pressure in paint guns may reach 5000 psi. 
Paint gun injuries usually are caused by wiping the jet open-
ing of a high-pressure gun with the index fingertip. The stream 
of paint strikes the part with such pressure that it penetrates 
the skin and spreads widely throughout the underlying fascial 
planes and tendon sheaths. The resulting distention of tissues 
and the inflammatory reaction cause marked ischemia of tis-
sue; tissue necrosis, fever, and leukocytosis follow. Immediate 

incision and drainage of the injured part, with the patient 
under general anesthesia, are recommended to relieve pres-
sure and to remove as much of the foreign material as pos-
sible; delay in such treatment can result in loss of the part. 
Amputation rates reported for injection injuries range from 
16% to 49%. Higher amputation rates have been associated 
with organic and caustic materials.

Grease gun injuries (Fig. 70.14), similar to paint gun 
injuries, are caused by penetration of the tissues by grease or 
diesel fuel under high pressure. The grease or fuel balloons 
the soft tissues and follows the planes of least resistance; it 
causes ischemia and chemical irritation, but the inflamma-
tion is not as severe as that caused by paint. Treatment con-
sists of relieving ischemia by decompression and, if possible, 
preventing infection; the distended tissues are opened imme-
diately through bold incisions that follow the principles given 
for placing hand incisions (see Chapter 64), and the foreign 
material is evacuated. The incisions are closed loosely, if at 
all; antibiotics are administered, and the hand is immobilized 
and elevated. 

SHOTGUN INJURIES
Shotgun injuries are low-velocity missile wounds, are mul-
tiple, and often are contaminated by such foreign material as 
clothing and wadding from the shotgun shell. The wadding 
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FIGURE 70.12 Treating frostbite injuries of upper extremity. After initial resuscitation and 
rewarming, clinical assessment of injury severity is made. Triple-phase bone scan is performed in 
deep injuries at 48 hours and repeated 72 hours later if no flow is seen in delayed images. Vascu-
larized tissue transfer is performed if patient is candidate for salvage.  (From Su CW, Lohman R, 
Gottlieb LJ: Frostbite of the upper extremity, Hand Clin 16:235, 2000.)
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usually is made of paper or plastic and represents a dangerous 
foreign body contaminating the wound. In the upper extrem-
ity, such injuries usually occur at close range and the clustered 
shots cause destruction of multiple tissues; often the skin sur-
rounding the wound is burned by powder (Fig. 70.15).

The wound should be thoroughly debrided of foreign 
material, devitalized muscle, fat, and skin. Nerves, although 
damaged, should not be excised. Removing every piece of 
shot is unnecessary, but attempts should be made to remove 
any that are lodged within joints. Pellets lying just beneath 
the skin often erode it, are painful, and require removal later. 
All free osseous fragments should be removed, and any seg-
mental defects in bones should be bridged by Kirschner wires 
to prevent collapse of the bony architecture. External fixation 
may be required to maintain skeletal alignment if there are 
large bone defects. When the patient’s condition permits and 
when joints, nerves, and tendons are exposed, the wound can 
be closed primarily or with skin grafts. A remote pedicle flap 
or free tissue transfer may be necessary. A filleted finger is 
useful. The wound can be left open for a few days but should 
not be allowed to fill in slowly by granulation tissue and heal 
spontaneously. A healed, stable wound is necessary before 
any reconstructive surgery is possible. 

WRINGER INJURIES
The term wringer injury was first used by MacCollum in 1938 
to designate a crushing injury of the upper extremity caused 
by its passage between the rollers of the wringer on an elec-
tric washing machine. Similar injuries continue to occur in 

industrial workers. Early examination may reveal only abra-
sions or tears of the skin or occasionally a fracture. This first 
examination often is misleading, however, because severe 
swelling caused by hemorrhage and edema may occur hours 
later. If the injury is severe, the skin and deep tissues are 
burned by the rollers, often at one level where the extremity 
is blocked from entering farther between the rollers, usually 
at the base of the thumb, the antecubital fossa, or the axilla. 
Some of the skin avulsion may be caused by the patient’s 
vigorous attempts to free the limb while the rollers are still 
in motion. These injuries typically include bursting of the 
skin at the thumb web, with the thenar muscles protruding 
through the opening. Hospitalization usually is required. The 
limb is cleaned with soap and water, and any open wounds 
are debrided and closed loosely or left open for delayed clo-
sure or skin grafting. A pressure dressing that includes the 
entire hand is applied immediately, with care taken to dis-
tribute the pressure evenly. First, the area is covered by finely 
woven, nonadherent gauze, and flat gauze pads are applied; 
next, large masses of cotton and an elastic bandage are rolled 
on evenly. The extremity is elevated and is kept so throughout 
treatment. At 24 hours, the dressing is removed; the wound 
then is inspected for blisters, hematomas, and necrosis and 
the dressing is reapplied. This is repeated every 24 hours until 
the injury becomes stabilized. If necessary, any devitalized tis-
sue is excised, and the wound is closed appropriately. 

EXTRAVASATION INJURIES
Extravasation of numerous intravenously administered med-
ications can cause deep necrosis and morbidity. Problems 
related to the extravasation of chemotherapeutic agents and 
radiographic contrast materials have been reported frequently 
in recent years. Effects of some extravasated substances may 
be minimal, whereas others may cause extensive tissue necro-
sis. These substances may be grouped into vesicants and irri-
tants. Vesicants may cause full-thickness tissue death, pain, 
and redness. Irritants cause pain without an inflammatory 
component.

With an incidence of 0.5% to 6% or more, extravasation 
of chemotherapeutic agents is a leading cause of tissue injury. 
Causative agents include doxorubicin, bleomycin, nitro-
gen mustards, bacille Calmette-Guérin, and 5-fluorouracil. 
Lesions caused by their extravasation range from deep tissue 
necrosis to perivenous hyperpigmentation. Postextravasation 
necrosis is determined by several factors, including the agent 
extravasated, the extravasation site, the host response, the 
delay in recognition and treatment, and the type of treatment 
administered. Box 70.2 lists risk factors involved in extrav-
asation injuries. Pathophysiologic mechanisms of injury 
secondary to extravasation include ischemic necrosis, cell 
toxicity, mechanical compression, osmotic damage, and bac-
terial proliferation beneath an eschar. In a report of doxoru-
bicin extravasation injuries, Linder et  al. found that factors 
causing extravasation included infusion under pressure, fail-
ure to release a proximal tourniquet, use of inadequate veins, 
thrombosis of proximal veins, spasm at previous venipunc-
ture sites, active thrombophlebitis, and veins with multiple 
holes near the infusion site.

Most authors recommend immediate treatment. There 
is no universal agreement on pharmacologic treatment. 
Reported antidotes include hydrocortisone, hyaluronidase, 

 FIGURE 70.13 Deformities of fingers in 12-year-old girl caused 
by frostbite incurred at age 2 years. Note destruction of epiphyses 
of middle and distal phalanges of all fingers and deformity of 
epiphysis of proximal phalanx of little finger. Osseous changes in 
right hand were similar.  (From Bigelow DR, Ritchie GW: The effects 
of frostbite in childhood, J Bone Joint Surg 45B:122, 1963.)
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propranolol, sodium bicarbonate, isoproterenol, topical 
dimethyl sulfoxide, vitamin E, and heat packs. Clinical stud-
ies support early debridement, drainage, irrigation, repeat 
debridement, and delayed closure as methods that consis-
tently yield the best results. Ultraviolet light has been found 
to be useful in locating and removing fluorescent doxorubi-
cin-containing tissue. After removing the extravasated fluid, 
intravenous fluorescein can be injected to determine the 
demarcation between viable and nonviable tissue for debride-
ment. A comparison of various antidotes with early surgi-
cal treatment in rats found early surgical debridement most 
effective in decreasing the size of vesicant ulcers and speeding 
the healing of ulcers. In treating phenytoin extravasation in 
the hand, elevation and splinting with a compression dressing 
were effective in the absence of cellulitis, abscess, skin loss, 
or compartment pressure elevation. For treatment of upper 
extremity injuries from medications, the best results have 

been obtained with immediate discontinuation of the intra-
venous line, elevation of the part, avoidance of antidotes, late 
debridement and coverage, and incorporation of a rehabili-
tation program early in the recovery. Healing without soft-
tissue injury has been reported in 86% to 96% of patients with 
the use of liposuction and saline flush to remove extravasated 
material, preserving the overlying skin.

Although extravasation of radiographic contrast materi-
als probably occurs more often than literature reports suggest, 
skin necrosis as a complication has been reported in 0.5% of 
radiographic contrast studies. The incidence increased with 
the introduction of automatic power injectors that allowed 
for less radiation exposure to the technician. Tissue response 
varies depending on whether iodinated high osmolar contrast 
is used versus noniodinated low osmolar contrast. The non-
iodinated contrast is more commonly used and causes much 
less tissue damage if extravasated. Local inflammation may be 
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FIGURE 70.14 A, Site of high-pressure injection of unknown substance. Patient complained 
of pain and numbness of digit and palm. B, Extensive debridement was done through modified 
Brunner incision. C, Two days after surgery, compartment syndrome necessitated fasciotomies. 
Repeated debridements of devitalized tissue were required, including amputation of left index 
finger. D and E, Hand function at 7 months after injury.
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the only response to extravasation of small amounts of con-
trast solutions. Large extravasations can result in skin necro-
sis, producing painful ulcers that are slow to heal. Historically, 
Loth and Jones reported that early surgical debridement, 
wound lavage, and delayed closure produced “excellent” func-
tional and cosmetic results. Their management of patients 
with these injuries was determined by the amount of solution 
extravasated. Radiographs were used to estimate the volume 
and extent of extravasation. Insignificant extravasations (<5 
mL) were treated with elevation in warm compressive dress-
ings. Significant extravasations (>20 mL) were treated with 
emergency surgical drainage and wound lavage, preferably 
within 6 hours of extravasation. Intraoperative radiographs 
were used to ensure complete removal of contrast solution. 
When tissue necrosis was found, closure was delayed 3 to 5 
days. Treatment of extravasation of 5 to 20 mL was based on 
the clinical presentation; severe soft-tissue reaction, swelling, 
and pain were indications for surgery. Less invasive surgical 
techniques are currently used for large (>50 mL) extrava-
sations. Tsai et  al. in 2007 described the manual squeeze 
technique in which multiple punctures or stab incisions are 
created and the contrast is expressed with squeezing or milk-
ing. Kim et  al. in 2017 reported 23 patients in whom large 
volume extravasations were successfully treated with this 
squeezing technique. 

FOCAL DYSTONIA OF THE HAND
Idiopathic focal hand dystonia is characterized by muscle 
cramps that accompany execution of specific tasks. These 
task-specific dystonias involving the hand are referred to 
as writer’s cramp, keyboarder’s cramp, occupational hand 
cramp, musician’s cramp, or golfer’s “yip.” Unfortunately 
1% to 2% of professional musicians are affected and may be 
forced to alter their career. Although there are cases reported 

after musculoskeletal injury or paravertebral or central nerve 
injury, most are believed to involve dysfunction in integra-
tion or circuitry of the basal ganglia, sensory thalamus, and 
the somatosensory and sensorimotor cortices. A thorough 
history and physical examination will help differentiate focal 
dystonia from other diagnoses such as peripheral neuropa-
thy, radiculopathy, plexopathy, thoracic outlet syndrome, 
repetitive overuse injury, focal seizures, medication effects, 
and psychogenic movement disorders. This condition often 
is treated with injection of botulinum toxin, but this is not a 
cure and merely targets the symptoms. Because this is a neu-
rologic problem, sensorimotor retraining and proprioceptive 
activities generally are recommended. 

PSYCHOFLEXED AND 
PSYCHOEXTENDED HANDS 
(DYSFUNCTIONAL POSTURES)
At least two typical postures of the hand are associated 
with psychiatric disorders. One is the psychoflexed hand 
or clenched fist syndrome (Figs. 70.16 and 70.17), in which 
either all or only the ulnar three digits are severely flexed and 
contracted. The clenched fist syndrome was first described 
by Simmons and Vasile in 1980 and the psychoflexed hand 
by Frykman et al. in 1983. These were thought to be differ-
ent manifestations of the same disorder. It is generally con-
sidered a conversion disorder in which it is unconsciously 
motivated and unconsciously produced. Often this disorder 
is associated with depression, schizophrenia, or obsessive-
compulsive disorders. It interferes with hygiene of the hand 
and may cause an offensive odor and palmar skin macera-
tion. In addition, secondary infection can occur from pres-
sure of the fingernails in the palm. There is no predilection for 
the minor or dominant hand. The psychoflexed hand should 

 

A B

FIGURE 70.15 Close range gunshot injury shows tattooing from gunpowder (A) and exit wound 
(B).  (From Eardley WGP, Stewart MPM: Early management of ballistic hand trauma, J Am Acad Orthop 
Surg 18:118, 2010.)
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be differentiated carefully from such disorders as Dupuytren 
contracture, arthrogryposis multiplex congenita, and certain 
spastic hand deformities that occur secondary to stroke or 
cerebral palsy. Extensive workup may be necessary including 
electromyography and MRI to rule out other disorders. An 
experienced surgeon usually can distinguish these conditions 
easily.

The second posture is the psychoextended hand. It is sim-
ilar to the psychoflexed hand except that the ulnar three digits 
are held in rigid hyperextension at the proximal interphalan-
geal joints and in flexion at the metacarpophalangeal joints. 
This seems to permit a partially functioning hand consisting 

of a pinch mechanism preserved between the thumb and 
index finger. The index finger metacarpophalangeal joint is 
held in flexion, but active flexion and extension are preserved 
at the proximal interphalangeal joint, permitting opposition 
to the thumb pulp. Sometimes these patients permit passive 
extension at the metacarpophalangeal joint and passive flex-
ion at the proximal interphalangeal joint, but after release the 
posture quickly recurs. Increased hyperextension is eventu-
ally possible at the proximal interphalangeal joints by persis-
tent stretching. These patients rarely are distressed by their 
problems and rarely demand treatment to correct the posture. 
They may permit surgery to be performed, but it should be 
avoided. The treatment should involve physical therapy and 
psychotherapy, although these may be unsuccessful. 

FACTITIOUS HAND SYNDROMES
Factitious lymphedema, Secretan syndrome, factitious ulcer-
ations, subcutaneous emphysema, wound manipulation, 
pachydermodactyly, self-mutilation, and self-induced nail 
dystrophies may be encountered by physicians in all fields 
and occasionally are referred to an orthopaedic specialist. It is 
important to recognize the warning signs that the patient may 
be causing the presenting illness through a careful history 
and physical examination. Unlike the clenched fist syndrome, 
which is unconsciously motivated and produced, fictitious 
hand syndrome is unconsciously motivated but consciously 
produced. Also, in comparison malingering is consciously 
motivated and produced.

Grunert et  al. identified three types of factitious hand 
syndromes, depending on the physical presentation: (1) self-
mutilation and wound mutilation, (2) edema, and (3) finger 
and hand deformities. These patients had two distinct psycho-
logic diagnoses: factitious disorder with physical symptoms 
and conversion disorder. Of two personality profiles identi-
fied with the Minnesota Multiphasic Personality Inventory, 
the emotionally dependent group responded to behavioral 
treatment, whereas the angry, hostile, and self-mutilating 
patients had the poorest response to treatment.

Self-induced injury should be suspected when there is 
a history of prolonged edema, lack of wound healing, or a 
deformity without a plausible explanation. Further suspicion 

Risk Factors in Extravasation Injuries

Patient Factors
 n  Increased age associated with greater likelihood of sustaining 

injury because of:
Fragile skin and vessels
Low muscle to subcutaneous tissue mass ratio
Inability to report pain at infusion site

 n  Vascular compromise associated with reduced tolerance to 
injury

 n  Peripheral neuropathy associated with inability to detect 
pain upon extravasation 

Mechanism of Injection and Infusion Site
 n  Use of power injectors instead of plastic cannulae
 n  Periarticular infusion sites more prone to injury because of 

movement
 n  Cannulae placed near tendons or nerves increases risk for 

severe complications
 n  Multiple previous venous punctures along a vein compro-

mise venous wall 

Type of Injected Drug
 n  Volume and concentration of drug injected
 n  Cytotoxicity

Vesicant (DNA binding and non-DNA binding)
Exfoliant
Irritant
Inflammatory
Neutral

 n  Extremes of pH (agents with pH values over 5.5-8.5 are 
particularly harmful)

 n  Osmolality (hypertonic solutions cause tissue damage by 
cell implosion; hypotonic solutions cause tissue damage by 
cell explosion)
Glucose (>10%)
Sodium bicarbonate (>1.8%)
Potassium/sodium chloride, calcium gluconate, magnesium 

sulfate
Mannitol infusions
Parenteral nutrition preparations (650 mOsm/L)
Ionic, high osmolarity radiologic contrast media

 n  Vasoconstrictor agents
Adrenaline
Noradrenaline

 BOX 70.2 

Data from Goutos I, Cogswell LK, Giele H: Extravasation injuries: a review, J Hand 
Surg Eur Vol 39E:808, 2014.

 FIGURE 70.16 Psychoflexed hands. Patient had flexion contrac-
tures of ulnar three fingers of both hands with palmar maceration.
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should be aroused when the patient gives a history of hav-
ing seen several competent physicians who were unable to 
establish an organic diagnosis after multiple diagnostic pro-
cedures. Casting the edematous part or wound may be of 
diagnostic value if the cast is worn long enough for a wound 
to heal or for edema to resolve. Reappearance of the wound 
or edema after the cast has been removed helps to establish 
the diagnosis. Most of these patients do not wear the cast long 
enough to make a difference (Fig. 70.18).

Secretan disease was described in 1901 as an edematous 
process over the dorsal metacarpal area. It also has been called 
peritendinous fibrosis and factitious lymphedema. Although 
the cause is controversial, it has been considered to be a result 
of self-inflicted injury for the purpose of secondary gain or as 
a conversion reaction. Conservative, nonoperative care and 
psychiatric counseling generally are the best treatments for 
these patients.

The entire extremity should be inspected for evidence 
of some type of constricting band proximally. The edema 
varies in severity depending on the length of time and the 
frequency with which and how recently the limb has been 
constricted. The constriction usually is applied when the indi-
vidual is alone. As with any patient, it is important to rule out 
an organic, anatomic basis for the complaint; however, sur-
gery is rarely beneficial in these patients. Psychologic assis-
tance should be obtained early in the course of evaluation and 
management.
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https://booksmedicos.org


CHAPTER 70 SPECIAL HAND DISORDERS 3687

THERMAL BURNS
Askari M, Cohen MJ, Grossman PH, Kulber DA: The use of acellular dermal 

matrix in release of burn contracture in the hand, Plast Reconstr Surg 
127:1593, 2011.

Cowan AC, Stegink-Jansen CW: Rehabilitation of hand burn injuries: cur-
rent updates, Injury 44:391, 2013.

Davami B, Pourkhameneh G: Correction of severe postburn claw hand, Tech 
Hand Up Extrem Surg 15:260, 2011.

Friel MT, Duquette SP, Ranganath B, et al.: The use of glabrous skin grafts 
in the treatment of pediatric palmar hand burns, Ann Plast Surg 75:153, 
2015.

Fufa DT, Chuang SS, Yang JY: Postburn contractures of the hand, J Hand 
Surg Am 39:1869, 2014.

Fufa DT, Chuang SS, Yang JY: Prevention and surgical management of post-
burn contractures of the hand, Curr Rev Musculoskelet Med 7(53), 2014.

Hundeshagen G, Warsawski J, Tapking C, et  al.: Concepts in early recon-
struction of the burned hand, Ann Plast Surg 84(3):276, 2020.

Kreymerman PA, Andres LA, Lucas HD, et al.: Reconstruction of the burned 
hand, Plast Reconstr Surg 127:752, 2011.

Liodaki E, Kisch T, Mauss KL, et al.: Management of pediatric hand burns, 
Pediatr Surg Int 31:397, 2015.

McKee DM: Acute management of burn injuries to the hand and upper 
extremity, J Hand Surg Am 35:1542, 2010.

McKee DM: Reconstructive options of burn injuries to the hand and upper 
extremity, J Hand Surg Am 36:922, 2011.

Pan BS, Vu AT, Yakuboff KP: Management of the acutely burned hand, J 
Hand Surg Am 40:1477, 2015.

Parcells AL, Karcich J, Granick MS, Marano MA: The use of fetal bovine der-
mal scaffold (primatrix) in the management of full-thickness hand burns, 
Eplasty 14:336, 2014.

Park YS, Lee JW, Huh GY, et al.: Algorithm for primary full-thickness skin 
grafting in pediatric hand burns, Arch Plast Surg 39:483, 2012.

Puri V, Khare N, Venkateshwaran N, et  al.: Serial splintage: preoperative 
treatment of upper limb contracture, Burns 39(6):1096, 2013.

Richards WT, Vergara E, Dealaly DG, et al.: Acute surgical management of 
hand burns, J Hand Surg Am 39:2075, 2014.

Williams N, Stiller K, Greenwood J, et al.: Physical and quality of life out-
comes of patients with isolated hand burns—a prospective audit, J Burn 
Care Res 33:188, 2012.

ELECTRICAL BURNS
Jeevaratnam JA, Nikkhah D, Nugent NF, Blackburn AV: The medial sural 

artery perforator flap and its application in electrical injury to the hand, J 
Plast Reconstr Aesthet Surg 67:1591, 2014.

Karunadasa KP, Beneragama TS, Dissanayake DA, Perera D: Dorsal meta-
carpal artery flap for resurfacing of fourth-degree electrical burns of fin-
gers, J Burn Care Res 31:674, 2010.

Lee GK, Suh KJ, Kang IW, et al.: MR imaging findings of high-voltage elec-
trical burns in the upper extremities: correlation with angiographic find-
ings, Acta Radiol 52:198, 2011.

CHEMICAL BURNS
Robinson EP, Chhabra AB: Hand chemical burns, J Hand Surg Am 40:604, 

2015.

FROSTBITE
Chandran GJ, Chung B, Lalonde J, Lalonde DH: The hypothermic effect of 

a distal volar forearm nerve block: a possible treatment of acute digital 
frostbite injuries? Plast Reconstr Surg 126:946, 2010.

Grasu BL, Jones CM, Murphy MS: Use of diagnostic modalities for assessing 
upper extremity vascular pathology, Hand Clin 31(1), 2015.

Hutchison RL: Frostbite of the hand, J Hand Surg Am 39:1863, 2014.
Kiss TL: Critical care for frostbite, Crit Care Nurs Clin North Am 24:581, 2012.
Kloeters O, Ryssel H, Suda AJ, Lehnhardt M: Severe frostbite injury in a 

19-year-old patient requiring amputation of both distal forearms and 
lower legs due to delayed rescue: a need for advanced accident collision 
notification systems? Arch Orthop Trauma Surg 131:875, 2011.

Knobloch K, Ipaktchi R, Rennekampff HO, Vogt PM: Hand and facial burns 
related to liquefied petroleum gas (LPG) refuelling and cigarette smok-
ing—an underestimated risk? Burns 36, 2010:e140.

Sever C, Kulachi Y, Acar A, Duman H: Frostbite injury of hand caused by 
liquid helium: a case report, Eplasty 10:e35, 2010.

Sever C, Kulachi Y, Acar A, Karabacak E: Unusual hand frostbite caused by 
refrigerant liquids and gases, Ulus Travma Acil Cerrahi Derg 16:433, 2010.

Wisler JW, Wisler JR, Coffey R, Miller SF: The diversity of wound presen-
tation associated with Freon contact frostbite injury, J Burn Care Res 
31:809, 2010.

INJECTION INJURIES
Amsdell SL, Hammert WC: High-pressure injection injuries in the hand: 

current treatment concepts, Plast Reconstr Surg 132:586e, 2013.
Rosenwasser MP, Wei DH: High-pressure injection injuries to the hand, J 

Am Acad Orthop Surg 22:38, 2014.

SHOTGUN INJURIES AND GUNSHOT
Al-Qattan MM: Air gun pellet injuries of the hand, J Hand Surg Am 31B:178, 

2006.
Eardley WG, Stewart MP: Early management of ballistic hand trauma, J Am 

Acad Orthop Surg 18:118, 2010.

WRINGER INJURIES
Sever C, Külahci Y, Noyan N, Acar A: Thermal crush injury of the hand 

caused by roller type ironing press machine, Acta Orthop Traumatol Turc 
44:496, 2010.

EXTRAVASATION INJURIES
Breguet R, Terraz S, Righini M, Didier D: Acute hand ischemia after uninten-

tional intraarterial injection of drugs: is catheter-directed thrombolysis 
useful? J Vasc Interv Radiol 25:963, 2014.

Di Costanzo G, Loquercio G, Marcacci G, et al.: Use of allogeneic platelet gel 
in the management of chemotherapy extravasation injuries: a case report, 
OncoTargets Ther 8:401, 2015.

Goutos I, Cogswell LK, Giele H: Extravasation injuries: a review, J Hand Surg 
Eur 39:808, 2014.

Hahn JC, Safritz ZB: Chemotherapy extravasation injuries, J Hand Surg Am 
37:360, 2012.

Hannon MG, Lee SK: Extravasation injuries, J Hand Surg Am 36A:2060, 
2011.

Kim SM, Cook KH, Lee IJ, et  al.: Computed tomography contrast media 
extravasation: treatment algorithm and immediate treatment by squeez-
ing with multiple slit incisions, Int Wound J 14:430, 2017.

PSYCHOLOGICAL CONDITIONS
Birman MV, Lee DH: Factitious disorders of the upper extremity, J Am Acad 

Orthop Surg 20:78, 2012.
Byl NN: Diagnosis and management of focal hand dystonia in a rheumatol-

ogy practice, Curr Opin Rheumatol 24:222, 2012.
Frykman GK, Wood VE, Miller EB: The psycho-flexed hand, Clin Orthop 

Relat Res 174:153, 1983.
Iroozabadi A, Seifsafari S, Mozafarian K, Bahredar MJ: Psychopathological 

hand disorders: a rare somatoform reaction to psychological conflicts, 
Hand 7(2):181, 2012.

Lungu C, Karp BI, Alter K, et al.: Long-term follow-up of botulinum toxin 
therapy for focal hand dystonia: outcome at 10 years or more, Mov Disord 
26:750, 2011.

Opsteegh L, Reinders-Messelink HA, Groothoff JW, et  al.: Symptoms of 
acute posttraumatic stress disorder in patients with acute hand injuries, J 
Hand Surg Am 35A:961, 2010.

Potter P: Task specific focal hand dystonia: understanding the enigma and 
current concepts, Work 41:61, 2012.

The complete list of references is available online at ExpertConsult.com.

    

https://booksmedicos.org
http://ExpertConsult.com


SUPPLEMENTAL REFERENCES

ANEURYSM, THROMBOSIS, AND EMBOLISM
Allen EV: Thromboangiitis obliterans: methods of diagnosis of chronic 

occlusive arterial lesions distal to the wrist with illustrative cases, Am J 
Med Sci 178:237, 1929.

Ashbell T, Koonce OE, Clinard NE: The digital Allen test, Plast Reconstr Surg 
39:411, 1967.

Aulicino PL, Hutton PMJ, DuPuy TE: True palmar aneurysms: a case report 
and literature review, J Hand Surg Am 7:613, 1982.

Benitez PR, Newell MA: Vascular trauma in drug abuse: patterns of injury, 
Ann Vasc Surg 1:175, 1986.

Berrettoni BA, Seitz WH: Mycotic aneurysm in a digital artery: case report 
and literature review, J Hand Surg Am 15A:305, 1990.

Brzezinski M, Luisetti T, London MJ: Radial artery cannulation: a compre-
hensive review of recent anatomic and physiologic investigations, Anesth 
Analg 109:1763, 2009.

Coulon M, Goffette P, Dondelinger RF: Local thrombolytic infusion in arte-
rial ischemia of the upper limb: mid-term results, Cardiovasc Intervent 
Radiol 17:81, 1994.

Earnshaw JJ, Cosgrove C, Wilkins DC, et al.: Acute limb ischaemia: the place 
of intravenous streptokinase, Br J Surg 77:1136, 1990.

Esposito G, Marone EM, De Dominicis D, et  al.: Hand and wrist arterial 
aneurysms, Ann Vasc Surg 20:512, 2006.

Ettien JT, Allen JT, Vargas C: Hypothenar hammer syndrome, South Med J 
74:479, 1981.

Fisher MM, Smart AG: Nifedipine in ulnar artery occlusion, Angiology 
35:320, 1984.

Freiman S, Marom L, Ofer A, et al.: Multiple sequential posttraumatic pseu-
doaneurysms following high-energy injuries: case report and review of 
the literature, J Orthop Trauma 16:520, 2002.

Green DP: True and false aneurysms in the hand, J Bone Joint Surg 55A:120, 
1973.

Ho PK, Weiland AJ, McClinton MA, et al.: Aneurysms of the upper extrem-
ity, J Hand Surg Am 12A:39, 1987.

Isenberg JS: Spontaneous exercise-induced thrombosis of the radial artery: a 
case report and literature review, Ann Plast Surg 44:79, 2000.

Jelalian C, Mehrhof A, Cohen IK, et  al.: Streptokinase in the treatment of 
acute arterial occlusion of the hand, J Hand Surg Am 10A:534, 1985.

Koman LA, Urbaniak JR: Thrombosis of ulnar artery at the wrist. In 
American Academy of orthopaedic surgeons. In Symposium on microsur-
gery: practical use in orthopaedics, St. Louis, 1979, Mosby.

Koman LA, Urbaniak JR: Ulnar artery insufficiency: a guide to treatment, J 
Hand Surg Am 6A:16, 1981.

Komorowska-Timek E, Teruya TH, Abou-Zamzam Jr AM, et al.: Treatment 
of radial and ulnar artery pseudoaneurysms using percutaneous throm-
bin injection, J Hand Surg Am 29A:936, 2004.

Lee KL, Miller JG, Laitung G: Hand ischaemia following radial artery can-
nulation, J Hand Surg Am 20B:493, 1995.

Lorea P, Schuind F: False aneurysm appearing as delayed ulnar nerve palsy 
after “minor” penetrating trauma in the forearm, J Trauma 51:144, 2001.

McClinton MA: Tumors and aneurysms of the upper extremity, Hand Clin 
9:151, 1993.

Melhoff TL, Wood MB: Ulnar artery thrombosis and the role of interposi-
tional vein grafting: patency with microsurgical technique, J Hand Surg 
Am 16A:274,, 1991.

Murphy Jr RX, Korngold JM, Jaffe JW, et al.: Bilateral radial artery pseudoa-
neurysms associated with bilateral ulnar artery atresia: a case report, J 
Hand Surg Am 25A:565, 2000.

Ouriel K, Katzen B, Mewissen M, et al.: Reteplase in the treatment of periph-
eral arterial and venous occlusions: a pilot study, J Vasc Interv Radiol 
11:849, 2000.

Peris MD, Tomaino MM: Ulnar artery thrombosis: evaluation and indica-
tions for operative treatment and surgical technique, Am J Orthop 25:685, 
1996.

Pomahac B, Hagan R, Blazar P, et al.: Spontaneous thrombosis of the radial 
artery at the wrist level, Plast Reconstr Surg 114:943, 2004.

Porubsky GL, Brown SI, Urbaniak JR: Ulnar artery thrombosis: a sports-
related injury, Am J Sports Med 14:170, 1986.

Rainer C, Dabernig J, Gardetto A, et  al.: Compression of the ulnar nerve 
caused by an aneurysm of the ulnar artery in an HIV-positive patient, 
Plast Reconstr Surg 11:533, 2002.

Reid DB, Reid AW, Cuschieri RJ, et al.: Early experience with intra-arterial 
thrombolytic therapy for peripheral arterial occlusion, Scott Med J 36(7), 
1991.

Ritz M, Mahendru S, Smyth M, et  al.: Dynamic arteries of the hand, Surg 
Radiol Anat 31:279, 2009.

Ruch DS, Aldridge M, Holden M, et  al.: Arterial reconstruction for radial 
artery occlusion, J Hand Surg Am 25A:282, 2000.

Schiller W, Garren RL, Bay RC, et al.: Laser Doppler evaluation of burned 
hands predicts need for surgical grafting, J Trauma 43(35), 1997.

Strauch B, Melone C, McClain SA, et al.: True aneurysms of the digital artery: 
case report, J Hand Surg Am 29A:54, 2004.

Stricker SJ, Burkhalter WE, Ouellette AE: Single-vessel forearm arterial repairs: 
patency rates using nuclear angiography, Orthopedics 12:963, 1989.

Suzuki K, Takahashi S, Hakagawa T: False aneurysm in a digital artery, J 
Hand Surg Am 5A:402, 1980.

Tomaino MM: Digital arterial occlusion in scleroderma: is there a role for 
digital arterial reconstruction? J Hand Surg Am 25B:611, 2000.

Vohra R, Lieberman DP: Arterial emboli to the arm, J R Coll Surg Edinb 
36:83, 1991.

Wang ED, Li Z, Goldstein RY, et al.: Venous aneurysms of the wrist, J Hand 
Surg Am 26B:951, 2001.

Widlus DM, Venbrux AC, Benenati JF, et al.: Fibrinolytic therapy for upper-
extremity arterial occlusions, Radiology 175:393, 1990.

Zimmerman NB: Occlusive vascular disorders of the upper extremity, Hand 
Clin 9:139, 1993.

THERMAL BURNS
Barillo DJ, Harvey KD, Hobbs CL, et al.: Prospective outcome analysis of a 

protocol for the surgical and rehabilitative management of burns to the 
hands, Plast Reconstr Surg 100:1442, 1997.

Baux S: Thermal and chemical burns. In Tubiana R, editor: The hand, vol. 3. 
Philadelphia, 1988, Saunders.

Belliappa PP, McCabe SJ: The burned hand, Hand Clin 9:313, 1993.
Birchenough SA, Gampper TJ, Morgan RF: Special considerations in the 

management of pediatric upper extremity and hand burns, J Craniofac 
Surg 19:933, 2008.

Bondoc CC, Quinby WC, Burke JF: Primary surgical management of the 
deeply burned hand in children, J Pediatr Surg 11:355, 1976.

Bondoc CC, Quinby WC, Siebert S, et  al.: Management of acute thermal 
hand injuries. In Tubiana R, editor: The hand, vol. 3. Philadelphia, 1988, 
WB Saunders.

Brcic A: Primary tangential excision for hand burns, Hand Clin 6:211, 1990.
Carlotto R: The burned hand: optimizing long-term outcomes with a stan-

dardized approach to acute and subacute care, Clin Plast Surg 32:515, 
2005.

Chew BK, Chew DY, Kirkpatrick JJ, Watson SB: The free thin DIEP flap in 
microsurgical reconstruction of severe hand contractures following burn 
injury, J Plast Reconstr Aesthet Surg 61:1266, 2008.

Choi M, Armstrong MB, Panthaki ZJ: Pediatric hand burns: thermal, electri-
cal, chemical, J Craniofac Surg 20:1045, 2009.

Coffey MJ, Thirkannad SM: Glove-gauze regimen for the management of 
hand burns, Tech Hand Up Extrem Surg 13(4), 2009.

Falcone PA, Edstrom LE: Decision making in the acute thermal hand burn: 
an algorithm for treatment, Clin Orthop Relat Res 6:233, 1990.

Feldmann ME, Evans J, SJ O: Early management of the burned pediatric 
hand, J Craniofac Surg 19:942, 2008.

Fraulin FO, Illmayer SJ, Tredget EE: Assessment of cosmetic and functional 
results of conservative versus surgical management of facial burns, J Burn 
Care Rehabil 17:19, 1996.

Frist W, Ackroyd F, Burke J, et al.: Long-term functional results of selective 
treatment of hand burns, Am J Surg 149:516, 1985.

Gant TD: The early enzymatic debridement and grafting of deep dermal 
burns to the hand, Plast Reconstr Surg 66:185, 1980.

3687.e1
    

https://booksmedicos.org


PART XVIII THE HAND3687.e2

Goodwin CW, Maguire MS, McManus WR, et al.: Prospective study of burn 
wound excision of the hands, J Trauma 23:510, 1983.

Harrison DH, Parkhous N: Experience with upper extremity burns: the 
Mount Vernon experience, Hand Clin 6:191, 1990.

Heimbach D, Engrav L, Grube B, et al.: Burn depth: a review, World J Surg 
16(10), 1992.

Hunt JL, Sato RM: Early excision of full-thickness hand and digit burns, fac-
tors affecting morbidity, J Trauma 22:414, 1982.

Jostkleigrewe F, Brandt KA, Flechsig G, et al.: Treatment of partial-thickness 
burns of the hand with the preshaped, semipermeable Procel burn cover: 
results of a multicentre study in the burn centres of Berlin, Duisburg, and 
Munich, Burns 21:297, 1995.

Karanas YL, Buntic RF: Microsurgical reconstruction of the burned hand, 
Hand Clin 25:551, 2009.

Kowalske K: Outcome assessment after hand burns, Hand Clin 25:557, 2009.
Leonard LG, Munster AM, Su CT: Adjunctive use of intravenous fluores-

cein in tangential excision of burns of the hand, Plast Reconstr Surg 66:30, 
1980.

Logsetty S, Heimbach DM: Modern techniques for wound coverage of the 
thermally injured upper extremity, Hand Clin 16:205, 2000.

Madden JW, Enna CD: Management of acute thermal injuries to the upper 
extremity, J Hand Surg Am 8A:785, 1983.

Molnar JA, Simpson JL, Voignier DM, et al.: Management of an acute ther-
mal injury with subatmospheric pressure, J Burns Wounds 4(e5), 2005.

Pradier JP, Oberlin C, Bey E: Acute deep hand burns covered by a pocket 
flap-graft: long-term outcome based on nine cases, J Burns Wounds 6(e1), 
2007.

Riordan CL, McDonough M, Davidson JM, et al.: Non-contact laser Doppler 
imaging in burn depth analysis of the extremities, J Burn Care Rehabil 
24:177, 2003.

Ruosso M, Wexler MR: Burns of the upper limb: medical and surgical treat-
ment. In Tubiana R, editor: The hand, vol. 3. Philadelphia, 1988, Saunders.

Salisbury RE, Wright P: Evaluation of early excision of dorsal burns of the 
hand, Plast Reconstr Surg 69:670, 1982.

Schneider JC, Holavanahalli R, Helm P, et al.: Contractures in burn injury, 
part II: investigating joints of the hand, J Burn Care Res 29:606, 2008.

Shafer DM, Sherman CE, Moral SL: Hydrosurgical tangential excision of par-
tial-thickness hand burns, Plast Reconstr Surg 122:96e, 2008.

Sheridan RL, Baryza MJ, Pessina MA, et al.: Acute hand burns in children: 
management and long-term outcome based on a 10-year experience with 
698 burned hands, Ann Surg 229:558, 1999.

Sheridan RL, Hurley J, Smith MA, et al.: The acutely burned hand: manage-
ment and outcome based on the 10-year experience with 1047 acute hand 
burns, J Trauma 38:406, 1995.

Stefanacci HA, Vandevender DK, Gamelli RL: The use of free tissue transfers 
in acute thermal and electrical extremity injuries, J Trauma 55:707, 2003.

Sterline J, Gibran NS, Klein MB: Acute management of hand burns, Hand 
Clin 25:453, 2009.

Takeuchi M, Nozaki M, Sasaki K, et al.: Microsurgical reconstruction of the 
thermally injured upper extremity, Hand Clin 16:261, 2000.

Tilley W, McMahon S, Shukalak B: Rehabilitation of the burned upper 
extremity, Hand Clin 16:303, 2000.

Tredget EE: Management of the acutely burned upper extremity, Hand Clin 
16:187, 2000.

Tredget EE, Shankowsky HA, Taerum TV, et al.: The role of inhalation injury 
in burn trauma: a Canadian experience, Ann Surg 212:720, 1990.

Weinand C: The Vacuum-Assisted Closure (VAC) device for hastened attach-
ment of a superficial inferior-epigastric flap to third-degree burns on 
hand and fingers, J Burn Care Res 30:362, 2009.

Wong L, Spence RJ: Escharotomy and fasciotomy of the burned upper 
extremity, Hand Clin 16:165, 2000.

Yoon SW, Rebecca AM, Smith AA, et al.: Reverse second dorsal metacarpal 
artery flap for reconstruction of fourth-degree burn wounds of the hand, 
J Burn Care Res 28:521, 2007.

ELECTRICAL BURNS
Achauer B, Applebaum R, Vander-Kam VM: Electrical burn injury to the 

upper extremity, Br J Plast Surg 47:331, 1994.

Baumiester S, Köller M, Dragu A, et al.: Principles of microvascular recon-
truction in burn and electrical burn injuries, Burns 31:92, 2005.

Belliappa PP, McCabe SJ: The burned hand, Hand Clin 9:313, 1993.
Chang Z, Shen Z, Sun Y, et al.: Early repair treatment of electrical burns and 

recovery of tendons and nerves: report of 194 operations, Ann N Y Acad 
Sci 888:327, 1999.

Chick LR, Lister GD, Sowder L: Early free-flap coverage of electrical and 
thermal burns, Plast Reconstr Surg 91:754, 1993.

Chung KC, Tong L: Use of three free flaps based on a single vascular pedi-
cle for complex hand reconstruction in an electrical burn injury: a case 
report, J Hand Surg Am 26A:956, 2001.

Colic M, Ristic L, Jovanovic M: Emergency treatment and early fluid resusci-
tation following electrical injuries, Acta Chir Plast 38:137, 1996.

d’Amato TA, Kaplan IB, Britt LD: High-voltage electrical injury: a role for 
mandatory exploration of deep muscle compartments, J Natl Med Assoc 
86:535, 1994.

Danielson JR, Capelli-Schellpfeffer M, Lee RC: Upper extremity electrical 
injury, Hand Clin 16:225, 2000.

Fackler ML, Burkhalter WE: Hand and forearm injuries from penetrating 
projectiles, J Hand Surg Am 17A:971, 1992.

Hasegawa H, Okazaki M, Sasaki K: Restoration of thumb abduction dam-
aged by electrical burn using the free dorsalis pedis flap with the extensor 
hallucis brevis tendon, J Reconstr Microsurg 22:33, 2006.

Jiang H, Li QF, Gu B, et al.: Reconstruction of advanced-stage electrical hand 
injury in a one-stage procedure using a prefabricated medial lateral crural 
composite flap, Ann Plast Surg 60:626, 2008.

Koumbourlis AC: Electrical injuries, Crit Care Med 30:S424, 2002.
Mann R, Gibran N, Engrav L, et al.: Is immediate decompression of high volt-

age electrical injuries to the upper extremity always necessary? J Trauma 
40:584, 1996.

Matthews II KL, Aarsvold JN, Mintzer RA, et al.: Radiotracers for imaging 
electroporation, Ann N Y Acad Sci 888:285, 1999.

Mazzetto-Betti KC, Amancio AC, Farina Jr JA, et al.: High-voltage electri-
cal burn injuries: functional upper extremity assessment, Burns 35:707, 
2009.

Ofer N, Baumeister S, Megerie K, et al.: Current concepts of microvascular 
reconstruction for limb salvage in electrical burn injuries, J Plast Reconstr 
Aesthet Surg 60:724, 2007.

Sauerbier M, Ofer N, Germann G, Baumeister S: Microvascular reconstruc-
tion in burn and electrical burn injuries of the severely traumatized 
upper extremity, Plast Reconstr Surg 119:605, 2007.

Tredget EE, Shankowsky HA, Tilley WA: Electrical injuries in Canadian burn 
care: identification of unsolved problems, Ann N Y Acad Sci 888:75, 1999.

Zachary LM, Lee RC, Gottlieb LJ: Evolving clinical and scientific concepts of 
upper extremity electrical trauma, Hand Clin 6:243, 1990.

RADIATION BURNS
Caldwell EH, McCormack RM: Acute radiation injury of the hands: report of 

a case with a twenty-one year follow-up, J Hand Surg Am 5A:568, 1980.
Dufourmentel C, Beres C: Radiation dermatitis of the hand. In Tubiana R, 

editor: The hand, vol. 3. Philadelphia, 1988, Saunders.

CHEMICAL BURNS
Anderson WJ, Anderson JR: Hydrofluoric acid burns of the hand: mecha-

nism of injury and treatment, J Hand Surg Am 13A:52, 1988.
Andrews K, Mowlavi A, Milner SM: The treatment of alkaline burns of the 

skin by neutralization, Plast Reconstr Surg 111:1918, 2003.
Bentivegna PE, Deane LM: Chemical burns of the upper extremity, Hand 

Clin 6:253, 1990.
Chick LR, Borah G: Calcium carbonate gel therapy for hydrofluoric acid 

burns of the hand, Plast Reconstr Surg 86:935, 1990.
Frank M, Schmucker U, Nowotny T, et al.: Not all that glistens is gold: civil-

ian white phosphorus burn injuries, Am J Emerg Med 26(974):e3, 2008.
Jelenko III C: Chemicals that “burn”, J Trauma 14:64, 1974.
Morritt AN, Banche SE, Ralston D, Stephenson AJ: Coal ash poultice: an 

unusual cause of a chemical burn, J Burn Care Res 30:1046, 2009.
Reilly DA, Garner WL: Management of chemical injuries to the upper 

extremity, Hand Clin 16:215, 2000.

    

https://booksmedicos.org


CHAPTER 70 SPECIAL HAND DISORDERS 3687.e3

Sever C, Ulkur E, Uygur F, Celikoz B: Hand burn caused by Freon gas, Burns 
34:1210, 2008.

Walker FW, Weinstein MA: Circumferential finger burn from dimethyl sulf-
oxide (DMSO), J Hand Surg Am 8A:330, 1983.

FROSTBITE
Barker JR, Haws MJ, Brown RE, et al.: Magnetic resonance imaging of severe 

frostbite injuries, Ann Plast Surg 38:275, 1997.
Bigelow DR, Ritchie GW: The effects of frostbite in childhood, J Bone Joint 

Surg 45B:122, 1963.
Boswick JA: Cold injuries in the adult patient. In Tubiana R, editor: The hand, 

vol. 3. Philadelphia, 1988, Saunders.
Bruen KJ, Gowski WF: Treatment of digital frostbite: current concepts, J 

Hand Surg Am 34A:553, 2009.
Cauchy E, Marsigny B, Allamel G, et al.: The value of technetium 99 scintig-

raphy in the prognosis of amputation in severe frostbite injuries of the 
extremities: a retrospective study of 92 severe frostbite injuries, J Hand 
Surg Am 25A:969, 2000.

Greenwald D, Cooper B, Gottlieb L: An algorithm for early aggressive treat-
ment of frostbite with limb salvage directed by triple-phase scanning, 
Plast Reconstr Surg 102:1069, 1998.

Harris RW: Cold injuries in children. In Tubiana R, editor: The hand, vol. 3. 
Philadelphia, 1988, Saunders.

Heggers JP, Ko F, Robson MC, et al.: Evaluation of burn blister fluid, Plast 
Reconstr Surg 65:798, 1980.

Heggers JP, Loy GL, Robson MC, et  al.: Histologic demonstration of 
prostaglandins and thromboxanes in burned tissue, J Surg Res 28:110, 
1980.

Imray C, Grieve A, Dhillon S, et al.: Cold damage to the extremities: frostbite 
and non-freezing cold injuries, Postgrad Med J 85:481, 2009.

McAdams TR, Swenson DR, Miller RA: Frostbite: an orthopedic perspective, 
Am J Orthop 28:23, 1999.

McCauley RL, Hing DN, Robson MC, et  al.: Frostbite injuries: rational 
approach based on the pathophysiology, J Trauma 23:143, 1983.

Murphy JV, Banwell PE, Roberts AHN, et  al.: Frostbite: pathogenesis and 
treatment, J Trauma 48:171, 2000.

Robson MC, Heggers JP: Evaluation of hand frostbite blister fluid as a clue to 
pathogenesis, J Hand Surg Am 6A:43, 1981.

Su CW, Lohman R, Gottlieb LJ: Frostbite of the upper extremity, Hand Clin 
16:235, 2000.

INJECTION INJURIES
Barr ST, Wittenborn W, Nguyen D, et al.: High-pressure cement injection 

injury of the hand: a case report, J Hand Surg Am 27A:347, 2002.
Bekler H, Gokce A, Beyzadeoglu T, Parmaksizoglu F: The surgical treatment 

and outcomes of high-pressure injection injuries of the hand, J Hand Surg 
Eur 32:394, 2007.

Buchman MT: Upper extremity injection of household insecticide: a report 
of five cases, J Hand Surg Am 25A:764, 2000.

del Pinal F, Herrero F, Jado E, et  al.: Acute thumb ischemia secondary to 
high-pressure injection injury: salvage by emergency decompression, 
radial debridement, and free hallux hemipulp transfer, J Trauma 50:571, 
2001.

Gonzalez R, Kasdan ML: High pressure injection injuries of the hand, Clin 
Occup Environ Med 5:407, 2006.

Gutowski KA, Chu J, Choi M, et al.: High-pressure hand injection injuries 
caused by dry cleaning solvents: case reports, review of the literature, and 
treatment guidelines, Plast Reconstr Surg 111:174, 2003.

Hristodoulou L, Melikyan EY, Woodbridge S, et al.: Functional outcome of 
high-pressure injection injuries of the hand, J Trauma 50:717, 2001.

Luber KT, Rehm JP, Freeland AE: High-pressure injection injuries of the 
hand, Orthopedics 28:129, 2005.

Milford LW, D’Alonzo RT: Injection injuries of the hand. In Tubiana R, edi-
tor: The hand, vol. 3. Philadelphia, 1988, Saunders.

Mills C, Wilson P, Watts T, et al.: High pressure paint injection injury of the 
hand, Inj Extra 38:298, 2007.

O’Neill AC, Ismael TS, McCann J, Regan PJ: Fish vaccine injection injuries of 
the hand, Br J Plast Surg 58:547, 2005.

Pinto MR, Turkula-Pinto LD, Cooney WP, et  al.: High-pressure injection 
injuries of the hand: review of 25 patients managed by open wound tech-
nique, J Hand Surg Am 18A:125, 1993.

Ramos H, Posch JL, Lie KK: High-pressure injection injuries of the hand, 
Plast Reconstr Surg 45:221, 1970.

Schnall SB, Mirzayan R: High-pressure injection injuries to the hand, Hand 
Clin 15:245, 1999.

Stark HH, Ashworth CR, Boyes JH: Paint-gun injuries of the hand, J Bone 
Joint Surg 49A:637, 1967.

Tanzer RC: Grease-gun type injuries of the hand, Surg Clin North Am 
43:1277, 1963.Verhoeven N, Hierner R: high-pressure injection injury of 
the hand: an often underestimated trauma: case report with study of the 
literature, Strategies Trauma Limb Reconstr 3:27, 2008.

Wieder A, Lapid O, Plakht Y, Sagi A: Long-term follow-up of high-pressure 
injection injuries to the hand, Plast Reconstr Surg 117:186, 2006.

SHOTGUN INJURIES AND GUNSHOT
Al-Qattan MM: Air gun pellet injuries of the hand, J Hand Surg Am 31B:178, 

2006.
Bartlett CS: Clinical update: gunshot wound ballistics, Clin Orthop Relat Res 

408:28, 2003.
Chappell JE, Mitra A, Weinberger J, et  al.: Gunshot wounds to the hand: 

management and economic impact, Ann Plast Surg 42:418, 1999.
Gonzalez MH, McKay W, Hall RF: Low-velocity gunshot wounds of the 

metacarpal: treatment by early stable fixation and bone grafting, J Hand 
Surg Am 18A:267, 1993.

Keskin M, Beydes T, Tosun Z, Savaci N: Close range gunshot injuries of the 
hand with the “mole gun”, J Trauma 67:139, 2009.

Kleinert HE, Williams DJ: Blast injuries of the hand, J Trauma 2:10, 1962.
Wilson RH: Gunshots to the hand and upper extremity, Clin Orthop Relat 

Res 408:133, 2003.

WRINGER INJURIES
Allen JE, Beck AR, Jewett Jr TC: Wringer injuries in children, Arch Surg 

97:194, 1968.
Brown H: Closed crush injuries of the hand and forearm, Orthop Clin North 

Am 2:253, 1970.
Carriquiry CE, Arganaraz D: Dough sheeter injuries to the upper limb: 

severity grading and patterns of injury, J Trauma 58:318, 2005.
Dahlin LB, Ljunberg E, Esserlind AL: Injuries of the hand and forearm in 

young children caused by steam roller presses in laundries, Scand J Plast 
ReConstr Surg Hand Surg 42:43, 2008.

Iritani RI, Siler VE: Wringer injuries of the upper extremity, Surg Gynecol 
Obstet 113:677, 1961.

Lynn HB, Reed RC: Wringer injuries, J Am Med Assoc 174:500, 1960.
MacCollum DW: Wringer arm: report of 26 cases, N Engl J Med 218:549, 

1938.
Moseley T, Hardman Jr WW: Treatment of wringer injuries in children, 

South Med J 58:1372, 1965.
Sanguinetti MV: Reconstructive surgery of roller injuries of the hand, J Hand 

Surg Am 2A:134, 1977.

EXTRAVASATION INJURIES
Ayre-Smith G: Tissue necrosis following extravasation of contrast material, J 

Can Assoc Radiol 33:104, 1982.
Blair WF, Kilpatrick Jr WC, Saiki JH, et al.: Extravasation of chemotherapeu-

tic agents, Clin Orthop Relat Res 151:228, 1980.
Burd DAR, Santis G, Milward TM: Severe extravasation injury: an avoidable 

iatrogenic disaster? BMJ 290:1579, 1985.
Ceddi C, Hierner R, Berger A: Plastic surgical management in tissue extrava-

sation of cytotoxic agents in the upper extremity, Eur J Med Res 6:309, 
2001.

Cohen FJ, Manganaro J, Bezozo RC: Identification of involved tissue dur-
ing surgical treatment of doxorubicin-induced extravasation necrosis, J 
Hand Surg Am 8A:43, 1983.

Disa JJ, Chang RR, Mucci SJ, et al.: Prevention of Adriamycin-induced full-
thickness skin loss using hyaluronidase infiltration, Plast Reconstr Surg 
101:370, 1998.

    

https://booksmedicos.org


PART XVIII THE HAND3687.e4

Evan A, Green R, Schuchter L: Cutaneous toxicities in cancer therapy, Curr 
Opin Oncol 14:212, 2002.

Fleming A, Butler B, Gault D: Surgical management after doxorubicin and 
epirubicin extravasation, J Hand Surg Am 24B:390, 1999.

Gault DT: Extravasation injuries, Br J Plast Surg 46:91, 1993.
Hagan III HJ, Hastings H: Extravasation of phenytoin in the hand, J Hand 

Surg Am 13A:942, 1988.
Leung PC, Cheng CY: Extensive local necrosis following the intravenous use 

of x-ray contrast medium in the upper extremity, Br J Radiol 53:361, 1980.
Linder RM, Upton J, Osteen R: Management of extensive doxorubicin hydro-

chloride extravasation injuries, J Hand Surg Am 8A:32, 1983.
Loth TS, Eversmann Jr WW: Treatment methods for extravasations of chemo-

therapeutic agents: a comparative study, J Hand Surg Am 11A:388, 1986.
Loth TS, Jones DEC: Extravasations of radiographic contrast material in the 

upper extremity, J Hand Surg Am 13A:395, 1988.
Selek H, Ozer H, Aygencel G, Turanli S: Compartment syndrome in the 

hand due to extravasation of contrast material, Arch Orthop Trauma Surg 
127:425, 2007.

Seyfer AE: Upper extremity injuries due to medications, J Hand Surg Am 
12A:744, 1987.

Seyfer AE, Solimando DA: Toxic lesions of the hand associated with chemo-
therapy, J Hand Surg Am 8A:39, 1983.

Stein DA, Lee S, Raskin KB: Compartment syndrome of the hand caused 
by computed tomography contrast infiltration, Orthopedics 26:333, 2003.

Tsai YS, Cheng SM, Ng SP, et al.: Squeeze maneuver: an easy way to manage 
radiological contrast-medium extravasation, Acta Radiol 48:605, 2007.

PSYCHOLOGICAL CONDITIONS
Al-Qattan MM: Factitious disorders of the upper limb in Saudi Arabia, J 

Hand Surg Am 26B:414, 2001.
Altenmüller E, Jabusch HC: Focal hand dystonia in musicians: phenomenol-

ogy, etiology, and psychological trigger factors, J Hand Ther 22:144, 2009.
Eldridge MP, Grunert BK, Matloub HS: Streamlined classification of psycho-

pathological hand disorders: a literature review, Hand (N Y) 3:118, 2008.
Frykman G, Wood VE, Miller EB: The psychoflexed hand, Clin Orthop Relat 

Res 174:153, 1983.
Goldman B, Brininger TL, Antczak A: Clinical relevance of neuromuscular 

findings and abnormal movement patterns: a comparison between focal 

hand dystonia and upper extremity entrapment neuropathies, J Hand 
Ther 22:115, 2009.

Gordon NS: Focal dystonia, with special reference to writer’s cramp, Int J Clin 
Pract 59:1088, 2005.

Grob M, Papadopulos NA, Zimmermann A, et al.: The psychological impact 
of severe hand injury, J Hand Surg Eur 33:358, 2008.

Gustafsson M, Amilon A, Ahlstrom G: Trauma-related distress and mood 
disorders in the early stage of an acute traumatic hand injury, J Hand Surg 
Am 28B:332, 2003.

Grunert BK, Hargarten SW, Matloub HS, et al.: Predictive value of psycho-
logical screening in acute hand injuries, J Hand Surg Am 17A:196, 1992.

Grunert BK, Sanger JR, Matloub HS, et al.: Classification system for facti-
tious hand syndromes with implications for treatment, J Hand Surg Am 
16A:1027, 1991.

Lin PT, Hallet M: The pathophysiology of focal hand dystonia, J Hand Ther 
22:109, 2009.

Louis DS: Recognizable dysfunction syndromes, Hand Clin 9:213, 1993.
Louis DS, Lam MK, Greene TL: The upper extremity and psychiatric illness, 

J Hand Surg Am 10A:687, 1985.
Moretta DN, Cooley Jr RD: Secretan’s disease: a unique case report and litera-

ture review, Am J Orthop 31:524, 2002.
Prodoehl J, MacKinnon CD, Comella CL, Corcos DM: Strength deficits in 

primary focal hand dystonia, Mov Disord 21:18, 2006.
Simmons BP, Vasile RG: The clenched fist syndrome, J Hand Surg Am 

5A:420, 1980.
Spiegel D, Chase RA: The treatment of contractures of the hand using self-

hypnosis, J Hand Surg Am 5A:428, 1980.
Torres-Russotto D, Perimutter JS: Focal dystonias of the hand and upper 

extremity, J Hand Surg Am 33A:1657, 2008.
Weis T, Boeckstyns ME: The clenched fist syndrome: a presentation of eight 

cases and an analysis of the medicolegal aspects in Denmark, J Hand Surg 
Eur 34:374, 2009.

Williams AE, Newman JT, Ozer K, et al.: Posttraumatic stress disorder and 
depression negatively impact general health status after hand injury, J 
Hand Surg Am 34A:515, 2009.

Zeineh LL, Wilhelmi BJ, Seidenstricker L: The clenched fist syndrome revis-
ited, Plast Reconstr Surg 121:149e, 2008.

    

https://booksmedicos.org


PARALYTIC HAND
Norfleet Thompson

Sensation, mobility, and strength are required for the highly 
adaptive functions of pinch, grasp, and hook. Positional 
changes and delicate movements also are made possible by 
the many joints of the 29 hand, wrist, and forearm bones and 
by the 50 muscles that act as motors and stabilizers. To be 
purposeful, motion must be controlled, and joints crossed by 
moving tendons must be stabilized by balanced antagonistic 
muscles.

The normal upper extremity can rhythmically position 
the hand through varied concerted extrinsic and intrinsic 
phasic muscle activity. Muscle activities are controlled at the 
unconscious and conscious level and become patterned by 
repetition. Some patterns of muscle group movement act in 
such endless coordinated repetition that they are said to be 
synergistic or working together (Fig. 71.1). The wrist exten-
sors, finger flexors, and digital adductors act together with 
ease and are synergistic; similarly, the wrist flexors, finger 
extensors, and digital abductors are synergistic. Beginning 
with the wrist flexed and the fingers extended and abducted, 
the wrist can be extended and the fingers can be flexed, and 
then the original position can be resumed with ease. With the 
wrist and fingers extended, however, flexing the wrist and fin-
gers and then resuming the original position involves slower, 
more awkward movements that must be directed consciously.

When a major hand muscle is paralyzed, hand balance 
is disrupted. Unopposed antagonist muscle contraction 
often leads to fixed contractures. Although contractures may 
increase the stability of the hand, they usually increase its 
disability.

A common imbalance resulting in predictable contrac-
tures follows a low ulnar nerve paralysis leading to a clawhand 
deformity (Fig. 71.2). Paralysis of the intrinsic metacarpo-
phalangeal joint flexors and intrinsic interphalangeal joint 
extensors (interossei and lumbricals) leads to characteristic 
deformities of the fingers, wrist, and thumb. In clawhand the 

extrinsic digital extensors and flexors are unopposed. The 
metacarpophalangeal joints extend and the interphalangeal 
joints flex at the fingers. The wrist is pulled into flexion by the 
strong finger flexors, which, by a tenodesis effect, worsens the 
metacarpophalangeal joint hyperextension. Even the thumb 
may assume a typical deformity.

The extensor pollicis longus adducts the thumb as it is unop-
posed by the intrinsic muscles of opposition and abduction. This 
adducted position is accompanied by extension of the carpo-
metacarpal joint and flexion of the interphalangeal joint.

The hand position just described is known as the intrinsic 
minus or clawhand deformity. Whether the loss of intrinsic 
function is caused by disease or trauma, the results of dynamic 
muscle imbalance are the same. Sensation in clawhand varies 
according to the cause of imbalance. In poliomyelitis, sensa-
tion is normal; in peripheral nerve lesions, sensory deficits 
depend on the nerve lesion and level; in Hansen disease, sen-
sation is absent, sometimes in a glovelike distribution; and in 
syringomyelia, sensation is partly absent.

Muscle spasticity also can disrupt hand balance, and mus-
cle tension may not be controlled and balanced effectively by 
the opposing normal muscles. Such a situation is sometimes 
seen in cases of cerebral palsy, and it can cause overstretching 
of muscles and dislocation of joints.

PRINCIPLES OF TENDON 
TRANSFER
Tendon transfers are useful in restoring hand and upper 
extremity functions. Some basic principles must be followed 
if transfers are to be successful and if an increase in imbalance 
and deformity is to be avoided. After these principles are dis-
cussed, some specific tendon transfers are suggested for pat-
terns of functional loss.
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A B

FIGURE 71.1 Synergistic muscle movement of hand (see text).

 

A B

FIGURE 71.2 Clawing of hand caused by paralysis of intrinsic muscles. A, Long finger extensors cannot 
extend interphalangeal joints because metacarpophalangeal joints are hyperextended. B, Long finger 
extensors can extend interphalangeal joints because hyperextension of metacarpophalangeal joints has 
been prevented.
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PLANNING TENDON TRANSFER
Regardless of the cause of the imbalance (traumatic, congeni-
tal, infectious, or vascular) the extremity must be evaluated 
in terms of function lost, function retained, and function 
possible through reconstruction. Muscles to be transferred 
must be expendable and have sufficient strength and appro-
priate amplitude of excursion. Moreover, the muscle should 
be synergistic, have appropriate alignment, and perform one 
function. Ideal timing of tendon transfers should consider 
the condition of the soft tissue and the mobility of adjacent 
joints. Transfers are best performed after reaching favorable 
soft-tissue conditions (not in the context of severe swelling 
or scarring) and after restoring passive motion of adjacent 
joints. Sometimes it is helpful to list in one column functions 
that are needed and in an opposite column the muscles avail-
able for transfer. Transfers can be planned with more ease and 
accuracy by matching these columns.

EVALUATING MUSCLES FOR TENDON 
TRANSFER
The two most important points in considering a muscle for 
transfer are its expendability and its strength. Restoring one 
major function, such as finger extension, is contraindicated 
if done at the expense of another major function, such as fin-
ger flexion. The strength of a muscle is graded from 0 to 5 as 
follows:

0, zero—no contraction
1, trace—palpable contraction only
2, poor—moves joint but not against gravity
3, fair—moves joint against gravity
4, good—moves joint against gravity and resistance
5, normal—normal strength
A muscle usually loses strength by one grade when trans-

ferred and should be good or normal if the transfer is to be 
satisfactory. In addition to expendability and strength, the 
synergy and the amplitude of excursion of its tendon should 
be considered. Rehabilitation of a muscle whose tendon has 
been transferred is less difficult when the transfer is syner-
gistic (e.g., a wrist flexor transfer to restore finger extension). 
The amplitude of excursion of the tendon should be sufficient 
for satisfactory function, although it may not be as great as 
that of the tendon or tendons it is to replace. The brachioradi-
alis, an expendable muscle for transfer, is capable of pulling its 
tendon through only a short excursion, but sometimes it can 
be useful, if not ideal, as a transfer to the long thumb flexor 
because even limited flexion of the interphalangeal joint of 
the thumb is useful.

The excursion of the brachioradialis can be increased by 
dissecting its tendon proximally and freeing all of its fascial 
attachments. The muscle is not useful as a transfer for finger 
flexion because its excursion cannot be increased enough. 

TIMING OF TENDON TRANSFER
The transfer of tendons is the final step in rehabilitation of 
the hand. It should not be done until scar tissue has been 
satisfactorily replaced because transferred tendons must be 
surrounded by fat to prevent them from adhering to raw 
bone or subcutaneous scar; consequently, a flap or graft con-
taining fat is necessary to replace scar. A satisfactory range 
of passive joint motion is also necessary before the transfer; 
proper splinting or ligamentous release is done as needed. 
Stiffness or contracture of joints cannot be corrected by 

tendon transfers alone; if left uncorrected, stiffness or con-
tracture prevents a transferred tendon from moving at the 
proper time after surgery, so the tendon becomes perma-
nently adherent to the surrounding tissues. Malalignment 
of bone must be corrected by osteotomy, and any neces-
sary bone grafting must be accomplished before transfer. 
Necessary operations to restore any loss of sensibility should 
also precede tendon transfer.

In poliomyelitis, some recovery of muscle power can be 
expected until 18 months after the acute stage of the dis-
ease, and consequently this much time must pass before an 
accurate evaluation is possible; any further recovery can-
not be expected to improve muscle strength more than one 
grade, if at all. During this waiting period, parts must be 
splinted properly to improve available muscle function and 
to prevent fixed deformity. In congenital anomalies, the 
relative muscle strength does not change. In syringomy-
elia, weakness may increase even after transfer. Peripheral 
nerve injuries must be considered individually; in division 
of the radial nerve at the midhumerus, transfers for fin-
ger and thumb extension and for thumb abduction should 
be delayed for 6 months or longer after neurorrhaphy. 
Certain nerve transfers also may be useful to restore func-
tion either alone or concomitantly with tendon transfers 
(see Chapter 62). Early transfer to restore wrist extension 
should be considered an internal splint for the wrist; this 
immediately improves the function of the hand. Transfer 
of the pronator teres to the extensor carpi radialis bre-
vis is recommended. In high median nerve lesions, some 
function should return in the most proximal muscles in 
4 months (3 months in low median nerve lesions); if it 
has not, the nerve should be explored, or tendon transfers 
should be considered. 

TECHNICAL CONSIDERATIONS FOR 
TENDON TRANSFER
Although the strength of a muscle is evaluated clinically before 
surgery, its color at the time of tendon transfer provides a further 
check. A muscle suitable for transfer is dark pink or red, indi-
cating satisfactory nutrition and the presence of normal muscle 
fibers. A weak or paralyzed muscle is pale pink and is smaller 
than normal, and its amplitude of excursion (Table 71.1) is less 
than normal when tested at surgery; such a muscle is unsuitable 
for transfer (Fig. 71.3). Muscles that do not contract with a stim-
ulus (pinch or electrocautery) are probably nonfunctional and 
should not be chosen as active donor muscles.

A muscle that has been detached from its insertion 
some time before transfer will have developed a contrac-
ture, and consequently its tendon should be anchored 
under more tension than usual because it will stretch 
and regain some of its excursion. A muscle and its ten-
don should not make an acute angle between the origin 
of the muscle and the new attachment of the tendon—the 
straighter the muscle, the more efficient its action. If an 
acute angle is necessary, a pulley must be created, but effi-
ciency of the muscle is diminished by friction at the pulley. 
In freeing a muscle for transfer, care must be taken to avoid 
stretching or otherwise damaging the neurovascular bun-
dle, which usually enters the proximal third of the muscle 
belly. A transferred tendon cannot be expected to glide 
properly when it crosses raw bone, passes through fascia 
without a sufficient opening, or is buried within scarred 
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tissue; with a few exceptions, transferred tendons should 
be passed subcutaneously. Should it be necessary to split 
a transferred tendon and anchor it to two or more sepa-
rate points, the muscle acts primarily on the slip of tendon 
under greatest tension; great care must be taken to equalize 
tension on the slips at the time of attachment.

The more distal to a given joint a tendon is anchored, the 
more power the muscle can exert across the joint, but also 
the more excursion is required of the tendon to provide nor-
mal motion. The greater the angle of approach of a tendon to 
bone, the greater the force the muscle can exert on the bone 
and across the joint. Most muscles lie almost parallel to the 
bones whose joints they act on, and few approach a bone at 
close to a right angle; the pronator quadratus and the supina-
tor are notable exceptions. 

RESTORATION OF PINCH
RESTORATION OF THUMB OPPOSITION
Thumb opposition is necessary for pinch. Frequently, opposi-
tion is either partially or totally lost in poliomyelitis or median 
nerve palsy. Opposition depends primarily on function of 
the thumb intrinsic muscles, especially the abductor pol-
licis brevis. Extrinsic muscles also are necessary to stabilize 
dynamically the thumb metacarpophalangeal and interpha-
langeal joints, or these joints must be stabilized by arthrodesis 
or tenodesis. At the same time, the thumb carpometacarpal 
joint must be freely movable, unrestricted by contracture of 
the joint capsule or other structures of the thumb web.

Thumb opposition is a complex motion made by coordi-
nation of (1) abduction of the thumb from the palmar surface 
of the index finger, (2) flexion of the metacarpophalangeal 
joint, (3) internal rotation or pronation, (4) radial deviation 
of the proximal phalanx, and (5) thumb motion toward the 
fingers (see Fig. 71.13). Although opposition is the result of 
coordinated function of all of the long and short muscles that 
act on the thumb, the abductor pollicis brevis is the most 
important single muscle that participates in this complex 
movement; it rotates internally and abducts the thumb away 
from the index metacarpal, internally rotates and abducts the 
proximal phalanx of the thumb on its metacarpal, and assists 
the extensor pollicis longus in extending the interphalangeal 

joint of the thumb. For these reasons, in restoring opposition 
by tendon transfer, the transferred tendon can be inserted 
into the tendon of the abductor pollicis brevis.

CORRECTION OF THUMB DEFORMITY
To restore thumb function properly, deformities or dis-
abilities of the digit other than those corrected by the 
operation designed primarily to restore opposition fre-
quently must be corrected either before or during such 
surgery. As a substitute for opposition, adduction of the 
thumb by the long thumb extensor may have become a 
habit; in these instances, adduction and extension of the 
thumb occur as a single function in which the flexed tip 
of the thumb is brought against the base of the proxi-
mal phalanx of the index finger by the pull of the long 
thumb extensor toward Lister’s tubercle. Pinch occurs at 
the base of a finger instead of at its tip, and to pick up an 
object, the point of contact between the thumb and the 
finger must be rotated downward; this is accomplished by 
pronating the wrist, elevating the elbow, and abducting 
the shoulder. As the substitution patterns become more 
firmly established after paralysis of the intrinsic muscles 
of the thumb, the long thumb extensor tendon, acting 
as an adductor, gradually migrates into the web space 
between the thumb and index finger.

Any fixed adduction and external rotational deformity 
of the thumb must be corrected; this usually can be accom-
plished by dividing the fascia in the web space between the 
index and thumb metacarpals and by subperiosteal stripping 
of the ulnar side of the first metacarpal. If the deformity is 
severe, a Z-plasty of the web also may be required (see section 
on restoration of adduction of the thumb); if the deformity 
is so severe that it cannot be corrected by rotational oste-
otomy and release of the web space, arthrodesis of the first 
carpometacarpal joint may be indicated. A tendon transfer 
for opposition still may be useful after such an arthrodesis 
because the more proximal joints may allow some motion. 
If mobility is more desirable than stability, however, excising 
the trapezium may release the soft tissues enough to make 
arthrodesis unnecessary.

Tendon transfers to the long thumb flexor, long thumb 
extensor, or long thumb abductor may be necessary to 
stabilize the thumb dynamically if the transfer to restore 
opposition is to function satisfactorily. Arthrodesis of the 
metacarpophalangeal joint of the thumb may be neces-
sary if available muscle power is insufficient to stabilize it 
dynamically, or if the joint is made unstable by relaxation 
of its ligaments or capsule. (Arthrodesis of this joint also 
may be indicated after tendon transfer to restore opposi-
tion when the tendon has been anchored in an incorrect 
location and hyperextends or hyperflexes the joint.) The 
joint is arthrodesed in 15 degrees of flexion and slight 
internal rotation to allow pinch between the thumb and 
index fingertip. Arthrodesis of the thumb interphalangeal 
joint is indicated occasionally for a fixed flexion contrac-
ture; it is arthrodesed in 20 degrees of flexion. 

TENDON TRANSFERS TO RESTORE OPPOSITION
Multiple tendon transfer techniques to restore elongated pinch 
in paralytic hands have been devised. Common to all tech-
niques is the selection of one extrinsic, expendable, healthy 
muscle-tendon unit motor and its transfer to a suitable point 

 TABLE 71.1 

Amplitude of Excursion

TENDONS AMPLITUDE (MM)
Wrist tendons 33
Flexor profundus 70
Flexor sublimis 64
Extensor digitorum communis 50
Flexor pollicis longus 52
Extensor pollicis longus 58
Extensor pollicis brevis 28
Abductor pollicis longus 28

From Curtis RM: Fundamental principles of tendon transfer, Orthop Clin North 
Am 2:231, 1974.
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and angle to pull the thumb into opposition. The direction in 
which the transferred tendon approaches the thumb usually 
has been from the ulnar side of the wrist or palm; sometimes 
the tendon has been brought around a pulley to provide this 
direction. A pulley often is needed, and some authors prefer a 
static pulley created by making a loop at the distal end of the 
flexor carpi ulnaris tendon, whereas others prefer a dynamic 
pulley formed by looping the transfer around this tendon.

A proper muscle for a motor is selected after carefully 
evaluating the strength of available units. The ring finger flexor 
digitorum sublimis usually is the muscle of choice and often is 
used if it is strong enough to function as the transfer and if its 
associated flexor digitorum profundus is strong enough alone 
to flex the finger satisfactorily; the second choice is the subli-
mis to the middle finger. If the preferred flexor tendons of the 
digits are unsuitable for transfer, the extensor indicis proprius 

 

A
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C
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F x
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Pronator teres
1.2

Brachioradialis
1.9

Abductor pollicis
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Flexor pollicis
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1.2

Extensor
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longus
50 mm
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FIGURE 71.3 Power of muscle transfer. A, Working capacity of muscle. W = F × d, where F (force) = absolute muscle power, 3.65 × 
cm2 of physiologic cross section, and d (distance) = amplitude or displacement. B, Working capacity of muscle in mkg (meter-kilograms). 
C, Muscle amplitude in millimeters.  (Redrawn from Curtis RM: Fundamental principles of tendon transfer, Orthop Clin North Am 2:231, 1974.)
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is an acceptable alternative. All other muscles require tendon 
grafting to reach the point of attachment on the thumb. The 
extensor carpi ulnaris is the next choice, followed by the pal-
maris longus or extensor carpi radialis longus. A wrist exten-
sor should be transferred, however, only if the other wrist 
extensors are strong and have not been or will not be trans-
ferred elsewhere. 

 

TRANSFER OF THE SUBLIMIS TENDON

 TECHNIQUE 71.1 

(RIORDAN)
 n  Expose the ring finger sublimis tendon through an ulnar mid-

lateral incision over the proximal interphalangeal joint and 
divide the tendon at the level of the joint or just proximal to 
it.

 n  Divide the chiasm, separating the two slips of tendon at 
the level of the joint so that they pass around the profun-
dus and can be withdrawn easily at the wrist.

 n  Expose the flexor carpi ulnaris tendon through an L-
shaped incision that proximally extends along the flexor 
carpi ulnaris tendon and distally turns radialward parallel 
to the flexor creases of the wrist. To make a pulley, cut 
halfway through the flexor carpi ulnaris tendon at a point 
approximately 6.0 cm proximal to the pisiform (Fig. 71.4).

 n  Strip the radial half of the tendon distally almost to the pisi-
form and create a loop large enough for the sublimis tendon 
to pass through easily; carry the radial segment of the flexor 
carpi ulnaris through a split in the remaining half of the ten-
don, loop it back, and suture it to the remaining half.

 n  Make a wide C-shaped incision on the thumb as fol-
lows: Begin on the thumb dorsum just proximal to the 
interphalangeal joint and proceed proximally and volar-
ward around to the radial aspect of the thumb. At a 
point just proximal to the metacarpophalangeal joint, 
curve the incision dorsalward in line with the major 
skin creases of the thenar eminence. On the dorsoradial 
aspect of the thumb, preserve the fine sensory nerve 
from the superficial branch of the radial nerve. Expose 
and define the extensor pollicis longus tendon over the 
proximal phalanx, the extensor aponeurosis over the 
metacarpophalangeal joint, and the abductor pollicis 
brevis tendon.

 n  At the wrist, identify the ring finger sublimis tendon and 
withdraw it into the forearm incision. Pass the tendon 
through the loop fashioned from the flexor carpi ulnaris.

 n  With a small hemostat or preferably a tendon carrier, pass 
the tendon subcutaneously across the thenar eminence in 
line with the fibers of the abductor pollicis brevis.

 n  Make a small tunnel for insertion of the transfer by bur-
rowing between two small parallel incisions in the abduc-
tor pollicis brevis tendon.

 n  Split the end of the sublimis tendon for approximately 2.5 
cm, or more if necessary, and pass one half of it through 
the tunnel.

 n  Separate the extensor aponeurosis from the thumb proxi-
mal phalanx periosteum, make a small incision in it 6 mm  

distal to the first tunnel, and pass the same strip of sublimis 
through it. Bring the slip out from beneath the aponeu-
rosis through a small longitudinal slit in the long extensor 
tendon about 3 mm proximal to the interphalangeal joint.

 n  Determine the proper tension for the transfer. Grasp 
the two slips of sublimis with small hemostats and cross 
them. With the thumb in full opposition and the wrist in 
a straight line, place the two overlapping slips of sublimis 
under some tension. Releasing the thumb and passively 
flexing the wrist should completely relax the transfer so 
that the thumb can be brought into full extension and 
abduction; extending the wrist 45 degrees should place 
enough tension on the transfer to bring the thumb into 
complete opposition and the tip of the thumb into com-
plete extension.

 n  If the tension is insufficient, increase it and repeat the test.
 n  When the correct tension has been determined, suture 

the slips of sublimis together with the cut ends buried 
(Fig. 71.4).

 n  Anchor the transfer and the tendon of the abductor pol-
licis brevis to the joint capsule with a single nylon or wire 
suture so that the transfer passes over the middle of the 
metacarpal head; this prevents later displacement of the 
tendon toward the palmar aspect of the joint during op-
position.

 n  Close the wound with nonabsorbable sutures and immo-
bilize the hand in a pressure dressing and a dorsal plaster 
splint as follows: place the wrist in 30 degrees of flexion, 
the fingers in the functional position, and the thumb in 
full opposition with the distal phalanx extended; place 
a few layers of gauze between the individual fingers to 
prevent maceration of the skin.

POSTOPERATIVE CARE At 4 weeks, the dressing and 
splint are removed and active motion is begun, but the 

 FIGURE 71.4 Riordan transfer to restore opposition (see text). 
SEE TECHNIQUE 71.1.
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 FIGURE 71.5 Brand transfer to restore opposition. (Redrawn 
from White WL: Restoration of function and balance of the wrist and hand 
by tendon transfers, Surg Clin North Am 40:427, 1960.) SEE TECHNIQUE 
71.2.

thumb is supported with an opponens splint for an ad-
ditional 6 weeks. Many patients can oppose the thumb 
as soon as the splint is removed. When the ring finger 
sublimis has been used for the transfer, as in the Riordan 
technique, training in its use can be facilitated by ask-
ing the patient to place the tip of the thumb against the 
ring finger; this maneuver produces flexion of the ring 
finger and an automatic attempt to oppose the thumb 
with the transferred sublimis. In patients with weak quad-
riceps muscles who habitually rise from a sitting position 
by pushing up with the flattened hands or in patients who 
use crutches, the transfer must be protected for 3 months 
or longer or it will be overstretched and cease to function.
   

 

TRANSFER OF THE SUBLIMIS TENDON

 TECHNIQUE 71.2 

(BRAND)
 n  Expose and divide the ring finger sublimis tendon and 

make the incision over the thumb as just described in the 
Riordan technique.

 n  Withdraw the sublimis tendon through a small transverse 
incision about 5 cm proximal to the flexor crease of the 
wrist.

 n  Make a small longitudinal incision just to the radial side 
of and about 6 mm distal to the pisiform. Deepen this 
incision until the quality of fat changes from the fibrous 
superficial type to a soft, loose, free type that bulges into 
the wound. This change in the fat marks the entry into a 
tunnel that runs proximally and contains a branch of the 
ulnar nerve.

 n  In this loose fat, make a tunnel in the proximal direc-
tion to the forearm incision, grasp the end of the sublimis 
tendon, and pull it through into the palmar incision. The 
tunnel is superficial to the hook of the hamate, and the 
fibrous septa in the fat compose the pulley.

 n  Pass the tendon to the thumb metacarpophalangeal joint 
and attach it proximal and distal to the joint after split-
ting its end; attach the proximal slip of the tendon to the 
ulnar side of the joint and the distal slip to the tendons 
of the abductor pollicis brevis and the extensor pollicis 
longus (Fig. 71.5). This dual insertion of the tendon may 
prevent the tendon from shifting in position as it crosses 
the metacarpophalangeal joint. (If an unsplit tendon shifts 
dorsally over the metacarpophalangeal joint, it is likely to 
hyperextend the joint; if it shifts anteriorly from the radial 
side of the joint, it is likely to flex the joint.)

POSTOPERATIVE CARE Postoperative care is similar to 
that described after the Riordan technique (see Technique 
71.1).
  

If the ring or long finger sublimis is unsuitable for trans-
fer, the extensor indicis proprius can be rerouted around the 
ulnar aspect of the wrist to provide opposition, as described 
by Burkhalter et  al. (see Technique 71.3). For high median 

nerve palsy or brachial plexus paralysis, a technique described 
by Groves and Goldner (see Technique 71.4) employing the 
flexor carpi ulnaris as a motor for a transferred sublimis ten-
don unit can be used. 

 

TRANSFER OF THE EXTENSOR INDICIS 
PROPRIUS

 TECHNIQUE 71.3 

(BURKHALTER ET AL.)
 n  Through a short, curved incision on the radial side of the 

dorsum of the index metacarpophalangeal joint, identify 
the extensor indicis proprius tendon.

 n  Divide its insertion and a small portion of the extensor 
hood by sharp dissection and repair the hood with inter-
rupted suture (Fig. 71.6A).

 n  If necessary, make a short incision over the midportion of 
the dorsum of the hand to withdraw the extensor tendon.

 n  Make a longitudinal incision about 2 cm long proximal to 
the wrist crease on the ulnar aspect of the forearm, and 
through it extract the tendon (Fig. 71.6B).

 n  Cut the fascia as necessary to reroute the muscle.
 n  Make another small incision in the area of the pisiform 

bone and pass through it the tendon unit, creating a 
gradual curve from the dorsum of the forearm to this 
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A

EIP

B

EIP

FIGURE 71.6 A, Tendon of the extensor indicis proprius (EIP) 
has been severed from extensor hood, and hood is carefully repaired. 
B, Through incision on ulnar aspect of forearm, wide fascial excision 
is carried out, and EIP muscle is transposed superficial to extensor 
carpi ulnaris through subcutaneous tissue. (Redrawn from Burkhalter 
WE, Christensen RJ, Brown P: Extensor indicis proprius opponensplasty, J 
Bone Joint Surg 55A:725, 1973.) SEE TECHNIQUE 71.3.

 

BA

EIP

FIGURE 71.7 A, Tendon of extensor indicis proprius (EIP) is brought out in area of pisiform and passed again 
subcutaneously across palm to thumb. B, Method of attachment to thumb using abductor pollicis brevis tendon, 
metacarpophalangeal joint capsule, and extensor pollicis longus tendon over proximal phalanx. (Redrawn from 
Burkhalter WE, Christensen RJ, Brown P: Extensor indicis proprius opponensplasty, J Bone Joint Surg 55A:725, 1973.) SEE 
TECHNIQUE 71.3.

point. From the pisiform area, pass the tendon unit sub-
cutaneously to the tendinous portion of the abductor pol-
licis brevis just proximal to the metacarpophalangeal joint 
(Fig. 71.7A).

 n  Make another incision over the palmar side of the radial 
aspect of the metacarpophalangeal joint to expose the 
site of attachment.

 n  At this distal insertion, employ the technique of Riordan 
by splitting the tendon, or simply pass it into the tendi-
nous portion of the abductor pollicis brevis and suture it 
with several interrupted sutures (Fig. 71.7B).

 n  Suture the tendon under maximal tension with the thumb 
in full abduction but with the wrist in only slight volar 
flexion.

POSTOPERATIVE CARE Postoperative care consists of 
maintaining the wrist in flexion with a splint for a mini-
mum of 4 weeks.
   

 

TRANSFER OF THE FLEXOR CARPI 
ULNARIS COMBINED WITH THE 
SUBLIMIS TENDON

 TECHNIQUE 71.4 

(GROVES AND GOLDNER)
 n  Make volar and ulnar incisions at the wrist as shown in 

Figure 71.8A–C. The volar incision exposes the flexor sub-
limis tendon to the ring finger and the flexor carpi ulnaris, 
and the ulnar incision exposes the extensor carpi ulnaris.
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 n  Divide the ring finger sublimis tendon insertion from the 
middle phalanx and bring it out at the wrist.

 n  Sever the flexor carpi ulnaris tendon, leaving a dis-
tal segment of this tendon sufficiently long to bring 
around the extensor carpi ulnaris tendon to create a 
pulley.

 n  Pass the sublimis tendon through this pulley and con-
tinue it subcutaneously to the proximal end of the 
proximal phalanx of the thumb. Insert one split por-
tion of this tendon into the bone with a pull-out wire 
and another into the bone by direct attachment (Fig. 
71.8D).

 

A B C

D

E

FIGURE 71.8 A, Two incisions made at wrist. B, Through volar incision, flexor sublimis tendon to ring finger and flexor carpi ulnaris 
tendon are exposed. Through ulnar incision, extensor carpi ulnaris is exposed. Flexor carpi ulnaris tendon is divided 4 cm from its insertion, 
and free end of distal segment is sutured to extensor carpi ulnaris. Flexor digitorum sublimis tendon to ring finger is exposed through 
transverse incision at proximal flexor crease of finger, and its two slips are divided. C, Tendon of flexor digitorum sublimis to ring finger 
is drawn proximally through volar incision at wrist, threaded through pulley, and passed through subcutaneous tissue to metacarpo-
phalangeal joint of thumb. D, Two slips of transferred tendon are secured to base of proximal phalanx. Hole is made through proximal 
phalanx in ulnar-to-radial direction and is enlarged on ulnar side to accept loop of one tendon slip, which is secured with pull-out suture. 
E, After transfer has been secured to thumb phalanx, tension is adjusted (see text), and proximal segment of flexor carpi ulnaris tendon 
is sutured to transferred tendon. (Redrawn from Groves RJ, Goldner JL: Restoration of strong opposition after median-nerve or brachial plexus 
paralysis, J Bone Joint Surg 57A:112, 1975.) SEE TECHNIQUE 71.4.
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 n  Suture the proximal functioning segment of the flexor 
carpi ulnaris and its tendon into the sublimis tendon unit 
under sufficient tension that dorsiflexion of the wrist pro-
vides full thumb opposition (Fig. 71.8E).
   

 

TRANSFER OF THE PALMARIS  
LONGUS TENDON TO ENHANCE 
OPPOSITION OF THE THUMB
Transfer of the palmaris longus tendon to enhance opposi-
tion of the thumb has been recommended if the abductor 
pollicis brevis has weakened and atrophied from a partial 
median nerve palsy, which may accompany severe carpal 
tunnel syndrome. An advantage of the operation is its close 
proximity to the median nerve, which may require repair or 
release that can be done at the same time without much 
additional surgery. It does not produce true opposition but 
rather elevates the thumb toward the flexed and abducted 
position. Presence of a palmaris longus must be confirmed 
before this procedure. This transfer is not a viable option 
for high median nerve palsies.

 TECHNIQUE 71.5 

(CAMITZ)
 n  Make a curved incision parallel to the base of the thenar 

crease and extend it proximally 4 cm up the forearm.
 n  Isolate the palmaris longus tendon in the distal forearm 

and preserve its insertion on the deep palmar fascia.
 n  Dissect the palmar fascia fibers in continuity with the 

palmaris longus tendon to obtain a strip of fascia long 
enough to reach the distal part of the abductor pollicis 
brevis tendon.

 n  Pass the lengthened tendon into a small skin incision 
made over the thumb metacarpal and suture it to the 
tendon of the abductor pollicis brevis under appropriate 
tension with the thumb in full opposition and the wrist in 
neutral position.
   

 

MUSCLE TRANSFER (ABDUCTOR 
DIGITI QUINTI) TO RESTORE 
OPPOSITION
If other motors are unavailable or must be transferred else-
where, the abductor digiti quinti muscle can be utilized to 
restore opposition. Such transfer has been described by 
Huber and by Littler and Cooley as presented here. Because 
its mass and excursion are similar to those of the abduc-
tor pollicis brevis, this muscle is an excellent substitute for 
it. Cosmetically, the transfer is helpful because it fills the 

space left by the wasted thenar muscles. It does not require 
a pulley.

 TECHNIQUE 71.6 

(LITTLER AND COOLEY)
 n  Make a curved palmar incision along the radial border 

of the abductor digiti quinti muscle belly extending from 
the proximal side of the pisiform proximally to the ulnar 
border of the little finger distally (Fig. 71.9A).

 n  Free both tendinous insertions of the muscle, one from 
the extensor expansion and the other from the base of 
the proximal phalanx.

 n  Lift the muscle from its fascial compartment and carefully 
expose its neurovascular bundle. Isolate the bundle, tak-
ing care not to damage the veins.

 n  Free the origin of the muscle from the pisiform, but retain 
the origin on the flexor carpi ulnaris tendon; now the 
muscle can be mobilized enough for its insertion to reach 
the thumb (Fig. 71.9B).

 n  Make a curved incision on the radial border of the the-
nar eminence and create across the palm a subcutaneous 
pocket to receive the transfer.

 n  Fold the abductor digiti quinti muscle over about 170 de-
grees (like a page of a book) and pass it subcutaneously 
to the thumb (Fig. 71.9C).

 n  Suture its tendons of insertion to the abductor pollicis 
brevis insertion. Throughout the procedure, avoid com-
pression of and undue tension on the muscle and its neu-
rovascular pedicle.

 n  Apply a carefully formed light compression dressing and 
a volar plaster splint to hold the thumb in abduction and 
the wrist in slight flexion.
  

RESTORATION OF ADDUCTION OF THE 
THUMB
Strong pinch requires both thumb opposition and adduction. 
Opposition is the refined, unique movement that positions 
the thumb so that its tip can oppose the fingertips through-
out their flexion arcs. Once the tips are opposed, especially 
that of the thumb and index finger, thumb adduction force 
is necessary for performing work activities. If the adductor 
pollicis is paralyzed, as in ulnar nerve palsy, firm index and 
middle finger pinch is impossible, and the thumb cannot be 
brought across the palm for pinch with the ring and little fin-
gers. The flexor pollicis longus can provide some adduction 
power when the thumb is held in slight adduction so that the 
muscle flexes the digit through an arc parallel to the plane of 
the palm. Eventually, the interphalangeal joint of the thumb 
becomes hyperflexed as the flexor pollicis longus attempts to 
produce pulp pinch (Froment sign) and the metacarpopha-
langeal joint becomes hyperextended secondary to unbal-
anced extensor forces (Jeanne sign) (Fig. 71.10).

Several transfers have been devised to restore adduction. 
If adduction alone is absent, the brachioradialis or one of the 
radial wrist extensors can be lengthened by a graft, transferred 
palmarward through the third interosseous space, and carried 
across the palm to the tendon of the adductor pollicis. Such 
a transfer provides adduction only and this in the direction 
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normally provided by the adductor pollicis. It is most often 
indicated in ulnar nerve palsy because in this instance restoring 
thumb abduction is unnecessary; however, it should be com-
bined with some procedure to restore index finger abduction. If 
adduction and opposition of the thumb are absent, unless some 
other provision is made to restore adduction, a single tendon 
transfer to restore opposition should have its pulley located 
not near the pisiform, but more distally so that some adduc-
tion also is restored. One technique meeting this requirement 
is the Royle-Thompson transfer in which the ring finger flexor 
digitorum sublimis is carried across the palm and anchored to 
the adductor pollicis tendon and the transverse carpal ligament 
serves as a pulley. To restore abduction of the index finger and 
adduction of the thumb, the sublimis tendon can be split and 
one slip anchored to the tendon of the adductor pollicis and the 
other to the insertion of the first dorsal interosseous.

Opposition is only partially restored by Royle-Thompson 
transfer, and thumb metacarpophalangeal abduction and pro-
nation remain limited. An alternative adductorplasty to cor-
rect these deficiencies was described by Brand in which the 
ring finger sublimis is used as a motor (Fig. 71.11). It traverses 
the palm superficially and is inserted on the radial aspect of 
the thumb. The sublimis is sectioned at the proximal phalanx 
through a short incision and is brought out at the midpalm just 
ulnar to the thenar crease. This tendon is passed through the 
natural openings of the fascia between the ring and long fingers 
at the distal third of the palm. It is passed subcutaneously to 
be inserted radial and distal to the metacarpophalangeal joint, 
which pronates the thumb and restores adduction power. 

 

TRANSFER OF THE BRACHIORADIALIS 
OR RADIAL WRIST EXTENSOR TO 
RESTORE THUMB ADDUCTION

 TECHNIQUE 71.7 

(BOYES)
 n  Detach the brachioradialis tendon at its radial styloid in-

sertion and carefully free the tendon proximally of all fas-
cial attachments to increase its excursion.

 n  Anchor a tendon graft (plantaris or palmaris longus) to 
the adductor tubercle of the thumb by a pull-out wire, or 
suture the graft to the tendon of insertion of the adductor 
pollicis.

 n  Pass the graft along the adductor muscle belly and 
through the third interosseous space to the dorsum of 
the hand (Fig. 71.12).

 n  Pass it subcutaneously in a proximal and radial direction 
and suture it to the end of the brachioradialis tendon. 
If a radial wrist extensor is used, pass the tendon graft 
deep to the extensor digitorum communis tendons and 
attach it to the wrist extensor. The tension should be 
set maximally with the thumb in radial and palmar ab-
duction and the wrist in neutral position.

 n  Apply a plaster splint while holding the thumb in adduc-
tion and the wrist in extension.

 

Flexor carpi
ulnaris tendon
Pisiform

Pisometacarpal
ligament

Flexor digiti quinti
brevis muscle

1

2

Abductor digiti
quinti muscle

Abductor digiti
quinti muscle

Pisiform

Flexor carpi
ulnaris tendon

CB

A

1
2

FIGURE 71.9 Littler transfer of abductor digiti quinti to restore opposition. A, Two skin incisions. Intervening 
skin (shaded area) is undermined, creating pocket to receive transfer. B, Anatomy of abductor digiti quinti. 
Neurovascular bundle is located proximally on deep surface of muscle. Muscle inserts on proximal phalanx (1) 
and extensor tendon (2) of little finger. C, Origin of muscle is freed from pisiform but not from flexor carpi ulnaris 
tendon. Muscle is folded over about 170 degrees and is passed subcutaneously to thenar area, and its two tendons 
of insertion (1 and 2) are sutured to abductor pollicis brevis tendon. (Modified from Littler JW, Cooley SGE: Opposition 
of the thumb and its restoration by abductor digiti quinti transfer, J Bone Joint Surg 45A:1389, 1963.) SEE TECHNIQUE 71.6.
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POSTOPERATIVE CARE At 4 weeks, the splint is re-
moved and active exercises are begun with a removable 
protective forearm-based thumb spica preventing thumb 
hyperextension for the next 2 weeks.
   

 

TRANSFER OF THE EXTENSOR CARPI 
RADIALIS BREVIS TENDON TO 
RESTORE THUMB ADDUCTION
Smith described transfer of the extensor carpi radialis brevis 
tendon to provide strong thumb adduction. To extend the 
tendon, he used a tendon graft and passed it through the 
second interosseous space. On average, pinch was reported 
to have doubled in strength after the transfer (Figs. 71.13 
and 71.14).

 TECHNIQUE 71.8 

(SMITH)
 n  Make two dorsal transverse incisions over the extensor 

carpi radialis brevis tendon proximal to its insertion (Fig. 
71.14A).

 n  Divide the tendon near its insertion on the third metacar-
pal base and withdraw it through the incision proximal to 
the dorsal retinaculum (Fig. 71.14B).

 n  Make a third incision between the second and third meta-
carpals and remove a window of tissue from the para-
lyzed interosseous muscles.

 n  Make a longitudinal incision on the ulnar side of the 
metacarpophalangeal joint of the thumb.

 n  With a curved hemostat, tunnel deep to the adductor 
pollicis muscle and through the window in the second 
interosseous space. Secure an appropriate tendon graft 
(usually the palmaris longus tendon).

 n  Draw the graft through the tunnel from the thumb to 
the dorsum of the hand (Fig. 71.14C) and suture it to the 
tendon of the adductor pollicis (Fig. 71.14D).

 n  Pass the proximal end of the graft subcutaneously to the 
most proximal incision (Fig. 71.14E) and suture it to the 
extensor carpi radialis brevis tendon, taking up all slack 
but with no tension so that the thumb lies just palmar 
to the index finger with the wrist in neutral position (Fig. 
71.14F).

 n  Dorsiflex the wrist and note that the thumb is pulled into 
adduction. Flex the wrist and note that the thumb lies 
firmly against the palm.

POSTOPERATIVE CARE The hand is immobilized in a 
cast with the thumb in neutral position and the wrist in 40 
degrees of dorsiflexion. The cast is removed in 4 weeks, 
and active motion is encouraged.
   

 

ROYLE-THOMPSON TRANSFER 
(MODIFIED)

 TECHNIQUE 71.9 

 n  Make a midlateral incision over the ulnar aspect of the 
ring finger and free the insertion of the flexor digitorum 
sublimis tendon (Fig. 71.15).

 n  Bring the tendon out of the palm through a short trans-
verse incision and split it into two slips.

 n  Make a curved incision on the dorsoradial aspect of the 
thumb as described earlier for the Riordan transfer (see 
Technique 71.1). Tunnel the slips of the sublimis tendon 
radially into this incision.

 n  Suture one slip to the extensor pollicis longus tendon dis-
tal to the metacarpophalangeal joint; tunnel the other slip 
dorsally over the metacarpal, and suture it on the ulnar 
side of the thumb to the tendon of insertion of the ad-
ductor pollicis.

 n  Close the wounds and apply a forearm-based thumb 
splint holding the thumb in adduction and the wrist in 
moderate flexion.

POSTOPERATIVE CARE At 4 weeks, the splint is re-
moved and active exercises are begun with a removable 
protective forearm-based thumb spica preventing thumb 
hyperextension for the next 2 weeks.
  

 FIGURE 71.10 Jeanne sign (see text).
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RESTORATION OF ABDUCTION OF  
THE INDEX FINGER
The index finger is against which the thumb is brought most 
frequently in pinch. Strong index finger-thumb pinch relies 
on stability of the index finger metacarpophalangeal joint. 
Abduction of the index finger also is especially useful in 
such activities as playing a piano or using a typewriter or 
keyboard. In poliomyelitis, abduction of the index finger 
is lost so frequently that its restoration is considered here 
separately from that of the intrinsic functions of the other 
fingers.

A transfer to restore index finger abduction is a sub-
stitute chiefly for the first dorsal interosseous muscle and, 
therefore, the transferred tendon is attached to the first 
dorsal interosseous tendon insertion, which is primarily 
on the radial base of the index proximal phalanx. The ten-
dons most frequently transferred are those of the exten-
sor indicis proprius, extensor pollicis brevis, and palmaris 
longus; any of these when transferred abducts the index 
finger but does not stabilize it for strong pinch. A subli-
mis tendon also has been used, but this generally is con-
traindicated unless the hand is otherwise strong. If thumb 
opposition also must be restored, the sublimis to the ring 
finger often is used for this transfer (see Techniques 71.1 
and 71.2). 

 

Adductor
pollicis

FDS through
hole in fascia

FIGURE 71.11 Brand transfer (see text).

 FIGURE 71.12 Boyes transfer of brachioradialis or radial wrist 
extensor to restore thumb adduction (see text). SEE TECHNIQUE 71.7.
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TRANSFER OF THE EXTENSOR INDICIS 
PROPRIUS TENDON

 TECHNIQUE 71.10 

 n  Begin a curved incision at the midlateral point on the 
radial side of the index finger proximal phalanx; carry it 
proximally over the radial aspect of the metacarpophalan-
geal joint, and curve it dorsally to end at the middle of the 
index metacarpal.

 n  To add length to the extensor indicis proprius tendon, 
elevate a small flap of the dorsal expansion over the meta-
carpophalangeal joint where it is attached to the insertion 
of the tendon.

 n  Withdraw the tendon proximally, free it throughout the 
wound, and close the defect in the expansion.

 n  Pass the tendon radially in a gentle curve, roughen the 
tendon of the first dorsal interosseous muscle, and se-
curely suture the transferred tendon.

 n  If fusion of the thumb metacarpophalangeal joint is nec-
essary (global thumb metacarpophalangeal instability or 
degenerative disease), the extensor pollicis brevis tendon 
can be transferred to the first dorsal interosseous.
   

 

TRANSFER OF A SLIP OF THE 
ABDUCTOR POLLICIS LONGUS 
TENDON
Neviaser, Wilson, and Gardner suggested transfer of a slip 
of the abductor pollicis longus tendon to replace the first 
dorsal interosseous muscle. In most patients, the abductor 

pollicis longus tendon consists of two or more slips; only 
20% or fewer have a single tendon. The normal insertions 
are the thumb metacarpal base, trapezium, and abductor 
pollicis brevis thenar fascia. One of these extra slips is used 
in this transfer.

 TECHNIQUE 71.11 

(NEVIASER, WILSON, AND GARDNER)
 n  Make a transverse incision near the insertion of the ab-

ductor pollicis longus.
 n  Identify the slips of the abductor tendon at the level of the 

radial styloid and note their insertions. Avoid the branches 
of the superficial radial nerve. Apply traction to each of 
the slips to determine which insert on the metacarpal 
and which insert elsewhere. Select a slip that does not 
insert on the metacarpal and divide it at its insertion (Fig. 
71.16A).

 n  Make a second incision over the radial side of the meta-
carpophalangeal joint of the index finger and identify 
the tendon of the first dorsal interosseous muscle (Fig. 
71.16B).

 n  Make a subcutaneous tunnel from the radial styloid to the 
base of the index finger.

 n  Obtain a tendon graft from the palmaris longus or else-
where and weave it into the first dorsal interosseous ten-
don distal to the metacarpophalangeal joint (Fig. 71.16C 
and D).

 n  Pass the graft subcutaneously into the area of the radial 
styloid without disturbing the first dorsal compartment.

 n  At the level of the radial styloid, with the index finger 
and the wrist in neutral position, suture the graft to the 
selected slip of the abductor pollicis longus. The tension 
should not be so tight as to overabduct the resting index 
finger posture.

POSTOPERATIVE CARE The wrist is immobilized for 3 to 
4 weeks, and then active exercise is begun.
   

RESTORATION OF INTRINSIC 
FUNCTION OF THE FINGERS
Loss of intrinsic muscle function of the fingers may result 
from paralytic disease or low median and ulnar nerve lesions; 
low lesions of these nerves cause selective paralysis of the 
intrinsic muscles but spare the long extrinsics to act unop-
posed and produce a clawhand. The mechanics of develop-
ment of this deformity are discussed at the beginning of this 
chapter.

Loss of intrinsic muscle power may cause hyperextension 
of the metacarpophalangeal joints in a mobile hand; however, 
this deformity usually is not the primary or most disabling 
aspect of this paralysis. It has been shown that with intrin-
sic paralysis, grasp is diminished 50% or more because of the 
lack of power of flexion at the metacarpophalangeal joints. 
In addition, there is asynchronous movement in flexion of 
the fingers themselves. The roll-up maneuver of the fingers 
in the intrinsically paralyzed hand shows this characteristic. 
The interphalangeal joints must flex first, followed next by 

 

Adduction

Abduction

ExtensionFlexion

Pronation
   Pronation
+ Abduction
+ Flexion
= Opposition

FIGURE 71.13 Adduction and abduction of thumb are in 
plane perpendicular to palm. Flexion and extension of thumb are 
in palmar plane. Pronation and supination are rotation of thumb 
around its longitudinal axis. Opposition is complex of abduction, 
flexion, and pronation of first metacarpal (and flexion and abduc-
tion of proximal phalanx and extension of distal phalanx).  (Redrawn 
from Smith RJ: Extensor carpi radialis brevis tendon transfer for thumb 
abduction: a study of power pinch, J Hand Surg 8A:4, 1983.)
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the metacarpophalangeal joints and ultimately by full flexion 
of the fingers. In-phase flexion of the metacarpophalangeal 
joints is lost with the loss of intrinsic muscle power; the hand 
is unable to grasp a large object, which is pushed out of the 
palm by the asynchronous motion (Fig. 71.17). As previously 
mentioned, it also lacks power of grasp because metacarpo-
phalangeal flexion depends entirely on the long flexors in 
the absence of intrinsics. Power of pinch also is diminished 

in addition to the effects of paralysis of the thenar muscles 
because the collateral ligaments of the metacarpophalangeal 
joints of the fingers are lax in extension and the stabilizing 
intrinsic musculature that would ordinarily give lateral stabil-
ity is paralyzed. Divergence of the fingers is automatic with 
extension produced by the long extensor tendons, and as a 
result of the alignment of the finger flexors, convergence of 
the tips on grasping is automatic. To stabilize the fingers in 
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Graft sutured to
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radialis brevis

Extensor carpi radialis
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FIGURE 71.14 Smith transfer of extensor carpi radialis brevis tendon. A, Usual incisions (A and B) for detaching and withdrawing 
extensor carpi radialis brevis, channeling tendon graft through second interspace (C), and attaching graft to tendon of adductor pollicis 
(D). B, Extensor carpi radialis brevis is transected distally and withdrawn proximal to dorsal retinacular ligament (“sheath”). C, Tendon graft 
(palmaris longus or plantaris) is passed deep to adductor pollicis and between second and third metacarpals. D, Tendon graft is sutured 
to adductor tendon. E, Proximal end of tendon graft is passed subcutaneously to proximal incision. F, Tendon graft sutured proximally to 
extensor carpi radialis brevis with thumb adducted and wrist at 0 degrees of extension. Extensor carpi radialis brevis is at resting length. 
Graft is made slightly longer if thenars are paralyzed.( Redrawn from Smith RJ: Extensor carpi radialis brevis tendon transfer for thumb abduction: 
a study of power pinch, J Hand Surg 8A:4, 1983.) SEE TECHNIQUE 71.8.
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extension at the metacarpophalangeal joint, especially for 
the resistance of the index finger to the pinch pressure of the 
thumb, the intrinsics are essential.

Many procedures have been devised to block hyperexten-
sion of the metacarpophalangeal joints, but stabilizing these 
joints at a selected position and permitting controlled devia-
tion from side to side requires functioning intrinsic muscles. 
The restoration of grasping power should be sought if suitable 
muscles are available for the reconstruction, but this depends 
on individual circumstances.

In this section, detailed knowledge of the anatomy 
and function of the intrinsic muscles is assumed and is not 
reviewed. The interosseous and lumbrical muscles flex the 
metacarpophalangeal joints and extend the interphalangeal 
joints of the fingers, but the long finger extensors are capable 
of extending the interphalangeal joints if the metacarpopha-
langeal joints are stabilized and cannot hyperextend (see Fig. 
71.2). This principle (that the long finger extensors can extend 
interphalangeal joints, provided that hyperextension of the 
metacarpophalangeal joints is prevented) is the basis for many 
of the operations for intrinsic paralysis. The metacarpopha-
langeal joints can be stabilized by capsuloplasty (Zancolli), 
tenodesis (Riordan), bone block (Mikhail), arthrodesis, or 
tendon transfers that actively extend the interphalangeal 
joints and flex the metacarpophalangeal joints. The proper 
operation for a given hand depends on the muscles available 
for transfer, the amount of passive motion present in the fin-
ger and wrist joints, and the opinion and experience of the 
surgeon. Transfers to replace intrinsic function of the fingers 
are the most variable, complicated, and surgically difficult 
procedures. Several different transfers have been devised, but 
no one procedure predictably compensates for the deformi-
ties that follow intrinsic paralysis. The Bouvier maneuver is 

an examination technique used to assess the competency of 
the extensor apparatus. If active extension of the interpha-
langeal joints is present with mechanical block to metacar-
pophalangeal hyperextension, the Bouvier test is positive and 
the extensor mechanism is competent. Static procedures to 
block metacarpophalangeal hyperextension may be sufficient. 
If active extension of the interphalangeal joints is lacking with 
mechanical block to metacarpophalangeal hyperextension, 
the Bouvier test is negative and the extensor mechanism is 
incompetent. Dynamic procedures to restore interphalangeal 
extension will be needed in addition to correction of metacar-
pophalangeal hyperextension.

Bunnell, in a modification of an earlier technique, 
detached the sublimis tendon from each finger, split it, and 
passed one slip to each side of the extensor aponeurosis of 
each finger by way of the lumbrical canals, removing the 
powerful flexor of the proximal interphalangeal joints and 
converting it into an extensor of the same joints. However, 
this transfer often is too strong and pulls the proximal inter-
phalangeal joints into extension, producing an intrinsic-plus 
deformity that appears several months to many years after the 
transfer. A modification of this procedure in which only one 
sublimis is transferred to all fingers may be useful; however, 
setting and maintaining proper tension in this method are 
difficult (Fig. 71.18).

Flexing the wrist in an attempt to extend the interpha-
langeal joints often becomes a necessary habit after intrin-
sic paralysis. Its objective is to create a tenodesing effect on 
the long extensor tendons. If this flexion is too marked, the 
Bunnell transfer is rendered ineffective, but if the intrinsics 
are weak but not paralyzed, the transfer may be useful if the 
wrist extensors are strong enough to prevent flexion of the 
wrist. When flexing the wrist is a chronic habit and a wrist 
flexor can be spared, Riordan transferred the flexor carpi 
radialis (see Fig. 71.25).

Fowler split the extensor proprius tendons of the index 
and little fingers to form four slips and attached one each 
to the extensor aponeuroses on the radial side of the index 
and middle fingers and on the ulnar side of the ring and 
little fingers. In a later modification, the tendons are split 
as described but the slips are passed to the volar side of the 
deep transverse metacarpal ligament and are attached to 
the radial side of the extensor aponeurosis of each finger 
(Figs. 71.19 and 71.20). This is a more efficient transfer 
and has the advantage of a tenodesing effect when the wrist 
is flexed. The ends of the tendon slips must be advanced 
about 2.5 cm to reach their destinations on the extensor 
aponeuroses, however, and are under considerable tension; 
sometimes an intrinsic overpull or intrinsic-plus deformity 
develops. This excessive tension may be avoided as follows. 
The detached end of the extensor indicis proprius tendon 
is split into two slips, passed volar to the deep transverse 
metacarpal ligament, and attached to the radial side of the 
ring and little fingers. One end of a free tendon graft is 
attached to the musculotendinous junction of the extensor 
indicis proprius, and the other end is split into two slips 
that are passed distally in a similar manner and attached 
to the radial side of the middle and index fingers. Riordan 
further modified this procedure by attaching the tendon 
graft to the freed insertion of the palmaris longus tendon 
instead of to the musculotendinous junction of the exten-
sor indicis proprius (Fig. 71.21).

 FIGURE 71.15 Modified Royle-Thompson transfer to restore 
thumb adduction (see text). SEE TECHNIQUE 71.9.
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Brand devised a technique using the extensor carpi radi-
alis brevis tendon lengthened by a free graft from the plan-
taris tendon (Fig. 71.22); the distal end of the graft is split 
into four slips, or tails, and each tail is passed to the volar side 
of the deep transverse metacarpal ligament and is attached 
on the radial side of each proximal phalanx to the extensor 

aponeurosis, except in the index finger, where it is attached 
on the ulnar side. In his opinion, index finger pinch can be 
secured more firmly when the finger is in adduction rather 
than in abduction (Fig. 71.23). Brand advised transferring the 
extensor carpi radialis longus or brevis to the volar side of 
the forearm and extending it by a four-tailed graft through 
the carpal tunnel and the lumbrical canals and finally to the 
extensor aponeuroses as before (Fig. 71.24). This transfer 
crowds the carpal tunnel and may cause symptoms of median 
nerve compression should the nerve be functioning. For 
severe clawing of the hand with wrist flexion, Riordan advised 
freeing the insertion of the flexor carpi radialis and transfer-
ring it to the dorsum of the wrist; here it is prolonged with a 
four-tailed graft, each tail of which is passed volar to the deep 
transverse metacarpal ligament and is attached to the radial 
sides of the extensor aponeuroses (Fig. 71.25).

The procedures just described require that muscles strong 
enough for transfer be available. If they are not, a Zancolli cap-
suloplasty or a tenodesing procedure to stabilize the metacar-
pophalangeal joints may be indicated (Fig. 71.26). Riordan 
devised a tenodesing procedure in which the extensor carpi 
radialis brevis and extensor carpi ulnaris tendons are each cut 
halfway through at about the level of the junction of the mid-
dle and distal thirds of the forearm; one half of each tendon is 

 

A

B

C D

1st dorsal
interosseous

APL

FIGURE 71.16 A, Accessory slip inserting into trapezium is detached distal to retinaculum. Functional slip, 
inserting into metacarpal, is preserved. B, Subcutaneous tunnel is created from radial styloid to insertion of first 
dorsal interosseous. C and D, Tendon graft is woven into tendon of first dorsal interosseous and sutured to acces-
sory slip. (Redrawn from Neviaser RJ, Wilson JN, Gardner MM: Abductor pollicis longus transfer for replacement of first 
dorsal interosseus, J Hand Surg 5A:53, 1980.) SEE TECHNIQUE 71.11.

 FIGURE 71.17 Intrinsic paralysis results in failure to grasp large 
objects.
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stripped distally and is left attached at its insertion on a meta-
carpal base. Each strand of tendon is split into two strips, form-
ing four slips; each slip is passed through an interosseous space 
and along the volar side of the deep transverse metacarpal liga-
ment to a finger and is attached to the radial side of its extensor 

aponeurosis. The disadvantage of this tenodesis is that it can-
not be activated by wrist motion, as can the Fowler tenodesis. 
Fowler used a free tendon graft attached to the fingers as in the 
Riordan technique but anchored proximally in the area of the 
dorsal carpal ligament proximal to the wrist. When the wrist is 
flexed, the tenodesis is activated (Fig. 71.27).

If the finger flexors and the wrist flexors and extensors are 
strong, and if there is no habitual wrist flexion, the operation of 
choice to restore finger intrinsic function is the modified Bunnell 
procedure, in which the flexor digitorum sublimis of the ring fin-
ger is transferred (see Fig. 71.18). If flexing the wrist is habitual, 
or there is a flexion contracture of the joint and if a wrist flexor 
can be spared, Riordan recommended transfer of the flexor carpi 
radialis to the dorsum of the wrist prolonged by tendon grafts 
(see Fig. 71.25); however, at least one strong wrist flexor should 
remain after the transfer. If the wrist extensors are strong, and 
the flexors are weak, the Brand transfer of the extensor carpi 
radialis longus volarward and prolonged by a free graft through 
the carpal tunnel (see Fig. 71.24) may be indicated. The Brand 
transfer of the extensor carpi radialis brevis prolonged by a free 
graft carried between the metacarpals and attached to the exten-
sor aponeuroses (see Fig. 71.22) may be complicated by difficulty 
in reeducation. If a flexor digitorum sublimis or a wrist flexor 
or extensor is unavailable for transfer or cannot be spared, the 
extensor proprius tendons of the index and little fingers can be 
transferred by the Fowler technique (see Figs. 71.19 and 71.20), 
or the Riordan modification of the Fowler technique in which 
the palmaris longus tendon is one of the transfers (see Fig. 71.21) 
can be used. If no muscle is available for transfer, and if the joints 
are supple, the Zancolli capsulodesis of the metacarpophalangeal 
joints (see Fig. 71.26), a Fowler tenodesis (see Fig. 71.27), or a 
Riordan tenodesis may be indicated.

The tendency to overload the extensor mechanism by 
routine attachment of transferred tendons to the lateral bands 
has been noted; this means that the desirable flexor power to 
the metacarpophalangeal joints is not obtained; Brooks and 
Jones suggested attaching the transfers to the flexor tendon 
sheath (Fig. 71.28) and, depending on the intact extensor 
power, extending the proximal interphalangeal joints with the 
metacarpophalangeal joints stabilized. Likewise, Burkhalter 
and others suggested a bony attachment of the transferred 
tendon to the midportion of the proximal phalanx to provide 
leverage for flexion at the metacarpophalangeal joint and a 
better restoration of grip (see Fig. 71.33). We have found, 
however, the Zancolli tendon insertion into the flexor sheath 
to be much less time-consuming than insertion into bone. It 
also eliminates the tendency for hyperextension of the proxi-
mal interphalangeal joint, as occurs sometimes when the ten-
don is inserted into the extensor mechanism. 

 

TRANSFER OF THE FLEXOR 
DIGITORUM SUBLIMIS OF THE RING 
FINGER

 TECHNIQUE 71.12 

(BUNNELL, MODIFIED)
 n  Transfer either the ring or the long finger sublimis tendon. 

Make a midlateral incision about 4.0 cm long on the radial 

 FIGURE 71.18 Modification of Bunnell transfer to restore 
intrinsic function of fingers (see text). SEE TECHNIQUE 71.12.

 

Clamp threading graft
through interosseous

space volar to transverse
metacarpal ligament

Graft tacked to side
of extensor mechanism

FIGURE 71.19 Any tendons transferred from dorsum of hand 
to restore intrinsic function of fingers must pass to volar side of 
deep transverse metacarpal ligament.
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side of the selected finger, beginning at the midshaft of 
the proximal phalanx and extending distally to beyond the 
proximal interphalangeal joint.

 n  Deepen the incision to the flexor tendon sheath, open 
the sheath laterally, and identify and divide the subli-
mis tendon at the level of the proximal interphalangeal 
joint.

 n  Separate the two slips of the tendon so that the tendon 
can be withdrawn into the palm.

 n  Make a transverse incision about 4.0 cm long at the level 
of the proximal palmar crease. Identify the sublimis ten-
don, withdraw it through the palmar incision, and split it 
into four equal tails.

 n  Make a longitudinal incision about 2.5 cm long on the 
radial side (and slightly dorsal) of the proximal phalanx 
of each finger except the donor finger and identify the 
extensor aponeuroses.

 n  With a narrow instrument, a wire loop, or a tendon carri-
er, pass each tail of tendon through the lumbrical canal of 
a finger and over the oblique fibers of the extensor apo-
neurosis to its dorsum (see Fig. 71.18). Passage through 
the lumbrical canals should be easy; if any obstruction is 
met, redirect the instrument.

 n  With the metacarpophalangeal joint at 80 or 90 degrees 
of flexion, the interphalangeal joints at neutral, and the 
wrist at 30 degrees of flexion, suture each tail to the apo-
neurosis under some tension with interrupted sutures and 
bury its end. Usually 2.5 cm or more of redundant tendon 
must be excised.

 n  Close the incisions and immobilize the hand with the 
wrist in neutral position, the metacarpophalangeal joints 
in flexion, and the interphalangeal joints in extension.

 n  Brooks recommended attaching each transfer to the flex-
or pulley at the level of the proximal phalanx, preventing 
the development of hyperextension deformities of the 
proximal interphalangeal joints.

POSTOPERATIVE CARE At 3 weeks, the cast is re-
moved and each finger is splinted with a plaster or 
plastic gutter splint in a neutral position. Movement of 
the metacarpophalangeal joints and resisted active ex-
tension of the wrist are encouraged. The finger splints 
are removed and are reapplied daily until reeducation 
is complete.

   

 

Site of extensor
indicis proprius
             tendon

Tendon being routed volar
to deep transverse
metacarpal ligament

Site of extensor
digiti V proprius
tendon

FIGURE 71.20 Fowler transfer to restore intrinsic function of 
fingers (see text). SEE TECHNIQUE 71.14.

 

Palmaris longus
and plantaris

graft to index and
middle fingers

Extensor indicis
proprius tendon
split and rerouted
to ring and
little finger

FIGURE 71.21 Riordan transfer to restore intrinsic function of 
fingers (see text). SEE TECHNIQUE 71.14.

 FIGURE 71.22 Brand transfer of extensor carpi radialis brevis tendon prolonged with free graft to restore 
intrinsic function of fingers (see text).
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TRANSFER OF THE EXTENSOR CARPI 
RADIALIS LONGUS OR BREVIS 
TENDON

 TECHNIQUE 71.13 

(BRAND)
 n  Divide the distal end of the extensor carpi radialis brevis 

tendon of the radius through a short dorsal transverse 
incision.

 n  Make a second incision 9.0 cm proximal to the first, with-
draw the tendon through it, and place the tendon on a 
wet towel. Remove a plantaris tendon for a graft, and 
divide it in half or double it on itself to make two grafts. 
Split open the end of the motor tendon along the natural 
plane of cleavage, spread it out, and suture the graft to 
it.

 n  Introduce a tendon-tunneling forceps at the first incision, 
pass it subcutaneously to the second, grasp the ends of 
the tendon grafts, and pull them under intact skin.

 n  Split the end of each graft into two parts to form a total 
of four slips or tails.

 n  Make a longitudinal dorsoulnar incision over the proxi-
mal phalanx of the index finger and dorsoradial incisions 

over the proximal phalanx of the long, ring, and little 
fingers.

 n  Identify the lumbrical tendon and lateral band of the ex-
tensor aponeurosis in each finger, tunnel from this point 
on each finger through the palm and appropriate inter-
osseous space, grasp a strand of tendon graft, and with-
draw it into the finger. Tunnel to the volar side of the 
deep transverse metacarpal ligament and then between 
the appropriate metacarpal shafts.

 n  When all tendon grafts are in position, suture them 
one by one under equal tension to the dorsal expan-
sion lateral band of each finger—first the index, then 
the little, and finally the intermediate ones (Fig. 71.29). 
The transfers should be relaxed completely when the 
wrist is extended 45 degrees, the metacarpophalangeal 
joints are flexed 70 degrees, and the interphalangeal 
joints are in neutral. Close the wounds and apply a light 
plaster cast.

 n  As an alternative method, use the extensor carpi radia-
lis longus tendon. Through a dorsal transverse incision, 

 FIGURE 71.23 When firm pinch would be more useful than 
abduction of index finger, transferred tendon is attached to ulnar 
lateral band of extensor hood rather than to insertion of first dorsal 
interosseous muscle. During pinch, index finger is in adduction, 
rather than in abduction.  (Redrawn from White WL: Restoration of 
function and balance of the wrist and hand by tendon transfers, Surg 
Clin North Am 40:427, 1960.)

 FIGURE 71.24 Brand transfer of extensor carpi radialis longus or brevis, first to volar side of forearm 
and then, after prolongation with free graft, to extensor aponeuroses to restore intrinsic function of 
fingers (see text).

 

Four-tailed plantaris
tendon graft sutured

to tendon of flexor
carpi radialis muscle

FIGURE 71.25 Riordan transfer to restore intrinsic function of 
fingers (see text).

    

https://booksmedicos.org


PART XVIII THE HAND3708

free its insertion and withdraw it through a second 
incision at the middle of the forearm. Make an incision 
on the anterior aspect of the forearm 7.5 cm proximal 
to the wrist, tunnel from the anterior incision deep to 
the brachioradialis to the proximal incision, and draw 
the tendon into the anterior incision. Suture the grafts 
to the motor tendon as described previously. Through 
a midpalmar incision, pass it through the carpal tunnel 
into the forearm and draw the grafts into the palm, 
leaving the tendon junctions proximal to the carpal 
tunnel. Pass each strand of the graft separately to its 
finger destination.

POSTOPERATIVE CARE Postoperative care is as de-
scribed for the modified Bunnell technique (see Technique 
71.12).
   

 

TRANSFER OF THE EXTENSOR INDICIS 
PROPRIUS AND EXTENSOR DIGITI 
QUINTI PROPRIUS

 TECHNIQUE 71.14 

(FOWLER)
 n  In this transfer, the extensor indicis proprius and the ex-

tensor digiti quinti proprius are used as motors (see Fig. 
71.20).

 n  Make a dorsal incision over the radial aspect of the index 
finger metacarpophalangeal joint and identify the exten-

sor indicis proprius tendon, which should be deep and 
ulnar to the common extensor tendon.

 n  Dissect the tendon from the extensor aponeurosis, ob-
taining as much length as possible by excising a part of 
the aponeurosis with it; otherwise, the tendon could be 
too tight after transfer.

 n  Suture the residual defect in the aponeurosis.
 n  Split the extensor indicis proprius into two equal parts, 

pass each volar to the deep transverse metacarpal liga-
ment, and attach one each to the extensor aponeurosis 

 

MPJ
volar plate

Section of
volar plate

Flexor
tendons

A1 pulley

FIGURE 71.26 Zancolli capsulodesis for intrinsic paralysis (see text). SEE TECHNIQUE 71.15.

 

Four-tailed
plantaris

tendon graft

Graft tacked to
extensor mechanism

FIGURE 71.27 Fowler tenodesis for intrinsic paralysis (see text). 
SEE TECHNIQUE 71.16.
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on the radial side of the index and middle fingers, as in 
the Bunnell technique.

 n  Make a dorsal incision over the little finger, identify the 
extensor digiti quinti proprius tendon, and free its inser-
tion; split this tendon also into two equal parts, pass each 
volar to the deep transverse metacarpal ligament, and 
attach one each to the radial side of the ring and little 
fingers. Ensure that this tendon is not too tight.

 n  The Riordan modification of this operation (see Fig. 71.21) 
does not use the extensor digiti quinti proprius.

POSTOPERATIVE CARE Postoperative care is as de-
scribed for after the modified Bunnell technique.
   

 

CAPSULODESIS

 TECHNIQUE 71.15 

(ZANCOLLI)
 n  Make a transverse incision in the palm at the level of the 

distal crease. Undermine widely the skin and fat and ex-
pose the flexor tendon sheaths, taking care to protect the 
neurovascular bundles.

 n  Over each metacarpophalangeal joint, make a longitu-
dinal incision in the paratendinous fascia and tendon 
sheath and expose the flexor tendons.

 

A2

FDS

FIGURE 71.28 Flexor digitorum sublimis (FDS) inserted into strip 
of annular ligament (A2) at middle of proximal phalanx.  (Redrawn 
from slide supplied by Brooks. In Riordan DC: Tendon transfers in hand 
surgery, J Hand Surg 8:748, 1983.)

 

EDC

BA

 1 3
4

2

FIGURE 71.29 A, One slip of tendon graft is sutured to appropriate lateral band of each finger. B, First, one slip of graft is sutured to 
ulnar lateral band of index finger (1), and then one each to radial lateral band of little (2), long (3), and ring (4) fingers in that order. C 
and D, Method of weaving slip of graft into lateral band. E, Wrist is immobilized in 45 degrees of dorsiflexion, and metacarpophalangeal 
joints are immobilized in 70 degrees of flexion. (Redrawn from White WL: Restoration of function and balance of the wrist and hand by tendon 
transfers, Surg Clin North Am 40:427, 1960.) SEE TECHNIQUE 71.13.
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 n  Carefully retract the tendons and expose the underlying 
metacarpophalangeal joint (Fig. 71.26).

 n  Resect an elliptical segment of the volar fibrocartilaginous 
plate, including the vertical septum and its deep origin. 
Resect enough tissue to produce a 10- to 30-degree flex-
ion contracture when the plate is closed. Alternatively, 
the volar plate can be imbricated or its proximal attach-
ment advanced proximally and secured with a bone an-
chor.

 n  Close the volar plates with nonabsorbable sutures placed 
laterally in its thickest part, this being at the insertion 
of the accessory collateral ligaments. If desired, insert 
transarticular Kirschner wires to maintain the metacar-
pophalangeal joint positions.

 n  Close the wound and apply a dorsal plaster splint, holding 
the metacarpophalangeal joints in flexion and the wrist in 
extension.

POSTOPERATIVE CARE Movements of the interphalan-
geal joints are continued after surgery. At 3 weeks, the 
cast and any Kirschner wires are removed and metacar-
pophalangeal joint exercises are begun.
   

 

TENODESIS

 TECHNIQUE 71.16 

(FOWLER)
 n  In this operation, a tendon graft is substituted for the 

finger intrinsics; the graft is activated by wrist flexion (see 
Fig. 71.27).

 n  Obtain a tendon graft twice as long as the distance from 
the dorsum of the wrist to the proximal interphalangeal 
joints.

 n  Make a transverse incision on the dorsum of the wrist and 
expose the wrist extensor retinaculum.

 n  Pass the graft through the retinaculum just distal to its 
proximal edge.

 n  Split each end of the graft into two equal slips and trans-
fer each slip to a finger, as in the Fowler transfer previ-
ously described.

 n  Suture the graft under proper tension so that when the 
wrist is flexed, force is exerted on the extensor mechanism 
to extend the interphalangeal joints without hyperflexing 
the metacarpophalangeal joints.
   

PERIPHERAL NERVE PALSIES
RADIAL NERVE PALSY
Radial nerve injuries rarely occur at sites other than the 
humeral shaft or the proximal third of the dorsoradial fore-
arm. Injuries to the radial nerve at this high level typically do 
not affect triceps function, and elbow extension is preserved; 
however, in high radial nerve palsy, the pattern of motor 
paralysis includes loss of wrist extension, thumb extension 

and abduction, and finger metacarpophalangeal joint exten-
sion. Wrist extension is necessary for proper flexor tendon 
tensioning, and grasp is profoundly reduced and represents 
a significant functional deficit after high radial nerve paraly-
sis. More distal nerve injuries affect the posterior interosseous 
nerve and result in a low radial nerve palsy. Wrist extension 
is preserved with a tendency toward radial deviation sec-
ondary to preserved extensor carpi radialis longus function. 
However, loss of thumb extension and abduction and finger 
metacarpophalangeal joint extension prevents appropriate 
grasp posture, and awkwardness and clumsiness of the hand 
is striking.

Observation is indicated in most nerve palsies associ-
ated with closed humeral fractures because return of normal 
function can be anticipated at 3 to 6 months after fracture. 
Early surgical exploration for the Holstein-Lewis fracture pat-
tern (spiral fracture of the middle-distal third junction) may 
not be indicated. A series of patients with this pattern were 
noted to have full recovery regardless of surgical intervention. 
Indications for open reduction and fixation of acute closed 
humeral fractures should rely more on factors other than the 
status of the radial nerve. The timing for nerve exploration in 
closed injuries varies. Surgical exploration in the absence of 
nerve recovery or advancing Tinel sign may be indicated at 
3 months after injury. The results of nerve repair seem to be 
better when done before rather than after 6 months. Nerve 
exploration should accompany management of open humeral 
fractures and lacerations associated with nerve deficit. Radial 
nerve neurorrhaphy should be performed when possible; out-
comes theoretically are favorable because the nerve is largely 
motor and the distances between the sites of injury and rein-
nervation are short. When a nerve repair is performed, and 
suitable recovery is anticipated, tendon transfers generally 
should be delayed for 6 months. Burkhalter outlined three 
indications, however, for early tendon transfer: (1) to act as a 
substitute during regrowth of the nerve, avoiding use of exter-
nal splints, (2) to act as a helper as reinnervation proceeds, 
and (3) to intervene when the results of the nerve repair are 
considered poor or the nerve is irreparable. Burkhalter con-
tended that transfer of the pronator teres to establish wrist 
extension early creates no disability and that the transferred 
unit still functions as a forearm pronator. Radial nerve inju-
ries in the proximal third of the forearm result in low radial 
nerve palsy in which finger metacarpophalangeal joint exten-
sion and thumb extension and radial abduction are lost. 
Procedures for low radial nerve palsy are derived from the 
more common procedures used for high radial nerve palsy. 
The synergistic wrist flexors, long finger flexors, palmaris 
longus, and pronator teres commonly are used for transfer, 
and numerous combinations of these transfers have been 
described.

Despite numerous tendon transfer variations for 
radial nerve paralysis, several tendon transfer combina-
tions are commonly used. One strong wrist flexor should 
be retained to prevent wrist hyperextension. Scuderi 
modified Starr’s transfer of the palmaris longus to the 
extensor pollicis longus to provide thumb extension and 
abduction. Most surgeons prefer the flexor carpi radia-
lis over the flexor carpi ulnaris to establish metacarpo-
phalangeal joint extension. The flexor carpi ulnaris is the 
major wrist flexor and the only remaining ulnar deviator 
of the wrist because the extensor carpi ulnaris is lost in 
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high and low radial nerve paralyses. In addition, the nor-
mal wrist motion is from dorsoradial extension to volar-
ulnar flexion as in a dart-throwing motion. Elimination 
of this balancing force may accentuate hand radial devi-
ation and disturb the more normal wrist flexion-exten-
sion arc. The wrist position for power grip also is one of 
ulnar deviation, and sacrificing the flexor carpi ulnaris 
may compromise grip strength. In patients in whom sig-
nificant wrist radial deviation exists before tendon trans-
fer, use of the flexor carpi ulnaris is contraindicated. 
Moreover, the flexor carpi ulnaris has muscular attach-
ments all along the ulnar shaft, requires a long incision, 
and, when transferred around the subcutaneous border of 
the ulna, is conspicuous and may be objectionable in fore-
arms with little subcutaneous coverage. This minor cos-
metic problem, however, can be eliminated by resection 
of the flexor carpi ulnaris muscle distally. In the absence 
of significant wrist radial deviation, however, the flexor 
carpi ulnaris transfer to the extensor digitorum commu-
nis is acceptable for achieving digital extension.

To achieve full and independent thumb and digital 
extension, Boyes devised transfers using the flexor digi-
torum sublimis tendons of the middle and ring fingers. 
These transfers are more technically difficult, and adhe-
sions may occur in the interosseous space through which 
the sublimis tendons are placed. His transfers include (1) 
pronator teres to extensor carpi radialis longus and exten-
sor carpi radialis brevis, (2) flexor carpi radialis to exten-
sor pollicis brevis and abductor pollicis longus, (3) middle 
flexor digitorum sublimis to extensor digitorum commu-
nis, and (4) ring flexor digitorum sublimis to extensor pol-
licis longus and extensor indicis proprius.

Brand suggested removing the insertion of the exten-
sor carpi radialis longus and transferring it to a point 
between the extensor carpi radialis brevis and extensor 
carpi ulnaris to avoid radial deviation on extension of 
the wrist. Most surgeons attempt to balance the wrist and 
decrease the likelihood of radial deviation by transfer of 
the pronator teres into the more centrally located exten-
sor carpi radialis brevis, rather than the extensor carpi 
radialis longus or extensor carpi radialis longus and bre-
vis unit.

All procedures are done under general or axillary block 
anesthesia with the patient supine. All transfers are done at 
the same surgery, usually as outpatient procedures. A high 
arm tourniquet is used, and the hand, forearm, and elbow 
region are prepared for sterile draping. The most commonly 
performed series of transfers are described in Technique 
71.17. In patients in whom the palmaris longus is not avail-
able for transfer, the sublimis of the long or ring finger gener-
ally is used (Table 71.2).

More recently, use of nerve transfers to restore radial 
nerve function has gained attention. Such transfers include 
(1) transfer of nerve branches of the flexor digitorum sub-
limus to the extensor carpi radialis brevis, (2) transfer of 
branches of the flexor carpi radialis and palmaris to the 
posterior interosseous nerve, and (3) transfer of branches 
of the flexor carpi ulnaris (ulnar nerve) to the posterior 
interosseous nerve. These transfers may offer both less 
morbidity with respect to scar formation and tendon glid-
ing and also more physiologic function. However, nerve 
transfers take months rather than weeks to restore func-
tion and may sacrifice a potential tendon donor if the 
transfer fails. 

 

TRANSFER OF PRONATOR TERES 
TO EXTENSOR CARPI RADIALIS 
BREVIS, FLEXOR CARPI RADIALIS TO 
EXTENSOR DIGITORUM COMMUNIS, 
AND PALMARIS LONGUS TO 
EXTENSOR POLLICIS LONGUS

 TECHNIQUE 71.17 FIGURE 71.30

 n  Make a gently curved incision in the middle third of the 
dorsal forearm to expose the extensor pollicis longus and 
common extensor tendons and extensor indicis proprius 
proximal to the extensor retinaculum (Fig. 71.30A). Flex 
the fingers fully and hold the wrist in extension. Sequen-
tially secure the extensor digitorum communis and exten-
sor indicis proprius tendons together under equal tension 
proximal to the extensor retinaculum using 2.0 nonab-
sorbable braided sutures such that the suture site does 
not impinge on the extensor retinaculum proximal edge, 
thus limiting finger flexion with the wrist flexed.

 n  Place the wrist in neutral and evaluate synchronous meta-
carpophalangeal joint extension by placing traction on the 
extensor digitorum communis and extensor indicis proprius 
tendon composite. Additional extensor tendon balancing 
may need to be done by adjusting tension with additional 
mattress sutures between the individual tendons. Inclusion 
of the small finger proprius tendon may be necessary.

 n  Make a gently curved volar incision, extending from the 
junction of the proximal–middle third of the forearm to 4 
cm proximal to the distal wrist flexion crease to expose the 

TABLE 71.2

Tendon Transfers for Radial Nerve Palsy

TENDON 
TRANSFER

RESTORATION 
OF WRIST  
EXTENSION

RESTORATION 
OF THUMB 
EXTENSION

RESTORATION 
OF FINGER 
EXTENSION

Brand PT to ECRB PL to EPL FCR to EDC
Jones PT to ECRB PL to EPL FCR to EDC
Boyes 
superficialis

PT to ECRB FDS of ring 
finger to EPL

FDS of long 
finger to EDC

ECRB, Extensor carpi radialis brevis; EDC, extensor digitorum communis; EPL, 
extensor pollicis longus; FCR, flexor carpi radialis; FDS, flexor digitorum superfi-
cialis; PL, palmaris longus; PT, pronator teres.
From Seiler JG, Desai MJ, Payne SH: Tendon transfers for radial, median, and 
ulnar nerve palsy, J Am Acad Orthop Surg 21:675, 2013.
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pronator teres, flexor carpi radialis, and palmaris longus 
musculotendinous units (Fig. 71.30B).

 n  Locate the interval between the brachioradialis and pro-
nator teres and trace the pronator teres to its insertion. 
Sharply free the pronator teres from the radial shaft and 
remove as much periosteal extension as possible in conti-
nuity with the pronator teres tendinous insertion.

 n  Trace the flexor carpi radialis distally, and with the wrist 
flexed transect it at the distal wrist crease level.

 n  Verify the presence of the palmaris longus and trace its 
tendon distally, dividing it at the distal wrist flexion crease.

 n  Elevate and dissect these three motor units of their fascial 
attachments proximally to position them in line with their 
intended insertions.

 

A B C

D E F

Volar Dorsal

Extensor carpi
radialis longus

and brevis

Pronator
teres

Brachioradialis

Third dorsal
wrist compartment

Extensor pollicis
longus

Extensor pollicis
longus tendon

Palmaris longus

Extensor
digitorum

communis

Flexor carpi
radialis

Volar Dorsal

FIGURE 71.30 Transfer of pronator teres (PT) to extensor carpi radialis brevis (ECRB), transfer of flexor carpi radialis (FCR) to 
extensor digitorum communis (EDC), and transfer of palmaris longus (PL) to rerouted extensor pollicis longus (EPL). A and B, Volar 
and dorsal incisions used in combination of transfers. Note short transverse incisions over thumb metacarpal joint dorsally and wrist 
volarly used in rerouting EPL. C, FCR transfer to EDC. FCR motor tendon attachment at 45-degree angle into recipient tendon. D, 
Transfer of PT into more centralized ECRB. PT insertion is harvested with 2- to 3-cm periosteal extension strip. E and F, Transfer of 
PL to rerouted EPL. By rerouting EPL out of its third extensor compartment, combination of thumb abduction and extension can be 
achieved. SEE TECHNIQUE 71.17.
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 n  Transect the extensor pollicis longus at its musculoten-
dinous junction and make a 2-cm incision dorsally just 
proximal to the thumb metacarpophalangeal joint. Re-
lease fascial attachments as necessary to deliver the ex-
tensor pollicis longus to this wound.

 n  Make another 2-cm transverse incision in the distal wrist 
flexion crease at the base of the thenar eminence. Make a 
tunnel to pass the extensor pollicis longus volar and radial 
to the thumb carpometacarpal joint so that the rerouted 
extensor pollicis longus will provide interphalangeal joint 
extension and palmar abduction.

 n  Likewise, tunnel the extensor pollicis longus tendon to the 
volar wound. Free extensor pollicis longus passage and ef-
fortless excursion is achieved by releasing again any fascial 
attachments (see Fig. 71.30E). Assess the desired thumb 
radial abduction and interphalangeal joint extension by 
placing traction on the free rerouted extensor pollicis lon-
gus tendon in line with the palmaris longus toward the 
medial epicondyle. Wrap the tendon in a moist 4 × 4–inch 
sponge.

 n  Develop subcutaneous tunnels from proximal volar to 
distal dorsal, keeping a straight-line approach to the des-
tined tendon attachment sites for the pronator teres and 
flexor carpi radialis motors. Route the tendons dorsally 
around the radial shaft to avoid compressing the radial 
artery or superficial sensory nerves.

 n  Place the flexor carpi radialis tendon through the extensor 
digitorum communis and extensor indicis proprius tendon 
composite in a proximal-radial to distal-ulnar direction (Fig. 
71.30C). Adjust the tension so that with full passive wrist 
flexion the metacarpophalangeal joints extend fully, and 
with full wrist extension the fingers can be passively flexed. A 
Pulvertaft-type weave is impossible; however, multiple hori-
zontal mattress sutures should be used to anchor the flexor 
carpi radialis tendon to each individual tendon in the extensor 
digitorum communis and extensor indicis proprius compos-
ite.

 n  Weave the pronator teres tendon and its periosteal slip 
through the extensor carpi radialis brevis tendon (Fig. 
71.30D). The pronator teres and extensor carpi radia-
lis brevis tendons can be joined by several passages of 
the pronator teres tendon and its periosteal extension 
through the recipient extensor carpi radialis brevis ten-
don. Using multiple 2-0 braided nonabsorbable sutures 
in horizontal mattress fashion, secure the tendon weave 
with the wrist held in 40 degrees of extension with the 
pronator teres under near-maximal tension.

 n  Weave and suture together the extensor pollicis longus 
and palmaris longus tendons (Fig. 71.30E and F). Place 
traction on the tendon in line with the palmaris longus 
and check for the desired thumb palmar abduction and 
interphalangeal joint extension. The tension should be 
such as to permit passive flexion of the thumb across the 
palm with the wrist in neutral position.

 n  Achieve hemostasis after tourniquet deflation and close 
the wounds in routine fashion.

 n  When the flexor carpi ulnaris instead of the flexor carpi radia-
lis is used for digital extension, a volar forearm incision should 
extend to the distal wrist flexion crease. The flexor carpi ul-
naris tendon is detached near the pisiform. The procedure is 
analogous to that described for the flexor carpi radialis motor 
except for the details concerning proximal dissection of the 

flexor carpi ulnaris muscle and passing the tendon around 
the ulnar shaft. The flexor carpi ulnaris is muscular through-
out, and in thin arms removal of the middle and distal muscle 
portion may make this motor less visible.

POSTOPERATIVE CARE Although the sutures can be re-
moved 10 to 14 days postoperatively, the wrist is kept in 
40 degrees of extension, the metacarpophalangeal joints 
in full extension, and the thumb radially abducted and ex-
tended for 3 weeks. Supervised physical therapy is begun 
at this time. A removable custom-molded splint keeping 
the wrist, fingers, and thumb in the postoperative posi-
tion is worn at night and between therapy sessions for 
approximately 3 months postoperatively.
   

 

TRANSFER OF PRONATOR TERES  
TO EXTENSOR CARPI RADIALIS 
LONGUS AND EXTENSOR CARPI 
RADIALIS BREVIS, FLEXOR CARPI 
RADIALIS TO EXTENSOR POLLICIS 
BREVIS AND ABDUCTOR POLLICIS 
LONGUS, FLEXOR DIGITORUM 
SUBLIMIS MIDDLE TO EXTENSOR 
DIGITORUM COMMUNIS, AND FLEXOR 
DIGITORUM SUBLIMIS RING TO 
EXTENSOR POLLICIS LONGUS AND 
EXTENSOR INDICIS PROPRIUS

 TECHNIQUE 71.18 

(BOYES)
 n  Make a long longitudinal incision on the volar side of the 

radial aspect of the forearm and free the insertion of the 
pronator teres with its strip of periosteum.

 n  Perforate the extensor carpi radialis longus and brevis ten-
dons and pass the insertion of the pronator teres through 
these tendons.

 n  Expose the middle and ring finger sublimis tendons through 
a single incision in the distal palm over the metacarpal heads 
or through separate incisions at their insertions on the mid-
dle phalanges; divide each so that the free end of its distal 
segment lies within its sheath. Withdraw the proximal seg-
ments of the tendons through the forearm incision.

 n  Make a dorsal transverse incision on the wrist, extend-
ing from the radial styloid toward the ulnar styloid and 
curving it proximally. Expose the common digital exten-
sors proximal to the dorsal carpal ligament, and incise the 
deep fascia.

 n  Make a 2-cm opening in the interosseous membrane at 
the proximal edge of the pronator quadratus muscle. Pass 
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the sublimis of the middle finger between the profundus 
muscle mass and the flexor pollicis longus muscle mass 
and through the interosseous membrane. Attach the do-
nor tendon to the common digital extensors.

 n  Make another opening in the interosseous membrane. 
Pass the sublimis of the ring finger to the ulnar side of the 
profundus muscle mass and through the opening and at-
tach it to the extensor pollicis longus and extensor indicis 
proprius. The sublimis tendons of the long and ring fin-
gers must be separated proximally and not crossed over to 
prevent a scissors-type compression of the median nerve.

 n  Divide the flexor carpi radialis at the wrist and suture it to 
the extensor pollicis brevis and abductor pollicis longus at 
this level.

 n  Before the transferred tendons are sutured in place, re-
move the tourniquet and check the interosseous artery 
for bleeding.

POSTOPERATIVE CARE Immobilization should be im-
plemented for 6 weeks. Usually a cast is maintained on the 
arm for 4 weeks, followed by a spring-loaded extension 
splint for the wrist and fingers for another week. During 
the cast immobilization, the metacarpophalangeal joints 
should not be completely extended but should be held 
in about 40 degrees of flexion. The wrist should be fully 
extended, however, with the thumb in abduction and ex-
tension. The interphalangeal joints of the fingers should 
be in “comfortable” flexion.
  

LOW ULNAR NERVE PALSY
The functional deficits caused by low ulnar nerve palsy are: 
(1) weakness of pinch resulting from paralysis of the adduc-
tor pollicis and first dorsal interosseous, (2) weakness of grip 
produced by paralysis of most of the finger intrinsics, and (3) 
clawing of the ring and little fingers associated with paralysis 
of all of their intrinsics.

Paralysis of the adductor pollicis results in a major func-
tional loss that should be restored if possible by appropriate 
tendon transfer (see section on restoration of adduction of 
the thumb). Normal tightness of the metacarpophalangeal 
joints of the ring and little fingers may limit clawing of these 
fingers and enable the long extensors to extend their inter-
phalangeal joints; in this instance, no treatment is indicated 
for clawing, but weakness of grip is still present. If clawing 
of these fingers is troublesome, however, function of their 
intrinsics should be restored by transferring the extensor 
indicis proprius tendon; it is split into two slips, passed volar 
to the deep transverse metacarpal ligament, and attached to 
the radial side of the extensor aponeurosis of each finger 
as in the Riordan transfer (see Fig. 71.21). Other dynamic 
transfers, such as that of Bunnell (see Technique 71.12) or 
Brand (see Technique 71.13), may be useful. As an alterna-
tive to tendon transfer, clawing of the ring and little fingers 
can be corrected by Zancolli capsulodesis. The utility of 
the Zancolli capsulodesis can be confirmed by performing 
Bouvier’s test (Fig. 71.31). This is done by preventing meta-
carpophalangeal joint hyperextension. If the extensors can 
extend the proximal interphalangeal joints with the meta-
carpophalangeal joints flexed to or less than 40 degrees, a 
static procedure may be all that is required. However, if a 

proximal interphalangeal joint extensor is not present, a 
dynamic procedure may yield a better result (see Technique 
71.13). According to Hastings and McCollam, this tech-
nique is very successful in correcting claw deformity and 
increasing synchronous movement of the ring and small 
fingers; however, improvement in grip strength should not 
be expected with the Zancolli capsulodesis.

For low ulnar nerve palsy, Omer suggested the following 
procedure be done in one stage (Fig. 71.32). The metacarpo-
phalangeal joint of the thumb is arthrodesed. The insertion of 
the flexor digitorum sublimis of the ring finger is freed, and 
the tendon is split into two slips. One slip is carried across 
the palm parallel to the fibers of the adductor pollicis and is 
anchored to the insertion of that muscle. The other slip is split 
into two tails; one is carried through the appropriate lumbri-
cal canal and is anchored to the radial side of the extensor 
aponeurosis of the ring finger, and the other is transferred in 

 FIGURE 71.31 Bouvier’s test.

 

  Anchored at
APB insertion

Flexor
digitorum
sublimus

Flexor
digitorum
sublimus

DI

VI

FIGURE 71.32 Single transfer of flexor digitorum sublimis 
tendon is used to correct clawing and to strengthen thumb-index 
pinch in isolated ulnar nerve palsy. APB, Adductor pollicis brevis; 
DI, dorsal interossei; VI, volar interossei.  (Redrawn from Omer GE 
Jr: Tendon transfers in combined nerve lesions, Orthop Clin North Am 
5:377, 1974.)
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a similar manner to the little finger. Instead of the procedure 
just described, Omer sometimes transferred the brachiora-
dialis tendon, prolonged with a free graft, through the third 
interosseous space to restore adduction of the thumb (see 
section on restoration of adduction of the thumb); to restore 
abduction of the index finger, he freed the radial half of the 
insertion of the extensor indicis proprius, split the tendon, 
and anchored the freed half of the tendon to the insertion of 
the first dorsal interosseous.

Burkhalter suggested several tendon transfers and 
noted that insertion directly into the proximal phalanx 
diaphysis of the involved fingers resulted in a more secure 
attachment and has the advantage of a greater lever arm 
beyond the metacarpophalangeal joint. For motors, he 
used the brachioradialis or the extensor carpi radialis lon-
gus extended by free grafts, both of which are brought dor-
sally and passed through the intermetacarpal area volar 
to the transverse metacarpal ligament and then attached 
to bone (Fig. 71.33). Burkhalter also used the same bony 
attachment in transferring a split sublimis of the ring fin-
ger as a modification of the Stiles-Bunnell transfer. In 
addition, there should be a transfer to provide adduction 
of the thumb.

Brown suggested several transfers for thumb adduc-
tion. One uses the ring finger sublimis brought deep to 
the finger flexors, and another uses the extensor indicis 
proprius brought into the palm around the third metacar-
pal and then transversely across the palm, paralleling the 
paralyzed adductor muscle, to attach to the metacarpopha-
langeal joint area of the thumb. Occasionally, arthrodesis 
of the distal thumb joint is advised to increase the power 
of pinch; this is accompanied sometimes by advancing the 
pulley at the metacarpophalangeal joint by sectioning it 
proximally to provide a greater angle of approach of the 
flexor pollicis longus. 

HIGH ULNAR NERVE PALSY
The functional deficits caused by high ulnar nerve palsy are the 
same as those described for low ulnar nerve palsy except that 
functions of the flexor digitorum profundus of the ring and lit-
tle fingers and of the flexor carpi ulnaris also are lost. The trans-
fers described for low ulnar nerve palsy can be used except that 
the sublimis of the ring finger must not be transferred because 
the profundus of this finger is paralyzed. Flexion of the dis-
tal interphalangeal joints of the ring and little fingers can be 
restored by suturing the profundus tendons of these fingers to 
that of the long finger. If further power is needed, transfer of 
the extensor carpi radialis longus into the profundus tendons 
of the long, ring, and little fingers also can be done. The inner-
vation of the profundus of the long finger may be totally ulnar 
at times and frequently only partially ulnar.

The anterior interosseous nerve to ulnar motor nerve 
transfer can be used to restore intrinsic function (see Chapter 
62). In contrast to radial nerve transfers, this transfer does not 
sacrifice potential tendon donors should it fail. 

LOW MEDIAN NERVE PALSY
The important functional deficits caused by low median nerve 
palsy are loss of opposition of the thumb and loss of sensibil-
ity over the sensory distribution of the nerve; paralysis of the 
two radial lumbrical muscles is of little consequence when 
the ulnar nerve is intact. Restoration of thumb opposition is 
discussed in the section on restoration of thumb opposition. 
Restoration of sensibility by a neurovascular island graft is 
discussed in Chapter 68. 

HIGH MEDIAN NERVE PALSY
The important functional deficits caused by high median 
nerve palsy are loss of pronation of the forearm, flexion of 
the wrist, flexion of the index and long fingers, flexion of the 
thumb, opposition of the thumb, and median nerve sensation.

Function can be restored partially as follows. The para-
lyzed ulnar-innervated ring and small finger flexor digitorum 
profundus can be attached by side-to-side suture without sec-
tioning of any of the nonparalyzed median nerve–innervated 
index and long finger flexor digitorum profundus tendons (Fig. 
71.34). In addition, greater power can be achieved by transfer-
ring the extensor carpi radialis longus into the profundus ten-
dons of the index and middle fingers. Thumb flexion can be 
restored by brachioradialis transfer to the long thumb flexor 
at the wrist level. Other options for restoration of the inter-
phalangeal joint flexion include extensor carpi radialis longus 
transfer or extensor carpi ulnaris transfer to the flexor pollicis 
longus. Thumb opposition can be restored by using the exten-
sor indicis proprius as a transfer, bringing it around the ulnar 
side of the wrist so that construction of a pulley is not needed 
(see Technique 71.3). The restoration of sensibility by a neuro-
vascular island graft is discussed in Chapter 68. 

COMBINED LOW MEDIAN AND ULNAR 
NERVE PALSY (AT THE WRIST)
Combined median and ulnar nerve lesions at the wrist result in: (1) 
complete anesthesia of the palm, (2) loss of function of all intrin-
sics of the fingers, and (3) loss of opposition of the thumb (see the 
introduction to this section). If these lesions are not treated, skin 
and joint contractures develop and a fixed clawhand results.

Despite the palmar anesthesia, it is possible to restore 
some useful function after this severe paralysis. The success of 

 

A

B
FIGURE 71.33 A, Burkhalter modification of Stiles-Bunnell 

transfer increases distance of moment arm with increased flexion 
of metacarpophalangeal joint. Force applied distally varies with 
square of distance. B, With intermetacarpal route for this transfer, 
moment arm also increases with increasing flexion of metacarpo-
phalangeal joint.  (Redrawn from Burkhalter WE: Restoration of power 
grip in ulnar nerve paralysis, Orthop Clin North Am 2:289, 1974.)
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treatment depends on several factors. Often the flexor tendons 
have been severely injured by the same trauma that caused the 
paralysis; in this event, the condition of the tendons is impor-
tant in planning transfers. In Hansen disease, the paralysis is 
not accompanied by tendon injury but sometimes by defor-
mity of the skin, fingernails, and bone. For tendon transfers to 
be successful, any contracture of the skin or joints must be cor-
rected first because the transfers alone cannot accomplish this. 
Passive extension of the interphalangeal joints and flexion of 
the metacarpophalangeal joints must be possible. An attempt 
is made to mobilize the joints by splinting; if this fails, arthrod-
esis of the proximal interphalangeal joints must be considered. 
Any thumb web contracture, which is frequent after combined 
median and ulnar nerve palsy, also must be corrected (see the 
section on restoration of adduction of the thumb).

Function of the finger intrinsics can be restored by the Brand 
transfer, in which the extensor carpi radialis brevis is extended 
by tendon graft (see Technique 71.13). Opposition of the thumb 
can be restored by the Riordan transfer (see Technique 71.1), 
unless the sublimis tendon of the ring finger or the palmaris lon-
gus tendon has been injured by direct trauma.

For clawing, Brown suggested a transfer of the extensor 
carpi radialis longus tendon extended by a four-tailed graft 
to restore metacarpophalangeal flexion, as Brand described. 
For thumb adduction, he suggested using the extensor indi-
cis proprius tendon passed through the third intermetacarpal 

space and over the paralyzed adductor muscle, and attached 
to the adductor tendon insertion at the metacarpophalangeal 
joint of the thumb.

Thumb adduction also can be restored by transferring the 
ring flexor digitorum sublimis through the distal palmar fas-
cia, using the vertical septum as a pulley, and passing it across 
the palm superficial to the fascia and attaching it to the radial 
side of the metacarpophalangeal joint of the thumb.

Omer suggested several possibilities. To restore digital 
balance, he used the middle finger flexor digitorum sublimis 
tendon split into four tails or the extensor carpi radialis longus 
tendon extended by a graft. The other two possibilities are the 
extensor indicis proprius tendon or the extensor digiti quinti 
proprius tendon, each split into two tails and attached to the 
second and third digits and fourth and fifth digits. For thumb 
adduction, the middle flexor digitorum sublimis tendon or the 
extensor carpi radialis longus tendon is brought through the 
third intermetacarpal space and extended by a graft to attach 
to the thumb adductor area. For opposition, he suggested using 
the extensor carpi ulnaris tendon extended by the extensor pol-
licis brevis tendon or a graft from the palmaris longus. Fusion 
also is suggested for increasing stability of the thumb. 

COMBINED HIGH MEDIAN AND ULNAR 
NERVE PALSY (ABOVE THE ELBOW)
In combined high median and ulnar nerve palsy, the entire 
hand is anesthetic except for the dorsal surface, and the only 
muscles available for transfer are muscles innervated by the 
radial nerve—the brachioradialis, the extensor carpi radialis 
brevis, the extensor carpi radialis longus, the extensor carpi 
ulnaris, and the extensor indicis proprius. Recommended 
treatment of this palsy includes arthrodesis of the thumb 
metacarpophalangeal joint; Zancolli capsulodesis of the 
metacarpophalangeal joints of all fingers (see Technique 
71.15) and release of the flexor tendon sheaths at the same 
time; transfer of the extensor carpi radialis longus around 
the radial side of the wrist to the flexor digitorum profundus; 
transfer of the brachioradialis to the flexor pollicis longus; 
and transfer of the extensor carpi ulnaris, extended with a free 
graft, around the ulnar border of the forearm to the exten-
sor pollicis brevis. Amputating the index finger and its meta-
carpal and folding the radially innervated dorsal flap into the 
palm has been suggested. 

SEVERE PARALYSIS FROM 
DAMAGE TO THE CERVICAL 
SPINAL CORD OR OTHER CAUSES
TETRAPLEGIA
Improved acute management and subsequent long-term 
care of victims of motor vehicle accidents and sports inju-
ries have placed increased emphasis on rehabilitation of 
patients with tetraplegia. Most patients who survive cer-
vical spinal cord injuries are young men with 25 to 30 
years of life remaining, and nearly two thirds of survivors 
of cervical cord–level injury have C6 root level function 
remaining. Subjectively, most patients consider their lives 
considerably improved by upper-limb surgery. Three-
fourths of young tetraplegic patients consider the use of 
the hands and upper extremities to be the function that 
they would like most to be restored. This is considered 

 

Deep flexor tendons
of fingers

Deep flexor tendons
of fingers

FIGURE 71.34 In high median nerve palsy, distal segments 
of profundus tendons of index and middle fingers are tightened 
and tendons are sutured to profundus tendons of ring and little 
fingers (see text). This tendon mass can be strengthened further 
by transfer of extensor carpi radialis longus to insert as additional 
motor.  (Redrawn from Omer GE Jr: Evaluation and reconstruction of 
the forearm and hand after acute traumatic peripheral nerve injuries, J 
Bone Joint Surg 50A:1454, 1968.)
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by these patients to be more important than use of the 
legs, bladder or bowel function, and use and feeling of 
their sexual organs. Long-term follow-up after surgery 
in tetraplegic patients has demonstrated high overall 
satisfaction and positive impact on ability to perform 
activities of daily living and increased level of indepen-
dence. Although surgical management of tetraplegia can 
improve patient function and independence, there is evi-
dence that the techniques are underutilized. Of the 65% 
to 75% of patients with tetraplegia who would potentially 
benefit from surgery, tendon transfer procedures are per-
formed in only 14%.

CLASSIFICATION
A useful classification scheme for tetraplegia takes into 
account sensory and motor level function (Table 71.3). The 
sensory afferent is designated either O (ocular) or Cu (cuta-
neous) depending on whether visual cue or at least 10-mm 
two-point discrimination is preserved. The motor group-
ings fall into 10 categories (0 through 9) depending on the 
lowest level of grade 4 or better motor function remain-
ing, according to the Medical Research Council grading 
scale. An additional group (X) is added to accommodate 
patients who do not fit into any of the 10 categories. This 
classification system helps to tailor surgical management 
and outcomes assessment. The motor examination would 
seem to follow a predictable root level pattern (Fig. 71.35), 
but this often is not true. Asymmetrical upper-extremity 
involvement and skip lesions occur in sensory and motor 
function. 

PRINCIPLES OF MANAGEMENT
Careful analysis of the motor and sensory status is neces-
sary to determine which surgical procedure is warranted, 
if any. Same-level cervical spine injuries may yield var-
ied physical findings, and different procedures may be 

 TABLE 71.3

International Classification for Surgery of the Hand in 
Tetraplegia

SENSIBILITY 
O OR CU 
GROUP*

MOTOR  
CHARACTERISTICS DESCRIPTION/FUNCTION

0 No muscle below 
elbow suitable 
for transfer

Elbow flexion and forearm 
supination

1 BR
2 ECRL Extension of the wrist 

(weak or strong)
3† ECRB Extension of the wrist
4 PT Wrist extension and fore-

arm pronation
5 FCR Flexion of the wrist
6 Finger extensors Extrinsic extension of 

the fingers (partial or 
complete)

7 Thumb extensor Extrinsic extension of the 
thumb

8 Partial digital 
flexors

Extrinsic flexion of the 
fingers (weak)

9 Lacks only 
intrinsic

Extrinsic flexion of the 
fingers

X Exceptions

Edinburgh, 1978; modified, Giens, France, 1984. *O, ocular; Cu, cutaneous.
†It is impossible to determine strength of ECRB without surgical exposure.
BR, Brachioradialis; ECRB, extensor carpi radialis brevis; ECRL, extensor carpi 
radialis longus; FCR, flexor carpi radialis; PT, pronator teres.
From McDowell CL, Moberg EA, House JH: The second international conference 
on surgical rehabilitation of the upper limb in tetraplegia (quadriplegia), J Hand 
Surg 11A:604, 1986.

 

Flexor
carpi-

radialis
Spinal cord

segment Deltoid Biceps
Brachio-
radialis

ECRL
ECRB Pronator Triceps

Finger
extensor

Thumb
 extensor

Finger
flexor Intrinsics

C5

C5 and 6

C6

C7

C8

T1

FIGURE 71.35 Normal spinal segmental level of muscles of upper limb. Shaded areas indicate main 
segmental muscle supply. ECRB, Extensor carpi radialis brevis; ECRL, extensor carpi radialis longus.  (Modified 
from Lamb DW: The paralysed hand: the hand and upper limb, vol 2, Edinburgh, 1987, Churchill Livingstone.)
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indicated in the upper extremities of an individual. Many 
patients are extremely hesitant to have any surgical proce-
dure done for fear of losing what little function remains. 
The examiner not only must check for muscle function 
and grade its power but also should observe the patient 
in his or her daily activities and try to determine what 
additional function would best promote greater inde-
pendence. If there is no muscle power, not even a flicker, 
immediately after injury and again nothing in 1 month, 
no function can be expected from this muscle. As a rule, 
however, surgery is begun after months of observation, 
usually after 1 year or longer. In partial or incomplete 
quadriplegia, spasticity usually becomes a consideration 
because it may jeopardize the end results of surgery. The 
better hand should be operated on first because rehabili-
tation is easier.

Cutaneous sensation is measured by the two-point dis-
crimination test with a paper clip (Moberg). If sensibility is 
not present, visual feedback is necessary for extremity con-
trol. In such an instance, only one upper extremity should 
undergo surgery.

After injury, it is essential to maintain mobility of the 
finger, wrist, elbow, and shoulder joints because contrac-
tures frequently develop, especially with spasticity. Elbow 
flexion, supination, and metacarpophalangeal exten-
sion contractures should be prevented through appro-
priate therapeutic techniques. Passive motion exercises 
and upper-extremity splinting are necessary preoperative 
measures in the postinjury period. Murphy and Chuinard 
developed a helpful protocol for the management of tetra-
plegia; they described acute, subacute, and reconstructive 
phases (Box 71.1).

McDowell, Moberg, and House summarized additional 
principles regarding surgical management in tetraplegia as 
follows:
 1.  Neurologic recovery should have ceased and at least 12 

months should have passed before surgical reconstruction.
 2.  Uncontrolled spasticity of a muscle, despite good strength, 

precludes its use in transfer.
 3.  Painful paresthesias in a hand prohibit that hand from 

being reconstructed.
 4.  Wrist mobility and the natural tenodesis effect should be 

maintained.
For most authors, the goal of treatment usually has been 

to obtain key grip or key pinch. Key pinch posture provides a 
stronger, broader gripping surface, is cosmetically preferable, 
and is more easily achieved than the “chuckjaw,” or three-fin-
gered, pinch. Grasping with all fingers is desirable, but this 
cannot be accomplished without availability of more muscles. 
The surgical objective in tetraplegia is not to provide complex 
function through complex surgery. A simple surgical proce-
dure for a given function should be planned whenever pos-
sible to provide some degree of freedom in patients who are 
severely handicapped.

Reconstructive surgery in tetraplegia can be simply a 
composite of methods necessary to provide control of a joint 
or a series of joints. Insufficient motor units around a joint 
often require arthrodesis of the joint, especially of the thumb 
carpometacarpal, metacarpophalangeal, and interphalangeal 
joints. Static and dynamic tenodeses (e.g., Moberg flexor pol-
licis longus tenodesis to the distal radius in group 1 tetraple-
gia) are versatile, frequently used procedures. For lower-level 
tetraplegia, a variety of tendon transfers are available, often 
supplemented by arthrodeses and tenodeses. Continued 
interest in tetraplegia has led to refinements in older tech-
niques and new concepts as well, including possible use of 
nerve transfers in combination with tendon transfers.

Despite a slightly different approach to tendon transfers 
in patients with spinal cord injuries compared with patients 
with peripheral nerve injuries, the basic checklist of prereq-
uisites for surgery must not be overlooked (Box 71.2). In 
addition, efforts to restore sensation should follow tendon 
transfers because cortical interpretation of sensation (local-
ization and stereognosis) seems to be enhanced by movement 
of the part.

High-level tetraplegia without available motors for trans-
fer has prompted the use of implanted electrical stimulation. 
Intact neuromuscular units lacking cortical efferent control 

Protocol for Management of Tetraplegia

Acute Phase
 n  The spine is stabilized to preserve the remaining neurologic 

function and to allow early mobilization.
 n  Associated body system problems are managed.
 n  Associated upper extremity injuries are managed aggres-

sively.
 n  An occupational therapy program is begun to prevent joint 

contracture and to maintain joint mobility. 

Subacute Phase
 n  An aggressive rehabilitation program is begun.
 n  An occupational therapy maintenance program is instituted.
 n  Associated problems (e.g., decubitus ulcers, bladder) are 

treated.
 n  Psychologic problems are resolved.
 n  A serial examination is performed by the reconstructive 

surgeon at 3-month intervals; neurologic recovery is allowed 
to plateau. 

Reconstructive Phase: Upper Extremity Recon-
struction
 n  The patient is stable and psychologically well adjusted, and 

the neurologic recovery has plateaued. Generally, allow at 
least 12 months after injury.

 n  Reconstruction is begun on the side with the most intact 
function.

 n  If the sides are equal in function, reconstruction is begun 
on the dominant extremity.

 n  If cutaneous sensibility is absent (only ocular sensibility is 
present), reconstruction is limited to only one extremity to 
allow for visual control.

 n  The treatment plan is kept simple.
 n  Restoration of active elbow extension by the Moberg 

deltoid-to-triceps technique precedes other upper extremity 
reconstruction.

 n  Key grip is restored.
 n  The reconstruction plan is modified to fit the individual’s 

needs.

 BOX 71.1 

Modified from Murphy CP, Chuinard RG: Management of the upper extremity 
in traumatic tetraplegia, Hand Clin 4:201, 1988.
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are stimulated by impulses directed along the intact neural 
pathways. Combinations of stimuli to different neuromuscu-
lar units allow for programming of concerted activity. 

ELBOW EXTENSION
Elbow extension is lost in approximately 70% of tetraplegics. 
Regaining elbow extension should be the function achieved 
first or in conjunction with other procedures. Elbow exten-
sion is crucial for overhead activities, weight shifting, and 
transfers. Several surgical techniques have been described 
for triceps substitution in patients with grade 3 or less muscle 
power.

The posterior deltoid-to-triceps transfer as described 
by Moberg has historically been the most commonly per-
formed procedure to establish elbow extension. The Moberg 
procedure often incorporates a graft, usually autologous, and 
requires a long period of immobilization. Excellent results 
have been reported after such a transfer using the anterior 
tibial tendon as a donor. Direct deltoid-to-triceps transfer—
simple attachment of the deltoid to the triceps aponeurosis—
also has been recommended.

Transfer of the distal biceps to triceps tendon is a viable 
option if no elbow flexion contracture is present. Active supi-
nation and brachialis function are prerequisites to biceps-to-
triceps transfer. In a prospective randomized study, Mulcahey 
et  al. demonstrated superior results with biceps-to-triceps 
transfers compared with transfer of the posterior deltoid. 
Further investigation has shown satisfactory restoration of 
elbow function in a larger patient cohort. Hutchinson et al. 
also confirmed that the biceps achieves phasic reversal after 
transfer.

Nerve transfers of fascicles of the axillary or musculocu-
taneous nerve to motor branches of the radial nerve to the 
triceps also have been used. 

 

DISTAL BICEPS-TO-TRICEPS TRANSFER

 TECHNIQUE 71.19 

 n  Make a 3-cm anterior transverse incision across the ante-
cubital fossa (Fig. 71.36A) and a 7-cm longitudinal inci-
sion along the medial intermuscular septum (Fig. 71.36B).

 n  Mobilize or ligate large antecubital veins.
 n  Identify the musculocutaneous nerve just lateral to the 

biceps tendon and carefully protect it throughout the pro-
cedure (Fig. 71.36C).

 n  While protecting underlying neurovascular structures, in-
cise the lacertus fibrosis.

 n  Perform blunt dissection carefully along the biceps tendon 
to its insertion into the radial tuberosity with the elbow in 
flexion and the forearm in supination (Fig. 71.36D).

 n  Release the biceps tendon from its attachment and place a 
large nonabsorbable grasping suture through the tendon.

 n  Through the previously performed medial incision, release 
the intermuscular septum and identify the ulnar nerve 
(Fig. 71.36E).

 n  Take care to carefully release the biceps tendon and 
muscle from surrounding fascial attachments to enhance 
excursion and line of pull.

 n  Continue the dissection until adequate excursion for 
transfer of the biceps to the olecranon is achieved.

 n  Make a third 7-cm posterior incision over the distal third 
of the triceps and carry it around the olecranon.

 n  Sharply split the triceps over the tip of the olecranon (Fig. 
71.36F).

 n  Prepare the olecranon by placing a unicortical hole into 
the intramedullary canal and sequentially enlarge it to ac-
commodate the distal biceps tendon (Fig. 71.36G).

 n  Transfer the biceps tendon from the anterior incision to 
the medial incision, superficial to the ulnar nerve into the 
posterior incision (Fig. 71.36H).

 n  Pass the biceps tendon obliquely through the medial por-
tion of the triceps into the previously placed split in the 
triceps tendon (Fig. 71.36I).

 n  Drill two small holes into the opposite posterior cortex of 
the olecranon (i.e., inside-out technique) (Fig. 71.36J).

 n  With the elbow in full extension, dock the distal biceps 
into the unicortical hole in the olecranon and secure the 
sutures over the bone tunnel (an interference screw can 
also be used) (Fig. 71.36K).

 n  Subsequently augment the transfer with additional non-
absorbable sutures.

 n  After appropriate hemostasis and wound closure, apply a 
long arm splint incorporating the wrist with the elbow in 
full extension.

POSTOPERATIVE CARE The elbow is maintained in 
full extension for 4 weeks, after which time the pa-
tient is fitted with a fabricated nighttime extension 
brace. For daytime use, a controlled motion brace is 
used with a flexion block at 15 degrees. The brace is  

Patient Evaluation and Muscle Selection 
Guidelines for Tendon Transfers

Prerequisite Checks for Transfers
Sensibility
Stability

Bone
Neurologic
Psychologic
Soft tissue

Site adequacy
Adequate soft-tissue bed
Supple joints 

Muscle Selection
Strength

Tendon fraction
Mass fraction

Excursion
Alignment
Synergy
Integrity
Expendability

Staging
Rehabilitation

 BOX 71.2 
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  FIGURE 71.36 Biceps-to-triceps transfer. A, Transverse incision across antecubital fossa. B, Longitudinal incision along medial inter- 
muscular septum. C, Musculocutaneous nerve adjacent to biceps tendon. D, Elbow flexion and forearm supination to facilitate dissection 
of biceps tendon to insertion. E, Ulnar nerve identified through a medial incision. F, Triceps split over tip of olecranon and a self-retaining 
retractor between the incised tendon. G, Unicortical hole drilled from tip of olecranon to posterior or posterolateral cortex. H, Biceps 
tendon passed from anterior incision to medial incision. I, Biceps tendon passed obliquely through medial portion of triceps tendon using 
a tendon braider. J, Two small holes are drilled through opposite posterior cortex through the unicortical hole to accept the suture passer. 
K, Elbow extended and biceps tendon advanced into unicortical tunnel. SEE TECHNIQUE 71.19.
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adjusted weekly to allow for additional flexion in 15-de-
gree increments. Therapy is initiated with functional 
activities of daily living incorporated as elbow flexion 
increases. The controlled motion brace is discontinued 
when 90 degrees of elbow flexion is achieved without 
extension lag. Nighttime bracing is maintained for 12 
weeks postoperatively, and strengthening is initiated 
at 3 months.
   

 

POSTERIOR DELTOID-TO-TRICEPS 
TRANSFER

 TECHNIQUE 71.20 

(MOBERG, MODIFIED)
 n  Place the patient in the lateral decubitus position and make a 

10- to 13-cm incision along the posterior border of the deltoid 
muscle down to the insertion of the muscle. Raise flaps over 
the fascia of the deltoid and identify its humeral insertion.

 n  Using a periosteal elevator and sharp dissection, elevate 
the posterior third to half of the tendon with a strip of the 
periosteal insertion (Fig. 71.37A).

 n  Place this portion of the deltoid under slight tension and 
gently split the muscle fibers in a distal-to-proximal direc-

tion, taking care to palpate and inspect for the axillary 
nerve and posterior circumflex humeral vessels entering 
the muscle on its deep surface posteriorly. End the proxi-
mal dissection when this level is identified. The triceps 
generally is atrophied, and the posterior deltoid edge is 
easily palpable.

 n  Through a separate curved longitudinal incision, ex-
pose the distal triceps and its insertion on the olecra-
non distal to the musculotendinous junction. If there 
is adequate overlap of the tendinous portions of the 
deltoid insertion and the proximal portion of the tri-
ceps, the transfer can be accomplished without an 
interposition graft (Hentz et al.). If the overlap does 
not provide adequate weave fixation, however, a free 
tendon graft may be necessary (Fig. 71.37B). Moberg 
used great toe extensors, Lacey et al. used the anterior 
tibial tendon, and Hentz et al. used fascia lata; use 
of other graft sources also has been reported (Fig. 
71.37C).

 n  Adjust the tension of the attachment so that full elbow 
flexion can be passively obtained. Stainless steel sutures 
can be placed on either side of the transfer site to radio-
graphically follow the integrity of the attachment.

POSTOPERATIVE CARE The arm is splinted in 0 to 30 
degrees of elbow flexion with the arm adducted. At 4 to 
6 weeks, the elbow is gradually flexed at a rate of 10 to 
15 degrees per week. Active and active-assisted range-of-

 

A B C

Deltoid
muscle

Triceps
muscle

Fascia lata

Bone tunnel

FIGURE 71.37 Deltoid-to-triceps transfer (Moberg). A, Posterior border of muscle belly is isolated, preserving as much of tendinous 
insertion as possible. B, Tendon grafts are laced into distal end of posterior deltoid muscle belly and triceps aponeurosis. C, Fascia lata 
can be used, as is done here, instead of tendon grafts. Direct insertion into olecranon through bone tunnel also can be done with either 
type of graft. SEE TECHNIQUE 71.20.
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motion exercises are then begun, with a progressive range 
of motion. The elbow is maintained in an elbow extension 
splint at night for 3 months. The patient should refrain 
from wheelchair push-ups and transfers for 3 months.
  

FOREARM PRONATION
Patients with group 3 function (transferable brachioradialis, 
extensor carpi radialis longus and brevis) or lower lack active 
forearm pronation. Resultant fixed or dynamic supination 
deformities prohibit the hand from being placed in a position 
necessary for a variety of functions. This deformity should 
be corrected before rehabilitation of the hand. Rerouting the 
biceps tendon around the lateral aspect of the proximal radius 
converts the biceps muscle into a pronator. Zancolli also rec-
ommended release of the interosseous membrane when the 
supination deformities are fixed (Fig. 71.38). 

WRIST EXTENSION
In group 1 patients (transferable brachioradialis only), wrist 
extension can be accomplished by transferring the brachiora-
dialis into the extensor carpi radialis brevis tendon. Transfer 
into the extensor carpi radialis longus produces more radial 
deviation. Transfer into the extensor carpi ulnaris is not 
advised because this muscle acts as a wrist extensor only when 
the wrist is in supination. Elbow extension must be present 
or reconstructed to stabilize the elbow against the significant 
flexion moment of the brachioradialis, or the transfer power 
would be reduced significantly. Procedures for wrist extension 
commonly are combined with other procedures, such as elbow 
extension and tenodesis procedures for key pinch. Only when 
the brachioradialis muscle has grade 4 power can it be trans-
ferred to provide wrist extension. The power of the brachiora-
dialis can be graded by palpation over the muscle mass against 
resisted elbow flexion with the forearm in neutral.

Another option for restoration of wrist extension is nerve 
transfer. Transfer of the brachialis motor nerve to the exten-
sor carpi radialis longus motor nerve in combination with 

tenodesis of the flexor pollicis longus to the distal radius can 
be done to restore tenodesis pinch. 

 

TRANSFER OF THE BRACHIORADIALIS 
TO THE EXTENSOR CARPI RADIALIS 
BREVIS

 TECHNIQUE 71.21 

 n  Make a longitudinal incision 8 to 10 cm long dorsally 
along the radial aspect of the forearm.

 n  Carefully identify the dorsal sensory branch of the radial 
nerve and protect it during the mobilization of the bra-
chioradialis. Proximal mobilization of the brachioradialis 
enhances the excursion and is safe because the nerve sup-
ply is proximal.

 n  Identify the extensor carpi radialis brevis tendon insertion 
into the third metacarpal base and pass the tendon of the 
brachioradialis through this tendon several times.

 n  Place tension on the tendon and temporarily suture it to 
check for full wrist flexion without undue tension or laxity 
of the transferred unit (Fig. 71.39). Suture the brachiora-
dialis into place using nonabsorbable braided suture.

POSTOPERATIVE CARE A plaster splint is worn for 4 
weeks, and then active range-of-motion exercises are be-
gun. Splinting is continued between exercises and at night 
for 8 to 12 months.
  

KEY PINCH
Key, or lateral, pinch is more desirable and easier to achieve 
than chuckjaw pinch (three-fingered palmar pinch). Key 
pinch should be restored in all tetraplegic patients who have 
grade 4 or better wrist extensor motor power; at least 75% 
of all tetraplegic patients may be candidates for a key pinch 
procedure. Other prerequisites for the transfer include suf-
ficient sensibility and thumb mobility. If ocular input is relied 
on, only one hand should be restored; however, if two-point 

 

Biceps

FIGURE 71.38 Rerouting of distal end of biceps and release of 
interosseous membrane for fixed supination deformity.  (Redrawn 
from Zancolli EA: Structural and dynamic bases of hand surgery, Phila-
delphia, 1978, Lippincott.)

 

 Flexor pollicis longus

Kirschner wire

Extensor carpi
radialis brevis

Brachioradialis

FIGURE 71.39 Restoration of wrist extension and key pinch 
when brachioradialis is only remaining functioning muscle unit, 
as recommended by Moberg. SEE TECHNIQUE 71.21.
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discrimination is less than 12 to 15 mm, both hands should 
be reconstructed.

If no motors are expendable for active transfer, several well-
designed tenodeses are available for accomplishing key pinch. The 
Moberg key grip procedure is the precursor of and the simplest of 
all thumb flexion tenodesis procedures. The flexor pollicis longus 
tendon is tenodesed to the distal radius so that on wrist extension 
the volar pulp of the thumb strongly contacts the radial side of 
the index finger. This may require stabilization procedures of the 
thumb interphalangeal and metacarpophalangeal joints. Moberg 
released the A1 pulley to increase the torque at the metacarpopha-
langeal joint by the subluxed flexor pollicis longus tendon.

Brand modified the Moberg key grip procedure by leaving 
the A1 pulley of the thumb metacarpophalangeal joint intact 
and routing the tendon across the palm, beneath the flexor 
tendons, and through the Guyon canal before tenodesing it to 
the distal radius. The line of pull is better with this technique, 
and bowstringing of the tendon is prevented (Fig. 71.40). A 
“winch” tenodesis for thumb flexion was described based on 
preservation of active forearm supination. The flexor pollicis 
longus tendon is routed around the distal ulna and is anchored 
to its dorsal aspect through a drill hole. During supination, the 
anchored tendon flexes the thumb (Fig. 71.41). 

 

MOBERG KEY GRIP TENODESIS

 TECHNIQUE 71.22 

 n  Expose the musculotendinous junction of the flexor pol-
licis longus through a volar approach and divide the ten-
don at this level. Expose the distal end of the radius by 
subperiosteal dissection of the pronator quadratus in a 
radial-to-ulnar direction.

 n  Drill two holes in the volar cortex of the distal radius transverse 
to its longitudinal axis. The holes should be large enough to 
allow passage of the free flexor pollicis longus tendon.

 n  Connect the drill holes with a curved curet or power burr. 
Carefully round the edges of the cortical bone to prevent 
tendon attrition.

 n  Make a 2-cm incision over the A1 pulley and, after pro-
tecting the digital nerves, release the pulley.

 n  Deliver the flexor pollicis longus tendon into the wound. 
Stabilize the thumb interphalangeal joint in neutral posi-
tion with a Kirschner wire (see Fig. 71.40).

 n  Make a 6-cm dorsal longitudinal incision centered over the 
thumb metacarpophalangeal joint. Open the hood of the 
dorsal apparatus in the line of the skin incision. After sub-
periosteal exposure, make several pairs of holes in the dorsal 
cortex of the thumb metacarpal. Tenodese the dorsal hood 
with sutures passed through them with the metacarpopha-
langeal joint in approximately 20 degrees of flexion.

 n  Adjust tension so that during full passive wrist extension 
the thumb firmly contacts the side of the index finger. 
When the proper tension has been obtained, secure the 
flexor pollicis longus tendon with multiple interrupted, 
nonabsorbable sutures.

POSTOPERATIVE CARE The transfer is protected with 
a splint for 4 weeks in neutral position with the thumb 
tip under the index finger middle phalanx. Splint protec-
tion is continued for 8 more weeks. When transfer of the 
brachioradialis to the extensor carpi radialis brevis is com-
bined with this procedure, the wrist is kept in slight exten-
sion to lessen the tension on the active transfer.
  

 

A1
20°

FPL

Hook of
hamate

Pisiform

Guyon canal

Ulnar nerve

FIGURE 71.40 Modification of Moberg operation to create 
“simple hand grip” (see text). FPL, Flexor pollicis longus. SEE TECH-
NIQUE 71.22.

 

Flexor
pollicis
longus

FIGURE 71.41 Brummer “winch” operation: temporary arth-
rodesis of interphalangeal joint and tenodesis of flexor pollicis 
longus against dorsal aspect of ulna.  (Redrawn from Ejeskär A: Upper 
limb surgical rehabilitation in high-level tetraplegia, Hand Clin 4:585, 
1988.)
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Retained active wrist extension, as in group 2 or bet-
ter patients, provides active transfer potential for thumb 
flexion and perhaps grasp. Increased pinch force of about 
4 pounds has been reported, roughly equivalent to that 
obtained with the Dorrance prosthetic hook, as well as 
excellent excursion of the brachioradialis muscle, strength, 
and voluntary activation. An electromyographic study 
demonstrated that the brachioradialis muscle assumes the 
electrical synchrony of the paralyzed flexor pollicis lon-
gus after transfer. In normal subjects, the brachioradialis 
is electrically silent during lateral pinch and the triceps 
and flexor pollicis longus have synergistic activity. Patients 
who had a posterior deltoid-to-triceps transfer, in addi-
tion to brachioradialis-to-flexor pollicis longus transfer, 
showed a pattern of synergistic electrical activity similar to 
that of normal subjects with similar tasks of thumb flexion 
and elbow extension. If wrist extensor torque is good (>10 
foot-lb), the brachioradialis transfer for thumb flexion is 
preferred; if wrist torque is less, wrist extension should 
be augmented by the brachioradialis and thumb flexion 
should be augmented by tenodesis.

House et al. reported a one-stage key pinch and release 
procedure in 18 patients (21 hands) with an average follow-
up of 42 months. This procedure included carpometacarpal 
joint fusion, extensor pollicis longus tenodesis to the distal 
radius, and transfer of the brachioradialis to the flexor pollicis 
longus. Key pinch, which was nonmeasurable before surgery, 
increased to 3.3 kg and improved the activities of daily living 
(Fig. 71.42).

Patients in groups 4 and 5 constitute a large percentage of 
patients undergoing reconstructive efforts, and systematic pro-
grams have been developed to treat these patients. The two most 

popular reconstructions are the House two-stage procedure and 
the Zancolli two-step procedure. These procedures aim to restore 
grasp, key pinch, and release. They differ in that the Zancolli 
technique actively restores finger extension and the House pro-
cedure adds an adduction-opposition transfer to the thumb. 

 

TWO-STAGE RECONSTRUCTION TO 
RESTORE DIGITAL FLEXION AND KEY 
PINCH
House et al. described a two-stage procedure for recon-
struction of digital flexion and key pinch in patients who 
have at least strong wrist extension and a functioning pro-
nator teres (group 4 or better function). The procedure 
is divided into flexor and extensor phases; the extensor 
phase is performed first. Digital flexion is accomplished by 
transferring the extensor carpi radialis longus to the flexor 
digitorum profundus. Adduction and opposition of the 
thumb are obtained by transfer of the brachioradialis to the 
thumb where the flexor digitorum sublimis of the ring fin-
ger is used as an in situ graft. Key pinch and grasp strength 
can be enhanced by an active transfer into the flexor pol-
licis longus using the pronator teres, the extensor or flexor 
carpi ulnaris, or the brachioradialis. The release phase of 
the reconstruction consists of intrinsic and extrinsic exten-
sor tenodeses; however, if sufficient motors are available, 
active extension of the thumb and fingers is possible. The 
thumb carpometacarpal joint is stabilized by either fusion 
of that joint or tenodesis of the abductor pollicis longus.

 

Brachioradialis or
extensor carpi
radialis longus

Extensor pollicis
longus

Flexor pollicis
longus

EPLFPLBR or ECRL

20°–25°

40°–45°

FIGURE 71.42 One-stage key pinch and release procedure (dorsal and lateral views). Thumb is prepositioned for lateral pinch by 
arthrodesis of trapezium–first metacarpophalangeal joint in 20 to 25 degrees of extension, 40 to 45 degrees of abduction, and slight 
pronation. Extensor pollicis longus (EPL) is fixed to Lister tubercle of distal radius by tenodesis. Brachioradialis (BR) or extensor carpi 
radialis longus (ECRL) is mobilized into proximal forearm and transferred to flexor pollicis longus (FPL) distally.  (Redrawn from House JH, 
Comadoll J, Dahl AL: One-stage key pinch and release with thumb carpometacarpal fusion in tetraplegia, J Hand Surg 17A:530, 1992.)
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House and Shannon compared the results of two 
modifications of this reconstruction. The procedures dif-
fered in the method of thumb control, intrinsic balance, 
and whether active extension was used. Qualitative differ-
ences between the two methods indicated that thumb car-
pometacarpal fusion allowed the hand better fine motor 
control, whereas the thumb adduction-opposition method 
afforded the ability to grasp larger objects. Both methods 
achieved good grasp and lateral pinch. Thumb adduction-
opposition transfer produced slightly greater lateral pinch, 
and the thumb carpometacarpal arthrodesis provided 
slightly stronger grasp. Patients were pleased with hav-
ing each hand reconstructed differently because they were 
able to use them for different tasks.

 TECHNIQUE 71.23 

STAGE 1—EXTENSOR PHASE
 n  Make an 8-cm incision along the dorsal aspect of the dis-

tal forearm beginning just distal to the Lister tubercle. 
Curve the incision gently to the radial side of the forearm 
if an active transfer is chosen; otherwise, make a straight 
incision for the tenodesis.

 n  Carefully protect the dorsal sensory branch of the radial 
nerve emerging beneath the brachioradialis radially and 
identify the extensor pollicis longus tendon ulnar and distal 
to the tubercle of Lister and the tendons of the extensor 
digitorum communis in the fourth dorsal compartment.

 n  Perform an extensor tenodesis by anchoring the tendons 
of the abductor pollicis longus, the extensor pollicis lon-
gus, and the extensor digitorum communis to the dorsum 
of the distal radius through two well-rounded holes. The 
holes should be several centimeters proximal to the radio-
carpal joint for the extensor digitorum communis tendons 
and 2 cm proximal for the abductor pollicis longus and 
extensor pollicis longus tendons. Make tunnels into the 
proximal radius with a curet to accommodate the free 
ends of the tendons to be tenodesed.

 n  Make two suture holes proximal to the previously prepared 
holes with a 0.035-inch Kirschner wire (Fig. 71.43A). Re-
move the abductor pollicis longus and extensor pollicis 
longus tendons from the first dorsal compartment, and 
transpose them ulnarward.

 n  Suture the extensor digitorum communis tendons togeth-
er under tension so that retraction of the single sutured 
tendon permits synchronous extension of the fingers.

 n  Likewise, suture the abductor pollicis longus and extensor 
pollicis longus tendons together to form a single tendon 
unit to be fixed to the distal radius.

 n  With the wrist in approximately 40 degrees of flexion, 
place tension on the proximal end of the divided ex-
tensor digitorum communis tendon so that the meta-
carpophalangeal joints are in full extension. Weave a 
heavy nonabsorbable suture into the tendon and deliver 
the free suture ends through the suture holes. Pull the 
sutures firmly and check the tenodesis; full metacarpo-
phalangeal extension should be achieved when the wrist 
is flexed to 40 degrees, and full passive flexion of the 
fingers should be obtained when the wrist is extended 
40 degrees.

 n  In the same fashion, fix the rerouted abductor pollicis lon-
gus and extensor pollicis longus tendons so that with 40 
degrees of wrist flexion the thumb interphalangeal joint is 
extended to 0 degrees and the thumb metacarpal is in the 
plane of the hand and radially abducted 30 to 40 degrees.

 n  After checking the tenodesis, ensure that with wrist ex-
tension the thumb has acceptable passive motion for the 
second stage of the transfer.

 n  Intrinsic tenodesis can be achieved by transfer into either 
the A2 pulley or the dorsal apparatus. House et al. de-
scribed a procedure in which a free tendon graft is su-
tured into the central slip and lateral tendon of the exten-
sor apparatus and is taken through the lumbrical canals 
and around the dorsum of the metacarpal necks of the 
index and middle fingers. This forms in effect an “oblique 
retinacular ligament” so that when the proximal interpha-
langeal joint is flexed there is concomitant metacarpo-
phalangeal flexion. It also prevents metacarpophalangeal 
hyperextension (Fig. 71.43B). 

POSTOPERATIVE CARE The wrist is held in 40 to 45 
degrees of extension, the thumb and the metacarpopha-
langeal joints in 40 degrees of flexion, and the interpha-
langeal joints in extension for 4 weeks; then active and 
passive motion is begun. If a thumb carpometacarpal joint 
arthrodesis was performed, the thumb is protected until 
fusion is obtained.
  

 TECHNIQUE 71.24 

STAGE 2—FLEXOR PHASE
 n  The flexor phase of reconstruction (Fig. 71.44) is per-

formed 2 to 6 months after the extensor phase. Access 

 

A

B

Abductor
pollicis
longus

Extensor pollicis
longus

Extensor digitorum 
communis

FIGURE 71.43 House two-stage technique for reconstruction 
of digital flexion and key pinch. A, Stage 1 (extensor phase). B, 
Stage 2 (flexor phase). (Redrawn from House JH, Comadoll J, Dahl AL: 
One-stage key pinch and release with thumb carpometacarpal fusion in 
tetraplegia, J Hand Surg 17A:530, 1992.) SEE TECHNIQUE 71.23.
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to the extensor carpi radialis longus and pronator teres 
for transfer into the flexor digitorum profundus and flexor 
pollicis longus requires three incisions.

 n  Make a volar longitudinal incision extending from the 
proximal wrist flexion crease just radial to the flexor carpi 
radialis tendon to the midshaft of the radius. Isolate the 
flexor pollicis longus, the pronator teres, and the flexor 
digitorum profundus tendons proximal to their musculo-
tendinous junctions.

 n  Divide the extensor carpi radialis longus at its insertion 
into the base of the second metacarpal through a short 
transverse incision. Withdraw this tendon proximal to the 
abductor pollicis longus tendon in the midthird of the 
forearm using the proximal limb of the incision from the 
extensor phase of the reconstruction.

 n  Free the extensor carpi radialis longus tendon from its 
attachments so that free excursion is possible.

 n  Remove the pronator teres tendon from the shaft of the 
radius with a strip of its periosteal attachment.

 n  Weave the transfers together with the pronator teres to 
the flexor pollicis longus and the extensor carpi radialis 
longus to the flexor digitorum profundus.

 n  Adjust tension so that the thumb rests against the side of 
the index finger when the wrist is in 30 degrees of exten-
sion. The extensor carpi radialis longus–flexor digitorum 
profundus tension should allow reasonable synchronous 
finger flexion when the wrist is in 40 degrees of exten-
sion.

 n  The brachioradialis can be used as an opponens adduc-
torplasty if it was not used in the extensor phase. This 
procedure is essentially the same as the Royle-Thompson 
transfer (see Technique 71.9).

 n  Harvest the ring finger sublimis tendon as for the Zancolli 
lasso procedure (see Fig. 71.48). Bring the sublimis ten-

don out through a small incision at the distal-ulnar margin 
of the transverse carpal ligament.

 n  Tunnel the flexor digitorum sublimis tendon with its two 
slips across the palm to the metacarpophalangeal region 
of the thumb. Suture one slip into the extensor pollicis 
longus distal to the metacarpophalangeal joint and the 
other into the adductor tendon. Weave the free end of 
the brachioradialis into the intact ring flexor digitorum 
sublimis so that when the wrist is in neutral position, the 
thumb rests against the side of the index finger. 

POSTOPERATIVE CARE The wrist is immobilized in 25 
degrees of extension; the metacarpophalangeal joints, in 
flexion; and the interphalangeal joints, in extension. At 3 
weeks, active and passive range-of-motion exercises and 
muscle reeducation are begun. The transfers should be 
protected for 3 months.
   

 

ZANCOLLI RECONSTRUCTION
Zancolli described a two-step technique for reconstruction 
in patients with C6 level function. The first step provides 
finger and thumb extension, and the second provides 
grasp. An accessory radial wrist extensor should be sought 
in the first step of the reconstruction because it may be 
helpful in the second step. In the first step, the thumb 
is stabilized by arthrodesis of the carpometacarpal joint 
or capsuloplasty of the metacarpophalangeal joint. The 
brachioradialis is transferred to the extensor digitorum 
communis and extensor pollicis longus. If the metacarpo-
phalangeal joints tend to hyperextend, this is corrected by 
the Zancolli lasso procedure (see Fig. 71.48). If the flexor 
carpi radialis is nonfunctioning, the pronator teres is trans-
ferred to obtain wrist flexion.

 TECHNIQUE 71.25 

FIRST STEP
 n  Fuse the carpometacarpal joint in 45 degrees of palmar 

abduction and 20 degrees of radial abduction. Fix the 
fusion with two crossed Kirschner wires and with a third 
wire fix the relationship between the first and second 
metacarpals (Fig. 71.45B).

 n  If the metacarpophalangeal joint hyperextends, perform 
a volar plate capsuloplasty by suturing the volar plate and 
its radial sesamoid to the neck of the metacarpal (Fig. 
71.45C).

 n  Transfer the brachioradialis into the extensor pollicis lon-
gus and extensor digitorum communis through a long 
curved radial incision (Fig. 71.45A). Adhesions at the graft 
site can be minimized by excising a portion of the proxi-
mal aspect of the dorsal carpal ligament and by placing 
the sutures as far proximal as possible.

 n  Keep the elbow at 60 degrees of flexion and use slightly 
more tension on the extensor digitorum communis than on 

 

Flexor pollicis
longus muscle Flexor digitorum

profundus muscle
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FIGURE 71.44 House two-stage technique for reconstruction of 
digital flexion and key pinch-stage 2 (flexor phase). Extensor carpi 
radialis longus is transferred to flexor digitorum profundus, and 
pronator teres is transferred to flexor pollicis longus. SEE TECHNIQUE 
71.24.
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the extensor pollicis longus (Fig. 71.46). The tension is cor-
rect when full passive finger flexion can be obtained with 
maximal wrist extension and the elbow at 60 degrees of 
flexion. Passive wrist flexion should fully extend the meta-
carpophalangeal joints and the interphalangeal joint of the 
thumb. The intrinsic tenodesis can be performed at this 
stage, but it is often combined with the second step. 

POSTOPERATIVE CARE The hand and elbow are immo-
bilized for 4 weeks, after which the thumb fusion is pro-
tected with a splint for another 4 weeks. Muscle reeduca-
tion is begun by encouraging active metacarpophalangeal 
extension by elbow flexion. Passive finger flexion is neces-
sary to prevent extension contractures (see Fig. 71.45).
  

Four to six months after the first step, the hand is ready 
for the second step of the reconstruction. This step provides 
finger flexion and active thumb flexion.

 TECHNIQUE 71.26 

SECOND STEP
 n  Transfer the extensor carpi radialis longus into the flexor 

digitorum profundus with slightly more tension applied to 
the more ulnar digits. The details are the same as in the 
House reconstruction (see Technique 71.23).

 n  The flexor pollicis longus can be activated by one of sev-
eral methods. Zancolli’s choice is the supernumerary ra-
dial wrist extensor (extensor carpi radialis tertius), which 
should be sought in the first step of the reconstruction. 
This is a synergistic transfer and allows independent con-
trol of thumb flexion (Fig. 71.47A).

 n  If this muscle is absent, side-to-side suturing of the extensor 
carpi radialis brevis with the flexor pollicis longus can be done. 
Thumb flexion occurs with wrist extension, and, conversely, 
thumb extension occurs with wrist flexion (Fig. 71.47B and C).  

 

A B
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Capsular flap

Flexor pollicis
brevis
Adductor pollicis
brevis
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10°
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FIGURE 71.45 Zancolli two-step technique for reconstruction in patients with C6 level function (see text). A, Incisions required. B, 
Thumb fusion is fixed with three Kirschner wires. C, For hyperextension, volar plate capsuloplasty is performed. (Redrawn from Zancolli 
EA: Surgery for the quadriplegic hand with active, strong wrist extension preserved: a study of 97 cases, Clin Orthop Relat Res 112:101, 1975.) SEE 
TECHNIQUE 71.25.

 

Extensor 
digitorum
communis

Extensor pollicis
longus
Brachioradialis

FIGURE 71.46 More tension is applied to extensor digitorum 
communis than to extensor pollicis longus because elbow extension 
reduces tension on extensor digitorum communis. (Redrawn from 
Zancolli EA: Surgery for the quadriplegic hand with active, strong wrist 
extension preserved: a study of 97 cases, Clin Orthop Relat Res 112:101, 
1975.) SEE TECHNIQUE 71.25.
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Tension is set so that with complete passive wrist extension 
the thumb firmly rests against the index finger.

 n  A third option is passive tenodesis to the volar aspect of 
the distal radius, as in the Moberg key grip technique (see 
Technique 71.22).

 n  The Zancolli lasso procedure for intrinsic tenodesis can 
be added at this step. Tenodese the paralyzed subli-
mis tendons through a transverse incision in the palm 
just proximal to the metacarpophalangeal joint flexion 
crease. Expose the flexor digitorum sublimis tendons and 
the A1 and proximal A2 pulleys. Retract the flexor digi-

torum sublimis tendons into the wound with the proxi-
mal interphalangeal joints in maximal flexion and divide 
them as far distally as possible. Take the two slips of each 
sublimis tendon out through the distal margins of the A1 
pulleys and suture them back to themselves (Fig. 71.48). 
Adjust tension so that with the wrist in 40 degrees of 
flexion the metacarpophalangeal joints extend to 0 de-
grees. 

POSTOPERATIVE CARE The arm is immobilized for 4 
weeks in a long arm splint, as in step 1, but with the wrist 
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Flexor pollicis longus
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 Extensor carpi
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FIGURE 71.47 A, When both radial wrist extensors are active, extensor carpi radialis longus can be used to help provide finger flexion; 
thumb flexion may benefit from transfer of active extensor carpi radialis tertius when present (see text). B, Key pinch is obtained with 
wrist extension by active extensor carpi radialis brevis with tenodesis to flexor pollicis longus. To achieve correct tension, with wrist in 
complete passive extension, flexor pollicis longus tendon is sutured to extensor carpi radialis when pinching is produced. C, With passive 
wrist flexion, pinch is released. (Redrawn from Zancolli EA: Surgery for the quadriplegic hand with active, strong wrist extension preserved: a study 
of 97 cases, Clin Orthop Relat Res 112:101, 1975.) SEE TECHNIQUE 71.26.

 FIGURE 71.48 Zancolli lasso operation. Sublimis tendon is cut distally and turned proximally and sutured to itself and to A1 ligament 
with tension to prevent hyperextension of metacarpophalangeal joint. (Redrawn from Ejeskär A: Upper limb surgical rehabilitation in high-level 
tetraplegia, Hand Clin 4:585, 1988.) SEE TECHNIQUE 71.26.
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in neutral, the thumb between the index and middle fin-
gers, and the fingers gently flexed. Active and passive ex-
ercises are begun with muscle reeducation. The transfers 
are protected from heavy use for 3 months.
  

Surgery in tetraplegic patients in higher groups is eas-
ier because more function is retained. The previously out-
lined procedures can be incorporated into the management 
of these patients. Table 71.4 summarizes the classification 
scheme, with the surgical procedures of choice according to 
McDowell et al. Some patients do not fall neatly into groups 0 
through 9 and a surgical plan must be tailored for them.
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CEREBRAL PALSY OF THE HAND
Benjamin M. Mauck

CHAPTER 72

Cerebral palsy is a nonprogressive, nonhereditary encepha-
lopathy that occurs in the prenatal or perinatal period and 
is characterized by altered motor, sensory, and, often, intel-
lectual function. Cerebral palsy occurs in the industrialized 
world with an approximate annual frequency of 2 per 1000 
live births. The most common motor disability of childhood, 
cerebral palsy can be caused by fetal stroke, anoxia, infection, 
teratogens, central nervous system malformations, metabolic 
diseases, and prematurity. Epidemiologic studies suggest that 
cerebral palsy is predominantly metabolic and not caused 
by neonatal ischemia. Approximately 75% of cases occur in 
utero, 5% during delivery, and 15% to 20% after delivery. 
Multiple-gestation pregnancies and intrauterine infections 
are other common risk factors. It can be classified as pyra-
midal, which includes spastic hemiplegia, diplegia, paraple-
gia, and quadriplegia, or as extrapyramidal, which includes 
athetoid and ataxic patterns. A mixed variety also occurs 
with spasticity and athetosis (see Chapter 33). Hand func-
tion is impaired to some extent in all types except possibly 
spastic paraplegia, with the most common deformities being 
shoulder adduction, internal rotation, elbow flexion, fore-
arm pronation, wrist and finger flexion, thumb-in-palm, and 
swan-neck deformities (Fig. 72.1). Many surgical procedures 
have been performed in an attempt to correct these defor-
mities. Earlier results were unpredictable and disappoint-
ing, primarily because of inappropriate patient selection. The 
extensive works of Green, Goldner, Swanson, Zancolli et al., 
and Hoffer et al. have proved certain principles in the evalua-
tion and management of the cerebral palsied hand.

PATIENT EVALUATION
Most patients with cerebral palsy exhibit full passive range of 
motion at birth, but joint stiffness and contractures develop 
gradually, leading to variability at the time of presentation 
that depends on severity, location, and extent of brain injury, 
associated neurologic disorders, and baseline cognitive motor 
function. Careful repeated evaluations, often over a consid-
erable length of time, are required before surgery can be 
advised or discouraged. Important information includes any 
birth or perinatal medical problems, achievement of devel-
opmental milestones, and especially the degree with which 
the child has previously used the hand. If the hand is com-
pletely ignored by the child, it is doubtful that function would 
be restored or improved with surgery. The early development 

of handedness may be especially helpful because it is uncom-
mon before the age of 3 years and may represent some degree 
of particular weakness or incoordination in the less preferred 
extremity. The particular cerebral lesion should be identified 
and characterized as pyramidal with associated spasticity or 
extrapyramidal, because children with athetoid patterns are 
not surgical candidates. The persistence of any infantile pos-
tural reflexes should be documented. Deformities should 
be classified as static contractures (deformities that do not 
correct with compensatory positioning of muscle or joint) 
or dynamic deformities that are spastic and slowly correct-
able. Volkmann angle for finger flexor tightness (Fig. 72.2) 
should be assessed and documented. This is done by bringing 
the wrist from maximum palmar flexion into extension with 
the digits extended. The angle at which the digits move into 
a flexed posture is the Volkmann angle. Most children show 
dynamic deformities early in life; if left untreated, these defor-
mities may progress to static contractures.

Muscle examination should determine the degree of spas-
ticity, strength, and coordination of each major muscle, with 
special attention given to the child’s ability to pinch, grasp, 
and release objects. The patient also should have sufficient 
proximal control of the extremity to place the hand volun-
tarily on top of the head and then on the opposite knee within 
5 to 10 seconds. If a child does not show this degree of control, 
it is doubtful that he or she would use the extremity enough to 
justify reconstruction.

The sensibility pattern of the hand should be determined. 
Although most patients have intact epicritic sensation (the 
ability to discern pinprick, heat, and cold), about half have 
impaired sensibility, with diminished two-point discrimina-
tion, stereognosis, and proprioception. Because sensibility in 
the hand is so important in determining the prognosis after 
surgery, its status should be evaluated as accurately as possi-
ble before surgery. An indication may be gained by observing 
whether the hand is used or ignored; unless motor coordina-
tion is extremely poor, an ignored hand probably indicates the 
absence of sensibility. Further evaluation requires communi-
cation with the child, and this usually is impossible before 4 
years of age. A cursory examination can be done by asking a 
blindfolded child to differentiate between a sphere and a cube 
or to indicate the position of the hand when the palm has been 
placed by the examiner facing upward or downward. A more 
detailed examination testing recognition of blunt and sharp 
points, of familiar objects such as coins, and of differences in 
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temperature also is valuable. Examination of the contralateral 
extremity has been shown to be an important part of patient 
evaluation. Dexterity of the contralateral extremity also can 
be affected in patients with hemiplegia and may require inter-
vention to improve overall function.

Further evaluation using dynamic electromyography 
may be helpful in determining which muscles are in phase 
with the function to be augmented and allow for appropriate 
donor muscle selection. After evaluation, the child’s function 
and deformity can be described according to several avail-
able classification systems, including the House functional 
classification and the Manual Ability Classification System 
(MACS) (Tables 72.1 and 72.2). MACS level appears to be a 
strong predictor of contracture development. Patients with 
MACS level V have a 17 times greater risk of contracture 
than patients with MACS level I. Passive range of motion 
diminishes with age, with contractures occurring in one 
third of children overall. Neuromuscular blocking agents, 
such as 1% lidocaine, 0.25% bupivacaine, and 45% ethanol, 
are helpful in assessing weaker muscle groups without the 
overbearing effect of antagonist muscles and can assist in 
predicting surgical outcome after tendon lengthening or 
tenotomy. The classic presentation of established spastic 
hemiplegia is adduction, internal rotation of the shoulder, 
elbow flexion, forearm pronation, wrist and finger flexion, 
thumb-in-palm deformity, and swan-neck deformity of the 
fingers. 

NONOPERATIVE MANAGEMENT
Traditionally, early splinting has been used to prevent fixed 
contractures of the muscles and joints; however, many sur-
geons have now abandoned this method because fixed con-
tractures rarely occur in young children and because during 

sleep the upper extremity often is relaxed and supple, obviat-
ing the need for night splinting. Daytime splinting is cum-
bersome and often is rejected by an active child. If splinting 
is necessary, a well-formed splint without pressure points 
should hold the wrist in as much extension as tolerated with 
the fingers in almost complete extension and the thumb out of 
the palm (Fig. 72.3). A functional orthosis that provides wrist 
extension and thumb abduction has been found to improve 
measured hand function.

Hand therapy, although rarely successful in training a 
child to relax spastic muscles, strengthens weakened muscles 
and controls exaggerated reflexes. Therapy also is invaluable 
in providing support to the patient and family in dealing with 
the disorder, in evaluating patients for surgical procedures, 
and in postoperative recovery of functional activities.

 

Volkmann angle

A

B

FIGURE 72.2 Volkmann angle.

 FIGURE 72.1 Typical upper extremity deformities in cerebral 
palsy: elbow flexion, forearm pronation, and wrist and finger  
flexion.

    

https://booksmedicos.org


CHAPTER 72 CEREBRAL PALSY OF THE HAND 3733

Electrical stimulation aimed at strengthening nonspas-
tic but weak extensor compartment muscles may have a role 
in nonoperative management. Previous reports have yielded 
conflicting results. Improvement has been reported with 

electrical stimulation and dynamic splinting; however, a life-
long application of the program is necessary.

Interest in the use of botulinum type A toxin in the treat-
ment of cerebral palsy has increased. Decreasing spasticity 
should help to improve control of movement patterns through 
a combination of lengthening muscle groups, improving pos-
ture, and strengthening antagonistic muscles. Several studies 
have shown promising short-term results. In a randomized 
double-blind placebo-controlled study, Koman et  al. dem-
onstrated that children receiving multiple botulinum toxin 
A (BoNT-A) injections developed significant short-term 
improvements in upper extremity function without complica-
tions. In one 20-year study involving patients with MACS IV 
and V, Andersson et al. demonstrated that adjunctive Botox, 
movement training, and orthoses helped prevent significant 
loss of passive range of motion when started at an early age. 
Other long-term follow-up studies need to be conducted, 
however, to determine if there is any long-term functional 

 TABLE 72.1 

Functional Classification of House et al.

LEVEL CATEGORY DESCRIPTION
0 Does not use Does not use
1 Poor passive assist Uses as stabilizing weight only
2 Fair passive assist Can hold object placed in hand
3 Good passive assist Can hold object and stabilize it for use 

by other hand
4 Poor active assist Can actively grasp object and hold it 

weakly
5 Fair active use Can actively grasp object and stabilize 

it well
6 Good active assist Can actively grasp object and manipu-

late it
7 Spontaneous use, partial Can perform bimanual activi-

ties and occasionally uses the hand 
spontaneously

8 Spontaneous use, complete Uses hand completely independently 
without reference to the other hand

From Van Heest AE, House JH, Cariello C: Upper extremity surgical treatment of cerebral palsy, J Hand Surg 24A:323, 1999.

 TABLE 72.2 

Summary of Manual Ability Classification System

MACS LEVEL DESCRIPTION
I Handles most objects easily and successfully
II Handles most objects with somewhat reduced quality or 

speed of achievement
III Handles objects with difficulty; needs help to prepare or 

modify activities
IV Handles a limited selection of easily managed objects in 

adapted situations
V Does not handle objects and has severely limited ability to 

perform even simple actions

MACS, Manual Ability Classification System.
From Arner M, Eliasson AC, Nicklasson S, et al: Hand function in cerebral palsy: report of 367 children in a population-based longitudinal health care program, J 
Hand Surg 33A:1337, 2008.

 FIGURE 72.3 Splint for spastic hand.
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improvement, or any possible resistance or allergic complica-
tions. Dramatic improvement has been shown but results are 
temporary (6 to 9 months). The most common reasons for 
failure are fixed joint contractures, absence of selective motor 
control in antagonist muscles, sensory impairment, and 
learned nonuse. In a smaller randomized controlled study, 
patients treated with BoNT-A injections in combination with 
occupational therapy showed improved function when com-
pared with occupational therapy alone. 

OPERATIVE MANAGEMENT
GOALS
The goals of operative treatment in a child with cerebral 
palsy should be specific and should be aimed at providing 
useful grasp and release and acceptable hygiene (Fig. 72.4). 
Sometimes improving the appearance of the hand by correct-
ing an unsightly contracture may be a modest goal as well. 
Fine manipulation rarely is improved by surgery, and normal 
hand function is an unrealistic goal. Grasp and release are pos-
sible only in children who have at least sufficient sensibility to 
allow an awareness of the extremity. Stereognosis has been 
shown to improve with postoperative gains in motor function 
and functional use of the upper extremity. Undercorrection 

rather than overcorrection of the deformity or dysfunction is 
always preferred. 

PRINCIPLES
The ideal candidate for surgery is a spastic hemiplegic who is 
cooperative, intelligent, motivated to participate with postop-
erative rehabilitation protocol, and who has a pattern of grasp 
and release so functional that the hand is already useful to 
some extent; the hand should be reasonably sensitive, and the 
patient should be between 5 and 25 years old. In contrast, a 
poor candidate for surgery is a patient who is severely men-
tally delayed or disabled and who has definite athetosis in the 
extremity, a hand that has developed joint contractures and is 
insensitive, a wrist that passively cannot be brought to neu-
tral, and fingers that cannot be extended even when the wrist 
is flexed. Children with spastic diplegia rarely have sufficient 
upper extremity spasticity to warrant surgery, and children 
with spastic quadriplegia or total body involvement have 
too little voluntary control to benefit from surgery aimed at 
improving grasp and release; however, they may benefit from 
surgery that improves hygiene.

Surgical options include myotomy, tenotomy, tendon 
lengthening, tendon transfer, tenodesis, capsulotomy, exci-
sional arthroplasty, and arthrodesis. Tendon lengthening 

 

BA

DC

FIGURE 72.4 A to C, Preoperative flexion and pronation contracture. Thumb-in-palm deformity 
and weak wrist extension. D, After fractional lengthening, flexor carpi ulnaris-to-extensor carpi 
radialis longus transfer, and thumb-in-palm reconstruction, wrist extension and pinch are possible.
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requires no particular compliance and can be performed 
in spastic and athetoid patients. It weakens the muscle and 
diminishes its excursion and stretch reflex, which subse-
quently diminishes spasticity, allowing antagonistic muscles 
to influence function to a greater extent. Tendon transfers 
require some postoperative compliance, should be synergis-
tic, cannot overcome fixed deformity, and are not reliable 
in athetoid patients. Arthrodesis is useful in stabilizing the 
thumb metacarpophalangeal joint during reconstruction of 
a thumb-in-palm deformity and in correcting fixed flexion 
deformities of the wrist when sacrifice of its “windlass” effect 
is believed justifiable.

As to when the various types of operations may be indi-
cated, myotomies are likely to be effective at the earliest age, 
tendon transfers later, and arthrodeses even later. Soft-tissue 
operations to correct flexion deformity of the wrist and pro-
nation deformity of the forearm are probably indicated ear-
liest. As a rule, indicated surgery usually is carried out at 4 
to 8 years of age and ideally before significant contractures 
develop.

One study found that patients who had poor volun-
tary motor control had less improvement after surgery than 
patients with fair-to-good voluntary control. This was the only 
prediction of outcome after surgical intervention. Some liter-
ature would suggest that although surgical intervention can 
improve function, it may not provide improved ability to per-
form activities of daily living. Appropriate patient selection is 
of upmost importance, and a multidisciplinary approach is 
optimal. Using careful assessment for surgical eligibility and a 
multiple disciplinary approach, clinically relevant functional 
and cosmetic goals can be achieved (Table 72.3). 

PRONATION CONTRACTURE OF THE 
FOREARM
Pronation deformity of the forearm is common and disabling 
in children with cerebral palsy and is caused by spasticity of 
the pronator teres and, at times, of the pronator quadratus. 
It can be aggravated by lengthening of the biceps tendon for 
elbow flexion contracture, and it can be improved by simple 
tenotomy of the insertion of the pronator teres. If the patient 
lacks supination just short of neutral and the pronator is con-
tracted and fires out of phase with supination, then a simple 
pronator teres tenotomy is ideal. A pronation contracture also 
may be aggravated by a contracted biceps aponeurosis, and 
division of this structure may improve supination. Supination 
also can be improved by transfer of the flexor carpi ulnaris 
around the ulnar side of the forearm during augmentation 
of the extensor digitorum communis or the extensor carpi 
radialis brevis. However, overcorrection with supination con-
tracture can occur postoperatively if the procedure is com-
bined with a pronator teres release or transfer. Sakellarides 
et  al. devised an operation principally to correct pronation 
contracture of the forearm. According to them, transferring 
the pronator teres tendon produces better correction than 
any other transfer. This method corrects one deforming force 
while providing a force for supination. The tendon is released, 
rerouted around the radius, and inserted into the bone. In 
their series of 22 patients so treated, 82% gained an aver-
age of 46 degrees of active supination. Bunata found similar 
improvement in 31 patients, with the average active supina-
tion improving 65 degrees and the average dynamic position-
ing changing from 26 to 7 degrees. The indication for surgery 

was a pronation positioning of 25 degrees or greater because 
this prevented the child from grasping a cup full of water. 
Ozkan et al. described a brachioradialis rerouting procedure 
in combination with a pronator teres and quadratus release in 
a small series of patients with an average gain of 81 degrees 
of supination and no overcorrection. However, Čobeljić et al. 
did not find benefit to pronator quadratus release at 17.5-year 
follow-up. Gschwind and Tonkin classified pronation defor-
mities into four groups to help guide surgical recommenda-
tions (Table 72.4). One should also note that transfer of the 
flexor carpi ulnaris to extensor carpi radialis will add to the 
supination moment and should be taken into consideration 
when contemplating pronator teres release versus rerouting. 

 

TRANSFER OF THE PRONATOR TERES

 TECHNIQUE 72.1 

 n  Make a zigzag, curvilinear, or straight longitudinal inci-
sion over the anterior and radial aspects of the midfore-
arm centered over the insertion of the pronator teres (Fig. 
72.5A).

 n  Protect the lateral cutaneous nerve of the forearm and the 
superficial radial nerve.

 n  Identify and develop the interval between the brachiora-
dialis and extensor carpi radialis longus.

 n  Identify the oblique fibers that insert into bone at the 
musculotendinous insertion of the pronator teres (Fig. 
72.5B). Use sharp dissection to detach the insertion of 
the pronator teres, along with an attached strip of perios-
teum (Fig. 72.5C). Mobilize the muscle extraperiosteally, 
well proximal in the forearm.

 n  Free the interosseous membrane from the radius as far as 
necessary to gain maximal passive supination.

 n  Pass a right-angle clamp from the dorsolateral aspect of 
the radius through the interosseous membrane and use 
it to transfer the pronator teres through the interosseous 
membrane in a volar-to-dorsolateral direction.

 n  At the same level as the previous muscle insertion, drill an 
anchoring hole on the anterolateral aspect of the radial 
cortex (Fig. 72.5D). Drill a smaller hole through the pos-
teromedial part of the radius using a 1.6-mm Kirschner 
wire. Enlarge the hole in the anterolateral cortex to 2.8 
mm.

 n  Pass a suture with the tendon attached through the two 
holes from anteromedial to posterolateral (Fig. 72.5E). In 
this manner, the tendon is introduced into the larger hole 
on the anterolateral cortex and is secured (Fig. 72.5F,G). 
Apply further stay sutures through the tendon as indi-
cated.

 n  Hold the forearm in approximately 45 degrees of supi-
nation and snug the tendon up to hold this position. 
Allow the brachioradialis to fall into place and close the 
incision.

 n  Apply a long arm cast, maintaining the elbow in 45 de-
grees of flexion and the forearm in 60 degrees of supina-
tion. Elevate the arm immediately after surgery.
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POSTOPERATIVE CARE The sutures are removed at  
2 weeks, and a new long arm cast that maintains forearm 
supination is applied and is worn for another 4 weeks. 
Supination splinting at night is continued for 6 months.
   

 

BRACHIORADIALIS REROUTING

 TECHNIQUE 72.2 

(OZKAN ET AL.)
 n  Make a longitudinal incision on the radial aspect of the 

forearm to provide access to the brachioradialis,  pronator 

teres, and pronator quadratus muscles. If additional pro-
cedures, such as flexor tendon lengthening, are also be-
ing performed, make a curvilinear incision on the palmar 
surface of the forearm.

 n  Develop the skin flaps and retract.
 n  Using monopolar diathermy, release the pronator quadra-

tus muscle from its radial attachment by cutting through 
its muscle belly.

 n  Isolate the pronator teres tendon and divide in a Z fashion 
for lengthening.

 n  Suture the tendon ends with the forearm in neutral 
position and without any tension within the tendon. 
It is crucial not to overlengthen this tendon so as to 
preserve pronator function and prevent supination 
 deformity.

 n  Identify the superficial branch of the radial nerve and 
 artery and retract in the distal forearm.

 TABLE 72.3 

Surgical Procedures for Upper Limb Deformities

ELBOW  
FLEXION

FOREARM  
PRONATION

WRIST FLEXION/
ULNAR DEVIATION

THUMB- 
IN-PALM

FINGER  
DEFORMITIES

Tendon releases Lacertus fibrosus 
release
BR release
Biceps lengthening
Brachialis 
lengthening

PT release Flexor pronator 
slide
FCR tenotomy or 
lengthening
FCU tenotomy or 
lengthening

Adductor release
FPB release
FPL lengthening

FDS lengthening
FDP lengthening
Flexor pronator 
Slide

Tendon transfers PT rerouting FCU to ECRB
FCU to EDC
BR to ECRB
ECU centralization

PL to AbPL, EPB, 
or EPL
BR to AbPL, EPB, 
or EPL
FCR to AbPL, EPB, 
or EPL
AbPL tenodesis
EPL rerouting

Lateral band 
rerouting (swan 
neck)
FDS tenodesis 
(swan neck)
STP transfer

Joint stabilization Wrist fusion
PRC

MCP fusion
MCP capsulodesis
IP fusion

PIP fusion (rare)

AbPL, Abductor pollicis longus; BR, brachioradialis; ECRB, extensor carpi radialis brevis; ECU, extensor carpi ulnaris; EDC, extensor digitorum communis; EPB, exten-
sor pollicis brevis; EPL, extensor pollicis longus; FCR, flexor carpi radialis; FCU, flexor carpi ulnaris; FDP, flexor digitorum profundus; FDS, flexor digitorum superficia-
lis; FPB, flexor pollicis brevis; FPL, flexor pollicis longus; IP, interphalangeal; MCP, metacarpophalangeal; PIP, proximal interphalangeal; PL, palmaris longus; PRC, 
proximal row carpectomy; PT, pronator teres; STP, superficialis-to-profundus.
From Waters PM, Bae DS: Pediatric hand and upper limb surgery. A practical guide, Philadelphia, 2012, Lippincott Williams and Wilkins, Table 22.1, pp 219–236.

 TABLE 72.4 

Gschwind Classification of Pronation Deformities as a Guide to Surgical Recommendations

CLASSIFICATION (GROUP) PRONATION DEFORMITY SURGICAL RECOMMENDATION
1 Active supination beyond neutral No specific surgery
2 Active supination to or less than neutral Pronator quadratus release with or 

without a flexor aponeurotic release
3 No active supination, yet free passive 

supination
Pronator teres rerouting procedure

4 No active supination and only limited 
passive supination

Pronator quadratus release and a flexor 
aponeurotic release*

*If after release no active supination is possible, a pronator teres rerouting may be added. Gschwind and Tonkin caution against performing a pronator teres transfer 
at the same time as a pronator quadratus release because an undesirable supination deformity may ensue.
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FIGURE 72.5 Transfer of pronator teres for pronation contracture of forearm. A, Incision 
along radial aspect of forearm centered over insertion of pronator teres. B, Exposure of pronator 
teres insertion on radius. C, Elevation of pronator teres insertion with strip of periosteum from 
radius. D, Anchoring hole drilled in anterolateral part of radial cortex, with smaller hole drilled 
through posteromedial part. E–G, Pronator teres tendon rerouted posteriorly through interos-
seous membrane, passed from lateral to medial through hole drilled in radius, and sutured. SEE 
TECHNIQUE 72.1.
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 n  Prepare the brachioradialis tendon and muscle for trans-
fer, preserving its distal attachment. It is important that 
the muscle is completely freed from all its fascial attach-
ments because otherwise muscle excursion will be insuf-
ficient.

 n  Preserving the neurovascular structures of the muscle, 
the brachioradialis tendon is divided with a long Z-plasty 
to provide sufficient tendon length for rerouting (Fig. 
72.6A).

 n  Pass the distal tendon end of the brachioradialis through 
a window created in the interosseous space, volar to dor-
sal, ulnar to radial direction, just proximal to the pronator 
quadratus muscle (Fig. 72.6B).

 n  Retract the radial artery and pass the tendon deep to this 
to avoid compression.

 n  Suture the proximal and distal tendons to each other with 
a Pulvertaft weave with the elbow at 90 degrees of flex-
ion.

 n  Keep the forearm in neutral during reattachment without 
any tension on the tendon ends.

 n  Close the skin with absorbable sutures and apply an 
above-elbow plaster cast with the elbow in 90 degrees 
flexion and the forearm in neutral. Cast the wrist and 
fingers as necessary if additional procedures have been 
performed.

POSTOPERATIVE CARE The hand is elevated for 48 
hours. Peripheral circulation should be closely monitored. 
The cast is worn for 4 weeks, after which time it is re-
placed with a splint that can be removed periodically for 
physical therapy. The splint is discontinued during the day 
after another 8 weeks but is applied at night for 4 addi-
tional weeks. Subsequently, the patient is encouraged to 
use the extremity in activities of daily living.
  

FLEXION DEFORMITIES OF THE WRIST AND 
FINGERS
The most frequent deformities in the upper extremity in spas-
tic paralysis are those of flexion of the wrist and fingers. These 
deformities usually are accompanied by pronation of the fore-
arm, flexion of the elbow, and the thumb-in-palm deformity. 
Zancolli et al. classified spastic flexion deformities of the wrist 
and hand into three patterns (Table 72.5):

Pattern 1. The fingers can be actively extended with the 
wrist in less than 20 degrees of flexion. This is a fairly 
mild deformity in which grasp and release are pos-
sible. Extension of the wrist is impossible with the 

fingers in full extension. Consideration may be given 
to flexor carpi ulnaris tenotomy combined with 
lengthening of the finger flexors, preferably by tenot-
omy at the musculotendinous junction, allowing for 
selective fractional lengthening as required. A flexor 
slide also can be selected.

Pattern 2. Active finger extension is possible only with 
the wrist in more than 20 degrees of flexion. This pat-
tern is divided further into two subgroups. In pattern 
2a, the patient has voluntary wrist extension with the 
fingers in flexion, indicating that the wrist extensors 
are active and the finger flexors are not severely spas-
tic. In pattern 2b, the patient is unable to extend the 
wrist with the fingers in flexion, indicating that the 
wrist extensors are paralyzed and require augmenta-
tion to improve function. In pattern 2, lengthening 
of the finger flexors, combined with a tendon trans-
fer to augment finger or wrist extension, should be 
considered. The classic transfer is of the flexor carpi 
ulnaris to the extensor carpi radialis brevis, which 
improves supination, wrist extension, and finger flex-
ion (grasp). If weakness in finger extension (release) 
is considerable, transfer into the extensor digitorum 
communis is preferred. Preoperative electromyogra-
phy may be useful to determine in which phase the 
donor muscle is active: grasp or release. Another 

 

A

B
FIGURE 72.6 Ozkan brachioradialis rerouting technique.  

A, Tendon is cut in Z fashion. B, Distal tendon is passed between 
radius and ulna in dorsal to palmar direction and is sutured back 
to proximal brachioradialis tendon. SEE TECHNIQUE 72.2.

 TABLE 72.5 

Classification of Flexion Deformities of Wrist and Fingers

CLASSIFICATION (GROUP) DEFORMITY
1 Active finger extension with <20 degrees of wrist flexion
2 Active finger extension with >20 degrees of wrist flexion
2a Active wrist extension with fingers flexed
2b No active wrist extension with fingers flexed
3 Wrist and finger extension absent even with full wrist flexion

From Van Heest AE: Surgical management of wrist and finger deformity, Hand Clin 19:657, 2003.
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alternative is to fractionally lengthen the flexor carpi 
ulnaris and flexor carpi radialis and transfer the 
extensor carpi ulnaris into the extensor carpi radialis 
brevis to improve wrist extension power.

Pattern 3. The patient has severe flexion deformities 
and is unable to extend the fingers or wrist actively 
even when starting from a position of maximal flex-
ion. Hand sensibility usually is poor. Surgery would 
not improve function but may improve hygiene. 
Tenotomy of the wrist flexors and sublimis-to-pro-
fundus transfers as described by Braun and Vice may 
be considered. Wrist arthrodesis and carpectomy 
may improve appearance in these severe deformities. 

 

FRACTIONAL LENGTHENING OF THE 
FLEXOR CARPI RADIALIS MUSCLE 
AND FINGER FLEXORS

 TECHNIQUE 72.3 

 n  Begin a curved volar incision over the forearm about 3 cm 
proximal to the volar wrist crease and continue it proxi-
mally for 6 cm.

 n  Identify the flexor carpi radialis muscle and follow it 
proximally to the musculotendinous junction and farther 
proximally until the muscle belly is identified. The distal 
portion of the muscle belly is surrounded by an aponeu-
rosis that thickens distally and forms the tendon of the 
muscle.

 n  Lengthen the muscle-tendon unit and leave it in continu-
ity by making transverse cuts in the aponeurosis proximal 
to the musculotendinous junction. Completely identify 
the muscle circumferentially and make a transverse cut 
through the aponeurosis but not through the muscle 
(Fig. 72.7). Divide the aponeurosis transversely and do 
not leave any of the tendon intact; otherwise, the muscle-
tendon unit does not lengthen.

 n  After the cut in the aponeurosis is made, place the wrist in 
dorsiflexion. The transverse cut in the aponeurosis widens 
as the muscle lengthens, but the entire muscle-tendon 
unit remains intact. A second cut for recession can be 
made if necessary.

 n  Other musculotendinous units may be contracted in ad-
dition to the flexor carpi radialis muscle. Frequently, the 
palmaris longus muscle also is spastic and contracted and 
may require lengthening in the same manner.

 n  Through this same incision, the finger flexors can be 
lengthened in a similar manner. First lengthen the flexor 
digitorum sublimis muscles and then the flexor digitorum 
profundus if they contribute to the contracture.

POSTOPERATIVE CARE A palmar (volar) short arm 
splint with the wrist in neutral position or slightly extended 
is worn for 3 to 4 weeks. Then mobilization of the wrist 
is begun, and a removable splint is used for protection. A 
volar short arm night splint is used for an additional 4 to 
6 months.
   

 

RELEASE OF THE FLEXOR-PRONATOR 
ORIGIN
Release of the flexor-pronator origin may improve appearance 
and function of a hand with severe flexion deformities of the 
wrist and fingers. It is not indicated in hands that can be cor-
rected passively but assume a flexed position during grasp; for 
these, less extensive operations, such as transfer of the flexor 
carpi ulnaris to a wrist extensor, are more useful. Release of 
the flexor-pronator origin was first described by Page in 1923 
and later by Inglis and Cooper and by Williams and Haddad. 
Ezaki recommended a flexor-pronator slide if more than 45 
degrees of wrist flexion is required to extend the fingers.

 TECHNIQUE 72.4 

(INGLIS AND COOPER)
 n  Make an incision over the anterior part of the medial epi-

condyle of the humerus beginning 5 cm proximal to the 
epicondyle and continuing distally to the midpoint of the 
forearm over the ulna (Fig. 72.8A). The medial antebrach-
ial cutaneous nerve often is seen in the distal part of the 
incision, and the medial brachial cutaneous nerve can be 
seen posterior to the medial part of the epicondyle.

 n  Identify the ulnar nerve proximal to the epicondyle, dissect 
and elevate it from its groove behind the epicondyle, and 
carefully free it distally (Fig. 72.8B). Identify, free, and protect 
the branches of the ulnar nerve to the flexor carpi ulnaris and 
to the two ulnar heads of the flexor digitorum profundus.

 n  To release the origins of the flexor carpi ulnaris and flexor 
digitorum profundus, begin distally at about the middle of 
the ulna and elevate both muscles from the bone at the sub-
cutaneous border; the interosseous membrane is seen around 
the volar surface of the bone. Continue proximally along the 
ulna as far as the ulnar groove at the epicondyle. During this 
dissection, the interosseous membrane and the fascia of the 
brachialis muscle are seen in the depths of the wound.

 n  Replace the ulnar nerve in its groove and divide the entire 
flexor-pronator muscle mass at its origin from the medial 
part of the epicondyle. At this point, the median nerve 
can be seen as it passes through the pronator teres.

 n  Continue the dissection anteriorly over the flexor aspect 
of the elbow, dividing the lacertus fibrosus (Fig. 72.8C) 
and any remaining parts of the flexor muscle origin.

 n  If a flexion contracture of the elbow persists, incise the 
fascia of the brachialis muscle. Then transplant the ulnar 

 

Ulnar nerve

FIGURE 72.7 Fractional lengthening of flexor carpi radialis 
muscle and finger flexors. SEE TECHNIQUE 72.3.
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nerve anterior to the epicondyle. Now the muscle mass 
has been displaced 3 to 4 cm distal to its original location.

 n  Close the wound and apply a cast or plaster splints to 
hold the forearm in supination and the wrist and fingers 
in neutral positions.

POSTOPERATIVE CARE At 3 weeks, the cast or splints and 
the sutures are removed. An extension hand splint is applied, 
which is worn constantly for 3 months and then only at night 
for 3 more months or, in children, until growth is complete.
   

 

EXTENSIVE RELEASE OF THE FLEXOR 
PRONATOR ORIGIN
Williams and Haddad recommended a similar but more 
extensive release of the flexor-pronator origin than that just 
described. It frees completely the origins of the flexor mass 
almost to the wrist.

 TECHNIQUE 72.5 

(WILLIAMS AND HADDAD)
 n  Make an incision over the medial aspect of the arm and 

forearm anterior to the medial epicondyle of the humer-
us, beginning 5 cm proximal to the elbow and extending 
distally to about 5 cm proximal to the wrist (Fig. 72.9A).

 n  Protecting the medial antebrachial cutaneous nerve and 
the basilic vein, anteriorly dissect a flap of skin and sub-
cutaneous tissue to expose the lacertus fibrosus and the 
antecubital fossa (Fig. 72.9B). Expose the ulnar nerve as it 
passes between the two heads of origin of the flexor carpi 
ulnaris.

 n  Avoiding the ulnar collateral ligament and capsule of the 
elbow joint, divide the common tendon of origin of the 
superficial group of muscles just distal to the epicondyle 
(Fig. 72.9C).

 n  Protecting the median nerve and its motor branches to 
the superficial group of muscles, free the ulnar origin 
of the pronator teres. Extend the dissection along the 
lateral border of the pronator teres to its insertion on 
the radius, but avoid injuring the radial artery. At this 
level, divide the aponeurotic radial origin of the flexor 
digitorum sublimis.

 n  Retract anteriorly the ulnar nerve and the stump of the 
common flexor tendon and free the origin of the flexor 
carpi ulnaris from the medial border of the olecranon. 
During this dissection, ligate and divide the posterior ul-
nar recurrent artery. Avoiding the periosteum of the ulna, 
release the aponeurotic origin of the flexor carpi ulnaris 
and flexor digitorum profundus from the ulna throughout 
its entire length (Fig. 72.9D).

 n  Identify the common interosseous artery, its volar branch, 
and the anterior interosseous nerve, and release from the 
volar aspect of the ulna and adjacent interosseous mem-
brane the origin of the flexor digitorum profundus as far 
distally as the pronator quadratus (Fig. 72.9E).

 n  Release from the radius the origin of the flexor digitorum 
profundus to the index finger.

 n  Release from the medial side of the coronoid process the 
remaining origin of the flexor digitorum sublimis proximal 
to the common interosseous artery (Fig. 72.9F).

 n  Extend the wrist and fingers and identify and release any 
remaining tight bands. If there is any tension on the ul-
nar nerve, transplant it anteriorly into the brachialis (Fig. 
72.9G); and if any elbow contracture persists, divide the 
brachialis tendon.

 n  If necessary, divide or lengthen the tendon of the flexor 
pollicis longus through a separate incision proximal to the 
wrist.

 n  Splint the extremity with the wrist and fingers extended 
and the elbow flexed.

POSTOPERATIVE CARE At 3 weeks, the splint and su-
tures are removed and another splint is applied that keeps 
the wrist and fingers extended and the thumb abducted. 
This splint is worn for 3 months except when it is removed 
for exercises of the wrist and fingers. It is then worn only 
at night for 6 weeks. Both occupational and physical ther-
apy are continued as necessary.
   

 

A

B

C

FIGURE 72.8 Flexor slide (Inglis and Cooper). A, Incision on medial 
aspect of volar side of arm, beginning approximately 5 cm proximal 
to medial epicondyle and continuing distally to midpoint of forearm 
over ulna. B, Ulnar nerve is identified, protected, and released from 
cubital tunnel. Tendinous origins of muscles on medial epicondyle are 
cut, and flexor carpi ulnaris and flexor digitorum profundus muscles 
are completely released from medial epicondyle and ulna. C, Lacertus 
fibrosus is divided, along with any remaining portions of flexor muscle 
origin, and ulnar nerve is transposed anteriorly. SEE TECHNIQUE 72.4.
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flexor digitorum
profundus
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FIGURE 72.9 Williams and Haddad technique for releasing flexor-pronator origin. A, Incision. 
B, Structures anteriorly and medially at elbow have been exposed (see text). C, Lacertus fibrosus has 
been divided, origin of superficial flexors has been released from medial epicondyle, and origin of 
flexor digitorum sublimis has been released from radius (see text). D, Origin of flexor carpi ulnaris 
has been released from olecranon, and common origin of flexor carpi ulnaris and flexor digitorum 
profundus has been released from ulna (see text). E, Origin of flexor digitorum profundus has 
been released from volar aspect of ulna and interosseous membrane (see text). F, Origin of flexor 
digitorum profundus to index finger has been released from radius, and remaining origin of flexor 
digitorum sublimis has been released from coronoid process (see text). G, Ulnar nerve has been 
transplanted anteriorly into brachialis muscle (see text). SEE TECHNIQUE 72.5.
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TRANSFER OF THE FLEXOR CARPI 
ULNARIS
Transfer of the flexor carpi ulnaris dorsally to a radial wrist 
extensor removes a deforming force that pulls the hand 
into ulnar deviation and flexion and provides a force that 
promotes supination of the forearm and extension of 
the wrist. For this operation to be effective there must 
be active finger extension, passive flexibility of the hand, 
wrist, and forearm, and a favorable diagnostic profile. Any 
fixed deformity should be corrected before surgery by suc-
cessive casts or by any operations as indicated. If active 
supination is possible before surgery, the muscle can be 
carried through the interosseous membrane instead of 
around the ulnar side of the forearm and can be pre-
vented from acting as a supinator. This procedure should 
not be performed in conjunction with a release or length-
ening of the flexor carpi radialis because it may cause a 
hyperextension deformity of the wrist. A normal patient 
has synergistic wrist and finger motion, that is, wrist 
extension is synergistic with finger flexion and wrist flex-
ion with finger extension. A wrist flexion deformity may be 
accompanied by a primary weakness of the finger exten-
sors; a child is able to release objects only by flexing the 
wrist. In this situation, transfer of the flexor carpi ulnaris to 
wrist extensors may only strengthen grasp, making it diffi-
cult for the child to release objects. With significant finger 
extensor weakness, flexor carpi ulnaris transfer to exten-
sor digitorum communis is recommended. Van Heest et al. 
demonstrated in seven patients that flexor carpi ulnaris 
activation was most common during grasp, and relaxation 
was present during release. This phasic activation did not 
appear to change after transfer and proved beneficial dur-
ing grasp and release. Wolf et al. improved function and 
cosmesis, with an average final wrist resting position of 9 
degrees extension with transfer of the flexor carpi ulnaris 
to the extensor carpi radialis longus. Some authors have 
reported late extension deformity in patients younger 
than 13 years in whom tendon transfer was performed.

 TECHNIQUE 72.6 

(GREEN AND BANKS)
 n  Make an anterior longitudinal incision (Fig. 72.10A) ex-

tending from the flexor crease of the wrist proximally for 
about 3 cm to expose the insertion of the flexor carpi 
ulnaris on the pisiform bone.

 n  Detach the tendon from the bone and dissect it proximally 
(Fig. 72.10B).

 n  The attachment of the muscle to the ulna often extends 
almost the full length of the tendon; free it by sharp dis-
section from the ulna, leaving the periosteum in place. 
The ulnar nerve now may be seen in a sheath posterior to 
the tendon.

 n  Introduce a nylon suture into the distal end of the tendon 
and, by pulling on it gently, outline the course of the 
muscle proximally.

 n  Beginning about 5 cm distal to the medial epicondyle of 
the humerus, make a second incision 7 to 10 cm long 
over the belly of the muscle. Define the lateral margin of 
the muscle and make an incision there through the deep 
fascia to expose this margin and the deep surface of the 
muscle.

 n  When the muscle belly has been defined, dissect it from 
its origin on the deep surface of the deep fascia and from 
the ulna distally.

 n  Pull the tendon into the proximal incision and free the 
muscle further until it passes straight from its origin 
across the border of the ulna to the dorsal aspect of 
the wrist. Locate and preserve branches of the ulnar 
nerve to the muscle because they limit the dissection 
proximally.

 n  At a suitable level at the medial margin of the ulna, excise 
the intermuscular septum separating the volar and dorsal 
compartments of the forearm for 4 to 5 cm and expose 
the dorsal compartment.

 n  Starting just proximal to the transverse skin crease on the 
dorsum of the wrist and extending proximally, make a 
third incision (Fig. 72.10C) about 3 cm long over the ex-
tensor carpi radialis brevis and longus tendons and expose 
these tendons.

 n  Choose the extensor carpi radialis brevis or longus tendon 
for insertion of the transferred tendon; the extensor carpi 
radialis brevis gives a more central action in extension of 
the wrist, whereas the extensor carpi radialis longus gives 
a better pull for supination of the forearm and radial de-
viation of the wrist.

 n  Using a tendon passer (Fig. 72.10D), direct the free end 
of the flexor carpi ulnaris from the proximal incision 
into the dorsal compartment along the path of the ex-
tensor tendons to the chosen extensor radialis tendon.

 n  Make a buttonhole (Fig. 72.10E) in the chosen tendon 
and pass through it the flexor carpi ulnaris tendon; su-
ture the flexor carpi ulnaris tendon (Fig. 72.10F) there 
under tension with the forearm in full supination and 
the wrist in at least 45 degrees of extension. Manske 
prefers to tension the transfer by placing the wrist in 
slight flexion (15 degrees) to avoid a hyperextension 
deformity. We have not encountered this complication, 
provided that the flexor carpi radialis is not overlength-
ened.

 n  If the flexor carpi ulnaris is to be transferred into the ex-
tensor digitorum communis tendons, suture it under ten-
sion, so that when the wrist is in the neutral position the 
metacarpophalangeal joints are hyperextended.

 n  Close the wounds and apply a cast extending from near 
the axilla to the tips of the fingers, holding the wrist in 
extension, the forearm in supination, the fingers in almost 
complete extension, and the thumb in abduction and op-
position.

POSTOPERATIVE CARE The sutures are removed at 
2 weeks, and a new cast is applied and worn for 4 
weeks. Hand therapy is begun at 6 weeks after sur-
gery. Night splints are used intermittently for several 
months as necessary to keep the hand in a corrected 
position.
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WRIST ARTHRODESIS
Wrist arthrodesis is useful in a patient with a severe wrist flex-
ion contracture and a nonfunctional hand. It is used primarily 
to control position and improve hygiene in a hand with poor 
motor control and sensibility. A proximal row carpectomy is 
typically incorporated with the fusion to improve the flexion 
contracture and to provide a bone graft. Complete release of 
wrist flexors (palmaris longus, flexor carpi ulnaris, and flexor 
carpi radialis) is accomplished first. Because the epiphysis of 
the distal radius is damaged, a standard wrist fusion must be 
delayed until the patient is at least 12 years old. For skeletally 
immature patients, an epiphyseal arthrodesis can be done 
that allows for continued distal radial growth. The wrist ide-
ally should be fused in neutral flexion and ulnar deviation; 
however, a mild degree of flexion is well tolerated.

 TECHNIQUE 72.7 

 n  After lengthening or releasing the flexor tendons as nec-
essary, make a dorsal longitudinal incision over the wrist.

 n  Excise the proximal carpal row as necessary to achieve 
correction. Denude all remaining cartilage from the ra-
diocarpal and intercarpal joints and from the second and 
third carpometacarpal joints.

 n  Use corticocancellous portions of the excised carpal bones 
or iliac crest grafts to supplement the fusion.

 n  Transfix the carpus with two Steinmann pins measuring 
7/64 to 9/64 of an inch (Fig. 72.11) or 3.5 mm dorsal 
plate.

 n  Apply a long arm cast with the elbow at 90 degrees 
of flexion and the forearm in neutral pronation and 
supination. If the finger flexors have been lengthened, 
extend the cast to include the fingers in the extended 
position.

POSTOPERATIVE CARE At 4 weeks, the long arm 
cast can be converted to a short arm cast and fin-
ger flexion and extension are encouraged. The wrist is 
protected until fusion is apparent, usually at 10 to 12 
weeks. The pins may be removed when the arthrodesis 
is solid.
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FIGURE 72.10 Transfer of flexor carpi ulnaris. A, Anterior longitudinal incision over flexor carpi 
ulnaris. This may be divided into two separate incisions as described in the text. B, Flexor carpi 
ulnaris tendon is detached from pisiform insertion, and muscle is dissected proximally off ulna. C, 
Small longitudinal incision on dorsum of wrist over extensor carpi radialis brevis just proximal to 
first extensor compartment. D, Flexor carpi ulnaris tendon is passed subcutaneously around ulnar 
border of forearm using a tendon passer. E, Buttonhole is made in extensor carpi radialis brevis 
tendon. F, Flexor carpi ulnaris is passed through buttonhole and sutured to itself under appropriate 
tension. SEE TECHNIQUE 72.6.
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CARPECTOMY
Omer and Capen reported proximal row carpectomies to 
improve appearance in eight patients with cerebral palsy. At 
the same time, transfers of the flexor carpi ulnaris tendon 
around the ulna to the extensor carpi radialis brevis were 
done to strengthen wrist extension and increase supination. 
Omer and Capen warn that this does not improve func-
tion. All their patients were older than 11 years of age. They 
emphasized prolonged postoperative splinting because the 
procedure increases the relative length of all flexor mus-
cle-tendon units that cross the wrist and increases wrist 
extension and forearm supination; they further emphasized 
that only the proximal half of the carpal scaphoid is taken.

 TECHNIQUE 72.8 

(OMER AND CAPEN)
 n  Make a longitudinal incision over the dorsum of the wrist. 

Identify the distal edge of the dorsal carpal ligament and 
retract the common digital extensor tendons ulnarward. 
Make a T-shaped incision in the dorsal capsule to expose 
the carpal bones.

 n  Excise the lunate and the proximal half of the scaphoid. 
Leave the distal half of the scaphoid with its capsular at-
tachments.

 n  Excise the triquetrum, but leave the pisiform bone.
 n  Make a longitudinal incision over the volar aspect of the 

wrist, beginning at the pisiform and extending proximally 
over the flexor carpi ulnaris tendon.

 n  Protect the neurovascular bundle and free the flexor carpi 
ulnaris from the intermuscular septum.

 n  Divide the muscle near its insertion and pass its tendon 
through a window in the interosseous membrane. (If more 
supination is needed, pass the transfer around the ulna.)

 n  Insert the flexor carpi ulnaris into the extensor carpi radia-
lis brevis and anchor it with nonabsorbable monofilament 
sutures.

 n  Place the wrist in maximal passive dorsiflexion and imbri-
cate the dorsal capsule of the wrist.

POSTOPERATIVE CARE The arm is placed in a bulky 
dressing and a volar plaster splint that holds the fingers 
and wrist in extension. On or about postoperative day 5, a 
circular long arm cast is applied, holding the elbow flexed, 
the forearm supinated, and the wrist and fingers extend-
ed. This position is maintained for 6 weeks. Then a circular 
short arm cast, incorporating outriggers for extension of 
the fingers, is applied. Splinting is continued for 4 months 
and subsequently used only at night for an indefinite time.
  

THUMB-IN-PALM DEFORMITY
The second most frequent and important deformity of the 
hand in cerebral palsy is the thumb-in-palm, adducted thumb, 
or clutched thumb deformity. This deformity blocks entry of 
objects into the palm and prevents the thumb from assisting 
fingers in grasp or pinch. Contributing to thumb-in-palm 

deformity are spasticity of the flexor pollicis longus, flexor pol-
licis brevis, adductor pollicis, and first dorsal interosseous, as 
well as weakness of the extensor pollicis longus, extensor pol-
licis brevis, and abductor pollicis longus muscles. Spasticity in 
the extensor pollicis longus muscle also may contribute to an 
adduction deformity of the thumb during the release phase 
(Fig. 72.12). House, Gwathney, and Fidler classified thumb-
in-palm deformities into four major types based on the clini-
cal appearance of the thumb. A type I deformity consists of 
a simple metacarpal adduction contracture and is the most 
common pattern. A type II deformity consists of a metacarpal 
adduction contracture combined with a metacarpophalangeal 
flexion deformity. A type III deformity consists of a metacar-
pal adduction contracture combined with a metacarpopha-
langeal hyperextension deformity or instability; this is the 
second most common pattern. A type IV deformity consists 
of a metacarpal adduction contracture combined with meta-
carpophalangeal and interphalangeal flexion deformities; this 
is believed to be the most severe deformity, being caused by 
spasticity in the flexor pollicis longus and in the intrinsic mus-
cles in the thumb. Tonkin et al. divided thumb-in-palm defor-
mities into three types: type 1, a flexed metacarpophalangeal 
joint and an extended interphalangeal joint; type 2, flexed 
metacarpophalangeal and interphalangeal joints; and type 3, a 
flexed metacarpophalangeal and interphalangeal joint with an 
adduction contracture as well (Table 72.6).

Although thumb-in-palm deformity can be caused 
principally by spasticity of the flexor pollicis longus mus-
cle, it is not caused solely by this muscle. The flexor pollicis 
longus flexes the interphalangeal joint, the metacarpopha-
langeal joint, and the carpometacarpal joint and acts as an 
adductor of the thumb. To be certain that it is a princi-
pal deforming force, the patient should be able to decrease 
the flexion of these joints by flexing the wrist. Conversely, 
extending the wrist causes an increase in deformity. The 

 FIGURE 72.11 Wrist arthrodesis using two Steinmann pins. SEE 
TECHNIQUE 72.7.
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examiner should determine whether an accompany-
ing severe adduction deformity, caused by contracture of 
muscle or other structures, is present. A weak adductor 
pollicis may be overpowered by a tendon transfer; active 
adduction of the thumb by the adductor pollicis should 
be checked with the wrist palmar flexed to determine the 
strength of the muscle. Surgical correction of thumb-in-
palm deformity has demonstrated both high clinical suc-
cess rates and overall patient satisfaction in the short and 
long term. Although clinical correction was shown to 
diminish over time, there appeared to be minimal effect 
on patient satisfaction.

TREATMENT
Treatment of thumb-in-palm deformity must be individ-
ualized after careful, repeated assessments of the overall 
hand function and function of the specific muscles con-
tributing to the deformity. Currently, a dynamic approach 
is used in the surgical correction of this deformity, as 

described by House et al. This involves release of contrac-
tures, augmentation of weak muscles, and skeletal stabili-
zation (Table 72.7), especially of the metacarpophalangeal 
joint when necessary. A myotomy of the adductor pollicis 
may be done through a palmar incision, as described by 
Matev, or through a Z-plasty incision placed in the first 
web if a skin contracture is present. Preoperative elec-
tromyography of the adductor pollicis has been found to 
be useful in determining whether a partial or complete 
release of this muscle was necessary. If the adductor is 
active during grasp, the patients are said to have selective 
control, and release of the transverse head of the muscle 
only should be considered because pinch may be weak if 
complete myotomy is performed. Release of the origin of 
the first dorsal interosseous muscle also may be required. 
In long-standing type II deformities, the origin of the 
adductor and the flexor pollicis brevis may require release, 
as described by Matev. In type IV deformities, the flexor 
pollicis longus may require lengthening proximal to the 
wrist. Augmentation of a weak abductor pollicis longus 
may be necessary. The most common muscles used for this 
augmentation are the palmaris longus, the brachioradialis, 
and the flexor carpi radialis. Fusion of the thumb meta-
carpophalangeal joint is especially useful if a hyperexten-
sion deformity of that joint is present. Arthrodesis may be 
performed without damage to the physis if only articular 
cartilage is removed, and a smooth Kirschner wire is used 
for fixation. Alternatively, if instability of the thumb meta-
carpophalangeal extension is present, a sesamoid metacar-
pal synostosis may be used, as described by Zancolli et al. 
In this procedure, the radial sesamoid with the volar plate 
is advanced proximally and fused to the thumb metacar-
pal neck.

Smith proposed transfer of the flexor pollicis longus 
tendon to the radial side of the thumb combined with teno-
desis of the distal joint. He recommended the operation for 
patients who have some use of the affected hand, in addi-
tion to passive extension of the metacarpophalangeal joint 
and abduction of the carpometacarpal joint with the wrist 
in flexion.

If the extensor pollicis longus contributes to the thumb 
deformity, it may be rerouted from the Lister tubercle, as 
recommended by Manske. Significant improvement in 
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FIGURE 72.12 Adducted thumb position in cerebral palsy is 
result of forces exerted by powerful muscles.

 TABLE 72.6 

Classification of Thumb Deformity

TYPE OF DEFORMITY DEFORMING FORCES THUMB POSITION
1—intrinsic Adductor pollicis

First dorsal interosseous
Flexor pollicis brevis

Metacarpal adduction
MCP joint flexion
IP joint extension

2—extrinsic Flexor pollicis longus MCP joint flexion
IP joint flexion
Metacarpal adduction less marked

3—combined Adductor pollicis
First dorsal interosseous
Flexor pollicis brevis
Flexor pollicis longus

Metacarpal adduction
MCP joint flexion
IP joint flexion (true “thumb-in-palm” 
deformity)

IP, Interphalangeal; MCP, metacarpophalangeal.
From Tonkin MA, Hatrick NC, Eckersley JRT, et al: Surgery for cerebral palsy, part 3: classification and operative procedures for thumb deformity, J Hand Surg 
26B:465, 2001.
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functional activities was noted in 90% of his patients treated 
with this technique. Long-term satisfaction of surgical cor-
rection in patients remains high despite deterioration of posi-
tion in up to 30% of patients at 5 years. 

 

MYOTOMY

 TECHNIQUE 72.9 

 n  Make an incision bordering the thenar crease in the palm 
but avoid damaging the recurrent branch of the median 
nerve or the innervation of the adductor pollicis.

 n  Retract the long flexors of the fingers and strip from the 
third metacarpal the origin of the adductor pollicis.

 n  Cut from the deep transverse carpal ligament about two 
thirds of the origin of the abductor pollicis brevis and all 
of the origins of the flexor pollicis brevis and opponens 
pollicis (Fig. 72.13).

 n  Strip from the first metacarpal the origin of the first dorsal 
interosseous.

 n  If necessary, do a capsulorrhaphy of the metacarpopha-
langeal joint.

POSTOPERATIVE CARE A pressure dressing and a cast 
are applied holding the first metacarpal (not the phalan-
ges) in wide abduction and opposition. At 3 weeks, the 
cast and sutures are removed and a splint is applied to 
hold the thumb in this same position. If tendon transfers 
have been necessary, the cast is retained for 6 weeks. 
Splinting at night may be necessary for a long time if the 
deformity tends to recur.
   

 

RELEASE OF CONTRACTURES, 
AUGMENTATION OF WEAK MUSCLES, 
AND SKELETAL STABILIZATION

 TECHNIQUE 72.10 

(HOUSE ET AL.)

STEP 1: RELEASE OF CONTRACTURES

 TABLE 72.7 

Surgical Options

Surgical options for releases or lengthening of contracted or 
spastic muscles

Adductor release in palm
Adductor tenotomy
First interosseous release
Flexor pollicis brevis (thenar) release
FPL lengthening
Thumb web Z-plasty w/ fascial release

Surgical options for tendon transfers EPL rerouting
To augment abductor pollicis longus, EPL, or extensor pollicis 
brevis
Flexor digitorum superficialis
Brachioradialis
Palmaris longus
Flexor carpi radialis
Extensor carpi radialis longus

Surgical options for joint stabilization CMC arthrodesis
MCP arthrodesis
MCP joint volar capsulodesis
IP joint arthrodesis

CMC, Carpometacarpal; EPL, extensor pollicis longus; FPL, flexor pollicis longus; IP, interphalangeal; MCP, metacarpophalangeal.
From Van Heest AE: Surgical technique for thumb-in-palm deformity in cerebral palsy, J Hand Surg 36A:1526, 2011.
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FIGURE 72.13 Myotomies of intrinsic muscles of thumb for 
thumb-in-palm deformity. SEE TECHNIQUE 72.9.

    

https://booksmedicos.org


CHAPTER 72 CEREBRAL PALSY OF THE HAND 3747

 n  Through a Z-plasty incision located along the first web 
space, release the origin of the first dorsal interosseous 
muscle from the thumb metacarpal (Fig. 72.14A).

 n  Expose the intramuscular portion of the tendon of the adduc-
tor pollicis and divide it obliquely to allow a relative lengthen-
ing of the tendon while preserving bridging muscle fibers. If 
a long-standing type II deformity exists with a flexion defor-
mity of the metacarpophalangeal joint, release the origin of 
the adductor and the flexor pollicis brevis if necessary. For a 
type IV deformity with spasticity of the flexor pollicis longus 
muscle and interphalangeal flexion deformity, lengthen the 
tendon of the flexor pollicis longus proximal to the wrist. 

STEP 2: AUGMENTATION OF WEAK MUSCLES
 n  If adduction of the thumb at the carpometacarpal joint 

is considerable, with weakness of the abductor pollicis 

longus, release the abductor pollicis longus tendon from 
the first extensor compartment and allow the tendon to 
subluxate volarly.

 n  Divide the palmaris longus tendon at the level of the wrist 
and suture it into the abductor pollicis longus tendon in 
an end-to-side fashion (Fig. 72.14B). The brachioradialis 
and the flexor carpi radialis can be used instead of the 
palmaris longus if desired.

 n  If there is no suitable donor for active transfer, divide the 
abductor pollicis longus tendon and reroute its distal por-
tion volarly, attaching it in an end-to-side fashion to the 
flexor carpi radialis tendon under sufficient tension to 
maintain metacarpal abduction  Fig. 72.14C). This pro-
vides a dynamic abductor tenodesis.

 n  If the flexion deformity at the metacarpophalangeal joint 
is significant but joint stability is normal, a similar tenodesis  
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FIGURE 72.14 Dynamic approach to thumb-in-palm deformity. A, Release of adduction contrac-
ture through Z-plasty first web incision (see text). B, Transfer of palmaris longus to intact abductor 
pollicis longus, which has been released from first dorsal compartment. C, Transfer of distal portion 
of tendon of abductor pollicis longus to flexor carpi radialis, so-called dynamic tenodesis, and 
transfer of proximal segment of abductor pollicis longus into extensor pollicis brevis. D, Chon-
drodesis of thumb metacarpophalangeal joint for hyperextension deformity. SEE TECHNIQUE 72.10.
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FIGURE 72.15 Sesamoid arthrodesis. A, Palmar plate is mobi-
lized by dividing accessory collateral ligament at its insertion into 
palmar plate. Articular surface of sesamoid is denuded of cartilage. 
Cortical defect is created at head-neck junction of metacarpal.  
B, Two straight needles (with Kirschner wire driver) are used to pass 
polypropylene (Prolene) suture through sesamoid-palmar plate 
complex and metacarpal neck to secure sesamoid into cortical defect 
created. C, Intraosseous suture is tied over metacarpal under extensor 
tendons as permanent suture. Kirschner wire is placed across meta-
carpophalangeal joint to maintain joint in approximately 30 degrees 
of flexion. Seam in collateral ligament is repaired, and proximal 
radial edge of palmar plate is sutured to metacarpal periosteum and 
aponeurotic fibers of abductor pollicis brevis. SEE TECHNIQUE 72.10.

of the extensor pollicis brevis tendon may be performed. 
Care must be taken not to create a disabling hyperexten-
sion deformity at this joint. 

STEP 3: SKELETAL STABILIZATION
 n  If there is a hyperextension deformity of the metacarpo-

phalangeal joint (type III deformity), carefully remove the 
articular cartilage of the metacarpophalangeal joint with-
out damaging the physis.

 n  Position the thumb and secure it with one centrally placed 
1-mm Kirschner wire (Fig. 72.14D).

 n  Alternatively, if thumb metacarpophalangeal extension 
instability is present, advance the sesamoid with the pal-
mar plate as described by Zancolli et al., and Lawson, and 
Tonkin (Fig. 72.15). Approach the metacarpophalangeal 
joint through a dorsoradial incision.

 n  Divide the accessory collateral ligament insertion and mo-
bilize the palmar plate.

 n  Denude the sesamoid of cartilage.
 n  Create a cortical defect at the head-neck junction of the 

metacarpal.
 n  Fix the sesamoid in the defect created at the head-neck 

junction of the metacarpal with the thumb in 30 degrees of 

flexion. Pass two intraosseous sutures across the sesamoid 
and tie them over the dorsal surface of the metacarpal.

 n  Stabilize the joint with a Kirschner wire. (The wire is re-
moved at 5 weeks.) 

POSTOPERATIVE CARE The forearm and hand are im-
mobilized for 4 weeks with the thumb held in abduction 
and extension by a volar plaster splint. Then active and 
assisted exercises of the wrist, thumb, and fingers are 
started. A long opponens splint modified by the addition 
of a C-bar or molded plastic orthosis is worn between ex-
ercise periods for the next few weeks, after which splint-
ing is continued at night, only until growth is completed 
or dynamic balance is attained and stabilized.

   

 

FLEXOR POLLICIS LONGUS 
ABDUCTORPLASTY

 TECHNIQUE 72.11 
(SMITH)

 n  Make a radial midlateral incision from the middle of the 
distal phalanx of the thumb to the neck of the first meta-
carpal (Fig. 72.16A).

 n  Elevate a volar skin flap and transect the flexor pollicis lon-
gus tendon opposite the proximal phalanx (Fig. 72.16B).

 n  Tenodese the flexor pollicis longus stump to the proximal 
phalanx, or arthrodese the distal joint in 15 degrees of 
flexion (Fig. 72.16C-E).

 n  Make a longitudinal incision in the forearm just radial to 
the tendon of the flexor carpi radialis, curving its distal 
portion ulnarward. Identify the flexor pollicis longus ten-
don and draw it out through this incision.

 n  Tunnel subcutaneously by blunt dissection on the radial 
side of the thumb to the lateral side of the metacarpo-
phalangeal joint and pass the flexor pollicis longus tendon 
through this tunnel.

 n  With the wrist in neutral position and the thumb at 50 degrees 
of abduction, suture the tendon to the dorsoradial aspect of 
the metacarpophalangeal joint with tension (Fig. 72.16F).

POSTOPERATIVE CARE The hand is immobilized for 6 
weeks with the thumb in abduction and the wrist in 30 
degrees of flexion. The thumb is splinted with a C-bar in 
the web for an additional 6 weeks.
   

 

REDIRECTION OF EXTENSOR POLLICIS 
LONGUS

 TECHNIQUE 72.12 

(MANSKE)
 n  Through a palmar incision, release the adductor pollicis 

and the deep head of the flexor pollicis brevis, as de-
scribed by Matev and by Swanson.
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FIGURE 72.16 Flexor pollicis longus abductorplasty. A, Incision to radial side of thumb exposes 
insertion of flexor pollicis longus, interphalangeal joint, and base of proximal phalanx. Second curved 
incision to radial side of wrist exposes flexor pollicis longus near its musculotendinous juncture and 
permits tendon to be withdrawn from carpal canal. B, Flexor pollicis longus is transected at its inser-
tion and withdrawn from carpal canal through wrist incision. It is passed subcutaneously to radial 
side of base of proximal phalanx. C to E, Interphalangeal joint of thumb is arthrodesed in about 
15 degrees of flexion in adult. In child with open physis, distal joint may be tenodesed in about 15 
degrees of flexion. F, Transfer of flexor pollicis longus to radial side of proximal phalanx reduces 
adduction-flexion deformity and augments thumb abduction by transferred position of flexor pollicis 
longus. Interphalangeal arthrodesis improves metacarpophalangeal joint extension by increasing 
lever arm of extensor pollicis longus on metacarpophalangeal joint. SEE TECHNIQUE 72.11.
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 n  Release the first dorsal interosseous muscle at its origin 
from the first metacarpal through a longitudinal incision 
on the dorsum of the thumb.

 n  Extend the incision on the dorsum of the thumb distally to 
the proximal phalanx, exposing the extensor aponeurotic 
hood (Fig. 72.17A).

 n  Identify the extensor pollicis longus at the metacarpopha-
langeal joint and dissect it out from the extensor aponeu-
rosis for a distance of 10 mm distal to the joint. This leaves 
a longitudinal defect 4 mm wide in the extensor hood. 
Preserve the margins of the aponeurosis sufficiently for 
subsequent closure.

 n  Identify the extensor pollicis longus through a longitudi-
nal incision at the distal radius and withdraw it into the 
forearm (Fig. 72.17B).

 n  Redirect the extensor pollicis longus tendon along the ra-
dial aspect of the wrist, using the first extensor retinacular 
compartment as a pulley to maintain its position by passing 
a curved hemostat or tendon passer from the dorsal inci-
sion on the thumb along the course of the extensor pollicis 
brevis tendon through the first extensor compartment.

 n  Grasp the extensor pollicis longus tendon with the he-
mostat and retract it distally through the first extensor 
compartment (Fig. 72.17C). If redirecting the tendon 
through this compartment is difficult, the extensor pollicis 
longus can be routed around the extensor pollicis brevis 
and abductor pollicis longus tendons just proximal to the 
compartment and into the dorsal incision on the thumb.

 n  Pass the extensor pollicis longus tendon through a trans-
verse tunnel made in the capsule of the metacarpopha-
langeal joint and suture it under sufficient tension to ad-
vance it 1 to 2 cm from its original position (Fig. 72.17D). 
If the metacarpophalangeal joint is hyperextensible, this 
tunnel should be placed proximal to the articular surface 
to prevent further hyperextension. In this situation, a 
temporary Kirschner wire should be inserted across the 
slightly flexed metacarpophalangeal joint.

 n  Suture the distal portion of the extensor pollicis longus 
tendon into the extensor aponeurosis to close the longi-
tudinal defect and prevent flexion deformity at the inter-
phalangeal joint (Fig. 72.17E).

 n  Close the incisions in routine fashion.

POSTOPERATIVE CARE The thumb is immobilized in 
abduction and extension in a short arm–thumb spica 
cast for 4 weeks. If a Kirschner wire has been inserted in 
the metacarpophalangeal joint, it should be removed at 
4 weeks. A removable thumb spica splint is worn for 2 
weeks; this splint is removed three to four times daily for 
controlled active motion.
  

SWAN-NECK DEFORMITY
Compared with other deformities of the upper extremity in 
cerebral palsy, swan-neck deformities of the fingers are infre-
quent; however, they can be quite disabling. They are second-
ary to hand intrinsic muscle spasticity or extrinsic overpull, 

which causes intrinsic spasticity and by secondary ligamen-
tous and capsular relaxation at the proximal interphalangeal 
joints, allowing these joints to hyperextend. In general, only a 
swan-neck deformity greater than 20 degrees should be con-
sidered for surgical treatment. In the involved finger, the mid-
dle extensor band is relatively short compared with the lateral 
bands because of tension exerted on the middle band by the 
long extensor and the intrinsic muscle. In this deformity, the 
Curtis sublimis tenodesis of the proximal interphalangeal 
joint may improve function. Lateral band translocation origi-
nally described by Zancolli, and later by Tonkin, Hughes, and 
Smith, in which the radial lateral band is translocated volarly 
beneath a soft-tissue sling created by suturing the accessory 
collateral ligament to the radial slip of the sublimis, also may 
be useful. The reported results by Tonkin, Hughes, and Smith 
in 12 patients were excellent; however, the follow-up was less 
than 1 year in most patients. More recently, de Bruin reported 
long-term results of lateral band translocation for swan-neck 
deformity in patients with cerebral palsy and found that the 
success rate decreased from 84% at 1 year to 60% at 5 years. 
We have not used this technique. 

 

SUBLIMIS TENODESIS OF THE 
PROXIMAL INTERPHALANGEAL JOINT

 TECHNIQUE 72.13 

(CURTIS)
 n  The Curtis technique employs one slip of the flexor digi-

torum sublimis that is left at its insertion on the bone and 
cut free at the bifurcation.

 n  Bring the tendon slip to the opposite side of the joint 
under the remaining tendons and insert it into the lateral 
aspect of the proximal phalanx with a pull-out wire suture 
(Fig. 72.18).

 n  Hold the proximal interphalangeal joint in flexion with a 
traversing Kirschner wire for 6 weeks.
   

 

INTRINSIC LENGTHENING
Other surgical options include intrinsic lengthening or 
central slip tenotomy, depending on the defining force. 
This can be differentiated by the position of the meta-
carpophalangeal joint during active digital extension. 
Intrinsic spasticity will cause metacarpophalangeal joint 
flexion and hyperextension of the proximal interpha-
langeal joints. Patients with full metacarpophalangeal 
joint extension with active finger extension develop 
swan-neck deformity secondary to extensor digitorum 
communis spasticity. A Bunnell test can confirm intrinsic 
spasticity.
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 TECHNIQUE 72.14 

(MATSUO ET AL. AND CARLSON ET AL.)
 n  Make a single transverse incision in the palm over 

the affected digits at the level of the distal palmar  
crease.

 n  Expose the intermetacarpal area. Identify and protect the 
neurovascular structures.

 n  Identify the lumbricals and perform fractional lengthen-
ing with two tenotomies at the musculotendinous junc-
tion.

 n  Similarly perform fractional lengthening for the dorsal in-
terossei.

 n  Confirm intrinsic release by gentle Bunnell testing.
 n  Do not overlengthen by flexing the proximal interphalan-

geal joint greater than 70 degrees with the metacarpo-
phalangeal joint extended.

 n  Avoid lengthening the first dorsal interossei because this 
will weaken pinch.

 n  Apply a soft dressing.

POSTOPERATIVE CARE Patients are encouraged to 
perform early range of motion as soon as possible after 
surgery with or without assisted therapy.
   

 

LATERAL BAND TRANSLOCATION

 TECHNIQUE 72.15 

(TONKIN, HUGHES, AND SMITH)
 n  Make a midlateral incision on the radial side of the finger.
 n  Mobilize the lateral band of the extensor mechanism from 

the midpoint of the proximal phalanx to the midpoint 
of the middle phalanx by separating it from the central 
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FIGURE 72.17 A to E, Manske technique for redirecting extensor pollicis longus tendon to 
correct thumb-in-palm deformity. SEE TECHNIQUE 72.12.

Figure 72.19
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 tendon mechanism dorsally and by dividing the transverse 
retinaculum ligament of Landsmeer on the palmar aspect 
of the lateral band.

 n  Divide the accessory collateral ligament at its insertion 
into the palmar plate, displaying the free lateral margin 
of that structure. The insertion of the palmar plate into 
the base of the middle phalanx and its origin from the 
proximal phalanx remain intact. A synovectomy of the 
proximal interphalangeal joint may be done if needed.

 n  Open the flexor tendon sheath between the A2 and A4 
pulleys and identify the radial slip of the superficialis 
insertion.

 n  Translocate palmarward the mobilized lateral band below 
the proximal interphalangeal joint axis. Create a sling, us-
ing two 4-0 sutures placed at the distal edge of the proxi-
mal interphalangeal joint, between the free margin of the 
palmar plate and the radial slip of the superficial tendon 
to maintain the position of the lateral band.

 

A

B

C

Pull-out
suture

FIGURE 72.18 Curtis technique for correcting recurrent hyperextension and locking of prox-
imal interphalangeal joint. A, Palmar view of flexor tendons. B, One half of flexor digitorum 
sublimis tendon has been divided at bifurcation of tendon. Hole has been drilled in proximal 
phalanx. C, Freed half of tendon has been carried deep to flexor digitorum profundus tendon to 
opposite side of proximal phalanx, threaded through hole in bone, and anchored with pull-out 
suture under enough tension to cause slight flexion contracture of proximal interphalangeal 
joint. SEE TECHNIQUE 72.13.
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FIGURE 72.19 Intrinsic lengthening. SEE TECHNIQUE 72.14.
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 n  Check the tension of the translocated tendon so that the 
proximal interphalangeal joint does not extend beyond 
5 degrees of flexion when the finger is supported at the 
finger pulp alone. The tension can be adjusted by chang-
ing the position of the proximal point of dissection of 
the lateral band from the central tendon mechanism. To 
loosen tension, dissect farther proximally. To tighten the 
translocated band, resuture it to the central slip. To pre-
vent subsequent splitting of the translocated tendon from 
the central tendon, place a single suture at the point of 
proximal and distal separation (Fig. 72.20).

 n  If an extension lag remains at the distal interphalangeal 
joint, place a temporary Kirschner wire to maintain this 
joint in extension for 4 weeks. Alternatively, a distal inter-
phalangeal joint arthrodesis may be considered.

 n  After hemostasis is obtained, suture the skin and place 
the forearm and hand in a palmar resting splint with the 
metacarpophalangeal joints flexed and the interphalan-
geal joints in the position obtained after the procedure. 

POSTOPERATIVE CARE
The dressings are reduced at 48 hours. Gentle, active mobi-
lization should be started. A dorsal splint should be worn to 
protect the joint from hyperextension for 2 weeks.
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ARTHRITIC HAND
James H. Calandruccio

CHAPTER 73 

RHEUMATOID ARTHRITIS
Rheumatoid arthritis is the most common idiopathic inflam-
matory arthritis, affecting approximately 0.8% of the popula-
tion, and it is two to four times more common in women than 
in men. The disease is characterized by hypertrophic synovi-
tis that leads to joint laxity from soft-tissue attenuation, which 
may lead to joint subluxation and dislocation. Joint cartilage 
destruction usually ensues and may lead to attritional tendon 
rupture. However, isolated nodular tendon involvement may 
exist independent of overt joint pathology, leading to joint 
motion limitation, such as triggering or locking of flexor ten-
dons. Similarly, extensor tendon nodularity may limit wrist 
extension from impingement on the extensor retinaculum. 
Despite preservation of function, socialization sometimes is 
altered by disfiguring deformities, especially of the hands.

At various times in the disease course, treatment of 
patients with rheumatoid arthritis involves a management 
team, including a rheumatologist, internist, other medi-
cal specialists, surgeon, therapist, and counselor. Operative 
treatment should be considered a part of the general disease 
management.

Since the introduction of medical therapies, such as dis-
ease modifying antirheumatic drugs in the mid-1990s and 
biologics in the early 2000s, there has been an 83% reduction 
in rheumatoid hand surgery in the United Kingdom. This 

indicates that medical treatments and strategies have been 
successful at preventing disease progression. Patients with 
rheumatologic diseases, however, may present initially to a 
hand surgeon with varied symptoms and signs without a spe-
cific diagnosis. When the history, physical examination, and 
radiographs suggest a rheumatologic condition, nonsurgical 
management may be more appropriate.

Rheumatoid arthritis patients may be treated with one 
or more medications, such as nonsteroidal antiinflamma-
tory drugs (NSAIDs), corticosteroids, and disease-modifying 
antirheumatic drugs, which may have significant side effects. 
Because of their effect on platelets, salicylates usually are dis-
continued 1 to 2 weeks before surgery; NSAIDs should be 
discontinued 2 to 5 days before surgery. Patients who have 
taken corticosteroids for more than a 3-week period in the 
previous 12 months should receive supplemental cortico-
steroid therapy before, during, and after surgery. Side effects 
of patient prescription and nonprescription medications, 
including those used for their arthritic condition, should be 
considered before surgery. In some cases, perioperative medi-
cal management by an internist is warranted.

If a general anesthetic is to be used during an operation 
on a patient with rheumatoid arthritis, the alignment and 
stability of the cervical spine should be investigated before 
surgery. If the disease has been generalized and prolonged, 
radiographs of the cervical spine are indicated to discover any 
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subluxations. The degree of cervical spine instability alerts 
the anesthesiologist to the possibility of spinal cord injury 
that may result from hyperextension or hyperflexion of the 
neck during intubation or while maintaining a free airway. 
Extensive involvement of the temporomandibular joint also 
may influence the approach to endotracheal intubation.

Procedures usually considered for patients with rheu-
matoid arthritis include tenosynovectomy, tendon repair or 
realignment, synovectomy, arthroplasty, and arthrodesis. The 
goals of surgery are to relieve pain, restore function, correct 
or prevent deformity, and inhibit disease progression. If pain 
is not the primary consideration, the surgeon should have a 
reasonable level of confidence that the selected procedure can 
restore enough function to justify the surgery. Conversely, if 
pain can be significantly relieved by a surgical procedure, it 
is worthwhile when adequate medical treatment has failed to 
do so. Although patients may complain principally of pain, 
cosmesis is an important consideration for some, if not most. 
Hand appearance and pain relief are highly correlated with 
patient satisfaction. If rheumatoid synovitis or tenosynovitis 
persists despite good medical treatment and supervision, syn-
ovectomy and tenosynovectomy are worthwhile prophylactic 
procedures that may help delay further distention of the joint 
capsule and ligament, as well as prevent tendon rupture.

Before surgery, the patient is advised of the details of 
the anticipated procedure. This usually includes information 
about (1) the location of incisions, (2) anticipated implants 
required for the surgical procedure(s), (3) the expected 
appearance after surgery, (4) the type of anesthesia, (5) the 
alternatives to and risks of surgery, (6) the postoperative care 
and the rehabilitation period, and especially (7) the expected 
benefit from the operation. Patients with severe deformi-
ties may have developed substitution patterns that enable 
them to perform their daily tasks; these should not be inter-
rupted without careful analysis of the pathologic anatomy 

and functional patterns. This is especially true in older, 
retired individuals who have no pain. The patient should be 
advised emphatically that surgery neither cures the disease 
nor restores the hand to normal. It is helpful for the patient to 
understand that although many deformities are correctable, 
the local progression of the disease may not be altered by sur-
gical procedures.

Rheumatoid hand deformities usually are bilateral and 
symmetric. Each deformity must be analyzed in detail before 
surgery is considered. Although combinations of deformities 
occur, involvement of the fingers, thumb, and wrist is typi-
cal. The metacarpophalangeal joints and the wrist are affected 
early in rheumatoid arthritis, whereas the distal joints usu-
ally are affected later. The metacarpophalangeal is the most 
important joint affecting finger function in rheumatoid dis-
ease. Finger ulnar deviation with metacarpophalangeal pal-
mar subluxation or dislocation typifies the rheumatoid hand 
deformity. Ligamentous, osteochondral, and intraarticu-
lar damage and the forces applied through the intrinsic and 
extrinsic muscles at the metacarpophalangeal joint affect 
the metacarpophalangeal joint deformities and at the proxi-
mal and distal interphalangeal joints. The disease extent and 
wrist deformity affect finger joint deformities. In addition to 
the typical metacarpophalangeal deformities, the proximal 
interphalangeal joints may develop boutonniere or swan-
neck deformities, and the distal interphalangeal joints, when 
affected, usually develop a mallet or hyperflexed deformity, 
depending on the extent of capsular disruption (Fig. 73.1).

Thumb involvement can cause a variety of deformities, 
depending on the joint in which synovitis begins. Synovitis 
beginning in the thumb metacarpophalangeal joint frequently 
leads to a boutonniere deformity of the thumb, with palmar 
subluxation of the proximal phalanx and subsequent metacar-
pophalangeal joint flexion, and interphalangeal joint hyper-
extension (Fig. 73.2). When synovitis begins in the thumb 

 

A B

FIGURE 73.1 A and B, Rheumatoid swan-neck deformities of varying severity in all fingers. 
Metacarpophalangeal synovitis and subluxation and flexion contractures also are present.
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carpometacarpal (CMC) joint, the deformity includes dorsal 
subluxation of the metacarpal base and hyperextension of the 
metacarpophalangeal joint (swan-neck deformity). Another 
thumb deformity caused by synovitic destruction of the cap-
suloligamentous supports on the ulnar side of the metacarpo-
phalangeal joint is the gamekeeper thumb, which results from 
laxity of the ulnar collateral ligament of the thumb metacar-
pophalangeal joint. Involvement of the metacarpophalangeal 
joint also can result in laxity of the capsuloligamentous struc-
tures in the volar plate, leading to hyperextension of the meta-
carpophalangeal joint and interphalangeal hyperflexion, but 
with a stable CMC joint. Other, more severe deformities of 
the fingers and thumb can be caused by an erosive rheuma-
toid disease, leading to the “main en lorgnette” (opera-glass 
hand; Fig. 73.3).

Significant flexor and extensor tendon tenosynovitis in 
the digits, palm, and over the wrist flexor and extensor sur-
faces can lead to erosive and attritional changes and tendon 
ruptures. Rheumatoid wrist deformities have a significant 
effect on hand function, especially the metacarpophalan-
geal joint finger position. Rheumatoid synovitis can result in 
intercarpal ligament disruption, especially the radioscapho-
capitate ligament, leading to rotatory instability of the carpal 
scaphoid and subsequent destructive changes throughout the 
entire wrist. The distal radioulnar joint stabilizing ligaments 
are destroyed in a similar fashion, leading to ulnar head dor-
sal dislocation and subluxation of the extensor carpi ulnaris 
tendon with secondary ulnar translocation of the carpus. 

OSTEOARTHRITIS
Osteoarthritis is the most common arthritic hand disorder. 
The condition may be unilateral but occurs as frequently in 
the nondominant hand as in the dominant one. Although it 
can be associated with tendon ruptures and triggering of fin-
gers, these are not seen as frequently in osteoarthritis as in 
rheumatoid arthritis. It frequently is seen at the trapeziometa-
carpal joint, more often in women, and sometimes as a single 
joint involvement. Osteophytes that form at the distal inter-
phalangeal joint are known as Heberden nodes. Mucoid cysts 
may form at the joint margins. At the proximal interphalan-
geal joint, such osteophytes are known as Bouchard nodes (Fig. 
73.4). Spur formation, cartilage fragmentation, and limited 
motion without dislocation are common. During the active 
phase, pain is severe and the joints and overlying skin may 
be inflamed; direct trauma to an inflamed joint is especially 
painful. Osteoarthritis may be the natural consequence of lon-
gevity; however, the etiology of early onset of osteoarthritis 
and its prevention remain elusive. Moreover, osteoarthritic 

 FIGURE 73.2 Thumb with fixed rheumatoid boutonniere 
deformity with metacarpophalangeal flexion and interphalangeal 
hyperextension (type I deformity).

 FIGURE 73.3 “Main en lorgnette” (opera glass hand). Late 
changes in progressive rheumatoid arthritis.

 FIGURE 73.4 Osteoarthritic hands with Heberden (distal inter-
phalangeal) and Bouchard (proximal interphalangeal) nodes on 
both index fingers and thumbs. Note angular changes at distal 
joints as result of loss of joint cartilage and instability.
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radiographic signs often do not correlate with symptoms or the 
severity of patient’s pain complaints. Asymptomatic scapho-
lunate advanced collapse wrist deformities are common, as are 
thumb basal and finger joint degeneration, and explanations 
and effective initial treatments must be individualized. 

SYSTEMIC LUPUS 
ERYTHEMATOSUS
Systemic lupus erythematosus, one of the diffuse connective 
tissue diseases, can affect many organ systems. Pericarditis, 
pleuritis, and renal disease represent involvement of major 
organ systems. Cutaneous involvement is present in 85% 
of patients with this condition. Musculoskeletal involve-
ment is characterized by stiffness, swelling, tenderness, and 
pain, with tendons, joint capsules, and ligaments particularly 
involved. Joint surface destruction can occur late in the dis-
ease process. Hand involvement may be among the earliest 
manifestations. Usually the metacarpophalangeal and proxi-
mal interphalangeal joints are involved, as first manifested by 
ligamentous laxity. Raynaud phenomenon, with tissue necro-
sis, ulceration, and cold intolerance, also is seen. Although 
the hand deformities of systemic lupus erythematosus are 
similar to rheumatoid hand deformities, they result primar-
ily from soft-tissue abnormalities unrelated to proliferative 
synovitis, and the articular cartilage is well preserved (Fig. 
73.5). Soft-tissue procedures (capsulodesis, tenodesis, tendon 
realignment), bone procedures (arthrodesis, arthroplasty), 
and digital sympathectomy for relief of the digital ischemia 
of Raynaud phenomenon may be necessary in patients with 
systemic lupus erythematosus. 

PSORIATIC ARTHRITIS
An estimated 25% of patients with psoriatic arthritis have 
polyarthritis similar to rheumatoid arthritis; 5% to 10% 
have distal interphalangeal joint involvement. About 15% to 

20% develop the typical psoriatic rash after they develop the 
arthritis. Almost 95% of patients with psoriatic arthritis have 
asymmetric peripheral joint involvement. Fusiform swelling 
of the entire digit may occur. Uniquely, the nails may sepa-
rate from the nail bed and have a white, flaking discoloration 
near their distal borders; they also may be ridged. Fingernail 
changes, the most common of which is pitting, are reported 
to be present in about 15% of patients with joint involvement 
(Fig. 73.6). Radiographic changes in psoriatic arthritis of 
the hand include erosion of terminal phalangeal tufts (acro- 
osteolysis), tapering of the phalanges and metacarpals, cup-
ping of the proximal ends of phalanges and metacarpals 
(“pencil-in-cup” deformity), severe destruction or ankylosis 
of isolated small joints, and a predilection for the interpha-
langeal joints with sparing of the metacarpophalangeal joints. 
Contractures of the proximal interphalangeal joints most 
often require surgical treatment, usually arthrodesis. Patients 
with psoriatic arthritis can, in general, be placed into three 
groups, depending on the timing of the onset of the arthritis 
and the skin lesions. Patients with type 1 disease have early 
onset of joint involvement with late development of skin 
lesions. Those with type 2 disease have late joint involvement 
and early skin changes. In type 3, there is almost simulta-
neous onset of joint and skin involvement. In patients with 
type 1, the arthritic involvement is mild, whereas in type 2 
the arthritis is more severe. In patients with type 3, the sever-
ity of arthritic involvement is unpredictable. Although fusion 
or arthroplasty may improve hand function, infection may 
occur more frequently after implant arthroplasty in these 
patients than in patients with rheumatoid disease. Scheduling 
surgical procedures during summer months has been recom-
mended, because the skin lesions tend to be smaller and may 
be less likely to pose a significant risk of infection. 

REITER SYNDROME
Reiter syndrome is described as a triad of conjunctivitis, ure-
thritis, and synovitis. The synovitis usually involves asym-
metrically four or fewer joints. Heel pain, back pain, and nail 
deformities may occur in this syndrome, sometimes making 
it difficult to distinguish it from psoriatic arthritis. It affects 
the lower extremity more often than the upper, and 90% of 
patients have remission of symptoms after several weeks; in 
about 10%, the disease may become chronic. It is typically 
found in young men. Surgery rarely is indicated. 

GOUT
Gout usually causes an erythematous, painful joint in men. 
The attack often is sudden with severe pain around a single 
joint. The joint is swollen, hot, and tender, suggesting a severe 
cellulitis or abscess. In chronic gout, massive deposits of 
monosodium urate crystals can be found around the joints 
and tendon sheaths, causing nerve compression, such as car-
pal tunnel syndrome. Intratendinous monosodium urate 
crystal deposition can lead to tendon rupture. The skin may 
be ulcerated by pressure from within (Fig. 73.7). Amputation 
may be necessary because of the extreme bony disruption 
resulting from gout. The deposits may be visible on radio-
graphs. Women rarely have gouty arthritis until after meno-
pause; however, the typical patient with tophaceous gout is 
an elderly woman. The presence of hyperuricemia alone 

 

A B

FIGURE 73.5 A and B, Typical radiographs of hand and wrist in 
patients with systemic lupus erythematosus. Note joint dislocations 
without erosive changes or joint space narrowing.  (From Nalebuff 
EA: Surgery of psoriatic arthritis of the hand, Hand Clin 12:603, 1996.)
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does not establish the diagnosis of gout; the uric acid level 
may be elevated, and an acute attack of gout may never occur. 
Conversely, during an acute attack of gout, the uric acid level 
may be normal. Joint aspiration provides the only definitive 
diagnosis of gout, and polarized microscopy usually shows 
negatively birefringent crystals in the joint fluid. Surgery for 
tophaceous deposits rarely is indicated, unless an important 
structure is compressed or if the patient cannot tolerate uric 
acid–lowering measures. In addition to tophus excision and 
debridement, other procedures that may benefit a patient with 
gout include tenosynovectomy, tendon repair, or transfer for 

tendon ruptures, carpal tunnel release, and appropriate man-
agement of destroyed gouty arthritic joints.

Pseudogout, also known as calcium pyrophosphate dihy-
drate crystal deposition disease, although more common in 
the knee, may involve the hands and can mimic septic arthri-
tis. Clinically, it is characterized by intermittent acute attacks 
resembling acute gouty arthritis. It may be associated with 
a flexor tenosynovitis, leading to carpal tunnel syndrome. 
Calcium pyrophosphate crystal deposition may be visible 
on routine radiographs as opaque areas in the articular car-
tilage or the fibrocartilaginous disc of the distal radioulnar 

 

A

B

C

D

E

FIGURE 73.6 Common findings of psoriatic arthritis. A, Pitted nail deformities. B, Metacarpo-
phalangeal joint dislocations and thumb interphalangeal joint destruction. C, Typical psoriatic elbow 
lesion. D and E, Right-hand limited finger flexion and extension after metacarpal  arthroplasty.
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joint, and definitive diagnosis is made by the identification of 
calcium pyrophosphate crystals in the joint aspirate. As with 
gout, initial management is medical. 

SCLERODERMA (PROGRESSIVE 
SYSTEMIC SCLEROSIS)
Two types of scleroderma are recognized: progressive sys-
temic sclerosis and CREST (calcinosis, Raynaud phenome-
non, esophageal dysmotility, sclerodactyly, and telangiectasia) 
syndrome. Diffuse scleroderma, or progressive systemic scle-
rosis, is usually more severe and affects the extremities and 
the trunk. The disease may involve not only the skin but also 
the gastrointestinal tract, especially the esophagus, heart, 
lungs, and kidneys. Telangiectasia also may be seen. The hand 
surgeon may see these patients because of calcinosis of the 
fingertips, ulcerations, or Raynaud phenomenon. The age at 
onset usually is older than 40 years.

Arthritic involvement usually causes finger contractures, 
but synovial thickening is minimal. Involvement of hand ten-
dons and tendon sheaths can cause a palpable tendon friction 
rub or a leathery crepitus, as distinguished from the coarse, 
gritty crepitus palpable in osteoarthritis. Extensor tendons 
may rupture at the interphalangeal joint as they become atten-
uated, the overlying skin breaks down, and the joint may be 
exposed. Changes at the distal interphalangeal joint include 
skin ulceration, joint contracture, gangrene, and osteomyeli-
tis. The usual surgical choices for these changes at the distal 
joint are amputation and arthrodesis.

At the proximal interphalangeal joint, scleroderma 
changes lead to the previously mentioned flexion contrac-
tures. Because the severe contracture of all structures limits 
the potential for movement, arthrodesis is usually the best 
choice for the proximal interphalangeal joint.

Metacarpophalangeal joint flexion or hyperextension 
deformities may occur. Resection arthroplasty has been 
found to be an effective method to preserve joint motion. If 
there is a flexion deformity, the metacarpophalangeal joint 
is approached through a dorsal incision. If the metacarpo-
phalangeal joint is hyperextended with proximal interpha-
langeal joint flexion, Nalebuff recommended approaching 

the metacarpophalangeal joint through a palmar incision to 
perform the metacarpal head resection, followed by proximal 
interphalangeal joint fusion.

Thumb web adduction contractures may require adduc-
tor pollicis muscle release with trapezial excision. Thumb 
metacarpophalangeal and interphalangeal joint fusions may 
be required.

Fingertip ulceration from vascular impairment is best 
treated by an extremely conservative approach, including 
waiting for the tips to amputate spontaneously, because this 
retains digital length. Surgical sympathectomies and intra-
arterial injection of vasodilating drugs have been effective in 
improving digital circulation. Although recurrence of isch-
emic changes may follow procedures on the vessels, the short-
term result can be beneficial for wound healing and pain 
relief. Calcification around the eroded fingertip pulps may be 
excised through a lateral incision, or they may be curetted, 
but healing may be slow. 

NONOPERATIVE TREATMENT OF 
SYNOVITIS AND TENOSYNOVITIS
Persistent tenosynovitis or arthritis with obvious swelling that 
persists for several weeks even when treated with antiinflam-
matory drugs can be treated by local injections of a steroid 
preparation and a local anesthetic. In many instances, pain 
may be relieved and surgery delayed by this technique.

This treatment is especially applicable to trigger fingers, 
carpal tunnel syndrome, and trapeziometacarpal joint osteo-
arthritis. Osteoarthritis of the distal interphalangeal joints 
and rheumatoid arthritis of the proximal interphalangeal 
joints also respond favorably to injections for several weeks; 
however, after repeated injections, the response may be less 
dramatic. If synovitis and tenosynovitis persist after 4 to 6 
months of adequate medical therapy, consideration should be 
given to synovectomy or tenosynovectomy. 

RHEUMATOID NODULES
Rheumatoid subcutaneous nodules occur on the dor-
sum of the hand, palmar surface of the fingers and thumb, 

 FIGURE 73.7 Severe gout in multiple joints of the hand of a 54-year-old man. Heavy calcium 
urate deposits have caused severe deformities of all fingers.
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subcutaneous border of the ulna, and in the olecranon bursa 
(Fig. 73.8). They may interfere with finger motion because 
of their size; they may be uncomfortable and are at risk for 
ulceration. If the nodules cause sufficient symptoms, they can 
be removed. Care should be taken to avoid injuring neurovas-
cular structures, which may be adherent to the larger masses. 

STAGING OF OPERATIONS
When considering operative procedures for patients with 
rheumatoid arthritis, all aspects of the musculoskeletal 
involvement should be considered. The extent to which pain 
limits function is given high priority. Patients who function 
well despite significant deformity may be less inclined to have 
a surgical procedure than patients whose activities are limited 
by pain. Souter recommended starting with a procedure that 
is likely to succeed, beginning with the least involved hand. 
He grouped hand procedures from the most effective (group 
I) to the least effective (group V) (Table 73.1). In addition, 
Souter advocated correcting significant disease and deformity 
in the elbow and shoulder before correcting hand deformities. 
Surgical priorities are, in descending order of importance, the 
spine, foot, hip, knee, wrist, shoulder, thumb, elbow, and fin-
gers. Each patient should be considered individually, and the 
patient’s requirements and the forces and demands on the 
extremity should be considered.

When several operations are indicated on a single hand, 
their order of priority must be considered. Persistent teno-
synovitis, tendon rupture, and nerve compression are high-
priority problems. In general, when wrist arthroplasty or 
arthrodesis is indicated, it should be done first because the 
position of the wrist determines the balance of the digital 
flexor and extensor tendons. At the time of wrist surgery, 
an additional procedure, such as arthrodesis of the metacar-
pophalangeal joint of the thumb, can be done. Other, more 
extensive surgery usually is best delayed.

When multiple small joint procedures, such as metacar-
pophalangeal arthroplasties or proximal interphalangeal joint 
fusions, are to be performed, they can be done at the same 
time. Frequently, a patient with rheumatoid arthritis requires 
surgery not only on the opposite hand but also on the feet, 

the hips, and other joints. Usually, surgery is performed on 
only one hand at a given time because of the requirements for 
daily independent living and personal hygiene. If the lower 
extremities require external support, a platform or forearm 
crutch should be provided. 

FINGER DEFORMITIES CAUSED BY 
RHEUMATOID ARTHRITIS
Finger deformities can be caused by the normal forces applied 
to damaged joints by the extrinsic flexors and extensors, 
tightness of the intrinsic muscles, displacement of the lateral 
bands of the extensor hood, central slip rupture, or rupture 
of the long extensor or long flexor tendons. Abnormal forces 
also act on joints already weakened by the disease. In addi-
tion, flexor tenosynovitis may produce limitation of interpha-
langeal joint motion, so the range of active flexion of these 
joints is significantly less than passive flexion.

INTRINSIC PLUS DEFORMITY
The intrinsic plus deformity is caused by excessive intrinsic 
muscle tension, in which the proximal interphalangeal joint 
cannot be flexed fully when the metacarpophalangeal joint is 
fully extended. Often, the deformity develops in combination 
with volar subluxation of the metacarpophalangeal joints and 
ulnar deviation of the fingers. The Bunnell test is a test for 
intrinsic tightness; the degree of passive proximal interpha-
langeal joint flexion is compared with the metacarpophalan-
geal joint in full extension (intrinsic muscles stretched) and 
full flexion (intrinsic muscles relaxed). Variable degrees of 
passive proximal interphalangeal joint flexion loss with the 
metacarpophalangeal joint in extension indicates intrinsic 
tightness (Fig. 73.9). With ulnar drift of the fingers, this intrin-
sic tightness may be present only on the ulnar side. To test 
this accurately, axial alignment of the finger with the meta-
carpal should be maintained in checking intrinsic tightness. 
Any ulnar deviation at the metacarpophalangeal joint during 
the test slackens the intrinsics on the ulnar side of the finger 
and may confuse the findings. A tight first volar interosseous 

 FIGURE 73.8 Rheumatoid nodules in olecranon bursa and on 
subcutaneous surface of ulna.

 TABLE 73.1

Grading of Surgical Procedures for Rheumatoid 
Arthritis (Souter)

GROUP PROCEDURE
I Fusion of thumb MCP joint

Extensor synovectomy and Darrach procedure
II Flexor synovectomy

MCP joint arthroplasty
III PIP joint fusion

Wrist stabilization
IV Swan-neck correction

MCP, PIP joint synovectomy
Thumb IP joint fusion

V PIP joint arthroplasty
Boutonniere correction

IP, Interphalangeal; MCP, metacarpophalangeal; PIP, proximal interphalangeal.
From Souter WA: Planning treatment of the rheumatoid hand, Hand 11:3, 1979.
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muscle pulls the extended index finger ulnarward, but if the 
finger is held in line with the second metacarpal during the 
test, then tightness of this muscle can be shown.

Tightness in the oblique retinacular ligament can be 
shown by maintaining the proximal interphalangeal joint in 
extension while testing the distal interphalangeal joint resis-
tance to passive flexion (Fig. 73.10). This can be helpful when 
evaluating a digit with a boutonniere deformity.

When indicated, intrinsic tightness can be released in 
conjunction with synovectomy by lateral band mobiliza-
tion. When degeneration of the metacarpophalangeal joints 
requires arthroplasty, there may be sufficient resection of 

bone to relax the intrinsic mechanism; however, it must be 
determined specifically at the time of surgery when a release 
is necessary. A specific tendon release of the intrinsics may be 
indicated (see Technique 73.5). 

SWAN-NECK DEFORMITY
Swan-neck deformity is characterized by a flexion posture of 
the distal interphalangeal joint and hyperextension posture of 
the proximal interphalangeal joint (Fig. 73.11). It is caused by 
muscle imbalance and may be passively correctable, depend-
ing on the original and secondary deformities (Fig. 73.12). 
Although usually associated with rheumatoid arthritis, 

 

A B

FIGURE 73.9 Test for intrinsic tightness. A, Proximal interphalangeal (PIP) joint passive flexion 
is limited with the metacarpophalangeal (MP) joint in full extension. B, Full PIP joint flexion possible 
from intrinsic relaxation when the MP joint is fully flexed.

 FIGURE 73.10 Test for tightness of oblique retinacular ligament. Proximal interphalangeal 
joint held in maximal extension by examiner. Resistance to passive flexion of distal interphalangeal 
joint is evaluated.
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swan-neck deformity may occur in patients with volar plate 
laxity and in patients with conditions such as Ehlers-Danlos 
syndrome.

This deformity may begin as a mallet deformity associated 
with extensor tendon disruption at the distal joint with sec-
ondary overpull of the central slip, causing secondary proxi-
mal interphalangeal joint hyperextension This deformity 
also may begin at the proximal interphalangeal joint because 
synovitis causes capsular disruption, tightening of the lateral 
bands and central tendon, and eventual adherence of the lat-
eral bands in a fixed dorsal position, so they can no longer 
slide over the condyles when the proximal interphalangeal 
joint is flexed, thereby limiting proximal interphalangeal flex-
ion. The dorsally and centrally displaced lateral bands become 
relatively slack and may be ineffective in extending the distal 
interphalangeal joint, which may secondarily assume a mal-
let deformity. This mallet deformity usually is not as severe, 
however, as that produced by terminal slip tendon rupture. 
A swan-neck deformity may require proximal interphalan-
geal joint synovectomy, mobilization of the lateral bands, and 
release of the skin distal to the proximal interphalangeal joint. 
Wrinkles and normal laxity of the skin are lost at the proxi-
mal interphalangeal joint level after several weeks. Nalebuff, 
Feldon, and Millender categorized swan-neck deformities 
into four types and recommended treatment for each type. 
Type I deformities are flexible and require dermodesis, flexor 
tenodesis of the proximal interphalangeal joint, fusion of the 
distal interphalangeal joint, and reconstruction of the reti-
nacular ligament. Type II deformities are caused by intrin-
sic muscle tightness and require intrinsic release in addition 
to one or more of the aforementioned procedures. Type III 
deformities are stiff and do not allow satisfactory flexion but 
do not have significant joint destruction radiographically. 
These deformities require joint manipulation, mobilization of 
the lateral bands, and dorsal skin release. Type IV deformities 
have radiographic evidence of destruction of the joint surface 
and stiff proximal interphalangeal joints, which usually can 
be best treated with arthrodesis of the proximal interphalan-
geal joint or, in the ring and small fingers, possibly proximal 
interphalangeal joint arthroplasty if the metacarpophalangeal 
joints are well preserved. Proximal interphalangeal capsulot-
omy and lateral band mobilization may improve interphalan-
geal flexion by changing the arc of motion of the proximal 
interphalangeal joint.

Flexor tenosynovitis results in ineffective support by the 
flexor digitorum sublimis tendon and may be an important 
factor in initiating the development of swan-neck deformity 
in the rheumatoid hand. The overpull of the central tendon 
slip, combined with synovitis of the proximal interphalan-
geal joint, stretches the surrounding tissue, resulting in a 
swan-neck deformity. A tenodesis can be created across the 
proximal interphalangeal joint, using one half of the flexor 
sublimis tendon. If there is marked proximal interphalangeal 
joint hyperextension and a normal radiographic joint space 
appearance, tenodesis with the flexor sublimis tendon can 
be combined with release of the lateral bands and the distal 
skin. Either the Curtis technique of sublimis tenodesis (see 
Technique 72.13) or the technique described by Beckenbaugh 
(Technique 73.1; Fig. 73.13) can be used.

Temporary pinning of the proximal interphalangeal joint 
may be indicated for most reconstructions; however, post-
operative immobilization of the joint may be unnecessary 

 

A

B

Attenuated or ruptured
extensor tendon

Attenuated or ruptured
retinacular ligament

Contracted
triangular ligament

Dorsal subluxation
of lateral band

Attenuated transverse
retinacular ligament

FIGURE 73.11 Swan-neck deformity. A, Terminal tendon 
rupture may be associated with synovitis of distal interphalangeal 
joint, leading to distal interphalangeal joint flexion and subse-
quent proximal interphalangeal joint hyperextension. Rupture of 
flexor digitorum superficialis tendon can be caused by infiltrative 
synovitis, which can lead to decreased volar support of proximal 
interphalangeal joint and subsequent hyperextension deformity. 
B, Lateral-band subluxation dorsal to axis of rotation of proximal 
interphalangeal joint. Contraction of triangular ligament and atten-
uation of transverse retinacular ligament are depicted.  (Copyright 
1999 by Jesse B. Jupiter, MD.)

 FIGURE 73.12 Fixed rheumatoid swan-neck deformity, with 
proximal interphalangeal joint hyperextension and distal inter-
phalangeal joint flexion.
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at times, allowing immediate movement of the joint without 
protective splinting. A complication of this technique is flex-
ion contracture of the proximal interphalangeal joint, which 
may exceed 30 degrees. If there is marked proximal inter-
phalangeal joint extension associated with joint destruction 
on radiographs, arthrodesis may be best if metacarpopha-
langeal joint arthroplasty is anticipated. Numerous fixation 
techniques have been described to obtain successful proximal 

interphalangeal joint arthrodesis in arthritic joints, including 
a single Kirschner wire, crossed Kirschner wires, intraosseous 
or tension band wiring, bone pegs, miniplates, compression 
plates, and subchondral screws.

INTRINSIC RELEASE
For intrinsic release, see Chapter 74 (Fig. 74.11 and Technique 
74.7). 

 

A B C

D E

G H

F

Flexor digitorum
sublimis tendon

halved (cut)

Sutures Flexor digitorum
profundus

Flexor digitorum
sublimis

Medial view of repair         

Flexor 
digitorum
profundus

Flexor
digitorum
sublimis

A2 pulley

Incision opened

FIGURE 73.13 A-H, Beckenbaugh technique for correcting hyperextension deformity of prox-
imal interphalangeal joint.  (Copyright Mayo Clinic, Rochester, MN.) SEE TECHNIQUE 73.1.
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A

C D

B

FIGURE 73.14 Nalebuff and Millender technique for correction of swan-neck deformity. A, Skin 
incision is shown curved to permit release of contracted skin. Incision should not be completely 
sutured. B, Lateral view of skin incision. Medial view incision not shown. C and D, Lateral tendons 
are mobilized by two longitudinal releasing incisions, and joint is flexed. SEE TECHNIQUE 73.2.

 

CORRECTION OF PROXIMAL 
INTERPHALANGEAL JOINT 
HYPEREXTENSION DEFORMITY

 TECHNIQUE 73.1 

(BECKENBAUGH)
 n  Make a zigzag incision over the proximal interphalangeal 

joint (Fig. 73.13A). Avoid damaging the digital nerves that 
may adhere to the pulley system volar to the hyperex-
tended proximal interphalangeal joint.

 n  Expose the pulley system over the proximal and middle 
phalanges by elevating the neurovascular bundles medi-
ally and laterally.

 n  Expose the A2 pulley (Fig. 73.13B).
 n  Incise the first cruciate pulley between the distal end of 

the A2 and proximal end of the A4 pulleys and expose the 
flexor tendons.

 n  Retract the profundus tendon and release any adhesions; 
expose the sublimis tendon and its adhesions and per-
form a synovectomy (Fig. 73.13C).

 n  Pull the sublimis tendon distally and incise the decussa-
tion, splitting the tendon into two slips.

 n  Pull the divided sublimis tendon distally and incise the 
ulnar slip, leaving a 5-cm slip of tendon attached to the 
ulnar side of the middle phalanx (Fig. 73.13D). Pull the 
slip firmly to ensure that its insertion is not weakened by 
synovitis. In the little finger, both slips are incised because 
a single slip usually is too small.

 n  Puncture the A2 pulley 3 to 4 mm from its distal border 
(Fig. 73.13E).

 n  Pass a small curved hemostat through the hole distally 
into the sheath and clamp the tip of the sublimis ten-
don slip and pull it proximally through the A2 pulley (Fig. 
73.13F).

 n  Bring the slip of tendon distally and suture it to itself with 
nonabsorbable 4-0 sutures (Fig. 73.13G and H).

 n  Adjust the tension so that the proximal interphalangeal 
joint is held at only 5 degrees of flexion. A tenodesis is ac-
complished with this slip of tendon fixed across the joint.

 n  Repair the cruciate pulley if feasible.
 n  Several fingers can be operated on at one sitting.
 n  If the distal interphalangeal joints are fixed in a flexed po-

sition, they can be manipulated and pinned in extension 
for 3 weeks.

 n  Close the skin over a small drain. Apply a bandage, sup-
ported by a dorsal splint to prevent proximal interphalan-
geal joint hyperextension.

POSTOPERATIVE CARE Motion is begun on day 3 after 
removal of the dressing. A static splint is worn at night 
for 6 weeks to hold the metacarpophalangeal joints in 
extension and the proximal interphalangeal joints in slight 
flexion.
   

 

LATERAL BAND MOBILIZATION AND 
SKIN RELEASE

 TECHNIQUE 73.2 

(NALEBUFF AND MILLENDER)
 n  Begin a slightly curved dorsal incision at the midportion of 

the proximal phalanx, continue it distally from this point 
over the dorsolateral aspect of the proximal interphalan-
geal joint and over the middle of the middle phalanx, and 
traverse obliquely dorsally (Fig. 73.14A).

 n  Elevate the skin carefully, taking with it the veins.
 n  Make a longitudinal incision between each lateral band 

and the central tendon, releasing them from their fixed 
dorsal position (Fig. 73.14B and C).
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 n  Passively flex the proximal interphalangeal joint to ob-
serve that the lateral bands now slip volarward, sliding 
over the condyles of the joint (Fig. 73.14D).

 n  A synovectomy can now be done, and good passive mo-
tion usually is established.

 n  Suture the skin incision proximally. Distally, suturing may 
not be possible; the distal incision, being placed obliquely 
across the middle phalanx, gapes open and releases skin 
tension. The open portion of the incision usually heals 
without a graft in about 2 weeks.

 n  Ensure in the preoperative evaluation that active motion 
can be established by evaluating active flexion of the 
joint by the profundus and sublimis tendons. When ac-
tive flexor function is not confirmed, check the tendons by 
making an incision in the palm and pulling on the tendons 
through the palm to see that they are not stuck and are 
not held by rheumatoid nodules.

 n  Pass a Kirschner wire across the proximal interphalangeal 
joint to maintain this joint in flexion postoperatively for 
approximately 3 weeks.
  

BOUTONNIERE DEFORMITY
A finger with the so-called boutonniere deformity has a 
flexed proximal interphalangeal joint, with a hyperextended 
distal interphalangeal joint. It is commonly seen in patients 
with rheumatoid arthritis, although this tendon imbalance is 

not unique to rheumatoid disease. In a patient with rheuma-
toid arthritis, it is thought to be caused by synovitis of the 
proximal interphalangeal joint with a stretching out of the 
central slip, allowing the lateral bands to begin subluxating 
volarward. As the deformity progresses, the lateral bands are 
forced farther over the proximal interphalangeal joint con-
dyles. They finally become fixed in a subluxated position volar 
to the joint rotation axis and act as proximal interphalangeal 
joint flexors. This tightening causes a secondary hyperexten-
sion deformity of the distal interphalangeal joint. The flexion 
deformity of the proximal interphalangeal joint is compen-
sated for by an extension of the metacarpophalangeal joint 
(Fig. 73.15). The metacarpophalangeal joint deformity does 
not become fixed, as do the distal two joints. Nalebuff and 
Millender categorized boutonniere deformities on the basis 
of the radiographic appearance of the joint surface and the 
amount of active and passive motion. The mildest deformities, 
with satisfactory motion and normal-appearing radiographs, 
can be treated with repositioning the lateral bands, proximal 
interphalangeal joint synovectomy, and extensor tenotomy 
over the middle phalanx (Dolphin-Fowler procedure). For 
moderate deformities with a passively correctable proximal 
interphalangeal joint, normal flexor tendon function, and sat-
isfactory preservation of joint space radiographically, a soft-
tissue procedure with central slip reconstruction using the 
lateral band or a tendon graft is an option. For severe defor-
mities with stiff joints, the long, ring, and little fingers can 
be treated with extensor reconstruction and possible implant 
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Attenuated
central slip

Contracted oblique
retinacular ligament

PIP synovitis

Volar subluxation
of lateral band

          
 
 
 
 
  

   

  FIGURE 73.15 Boutonniere deformity. A, Primary synovitis of proximal interphalangeal (PIP)
joint can lead to attenuation of overlying central slip and dorsal capsule and increased flexion at PIP 
joint. Lateral band subluxation volar to axis of rotation of PIP joint can lead in time to hyperexten- 
sion. Contraction of oblique retinacular ligament, which originates from flexor sheath and inserts 
into dorsal base of distal phalanx, can lead to extension contracture of distal interphalangeal joint. 
B and C, Clinical photographs illustrate flexion posture of PIP joint and hyperextension posture of 
distal interphalangeal joint in boutonniere deformity.
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arthroplasty; in the index finger, arthrodesis of the proximal 
interphalangeal joint may be a more durable procedure.

In mild boutonniere deformities, there is a flexion defor-
mity at the proximal interphalangeal joint with lessened abil-
ity to flex the distal joint fully, but the joint is not fixed in 
hyperextension. The flexion deformity at the proximal inter-
phalangeal joint is passively correctable from a position of 
approximately 15 degrees of flexion. In these deformities, 
treatment may consist of releasing the lateral tendons near 
their insertion into the distal phalanx.

A moderate boutonniere deformity has an approximately 
40-degree proximal interphalangeal joint flexion contracture, 
most of which is passively correctable, and the distal interpha-
langeal joint is hyperextended. The lateral bands are fixed in 
their subluxated position volarward by virtue of the contracted 
transverse retinacular ligament. To correct this deformity, 
there must be functional restoration of the central slip and cor-
rection of the lateral band subluxation. Radiographs of these 
joints should show no severe joint destruction. If the proxi-
mal interphalangeal joint is destroyed and fixed, but the distal 
interphalangeal joint is preserved, this deformity can be treated 
with proximal interphalangeal joint arthroplasty or fusion.

A fixed boutonniere deformity usually has joint changes 
on radiographs and a passively uncorrectable proximal inter-
phalangeal joint flexion contracture. Kiefhaber and Strickland 
found central extensor tendon reconstruction for rheumatoid 
boutonniere deformities unpredictable and recommended 
arthrodesis for severe boutonniere deformities. 

 

CORRECTION OF MILD BOUTONNIERE 
DEFORMITY BY EXTENSOR TENOTOMY

 TECHNIQUE 73.3 

 n  Make a dorsal transverse or oblique incision over the distal 
third of the middle phalanx and expose the extensor tendon.

 n  Divide this tendon obliquely to enable it to lengthen and 
remain partially in apposition after the distal interphalan-
geal joint is flexed.

 n  Carefully stretch the distal interphalangeal joint into flex-
ion. This uncommonly may become overstretched and 
develop a mallet deformity that requires splinting.

 n  Do not suture the extensor tendon.
 n  Close the wound and begin motion in the next several 

days, ensuring that active motion is carried out by the 
patient. Splint only if there is a mallet deformity.
   

 

CORRECTION OF MODERATE 
BOUTONNIERE DEFORMITY

 TECHNIQUE 73.4 

 n  Make a curved, dorsal, longitudinal incision over the 
proximal interphalangeal joint and extend it distally to 
the distal interphalangeal joint.

 n  Mobilize the lateral bands by incising the transverse 
retinacular ligament longitudinally and dissecting under-
neath the displaced lateral slips.

 n  Tenotomize the terminal slips of the two lateral tendons 
just proximal to the distal interphalangeal joint.

 n  When the central tendon appears to be stretched, short-
en it by suture after tenotomy, taking care not to create 
a proximal interphalangeal joint extension contracture.

 n  Align the lateral bands with the central slip at the middle 
phalanx base.

 n  Be certain of 80 degrees of proximal interphalangeal joint 
passive flexion to ensure that an extension contracture is 
not being created. Tendon balance is crucial in this opera-
tion.

 n  Perform a synovectomy after mobilizing the lateral bands.
 n  Pass a small-caliber transfixing Kirschner wire obliquely 

through the joint to hold it in extension.
 n  After 3 to 4 weeks, remove the wire and place the joint 

in a dynamic extension splint if it is indicated. Active mo-
tion should be initiated promptly to achieve and maintain 
active joint flexion.
   

 

CORRECTION OF SEVERE 
BOUTONNIERE DEFORMITY

 TECHNIQUE 73.5 

 n  When proximal interphalangeal joint arthrodesis is indi-
cated, release the distal interphalangeal joint by oblique 
tenotomy of the lateral tendons just proximal to the joint 
and use the technique of arthrodesis described in Tech-
nique 73.15.

 n  The resection arthroplasty and implant technique can be 
used as an option if the flexion contracture is not so se-
vere that it requires extreme bone shortening to accom-
modate the implant.
  

INTERPHALANGEAL JOINT ARTHROPLASTY
Proximal interphalangeal joint arthroplasties can be done 
when metacarpophalangeal joints are reasonably well pre-
served. Some surgeons consider the central two digits more 
suitable for proximal interphalangeal arthroplasty because 
lateral stability can be supported by digits on either side. We 
have found proximal interphalangeal joint arthroplasty sat-
isfactory in the middle, ring, and small fingers. Distal inter-
phalangeal joint or thumb interphalangeal joint arthroplasty 
rarely is necessary because arthroplasty of these joints results 
in limited motion and because function after arthrodesis is 
quite satisfactory and predictable. Metacarpophalangeal joint 
and proximal interphalangeal joint arthroplasties of the same 
finger rarely are indicated.

Lin, Wyrick, and Stern reported 69 proximal interpha-
langeal silicone arthroplasties and found that (1) an anterior 
approach (Schneider) preserved the extensor central slip, 
allowing earlier motion; (2) pain relief was achieved in 67 of 
69 patients; (3) coronal plane deformities were not easily cor-
rected; and (4) total motion was not improved.
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Alternative arthroplasty implants continue to evolve with 
variable success. The surface replacement arthroplasty devices 
are, in general, two-piece constructs designed to replace the 
normal joint anatomy. Features common to these devices 
include minimal bone resection, motion center recreation, and 
soft-tissue preservation. Despite these intuitive advantages, cat-
egorically these have not proven superior to flexible implant 
arthroplasty. Dislocations, implant squeaking, loosening, and 
high revision rates are not uncommon, especially when used in 
the index proximal interphalangeal joint. Pelligrini and Burton 
compared the results of arthroplasty and arthrodesis in 43 prox-
imal interphalangeal joints. All cemented arthroplasty devices 
failed at an average of 2.25 years after surgery. None of the flex-
ible silicone interposition arthroplasties in ulnar digits required 
revision, but progressive bone resorption was evident radio-
graphically adjacent to the implant. They concluded that no cur-
rently available cemented articulated device provides adequate 
lateral stability in the radial proximal interphalangeal joints; 
arthrodesis remains their procedure of choice for the index and 
occasionally the long finger proximal interphalangeal joints 
with arthritic involvement that interferes with lateral pinch.

Results of pyrolytic carbon surface replacement arthro-
plasty have been mixed. In a consecutive series of 170 
patients, Wagner et  al. found that one in five patients will 
require revision within 5 years and one in three will require 
more than one operation. Moreover, high rates of radiolucent 
loosening and subsidence make this implant choice a concern 
in younger patients with posttraumatic arthritis. In an earlier 
series, Wagner et al. found a second revision necessary in 25% 
of 75 pyrolytic carbon revision arthroplasties. Revision to sili-
cone arthroplasty produced superior results.

The proximal interphalangeal joint volar plate may be 
used as an interposition arthroplasty in selected individuals. 
Although technically demanding, this procedure may benefit 
patients who wish to retain motion but have contraindica-
tions to or wish not to have a nonbiologic arthroplasty. Small 
patient series with proximal interphalangeal joint volar plate 
arthroplasty have reported pain reduction and maintenance 
of the preoperative strength and motion. 

 

PROXIMAL INTERPHALANGEAL 
JOINT VOLAR PLATE INTERPOSITION 
ARTHROPLASTY

 TECHNIQUE 73.6 

 n  Approach the proximal interphalangeal joint through a 
volar incision and detach the volar plate from the middle 
phalanx base (Fig. 73.16A).

 n  Debride the irregular surfaces of the proximal phalanx 
head and contour them to allow enough space for the 
interposition.

 n  Use a Kirschner wire to make two parallel 1.2-mm holes 
perpendicular to the middle phalanx base for passing su-
tures. Attach nonabsorbable sutures to the free distal end 
of the volar plate (Fig. 73.16B). Use fine needles to draw 
the sutures from dorsal to volar through the bone tunnels 

and tie the sutures on the volar side of the middle phalanx 
base.

 n  Obtain hemostasis and close the wound.
 n  Use a 1-mm Kirschner wire to fix the joint in 20 degrees 

of flexion and apply a well-molded dorsal splint (Fig. 
73.16C). 

POSTOPERATIVE CARE
The splint and sutures are removed at 2 weeks, and a proxi-
mal interphalangeal joint extension block splint is applied. 
Progressive range-of-motion exercises are begun with in-
terval splinting.

  

Both flexible implant and surface replacement metacar-
pophalangeal joint arthroplasties have had better outcomes 
than proximal interphalangeal joint arthroplasty. When the 
metacarpophalangeal joints are stable, surface replacement 
arthroplasties may offer some advantages compared with 
the one-piece silicone implants, which, despite high fracture 
rates, still result in satisfactory outcomes. All surgical tech-
niques, regardless of the device chosen, should preserve the 
joint soft-tissue restraints, especially with two-piece surface 
replacement arthroplasties (see Technique 73.7). We still 
tend to favor the flexible implant devices, especially in rheu-
matoid arthritis patients, but the metacarpophalangeal joint 
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irregular bone
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FIGURE 73.16 Proximal interphalangeal joint volar plate inter-
position arthroplasty. A, Through proximal interphalangeal joint 
volar approach, volar plate is detached from middle phalangeal 
base. Two holes are drilled perpendicular to middle phalangeal 
base for passing sutures. B, Sutures are attached to volar plate and 
drawn dorsal to volar through bone tunnels and tied on the volar 
side of middle phalangeal base. C, A 1-mm Kirschner wire is used to 
fix joint in 20 degrees of flexion.  (Redrawn from Lin SY, Chuo CY, Lin 
GT, et al: Volar plate interposition arthroplasty for posttraumatic arthritis 
of the finger joints, J Hand Surg 33A:35, 2008.) SEE TECHNIQUE 73.6.
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surface replacement devices may yield some improvement in 
strength and motion and do not appear to have the same con-
cerns as in the proximal interphalangeal joint.

Metacarpophalangeal joint volar plate arthroplasty also 
can be done as a biologic alternative to implant arthroplasty. 
Again, small patient series indicate reasonable outcomes with 
resurfacing of either the proximal phalanx base or the meta-
carpal head (see Technique 73.6).

PROXIMAL INTERPHALANGEAL JOINT IMPLANT 
ARTHROPLASTY
If the index and middle finger proximal interphalangeal 
joints are involved, index finger proximal interphalangeal 
joint arthrodesis and middle finger proximal interphalangeal 
joint arthroplasty may be indicated. This procedure gives a 
more stable index finger for pinch and permits middle finger 
flexion for grasp. Vitale et al. found 4.3 times more complica-
tions with arthroplasty than with arthrodesis in 79 posttrau-
matic proximal interphalangeal joints. Ring and little finger 
arthroplasty also can be done when indicated. If the joint con-
tracture is so tight that extensive bone resection is required 
for satisfactory implant placement, arthrodesis should be 
considered.

Joint stiffness and angular and rotational instability may 
compromise outcomes when interposition arthroplasty is 
done for osteoarthritis or traumatic arthritis. Silicone arthro-
plasty for traumatic arthritis of the proximal interphalangeal 
joint has been shown to work satisfactorily. Proximal inter-
phalangeal joint silicone arthroplasty has been shown to pro-
vide pain relief without significant improvement in motion. 
Proximal interphalangeal silicone arthroplasty generally pro-
duces better results in patients with traumatic arthritis than 
in patients with rheumatoid arthritis. High fracture rates have 
been reported with proximal interphalangeal joint silicone 
spacers despite reasonable clinical outcomes. Patients should 
be clearly informed that all arthroplasty procedures are done 
for pain reduction or elimination and not for improvement in 
motion or strength. Moreover, joint motion may be decreased 
after the procedure, and some patients may elect to endure 
the pain rather than risk motion loss, especially of the domi-
nant hand ring finger when loss of motion may significantly 
alter activities such as handwriting. 

 

PROXIMAL INTERPHALANGEAL JOINT 
ARTHROPLASTY THROUGH A DORSAL 
APPROACH

 TECHNIQUE 73.7 

(SWANSON)
 n  Make a dorsal, longitudinal, slightly curved incision over 

the joint. Incise the central tendon longitudinally, preserv-
ing the insertion at the middle phalanx. Maintain the col-
lateral ligament insertions as much as possible.

 n  Resect the proximal phalangeal head sufficiently to ac-
commodate the implant.

 n  Accurately determine the central canal axis of the proxi-
mal phalanx with the awl (sometimes fluoroscopy is help-

ful in this step). Ream and broach the medullary canal 
with the provided instruments to accommodate the larg-
est implant possible.

 n  Enter the middle phalangeal base with the awl or small 
power burr. The articular surface usually is not resected; 
however, sometimes bony distortion requires recontour-
ing to remove osteophytes and make the base perpen-
dicular to the long axis of the middle phalanx. Ream and 
broach to accommodate the largest implant possible in 
accordance with the proximal phalangeal canal prepara-
tion.

 n  With gentle traction and the joint in full extension, check 
that the distance between the prepared bone ends will 
accommodate the waist portion of the implant. Place a 
prosthetic implant trial in the newly created joint space 
by folding the implant and placing both stems in their 
respective canals simultaneously with the proximal inter-
phalangeal joint flexed. The proximal and distal implant 
stems should be fully seated in the medullary canals and 
the waist not compressed with the joint in full extension. 
In flexion, the cortices of the phalanges should not abut.

 n  Reattach the central tendon, if necessary, through a hole 
drilled at the dorsal cortex of the proximal phalanx.

 n  In a swan-neck deformity (Fig. 73.17), a release of the tri-
angular ligament and a release of the lateral tendon from 
the central tendon and elongation of the central tendon 
may be necessary.

 n  In a boutonniere deformity (Fig. 73.18), release and im-
brication of the triangular ligament are necessary to per-
mit proximal interphalangeal joint extension. The central 
tendon may have to be advanced and reinserted at the 
dorsum of the middle phalanx.

 n  Collateral ligaments may require release or excision to permit 
satisfactory joint alignment. Fluoroscopic imaging may be 
helpful, especially in joints distorted by the arthritic process.
   

 

PROXIMAL INTERPHALANGEAL 
JOINT ARTHROPLASTY THROUGH AN 
ANTERIOR (VOLAR) APPROACH

 TECHNIQUE 73.8 

(LIN, WYRICK, AND STERN; SCHNEIDER)
 n  Select an appropriate anesthetic; Lin et al. used an in-

termetacarpal block with intravenous sedation to allow 
assessment of proximal interphalangeal active motion. A 
sterile wrist tourniquet also can be used.

 n  Approach the joint through a V-shaped or similar incision, 
centered at the proximal interphalangeal joint crease (Fig. 
73.19A).

 n  Incise the A3 pulley of the flexor sheath on the side with 
the apex of the skin flap.

 n  Retract both flexor tendons and detach the volar plate 
proximally (Fig. 73.19B).

 n  Release the collateral ligaments partially or completely 
from the proximal phalanx, allowing nearly 180 degrees 
of joint extension (Fig. 73.19C).
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 n  Cut through the neck of the proximal phalanx with an 
oscillating saw (Fig. 73.19D). Do not resect the base of 
the middle phalanx to preserve digital length.

 n  Prepare the medullary canals with square broaches to pre-
vent malrotation (Fig. 73.19E).

 n  Insert provisional “sizing” implants (Fig. 73.19F). Insert 
the permanent implant without the metal grommets.

 n  If possible, reattach the collateral ligaments to the proxi-
mal phalanx through drill holes.

 n  Split the volar plate longitudinally to reinforce the collat-
eral ligaments (Fig. 73.19G).

 n  Close the skin and apply a nonadherent gauze bandage, 
supported by a splint.

POSTOPERATIVE CARE The dressing is removed within 
the first week. A dynamic proximal interphalangeal dorsal 
outrigger extension splint with a middle phalangeal block 
is used for 4 weeks. Active flexion against rubber bands 

allows graduated strengthening. Active and passive ex-
ercises are begun, and blocking techniques and resting 
extension splints to prevent flexion deformity are used. 
The dynamic extension splint is discontinued after 4 to 6 
weeks. Side-to-side “buddy” taping for 3 months is en-
couraged.
  

Volar plate interposition into the proximal interphalan-
geal joint remains an alternative to implant arthroplasty (see 
Technique 73.6). Although the procedure is technically more 
difficult than implant arthroplasty, reports suggest that this 
technique can provide durable clinical results.

DISTAL INTERPHALANGEAL JOINT 
DEFORMITIES
The rheumatoid deformities at the distal joint include a mal-
let, hyperflexed distal interphalangeal joint, which may occur 
in conjunction with a swan-neck deformity or as a result of 
attenuation of the terminal slip, and a hyperextensible distal 
interphalangeal joint, which also may be related to attenua-
tion of capsuloligamentous structures or to flexor tendon 
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FIGURE 73.18 Technique for boutonniere deformity. A, 
Boutonniere deformity of index finger with swan-neck deformity 
of other fingers. B and C, Lengthened central tendon is advanced, 
and lateral tendons are released and relocated dorsally by suturing 
their connecting fibers.  (Adapted from an original painting by Frank H. 
Netter, MD, from Clinical Symposia, copyright Elsevier.) SEE TECHNIQUE 
73.7.
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FIGURE 73.17 Technique for swan-neck deformity. A, Swan-
neck deformity of fingers. B, Central tendon is separated from 
lateral tendons by dividing connecting fibers. Central tendon is 
step-cut transversely and dissected proximally, lengthening it. 
C, Lateral tendons are relocated palmarward. After insertion of 
implant, cut ends of central tendon are approximated with inter-
rupted sutures. Knots are buried.  (Adapted from an original painting 
by Frank H. Netter, MD, from Clinical Symposia, copyright Elsevier.) SEE 
TECHNIQUE 73.7.
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rupture. Usually either of these deformities can be treated 
with distal interphalangeal joint arthrodesis. In a patient 
who has had a proximal interphalangeal joint arthrodesis, 
the distal interphalangeal joint mallet deformity might be left 
untreated because the small amount of mobility remaining in 
the distal interphalangeal joint can contribute significantly to 
fingertip function.

ULNAR DRIFT OR DEVIATION OF THE FINGERS
Ulnar drift or deviation of the fingers (Fig. 73.20) is found in 
conditions other than rheumatoid arthritis. In the normal hand, 
predisposing factors include (1) metacarpophalangeal joint 
ulnar deviation, especially of the index finger; (2) smaller and 
sloping ulnar condyles of asymmetric metacarpal heads, espe-
cially those of the index and middle fingers; (3) the approach 
of the long flexor and extensor tendons from the ulnar side 
of the metacarpophalangeal joints; (4) greater ulnar devia-
tion than radial deviation of the digits permitted by the radial 
collateral ligaments when the metacarpophalangeal joints are 
flexed; and (5) greater strength of the abductor digiti quinti and 
flexor digiti quinti than the third volar interosseous. Pathologic 

changes in the rheumatoid hand accentuating ulnar deviation 
and drift include (1) metacarpophalangeal joint synovitis that 
weakens the dorsoradial capsular restraints; (2) stretching of 
the metacarpophalangeal joint collateral ligaments by the 
volarly directed forces of the flexor tendons, permitting volar 
displacement of the proximal phalanges; (3) stretching of the 
accessory collateral ligaments that permits ulnar displacement 
of the flexor tendons within their tunnels; (4) stretching of the 
flexor tunnels that permits even more ulnar displacement of 
the long flexor tendons; (5) interosseous muscle contracture 
that causes ulnar deviation and proximal interphalangeal joint 
hyperextension, as well as metacarpophalangeal joint flexion 
and eventually subluxation; (6) attenuated radial sagittal bands 
that allow long extensor tendon ulnar displacement; and (7) 
long extensor tendon rupture at the wrist level that increases 
the possibility of metacarpophalangeal joint dislocations.

MILD-TO-MODERATE ULNAR DRIFT
In the surgical treatment of mild-to-moderate ulnar drift, rea-
sonable success is possible only when the major deforming 
forces have been properly evaluated. This type of ulnar drift 
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FIGURE 73.19 Anterior approach for proximal interphalangeal joint arthroplasty. A, V-shaped 
incision allows exposure of flexor tendon sheath and division of A3 pulley. B, Flexor tendons 
retracted to allow proximal detachment of volar plate. C, Collateral ligament origins completely 
released. D, Proximal interphalangeal joint hyperextended to expose articular surfaces. Head of 
proximal phalanx removed with oscillating saw. E, Medullary canals prepared with properly sized 
burrs. F, Provisional implants are sized, and trial of active motion is shown. Permanent implant is 
then inserted. G, Volar plate can be split and used to reconstruct collateral ligaments. VP, Volar 
plate. SEE TECHNIQUE 73.8.

    

https://booksmedicos.org


CHAPTER 73  ARTHRITIC HAND  3773

implies the absence of severely diseased articular surfaces of 
dislocated joints (Fig. 73.21). Often, however, the flexor and 
extensor tendons are displaced ulnarward, the intrinsic muscles 
are imbalanced, and the joints are swollen. Surgical procedures 
that may be indicated are intrinsic release or transfer for bal-
ance, extensor tendon realignment, and metacarpophalangeal 
joint synovectomy. No operation has been devised to realign 
easily the ulnarly displaced flexor tendons and their sheaths.

Extensor tendon realignment procedures ideally are per-
formed under local anesthesia so that the effectiveness of 
the construct can be verified. The presumed tension on the 
realigned tendon often requires adjustment for proper ten-
don tracking over the metacarpophalangeal joint. Release of 
the tightened sagittal band and transfer of this into the radial 
collateral ligament or use of a distally based portion of the 
extensor tendon or juncture around the lumbrical tendon or 
collateral ligament are common extensor tendon realignment 
techniques. 

 

EXTENSOR TENDON REALIGNMENT 
AND INTRINSIC REBALANCING

 TECHNIQUE 73.9 

 n  Make a transverse dorsal incision over the metacarpal 
heads or longitudinal incisions between the metacarpo-
phalangeal joints. If multiple common extensor tendons 
are to be realigned and longitudinal incisions are pre-
ferred, incisions between the index and middle and ring 
and small metacarpophalangeal joints will allow access to 
all four metacarpophalangeal joints. Identify and preserve 
the dorsal veins.

 n  Enter each metacarpophalangeal joint through a longi-
tudinal incision on the ulnar side of the extensor hood 
(radial if the tendons are subluxing radially).

 n  Dissect the extensor hood from the underlying capsule to 
release the ulnarly displaced extensor mechanism.

 n  Preserve the joint capsule as possible, and remove the 
synovium, especially that herniating out through the cap-
sule and over the dorsal neck of the metacarpal.

 n  Reposition the displaced extensor mechanism.
 n  Realign the extensor tendon over the metacarpophalan-

geal joint by taking a distally based portion of the exten-
sor tendon and passing it around the radial lumbrical ten-
don or collateral ligament with nonabsorbable sutures.

 n  When the index finger is markedly deviated, a transfer of 
the extensor indicis proprius tendon to its radial side may 
be beneficial (Fig. 73.22). In addition, the intrinsic ten-

 

Extensor tendons
shifted ulnarward

into webs

FIGURE 73.20 Ulnar deviation of fingers in rheumatoid 
arthritis.
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FIGURE 73.21 A, Subluxation of metacarpophalangeal joints 
in severe rheumatoid arthritis. B, Subluxations have been treated 
by resecting metacarpal heads because intrinsic release provides 
insufficient correction.
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FIGURE  73.22 Correction of mild to moderate ulnar drift. (1) 
Joint is entered through incision in radial side of hood. (2) Relaxing 
incision is made in ulnar side of hood to permit repositioning of 
extensor tendon. (3) and (4) Incision in radial side of hood is closed 
after its edges are overlapped. (5) Extensor indicis proprius tendon 
is transferred to first dorsal interosseous muscle to reinforce it. SEE 
TECHNIQUE 73.9.
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dons can be transferred from the ulnar side of the digits 
to the radial side of the adjacent joint, as shown in Figure 
73.23.

 n  Have the patient actively flex and extend the finger to 
ensure that the common extensor tendon remains over 
the metacarpophalangeal joint.

POSTOPERATIVE CARE At 2 weeks, the sutures are re-
moved and the hand is continually supported in a splint 
to avoid recurrence of ulnar deviation for another week. 
Supervised therapy is then begun with intermittent splint 
wear and progressive metacarpophalangeal joint flexion. 
The splint is worn for another 3 to 4 weeks.
  

SEVERE ULNAR DRIFT AND 
METACARPOPHALANGEAL DISLOCATION
In severe ulnar drift, often one or more metacarpopha-
langeal joints have dislocated; consequently, this type of 
drift and dislocation of these joints are discussed together. 
Metacarpophalangeal joint dislocations in effect release the 
soft-tissue tension across the joint and thus decrease ten-
sion more distally and protect, at least partially, the proximal 
interphalangeal joint. Conversely, the proximal interphalan-
geal joints may dislocate first. It should be emphasized, how-
ever, that the long flexor tendons are a major deforming force 
that drifts ulnarward, either within or without their sheaths, 
exerting an ulnar and palmarly directed force leading to 
metacarpophalangeal joint dislocation. For this type of ulnar 
drift, surgery is done mainly on the metacarpal head and its 
surrounding ligaments and tendons.

Function of a dislocated and arthritic metacarpophalan-
geal joint may be improved by arthroplasty. Many different 
designs of metacarpophalangeal joint interposition arthro-
plasty implants are available. We have had more experi-
ence with the Swanson implant than any other. An average 
expected range of motion at the metacarpophalangeal joint 
is about 55 degrees, and usually this occurs in the functional 
range. Complications include an infection rate between 0% 
and 3%, a breakage rate between 2% and 82%, a subluxation 
rate of 20%, and a dislocation rate of 5%. Although obvious 
fractures of the prosthesis may occur, the function of the joint 
usually is not impaired because it is not only the prosthesis 
but also the encapsulating scar that provides joint stability. 
Metal sleeves or grommets, which have been added to dimin-
ish abrasion at the bone-prosthesis interface, do not seem to 
make a significant difference in the fracture rate. The pros-
theses are easily removed when necessary. Of the many alter-
native designs for metacarpophalangeal implant arthroplasty, 
the pyrolytic carbon design has shown promising results.

Pyrolytic carbon metacarpophalangeal joint arthroplas-
ties have fared better than their proximal interphalangeal joint 
counterparts. Wall and Stern found satisfactory outcomes in 
pyrolytic carbon metacarpophalangeal arthroplasties at an 
average 4-year follow-up, with improved joint motion, good 
pain relief and patient satisfaction, and few complications. 
Radiographic outcomes revealed a consistent asymptom-
atic surrounding lucency with no evidence of implant failure 
or migration. Dickson et al. reported a mean arc of motion 
of 54 degrees (20 to 80 degrees) in 35 index and 16 middle 
metacarpophalangeal arthroplasties at an average follow-up 
of 103 months (range, 60 to 72 months). Good pain relief, a 
functional range of motion, and high satisfaction were seen 
in most patients, with an 88% survival rate at 10 years and 
average subsidence of 2 mm in the proximal and 1 mm in the 
distal component.

Metacarpophalangeal joint arthroplasty reliably relieves 
pain, maintains stability and alignment, and permits accept-
able motion (Fig. 73.24). Results deteriorate over time, how-
ever, and the patient should be advised that revision may be 
necessary. The presence of active infection is a contraindica-
tion to implant arthroplasty. Loss of bone stock, skin changes 
that prohibit good closure, and irreparable tendon damage 
also compromise the outcome of implant arthroplasty. 

 

METACARPOPHALANGEAL JOINT 
ARTHROPLASTY

 TECHNIQUE 73.10 

(SWANSON)
 n  Make a transverse incision on the dorsum of the hand, 

beginning on the radial aspect of the second metacar-
pophalangeal joint, and extend it ulnarward to the ulnar 
aspect of the fifth metacarpophalangeal joint. (Alterna-
tively, two longitudinal incisions can be used for the 
metacarpophalangeal joint exposure, one between the 
index and middle and one between the ring and small 
fingers.) Preserve all sensory nerves and carefully observe 
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FIGURE 73.23 Flatt transfer of released ulnar intrinsics to radial 
side of digits for ulnar drift. (1) Incision is made on ulnar side of 
central tendon, releasing ulnar intrinsic insertion. (2) Ulnar intrinsic 
insertion is free. (3) Insertion is sutured to capsule on radial side 
of metacarpophalangeal joint of adjacent finger. (4) Segment 
of abductor digiti quinti tendon is excised to relieve ulnar pull 
of muscle on little finger. (5) First dorsal interosseous tendon is 
shortened to increase radial pull of muscle on index finger. SEE 
TECHNIQUE 73.9.
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the pattern of the superficial veins; preserve them as well 
when possible.

 n  This transverse incision permits a flap that can be dissect-
ed proximally and folded back, exposing the heads of the 
metacarpals. Through this, incise the shroud ligament of 
the extensor mechanism on the radial aspect of each joint 

and, if necessary, on the ulnar aspect also. This permits 
entry into the joint capsule, which already may be rup-
tured dorsally with herniation of hypertrophied synovium.

 n  Incise and preserve when possible the capsule longitu-
dinally, and perform a synovectomy with small rongeurs 
before and after metacarpal head resection.
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FIGURE 73.24 A 60-year-old woman with rheumatoid arthritis and persistent pain in right 
middle finger metacarpophalangeal joint despite no signs of significant joint degeneration on 
plain radiographs (A). B, Appearance of metacarpal head with significant cartilage loss. C, Silicone 
spacer before capsular and extensor tendon closure. D, Radiograph after metacarpophalangeal 
joint arthroplasty.
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 n  With a thin osteotome or an oscillating saw, resect each 
metacarpal head to shorten the bone sufficiently to per-
mit easy reduction of the volarly dislocated proximal pha-
langeal  base. This may require resection proximal to the 
collateral ligaments origin, necessitating radial collateral 
ligament repair or reconstruction.

 n  After synovectomy, introduce into the metacarpal med-
ullary canal an awl or, if necessary, a reamer to provide 
space for the prosthesis stem. The metacarpal head-neck 
region should be cut carefully so that it is at a 90-degree 
angle with the axis of the metacarpal shaft.

 n  Do not resect the proximal phalangeal base, although 
deformity from the arthritic process may require recon-
touring to make the base perpendicular to the phalangeal 
shaft. Soft-tissue dissection from the proximal phalangeal 
base should be sufficient to ensure that the entry point in 
the phalangeal canal is appropriate, centered from me-
dial to lateral and more dorsal than volar to prevent volar 
cortex perforation. Prepare the base to accept the distal 
stem of the prosthesis by appropriate drilling, reaming, 
and broaching.

 n  Select the largest implant that can be inserted comfortably.
 n  Place gentle traction on the finger with the metacarpo-

phalangeal joint in full extension and examine the dis-
tance between the metacarpal head and the phalangeal 
base. This should be sufficient to accommodate the im-
plant midsection. Moreover, bone resection should be 
sufficient to prevent prosthesis buckling and volar abut-
ment with joint flexion.

 n  To help correct or avoid index finger pronation, Swanson 
recommended that a radial slip of the proximal phalan-
geal volar plate be split off proximally and reattached to 
the radial aspect of the metacarpal neck (Fig. 73.25).

 n  Remove the prosthesis from the package after a trial pros-
thesis has been inserted and the desired size determined. 
Handle the prosthesis with instruments without sharp 
edges to avoid scoring or other damage.

 n  Insert the prosthesis and check that metacarpophalangeal 
joint passive motion is from full extension to almost 90 
degrees of flexion.

 n  Check all fingers carefully for alignment and for rotary 
deformity.

 n  Close any remaining capsule over the prosthesis and cen-
tralize the extensor tendon over the metacarpophalan-
geal joint. Check finally for the need for further intrinsic 
release by placing the metacarpophalangeal joint in full 
extension and passively flexing the proximal interphalan-
geal joint. Note that ulnar intrinsic release is commonly 
required in rheumatoid arthritis patients, especially for the 
ring and small fingers.

 n  Insert a drain, close the wound, and apply a supportive 
dressing to splint the fingers in slight radial deviation.

POSTOPERATIVE CARE The splint is removed, and the 
dressing is changed at 5 to 7 days after surgery. The fin-
gers are held in extension and deviated radially in the post-
operative splint for 7 to 10 days until sutures are removed 
at about 10 days or longer, depending on wound heal-
ing. After suture removal, a program of passive and ac-
tive motion is begun under the supervision of a therapist. 
Dynamic splinting is used to assist metacarpophalangeal 
extension and radial deviation during the day and is com-
bined with static volar wrist, metacarpophalangeal, and 
proximal interphalangeal extension splinting at night. The 
daytime static splint is discontinued at 6 to 8 weeks, and 
supervised therapy with static splinting at night is contin-
ued for at least 3 months.
  

Surface replacement arthroplasty is reserved for patients 
with stable metacarpal joints. Most rheumatoid arthri-
tis patients, however, are not candidates for this technique 
because joint instability and joint dislocations are contrain-
dications to this procedure. Thus surface replacement arthro-
plasty is more ideally suited for patients with osteoarthritis 
or posttraumatic disorders with intact and stable metacarpal 
joint collateral ligaments and volar plates. 

 

METACARPAL JOINT SURFACE 
ARTHROPLASTY

 TECHNIQUE 73.11 

(BECKENBAUGH)
 n  If a single joint is to be replaced, make a curved longitu-

dinal incision centered over the metacarpal joint dorsally; 
if multiple joints are involved, make a transverse incision 
across the metacarpal joints dorsally or longitudinal inci-
sions between the joints to be addressed.

 n  Incise the extensor hood on the radial side of the central 
tendon or through its center if no dislocation or sublux-
ation of the tendon is present.

 n  Dissect the extensor tendon free from the joint capsule 
when possible and split it longitudinally to expose the joint 

FIGURE 73.25 Swanson technique for reconstruction of radial 
collateral ligament of index metacarpophalangeal joint by using 
slip of volar plate. SEE TECHNIQUE 73.10.
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so that the proximal phalangeal dorsal base and the meta-
carpal head with the collateral ligament origins are visible. 
Preserve the capsule as much as possible for later repair.

 n  Use an awl to puncture the metacarpal head in its dorsal 
third, centered in the width of the head and aligned with 
the long axis of the metacarpal medullary canal.

 n  Attach the alignment guide and insert the alignment awl 
through the puncture and advance it into the medullary 
canal one half to two thirds the length of the metacarpal. 
The alignment guide should be parallel to the dorsal sur-
face of the metacarpal shaft and in line with the long axis 
of the bone.

 n  Begin a partial metacarpal osteotomy using the proximal 
osteotomy guide mounted on the alignment awl and 
complete it free hand by following the previously estab-
lished osteotomy plane. Attach the proximal osteotomy 
guide (Fig. 73.26A) on the alignment awl and advance it 
until the cutting plane of the guide is positioned 1 to 2 
mm distal to the dorsal attachments of the collateral liga-
ments. Keep the volar surface of the guide parallel to the 
dorsal metacarpal surface to maintain proper rotational 
alignment. Remove the alignment awl and complete the 

osteotomy by following the plane established by the guid-
ed cut.

 n  Puncture the proximal phalangeal base volar to the dorsal 
surface of the proximal phalanx a distance one third of 
the sagittal height and centered across the base in line 
with the phalangeal medullary canal.

 n  Advance the alignment guide one half to two thirds the 
length of the phalangeal medullary canal and attach the 
distal osteotomy guide. Advance until the cutting plane of 
the guide is positioned 0.5 to 1.0 mm distal to the dorsal 
edge of the proximal phalanx. Keep the volar surface of 
the guide parallel to the phalanx dorsal surface.

 n  Make the phalangeal cut with a small sagittal saw through 
the blade slot of the osteotomy guide (Fig. 73.26B). Make 
the dorsal portion of the osteotomy, remove the align-
ment awl, and complete the osteotomy free hand.

 n  Open the phalangeal opening with the starter awl and 
distally broach along the previously established medullary 
axis. Keep the dorsal surface of the broach parallel to 
the dorsal surface of the phalangeal bone. A side-cutting 
burr may be necessary to assist in proper seating of the 
broaches. Continue broaching until the seating plane of 
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FIGURE 73.26  Metacarpal joint surface arthroplasty. SEE TECHNIQUE 73.11.
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the broach is flush to 1 mm deeper than the osteoto-
my (Fig. 73.26C, D). During broaching, evaluate fit and 
movement resistance. Repeat the broaching process with 
the next larger size broach until the largest size possible 
can be inserted and properly seated.

 n  Broach the metacarpal beginning with the size 10 proxi-
mal broach working up to the broach determined from 
the phalangeal broaching process. Continue broaching 
until the seating plane of the broach is 1 mm deeper 
than the osteotomy. Do not mismatch proximal and distal 
component sizes.

 n  Assess range of motion with trial components. Tightness 
in extension can be relieved by further impaction or re-
moval of more bone. Insert and impact the appropriate 
size distal component until the component collar is flush 
with the proximal phalangeal base.

 n  Insert and impact the matching metacarpal component 
and assess stability and range of motion.

 n  Repair the capsule, centralize the common extensor ten-
don, and perform intrinsic releases and transfers when 
indicated.

 n  Apply a volar splint with the wrist in 10 to 15 degrees of 
extension, the metacarpal joints in full extension, and the 
proximal interphalangeal joints in slight flexion.

POSTOPERATIVE CARE Active and passive range-of-
motion exercises are begun under the supervision of a 
therapist within the first week following the procedure. 
The sutures are removed at 10 to 14 days after surgery. 
Supervised physical therapy is continued until satisfactory 
motion has been achieved and the patient understands 
various exercises sufficiently to perform them indepen-
dently.
  

EXTENSOR TENOSYNOVITIS
Wrist and digital extensor tenosynovitis causes visible swell-
ing yet is usually relatively painless. This condition is more 
common at the wrist level, and mobile masses associated with 
the extensor tendons distinguish this from dorsal capsular 
synovitis and ganglion cysts. These extensor tendon nodules 
may impinge on the distal edge of the extensor retinaculum, 
producing discomfort and limiting concomitant wrist and 
finger extension. One or all extensor tendons may be affected, 
and significant tendon involvement may lead to tendon rup-
ture. In the absence of extensor tendon rupture, splinting and 
medical treatment should be used initially and may lead to 
symptom resolution. Corticosteroid injections have limited 
use because of the possibility of extensor tendon rupture, 
and an extensor tenosynovectomy usually is recommended 
if there has been no improvement in the tenosynovitis with 
nonoperative treatment. 

EXTENSOR TENDON RUPTURE
Rheumatoid tenosynovitis is a common cause of tendon rup-
ture and a major cause of deformity and disability. Distal 
ulna, dorsal subluxation contributes to extensor tendon rup-
ture because the extensor tendons usually glide between the 
arthritic distal ulnar head and the tight, intact dorsal carpal 
ligament. The small finger usually is involved first and sub-
sequently the ring (Vaughn-Jackson syndrome) and then 

sequentially more radial digital extensors (Fig. 73.27). The 
long extensor tendon of the thumb, because of its tortuous 
course, frequently ruptures at Lister’s tubercle, where it angles 
through the third extensor compartment. At surgery, white 
strips of pseudotendon connective tissue may be seen between 
the more normal proximal and distal tendon ends, and 
although these are not true tendons, they may be responsible 
for some remaining limited metacarpophalangeal joint exten-
sion and clinically suggest less extensive tendon disruption.

A ruptured extensor tendon can be repaired by direct 
suture if found within a few days and if the remaining ten-
don is adequate. If surgery must be delayed for several days, 
it is well to splint the wrist in extension to relieve the constant 
tension on the remaining intact tendons. If the ruptured ten-
don is diagnosed after several weeks, a segmental tendon graft 
may be possible between the proximal and distal segments of 
the ruptured tendon to an adjoining intact tendon. Although 
attachment of the ruptured distal tendons to an intact ten-
don is possible (Fig. 73.28), tendon transfers, such as exten-
sor indicis proprius to power the ulnar ruptured tendons, are 
more often required. A synovectomy is always indicated in 
the region of the rupture and the repair.

If the tendon of the ring finger or little finger alone is 
ruptured, repair of the ring finger tendon may be possible by 
suturing its distal and proximal segments to the intact middle 
finger extensor tendon under appropriate tension. The exten-
sor indicis proprius might be transferred for use as a motor to 
the little finger. Transfer of the extensor pollicis brevis is an 
alternative, unless there is an extension deficit of the thumb 
metacarpometacarpal joint. When three extensor tendons, 
those of the middle, ring, and little fingers, have been rup-
tured for an extended period, the transfer of a motor usually 
is indicated. An acceptable source for this motor is the sub-
limis of the ring finger. This tendon has enough excursion 
and might be even more effective because of the tenodesis 
effect when the wrist is flexed. Extensor pollicis longus ten-
don rupture can be repaired by transfer of the extensor indicis 
proprius, a common and useful transfer when the extensor 
pollicis ruptures from other causes.

As mentioned, the clinical examination usually under-
estimates the amount of tendon attenuation and rupture, 
and reconstruction may be more complex than anticipated. 
Moreover, surgery may be done as an attempt to identify and 

 

Intact extensor
indicis tendon

Ruptured tendons
III, IV, V

Extensor
carpi
ulnaris

FIGURE 73.27 Rupture of extensor tendons at level of extensor 
retinaculum in rheumatoid arthritis. Most ruptures of common 
finger extensors occur at an abrasive point created by dorsally 
dislocated distal ulna.
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eliminate the source of tendon degeneration to limit further 
loss of metacarpophalangeal joint extension. 

FLEXOR TENDON RUPTURE
Flexor tendon rupture in rheumatoid patients is not as com-
mon as extensor tendon rupture but is much more difficult to 
treat surgically. Rupture may occur within the digit as a result 
of infiltrative tenosynovitis or at wrist level, especially of the 
flexor pollicis longus tendon, because of bony prominences 
about the carpal tunnel.

Triggering of the fingers commonly comes from tendon 
nodularity within the zone II flexor sheath but may also be sec-
ondary to a sublimis slip rupture. Infiltration, weakening, and 
eventual rupture of the profundus tendons may likewise occur 
and are more obvious and disabling clinically. The location of 
either sublimis or profundus ruptures is variable and indeter-
minate on physical examination, and either may result in sec-
ondary joint stiffness. Grafting of ruptured rheumatoid finger 
flexor tendons almost always fails. The exception is at the wrist, 
where a segmental graft occasionally can be used as a treatment 
for a ruptured flexor pollicis longus tendon. Another approach 
to flexor pollicis longus rupture is distal joint arthrodesis if 
hyperextension of the interphalangeal joint compromises 
thumb function. If the flexor profundus and superficialis are 
ruptured in the digit, proximal and distal interphalangeal joint 
stabilization by arthrodesis may be preferred. 

PERSISTENT PROXIMAL 
INTERPHALANGEAL JOINT SYNOVITIS
Synovectomy is a useful operation for persistent proximal 
interphalangeal joint synovitis and can be performed on all 
four fingers of one hand at the same time and in conjunction 
with other synovectomies. Since the advent of disease-mod-
ifying antirheumatic drugs, the need for synovectomies has 
declined significantly. 

 

SYNOVECTOMY

 TECHNIQUE 73.12 

 n  A curved dorsal incision centered over the proximal inter-
phalangeal joint provides a more extensile approach and 
is preferred, especially when extensor tendon rebalancing 
procedures are needed; however, midlateral incisions can 
also be incorporated to perform this procedure.

 n  Locate the transverse retinacular ligament(s), sever the at-
tachments, and elevate the extensor hood.

 n  Under the hood, identify the collateral ligament. Enter 
the joint dorsal to this ligament and lateral to the central 
tendon, explore the joint, and excise as much synovium 
as possible.

 n  Remove the synovium from the area behind the volar 
plate and the area inferior to the collateral ligament, di-
viding, if necessary, the accessory collateral ligament.

 n  Relocate the lateral tendon and transverse retinacular 
ligament.

 n  Close the incisions. Apply a dressing and a volar splint.

POSTOPERATIVE CARE The sutures are removed at 
10 to 14 days after surgery. Active and passive range-
of-motion exercises are begun under the supervision of 
a therapist at the time of suture removal. The supervised 
physical therapy is continued until satisfactory motion has 
been achieved and the patient understands various exer-
cises sufficiently to perform them independently.
  

FLEXOR TENOSYNOVITIS
Although flexor tenosynovitis at the wrist may not be as 
apparent as that seen on the extensor surface, the bulk of the 
tenosynovium interferes with finger motion, compresses the 
median nerve in the carpal tunnel, and leads to tendon rup-
ture. Erosion of the volar capsule and ligaments over radial 
osteophytes contribute to flexor pollicis longus rupture in 
the carpal tunnel (Mannerfelt lesion). In the digits, flexor 
tenosynovitis may lead to triggering in the flexor sheath. 
The triggering may be caused by localized tenosynovitis or 
tendon nodules catching within the fibroosseous sheath. 
Rarely, the flexor profundus may trigger through the sublimis 
decussation.

Tenosynovitis occurs most often on the volar surface of 
the wrist and fingers and the wrist dorsal surface. Often there 
is a progressive fusiform swelling of one or more flexor ten-
don sheaths extending from the middle of the palm to the 
distal interphalangeal joint. The swelling is typically pain-
ful and causes a gradual decrease in finger flexion. On pal-
pation, the synovium is thickened and nodules can be felt 
along the tendon sheath with tendon excursion; crepitus 
and grating usually are present. Tenosynovectomies seem to 
have a lasting effect, and flexor sublimis ulnar slip removal 
has been suggested to reduce the recurrence. Although teno-
synovectomy and joint synovectomy usually can be expected 
to relieve pain, a concomitant improvement in joint motion 
may not be seen. 

 FIGURE 73.28 Extensor tendon rupture under extensor reti-
naculum. Repair can be accomplished by side-to-side repair to 
adjacent intact tendon.
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FLEXOR TENDON SHEATH 
SYNOVECTOMY

 TECHNIQUE 73.13 

 n  Make a long zigzag incision (Fig. 73.29) on the palmar 
surface of each involved finger.

 n  Expose the flexor tendon sheath by raising skin flaps and 
protect the anterolaterally oriented neurovascular bun-
dles.

 n  Excise portions of the sheath, leaving as much of the an-
nular pulley system intact as possible, especially the A2 
and A4 pulleys over the middle of the proximal and mid-
dle phalanges.

 n  Excise as much synovium as possible, taking care to re-
move it from behind the slips of the sublimis and between 
the profundus and sublimis.

 n  Traction on the tendons individually proximal to the A1 
pulley will assist in identifying the source of triggering if 
present. If triggering persists after a careful synovectomy 
and flexor tendon nodule debridement, excise the ulnar 
flexor digitorum sublimis slip. An A1 annular pulley re-
lease should rarely be required.

 n  Close the incision with interrupted sutures, apply a com-
pression dressing, support the wrist with a volar plaster 
splint, and elevate the hand. Motion of the fingers is 
started as soon as tolerated.

POSTOPERATIVE CARE The sutures are removed at 
10 to 14 days after surgery. Active and passive range-
of-motion exercises are begun under the supervision of a 
therapist at the time of suture removal. Supervised physi-

cal therapy is continued until satisfactory motion has been 
achieved and the patient understands various exercises 
sufficiently to perform them independently.
  

FINGER JOINT ARTHRODESIS
Thumb or finger joint arthrodeses may be indicated when 
arthroplasty cannot reliably restore stability and motion. 
Ligamentous instability and angular and rotational deformi-
ties, especially those of the index and thumb, are more reli-
ably treated by arthrodesis because the stress from pinch and 
grasp may further the deformity. Occasionally, a joint must 
be arthrodesed because the muscles that control the digit 
are not strong enough to stabilize and move all joints. When 
the metacarpophalangeal joint is destroyed, if good muscle 
strength is present, arthroplasty is indicated more often than 
arthrodesis.

The following are the preferred positions for arthro-
desis of the various joints. In the fingers, the metacarpopha-
langeal joint should be fixed in 20 to 30 degrees of flexion. 
The proximal interphalangeal joints should be fixed from 25 
degrees of flexion in the index finger to almost 40 degrees in 
the small finger (less flexion in the radial fingers than in the 
ulnar fingers). The distal interphalangeal joints are fixed in 0 
to 20 degrees of flexion depending on the patient’s preference 
and the method of fixation. Techniques for arthrodesis with 
internal fixation include Kirschner wires, screws, and bone 
grafting techniques. Tension band wiring can provide reliable 
fixation for proximal interphalangeal and metacarpophalan-
geal joint arthrodesis (Figs. 73.30 and 73.31). Kirschner wire 
fixation is rapid and simple and allows control of the fusion 
position in flexion, angulation, and rotation before fixation. It 
preserves maximal length, it allows early motion, and rapid 
union is achieved (Figs. 73.32 and 73.33). 

 

A B

FIGURE 73.29 Discontinuous, extensile incision used in extended approach. Similar incisions 
for ring and little fingers are made as needed. SEE TECHNIQUE 73.13.
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A C
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E

FIGURE 73.30 Tension band arthrodesis. A, Phalangeal osteotomy. Cuts are made parallel at 
desired angle with oscillating saw. B, Hole for 25-gauge or 26-gauge stainless steel wire made 
through middle phalangeal base dorsal to midaxial line. C, Retrograde insertion of 0.028-inch or 
0.035-inch Kirschner wire into proximal phalanx. D, Kirschner wire driven into anterior cortex of 
middle phalanx. E, Figure-of-eight tension band created and tightened. SEE TECHNIQUE 73.14.

 

A

C

B

FIGURE 73.31 Anteroposterior (A), lateral (B), and oblique (C) radiographs of a 64-year-old 
right-handed surgeon with right index finger osteoarthritis treated with a tension band fusion. 
Note prior thumb arthroplasties and left middle finger treated with a silicone arthroplasty.
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METACARPOPHALANGEAL JOINT 
ARTHRODESIS

 TECHNIQUE 73.14 

(STERN ET AL.; SEGMÜLLER, MODIFIED)
 n  Make a dorsal incision over the metacarpophalangeal 

joint to be fused.
 n  Split the extensor hood and joint capsule longitudinally in 

the center of the central extensor tendon.
 n  Remove sufficient capsule to gain exposure of the joint.
 n  Release the collateral ligaments to allow full flexion of the 

joint, exposing the joint surfaces proximally and distally.
 n  Remove any remaining articular cartilage from the de-

stroyed joint and remove subchondral bone down to can-
cellous bone. Resect the joint surfaces with an osteotome 
or oscillating saw to achieve the desired angle (20 to 30 de-
grees), or remove the metacarpal head and proximal pha-
langeal base to make a cup-and-cone or ball-and-socket fit.

 n  With a 0.028-inch Kirschner wire, drill a transverse hole 
5 to 10 mm distal to the fusion site slightly dorsal to the 
midaxial line.

 n  Thread a 25-gauge or 26-gauge stainless steel wire 
through this hole.

 n  Drive two 0.028-inch or 0.035-inch Kirschner wires ret-
rograde into the metacarpal to exit dorsally 10 to 15 mm 
proximal to the fusion site.

 n  Compress the cut bone surfaces; avoid malrotation.
 n  Drive the Kirschner wires antegrade into the proximal 

phalanx, seating them either into the palmar cortex with-
out penetrating it or distally in the medullary canal. Verify 
the fusion position and implant alignment fluoroscopi-
cally before definitive fixation.

 n  Loop the steel wire around the Kirschner wires in a figure-
of-eight manner. Twist the ends of the steel wire togeth-
er with a needle holder. Bend the ends of the Kirschner 
wires over the steel wire loops and cut the Kirschner wires 
close to bone (see Fig. 73.30).

 n  Close the remaining capsule over the wires and the exten-
sor mechanism.

 n  Close the skin and apply a dressing and a splint, usually a 
dorsal splint to block extension.

POSTOPERATIVE CARE The splint is removed in 3 to 5 
days, and active motion exercises are begun for mobile 
joints. Skin sutures are removed in 10 to 14 days. Interval 
splinting is appropriate for compliant patients. Internal 
fixation usually is not removed. Periodic radiographs are 
obtained to assess healing, and several months may pass 
before solid bone union is apparent radiographically.
   

 

PROXIMAL INTERPHALANGEAL JOINT 
ARTHRODESIS

 TECHNIQUE 73.15 

 n  Open the joint through a curved dorsal midline incision 
centered over the proximal interphalangeal joint. Incise 
the extensor tendon and capsule longitudinally.

 n  Release the extensor central tendon from the middle phalanx.
 n  Release and excise the collateral ligaments as required to 

flex and fully access the joint surfaces.
 n  Shape the joint surfaces either by making flat surfaces 

with an oscillating saw or by making a ball-and-socket 
shape so that the surfaces can be closely apposed at the 
proper angle (25 to 45 degrees progressively from the 
index to small finger proximal interphalangeal joint).

 n  Fusion fixation may be by Kirschner wires, tension band 
technique, or screws.

 n  The techniques of tendon repair, skin closure, and splint 
application and postoperative care are the same as for the 
metacarpophalangeal joint described previously.
  

DISTAL INTERPHALANGEAL JOINT 
ARTHRODESIS
Distal interphalangeal joint arthrodesis can be performed as 
described for the proximal interphalangeal joint. A number 
of dorsal approaches allow adequate distal interphalangeal 

 

A

B

C

FIGURE 73.32 A, Anteroposterior and lateral views of crossed 
Kirschner wires. B, Anteroposterior and lateral views of interfrag-
mentary wire and longitudinal Kirschner wire. C, Anteroposterior 
and lateral views of an intramedullary screw.
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joint exposure, including longitudinal, V-shaped, and 
transverse curved incisions on contralateral limbs. A trans-
verse incision centered over the thumb interphalangeal or 
finger distal interphalangeal joint with proximal and dis-
tal extensions at right angles on contralateral sides of the 
transverse limb heals with almost imperceptible scars (Fig. 
73.34). Skin over the distal joint usually is insufficient to 
allow elaborate internal fixation. Because of ease of inser-
tion, a buried headless screw or Kirschner wires are pre-
ferred. Union rates are similar. In compliant patients, 
interval splinting may be permitted until fusion is achieved, 
usually 6 to 8 weeks. 

DEFORMITIES OF THE THUMB
CLASSIFICATION
Rheumatoid thumb deformities frequently are complex and 
can involve the joints individually or in combination. The 
classification of rheumatoid thumb deformities proposed by 
Nalebuff is helpful in understanding the problems and devel-
oping a plan for treatment. He described four types of rheu-
matoid thumb deformities.

Type I, the most common, is a boutonniere deformity; type 
II, which is rare, includes metacarpophalangeal joint flexion, 
interphalangeal joint hyperextension, and trapeziometacarpal 

joint subluxation or dislocation; type III, the second most 
common, is a swan-neck deformity; and type IV, which is 
unusual, results from ulnar collateral ligament laxity and 
includes abduction of the proximal phalanx with metacar-
pal adduction. Type I (boutonniere) deformity results from 
synovitis that begins at the metacarpophalangeal joint and 
stretches out the dorsal capsule and extensor hood, with atten-
uation of the extensor pollicis brevis insertion. The extensor 
pollicis longus migrates medially. The deformities that even-
tually develop are metacarpophalangeal joint flexion, palmar 
subluxation of the proximal phalanx on the metacarpal, and 
interphalangeal joint hyperextension. As the deformity begins 
to develop, the joints usually can be passively corrected; with 
progression, the deformities become fixed.

TYPE I
Treatment of type I thumb deformities depends on the passive 
correctability of the joints and the extent of joint destruction. 
If the metacarpophalangeal subluxation and interphalangeal 
joint hyperextension are correctable, and radiographically the 
joints are normal, metacarpophalangeal synovectomy and 
extensor reconstruction may suffice. If the metacarpopha-
langeal contracture is fixed and the interphalangeal joint is 
correctable, but joint destruction is radiographically signifi-
cant, then metacarpophalangeal arthrodesis is indicated. In 

 

A
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B

FIGURE 73.33 A 58-year-old female with persistent pain in distal interphalangeal joints of 
index through small fingers of both hands. A and B, Anteroposterior and lateral views of hands 
showing osteoarthritic deformities of distal interphalangeal joints. C and D, Anteroposterior and 
lateral views showing successful fusion of using fusion screws. Also note thumb arthroplasties done 
at same time as the fusions.
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the presence of joint destruction at the interphalangeal and 
trapeziometacarpal joints, metacarpophalangeal arthroplasty 
may be more satisfactory, especially in older patients with 
fewer demands on their hands. If the deformities at the meta-
carpophalangeal and interphalangeal joints are fixed, with a 
satisfactory trapeziometacarpal joint but interphalangeal and 
metacarpophalangeal joint damage, metacarpophalangeal 
motion may be preserved with arthroplasty and interphalan-
geal arthrodesis may provide a satisfactory thumb for patients 
with low demands. Metacarpophalangeal and interphalangeal 
arthrodeses usually provide a stable opposable thumb when 
both joints are severely damaged radiographically. 

TYPE II
Type II thumb deformities include metacarpophalangeal joint 
flexion, interphalangeal joint hyperextension, and dislocation 
or subluxation of the trapeziometacarpal joint. By using com-
binations of interphalangeal fusion and metacarpophalangeal 
and trapeziometacarpal arthroplasty, type II deformities can 
be treated similar to type I and type III deformities. 

TYPE III
Type III (swan-neck) thumb deformities generally are 
believed to begin with synovitis at the trapeziometacarpal 
joint. Eventually the trapeziometacarpal joint subluxates lat-
erally because of joint destruction and capsular attenuation. 
An adduction contracture of the metacarpal develops, and 
the metacarpophalangeal joint hyperextends as a result of the 
metacarpophalangeal joint extension forces and volar plate lax-
ity. The treatment of type III deformities depends on the extent 
of metacarpophalangeal joint destruction, pain, the passive 

correctability of the metacarpophalangeal joint deformity and 
trapeziometacarpal subluxation, metacarpal adduction con-
tractures, and metacarpophalangeal joint hyperextension. For 
mild type III deformities, if conservative treatment fails and 
pain persists, trapeziometacarpal arthroplasty, without total 
excision of the trapezium, provides a satisfactory basal joint. 
If the metacarpophalangeal deformity is mild, trapeziometa-
carpal implant hemiarthroplasty or resection arthroplasty can 
provide a satisfactory joint. If the deformity and metacarpopha-
langeal joint destruction are advanced, however, metacarpo-
phalangeal joint fusion can be added to the trapeziometacarpal 
hemiarthroplasty or resection arthroplasty. In advanced meta-
carpophalangeal deformity with trapeziometacarpal disloca-
tion, a fixed thumb metacarpal adduction contracture, and a 
fixed hyperextension of the metacarpophalangeal joint, better 
results can be obtained with trapeziometacarpal hemiarthro-
plasty or resection arthroplasty, combined with metacarpopha-
langeal joint fusion. This usually relieves the thumb metacarpal 
adduction posture without release of the first dorsal interosse-
ous or first web space. 

TYPE IV
Type IV (gamekeeper) thumb deformity includes a thumb 
proximal phalanx abduction deformity and an adducted 
metacarpal caused by stretching of the ulnar collateral liga-
ment and attenuation of the capsuloligamentous structures 
by chronic rheumatoid synovitis. Metacarpophalangeal syn-
ovectomy, ligament reconstruction, and adductor release 
may be sufficient for milder deformities. For more advanced 
deformities, metacarpophalangeal arthroplasty or arthrodesis 
may be required to stabilize the joint. Additional adduction 
deformity of the thumb metacarpal usually is avoided after 
metacarpophalangeal stabilization.

Although the pathomechanics may be different for rheu-
matoid and osteoarthritic patients, techniques for treating 
the thumb, including soft-tissue procedures, arthrodesis, and 
arthroplasty, are similar in both diseases. 

OSTEOARTHRITIS
The thumb joints affected by osteoarthritis are, in descending 
order of frequency, the trapeziometacarpal, metacarpopha-
langeal, and distal interphalangeal joints. The trapeziometa-
carpal joint is most often affected by primary osteoarthritis or 
posttraumatic arthritis. Trapeziometacarpal osteoarthritis is a 
consequence of a progressive volar trapezial articular surface 
eburnation, which is greater than that on the metacarpal beak 
articular surface, supporting the concept of trapeziometacar-
pal translational instability as a major factor in trapeziometa-
carpal joint osteoarthritis. The metacarpophalangeal joint 
is most often disabled by ligament instability, usually of the 
ulnar collateral ligament.

CORRECTION OF ARTHRITIC THUMB 
DEFORMITIES
The operative techniques available for the treatment of 
arthritic thumb deformities include synovectomy, soft-tissue 
reconstructions, osteotomy, arthroplasty, and arthrodesis. 
The following techniques can be used for rheumatoid arthri-
tis and osteoarthritis. Although most of the soft-tissue pro-
cedures are used more frequently for rheumatoid arthritis, 
the bony procedures, including osteotomy, arthroplasty, and 
arthrodesis, are used in the treatment of osteoarthritis as well.

 FIGURE 73.34 Incision for distal interphalangeal joint arthro-
desis. 
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SYNOVECTOMY
Synovectomy may prevent rheumatoid capsular distention 
and capsuloligamentous destruction and attenuation and is 
effective especially in the absence of significant radiographic 
changes or joint instability. Synovectomy is done more com-
monly for interphalangeal and metacarpophalangeal involve-
ment and less often for trapeziometacarpal involvement. 

 

THUMB INTERPHALANGEAL JOINT 
SYNOVECTOMY

 TECHNIQUE 73.16 

 n  Approach the thumb interphalangeal joint using a straight 
dorsal, longitudinal curved, or dual flap incision as for the 
fingers.

 n  Carefully examine the radial and ulnar sides of the joint 
and perform synovectomy on either side of the extensor 
tendon as needed.

 n  If the radial collateral ligament is released, reattach the 
collateral ligament to bone with a pull-out wire or suture 
anchor and fix the joint with a Kirschner wire for tempo-
rary stabilization.

 n  Close the wound and apply a splint with the interphalan-
geal joint in extension.

POSTOPERATIVE CARE The sutures and Kirschner wire 
are removed at 10 to 14 days, and active movement is be-
gun. The finger is splinted in extension except for exercise 
periods for another 10 to 14 days.
 

 

THUMB METACARPOPHALANGEAL 
JOINT SYNOVECTOMY

 TECHNIQUE 73.17 

 n  Approach the metacarpophalangeal joint through a dor-
sal curved incision.

 n  Expose the dorsal joint capsule between the extensor pol-
licis brevis and extensor pollicis longus tendons, retracting 
them to either side of the joint. (Splitting the extensor 
pollicis brevis provides the same exposure and may result 
in better soft tissue for closure.)

 n  Open the capsule dorsally and clean the joint using a ron-
geur and curet.

 n  Apply traction to the proximal phalanx to open the joint 
and flex the joint to allow access to the more volar recesses.

 n  Close the capsule, extensor mechanism, and skin. Apply 
a splint to maintain the metacarpophalangeal joint in ex-
tension.

POSTOPERATIVE CARE The splint and sutures are re-
moved at 10 to 14 days, and exercises are begun. Splint-
ing of the joint is continued for another 2 weeks except 
for exercise periods.
   

 

THUMB TRAPEZIOMETACARPAL JOINT 
SYNOVECTOMY

 TECHNIQUE 73.18 

 n  Approach the thumb trapeziometacarpal joint through 
either a straight dorsal incision curving toward the palm 
over the trapeziometacarpal joint or an extended Wagner 
approach between the glabrous and nonglabrous skin.

 n  Retract the skin, avoiding injury to the cutaneous nerve 
branches.

 n  Open the capsule and clean the joint as much as possible 
with a rongeur and curet.

 n  Close the capsule and skin and splint the thumb in exten-
sion and abduction.

 n  If extensive ligamentous laxity is noted, reconstruction of 
the trapeziometacarpal capsuloligamentous structures 
may be required.
  

SOFT-TISSUE RECONSTRUCTION
Soft-tissue reconstruction may be required for thumb inter-
phalangeal, metacarpophalangeal, and trapeziometacarpal 
joint instability, whether related to osteoarthritic or rheuma-
toid deformities, especially at the metacarpophalangeal and 
trapeziometacarpal joints. 

 

INTERPHALANGEAL SOFT-TISSUE 
RECONSTRUCTION

 TECHNIQUE 73.19 

 n  If the interphalangeal joint is passively correctable and 
there are no significant radiographic changes, release of 
this joint may be effective in restoring some of its flexion.

 n  Expose the joint; if there is a severe extension contracture 
deformity, convert the incision to a Z-plasty as the wound 
is closed.

 n  Perform an extensor tenolysis and release the dorsal cap-
sule by retracting the extensor tendon to the side and 
incising the dorsal part of the metacarpophalangeal joint 
capsule along with the dorsal portions of the collateral 
ligaments.

 n  Flex the joint 20 to 30 degrees and pin it with a Kirschner 
wire.

 n  Secondary intention healing is suitable for wounds that 
cannot be closed, especially distally.

 n  Apply a thumb spica splint.

POSTOPERATIVE CARE The splint and Kirschner wire 
and sutures are removed at 10 to 14 days, and gentle 
exercises are begun. The thumb is splinted for another 2 
to 3 weeks, except for periods of exercise. If an incom-
plete extension (extensor lag) develops, splinting is con-
tinued for another 2 to 3 weeks. Normal motion rarely is  
regained.
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Soft-tissue reconstructions are effective for mild, eas-
ily correctable rheumatoid metacarpophalangeal joint 
deformities without significant radiographic changes. 
Metacarpophalangeal synovectomy and extensor tendon 
reconstruction usually restore metacarpophalangeal joint 
extension. Nalebuff and Inglis et  al. described effective pro-
cedures for improving function in the rheumatoid thumb. In 
patients with long-standing posttraumatic ulnar collateral liga-
ment laxity or ligament laxity related to osteoarthritis, ulnar 
collateral ligament reconstruction may be required to stabilize 
the joint if there is no significant radiographic joint destruction. 

 

METACARPOPHALANGEAL 
SYNOVECTOMY WITH EXTENSOR 
TENDON RECONSTRUCTION

 TECHNIQUE 73.20 

 n  Determine the passive correctability of metacarpophalan-
geal joint flexion.

 n  Make either a straight or a curved incision over the dor-
sum of the metacarpophalangeal joint, and retract skin 
flaps, avoiding injury to cutaneous nerves.

 n  Identify the extensor pollicis brevis and longus tendons, 
which may be displaced medially, and make an incision 
between them.

 n  Incise along each side of the extensor pollicis longus to 
free it of its intrinsic muscle attachment.

 n  Transect the extensor pollicis longus over the distal third 
of the proximal phalanx.

 n  Dissect and release the extensor pollicis brevis from the 
base of the proximal phalanx and detach it from the ex-
tensor mechanism.

 n  Make a transverse incision in the capsule and mobilize a 
flap of capsule based distally at its attachment to the base 
of the proximal phalanx.

 n  Make a transverse slit incision in the base of the capsule 
to allow passage of the extensor pollicis longus.

 n  Remove the synovium from the joint with a rongeur and 
curet.

 n  Pass the extensor pollicis longus through the transverse 
slit incision in the capsule and reflect it over itself.

 n  Hold the joint in full extension and suture the extensor 
pollicis longus tendon to itself under tension.

 n  Apply traction to the extensor pollicis brevis distally and 
suture it into the side of the extensor pollicis longus.

 n  Ensure that the intrinsic tendon insertions into the exten-
sor mechanism are properly positioned to maintain active 
extension of the distal phalanx and that the intrinsic ten-
dons do not subluxate toward the palm.

 n  Tighten the transverse fibers of the extensor tendons over 
the dorsal aspect of the distal phalanx if needed. Insert a 
Kirschner wire across the metacarpophalangeal joint to 
maintain it in extension.

 n  Apply a splint to maintain interphalangeal extension.

POSTOPERATIVE CARE The splint and sutures are re-
moved at 10 to 14 days, and the splint is reapplied. The 
Kirschner wire across the metacarpophalangeal joint is  

removed at 4 weeks, and splinting of the metacarpopha-
langeal joint in extension is continued for another 2 weeks. 
Interphalangeal joint flexion and extension are maintained 
from the early postoperative period throughout recovery.
   

 

THUMB METACARPOPHALANGEAL 
JOINT RECONSTRUCTION FOR 
RHEUMATOID ARTHRITIS

 TECHNIQUE 73.21 

(INGLIS ET AL.)
 n  Make a longitudinal incision over the dorsum of the meta-

carpophalangeal joint from the middle of the proximal 
phalanx to the midshaft of the first metacarpal.

 n  Observe the extensor pollicis brevis to determine if it has 
become detached and retracted proximally (Fig. 73.35A).

 n  Split the extensor hood longitudinally between the exten-
sor pollicis longus and extensor pollicis brevis.

 n  Detach the abductor pollicis brevis from the extensor 
hood on the radial side and the adductor pollicis from 
the ulnar side (Fig. 73.35B).

 n  Retract the remaining tendon structures laterally to ex-
pose the capsule and the synovium.

 n  Preserve the collateral ligaments, but excise all the synovi-
um within the joint (Fig. 73.35C); this may be facilitated 
by flexing the joint.

 n  Attach the extensor pollicis brevis (or extensor indicis pro-
prius if indicated) to the proximal phalanx base dorsally.

 n  Attach the extensor pollicis brevis with sufficient tension to 
maintain extension of the metacarpophalangeal joint, and 
attach the abductor pollicis brevis and adductor pollicis 
dorsally to preserve the balance of this joint (Fig. 73.35D).

 n  Maintain the metacarpophalangeal joint in extension by 
transfixing Kirschner wires for 4 weeks.

 n  Apply a splint to maintain the thumb in the desired position.

POSTOPERATIVE CARE The splint and sutures are re-
moved at about 2 weeks, and the splint is reapplied. The 
Kirschner wires are removed at about 4 weeks, and splint-
ing is continued except for exercise periods for another 2 
to 3 weeks.
  

ARTHROPLASTY
Arthroplasty may be preferable to an attempt to maintain 
metacarpophalangeal joint motion if the interphalangeal 
joint is sufficiently damaged to require arthrodesis. Sufficient 
bone stock should be present to allow stable arthroplasty, 
and it should be possible to obtain reasonable joint stability 
with restoration or preservation of capsuloligamentous struc-
tures (Fig. 73.36). If restoration of joint stability is doubt-
ful, arthrodesis is more predictable. Normal motion is not 
expected after metacarpophalangeal arthroplasty. Silicone 
implant arthroplasty can provide a satisfactorily functioning 
joint, despite implant breakage, dislocation, and particulate 
synovitis. 
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METACARPOPHALANGEAL 
ARTHROPLASTY

 TECHNIQUE 73.22 

 n  Expose the metacarpophalangeal joint extensor mecha-
nism through a longitudinal dorsal oblique skin incision.

 n  Enter the metacarpophalangeal joint by longitudinally 
splitting the extensor pollicis brevis and the radial ex-
tensor expansion distally. Note that the extensor pollicis  

brevis typically does not have a phalangeal bony in-
sertion. If the extensor pollicis longus is translocated 
ulnarward, then release the extensor expansion along 
the extensor pollicis longus ulnarly to centralize this 
tendon.

 n  Resect the metacarpal head perpendicular to the shaft, 
leaving the metaphyseal flare of the metacarpal. Preserve 
the collateral ligaments.

 n  If a flexion contracture persists, partially release the col-
lateral ligament proximally.

 n  Leave the base of the proximal phalanx, unless additional 
space is required for the prosthesis, in which case remove 
a portion of the cartilage and subchondral bone.
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FIGURE 73.35 Reconstruction of metacarpophalangeal joint of thumb in rheumatoid arthritis. 
A, Metacarpophalangeal joint of thumb with extensive tendon damage. After rupture of insertion 
of extensor pollicis brevis tendon proximal retraction, extensor hood becomes attenuated and 
allows abductor pollicis brevis and extensor pollicis longus to migrate volarward below center of 
rotation of metacarpophalangeal joint. B, Extensor pollicis brevis and adductor pollicis insertions 
are dissected free from remaining attenuated extensor tendon hood. C, Synovectomy is facilitated 
by joint flexion. Collateral ligaments are preserved. D, Attachment of extensor pollicis brevis tendon 
into base of proximal phalanx. When extensor pollicis brevis cannot be advanced, extensor indicis 
proprius can be transferred from index finger and inserted into base of proximal phalanx.  (Redrawn 
from Inglis AE, Hamlin C, Sengelmann RP, et al: Reconstruction of the metacarpophalangeal joint of the 
thumb in rheumatoid arthritis, J Bone Joint Surg 54A:704, 1972.) SEE TECHNIQUE 73.21.
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 n  Ream the medullary canal of the metacarpal and the 
proximal phalanx using the temporary trial prostheses to 
determine the largest size that the metacarpal shaft will 
accept.

 n  Drill small holes in the dorsal base of the proximal phalanx 
to allow attachment of the extensor pollicis brevis.

 n  Pass a suture through these holes so that it is in place 
for reattachment of the extensor pollicis brevis after the 
prosthesis has been inserted.

 n  Reattach the extensor pollicis brevis under sufficient ten-
sion to allow proximal phalangeal extension.

 n  Repair the extensor expansion over the insertion of the 
extensor pollicis brevis tendon.

 n  Advance and repair the extensor pollicis longus tendon 
centered over the extensor expansion.

 n  Close the skin and apply a splint to immobilize the hand 
and thumb with the metacarpophalangeal joint held in 
extension.

 n  Pin the distal joint if needed.

POSTOPERATIVE CARE The sutures are removed at 
10 to 14 days and a splint is applied to keep the meta-
carpophalangeal joint in extension. Interphalangeal joint 
motion is encouraged. The metacarpophalangeal joint is 
splinted in extension for 3 to 4 weeks. Forceful, strenuous 
activities are avoided for at least 6 to 8 weeks.
  

 

A C

B D

FIGURE 73.36 A and B, Type I thumb, fixed finger metacarpophalangeal joint subluxations with 
degenerative changes and ulnar translocation of wrist with relatively preserved midcarpal joint. 
C and D, Appearance after radioscapholunate fusion, metacarpophalangeal implant arthroplasty, 
and thumb metacarpophalangeal joint fusion. SEE TECHNIQUE 73.22.
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TRAPEZIOMETACARPAL LIGAMENT 
RECONSTRUCTION
Trapeziometacarpal soft-tissue reconstruction is used for 
posttraumatic ligamentous laxity related to recurrent dislo-
cation. It rarely is indicated for laxity related to rheumatoid 
changes because arthroplasty and arthrodesis usually are bet-
ter options. Reconstruction of the trapeziometacarpal volar 
ligament in patients with hypermobile prearthritic joints may 
provide significant pain relief and reduce the chance of future 
progression of trapeziometacarpal arthritis.

Although suture techniques may provide adequate sta-
bilization, we prefer to use this as an adjunct to biologic 
reconstruction. 

 

TRAPEZIOMETACARPAL LIGAMENT 
RECONSTRUCTION

 TECHNIQUE 73.23 

(EATON AND LITTLER)
 n  Expose the thumb CMC joint through an incision along 

the radial border of the metacarpal, curving ulnarly in the 
distal wrist flexion crease as far as the flexor carpi radia-
lis tendon. Three special structures should be protected: 
the superficial branch of the radial nerve, the superficial 
branch of the radial artery, and any sensory branches, 
especially the palmar cutaneous branch of the median 
nerve (Fig. 73.37A).

 n  Reflect the thenar muscles extraperiosteally from the 
metacarpal and volar aspects of the trapezium ulnarward.

 n  Deep dissection at the proximal border of the trapezium 
exposes a sheet of transverse fascial fibers that form a 
roof over the separate fibrous flexor carpi radialis tunnel. 
This tunnel is separated from the carpal tunnel by a sep-
tum parallel to and between the flexor carpi radialis and 
the flexor pollicis longus.

 n  A reflection of the transverse carpal ligament forms a roof 
over this fibroosseous tunnel (Fig. 73.37B). Incise this lay-
er longitudinally, exposing the flexor carpi radialis tendon 
course, which disappears distally beneath a horizontal 
trapezial ridge projection.

 n  Free the tendon approximately 0.5 cm distal to this point 
by sharp release of the overlying muscle origins and the 
transverse carpal ligament, exposing the volar and radial 
aspect of the CMC joint.

 n  Perform an arthrotomy of the radial capsule to allow de-
bridement of synovium and marginal osteophytes and 
inspection of the articular cartilage.

 n  Remove as much diseased synovium as possible.
 n  Create an extraarticular tunnel from the metacarpal dor-

sum to the metacarpal volar beak apex, in a plane per-
pendicular to the thumb nail. Start the tunnel just distal to 
the dorsal base of the metacarpal between the extensor 
pollicis brevis and extensor pollicis longus tendons (Fig. 
73.37C).

 n  Obtain a strip of the distally based flexor carpi radialis by 
making two transverse incisions 3 and 6 cm proximal to 
the distal wrist flexion crease.

 n  Split a strip of half its width away radially and tunnel be-
neath skin bridges to emerge beyond the wrist crease, 
remaining in continuity distally (Fig. 73.37D).

 n  Continue the split distal to the crest of the trapezium, at 
which point the free end is redirected across the crest to 
enter the volar portion of the previously created intramed-
ullary channel at the thumb metacarpal beak.

 n  Draw the tendon dorsally using a previously placed wire 
suture (Fig. 73.37E). The distal portion of the new liga-
ment reconstruction should remain in continuity with the 
intact flexor carpi radialis tendon.

 n  At this point, accurately reduce the joint under direct vi-
sion and hold it in extension-abduction, seating the meta-
carpal against the deep facet of the trapezium.

 n  Insert a Kirschner wire from the dorsum of the metacar-
pal into the trapezium to maintain the reduction. Do not 
impale the intramedullary portion of the tendon strip.

 n  With the reduction stabilized, draw the tendon strip taut. 
Ensure that it courses directly between its point of emer-
gence from the flexor radialis tunnel to the beak of the 
metacarpal.

 n  Securely suture this tendon to the dorsal periosteum of 
the metacarpal and route the remainder proximally to 
pass across the dorsal basal joint capsule and beneath 
the extensor pollicis brevis and abductor pollicis longus 
(APL) insertion. Suture this tendon strip under tension to 
the APL bony insertion.

 n  Pass the remainder of the flexor carpi radialis tendon strip 
beneath or through a short split in the remaining flexor 
carpi radialis tendon just proximal to the trapezium and 
back across the radial margin of the joint to insert into the 
metacarpal periosteum, suturing at each point where its 
direction is changed (Fig. 73.37F).

 n  Apply a short arm thumb spica splint.
  

TRAPEZIOMETACARPAL ARTHROPLASTY
Many surgical techniques have been described for thumb tra-
peziometacarpal joint arthritic deformity, including ligament 
reconstruction, open or arthroscopic partial or complete trape-
zial resection arthroplasty with or without interposition, meta-
carpal osteotomy, implant arthroplasty, and fusion. Although 
patients with rheumatoid arthritis involving the trapeziometa-
carpal joint seem to benefit more from resection arthroplasty, 
with or without tendon interposition or ligament reconstruc-
tion, or from hemiarthroplasty, this seems to be related to joint 
laxity, destruction, and osteoporosis. More treatment options 
are available for osteoarthritic trapeziometacarpal deformi-
ties, including procedures mentioned previously for rheuma-
toid arthritis and trapeziometacarpal arthrodesis in younger 
patients with heavy demands on their joints.

Efforts to simplify the surgical techniques, lessen the 
potential complications, and shorten the usually prolonged 
recovery period continue to evolve. The observation that 
failed attempts to achieve a CMC arthrodesis usually resulted 
in a painless pseudarthrosis led Rubino et  al. to a proce-
dure designed to specifically achieve this result (Fig. 73.38). 
Between 1 and 2 mm of the opposing CMC joint surfaces are 
resected, and crossed Kirschner wires are removed at approx-
imately 4 weeks. In a retrospective review of 248 consecu-
tive patients treated for Eaton stages II and III osteoarthritis, 
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these authors observed a statistically significant improvement 
in mean appositional and oppositional pinch strength, mean 
disabilities of the arm, shoulder, and hand (DASH) score (63.8 
preoperatively to 10.5 at final follow-up), and the mean pain 
score (8.3 to 0.2). No revisions were required. They concluded 

that trapeziometacarpal limited excision arthroplasty is a 
simple and reliable alternative to existing surgical techniques 
for treating stage II or III thumb CMC joint arthritis.

Resection arthroplasty involving total trapeziectomy may 
relieve pain in patients with rheumatoid arthritis, but patients 
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FIGURE 73.37 Reconstruction for painful thumb carpometacarpal joint. A, Incision for expo-
sure. B, Schema of ligament support. The volar ligament is reflection of transverse carpal ligament 
after insertion into crest of trapezium. Note flexor radialis passing directly beneath this ligament. 
C, Gouge track created in sagittal diameter of metacarpal, emerging at its volar beak. Small 
branch of radial nerve retracted volarly. D, A 6-cm to 8-cm strip, representing half width of flexor 
radialis tendon split away and remaining in continuity distally. Split continues 5 mm distal to crest 
of trapezium. E, Scissor point indicates path of flexor radialis strip rerouted to enter channel at 
metacarpal beak. Emerging dorsally, flexor carpi radialis is passed deep to extensor pollicis brevis 
and under insertion of abductor pollicis longus, also reinforcing dorsal capsule. F, Schema of volar 
and radial ligament reconstruction. Course of tendon strip creates reinforcement in volar, dorsal, 
and radial aspect of joint.  (Redrawn from Eaton RG, Littler JW: Ligament reconstruction for the painful 
thumb carpometacarpal joint, J Bone Joint Surg 55A:1665, 1973.) SEE TECHNIQUE 73.23.
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FIGURE 73.38 Trapeziometacarpal pseudarthrosis. A, Percutaneous Kirschner wires allow pain-
free mobilization of thumb. B, Dorso-palmar radiograph showing advanced degenerative changes 
in carpometacarpal joint. C, After surgery, before removal of Kirschner wires. D, Dorso-palmar 
radiograph 3 years after surgery; note maintenance of trapeziometacarpal joint line.  (From Rubino 
M, Civani A, Pagani D, Sansone V: Trapeziometacarpal narrow pseudarthrosis: a new surgical technique to 
treat thumb carpometacarpal joint arthritis, J Hand Surg Eur 38:844, 2013.)
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with extreme ligamentous laxity may not have as good results. 
Patients with advanced osteoarthritic changes may obtain sat-
isfactory results. Resection arthroplasty allows early thumb 
mobilization and is technically easier than other arthroplasty 
methods.

Gangopadhyay et  al. compared simple trapeziectomy, 
trapeziectomy with palmaris longus interposition, and trape-
ziectomy with ligament reconstruction and tendon interposi-
tion using 50% of the flexor carpi radialis tendon in a group of 
153 thumbs at a minimum follow-up of 5 years (5 to 18 years). 
All thumbs were temporarily pinned for 4 weeks and had sim-
ilar postoperative treatment protocols. Subjective and objec-
tive assessments of thumb pain, function, and strength in this 
randomized prospective study found no differences among 
the three treatment groups. Good results were achieved in 
78% of patients, and pain relief was maintained in the long 
term, regardless of the type of surgery. The authors concluded 
that there appears to be no benefit to tendon interposition 
or ligament reconstruction in the longer term. The common 
step in all three groups, however, is temporary Kirschner 
wire fixation that requires a second surgery for wire removal. 
Taking this into consideration, as well as factors specific to 
surgeon preference, most surgeons prefer reconstructions not 
requiring secondary procedures.

Burton and Eaton and Littler proposed classification sys-
tems of thumb trapeziometacarpal arthrosis (Table 73.2). 
The deformities are divided into four stages based on joint 
involvement, trapeziometacarpal joint subluxation, and 
joint debris. At best these systems quantify the radiographic 
disease state; however, they do not reliably correlate with a 
patient’s symptoms or necessarily help select the best surgi-
cal procedure for a given condition. Nevertheless, more sig-
nificant joint destruction, including pantrapezial arthritis, 

intermetacarpal osteophyte formation, and adduction defor-
mities, are end-stage findings usually best treated by complete 
trapezium techniques. 

 

DISTRACTION ARTHROPLASTY

 TECHNIQUE 73.24 

 n  Make an incision parallel to the APL tendon and extend it 
into the web space as far as necessary to release the soft 
tissue.

 n  Divide the superficial fascia and release the fascia over 
the abductor, the adductor insertion, and the part of the 
adductor origin on the third metacarpal.

 n  Reflect dorsally the dorsal branch of the radial artery and 
the sensory branch of the radial nerve and identify the 
first metacarpal base.

 n  Remove the periosteum and capsule to expose the first tra-
peziometacarpal joint and then the scaphotrapezial joint.

 n  With a small osteotome, split the trapezium into seg-
ments and remove it.

 n  Maintain the intermetacarpal ligament so that the thumb 
metacarpal base retains its attachments to the index fin-
ger metacarpal.

 n  Remove osteophytes from the thumb metacarpal base 
and, if necessary, resect a part of the base of the index 
(second) metacarpal.

 n  Perform a tenolysis of the extensor pollicis longus and APL 
if needed.

 TABLE 73.2 

Classification Systems of Thumb Carpometacarpal Arthrosis

EATON BURTON DELL

STAGE I

No joint destruction
Joint space widened if effusion present
Less than one third subluxation

Ligamentous laxity, pain, positive grind 
test

Dorsoradial metacarpal subluxation

Symptoms with heavy use, positive grind 
test

Narrowed joint space, subchondral 
sclerosis

STAGE II

Slight decrease in joint space
Marginal osteophytes <2 mm
May be one third subluxation

Crepitus, instability, chronic subluxation
Degenerative changes on radiograph

Pain with normal use, crepitus
Ulnar osteophyte, less than one third 

subluxation

STAGE III

Significant joint destruction with cysts 
and sclerosis

Osteophytes >2 mm
Greater than one third subluxation

Pantrapezial degenerative changes CMC adduction deformity, MCP joint 
hyperextension

May have pantrapezial arthritis and one 
third subluxation

STAGE IV

Involvement of multiple joint surfaces Stage II or III with arthritis at the MCP 
joint

Cystic changes and total loss of joint 
space

CMC joint may be totally immobile

CMC, Carpometacarpal; MCP, metacarpophalangeal.
From Wolock BS, Moore JR, Weiland AJ: Arthritis of the basal joint of the thumb: a critical analysis of treatment options, J Arthroplasty 4:65, 1989.
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 n  Hold the thumb and index metacarpals with a Kirschner 
wire, maintaining the thumb in a rotated, abducted posi-
tion.

 n  Thumb web space contractures may require skin grafting, 
rotation or pedicle flaps, or Z-plasties.

 n  Close the skin and apply a compression dressing com-
bined with a plaster splint to maintain thumb abduction 
and rotation.

POSTOPERATIVE CARE The splint or cast and sutures 
are removed at 2 weeks. The Kirschner wire is removed 
at 4 to 6 weeks, and exercises are begun; the thumb is 
splinted between exercise sessions.
  

After complete trapezial excision, surprising longitudinal 
stability is sometimes retained as demonstrated by axial load-
ing of the thumb metacarpal shaft. However, more commonly, 
once the trapezium has been excised, the thumb tends to 
shorten as the distance between the metacarpal base and dis-
tal scaphoid lessens. The Gothic arch relationship between the 
thumb and index metacarpals can be maintained in ways other 
than Kirschner wire fixation, as in Technique 73.24. Another 
option is to suspend the thumb metacarpal by a suture and 
button technique (Fig. 73.39). According to Yao and Song, 21 
patients with a minimum 2-year follow-up had satisfactory 
results with this technique, although there was a 25% loss of 
trapezial height. Because biologic stabilization is not required 
for this method, earlier rehabilitation may be possible. 

 

TENDON INTERPOSITION 
ARTHROPLASTY WITH LIGAMENT 
RECONSTRUCTION
Biologic interposition materials used for resection arthroplasty 
have included fascia lata, hematoma, Gelfoam, and the flexor 
carpi radialis or palmaris longus and the APL tendons. Liga-
ment reconstructions have included free grafts and strips of 
the flexor carpi radialis tendon, APL tendon, and extensor carpi 
radialis longus tendon and APL tendon shortening. Ligament 
reconstruction alone seems to be suitable for posttraumatic or 
early osteoarthritic changes at the trapeziometacarpal joint.

This section on trapeziometacarpal arthroplasties pres-
ents the procedures in current use that incorporate available 
biologic structures. The following techniques have similari-
ties, can be used for rheumatoid arthritis or osteoarthritis, 
can provide predictable and reliable stability of the thumb 
metacarpal base, can provide pain relief, may be used with 
complete or partial trapezial excision, and have produced sat-
isfactory results according to the reports of their proponents.

 TECHNIQUE 73.25 

(BURTON AND PELLEGRINI)
 n  With the patient under satisfactory anesthesia and a 

pneumatic tourniquet inflated, expose the trapeziometa-
carpal joint with a dorsoradial incision in line with the 
thumb metacarpal, extending proximally across the tra-
peziometacarpal joint and medially toward the palm.

 n  Elevate the thenar muscles extraperiosteally and expose 
the trapezium by opening the capsule of the trapezio-
metacarpal joint.

 n  Reflect the APL palmarward.
 n  If preoperative radiographs reveal only trapeziometacarpal 

arthrosis, a hemitrapeziectomy procedure can be performed.
 n  If there is pantrapezial involvement, or if there is a se-

vere thumb-web contracture, excise the entire trapezium. 
Avoid damage to the flexor carpi radialis tendon during 
trapezial excision.

 n  Excise only the articular surface of the thumb metacarpal 
perpendicular to its long axis.

 n  Make the hole in the base of the radial cortex of the 
thumb metacarpal with a 6-mm gouge perpendicular to 
the plane of the thumbnail.

 n  Split the flexor carpi radialis longitudinally and release a 
10- to 12-cm portion of the radial half of the flexor carpi 
radialis, leaving it attached distally.

 n  Harvest the flexor carpi radialis either through a series of 
short transverse incisions or through a single longitudinal 
incision.

 n  Split the flexor carpi radialis tendon to its insertion on the 
index metacarpal base and pass it into the dorsoradial 
wound through the trapezium fossa. Avoid transecting 
the flexor carpi radialis at its insertion.

 n  Place two nonabsorbable sutures in the deep capsule for 
later use.

 n  Seat the metacarpal in a medial direction toward the in-
dex metacarpal and stabilize it in the abducted position 
with a longitudinal Kirschner wire.

 FIGURE 73.39 Suture-button suspensionplasty for thumb 
carpometacarpal arthritis. One button lies on dorsoradial base of 
thumb metacarpal and other on ulnar border of second metacarpal. 
A suture between two buttons provides suspension of thumb 
metacarpal (because the suture is radiolucent, it is not visible on 
radiograph).  (From Yao J, Song Y: Suture-button suspensionplasty for 
thumb carpometacarpal arthritis: a minimum 2-year follow-up, J Hand 
Surg 38A:1161, 2013.)
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 n  Apply traction to the metacarpal and slide it on the 
Kirschner wire to preserve the arthroplasty space in the 
trapezium fossa.

 n  Pass the free end of the flexor carpi radialis from its distal 
insertion proximally to the base of the metacarpal cortex, 
into the medullary canal, and out the hole in the radial 
metacarpal cortex.

 n  Pull the tendon slip tight and suture it to the lateral peri-
osteum and soft tissues around the metacarpal, then back 
onto itself to resurface the base of the metacarpal.

 n  Fold the remainder of the tendon to act as a spacer in 
the trapezium fossa and suture it to itself and the deep 
palmar capsule with one of the previously placed sutures.

 n  Use the second capsular suture to complete a two-layered 
lateral capsular closure over and including the tendon ar-
throplasty spacer.

 n  The distal orientation of the flexor carpi radialis tendon 
slip from the base of the thumb metacarpal to its inser-
tion on the base of the index metacarpal is important 
because this is the ligament reconstruction that supports 
the thumb metacarpal, preventing proximal migration 
and radial subluxation of the thumb.

 n  Transfer the extensor pollicis brevis proximally and insert 
it on the metacarpal shaft to augment the metacarpal ab-
duction and remove the hyperextension-deforming force 
in the proximal phalanx at the metacarpophalangeal joint.

 n  Apply a short arm thumb spica splint.
Following are modifications to this technique that are 

helpful in expediting the procedure and that do not seem 
to affect the outcome.

 n  We do not find it necessary to always use a Kirschner wire 
to stabilize the thumb, as a secure intermetacarpal liga-
ment reconstruction and a thumb spica splint accurately 
maintain thumb position.

 n  In most cases, the entire trapezium has to be removed 
to aid in mobilization of the flexor carpi radialis. Based 
on preoperative radiographs and intraoperative evalua-
tions of the proximal trapezoid, if arthrosis is identified, 
the proximal portion of the trapezoid can be resected to 
alleviate this contact point known to affect the outcome. 
Moreover, a wrist that shows signs of a midcarpal insta-
bility pattern with the lunate tilted dorsally before the 
thumb arthroplasty would seem to be at further risk of 
collapse from disengagement of the scaphoid distal pole.

 n  Rather than harvesting a longitudinal strip of the flexor 
carpi radialis through multiple transverse incisions, the en-
tire flexor carpi radialis tendon can be used and harvested 
through a single transverse incision at the musculoskeletal 
junction. The flexor carpi radialis tendon is delivered to 
the base of the thumb by traction, and the sequence of 
ligament reconstruction and tendon interposition is car-
ried out in routine fashion.

 n  Instead of removing the entire articular surface of the 
base of the thumb metacarpal, fashion a tunnel in the 
base of the thumb metacarpal using gradually larger drill 
points, entering the dorsum of the base of the thumb 
metacarpal about 1 cm distal to the articular margin. Ori-
ent the tunnel obliquely, medially, and proximally, allow-
ing the drill point to exit through the joint surface at the 
medial (ulnar) side of the joint. Gradually enlarge the tun-
nel in the thumb metacarpal with drill points or curets. A 
number 1 curet usually makes a tunnel that is 4 to 5 mm 

in diameter, which is sufficient for passage of the entire 
tendon. Avoid disrupting the bone bridge between the 
tunnel and the joint surface. Pass the tendon through 
the tunnel, securing the tendon to itself with nonabsorb-
able mattress sutures. Fold and attach the remainder of 
the tendon to the capsule deep in the trapezial defect 
with nonabsorbable sutures. Fold and suture the remain-
ing half of the tendon to the deep capsule in a similar 
fashion. The folded tendon slips also can be secured to 
the trapezoid and the distal pole of the scaphoid.

See Video 73.1

POSTOPERATIVE CARE The sutures are removed in 
about 10 to 14 days. A splint is worn for an additional 3 
to 4 weeks, at which time the Kirschner wire (if used) is 
removed and a removable thumb spica splint is applied. 
Range-of-motion exercises are begun at about the end 
of the first month. Initially, range-of-motion exercises 
are focused on metacarpal abduction and extension,  
avoiding flexion and adduction. Splinting is continued ex-
cept for hand exercises and bathing for 2 to 4 weeks after 
the start of exercises. At about 6 weeks, thenar strength-
ening is begun and is continued for 4 to 6 months. Pinch 
and grip strengthening exercises are begun at about 12 
weeks after surgery. Splinting is discontinued when range 
of motion and thenar strength are improved to a func-
tional level, usually at 8 to 12 weeks. Recovery periods 
vary, and full recovery to pain-free use with good strength 
requires a minimum of 4 to 6 months.
  

 TECHNIQUE 73.26 

(KLEINMAN AND ECKENRODE)
 n  Use a regional or general anesthetic with a pneumatic 

tourniquet on the well-padded arm.
 n  Make a palmar curvilinear basilar thumb incision to ex-

tend proximally in a sufficient zigzag to allow access 
to the flexor carpi radialis and the tendons of the first 
 extensor compartment (APL, extensor pollicis brevis) (Fig. 
73.40A).

 n  If present, transect the palmar slip of the APL at the level 
of the trapeziometacarpal capsule and reflect the thenar 
muscles distally to expose the capsule of the trapezio-
metacarpal joint.

 n  Elevate a U-shaped, distally based flap of capsule, expos-
ing the entire trapezium.

 n  Use an osteotome to fragment the trapezium carefully 
and remove the trapezium piecemeal, including all medial 
osteophytes (Fig. 73.40B).

 n  Dissect the flexor carpi radialis distally to its insertion on the 
second metacarpal. Develop a distally based 8-cm slip of 
50% of the flexor carpi radialis tendon (split longitudinally).

 n  Pass the slip of tendon through the trapezial space, 
around the APL, and back around the intact 50% of flexor 
carpi radialis in a figure-of-eight pattern.

 n  Repeat this maneuver, completing a double figure-of-
eight. Suture the tendon in place with several nonabsorb-
able sutures (Fig. 73.40C).
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FIGURE 73.40 Tendon interposition arthroplasty with ligament reconstruction. A, Incision. 
B, Distally based flap is raised over trapezium, and entire bone is removed piecemeal. C, Double 
figure-of-eight sling, using one half of flexor carpi radialis. D, Distal advancement of abductor 
pollicis longus onto periosteum of proximal portion of first metacarpal. SEE TECHNIQUE 73.26.

 n  Advance the APL tendon from a point proximal to 
the suspension sling to the proximal metacarpal peri-
osteum. Suture the tendon securely just distal to its 
usual  insertion at the base of the thumb metacarpal 
(Fig. 73.40D).

 n  Repair the capsule, the thenar muscle mass, and the pre-
viously transected thenar slip of the APL. Repair the lat-
ter by shortening with a weave. Imbricate the extensor 
 pollicis brevis to take up any “slack.”

 n  Close the skin and apply a bulky dressing supported by a 
short arm thumb spica splint.

POSTOPERATIVE CARE The dressing is replaced in 
about 10 to 14 days with a short arm thumb spica cast, 
which is worn another 3 weeks. Active-assisted and pas-
sive range-of-motion exercises are begun at 5 weeks. 
As the healing progresses, strengthening exercises are 
added.
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 TECHNIQUE MODIFICATION (CALANDRUCCIO)

 n  Carefully protect all sensory nerves through an extended 
Wagner incision and reflect ulnarly the thenar muscula-
ture. Isolate and protect the flexor carpi radialis tendon 
and the APL insertion.

 n  Subperiosteally expose and excise the trapezium.
 n  Remove loose bodies and redundant synovium from the 

thumb index recess and contour the metacarpal beak to 
cancellous bone by removing osteophytes.

 n  Use a 4-mm rough bur to make holes through the thumb 
metacarpal base proximally and radially, leaving a 1.0 cm 
bridge between them (Fig. 73.41A). Connect these holes 
with a series of curets, usually up to a No. 1, taking great 
care not to fracture the bony bridge.

 n  Pass the flexor carpi radialis tendon through the bone 
tunnel and hold it perpendicular to the index metacarpal 
shaft. Passage of the entire tendon can be aided by using 
a running locking 2-0 nonabsorbable suture to pull the 
tubulized, tapered end of the tendon.

 n  Approximate the index and thumb metacarpal bases by 
slight ulnarly directed pressure while the flexor carpi ra-
dialis tendon is firmly secured to the APL bony insertion 
with 2-0 braided nonabsorbable sutures (Fig. 73.41B).

 n  Next draw the flexor carpi radialis tendon between the 
thumb and index intermetacarpal ligament reconstruc-
tion and secure it to itself with the same suture (Fig. 
73.41C and D).

 n  Weave the remaining portion of the suture still attached 
to the deep intermetacarpal ligament through the re-
maining flexor carpi radialis tendon so that it can be slid 
down the suture to form a firm accordion-like interposi-
tion mass (Fig. 73.41E and F).

 n  Secure the flexor carpi radialis mass to the volar radial 
capsular tissue and distal scaphotrapezial ligament so that 
this interposition is between the distal scaphoid pole and 
metacarpal base (Fig. 73.41G).

 n  Approximate the thenar muscles to the APL tendon with a 
buried suture. After wound closure, apply a thumb spica 
splint with the interphalangeal joint free. 

POSTOPERATIVE CARE The sutures are removed at 10 
to 14 days and either a thumb spica splint or cast is applied 
and worn for another 3 to 4 weeks. Secure constructs 
in reliable patients may be treated with a custom-fit re-
movable thumb spica splint. At 6 weeks, range-of-motion 
exercises are initiated and tight grip and pinch are not 
allowed until 3 months postoperatively. Formal physical 
therapy rarely is indicated.
  

When the flexor carpi radialis is absent, structurally weak-
ened by attrition, or ruptured, alternate tendons are available 
for a biologic suspension arthroplasty. A slip of the APL has 
been shown to be suitable (Fig. 73.42A) when a proximally 
detached section of the tendon is passed through drill holes 
in the thumb and index metacarpal bases (Fig. 73.42B-E). 
Temporary pinning can be used for 8 weeks, and a stable, 
pain-free thumb with excellent strength and motion has been 
reported at an average of 5.5 years after the procedure. 

 

ARTHROSCOPIC THUMB 
CARPOMETACARPAL ARTHROPLASTY

Although more equipment-intensive and technically 
challenging, arthroscopic techniques have been devel-
oped for treatment of peritrapezial thumb basal joint ar-
thritis. Both early stage disease with thumb CMC debride-
ment and late stage disease with arthroscopic resection 
of both the CMC and scaphotrapeziotrapezoidal joints 
have favorable patient outcomes. Moreover, materials in-
terposed following resection do not appear to offer any 
additional benefit, but do increase the cost of the proce-
dure, potentially increase the difficulty of the procedure, 
and introduce other sources of complications. Cobb et al. 
concluded from their findings in 144 arthroscopic resec-
tion arthroplasties with or without interposition materials 
(52 and 73 patients at 7.4- and 5.6-year follow-up, re-
spectively) that interposition was unnecessary. Changes in 
pinch and grip and postoperative mean satisfaction, in ad-
dition to complications, were similar in both groups. Simi-
larly, Edwards and Ramsey found that the average DASH 
score improved from 61 to 10 and pain scores decreased 
from 8.3 to 1.5 at 3 months after arthroscopic hemitrape-
ziectomy. Grip and key pinch strength improved 6.8 and 
1.9 kg, respectively, and wrist and digital motion were 
unchanged. Proximal migration of the first metacarpal 
averaged 3 mm, and translation decreased from 30% to 
10%. Nineteen of 23 patients were pleased with their 
overall outcomes, and patient satisfaction, radiographic 
subsidence, and translation remained unchanged for a 
minimum of 4 years. Similar to other reports, hemitrapezi-
ectomy and thermal capsular modification were found to 
offer patients with Eaton stage III arthritis a minimally in-
vasive alternative that can provide increased function and 
decreased pain by 3 months after surgery. These results 
are comparable to those reported for open techniques 
involving trapeziectomy.

Arthroscopic staging has been devised to direct treat-
ment regimens. Stage I is characterized by diffuse synovitis 
without significant cartilage loss, and ligamentous laxity of 
the volar capsule is frequently present; simple synovectomy 
with or without electrothermal shrinkage is the preferred 
treatment. Stage II is present when there is focal wear of 
the central to dorsal articular surface of the trapezium. Al-
though an osteotomy of the metacarpal base to place the 
thumb in a more extended and abducted position usually is 
recommended, this stage can also be treated arthroscopi-
cally. Stage III has diffuse articular cartilage loss on the 
trapezium with or without metacarpal base articular carti-
lage loss. This stage can also be treated with arthroscopic 
hemiresection of the trapezium.

 TECHNIQUE 73.27 

(SLUTSKY)
 n  Position the patient supine on the operating table with 

the involved extremity supported on a hand table and the 
thumb suspended by Chinese finger traps with 10 to 15 
pounds (4.5 to 6.8 kg) of countertraction, which forces 
the wrist into ulnar deviation.
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FIGURE 73.41 Technique modification for tendon 
interposition arthroplasty with ligament reconstruction 
(see text). A, Holes made in the thumb metacarpal base. 
B, Flexor carpi radialis tendon passed through bone tunnel 
while index and thumb metacarpal bases are approxi-
mated. C and D, Flexor carpi radialis tendon passed 
between thumb and index bases and secured. E and F, 
Suture woven through remaining flexor carpi radialis 
tendon, which is bunched down to form the interposi-
tion mass. G, Folded flexor carpi radialis tendon secured 
to the volar radial capsular tissue. SEE TECHNIQUE 73.26.
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FIGURE 73.42 Thumb arthroplasty using the abductor pollicis longus (APL) tendon. A, One leash of APL tendon is harvested. Second  
incision is made over tendon at distal third of forearm; one leash of tendon is divided at muscle junction and passed beneath fascia distally 
into incision. B, A 3.5-mm hole is drilled at base of the thumb metacarpal from point 1 cm distal to base, through bone in dorsal-to-volar 
fashion. A second 3.5-mm hole is drilled at base of index metacarpal, 1 cm distal to its base in radiovolar-to-ulnodorsal fashion. C, APL 
tendon is passed through holes in index and thumb metacarpals and then pulled snugly outside wrist to remove slack in tendon. D, APL 
graft is passed back inside wrist above extensor carpi radialis longus (ECRL) and volar to dorsal radial artery (radial a), flexor carpi radialis 
(FCR), extensor pollicis longus (EPL), and extensor pollicis brevis (EPB) tendons. Numbers indicate sequence of construction. E, Thumb 
metacarpal is distracted to maintain carpometacarpal joint space while 1.6-mm (0.062 inch) Kirschner wire is inserted percutaneously 1 
cm distal to thumb metacarpal and advanced through the index metacarpal. APL, abductor pollicis longus; ECRL, extensor carpi radialis 
longus; EPB, extensor pollicis brevis; EPL, extensor pollicis longus; FCR, flexor carpi radialis.  (From Kochevar AJ, Adham CN, Adham MN, et al: 
Thumb basal joint arthroplasty using abductor pollicis longus tendon: an average 5.5-year follow-up, J Hand Surg 36A:1326, 2011.)
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 n  Outline the relevant landmarks, including the proximal 
and dorsal edge of the thumb metacarpal base, the ten-
dons of the APL and the extensor pollicis longus, and the 
radial artery in the snuff box (Fig. 73.43A).

 n  Inflate a tourniquet to 250 mm Hg and establish saline 
inflow irrigation through the arthroscope and a small joint 
pump or pressure bag.

 n  To establish the 1-R portal, palpate the thumb metacarpal 
base and identify the joint with a 22-gauge needle just ra-
dial to the APL, followed by injection of 2 mL of saline. This 
step may be facilitated by fluoroscopy. Make a small skin 
incision and spread the wound with tenotomy scissors.

 n  Pierce the capsule and insert a cannula and blunt trocar, 
followed by the arthroscope.

 n  Use an identical procedure to establish the 1-U portal, 
just ulnar to the extensor pollicis brevis tendon, followed 
by insertion of a 3-mm hook probe. The portals are used 
interchangeably to systematically inspect the joint, which 
is facilitated by expedient use of a 2.0-mm synovial  
resector.

 n  The D-2 portal is used to facilitate resection of the medial 
osteophytes (see Fig. 73.43A). To establish the D-2 portal, 
identify the intersection of the base of the index and thumb 
metacarpal just distal and ulnar to the extensor pollicis lon-
gus tendon. Insert a 22-gauge needle 1 cm distal to this 
juncture and angle it in a proximal, radial, and palmar direc-
tion, hugging the thumb metacarpal while viewing from 
either the 1-R or 1-U portal (see Fig. 73.43A).
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FIGURE 73.43 Arthroscopic thumb carpometacarpal arthroplasty. A, Surface landmarks for D-2 
portal. B, Anteroposterior view showing advanced trapeziometacarpal osteoarthritis. C, Arthroscopic 
view of right thumb from 1-U portal shows the resection (asterisks) in 1-R portal. D, Partial resec-
tion of trapezium (Tm). E, Completed hemitrapeziectomy.  (From Slutsky DJ: The role of arthroscopy 
in trapeziometacarpal arthritis, Clin Orthop Relat Res 472:1173, 2014; with permission of David J. Slutsky.) 
SEE TECHNIQUE 73.27.
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 n  Make a small skin incision and use tenotomy scissors to 
spread the soft tissue and pierce the joint capsule. Then 
insert a blunt trocar and cannula, followed by the arthro-
scope or a hook probe, motorized shaver, or 2.9-mm 
burr.

ARTHROSCOPIC DEBRIDEMENT AND CAPSULAR SHRINKAGE
 n  The essence of arthroscopic capsular relies on thermal 

heating of the collagenous fibers in the surrounding liga-
ments and capsule, followed by a period of joint immobi-
lization in a reduced position.

 n  Use a motorized shaver to debride any synovitis and to 
expose the capsular ligaments.

 n  Then use a diathermy probe to “paint” the anterior 
oblique ligament and surrounding capsule, taking care 
to leave bands of tissue in between. Be sure to keep 
the probe away from the joint surfaces to prevent car-
tilage necrosis. In light of the meager joint volume, the 
outflow fluid temperature can be monitored to prevent 
overheating. Use an 18-gauge needle in an accessory 
portal to enhance fluid circulation, which minimizes this 
risk. 

ARTHROSCOPIC PARTIAL OR COMPLETE TRAPEZIECTOMY 
WITHOUT TENDON INTERPOSITION

 n  After joint debridement, use a 2.9-mm burr in a to-and-
fro manner to resect 3 to 4 mm of the distal trapezium. 
The diameter of the burr along with fluoroscopy provides 
a gauge as to the amount of bony resection. A larger 
3.5-mm burr can be substituted as the space between the 
metacarpal base and distal trapezium enlarges.

 n  After the bony resection is complete, fix the thumb in a 
pronated and abducted position with a Kirschner wire 
(Fig. 73.43B-E).

 n  If there is lateral subluxation of the metacarpal base, ther-
mal shrinkage of the anterior oblique ligament can be 
done at this time.
  

IMPLANT ARTHROPLASTY
Trapeziometacarpal implant arthroplasty may be indicated 
when pain from rheumatoid arthritis or osteoarthritis has not 
responded to conservative treatment. Several techniques are 
available that may provide stability and pain relief yet preserve 
some mobility and strength of pinch. The ligaments and capsule 
around this prosthesis must be reconstructed carefully, and the 
position of the prosthesis must be immobilized in a cast for 6 
weeks to prevent subluxation. This technique is generally used 
in patients with a subluxated trapeziometacarpal joint with 
synovitis, joint narrowing, osteophytes, and a positive grind 
test. Complications include implant subluxation (5% to 20%) 
or dislocation (0% to 19%) and silicone synovitis (50%). Relief 
of pain has been excellent in most instances. Some motion and 
pinch power may be lost with various degrees of subluxation. 
Although various modifications of the flexible silicone implant 
have been devised and their results satisfactory, the outcomes 
do not appear to differ significantly enough to recommend any 
particular device. Currently we favor nonimplant arthroplasty 
techniques, regardless of the arthritic condition, and find that 
these soft-tissue techniques are quite reliable. 

ARTHRODESIS OF THUMB JOINTS
Arthrodesis may be required for thumb joint deformities 
caused by rheumatoid arthritis or osteoarthritic processes. 
Patients with rheumatoid arthritis often have soft and insuf-
ficient bone that may limit the choice of internal fixation to 
small Kirschner wires and, in addition, may require bone 
grafting. If adequate bone is present, fixation can be obtained 
with Kirschner wires, plate, screws, or a tension band tech-
nique. The more stable and rigid the fixation, the shorter the 
time for immobilization. Arthrodesis is indicated most often 
for the metacarpophalangeal joint, which greatly relieves pain 
and improves strength by rigid stabilization. Although the 
union and complication rates of tension band and headless 
compression screw fixation are similar, the need for removal 
of symptomatic implants appears to be greater with the ten-
sion band technique (Fig. 73.44).

 

A B

FIGURE 73.44 Proximal interphalangeal arthrodesis with (A) tension-band and (B) compres-
sion-screw fixation.  (From Breyer JM, Vergas P, Parra L, et al: Metacarpophalangeal and interphalangeal 
arthrodesis: a comparative study between tension band and compression screw fixation, J Hand Surg Eur 
40:374, 2015.)
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Interphalangeal joint arthrodesis is indicated mainly for 
painful deformed joints, and repositioning extremely devi-
ated joints may require soft-tissue release or bone resection. 
Intramedullary screws placed retrograde and buried in the dis-
tal phalanx work well, although bone quality may dictate simple 
Kirschner wire fixation. The fusion position of the interphalan-
geal joint can be varied; however, fusion in 0 to 15 degrees of 
flexion does not seem to compromise thumb function.

CMC joint arthrodesis can give very satisfactory out-
comes if distal metacarpophalangeal and interphalangeal 
joint mobility is satisfactory. Placing the thumb so that it 
overlies the fully flexed fingers (fist position) will adequately 
position the CMC joint fusion. 

 

INTERPHALANGEAL ARTHRODESIS OF 
THE THUMB

 TECHNIQUE 73.28 

 n  Approach the interphalangeal joint through a dorsal incision.
 n  Divide the extensor tendon, release and excise the col-

lateral ligaments, and flex open the joint.
 n  Remove the articular surface and just enough subchon-

dral bone from the distal and proximal phalanges for can-
cellous bone contact. Make sure to excise the soft tissue 
so that it does not become interposed into the joint.

 n  Position the interphalangeal joint in 0 to 15 degrees of 
flexion and fix it with small Kirschner wires driven out 
through the distal phalanx distally and then proximally 
into the proximal phalanx after the interphalangeal joint 
has been appropriately positioned.

 n  Alternatively, headless screws can be used for fixation if 
the medullary canal allows; the medullary canal of the 
thumb proximal phalanx may be too large in some in-
stances for an interference fit of some intramedullary 
screws. Moreover, screw fixation requires the interpha-
langeal joint to be in full extension.

 n  After the interphalangeal joint has been stabilized with 
the internal fixation, evaluate the thumb for appropriate 
position and length. If the thumb is shortened excessively, 
as may be seen in patients with arthritis mutilans, obtain 
a small corticocancellous iliac crest bone graft to restore 
length and transfix it with Kirschner wires.
   

 

METACARPOPHALANGEAL 
ARTHRODESIS OF THE THUMB

 TECHNIQUE 73.29 

 n  With an osteotome, oscillating saw, burr, or rongeurs, 
cut across the articular surface of the proximal phalanx 
in a straight line at 90 degrees to its long axis to expose 
the cancellous bone. The articular surfaces also can be 
removed in a “cup-and-cone” configuration.

 n  After the articular surface is resected, place the phalanx 
at an angle of 15 degrees of flexion with the metacarpal. 
There is a tendency to osteotomize the distal metacarpal 
head also at 90 degrees; rather, make the osteotomy so 
that the metacarpophalangeal joint is flexed 15 degrees. 
This requires removing more bone toward the palmar as-
pect. The two raw surfaces should fit flush.

 n  When this joint is subluxated, shortening of the bone may 
be required.

 n  Remove any protruding small edges of bone.
 n  The arthrodesis can be accomplished with Kirschner wires 

inserted longitudinally. Insert them first through the meta-
carpal and advance them through the phalanx. Ensure 
that the wires do not pierce the flexor tendon or the distal 
joint and cut them off under the skin. Pack small frag-
ments of bone into any spaces around the joint margins.

 n  Approximate the tendons with a small absorbable suture.
 n  Close the wound and place the hand in a small splint to 

be replaced later by a cast if indicated.
 n  Ensure that the thumb is in appropriate pronation so that 

the pulp of the thumb can be placed against the other 
digit.

POSTOPERATIVE CARE The splint and sutures are re-
moved at 10 to 14 days. The thumb is protected in a short 
arm thumb spica cast for another 4 weeks or until union 
occurs. The Kirschner wires may be removed at about 6 
weeks, and a splint is worn another 3 to 4 weeks. Active 
use of the thumb is resumed gradually. Sometimes despite 
the radiographic nonunion the joints are stable and pain 
free, allowing unprotected thumb use and resumption of 
daily activities.
   

 

TENSION BAND ARTHRODESIS OF THE 
THUMB METACARPOPHALANGEAL 
JOINT

 TECHNIQUE 73.30 

 n  Make a curved dorsal incision to allow safe dissection of 
sensory nerves from underlying extensor apparatus (Fig. 
73.45A).

 n  Make a longitudinal incision through the extensor pollicis 
brevis tendon and radial aponeurotic fibers to expose the 
dorsal capsule (Fig. 73.45B).

 n  Split the capsule longitudinally to expose the metacarpal 
head and proximal phalanx base and excise osteophytes, 
collateral ligaments, and synovitic tissue (Fig. 73.45C).

 n  With rongeurs, a coarse-tooth oscillating saw, or congru-
ent reamers, prepare the subchondral bone such that a 
20-degree flexion angle is achieved with full contact of 
the raw cancellous metacarpal and proximal phalangeal 
surfaces (Fig. 73.45D).

 n  Make a transverse hole with a 0.045-inch Kirschner wire in 
the distal proximal phalangeal shaft to allow a 22-gauge 
spool wire to pass through this hole (Fig. 73.45E).
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FIGURE 73.45 Tension band technique for thumb metacarpophalangeal joint arthrodesis. 
A, Curved dorsal incision. B, Incision through extensor pollicis brevis tendon and radial aponeu-
rotic fibers exposing dorsal capsule. C, Capsule split longitudinally to expose metacarpal head 
and proximal phalanx base and excise osteophytes, collateral ligaments, and synovitic tissue. D, 
Exposure of subchondral bone to obtain full contact of raw cancellous metacarpal and proximal 
phalangeal surfaces. E, Placement of Kirschner wire in distal third of proximal phalangeal neck 
completing tension band construct. F, Wire twisted and ends buried about fusion site. G, Ends of 
wires cut and tamped into metacarpal over low-profile construct. H, Postoperative radiographic 
appearance. SEE TECHNIQUE 73.30. 
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 n  Hold the metacarpophalangeal joint in the desired posi-
tion and pass two 0.045-inch Kirschner wires longitudi-
nally across the fusion site and into the proximal phalan-
geal medullary canal, verifying their position on fluoros-
copy before completing the tension band construct.

 n  Cross the 22-gauge wire and place one limb beneath the 
Kirschner wires projecting from the metacarpal neck.

 n  Take the slack out of the 22-gauge wire before twisting 
the wire and burying the end about the fusion site (Fig. 
73.45F).

 n  Hold the Kirschner wires and bend the ends with a neuro-
tip sucker so that the hooked ends can be cut and tamped 
into the metacarpal neck (Fig. 73.45G).

 n  Close the extensor pollicis brevis with a 4-0 nonabsorb-
able braided suture after the capsule has been closed over 
the low-profile construct (Fig. 73.45H).

POSTOPERATIVE CARE A thumb spica splint or cast is 
worn until signs of radiographic union. The interphalan-
geal joint is left free for range-of-motion exercises.
   

 

THUMB METACARPOPHALANGEAL 
JOINT ARTHRODESIS WITH 
INTRAMEDULLARY SCREW FIXATION

 TECHNIQUE 73.31  Figure 73.46

 n  Make the skin and capsular exposures as described in 
Technique 73.30.

 n  With rongeurs, a coarse-tooth oscillating saw, or congru-
ent reamers, prepare the subchondral bone such that a 
20-degree flexion angle is achieved with full contact of 
the raw cancellous metacarpal and proximal phalangeal 
surfaces.

 n  Position the metacarpophalangeal joint at the desired 
angle with the cancellous surfaces in maximal contact. 
Verify the guidewire position with fluoroscopy.

 n  Perform reaming according to the screw diameter.
 n  Seat the screw(s) just beneath the metacarpal neck cortex 

and evaluate the stability of the construct (Fig. 73.46B).
 n  Obtain fluoroscopic images to verify position of the ar-

throdesis before routine wound closure.
Thumb metacarpophalangeal joint arthrodesis can be 

accomplished using miniplate fixation (see Fig. 73.47D), 
and this may be preferable when other methods have failed 
or when intercalary bone grafting is required. In some situ-
ations, supplementary fixation is required for rigid fixation 
during the fusion period.

  

TRAPEZIOMETACARPAL ARTHRODESIS
Although trapeziometacarpal joint arthroplasty usually pro-
vides stability and strength in most cases, arthrodesis may be 
recommended for joints affected by traumatic arthritis and 
osteoarthritis in younger patients.

Arthrodesis can be expected to relieve pain and to pro-
vide a stable and strong joint at the expense of thumb mobil-
ity. It traditionally has been used for patients who require a 
strong, powerful, stable, and painless thumb. It also is useful 
in stabilizing the joint for congenital and paralytic deformi-
ties and in hands impaired by cerebral palsy.

Careful consideration should be given to other causes of 
pain in and around the trapeziometacarpal area. Pain on pas-
sive thumb adduction and wrist ulnar deviation (Finkelstein 
test) suggests first extensor compartment tenosynovitis (de 
Quervain). Typical symptoms and signs of median nerve 
compression (carpal tunnel syndrome), tenderness of the 
flexor carpi radialis at its fibro-osseous tunnel (flexor carpi 
radialis tunnel syndrome), and radiographic evidence of 
arthritis in adjacent joints suggest other potential sources of 
pain, whereas pain on passive rotation of the thumb metacar-
pal with trapeziometacarpal compression (“grind test”) rea-
sonably localizes the problem to the trapeziometacarpal joint. 
For any trapeziometacarpal arthrodesis technique, the thumb 
metacarpal position should permit pulp opposition to fingers.

The “cone and cup,” sliding graft, and fixation techniques 
using Kirschner wires, screws, plates, and staples are effective 
in achieving a fusion rate greater than 90%. Increased non-
union rates have been reported when screws alone have been 
used to attempt fusion. 

 

TRAPEZIOMETACARPAL 
ARTHRODESIS

 TECHNIQUE 73.32 Figure 73.47

(STARK ET AL.)
 n  Expose the trapeziometacarpal joint through a curved 

volar incision at the thumb base at the level of the APL 
tendon insertion, avoiding branches of the superficial ra-
dial, lateral antebrachial cutaneous, and palmar cutane-
ous nerves.

 n  Divide this tendon and the origin of the opponens mus-
cle at the first metacarpal base; open the joint capsule 
through a transverse incision.

 n  Remove all the articular cartilage and the subchondral 
cortical bone on both joint surfaces with instruments of 
choice.

 n  Compress the bony surfaces in the position desired and 
maintain this by two or three small Kirschner wires. Can-
nulated screws and blade plates also may provide satisfac-
tory fixation.

 n  If more bony contact is needed, additional bone graft may 
be required.

 n  Repair the capsule and the APL tendon and suture the 
skin.

POSTOPERATIVE CARE The thumb is maintained in a 
thumb spica cast for 2 weeks, after which the skin sutures 
are removed. The thumb spica cast is reapplied, and radio-
graphs are used periodically to check healing until fusion 
is obtained, usually at 12 weeks.
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A

B

FIGURE 73.46 Thumb metacarpophalangeal arthrodesis with intramedullary screw fixation. 
A, Preoperative radiograph showing severe involvement of thumb metacarpophalangeal joint. B, 
After arthrodesis with intramedullary screw fixation. SEE TECHNIQUE 73.31.
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A B

C D

FIGURE 73.47 Trapeziometacarpal arthrodesis. A, Incision. B, Air-driven burr used to remove articular 
surfaces town to cancellous bone. C, Osteotome used to make multiple small cuts into opposing articular 
surfaces. D, Fixation with plate and screws.  (Redrawn from Doyle JR: Sliding bone graft technique for arthrodesis 
of the trapeziometacarpal joint of the thumb, J Hand Surg 16A:363, 1991). SEE TECHNIQUES 73.32 AND 73.33.

 

TRAPEZIOMETACARPAL  
ARTHRODESIS

 TECHNIQUE 73.33 see Figure 73.47

(DOYLE)
 n  With the patient supine and the hand supinated on the 

hand table, use a pneumatic tourniquet.
 n  Make a curved incision exposing the proximal two thirds 

of the thumb metacarpal and the dorsal and palmar sides 
of the trapeziometacarpal joint.

 n  Identify and protect the branches of the superficial radial 
nerve and the extensor pollicis brevis tendon.

 n  Detach the APL tendons with a portion of the joint cap-
sule for later reattachment.

 n  Reflect the thenar muscles distally; incise the dorsal and 
palmar capsule and expose the joint.

 n  Use an air-driven burr to remove the articular cartilage 
and the subchondral bone down to cancellous bone.

 n  Slightly round the base of the thumb metacarpal and 
make a matching shallow concavity in the trapezium. 
Preserve the overall shape of the joint to avoid undue 
shortening of the thumb.

 n  Use a small osteotome to make small, shallow cuts in the 
bone surface.

 n  Insert crossed Kirschner wires to hold the joint firmly in 30 
to 40 degrees of palmar abduction and 30 to 35 degrees 
of radial abduction (“clenched fist”).

 n  Using a small drill point or a Kirschner wire, make drill 
holes to outline a rectangular corticocancellous graft on 
the dorsum of the thumb metacarpal.

 n  Connect the drill holes with a small osteotome to mobilize 
the corticocancellous “sliding graft.”

 n  Make a rectangular recess in the dorsum of the trapezium 
to receive the graft.

 n  Move the graft proximally into the trapezial recess and 
impact the graft.

 n  Stabilize the graft with an additional Kirschner wire or 
screws to avoid graft displacement.

 n  Reattach the APL tendon and close the skin. Over a nonad-
hering dressing, apply cast padding and a thumb spica splint.

POSTOPERATIVE CARE At 10 days, the splint and skin su-
tures are removed, if wound healing permits. A thumb spica 
cast is applied. The cast and Kirschner wires are removed at 
8 weeks after the operation. Arthrodesis is monitored with 
serial radiographs. Motion and strengthening exercises are 
begun after successful arthrodesis and pin removal.
   

 

THUMB CARPOMETACARPAL 
ARTHRODESIS WITH KIRSCHNER WIRE 
OR BLADE-PLATE FIXATION

 TECHNIQUE 73.34 

(GOLDFARB AND STERN)
 n  Make a longitudinal incision from the midpoint of the 

dorsal surface of the first metacarpal to the proximal as-
pect of the radial styloid.
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 n  Identify and protect the superficial branches of the ra-
dial sensory nerve and the lateral antebrachial cutaneous 
nerve.

 n  Identify the APL and extensor pollicis brevis and develop 
the interval between them to access the joint.

 n  Reflect the thumb CMC joint capsule and soft-tissue at-
tachments sharply in a circumferential fashion from both 
the trapezium and metacarpal, and deliver the metacarpal 
base into the wound with two small Hohmann retractors 
(Fig. 73.48A).

 n  Remove the remaining articular cartilage and dense sub-
chondral bone from the base of the metacarpal with a 
rongeur, forming a cone-shaped surface of cancellous 
bone.

 n  Use a rongeur, curet, and small osteotome to shape the 
trapezium into a cup configuration of matching radius of 
curvature, and appose the prepared bone surfaces (see 
Fig. 73.48A).

 n  Place the thumb at approximately 45 degrees to the 
coronal and sagittal planes of the hand. Slight prona-

tion of the thumb may improve digital opposition. In 
the ideal position, the thumb will overlie the dorsum of 
the index finger middle phalanx when the hand is held 
in a fist.

 n  Temporarily stabilize the joint with a 1.6-mm Kirschner 
wire and confirm bony apposition with fluoroscopy (Fig. 
73.48B).

 n  Once satisfactory joint positioning is confirmed, evaluate 
the quality of the bony apposition. If areas of suboptimal 
contact are present, supplemental bone graft can be har-
vested from the distal radius by extending the incision 
proximally. Protect the sensory nerves and release the first 
dorsal compartment. Mobilize the APL and extensor pol-
licis brevis tendons and make a 5 × 5-mm cortical window 
in the radius to harvest the cancellous bone graft; pack 
the graft into any fusion defects.

 n  With the provisional Kirschner wire in place, position a 
2.4-mm T-plate or 2.0-mm/2.4-mm minicondylar blade 
plate (Synthes USA, Paoli, PA) and insert the screws (Fig. 
73.48C). Take care to use image intensification in multiple  

 

A B

D

C

E

FIGURE 73.48 Thumb carpometacarpal joint arthrodesis with plate fixation. A, Prepared 
surfaces of metacarpal and trapezium in cup-and-cone configuration. B, Radiographic confir-
mation of positioning with temporary Kirschner wire; note bony apposition. C, Application of 
2-mm T-plate. D, Radiographic appearance after arthrodesis. E, Placement of Kirschner wires for 
arthrodesis.  (A-D from Doyle JR: Sliding bone graft technique for arthrodesis of the trapeziometacarpal 
joint of the thumb, J Hand Surg 16A:383, 1991; E redrawn from Goldfarb CA, Stren PJ: Indications and 
techniques for thumb carpometacarpal arthrodesis, Tech Hand Upper Extremity Surg 6:178, 2001.) SEE 
TECHNIQUE 73.34.
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planes to ensure that the screws or blades do not pen-
etrate adjacent joints (Fig. 73.48D).

 n  If Kirschner wire fixation is chosen, drive three 1.1-mm 
wires retrograde from the metacarpal into the trapezium. 
The first pin follows the planned axis of the bone fusion, 
and the other two pins diverge 10 to 20 degrees from this 
axis (Fig. 73.48E). Take care to avoid pin penetration of 
the scaphotrapeziotrapezoid joint. Leave the pins outside 
the skin for later removal.

 n  Close the skin in routine fashion and apply a short arm 
thumb spica cast, leaving the interphalangeal joint free.
   

RHEUMATOID DEFORMITIES OF 
THE WRIST
SYNOVITIS OF THE WRIST
Painful dorsal wrist swelling may be the presenting symptom 
in rheumatoid arthritis. The tenosynovial swelling may con-
tribute to de Quervain disease, trigger finger, or carpal tunnel 
syndrome, whereas rheumatoid arthritis as the underlying 
cause may not be suspected. The swelling may begin as a small 
soft mass at the distal end of the ulna; radiographs may reveal 
a small pit at the base of the ulnar styloid as the first radio-
graphic evidence of the disease. The synovitis can spread and 
cause massive swelling in the shape of an hourglass, its mid-
dle being constricted by the extensor retinaculum. Eventually, 
destruction of joints may contribute to dorsal subluxation of 
the distal ulna, ulnar shifting of the carpal bones, radial angu-
lation of the metacarpals, and ulnar deviation of the fingers. 
Finally, the wrist may subluxate volarly. Tendons, especially 
those of the three ulnar finger extensors, may rupture.

If the synovitis is only moderate, and if changes in the 
bones are absent, but pain is significant, dorsal synovectomy 
of the wrist may be of lasting benefit. Persistent swelling at 
the dorsum of the wrist that continues for 6 weeks or lon-
ger despite adequate medical treatment may be an indication 
for a dorsal synovectomy. This may be considered a prophy-
lactic measure to avoid extensor tendon rupture. Rupture of 
these tendons is quite disabling, and function can never be 
restored completely. Any tendons ruptured at the wrist level 
can be repaired or reconstructed at the time of synovectomy. 
Options include distal side-to-side suture of the ruptured 
to intact tendon, free tendon graft, and tendon transfers to 
bridge a defect in a tendon. If synovitis involves the wrist and 
the metacarpophalangeal joints, synovectomy often can be 
done at both levels during the same operation, usually only 
on one limb at a time.

Hypertrophy of the volar wrist synovium even though 
undetectable clinically can cause median nerve compression 
and symptoms of carpal tunnel syndrome. Compression of 
the nerve in rheumatoid arthritis should be relieved surgi-
cally if conservative treatment with splinting and corticoste-
roid injections has been unsuccessful. If hypertrophy of the 
tenosynovium on the volar aspect of the wrist is obvious clini-
cally with or without symptoms of compression of the median 
nerve, a palmar (flexor) tenosynovectomy may be useful in 
relieving pain and in preventing rupture of tendons. The 
carpal tunnel is a frequent site of rupture of flexor tendons. 
Distal radius or scaphoid bony prominences in the floor of 
the carpal tunnel can cause fraying and eventual rupture of 

the thumb (Mannerfelt syndrome) and other finger flexor 
tendons. More commonly, the flexor pollicis longus or index 
profundus is involved. Synovitis within the carpal articula-
tions themselves and in the surrounding tendon sheaths is 
also common in rheumatoid arthritis.

The various options for surgical treatment depend on the 
pathologic process involved and the severity of the disease. 
As already mentioned, synovectomy of the dorsal compart-
ment is a worthwhile procedure when indicated (Fig. 73.49). 
Capsuloligamentous repairs may be required to stabilize 
joints. Repair of the extensor tendons is best done, if possible, 
by repair to an adjoining tendon rather than by segmental 
grafting. Wrist level flexor tendon rupture is best repaired by 
suture to adjoining tendons or by segmental grafts; however, 
in the thumb an arthrodesis of the distal joint may be a more 
preferred procedure if the interphalangeal joint is unstable or 
degenerative. However, if the thumb interphalangeal joint is 
not arthritic and is stable, a ring flexor digitorum superficialis 
transfer can be considered. 

 

DORSAL SYNOVECTOMY

 TECHNIQUE 73.35 

 n  Make a dorsal longitudinal incision curved only slightly 
ulnarward and long enough to expose the distal ulna and 
the extensor retinaculum; avoid curving it sharply because 
the flap circulation may be impaired. Preserve the larger 
veins and all identifiable sensory nerves.

 n  Raise a laterally based retinacular flap.
 n  Make transverse incisions at the proximal and distal ends 

of the retinaculum.
 n  At the proximal end, make the transverse incision so that 

a band 5 to 10 mm wide is preserved proximally.
 n  Connect the transverse, parallel retinacular incisions with 

a longitudinal incision over the extensor carpi ulnaris.
 n  Raise the flap from medial to lateral, dividing the septa 

between the compartments. Avoid injury to the extensor 
tendons, especially the extensor pollicis longus.

 n  Detach from the radial side and reflect as a sheet the 
extensor retinaculum.

 n  Carefully excise the synovium from around the finger and 
radial wrist extensor tendons. Excise any hypertrophied 
synovium from the distal ulna and the distal radioulnar 
joint.

 n  If the attachments of the distal ulna to the radius and 
carpus seem to be intact, do not disturb them, but if the 
distal ulna is found subluxated, excise about 1 cm of it, 
smooth off the remaining end, and cover the end with 
periosteum and surrounding soft tissues.

 n  Incise the sheath of the extensor carpi ulnaris tendon near 
its attachment to the base of the fifth metacarpal.

 n  If the sheath is disintegrated and the tendon is dislocated 
palmarward, it has become a flexor, causing palmar flex-
ion and ulnar deviation of the wrist. In this case, remove 
the tendon from the sheath as needed and return it to the 
dorsum of the wrist by creation of a pulley with a strip of 
the extensor retinaculum.
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 n  If before surgery the wrist is radially deviated, transfer 
the insertion of the extensor carpi radialis longus to the 
extensor carpi ulnaris tendon.

 n  While an assistant applies traction to the hand, remove 
the synovium from among the carpal bones. Pass the ex-
tensor retinacular flap deep to the long extensor tendons 
and suture its detached end in place medially.

 n  Elevate the hand and control bleeding.
 n  Close the skin with interrupted sutures over a drain.
 n  Apply a compression dressing and a volar plaster splint to 

hold the wrist in neutral position.

POSTOPERATIVE CARE Active motion of the finger 
joints is encouraged early. The drain is removed at 24 to 
48 hours, and the wound is inspected. Hematomas com-
promising the skin are evacuated. At 10 to 14 days, the 
sutures are removed; at 3 weeks, the splint is removed.
   

 

VOLAR SYNOVECTOMY

 TECHNIQUE 73.36  Figure 73.50

 n  Make a volar longitudinal incision beginning distally at 
the middle of the palm and proceeding proximally to the 
wrist, and then curving slightly ulnarward, and ending 
about 7.5 cm proximal to the wrist.

 n  Open the deep fascia proximally and identify the median 
nerve. It is safer to stay on the ulnar side of the median 
nerve, beginning proximally in the forearm and carefully 
freeing the nerve distally.

 n  Divide completely the transverse carpal ligament to ex-
pose the flexor tendons; its distal border is more distal in 
the palm than is usually realized.

 n  Beginning proximally and proceeding distally, and keep-
ing constantly in mind the location of the median nerve, 

 

A

C

B

FIGURE 73.49 Extensor tenosynovectomy in a 69-year-old, right-hand-dominant male with 
negative rheumatologic work up and persistent extensor tenosynovitis: A, MRI showing isolated 
4th extensor compartment involvement. B, Midline dorsal approach exposing proliferative extensor 
tenosynovitis. C, Wrist after tenosynovectomy. Note that rheumatologic studies, histopathology, 
and cultures were inconclusive as to etiology of extensor tenosynovitis, which is not uncommon 
with such conditions. 
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dissect the synovium from each flexor tendon. Evaluate 
the flexor tendons for ruptures and erosions.

 n  Inspect the volar capsule and ligaments over the carpal 
bones for osteophytes, especially those from the distal 
radial rim and the scaphoid. Remove osteophytes with 
a rongeur and close the capsule-ligament layer over the 
carpal bones. Do not close the deep transverse carpal liga-
ment.

 n  Release the tourniquet, obtain hemostasis, insert a drain, 
and close the wound.

 n  Apply a compression dressing and a volar plaster splint 
from the proximal forearm to the distal palmar crease.

 n  Keep the wrist extended for a minimum of 3 weeks.

POSTOPERATIVE CARE Postoperative care is the same 
as for dorsal synovectomy. Immediate finger range-of-
motion exercises are begun the day of surgery as motion 
restriction in both flexion and extension often accompany 
such procedures.
  

WRIST ARTHRODESIS AND 
ARTHROPLASTY
The reconstructive procedures available for an arthritic wrist 
joint include partial arthrodesis, total wrist arthrodesis, and 
arthroplasty. If bilateral wrist bony procedures are necessary, 
arthroplasty on at least one side should be considered. In some 
cases, arthroplasty may be indicated initially because even-
tual collapse of the opposite wrist may require reconstruc-
tion. Several types of arthroplasties are available. Resection of 
the distal radius to form a shelf in cases of palmar dislocation 
maintains some stability, increases motion, and relieves pain 

without the insertion of foreign material; however, resection 
arthroplasty does not produce a stable joint.

Implant arthroplasties historically include silicone 
(Swanson) arthroplasties and plastic and metal arthroplasties 
(Fig. 73.51). Swanson wrist arthroplasty does not require fixa-
tion and entails minimal bone resection, but it is associated 
with a prosthetic fracture rate of 10% to 52% and an overall 
revision rate of 14% to 41%. This implant has fallen out of 
favor as other designs have proven more reliable and without 
the reactive synovitis issues.

Although total joint arthroplasty has the advantages of 
preserving motion, providing a fixed fulcrum, and obtaining 
stable fixation, problems such as distal component loosening 
compromise the results in 50% of patients. Complications 
lead to an overall revision rate of 9% to 35% for metal and 
plastic total wrist implants. Constrained designs, such as the 
Meuli and Volz wrist implants, allow excessive forces to be 
transmitted to the prosthesis, resulting in displacement of the 
distal portion of the prosthesis and leading to median nerve 
compression and flexor tendon abrasion. Although Meuli and 
Fernandez found excellent results in 24 of 50 wrists treated 
for rheumatoid or traumatic arthritis with a Meuli III wrist 
prosthesis, loosening occurred in eight wrists. Adequate mus-
cle balance and correctable wrist contractures are important 
requirements for this implant to be successful. Beckenbaugh 
and Linscheid reported satisfactory preliminary results with a 
semiconstrained “biaxial” wrist implant. It is porous coated to 
improve cement fixation or to eliminate the need for cement. 
Rettig and Beckenbaugh evaluated 13 failed total wrist 
arthroplasties, salvaged with the biaxial total wrist implant. 
Although improvement was achieved, loosening was a per-
sistent problem, especially in patients with rheumatoid dis-
ease. Takwale et al. found that of 66 biaxial wrist replacements 

 

BA

FIGURE 73.50 A, Flexor surface, left hand and wrist with rheumatoid tenosynovium bulging 
to palmar and ulnar (medial) side of distal forearm. B, At flexor tenosynovectomy. Note extension 
of incision distally into palm and proximally into forearm. Excised tenosynovial mass lies to medial 
side of hand. SEE TECHNIQUE 73.36.
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reviewed at an average of 52 months, five required revi-
sions. An 8-year survivorship probability of 83% was seen. 
Menon and Divelbiss, Sollerman, and Adams reported that 
the Universal total wrist implant was promising in the early 
groups of patients with rheumatoid arthritis. Despite implant 
modifications, careful patient selection, close attention to 
meticulous surgical technique, and thoughtful consider-
ation of salvage options are important considerations when 
implant arthroplasty is considered for a patient with incapac-
itating wrist arthritis. According to Carlson and Simmons, 
contraindications to total wrist arthroplasty include chronic 

subluxation, poor bone, prior infection, impaired motor or 
neurologic function, use of a walker or cane, and impaired 
wrist extensor tendons.

Whether wrist arthrodesis or arthroplasty is best in rheu-
matoid arthritis is controversial. Wrist arthroplasty usu-
ally has a higher percentage of late complications than does 
arthrodesis; however, arthrodesis provides a painless and 
stable wrist after fusion has occurred. Most authors consider 
it the procedure of choice for marked flexion deformity of 
the wrist and fingers, for carpal dislocation, or for a pain-
ful wrist associated with multiple ruptures of tendons. This 

 

B

C D

A

FIGURE 73.51 A and B, Long-standing rheumatoid disease and symptomatic wrist arthritis. C and 
D, Two years after total wrist arthroplasty.  (From Divelbiss BJ, Sollerman C, Adams BD: Original communica-
tions: early results of the universal total wrist arthroplasty in rheumatoid arthritis, J Hand Surg 27A:195, 2002.)
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is especially true for ruptures of the extensor carpi radialis 
longus and brevis because they are necessary for wrist bal-
ance. Also, when wrist deformities are bilateral and require 
major procedures on both sides, one wrist can be arthrodesed 
to provide stability, especially when the use of crutches may 
be necessary; an arthroplasty can be performed on the other 
wrist. Successful wrist arthrodesis reliably relieves pain, cor-
rects deformity, and maintains stability (Fig. 73.52).

The position in which to fuse for maximal function 
also is controversial; recommended positions include 10 to 

30 degrees of extension. In bilateral fusions, some authors 
prefer to place one wrist in extension and the other in flex-
ion. Usually, both wrists should not be fused in extension 
because this would make it difficult for personal hygiene. 
Several satisfactory techniques are available for arthrodesis. 
Most require some type of internal fixation, including a pin 
inserted between the second and third metacarpal shafts, 
through the carpus, and then through the medullary canal 
of the radius, with a supplementary staple to prevent rota-
tion; an intramedullary Steinmann pin and bone grafting of 

 

A

C D

B

FIGURE 73.52 Wrist fusion in a 65-year-old female who had persistent pain for 2 years following 
proximal row carpectomy. Anteroposterior (A) and lateral (B) views of wrist indicating radiocapitate 
joint space narrowing. Anteroposterior (C) and lateral (D) views of successful total wrist fusion 
with Synthes wrist fusion plate.
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the dorsum of the wrist; and a Steinmann pin down the shaft 
of the third metacarpal with additional fixation by a staple 
or oblique pin, which permits operations to be done on the 
metacarpophalangeal joints at the same time. Because these 
procedures for fusion of the rheumatoid wrist are similar, 
the procedure of Millender and Nalebuff is described here. 
Radiocarpal fusions (radioscaphoid, radiolunate, radioscaph-
olunate) are useful to preserve motion in relatively unin-
volved midcarpal joints and to stabilize the radiocarpal joint 
against ulnar translation. Motomiya et al. used a half-slip of 
the extensor carpi ulnaris tendon to stabilize the distal ulnar 
stump (Fig. 73.53) and reported fusion in all 22 wrists with 
radiolunate fusions. Moreover, at mean follow-up of 7 years, 
the average motion arc was just beyond 70 degrees, and there 
was no progression in arthritis stage (Fig. 73.54). Similarly, 
Raven et  al. found radioulnar fusion useful for both rheu-
matoid and psoriatic patients with painful ulnar translation 
and preserved midcarpal joints, despite slight progression in 
Larsen stage at just over 11 years’ mean follow-up 

 

ARTHRODESIS OF THE WRIST

 TECHNIQUE 73.37 

(MILLENDER AND NALEBUFF)
 n  Make a dorsal, straight longitudinal incision and protect 

the wrist and finger extensor tendons.
 n  Curet away the remaining cartilage and remove the scle-

rotic bone from the carpus and radius down to cancellous 
bone. Varying amounts of bone may require resection for 
reduction of a dislocated wrist.

 

*

FIGURE 73.53 Radiolunate fusion. A half-slip of extensor carpi 
ulnaris tendon (asterisk) is used to stabilize the distal ulnar stump. 
Kirschner wire used to transfix triquetrum, bone graft, and radius 
is removed 6 weeks after surgery.  (From Motomiya M, Iwasaki N, 
Minami A, et al: Clinical and radiological results of radiolunate arthrodesis 
for rheumatoid arthritis: 22 wrists followed for an average of 7 years, J 
Hand Surg 38A:1484, 2013.)

 

A B C

FIGURE 73.54 A, Larsen grade III involvement in 36-year-old woman improved to grade II 
immediately after radiolunate arthrodesis (B). C, Approximately 8 years after surgery, there is 
continued good condition of preserved joints.  (From Motomiya M, Iwasaki N, Minami A, et al: Clinical 
and radiological results of radiolunate arthrodesis for rheumatoid arthritis: 22 wrists followed for an average 
of 7 years, J Hand Surg 38A:1484, 2013.)
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 n  Drill a Steinmann pin of appropriate size into the carpus 
and out distally between the second and third metacar-
pals. Then drill it proximally into the medullary canal of 
the radius and cut off its end beneath the skin.

 n  As an alternative, resect the third metacarpal head for 
later insertion of a joint prosthesis.

 n  Insert the Steinmann pin through the medullary canal of 
the third metacarpal, through the carpus, and finally into 
the radius, leaving sufficient room distally in the metacar-
pal to allow insertion of the proximal stem of a metacar-
pophalangeal prosthesis. This places the wrist in neutral 
position.

 n  To avoid rotational deformities, drive a staple across the 
radiocarpal joint or insert an oblique Kirschner wire.

 n  Close the wound loosely to permit ample drainage.
 n  Proceed with any other operations necessary on the digits.

POSTOPERATIVE CARE For the first 2 weeks, a splint is 
preferred to avoid complications from swelling. The wrist 
is protected with a cast or splint until bony union has oc-
curred. The extent and type of splinting depend on the 
activities and needs of the patient.
  

DISTAL RADIOULNAR JOINT ARTHROPLASTY
Instability and degenerative arthritic deformities isolated to 
the distal radioulnar joint can be managed by a number of 
techniques (see Chapter 69, Wrist Disorders). When these 
conditions warrant surgical intervention, the use of a number 
of implants may prove beneficial (Fig. 73.55). The details spe-
cific to each implant are best outlined in the manufacturers’ 
surgical guides. Both instability and arthritis may be treated 
with the Aptis-Scheker implant (Fig. 73.56). The most com-
mon complication associated with this implant was extensor 
carpi ulnaris tendonitis, for which an adipose fascial flap was 
designed to minimize this issue. The functional outcomes 
of a challenging group of patients (including those with 
Madelung deformity and Ehlers-Danlos syndrome) were 
reported by Rampazzo et  al. Their retrospective analysis of 
46 Aptis-Scheker implants placed in patients under 40 years 

of age (18 to 39 years) found a 5-year survival rate of 96%. 
Although extensor carpi ulnaris tendinitis was satisfactorily 
treated by the adipofascial flap, other reasons for revision in 
this group included replacement of the polyethylene ball (2), 
ulnar stem exchange (2), radial plate repositioning, partial 
lunate excision, and posterior interosseous neuroma excision. 
Radial plate loosening is a potential concern in the long term 
because fixation to the radial shaft is not by ingrowth.

Ulnar head prosthetic implants of various designs have 
been devised to alleviate the pain following distal radioul-
nar joint degenerative and instability conditions (Fig. 73.57). 
Although survival rates seem satisfactory at midterm follow-
up, concerns remain because stem lucencies and other factors 
make revision not uncommon. At a 56-month median fol-
low-up (16 to 126 months), Kakar et al. reported an 83% sur-
vival of 47 implants followed over a 10-year period. Although 
92% of patients reported feeling better after the surgery, 30% 
required revision; the most common reasons for revision 
were soft-tissue stabilization and implant loosening. These 
authors noted that, although pain reduction and functional 
improvement can be expected with distal ulnar replacement 
arthroplasty for instability, arthrosis, or both, patients should 
be counseled about the need for revision surgery. 

TOTAL WRIST ARTHROPLASTY
Total wrist arthroplasty designs continue to evolve, and 
functional results and survivorship remain variable. The 
soft tissues must be released adequately, the bones must be 
aligned correctly, and the musculotendinous units must be 
balanced to prevent recurrence of deformity. Newer designs 
rely on shorter screw fixation in the carpals and osseous inte-
gration to reduce distal component loosening. Complication 
rates remain high, and surface replacement arthroplasties 
must be used with caution especially in patients with rheu-
matoid arthritis. Ward et  al. reported a 50% failure rate in 
a 5-year minimum follow-up study on a group of 20 rheu-
matoid wrists undergoing replacement. Yeoh and Tourrett 
reported much higher survivorship in a literature review on 
fourth-generation wrist implants. The results of 405 pros-
theses from eight articles were available, including seven 
different manufacturers (Table 73.3). The mean follow-up 

 TABLE 73.3 

Implant Survival

PROSTHESIS AUTHOR NUMBER LOSS TO FOLLOW-UP/DEATHS SURVIVAL
Universal Ward et al., 2011 24 5 75% at 5 years
Universal 2 Morapudi et al., 2012

Ferreres et al., 2011
21 3 100% at 3–5 years

Remotion Boeckstyns et al., 2013 65 8 90% at 6 years
Biaxial Krukhaug et al., 2011

Harlingen et al., 2011
90
40

NA
1

85% at 5 years
81% at 7 years

Motec Krukhaug et al., 2011
Reigstad et al., 2012

76
30

NA
1

77% at 4 years
93.3% at 6 years

Elos Krukhaug et al., 2011 23 NA 57% at 5 years (Krukhaug)
Maestro Nydick et al., 2012 23 0 95.7% at 2.3 years
All prosthesis 57%–100% at 5 years

From Yeoh D, Tourret L: Total wrist arthroplasty: a systematic review of the evidence from the last 5 years, J Hand Surg Eur 40:458, 2015.
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FIGURE 73.55 A 55-year-old man who had corrective osteotomy for distal radial malunion, 
followed by total distal radioulnar joint arthroplasty for residual instability and pain. A and B, 
Preoperative radiographs showing an apex-volar malunion of distal radius with marked ulnar-
positive variance. C, Two months after corrective osteotomy, the apex-volar malunion was corrected 
but distal radioulnar joint dysfunction persisted, with wide diastasis at sigmoid notch and ulnar-
positive variance. D, One month after total distal radioulnar joint arthroplasty, which resulted in 
resolution of pain and restoration of grip and lifting strength. There were no clinical or radio-
graphic indications of loosening at more than 3 years of follow-up.  (From Faucher GK, Zimmerman 
RM, Zimmerman NB: Instability and arthritis of the distal radioulnar joint: a critical analysis review, JBJS Rev 
4(12):pii: 01874474-201612000-00001, 2016.)
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A B

FIGURE 73.56 Arthroplasty with an Aptis-Scheker implant in 65-year-old female with lupus 
in whom fascial interposition failed to relieve symptoms. A, Early postoperative radiograph. B, At 
2-year follow-up with recent onset of wrist pain, swelling, and mechanical symptoms.

 

A C DB

FIGURE 73.57 Ulnar head replacement in 50-year-old female package handler. A and B, Antero-
posterior and lateral views of wrist after revision bone grafting, which subsequently united after 
nonunion of an ulnar-shortening osteotomy for degenerative impaction syndrome. C and D, 
Anteroposterior and lateral views after ulnar head replacement. Moderate degree of clinical 
improvement was achieved.
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ranged from 2.3 to 7.3 years, and average patient age from 
52 to 63 years. Rheumatoid arthritis was the indication in 
42% of patients. Motec (Swemac, LinKöping, Sweden) dem-
onstrated the best postoperative DASH scores. Only Maestro 
(Biomet Orthopedics, Warsaw, IN) achieved a defined func-
tional range of motion postoperatively. Universal 2 (Integra, 
Cincinnati, OH) displayed the highest survival rates (100% 
at 3 to 5 years), whereas Elos (Elos Medtech, Gorlose, 
Denmark) had the lowest (57% at 5 years). Biaxial had the 
highest complication rate (68.7%), whereas Re-Motion 
(Small Bone Innovations Inc., Morrisville, PA) had the low-
est (11%). Functional scores improved and were maintained 
over the mid- to long-term. A single-center study of 189 
consecutive patients (219 wrist arthroplasties) found high 
satisfaction rates among all implants studied at an average 
follow-up of 7 years (2 to 13 years). This group consisted 
of 33 male and 186 female patients (34 with osteoarthri-
tis and 185 with rheumatoid arthritis), with an average age 
of 60 years (25 to 88 years). Cumulative implant survivor-
ship at 8 years was 81% for the Biax (DePuy Orthopaedics 
Inc, Warsaw, IN), 94% for the Re-Motion, and 95% for the 
Maestro, with radiographic evidence of loosening in 26%, 
18%, and 2%, respectively.

Complication rates were higher than for wrist fusion, 
with reports of radiographic loosening and osteolysis. The 
evidence does not support the widespread use of arthroplasty 
over arthrodesis, and careful patient selection is essential.
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DEFINITION AND HISTORY
Compartment syndrome is a condition in which the circu-
lation within a closed compartment is compromised by an 
increase in pressure within the compartment, causing necrosis 
of muscles, nerves, and eventually the skin because of exces-
sive swelling. Volkmann ischemic contracture is a sequela of 
untreated or inadequately treated compartment syndrome in 
which necrotic muscle and nerve tissue have been replaced 
with fibrous tissue.

In the upper extremity, compartment syndrome is most 
common in the forearm. The intrinsic muscle compartments 
of the hand also may be involved, and compartment syn-
drome of the upper arm has been reported.

In 1881, Volkmann stated in his classic paper that the par-
alytic contractures that could develop only a few hours after 
injury were caused by arterial insufficiency or ischemia of the 
muscles. He suggested that tight bandages were the cause of 
vascular insufficiency. This concept of extrinsic pressure as the 
primary cause of paralytic contracture persisted for some time 
in the English literature. In 1909, Thomas studied 107 paralytic 
contractures and found that some developed following severe 
contusions of the forearm in the absence of fractures, splints, or 
bandages. The idea was established that extrinsic pressure was 
not the sole cause of the ischemia. In 1914, Murphy reported 
that hemorrhage and effusion into the muscles could cause 
internal pressures to increase within the unyielding deep fascial 
compartments of the forearm, with subsequent obstruction of 
the venous return. In 1928, Jones concluded that Volkmann 
contracture could be caused by pressure from within, from 
without, or from both. Eichler and Lipscomb outlined the early 
technique of fasciotomy as the primary surgical treatment. 

ANATOMY
Four interconnected compartments of the forearm are rec-
ognized (Fig. 74.1): (1) the superficial volar compartment, 
(2) the deep volar compartment, (3) the dorsal compart-
ment, and (4) the compartment containing the mobile wad 
of Henry (brachioradialis and extensor carpi radialis longus 
and brevis). The volar compartments are most commonly 
involved, but the dorsal and mobile wad compartments can 
be involved alone or in addition to the volar compartments. It 
is usually difficult to clinically differentiate between isolated 
or combined involvement of the deep and superficial volar 

compartments; however, the deep volar compartment (flexor 
digitorum profundus, flexor pollicis longus, and pronator 
quadratus) may be solely involved.

In the hand, three palmar and four dorsal interosseous 
muscles are each surrounded by a tough, investing fascial 
layer, creating individual compartments, as shown by the 
injection dissections of Halpern and Mochizuki. The adduc-
tor pollicis, thenar, and hypothenar muscles also form three 
separate compartments (Fig. 74.2). The neurovascular bun-
dles of each digit also are compartmentalized by fascial lay-
ers, making them vulnerable to excessive swelling (Fig. 74.3). 

ETIOLOGY
Numerous injuries have been shown to result in compart-
ment syndrome, including crush injuries, prolonged exter-
nal compression, internal bleeding (especially after injury 
in patients with hemophilia), fractures, excessive exercise, 
burns, snake bites, and intraarterial injections of drugs or 
sclerosing agents. Infections also have been noted to increase 
pressures within compartments.

Elliott and Johnstone found that 18% of forearm com-
partment syndromes were caused by fractures, and 23% were 
caused by soft-tissue injuries without fractures. Although 
isolated distal radial fractures rarely were associated with 
compartment syndrome (0.3%), an ipsilateral elbow injury 
resulted in forearm compartment syndrome in 15% of 
patients. Historically, supracondylar humeral fractures were 
most frequently associated with forearm compartment syn-
drome in children; however, Grottkau et al. found that fore-
arm fractures were actually more commonly associated (74% 
vs. 15%). In children, supracondylar humeral fractures with 
an associated neurovascular or floating elbow injury signifi-
cantly increase the risk of compartment syndrome.

Acute compartment syndrome of the intrinsic muscles of 
the hand, resulting in contracture or necrosis of the muscle 
bellies such as those in the larger muscles in the forearm, can 
occur after compression injuries of the hand without fracture. 
Compartment syndrome has been noted in neonates follow-
ing intrauterine malposition or strangulation of the extremity 
by the umbilical cord.

Direct trauma, crushing of the upper arm, shoulder dislo-
cation, avulsion of the triceps muscle, pneumatic tourniquet 
use, and arteriography have all been reported as causes of 
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compartment syndrome. Intravenous regional anesthesia has 
also been implicated as a cause when hypertonic saline is used 
to dilute an anesthetic.

Although more common in the lower extremity, chronic 
exertional compartment syndrome (CECS) may also involve 
the upper extremity. CECS most commonly affects the volar 
forearm compartment and the first dorsal interosseous mus-
cle in the hand. It is most frequently diagnosed in competitive 
off-road motorcyclists. It has also been reported in kayakers 
and elite rowers and may occur in adolescents after puberty.

Any situation that causes a decrease in compartment size, 
an increase in compartment pressure, or a decrease in soft-
tissue compliance can initiate compartment syndrome. As the 

intracompartmental pressure increases, capillary blood perfu-
sion is reduced to a level that cannot maintain tissue viability. 
The increase in interstitial pressure overcomes the intravascu-
lar pressure of the small vessels and capillaries, which causes 
the walls to collapse and impedes local blood flow. In a canine 
model, muscle necrosis was shown to occur with a rise in pres-
sure to within 20 mm Hg below the diastolic pressure. Local 
tissue ischemia leads to local edema, which increases the intra-
compartmental pressure. This cycle of increasing muscle isch-
emia was depicted by Eaton and Green, as shown in Figure 74.4.

The tolerance of tissue to prolonged ischemia varies 
according to the type of tissue. Functional impairment in 
muscles has been demonstrated after 2 to 4 hours of ischemia, 
and irreversible functional loss occurs after 4 to 12 hours. 
Nerve tissue shows abnormal function after 30 minutes of 
ischemia, with irreversible functional loss after 12 to 24 hours. 

DIAGNOSIS
A crush injury or fracture of the forearm or elbow, especially 
in the supracondylar area of the humerus, should raise sus-
picion that a forearm compartment syndrome may develop. 
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FIGURE 74.1 Cross-section through upper third of forearm. A, 
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FIGURE 74.4 Traumatic ischemia-edema cycle in Volkmann 
contracture.

Early diagnosis of impending ischemia is essential because 
irreversible damage can occur quickly. Commonly described 
characteristics of compartment syndrome in adults include 
the five “P’s”: pain with passive stretch of the involved com-
partment (or pain out of proportion to examination), pares-
thesias, pallor, paralysis, and pulselessness. Increasing pain 
that is out of proportion to the injury and worsens with pas-
sive stretching of the involved muscles is an early indication 
that a compartment syndrome is developing. The volar and/
or dorsal forearm is tender and tense with swelling, and sen-
sibility of the fingertips may be diminished. Two-point dis-
crimination and 256-cycle vibratory testing can be helpful 
in determining nerve ischemia. Paralysis of involved muscle 
function and loss of the radial and/or ulnar pulse present as 
late findings unless there is direct arterial injury.

Diagnosis of compartment syndrome in an individual 
interosseous muscle can be difficult. The hand is swollen and 
tense, and the fingers are held almost rigid in a partially flexed 
position with the wrist in neutral. Any passive movement of 
the fingers that causes metacarpophalangeal joint extension 
usually causes considerable pain. The adductor compartment 
of the thumb can be tested by pulling the thumb into palmar 
abduction and stretching the adductor muscle. The thenar 
muscles rarely are involved. Diagnosis in obtunded and pediat-
ric patients is more difficult. In children, the five “P’s” are con-
sidered less reliable. Bae et al. advocated using the three “A’s” 
(increasing analgesic requirements, unremitting agitation, and 
anxiety) as more reliable indicators of developing pediatric 
compartment syndrome. Compartment syndrome in a neonate 
may manifest as a sentinel bullous or ulcerative skin lesion, usu-
ally over the dorsum of the forearm, wrist, or hand. Unilateral 
aplasia cutis congenita also must be considered in this setting.

When compartment syndrome is suspected and the nec-
essary equipment is available, compartment pressures should 
be obtained to confirm the diagnosis. Compartment pres-
sures over 30 mm Hg or within 30 mm Hg of the diastolic 
pressure (delta P) are indicative of compartment syndrome. 
The delta P value compares the compartment pressure to the 
diastolic blood pressure and thus controls for variation in a 
patient’s blood pressure. All involved compartments should 
be measured, and the results should be interpreted with 

regard to the overall clinical picture. Forearm measurements 
can be obtained from the superficial and deep volar compart-
ments, and the mobile wad and dorsal compartments. The 
location for pressure monitoring using a needle manometer 
is commonly the middle third of the forearm for both flexor 
compartments and for the dorsal extensor compartment. The 
deep flexor compartment is measured just anterior to the 
ulna. The mobile wad of Henry may be entered in the midline 
of its bulk. Hand measurements may be obtained from the 
thenar, hypothenar, adductor pollicis, and interosseous mus-
cles. Digital pressures are not routinely obtained.

In 1975, Whitesides et al. described a technique for mea-
suring compartment pressures using an 18-gauge needle, 
saline syringe, three-way stopcock, and a mercury manometer; 
however, a handheld pressure monitoring device or an arterial 
line monitoring system, connected to either a straight nee-
dle, a side-port needle, or slit catheter, is currently preferred. 
Boody and Wongworawat compared the intracompartmental 
pressure monitoring system, an arterial line manometer, 
and the Whitesides apparatus, each with a straight needle, a 
side-port needle, and a slit catheter, and found that the arte-
rial line manometer with a slit catheter was the most accu-
rate technique. The handheld pressure monitoring system also 
was found to be accurate. Side-port needles and slit catheters 
were more accurate, whereas straight needles tended to over-
estimate the pressure. We most commonly use the Stryker 
handheld pressure monitoring device to determine intracom-
partmental pressures. The arterial line monitoring system is 
useful if continuous monitoring is desired.

To use the handheld pressure monitoring device (Stryker), 
the needle is placed firmly onto the chamber stem, a prefilled 
syringe is placed into the remaining chamber stem, and the 
chamber is firmly seated into the device. The needle is held at 45 
degrees from horizontal and the system is purged of excess air. 
When the unit is turned on, the display should read 0 to 9 mm 
Hg. To calibrate the system, the zero button should be pressed 
and the display should read 00. The needle is then inserted into 
the desired compartment, and no more than 0.3 mL of solu-
tion is injected. The device then displays the pressure of the 
compartment. In an experimental model, Doro et al. showed 
that measurement of intramuscular glucose levels can identify 
compartment syndrome with high sensitivity and specificity. 

 

MEASURING COMPARTMENT 
PRESSURES IN THE FOREARM 
AND HAND USING A HANDHELD 
MONITORING DEVICE

 TECHNIQUE 74.1 

(LIPSCHITZ AND LIFCHEZ)

MEASURING FOREARM COMPARTMENT PRESSURE
 n  Place the compartment to be measured at heart level.
 n  Use adequate local analgesia infiltrated into the skin only, 

taking care to avoid the underlying muscle and fascia, to 
control discomfort and pressure spikes.
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 n  To measure the volar compartment pressure, insert the 
needle just ulnar to the palmaris longus, through the su-
perficial fascia to a depth of 1 cm. Confirm proper needle 
depth by observing a rise in pressure during external 
compression of the volar forearm or passive extension of 
fingers. The deep volar compartment may be measured 
just anterior to the ulna on the flexor side of the forearm, 
taking care to avoid the neurovascular bundle.

 n  To measure the dorsal compartment, insert the needle 
just radial to the border of the ulna to a depth of 1 to 2 
cm. Confirm placement by external compression of the 
dorsal compartment with passive flexion of the wrist.

 n  To test the mobile wad, identify the radialmost portion 
of the forearm and insert the needle perpendicular to the 
skin to a depth of 1 to 1.5 cm. A rise in pressure is identi-
fied by external pressure or passive flexion of the wrist. 

MEASURING HAND COMPARTMENT PRESSURE
 n  Insert the needle perpendicular to the skin.
 n  Evaluate the compartments individually. Pressure mea-

surements are not obtained from the digits, but at the 
site of maximal swelling of the thenar, hypothenar, and 
interosseous compartments.

 n  If a single compartment pressure is elevated, release all 
compartments and the carpal tunnel.

 n  To measure the dorsal interosseous compartment pres-
sure, insert the needle through the dorsal hand 1 cm 
proximal to the metacarpal head until it rests in the mus-
cle belly. To judge the depth, it is helpful to place identifi-
able marks on the needle at depths of 1.0, 1.5, and 2.0 
cm.

 n  To measure the adductor pollicis compartment pressure, 
insert the needle on the radial side of the second meta-
carpal in the substance of the thumb-index web space.

 n  To measure the thenar and hypothenar spaces, insert the 
needle at the junction of the glabrous and nonglabrous 
skin over the maximal bulk of the muscle compartment. 
Advance the needle at least 5 mm below the enveloping 
fascia for pressure assessment.
   

MANAGEMENT
ACUTE COMPARTMENT SYNDROME OF 
THE FOREARM
Impending tissue ischemia may be considered when the tis-
sue pressure reaches between 30 and 20 mm Hg below the dia-
stolic blood pressure. A higher pressure is a strong indication 
that fasciotomy should be recommended. In a hypotensive 
patient, the acceptable pressure is lower. Fasciotomy should 
be performed in (1) normotensive patients with positive clin-
ical findings and compartment pressures of greater than 30 
mm Hg, and when the duration of the increased pressure is 
unknown or thought to be longer than 8 hours; (2) uncoop-
erative or unconscious patients with compartment pressures 
of greater than 30 mm Hg; (3) patients with low blood pres-
sure and compartment pressures of greater than 20 mm Hg; 
and (4) patients with a delta P value of less than 30 mm Hg. 
As a general rule, when in doubt, the compartment should 
be released. If it proves later to have been unnecessary, only 
a scar will result. However, if a fasciotomy should have been 

done but was not, loss of muscle and nerve tissue carries a 
high risk for a poor functional outcome. In one study, a delay 
in diagnosis was the most important determining factor for 
poor outcome. Compartment pressure should be monitored 
in young patients with injury to the forearm diaphysis or dis-
tal radius, or in patients with significant soft-tissue injury and 
a bleeding diathesis. Normal function was regained in 68% 
of patients in one study when fasciotomy was performed 
within 12 hours of the onset of compartment syndrome. 
When performing a volar fasciotomy, a volar curvilinear inci-
sion is used; this allows release of the lacertus fibrosus proxi-
mally and the carpal tunnel distally. The interval between the 
flexor carpi ulnaris and the flexor digitorum sublimis is used 
for release of deep and superficial compartments. The dor-
sal forearm fascia is released through the interval between 
the extensor carpi radialis brevis and the extensor digitorum 
communis. The mobile wad of Henry can be released through 
this same incision. 

 

FOREARM FASCIOTOMY AND 
ARTERIAL EXPLORATION

 TECHNIQUE 74.2 

 n  For the volar fasciotomy (Fig. 74.5B), make an anterior 
curvilinear skin incision medial to the biceps tendon, 
crossing the elbow flexion crease at an angle. Carry the 
incision distally and radially over the brachioradialis, then 
distally and ulnarward, eventually coursing medial to the 
palmaris longus. Cross the wrist flexion crease at an angle 
and continue in the midline of the palm to allow for a car-
pal tunnel release. Curving the incision at the wrist ulnarly 
will decrease the risk of injury to the palmar cutaneous 
branch of the median nerve. The underlying subcutane-
ous tissues should be spread longitudinally, protecting the 
lateral and medial antebrachial cutaneous nerves and the 
palmar cutaneous branch of the median nerve.

 

A

B
FIGURE 74.5 Incisions used in forearm for severe Volkmann 

contracture. A, Extensive opening of fascia of the forearm dorsum 
in dorsal compartment syndromes. B, Incision used for anterior 
forearm compartment syndromes in which skin and underlying 
fascia are released completely throughout. SEE TECHNIQUES 74.2, 
74.5, AND 74.6.
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 n  Divide the lacertus fibrosus proximally and evacuate any 
hematoma.

 n  In patients with suspected brachial artery injury, expose 
the brachial artery and determine if there is free blood 
flow. If the flow is unsatisfactory, remove the adventitia to 
expose any underlying clot, spasm, or intimal tear. Resect 
the adventitia, if necessary, and anastomose or graft the 
artery.

 n  Release the superficial volar compartment throughout its 
length with open scissors, freeing the fascia over the su-
perficial compartment muscles.

 n  Identify the flexor carpi ulnaris and retract it with its 
underlying ulnar neurovascular bundle medially, and 
then retract the flexor digitorum superficialis and me-
dian nerve laterally to expose the flexor digitorum pro-
fundus in its deep compartment. Check to see if the 
overlying fascia or epimysium is tight and incise it lon-
gitudinally.

 n  If the muscle is gray or dusky, the prognosis for recovery 
may be poor; however, the muscle may still be viable and 
should be allowed to perfuse.

 n  Continue the dissection distally by incising the transverse 
carpal ligament along the ulnar border of the palmaris 
longus tendon and median nerve.

 n  In cases of median nerve palsy or paresthesia, observe the 
median nerve along the entire zone of injury to ensure 
that it is not severed, contused, or entrapped between 
the ulnar and humeral heads of the pronator teres. If it is, 
a partial pronator tenotomy is necessary.

 n  In a patient with a supracondylar fracture, reduce the frac-
ture, pin it with Kirschner wires, and control the bleeding.

 n  Do not close the skin at this time; anticipate secondary 
closure later.

 n  If the median nerve is exposed within the distal forearm, 
suture the distal, radial-based forearm flap loosely over 
the nerve.

 n  Check the dorsal compartments clinically or repeat the 
pressure measurements. Usually, the volar fasciotomy 
decompresses the dorsal musculature sufficiently, but if 
involvement of the dorsal compartments is still suspected, 
release them also.

 n  Make the incision distal to the lateral epicondyle between 
the extensor digitorum communis and extensor carpi radi-
alis brevis, extending approximately 10 cm distally. Gently 
undermine the subcutaneous tissue and release the fascia 
overlying the mobile wad of Henry and the extensor reti-
naculum.

 n  Apply a sterile moist dressing and a long-arm splint. The 
elbow should not be allowed to flex beyond 90 degrees.

POSTOPERATIVE CARE The arm is elevated for 24-48 
hours after surgery. If closure is not possible within 5 days, 
a split-thickness skin graft should be applied. Alternatively, 
closure of fasciotomy wounds can be accomplished grad-
ually, using vessel loops that are progressively tightened 
postoperatively during dressing changes. Wound closure 
using this method usually can be accomplished in 2 weeks 
(Fig. 74.6). A vacuum-assisted wound closure system may 
be used to assist in wound management. The splint is 
worn until the sutures are removed, or as determined by 
fracture care requirements.
   

 

HAND FASCIOTOMIES

 TECHNIQUE 74.3 

 n  Make two dorsal parallel incisions through the skin overly-
ing the second and fourth metacarpals, beginning at the 
level of the metacarpophalangeal joints and extending 
just distal to the wrist (Fig. 74.7A). Make each incision 
down to the musculofascial area.

 n  Incise the fascia and release the compression of the dis-
tended muscles by allowing them to extrude into the 
wound if necessary. Through the two dorsal incisions, all 
four dorsal interosseous compartments, all three palmar 
interosseous compartments, and the adductor compart-
ment can be released.

 n  Identify each muscle individually to ensure that a com-
plete release is achieved. Passively flex the metacarpo-
phalangeal joints and extend the proximal interphalan-
geal joints to stretch the muscles, ensuring that all are 
adequately released.

 n  Release the thenar and hypothenar compartments by 
making additional palmar radial and palmar ulnar inci-
sions along the glabrous and nonglabrous intervals to al-
low for their separate decompression.

 n  Release the carpal tunnel through a palmar midline inci-
sion.

 n  Do not attempt to debride the interosseous muscles at 
this point. If the fingers are tensely swollen and capil-
lary refill is delayed, continue with digital fasciotomies 
through midlateral incisions along the radial border of 
the ring and small fingers and the ulnar border of the 
index and long fingers (Fig. 74.7B).

 n  In general, it is prudent to release all compartments, in-
cluding the carpal tunnel if any of the hand compart-
ments are involved.

 n  Do not attempt to close the wounds at this time. They 
may be permitted to granulate and heal, or after the 
swelling has decreased, they can be closed secondarily. 
A vacuum-assisted wound closure system may be used to 
assist in wound management.
   

 FIGURE 74.6 Vessel loop shoelace technique for fasciotomy 
closure. SEE TECHNIQUE 74.2.
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CHRONIC EXERTIONAL 
COMPARTMENT SYNDROME OF THE 
FOREARM
Because CECS of the forearm is rare, statements regard-
ing diagnosis and management are inherently provisional. 
Most experience with the condition involves competitive 
motocross riders who develop symptoms described as 
“arm pump,” which includes severe pain, tightness, weak-
ness, and difficulty controlling bike handles. Cessation of 
activity typically leads to symptom resolution within 20 to 
30 minutes. The diagnosis is made primarily by history and 
confirmed with compartment pressure measurements after 
the activity. Pedowitz et al. proposed diagnostic pressure 
measurements for CECS as a resting compartment pres-
sure of greater than 15 mm Hg, a compartment pressure 
of 30 mm Hg or greater 1 minute after exercise, or greater 
than 20 mm Hg at 5 minutes after exercise. A recent study 
has proposed a TRest (or time to return from peak measure-
ment to the patient’s own baseline compartment pressure) 
of 14.5 minutes as another potential screening tool. Man-
agement of CECS initially consists of rest and adjustments 
to the racing technique and bike setup. If nonoperative 
treatment fails after a trial of at least 3 months, fasciot-
omy has been shown to allow a return to the sport in most 
patients. Fasciotomy may be performed through multiple 
techniques, including open, mini-open, and endoscopic. It 
seems that all techniques produce adequate results, allow-
ing surgeon preference to guide the choice of technique. 
Mini-open and endoscopic techniques may allow quicker 
recovery and improved cosmesis, but open methods 
improve exposure and allow formal nerve decompression 

if needed. The deep flexor compartment is not released in 
the endoscopic approaches. 

 

MINI-OPEN FOREARM FASCIOTOMY

 TECHNIQUE 74.4 

(HARRISON ET AL.)
 n  With the patient supine and the arm abducted on an 

arm table, exsanguinate the limb and apply a tourni-
quet.

EXTENSOR COMPARTMENT RELEASE
 n  Mark a line between the lateral epicondyle and Lister’s 

tubercle and measure it at the junction of the middle and 
distal thirds.

 n  Make a skin incision from 5 cm distal to the epicondyle 
to 5 cm proximal of the two thirds mark (Fig. 74.8A); the 
incision usually is about 8 cm long.

 n  Perform a fasciotomy along the septum between the mo-
bile wad and the extensor digitorum communis to release 
both extensor compartments.

 n  Once all structures have been identified, extend the fas-
cial incisions proximally and distally to fully release from 
the epicondyle to the musculotendinous junction. 

FLEXOR COMPARTMENT RELEASE
 n  Draw a line between the medial epicondyle to the junc-

tion of the palmaris longus at the distal wrist crease and 
mark it at two thirds of its length for extensor compart-
ment release.
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FIGURE 74.7 A, Longitudinal incisions over second and third metacarpals. B, Midaxial incision 
of finger. SEE TECHNIQUE 74.3.
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 n  Make a skin incision from 5 cm distal to the epicondyle to 
5 cm short of the two thirds mark (Fig. 74.8B).

 n  Split the fascia in line with the incision to release the su-
perficial flexor compartment.

 n  Develop the interval between the flexor digitorum super-
ficialis and flexor carpi ulnaris down to the deep fascia.

 n  Identify the ulnar nerve and release the deep fascia over 
the flexor digitorum profundus, taking care to protect the 
nerve and its branches.

 n  Extend the fascial releases proximally from the epicondyle 
and distally to the musculotendinous junction.
  

ESTABLISHED VOLKMANN CONTRACTURE 
OF THE FOREARM
If compartment syndrome is untreated or inadequately 
treated, compartment pressures continue to increase until 
irreversible tissue ischemia occurs. Volkmann ischemic 
contracture is the result of several different degrees of tis-
sue injury; however, the earliest changes usually involve 
the flexor digitorum profundus muscles in the middle 
third of the forearm (Fig. 74.9). The typical clinical pic-
ture of established Volkmann contracture includes elbow 
flexion, forearm pronation, wrist flexion, thumb adduction, 
metacarpophalangeal joint extension, and finger flexion.

A mild contracture, also termed localized Volkmann 
contracture, results from partial ischemia of the profundus 

mass, with flexion contractures usually involving only 
two or three fingers. Sensory changes usually are mild or 
absent. Intrinsic muscle contractures and joint contractures 
are absent. During the early stages of a mild contracture, 
dynamic splinting to prevent wrist contracture, functional 
training, and active use of the muscles may be helpful. After 

 

A

B
FIGURE 74.8 Incision for mini-open release of extensor compart-

ment (A) and flexor compartment (B). (Redrawn from Harrison JWK, 
Thomas P, Aster A, et al: Chronic exertional compartment syndrome of the 
forearm in elite rowers: a technique for mini-open fasciotomy and a report 
of six cases, Hand 8:450, 2013.) SEE TECHNIQUE 74.4.
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FIGURE 74.9 Anatomy of Volkmann ischemia. A, “Collateral circulation” of elbow does not 
communicate with vessels within flexor compartment. These elbow collaterals join radial and ulnar 
arteries proximal to pronator teres, the proximal guardian of flexor compartment. B, Brachial artery 
and median nerve enter forearm through tight opening formed by biceps tendon insertion laterally 
and pronator teres muscle medially and are tightly covered by lacertus fibrosus. Proximal angula-
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superficial to pronator teres and all flexor muscles. It is not crossed by any structure along this route. 
Ulnar artery passes beneath pronator teres and lies in deepest portions of compartment. Median 
nerve usually passes between humeral and ulnar heads of fleshy pronator teres, and, emerging, it 
becomes compressed against firm arcuate band of flexor sublimis origin (see text).
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3 months, the involved muscle-tendon units can be released 
and lengthened. When multiple tendon units are involved, 
however, a muscle sliding operation is preferable to length-
ening of multiple tendons, wrist resection, or other possi-
ble procedures. If involved, the pronator teres may require 
excision.

A moderate contracture usually involves not only the 
long finger flexors, but also the flexor pollicis longus and 
possibly the wrist flexors. Median and ulnar nerve sensory 
changes and intrinsic minus deformities are present. In this 
instance, the muscle sliding operation, careful neurolysis of 
the median and ulnar nerves without injuring their branches, 
and the excision of any fibrotic muscle mass encountered 
can be done. When no useful movement of the finger flexors 
has been retained, volar transfers of dorsal wrist extensors, 
such as the brachioradialis and extensor carpi radialis longus, 
and a complete release of the wrist and finger flexors may be 
required.

A severe contracture involves the flexors and exten-
sors of the forearm. Fractures of the forearm bones and 
scars on the skin also may be present. Sensory feedback 
is usually impaired because the nerves are strangulated 
by the contracted and scarred muscles surrounding them. 
The preferred treatment in these instances is early exci-
sion of all necrotic muscles, combined with complete 
median and ulnar neurolysis to restore sensibility and 
possibly intrinsic function. Although one author recom-
mended this be done no sooner than 3 months but no 
later than 1 year after the ischemic event, others have rec-
ommended surgical intervention within 3 weeks to pre-
vent additional contractures from developing. Tendon 
transfers to restore function should be performed as 
a secondary procedure. These may include transfer of 
the brachioradialis to the flexor pollicis longus and the 
extensor carpi radialis longus to the flexor digitorum 
profundus tendons. If motors to restore finger flexion are 
unavailable, a free innervated muscle transfer using the 
gracilis muscle may be considered (see Chapter 63). In 
one long-term study (32 years), substantial improvement 
was noted with excision of fibrotic muscle, neurolysis, and 
tendon or free gracilis transfers; however, tendon length-
ening alone was rarely satisfactory. For severe Volkmann 
ischemic contracture, Oishi and Ezaki recommended a 
two-stage procedure with initial muscle debridement 
and neurolysis, followed by a free-functioning gracilis 
transfer after return of sensation and intrinsic function 
to the hand. Satisfactory results have also been reported 
using a free medial gastrocnemius myocutaneous flap for  
reconstruction in patients with established Volkmann 
contracture.

MUSCLE SLIDING OPERATION OF FLEXORS FOR 
ESTABLISHED VOLKMANN CONTRACTURE
The muscle sliding operation was first described by Page 
in 1923 and was endorsed by Scaglietti in 1957. It has 
been used for Volkmann and other contractures caused 
by conditions such as brain damage and burns. In cases 
of Volkmann contracture, usually the muscle is fibrotic 
and noncontractile, and a muscle sliding operation alone 
is rarely indicated. 

 

EXCISION OF NECROTIC MUSCLES 
COMBINED WITH NEUROLYSIS OF 
MEDIAN AND ULNAR NERVES FOR 
SEVERE CONTRACTURE
This is a salvage procedure that may result in only modest 
improvement. If the contracture is diffuse but incomplete 
throughout all digital and wrist flexors, the muscle sliding 
technique may be considered (see Chapter 72).

 TECHNIQUE 74.5 

 n  Make an extensive volar forearm incision (Fig. 74.5) and 
excise all avascular masses of the flexor profundus and 
sublimis muscles, leaving any muscle that might survive 
or appears viable.

 n  Perform a neurolysis of the median and ulnar nerves. The 
median nerve usually is affected and may have an hour-
glass deformity in the midforearm. Neuroma excision and 
secondary nerve grafting may be necessary.

 n  Correct finger and wrist flexion deformities by dividing 
the involved flexor tendons at the musculotendinous 
junctions and excising the fibrotic muscle. At this time, 
at least the functional position of the hand will have 
been restored.

 n  At a second-stage procedure, any viable extensor muscles 
can be transferred to the finger flexors. At least one wrist 
extensor must be retained, however. Otherwise, any wrist 
flexor or extensor muscle can be transferred to power 
the profundus and flexor pollicis longus tendons. Most 
commonly, the brachioradialis is transferred to the flexor 
pollicis longus and the extensor carpi radialis longus to the 
flexor digitorum profundus of all four fingers.
   

 

TWO-STAGED FREE GRACILIS 
TRANSFER

 TECHNIQUE 74.6 

(OISHI AND EZAKI)

FIRST STAGE
 n  Widely expose the volar forearm compartment from the el-

bow to the wrist (see Fig. 74.5B) and elevate the skin flaps.
 n  Identify and mobilize the ulnar nerve at the elbow. After 

isolating and protecting the median nerve and brachial ar-
tery at the antecubital fossa, dissect the median and ulnar 
nerves and vascular structures all the way from the elbow 
to the wrist to free adherences to fibrotic necrotic muscle.

 n  Debride all the involved muscle, including the deep lay-
ers. Sometimes the only structures remaining after de-
bridement are the median and ulnar nerves, the vascular 
structures, and the tendon ends.
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 n  Perform any necessary nerve grafting or vascular recon-
struction at this point.

 n  Keep the proximal ends of the flexor tendon as long as 
possible (it is helpful to suture the proximal ends of the 
flexor digitorum profundus and the flexor pollicis longus 
together for later identification). In young or small chil-
dren, suture these ends to an area proximal to the carpal 
tunnel to prevent retraction into the carpal tunnel.

 n  Close the skin and immobilize the arm in a cast for 3 
weeks to allow the wound to heal. After removal of the 
cast, begin passive range-of-motion exercises to the fin-
gers and wrist. The patient is observed over the ensuing 
6 months for muscle and sensory recovery. 

SECOND STAGE
For the second-stage procedure, a two-person team ap-
proach is used; one is responsible for exposing the forearm, 
including the neurovascular structures and tendinous ends, 
and the other for harvesting the gracilis muscle.

 n  Identify the brachial artery in the forearm and follow it dis-
tally to determine its suitability or that of any of its branch-
es. Also identify a vein for anastomosis because the venae 
comitantes or subcutaneous veins may not be suitable.

 n  Identify the anterior interosseous branch, and in the distal 
forearm, identify and prepare the ends of the flexor digi-
torum profundus and flexor pollicis longus tendons.

 n  In the lower extremity, expose the gracilis muscle with or 
without an accompanying skin paddle. If a skin paddle is 
necessary, use only the proximal two thirds of overlying 
skin because the blood supply to the distal third of skin 
overlying the muscle is unreliable.

 n  Tag the anterior surface of the gracilis muscle with sutures 
at 2-cm intervals to correctly identify the resting tension 
of the muscle.

 n  Identify the neurovascular bundle and dissect it. Careful 
dissection is mandatory because the anterior branch of 
the obturator nerve runs superiorly from the muscle.

 n  When the forearm recipient site has been prepared, re-
lease the origin and divide the neurovascular bundle.

 n  If a vein graft is deemed necessary, microvascular anasto-
mosis of the vein graft to the gracilis artery can be done 
on a back table using an operating microscope.

 n  Suture the proximal gracilis to the medial epicondyle us-
ing nonabsorbable suture. Note the location of the ulnar 
nerve before carrying out this step. Also, take care to posi-
tion the muscle so as not to cause undue tension on the 
upcoming microvascular work.

 n  Using an operating microscope, perform anastomoses of 
the artery, vein(s), and nerve. Examine the anterior inter-
osseous nerve under the operating microscope and cut it 
back until good fascicles are seen. The closer the nerve 
coaptation is to the muscle, the shorter the distance nec-
essary for reinnervation.

 n  Place an implantable Doppler probe around the artery for 
postoperative monitoring. After assessment of adequate 
flow, suture the flexor digitorum profundus ends to each 
other and to the gracilis muscle at its resting tension (marked 
earlier).

 n  Suture the flexor pollicis longus tendon to a separate por-
tion of the gracilis muscle with the wrist in 10-20 degrees 

of extension and slight overcorrection of the normal fin-
ger cascade.

 n  Flex the wrist to ensure that the tenodesis allows the fin-
gers to extend appropriately.

 n  Close the skin flaps and immobilize and elevate the upper 
extremity. Failure to elevate the extremity could jeopar-
dize flap viability. 

POSTOPERATIVE CARE The patient is placed in a warm 
room and started on one low-dose (81 mg) aspirin per 
day. The dressing is changed, and the Doppler device is 
removed at 6-7 days with the patient under anesthesia. 
The upper extremity is immobilized for 4 weeks, and then 
range-of-motion exercises are begun. Protective splinting 
is used for the first few months. Muscle function may take 
up to 6 months to return.
  

ESTABLISHED INTRINSIC MUSCLE 
CONTRACTURES OF THE HAND
Proper surgical release of established intrinsic muscle contrac-
tures depends on the severity of the contractures. When the 
contractures are mild (Fig. 74.10), the metacarpophalangeal 
joints can be passively extended completely, but while they are 
held extended, the proximal interphalangeal joints cannot be 
flexed (positive intrinsic tightness test); in these instances, the 
distal intrinsic release of Littler may be indicated (Fig. 74.11).

In contractures that are more severe, the interosseous 
muscles are viable but contracted, and the intrinsic tight-
ness test is positive. Active spreading of the fingers may be 
possible. In these instances, the contracted muscles may be 
released from the metacarpal shafts by a muscle sliding oper-
ation (Fig. 74.12A).

 FIGURE 74.10 Abduction contracture of fifth finger in patient 
who developed fibrosis in abductor digiti quinti, probably secondary 
to ischemic myositis from compressive bandage.
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FIGURE 74.11 Littler release of intrinsic contracture. A, Extensor 

aponeurosis at level of metacarpophalangeal joint consists of long 
extensor tendon, transverse fibers (which flex the metacarpopha-
langeal joint), and oblique fibers (which extend the interphalangeal 
joint). Crosshatched part is resected from each side of hood. B, 
Appearance of aponeurosis after release. SEE TECHNIQUE 74.7.

 

A

B

FIGURE 74.12 A, Method of stripping and advancing interos-
seous muscles to slacken them, allowing proximal finger joints to 
extend and distal two to flex. Interosseous muscles of two clefts 
have been stripped. Stripping of interossei is done only when 
muscles still retain considerable function. Nerve supply should be 
spared. B, Complete intrinsic tenotomy for severe intrinsic contrac-
tures in which nonfunctioning interosseous muscle remains.

In the most severe contractures, the intrinsic muscles not 
only may be contracted, but also necrotic and fibrosed, so any 
useful muscle excursion is absent. In these instances, the ten-
don of each muscle must be divided to release the contrac-
tures (Fig. 74.12B). Other procedures, such as capsulotomies 
and tendon transfers, also may be necessary. 

 

RELEASE OF ESTABLISHED INTRINSIC 
MUSCLE CONTRACTURES OF THE 
HAND

 TECHNIQUE 74.7 

(LITTLER)
 n  The same procedure is done on any finger as needed.
 n  Make a single midline incision on the dorsum of the proxi-

mal phalanx, extending from the metacarpophalangeal 
joint to the proximal interphalangeal joint to allow good 
exposure of both sides of the extensor aponeurosis. Incise 
the insertion of the oblique fibers of the extensor aponeu-
rosis into the extensor tendon; make the incision parallel 
with the tendon (Fig. 74.11A).

 n  Preserve the transverse fibers to avoid hyperextension of the 
metacarpophalangeal joint with its resultant clawhand defor-
mity and limitation of extension of the interphalangeal joints.

 n  After adequate excision of the oblique fibers, the proximal 
interphalangeal joint should have full passive flexion with 
the metacarpophalangeal joints in neutral (Fig. 74.11B).

 n  Close the incision.
 n  Apply a volar plaster splint from the elbow to the middle 

of the proximal phalanges, immobilizing the metacarpo-
phalangeal joints in extension and permitting full motion 
of the interphalangeal joints.

POSTOPERATIVE CARE Active motion of the interpha-
langeal joints is begun the day after surgery, and the splint 
and sutures are removed at 10-14 days.
   

 

RELEASE OF SEVERE INTRINSIC 
CONTRACTURES WITH MUSCLE 
FIBROSIS

 TECHNIQUE 74.8 

(SMITH)
 n  Make a dorsal transverse incision just proximal to the 

metacarpophalangeal joints.
 n  Resect the lateral tendons of all the interossei and the 

abductor digiti quinti at the level of the metacarpopha-
langeal joints. If these joints remain flexed, retract the 
sagittal bands distally, and divide each accessory collateral 
ligament at its insertion into the volar plate.

 n  Free the volar plate from its attachments to the base of the 
proximal phalanx, and with a blunt probe, separate any ad-
hesions between the volar plate and the metacarpal head.
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 n  If maintaining extension of the proximal phalanx is dif-
ficult after soft-tissue release, insert a Kirschner wire 
obliquely through the metacarpophalangeal joint with 
the joint in maximal extension. When the phalanx is ex-
tended, ensure that its base articulates properly with the 
metacarpal head before inserting the wire.

 n  If passive flexion of the proximal interphalangeal joints 
is incomplete with the metacarpophalangeal joints ex-
tended, resect the lateral bands at the distal half of the 
proximal phalanges through separate dorsal incisions.

POSTOPERATIVE CARE Passive and active flexion exer-
cises of the proximal interphalangeal joints are begun within 
1 day of surgery. The Kirschner wires are removed at about 
3 weeks.
  

ADDUCTED THUMB
Only complete loss of the thumb causes more disability in the hand 
than a fixed severe adduction of the thumb (web contracture). The 
thumb is the only digit with the ability to bring its terminal sen-
sory pad over the entire surface of any chosen finger or over the 
distal palmar eminence. The saddlelike first carpometacarpal joint 
provides the circumductive movement of the thumb necessary for 
pinch or grasp functions. The intrinsic muscles of the thumb and 
the extrinsic flexors and extensors all are important in the balanced 
control required to perform these functions effectively. The short 
abductor muscle positions and stabilizes the thumb metacarpal for 
pinch; the adductor muscle supplies the power for pinch by acting 
on the proximal phalanx; the long extrinsic flexor muscle positions 
the distal phalanx in varying degrees of flexion and consequently 
controls the type of pinch, whether it be fingernail-to-fingernail 
opposition or pulp-to-pulp opposition with another digit. The 
thumb web must be supple if these important movements of 
the thumb are to be possible. Any contracture of the thumb web 
causes limited opposition of varying degrees. In severe contrac-
ture, the thumb is in a position of adduction and external rotation.

The thumb web consists of skin, subcutaneous tissue, muscle, 
fascia, and joint capsule. Contracture of any one of these tissues 

can cause a secondary contracture of the others; rarely is there 
contracture of only one. Causes of some injuries include scarring 
of the skin, burns, infection, crush injuries, congenital webbing, 
paralysis, Dupuytren contracture, and faulty immobilization.

The proper treatment of a contracted web is determined 
by which structures of the web are involved; little is accom-
plished by releasing the skin alone when deeper structures, 
such as muscle, fascia, or joint capsule, also are contracted. 
When the skin alone is contracted from a hypertrophic scar 
after a surgical incision or a laceration along the border of the 
web, it sometimes can be released by a Z-plasty or a local flap. 
The four-flap Z-plasty is a commonly utilized technique to 
expand the first web space when the predominant causative 
factor involves the skin. It is described in Chapter 64.

Crushing injuries, infections, or deep burns result in exten-
sive fibrosis within the thumb web that cannot be treated by 
release of the skin alone; rather, the scarred components of the 
contracted skin, muscle, fascia, and capsule must be excised with 
care to avoid damaging the radial artery near the carpometacar-
pal joint. This excision produces a deep fissure that must be filled 
with skin and subcutaneous fat to provide an elastic function-
ing web. This may be accomplished by dorsal rotation or a slid-
ing flap with supplemental skin grafting (Figs. 74.13 and 74.14). 

 

BA
FIGURE 74.13 One method of releasing dorsal skin of adducted 

thumb (see text) (Brand and Milford). A, Skin incision. B, Skin 
grafting covers defect after release has been accomplished by 
undermining dissection.

 

a

b

a

b

CBA

FIGURE 74.14 Cross-arm flap coverage of deepened thumb web. A, Web space deepening after 
skin division and muscle recession. B, Position of hand with triangular distal flap (b) sutured into dorsal 
thumb web defect. Outline of proximal triangular flap (a) that will be used for palmar web coverage. 
C, Web space reconstruction after transfer of palmar flap at second-stage operation 3 weeks later.
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If the adjacent tissue is unsuitable for transfer, several other 
options are available to treat moderate-to-severe first web space 
contractures. Rotational axial pattern flaps include reverse pos-
terior interosseous artery flap, reverse radial forearm flap, or a 
groin flap (described in Chapter 65). A free lateral arm flap may 
also be used (described in Chapter 63). The cross-arm flap has 
been described as well. It is fashioned as a double triangle, one 
on the dorsal surface and one on the volar surface of the web, to 
eliminate any line of scar paralleling the border of the web. The 
first and second metacarpals are fixed in the desired position with 
Kirschner wires. When motion in the carpometacarpal joint can 
be restored, any necessary tendon transfers for apposition can be 
done later, but if motion cannot be restored the carpometacar-
pal joint must be arthrodesed to maintain the new position of the 
thumb permanently.

Paralysis of the muscles of apposition can result in sec-
ondary contracture of the skin and joint capsule, and in con-
tracture of the thumb web, requiring release by a Z-plasty or 
using a local flap and a skin graft as described by Brand and 
Milford (see Fig. 74.13). Contracted fascia and bands of mus-
cle must be released, and capsulotomy of the carpometacarpal 
joint must be done at the same time.

Occasionally, a useless index finger may provide a fil-
leted pedicle with which a satisfactory thumb web can be 
constructed in one stage. This procedure not only widens the 
web, in that the index metacarpal is excised, but also provides 
skin that can be repositioned over a nearby defect or scar (see 
discussion of filleted graft in Chapter 65).
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DUPUYTREN CONTRACTURE
James H. Calandruccio

CHAPTER 75

Dupuytren disease is a proliferation of previously normal 
subcutaneous palmar and digital tissues that may manifest 
as nodules and cords that may compromise hand function 
by the resultant finger and thumb joint flexion contractures. 
Other secondary changes include thinning of the overlying 
subcutaneous fat and subsequent adhesion to and later pit-
ting or dimpling of the skin. The lesion activity and the ensu-
ing deformity rate vary considerably. Occasionally, a finger 
may become markedly flexed within a few weeks or months, 
but development of severe deformity usually requires several 
years.

Ectopic Dupuytren disease deposits may occur in a vari-
ety of areas (Fig. 75.1). Approximately 5% of patients with 
Dupuytren contractures have similar lesions in the medial 
plantar fascia of one or both feet (Ledderhose disease), 3% 
of patients have plastic penile induration (Peyronie disease), 
and “knuckle pads” (Garrod nodules) may present over the 
proximal interphalangeal (PIP) joints dorsally. Patients with 
these associated findings are considered to have a Dupuytren 
diathesis and are prone to a more progressive and recurrent 
form of this disease.

Commonly occurring in adults in their 40s to 60s, 
Dupuytren contracture occurs 6 to 10 times more frequently 
in men than in women. According to McFarlane, the disease 
occurs significantly earlier in men (33 to 63 years old) than 
in women (46 to 70 years old). It is most common in white 
northern European individuals, although it has been reported 
occasionally in blacks and rarely in Asians. The lesion has 
been reported to be more frequent and severe in individuals 
with diabetes mellitus or with epilepsy (42%), and conflict-
ing reports exist concerning the disease in individuals with 
alcoholism. The involvement, although often bilateral (45%), 
rarely is symmetric (Fig. 75.2). Mikkelsen et  al. found that 
mortality may be increased in men who develop the disease 
before age 60.

Although the causes of this disease are unknown, hand 
trauma and the type of manual labor performed by an indi-
vidual may be contributing factors. The presence of hemosid-
erin in these lesions suggests hemorrhage from tears; however, 
the nondominant hand is affected as often as the dominant 
one, making trauma alone an unlikely cause. Occasionally 
a single injury may precipitate the onset of the disease in 
genetically susceptible individuals. Likewise, surgical trauma, 
even release of a trigger finger in susceptible patients, may 
precipitate significant pretendinous cords, palmar thicken-
ing, and subsequent troublesome contractures. Accordingly, 
minor palmar surgical procedures should be approached with 

caution when pretendinous cords are present. Similarly, exci-
sion of an isolated Dupuytren nodule, especially in younger 
patients, is rarely warranted as it is more likely than not a 
more significant lesion will ensue.

According to McFarlane, a causal relationship may be 
assumed if consistent histologic changes occur within 2 
years after a focal injury in women younger than 50 years of 
age and men younger than 40 without a strong diathesis for 
Dupuytren disease. In patients with bilateral disease, the dis-
ease usually develops in the uninjured hand after age 40 years 
in men and 50 years in women.

Evidence also points to heredity as a predisposing factor 
in Dupuytren disease. The lesion seems to occur earlier and 
more frequently in some families, with a variable penetrance 
autosomal dominant pattern. Vascular insufficiency and ciga-
rette smoking have been linked to Dupuytren disease as pos-
sible causative factors.

The lesion usually begins on the ulnar side of the hand 
at the distal palmar crease and progresses to involve the ring 
and little fingers, these being affected more frequently than 
all other digits combined. Metacarpophalangeal (MP) and 
PIP joint flexion contractures gradually develop; their sever-
ity depends on the extent and maturity of the fibroplasia. The 
lesions are more commonly painless, although some patients 
may complain of itching or minor discomfort. However, 
these nodules have been shown histologically to have neural 
entrapment, the reason some individuals present with pain 
primarily.

PATHOGENESIS
The cause of Dupuytren disease is unknown; however, the cel-
lular and connective tissue changes that occur with this disor-
der have some similarity to malignant tumors despite being a 
benign process. Dupuytren contracture begins with increased 
fibroblast proliferation followed by type III collagen deposi-
tion resulting in uncontrolled palmar fascia growth ultimately 
causing flexion contractures. Dupuytren disease has been com-
pared with wound healing in that myofibroblasts, which pro-
duce type III collagen, are dominant in both granulation tissue 
and Dupuytren tissue. In addition, growth factors and their 
receptors have been shown to have increased expression in dis-
eased fascia, especially transforming growth factor-β and basic 
fibroblast growth factor. Transforming growth factor-β has 
been shown to induce differentiation of fibroblasts into myo-
fibroblasts. An increase in glycosaminoglycans, matrix metal-
loproteinase activity, the presence of fibrofatty tissue between 
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the skin and fascia, trauma, and microtrauma caused by free 
radicals also have been theorized as playing a role in the devel-
opment of Dupuytren contracture.

Dupuytren disease progresses through several stages: pro-
liferative, involutional, and residual. In the proliferative stage, 

nodules, composed of type III collagen and fibroblasts, develop 
and expand to displace the subcutaneous tissue and fuse to the 
skin. The nodules typically appear at the distal palmar crease 
over the MP joints and distally over the PIP joints but not over 
the distal interphalangeal joints. They eventually stop growing 
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FIGURE 75.1 Ectopic deposits of Dupuytren disease. A, Bilateral medial plantar and medial 
great toe involvement. B, Right foot involvement (Ledderhose disease). C, Dorsal proximal inter-
phalangeal joint nodules (Garrod nodules).
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FIGURE 75.2 Asymmetric hand involvement. A, Mild bilateral ulnar hand disease. B, More 
diffuse bilateral disease with severe contracture of interphalangeal joint of right small finger.
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and begin to contract in the involutional stage. Stress align-
ment of the fibroblasts occurs, and more collagen is produced. 
Myofibroblasts then replace the fibroblasts as the predominant 
cell type, producing type III collagen and causing contraction. 
Nodule expansion places tension on the normal fascia proxi-
mally, producing fascial hypertrophy and nodule-cord units. 
In the residual phase, the nodules decrease in size and may 
become acellular fibrous cords. Contractures of the MP and 
PIP joints and displacement of digital neurovascular bundles 
result from predictable patterns of fascial cord involvement.

The fascial structures that may become involved in the fibro-
proliferative process have been clearly outlined by McFarlane 
(Fig. 75.3). Thomine described a longitudinally oriented fascia 
located dorsal to the neurovascular bundle, which he termed 
the retrovascular cord. This structure often is involved in the 
disease and may be implicated as a cause for recurrent PIP 
contractures. The Cleland ligament generally is believed to be 
spared. The pretendinous cord nearly always is responsible for 
primary contracture of the MP joint. It may attach to the distal 
palmar crease skin, base of the proximal phalanx, or the tendon 
sheath at this level, or it may extend to attach to the flexor ten-
don sheath over the middle phalanx or the skin in this area. A 
spiral cord occurs when four normally existing structures (pre-
tendinous band, spiral band, lateral digital sheet, and Grayson 
ligament) become diseased. The spiral cord runs dorsal to the 
neurovascular bundle proximally and volar to it distally. When 
the spiral cord is contracted, the neurovascular bundle is drawn 
superficially and toward the midline of the finger (Fig. 75.4). 
Neurovascular displacement is found most commonly on the 
ulnar aspect of the little and ring fingers, and tedious dissection 
is required to prevent digital nerve injury.

The lateral digital cord may extend distally and contribute 
to a flexion contracture of the distal interphalangeal joint. The 
plane between this cord and the overlying skin is minimal 
and must be developed sharply. The retrovascular cord is not 
believed to contribute significantly to flexion contracture of 

the PIP joint; however, it may be responsible for some resid-
ual flexion contracture or recurrence if not excised.

MP and distal interphalangeal (DIP) joint contractures 
seem to result from pretendinous and lateral cord develop-
ment. PIP joint contractures may develop from isolated digi-
tal cords in addition to central, spiral, or retrovascular cords 
(Figs. 75.5 and 75.6). The diseased tissue in this unusual form 
of Dupuytren contracture most commonly affects the small 
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FIGURE 75.3 A, Normal palmar and digital fascia. B, Diseased fascia in continuity with the 
pretendinous cord. C, Other common fascial disease patterns.
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FIGURE 75.4 A, Normal parts of fascia that produce spiral 
cord: pretendinous band, spiral band, lateral digital sheet, and 
Grayson ligament. B, Spiral cord showing medial displacement of 
neurovascular bundle.  (Diseased spiral band is not synonymous 
with spiral cord.)
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finger; however, any digit may be involved. The cord origi-
nates from the periosteum of the proximal phalanx and fascia 
overlying the intrinsic muscles and distally courses dorsal to 
the neurovascular bundles, inserting into the middle phalanx 
or the overlying flexor tendon sheath volar to the neurovascu-
lar bundles. This digital cord frequently displaces the neuro-
vascular bundle superficially and to the midline of the finger, 
similar to a spiral cord.

Skoog suggested that, of the palmar fascia components, 
only the longitudinal pretendinous bands are involved and 
that the superficial transverse palmar ligaments are always 
spared. We agree with McFarlane that the superficial trans-
verse ligaments, in addition to natatory cord prominence, 
may be involved and require excision especially in symptom-
atic thumb web space contractures. 

PROGNOSIS
The prognosis in Dupuytren contracture seems to depend on 
the following factors, which may determine the appropriate 
intervention:
 1.  Heredity. A family history of the disease indicates 

that the lesion is likely to progress more rapidly than 
usual, especially if the onset is early.

 2.  Sex. The lesion usually begins later and progresses 
more slowly in women, who often accommodate bet-
ter to the resulting deformity; however, long-term 
results after operation are worse in women than in 
men, with postoperative flare reaction being twice as 
likely.

 3.  Epilepsy. Despite earlier statements positively associat-
ing Dupuytren contracture with epilepsy, Geoghegan 
et al. concluded that neither epilepsy nor antiepileptic 
medications were associated with the disease.

 4.  Diabetes mellitus. Diabetes mellitus is a risk factor 
for Dupuytren disease, especially in patients requir-
ing medical management compared with patients 
with diet-controlled diabetes mellitus. According to 
Geoghegan et al., patients taking insulin were more 
likely to have Dupuytren disease than patients taking 
metformin or sulfonylureas.

 5.  Alcoholism or smoking. The lesions are more severe, 
progress more rapidly, and recur more frequently 
when associated with these conditions. Godtfredsen 
et al. found a dose-dependent relationship to alcohol 
intake and smoking and concluded that the combina-
tion of these two factors conveys a high risk for the 
development of Dupuytren disease.
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FIGURE 75.5 A, Spiral cord involving little finger. B, Nodule and cord exposed. C, Return of 
ulnar digital nerve to normal position after surgical resection.
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 6.  Location and extent of disease. When the disease is 
bilateral and especially when it is associated with 
knuckle pads and nodules in the plantar fascia, pro-
gression is more rapid and recurrence is more fre-
quent. Progression is more rapid on the ulnar side of 
the hand.

 7.  Behavior of disease. How the disease has behaved in 
the past, whether treated or not, is an indication of its 
probable behavior in the future.

Patients need to know that Dupuytren disease is not a 
curable disorder and that interventions are designed to man-
age functional deficits resulting from the nodules and cords. 
Contracture management usually focuses on isolated defor-
mities; however, recurrence in the areas treated is common 
and more widespread disease may follow (disease extension) 
and be a cause for patient concern. Hence, counseling patients 
regarding disease recurrence and extension is important prior 
to engaging various treatment regimens (Fig. 75.7). 

NONOPERATIVE TREATMENT
Various nonoperative treatment regimens for Dupuytren dis-
ease continue to focus on the fundamental disease histopa-
thology (Box 75.1).

EXTERNAL BEAM RADIATION
Management of early stage Dupuytren disease by external 
beam radiation has been reported to regress the disease in 
up to 45% and stop progression in up to 80% of patients. 

Low-dose radiation (less than 30 Gy) using various proto-
cols have been published, and no protocol has reported any 
malignant transformation in up to 13 years after treatment. 
Chronic side effects reported to persist more than 4 weeks 
after treatment were dryness of the skin (20%), skin atrophy 
(3%), lack of sweating (4%), telangiectasia (3%), desquama-
tion (2%), and sensory alteration (2%). We have no experi-
ence with this treatment method.

Nodule-derived fibroblast contractile properties were 
shown by Bisson et al. to be greater than those of cord-derived 
fibroblasts, and both of these fibroblast lines had significantly 
greater force generation than carpal tunnel ligament fibro-
blasts. Ketchum and Donahue found that after an average of 
3.2 injections per nodule of triamcinolone acetonide, 97% of 
75 hands had softening or flattening of the nodules. Although 
complete resolution of the disease was rare, only half of the 
patients had nodule reactivation within 3 years after the 
injections. 

COLLAGENASE INJECTIONS
Clinical trials evaluating clostridial collagenase histolyticum 
(CCH) injections as a nonoperative treatment have indicated 
prompt and impressive MP and PIP joint contracture release. 
Badalamente et al. reported on the safety and efficacy of this 
enzymatic degradation in studies, including a randomized 
placebo-controlled study in which Hurst et al. reported con-
tracture reduction to 0 to 5 degrees in 77% of MP joint and 
40% of PIP joint contractures in 204 joints receiving collage-
nase injections. Despite these results being significantly better 
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FIGURE 75.6 Retrovascular cord. A and B, 50-year-old right-handed woman with diabetes 
mellitus and previous isolated Dupuytren nodule excision from small finger with resultant proximal 
interphalangeal and distal interphalangeal joint contractures. C, Retrovascular cord responsible 
for DIP contracture. D, Clearer view of the retrovascular cord before excision with Z-plasty flap 
incision.
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FIGURE 75.7 Hueston estimates of Dupuytren disease recurrence and extension based on 
bilateral disease presence, age of onset, family history, and ectopic deposits.  (From McFarlane RM: 
Some observations on the etiology of Dupuytren’s disease. In Hueston JT, Tubiana R, editors: Dupuytren’s 
Disease, London, 1985, Churchill Livingstone, p 123.)

Treatment of Dupuytren Disease

Nonoperative
 n  External beam radiation
 n  Steroid injection
 n  Collagenase 

Operative
 n  Subcutaneous fasciotomy
 n  Scalpel
 n  Needle
 n  Partial (selective) fasciectomy
 n  Complete fasciectomy
 n  Fasciectomy with skin grafting
 n  Staged external fixation
 n  Arthrodesis
 n  Amputation

 BOX 75.1 

than in the 104 joint placebo group, the 30-day outcome did 
not allow the authors to comment in regard to recurrence. 
In a previous 2-month follow-up study, similar results were 
achieved compared with placebo and only 5 of 62 joints had 
recurrence. Transient side effects included localized swelling, 
pain, bruising, pruritus, regional lymph node enlargement, 
and tenderness; however, permanent adverse serious side 
effects were rare, aside from two flexor tendon ruptures in 
the prior study. Our experience with collagenase injections 
has been limited but favorable. Best results are obtained in 
patients with a well-defined palpable cord that is located away 
from the flexor tendon. Collagenase injection may be contra-
indicated in patients who are on anticoagulation or who have 
lymphedema, lymph node surgery, or implants.

Publications involving CCH safety, tolerability, and effi-
cacy continue to document the reliability of management of 
MP contractures and the difficulty with PIP joint contractures. 
Peimer et al. collected data on 463 patients (78% males with 

an average age of 65 years) and found that 1.08 CCH injec-
tions were used per treated joint, compared with a mean of 1.7 
injections in registration trials. Ninety-three percent of joints 
received only one injection, and 67% of first injections resulted 
in full correction compared with the clinical trial rate of 39%. 
Atroshi et al., however, reported skin tears in 66 hands (40%) 
of 164 treated with collagenase injections; only 14 were larger 
than 1 cm, and all healed without complications. Although 
original labeling of CCH included a restriction that only one 
affected joint be treated at a time, Gaston et al., in a study of 
714 patients (724 joint pairs), reported that CCH injections 
can be used to effectively treat two affected joints concurrently 
without increasing the risk of adverse events. The US Food and 
Drug Administration (FDA) recently approved the use of CCH 
to treat two affected joints concurrently and to perform finger 
manipulations 1 to 3 days after the injections. 

 

COLLAGENASE INJECTIONS

 TECHNIQUE 75.1 

(HENTZ)
 n  Use a 1-mL syringe and a 0.5-in, 27-gauge needle. Local 

anesthesia is not recommended at the time of injection 
because of distortion of the soft-tissue anatomy and the 
potential for deactivation of the drug.

 n  Use the nondominant hand to apply gentle extension to 
the finger undergoing injection, displacing the cord su-
perficially from the underlying flexor tendon mechanism.

 n  Insert the needle perpendicularly through the skin into 
the underlying cord. The tissue should be firm and resist 
easy passage of the needle.

 n  Use passive manipulation of the proximal or distal inter-
phalangeal joint to ensure that the needle has not been 
improperly positioned within the underlying flexor tendon.
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 n  Inject one third of the volume. Resistance to fluid flow 
indicates that the needle is within the cord.

 n  Withdraw the needle slightly, incline it distally, and rein-
sert it into the cord approximately 3 mm from the site of 
the first insertion. Confirm proper positioning, and inject 
one third of the dose.

 n  Reposition the needle 2 to 3 mm proximal to the initial 
injection site and administer the final one third of the 
dose (Figs. 75.8 and 75.9).

POSTOPERATIVE CARE The hand is wrapped in a soft 
dressing, and the patient is instructed to avoid hand-in-
tensive activity for the next few hours. They can resume 
a normal schedule that evening but should be cautioned 
that this is not always possible.
  

MANIPULATION
Although current FDA guidelines stipulate that finger 
manipulation is done the day following injection, stud-
ies have shown that a delay in manipulation for up to 7 
days does not increase adverse events or result in loss of 
efficacy.

Finger extension without local anesthesia can be 
extremely painful; a midpalm (proximal to the area of swell-
ing and ecchymosis), intermetacarpal, or wrist block can be 
used for anesthesia. Care should be taken during rupture of 
the cord because skin splitting can occur. Most skin tears are 
of the palmar skin with a contracture of more than 45 degrees, 
heavily calloused skin, or marked ecchymosis at the injection 
site. Tearing can be minimized by not pulling vigorously in 
the area of blood blisters and following a four-step protocol 
described by Meals and Hentz:
 1.  Flex the PIP joint while extending the MP joint.
 2.  Flex the MP joint while extending the PIP joint.
 3.  Extend both joints together.
 4.  While keeping the finger extended under moderate 

tension, continue to extend the MP and PIP joints 
and disrupt any residual intact cord fibers.

If necessary, these four steps can be repeated at 5- to 10-min-
ute intervals while observing carefully for skin tears; how-
ever, no more than three attempts are recommended. If a skin 
tear begins, manipulation should be stopped and the patient 
instructed to begin gentle progressive passive extension. After 
manipulation, the patient is fitted with a splint and instructed 
to use it at bedtime for up to 4 months to maintain finger 
extension. The patient also is instructed to perform finger 
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B

FIGURE 75.8 Two-handed clostridial collagenase histolyticum injection technique. A, Cord is 
delineated by palpation. B, Needle is inserted into cord while tension is applied to cord. C, Both hands 
are used to support syringe while the plunger is pressed.  (From Hentz VR, Watt AJ, Desai SS: Advances 
in the management of Dupuytren’s disease: collagenase, Hand Clin 28:552, 2012.) SEE TECHNIQUE 75.1.
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extension and flexion exercises several times a day for several 
months.

Coleman et al. and Verheyden reported success with CCH 
injections of multiple cords at the same time. Coleman et  al. 
treated 60 patients with 2 concurrent injections; 88% were sat-
isfied with their results, and 92% reported being very much or 
much improved. Adverse events (pruritus, lymphadenopathy, 
blood blister, skin laceration) were more frequent than after sin-
gle injections. Verheyden treated 144 patients with the entire bot-
tle of enzyme, approximately 0.78 mg compared with 0.58 mg in 
other reports, using a novel slow intracord multicord technique. 
He found that the technique safely allowed injection of multi-
ple Dupuytren contracture cords at one setting. Correction at 
the MP and PIP joints, taken individually, was comparable with 
the collagenase option for the reduction of Dupuytren contrac-
tures (43 degrees and 33 degrees, respectively). With multicord 
injections, Verheyden achieved 94 degrees average immediate 
and 76 degrees average final combined MP and PIP joint con-
tracture releases per bottle of enzyme. This may result in sig-
nificant health care savings when CCH is the chosen treatment. 
However, the cost-benefit ratio has been questioned in a level 
1 study by Strömberg et al. comparing CCH and percutaneous 
needle aponeurotomy (PNA). After evaluation of 156 random-
ized patients evaluated by a blinded observer over 2 years, they 
concluded that PNA achieved results equivalent to or slightly 
better than CCH (79% vs. 76% straight fingers), with CCH being 
nearly three times more expensive. A smaller prospective study 
by Skov et  al. reached similar conclusions, with better clinical 
results with PNA and higher complication rates with CCH. 

PERCUTANEOUS NEEDLE APONEUROTOMY
PNA has had a resurgence of interest since first being 
described by Lermusiaux and Debeyre in 1980. A 25-gauge 
needle mounted on a 10-mL syringe is used to divide the con-
tractile cords after infiltration with 1.0 mL or less of 1% lido-
caine with 1:100,000 epinephrine. Multiple contractile cord 
areas can be sectioned in the palm and fingers with special 
care to avoid sensory nerves. No splint or physiotherapy is 

used. PNA has been reported to give satisfactory short-term 
results in a group of 74 releases at 33-month follow-up, with 
an 88% MP joint and 46% PIP joint contracture reduction. 
However, in this group the recurrence rate was 65%, where 
recurrence was defined as loss of 30 degrees or more from the 
immediate postoperative correction. Although sensory dis-
turbance was noted in only two fingers, digital nerve stretch 
injury and needle trauma remain concerns. This may be an 
office procedure and repeated as necessary to gain extension. 
It appears to be effective for those who are elderly, patients 
who desire minimally invasive procedures, and those know-
ing additional releases may be required in the near future. 
Several studies have shown PNA to be a cost-effective alter-
native to fasciectomy, as noted by Strömberg et al., Skov et al., 
and Leafblade et al., who reported results equivalent or supe-
rior to CCH at much lower medical expense.

Hovius et  al. described combining PNA with lipofill-
ing (injection of a lipoaspirate containing adipose-derived 
stem cells) to restore the subdermal fat deficiency present in 
Dupuytren disease. Adipose-derived stem cells also have been 
shown in laboratory studies to inhibit the contractile myofibro-
blast in Dupuytren disease. In their technique, multiple nicks 
are made with a 19-gauge needle from proximal to distal in the 
palpable cord, and a hooked needle is used to release the skin 
from the underlying tissue; when the cord is fully released, the 
lipoaspirate is diffusely injected through 2 or 3 needle entry 
sites in the palm and digit. Suggested advantages of this tech-
nique include the ability to treat multiple digits, shorter recov-
ery time, restoration of deficient subcutaneous fat, and supple 
skin without scars. In a series of 91 patients (99 hands), 94% 
returned to normal use of the hand within 2 to 4 weeks, and 
95% were very satisfied with their results. 

OPERATIVE TREATMENT
Operative treatment is technically easier when joint con-
tractures are less severe; however, minor contractures are 
encountered more often early in the disease progression. 

 

Skin

Subcutaneous fat

Dupuytren’s cord

Deep fat
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Metacarpal
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FIGURE 75.9 Two injection techniques; goal is to inject total volume into cord over a distance 
of 5 to 6 mm.  (Redrawn from Hentz VR, Watt AJ, Desai SS: Advances in the management of Dupuytren’s 
disease: collagenase, Hand Clin 28:552, 2012.) SEE TECHNIQUE 75.1.
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Where ill-defined planes between normal and abnormal tis-
sue are encountered, the cellular process is more active, and 
recurrence is more likely. Ideally, patients are operated on 
when their diseased tissues are more mature and the ten-
dency for surgical trauma to accelerate the disease process is 
less. Nonetheless, PIP joint and MP joint contractures of 15 
degrees and 30 degrees or more, respectively, may be disabling 
and warrant surgical intervention. Stiffening and increase in 
flexion contractures may occur when surgical intervention 
occurs in the proliferative stage. Indications for and timing 
of surgery should also take into account the disability of the 
joint contracture, presence of degenerative joint disease, and 
other predisposing factors for poor outcomes, rather than 
merely the degree of contracture.

Operative procedures commonly used in treating 
Dupuytren contracture are (1) subcutaneous fasciotomy, (2) 
partial (selective) fasciectomy, (3) complete fasciectomy, (4) 
fasciectomy with skin grafting, (5) staged resection preceded 
by external fixation, (6) joint resection and arthrodesis, and 
(7) amputation. The appropriate procedure depends on the 
degree of contracture; nutritional status of the palmar skin; 
the presence or absence of bony deformities; and the patient’s 
age, occupation, and general health. Generally, more severe 
involvement requires more extensive surgery, done in stages 
if necessary, and preceded perhaps by a subcutaneous fasci-
otomy and joint extension therapy.

The least extensive procedure, subcutaneous fasci-
otomy, is commonly used for elderly patients who are not 
concerned with the appearance of the disease or in patients 
who have poor general health. The results of this procedure 
are better in the residual phase when dense, mature cords 
are present than when the lesions are more immature and 
diffuse. However, many require repeat surgery. In subcuta-
neous tenotomy, the pretendinous cords are simply divided 
in an attempt to correct MP joint contractures; however, 
some PIP joint contractures may be lessened immediately 
from dynamic MP joint contractures and others eventually 
from cord and nodule regression. We have found percutane-
ous fasciotomy to be an effective treatment for Dupuytren 
contracture, and we investigated the effectiveness of an 
office-based percutaneous fasciotomy both objectively and 
subjectively. Thirty-two patients (36 digits) were followed 
to determine active and passive MP joint correction and 
patient-perceived effects after percutaneous release. Patient-
reported outcome measures (QuickDASH, Work Module 
Score [WMS], Sports Module Score [SMS]) were collected 
preoperatively and postoperatively at 6 weeks, 3 months, and 
1 year. At 1 year, the rate of recurrence was 33%. The aver-
age MP joint correction was active extension of 39.6 to 9.3 
degrees and passive 25.4 to 3.6 degrees of hyperextension. 
The improvement in patient-reported outcomes (WMS and 
SMS) was correlated at 6 weeks and 1 year with active exten-
sion improvement. On average, the wound closed within 7 
days, with pain resolution by 2 days. No patient sustained a 
sensory deficit. Patients had a statistically significant con-
tracture reduction after release, sustained at 1 year in most. 
The increase in extension deficit correlated with improve-
ment in patient-reported outcomes at 1 year; 82% of patients 
were satisfied with the procedure, and 87% thought the pro-
cedure was worth having done.

Partial (selective) fasciectomy is the procedure most 
commonly performed, results in the greatest reduction 
in extension deficit, has the best long-term results of any 

procedure to date, and is indicated when contractures com-
promise hand function. Although the ulnar digits are most 
commonly involved, all fingers and the thumb may require 
surgical management at the same setting. This operation is 
used more frequently because postoperative morbidity is 
less and complications are fewer than after complete fas-
ciectomy. Although the rate of recurrence after partial fas-
ciectomy is 50%, the need for another surgical procedure 
is only 15%. In this operation, only the mature deform-
ing tissue is excised and, although all the visible diseased 
tissue typically is removed, biochemically or microscopi-
cally involved fascia may not be clinically apparent and 
not excised during an operation. Various incisions can be 
used to expose the pathologic tissue (Fig. 75.10). When 
the PIP contracture is not significant, a zigzag or Bruner 
incision may be sufficient (Fig. 75.10B) or a variant of it 
because adequate exposure and removal of the pathologic 
tissue usually is possible. The incision chosen should be 
fashioned to fit the needs of the individual patient. When 
tightness of the palmar skin limits extension of a finger or 
when there is a significant PIP joint contracture, a straight 
midline incision converted to appropriate Z-plasties is 
indicated (Fig. 75.10A). Multiple transverse incisions can 
be used when the diseased tissue can be safely dissected 
free from the neurovascular bundles; however, following 
and excising diseased cords through discontinuous inci-
sions is more difficult. Patients suitable for this surgical 
exposure usually have well-defined disease and minor PIP 
joint contractures. Successful disease removal from this 
exposure may result in a faster recovery and acceptable 
cosmetic results. Regardless of the incision, dissection is 
made easier by loupe magnification, and great care must be 
taken to avoid damage to neurovascular structures.

Sometimes after fasciectomy, extension of the PIP joint 
is incomplete, which may result from incomplete excision 
of less obvious diseased tissue, skin tightness, joint capsular 
contractures, flexor tendon pathology, or joint incongruity. 
Projections of isolated cords passing volar to the rotation 
axis of the PIP joint are common causes of residual joint 
flexion deformity. These problematic cords often insert onto 
the flexor tendon sheath laterally or the middle phalanx. 
Dissection of faintly detectable deforming cords intimately 
associated with the skin and skin Z-plasty may be required 
for sufficient correction of PIP joint contracture. Significant 
residual PIP joint flexion contractures may require volar 
joint capsulotomies. PIP joint flexion contractures of more 
than 60 degrees are in general correctable to about 50% of the 
existing contracture, regardless of a concomitant PIP joint 
capsulotomy, according to Weinzweig et  al. These authors 
found an average 16-degree loss of preoperative flexion in 
the capsulotomy group compared with an 8-degree loss in 
the noncapsulotomy group.

More severe PIP joint contractures may benefit from a 
staged procedure in which an external fixator is used to grad-
ually correct the flexion contracture before the definitive sur-
gical excision. Success with this method has been reported by 
Agee and Goss and White et al. White et al. treated 38 fingers 
in 27 patients with PIP joint contractures of more than 70 
degrees with a staged technique. The first stage involved apply-
ing a mini-external fixator across the PIP joint for continuous 
extension over 6 weeks (Fig. 75.11). The tension of the elas-
tic band across the minifixator was increased twice weekly, 
allowing full active flexion of the PIP joint against the elastic 
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band. The second stage involved an open palm fasciectomy 
for the contracted cords restricting MCP joint movement 
and dermofasciectomy with full-thickness skin grafting over 
the proximal phalanx for bands restricting PIP joint move-
ment. The external fixator was used to maintain active exten-
sion force until the graft healed; it generally was removed in 
the outpatient clinic under ring block 2 weeks after the sec-
ond-stage procedure. At a mean follow-up of 20.6 (6 to 48) 
months, the mean preoperative PIP joint of 75 degrees had 
improved to 37 degrees. Despite complications including pin 
site infection, pin loosening, and complex regional pain syn-
drome, the authors concluded that the staged procedure is a 
valid alternative in the management of severe Dupuytren PIP 
joint contracture.

Skoog described a partial or selective fasciectomy in 
which only the pretendinous fibers of the palmar fascia 

are excised. According to Skoog, there is a definite plane 
between the pretendinous longitudinal fibers of the palmar 
fascia and the transverse palmar ligament that is limited to 
the midpalmar area. The pretendinous fibers may seem to 
be attached to the ligament. He suggested that the interdigi-
tal or natatory ligaments do become involved in Dupuytren 
contracture and prevent the fingers from spreading nor-
mally and are distinguishable from the transverse palmar 
ligament by their more distal location. Adduction and MP 
joint flexion contractures can be addressed through a trans-
verse palmar incision and wounds left to heal by secondary 
intention.

Complete fasciectomy rarely, if ever, is indicated because 
it frequently is associated with complications of hematoma, 
joint stiffness, and delayed healing, and it does not completely 
prevent recurrence of the disease.

 

A B C

D E F

FIGURE 75.10 A, Multiple Z-plasties can be used to provide exposure and convert longitudinal 
skin contractures to zigzag closures. Only one extension typically needs to be made into palm 
because wide palmar exposure usually allows excision of adjacent diseased tissue. B, When joint or 
skin contracture is not a major problem, zigzag pattern can be used for exposure, with extended 
corners as shown to make use of redundant skin. C, Extent of possible undermining of skin is shown 
in shaded area. D, When only the palm is involved, transverse incisions can be used. E and F, V-Y 
plasty method of Mukerjea.
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 FIGURE 75.11 Mini-external fixator applied on patient with 
proximal interphalangeal joint contractures from Dupuytren 
disease.  (From Agee JM, Goss BC: The use of skeletal tension torque in 
reversing Dupuytren contractures of the proximal interphalangeal joint, 
J Hand Surg 37A:1467, 2012.)
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FIGURE 75.12 Correlation of digital nerves to skin surface creases. 
Small finger ulnar digital nerve courses obliquely across hand under 
line drawn from small finger ulnar palmar crease (4) to intersec-
tion point of Kaplan cardinal line (1) and one parallel to the ulnar 
border of ring finger (2). Similarly, index radial digital nerve courses 
obliquely across hand under line drawn from index finger radial 
palmar digital crease (4) to intersection point of Kaplan cardinal line 
(1) and one parallel to radial border of middle finger (3). (Redrawn 
from Calandruccio JH, Hecox SE: Reoperative Dupuytren’s contracture. 
In Duncan SFM, editor: Reoperative hand surgery, New York, 2012, 
Springer Science+Business Media LLC.)

Fasciectomy with skin grafting may be indicated for 
young people in whom the prognosis is poor because of such 
factors as epilepsy, alcoholism, the presence of the disease 
elsewhere in the body, and recurrence of the lesion after exci-
sion. The skin and underlying abnormal fascia are excised, 
and a full-thickness or split-thickness skin graft is applied. 
Recurrence has not been reported in areas of the palm treated 
in this manner.

Amputation, although rarely necessary, may be indicated 
if flexion contracture of the PIP joint, especially of the little 
finger, is severe and cannot be corrected enough to make the 
finger useful. A 40-degree flexion contracture usually is toler-
ated fairly well. The skin from the involved finger can be used 
to cover a palmar skin defect; the finger is filleted, and the 
skin is folded into the palm as a pedicle with its neurovascu-
lar bundles.

Another alternative for a severely contracted PIP joint 
is joint resection and arthrodesis. This procedure results in 
a shortened finger but avoids the potential for recurrent PIP 
joint contracture and a potential amputation neuroma.

The scope of procedures for recurrent Dupuytren disease 
is essentially the same as for the initial intervention, which 
includes subcutaneous fasciotomy (scalpel, needle, or enzy-
matic release), fasciectomy (limited, selective, or complete), 
nodule fasciectomy and skin grafting, arthrodesis, or ampu-
tation. The procedure chosen for reoperation may not neces-
sarily be similar to that chosen for the first procedure. Disease 
extension in regions remote from that previously excised 
may need to be treated and require a much more extensive 
approach, multiple incisions, and possibly a combination of 
procedures.

Regardless of the treatment method, the most significant 
injury following cord management is digital nerve injury. 
Surface landmarks provide a good reference to the underlying 
proper digital nerves to the ulnar side of the small finger and 
radial side of the index finger. Great care should be taken in 
isolation of the pertinent digital nerves associated with a par-
ticular cord. In general, cord excision should be preceded by 
nerve protection, and nerve dissection and isolation should 
proceed from areas where the nerve is easily identified and 
free of disease (Fig. 75.12). 

 

SUBCUTANEOUS FASCIOTOMY

 TECHNIQUE 75.2 

(LUCK)
 n  Using a pointed scalpel, make skin puncture wounds on the 

ulnar side of the diseased palmar fascia at the following lev-
els: (1) just distal to the apex of the palmar fascia between 
the thenar and hypothenar eminences, (2) at or near the 
level of the proximal palmar crease, and (3) at the level of 
the distal palmar crease. Digital nerves are more likely to be 
injured at the distal palm where they may become more 
superficial and may be intertwined with the diseased tissue.
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FIGURE 75.13 Subcutaneous Dupuytren cordotomy. A, Well-defined pretendinous cord in 
ring finger with a 60-degree MP joint contracture. B, No. 15 scalpel blade inserted between skin 
and pretendinous cord. C, Forceful extension effectively delivers more superficially abnormal cord 
onto scalpel blade held at 90 degrees to tight cord. D, Resultant MP joint extension achieved. SEE 
TECHNIQUE 75.2.

 n  Insert a small tenotomy knife or a fasciotome (Luck) that 
resembles a myringotome, with its blade parallel with the 
palm, through each of the puncture wounds. A 15- or 
11-blade works satisfactorily for this purpose. Pass the 
cutting instrument across the palm beneath the skin but 
superficial to the fascia (Figs. 75.13 and 75.14).

 n  Turn the edge of the blade dorsally toward the palmar 
fascia and extend the fingers to tighten the involved 
tissue. Carefully divide the fascial cords by pressing the 
blade onto the tense cords with gentle pressure over the 
blade or at most a gentle rocking motion; never use a 
sawing motion. Whenever a cord is divided, the sense of 
the gritty, firm resistance disappears, indicating that the 
blade has passed completely through the diseased fascial 
cord.

 n  Keep the blade in a plane parallel with the skin and free 
the skin from the underlying fascia. The corrugated skin, 
although very thin at times, can be safely undermined and 
released as necessary with little fear of skin necrosis.

 n  In the fingers, subcutaneous fasciotomy is safe only for a 
fascial cord located in the midline. Insert the blade through a 
puncture wound adjacent to the cord and divide it obliquely.

 n  For a laterally placed cord, use a short longitudinal inci-
sion, and excise or divide the diseased segment under 
direct vision. Also enucleate larger nodules in both fingers 
and palm under direct vision.

POSTOPERATIVE CARE A pressure dressing is used for 24 
hours; then a smaller dressing is applied, and active range 
of motion of the hand and fingers is encouraged. A night 
splint that conforms to the contracture correction is worn 
for 3 months, and progressive extension splinting and a for-
mal physical therapy program often enhance the final result.
   

 

PARTIAL (SELECTIVE) FASCIECTOMY

 TECHNIQUE 75.3 

 n  Outline the proposed incision with a marking pen before 
inflation of the tourniquet (Figs. 75.15A–C and 75.16A–
C). Take into consideration the pits and other areas of skin 
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with diminished vascularity by making an incision over or 
near these areas, avoiding their presence at the base of a 
flap. These areas sometimes can be excised when the final 
rotation of the skin takes place in closure.

 n  Make a zigzag or longitudinal incision over the deform-
ing pathologic structure. Because zigzag incisions tend to 
straighten out, causing tension lines at the creases, we of-
ten prefer incorporating longitudinal incisions, which are 
converted to Z-plasties at closure (Fig. 75.17). Design the 
Z-plasty flaps so that a transverse segment is within or near 
each joint crease. Continue the incision proximally into the 
palm, avoiding crossing the palmar creases at right angles.

 n  Elevate the skin and underlying normal subcutaneous tis-
sue from the pathologic fascia from proximal to distal 
(Figs. 75.15D and 75.16D). Create the Z-plasty flaps when 
the wound is ready for closure (Figs. 75.15E and 75.16E).

 n  Excise the pathologic fascia proximal to distal, taking great 
care to isolate and protect the neurovascular bundles of 
each finger. Carefully cauterize small vessels as necessary. 
Excision of superficial transverse palmar fascial fibers may 
be unnecessary. Avoid entering tendon sheaths if pos-
sible because bleeding into the flexor tendon sheaths may 
cause adhesions.

 n  Carefully excise the pathologic fascia by sharp dissection. 
Avoid cutting displaced digital nerves by locating each 
nerve in the fatty pad at the level of the MP joint and fol-
lowing it distally.

 n  Excise the natatory ligament if it prevents separation from 
its adjacent digit.

 n  Follow all the contracted fascial cords to their distal inser-
tions. Insertions may be into tendon sheaths, bone, and 
skin; occasionally, they are dorsolateral to the proximal 
interphalangeal joint.

 n  When excision of the diseased tissue has been completed, 
all joints should permit full passive extension unless cap-
sular contractures exist.

 n  Fashion the skin flaps. If there is any extra skin, the pitted 
or thinned areas can be excised (Figs. 75.15F and G and 
75.16F).

 n  Before closing, elevate the hand, compress the wound, 
release the tourniquet, hold for 10 minutes, and check 
for and control bleeding.

 n  Using skin hooks and with minimal handling of the flaps, 
suture them in place with 4-0 or 5-0 monofilament nylon.

 n  Close the palmar wound loosely to allow necessary drain-
age. A red rubber drain can be placed in the palm or, 
alternatively, a closed suction drainage system can be 
constructed with the use of butterfly catheters and Va-
cutainer tubes (Fig. 75.18). One catheter tube for each 
operated finger provides adequate and efficient drain-
age. The likelihood of a flare reaction occurring 4 to 6 
weeks postoperatively may be decreased by infusing 15 
to 20 mg of betamethasone (Celestone) into the cath-
eters before connecting the Vacutainer tubes. This also 
seems to decrease the amount of postoperative discom-
fort, decreasing the need for narcotic analgesics in many 
patients even after complex fasciectomies.

 n  Apply a layer of nonadherent gauze and a moist dressing 
compressed gently against the wound to conform to the 
contours of the palm and fingers. Apply a compression 
dressing over this and use a volar plaster splint to maintain 
the fingers in the degree of extension achieved at surgery.

POSTOPERATIVE CARE Drains usually are removed 
within 24 to 48 hours after surgery. The hand is kept el-
evated for a minimum of 48 hours. Early proximal inter-
phalangeal motion is encouraged. The shoulder is moved 
actively at intervals during this period to avoid cramping. 
If there is undue pain in the hand or fever after 48 hours, 
the wound should be inspected. If a hematoma is found 
elevating the skin, it should be expressed manually and 
the involved area of the wound be left open. Otherwise, 
the first dressing change is done 3 to 5 days after surgery, 
and range-of-motion exercises are begun. A resting pan 
splint is fitted with the fingers in maximal extension to be 
worn at night.
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FIGURE  75.14 Luck subcutaneous fasciotomy. Top, Cross section of hand to show relations of palmar 
fascia and technique of subcutaneous fasciotomy. Palmar fascia (A), neurovascular bundle (B), flexor 
tendons (C), and metacarpal (D). Fasciotome is being pressed (arrow) through fascial cord. Bottom, 
Fasciotome (note that a No. 15 blade scalpel can be used for this purpose). SEE TECHNIQUE 75.2.
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  FIGURE 75.15 Isolated contracture of proximal interphalangeal joint in 71-year-old woman. 
A, Maximal passive proximal interphalangeal joint extension of 55 degrees. B, Palpable diseased 
cord and nodule denoted with planned longitudinal incision. C, Cord and digital nerve underlaid 
with blue plastic markers. D, Distal retraction of digital cord depicting underlying diseased Cleland 
ligament. E, Pathology pattern. F and G, Z-plasty skin flap design and closure. SEE TECHNIQUE 75.3.
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At 2 weeks, the sutures are removed and the hand is left 
free of all dressings. The patient is warned not to place the 
hand in a dependent position for rest and not to soak the 
hand in hot water. Active exercise in warm water is permis-
sible, but no passive stretching is allowed. Moderate use of 
the hand is permitted at 3 weeks; however, several months of 

rehabilitation may be necessary before unrestricted activities 
can comfortably be performed. The resting pan splint is worn 
for 3 months after surgery. Silicone putty may be a valuable 
adjunct to an exercise program.

Chronic PIP joint contractures of more than 60 degrees 
may have central slip attenuation. If a tenodesis test is positive 
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FIGURE 75.16 More complex selective fasciectomy. A, Disease involving thumb, middle, ring, 
and small fingers. B, Cords to be released are dotted with skin-marking pen. C, Planned incisions 
are solidly outlined before tourniquet inflation. D, Palmar and digital cords are exposed through 
the longitudinal incision. E, Exposure after cord excisions. Note the additional transverse incision 
required to excise ring finger central cord and additional thumb cord incision. F, After meticulous 
hemostasis, Z-plasty wounds are closed. SEE TECHNIQUE 75.3.
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FIGURE 75.17 Open palm (McCash) technique in 53-year-old right-handed female with previous 
PNA and collagenase treatment. A and B, Preoperative appearance. C and D, Intraoperative images 
after cordectomies and excision of incidental inclusion cyst (inset). E and F, Secondary wound healing 
images at 12 and 38 days after surgery.
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(failure of the PIP joint to extend fully with full wrist and MP 
joint in full passive flexion), PIP joint splinting for 3 weeks 
postoperatively may be indicated. During these 3 weeks, dis-
tal interphalangeal joint exercises are performed to mobilize 
the lateral bands dorsally.

The Jacobsen flap technique has been described as a 
safe, simple alternative to open-palm procedures in the 
treatment of advanced Dupuytren disease of the little fin-
ger. Rather than a zigzag incision, the procedure creates an 
L-shaped full-thickness flap with two linear incisions, one in 
the transverse crease of the palm and the other in the mid-
lateral line of the little finger to the distal interphalangeal 
joint (Fig. 75.19). After contracture release, full extension 
of the finger moves the flap distally, and the longitudinal 
arm of the L-shaped incision is closed, leaving a 15-mm 
skin defect open in the palm, which is left open to heal by 
secondary intention within 4 to 6 weeks. When the palmar 
wound is healed, a dynamic extension splint is worn for 10 
weeks. Suggested advantages of this technique are reduc-
tion of hematoma and edema, avoidance of skin grafting 
and donor site scars, and immediate active mobilization of 
the hand. Disadvantages include the need for 10 weeks of 
splint wear and extensive potential prolonged physical ther-
apy. The palm wound must be carefully monitored to avoid 
infections and delayed healing. Tripoli et al. reported only 
two complications in 15 patients in whom the Jacobsen flap 
was used: chronic regional pain syndrome in one patient 
and delayed wound healing in another.

In summary, patients with Dupuytren disease can be 
simply treated by education about their condition, especially 
those with new-onset disease and minor nodules and cords; 
however, rather significant degrees of contractures fre-
quently are well tolerated by many individuals. In contrast, 
some patients’ functions will be compromised by thumb and 
finger flexion, as well as varying degrees of adduction con-
tractures. For patients in whom surgical intervention is con-
templated, an informed discussion regarding the anticipated 
outcome, especially the likelihood of recurrence and disease 
extension, is indicated. Factors including family history, 
ectopic deposits, age of onset, and the presence of bilateral 
disease should be taken into consideration, in addition to 

 

A CB
FIGURE 75.18 Closed suction drainage system for individual fingers and palm can be constructed 

from 21-gauge sterile catheters and Vacutainer tubes. A, Multiple tubing holes are made with 
scissors, and catheter is placed under skin flaps. B, After wound closure, 25-gauge needle can be 
used to instill steroid preparation through 21-gauge catheter needle. C, Vacutainer tube attached 
after dressing is applied and tourniquet is deflated.

 FIGURE 75.19 Jacobsen flap. The L-shaped full-thickness flap 
is created by making two linear incisions: the first in the transverse 
crease of the palm, the second in the midlateral line of the little 
finger to the distal interphalangeal joint.  (Redrawn from Tripoli 
M, Cordova A, Moschella F: The “Jacobsen flap” technique: a safe, 
simple surgical procedure to treat Dupuytren disease of the little finger 
in advanced stage, Tech Hand Up Extrem Surg 14:172, 2010.)
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other confounding variables related to patient health status, 
such as but not limited to smoking, diabetes mellitus, and 
other metabolic issues.

Surgical interventions we use include minimally invasive cor-
dotomy techniques and selective fasciectomies. Needle or scalpel 
releases are reserved for patients with well-defined cords causing 
moderate degrees of MP and PIP contractures and in whom the 
resultant skin tears usually are minor and of little consequence. 
Recurrence is common (33% or higher) and does not preclude 
repeat needle or scalpel aponeurotomy, nor does it appear to 
complicate selective fasciectomy procedures. Selective fasciec-
tomy remains the most durable technique resulting in the best 
long-standing contracture correction. We prefer designing inci-
sions tailored to each patient, which provide clear visualization to 
excise as much of the cords and nodules as possible with subse-
quent skin rearrangement. Sometimes skin deficiency results in 
open wounds that can be left open to heal by secondary intention. 
Permanent and full correction of all joint contractures is rare; 
approximately 50% of the pre-existing PIP joint contracture cor-
rection is to be expected, and perhaps 15% of previously operated 
patients may require another surgical intervention.
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STENOSING TENOSYNOVITIS OF THE WRIST 
AND HAND
William J. Weller

CHAPTER 76

STENOSING TENOSYNOVITIS
Stenosing tenosynovitis in the hand and wrist are common 
conditions resulting in significant functional impairment 
for which treatments usually are straightforward; symptom 
resolution usually is complete with appropriate management. 
When the extensor pollicis brevis (EPB) and the abductor 
pollicis longus (APL) tendons in the first dorsal compartment 
are affected, the condition is named after the Swiss physi-
cian Fritz de Quervain, who described this malady in 1895. 
A peritendinitis also may affect these tendons proximal to the 
extensor retinaculum, causing pain, swelling, and crepitus in 
some patients. Cysts attached to the first dorsal compartment 
retinaculum and tendon triggering may also occur.

The long flexor tendons to the thumb and fingers may 
develop focal areas of swelling resulting in mechanical symp-
toms at various tendon pulley interfaces. Less often, the 
extensor pollicis longus may be affected at the level of Lister 
tubercle. Any of the other tendons that pass beneath the dor-
sal wrist retinaculum also may be involved. The tenosynovi-
tis that precedes the stenosis may result from an otherwise 
subclinical collagen disease or recurrent mild trauma, such 
as that experienced by carpenters and wait staff. Some case 
histories indicate that acute trauma may initiate the patho-
logic condition; however, most commonly these conditions 
develop gradually with no known cause. The stenosis occurs 
at a point where the direction of a tendon changes, for here 
a fibrous sheath acts as a pulley and friction is maximal. 
Although the tenosynovium lubricates the sheath, friction 
can cause a reaction when the repetition of a particular move-
ment is necessary.

Many cases of tenosynovitis in various locations, even 
stenosing tenosynovitis, respond favorably to nonoperative 
intervention such as rest, antiinflammatory medications, and 
corticosteroid injections. Pain may increase temporarily dur-
ing the initial 24 hours after loss of the local anesthetic effect; 
the patient should be warned about this possibility. It may be 
3 to 7 days before the steroid becomes effective, but surgery 
is avoided in many instances. Before injection, it should be 
determined that the tenosynovitis is not caused by other con-
ditions, such as gout or infection, which could be worsened 
by steroid injections. Patients with diabetes mellitus should 
be counseled about the potential rise in blood sugars for days 
following injection; patients with prior unfavorable response 
or brittle bone disease are not candidates for this treatment.

Most often, triggering digits are from flexor tendon-
pulley pathology; however, it is important to evaluate for 
metacarpophalangeal joint arthritis and extensor tendon 

subluxation. Middle finger osteoarthritis may mimic middle 
trigger finger, and dorsal metacarpophalangeal joint swell-
ing and joint space narrowing on radiographic examination 
usually clarify the distinction between these two entities. 
Oddly, trigger finger in conjunction with osteoarthritis is 
rare, and symptoms are unlikely to resolve with treatment of 
the trigger finger alone. Similarly, extensor tendon sublux-
ation may be mistaken for simple trigger finger conditions. 
A sudden radial or ulnar shift of the finger associated with 
snapping or triggering of the finger should alert the exam-
iner to check the dorsum of the hand for extensor tendon 
instability over the metacarpophalangeal joint. Similarly, 
coexistent trigger finger with extensor tendon subluxation 
is rare, and management of the extensor tendon alone usu-
ally is warranted.

DE QUERVAIN DISEASE
Stenosing tenosynovitis of the APL and EPB tendons typi-
cally occurs in adults 30 to 50 years old; however, in women of 
childbearing age radial-sided wrist pain is commonly related 
to de Quervain tenosynovitis from repetitive ulnar devia-
tion required in newborn care. Women are affected 6 to 10 
times more frequently than men. The cause is almost always 
related to overuse, either in the home or at work, or is associ-
ated with rheumatoid arthritis. The presenting symptoms usu-
ally are pain and tenderness at the radial styloid. Sometimes 
a thickening of the fibrous sheath is palpable. The Finkelstein 
test usually is positive: “on grasping the patient’s thumb and 
quickly abducting the hand ulnarward, the pain over the sty-
loid tip is excruciating.” Although Finkelstein stated that this 
test is “probably the most pathognomonic objective sign,” it is 
not diagnostic; the patient’s history and occupation, the radio-
graphs, and other physical findings also must be considered. 
Similar symptoms also can be caused by arthritis in the trapezi-
ometacarpal, scaphotrapeziotrapezoid, and radiocarpal joints; 
superficial radial nerve entrapment or neuroma; and tenosy-
novitis at the crossing of the EPB and APL over the extensor 
carpi radialis longus and brevis (intersection syndrome).

Conservative treatment consisting of splint wear and the 
injection of a steroid preparation (Fig. 76.1) may be successful 
early after onset. Initial treatment with steroid injections may 
yield complete pain relief in over 70% of patients. When pain 
persists, surgery is the treatment of choice.

Anatomic variations are common in the first dorsal com-
partment, and separate compartments have been noted in 
21% of anatomic specimens. Reports of separate compart-
ments found at surgery vary from 20% to 58%. More than 
half of patients may have “aberrant” or duplicated tendons 
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 FIGURE 76.1 Injection for de Quervain tenosynovitis. Regard-
less of whether injection is given distal-to-proximal or proximal-
to-distal, care should be made not to direct the needle past radial 
styloid toward radial artery.

 

Extensor pollicis
brevis tendon

Abductor pollicis
longus tendon inserted

into trapezium

Abductor pollicis
longus tendon inserted

into first metacarpal

FIGURE 76.2 During surgery for de Quervain disease, at least 
one aberrant tendon often is found. Abductor pollicis longus 
routinely inserts on first metacarpal base and commonly has thenar 
fascial slip.

 

Extensor pollicis
brevis tendon

Extensor pollicis
longus tendon

Abductor pollicis
longus tendon with

insertion on abductor
pollicis brevis muscle

FIGURE 76.3 In rare cases, abductor pollicis longus inserts onto 
trapezium.

(usually the APL). These tendons sometimes insert more 
proximally and medially than usual, into the trapezium (Fig. 
76.2), the abductor pollicis brevis muscle (Fig. 76.3), the 
opponens pollicis muscle, or the muscle fascia. The EPB is 
considered a “late” tendon phylogenetically and is absent in 
about 5% of wrists. The presence of these variations and fail-
ure to deal with them at the time of surgery may account for 
any persistence of pain. 

 

SURGICAL TREATMENT OF DE 
QUERVAIN DISEASE

 TECHNIQUE 76.1 

 n  Use a local anesthetic and a tourniquet.
 n  Infiltrate the skin well proximal to the area of the first dor-

sal compartment with sufficient local anesthetic before 

skin preparation and draping. An Esmarch bandage on 
the proximal forearm usually suffices as a tourniquet.

 n  Make an incision carefully through the skin only. An 
oblique incision coursing along the extensor brevis ten-
don is preferred; however, a transverse, oblique, or lon-
gitudinal incision is also perfectly satisfactory (Fig. 76.4). 
The longitudinal incision advocated by some surgeons 
creates a longer area in which skin scar may make cuta-
neous nerves more subject to scar adherence.

 n  Carry sharp dissection just through the dermis and not 
into the subcutaneous fat, avoiding the sensory branches 
(lateral antebrachial cutaneous nerve above the cephalic 
vein and superficial radial nerve branches more deeply).

 n  After retracting the skin edges, use blunt dissection in the 
subcutaneous fat to clearly expose the retinaculum over 
the first dorsal compartment tendons.

 n  Identify the first dorsal compartment tendons proximal to 
the stenosing dorsal ligament and sheath and open the 
first dorsal compartment on its dorsoulnar side. The EPB 
tendon is most dorsal and can be identified by its distally 
oriented muscle fibers; the APL tendon has no muscular 
fibers in this area.

 n  With the thumb abducted and the wrist flexed, lift the 
APL and the EPB tendons from their groove. If they cannot 
be easily retracted from the radial styloid, look for addi-
tional “aberrant” tendons and separate compartments. 
Releasing the EPB tendon first and then the APL usually 
reveals the presence or absence of a septum. If there is 
no EPB present, inspect the floor of the compartment for 
the footprint of the brachioradialis tendon. This has a Y-
shaped tendinous insertion; if this is clearly seen, release 
of this compartment is assured. Sometimes the septum 
is quite pronounced, and its resection is warranted, en-
suring not to injure the underlying radial artery coursing 
dorsally just beyond the radial styloid.

 n  Make sure that the volarly based retinacular flap remains 
over the released tendons to prevent volar tendon sublux-
ation.

 n  Close the skin incision only and apply a small pressure 
dressing.
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POSTOPERATIVE CARE The small pressure dressing is 
removed after 48 hours; an additional dressing can be 
applied if needed. Thumb and hand motion is immedi-
ately encouraged and is increased as tolerated, except for 
forceful wrist flexion, which may predispose the tendons 
toward subluxation during the first 2 weeks after surgery.
  

Failure to obtain complete relief after surgery may result 
from (1) neural adhesions or neuroma formation, (2) volar 
tendon subluxation, (3) failure to find and release a separate 
aberrant tendon within a separate compartment, (4) scar 
hypertrophy, or (5) incorrect diagnosis such as a bone lesion 
in the distal radius, intersection syndrome, localized arthritic 
deformities, or more proximal nerve compression syndromes. 
For recurrent subluxation of the EPB and APL tendons, a dis-
tally based brachioradialis tendon slip can be used to recon-
struct a nonstenosing compartment to house the first dorsal 
compartment tendons. Ramesh and Britton used the extensor 
retinaculum to prevent subluxation (Fig. 76.5). Littler et  al. 
also described a reconstruction for the first compartment in 
which the septum dividing the first extensor compartment 
is removed, the EPB is removed from the compartment, and 
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FIGURE 76.4 Surgical treatment of de Quervain disease. A, Skin incision. B, Dorsal carpal 
ligament has been exposed. C, First dorsal compartment has been opened on its ulnar side. D, 
Occasionally, separate compartments are found for extensor pollicis brevis and abductor pollicis 
longus tendons SEE TECHNIQUE 76.1.
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FIGURE 76.5 Part of extensor retinaculum is used to create 
U-shaped sling to retain tendons of extensor pollicis brevis and 
abductor pollicis longus.
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 FIGURE 76.6 Local anesthetic for trigger finger release SEE 
TECHNIQUE 76.2.

the retinacular sheath is reapproximated loosely over the APL 
tendon to prevent tendon subluxation.

TRIGGER FINGER AND THUMB
Trigger thumb in adults is a distinctly separate entity from 
“congenital” trigger thumb. Stenosing tenosynovitis, leading 
to inability to extend the flexed digit or flex the extended digit 
often produces a palpable “triggering” and usually is seen in 
individuals older than 45 years of age. When associated with a 
collagen disease, several fingers may be involved (most often 
the long and ring fingers). Patients may note a lump or knot 
in the palm. The lump may be the thickened area in the first 
annular pulley or a nodule or fusiform swelling of the flexor 
tendon just distal to it. The nodule can be palpated by the 
examiner’s fingertip and moves with the tendon. The tendon 
nodule usually is just proximal to the anulus at the metacar-
pophalangeal joint level; however, in a rheumatoid patient, 
a nodule distal to this point may cause triggering. Patients 
may experience triggering after operative release because of 
catching of the tendon on the palmar aponeurosis transverse 
fibers, which usually resolves with time. Occasionally, a par-
tially lacerated flexor tendon at this level heals with a nodule 
sufficiently large to cause triggering. Local tenderness may be 
present but is not a prominent complaint. Pressure accentuates 
the apparent snapping or triggering of the more distal joints. 
Patients frequently state that the problem is in the proximal 
interphalangeal joint with trigger finger or in the interpha-
langeal joint with trigger thumb. Other conditions, such as 
intraarticular disorders (e.g., loose bodies, degenerative joint 
disease, and fractures) and common extensor tendon sublux-
ation, can cause similar symptoms and must be considered 
to determine effective treatment for idiopathic trigger finger.

Initial treatment of trigger digits usually is nonopera-
tive, especially in uncomplicated conditions in patients with a 
short duration of symptoms. Nonoperative methods include 
stretching, night splinting, and combinations of heat and ice. 
Corticosteroid injection is effective, with 60% achieving suc-
cess after one injection. In their study of 292 corticosteroid 
injections for trigger digits, Dardas et  al. found that repeat 
injections provided symptomatic relief for a year or more in 
50% of patients; they recommended consideration of repeat 
injections in patients who prefer nonoperative management.

Patients with diabetes mellitus may be more refractory 
to nonoperative management; however, corticosteroid injec-
tions may elevate serum glucose levels for 5 days or more, and 
patients with unstable diabetes may be better treated with-
out injection. Database review (153,479 injections and 70,290 
releases) found that preoperative hypoglycemia increased 
infection risk after both procedures. In a cost analysis study, 
immediate surgical release in the clinic was identified as the 
most cost-effective treatment strategy for trigger finger in 
diabetic patients.

Surgical release reliably relieves the problem for most 
patients: approximately 97% of patients have complete reso-
lution after operative treatment. Persistence of triggering is 
more common than recurrence. Trigger release should be 
done with a local block so that the cessation of triggering of 
a particular finger can be evaluated. Some adjacent finger 
triggering may become obvious only after a given finger is 
released; both can be released at the same surgical setting.

The safety and effectiveness of percutaneous trigger finger 
release using a needle or a push knife have literature support. 

Incomplete pulley release and damage to the flexor tendons 
and digital nerves, especially in the index finger and thumb, 
remain of some concern, especially with limited exposure 
techniques. 

 

SURGICAL RELEASE OF  
TRIGGER FINGER

 TECHNIQUE 76.2 

 n  Local anesthetic infiltration in the palm proximal to the in-
cision site is preferred (Fig. 76.6). The use of a pneumatic 
arm tourniquet may be helpful, although a high forearm 
Esmarch wrap usually is sufficient.

 n  Make a transverse incision about 2 cm long several mil-
limeters distal to the distal palmar crease for middle, ring, 
and small trigger finger releases and several millimeters 
distal to the proximal palmar crease for index trigger fin-
ger releases (Fig. 76.7A). Trigger thumb releases can be 
done through incisions either distal or proximal to the 
metacarpophalangeal joint flexion crease (Fig. 76.8). Al-
ternative incisions for the fingers can be made obliquely 
or longitudinally between the metacarpophalangeal and 
distal palmar creases and obliquely across the thumb 
metacarpophalangeal flexion crease.

 n  Avoid the digital nerves, which on the thumb are more 
palmar and closer to the flexor sheath than might be an-
ticipated. The thumb radial digital nerve is especially vul-
nerable.
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FIGURE 76.7 A, Surgical treatment of trigger finger. B, One 
blade of scissors has been placed beneath proximal edge of tendon 
sheath SEE TECHNIQUE 76.2.
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FIGURE 76.8 A, Percutaneous release of long finger A1 pulley. Metacarpophalangeal 

joint hyperextended and 19-gauge needle inserted just distal to flexor crease. Bevel of needle  
oriented longitudinally with tendon. Skin markings indicate path of flexor tendons. B, Needle 
stabilized and pulley released from proximal to distal. Loss of grating sensation as pulley is cut 
indicates completion of release SEE TECHNIQUE 76.2.

 n  Spread the subcutaneous tissues away from the underly-
ing annular pulley system and make sure the digital nerves 
are safely protected. Trigger thumbs require release of 
only the A1 pulley, whereas trigger digits require division 
of the A1 and A0, or proximal palmar pulley.

 n  Pulley division usually is accomplished with an initial open-
ing of the pulley with a No. 15 knife blade and a pair of  
tenotomy scissors. For trigger thumb release, avoid cut-
ting too far distally and disrupting the oblique pulley (Fig. 
76.7B). Incise the sheath from proximal to distal, approxi-
mately 1 cm, and reassess for triggering.

 n  Have the patient actively flex and extend the digit; per-
sistent triggering implies that either the A1 and palmar 
pulleys are incompletely released or an alternate site of 
triggering is present. The distinction between the A1 
and A2 pulleys may not be apparent; however, when 
the distal A1 pulley edge is released, the divided pul-
ley leaves are parallel rather than ending in a V-shaped 
 pattern.

 n  After the tendon sheath has been released, encourage 
the patient to actively flex and extend the digit to ensure 
that the release is complete. Sometimes other fingers can 

be found to trigger at the same surgical setting and can 
be managed at the same time. Close the skin and apply a 
small, dry compression dressing.

POSTOPERATIVE CARE The compression dressing is 
removed after 48 hours. Sutures are removed at 10 to 
14 days. Normal use of the finger or thumb is encouraged.
   

 

PERCUTANEOUS RELEASE OF  
TRIGGER FINGER

 TECHNIQUE 76.3 Figure 76.8

 n  Before attempting the percutaneous release, it is helpful 
to have the patient understand that the procedure might 
fail and that subsequent open release may be necessary.

 n  Inject local anesthetic into the palmar skin and more 
deeply proximal to the intended release site (between the 
proximal and distal palmar creases for the middle, ring, 
and small fingers and proximal to the proximal palmar 
crease for the index finger). Maintain an orientation along 
the flexor tendon sheaths in the midline of the digit being 
released.

 n  Although specialized instruments have been devised for 
trigger release, an 18- or 19-gauge needle may suffice.

 n  Turn the palm up, resting the hand on a folded towel to 
permit slight hyperextension of the metacarpophalangeal 
joint.

 n  Insert the needle onto the A1 pulley and orient the bevel 
of the needle so that it is longitudinally aligned parallel to 
the flexor tendons.

 n  Move the needle proximally and distally along the A1 pul-
ley, pressing firmly proximally and distally. Feel for a scrap-
ing or grating sensation as the sheath is incised.

 n  When the grating is eliminated, remove the needle and 
check for triggering as the patient flexes and extends the 
digit. Additional needle passes might be needed.

 n  Injection of corticosteroid is optional.
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POSTOPERATIVE CARE The needle entry site is covered 
with an adhesive bandage or light nonrestrictive dress-
ing, and active hand and finger use is encouraged with 
stretching exercises.

Normal use of the finger or thumb is encouraged.
  

BOWLER’S THUMB
Bowler’s thumb is a perineural fibrosis caused by repetitious 
compression of the ulnar digital nerve of the thumb while 
grasping a bowling ball (Fig. 76.9). Bowlers with this condi-
tion usually are those who bowl several times a week. Tingling 
and hyperesthesia around the pulp accompany this condi-
tion. A palpable lump that is exceedingly tender and at times 
accompanied by distal skin atrophy usually is present. Early 
awareness of the cause can lead to protection of the thumb 
by a shield or splint and rest from bowling to help reduce 
the symptoms and to prevent the condition from becoming 
chronic. Occasionally, neurolysis and dorsal transfer of the 
nerve become necessary.
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FIGURE 76.9 Bowler’s thumb. Distal sensory branches of 
median nerve in hand and location of perineural fibrosis of proper 
ulnar digital nerve of thumb are shown.
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 COMPRESSIVE NEUROPATHIES OF THE 
HAND, FOREARM, AND ELBOW

William J. Weller, James H. Calandruccio, Mark T. Jobe

CHAPTER 77

CARPAL TUNNEL SYNDROME
Carpal tunnel syndrome, described by Paget in 1854, is the 
most common upper extremity compression neuropathy and 
results from median nerve compression within the carpal 
tunnel. The carpal tunnel is bound by the carpal bones arch-
ing dorsally; the hook of the hamate and the pisiform medi-
ally; and the scaphoid tubercle and trapezial ridge laterally. 
The palmar aspect, or “roof,” of the carpal tunnel is formed 
by the flexor retinaculum, consisting of the deep forearm fas-
cia proximally, the transverse carpal ligament (TCL) over the 
wrist, and the aponeurosis between the thenar and hypothe-
nar muscles distally. The most palmar structure in the carpal 
tunnel is the median nerve. Lying dorsal (deep) to the median 
nerve in the carpal tunnel are the nine long finger and thumb 
flexor tendons.

Carpal tunnel syndrome is primarily a clinical diagno-
sis, with symptoms of tingling and numbness in the typical 
median nerve distribution (thumb, index, long, and radial 
side of ring fingers). Pain, described as deep, aching, or 
throbbing, occurs diffusely in the hand and may radiate up 
the forearm. Thenar muscle atrophy usually is seen in late-
stage nerve compression. It occurs most often in patients 30 
to 60 years old and is two to three times more common in 
women than in men. Carpal tunnel syndrome may affect 1% 
to 10% of the U.S. population. Older, overweight, and physi-
cally inactive individuals are more likely to develop carpal 
tunnel syndrome, and female sex, obesity, cigarette smoking, 
and vibrations associated with job tasks have been identified 
as carpal tunnel risk factors in industrial workers.

Elevation of carpal tunnel pressures of more than 20 
to 30 mm Hg impedes epineurial blood flow, and nerve 
function is impaired. Reduction in cross-sectional area 
along the length of the carpal tunnel may result from vari-
ous conditions such as malaligned Colles fractures, edema 
from infection or trauma, tumors or tumorous condi-
tions, and other space-occupying lesions. Distal radial 
fracture immobilization with the wrist in marked flexion 
and ulnar deviation can cause acute median nerve com-
pression immediately after reduction. Systemic conditions, 
such as obesity, diabetes mellitus, thyroid dysfunction, 

amyloidosis, rheumatoid arthritis, and Raynaud disease, 
sometimes are associated with the syndrome. Occasionally, 
a patient has carpal tunnel syndrome symptoms caused 
by a habitual sleeping posture in which the wrist is kept 
acutely flexed. Trauma caused by repetitive hand motions 
has been identified as a possible aggravating factor, espe-
cially in patients whose work requires repeated forceful 
finger and wrist flexion and extension. Laborers using 
vibrating machinery also are at risk. The causative effect 
of light, repetitive activities experienced by office workers 
is controversial and unresolved. Many factors are impli-
cated in the causation and aggravation of carpal tunnel 
syndrome (Box 77.1).

When carpal tunnel syndrome occurs in pregnant 
women, the symptoms usually resolve after delivery. Aberrant 
muscles of the forearm and thrombosis of the median artery 
also may contribute to median nerve compression. The cause, 
however, in most patients is idiopathic, its direct association 
with work is difficult to substantiate, and involvement of the 
nondominant hand is frequent.

In children, carpal tunnel syndrome is unusual. 
Macrodactyly, lysosomal storage diseases, and a strong family 
history of carpal tunnel syndrome may be predisposing fac-
tors in children. Symptoms in children may be confusing and 
include decreased dexterity and diffuse pain. Findings such as 
thenar muscle atrophy and weakness suggest that the condi-
tion is severe by the time of presentation. The Phalen test and 
Tinel sign may be absent if the nerve compression has been 
present for a long time. Carpal tunnel syndrome frequently is 
associated with nonspecific tenosynovial edema and rheuma-
toid tenosynovitis, as are trigger finger and de Quervain dis-
ease. Flexor tendon synovium biopsy specimens from patients 
with idiopathic carpal tunnel syndrome show benign fibrous 
tissue without inflammatory changes. The tenosynovium in 
patients with carpal tunnel disease shows increased fibroblast 
density, collagen fiber size, vascular proliferation, and more 
type III collagen fibers than controls.

DIAGNOSIS
Patients with carpal tunnel syndrome usually have symptoms of 
numbness, pain, or paresthesia in the median nerve distribution.

CARPAL TUNNEL 
SYNDROME 3857

Diagnosis 3857
Treatment 3859

Surgical release 3861
Endoscopic release 3863
Unrelieved or recurrent carpal  
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Paresthesia in the median nerve sensory distribution is 
the most frequent symptom, often awakening patients with 
burning and numbness of the hand that is relieved by exercise. 
The Tinel sign also may be shown in most patients by per-
cussing the median nerve at the wrist. Atrophy to some degree 

of the median-innervated thenar muscles has been reported 
in about half of patients treated by operation. Acute flexion of 
the wrist for 60 seconds (Phalen test) or strenuous use of the 
hand increases the paresthesia in some but not all patients.

Evaluation of the clinical usefulness of several commonly 
used provocative tests, including wrist flexion, nerve percussion, 
and the tourniquet test, found the most sensitive test to be the 
wrist flexion test, whereas nerve percussion was the most spe-
cific and the least sensitive. Gellman et al. found that with the 
wrist in neutral position, the mean pressure within the carpal 
tunnel in patients with carpal tunnel syndrome was 32 mm Hg. 
This pressure increased to 99 mm Hg with 90 degrees of wrist 
flexion and to 110 mm Hg with the wrist at 90 degrees of exten-
sion. The pressures in the control subjects were 25 mm Hg with 
the wrist in neutral position, 31 mm Hg with the wrist in flexion, 
and 30 mm Hg with the wrist in extension.

A carpal compression test (Durkan test), in which direct 
compression is applied to the median nerve for 30 seconds 
with the thumbs or an atomizer bulb attached to a manom-
eter, was found to be more specific (90%) and more sensitive 
(87%) than either the Tinel or Phalen test. Szabo et al. evalu-
ated the validity of tests for carpal tunnel syndrome, including 
Phalen wrist flexion, Tinel nerve percussion, Durkan com-
pression, and Semmes-Weinstein monofilaments. Grip and 
pinch strength, a hand diagram, and patient symptoms were 
assessed. Durkan nerve compression, the hand diagram score, 
night pain, and Semmes-Weinstein testing after a Phalen test 
had the highest sensitivity. The most specific tests were the 
hand diagram and Tinel sign. These authors concluded that 
a patient with an abnormal hand diagram, a positive Durkan 
test, abnormal Semmes-Weinstein sensibility testing, and 
night pain had a very high probability of having carpal tunnel 
syndrome. Conversely, they found that if all four of the just-
mentioned examinations were normal, the probability of the 
patient having carpal tunnel syndrome was very low.

Sensibility testing in peripheral nerve compression syn-
dromes found that threshold tests of sensibility correlated 
accurately with symptoms of nerve compression and elec-
trodiagnostic studies. Semmes-Weinstein monofilament 
pressure testing was the most accurate in determining early 
nerve compression. A combination of the Semmes-Weinstein 
monofilament test with the wrist flexion test for a “quantita-
tive provocational” diagnostic test was reported to have 82% 
sensitivity and 86% specificity.

According to some authors, electrodiagnostic studies 
including nerve conduction velocities and electromyography 
(EMG) are reliable confirmatory tests. A distal motor latency 
of more than 4.5 milliseconds (ms) and a sensory latency of 
more than 3.5 ms are considered abnormal. EMG may show 
increased insertional activity, positive sharp waves, fibril-
lations at rest, decreased motor recruitment, and complex 
repetitive discharges indicative of nerve damage. These stud-
ies are occasionally normal, however, even in patients with 
classic clinical signs and symptoms of carpal tunnel syndrome 
are present. Similarly, electrodiagnostic tests may be abnor-
mal in asymptomatic patients. Nerve conduction studies are 
reported to be 90% sensitive and 60% specific for the diagno-
sis of carpal tunnel syndrome. They also are helpful in evalu-
ating the upper extremity for nerve compression at the elbow, 
axilla, and cervical spine and for showing changes of periph-
eral neuropathy. Studies have shown, however, that electro-
diagnostic testing provides no significant data for prediction 

Factors Involved in the Pathogenesis of Carpal 
Tunnel Syndrome

Anatomy
Decrease in Size of Carpal Tunnel
 n  Bony abnormalities of the carpal bones
 n  Acromegaly
 n  Flexion or extension of wrist 

Increase in Contents of Canal
 n  Forearm and wrist fractures (Colles fracture, scaphoid frac-

ture)
 n  Dislocations and subluxations (scaphoid rotary subluxation, 

lunate volar dislocation)
 n  Posttraumatic arthritis (osteophytes)
 n  Musculotendinous variants
 n  Aberrant muscles (lumbrical, palmaris longus, palmaris 

profundus)
 n  Local tumors (neuroma, lipoma, multiple myeloma, ganglion 

cysts)
 n  Persistent medial artery (thrombosed or patent)
 n  Hypertrophic synovium
 n  Hematoma (hemophilia, anticoagulation therapy, trauma) 

Physiology
Neuropathic Conditions
 n  Diabetes mellitus
 n  Alcoholism
 n  Double-crush syndrome
 n  Exposure to industrial solvents 

Inflammatory Conditions
 n  Rheumatoid arthritis
 n  Gout
 n  Nonspecific tenosynovitis
 n  Infection 
Alterations of Fluid Balance
 n  Pregnancy
 n  Menopause
 n  Eclampsia
 n  Thyroid disorders (especially hypothyroidism)
 n  Renal failure
 n  Long-term hemodialysis
 n  Raynaud disease
 n  Obesity
 n  Lupus erythematosus
 n  Scleroderma
 n  Amyloidosis
 n  Paget disease 
External Forces
 n  Vibration
 n  Direct pressure

 BOX 77.1 

From Kerwin G, Williams CS, Seiler JG: The pathophysiology of carpal tunnel 
syndrome, Hand Clin 12:243–251, 1996.
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of functional recovery or reemployment after carpal tunnel 
release, nor does it increase the diagnostic value of the four 
commonly used tests (i.e., abnormal hand diagram, abnormal 
Semmes-Weinstein testing, positive Durkan compression, 
and night pain). These findings, combined with reported 
false-negative rates of 10%, limit the usefulness of this type of 
testing to determine treatment. Postoperative electrodiagnos-
tic testing may be helpful in assessing recurrent symptoms. 
The various tests for nerve compression in the carpal tunnel 
are summarized in Table 77.1.

Reports of MRI in carpal tunnel syndrome are promis-
ing, especially with newer techniques such as diffusion ten-
sor imaging, but MRI is not routinely used for diagnosis. A 
major advantage of MRI is its high soft-tissue contrast, which 
gives detailed images of bones and soft tissues. Ultrasound 
sensitivity for carpal tunnel syndrome has been reported to 
be over 97% when the median nerve diameter is greater than 
10 mm2 at the level of the pisiform and is suggested to be a 
useful diagnostic technique by some authors. In patients with 
negative electrodiagnostic studies but a clinical diagnosis of 
carpal tunnel syndrome, high-resolution ultrasonography has 
been used to diagnose carpal tunnel, with a sensitivity of 73% 
if the cutoff of 9.4 mm2 at the inlet of the carpal tunnel is 
used. Nonetheless, the diagnosis of carpal tunnel syndrome 
should be based on clinical acumen and physical examination 
in the vast majority of patients, and ancillary tests should be 
reserved for patients without clear presentations. 

TREATMENT
If mild symptoms have been present and there is no thenar 
muscle atrophy, the use of night splints and injection of corti-
sone preparations into the carpal tunnel may provide tempo-
rary relief, but long-term benefit is obtained in only about 10% 
of patients treated with corticosteroid injection and splinting. 
The response to injection treatment has been reported to be 
faster in men and in patients older than 40 years old. Care 
should be taken not to inject directly into the nerve. Injection 
also can be used as a diagnostic tool in patients without osteo-
phytes or tumors in the canal. Most of these cases are prob-
ably caused by a nonspecific synovial edema, and these seem 
to respond more favorably to injection. Injection also helps to 
eliminate the possibility of other syndromes, especially cervi-
cal disc or thoracic outlet syndrome. Some patients prefer to 
receive injections two or three times before a surgical proce-
dure is done. If the symptoms and physical findings improve, 
and there is no muscle atrophy, conservative treatment with 
splinting and injection is reasonable.

In a study of 331 patients with carpal tunnel syndrome, 
Kaplan, Glickel, and Eaton identified five important factors 
in determining the success of nonoperative treatment: (1) 
age older than 50 years, (2) duration longer than 10 months, 
(3) constant paresthesia, (4) stenosing flexor tenosynovitis, 
and (5) a positive Phalen test result in less than 30 seconds. 
Two thirds of patients were cured by medical treatment when 
none of these factors was present; 59.6% were cured when one 
factor was present; and 83.3% when two factors were noted. 
Of patients with three factors, 93.2% did not experience any 
improvement. No patient with four or five factors was cured 
by medical management.

Patients with intermediate and advanced (chronic) syn-
dromes probably are better treated with early carpal tunnel 
release. Extensive neurolysis has not been shown to have any 

significant effect. Internal neurolysis does not improve the 
motor or sensory outcome of carpal tunnel release. Moreover, 
epineurotomy offers no clinical benefit to carpal tunnel 
release. Treatment of acute carpal tunnel syndrome should be 
individualized, depending on its cause. For carpal tunnel syn-
drome caused by an acute increase in carpal tunnel pressure 
(e.g., after a Colles fracture treated with flexed wrist immobi-
lization), relief may be obtained by a change in wrist position 
without surgical release of the tunnel.

Patients with florid tenosynovitis caused by rheumatoid 
arthritis or other inflammatory conditions are managed by 
tenosynovectomy at the time of carpal tunnel release. The 
palmaris longus opponensplasty (Camitz) may be beneficial, 
particularly in an elderly patient with thenar muscle wasting, 
weakness, and poor opposition. Trapeziometacarpal arthro-
plasty and carpal tunnel release can be done safely through 
two incisions.

Idiopathic carpal tunnel syndrome in the pediatric pop-
ulation is uncommon; however, night pain, hand clumsi-
ness, and thenar atrophy may be the initial findings as these 
patients rarely present with complaints of sensory distur-
bance. Congenital bone abnormalities, hypothyroidism, lyso-
somal storage disease, and myopathic contractures account 
for some of the predisposing etiologies in this age group.

If signs and symptoms are persistent and progressive, 
especially if they include thenar atrophy, then a carpal tun-
nel release should be performed. The results of surgery are 
good in most instances, and benefits seem to last in most 
patients. Maximal improvement is seen in the first 6 months 
after carpal tunnel release. After 6 months, there is no sig-
nificant improvement in the Tinel and Phalen tests, pinch 
strength, motor latency, symptom severity, or functional 
scoring. Although thenar atrophy may disappear, it resolves 
slowly, if at all. Surgical release might not achieve complete 
relief of all symptoms for patients older than 70 years or 
those with advanced nerve compression. When symptoms of 
median nerve compression develop during treatment of an 
acute distal radial fracture, the constricting bandages and cast 
should be loosened, and the wrist should be extended to neu-
tral position. When median nerve symptoms persist after a 
distal radial fracture and have not improved after positional 
change, surgery usually is indicated.

Despite variable recovery periods, the results of carpal 
tunnel release in patients with idiopathic carpal tunnel syn-
drome with intermittent symptoms usually are uniformly 
successful; however, carpal tunnel release in diabetic and non-
diabetic patients was shown to be similarly beneficial in a pro-
spective study with a follow-up period of 6 months. When the 
same patients were followed for long-term (10 years), how-
ever, patients with diabetes had worse surgical outcomes com-
pared with patients with idiopathic carpal tunnel syndrome 
when using the self-administered Boston Questionnaire to 
assess symptom severity and functional status. According to 
Roh et al., patients with a metabolic syndrome were found to 
have only a delay in the recovery process. Metabolic syndrome 
was defined by the presence of at least three of the five cri-
teria: a clinical diagnosis of diabetes or hypertension or use 
of antihypertensive medication; elevated plasma triglyceride 
level (150 mg/dL or higher); decreased high-density lipopro-
tein cholesterol levels (less than 50 mg/dL for females or less 
than 40 mg/dL for males); increased waist size (greater than 
80 cm for females or 90 cm for males); and body mass index of 
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 TABLE 77.1 

Tests for Nerve Compression

TEST HOW PERFORMED CONDITION TESTED POSITIVE RESULT
INTERPRETATION OF 
POSITIVE RESULT

Phalen test Elbows on table, fore-
arms vertical, wrists 
flexed

Paresthesia in response 
to position

Numbness or tingling 
on radial digits within 
60 s

Probable CTS (sensitiv-
ity 0.75, specificity 0.47)

Percussion test (Tinel 
sign)

Lightly tap along 
median nerve from 
proximal to distal

Site of nerve lesion “Electric” tingling 
response in fingers

Probable CTS if positive 
at the wrist (sensitivity 
0.60, specificity 0.67)

Carpal tunnel compres-
sion test (Durkan)

Direct compression of 
median nerve at carpal 
tunnel

Paresthesia in response 
to compression

Paresthesia within 30 s Probable CTS (sensitiv-
ity 0.87, specificity 0.90)

Hand diagram Patient marks site of 
pain or altered sensa-
tion on outlined hand 
diagram

Patient’s perception of 
symptoms

Markings on palmar 
side of radial digits, 
without markings in 
palm

Probable CTS (sensitiv-
ity 0.96, specificity 0.73, 
negative predictive 
value 0.91)

Hand volume stress test Hand volume mea-
sured by displacement, 
repeat after 7-min 
stress test and 10-min 
rest

Hand volume Hand volume increased 
by ≥10 mL

Probable dynamic CTS

Direct measurement of 
carpal tunnel pressure

Wick or infusion cath-
eter placed in carpal 
tunnel

Hydrostatic pressure in 
resting and provocative 
positioning

Resting pressure ≥25 
mm Hg (variable and 
technique related)

Hydrostatic compres-
sion is probable cause 
of CTS

Static two-point 
discrimination

Determine minimal 
separation of two 
distinct points when 
applied to palmar 
fingertip

Innervation density of 
slow-adapting fibers

Failure to determine 
separation of at least 
5 mm

Advanced nerve 
dysfunction

Moving two-point 
discrimination

As above, with move-
ment of the points

Innervation density of 
fast-adapting fibers

Failure to determine 
separation at least 4 
mm

Advanced nerve 
dysfunction

Vibrometry Vibrometer placed on 
palmar side of digit, 
amplitude at 120 Hz, 
increased to threshold 
of perception; com-
pare median and ulnar 
bilaterally

Threshold of fast-
adapting fibers

Asymmetry compared 
with contralateral hand 
or median to ulnar in 
ipsilateral hand

Probable CTS (sensitiv-
ity 0.87)

Semmes-Weinstein 
monofilaments

Monofilaments of 
increasing diameter 
touched to palmar side 
of digit until patient 
can determine which 
digit is touched

Threshold of slowly 
adapting fibers

Value >2.83 Median nerve impair-
ment (sensitivity 0.83)

Distal sensory latency 
and conduction velocity

Orthodromic stimulus 
and recording across 
wrist

Latency, conduction 
velocity of sensory 
fibers

Latency >3.5 ms or 
asymmetry of conduc-
tion velocity >0.5 m/s 
vs. opposite hand

Probable CTS

Distal motor latency 
and conduction velocity

Orthodromic stimulus 
and recording across 
wrist

Latency, conduction 
velocity of motor fibers 
of median nerve

Latency >4.5 ms or 
asymmetry of conduc-
tion velocity >1 m/s

Probable CTS

Electromyography Needle electrodes 
placed in muscle

Denervation of thenar 
muscles

Fibrillation potentials, 
sharp waves, increased 
insertional activity

Advanced motor 
median nerve 
compression

CTS, Carpal tunnel syndrome; ms, milliseconds; m/s, millimeter per second.
From Abrams R, Meunier M: Carpal tunnel syndrome. In Trumble TE, editor: Hand surgery update 3, Rosemont, 2003, American Society for Surgery of the Hand.
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more than 30. These authors found that metabolic syndrome 
was related to a more severe grade of carpal tunnel syndrome 
and was a risk factor for delayed functional recovery at up to 6 
months’ follow-up, yet significant improvements in symptom 
severity and hand function were similar in both groups after 12 
months, except for pinch strength being higher in the control 
group. Similar findings were noted by Kronlage and Menendez 
when the results of carpal tunnel release were compared 
among moderate and severe electrophysiologic carpal tunnel 
syndrome patients. Patients with moderate disease (prolonged 
sensory and motor latencies) had nearly complete resolution 
of pain and paresthesias at 3 months after surgery, whereas 
those with severe disease (prolonged sensory or motor laten-
cies plus either absent sensory or mixed nerve action potential 
or low amplitude or absent compound motor action potential), 
despite considerable improvement, had prolonged and incom-
plete symptom reduction at 1 year after carpal tunnel release.

Worker’s compensation patients do well with carpal 
tunnel release overall; however, surgeon expectations for 
improvement similar to that in non–worker’s compensation 
patients should be cautious. In addition, patients should be 
counseled that outcomes may be delayed or inferior com-
pared with non–worker’s compensation patient. Pallis et  al. 
found that worker’s compensation patients had three times 
the number of complications and nearly twice the rate of per-
sistent pain. They also took 5 weeks longer to return to work 
and were 16% more likely to not return to preinjury vocation.

The surgical technique chosen for median nerve decom-
pression should be tailored by the surgeon’s expertise. 
Although minimally invasive techniques purport earlier 
return to work and less postoperative discomfort, the results 
suggest that outcomes are similar at 6 months. In a meta-
analysis of high-level evidence (randomized controlled tri-
als), Sayegh and Strauch found that endoscopic release allows 
earlier return to work and improved strength during the early 
postoperative period. Results at 6 months or later were simi-
lar according to current data except that patients with endo-
scopic release are at greater risk of nerve injury and lower risk 
of scar tenderness compared with open release. The authors 
concluded that, although endoscopic release may appeal to 
patients who require an early return to work and activities, 
surgeons should be cognizant of its elevated incidence of 
transient nerve injury amid its similar overall efficacy to open 
carpal tunnel release. Seiler et al. showed that since the intro-
duction of endoscopic carpal tunnel release the frequency of 
vascular injuries has decreased; however, nerve injuries have 
not declined, and this should be taken into consideration 
when determining treatment options.

Publications have described ultra-minimally invasive 
techniques, such as ultrasound- guided carpal tunnel release 
and looped-thread carpal tunnel release. We have limited 
experience with these treatment options. A single study by 
Lytie et al. of 159 hands treated with a modified looped-thread 
technique showed improved short- and long-term Boston 
Carpal Tunnel Syndrome Questionnaire responses compared 
with the available data for open or endoscopic carpal tunnel 
release. Apard and Candelier reviewed ultrasound-guided 
carpal tunnel release and made several recommendations: the 
practitioner attempting these techniques (1) must be able to 
identify all structures clearly, (2) must be aware of all the pos-
sible intraoperative and postoperative complications, and (3) 
must be able to treat the complications appropriately.

SURGICAL RELEASE
Limited approaches, such as the “double incision” of Wilson 
(Fig. 77.1A) and the “minimal incision” of Bromley (Fig. 
77.1B), may offer rapid recovery as ascribed to the endo-
scopic techniques. Similarly, the use of the “carpal tunnel 
tome” through a small palmar incision is a technical modi-
fication that may minimize the soft-tissue trauma of the tra-
ditional open technique and provides adequate exposure in 
most cases. Regardless of the technique selected, all structures 
to be incised should be seen and identified and safety of the 
median nerve verified before carpal tunnel release (Fig. 77.2). 

 

“MINI-PALM” OPEN CARPAL TUNNEL 
RELEASE

 TECHNIQUE 77.1 

 n  Mark the planned surgical incision with a skin pen so that 
the longitudinal incision begins just distal to the distal 
wrist flexion crease and slightly ulnar to the midline of the 
wrist (center dot reference point) and extends distally ap-
proximately 2.0 to 3.0 cm in line with the third web space 
(Fig. 77.3A). (Note: only rarely is it necessary to extend the 
incision into the distal forearm.)

 n  Exposure of the transverse carpal ligament (TCL) requires 
splitting of the parallel palmar fascia fibers and ulnar re-
traction of the hypothenar fat (Fig. 77.3B). Frequently, 
intrinsic muscles obscure the midline of the TCL and can 
be released from their origin and reflected away from the 
underlying TCL.

 n  Carefully open the carpel tunnel by division of the TCL 
with a no. 15 blade. The TCL division should be such 
that 3 to 4 mm of it is left attached to the hamate hook 
to avoid flexor tendon ulnar subluxation. Make sure the 
contents of the carpal tunnel are not adherent to the un-
dersurface of the TCL by gently spreading with a blunt 
instrument such as a mosquito hemostat the remaining 
portions of the distal and proximal portions of the undi-

 

Flexor carpi
ulnaris

A

Flexor carpi
radialisPalmaris

longus B
FIGURE 77.1 Two approaches for open carpal tunnel release. 

A, Transverse incision proximal to anterior wrist crease between 
flexor carpi ulnaris and flexor carpi radialis tendons. Distal longi-
tudinal incision made between proximal palmar crease and 1 cm 
distal to hamate hook in line with radial border of ring finger. B, 
Incision used for minimal-incision approach.
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vided TCL and antebrachial fascia. The distal 2.0 cm of 
the antebrachial fascia can then be safely divided with 
blunt-tipped Metzenbaum or Mayo scissors (Fig. 77.3C).

 n  If the median nerve is adherent to the divided radial TCL 
leaf (Fig. 77.3D), external neurolysis may be needed.

 n  Close the incision in routine fashion (Fig. 77.3E) and apply 
a compressive dressing (Fig. 77.3F to H).
   

 

EXTENDED OPEN CARPAL TUNNEL 
RELEASE

 TECHNIQUE 77.2 

 n  The thenar crease takes a variable course, and palmar 
incisions should be well ulnar to it to avoid the median 
nerve palmar cutaneous branch. A curved incision ulnar 
and parallel to the thenar crease is not advisable because 
the palmar cutaneous branch of the median nerve proxi-
mally may be more at risk of injury. We prefer to use 
the incision described for the mini-palm technique (see 
Technique 77.1).

 n  Extend the incision proximally to the flexor crease of 
the wrist, where it can be continued farther proximally 

if necessary. Angle the incision toward the ulnar side of 
the wrist to avoid crossing the flexor creases at a right 
angle, but especially to avoid cutting the palmar cutane-
ous sensory branch, which lies in the interval between the 
palmaris longus and the flexor carpi radialis tendons (Fig. 
77.4). Maintain longitudinal orientation so that the inci-
sion is generally to the ulnar side of the long finger axis 
or radial border of the ring fourth ray. When severed, the 
palmar sensory branch frequently causes a painful neu-
roma that may later require excision from the scar. Should 
this nerve be severed, we do not attempt to repair it but 
section it more proximally to be covered by the middle 
finger sublimis muscle.

 n  Incise and reflect the skin and subcutaneous tissue.
 n  Identify the palmar fascia from the wrist flexion crease 

distally and the distal forearm antebrachial fascia proxi-
mally by subcutaneous blunt dissection. Split the palmar 
fascia, and expose the underlying transverse carpal liga-
ment (TCL), avoiding the median nerve beneath it.

 n  Identify the TCL, and carefully divide it and avoid damage 
to the median nerve and its recurrent branch, which may 
perforate the ligament and leave the median nerve on the 
volar side (Fig. 77.5). Fibers of the TCL can extend distally 
farther than expected (Fig. 77.6).

 n  The flexor retinaculum includes the distal deep fascia of 
the forearm proximally, the TCL, and the aponeurosis be-
tween the thenar and hypothenar muscles. A successful 
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FIGURE 77.2 A, Anteroposterior radiograph of dissected right hand. Wires mark proximal and 
distal extents of classic flexor retinaculum, which includes middle portion of flexor retinaculum (trans-
verse carpal ligament) and distal portion of flexor retinaculum. Note proximal limit is at distal aspect 
of pisiform (P) and distal limit is distal to hook of hamate (H). B, Three portions of flexor retinaculum 
(1 to 3) consist of thick aponeurosis between thenar (A) and hypothenar (B) muscles. Thenar muscles 
attach to radial half of classic flexor retinaculum, composed of distal portion of flexor retinaculum (3); 
trapezial ridge (T) and scaphoid tubercle (S) also are shown. Proximal portion of flexor retinaculum 
(1) courses deep to flexor carpi ulnaris (U) and flexor carpi radialis (R). Flexor carpi radialis tendon 
is shown as it pierces flexor retinaculum at junction of proximal and middle portions to enter its 
fibroosseous canal. F, Antebrachial fascia; M, third metacarpal.  (A from and B redrawn from Cobb TK, 
Dalley BK, Posteraro R, et al: Anatomy of the flexor retinaculum, J Hand Surg Am 18A:91–99, 1993.)
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carpal tunnel release usually requires division of all these 
components.

 n  Be aware of potential anomalies: connections between 
the flexor pollicis longus and the index flexor digitorum 
profundus tendons; anomalous flexor digitorum superfi-
cialis; palmaris longus, hypothenar, lumbrical muscle bel-
lies; and median and ulnar nerve branches and intercon-
nections.

 n  Avoid injury to the superficial palmar arterial arch, which 
is 5 to 8 mm distal to the distal margin of the TCL.

 n  Inspect the flexor tenosynovium. Tenosynovectomy oc-
casionally may be indicated, especially in patients with 
rheumatoid arthritis.

 n  Close only the skin and drain the wound as needed.

POSTOPERATIVE CARE A light compression dressing 
and a volar splint may be applied. The hand is actively used 
as soon as possible after surgery, but the dependent posi-
tion is avoided. Usually the dressing can be removed by 

the patient at home 2 or 3 days after the surgery, and then 
gentle washing and showering of the hand is permitted. 
Gradual resumption of normal hand use is encouraged. 
The sutures are removed after 10 to 14 days. A splint may 
be continued for comfort as needed for 14 to 21 days.
  

ENDOSCOPIC RELEASE
Advocates of endoscopic carpal tunnel release cite less palmar 
scarring and ulnar “pillar” pain, rapid and complete return 
of strength, and return to work and activities at least 2 weeks 
sooner than for open release. Some studies comparing open 
and endoscopic carpal tunnel release found no significant dif-
ferences in function. The advantages of the endoscopic tech-
nique in grip strength and pain relief are realized within the 
first 12 weeks and seem to benefit those patients not involved 
in compensable injuries. Anecdotal reports of intraopera-
tive injury to flexor tendons; to median, ulnar, and digital 
nerves; and to the superficial palmar arterial arch emphasize 
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FIGURE 77.3 Mini-palm open release technique (see text). A, Incision is marked with skin pen 
(only rarely is it necessary to extend the incision into the distal forearm). B, Exposure of transverse 
carpal ligament (TCL) with parallel palmar fascia fibers and hypothenar fat retraction. C, After 
division of TCL, distal 2.0 cm of antebrachial fascia is divided with Metzenbaum scissors. D, In this 
patient, median nerve is adherent to divided radial TCL leaf and was subsequently externally 
neurolyzed.
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the need to exercise great care and caution when performing 
the endoscopic procedure. Cadaver studies have shown the 
close proximity of the median and ulnar nerves, superficial 
palmar arterial arch, and flexor tendons to the endoscopic 
instruments. Problems related to endoscopic carpal tunnel 
release include (1) a technically demanding procedure; (2) 
a limited visual field that prevents inspection of other struc-
tures; (3) the vulnerability of the median nerve, flexor ten-
dons, and superficial palmar arterial arch; (4) the inability to 
control bleeding easily; and (5) the limitations imposed by 
mechanical failure. Agee, McCarroll, and North developed 
the following 10 guidelines for the single-incision endoscopic 
technique to prevent injury to the carpal tunnel structures:
 1.  Know the anatomy.
 2.  Never overcommit to the procedure.
 3.  Ascertain that the equipment is working properly.

 

E F

G H

FIGURE 77.3, Cont’d   E, Incision is closed and compressive dressing is applied (F to H). SEE TECHNIQUE 77.1.
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FIGURE 77.4 Care should be taken in any wrist incision to 
avoid cutting palmar cutaneous branch of median nerve. FCR, Flexor 
carpi radialis; FCU, flexor carpi ulnaris; FDS, flexor digitorum superfi-
cialis; FPL, flexor pollicis longus; PL, palmaris longus. SEE  TECHNIQUE 
77.2.

 

46% 31% 23%

FIGURE 77.5 Incidence of extraligamentous, subligamentous, 
and transligamentous course of thenar branch. SEE TECHNIQUE 77.2.
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 4.  If scope insertion is obstructed, abort the procedure.
 5.  Ascertain that the blade assembly is in the carpal tunnel 

and not in Guyon’s canal.
 6.  If a clear view cannot be obtained, abort the procedure.
 7.  Do not explore the carpal canal with the scope.
 8.  If the view is not normal, abort the procedure.
 9.  Stay in line with the ring finger.
 10.  “When in doubt, get out.”

Although this technique has proved to be effective, it may 
not be applicable to every patient with carpal tunnel syndrome. 
If an endoscopic release cannot be accomplished safely, the 
procedure should be converted to an open technique.

There are various equipment manufacturers, but the 
two methods can be divided into single-portal (Chow) and 
two-portal (Agee) techniques. According to Chow, contrain-
dications to endoscopic carpal tunnel release include the fol-
lowing: (1) the patient requires neurolysis, tenosynovectomy, 
Z-plasty of the TCL, or decompression of Guyon’s canal; (2) 
the surgeon suspects a space-occupying lesion or other severe 
abnormality of the muscles, tendons, or vessels in the carpal 
tunnel; and (3) the patient has localized infection or severe 
hand edema, or the vascular status of the upper extremities is 
tenuous. Fischer and Hastings added the following contrain-
dications to the use of endoscopic technique: (1) revision sur-
gery for unresolved or recurrent carpal tunnel syndrome; (2) 
anatomic variation in the median nerve, suggested by clini-
cal findings of wasting in the abductor pollicis brevis without 
significant median sensory changes; and (3) previous tendon 
surgery or flexor injury that would cause scarring in the car-
pal tunnel, preventing the safe placement of the instruments 
for endoscopic carpal tunnel release. Additionally, limitation 
of wrist extension is another contraindication to an endo-
scopic procedure because the endoscopic instruments cannot 
be introduced into the carpal tunnel and remain juxtaposed 
to the dorsal surface of the TCL. The general scheme of the 
techniques is shown in Figures 77.7 and 77.8. Before any sur-
geon attempts endoscopic carpal tunnel release, thorough 
familiarization with the technique through participation in 
“hands-on” laboratory practice sessions is recommended.

Endoscopic carpal tunnel release often has been per-
formed with sedation or even general anesthesia. More 
recently, however, Tulipan et al. compared endoscopic carpal 
tunnel release using local anesthesia alone with the same pro-
cedure with local anesthesia and sedation. They found equal 
satisfaction and outcomes, indicating that the endoscopic 
technique can be done in a procedure room. 

 

ENDOSCOPIC CARPAL TUNNEL 
RELEASE THROUGH A SINGLE 
INCISION

 TECHNIQUE 77.3 

(AGEE)
 n  Ascertain that the operating room setup is satisfactory. 

Ensure there is an unobstructed view of the patient’s 
hand and the television monitor.

 n  Use general or regional anesthesia. Although the proce-
dure can be done safely using local anesthesia, the in-
crease in tissue fluid can compromise endoscopic viewing.

 n  Exsanguinate the limb with an elastic wrap and inflate 
a pneumatic tourniquet applied over adequate padding. 
Leave the arm exposed distal to the tourniquet.

 n  In a patient with two or more wrist flexion creases, make 
the incision in the more proximal crease between the ten-
dons of the flexor carpi radialis and flexor carpi ulnaris 
(Fig. 77.7A).

 n  Use longitudinal blunt dissection to protect the subcuta-
neous nerves and expose the forearm fascia.

 n  Incise and elevate a U-shaped, distally based flap of fore-
arm fascia (Fig. 77.7B), and retract it palmarward to fa-
cilitate dissection of the synovium from the deep surface 
of the ligament, creating a mouth-like opening at the 
proximal end of the carpal tunnel.

 n  When using the tunneling tools and the endoscopic blade 
assembly, keep them aligned with the ring finger, hug 
the hook of the hamate, and keep the tools snugly ap-
posed to the deep surface of the transverse carpal liga-
ment (TCL), maintaining a path between the median and 
ulnar nerves for the instruments.

 n  Use the synovium elevator to scrape the synovium from 
the deep surface of the TCL. Extend the wrist slightly; 
insert the blade assembly to the carpal tunnel, pressing 
the viewing window snugly against the deep surface of 
the TCL (Fig. 77.7C). While advancing the blade assembly 
distally, maintain alignment with the ring finger and hug 
the hook of the hamate, staying to the ulnar side. Make 
several proximal-to-distal passes to define the distal edge 
of the TCL with the fat overlying it.

 n  Define the distal edge of the TCL by viewing the video 
picture, ballottement, and light transilluminated through 
the skin. Correctly position the blade assembly and touch 
the distal end of the ligament with the partially elevated 
blade to judge its entry point for ligament division. Elevate 
the blade and withdraw the device, incising the ligament.

 n  Fat from the proximal palm may compromise endoscopic 
viewing by protruding through the divided proximal half 

 

Ulnar nerve
Ulnar artery Median nerve

Radial artery

Transverse
carpal ligament

FIGURE 77.6 Anatomic relationships of deep transverse carpal 
ligament. SEE TECHNIQUE 77.2.
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of the ligament, leaving an oil layer on the lens. Avoid this 
by first releasing only the distal one half to two thirds of 
the ligament (Fig. 77.7D).

 n  Using the unobstructed path for reinsertion of the instru-
ment, accurately complete the distal ligament division 
with good viewing. Complete proximal ligament division 
with a final proximal pass of the elevated blade.

 n  Assess the completeness of ligament division using the 
following endoscopic observations.

 n  Through the endoscope, note that the partially divided 
ligament separates on the deep surface, creating a V-
shaped defect (Fig. 77.7E).

 n  Make subsequent cuts viewing the trapezoidal defect 
created by complete division as the two halves of the 
ligament spring apart. Through this defect, observe the 
longitudinal palmar fascia fibers intermingled with fat and 
muscle. Force these structures to protrude by pressing on 
the palmar skin.

 n  Confirm complete division by rotating the blade assembly 
in radial and ulnar directions, noting that the edges of the 

ligament abruptly “flop” into the window, obstructing 
the view.

 n  Palpate the palmar skin over the blade assembly window, 
observing motion between the divided TCL and the more 
superficial palmar fascia, fat, and muscle.

 n  Ensure complete median nerve decompression by releas-
ing the forearm fascia with tenotomy scissors (Fig. 77.7F).

 n  Use small right-angle retractors to view the fascia directly, 
avoiding nerve and tendon injury (Fig. 77.7G).

 n  Close the incision with subcuticular or simple stitches.
 n  Apply a nonadhering dressing. Apply a well-padded volar 

splint, or, in selected patients, leave the wrist unsplinted.

POSTOPERATIVE CARE The splint and sutures may be re-
moved early or at 10 to 14 days. Active finger motion is al-
lowed early in the postoperative period. Forceful pulling with 
wrist flexion is discouraged for 4 to 6 weeks to allow matu-
ration of soft-tissue healing. Progression of light activities of 
daily living is allowed at 2 to 3 weeks, and more strenuous 
activities are gradually added in the next 4 to 6 weeks.
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FIGURE 77.7 Agee technique. A, U-shaped flap elevated in palmar direction. Synovium elevator 
prepares wrist for optimal endoscopic view by separating synovium from deep side of ligament. 
B, Safe zone of blade elevation is triangle defined by ulnar half of distal edge of transverse carpal 
ligament (a) ulnar border of median nerve, (b) median nerve common digital branch to long/ring 
web space, and (c) superficial palmar arch. C, Longitudinal cross section through carpal tunnel 
depicts blade elevation in triangular safe zone.
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One half to two thirds of distal transverse carpal ligament
is released completely before final pass to release
remainder of ligament. This prevents fat located 
superficial to proximal portion of ligament from 
dropping into wound and compromising surgeon’s 
endoscopic view of extent of ligament division.

Transverse
carpal ligament

Remaining transverse
fibers of palmar fascia
with intervening fat

Palmaris
brevis

Fat

Disposable blade
assembly

Monitor view

FIGURE 77.7, cont’d D, Initial release facilitates accurate viewing and division of ligament. 
E, Inspection of incised transverse carpal ligament in which left view depicts incomplete release as 
V-shaped defect, with superficial fibers of transverse carpal ligament remaining intact. Center view 
depicts complete release of ligament after reinsertion of blade assembly. Fat and transverse fibers 
of palmar fascia that remain palmar to divided ligament can be noted. View on right shows that 
rotating blade assembly approximately 20 degrees in either direction causes separated cut edges 
of ligament to fall into window. F, Tenotomy scissors used to release forearm fascia proximal to 
skin incision.  (Redrawn from Agee JM, McCarroll HR, North ER: Endoscopic carpal tunnel release using 
the single proximal incision technique, Hand Clin 10:647–659, 1994.) SEE TECHNIQUE 77.3.
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FIGURE 77.8 Chow technique. A, Incision for entry portal. B, Incision for exit portal. C, 

Following proximal portal dissection and placement of slotted cannula, transverse fibers of trans-
verse carpal ligament are identified in its entirety, by camera placement in slotted cannula. D, First 
cut is made with probe knife, cutting distal to proximal, to release distal edge of carpal ligament. 
E, Second cut made with triangle knife, with cut made in midsection of transverse carpal ligament.

 

TWO-PORTAL ENDOSCOPIC CARPAL 
TUNNEL RELEASE

 TECHNIQUE 77.4 

(CHOW)
 n  Perform the procedure using anesthesia believed most 

appropriate by the patient, surgeon, and anesthesiolo-
gist. Local anesthetic infiltration supplemented with in-
travenous sedation is commonly used, although regional 

block or even general anesthesia may be more suitable in 
some situations.

 n  With the patient supine, place the hand and wrist on a 
hand table. The surgeon usually sits on the axillary side, 
and an assistant should be on the cephalad side of the 
upper extremity; however, the endoscopic dissection is 
proximal to distal and the surgeon may elect to be on the 
cephalad side depending on his or her hand dominance.

 n  A well-padded pneumatic upper arm or forearm Esmarch 
tourniquet can be used.

 n  At least one television monitor should be placed on the 
extremity side opposite the surgeon (toward the head of 
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the table), or, as preferred by Chow, two monitors should 
be used, one for the surgeon and the other for the as-
sistant.

 n  Define the entry and exit portals with a marking pen. Be-
gin at the pisiform proximally and, depending on the size 
of the hand, draw a line extending 1.0 to 1.5 cm radi-
ally. From the end of this line, extend a second line 0.5 
cm proximally. From the end of the second line, draw a 
third line extending about 1.0 cm radially. The third line 
is the entry portal (Fig. 77.8A). Passively, fully abduct the 
thumb. Draw a line along the distal border of the fully 
abducted thumb across the palm toward the ulnar bor-
der of the hand. Draw another line extending proximally 
from the web space between the long finger and the ring 
finger, intersecting the line drawn from the thumb. About 
1.0 cm proximal to the intersection of these lines, draw a 
third line about 0.5 cm long transverse to the long axis of 
the hand (Fig. 77.8B).

 n  Make an incision in the previously marked entry portal just 
through the skin and bluntly dissect down to the trans-
verse fibers of the forearm fascia. If a palmaris tendon is 
present, it should remain radial to the dissection field. 
Gently lift the forearm fascia and make a longitudinal in-
cision through the fascia only. Only the distal 2.0 cm of 
forearm fascia typically needs to be released. Release the 
distal forearm fascia distally to the proximal edge of the 
transverse carpal ligament (TCL).

 n  Gently lift the distal edge of the entry portal incision with 
a small right-angle retractor, revealing the small space 

between the TCL and the ulnar bursa. Bluntly dissect and 
develop the space between the TCL and the underlying 
bursa.

 n  Use the curved dissector obturator/slotted cannula as-
sembly with the pointed side toward the TCL to enter the 
space and to push the bursal tissue free from the deep 
surface of the TCL.

 n  Use the curved dissector to feel the curved shape of the 
deep surface of the TCL. Move the dissector back and 
forth to feel the “washboard” effect of the transverse 
fibers of the TCL.

 n  Apply a lifting force to the dissector to test the tightness 
of the ligament and to ensure that the dissector is deep 
to the ligament, rather than in the tissues superficial to 
the ligament. Ensure that the dissector and trocar are ori-
ented in the longitudinal axis of the forearm.

 n  Touch the hook of the hamate with the tip of the assem-
bly; lift the patient’s hand above the table, extending the 
wrist and fingers over the hand holder. Gently advance 
the slotted cannula assembly distally and direct it toward 
the exit portal. Palpate the tip of the assembly in the palm.

 n  Make a second small incision as marked for the exit portal 
in the palm. Pass the assembly through the exit portal, 
and secure the hand to the hand holder.

 n  Insert the endoscope at the proximal opening of the tube 
(Fig. 77.9).

 n  Examine the entire length of the slotted cannula opening 
to ensure that there is no other tissue between the slotted 
cannula and the TCL (Fig. 77.10A). If there is any doubt, 
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FIGURE 77.8, cont’d   F, Third cut made by placing retrograde knife in second cut and drawing 
it distally to join first cut. G, Proximal section of carpal ligament is identified, and proximal edge 
is released; probe knife is used to make fourth cut. H, Final cut is made by reinserting retrograde 
knife into midsection and drawing it proximally to complete release of carpal ligament.  (Redrawn 
from Chow JCY: Endoscopic carpal tunnel release: two-portal technique, Hand Clin 10:637–646, 1994.) 
SEE TECHNIQUE 77.4.
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remove the tube and reevaluate for correct instrumenta-
tion placement.

 n  With the endoscope inserted from the proximal direc-
tion and remaining in the tube, insert a probe distally 
and identify the distal edge of the TCL (Figs. 77.8C and 
77.10B).

 n  Use the probe knife to cut from distal to proximal to re-
lease the distal edge of the ligament (Fig. 77.8D).

 n  Insert the triangle knife to cut through the midsection of 
the TCL (Fig. 77.8E).

 n  Insert the retrograde knife and position it in the second 
cut. Draw the retrograde knife distally to join the first cut, 
completely releasing the distal half of the ligament (Fig. 
77.8F).

 n  Remove the endoscope from the proximal opening of the 
open tube and insert the endoscope into the distal opening.

 n  Insert the instruments from the proximal opening.
 n  Identify the uncut proximal section of the ligament and 

use the probe knife to release the proximal edge (Fig. 
77.8G). Draw the retrograde knife proximally to complete 
the release of the ligament (Fig. 77.8H).

 n  Choose the proper knife to make additional cuts to com-
plete transection of the ligament as needed.

 n  Reinsert the trocar, and remove the slotted cannula from 
the hand.

 n  If a tourniquet is used, deflate it, and then ascertain  
hemostasis and that there is no pulsatile or excessive 
bleeding.

 n  Suture the incisions and apply a soft dressing.

POSTOPERATIVE CARE Active movement is encour-
aged immediately after surgery. The dressing usually is 
removed by the patient at home 2 to 3 days after the 
procedure, and sutures are removed at 10 to 14 days at 
the first postoperative visit. Direct pressure to the palm 
area and heavy lifting should be avoided for 2 to 3 weeks 
or until discomfort disappears.
  

UNRELIEVED OR RECURRENT CARPAL 
TUNNEL SYNDROME
The recurrence rate after primary carpal tunnel release is 
approximately 2%. Complications and failures are estimated 
to be 3% to 19%. Unrelieved symptoms may lead to repeat 
operation in 12% of patients. Because most patients obtain 
relief in the early postoperative period, it is difficult to attri-
bute one anatomic cause to recurrent symptoms. Findings 
reported at reoperation include incomplete release of the 
TCL, re-formation of the flexor retinaculum, scarring in the 
carpal tunnel, median or palmar cutaneous neuroma, pal-
mar cutaneous nerve entrapment, recurrent granulomatous 
or inflammatory tenosynovitis, and hypertrophic scar in the 
skin. Botte et al. categorized procedures for recurrent prob-
lems after carpal tunnel release as follows:
Incomplete ligament release: reexploration, rerelease of TCL, 

excision, release of re-formed retinaculum.
Fibrosis or painful scar: epineurolysis, local muscle flaps, local 

or remote free fat or radial forearm fascial grafts, excision, 
Z-plasty of painful scar, nerve wrapping or interposition 
materials.

Recurrent tenosynovitis: tenosynovectomy, appropriate medi-
cal management (appropriate antibiotics in patients with 
infectious granulomatous tenosynovitis from fungi or 
mycobacteria).

 FIGURE 77.9 Intraoperative photo: Chow technique. SEE  
TECHNIQUE 77.4.

 

A B

FIGURE 77.10 Cadaver photos: Chow technique. A, Longitudinal section showing slotted 
cannula beneath the transverse carpal ligament. B, Longitudinal wrist section showing two distinct 
layers of distal forearm fascia (pink triangle indicates superficial and green triangle indicates deep 
forearm fascia) which envelop palmaris longus when present.
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Patients with normal preoperative electrodiagnostic stud-
ies, patients who had filed for compensation, and patients with 
ulnar nerve symptoms have been reported to have results sig-
nificantly worse than patients without these findings. Careful 
patient evaluation must be done when considering reopera-
tion for recurrent symptoms and complications after initial 
carpal tunnel release. Temporary relief following a cortico-
steroid injection is a good prognostic sign when considering 
reoperation. Recurrent carpal tunnel syndrome was demon-
strated more often in patients with diabetes by Zieske et al., 
and incomplete release of the flexor retinaculum and scarring 
of the median nerve were common intraoperative findings in 
all patients. Postoperative pinch strength, grip strength, and 
pain significantly improved from baseline, apart from strength 
measures in the recurrent group. Persistent symptoms and 
more than one prior carpal tunnel syndrome had higher odds 
of not changing or worsening postoperative pain. Higher pre-
operative pain, use of pain medication, and workers’ com-
pensation were significant predictors of higher postoperative 
average pain according to these authors. Our experience has 
been similar; however, we find the TCL that reforms indistin-
guishable from the native ligament and thus, determination 
of incomplete release is not possible. Moreover, neural adhe-
sion lysis and early nerve gliding exercises are essential, and 
rarely do we find synovial or hypothenar fat pad flaps neces-
sary in the management of these problematic cases. 

ULNAR TUNNEL SYNDROME
Ulnar tunnel syndrome results from compression of the ulnar 
nerve within a tight triangular fibroosseous Guyon’s tunnel or 
canal. The walls of the tunnel consist of the superficial TCL 
anteriorly, the deep TCL posteriorly, and the pisiform bone 
and pisohamate ligament medially (Fig. 77.11). Similar to 
the median nerve within the carpal tunnel, the ulnar nerve 
is subject to compression within this tunnel. Compared with 
carpal tunnel syndrome, ulnar tunnel syndrome is much less 
common because the space occupied by the ulnar nerve at 
the wrist is much more yielding. The more common location 
of ulnar nerve constriction is at the elbow. When both volar 
and dorsal sensory complaints are present, the ulnar nerve 
involvement usually is proximal to the dorsal sensory branch 

division from the parent nerve, which is at least 8.0 cm proxi-
mal to the pisiform.

The exact level of compression determines whether 
symptoms are motor or sensory or both. Compression just 
distal to the tunnel affects the deep branch of the nerve that 
supplies most of the intrinsic muscles. A space-occupying 
lesion, such as a ganglion or tumor, can cause compression 
in this area. True or false aneurysm of the ulnar artery (Fig. 
77.12), thrombosis of the ulnar artery, or fracture of the 
hamate with hemorrhage may be the cause of pressure on the 
ulnar nerve. Other reported causes are lipoma and aberrant 
muscles. Occasionally in rheumatoid disease, carpal tunnel 
and ulnar tunnel syndromes develop in the same hand. In the 
differential diagnosis, herniation of a cervical disc, thoracic 
outlet syndrome, and peripheral neuropathy must be consid-
ered. Treatment consists of exploration of the ulnar nerve at 
the wrist and removal of any cause of compression. Should 
the ulnar artery be occluded for several millimeters, Raynaud 
syndrome may be produced in the ulnar three digits because 
the sympathetic nerve fibers to these digits pass along the 
ulnar artery.

Segmental resection of the occluded section and replace-
ment with a vein graft is the preferred procedure when it is 
feasible (see Chapter 63). Usually symptoms are relieved, and 
weakened or atrophic intrinsic muscles may recover in 3 to 
12 months after surgery. For the technique of exploration, see 
the approach described for repair of the deep branch of the 
ulnar nerve (see Chapter 68). 

CUBITAL TUNNEL SYNDROME 
AND TARDY ULNAR NERVE PALSY
The prevalence of cubital tunnel syndrome in the United 
States population is between 1.8% and 5.9% according to the 
most recent population study. Treatment of refractory tardy 
ulnar nerve palsy may require removal of the nerve from its 
groove, neurolysis if necessary, and anterior transposition 
of the nerve to the flexor surface of the elbow. Conservative 
treatment for this syndrome should be attempted before sur-
gical treatment. The severity of cubital tunnel syndrome was 
divided into three categories by McGowan and later revised by 
Dellon. Mild dysfunction implies intermittent paresthesias and 
subjective weakness; moderate dysfunction presents as inter-
mittent paresthesias and measurable weakness; and severe 

 FIGURE 77.11 Anatomic relationships of structures within ulnar 
tunnel.

 

A B
FIGURE 77.12 Two types of traumatic aneurysms of ulnar artery 

in hand. A, Saccular “false” aneurysm arising from ulnar artery. B, 
“True” fusiform aneurysm of ulnar artery.

    

https://booksmedicos.org


PART XVIII THE HAND3872

dysfunction is characterized by persistent paresthesias and 
measurable weakness. In mild-to-moderate cubital tunnel 
syndrome, patients are instructed to avoid prolonged elbow 
flexion in the workplace and are given elbow extension splints 
for sleeping. The splint should not be fitted with the forearm 
held in pronation because this may aggravate the symptoms. 
Towels or pillows secured around the elbow may limit elbow 
flexion adequately during sleep. Conservative treatment usu-
ally is attempted for 3 months before surgical treatment is con-
sidered. Svernlöv reported improvement in 89.5% of patients 
with mild-to-moderate cubital tunnel syndrome who were 
treated conservatively with elbow extension splinting, patient 
education, and activity modification. Decompression is rec-
ommended for some moderate and severe involvement.

The demographics of patients who required operative 
release of the carpal tunnel or cubital tunnel were compared 
by Zhang et al. The two groups were found to be dissimilar, 
with the exception of those with diabetes. Patients with cubi-
tal tunnel release often had a history of trauma to the ana-
tomic site of the cubital tunnel. Patients with carpal tunnel 
release were older and more often female, had higher body 
mass indexes, and had concomitant hand tendinopathies. The 
diabetic population was found to have both procedures more 
often. Other studies have shown male gender to be a risk fac-
tor for cubital tunnel syndrome.

Before surgical treatment, careful preoperative evaluation 
and EMG are recommended. The surgical treatment of cubital 
tunnel syndrome includes simple decompression (either open 
or endoscopically), medial epicondylectomy, and anterior trans-
position of the ulnar nerve into a subcutaneous, intramuscular, 
or submuscular bed. Taniguchi et al. reported good-to-excellent 
results in 14 of 17 patients treated with simple decompression 
through a small incision. Goldfarb et al. reported that only 7% 
of 56 patients had recurrent symptoms postoperatively.

More recently, prospective randomized studies have 
shown that in situ decompression of the ulnar nerve is as 
effective as anterior transposition. Staples et al., in a random-
ized level 2 prospective cohort study comparing early mor-
bidity with in situ cubital tunnel release to that with anterior 
subcutaneous transposition of the ulnar nerve, found that 
prior to 8 weeks after surgery patients with transposed nerves 
had greater narcotic consumption, scar sensitivity, and poorer 
patient-rated elbow evaluation; however, the differences in 
morbidity between the two cohorts was not significant after 8 
weeks, indicating only short-term morbidity for either proce-
dure. The authors also found that in situ decompression had 
a 11% occurrence of postoperative hematoma, none of which 
required operative intervention. The transposition group had 
a 15% frequency of hematoma, only one of which required 
operative debridement. In contrast, a retrospective study 
comparing in situ release with transposition found a compli-
cation rate of 11% for transposition and a 2.5% rate for in situ 
release. The overall rate of secondary surgery for both in situ 
release and transposition of the ulnar nerve together was 6%.

The subluxated or “perched” ulnar nerve with elbow flexion 
after in situ release should be transposed to prevent symptom-
atic instability. This is required in 21% to 34% of in situ releases 
and most often in younger males. In a retrospective review of 67 
in situ releases, Henn et al. found that 45% were unstable and 
required transposition. At 5 years after surgery patients with 
instability that required transposition were less likely to have 
persistent symptoms and more likely to have a lower Disabilities 

of the Arm, Shoulder, and Hand (DASH) score than the stable 
cohort who had simple in situ release.

Good results of 45% to 93% have been reported after 
medial epicondylectomy, although persistent medial elbow 
pain has been reported in up to 45% of patients 6 months 
after surgery. In comparing minimal medial epicondylec-
tomy with partial medial epicondylectomy, Amako et  al. 
found no difference in improvement and recommended the 
minimal epicondylectomy technique. Good results also have 
been reported in ulnar neuropathies treated by anterior nerve 
transposition and construction of a fasciodermal sling from 
the antebrachial fascia overlying the flexor pronator muscles.

No significant differences in results have been reported 
after release of the cubital tunnel, subcutaneous anterior trans-
position, or submuscular anterior transposition. The current 
trend is to perform a simple or in situ decompression, tak-
ing care to release any and all constricting tissue, and per-
form transpositions only in patients who have subluxation or 
develop recurrent symptoms. Revision surgery after simple 
decompression is more common in patients with a previous 
elbow fracture or dislocation, younger patients (<50 years old), 
tobacco users, and patients having surgery for mild symptoms. 

 

IN SITU DECOMPRESSION OF THE 
ULNAR NERVE

 TECHNIQUE 77.5 

 n  With the elbow flexed and the arm abducted and exter-
nally rotated, make a 3- to 5-cm incision along the course 
of the ulnar nerve between the medial epicondyle and the 
olecranon.

 n  Spread the subcutaneous tissues, and develop the avascu-
lar plane overlying the fascia. Take care to avoid damaging 
the medial antebrachial cutaneous nerve that lies along the 
fascia usually about 3 cm distal to the medial epicondyle. 
Use right-angle retractors to carefully elevate the subcuta-
neous tissue and elevate cutaneous nerves off the fascia.

 n  Identify the thickened fascia between the medial epicon-
dyle and olecranon known as Osbourne’s ligament, and 
incise the fascia overlying the ulnar nerve proximally for a 
distance of 8 to 9 cm and distally including the deep and 
superficial fascia between the two heads of the flexor 
carpi ulnaris. Leave the nerve undisturbed in its soft-tissue 
bed to avoid iatrogenic anterior subluxation.

 n  Dissect proximally to release the arcade of Struthers and 
the medial intermuscular septum, and pass a finger proxi-
mally along the nerve 5 to 8 cm to ensure no constricting 
bands. Protect the superior ulnar collateral artery with the 
nerve when dissecting proximally to limit the risk of nerve 
infarction.

 n  Reinspect carefully for any remaining areas of compres-
sion. Flex the elbow and make certain that the nerve does 
not subluxate across the medial epicondyle. If subluxation 
occurs, a formal anterior transposition is recommended.

 n  Obtain careful hemostasis and close the incision. A soft 
dressing is applied, and immediate elbow motion is al-
lowed to prevent neural adhesions.
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ENDOSCOPIC DECOMPRESSION OF 
THE ULNAR NERVE
Endoscopic decompression of the ulnar nerve at the elbow 
was first described by Tsai in 1995 and has since grown in 
popularity. Results have been comparable to open in situ 
decompression. The advantages reported are a smaller skin 
incision with less soft-tissue dissection, perhaps resulting 
in less chance of incisional tenderness and damage to the 
medial antebrachial cutaneous nerve. A nonrandomized 
level III study reported a 60% (9 of 15) patient satisfaction 
rate with the open in situ decompression compared with a 
79% (15 of 19) rate in the endoscopic group. Dützmann 
et al. found no significant differences in long-term outcomes 
after open and retractor-endoscopic in situ decompression 
of the ulnar nerve in cubital tunnel syndrome. The short-term 
results were significantly better with endoscopic surgery. A 
double-blind, prospective randomized controlled study found 
equivalent outcomes at 2 years in endoscopic and “open” 
releases. Two meta-analysis, one by Buchanan et al. of 655 
patients with endoscopic or situ decompression showed no 
significant differences in terms of outcomes (Bishop score) 
or visual analog scores between the two treatment groups. 
The second meta-analysis by Aldekhayel et al. also found no 
significant difference between the two treatments in terms 
of complications, outcomes and reoperation rates.

We have no experience with this technique. 
 

 

ENDOSCOPIC CUBITAL  
TUNNEL RELEASE

 TECHNIQUE 77.6 

(COBB)
 n  Place the patient supine, with the shoulder abducted and 

externally rotated and the arm on an arm table. Place a tour-
niquet high on the brachium so as not to interfere with the 
surgical release. Elevate the arm off the table sufficiently to 
facilitate instrumentation of the cubital tunnel (Fig. 77.13A).

 n  After exsanguination and elevation of the tourniquet, 
make a 2-cm incision through the skin over the cubital 
tunnel, just posterior to the medial epicondyle. Carry the 
dissection down with scissors to the medial epicondyle, 
protecting the superficial nerves as they are encountered. 
Avoid violating the deep fascia during the initial exposure.

 n  Identify the medial epicondyle. With blunt scissors, dis-
sect directly down to the deep fascia then develop the 
space between the deep adipose tissue and deep fascia. 
Dissect the adipose tissue and superficial nerves off the 
deep fascia both proximally and distally over the course of 
the ulnar nerve. During this portion of the exposure, do 
not develop multiple layers through the adipose tissue or 
expose the ulnar nerve.

 n  Identify the ulnar nerve by palpation directly posterior to the 
medial epicondyle, and make an incision through the roof 

of the canal for exposure. The opening in the cubital tunnel 
should be sufficient to allow instrumentation to be placed 
without binding. If the anconeus epitrochlearis muscle is 
encountered, incise it directly over the cubital tunnel.

 n  Insert a spatula into the space between the ulnar nerve 
and the roof of the canal proximally and distally to con-
firm the course of the ulnar nerve and that adipose tissue 
and superficial nerves have been sufficiently elevated (Fig. 
77.13B).

 n  Insert a cannula/trocar into the canal and advance it proxi-
mally between the superficial ulnar nerve and the roof of 
the canal. The attached retractor slides on the external 
surface of the fascia, atraumatically elevating the superfi-
cial nerves (Fig. 77.13C). If resistance is encountered, re-
move the instrumentation and confirm that the superficial 
tissue is sufficiently elevated off the fascia.

 n  Once the cannula/trocar has been placed, remove the 
trocar and place the scope initially between the cannula 
and retractor to confirm that no superficial nerves are in 
the way. Place the scope into the cannula and turn it to 
view the inferior slots so the ulnar nerve can be identified 
throughout the entire course of the cannula (Fig. 77.13D).

 n  After the nerve has been clearly identified, divide the fas-
cia (roof of the canal) with the blade along the superior 
slot of the cannula (Fig. 77.13E and inset). Check for com-
pleteness of the release by pulling the cannula back on 
the scope. If the release cannot be confirmed in this man-
ner, place a narrow retractor, exposing the nerve, and 
hold the endoscope under the retractor to view the nerve.

 n  Next, place the cannula/trocar into the canal and advance 
it distally using the same technique as just described. The 
flexor pronator mass, which can be seen through the su-
perior slot of the cannula, can be released; however, this 
is not necessary and results in unnecessary bleeding.

 n  Deflate the tourniquet and apply pressure. With the re-
tractor in place, view the surgical field both proximally 
and distally with the endoscope to confirm complete 
release and hemostasis. Bipolar cautery can be used if 
necessary.

 n  Place a 20-gauge angiocatheter through the skin and 
into the wound and close the wound with subcuticular 
absorbable sutures. Infiltrate 15 to 20 mL of 0.5% bupi-
vacaine and epinephrine and then remove the angiocath-
eter and apply a compressive dressing.

POSTOPERATIVE CARE Patients are instructed on gen-
tle range of motion, with the expectation that full range 
of motion will be obtained within 5 to 7 days. They may 
debulk the dressing to facilitate full motion.
   

 

MEDIAL EPICONDYLECTOMY

 TECHNIQUE 77.7 

 n  Make an 8-cm skin incision along the course of the ulnar 
nerve centered over the posterior aspect of the medial 
epicondyle.
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FIGURE 77.13 Endoscopic cubital tunnel release. A, Incision. B, Spatula used to open space 
between ulnar nerve and roof of canal (fascia). C, Trocar/cannula placed into canal. Attached 
retractor slides on external surface of fascia elevating superficial nerves. D, Ulnar nerve seen 
through inferior slots of cannula. E, Roof of canal (fascia) is divided with blade along superior slot 
of cannula. Inset shows arthroscopic view of ulnar nerve as fascia is being divided through superior 
slot. SEE TECHNIQUE 77.6.
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 n  Carry the incision to the deep fascia, carefully protecting 
the medial brachial and antebrachial cutaneous nerves 
(Fig. 77.14A).

 n  Expose the medial epicondyle subperiosteally, incising the 
common flexor-pronator origin but protecting the ulnar 
collateral ligament.

 n  Identify and retract the ulnar nerve posteriorly during ex-
posure of the medial epicondyle, taking care to protect 
the mesoneurium.

 n  With an osteotome or rongeur, remove the entire medial 
epicondyle and a portion of the supracondylar ridge to 
release the insertion of the medial intermuscular septum 
(Fig. 77.14B).

 n  Expose and excise the medial intermuscular septum prox-
imally to the insertion of the coracobrachialis muscle, 
releasing the arcade of Struthers as a potential area of 
compression.

 n  Using a bone rasp, ensure that no bony ridges remain in 
the area of the osteotomy.

 n  Reattach the periosteum to the common flexor-pronator 
tendon to separate the raw cancellous surface from the 
ulnar nerve.

 n  Allow the ulnar nerve to seek its own position adjacent to 
the medial humeral condyle.

 n  Deflate the tourniquet to allow adequate hemostasis be-
fore routine closure of the subcutaneous tissues and skin.

POSTOPERATIVE CARE The wound is protected in a 
soft bulky dressing, and early range of motion is allowed 
as tolerated.
   

 

TRANSPOSITION OF THE  
ULNAR NERVE

 TECHNIQUE 77.8 

 n  With the arm abducted and externally rotated, make an 
incision on the posteromedial surface of the elbow be-
ginning 7 cm proximal to the epicondyle, passing distally 
anterior to the epicondyle, and proceeding farther distally 
in line with the course of the nerve (Fig. 77.15A).

 n  Reflect the anterior skin flap to expose the common origin 
of the flexor muscles. Avoid damaging the medial ante-
brachial cutaneous nerve by keeping the dissection just 
superficial to the flexor-pronator fascia.

 n  Identify the ulnar nerve in its groove posterior to the me-
dial epicondyle and free it of soft tissues. Free the flexor 
carpi ulnaris from its humeral origin on the epicondyle to 
expose the nerve further.

 n  Identify its branches to the flexor profundus and flexor 
carpi ulnaris, and carefully dissect them intraneurally up 
the nerve.

 

A

B

Common flexor
pronator origin

Medial
epicondyle

Ulnar nerve

       Intact posterior part 
ulnar collateral ligament             

FIGURE 77.14 Technique of medial epicondylectomy for 
treatment of cubital tunnel syndrome (see text). A, Ulnar nerve 
is protected, and common flexor pronator origin is elevated from 
medial epicondyle. B, Guide for plane of osteotomy is medial border 
of trochlea; sharp posterior edge of osteotomy must be smoothed 
and rounded. SEE TECHNIQUE 77.7.

 

A B

C D
FIGURE 77.15 Technique of transposing ulnar nerve for tardy 

ulnar nerve palsy. A, Skin incision. B and C, Exposing and freeing of 
nerve. It is freed from scar tissue posterior to medial epicondyle and 
from beneath tendinous arch between humeral and ulnar heads of 
the flexor carpi ulnaris. D, Nerve has been transposed anteriorly. 
SEE TECHNIQUE 77.8.
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 n  Dissect any fibrous tissue or callus from the area adjacent 
to the groove, and remove the nerve (Fig. 77.15B,C).

 n  Carry out a neurolysis or endoneurolysis as indicated if 
there is extensive scarring; keep the superior ulnar collat-
eral artery with the nerve as far distal as possible. It often 
requires division at the level of just distal to the medial 
epicondyle.

 n  Draw the nerve over the epicondyle to the anterior sur-
face of the elbow, and place it on the surface of the fascia 
of the flexor-pronator group beneath the thick fat in this 
region (Fig. 77.15D).

 n  Excise the medial intermuscular septum and any other 
tendinous bands that may constrict or otherwise injure 
the transposed nerve. Ensure that the intermuscular sep-
tum is excised as far proximally as the arcade of Struthers, 
where the ulnar nerve passes from the anterior to the 
posterior compartment. Obtain good hemostasis here as 
there are large veins anterior and piercing the septum in 
the supracondylar area.

 n  Place a few interrupted sutures through the fascia and 
subcutaneous fat medial to the nerve to keep the nerve 
from slipping back posterior to the epicondyle.

 n  The tourniquet should be deflated and hemostasis 
achieved before closure because postoperative hema-
toma may be significant in this area.

 n  If an anterior submuscular transfer is preferred, place a 
hemostat beneath the superficial head of the pronator 
teres, the flexor carpi radialis, the palmaris longus, and 
the superficial head of the flexor carpi ulnaris, being cer-
tain not to include the median nerve.

 n  Sharply divide the tendinous origin of the medial epicon-
dyle, and retract the flexor mass distally, carefully protect-
ing the small motor branches from the median and ulnar 
nerves (Fig. 77.16).

 n  After placing the ulnar nerve deep to the flexor mass, 
repair the tendinous origin to the medial epicondyle with 
a nonabsorbable suture.

 n  As an alternative, divide the medial epicondyle, transpose 
the ulnar nerve anterior to the elbow near the median 
nerve, and reattach the epicondyle.

POSTOPERATIVE CARE The elbow is immobilized at a 
90-degree angle for 3 weeks. Physical therapy is started 
and continued to prevent secondary changes in the mus-
cles of the hand. Appropriate splinting is continued until 
sufficient function has returned to allow the patient to be 
free of the brace or splint.
  

REVISION CUBITAL TUNNEL SURGERY
Revision surgery for cubital tunnel release spans a wide 
range of treatment. If the nerve was not transposed, then 
transposition is indicated; however, the literature is unclear 
as to whether a subcutaneous, submuscular, or intramuscu-
lar transposition is best. Verveld et  al. described a pedicled 
adipofascial flap used to wrap the nerve and compared it 
to anterior transposition; both treatments had high (>95%) 
good-to-excellent outcome scores and symptom improve-
ment. Aleem et  al. compared primary with revision cubital 
tunnel release and found that at 2 years’ follow-up, despite 
79% of revision patients reporting symptomatic improve-
ment, they also reported worse outcomes on all measured 
standardized questionnaires compared with primary patients. 
Additionally, 21% of patients with revision surgery had wors-
ening of their McGowan grade. Complete symptomatic reso-
lution after revision cubital tunnel release is unlikely, and this 
should be discussed with the patient before surgery. 

PRONATOR SYNDROME AND 
ANTERIOR INTEROSSEOUS 
SYNDROME
Median nerve deficits, as seen in the pronator syndrome, may 
result from compression of the nerve at the pronator teres, 
the lacertus fibrosus, or the fibrous flexor digitorum subli-
mis arch or from anomalies including a hypertrophic prona-
tor teres, a high origin of the pronator teres, fibrous bands 
within the pronator teres, the median nerve passing posterior 
to both heads of the pronator teres, or an accessory tendi-
nous arch of the flexor carpi radialis arising from the ulna. 
The anterior interosseous nerve may be injured in fractures 
and lacerations or may be compressed or entrapped by any of 
the following: the tendinous origins of the flexor digitorum 
sublimis or the pronator teres, variant muscles such as the 
palmaris profundus and flexor carpi radialis brevis, accessory 
muscle slips and tendons from the flexor digitorum sublimis 
to the flexor pollicis longus, an accessory head of the flexor 
pollicis longus (Gantzer’s muscle), an aberrant radial artery, 
thrombosis of the ulnar collateral vessels, enlargement of 
the bicipital bursa, or a Volkmann ischemic contracture. For 
detailed discussions of these particular nerve compressions, 
the reader is referred to the extensive reports by Spinner and 
to the references at the end of the chapter.

At the wrist, the median nerve may be injured by frac-
tures of the distal radius and by fractures and dislocations of 
the carpal bones.

EXAMINATION
The muscles of the forearm and hand supplied by the median 
nerve that can be tested with relative accuracy are the pronator 
teres, flexor carpi radialis, flexor digitorum profundus (index), 

 

Arcade of
Struthers

Median nerve

FIGURE 77.16 Anterior submuscular transposition of ulnar 
nerve. SEE TECHNIQUE 77.8.
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flexor pollicis longus, flexor digitorum sublimis, and abduc-
tor pollicis brevis. Substitution movements caused by action of 
intact muscles may cause confusion during the examination. 
The works of Sunderland provide an excellent review of these 
movements and the methods of recognizing and preventing 
them. Usually, if the forearm can be actively maintained in pro-
nation against resistance, the pronator teres is intact. If the wrist 
can be actively maintained in flexion, and a contracting flexor 
carpi radialis is palpated, this muscle is intact. Similarly, if the 
interphalangeal joint of the thumb can be maintained in flexion 
against resistance with the wrist in the neutral position and the 
thumb adducted, the flexor pollicis longus is functioning. The 
flexor digitorum sublimis to each finger is examined separately, 
and the remaining fingers are held in full passive extension. 
Although opposition of the thumb can be difficult to confirm, 
if the thumb can be actively maintained in palmar abduction 
and a contracting abductor pollicis brevis is palpated, this mus-
cle is functioning. The lumbricals cannot be discretely tested 
because they cannot be palpated and because their function 
may be confused with that of the interosseous muscles.

When examining a patient with suspected pronator teres 
syndrome, three resistive tests have been found helpful: (1) 
production of symptoms with pronation of the forearm against 
resistance with the elbow flexed and gradually extended local-
izes the lesion to the pronator teres, (2) independent flexion 
of the flexor sublimis of the long finger with reproduction of 
paresthesias or numbness in the radial three and a half fingers 
localizes the entrapment level at the fibrous arcade of the flexor 
sublimis, and (3) flexion-supination of the elbow against resis-
tance shows the presence or absence of entrapment of the nerve 
by the lacertus fibrosus. To perform the pronator compres-
sion test, the examiner pushes with the thumb just proximal 
and lateral to the proximal edge of the pronator teres muscle. 
Pain and paresthesias in the median nerve distribution within 
30 seconds are considered a positive test. Other findings sug-
gesting pronator teres syndrome include tenderness, firm-
ness, or apparent enlargement of the pronator teres; a positive 
Tinel sign on percussion of the proximal muscle mass; variable 
weakness in the median-innervated extrinsics and intrinsics; 
and, occasionally, a depression in the contour of the forearm 
superficial to the lacertus fibrosus. Nerve conduction studies 
often are found to be normal in pronator teres syndrome.

The anterior interosseous syndrome can cause various signs 
and symptoms. Typically, the patient has pain in the proximal 
forearm lasting for several hours and is found to have weakness 
or paralysis of the flexor pollicis longus, the flexor digitorum 
profundus to the index and long fingers, and the pronator qua-
dratus. When the patient attempts to pinch, active flexion of 
the distal phalanx of the index finger is impossible. Variations 
from these signs and symptoms usually result from atypical 
patterns of innervation. If all of the flexor digitorum profundus 
muscles are supplied by the anterior interosseous nerve, all of 
these muscles are weak or paralyzed. Conversely, if innervation 
overlaps and the ulnar nerve supplies the flexor digitorum pro-
fundus to the long finger, this finger is spared. EMG, the ninhy-
drin print test, and clinical examination help to differentiate the 
syndromes. In well-established lesions, atrophy of the forearm 
flexor mass and of the thenar muscles may be seen. 

TREATMENT
Surgical exploration and decompression of the median nerve 
for refractory pronator teres syndrome, as reported by Hartz 

et  al. and by Johnson, Spinner, and Shrewsbury, has been 
successful in relieving symptoms in 80% to 92% of patients. 
Some persistence of symptoms has been reported in 66% of 
patients. In patients who have symptoms of carpal tunnel 
syndrome and pronator teres syndrome, particular atten-
tion should be paid to the nerve conduction studies during 
preoperative planning. If the nerve conduction test is posi-
tive for carpal tunnel syndrome, we agree in recommend-
ing carpal tunnel release in anticipation that the proximal 
symptoms will resolve. If the nerve conduction test is nega-
tive for carpal tunnel syndrome, we recommend proximal 
median nerve exploration and proximal decompression as 
the initial procedure of choice. For the anterior interosse-
ous syndrome, Spinner recommended the following plan. If 
the onset of paralysis has been spontaneous, the initial treat-
ment is nonoperative. Surgical exploration is indicated in 
the absence of clinical or EMG improvement after 12 weeks. 
If an anterior interosseous nerve injury is caused by a pen-
etrating wound, primary repair is recommended. In irrepa-
rable injury to the nerve, tendon transfers are indicated (see 
Chapter 68). 

 

APPROACH TO THE MEDIAN NERVE

 TECHNIQUE 77.9 

 n  To expose the median nerve, use the same approach 
as that for the ulnar nerve in the arm and at the elbow 
and avoid crossing the folds of the antecubital fossa (Fig. 
77.17).

 n  To expose the median nerve in the forearm, continue the 
incision from the medial epicondyle onto the volar aspect 
of the forearm and distally over the course of the nerve. In 
approaching the wrist, curve it toward the radial side (or 
if exploration of the median and ulnar nerves is indicated, 
curve it toward the ulnar side). As the flexor creases of the 
wrist are reached, return the incision along one of them 
to the middle of the wrist. If the nerve is to be explored 
distal to the wrist, extend the incision down the thenar 
crease.

 n  Deepen the incision through the fascia along the course 
of the nerve. To accomplish this at the elbow, undermine 
the skin flap widely.

 FIGURE 77.17 Skin incision for exploration of median and ulnar 
nerves in upper arm. SEE TECHNIQUE 77.9.
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 n  In the arm, retract the brachial artery and vein medially to 
expose the nerve on the lateral aspect of the neurovascu-
lar bundle.

 n  At the junction of the middle and distal thirds of the arm, 
the nerve crosses to the medial side of the artery, usually 
coursing posteriorly, although occasionally anteriorly to it.

 n  The nerve enters the forearm beneath the lacertus fibro-
sus medial to the artery, and then courses between the 
two heads of the pronator teres and continues distally in 
the forearm beneath the flexor sublimis, lying on the flex-
or profundus. Approaching the wrist, the nerve becomes 
more superficial, lies beneath the tendon of the flexor 
carpi radialis, and is easily found if approached between 
this tendon and that of the palmaris longus.

 n  At the elbow, expose the nerve by incising the fibers of 
the lacertus fibrosus at its attachment to the fascia over 
the pronator-flexor group.

 n  Dissect the fascia radially from this group of muscles and 
incise it distally and radially along the proximal border of 
the pronator teres and then distally across this muscle 
and along the medial side of the flexor carpi radialis. The 
pronator teres may be widely mobilized and separated 
from the flexor carpi radialis, permitting easy exposure of 
the nerve and making closure easier later.

 n  Expose the nerve where it emerges from beneath the 
fibers of the flexor digitorum sublimis. Trace the nerve 
proximally by retracting the flexor carpi radialis laterally 
and the pronator proximally and by separating the fibers 
of the flexor digitorum sublimis. In this way, the nerve can 
be exposed over its entire course.

 n  As an alternative, cut the radial origin of the flexor digito-
rum sublimis in line with the nerve and sever the pronator 
teres by a Z-shaped incision near its insertion (Fig. 77.18).

 n  The median nerve gives off no branches in the upper arm.
 n  The branches to the pronator teres and flexor carpi radialis 

emerge as the nerve courses beneath the lacertus fibro-

sus. Usually, two branches go to the pronator: one to the 
superficial head and one to the deep head. Also, several 
branches go to the flexor carpi radialis and palmaris lon-
gus, one to the flexor sublimis, and one to the profundus.

 n  The anterior interosseous nerve emerges from the pos-
teromedial side of the nerve after passing through the 
two heads of the pronator teres and supplies the flexor 
pollicis longus, the radial half of the flexor profundus, 
and the pronator quadratus. Farther distally, several more 
branches are given off to the flexor digitorum sublimis. 
No other significant branches are given off until the nerve 
enters the hand.

 n  When exposure of the anterior interosseous nerve deep to 
the pronator teres is required, or when anterior transposi-
tion of the median nerve is preferred, a method whereby 
the pronator teres insertion is released and is repaired by 
Z-plasty or a tongue-in-groove suture after the median 
nerve has been transposed is suitable.

 n  In decompressing the median nerve for pronator teres 
syndrome, explore and release all points of potential com-
pression.

 n  If a ligament of Struthers is encountered, excise it from its 
origin on the supracondylar process to its insertion on the 
medial epicondyle.

 n  Divide the lacertus fibrosus and trace the median nerve 
through the two heads of the pronator teres.

 n  Release any intermuscular tendinous bands within or un-
der the pronator and fascial constricting bands between 
the superficial and deep heads of the muscle.

 n  If necessary, divide the deep head of the pronator teres.
 n  Alternatively, the superficial head of the pronator teres 

can be excised from its radial insertion, although this 
rarely is necessary in our experience.

 n  Retract the superficial head of the pronator teres anteri-
orly, distally, and ulnarward to allow exploration of the 
nerve into the flexor digitorum sublimis.

 n  Divide the aponeurotic arch, which commonly is encoun-
tered as the median nerve enters the sublimis muscle.

 n  If Gantzer’s muscle is encountered, resect any proximal 
fibrous bands that may be compressing the median nerve.
   

RADIAL TUNNEL SYNDROME
Entrapment syndromes of the radial nerve may develop when 
the nerve or one of its branches is compressed at some point 
along its course. Compression of the radial nerve in the arm 
may be caused by the fibrous arch of the lateral head of the 
triceps muscle. The posterior interosseous nerve may be 
compressed by the fibrous arcade of Frohse, fracture-dislo-
cations or dislocations of the elbow, fractures of the forearm, 
Volkmann ischemic contracture, neoplasms, enlarged bursae, 
aneurysms, or rheumatoid synovitis of the elbow. According 
to Spinner, posterior interosseous nerve entrapment is of two 
types. In one type, all the muscles supplied by the nerve are 
completely paralyzed; these include the extensor digitorum 
communis, extensor indicis proprius, extensor digiti quinti, 
extensor carpi ulnaris, abductor pollicis longus, and extensor 
pollicis brevis. In the second type, only one or a few of these 
muscles are paralyzed. Entrapment of the posterior interosse-
ous nerve can cause chronic and refractory tennis elbow. Such 
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FIGURE 77.18 Alternative method of exposing median nerve 
throughout forearm (see text). SEE TECHNIQUE 77.9.
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entrapment is called radial tunnel syndrome and can occur at 
four potentially compressive anatomic structures: (1) the ori-
gin of the extensor carpi radialis brevis, (2) adhesions around 
the radial head, (3) the radial recurrent arterial fan, and (4) 
the arcade of Frohse as the posterior interosseous nerve 
enters the supinator. Occasionally, compression occurs at the 
distal border of the supinator as the nerve exits. Pain in the 
region of the radial nerve beneath the extensor mass at and 
just distal to the radial head, pain on resistance to supination 
of the forearm, and electrodiagnostic measures aid in differ-
entiating this particular type of tennis elbow. When symp-
toms and signs of radial nerve entrapment in the arm develop 
only after muscular effort, spontaneous recovery can be antic-
ipated. Marchese et  al. evaluated the usefulness of a single 
corticosteroid injection in those patients with radial tunnel 
syndrome. Thirty-five patients completed 1-year follow-up, 
and a minimal clinically important difference in quick DASH 
was achieved in 57% of subjects; however, 23% failed nonop-
erative treatment and required surgery. Corticosteroid injec-
tion thus is a potential option for conservative treatment of 
radial tunnel syndrome. When entrapment is caused by other 
space occupying conditions; however, especially in the fore-
arm, surgical exploration and decompression of the nerve 
(Fig. 77.19) usually are beneficial.

Compression of the superficial radial nerve causes pain 
in the forearm and sensory impairment on the dorsum of the 
thumb. The nerve may be caught in scar tissue at the wrist 
after surgery or trauma. Constricting jewelry also has been 
cited as a potential cause of entrapment here.

After repair of the radial nerve, the prognosis for regen-
eration is more favorable than for any other major nerve in 
the upper extremity, primarily because it is predominantly a 

motor nerve and secondarily because the muscles innervated 
by it are not involved in the finer movements of the fingers 
and hand.

EXAMINATION
The following muscles supplied by the radial nerve can be 
tested accurately because their bellies or tendons or both 
can be palpated: the triceps brachii, brachioradialis, exten-
sor carpi radialis, extensor digitorum communis, extensor 
carpi ulnaris, abductor pollicis longus, and extensor pollicis 
longus. Injury to this nerve results in inability to extend the 
elbow or supinate the forearm and in a typical wristdrop. An 
inexperienced examiner often may be misled by the patient’s 
ability to extend the wrist merely by flexing the fingers. The 
examiner should be discriminating because analysis of 
movements often may result in error in evaluating the func-
tion of a nerve. The triceps is not seriously affected by inju-
ries of the nerve at the level of the middle of the humerus 
or distally. In injuries of the nerve at its bifurcation into the 
deep and superficial branches, the brachioradialis and the 
extensor carpi radialis longus continue to function; the arm 
can be supinated, and the wrist can be extended. The nerve 
is especially susceptible to electrical stimulation in situ just 
proximal to the elbow; elsewhere this is difficult, and the 
results are uncertain.

Sensory examination is relatively unimportant, even 
when the nerve is divided in the axilla, because usually there 
is no autonomous zone. When present, the autonomous zone 
usually is over the first dorsal interosseous muscle, between 
the first and second metacarpals. It usually is too inconsistent 
to afford more than confirmatory evidence of complete inter-
ruption of the nerve proximal to its bifurcation at the elbow.
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FIGURE 77.19 Exposure of posterior interosseous branch of the radial nerve for repair or 
decompression in radial tunnel syndrome. A, Line of incision, forearm prone, elbow flexed. B, 
Nerve exposed. C, Diagram of course of nerve with arm in position A. D, Line of incision, elbow 
extended. ECU, extensor carpi ulnaris; ECRB, extensor carpi radialis brevis; ECRL, extensor carpi 
radialis longus; EDC, extensor digitorum communis.
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TREATMENT 
 

APPROACH TO THE RADIAL NERVE

 TECHNIQUE 77.10 

 n  Expose the radial nerve in the axilla and proximal third 
of the arm by the usual incision for the distal part of the 
brachial plexus (Fig. 77.20) and carry this incision distally 
in the arm a little more posteriorly than is necessary for 
exposing the ulnar and median nerves.

 n  Incise the fascia over the neurovascular bundle and ex-
pose the bundle between the triceps posteriorly and the 
biceps, brachialis, and coracobrachialis anteriorly.

 n  Expose and retract laterally the more superficial structures 
of the bundle—the ulnar nerve, the brachial artery and 
vein, and the median nerve—exposing the radial nerve 
and one or two of its branches, first to the long head and 
then to the medial head of the triceps.

 n  Trace the nerve to the point where it winds around the 
humerus.

 n  To expose the nerve on the posterior and lateral aspects 
of the humeral shaft, begin the incision along the poste-

rior border of the distal third of the deltoid between the 
deltoid and the long head of the triceps. Curve it distal-
ward along the lateral aspect of the arm, curving at first 
anteriorly along the medial aspect of the brachioradialis 
and then, if necessary, laterally at the elbow across the 
belly of this muscle and the extensor carpi radialis longus. 
Finally, if the deep radial nerve is to be explored, carry the 
incision distally on the dorsum of the forearm along the 
radial side of the extensor digitorum communis.

 n  In the incision proximal to the elbow it is wise to expose 
the nerve at its most superficial position by incising the 
fascia between the brachialis and brachioradialis and to 
identify the nerve at this point by retracting the brachio-
radialis laterally. The nerve can be exposed proximally 
by incising the fascia and retracting the lateral head of 
the triceps laterally to the point where the nerve winds 
around the humerus. This approach, with minor changes, 
is shown in Figure 77.21.

 n  The nerve can be carefully traced distally to the elbow; 5 
or 6 cm proximal to the elbow it sends branches to the 
brachioradialis and a little more distally to the extensor 
carpi radialis longus and brevis. At the elbow, the nerve 
divides into the superficial and deep radial (posterior in-
terosseous) nerves.

 n  The superficial radial nerve is entirely sensory but should 
be protected to avoid painful neuromas. The deep radial 
nerve often is injured, and such an injury is quite disabling.

 n  Expose this nerve through the distal part of the incision 
just described, beginning 8 to 10 cm proximal to the el-
bow and continuing to the middle of the dorsum of the 
forearm (see Fig. 77.19). Follow the nerve beneath the 
brachioradialis into the supinator muscle.

 n  If the injury is at this point or is more distal, expose the 
nerve distal to the supinator by incising the fascia be-
tween the extensor carpi radialis longus and brevis and 
the extensor digitorum communis and by developing this 
plane of cleavage.

 n  After exposing the nerve, follow it proximally to the distal 
border of the supinator where numerous branches are 
given off.

 n  After identifying these branches, incise the superficial part 
of the supinator at a right angle to the direction of its 
fibers to complete the exposure of the entire deep radial 
nerve.
  

 FIGURE 77.20 Incision for approach to brachial plexus (see 
text). SEE TECHNIQUE 77.10.
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FIGURE 77.21 Exposure of radial nerve in middle and distal thirds of arm. A, Skin incision begins 
at posterior margin of deltoid muscle and extends distally in midline and laterally and anteriorly. 
It ends at interval between brachioradialis and brachialis. B, Posterior skin flap has been dissected 
and retracted; deep fascia is incised in line with skin incision. Dotted line indicates incision in triceps 
muscle between long and lateral heads. C, Radial nerve and accompanying vascular bundle have 
been exposed by retraction of these two heads of triceps muscle. Radial nerve has been dissected 
to point at which it passes beneath lateral head of triceps muscle. D, Arm is externally rotated a 
few degrees. Interval between proximal end of brachioradialis and brachialis is to be dissected, 
exposing radial nerve along anterolateral aspect of humerus. E, Dotted line indicates incision 
through which lateral head of triceps is mobilized from underlying bone, facilitating exposure of 
radial nerve deep to it. F, Exposure. SEE TECHNIQUE 77.10.
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TUMORS AND TUMOROUS CONDITIONS OF 
THE HAND

James H. Calandruccio, Mark T. Jobe

CHAPTER 78

Hand masses may result from tumors and tumorous condi-
tions, and although most of these masses are benign, they 
should be considered potentially problematic and managed 
with great diligence. Because the hand has limited free space 
and exquisite sensitivity, even small and histologically benign 
masses can cause pain and significantly impair function. 
However, most hand neoplasms develop insidiously with-
out significant pain or tenderness (including those that are 
malignant) and thus cosmetic concerns may be the patient’s 
only presenting complaint. Therefore, most hand and finger 
growths should be biopsied even when considered benign. 
Malignant lesions that arise primarily from tissues other than 
the skin are rare, and management of these tumors is derived 
mainly from small series and case reports. The hand may be 
the site of distant breast, lung, or kidney adenocarcinoma 
metastases, most of which occur in the distal phalanges.

CLASSIFICATION
Tumors involving the hand are classified in a manner simi-
lar to that for tumors involving the rest of the body. Benign 
tumors are classified as latent, active, or aggressive, accord-
ing to their local biologic activity (Table 78.1). Benign latent 
tumors are those in which tumor growth has occurred during 
childhood or adolescence and has subsequently entered an 
inactive or healing phase. Solitary and unicameral bone cysts 
are examples of benign latent tumors. A benign active tumor 
continues to enlarge and although it is well encapsulated, may 
have an irregular or lumpy border. Most benign tumors of 
the hand fall into this category. Although a benign aggressive 

tumor is nonmetastasizing and appears innocent on histo-
logic sections, it is locally destructive and is surrounded by 
a thin, tenuous capsule that may not contain all the tumor 
cells. A giant cell tumor of bone often behaves in this aggres-
sive manner. A wide margin is often necessary for complete 
eradication of benign aggressive tumors.

Malignant tumors are classified as low grade (I), high 
grade (II), or associated with metastasis (III) (Table 78.2). 
Most malignant tumors of the hand are low-grade tumors 
and are classified further, according to the degree of local 
extension, as either intracompartmental (A) or extracom-
partmental (B). In the hand, each ray forms a distinct com-
partment. The individual phalanges are not considered 
separate compartments but rather that they, along with their 
corresponding intrinsic muscles, are included in the ray com-
partment. The ray compartment includes the flexor tendon 
and sheath of each finger as far proximally as the midpalmar 
space and the extensor tendon as far as the metacarpopha-
langeal joint. Each metacarpal is a separate compartment. If a 
tumor involves the palmar space or the loose areolar tissue on 
the dorsum of the hand, it is considered extracompartmental 
because proximal spread is unobstructed. Tumors arising in 
the digits remain confined to that compartment for long peri-
ods and then extend into the palm. 

DIAGNOSIS
A pertinent history, physical examination, and plain radio-
graphs are frequently all that are necessary to determine the 
diagnosis and appropriate treatment of benign-appearing 

CLASSIFICATION 3885

DIAGNOSIS 3885

TREATMENT 3886

BENIGN TUMORS 
(TABLE 78.4) 3886

Lipoma 3886
Infiltrating lipomas 3886
Lipoblastomas 3890
Intraneural lipofibromas 3890

Giant Cell tumor of the tendon  
sheath (xanthoma) 3890

Benign tumors of fibrous origin 3891
Recurring digital fibrous tumor 

of childhood or infantile  
digital fibromatosis 3891

Juvenile aponeurotic fibroma  
or calcifying aponeurotic 
fibroma 3891

Fibroma 3892
Desmoid tumor 3892

Neurofibroma 3892
Glomus tumor 3892
Hemangioma 3894
Lymphangioma 3895
Neurilemoma (schwannoma) 3895
Osteoid osteoma 3895
Enchondroma 3897
Benign osteoblastoma 3897
Aneurysmal bone cyst 3898
Giant cell tumors of bone 3898
Osteochondroma 3900
Synovial chondromatosis 3900

MALIGNANT TUMORS 3900
Osteogenic sarcoma 3905
Chondrosarcoma 3905
Epithelioid sarcoma 3906
Squamous cell carcinoma 3907
Basal cell carcinoma 3908
Malignant melanoma 3908
Fibrosarcoma 3910

Metastatic tumors 3910
Rhabdomyosarcoma 3910
Ewing sarcoma 3910

TUMOROUS CONDITIONS 3910
Ganglion 3910
Epidermoid cyst (inclusion cyst) 3912
Sebaceous cyst 3912
Mucous cyst 3913
Congenital arteriovenous fistula 3913
Pyogenic granuloma 3913
Foreign body granuloma 3913
Gout 3914
Traumatic neuroma 3914
Déjérine-Sottas disease 3915
Calcinosis 3915

Calcinosis circumscripta 3915
Turret exostosis 3915
Carpometacarpal boss 3916
Epidermolysis bullosa 3917
Paget disease 3918

   

3885
 

https://booksmedicos.org


PART XVIII THE HAND3886

hand and finger tumors. If a more aggressive process is pres-
ent, causing considerable pain, inflammation, tumor enlarge-
ment, or bony destruction, further diagnostic and staging 
studies are warranted before biopsy or a definitive surgi-
cal procedure. Local imaging studies, including bone scans, 
angiograms, CT, and MRI, are helpful in surgical planning. A 
metastatic workup is indicated in most malignant lesions, and 
a chest CT is necessary for those tumors with a propensity for 
metastasizing to the lungs. 

TREATMENT
Generally, hand and finger tumors are treated surgically. 
Incisional biopsy is rarely required in most benign tumors 
because marginal excision is usually definitive and curative. 
Incisional biopsy is advised if a malignant tumor is suspected, 
or if the morbidity of surgical excision outweighs the morbid-
ity caused by the tumor itself, as may be true in some benign 
neural tumors. Incisions should be made directly over the 
mass for biopsy and should be oriented so as not to jeopar-
dize hand function or interfere with complete removal of the 
tumor. The way in which a tumor is removed depends on its 
location, aggressiveness, potential for metastasizing, and, at 
times, sensitivity to adjuvant chemotherapy and radiation 
therapy. The various surgical margins are summarized in 
Table 78.3.

Benign soft-tissue tumors are treated by excisional biopsy 
(marginal excision). Benign tumors of bone are often treated 
by curettage (intracapsular) and, occasionally, bone graft-
ing. Malignant tumors require a wide excision in which a 
2 cm tumor-free cuff of tissue is removed with the tumor. 
Malignant tumors involving the distal phalanx can be treated 
with a transdiaphyseal amputation through the middle pha-
lanx, and malignant tumors of the middle phalanx can be 
treated with a transdiaphyseal amputation through the proxi-
mal phalanx. If the malignant tumor involves the proximal 

phalanx, a ray amputation is usually required. Malignant 
tumors of the metacarpals, especially if large and extracom-
partmental, often require adjacent amputations to achieve 
adequate surgical margins. Grade IIB lesions involving the 
hand may require amputation through the distal third of 
the forearm at a level just proximal to the musculotendinous 
junctions. Reconstruction after wide or radical excisions for 
malignant tumors of the hand should be delayed until tumor-
free margins have been documented. 

BENIGN TUMORS (TABLE 78.4)
LIPOMA
Although lipomas are more common elsewhere in the body, 
they are also found in the hand and are common solid cellular 
hand tumors (Fig. 78.1). These lightly encapsulated tumors 
are composed of mature fatty tissue in which the central lipid 
droplet and peripherally located nucleus form the character-
istic signet-ring cell. They arise from mesenchymal primor-
dial fatty tissue cells. These tumors can be superficial, arising 
from the subcutaneous tissues and having the characteris-
tic signs of a soft, bulging mass, or they can be nonpalpable, 
occurring deep in the palm, arising in Guyon’s canal, the car-
pal tunnel, or the deep palmar space. Usually, a painless mass 
is present that impairs grasp. Lateral deviation of the fingers 
may also be present when the tumor is located between the 
metacarpophalangeal joints.

Median or ulnar nerve compression from these tumors 
can cause muscular weakness or diminished sensibility. 
Lipomas project through spaces of least resistance, and those 
deep palmar space lesions tend to present distally between the 
fingers and thumb because of the unyielding overlying pal-
mar aponeurosis. Careful dissection is necessary for removal 
because the tumor often envelops digital nerves and is much 
larger than is clinically apparent. Recurrence after marginal 
excision is unlikely.

INFILTRATING LIPOMAS
Infiltrating lipomas are rare tumors that usually occur in 
adults. Two types, intermuscular and intramuscular, have 
been reported. Intermuscular lipomas grow between large 
muscles and arise from septa; intramuscular lipomas arise 
between muscle fibers. Despite tissue infiltration, no malig-
nant transformation has been reported; however, these 
uncommon, nonencapsulated, benign tumors have a recur-
rence rate of 60%. 

 TABLE 78.1

Classification of Benign Tumors

STAGE TYPE
1 Latent
2 Active
3 Aggressive

Modified from Enneking WE: Musculoskeletal tumor surgery, New York, 1983, 
Churchill Livingstone.

 TABLE 78.2

Classification of Malignant Tumors

STAGE TYPE
IA Low grade, intracompartmental
IB Low grade, extracompartmental
IIA High grade, intracompartmental
IIB High grade, extracompartmental
III Either grade with regional or distant metastasis

Modified from Enneking WF, Spanier SS, Goodman MA: The surgical staging of 
musculoskeletal sarcoma, Clin Orthop Relat Res 153:106, 1980.

 TABLE 78.3

Classification of Surgical Margins

TYPE PLANE OF DISSECTION
Intracapsular Piecemeal, debulking, or curettage
Marginal Shell out (en bloc) through pseudocapsule 

or reactive zone
Wide Intracompartmental (en bloc) with cuff of 

normal tissue
Radical Extracompartmental (en bloc) with entire 

compartment

Modified from Enneking WE: Musculoskeletal tumor surgery, New York, 1983, 
Churchill Livingstone.

    

https://booksmedicos.org


CH
A

PTER 78 TUM
O

RS AN
D TUM

O
RO

US CO
N

DITIO
N

S O
F THE HAN

D
3887

Continued

 TABLE 78.4 

Benign Tumors of the Hand

TUMOR
AGE AT ONSET 
M:F LOCATION IMAGING TREATMENT RECURRENCE SPECIAL NOTES

Lipoma Infiltrating 
lipoma occurs 
mostly in 
adults
M=F

Palm Radiograph: Bufalini 
sign
MRI: well marginated

Marginal excision Low: 60% for 
infiltrating 
lipoma

No malignant 
transformation

Lipoblastoma <7 yr Rare in hand Surgical excision 14% Absence of cellular atypia 
and mitosis necessary to 
differentiate from congeni-
tal liposarcoma

Intraneural 
lipofibromas

<30 yr Median nerve with 
mass located in the 
palmar aspect of hand 
or wrist

Surgical decompression if extrin-
sic neural compression
Intraneural excision may debulk 
tumor but may increase neural 
deficit
En bloc excision with nerve 
grafting if digital nerve affected

Malignant transforma-
tion rare but intractable 
pain may warrant tumor 
excision

Giant cell tumor 
tendon sheath 
(xanthoma)

8-80 yr
2M:3F

Frequent in hand
Flexor surface of 
fingers

Radiograph: possible 
bone erosion
MRI: low-intensity 
T1- and T2-weighted 
images

Excision 13% Most common primary 
hand tumor
Histology like pigmented 
villonodular synovitis

Infantile digital 
fibromatosis

1/3 congenital 
within first 2 
yr of life
M=F

Dorsolateral fingers Observation
Marginal excision

Frequent (60%) Dermal lesion often 
multiple
Possible spontaneous reso-
lution at 2-3 yr

Calcifying aponeurotic 
fibroma

First to fifth 
decades
2M:1F

Palms, fingers, plantar 
surfaces
Not adherent to skin

Radiograph: stippled 
calcifications possible 
scalloping
MRI: bands of low-
signal intensity

Observation
Excision

>50%
Common locally

Intermediate aggressive 
behavior

Fibroma of tendon 
sheath

Third to fifth 
decades
M>F

Thumb, index, middle 
fingers

MRI: heterogeneous, 
no enhancement

Excision Rare

Neurofibroma Solitary form 
first decade; 
multiple form 
>30 yr
M=F

Deeper nerves fusi-
form nerve

Radiograph: normal
MRI: nerve fibers in 
tumor

Excision expendable nerves Rare after 
excision

Common in neurofibroma-
tosis (possible malignant 
degeneration 15%)
Arise from nerve
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 TABLE 78.4—cont’d

TUMOR
AGE AT ONSET 
M:F LOCATION IMAGING TREATMENT RECURRENCE SPECIAL NOTES

Glomus tumor Third to fifth 
decades
M<F

Subungual mass Radiograph: pos-
sible scalloping distal 
phalanx
MRI: ±

Excision 1%-18%
Rare at same site

Localized pain, bluish dis-
coloration, cold intolerance
Autosomal dominant
1% malignant
Lesions >2 cm suggest 
malignancy
When malignant, 25% are 
metastatic

Hemangioma <4 wk
M1:F3

Occasionally in hand Radiograph: 
calcifications

Spontaneous resolution (70% 
at 7 yr)
Complete excision for cavernous 
type with symptoms

Frequent recur-
rence in diffuse 
lesions

Rapid growth in first year

Lymphangioma Tendency 
to occur in 
childhood

Rarely occur in the 
hand

Excisional biopsy for diagnostic 
confirmation and debulking

Tendency to 
recur after 
excision

No malignant potential
Overly aggressive surgery 
to be avoided

Neurilemoma 
(schwannoma)

Fourth to sixth 
decades
M=F

Small cutaneous 
nerves
Eccentric in nerve
Flexor surface of hand

Radiograph: normal
MRI: isointense to 
skeletal muscle, possi-
ble capsule, no nerve 
fascicles in tumor

Excision Rare Most common benign 
nerve tumor
Antoni A pattern (stori-
form tumor cells)
Antoni B pattern (disorga-
nized myxoid pattern)
Arise from Schwann cells

Osteoid osteoma <30 yr
M2:F1

Most lesions in upper 
extremity occur in 
wrist or hand
Proximal phalanx
Carpus

Radiograph: sclerotic 
lesion with central 
nidus

Central nidus excision Recurrence to 
be expected 
with incomplete 
excision

Night pain relieved by 
aspirin or NSAID

Enchondroma First to second 
decades
M=F

Phalanx
Pathologic fracture 
common
Histology worrisome

Radiograph: central 
well-circumscribed

Curettage ± bone graft
CaPhos bone cement
Amputation if digit 
dysfunctional

>10% Possible malignant 
degeneration

Benign osteoblastoma <30 yr
M>F

Small bones of the 
handa/feet

Radiograph: similar to 
osteoid osteoma but 
more expansile
Ground-glass appear-
ance: intact cortical 
shell

Curettage and bone grafting
Excision with interpositional 
bone grafting for locally 
aggressive

20%-30% Histology, areas of mature 
bone, osteoid, and plump 
osteoblasts

Aneurysmal bone cyst Second decade
M=F

Metacarpals metaphy-
seal epiphyseal

Radiograph: central 
expansion
MRI: fluid filled

Curettage and bone grafting Tendency to 
recur

Locally aggressive

Benign Tumors of the Hand
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TUMOR
AGE AT ONSET 
M:F LOCATION IMAGING TREATMENT RECURRENCE SPECIAL NOTES

Giant cell tumor of 
bone

Third to fourth 
decades
M=F

Radius
Metaphysis/epiphysis
Carpus-hamate

Radiograph: expansile
Chest CT: rule out pul-
monary metastases

Resection of bone and recon-
struction with cementation and 
allograft
En bloc excision and allograft 
reconstruction for cortical inva-
sion or recurrence
Cryosurgery and adjunctive 
treatment

Local recurrence 
high after curet-
tage alone

Benign but aggressive 
and has a tendency to 
metastasize
Campanacci:

I: well marginated
II: thinned cortex
III: soft tissue

Osteochondroma First to third 
decades
Earlier for 
hereditary 
multiple 
exostosis
M>F

Rare in the hand
Occasionally phalanx
Metacarpal
Carpus (scaphoid)
Metaphyseal

Radiograph: bony 
erosion

Excision Rare Hereditary multiple exos-
tosis (autosomal dominant) 
with malignant degenera-
tion 1%-25%

Periosteal chondroma Second to 
third decades
M>F

Rare in hand
Surface of long bones

Radiograph: central 
scalloping
MRI: cartilage tumor

Resect underlying cortex 20%

Parosteal osteochon-
dromatous prolifera-
tion (Nora tumor)

Third to fourth 
decades
M=F

Hands/feet
Surface long bones

Radiograph: No corti-
cal scalloping
MRI: lesion separate 
from medullary canal

Resect underlying periosteum High local recur-
rence rate

Osteochondromatosis Third to fifth 
decades
M2:F4

Proximal interphalan-
geal joint
Metacarpophalangeal 
joint
Distal radioulnar joint

Radiograph: stippled 
calcification cortical 
scalloping
MRI: low-intense 
bodies

Excision
Synovectomy

Rare Monarticular mechanical 
symptoms

Chondromyxoid 
fibroma

Second to 
third decades
M2:F1

Rare in hand
Metaphysis
Eccentric

Radiograph: radiolu-
cent lesion

Curettage and bone grafting 7%-25%

CT, Computed tomography; MRI, magnetic resonance imaging; NSAID, nonsteroidal antiinflammatory drug.
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LIPOBLASTOMAS
Lipoblastomas are rare, benign tumors composed of imma-
ture, spindle-shaped cells that occur in children younger than 
7 years old, with 90% occurring before age 3 years. They usu-
ally grow rapidly and are painless. Two forms of this tumor 
exist; one is a diffuse infiltrative form, which is deeply seated 
and poorly circumscribed, and the other is more superfi-
cial and well circumscribed. Absence of cellular atypia and 
mitosis is necessary to differentiate them from the exception-
ally rare congenital liposarcomas. A cytogenic analysis may 
help to identify the lipoblastomas that have a characteristic 
chromosome abnormality found on the long arm of chromo-
some 8 (8q11-8q13). Surgical excision after MRI to assess the 
extension of the mass is usually necessary. A recurrence rate 
up to 22% after excision has been reported. 

INTRANEURAL LIPOFIBROMAS
Intraneural lipofibromas or lipofibromatous hamarto-
mas (LFHs) are rare benign tumors that usually involve the 
median nerve; one third of individuals also have macrodac-
tyly. Males and females are equally afflicted, and nearly three 
fourths of LFH patients present within the first 3 decades of 
life with a mass located in the palmar aspect of the hand or 
wrist, possibly with altered median nerve function (Fig. 78.2). 
Microscopically, fibroadipose tissue is seen infiltrating the 
epineurium, separating and compressing the fascicles. A con-
servative approach should be taken in treating these tumors. 
Histologic examination is definitive for LFH tumors; how-
ever, biopsy is rarely necessary because T1- and T2-weighted 
MRI showing characteristic low-intensity serpentine nerve 
bundles embedded within abundant hyperintense adipose 
material, with fine, fibrous tissue septa coursing along the 
median nerve, is pathognomic (Fig. 78.3B and C). If extrinsic 
neural compression exists, surgical decompression should be 
performed by fasciotomy or carpal tunnel release (Fig. 78.3D 
and E). Intraneural excision may debulk the tumor, but this 
procedure is not recommended because intraneural fibrosis 

can increase the neural deficit. Malignant transformation has 
not been reported; however, intractable pain and expanding 
tumor size or increased firmness may warrant tumor biopsy 
and excision. If a digital nerve is involved, en bloc excision 
with nerve grafting may be performed (Fig. 78.4). 

GIANT CELL TUMOR OF THE TENDON 
SHEATH (XANTHOMA)
Giant cell tumors of tendon sheaths were first described by 
Targett in 1897, and some consider these to be the most com-
mon solid cellular hand tumors (Fig. 78.5). The reported age 
distribution is 8 to 80 years, although most present in middle-
aged patients. These tumors may occur anywhere in the hand 
but more commonly present as firm lobulated masses on the 
lateral side of the hand (index and middle fingers more so 
than the thumb).

Giant cell tumors usually grow slowly and can remain the 
same size for many years. Pain and tenderness are rare. If these 
tumors occur at a joint (often the proximal interphalangeal joint), 
they can enlarge enough to interfere with joint motion. They may 
rarely erode bone. Grossly, the tumors appear as well-encapsu-
lated yellow or tan lobular masses. Histologic sections reveal 
spindle cells, fibrous tissue, cholesterol-laden histiocytes, multi-
nucleated giant cells similar to osteoclasts, and hemosiderin.

The lesions are benign, but recurrence is noted in up to 
40% of patients (10% to 20% more commonly reported) even 
after meticulous excision of the friable fragments. Risk fac-
tors for recurrence or persistence include adjacent degenera-
tive joint disease, location at the finger distal interphalangeal 
and thumb interphalangeal joint, bony invasion, multifocal 
disease, tendon involvement, and poor surgical technique. 
Excision often is difficult because the tumors may wind in 
and around the flexor tendons and their sheaths, the digital 
nerves, and even the extensor tendons, and may involve three 
fourths of the circumference of involved digits; however, this 
benign lesion is considered surgically curable. Extensile sur-
gical approaches are frequently required, and gentle blunt 

 

A B C

FIGURE 78.1 A, Palmar lipoma with significant palmar radial prominence causing interfer-
ence with grasp (note sensory nerves draped across the tumor). B, Encapsulated lesion removed 
en bloc. C, Appearance of tumor bed prior to closure.
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dissection should be performed to minimize fragmentation 
of the encapsulated tumor mass. Magnified vision is help-
ful to discover discolored synovial tumor, which should be 
removed during the marginal tumor resection. 

BENIGN TUMORS OF FIBROUS ORIGIN
Fibrous tissue frequently proliferates in the hand as a response 
to local injury and is considered simple scar tissue; for this 
reason, the diagnosis of fibrous tumor must be made based on 
the appearance of the tumor, the age of the patient, the clini-
cal behavior of the tumor, and its histologic appearance. All 
tumors of fibrous origin may involve the hand and although 
most are benign, they are frequently active or aggressive 
lesions with a tendency to recur after local excision. The dif-
ferential diagnosis in benign fibrous tumors includes simple 
fibroma, recurring digital fibrous tumor of childhood, juve-
nile aponeurotic fibroma, Dupuytren contractures or nodules, 
fibromatosis or desmoid tumors, and pseudosarcomatous 
fasciitis. Fibromatosis or extraabdominal desmoid and pseu-
dosarcomatous fasciitis are especially aggressive tumors that 
usually involve the more proximal portions of extremities.

RECURRING DIGITAL FIBROUS TUMOR 
OF CHILDHOOD OR INFANTILE DIGITAL 
FIBROMATOSIS
In 1965, Reye described a benign fibrous tumor that devel-
ops in the fingers and toes of infants and young children. The 

distinguishing feature of this tumor is the presence of intra-
cytoplasmic inclusion bodies within proliferating fibroblasts. 
These inclusion bodies are invisible with routine hematoxylin 
and eosin staining. A viral causative factor has been suggested, 
although this is uncertain. These tumors tend to be multicentric, 
occurring on several digits. The dermis appears to be the site of 
involvement with sparing of the overlying epidermis. No malig-
nant potential is present, and spontaneous regression has been 
reported. A marginal excision is recommended when function 
seems compromised or appearance is bothersome, especially 
if tendons, joints, or nails are involved. Local recurrence after 
marginal excision is common, occurring in 60% of patients. 

JUVENILE APONEUROTIC FIBROMA OR 
CALCIFYING APONEUROTIC FIBROMA
First described by Keasbey in 1953, juvenile aponeurotic fibroma 
is a benign fibrous tumor typically appearing in the hands or 
wrists of children and young adults. It has also been called cal-
cifying aponeurotic fibroma because in older patients, calcifica-
tion of the cartilaginous component may be present, a feature 
that distinguishes it from other benign tumors of fibrous origin. 
Clinically, it is a painless, solitary, and mobile mass less than 4 cm 
in diameter, usually involving the palm (Fig. 78.6). The tumor is 
usually on the volar side of the hand and is connected to periten-
dinous tissues and fascia. It has no gender predilection and no 
tendency to involve the ulnar side of the hand, as do Dupuytren 
nodules. Juvenile aponeurotic fibromas tend to develop close to 
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FIGURE 78.2 Median nerve lipofibroma. A, A 42-year-old woman with carpal tunnel syndrome 
recurrence 18 years postoperatively and incidental finding of median nerve enlargement. B, 
Segmental median nerve lipofibromatous enlargement. Note sparing of the palmar cutaneous 
branch. C, Epineurotomy demonstrating fascicular enlargement and expansion of connective tissue.
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tendons and are able to infiltrate surrounding muscle and fat. 
On radiographs, calcifications can be seen within the soft-tissue 
mass. Because juvenile aponeurotic fibroma has a distinct ten-
dency for local recurrence after marginal excision, especially in 
younger children (50%), a wide excision, preferably without sac-
rifice of function, is recommended. 

FIBROMA
Fibromas are rare in the hand and can be deep, arising from a 
joint capsule, or superficial. They tend to occur early in life, grow 
for a limited time, and then subside. There are no calcifications, 
as seen in juvenile aponeurotic fibroma, unless they have been 
present for a long time. Clinically, these tumors are distinguish-
able from Dupuytren nodules because they occur earlier in life, 
tend not to multiply, have no predilection for the ulnar side of the 
hand, and are not associated with contractures. These tumors are 
well encapsulated and are easily dissected free from surrounding 
tissue by blunt dissection. They are firm, white, and composed of 
dense mature fibroblasts and fibrous tissue. Marginal extracap-
sular excision usually is curative. 

DESMOID TUMOR
Extraabdominal desmoid tumors are benign, rare, aggressive, 
and infiltrative lesions that make surgical excision difficult 
and recurrence common. There is no sex predilection, and the 
tumors more commonly affect the forearm than the hand (Fig. 
78.7). Tumor excision is the mainstay of treatment; however, 
disease-free margins may be difficult to obtain. Nonetheless, 
recurrence rates in the forearm and hand are 60% and 33%, 
respectively. Disease recurrence is more common in younger 
patients. Adjunctive radiation treatment does not appear to 

decrease the recurrence rate but does increase the 5-year dis-
ease-free interval. Hence, radiation therapy may be reason-
able for patients with incomplete excision or in whom tumor 
resection resulted in substantial morbidity. 

NEUROFIBROMA
Neurofibromas rarely exist as solitary lesions, and most that occur 
as multiple lesions are associated with neurofibromatosis or von 
Recklinghausen disease. The solitary form usually occurs in the 
first decade of life, and the multiple form frequently manifests after 
30 years of age. These lesions in the hand involve the more distal 
digital nerves (Fig. 78.8), where enlargement may produce gro-
tesque finger angulation and gigantism. They are usually centrally 
located, nontender, more nodular, and nonencapsulated, and may 
involve the skin, making them less mobile than schwannomas. 
The lesion is not resectable without sacrificing nerve elements 
because the nerve fibers intersperse in the tumor mass. Often 
these involve cutaneous nerves where proximal, and distal to the 
lesion the nerve caliber appears normal. The solitary and multiple 
forms are histologically indistinguishable; both have a plexiform 
mass of irregular, thickened nerve fibers separated by increased 
endoneural matrix. Malignant transformation in neurofibroma-
tosis has been reported to occur in 15% of patients, and complete 
excision is necessary for lesions that enlarge and become painful. 

GLOMUS TUMOR
A glomus body is a specialized neuromyoarterial receptor com-
posed of an afferent arteriole, an anastomotic Sucquet-Hoyer 
canal, an afferent venule, actin-containing glomus cells sur-
rounding the canals, intraglomerular retinaculum, and capsule. 
The glomus body functions as a dermal shunt that normally 
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FIGURE 78.3 Lipofibroma hamartoma. A, A 21-year-old man with progressive neurologic 
symptoms with palmar and thumb hypertrophy since 5 years of age. B and C, MRI with classic 
findings of median nerve lipofibromatous hamartoma. D and E, Median nerve before and after 
division of transverse carpal ligament.
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regulates skin temperature and blood pressure. Hyperplasia of 
one or more parts of the glomus body causes this tumor or a 
variant. Glomus cells are specialized perivascular muscle cells 
that are round or oval and have a dense, granular cytoplasm. 
The etiology for glomus tumors is unknown, but trauma and 
genetic mutations have been implicated. Nonmyelinated nerve 
fibers that are intermixed with thick-walled capillaries are pos-
tulated to be responsible for the lancinating pain.

Pain, cold sensitivity, and point tenderness are the char-
acteristic of glomus tumors (described by Wood in 1812 and 
histologically clarified by Barre and Masson in 1924). Glomus 
tumors may be solitary or multiple. The lesions arise mainly 
in women (75%) and occur at an average age of 46 years (18 
to 72 years). Seventy-five percent are subungual in location 
(Trehan et  al.) (Fig. 78.9). Although they occur more often 
in the hand, up to 25% may be located elsewhere, and a diag-
nosis requires a high index of suspicion. Multiple lesions are 
associated with neurofibromatosis I and may be nontender, 
making their diagnosis sometimes elusive. Direct pressure 
on the tumor by a small, firm object causes excruciating pain 
(Love test), whereas pressure applied slightly to one side of it 
elicits no pain. Elimination of the pin-point tenderness with 

tourniquet-induced ischemia (Hildredth test) is also charac-
teristic of glomus tumors. Immersing the involved hand or 
digit in ice water also exacerbates the discomfort, and a red, 
opaque dot seen with transillumination of the finger pad may 
be a useful additional test for some glomus tumors.

Glomus tumors are usually less than 1 cm in diameter, 
often being only a few millimeters in diameter. High-Tesla MRI 
scans may prove helpful in diagnosing these rare tumors, with 
a cold T1 and bright T2 signal being classic but nondiagnos-
tic. Moreover, smaller tumors, those with atypical pathology or 
location, and tumors not suspected clinically may produce a 
false-negative MRI study. Trehan et al. found that 33% of his-
tologically proven glomus tumors had negative MRI studies.

Most of these tumors are benign; however, if the lesion 
exceeds 2.0 cm and histologic parameters suggest malignancy, 
then metastatic rates exceed 25%. Most of these tumors can be 
removed under local anesthesia and should be accurately local-
ized by marking the lesion(s) just before surgery. Meticulous 
and complete excision of the usually well-encapsulated lesions 
is normally curative, although reoperation rates of 12% to 
24% have been reported. Unrecognized synchronous satellite 
lesions may explain tumors developing in new sites; however, 
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FIGURE 78.4 A, Recurrent intraneural lipofibroma of ulnar digital nerve to small finger. B, 
Surgical exposure showing 4 cm segment of involved ulnar digital nerve with normal-appearing 
proximal and distal segments. C, En bloc excision of digital nerve and tumor with nerve graft placed 
in proximity. D, Nerve graft sutured in place.
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recurrence has been associated with tumor beneath the nail 
bed and those poorly differentiated from the tumor bed. A ret-
rospective, multicenter study of 72 patients (Kim et al.) found a 
recurrence rate of 6.9%. No significant difference in outcomes 
were noted between microscopic procedures and loupe proce-
dures, and no risk factors for recurrence were noted. 

HEMANGIOMA
The following remarks are limited to the cavernous hemangioma 
and do not include the capillary superficial infantile hemangioma, 
which tends to involute by age 7 years. A cavernous hemangioma 
can be slightly-to-moderately tender and may enlarge a digit 
with distended venous sinuses. It produces a bluish color when it 

occurs close to the surface and forms a soft, collapsible mass (Fig. 
78.10). Calcifications may be visible on radiographs. Custom-
fitted compression garments can be a useful conservative treat-
ment. Radiation therapy is discouraged. Surgery is the treatment 
of choice for cavernous hemangiomas if symptoms justify it. The 
tumor can be so extensive that a staged procedure is required for 
its removal. Sometimes, vessel ligation can assist a second-stage 
lesion excision. A rare coagulopathy, Kasabach-Merritt syndrome, 
can occur with lesions larger than 5 cm as a result of secondary 
platelet sequestration. Early treatment is indicated with this syn-
drome. With careful tourniquet control, blood partially fills the 
sinuses and outlines the extent of the tumor at the time of surgical 
excision. Complete excision is usually curative if the tumor is fairly 
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FIGURE 78.5 Giant cell tumor. A and B, A 77-year-old woman with 6-month history of enlarging 
nonpainful mass in right middle finger. C, Surgical dissection showing well-encapsulated giant cell 
tumor with typical yellowish brown color. D, Marginal tumor resection. E, Finger appearance after 
flexor sheath and distal interphalangeal joint inspection for additional tumor.
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well localized (Fig. 78.11); however, in diffuse lesions, persistence 
rather than recurrence is common. If complete excision is impos-
sible, tumor debulking should be the emphasis of the procedure. 

LYMPHANGIOMA
Lymphangiomas are benign soft-tissue tumors that consist of 
an abnormal proliferation of lymph vessels and lymphoid tis-
sue. They rarely occur in the hand. Their tendency to occur 

during childhood and to recur after excision, and the pain 
associated with the condition, make them especially trouble-
some for the patient, the patient’s parents, and the surgeon. 
They have no malignant potential and overly aggressive sur-
gery should be avoided because hypertrophic scarring may 
follow. Parents and surgeons should have realistic expecta-
tions and goals. Excisional biopsy is recommended for diag-
nostic confirmation and tumor debulking. 

NEURILEMOMA (SCHWANNOMA)
Neurilemomas arise from Schwann cells or sheath cells (Fig. 78.12) 
and are rarely found in the hand despite being the most com-
mon solitary tumor of the peripheral nerves. Proliferation of the 
Schwann cells begins around one nerve fascicle and results in an 
eccentric or a centrally located tumor. Two types of Schwann cells 
are present: hypercellular (Antoni A) cells, which are arranged in 
palisades and are composed of plump and fusiform nuclei known 
as Verocay bodies, and hypocellular (Antoni B) cells, which are 
nonuniform cells dispersed in a myxomatous matrix. These tumors 
are not extremely tender and are more mobile at right angles to the 
course of the nerve than in line with the nerve. Neurilemomas are 
frequently misdiagnosed as ganglions and are rarely multifocal. 
With careful microsurgical technique, these tumors can usually be 
dissected from the surrounding nerve. Malignant degeneration is 
rare and excision is curative. An alternative diagnosis or malig-
nancy should be considered if the mass cannot be dissected free 
from the nerve trunk or is adherent to adjacent tissue. In such situ-
ations, incisional biopsy is indicated. 

OSTEOID OSTEOMA
Osteoid osteomas are characterized by pain that gradually 
increases from mild to severe and is usually worse at night. 
Although dramatic pain relief can be obtained from salicylates, 
a small proportion of patients get no or only partial relief with 

 

A B

FIGURE 78.6 A, Painless fibroma resulting in enlargement of middle finger base. B, Well-
encapsulated lesion removed en bloc through Bruner incision.

 FIGURE 78.7 Desmoid tumor of finger.  (From Maher J, Smith 
D, Parker WL: Desmoid tumor of the hand: a case report, Ann Plast Surg 
73:390, 2014.)
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FIGURE 78.8 Neurofibroma. A, Café-au-lait spot. B, Multiple palmar neurofibromas.
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  FIGURE 78.9 A, Subungual glomus tumor with bluish discoloration. B, Nail removed and nail 
bed incised to expose underlying glomus tumor. C, Glomus tumor excised with preservation of nail 
bed. D, Nail bed sutured.
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nonsteroidal antiinflammatory medications. In one study, more 
than half of upper extremity osteoid osteomas occurred in the 
wrist and hand; the lesion occurred twice as often in men as in 
women, and the average age at diagnosis was 19 years (range 4 
to 40 years). Some osteoid osteomas of the phalanges are pain-
less, presumably because of the lack of nerve fibers trapped 
within the tumor. Generalized swelling of the involved part and 
tenderness to pressure are frequent findings. The carpus, espe-
cially the scaphoid, may be the site of involvement. The radio-
graphic appearance depends on the area of bone involved. A 
small oval or round sclerotic nidus (Fig. 78.13) is surrounded 
first by an area of less dense bone, similar to a halo, and then by 
an area of sclerotic bone. Lesions in cortical bone or near the 
cortex may exhibit extreme sclerosis, requiring special imag-
ing studies to reveal the nidus. A bone scan can be helpful in 
making the diagnosis. Treatment consists of creating a cortical 
window for complete removal of the nidus; recurrence may be 
expected if excision is incomplete. CT-guided radiofrequency 
ablation may also be used successfully for tumor management. 

ENCHONDROMA
Enchondromas are the most common and destructive pri-
mary bone tumors of the hand (Fig. 78.14). The most com-
mon location is the proximal metaphysis of the proximal 
phalanx, where the enchondroma is eccentric and expansile 
(Fig. 78.15). Occasionally, some enlargement of the finger 
is seen if the loculated medullary tumor has expanded the 
bony cortex. Pathologic fracture is a common complication 

because only minimal trauma is required to fracture the thin 
shell of bone. The fracture is usually allowed to heal before the 
tumor is excised. For tumor excision, a window is typically 
made where the cortical bone is expanded maximally and is 
the weakest, and the soft, blue, friable cartilaginous material 
is curetted thoroughly. Although the lesion may be treated 
successfully by curettage alone, we prefer to fill the cavity with 
bone graft and verify the filling by intraoperative imaging. 
Curettage and cementation supplemented with Kirschner 
wires, calcium phosphate defect packing, high-speed burr-
ing, and curettage with alcohol irrigation have also been 
described. Amputation may be necessary if all useful finger 
function has been lost. Malignant degeneration of an isolated 
enchondroma is rare; however, when these tumors are found 
in multiplicity, as in Ollier disease and Maffucci syndrome, 
the incidence of sarcomatous degeneration increases. Only 
multiple enchondromas are associated with Ollier disease, 
and symmetric hemangiomas visible on the hand and legs are 
associated with Maffucci syndrome. The diagnosis can usu-
ally be made from radiographs and the physical examination, 
but other destructive lesions, such as inclusion cysts, giant cell 
tumors, and aneurysmal bone cysts, should be considered. 

BENIGN OSTEOBLASTOMA
Benign osteoblastomas are rare, but when they do arise they 
commonly occur in the small bones of the hands and feet. 
They are similar in appearance clinically and histologically to 
osteoid osteomas. In general, osteoblastomas tend to be larger 
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FIGURE 78.10 A, Solitary isolated hemangioma in 35-year-old woman with mild tenderness. 
Treatment was by marginal excision (B).
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than osteoid osteomas, cause less pain, and are more expansile 
radiographically (Fig. 78.16). These tumors have a ground-glass 
appearance, producing gross metacarpal deformities, although 
the cortical shells remain intact. Histologically, areas of mature 
bone, osteoid, and plump osteoblasts are seen. Treatment is with 
curettage and bone grafting. Locally aggressive or recurrent 
lesions may require excision and interpositional bone grafting. 

ANEURYSMAL BONE CYST
Aneurysmal bone cysts typically begin as eccentric ballooning 
lesions (metaphyseal, not epiphyseal) that enlarge to become 
centrally located, causing pain and limitation of motion (Fig. 
78.17). Radiographically, they are almost indistinguishable 
from giant cell tumors or enchondromas. Tremendous corti-
cal expansion and loss of mechanical stability make en bloc 
resection and autogenous bone grafting the treatment of 
choice for tubular bone involvement. 

GIANT CELL TUMORS OF BONE
Giant cell tumors of bone are uncommon in the hand and have 
been reported more commonly in the distal radius than the carpal 
bones (hamate being most common) or phalanges. Despite being 

benign, these tumors are aggressive and respond poorly to mar-
ginal excision and have a tendency to metastasize. Multicentric 
tumors have been reported, suggesting that a full bone survey 
is indicated to discover remote sites of tumor when a giant cell 
tumor is suspected. This tumor should not be confused with an 
enchondroma, and a biopsy is indicated to confirm the diagnosis. 
The Campanacci classification system may help in guiding treat-
ment. Grade I lesions are well marginated, and cortical margins 
are thinned but not deformed and become grade II lesions when 
the cortex is expanded. Grade III lesions result when there is soft-
tissue invasion and cortical containment has been lost.

Generally, curettage and bone grafting are insufficient 
treatment for this tumor. Giant cell tumors of the hand are 
just as aggressive as those found elsewhere. If the cortex is not 
eroded, resection of the bone and reconstructive surgery are 
indicated. Cortical invasion and destruction and recurrence 
may require en bloc excision and allograft reconstruction or 
ablation of the part (Fig. 78.18). Radiation therapy for giant 
cell tumors of bone has proved ineffective and has resulted 
in radiation sarcoma in 20% of patients. Cryosurgery may 
be useful as adjunctive treatment when simple curettage and 
bone grafting are performed. 
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FIGURE 78.11 A and B, Anteroposterior radiographs showing finger hemangiomas. C and D, 
MRI of palmar hemangioma in 59-year-old man before marginal resection.
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FIGURE 78.12 Schwannoma. A and B, MRI of elbow demonstrating a 1.3 cm painful mass in 
60-year-old woman. C, Schwannoma of lateral antebrachial nerve. D, Tumor freed from nerve 
trunk.
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FIGURE 78.13 A, Approach to small finger distal phalanx in 30-year-old woman with intractable 
pain from osteoid osteoma. B and C, Exposures to lesion in base of distal phalanx successfully treated 
by curettage.
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OSTEOCHONDROMA
Osteochondromas are rare in the hand but are seen occa-
sionally on a phalanx (Fig. 78.19). They are most common in 
the metaphyseal area and can continue to grow until skeletal 
maturity. Excisional biopsy may be indicated because of pain, 
deformity, or mechanical symptoms. 

SYNOVIAL CHONDROMATOSIS
Synovial chondromatosis is an unusual monarticular mechanical 
condition, usually of a large joint such as the knee, hip, elbow, or 
shoulder, caused by osteocartilaginous loose bodies that vary in 
size from microscopic to 2 cm in diameter. It most often affects 
middle-aged men and has been found in the proximal interpha-
langeal joint and wrist. Cartilaginous metaplasia from joint, ten-
don, or bursal synovial lining differentiates this entity from loose 
bodies arising from degenerative arthritis, osteochondritis dis-
secans, and osteochondral fractures. The plain films are usually 
characteristic, portraying multiple loose bodies of various sizes. 
Noncalcified, cartilaginous bodies may be detected by arthrog-
raphy or MRI with contrast enhancement. Treatment involves 
removal of the loose bodies and perhaps synovectomy (Fig. 78.20). 

MALIGNANT TUMORS
Malignant hand tumors (Table 78.5) are rare, and of the pri-
mary bone malignancies of the hand, chondrosarcoma is the 
most common. A variety of soft-tissue sarcomas occur in the 
hand and these include, more frequently, malignant fibrous 
histiocytomas and epithelioid sarcomas; however, liposarcoma, 
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FIGURE 78.14 A and B, Enchondroma in middle phalanx in a 
26-year-old man remained asymptomatic until pathologic fracture.
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FIGURE 78.15 Location of enchondromas.  (From Sassoon AA, Fitz-Gibbon PD, Harmsen WS, Moran 
SL: Enchondromas of the hand: factors affecting recurrence, healing, motion, and malignant transformation, 
J Hand Surg 37A:1229, 2012.)
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FIGURE 78.16 A, Expanding intraosseous tumor of fifth metacarpal with ground-glass appear-
ance. Cortical shell is intact and has caused deformity of fourth metacarpal from pressure. B, 
Partial-thickness fibular graft has been interposed after excision of osteoblastoma. Physis and 
subchondral cortex of proximal metacarpal have been preserved. C, Graft has remodeled 15 months 
after operation. Evidence of tumor is absent, and physis and carpometacarpal joint have been 
maintained.  (From Mosher JF, Peckham AC: Osteoblastoma of the metacarpal: a case report, J Hand Surg 
3A:358, 1978.)
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FIGURE 78.17 Aneurysmal bone cyst. A and B, Anteroposterior and lateral hand radiographs 
in 19-year-old woman with right hand mass. C, Surgical exposure of mass. D, Cavity after wide 
unroofing. E, Anteroposterior radiograph showing allograft strut reconstruction and incorporation 
5 months after surgery.  (From Crowe MM, Houdek MT, Moran SL, Kakar S: Aneurysmal bone cysts of 
the hand, wrist, and forearm, J Hand Surg Am 40:2052, 2015.)
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leiomyosarcoma, synovial sarcoma, fibrosarcoma, rhabdomyo-
sarcoma, angioleiomyosarcoma, and malignant nerve sheath 
tumors as well as a mixture of other rarer sarcomas are also 
reported. Epithelioid sarcoma in some series is reported just as 
frequently as fibrosarcoma and rhabdomyosarcoma. Metastatic 
tumors to the hand seldom occur even though bronchogenic 

malignancies are associated with distal extremity involvement. 
Peculiar malignant lesions may initially present as indolent 
masses simply interfering with hand function (Fig. 78.21).

Proper surgical treatment of malignant hand tumors 
requires the removal of some normal hand tissue and, occa-
sionally, limb-sparing techniques are not possible. The success 
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FIGURE 78.18 Giant cell tumor within base of thumb proximal phalanx. A through C, Plain 
images showing intraosseous lesion of giant cell tumor in 50-year-old man. D and E, MRI indicating 
extraosseous lesion.

    

https://booksmedicos.org


CHAPTER 78 TUMORS AND TUMOROUS CONDITIONS OF THE HAND 3903

of surgery depends on whether residual tumor is left behind. 
Although some authors have stated that malignant bone 
tumors of the hand almost never metastasize, this can occur. 
Local recurrence of the tumor has not been shown to affect 
survival. Larger tumor size (>5 cm) and advanced tumor 
stage have been found to have a negative impact on survival, 
although significant tumor size in the hand is considerably 
smaller. A review of 198 acral soft-tissue sarcomas from 1998 
to 2013 at the Mayo Clinic found that local recurrence after 

a wide excision was observed infrequently, yet distant disease 
was relatively common. Tumors 2 cm or more in size were 
associated with a worse disease-free and overall survival, 
highlighting the aggressive nature of these tumors.

Although one study reported a 70% survival rate at 5-year 
follow-up in patients with high-grade soft-tissue sarcomas of 
the extremity treated with limb-sparing surgery and brachyther-
apy, others found that amputation was better than other forms 
of treatment. Sentinel lymph node biopsy and/or dissection are 
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FIGURE 78.19 A, Lateral wrist view of osteochondroma of 1-year duration in 40-year-old man. 
B, Gross pathology of dense, white, well-encapsulated mass.
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FIGURE 78.20 Synovial chondromatosis. A, Anteroposterior and lateral radiographs of 32-year-
old man with insidious swelling of left middle finger. B, Multiple loose bodies removed from 
proximal interphalangeal joint and flexor sheath.
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 TABLE 78.5 

Malignant Tumors of the Hand

TUMOR AGE AT ONSET M:F LOCATION IMAGING TREATMENT SURVIVAL SPECIAL NOTES
Osteogenic sarcoma Fourth to sixth decades

M=F
Rare in hand Osteolysis and 

osteosclerosis
Wide excision
Amputation
Chemotherapy

Long-term survival 
after aggressive 
treatment better for 
lesions in the hand 
than elsewhere

Synovial sarcoma <Fourth decade
M=F

Carpus
Rarely in fingers

Radiograph: 
spotty 
calcifications

Surgical excision wide 
margins
Multidisciplinary 
treatment

Arise from primitive mes-
enchymal cells

Chondrosarcoma Second to fifth decades
M2:F1

Phalanges
Metacarpal
Carpus

Radiograph: corti-
cal expansion and 
calcification

Curettage and bone 
grafting
En bloc excision
Chemotherapy

Prognosis good after 
excision

Second most common 
primary malignant bone 
tumor
Locally aggressive
May metastasize

Epithelioid sarcoma Second to fourth 
decades
2M:1F

Hand 3-6 cm
Flexor surface

Metastatic 
workup

Surgery
Lymph node resection
Chemotherapy

85% 5 and 10 years (F 
better than M)

Second most common soft-
tissue malignancy

Squamous cell 
carcinoma

Fifth decade
M>F

Hand
Nail bed
Uncommon in palm

Excision ± skin grafting
Amputation in recur-
rent or deep tumors
Lymph node dissec-
tion in recurrence with 
symptoms

Prognosis good Histology: spindle cell, 
acantholytic, and verrucous
Rarely metastasize

Basal cell carcinoma Middle age
M>F

Sun-exposed areas 
of hand

Excision ± skin grafting Prognosis good 1% recurrence

Malignant melanoma Average age 40-50 years
M=F (depending on 
location of lesion)

Sun-exposed areas 
of hand
Subungual thumb

Should be managed 
by oncologist/cancer 
surgeon

Survival related to 
tumor thickness

Clear cell sarcoma Wide age distribution
M=F

Occurs near tendons 
and aponeurosis

Wide surgical excision
Lymph node biopsy

Can be misdiagnosed as 
metastatic melanoma

Fibrosarcoma Most common in third 
to fourth decades unless 
congenital
M=F

Rare in the hand Wide excision
Amputation
Multidisciplinary 
treatment

Rhabdomyosarcoma Alveolar more common 
in adolescents
Slight male predilection

Alveolar more com-
mon in hand

Bone erosion seen 
in hand or foot

Total excision of 
extremity tumors
Multidisciplinary 
treatment

Most are fatal Improvement in survival 
rates observed with total 
excision and multidisci-
plinary treatment

Ewing sarcoma First to second decades
M>F

Rare in hand Permeative pat-
tern of bone 
destruction 
and periosteal 
reaction

Surgical excision com-
bined with irradiation 
and chemotherapy

50%-75% Highly aggressive

https://booksmedicos.org


CHAPTER 78 TUMORS AND TUMOROUS CONDITIONS OF THE HAND 3905

somewhat controversial in the management of these tumors, 
and the reported benefit for disease-free and survival may not 
be influenced by such interventions. Although metastatic dis-
ease appears to be rare with malignant tumors, our practice is 
to let our oncology colleagues decide on appropriate metastatic 
workup and treatment because oncologic treatment continues to 
evolve and falls outside the scope of our practice.

OSTEOGENIC SARCOMA
Osteogenic sarcoma has rarely been reported to occur in the 
hand (Fig. 78.22). Irradiation from overexposure to x-rays or 
ingestion of radium salts has been cited as causative in some 

patients. The average age at presentation is 49 years. Careful 
wide excision of the tumor offers a good prognosis. The peri-
osteal variant of osteogenic sarcoma can be treated by digital 
amputation, whereas ray and below-elbow amputation may 
be more appropriate for the other forms. The rarity of osteo-
sarcoma in the hand makes treatment decisions based on data 
limited. The prognosis seems to be better, however, than for 
the same lesions located elsewhere. 

CHONDROSARCOMA
Chondrosarcomas are the most common primary malignant 
bone tumors of the hand. Radiographically, chondrosarcoma 

 

A B C

FIGURE 78.21 Aggressive digital papillary adenocarcinoma gradually enlarging over 1-year 
period in 60-year-old male labor superintendent. Treatment was proximal interphalangeal level 
disarticulation with clear margins and oncologic referral.

 

A BA B

FIGURE 78.22 A, Osteogenic sarcoma of proximal phalanx. Note irregular mass of new bone 
with sunburst appearance. B, T1- and T2-weighted MRI reveals extent inside and outside cortex.  
(From Hanoki K, Miyauchi Y, Yajima H: Primary osteogenic sarcoma of a finger proximal phalanx: a case 
report and literature review, J Hand Surg Am 26:1151, 2001.)
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may mimic osteoarthritis. Some chondrosarcomas have been 
reported in preexisting enchondromas, but this is rare.

Chondrosarcomas of the bones of the hands and feet are rare 
and can be difficult to differentiate from enchondromas. Pain is a 
presenting symptom, whereas it occurs rarely in other chondro-
mas. A fracture may occur as the bone is weakened. A chondro-
sarcoma should be suspected if a lesion is painful or if it recurs 
after routine curettage of an enchondroma. When high-grade 
chondrosarcoma has been diagnosed, anything short of total or 
en bloc resection, such as ray resection, is usually unsuccessful. 
If radical surgery is the primary procedure, however, recurrence 
of the tumor is unlikely and the prognosis is good. Low-grade 

chondrosarcomas, however, may be managed by digit sparing 
techniques rather than wide local excision by intralesional curet-
tage and grafting (Fig. 78.23). Despite the aggressive appearance 
of the lesions histologically and radiographically, the lesions are 
less likely to metastasize. According to del Pino et al., only one of 
six lesions so treated had recurrence, and of those with recurrence 
treated similarly, there was a one in three chance of recurrence. 

EPITHELIOID SARCOMA
Epithelioid sarcomas are commonly misdiagnosed initially 
because of their benign course. They usually present as 
unremarkable, subcutaneous, firm masses in young adults. 
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FIGURE 78.23 Patient with low-grade chondrosarcoma of left index finger treated with wide 
resection of the ray. A, Preoperative radiographs. B, MRI T1-weighted sequences without (left) 
and with (right) contrast. C, Excision and curettage and reconstruction with structural allograft. 
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They have a predilection to grow along fascial or tendinous 
structures, forming multiple nodules, and may appear to be 
a simple inflammatory process. At times, the overlying skin 
ulcerates with necrosis of the underlying lesion. The histo-
logic appearance of these tumors can also be confusing, but 
there is a basic granulomatous pattern with central necrosis 
and surrounding inflammatory cells. Under high magnifica-
tion, tumor cells take on the appearance of epithelial cells. 
Metastasis to regional lymph nodes is common, and metas-
tasis to the lungs usually follows multiple recurrences. Local 
recurrence has been noted in 85% of patients, usually within 
6 months after excision. An inadequate excision is invariably 
followed by recurrence. A primary wide excision or an ampu-
tation of a digit or entire ray is indicated (Fig. 78.24). Even 
after a wide excision, the tumor may be present within the 
margins of the specimen, requiring further excision. A below-
elbow amputation may be necessary after any recurrence 
in the hand proximal to the metacarpophalangeal joints. 

Regional node dissection in combination with the primary 
excision is recommended. The role of adjuvant chemotherapy 
is currently unclear. 

SQUAMOUS CELL CARCINOMA
Squamous cell carcinomas usually occur in individuals in their 
50s and are four times more common in men than in women. 
They account for 58% to 90% of all hand malignancies and 
exceed malignant melanomas as the most common malig-
nancy of the nail bed. Squamous cell carcinomas have a predi-
lection for the sun-exposed areas of skin and are uncommon on 
the palm. They vary in appearance from small, desquamating, 
and erythematous lesions to large, fungating, and ulcerative 
lesions. Histologic types include conventional (differentiated), 
spindle cell, acantholytic, and verrucous forms. They grow 
slowly, rarely metastasize, and are usually superficial and low 
grade. Recurrence rates vary from 7% to 22%. Recurrence-
free survival was 67% and 50% at 5 and 10 years, respectively, 

D

E

FIGURE 78.23, cont’d D, Postoperative radiographs. E, Functional outcome at follow-up.  (From  
Del Pino JG, Calderon SAL, Chebib I, Jupiter JB: Intralesional versus wide resection of low-grade chondro-
sarcoma of the hand, J Hand Surg Am 41[4]:541, 2016.)
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according to Askari et al. in a 20-year review of 86 patients with 
squamous cell carcinomas. Rate of metastasis was 4%. Survival, 
free of squamous cell carcinoma in the same upper extremity, 
was 72% and 54% at 5 and 10 years, respectively. Younger age, 
history of transplantation, multiple tumors, and use of flap or 
skin graft for closure were associated with an increased risk 
of another squamous cell carcinoma developing in the same 
extremity. Poor risk factors include size greater than 2 cm, 
poor differentiation, immunosuppression, increased depth of 
invasion, perineural involvement, and recurrence, which is 
the only factor that depends on surgery. Tumor-free margins 
should be at least 0.5 cm for small lesions and 3 cm for recur-
rent or fixed lesions; however, no benefit was noted with wide, 
Mohs, or shave resection in terms of overall survival, recur-
rence-free survival, or squamous cell occurrence in the ipsilat-
eral upper extremity (Fig. 78.25). Skin grafting is commonly is 
used after excision of larger tumors, and amputation may be 
required for fixed or recurrent lesions, especially when there is 
penetration into deeper structures. Lymph node dissection is 
usually is reserved for patients with fixed or recurrent tumors 
or for patients presenting with lymph node enlargement.

Squamous cell cancer of the nail unit is most commonly 
an in-situ form, although 15% may become invasive. Any nail 
bed lesion not responding to topical treatment should have a 
biopsy. The thumb is most commonly involved and presenta-
tion is usually late. Because the vast majority of the lesions 
are slow growing and not invasive, metastatic work-up is 

usually not required. A literature review suggested that physi-
cal examination for regional lymph node involvement is suffi-
cient work-up before surgery unless there is bone involvement 
or other signs of invasion. Tumor recurrence is unlikely after 
amputation, and 8.7% recurrence has been reported after 
wide local excision. Safe margins for excision have not been 
published; however, higher recurrence rates are reported with 
Mohs technique. 

BASAL CELL CARCINOMA
A raised, pearly-bordered lesion should make basal cell carci-
noma a likely diagnosis in a middle-aged, fair-skinned man. 
Basal cell carcinomas are the most common cancer, yet in the 
hand they are far less common than the more aggressive squa-
mous cell carcinomas. Despite the dorsum of the hand hav-
ing the most ultraviolet light exposure, basal cell tumors in 
this area are rare, presumably because they occur in sebaceous 
glands. The tumor cells are located at the raised areas of the 
nodular tumors, which makes the excision boundaries fairly 
clear. These relatively benign tumors can be excised with a 0.5 
cm free margin. Recurrence rates of 1% have been reported. 

MALIGNANT MELANOMA
Melanomas are reported to occur in 1 in 70 white men, and 
the incidence continues to increase 6% per year, faster than 
any other cancer (Fig. 78.26). The death rate is increasing 2% 
per year. Exposure to ultraviolet radiation has been proposed 
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FIGURE 78.24 A and B, A 17-year-old boy with a rapidly progressing epithelioid sarcoma after 
middle finger ray amputation. C, After hand amputation.
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to be the primary risk factor. Survival, which is related to 
tumor thickness, ranges from 97% for lesions 0.75 mm thick 
or less, to 50% for lesions 3 mm thick or more. Melanomas 
are generally asymmetric and have irregular borders, uneven 
colors, and diameters larger than 6 mm. Awareness of these 
distinguishing characteristics is essential for early detection. 
An oncologist and a cancer surgeon should manage lesions 
that are thicker than 1 mm because chemotherapy and immu-
notherapy regimens are still evolving, and lymph node biopsy 
and dissection may be integral to the management.

Melanotic lesions under the nail may not be malignant; 
however, characteristics such as new onset hyperpigmentation, 
variable bandwidth of discoloration, irregular lesion border and 

pigmentation, ulceration, and nail splitting or bleeding should 
raise the suspicion for a subungual melanoma. Acral lentigi-
nous, nodular, desmoplastic, superficial spreading, and unclassified 
are common subtype classifications of subungual melanomas. 
Nonetheless, suspicious lesions require a biopsy, ideally per-
formed under local anesthesia after atraumatic nail plate removal. 
The specimen should be full thickness and longitudinally oriented 
with excision of the entire lesion if nail bed approximation is pos-
sible. Specialized stains aside from hematoxylin and eosin include 
HMB-45 and MART-1 (melanocytic antigen recognized by cyto-
toxic T-lymphocytes) immunostains. According to Terushkin 
et  al. the use of MART-1 immunostain allowed better tumor 
detection and excision using a digit-sparing Mohs technique, 

 

A B

FIGURE 78.25 Moderately differentiated squamous cell carcinoma of nail bed in a 53-year-old 
man.

 

A B C

FIGURE 78.26 A and B, Superficial spreading subungual malignant melanoma of thumb with 
characteristic eponychial and lateral fold pigmentation (Hutchinson’s sign). C, Appearance after 
marginal excision, skin grafting, and secondary healing.
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resulting in no local disease recurrence. Lesions that do not 
extend vertically through the entire matrix are considered mela-
noma in situ, and all others are considered invasive. According 
to Yang et al., malignant melanoma of the finger is usually diag-
nosed at a late stage. Nearly 60% of their 22 patients had metasta-
ses at the time of presentation; hence, a comprehensive approach 
is not limited to surgical intervention. Cytokine-induced killer 
(CIK) cell therapy uses tumor-specific T lymphocytes capable of 
effectively attacking tumors. At present, CIK cell therapy achieves 
60% to 90% cytotoxic activity in the treatment of kidney can-
cer, malignant melanoma, leukemia, and malignant lymphoma; 
however, detection of distant disease remains inaccurate, and the 
use of sentinel lymph node biopsy, although frequently recom-
mended, may not detect metastatic disease, has a high false nega-
tive rate, and does not confer a survival benefit. 

FIBROSARCOMA
Fibrosarcomas are of mesothelial origin. The enlargement 
of a mass on the hand or pressure on peripheral nerves may 
cause the patient to seek help; however, painless masses are 
more common. Fibrosarcomas can occur years after radia-
tion exposure and in scars from burn injuries. Congenital and 
infantile fibrosarcomas that occur in the extremity are also 
rare. Wide excision or amputation is indicated. 

METASTATIC TUMORS
Metastatic tumors occurring in the hand have been reported as 
arising most frequently from bronchogenic carcinomas, but they 
have also been reported as arising from carcinoma of the kid-
ney, prostate gland, breast, uterus, and colon. They are rare, rep-
resenting approximately 0.1% of all metastatic lesions, and occur 
in the distal phalanges most commonly, especially the thumb. 
They can be confused with infection because usually there is ten-
derness, swelling, and redness. Radiographs may show osteolytic 
lesions that are usually destroying the adjacent cortical bone; 
however, prostate and breast tumors may produce osteoblastic 
lesions. Hand metastatic lesions are accompanied 66% of the 
time by metastatic lesions elsewhere. Whole body bone scans 
are commonly employed in the workup, and local hand imag-
ing should be performed. Other than infection, the differential 
diagnosis includes gout, giant cell tumor of bone, enchondroma, 
epidermoid cyst, and aneurysmal bone cyst. A tissue diagnosis 
is imperative. The patient’s general condition may determine 
the treatment. If a phalangeal lesion is painful, an amputation 
through the joint proximal to the level of involvement should 
relieve pain and provide rapid healing. The presence of a meta-
static lesion in the hand carries an ominous prognosis for patient 
survival, with a median survival of 5 to 6 months. 

RHABDOMYOSARCOMA
Another rare malignant tumor of the hand is rhabdomyosar-
coma. Most reported rhabdomyosarcomas have been fatal, in 
contrast to other malignant bone tumors in the hand. Any one 
of the three types can occur (alveolar, embryonal, and pleo-
morphic). The alveolar form seems to be more common in 
the limbs. Most limb rhabdomyosarcomas are deeply situated 
and intimately associated with striated muscle and are painless 
despite rapid growth. Bone erosion is common with tumors 
affecting the hands and feet. The location of these tumors in the 
extremities may account for an unfavorable prognosis. Survival 
rates in general have increased with a multidisciplinary 
approach that includes total excision of extremity tumors. 

EWING SARCOMA
Ewing sarcoma, similar to other malignant tumors, rarely 
involves the hand. It occurs more frequently in males and 
usually manifests during the second decade of life. Clinically, 
the tumor is often mistaken for a local infection because the 
patient may report pain, swelling, fever, and general malaise. 
Leukocytosis and elevation in the erythrocyte sedimentation 
rate are common. Radiographs of the hand show a permeative 
pattern of bone destruction with periosteal reaction. Ewing 
sarcoma is a highly aggressive tumor. In the past, 5-year sur-
vival rates were reported to be 10% to 15%; however, with 
newer chemotherapy and radiation therapies combined with 
surgical excision, survival rates have improved to 50% to 75%. 

TUMOROUS CONDITIONS
GANGLION
Ganglions are the most common cause of focal hand masses 
and characteristically arise from the synovium of joints or 
tendon sheaths. They can be intratendinous, causing snap-
ping or triggering. Ganglion cysts may fluctuate in size, dis-
tinguishing them from true tumors. The cause of ganglion 
cysts is unclear; however a history of acute or recurrent stress 
may suggest an etiology.

The most common upper extremity ganglion cyst is found 
on the dorsal wrist and is usually visible or palpable between the 
second and fourth extensor tendon compartments. However, 
cysts in this region may also be too small to detect on physi-
cal examination and require advanced imaging to confirm the 
diagnosis. Nonetheless, in the absence of trauma, a dorsal gan-
glion cyst should be suspected when there is focal tenderness 
directly over the scapholunate region even with nonconfirma-
tory advanced imaging. Cyst size may not be proportional to 
the patient’s pain symptoms, and even small and imperceptible 
cysts may cause incapacitating pain in some patients. Dorsal 
wrist ganglions are usually firm, smooth, fluctuant, and round.

Ganglion-like cysts may extend proximally along the 
extensor tendons and be confused with true dorsal ganglion 
cysts. If the cystic masses move with the extensor tendons 
they may represent a rheumatologic condition. Likewise, dor-
sal ganglion cysts may be confused with anomalous extensor 
digitorum brevis manus muscles, which, unlike true dorsal 
ganglion cysts, become firmer with resisted finger extension. 
Last, firm and noncompressible dorsal wrist masses located 
slightly more distal and radial may represent carpal bossing 
and be confused with dorsal wrist ganglion cysts.

True dorsal ganglion cysts represent intraarticular capsular 
and ligamentous pathology and almost uniformly arise just dis-
tal to or from the dorsal portion of the scapholunate interosse-
ous ligament. Dorsal wrist ganglions can be ruptured by digital 
pressure (such as being struck by a book), aspiration, or surgi-
cal excision. Success rates of 90% can be expected with either 
open or arthroscopic excision and 65% with a needle after 
cyst puncture and injection of cortisone. Arthroscopic resec-
tion of dorsal wrist ganglion cysts has been reported to have a 
low complication rate, but this more challenging technique has 
not substantially lowered the recurrence rate when compared 
with open techniques, which we prefer. Surgical excision of a 
ganglion should include removal of a generous capsular mar-
gin around the cyst base and ligament debridement, and no 
attempt should be made to close the joint capsule.
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The second most frequent ganglion cyst arises from the 
volar wrist, often just radial to the flexor carpi radialis ten-
don. The origination sites for these cysts include the volar 
scapholunate ligament and/or capsule, radioscaphoid joint, 
scaphotrapezial joint, trapeziometacarpal joint, and the flexor 
carpi radialis tendon sheath. Rarely, cysts in this region may 
be volar expressions of dorsal carpal ganglion cysts. Although 
aspiration of these cysts may be possible, the proximity of the 
radial artery and uncertainty of origin may make surgical 
management in symptomatic cysts more reasonable.

Volar retinacular ganglion cysts arise from the flexor ten-
don sheath commonly near the metacarpophalangeal joint 
flexor skin crease. Here the masses are frequently round, usu-
ally isolated, not moveable, hard, and often tender to firm 
pressure. Volar retinacular ganglion cysts may be managed by 
needle puncture, but we favor open excision.

Ganglion cysts may be associated with various wrist 
and finger degenerative conditions (discussed elsewhere). 
However, even in the absence of pisotriquetral degenerative 
arthritis, cysts on the volar ulnar wrist may be first suspected 
with manifestations of low ulnar nerve compression, such as 
atrophy of the ulnar intrinsic muscles. 

 

EXCISION OF A DORSAL WRIST 
GANGLION

 TECHNIQUE 78.1 

 n  Under tourniquet control, make a 2.0 to 3.0 cm transverse 
incision in one of the dorsal wrist extension creases cen-
tered over the scapholunate interval. This incision will often 
be proximal to the cystic prominence and roughly along a 

line connecting the ulnar and radial styloids (Fig. 78.27A). 
The incision should not be too far radial or ulnar because 
the radial and ulnar dorsal sensory nerve branches, respec-
tively, may be encountered. Carry the incision through the 
dermis only and spread the underlying subcutaneous tis-
sues away from underlying extensor retinaculum.

 n  Protect all cutaneous nerves by carefully elevating the soft 
tissues off the extensor retinaculum, especially the often-
visible superficial sensory branch of the radial nerve (Fig. 
78.27B and C).

 n  Open the ulnar border of extensor pollicis longus from 
the radiocarpal joint distally for several centimeters and 
retract this tendon and the underlying radial wrist exten-
sor tendons radialward.

 n  Enter the fourth dorsal compartment and expose the 
common extensor tendons by opening the extensor reti-
naculum longitudinally. Extend the exposure from the ra-
diocarpal joint and far enough distally to allow ulnarward 
retraction of the extensor digitorum communis tendons.

 n  Identify the dorsal intercarpal and radiocarpal ligaments 
and retract them distally and proximally, respectively. At 
this point, with sharp and blunt dissection, dissect the gan-
glion cyst in its entirety, including a portion of its capsular 
origin at the dorsal scapholunate interosseous ligament (Fig. 
78.27D). Preserve the scapholunate interosseous ligament, 
especially the distal dorsal portion, which is where most of 
the cysts arise and is the most important portion of this liga-
ment. Dissect this portion of the ligament cleanly to expose 
the remaining normal portions of scapholunate interosseous 
ligament. Note that sometimes the cyst may originate from 
the ligament, and the degenerative portions of this ligament 
can be carefully debrided. Remove redundant capsular syno-
vial tissue from the midcarpal and radiocarpal joints.

 n  The posterior interosseous nerve terminal branch can be lo-
cated on the radial floor of the fourth extensor compartment 
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FIGURE 78.27 A to E, Dorsal ganglion excision. SEE TECHNIQUE 78.1.
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either at this stage or during entry into and dissection of the 
fourth extensor compartment tendons. Gently dissect and 
retract this nerve from the radial floor of the fourth compart-
ment, divide the nerve by electrocautery, and allow its divided 
end to retract proximal to the radiocarpal joint (Fig. 78.27E).

 n  After hemostasis is achieved, close the wound. We prefer a 
5-0 subcuticular suture reinforced with Steri-Strip over a skin 
adhesive. The wound is then infiltrated with a regional block 
if a general anesthetic was used. Apply a soft compressive 
dressing.

POSTOPERATIVE CARE The patient may remove the 
dressing at home 2 to 3 days after surgery and initiate 
a range-of-motion program. The first postoperative ap-
pointment is at 2 weeks, at which time the sutures (if 
required) can be removed, and a more aggressive therapy 
program is encouraged. Usually 6 weeks is required to 
achieve full range of motion and return to unrestricted 
activities.
   

 

EXCISION OF A VOLAR WRIST 
GANGLION

 TECHNIQUE 78.2 

 n  Perform an Allen test preoperatively to assess the integrity 
of the radial and ulnar artery contributions to the hand.

 n  Under tourniquet control, make a longitudinal incision, 
centered over the ganglion, which is usually situated just 
radial to the flexor carpi radialis tendon. Avoid injury to 
cutaneous sensory branches in this area.

 n  Carefully dissect the radial artery from the cystic mass. 
The dissection is simplified by beginning proximal to the 
lesion where the artery can be clearly delineated from the 
abnormal tissue.

 n  Carry the dissection down along the stalk of the gan-
glion to its origin, which may arise from several regions 
including the radioscaphoid, scapholunate, scaphotrape-
zial, and trapeziometacarpal; on rare occasion it may be 
a projection of a dorsal ganglion cyst coming under the 
first extensor compartment tendons.

 n  Excise the origin with a small portion of the surrounding 
capsule.

 n  Cauterize the capsular margins and irrigate the wound.
 n  Deflate the tourniquet to inspect the integrity of the radial 

artery. Use electrocautery to control any further bleeding.
 n  After meticulous hemostasis is achieved, irrigate the 

wound, close with suture, and infiltrate the wound with 
a local anesthetic.

 n  Apply a soft, lightly compressive sterile dressing.

POSTOPERATIVE CARE The soft dressing allows for 
wrist motion early and can usually be removed at 2 to 3 
days postoperatively. The sutures are removed at 2 weeks, 
and active range-of-motion exercises continued; rarely is 
supervised therapy required.
   

 

ARTHROSCOPIC RESECTION OF A 
DORSAL WRIST GANGLION

 TECHNIQUE 78.3 

(OSTERMAN AND RAPHAEL; LUCHETTI ET AL.)
 n  Apply distraction by finger traps attached to the index, 

long, and ring fingers and countertraction of 3 to 4 kg at 
the arm.

 n  Use an axillary block or general anesthesia and a tourni-
quet to allow good exposure of the joint.

 n  Make two portals for access to the radiocarpal joint.
 n  Place a 1.9 or 2.7 mm arthroscope into the 3-4 portal to 

examine the joint. If this portal does not offer clear expo-
sure, move the arthroscope to the 4-5, 1-2, or 6R portals 
(see Chapter 69).

 n  Locate the scapholunate ligament and direct the arthro-
scope dorsally to view the ganglion or its stalk.

 n  Introduce the probe through the 3-4 portal to palpate the 
scapholunate ligament and dorsal capsule to determine 
the consistency of the ligament and the stalk of the gan-
glion.

 n  Use a 2.0 or 2.9 mm full-radius shaver or end-cutting 
resector to excise a 1 cm diameter area of dorsal capsule 
and the stalk.

 n  When the extensor tendons are seen, stop the capsular 
resection. If an intraligamentous ganglion is found, avoid 
damaging the scapholunate ligament during resection. 
Occasionally, midcarpal portals are necessary to locate the 
ganglion and identify its stalk.

 n  Convert to an open procedure if there is doubt about 
complete arthroscopic resection.

 n  Close the portals with a single stitch or Steri-Strip, or leave 
them open to allow drainage of the fluid. Apply a palmar 
wrist splint.

POSTOPERATIVE CARE The wrist is mobilized twice a 
day, and the splint is removed after 1 week. Physiotherapy 
is continued for 2 weeks. The patient is advised to avoid 
strenuous work for at least 3 weeks after arthroscopy.
  

EPIDERMOID CYST (INCLUSION CYST)
Epidermoid cysts can develop from implantation of epithe-
lial cells by trauma. The history usually involves a penetrating 
wound around the palm or fingertip several months before a 
hard, rubbery, nontender subcutaneous mass develops. The 
fingertips are prone to epithelial implantation, and the dis-
tal phalanx is the most common site of osseous involvement 
(Fig. 78.28). The cyst commonly occurs at the base of a finger-
nail and may resemble an enchondroma on radiographs; the 
cortex is expanded, and a central lytic lesion the only bony 
reaction. Surgical removal of the cyst is curative. If the bone is 
involved, curettage and bone grafting may be recommended. 

SEBACEOUS CYST
Sebaceous cysts are rare in the hand because the palmar skin 
contains no sebaceous glands. They can be confused with 
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epidermoid cysts in the subcutaneous tissues, with mobile 
overlying skin. 

MUCOUS CYST
Mucous cysts occur frequently on the dorsum over the dis-
tal interphalangeal joints in women (Fig. 78.29). They are 
thought to result from myxomatous degeneration of the cor-
neum. The overlying skin is often so thin and translucent that 
clear mucoid fluid can be seen within. Mucous cysts are fre-
quently associated with Heberden nodes. Anteroposterior, 

lateral, and oblique radiographic views usually show an 
osteophyte near the cyst. This osteophyte should be sought 
and excised along with the cyst and its stalk, which frequently 
leads to the joint (Fig. 78.30). A small split skin graft is rarely 
required. The skin graft is easily removed freehand from a 
variety of sites from the same arm. Some surgeons prefer to 
rotate a small local skin flap over the defect. 

CONGENITAL ARTERIOVENOUS FISTULA
Congenital arteriovenous fistulas are produced by lack of dif-
ferentiation of the common embryonic anlage into a true 
artery and vein. Shunts exist between the arterial and venous 
circulation. Several may extend over one small area, such as a 
finger, or over a large area or even involve an entire extremity. 
Varicose veins of the upper extremity should suggest a congen-
ital arteriovenous fistula, especially if healing is slow or absent 
after minor trauma. The temperature of the surrounding skin is 
usually elevated, and the limb may be hypertrophied.

This lesion is not characterized by pain, as is the glomus 
tumor; however, secondary chronic ulceration can be painful. 
It is most accurately diagnosed by an arteriogram that reveals 
dilation of the arteries just proximal to the fistula, abnormal 
filling of the arteries distal to it, and presence of the contrast 
medium within the fistula.

All communications between the arterial and venous parts of 
the fistula should be ligated. This is difficult because they are so 
small and numerous. Early surgery is indicated in very rare cases 
to prevent destruction by infection and gangrene. It may be neces-
sary to perform surgery in stages and, at times, skin grafting. 

PYOGENIC GRANULOMA
Pyogenic granuloma is a proliferation of granulation tissue fre-
quently overhanging normal skin (Fig. 78.31). Minimal trauma to 
this unstable tissue typically incites easy bleeding and may be pre-
ceded by trauma and infection. Topical silver nitrate application 
may be curative; however, surgical excision of the lesion, including 
the vascular base, is almost uniformly successful. Wounds created 
by such excisions may be difficult to close and secondary intention 
healing usually leads to a very satisfactory cosmetic result. 

FOREIGN BODY GRANULOMA
The granulomatous reaction to centralized foreign mate-
rial is commonly surrounded by a firm, fibrous capsule. The 

 

A B

FIGURE 78.28 A, Epidermoid inclusion cyst on dorsomedial hand. B, Encapsulated gross cystic 
specimen enclosing characteristic amorphous white paste.
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FIGURE 78.29 Relationship between mucous cyst and marginal 
osteophyte of distal interphalangeal joint. Cyst communicates with 
joint. This thin communication may become pinched off, but at 
some stage in development it is in direct communication with joint 
space. Marginal osteophyte produces attrition of extensor tendon 
expansion with motion.
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diagnosis of a foreign body granuloma is easily established 
with an accurate history. Removal of the foreign body is 
curative. 

GOUT
Some patients with advanced gout have such large deposits of 
urate crystals within the ligaments, tendons, tendon sheaths, 
and metaphysis, causing erosion of the diaphysis, that the 
resultant bone destruction may resemble a lytic tumor on 
radiographs (Fig. 78.32). Usually, soft-tissue swelling and 
other findings quickly establish the diagnosis. Clinically, the 
lesion can be easily confused with an infection because the 
gouty lesions are also accompanied by increased heat, swell-
ing, and extreme tenderness. 

TRAUMATIC NEUROMA
Traumatic neuromas result from an attempt by peripheral 
nerves to regenerate after their fibers have been inter-
rupted. The neuroma is a bundle of all the nerve elements 
in one tangled mass at the distal end of the proximal nerve 
segment. Because this attempted growth occurs to some 
degree in all individuals, it is not considered a true neo-
plasm. It can be extremely tender, especially if it involves 
sensory fibers. This is especially true of an injured digi-
tal nerve that adheres to scar and is unprotected by soft 
tissue. Surgical techniques for painful neuromas usually 
require neuroma resection more proximally, and place-
ment of the nerve endings in an area less susceptible to 
trauma. 

 

A B C

FIGURE 78.30 A, Mucous cyst in finger of patient with osteoarthritis. B, Surgical excision 
outlined with marking pen. C, Excision of cyst.  (From Wu JC, Calandruccio JH, Weller WJ, Henning 
PR, Swigler CW: Arthritis of the thumb interphalangeal and finger distal interphalangeal joint, Orthop Clin 
North Am 50:489, 2019.)

 FIGURE 78.31 Pyogenic granuloma of finger.
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DÉJÉRINE-SOTTAS DISEASE
Déjérine-Sottas disease, a rare lesion, is a localized 
enlargement of a peripheral nerve caused by hypertrophic 
interstitial neuropathy. It is usually present as a tender 
mass at the wrist and sometimes is quite painful. Surgical 
exploration reveals enlargement of the median nerve 
(Fig. 78.33). It cannot be excised without nerve resection, 
which should be done as a last resort. Dividing the trans-
verse carpal ligament may help to relieve pain and has 
occasionally decreased the size of the nerve distally. The 
swelling occasionally subsides spontaneously after sur-
gery. The lesion is sometimes associated with macrodac-
tyly (see Chapter 80). The same clinical picture has been 
caused by infiltration of the nerve by various lipofibro-
matous neural tumors. 

CALCINOSIS
The exact cause of calcium deposits is unknown, but they may 
result from connective tissue degeneration, with amorphous 
calcium deposition developing secondarily. Approximately one 
third of patients give a history of trauma. Calcium deposits 
occur in the hand much less frequently than around the shoul-
der and hip, but in the hand the pain, tenderness, and erythema 
may be more alarming and can easily be confused with an infec-
tion because of the inflammatory reaction. Radiographs taken 
soon after the onset of symptoms may show only a light cloud, 
suggesting a deposit but, later, the picture is usually diagnos-
tic. Calcium deposits around the hand are more common near 
the insertion of the flexor carpi ulnaris tendon; the wrist area 
accounts for approximately two thirds of the cases reported (Fig. 
78.34). Deposits do occur, however, in the collateral ligaments of 
the fingers and thumb, the thumb extensor tendons, and the ten-
dons of the intrinsic muscles. Rarely, multiple deposits are seen.

Treatment usually consists of heat, rest, and injection 
of a local anesthetic with or without a steroid preparation. 
Aspiration of the deposit, if possible, may give more imme-
diate relief. The tension may be relieved, however, by spon-
taneous rupture or by gradual deposit resorption. Only large 
deposits require surgical treatment.

CALCINOSIS CIRCUMSCRIPTA
Calcinosis circumscripta is associated with collagen diseases, such 
as lupus erythematosus, rheumatoid arthritis, dermatomyositis, 
and especially scleroderma, with an incidence of 50% in this dis-
ease. The pathologic mechanism of deposit of these calcific lob-
ules in the skin and subcutaneous tissues is unknown. Calcinosis 
circumscripta is rare but is frequently preceded by Raynaud phe-
nomenon for many years. Deposits occur more densely over pres-
sure areas such as fingertips and may sometimes erode through 
the skin (Fig. 78.35). Partial excision may be indicated when the 
deposits cause pain or interfere with function, but wound break-
down and skin necrosis are common when dissection is extensive. 

TURRET EXOSTOSIS
Turret exostosis is a smooth, dome-shaped extracorti-
cal mass of bone lying beneath the extensor apparatus on 
the middle or proximal phalanx of a finger. It is caused by  FIGURE 78.32 Destructive lesions around distal interphalangeal 

joints in gout.

 

A B

FIGURE 78.33 Déjérine-Sottas disease. A, Severe enlargement of median nerve. B, Closer view 
of extensive involvement of median nerve coursing from distal third of forearm into palm.
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traumatic subperiosteal hemorrhage that eventually ossi-
fies. Clinically, a firm mass develops on the dorsum of the 
phalanx and limits excursion of the extensor apparatus (Fig. 
78.36), limiting flexion of the interphalangeal joints distal to 
the lesion. Radiographs that reveal negative results during 
the first few weeks after injury later reveal subperiosteal new 
bone located on the dorsum of the phalanx. Conservative 
treatment has not been beneficial. Any indicated surgery 
should be delayed until the subperiosteal bone becomes 
mature, usually 4 to 6 months after injury; at that time, 
recurrence is less likely.

To excise the exostosis, a midlateral incision (see Chapter 
64) is made, the extensor apparatus is elevated, and the 

periosteum is incised laterally and carefully elevated from 
the underlying bone; care is taken not to tear the periosteum 
dorsally, preserving a smooth surface over which the extensor 
apparatus can glide. The lesion is resected so that the perios-
teum and the wound can be closed. 

CARPOMETACARPAL BOSS
Carpometacarpal bosses are fixed dorsal osteophyte protu-
berances of mating (commonly the second and third) car-
pometacarpal joints. These tender osteophytes are normally 
visible on a tangential radiograph, a feature that distinguishes 
them from dorsal ganglions.

Most lesions are relatively asymptomatic and constitute 
only a cosmetic problem; however, extensor tendons occa-
sionally sublux over the dome of the lesions causing pain. 
Pain can also be caused by local pressure over the lesion or by 
forced wrist extension.

 FIGURE 78.34 Calcium deposit near flexor carpi ulnaris inser-
tion into pisiform.

 

A B

FIGURE 78.35 A and B, Calcinosis circumscripta of hand.

 FIGURE 78.36 Turret exostosis.
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A B

C D

FIGURE 78.37 A and B, Symptomatic carpometacarpal boss after simple osteophyte excision. C 
and D, Appearance after successful re-fusion following failed fusion of middle finger carpometa-
carpal joint.

Recurrence after excision is a concern, and repeat sur-
gery for recurrence probably warrants carpometacarpal joint 
fusion. Whatever method is chosen, care must be taken to 
protect the insertion of the radial wrist extensor tendons, 
especially that of the extensor carpi radialis brevis (Fig. 78.37). 

EPIDERMOLYSIS BULLOSA
The severe form of epidermolysis bullosa is a heredi-
tary disorder that occurs in 1 of every 300,000 births. At 
birth or soon after, bullae are present over the extremi-
ties because the process affects the entire dermis and 
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 FIGURE 78.38 Paget disease of second metacarpal.  (From Haver-
bush TJ, Wolde AH, Phalen GS: The hand in Paget’s disease of bone: 
report of two cases, J Bone Joint Surg 54A:173, 1972.)

sometimes the mucous membranes. Its ultimate course 
is chronic infection of the bullae and the continuing for-
mation of a cocoon-like epidermis over all the fingers of 
each hand. Surgical release of these digits is discouraging 
because recurrence of the webbing and flexion contrac-
tures of the fingers is rapid. Free skin grafts and distant 
flaps have been used to limited advantage; no effective 
treatment of the disease process is known. These patients 
are poor surgical risks because of chronic infection. Some 
authors have reported a death rate of 25% during child-
hood or adolescence, apparently because of debilitation. 
Surgical procedures, if any are indicated, are repetitious 
degloving procedures that give limited hand function over 
a limited time. The less severe types of the disease may not 
need surgical treatment. 

PAGET DISEASE
Paget disease may occur in the long bones of the hand, 
although this is rare, especially compared with the inci-
dence of Paget disease of bone in the general population. 
Radiographs reveal the same sclerotic fusiform enlarge-
ment of the long bones as elsewhere in the body. Paget dis-
ease should not be confused with fibrous dysplasia (Fig. 
78.38).
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HAND INFECTIONS
Norfleet B. Thompson

CHAPTER 79

FACTORS INFLUENCING HAND 
INFECTIONS
The clinical course of most hand infections is affected by ana-
tomic, local, and systemic factors, in addition to bacterial vir-
ulence and the size of the inoculum. Anatomic factors that to 
some extent determine the ease of penetration, localization, 
and spread of infection include: (1) the thin layer of skin and 
subcutaneous tissue over the tendons, bones, and joints; (2) 
the closed space of the distal digital pulp; (3) the proximity of 
the flexor tendon sheath to bone and joint; (4) the proximal 
extent of the flexor sheath into the palm, connecting with the 
radial and ulnar bursae; and (5) the location of the thenar and 
midpalmar spaces in the hand and the space of Parona proxi-
mal to the wrist near the flexor tendon sheaths.

Local factors predisposing to infection include: (1) the 
extent and nature of soft-tissue damage, (2) the amount and 
virulence of bacterial contamination, and (3) the type and 
amount of foreign material present and persistent in the 
wound. Systemic factors relevant to the course of an infec-
tion involve ones that affect the immunocompetence of the 
patient. Examples include (1) malnutrition, (2) alcoholism, 
(3) intravenous drug abuse, (4) diabetes mellitus, (5) long-
term use of corticosteroids and antitumor necrosis factor-α 
medicines, (6) immunosuppression following solid organ 
and bone marrow transplant, and (7) infection with human 
immunodeficiency virus.

Surgical site infections are uncommon after hand sur-
gery. A database study that included 44,305 patients who had 
outpatient hand surgery procedures identified infections in 
fewer than 1%. Predictive factors were government-funded 
insurance and residence in a rural area; diabetes, obesity, and 
tobacco use were not associated with an increased risk of infec-
tion. The use of preoperative prophylactic antibiotics for small 
elective soft-tissue procedures, such as carpal tunnel or trigger 
finger release, remains an area of some debate; however, most 
agree that prophylactic antibiotics are not necessary for clean, 

elective procedures lasting less than 2 hours, even in patients 
with diabetes. A large study of clean, elective hand procedures 
based on 516,986 patients identified through an insurance 
claims database found no difference in the risk of postoperative 
infection in patients who received prophylactic antibiotics and 
those who did not. The overall 30-day surgical site infection rate 
was 1.5% in the antibiotic prophylaxis group and 1.4% in the 
group not receiving antibiotics. This finding applied to all clean 
soft-tissue hand procedures even after controlling for patient 
demographics, use of steroids or immunosuppressive agents, 
and comorbidities such as diabetes, HIV/AIDS, tobacco use, 
and obesity. With the rising use of wide-awake techniques for 
certain hand surgery procedures, attention has been given to 
infection risk in cases done outside the operating room under 
field sterility instead of full sterility characteristic of an operat-
ing room. One systematic review of six studies based on low-
level evidence suggested that for some minor hand operations, 
such as carpal tunnel, trigger finger, or de Quervain release, 
undertaking the procedure outside the operating room may 
not alter the baseline infection rate.

Treatment of hand infections depends on the identifi-
cation of the specific organism, the specific anatomic area 
involved in the hand and fingers, and the condition of the 
host whose comorbidities may influence treatment decisions. 
Identification of organisms with culture and antibiotic sensi-
tivity studies allows proper medical treatment. Surgical pro-
cedures, including drainage of abscesses and debridement of 
necrotic tissues, also may be required. 

GENERAL APPROACH TO HAND 
INFECTIONS
With a careful history and physical examination, the loca-
tion of the infection, the extent of spread, and the presence 
of swelling, lymphangitis, lymphadenitis, and joint involve-
ment can be determined. Consideration should be given 

FACTORS INFLUENCING 
HAND INFECTIONS 3920

GENERAL APPROACH 
TO HAND INFECTIONS 3920

PARONYCHIA 3923
Chronic paronychia 3923
Felon 3924

SUBFASCIAL SPACE 
INFECTIONS 3925

Web space infection (collar 
button abscess) 3925

Deep fascial space infections 3926
Subaponeurotic space infections 3928

TENOSYNOVITIS 3928

INFECTIONS OF RADIAL 
AND ULNAR BURSAE 3931

SEPTIC ARTHRITIS 3931
Finger joint infections 3931
Wrist infections 3932

OSTEOMYELITIS 3932

HUMAN BITE INJURIES 3933

ANIMAL BITE INJURIES 3934

MISCELLANEOUS AND 
UNUSUAL INFECTIONS 3934

Herpetic infections 3934

Infections in drug addicts 3935
Infections in patients with 

acquired immunodeficiency 
syndrome 3935

Necrotizing fasciitis 3935
Gas gangrene (clostridial 

myonecrosis) 3936
Mycobacterial infections 3937

Tuberculosis 3937
Nontuberculous mycobacterial 

infections 3937
Fungal infections 3938
Pyoderma gangrenosum 3940

   

3920
 

https://booksmedicos.org


CHAPTER 79 HAND INFECTIONS 3921

to other conditions that can be confused with infections, 
including gout, acute calcium deposition, pseudogout, pyo-
genic granuloma, insect bites, pyoderma gangrenosum, for-
eign bodies, factitious lesions, herpetic lesions, metastatic 
lesions, silicone synovitis, granuloma annulare, rheumatoid 
arthritis, nonspecific tenosynovitis, reactions to intravenous 
medications (e.g., chemotherapeutic agents), and Sweet syn-
drome, an aseptic neutrophilic dermatosis affecting the hand 
and resembling an infection. If the likelihood of infection is 
high, an attempt should be made to determine whether an 
abscess is present that requires drainage. Fluctuance can be 
difficult to identify in the hand. Radiographs are helpful in 
revealing bone injury. Radionuclide scanning may show bone 
infection, and MRI and ultrasound may localize an abscess. 
A complete blood cell count is obtained, along with deter-
mination of the serum C-reactive protein level and erythro-
cyte sedimentation rate. Strub et al. found significantly higher 
C-reactive protein levels in patients with infection “mimick-
ers” (gout and pseudogout), and slightly fewer than half of 
patients with finger infections had elevated C-reactive pro-
tein levels. These authors concluded that the specificity of all 
inflammation markers (WBC, C-reactive protein, ESR) was 
inadequate for diagnosis. If any fluid or tissue is obtained, it 
is sent to the laboratory for Gram stain, crystals, culture, and 
antibiotic sensitivity determinations. Specific requests usually 
are made of the laboratory to culture for aerobic and anaero-
bic bacteria and for mycobacteria and fungi. In some cases, 
viral testing also can be helpful.

Initial antibiotic therapy traditionally has been empirical, 
depending on the results of the Gram stain and the most likely 
organism. Consideration should be given to the possibility of 
mixed flora as the cause of hand infections. Reviews of surgi-
cal infections of the hand and upper extremity have shown an 
increased incidence of gram-negative enteric and anaerobic 
organisms, even though the most common organisms were 
gram-positive aerobes (streptococcal species, Staphylococcus 
aureus, and coagulase-negative Staphylococcus). Generally, 
the organism most commonly isolated from community-
acquired hand infections is S. aureus. Methicillin-resistant  
S. aureus (MRSA) infections have had a rising incidence, 
especially in many urban medical centers. Typically, 80% 
or more of wounds cultured from swabs produce multiple 
organisms, whereas tissue specimens may produce a single 
causative organism in about 75%. Other organisms that com-
monly cause hand infections include streptococci, entero-
bacteria, Pseudomonas, enterococci, and Bacteroides. Less 
common causes include the various mycobacteria, gono-
coccus, Pasteurella multocida (in cat or dog bites), Eikenella 
corrodens (in human bites), Aeromonas hydrophila from 
standing fresh water (e.g., ditches, puddles, and ponds), 
Haemophilus influenzae (in children 2 months to 3 years old), 
a variety of anaerobic organisms (including clostridia), and 
other rare bacteria, such as those that cause anthrax, erysipe-
loid, and brucellosis. Postoperative or surgical site infections 
of the hand usually are caused by gram-positive organisms, 
including S. aureus and Staphylococcus epidermidis. Gram-
negative organisms also may be isolated from surgical site 
infections. Overall, community-acquired MRSA has become 
the most common cause of culture-positive hand infections 
in the United States.

Antibiotics traditionally recommended for hand infections 
include a penicillinase-resistant penicillin or cephalosporin. 

When selecting antibiotics, it is important to be aware of the 
prevalence of antibiotic-resistant bacteria, such as MRSA. 
Vancomycin is effective against gram-positive organisms, 
whereas ciprofloxacin is most effective against gram-negative 
organisms. The addition of antibiotics effective against gram-
negative organisms has been recommended for high-risk 
situations, such as infections in intravenous drug users and 
contaminated outdoor or farm injuries (Table 79.1). Antibiotic 
options for outpatient coverage of community-acquired 
MRSA include clindamycin (although clindamycin resistance 
is increasing), trimethoprim-sulfamethoxazole, a tetracycline 
(doxycycline or minocycline), linezolid, and daptomycin. A 
recent study of 815 culture-positive hand infections over a 
10-year period found clindamycin resistance to MRSA rising 
from 4% to 31% and levofloxacin resistance rising from 12% to 
56% in the same study period (2005–2014). The authors sug-
gested that clinicians should consider alternatives to the use 
of clindamycin, levofloxacin, penicillin, and other beta-lactam 
antibiotics, such as cephalosporins for treating common hand 
infections empirically, especially in urban centers.

Because of the constantly changing inventory of antibiot-
ics and the variations in patient populations and wound flora, 
antibiotic selection should be based on a variety of consider-
ations, including local antibiotic resistance information and 
the assistance of an infectious disease specialist when needed.

A protocol of early, aggressive surgical incision and drain-
age combined with intravenous antibiotic therapy should 
result in a shorter hospital stay, faster healing, and fewer 
complications. A randomized trial comparing cefazolin to 
vancomycin as a first-line agent in patients with community-
acquired MRSA found no statistically significant differences 
in outcomes or cost of treatment. The authors emphasized 
the importance of early aggressive empiric antibiotic therapy 
with coverage for MRSA in all hand infections. Current rec-
ommendations for outpatient antibiotic treatment include 
amoxicillin and clavulanate plus trimethoprim and sulfa-
methoxazole. A comparison of patients who had differing 
antibiotic regimens after surgical treatment of simple hand 
infections (systemic cephalosporins and gentamicin bead 
chain, gentamicin bead chain alone, and no antibiotics) found 
no difference in outcomes, leading the authors to conclude 
that the use of antibiotics after surgical treatment of simple 
hand infection seems to be unnecessary.

Failure to recognize the polymicrobial nature of hand 
infections and inadequate surgical debridement are frequent 
causes of poor results. The importance of adequate surgi-
cal treatment cannot be overemphasized because antibiotics 
alone may be insufficient to control the infection. 

 

INCISION AND DRAINAGE OF HAND 
INFECTION

 TECHNIQUE 79.1 

 n  Use a general anesthetic or distant regional block because 
a local anesthetic may not function in the septic environ-
ment, may spread the infection, and add to an already 
swollen part.
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 n  Use a tourniquet, but before inflating it, elevate the hand 
for 3 to 6 minutes to avoid limb exsanguination with an 
elastic wrap and the potential for the proximal spread of 
the infection.

 n  After properly preparing and draping the area, make the 
incision for drainage as described for specific infections.

 n  After making the skin incision, always spread the deeper 
structures with blunt dissection to avoid injury to impor-
tant nerves, vessels, and tendons. These structures may 
be difficult to see in swollen, infected tissue.

 n  Although an incision for drainage relieves pain and re-
duces the spread of infection, it also creates an open in-
fected wound subject to further contamination. Copious 
irrigation is an effective way to decrease contamination. 
Although wound closure after abscess drainage has been 

advocated, it probably is safer to return to the operating 
room in 3 to 5 days and close the wound secondarily if 
the condition of the wound permits. If joints or flexor 
tendons have been exposed by skin necrosis, however, 
cover them at once to preserve their vital functions. In 
most instances, leave the wound open. Infections involv-
ing the tendon sheaths and joints usually result in some 
loss of function. Such loss of function is seen less often in 
superficial infections, unless surgical scars have adhered 
to adjacent structures, such as nerves or tendons.

POSTOPERATIVE CARE Immediately after surgery, the 
hand is wrapped with bulky layers of gauze to hold it in 
the position of function and to pad the wound. A metal, 
plaster, or fiberglass splint is applied to support the wrist 

 TABLE 79.1 

Antibiotic Recommendations for Common Organisms

ORGANISM ANTIBIOTIC ADDITIONAL INFORMATION
Methicillin-sensitive 
Staphylococcus aureus

Cephalexin, amoxicillin clavulanate (orally)

Methicillin-resistant S. aureus Trimethoprim/sulfamethoxazole (orally), linezolid 
(orally or IV)
If sulfa allergy, clindamycin or doxycycline

Linezolid: expensive, avoid in 
endocarditis or meningitis, weekly 
complete blood cell monitoring

Vancomycin (IV), daptomycin (IV)
Quinupristin/dalfopristin (IV)
Tigecycline (IV)
Ceftaroline (IV)

Dapto: weekly creatinine phosphoki-
nase monitoring

Vancomycin-resistant 
Enterococci

Daptomycin, linezolid (orally or IV), tigecycline (IV), 
quinupristin/dalfopristin (IV)

Gram negative Piperacillin/tazobactam
Ceftriaxone
Ertapenem
Quinolones/ciprofloxacin

Pseudomonas Piperacillin/tazobactam
Cefepime
Meropenem

Anaerobic infections Ampicillin/sulbactam, Piperacillin/tazobactam, 
Ertapenem, meropenem
Metronidazole
Clindamycin
Tigecycline

Vibrio vulnificus Ceftriaxone and doxycycline
Imipenem and doxycycline

Nocardia Trimethoprim/sulfamethoxazole
If sulfa allergy: imipenem, ceftriaxone, amikacin

6 mo of treatment in immune- 
suppressed patients

Sporothrix schenckii Itraconazole
Fluconazole and voriconazole

Mycobacterium marinum Clarithromycin/azithromycin
Trimethoprim/sulfamethoxazole minocycline
Ethambutol

Aeromonas hydrophilia Ciprofloxacin
Imipenem
Trimethoprim/sulfamethoxazole

Cutaneous anthrax Ciprofloxacin
Doxycycline

Treatment for 60 d to treat any 
remaining spores

Tularemia Gentamicin and doxycycline

From Osterman M, Draeger R, Stern P: Acute hand infections, J Hand Surg 39:1628, 2014.
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in about 30 degrees of extension, the metacarpophalan-
geal joints in about 60 to 70 degrees of flexion, the inter-
phalangeal joints in full extension, and the thumb in a pal-
mar abducted-opposed position. The hand is continuously 
elevated after surgery. Active motion of digits is begun as 
soon as possible. Therapist-supervised dressing changes 
in a whirlpool bath are included in the rehabilitation rou-
tine. Usually, the dressing is first changed 24 to 48 hours 
after drainage and then is changed daily or every other 
day. Moist dressings may help remove infected drainage. 
Sterile technique should be observed during dressings to 
prevent further contamination. After several days, further 
debridement of necrotic material may be necessary if the 
infection is extensive. As soon as drainage has ceased and 
healthy granulation tissue appears, the wound is closed 
secondarily; a free skin graft or flap coverage may be nec-
essary, but usually only when a skin slough has occurred.
   

PARONYCHIA
A paronychia (“runaround”) infection usually is caused by 
the introduction of bacteria into the soft-tissue fold around 
the fingernail (eponychium) associated with a hangnail or 
poor nail hygiene (Fig. 79.1). In three studies of paronychia, 
with a total of 61 patients, 25% were caused by anaerobic bac-
teria, 25% by aerobic bacteria, and 50% by mixed aerobic and 
anaerobic bacteria. Nonbacterial pathogens such as yeast and 
viruses also have been identified as causative organisms. The 
diagnosis is recognized by pain, redness, swelling, and pos-
sibly fluctuance at the paronychial and eponychial regions of 
the nail fold.

Initial treatment may include warm water or chlorhexi-
dine soaks with or without topical or oral antibiotics. When 
an abscess is present, it should be drained. After drainage, 
antibiotics should be prescribed judiciously based on patient 
comorbidities and clinical judgment. A number of case stud-
ies have suggested that antibiotics are probably unnecessary 
in most cases. A prospective study of 46 acute fingertip infec-
tions treated with drainage and no antibiotics demonstrated 
only one recurrence attributed to inadequate resection. When 
an abscess forms in the eponychial or paronychial fold, it usu-
ally begins at one corner of the horny nail and travels under 
either the eponychium or the nail toward the opposite side. If 
an abscess is on one side only, it should be incised, angling the 
knife away from the nail to avoid cutting the nail bed, which 
would cause a ridge later. If the abscess is under one corner of 
the nail root, this corner should be removed. If it has already 
migrated to the opposite side and under the nail, a second 
incision should be made there, the skin folded back proxi-
mally, and the proximal one third of the nail excised. The 
wound is loosely packed with iodoform gauze for 48 hours 
for drainage (Fig. 79.2).

Ogunlusi et al. described using the tip of a 21- or 23-gauge 
needle to lift the nail fold and drain the abscess; drainage was 
followed by oral antibiotic therapy. Resolution of acute paro-
nychia occurred within 2 days in 8 of 10 patients. No anesthe-
sia or daily dressing changes were required.

Infections caused by herpes simplex virus type 1 or 2 
may be confused with bacterial paronychia. The “herpetic 
whitlow” is seen more often in health care workers and in 

immunocompromised patients and begins as a localized area 
of swelling with clear vesicle formation. Lymphangitis and 
lymphadenopathy may be present. The diagnosis can be con-
firmed with viral cultures of fluid from the vesicles, a Tzanck 
smear, and serum antibody titers. The condition is self-limit-
ing, usually resolving over 3 to 4 weeks, and does not require 
surgical treatment. For immunocompromised patients, a 
course of an antiviral (acyclovir, valacyclovir, famciclovir, or 
foscarnet) can be used.

CHRONIC PARONYCHIA
Chronic paronychia typically occurs in patients whose 
activities require prolonged exposure to water. With 
chronic inflammation and recurring infection or colo-
nization, the eponychium appears thickened and promi-
nent. Organisms obtained from the cultures of these lesions 
include Staphylococcus pyogenes, S. epidermidis, Candida albi-
cans, colonic gram-negative bacteria, or a mixture of these. 
Treatment focuses on modifying activity to mitigate the 
source of inflammation and restore the nail fold. Tosti et al. 
compared topical methylprednisolone with two oral antifun-
gal medicines in the treatment of chronic paronychia of 45 
patients with multiple nail involvement. Methylprednisolone 
cured or improved 85% of the nails. Of the oral antifungal 
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FIGURE 79.1 Diagram of nail and nail bed. A, Nail. B, 
Eponychium. C, Dorsal roof of nail fold. D, Ventral floor of nail 
fold (germinal matrix). E, Nail bed (sterile matrix).  (From Bednar 
MS, Lane LB: Eponychial marsupialization and nail removal for surgical 
treatment of paronychia, J Hand Surg 16A:314, 1991.)
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FIGURE 79.2 Incision and drainage of paronychia (see text).
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medications, terbinafine was effective in 52% and itracon-
azole in 45%, suggesting the possibility that a chronic paro-
nychia is more likely a dermatitis related to environmental 
exposure. A more recent study has shown better results using 
the topical ointment tacrolimus 0.1% (Protopic) compared to 
betamethasone 17-valerate 0.1%. If avoiding the irritant and 
topical applications are ineffective, treatment may involve 
marsupialization of the proximal nail fold. 

 

EPONYCHIAL MARSUPIALIZATION
Bednar and Lane found the eponychial marsupialization 
technique of Keyser and Eaton to be effective in curing 
patients of chronic paronychia. They further noted that if 
nail irregularities are present, removing the nail leads to 
healing without recurrence.

 TECHNIQUE 79.2 

(BEDNAR AND LANE; KEYSER AND EATON)
 n  After administering a digital block anesthetic, cleanse the 

finger with antiseptic and drape it appropriately.
 n  Excise a crescent of skin 3 mm wide parallel to the ep-

onychium and extending from the radial to the ulnar bor-
ders (Fig. 79.3).

 n  When using the Keyser and Eaton technique, remove all 
thickened tissue from the skin. Bednar and Lane leave the 
subcutaneous fat intact.

 n  If nail irregularities are present, remove the nail.
 n  Cover the wound with petroleum/bismuth tribromo-

phenate–impregnated gauze (Xeroform). If the nail is re-
moved, place this gauze beneath the nail fold.

POSTOPERATIVE CARE Therapy with an oral antibiotic 
(cephalexin or erythromycin) is begun postoperatively. The 
patient is instructed to soak the finger in hydrogen per-
oxide and to wash it with chlorhexidine gluconate skin 
cleanser (Hibiclens) three times daily, beginning on post-
operative day 3. The daily washings are continued until 
all drainage stops. Antibiotics should be continued for 2 
weeks. If the culture results are negative, antibiotics can 
be discontinued in 3 to 5 days.

   

Pabari et al. described a “Swiss roll” technique for the treat-
ment of both acute and chronic paronychia in which the nail 
fold is elevated and reflected proximally over a nonadherent 
dressing and secured to the skin with a nonabsorbable suture 
(Fig. 79.4). For chronic paronychia, the nail bed should be 
exposed for 7 to 14 days versus 2 to 3 days for acute cases. 
Cited advantages of this technique are the retention of the 
nail plate, rapid healing, and avoidance of a skin defect in the 
finger.

FELON
A felon is an abscess in the subcutaneous tissues of the 
distal pulp of a finger or thumb. The distal digital pulp is 
divided into tiny compartments by strong fibrous septa that 
traverse it from skin to bone. A transverse fibrous curtain 
also is present at the distal flexor finger crease. Because 
of these septa, any swelling causes immediate pain that is 
intensified because of increased pressure within the pulp. 
Infection can be caused by a penetrating injury from a for-
eign body or from “finger sticks” for medical reasons (e.g., 
hematocrit and blood glucose determinations). S. aureus is 
the organism most commonly isolated from fingertip infec-
tions. Swelling, redness, and pain, typical of cellulitis, are 
present initially. Abscess formation may follow rapidly. The 
pulp abscess (felon) can extend into the periosteum around 
the nail bed causing paronychia, or proximally through the 
fibrous curtain into the flexor sheath, leading to flexor teno-
synovitis. Abscesses beginning deep, especially if untreated, 
penetrate the periosteum and cause osteomyelitis or a sep-
tic joint; the more superficial ones cause skin necrosis. 
Abscesses may form occasionally in the middle and proxi-
mal digital pulps.

 FIGURE 79.3 Eponychial marsupialization for treatment of 
paronychia. Symmetric, crescent-shaped segment of skin is excised 
from dorsum of distal phalanx, leaving adequate bridge of skin and 
cuticle. SEE TECHNIQUE 79.2.

 

A

B
FIGURE 79.4 “Swiss roll” technique for treatment of paro-

nychia. A, Inflamed germinal matrix is exposed and thoroughly 
irrigated. B, Elevated nail fold is reflected proximally over a nonad-
herent dressing, rolled like a Swiss roll, and secured to the skin 
with nonabsorbable suture.  (From Pabari A, Iyer S, Khoo CT: Swiss 
roll technique for treatment of paronychia, Tech Hand Up Extrem Surg 
15:75, 2011.)
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Treatment generally consists of incision and drainage 
with antibiotics. Early presentation may be treatable with 
rest, elevation, warm soaks, and antibiotics. Because MRSA 
is becoming much more frequent, empiric treatment with 
antibiotics that cover MRSA is prudent until cultures dictate 
treatment. The diagnosis of an abscess in this area is some-
times difficult, but one usually is present if severe pain has 
lasted for 12 hours or longer. 

 

INCISION AND DRAINAGE OF FELONS

 TECHNIQUE 79.3 

 n  When the abscess points volarly, causing necrosis of the 
overlying skin, drain it by excising the necrotic skin.

 n  When the abscess is in the distal pulp area pointing volarly 
toward the whorl of the fingerprint, it is best drained by a 
vertical incision begun distal to the skin crease and placed 
precisely in the midline to avoid the lateral branches of the 
digital nerve and allow healing with minimal scarring (Fig. 
79.5).

 n  If the abscess is deep and partitioned by the septa, make 
a longitudinal incision, usually away from the contact area 
of the finger, cutting through the partitions (Fig. 79.6).

 n  This incision must be accurate. Make the incision dorsal 
to the tactile surface of the finger and not more than 3 
mm from the distal free edge of the nail; otherwise, the 
ends of the digital nerve would be painfully damaged. 
Blunt dissection with the tip of a small pair of scissors or a 
mosquito hemostat avoids sharp injury to nerve endings, 
allowing disruption of the fibrous septa and adequate 
drainage. A J-shaped incision is sufficient; a fish mouth 
incision around the whole fingertip is slow to heal and 
can result in painful scarring, especially if it is placed too 
far palmarly.

 n  Irrigate the wound copiously and pack it with iodoform 
gauze or sterile gauze bandage.

POSTOPERATIVE CARE The finger is splinted, and el-
evation is maintained. The bandage is changed at about 
48 hours. Dressing changes are then begun, soaking the 
hand in saline solution and allowing secondary healing. 
Active range-of-motion exercises, edema control, and 
gradual reincorporation of the finger into activities of dai-
ly living are emphasized. Antibiotic treatment with first-
generation cephalosporins has usually been sufficient; 
however, changes in antibiotic therapy should be made 
on the basis of the results of culture and sensitivity studies. 
Infections in patients with diabetes or immunosuppres-
sion may be difficult to control, and amputation may be 
the end result.
   

SUBFASCIAL SPACE INFECTIONS
The potential spaces in the subfascial and deeper layers of the 
hand are infrequently infected (Table 79.2). A high level of 
suspicion should lead to their detection and treatment. The 
recognized deep spaces of the hand include the interdigital 
web spaces, the midpalmar space, the thenar space, a less 

well-defined hypothenar space, the Parona space, and the 
dorsal subaponeurotic space (Fig. 79.7).

WEB SPACE INFECTION (COLLAR BUTTON 
ABSCESS)
Web space infection usually localizes in one of the three 
fat-filled interdigital spaces just proximal to the super-
ficial transverse ligament at the level of the metacarpo-
phalangeal joints. The adjacent fingers often are held in 
an abducted position with the locus of swelling between 
them. Typically, the infection begins beneath palmar cal-
luses in laborers. It may begin near the palmar surface, but 
because the skin and fascia here are less yielding, it may 
localize to drain dorsally. Here the tissue becomes obvi-
ously swollen, but the greater part of the abscess remains 
nearer the palm. This may be the more dangerous part 
because, unless drained, it may spread through the lum-
brical canal into the middle palmar space. Two longitudi-
nal incisions usually are necessary for drainage: one on the 
dorsal surface between the metacarpal heads and the other 

 FIGURE 79.5 Midline vertical incision for drainage of abscess 
pointing volarly in distal pulp of finger. SEE TECHNIQUE 79.3.

 

Incision posterior to
digital artery and nerve

All septa divided

FIGURE 79.6 Incision and drainage of felon. SEE TECHNIQUE 
79.3.
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on the palm, beginning distal to the distal palmar crease 
and curving proximally. Crossing the palmar creases at 
right angles to the crease should be avoided (Fig. 79.8). 
The web should not be incised. 

DEEP FASCIAL SPACE INFECTIONS
The palmar fascial space lies between the fascia cover-
ing the metacarpals and their contiguous muscles and the 

fascia dorsal to the flexor tendons. Its ulnar border is the 
fascia of the hypothenar muscles, and its radial border is 
the fascia of the adductor and other thenar muscles. This 
space is divided into a middle palmar space and a thenar 
space by a fascial membrane that passes obliquely from 
the third metacarpal shaft to the fascia of the palmar apo-
neurosis palmar to the flexor tendons of the index finger 
(Fig. 79.9). The hypothenar space has as its boundaries: 
the hypothenar septum laterally, the fifth metacarpal dor-
sally, and the hypothenar muscle fascia medially and pal-
marly. The space of Parona is bordered by the pronator 
quadratus dorsally, the flexor pollicis longus laterally, the 
flexor carpi ulnaris medially, and the flexor tendons on 
the palmar aspect; it rarely is the site of abscess forma-
tion. Infections in these spaces are now rare because less 
extensive infections nearby usually are controlled by anti-
biotics before they spread. Abscesses in these spaces usu-
ally result from the spread of infection from other parts 
of the hand, typically from purulent flexor tenosynovial 
infections.

A middle palmar abscess can cause a severe systemic 
reaction, local pain and tenderness, inability to move the long 
and ring fingers actively because of pain, and generalized 
swelling of the hand and fingers, which resembles an inflated 
rubber glove. A thenar abscess causes similar symptoms, 
but the thumb web is more swollen, the index finger is held 
flexed, and active motion of the index finger and the thumb is 
impaired because of pain. 

 TABLE 79.2 

Anatomy, Presentation, and Treatment of Deep Hand Space Infections

DEEP HAND SPACE BORDERS PRESENTATION SURGICAL POINTS
Dorsal 
subaponeurotic

Dorsal: extensor tendons; volar: 
metacarpals and interossei

Dorsal hand swelling and fluctuans Longitudinal incisions over 
index and ring metacarpals, 
not directly over extensor 
tendons

Thenar Dorsal: adductor pollicis; volar: 
index flexor tendons; ulnar: 
septum of Legueu and Juvara; 
radial: adductor pollicis insertion 
at P1 of thumb

Thenar and first webspace swell-
ing; thumb abduction with painful 
adduction or opposition; panta-
loons-shaped abscess if involvement 
of first dorsal webspace through 
contiguous spread (Burkhalter)

Palmar, dorsal, or two-incision 
approaches; for pantaloons, 
abscess may drain through 
dual incisions or single incision 
perpendicular to first web-
space to minimize webspace 
contracture

Midpalmar/deep 
palmar

Dorsal: middle and ring finger 
metacarpals and second and 
third interossei; volar: flexor 
tendons and lumbricales; ulnar: 
hypothenar muscles; radial: sep-
tum of Legueu and Juvara

Loss of normal palmar concav-
ity with marked palm tenderness, 
painful passive motion of middle 
and ring fingers; substantial dorsal 
swelling may be present

Transverse incision in distal 
palmar crease; curvilinear inci-
sion along thenar crease

Webspace Subfascial palmar space between 
digits

Abducted posture of adjacent digits 
with accompanying dorsal swelling 
and volar tenderness at webspace

Must drain both dorsal and 
volar aspects of abscess; inci-
sions both dorsally and volarly; 
avoid webspace incisions to 
prevent contracture

Parona Volar: pronator quadratus; dor-
sal: digital flexor tendons; ulnar: 
flexor carpi ulnaris; radial: flexor 
pollicis longus

Pain with passive finger flexion; 
acute carpal tunnel syndrome may 
be present

Avoid placing incisions directly 
over flexor tendons or median 
nerve to avoid desiccation.

From Osterman M, Draeger R, Stern P: Acute hand infections, J Hand Surg 39:1628, 2014.

 

Dorsal
subaponeurotic

space

Extensor
tendon

Thenar
space

Adductor
pollicis

Midpalmar (oblique)
septum

Midpalmar
space

Hypothenar
space

Hypothenar
septum

FIGURE 79.7 Cross-sectional anatomy of hand showing thenar, 
midpalmar, hypothenar, interdigital (web), and dorsal subaponeu-
rotic spaces.  (Redrawn from Jebson PJ: Deep subfascial space infections, 
Hand Clin 14:557, 1998.)
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INCISION AND DRAINAGE OF DEEP 
FASCIAL SPACE INFECTION

 TECHNIQUE 79.4 

 n  Drain the middle palmar space through a curved incision be-
ginning at the level of the distal palmar crease, in line with the 
long finger and extending ulnarly to just inside the hypothenar 

eminence (Fig. 79.10). Other options include the longitudinal 
distal palm incision and the transverse palm incision.

 n  Enter the space on either side of the long flexor tendon of 
the ring finger with a blunt instrument, such as a hemo-
stat, to avoid injury to the neurovascular structures. Leave 
a drain in place if necessary.

 n  Drain the thenar space through a curved incision in the 
thumb web parallel to the border of the first dorsal in-
terosseous muscle or along the medial side of the thenar 
crease (Fig. 79.11). Avoid the recurrent branch of the 
median nerve at the proximal end of this crease. Avoid 
sharp, deep dissection, using blunt dissection to delineate 
the extent of the abscess. Infected, swollen tissue makes 
identification of small nerves and vessels more difficult.

 n  Drain Parona space infections through a straight or curved 
incision on the palmar forearm. Begin the incision just 
proximal to the wrist flexion crease, slightly medial to the 
midaxial line. Extend the incision proximally and sufficiently 
to allow exposure of the flexor tendons and median nerve 
that lie immediately beneath the fascia. Alternatively, the 
commonly used approach through the floor of the flexor 
carpi radialis tendon sheath can be used. In this approach, 
the flexor tendons and median nerve are retracted ulnarly 
while the radial artery is retracted radially.

 n  Retract the flexor tendons and median nerve, protecting 
them. With use of the midline incision, the flexor tendons 
and median nerve may be retracted radially while protect-
ing the ulnar neurovascular bundle and flexor carpi ulnaris 
tendon with ulnar-directed retraction.

 n  Drain the abscess, and irrigate the wound. If needed, 
place a Penrose drain or tube for irrigation in the wound.

 n  Apply a nonadherent gauze and bulky absorbent dress-
ing. Splint the wrist in a position to allow functional mo-
tion of the fingers.

 n  Change the bandage frequently, irrigating as required. 
Usually, healing by secondary intention is satisfactory. If 
the infection and drainage can be controlled rapidly, sec-
ondary closure or skin grafting may be appropriate.

 n  If the infection and drainage cannot be controlled rapidly, 
healing by secondary intention is preferred.
  

 

A B
FIGURE 79.8 A, Lines show palmar incisions for web abscess drainage. B, Dorsal incision.

 

A

B

C

   Abscess in
thenar space

          Abscess in 
midpalmar space

Midpalmar
space

Thenar
  space

FIGURE 79.9 Boundaries of deep palmar space, which is 
divided into thenar space and middle palmar space (see text). A, 
Abscess in thenar space. B, Abscess in middle palmar space. C, Rela-
tionships of spaces when not distended by pus.
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SUBAPONEUROTIC SPACE INFECTIONS
Subaponeurotic space infections on the dorsum of the hand 
and wrist can be caused by penetrating injury and local 
spread from other infection in the hand. Dorsal hand swell-
ing, redness, increased heat, tenderness to palpation, painful 
finger extension, and purulent drainage from areas of pene-
tration may be seen. Although difficult in the presence of cel-
lulitis, it is important to determine the presence of an abscess. 
If this cannot be done with palpation, needle aspiration can 
be used to locate a purulent collection. Radionuclide scan-
ning, MRI, and ultrasound may be helpful, but usually are not 
needed. Most dorsal subaponeurotic abscesses can be drained 
through one dorsal incision, although the presence of a large 
dorsal abscess may require two dorsal parallel incisions, 
usually placed over the second metacarpal and between the 
fourth and fifth metacarpals. If necessary, these incisions usu-
ally are short (2 to 3 cm) and should not compromise the cir-
culation of the skin between them. A single incision is made 

longitudinally and dorsally, centered over the abscess. Sharp 
deep dissection is avoided so as not to injure the tendons. The 
abscess is located and drained with blunt dissection, and the 
wound is thoroughly irrigated. A drain is placed if the cavity 
is sufficiently large to create a “dead space.” A bulky absorbent 
bandage with a splint is applied to support the wrist and allow 
free movement of the fingers. 

TENOSYNOVITIS
An infection within the flexor tendon sheath may be the 
result of local injury or puncture wound to the volar aspect 
of the finger near a flexor crease. While direct inoculation 
is the most common cause of infectious tenosynovitis, adja-
cent spread from a local infection or hematogenous spread 
also are possible causes. Although the flexor sheath usually is 
involved, the radial and ulnar bursae may be involved as well. 
Kanavel considered tenderness over the involved sheath, rigid 

 

B CA

FIGURE 79.10 A, Distal longitudinal palmar incision. B, Transverse palmar incision. C, Extended 
longitudinal palmar incision. SEE TECHNIQUE 79.4.

 

BA

FIGURE 79.11 A, Thenar crease incision (palmar). B, Dorsal longitudinal incision. SEE TECHNIQUE 
79.4.

    

https://booksmedicos.org


CHAPTER 79 HAND INFECTIONS 3929

positioning of the finger in flexion, pain on attempts to hyper-
extend the fingers, and swelling of the involved part to be the 
four cardinal signs of suppurative tenosynovitis. Of these, 
tenderness over the flexor sheath is considered the most sig-
nificant. When early tenosynovitis is suspected, immediate 
treatment with antibiotics and splinting may abort the spread 
of infection if the patient’s symptoms have been present for 
less than 48 hours. If nonsurgical treatment is selected, these 
patients should be followed closely with a low threshold for 
hospital admission, because the consequences of noncompli-
ance can be devastating to the digit and hand. Good results 
have been reported in patients with pyogenic flexor teno-
synovitis treated with surgical drainage, followed by outpa-
tient management with intravenous antibiotics, wound care, 
and rehabilitation. Patients with infection after penetrat-
ing injuries usually are infected with S. aureus. However, 
Streptococcus also may be found. Under ideal circumstances, 
fluid should be obtained from the sheath for Gram stain, cul-
ture, and antibiotic sensitivity testing. If gross pus is obtained 
from the aspiration of the digital flexor sheath, surgical drain-
age usually is indicated. Purulent fluid might not be present 
in the flexor sheath with overlying cellulitis; however, nee-
dle aspiration of the sheath through cellulitic tissue creates 
the risk of inoculating the uninfected sheath with bacteria. 
An increasing frequency of MRSA hand infections has been 
documented in clinical studies. Vancomycin is effective for 
infections caused by gram-positive bacteria, whereas cip-
rofloxacin is most effective for gram-negative organisms, 
including Pseudomonas. With persistent tenosynovial infec-
tion, pressures within the flexor sheath can exceed 30 mm Hg, 
rendering the tendons ischemic in the presence of infection. 
Delay in treatment may lead to damage to the flexor tendon 
and sheath, with resulting adhesion, loss of excursion, fin-
ger stiffness, and impaired function. The prognosis for func-
tion is poor if an infection here produces pus that must be 
drained. If drainage is required, an open or closed irrigation 
technique can be used. If an open technique is used, healing 
and rehabilitation are prolonged and full motion may not be 
regained. The use of a continuous postoperative irrigation 
catheter has not been shown to improve outcomes, but rather 
increases postoperative pain and adds difficulty to postop-
erative care. The Michon classification has been proposed as 
a method to help surgeons make decisions on how aggres-
sively to approach treatment, recommending minimally inva-
sive drainage and catheter irrigation for stage I or II flexor 
tenosynovitis (Table 79.3). This classification has not been 
validated, however. In this author’s practice, indwelling cath-
eter irrigation is not used. Pang et al. have identified factors 

predisposing to poor outcome. Patients presenting with sub-
cutaneous purulence and those with ischemic changes had 
amputation rates of 8% and 59%, respectively, with increasing 
loss of total active motion. 

 

POSTOPERATIVE CLOSED IRRIGATION
Closed postoperative irrigation is appropriate and effective 
for infections that yield serous exudate or purulent fluid on 
opening the flexor sheath and for infections that are rela-
tively acute. Some have found that closed catheter irrigation 
is as effective as open drainage of pyogenic flexor tenosyno-
vitis. Chung and Foo modified the closed irrigation technique 
by introducing an intraluminal 24-gauge wire to stiffen the 
catheter for easier cannulation and manipulation; they also 
fenestrated the catheter along its middle portion to increase 
the turbulence of intrathecal flow. Jing and Iyer described 
the use of a metal ear suction catheter for irrigation of a 
flexor tendon sheath infection, citing ease of insertion under 
direct vision, effectiveness, and low cost among its advan-
tages. If the infection is chronic, or if the flexor tendon is 
grossly necrotic, open drainage may be necessary.

 TECHNIQUE 79.5 

(NEVIASER, MODIFIED)
 n  With the patient under suitable anesthesia and after ap-

propriately preparing and draping the hand and arm, in-
flate a pneumatic tourniquet. However, to reduce the risk 
of spreading the infection, do not wrap the limb.

 n  Expose the proximal end of the flexor sheath in the re-
gion of the A1 pulley making a straight transverse incision 
parallel to the distal palmar crease or a zigzag incision in 
this area (Fig. 79.12). Expect to see serosanguineous or 
purulent fluid in the sheath.

 n  Open the sheath proximal to the A1 pulley, and swab the 
fluid to send for cultures.

 n  Make a second incision in the midaxial line on either side 
of the finger in the distal portion of the middle segment 
of the digit.

 n  As an alternative, carefully make a transverse incision over 
the distal flexion crease.

 n  Open the flexor sheath distal to the A4 pulley.
 n  Using smooth forceps or hemostats, pass a 16-gauge or 

18-gauge polyethylene catheter beneath the A1 pulley 
from proximal to distal in the flexor sheath for 1.5 to 2 
cm. Distally place a small piece of rubber drain beneath 

 TABLE 79.3 

Michon Classification for Severity of Flexor Tenosynovitis

INTRAOPERATIVE STAGE CHARACTERISTIC FINDINGS TREATMENT RECOMMENDATION
I Increased fluid in sheath, primarily serous exudate Minimally invasive drainage and catheter 

irrigation
II Cloudy/purulent fluid, granulomatous synovium Minimally invasive drainage ± indwelling cath-

eter irrigation
III Septic necrosis of tendon, pulleys, or tendon sheath Extensile open debridement; possible 

amputation

From Michon J: Phlegmon of the tendon sheaths, Ann Chir 28:277, 1974.
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 FIGURE 79.12 Closed irrigation for tenosynovitis (modified 
Neviaser technique). SEE TECHNIQUE 79.5.

 FIGURE 79.13 Open drainage for advanced infection and 
necrosis of tendon and sheath. SEE TECHNIQUE 79.6.

the A4 pulley and bring it out through the skin incision. 
Irrigate the sheath from proximal to distal with saline. 
Alternatively, use a 16-gauge angiocatheter attached to 
a small syringe (20 to 50 mL). The tip can be cut to bevel 
the end of the angiocatheter. Use the catheter to flush 
fluid from proximal to distal, watching for outflow of fluid 
from the distal incision. Irrigate until the outflow fluid is 
clear.

 n  Close the wounds around the catheter and the rubber 
drain, leaving the distal wound sufficiently loose to al-
low fluid to drain. Suture the catheter to the palmar skin. 
Test the system for patency by irrigating freely with sa-
line. Alternatively, do not use the postoperative catheter. 
Monitor the patient and return to the operating room for 
another drainage procedure if necessary.

 n  Wrap the hand in a bulky dressing supported with a 
splint, leaving the tip of the rubber drain exposed to ob-
serve the outflow. Bring the inflow catheter out through 
the dressing, tape it to the dressing, and attach it to a 
30-mL syringe.

 n  When the radial or ulnar bursa is involved, place a second 
catheter in the palmar wound and pass it proximally in 
the sheath, securing it to the palmar skin with a suture to 
prevent dislodgment. Alternatively, a small Penrose drain 
can be placed.

 n  Open the respective bursa proximally through a longitudi-
nal incision on the radial or ulnar side of the distal forearm 
just proximal to the wrist. Place a piece of rubber drain in 
the bursa, and bring it out through the skin.

 n  Irrigate in proximal and distal directions for these com-
bined digital and bursal infections.

POSTOPERATIVE CARE If postoperative catheter irriga-
tion has been chosen, the wounds are irrigated with 30 
mL of saline every 2 hours, and the wound at the distal 
end of the finger is checked for catheter patency and flow 

of irrigant. After 48 hours, the dressing is removed so that 
the fingers can be examined. If signs of persistent infec-
tion are present, irrigation is continued for another 24 
hours. The dressings are removed at that time, and the fin-
gers are examined. If no residual signs of infection remain, 
the catheter and drain are removed, a lighter dressing is 
applied, and active motion exercises are begun. If pain or 
drainage persists, irrigation may be necessary for several 
days. Lille et al. found no significant differences in out-
come between patients who received only intraoperative 
irrigation and patients who received postoperative irriga-
tion for 24 to 48 hours. This author prefers to return to the 
operating room if symptoms are not improving instead of 
using continuous catheter irrigation.
   

 

OPEN DRAINAGE
Open drainage rarely is used but may be necessary in fin-
gers with advanced infection and necrosis of the tendon 
and sheath that requires debridement.

 TECHNIQUE 79.6 

 n  With the patient under suitable anesthesia, inflate the 
tourniquet but do not wrap the limb.

 n  Use two incisions. Make the first incision midaxial on ei-
ther side of the finger, extending from the distal flexion 
crease nearly to the web, staying dorsal to the neuro-
vascular bundles (Fig. 79.13). Avoid injury to the annular 
pulleys, opening the sheath at the cruciform pulleys and 
debriding the flexor tenosynovium. Make the second inci-
sion on the palm, parallel to and near the palmar crease 
over the A1 pulley.
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 n  Identify the flexor sheath in the distal wound, open the 
sheath, and obtain swab specimens or fluid to send for 
culture determination.

 n  If the thumb or small finger flexor tendons are involved, 
make an additional longitudinal incision over the respec-
tive flexor tendons proximal to the wrist flexion crease.

 n  Carefully identify the radial or ulnar bursa with blunt dis-
section, and debride the infected flexor tenosynovium 
(see next section on infections of the radial and ulnar 
bursae).

 n  Irrigate from the proximal wound distally with saline. 
Leave the wound open, wrap the hand in a bulky dress-
ing, and place it in a splint.

POSTOPERATIVE CARE Active finger motion is encour-
aged as soon as possible after 36 to 48 hours. The ban-
dages are removed, the wounds inspected, and whirlpool 
treatments begun daily or twice daily. Active motion ex-
ercises are encouraged during and between treatments. 
Although delayed closure may be considered, usually the 
resolution of drainage is so prolonged that secondary 
healing is allowed to occur to minimize the recurrence 
of infection.
   

INFECTIONS OF RADIAL AND 
ULNAR BURSAE
The radial and ulnar bursae are the tenosynovial sheaths of 
the flexor tendons at the wrist (Fig. 79.14). The proximal 
prolongation of the thumb flexor sheath is the radial bursa 
(Fig. 79.15). The flexor sheaths communicate from the proxi-
mal palmar crease to the level of the pronator quadratus and 
extend distally as the tendon sheath of the little finger to form 
the ulnar bursa. Often the two bursae communicate with one 
another and allow infection to spread from one to the other 
in a “horseshoe abscess.” 

 

INCISION AND DRAINAGE OF RADIAL 
AND ULNAR BURSAE

 TECHNIQUE 79.7 

 n  To drain the radial bursa, first make a lateral incision along 
the proximal phalanx of the thumb and open the bursa at 
its distal end.

 n  Introduce a probe here, advance it proximally to the wrist, 
and make a second incision over its end.

 n  Insert small 16- or 18-gauge polyethylene drainage tubes 
proximally and rubber drains distally for irrigation.

 n  Make a palmar incision, and pass drainage tubes proxi-
mally as described for tenosynovitis.

 n  Open the ulnar bursa on the ulnar side of the little finger 
and again proximal to the wrist with the help of a probe. 
If both bursae are involved, one proximal ulnar incision 
may be sufficient to drain both because the two bursae 
communicate proximally in most patients.
   

SEPTIC ARTHRITIS
FINGER JOINT INFECTIONS
Finger joint infections usually result from the spread of infec-
tion in adjacent structures, direct penetration of the joint, and 
less commonly, hematogenous spread. When hematogenous 
spread occurs, the primary source should be identified. The 
involved joints usually are swollen, tender, and warm, and the 
finger usually is held in slight flexion. Careful inspection and 
palpation may reveal a fluctuant joint effusion, and active and 
passive motions usually are quite painful. In addition to the 
history, physical examination, and radiographic evaluation, 
diagnosis is accomplished by joint aspiration and synovial 
fluid analysis, Gram stain, and cultures. Fluid obtained from a 
septic joint usually is turbid, opaque, or grossly purulent. The 

 

Thenar
space

Radial
bursa

Midpalmar
       space
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FIGURE 79.14 Flexor tendon sheaths and proximal extensions 
into radial and ulnar bursae.  (Redrawn from Neviaser RJ, Gunther SF: 
Tenosynovial infections of the hand-diagnosis and management: I. Acute 
pyogenic tenosynovitis of the hand, Instr Course Lect 29:108, 1980.)

 FIGURE 79.15 Passage of instrument from thenar space to 
radial bursa in cadaver specimen demonstrates how easily infec-
tions can propagate proximally.  (From McDonald LS, Bavaro MR, 
Hofmeister EP, Kroonen LT: Current concepts. Hand infections, J Hand 
Surg 36A:1403, 2011.)
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joint fluid WBC usually is greater than 50,000/mm3. More 
recent studies have shown that lowering the cell count thresh-
old to 17,500 increases the sensitivity of the diagnosis to 83%. 
The polymorphonuclear count usually is greater than 75%, 
and the synovial fluid glucose is 40 mg or less. S. aureus usu-
ally is the organism isolated from septic hand and wrist joints.

Because septic arthritis can cause articular cartilage 
destruction and osteomyelitis in the underlying phalanx, it 
should be treated as an emergency when pus has been iden-
tified in the joint. Cartilage destruction and osteomyelitis can 
be delayed or avoided if aggressive treatment with incision and 
drainage and the appropriate antibiotics is pursued. If the joint 
and adjacent bone have been destroyed and require removal, 
antibiotic-impregnated polymethyl methacrylate spheres can 
be a useful adjunct in reconstruction with arthrodesis or bone 
grafting. Amputation may be required to salvage the hand. 
Usually little is lost by such an amputation because the chroni-
cally infected finger retains little useful function. In children, 
antibiotics, drainage, and splinting are continued longer than 
in adults in an attempt to salvage the hand. 

 

OPEN DRAINAGE OF SEPTIC FINGER 
JOINTS

 TECHNIQUE 79.8 

 n  With the patient under appropriate anesthesia, apply and 
inflate a tourniquet but do not wrap the arm.

 n  To drain the metacarpophalangeal joint, make an incision 
on either side of the metacarpal head, retract the extensor 
expansion distally, and open the joint capsule dorsal to 
the collateral ligament sufficiently to allow free drainage 
and irrigation of the joint.

 n  Leave the capsule and skin incisions open.
 n  To drain the thumb and finger interphalangeal joints and 

the thumb metacarpophalangeal joint, use a midaxial in-
cision on either side of the joint. Avoid injury to the neu-
rovascular bundles.

 n  In the fingers, section the transverse retinacular ligament, 
retract the extensor lateral band dorsally, and retract the 
neurovascular bundle toward the palm.

 n  Identify the collateral ligament and make a longitudinal 
incision parallel to the ligament and palmar to it, separat-
ing the accessory collateral ligament from it.

 n  Remove a portion of the accessory collateral ligament, 
drain the joint, and send specimens for aerobic and an-
aerobic cultures.

 n  Irrigate the wound with saline and leave it open.
 n  Apply a bulky dressing and a splint.

POSTOPERATIVE CARE The hand is elevated for about 
24 hours. The bandage is changed, and motion exercises 
begun. The dressing is changed daily or twice daily, and 
exercise periods in a whirlpool bath begun. When the 
wound is satisfactorily clean, it can be closed secondarily; 
otherwise, it should be allowed to heal by secondary in-
tention.
  

WRIST INFECTIONS
The incidence of septic arthritis of the wrist is unknown, but 
the wrist is less frequently involved than other large joints. 
Approximately 25% of cases of septic arthritis in the upper 
extremity occur in the wrist. As in the finger, septic arthri-
tis of the wrist usually results from the spread of infection in 
adjacent structures, direct penetration of the joint, and, less 
commonly, hematogenous spread. In patients older than 60 
years, comorbidities such as rheumatoid arthritis, diabetes, 
and gout or pseudogout, and immunosuppression are known 
risk factors. Immunosuppressive drugs used for inflamma-
tory arthritis, corticosteroids, and chemotherapy also may 
predispose patients to septic arthritis. S. aureus is the most 
common organism, with an almost 40% frequency of MRSA 
reported. Localized warmth, swelling, tenderness, and pain-
ful passive motion are typical presenting signs. Prompt irriga-
tion and debridement, along with the appropriate antibiotic 
therapy, are indicated to prevent articular destruction. Open 
arthrotomy may include the radiocarpal, ulnocarpal, mid-
carpal, and distal radioulnar joints and can be accomplished 
through a standard dorsal approach (see Techniques 69.5 
and 69.6). A transverse skin incision also can be used, with 
better cosmetic results, but may not provide adequate expo-
sure. Arthroscopic irrigation and debridement have been 
shown to produce outcomes similar to those obtained with 
open procedures, with fewer operations and shorter hospi-
tal stays. Contraindications to arthroscopic irrigation and 
debridement include postoperative infections, previous wrist 
surgery, osteomyelitis, purulence that has extended outside 
of the radiocarpal and midcarpal joints, and an arthroscopi-
cally inaccessible joint. Techniques of wrist arthroscopy are 
described in Chapter 69. Regardless of the procedure, open 
or arthroscopic, 90-day perioperative mortality has been 
reported to be approximately 20%, likely because of the sever-
ity of the disease process and the high rate of comorbidities. 

OSTEOMYELITIS
Osteomyelitis of the metacarpals and phalanges can be caused 
by infection of the neighboring soft tissues; an open fracture; 
the open treatment of a closed fracture; and the consequences 
of peripheral vascular disease, diabetes mellitus, and immu-
nodeficiency states. Hematogenous osteomyelitis is rare in 
the hand and is more likely in immunocompromised patients. 
S. aureus is reported as the most commonly isolated organ-
ism. The principles of diagnosis and treatment, including 
drainage, intravenous antibiotics, and early mobilization, that 
apply to large bones apply here (see Chapter 21). If diagnos-
tic measures, including radiographs and radionuclide stud-
ies (technetium-labeled, gallium-labeled, and indium-labeled 
leukocyte scans), suggest bone infection with no sequestrum 
formation, the process is considered acute or subacute and 
may resolve without surgical drainage if appropriate antibi-
otics are instituted for organisms obtained by needle aspira-
tion. If no organisms can be obtained, open drainage of pus 
and debridement of necrotic material provide adequate mate-
rial for culture and ensure decompression of the abscesses. 
If the process has lingered and sequestra have formed, it is 
considered a chronic infection. Although salvage of the digits 
is possible with diaphysectomy, sequestrectomy, external fixa-
tion, the use of antibiotic-impregnated polymethyl methacry-
late, and subsequent bone grafting, frequently it is difficult to 
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preserve a functioning digit and hand because of the severe 
stiffness that develops in the involved digit and in the remain-
ing digits. Especially in adults, unless the infection can be 
controlled to preserve satisfactory function in the involved 
digit and hand, amputation should be considered. The ampu-
tation should be at the joint proximal to the involved bone. 
Although multiple imaging modalities beyond radiographs 
are available, MRI has been suggested as the initial choice 
for advanced imaging because it is more readily available and 
offers assessment for possible sinus tracks, extent of infec-
tion, and differentiation of bone and soft-tissue infection. CT 
may be helpful to identify a sequestrum that may develop in 
chronic osteomyelitis.

Infection of the distal finger pulp may erode the distal 
phalanx, as radiographs would show, especially if the abscess 
is deep and located proximally (Fig. 79.16). This area of oste-
itis regenerates to some extent after the abscess is drained, 
especially in children, and should not be confused with 
sequestrating osteomyelitis (Fig. 79.17). 

HUMAN BITE INJURIES
Human bite injuries occur in two ways. The first is inadver-
tent and relatively innocent, involving nail biting and similar 
activities. The second, although at times accidental, usually 
involves intentionally violent attacks and includes the more 
common full-thickness bites, bite amputations, and injuries 
related to striking a tooth with the clenched fist. Clenched-
fist injuries account for some of the most severe infections 
related to human tooth wounds. Most often, the third and 
fourth digits are injured at the metacarpophalangeal joint. 
Although fractures of the metacarpal neck may occur, chon-
dral and osteochondral fractures are present in 6% to 59% 
of patients. The chance of inoculating the hand with viru-
lent organisms is great because 42 different bacterial spe-
cies have been identified in the normal human mouth flora. 
Although many reports cite S. aureus as the most common 
infecting organism, followed by streptococci, others have 

found α-streptococcus to be the most common single organ-
ism in 24 patients. Other organisms found are E. corrodens, 
Micrococcus, Clostridium, Spirochaeta, and Neisseria. An 
average 2.5-day delay in seeking medical attention has been 
reported, and patients frequently are noncompliant. Reported 
complications from the injury include osteomyelitis, fracture, 
pain, permanent joint stiffness, arthritis, digital amputation, 
systemic sepsis, and death. The incidence of complications 
ranges from 25% to 50%.

The mechanism for introducing anaerobic bacteria into 
the joint is understood best by realizing that the injury occurs 
when the hand is in a fist. When the finger is next extended, the 
injured joint is closed because the tendon that was lacerated 
by the tooth glides proximally (Fig. 79.18). This provides an 
anaerobic environment for growth of the bacteria introduced.

Generally, all patients with small lacerations over the 
metacarpophalangeal joint should be assumed to have tooth 
injuries, regardless of the history given. Radiographs should 
be obtained to rule out fractures and foreign bodies, and the 
wound should be explored to rule out intraarticular injury. 
Several authors have observed that patients who seek treat-
ment less than 24 hours after injury usually do not have signs 
of sepsis, so joint exploration, swabbing for cultures (aero-
bic and anaerobic with attention to E. corrodens), treatment 
with antibiotics, and close observation usually are sufficient. 
Some surgeons advise all patients who have sustained human 
bites to be admitted to the hospital. Patients who seek treat-
ment 24 hours or more after injury may have definite signs 
and symptoms of sepsis and may require open joint drain-
age and irrigation, close observation (usually in the hospi-
tal), and intravenous antibiotics. Patients presenting with bite 
infections more than 8 days after the initial injury have been 
reported to have an 18% chance of requiring amputation. At 
this time, the antibiotics usually recommended include peni-
cillin G, ampicillin, carbenicillin, or tetracycline for infec-
tion with E. corrodens and a cephalosporin for infection with 
Staphylococcus organisms. It is necessary to be aware of the 
prevalence of penicillin-resistant organisms when antibiotics 
are selected. Antibiotics can be changed at 36 to 48 hours, 
depending on the culture and sensitivity results. Tetanus pro-
phylaxis is ensured, and the wound is left open.

 FIGURE 79.16 Osteitis of distal phalanx caused by infection in 
finger pulp.

 FIGURE 79.17 Sequestrating osteomyelitis of middle phalanx.
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If the healing is progressing satisfactorily, motion exer-
cises can be started at 24 hours after drainage. Daily washing 
of the wound with soap and water usually provides sufficient 
cleansing. In some patients with other conditions, such as 
diabetes, and in patients taking corticosteroids, final resolu-
tion and healing may be prolonged, leading to some of the 
previously mentioned complications. Depending on the clini-
cal course of the infection, antibiotics usually are continued 
for 7 to 10 days. 

ANIMAL BITE INJURIES
Dog bites to the hand may appear as puncture wounds or as 
superficial or deep lacerations. Canine oral flora include S. 
aureus, Streptococcus viridans, Bacteroides, and Pasteurella 
multocida. Most of these organisms usually are sensitive to 
penicillin. Tetanus prophylaxis should be accompanied by the 
use of antibiotics in healing dog bites. Deep wounds should 
be debrided, cleansed, irrigated, and left open for secondary 
closure. More superficial lacerations can be loosely closed 
after the wound has been thoroughly cleansed, the margins 
debrided, and the wound irrigated thoroughly with copious 
amounts of normal saline.

Cat bites more often are seen as puncture wounds and 
can progress to serious infections requiring hospitaliza-
tion. In a group of 193 patients with cat bites to the hand, 
30% were hospitalized for an average of 3 days. P. multocida 
is commonly isolated from cat bites and usually is sensitive 
to penicillin. If the bites are minor or superficial, treatment 
includes cleansing and observation. If the cat bites are deep, 
they can be connected with a scalpel blade to allow thorough 

wound debridement and irrigation. A severe wound is left 
open, whereas more superficial wounds can be loosely closed. 
Amoxicillin clavulanate is a common choice for empiric anti-
biotic therapy. Systemic signs of toxicity, rapid progression of 
infection, concern for deep-space infection, inability of the 
patient to tolerate oral therapy, or ineffective oral therapy are 
all indicators of the need for intravenous antibiotic therapy. 

MISCELLANEOUS AND UNUSUAL 
INFECTIONS
HERPETIC INFECTIONS
Herpes simplex was first reported by Adamson in 1909. It 
often resembles a pyogenic infection and frequently involves 
the paronychial region, but it may involve the palm, usually 
distal to the metacarpophalangeal joint. It occurs most often 
on the thumb and index finger. Herpes simplex virus types 1 
and 2 are the most common in the hand. The lesions begin as 
swelling with pain and the development of vesicles. The vesicles 
progress to ulcers over about 2 weeks. In the next 7 to 10 days, 
the vesicles begin to dry and heal; however, viral shedding may 
make the lesions infective for another 12 days or so (Fig. 79.19). 
The reported recurrence rate is 20%. Laboratory techniques to 
confirm the diagnosis include viral cultures, Tzanck and other 
smears and stains, and serologic tests for primary infections. 
The diagnosis can be confirmed by herpes antibody titers. It 
is often found in individuals involved in the care of the oral 
or respiratory system, such as dental hygienists and medical 
personnel. It may be accompanied by axillary and epitroch-
lear adenopathy with lymphangitis of the forearm. The lesions 
should be kept clean to avoid bacterial infection. Current treat-
ment is medical and includes the use of acyclovir in some 
patients, especially the immunocompromised. Although sur-
gical drainage is not usually indicated for herpetic infections, 
concomitant pyogenic infection with abscess formation may 
require incision and drainage. Intravenous antibiotics and acy-
clovir are added to their treatment. 

 

Tendon

Capsule 

FIGURE 79.18 Tooth penetrates skin, tendon, and joint capsule 
while metacarpophalangeal joint is flexed. When joint is extended, 
these tissues shift to occupy different sites; this results in inoculated, 
closed, intraarticular wound.

 FIGURE 79.19 Vesicle eruption typical of herpetic infection.  
(From McCarthy JJ, Dormans JP, Kozin SH, Pizzutillo PD. Musculoskeletal 
infections in children, J Bone Joint Surg 86A:850–863, 2004.)
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INFECTIONS IN DRUG ADDICTS
Intravenous drug users are more likely to have MRSA as the 
organism of infection. The lack of asepsis in cleaning the 
skin and preparing injectable substances probably accounts 
for most infections associated with intravenous drug abuse. 
Although infection may appear as septicemia, usually the 
sepsis is localized because of subcutaneous extravasation. 
These hand infections have been categorized into four types, 
depending on the depth and location of infection. Type I 
infection is in the skin and subcutaneous tissues, usually 
on the dorsum of the fingers. Type II infection includes the 
extensor tendon and possibly the periosteum and bone. Type 
III involves the flexor tendon sheath of the finger and has the 
worst prognosis. Type IV includes the sequelae of arterial 
injection, such as digital necrosis and pain. Dorsal swelling 
may be caused by chronic lymphedema and fibrosis instead of 
infection. Treatment includes hospitalization; aggressive inci-
sion, drainage, and debridement; culturing for aerobic and 
anaerobic organisms; copious lavage; open treatment of the 
wound; splinting; multiple daily dressing changes; appropri-
ate intravenous antibiotics; and progressive rehabilitation of 
the hand. 

INFECTIONS IN PATIENTS WITH ACQUIRED 
IMMUNODEFICIENCY SYNDROME
Patients with hand infections and acquired immunodefi-
ciency syndrome (AIDS) or AIDS-related complex may 
have an atypical presentation and course of the infections. 
Herpetic infections can be more virulent than usual and may 
not resolve spontaneously; intravenous antiviral therapy may 
be necessary. Dorsal bacterial abscesses may not respond to 
early drainage and can progress to osteomyelitis. 

NECROTIZING FASCIITIS
During the late 1800s, necrotizing infections were known as 
“hospital gangrene.” Other terms were used until necrotiz-
ing fasciitis was used by Wilson in 1952. The term necrotiz-
ing fasciitis generally has been used to describe streptococcal 
infections of the soft tissues; however, some severe infections 
are caused by streptococci in combination with anaerobic 
and other aerobic bacteria. These infections have been placed 
into four groups, depending on the causative organisms. 
Type 1 is polymicrobial infection caused by mixture of non–
group A streptococci with anaerobic or facultative anaero-
bic organisms. Type 2 is monomicrobial infection caused by 
group A streptococci alone or by a species of Staphylococcus. 
Type 3 infection may be caused by gram-negative, marine-
related organisms such as Vibrio species. Finally, type 4 is 
a fungal infection, often Candida species or Zygomycetes, 
that occurs in patients with severe trauma or those who are 
immunocompromised.

Although commonly related to traumatic events, such as 
open fractures, lacerations, contusions, cutaneous abscesses, 
steroid injections, insect bites, burns, and frostbite, necrotiz-
ing infections may occur in the absence of known trauma. 
Patients who may be susceptible to necrotizing infections 
include those who are immunosuppressed as a result of AIDS 
or chemotherapy. Patients with a history of diabetes, periph-
eral vascular disease, alcoholism, intravenous drug abuse, 
multiple myeloma, discoid lupus, and porphyria cutanea tarda 
may also be at increased risk. A systematic review identified a 
history of intravenous drug use, smoking, and trauma as the 

most common associated risk factors and diabetes as the most 
common comorbidity. Although the skin may appear normal 
early in the course of the illness, the clinical course of a necro-
tizing infection is one of rapid progression from a skin abscess 
with redness around it accompanied by pain and swelling to 
severe, nonpitting edema. Skin bullae and blue discoloration 
in the skin may develop over several days; however, lymphan-
gitis and lymphadenopathy may not be present. Similarly, the 
WBC and body temperature may be normal. A WBC of more 
than 15,400 cells/mm3 and serum sodium concentration of 
less than 135 mmol/L have been reported to have a sensitiv-
ity of 90%, specificity of 76%, a negative predictive value of 
99%, and a positive predictive value of 26%. Radiographs 
may reveal subcutaneous gas. Computed tomography scan-
ning has been reported to be 100% sensitive and 81% specific 
in identifying necrotizing fasciitis, with a positive predictive 
value of 76% and negative predictive value of 100%. Magnetic 
resonance imaging has not been found to be helpful and may 
even confound the diagnosis, because many of the findings 
with necrotizing fasciitis can overlap with other soft-tissue 
infections.

Progressing from the skin and subcutaneous tissue, the 
necrotizing infection spreads along the fascial planes, lique-
fying the fascia, producing a thin exudate that may be foul 
smelling with anaerobic infections. Bruising and irregular 
areas of skin necrosis are apparent, but the extent of fascial 
involvement extends beyond the area of the apparent skin 
involvement, and myonecrosis may follow bacterial spread to 
muscle. Tenderness to palpation often is out of proportion to 
the examination, and the area of tenderness extends beyond 
the abnormal soft tissue. When it is well established, necrotiz-
ing fasciitis spreads rapidly. In the upper extremity, the proxi-
mal spread to the chest wall may have a mortality rate of 75%. 
Although thrombosis of digital vessels leads to gangrene, nec-
rotizing fasciitis also may be complicated by abscess formation 
in the liver, spleen, brain, and lungs; disseminated intravas-
cular coagulopathy; septic shock; and death. Mortality rates 
range from 23% to 76%, with organ failure and sepsis the 
major causes. Delays in diagnosis and appropriate treatment 
are significantly associated with increased mortality. The 
Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) 
score has been utilized to aid clinicians in the diagnosis of a 
necrotizing soft-tissue infection (Table 79.4). A score ≥6 pro-
vides a positive predictive value of 96%. The score has not 
been shown to correlate with disease severity or outcome but 
may help in ruling out necrotizing fasciitis. The final diagno-
sis is still clinical, and aggressive treatment is warranted in 
equivocal cases.

Successful treatment is aided by the prompt recognition 
of the spreading soft-tissue involvement. Several studies have 
determined that the time from diagnosis to first debridement 
is a primary factor in outcome, with 93% chance of survival 
when debridement is done within 24 hours, decreasing to 
75% at 48 hours. Aggressive debridement of all the necrotic 
tissue, especially the liquefying fascia, is essential (Fig. 79.20). 
Cultures for anaerobic organisms should be obtained from 
the areas of worst involvement. The use of extensile incisions 
preserves skin flaps and decreases the risk of injury to viable 
underlying structures. Wounds are left open, and patients 
are returned to the operating room for repeat inspection and 
debridement every 24 to 48 hours, depending on the appear-
ance of the wound. When all the necrotic tissue has been 
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removed, and the infection is under control with a healthy, 
granulating wound, closure with direct suture, skin grafts, or 
flaps can be done. Amputations may be required to remove 
necrotic tissue and to control infection; reported amputation 
rates in patients with necrotizing fasciitis of the extremities 
range from 18% to 28%.

While bacterial cultures are pending, Gram stains help to 
determine the initial antibiotic selection. General recommen-
dations include intravenous broad-spectrum antibiotics for 

Staphylococcus and Streptococcus (cephalosporin), penicillin 
for anaerobic organisms, and gentamicin for gram-negative 
organisms. An awareness of the prevalence of penicillin-
resistant organisms and the assistance of an infectious disease 
consultant help in determining the most appropriate antibi-
otic therapy.

Hyperalimentation has been beneficial in helping patients 
heal wounds and combat infection. Hyperbaric oxygen treat-
ments may be helpful with difficult anaerobic infections. 

GAS GANGRENE (CLOSTRIDIAL 
MYONECROSIS)
Gas gangrene, although rarely encountered, when estab-
lished, threatens life and limb. In a 1947 report, Altmeier and 
Furste estimated the incidence of gas gangrene to be 0.03% to 
5.2%. More recently, the occurrence in the United States has 
been estimated to be 1000 to 3000 cases per year. Clostridium 
perfringens (C. welchii), the organism most often associated 
with gas gangrene, was first isolated in the late 1800s in the 
United States, Germany, and France. Other clostridial spe-
cies produce toxins and may be associated with gas gangrene. 
Nonclostridial organisms are found in an estimated 85% of 
gas gangrene infections. Readily found in the environment 
and on human mucous membranes, clostridia are anaerobic, 
saprophytic gram-positive rods that grow best in necrotic tis-
sue and blood and in conditions of low oxygen concentra-
tion, where spores become vegetative and produce a variety 
of toxins. Toxins produced by clostridia include alpha toxin 
(myonecrosis and hemolysis), theta toxin (hemolysis and 
cardiotoxicity), kappa toxin (collagenase), nu toxin (deoxy-
ribonuclease), and mu toxin (hyaluronidase). The production 
of toxins results in necrosis of muscle, fat, and subcutaneous 
tissue and in the production of hydrogen sulfide and carbon 
dioxide. Laboratory isolation of clostridial organisms requires 
an anaerobic environment and a medium containing a reduc-
ing agent (sodium thioglycolate).

Although frequently associated with open fractures, gas 
gangrene also may be seen with closed fractures. Crushing 
injuries, soil contamination, and primary closure of contam-
inated wounds are major factors contributing to the devel-
opment of gas gangrene. Other predisposing factors include 
surgery, immunosuppression, penetrating foreign body, 
chronic edema, shock, and infection with aerobic organisms. 
Three types of clostridial infections have been described: type 
1, clostridial contamination with a positive bacteriologic cul-
ture without clinical signs of infection; type 2, clostridial cel-
lulitis, in which the infection of tissue produces foul-smelling 
gas but there is no systemic infection; and type 3, gas gan-
grene, clostridial myonecrosis, and systemic signs of severe 
infection.

The onset and clinical course of gas gangrene is rapid. 
Rapidly progressing edema, severe and worsening pain in the 
limb, soft-tissue gas that is visible on radiographs early, and 
palpable within 24 hours (Fig. 79.21), mild fever, tachycardia, 
and anxiety may occur early in the course of the infection. 
Myonecrosis, occurring in the first few days after the initiat-
ing lesion, leads to limb edema and the subsequent develop-
ment of hemorrhagic skin bullae, and blebs, and foul-smelling 
purulent drainage. Progressive systemic sepsis, leading to 
hemolysis, renal failure, and septic shock, may lead rapidly to 
an overall mortality of 19%, with a 5% mortality in patients 
with posttraumatic clostridial myonecrosis of the extremities.

 TABLE 79.4

LRINEC Score (Laboratory Risk Indicator for the 
Necrotizing Fasciitis)

VARIABLE β SCORE
C-reactive protein level
<150
>150

0
3.5

0
4

Total white cell count (cells/
mm3)
<15
15-25
>25

0
0.5
2.1

0
1
2

Hemoglobin level (g/dL)
<13.5
11-13.5
<11

0
0.6
1.8

0
1
2

Sodium level (mmol/L)
>/= 135
<135

0
1.8

0
2

Creatinine level (mcg/L)
</= 141
>141

0
1.8

0
2

Glucose level (mmol/L)
</= 10
>10

0
1.2

0
1

From Wong CH, Khin LW, Heng KS, Tan KC, Low CO: The LRINEC (Laboratory 
Risk Indicator for Necrotizing Fasciitis) score: a tool for distinguishing necrotiz-
ing fasciitis from other soft tissue infections, Crit Care Med 32:1535, 2004.

 FIGURE 79.20 Necrotizing fasciitis in 78-year-old man. Early 
and aggressive management with serial wide surgical debride-
ment, negative pressure therapy, and subsequent delayed closure 
allowed preservation of the limb.  (From McDonald LS, Bavaro MR, 
Hofmeister EP, Kroonen LT: Current concepts. Hand infections, J Hand 
Surg Am 36:1403, 2011.)
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Patients with clostridial infections require close moni-
toring for hemolysis and renal failure. For severe involve-
ment in patients with septic shock, endotracheal intubation 
and intensive supportive measures may be required. Proper 
management of wounds susceptible to clostridial infec-
tions includes prompt and thorough debridement of all 
open wounds, especially open fractures, followed by repeat 
wound debridement every 24 to 48 hours depending on the 
wound condition. Gram stains, obtained from drainage and 
from wound debridements, usually are helpful in identifying 
clostridial infections. All necrotic skin, subcutaneous tissue, 
muscle, and bone should be debrided initially. Tissue with 
questionable viability may be left and reinspected at the time 
of subsequent debridements. Amputation may be required in 
extreme cases. All wounds suspected to have clostridial infec-
tion and questionable tissue, including amputation stumps, 
should be left open until the infection is controlled.

The assistance of an infectious disease consultant may 
be helpful in determining appropriate antibiotic therapy. 
Patients with straightforward, open fractures should receive 
intravenous cephalosporins. Patients with large dirt-contam-
inated or grease-contaminated wounds should receive cepha-
losporin and aminoglycoside. Patients with crushing wounds 
or farm contamination, especially with a positive Gram stain, 
should receive penicillin, cephalosporin, and aminoglycoside. 
Although hyperbaric oxygen is a controversial treatment, 
several reports suggest that it may be an effective adjunct. 
Administered at 2 to 2.5 atm, three times daily for acute infec-
tions, hyperbaric oxygen has been found to help stabilize limb 
amputations secondary to clostridial infections. 

MYCOBACTERIAL INFECTIONS
TUBERCULOSIS

The most common presentation of Mycobacterium tuberculo-
sis in the hand is tenosynovitis (Fig. 79.22). Appearing as an 
extensive palmar “ganglion,” it can cause compression of the 
median nerve in the carpal tunnel. Although uncommon in 
the hand, tuberculosis infection should be considered when 
unexplained tenosynovitis is encountered, and tissue cultures 
and specimens should be examined for M. tuberculosis. Rice 
bodies, or nodules of caseous necrosis that contain live myco-
bacteria, may be encountered intraoperatively. A combina-
tion of antituberculous medication and tenosynovectomy 
generally is recommended. M. tuberculosis also may manifest 
as osteomyelitis, septic arthritis, and dactylitis in the hand 
and involve the bones of the wrist. When the hand and wrist 
bones and joints are involved, treatment frequently includes 
debridement of bone and joint, and arthrodesis. In some 
cases of tuberculosis that are refractory to antituberculous 
medication and radical surgery, amputation may be required. 

NONTUBERCULOUS MYCOBACTERIAL 
INFECTIONS
The nontuberculous mycobacteria that most commonly infect 
the hand are M. marinum and M. kansasii. Hand infections 
by M. fortuitum, M. chelonei, and other mycobacterial spe-
cies rarely have been reported. M. marinum and M. kansasii 
may cause infections in the skin, tenosynovium, and deeper 
structures.

Any poorly healing ulcer on the hand should have a 
culture for M. marinum at 30°C and 37°C in Lowenstein-
Jensen medium. Many nontuberculous mycobacterial 
species grow best at 30°C, and Mycobacterium tuberculo-
sis grows at 37°C. Skin testing is not as reliable for this 

 FIGURE 79.21 Radiographic appearance of gas gangrene in 
left hand.  (From Goyal RW, Ng ABY, Bale RS: Case report: bilateral gas 
gangrene of the hand—a unique case, Ann R Coll Surg Engl 85:408, 
2003.)

 FIGURE 79.22 Tuberculous tenosynovitis presenting as  com -
pound palmar ganglion and carpal tunnel syndrome. Note multiple 
rice bodies.  (From Al-Qattan MM, Al-Namla A, Al-Thunayan A, Al-Omawi 
M: Tuberculosis of the hand, J Hand Surg Am 36:1413, 2011.)
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organism as it is for tuberculosis. In the early stages, the 
infection frequently is confused with gout or rheumatoid 
arthritis, and nearly all the reported cases have had a cor-
tisone injection. Typically, the organism is found around 
swimming pools or fish tanks, from whence it derives its 
name, “swimming pool granuloma,” and may infect an open 
wound or abrasion. It can attack bone, joint, synovium, or 
skin (Fig. 79.23).

M. kansasii may behave in a similar manner and should 
be considered when chronic synovitis is not obviously a com-
plication of rheumatoid arthritis, especially if only a sin-
gle digit or joint is involved. A typical case is one in which 
a synovectomy of the wrist has been done for compression 
of the median nerve, only to be followed by the recurrence 
of swelling and compression of the nerve several weeks later. 
A slowly healing sinus may also be present. When persistent 
or recurring synovitis of the wrist or finger is encountered, 
a mycobacterial infection should be suspected. In a study of 
166 patients with M. marinum tenosynovitis of the hand, an 
initial wrong diagnosis resulted in a delay in the appropriate 
management in 60% of patients, resulting in established stiff-
ness and flexion contractures at presentation of these patients 
to a hand specialist. When a part is aspirated for routine bac-
terial cultures, fungus cultures and cultures for tuberculosis 
also should be ordered. The results of the cultures may not 
be known for several weeks because these organisms grow 
slowly. MRI may show changes consistent with tenosynovi-
tis; however, typical rice bodies may be mistaken for synovial 
chondromatosis.

Treatment is by synovectomy or other excisional surgery 
for diagnostic and therapeutic reasons. If the diagnosis has 
not already been established, material is sent for bacteriologic 
and histologic identification of the organisms. When the 
diagnosis has been established, the appropriate antimicrobial 
therapy is started. Infectious disease consultation frequently 
is helpful.

Mycobacterium leprae, or Hansen disease, also has 
manifestations in the hand. The condition affects the 
skin and peripheral nerves. It is most prevalent in devel-
oping countries, although the bacterium is carried by 

armadillos in the Southwestern United States. The diag-
nosis is established by clinical signs and confirmed by skin 
biopsy. The three cardinal signs are (1) a hypopigmented 
skin lesion, (2) an anesthetic skin patch, and (3) enlarged, 
tender peripheral nerves. Paresthesias and motor paralysis 
develop as nerve function declines. Patients may also pres-
ent with painless wounds, sores, or burns on the extremi-
ties. Ulnar nerve dysfunction is a common manifestation. 
There is a spectrum of disease based on the immunocom-
petence of the host. Medical treatment includes dapsone 
and rifampin or clofazimine. Tendon transfers or contrac-
ture releases may be necessary for those with advanced 
nerve dysfunction, whereas nerve decompression can be 
considered in less severe cases. 

FUNGAL INFECTIONS
Several types of manifestations of fungal infections 
in the extremities have been described: (1) cutane-
ous infections including onychomycosis caused by der-
matophytes (Trichophyton/tinea, Microsporum, and 
Epidermophyton), (2) subcutaneous infections, and (3) 
deep or systemic infections. Fungal infections of the 
hand may mimic other conditions, such as neoplasms, 
and hand surgeons should be aware of the characteristic 
clinical features of these infections to ensure early diag-
nosis and treatment (Table 79.5). Diagnosis suspected by 
clinical findings may be confirmed by potassium hydrox-
ide preparation, fungal culture, or such techniques as his-
topathology and molecular polymerase chain reaction 
testing. Treatment of superficial skin infection often con-
sists of topical antifungal agents (imidazoles, Tolnaftate, 
ciclopirox, and butenafine). Usual causes of deep or sys-
temic infections include sporotrichosis, cryptococcus, 
mucormycosis, histoplasmosis, coccidioidomycosis, blas-
tomycosis, and aspergillosis; these infections frequently 
occur in immunocompromised hosts and have a poor 
prognosis. Table 79.6 summarizes these deep infections. 
In addition to the appropriate medical treatment, surgical 
therapy is indicated for flexor or extensor tenosynovitis, 
fungal arthritis, and osteomyelitis. 

 

A BB

FIGURE 79.23 A, Three erythematous, tender, exophytic nodules on dorsum of hand caused 
by Mycobacterium marinum infection. B, Histopathology shows suppurative and granulomatous 
inflammation with central necrosis.  (From Cassetty CT, Sanchez M: Mycobacterium marinum infection, 
Dermatol Online J 10:21, 2004.)
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 TABLE 79.5 

Characteristic Clinical Features and Signs of Subcutaneous and Deep Fungal Infections of the Hand

TYPE OF INFECTION CHARACTERISTIC FEATURE/SIGN
Lymphocutaneous sporotrichosis Multiple nodules along the lymphatics (lymphatic resider)
Dematiaceous fungal infections All are subcutaneous tissue residers
Eumycetoma Chronic inflammatory mass of the skin and subcutaneous tissue with multiple 

sinuses and granular discharge
Phaeohyphomycosis Localized multiple subcutaneous masses with dermal microabscesses
Chromoblastomycosis Localized subcutaneous mass with wart-like epidermis
Deep candidiasis Chronic arthritis/tenosynovitis (synovial resider)
Invasive aspergillosis Necrotic ulcer or necrotic muscle (soft-tissue necrotizer)
Mucormycosis Subdermal plexus invasion resulting in skin necrosis followed by invasion of major 

blood vessels (blood vessel resider)
Cryptococcosis Tenosynovitis or osteomyelitis (synovial or bone resider)
Deep sporotrichosis Variable sites (joint, bursa, bone, muscle, tenosynovium). Rice bodies are common 

in tenosynovial disease.
Coccidioidomycosis Osteomyelitis of ends of long bones and bony prominences. Symmetric bilateral 

involvement may be seen (red marrow resider)
Histoplasmosis Granulomatous tenosynovitis (sarcoidosis mimic)
Deep blastomycosis Commonly presents as osteomyelitis that may mimic sarcoma (sarcoma mimic)

From Al-Qattan MM, Helmi AA: Chronic hand infections, J Hand Surg 39:1636, 2014.

 TABLE 79.6 

Epidemiology, Diagnosis, and Treatment of Systemic and Local Fungal Infections

ORGANISM RISK FACTORS OR EPIDEMIOLOGY DIAGNOSIS TREATMENT
Histoplasmosis Ohio and Mississippi River 

Valleys
Biopsy: Grocott silver stain, large round 
single-celled spores
Serology: complement fixation test
Culture: often negative

Surgical + medical (keto-
conazole or itraconazole 
or IV amphotericin B)

Mucormycosis Contaminated trauma, diabe-
tes, immunocompromised

Clinical: enlarging black skin eschar, 
gangrene
Biopsy: organisms scattered within areas of 
necrosis, 90 degrees hyphae on KOH stain
Culture: positive in less than half

Early, radical surgical 
debridement + high-dose 
IV amphotericin B

Sporotrichosis Soil, rose thorn Biopsy: cigar-shaped (narrow-based) bud-
ding yeasts
Culture: growth can be delayed up to 8 
weeks

Cutaneous: itraconazole
Deep: surgery + IV 
amphotericin B

Coccidioidomycosis US Southwest, San Joaquin 
Valley

Biopsy: noncaseating granuloma, character-
istic spherules, and hyphae
Serology: complement fixation

Surgical + medical 
(Fluconazole or itracon-
azole or IV amphotericin 
B)

Blastomycosis Ohio and Mississippi River 
Valleys

Biopsy: periodic acid-Schiff stain, silver 
stain, large broad-based buds

Medical (ketoconazole or 
itraconazole) ± surgical

Cryptococcus Pigeon droppings, 
immunocompromised

Biopsy: encapsulated, ovoid yeasts
Serology: cryptococcal antigen titer
Culture: growth within 48 hours

Fluconazole or itracon-
azole or flucytosine or IV 
amphotericin

Aspergillosis Immunocompromised (burns, 
wounds, IV sites)

Clinical: hemorrhagic vesicle or necrotic 
ulcer
Biopsy: numerous fungal hyphae on KOH
Culture: growth from tissue specimen 
(blood cultures often negative)

Early, radical surgi-
cal debridement + 
voriconazole

Modified from Chan E, Bagg M: Atypical hand infections, Orthop Clin North Am 48(2):229, 2017.
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PYODERMA GANGRENOSUM
Pyoderma gangrenosum is a cutaneous ulcer that develops 
rapidly and can be mistaken for an infection, leading to unsuc-
cessful surgical treatment. It is a diagnosis of exclusion. There 
may be associated systemic conditions, such as ulcerative coli-
tis. Surgery should be avoided in this condition. Treatment 
often involves topical steroid applications or systemic immu-
nosuppressive drugs for more severe disease, but there are no 
definitive guidelines defining best practice. Dermatologic con-
sultation may help avoid inappropriate surgical treatments.
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 CONGENITAL ANOMALIES OF THE HAND
Benjamin M. Mauck

CHAPTER 80

PRINCIPLES OF MANAGEMENT
The difficulties in treating congenital anomalies of the hand 
have long been recognized. Milford observed, “a single sur-
gical procedure cannot be standardized to suit even similar 
anomalies.”

Treatment of a congenital hand deformity may 
be sought at birth or later in the child’s development. 
Involvement may be unilateral or bilateral; the anom-
aly may be an isolated condition, or it may be a single 
manifestation of a malformation syndrome or skeletal 
dysplasia. Early evaluation by a hand surgeon usually is 
desirable, not because of urgency to begin treatment but 
to help parents with their concerns. Parents usually have 
considerable anxiety concerning the appearance of the 
hand, the future function of the hand, and the possibility 
of subsequent siblings being similarly affected; they also 
may feel a sense of guilt. To inform the parents adequately 
and to dispel as much anxiety as possible, it is helpful for 
the surgeon to be familiar with the modes of inheritance 
and the preferred treatment and prognosis of each con-
dition. Although specific considerations and indications 
for surgical and nonsurgical treatment are discussed for 
each individual condition, the amazing ability of chil-
dren to compensate functionally for deformity should be 
remembered. 

INCIDENCE AND CLASSIFICATION
Congenital malformations of the hand encompass myriad 
deformities, all of which carry different functional and cos-
metic implications for the patient and parents. Congenital mal-
formations occur with relative infrequency and have remained 
unchanged in recent epidemiologic studies. Incidences of 
5.25 to 19 per 10,000 live births have been reported. Up to 
two thirds of patients with congenital hand defects have addi-
tional birth defects. The 1-year mortality of live infants with 
congenital upper limb anomalies has been reported as 14% 
to 16%. Therefore, early recognition of associated syndromes 
and appropriate workup is of substantial importance. The most 
commonly encountered anomalies of the hand are syndactyly, 
polydactyly, congenital amputations, camptodactyly, clinodac-
tyly, and radial clubhand (Tables 80.1 and 80.2). Approximately 
10% of patients with congenital anomalies of the upper extrem-
ity have significant cosmetic or functional deficits.

 The Oberg-Manske-Tonkin (OMT) classification sys-
tem proposed in 2010 by Oberg et  al. sought to provide 
an updated classification system. This system incorporates 
the current molecular knowledge of embryological devel-
opment and basis for pathogenetic etiology. The OMT 
classification separates congenital deformities into three 
groups: malformations, deformations, and dysplasias. 
Malformations are further subdivided according to the 
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axis of formation and differentiation and distinguished 
between anomalies involving the entire limb and the 
hand. The OMT classification system was adopted by the 
International Federation of Societies for Surgery of the 
Hand (IFSSH) in 2014 as the new universal classification 
system for congenital anomalies. This classification sys-
tem has demonstrated excellent intraobserver and interob-
server reliability among pediatric hand surgeons (Box 
80.1). 

EMBRYOLOGY
The arm arises as a small bud of tissue on the lateral body 
wall beginning on day 26 of gestation, preceding leg bud 
formation by only 24 hours. Normal limb bud growth and 
development occur by a complicated and coordinated col-
laboration between three distinct signaling centers. Each sig-
naling center is responsible for its own axis of growth but can 
also interact with the remaining centers to influence genetic 
expression. This coordinated effort produces a proportionate 
functional limb. The apical ectodermal ridge (AER) is the pri-
mary signaling center of proximal to distal growth. Its loca-
tion is seated at the very tip, or apex, of the limb bud. A family 
of fibroblast growth factors (FGFs), most commonly FGF8, 
mediates AER activity and can influence core-polarizing 
activity. FGFs also have been shown to influence interdigital 
necrosis. The zone of polarizing activity (ZPA) located at the 
ulnarmost portion of the limb bud controls development pri-
marily in the anteroposterior or radioulnar axis (Fig. 80.1). 
The ZPA produces a family of proteins called “sonic hedgehog 
(SHH).” Signaling by the ZPA can be divided further into dis-
tinct zones that influence specific portions of radial and ulnar 
limb development. Zone I, the ulnar portion of the limb bud, 
contains primarily SHH expressing cells and is responsible for 
development of the small finger, ring finger, and ulnar half 
of the middle finger. Zone II is responsible for development 
of the radial half of the middle finger and index finger and is 

 TABLE 80.1

Distribution of Primary Diagnoses in Descending 
Order of Incidence

TYPE OF ANOMALY NO. CASES %
Syndactyly 443 17.5
Polydactyly—all 361 14.3
Polydactyly, radial 162 6.4
Polydactyly, ulnar 130 5.2
Polydactyly, central 69 2.7
Amputation—all 179 7.1
Amputation, hand/digits 77 3.0
Amputation, arm/forearm 75 3.0
Amputation, wrist 27 1.1
Camptodactyly 173 6.9
Clinodactyly 142 5.6
Brachydactyly 131 5.2
Radial clubhand 119 4.7
Central defects 99 3.9
Thumb, hypoplastic 90 3.6
Acrosyndactyly 83 3.3
Trigger digit 59 2.3
Poland syndrome 56 2.2
Apert syndrome 52 2.1
Constriction bands 51 2.0
Musculotendinous defects 49 1.9
Madelung deformity 43 1.7
Thumb, absent 34 1.4
Ulnar finger/metacarpal 
absent

31 1.2

Ulnar hypoplasia 31 1.2
Synostosis, radioulnar 29 1.2
Ulnar clubhand 25 1.0
Thumb, triphalangeal 21 0.8
Hypoplasia, whole hand 21 0.8
Macrodactyly 21 0.8
Phocomelia 19 0.8
Thumb, adducted 18 0.7
Radial hypoplasia 17 0.7
Symphalangism 13 0.5
Other 115 4.6
Total 2525 100

From Flatt A: The care of congenital hand anomalies, St. Louis, 1977, Mosby.

 TABLE 80.2

Diagnoses in Yokohama Patients

TYPE OF ANOMALY NO. CASES %
Syndactyly 23 10.1
Polydactyly 65 28.6
Brachydactyly 19 8.4
Brachysyndactyly 10 4.4
Symphalangism 1 0.5
Annular grooves 3 1.3
Ectrodactyly — —
Cleft hand 12 5.3
Ectrosyndactyly 17 7.5
Amputation 16 7.0
Microdactyly 5 2.2
Floating thumb 5 2.2
Hypoplasia of the thumb 3 1.3
Five finger 2 0.9
Monodactyly 1 0.5
Floating small finger 1 0.5
Defect of fifth metacarpus 1 0.5
Macrodactyly 3 1.3
Clinodactyly 3 1.3
Clubhand 14 6.1
Phocomelia 2 0.9
Other 21 9.3

Modified from Yamaguchi S, et al: Incidence of various congenital anomalies of 
the hand from 1961 to 1972. In Proceedings of the Sixteenth Annual Meeting of 
the Japanese Society for Surgery of the Hand, Fukuoka, 1973.
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Oberg-Manske-Tonkin Classification of Congenital Differences in the Upper Extremity

 I.  Malformations
 A.  Abnormal axis formation/differentiation-entire upper limb
 1.  Proximal-distal axis
 i.  Brachymelia with brachydactyly
 ii.  Symbrachydactyly
 iii.  Transverse deficiency
 iv.  Intersegmental deficiency
 v.  Whole limb duplication/triplication
 2.  Anteroposterior axis
 i.  Radial longitudinal deficiency
 ii.  Ulnar longitudinal deficiency
 iii.  Ulnar dimelia
 iv.  Radioulnar synostosis
 v.  Congenital dislocation of radial head
 vi.  Humeroradial synostosis
 vii.  Madelung deformity
 B.  Abnormal axis formation/differentiating-hand plate
 1.  Proximal-distal axis
 i.  Brachydactyly
 ii.  Symbrachydactyly
 iii.  Transverse deficiency
 2.  Anteroposterior axis
 i.  Radial (thumb) deficiency
 ii.  Ulnar deficiency
 iii.  Radial polydactyly
 iv.  Triphalangeal thumb
 v.  Ulnar dimelia
 vi.  Ulnar polydactyly
 3.  Dorsal ventral
 i.  Dorsal dimelia (palmar nail)
 ii.  Hypoplastic/aplastic nail
 4.  Unspecified
 i.  Soft tissue
 (a)  Syndactyly
 (b)  Camptodactyly
 (c)  Thumb in palm deformity
 (d)  Distal arthrogryposis
 ii.  Skeletal deficiency
 (a)  Clinodactyly

 (b)  Kirner deformity
 (c)  Metacarpal synostosis
 (d)  Carpal synostosis
 (e)  Phalangeal synostosis (symphalangism)
 iii.  Complex
 (a)  Synpolydactyly
 (b)  Cleft hand
 (c)  Apert hand
 II.  Deformation
 A.  Constriction ring syndrome
 B.  Trigger fingers
 C.  Not otherwise specified
 III.  Dysplasias
 A.  Hypertrophy
 1.  Hypertrophy
 i.  Hemihypertrophy
 ii.  Aberrant flexor/extensor/intrinsic muscle
 2.  Partial limb
 i.  Macrodactyly
 ii.  Aberrant intrinsic muscles of hand
 B.  Tumorous conditions
 1.  Vascular
 i.  Hemangioma
 ii.  Malformation
 iii.  Others
 2.  Neurological
 i.  Neurofibromatosis
 ii.  Other
 3.  Connective tissue
 i.  Juvenile aponeurotic fibroma
 ii.  Infantile digital fibroma
 iii.  Other
 4.  Skeletal
 i.  Osteochondromatosis
 ii.  Enchondromatosis
 iii.  Fibrous dysplasia
 iv.  Epiphyseal abnormalities
 v.  Other
 4.  Syndromes

 BOX 80.1 

From Bae DS, Canizares MF, Miller PE, et al: Intraobserver and interobserver reliability of the Oberg-Manske-Tonkin (OMT) classification: establishing a registry on 
congenital upper limb differences, J Pediatr Orthop 38(1):69, 2018.

influenced by long-range diffusion of SHH proteins. Zone III 
develops only in the absence of SHH proteins and is under 
the influence of other signaling factors (SALI4, HOXA13, and 
FGF8). This zone is responsible for the development of the 
radial column of the carpus, radius, and thumb. The WNT 
signaling pathway controls the development of the dorsoven-
tral axis. Specifically, the primary signaling protein WNT 7a 
guides dorsalization. Restricted to the dorsum of the limb 
bud by FN-1, WNT 7a influences the expression of the HOX 
gene LMX1, which is responsible for dorsal hand develop-
ment (i.e., dorsal hairy skin, nails, and extensor tendons). 

LMX1 also is important in the maintenance of SHH expres-
sion. EN1 is expressed in the palmar ectoderm and is essen-
tial to the growth of palmar structures, such as glabrous skin 
and flexor tendons. By day 31 of gestation, the hand paddle 
is present. Through a process of programmed cellular death, 
fissuring of the hand paddle is completed by day 36, with 
central rays forming first, followed by preaxial and postaxial 
digits. Formation of the chondral elements; endochondral 
ossification; and joint, muscle, and vascular development fol-
low, with the entire process completed by 8 weeks of gestation 
(Table 80.3). 
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FIGURE 80.1 Limb bud. Apical ectodermal ridge extends from anterior to posterior along 
dorsal/ventral boundary of growing limb bud. Proximal to apical ectodermal ridge is progress 
zone (an area of proliferating mesodermal cells). Within posterior mesoderm is zone of polarizing 
activity, which is important signaling center. These centers are interconnected, so limb patterning 
and growth partly depend on coordinated function.

MALFORMATIONS UPPER 
EXTREMITY
PROXIMAL-DISTAL AXIS

TRANSVERSE DEFICIENCIES
Transverse deficiencies include deformities in which there is 
complete absence of parts distal to some point on the upper 
extremity, producing amputation-like stumps that allow fur-
ther classification by naming the level at which the remaining 

stump terminates. Wynne-Davies and Lamb reported the 
incidence of transverse deficiencies to be 6.8 per 10,000. Most 
transverse deficiencies (98%) are unilateral, and the most com-
mon level is the upper third of the forearm. There is no par-
ticular sex predilection. The cause generally has been believed 
to be a failure of the AER possibly secondary to infarct. The 
use of misoprostol to induce abortion has been shown to 
cause vascular disruption in utero and transverse deficiencies 
in infants. In the usual unilateral transverse deficiency, there 

 TABLE 80.3 

Important Steps of Upper Limb Development in the Human Embryo

EMBRYO STAGE INTRAUTERINE AGE (D) EVENTS
9 21-22 Notochord expressing SHH
12 26 Limb bud appears
14 31 Limb bud curves, marginal vessel appears
15 33 Hand “paddle” appears; subclavian-axillary-brachial axial arteries appear
16 36 Nerve trunks enter the arm; chondrification of the humerus, radius, and ulna; 

shoulder joint interzone is apparent
17 41 Digital rays evident within the hand paddle; chondrification of the metacar-

pals; ulnar artery appears
18 44 Splitting of pectoral muscle mass into a clavicular head and a costal head; 

chondrification of the proximal phalanges; radial artery appears
19 47 Splitting of the costal head of the pectoral mass into the pectoralis minor and 

the sternocostal head of the pectoralis major; chondrification of the middle 
phalanges; initial separation of the fingers; joint interzones are apparent in 
the hand

20 50 Chondrification of the proximal parts of the distal phalanges; further separa-
tion of the fingers

22 54 Ossification of the humerus; fingers are completely separated
23 56 Nutrient vessel penetrates the humerus; the tips of the distal phalanges ossify 

(intramembranous ossification)

SHH, Sonic hedgehog.
From Al-Qattan M, Kozin SH: Update on embryology of the upper limb, J Hand Surg 38A:1835, 2013.

    

https://booksmedicos.org


CHAPTER 80  CONGENITAL ANOMALIES OF THE HAND 3945

is no genetic basis, although rare bilateral or multiple trans-
verse deficiencies may be inherited as an autosomal recessive 
trait. Transverse deficiencies usually do not occur in associa-
tion with malformation syndromes, but anomalies reported 
to occur in association with transverse deficiencies include 
hydrocephalus, spina bifida, myelomeningocele, clubfoot, 
radial head dislocation, and radioulnar synostosis.

A newborn with a transverse deficiency usually has a slightly 
bulbous, well-padded stump. In the more distal deficiencies, 
rudimentary vestigial digital “nubbins” are common (Fig. 80.2). 
Hypoplasia of the more proximal muscles helps differentiate these 
deficiencies from deficiencies associated with congenital bands. 
In the more common upper forearm amputation, the forearm 
usually is no more than 7 cm long at birth and can be expected 
to measure no more than 10 cm by skeletal maturity. In midcar-
pal amputations, the second most frequent level of deficiency, 
the rudimentary digital remnants usually are nonfunctional. 
Although the affected forearm may be relatively shorter than the 
normal side, pronation and supination usually are possible. 

PROSTHETIC MANAGEMENT
For patients who do not require surgery, treatment usually 
consists of early prosthetic fitting of the deficient limb, pref-
erably by the time the child is crawling and certainly by the 
time of independent ambulation. The child’s development 
of manual and bimanual skills progresses in an orderly and 
predictable pattern. Until the age of 9 months, prehension 
is achieved primarily by bilateral palmar grasp. Single-hand 
grasp develops next, and by age 12 to 18 months, thumb-
to-finger pinch is possible. The ability to grasp an object is 
believed to precede the ability to release. By age 24 months, 
the child should have developed coordinated shoulder posi-
tioning, grasp, and release. The fitting of the upper limb pros-
thesis should complement and enhance these developmental 
milestones and improve the chances of myoelectric prosthetic 
use in the future. The choice of prosthetic design is based on 
the level of amputation and the age and function of the child.

For the rare child with complete arm amputation, espe-
cially if the amputation is bilateral, conventional body-pow-
ered prostheses that include an elbow are unlikely to be of 
functional benefit. For most children with congenital above-
elbow amputations, a rigid elbow is used initially. When the 
passive mitten initially used as a terminal device is exchanged 
for an actively opened split hook, usually at age 18 months, 
the rigid elbow is replaced by a friction elbow. At about 3 
years of age, dual-terminal devices and elbow controls may 
be tried. For bilateral above-elbow amputations, only the pre-
ferred or dominant side is fitted with a dual-control, articu-
lated prosthesis. For a child with an amputation at the upper 
third of the forearm, a passive plastic mitten prosthesis is 
introduced between the ages of 3 and 6 months or when the 
child has achieved sitting balance (sit to fit). This is followed 
by the addition of an actively opened, plastisol-covered, split 
hook at 12 to 18 months of age. A Child Amputee Prosthetic 
Program (CAPP) terminal device may be substituted if pre-
ferred. Training with a functional device begins at 18 months 
of age. The CAPP device can be used until the child is about 
6 years old. The prosthesis also is beneficial in providing sta-
bility during sitting and may assist the child in pulling to a 
standing position. Although standard prosthetic fitting usu-
ally is satisfactory, a myoelectrical prosthesis (Fig. 80.3) 
has been shown to be useful and appropriate for preschool 
children and may be considered between the ages of 2 and  
4 years.

Prosthetic treatment for a child with a midcarpal ampu-
tation is more controversial. Although the carpal bones can-
not be seen radiographically until about age 6 to 8 months, 
their presence improves the prognosis because minimal 
shortening of the forearm can be expected. Delay in carpal 
bone maturation rarely is encountered. The long, below-
elbow stump is so useful for stabilizing objects and assisting 
in bimanual functions for which sensibility is required that 
the benefits of a prosthesis are debatable. Options include 
an open-ended volar plate secured to the forearm that per-
mits simple grip between stump and plate, an open-ended 
volar plate with a terminal hook, and an artificial hand 
driven by the radiocarpal motion. Terminal sensibility is 
sacrificed with the last option, but a good cosmetic effect 
is achieved. Regardless of the prosthesis chosen, therapist-
supervised training sessions are essential. These sessions 
should be scheduled at regular intervals, particularly when 
a new prosthesis is introduced, and coordinated follow-up 
should be maintained among the patient, family members, 
therapist, orthotist, and physician. Most children do well 
with prostheses, although it is common for adolescents, 
particularly boys, to reject the prosthesis for a time before 
resuming its use. 

SURGICAL TREATMENT
There are few indications for surgical intervention 
in children with transverse deficiencies of the upper 
extremity. Amputation of nonfunctional digital remnants 
often is performed for psychologic and cosmetic benefits. 
Complete amputation of all digits often gives the hand 
the bizarre appearance of a little paw with small nubbins 
attached. As stated by Littler and emphasized by Flatt, it 
often is wise to alter the “stigma of congenitalism” and 
make the deformity appear acquired. Simple elliptical 
excision is appropriate. 

 FIGURE 80.2 Transverse deficiency (digital nubbins). Wrist 
motion allows use as assisting hand.
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METACARPAL LENGTHENING
Metacarpal lengthening usually is reserved for transverse 
deficiencies at the level of the metacarpophalangeal joints 
in a child with at least one remaining digit. Matev first 
described in 1967 osteotomy of a digital ray with gradual 
distraction and subsequent bone grafting for a deficient 
thumb, and a few reports have advocated this procedure 
for congenital absence of fingers. The procedure requires 
judgment and experience and should be performed by 
surgeons knowledgeable in the special needs and expecta-
tions of these patients and in the techniques and realistic 
results of the procedure. Metacarpal lengthening is best 
performed in patients between ages 5 and 11 years. An 
average of 4 to 5 cm of length can be gained, but improved 
function and cosmesis may not be achieved. Complications 
include pin track infection, neurovascular compromise, and 
distal ulcerations. Ilizarov et al. reported gains in length and 
improved function with his distraction/fixation apparatus.

 TECHNIQUE 80.1 

(KESSLER ET AL.)
 n  Under tourniquet control, make longitudinal dorsal inci-

sions over or between the metacarpals to be lengthened.
 n  Perform an osteotomy of the appropriate metacarpals 

and insert two wires transversely through the skin and 
metacarpals, proximal and distal to the osteotomy.

 n  Close the incisions in a routine manner and apply the 
distraction apparatus.

POSTOPERATIVE CARE The hand is elevated continu-
ously for 48 hours. Distraction is done at a rate of 1 mm/
day and should be painless. Distraction is terminated at any 
sign of vascular or neurologic impairment. Bone grafting  
is performed after maximal safe lengthening has been  
accomplished.
  

INTERSEGMENTAL DEFICIENCY
Intersegmental deficiency includes failure-of-formation not 
considered as a transverse deficiency. Phocomelia is in this 
category.

PHOCOMELIA
The term phocomelia is derived from the Greek words for 
“seal limb” or “flipper.” The term is used to describe a con-
dition in which the hand is suspended from the body near 
the shoulder; the hand usually is deformed and contains only 
three or four digits. No definite inheritance pattern has been 
established; the anomaly was extremely rare (0.8% of con-
genital hand malformations) until the appearance of thalido-
mide-related deformities in the 1950s. Sixty percent of infants 
born to mothers taking thalidomide between days 38 and 54 
after conception had this deformity.

Frantz and O’Rahilly described three anatomic types of 
phocomelia: (1) complete phocomelia with absence of all 
limb bones proximal to the hand, (2) absence or extreme 
hypoplasia of proximal limb bones with forearm and hand 
attached to the trunk, and (3) hand attached directly to the 
humerus (Fig. 80.4). Associated deformities include radial 
ray deficiencies in thalidomide-related phocomelia and cleft 
lip and cleft palate (Robert syndrome). Scoliosis and car-
diac, skin, chromosomal, and calcification aberrations also 
have been reported.

Although children with phocomelia show slight differ-
ences in the overall length and appearance of the limb and 
different degrees of humeral, forearm, and hand deficiencies, 
the clavicle and scapula always are present. The scapula often 
is deficient laterally, and active abduction of the extremity is 
difficult; it is usually achieved by a sudden, jerking type of 
motion. The abducted position usually can be maintained 
only by the patient gripping his or her ear. There is no true 
elbow joint. The hand usually has only three or four digits, 
and the thumb usually is absent. Active and passive motion at 
the metacarpophalangeal and proximal interphalangeal joints 
varies considerably. Marked difficulty in moving the hand to 
the midline progresses as the patient grows and the chest 

 

A B

       

   

FIGURE 80.3 A and B, Early fitting of passive prosthesis in child with congenital forearm
amputation may encourage the use of prosthesis.
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widens. By maturity, the patient usually is unable to reach the 
mouth, face, and genitalia and is unable to clasp the hands 
together, resulting in considerable functional and psychologic 
impairment.

TREATMENT
Treatment of these patients generally is conservative. Various 
ingenious devices have been developed to assist in hygiene, 
feeding, and dressing, and these play a major role in the child’s 
achieving independence. Conventional prostheses designed 
to increase length usually are rejected. Surgery plays a minor 
role in treatment of phocomelia and generally is indicated 
only for shoulder instability, limb shortening, or inadequate 
thumb opposition. Rotational osteotomy of one of the digits 
with web space deepening may improve thumb opposition, 
but the specific technique for phocomelia has not been well 
described or tested. 

ANTEROPOSTERIOR AXIS
RADIAL LONGITUDINAL DEFICIENCY

Radial ray deficiencies include all malformations with lon-
gitudinal failure of formation of parts along the preaxial or 
radial border of the upper extremity: deficient or absent the-
nar muscles; a shortened, unstable, or absent thumb; and a 
shortened or absent radius, commonly referred to as radial 

clubhand. These conditions may occur as isolated deficien-
cies, but more commonly they occur to some degree in 
association with each other. Radial clubhand occurs in an 
estimated 1 per 50,000 live births. Bilateral deformities occur 
in approximately 50% of patients; when the deformity is uni-
lateral, the right side is more commonly affected. Both sexes 
are equally affected. Complete radial absence is more com-
mon than partial absence.

In most cases of radial clubhand the cause is unknown 
and the deformities are believed to occur sporadically outside 
of the cases caused by thalidomide use, although genetic and 
environmental factors have been suggested. According to the 
OMT classification, radial longitudinal deficiency is a malfor-
mation caused by disrupted development along the radioul-
nar axis. Radial longitudinal deficiency commonly occurs in 
conjunction with other congenital abnormalities. One third 
is associated with a named syndrome and two thirds have an 
associated medical or musculoskeletal anomaly. The more 
severe the radial longitudinal deficiency the greater the asso-
ciation. Some recent studies have suggested an association 
with the same developmental error or insult as preaxial poly-
dactyly (Table 80.4).

The currently accepted and most useful classifica-
tion of the congenital radial dysplasias is a modification of 
that proposed by Heikel, in which four types are described  

 

A B C
FIGURE 80.4 Three types of phocomelia described by Frantz and O’Rahilly. A, Hand attached 

to shoulder with no intermediate humeral or forearm segment. B, Hand attached to shoulder with 
abnormal humeral, radial, and ulnar segment intervening. C, Hand attached to shoulder with 
intervening humeral segment without forearm segment.

 TABLE 80.4 

Common Syndromes Associated With Radial Longitudinal Deficiency

ASSOCIATED SYNDROMES INHERITANCE PATTERN SYSTEMIC COMORBIDITIES RECOMMENDED TESTS
Holt-Oram AD Congenital heart 

abnormalities
CBC

Fanconi anemia AR Blood dyscrasias Abdominal ultrasound
Thrombocytopenia absent 
radius

AR Renal dysfunction Scoliosis XR*

VACTERL association Sporadic Gastrointestinal dysfunction Chromosomal breakage test

    

  

   

AD, Autosomal dominant; AR, autosomal recessive; CBC, complete blood count; VACTERL, vertebral defects, anal atresia, cardiac defects, tracheoesophageal fistula, 
renal anomalies, and limb abnormalities.
*To be performed at an older age.
From Wall LB, Ezaki M, Oishi SN: Management of congenital radial longitudinal deficiency: controversies and current concepts, Plast Reconstr Surg 132:122, 2013.
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(Fig. 80.5). In type I (short distal radius), the distal radial 
physis is present but is delayed in appearance, the proximal 
radial physis is normal, the radius is only slightly shortened, 
and the ulna is not bowed. In type II (hypoplastic radius), 
distal and proximal radial physes are present but are delayed 
in appearance, which results in moderate shortening of the 
radius and thickening and bowing of the ulna. Type III 
deformity (partial absence of the radius) may be proximal, 
middle, or distal, with absence of the distal third being most 
common; the carpus usually is radially deviated and unsup-
ported, and the ulna is thickened and bowed. The type IV 
pattern (total absence of the radius) is the most common, 
with radial deviation of the carpus, palmar and proximal 
subluxation, frequent pseudoarticulation with the radial 
border of the distal ulna, and a shortened and bowed ulna.

Variable degrees of thumb deficiencies are frequent with 
all patterns. Manske and Halikis devised a classification 
system, which has since been modified, that incorporates 
thumb and carpal deficiencies (Table 80.5). Associated car-
diac, hematopoietic, gastrointestinal, and renal abnormalities 
occur in approximately 25% to 44% of patients with radial 
clubhand and may pose significant morbidity and mortality 
risks. The most frequently associated syndromes are Holt-
Oram syndrome, Fanconi anemia, thrombocytopenia-absent 
radius (TAR) syndrome, and the VACTERL syndrome (ver-
tebral defects, anal atresia, cardiac malformation, tracheo 
esophageal fistula, esophageal atresia, renal abnormalities, 
and limb anomalies). In Holt-Oram syndrome, the cardiac 
abnormality (most commonly an atrial septal defect) requires 
surgical correction before any upper limb reconstruction. The 
extremity in Holt-Olram syndrome also may have an atypi-
cal presentation component to the classic radial longitudinal 
deficiency. Radioulnar synostosis often is present with syn-
dactyly of the radial two digits. Presence of this combination 
should prompt workup for Holt-Olram syndrome. Fanconi 
anemia, which presents at 2 to 3 years after birth, is charac-
terized by pancytopenia of early childhood and has a very 
poor prognosis. Historically, this condition has been fatal. 
However, early detection by chromosomal challenge tests and 
bone marrow transplants have contributed to a longer life 
expectancy. In TAR syndrome, the thrombocytopenia usu-
ally resolves by age 4 to 5 years, and although it may delay 
reconstruction, it is not a contraindication to surgical treat-
ment. The radii are typically absent bilaterally, but the thumbs 
are always present, although lacking in extension. Oishi et al. 
reported the consistent presence of a brachiocarpalis muscle 
in TAR infants that arises from the humerus and inserts onto 
the radial carpus, contributing significantly to the deformity 
of both the wrist and elbow. In a series of 164 patients with 
radial longitudinal deficiency, 25 were found to have TAR 
syndrome, 22 VACTERL syndrome, seven Holt-Oram syn-
drome, and one Fanconi anemia. Radial deficiency also is 
associated with trisomy 13 and trisomy 18; these children 
have multiple congenital defects and mental deficiency that 
may make reconstruction inappropriate despite significant 
deformity.

The anatomic abnormalities of congenital absence of the 
radius have been extensively reviewed. The scapula, clavicle, 
and humerus often are reduced in size, and the ulna is char-
acteristically short, thick, and curved, with an occasional syn-
ostosis with any radial remnant. Total absence of the radius 
is most frequent, but in partial deficiencies the proximal end 
of the radius is present most often. The scaphoid and trape-
zium are absent in more than half of these patients; the lunate, 
trapezoid, and pisiform are deficient in 10%; and the thumb, 
including the metacarpal and its phalanges, is absent in more 
than 80%, although a rudimentary thumb is common. The 
capitate, hamate, triquetrum, and ulnar four metacarpals and 
phalanges are the only bones of the upper extremity that are 
present and free from deficiencies in nearly all patients. The 
muscular anatomy always is deficient, although the deficien-
cies vary. Muscles that frequently are normal are the triceps, 
extensor carpi ulnaris, extensor digiti quinti proprius, lum-
bricals, interossei (except for the first dorsal interosseous), 
and hypothenar muscles. The long head of the biceps almost 
always is absent, and the short head is hypoplastic. The bra-
chialis often is deficient or absent as well. The brachioradialis 

 

A
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D
FIGURE 80.5 Heikel’s classification of radial dysplasia. A, Type 

I: short distal radius. B, Type II: hypoplastic radius. C, Type III: partial 
absence of radius. D, Type IV: total absence of radius.
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is absent in nearly 50% of patients. The extensors carpi radialis 
longus and brevis frequently are absent or may be fused with 
the extensor digitorum communis. The pronator teres often is 
absent or rudimentary, inserting into the intermuscular sep-
tum, and the palmaris longus often is defective. The flexor 
digitorum superficialis usually is present and is abnormal 
more frequently than is the flexor digitorum profundus. The 
pronator quadratus, extensor pollicis longus (EPL), abductor 
pollicis longus, and flexor pollicis longus (FPL) muscles usu-
ally are absent. The peripheral nerves generally have an anom-
alous pattern, with the median nerve being the most clinically 
significant. The nerve is thicker than normal and runs along 
the preaxial border of the forearm just beneath the fascia. In 
25% of patients, it bifurcates distally, with a dorsal branch run-
ning a course similar to that of the dorsal cutaneous branch of 
the superficial radial nerve, which frequently is absent. This 
nerve is at considerable risk during radial dissections because 
it is quite superficial and, as stated by Flatt, “represents a strong 
and unyielding bowstring of the radially bowed forearm and 
hand.” The radial nerve frequently terminates at the level of the 
lateral epicondyle just after innervating the triceps. The ulnar 
nerve characteristically is normal according to most authors, 
and the musculocutaneous nerve usually is absent. The vascu-
lar anatomy usually is represented by a normal brachial artery, 
a normal ulnar artery, a well-developed common interosseous 
artery, and an absent radial artery.

The obvious deformity of a short forearm and radially 
deviated hand is almost invariably present at birth. A promi-
nent knob at the wrist usually is caused by the distal end of 
the ulna. The forearm is between 50% and 75% of the length 
of the contralateral forearm, a ratio that usually remains the 
same throughout periods of growth. The thumb characteris-
tically is absent or severely deficient; the contralateral thumb 
is deficient in unilateral and bilateral cases. Duplication of 
the thumb also has been reported. The hand often is rela-
tively small. The metacarpophalangeal joints usually have 
limited flexion and some hyperextensibility. Flexion con-
tractures often occur in the proximal interphalangeal joints. 
Stiffness of the elbow in extension, probably the result of 
weak elbow flexors, frequently is associated with a radial 
clubhand. Most authors emphasize the elbow extension con-
tracture as an extremely important consideration in evaluat-
ing these patients for reconstruction. Because of the radial 
deviation of the hand, the child usually can reach the mouth 
without elbow flexion. If untreated, the deformity does not 
seem to worsen over time, but prehension is limited and the 
hand is used primarily to trap objects between it and the 
forearm. Lamb found that unilateral involvement did not 
significantly affect the activities of daily living, but bilat-
eral involvement reduced activities by one third. Associated 
cardiac or hematologic problems may worsen the overall 
prognosis.

 TABLE 80.5 

Modified Classification of Radial Longitudinal Deficiency

TYPE THUMB CARPUS DISTAL RADIUS
PROXIMAL  
RADIUS HUMERUS

RELATIVE INCI-
DENCE (N = 245)*

N Hypoplastic or 
absent

Normal Normal Normal Normal 16.3%

0 Hypoplastic or 
absent

Absence, 
hypoplasia, or 
coalition

Normal Normal, radio-
ulnar synostosis, 
congenital radial 
head dislocation

Normal

1 Hypoplastic or 
absent

Absence, 
hypoplasia, or 
coalition

>2 mm shorter 
than ulna

Normal, radio-
ulnar synostosis, 
congenital radial 
head dislocation

Normal 12.2%

2 Hypoplastic or 
absent

Absence, 
hypoplasia or 
coalition

Hypoplasia Hypoplasia Normal 6.9%

3 Hypoplastic or 
absent

Absence, 
hypoplasia or 
coalition

Physis absent Variable 
hypoplasia

Normal 7.3%

4 Hypoplastic or 
absent

Absence, 
hypoplasia, or 
coalition

Absent Absent Normal 52.2%

5 Hypoplastic or 
absent

Absence, 
hypoplasia, or 
coalition

Absent Absent Proximal upper extrem-
ity hypoplasia including 
abnormal glenoid and 
proximal humerus
Distal humerus articu-
lates with ulna

4.9%

*From Tonkin et al: Classification of congenital anomalies of the hand and upper limb: development and assessment of a new system, J Hand Surg Am 38(9):1845, 
2013.
From Colen DL, et al: Radial longitudinal deficiency: recent developments, controversies, and an evidence-based guide to treatment, J Hand Surg Am 42(7):546, 2017.
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The goals of treatment for radial longitudinal deficiency 
are to (1) straighten (when necessary) the radial bow of the 
forearm, (2) correct radial and volar subluxation of the car-
pus, (3) optimize limb length, and (4) reconstruct the thumb 
when necessary.

NONOPERATIVE TREATMENT
Immediately after birth, the radial clubhand often can be cor-
rected passively, and early casting and splinting generally are 
recommended (Fig. 80.6). A light, molded plastic, short arm 
splint is applied along the radial side of the forearm and is 
removed only for bathing until the infant begins to use the 
hands; then the splint is worn only during sleep. Riordan rec-
ommended applying a long arm corrective cast as soon after 
birth as possible. The cast is applied in three stages by means 
of a technique similar to that used for clubfoot casting. The 
hand and wrist are corrected first, and the elbow is corrected 
as much as possible. Although correction usually is achieved 
in an infant, Milford concluded that casting and splinting in 
a child younger than 3 months old often is impractical. Lamb 
reported that elbow extension contracture can be improved 
by splinting with the hand and wrist in neutral position; 20 
of his 27 patients improved to 90 degrees. He cautioned that 
elbow flexion never improves after centralization procedures. 
As the child matures and ulnar growth continues, splinting 
is inadequate to maintain correction. There is no satisfactory 
conservative therapy for the significant thumb deformities 
associated with radial clubhand. 

OPERATIVE TREATMENT
Although surgery may be postponed for 2 to 3 years with ade-
quate splinting, there is general agreement favoring operative 
correction at 3 to 6 months of age in children with inadequate 
radial support of the carpus. Pollicization, when indicated, 
follows at 9 to 12 months of age if possible. The management 
of neglected deformities might include external distraction 
fixation before formal centralization. Specific contraindica-
tions to operative treatment include severe associated anom-
alies not compatible with long life, inadequate elbow flexion, 
mild deformity with adequate radial support (type I and some 
type II deformities), and older patients who have accepted the 
deformities and have adjusted accordingly. Reconstruction of 
these limbs requires familiarity with the concepts and surgi-
cal details of three types of procedures: centralization of the 
carpus on the forearm, thumb reconstruction, and occasion-
ally transfer of the triceps to restore elbow flexion.

Centralization of the Hand. In 1893, Sayre first reported 
centralization of the hand over the distal ulna; he suggested 

sharpening the distal end of the ulna to fit into a surgically 
created carpal notch. Lidge modified this method by leaving 
the ulnar epiphysis intact, providing the forerunner of mod-
ern centralization techniques.

Incisions and surgical approaches have varied. Manske 
and McCarroll used transverse ulnar incisions, as described 
by Riordan, removing an ellipse of skin. Watson, Beebe, and 
Cruz recommended ulnar and radial Z-plasty incisions to 
allow removal of the distal radial anlage, which they believe 
is essential. Evans et al. described a clever bilobed incision 
that allows the rotation of dorsal skin into the radial inci-
sion and excessive ulnar skin into the dorsal defect (Fig. 
80.7). Vuillermin et  al. evaluated 16 patients 3 years post-
operatively after soft-tissue release with a bilobed flap. This 
procedure did not appear to affect ulnar growth like other 
centralization procedure; however, recurrence rates were 
similar to formal centralizations. Van Heest et al. described a 
simple dorsal rotation flap that allows rotation of the skin in 
a radial direction while the hand and carpus are rotated in an 
ulnar direction (Fig. 80.8).

The creation of a carpal notch to stabilize the carpus on 
the ulna is controversial. Although some authors do not rec-
ommend removing the carpus because of the possibility of 
affecting growth, Lamb believed it to be essential and that 
the depth of the notch should equal the transverse diameter 
of the distal ulna, which usually requires removal of all the 
lunate and most of the capitate. Results have been comparable 
with or without creation of a notch. Buck-Gramcko promoted 
overcorrection or radialization.

When a carpal notch is not created, the distal ulna is 
reported to broaden and take on the radiographic appear-
ance of a normal distal radius. Bora et  al. recommended 
adjunctive tendon transfers in which the flexor digitorum 
superficialis from the central digits is transferred around the 
postaxial side of the forearm into the dorsal aspect of the 
metacarpal shafts, the hypothenar muscles are transferred 
proximally along the ulnar shaft, and the extensor carpi 
ulnaris is transferred distally along the shaft of the meta-
carpal of the little finger; however, according to their report, 
this procedure failed to prevent 25 to 35 degrees of recurrent 
radial deviation. Bayne and Klug recommended transfer of 
the flexor carpi ulnaris into the distally advanced extensor 
carpi ulnaris to help prevent radiovolar deformity. Most 
authors agree that it is beneficial to use a Kirschner wire 
to secure alignment of the long or index metacarpal with 
the ulna for at least 6 weeks. Ulnar osteotomy is required 
if the ulna is so bowed that the Kirschner wire cannot be 
passed along its medullary canal; this usually is when bow-
ing is greater than 30 degrees. When the radius is absent 
bilaterally, one hand should be surgically fixed in about 45 
degrees of pronation and the other in about 45 degrees of 
supination.

Circumferential and unilateral external fixators can be 
used to stretch the soft tissues gradually and facilitate cen-
tralization (Fig. 80.9). We have found them mostly useful 
in older children in whom a single-stage centralization pro-
cedure would not be possible. Manske et  al. evaluated soft-
tissue distraction and its effect on recurrence and concluded 
that, although distraction facilitated correction, recurrence 
was not prevented and was associated with worse final radial 
deviation and volar subluxation when compared with central-
ization alone.

 FIGURE 80.6 Plastic splint for congenital absence of radius. 
Note especially middle strap that is placed over wrist at apex of 
angulation. Splint is useful for hands that can be properly aligned 
passively and for maintaining proper position after surgery.
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Centralization has been shown to improve function, par-
ticularly in bilateral involvement despite high rates of recur-
rence. Bora et al. reported total active digital motion of 54% 
of normal after surgery compared with 27% in untreated 
patients. Forearm length was functionally doubled, and the 
metacarpal-ulnar angle averaged 35 degrees after surgery 
compared with 100 degrees in untreated patients. Kotwal 
et al. analyzed radiographic and functional outcomes in 446 
patients with types 3 and 4 radial longitudinal deficiency over 
20 years and compared conservative management with pas-
sive stretching followed by surgical management. Significant 
improvement in hand-forearm angle and digital range of 

motion were noted in the surgically treated group. Bayne and 
Klug reported that 52 of 53 patients believed cosmesis and 
function had been improved by centralization. Good results 
had the following factors in common: (1) all had adequate 
preoperative soft-tissue stretching; (2) surgical goals were 
obtained; (3) there were no problems with postoperative 
bracing; (4) most had less severe soft-tissue contractures; and 
(5) most were younger than 3 years old at the time of central-
ization. Others have found no correlation between improved 
wrist alignment or increased forearm length and improved 
upper extremity function. Despite functional gains, one 
study found that only half of the patients were satisfied with 

 

A B

Closure

A
B

A

B

FIGURE 80.7 Evans technique. A, The incision should start at point of greatest tension when 
ulnar force is applied to radial side of wrist. Defect that opens up should be length of proximal 
flap A and another flap B at 90 degrees on ulnar side. B, Flap after transposition. Flap A has been 
rotated from dorsal to radial on wrist, and flap B rotated from ulnar to dorsal.

 

A B
FIGURE 80.8 Van Heest technique. A, Incision for dorsal rotation flap, extending from ulnar 

midlateral border of wrist, transversely across dorsum of wrist in Langer’s lines and to radial midlat-
eral border of wrist. B, Dorsal rotation flap allowing for rotation of skin in radial direction while 
hand and carpus are rotated ulnarly. Redundant skin on ulnar side of wrist rotated to compensate 
for shortage of skin on radial side. Flap naturally falls into place as hand and carpus are rotated 
ulnarly for centralization.
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the result. In a large retrospective review, surgically treated 
patients exhibited improved function and appearance when 
compared with patients treated nonoperatively.

Complications of centralization include growth arrest 
of the distal ulna, ankylosis of the wrist, recurrent instabil-
ity of the wrist, damage to neural structures (particularly 
the anomalous median nerve), vascular insufficiency of the 
hand, wound infection, necrosis of wound margins, fracture 
of the ulna, and pin migration and breakage. Major neuro-
vascular complications are rare. Recurrence of the deformity 
is expected regardless of the procedure and tends to corre-
late with the severity of the initial deformity. In recent studies 
evaluating patient function as adulthood is reached, activ-
ity and participation was influenced primarily by grip, key 
pinch, forearm length, and elbow motion as opposed to wrist 
angulation.

Vilkki described the use of a vascularized second meta-
tarsophalangeal joint as a strut for the radial platform of 
the ulna as an alternative to centralization. This technique 
avoids trauma to the ulnar physis, supports the radial car-
pus, and provides a growing bony support to minimize 
recurrence. The vascularized metatarsophalangeal joint 
strut placement is preceded by soft-tissue distraction. 
Similarly, Yang et al., in a limited study, utilized a vascular-
ized fibular head transfer after soft-tissue distraction with 
similar results. The surgical results of these techniques are 
promising and may provide a further alternative to stan-
dard centralization techniques.

Abductor digiti minimi opponensplasty, as described by 
Huber, may be appropriate for rare patients with only iso-
lated thenar aplasia in association with the radial clubhand 
or for patients with weakness in apposition after pollicization. 
Manske and McCarroll reported improvement in appearance, 
dexterity, strength, and usefulness of the thumb in 20 of 21 
patients with an average age at operation of 4 years, 9 months.

An elbow stiff in extension is a contraindication to cen-
tralization; rarely, a child may have passive elbow flexion but 

minimal or no active flexion because of complete absence of 
elbow flexors. Menelaus performed triceps transfer to restore 
elbow flexion 2 to 3 months after centralization. 

 

CENTRALIZATION OF THE HAND 
USING TRANSVERSE ULNAR 
INCISIONS

 TECHNIQUE 80.2 

(MANSKE, MCCARROLL, AND SWANSON)
 n  Begin the incision just radial to the midline on the dorsum 

of the wrist at the level of the distal ulna and proceed 
ulnarward in a transverse direction to a point radial to 
the pisiform at the volar wrist crease. Pass the incision 
through the bulbous soft-tissue mass on the ulnar side 
of the wrist, incising considerable fat and subcutaneous 
tissue (Fig. 80.10A).

 n  Identify and preserve the dorsal sensory branch of the 
ulnar nerve, which is deep in the subcutaneous tissue and 
lies near the extensor retinaculum.

 n  Expose the extensor retinaculum and the base of the 
hypothenar muscles. It is not necessary to identify the 
ulnar artery or nerve on the volar aspect of the wrist  
(Fig. 80.10B).

 n  Identify and dissect free the extensor carpi ulnaris tendon 
at its insertion on the base of the fifth metacarpal and 
detach and retract it proximally.

 n  Identify and retract radially the extensor digitorum com-
munis tendons. This exposes the dorsal and ulnar as-
pects of the wrist capsule. Incise the capsule transversely,  
exposing the distal ulna (Fig. 80.10C).

 

A B

FIGURE 80.9 A and B, Thin-wire circular external fixator used for gradual distraction and 
correction of radial clubhand deformity in 9-year-old girl.
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 n  The carpal bones are a cartilaginous mass deep in the 
wound on the radial side of the ulna. The carpoulnar junc-
tion is most easily identified by dissecting from proximal 
to distal along the radial side of the distal ulna. Do not 
mistake one of the intercarpal articulations for the car-
poulnar junction.

 n  Define the cartilaginous mass of carpal bones and excise 
a square segment of its midportion (measuring approxi-
mately 1 cm) to accommodate the distal ulna.

 n  Dissect free the distal ulnar epiphysis from the adjacent 
soft tissue and square it off by shaving perpendicular to 
the shaft (Fig. 80.10D). Avoid injury of the physis or the 
attached soft tissue.

 n  Place the distal ulna in the carpal defect and stabilize it 
with a smooth Kirschner wire (Fig. 80.10E). In practice, 
this is usually accomplished by passing the Kirschner wire 
proximally down the shaft of the distal ulna to emerge at 
the olecranon (or at the midshaft if the ulna is bowed). 
Pass the wire distally across the carpal notch into the third 
metacarpal. Cut off the proximal end of the wire beneath 
the skin.

 n  Stabilize the ulnar side of the wrist by imbricating the 
capsule or by suturing the distal capsule to the periosteum 
of the shaft of the distal ulna. (If there is insufficient distal 
capsule, suture the cartilaginous carpal bones to the peri-
osteum.)

 n  Obtain additional stabilization by advancing the extensor 
carpi ulnaris tendon distally and reattaching it to the base 
of the fourth or fifth metacarpal (Fig. 80.10F).

 n  Advance the origin of the hypothenar musculature proxi-
mally and suture it to the ulnar shaft to provide additional 
stability to the wrist.

 n  Excise the bulbous excess of the skin and soft tissue and 
suture the skin. This results in a pleasing cosmetic clo-
sure and helps stabilize the hand in the ulnar position  
(Fig. 80.11).

POSTOPERATIVE CARE The wrist is immobilized in a 
plaster cast for 6 weeks and then is placed in a removable 
Orthoplast splint. The Kirschner wire is removed at 6 to 12 
weeks. Children are encouraged to wear the splint until 
they reach skeletal maturity.
   

 

CENTRALIZATION OF THE HAND WITH 
REMOVAL OF THE DISTAL RADIAL 
ANLAGE

 TECHNIQUE 80.3 

(WATSON, BEEBE, AND CRUZ)
 n  Under pneumatic tourniquet control, make two skin inci-

sions (Fig. 80.12A). On the radial aspect, perform a stan-
dard 60-degree Z-plasty with a longitudinal central limb 
to obtain lengthening along the longitudinal axis of the 
forearm. On the ulnar aspect, perform a similar Z-plasty, 
but with a transverse central limb to take up skin redun-
dancy in this area, transposing the excess tissue to the 
deficient radial wrist area (Fig. 80.12B).

 n  When the skin incisions are completed, carry the dissec-
tion along the radial side, identifying the median nerve 
(Fig. 80.12C). The median nerve is more radially located 

 

A

B

C

E

D

F

Dorsal sensory branch
ulnar nerve

Extensor carpi ulnaris

Extensor carpi ulnaris

Extensor
digitorum tendons

Wrist capsule

Carpal bones

Distal ulna

Smooth
Kirschner wire

FIGURE 80.10 Manske et al. centralization arthroplasty tech-
nique, transverse ulnar approach (see text). A, Incision. B, Exposure 
of muscle, tendon, and nerve. C, Capsular incision. D, Exposure of 
carpoulnar junction and excision of segment of carpal bones. E, 
Insertion of Kirschner wire. F, Reattachment of extensor carpi ulnaris 
tendon. SEE TECHNIQUE 80.2.
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than usual and may be the most superficial structure 
encountered after the radial skin incision is made. Iden-
tification and preservation of the “radial-median” nerve 
are vital to the resulting functional capacity of the hand.

 n  Continue the dissection ulnarward, resecting the fibrotic 
distal radial anlage, which may act as a restricting band 
to maintain the hand in radial deviation (Fig. 80.12D).

 n  Identify and protect the ulnar nerve and artery through 
the ulnar incision to allow complete dissection around 
the distal ulna without damage to crucial structures  
(Fig. 80.12E).

 n  Perform a complete capsular release of the ulnocarpal 
joint, avoiding injury to the ulnar physis. At this point, the 
hand should be fully movable, attached to the forearm 
only by the skin, the dorsal and palmar tendons, and the 
preserved neurovascular structures.

 n  Remove all the fibrotic material in the “center” of the 
wrist and forearm area. The ulna and ulnar incision should 
be clearly visible through the radial incision, and the re-
verse should be true. It should not be necessary to remove 
any carpal bones or to remodel the distal ulna to maintain 
the hand in a centralized position.

 n  Pass a 0.045-inch Kirschner wire through the lunate, 
capitate, and long finger metacarpal, exiting through the 
metacarpophalangeal joint (Fig. 80.12F).

 n  Centralize the hand in the desired position and pass the 
Kirschner wire in a retrograde fashion into the ulna to 
maintain the position of the hand (Fig. 80.12G).

 n  Deflate the tourniquet and obtain hemostasis before skin 
closure, or deflate the tourniquet immediately after the 
application of the dressing and splint.

 n  Apply a bulky hand dressing with a dorsal plaster splint 
extending above the elbow.

 n  Before discontinuing anesthesia, ensure that circulation in 
the hand is satisfactory.

POSTOPERATIVE CARE The hand is elevated for 
24 to 48 hours. The dressing is changed and sutures 
are removed 2 weeks after surgery. A long arm cast 
is applied and worn for an additional 4 weeks. The 
Kirschner wire is removed at 6 weeks, and a short arm 
cast is worn for an additional 3 weeks. Night splinting 
is continued until physeal closure to avoid recurrence 
of radial deviation.
   

 

A CB

D

FIGURE 80.11 A, Radial clubhand deformity. B, Intraoperative photograph during central-
ization. C, Correction of deformity after insertion of smooth pin. D, One year after surgery. SEE 
TECHNIQUE 80.2.
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  FIGURE 80.12 Watson et al. centralization of radial clubhand (see text). A, Z-plasties on radial 
and ulnar sides of wrist. B, Incisions allow lengthening on radial side. Ulnar incision takes up skin 
redundancy, transposing it to deficient radial side. C, Radial incision in wrist for identification 
of median nerve. D, View from ulnar incision across wrist to radial incision after resection of all 
nonessential central structures. E, Distal ulna seen through radial incision at wrist. F, Kirschner wire 
passed through lunate, capitate, and long finger metacarpal. G, After centralization, Kirschner 
wire passed into ulna to maintain position. SEE TECHNIQUE 80.3.
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CENTRALIZATION OF THE HAND AND 
TENDON TRANSFERS
Bora et al. suggested that treatment be started immedi-
ately after birth with corrective casts to stretch the radial 
side of the wrist. When the patient is 6 to 12 months old, 
the hand is centralized surgically over the distal end of 
the ulna and tendon transfers are done 6 to 12 months 
later.

 TECHNIQUE 80.4 Figure 80.13

(BORA ET AL.) 

STAGE I
 n  Make a radial S-shaped incision and excise the radiocarpal 

ligament. Isolate and excise the lunate and capitate.
 n  Make a longitudinal incision over the distal ulnar epiphy-

sis, free it from the surrounding tissue, and preserve the 
tendons of the extensor carpi ulnaris and extensor digito-
rum quinti minimus.

 n  Transpose the distal end of the ulna through the 
plane between the flexor and extensor tendons and 
into a slot formed by the removal of the lunate and 
capitate.

 n  With the distal end of the ulna at the base of the long 
finger metacarpal, transfix it with a smooth Kirschner 
wire.

 n  Check the position of the ulna and carpus by radio-
graphs in the operating room to ensure that the ulna 
is aligned with the long axis of the long finger meta-
carpal.

 n  Suture the dorsal radiocarpal ligament over the neck of 
the ulna, close the skin, and apply a long arm cast with 
the elbow at 90 degrees.

 n  If the deformity is unilateral, the wrist and hand should 
be placed in neutral; and if it is bilateral, they should be 
placed in 45 degrees of pronation on one side and 45 
degrees of supination on the other. The cast is removed 
at 6 weeks, and a splint is applied at night. 

STAGE II
 n  Three tendon transfers are performed 6 to 12 months 

after the centralization procedure.
 n  Before attempting to transfer the flexor digitorum subli-

mis tendons, test for function because in some instances 
the sublimis tendon is nonfunctioning in one or more of 
the three ulnar digits.

 n  Passively maintain the metacarpophalangeal joints and 
the wrist joint in hyperextension and the interphalangeal 
joints in extension, and release one finger at a time. An 
intact sublimis tendon flexes the proximal interphalangeal 
joint of the released finger.

 n  Make a midlateral incision on the ulnar side of the 
long finger at the level of the proximal interphalan-
geal joint.

 n  Divide the sublimis tendon at the level of the middle 
phalanx and divide the chiasm of the decussating  

fibers. Perform a similar procedure on the ring  
finger.

 n  Make a short transverse incision on the volar aspect of 
the forearm and pull the two tendons into it. At the 
site of the previous dorsal incision, reenter the wrist 
and transfer the sublimis tendons subcutaneously 
around the ulnar side of the ulna to the dorsum of the 
hand.

 n  Loop the tendon from the long finger around the shaft 
of the index finger metacarpal and the tendon from the 
ring finger around the shaft of the long finger metacarpal  
(see Fig. 80.13B).

 n  Transpose the tendons extraperiosteally and suture them 
back to themselves with the wrist in 15 degrees of dorsi-
flexion and maximal ulnar deviation.

 n  Transfer the extensor carpi ulnaris tendon distally along 
the shaft of the little finger metacarpal and transfer the 
origin of the hypothenar muscles proximally along the 
ulnar shaft. An effort is made to maintain balance and 
prevent recurrence of the deformity.

POSTOPERATIVE CARE A cast is applied after the pro-
cedure and is worn for 1 month; after this, a night splint 
is worn for at least 3 months. Careful follow-up is recom-
mended to observe for possible recurrence of deformity. 
A night splint can be used for several years.
   

 

A

B
FIGURE 80.13 Bora et al. centralization of hand and tendon 

transfer (see text). A, Volar aspect of radial clubhand deformity 
showing right-angle relationship of hand and forearm and acute 
angulation of extrinsic flexor tendons. B, Volar aspect after central-
ization and transfer of sublimis tendons of ring and long fingers. 
SEE TECHNIQUE 80.4.
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CENTRALIZATION WITH TRANSFER OF 
THE FLEXOR CARPI ULNARIS

 TECHNIQUE 80.5 

(BAYNE AND KLUG)
 n  Make a transverse wedge incision over the end of the 

ulna to excise the redundant skin and fibrofatty tissue  
(Fig. 80.14A). A Z-plasty incision also may be necessary on 
the radial surface of the distal forearm and wrist to give 
extra length to the tight skin on the radial side and make 
the wrist flexors and tight capsular attachments more 
accessible. If the radial contracture has been corrected 
before surgery, a Z-plasty incision may not be necessary.

 n  Through the ulnar incision, identify the dorsal sensory 
branch of the ulnar nerve, the extensor carpi ulnaris, and 
the flexor carpi ulnaris.

 n  Expose the distal ulna, avoiding damage to the epiphyseal 
blood supply.

 n  Develop a distally based ulnocarpal flap. Locate the inter-
val between the carpus and the radial aspect of the ulna. 
Using sharp dissection, free the capsular attachments to 
the carpal structures, flex the elbow, and reduce the car-
pus over the end of the ulna. If this cannot be done easily, 
use the radial incision.

 n  Elevate the skin flaps and identify and protect the anoma-
lous superficial branch of the median nerve.

 n  The flexor carpi radialis and frequently the brachioradia-
lis are attached to the radial carpal bones, producing a 
strong tethering force; release these if necessary.

 n  If reduction is still difficult, lightly shave the cartilage of the 
distal ulna to flatten the surface, avoiding exposure of the 
epiphyseal bone. Because carpal bone excision or excessive 
shaving often leads to intercarpal fusion and a stiff wrist, 
Bayne and Klug recommend ulnar osteotomy rather than 
carpal bone excision if reduction cannot be obtained.

 n  Select a Kirschner wire slightly smaller than the one to be 
used for final fixation and use it to make a pilot channel 
from distal to proximal through the center of the ulna.

 n  Introduce the larger Kirschner wire into the carpal bones 
and the third metacarpal, crossing the metacarpophalan-
geal joint.

 n  Place the proximal end of the wire in the pilot hole in the 
central portion of the end of the ulna and drive it retro-
grade proximally through the ulna (Fig. 80.14B).

 n  Withdraw the pin so that it does not block motion of the 
third metacarpophalangeal joint.

 n  Obtain radiographs to ensure that the carpus is perfectly cen-
tralized on the distal ulna; failure to achieve perfect reduction 
is a common cause of subsequent loss of centralization.

 n  After fixation of the hand, advance the ulnocarpal flap 
proximally and suture it in place.

 n  Advance the extensor carpi ulnaris as far distally as pos-
sible on the fifth metacarpal.

 n  Suture the flexor carpi ulnaris into the extensor carpi ulnaris 
as far distally and dorsally as possible (Fig. 80.14C). The force 
of the transfer should be directed dorsally and ulnarward to 
counteract the palmar- and radial-deviating structures and 
balance the hand dynamically on the end of the ulna.

 n  Close the incisions.

 n  Place the hand in a neutral position, release the tourni-
quet and evaluate circulation, and apply a bulky dressing 
and long arm plaster splint.

 n  If the ulna is severely bowed, a closing wedge osteoto-
my may be necessary; bowing of more than 30 degrees 
should be corrected. Make the osteotomy at the apex of 
angulation of the ulna.

POSTOPERATIVE CARE The dressing is changed in 2 
weeks, and sutures are removed. A long arm plaster cast 
is applied. Mobilization of the fingers is encouraged. The 
cast and Kirschner wire are removed at 6 to 8 weeks. A 
short arm Orthoplast splint is applied with the fingers and 
elbow free. The splint is worn full time until the child is 6 
years old, after which time it is used at night until skeletal 
maturity is reached.
   

 

CENTRALIZATION OF THE HAND

 TECHNIQUE 80.6 

(BUCK-GRAMCKO)
 n  With the use of general anesthesia and a tourniquet, make 

an S-shaped incision from the dorsum of the hand to the 
proximal third of the forearm (Fig. 80.15A), carefully pre-
serving the superficial vessels and nerves, especially the 
most radial branch of the median nerve and its artery.

 n  Incise the extensor retinaculum from the radial side in an 
ulnar direction.

 n  Identify and preserve the extensor tendons.
 n  Generally, the radial extensor and flexor muscles have a 

common muscle mass with almost no tendon and can be 
detached from the radial carpal bones; occasionally, they 
have separate masses and a true tendon and should be 
detached from their metacarpal insertion.

 n  Incise the dorsal and palmar joint capsule transversely; 
prepare one or two flaps that can be transposed later in 
the new joint.

 n  Save the well-developed ulnar collateral ligament.
 n  Excise most of the fibrosed and contracted tissue and 

muscle fasciae because they prevent the necessary exten-
sive mobilization of the hand.

 n  If a fibrocartilaginous anlage of the distal radius is pres-
ent, excise it because it would prevent the distal and ulnar 
movement of the hand.

 n  Free the distal end of the ulna, carefully preserving the 
cartilage and all the arteries supplying the epiphysis.

 n  Position the hand with its radial carpal bones over the 
head of the ulna. Position the hand in slight ulnar de-
viation. Insert a Kirschner wire in a retrograde fashion 
through the full length of the ulna and, under image con-
trol, pass it distally through the radial carpal bones and 
obliquely through the second metacarpal (Fig. 80.15B).

 n  If marked curvature of the ulna is present, make a wedge 
osteotomy in its middle third before the Kirschner wire is 
inserted (Fig. 80.15A).
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 n  Suture the ulnar ligaments and capsular flap to the perios-
teum as a new collateral ligament. Reinforce the muscles 
on the ulnar side by transposing as many radial muscles 
as are available, including the extensor carpi radialis and 
flexor carpi radialis. Pass these muscles between the ulna 
and the extensor tendons to the ulnar side and suture 
them end-to-side to the extensor carpi ulnaris tendon that 
also is shortened by reefing.

 n  Bring the retinaculum back over the radial carpal bones and 
place it between joint and tendons to prevent adhesions.

 n  After careful hemostasis, excise the excess skin on the ul-
nar side of the wrist; preserve the dorsal branch of the ulnar 
nerve.

 n  Apply a long arm plaster splint.

POSTOPERATIVE CARE The cast is worn for 3 weeks. 
The Kirschner wire usually is removed at the time of pol-
licization of the second metacarpal (at least 4 weeks after 
centralization). After wire removal, a night splint is worn 
for several months.
   

 

TRICEPS TRANSFER TO RESTORE 
ELBOW FLEXION

 TECHNIQUE 80.7 

(MENELAUS)
 n  Make a lateral incision to expose the lower end of the 

triceps muscle and the anterior, lateral, and posterior as-
pects of the proximal end of the ulna. Identify the triceps 
insertion and dissect a tongue of periosteum from the 
proximal end of the ulna in continuity with the triceps 
tendon.

 n  Dissect the triceps proximally to the midarm level. Identify 
and mobilize the ulnar nerve; perform a posterior capsu-
lotomy of the elbow.

 

 

A B C
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FIGURE 80.14 Bayne and Klug centralization of radial clubhand. A, Radial release and resec-
tion of redundant soft tissue. B, Centralization and pin fixation with ulnar osteotomy. C, Radial 
capsular release and tendon transfer. SEE TECHNIQUE 80.5.

A B

ECU

ECR
FCR

FIGURE 80.15 Buck-Gramcko centralization (radialization) of 
radial clubhand. A, S-shaped incision. B, Retrograde insertion of 
Kirschner wire. ECR, Extensor carpi radialis; ECU, extensor carpi 
ulnaris; FCR, flexor carpi radialis. SEE TECHNIQUE 80.6.
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 n  Roll the periosteal tongue and the triceps tendon and pass 
this through a tunnel created in the coronoid process of 
the ulna.

 n  Secure the transfer with a nonabsorbable suture.
 n  Close the wound and apply a splint or cast with the elbow 

in 120 degrees of flexion.

POSTOPERATIVE CARE The transfer is protected in a 
long arm cast for 4 to 6 weeks. The sutures are removed 
at 2 weeks. After cast removal, gentle active exercises are 
begun, supporting the limb in a 90-degree, long arm, pos-
terior splint that is worn between exercise periods and 
during sleep.
  

ULNAR LONGITUDINAL DEFICIENCY
Ulnar deficiencies are malformations in which there is lon-
gitudinal failure of formation along the postaxial border of 
the upper extremity. The most common form is a partial 
deficiency of the ulna and the ulnar two digits, commonly 
referred to as ulnar clubhand. Other terms for this deformity 
include ulnar dysmelia, paraxial ulnar hemimelia, and con-
genital absence of the ulna. Ulnar deficiencies are rare con-
genital hand anomalies, with a relative incidence one tenth to 
one third that of radial deficiencies.

The cause of this rare anomaly is unknown, and its occur-
rence is sporadic. The only report that suggests a familial 
pattern is that of Roberts in 1886, in which he reported the 
deformity in three successive generations.

Swanson, Tada, and Yonenobu described four types of 
ulnar deficiency (Fig. 80.16): type 1, hypoplasia or partial 
defect of the ulna; type 2, total defect of the ulna; type 3, 
total or partial defect of the ulna with humeroradial synos-
tosis; and type 4, total or partial defect of the ulna associ-
ated with congenital amputation at the wrist. A type 0 has 
been proposed by Havenhill et  al. to describe a subgroup 

of patients with an ulnar deficient ray and carpus but nor-
mal ulna. Partial absence of the ulna is more common 
than total absence, the reverse of radial deficiencies. Cole 
and Manske classified ulnar-deficient hands based on the 
involvement of the thumb and first web (Table 80.6). In 
their series, 73% of ulnar-deficient limbs had thumb and 
first web abnormalities.

Anomalies associated with ulnar deficiencies, in contrast 
to radial deficiencies, are almost solely limited to the mus-
culoskeletal system and include clubfoot, fibular deficien-
cies, spina bifida, femoral agenesis, mandibular defects, and 
absence of the patella. Carpal bone deformities are common 
because of severe deformity and coalition. Digital malforma-
tion occurs in 89% of patients, and radial head dislocation is 
frequent.

Varying degrees of deficiency along the ulnar side of the 
hand are present at birth. The forearm usually is shortened 
and frequently bowed. The small and ring fingers usually are 
absent. Syndactyly of the remaining digits is common. The 
long and index fingers and the thumb are absent in about 
two thirds of patients. Forearm bowing with radial convex-
ity is caused by the tethering effect of the ulnar anlage. Ulnar 
deviation of the hand usually correlates with the degree of 
radial bowing and increased ulnar slope to the distal radius, 
as does supination deformity of the forearm. The elbow usu-
ally is restricted in motion and may be fused. El Hassan et al. 
reported 14 patients with associated radiohumeral synostosis 
and noted that the elbow was fixed on average at 63 degrees of 
flexion (10 to 90 degrees). Nine of 11 patients with unilateral 
deformity reported no limitations in their activities of daily 
living, and five participated in sports. The deformity is more 
commonly unilateral.

Radiographs usually show a typical pattern (Fig. 80.17) 
of an absent distal ulna and a bowed radius with an increased 
ulnar slope along its distal articular surface. The pisiform and 
hamate usually are absent, and coalitions of the other carpal 
bones frequently are present. It often is difficult to determine 

 

A B C D
FIGURE 80.16 Swanson classification of ulnar deficiency. A, Type 1: hypoplasia or partial defect 

of ulna. B, Type 2: total defect of ulna. C, Type 3: total or partial defect of ulna with humeroradial 
synostosis. D, Type 4: total or partial defect of ulna with congenital amputation at wrist.
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